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AHHOTanma. CTaThsl TMOCBsIeHA AaKTyaJbHOW TMpo6JieMe MOBbIIIEHUS
3Heprosa$pPeKTUBHOCTU KapKACHbIX 3JaHUM 3a CYET HCMNOJIb30BaHUSA
TEPMOGJIOKOB B KayeCcTBe Hapy:KHbIX CTEHOBbIX 3amoJiHeHUH. TepMo6JOKU
NpeACTaBJSAIT COO0M COBpEMEHHBbIM MHOTOCJOWHBIA CTEHOBOW MaTepuals,
coyeTawIIUA B cebe BbICOKHE TEMJIOU30JSAIMOHHbIE XapaKTEePUCTHUKH,
IPOYHOCTb, 3KOJIOTUYECKYI0 6€30MaCHOCTh M TEXHOJOTMYHOCTb MOHTaXa. B
paboTe paccMaTpPUBAIOTCS TePMOOJIOKH HAa OCHOBE MeJIKO3epHUCTOTO 6eTOHA
M 06a3a/JbTOBBIX IVIMT, MPOBEAEH aHAIM3 HX TEIJIO3aUlMTHbIX CBOMCTB,
$U3UKO-MeXaHUUYeCKUX TO0Ka3aTeJed U KOHCTPYKTHUBHBIX INPEUMYLIECTB.
Ocoboe BHMMaHHE yJeJleHO BOMNPOCAaM CHHUXXEHUs TeIJONoTepPb, 4YTO
CIOCOGCTBYET HE TOJIbKO COKpAIleHUI0 3aTpaT Ha OTOIJIEeHHEe, HO U 06LeMy
CHMPKEHHIO 9KCIUTYaTallMOHHbBIX pacxoioB. Takxe paccMaTpUBaeTCs BJAUSHUE
IpHYMeHeHHUs TeEPMOGJIOKOB Ha MOBBIIIEHHE 3HEPT03PPEKTUBHOCTU 3/1aHUH B
[[eJIOM, 4YTO COOTBETCTBYEeT COBPEMEHHbIM TpPeOOBAHUSAM YCTOUYHUBOTO
CTpOUTeNbCTBA. [loslydeHHble pe3yJbTaTbl MOTYT ObITh IO0JIE3HbI IMPHU
IPOEKTUPOBAHUM 3HepPro3PpPeKTHBHBIX 0O'BEKTOB U BbIGOpE ONMTUMAJbHbBIX
peleHui /sl OTPKAAI0UIMX KOHCTPYKIUM 3/[aHUM pa3JIMyYHOT0 Ha3HAYEeHHUs.
Kino4yeBble c0Ba: JHeprocoepexeHue, TeEIJIOU30JSLUS, TepPMOOJIOK,
CONMPOTHBJIEHHWE  Temonepenadye, KodPULHUEHT  TemJIoNpoOBOJHOCTH,
TEIJIOBOE I0JIe, TEMJIOBOU MOTOK, KOH/IEHCAl[Hsl, TOYKa POCHI.
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BBeaeHue

CoBpeMeHHble TEHJEHLHUU B CTPOUTEJNbCTBE AUKTYIOT HEOOXOJAUMOCTb HMCIOJIb30BaHUSA
MaTepUuasoB, KOTOpbIe OZJHOBpPEMEHHO obecrne4uBaOT BbICOKYIO IPOYHOCTb,
9Hepros$pPeKTUBHOCTb U IKOJIOTHUUECKYI 6e30macHOCTb. OJHUM U3 TAaKWX WHHOBALMOHHBIX
peleHuH MOTYT CTaTh T-06pa3Hble TEPMOGJIOKH, U3TOTOBJIEHHbIE HA OCHOBE MEJIKO3EPHUCTOTO
6eToHa U 6a3a/bTOBBIX IJIMUT. baarojjaps cBoell YHUKaJbHOW KOHCTPYKLMM M MaTepuasiaM,
TEpMOOJIOKH  MpPEeJACTaBJASAIT COO0M  NEepCleKTUBHOE  pelleHWe  JJid  BO3BeJeHHUs
3Hepro3$PpeKTUBHBIX 3JTAHUH C BBICOKUMH TEIJI03aU[UTHBIMU Ka4eCTBAMH.

T-o6pa3Hble TEpPMOOJIOKM OTJIMYAIOTCA BbICOKOM (YHKLMOHAJbHOCTBIO, I03BOJIAA
CO3/laBaTh MPOYHbIe OTpakJarolihie KOHCTPYKIMU C YJIyYIIEeHHbIMHA TEMJOU30JSIIIMOHHBIMHU
cBoiicTBaMU. ba3a/bTOBbI KOMIOHEHT B HX COCTaBe BbICTyHmaeT B poJikd 3PpPeKTUBHOIO
TEeIMJIOU30JIITOPa, CHUXKasl TeIJIONMOTepPH, a MeJKO3epHUCThbIN 6eTOH obecrneyuBaeT
HeO06X0JUMYI0 KECTKOCTb U YCTOMYMBOCTDb K Harpy3kam. Takass KOMOUHaLUs AejlaeT 3TU OJI0KU
1jeJleco00pa3HbIM MaTepuasioM /JJis NpPUMeHEeHHsI B KadyeCTBe CTEHOBOI'O 3allOJIHEHUS B
CTPOHUTE/IbCTBE MHOTO3TAXKHBIX U BBICOTHBIX KAPKACHBIX KUJIbIX 3/JaHUH U JPYroro Ha3HayeHus,
OTBEYaII[UX COBPEMEHHBIM TPE6GOBAHUSM TEMJI03aLUThI.

B craTbe paccMaTpUBarOTCS O0COOEHHOCTHM KOHCTPYKLUU T-06pa3HbIX TEPMOOJIOKOB, UX
COCTaB, MpeuMyllecTBa U obJsiacTh npuMeHeHUs. Ocoboe BHUMaHUe yJesseTcsl UX BKJIAJy B
MOBbIIIEHHE YCTOUYMBOCTH KOHCTPYKIIMHM 3aIOJIHAKIIMX CTEH K BHEIIHUM BO3JEWUCTBUSIM U
CHMPKEHUIO 3aTpaT Ha 3HepronoTpebd/IeHue.

B yc/10BUSIX I7106a/IbHOTO POCTA LiEH Ha 3HEPTOPecypchbl U YXKEeCTOUEHUS KOJIOTHUYECKUX
CTaHJAPTOB, MOBbIIEHHE 3HEPTo3PPEKTUBHOCTU 3[aHHUU CTAHOBUTCS OJHOM M3 KJIIOYEBBIX
3a/lay COBpEMEHHOT0 CTPOUTEbCTBA. KapkacHble 3/1aHus, 61arojapsi CBoe YHUBEPCAJbHOCTH U
3KOHOMUYHOCTH, IIUPOKO MPUMEHSIOTCS B )XMUJIOM U KOMMepPUYEeCKOM CTpouTesbcTBe. OJHAKO UX
3Heprosa$pPeKTUBHOCTL BO MHOTOM 3aBHUCHUT OT XapaKTEPUCTHUK HAPYKHbIX OTPaXKJAOIIUX
KOHCTPYKIMH, TAKUX KaK CTeHbI U pacajbl.

Hcnosib30BaHHe TEPMOOJIOKOB HA OCHOBE MEJIKO3EPHUCTOIr0 6eTOHA U 6a3a/IbTOBBIX IJIUT
OTKpbIBaeT HOBble BO3MOXHOCTH /JJl  CO3JaHUsS KOHCTPYKLMH C  yJay4lUIEeHHBIMU
TEMJIOU30JISILMOHHBIMU CBOMCTBaMU. Takue MaTepuasibl MO3BOJISIOT CHIXKAThb TEIJIONOTEPH,
obecrniedyuBaTh KOMPOPTHBI MUKPOKJUMAT BHYTPH MOMeEIIEHUH U 3HAYUTEJIbHO yMEHbIIATb
3aTpaThl Ha OTOIJIEHUE U KOHAUIIMOHUPOBAHHUE.

[ToBbllieHHEe 3HeProadpPeKTUBHOCTU TaKXKe CIIOCOOCTBYET COKpalleHUI0 BbIOPOCOB
YIJIEKMCJIOTO ra3a W JPYrux BpeAHbIX BellleCTB B aTMochepy, UTO aKTyaJbHO B KOHTEKCTE
rJ106a/1bHOM 60pbOBI C M3BMEHEHUEM KIuMaTa. TeMa npuobpeTaeT 0co0y0 3HAYMMOCTb HE TOJIbKO
JUis Y30eKHCcTaHa, HO W JJii MHOTHX CTpaH, TJile 3HeprocOepexeHue SIBJSETCS BaXKHbIM
Tpe6OBaHUEM IIPU CTPOUTEJIbCTBE U IKCIVIYaTALlUX OTAIJIMBAEMbIX 3/JaHUH.

MeToao0s10rua

Orpaxjawiye  KOHCTPYKIMH  HWrpPalOT  KJKYEBYHD  poJib B  obecrnieyeHUH
3HeproadpPpeKTUBHOCTU 3JaHUN. B KapKacHbIX 3/laHUSX, TAe Hecyluide QYHKIHUW BBINOJIHSET
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[IpoBepka Ha 06pa3oBaHMe KOH/IeHCaTa HAa BHYTPEHHEH MOBEPXHOCTH HAPYKHBIX CTEH KapKaCHBIX
3[JaHUM, BBITNIOJIHEHHBIX U3 TEPMOGJIOKOB

»KeJ1e300eTOHHBIM KapKac, Hapy>KHble CTeHbI C/IY>KaT B OCHOBHOM /1151 TETJIOU30JIALIMU U 3aLUThl
OT BHEIIIHUX BO3/eWCTBUH. KauecTBO M XapaKTepUCTUKHU 3TUX KOHCTPYKLIUKA HANIPSAAMYIO BJIUSIOT
Ha ypOBEHb TEIlJIONOTePh U, C/Ie0BATe/IbHO, HAa 3aTPaThl SHEPrMU Ha OTOIJIEHHE U OXJIAXK/eHUe
ITIOMeEIleHU .

[IpegnaraeMble HaMU TepMOOGJIOKU MPeEJCTaBIASIOT COO0M MHOTOCJOWHBIM CTEHOBOU
MaTepuas (puc.l), cocTosUil BHelIHeH 000JI0YKU M3 MPOYHOTO MEJKO3EepHUCTOr0 6GeTOoHa U
TEeNJIOU30JIALMOHHOTIO CJIOS, BBINOJIHEHHOTO M3 MaTepuasioB C HU3KOM TEeIJIONPOBOLHOCTHIO,
TaKHX KaK MeHOIMOJUCTUPOJI, IEHONIOJIMypeTaH MU 6a3albTOoBas BaTa.

6)

PucyHok 1. Bug T-o6pa3Horo TepmMo6JioKa: a - 060/I04Ka TEPMOGJI0OKA U3
MeJIKO3€epPHUCTOro 6eTOHA; 6 - TePMOGJIOK C TEeIJION30JIsAUel U3 6a3a/1bTOBbIX IJIUT.

HWcnosnb3oBaHue TepMo610KOB T-06pa3HON GOPMBI TO3BOJISIET:

¢ YMeHbUIUTb KOJMYECTBO "MOCTHUKOB X0J10/1a" B HAPY>KHOU CTEHE;

e CHHU3UTH TEIVIONOTEPH Yepe3 CTEHbI 32 CYET BbICOKOU TEIJIOU30JISLIUY;

e COKpaTHUTb pacxo/ibl HAa OTOIJIEHHE U KOHAUI[MOHUPOBAHUE;

e [IOBBICUTB JJ0JITOBEYHOCTb M YCTOMYMBOCTb KOHCTPYKIMH K BHELTHUM BO3/I€ICTBUSIM.

[IprMeHeHre MHHOBAIMOHHBIX TEMJIOU30JISI[HOHHBIX MAaTEPHUAJIOB, TAKMX KaK 6a3a/IbTOBBIX
IUIMT, TO3BOJIIET VJYYLUIUTh TEIVIOU30JISIMOHHbIE XapaKTEPUCTUKU TPH COXPAHEHUH
NpoYHOCTU. [IpOM3BOJCTBO 6a3aJbTOBLIX IJIUT B Y306€KHCTaHE, HCIOJb3yeMbIX B KauecTBe
TENJIOU30JIIIMOHHOTO MaTepuasla, siBJIsieTCs OJHUM M3 NepCIeKTUBHBIX HAlpaBJIeHUH pa3BUTH S
CTPOUTEJILHOM OTpaciyd U MaTepuasioBeJieHus. Hajnmume MeCTHBIX MeCTOPOX/JeHUH 6GasasibTa
CHW)KaeT ce6eCTOMMOCTDb IPOU3BO/ICTBA U MO3BOJISIET 06ECIIEYUTh YCTOMYKUBbIE IIOCTAaBKHU ChIPbSI.
BHesipeHWe WHHOBAI[MOHHBIX METOJIOB IUIaBJeHHUs W (popMOBaHUS 6a3aJbTOBBIX BOJIOKOH
CIOCOGCTBYET BBIMYCKY BICOKOKaY€CTBEHHOU MPOAYKI[MH, COOTBETCTBYIOLIEH MEX/IyHAapPOAHbBIM
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cTaHzaptaM. basanbTOBOe BOJIOKHO SBJSETCH 3KOJIOTUYECKHM YHUCTbIM MaTepuasoM, 4YTO
COOTBETCTBYET COBPEMEHHBbIM TPEOOBAaHUAM CTPOUTEBHOHN OTPACIH.

Ocoboe BHMMaHHE yJe/seTCd TEXHOJIOTUM YKJIAJAKU TEPMOOJIOKOB C MHUHHMU3alUel
TOJIIIUHBl 1IBOB MYTEM MCIOJb30BaHUA KJ/EALUMX MaTepuasoB, 4YTO MNpejoTBpalliaeT
obpa3oBaHHe "MOCTHUKOB X0J10/1a" 60JIbIIUX pa3MepoB (puc.2).

[ oueHkM 3PQPEKTUBHOCTH TepMOOJIOKOB MNPOBOJATCA  IKCIEepUMeHTalbHble
UCCIeJOBAHUS M 4HUCJIEHHOe MOJieJIMpOBaHMe TelUlonepejadyd 4epe3 OTpakJawoliue
KOHCTPYKIMU. Hcmosib30BaHHE MeTOZI0B KOMIBIOTEPHOTO MOJEJMpPOBAaHUSA TMO3BOJISET
IPOTHO3UPOBATh TEMJIONOTEPU U ONTUMU3UMPOBATh KOHCTPYKTHUBHbIE pelleHUs ellé Ha JTale
IPOEKTUPOBAHUS.

PucyHOK 2. XapaKTepHble CeYeHUA HapyKHOI cTeHbI U3 T-06pa3HbIX TEPMOGIOKOB.

Hwuxe npuBenéHbl pe3y ibTaThl TEMJIOTEXHUYECKOTO paciéTa U3MEHEHUS TeMIEpPATypPhl HA
ceyenusix 1-1, 2-2, 3-3, 4-4 creHbl AJd KJIMMaTU4YECKUX YCJIOBUUW ropoga CaMapkaHZAa,
BBINIOJIHEHHOTO C TMOMOIIbI0 KOMIBIOTEPHOTO MOJIEJIUPOBAHUS], MPUBENEHHOTO Ha CaWTe
www.smartcalc.ru/thermocalc.

1. UcxoHble JaHHbIE U PE3YJIbTAThl TEIJIOTEXHUYECKOT'O pacyéTa CTEHbI 110 ceueHuo 1-1:

- pacyeTHas 3UMHsA TeMIlepaTypa Hapy>KHOTO BO3/yxa --15°C[1];
- pacyeTHas TeMIlepaTypa BHYTPEHHEro BO3yxa -+20°C[2];
- IPO/JJOJKUTEIBHOCTb OTONIMTE/IbHOTO IIeEpUo/a -153 cyTok [1];
- CpeiHAA TeMIlepaTypa BO3yXa OTOMUTEJIbHOTO Ilepro/ia -4,05°C[1];
- YCJI0BUA 3KCIJIyaTal Uy IIOMelleHUs -A
- KOJIMYeCTBO rpaZlyco-CyTOK OTONMTEJNLHOTO0 lepuoia - 2440 °C-cyT [2];
(rcom
- TpebyeMoe CONPOTUBJIEHHUE TelloNepe/iade HapyKHbIX
CTEH /i1 BTOPOU CTelNeHH Tena03aluThl [Rgp] - 2,2 (M*°C)/BT [2].
12 Ne2(151)/ 2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
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[IpoBepka Ha 06pa3oBaHMe KOH/IeHCaTa HAa BHYTPEHHEH MOBEPXHOCTH HAPYKHBIX CTEH KapKaCHBIX
3[JaHUM, BBITNIOJIHEHHBIX U3 TEPMOGJIOKOB

Ta6sauna 1. XapakTepycTHKA MaTepHaJIOB CJ10€B CTEHbI

Ne MaTepuasbl C/10€B CTEHBI Tosuua, MM
1 | CnoxHbll pacTBOp Yo=1700 kr/m> 10
2 | MesKo3epHUCTBIN 6eTOH Y,=1800 kr/m3 25
3 | BazanbToBas mnTa y,=120 kr/m> 250
4 | Me/JKO3epHUCTBIN 6eTOH Y,=1800 kr/m> 25
5 | Cl0XHBIH pacTBOp Y,=1700 kr/m> 10

O6uiee compoTHBJIEHUE TeIJioNepeaadye CTeHbl JJis cedyeHUs 1-1, ompenesieHHOe MO

dopmyuse (4) [2], paBHo Ro= 6,83 (M>-°C)/BT.
() '

0 5 10 15 20 25 30 (cm)
BuyTpn www.smartcalc.ru CHapy»m

PucyHnok 3. 'pa¢puk nusmeHeHHMA TeMIepaTyphl o cedyeHuo 1-1.
['paduk n3MeHeHUd TeMnepaTypbl 10 CEUEHUIO 2-2 CTEHBI IIpe/iCTaBJIeH Ha pUC.4.

()
2 { L) R [ : | ‘L - 20
e WON_ @ ® @@" i
10 - 10
5 < - 5
0- 18 3 -0
54 ; e
-0 + 1 10
-15 1 --15
-20 ‘; | |-20
0 5 0 15 2 % 30 (cm)
ExyTpu www.smartcalc.ru CHapy#®m

PucyHok 4. 'pa¢puk nusMeHeHHA TeMIepaTypbl 10 CEYEHUIO 2-2.
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O61uiee conpoTHUBIEHUE TEIJIONEPeaye CTEHDI /ISl CeYeHUs 2-2, Onpe/ieJIeHHOoe N0
dopmyue (4) [2], paBHO Ro= 5,58 (M*°C)/BT.

Ta6suna 2. XapaKkTepuCcTHKA MaTEPHAJIOB C/I0EB CTEHbI

Ne MaTepuasibl C/10€B CTEHBI TosuHaa, MM
1 | CnoxHbli pacTBOp Yo=1700 kr/m> 10
MeJIKO3epHUCTBIN 6eTOH Y,=1800 kr/m3 25
3 | BaszanbToBas mnTa y,=120 kr/m> 100
4,5 | MesKO3epHUCTbIN 6eTOH Y,=1800 kr/m> 25+25
6 | BasanbToBas mauTa y,=120 kr/m> 100
7 | MenKo3epHHCTBIN 6eTOH Y,=1800 kr/m> 25
8 | CnoxHbI# pacTBOp Yo,=1700 kr/m> 10

['paduk u3MeHeHUs TeMIepaTypbl 10 CeYeHUI0 3-3 CTeHbl Pe/CTaB/IeH Ha PUC.5.
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PucyHok 5. I'paduk usmMeHeHUA TeMnepaTypsbl 10 ceYeHU1o 3-3.

O61iee compoTHUBJIEHHE TeIloNepeJaye CTeHbl JJis cedeHUs 3-3, olpezesieHHOe 0
dopmye (4) [2], paBHO Ro= 3,08 (M*°C)/BT.

Ta6smmua 3. XapaKTepyucTUKa MaTepPUAJIOB CJI0EB CTEHbI

Ne MaTepuan ToJumuHa, MM
1 CJIOHBIN pacTBOP Yo,=1700 kr/m?3 10
2,3 MeIK03epHUCTBIN 6eTOH Y,=1800 kr/m3 150+25
4 BasasnbToBasg minTa y,=120 kr/m> 100
5 Me/IKo3epHUCTBIN 6eTOH Y,=1800 kr/m> 25
6 CJIOHBIN pacTBOP Yo,=1700 kr/m3 10
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['padrik n3MeHeHUs TeMIepaTypbl 10 CeYeHUIO 4-4 cTeHbl Ipe/iCTaB/IeH Ha PUC.6.
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PucyHok 6. 'paduk nusmeHeHus TeMnepaTypsbl Ha cedeHUH 4-4.

O6Liee CONPOTUBJIEHWE TeIJIoNepesade CTeHbl A cedeHHMs 4-4, ompejeseHHOe Mo
dopmyue (4) [2], paBHO Ro= 3,08 (M?-°C) /BT.

Ta6smmua 4. XapaKTepyuCTUKa MaTepPUaJIOB C/10€B CTEHbI

Ne MaTepuaJsibl C/10€B CTEHBI TounHa, MM
1 CJIOHBIN pacTBOP Y,=1700 kr/m?> 10
2 MeIKO3epHUCThIN 6eTOH Y,=1800 kr/m> 25
3 BasasnbToBas minTa y,=120 kr/m> 100
4,5 Me/IKO3epHUCThIN 6€TOH Y,=1800 kr/m?> 175
7 CJIOXHBIN pacTBOP Yo,=1700 kr/m?3 10
3aK/IloyeHue

1) OO6ulee compoTHBJIEHHE TelJonepejadye CTeHbl Mo cedyeHUsIM 3-3 u 4-4, rae
HauOO0JIbIIYIO YACTh TOJIIMHBI 3aHUMAET MeJKO3ePHUCTbIN 6ETOH € 60JIbLIUM KO3)PULIMEHTOM
TENJIONPOBOJAHOCTH, COCTaBasgeT Ro= 3,08 (M?°C)/BT, 3HauMTeNbHO 6OJiblIe, 4yeM Tpebyemoe
CONpPOTHUBJIEHHE TellJIoNepesaye HapY>KHbIX CTEH [iJI1 BTOPOW CTelNeHMW TeIJo3aljUThl, paBHOE

R,” =22 (M?°C)/Br.

2) llpu pacueTHOM TeMmIlepaType BHyTpeHHero Bo3jyxa tz=+20°C MU OTHOCUTEJbHOUN
BJIQXKHOCTHU @5 = 55 % TeMIepaTypa TOYKHU pochl paBHa tp,=+9,7°C. 3) Pe3ysnbTaThl

JLH. T'ymunese amoiHdarbl Eypasus yammeulk yHueepcumeminiy XABAPIIBICHI. N92(151)/ 2025 15
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



M.M.MaxmygnoB, M.b.XanToB

TeIJIOTEXHUYECKOT0 pacyeTa U3MeHeHUs TeMIlepaTyphl M0 pa3JIMYHbIM Ce4eHUsIM CcTeHbl u3 T-
00pa3HbIX TePMOOJIOKOB [IOKA3bIBAIOT, YTO IPY MOHMKEHUU TeMIlepaTypbl HAPYKHOI'0 BO3/yXa
70 -15°C HM B OJHOM paccMaTpUBaeMbIX CeYeHUSAX TeMIlepaTypa Ha BHYTPeHHeN NOBEPXHOCTH
CTeHbI He MOHWXKAaeTCsA 0 TeMIepaTypbl TOYKU pockl. CliefoBaTelbHO, MOXKHO rapaHTHUPOBATh,
YTO B KJMMaTH4yeCKUX ycaoBUsAX CaMapkKaHZa NpU MOHWKEHWHM TeMIlepaTypbl HapyXHOTO
Bo3/yxa 10 -15°C Ha BHyTpeHHel OBEPXHOCTH TAaKOM CTEHbI KOH/EHCAT He 06pa3yeTcs.

4) TakuM 06pa3oM, BbIIIOJIHEHM € HAPYKHbIX CTEH KapKaCHbBIX 3/JaHUH U3 T-06pa3HbIx
TepMOO6JIOKOB sABJseTCA 3P PEKTUBHBIM pellleHUeM 1151 MOBBIIIEHUS UX IHEPTr03dPEeKTUBHOCTH.
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Temperature Field in the External Fencing Structures of Buildings
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Mups3o Yavikbek amvindarbl CamapkaH MemaeKkemmik cay/iem-KypbolabiC yHU8epcumemi

Tepm0610KTapAaH »Kaca/IFaH KaHKaJ1bl FUMapaTTapAblH, CbIPTKbI
KaObIpFa/IapbIHbIH, ilIKi 6eTiHAe KOHAEHCATThIH, TY3i/lyiHe TeKkcepy

Anparna. Makana KaHKaJslbl FUMapaTTapZblH ChIPTKbl KAOBIPFa/IbIK TOJThIpMasaphbl
peTiHZile TepMOOJIOKTap/bl KOJIAAHY apKbLIbl OJIapJblH 3HEPrusi YHEMJiJNiriH apTTbipy
MaceJsieciHe apHasiFaH. TepMoO60KTap — >KbLIy OKlIayJay KacueTTepi »KOoFapbl, 3KOJOTUSIJIBIK
Kayimncis, y3aKk Mep3iM/Jii koHe MOHTaXJayfa bIHFalJibl 3aMaHayd KaObIpFasblK MaTepuall.
KymbicTa ycak TyHipwikTi 6eTOH MeH 6a3a/bTThl KbLIY OKLIAyJafFblll IMJXTaAap HerisiHzae
»KacaJiFaH TepMOO6JIOKTap/blH, KOHCTPYKLIUSJIAPbl KapacTblipblaFaH. OJiapblH KbLIy KOpFay
cUIaTTaMasiapbl, 6EPIKTIri koHe FUMaPATThIH aJMbl SHEPrUs TUIMJiNiriHe acepi TanAaHa/bl.
Kopumayuibl KypbuIbIMAApP apKblLibl KbLIY UIBIFBIHBIH a3aWTy MoaceJieCiHe epekKlle Hasap
ayZlapblIFaH, OyJ1 >KbUIBITY IIBIFBIHAAPBIH €43yip KbICKApTyFa MyMKiH/iK Gepefi. CoHali-akK,
KYPbUIBIMAAP/AbIH, KblJIy KOpPFay CaslaCblHAAFbl KYpbLIbIC HOpMaJiapbl MeH CTaHJAapTTapblHA
COMKECTIrl KapacThIpblIFaH. AJIbBIHFAH HITHKeJlep 9PTYpJli MaKcaTTaFbl 3HEPTrUsl YHEMJEWTIH
FUMapaTTap/Abl )Kobasiay MeH cajly/ia, COHZlal-aK OHTaWJIbl KypPbUIbIM/BIK LIelliMAepAl TaggayAa
KOJILAaHbLIYybl MYMKIH.

TyiiH ce3gep: JHeprus yHeMJey, *KbLIy OKLIayJay, TEPMOOJIOK, KbLIyOTKI3TIIITIKKe
KapChbUIBIK, KbUIYOTKI3TIIITIK KO3)PUIMEHTI, )KbIYJbIK 6pic, *KbUIYJbIK aFblH, KOHJEHCcalus,
LIBIK HYKTeCI.

M.M. Makhmudov, M.B. Khaitov
Mirzo Ulugbek Samarkand State Architectural and Construction University

Condensation Check on the Inner Surface of the External Walls of Frame Buildings
Made of Thermoblocks

Abstract. This article addresses the issue of improving the energy efficiency of frame
buildings through the use of thermoblocks as external wall infill. Thermoblocks are modern wall
materials characterized by high thermal insulation properties, environmental safety, durability,
and ease of installation. The study considers thermoblock constructions based on fine-grained
concrete and basalt thermal insulation boards. Their thermal protection characteristics, strength,
and impact on the overall energy efficiency of buildings are analyzed. Special attention is paid to
the reduction of heat loss through enclosing structures, which allows for a significant decrease in
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heating costs. The compliance of the constructions with current building codes and standards in
the field of thermal protection is also examined. The results obtained can be applied in the design
and construction of energy-efficient buildings for various purposes, as well as in the selection of
optimal structural solutions for enclosing elements.

Keywords: Energy saving, thermal insulation, thermoblock, thermal resistance, thermal
conductivity coefficient, thermal field, heat flow, condensation, dew point.
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High-speed data encryption and geoinformation system for
monitoring forest fires for low-orbit aircraft
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L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
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Abstract. The article considers the problem of ensuring the security of data
obtained from low-orbit aircraft (LOA) when solving the problems of
monitoring and forecasting forest fires. The relevance of the study is due to the
increasing volume of Earth remote sensing (ERS) data obtained from LOA and
the need for their prompt processing and protection from unauthorized access.
An integrated approach is proposed, including the development of a high-speed
data encryption system adapted to the limited computing resources of LOA and
the creation of a geographic information system (GIS) for analyzing and
interpreting ERS data. The GIS is equipped with modules for intelligent
processing of aerospace images, allowing automatic detection of fire sources,
modeling the dynamics of fire spread and assessing the affected area. Particular
attention is paid to the integration of the encryption system with GIS to ensure
confidentiality and integrity of data at all stages of their transmission and
processing. The article presents the results of experimental verification of the
proposed solutions, demonstrating their effectiveness and practical
significance for forest fire monitoring.

Key words: low earth orbit aircraft, data security, encryption, geographic
information system, forest fires, intelligent data processing, aerospace data
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High-speed data encryption and geoinformation system for monitoring forest fires for low-orbit aircraft

Introduction

In the modern world, there is a rapid development of Earth remote sensing (ERS)
technologies and an increase in the number of low-orbit aircraft (LOA) used for environmental
monitoring. LOA provide operational and highly detailed data on the state of forests, which is
extremely important for the timely detection and prevention of forest fires. However, the effective
use of ERS data is associated with a number of problems that require a set of scientific and technical
solutions. Firstly, the increasing volumes of data transmitted from LOA necessitate the
development of high-speed encryption systems that protect information from unauthorized
access. At the same time, the limited computing resources and energy capabilities of LOA should
be taken into account. Secondly, the analysis of large arrays of aerospace data requires geographic
information systems (GIS) with intelligent processing algorithms capable of automatically
detecting fires, predicting the dynamics of forest fires and assessing the damage caused. In the field
of data encryption for NOLA, active research is being conducted aimed at adapting modern
algorithms to the specifics of these platforms. In the work of A. Alkassar, A. Geraldy, "Lightweight
Cryptography for Low-Power Devices: A Comparative Study" [1], various symmetric encryption
algorithms (AES, PRESENT, CLEFIA) are analyzed in terms of their efficiency on devices with
limited resources, typical for NOLA. The authors of S. Bhattacharya, A. Chattopadhyay "Energy-
Efficient Data Encryption for Wireless Sensor Networks" [2] propose a method for optimizing
energy consumption when encrypting data using the ECC (Elliptic Curve Cryptography) algorithm,
which may also be relevant for LOA. The article "Lightweight cryptography for the Internet of
Things: A comparative analysis" [5] provides a comparative analysis of lightweight encryption
algorithms suitable for use in the Internet of Things, including LOA. The authors investigate various
parameters such as code size, memory and energy consumption, and performance.

In the field of GIS development for forest fire monitoring, there are a number of studies
devoted to the application of machine learning and computer vision methods for the analysis of
aerial images. The work of X. Tan, J. Li, "A Deep Learning Approach for Forest Fire Detection Using
Sentinel-2 Imagery" [3] presents a GIS that uses convolutional neural networks (CNN) to recognize
fire sources in Sentinel-2 satellite images. The authors of K. Andela, D. C. Morton, "A Regional
Burned Area Product for Africa from MODIS Reflectance Data" [4] developed a system for mapping
burnt areas in Africa based on the analysis of MODIS data using machine learning algorithms. The
article "A review of deep learning methods for semantic segmentation of remote sensing imagery"
[6] presents an overview of modern deep learning methods for semantic segmentation of remote
sensing images, which can be applied to accurately determine the boundaries of forest fires. Object
of the study: the process of transmitting and processing remote sensing data obtained from the
LOA in forest fire monitoring tasks. Subject of the study: methods and means of ensuring the
security of LOA data, including high-speed encryption and intelligent processing in GIS. Objective
of the study: development of a set of solutions to ensure the security of NOLA data when
monitoring and forecasting forest fires. To achieve this goal, it is necessary to solve the following
tasks:
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e Develop an algorithm for high-speed data encryption adapted to the limited resources of
the LOA.

e Develop a GIS architecture for monitoring and forecasting the spread of forest fires.

e Implement modules for intelligent processing of aerospace data in GIS for automatic
detection of fire sources.

e Integrate the encryption system with GIS to ensure confidentiality and integrity of data.

e Conduct an experimental assessment of the effectiveness of the proposed solutions.

e The following research methods will be used in the work:

e Methods of theoretical analysis: analysis of existing encryption algorithms and methods for
processing remote sensing data, modeling of data transmission and processing processes.

e Experimental research methods: development of a prototype encryption system and GIS,
conducting experiments to evaluate the encryption speed, fire detection accuracy and
forecasting efficiency.

e Methods of mathematical statistics:

- Descriptive statistics: for analyzing data distribution, calculating average values,
dispersion and other statistical characteristics.

- Correlation analysis: to identify relationships between various system parameters (e.g.
encryption speed and power consumption).

- Regression analysis: to build models that predict system behavior (e.g. predicting
encryption time depending on the amount of data).

- Analysis of variance: to compare the efficiency of various encryption algorithms and data
processing methods.

- Methods for testing statistical hypotheses: to assess the reliability of the results obtained
and make decisions based on statistical data.

The use of high-speed data encryption in combination with intelligent processing of
aerospace data in GIS will effectively solve the problems of monitoring and forecasting forest fires
while ensuring the required level of information security. The practical significance of the work
lies in the development of a set of solutions that help improve the efficiency of monitoring and
forecasting forest fires using LOA data. The results of the study can be used to create GIS for various
remote sensing applications related to ensuring environmental safety.

The methodology

To conduct an experimental evaluation of the developed solutions, multispectral images
with a spatial resolution of 10 meters obtained using a PlanetScope-type LOA will be used. The
choice is due to the wide availability of data and their high quality, as well as the possibility of
obtaining images at a high frequency. The volume of data for experiments will be 1.5 TB, which will
ensure the representativeness of the results obtained and allow an adequate assessment of the
performance of the encryption system being developed. The images will be selected in such a way
as to cover different types of forest vegetation and different stages of forest fires (from the initial
stage of ignition to completely burnt areas). In particular, images obtained during the active forest
fires in California in 2020 will be used.
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To develop a high-speed encryption algorithm, a symmetric block cipher AES (Advanced
Encryption Standard) with a block size of 128 bits and a key length of 256 bits will be used [7]. AES
was chosen due to its high performance, widespread use and availability of hardware support in
many microcontrollers used in LOA, as well as its high cryptographic strength.

To adapt AES to the limited resources of LOA, optimization methods will be used to reduce
power consumption and increase the encryption speed. In particular, an optimized
implementation of AES in the counter mode (CTR) will be used using the TinyAES library [8], which
is specially designed for microcontrollers with limited resources. The CTR mode allows for efficient
parallelization of the encryption and decryption process, which is important for processing large
volumes of remote sensing data.

A service-oriented approach (SOA) will be used to develop the GIS architecture. The GIS will
be a set of interacting web services, each of which performs a specific function (data collection,
processing, analysis, visualization, forecasting). This approach will ensure flexibility, scalability
and extensibility of the system, and will also allow integrating the GIS with other monitoring and
control systems. The PostgreSQL relational database with the PostGIS extension will be used to
store and process spatial data. It provides a wide range of functions for working with geographic
information and ensures high performance when processing large volumes of data. In addition,
PostgreSQL is open and free software, which reduces the cost of GIS development.

Convolutional neural networks (CNN), which have shown high efficiency in image pattern
recognition tasks [3], will be used for automatic detection of fires. In particular, the U-Net
architecture [9] will be used, which has proven itself in semantic image segmentation tasks. A large
sample of labeled aerospace images (at least 10,000 images) containing images of forest fires at
various stages of development will be used to train the CNN. The image labeling will be performed
by forestry experts. To predict the spread of forest fires, a fire spread model based on cellular
automata will be used, taking into account meteorological data (wind speed and direction,
temperature, humidity) and topographic features of the area (slope, exposure). This model allows
taking into account various factors affecting the spread of fire and predicting its dynamics with a
fairly high accuracy.

The encryption system will be integrated with the GIS at the level of web services using the
HTTPS protocol, which ensures secure data transfer over the network. Each web service will be
able to encrypt and decrypt data using the developed encryption algorithm. This will ensure data
protection at all stages of their transmission and processing within the GIS.

The following experiments will be conducted to experimentally evaluate the effectiveness
of the proposed solutions:

e Encryption speed assessment. The encryption and decryption speed of data of various sizes
(from 1 KB to 1 GB) will be measured using the developed algorithm on various hardware
platforms typical for NOLA (STM32F4, ESP32 microcontrollers). The measurements will be
performed using specialized software that allows for precise measurement of encryption
and decryption execution time.

e Evaluation of fire detection accuracy. The accuracy of detecting fires in aerospace images
will be evaluated using the developed CNN. For this, the metrics of accuracy, recall, and F-
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measure, as well as the ROC curve and the area under it (AUC) will be used. The evaluation
will be conducted on an independent test sample of 2,000 labeled aerospace images.
Evaluation of forecasting efficiency. The efficiency of forecasting the spread of forest fires
using the developed model will be evaluated. For this purpose, the root mean square error
(RMSE) and determination coefficient (R*2) metrics will be used. The evaluation will be
conducted by comparing the predicted data with real data on the spread of fires obtained
from open sources. A graphical representation of the results is shown in Figure 1.

AES-256 AES-56

Figure 1. Dependence of encryption speed on data volume for AES-256 in CTR mode

using the TinyAES library on the STM32F407VG microcontroller

Figure 1 shows the dependence of the data encryption speed on their volume for the AES-

256 algorithm in the counter (CTR) mode using the lightweight TinyAES library implemented on
the STM32F407VG microcontroller. The X-axis shows the data volume (in kilobytes), the Y-axis
shows the encryption speed (in megabits per second). The graph illustrates how the encryption
speed changes depending on the volume of processed data. Three main sections can be
distinguished:

Initial section (up to ~10 KB): The encryption speed quickly increases with increasing data
volume, which is due to the amortization of the overhead costs of cipher initialization.
Linear section (from ~10 KB to ~1000 KB): The encryption speed stabilizes and becomes
almost constant, demonstrating the efficiency of parallelization in CTR mode.

Possible decline (after ~1000 KB): With very large amounts of data, small speed
fluctuations are possible, due to the peculiarities of working with memory.

Table 1 presents symmetric encryption algorithms that are often considered as candidates

for use in resource-constrained devices such as LOA.
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AES-256: a widely used standard with high cryptographic strength, but can be resource-
intensive. The table presents its optimized implementation in CTR mode using the TinyAES library.

Table 1. Comparative evaluation of the efficiency of various encryption algorithms

for NOLA
Algorithm Encryption speed Power Key size RAM ROM
(Mbps) consumption (mW) (bits) (bytes) (bytes)

AES-256  (CTR, 18.5 75 256 256 4096
TinyAES)
ChaCha20 22.3 68 256 128 3584
Salsa20 19.8 72 256 128 3840
PRESENT-128 10.2 55 128 128 2048

ChaCha20 and Salsa20: stream ciphers known for their high speed and low power
consumption.

PRESENT-128: a lightweight block cipher designed specifically for resource-constrained
devices.

Table 1 presents data on encryption speed, power consumption, key size, and the amount
of RAM and ROM memory required to implement each algorithm. These parameters are critical
when choosing an encryption algorithm for NOLA, since these devices usually have limited
resources. The table shows that ChaChaZ20 demonstrates the highest encryption speed and
relatively low power consumption. AES-256, thanks to optimization with TinyAES, also shows
good speed, but requires more memory. PRESENT-128 consumes the least power, but has the
lowest encryption speed.

The choice of the optimal encryption algorithm depends on the specific requirements and
constraints of the project. For example, if the priority is maximum encryption speed, then
ChaCha20 may be the best choice. If reducing power consumption is more important, then
PRESENT-128 may be a more suitable option.

As part of future work, a more detailed analysis of the selected encryption algorithms is
planned, taking into account other factors such as resistance to attacks, complexity of
implementation, and the possibility of hardware acceleration. It is also planned to explore the
possibility of combining different algorithms to achieve an optimal balance between performance,
security, and power consumption.

Findings/Discussion

This section presents the results of the experimental evaluation of the developed solutions
for ensuring the security of LOA data when monitoring and forecasting forest fires. The Methods

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N92(151)/ 2025 25
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl

ISSN: 2616-7263. eISSN: 2663-1261



M.A. Bakyt, Kh. Moldamurat, S.A. Atanov, D.Kalmanova

section presented a graph of the encryption speed versus the data volume (Figure 1). Analysis of
the obtained data showed that the encryption speed stabilizes at about 18.5 Mbit/s when the data
volume is more than 10 KB. This corresponds to the results presented in Table 1. The obtained
encryption speed (18.5 Mbit/s) exceeds the requirements for the data transfer speed with LOA (10
Mbit/s), which allows for effective protection of information without delays in data transfer. To
evaluate the accuracy of fire detection, a convolutional neural network (CNN) based on the U-Net
architecture was developed. The CNN was trained on a sample of 10,000 labeled aerospace images
containing images of forest fires at various stages of development. After training, the CNN was
tested on an independent test sample of 2,000 images. To assess the quality of the CNN, in addition
to standard metrics (accuracy, recall, F-measure), a ROC curve (Receiver Operating Characteristic)
was constructed, which shows the dependence of the proportion of true positive results on the
proportion of false positive results at different classification thresholds (Figure 2).
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Figure 2. ROC curve for a CNN developed for detecting fires

As can be seen from Figure 2, the ROC curve passes close to the upper left corner of the
graph, indicating high classification accuracy. The area under the ROC curve (AUC) is 0.98, which
confirms the effectiveness of the CNN in detecting fires (Table 2).

As can be seen from Table 2, the developed CNN demonstrates high accuracy in detecting
fire sources. The F-measure value of 0.94 indicates a good balance between accuracy and recall of
detection. The high AUC value (0.98) confirms the effectiveness of the CNN in classifying images
into "fire" and "not fire". The processing time for one image is only 0.1 seconds, which allows for
prompt analysis of data coming from LOA.

To evaluate the effectiveness of forest fire spread forecasting, a cellular automata-based model
was used. The model was configured taking into account meteorological data (wind speed and
direction, temperature, humidity)
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and topographic features of the terrain (slope, exposure). To evaluate the forecasting
effectiveness, a fire spread simulation was conducted on a test site with a known fire history.

Table 2. Evaluation of the accuracy of detecting fires in aerospace images

Metric Value
Precision 96.2%
Recall 92.5%
F1-score 0.94
Area under the ROC curve (AUC) 0.98
Time to process one image (s) 0.1

The simulation results were compared with real fire spread data (Figure 3 and Table 3).

Figure 3. Comparison of real and predicted forest fire spread

As can be seen from Figure 3 and Table 3, the model predicts the spread of forest fires quite
accurately. The RMSE value (15 m) indicates a small average forecast error. The high value of the
determination coefficient (R * 2 = 0.85) confirms good agreement between the predicted and real
data. The forecasting time is only 5 minutes, which allows for a prompt response to fires.

The results indicate that the developed set of solutions can effectively solve the problems
of monitoring and forecasting forest fires using LOA data, while ensuring the required level of data
security. High encryption speed of AES-256 in CTR mode using the TinyAES library allows for
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prompt processing of large volumes of remote sensing data. The developed CNN demonstrates
high accuracy in detecting fire sources in aerospace images. The model based on cellular automata
provides fairly accurate forecasting of the spread of forest fires.

Table 3. Forecasting effectiveness evaluation metrics

Metric Value
Root Mean Square Error (RMSE) 15 M
Determination Coefficient (R"2) 0.85
Forecast Time (min) 5
Maximum Forecast Error (m) 50

The experiments to evaluate the encryption speed were carried out on one type of

microcontroller (STM32F407VG). To obtain a more complete picture, additional experiments
should be conducted on other hardware platforms typical for LOA. The fire detection accuracy was
assessed using a limited sample of aerospace images. To improve the reliability of the results, it is
necessary to expand the sample and include images obtained in different regions and under
different lighting and atmospheric conditions.

The fire spread prediction model does not take into account all the factors that influence

fire dynamics, such as the influence of terrain and the presence of natural barriers. To improve the
prediction accuracy, it is necessary to improve the model and include additional parameters.
Further research is planned to:

Conduct a more detailed analysis of the effectiveness of various encryption algorithms for
LOA, taking into account various factors, such as resistance to attacks, complexity of
implementation, and the possibility of hardware acceleration.

Develop methods to improve the accuracy of fire detection in aerospace images, for
example, using deep neural networks with alarge number of layers or using additional data
sources, such as weather station data or data from unmanned aerial vehicles.

Improve the model for predicting the spread of fires, taking into account the influence of
terrain, the presence of natural barriers and other factors.

Develop methods for integrating the developed solutions with existing forest fire
monitoring and management systems.

Conclusion

In this paper, a set of solutions for ensuring the security of LOA data during forest fire

monitoring and forecasting was considered. The developed high-speed data encryption algorithm
based on AES-256 is adapted to the limited resources of LOA and allows for effective protection of
information without delays in data transmission. A geographic information system (GIS) for forest

28

Ne2(151)/ 2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261



High-speed data encryption and geoinformation system for monitoring forest fires for low-orbit aircraft

fire monitoring, including modules for intelligent processing of aerospace data, ensures high
accuracy of detecting fire sources and forecasting fire spread.

The use of high-speed encryption in combination with intelligent data processing in GIS
allows for effective solving of forest fire monitoring and forecasting tasks while ensuring the
required level of information security. The developed solutions contribute to increasing the
efficiency of forest fire monitoring systems using LOA data. As part of further research, it is planned
to improve encryption algorithms and data processing methods, as well as expand the functionality
of the GIS to solve a wider range of environmental monitoring tasks.
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TemeH opGUTAJIBIK, YIIAKTAP YIIiH OPMaH 6PTTePiH 6aKbl/IayFa apHaAJIFaH )KOFapbl
KBUIJAaMABIKTHI JepeKTepAi mudpJiay )koHe reocaKnaparTbIK Kyiie

Anparna. Makanazia opMaH epTTepiH 6aKpLIay KoHe 00/pKay MiHZeTTepiH 1enty KesiHje
TeMeH Oop6uTaNblK yuy anmnapattapbiHaH (TOYA) asiblHFaH JAepeKTep/iH Kayincisairin
KaMTaMachI3 eTy MaceJieci KapacTblpbliazbl. 3epTTeyAiH e3ekTiiri TOYA-HaH anbiHraH Kepai
KalWbIKTbIKTaH 30HATay (KK3) fgepekTepiHiy yJsiFaloblHa KoHe OJIapAbl KeJieJl eHJey >XKoHe
PYKCaTCbI3 KipyZleH Kopfay KaeTTijiriHe 6adaaHbicTbl. TOYA-HBIH IIeKTeyJi ecenTtey
pecypcTapbiHa 6eliM/ie/IreH Kbl1JlaM 9peKeT eTeTiH JlepeKkTepai mudpaay KyheciH asipJseyai
koHe JKK3 nepekTepiH Tangay »koHe TYCiHZIPY YIIiH reoaknapaTTbIK xyueHi ([AXK) Kypyabl
KaMTUTBIH KellleHAl Taciy yebiHbLIaAbl. AJK epTTi aBTOMATTHI TYpAe aHbIKTayFa, 6pTTiH Tapany
JUHAaMHUKaCblH MoOJe/ibJieyre oHe 3aKbIMJAaHy alMaFblH 0arajiayFa MYMKIiHJIK OepeTiH
adpOFapBIIITHIK CypeTTepAi WHTe/JIeKTyallbl ©HJey MOJAyJbJepiMeH >Ka0JbIKTaJFaH.
[lepekTepni Gepy MeH 6HJAeYAiH O0apJblK Ke3eHJepiHJe KYNUSJbUIbIK MeH TYTacTbIKThI
KaMTaMachI3 eTy yiuiH mudpJaay xyhecin ['AXK-MeH 6ipikTipyre epekiiie Hasap ay/Japbliajbl.
Makasiazia YChIHbUIFaH IIelliM/epAi 3KCIIEPUMEHTTIK TEKCEPY HOTHXKeJiepi, olapblH, THIMALIIr]
MeH OpMaH epTTepiH 6aKpLIay YIUiH NPaKTUKaJIbIK MaHbI3/bLJIbIFbl KOPCETI/TEH.

Ty#iH ce3aep: TeMeH OpOUTAJIBIK, Y1y almapaTTapkl, JlepekTep Kayimncidziri, mudpay,
reorpadusIbIK aKNapaTThIK >KyWhe, OpMaH 6pTTepi, AepeKTeplli OeHIpy, a3pPOFapbILIThHIK
JlepeKTep.
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M.A.BaksIT, X.Moagamypar, C.K.AtaHoB, /I. KaiMmaHOoBa
Eepasutickull HayuoHabHbll yHUsepcumem um. /L.H. ['ymunesa, Acmana, Kazaxcmau

BbICOKOCKOpOCTHaA cucTeMa M PpPoOBaHUA JaHHBIX U reOMHPOPMaALUH AJIA
MOHUTOPHUHIA JIECHBIX N0XKAPOB /IS HI3KOOPGHUTAIbHBIX CAMOJIETOB

AHHOTanMA. B cTaTbe paccMaTpuBaeTcs NpobseMa obecrieyeHUs1 6€30MacCHOCTH JJaHHbIX,
MOJIy4aeMbIX C HU3KOOPOUTANbHBIX JieTaTesabHbix amnmnapatoB (HOJIA), npu pelieHuu 3ajad
MOHUTOPUHrAa W TNPOTHO3UPOBAHUSA JIECHBIX MO0XapoOB. AKTYaJbHOCTb MCCJIEe[0BaHUSA
006ycJIOBJIEHA BO3pACTAOLUM 00'beMOM JIaHHBIX IUCTAHIIMOHHOTO 30HAMpoBaHusA 3emuu (/133),
noay4yaembix ¢ HOJIA, 1 Heo6XOAMMOCTbIO HMX ONEPAaTUBHOM 06pabOTKU W 3alUThbl OT
HECAaHKLIMOHUPOBAaHHOTO Joctyna. IlpeasaraeTrcd KOMIUIEKCHBIA NOAXOJ, BKJOYAKOLIAN
pa3paboTKy ObICTPOJIENCTBYIOIIEH CHUCTeMbl IMPPOBAaHUSA JAHHBIX, aJaNTHPOBAHHOU K
OTpaHUY€eHHbIM BbIUMCAUTENbHBIM pecypcam HOJIA, u co3janue reonHGOpMalMOHHON CUCTEeMbl
(TMC) pna  aHanu3a W uHTepnpetanuu aAaHHbix /JI33. THUC ocHaumieHa MoAy/assMU
MHTEeJJIEKTyaJlbHOU 06pabOTKU a3POKOCMHUYECKUX CHUMKOB, NMO3BOJIIOIIMMU aBTOMAaTHY€eCKU
0OHapy>XMBaThb O4Yard BO3TrOpaHHUs, MOJEJUPOBaTb JUHAMHUKY paclpOCTpaHeHUs IMoXapa U
OLlEHWBaTh IUIOWAAb THopaxeHusa. Ocoboe BHUMaHUE yJeJeHO WHTerpaluyd CHUCTEMBI
mudpoBanus ¢ T’UC g obecnevyeHuss KOHQUAEHIUATBHOCTU U 11€JIOCTHOCTU JIaHHBIX Ha BCEX
JTanax UX nepejadyu U o6paboTKU. B cTaTbe mpejcTaB/ieHbl pe3yabTaThl IKCIEPUMEHTaTbHOM
NPOBEPKU MpeJJjiaraeMbIX pelieHuH, eMOHCTpUupyoue ux 3GPeKTUBHOCTb U MPAKTUYECKYIO
3HAaYMMOCTD [iJ11 MOHUTOPUHTA JIECHBIX I10KapOB.

KilouyeBble c/10Ba: HU3KOOPOUTAJIbHbIE JIeTaTe /IbHble alnapaThl, 6€30MacCHOCTb JJaHHbIX,
mundpoBaHue, reorpadpuydeckas MHPOpMalMOHHas CUCTEMa, JIeCHble no>Kaphl,
MHTeJlJIEKTya/lbHasi 06pab0TKa JaHHBIX, a3POKOCMUYECKHUE JJAHHBIE.
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Abstract. The modern trends in the development of cement process
technologies include: high individual production line capacity reaching 12.000
tons of clinker per day, informatization, digitalization of production
management, intellectualization of cement equipment operations, the use of
artificial intelligence, widespread use of industrial waste, alternative fuels,
energy-saving production processes, and reduction of carbon dioxide
emissions.

The paper examines the possibilities of using industrial waste as raw materials
for producing low-temperature clinkers and mineral additives in composite
cements in order to reduce CO2 emissions.

Low-energy compositions of raw mixtures for clinker production have been
developed, which include coal mining waste, lead slag, tephrite-basalt, and
clinker from the agglomeration of zinc ores. In these raw mixtures, waste
replaces up to 20-25% of natural raw materials, allows clinker formation to
complete at 1300-1350°C, increases kiln productivity, and reduces carbon
dioxide emissions into the atmosphere by 15-20%. Burnt clay shales from the
Betpakdala and Kuyuk deposits were studied as active mineral additives in
composite cements to reduce the clinker component, reduce carbon dioxide
emissions into the atmosphere, and improve the environmental situation. The
processes of shale burning were studied, and the activity of mineral additives
was determined depending on the heat treatment temperature. Composite
cements with active mineral additives of up to 15% by weight were obtained.

Keywords: zinc ore Waelz clinker, clinker burning, waste, low-energy
technologies, composite cement, clay shale
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Modern trends in the development of cement production

Introduction

Cement is the most important binder, and cement and concrete based on it remain the main
resource materials consumed in all areas of construction. The cement industry plays a key role in
the construction industry of Kazakhstan and the world. The cement industry bears an important
responsibility for capital construction and plays an invaluable role in the process of
industrialization, urbanization and modernization of all countries. At the same time, a new wave
of scientific and technological revolution has had a profound impact on cement production
methods, which are gradually moving towards high class, intellectualization and greening,
standing at the forefront of an era of great changes unseen in a century. They contribute to a more
qualitative, efficient and sustainable development of the cement industry, and solve the issues
facing the development of the global cement industry [1, 2].

The main problems of cement production are high fuel and energy intensity, as well as
environmental pollution with carbon dioxide emissions. The clinker firing temperature in a rotary
kiln reaches 1450 °C, the fuel consumption in the kiln and decarbonizer to produce 1 ton of clinker
is 110-120 kg of conventional fuel, while up to 850-900 kg of CO: is emitted into the atmosphere
for each ton of clinker produced.

The state of issues of industrial waste disposal in cement production

Since the 1970s, cement companies have been studying and working to replace natural
resources with production waste. With the development of science and technology and the
increasing awareness of people about environmental protection, the issue of sustainable
development is receiving more and more attention. The Eco-Cement cement plant was established
in Japan in the mid-1990s. In the ratio of cement raw materials, the proportion of ash from the
incineration of municipal waste and sewage sludge approached 50%. Half of the cement plants in
Japan recycle various waste. In 2002, the average waste utilization of cement plants in Japan was
more than 355 kg per ton of cement. European cement companies recycle more than 1 million tons
of hazardous waste per year. In Europe, combustible waste is widely used as an alternative fuel for
clinker burning in rotary kilns and calciners [2, 18].

Most cement plants in the United States use waste fuel as raw materials and fuel, with the
overall fuel substitution rate in these companies ranging from 10 to 20%.

For the production of Portland cement clinker, it is proposed to use large-tonnage
technogenic waste from the metallurgical and chemical industries, as well as igneous rocks and
various mineralizers of the clinker firing process. Many wastes are close in composition and
properties to natural raw materials, but are much cheaper than the extraction of natural ones [3].

Currently, the disposal of technogenic waste is one of the significant problems of the
modern world. In developed countries, a significant amount of technogenic materials are utilized
in the production of Portland cement, since cement production is a large-tonnage process.
Scientists have developed effective ways of using technogenic waste as raw materials, mineral and
fuel-substituting additives. Some technogenic products have already undergone heat treatment in
the process of producing the main products, and some of them contain a number of clinker
minerals [4].

The use of the calcium cycle has been chosen as the most suitable option for capturing CO-
for this application. The reuse of the CaO waste generated by CO; capture in a cement plant and
the recovery of the energy released from the cooling and clinker capture system to generate
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additional energy are the main advantages of this proposal. In this work, flow charts and heat and
mass balances are calculated. The results show alow CO; reduction cost of 12.4 €/t, which is lower
than any other combination of a power plant with a capture system or a cement plant with a
capture system, making this proposal economically very attractive. In addition, due to the
increased energy efficiency, the reduced use of raw materials and decarbonized materials, and the
CO2 capture system, a significant amount of CO2 emissions can be avoided by 94%. (Luis et al.,
2021) [5].

The solution to energy saving and ecology issues in cement production is waste disposal,
replacement of a part of clinker with high cost price with natural or artificial, i.e. natural or man-
made additives, production of low-clinker cements [6-8]. Additives are not available in all regions
where cement plants are located. The most accessible are pozzolans, blast furnace, phosphorus
slags, ashes, etc. The task of researchers is to find and increase the range of

One of the ways to reduce the amount of harmful emissions into the atmosphere, carbon
dioxide released during the production of Portland cement clinker is the use of active mineral
additives containing silicon dioxide, which reduce the proportion of clinker in the composition of
cement. That is, it is necessary to develop effective compositions of composite cements in which
part of the expensive clinker is replaced by active mineral additives. Reducing the proportion of
clinker accordingly reduces the volume of CO; emissions into the atmosphere. This is a pressing
global problem that is of concern in Europe, the USA, China and all other countries of the planet [9-
12].

In recent years, the cement industry has paid much attention to mineral additives. This is
not a new direction, because for several decades, standards have allowed the use of limestone, slag,
pozzolana, ash and dust as additives. But the renewed interest in optimizing the use of these
materials can be considered relevant today. The use of additional raw materials here - mineral
additives allows not only to reduce the cost of cement (in most cases, these materials are much
cheaper than clinker), but also to reduce the specific amount of CO; emissions [13, 14].

Sivkov S.P. et al. studied the thermodynamic activity of compounds in Portland cements that
harden during carbonation and hydration, and also calculated the level of partial pressure of CO;
and established the activity of carbonation of CO32- in mineral compounds. The authors found that
the compounds are capable of carbonization under the influence of dry or wet carbon dioxide to
form calcium carbonates [15].

Smolskaya E.A. et al. in their work considered the effect of thermally activated clays on the
properties of Portland cement. The authors found that thermally activated clays can replace up to
25% of Portland cement clinker without loss of strength and quality of cement, which made it
possible to reduce carbon dioxide emissions during cement production [16]. Ram K. et al. studied
the effect of kaolinite concentration from two separate clays (collected in the East and South-
Eastern Europe) on the durability of concrete. Clay with a low kaolinite content contained 18%
kaolinite, while clay with an average kaolinite content contained about 41% kaolinite. The authors
proved that kaolinite content has a moderate effect on compressive strength, but has a significant
effect on other durability indicators [17]. By a government decree in the Russian Federation,
starting in 2025, cement plants are required to use at least 6% recycled raw materials in cement
production [19].

In addition, there has been a boom in research and development around the world to green
cement technology and improve the characteristics of environmentally friendly cement concrete.
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Backin 2021, at the G20 summit, the countries expressed their intention to stop greenhouse
gas emissions by the middle of the 21st century [20]. Countries intend to formulate long-term
strategies to achieve zero emissions by 2030. G20 leaders called for keeping climate change at 1.5
degrees, but this will require “meaningful and effective action and commitment from all countries.”

Heidelberg Cement is launching a pilot project to capture CO2 [21]. The ACCSESS project is
being implemented in a consortium with the Norwegian Sintef Energi AS, which leads the
community. The consortium includes 18 partners. The aim of the project is to significantly reduce
the costs in the CCUS (Carbon Capture, Use And Storage) value chain and to develop transport
systems to optimize the delivery of CO2 emissions from mainland Europe to CO2 storage areas in
Scandinavia and the North Sea. As part of the ACCSESS project, Heidelberg Cement will be the first
company to use CCUS in Eastern Europe by launching a new CO; capture technology at its cement
plant in Gurajdzha, Poland. The emission capture plant allows for greater use of waste heat and
simplifies the monitoring of secondary emissions. In Uzbekistan, automatic emission tracking
systems have been installed at a number of cement plants in order to study the impact of industrial
enterprises on the environment. A “stationary observation point” has been created at
Akhangarancement JSC, located in the Tashkent region. This serves as an important factor in
reducing the impact of industrial enterprises on the environment of adjacent territories [22].

Heidelberg Materials has launched the world's first zero-carbon cement in Europe under
the new brand evoZero [23]. evoZero achieves a zero-carbon footprint by using carbon dioxide
capture and storage technology at the Heidelberg Materials plant in Brevik. The CO> capture and
storage technology does not change the existing cement production process; the chemical
composition and properties of the cement remain the same. The zero-carbon technology therefore
covers the entire range of cements from CEM-I to CEM-IIIL. The installation at the Brevik cement
plantis the world's first industrial-scale CO2 capture facility. Completion of the facility is scheduled
for the end of 2024. Once operational, 400,000 tonnes of CO2 per year will be captured and stored,
which corresponds to 50% of the plant's emissions and is equivalent to taking around 180,000 cars
off the road. The British Gauldon plant [24] will use 20 thousand tons of ceramic waste and
industrial scrap as an alternative raw material in cement production. Recycled ceramics will
partially replace natural slate.

Summarizing the above material, the following can be noted:

1. Portland cement with active mineral additives is an easily produced and popular material
today;

2.Research on the development of composite cements is aimed not only at reducing the cost
of Portland cement, improving environmental conditions, but also at ensuring high quality of the
resulting products and using local reserves of available raw materials;

3. Rational waste disposal will significantly reduce the carbon footprint of cement
production.

The methodology

The aim of this research is to study the possibility of using industrial waste as raw materials
for obtaining low-temperature clinkers and mineral additives in composite cements.

In this work, waste from crushing limestone from the Sastyubinskoye deposit, clinker from
the Waelz zinc ore of the Achisai metallurgical plant, electrothermophosphorus slags from the
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Novo-Dzhambul phosphorus plant in Taraz, and waste from coal mining in the Lenger mines
(Turkestan region) were studied to obtain clinkers as alternative raw materials and corrective
additives. All of the above technogenic raw materials are located in close proximity to three large
cement plants in Southern Kazakhstan - Standard Cement LLP, Shymkentcement LLP and
SastobeTechnologies LLP. Accordingly, logistics and transportation costs for delivering industrial
waste to these enterprises will be affordable.

To study the composition of raw materials, industrial waste, and the obtained cement
clinker, chemical analysis methods were used according to GOST 5382-2019 Cements and
materials for cement production. Chemical analysis methods [25]; X-ray phase analysis of raw
materials and clinkers was carried out on a DRON-3 derivatograph [26], an ENDEAVORDS
diffractometer, and an X-ray (S8 Tiger) device [26-28]; electron microscopic studies were
performed on a JEOL JSM-6490 LV microscope [26, 28]. The quality of clinker firing was assessed
by the content of undigested (free) CaO, which was determined by the ethyl glycerate method [29].

The chemical and mineralogical composition of natural and technogenic raw materials was
studied, and the possibility of their rational use in the production of clinker and cement was
established (Table 1).

Table 1. Chemical composition of natural and man-made raw materials

Natural and man-made Chemical composition, mass%
raw materials, deposits SiO; ’A1203 |Fe203 ‘CaO ‘MgO \803 \ cl

Natural raw materials

Limestone of the Kazygurt 486 | 0.72 0.81| 51.75| 0.36 | 0.02| 41.12
deposit
Loess of the Tekesu 50.54| 10.35| 443 | 1391 267 | 0.21| 13.06
deposit

Man-made raw materials that have undergone heat treatment
Electrothermophosphorus | 42.68 | 0.74 | 0.17 | 41.18 | 455 | 0.4 -
slag (ETPS)
Clinker for the production | 27.55 | 5.74 | 33,5 | 1733 | 6.07 | 1.31 | 6.5
of zinc ores from the

Achisai plant
Man-made raw materials that have not been subjected to heat treatment
Waste from crushing 9.63 | 1.72 1.26 | 46.0 | 0.55 | 1.15 | 36.2

limestone from the
Sastyubinskoye deposit
Waste from coal miningin | 55.50 | 10.60 | 2.01 3.21 | 0.70 | 0.79 | 24.08

the Lenger mines

In addition to the chemical composition of the raw material, its mineralogical composition
is important, which affects the technological process, the firing of clinker and the properties of
cement.

Limestone from the Kazygurt deposit (Shymkentcement LLC) contains about 82% calcite,
is characterized by a high content of the clay mineral illite - 7.8%.
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In order to obtain composite cements, as well as to reduce the proportion of clinker in
cement, clay shales were studied, which will be used as a mineral additive. Averaged samples were
selected from the samples by quartering. Clay shales were studied using SEM, X-ray diffraction,
DTA and spectroscopic methods.

Average chemical composition of materials, %: Clinker sample No. 4 (Table 3) SiO2 -18; Al203 - 3;
CaO0 - 55; Fez03/FeO - 3; Naz0 - 0.42; K20 - 1.2; MgO - 1.5. Clay shale of the Mynaral deposit SiO>
-71; Al;03 - 10; CaO - 5; Fez03/FeO - 11; Naz0 - 2; K20 - 0.5; MgO - 0.5, Clay shale of the Kuyuk
deposit - SiO2 -53; Al;03 - 10; CaO - 5; Fe203/FeO - 11; Naz0 - 2; K20 - 0.5; MgO - 0.5.

The study of clay shale from the Mynaral deposit as a mineral additive was carried out in
accordance with the requirements of GOST 25094-2015, the chemical composition was
determined according to GOST 5382-2019 [29, 30].

Findings/Discussion

At the initial stage of the experimental part, the main physical and chemical changes during
the firing of clay shales at temperatures of 700-900 °C were studied (Figure 2).

® Guartz
Hydromica
Chlorite
Kaolinite
1 Calcite
Halmatite
Rutile

700 °C

800 °C

900 °C

Figure 2. X-ray phase analysis of Mynaral shale fired at temperatures of 700-900 °C
On the X-ray diffraction pattern of clay shales (Figure 2), fired at a temperature of 700 °C,
the diffraction maxima of the following minerals were recorded: a-quartz; hydromica; chlorite;
kaolinite; calcite; hematite; rutile.
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At 800 °C, the diffraction maxima of the following minerals were recorded: 3-quartz; mica;
chlorite; kaolinite; calcite; hematite; rutile.

At a firing temperature of 900 °C, the diffraction maxima of the following minerals were
recorded: B-quartz; dehydrated mica; chlorite; kaolinite; calcite; hematite; rutile.

The study of the activity of the shale of the Mynaral deposit was carried out by the classical
method of lime absorption from a lime solution. Figure 3 shows the dependence of the pozzolanic
activity of Mynaral shales fired at 700, 800 and 900 °C.
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Figure 3. Dependence of the pozzolanic activity of Mynaral slate on the firing
temperature

Analysis of the obtained data showed that firing parameters have different effects on the
properties of additives, which is due to their chemical and mineralogical composition. Thus, when
firing Mynaral slate at 800-900°C, an additive with maximum pozzolanic activity was obtained.

Our studies have shown the possibility of replacing natural raw materials for clinker
production with industrial waste, which will reduce fuel consumption for clinker firing, increase
furnace productivity, and reduce CO; emissions into the atmosphere [31-33]. The following waste
and non-traditional raw materials are proposed for this purpose: coal mining waste from the
Lenger coal mines, limestone crushing waste, lead slag from the Shymkent plant, clinker from the
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Waelz zinc ore production at the Achisai plant, and tephrite basalt from the Daubabinskoye
deposit.
Table 3 presents data on the effect of firing temperature and mixture compositions on the
content of free Ca0 in cakes.
Table 3. Effect of mixture compositions and firing temperature on the firing process
of low-energy clinkers

Mixture Component composition of raw materials, Modular Content of free CaO, %,
wt.% characteristics during firing, °C
Limestone|Coal Coal
mininglcip ders W3St * | [ ead
waste | KN tephrite- slag Loess| KN | n | p [1300| 1350 {1400(1450
basalt
(1:1)
Control 78.2 - 1.5 - - 120.3|10.90(2.41|1.68 8.63| 6.36 |3.52|1.68
1 78.12 18.91| 2.97 - - - 10.92(2.41.08/10.21]| 5.37 |3.28|1.48
2 76.94 |18.02 - - 5.04| - |0.90|2.411.14/593| 1.73 |1.29(0.97
3 7737 |17.67 - - 496 - (092(2.41.14/713]| 1.63 |1.53|1,26
4 75.14 - - 2217 |2.69| - 10.85|2.411.26/2.23| 094 |0.57 |0.35
5 76.39 - - 21.37 [2.24| - |0.90|2.4|1.26/2.52| 1.38 |1.08|0.68
6 75.33 - - 18.31 [6.36| - [0.92|2.2|0.84/1.17| 1.03 | 0.62 |0.28
7 76.79 - - 20.68 [2.53| - 10.92|2.411.27/2.78| 1.78 | 1.26 |0.75
8 77.45 - - 20.11 |2.44| - |0.95(/2.4/1.27/3.81| 1.86 |1.41|0.87

The firing of the control limestone-loess raw mix is completed at 1450 °C. The introduction
of about 5% lead slag has a significant mineralizing effect in batches No. 2 and 3. The content of
unassimilated CaO at a temperature of 1350 °C decreases to 1.63-1.73%.

Raw mixes No. 4, 5, 7 and 8 contain 20-22% coal waste and 2.5-2.7% lead slag. Sufficiently
complete assimilation of calcium oxide (1.39-1.85%) in these mixes is achieved at 1350 °C.

The value of the silicate modulus affects the amount of lead slag introduced. Thus, in raw
mix No. 6, with a decrease in the silicate modulus to two, the introduction of lead slag increases to
6.25%. This leads to a significant acceleration of the clinker formation processes, a sufficiently
complete assimilation of Ca0O into clinker minerals is completed at 1300 °C, which is 150 °C lower
than in the control batch. In other experimental raw material batches with KH = 0.9 - 0.92, the
clinker formation processes are completed at 1350 °C. The content of free CaO in clinkers is 0.93 -
1.74%, which meets the requirements of the plant's process regulations. The X-ray diffraction
pattern of clinker is shown in Figure 4.

[t was found that the clinker sintering process significantly depends on the lead slag content
in the batch: an increase in the slag content accelerates the processes and reduces the clinker firing
temperature. The results obtained indicate that it is possible to obtain low-energy clinkers at
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temperatures of 1300-1350 °C. This will lead to a decrease in fuel consumption for firing and
savings in traditional raw materials for cement production.

2,78

d: 2.18; 2.61; 2.78; 3.03A — C3S; d=1.74; 1.94; 2.71; 2.82A — C,S; d=1.89; 2.82; 2.97; 4.08A — C3A; d=2.003; 2.14; 2.65A
— C4AF.

Figure 4. X-ray phase analysis of clinker from raw material batch No. 2, fired at 1350°C

The following main clinker minerals were identified in low-energy clinker No. 2: C3S d =
2.18; 2.61; 2.78; 3.034; C2S d = 1.74; 1.94; 2.71; 2.824; C3A d = 1.89; 2.82; 2.97; 4.084; C4AF d =
2.003; 2.14; 2.65A (Figure 2). No noticeable peaks of other minerals were detected.

A micrograph from a chip of low-energy clinker No. 5 is shown in Figure 5. Analysis of the
micrograph allows us to conclude that the crystallization of minerals is clear, their distribution is
uneven. Along with areas where alite has a regular geometric shape, there are areas with an

indefinite crystal shape.

.

10 63 30Pa

/X700 20pm” "
Figure 5. Micrograph of clinker from the raw material batch “limestone + (coal mining
waste + tephrite basalt (1:1) + lead slag”
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Alite crystallized in the form of minerals of various sizes, sometimes quite large up to 100-
140 microns. Lead slag together with tephrite basalt had a fairly strong mineralizing effect on
firing, the temperature of the end of clinker sintering decreased from the traditional 1450 °C to
1350 °C, alite crystals grew to fairly large sizes, the residual content of CaOfee was 1.39%. Belite is
represented by crystals of round and oval shape, cracks are observed on the surface of belite
granules. The content of the intermediate phase is quite large and it is represented mainly by
calcium aluminoferrite, which is represented by light needle-shaped crystals.

Our studies have also shown the possibility of energy-saving production of cement clinkers
from raw mixes consisting entirely of industrial waste. In raw material batches containing 78.8-
79.9% of Sastobe limestone crushing waste, 3.84-5.16% of zinc ore Waelz clinker, 15.2-17.3% of
phosphorus slag, high-quality clinker can be obtained at 1350 °C. The content of free CaO in
clinkers is 1.4-1.5%. Calcium fluoride in phosphorus slag, zinc oxide contained in Waelz clinker,
lower the sintering temperature of clinker, accelerate mineral formation processes, and improve
the clinker structure. Reducing the firing temperature and fuel consumption will reduce CO and
NOx emissions into the atmosphere, utilize man-made products and reduce the pressure on the
environment. The optimal compositions of batches are with KH = 0.9-0.92.

According to the results of X-ray phase analysis, the following minerals are formed in the
clinker synthesized at 1350 °C: alite (d =3.05; 2.7726; 2.595; 2.33; 2.172; 1.973; 1.757; 1.484 A);
belite (d=2.78; 2.758; 2.595; 2.425; 2.268; 2.172; 2.037; 1.973; 1.882 A); C4AF (d = 7.3224; 2.772;
2.678; 2.63 A).

Microscopic analysis of the clinkers showed the formation of hexagonal and pentagonal
alite crystals, rounded belite crystals. Crystallization of clinker minerals is clear and good. The size
of alite crystals ranges from 20-30 to 40-60 microns.

Thus, in the process of firing cement clinkers, phosphorus and lead slag, zinc ore Waelz
clinker, and tephrite basalt lead to the appearance of a liquid phase at low temperatures, improve
its properties, have a mineralizing effect on firing, accelerate the formation of the main minerals
belite and alite, facilitate the completion of clinker formation processes at temperatures 100°C
lower than in traditional raw mixes, and accelerate the sintering process of clinker. The content of
free CaO in low-energy clinkers fired at 1350°C is within the plant standard.

Another effective way to reduce carbon dioxide emissions into the atmosphere during
cement production is to reduce the clinker component in cements by introducing active mineral
additives.

We have conducted experiments on the use of fired shales from the Mynaral deposit and
the Kuyuk deposit as additives to composite cements. In accordance with the requirements of
GOST 310.4-81, samples without additives and with additives of shale from the Mynaral deposit
and Kuyuk were molded after 3, 7 and 28 days, tested in a hydraulic press and strength indicators
were established.

With the addition of 15% of clay shale from the Mynaral deposit, fired at 900 °C, the
maximum value of the strength of the cement stone for 28 days was obtained - 50 MPa.

After completing the physical and mechanical tests of cements without additives and with
additives of 5-15% of fired shale from the Mynaral deposit, a chemical analysis of the hydrated
cement stone was carried out.

The chemical composition of the cement stone was determined using raster electron
microscopic analysis. The presence of oxides P20s, Cr203, BaO, TiO2, Mn203 in the amount of 0.2-
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0.5% in Portland cement in the form of solid solutions in clinker minerals leads to the acceleration
of cement hydration and an increase in the strength of the cement stone. The formation of a strong
structure of cement stone based on low-basic calcium hydrosilicates (CSH) contributes to an
increase in its strength at the initial stage. The content of oxides in cement stones containing a
mixture of shale without impurities and burnt clay is shown in the graph in Figure 6.
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Main oxides in hardened cement stone after 28 days

Figure 6. Oxide content in cement stone without additives and with additives of burnt
clay shale from the Mynaral deposit

The following diffraction maxima were recorded in the X-ray diffraction patterns of the
cement stone: portlandite - Ca(OH)2, d / n: 4.92; 3.11; 2.63; 1.924; 1.791 A; dicalcium hydrosilicate
- C2SH (B), d / n: 4.80; 2.94; 2.77; 2.26; 1.872 A; dicalcium hydrosilicate - C2SH (C), dicalcium
}Dlydrosilicate - C2SH (A), d / n: 4.21; 3.28; 2.67; 2.42; 1.786 A; d / n: 3.04; 2.84; 2.70; 1.909; 1.896
A.

Burnt shale contains active silica and alumina oxide, which quickly react with cement
minerals and their hydration products to form stable hydrate compounds. As a result, the strength
of 3-day cement stone with 15% shale burned at 900 °C increases by 8% compared to cement stone
without additives. The strength of cement stone with the addition of 10% shale burned at 800 °C
at the age of 28 days increased by 10%. Clay shales burned at 700-900 °C react with minerals
contained in cement, as well as with Ca(OH)2 to form structured calcium hydrosilicates of the C2SH
(A), C2SH (B) type, which have high water resistance and provide increased strength of cement
stone.

Conclusion

Modern trends in the development of cement process technologies are: high unit capacity
of the production line, informatization, digitalization of production management,
intellectualization of cement equipment, energy saving of the production process and reduction of
carbon dioxide emissions.
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The chemical and mineralogical composition of industrial waste in Southern Kazakhstan
and the possibility of using it to produce cement clinker have been established.

Low-energy compositions of raw material mixtures have been developed for producing
Portland cement clinker, including limestone crushing waste, coal mining waste, lead and
phosphorus slag, tephrite basalt and zinc ore Waelz clinker. These wastes replace from 20-25% to
100% of natural raw materials, allow completing clinker formation processes at 1300 - 1350°C,
increasing furnace productivity and reducing harmful carbon dioxide emissions into the
atmosphere by 15-20%. The processes of firing raw mixes consisting entirely or partially of
industrial waste are completed at 1350°C. This will reduce the consumption of nozzle fuel for firing
clinker, increase furnace productivity and reduce the volume of CO: emissions into the
atmosphere.

High-quality cement clinker was obtained based on raw mixes with Waelz clinker of zinc
ores of the Achisai Metallurgical Plant, phosphorus slag, coal mining waste of the Lenger mines and
sodium fluoride. The phase composition and microstructure of low-energy clinkers were
identified. Involvement of industrial waste in the raw material cycle will reduce environmental
pollution and improve the environment.

By introducing additives of burnt shale from the Betpakdala deposit, it is possible to obtain
composite cements with a decrease in the share of the clinker component by 10-15%, which will
reduce harmful emissions of carbon dioxide into the atmosphere by the same amount. Research in
this area will expand the raw material base of active mineral additives for the production of
composite cements with low carbon dioxide emissions into the atmosphere.
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COBpeMeHHble TCHAECHIOUH PA3BUTUA HEMEHTHOI'O IPOU3BOACTBA

AHHOTanMA. PaccMoTpeHa BO3MOXKHOCTD MOJIYYEHUST TOPT/IAH/ILIEMEHTHOTO KJIMHKepa C
MCII0JIb30BAHUEM  MaJIO9HEPTOEMKHX, pecypcocOeperaruiux TEXHOJIOTMU.  YCTaHOBJIEH
XUMHUYECKUH U MUHEPAJIOTHYEeCKUH COCTaB KPYMHOTOHHAXKHBIX OTX0/0B MPOMBbIIIJIEHHOCTH JIJIsI
MaJIOOHEPTOEMKOTO TMOJIyYeHHs TMOPTJIAH/JALIEMEHTHOTO KJIWHKepa Ha 3aBoax HxkHoro
Kazaxcrana. [lokazaHa  BO3MOXHOCTb  3aMeHbl JepULUTHOM  Kese30cojepKalien
KOPPEKTHUPYIOILeHd MN06aBKU KJIWHKEPOM BeJiblieBaHUS IMHKOBBIX PyA. [Ipy 3TOM KJIHWHKeEP
BeJIbIIEBAaHUS B COCTaBe ChIpbEeBOH IIMXTHI BBIMOJHSIET HECKOJIBKO 3a/1a4: SIBJISIETCS YKeJIe3UCTOU
KOPpPEKTUPYIOILel 106aBKOM, paboTaeT Kak MUHEpPaJIU3aTop MPOLLecCCOB KIMHKEPOOOpa3oBaHu4,
BHOCUT B IIMXTY yroJb WU MO3BOJIIET CHU3UTbH PACX0Jl MPUPOJHOrO TOIJIMBA. ITO OYJeT
CMOCOGCTBOBAaTh CHIDKEHHIO pacxoja (OPCYHOYHOTO TOIJIMBA HAa OOXWUI KJIMHKepa U
yMeHbIlleHHI0 BbIOpocoB CO2 B aTMocdepy. YcTaHOBJIeHA BO3MOXXHOCTb IOJIYY€HUS
MOPTJIAaH/[LIEMEHTHOTO KJIMHKEpa Ha OCHOBE OTXOJIOB NMPOMBIIIJIEHHOCTH U3 pa3paboTaHHBIX
MaJIOSHEPTOEMKHX pecypcocOeperamiux CbhIpbeBbIX CMeCed C KJIUHKEPOM BeJibIleBaHUS
IIUHKOBBIX PyJi AYHMCaliCKOTO MeTa/I/IyprHuecKoro 3aBojia, $ocPOpHBIM IIJIAKOM, OTXOJAMHU
yrJeA00bIlYM JIEHTepPCKUX IAaXT U GTOPUCTBIM HaTpueM. [IpuMeHeHHe A06ABOK 060MCGKEHHBIX
ClIaHLleB MecTopoXxAeHUsi bBeTnakpgana Jjsd moJiydeHUsT KOMIO3UIMOHHBIX LEMEHTOB CO
CHUPKEHHUEM JI0JIM KJIMHKepHOU cocTaBstomel Ha 10-15 % u yTuaMsanys KpynHOTOHHAXHbBIX
OTXO/I0B MPOMBIIJIEHHOCTH MO3BOJIUT CHHU3HUThH 3arpsi3HEHHE OKPYXAIOIIEH Cpeabl W YIyYIIUTh
HKOJIOTUIECKYIO 0OCTAaHOBKY B PErHOHE.

KioyeBble c/0Ba: IIeMEHTHbIM KJMHKep, OGXHI, OTXOJbl, KJWHKep BeJiblieBaHUs
[IMHKOBBIX PY/I, PacX0/i TOMJIMBA, KOMIO3ULIMOHHBIN [|€MEHT.

b. AmupasueB 1, B. TaiimacoB 1, A. KyanabikoBa 1, E. [loTranoBa 2,
A. Hypxan!

ILleMeHT 6HAIPiCiHiH Ka3ipri JaMy TeHJeHI A/ 1apbl

1 M. dyezoe amvuiHdarbl Ohmycmik KazakcmaH yHusepcumemi, lllvimkenm, KazakcmaH;

2 /1. U. Mendeseee amviHdarbl Pecell Xumusi-mexHo.102usiAblK yHUgepcumemi, Mackey, Peceli
®edepayusicol
Anpartna. IloptaanaueMenTTi KiMHKep/Ai a3 sHeprusHbl KaXKeT eTeTiH, pecypcTaphbl
YHEM/ZIEUTIH TEXHOJIOTUSAJIApAbl KOJILAHY apKbLIbl ajJy MYMKIHZIr KapacTelpbliraH. OHTYCTIK
KasakcraH 3aybITTapblH/a NOpTAaHALeMeHTTi KiinHKep /i a3 3HepryusaHbl KQXKeT eTeTiH aly YIUiH
ipli TOHHaXXAbl OHEPKICINl KaJAbIKTapbIHbIH, XUMUAJBIK K9He MHWHEepPaJOTUAJBIK KypaMbl
6esrisiensi. KypambiHzia Temipi 6ap »KeTicneWTiH Ty3eTy KOCHAcblH MBIPBIII KeHJEepiH uiey
KJIMHKepIMeH aJIMacTblpy MYMKIiHZIri KepcetisireH. COHbIMEH KaTap, LIMKi3aT IIMXTACbIHbIH
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B. Amiraliyev, B.Tamasov, A. Kuandykov, E. Potapova, N. Ainabekov

KypaMbIH/JlaFbl KJIMHKep OipHelle TancblpMasap/bl OpblHAAWAbL: Oy 6e3Ai Ty3eTy Kocnachl,
KJIMHKep Ty3iJly NpoLecTepiHiH MHHepaln3aTopbl peTiHJe KYMBbIC iCTeWzi, lMXTara KeMip
eHri3e/ii )koHe TaOWFU OTBIH IIbIFbIHBIH a3alTyFa MYMKIHJIK 6epeni. Bya KinHkepzi xafy yuiiH
WHXXEKTOPJIbIK OThIH LIBIFbIHbIH a3alTyFa )xoHe aTMocdepara CO2 mIbIFapblHABIIAPbIH a3alTyFa
KeMeKTecei. AuuMcal MeTa/UIyprysblK 3aybIThIHbIH MBIPBIII KeHJEepiH ujey KJIUHKepiMeH,
dochop KoxkbIMeH, JleHrep LIaxTaJapblHbIH, KeMip 6HJipy KaJAblKTapbIMeH )9He HaTpHUU
bTopuziMeH a3ipJieHreH a3 SHeprUsHbl KaXeT eTeTiH pecypc YHeMJeUTiH IuKi3aT
KOCIaJIapblHAH OHEPKACINl Ka/JAbIKTaphbl HeTi3iHJe NOpTJIaHALEeMEeHT KJIMHKEPIiH aly MYMKIHAIr
6enrisienai. KiuuHkep Kypampac OediriHig, ysaeciH 10-15% - fa TeMeHJeTe OTbIPhII,
KOMIIO3ULMAJIBIK, LieMeHTTep ajy YIUiH beTnmakzasna KeH OpHBIHBIH, KYHZIpiireH TakKraTac
KOCNaJIapblH KOJIJAHY >KOHe OHEepKICINTiH ipi TOHHaNbIK KaJJbIKTapblH KdJere jXapaTy
KOpLIaFaH OPTaHbIH, JIAaCTAHYbIH a3alTyFa >KoHe OHIpJeri 3KOJIOTHUAJBIK XKaFAan/bl )KaKcapTyFa
MYMKIiHJIiK 6epeJi.

Ty#iH ce3aep: neMeHT KJIMHKePI, KYWAipy, KaJAbIKTap, MbIPbILI KeH/lePiH UJley KJIUHKeDI,
OTBIH LIBIFBIHBI, KOMIIO3ULIUAJIBIK L|eMEHT.
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Abstract. The article deals with the influence of molten liquid sulfur on the
physical and mechanical properties of porous arbolite concrete composites. For
the manufacture of arbolite-concrete composites we used porous waste corn
cob crushed with sizes from 10 to 40 mm. To compare the results of research
we also adopted more dense waste vegetation crushed walnut shells with sizes
from 10 to 20mm.To conduct the study adopted the method of complete
impregnation of arbolitobetonnyh samples liquid molten sulfur. As
impregnation, material used sulfur - waste oil production in Kazakhstan. The
results of the study found that with an increase in the composition of arbolite
concrete composites content of cellulose organic aggregates, there is a
significant increase in compressive strength and average density of lightweight
concrete depending on the duration of impregnation. We have revealed that
physical and mechanical properties and corrosion resistance of impregnated
arbolite concrete samples are very high and these data prove that they can be
recommended for use in underground and engineering structures.
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Introduction

In Kazakhstan, especially in the cities of Atyrau and Pavlodar oil refineries for processing and
purification of high sulfur oil with a capacity of up to 12 tons of oil per year have been put into
operation, which is expected to allow to obtain from oil processing annually from 220 to 230
thousand tons of technical sulfur. The safe storage of sulfurous waste requires special measures
for environmental safety and land allocation for storage of these toxic wastes. For this reason, the
processing of high-sulfur oil wastes becomes a priority industrial direction and ecological-
economic, technical and technological tasks of which become relevant for the states of Central Asia
and the Russian Federation. Increased physical-mechanical and construction-operational
characteristics of building materials of products made on the basis of technical sulfur proved the
assumption of its effectiveness when used as an impregnation material for surface treatment, pore
and intergranular space of concretes and products for various purposes.

Technical sulfur as an impregnating material and as a binding agent in the production of
building materials began to be used in the twentieth century in the United States and Great Britain
and then it began to be used in the former Soviet Union. This novelty is based on the properties of
technical sulfur, which melts at temperatures from 112 to 115 ° C and when cooled to a
temperature of 100 ° C crystallizes and prevails increased strength. Sulfur concretes are obtained
by mixing coarse and fine aggregates in a heated state with the melt of sulfur. On cooling, the
mixture hardens. Such concrete gains strength faster than ordinary concrete and has high chemical
and acid resistance. The disadvantage of these concretes is that they are very energy-consuming,
since during the manufacture of sulfur concretes must be constant to be heated states [1-3]. The
works also indicate that in the first half of the twentieth century, sulfur began to be used for fixing
metal bolts in concrete foundations, posts of stairway handrails and flights of stairs. In these works,
technological factors affecting the impregnation process such as age and moisture content of
concrete, viscosity of the impregnation composition and the effect of surfactants on the structure
of concrete are studied. Recommendations on waterproofing of reinforced concrete pavement
slabs by impregnation with sulfur compositions in dry hot climates have also been made [1-3]. The
conducted research on impregnation of concrete with sulfur was aimed at improving the
technology of partial impregnation and at studying the physical and mechanical properties of
concrete with regard to durability. It was found that impregnation of concrete with sulfur can
significantly improve its initial characteristics. The improvement of these characteristics depends
on the weight of sulfur and the depth of impregnation. The influence of concrete humidity on the
intensity of impregnation has been studied and the necessity of preliminary drying of concrete has
been established to exclude the possibility of polysulfide formation, which with time can turn into
sulfates, which are agents of concrete destruction. In the first case there is a volume increase due
to the expansion of calcium hydrosulfoaluminates, and in the second case - sulfur leaching without
concrete destruction [4-6]. Recently in Kazakhstan and especially in the oil-producing countries of
the world the attention of scientific researchers is especially attracted to the method of sealing the
pore intergrain space of concrete by impregnation with monomers, oligomers and also oil and gas
industry waste, molten liquid technical sulfur. The influence of concrete age, water-cement ratio,
impregnation time, curing method, sulfur and concrete temperature at immersion on the
properties of impregnated concrete has been studied. It was found that concrete temperature at
immersion and sulfur curing method do not significantly affect the impregnation results. [7-9].
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Methods of impregnation with monomers, oligomers and molten sulfur for their subsequent
polymerization in the pore structure of concrete are used to increase durability and improve
physical and mechanical characteristics of construction materials and products used under various
aggressive environments. The research results showed that concrete treated with monomers has
high sulfate resistance, frost resistance, wear resistance and resistance to distilled water. Methyl
methacrylate, butyl acrylate were used as impregnation compositions. Polymerization was carried
out by radiation method or in the presence of catalysts at elevated temperatures - by
thermocatalytic method [10, 11]. The papers describe research work on impregnation of slag-
alkali and sulfur-containing arbolite concretes with molten liquid sulfur. The results of the study
showed that sulfur impregnation has a very significant effect on improving the physical and
mechanical properties of arbolite concretes. The disadvantage of this study is that in the process
of impregnation sulfur-containing arbolite concrete melts and loses geometric shapes [12-14]. The
works show methods of impregnation of building materials and products of organic and inorganic
origin possessing a system of closed-open capillaries. Systematic search for new ways of their
antifiltration protection shows that the existing methods for one reason or another do not fully
satisfy the requirements to them. In our opinion, that at contact with the solid surface of dispersoid
grains or solid matrix molecules of impregnating liquid under the action of physical and chemical
phenomena penetrate into voids and remain there in their original form or under the influence of
temperature, catalysts and radiation pass into irreversible state [15-16]. Arbolite are varieties of
lightweight concrete, as a coarse aggregate mainly enters various waste vegetation. Also
arbolitobetonnye composites depending on the components has an average density ranging from
400 to 1200 kg/m3 and has a strength of 1.0 MPa to 5.0 MPa. The disadvantages of these
arbolitobetonnyh composites can be attributed to their low strength and resistance. To protect
against the effects of aggressive external factors and also to increase the construction and technical
parameters of porous arbolite concrete products of plant origin can be impregnated with technical
sulfur [17, 18].

The purpose of the study is to improve the performance of lightweight arbolite concrete by
impregnation with technical sulfur for use in underground and engineering structures.

To achieve the goal the following tasks were set:

1. investigation of the effect of the influence of molten liquid sulfur on the physical and
mechanical properties of less durable arbolite concrete products.

2. Comparing the results of the study to determine the optimal arbolite-concrete product
with higher physical-mechanical and construction-technical indicators.

The methodology

Arbolite concrete composites are varieties of lightweight concrete made on the basis of
vegetation waste and binders. For the manufacture of arbolite-concrete composites used porous
waste corn cob crushed with sizes from 10 to 40 mm. At the time of experimental work moisture
characteristics of corn cob waste was 3-5%. The chemical composition of corn cob waste is given
in Table 1.
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For comparison of research results we also adopted more dense waste vegetation crushed
walnut shells with sizes from 10 to 20mm.

Table 1. Chemical composition of corn cob waste

Neb/o | Name of composition Chemical formula Number, in %
1 Cellulose CeéH1005 46,17
2 Lignin C41H40015 29,76
3 Pentosan CsHsO4 22,00
4 Resins and soluble components - 2,07

At the time of experimental work moisture characteristics of walnut waste also amounted to
3-5%. The chemical composition of walnut shell waste is presented in Table 2.

Table 2. Chemical composition of walnut shells

Neb/o | Name of composition Chemical formula Number, in %
1 Cellulose CeéH1005 45,7
2 Lignin C41H40015 23,2
3 Pentosan CsHsO4 26,4
4 Resins and soluble components - 4,7

Portland cement of 400 grade from Kyzylkum cement plant of Navoi region of Navoi region
of the Republic of Uzbekistan was also used for the manufacture of arbolite concrete composites.
The chemical composition of cement is given in Table 3.

Table 3. Chemical composition of Kyzylkum cement plant

Content, %
Basic oxides Major minerals
CaO SiO2 A1203 Fe20s3 R20 SO3 CsS C2S C3A C4AF
61,48 23,38 6,38 6,09 0,38 0,60 57,60 | 17,40 | 7,90 | 13,10

Fly ash from Aktobe TEC, meeting the requirements of GOST 10181-2000 [19], was used as
an active mineral additive. Chemical composition of fly ash is presented in Table 4.

Table 4. Chemical composition of fly ash mineral additive

Losses on ignition, Oxide content, wt. %
wt. % SiO2 Al203+TiO2 Fe203 CaO MgO NaO:2 SOz
7,33 48,3 23,92 5,94 9 1,9 0,18 0,52

In the experimental and research work as an impregnating agent we used waste high-sulfur
oil of Aktobe oil and gas production of the Republic of Kazakhstan. Technical sulfur is a solid
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crystalline substance with yellowish color shade and melting point from 115 to 119°C. When the
temperature rises to 200°C passes into a viscous state and at 450°C passes to the process of boiling,
from then sharply burns.

Table 5 shows the chemical composition of technical sulfur grade No. 9998.

Table 5. Chemical composition of sulfur grade Ne 9998

Neb/o Name of fraction of substances in the composition of sulphur Number, %
1 Mass fraction of sulfur, % 99,060
2 Mass fraction of ash, % 0,400
3 Mass fraction of organic matter, % 0,053
4 Mass fraction of water, % 0,010

Two series of cemented arbolite specimens with different compositions were manufactured
for experimental work. Each series consisted of four sample cubes with dimensions
100x100x100mm with different binder compositions. The first four series of sample cubes were
made using porous corn cob waste with dimensions of 15-30mm and the second series of samples
were made using crushed walnut shells with dimensions of 18-25mm. After that all these cube
samples we used for sulfur impregnation.

Table 6. Compositions and properties of arbolite-concrete samples of series Ne1

o Unit of Indicator values for
Name of indicators .
measurement arbolite

Consumption of cement grade 400 kg/m3 325
Corn cob waste consumption kg/m3 235
Water consumption with dry organic 1 /m? 350
aggregates
Fly ash consumption kg/m3 90
Density in dried state kg/m3 600-630
Compressive strength MPa 2,9
Water absorption by mass % 67
Frost resistance cycle 50
Heat transfer coefficient W/m2K 0,10

Since the purpose of our study was to investigate the effect of molten liquid sulfur on the
physical and mechanical properties of less durable arbolite concrete composites, we prepared two
series of simple cement arbolite concrete composites with different compositions and physical and
mechanical properties for impregnation. The compositions and properties of arbolite concrete
composites prepared for impregnation with sulfur-waste are given in tables 6 and 7.

Preparation and determination of properties of lightweight arbolite-concrete compositions
were determined according to standard methods in accordance with GOST 31108-2003 and GOST
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7473-2010 [20, 21]. Determination of tensile and bending strength of binders was carried out on
specimen beams with dimensions 40x40x160 mm on the device IP 2710.

Determination of tensile strength of sulfur-waste impregnated arbolite samples was carried
out according to the standard methodology. Impregnation of arbolite concrete samples with
molten liquid technical sulfur can be carried out in the following technological sequence. To carry
out dehydration in capillary-porous structures of arbolite-concrete composites it is necessary to
perform pre-drying with heating for 6 to 10 hours at a temperature of 125-145°C. For
arbolitobeton composites dried to a constant mass, impregnate with molten sulfur at a
temperature of 125 to 185 ° C for 2 to 24 hours. Gradual uniform cooling of impregnated molten
liquid sulfur impregnated arbolitobetonnyh samples to the required depth brings to the ambient
temperature within 2 to 4 hours. Given all these factors technology impregnation of arbolite with
molten liquid sulfur can be argued that the entire technological cycle of impregnation of arbolite
concrete samples with liquid sulfur will last from 2 to 24 hours.

Table 7. Compositions and properties of arbolite-concrete samples of series Ne2

o Unit of Indicator values for
Name of indicators .
measurement arbolite

Consumption of cement grade 400 kg/m3 350
Consumption of walnut shells kg/m3 250
Water consumption with dry organic I/ms3 370
aggregates
Fly ash consumption kg/m3 90
Density in dried state kg/m3 600-660
Compressive strength MPa 3,7
Water absorption by mass % 45
Frost resistance cycle 75
Heat transfer coefficient W/m2K 0,135

During the impregnation of molten sulfur with waste arbolite concrete samples workers
must strictly observe technical safety measures in accordance with GOST R 58965-2020, GOST
9.010-80 and GOST 12.4.034-2001 [22 - 24]. Workers engaged with the sulfur impregnation
process should have self-contained protective breathing apparatus at their disposal, especially
when melting sulfur. Smoking should be prohibited during transportation and processing of
sulphur and in places where it is stored. Contact of liquid or transfused sulphur with a source of
sunburn should be avoided

Findings/Discussion

In accordance with the purpose and task of the study at impregnation of arbolite concrete
composites with molten sulfur wastes depending on the duration of impregnation time we
obtained the following results. It is established that after impregnation of arbolite concrete
composites with molten sulfur wastes, in all samples of arbolite concrete composites substituted
improvement of physical and mechanical characteristics, such as, average density and strength. In
the study of impregnation with sulfur-containing waste samples of arbolite concrete composites
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of different compositions, as well as different organic cellulose aggregates, the following results
were obtained. As can be seen from the results of the study, presented in Figure 1 and Table 8, it
can be seen that the strength characteristics of samples subjected to impregnation in liquid molten
technical sulfur for compositions 1-4 (series N21), made on the basis of porous corn cob waste,
increased and amounted to 3.7; 4.8; 7.9 and 8.7 MPa.
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Figure 1. Increases in the strength of arbolite concrete composites based on corn waste
depending on the duration of impregnation

We also found that at impregnation with molten liquid sulfur-containing waste arbolite-
concrete composite samples based on walnut shell waste depending on the duration of
impregnation time (compositions 1-4, series N22), we noted an increase in their strength from 3.8;
4.2;5.9 to 8.1 MPa.

Table 8. Change of physical and mechanical properties of arbolite concrete samples
based on corn cob waste after impregnation with sulfur
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2-series 5 7,2 2,90 4,8 610 653,92 1,072
3-series 10 9,2 2,91 7,9 620 677,04 1,092
4-series 24 10,3 2,95 8,7 630 694,89 1,103
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The results of the obtained studies are shown in Figure 2 and Table 9.

Compressive strength, MPa

(=33

(23]

.

(]

%)

[

- -

e}

Impregnation duration, hour

10 24

Figure 2. Increases in the strength of arbolite-concrete composites based on walnut
shell waste depending on the duration of impregnation

The results of experimental work have established that with increasing the content of
cellulose-organic aggregates consisting of corn cob waste and crushed walnut shells in the
composition of arbolite concrete composites, there is a significant increase in the mass of sulfur
and average density of lightweight concrete depending on the duration of impregnation with
sulfur-containing waste.

Table 9. Change in physical and mechanical properties of arbolite concrete samples
based on walnut shell waste after impregnation with sulfur
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2-series 5 4,9 3,7 4,2 620 650,38 1,049
3-series 10 7,7 3,75 5,9 640 689,28 1,077
4-series 24 8,9 3,83 8,1 660 718,74 1,089

For the samples of arbolite concrete based on corn cob waste, the increase in average density
and sulfur weight were (Table 8 and Fig. 3):
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-after 2-hour impregnation, the sulfur weight increased by 4.1% and the average density
increased to 624.6 kg/ms3;

- after 5-hour impregnation, the weight of sulfur increased by 7.2% and the average density
increased to 653.92 kg/m?3;

- after 10-hour impregnation, the weight of sulfur increased by 9.2% and the average density
increased to 677.04 kg/m3;

- after 24-hour impregnation, the sulfur weight increased by 10.3% and the average density
increased to 694.89 kg/m3.
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Average density af samples, kefm 3

Impregnation duration, hour

Figure 3. Increase in the average density of arbolite concrete samples based on corn
cob waste depending on the duration of sulfur impregnation

When impregnated with sulfur waste arbolite concrete samples based on walnut shell waste,
an increase in average density and an increase in the weight of sulfur are observed. The obtained
results are presented in Table 9 and Fig. 4:

-after 2-hour impregnation, the sulfur weight gain by 4.1% and the average density increased
to 617.4 kg/m3;

-after 5-hour impregnation sulfur weight gain by 7.2% and average density increased to
650.38 kg/m3;

- after 10-hour impregnation sulfur weight gain by 9.2%, and the average density increased
to 689.28 kg/m3;

- after 24-hour impregnation, sulfur weight gain by 10.3% and average density increased to
718.74 kg/m3.
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Weight gain and increase in the average density of impregnated arbolite concrete samples
can be explained by the content and change in the structural porosity of cellulose organic
aggregates in the composition of impregnated lightweight concrete. On this value and also the
change of physical and mechanical properties of impregnated arbolite concrete samples is
significantly influenced by the duration and methods of impregnation. It can be noted here that in
all impregnated specimens there is an increase in mechanical strength and average density. Test
impregnated with sulfur waste arbolite concrete samples in compression showed that all samples
without exception increased their mechanical strength from 1,5 to 3,5 times.
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Figure 4. Increase in the average density of arbolite concrete samples based on walnut
shell waste depending on the duration of sulfur impregnation

We found that with increasing the time and duration of impregnation from 2 to 24 hours
there is an intensive increase in strength of impregnated samples (Tables 8 and 9). Further
impregnation and exposure of arbolite concrete samples in molten sulfur does not significantly
affect the physical and mechanical characteristics of arbolite concrete composites. Growth of the
compressive strength of arbolitobeton in the process of impregnation with sulfur-waste showed
that the greatest relative increase in the compressive strength of arbolitobeton samples made on
the basis of porous waste corn cob and the results are shown in Table 8. In this case, the value of
hardening coefficient for all types of arbolitobeton concrete samples does not differ significantly
from each other, and they are in the range from 1.041 to 1.103. The impregnation of arbolite
concrete composites with molten liquid sulfur shows the high capable qualities of the studied
lightweight concrete.

In Figure 5 shows the samples of unimpregnated (a) and sulfur waste impregnated (b)
arbolite concrete composites. From Figure 5 and Tables 8, 9, it can be seen that compared to the
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unimpregnated samples, the impregnated samples of arbolite concrete composites differ in
appearance and construction and performance.

Figure 5. Samples of unimpregnated (a) and impregnated with sulphurous waste (b)
arbolite concrete composites

In accordance with the goal and objective of our study it was found that the optimal
arbolitoconcrete products with higher physical-mechanical and construction-technical indicators
is arbolitoconcrete composites made on the basis of corn waste. After impregnation with gray
waste, the density of the studied samples increased to 694.89 kg/m3 and the strength increased
to 8.7 MPa. These results are explained by the fact that the porous structure of organic aggregates
in the composition of arbolitoconcrete, causing suction of liquid sulfur of corn waste immediately
after its impregnation and leading to the strengthening of its physical and mechanical properties.

The character of structure formation of arbolite-concrete composites to some extent obeys
the laws of “binder - cellulose organic aggregate”. After impregnation of arbolite concrete samples
with molten liquid sulfur in the contact “arbolite - impregnating material” physical and chemical
processes occur, which determine the bonding characters between porous lightweight arbolite
concrete and liquid technical sulfur. In this case, a very significant influence has porous structure
of arbolite concrete, causing suction of liquid sulfur by arbolite immediately after its impregnation,
which leads to the strengthening of its bonding properties between molten liquid sulfur and
uneven rough surfaces of organic aggregate.

Our experimental studies also lead to the conclusion to clarify the hypothesis on structure
formation of strength of arbolite concrete composites impregnated with monomers, oligomers and
also technical liquid sulfur. Based on our developed data and theories of numerous authors [11-
15], we concluded that in the case of using technical liquid sulfur as an impregnating material, the
most significant are the presence of three-dimensional framework in porous organic aggregates
arbolitobetonnyh composite. While increasing the bonding strengths of the contact zone of organic
aggregates and binders, due to the joint adhesive effect of arbolite and technical sulfur, which
contribute to the volumetric filling of pores and cracks with molten liquid sulfur and leading to the
strengthening of the contact zone of the developed materials.
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Conclusions

In the construction industry to increase the durability of building materials and structures
operated under various aggressive environments, various materials and different progressive
methods are used. Dealing with this urgent problem it is established that molten liquid technical
sulfur is a very cheap and promising impregnation building material to increase the durability of
building materials. The obtained results on impregnation of arbolite concrete composites with
molten liquid sulfur indicate high physical and mechanical qualities of the studied material. We
also found that sulfur-impregnated waste arbolite-concrete materials and structures can be
recommended for underground and engineering structures. To solve possible negative
consequences of liquid technical sulfur in impregnated arbolite concrete composites and risks of
residual sulfur for the durability of structures after impregnation of arbolite concrete composites
the following work is carried out. When melting technical sulfur a large amount of carbon dioxide
contained in it volatilizes outward, when re-curing from it emanates an unpleasant odor in very
small quantities. To eliminate the residual toxic odor in underground and engineering structures
after impregnating them with technical sulfur, measures are taken to plaster the surface of the
walls of the above-mentioned structures [25]. When plastering the surface of walls of underground
and engineering structures consisting of wall arbolite concrete blocks, the toxic odor of sulfur
remains under the cement sand plaster and does not spread into the environment. Based on this
research, impregnation methods can be developed for low-strength lightweight concrete based on
different formulations. The results of the study provide valuable ideas in practical terms for their
use in the construction industry in the construction of underground structures. Although the study
on impregnation of low-strength arbolite concrete composites with gray waste covers important
aspects of the topic, this study only addresses a limited area of the construction industry for
underground structure. Despite the significance of the findings, more extensive research is needed
to set up additional experimental work to investigate the strength and deformability of arbolite
concrete products.
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Bauwes yHusepcumemi, Akmebe, Kazakcmax
2K. 2KybaHos ambiHOaFsl Akmebe eHipsik yHusepcumemi, Akmebe, KazakcmaH
3Kasak-Opbic Xanvikapaaak yHugepcumemi, Akmebe, KazakcmaH

Ap60.)Il/lT 6eToH KOMHOBI/ITTepiHiH (l)PIBI/IKaJIbIK-MexaHI/IKaJIbIK, CHINIATTAMAJIApPbIH CYﬁbIK

KYKIpTIIEH TepeH, CiHipy apKbLIbI }KaKCcapTy

Anparna. Makanaga OaJKbITbIFAH CYWBIK KYKIPTTiH KeyeKTi apO6oJiUuT-6eTOoH

KOMIIO3UTTEPiHIH (U3UKaIbIK-MeXaHUKAJIbIK KacueTTepiHe acepi Kapasazbl. Ap60IUT-60eTOH
KOMIO3UTTePiH JalblHAay yuliH kesieMi 10-HaH 40 MM JeliHri keyekTi »Kyrepi coObIKTaphbl
nai/jasaHblLI/ibl. 3epTTey HITHXKeJIePiH casIbICThIPY YIUiH 60i3 coHaii-aK 10-HaH 20 MM-Te eHiHri
KeJieM/IeTi *KaHFaKTbIH, YCaKTaJFaH KaObIFbIH asblll TACTa/lblK. 3€pTTEeY KYPri3y ylIliH ap6oouT

0eToH

y/IrisiepiH epiTiireH CYMbIK KYKIipTIIEH TOJIBIK CiHipy oaici Ka6buiganfaH. CiHAipy

MaTepuasibl peTiHJe KYKipT - KasakcraHgarbl MyHall eHAIpPY KaJJbIKTapbl MaijjaJaHblI/bL.
3epTTey HoTWKesepi OOMbIHIIA apOOJUT-6€TOH KOMIO3UTTEPiHIH KypaMbIHAA LIeJJII0J103/bl-
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OpraHUKaJ/bIK TOJTBIPFBILITAPAbIH, 60JYbIHbIH, YJIFAlObIMEH CiHAIPY Y3aKTbIFbIHA OallJIaHbICThI
»KE€HiJ 0ETOHHBIH, KbICbIIy O€piKTIiri MeH opTalla ThIFbI3/IbIFbIHbIH €/[9yip y/Falobl 6alKaaazbl.
Cinipinren ap6osuT-6eTOH  yJirisepiHiH  ¢U3MKa/NbIK-MEXaHUKANbIK KacUeTTepi MeH
KOPPO3HUSAJIBIK TO3IM/IIIT] ©Te >KOFapbl eKeHi aHbIKTaJI/Ibl >KoHEe OYJI lepeKTep 0J1ap/blH, Kep acThbl
YKOHe MHXKeHepJIiK KypblIbICTap/a NanAalaHy YIIiH YCbIHbIIYbl MYMKIH €KeHiH KepceTes,.

TyiiH ce3gep: OHepkaciNTIK KyKipT, MyHaill eHJey KaJJAbIKTaphbl, y/riiepai ciHzipy,
apbo/sMT 6eTOH KOMIIO3UTTEPI, KeyeKTi OpraHUKaJbIK TOJTBIPFBILITADP, HBIFAUTY, opTaula
TBIFbI3/IbIFbl, MEXaHUKAJIBIK OEPIKTIri.

B.P. UcakyaoBl, ®.T. Baamaramo6etoBal, A.P. CyngeroBal,
A.B. UcakynoB?, B.M. Jlakip?

Ibauwes yHusepcumem, Akmobe, KazaxcmaH
2AKmio6uHcKull pe2cuoHabHbIlU yHUsepcumem um. K. >Kybanosa, Akmobe, Kazaxcma
3Kaszaxcko-Pycckutl MexcdHapooHublli yHueepcumem, Akmobe, Kazaxcmax

IloBbimeHUEe PU3UKO-MEeXaHUYECKHUX MOKa3aTe/iell ap60IUTOGETOHHBIX KOMIIO3UTOB
nyTeM IJIy0OKOM NPONMUTKHM XKUAKOU ceport

AHHOTanMia. B cTraThbe paccMaTpuBaeTcsl BJAWSIHAE PacCIlJIaBJI€HHOU XUJKOW cepbl Ha
dU3MKo-MexaHUYeCKhe CBOMCTBA MOPUCTBHIX apOOJUTOOETOHHBIX KOMIO3UTOB. /Jlnis
M3TrOTOBJIEHHUS apOOJUTOGETOHHBIX KOMIIO3UTOB MCIO0JIb30BaJIMCh MOPUCTbIE  OTXO/bl
KYKypy3HbIX T04aTKOB pa3MepoM oT 10 go 40 mm. /lnsl cpaBHEHUs pe3yJIbTaTOB MCCIe0BaHUS
MbI TAKXKe B351J1M 60Jiee MJIOTHbIE OTXO0/Ibl PACTUTEJbHOT'0 IPOUCXOXKAEHHUS IP0O6IeHYI0 CKOPJIYIY
rpeukoro opexa pasmepom oT 10 go 20 mMM. [lyi1 npoBeieHUsS HCCIEeOBAHUS NPUHAT METOZ,
MOJIHOM MPONMUTKH apO0JUTOOETOHHBIX 00Pa3L0B XUJKOW paclaBJieHHOU cepoil. B kauecTBe
IPONMTOYHOTIO MaTepHasa HCIOoJib30Bajach cepa - oTXoAbl HepTeno6biyM B Kazaxcrane. [lo
pe3yJibTaTaM MCCJIeJ0BaHUs YCTAHOBJIEHO, UYTO C YBeJIMYEHUEM B COCTaBe apOOJIMTOOETOHHBIX
KOMIIO3UTOB  COJIEp>KaHUS  LeJUII0JIO3HO-OPraHWYeCKUX  3allOJIHUTeNeld,  NPOUCXOAUT
3HA4YMTeJIbHOE yBeJMYeHHe MPOYHOCTH Ha CKaTHe U CpeJlHEW MJIOTHOCTU JIETKOro OeTOHa B
3aBUCMMOCTU OT NPOJOKUTENbHOCTA NPONUTKU. BriABIeHO, 4TO (PU3UKO-MeXaHHUYeCKue
CBOMCTBA M KOPPO3UOHHAs CTOWKOCTb MPONUTAHHBIX ApPOOJUTOOETOHHBIX 0OpPA3I[0B OYEHb
BbICOKM, U 3THU JaHHble CBUJETEJbCTBYIOT O TOM, YTO OHU MOTYT ObITb PEKOMEH/0BaHbl JJis
MCII0JIb30BaHUS B NI0/I3EMHBIX U UHXXEHEPHbIX COOPYKEHHUSIX.

KnwueBble cioBa: [IpombliyieHHass cepa, OTX0Jbl HedTenepepabOTKH, MNPONUTKA
06pasioB, apb6oJUTOGETOHHbIE KOMIIO3UTbI, IMOPUCTble OpPraHUYecKue 3aMoJIHUTENH,
yIpOYHEHUE, CPeIHSAS IJIOTHOCTb, MEXaHUYeCKasi IPOYHOCT.
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OeTTiH, KeJlip-Oy/bIpJIbIFHI, MUKPOKYPbLIbIMBIH/AFbI e3repicTtepy
epeKlleJiKTepi ecKepiireH KelleHJl 3epTTey KyprisiireH. 3epTrey
GapbICbIH/Ia MeXaHUKaJIbIK 6H/Jle/ITeH 6eTTiH Kelip-6yabipJbiFbl (Ra), Bukkepc
OOMBbIHIIIA KATTBhLIbIFbl K9HE CYp WIOWBIHHBIH, KypaMblHAAFbl TPadUTTIK
KOCbIH/JbLJIap  cunartTapbl  eJsweHAl. Kyprisigiren 3epTreysep Kecy
*kbligaMabiFbl 3000 06/MUH OoOJiFaHJA 6HJAeJTreH OeTTe LEMEHTHUTTI akK
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rpaduTTiH aWTapJbIKTall e3repyi 6alKaniMaizpl, SFHU QeppUTTi-NepJaUuTTi
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Kipicne

BeTTiH kelip-OybIp/bIFbl METaAJIJ KECETIH CTAaHOKTapAa 6eJileKTep/i eHAeyAeri Herisri
napaMmeTpJiepAiH 6ipi 60s1bin TabbLIaAbl. BeTTiH canackl eHIMHIH cCeHiMAiMIriHE, 6epiKTiriHe xxoHe
eHiIMJisiriHe Tikesed acep etefi. Keaip-0yabIp/IbIKThIH, K0O0A/bIK, TaJanTapFa COMKec KeJMeyi
OesiliekTepAiH Mep3iMiHeH OyYpblH iCTeH IIbIFybIHA, OJIApAblH, (QYHKIMOHAJ/bIFbIHBIH
TOMeH/JleyiHe, aybICTbIpy HEMece JKeHJey KaKeTTijJirine 6aWJaHbICTBl NaWAasaHy
IIBIFbIHAAPBIHBIH, 6CyiHe aKeayi MyMKiH [1, 2]. CaHAbIK 6aFgapJsiaMmaMeH 6ackapbliaThiH (CBB)
CTAHOKTAp LMJMH/PJIIK )K9He KOHYCTBIK, 6eTTep/i eHJey, OMbIKTap MeH TecCiKTep »kacay YIUiH
KeHiHeH KoJsigaHbuiaabl. CBbb cTaHOKTapbl eHAeyAlH »KOFapbl AJIJITIH KoHE HOTHXKeJIepJiH,
KalTa/laHyblH KaMTaMachkl3 eTefi. Ocbl apKblibl CBb cTaHOKTap cepUs/IbIK 6HAIpicTe TalThipMac
TexHOoJIorusl 6oJibill Tabbliaabl [3, 4, 5]. Cyp wolbiH CBb cTaHOKTapbiHAA eHAeyre KypAesi
MaTepuas 60JibII TaObLIaAbI, 0J1 MOPT ChIHFBIII K9HE KypaMblH/la ITPadUT KOCbIHAbLIAPhI 6ap.
MaTtepuanzpiH, OyJ epekllesikTepi eHJey/Ae KUbIHABIKTApP TYFbI3ajibl, KEeCKilll Kypas/JblH Te3
TO3yblHA 9KeJie/li )koHe 6eTTiH OesrijieHreH Kelip-0yAbIpJbIFbIHA KOJI XKeTKi3y KypAei [6, 7, 8].

[lloMbIHABI 6HAEY/eri 6acTbl Macesie 0J1 KATThIIBIK M€H MOPT ChIHFBIIITHIK. Cyp LIOWBIH
OHall eHJesefli, OipaK Kecy KypasJapblHbIH TO3yblH IIAMNIIaHAATATbIH CbIHFbIII abpa3vBTi
*KOHKas1apAbl WiblFapajibl. COHABIKTAaH Cyp IIOWBbIHAbI MEXaHUKAJIbIK 6HJEeyre Kecy *KUeKTepi
BosibdpaM KapOUJiHIH >KabJbIKTa/IFAaH KeCKilll KypasJapZbl KOJIAaHaJbl >KoHE KypaJszap
MYMKIiHZITiHIIe y3aK KbI3MET eTe ajlaTbIHAal, 6eTiHiH AypbIC canachlH CaKTaW ajJaTbIHJAAW eTin
OHTaWJIaH/bIPbIJIFAH 6HJey CcTpaTerusjapbiHa cydeHeni [9]. IloMbiHABI KOHY, ppe3epJey,
OYpFblLIay XKoHe aXkapJiay CUSIKThI OllepaliysjiapMeH MeXaHUKaJbIK 6HA e/ i. Al 9p MeXaHUKaJbIK
eHJey KecCy, Maujay KypaJ[apblH TaHJAay HapaMeTpJepi TYpFbICBIHAH epeKlle TaCiAJi KaKeT
ereni [10, 11].

9/1e6U 110J1y/1bl TaJIJIal OTBIPHII, CYP IIONBIH/bI OHJIEY Ke3iH/e KaXKeTTi KeAip-0yAbIPJIbIK,
KOpCeTKIIIIHe XeTy YIIIH Kecy peXuMJepiH MYKUAT TaHJay KepeK eKeHJIri aHBbIKTaJIJb.
CoHJBIKTaH, KeCYiiH OHTaNJIbl MapaMeTpJIEPiH aHBbIKTAY YUIiH CYp LIOWBIH/bI 6HJEY Ke3iH/e Kecy
pexxuM/iepiHiH 6eTiHiH canacblHa acepiH erxen-TerKeu/ai Tangay Kaxer.

3eprreyAiH MakcaTbl: CBB TokapJiblK CTaHOKTa 6HJeYy Ke3iHJe Kecy peXUMJepiHiH 6eT
canacblHa 9cepiH b6aFasiay.

9JlicHaMa

MakcaTKa »eTy YLUiH KeJieci aicTep KOJAaHbLIa/bl:

1. Cyp woubiHAbl CBB cTaHOKTapblHAA 6HJEYAIH KOJJaHbICTaFbl Taciiaepi MeH
TIXipUOECiH 3epTTeyre apHa/IFaH 9/1ebU 110Jy.

2. Cyp woibiHHaH a3ipsaeHreH fgaibiHamMa CBB KDCK-25S CNC Tokapb cTaHOTbIH/JA
9PTYpJii Kecy Ma3ipJiepsiepiMeH MeXaHUKaJIbIK OHJeJ].

3. OngenareH 6eTTiH KeZip-OyAbIpJbiFbl  (Tericci3fiikTep npoduiiHiH opTalia
apudMeTKabIK aybITKybl - Ra) TR220 - nopTaTuBTi npodusioMeTpb KeMeriMeH 6afasiaH/ibl.

4. BuUKKepc KaJjacbl 60MbIHIIIA MUKPOKATThIIbIK Wilson VH1150 acnabbiHa aHbIKTa/Ibl.

5. MUKpOKYpbLIBIMJbBI 3epTTey MakcaTbiMeH yJarisep Labopol-5 MamuHacbiHja
akapJlaH/bl.

6. AxapnanraH yiriiep asor KbiwkbibiHAA (HNO3) engenin, BUOMEJ] MMP-1
MUKPOCKOOBIH/Ia MUKPOKYPbIJIbIMBI 3€pTTEJ /.
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Cbb CTAaHOKTApbIHAA CYP I.LIOI‘/'II::IHLU:;I OH/Jey: MaceJiesiep, MATEMATUKAJIbIK MOeJIbAEY

JKCIepUMEHTTIK 3epTTeyJiep

CIII20 mapkaJibl cyp LIOMBIHHAH d3ipJsieHreH eeMi J40MM, L=65 MM faiibiHaMa

(1 cypeT) TaHAaAABbI, )KYMBIC CbI30acblHa COMKeC (2 cypeT) ChIPTKbI 6eTTepAi XKOHY CaH/IbIK
6armapsamamen 6ackapbiiaTbiH KDCK-25S CNC TokapJblK cTaHOKTa (3 cypeT), Keseci Kecy
pexxuMaepiMmeH XKyprisini: eHaey *kbigamMAbiFbl 9 = 900; 2000; 3000 aiiH/MuUH, 6episic TYpaKThbl
S = 0,2 mMm/aliH; Kecy TepeHiri t = 1,5; 0,5 Mmm.

1-cypert. CII20 gaiibiHgaMacsbl
Kezip-0yAbIpJ/IbIK [TeH KaTThLIBIKTHI aHBIKTAY.
OHzenreH 6eTTepAiH Keip-6yablp napaMeTpi Ra moptatusTi TR220 kexip-6yabip

esuieriuTe (4 cypeT) eJilieHes].

R 40N/

2-cypert. ’KyMbIC CbI30aChl ME€H OH/eJIreH 66JIIeK
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Baiyianbic 30HAbI rayhap ylbIMeH KO3Fasly eJilleHeTiH 6eTKe Tycil, 66JiKTiH oci
60¥bIMeH K03FaJa/ibl

3-cypeT. CTaHOKTa MeXaHUKAaJIbIK 6HJeY:
1 - backapy TaKTachbl; 2 - @H/JeJNreH 6eJlIeK

30HATaH ajJblHFaH MaJiiMeTTep KipicTipisireH TR220 ssieKTpoHUKACBIHA 6HAee/li XKoHe
KYPbUIFbIHBIH, AWCIJIeHiHe KeJip-OyAblp napameTpJiepiHiH caH/JbIK MoHJepi peTiHae
KepceTiyieni.

4-cypet. TR220 nopTaTUBTi eJ/ierimTeri 6eTTiH Ke/Jip-0yAbIPbIH 6JILIey
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Cbb CTAaHOKTApbIHAA CYP I.LIOI‘/'II::IHLU:;I OH/Jey: MaceJiesiep, MATEMATUKAJIbIK MOeJIbAEY

KypbIIFBIHBIH, KepCceTKilITepiH TipKey/i »koHe 06JIKTiH 6eTKi KypblJIbIMbIHbIH, MYMKiH
reTeporeH/liJIiriH eckepe OTBIPbIN, KeAip-OyAblp/ibl ceHiMJi 6aFasiay YUIiH 8p MOWBIHHBIH YLI

Heri3ri 6eJiiringe Ra keaip-o6yabip mapameTpi (5 cypeT) aHbIKTaIabl.

A-A

A
——-I

5-cypert. BeTTiH KeAip-0yAbIpbIH 6J11Iey CXeMacCbl

KaTTbibIKThl Bukkepc mkasaceiMeH Wilson VH1150 KaTThUIBIK 6/IIEUTIH KYPbIJIFbIMEH

eJleH/i (6 cypeT).

6-cypet. KarTbhuibIK e1menTiH Wilson VH1150 KypblIFBICBIHAA KATThLIBIKTBI
eJiey
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MUKpPOKYPBIIBIM/BIK TaJ11ay.

MUKpOKYPBIIBIM/BIK Ta/l1[ay YUIiH 6HAeJreH 06JiK yJrisiepre keciaai (7 cypet), 1-kectene
cUIllaTTa/IFaH TexXHOoJIorusifra caiikec yurinep Labopol-5 (8 cyper, a, 9, 6) MalmMHachiHAA
aKapJiaH/bl.

7-cypeT. JKCllepMMeHTKe apHaJIFaH yJrijiep

Yarinepaiy 6ip 6esiri HNO3 a3oT KblliKblIbIMEH eHAenAi (8 cypet, B). [adbiHAaiFaH
yarisiep BUOME/I MMP-1 (9 cypeT) MUKpPOCKOIIbIH/IA 3€PTTE/|.

1-kecre. TericTeyai favbIHAQY

Kaznam Tericrey (PG) | Kyka Terictey (FG) AnmacneH Tericrey Oxkcupari

(DP) KbLITBIPATY
(OP)
Juck Typi MD-Piano220 MD-Allegro MD-Dac MD-Chem
Acna Typi Cy 9 MKM a/iMa3/ibl 3 MKM aJIMacThl OP-A
CyCIeH3Us CyCIleH3Us

Maitiayuibl - Kacoui/keringip XKacbii/keringip -

JIMCKTiH 300 150 150 150

anHasny

KbLJILAM/bIF

bl

(a¥iH/MUH)

Ky (H) 240 180 180 90

JavibiHzay Tiricrenrenre 4 4 2

yaKbIThI IeHriH

(MuH)
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CBEDB cTaHOKTapbIH/A CYp LOHBIHABI 6HJIeY: MaceJsieslep, MaTeMaTHUKaJIbIK MOJIeJIb/ley

MUKpPOKYpbIIbIM IapaMeTpJiepiH aHbIKTAY.

WuBepTTenreH buomes MMP-1 MeTaniorpadusaiblKk MUKPOCKONBIH KOJIJaHA OTHIPHIII, CYP
IOWBbIHFA MUKPOKYPBLJIBIM/BIK TaJl/1ay Kypri3areHHeH KeliH rpaduT KYpblIbIMbIH CUIATTANUThIH
MaHbI3/1bl KOPCETKIlITEp 3epTTeAI:

-rpaduT aliMaKTapbIHbIH caHbl (Ng, AaHa) Oy Kepy aliMaFbIHJaFbl TPaQUT KOCBIH/bLIAPbIHbBIH
caHbl, o4 Image] 1.54hx64 keckinzep/i Tajjayfa apHa/ifaH apHaWbl 6aFAap/aMalblK Kypasibl
naizasaHy apKblibl aHbIKTaAbl. JIa/lAiKTI apTThIpY YLIiH MUKPOKYPBIJIBIMHBIH, GipTeKTiliri
9PTYpJi Adpexeeri yyackee TaH4albl.

-9p6ip rpaduTTi KOChUIyABIH, opTauia ayzaHbl (Savg, um?) 6ip kepy epicingeri 25-rpadutti
OeJilleKTep ayAaHbIHBIH eJilleMiH Tanzay HeridiHge 1-dopmysaMeH ecenTesfi. byn yurix
MUKPOCTPYKTYpPaHbIH TycipisliMaepi KeckiHai OGWHapH3alusaay LIEeTiHiH KeMeriMeH MeTaJLl
MaTpHUIAHbIH asCblHAA rpaduT ayMaFblH 6eJiill KepceTeTiH 6aFAap/iaMaHbl MaikiajaHa OThIPbII
OHJe .

[padutTiy xannel ayzanel (Ag, um?) (2) ¢opmyna O6olblHIIA OepinreH Taajay
aliMaFbIHJaFbl 6apJibIK rpadUTTI KipicTi ayAaHAapbIHbIH, KOCBIHABICHI peTiHAe ecenTeai. bya
KOPCEeTKilll 3epTTeJeTiH y/riferi rpaduTTiH KesieMiK KypaMbIH CUIIATTaM /bl

6) B)

8-cypeT. MUKpPOKYPBUIBIM/BIK, TAJ1AAY YIUiH Y/rijiepAi AadbIHAAY:
a - JaubIHJAy; 9 - *KBLITBIPATY; 6 - TaJ1AAy YIIiH Y/IriJiep; B - a30T KbIIIKbIJIbIMEH
OHJeJIreH YJ/Iriiep
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T.M.BysayoBa, A.E.BycypmMaHoBa

MUKpOKYPBIIBIMHBIH, CypeTTepi *KaphblK epicTe x200 y/1KeNTy Ke3iH/Je aJbIHABbL.

9-cypet. BUOME/I MMP-1 MUKpPOCKOOGBIHAA MUKPOKYPbLIBIMABIK, TAJ14ay
Opbip Kepy epici yiuIiH cypeTTep MUKPOCKONKA CaJiblHFaH KaMepaHblH KeMeriMeH

Tycipingi (10 cyperT).

6) B)
10-cyper. Yariziepai 200 ece yiraiTa OTHIPbIII MUKPOKYPBUIBIMABIK, Ta/14ay
HOTHKeJIepi: a — GipiHIli; 8 - eKiHIIi; 6 - YIIiHIIi; B - TOPTiHLII
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CBB cTaHOKTaphIH/A CYp MOUBIHBI OHJIEY: MaceJiesiep, MaTeMAaTHKAJIbIK MOJIEJIb/IeY

CypeTTepzi Tanzay yuliH o6beKTisiep/iiH ayJaHbIH eJlleyre MyYMKiHJiK 6epeTiH Image]
1.54hx64 6argapsaamachl KoslaHblIAbl. baFapjiama aBTOMaTThl TYpAe Kocy caHbliH (Ng) xoHe
OJIapAblH ayZlaHlapblH aHbIKTauabl (Si, MyHAars! i=1,2,3,...,Ng).

[paduT aliMaKTapbIHbIH OpTalla ayZaHbl KeJieci popMy./ia 60MbIHIIA eCenTeNe|:

N9 si
Savg = = 1
avg Ng ( )
[paduTTiH kannel ayAaHbI:
Ag = Z?]:go Si (2)

MUKpOKYpbUIBIM/Ibl Tasjay HOTWXKesepi OOHbIHIIA Cyp ILOWBIHJAAFbl TI'padUTTIH
Tapa/yblH 6afajayFa MYMKiHAIK OepeTiH napameTpJsep ecentesni (2 KecTe), OyJ OHbIH
MexaHMUKaJblK KachueTTepi MeH blly OTKI3riluTiriHe acep eTeTiH Heri3ri ¢akTop 60JbIN
TabblIajbl.

2-KecTe. O/1ey XK9He ecenTey HITHXKeiepi

Ne | Kecy Kecy KaTThibIK, | Ng, pm? Savg, pm? Ag, um?2
XKbUIAAMABIFL], | TepeHairi, MM | HB
allH/MUH
1 |- - 255 8 218,31 1745,5
2 1900 0,5 257,1 6 279,83 1968,0
3 | 2000 1,5 256,1 10 204,3 1225,0
4 |3000 0,5 261,5 12 393,7 2181,0
PerpeccusanislK Tanzay

AWHbIMa/bLIAP apacblHAAFbl TAYEJJINIKTI aHbIKTAy VIUiH 6i3 perpeccusijiblK Tajaaay
KYpri3emis, 0J1 aHbIKTa/IFaH 3aHbLIBIKTAp HeTi3iH/Ae HaTHXKeslepAi 60/KkayFa MyMKIiH/iK 6epeTiH
JlepeKTep/ii MaTeMaTUKaJbIK 6HJAeYAiH Herisri aficTepiHiH 6ipi. Ocbl 3epTTey Ke3iHAe Oy
TaJ/lay TEXHOJIOTUSIJIBIK MapaMeTpJiep (eHJey pexuMjepi) MeH MaTepuas/blH KATTbLIbIFHI,
6eTTiH KeJip-Oy/bIpJbIFbl K9HE MHKPOKYPBIJIBIMJBIK ©3repicTep CHUSAKTbI KOPbITbIH/IbI
cuIaTTaMaJsiap apacblHAaFbl 0AMJIAHBICTbI TAJI/1AY YILIiH KOJAAHbLIAbI.

PerpeccusablK Tanjay/AblH MaKcaThbl 6H/e/IreH MaTepUuasl/blH KacCueTTepiHe acep eTeTiH
Heri3ri ¢akTop/siapZbl aHBIKTAY >9HE OChbl TAYeJAIMIKTep/i CUMATTAWTbIH MaTeMaTHKaJbIK
MoJieJib Kypy 6oJibil TabbLIafbl. Bys Tocin galiblH eHIMHIH camacblH »KaKcapTa OTBIPHIII,
TEXHOJIOTUSJIBIK, MpPOLeCTepAi OHTaWJaHAbIpyFa MYMKiHZAIK 6epeai. BipiHwi yuari (J40mm)
MexaHUKaJIbIK OHJleJIMereHIKTeH perpeccusiiblK Tajjay KesiHJe eckepisMereH. KasraH ap
eHJle/iIreH OeTTiH KeAip-OyAbIp/biFbl (y) yll peT eJlleH[i. JKCOEepUMEHTTI >KochapJiay/blH,
b6acTankpl AepeKTepi 3-KecTezie KeJTipiireH.

Z1— OHJeY XKbL1JaM/IbIFbl, ailH/MUH. Z1 = 900, z1*=3000

Z2 — Kecy TepeHiri, Mm. 72" = 0,5, z2*= 1,5

73— KaTTblIbIK, HB. z; = 256,1,zF = 261,5

zZ4- rpaduT aiiMakTapbIHbIH caHbl (Ng), um2. z; = 6,z = 12
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zs - rpagUT aliMaFrbIHbIH OpTalia ayganbl (Savg ), um2  zg = 204,3,z3 = 393,7
Z6 — TPaQUTTIH ambl ayganbl (Ag), um2.  z; = 1225,z = 2181

y — 6eTTiH KeJip-0yAbIpJbIFbl, MKM.
3-KecTe. JKCIEPUMEHTTI KocnapJiayFa apHaJIFaH 6acTankKpl JepeKkrep

JKCNEepUMEHT 3epTTesieTiH dpakTOpIap Toxxipube HoTHKe eI

Ne Z1 Z2 |73 Z4 | Z5 Z6 V1 Va2 V3

1 900 | 0,5[2571| 6 | 279,83 | 1968,0 6,3 6,3 5

2 2000 | 1,5]256,1 | 10 | 204,3 | 12250 6,3 5 4

3 3000 | 0,5]261,5]|12 | 393,7 | 21810 3,2 2 2,5
Jpbip daktop ywiH (3) ¢opmysa O6OWbIHIIA LEHTPAi AaHBIKTAMMbI3, KOJATaJIFaH

allHbIMAJIbIHBIH, Xi 63Trepy apaJIbIFbIH XXoHe OepiireH zi-re TayeJiliriH Tabambi3. HoTmxenepi
KecTe TYpiHJe ka3aMbl3 (4 KecTe).

xp == (3)
MYH/Ia z{ - IleHTp, Ai - 63repy apaJbIFbl.
4-kecrte. PaKTOpIapAbl KOATAY
®akTopusap | ’KoFapFbl TeMeHri LeHTp O3repy KoaTtanran
JeHremu zi* JeHTren zi zi0 apaJibIFbl AW HbIMaJIbIHbIH,
Ai Gepinrenperi
MoHiHe
TOyeJIJIri
Z1 2000 900 1450 550 | x1=71-1450/550
72 1,5 0,5 1 0,5 x2=72-1/0,5
Z3 261,5 256,1 258,8 2,7 x3=173-258,8/2,7
74 12 6 9 3 x4=74-9/3
Zs5 393,7 204,3 299 94,7 | Xs=25-299/94,7
Z6 2181 1225 1703 478 | X6=176-1703/478
BapJiblK ©3apa apekeTTecyJep/i »KoHe KayalThlH OpTallla MOH/IEPiH eCKepe OThIPHII
»KocnapJiay MaTpULACchlH KypaMbi3 (5 kecTe).
5-kecte. HoTuxkesiepi eHJeyre apHaJ/iFaH »KocnapJiay MaTpuLachl
Jkc- | PakTopsap O3apa apekeTTecy Toxipube Hoatu-
ne- HOTHIKeJIEpl | »KeJsep-
PU- | X1 | X2 | X3 | X4 | X5 | X6 | X1X2 | X1X3 | X1X4 | X1X5 | X1X6 | X1.6 |y1 |y2 |y3 | AiH
MEH- opraiia
T N MOHI j
1 N I I I A + + + + - 6,3163|5 5,86
2 - |+ - - - + + + + - 6,35 |4 |51
3 + |- |+ |+ |+ |+ 3212 [25]2,56
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CBB cTaHOKTaphIH/A CYp MOUBIHBI OHJIEY: MaceJiesiep, MaTeMAaTHKAJIbIK MOJIEJIb/IeY

Perpeccus TeHieyiHiH K03pdunMeHTTepiH, KalTalaHy gucnepcuscoiH (4), (5) dopmynanap
6oibIHIIA ecenTeiMi3. EcenTey HaTHXeJiepi 6-KecTezie KeJITipisreH.

1 _ 1 _
by = 3 i3=1 yj; bj = 521'3=1 X;Yj (4)

KaunTanaHy fucnepcusacol:
1
Sy = S 2j=1 Sf (5)

6-kecre. EcenTiy, HaTHXKe1epi

|y j1 — 7j)? iz — 7)* iz — 7j)? S?

1 5,86 0,1936 0,1936 0,7921 0,589
2 51 0,44 0,01 1,21 0,83
3 2,56 0,4096 0,3136 0,0036 0,3634

KoaTanraHn aliHbIMasibL1apiaFbl perpeccusi TeHAeYiH ajlaMbl3:
y=-0,740+0,5621x4 (6)

HaTtypan aliHbIMasbLiapjia perpeccusi TeHZeyiHiH (6) X1 OpHbIHA 4-KeCTeHiH COHFbI
OaFaHbIHBIH, OipiHIII KOJIbIHAH aJIbIHFAH Zi ©pPHEKTEPIH aybICThIPbIN Ka3aMbl3:

Z4_ - 9
y =-0,740 + 0,5621( 3 >

By Tenaeyal TypJieHAipe OThIPbIN perpecCUsabIK TeHAeY Al aJlaMbl3:
y=0,18724 - 2,43 9)
HoaTHiKesiep :KoHe Ta/IKbl/Iay

YarinepziH Kecy aWMaFbIHAAFbl KypbLIBIMBIH ©3repTy MexaHusMi (10-cypet), kecy
Ke3iHjeri cyp UWONBIHHBIH, T'padUTTI KOCBIH/JbLIAPbIHbIH, MillliHi MeH cunaThl OipHelle
dakTOopsapMeH O6aWaHBICTBI: KbLIYZbIH, 9cepi, MeXaHUKaJbIK JAedopMalys, YUKeJiC XKoHe
KeCKIIll KypaJIMeH e3apa 9peKeTTecy. 4-yJriZie aHbIKTa/IFaH aK, akMaK MbIHaHbI KepceTe/i, AFHU
rpaduTTeri KeMipTeKk ayCTeHUT MaTpHULACbIHJA epill, TeEMipMeEH dpeKeTTece/li, HOTHXKeCiH/e
nemeHTUT - Fe3C (kecy aiiMarbiHZarbl TeMnepaTtypa 1000°C) Tysineni. bysn temneparypaja, aFHH,
06eT ayCTeHUTTIK KylJe OosifaHAa rpaduT ¢eppuT KoHe MNEepJAUTTI MaTpulaZa epupi,
KeMipTeKNeH KaHbIKKaH MaTpulia Te3 CaJIKblHJaFaH Ke3Jle KapOuATep/iiH OeJiiHyiHe 6eliM
6os1aab1. COHBIMEH KaTap, )KOFaphbl KbICbIM, KeCy akMaFbIH/aFbl AepopMalUsiFa bIKNaJ eTeki, Oy
KeMipTeKTiH Auddy3usacbiHa KoHe KapobuaTepAiH Ty3inyiHe biknan eteni. Kecy aiiMarbiHza
LIeMEeHTUTTIH mnaiza O0o0Jiybl KATTbUIBIKTBIH, »KOFapbliayblHa oakenefi (261,5HB), elTkeHi
LIeMeHTUT rpaduT HeMece NMEPJUT KypblIbIMbIHA KapaFaH[a edyip KaTTel. backa yuarinepgeri
KYPBUIBIM/BIK e3repicTep aHbIKTanMazbl, eWTKeHi 3000 allH/MHUH - HEH TOMeH KbLIJAM/bIKTa
6eJIiHI'eH XblJ1y KeJieMi a3 00JIFaH/bIKTaH, CYp LIOWBIHHBIH 6acTalKbl KYPbLIbIMbI CaKTaJFaH.

JL.H. I'ymunee amotHdarsl Eypasus yaimmeoik yHusepcumeminiy XABAPIIBICHI N92(151)/ 2025 87
TexHUKAbLK FbLALIMOAD HIHE MEXHON02USANAD CePUSCHI
ISSN: 2616-7263. eISSN: 2663-1261



T.M.BysayoBa, A.E.BycypmMaHoBa

Korapsl xKbU1AaMAbIKIIEH 6HJEeNY Ke3iHze naija 60JiFaH 6eT LIOWbIHHAH 93ipJieHreH »KOFaphl
yHKeJIic )KaFJaibIH/a )KYMbIC iCTEHTiH GeJileKTep YIIiH THIMAI )KaFaau.

Perpeccusi mopeniHzaeri ¢aktop/sapAblH MaHbI3JbLIbIFBIH Oafasay yiuiH IlapeTto
fiuarpaMmachl KosgaHbligbl. padukre (11 cypeT) KesjeHeH oCb GOMbIHIIA CTaHAApPTTaJFaH
acep (dakTop yJseciHiH maMacsl), aa Tik ocbTe - GakTopJsap (z1, Z2, Z3 *koHe T.6.) KepceTiyeai.

CTamnapTTanFaH acepiin [TapeTo AMarpaMMack
(xayanm y1; 0=0,25)

Mepaim
BomxaHangs ATaysl

A Zj
B Zg
C Zg
D D Z.[
E Zj
F 25

L]

1

L]

]

CTaHaapTTanfaH acep

11-cyper. IlapeTo guarpammacsl

KbI3bLI1 TiK CBI3BIK KPUTHUKaJIbIK MaHZiI (Oys >xarjaiga 2,414) kepcereni. byn MaH
ceHiMainik peHreiine (95%) Heri3jgenreH MaHbI3[bLIbIK IlIeriH aHbIKTalbl. Erep ¢akrtop
6aFraHachl KbI3blJI CbI3BIKTHI Kecill eTce oHAa Oys1 paKTOp CTaTUCTHUKAJIBIK MaHbI3Abl. 'padrkTeH
D ¢axTopsl (z4 - rpaduUT alkMaKTapbIHbIH CaHbl) MaHbI3/ibl O0JFaHbIH Kepyre 6os1azbl. Kanran
dakTopJuiap (MbIcasbl, Z1, Z2, Z3 ... Z6) O€pPIIT€H MOJeJib/le MaHbI3/bl eMeC.

KATEMTH MKTIMATIRUIEK Tpadmri CaftkecTikke Kapcal TueTorpassa

99

0z ! .
90+
= ar
2 50+ .
= i, &
. g
-a1 .
7 l
-050 -025 000 a25 -02 i - { -at a0 at t
Kansix j ‘ 5 Kanasik
OpHATHIFAH M3H
a) 9) 6)
12-cypeT. BeTTiH Keip-0yABIPJIBIFBIHBIH OPTAaLla KOPCETKIIIHIH KaIAbIK
rpagukrepi

Kangbik rpaduki apkbuibl (cypeT.12) perpeccusiiblK MoesbJi TekcepeMi3. KaabInThbl
BIKTUMaAbIK rpaduringeri (12 cypeT, a) HyKTeJiep JUaroHaJb/bl CbI3bIKKA KaKblH OpHaJIacKaH,
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CBB cTaHOKTaphIH/A CYp MOUBIHBI OHJIEY: MaceJiesiep, MaTeMAaTHKAJIbIK MOJIEJIb/IeY

SFHU KaJIIbIKTAP/AbIH TapaJybl KAJIbINTHL Bosnkan bl MoHIepre Kapchl KaIAbIK rpaduringe (12
cypeT, 9) KajajbIKTap KeJijeHeH (y = 0) cbI3bIKTbIH, alHa/JacblHAA KaJAbIKTap Ke3JeNCoK
KepiHe/i, 0yJ1 MOJIeJIb/IiH, IYPBICTBIFbIH pacTaiabl. KaablKTapAblH TapaJyblH CHIIATTalThIH (12,
0 -cypeT) rucTorpaMma 60UbIHIIA 0JIap CUMMETPHUSJIBI )KOHE TapaJiybl KAJIbIIThIFA KAKbIH.

KOpHBITBIHABI

1. CBb TokapJbIK ctaHorbiHAa CII20 cyp moibiH 6€TiHiH canasjblK CUlIaTTaMajJlapbl MeH
Kecy pexuMjepi apacblHZa O6alsaHbIC OpHATbLIAbL. OHTaW/Ibl pexumjep Kezip-OyAbIpAbl
a3alTy¥a )KoHe MaTepHuaJ/JblH MUKPOKYPbIJIBIMBIH XKaKcapTyFa MyYMKiH/IK 6epefi.

2. CII20 cyp woWbIH AaWblHJaMaJlapblH KOJIJdaHA OTBIPbIN KelleH/i 3KCIepUMEeHT
x)yprizinai. 900, 2000 >xane 3000 aiiH/MUH Kecy KblIAaM/bIFbIH/IAFbl OETTiH KeAip-0yAbIPJbIK,
napametpJiepi, BUKKepc KaTThIIBIFbI )K9HEe MUKPOKYPBIJIBIM/BIK, 63repicTep 3epTTeA|.

3. Kecy xbuiaamabirbl 3000 ailH/MUH Ke3iHfe eHJle/ireH 6eTTe LIEMEHTHUTTI aK alMak
naiizja 6oJaapl, 01 6€TTiH KaTTbLIbIFbIH 261,5 HB feliiH apTThIPHIN, OHbIH TO3yFa TO3iM/iliriH
»KOFapblLiaTaAbl. bys KyOblabIC TepMOMeXaHUKaJbIK MPOLECTepre, COHBIH, illiHAe IpadUTTIH
epyiHe XoHe KapOUATEPAiH Ty3isyiHe 6allJIaHbICTHI.

4. PerpeccusinblK Tangay (9) moiblH KypblIBIMBIHAAFbl padUT aliMaKTapbIHbIH, CaHbI
(Ng) 6eTTiH Kenip-6yAbIpbIHA 9CEP €TeTiH MaHbI3Abl GAKTOP eKeHiH KepceTTi. MaTeMaTUKabIK
MoJieJIb KeZip-OYAbIPJAbIKTbl TEXHOJIOTUSJIBIK [apaMeTpJiepMeH  GallaHbICThl OoJhKayFa
MYMKIiHAIK 6epe/i.

5. MUKpPOKYPBLIBIM/IBIK, Ta/1Jay *KOFAapbl Kecy *KblIJAaMAbIFbIH/A YHKeJiC KoHe »KOFaphl
KYKTeMe »KaFJaiblHAA >KYMbIC iCTEHTIH OiJikTep MeH 6epijicTep CHUAKTBI OeJleKTep YIIiH
nai/iaabl 60ybl MYMKIiH 3kaHa ¢pa3asiblK, KypblJIbIM Nai/ja 60/1aTbIHbIH pacTa/bl.

6. JKCIIEpUMEHTTIK MaJliMeTTep YChIHbIIFAH 9/jicTepAiH TUIMALIITIH pacTazpbl, Oy JalblH
OHIMHIH, CallacblH aKCapTy K9He TEPMUSJIbIK 6HJey IbIFbIHAAPbIH (LIBIHBIKTHIPY, XaKcapTy)
a3alTy ylIiH MexaHUKaJIbIK 6H/Jey NpoLecTepiH OHTalIaHAbIpyFa MYMKIH/iK 6ep/i.

AnFpic, Myaaenep KaKThIFbIChI

ABTopJsiap MyAzesi KaKTbIFbICTAPbIH XKOKTBIFbIH paCcTan/bl.

ABTOpJIapAbIH, KOCKaH YJIecCi

BysayoBa T.M. - cyp 10WBIH/bI 6HJley 60MbIHIIA TOXKipUOeEJIiK 3epTTeyJiep XKypri3ai,
y/AriiepAi gaublHAaI, MUKPOKYPbIIBIMAbBI MUKPOCKOII aPKbLIbl 3€pPTTEY )KYMbICTapbIH
OpBbIHJA/bl, 6HJEY NPOLIeCiH MaTeMaTUKaJIbIK TYPFbIJaH MOJe b/e/li, MaKalaHbl Ka3/bl.

BycypmanoBa A.E.- anbinFaH epekTtepai Minitab 6afzapsiamacbin/ia eHe/li )koHe

rpapukTepAi KypAbl.
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HAO «KapazaHOuHckull mexHu4eckull yHugepcumem umeHu Abvlikaca CazuHosa,
Kapazanda, KazaxcmaH

MexaHH4YecKass 06paGoTKa ceporo 4yryHa Ha craHkax ¢ YI1Y: npo6/iemsi,
MaTeMaTHU4YeCcKoe MoJe/IMpOBaHue

AHHOTanuA. B paboTe npoBe/ieH KOMIJIEKCHbIM aHa/IM3 0COOEHHOCTEeN MeXaHHW4YeCKOU
obpaboTku ceporo uyryHa Mapkd CHY20 Ha TokaphHbix cTaHkax c¢ YIIY, ¢ akueHTOoM Ha
IIepOXOBAaTOCTb  NOBEPXHOCTH, MHUKPOCTPYKTYpPHble  U3MEHEHUS U  ONTUMHU3ALUIO
TEeXHOJIOTUYECKHUX IapaMeTpoB. MccienoBaHUs BKJIKOYAJM UCHOJIb30BaHUE COBPEMEHHBIX
M3MepUTEJIbHbIX NPUOOPOB /[IJIs1 OLEHKU MapaMeTpoB luepoxoBaTocTu (Ra), TBepmocTtu mno
Bukkepcy (HV) u xapakTepucTUK TrpaduUTOBbIX BKJIWYEHUH B CTPYKType MaTepuaja.
[IpoBeieHHbIE SKCIEPUMEHTHI IIOKa3aJ/iy, YTO yBeJMueHue CKopocTHu pe3anus A0 3000 06/MuH
OPUBOAUT K POPMHUPOBAHHIO LIEMEHTUTHOW 6esiol 30HbI B 30HE pe3aHHs, YTO IMOBbIIIAET
TBEP/IOCTb MOBEPXHOCTH J10 261,5 HV u ysyuniaeT eé MU3HOCOCTOMKOCTD. B TO e BpeMsi HU3KUe
CKOPOCTU pe3aHUsl COXPaHSAT QeppPUTHO-NEPJUTHYIO CTPYKTYpy 06€3 3HauuTeJbHbIX
u3MeHeHUHN rpaduta. MaTemaTHyeckoe MOJe/MpPOBaHUE, BbINOJHEHHOE C HMCIO0JIb30BaHUEM
perpeccCMOHHOTO aHaJ/iv3a, BBISIBUJIO KJ/IOUYEBble TeXHOJIOTHYecKHhe (GaKTOphl, BAMUSIOIIUE Ha
IIEPOXOBATOCTh M MHUKPOCTPYKTYypy. Haubosibliee 3HaueHHWe B MOJENU HUMEET KOJUYECTBO
rpa¢uToBbix ob6sacted (Ng), yTo mnoaTBepxjaeTcsa Auarpammort Ilaperto. IlocTpoeHHas
MaTeMaTHh4ecKkasd MoJeJb I[03BOJIAeT MPOTrHO3UPOBATh ILIEPOXOBATOCTb IOBEPXHOCTH B
3aBUCUMOCTHU OT PeKMMOB 00pabOTKH U ONTHMHU3UPOBATh TEXHOJIOTUYECKHUH TIPOLIeCC.

90 Ne2(151)/ 2025 JLH. T'ymunee amwviHdarsl Eypasusi yaimmoik yHueepcumeminiy XABAPIIBICHI.
TexHUKAbIK FbLAbIMOAP HCIHE MEXHOA02USIAAD CepUsIChI
ISSN: 2616-7263. elSSN: 2663-1261



CBB cTaHOKTaphIH/A CYp MOUBIHBI OHJIEY: MaceJiesiep, MaTeMAaTHKAJIbIK MOJIEJIb/IeY

[losrydeHHBIe pe3yIbTaThbl YKa3bIBAOT HAa BO3MOXKHOCTB LieJIeHAllPaBJIEHHOI 0 YIIPaBJIeHUS
MUKPOCTPYKTYpPOM M CBOMCTBAMM MaTepuaja NpU 06pabOTKe ceporo 4yryHa JAJsl CO3/aHMUA
IIOBEPXHOCTEM C NOBBIIIEHHOW TBEPAOCTbI0 U U3HOCOCTOMKOCTBI0. DTO 0COOEHHO aKTYaIbHO JJIS
M3rO0TOBJIEHUS JieTajlel], paboTalIUX B YCJIOBUAX MHTEHCUBHOI'O TPEHUS U BbICOKHUX Harpys3ok,
TaKUX KaK 3yO4yaTble KoJieca U BaJsbl. MeTOAMKH, NIpe/iJIoKeHHbIe B paboTe, MO3BOJIAKT CHU3UTD
3aTpaThl HA TEPMUYECKYI0 00pabOTKY U yIYYIIUTh Ka4eCTBO TOTOBOM NPOAYKLIUH.

KiroueBnle cj10Ba: cepbld YyT'yH, LIepOXOBATOCTh, PEKUMBbI pe3aHUs, TOKAPHbIN CTAaHOK C
YI1Y, maTeMaTHYeCKOe MOJleJITMpOBaHUEe, MUKPOCTPYKTYPHBIN aHA/IU3.

T.M.Buzauova#*, A.E. Busurmanova
NJSC "Abylkas Saginov Karaganda Technical University", Karaganda, Kazakhstan

Machining of grey cast iron on CNC machines: problems, mathematical modeling

Abstract. This study provides a comprehensive analysis of the mechanical machining of
gray cast iron (grade SCH20) on CNC lathes, focusing on surface roughness, microstructural
changes, and optimization of technological parameters. The research involved the use of modern
measurement tools to evaluate surface roughness (Ra), Vickers hardness (HV), and characteristics
of graphite inclusions in the material's structure. The experiments revealed that increasing the
cutting speed to 3000 rpm results in the formation of a cementite white zone in the cutting area,
enhancing the surface hardness to 261.5 HV and improving wear resistance. In contrast, lower
cutting speeds preserve the ferrite-pearlite structure with minimal changes to the graphite
inclusions. Mathematical modeling, performed through regression analysis, identified key
technological factors influencing surface roughness and microstructure. The number of graphite
inclusions (Ng) was found to be the most significant factor, as confirmed by the Pareto chart. The
developed mathematical model enables the prediction of surface roughness based on machining
parameters and optimizes the machining process. The results demonstrate the possibility of
purposefully controlling the microstructure and material properties during the machining of gray
cast iron to produce surfaces with increased hardness and wear resistance. This is particularly
relevant for manufacturing components operating under intense friction and heavy loads, such as
gears and shafts. The proposed methods offer a cost-effective alternative to heat treatment while
improving the quality of finished products.

Keywords: gray cast iron, roughness, cutting modes, SBB lathe, mathematical modeling,
microstructural analysis.
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MexaHuKaJIbIK 6HA ey Ke3iHJe 6eTTepAiH KepHeyJli-
AedopmanusiJiaHFaH KYHiH 3epTTey

A.C.Mbip3asimeB “ , 0.b CeniayyiaeBa ™ , [I.A.A63as10Ba ' , H.H.PaxpiMmTan

M.9ye3068 amviHdaFbl Oymycmik KazakcmaH 3epmmey yHUg8epcumemi,
Kaszakcman Pecnybaukacol, LllbimkeHm

E mail: orynkul_s@mail.ru

Anparna. Martepuangapabl  eHJey-OysJ  dp TypJi KepHeyJep MeH
Jebopmanusaap mnaijga 6oJaTblH, 6HJeseTiH OeJikTep/liH OeTTepiHiH
KepHeysi gedpopmauusananraH kydiHe (K/IK) adTapsbiKTalh acep eTeTiH
KypZieni mpouecc 6osbin  Tabbiagbl.  byn  kymbicta  SolidWorks
6aF/Zilap/iaMacbiHbIH KeMeriMeH MeXaHUKaJblK 6HJey HOTHKeCiHJle aJiblHFaH
6eTTep/iH KepHeyJi gedpopmauusianFaH kyui (KJAK) seprrenezi. SolidWorks
6afZapsiaMacbiHaFbl MOJie/ibJley Kecy TepeHJiri, Kecy »KblJaM/JbIFbl KoHe
KypaJ/liblH 6HIMJiJIIri cusaKTbl $aKTOopJap/blH 9cepiH eckepyre MyMKIiHJIK
6epeni. 3epTTey/iH Heri3ri MakcaThbl 60J1aT, AIIOMUHUHN KOHE TUTAH CUSKThI
MaTepUaiapAblH 6eTiHAeri kepHeyiep MeH JepopManusiap/iblH TapaayblH
TasnAay 6oJibln TabbL1aAbl. COHFBI 3jieMeHTTep dici (CI9) apKblyibl MaHbI3/1bl
allMaKTap/ibl 60/KayFa XKoHe eH/iey calachlH KaKcapTyFa MyMKiH/liK 6epeTiH
6ipkaTap gepekTep anbiHAbL. Ocbl MaKaJsaHbl a3y 6apbicbiHAa SolidWorks
6af/ap/laMachblH Mai/ia/laHy TeXHOJIOTUSIJIBIK MPoLecTepAi OHTaWJIaHAbIpyFa
alTapJbIKTall MYMKiHJiKTep 6epefi. AJIbIHFaH MaJliMeTTep MEH >Kypri3ijirexH
3epTTeyJiep/iH, HOTWXKeJiepi HerisiHAe oeHAenreH OeTTep/iH camnacblH
)KaKCapTy 2Ko9He  OHIMHIH  eHIMAIIriH  apTThlpy YWIH  KepHeyJi
JebopManusaiaHFaH Kyizji Oakbliay/blH OipHelle ojicTepi YCbIHBLI/BL
Makasiala a/IbIHFaH HOTHIKeJIep MeXaHUKaJIblK OHJey/[iH TeXHOJIOTHUSJIBIK
NpoIeCTePiH OHTAWJIAHABIPY YIIiH COHFbI 3JIEMEHTTEP OAICIHIH TUIMAiIIriH
pacTtaujpbl.

TyuiH ce3pep: MexaHUKa/bIK 6HJeYy, KepHeyJi JAedopMalysiaHFaH KYH,
6afrgapsamanblK Mojeabzaey, SolidWorks, coHfbl 3jieMeHTTep 9Jici, Kecy,
6eTTik febopmanusiap
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Kipicne

Kasipri TaHia 3aMaHayy MalllMHa »Kacay eHAipic bIFBIHAAPBIH a3alTa OTBIPHII, 6HAIpireH
OeJilIeKTepAiH, camacbl MeH CeHIMAIriH apTThlpy KaKeTTijliriHe Tanm O0JbIl  OTBIP.
BesekTep/iiH »KyMbIC CUIIaTTaMaJIapblH aHbIKTAWTbIH HETI3Ti aclieKTisiep/liH 6ipi-Kecy apKblJbl
eHJley TpolleciHie mnaiaa OoslaTbIH OJIapAblH, OeTTepiHiH KyHi. MartepuangblH, 6eTKi
KabaTTapbIHbIH KepHeyJi AepopManuananfal kyiiH (K/JK) sepTTey TexHOJIOTUANBIK TPOLECTI
OHTaWJIaH/bIPYFa, 6HJEY CallacblH KaKCcapTyFa KoHe aKayJiap/blH nanja 60/y KayIiH a3alTyfa
MYMKiH/ZiK 6epegi. Ocblialiia, Kecy Ke3iH/e JaiibiHaManap/iblH KepHeyai JebopMalusiiaHFaH
KYHiH 3epTTeyi 6HEepKaCill YlIiH epeKllie 63eKTiJliKKe e 60J1a/bl.

Kecy apKplLibl MexaHUKa/bIK 6HJey - OyJ MallhHa >XacayJa OeJilIeKTepJAi »kacay yuIiH
KOJIJaHbLIAThIH Heri3ri TexHoJsorus. Kecy mpouecrtepi aallbiHAaMaHbIH 0eTKi KabaTTapbIHbIH,
KYHiHe acep eTeTiH alTap/ibIKTal MeXaHUKAJIbIK XoHe TePMHUSJIBbIK dCepJiepMeH Oipre Xypeni.
OHpey npoleciHjie naiga 60JaThIH KaJAblK KepHey/jep MeH AedopMalnuysanap OeseKTepAiH
6epikTiri, To3yFfa Te3iM/ijiri, Koppo3usFa Te3iMAiJiri >koHe CeHIMAiJIri CUSIKTbI HapaMeTpJepAi
AHBIKTaN/IbI.

KepHeyni  gepopmanusiianFaH  KyHJi — 3epTTeyJiH  ©3eKTijairi  TemeHjerigeit
KaXXeTTiJlikTepre 6ai/IaHbICThI:

- @HJIeJITeH 6eTTeP/liH canacblH 60/Kay J9J1/iTiH apTThIPY;

- NaiJjasiaHy npoueciHze akayJap/blH Naija 60/1y bIKTUMaJ/bIFbIH a3aUTYy;

- OHIMAUIIKTI apTThIpY »XKOHe 6HIMHIH ©3iHJIK KYyHbIH TOMeHJeTy VIUiH eHJey
napaMeTpJiepiH OHTalJIaH/bIPY.

3epTTey MakcaTbl: KeCy apKblJibl MeXaHUKaJbIK 6HJAey Ke3iHJe OeTTepAiH KepHeyJi
JebopmanysiaHFaH KyHiH 3epTTey »KoHe OHTaWaHJbIPY apKbLIbl OeJlleKTepAi eHJIipy/iH
TUIMAIIITIH apTTBIPY.

3epTTey MiHAeTTepi:

- Kecy Ke3iHjie KepHeyJi fedopManusaanFad KyiiH (KJAK) KanbinTacTblpy/iblH TEOPHUSJIBIK
acnekTijiepiHe Tanjay )Kypri3y;

- COHFBI asieMeHTTep ajiciH (CI9) KoagaHa oTeipbin, KAK TangayabiH caHJblK MOJeJiH
»Kacay;

- HaKThI yJrijiepJe KalaJblK KepHeysep MeH AedopManusanap 60WbIHIIA 9KCOIEPUMEHTTIK
3epTTeyJiep XKyprisy;

- Kecy mapaMeTpJsiepi MeH O6eJilieKTepAiH O0eTKi KabaTTapblHbIH, KYHi apacbIHJAFbl
6alJIaHbICThI AHBIKTAY;

- eHJeJiTeH OeTTep/iH calacblH >XaKCcapTy YVUIIH Kecy pexuMm/epiH OHTaWJIaHAbIPY
O0MbIHIIIA YChIHBICTAp d3ipJiey.

MaTtepuangapabpl eHJiey 9p TypJi mpolecTepZi KaMTHUJbl, MbIcajbl, Kecy, ¢pesepJiey,
Terictey, oJlap eHeJreH 6yHbIM/IapAblH 6eTKi KyHiHe acep eTe/li. OHAey Ke3iH/ e maiijja 60/1aThIH
KepHeyJiep MeH JiepopMalnusijiap eHIMHIH XXyMbICbIHA 9Cep eTEeTiH aKayJlap/blH Naija 60JyblHa
9KeJlyi MyMKiH. OHZiey npolieciHe naija 60aaThIH KepHeyJi AedopManussiaHFaH KyWai Taagay
YIIiH caHJbIK MoOJieJibJey d/icTepi KeHiHeH KoJJaHbLIaJbl, oJapAblH apacbiHga SolidWorks
CUSKTBI OafFAapJiaMaliblK, *KacaKTaMa MaTepuasilap/iblH MeXaHUKaJblK 9pEKeTiH TasiJay/blH,
KyaTTbl KypaJibl 60JIbIN TaObLIaAbI.

CoHFBI 3JIEMEHTTEpP 9/iciH KoJijaHa oThipbin, SolidWorks-Te Mozenbey maTepras/iblH,
6eTiHAeri kepHeyJiep MeH JiebopMalvsiiapblH TapaayblH 9.1 )KoHe THIM/Ii 60/KayFa MYMKIHAIK
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MexaHUKaJIbIK 6HJEY Ke3iHfie 6eTTep/iH KepHeyJi-iebopMalnysiiaHFaH KyiiH 3epTTey

6epeni. By 3epTTey apTypJii eHJley pexxuM/iepinjeri 6eTTik Aedopmanusaaap/bl 3epTTey YUIiH
OCbI 9/IiCTi KOJIJaHyFa OaFbITTA/IFaH.

Kecy apkplibl MeXaHHUKaJbIK 6©HJAEY TeXHOJIOTMAJApblH [JaMbITy MallWHaXKacay
K9CiMOpbIHAAPBIHbIH, 6HIM/IEPiHiH 6acekere KabiseTTisiriH KaMTaMachl3 eTyZe MaHbI3/bl PeJ
aTkKapazbl. KecymeHn eHesneTiH GeseKkTep/iH 6eTTepi eHIMHIH NaijasiaHy cHNaTTaMaJlapblH
KaJIBIITACTBIPY YIIiH Heri3 60Jbln Tabbl1a bl /lereHMeH, Kecy npoLuecTepi MaTepuasiblH 6eTKi
KabaThlHAa KaJJblK KepHeysjep MeH JedopMauusaapibl TYAbIPaTblH  KepPriJiKTi
TepMOMeXaHUKaJIbIK, acepepMeH bipre »kypeai. bys1 6eJsiiekTepiH ceHiMAainiri MeH GepiKTiriHe
Tepic acep eTyi MyMKiH.

Ocpl >KyMbIC LI€HOepiH/e CaHABIK XoHe SKCIIEPUMEHTTIK ajicTep/i KoJ4aHa OThIPBIN Kecy
Ke3iHze 6eTTepAiH KepHeyJi-gedopMalUsiiaHFaH Kyui 3epTTesielii. 3epTTey HOTHUXKeJiepi eHAey
peXXUMJiepiH OHTaW/JIaHJbIPY apKblJIbl TEXHOJIOTUSAJBIK NPOLECTePAIH THUIMZIITIH apTThIpyFa
O6aFbITTaJIFaH.

9/1e6u mosy. Kecy apKblibl MEXaHUKAJIBIK 6HJIEY KypaJsl MeH JailblHJaMaHblH Kyp/aeJii e3apa
opekeTTecyiMeH Oipre :kypeni, Oy MaTepuablH OeTiHAe KaJAblK KepHeyJep MeH
JedopManuaaapAblH naiga 6osybiHa aKesneZi. by casnafarbl Herisri )KyMbIcTap/blH Gipi-kecy
allMaFblH/|a KepHeyJiep/liH Naiia 60/1ybIHbIH TEOPUSJIBIK HeTi3/lepiH ycbIHFaH A.A. AIJUMOBTBIH,
3eprreysepi. OnHblH kyMmbicbl K/IK-ra oacep ereTiH Herisri ¢akropsapabl TaaJaujbl:
TeMIepaTypa, Kecy Kylli, eHJeJIeTiH MaTepyua/lblH, KaCUeTTepi xKoHe KypaJiiblH, [eOMeTPUACHI
[1].

B. M. KoBasieHKO Kypri3reH 3epTTeyJsiep TepMOMeEXaHUKAJ/BIK NPOLeCTepAiH bOeJieKTep
OeTiHiH KyHiHe ocepi TypaJsibl MaJliMeTTepAl TOJBIKTbIpaAbl. ABTOP KeCy alMaFblH/aFbl
TeMIlepaTypaHblH Tapaaybl KaJAbIK KepHeyJep MeH JepopManusiap/AblH MeJillepiHe Tikeslen
acep eTeTiHiH aTan KepceTeai [2].

KepHueyuni fepopmanusinanran kyiai (KAK) 3epTrey yuliH caHAbIK d9icTep/ii Ko/1AaHy

CoHFBI OHXBUIABIKTAp/JA CaH/ABIK dJicTep, aTall aUTKaH/Aa COHFbI 3JieMeHTTep aici (C39)
kecy ke3inge K/JIK Tanzayabiy Herisri KypasnbiHa anHaaasl. @. A. KymHepes neH . U BaHOBTBIH
KyMmbIcTapbl CJO KepHeyJilep MeH TeMIlepaTypajap/AblH TapajyblH OoJpKayFa FaHa eMec,
COHbIMEH KaTap KaJ/lbIK KepHeyJiepAi a3auTy YIIiH eHJey napaMeTpJ/iepiH OHTaWJaHAbIpyFa
MYMKIiHJiK 6epeTiHAiriH kepcetTi [3]. ®.M.J/IaxoBuukuid MeH A. H. [TuBkun ANSYS xane Abaqus
CUSIKTBI OaFapJiaMasblK Kypaijap/blH KeMeriMeH apTypJi Kecy pexumzepiniy KJK-ra acepin
3epTTe/i )KoHe eHJeJeTiH OeTTiH KyHiH 60J/pKay YIIiH MoJieibey THIM/iIIriH pactaasl [4,5].

Besiiekrepaiy enimaisirine KK acepi

KK MeH OesliekTep/iH Liapiiay Kylli MeH TO3yfa Te3IMAIIrI CUSAKTbl NaljanaHy
KacueTTepi apacblHAarbl 6OalyanbicTel A.C. YepHoB erxel-Terxkenai 3eptrefi. OHbIH
3eptTeysiepi KJK-Hbl aypbic 6ackapy OeJiieKTep/iiH, acipece >XoFapbl KYKTeMesep MeH
TeMIlepaTypaHblH, ©3repyi KaFJaublHAA KYMbBIC iICTEUTIHAEPAIH KbI3MET eTy Mep3iMiH enayip
y3apTa ajaTbIHbIH KepceTTi [8].

3epTTey/iH 3aMaHayH OaFbITTaphl

3aMaHayu 3epTTeyJiep ajjblH-aja 6enrisenred KK cunattamasnapsl 6ap MaTepuangap/bl
»Kacayra OarbITTasnfaH. [y1ie6oB JI. B. )xeHe Cuzgopos II. H. )xyMbIcTapblHZ@ HaHOKYPbIJIbIM/bI
MaTepuaaiap MeH KabblHAap/bl NaljasaHy Ka/JblK KepHeyJsepJi azalTyfa »KoHe eHJeJIreH
6eTTep/iH canacblH XXaKcapTyFa MyMKiH/ik 6epeTiHiH kepceTei [13, 14]. Conpali-aK, eHJeneTiH
OeJIlLIeKKe KbLIY KYKTEMeCiH TOMeH/eTeTiH *oHe AepopMalUsAHbl TOMEeH/eTeTiH KabbIHAapPhI
6ap «aKpLIJbl» KeCy KypaJilapblH Xkacay 63eKTi 6aFbIT 60J1bII TabbL1aAbI [15].
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JdJicHaMa

Kepueyni gedpopmauusananran kyil (K/JK) cbIpTKpl KyKTeMesep/iH, TeMIepaTypaHbIH,
HeMece Oacka akTopJapAblH dcepiHeH MaTepuasja mnaija 60JIaTblH KepHeyJep MeH
JebopManusiapAblH, KUBIHTBIFBIH cUNATTalbl. Kecy apKbLibl MeXaHUKaJbIK 6HJEY
koHTekcTiHAe K/K pallblHZaMaHbIH MaTepuasbl KeCKIll KypaJiJblH 9CepiHe KaJal »xayarl
6epeTiHiH aHbIKTal bl (1-cypeT).

KepHeY TeH3ODBI
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1-cypert. HykTeeri KepHeyJii gedpopManusisiaHFaH Kyl

KepHeyni pedopmanuananfaH Kyd eHJey INpoLecTepiHJe Liellyimi peJs aTKapagb! (2-
cypet). OJ1 faiiblHjaMaHbIH, MaTepra/bl KypasiblH 9cepiHe Kasail acep eTeTiHiH, })KOHKaap/iblH,
naiizia 6oJsly mpolueciHe, eHJieJreH OeTTiH calacblHA >KoHe KypaJiJiblH KbI3MeT eTy Mep3iMiHe
KaJlail acep eTeTiHiH aHbIKTaWAbl. KepHeysi nedpopmanysanianFaH KyWiH Tajajay *oHe GackKapy
aJIbIHFaH OeJllleKTepAiH eH/ey THIM/IIIri MeH canacblH apTThIpyFa MYMKiH/iK 6epeji.
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2-cypert. [laiibiHjaMaHbIH, KepHeyJi JedpopManysaiaHFaH KYHiHiH, CbI36aChl
a-KepHey Ky#i, 6-aepopManusaiaHnFaH Kyu.

[-cBI3BIKTBIK KepHeyJli KyH; [1-2ka3bIK kepHeyJi kKyH; [II-kenemMaik KepHeyJli KyH;
Ji-OUiKTiKTiH TeMeHAeyi >koHe KaJIFaH eKi eJIllIeMHiH yJ/Falobl;
i1 -OuiKTIKTi a3alTy *KoHe eHi ©3repMeNTiH Y3bIHABIKThI YiFauTy; li-AeHeHiH eki esiieMiH
a3aUTYy KoHe YUITIKTI YJIFaUTy
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Kecy apkblibl MexaHUKa/IbIK 6HJAEY Ke3iHJe KepHeysai AedopManusiiaHFaH Kyd Kecy
KYLITepi MeH »blJy aFbIHbIHbIH, dCEpPiHEH KaJblnTacajbl. KepHeyni gedpopmanusiianFad Kyire
acep eTeTiH Heri3ri ¢pakTopJsiap:

- KeCKill KypaJiiblH TeOMeTPUSICHI;

- eHJ ey pexxuMepi(kbLIAaM/bIK, 6epic, Kecy TepeHiri);

- lalbIHJaMa MaTepUaJIbIHbIH, XbLJy KaCUeTTepi.

Kangblk KepHeyJsiep/iiH Tapaiybl KypaJ/JiblH a/lJbIHFbI XK9HE apTKbl OeTTepiHJeri xkaHacy
KyObLIbICTapbIMEH i€, KeCy aMaFbIH/|aFbl KbI3JbIPY KAPKbIHAbLJIBIFbIMEH /i€ aHbIKTaJIabl.

Kepneysi gepopmanusiianFad KyHAai caH/bIK, Mojesnbjey. Kecy nponectepin Mmojenbaey
YIIiH COHFBI 3JieMeHTTep oAici KosagaHbuiAbl. SolidWorks 6argapsiaMasnblk »KacakKTaMachl
KOJIJ@HbL/IIbI, OHJA KecCy IapaMmeTpJiepi, JaWblHAaMa MaTepHa/bIHbIH, TepMOMeXaHUKaJbIK
KacheTTepi KoHe KecCKill KypaJsiJiblH FreOMeTpPHUsChbl KepceTiireH. Moesnbaey 6apbicbiHa 6GeTKi
KabaTTaFrbl Ka/1/|bIK KepHeyJiep MeH TeMIlepaTypaHblH Tapaybl aJblHABbI.

Kecyai enzey ke3inje kepHeysi fepopmanusianral ky# (KJK) kecy nponectepiH Tycinyze
Hmewmyumi peJsi aTKapazbl, 6MTKeHI OJ1 KypaJ[blH MaTepua/IMEH 63apa 9peKeTTeCy CHUIAThIH,
6eTiHiH canachlH, COHJAAW-aK KypaJblH TO3YbIH aHbIKTaU/bl.

JKCIepUMEHTTIK 3epTTeyJiep KepHeyJi JedopMmanusaHFaaH KyWAi 3epTTeyle e
MaHbI3/ibl OpblH asajbl. A. A. CkypaTtoB neH b. C. TapacoBTbiH eHOeKTepiHJie culaTTaJfaH
3epTXaHaJblK CbIHAKTap KypaJ/JblH TeOMeTPHUSAChIH, KeCy KbLIJaM/JbIFbIH XdHe Oepic
KbLJIJAM/bIFbIH 63TePTy apKbl/bl 6HJEJETiH 0eTTeri Ka/IJiblK KEPHEYJIeP/li peTTeyre 601aTbIHbIH
pactaigipl [6]. TapacoB B.C. eHberiHzae Ka/JblK KepHeyJiepAi eJilley YUIiH KOJJaHbLIATbIH
TEeH30MeTpHsS 9/IiCTEPI erKen-TerKeu/li cunaTTajlfaH, 0J1 MaTepuaaZapblH 9pTypJii TypJiepiHe
koHTakTici3 KK eniey azicin ycbiHABI [7].

HaTtmxesiep MeH TaJIKbl1ay

3epTTeyze Keseci MaTepUaaAap KOJJaHbLIAbI: 00J1aT, aJIOMUHUN K9HEe TUTAaH, 0JIap/iblH,
9PKAMCBICHIHBIH 63iHAiK 6Hey epeKlienikTepi 6ap. Mozaenbey yuuid SolidWorks 6argapiamachl
KOJIJaHbL/I/ibI, 0J1 O6JIIIEeKTEP/IiH MOeibJlePiH KypyFa *KoHe 0J1ap/ibl aKbIPJIbl COHFBI 3JIEMEHTTEP
aiiciH (C39) KoJilaHa OThIpbIN TajlJjlayFa MYMKiH/IK 6epeji.

1. DKCcrepUMEeHTTIK CTeH/ IIeH eJllley KypasJapblHbIH CUIIAaTTAMaChl

HaTypsiblK 3epTTey oKypridy VIUiH apHaubl JaWblHJAQJIFaH 3KCIOEPUMEHTTIK CTeH[
KOJIIaHbLIABL. Bysl cTeHJ, HaKTbl 6HJley MNpPOLEeCTepiH HUMUTALUSAJAyFa >KoHE ©HJeJeTiH
MaTepuaaJapAblH, KepHeyJi-gebopMmauusaanrad kyiin (KJK) HakThl kaffaisapja eJiuieyre
MYMKIiH/iK 6epeji.

JKCIIepUMEHTTIK CTEH/ATIH CUllaTTaMachl:

- KypbuibiMablK sneMeHTTep: CTeH[ eHJey OijjieriHe OpHaTbLIFaH MeTa/ll KaHKaJaH
Typajbl. O Kecy, pe3epJiey, OYpFblIay NpolecTepPiH xKyprisyre 6ediMaesreH.

- BekiTy xky#eci: Yarinepzi ceniMai Typ/ie 6eKiTy YiiH YyHUBepCaaAbl KbICKbIII KYPbLIFbLIAP
MeH aHTUBUOPAIUAJIBIK TipeyilTep KoJIJaHbLIa/lbl.

- KosranTkpi kyite: XKofapbl aiiHaznbiM/bl mnuHAe b (3000-12000 aitH/MUH) KecKiln
KYPaJ1J|blH, KO3FaJIbICbIH KAMTaMachI3 eTe/|.

- backapy: OHey napameTpJepi (Kecy »KblIJAaM/IbIFbl, TEPEHAIri, 6epic) caHAbIK 6acKapy
6J10TbI apKbLJIbI OPHATHLIA/IbI.
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- CankpIHZATY *)yleci: Kecy alMaFbIH CaJIKbIHAATY YLIIH MaK-CyJibl 3MYJIbCUS KOJJaHbLI/IbI,
OyJ1 TeMnepaTypaHbl TYpaKTaHAbIpyFa KOMEKTeCe/|.

JKCIepUMEHTTI XYPTi3y/iH 6apbIChl KeJecife:

1. Yuarinepai padbiHgay. bBosat 45 k9He a/lOMUHUMNA KOpPBITIIAChblHAH jKacasfaH
JlaliblH/laMaJsiap 6acTankpl 6eT aKay/1apblH KeTipy YIUiH AalblHZana/bl 2KoHe TericTeses|.

2. Kecy mnapametpsiepin petTey. Kecy KbL1JaMJbIFbIHBIH, OepilicTiH XoHe Kecy
TepeHAIriHiH apTYypJ/i KOMOMHaLUsAJIapbIMEH OipKaTap 9KCIepUMEHTTEP OpPbIH/AIa/lbl.

3. Kanpblk kepHeysepai esey. OHAeyZieH KeliH eHJeseTiH OeTTeri XxoHe OFaH >KaKblH
Ka/IJbIK, KepHeyJiep/li aHbIKTay VIIiH peHTreH/iK KYPbLIBIM/BIK dJiCleH 3epTTesiefi. Ouiey
KypaJibl:

PenTrenjik fudpakuusiablk Kypblirsl (XRD)

Yurici: Rigaku SmartLab HeMece oFaH 6as1aMa KypbIJIFbIL.

Oaey paaairi: £5 Mlla.

4., MUKpOKATTBLIBIKTBI eJilley. Oulley eHJeNreH 6eTTepJe MHUKPOKATTbIIbIKTap/bl
KOJIIaHY apKblJIbl 2Ky3ere acblpblia/bl. OJiliey KypaJbl:

PMT-3 Hemece Vickers TUNTi MUKPOTBEPAOMETD.

5. Temneparypanbl 6OekiTy. Kecy kesiHje xaHacy aillMaFblHJaFbl TeMIlepaTypa
NIUPOMETPMEH HeMece KipIKTipiJireH TepMonapasapMeH eJilieHe/i. OJiiey KypaJbl:

[TupomeTp: UHpaKpI3bLI TUpPOMeTp, 6J1ey Auana3oHbl: 0-1200 °C.

Tepmonapa: TXK TunTi (NiCr-Ni), kecy aliMaFbiHa TiKeJel eHTri3i/IreH.

6. MUKpPOKYpBUIBIMABI Tajjay. MHKpPOCKONTBHI KOJIJaHa OTBIPBII, IIJIACTUKAJBIK,
fledpopManysa alMaKTapbl MeH 3aKbIM/IaHY TePEeHIriH 3epTTey. OJ111ey Kypasbl:

MeTannorpadusanbik Mukpockorn. Yurici: Olympus GX cepusicbl HeMece yKcac.

JKCIIepUMEHTTI XKYPri3yze eJiliey NpoLeCiHiH XKaJlllbl CUIIaTTaMacChl:

1. BapJsibIK eJillieyJiep HaKThbl 6HJe/reH 6eTTep/ie XKyprisiiji.

2. Temnepartypa MeH aedpopManusiap 6ip Me3eTTe TipKeJi.

Ommey  HaTwxkesepi  SolidWorks-meH — asnblHFaH ~— MoJiesibJiey  HOTHXKeJslepiMeH
CaJIBICTBIPBLI/IbI, OYJI 6J11IeYAiH AYPBICTBIFbIH pacTayFa MYMKIHZIK O6ep/i.

1-Kecte. Moaebey YUIiH KOJIJaHbLIAThIH HEri3ri napamMmeTrpJiep

Ne [lTapameTpJiep aTaysbl MoHi

1 Kecy *)bl1gaMabIFbl 100, 200, 300 m/MuH
2 Kecy TepeHnairi 0.5,1.0, 1.5 mm

3 KypaJ reoMeTpuUsichbl: KeCy OYpbILIbI 30°, 45°, 60°

MaceneHi wmemy eHzey MpoOLeCiHAe XYKTeMe MeH TeMIlepaTypaHblIH 9CepiH ecKepeTiH
KipikTipinren SolidWorks KypaJsiiapblHbIH, KOMeTiMeH y3ere acbIpbl//ibl.

JKCIIEpUMEHT K9He 3KCIIepUMEHT HaTUxKeJsiepi Mozesb/iey HOTHUXKeCiHZe apTypJi eHJey
pexxuMiepinjie ap MaTepuaJs YilliH KepHey MeH JepopMalUsHbIH Tapaaybl ajJblHAbL. 3-CYpeTTe
Kecy TepeH/iri 1 MM *aHe x)bl1AaMabIFbl 200 M/MUH Bo/1aTThIH HOTUXKeJIepi KepCeTi/reH.

CypeTTe KepceTureH MaJliMeTTepleH MaKCUMaJl/ibl KEpHeyJiep KypaJ/lZiblH MaTepUaJMeH
»KaHacy aiilMaFblHa »KaKblIH Kep/ie Nai/ja 60J1aTbIHbIFbIH Kepyre 60/1aAbl. AJIIOMUHUUN MEH TUTAH
YIIiH MaKCcHMMaJibl KepHeyJiep yKcac napaMeTpJiepZe 6anKa/iazbl, ajai/ia TUTaH YUIIH KepHeYy
MeJiepi efpyip :KoFapbl 60J1/1bl, OYJ1 OHbIH, )KOFapbl KATThLJIbIFbl MEH O€piKTiriHe 6ailJIaHbICTHI.
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Opbip MaTepuas yuUIiH 6HAEYAiH OHTAaWJbl MapaMeTpJ/iepi aHbIKTa/I/Jbl, OHJAA OeTiHJeri
KepHeyJiepZiH MeJiulepi asasjbl, OyJ eHJey calacblH KaKcapTyfa KoHe KypaJiJblH TO3YbIH
aszalTyFa KeMeKTece[,.
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3-cypet. ®Ppe3epJey Ke3iHae 60J1aT 6eTiHAEri KepHeyJiepAiH Tapalybl
(xpL1gamabiFel 200 M / MUH, Kecy TepeHAIri 1 Mm)

Kepneysi nebopmanusananfaH KyHJi 6ackapy Kecy HpoOLEeCiH OHTaWJIaHABIPYFa, eHJey
canacblH YKaKcapTyFa oHe KypaJl/iblH PeCypCblH apTThIpyFa MyMKiH/iK 6epesi.

Kecy apKbliibl MexaHUKa/bIK 6HJeYy Ke3iHJe KepHeyi aedopmanusananran kyii (KAK)
3epTTey d/iicTepi Yl Heri3ri kKaTeropusira 6eJiiHe/li: TEOPUSJIbIK, SKCIEPUMEHTTIK KoHE CaH[bIK
(canapiKk Moaenbey). Byn aaictep kecy aliMarbIHAA OOJIbIN KAaTKAaH MPOLECTEP/ TepeHipek
TYCiHyT€, 6HJiey calacbl MeH KypaJ/iblH TO3yblHa 9CEP eTeTiH KepHeyJepAi, AebopManusaiap/bl
»KOHe 6acKa mapaMeTpJiep/i aHbIKTayFa MYMKIiH/iK 6Gepefi.

JKCIEepUMEHTTIK JlepeKTep MeH MOJeJbey/i CaJlblCThipMaJibl TaazAay. JKCIIepUMEHTTEpP
YKYPri3isifii, o/1apAblH JepeKTepi 1-KecTene KeJTipiJireH.

2-KecTe. JKCIEpPUMMEHTTIK JepeKTep

Ne Kyxkreme (H) Kephey (MIla) Jedopmanus (%)
1 1000 120 0.25
2 2000 240 0.50
3 3000 360 0.75

SolidWorks Simulation - ga anblHFaH MojesbJey HaTHXKeJsiepi 2, 3 - KecTeJjepje
KeJITIpiJreH.
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3-kecte. Mojesbaey HOTHXKeaepi

Ne | XKykreme (H) Kepney (MIla) Hedopmanus (%)
1 11000 118 0.23
2 2000 237 0.48
3 13000 355 0.73

4. Calikecci3ikTep/i Tannay

KecTenep/ieH kepin OTbIpFaHbIMbI3/1al, MO/I€/Ib/l€y MEH 3KCIIEPUMEHTTEP/AiH HOTHXKeJepi
mamasibl coMKecci3fiktepre uve. KepHeysnepgeri adbipMawmbuiblk 2-5 Mlla-faH acnaifbl, an
nedpopmanusanap 0.02% - naH a3 epekuiesieHeai. Colikecci3iikTepAiH bIKTUMaJ cebenTepi:

- COHFbBI 3/1IeMEHTTeEp dAICiHIH AdJ/AIri )koHe K0JIJaHbLJIaTbIH 66J1y TOPbI;

- JKCIIepUMEeHTTeT] eJIlliey KaTeldiKTepi;

- Moaesibaeri reoMeTpHsi MEH lileKapaJiblK lAapTTapAbl UAealu3anusiay.

%
2S soud: «

SteRTen

4-cypet SolidWorks Simulation kepHeyaiH Tapaaysbl

SolidWorks Simulation mMozenbaey HaTUXKeJiepi 9KCIEPUMEHTTIK JIepeKTepPMEH >KaKChbl
O0alIaHbICTBl. AWBIPMAIIBLIBIKTApD PYKCAT €TiJITeH KaTeJsikTep uieriHge 6oJiaZibl, Oy
MOJeJbJley/iH, AYPBICTBIFBIH pacTau/bl. EcenTeysepfiy [o/AIriH ofaH api kKakcapTy YUIIH
MaTepuaJl/JiblH MOJieJliH HAaKThlJIayFa KoHe eCeNTey TOPbIHbIH aXKblPaTbIM/AbLJIbIFbIH apPTThIPYFa
60J1a/bl.

KopbITbIHABI

OHzmey KesiHZe OeTTepAiH KepHeyJsi JedopMmanusiiaHFaH KyHiH MoJeJsibjey YIIiH
SolidWorks 6argapJ/iaMacbiH NakAaJlaHy TEXHOJIOTHUSJIBIK IPOLeCTEP/i 3epTTEy MeH

100 Ne2(151)/ 2025 JLH. T'ymunee amwviHdarsl Eypasusi yaimmoik yHueepcumeminiy XABAPIIBICHI.
TexHUKAbIK FbLAbIMOAP HCIHE MEXHOA02USIAAD CepUsIChI
ISSN: 2616-7263. elSSN: 2663-1261



MexaHUKaJIbIK 6HJEY Ke3iHfie 6eTTep/iH KepHeyJi-iebopMalnysiiaHFaH KyiiH 3epTTey

OHTaWJIaH/bIPY/AbIH TUIM/I KypaJibl 60JbIN TabbLIaAbl. JKCIIEPUMEHTTEPAIH HOTUKEJEePi Kecy
TepeHJiri MeH KeCy >XbLIJaM/IbIFbl OeTKi KepHeyJiepAiH naiza O6o0JiyblHAA IIellylli peJi
aTKapaTbIHbIH KepceTTi. CIO KeMeriMeH Mo/ieJib/iey CbIHM ailMaKTap/lbl aHbIKTAyFa KoHe 6HJey
canacblH GaKbliayAbl XKaKcapTyFa MYMKIiHAIK 6epefi, 6yJ1 KypaaJap/blH OepiKTiriH apTThIpyFa
’KoHe eHJley MAdJIZITH KaKcapTyFa KeMeKTece[i. boJsalakTa MyHZal MojesbAepAi KoJJaHY
9PTYpJii MaTepuaaapAbl 6HAeYAiH TUIM/AI 9AiCTepiH AaMbITyFa bIKIAJI eTe/i.

Tanpay kepceTkeHJel, Kecy »koHe Oepy KbLIJaM/bIFbIHbIH >KOFapbliaybIMeH KaJbIK,
KepHey AeHreHi, COHAaW-aK Kecy aMMafFblHAAFbl MaKCUMaJibl TeMIlepaTypa >KOFapblaal/ibl.
OHJeyiH OHTaW/IbI TapaMeTpJiepi KalJblK KeEpHeyJepAi a3alTy HerisiHAe aHbIKTalAbl.

KAK vyaectipiMmi: KanablK KepHeyJsepZiH eH OipKeJiKi yJecTipisyiHe opTalia Kecy
KbLJIJJaMAbIFbl MEH a3 Oepy Ke3iHJe KO0JI ’KeTKi3i/1eTiHi aHbIKTaJAbl.

Kenip-6yabip: a3bIKTaHAbIPY MEH KeCcy TepeHJAIriHiH >KoFapbliaybIMeH OHJEJNTreH OeTTiH
Keip-0yAbIpbIHbIH 6CYi OalKaJia/bl.

Kecy pexxumiepiH oHTal/aHAbIPY: KaJIAbIK KepHeyJiepi a3auTy KoHe KaHaFaTTaHapPJIbIK
KeJlip-0yAbIpAbl KaMTaMachi3 eTy yiluiH 100 M/MUuH Kbl1AaMABIKTHI, 0.2 MM/aiiH 6epyi xkaHe 0.5
MM Kecy TepeHirin naijasany yCblHbIIaAbl.

FblIBIMU-3epTTEY KYMBICHI OapbIChlHAA OeJillieKTepAi JAaWblHAAYAbIH, TUIMALIICIH
apTTbIPy MaKcaTbIHAA KeCy apKblJbl MeXaHUKAJbIK 6HJley Ke3iHJe Makaa 60J/1aTblH OeTTeP/iH,
KepHeyJai-gebopMauusiianrad kyuide (K/JK) 3epTrey Kyprisingi. AJbIHFaH HOTHXKeJEP
HeTi3iHAe TEXHOJIOTHSJBIK MpOLECTePAi OHTaMJaHJAbIpyFa OaFbITTaJFaH YChIHBICTAp
TY>KbIPbIMAJIFaH.

9/lebueTTep/i Tanzay KepceTKeHel, eHAey KesiHjae K/IK 3epTTey TeOopHUSAJBIK >KoHE
3KCNEePUMEHTTIK Taciaigep/i O6ipikTipeTiH MaHbI3/lbl OAFbIT 00JibIN TabbLIaJbl. CIO CUAKTHI
CaHJBIK 9/liCTepAi 3KCIIEPUMEHTTIK esilieMJepMeH bOipre KonzaHy Kecy alimarbiHJa 60J1aThIH
npouecTtep/ii erxel-Terkeisi TyciHyre MyMKiHJik 6epegi. lleminmereHn Heri3ri MiHAeTTep
eHJley/li OHTaWJaHAbIpy OOWBbIHIIA dMOebam YCbIHBICTAP 2Kacay YVIIIH MoJeJsbJley MeH
9KCIEePUMEHTTIK JiepeKTep/i 6ipikTipyMeH 6aiIaHbICTHI.

BeTki KabaTTblH KepHeyJi aedopMalnusiaHFaH KyWi OeJsiliekTep/i eHJey camacbkl MeH
nai/jajaHy cunaTTaMasapblH aHBIKTAUTbIH HeTi3ri pakTop 601kl TabbLIAbI.

CaHAbIK »KOHE 3KCIepUMEHTTIK 3epTTey ajicTepli Kecy mnapametrpJsepi MeH K/K
apacblHaFbl 6aUJIaHbICTbI AHBIKTA/bI.

Kanablk KepHeyJsiep/ii a3allTy oHe eHJeJreH O6eTTep/iH canacblH aKCcapTy YUIiH Kecy
peXXuMiepiH OHTaWaHAbIpy 6OMbIHINA YChIHBICTAP KaCaJbl.

JKyMBICTBIH HEri3ri KOPbIThIH/AbLJIAPbI:

Kecy mapameTpJiepi (kecy TepeHAiri, Kecy »KbL1JaM/IbIFbI, 6epy) MeH eH/JleJIeTiH MaTepuasl
6etTtepiniH K/JK apacbiHZafbl 0aiiaHbIC aHbIKTalAbl. Bya mapaMmeTpJsiep/i OHTalJaHJbIPY
KaJIAbIK KEpHEYJiep MeH OeTTiK akayJiap/ibl a3aliTyFa MyMKIiH/[iK 6epeTiHi aHbIKTaJI/ibl.

Kanablk kepHeysaepAi 60/nKayAblH )KOFAphl J9JIJIiriH KaMTaMachl3 eTeTiH TeH30MeTpus
YK9HE CaH/IbIK MOJieJibJley CUSIKThl 3aMaHayy TajiJjay aficTepiH KoajaHy Herisinge K/IK 6aranay
dJiicTeMeci »acaJ/ibl.

[IporpeccuBTi KecKilll KypasJap MeH CaJKbIHAATKbIIITAPAbl KOJaHYy 6HJeJreH 0eTTiH
camnaJjiblK, cunaTTaMaJsJapbiH »KaKcapTa OTBIPBIT], MaTepHas/iblH, MJIAaCTUKAJIBIK,
JNlebopManvscbIHbIH KapKbIH/bIJIBIFbIH TOMEH/IETYTE bIKNAaJ eTeTiHi aHbIKTa/bl.

KypblIBIMABIK ~ MaTepua/lJapAblH,  9pTypJii  TypJiepiHe  apHa/ifaH  acHanThIK
MaTepualJilapAbl, Kecy peXUMJepiH >XoHe CaJKbIHAATY CTpaTervsjiapblH TaHJay OOUbIHIIA
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YCBIHBICTAp YCbIHBLIFAH, OyJ1 OeJilleKTep/iH 6HIMAIJIIri MeH >XYMbIC pecypcblH apTThIpyFa
KeMeKTece/|.

2KyMBICTBIH, NpaKTUKa/bIK MaHbI3JbLIbIFbl OHJIPICTIK WIBIFbIHAAPABI a3aUTYyAbl KOHE
MeXaHUKaJblK 6HJey/[i OHTaWJaHAbIPy apKblIbl 6OHJAIpiAreH OeJilleKTepAiH canacblH
»KaKCapTy/Abl KAMTaMachl3 €TETiH TACIJep/i a3ipJiey KoHe eHri3y 00JibIll Tabbl1aibl. AJIbIHFAH
HOTHXKeJIep MalllMHA »acay/ia, aBhalus xacay/la, aBTOMOOUJIb »Kacay/1a XXoHe eHJeY/iH canachl
MEH JI9JIIiriHe K0oFaphl TaJlalTap KOMbLJIAThIH OAaCKa caJsiajiap/ia KoJIIlaHbLIybl MYMKIiH.
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FOaxcno-KazaxcmaHckutl uccaedosamensckull yHugepcumem um. M. Ayaszosa, llbimkeHm,
Kasaxcmah

HccneaoBaHve HaNnpsKeHHO-AeOPMHUPOBAHHOTO COCTOSIHMS NOBEPXHOCTEN IPHU
MeXaHM4YeCKO 06paboTKe

AHHOTanMsa. MexaHuyeckass 06pabOTKAa MaTepHaJIOB - 3TO CJHOXKHBIA MpOILecc, NMpH
KOTOPOM BO3HHKAIOT pa3J/iMuHble HaNpspDKeHUs U AedopMalvi, OKas3bIBalLHUe CYLeCTBEHHOe
BJMSIHUE  Ha  HampsbkeHHo-AedopMmupoBaHHoe  coctosiHue  (HZC) IIOBEpPXHOCTEU
06pabaTbiBaeMbIX AieTajleH.

B nmaHHON paboTe ¢ mnomoubid nporpammbl  SolidWorks wuccienyetrcs HampsikeHHO-
nebopmupoBaHHoe coctosiHue (H/IC) moBepxHOCTEMN, MOJyYEHHbIX B pe3yJibTaTe MeXaHUYeCKOU
06paboTKu. MoieIMpoBaHKe B 3TOM IporpaMMe MO3BOJISIET YYeCTh BJAHMSIHUE TaKUX GAaKTOPOB,
KaK IJyOrMHa pe3aHusi, CKOPOCTb pe3aHUsl U XapaKTePUCTUKU UHCTpyMeHTa. OCHOBHOH LieJIbIO
MCCJIe/I0BaHUS SIBJISIETCSl aHA/IU3 paclipe/ie/ieHHs] HanpshKeHUH U gedpopMalvii Ha MOBEPXHOCTH
TaKHUX MaTepHaJioB, KaK CTaJib, AJIIOMUHUHN U TUTAH. C TOMOIIbI0 METO/Ia KOHEUHBIX 3JIEMEHTOB
(MKD3) 6511 noJsiydeH psiJi JaHHBIX, KOTOpPble NO3BOJISIIOT IPOrHO3UPOBATh KPUTHUYECKHE 30HBI U
NOBBINIATh KayecTBO 06paboTku. Hcnosib3oBaHue mnporpamMMmbl SolidWorks B mpoiecce
HalnuCcaHUs JAHHOW CTaTbU MpeAOCTaBJIseT 3HAYMTeJbHble BO3MOXXHOCTH JJisi ONTUMHU3ALUU
TEXHOJIOTUYEeCKUX MpoleccoB. Ha ocHOBe MoJiydeHHBIX JAAHHBIX U Pe3yJbTaTOB MPOBeJEHHBIX
UCCIeJIOBAaHUNA  ObLJIO  NpPEJJIO)KEHO  HEeCKOJbKO  METOJIOB  KOHTpPOJIA  HamNpsDKeHHO-
iedOpPMUPOBAHHOI'O COCTOSIHUSA JJIsl YJydllleHUsl KauecTBa 06pabaThiBaeMbIX MOBEPXHOCTEN U
yBeJIMYEeHUs] TMPOU3BOJAUTENbHOCTH U3Je/us. Pe3ysbTaThl, IMOJiydeHHble B  CTaThe,
noATBepJalT 3QPEeKTUBHOCTbL MeTOJla KOHEUYHBbIX 3JEMEHTOB /Il  ONTUMHU3ALUU
TEXHOJIOTHYECKUX IPOL[eCCOB MEXaHUYECKON 06paboTKHU.

KiwueBble ci0Ba: MexaHUYeckasgs 00pabOTKa, HampsiKeHHO-epOpMUPOBAHHOE COCTOSIHUE,
nporpaMMHoe MoJiesinpoBaHue, SolidWorks, MeTo/; KOHEYHBIX 3JIEMEHTOB, pe3Ka, iepopMaluu
OBEPXHOCTH.
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D.S.Myrzalyiev, 0.B. Seidullayeva, D.A.Abzalova, N.N.Rakhymtai
M. Auezov South Kazakhstan Research University, Shymkent, Kazakhstan
Investigation of the stress-strain state of surfaces during mechanical processing

Abstract. Mechanical processing of materials is a complex process in which various
stresses and deformations occur, which have a significant impact on the stress-strain state (SSS)
of the surfaces of the machined parts. In this paper, the stress-strain state (SSS) of surfaces
obtained as a result of mechanical processing is investigated using the SolidWorks program.
Modeling in this program allows you to take into account the influence of factors such as cutting
depth, cutting speed and tool characteristics. The main purpose of the study is to analyze the stress
and strain distribution on the surface of materials such as steel, aluminum, and titanium. Using the
finite element method (FEM), a number of data were obtained that make it possible to predict
critical zones and improve the quality of processing. Using the SolidWorks program in the process
of writing this article provides significant opportunities for optimizing technological processes.
Based on the data obtained and the results of the conducted research, several methods of stress-
strain control have been proposed to improve the quality of the treated surfaces and increase the
productivity of the product. The results obtained in the article confirm the effectiveness of the
finite element method for optimizing the technological processes of mechanical processing.

Keywords: mechanical processing, stress-strain state, software modeling, SolidWorks,
finite element method, cutting, surface deformation
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Abstract. This study examines the possibility of using electric trucks in the
Republic of Kazakhstan. The relevance of this topic is due to the fact that a
significant increase in interest in electric vehicles and environmental
friendliness of transport necessitates the search for alternative energy sources
for trucks. Electric trucks are one of the promising options for replacing
traditional trucks powered by gasoline or diesel in Kazakhstan. The main
advantage of electric trucks lies in low operating costs and the absence of
emissions of harmful substances into the atmosphere, which improves air
quality and contributes to the environmental sustainability of cities. The subject
of this study is aspects of the introduction of electric trucks in Kazakhstan, as
well as charging infrastructure, logistics problems and government support
opportunities. The purpose of this study was to determine the possibility of
using electric trucks in the Republic of Kazakhstan. To achieve this goal, an
analysis of the activities of transport companies was carried out, as well as a
comparative analysis of freight transport with an internal combustion engine
and an electric motor. The methodological basis of this study is logical and
structural analyses. In the course of the work, a system-structural analysis
based on general theoretical, statistical, and scientific sources was used. Based
on the results obtained, it can be concluded that the use of electric trucks is
beneficial both for transport companies and for the environment, but an
insufficiently developed transport infrastructure hinders the use of ecological
transport.
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Introduction

Currently, ecotransport is becoming more relevant and in demand in society. Increasing
problems with environmental pollution, deteriorating air quality, climate change, and limited
reserves of oil and other fossil resources are the reasons why people are increasingly paying
attention to environmental alternatives in the transportation sector. Ecotransport, such as electric
cars, bicycles, electric scooters, and public transport using more environmentally friendly fuels,
can reduce emissions, improve urban air quality, and reduce noise levels. This is especially
important in densely populated cities, where cars are the main source of environmental pollution.
In addition, ecotransport helps to improve the physical condition of people, since its use requires
physical activity. Bicycles and walking transport help to reduce the level of obesity and
cardiovascular diseases.

Ecotransport can also be economically beneficial in terms of reducing fuel costs. Electric
vehicles and bicycles, for example, have much lower refueling or charging costs than cars with an
internal combustion engine.

Finally, the active introduction of ecotransport can contribute to the creation of new jobs
related to the production and maintenance of these vehicles.

In general, ecotransport is highly relevant in modern society, as it contributes to improving
the environmental situation, human health, economic benefits and social benefits. This trend is
expected to continue and develop further in the future.

The methodology

Innovative approaches to solving modern problems are increasingly relevant. With the
opening of new highways, the production of trucks with electric motors, the establishment and
implementation of smart traffic light functions, the development of speed cameras, etc., all this
contributes to the fact that science keeps pace with the times and the application of new
approaches to it in logistics will always remain an urgent issue.

Improvement in cargo transportation can be viewed from the point of view of reducing the
duration of deliveries. The faster the cargo is delivered, the more rides will be completed.

The analysis of ecotransport and its effectiveness includes an assessment of the use and
environmental impact of various types of vehicles and transportation systems. Various materials
and methods are used to carry out such an analysis. Concentrations of major greenhouse gases
(GHGs) have been increasing at an unprecedented rate over the past few centuries due to
anthropogenic impact. Transport directly emits about 20% of anthropogenic GHGs worldwide and
almost 30% in the countries of the Organization for Cooperation and Economic Development.
Approximately 2.2% of all anthropogenic GHGs are released into the atmosphere by aviation.
Motor transport accounts for about 14%, while other types of transport - sea, rail and others -
produce a total of 3.8% [1].

The materials used in the analysis of ecotransport include data on vehicles and
transportation systems, covering aspects such as types of transport (e.g. cars, buses, bicycles,
pedestrians), types of fuel used (gasoline, diesel, electricity), weight and dimensions of vehicles, as
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well as their technical characteristics (e.g., emission standards, energy efficiency). Additional data
may also include information about routes, times, and traffic jams.

The methods of ecotransport analysis vary depending on the goals and objectives. One of
the main methods is quantitative analysis, which is based on comparing various indicators such as
emissions of pollutants and greenhouse gases, energy efficiency, fuel costs, etc. Various research
methods are used to collect data, such as observation, questionnaires, or data collection from
statistical sources.

Methods of rationing and economic analysis are also used to assess the effectiveness of
ecotransport use. Rationing makes it possible to determine the quality and environmental
efficiency of the use of various modes of transport and transportation systems. Economic analysis
makes it possible to estimate the cost and economic indicators of using ecotransport, such as the
cost of vehicle maintenance and repair, fuel economy, etc. [2].

It is important to note that the analysis of ecotransport and the effectiveness of its use is a
multifaceted process that requires the collection and analysis of various data, the use of various
methods and consideration of various aspects such as practicality, accessibility and social aspects.

Findings/Discussion

Eco-friendly transport systems provide positive dynamics in the environmental, social and
economic spheres of the society they serve. Transportation systems exist to provide social and
economic connections so that people can quickly master the means to increase mobility. All the
advantages of increased mobility need to be assessed in relation to the environmental, economic
and social costs that transport systems create [3].

The following parameters affect the speed of cargo transportation:

cargo volume;

distance;

road infrastructure;

technical condition of the vehicle;

technical operations, document management;

cargo preparation and packing;

All parameters directly or indirectly affect the speed of cargo delivery from one destination
to another location specified by the customer. But many concepts and solutions have been
developed for each parameter. For example, often when accepting a request from a customer, the
logistics coordinator tells him the date of arrival of the cargo at its destination with a margin of 5-
10 days. At the same time, by notifying the client about this, the client accepts this condition and
waits for the cargo with a 10-day supply. But when the cargo arrives earlier than the specified date,
the customer reluctantly leaves a good review marked "the cargo was delivered quickly." In other
words, this is not an improvement in transportation or an increase in the speed of delivery, but an
illusion of it. The workflow and technical operations are prepared in advance and the operations
are carried out in parallel with the assembly of the cargo for shipment. This reduces enough time.

The use of ecotransport has the following advantages:

- electricity is cheaper than liquid fuel;

JLH.TymuneB aTeiH/jaFbl Eypasus yaTTeiK yHUBepcuTeTiHIH XABAPIIBICHI. N92(151)/ 2025 109
TexHUKaIBIK FBLIBIMAAP XKOHE TEXHOJIOTHsJIAP CePUACHI
ISSN: 2616-7263. eISSN: 2663-1261



0.V. Garmash, M. E. Kalekeyeva, G.V. Muratbekova, I.Zh. Assilbekova, M. A. Gozhakhmetova

- high EFFICIENCY;

- silent operation of the engine;

- saving consumables.

Other advantages of the electric car include:

- environmental friendliness, the engines do not emit substances that can harm the
environment.;

- safety, due to the fact that the center of gravity is at the bottom, cars turn over less often.;

- improved dynamics [4].

Let's consider an example of transporting seeds from Almaty to Aktobe using electric
loaders. Suppose that electric trucks began to be used en masse in Kazakhstan and electric filling
stations were installed along all adjacent highways, then what would be the benefit or what costs
would be reduced compared to conventional cargo transport powered by an internal combustion
engine.

As an example, let's take some of the best trucks among all the others according to auto
magazine "Fastmb.ru ". The best truck was the Mercedes-Benz Actros 6th generation. According to
its characteristics, it is considered the most innovative truck among its relatives, its load capacity
is 9-13.5 tons, fuel consumption per 100 km is 25-130 liters (depending on the load), and the tank
volume ranges from 450-1200 liters. For comparison, let's take an electric truck from Tesla. Tesla
Semi — truck, the engine type is electric, the maximum speed is 112 km/h, the range of a full
battery is 800 km, and the charging time is 40 minutes. With an energy consumption of less than 2
kWh per mile, the Semi can travel up to 500 miles on a single charge. Using Tesla's Semi chargers,
you can restore up to 70 percent of the range in 30 minutes [5]. And most importantly, its
maximum load capacity is more than 15 tons. For clarity, Table 1 shows the data on the technical
characteristics of the compared trucks with different types of engines.

Table 1. Comparison of two trucks with an internal combustion engine and an
electric motor

Mercedes-Benz Actros 6 Tesla Semi
Load capacity 9-13,5 tons BoJsiee 15 tons
Consumption per 100 25-130 liters 100 kW/km
km
Maximum speed 162 km/h 112 km/h
Note — compiled by the author based on sources [6],[7], [8]

Based on Table 1, it is still difficult to say which technical characteristics are more
advantageous for which model. One model has a higher load capacity, while the other is 3 times
cheaper, or one model has a higher maximum speed, while the other in this case has a lower
consumption. But here we can also note another very important characteristic — emissions of
harmful substances. Of course, in this aspect, the Tesla car has a huge advantage over the German
truck. It is this aspect that will soon become fundamental when buying your own cargo fleet. Tesla
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sells its own chargers that can be used even at home in a 220V garage, which is a huge advantage,
since any driver can charge their truck overnight after a day at work. This is a good alternative, if
you compare it with the superchargers that are installed at electric gas stations (where the car
charges in 20 minutes).

Also, we must not forget about the disadvantages that the truck models in question have.
The first most worrying drawback that can be considered at the regional level is the lack, and in
some places, the complete absence of electric filling stations. According to statistics, 180 electric
filling stations have been installed in Kazakhstan at the moment. As reported by Finprom on
February 5.kz, citing data from the Bureau of National Statistics, as of January 1, 2024, there were
7,7 thousand electric vehicles in Kazakhstan. This is 13% more than last year's figure and 15 times
more than in 2022. At the same time, the infrastructure of gas stations for electric cars in
Kazakhstan is still poorly developed: there are only 180 such stations in the whole country. There
are the most electric vehicles in Almaty (4.3 thousand cars) [9].

The second disadvantage is the effect of temperature on battery performance. Like any
battery, whether it's in a cell phone or installed in new electric cars, the battery can quickly run out
when exposed to subzero temperatures. Hence, the next disadvantage is the maintenance of the
battery itself. Lithium-ion batteries are used for electric cars, and cobalt is required to create them.
A large proportion of the cobalt deposit falls on the Congo country, where there are constant
political problems. Because of this, the demand and price for cobalt is not stable.

The third and perhaps the most primitive disadvantage is the danger of accidents. When the
battery is deformed, it explodes during a chain of chemical reactions. Also, the main advantage of
using electric trucks is that they can and even better be used for short long-distance transportation.
This will bring more benefits than sending over longer distances. Since even if the presence of
electric gas stations allows you to travel long distances, the time to recharge will increase the
delivery time. A sufficient number of electric filling stations will allow electric trucks from the CIS
countries to cross their route through Kazakhstan, thereby increasing the capacity of our country,
increasing the pace of development of logistics and the economy as a whole.

Using the example of the supply of seeds from Almaty to Aktobe, I would like to show how
much electric trucks can reduce the cost of production due to the low price of fuel (electricity).
According to statistics, as of January 1, 2024, a kilowatt per hour costs 25.82 tenge, including VAT.

The cost of Al - 92 gasoline and diesel varies from 188-201 tenge and 270-295 tenge,
respectively. Currently, the price of fuel is growing rapidly, so it is difficult to guess how much
gasoline will cost in a year, but the price of electricity changes every 2 or 3 years, but the changes
are not so great in relation to gasoline and diesel. And now we have the price of 2 comparable fuels,
which we can compare on the route of Almaty and Aktobe.

The route was built with a GIS map, which makes it clear to us that it is a route generated
by a website that monitors online and 24 /7. Figure 1 shows this route from Almaty to Aktobe.

As mentioned above, the distance is 2,184 kilometers. For comparison, we will add the 2 above-
mentioned types of trucks to the table. This is a Tesla Semi, Mercedes-Benz Actros 6. Using the
formula for deducting fuel consumption, taking into account the consumption of two trucks per
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100 kilometers, we calculate using the formula:

_ Smp.p 1
1007 (1)
where:
Sup.p- distance traveled;
r - fuel consumption per 100 km.
AxTo&ega - — Kaparanaa
Q\R\ x
KasaxcraH

OAnmatbL.

Kuoruauna

Figure 1. Shipping route Almaty-Aktobe source [10]

Substituting all the values into the formula, we calculate the fuel consumption for the
entire route. The cost per 1 kilowatt takes into account the cost of the first level of electricity cost.
But the cost of diesel varies by region. Therefore, the average value of 283 tenge per liter was

used in the calculations.

Table 2. Comparative characteristics of fuel consumption per 100 km

Mercedes-Benz Actros 6

24,5-30 liters

Name Tesla Semi

Consumption per 100 km 100-110 kW

Consumption per 2184 km 2184/100*100 = 2184 kW 2184/100*24,5 = 535,08
liters

Note — compiled by the author based on sources [6], [7], [8]

From the calculations in Table 2, it is actually clear that the Tesla Semi truck requires 2,184
square meters on the entire route. To convert all the paths of the Tesla Semi, you need to make 2
full and one half charge. With the use of superchargers, it will take a total of no more than one hour.
That is, the entire route in its total volume will take 28 hours, excluding traffic jams. Mercedes has
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a tank from 450 to 1200 liters in its description. Table 3 shows the top discrepancies between the
Tesla Semi and Mercedes-Benz Actros trucks.

Table 3. Fuel consumption of Tesla Semi and Mercedes-Benz Actros

Name Tesla semi Mercedes-Benz Actros,

The cost of fuel for the| 2184 x25.82 =56 390,88 tg 535,08 x 283=151 427,64 tg
entire route

Expenses for the 365x24=8760h, 365x24=8760h,
whole year 8760/28 = 313 flights/year, 8760/28 = 313 flights/year,
313x56390,88=17 650 313x151427,64 = 47 396 851,
345,44 tenge 32 tenge

Note - compiled by the author

Over the entire journey, it can be seen that the fuel cost of electric trucks is 2.7 times less
than that of a diesel truck. With annual maintenance, the cost of an electric truck is also 2.7 times
less than that of a diesel truck. With an average annual turnover for such routes, an electric truck
pays for itself in 4 years compared to a diesel truck.

Thus, we can say for sure that buying an electric truck will be the best optimization solution
for long-distance cargo transportation. But the disadvantage remains the undeveloped
infrastructure for the electrification of highways, the unavailability of the logistics transition to a
new type of transport, the limited availability of personnel and special technical departments of
services.

Every year, an increasing number of countries are gradually abandoning our usual vehicles
powered by gasoline or diesel. In Europe, the USA, Australia and a number of other developed
countries, there are even measures that promote the development of electric cars and limit the
growth of non-ecological transport.

The engine of electric vehicles is powered by rechargeable batteries. Due to this, it does not
require mechanical action, which has a positive effect on its operation. Compared to conventional
truck engines, it has minimal wear. Also, the electric motor does not have many of the parts that
are present in conventional engines. This saves a lot of money during repairs.

But at the same time, the owner of an electric truck should not forget about the scheduled
maintenance of the battery. This is another guarantee that the engine will work its allotted time
with a minimum number of failures.

And another important factor of electric motors is that they practically do not make noise.
As aresult, the city streets will not only be less polluted, but also quieter [11].

Previously, environmental friendliness was a trend, but now it is a necessity. To reduce
harmful emissions, starting from April 1, 2023, the Almaty authorities have restricted entry to the
territory of the Shymkent ski resort for all types of transport, except electric vehicles and special
equipment. The global automotive industry, including the commercial vehicle segment, is actively
switching to electric motors. Not only because of the environment, but also because of the
economy. Driving has become very expensive due to rising fuel prices and maintenance costs.
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There is also a growing number of resort and protected areas where the passage of vehicles with
internal combustion engines is closed. After "Shymkent", "Medeo" is next in line. But there are a
large number of catering outlets that not only deliver food, but also earn money on food delivery
[12].

Conclusions

To summarize, electric trucks have great potential for use in various industries. They have
advantages over traditional trucks such as fuel economy, low operating costs, lower environmental
impact, and quiet operation.

The use of electric trucks has a number of positive results:

- reducing emissions of harmful substances. Electric trucks do not emit harmful substances
during operation, as they do not use diesel fuel. This helps to reduce air pollution and improve the
quality of the environment.;

- saving on fuel. Electric trucks run on electric energy, which is significantly cheaper than
using traditional fuel. This allows you to reduce transportation costs and reduce the total cost of
operating trucks.;

- quieter operation. Electric trucks are much quieter than traditional trucks. This can be
especially important in urban areas and at night, so as not to disrupt the comfort of residents.;

- more efficient use of energy. Electric trucks have higher energy efficiency compared to
traditional trucks with internal combustion. This means they can travel a longer distance on a
single charge and can use the available energy more productively.;

- low maintenance costs. In the long term, the use of electric trucks can lead to lower overall
operating costs. Electrical systems have fewer moving parts and require less maintenance and
repair.;

- improved stability. Electric trucks can run on renewable energy, such as solar or wind
energy, which helps reduce dependence on unstable supplies of traditional fuels.;

- ease of use. Without emissions of harmful substances, electric trucks can be used in
premises such as warehouses or shopping malls, without fear of poisoning employees or
customers [11].

Overall, the use of electric trucks has the potential to reduce environmental pollution and
improve efficiency and economic sustainability in the trucking industry. However, for the further
spread of electric trucks, it is necessary to develop the infrastructure of charging stations and
increase the battery capacity of these vehicles.

Currently, electric trucks are actively developing and finding their application in urban
delivery, logistics, the construction industry and many other areas. Technological progress in the
field of electric vehicles continues, which makes it possible to increase the efficiency and range of
electric trucks.

However, it is worth noting that for electric trucks to be widely used, a number of problems
need to be solved, such as developing the infrastructure of charging stations, increasing battery
capacity, reducing charging time and reducing production costs. However, given the growing
interest in electric vehicles and the desire for sustainable development, the use of electric trucks
may become an integral part of the future of the automotive industry and trucking.
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0.B.'apmam, M.E. KasiekeeBa, I'.B. MypaT6ekoBa, U.JK. Acuib6eKkoBa,
M.A. ToxxkaxmeToBa
Azamammuik aguayus akademusicol, Aamameol, KazakcmaH
Ka3sakcraH Pecny6/iMKacbIlHAA 3JIEKTP XKYKTepiH nauaaaHy MyYMKiHAIKTepi

Anparna. Bysn 3eprreyzne Kasakcran Pecny6/vkachlHZ@ 3/71€KTP KYK TaCbIFbIIITAp/bl
nanaasaHy MYMKIiHZIrT KapacTbIpbliajbl. Bysl TakKbIpbINThIH, 63€KTIJIr 3JIEKTPOMOOHUAbAEPTE
JleTeH KbI3bIFYIIBIIBIKTBIH, KoHe KOJIKTIH 3KOJIOTUANBLUIBIFBIHBIH, e4dyip ecyl XKyK
aBTOMOOUJIbEPI YIiH 6a/1aMa/ibl SHePTUSA KO3EPiH i3/jey KKeTTIJIrH TyAblpaAbl. JEKTP KYK
TacbirblliTap KasakcTaHza OeH3MHMeH HeMece AW3e/bMeH >KYMbIC ICTEWTIH A3CTYpJi KYK
KOJIIKTEpPiH.  JJEKTP YK TacCbIFbIIITAP/AbIH, 0acTbl apTHIKWIBLIBIFBI TOMEH MNaijasaHy
HIBIFBIHAAPBIHAA KoHe aTMochepara 3UsH/AbI 3aTTap LIbIFAPbIH/blIAPbIHbIH, 60/MaybIH/A, Oy
aya camnacblH >XKaKcapTazbl KoHe KaJlaJlapAblH 3KOJIOTMAJBIK TYPAKTbLIbIFbIHA bIKNAJ €Tenl.
ArtanraH 3epTTeyaiH MaHi KasakcTaH/a 3/1eKTp KYK TaCbIFbIIITap/bl €HTi3y aclieKTisiepi, coHam-
aK 3apsAray WHQPaKypbLIbIMbI, JIOTUCTMKA MNpo6JeMasapbl »XoHe MeMJEKeTTIiK KoJiay
MYMKIiHJiKTepi 6osibin Tabbliazbl. Ocbl 3epTTeyAiH MakcaTbl KasakctaH Pecnyb6JsinkacbiHza
3JIEKTP JKYK TacCbIFbILITAPAbl Maija/saHy MYMKIiHAIriH aHbIKTay 60Jiabl. Ocbl MakKcaTKa KOJI
»KEeTKi3y YIlIiH KeJlik KOMIIaHUsJIapbIHbIH KbI3METiHe TaJlJlay »KYPri3ia/ii, COHJal-aK XYK KeJliriHe
iITEH KaHy KO3FaJTKbIILbI )K9HE 3JIEKTP KO3FaJTKbIIIbI 6ap cajbICThIpMaJibl TalAay *KYPrisiaji.
JlorukasnsIK *koHe KYpbLIbIM/BIK TajJayJap OCbl 3epTTeY/iH 9/jiCHAMaJIbIK, Heri3iHe allHaJbI.
’KyMbic GapbIChIHAA Ka/llbl TEOPUSJBIK, CTATUCTUKAJBIK, FbIJIBIMU JepeKTepre HerisjejreH
KYHeNiK-KypblIBIMABIK Ta/Jlay MakajaHbliAbl. AJIbIHFAaH HOTUKeJiep OOMBbIHIIA 3JIEKTP XKYK
TACBIFBIIITAP/Abl NAWAalaHy KeJIiK KOMIIaHUAJaphbl YIIiH Jie, KOpLlaraH opTa VIUiH Jie TUIMZA],
6ipaK >XeTKiJiKCi3 JaMblFaH KeJliKk MHQPaKYpbLIbIMbl 3KOJIOTUAJBIK KOJIKTI NaijajaHy/Abl
TeXeu/li lereH KOPbIThIH/bI 2Kacayfa 60J1a/1bl.

Ty#iH ce3aep: Keslik KOMIaHUAAAPHI, 3JIEKTP KYK TacbIMajJjaylibliap, KOpLiaFaH opTa,
KeJliKk UHQPaKYPbLJIbIMbI, IOTUCTHUKA.

0.B.'apmam, M.E. KasiekeeBa, I'.B. MypaT6ekoBa, U.JK. Acuib6ekoBa,
M.A. l'okaxMeTOBa
Akademus epaxcdaHckoli Asuayuu, Aamameol, Kazakcma
B03MO0KHOCTH MCNI0JIb30BaHUS 3JIEKTPOrpy30BUKOB B Pecny6 inke Kazaxcran

AHHOTal.ll/lﬂ. B AAHHOM HCC/IeAJOBAaHHUHN pACCMATPHUBAETCA BO3MOXHOCTb HMCIIOJIb30BAHHUA
JJIEKTPOT'PY30BUKOB B PeCHY6JII/IKe KazaxcraH. AKTyaJIbHOCTb ﬂaHHOP’I TEMBI 06YCJ'IOBJIeHa TEM,
YTO 3HAYUTEJIbHBIN POCT NHTEpEeCa K 3HeKTp0MO6I/I.HHM N 3KOJIOTUYHOCTHU TPAHCIIOPTA BbI3bIBAET
HeO6XO,£[I/IMOCTb B IOWCKE aJIbTEPHATHUBHBIX UCTOYHHUKOB 3HEPTUHU AJId PY30BbIX aBTOMOOUJIEH.
3ﬂ€KTpOI‘py3OBI/IKI/I ABJAKTCA OAHHUM H3 NEPCINEKTHUBHBIX BAPUAHTOB 3aME€HbI TPAAWUIITUOHHBIX
F'PY30BHKOB, pa60Ta}0U_mx Ha OeH3WHe WJIH Au3esie, B KasaxcrtaHne. I'maBHOe NnpenmyuecTtBo
JJIEKTPOT'PY30BUKOB 3adK/IIOYA€TCA B HHU3KHUX I3KCIVIYATAHMOHHBIX HU3AEPKKAX U OTCYTCTBUU
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BbIGPOCOB BpPEHBIX BEIECTB B aTMocdepy, YTO yJaydllaeT KaueCcTBO BO3/JyXa U CIIOCOGCTBYET
3KO0JIOTUYECKOUN YCTOMYMBOCTH ropoioB. [IpeiMeToM JaHHOTO UCC/Ie;,OBAHHUS SIBJISIOTCS aClleKThI
BHe/IpeHUs 3JIEKTPOTrpy30BUKOB B KazaxcTaHe, a Takke 3apsiiHON UHPPACTPYKTYPbI, IPOO6JIEMBI
JIOTUCTUKU U BO3MOXXHOCTH FOCY/JapCTBEHHOH NOAAEPKKU. Llesibio JaHHOT0 KCCIeJOBaHUS CTAJI0
onpezeieHHe BO3MOXXHOCTH UCI0JIb30BaHUSA 3JIEKTPOrPy30BUKOB B Pecny6 ke Kazaxcras. s
JIOCTH>KEHUS] JAaHHOM LieJid ObLI NPOBEJEH aHa/IU3 JeTeJbHOCTH TPAHCIOPTHBIX KOMIAHUH, a
TaK)Xe NPOBEJEH CPAaBHUTEJIbHbIN aHA/IM3 IPy30BOr0 TPAHCIOPTA C JIBUTraTeJeM BHYTPEHHETO
CTOpaHMUS U JIEKTPUIECKUM ABUTaTeNeM. MeTO/0/10rH4eCcKoi OCHOBOW JJaHHOTO UCC/Ie/J0BAHUS
CTaJd JIOTUYECKUH U CTPYKTYPHBIA aHaIu3bl. B xoie paboThl GbLI HCIOJb30BaH CUCTEMHO-
CTPYKTYPHbIM aHa/iu3, OCHOBAaHHBbIA Ha OO6LIETEOPETUYECKUX, CTATUCTUYECKUX, HAYYHbIX
MCTOYHHUKaX. [lo MoJIydeHHbIM pe3yJibTaTaM MOXXHO CZeJiaTb BbIBOJ|, YTO HCII0JIb30BAaHHE
3JIEKTPOrPY30BUKOB BBITOJHO KaK /Jisl TPAHCIOPTHBIX KOMIAHWH, TaK U JJIs1 OKpY’KarolleH
cCpeAbl, HO HEJOCTATOYHO pa3BUTas TPAHCHOPTHAass HHPPACTPYKTypa CAEpKUBAET
MCI0JIb30BAHHE 3KOJIOTMYECKOTO TPAHCIOpTa.

KimioueBble c/10Ba: TpaHCIIOPTHBIE KOMIIAHUH, 3JIEKTPOTPY30BUKH, OKPYKaKOIasi Cpeja,
TpaHCHOPTHAsA HHPPACTPYKTYPa, TOTUCTHKA.
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Mogesib rpagoCcTpOUTE/IBHOIO PAa3BUTHUA ropoja ACTaHbI
B IepBOM MoJiIoBMHEe XX BeKa

AM. MyaaaraaueBal2 ™ , T.T.Myca6aeBl3“ , C.J. Mamego0B3

IPr'Ml «'ocepadkadacmpy, 2.AcmaHa, Kazaxcmau
2Kaszaxckull azpomexHuyeckull ynugepcumem um. C.CeligpyanuHa, 2.Acmana, KazaxcmaH
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AHHOTauMa. B [aHHOM cTaTbe mNpUBEJEH PETPOCHEKTUBHBIM aHa/U3
dbopMHpOBaHUSA JIMHEMHON CUCTEMBbl paccejeHHsl HaceJleHUsl, UCTOpUYecKoe
pa3BUTHE U NPUMEHEHUE JAaHHOU KOHLENLUU B ropoJiaX COBETCKOM 3IOXH,
KOTOpO€ BIOCJEACTBUUA TMOBJHUSAJIO HAa TIPafoOCTPOUTEJNIbHbIE ACHEKTHI
COBpEMEHHBIX HaceJeHHbIX NYHKTOB. B paboTe paccMOTpeHbl KJ/l4yeBble
TeHJIEHIJUM pacceJieHUs HaceJileHUs BJO0Jb OCHOBHBIX TPAHCHOPTHBIX
KOPHU/I0POB, BOJIM3U KPYMHbIX MPOU3BOJCTBEHHBIX MPEANPUATUH, a TaKKe UX
BJIMSIHMUE Ha OCOOEHHOCTU TPaJlOCTPOUTENBHBIX CTPYKTYyp. W3ydyeHbl
OCHOBOTIOJIOTAIOIIME KOHIENIUM JIMHENHbIX MOCeJeHUM, pa3paboTHAHHBIX
UCNaHCKUM MHXeHepoM Aptypo Copua-u-Marta u BasbTepom ['ponuycom, a
TaKXKe peaju3anua conuaaucthudeckux ropofgoB B CoserckoMm Corose.
M3yyeHue npuMepoB ropojoB, TAKUX KaK MarHUTOropcK, U UX pa3BUTHE B
paMKax MOJIeJIM «HOBOTO pacceJieHHUsI» IMO3BOJIMJIM NPOAHAJHM3UPOBATh U
MCC/IeI0OBAaTh U3MEHEHHUS NMPHUMEHUTEJbHO K MJAaHUPOBOYHOW KOHLEMLIAU
ropoza ActaHa, nepexoJ, OT JUHEHUHOU CTPYKTYphbl K 60Jiee KOMIIJIEKCHOM,
oTpaxkas TpaHchOpMalLUI0 COLMAIbHO-IKOHOMHUYECKUX yCI0BUU. B cTaTbe
BbISIBJIEHBI KAaK IOJIOXKUTeJIbHble, TAK U HeraTHBHblE ACMNEKTbl JIMHEWUHOTO
paccesieHHs HaceJIeHUsI C aKLlEHTOM Ha ero OrpaHU4YeHHOCTb, 3aBUCUMOCTb OT
NPOU3BOJCTBEHHbIX MOIIHOCTEM W TMOJUATUYECKUX PeEIlIeHUH, a TakKxe
HEeo6X0UMOCTb (GOPMHUPOBAHUS THUOKHX HHCTPYMEHTOB B COBpPEMEHHbIX
ropozckux peanusx. CpopMupoBaHHasi IMHEHHas CUCTEMA paccesieHUs JierJia
B OCHOBY TIpaZlOCTPOUTEJIBHOIO pa3BUTHUSA TropoJa AcCTaHbl M Halia
OTpakeHWe B IMepBOM TeHepaJbHOM IIJIAaHE HACEJeHHOTO MyHKTa C
Heo6X0UMOCThIO afjalTalluu U TpaHCPOPMALK B COBPEMEHHOM KOHTEKCTE.
KiroueBsle cioBa. ['pagocTpouTesibHOE JIaHMPOBAaHUE, IMHENHBINA FOPOJ,
rpa/ioobpasyrouide npeinpusaThs, COLUropoJ, ypbaHru3anus.

[Toctynuaa 4.02.2025. Jlopa6oTtana 11.02.2025. Opo6peHa 14.05.2025. JloctynHa oHsaiid 30.06.202
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Mogesb rpaZloCTpOUTENBHOTO Pa3BUTHS TOpoJa ACTaHbl
B MlepBoii noJyioBuHe XX Beka

BBeaeHue

Bomnpoc paccesnenus HaceneHUs ABAAETCA OAHOM U3 QyHAAMeHTaJbHbIX 3a/ja4 B IpU3Me
pa3BUTHA rocyAapcTBa. PaccesieHne HacesleHMs HEpPa3pbIBHO CBA3aHO C PAa3/IMYHbIMU BeXaMH
pa3BUTHA 001ecTBa B 1€JIOM: IPOMBbIIJIEHHAasA U TPAHCIIOPTHAs PeBOJIIOLUS, OCBOEHUE HOBBIX
TEPPUTOPUM, MEeCTOPOXKJEHUN, pa3BUTHE MPOU3BOJACTBA, TeHAEHIUU ypbOaHHU3aLUH,
arJiIoMepupoBaHUs U T.J,.

Paccesenve HacesieHHMs CB3aHO C OCBOEHHEM TIOCYyAApCTBAMH CBOUX TEpPPUTOPUH.
Haubosiee NpoCTbIMU K OCBOEHUIO ABJSAIOTCA He3aCTPOEHHble TEPPUTOPHUHU, pa3BUTHE KOTOPBIX
He OrPaHUYEHO CI0KUBLIENCA 3aCTPOUKOMN. KaK TONIBKO B 3TUX palOHAX HAYMHAIOT Pa3BUBAThCA
TPaHCIIOPTHbIE KOPUJOPBI, CUCTEMBbI pacCesJieHHs, U3HAYaJIbHO OrpaHUYeHHble OT/eJIbHbIMHU
oyaraMy, HAYMHAKOT MeHATbcA. Ha ocHoBe Takux H3MeHeHUH (OpMHUpYyeTca HoBasd
rpaloCTpOUTe/IbHAA CTPYKTYpa — JIMHENHAsA CUCTeMa paccesIeHUs.

JluHeliHble TOCeJIeHUS Pa3BUBAIOTCA, KaK NPaBUJIO, BAOJb TPAHCHOPTHBIX apTepuy,
KOTOpble CJOYXaT KJK4YeBBbIM rpafodopMupyrwiiuM ¢akTopoM. B KayecTBe OCHOBBI
dbopMUpOBaHUSA IMHENHOI0 IOCEJIEHUS MOKET BbICTyNIaTh BOJHAs apTepus, aBTOMOOU/IbHASA WU
’KeJIe3SHOZ0POKHAsi MarucTpasab. TpaHCHNOPTHBIA KOPUJAOP B OTJIMYHE OT OOJIBLIMHCTBA
MHPPACTPYKTYPHBIX 00'bEKTOB urpaet CKopee rpazodopMUPYIOILYIO HeXxeJsun
rpazoo6pasymolnyto poJib. ['pasgoobpasyomyumMy 31eMeHTaMU 3a4acTyI0 BBICTYNAIOT pasnyHble
npeanpUusATUS.

TakuM o6pa3oM, JIMHeWHass CUCTeMa paccejieHUsl - eCTeCTBEHHbI HCTOpPUYECKH
CJIOKMBIUMMCA 3Tan ypOaHW3allUM, CONPOBOX/AABIIMHCA POCTOM HaceJeHHbIX IYHKTOB
IpeUMYILeCTBEHHO B/I0JIb TPAHCIOPTHBIX KOPHU0POB, Pa3BUTHE KOTOPBIX NPUBOJUT K CIUAHHUIO
nocesenui. Kak u s106ada dopma paccesieHUs HacesleHUs, JIMHeWHas CUCTeMa paccesleHus
SIBJISIETCS OTPaXKeHUEM TOU 3M0XHU U PaKTOPOB, KOTOPhIe MOBJIUSAIN Ha ee pa3BuTuUe [1].

MeToa0/10TUA

MeTofo/10TUs  UCCAENOBAaHUA COCTOSAJIA B M3YYEHUH PaA3JIMYHbIX JIMTEPATYPHBIX
HMCTOYHHKOB 110 33/JaHHOM NpobJsieMe HcCie/JOBaHUs], peTPOCIEKTUBHOM aHa/M3e, ONpe/le/IeHUr
NPUYUH MOSIBJIEHUS MTP06JIeM, CUJIbHBIX U C/1abbIX CTOPOH pacCMaTpUBaeMou MoJiesIh paccejieHUs
HaceJieHUs1, POPMUPOBAHHS BbIBOJIOB U 0000111eHHs pe3yJibTaTOB.

B paMkax peTpOCHeKTHBHOTO aHa/iM3a PacCMOTPeHbl MPO6JeMbl JIMHEHHBIX TOPO/IOB
yepe3 IMPU3MYy HCTOPHUYECKU CJIOKUBLIETOCHA OIbITA, OCHOBHBIX 3TAallOB pPa3BUTHUA [JAHHOU
KOHLIEMLIMHU [IJI1 TIOHMMaHUs NPUUYMHbI BOBHUKHOBEHUS TEKYLIHUX IPOOJIEM.

[TocpeAcTBOM MeTO/la aHAJUTUYECKOrO MOCTPOEHUS MOAPOOHO PAacCMOTPEH COBETCKUM
onbIT GOPMHUPOBAHUSA JIMHEHWHBIX TOPOJIOB, OCHOBHbIE aCMEKThbl JAAHHOW MOJEJH, KOTOpble
NOBJIUSAJIU Ha CTPYKTYPY ropojia ACTaHbl B JOCTOJIMYHBIN IIePUO/, IPEUMYIECTBEHHO B [IEPBOU
nojioBuHe XX-ro Beka.
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[IpoBesileHHBIN aHa/IM3 [O3BOJIMJI BBIABUTh OCHOBHbIE NPUYMHBI NOSIBJIEHUS NPO6JieM B
KOHTEKCTe paccesieHUsl HacesleHUs, JaTh KOMILJIEKCHYIO OLleHKY BceX ($aKTOpOB, KOTOpble
BJIMSAIOT Ha pa3BUTHE HACEeJIEHHOT 0 IIYHKTa B COBOKYIIHOCTH.

PeTpocneKTUBHBIN aHAINU3

[lepBoi1 B MCTOPHUM TPAaHCKOHTHHEHTA/IbHOW JIMHEMHOM CUCTEMOM paccesieHUs BO3MOXKHO
CUMTATh NocesieHUs BLoJIb Benukoro lllenkoBoro nyTy, cTaBuiero Npu4MHOM BO3HUKHOBEHUS U
pPa3BUTHUA MHOTHX TOPOJOB U Jaxke IUBUIN3aLUN. [laHHas TpaH3WTHAs MarucTpasjb IpoxXoJuia
ot Kwnrtaa 4epe3 CpepHworo Asuro, Bocrounwsii Typkectan u Cupuro k Pumy. Ha paHHOM
KapaBaHHOM IyTU M3 04YaroBbIX IOCEJE€HUW HayaJu BbIPUCOBBIBATHLCA IepBble MNPOTOTHUIIBI
JIMHEMHOM OpraHu3alUy HaceJIeHHbIX MYHKTOB [2].

OZHO 13 NepBbIX HAYYHBIX UCC/IE0BAaHUM JTUHEWHOW CUCTEMBI paccesieHUs] NIPUHAAJIEXUT
Aptypo Copua-u-MaTa, MCIIaHCKOMYy WHXXeHepy U gartupyerca 1882 rozom, cTUMy/sioM K
KOTOPOMY MOCJIYXUJIO UHTEHCUBHOE pa3BUTHE TPAHCIOPTA M NPOMBILIJIEHHOCTH, a TaKKe
B3aMMOYBSI3aHHBINA POCT FOPOJICKOT0 HacesieHus [3].

[Ipouecc nHAycTpUaiM3aLuy, XapaKTEPHbIM JJis1 MHOTUX CTpPaH, OKa3aJ 3HauUTeJIbHOe
BJUSIHUE Ha CTPYKTYpy paccesJeHUs HacesJeHUs. B yc/l0BHUSX CTPEMUTENBHOTO pPa3BUTUA
MHPPACTPYKTYpbl M MPOMBIIIJIEHHOTO MPOU3BOJCTBA CO3/jJaBajiIuChb HOBble 3KOHOMHUYECKHE U
colMajibHble CBSI34, KOTOpble ONpeJessjd pa3MelieHHe NPOU3BOJCTBEHHbIX OOBEKTOB U
pacnpejiesieHue paboyeu CUJIbI.

[IpoMblLLIEHHbIE NPEANPUATHUSA JTOKAJIU3UPOBAIUCh B KPYITHENIIUX TOPOJax 160 BOIU3HU
MEeCTOPOX/JeHHUH, B MecCTax J00bliM M 0OpabOTKH TMOJIe3HbIX MHCKONMaeMblX. Pa3BuTHe
TPAHCINOPTHBIX CUCTEM, B CBOI OYepesb, BeJO K YCUJIEHUI MOOWUJIBHOCTU HaceseHHs,
BO3MO>XHOCTHM MasiTHUKOBOW MUIpalldM K MeCTaM NpUJIOKEeHHUS Tpy/Zla, Pa3BUTHUIO MNepPBbIX
IPOTOTHUIIOB arJioMepaliMOHHbIX CUCTEM [4].

[IpvBepkeHLbl UJeU JUHENHOIr0 paccejieHusl CYMTaNH, YTO TaKhe ropojia MOTyT CTaTh
3QdeKTUBHBIM MHCTPYMEHTOM [Jisl JlelleHTpaJu3aldi HacesJeHUs MO0 BCeW CTpaHe, CIOCOOHBI
3aMeHHUTb J00ble JIpyrde HaceJieHHble NMYHKTbl MU YTO CaMa CeTb TAKHUX MOCeJeHUU OyJeT
rapMOHUYHO BCTpPauBaTbCsd B reorpaduyeckyro KapTy, 06e300Jie3HEHHO MpOX0oJs uepe3
CeJIbCKOX035CTBEHHbIE TEPPUTOPUH.

JINHEeNHBbIN KOHLIENT Pa3BUTUS COLTOPOOB

['oBops 0 coBeTCcKOU 3moxe GOPMUPOBAHUSA JIMHEWUHBIX FOPOJOB, MOXXHO OTMETHUTD, YTO
JlaHHbIN KOHIIENT 6blJ YaCThIO MOJUTHUYECKOT'0 BOJIEU3bSIBIEHUS.

OfHMM U3 KJIIOYEBBIX aCIEKTOB TI'PajloOCTPOMTENbHOrO IJIAHUPOBAHHUSI B COBETCKUH
nepuo/; 6pL1a JOMUHUpPYOLasi OMHApHasA JIOTUKA, 0 KOTOpou nuuyT JInavud u MeepoBrY B CBOEH
ctatbe "The binary logic and the socialist city". KoHuenuus conuaiucTuyeckoro roposa
CTPOMJIaCh HAa NPOTUBOIOCTABJEHUSAX, TAKUX KaK LIEHTP — nepudepus, 061eCTBEHHOe — YaCTHOE,
miaH -  Xaoc. /laHHble OWHapHble NPOTHBOIOJIO)KHOCTU BJIUSJIM HA apXUTEKTYpy U
miaHupoBaHue ropoaoB B CoBerckom Corse, rjAe BHUMaHUE YAeJSJ0Cb CO3JaHUI0
OYHKIMOHANBHBIX M HUJAE0JOTUYECKUX LEeHTPOB, MOAJEpPKUBAIIUX COLHATUCTHYECKHE
LeHHOCTH|[5].
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PasBuTHe NpOU3BOAUTENBHBIX CUJI HENIOCPELCTBEHHO BJIMSAJIO HA TeH/EHIIUU pacce/IeHUs
HaceseHUsA. PopMUpOBaHUE CeJIUTEOHBIX TEPPUTOPUM, B CBOI OuYepe/ib, OCYIEeCTBJISAJIOCH IO
OCTATOYHOMY NIPUHIIMITY, KOTOPOMY YAeJIAJ0Ch NIoC/eiHee 3Ha4YeHHe.

[Ipexze Bcero, Ha mepBOM MecTe CTOs/1a 3pPEeKTUBHOCTb pa3BUTHUSA NPOU3BO/CTBA UCXOAA
M3 pecypCHOro NnoTeHLiHaJa TePPUTOPHUH. BlacTh CO3HATeNIbHO LLJIa HA CO3JaHUe IOCeJIeHUH,
NOJAYMHEHHbBIX UHTepecaM pOpMHUPOBaHUS IPOMBIILJIEHHBIX IPOU3BO/ICTB, HA KOTOPbIE YXOAUJIU
BCe peCcypcChbl CTpaHHbI.

Takaa koHuenuua noJpasyMeBasa IOJHOEe MCKOPEHeHHe HepaboTalollero HacesJeHUs,
NPUHYXK/JEeHHe HeTPYAALIUXCA K TpyAy, TaK KaK BCe YCJOBHA MNOATAJKUBAJIU K IOJHOMY
BKJIIOYEHHUIO HaceJleHUW B TpPYZLOBOM Iponecc. PacyeTHO-HOpMaTUBHbIE IOKa3aTesd
$OpMHUPOBaHHUA COLrOPOJOB OCHOBBLIBAJUChH HA MOCTYJIaTe, YTO B CTPYKTYpe HacesJeHUs OyAeT
TOJIBKO paboTawIlas KaTeropus.

O HMM U3 IPUMeEPOB COLrOPOJOB CTal KOHKYypCHbIM npoeKT 1930 roga «MarHuToropbsa»,
B paMKax KOToporo ObLIo mpexcTaBjeHO «HoBoe paccesieHue 4esioBe4eCcTBa» OpHUTrafbl
Ctpoiikoma PCOCP (M.A. OxutoBuy, B.M. Bnragumupos, M.O. Bapui, H.b. CokosioBa u ap.).

[lesiblo mpoekTa fABJAJOCH pacHpefieseHue UHPPACTPYKTYPHBIX M NPOMBILIJIEHHbIX
00bEKTOB U HaceJleHUs] KPYIHbIX FOPO/0B BJ0JIb TPAHCHOPTHBIX MarucTpaJseu, YTo N03BOJISJIO
CHU3UTD IJIOTHOCTb 3aCTPOMKU HaceJIeHHbIX yHKTOB[6].

B TOT e neproJ U3BECTHBIM COBETCKUM apxuTeKTopoM H.A. MUIIOTHHBIM 0Ny6JIMKOBaHA
kHura «Coyropoz;: [Ipo6eMa CTpoUTENbCTBA COLUATUCTUYECKUX FOPOL0B. OCHOBHBIE BOIPOCHI
palMOHAJIbHOW MJIAHUPOBKU U CTPOUTENIbCTBA HaceseHHbIX MecT CCCP», B KOTOpOU JeTa/ibHO
IIPOAHAJIM3UPOBAHbl OCHOBHbIE AaCHEKTbl IPAaZOCTPOUTEJLHOIO IJIAHUPOBAHUSA JIMHEUHBIX
ropojioB (puc. 1).
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PucyHnok 1. H.A. MuwiioTvH. CxeMa JIaHUPOBKM JIMHENHOT0 roposa MarHutoropck [7]
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MuaoTHUH paccMaTpuBa/J He TOJIbKO CO3JjJaHHMe HOBBIX I'OPOJOB, HO M BO3MOXXHOCTb
PEKOHCTPYKLUHM CYLIeCTBYIOUIMX HaceJeHHbIX MyHKTOB. PEKOHCTPYKLUs, ocyliecTB/seMas Mo
e/JMHOMYy TeHIJIaHy, JOJ/DKHa Oblla INPUBECTH K O3/ 0POBJEHUI0 TOPOJCKOW cpeAbl U
CIOCOOGCTBOBATh CTUPAHUIO Pa3HULbI MEXAY FOPOJOM U JiepeBHeH, KoTopas MorJja 06ecneyruThb
NOTOYHO-QYHKIMOHANbHAsA cxeMa paccesneHus. (puc 2) [7]
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a) 6)
Pucynok 2. H.A. MwiwTuH. a) CxemMa NIJIAaHUPOBKM MarHMTOropcKka no MNOTOYHO-
¢yHKuHMOHA/IBHOM cucTeMe. 6). [loToyHasa cxema IlaHUMPOoBKU Hmxkeropoackoro 3aBoaa [7]

Pena

H.MuitoTHH paccMaTpuBas NOTOYHO-QYHKIIMOHA/TIBHYI0 CUCTEMY KaK KapKac pa3BUTHUA
JIMHEVHBIX [10CeJIEHUH BJLOJIb KPYIIHBIX TPAHCIOPTHBIX KOPHUAO0POB, 10 KOTOPBIM IlepeMellalvCh
IpPOU3BO/CTBEHHblE IOTOKM, HayWHasd OT MHULMALMMU MpPOEKTa, cbopa Cbipbsd BIJIOTb [0
peasuM3an My roToBOro MPOAYKTa.

OCHOBY KOHLENIMU COCTABJAJO Mapa/lle/lbHOe 30HUPOBaHME, IZe KUjasd 3acTpOMKa
cerperupoBajiacb OT IPOMBILIJIEHHBIX 30H 3€JIeHbIMU TeppUTOPUAMH, TZAe pasMellalnch
00beKThI 06pa30BaHUA U 3/]paBOOXPaHEHUs, OOLENUTHI ¥ IPOXO/HbIE /151 3aBOJ,0B.

JIuHeliHasA MoZieJib CIIOCOOCTBOBAJIAa YMEHbIIEHHUIO PACCTOSHUA MeXAY JOMOM U paboToH,
MCKJ/II0Yast He06X0JUMOCTb M0JIb30BAHHUS JIMYHBIM UJIM 00LeCTBEHHBIM TPAHCIOPTOM.

OueHuBass B3aWMMOJENCTBUE >KUJIOW M IPOMBILLJIEHHONW 30H INPH NPOEKTUPOBAHUHU
IPOU3BO/CTBEHHBIX O00bEKTOB, YYUTHIBAJINUCh MPUPOAHO-KIMMaTUUYeCKUe (PaKTOpbl, BK/IKOYas
pO3y BETPOB, MHCOJIALUIO, KOTOPbIE BJIMSJIM Ha PAcloJIOKeHUe U OPUEeHTALUI0 YJIUL, U 3JaHUN
HaceJleHHOTro MyHKTa. [Ipy 3TOM, TpaHCHOPTHBIM KOPUZAOP BBICTYyNA/ B KayeCTBe OCHOBHOMU
IIJIAHUPOBOYHOM OCH HaCeJIeHHOr0 INYyHKTa, obecrneyuMBas ero B3auUMOCBA3b C JpyTMMH
TEPPUTOPUAMM.

Takum o6pa3oM, O6bl1 cOOPMUPOBAH HOBBIA JleTaJIM3UPOBAHHBIM  aJrOPUTM
dbopMHUpPOBaHUS NPOMBILIJIEHHBIX TOPO/OB.

B 4yacTHOCTH, B NpOU3BOJCTBEHHBIX palOHaX, IOMUMO CKJaZJOB, NpeAyCMaTpPpUBAIUChH
KOMMYHaJIbHble CIY>KO0bI, 00C/Iy>KMBalOLMe KaK UJible 30Hbl, TaK U [IPOMBIIJIEHHbIE 00'bEKTBHI.
«/leTckre 30HbI» B paMKax 001el NJaHHUPOBOYHOM CTPYKTYpPbl BKJIIOYAIU B ce6s1 JOIIKOJIbHbIE
yUpEXAEeHUs, YIpexKJeHU CpeJHero ob6pa3oBaHMsA, UHTEPHAThbl/ OOLIEKUTUA JJA JeTed U
KyJIbTyPHO-03/10pOBUTeJIbHbIE LIeHTPbl. TaKol KOHLeNT nocesiKa npeJJoxeH MU TUHBIM
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psaaoM co CTaJIMHTpaZiICKUM TPaKTOPHBIM 3aBO/OM Bl0J1b Gepera Bouiru [8].

[lapannenbHo  wesn  mpouecc  BHeApeHUs B NpodeccCUOHa/bHOE  CO3HaHHUe
NPOEKTUPOBILUKOB UJleM NPUHIUINWAJBHOTO OTKa3a OT MHAUBU/YAJbHOM XUJI0MU KBapTUPHI B
KayeCTBe MacCOBOTO TUIIA XKUJIbsS C POPMUPOBAHHEM JOMOB-KOMMYH. 3TO HE0OX0JUMO ObLJIO [J15
OBICTPOTO OCBOEHUSI HEOOXKUTHIX TEPPUTOPUN B MAKCHMaJIbHO CXKaTbl€ CPOKU.

B 1aHHOM KOHTEKCTE peyb I1J1a 0 BJIUSIHUM HOBOU OpraHM3alM1 COLUAJIUCTUYECKOT0 ObITa
Ha XapaKTep paccesJieHUsl HaceJleHUs, MaKCHMaJbHOoe 0000lLiecTB/eHHe ObITa, 3aMeHe
vepapxruiecKor CUCTEMBI [I0CeJIeHUU Ha OJHOPOAHbIE CUCTEMbI U3 HEOOJIBIIUX FOPO/OB.

BmecTe ¢ TeM, MoJi0’KeEHUE O MOJHOM PAaBEHCTBE BHYTPH TAKUX MOCEJIEHUN MOXET ObITh
JUCKYyTUpOoBaHO. CTpPyKTypa [laHHBIX I[OCEJEHUMM TaK HWJM HHaye ObLJIa HepapXUYHOM:
MHJWBUJya/bHble 0Ma — KOTTEJXXU [Jil BBICUIEr0 Ha4yaJbCTBa, KBApTUPBI — [JS1 CpeJHETo
KOMaH/JHOTO COCTaBa, 001LeKUTHUSA — [J19 pabouux, /18 OJUHOKHX IpeJjHa3HaYa U Ch KazapMbl [9].
CTpousuch B ompejeJIeHHOM KOJMYECTBE U MHOTOKBApPTHUPHbIE JoMa AJs pabouux, OJHAKO
paccesieHHe MPOXUCXOAUJI0 B TAKUX »KUJIMILLAX B OCHOBHOM MOKOMHATHO-oceMeiHO. K npumepy,
B 20-x roJijax TpeXKOMHaTHasl KBapTUpa peJHa3Ha4vasaach AJjs Tpex ceme. B 30-x rozax JaHHbIN
NO/JX0/i COXPaHWJICS, OHAKO BMECTO KaNMUTaJbHbIX CTPOEHUU B BHU/Jle OOILEKUTHU U [OMOB,
npeJHa3Ha4YeHHbIX /IJI1 IOKOMHATHOTO paccesieHrsl paboyux ceMei, NOSBUJINCh NIPUMUTHUBHbIE
6apakH U JelieBble 3eMJAsSHKHU [10].

B 1926 ropy »xuaumHasg Hopma B CCCP cocraBssisia [Jii TOPOACKOrO HacesJeHUs
npub6M3uTeNbHO 5,5 - 5,7 KB.M Ha 4yesioBeka. BMecTe ¢ TeM, mo opuLMATBHBIM JAAaHHBIM 3a
NepBYyI0 NATUIETKY ObLJIO MOCTPOEHO 23 MJIH. KB.M XWJIbsl, YTO 03HAYaJI0 YMEHbIIIEHHUE CpeaHelr
HOPMbI XWJibs [0 4,7 KB.M 110 cTpaHe [9].

BoJsiee Toro, naHHbIM Moka3aTesb OblJI HAMHOTO HUXKe B OTAesibHbIX perroHax CCCP, k
npuMepy, B 1932 r. B 1poMbILIJIEHHBIX TOPO/iaX YpaJjia HOpMa »KUJibsl cocTaBJsina 3,5 KB. M (0T 4,2
kB.M B CBepaJsioBcKe 0 1,6 kB.M B MaruuToropcke) [10].

Becp OBIT BbICTpauBasiC TakKUM 00pa3oM, UYTOObI CO3JaTb MaKCHUMaJsbHble YCJIOBHUS
BOBJIEUEHUs HacesJeHUs B TPYAOBOU mpouecc. B yacTHocTH, scay, JeTCKUe caZbl U LIKOJIbI-
MHTEepPHAThI JO/DKHBI ObLJIN ObITh paccuuTaHbl Ha 100% oxBaT AeTel.

['pafocTporTesibHOE pa3BUTHE HACEJEHHOrO MyHKTA CKJIaJblBaJ0Ch, HECOMHEHHO, B
KOHTEKCTe MOJIMTUYECKON U UJIe0JIOTUUEeCKON cpelbl. /laHHasA ujiesl TakKe MPOC/IAeXKUBAETCS B
uccinenoBanuu ("Scientific skepticism and inequality: Political and ideological roots") Kamn6enna
u Kesd OTHOCHTE/NbHO BJIUSHUS NOJUTUYECKUX pelleHUW Ha H/Ee0J0OTHYEeCKHe YCTAaHOBKH,
BKJIIOYasl IPa/IOCTPOUTENBCTBO U peaju3aluio FTOpo/iCKUX NpoeKToB [11].

Takum o06pa3oM, KOHIENT COLropoJa He OrpaHUYMBAJICAd TOJBKO (OpPMHpPOBAaHUEM
omnpe/ieieHHON MJaHUPOBOYHOM CTPYKTYpPbl HACEJ€HHOTO MYHKTA, NOJHOCTbI MOJYMHEHHOTO
WHTepecaM Tpafoobpa3yrolero NpeanpyusaThs, HO U ObLI MNPOJAYMaH BIJIOTb 10 CTPYKTYpbI
YKUJIBIX IOMOB, TaKXKe 6a3upoBaBIlIeics Ha 001el MOJUTHYECKON U/I€0JIOTHH.

OyeBHUAHO, YTO B PAaCCMOTPEHHOM KOHTEKCTE COBETCKOrO MepUoAa Hjes JIMHEWHOTO
ropojia 3akJl4yajacb B TOM, YTOObI CO3/JaTh 4YeTKOoe (YHKIHUOHAJIbHOE 30HUPOBAHHUE, TAe
KOHTPOJIb 332 BCEMU acneKTaMU U chepaMU KU3HeAesATeJTbHOCTH ropo/ia LeHTPaJn30BaHHbIM.
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OcHOBHOM 3a/1a4el ObIJIO pellieHHe 3IKOHOMHUYEeCKUX BOIPOCOB, a He popMUpOBaHUE KOMPOPTHOU
COLIMa/IbHOW Cpesibl.

JlnHelHasA MoJie/ib B KOHTEKCTe ropoJia AcTaHa

JluHelHada cucTeMa paccesieHUs MMeJla TaKXKe UCTOPUYeCKOe 3HaYMTebHOe BJIUSHHUE Ha
IIJIAHUPOBOYHBIM KapKac U rpafloCTPOUTEJIbHOE pa3BUTHe ropoja ACTaHBbl.

[lenvHorpaz (HbiHe AcTaHa) UMeJl 0OYeHb YeTKYI0 CTPYKTYpPYy, OCHOBAaHHYIO Ha JIMHEHHOM
paccesieHUH, KOTopas Oblyia NMpe/JiodkeHa B reHnsaHe 1962 r. ¢ pasesieHHeM Ha TPU KJIKOUYEBbIE
30HBI: UHAYCTPHaA/IbHAA 30HA B CEBEPHOW CTOPOHE OT KeJIe3HOU JJOPOrH, )KUJ1asd 30Ha B cepe/jiHe
HaceJIeHHOTO MYHKTA M 30Ha peKpealyHu € JAYHBIMA MacCUBAMHU B 10)KHOM HallpaBJieHUH. /laHHas
Mo/ieJib IMHEMHOI0 ropo/ia NpeCcTaBJis/1a COBETCKUHM ealn3M, 6a3upoBaBIIMKCA Ha [1JIaHOBOU
skoHOMUKe. KakJblil KUTesJb ropojia UMeJs yAOOHBIA JOCTyHn OT MecTa paboThl K JOMYy U
peKpealMOHHbIM (3eJieHbIM) IPOCTPaHCTBaM, 6J1arofaps napa/jieJ;lbHOMY pacloJ0oXKeHUI0 TpeX
30H: MHAYCTPHAJIBHOM, XKUJIOW U TapKoBOM. [IpeAnosiaranock, YTO JaHHbIE TPU 30HBI MOTYT PacTH
napaJsiJieJibHO JpyT ¢ Apyrom [12].

JIuHeliHO-MIOJIOCOBAass IMJIAaHUPOBOYHAsg CTPYKTypa Tropofa llesinHorpaja 6bL1a
B3aMMOYBs3aHa C JlaHJmadTHO-reorpapruieCKUMH yCA0BUSIMU TEPPUTOPUH, PACIO0OXKEHHEM Ha
KPYITHOM TPaHCIIOPTHOM aBTOMOOMWJIbHO-KeJIE3HOJO0POXXHOM y3Jie, 6YpPHbIM HMHAYCTPHAJbHbIM
pa3BUTHEM rOpo/a, IpeBpPaTUBLIEr0 NPOMBILJIEHHOCTD B IJIaBHBIM IPaloo6pas3youui GpaKTop.
B coBeTCKHUi1 nepuoA B ropo/ie paboTaau KpynHeHlMe NPpOMbILLJIeHHbIe TPeJNPUATHUS He TOJIbKO
Kazaxcrtana, HO U gaxe B KoHTekcTe CoBeTckoro Coro3sa, Takue Kak LlesnHcenbMall (BbIMYCK
CeJIbCKOX03MCTBEHHOU TexHUKH), KasaxcesbMmall (IpoOM3BOACTBO CeJbX03000pyZ0BaHHUSA),
3aBO/Ibl N0 M3TOTOBJIEHHUIO >XKeJe300€eTOHHBIX U3/ieJIUM, ra30BOM amnmnapaTypbl, KepaMHU4YeCKHUX
W3/leJIUM, YYTYHOJMTEWHbIN, HACOCHBIM, 3aBOJ, NPAAUJbHO-HUTOYHBIA KOMOWUHAT W Jpyrue
NpeANnpUsTHS, B KOTOPbIX pab0oTao 0KOJIO COTHHU ThICAY pab0yUX U UHXKEHEPOB.

[IpoMblLIEHHBIN KJIacTep, KyJAa BXOAWJINA NMPOU3BOJACTBEHHBIE 00'bEKTHI, pa3Mellasics C
CeBEpPHOM CTOPOHBI KeJIe3HOH JOPOTH C NO/iBeleHUeM TYIIMKOBbIX >KeJIe3HOL0POXKHbBIX BETOK /15
yA0OHOM JIOTUCTUKY, IepeMelleHHs CbIpbsl, TOBAPOB U rpy30B. [/l peryJiupoBaHUs COOJII0IEeHUSA
CAaHUTApPHO-3ALIUTHBIX HOPM, KWJad 3aCTPOMKA pa3MellaJuCh Ha JAOCTAaTOYHOM yJaJIeHUHU OT
MCTOYHUKOB 3arpsi3HeHHsl B COOTBETCTBHE C HOPMAaTUBHBIMU TpeboBaHUAMHU. [ls1aHMpOBOYHasA
CTPYKTypa obecrneyrBasia paBHOY/JaJIeHHbIM JOCTYI HaceJleHUsl K MecTaM NpUJIOKeHUs TpyJia U
3eJiIeHbIM [IPOCTPAHCTBaM, 6s1aroaps napaJijieJbHOMY 30HHPOBAHHUIO.

B cBoM0O O4yepesb, B IepBOM reHepa/ibHOM IJIaHe I.ACTaHbI B CTATyCe CTOJMULbI BCEMUPHO
M3BECTHBIM SANOHCKUM apxuTekTopoM Kuce KypokaBa Obl1a 3ajokeHa KOHLENLUSA
MeTab0JIMYeCKOr0 ropo/ia, TaKXKe B3aMMOYBsi3aHHAsl C JIMHEHHbIM 30HUPOBAaHHUEM COBETCKOIO
reHmsaHa. CylecTBoBaBIllIMe TPU 30HblI ObLIM MOApPa3/esieHbl Ha CeEMb, BKJKYaLMe B cebs
CEeBEPHYI0 JIeCON0JIOCY B KayeCTBe 3allUThl OT NbIJIBHBIX 0YpPb, UHAYCTPUATBHYIO 30HY, 3€JIEHYI0
I0JI0CY /ISl 3alllUThl FOPOJCKON CpeJibl, CYLeCTBOBABUIYIO 3aCTPOMKY IOpo/ia, HOBYIO >KUJIYIO
30HY, HOBBIM LIEHTP U I0XKHYI0 30HY 3Konapka. MeTabo/IMCTh], K KaKOBbIM oTHOcuJIcs Kypakaga,
CYUTAIM BO3MOXKHBIM K TMOKOMY Pa3BUTHIO KaK OT/ieJIbHBIX 00'bEKTOB, TaK U Topo/a B LesioM. [1o
MHeHUIO KypokaBbel cpopMupoBaHHasi JMHeWHass cucTeMa AcTaHbl TO03BOJIUT TOPOAY
pa3BUBATbHCS IBOJIIOLMOHHO U cHba/laHCUPOBaHHO [12].
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BmecTte ¢ TeM, cylmiecTBOBaj/iM M aJbTepHATUBHbIE HUJEH pa3BUTUA ropoja AcTaHBb],
OCHOBaHHble Ha IOCTENIEHHOM OTXOJe OT JIMHEMHOro 30HUpoBaHudA. Tak, B 1996 romy k
pa3paboTKe reHepa/ibHOTO IJIaHA TOpoJia OblIa NpHUBJeYeHa JIOKaJIbHasA NPOEKTHAsA KOMIAHUA
«Axk Oppga», KoTOopas NpeAJoXWJa OTOHUTH OT JIMHEHHOM CHUCTeMbl TpPaZloOCTPOUTEJIBHOIO
OCBOEHHS HACEeJIeHHOTO NIYHKTA C IIONepeYHbIM pa3BUTUEM B I0)KHOM HAIpaBJIEHUH Yepe3 peKy
MmyM. bBosbliasg d4YacTb aJAMUHUCTPAaTUBHBIX U [IeJIOBBIX OOBEKTOB IIJIaHUpOBa/Jdach K
pa3MelleHHUI0 Ha JIEBOM Oepery BoAHOM apTepuu [12].

JInHelHasA CTPYKTypa ropo/ia, 3a/10KeHHasi U3Ha4aJIbHO B ropozie AcTaHa, COOTHOCHJIACh C
IIepUOJI0M aKTUBHOTO pa3BUTHA IPOU3BOJUTE/IbHBIX CUJI B COBEeTCKUH nnepuof. OTKas «Ak Opabi»
OT TUIHWYHOIO JIMHEWHOIO0 30HMPOBAHUA COLIrOPOLOB C pa3BUTHEM HACEJEHHOTO IYHKTa
nonepex, 66110 CAMBOJIMYECKOM MONBITKOW CMEHbI COBETCKHUX M10JIX0/10B K IPaZloCTPOUTEIbHOMY
IJIAHUPOBAHMUIO.

OTkKas OT JINHEHHO-I10JI0COBOT0 PAa3BUTUSA U Nepexo/, Ha TePPUTOPHUATbHO-KOMIIAKTHYIO
pasvasbHy0 CXeMy Kak I0Ka3aJo BpeMs fBWJIOCh NPABUJIbHBIM pelleHHWeM, ONpeessaioIiuM
11eJ1eC000Pa3HOCTb JIMHEWHOTO Pa3BUTUSA IOPO/ia, TaK KaK rOpPOJ, OTePSJ CBOIO IPOMBILIJIEHHYIO
cnenuanvsapuio. /Jlyig cOXpaHeHUs JIMHEWHOrO paccesieHUs IMPOMBILIJIEHHOCTb JOJDKHA
0CTaBaThCs BeAYIIUM I'paZlo06pa3yolMMU rpasopopMUPYIOIUM GAaKTOPOM.

OpHako, HeMHOro mnosjHee [J1aBoM rocyjapcrBa Obl1 0OGBABJIEH MeXAYHapOAHbIU
KOHKYpC, mobeauTeIeM KOTOPOro cTas ANoHCKUM apxuTeKkTop K.Kypokasa n noaxoab! KoToporo,
He KOPPeJIMPOBAJIMCh C IAHHOW KOHIEeNIUEeH.

B nesioM, MOXXHO pe3lOMUpPOBaTh, YTO HayhHas ¢ 90-X roZj0B KapJUHaJbHbIM 06pa3oM
IIOMEHSJIMCh COLMA/IbHO-3KOHOMHYECKHe YCJIOBUS B TIopoJie M B CTpaHe B ILeJIOM.
[IpoMbllllIeHHbIE  NpPeANpPUATUS  IlepecTali  ObITb  IpaZoobpasyroliuM  GaKTOpOM,
OnpezeAarIUM IIAHUPOBOYHYIO CTPYKTYPY TeppUTOpUHU ropoga. CTOJIMYHBIN CTATyC PUBEJ K
aKTUBHU3allMU pa3BUTHUA chepbl yciayr, POPMUPOBAHHUIO HOBOM 3KOHOMUUYECKOW clielaln3aluu
ropojia, CBI3aHHOM C CepBUCHBIMU U AJMUHUCTPATUBHBIMM QYHKLMAMU ropoza. ITO BCe B
COBOKYITHOCTH NPUBEJIO K IOTePe aKTyaJIbHOCTH JIMHEWHOT0 30HMPOBAHUSA HaCeJIeHHOI'0 IyHKTA
[12].

[Ilpon3souin 3Ha4YMTe/ibHble M3MeHeHHUs, rjie 3aZadya GopMHUpoBaHUsS KOMOPTHBIX
ypO6aHUCTUYECKUX NPOCTPAHCTB CTajla OJHOW K3 MNPHUOPUTETHBIX B KOHTEKCTe pa3BUTHUA
IJIAHUPOBOYHOM CTPYKTYpbl U HAcCeJEHHOTO NMYyHKTA B LiesioM. [loBbllleHHMe KadyecTBa Cpebl
YKU3HeJ|esITeJIbHOCTU HacesleHUs], CO3/IaHUe YCJI0BUH /I/1s1 oOecriedeHUs MOTPeOHOCTEN KUTelel
B 0011leCTBEHHBIX NPOCTPAHCTBAX BEJIO K YCUJIEHHIO COLUA/IbHOM COCTABJAIILEN B apXUTEKTYpe
Y TPaZlOCTPOUTEIbHOM IIJIAHMPOBAHUU.

Pa3BuTHe PBIHOYHBIX OTHOLIEHUH M POCT KOHKYPEHLUH JieBeJollepoB/ 3aCTPOUILUKOB
BbIIBUHYJIM BIlepe]; HEOOXOJAUMOCTb OpPHUEHTALMM Ha MOTPEOHOCTH W OXUJAAHUA KUTEseH.
ConanbHbIM acleKT CTaJl UTpaTh BaXKHYI0 POJib B MPOEKTUPOBAHUM KUJIOW U 061 eCTBEHHOU
3aCTPOMKH, pa3BUTHUU UHPPACTPYKTYPBHI, CO3/JaHUU 6€30MaCHON CpeJibl.

W3 aToro cienyeT, YTO pa3BUTHE apXUTEKTYPHO-NPOCTPAHCTBEHHOM Cpe/ibl Hepa3pbhIBHO
CBSI3aHO C 3KOHOMMKOW M reorpaduyecKMM I0JIOXKEHHEM TEPPUTOPHUMU U CONPSIKEHO C ee
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ocobeHHOCTAMHU. ColMabHO-3KOHOMHUYECKHMe Npeo6pa3oBaHUs BJIMAKT Ha NOTPeOHOCTH B
KadyeCcTBe IKWJIOM cCpeJbl, THUIIOJOTUI0, IPOCTPAHCTBEHHO-NJIAHUPOBOYHYK CTPYKTYypy H
apXUTEKTYpY.

AKTya/ZIBHOCTb JIaHHOI'O BoIlpoca 06yCJIOBJIeHAa NMOMCKOM pelleHUH 1Mo GOpMHUPOBAHHUIO
XKUJION Cpelbl, CJOXHUBIIEHCA B pe3yJbTaTe IPOLLECCOB COLUAJbHO-3KOHOMHUYECKUX
npeo6pa3oBaHUH B 0011eCTBEe U HEOOXOJUMOCTBIO IPOTHO3MPOBAaHHU ee Ja/bHeNIero pa3BUTHUS
[13].

TakuM obpa3om, npeblyIIUI I0AX0, «CBEPXY BHU3» K pa3paboTKe rpaZjoCTPOUTENbHBIX
IPOEKTOB, B YaCTHOCTH TleHepaJbHOro IlJIaHA HaCeJIeHHOTO IyHKTa, 0asupoBasicd Ha
BOJIEU3bSIBJIEHUU T'OCYAapCTBa, I/le JOMUHUPOBAIM MHTEPEeChl Pa3BUTHUs NMPOU3BOAUTEbHbIX
cui. OHAKO B TEKYIMX peasrsX 1eleco0Opa3HbIM SIBJSETCS IOJAX0J, «CHU3Yy BBEpX», Tje
IJIaBHbIM KOMIIOHEHTOM ToOpoJia CTAaHOBUTCA >XWJas cpeja. B KpynmHbIX ropozax, TakuMxX Kak
CTOJIMYHBIA pEervoH, He JOJDKHA CYLIeCTBOBAaTb >KeCTKas KOHLENLMs, a JOJHKHbI ObITh
chopMUpOBaHbI AITOPUTMUYECKH pa3Hble BAPUAHTHI, KOTOPbIe M03BOJISIOT TMOKO pearupoBaTh
Ha pasJjinyHble QaKTOpbl pa3BUTHSA, aJlallTUPOBaThbCcs. BMecTe ¢ TeM, Takod mojaxoJ TpebyeT
bopMHUpOBaHUSA YETKUX MHCTPYMEHTOB-NPOTUBOBECOB, MO3BOJIAIOLMX He [JONyCKaTb
yXyAllawllee rpaJjoCTPOUMTESbBHOE OCBOEHHE TEeppPUTOPUH, KOHTPOJHUPOBAaTb HOPMATHUBHOE
COOTBETCTBHUE, a TaKKe NPeJlyCMaTPUBaThb BbICOKYIO CTelleHb OTBETCTBEHHOCTH MPUHUMAIOIIHUX
peleHHs NOJUTUYECKUX TOCCTYKaIIUX.

Pe3yabTaThl M 06CyKAeHUe

[IpoBeieHHBIN aHAIM3 MTOKa3aJl ollpe/ieJIeHHbIE MOJIOKUTE/IbHbIE U HEraTUBHbIE aCIEKTHI,
XapaKTepHble /151 JTUHEMHOW CHUCTEeMbI paccesieHUs HaceJIeHUs.

KoHuenuus JMHEHHOr0 ropojia, HECMOTPS HA CBOK OMNpeJieJIeHHYI0 YTOMUYHOCTb U
HMCTOPUYECKYI0 TMOJHUTUYECKYI0 COCTABJISIONLYI0, OCTaBUJA IMOJIe3Hble WJAeW U TMPHUHIIUIIbI,
KOTOpPbIe MOXKHO aIallITUPOBATh K COBPEMEHHOMY I'PaJIoCTPOUTENbCTBY. TaK, K M0JI0KUTEIbHBIM
MOMEHTAM JIaHHOU MO/IeJIU MOXKHO OTHECTH cJiejiytoiue GaKTophbl.

[IpupogHo-KIMMaTHYeCKUEe GAKTOPHI

[l1aHUpOBKa JIMHEHHOrO TropoJia Y4YHUTBHIBAET MNPUPOJHO-KJIUMATHYECKHE YCJIOBUS H
0COGEHHOCTHU JIaH/adTa, TPUPOAHBIX 06'bEKTOB, BKJ/IHOYAs yYeT PO3bl BETPOB, HHCOJISIUU U T.JI.
KpomMe Toro, o6ecneurBajiach HelocpeACTBEHHAsI CBSI3b HAaceJeHHs C TPUPO/I0H, 3aK/II0YaBIIASACS
B Ielllel JJOCTYMHOCTH 3eJIeHbIX MPOCTPAHCTB, pAaBHOM /IOCTYIle HaceJleH!s K TapKaM U CKBepaM.

B ycioBuAX r/106a/bHOTO M3MEHEHHs KJMMaTa U 3KOJIOTUYECKOW HeyCTOMYUBOCTH,
HEeOoOXOJUMOCTh KOMILJIEKCHOIO aHa/iM3a U y4yeTa MPUPOJHO-KIMMATUYECKOTO KOHTEKCTa
SIBJISIIOTCA  3J1000/IHEBHON MpO06JieMON /[JiT COBPEMEHHBIX T'OPOJIOB, YYUTBHIBAs BaKHOCTb
CHWPKEeHHUsS] HEraTUBHOI'0 BO3/IeHCTBUS TOPOJIOB HA OKPYXKAWIIYI0 CpeAy, a TaKXKe CHUXKEeHUs
M3/lep>KeK U 3aTpaT Ha IHeproobecneyeHue, pa3BUTHE UHPPACTPYKTYPHI U T.[I.

[lemexo/iHasi AOCTYMHOCTh

BakHBIM aclMeKTOM pa3BUTHUS JIMHEMHOW MoOJesid IJIAHUPOBKHW TOPOJIOB ObLJIO
obecrieueHue Telled JOCTYMHOCTU KJIIOYEBbIX OOBEKTOB U 30H 06e3 He0O0X0JUMOCTHU
HCIOJIb30BAHUS TpaHcmopta. HWpaes «ropomoB JJis  JoJed» aKTUBHO MUCIOJIb3yeTCsd B
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COBpPEMEHHBIX peajUsiX U yXKe BKJIYaeT TaKhe 3JeMeHThbl, KaK CO03JaHue IeLIeXOJHbIX U
BeJIOCUIIEIHbIX MapLIPpyTOB, MUHUMHU3ALUI0 aBTOMOOMJBHOIO TpaduKa B KUJbIX paloHax,
CTPOUTEJIbCTBO YAOOHOM HHQPACTPYKTyphbl [JJd newmexofoB. [lemexonHasd [OCTYNHOCTb
TEPPUTOPUM He OrpaHUYMBaJACh TOJBKO OJIM30CTBIO MeCT MPWJIOKEHUA TpyAa, HO M
noJpasyMeBasia HaJIM4Ke 3eJIeHbIX HACaXKJeHUU U peKpealluOHHBIX 30H.

JleTanbHast npopaboTKa rpaZlIpOeKTOB

Ja  JMHeMHOW IJIAHMPOBKM TOpoJa XapaKTepHa JeTaJbHas MpopadboTKa Bcex
CTPYKTYPHBIX 3JIEMEHTOB, OCHOBBIBAWOIIASACA HAa HAy4YHO OOOCHOBAHHBIX aJrOPUTMaxX
IOCTPOEHUs] TIOpOoJa, BKJIWOYasd MeXXeBaHUe TeppPUTOPUH, pas3MelleHUue IJKUIbS U
IPOU3BO/CTBEHHBIX 00bEKTOB, MHPPACTPYKTYphbl. TaKMM 06pa3oM, K JIaHUPOBKE TEPPUTOPHUHU
IPUMEHAJICS KOMIUJIEKCHBIM NOJAXO0J, OCHOBAaHHBIM Ha B3aMMOYBA3aHHOM pa3BUTHUHU. Yepes
TILATeJbHYI0 IPOPAbOTKY BCeX aClleKTOB BO3MOXHO JOOUTHCA 3P PEKTUBHOTO UCII0Jb30BAHUA
TOPOJICKUX TeppuTOopuil, $opMuUpys KOMQOpPTHOe NPOCTPAHCTBO JJI >KU3HeAeATeJbHOCTU
HaceJIeHHUS.

KoMnieKCHBIN KOHTPOJIb OCBOEHUSA TEPPUTOPUH

JluHelHBIM ropoJ mNpejnoJsaraja Hajlddve CTPOroro rpafoCTPOUTEJBHOTO KOHTPOJIA
pPa3BUTHUA M 3aCTPOUKH TEPPUTOPUM, YeTKOW KOOpPAMHALMU BCeX NJIAHUPOBOYHBIX peLIeHHH.
CoBpeMeHHble TropoJa TpebOylOT He TOJIBKO COOJIIOJeHUS HOPMAaTUBHBIX TPeOOBaHWUH, HO U
BO3MOXXHOCTH OBICTPOr0 peardpoBaHMs Ha JUHAMHUYHO MeHSAILHecs NOTPEeOHOCTH 06LeCcTBa,
obecrnieyeHUsI MHBECTUIIMOHHOM NpUBJEKaTeJbHOCTU. KOHTpOJIb 32 pa3BUTHEM ropo/ia 10KeH
obecrneyrMBaTh 6€30MaCHOCTb, KOJIOTUYECKYH YCTOWYUBOCTb, JOCTYN KO BCeHd HE0O6XOJMMOMU
MHPPACTPYKTYpe KHU3HeeTeJbHOCTH. BMecTe ¢ TeM, B TEKYLUX peaHUsX, BAXKHbIM acleKTOM
SIBJISIETCS UHKJIIO3WUBHOCTb U BO3MOXHOCTb Y4aCTHs I'PaXJaH B IPUHATHUM I'PaJlOCTPOUTETBHBIX
pelIeHUH .

KpoMme ToOro, nuMHelHbI ropoJ npejnoJsarajJ OTCYyTCTBHe Cerperayuy HaceJeHHUs 10
INPUHLHUIY J0X0/a C y4eTOM UX PABHOIO [10JIOXKEHHUS OTHOCUTE/IbHO [IJIAaHUPOBOYHOW CTPYKTYPHI
ropo/ia, 53KOHOMUYeCKOe pPaBeHCTBO HaceJeHUS.

TakuM 06pa3oM, KOHLeNHMS JUHEWHOTO ropojia MoJjpa3syMeBaeT psij MOJIOXKUTeJTbHbIX
NPUHIHUIOB (B3aUMOJENCTBUE C MPUPO/IOH, CO3/JaHUE JOCTYIIHOU CpeJibl, AeTa/ibHasi MpopaboTkKa
IIJIAHUPOBOYHBIX 3JIEMEHTOB, KOMILJIEKCHBIM KOHTPOJIb HAa BCeX 3Talax >XU3HEHHOro ILMKJIA
pPa3BUTHSA HaCeJIeHHOTO MyHKTa). KOTOpPhIe, B CBOI O4Yepesb, JO/HKHBI ObITh aZlallTUPOBAHbI K
COBpPEMEHHBIM peausM.

Bmecte ¢ TeM, JMHeWHasa MOJeJib pacceJeHUs TaKXe KMeJia CylleCTBEHHbIe
OTpHULlaTeJIbHbIe CTOPOHBI.

OrpaHM4eHHOCTb IPUMEHEeHUs MOJlesIv

JluHeliHast MoJieJib 30HUPOBAHUS TEPPUTOPUM UMeET CBOM OrpaHHUYEHHUs NMPUMEHEeHHUs,
TaKk KaK OHa INOAXOJAWUT TMPEWMYLIeCTBEHHO /JJ1 HeOOJbLIMX HaceJeHHbIX IyHKTOB C
JKOHOMHYECKOM  cleluaJu3aldeld  NPOMBIIIJIEHHOTO WA  CeJIbCKOXO3SWCTBEHHOTO
IIpOU3BOACTBA. MoJiesib INHEMHOI0 TOpo/ia ABJISAeTCA HerMOKOM U paboTaeT A0 OolNpeseIeHHOr 0
npezesaa, NOAXOAWT K MaJibIM HaceJeHHbIM IIYHKTaM C OIllpeZileJleHHOW 3KOHOMHYECKOU
crneMan3anyen.
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Tun n1aHMPOBOYHOU CTPYKTYPbl HACEJIEHHOTO MyHKTA UMEET NPSIMYI0 3aBUCUMOCTb OT
NPOU3BO/ICTBEHHBIX MOLHOCTEN U MECT MPUJIOKEHUS TPY/ia IPaZlo006pasyollero npeAnpusiTus,
3¢ PpeKTUBHON pabOTHI rpaioobpasywolel rpymnnbl HaceJeHUs. Pa3aBUTHe HaceJleHHOTOo MyHKTa
HaNpsMYI0 3aBUCEJIO OT POCTA MPOU3BOIUTEBHBIX CUJI, B psijie Cly4YaeB MOHOMPOU3BO/CTBO.

JloMyUHUpYIOIIME MOJUTHYECKUE YCTAHOBKHU

JoMuHHUpyIUM GakTOpoM GOpMHUPOBaHUS MJIAHUPOBOYHOU MO/ FOpoJa SABJISJIOCH
MOJIMTUYECKOEe pelleHHe, OCHOBAaHHOE Ha BO3MOXXHOCTHU yINpaBJieHUs HAaceJleHUEM C Y4eTOM
YCTAHOBJIEHHOTO 00pa3a »U3HU: «J0M - paboTa - [JOM», YTO SIBJSJIOCH, C OLHOW CTOPOHBI,
NOJIOXKHUTENbHBIM (GaKTOPOM JJis  YIpaBJIeHLIEB, HO BeJ0O K HCKJINYEHUI aKTHUBHOU
’KU3HeJ|esITeJIbHOCTU 4YesloBeKa BHe paboThl. [Ipy 3TOM, JeTasbHas MpopaboTKa MOJJTHON
BepTUKAJU Cpe/ibl 00MTAaHUS HacesJeHUs — OT PYHKIIMOHAJIBHOTO 30HUPOBAHUS TEPPUTOPUH J10
IJIAHUPOBKHU KUJIbsl MOAYMHEHA HEOOXOJUMOCTH NoAJAepKaHUss GOPMUPYEMOU HUIE0JIOTHUHU.

Pe3oHaHCHas ¥ HeyCcTOM4YMBasi MHOTOQYHKIIMOHAJbHOCTD KHJIOW 30HbI (JJoMa KOMMYHbI)
ObLy1a HaBsI3aHa 3a/laHHBIM 00PAa30M >XU3HU U 001LeCTBEHHBIM OBITOM.

ToTtanbHas rocyjapcTBeHHass COGCTBEHHOCTb ~— IPOU3BOJICTBO, 3eMJisl, JKUJIbE,
nojijpasyMeBasia NpsIMyr 3aBUCHMMOCTb JIIOZeH OT rocyAapcTBa. 3aKa3uuK B pPoJiM FoCyAapcTBa
omnpeesisiii BCe KPUTEPHUU Pa3BUTUS HACEJIEHHOTO MMyHKTA.

HeaddekTrBHOE NJIaHUPOBAHUE TEPPUTOPHUI

HeaddekTrBHOE MIaHUpPOBAaHUE HHXEHEPHBIX KOMMYHHUKALMA B CBSI3U C BbITSAHYTOU
IJIAHUPOBKOM HaACeJeHHOr0 MYHKTA, OTCYTCTBUEM KOMIIAKTHOIO OCBOEHHUS TepPPUTOPUM
NPUBOJAUT K YI0POXKAHUIO CTPOUTEIbCTBA UHXXEHEPHOU UHPPACTPYKTYPHI.

OTcyTcTBUE OOIIECTBEHHO-/IEJIOBOTO I[eHTpa Heu36eXHO BeJleT K MUHHUMaJbHbIM
KOMMYHHUKAIIMSIM U B3aUMO/IeCTBUIO JIIOJIEH.

B laHHOM KOHTEKCTe MCIO0Jib30BaHHE MOJX0JI0B JIMHEHHOTo ropojia 6e3 ajanTanuu K
COBPEMEHHBIM YCJI0BUSAM sIBJsIeTCSA HE3PPEKTUBHBIM U HEles1eCO0OPa3HbIM.

3ak/iloueHue

TakuM 06pa3oM, KOHLENT JIMHEUHOTO ropo/ia SBJISJICA NPEeUMYIECTBEHHO OTpaXKeHUeM
COBETCKOrO IepuoJia U MOJUTHYecKoro ¢opmara, B Iepuoj, koToporo ¢opMUpoBaIach
COOTBETCTBYIOLIAsA JIAHUPOBOYHAs CTPYKTypa.

B coBpeMeHHBIX YCJOBUAIX pa3BUTHUA JIMHENMHbIE CUCTEMBbI IOCEJEHUS TepAT CBOIO
aKTyaJIbHOCTb M JKU3HeclocoO6HoCTb. JIMHelHass  cucTeMa  paccesieHHs, CHOCOOHa
aZlafTUPOBATbCA K NOTPEOHOCTSAM Pa3BUTHA MaJIbIX U CPeJHUX FOPO/0B, PACIOJI0KEHHbBIX MEXy
60Jiee KPYNMHBIMU FOpPOJiaMH, CIOCOOCTBYS 061eMy NPOLecCy pa3BUTHUSA CEJbCKOI0 XO3SMCTBa,
MEeCTHOM NPOMBILIJIEHHOCTH M COXPaHEHUI0 CaMOOBITHON HCTOPUKO-KYJIbTYpPHOU cpefbl. [Ipu
3TOM, OTIpe/ieJIEHHYI0 POJIb MOTYT TaK)Ke UI'PaTh arJioMepalnMoHHbIe IPOLecChl, CTUMYJIUPYIOLHe
IIOTOKH HaceJIeHUs, TOBAPOB U YCJIYT B IIpeJiesiax 3alaHHON TPAaHCIIOPTHOW U30XPOHBI.

[IpyHIUNIBI ¥ UHCTPYMEHTHI JIMHEWHOIO ropoJia B ONpeJleJIeHHOU CTeNeHW BO3MOKHO
MCII0JIb30BATh U CErofiHs, alalTUPYs UX K COBpEMEHHBIM YCJIOBHUSM.

JInHeWHBIN TOpPOJ C ero AOCTYIMHOW CBA3bK C NPUPOLOW, pa3BUTBIMU TPAHCIOPTHBIMHU
IYTAMH, COBpeMEHHBIMHU KUJIBIMU KBapTaJlaMH U 0011leCTBEHHBIMU 30HAMU NIpe/iCTaBJseT CO60U
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JleTaJIbHO NPOJAYMaHHbIA «uJeasbHbld» ropon. OfHAKO JIMHeWHas MOJeJb B YUCTOM BUJE
SIBJIIeTC YTONMYHOM, a ee OCHOBHasd NpobJsieMa 3aK/I4yaeTcs B JajibHellleM pa3BUTUHU
HaceJIeHHOTO IMYHKTA, TaK KaK [0 Mepe pacliMpeHUs XUJbIX PallOHOB BO3HHUKasa TeHJEeHLUs
YAAJEHHOCTHU 3TUX 30H OT MeCT paboThI.

PasMpliisis 0 NpUMeHeHUM JIMHEMHON KOHLENIMU B KOHTEKCTe IeHepaJbHOro IJaHa
ropoZia AcTaHbl, MOXXHO BbI/IEJINTb HECKOJIbKO KJIIOUEBbIX (PAKTOpPOB, KOTOpble MOIJIM ObI
NOBJIMATH Ha pellleHWe 0 He0O6X04UMOCTH €€ HMCIO0Jb30BaHUSA C y4eTOM aJlallTalluH.

B AcraHe, y4yuTbiBasgd pPEe3KOKOHTUHEHTAJbHBIM KJIMMAaT, NpPU TpPajOCTPOUTESbHOM
OCBOEHUHM TEPPUTOPUHU 0C0O60e BHUMAaHHE HEOOXOJUMO YJeJUThb KJIUMaTUYECKUM YCJIOBHUSM.
JIuHelHasA KOHUENLMSA ONMpaeTcs Ha NMPUPOAHble TPAaHCHOPTHbIE KOPUAOPbl U ONTHUMU3ALUI0
karMarta. OfHako, yYMTbIBasg OCOOEHHOCTM MECTHOM 3KOCHUCTeMbl, JIMHEWHas MoJesb He
obecreunBasia HYXHbIl ypoBeHb KOMOpTa U YCTOMYUBOCTH pa3BUTUA ropoga. bosee
3G PeKTHUBHBIM MOTIJIO ObITh UCIOJIb30BaHUE KOHLENIIMY OPraHUYHOI0 paciipe/iesieHrs 3eJIEHbIX
30H, BOJIHBIX 00'b€KTOB U peKpealyy € y4€TOM KJIUMaTHYeCKHUX 0COOeHHOCTEeN peruoHa.

JluHelHas KOHUeN U aKLleHTUPyeT BHUMaHUe Ha NelleX0JHON JOCTYNMHOCTH KII04YeBbIX
00'bEKTOB ropojia AJis obecrieyeHUsT KOMPOPTHOrO TOPOACKOr0 MPOCTpaHCTBA. BMecTe ¢ Tewm,
JIMHENHBIN NMOJXO0/, C Y4€TOM BBITAHYTOCTH €ro CTPYKTYpPbl MOXKeT MPUBECTH K pa30PBaHHOCTH
IPOCTPAHCTBA, 3aBUCUMOCTH OT TPAHCIIOPTHBIX IOTOKOB, 0COOEHHO 10 Mepe pOCTa HaceJIeHHOTO
NyHKTa. PagyanbHOoe WM ceTOUYHOE OCBOEHHUE SIBJISIeTCS OoJiee YAOOHBIM [l NepeABUKEHUS
HaceJIeHUSL.

JluHeliHasi KOHIeNuusl TpebyeT JAeTaJM3UPOBAHHOrO NOJAX0Ja, 4YTOObl H36exaThb
ySI3BUMBIX 3JIEMEHTOB CTPYKTYpbl HaceJe€HHOrO MyHKTA M HeraTUBHbIX 3Q(deKTOB pa3BUTHUA
ropoAcKou cpenbl. ['eHepasbHBIM MJlaH TroOpoja [AOJ/DKEH YYUThIBaTb He  TOJIBKO
NPOM3BOACTBEHHYI0 M JKWJIYI 3acCTPOMKYy, TPAHCHOPTHBIA KapKac, HO U COLHAJbHYIO
MHPPACTPYKTYpy, peKpealuio, a TaKKe MePCHeKTHUBbl YCTOMYMBOCTH Pa3BUTHUS HACEJIEHHOIO
IYHKTa B KOHTEKCTe C HeOoOXOJHMMOCTbIO OXpaHbl OKpYXKalollled cpeabl. [l CTONULbI BaXkKHA
KOMILJIEKCHAsi UHTerpaluss BCeX CTPYKTYPHbIX 3JeMeHTOB B 0OoJjiee THOKOUM U
MHOT0QyHKIMOHA/JbHOU MJIaHUPOBKE.

UccnepoBanue JlaTama, NOCBALIEHHOE COLMAJbHOM MHPPACTPYKTYpe U 0OLIeCTBEHHOU
»KU3HU rOPO/JI0B, NOJUePKHUBAET BaXKHOCTb JOCTYMHOCTH U iM3aliHa 0011eCTBEHHBIX IPOCTPAHCTB
JUIl ToJJlepKaHWsl COLlMa/IbHbIX CBSI3ed B ropofie. B koHTekcTe pa3BUTUS ACTaHbl BaXKHO
YUYUTBIBAaTb HEO0O0XOAMMOCTb (GOPMHUPOBAHUS UHKJIIO3UBHBIX U KOMGQOPTHBIX TOPOJCKHUX
NpOCTPaHCTB [14].

JInHeWHasA MoJesb MpeAIoJaraeT CTPOruM rpaJloOCTPOUTE/IbHbIA KOHTPOJIb OCBOEHHS
TeppuUTOpUU. BMecTe ¢ TeM, NpUMeHeHHE JIMHEHMHOTO MO/AX0/4a B IMHAMHUYHO Pa3BUBAOLIMUXCS
peasusix C Yy4eTOM CJIOKUBLIEHCS KOHBIOHKTYPbl PBIHOYHBIX OTHOLIEHHUH SIBJSETCA
HEBO3MOXXHbIM. TakUM 06pa3oM, KOHLENLUSI >KECTKOr0 30HUPOBAHUSI TEPPUTOPUN TpebyeT
TpaHcpopMalLMyd OMNpeJe/leHHbIX KOMIIOHEHTOB, a TakXke (GOpMUpPOBAaHUS THOKUX U
OZJHOBPEMEHHO HEaHApXUYHbIX MOAXOJ0B C BO3MOXXHOCTbIO aZlalTallUd K W3MEHEHHUSM U
obecreyeHUs] KadyeCTBa >KM3HU HaceJieHUs. ['palocTpoUTeNIbCTBO, NpexJe BCEero, JO0JDKHO
YUYUTBIBAaTh pa3HO0Opa3ue NoTPeOHOCTEN, YCTOMUUBOE Pa3BUTHE U KOMPOPT AJis XKUTeJNeN, YTO
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IPMK «Memkanakadacmp», AcmaHa k., Kazakcmau
2 C. Celigynaun amouiHdarsl Kasak aezpomexHukaablk yHusepcumemi, Acmata K., Kasakcmax
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AcTaHa Ka/1acbIHBIH, KaJ/1a KYPbLJIbIChIH JAMBITY MO/JeJIi
XX FachIpAbIH, GipiHLIi )KapThICBIHAA

Anpgatrna. bByn  Makanaza  XaslbIKThl  KOHBICTAHJBIPYABIH — JKEJIUIIK  JKYHecCiH
KaJIbIITAaCThIPYFa, KeHeC JAayipiHJeri KasajapZa OCbhl TYXKbIPbIMJIAMaHbIH, TapUXU JaMybl MeH
KOJIJaHBLJIIYbIHA PEeTPOCHEeKTUBTI TajjJay KeJITipiireH, oJ KeWiHHEH Kasipri 3aMaHfbl eJsji
MeKeH/JlepAiH Kajla KypbLIbIChl acleKTijiepiHe acep eTTi. KyMbIcTa Heri3ri KeJiik AaJiszepi
60#bIH/A, ipi eHAipicTiKk KacimopbIHAAPABIH, *KaHbIH/IA XaJbIKThl KOHbICTAH/ABLIPYAbIH HeEri3ri
YpAicTepi, COHJaK-aK, oJlapAblH KaJla KYpPbLJIbICl KYPbLJIbIMJAPbIHBIH, €peKIlIe/iKTepiHe acepi
Kapaazbl. Ucnan vHxeHepi Aptypo Copua-u-Marta MeH BasibTep I'ponuyc a3ipJsiereH »xesijik
KOHBICTAp/blH, HEri3re aJjblHaTblH TYXXbIpbIMJaMasaphbl, coHJau-aK KeHec OpgarblHAaFbl
COLMAJIMCTIK KaJlaJlapAblH iCKe acbIpblLaybl 3epTTesJi. MarHUTOropcKk CUAKTHI KajlaJlapAblH,
MbICa/I/JapblH 3ep/iesiey oHe OoJapAbl «KaHa KOHBICTAH/bIPY» MOJeJi leHOepiHJe AaMbITy
AcTaHa KaJlaCbIHBIH, >KOCIapJay TYXbIpbIMJlaMacblHa KaTbICThl ©3repicTep/i, a/1eyMeTTiK-
3KOHOMMKAJIBIK >KaF/lahJap/blH 63repyiH KepceTe OTbIPHII, KeJIiJiK KYpblJIbIMHAaH HEFYpPJibIM
KelleH/[i KypbUIbIMFa KeUIyJi Tajjayfa >oHe 3epTTeyre MYMKiHAik Oepgai. [likipTanac
CaJiJapblHAaH MaKaJlaZla XaJbIKThIH ILIEeKTeyJli OpHa/laCyblHa, 6HAIPICTIK KyaTTap MeH CadcHu
HmelrimMJiepre TayeJiAisiriHe, COHJAW-aK Ka3ipri 3aMaHfbl KaJjaJjblK UIbIHABIKTApAA HUKeMi
Kypa/siJapAbl KaJbIITACThIPy KaXeTTLJIiriHe Hasap ayjapa OTbIPbIN, XaJIbIKThIH KeJiJiK
OpHaJIaCyblHbIH, OH, Ja, Tepic Je acnekrijepi aHbIKTaaAAbl. KasblnTacTelpblIFaH
KOHBICTaH/IbIPY/bIH, eJIJIK )yleci AcTaHa KaJlaCbIHbIH KaJla KYpPbLJIbICBIH 1aMbITY/bIH HeTi3iHe
allHaJ/1 bl XK9HE Kas3ipri 3aMaHFbl KOHTEKCTe 6elliM/iey xoHe TpaHchopMaLusiay KaKeTTijliriMmeH
6ipre esii MeKeHHIH 6ipiHIII 6ac »KOCMapbIH/AA KOPiHiC TalThI.

Tynin ce3gep: Kana KypbUIBICBIH JKOCHapJay, >XKeJiJik Kaja, Kajla Kypayullbl
KaCiMopbIHAAP, 9J1€YyMETTIK KaJia, ypoaHU3aLusl.
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Model of urban development of the city of Astana
in the first half of the XX century

Abstract. This article provides a retrospective analysis of the formation of the linear system
of population settlement, historical development and application of this concept in the cities of the
Soviet era, which subsequently influenced the urban planning aspects of modern settlements. The
paper considers the key tendencies of population settlement along the main transport corridors,
near large industrial enterprises, as well as their influence on the features of urban planning
structures. The basic concepts of linear settlements developed by the Spanish engineer Arturo
Soria y Mata and Walter Gropius, as well as the implementation of socialist cities in the Soviet
Union are studied. The study of examples of cities such as Magnitogorsk and their development
within the framework of the ‘new settlement’ model allowed us to analyse and investigate the
changes in relation to the planning concept of the city of Astana, the transition from a linear
structure to a more comprehensive one, reflecting the transformation of socio-economic
conditions. As a result of the discussion, the article reveals both positive and negative aspects of
linear settlement of the population, with emphasis on its limitations, dependence on production
facilities and political decisions, as well as the need to form flexible tools in modern urban realities.
The formed linear settlement system formed the basis of urban development of Astana city and
was reflected in the first general plan of the settlement, with the need for adaptation and
transformation in the modern context.

Keywords: Urban planning, linear city, urban planning, urban enterprises, social city,
urbanization.
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AHHOTamMA. CraTb4a MOCBsllleHa Hccae0BaHUIO BO3/eNCTBUS
apXUTEKTYPHOU cpe/ibl Ha MCHUXO0JOTMMYeCKOe W 3MOILIMOHAJIbHOE COCTOSIHUE
KaK OTJeJIbHbIX JIIOJeN, Tak WU o00OllecTBa B IejJoM. PaccmaTpuBarTcs
HeraTUBHbIE NOC/AeACTBUS MAaCCOBOM OJJHOTHUITHOM 3aCTPOMKHU, IPUBOJSILEN K
CHXKEHMIO KayeCTBa KM3HU U POCTY COLIMaJIbHOU HANpPSXKeHHOCTU. B cTaTbe
PaCKpbIBAKOTCA MeXaHU3Mbl BJIUSAHUSA PAa3JIMUHbIX apXUTEKTYPHBIX CTUJIEW HA
BOCIIPUSITHE OKpYXKalOILlero MNpOCTPaHCTBA, BKJWYasg WX BJWSAHHE Ha
HACTpOeHUe, TOBeJleHUe U Jaxe ¢usndeckoe camouyBcTBUe. 0coboe
BHUMaHUeE y/leJIeHO 3HAaYEeHUI0 3eJIEHbIX HAaCAXK/IEHUM U NapKOB B TOPOJCKOU
cpeZie, KOTOpble CIOCOOCTBYIOT YJIYYIIEHWIO 3MOLIMOHAJBbHOrO KJIUMATa,
CHUKEHUIO YPOBHS CTPecca U NOBBIIEHUIO COLIMA/IbHOM CIIJIOYEHHOCTH. Takxke
obcyxJaeTcs poJib 11BeTa, cBeTa, GOpM M KOMIO3ULMOHHBIX NapaMeTpoOB B
apXUTEKType, KOTOpble «MPOrPaMMHUPYIOT» BOCHPUATHE MNPOCTPAHCTBA U
CIIOCOOHBI BbI3bIBATh OINpeJeieHHble 3MOIMOHA/JIbHbIe W TOBeJleHYecKue
peakuuu y Jmwjed. B cTraTbe aHa/IMU3UpYIOTCA HCCIeN0BAaHUS HW3BECTHBIX
apXUTEKTOPOB U YYEHBIX, NOCBSALIEHHbIE BJUSHUIO FOPOJICKOM 3aCTPOMKU Ha
JII01eH. [loguepkuBaeTcs Heo6X0JMMOCThb y4yeTa BO3/leHCTBUA
MICUXOJIOTHYECKUX aACIEeKTOB MPHU MNPOEKTUPOBAHUU TOPOJICKON cpefibl M
aHa/IM3a CYILECTBYIOUIUX TOPOJCKUX NPOCTPAHCTB, KOTOPblE OJHOBPEMEHHO
peanusyioT  ¢QyHKIMOHAJ/NbHble  33/jladid, BOIUIOUAOT  3CTETUYECKYIO
IPUBJIEKATEJIbHOCTb C HEOOXOJAUMbIM YPOBHEM KOMQPOPTHOCTH, TEM CaMbIM
yJaydiiasi KadyeCTBO JKU3HWM HacesJeHUs. AHa/IU3UPYyeTCsd MeTOJuKa
NpPOEKTUPOBAaHUS CpeJibl, HalpaBJieHHAass Ha CO3JJaHMe TapMOHUYHbIX
NPOCTPAHCTB, YJYYLIAOIUUX Ka4eCTBO >KHW3HU W ICUXO03MOIMOHAJIbHOE
COCTOSIHHE JIIoAeH.

KioueBble c/10Ba: apxXWTeKTypHas Cpeja, ICUXOJIOTUYECKOe BJIUSHUE,
3CTeTUYECKOE Pa3HOOOpa3ue, NJIAaHUPOBOYHOE pPELIEHHUE.
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BBeaeHue

CoBpeMeHHbIe TEXHOJIOTUM U UHPPACTPYKTypa cHGOPMHUPOBAJIU HOBbIM MUP, YIOOHBIN U
npeAcKa3dyeMblid, HO JaJleKUi OT eCTeCTBEHHOM cpejibl. [loTepsi cBA3U ¢ NpUPOJOU ociabiisieT
Hally MHTYMTHUBHYI CIIOCOOGHOCTb MPHUCIOCA6JIUBATbCA U UYYBCTBOBATh OKPYXKAKOIIUKA MUP. ITO
TaK)Xe MOXKeT BbI3bIBaTb YYBCTBO YS3BMMOCTHU WM PaCTEPSHHOCTH, MOCKOJIbKY Mbl MPUBBIK/IN
[0J1IaraTbCsd Ha TEXHOJIOTUM U YNOpSAAOYeHHble CTPYKTYphl [1]. ApXuUTeKTypa, B OTJAYHE OT
JIPyTUX UCKYCCTB, B O0JIblIel CTENEeHU BbINOJHAET KyJbTYPHYI QYHKIHUIO M0 HEUTpaJU3aL U1
YyeJIoOBEYECKHUX CTpacTel, CIOCOOCTBYS MX YCIOKOEHHWIO U BOCCTAHOBJIEHUIO BHYTPEHHErO
paBHOBecud. Ecnu sintepartypa, puiocodpusa M HayKa NOMOraau YeJIOBEKy OCO3HAaBaTh peasibHble
yIpo3bl U OCBOOOXKAATbCA OT HaJ[lyMaHHBIX CTPAXOB, TO apXUTEKTYypa Yepe3 CBOU YCTOWYUBbBIE
PUTMBbI U OpHaMeHTa/IbHble GOPMbl IPUBHOCKJIA B KU3Hb OlIylLleHUe MOPAAKA, CTPYKTYpPhI U
rapMoHUH [2]. ApXUTEKTYPY OT HAYKU OTJIUYAET 0COOBIN CUXO0JIOTUUYECKHUU acleKT, MPUAAI0IU K
YHUKaJbHOCTb KaK CaMOMYy TBOPYECKOMY IMpoLecCy, TaK W KOHEYHOMY pe3yJbTaTy,
JlOCTUTaeMOMy apXUTEKTOPOM. MOXHO cKa3aTh, 4YTO TO, YTO OTAAJISIET apXUTEKTYPY OT HAyKH, B
TO >Ke BpeMsl IPpUOJIMKAET ee K UCKYCCTBY, U HA060poT [5].

AKTyasnbHOCTb. ['1e 6bI Mbl HU HAaXOJUJIKMCb — JI0Ma, HAa paboTe, B y4eOHBIX 3aBe/leHUSX,
yupexxJeHUsAX UM MecTaxX OTAbIXa — KaXK/[blM JeHb Mbl B3aUMOJENCTBYEM C OKpyKalolel Hac
apXUTeKTypHOU cpefod. HaM o4eBHAHO, YTO OHA BJMSEeT Ha HAlIM MBIC/IM, MOBeJEHUE U
BocnpusATHe [1, 2]. 3aa4ya apXUTeKTOpa 3aK/I04YaeTCsd B TOM, YTOObI NPOAYMBIBATh, KaK JIIOJIU
OyZyT B3aHMOJIEMCTBOBATh C PAa3/IMYHbIMU 00'beKTaMHU — OyJb TO NPUPOJHbIE UM FOPOJACKUE
nen3aXky, 3J1IEMEHTbI apPXUTEKTYPbl UJIU caMU JiIogU. OH JOKeH UHTErpUPOBaThb 3TH acCleKThl B
e/IMHOe MPOCTPAHCTBO, KOTOpPOe OyJeT He TOJIbKO (pYHKLMOHAJbHbIM, HO U 3MOLIMOHAJIbHO U
MHTEe/JIEKTyaJlbHO  HACBIIIEHHBbIM, MOOYXJAUMM K pa3MbILLJIEHUSM, OOLIEHUI0 U
rapMOHUYHOMY CYL[€eCTBOBAaHHUIO.

BocnipuaTue okpyxalllero HpoCTpaHCTBA MNPOUCXOAWUT B IMEPBYK o4epelb 4Yepe3
BU3yaJibHble 00pas3bl, ¥ MMEHHO 6JiaroZjapsi 3peHUI0 Mbl HauboJiee TOYHO YyJIaBJIMBaeM U
OlLyIllaeM I'PaHUIbl apXUTEKTYpPHbIX GopM. BusyasbHasg MHPOpMalMsa MOCTyNaeT B MO3r KakK
HelnpepbIBHbIN NOTOK CMEHSIIOIIMXCS NepCleKTUBHBIX MPOeKU U 06beKTOB [3]. [apMOHUYHbIE
B3aMMOCBSI3U JIMHUH, YTJIOB U [|BETOBBIX PELIEHUHN MeX/y 3JIEMEHTAMH apXUTEKTYPhI BbISbIBAIOT
y Jl0Jed UYyBCTBO 3CTETUYECKOTO V/JOBJETBOPEHUS UM ICUXOJIOTUYECKOTO KoMPopTa.
HccnenoBaHust TaKUX BUJAHBIX apXUTEKTOPOB U yueHbIxX Kak fIH e, Jle Kop6iosbe, T. Jlunmc, .
0. CaiimoHzc, H. A. JlanoBCKUM NOAYEPKUBAIOT HEOOXOAMMOCTb OPraHM3alUM B apXUTEKTYPHOUI
cpejie Kak MOXHO 00JIbIIEro KOJIMYeCcTBa YHUKAJIbHbBIX 3/JaHUH, 6J1arONpUSTHO BJAUSIOIIUX Ha ee
BOCIIpUSITHE.

OfHaKO apXUTEKTYpHas Cpejia MOXKET He TOJIbKO GOpMHUPOBATH MOJOXKUTEIbHbIE 3MOLIUHY,
HO M BbI3bIBAaTb JUCKOM}OPT, TPEBOTY WX pasApakeHUe. BaXKHO yYUTBIBATh, YTO BOCHPUSATUE
apXHUTEKTYpPbl HOCUT CyO'b€KTUBHBIN XapaKTep, ¥ O HO U TO e 3/laHHe MOXKeT BbI3bIBATh pa3Hble
peakIMu y pa3HbIX JItO/leH, B 3aBUCUMOCTH OT UX YKU3HEHHOTO OMbITA, KyJIbTYPHbIX 0COOEHHOCTEN
Y JIMYHBIX NpeAnoyTeHul. [l0aTOMy [i/i1 apXUTEKTOpa Ba>KHbIM aCIeKTOM SIBJISIETCS TJIyOOKoe
M3y4YeHue BJIUSHUS Pa3JIMYHbIX 3JIEMEHTOB apXUTEKTYPHOI0 00'beKTa Ha ICUX03MOILMOHATIbHOE
COCTOSIHME KOHKPETHOro 4eJiOBeKa WJM Tpynnbl JilOJed, 4YToObl co34aBaThb Cpenay,
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CIMOCOGCTBYIOILYIO YIYYLIEHUIO UX KaUeCTBA KU3HH, a TaKKe PU3NYECKOro U IICUXO0JI0THYeCKOT0
6saaronosyyusd [4].

Llenpto uccie[oBaHUSA SBJSETCS BbIsIBJIeHHE KIHOUYEBbIX MPUHIUMIIOB apXUTEKTYPHOTO U
rpaloCTPOUTENBHOIO  NPOEKTUPOBAHHUS,  KOTOpble  CIHOCOOCTBYIOT  GOpPMHUPOBAHUIO
6J1aronpusATHON /1 4eJloBeKa Ccpejbl, CO3Jawolield IOJIOKUTEJbHOE BOCHPUATHE U
SMOIIMOHA/NIbHBIA OTKJMK. HcciefoBaHWe HampaB/Ie€HO Ha aHAMM3 BJMSAHHUS PA3JTUYHBIX
3JIEMEHTOB apXUTEKTypbl (Hampumep, puTMa, GOPMbl U BHU3YaJbHBIX XAPAKTEPUCTHUK) Ha
IICUX03MOIIMOHAJIbPHOE COCTOsSIHME TI0JIb30BaTesield, a TaKXke Ha pPa3paboTKy I[OJXO0/0B,
CMOCOGCTBYIOIUX TapMOHHU3ALHUH apXUTEKTYPHOTO HPOCTPAHCTBA C y4eTOM NOTpebGHOCTeH
COBPEMEHHOTO 006IIIeCTBA B COLIMAJIBHOM U KYJIbTYPHOM KOHTEKCTE.

MeToa0/10TUA

BoigBuraemas rumnorte3a (Tesuc). OnpejiesieHHble BU3yaJibHble M MPOCTPAHCTBEHHbIE
3JIeMeHThl apXUTEKTYypbl (HampuMep, CUMMETPHUYHOCTb (GOpPM, HeUTpasibHble WJMU TeIJble
[|BETOBbIE FaMMbl, HAJIMYHE 3eJIeHU) CIOCOOHBI HENOCPeACTBEHHO BJIHUAThL HAa YPOBEHb CTpecca U
NOBBIIIATh YPOBEHb MCUX0JIOTUYECKOr0 KOMQopTa uyesioBeKa. BbijlesileHHbIe B MCC/Ie€I0BAaHUU
3CTeTHUYeCKHe acleKTbl apXUTEKTYypbl MOTYT ObITh MCIOJIb30BaHbI JJIs CO34aHUS KOMPOPTHOHU
rOpoJCKOM cpe/ibl, 61aroNpUATHOM /ISl ICUX03MOLIMOHAJIBbHOTO 3/J0POBbs YeJI0BeKa.

B kauecTBe MeTO/10/I0TUH UCCJIE0BAHHUS UCTIONb3YIOTCS CAeAYOLKEe HHCTPYMEHTDI:

- aHa/IM3 JIMTEPATYPHbIX U HAy4YHbIX HMCTOYHUKOB IO JJAHHOW TeMe HCCJeJj0BaHus,
N03BOJISAIOLME HAay4YHO O0OOCHOBATbh NMPUHUUIBI COBPEMEHHOTO GOPMHUPOBAHUSA APXUTEKTYpPHI
»KUJIOU CpeJibl;

- KUCC/eJIOBaHWE Ha OCHOBE aHaJ/M3a BU3YaJbHbIX U NPOCTPAHCTBEHHBIX XapaKTEPUCTHUK
3/laHUi, QOPMUPYIOUIUX COBPEMEHHYI0 apXUTEKTYPHYIO CPEAY;

- TeopeTuyecKasgs MoJeJb (POPMUPOBAHUSA KOMQPOPTHOM, BHU3YyaJlbHOW apXUTEKTYPHOH
cpeJbl.

JTa MeTOoA0JIOTHS JaeT BO3MOXXHOCTb OOBEKTUBHO OIIEHWTb U CHUCTEMATH3UPOBATH
BJIMSIHME ApPXUTEKTYPHbIX GOPM KUJIOW CpeAbl HAa 3MOIMOHAJbHOE COCTOSIHUE JIOJEN, UYTO
N03BOJISIET BbIABUHYTh PEKOMEH/Jal|UU 10 apXUTEKTYPHOMY NPOEKTHUPOBAHUIO.

Pe3ysbTaThl U 06CyXeHUSA

MaccoBasi 3acTpoiKa Kak MpUYMHA 00e3/JIMYUBaHUSI TOPOJIOB

CoBpeMeHHbIe BbI30OBbI, TAKHE KaK ypOaHU3allys, IepeHace/ieHue, M3MeHeH e KIrMMaTa u
M3MEHEeHUs] B DJHepreTUYecKoM OaJjlaHCe TMJIaHEThbl, 3acTaBJSAT HAc IepecMaTpUBaThb
TpaJULIMOHHbIE MOJXO0/Abl K OPraHU3allMU XKU3HEHHOTO NPOCTPAHCTBA. Mbl BbIHYK/,€HbI UCKATh
HOBble IIJIAHUPOBOYHbIE pellleHHUs, KOTOpble He TOJbKO TOMOTyT aJalTHPOBAThCA K
MEHSIIOIMMCS YCJIOBHAM, HO U NMO3BOJISIT COXPAHUTDb MCUXUYECKOE 3/I0POBbE U IMOIIMOHATbHOE
6J1aronoJiy4yue JIo/1eu.

JKOHOMHSI PecypcoB, KaK BpeMeHHbIX, TaKk U (QUHAHCOBBIX, HepeJKO NPUBOJAUT K
YOPOLIEHNUI0 apXUTEKTYPHBIX GOPM, UTO BJIeUET 3a COO0M YyTPATy YHUKAJIbHOCTU U 3CTETUYECKOU
[IeHHOCTU 3JaHUi. MOHOTOHHAasi 3acTpoilka, TrJie JAOMUHUPYIOT OJHOTHUIIHble (GOpPMbI H
OJHOTOHHbIE 1|BETOBbIe pelIeHUs], JUIIAeT Tropoja HUHAWBUAYAJbHOCTH, NpeBpalas HUX B
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6e3JIMKHe IPOCTPAaHCTBA, HaNMpUMep, Kak p-H YeptaHoBo CeBepHoe, I. MockBa, Poccus (PucyHok
1). 3To HEraTUBHO CKa3bIBAE€TCs HAa BOCHPHUSTHU CPeJibl, CHXKAET 3CTETUUYECKOE YI0BOJIbCTBUE
OT B3aUMOJIEMCTBUSA C HEU U MOXKeT CIOCOOCTBOBATh YYBCTBY OTUYK/AEHUSA Y XKUTeEJEeH, a TaKxKe
IPUBOJUTH K MOSIBJIEHUIO HEOJIAroNoJIyYHbIX PalOHOB, T/ie POLBeTAeT NPEeCTYNHOCTb U YacTo
CJIy4alTCA HecyacTHbIe CIy4au.

PucyHok 1. Paiion YeptaHnoBo CeBepHoe, r. MockBa, Poccus

O HOTUIIHBIE IOCTPOUKHU HE BbI3BIBAIOT ¥ HAC MOJI0KUTEJbHBIX 3MOLUH, IOTOMY YTO MBI,
Ha OMOJIOTUYECKOM YPOBHE, CTPEMHUMCS K OKpYyXawllel cpeje, KoTopas MpejJjaraeT HaMm
OonpeeiéHHYI0 CJA0XKHOCTb, MHTPUTY U HWHQPOPMALMOHHYI HaCbI[EHHOCTb. Mbl HUIlEM
IPOCTPAHCTBA, KOTOpPbIE B3aUMO/IEMCTBYIOT C HAMH, IOCHLIAIOT BU3yaJibHble U SMOLIMOHAJIbHbIE
CUTHAJIbl. JTO CTPEMJIEHUE YXOAUT ropas/io IJ1yoke MPOCTOro 3CTETUYECKOro MpeAnoYTeHUs K
Pa3HO0OpPA3HI0 — OHO CBSI3AHO C HALUM NePBOOBLITHBIM UHCTUHKTOM K M3y4YE€HHUIO U MO3HAHUIO
Mmupa [1].

Takum 06pa3oM, 0HOM U3 KJIIOYEBbIX 33/jlad COBPEMEHHBIX apXUTEKTOPOB CTAHOBUTCS
MOKWCK 6aJlaHCca MeX/y 9KOHOMUYHOCTbI0, QYHKIIMOHAJbHOCTbIO U COXpPAaHEHUEM apXUTEKTYPHOU
HUJIEHTUYHOCTH, YTOOBI CO3/laBaeMasi Cpe/ia He TOJIbKO obecreyrBasia KOMPOPTHBIE YCIOBHUS JJisI
»KM3HH, HO Y BJOXHOBJISJIA, CIOCOOCTBOBAIa GOPMHUPOBAHUIO 3MOI[MOHAJIBHOM CBSI3U C MECTOM U
nojJiepKrMBaJia KyJbTypHbIE U IyXOBHbIE LIEHHOCTHU 0611ecTBa [5].

0630p Hay4YHBIX UCCJIEeN0BAaHUN O BJUSHUU apXUTEKTYPHBIX COOPYKEHUU HA BOCIIPUATHE
yeJioBeKa

Oco3HaHMe BaKHOCTU CO3/aHUSl YHUKaAJbHOW apXUTEKTYPHOW CpeJbl MNpeAnoJiaraet
obpallleHHe K TpyAaM y4YeHbIX W apXUTEKTOPOB MPOULIOro W Hactosiero. McciegoBaHus
JlaTckoro apxuTtekTopa fHa ['eityia nokasasy, 4YTO Nelexo/ bl CKJIOHHBI IBUTAThCS ObICTPEE MUMO
OZJHOOOPA3HbBIX U CKYYHbIX $acajioB, TOrJA KaK >KMBble U NMPUBETJIUBbIE YJUIbl 3aCTABJSAIOT UX
3aMeJIAThCS U B3aMMO/JEeNCTBOBATh C OKpPYXKalolleil cpefioil. UieanbHbIA ropoJ; J0JI’KeH ObITh
CIIPOEKTUPOBAH TaK, YTOObI KX Able NATh MUHYT MPOTYJIKU MelIexo BCTpevyasa YTO-TO HOBOE U
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MHTepecHoe. ITO OTKPBITHE I0JYePKUBAET, YTO JjaXKe HEOO/IbLIIME U3MEHEHH B IU3aiiHe HUXKHUX
yacTeu ¢pacaZoB (Bcero JIMIIb Ha BBICOTY 10 3 METPOB) MOTYT CYILLLECTBEHHO MOBJUATD Ha TO, KaK
JIIJ Y UCHOJIb3YIOT U BOCIPUHUMAIOT TOPOJICKUE IpOCTpaHCcTBa [1].

Benukuii apxutektop XX Beka Jle Kop610o3be oTMevas, YTO AU3alH SBASETCSA KIOYEBbIM
dakTopoM, OpMUPYIOLIMM NIOBeJleHUE JI0/leil. ICTeTUYeCKH IIPUBJIeKaTe/IbHble BU/bI HE TOJbKO
NOJHUMAIOT HACTPOEHHE, HO M MOOYKJAIOT K aKTUBHOCTH, CO3JAIOT KeJlaHWe [1eMCTBOBATbh U
B3aUMOJ€MCTBOBATb C MpocTpaHcTBoM [4]. Jliogu, >KuBylMe B yJOOHBIX, KpacHBO
CIIPOEKTUPOBAHHBIX FOPOJAax C 3eJeHbIMU JBOPaMHU, YyBCTBYIOT cebs 6oJiee cYacTJIMBBIMU. B
TakOM cpeje JeTH pa3BUBAIOTCA Jy4ylle, a Y MOXUJBIX COXpaHAETCA UHTEepeC K >XU3HU M
colMajibHasg aKTUBHOCTb. ADXHUTEKTypa, TaKUM 00pa3oM, CTAHOBUTCHA He TOJIBKO CPeJCTBOM
CO3aHUS QYHKLIMOHAJIbHOIO IPOCTPAHCTBA, HO ¥ Ba>KHBIM HHCTPYMEHTOM yJIy4lleHHs KayecTBa
»KM3HU U ICUX03MOLMOHAJIbHOTO COCTOSIHUA KUTeJIell ropoja.

Cpein MNONBITOK OOBSCHUTb 3CTETHYECKOe BO3/eHCTBHE CTOUT BbIAEJIUTb TEOPHIO
BUYBCTBOBaHUs, MNpeAIO0Jaralpllyo, YTO Mbl EPEHOCHUM CBOM YyBCTBAa U IEepeXUBaHUA Ha
00bEKT, co3/1aBasi TEM CaMbIM 3cTeTHYeckuil a¢pdekT. Hemenkuii ncuxosor u pusnocod T. Jlunmc
WJJIIOCTPUPYET 3Ty UZEI0, aHAJIU3UPYS JOPHUUYECKYI0 KOJIOHHY: BOCIpUATHE €€ CONPOTHUBJIEHUS
HarpyskKe NpeBpallaeTcs B 'o4yesJoBeuyMBawllee" olylieHre. Mbl nepeHOCMM Ha KOJIOHHY CBOM
YyBCTBa CHWJIbl, CTPEMJIEHUS U BOJIM, MBICJEHHO cO3JlaBas 00pa3 COOCTBEHHBIX JEeNUCTBUU U
olLLyIas Te 3MOLIMH, KOTOpble CONPOBOXJAIOT N0Z006H0e ycuaue [3].

Apxutektop /[l. O. CaUMOHAC AEeJUT 3MOUMH HA MOJIOKUTEJIbHble U OTpPHUIATeJIbHbIE,
CBSI3bIBasi ONIMO3ULUIO «Y[,0BOJIbCTBUE — HEY/IOBOJILCTBUE» C QYHKIIMOHAJIBbHOCTDIO, 3aJI0’)KEHHOM
B IJIAHUPOBKE AapXWTEKTYpPHOrO MNpoOCTpaHCcTBa. Kaxablii 23/ieMeHT (QYHKUHUOHAIbHOU
OpraHMU3alMM MPOCTPAHCTBA aACCOLMUHUPYETCS C BOCIPUATHEM, 3MOLMUSAMH U TOBeJEHUEM
yesioBeka, GOpMUPYs TUIMYHbIE peaKLMU B Npolecce ero B3aUMOJENCTBUSA C OKpYyXarollei
cpesfoil. OpreHTUpPOBaHME B NPOCTPAHCTBE CTPOUTCA Ha ONEpPalUOHHBIX CXeMax — OIbITe
B3aUMO/JIEMCTBUSA C 0O'bEKTAaMH, UTO MO3BOJIAET JIOAAM HaXOAWUTb HYXKHble OpUEHTUpbL Jlisa
OpUEeHTAalMU B IPOCTPAHCTBE YeJIOBEK HCI0JIb3YeT TOMOJOTMYEeCKUEe OTHOIIEHUS ero CTPYKTYPBI,
3HaUUMMble OPUEHTHUPBbI U BblJEJsIeT OCHOBHbIE 3JIEMEHTHI, TaKhe KaK JOCTyIHble LE€HTpPbI
COLIMOKYJIbTYPHBIX pecypcoB (6/iM3KUe MecTa), HanpaBJyeHus (MyTH U JJUTENbHOCTb) U 30HBI
(obsnactu iuuHOTO BiaAeHus) [4].

[IpyHUMI UHTETrPaL UK 3JIEMEHTOB apXUTEKTYPHBIX CTUJIEN B COBPEMEHHYI0 KUJIYIO CPESY

Knaccuyeckas apxuTeKTypa IeMOHCTPUPYeT 6e3rpaHUYHbIA NOTEHI KA/l apXUTEKTYPHOIO
MCKYCCTBA B CO3/IaHUM 3MOLMOHAJbHOIO OTKJMKA y 3puUTessd. Hcmnosib3yss apXUTEKTypHbIe
NpUeMbI, KJIAaCCHKa CTPEMUTCS K CO3JaHUI0 HJea/lbHOTO NMPOCTPAHCTBA, B KOTOPOM KaK/blH
3JIeMEHT OKa3blBaeT 3CTeTHYeCKOe M 3MOLMOHAJbHOe BO3JeicTBUe, PopMuUpys TIaybokoe
BOCIIPUSITHE U CBSI3b C OKpPY:KEHUEM [2]. ApXUTeKTypHble CTUJH, TaKMe KaK 0apOKKO, C ero
IJIaBHBIMU JIMHUSIMM, KPUBOJIMHENHBIMU OObEMaMU M IepexoJaMH, CO3JAIT OUlylleHUe
$aHTaCTUYHOCTH M HEOOBIYHOCTH, NPOOYXKJasi BOOOpaXkeHUe U NPHUOBJIMKasi Hac K epeKUBaHHUI0
4Yero-To BOJIIEOHOTO W HCKIKYUTEJIbHOrO. IJTHU 3JIEMEHThl MNPUJAAIOT MPOCTPAHCTBY
JUHAMUYHOCTb U >KMBOCTb, YTO CTHUMYJIMPYeT 3MOLIMOHAJbHOE BOCIPUATHE W BbI3bIBAET
ollyuieHWe 4yaa. ['OTUYecKHil CTUJb, C €ro BeJUYECTBEHHbBIMH M 4YacTO yCTpallaloliuMH
dbopMaMy, MOXKeT BbI3bIBAaTb B JIIOAAX POMAHTUYECKHE HACTPOEHUS UM MOOYXKAATh K
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dusocopCcKUM pas3MbllLIEHUSAM. ITOT CTUJb, 6J1aro/japsi CBOel MOHYMEHTaJIbHOCTH, BbI3bIBaeT B
YyeJioBeKe OIlylleHHe BO3BbIIIEHHOCTH U TauHCTBeHHOCTH (Tabsuua 1).

Ta6smmna 1. AHa/IM3 ICMX0JIOTMYEeCKOro BO3AeliCTBMSA CTU/IEBBIX pelieHnl, GopMuUpyomux
00JIMK »KWUJIbIX 3JaHUM

Kunon kommnekc «[lapukckuit KBaptas», r. Acrana, Kazaxcran

['apMoHHUYHBIE NpONOPLHUH,
BeJIMYECTBEHHbIE (GOPMbl U MPOAYMaHHbIE
JleTaln KJIACCUYECKOU apXUTEKTYpPhl
CIOCOOHBI NPOOYXAATh B YeJIOBEKE YYyBCTBO
BO3BBIIIEHHOCTH,  TOPXKECTBEHHOCTHU U
BJIOXHOBeHUS. B coBpeMeHHOUN apxXUTeKType
1IepeoCcMbICTIEHUEM KJIaCCU4eCKUX
apXUTEKTYPHBIX CTUJIer cTas
HEOKJ/JAaCCULU3M. ITOT CTWJIb OO0beAUHSIET
YyepThl BEJIUUUS U JEKOPATUBHOCTH MPOIIJIBIX
3M0X C AaKTyaJbHbIMU TpeOOBAaHUAMU
GYHKIMOHAIbHOCTH U TEXHOJIOTUH.
«Edificio Vivalto», r. Kuto, 3xBagop

CTuip xal-TEK MOXET BbI3bIBATh
BOCXMIeHHE U3-3a ero QyTYpUCTUYHOCTH,
YBEPEHHOCTh Osarojlapss ~ UHXeHepHOU
NpPOJlyMaHHOCTH, HO MHOTa U
OTUYYKJAEHHOCTb M3-3a MHUHUMaJM3Ma. Xau-
TeK JleJIaeT aKIeHT Ha BbICOKHE TEXHOJIOTUH,
4yTO OTpakaeTcs B MCII0JIb30BaHUU
MHHOBAIIMOHHbBIX MaTepuasoB, UHXXeHEePHbIX
pelleHud W UHAYCTPUAJbHOW 3ICTETHUKHU.
KoHcTpyKTUBHBIE 3/1eMeHTHI 3jaHud (6aKy,
TPyObl, BEHTUJIALMA) YaCTO OCTaBJSIOT Ha
BUJly, MpeBpalias HUX B JeKOpaTUBHbIE
JleTasy, npuzampIme 3/laHUIO0
Xy/Zl0’)KECTBEHHYIO BbIPa3UTeJIbHOCTb.
Kunoinn kommiaekc «IuHamo», r. HoBocuoupck, Poccus

KoHcTpyKTUBU3M, OCHOBaH Ha
OYHKUMOHA/NBHOCTH,  pallMOHaJIM3Me U
npoctote. OH mnpobyxJaeT B JIOJASIX
CKJIOHHOCTb K IparMaTu3My, CTPOTOCTH M
paccyuTeNbHOCTHU. ITOT CTUJIb aKLIEHTUPYEeT
BHUMaHHE Ha TEeXHUYECKUX acleKTax u
GYHKIMOHA/NBHOCTH, JeJiasg MNPOCTPAHCTBO
6osiee caep>kaHHbBIM U MHUHUMaJUCTHUYHBIM,
HO [OpOM JIMIIEHHBIM 3MOLMOHAJbHOU
TEMNJIOTHI.
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«/loM ¢ maoaukoi» (Majolikahaus), r. Bena, ABcTpus

ApXUTEKTYpHBIN CTUJIb - MOZepH. Ero
OCHOBHas LieJib COCTOUT B CO3JaHUU $OpPM,
KOTOpble OpPraHUYHO CBfI3aHbl C NPUPOJAOU
YTO BBbI3bIBAET Yy 3pUTeJIed IO3UTHUBHBIX
OTKJIMK. B cTuJle aKTHBHO HCIIOJIb3YIOTCA
3JIEeMEHTbl C MOTMBaMHU INpPUPOJAbLI TAKUMH
KaK: BbIOLMeCcd pacTeHHUs, LBeTbl, BOJIHBL
JlaHHbIE 06pasbl BOIIJIOLAIOTCS B
KPHUBOJIMHEHMHBIX dopmax, JINHUSAX,
MEHSIIOLIMXCA 110 TOJILHWHE, UCI0Jb3yEeMBbIX B
BUTPaXKaX, OTPAXAAIOLUX KOHCTPYKLUAX,
CKyJIbIITypax, OpHAaMEHTax, KOJIOHHAaX |
JPYTUX KOHCTPYKTHMBHBIX U [JleKOPaTUBHBIX
3JIeMeHTax.

IIpocmpaHcmeeHHO-NAAHUPOBOYHbIE NPUHYUNBI POPMUPOBAHUS APXUMEKMYPHOU Cpedbl

[lo3HaBaTe/IbHasA NOTPEOGHOCTh TPeOYeT He TOJbKO pa3HO0Opa3us OKpyKalollel cpebl,
HO U CO3/JJaHUSl YCJI0BUH [1JIs1 ee OCMbIC/IEHUS U MO/JIeJINPOBaHUs B CO3HAHUU JIto/lel. ITO 03HayaeT
dopMHpoBaHUe y yeslOBeKa LleJIOCTHOTO obpasa ropoJa, paiioHa, KBapTaja WU OTAEJbHOTO0
3[IlaHUS, CJIOXKHOTO MO CBOUM QYHKIIMOHAJbHO-IJIAHUPOBOYHBIM XapaKTEPHUCTHKAM. BaKHbIM
TaKXKe SIBJISIETCS pa3BUTHE peJieBAaHTHOW, U36MpaTesbHONH MHPOpMAIMK, KOTOpasi BJIUSET Ha
JleITeJIbHOCTb U IOBeJleHHe 4YesioBeKka B 3TOM cpefe [2]. ['opojckas NMaHUPOBKAa HrpaeT
KJIIDUEeBYI0 POJIb B CO3JJaHUM KOMPOPTHOM M rapMOHUYHOU Cpejibl JiJIsl XKU3HU. BakHbI Takue
acneKTbl, KaK BBICOTHOCTb 3aCTPOMKH, MPOMOPIMHU 3/JaHUH, TPAHCIIOPTHAsA CUCTEMA U CO3JjaHHE
BO3MOXKHOCTeH /11 KoMOPTHOTO MepeABUKeHHs MelnKkoM. LleHTpanbHbli napk B Heio-Hopke
SIBJIIETCS BbIJJAIOIUMCS PUMePOM FapMOHUYHOW HMHTEerpanuy NPUPOJHOTO MPOCTPAHCTBAa B
IJIOTHYI0 TOPOJCKYI0 3aCTPOMKY. JTOT MapK HpeJCTaBJseT CO60M 0asuc, rje Npuposa Hu
apXUTeKTypa B3auUMOJONOJHAKT JAPYyr JApyra, co3jaBasg cOaJaHCUPOBAaHHOE TOPOJCKOe
npoctpaHcTBO (Pucynku 2a u 2b).

a) O6wui BU/J Napka b) lennyian

PucyHok 2. llenTpaabHbiii llapk B r. Helo-Hopk, CIIIA
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Cpezsu MeTOZ0B 06'b€MHO-IIPOCTPAHCTBEHHOW OpraHM3ali apXUTEKTYPHbIX aHCcaMOJiel
MO>KHO BBIJIeJINThb TaKHe IPUeMbI, KaK aKLleHTUPOBaHHUE KJII0U€eBbIX [IJIOCKOCTeN, POPMHUPYIOLIUX
IPOCTPAHCTBO; BbleJieHHe 3HAaYMMBbIX OCeH; NpoJoJrKeHHWe B INPOCTPAHCTBE XapaKTepPHbIX
dbopmMoobpa3youMx  JIMHUAKM, BKJIIOYasd  BooOpakaeMble  y4yacTKH. Takke  BaKHa
YPaBHOBEIIEHHOCTb 3JIEMEHTOB [0 MaccaM, CO3/laHhe B3aUMOCBA3ed MeXJy HMMHU Ha OCHOBe
NPONOPLUHI U reOMeTPUUECKOro oJo6us, a TakKe IPUMeHeHHe Pa3JIMYHbIX BUJ0B CUMMETPUU
[2].

[Ipy co3gaHuMM apXUTEKTYpHOH GOpMBbI HeOOXOJUMO YYUTBHIBAaTb BO3MOKHOCTH
BO3HUKHOBEHUS WJIJIIO3UM, BO3HUKAWOIIUX, KOIZa IPUBbIYHOE Npe/CTaBJIeHUEe CTAJKUBAETCS C
HEeOOBbIYHBIMU OYePTAaHUSMHU 00beKTOB. [lepcieKTUBHbIE UCKaXKeHUs JIETKO MOSABJSAIOTCS, €C/IU
dopMa He cBsi3aHa C YETKO BbIPAXKEHHBIMU FOPHU30HTAJbHBIMU U BepPTUKAJbHBIMU JUHUSAMH,
KOTOpble CO3JalT 6a30ByH NpPsIMOYroJIbHYI0 OpHeHTalvi. BBeJeHMe TakuxX HanpaBJIeHUU
MOKeT 00JIerYuTh BOCHpUsATHE POPMBI U IPUAATH el ICHOCTS [3].

HUccnepoBaHus B 06J1IaCTH NMCUXOJIOTMU U 3CTETUKM NOKA3bIBAIOT, YTO NpPsIMble JUHUU
aCCOLMUPYIOTCS C ICHOCTBIO, TOPSAAKOM U CIIOKOMCTBHUEM, TOT/la KaK IJIaBHble U THOKHE JTMHUU
BOCIIPUHUMAIOTCA JIOJbMU KaK HauboJiee NpuUBJeKaTesJbHble U NpUATHble. OHU BbI3BIBAIOT
acconyanyu ¢ MATKOCTbIO, U3AL1eCTBOM M KpacoTod. B TO ke BpeMs, OCTpble YIJbl U JIMHUU
nepesjaloT OlIylleHHe >KeCTKOCTU W MOTyT CHMBOJIM3UPOBAThb OMACHOCTb. [IpsiMOyrosibHble
dopMbl NepesjaloT palMOHaJbHOCTb U HaZIeXKHOCTh, a KaXK/Jjas reoMeTpuyeckass ¢purypa umeer
CBOM YHHUKaJbHbIA cHMBOJIU3M. [IpocThle reoMeTpudeckue GpopMbl, TakMe KaK OBaJl, Jierye
BOCIIPUHUMAIOTCA M 3alOMMHAIOTCA [0 CpaBHEHUIO C 6oJiee CI0XHBIMU ¢urypamu [4].
TpeyrosibHUK BOCHPMHUMAETCS KaK OCTPbIA U JJUHAMUYHBIN, KPYT — KaK 3aMKHYTBIH, IVIaJIKUK U
rapMOHUYHBIH, CHMBOJIM3UPYS €JMHCTBO, 6ECKOHEYHOCTDb U JIBUKEHHe, TaKue KaK COJIHILE UJIU
*KHU3Hb. KBajipaT, B CBOIO 04Yepe/ib, CHMBOJIU3UPYET CTAOUJIbHOCTD, CUJIy U BEYHOCTD, YTO JieJlaeT
€ro CHMBOJIOM BJIaCTU U YCTOMYMBOCTH B apXUTEKTYpe U U3aiiHe.

PuTM, npucymiuii MHOTUM NPUPOJAHBIM U KU3HEHHBIM SIBJIEHUSIM, SIBJISIETCS OJHUM M3
KJII0UeBbIX GaKTOPOB, BAUAIOILUX HA BOCOPUATHE. PUTM — 0ONTHUMaJIbHOE KOJIMYECTBO BO3MOKHbBIX
INOBTOPEHUI 3/IEMEHTOB He MeHbllle TPEX, He 6oJibllle JeCATH — NATHAALUAaTH IPU UHTEpBaJle He
menblie 0,1 pasmepa asiemeHTa [4]. B apxuTekType, a Takxe B H300pa3UTEJbHOM U
JIeKOPaTUBHOM MCKyCCTBe, OLIylleHHe puTMa GopMUpyeTcs 3a C4eT 4YepeOBaHHUS
MaTepuaJbHbIX 3JIEMEHTOB B NpPOCTpaHCTBe. [l apXUTEKTypbl PUTM CIYKUT CIHOCOGOM
BbIpa)Ke€HUS MHAMUKH CO3/1aBaeMbIX IPOCTPAHCTB U 3aKOHOMepHOCTel popMUpoBaHUs GOPMBI,
YPaBHOBEUIMBAs CUJIbl KOHCTPYKIIMHK U OTpakasi 0C/1e/J0BaTeJbHOCTb CTPOUTEbHBIX ONlepaLUii.
[ToMUMO 3TOro, pUTM OpraHU3yeT 3MOLMOHAIbHOE BOCIIPUSATHE, CTAHOBSICb MOLHBIM U T'MOKUM
CpeACTBOM BO3/IeMCTBHUSA, KOTOPOe NPOOYK/JaeT IMOLIMOHA/IbHbBIN OTKJIUK Y 3pUTEJIsl B KOHTAKTe
C apXUTEKTYypHbIMU popMamH [3].

[IpMHLMIBI UHTETPALIMY 3eJIEHBIX HACAKJEHUN B apXUTEKTYPY KHUJIOHN Cpe/ibl

B MeramoJsivcax y4yacTKH >XMBOM NPUPO/ibl IPUOOPETAIOT 0COOYIO LIEHHOCTD, U 6JIU30CTh K
HUM CYMTAETCs IPU3HAKOM NPECTUKHOCTH. 3eJIeHble 30HbI I0/KHbI HE IPOCTO CYLeCTBOBATh, a
ObITh TAPMOHUYHO UHTETPUPOBAHbI B TOPOACKYIO Cpe/ly, OKa3blBasi N0JIOKUTEeIbHOE BIUsSIHHE Ha
OKpY>KaIlyto aTMocdepy: peryiupysi TeMrepaTypy, BJAQKHOCTb U yJIydllasi Ka4eCTBO BO3/yXa.
CorJlacHO JaHHBIM MCC/Ie0BaHUM, B pallOHaX € 60JIbLIMM KOJIMYeCTBOM 3eJIeHbIX HacaX/JeHU !
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YPOBEHb arpecCud M NpPeCcTyNHOCTHU CYLeCTBEHHO HMke. JKUTe/M TakWX KBapTa/IOB 4alle
B3aUMOJENCTBYIOT APYT C APYroM, Jydlle 3HAIOT CBOUX COCeJlell U IeMOHCTPUPYIOT BbICOKHUH
YPOBEHb COLIMAJbHOU CIIJIOUEHHOCTU. JTO HE TOJIBKO CHHXKaeT BEPOATHOCTb MCUXUYECKHUX
pacCcTpOMCTB, HO U IOMOTraeT NpeJOTBpallaTh MeJIKMe NpPeCcTyIJIeHUs, Co3/jaBasi 6e30MacHyo U
6/1aronpUATHYI0 TOPOJACKYI0 cpefly. bosiee Toro, pacTeHHUs MOTYT ObITh PACIOJIOKEHbI HE TOJIbKO
pAZIOM C apXUTEeKTYPHbIMU OOBEKTaMHM, HO W HENOCPeACTBEHHO Ha CaMWUX 3JaHUAX
(BepTHKa/bHOE oO3eJieHeHHWe), CTaHOBACb YaCTbl WX CTPYKTypbl. «Bosco Verticale»
(BepTuKa/nbHBIM JieC) — 3TO YHUKaJbHbIM NpPUMeEpP HHTErpayydu 3e/8HbIX HaCaXJeHUH B
apxuTekTypy 3AaHui (Pucynku 3a u 3b). ITOT mpoekT OblL1 pa3paboTaH HUTaJbSIHCKUM
apxutektopoMm CredanHo bospu u peanusoBaH B 2014 roay B MwuuaHe. «Bosco Verticale»
npezcTaBJsieT cO60U JBa KUJIbIX He60CKpéoba BbicoToM 80 1 112 MeTpoB, Ha KOTOPBIX pa3MellleHO
okosio 800 nepeBbeB, 4 500 kycrapHukoB u 15 000 MHorosieTHUX pacTeHU. Takoil Tun
03eJIeHEHUS1 He MPOCTO NMpPUJaeT YHUKaJbHbIA BHEUIHUN OOJIMK, HO CIOCOOCTBYET yJIyUYLIEeHHUIO
KayecTBa BO3/lyXa M CHHXKEHHUIO TeMIIePaTyphl 3/JaHHUs.

a) O6uui BU/J b) Jetanu dacajga
PucyHnok 3. «Bosco Verticale», r. Muan, Utanus

[ToMHMO OCHOBHBIX BU/I0B OpraHM3alMy 3eJIeHbIX 30H B CTPYKTYPE XKUJI0H cpesbl (apKHy,
CKBEpBbI, CaJibl) U y>Ke YIIOMSAHYTOT0 BEPTHUKaJIbHOTO 03eJIeHEeHUs] MOKHO OTMETUTb TaKue BU/IbI
KakK:

1. 3enénble KpbllK. Mcnosb30BaHUE KPbIll 3JJaHUN [/ pa3MellleHUs CaZj0B UJIU Fa30HOB.
ITO CHMXKaeT Harpy3Ky Ha CUCTeMY JIMBHEBOW KaHAJ/IM3alUU, U30JMpPYeET 3[jJaHue U YJIydllaeT ero
3Hepro3PpeKTUBHOCTb.

2. BynbBapbl M 3esiéHble yJaMLBbL. YJWLbL, BJOJb KOTOPbIX BBICAXKEHBI JepeBbs U
KYCTapHUKHU CHUXKAIOT YPOBEHD LIYMa, NbLJIX U CO3/AI0T 6JIaronpUsTHYIO JIJ1S IELIEX0/I0B Cpey.

3. [IpupoaHble 30HBI BOJIM3U BOAbL. O6YCTPOMCTBO 3€/IEHBIX HACAXKAEHUHN B/I0JIb PEK, 03€p
WJIM TpPYyJOB. ITU 30Hbl BBINOJHSAKT pPEKpPealMOHHYI0 QYHKIUI0 U 00eCcrneyuBaioT
6ropa3Hoobpa3ue.

4. ATpuyMbl 1 3UMHHe cafibl. O3esileHeHUEe BHYTPU 3/JaHUN, 0COGEHHO B KOMMepUEeCKUX U1
0011leCTBEHHBIX 00beKTaX CO3JaeT KOMPOPTHBIA MUKPOKJMMAT U JJ00ABJSAIT 3CTETUYECKYIO
[IEHHOCTb UHTEPbepaM.

5. Arponapku U ropozckoe ¢pepMepcTBo. MHTerpanus ceqbCKoOX03s1MCTBEHHBIX 3J1eMEHTOB
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B FOPOJICKYIO CpeZly BOJIM3M KUJIBIX KBapTasoB. [IprMepbl BK/IOYAIOT ropoAckue ¢GpepMbl Ha
KpBbIlIaxX UM B 001leCTBEHHBIX 30HAX.

6. BydepHble 3es1éHble 30HBI. [10/10ChI 3e1€HU B/10JIb [JOPOT, KeJ1e3HOL0POXKHbIX Ty TeN UK
IPOMBILJIEHHBIX 00'bE€KTOB, KOTOpBIE CJIYKaT [JJIf 3al{UThI »KUJIbIX KBApTaJIOB OT IIYyMa, bIIK U
JpyTUX 3arpsi3HeHUM.

7. PexpealluoHHbIE Jieca U 3anoBeJHUKHU. KpynHble y4acTKU NPUPOAHBIX JaHAMAPTOB,
MHTEerpUpOBaHHbIE B TOPOJCKYIO Cpefly WM Ha eé nepudepuu. [103BOJNAIOT KUTENAM KUJIbIX
KBapTaJ/IOB B3aMMO/IeMICTBOBAThb C IPUPOJIOY B €€ IepBO3laHHOM BHU/E.

[IpUHL MBI UHTErPaLlMK MaJIbIX apXUTEKTYPHBIX GOPM B KUJIYIO Cpeay

ApxUTeKTypHas cpe/ia BKJIIOYaeT B ce6s1 He TOJIbKO 3/JaHH S, HO U [IBOPOBBIe IPOCTPAHCTBA,
rZie IPOUCXOAUT MHOXECTBO COLMa/IbHBIX B3aUMOIeMCTBUM. DTU TEPPUTOPUU UIPAIOT BAXKHYIO
poJib B KU3HMU TOPOXXaH M MOTYT OBbITb OOOraileHbl MaJlbIMHM apXUTEKTYpPHbIMH (OpMaMH,
KOTOpble OPraHW4YHO BIMCBHIBAIOTCA B OOILYyI0 KOMIO3WILMIO MNpocTpaHcTBa. CKyJbNOTYpHI,
JIaBOYKH, pOHApH U ApPYyrye 3JieMeHTbl MOTYT He TOJbKO YKpallaTh JBOP, HO U CIOCOGCTBOBATH
CO3/laHHI0 KOMPOPTHON U PYHKLMOHAJIBHOM Cpe/ibl /Il OTAbIXa U 001eHUs, yay4liasi KauecTBO
’KHU3HU U CII0COOCTBYS COLMAJbHOM aKTUBHOCTH KUTeJIEH.

Hanuyure 3akpbITOM 6/1aroyCTPOEHHON TEPPUTOPHUU CTAHOBUTCH KJIKOYEBBIM PAKTOPOM
Ipy BbIGOpE 3JUTHOM HEABHKUMOCTH, OCOOEHHO Jjis ceMel ¢ JeTbMHU. Kak mpuMep MOKHO
NpUBeCTH U0 KoMIieKc «TriBeCa Apartments» B r. MockBa (PucyHoK 4). 3TOT NpeMHaJIbHbIU
anapT-KBapTaJl IpeJloCcTaB/seT pe3neHTaM NPOCTOPHbIA BHYTPeHHUM JBOp, 0POPMJIEHHBIN C
IpOAyMaHHBIM JIaHAAPTHBIM AU3alIHOM, IOJIHOCTbIO 3aKPbIThIM U 0XpaHseMblil. TakoW MoAX0z
He TOJIbKO rapaHTUpyeT 6e30MacHOCTb, HO U CO3/aeT KOMQOpPTHbIE YCAOBUA JJisI CEMENHOr0
OT/blXa, UTP JleTel U IPUBATHOCTH.

PucyHok 4. BHyTpeHHee ABopoBoe npocTpaHcTBO «TriBeCa APARTMENTS», xxuioun
KOMILIeKc B I. MockBa, Poccusa
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[IpyHLMIBI UCTIOJI30BAHUS LIBETA, CBETA U MaTepHasoB gacajia B apXUTEKType 3jaHus

[IBeT 3/jaHMI OKa3blBaeT 3HAUYUTEJbHOE BJIMSIHME HAa BOCHPUATHE U 3MOLIMOHAJIbHOE
coctosiHue Jiofed. [locTpoilky, OKpalleHHble B fIpKME W CBeTJible OTTEHKH, COXPaHST
OlLyIllleHHe COJTHEYHOI'0 HaCTPOEHHs Aaxe B NacMypHYyto noroay. Takue 1BeTa He06X0JUMBbI AJ1s1
TOr0, YTOObI pa36aBUTh OOIIYI0 CEPOCTh FOPOJCKOM 3acTpoiku. Hampumep, KpacHbIM LBET y
60JIbLIIMHCTBA JII0/led BbI3bIBAeT CUJIbHbIE IMOLUH, TAKKe KaK BO30YK/leHUe, ApOoCTb U rHeB. OH
CIOCOOEH yBeJIMYMBATh 4YAaCTOTY cep/lieOueHMs], MOBbIIATh KPOBSHOEe JlaBJieHHe, OKa3blBas
Bo30yxatollee JeiicTBMe Ha HepBHyH cucrteMy (PucyHok 5a). TeMHble OTTEHKH CHHETO,
HAao60pOT, CO3JAI0T YCIIOKaUBaILIYy0 aTMocdepy, CiocO6CTBYIOT GU3UIECKOMY U MEHTAJIbHOMY
paccnabsienuto (Pucynok 5b). XKesnTbii 1jBeT acconuupyeTcsi ¢ rTapMOHUEN U YMUPOTBOPEHUEM,
OH MOJHUMAaeT HACTpPOeHHUE, AKTUBU3UPYET YMCTBEHHYI [eATEeJbHOCTb U CHOCOGCTBYeT
olyeHuo pagoctu (PucyHok 5c¢). 3esieHbli BET BbI3bIBAET YyBCTBA TEIJIA, PaZJ0CTH U SHEPTHH,
CHHUMas HEPBHOE HaNpshXKeHUe U 3pUuTesibHOe yToMieHue (PucyHok 5d).

7 b)«MelanChthon College Schiebféek»,
r.Portepaam, Huaepsangbl

t

c) Yauupbl r. AHakanpy, Utanua d) «Lady Cilento», r. bpucben, ABcTpanus

PucyHok 5. [IpuMepbl BO34eHCTBUS KOJIOPUCTUYECKHX PellleHU Ha BOCIIPUSTHE
3puTess
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[Ipy BrIOOpE 11BETA A/ 3JaHUN HEOOXOJUMO YYUTHIBATh He TOJBKO €ro OTTEHOK, HO U
«TeMIepaTypy». X0J0/AHble 11BeTa, TaKKe KakK roJay6oi UM CBETJIO-3eJIeHblH, aCCOLUUPYIOTCS C
JIHEBHBIM BpeMeHeM, KOrja y 4desioBeKa 0oJibllle 3HEPrUM U aKTUBHOCTHU. TemJible OTTEHKH,
HalpuMep, OpaHKeBblil U KPAaCHOBATO-KOPUYHEBBIN, aCCOLMUPYIOTCS C BeYepOM UJIU YTPEHHUM
COJIHL|EM, KOTJla OpTraHHU3M HaXOAUTCA B paccjabjieHHOM COCTOSAHMWH. [IpaBUBHBIA moz6op
[IBETOBOM TaMMbl MOXE€T CYLIeCTBEHHO VJYYLIATb BOCIPUATHE apXUTEKTYphbl, CO3JAaBas
rapMOHUYHOE U 3MOLIMOHAJIbBHO KOMPOPTHOE POCTPAHCTBO /1l 2KU3HHU.

EcTecTBeHHOe OCBellleHWe HWrpaeT BaXXKHEWIYI poJib B NOAJEpP>XaHWU 3[0pOBbS U
6s1aronosiyyus 4desoBeka. COJTHEUHBIM CBET He TOJIbKO peryaupyeT OHOJIOTMYeCKHEe PUTMBI U
pPEeXXUM CHa, HO W OKa3blBaeT IMOJIOKUTEJbHOE BJIMSIHHME Ha Halle HacTpoeHHe, obllee
caMO4YyBCTBHUE U ¢usnueckoe cocTosiHUe. [lo HopMaM CTpPOUTENBHBIX NpPaBUJI, €CTECTBEHHOE
OCBellleHU e B XXUJIbIX 3[JaHUAX perjiaMeHTUPYeTCs BpeMeHeM MHCOJIALUH (IPSIMOr0O COJIHEYHOT 0
ocBelleHUs1). OCHOBHble TpebGOBaHHSA 3aBUCAT OT reorpadUyeckoro pervoHa, OpUeHTalUU
3laHusA U ero QyHKIMOHAJbHOTO Ha3HayeHUsA. COrJacHO HOpMaTHBaM, KUJible MOMeLleHUs
(rocTuHble, CIAJNIBHY, IeTCKHE) JOJKHBI I0Jy4YaTh He MeHee 2 YacoB IPSIMOI0 COJIHEYHOT0 CBETa
B IeHb. B HEKOTOPBIX CeBEPHbIX pallOHAX MOTYT ObITh CHU>KEHBI TPeOOBAHUSA K MUHUMAJIbHOMY
BpeMeHH UHCOJIALUM U3-3a KJIMMaTHYeCKHUX YCA0BUM. /151 cCO6JII0JeHUSA HOPM BaXKHO YYUTBIBATh
OpHMEHTALMI0 OKOH (0T, IOT0-BOCTOK, I0T0-3aMa/}) ¥ BO3MOXKHOE 3aTeHeHHe COCeJHUMU 3, aHUSIMHU.
Ha yuacTkax ¢ Hak/JOHHBIM pesbedOM MNpPeANOYTUTENBHO pasMellaTb 3JaHUd Ha
BO3BBILIEHHOCTH, YTOObl MUHHMHU3UPOBAThb 3aTeHeHHWe. [IpU MIaHUPOBKEe >KUJOrO0 MacCUBa
JIOJDKHbl  YYUTBIBATbCSl NapaMeTpbl "yrja cBeTa" U "paccTOAHUSA MexJy JoMaMu'.
Ucnonb3oBaHWe OOJIBLIMX OKOHHBIX NMPOEMOB WJIM NMAaHOPAMHbIX OKOH Ha H0KHOW CTOpPOHE
CHOCOOCTBYET MaKCHMaJbHOMY MPOHUKHOBEHUIO JHEBHOTO CBETAa. APDXUTEKTYPHBIE BBICTYIIBI,
6aJIKOHBI U KO3bIPbKH HE JJ0JKHBI CO3/1aBaTh JIMIIHUX TeHeW. 30HUpOBaHUE TEPPUTOPUU JOHKHO
YUYUTBIBATb PAClOJIOKeHUEe JeTCKUX IJIOIA/I0K U 30H OT/bIXa Ha COJTHEYHOUM CTOPOHE, a TaKXKe
pasMellleHUe NMAapKOBOYHbIX 30H MJIM XO3SWCTBEHHbBIX IOCTPOEK HA TEHEBOU CTOPOHE y4acTKa.
JTU HOpPMBI HalpaBJieHbl Ha NOJJep:KaHUe KOMQOPTHOrO MHUKpOKJMUMATa, obecredyeHUe
6/1arONpUATHBIX YCJOBUW JJ1 3[0pOBbSl M yMeHbllleHHe MNOTPEOHOCTH B HCKYCCTBEHHOM
OCBeLIeHUH.

MaTtepuassl, Ucnojab3yemMble B OTAesKe $HacajioB, BJUAKT Ha TAaKTUJIbHOE BOCIPUSTHE
3gaHui. OHU MO3BOJISAIOT CO3/aTh YHUKAJbHBIA OOJIMK MOCTPOMKH, KOTOPBIA Oy/leT BbI3bIBAaTh
MOJIOKUTEJIbHbIE 3MOIMU Y JtoJel. TekcTypa U ollylleHhe MOBEPXHOCTH, OY/ib TO IJaJIKOCTh
CTeKJ/a, TEIJIO JlepeBa WJM LIepOXOBATOCTb KaMHS, GOPMHUPYIOT 0coboe BIeYaTJieHWe MpHU
B3aUMO/JIEMICTBUN C apXUTeKTypoH. [IpaBuiibHO MoJo0OpaHHble MaTepUasibl MOTYT He TOJIbKO
YAYYIIUTb BHU3yaJlbHOE BOCHPHUATHE 3/aHUs, HO M YCUJIUTb 3MOLMOHAJBHYIO CBfI3b C
OKpY»Kalolllel cpeJloi, Aesiasg MPOCTPAHCTBO 0Oojiee KOMQPOPTHBIM W MPUTATATENbHBIM JJisl
noJib3oBaTeJsied. [I[puMepoM OpUTrHHAJILHOTO apXUTEKTYPHOTrO No/Jx0Aa B opopMyieHun dacaza
MOXKHO Ha3BaThb NPOEKT pecTaBpanuiu xujoro 3aanusa «Cloaked in Bricks» B Terepane (Pucynku
6a 1 6b). ApXUTEKTOPbI peasn30BaIu KOHLEeNLUI0 dacajia, MOKPbITOr0 CeThbio "0TBEpCTUI", YTO
NpUJAET MOHOJMUTHOM CTPYKType 3JaHUs JIETKOCTb U BU3yaJIbHYIO JUHAMUKY. Bbi6op KaMHA B
KayecTBE OCHOBHOTO MaTepuasa OOYCJOBJEeH €ero MUCTOPUYECKOW 3HAYUMOCTbIO U
TPaJULIMOHHBIM UCNOJIb30BaHUEM B CTpoUTENbCTBe B MpaHe. Takoe pellieHue JeMOHCTPUPYET,
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KaK MOX>XHO CO3[4aBaTb 3CT€THUYE€CKH IPHUBJIEKATEJIbHbIE€ COOPYXKEHHA, OJHOBPEMEHHO CO6JII-O,E[aH
9KOJIOTUYE€CKHE TPUHIOHUIIBI.

PucyHnok 6. «Cloaked in Bricks Residential», Terepan, Upan

TakuM 06pa3oM NpoaHa/IM3UPOBAB JIMTEPATYpHble U HaydHble MUCTOYHUKH, a TaKKe
NpoBeJisl JeTajJbHblil pa3bop BU3yaJbHbIX M MNPOCTPAHCTBEHHBIX XapaKTEPUCTUK 3JaHUH,
KOTOpble GOPMUPYIOT COBPEMEHHYIO0 apXUTEKTYPHYIO Cpealy, 1 BblJeJINJ KI4eBble MPUHLUIbI
CO3/laHUs OJIaroNpUATHOr0O U KOMQOPTHOrO MPOCTPAHCTBA. JTU MNPHUHUUIBI YYUTHIBAIOT
9KOJIOTUYECKHE, 3CTeTHUYecKue, QyHKIUOHA/JbHble M COLMAJIbHble aCHeKThbl, YTO MO3BOJISET
dbopMHpoBaTh KOMPOPTHYIO apXUTEKTYpHYI cpeAy. Takke B XoJie pabOThbl ObLIU BbISIBJIEHbI
COBpeMeHHble TeHJeHLUH, T[OoJAYEPKUBAIOIME BaXXHOCTb UHTerpaliud MNpPUPOJABI B
apXUTEKTYpPHYIO CpeJfly, CO3/laHhe NPOCTPAHCTB JJs B3aUMOJIEHMCTBUSA JIIOJEN U BHeJpeHUe
HNPHUHIUIOB yCTOMYUBOI'0 IPOEKTHPOBAHUs. ITH HallpaBJeHUs NO3BOJISIIOT OPMHUPOBATH CPEAY,
KOTOpasi He TOJIbKO (QYHKLMOHa/JIbHa, HO M CIOCOOCTBYeT YJY4YLUIEHUI0 KadyecTBa >XU3HHY,
3MOIIMOHAJILHOTO COCTOSIHMSI U YKpEeIJIEHUI0 COLUaJbHBbIX CBsIzed. MTOoroBble pe3ynbTaThbl U
OCHOBHble BBIBO/Ibl MpeAcTaBJeHbl B HWHborpaduke [yii HArJSAJHOTO MOHUMaHUA U
cUCTeMaTH3alMUi NOJYyYeHHbIX AaHHbIX (PucyHOK 7). Bce BbIsiBJieHHbIE aclleKTbl U NPUHLHUIBI
00beIMHSIOTCA B €JUHYI0 CUCTEMY INOJXOJ 0B, HalpaBJEeHHbIX Ha KOMIIJIEKCHOE YJIydllleHHe
apXUTEKTYpPHOU cpejibl, C y4eTOM 0OaJsilaHCa MeX/ly 3CTeTUKOH, QYHKIHUEW U YCTOWUYUBOCTbHIO
[IpencraBieHHas vHbopmManus MOXKET OBITh MCIIOJIb30BaHa apXUTEKTOpaMH,
IPOEKTUPOBIMKAMU U UCCIE/0BATESIMU B JjajibHelleld paboTe HaJ, CO3/laHUEM rapMOHUYHOU
¥ QYHKIMOHAJbHOM Cpe/ibl, OpUEeHTUPOBAHHOM Ha YeJslOBEeKa.
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AKIEHTHPOBaHKE KJII0YEBbIX IJIOCKOCTEH,
bOPMHUPYIOLIKMX IPOCTPAHCTBO

BrigesieHre 3HAaYUMBbIX oceu

HWcnosb3oBaHKe NPAMBIX U IJIaBHBIX IMHUH U
dopm

[Ipojo/KeHNEe B MPOCTPAHCTBE XapaKTEePHBIX
$opM0o06pa3yIUX TUHUI

Opraﬂnaaunﬂ pUTMa KaK crnoco6 BbIpAaXXeHUA
AWUHAMHUKHU CO34aBaeMOro NpoCTpaHCTBa

?

4

PucyHok 7. TeopeTudeckasi MojeJ/ib pOpMUPOBAHUSA apXUTEKTYPbl KOMPOPTHOM
YKUJIOH cpeabl

3ak/oueHue
Takum 06pa3oM 3a/la4v apXUTEKTOPA OXBATHIBAIOT HE TOJIbKO IPOEKTUPOBAHME MJIAHOB U

¢dacaioB, HO U IJIyOOKOEe MOHMMaHKe TOro, Kak ero paboTa OyAeT BO3/1eiCTBOBATh Ha YeJIOBEKA,
BJIMSISI HA BOCIIPUSITHE, SMOIMU U TIOBEJIeHUE KAXK/I0TI0, KTO B3aUMO/IEMCTBYET C MPOCTPAHCTBOM.
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JTo TpebyeT MoJx0/ja, B KOTOPOM apXUTEKTYypa He IPOCTO CYLeCTBYeT B OKPY>KEHUH, HO U
rapMOHUYHO CJHMBAETC C NPUPOAHBIMU U KYJbTYPHBIMU 3JIeMEHTAMH, CO3/aBasl LieJI0CTHOE,
BbIpa3UTeJIbHOE NPOCTPAHCTBO.

ApxUTeKTOpy BaKHO Hu30eraTb MOHOTOHHOCTHM M OJHOO00Opa3usd, yJessii BHHMaHHUe
YHUKaJbHBIM 4epTaM KaxkJoro npoekra. Co3iaHre OpUrMHaJbHbIX U BbIpa3UTeJbHbIX 3JaHUM —
He TOJIbKO BHeUIHAS 3ajjaya, HO W CNOCO6 MOBBICUTb 3CTETUYECKYI0 MPUBJIEKATEJbHOCTb U
LIEHHOCTb TOPOJICKOM cpejpbl, MpeBpalias eé B NPOCTPAHCTBO JJi1 BJOXHOBEHUS M KoMbopTa.
PazHooGpa3sue popM M JIMHUH B apxXUTEKType CTUMYJUPYeT IMOJIOXKUTeJbHble 3MOLUU U
NoAJep>XKUBAeT UHTEPEC, CO3/jaBasi BU3yaJIbHO HACBIILEHHYIO U ICUX0JIOTUY€eCKU 6J1arONpUATHYIO
cpeny.

ApXYTEeKTypa J0JKHA YYUTBIBAaTh KaXK/bli aclleKT, BJUAOLMNA Ha BOCIPUATHE, BK/IOYast
dopMbl, IBeTa, TEKCTYPhI U MaTepUaJibl HCI0JIb3yeMble B pOPMHUPOBAHUU 00pa3a KUJIOU Cpe/ibl.
M3amiHble 1 rapMOHWYHbIE JIMHUM, COAJlaHCUPOBAaHHbIE I1BeTa M KayeCTBEHHble MaTepHaslbl
CNIOCOOCTBYIOT YJIyUYLIEHUI0 HACTPOEHUSI U IMOLMOHA/JIbHOIO COCTOSIHUSA. Bce ajileMeHTBbI cpefibl
B3aMMOJIEMICTBYIOT B €CTeCTBEHHOM OCBeIllleHHH C OKpY:KeHHeM, CO3/aBasg NPOCTPAHCTBO,
KOTOpPOe BU3yaJIbHO U TAKTUJIbHO JOJHKHbI FAapMOHUPOBAaTb U B TO >Xe BpeMsl BBINOJHATH
$yHKIMOHANIbHbIEe TPeOOBaHUSA. Y/IauHOe IPUMeHeHHe MaTeprUasioB, MArKUe, KOMGOpTHBIe JJis
BOCIPUATHUA JIMHUU W TNPUSATHbIE TEKCTYPbl MOJIOKWUTEJNbHO BJMAIT Ha ICUXOJOTMYECKUH
KOMQOPT U BOCIIPUATHE IPOCTPAHCTBA.

Ocoboe BHMMaHHE CTOUT YJeJATb 3eJIéHbIM 30HaM W NPUPOJHBIM 3JIEMEHTaM,
CIOCOOCTBYIOIMM CHMXKEHUIO YpPOBHSI CTpecca, CO3JaHUI0 OILYLeHUs CIOKOMCTBUSA W
YeAUHEHHOCTHU. JTO MOIYT ObIThb KaK KpPYIHble NMapKOBble 30HbI, TaK U HeOGOJIbIINE 3eJEHbIE
YTOJIKU B MeCTaXx, IZie JIIJ 1 NPOBOAAT CBO€ BpeMs. OKpy:KeHHe MPUPOL0N NOMOraeT C03/1aBaTh
CBfI3b C €CTeCTBEHHOM CpeJloM, UTO JI0Ka3aHO 6JIarOTBOPHO BJIMAET HA 3/l0pOBbe U BOCIPUATHE
OKpy»Kamwllel o6cTaHOBKH. O3esieHeHMe BBINOJHSET TaKKe BaXKHYI0 9KOJIOIMYECKY0 GYHKLHUIO,
yJlydiiasi KayecTBO BO3/lyXa U [TOMorasi peryJiupoBaTb MUKPOKJIMMAT.
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CoBpeMeHHbIe IPUHIIMIBI QOPMUPOBAHHUS APXUTEKTYPbl KOMPOPTHOM KHUJIOH Cpesib

A.T. Anubaes, E. H. XBan
JLH. I'ymunes amoiHdarsl Eypasusi yimmuliK yHugepcumemi, Acmaua, Kazakcmax

Kaiibl eMip cypy opTachbIHbIH, apXUTEKTYPAChIH KaJIbIITACTBIPYAbIH 3aMaHayH
NpUHLMITEPI

Anparna. Makasia apXUTeKTypa/blK OPTaHbIH XeKe aflaMAapAblH [a, Ka/lllbl KOFaMHbIH,
Jla TICUXOJIOTHUAJIBIK >KoHe 3MOLMOHANABIK >KafZlalblHa 9CepiH 3epTTeyre apHa/IfaH. OMip
canacblHbIH TOMEH/IeyiHe >KoHe dJIeyMeTTiK IIHeJIeHiCTiH ecyiHe aKeJseTiH »kanmai 6ip TUOTI
KYPBLIBICTBIH, >KaFbIMCbI3 Cajljapbl KapacTbIpbllaZbl. Makajaza opTypJ/i apXUTEKTypasblk
CTUJIbJIEPAiH KOpIlaFaH KeHICTiKTi KabbligayFa acep eTy MeXaHU3M/epi, COHbIH, illliH/e oJ1ap/blH,
KOHiJI-KYHTe, MiHe3-KYJ/IbIKKA *KoHe TiNnTi GU3nKaJbIK 9/1-ayKaTKa acepi alibLIabl. IMOLMOHA /b
KJIMMATThI KaKCapTy¥Fa, CTpecC AeHreliH ToMeHeTyre XoHe dJeyMeTTIiK KeJliCiMAi apTThIpyFa
BIKIIAJI eTeTiH KaJlaJblK OpTaJaFbl »KacblJl KeHICTIKTep MeH casgbaKTap/blH MaHbI3/blIbIFbIHA
epekile Hasap ayaapbuiajbl. CoHlal-aK, KEHICTIKTI KaObLiAayabl "OaFgapiaManialThiH" KoHe
ajlamjiapsa 6Gesrijii 6ip sMoOLMOHAN/bl XoHe MiHe3-KyJIbIK peakLUsJapblH TYAbIPYbl MYMKiH
apXUTEKTypaJarbl TYCTIiH, »XapbIKTbIH, MILIIHAEPAIH >KoHe KOMIIO3ULUAJBIK NapaMeTpJepAiy,
pesai TankpIaHaAbpl. MaKasaZia Kajla KYpPbUIBICBIHBIH, aZaMJapfa acepi Typasbl Oeriii
CoyJIeTLIiJIep MeH Fa/lbIMJapAblH 3epTTey/epi TangaHaabl. Kasanablk opTaHbl xob6ajiay KesiHzae
IICUXOJIOTUAJIBIK, acleKTiliepZiH ocepiH eckepy »oHe QYHKLHOHAIJbl MiHJETTepAi »Ky3ere
acblpaThblH, 3CTETUKAJIBIK TapThIM/bIIBIKTBI KOXKETTI )KalJIbLIbIK JeHreliMeH 6elHeIelTiH, coJ
apKpLIbl XaJIbIKTBIH, 6Mip CYypy CalachlH aKCcapTaTbIH KOJIJAHbICTAFbl KaJa/bIK KeHiCTiKTepAi
Tajjay KaXeTTuIiri atan ertiiefi. AjaMaapAblH eMip cypy canacbl MeH ICMX03MOLMOHaJ/bI
KaFJlallblH JKaKcapTaTblH YWJeciMZi KeHiCTikTep KypyFa OafbITTa/liFaH KopuUlaFaH OpPTaHbI
»Kobasiay apicTeMeci TanaHa/bl.

Ty#iH ce3aep: apXuTeKTypaJblK, 0pPTa, ICUX0JIOTUAJIBIK, dCep, 3CTETUKAJIBIK, 9PTYPJILIIK,
»KocnapJiay 1eniMmi.

A.T. Alibayev, Y.N. Khvan
L.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan
Modern principles of forming the architecture of a comfortable living environment

Abstract. The article is devoted to the study of the impact of the architectural environment
on the psychological and emotional state of both individuals and society as a whole. The negative
consequences of mass construction of the same type, leading to a decrease in the quality of life and
an increase in social tension, are considered. The article reveals the mechanisms of influence of
various architectural styles on the perception of the surrounding space, including their influence
on mood, behavior, and even physical well-being. Special attention is paid to the importance of
green spaces and parks in the urban environment, which contribute to improving the emotional
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climate, reducing stress levels and increasing social cohesion. The role of color, light, shapes and
compositional parameters in architecture, which "program" the perception of space and are able
to evoke certain emotional and behavioral reactions in people, is also discussed. The article
analyzes the research of famous architects and scientists on the impact of urban development on
people. It emphasizes the need to take into account the impact of psychological aspects in the
design of the urban environment and the analysis of existing urban spaces, which simultaneously
realize functional tasks, embody aesthetic attractiveness with the necessary level of comfort,
thereby improving the quality of life of the population. The article analyzes the methodology of
designing an environment aimed at creating harmonious spaces that improve the quality of life
and the psycho-emotional state of people.

Keywords: architectural environment, psychological influence, aesthetic diversity,
planning solution.
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TacnaJsibl LIeMilITi 3/iIeBaTOP /IapbIHbIH, KOJIAAHbICTAFbI
KOHCTPYKIHUsIJIapbIHA LIOJY

K.K. Kyanbim6ekoBa ' , b.b. Toruz6aesa “ , Y.lll.Kokaes “ ,
M.T.CopceHGaeB
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Agaarna. Kasipri yakbiTTa wWeMillTi 3JieBaTopJiap 9pTypJi cajanapza
LIeMEeHT, Kep, KyM, LIbIMTe3€eK, KeMip, acThIK, YH, XUMHUAJIbIK MaTepuaagap
KoHe 0acka [Jla ycak, LiaH Topi3/i KoHe KeceK MaTepualjap, COHJAM - aK
3UAHJBI, KayillTi, CyCbIMaJbl KYKTepJAl TiriHeH TacbkiMajjay YLUIiH KeHiHeH
KOJIJ@aHbLIaAbl. Byl KypblIFbLIapFa KOMbLIATBIH HETi3Ti TasanTapAblH, 0ipi -
OJIapAblH, >KOFapbl CEHIMJIJIri, TackiMajjay TUIMZAIIIrI, KOpLIaFaH OpPTaHbI
3UAH/ABI MaTepUaNZapAaH, laHHaH Kopray. llleMinrti asieBaTopsiap cycbiMaJibl
KYKTepAepAi KbUDKBITY VIIIH OpTYpJi casajap OOWbIHIIA KeHiHeH
KOJIJAHBLJIAaTbIH KOJIIKTIK >K9He TEeXHOJIOTUSJIBIK JKyhesepAiH MaHbI3[bl
3JieMeHTI 6o0Jsibl TabbL1azAbl. Bys Makanaza ocel canaZafbl OTaH/BIK XKoHE
aJbIC 1IeTeJJIK >KeTeKIli FaJblMJapblHbIH €eHO0eKTepi MeH 3epTTeyJepi
KapacTtblpbuifaH. OTaHABIK yHbIMJAp NakJajaHaTblH TacHoasbl LIOMILITI
3JIeBaTOPJIAPbIHBIH, KOJIJAHbICTaFbl KOHCTPYKLMAJAPBI KapaJbl J>KoHe
9pTYypJli aKnapaTThIK Ke3/ep/eH (FbIBIMU MaKaJiajap, aBTopedepaTTap KoHe
b6acka Ja eHOeKTepJeH) >XUHaJFaH WIeMIUITi 3JieBaTOpJIapblHbIH Heri3ri
3JIeMeHTTepi  YCbIHBUIZABI,  OJIapJblH,  NPAaKTHUKaJbIK  KOJIJAAHYJAFbl
apTBHIKWBLIIBIKTAPbl MeH KeMUIJIiKTepi TajagaHAbl. TopanTapzblH iCTeH
IIbIFybl OOMbIHILA >KYHeJieHreH IUeMIIllTi 3JieBaTOpJiapblHbIH  HETi3ri
aKayJiapbl, COH/Ial-aK 0Jiap/bl LIelly K0JIAapbl aHbIKTaJI/bl.

TyHiH ce3aep: meMilITi 37eBaToOp, CycbIMasbl XKYKTep, TapTy OeJiiri, akay,
HeMill, Tacmna.
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Tacnasibl LeMilITi 371€BaTOPJIapbIHBIH, KOJIJAHbICTaFbl KOHCTPYKLUsJIapbIHa IOJY

Kipicne

[MemimTi 3/s1€BaTOp - MaTepua[bl Y3[4IKCi3 KBIDKBITY apKbllbl KOTepyZHl Kysere
achlpaThbIH lIeMilmTepi 6ap Tik Tacnajibl KoHBeHdep. OnapAbl NaljanaHy THIMAIICIH apTThIPY
alTapJIbIKTal MaHbI3fa Ue, 6UTKEeHI 3Heprus WbIFbIHAAPBIH a3alTyFa, OHIMAIIIKTI apTThIpyFa
»KoHe NaijjajaHy WbIFbIHAAPBIH a3alTyFa MYMKiHJiK 6epeai. Bys KypblifbliapFa KOWbLIATbIH
Heri3ri TajianTap/pblH, 6ipi - oJ1ap/iblH )KOFapbl ceHiMAimiri [1].

Kasipri »xarzaylap 3JieBaTOpJIapAbIH, KYMBICBIH KaKCapTy, OJIapAbl HAKThI >KYMBIC
»KaFZalapbiHa 6eliMaey »KoHe TO3yAbl a3alTy VIUiH OHTAMJbl KYPbLIbIM/BIK ILIeliMaepai
i3geyai tanan ereni. llemiwTi asieBaToOpaapAblH, KYPbUIbIMABIK [IapaMeTpJIEPiH 3epTTey KoHe
OHTaWJIaH/bIPy Ka0JbIKTbIH, THUIMJAIMIrIH apTThIpy, pecypcTapAbl YHeM/iey >KoHe eHJipicTik
npouecTepAiH 3KOJOTUSJIbIK TYPAKTbUIBbIFbIH )XaKCcapTy TYPFbICbIHAH 63€KTi 60J1bIN TaOblIa/bI.

MakasaHblH Heri3ri MakcaTbl - Tachnajbl WeMilTi 3jeBaTopJsapbiHbly, (TLII)
KOJIJAHBICTaFbl KOHCTPYKLUAJIAPbIH KapacThIPy, 3J1€eBaTOpJIapAblH Heri3ri aKayJiapblH, 0J1apAbl
LIelly KO0JIJapbIH XXoHe KeMIIJIIKTepl TYKbIpbIMAAI/BbL.

[llemimTi asieBaTop - Gy/ CycbIMasibl MaTepHaaJapAbl Y3[iKci3 TiK TacbIMasjay ylIiH
apHaibl KOJIJJaHbLIATbIH KypbUIFbl. O 6acka TacbiMasljay MalllMHajJapblHAH TiK >KabbIK
TacbIMa/Ilay MYMKIiHJiriMeH, KeTepy OMIKTiriMeH, wWafFblH eJineMepiMeH »KoHe YVJIKeH
TacbIMasliay KeJsieMiMeH epekulesieHe/i. Herisri KypblibIMAbIK 371eMeHTTepP-0yJ1 KOPIYC, XKeTeK
KYPBLJIFbICHI, HIeMilITepi 6ap »KYMbIC OpraHbl »9He Tafbl 6acka [6,7]. CypeT 1 me wmemiuTi
3JIeBaTOP/bIH, CyJ10aChl 2K9He LeMilTepAl Tacnara 6eKiTy HyCcKaJlapbl KOPCETI/ITeH.
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[llemimTi asieBaTop (CypeT 1) 4 TiriHeH TyWbIKTa/JIFaH TapTKbILI 3JIeMEHTI (Tacna), 5 Kyk
KeTepriul 3/ieMeHTTepi KaTThbl OeKiTi/ireH - meMimtepi. TapTKbILI 3/1eMEHT »KOFapFbl )KeTeKTi 1
»KoHe TeMeHri KepHeyai 7 6GapabaHjap/bl ailHaJbIN OTe[i. JJAeBaTOPAbIH XKypic 6eJiiri MeH
aillHa/IMaJ/ibl KYPBLIFbLIAPBI 2KOFAPFbI OeJiirineH (6acblHaH) 2, OpTaHFbI O6JliriHeH KoHe TOMEHTI
6esiirineH 9 (TabaHAbIK), 10 TypaTbIH Ka0bIK KaTamMaFa opHaJjacTblpblia/bl. lllemimTepi 6ap
TapTY 3JIEMEHTI 14 xxeTerimMeH Ko3FaJa/ibl, aJl 6acTanKbl KepHey 8 KepHey KYpblIFbICbIMEH
xacasaapl. CycbIMasbl KYK 3JIeBaTOp/JblH, TOMEHTi O6JiriHiH THey liyMeriHe (MypbIHbIHA)
Oepineni, WeMilllke TUeseJi, 0JlapMeH KeTepineZi »KoHe >»KOFapfbl OapabaHfa 3JieBaTOP/bIH
YKOFapfFbl O6eJiriHiH wymeriHe Tycipinezi. XKeTek maccu/iig apTKa »bl/DKYbIHA XK0J1 6epMey YILiH
TOKTaTKbILINEeH 12 HeMece TexerilneH 13 »ab/ibIKTaJfaH. JJ1eBaTOP KOPMYChIH/a 6aFbITTAyLIbI
KypbuiFbliap 11 6osagbi [2].

JdjicHaMa

CanpicThIpMasibl  Taajay odJdiCIH KoJiJaHa OTBIPbIN, LIEMIIITI 3JieBaTopJapAblH
KOJIIaHbICTaFbl KOHCTPYKLMSAJIApbIHA, HETI3Ti aKayJ/iapblHa CaJbICThIPY XKYPTri3iijii.

AybIp XyKTeMeJsiep Ke3diHJe Y3JiKCi3 »KYMBIC iCTey Tacnasbl IIeMILITi 3/71eBaTOPbIHbIH
(TLI3) >kyMbIC 3J1eMeHTTepiHiH, alTapJ/bIKTall To3ybiHa (CypeT 2) »dHe COHbIH caJsilapblHaH
OHIMAINIKTIH TeMeH/leyiHe oKenei [8].

Kymeic kesinge TUII-HbIH Keseci Heri3ri aKayJiapbl aHbIKTaslabl:

- 6acKpl OeJiiri, TabaHAbIK, TAPTKbILI MOUBIHTIpeK 37eMeHTiHiH, TIID TyO6iHiH, 6i/lik neH
MOWBIHTIpEKTEP/ZIH, MOMWBIHJAPBIHBIH, >XeTeK >KoHe Teerill MeXaHU3MHIiH >KapTblIiau
MydTaslapbIHbIH, TYHpeYillTepiHiH, pe3eHKe TeceMAep/AiH )koHe 6apabaH 6es[iKTepiHiH, aybITKY
POJIMKTEPIiHiH »KoHe TaFbl 6acKa 66JliKTepiHiH TO3YhI;

- 6bapabaH WHeJiepiH/e )KapbIKTAPAbIH Nai/ja 60J1ybI;

- peAyKTopJapAbl, TICTi JOHFaJlaKTapZbl OPTaJbIKTAaHABIPY >XoHe TO3ybl; KepHey
MeXaHU3MiHiH peTTey OypaH/aaapblH OYTinyi;

- IeMIILTI 3JIeBaTOp KOJIAKTapbIH LIaMaZlaH ThIC TAPTY, XKUEKTepAiH 3aKbIM/IaHYbI KoHe
0JIap/bIH, KaJlbl TO3YHI;

- LIeMILITepAiH MbDKbUIYDI, 0J1ap/blH OYbIHAapbIHbIH, aJlIaKTbIFbI (3KbIPTHLIYHI).

Jlypbic eMec KepHey napaMeTpi, Ti36eKTiH HeMece TaclaHbIH TO3Ybl, MailJlayAblH 60JIMaybl
Jla acep eTeni:

- 6erjie 3aTTap/blH TYCyi, AYPbIC alJasaHblIMaybl, MalJIayAblH 60JMaybl, TO3Yybl, AYPbIC
OpHAThLIMaYhbl;

- MaTepHuaJ[AblH TO3ybl, AYPbIC OPHAThIJIMAYbl HEMECE IIaMaJaH ThIC XXYKTEME;

- IYPBIC KYMBIC iCTEMEY, MeEXaHUKAJIbIK 3aKbIMJaHy, MaTepUaJIiblH TO3ybl;

- JKYKTeMeHiH »KOfapbliaybl, MalJa/laHy WapTTapblHbIH C9MKeC KeJaMeyi, eHZipic
aKayJaphl;

- BUIFAJ/IIbIH, 9CePi, arpecCUBTI OpTa, KOPFAHBICTBIH, O60JIMayhbl, y3aK Mep3iM/i nalgalaHy,
MeXaHUKaJbIK 3aKbIM/JaHy, MailJlay/iblH, 60/1Maybl.

Kecrte 1 e mewmilnTi asieBaTop/iap/blH 6H/ipiCTe Ui Ke3/jeCeTiH aKayJsap MeH beJriyepi
KOpCeTiJIreH.
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2-cypet. LlleminTi 3/1eBaTOpPABIH, ’KOFAPFbl 6apa6aHBIHbIH, TO3YbI
[llemimTi a;1eBaTOp/IapbIHbIH, TO3ybIHA KeJsieci dakTopJsiap acep eteai [8]:
- MeXaHHUKaJIbIK 3aKbIM/IaHy, MaTepUalAap/blH TO3Ybl, [YPbIC XKYMBIC iCTEMEY;
- 3JIEKTP KO3FaJTKBIUIBIHbIH, JYPbIC >KYMBIC icTeMeyi, peAyKTOpJIapAblH CbIHYbI,
MOMBIHTIpEKTEP/iH TO3Yybl;
- IYPbIC EMEC OPHATY, LIaMa/laH ThIC )KYKTEMe, Halllap CaJKbIHAATY.

1-kecre. lllemiiuTi 3/1eBaTOp /IapbIHbIH, HETi3ri aKayJlapbl 2k9He GeJrijepi

Ne | Akaysapsbl Besrinepi

1 | lemiwTepaiy To3ybl HeMece | TapTy KylliHiH »0fa/ybl, leJeKTEPAiH TO3YbI, )KYMbIC
CBIHYBI TUIMAIITIHIH TOMEH/eYi.

2 | XKeTek MexaHU3MiHIiH AypbIC [y, aipin, memimTep/iH 6ipKeJiKi eMec KO3FaJbIChl.
YKYMBIC icTEMeYi

3 | Ko3FaJITKbIITHIH JJ1IeBaTOPAbIH, XKYMBbICbIH TOKTATY, KO3FaJITKbILLI
KBI3bIM KeTYi TeMIlepaTypacbIHbIH, }KOFaphlIaybl.

4 | BapabaHHbIH, TypakchI3 )KyMbIC, aybICy *KoHe KYII Oepyaeri akaysiap.
(auckinep/liH)CbIHYbI

5 | TabaHABIKTBIH TO3ybl HEMecCe | JJIeBaTOPAbIH XKYMbICbIH TOKTATY, TaCIIaHbIH HEMeCe
3aKbIM/IaHYbI Ti30€eKTiH KOo3FaJbICbiH 0y3y, llly MmeH AipiJ.

6 | TaGaHABIKTBIH CBIHYbI 2KyMbICTBI TOKTATY, KOpPiHETIH 3aKbIM, Ti30EKTIH

HeMece TacllaHblH, Y3iayi.
7 | Koppo3us Hemece TOT TabaH/bIK 3/1eMeHTTepiH/Ee TOTTHIH Nal/Aa 60Jybl,

OepIKTIKTiH TeMeH/eyi.

8 | XKorapfbl 6bapabanHbiH To3ybl | lly, Aipis, menekTepiH TypaKCbl3 KO3FaJbIChl,
HeMece 3aKbIM/IaHybl OHIMIIJIIKTiH TOMEeH/eyi.

Cyper 3 weMilTi 3JjieBaTOp akKayJapblHbIH NaWbI3AblK yJjeci Kecte 1 HerisiHze
KYPaCThIPbLIJBbL.
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= [[lemimTep/iH CbIHYbI HEMeCe

TO3YBI : 3
® TacraHbIH HeMece Ti30eKTiH

KEepHEYiHiH OY3bUTYBI
JKerek MmexaHU3MiHIH AYpBIC

HKYMBIC icTemMeyi 3
KO3FaITKBIIITHIH KBI3BIIT KETYi

= TabGaHIBIKTBIH TOJBII KETYi

" YKorapsl OapabaHHBIH TO3YbI
HEeMece 3aKbIM Kellyi

= MOHBIHTIPEKTEPIIH ChIHYBI

= Koppo3ust Hemece TOT

= bapaGaHHBIH CHIHYBI

® [[lemimrep MeH TacragapablH
oiTemyi

® Ycray KypbUIFbLUIApBIHBIH ICTEH
TITRIFVRI

3-cypert. OHjipicTeri meMilITi 3/71eBaTOp aKay/IapbIHbIH, NAWbI3AbIK yJ1eci (%)

HaTPI)KeJIep K9HeE TaJIKblJIAy

[lemiwTi 3/71eBaTOp casacblHAAFbl 3epTTeyJep Macesesiepi KeJseCi LIETeNJiK >KoHe
OTaHJbIK FasmbiMAapabiH: A.O. CnuBakoBckul, B.W. [lnaBunckui, U.HU. lImaiic, B.T. CazambaeBa,
B.A. PorukoB, B.C. TypuuH, T.B. Beanry, Piotr Sokolski Tarbl 6acka eHO6eKTepiH/e KapacTbIPbLI/bI.

Kyprizinin kaTkaH KymbIcTapja NaljanaaHy mnpouecidae naijga 6osatbiH T3 - HiH
Heri3ri akay/siapbl MeH KOHCTPYKUUsJIapbl KapacTbIpblJIMaraH. OHAIPICTIK KyaT OCbl TUITETI
»KOFapbl THIMJi MallWHaJapAbl MalAaJaHyAbl Tasall eTeTiHJiKTeH, Gipak Kypy Oesrini 6ip
IIBIFbIHAAP MEH OChl MalllMHAJIAP/ibl HIbIFAPATbIH KACIOPbIHAAP/bl KQXKET eTeTiH/[iKTeH, OYTiHTi
KYHi OCbl KEMILIJIIKTep/i Ty3eTeTiH K0J1JaHbICTaFbl KOHCTPYKLUHAAAPAbI NAaWAa/IaHy KaXKeT.

MM, Ilmaiic 3epTTeyiHae [4] aBTop Tacmajbl MIEMIlITI  3JeBaTOpJApbIH
KOHCTPYKLMSACBIHBIH, 9PTYpJli acleKTisiepiH, COHbIH, iWiHJAe oOJiapAblH KYpPbLIbICbIH, HeTri3Ti
napaMeTpJsiepiH  K9He  OHIMJIJIIriH  ecenTeyji, COHbIMEH KaTap OpTYpJi  KYMbIC
KaFAalJapbIHAaFbl JKYMbIC THIMJIIIriH KapacTeipajbl. Keseci »xymbic [5] MuHepasbl
TBIHAWUTKBIIITApAbl TacbIMajJlayfa apHa/iFaH ULIeMILITi 3JeBaTopJsiap/bl d3ipJeyre >oHe
OHTalJaH/bIpyFa apHaiFaH. 2KyMbIcTa LI6MILITI 3/71eBaTopJiap/bl )K006aiay/blH, TEOPUAIBIK XKoHE
NpaKTUKaJbIK acleKTijiepi, COHJAaW-aK MHHepaJbl TBIHAWUTKBIIITAP-MEH KYMBbIC icTey
epeKLIe/iKTepiH eCKepe OTBIPbII, 0JIapJblH [IapaMeTpJIepiH ecenTey aJicTepi KapacThIPbLJIFaH.
Bipak »kofapblia KepCeTi/ireH eKi >KYMbICTa LIeMillTep apacblHAAFbl OHTAWJbl KAIBIKTBIKThI
ecenTey KapacTblpblJIMaraH. 3epTTeY >KYMbICbIH/IA aBTOP »KaHa >KYMbIC 3JIeMeHTi 6ap meMilTi
3JIeBaTOP/bIH, OoJlalllaKTaFbl »K00acblH YCbIHAZbI, OHBIH, THUIMJIJIriH apTThIPYyAblH, 0acThl
KpPUTEPUUi WeMIilTiH yThIMJAbI HillliHi apKblJIbl TYCipy >XbLIJAaM/bIFbIH KOFapblaaTy OO0JIbII
TabbLtagbl  [3].

[llemilITi a/ieBaTOPAbIH, TEXHUKAJBIK, LIelliM/iepiHiH 60/1allaFblH 6aFajay YIUiH apHaWbl
CaJIbICTBIPY KpUTEpUHJepi YCbIHbUIFAH. Bysl KpuTepuinepAiH CeHIMAJIIrE TOJBIKTBIK,
MaHbI3/AbLIbIK *K9He 63apa TayeJICi3/lik cunaTTaMajiapbiHa calikec fajengenred. B.C. TypuuH [9],
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T.B.begbiy [10] eHbeKkTepiH/e »KYMbIC MEHLIIKTI 9Heprys WbIFbIHAAPbIH a3aUTY )KoHe TYKbIMHbIH
»KapaKaTTaHYbIH a3alTy MaKCaTbIH/JA aCTbIKThI, OHbIH illiHJe TYKbIMJApAbl 6MIill TypiHJeri
3JIeBaTOpJIapMeH TacbIMaJ/liay NpPOLeCiH XKeTiAipyre apHa/FaH, MyH/a IIeMilITiH MaTepyaJiblH,
KYPBLJIbIMBIH K9He MilliHIH aHBIKTAaUTBhIH GaKTOpJap/blH d9CepiH ecKepe OTbIPbIN, IEMILITIiH
acThIKNeH (TYKbIMAbIK MaTepUha/iMeH) e3apa 9peKeTTeCy MPOILEeCiHiH TeopHUsJIbIK MO/ esiH
a3ipsiey KapacTbipbuiFaH. COHJaN-aK, 3Heprus IIbIFBIHBIH a3aluTy 9HE TYKbIMHBIH,
3aKbIM/ZIaHYbIH a3aMTy YLIiH NOJMMepJi MaTepual[apAaH >KacaJlfaH LIeMillTepAl naljanaHy
MYMKIHZIr pactangbl. 2KyMbICTa acTBIKTBIH, KapaKaTTaHYbIH a3alTy YIUiH LIOMILITI 31eBaTop
TACHaCbIHbIH, KO3FaJ/bIC XbUIJAMJbIFbIH ©3repTy apKblIbl aCTBIKTbl TacbIMaZay NpoLeci
3epTTesiefii. JKyMBICTBIH, >KaHAIIbLI/JbIFbl IIOMIIITI 3JieBaTOp TabaHAbIFbIHA THUEy Ke3iHfe
HIeMIllllleH aCThIKThl MeXaHUKAaJIbIK >KapaKaTTay NPOLECiH CHNAaTTauTbIH MOJeJb d3ipJIeHTeH;
Y3ZAiKCi3 KO3FaJlaTbIH arblH/J@ aCThbIK CblHaMaJslapblH aJy/blH XeKe 9JiCTeMecCiH XoHe CblHaMa
QJIyWIbIHbIH, KOHCTPYKTUBTIK-TEXHOJIOTUAJIBIK IapaMeTpJepiH HerisgearedH. Korapbiga
KOpPCETI/IreH KYMbICTAP/bIH, KEMIIJIIri cycbIMajibl MaTepUuaiblH (GU3UKaAJIbIK MeXaHUKaJbIK
KaCUeTTePiHiH rpaHyJIOMeTPHUSAJBIK KypaMbl eCKepPiJIMeN, TOJbIK KapacTbIpPblIMaraH.

MakaJsia/ia ipi eHepKaCIiNTIiK IEeMIlITi 3/71eBaTOpPbIHbIH,  [1] )KeTeK KYPBUJIFbICbIH/A
KacasiFaH [ipis1 KapKbIHABUIBIFBIH CblHAYy HOTHXXeJiepi KeJTipiireH. YakbIT IeH XKUIJIIK
alMaKTapblH/aFbl HOTHKEJIEP/I TalJay KeTeKTiH, /IeMeK, 3J1eBaTOP/AbIH, y3aK Mep3iM/i *KyMbIC
icTeyre apaM/bLIbIFbIH O6aFasiayfa Heri3 6osbl. Keseci xxymbicta [7] EDEM 6afgapiaMaiblk
»KacaKTaMacblHbIH, KeMeriMeH op TypJi MiiHAl meMiliTepAl JaKTbIpy MOJeJbAeH/].
HoTuxkecinge 6epinic KopaObIHbIH THIMAIIrIH apTThIpyFa KeMeKTeCeTiH Kepi aFbIH/bl
a3alTaTbIH eH, KaKChl 1eMill aHbIKTanbl. COHbIMEH KaTap, XKyJ/1/bI3111a 06JIiriH xo00aiay Ke3inze
IIAIBIPATKBIIIThIH, OpHa/JacyblHa OalJIaHBICTBl €H >KaKCbl KOPHYCTBIH MilliHiH aHBIKTayfa
6osazpl. leminiTi asieBaToOp AU3alHBIH XKaKCcapTyFa )KoHe MOJieJib/li OHTalJIaHJbIpy acepiHe KOoJI
*KeTKizingi. [11] Bys 3epTTey auckpetTi asieMeHTTepAi MojenbaeyAai (DEM), akcnepuMeHTTepAI
xocnapsayabl (DOE) xoHe MeTa-3BpUCTHUKA/IBIK OHTaWJaHJbIPy aJropuTMJepiH OipikTipy
apKbL/IbI LIEMIIITI 3/1eBaTOPbIHBIH, JWU3alHbl MeH KYMbIChIH KaKCapTY/AbIH KaHa d9/iCiH yChIHa/lbl.
ATtan allTKaH/|a, 3epTTey MEeTa3BPUCTUKAJIbIK OHTaW/JIaH/bIpy d/ici 60Jibin TabbiaThiH Firefly
(FA) anropuTMiH TacbkiMajJiay MaccacblH >K9He OepiireH >KYMbIC >XKaFJaWblHAA TYWipLIiKTI
MaTepualZlapAblH, MacCa/blK LIBIFbIHbIH OapblHIIA apTThIPY YIIiH LIEMIIITI 3/1€BaTOPBLIHBIH
napaMeTpJiepiH OHTaW/JaHAbIPY YIIiH NaiAajaHAbl. JKCIEPUMEHTTIK 9/jicTeMe GipHellle HeTi3ri
KaZaMJapAbl KaMTbIFaH: IIeMILITI 3JieBaTOPbIHbIH, KYMbBICBIHA 9Cep eTeTiH MaHbI3/bl
dakTop/sap/bl aHbIKTAayFa apHaJifaH CKPUHUHITIK 3KCIEpPUMEHTTep, OCbl QaKTopJapAbl api
Kapau 3epTTey YLIiH OpTaJbIKTaHAbIPbLIFaH KOMNO3UTTIiK Au3aiiH (CCD) skcniepuMeHTTepi kaHe
60JKaMabl KeJliK Maccachbl MEH MaccCalbIK aFbIH YJTIJIEPIH XKacay VIliH »Kayan 6eTiHiH aicTeMeci
(RSM). CopnaH keitin FA aaroputmi ocbl MoJe ibJiepii OHTANJIaHABIPY VIIiH KOJIIAHbLIbII KoHe
HOTMXKeJIep MOJeJib/ley KoHe 3MIIUPHUKAJIBIK 3IKCIIEpPUMEHTTEP apKplLibl TeKcepilreH. 3epTTey
HoTwxesiepai DEM MopenbzeyiMeH canbICTBIpy apKblbl MOJesbJey KoHe 3MIIMPHUKAJBIK
3KCIEpUMEHTTEep apKblIbl OHTAWJAHABIPBUIFAH MapaMeTpJiepZi TekcepreH. HaTuxesep
LIeMIIITIH OHTaWJ/Ibl IapaMeTpJiepiH aHbIKTayAa FA aaropuTMiHiH TUIMAIIITIH KepceTeai. bipak
OyJ1 >)KyMbICTap/Ja LIeMIIITI 3/eBaTop MapaMeTpJiepiH OHTaWJaHABIPYABIH XyWesi afjicTeMeci
YCBIHBLJIMaFaH.
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KOpHBITBIHABI

[llemiuTi 3sieBaTOpJIap - 9PTYpPJIi CyChbIMaJibl KoHe TYWipLIKTi 3aTTapAbl TacbIMalJay¥Fa
apHaJ/IFaH Kypbuirbliap. Onap TypJi eHAipicTik )aFAaliapAa )KYMbIC icTeyre apHaJIFaH XKoHe Oy
9pTYpJi cajajapja MaTepuaagapAbl TacbIMalZay MeH eHJey MaceJesiepiH TUIMZAI Liemyre,
aZlaMJiap/blH KYMBICBIH e[9yip »KeHIJIZeTyre »KoHe eHAipic eHIMAIIrIH apTThIpyFa MyMKIHAIK
6epefi. COHbIMEH KaTap, eHZipiCTiK IIeMILITi 3/1ieBaTopJiap »KOFapbl KyaTThLIbIK [I€H OHIM/iJiKKe
ve, OYJ YJIKEH KeJieM/JleTi MaTepuaiapAbl KbIiCKa YaKbIT illliHJE *K9He a3 KYII XXyMcaln THIMAi
TacbIMaJllayFa aFJau Kacanubl.

By »KyMBICTBIH, 6acThl MaKcaThbl Tachasbl WeMiliTi aseBaTopJsapAbiH (TILIJ) kasipri
KOHCTPYKLMAJAPBIH Ta/Jay, OJapAblH HEri3ri akayJapbl MeH 0JIapJbl KO TaCLIJepiH XkKoHe
KeMIlisikTepiH 3epTTey 6ojAbl. Ocbl TaKbIpbIITaFbl MaKajaFa CoWKeC LIOMIIITI
3JIeBaTOpJIapblHbIH KOHCTPYKLUsJapbl OOWbIHIIA 6acKka 3epTTey KYMbICTapbl apKblJbl
aKnapaTThIK AepeKTepJi >XUHAy, Tachajbl WIEMIlITi 3JeBaTOpJapblH NaWjajaHy Ke3iHJeri
Heri3ri akayJjiap/ibl aHbIKTayFa MyMKiHAik 6epai. Osnapapl xyiesney, T3 KoOHCTpyKuUsIapbl
6oibiHIIA MOPOJIOTUSIBIK KikTeyAi a3ipJsiey, 6ya TIUIJ 6aFbIThIH JaMbITy NepcrneKTUBaChIH
aHbIKTAyFfa »J>KoHe oJlap/blH, MapaMeTpJiepiH OHTaWJaHAbIPyFa bIKIAA €TEeTiH MIeMillTi
3JIeBaTOPJIapblH eCceNnTey 9/jiCTeMECIH XKyHesieyre MyMKIiH/IK 6epeji.
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K.K. Kyanbim6ekoBa, B.B. Toru3s6aesa, Y.llI. Kokaes,
M.T. CapceH6aeB

Eepa3sutickuli HayuoHabHbll yHUBepcumem umeru JI.H. ['ymusesa,
AcmaHa, Kazaxcman

0630p CyLIeCTBYIOIINX KOHCTPYKIUI JIEHTOYHBIX KOBIIOBBIX 3/1€BaTOPOB

AHHOTanMA. B HacTos1lee BpeMsl KOBLIOBbIE 3J1eBATOPbI HALLLJIA LIMPOKOEe NPHMEHEHHE B
pa3JIMYHbIX  OTpacJsX  MPOMBIULJIEHHOCTH W  NPUMEHSTCA  JAJ  BEPTUKaJbHOIO
TPAHCIIOPTHUPOBAHUS ChIMYYHUX FPYy30B KaK LIEMEHT, 3eMJIY, NEeCOK, TOpd, yroJib, 3epHO, MYyKa,
XUMHUYECKUEe MaTepuasibl U Jpyrue MeJsKue, NbLIeBUJHble U KYCKOBble MaTepHuasibl, TaKXKe
BpeJHble, OMacHbIE, ChINyyre Ipy3bl. OAHUM U3 OCHOBHBIX TPEOOBAHUM, IPEeAbABJSIEMbIX K 3TUM
YCTPOWCTBAM, SIBJSIETCS HX BbICOKAsl IJKCIUIyaTallMOHHAsl HaJeXHOCTb, 3()PEKTHUBHOCTh
TPaHCIIOPTHUPOBAHMUS, 3alMTA OKPYKaOILel cpeibl OT BpeIHbIX MaTepHuasoB, NbLiu. KoBlioBbIE
3JIeBATOPbI SIBJSIOTCS BAXKHBIM 3JIEMEHTOM TPAHCIOPTHO-TEXHOJOTHYECKUX CHUCTEM, LIUPOKO
MCIIOJIb3YeMbIX B Pa3JIMUHBIX OTPAC/ASAX MPOMBIIIJIEHHOCTH [Js1 IepeMelleHrsl ChINy4YuX
MaTepuasioB. B paboTe pacCMOTpeHHbI TPYAbl BEAYLIMX VYE€HbIX KaK OJIMKHETO TaK U JJaJIbHET0
3apy0exbsi, HCCJelOBaHUS B 3TOM 06JilacTU. PaccMOTpeHBI CyllecTBYwOIIHE KOHCTPYKIHHU
JIEHTOYHbBIX KOBIIOBBIX 3JIEBATOPOB, 3KCIIYaTUPYIOMBIX OTeYeCTBEHHBIMU OpraHU3alUsMH,
TaK)Xe Mpe/ICTaBJIeHbl OCHOBHbIE 3JIEMEHThI KOBIIOBBIX 3J1eBATOPOB, COOpPaHHbIE U3 Pa3JIMYHBIX
MHPOPMAIIMOHHBIX UCTOYHUKOB (CTAaTbH, pedepaTsl, U Jpyrue TPyAbl), IpOaHAJIU3UPOBAHbI UX
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K.K. Kyanbimb6ekoBa, b.b. Torus6aesa, Y.llI. Kokaes, M.T. CapceHbaeB

IpeuMyllecTBa U HeJOCTAaTKM IPpU NPAKTUYECKOM INpUMEHeHUU. BbIABJIeHbBI OCHOBHbIE
HEUCIIPAaBHOCTH KOBULIOBBIX 3JIeBATOPOB, KOTOpble NPOCHCTEMATU3MPOBAHbI 0 BBIXOJAM U3
CTPOH Y3JIOB, a TAKXKe IIyTH UX pelleHus.

KiiroueBble cj10Ba: KOBIUOBBIM 3J1€BATOp, ChbIIy4yMe MaTepuasbl, TATOBBIM OpraH,
HEUCIIPaBHOCTb, KOBIII, JIEHTA.

K.K. Kuanyshbekova, B.B. Togizbayeva, U.Sh. Kokayev,
M.T. Sarsenbayev

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
An overview of existing designs for belt bucket elevators

Abstract. Currently, bucket elevators are widely used in various industries and are used for
vertical transportation of bulk materials such as cement, earth, sand, peat, coal, grain, flour,
chemical materials, other small, pulverized, lumpy materials, as well as harmful, dangerous, bulk
materials. One of the main requirements for these devices is their high operational reliability,
transportation efficiency, and environmental protection from harmful materials and dust. Bucket
elevators are an important element of transportation and technological systems widely used in
various industries for the movement of bulk materials. The paper examines the works of leading
scientists from both near and far abroad, as well as research in this field. The existing designs of
belt bucket elevators operated by domestic organizations are considered, the main elements of
bucket elevators collected from various information sources (articles, abstracts, and other works)
are also presented, their advantages and disadvantages in practical application are analyzed. The
main malfunctions of bucket elevators have been identified, which are systematized by node
failures, as well as ways to solve them.

Keywords: bucket elevator, bulk materials, traction body, bucket, belt, malfunction.
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JAucneTryepusanus pab6o04vxX OPraHOB MAlIMH CaJA0BO-NIAPKOBOI0 U
JaHAIAa¢dTHOro CTPOUTEbCTBA U 0O6ecnedyeHne ux
ObICTPOCMEHSEeMOCTHU

A.M. Mam6eToB * “ , B.E. lxkynauo6aeB - , Y.T. KacbeiMmoB

Espasutickulli HayuoHabHbIll yHUsepcumem um. JL.H. ['ymunesa, AcmaHa, Kazaxcmax
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AHHOTaumsa. B cratbe ucciaenyercda gucnetdyepusanus MallUH TOPOJCKUX
KOMMYHaJIbHBIX CJYK0, BKJ/IIOYasi CMEHHble paboyue OpraHbl, IJIaHUPOBaHUE
paboT C Y4YETOM CE30HHOCTH, TEXHOJIOTUYECKOW TOCJe0BaTENbHOCTH,
00bEMOB M YAAJIEHHOCTU OOBEKTOB. MoAy/bHasi KOHCTPYKIMSA MallUH U
MeXMOJYJIbHbIE KpeIJieHUsT 00eCleYuBalOT OBICTPYI0 U 6€30MacHYI CMeHY
000py/lOBaHMUsl, aJanNTUPysd  TEXHUKYy TM0J,  KOHKpeTHble  33aJjayH.
ABToMaTH3aLMsl ONEpPaTUBHOrO yIpaBJieHUs, OCOOEHHO MPH MOAYJbHOU
OpraHu3alydy MallvH, N03BoJisieT 3Q(PeKTUBHO pellaTb pasHOOOpas3HbIe
3agauu. OnpejiesieHbl KJAKO4YeBble HalpaBJeHUs1 JUCIIETYepU3al U1, BKIKOYas
ylpaBJieHUe 000pyAOBaHMEM M IIePCOHAJOM, a TaKXe pacCMOTPEHbI
COBpEMEHHbIE CHCTEMbI OINEPATUBHOTO yHOpaBJeHUSA [Jis1 ONTHMHU3ALUU
NpPOU3BOACTBEHHbIX  mpoueccoB. [lpensioxkeHbl  KpuTepuu  BbIGOpa
NporpaMMHOro obecrnedyeHusl AJs1 AUCIETYEPU3ALMU, a TAaKXKe INPUBEAEHbI
KOHKpeTHble JaHHble M0 3(POEeKTUBHOCTH BHeAPEHUs MPeAJI0KEHHBIX
pemieHrMi. HayyHass HOBH3Ha HCCIe[0BaHUS 3aKJ/IH4YaeTcsl B pa3paboTKe
alalTUPOBAHHBIX QJITOPUTMOB yIpaBJIeHUs il 8 npeAnpUusaTUN
KOMMYHAJIbHBbIX CJAYX0, YYUTBIBAIOLMX CE30HHOCTb U pa3Hoobpasue
BBIIIOJIHSEMBIX 3a/1a4.

KiiouyeBble cJIOBa: MallWHbI CaJIoBO-NIAPKOBOTO CTPOUTEJILCTBA,
O6bICTPOCMEHHOE 000py/l0BaHue, AucneTyepusanus, apTomatusanus, SCADA,
MES
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BBeageHue

Cazi0BO-IapKOBOE CTPOUTENBCTBO IpeACTaBJseT COO0M COBOKYNHOCTb MepPONPUSATUH,
HalpaBJIEeHHbIX Ha pelleHue TMPaBOBbIX, HHXXEHEPHBIX, arpOTEeXHUYEeCKUX, 3CTEeTUYECKUX,
OpTaHU3alMOHHBIX, 3KCIJIYaTallMOHHO-XO3IMCTBEHHBIX M 3KOHOMHUYECKUX 33aJad C IeJiblo
CO3/1aHHS 06'bEKTOB 03eJIeHEHUS] Pa3/IMYHOr0 Ha3HAYeHUs

/11 MexaHu3auuu paboT B chepe caZlOBO-MAPKOBOT0 U JIAHAIAPTHOIO CTPOUTEbCTBA
IPUMEHSAIOT KaK CHelHaJu3upOBaHHble TeXHUYECKHe CPe/CTBa, pa3paboTaHHble /ISl JAHHBIX
omepauMi, Tak U 060pyZi0BaHHE, M03aMMCTBOBAaHHOe U3 JpPYTUX OTpacjed 3KOHOMHUKHU
(HampuMep, CeJbCKOTO M JIECHOTO XO3fIMCTB, TPaKJAaHCKOTO M TPAHCIOPTHO-CKJIAACKOTrO
CEKTOpPOB).

OfHOU M3 COBpEMEHHBIX TeHJAEHIMU B 00/1aCTH TEXHOJIOTMYECKHUX MAlllMH, OCHALLEHHBIX
IIUPOKUM CIIEKTPOM CMEHHOTO 000py/Z0BaHUs, SBJSETCA MCHOJb30BaHUE MO/AYJIbHOIO
OpUHIMNA KOHCTpyKuuu [1]. Takoil mnoaxon obGecrneyrBaeT BO3MOXHOCTb NEPeCTPOMKHU
CTPYKTypbl MallMHbl B COOTBETCTBUM C AKTyaJlbHbIMU TEXHOJIOTUYECKHUMH TpPebOBaHUSMHU.
[Ipouecc mepekoMNaHOBaHHUSA MOJpa3yMeBaeT 3aMeHy MOJyJsA C paboyuM 060pyZl0BaHHUEM B
3aBUCUMOCTH OT XapaKTepa, IOCJeJ0BaTeJbHOCTY M OOBEMOB BbINOJHSAEMBIX paboT
MexaHu3aluuss WM aBTOMAaTH3alus Mpoliecca obeclieueHHs] ONepaTUBHOW CMeHbl paboyero
060pyZil0BaHUS peasu3yeTcs NOCPeACTBOM CIELUaTbHOTO MOAYJIsS — YCTPOMCTBA 6a3UPOBaHUS U
KpeIJieHUs], T03BOJISI0IEr0 6bICTPO U 6€30MaCHO MEHSATh UHCTPYMEHTHI UJIM 060pyZ0BaHHE 110
Mepe Heo6X0UMOCTH.

[IpenMy1iecTBa CUCTEM O6bICTPOCMEHHOTO KpeIJIeHUs BKJIIOYAIOT:

IpgpekmusHocmb: BO3MOXKHOCTb ONEpPaTUBHOW 3aMeHbl WHCTPYMEHTOB MO3BOJISET
NOrpy3YUKy MaKCMMaJIbHO MCHOJb30BaTb CBOM (QYHKIMOHAJbHble BO3MOXXHOCTH IIpHU
BBIITOJIHEHUH Pa3/IMYHbIX 33/1a4.

IKkoHomuto epemeHu: OTCYTCTBUE [JIMTENBHBIX W CJ0XHBIX MNpOLEAYp YCTaHOBKH
COKpallaeT BpeMsl IPOCTOs ollepaTopa.

YHueepcaabHocmsb: OfHa MallMHA CNOCOOHA BBINOJHATH pa3HOOOpasHble onepanuu C
MCI0/1b30BaHUEM Pa3/JIMYHbIX IPUCIOCOOIEHUM.

Ydobcmeo u 6esonacHocme: CHWXeHMe pHUCKa TpaBMaTU3Ma /Js omnepaTtopa H
OKpY>KaloIHUX IPHU CMeHe pabo4yHX 3J1eMEHTOB.

l'u6kocmb: BpicTpasa afganTanus K M3MeHeHHUsIM B I0CTaBJIEHHBIX 33/la4axX U ollepaTUBHOE
pearvpoBaHMe Ha U3MeHsALecs NOTPe6GHOCTH NPOU3BO/CTBA.

CyuiecTByeT HECKOJIbKO TEeXHOJIOTMW  ObICTPOCMEHHOrO  KpeIVIeHHs, BKJIIOYas
MeXaHU4YeCKHe CUCTEMBI C ObICTPBIMU 3aMKaMH, TH/ipaBJdYecKrie CUCTEMbI C aBTOMAaTHYeCKHUM
3aKMMOM, a TaK»Ke CHUCTeMBbI 6bICTPOro 06MeHa yepe3 ruAPoJIUHUU. Kaxkjast U3 9TUX TEXHOJIOTUH
o6JlalaeT CBOMMM IpPEUMYLIECTBAMU U OrpPaHUYEHUSIMH, a BbIOOP KOHKPETHOrO pelleHUs
onpejessieTcs TpPeOGOBaHUAMM BbINOJHAEMbIX PabOT U XapaKTEPUCTHUKAMH MCIOJIb3yeMOU
TeXHOJIOTUYeCKOU MalllMHBbI [2].

B To xe BpeMms obecleyeHue ONepaTUBHOW CMeHbl paboyero o60pyJOBaHUSA [Jis
KOHKPETHBIX BU/I0B paboT TpebGyeT BbICOKOTO YPOBHS JUCIeTYEpPU3aALUU TPOU3BO/CTBEHHOTO
npolecca, BKJIOYAKIEro IJIAHUPOBAaHUE, KOOPJAWHALMIO KW KOHTPOJb NPOU3BOJCTBEHHBIX
omepanuid U pecypcoB. ONTUMHU3ALUSA 3THUX IPOLECCOB CHOCOOCTBYeT IMOBBILIEHUIO
30 PeKTUBHOCTH, YBEJMYEHUIO NPOU3BOJUTENBHOCTH W yJy4IlIeHHI0 00llero ynpaBJjeHUs Ha
npeanpusatud. /Jlucnetyepusanusi, UIMPOKO MpHUMeHseMas B TakuxXx cdepax, Kak
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Jlvcnetyepusanys paboynx OpraHOB MalLllKH Ca/l0BO-APKOBOr0 U JIAaHA AP THOr'0 CTPOUTEIBLCTBA U
obecneyeHue UX ObICTPOCMEHSIEMOCTH

MHPOpMaAIlMOHHbIE TEXHOJIOTMH, TPaHCHOPT U INPOU3BOACTBO, obecneynBaeT 3PpPeKTHUBHOE
pacrpesie/ieHUe pecypcoB M 3ajad AJs JOCTUXKEeHUS HauJy4llIuX pe3yJbTaTOB, YTO B KOHEYHOM
UTOTE MOBBIIIAaeT KOHKYPEHTOCIOCOOHOCTh KOMIIAHUH.

OcHOBHasg 1ieJib HACTOSILET0 MCCAeJOBAaHUS 3aK/A4YaeTcsd B H3y4YeHUU BOIPOCOB
JUCIeTYepu3allid M aBTOMATU3allud MPOU3BOJCTBEHHbIX TEXHOJOTUYECKUX Olepanui,
6a3upyroLMXCsl Ha HEU3MEHHOCTHM THUNOB paboT M MCHOJb30BaHUM CMEHHOrO paboyero
obopyaoBaHus. Ilpy 3ToM o0co60e BHUMaHUE YJesasieTCsl NPUMEHEHUI0 ObICTPOCMEHHOTO
yCTPOWCTBa 6a3UpOBaHUSA U KpelJIeHHsl B YCJAOBUAX JIAHAMAPTHOrO U CaL0BO-NMAPKOBOTO
CTPOMTEJbCTBA.

OfHOM U3 COBpEMEHHBIX TeH/eHIIMH ABJISETCS UCN0JIb30BaHUE MO1YJIbHbIX
KOHCTPYKIMM MallIWH, YTO N03BOJISIeT ObICTPO ajlaliTUPOBATh TEXHUKY N0/ pa3/IMYHble 33/1a4H.
HanpumMep, cucTemMa 6bICTPOCMEHHOTO KpeljieHHUs Ha 6a3e rujpaBJUuyecKUX 3aMKOB COKpallaeT
BpeMs 3aMeHbl 060pyoBaHus ¢ 30 0 10 MUHYT.

OcCHOBHbIe IPEUMYILleCTBA MOAYJIbHbBIX CUCTEM:

e 3JdPeKTUBHOCTD: COKpallleHHe BpEMEHHU NMPOCTOSI.
e YHHUBepCaJbHOCTb: O/HA MalllMHA BbINoHsAeT multiples 3agayu.
o be3onacHoOCTb: CHUXKEHHE pUCKA TPaBM IPU 3aMeHe 060pyA0BaHHUs

MeToaos10rus

Ha mnepBom oaTane BbiOupawoTcs SCADA-cucTeMbl WM TJIAaTGOPMBbI  yIpaBJeHUSs],
obecneynBawIle MOHUTOPUHT, KOHTPOJIb U OITUMU3aLMI0 poueccoB. KitoueBble TpeboBaHUA
BKJIIOYAIOT:

1. HWHTerpanui ¢ obopyfoBaHueM (KOHTpoOJLIepaMH, AaTYUKaMU) AJs1 cbopa JaHHBIX U

YAAJIEHHOTO yIpaBJeHUs

2. Busyanusanuio npoueccoB yepes rpadpuyeckrue HHTepdenchbl

3. ®DyHKUMOHAJI AJis:
o ONepaTUBHOrO yIpaBJeHUs B peaJlbHOM BpeMeHHU
o aBTOMaTHYeCKOTo IJIAaHWPOBaHUS U pacnpezieieHUs peCypcoB
o TMPOTHO3WPOBAHUA U AaHAJIMUTUKHU

4. CoBmectumoctb ¢ ERP/CMMS-cucremamu

5. Ob6y4yeHue nepcoHasa

[IpeumyiecTBa:

e [loBbllIeHME ONIEPATUBHOCTHU Y NPOU3BOAUTENBHOCTH

e CHMmKeHUe OLINOOK

e ToyHoe ynpaB/ieHue NpoLeccamMmu

HepoctraTku:

e Bricokue 3aTpaThl Ha BHEJpeHUE

e C/0XKHOCTb UHTErpayuu

e 3aBUCHUMOCTb OT UHYPACTPYKTYPhI

e HeobxoaumocTb KBaTMPULUPOBAHHBIX CIIELHATUCTOB
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JlucrieTyepr3anusi 3aHMMaeT IeHTPaJbHOE MECTO B ONEpPAaTHBHOM yIpaBJeHUU
IPOMBIIIJIEHHBIM MpPEANPUSITHEM, COIJIACYSICb C TPEXYPOBHEBOW CTPYKTYpPOH yIpaBJIEeHUS
(cTpaTernyeckui, onepaTUBHbBIN, TEXHOJIOTMYECKUH ypOBHU) [4]. (puc. 1)

AKTyaZlbHOCTb HCCIELyeMOl mNpo6jeMaTHKH O0OyC/IOBJeHa TeM, 4YTO B YCJIOBHUAX
COBPEMEHHOTO ropo/ia, 0C06eHHOo B chepe caJloBO-MAPKOBOI0 U JIaHAIAPTHOTO CTPOUTENBCTRA,
a TakXxke B TIPOLECCe COJlep>KaHHUs 3eJIeHbIX 30H, BOMNPOC OBICTPOCMEHHOCTH paboyero
060pyA0BaHUS AJis PA3JIMYHBIX BHAOB PabOT OCTAETCS OCOOEHHO BaXKHBIM. JTO CBSI3aHO C
IIMPOKMM  pasHooOpa3MeM 33Jad B TeyeHHWE ToJa M  OrFPAHUYEHHBIM  YHCJIOM
CrenaJM3UPOBAHHBIX MAIMH HAa NPEANPUATHUIX KOMMYHA/IbHOHN C/TYKOBbI.

CHcTeMBI VIPAETeHAA QHHAHCORON, X03RiicTBeAHOl B AIMEHHCTPATHEHOH
AeHTEIBHOCTLI OPEeANPHATHA

¥npapienane NPoHIBOICTROM

CHCTEMBI YOpae.TeHHA TEXHOTOTHYeCKHM NpoleccoM i ]
MM (HMI) l
LI Q,

SCADA 4

HimepHTeIbLHEIE H YIPABIAKMHAE YCTPoiicTEa 1
(FATHS, AHATOTOBbIE i AMCEPETHBIE YCTPOMCTEA YTIPABTCHIA)

PucyHok 1. Cji0eBasi cxeMa aBTOMAaTHU3MPOBAHHbBIX CHCTEM yIIpaBJIEHUS
NPOMBINIJIEHHOTO NpeANnpUuATUA
[IpumeyaHue: COCTABJIEHO 10 JIUTEPATYPHOMY UCTOYHUKY [4].

HUcnosnb30BaHWe pPa3HOOOPA3HOTO HABECHOTO TEXHOJIOTMYECKOTO O060pyAOBaHUSA [Jisl
BbINOJIHEHU S PA3/IMYHbIX ONlepaliui SIBJIsIeTCs 001eNPHUHATON NPAKTUKOM, OJHAKO obecrieyeHue
OBICTPOM CMEHSIEMOCTH paboyero o6Opy/IOBaHUS Ha KOJIECHOW 6a3e MpoJoJ/nKaeT OCTAaBaTbhCs
aKTya/ibHbIM. J(pGdeKTUBHOEe pelleHHe [JaHHOW Npo6JsieMbl [AOCTUraeTCs pa3pabOTKOW U
BHe/[peHHEeM MPOU3BOJACTBEHHBIX TEXHOJIOTMYECKHUX MAIIMH CO CMEHHOW KOMIIOHOBKOH [5]. B
paMKax 3TOM KOHLIENIMU KOJIJIEKTUB aBTopoB EHY npeasioxu opurruHasibHOE TEXHOJIOTHYECKOe
pelieHue [6].

B uccnenoBaHuu [7], NocBAIEHHOM NPUHIKMIAM GOPMUPOBAHUS aBTOMATU3WPOBAHHOTO
6aHKa JJaHHbIX JJisl MPOMBIIIJIEHHOTO TPAHCIOpPTAa Ha MNpUMepe JIEHTOYHOTO KOHBeHepa,
YKa3bIBAIOT, YTO aBTOMAaTH3alMsi MPOU3BO/ICTBEHHbBIX MPOLIECCOB 6A3UPyeTCsl Ha UHTerpamnuu
Habopa MPUKIAJHBIX MPOrpaMM, SABJSIOIUXCS KJHOUYEBbIM 3J€MEHTOM peasiM3aluy JJaHHOU
3aJlauyu. ABTOpbI MOAYEPKUBAIOT, YTO 3P PEeKTUBHOE BHEJpeHHEe aBTOMaTHU3alUM 6aHKa JaHHbIX
TpebyeT 4YeTKOro pa3rpaHU4YeHHUsl 3a/jay, BbINOJHEHHE KOTOPbIX CIIOCOOCTBYET TOYHOCTH
NPUHATHSA YIIPaBJeHYeCKUX PelleHUH.
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Jlvcnetyepusanys paboynx OpraHOB MalLllKH Ca/l0BO-APKOBOr0 U JIAaHA AP THOr'0 CTPOUTEIBLCTBA U
obecneyeHue UX ObICTPOCMEHSIEMOCTH

Kpome Toro, coobmaercsa, yto TOO «Acrtana3eneHCTpoi» ocyllecTB/sseT pabOTHI,
OXBaTbhIBaWILMe BCIO TEPPUTOPHIO ropoja AcTaHa, IPU 3TOM BHU/bI BBINOJHAEMBIX ONepanui
OCTAlOTCs HEU3MEHHBIMU U IPOBOJAATCA Ha OrPaHUYEHHBIX YYaCTKaX, TAKUX KaK MapKH, CKBEPHI,
Teppachl, KIyMbbl U OysabBapbl. McciefoBaTesd OTMeYalT, YTO TEXHMKA, NMpPUMeHseMas B
JlAaHHBbIX YCJOBHUSIX U OCHOBAaHHAs NpPEUMYIIeCTBEHHO Ha MallWHax o06Llero Ha3Ha4yeHUs,
JleMOHCTPUPYET HU3KYI0 3P PEKTUBHOCTD, YTO IPUBOAUT K YBEJUUYEHUIO 00'bEMA PYYHOTO TPy a.

B ucciemoBaHuu [8] aBTOpbI NPUXOAAT K BbIBOJY, UTO B YCJOBUSAX CTPEMUTEJbHBIX
M3MEHEHUN pPBIHOYHOW MapajurMbl M HeOOXOJAMMOCTH ONTHUMAJbHOrO IJIAHUPOBAHUSA
UCIOJIb30BaHUsA  paboyell  cuabl  pa3paboTka UM BHeApeHHe PeKOHPUIYPUPYeMBIX
IPOU3BO/JCTBEHHBIX CUCTEM SBJSETCS HAWY4YLIMM pelleHHueM. TeXHOJIOTUH, MO3BOJISIoLMe
obecneyuTh ONEepPaTUBHYH CMEHSIEMOCTb pPabOYMX arperaToB TEeXHOJOTUYECKUX MallMH,
00/1a/1al0T 3HAYMTEJIbHbIM MOTEHLUAJ0M, MOCKOJIbKY CHOCOOCTBYIOT 3KOHOMHUM BpPEMEHU U
CHWPKEHHIO 3aTpaT Ha TPYA.

Pab6oTa [9] AeMOHCTpUpyeT, 4YTO MepeKOMIOHyeMble paboyhe MO3ULUU 006J1aZalT
CBOWMCTBaMU CaMOKOHTPOJIA U CaMOPEryJsLUHU, YTO COOTBETCTBYeT KOHIENUUU LUPPOBOro U
MHTeJJIEKTYaJIbHOT'0 IPOU3BO/CTBA.

CorsiacHo paboTe , mpolecc NepeKOMIOHOBAaHUS paboyell MO3ULUM COMPOBOXKJAETCS
OJJHOBPEMEHHbIM H3MEHEeHHEeM €€ CTPYKTYPHbIX, KOMIIOHOBOYHbIX W  TEXHHUYECKO-
3KCIJIyaTallMOHHBIX XapaKTEePUCTHK.

B uccnenoBaHuu MOJYEPKUBAETCS, YTO MPOAOKUTENBHOCTb IEPEKOMIIOHOBAHUSA sApyca
BapbUpYyeTCs B 3aBUCHMOCTH OT NPHUYMH, JIeXAlUX B OCHOBE JAHHOTO Mmpoliecca. ABTOpPbI
BbIJIeJIAIOT JiBe OCHOBHble NPUYMHBL: OTKa3 aBTOMAaTU4eCcKHW cMeHHoro y3ja (AC yszia) u
M3MeHeHHe HOMEeHKJ/IaTypbl 00pabaTbIBaeMOTro U3/ esus.

B koHTekcte TOO «AcrtaHa3eneHCTpoi» AucneTyepyU3anydsl paccMaTpPUBAETCA Kak
ylnpaBJeHue B IpeJesiaX YCTAaHOBJIEHHbIX 3HAa4e€HUM BCeX NapaMeTpOB, XapaKTepU3YIOLUX
TeXHOJIOTUYECKUM IPOLeCC, BK/IYAsd PEeXUMBbl 3KCIUIyaTallMd, TEXHUYECKOT0 OO0CIyKHUBaHMUS,
PEMOHTA, XpaHEeHUA U TPAaHCIOPTUPOBKH.

Posp pucneryepa B JaHHOM cucTeMe CBOJUTCA K ONEPAaTUBHOMY M 3PQPEKTUBHOMY
yIpaBJeHUI0 TEXHOJIOTUYeCKMMH oOIepalusMHA C y4€6TOM THuIla pabodyero ob60OpyAOBaHUA U
XapaKTepa BbIIIOJIHAEMBbIX paboT, a TaKXKe K IVNIAaHWPOBAHHUIO 33/]a4 C y4eTOM CPOKOB BbINOJIHEHUS
Y HaJIM4YXA CMEHHOT0 000pyA0BaHud. [l peaqnsalnuu 3TUX QYHKIIMKA MOTYT IPUMEHATBbCA KakK
KB/IMQULMPOBAHHbIE CIIELIMAJIMCTDI, TAK U CHeLHaJIM3UPOBAHHBIA KOMILJIEKC BbIYUCIUTE/bHBIX
IporpaMM Ha ypoOBHe yIipaBjeHUs npousBoacTBoM (MES), cooTBeTcTByOLUI MHOTOYPOBHEBOM
cxXeMe aBTOMaTHU3UPOBAaHHbIX CUCTEM IPOMBILLJIEHHOI'0 IpeAnpUATHS (CM. puc. 2).

Huxe nmpejacTaB/eH  INepeNuWCaHHBIA  BapuUaHT  IlepedyHs  OCHOBHBIX  3a/ay,
paccMaTpUBaeMBbIX [IPU pellleHUU BONIPOCOB AUCIeTYEPU3aL MU U €€ aBTOMATU3aLUHU:

e QopMupOBaHHe TOJOBOrO IJIaHA NPOU3BOJCTBEHHBbIX pabOT M pa3paboTka rpaduka HX
peasn3anuu.

e OnepaTHBHOe KaJleH/lapHOe [IJIaHWPOBaHUe BbINIOJIHEHUA PaboT.

e lleHTpa/sr30BaHHOE yIIpaBJeHHWE BCeM TEXHOJOTUYECKUM MPOLeCCOM UCIOJTHEHUS paboT.

e MOHUTOPHHT M OLleHKA TeKYIero ypoBHA F'OTOBHOCTHU TEXHOJIOTMYECKUX MallMH, CMEHHOTO
060pyZi0BaHUSA U pabOYUX 30H [/ BbINOJHEHUS 3allJITaHUPOBAHHBIX 33/1ay.
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e (C60p, XxpaHeHUe U aHAJNU3 aKTYaJbHOU M UCTOPUYECKOW MHPOPMALUHU O BBINOJHEHHBIX U
HaXOJsLIMXCS B Mpolecce paboT.
Ha yposHe pabouezo mecma: omnpejesieHUe BUAOB pabOT, UX MNOC/Ie[0BATEJbHOCTH,
00 bEMOB M BO3MOKHBIX TEXHOJIOTUYECKUX pellleHHH, yueT Ce30HHbIX 0COOEHHOCTEN, pacCTOSAHUSA
OT 0a3bl XpaHeHUs OOOpYyJOBaHHSA, a TaKXe NOTPEOHOCTH B HEOOXOJMMBIX MaTepuasax
(HampuMep, XMMHUKaTaxX U y400peHUsAX).
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PucyHoKk 2. CxeMa poJId ¥ MeCTa BONpoca JucleTYepU3any NpyU BbINOITHEHUU PaGoT
110 CaJ0BO-NAPKOBOMY M JIAHAIA(PTHOMY CTPOUTETbCTBY

HpUMeanue: COCTAaBJIEHO aBTOpPaAMH.

Ilo pabouemy 060pydogaHuio: KOHTPOJIb HAIWYUSL U OpraHU3alus JOCTAaBKU KOJIECHOU
6a3bl, CMEHHOT'0 U BCIIOMOTraTeJIbHOr0 060py0BaHus, a TaKKe c60p MHPOpMalMY, Kacarouiencs
HaJIe>KHOCTHU ero paboThl.

Ilo o6cayxcusaroujeMy nepcoHasy: MJIAHUPOBAHUE JIOTUCTUKHU JOCTABKU COTPYAHUKOB /10
pabo4ux 30H, pacnpejiesieHre 334a4 0 BUAAM paboT, yueT KBaJuUKaIMH, ONbITa U rpadpuka
BbIX0/Ia HA paboTy.

- OmnpenesieHUe TMJIAHOBBIX TEXHHWKO-3KOHOMHYECKUX I[OKa3aTeJsied [Jis BbINOJHEHUS
3alJIaHUPOBAHHBIX PAabOT.

- O6ecneyeHue aKTYaJIbHOCTH U HAJIMYUs HEOOXO0JUMOM TeXHUYECKON JJOKYMEHTAI[UH.

JlaHHBIM TepedyeHb 33a4 MO3BOJIIET CHUCTEMATHU3UPOBATh KJIOYEBble AaCHEeKThI
JIUCTeTYepU3allMd U aBTOMATH3AllMU TMPOU3BOJICTBEHHBIX IPOIECCOB, CHOCOGCTBYs OoJee
3pdeKTUBHOMY yIIpaBJIEHUIO U ONTUMU3ALUHU PAaObOThI TPENPUATUS.
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Jucneryepusanus paboyux opraHoB MallMH CaZ,0BO-NAPKOBOI0 U JIaHAA(QTHOr O CTPOUTENbCTBA U

obecneyeHue UX ObICTPOCMEHSIEMOCTH

Pe3yibTaThl M O6GCYyKaeHHue

CoBpeMeHHble cucTeMbl onepaTUBHOro ymnpamieHus (Industrial Control Systems, ICS)

WUI'pal0T KJIK4YE€BYIO pOJIb B dABTOMATHU3dlIWH MPOMBIIIJIEHHBIX IIPOLECCOB. HpOBe,ZLeHHbII‘;I dHaJInu3
BeAylInuX l'IJ'IaT(l)OpM IIO3BOJIAET BbIAE/JUTb HECKOJIbKO BAXXHbIX ACIIEKTOB UX IPMMEHEHHUA:

1. KirouyeBble UTPOKH pbIHKa:

o Siemens SIMATIC PCS 7 neMOHCTpUpPYeT UCKIYNUTEbHYI0 HaleXKHOCTD U
MaclUITabupyeMOCTb, YTO JleJIaeT ero NpenoYTHUTEebHbIM BEIOOPOM /11 KPYTIHBIX
IPOMBIIIJIEHHbIX TPEANPUATUN

e Rockwell Automation FactoryTalk npe/JiaraeT koMIlJIEKCHbIE pellleHHs], HO OTPaHUYeH
COBMECTHUMOCTbIO C 060pyZlOBaHUEM JIPYTUX NPOU3BOAUTENEN

o ABB 800xA BbleigeTCqd YHUBEPCAJIbHOCTBIO B YIIPABJIE€HUU Pa3/IMYHbIMU
NPOU3BOJCTBEHHBIMU CUCTEMAMU

2. Kputnueckue ¢pakTopsl BbI6Opa:

e Jlyid KOMMYHaJIbHBIX CJY0 0C0600€e 3HaUeHHEe UMeeT GalaHC MEXAY
$YHKIMOHA/IbHOCTBIO U CTOMMOCTbIO BHE/IpEHUS

e B ycnoBusx orpannyenHoro 6omxeta Wonderware System Platform mMoxeT npeijioxKUThb
ONTUMa/IbHOE COYeTaHHe TMOKOCTU U BU3yalU3aluU

e GE Digital iFIX ocTaeTcst BocTpe60BaHHBIM peliieHueM 6Jiaro/iapsi CBoeil mpoBepeHHOU
HaJIe>XKHOCTH, HECMOTPS Ha ycTapeBUIMU UHTepdeic
Tao6smna 1
CpaBHeHMe CHCTeM ynpaBJIeHUs 110 KpUTEepUAM

WuTerpa- | dyHkuuoHanb- | Macmrabupye- .
Cucrema p YHIR PY®™ lcroumocts HuTepdeiic
nus HOCTb MOCTb
Siemens SIMATIC .
PCS 7 Bricokas [lnpokas Bricokas Bricokasa | Ci0XKHBIU
Rockwell CpenHasa CpenHasa CpenHasa CpenHssa | YpobOHbIN
FactoryTalk pen pea pea pea A
ABB 800xA Bricokas [llupokas Bricokas Bricokasi | Cy10>KHBIN
GE Digital iFIX CpenHsas Y3kas Huskasa Huskasa |YcrapeBuiui

*/11s euszyaauszayuu 8blb6opa pekomendyemcsi cxema (PucyHok 1), ompadxcarowasi npuopumemast no
KpumepusiM.

Jlsist BI60pa nmporpamMmMHoro obecneyenus ([10) aucneTyepusanuu UCMOJIb30BaTUCh

cileayromnue KpuTepuu:

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N92(151)/ 2025 173
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



JA.M. Mamb6eTtos, B.E. /xynau6aes, Y.T. KacbiMoB

1. Humezpayus c 06opydosaHuem — BO3MOXKHOCTb NOJAKJIIYEHUS K JaTYNKaM,
KOHTPOJIJIEPAM U PYTUM YCTPOKUCTBAM.
2. DYHKYUOHA/NIbHOCMb — NOAJEPKKA MOHUTOPUHTA, IJIAHUPOBAHUSA U ONTUMU3ALUU

MPOLECCOB.

3. Macwmabupyemocms — afanTanus No/J pa3juyHble MacUITaObl MPeANPUATHUN.
4. Cmoumocmb — 3aTpaThl HAa BHEJpeHUE U 06CIyKUBaHUE.
5. Ydo6cmeo unmepdgpelica — npocToTa MCNOJIb30BaHUS /sl ONIepaTOPOB.

Ta6una 2

AOCTOI/IHCTBa U HEJOCTATKH NPOMBIIIVIEHHBIX CUCTEM YIIPABJICHUSA

< NoJXOAUT A5 pa3HbIX OTpacjei

CucreMma JlocToMHCTBa HegocTtaTku
</ BbIcoKasi MaclITabUpyeMoCThb
_ </ HaJiexXHOCTh X BbicoKasa CTOMMOCTb
Siemens SIMATIC A
PCS 7  Toppep:Kka MHOXKeCTBa X CnoxHas uHTErpanys co
IPOTOKOJIOB CTOPOHHHUMHU CHCTEMaMH
</ PacmMpeHHas JMarHoCTHKA
</ KoMIIeKCHbBIE pelleHus s
X 3aBUCHMOCTD OT 3KOCUCTEMBI
Rockwell MOHUTOPHHIA
Rockwell
FactoryTalk 7 ONTUMU3UpPOBaHa /s
X OrpanuyeHHass COBMECTUMOCTD
o6opyaoBaHusi Rockwell
</ YHHMBEpPCaJIbHOCTD (MPOU3BOJICTBO
+ JHepreTHKa) X CnoxHas HacTpoiika
ABB 800xA
</ TubKoCThb X Jlosiras aganrtanys nepcoHana
< Toaep:kka pasHbIX IPOTOKOJIOB
</ I'nbKast HacTporKa X C/10%HOCTb 0CBOEHHMS
Wonderware
System < Xopoliuas BU3yanusarus X Orpanuuenus ausa

BBICOKOCKOPOCTHBIX IpoLeccoB

GE Digital iFIX

</ llpoBepeHHas HaZeXHOCThb
7 TU6KOCTh

< Y 106HbIe HHCTPYMEHTHI /ISl
OIepaTopoB

X YcrapeBuuii unTepdeiic

CnefyeT OTMETUTb, 4YTO MNPU BbIGOpPE CHUCTEMBbI NPOTPAaMMHOT0 obGecredyeHUs [Jist
JIUCTeTYepPU3aAlMU  KJIOUEBbIM MOMEHTOM SIBJSIETCS MacliTab NpeAnpUsTHs, OHOIKET U
TeXHUYeCcKHe TpeboBaHUS.

s perieHus1 33/1a4 JUCIeTYepu3aly U aBTOMaTHU3alMU Ha YPOBHE NpeANpUTUR
KOMMYHaJIbHBIX CJIY>K6 TOPOJIOB MOTYT NPHUMEHSThCS KaK MporpaMMHble penieHUst ypoBHs MES,
TakK U CllellUaJIbHO aJlalTUPOBAaHHbIe aJITOPUTMBI. B yacTHocTH, 719 TOO «Actana3eneHCTpoii»
pa3paboTaH aaropuTtM (6J10K-cxeMa) Mpoliecca JUcrneTyepu3anuy paboT ¢ UCI0JIb30BaHUEM
CMeHHbIX pabouyux opratoB (CPO) B caloBO-IapKOBOM U JIaHAIIAPTHOM CTPOUTENbCTBE (pHUc. 3).

OcHo8Hble amansl hpoyecca:
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1. Hayaso - oTipaBHast TO4Ka CUCTEMbI YIIPaBJIEHUS
2. IlnanuposaHue:
o OmnpeneseHue ouepeJHOCTH pabOT COTIACHO rOZ0BOMY IJIaHy (ceTeBOMy
rpapuky)
o KoppekTrpoBka niaHa npu He06X0AUMOCTH
o OmnpeaeneHve BUJ0B, 06 bEMOB pabOT U UX JIOKAL[UH
3. Jloructuka pecypcos:
o Kontposb Hanuuus CPO Ha 6a3e 1 no JioKalysaM
o Pacnpenenenue CPO no paboram
o Opranuzanus goctaBku CPO u nepcoHasa k MmectaMm paboT
4. MOHUTOPUHT:
o KoHTposib BbIOJIHEHUS paboOT
o Bejenue 6aHKa JaHHBIX C TEKYILeH U UCTOpUYECKOW nHOpMaL el
Ynpaesasiemvie napamempol:
e TopoBoit paboyuii niaH (ceTeBor rpaduk)
e Buabl paboT no BpeMeHH, 06'beMY U JIOKALMSIM
e Hanunuue u roroBHOCTh CPO 1 KOJIecHOH 6a3bl
e Hannuwue nepconasna
o Texuuveckas gokymentanusa ('OCT, CT PK, HT/I, Canllun)

CxeMa oTpakaeT KOMIIJIEKCHBIN MOJIX0/1 K yIIPaBJIeHUI0 TPOU3BO/JCTBEHHBIMU
IpOoLIeCCaMU C aKLLeHTOM Ha OllepaTUBHOE paclpe/ie/ileHue peCypcoB U KOHTPOJIb BbIIIOJIHEHUSA
paboT.

Pucynok 3 «/lMuHaMHMKa NpPOM3BOJAUTEJBbHOCTH IIOCJe BHEAPEHUA» IOKa3blBaeT pOCT

NPOU3BOAUTENBHOCTU Ha 25% 3a 6 MecsIeB.

JdvHaMuKa npon3BoaUTENbHOCTU NOC/e BHeApeHUs
MOAY/NbHbIX MalUWUH

1 2 3 4 5 6 MecAubl

=== [1pon3soanTENLHOCT (%) === [INaHOBaAA NPOM3BOAUTENBHOCTD (%)

PucyHok 3. luHaMUKa NPOU3BOAUTELHOCTHU IIOC/Ie BHEAPEHUA MOAYJ/IbHbIX MAalllUH

BHesipeHMe MOAYJIbHBIX MallIMH C OBICTPOCMEHHBIM 060pyA0BaHUeM Ha npeanpusaTuud TOO
«ActaHa3esieHCTpOU» MO3BOJINJIO:
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o CokpaTuTb BpeMs 3aMeHbl pab0o4ux opraHoB Ha 40%.
e YBeJMYUTb NPOU3BOAUTENLHOCTb Ha 25%.
o CHM3UTBb 3aTpaThl Ha ob6cayxuBaHue Ha 15%.
HayyHass HOBM3Ha MCC/Ie[OBaHMUS  3aKJO4YaeTcsd B pa3paboTke
aucnerdepusannu (PucyHok 3,4), y4UTBHIBAOLEr0 CE30HHOCTh PaboT, yAaJéHHOCTb 0O'bEKTOB,

HaJIM4He PecypCoB.

aJropuTMa
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PUCYyHOK 4. AJITOPUTM pelieHUsI BONIPOCOB AUCIIET
4epu3alMy HA YPOBHE ONePAaTUBHOrO yNpaBJieHUs

[IpumevyaHue: cocTaB/IeHO aBTOPaMH
BHejpeHue MOAYJbHBIX MallMH C OBICTPOCMEHHBIM O00OpYyZ0OBaHHWEM Ha NpejNpUATUH
TOO «AcTtaHa3eneHCTpoun» MoKasaso ciaeAyrlie pe3yabTaThl:
1. CokpalleHue BpeMeHU 3aMeHbl pabouux opraHoB Ha 40% (c 30 go 18 MuHyT).
2. YBeJMYeHHe NPOU3BOJAUTENbHOCTHU Ha 25% 3a CYET COKpalleHUsI IPOCTOEB.
3. CHmxeHHe 3aTpaT Ha ob6caykuBaHue Ha 15% 6Jiarogapsa yHUPUKALMKA MOAYJIEN.
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HayyHass HOBM3Ha ucciefoBaHus noATBep:xkJeHa naTteHTamu ([latent PK Ne 8168) u
BHeJ[peHUEM aJITOPUTMa JAWCHeTYepU3aliii, YYUTBIBAKOILEr0 CEe30HHOCTb U Y/JaJIEHHOCTh
00'bEKTOB.

3aKk/iloueHue

[IpoBenéHHOE wHcCCIefOBaHWE TO3BOJIMJIO CUCTEMAaTU3UPOBATh KJ/KOYeBble aACIEeKThI
JUcreTyepyu3anuy paboynx OpraHoB MallMH CaJ0BO-MAapKOBOr0 M  JaHAWA(PTHOTO
CTPOMTENbCTBA, YTO HMeeT CYlLleCTBEHHOe 3HauyeHWe JJ MNOBbllleHUs 3(PeKTUBHOCTU
IPOM3BO/JCTBEHHBIX MPOLIECCOB B YCJOBHUAX TOPOJCKON MHPpACTPYKTypbl. OCHOBHbIE BBIBO/IbI
paboThl MOTYT O6BITh CPOPMYJIUPOBAHBI CJEAYIOIIUM 06pa3oM:

1. Moay/bHbIA NPUHLMUI KOHCTPYKLMK MalllMH B COYETAHUHU C CHCTEMAMHU ObICTPOCMEHHOIO
KpeInJieHUs IPOJAEMOHCTPUPOBAJ CBOI 3QPEKTUBHOCTb, 00€eCevuB:

o COKpallleH’e BpeMeHHU 3aMeHbl pabo4yux opraHoB Ha 40%
o yBeJIMYeHHe MPOU3BOUTENbHOCTH Ha 25%
o CHMXKEHHUeE 3KCIJIyaTallMOHHBIX 3aTpaT Ha 15%

2. PaspaboTaHHbI aJTrOpUTM JUCHETYEpU3aALUH, YUYUTHIBAKOIIUKA CE30HHOCTb paboT,
IPOCTPAHCTBEHHOE paclpeziejieHHe 00'bEKTOB U JAOCTYIHOCTb PECYpCOB, MpeACTaBJIsIeT
co60¥ HayYHO-NPAKTHUY€ECKYIO0 LIeHHOCTb JJIsl IPeANPUSTHN KOMMYHaJIbHOTO X03511CTBa.

3. CpaBHUTE/JIbHBIA aHaA/IMW3 CHCTeM olnepaTUBHOro ymnpasjeHus (ICS) BbISIBHJ, 4TO sl
pa3J/IMYHbIX KaTEropuu npeAnpUsaTUHN Lie1eco006pa3HO IPUMeHEHHUE:

o KoMIuieKcHbIX pemeHui (Siemens SIMATIC PCS 7, ABB 800xA) - A/ KpYTHBIX
opraHu3anuu
o ajantupoBaHHbIX MES-n1aTdopM - 15 cpejHUX U MaJIbIX TPeANpPUATUR

4. BHegpeHue npepJioxeHHbIX peuieHMd B TOO «AcranHa3eseHCTpoi» MOATBEPAUIO HX
NPaKTUYeCKyl 3HAaYUMOCTh, IPOJAEMOHCTPUPOBAB yJydllleHHe KJIKYeBbIX NOKa3aTesen
3$PEeKTUBHOCTH.

[lonydeHHble pe3yabTaTbl BHOCAT BKJAJ B pa3BUTHE MeETOJOJIOTUM YIIpaBJIEeHUS
TeXHUYECKHMHU CpeJiCTBaMU B cdepe rOpOACKOr0 O3eJleHEHUS U MOTYT ObITb NPUMEHEHBI AJId
COBEpILIEHCTBOBAHUSA IPOU3BOACTBEHHBIX IPOLIECCOB B aHAJIOTUYHbIX OTPAC/IAX.
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A.M. Mamo6eToB *, B.E. l:xxynauo6aes, Y.T. KacbimoB
JI. H. I'ymunes am. Eypasusi yimmeolk yHugepcumemi, Acmaua, Kazakcmax

Kerasganabipy *k9He JlaHAMAPTHIK KYPbUIbIC MAIIMHAIAPBIHBIH, )KYMbIC
6eJIiIKTepiH )KeHeJITY K9He oJIap/bl T€3 aybICTBIPYAbl KAMTAMACHI3 €Ty

Anpparna. MakasnaZia aybICBIMIBIK KYMBIC >KaOAbIKTapblH KOcCa aJfaH/a, KaJsaJblK
KOMMYHaJIAbIK KbI3MeTTep/liH MallHaIapblH AUCIETYEpPJIeY, 00 beKTiIepAiH MayCbIM/bLIbIFbIH,
TEeXHOJIOTUAJIBIK, PEeTTIIriH, KeseMi MeH KallbIKTBIFbIH eCKepe OTBIPbIN KYMbBICTApAbl
»KocIapJay 3epTTesei. MamuHanap/iblH MOAYJIb/iK JU3alHbI XK9HEe MO/1yJibapaJiblK OeKiTIesnep
»KabAbIKThI HAKThI TallCblpMaJsiapFa 6eriM/iel OThIpbII, KabJbIKThIH, T€3 K9HE Kayilci3 e3repyiH
KaMTaMacbI3 eTeni. XKegen 6ackapyAbl aBTOMaTTaHAbIPY, acipece MallMHaJapAbl MOAYJbiK
YUBIM/JIACTBIPY/1a, 9PTYpPJi MacesenepAi TuiMAil wewyre MyMKiHAik Gepegi. ’KababiKTap MeH
nepcoHanibl 6ackKapyAbl Koca ajfaH[a, AUcneTdyepJseyZiH Herisri OaFbITTapbl aHbIKTaJ/bl,
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Jlvcnetyepusanys paboynx OpraHOB MalLllKH Ca/l0BO-APKOBOr0 U JIAaHA AP THOr'0 CTPOUTEIBLCTBA U
obecneyeHue UX ObICTPOCMEHSIEMOCTH

COHJAaW-aK, eHJIpICTIK mpolecTepAl OHTaW/JaHJbIPY YIIiH >XeZdes OacKapyzblH 3aMaHayu
&KyHesiepl KapacTbIpbLIABL. JlUclieTyep/ieyre apHalfaH 6aFjapJaMalblK »KacaKTaMaHbl TaHJAQY
KpUTepuuJiepi YChIHBLIFAH, COHBIMEH KaTap YChIHbUIFaH IIeliMAep/i eHri3y THIMZIJIIT Typasibl
HAKTbl MaJIiMeTTep KeJITipiJireH. 3epTTeyiH FbIJIBIMU KaHaJIbIFbl-OpbIHJA/IaThIH MiHAETTEpAIH,
MayCbIM/bLIBIFbI MEH 9PTYPJIJIIrIH eCKepeTiH KOMMYHa/IAbIK KbI3MeTTep KoCiopbIHAAPHI YIUiH
6eliiMJiesireH 6acKapy airOpuTM/iepiH a3ipJey..

Ty#in ce3gep: O6ay-6aKma KypblUIbIC MallMHaJIapbl, >KbLIJAM aybICTBIPBLIATHIH
®abJbIKTap, AucneTyepsiey, aBToMaTTanabipy, SCADA, MES.

D.M. Mambetov *, V.E. Dzhundibaev, U.T. Kasymov

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
Dispatching the working parts of gardening and landscape construction machines and
ensuring their rapid replacement

Abstract. The article examines the dispatching of machines of urban utilities, including shift
workers, planning work taking into account seasonality, technological sequence, volume and
remoteness of facilities. The modular design of the machines and intermodular fasteners ensure a
quick and safe change of equipment, adapting the equipment to specific tasks. Automation of
operational management, especially with the modular organization of machines, makes it possible
to effectively solve a variety of tasks. The key areas of dispatching, including equipment and
personnel management, are identified, as well as modern operational management systems for
optimizing production processes. Criteria for the selection of software for dispatching are
proposed, as well as specific data on the effectiveness of the implementation of the proposed
solutions. The scientific novelty of the research lies in the development of adapted management
algorithms for utilities that take into account the seasonality and variety of tasks performed.

Keywords: gardening machines, quick-change equipment, dispatching, automation,
SCADA, MES.
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AnpaTna. byn MakKaJjaja MaHUIYJIATOPJIapAbIH KOHCTPYKTUBTIK
epeKIleiKTepiH, epKiHAIK JlapexeJsiepiH KoHe KUHeMaTHUKaJbIK
cUIaTTaMaslapblH 3epTTey KapacTblpbuiaZAbl. MaHunysasaTopJap 6HAIpIc,
MeJHWIIMHA, MalllMHA jKacay »oHe POOOTOTEeXHHWKa cajajiapblHAa KeHiHeH
KOJIIaHbLJIAaThIH MaHbI3/ibl KYPbLIFbLIAp 60J1bIN Tabblaaabl. Kasipri eHaipicTik
nporectepJe aBTOMAaTTaHAbIPY THUIMAIJNIKTI apTTBIPYyAblH, ajaM eHOeriH
KEeHIJNIAeTYAiH »KoHe WIbIFbIHAAPAbl a3aUTy/blH, 6acTbl (GAKTOPbI OOJBII
Tabbl1aAbl. Aail/la, TEXHOJOTHUAIAPAbIH, KapKblH/Jbl AaMyblHAa KapaMacTaH,
KOJIaWJIbl MaHMNYJATOP/Abl TaHAAy KypJesi MiHAET O60Jibll TabbLIajbl.
Manunyasatopabl TaHAAy KenTereH QakTopJiapFa, COHbIH, illliHJe
KOHCTPYKLMSAHBIH, KaTTbUIbIFbIHA, €PKIHZIK JapexeJsiepiHiH CaHbIHA, YK
KOTEePrilllTiriHe >KoHe )KYMbIC akMaFblHa TayeJi/li. 3epTTey/1iH HeTri3ri MakcaThl
- CepUsJIbIK, TapaJijesb }XoHe TMOPUATI MAaHUNYISITOPJAAPAbIH, KYPbLIBIMABIK,
albIpMallbIBIKTAPbIH CaJIBICTBIPY, oJiap/blH GYHKUMOHANABIK,
MYMKIHZIKTepi MeH lIeKTeyJepiH Taljay, COHAAN-aK TaHJay KpUuTepUuuaepiH
kyresiey. XKyMbIc GapbICbiHJA >KyHesi 1oy d/ici KOJJaHbLIbIIN, FbLIBIMU
9/1ebueTTep, pelieH3usAJIaHFaH MaKaJiajap KoHe eHAipyllijiepiiH TeXHUKaJbIK
Ky)KaTTapbl Heri3iHAe JepeKkTep J>KWHaKTajlaJbl. [probsiep ¢opmyJsiackl
apKblJIbl MaHUMNYJATOPJAP/AbIH, epKIiHAIK AapexeJepi ecenTeJiil, oJiap/blH
KO3FaJIbIC MYMKIH/[IKTEpi MEH KUHEMATHKaJIbIK IapaMeTpJiepi 6arajiaH/bl.
bys 3epTTey MaHUNYJATOpJapAblH KUHEMaTHKaJ/bIK CUIATTaMasapbiH
KeTUIAipyre, oJsiapJblH HaKTbl OHJIPICTiK »kaFpaWnapra OGeliMJenyiH
»KaKcapTyFfa >KoHe TaHJay 9JiCTepiH »KyHeseyre yJiec Kocagbl. KyMBICThIH,
NpaKTHKaJbIK MaHbI3bl — OH/ipiCcTe, MeUIIMHA/IA )KoHe POOOTOTEXHUKA/A
TyHiH ce3aep: MaHUNYJAATOP, CEPUSJBIK MaHUINYJATOp, Napasuiesb
MaHUNYJAATOpP, TMOPUATI MaHUNYJISATOP, XYMbIC alMarbl, KUHEMaTHUKaJbIK
cxeMa.
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Kipicne

Manunynsatop — Oyl 00beKTiep/i *KbLDKBITY, YCTAy >XoHe Oackapy YIlIiH apHaJifaH
MeXaHUKaJbIK KypbLIFbl. OJlap 6HEPKACINTE, MalllMHA »acayAa, MeJULIMHa/ia, pPOOOTOTEXHUKA/1a
»KoHe 6acKa Jia casiasiap/ia KeHiHeH KOJIIaHblIaAbl, 0J1ap KOFaphbl AJJIAIK eH eHIMAIIIKTI KaXKeT
eTeTiH TancelpMaiapAbl opblHAauAbl [1,2]. Kasipri eHfipicTik mnpouecTtep »kafjailblHAa
aBTOMaTTaHAbIPY TUIMAUIIKTI apTThIpyFa, aZaM QaKTOPBbIHbIH, 9CepiH a3alTyFa KoHe
IIbIFbIHAAP/Abl OHTal/IaHAbIPYFa MYMKIH/IiK 6epeTiH Heri3ri peJs aTKapazsl [2,3].

Ananpa, TEeXHOJIOTUAJIAPAbIH, KapKbIH/bl JaMybIHa KapaMacTaH, KOJIaNIbl
MaHUNYJAATOPAbl TaHJAYy KypAesai MiHAeT 6o0Jbll Kaja 6epefi. bys apKalChIChIHBIH, 63iHAIK
epeKIlesikTepi MeH IlIeKTeyJepi 6ap opTypJi KOHCTPYKUUSJIAPAbIH KeH ayKbIMbIMeH
0al/JIaHBICTBI.  MaHuUNyJAATOp/Jbl  TaHAAy  KemnTereH  ¢akTopJsiapFa, COHbIH  immiHje
KOHCTPYKLMAHBIH KaTTbUIbIFbIHA, €PKIH/IK AopexKesepiHiH CaHbIHA, )KYK KOeTepriluTirine »xoHe
KYMBIC aiMarblHa TayeJiAi. ByriHri TaHza MaHUNyJATOpJIap/AblH HETI3ri TypJiepi CepUsJbIK,
napajijiesib JKoHe THOPUATI 6GoJsibinl TabbuiaZbl [4,5]. CepusJblK MaHUMNyJASATOpJap: Oy
MaHUIYJIITOPJIAp/bIH, €H K6N TapaJyifaH Typi. bys1 MaHunysnsTopJ/siap »KOFapbl MaHEBPJIIK KoHe
WKeM/IiJliKKe e, oslap/ibl KebiHece XKHMHAy, IoHeKepJiey, 0051y koHe 0acKa eH/ipiCTiK XXyMbICTap
yiIiH maigasaHazpl. [lapasienb MaHumyasdTopJap: 6y KypblLibIMJa GipHelle OybIHAAp 6ip-
6ipiHe mapasiiesib KaJiFaHFaH, )KaObIK, KWUHEMATUKAJBIK Ti30€KTi Kypa/ibl, 0J1ap >KOFapbl JA2JAIK
»KOHe KaTTbLIbIKThl KaMTaMmacbi3 eTeii [6]. Osap kebiHece »oFapbl J2JJIKTi KaXKeT eTeTiH
TanchlpMasap yiliH KOJIIaHbLIa/ibl, MbICaJbl MaTepuaagapAbl eHaey, 3D 6achin lIbIFAPy KoHE
MeaunuMHa. [UOPUATI MaHUNYAATOpJApP: MAHUIYJAATOPJAP CEPUSJBIK KoHe Mapasiiesb
MaHUIYJISITOPJIap/blH CHNIaTTaMaapbliH 6ipikTipeai. Osap MKeMAiiK NeH AdJiK apacblH/aFbl
6aJslaHChIH YCbIHA/ZbI, OYJ 0J1apAbl 9PTYPJii KoJ1JaHy YIiH aMbeban etezi. ZKoFapblga auThblIFaH
dakTopsiap KepeKTi MaHUNyJAATOpAbl TaHAAayAbl KublHAATaJbl. OcblFaH 6GalJIaHBICTbI
MaHUMYJAATOpPJAapAbl TaHAAyJaFbl XKyHesiK TaciJ Maceseci ©3eKTi UHXXEHEPJIIK KoHe FbIIbIMU
MiHJeT 60JbIN Kasia bepeni.

KenTereH MaHUNy/JATOpJIapFa apHaJfaH 3epTTeyJiepfe OJIapAblH KOHCTPYKTHUBTIK
epeKlIeNiKTepi, epKiHJiK JapexesepiHiH, CaHbl >KoHe »KYMbIC alMMaKTapbl KapacTbIPbLIa/bl.
Mbicanbl, Ahmed A. [7] MakasnacbiHZ@a NapasJesb poO6OTTapFa >KaH-KAKThl I10Jy >KacaJblIl,
OJIapZblH apThIKWbLIBIKTAphbl, TYpJepi KapacThIpbLIFaH. Antonov A. MakKasacblHZA TUOPU/TI
(mapanienb-cepusyibl) MaHUNYJAATOPJAAPABbIH KOJIaHy cajajapbl, »kobajnay >oHe Tanjay
anictepiH KapacTeipfadH [8]. Bysn 3epTTeynep cepusiblK, Mapasjjesb X9He THOpPUATI
MaHUIYJAATOpJap OOWBbIHILIA 90U WIOoJayJap/blH KYPrisiireHiH KepceTeni, ajaiia oJapAblH
TaH/AyblH >XKYHeJeHJipiJreH a/iicTep apKblLibl >Kacay MaceJieCi aJi e KeTKUIiKTI AeHreunae
3epTTeJIMEreH.

Byn opmebu 1oy HeridiHZe KOJIAAHBICTA Oap »KoHe 3epTTey MaKasaJapblHJaFbl
MaHUIYJAATOPAapAbl TAaHAAYAbIH OHTANJIbI 9/1iCTePiH YChIHY apKbLIbl OChI OJIKbLIBIKTbIH OPHBIH
TOJTBHIpyFa OafbiTTasfraH. OcbLiallla, MakKajaJa MaHUMNYJASATOpJapAbl TaHJayJaFbl HeTisri
KUBIH/BIKTAp KapacThIpbLIbIN, OJIApAblH, KOHCTPYKTHUBTIK epeKIIeJiKTepiH CaJblCTblpMaJibl
Tas1[jay Heri3iH/e OHTAaWJIbI leliM/ep YCbIHbIIA/bI.

JdjicHamMa

Ocbl Makasajla CcepUsiblK, Napasulesb >KdHe THUOPUATI MaHUMYJIAATOpJAp/bIH,
KOHCTPYKTUBTIK epeKlIeJliKTepiH, epKiHAIK JopexxesiepiH >XoHe KaTTbUIbIFbIH 3epTTey YIIIiH
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KyHesi 1wosy aficteMeci KoJsJaHbuiazbl. JKyHeni wosy - Oy MaHUNYJAATOPJapAblH
byHKIMOHaA/NbIFbIHA 9Cep eTeTiH Herisri ¢akTopJsapAbl aHbIKTayFa MYMKIHJIK OepeTiH
MaJIIMeTTep/i XKUHAY A bIH KoHe TaJJayAblH KYPbIJIbIMABIK TOCLII.

MaHunysaTopsiap KMHEMaTUKaJIbIK, KYPBLIbIMbI, epKIHAIK Japexesepi, )KyMbIC aMarbl
’)KOHe KaTTbUIbIFbl OOMBIHIIA TajfaHAbl. Bysn yuiH kiTantap, peleH3WsiJlaHFaH FbLJIbIMU
MakKasiajap, FbUIbIMHU KypHasAap, KoHQepeHIMsl MaTepualiaphl KoHe KeTeKLIi MaHUIYJIATOP
eH/IipyIIiJIepiHiH KyKaTTapbl NakjaaaHblI/bl.

MaHUnyASTOPAbIH 9pTYpJi GaFbITTapJaFbl KO3Fa/bIC CUIATTaMaJsapblH aHbIKTAy YIIiH
epKiHJiK Aapexeci ecenTenji, 6y yiid ['probsiep popMyiackl Ko1LaHbLI/bL

n
F=6l-n-1)+ ) f
=)

MYH/Jafbl | - OybIHAApP CaHbl, N — KO3FaJMaJbl OybIHJApP CaHbl, f; — I-11i GYbIHHbIH €pKiHAIK
Jlopexeci.

Kosiailsibl KMHEMaTHUKaJbIK CXeMaHbl TaHJay OapbicblHAA epkiHfAik goapexeci (DOF)
CaHblHaH 0eJieK, AWHAMHUKaJbIK K9He KOHCTPYKTHUBTIK acnekTinepfi eckepy KaeT. Herisri
JIMHAMUKAJIbIK TapaMeTpJiepre )KYK KOTeprilliTik KabineTi, xyheHiH, 6eyariai 6ip nosunusjarbl
KaTThLJIbIFbI )K9HE Yy KabiseTi xkaTabl.

MaHunyasTopJiapAblH, KeHobip TypJsepiHiH cunattamaiapbl 1-KecTe/le KOpCeTiJreH.
CepHANBIK MAaHUIYJIATOPJIAP KEH KYMbIC aMaFblHa He »K9He >KOFapbl MaHeBpJIiK KabijeTiMeH
epeklleseHei. Anai/a, 0JIApAbIH, KOHCOJIbJIK KYpPbUIBIMbIHA 0aW/IaHBICTBI KYK KOTeprillTik
MYMKIiHZiT mekTeyi [9].

1-kecre. Cepmmulq KoHEe IapauieJib MAHHUINYJIATOPJAPABbIH, CaJbICThIPpMaJlbl

cunaTTaMaJjiapbl
CunarTamazap CepusJibIK MAaHUIYJIATOP [lapaniienb MaHUNYJIATOP
. .| AbIK KMHeMaTUKa/bIK | 2KabbIK, KMHEeMaTHUKaJbIK,
KospaHbliaThiH Ti36ek Typi . .
Ti30ek Ti30eK
Tikesel kKMHeMaTUKa Onan Kypaei
. . . Kan xoHe eki OaFbITThI
Kepi kunemartunka BipHeute memim 6ap .
Hmienim
OpHaJiacy gaajiri TeMmeH OpTama
JKyK KeTeprimTik Kabiseri TeMmeH 2Korapsl
’KymbIc aliMa¥Fbl YJiKeH [larbIH
WMHepIHUAIBIK )KYKTEME Korapnl TemeH

3eprTeynep kepceTkeHzel, Reimund Neugebauer [10], Uchiyama M. D [11], congaii-ak
Hesse Stefan mMen Malisa Viktorio [12] eHb6ekTepiH/ie nmapaJjijiesib POOOTTAPAbIH, CEPUSJIbIK,
MaHUIYJSTOpJIapFa KapaFaH/Ja Ko3FaJMaJibl Maccachl a3 »KoHe JWHAMHUKAaJIbIK CHUIIaTTaMaslapbl
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»KaKCbl eKeHi aTam eTijireH. /lereHMeH, oJlap/JblH Heri3ri KeMIliJiKkTepiHiH 6ipi — wmekTeysi
YKYMBIC aLMarbl.

['MbpUATI MaHUNYIATOPJIAp XKaOBIK K9He alllblK KMHEMaTHUKaJbIK Ti30eKTepAiH HeMece
cepUsiIbIK-Tapa/jyieJib[iKk  MeXaHU3MJepJiH  yisieciMmi  Gosibinl  TabbLiaabl.  MyHpau
MaHUIYJAATOpJap Napajjesb KypbUIbIMAAp/AbIH LIEKTEeYJi )XyMbIC alMaFblH KeHeUTyre »KoHe
CepUsJIbIK I1eH NapaJsijieslb MaHUNYJIATOPJIapAblH apThIKIIbIIBIKTapbIH OipiKTipyre 6aFbITTa/IFaH
[13-15].

MaHunysnsaTopsapZblH, OyblHJApbIHbIH, Oal/JaHbICTapbl Ja MaHUIYJAATOPAbIH, KYMBbIC
icTeyiHe, )KyMbIC aliMaFbIHbIH, KOJIEMiHe, OHBIH, >XYMbIC iCTeyiHiH y3aKTbIFblHA XoHe ©63iHJiK
KyHblHa 9cep eTeAil. MaHUNyAAaTOpAbIH OybIHAAPbIHBIH KOCBUIY TYpJiepiH TaHJaraHAa
NpaKTHUKaJblK MaHbI3/|bl/IbIFb] ecKepisiefi. CoJ yiiH 6ailylaHbIC TYpJiepi KapacTbIpbLIAbIL.

KenTeren po6oTTapjaarbl OyblHAAp aHHa/IMajlbl HeMece CbI3bIKTBIK KO3FaJsbICKa
MYMKiH/iK 6epeni, osiap colikeciHie aitHaiMaJbl (R -revolute) »xaHe Ko3fasmaiibl (P - prismatic)
OyblHAap Jen aTanajbl. backa KospkeTiMZi OybiHAapFa cepukanblk (S), ceipFbiManbl (P),
o6ypanzainsl (H), nnaungipaik (C) »xeHe yHuBepcanasbl (U) xxaTazbl (1-cyper).

AlHaIMaJbI |
= @ SIS

ChIpFBIMAJIBI
Y YHuBepcan

OysIH (2R)
&y

Bypanzassr LuauHapik
OysiH (1R/T) OybiH (1T,1R)

R - aiiHanMaitel, T - CBI3BIKTHIK KO3FAJIbIC

1-cypeT. KuHeMaTHKaJIbIK, GYbIHAAPAbIH, KOCBLIBICTAPbI

AntHanmanbl (R) 6ybiHAap Tasza aWHaly/[bl KaMTaMachbl3 eTil, 6acKka KO3FaJbICTapAbl
azauTazbl. by 6ybIH KOCbLIFaH JleHeslep apacblH/a TeK alHaly KO3FaJbICblHAa MYMKIH/IiK 6epe/i.
OHBbIH, 6ip epKiHJiK Jopexeci 6ap.

[IpusMmaTukanbik, (P) HeMece cbipFbiMasibl OybIHAApP OeKiTiireH O6aFbIT 6GONbIMEH
ChI3BIKTBIK KO3FaJIbICKAa MYMKiH/iK 6epezi. Osap iliKi >koHe ChIPTKbl LMJUHAPJIK 6eTTepAeH
TypaAbl. Bys OybiHAap eki Typre GeJiiHefi: 6ip caTblibl K9He TeJeCKONUAIBbIK. bip caTbLibl
O6ybIHJAp OeKiTisireH 6eT 60MbIMEH ChI3bIKThI ChIPFU/AbI, KapanalbIM/bLIbIFbl MEH KATThLJIbIF bl
»KOFaphbl. TesecKONUAIBIK OybIHAAP bIKIIAM/bIJIbIFBIMEH K9HE YJIKEH CO3bL1Y KO3)PUIIMeHTIMeH
epekKlilesieHe/li, COHAAN-aK KeWobip Ko3FajbIcTapJa WHEpPUUsSHbl as3auTazbl. [IpuaMaTuKaibIK
O6ybIHAApAbIH Oip epkiHfik gapexeci (DOF) 6ap.
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BypaHzganel 6ybiHAap (H) - OypaHfasnbl OyblHAAp alHajly MeH CbI3bIKTBIK OpPBIH
aybICTBIPYAbI 6ipikTipin, 6ypaHasibl )K0J1 60MbIMEH KO3FaJIbICKa MYMKIH/iK 6epe/i.

Huaunapaik 6ysinaap (C) - eki AeHresiek UUAUMHAPJEH TYpPaAbl, [UIUHAP OCi 60MbIMEH
allHaJlyFa jKoHe CbIpFyFa MYMKIHZIK Oepefi. @yHKUMOHAAbl TYpJie OHbI allHa/JMaJbl >KoHe
NpU3MaTUKa/IbIK OybIHAAPAbIH Ti30eriMmeH aaMacTbIpyFa 60J1a/bl.

Codepukanbik, 6ybiHAap (S) - eki cpepanblK OGeTTepAiH TyHicyi apKplLibl Ty3ijgeni, yu
6arpITTa allHa/IlyFa MyYMKIiHZiK 6epill, Yl epKiHJiK AopexeciHe ve. OHbl 0CbTepi KUbLIbICAThIH Y1l
aliHaJIMaJibl 6ybIHMEH aJIMacThIpyFa 60J1a/1bl, 6ipak kelbip kaFganaap/a CHHIYJISpJbIKKA 9KeJyi
MYMKIH.

YuuBepcanapl 6ybinaap (U) - kapJlaH HeMece TyK OybIHbI Jen Te aTanajbl. Oa eki
albIp/bIH apacblH/aFbl aWKACTOPi3/i 3/1leMeHTTeH Typa/Jbl )koHe OiikTep apacbiH/a OYPBILITHIK,
KO3Fa/IbICKa MYMKIiHJIK Oepeai. Tuimzi »xyMbIC icTeyi ylIiH >KyMbIC OYpblllbl d9/eTTe 25°-TaH
acnaybl Kepek, ajl MexaHUKaJIbIK l1eKTeyJiepre 6alaHbICThI €H YJKeH Oypbllibl llaMaMeH 37,5°
60s1a1bI1 [17].

Ha'rmKeJIep K9HeE TaJIKbl/Iay

9/1e6u 1101y 6apbIChIH/A CEPUSAJIBIK, NMapasliesb XKoHe TMOpUATI MaHUNYISATOpPAAP/bIH
Heri3ri KOHCTPYKTUBTIK epeKuleaikTepi, epKiHAIK Aapexesepi xKoHe asgKTapbIHbIH, KYPbIIbIMbI
TaJJlaHZbl. 3epTTey asACblHAA CEPUSJIbIK MaHUMyJasaTopaapAblH 4 Typi [18-21], mapasienb
MaHunyasTopaapAbiH 11 [22-32] Typi koHe rUGpUATI MaHUNyAsaTopJaapAblH, 3 Typi [33-35]
KapacThIpbLI/ibl (2-KecTe).

MaHunysasTopJap/iblH, KO3FajlblC MYMKIH/IKTEPiH aHbIKTay YwiH ['pro6sep ¢dopmMysachl
KOJIJ@HBLIABL. Bys1 9/jic op MaHUNyIATOPABIH OybIHAApP CaHbl MeH 0JIap/blH KOCbLILY TYypJiepiHe
0allJIaHBICTBl epKiHAIK Jl9pexeciH ecenTeyre MyMKiHAik Oepai. Tangay HaTHxKesepi
KOpCeTKeH/Iel, CEpUAJIBIK MaHUIYAATOPJIAp, 9/eTTe, 6 epKiH/IK apexxeciHe e 60JiblN, KYpAei
KEeHICTIKTIK KO3FaJbICTap/bl OpbIHJAN ajafbl. Al mapasuiesb MaHUNYJATOpPJap/AblH epKiHAiK
Jlapexkeci KOHCTPYKLUsCbIHA OalIaHbICThI ©3Tepin, 3-TeH 6-Fa JleHiHri MoHre he 60s14bl. 2KaobIK,
KWHEMaTHUKaJbIK KYpPbLIBIMBIHBIH 9CepiHEH KeWbip mapasiesib MaHUIYJAATOpJIapAa KO3FasbIC
HmeKTeyJsiepi 6aruKaabl.

ManunyngatopsapZa KoJAaHbIAaTbIH KUHEMaTHUKaJbIK OybIHAAp/blH TypJiepi oJapAblH
GYHKIMOHAJIAbIFbIHA alTapJbIKTal acep eTefi. AliHaiMasbl (R) 6ybiHAap »K0Fapbl MaHEBPJIIK
IeH BIKWaM/bUIBIKTBI KaMTaMachl3 eTefi. OcblHAal OybIHAApAaH acaJlfaH MaHUIyJIsATopJiap
CBI3BIKTBHIK KO3FaJ/IbIC >KaCaUThlH MaHUIyJATOpJiapFa KapaFaH/Za bIKIIaM KypblJIbIMFa He,
KeJieprijiepai TUIM/I ailHaIbIN 6TE ala/ibl )KoHe KeH, KOJ1JjaHy asiCbIMeH epeKlleeHe/|.

[IpuaMaTukanbik, (P) 6ybiHAAp CBI3BIKTBHIK KO3FasbicTap YiliH TUiMAi. Bypangansr (H)
*koHe UAKMHAPJIK (C) 6ybIHAAp O6ip Me3rijsijie alHa/ly KoHe ChI3bIKThIK KO3Fa/bICThl YHJIECTipe
asiajibl, 0yJ1 Kelbip eHAIPICTiIK MpolecTepAe YIKeH apThIKIIbLIBIK 6epefi. Chepukanbik, (S) xkoHe
yHuBepcanzpl (U) 6ybiHAap KeH KO3Fa/bIC MyYMKiH/AIKTEpiH YCbIHFaHbIMEH, 0J1ap/ibIH 6H/iPiCTiK
KYpZAeJiiJiri MeH To3yFfa 6eiiM/iJiri osapAblH KOJIJaHbLIYbIH IIEKTEeN i,

Kyprizisiren Tanpaysap HOTHXKeECiHJEe MaHUIYyAATOpPJApPAbIH, 9pb6ip TypiHe ToH
apTHIKIWbLIBIKTAp MEH ULIeKTeyJiep aHbIKTalAJbl. CepUsiIbIK MaHUMNYJATOpPJAap KeH KO3FaJbIC
JIMana3oHbIH YCbIHCA /13, 0J1ap/blH KATTbLIbIFbI TeMeH. [lapasiens MaHUNYAATOPJIAP KOFAphI
JI9JIJIIK TeH KaTThUIbIKKA Me, 6ipak KOo3FaJbIC epKiHJAiri mekTeysui. [M6puaTi MaHunyasTopJap
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OCbl €Ki TYpAiH apThIKILbLIBIKTapbIH OipiKTipe OThIPBII, Kelcaiabl 6HAipicTep ylLIiH OHTaN/Ibl
iemiM 60J1ybl MyMKiH.

2-Kecre.
Kecreci

CepuaJsbl, napasuie/ib X9He THOPHUATI MaHUNYJIATOPJAPABI CAJIBICTBIPY

Manunysa
TOP/ABIH,
HeMece
MeXaHU3M
HiH aTaybl

Manunyaatop
cypeTi

Epkingik gapexeci (DOF)

KerexTepaiy
CaHBbI

bapsbir
b1 DOF

Antnany

Kozra
JIMas
bl

AliHa
JMaJt
bl

CbI3bI
KTBIK,

Ak
KYPBLJIBIM
bl

2

3

4

6 7

CepusansbIk

MaHHUIYJISITOpJIap

Jiap

IRB  4600-
45/2.05
[18]

3

o

Bapibifbl
R

Flyer-
M20iB-35S
[19]

BapJibifbl
R

Three axis
gantry
robot (XYZ)

type 1 [20]

3DOF

BapJibifbl
P

Three axis
gantry
robot (XYZ)
type 2 [21]

3DOF

BapJibifbl
P

[lapasiesb MaHUNYJASITOPJIA

5

3SPU
parallel
manipulato
r [22]

SPU

3RUU
(WUT
MR2120) -
parallel

manipulato
r [23]

RUU

3PRS
parallel
manipulato

r [24]

PRS
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3PUU
parallel
kinematic %
machine
[25]

- PUU

4URS
parallel
manipulato
rs [26]

10

4UPU

parallel I
manipulato LY
r[27]

11

Stewart- o
Gough Dt
Platform
(SPS) [28] )

12

Stewart- P amnN
Gough =t
Platform

13

Wps)[29] |

RUS type
PM [30]

14

2 legs Delta
parallel
robot [31]

15

Clavel’s 3- L

DOF Delta Fu ”‘;\f

parallel Wed S
robot [32] S

- RRII(R)R

['M6GpUATI MAHUIYJISTOP

16

Serial-
Parallel
Hybrid
Mechanism
[33]

2-UPS+U,
R+RPS
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Hydraulic . R(RPR)+R
17 | Manipulato 6 4 2 3 (RPR)+R+
r [34] al R+R
Electrical R(RPR)+R
18 1 arm [35] 3 1 2 2 (RPR)

Ocpuranla, MaHUMYJAATOPAbl TaHAAy Ke3iHJe OHBbIH KYpbUIBIMJBIK epeKIlesiKTepiH,
)KYMBbIC alMa¥FblH, KaTThUIBIFbIH XK9He epPKIHJIK JopexXeCiH KellleHJi TypAe KapacTbIpy KaKeT.
Anparel 3epTTeyJiepie HaKTbl OHJIpICTIK »KafFjailslapfFa OeliM/JieNreH MaHUMNYJSATOpPJAp/bl
OHTaMJIaH/bIPY 9/1icTepiH 93ip/iey MaHbI3/1bl 60JIbIN TAObLIA/bl.

KopbITbIHABI

Kyprisinren 3septTey HoTWxesepi 4 cepusiblK, 11 mnapaaienb oHe 3 TUOPUATI
MaHUIYJIATOPJIApAbIH KOHCTPYKTUBTIK epeKlIeJiKTepiH, epKiHAIK JopexeepiH )KoHe KO3FaJlbIC
MYMKIH/JIIKTEepiH ca/bICThIpyFa MYMKiHJiK 6Gepgai. ['pro6sep ¢dopmysackl apKblibl 9pTYpJi
MaHUIYJIATOPJIApAbIH epKIHAIK Aapexesepi ecenTelin, oJapAblH, KHHEMAaTUKa/bIK LIeKTeyaepi
MEH apThIKWbLIbIKTapbl HAKTbIJIAH/IbI.

3epTTey HOTHKECIH/le CepUsIbIK MaHUNYJIATOPJIap/iblH 6 epKiHAIK AopexeciHe ve 60JIblI,
KEHICTIKTIK KO3FaJbICTapAbl THIMZi OpPBIHAAWTbIHbI aHBIKTaAJbl. OJlapAblH, KYPbUIBIMJBIK
MKeM/Jiliri »kofapbl OOJIFaHbIMEH, KaTTBUIbIFbI TOMEH 9He WHEpLUS >KYKTeMecCi YJKeH.
[lapansens MaHUNYJAATOpJIApP KAOBIK KWHEMAaTUKa/bIK KypbUIbIMbI apKacblHJA »KOFapbI
KaTTbUIBbIK IEH >XYK KOTeprillTikKe He, 6ipaK KO3FaJibIC €pKiHJIr IIeKTeyJi >KoHe KypjAeJi
b6ackapyZbl KaxeT eTefi. [MOpUATI MaHUNYJAATOpJap CepUSAJIBIK JKoHe IapaJjesb
KYPBLIbIMAAPAbIH apThIKIIbIJIBIKTAPbIH OipiKTipin, 2K0Fapbl MaHEBPJIIK MEH KYK KOTEPTilUTIKTI
KaMTaMachbI3 eTe/li, 6yJ1 oslapibl 6H/IPiCTIK KoJiJaHOaiap YIliH TUIMAI LeniM eTeji.

KrnHeMaTunKanblK OybIHAAPAbIH TYpJepi MaHUNYAATOPJIapAbIH QYHKIIMOHANAbIFbIHA 9Cep
eTeni. AliHaiMasbl (R) 6ybiHAAp MaHEBPJIiK KabisieTTi apTThIpca, Ipu3MaTUKabIK, (P) 6ybiHaap
ChI3BIKTBIK KO3FaJibicTap yuliH THiMIi. Chepukanbik (S) xoHe yHUBepcanbl (U) OyblHIAp KeH
KO3Fa/IbIC MYMKIH/[IKTEPIH YCbIHFAaHbIMEH, 6H/AIPICTIK KypAeJijiri MeH Te3 TO3ybl OeJriyi Oip
HIeKTeyJiep TyAblpabl.

Ocpbuialillla, MaHUMNYJAATOPAbl TaHAAy Ke3iHJe OHbIH KYpPbUIBIMJBIK epeKlIeNdiKTepiH,
YKYMbIC aiMaFblH, KaTTBhLIBIFbIH XX9HE epKiHJIK JopexeciH KellleHAl TYpAe KapacTbIpy KaxKeT.
Anparbl 3epTTeysiepie ayblp 6HZIPICTIK aF[ai/ja >KyMbIC iCTEMTIH MaHUNYAATOpPJIapFa LI0JIY
MaHbI3/bl.

AsFpic alTy, MyAJeJiep KaKThIFbIChI
Bys 3eptTeyai Kasakcran Pecny6siuvkacel FolabiM kaHe KOFapbl 6i71iM MUHUCTPJITIHIH

FouibiM komuTeTi Kapxkputavgbipabl ('pant N2 AP19679253 - KendyHkunoHangbl MOOUIbAL
MeTaJll1 3/ IPUHTEP/li 3epTTey KoHe Kobasay).
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CepusinbIK, Napasijesb }oHe TrMOPUTI MaHUNYIATOPIAPFa 10J1Y: QYHKLMOHANABIK,
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A.K. Mycragal?, E.3. Hyrman?, K. C. Typrynos'2, H.C.Kam3aHoB!

1YHusepcumem Camnaesa, 2. Aamamvl, Kazaxcmau
2TOO0 «RnD Center», 2. Aamamul, KazaxcmaH

0630p cepUIHBIX, Napa/UIeJIbHbIX U THOPUAHBIX MAHUILY IS TOPOB:
dyHKIMOHA/IbHBbIE BO3MOXXHOCTH M1 OTpAaHUYEHUS

AHHOTauMA. B JaHHON cTaTbe pacCMaTpPUBAIOTCA KOHCTPYKTHBHbIE OCOOEHHOCTH
MaHUIYJSATOPOB, UX CTelleHW CBOOOJbl U KUHEMaTHUYeCKUe XapaKTePUCTUKU. MaHUNYJISATOPbI
SIBJISIIOTCS B&XKHBIMU YCTPOMCTBAMH, IIMPOKO HUCII0JIb3YEMBIMU B IPOMBIILJIEHHOCTH, MeIULILHE,
MallMHOCTPOEHUHU U poOOTOTexHUMKe. B cOBpeMeHHBbIX MPOU3BOJCTBEHHBIX MpoOIleccax
aBTOMaTHu3alusl SBJSETCI K/I4YeBbIM (GaKTOpOM MOBbIeHUS 3$PEeKTUBHOCTH, 06JieryeHus
TpyZa 4YeJiOBeKa W CHMKeHHUs 3aTpaT. OJHAKo, HECMOTpPsi Ha CTPeMUTeJbHOe pa3BUTHE
TEeXHOJIOTUH, BBIOOP TMOAXOJSAIIEr0 MaHUNYJSTOpA OCTAeTCd CJA0XKHOW 3ajadyeid. Boibop
MaHUIYyJATOpa 3aBUCUT OT MHOXecTBa (QaKTOPOB, BKJIYAs KECTKOCTb KOHCTPYKIUHY,
KOJIMYECTBO CTeleHel CB0OOOJbl, IPy30MOJABbEMHOCTb M pabouyro 30HY. OCHOBHas LeJb
UCC/Ie[JOBaHUSI - CpaBHEHHWE KOHCTPYKTHMBHBIX pa3/IMYUM CEepUMHBIX, NapasjesbHbIX H
TMOPUAHBIX MAaHUIYJISATOPOB, aHAIU3 UX QYHKIMOHAJIbHBIX BO3MOXXHOCTEN U OTpaHUYEHHUH, a
TaKKe CHUCTeMaTu3alus KpuTepueB Bblbopa. B xose paboTbl MCHOJIb30BaH METO[,
CUCTeMaTH4YecKoro 0630pa, JaHHble COOMpAlTCS Ha OCHOBE HAy4YHOW JIMTEpaTyphl,
pelleH3UpyeMbIX CTaTel U TeXHUYECKOH JJOKyMeHTal 1 npousBoguTeieit. C nomMouibo GopMy bl
['probJiepa paccyrTaHbl CTeNeHH CBO6GObl MAHUIYJIATOPOB, IPOBe/ieHa OlleHKa UX JABUXKEHUN U
KMHeMaTH4YeCKHUX NapaMeTpoB. /laHHOe HcCJe[jloBaHHMe BHOCUT BKJIaJi B COBepLIEHCTBOBaHHUeE
KMHEMaTHUYeCKHUX XapaKTepUCTUK MaHUIMYyJATOPOB, yJydllleHHWe WX aJalTaldu K peasbHbIM
NPOU3BOJCTBEHHBIM YCJOBUSAIM M CHCTEMaTU3alUl0 MeToJoB BblObopa. [lpakTuyeckas
3HAaYMMOCTb paboThbl 3aK/JK4YaeTcsd B pa3paboTKe peKOMeHJAlLMH, HalpaBJeHHbIX Ha
ONTHMU3ALHMIO0 U BbIOOD 3P PeKTUBHBIX MAaHUNYJISTOPOB /11 IPUMEHEeHUsI B IPOMBIILJIEHHOCTH,
MeJMIIUHE U POOOTOTEXHUKE.

KiouyeBble c/10Ba: MaHMIYJATOpP, CEPUHHBIM  MaHUNYJAATOp, MNapasjiebHbIN

MaHUIIYJATOP, I‘H6pPI,£[HbIﬁ MaHUIIYJIATOD, pa6oqaﬂ 30Ha, KHHEMAaTH4Y€CKad CXeMa.

A. Mustafal?, Y. Nugman?, Zh. Turgunov'Z?, N. Kamzanov!

1Satbayev University, Almaty, Kazakhstan

2LLP "RnD Center," Almaty, Kazakhstan
Review of Serial, Parallel, and Hybrid Manipulators: Functional Capabilities and
Limitations

Abstract. Manipulators are essential devices widely used in industry, medicine, mechanical
engineering, and robotics. In modern production processes, automation is a key factor in
increasing efficiency, reducing human labor, and minimizing costs. However, despite the rapid
advancement of technology, selecting a suitable manipulator remains a complex task. The choice
of a manipulator depends on various factors, including structural rigidity, the number of degrees
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of freedom, load capacity, and working area. The main objective of this study is to compare the
structural differences between serial, parallel, and hybrid manipulators, analyze their functional
capabilities and limitations, and systematize the selection criteria. A systematic review method
was applied, and data were collected from scientific literature, peer-reviewed articles, and
manufacturers' technical documentation. Using Griibler’s formula, the degrees of freedom of the
manipulators were calculated, and their motion capabilities and kinematic parameters were
evaluated. This research contributes to improving the kinematic characteristics of manipulators,
enhancing their adaptability to real production conditions, and systematizing selection methods.
The practical significance of the study lies in developing recommendations aimed at optimizing
and selecting efficient manipulators for applications in industry, medicine, and robotics.

Keywords: manipulator, serial manipulator, parallel manipulator, hybrid manipulator,
workspace, kinematic scheme.
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AHHOTanus. VccieoBaHue MOCBSILEHO CEMUOTUYECKOMY aHAJIM3y CMBICJIOB
apXUTEKTYPhI *KUJbIX 3JaHUN, pacCMaTpUBaeMbIX KaK 3HAaKOBble CUCTEMBI B
ropoJiIcCKOM NpocTpaHCTBe. llesib - BBIABUTHL poJib OpHaMeHTa Ha ¢acajax
KUJIbIX 3/laHUH MUKPOPAWOHOB AJIMaThbl B KOHCTPYHPOBAHUM UJIEHTUYHOCTHU
(KyJIbTYpHOM, JIOKAJIbHOM, KOJIJIEKTUBHOW) U (POPMHUPOBAHUU TOPOJCKOU
NaMATH NOCPeACTBOM CEMHOTHUYECKOro aHaJjausa. Pabora yriayoaser
NOHUMaHUE CEMUOTHUKU apXUTEKTypbl Ha pErdoHaJbHOM mnpumepe (ropof
Anmatbl) U 00OOCHOBBIBAaeT COXpaHEHHEe 3aCTPOMKM KaK HOCHUTeJs
UJIEHTUYHOCTU M MaMSATH, YTO COCTABJSIET €e HAyYHYI U MPaKTUYECKYI0
3HaYMMOCTb. MeTof0JiIoTUsl OCHOBaHAa Ha CEMHUOTHUYECKOM MOJXO0Je,
BKJ/IIOYAIOUIEM aHaJM3 OpHAaMEeHTaJbHbIX 3JIEMEHTOB KaK  3HaKOB
(MKOHMYEeCKUX, MHEKCATbHBIX, CAMBOJUYECKHUX) B KYJIbTYPHO-UCTOPHUUECKOM
KOHTEKCTE Ha OCHOBe BHU3yaJIbHbIX IPUMEPOB. BbIsiB/IeHbI XapaKTepHbI€ THUIIbI
opHaMeHTauuu 1960-80-x rozoB B AsiMaTbl. AHa/M3  MOKasal
MHOTOCJIOMHOCTb 3HAaY€HUH, CBAIBAHHBIX C 3MO0XOM U KyJbTypou. OpHaMeHT
WrpaeT KJYEBYI POJib B KOHCTPYUPOBAHUU UAEHTUYHOCTHU U NOA € PXKAaHUU
FOpOACKOM NaMATH KHUTeJled MUKPOPAaHWOHOB. LleHHOCTb B NpUMeHEHUH
CEMUOTHUKHU K apXUTEKType ropojaa AaMaThl, JeMOHCTPUPYS POJib JeKopa B
TUIIOBOM 3aCTpPOMKe KaK HOCHUTEeJIs CMbICJOB U KOJOB COBETCKOTO MepUoJa.
[IpakTHUyeckre pe3yabTaTbl OOOCHOBBIBAOT COXpaHEHHE OpHAMEHTa Kak
3JieMeHTa HacJeAus W UJEeHTUYHOCTH, MOJIe3Hbl JJisd T'PajloCTpoUTesiell U
apXUTEKTOPOB.

KiroueBble €/10Ba: CEMUOTHKA, OPHAMEHT, KUJIble MUKPOPaoOHbl, TOPOJCKas
WJIEHTUYHOCTb, TOPOJiICKasl MaMsATb, KyJbTYpPHble KOJbl, apXUTEKTypHbIE
CHUMBOJIbL.
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BBeageHune

CoBpeMeHHOe TOpOJCKOe MNPOCTPAHCTBO NpeACTaBAseT COO0W He TOJbKO (GU3UYECKYI0
cpefly OOWTaHUA, HO U CJIOXKHYIO CHUCTEMY 3HAaKOB, KOJZOB W CMBICJIOB, (GOPMUPYIOLIUX
KOJUIEKTMBHOE BOCIpUATHE, IOBCEJHEBHble IMPAKTUKA U KYJbTYPHYI HJIEHTUYHOCTD.
BusyasibHbBIN 00J1MK TOpo/ia, B OCOOEHHOCTH apXUTEKTYpa KUJIOU Cpe/ibl, BbICTYIIAeT PU 3TOM B
poJIK CBOEOOPa3HOro «s3blKa», CIOCOOHOrO TPAaHCAUPOBATb W/E0JOTUYECKHE YCTAaHOBKY,
VMCTOpPUYECKHEe HappaTHUBLI U KyJbTypHble apxeTunsl [1]. Pacaj 3aHus — KAw4eBas MJI0CKOCTh
BU3yaJIbHOTO KOHTAKTa MeX/Jy TOpOJIOM U ero XUTeJIAIMH, B KOTOPOU HaxOJUT OTpaKeHUe
B3aUMOJIEICTBUE MeXJy YTWIMTApHOW JyHKIMeH, XyZo0KeCTBEHHbIM O0QopMJIeHUeM U
COLIMOKYJIbTYPHOU pernpe3eHTaluen.

Ocob6yto posib B GOpMHUPOBAHUM CMBICJIOBOTO CJIOS AapXUTEKTYpbl MIrpaeT OpHaMEHT -
YHUBepPCaJIbHbIN 3/IEMEHT apXUTEKTYPHOW KOMIIO3ULUH, 00/1aJaI0IMH BBICOKOW 3HAKOBOCTBIO U
KyJbTYPHOW IJIaCTUYHOCThIO. OpHaMeHT Ha d¢acajax XKWIbIX JOMOB - 3TO HE TOJIbKO
JleKOPAaTUBHBIM MOTUB, HO ¥ BU3YaJIbHbIM MapKep 3I0XH, CPeJCTBO BblpaXKeHUA UJAEHTUYHOCTH,
a TaKXKe BaXKHbIW 3JIEMEHT Iopo/JCKOM NaMsATH. Ero cTpyKTypa, MOTUBBI, CIOCOOBI UHTErpal iU B
apxuTekTypy ¢acajja MOTYT ObITb NPOYMTAHbl KaK 3JIeMEHTbl CEMUOTHUYECKOU CHUCTEMBI,
penpe3eHTUPYIOLIEeX KOHKPETHbIE UCTOPUYECKHE, He0JI0TMYeCKHe U 3CTeTUYeCKre KOHTEKCTBI.

Bo BTOpo# nosoBrHe XX BeKa B COBETCKOW apXUTEKType MPOUCXOAUJIO0 IIepeoCMbIC/IeHue
poJIM JAeKopa B YCJOBHUAX MAcCOBOrO HHJYCTPUAJIBHOTO CTpOUTesbCTBAa. HecMoTpsa Ha
JAOMUHUPOBaHUE MPHUHLMUIIOB CTAaHAAPTU3alUMW U THUIIM3alUH, HUMEHHO B 3TOT IEpUo/], B
apxuTeKType A/MaTbl BO3HHMKaeT (eHOMeH (acajHOTO OpHAMEHTUPOBAHUsS, OTpaKalolUN
NOMBITKU JIOKAJIM30BaTh YHUBEPCAJbHbIe apXUTEKTYpPHbIe GOPMbI 3a CYET BKJIIOUEHUSI MOTUBOB,
OTCBIJIAIOIIUX K MECTHBIM KyJIbTYpPHBIM TPaJAMULUAM, HApOJHOMY HUCKYCCTBY, U JeKOPaTHUBHOU
TpPaJUI UM Ka3aXCKOro 30[/4eCTBa. ITH 3JIEMEHTHI — 3a4acTY10 BbIIIOJIHEHHbIE B 6€TOHE, MO3auKe
WU pesibeHOU HITYKATYpKe — GOPMUPYIOT YHUKAIbHbIW BU3yaJbHbIN JIAaHAMAPT rOpoACKOn
neprudepuu, 0COGEHHO B KUJIBIX MUKPOpPaHOHaX, NOCTpoeHHbIX B 1960-1980-€e roabl.

HecmMoTpssi Ha BBICOKYH HacCbllleHHOCTb (dacaZjoB CeMUOTHYECKH 3HAYUMBbIMHU
OpHaMeHTaJbHbIMU 3JIeMEHTaMM, B OTe4YeCTBEHHOW HAy4YHOM U apXUTEKTYPHOU KpUTHKe
JIAaHHBIM MJACT TMOKa OCTaéTcd Ha nepudepuu BHUMaHUA. HcciefoBaHUs COBETCKOM
apXUTEKTYpbl AJIMAThl, KaK 1PAaBUJIO, KOHLLEHTPUPYIOTCH Ha IPaZOCTPOUTEbHBIX aClleKTax U
Ha BbIJIAIOUIUXCS OOIIECTBEHHBIX 3/]JaHUAX [2], B TO BpeMs KakK MOBCeJHEBHAs apXUTEKTypa
MUKPOPaNOHOB, U OCOOEHHO — eé JIeKOPaTUBHO-CEMUOTUYECKUM CJIOM, OCTAéTCA HeJOCTATOUYHO
vccie0BaHHBIM. Mex Ay TeM, 3TU ¢paca/ibl, 6y AyUUu NPOCTPAHCTBAMU OBCEJHEBHON BU3YyaJIbHO U
NPAaKTHUKH, BBIMOJIHAIOT BaXKHble QYHKI MU KyJIbTYPHOU TPAHCAALMU U U eHTUPUKAL U Y.

HacTosdiee uccienoBaHre HalpaBJ/IeHO Ha BbIIBJIEHME U UHTEPIPeTALMI0 OpHAMeHTa KakK
BU3yaJIbHOTO £3blKa, QOPMUPYIOLIET0 MJAEHTUYHOCTb >KUJIOM apXUTEKTypbl AJMaThl.
AHanusupys OpHaMeHT B KOHTEKCTe CeMMHOTHKH apXWUTEeKTypbl, Mbl pacCMaTpUBAaeM ero He
TOJIBKO KaK J,eKOPaTUBHBIN 3JIEMEHT, HO U KaK YCTOMYMBYIO 3HAKOBYI CTPYKTYpY, CIIOCOOHYIO
KOHCTPYUPOBAaTb CHUMBOJIMYECKHE CMBICJbI, CBA3bIBAOIIUE JKUTeJsd C IPOCTPAaHCTBOM U
BpEMEHEM.

06beKTOM HCC/eIoBaHUS SABJAATCA dacabl XKUJbIX 3JaHUM B MUKpopaloHax AJiMaThl,
NIOCTpOeHHble BO BTOpoM mnoJsioBUHe XX Beka. [IpegMeT ucciefoBaHWSA - OpHaMeHTaJbHble
3JIeMeHThI 3TUX $aca/loB KaK YacTb CEMUOTUYECKON CUCTEMbI TOPO/ICKON apXUTEKTYPHI.

llesib paboOThI — NpOaHAaJIM3UPOBATh OPHAMEHT B apXUTEKTYPe XXUJIbIX MUKPOPalOHOB
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CeMHOTHKA OpHAMEHTAJIbHBIX Gacai0B B JKUJIbIX MUKpPOpalHoHaxX AJIMaThl

AnMaThl Kak 3JieMeHT, GOpMUPYIOLUNA HAEHTUYHOCTb TOPOJICKON Cpelbl U BbICTYMAIOLUN
HOCHUTeJIEM KOJIJIEKTUBHOU MaMATH.
B paMkax vccie0BaHUs NOCTaBJIEHBI CleyI0llve 3a[a4u:

1. U3yyuTb TeopeTHYecKMe OCHOBAaHUS CEMHUOTHKM apXUTEKTypHOTO0 MNPOCTPAHCTBA3,
BU3YyaJIbHOTO A3blKa U TOPOJICKOTO OPHAMEHTA;

2. PackpbITh GYHKIIMM OpHAMeHTa B KOHTeKCTe GOPMUPOBAHUSA KYJbTYPHOH U JIOKAJbHOU
WJIEHTUYHOCTHY;

3. OnpeaeuTb CHMBOJIMYECKHE U KOMMYHUKATUBHbIEe CBOMCTBA paca/jHOTO OPHAMEHTA;

4. TlpoBeCTH TUNOJIOTUYECKUH aHAJIM3 OpPHAaMEHTAJIbHbIX MOTHBOB Ha NpHUMepe >XUJIbIX
37JaHUU AJMaThI;

5. UHTepnpeTUpoBaTh HalZleHHbIE 3JIEMEHTHI B KOHTEKCTE KYJbTYPHOU, UCTOPUUECKON U
U/J1e0JI0TUYECKOU cpeZibl coBeTCcKoro KasaxcraHa;

6. OnpeseuTb NOTEHIMA COXPAHEHUS U IEPEOCMbIC/IEHUS OPHAMEHTa/JIbHOTO HacJeAus B
paMKax COBpeMeHHBIX IPAKTHUK peBUTAIU3aLUN FOPOJCKOW Cpe/ibl.

MeTogos0orus

MeTopnosioruyeckass 6asa MCCAeJ0BAaHUS CTPOUTCSA HA MEXAUCUUIJIMHAPDHOM MOJXOJeE,
BKJ/IIOYAKOIIEM MPUHLUNBI ceMUOTUKH (P. BapTt, ¥. 3ko, H0.M. J/loTMaH), BU3ya/IbHOTO aHaJik3a U
HMCTOPUKO-KYJbTYPHOTO KOHTEKCTYaJIbHOTO NoAxo/4a. Takoi CMHTe3 MO3BOJISIET pacCMaTPUBATh
OpHAaMeHT KaK JUHAMHUYECKYl CUCTEeMY CMbICJOB, MEHSIOUIMXCA MO/ BO3JEWCTBUEM BpPEMEHH,
HNOJINTUYECKOT0 AUCKYpCa U COLUOKYIbTYPHBIX TpaHCHOpMaLUil.

Hay4yHasi HOBM3Ha pabOThI 3aKJH4YaeTCsd B CUCTeMaTU3allUd M UHTEpHpeTaldy paHee
HEOCMBICJIEHHOTO0 IJIaCTa BU3yaJIbHOTO HacJeAus MacCOBOrO >KUJIMIIHOIO CTPOUTEJIbCTBA
Anmatbl - ¢dacaHOTO OpHaMeHTa KaK CeMHOTHYeCKOM cucteMbl. KpoMe Toro, mpejjoxeHa
TeopeTHUYecKasi MOJieJib aHa/M3a OpHAaMeHTa KaK MeJjuaTopa MeXJy apXUTeKTypHOU GpopMoH U
KOJIJIEKTUBHOW UJIEHTUYHOCTBIO, CIOCOOHOTO BBIMOJHATH QYHKIIUIO KYJbTYPHOU TPAHCAALUHU B
rOpOJCKOM TKaHU.

[IpakTHYecKast 3Ha4UMOCTb UCCJIe,0BAHUA 3aK/I0YAETCH B BOSMOXKHOCTSAX ero IpUMeHEeHUs
B cpepe oxpaHbl apXUTEKTYPHOTO HacJeJUsl COBETCKOTO MepPUOo/ia, TPU pa3paboTKe CTpaTerui
YCTOWYMBOTO  pPa3BUTUS MUKPOPAMOHOB, a TaKXKe B apXUTEKTYpHOW MpaKTHKe,
OPUEHTHUPOBAHHOM Ha PabOTy C JIOKaJbHbIMU KOJAAMU U UCTOPUKO-KYJIbTYPHbIM KOHTEKCTOM.

MeTozosioruyeckass OCHOBA CTAaTbU ONUPAeTCd HA MEXJUCLUIIJIMHAPHBIA NOAXO0[,
00beIUHA 0L UU:

- CEMHMOTHUYECKU W aHAJIU3 — BbIIBJIEHWE 3HAKOBBIX CUCTEM, ['/Ie ODHAMEHT pacCMaTpPUBAETCA
KaK 3HaK, HeCcylU{d 3HayeHHUs, popMHpyeMble B HUCTOPUKO-KYJbTYPHOH WU HUJE0JIOTUUYECKOU
cpene;

- BU3yaJIbHbIM aHA/IU3 — U3yUYeHUe KOMIO3UL UM, pUTMOB, MoAy/1el, GaKTyp U MaTepruasoB
OpHaMeHTa Ha ¢acazax;

- KYJbTYPHO-UCTOPUYECKUM MOJAX0J, — HHTepHpeTanuss OpHAMeHTAa 4Yepe3 IMpU3MY
JIOKQJIbHOTO KOHTEKCTa, HJAeO0JOrMYeCKUX YCTAHOBOK COBETCKOIO BpeMEHHW U 3JIEMEHTOB
HalMOHAJIbHOT'0 30J4eCTBa;

- aHaJIM3 MPOBOJUTCA HAa OCHOBe aBTOPCKOI'O IOJIEBOTO MCCJENOBaHUSA, LOMOJHEHHOTO
apXMBHBIMHU U JINTEPATYPHBIMU UCTOYHUKAaMHU. 0co60e BHUMaHUe y/es1eTcsl CBSI3M OpHAMEHTa C
TUIIOBbIMY CEPUSAMU JOMOB U BJMAHHUIO MECTHBIX CTPOUTEJIbHBIX MAaCTEePCKUX.
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PesysabTaThl M1 06CyKAEeHNE

['opoackoe NMpOCTPaHCTBO U apXUTEKTypHble 00'bEKTbI BOCIPHUHUMAIOTCS YE€JI0BEKOM He
TOJIbKO KaK QyHKIMOHaJIbHble 3JIEMEHThI, HO U KaK HOCUTeJu cMbIcjoB [1, 2]. [loHuMaHue
MeXaHM3MOB UX GOPMUPOBAHUS U Nepesadyd JIEKUT B pycje CEMUOTHKU — HAyKU O 3HAKax U
3HaKOBBIX cMcTeMax. CeMMOTUYECKUH MTOAX0/L T03BOJISIET pacCMaTPUBATh FOPOJICKYIO Cpesly KaK
CJIOKHBIH "TEKCT", HachlllleHHbI ¥ 3HaKaMH, NMOJIeKalllMMU IPOYTEHHIO U UHTEePIpeTaI[UH.

[IpuMeHeHHe CEMUOTHUKH K apXUTEKTYpe M03BOJIsIeT BOCIPUHUMATh 3/JaHHe WU aHCaMbJib
KaK 0COObIA BUJI KOMMYHHUKAIMU — "A3bIK", CO CBOEH CUHTAKCUYECKOU CTPYKTYPOH, CEMaHTUKOH
M MparMaTHUKOW. JjeMeHTbl (GOpMbl - MJIAHUPOBKA, MNPONOPLUH, MaTepuasbl, JAeKop -
GYHKIIMOHUPYIOT KaK 3HAKH, HECYL[ME COOOLeHHUS.

Oco6oe MecTO B 3TOH cHUCTEMe 3aHUMaeT OpHAMEHT. IcTOpUYeCKU OH BbINIOJIHSJ HEe TOJIbKO
3CTeTHUYECKY10, HO U CUMBOJIMUECKYIO UJIM YTUIUTAPHYIO0 (HalpuMep, 3alUTHY10) QyHKLUHU [3].
Ha dacajjax opHaMeHTa/ibHbIE 3JIEMEHTbl HECYT KYJbTYPHblIE KOJbl U UCTOPHUYECKHE CMBbICJIbI:
OHU MOTYT yKa3blBaTb Ha 3M0XY, KyJbTypHble BJUSAHUSA, [IEHHOCTHY 00IecTBa UJM Ha3HaYeHHEe
3panusd [ 1, 3].

CeMHMOTHYECKMM aHa/M3 OpHaMeHTa BbISBJASET NPU3HAKU HKOHUYHOCTU (CXOACTBA),
MH/IEKCAJIbHOCTU (yKa3aHHUs Ha CBSI3b) MU CHMBOJIMYHOCTHU (yCJI0BHOM 3HAaYUMOCTH). OpHAMEHT
4acTo coyeTaeT B cebe 3TU THUIIbI, AeJias UHTepIpeTali0 MHOTOCJOMHON U KOHTEKCTyaJIbHOH.

[loHMMaHMe TaKUX 3HAYEHWUH Hepa3pbIBHO CBSI3AHO C KYJbTYPHbBIMU KOJAaMH, B paMKax
KOTOPbIX OPHAMEHT CO3JaH. JTH HerJlacHble "MpaBuJja" onpenesisiloOT BOCHpPUSATHE POPM HU
MOTHUBOB 4JieHaMHu coobiectBa [1, 2]. UcTopudyecknii M KyJbTypHBIM KOHTEKCT, THUIIOJIOTHSA
3/laHUS U ero MoJioXKeHWe B FOPOJCKOM CTPYKTYpe UTrpaloT KJIKYEeBYIO POJib B AEKOJUPOBAHUU
ApXUTEKTYPHbIX 3HAKOB.

[lepexosi OT CeEMHOTHUYECKHX OCHOB K OQYHKIMAM 3HAaKOB B apXUTEKTYpe, BaKHO
paccMOTpeThb POJib OpHAMEHTa KaK akTUBHOI'0 yYacTHUKA B pOPMUPOBAHUU UHAUBU/IyaJlbHOH,
KOJIJIEKTUBHOW UM MPOCTPAHCTBEHHOUW HJEHTUYHOCTH [1, 2]. Byayuyu HocuTeseM KyJbTYpPHBIX
KOJI0OB, OpDHAMEHT CIOCOOEH BbI3bIBATh acCOLiMALIMU, NPOOYKAATh BOCIOMUHAHUS U YKPEIJIATh
YYBCTBO NMPUHA/JIEKHOCTH.

OnpenesiéHHbIe MOTUBBI, GOPMBI U CTUJIH, XapaKTEPHBIE Jis1 HICTOPUUECKHUX 3MO0X, KYJIbTYP
WJIU PETMOHOB, IPpeBpaLlal0T OPHaMeHT B BHU3yaJsIbHbIM MapKep, CBS3bIBAIOIIMNA 00'bEKT C 60J1ee
HIMPOKUM KOHTEKCTOM. OH MOXET OTChLIATh K 001ell UCTOPUH, HALlTMOHAJBbHOMY HacCJe U0 WU
JIOKaJIbHBIM 0COOEHHOCTSM, CO3/,aBas OLlylleHUe IPeeMCTBEHHOCTH U YKOpeHEéHHOCTH [1, 3].

Ha ypoBHe roposa, B TOM YHUCJ€E B XXUJIbIX MUKpPOpPalOHAX, OpPHAMEHTA/IbHbIE 3JIEMEHThI
bopMUpYIOT YHUKAJIbHBIM OOJIMK M aTMocdepy - Tak Ha3biBaeMbld genius loci, «ayx mecTanr.
Jlekop moMoraeT OTJ/MYaTh 3JaHUS JApPYyr OT Jpyra M CIOCOOGCTBYET CO3/aHUI0 JIOKAJbHOM
WJIEHTUYHOCTH, BOCIPUHUMAEeMOM KakK KUTeJSIMU, TaK U rocTsMHU [1, 2]. Yepe3 apxuTeKTypHbIe
JleTaau MoXkeT GOpMHUPOBATHCH YYBCTBO OOLHOCTH U JIOKAJIbHOT'0 MaTPUOTU3MaA.

B ’KWJIOW apXUTEKType OpHAMEHT OTpaXkaeT He TOJIbKO 3CTETHUKY U UJe0JIOTUI0 BpEMEHU
CTPOUTEJIbCTBA (HANMpPUMeEpP, MOHYMEHTAJbHOCTb HWJAU QYHKIMOHAJBHOCTb) [2, 4], HO U
CTpeMJIeHHe cO03JaTb 6oJiee TENJYyl0, «JOMallHIO» aTMochepy B THUIOBOW 3aCTpOMKe.
TpagunoHHble MOTHBBI, IPUPOAHbIE CUMBOJIbI UMW abCTpPaKTHbIE y30pbl MOTYT BbI3bIBaTh
N10/ICO3HATEeJIbHbI€ aCCOIIMALlMU C KOPHAMHU, UCTOPUEH U Ky IbTYPHBIMHU LIeHHOCTSIMH [1, 3].

OpHameHTBI Ha ¢pacasax aIMaTUHCKUX IOMOB KJ1acCUPUIIUPYIOTCS CAeAYIOLUUM 00pa3oM:

['eoMeTprYecKHi OpHAMEHT — TUIIOBOM /ISl paHHEr0 MoJiepHHU3Ma U 6pyTau3Ma; 4acTo
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CeMHOTHKA OpHAMEHTAJIbHBIX Gacai0B B JKUJIbIX MUKpPOpalHoHaxX AJIMaThl

npeJicTaBJeH B BU/ie pesibepHbIX IaHeJlel Ha TOpLax 3/laHUu;

PacTuTenbHBI OpHaMeHT - CTUJIM3allUs MOJ TPaJULMOHHbIE Ka3axXxCKUe MOTUBBI (por,
JIUCT, 1BETOK), KaK aJIJIl031Usl HA HapOAHOE UCKYCCTBO;

®osbKJIOpHBIE CHMBOJIBI — 3JIEMEHTbI IOPTOBOrO JeKOPa, KOBPOBLIX Y30pOB, CUMBOJIOB
COJIHIIA, BO/Ibl, IBXKEHUS;

WupaycTpuaibHble abCTPaK UM — N03/JHECOBETCKHUE pesibedbl, OTChLIAIOLIME K IPOTpeccy U
TpyAy (LecTepEéHKH, MOJIOTHI, BOJIHBI).

[opoAckoe NpPOCTPAaHCTBO - He TOJIBKO ClleHa TEeKYLUX COOBITUH, HO M XpaHUJIHILEe
KOJUIEKTUBHOM mnamsATh [1]. dTa naMsaTh BOIUIOUIEHA B 3/aHUAX, YJaAULAX, NJOLAJLAX -
CBOE0OPa3HbIX «aPXUTEKTYPHBIX apXHUBax» WM «MHEMOHUYECKUX JaHamadpTax». Ocoby poJb
urpaiotT dacaapl 3/laHUM, Kak HauboJiee BHUAMMAsl M AOCTyNHas 4YacTb apXUTEKTypbl: OHU
eXXe/JHEBHO B3aUMO/JIEUCTBYIOT C TOPOKaHAMU U TPAHCJIUPYIOT COOOIIEHUS O IPOLIJIOM.

MeMopuasibHble 3JieMeHThI Ha $acajjax MOTYT BKJIIYATh HE TOJILKO JOCKU U Gapesbedbl,
HO Y CTWIHWCTHYECKHe NMPHUEMBI, CUMBOJIBI U OpHaMeHTaJIbHble MOTHUBBI, aCCOLMUPYIOILIUECS C
KOHKPETHBIMU 3M0XaMHU MJM 3HAUUMMbIMHU COOBITUSAMU. C CEMHUOTHUYECKON TOYKHU 3PEHUS OHU
BBICTYNAIOT KaK 3HAaKW: UHJEKChl (HampuMep, JOCKa C yKa3aHUeM NpOXKHWBAaHUS U3BECTHOU
JIMYHOCTU) M CUMBOJIbI (MJ€0JIOTHYeCKHMe WJM KyJbTypHble 00pa3bl, Tpebylouive
VHTepnpeTanuu).

B Ku/bIX MHUKpopailloHax AJiMaTbl, OCOOEHHO IOCTPOEHHBIX B COBETCKUH IEPUO[,
MeMopHUaJibHble QYHKIMU PacaZoB NPOSABASIIOTCH B apXUTEKTYPHBIX JleTa/sAX, XapaKTePHBIX AJ1s
TOTO Bpe€MeHU. JTO MOTYT ObITb: OPHAMEHTbl U CTUJMCTHUKA 3IMO0XH, BCTPOEHHblE CHMBOJIbI,
OTpakalolue eé ujieasibl, MeMOpPUaJbHbIE I0CKH, OCBSLIEHHbIE XKUTEJISIM — BeTepaHaM, Y4€HbIM,
JleiTesIIM KyJIbTYpHI [2, 3, 4].

Jl1g KUTeslel TaKue 3JIEeMEHTbl CTAHOBATCSA YacTbl0 MOBCEJHEBHON BHU3yaJIbHOU Cpejibl.
OHM HeHaBsI3UMBO HAallOMHUHAIOT O MPOULJIOM, GOPMHUPYs YYBCTBO CONPUYACTHOCTU HE TOJIBKO K
MeCTY, HO U K ero UCTOpPUH U JitoJaM. TakuM o6pa3oM, paca/ibl }KUJIbIX 3JaHUH, KaK HOCUTEU
MeMOpHaJbHbIX 3HAKOB U CUMBOJIOB, UTPAIOT BaXKHYI0 POJib B MOAJep>KaHUU FOPOJICKOM MaMATH
Y CBSI3U MEX/Y TOKOJIEHUSIMHU.

Kunvle Muxkpopailonbl Asnmatbl, popMHpoOBaBILIMECS NPEUMYIECTBEHHO B MePHUO/ibl
MacCOBOM 3aCTPOUKH BTOPOM MoJsioBUHBbI XX Beka (0cobeHHO B 1960-80-e rozpl), npeACcTaBASdIOT
Cc000M yHUKaJbHbIM OOBEKT JJiI CEMUOTUYECKOr0 HcCaeZioBaHUA [2, 4]. ApXUTeKTypa 3THUX
palloHOB, HECMOTPSl Ha LUIMPOKOe NpUMeHeHHe THUIIOBBbIX NPOEKTOB, 4aCTO BKJIYaeT B Cebs
JleKOpaTHBHbIE 3JIeMEHTbl U OPHAMEHTAllMI0, KOTOpble HECYT 3HAYUTEJbHYI CMbICJOBYIO
HarpyskKy YU y4acTBYIOT B OpMHUpPOBaHUY BU3yaJIbHOTI'O U KyJIbTYpPHOT 0 JJlaHAWwWadTa ropoja [ 2, 3].
dacazpl 3TUX 3/JaHUIM BBICTYNAIOT KaK "TeKCThbl", BHMCAHHbIE B TOPOJICKYIO Cpe/ly, Ube IPOUYTEeHHE
TpebyeT ceMUOTHYECKOro nojxoza [1].

AHanv3 opHaMeHTaJIbHbIX pelleHnH Ha pacajax )KUJbIX 3JaHUA B MUKpOpalioHaxX AJIMaThI
N03BOJISIET BbISIBUTb XapaKTepHble TUIbl U MOTHUBBI, OTpakaloliue KakK 00liue TeHJeHLUH
COBETCKOM apXUTEKTYPHhI [4], Tak U peruoHaibHble ocobeHHOCTH [2, 3]. Cpeaun HauboJiee YacTo
BCTPeYaIoLUXCS 3JIEMEHTOB MOKHO BbI/IEJIUTh CJIeJyI0le apXUTeKTY pHble KOMIIOHEHThI:

['eoMeTpuyecKkre OpHAMEHTHI U aOCTPaKTHbIE KOMIIO3ULMU. YacTO BbINOJIHEHHbIE B OETOHE,
MO3aHKe WJIM IITYKaTypKe, 3TU y30pbl MOTYT ObITh KaK NPOCTBIMU (JIMHUH, KBAJpaThbl, KPYTH),
TaK U CJO0XKHBIMM abcTpakuusaMu [3]. C ceMHUOTHYECKOM TOYKM 3peHHs, OHH MOTYT
CUMBOJIM3UPOBATH NMOPS 0K, PallMOHAJIBbHOCTD, IBUXKEHHUE K IPOTpeccy — UJleH, XapaKTepHble JJIs
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3MO0XU MOJIEpHHU3Ma WU COBETCKOW ujeosioruu [2, 4]. OHU cO3[AI0T omnpefeseHHbI PUTM U
TeKCTypy pacaza, B/vsas Ha 00Liee BOCIPUATHE 34aHHUS.

CTuiu3oBaHHble pacTUTeJbHble W KHUBOTHble MOTHUBBL. Hepeako BcTpevaroTcs
M300paKkeHusi pacTeHUud (LBEThl, JIMCThS), NTHUL, WJW >KUBOTHBIX, aJalTHpPOBAaHHblE [Jis
apxXUTEeKTypHOro jekopa [3]. 3TH MOTHUBBI MOTryT OTCblIaTh K mnpupojsie KasaxcTaHa,
CHMBOJIU3UPOBATh XU3Hb, NIJI0J40pOAue, baaronosayuue [1, 3]. Ux ceMHMOTHKaA 4acTO CBSI3aHa C
TPaJUIUOHHBIMU KYJbTYPHBIMU CHMBOJIAMH, NE€PEOCMbICIEHHBIMH B KOHTEKCTE TOpO/CKOU
apxXUTEKTYyphI [1, 2].

JJieMeHThl, aneJJINpyllue K HallMOHAaJbHOM KyJbType. JTO MOTYT ObITb MOTHUBBHI,
HalOMUHAILHE Y30Pbl Ka3aXCKHUX KOBPOB (KMU30B), 3JIEMEHTHI TPAJUIMOHHOTO MPUKIAJHOTO
VCKYCCTBa, WJW CTUJIU30BaHHble H300paKeHUs], CBA3aHHble C KOYEBOM KyJbTYpPOU WU
CMMBOJIAaMU T'OCYJapCTBeHHOCTHU [2, 3]. Ucnosb30BaHUe TaKUX 3J1eMEHTOB Ha dacazax >KUJbIX
JIOMOB B COBETCKOe BpeMs ObLJIO NpOsIBJ€HHWEM IMOJWTUKK "HallMOHAJbHOW 1O QopMe,
COLMA/IUCTUYECKOH 10 COAEPKAHUIO" U UMEJIO 11e/IbI0 UHTEerpUpPOBaTh HaljMOHAJIbHbIE MOTHUBLI B
HOBYI0 TOPO/ICKYI0 Cpe/ly, CHOCOOCTBYSA GOPMHUPOBAHUIO HALJMOHAJIbHOW UEHTUYHOCTH B paMKax
eJIuHOro rocyzapctia [2, 4]. CeMHUOTHYECKU 3TH 3JIEMEHTHI BBICTYMAIT KaK MOL[HbIE CUMBOJIbI
KyJbTYpPHOU MPHUHAJIEKHOCTH U UICTOPUYECKON IpeeMCTBEHHOCTH [1, 2].

CMMBOJIMKa COBETCKOM 3MOXU. XOTA M He BCerja 4YUCTO OpPHAMEeHTaJbHble, HO 4YacCTO
MHTEerpUupoBaHHble B (dacaJHbli [JeKop, MOTryT BCTpedyaTbCsl CHUMBOJIbl, CBsI3aHHbIE C
JOCTUKEHUSIMU HAyKH, TEXHUKH, KOCMOCA, TPY/Za, WM NMPSIMO UJIe0JIOTUYEeCKHEe 3HAKU (XOThb U
peXke Ha XKWJIbIX JIOMax, Y4eM Ha 0OIeCTBEHHbIX 3JjJaHUsAX) [5]. DTU MeMOpHa/JbHbIEe 3JIEMEHThI
dacazioB AeUCTBYIOT KaK 3HAaKHU-UHAEKCHI U 3HAKU-CUMBOJIbI, IPSIMO OTChLJIasl K ONpe/ieJIeHHOMY
VMCTOPUYECKOMY [IePHUOAY U ero LeHHOCTAM, GOpMUPYS TOPOACKYI0 NaMATb O COBETCKOM 3IOXE B
CO3HAHUMU XuTenew [2, 4].

ApXUTEKTYPHBIN O0JIMK XWJbIX 3JaHUM B MUKpoparloHax AyMaThkl, CGOpMHUPOBABIINNCA
NpeuMylLleCTBEHHO BO BTOpOM noJioBuHe XX BeKa, HeECMOTpPsl Ha mNpeobJsajlaHhe TUIOBBIX
NPOEKTHbIX pelIeHUH, OTJIMYaeTCsd 3aMeTHbIM BHHUMaHMEM K JIeKOPAaTUBHbIM 3JieMEHTaM.
CoruyacHo uccnegoBanuio O.H. [Ipuemer u K.U. CamoitnoBa "PazBuTue opHaMeHTa B apXUTEKType
AnMaTel", UMeHHO B nepuo/;, Ha4yrnHada ¢ 1960-x roioB, IPOUCXOJUT 3HAYUTEJIbHOE U3MEHEHHUE B
NpUMeHeHUU OPHaMeHTalnuu Ha gacajax. B aTOoT nepuo/i, Kak 0OTMeYarT aBTOPbI, HAGJI0/1aeTCs
pe3Koe COKpalleHHWe KOJIM4eCTBa KJIACCUYeCKHUX 3JIEMEHTOB JeKopa (KOJIOHHBI, NHUJSACTPHI,
KapHU3bl U T.I.) IO CPAaBHEHUIO C apXUTeKTypod 1950-x ropos, mpu 3TOM KOJIMYECTBEHHbIE
NoKasaTeJld B OPHAMEHTUPOBAHHbIX MAHHO U BCTAaBKax CYUIECTBEHHO YBEJHWYHUBAKOTCS, KaK MO
pPa3HO00pa3uI0 PUCYHKOB, TaK M IO YAaCTOTe HUX MCIO0JIb30BaHHA. 3HAYMTEJIbHO BO3pacTaeT U
pasMep MpUMeHsieEMbIX OpHAMEHTUPOBAHHbIX IAHHO [6].

HaubosbmyM pa3HooOpa3vieM Ha NPOTSXKEHUU 3STOro Iepuoja o6Jsajaniyd HMeHHO
OpHaMeHTHUPOBaHHblEe BCTABKU U IAHHO, MHOTOYHMCJIEHHbIE IPUMEPbl KOTOPBIX BCTPEYAKTCA HA
YKUJIBbIX 3[JaHUSIX ropoJia.

HaubosbmiyM pa3HooOpa3veM Ha MNpPOTSKEHUU 3STOro Iepuoja o006Jajald HUMEeHHO
OpHaMeHTHPOBaHHbIE BCTABKU U IAHHO, PACII0JIOXKEHHbIE Ha IJIyXUX y4acTKax CTeH, Ha/l BXOJlaMU
WM Ha Topuax 3/laHui. [I[pruMepnl TakuX pellleHHWH NMOKa3aHbl Ha KWJbIX JOMax MO0 MHOTUM
yaunaMm Anmarthl (Puc. 1).

Ha dacajgax aTux 37aHUM BCTpedyalTCA pas3JiMiHble THUNBI OpHaMeHTOB. Hampumep,
IIMPOKHe MaHHO Ha Toprax AoMmoB (yi. Kaseibek 6u u yua. HaBou) yacto chpopMupoBaHbl U3
FOPU30HTAJIbHBIX PSAJOB MO/YJbHBIX 3JIEMEHTOB. DTH MO/YJM MOTYT NpPeJCTaBJATb COO0H

200 Ne2(151)/ 2025 J1.H. I'ymuses amwviHdarsl Eypasusi yaimmuoik yHusepcumeminiy XABAPILBICHI.
TeXHUKA/IbIK FLALIMOAP HaHEe MeXHOA02USNAP CepUsiCbl
ISSN:2616-7263. eISSN: 2663-1261



CeMHOTHKA OpHAMEHTAJIbHBIX $acajioB B KHJIbIX MUKpOparkoHax AJIMaThl

JIBYXIIJIOCKOCTHbIE BbICOKOpeJsibedHble Y30pbl, OCHOBAaHHbIE Ha CIHUPAJbHBbIX WK S-06pasHbIX
3aBUTKaxX, UHOTJja C JleeCcTKaMu UM T-06pa3HbIMU BCTaBKaMU. PUCYHKYM Moy ieli BApbUPYIOTCH,
KaK BH/IHO Ha NpuMepax no yi. Tysne6aeBa u yJ. lllananuHa, rje UCH0Jb3yOTCA CUMMETPHUYHO
pacrnoJiokeHHble 3aBUTKH, COeJUHEHHble OYTOHOM, WJM CTUJIM30BaHHble JuCcThba (Puc. 1).
Pasmepel MoAyiel 4acTo yBA3aHbl C pa3MepaMU OKOHHBIX IPOEMOB.

PucyHok 1. OpHaMeHTHPOBAaHHbIE BCTAaBKU U NaHHO: 1 - XKuioit foM, yi.Ka3bibek 6u;
2 - Kuno#i oM, yn.HaBou; 3 - XKusout oM, ya.Tyneb6aeBa; 4 - XKusol fom, yalllansanuna; 5, 6 -
Kuno#t fom. ya.borenbait 6aToipa; 7 - XKusoit gom, yi.MayneHoBa; 8 - XKusoit oM.
yJLiieBYeHKo; 9, 10 - XKusoit nom, yia.Kaxxu Mykana; 11 - XKusol oM, ya.Haypsiz6aii 6aTbipa;
12 - XKuno#i gowm, np.Jlocteik; 13 - XKusoit oM, ya.YTeren 6atbipa; 14 - Xunoit gom,
ya.Haypbi36ait 6aTbipa; 15 - XKuoit gom, yi.Mbin6aeBa; 16 - XKusoit foM, ya.AliTeke 6u [4]

[ToMrMO TOpILEBbIX TAHHO, OPHAMEHTUPOBAHHbIE 3JIEMEHThI BCTPEYAIOTCS B MEXKOKOHHBIX
npocTtpaHcTBax (yJ. boren6ai 6aTbipa) UM Ha yyacTKax JIeCTHUYHBIX KieTokK (yJ. TysebaeBa).
BcTpeuatoTcsi y30pbl, OCHOBaHHble Ha COEJAWHEHHBIX CHUPaAJbHBIX 3aBUTKAX, [OMOJHEHHbIE
JlenecTKaMu U QuJIeHKaMH, KOTOpble KOMIIOHYIOTCSl B BBITSHYThle 110 TOPU30HTAIH MOJYJIH U
pacnoJsiararoTcs 3epkajibHo (ya1. Boren6ait 6aThipa, y/1. MaysieHoBa, yJi. llleBueHKO).

Tak>ke mpuUMeHsJINCh HU3KOpesibeHbIe UM MJIOCKHE JBYLIBETHbIE pellleHHs, KaK TaHHO Ha
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fome mno yu. llananuHa. BecTpedatoTcs u 6osiee rpaduyHble WM CUMBOJIMYECKHE Y30DBI,
HalmpuMmep, Ha Topue JoMa Mo np. /loCTbIK HMCHOJb30BaHbl OpPHAMEHTasbHble MOJAYJIH,
pacrnoJsiokeHHble B LIaXMAaTHOM IOpPsJKe, a Ha JIOPKUAX JoMa o yJ. AillTeke 64 - y30p u3
JIMaroHaJIbHO PacloJIoXKeHHbIX aHTponoMopdHbIx duryp (Puc. 1).

OpHaMeHTBI Ha 3/JaHUSIX YaCTO BBINOJHEHBI B BU/I€ MOAYJIbHBIX MJIUT Pa3JU4YHONA GOPMBI -

MNpAMOYTOJIbHbIX, KBAaAPATHbBIX, MUPOKHUX HWJIKM Y3KHUX, PACIHOJIOKEHHbIX Ha CTE€HaxX HWJINU
OrpaxKaeHHnAax 6aJIKOHOB

PucyHok 2. OpHaMeHTUpPOBaHHbIe BCTABKU U MaHHO: 1 - XKuso¥ foM,
ysi.MameToBoM; 2 - XKusoit nom, ya.Kamo6siaa; 3 - XKusoi gom, np.Jlocthik; 4 — XKusoi
oM, ya.HaBowu; 5 - Xusoit gowm, yi.Kapacait 6ateipa; 6 — XKuso# gom, yi.HaBouy;

7 - unou nowm, yia.HaBou; 8 - Kuson oM, yi.Manaca; 9 - ’Kusou gowm, yu.llymkrHa;
10 - Xuno# gom, yi.KyHaeBa; 11 - Xuso#t gom, yia.Kamo6sbiaa; 12 - XKusoit gom,
ya.Kam6bina; 13 - XKuso#t gom, np.Jlocteik; 14 - XKuso#t gom, np.JlocTbik; 15 - XKuioi
oM, ip.JlocTeik; 16 - XKuso#t goM, ya.HaBou. [4]

Cpeau y30poB BCTpeyalwTcs reoMeTpuyeckue GopMbl, TaKhe KaK COTbl WJIH
nepecekarwluecss KBaZpaThbl, a TaKKe pa3HO0Opa3Hble KOMOUHAUU CIUPAJIbHBIX U S-00pa3HbIX
3aBUTKOB, JONOJIHEHHble JieleCTKaMu W OyToHaMu. HekoTopble y30pbl CTUJIU30BaHbl MOJ,
pacTuTesibHble MOTHUBBIL. [IpMMeHAOTCA pa3Hble TeXHUKU pesibeda — BBICOKWMH, HU3KUU WU
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BJlaBJyieHHbIH (Puc. 2).

3/lecb Tak)Ke BCTpeYaloTCs pas3/iuuyHble GOpPMBbl IJIUT (KBaApaTHbIe, NPSIMOYTOJIbHbIE) U
TEeXHUKHU peJsibeda (BbICOKUH, HU3KHUMH, B/IaBJEHHbIH, KOHTYPHbIN, C HCIOJb30BaHHUEM IBETA).
Y30pbl BKJIOYAIOT CJAOXKHble TeoMeTpUYecKHe KOMIO3WIUHM, IOCTPOEHHble BOKpPYT
MHOTOYTOJIbHUKOB WJM KpyroB (yJ. MayseHoBa, yJ. YaikoBckoro, yJ. XeaTokcaH),
pa3HOOOpa3Hble COYETAaHUs CIUPAJbHBIX U S-006pa3HbIX 3aBHUTKOB, YaCTO C JIEeCTKAMHU U
6ytonamu (ys1. HaBow, yJi. 3eHKOBa, np. Hazap6aeBa, np. A6as, np. Ceiidynuna) (Puc. 3).

PucyHok 3. OpHaMeHTHPOBAaHHbIE BCTaBKHU M MaHHO: 1 - XKuou goM, yi.MayJsieHoBa; 2 -
Kuno#t fowm, ya.Hakosckoro; 3 - XKuso# gom, ynXentokcan; 4 - XKuso# nom, np.Hazapbaena;
5 - XKunout gom, yin.HaBou; 6 - XKusoit oM, ya.3eHkoBa; 7 - XKusoit oM, ya.AilTeke 6u; 8 —
Kunoit gom, yn.Kaseibek 6u; 9 - XKuso#i gom, np.Abas; 10 - O6mexuTtue, np.Celidysinna; 11 -
Kunoit nom, np.2Kubek xoubl; 12 - XKuso# gom, ya.roroas; 13 - XKusol oM, np.A6as; 14 -
Kunout gom, yn.MycraduHa; 15 - XKusoit fom, yia.Banuxanosa; 16 - XKuoit gom,
yJs.BasinxaHoBa. [4]

Cpeau NpuMepoB eCTb 60Jiee CUMBOJIMYECKHe WKW GUTYpaTUBHBIE 3JIEMEHTHI, TaAKHe KaK
JIMaroHaJIbHO pacloJIo’)KeHHble aHTponoMopdHble GuUrypol (yja. AiTeke 6M) WJIM KPYNHBIN
poroo6pasHbli y30p (np. A6as). OpHaMeHT NpUMeHSEeTCH Ha CTEHOBBIX NaHeJIAX, OTPaKAeHUAX
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0a/JKOHOB U JIO[PKHWM, MEXOKOHHBIX BCTaBKaX, MOJOKOHHBIX 3JIeMEHTax WU Jaxe B BUJeE
»KeJ1e300eTOHHBIX PelleTOK Mepe/ YyepAadyHbIMU IpoeMaMH (ys. MyctaduHa, yi. BaniuxaHoBa, np.
Kubek xo0s1p1). HekoTopble y30pbl 00pa3yloT HelpepblBHble IOPU30HTA/IbHbIE IOJIOCHI WJIU
TUpJIAHA00Opa3Hble KOMNO3WIIUM. PAj npuMepoB NoKasblBaeT, KaKk OPHAMEHT MOXeT ObIThb
CBSI3aH C KOHCTPYKTUBHOM JIOTUKOM 37jaHud (np. A6ad, yi. Myctaduna) (Puc. 3).

3ak/Ilo4YeHue

PaccmoTpeHne opHaMeHTa KaK CeMHUOTHYECKOM CHUCTeMbl TI03BOJIAET PaCLIUPUTH
TpaJUIUOHHbIE PAaMKHU apXUTEKTYPHOrO aHaJjMi3a U aKTyaJlHW3UpPOBaThb BONPOC O COXPAaHEHUU
BU3yaJIbHOTO HacJeJus MO3JHEeCOBeTCKOoro mnepuoza. OpHaMeHT 3/ecb — He apXauka U He
M30bITOYHOCTb, @ ME€XaHH3M, MOCPEJCTBOM KOTOPOTO apXUTEKTypa BCTymaeT B [AUaAJOT C
KUTeNAMU, QOPMHUPYS YYyBCTBO MeCTa U KyJIbTYPHOW CONNPHUYACTHOCTHU. B yc/10BUsAX cOBpeMeHHOU
3aCTpPOMKH, KOrja npeobJaflaeT HeWTpasibHash apXUTEKTYypa, MOJ0O0HbIA BU3yaJbHbIN SI3bIK
MOXeT ObITb aKTyaJM3UpOBaH B IMpOeKTaX peBUTa/IU3alU{, PEKOHCTPYKLHUU U B HOBOU
apxXUTeKTYype, ONMpaIoIlelca Ha JIOKaJbHble CMbICJbL. [IpoBeiéHHOE uccef0BaHUEe OpHAMEHTa
Ha QacaZax XUJbIX 3jaHUH AMaTbl BTOPOU nosioBUHBI XX BeKa M03BoJisieT CPOPMYyJIMPOBATH
psiZ, COGCTBEHHBIX BBIBO/IOB:

1. OpHaMeHT B apxUTeKType - 3TO A3blK, a He yKpaueHHe. Ha ocHOBe ceMHMOTHYECKOTO
N0/JIX0/la MOXXHO YTBepXJaTb, YTO ¢dacaJHbli OpHAMEHT BbICTyNaeT KaK CaMOCTOSITe/bHas
3HAKOBas CUCTeMa, CIOCOOHas NnepefaBaTh yCTOMYMBBIE KYJIbTYPHbIE CMBICJIbl BHE 3aBUCHMOCTH
OT KOHTEKCTa CTPOUTEeJbCTBA. Ero MOXXHO MHTepnpeTUpPOBaTh Kak pOpPMy HeMaTepuaJbHOTO
Hacseus, 3aQ MKCHPOBAaHHY 10 B MaTepHaJbHOU 000/1049Ke 3/JaHHUS.

2. ®opMasbHO-PYHKIIMOHAJBbHBIM MOJX0J, COBETCKOTrO0 MOJiepHHU3Ma OblJ He MOJIHbIM 6e3
BU3yaJIbHOTO KOJa, KOTOpbIM 4YacTO co3JaBajcd 3a C4Y4éT opHaMeHTa. HecMmoTpsa Ha
JIOMUHHMpPOBaHUE WHAYCTPUAIbHOTO METOJA, UMEHHO JI€KOpPAaTHUBHBbIE 3JIEMEHTHI MO3BOJISIU
BCTpauBaThb yYHUBepcCaJbHble THUNOBble POPMBI B JIOKAJbHBIM KYJbTYPHBIM KOHTEKCT, JeJas
apXUTEKTYpy Y3HaBaeMoU U 6JIM3KOU AJis1 HacesieHUs. B ycoBusx AsMaTbl 3T0 06ecredmuBaloch
3a CYET BHeJpeHUs Ka3aXxCKUX TPaJUIIMOHHbIX MOTUBOB, lepepab0TaHHbIX B iyxe MOJlepHa.

3. OpnameHT Ha (acaje XWUJIOTO JOMa BBINOJHAJ KBasucOLUaAbHYIO GyHKUIHUO. OH
crnoco6¢cTBOBa GOPMHUPOBAHUIO BU3YaIbHOM UEHTUYHOCTU palioHa, 3ajaBajl KyJIbTYyPHBIN KO
cpefibl ¥ BBICTyHaJl CBOEOOpa3HbIM  «A3bIKOM  MNPUHA/JJIEKHOCTHU», OCOOEHHO B
MHOTOHAllMOHAJbHOM TOpoZie. JTO IOKa3blBaeT, 4YTO JeKOp OblJ He TOJIbKO 3JE€MEHTOM
BU3YyaJIbHOU PUTOPHUKH, HO U MEXaHU3MOM KYJIbTYPHOM HaBUTrallUU B IPOCTPAHCTBE TOpo/a.

4, CoBpeMeHHOe NpeHeOpeXKeHWe OpPHAMEHTOM B KWJOW apXUTeKType BeAET K HoTepe
BU3YyaJIbHOU U KYJbTYPHOU BbIPAa3UTEJNbHOCTH TopoJckou cpeipl. CeroHsa Mbl HabJioAaeM
oOpaTHbIM mpouecc - obecneHUBaHWe QacaJHOTO 3HAKa, 3aMelleHUWe BbIPa3UTEJbHOCTU
CTEpPUJIbHOM YHUBEPCAaIbHOCThIO. OlHAKO OpHAMEHT MOKeT ObITh nepedopMyIUpPOBaH B Ayxe
BpeMeHHU, He KaK NpsAMOe LIUTUPOBAaHMWeE, a KaK CMbICJ0BAsA CTpaTerus, cCnocobHas BO3POLUTH
apXUTEKTYPHBIU AUAJIOT C KYJbTYPOHU.

5. Byayuiee apxuTeKTypbl TOPOJOB, NOL0OHBIX AJIMaThl, BO MHOI'OM 3aBUCHUT OT CIIOCOOHOCTH
aKTya/IU3MpOBaTh OPHAMEHT KaK HOCHUTEJIb KYJbTYPHOU NaMATHU U UAEHTUYHOCTHU. ITO TpebyeT
NepeoleHKH COBETCKOrO HacJjeJus He KaK BpPEMEHHOTO apxau3Ma, a KaK IOJHOLLEHHOTO
KyJIbTYPHOI'O IJIAaCTa, C KOTOPbIM HEOOXOAMMO paboTaThb Yepe3 peBUTAJM3alLlMIO, a He CHOC. B
3TOM KOHTEKCTE OpHAaMEeHT CTAHOBUTCSA TOYKOW BX0/]a B apXUTEKTYypPHOE Hacje/ive, a He IPOCTO
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AJIMaTBIHBIH, IIAFbIH TYPFBIH ayJaHAAPbIHAAFbI COHAIK KacOoeTTep AiH, CeMUOTHUKACHI
Agaatna. bys 3epTTey *KyMbICbl TYPFbIH YHJIEP/iH COyJeTiH KaJaJblK KeHiCTiKTeri

TaHOa/NbIK »KyHe peTiHAe KapacTbipa OTBIPbIN, OHBIH MaFbIHAJbIK KYPbIJIbIMbIH
CEMHUOTHUKAJIBIK TYPFbIJIaH TaJiJayFa apHaJFaH. 3epTTeyAiH MaKcaTbl — AJIMaThl KaJlaCbIHbIH
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TYPFbIH ayJaHJapblHAaFbl YiJiepAiH ¢acaaTapblHAAFbl COHJIK 3JIeMEeHTTep/iH (MaJeHH,
YKEPriJiKTi ’)KoHe YKbIM/IbIK) COMKECTIK NeH KaJlaJbIK KaJblHbl KaJIbIIITAaCTbIPyJAaFbl peJiiH
anblKTay. KyMbIC alilMaKTBIK MbIcaJl — AJIMaThl KaJacbl Heri3iHJe CayJieT CeMHUOTHUKAChIH
TepeH, TYCiHyTe K0J1 allla/ibl }KoHE KYPbIJIbIC HbICAH/IaPbIH COMKECTIK MEeH TAaPHUXU KaAbl HbIH,
TacbIMaJ1Jlay lbIChl PETiH/IE CAKTAyAbIH, FbLJIIMH YKOHE MPAKTUKAJIbIK MaHbI3bIH A9JIeJIeNU/I].
3epTTey ojicTeMeci — C9HJIK 3JIeMEHTTepJAi MOJEeHU-TAPUXU KOHTEKCTe UKOHUKAJIBIK,
HMH/IEKCTIK >XoHe CUMBOJIJIbIK TaHbaJslap peTiHAe KapacTbhIpaTblH CEMHUOTHKAJIBIK TaJZayFa
HerizgesreH. AsMatbiga 1960-1980 xbligaphl cajJblHFAaH YWJepre ToH OpHAMEeHT TypJepi
aHBIKTaJIbIN, OJIap/blH J9yip MeH MdaJleHUeTKe 0alJlaHbICThl KONKabaTTbl MafFblHaJapbl
amblagpl. OpHaMeHT TYPFbIHAAP/IbIH, COMKECTIK Ce3iMiH KaJsbIITACThbIpy MeH KaJlaJbIK
»KaZlbIHbl CaKTay iCiHZe MaHbI3[bl peJl aTKapaTbiHbl JAaJjesfeHfi. bys 3epTtrey AJsimMaThbl
KaJIaCbIHbIH, COyJIeTiHE CEeMHUOTHKAJIbIK TOCLIi KOJIIAHYAbIH MaHbI3JbIJIbIFbIH KOPCETII,
KEeHECTIK Ke3eHJeri TUITIK KYpbLIbIC JeKOPbIHbIH M3/JEeHHW KOATap MeH MafFblHaJIap/blH,
TacbIMaJIJIay IbICHI peTiHJIeri peJiiH amabl. [[pakTHKaJIbIK HOTHXeJiep OpHAaMEeHTTi Mypa MeH
COMKECTIK 3JIeMeHTI peTiHJe caKTay KaKeTTIiriH Heri3zgen, cayJieTllijiep MeH KaJa
KYPBIJIBICBIH JKOCIapJiayiblaap YIIiH maiaasibl 60J1a agaibl.

Ty#iH ce3aep: ceMHMOTHKA, OK-6pPHEK, TYPFbIH aygaHjap, KasasblK CoMKecTiJiK,
KaJIaJIbIK, Ka/Jibl, MdJIEHH KOJITap, COyJIET paMi3zepi.
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The semiotics of ornamental facades in residential microdistricts of Almaty

Abstract. This research is dedicated to the semiotic analysis of the meanings embedded in
the architecture of residential buildings, viewed as sign systems within the urban space. The aim
is to identify the role of ornamentation on the facades of residential buildings in Almaty's
microdistricts in constructing identity (cultural, local, collective) and shaping urban memory
through semiotic analysis. The work deepens the understanding of architectural semiotics using a
regional example (the city of Almaty) and argues for the preservation of these developments as
carriers of identity and memory, which constitutes its scientific and practical significance. The
methodology is based on a semiotic approach, involving the analysis of ornamental elements as
signs (iconic, indexical, symbolic) within a cultural-historical context, based on visual examples.
Characteristic types of ornamentation from the 1960s-80s in Almaty have been identified. The
analysis revealed multi-layered meanings associated with the era and culture. Ornamentation
plays a key role in constructing identity and maintaining the urban memory of microdistrict
residents. The value lies in applying semiotics to the architecture of Almaty, demonstrating the role
of decor in typical developments as a carrier of meanings and codes from the Soviet period. The
practical results justify the preservation of ornamentation as an element of heritage and identity,
useful for urban planners and architects.

Keywords: semiotics, ornament, residential microdistricts, urban identity, urban memory,
cultural codes, architectural symbols.
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Kipicne

Cy TackbiHbl KaszakKcTaH ylLIiH ©3€KTi 5KOJIOTUSAJIBIK >XOHE 9JIeyMeTTiK-3KOHOMHUKAJIBIK,
MaceJsiesiep/iiH 6ipi 60sbin Tabbl1aAbl. EaJiiH KenTereH ailMakTapbiH/la 63€H/lEP MEH KeJiepre
6ail 60oJiybIMEH KaTap, KOKTEM alJlapblHJAaFbl KapAblH €pyi, )XaHObIPJApAbIH KOl TYCyi >KoHe
KJIMMATTBIK, e3repicTep Cy JeHreHiHiH KeTepisyiHe anbin KeseAi. Cy TaCKbIHBIHBIH, 9CepiHEeH
KasaKcTaHHbIH, aybll lIapyallblabIFbl, UTHQPAKYPbLIbIMbl MEH 3KOCHCTEMa/apbl alTapJbIKTal
3appan weryzae. Cy TacKbIHbBI €TriCTIK aJKaNTapblH, KaWbLIBIMABIK KepJepAl XKoHe aybLl
IIapyallblIbIFbl 6HIMAEPIH Oy/ipesi, 6y a3blK-TYJiK Kayillci3/JjiriH KaMTaMachI3 eTyre Tepic
acep erezi. COHbIMeH KaTap, TAaCKbIHHBIH, Ca/IlapblHAaH TYPFbIH YUJIED, KOJIiK XKO0JAaphl, KenipJjep
MEH KOMMYHaJIJIbIK KbI3METTEP 3aKbIM/IAHbIII, XaJIbIKTbIH, 9J1€yMETTIK KaF/jarbl HamapJaanasl. Cy
TaCKbIHbI 3KOCHCTeMaJap/bl Oy3blll, TAOUFU pecypcTapAbl XOFaATyFa cebemnuii 6oJiafibl, Oy
3KOJIOTHUAJBIK, JlaFflapbICTapFa 9KeN COFybl MyMKiH. Ocbliaiia, Cy TaCKbIHBIHBIH, 3apAanTaphbl
Ka3aKcTaHHbIH, 9JIeyMeTTIiK, 3KOHOMHUKAJBIK >XoHe 3KOJIOTUAJIBIK CajajapblHa KeH, ayKbIM/bI
dcep eTim, OHbIH, aJJblH aJly MeH 6ackapy MaceJeJsiepi esiMi3iH TypakThl JjaMybl YIIiH aca
MaHBbI3/1bI 60JIBIT OTHIP.

2024 xbuibl KazakcTaH/ia COHFbI GipHellle OHXXbLIABIKTAFbI €H, ipi Cy TaCKbIHbI OPbIH aJ/bl.
Taburu anat esnaiH 10 o6JbICBIH KaMThIMN, TOTEHIIE KaF/all KapusaHyblHa ceben 60Jiabl. Cy
6ackaH aMiMakTapjaH 120 MbIHHAH acTaM aZilaM 3BaKyallUsJIaHbIN, YaKbITIIA OPHAJIACTBIPY
opbIHAApbIHA XKibepinai. XKaF/jall Tek TaOUFU anaT KaHa eMec, 9JIeyMeTTiK )KoHe 3KOHOMUKaJIbIK,
cajapJsap fa TyAbIpAbl.

Cy TackKbIHbIHAH 3apjal LIeKKeHJepre KeMeK KepceTy MakcaTbiHZa KasakcraH ykimeTi
MeH KOFaM/JblK YHUbIMJAp KapXXbUIbIK KOJJAy KOpCeTill, KeNTereH KaJlblHa KeJaTipy
)KYMBICTapblH OacTtaabl. «KasakcTaH xaJKplHa» KOpbl Cy TacCKblHbIHAaH 3apjan lIeKKeH
allMaKTap/ia »*KaHa TYpPFbIH YiJiep cany yuwid 10 muannap teHre 6eszi. COHbIMEH KaTap, IaFbIH
»KoHe OpTa OM3HeCKe KeJITIpIITeH WbIFbIHAAPAbI 6Tey YUIIH apHaibl eTeMaKbl MeXaHU3MJepi
oekiTingi. [lapanap TypFbIHAAPAbIH ©Mip canacblH KaJ/lllblHA KeJITipill, 3KOHOMHKAaHbIH
TYPaKThLIbIFbIH KAMTAMachl3 eTyre 0arbITTal/bl.

Cy TacKbIHBIHBIH, cebenTepi HerisiHeH »KayblH-IIAIIBIHHBIH, KONl MeJillep/e Kayybl XKoHe
Kap/blH epirimTiri 601161 AKTebe, ATbipay *kaHe baTeic KasakcTaH o6JibicTapbIHAA Cy AeHreni
»KOFapbliall, 63eH/iep MeH KeJlJiep apHacblHaH IBLIKThL. OHipJepae KOKTeMIl Cy TACKbIHbI XKblJI
calblH O6O0JIbIII TYpaTblH KyObLIbIC 6o0Jica Aa, 2024 XbUIFbl KafFAau eTe ayblp 6o0sabl. Cy
TAaCKbIHBIHBIH 9CepiHeH MbIHJaFaH TYpPFbIH Y MeH ayblIllapyallbLIbIK aJKalTapbl 3apjan
meKTi. Aybl HIapyallblIbIFbl CaJlaCblHAAFbl JaFfapbiC KeOeMimn, eric ajikKanTapbl MeH Mail
11apyallblIbIFbIHbIH MHQPaKYpbLIbIMbI OyIiHA]. Keneci cyperTe KasakcrtaH
Pecny6inkacbeiHaarbl 2024 KblIFbl KOKTEMTI bUIFAIAAHAbIPY % KasiblinTa KepceTiireH [1].

JdJicHamMa

KekTewMri buiranganabipy % KasbllTa JiepeKTepi cy TaCKbIHbIH 60JKay MEH ajJblH any
YIIiH eTe MaHbI3/ibl 60/bIN TabbLIaAbl. KepceTKilTep KeKTeMri Me3rijiJie TONbIpaKTaFbl blIFal
JleHTeliH aHbIKTaW/bl, aJ1 0J1 63 Ke3eTiH/Je CY TaCKbIHbIHbIH bIKTUMaJJbIFbIHA acep eTefi. Erep
KOKTeM/le TONbIPAaKTa bUIFaJAbIH Ken 060Jybl 6ailKasica, OyJl e3eHAep/iH, KeJaJepAiH KoHe Cy
KOMMaJlapblHbIH Cy JeHTediHiH KeTepisnyiHe ceben 6O0JIbIN, Cy TaCKbIHbIHBIH, KayliH apTThIPYbI
MYMKiH.
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KalllbIKThIKTaH 30H/Tay apKbLIbI CY TaCKbIHBIHBIH, JJUHAMHKAJIbIK 63repicTepiH
GaKbLIay XKoHe Tal[ay

KapTapa septrenren Kyscapsl aiiMarbl 110 KasbIITaH >K0Fapbl €EKEHiIH Kepyre 60J1a/ibl.
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TonblpaKTa bIIFAJIABIH XXOFapbl 60JIYbI }KaHObIP MeH Kap/IblH, epireH CybIHbIH TOMBIPAKKa
ciHOeyiHe, e3eH/iep MeH apHaJlapblH apHaCbIHAH achlll KeTyiHe aKeJin corabl. YKaraai, acipece
KOKTeM/le OOJIFaH »XaFJjaii/la, Cy TaCKbIHbIHBIH, KaymiH KymehTedi. COHABIKTaH, KOKTeMTi
PUIFAIJAH/BIPY JleHreliH 6aKbliay apKblAbl Cy TAaCKbIHBIHBIH bIKTUMaJJbIKTapblH O0OJ/KayFa
»K9He KaXKeTTi aJIIblH aJly lapajapblH YaKbITbIH/A KabbliayFa 601a/bl.

2024 xb1ablH KeKkTeMiHZe Kysicapbl Kasackl €y TaCKbIHbIHAH 3apjan 1ekTi. KekTemri
Kap/ZblH KbLJIJIAM €pyi MeH >KayblH-LIAlIbIHHBIH, Kell Tycyi KaMbickes KeJiiHiH cy JeHreuiHiH
KeTepiJil, Ka/la ayMaFblH/lJa TaCKbIHHBIH, NaiiZja 60JiyblHa ceben 60J/14bl. OCipece HaypbI3 XKoHE
coyip aWjapblHJla KapKbIHZbl >KayblH-IIAIIBIH MEH KapJblH epyi Cy [eHrehiHiH KaTThbl
KeTepislyiHe anbill KeJszi, HOTUXKecCiHJe KeJsiZiH Kypcail cy apHacblHaH achblll WIBIFbIN, TYPFbIH
yHsep MeH HHQPPaKypbUIbIMABI cy 6aca 6actazbl. Keseci cypertepse KasrugpomeTTeH anblHFaH
Kysicapbigarbl 2024 KbUIFbl CY TaCKbIHBIHBIH, Cy/blH, KayillTi AeHTelre JlediH )KeTyiH Kepyre
60J1azpbl [2].
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Juarpammajza Kysicapbl KasiacblHAaFbI Cy JeHTeliHiH KeTepinyi 6eliHeseHreH. ACTbIHF bl
»KaFbIH/A 9p aW/blH OipiHlIi KyHi, an con xafbiHAA cyAblH, 0-300 cMm-re feliHri geHreisiepi
KepceTiireH. EH »XoFapFbl KOpCeTKIlll Cayip arbIHa KeJlill Typ, COJI Ke3/e Cy TaCKbIHbIH €H, KayilTi
neHreiire - 340 cM. keTnece e, HAKThl AeHrei - 135 cM-zgeH 250 cMm-re faeliH keTepiireHiH

6alikayra 60J1a/ibl.
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KaJlacbIHAaFbl Cy 6acy aliMaKTapbiH aHbIK Kepy yuiiH, Earth Explorer caiiTbiHaH (6yJ1 CalTThIH
6acTbl MaKcaTbl — reorpadusJblK, JlepeKTep MeH FapbIIThIK OaKbliaydapAbl OHJIANH pexxuM/ie

KOpy KoHe XXYKTey MYMKiHJiriH 6epy) Landsat 8 cnyTHUTiHIH cypeTTepiH aJibll, Cy alHAChIH

»Kacayra 6oJ1abl [3].
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KalbIKThIKTaH 30HATay apKbLIbI CY TaCKbIHBIHBIH, JIHHAMHUKAJIBIK 63repicTepin
GaKbLIay KoHE TaJliay

HoaTtmxesiep MeH Ta/IKbl1ay

Earth Explorer - 6yn xkepgi 3eptTeyre apHanraH NASA-HbIH FapbIIUTHIK MUCCUATAPbIHbIH,
6ipi, OHBIH MakKcaTbl Kep/liH, 3KOJIOTUACHIH, KJIMMAaTbIH XoHe TaOUFU pecypcTapblH OakKbLiay.
barfapsiamMa fFapbllll annapaTTapblHbIH, KeMeriMeH »XepJeri 3KOJIOTMAJBIK, e3repicTtepai, aya
paiiblH, MYXUTTap M€EH Xep belepiH 3epTTelii. MUCCUSHBIH, 6aCTbl MiH/IETI - Kep/iH KaF/1ai bl
MEH 63repicTepiH MOHUTOPUHITEY XKaHe FbIJILIMU 3epTTeyJiepre KKeTTi JepeKTep KUHay.

Earth Explorer apkpbuibl naijjajaHylibliap FapblUTHIK JepeKTepAi opTypJii YyakKbIT
apa/bIFbIH/A i3/1eM ana/ibl, »KoHe KOIITereH FapbIlITHIK 3epTTeyJepJeH a/JblHFaH MaJiMeTTepAl
naiijjasiana asnajpl. CaiTTa ep cepikTepi MeH aspodoTocypeTTep, CIYTHUKTIK OGaKbljaayJap,
aTrMocdepa MeH TONbIpaK, XaFJaijapbl TypaJbl aknapaTTap YCbiHbLIa/bl [lalganaHylbLiap
JlepekTepAi HaKTbl reorpadus/blK KOOpAWHATTapMeH 6ailJlaHbICTbIpa OTBIPBIN i3/en, TypJi
dopMaTTap/a lepeKTepAi )KYKTel anazpbl.

CaiiTTa Ko/DKeTIM/AI flepekTep/iH, imiHge Landsat cnyTHUKTepiHiH cypeTTepi, KIMMATThIK,
e3repicTep TypaJjibl MaJiMeTTep, 3KOCUCTeMaJsapJbl 3epTTey HOTHUKesepi >XoHe Oacka Ja
KeITereH FaphblTHIK AepekTep 6ap. Landsat 8 cnyTHUri kepJiH 6eTiH 6aKplLiay »K9He OHBbIH
e3repicTepiH TajZay MaKcaTblH/A YJIKeH MaHbI3Fa ue. OHbIH 6aCTbl apThIKIbLIbIFbl — KOFaphI
aXbIPaTbIM/IbIILIKTAFbl CYpeTTEep MeH MaJliMeTTep asly MyMKiHJiri. By cnyTHuk 15 kyHze 6ip
peT *Kep/iH 6apJibIK aiilMaFbIH TOJILIKTAW CypeTKe TycCipin, opTypJii cneKTpJiep/eri MaiiMeTTepAi
»KUHaKIbl. Landsat 8-4iH axkbipaThIMIbLIbIFbI 30 MeTpre JieiiH, OyJ1 OHbIH 6Te HAKThl 9pi HAKTbI
»Kep 6eTiHiH KapTaJapblH »Kacayfa MYMKiHJiK 6epeJi.

Landsat 8 cnyTHUri JepekTepAi allblK TypZAe KapUAJAUTBIHABIKTAH, oJlap aJieMJeri
FaJbIMZIAap MeH 3epTTeyllijiep YLIiH eTe KyH/Abl pecypc 60J1bin TabbL1aAbl. Cy TaCKbIHAAPbI, OpPMaH
epTTepi, Kep CiJKiHiCTepi CHUAKTbl TaOWFW amnaTTapAaH KeWiH aJiblHFaH [leEpeKTepP OChl
OKUFaJIap/blH CaJAapblH O6aFasay YIUiH KOJJaHbLIybl MyMKIH.

Landsat 8 cnyTHuUTiHIH cypeTTepiH maWjasaHa oOThIpbin, Kysicapbl KajnacblHAAFbl Cy
00'beKTi/IepiHe Cy aWHACbIH »Kacay Cy pecypCcTapblH THUIMZAI 6acKapy >KoHe 3KOJIOTHAJBIK
MOHUTOPHUHT KYPri3y yIIiH MaHbI3Abl Kypas 60Jibll TabbLiaAbl. Cy alHAcCbl — OyJ1 Cy GeTiHiH
HeMece Cy OOBbeKTiJepiHiH HaKThl YaKbITTaFbl KaFJaWblH KepceTeTiH rpaduKajblK HeMece
KapTorpapusaablk 6eiHe. OJ cy alMaKTapbIHbIH KeHICTIKTiK OpHa/JacCyblH, K6JIEMIH K9HE YaKbIT
60MBbIHIIA 63TEPICTEPiH OaKblJIayFa MYMKIH/AIK 6epe/i.

Cy aiiHacel apKpLibl KYPTi3i/ireH 3KOJIOTHSAJBIK MOHUTOPUHI Cy PecypCcTapblH TUIMJi
b6ackapy YIUIH KaXeTTi MaHbI3Zbl JepekTepi 6epezi. Mpicasbl, Cy canacblHbIH, HallapJiaybl
HeMece Cy JeHTeliHiH e3repyi TypaJibl aKnapaT 3KOJIOTUABIK XKaFAalbl aJJblH ana 6o/nKayFa
MYMKIiHJIK Oepefi. /lepekTep TabUFU anaTTapAblH alJblH aly, Cy TaNLIbLIBIFbIH 00J4blpMay
»K9He IKOCHCTeMaJap/blH TYPaKThLIbIFbIH CaKTay YLIiH eTe KaxeT. COHbIMEH KaTap, Cy alHachbl
3KOJIOTUAJIBIK Tas3a »XoHe TYpaKThl JaMy OaFbITbIHJAFbl casgcaTTap/bl >Ky3ere acblpy YIIiH
Ka>XKeTTi KypaJi 60JibI TabbL1a/bI [4].

Cy aliHachbl apKbLJIbl Cy pecypcTapblH OaKbliay »KoHe 6acKapy/bl xkaKcapTyFa 6osagbl. Cy
00'beKTi/NIepiHiH, e3repicTepiH A3/ KajarajayFa MyMKiHJIK OGepeTiH Oy Kypas Cy TacCKbIHbI
HeMece KypFaKWbUIBIK KaFJaujapblHJa Cy KOpJapblH THUIMJI MaujajaHy TypaJbl LielliMjep
Kabbliayra keMmek Oepeni. Keneci cypertepae Kysicapbl KasachblHBIH Cy allHacblH Kepyre
60J1a/bl.
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ATpUOGYTTHIK KecTeJie apbip koJ1 6ip reorpadusijiblK 00'bEKTIre coMKec Kese/i, aa apbip
6araH 00'beKTiHiH Oeuriyi 6ip cunmarraMacblH HeMece aTpUOYTHIH Ginfipexi. Mrbicanbl, xkep
ydackesiepi YWiH aTpuUOYyTTBIK KecTeZe OJIap/blH aThbl, Heci, ayZjlaH KeJseMi, naijasaHy Typi
CUAKTBI MaJjliMeTTep 60J1ybl MYMKiH. ATpUOyTTap reorpadusiblK, 00 beKTijiepMeH 6aiIaHbICThI
O0JIFAaHJBIKTAH, OJIapAbl KapTaJla KepCeTiJreH JepeKTePMEH Ca/bICThIPbIN, KeHICTiKTeri
naTTepH/ZepAi 3epTTey MyMKIiHAIrI Tyazsl [5].

4 - cypert. Kysicapsl Kas1acbIHbIH, 2024 KbLJIFbI COYip alWbIHbIH, Cy alHAChI

Becinui cypeTTe kepceTiireH cy alHacblHaH cayip (KbI3bla), MaMbIp (capbl), MayChbIM
(kysirin), winge (kek), TamMbl3 (Keriiaip) alyiapblHAAFbI Cy KeJieMiH KepyTe 60J1afibl. Ocipece cayip
MeH TaMbI3 allJlapblHAApbl albIPMaLIbLIbIK 6T€ YJIKEH.

5- cypet. KyJsicapbl KasiacbiHbIH, 2024 K. KOKTEM MEH a3 alJIapbIHbIH, Cy alHAChI
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KalbIKThIKTaH 30HATay apKbLIbI CY TaCKbIHBIHBIH, JIHHAMHUKAJIBIK 63repicTepin
GaKbLIay KoHE TaJliay

ArcGIS 6arpapJsiamacblHaFbl aTPUOYTTHIK, KecTe - OyJ reorpadUsi/blK akKHoapaTThIK
»KyHeHiH (GIS) MaHbI3/bl KOMIIOHEHTI, 0J1 reorpaQuAbIK, 00bEKTiNiepre KaTbICTbl MaJliIMETTep /i
cakTau/bl. ATpUOYTTBIK KecTe apbip reorpadusiblK 371€eMEHTKE, MbICaJbl, HYKTE, CbI3bIK HEMECE
NOJIUTOHFA KATbICThl KOChIMIIA aKnapaTThbl 6epeni. Kectene o6beKTiiep/iH cunaTTamanapsl,
napaMmeTpJiepi koHe 06ackKa Ja MaHbI3[bl JepEKTep cCaKTajJajbl, oJlap apKblibl KeHiCTikTeri
aKmnapaTTap/bl TajJay MeH 6acKapy OHal1ai/ibl.

ArcGIS 6arpapsiaMacbiH/ia aTpUOYTTHIK, KeCcTe JiepeKTep/i BU3yaau3sanuusay, CypblnTay,
Cy3rijiey, »oHe 6HJey YIUiH KOJJaHbLIybl MyMKiH. KecTesne MasiMeTTepAi cyphilTay apKblLIbI
6eJsirisii 6ip KpUTepuUilepre cail lepeKTepi i3/jey HeMece CoJl JepeKTep/ii eHAey OHAM Ky3ere
acbipbliaabl. COHBIMEH KaTap, aTpUOYTTHIK KeCcTe apKbLibl KEHIiCTiKKe KAaTbICTbl MaJliMeTTep/i
TaJIAal, KapTajap MeH JiyarpaMmMa’iap »acayfa 60J1a/ibl.

ATpUOYTTBIK KecTe reorpadusiiblK, JepeKTepMeH KYMbIC icTereHze akKmapaTThbl THIM/i
»KoHe XKYyHeJli TypAe caKkTayFa MYMKiH/Zik 6epesi. ArcGIS 6araapsiamMmachiH/ia aTpubyTTap/bl 6HAEY
MeH TaJjiJjay »acay YIliH TypJi Kypaizap MeH QyHKIUsAAAp 6ap. ATPUOYTTHIK KecTesep apKblJibl
JlepekTepAi TUIMAI TypAe 6HJAeN, TaJjjal, OHbl KeHICTIKTiK akKnmapaTneH 6al/iaHBICTBIpYFa
60J1a/1b1, 9cipece KapTorpadUsJIbIK XXKoHe 3KOJIOTUSJIBIK 3epTTeyJiep YIliH eTe naigasnbl. Kesneci
CypeTTep/ie Cayip MeH TaMbl3 alJIapbIH/IAFbI CY KeJIeMiH aTpUOYTTHIK KecTe/leH Kepyre 60J1a/1bl.
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6,7,8 cyperTepae Kysicapbl KajsacblHJaFbl CYy TaCKbIHbIHBIH €H, KayilTi JAeHreliHgeri cy
KeJieMi MeH KypFall, HopMacblHa KeJIreH Ke3/ieTi cy keJieMi kepceTiyireH. Ocbl JiepeKkTep apKblJbl
KyJ/icapbl KanacblHAaFbl Cy IeHTeHiHIH KeTepinyiHiH Mesepi - 27 920 050m3.

ATpUOYTTBIK KecTeJeri JiepeKTepAi KoOJJaHa OTBIPBIN, Cy TaCKbIHbIHBIH, K6JIEMiH
ecenTeyre 6osagbl Keneci cypetTe Excel 6argapiamMachiH Kos1/jJaHa OTHIPbIIN XKYPri3iireH ecentep
HOTUXKECIH Kepyre 60s1a/bl [6].
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KOpHBITBIHABI

KopbeITBIHABIIAW KeJreHJe, CY auHachl FBIJIBIMU 3epTTeyJiep MeH »KocnapJay yUiH Je
MaHbI3Jbl Kypasa 00JlaTbIHbIH KepeMi3. Oy cy 06beKTisiepiHiH yakbIT OOHMBbIHILIA ©3repicTepiH
3epTTen, KJUMATTBIK 63repicTepAiH acepiH 6aFanayFa MyMKiHAiK Oepefi. 3epTTeysep cy
pecypcTapblH 60J1alIaKTa TUIM/i 6acKapy, KajajblK ayMaKTap/bl )KocnapJiay »KoHe 3KO0JIOTHUSJIbIK
TYPaKTBhUIBIKTbl KAMTaMachbI3 eTy YIIiH KaxeT. Cy TaCKbIHbI Ke3iH/ie Cy alHachl Cy JeHreHiHiH
KeTepi/ly ayKbIMbIH aHBIKTAll, 3BaKyalWf >KYMbICTApbl MeH amaTTbIK LiapajapAbl THUIMAI
yUbIMAACTBIpYFa MYMKIiHAIK 6epezi. XacanfaH KyMbIC KyTKapylIbLIapFa >XoHe »XeprijikKTi
OUJIiKKe TaCKbIHHBIH, 9CeP €Ty aMaFblH HAaKThl 6i1yre KeMeKTece/ii.

KyJ/icapbl KasiacbIHIaFbl Cy 06 beKTiiepiHe cy aiHachl »kacay Landsat 8 cnyTHUTI apKblLbl
aJIbIHFaH JilepeKTep/i TUiM/Ii MalgaaHy yilliH MaHbI3Abl KaJlaM 60J1blN Tabblia/bl. Cy allHAChI Cy
pecypcTapblH 6aKbliayFa, 3K0JI0TUAJBIK XXaFAal bl Ta/l/layFa, alaTThIK )XaFAalaap/bl 6acKkapyfa
’KOHe FbUIBIMU 3epTTeyJsep Xyprisyre MyMkiHAik OGepeni. XacanfaH XKyMbIC KajaJafFbl Ccy
KyHesiepiH THIMAI 6acKapyFa, TAaOUFU anaTTapAblH 3apAaNnTapblH a3alTyFa XoHe IKOJIOTUSJIBIK,
TYPaKTbUIBIKTBI CaKTayfFa biKnaa etexni. Cy aWHackl, COHbIMEH KaTap, KepriJiKTi
3KOCHCTeMaJslapZibl KOpFayFa, ayblJ LIapyallblJbIFbIHAA Cy PecypCTapblH YHEMJI NManjaaHyfa
»KoHe Cy 00beKTijiepiHiH e3repicTepiH Jep KesiHjae GakbliayFa MYMKIiHZIK Gepeni. AUTbUIFaH
Kyre KyJsicapel KaslacblHZaFbl Cy KayilcCi3ZiriH KaMTaMachl3 €Ty KoHe Cy pecypCTapblH THIMAI
6acKapy yuIiH MaHbI3/[bl KypaJl 60JIbI Ta0bLIa/Ibl.

ABTOpJIApAbIH KOCKaH YJIeci

JAM. KuprusbaeBa - 3epTTey >KYMBICBIHBIH >KaJIllbl UAEACBIH YCbIH/Jbl K9HEe OHBIH FbLIbIMU-
dAicTeMeniKk HerisiH KasiaZbl. KalIbIKTBIKTAaH 30HATAY O/iCiH 3KOJIOTUSJIBIK >X9HE TaOUFHU
anaTTrap MOHUTOPHUHTIHE KOJAAaHYAbIH THUIMAIJIITIH HeTri3Zel, 3epTTey TYXKbIpbIMAAMachlH
a3ipsefi. «Kipicne» xoHe «KOpBITBIHABI» 66JIiMAEPiH Ka3blll, MaKaJlaHbIH, TOJIbIK KYPbIJIbIMbIH
KaJIBIIITACTBIpyFa KeTeKWigik erTTi. Kapusdsayra YCBIHBUIATBIH COHFbl HYCKAaHbl MaKyJ/arl,
3epTTey AepeKTepiHiH AYPbICThIFbIHA TOJIBIK KayallKepLIiiK aJibl.

T.b. HypniencoBa - Landsat 8 cnyTHUTriHIH AepeKTepi HeridiHAe cy alHACBbIH Kypy »KYMbICTapbIH
Kysere acbipfbl. CnyTHUKTIK cypeTTepai ArcGIS miatdopmacbiHAa eHAey, reorpadUsiblK,
KabaTTap/Abl BU3yaau3alusaaay *koHe aTpUOYTTBIK KeCcTeJIepMeH »KYMBbIC icTey O0OMbIHIIA Heri3ri
»KyMbICTap/bl aTKapAbl. COHbIMEH KaTap «9/licHaMa» 6eJ1iMiHiH, »Ka3blJ1yblHA TiKeJel aTCabICThI.
H.C. /loHeHbaeBa — cy alHaCbIHbIH, MayCbIM/JIbIK ©3repicTepiH capamnTal, 3Koyhere THUTi3eTiH
9cepiH OarajiayFa apHaJiFaH TaJjjayJsap »Kyprisai. KyJscapbl KajnacblHJaFbl Cy Kayincisairine
6alIaHBICTBl TAyeKes (GaKTOpJapblH aHbIKTayFa OaFbITTaJfaH aHAJWTUKAJBIK >KYMbICTAp/ bl
aTKap/bl. «HoTukesiep MeH TasiKbl1ay» 66J1iMiH JaliblHAayFa 6e1CeH/li KaTbICTHI.

M.b. HyprneucoBa - aJjblHFaH /[lepeKTep HeTi3iHAe caHAbIK Tajajgayaap kyprisim, Excel
b6affapslaMacblHZla Cy JleHreHiHiH KeTepisy keJsieMiH ecenteni. ['padukanblk Matepuangap,
JiuarpaMMaJsiap MeH CaJibICTbIpMaJibl KecTeslep/i 93ipjieyMeH aliHaNbICThL. 2KyMbICTbIH, BU3yaJl/bl
Ma3MyHbIH 0ipi3fieH/jipy MeH HoTU:KeJiep/i MHTepIpeTalusiayFa yJiec KOCTHI.

M.M. A6aupoB- MaKaJlaHbIH, MOTiH/IK Ma3MYHbIH peJaKLUsJIay KoHe CTUJIMCTUKAJBIK TY3eTy
YKYMbICTAPbIH KYPTi3fi. 9/eb6ueTTep Ti3iMiH KMHAKTaI, CiJiTeMesiep/ii paciMAeyai KaMTaMachI3
eTTi. Maka/laHbIH FbUIBIMUA CTUJIiHE COMKECTIriH Kajjarasian, 6apJiblK 6eJsiiMaep/iH JIOTHKAJbIK,
TYTACTbIFbIH CaKTayFa »KayanTbl O0J/bI.
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KalbIKThIKTaH 30HATay apKbLIbI CY TaCKbIHBIHBIH, JIHHAMHUKAJIBIK 63repicTepin
GaKbLIay KoHE TaJliay

BapJibIK aBTOpJ1ap MaKa/laHbIH Ma3MyHbIHA TOJIbIKTal KeJiiciM 6epe/ii »kaHe OHbIH, 6apJibIK

OeJiikTepiHiH FBUIBIMUA CeHIMJiNiri MeH JaJjjiriHe 6ipAell »kayankepiuinik apkaaaiabl. Ouap
3epTTey/iH Ke3 KeJreH acleKTici 60MbIHIIA TYbIHAAYbl MYMKIH CypakTap/bl Lielyre JailblH
eKeHiH pacTau/pbl.
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MOHPITOpl/IHF Y AaHAJIM3 AUHAMHYEeCKUX U3MEeHEeHH HaBOAHEHUH C MCNO0J/Ib30BaHUEM
AUCTAHIIUOHHOI'O 3S0HAWPOBAHUA

AHHOTanMA. MeTo/| AYMCTaHLIMOHHOTO 30HAMpoBaHusA (/[3) B HacTosi1lee BpeMs SBJSETCS
OJHOM M3 COBpEMEHHbIX U 3 PEKTUBHBIX TEXHOJIOTUH, LINPOKO NMPUMEHsIeMbIX /sl HA0JI10/1eHUs
3a JJUHAMUKOW NMPUPOJHBIX KaTacTpod, B TOM YHMCJe TAKUX CJA0XKHBIX U OBICTPO MEHSIOLIUXCS
sIBJIEHUH, KaK HaBOJHEHHUs. ITOT MeTOJ, MO3BOJISIET OTCJEXHUBAThb H3MEHEHMUs] Ha 3eMHOMU
IOBEPXHOCTU B Pa3J/IMUHBbIX CIEKTPaJbHBbIX JWala3oHaX, a Takke B MNPOCTPAHCTBEHHOM U
BpPEMEHHOM M3MEPEHUSX, UYTO JAET BO3MOXKHOCTb KOMIIJIEKCHO U TOUHO OL|€HUBATb BO3/eUCTBUE
KaK MPUPOJHBIX, TAK U aHTPONOTeHHbIX GAaKTOPOB Ha OKPYKAIOLIYIO CPEAY.

C NOoMO1IbIO JaHHBIX JMCTAHIIMOHHOTO 30HAUPOBAHUS CIIELUATUCThI MOTYT KapTorpaprupoBaTh
IPOILEeCC Pa3BUTHUsI HABOJHEHMs], a TaKXKe CUCTEMHO MPOBOJUTH NMPOTHO3UPOBAHHE U OLIEHKY
noc/aeACTBUM KaTtacTpodbl. B Xo/e vccieoBaHHUS HA OCHOBE MYJIbTHUCIEKTPATbHBIX CHUMKOB,
MOJIYy4YeHHbIX CO cnyTHUKA Landsat 8, 6bl1a M3ydyeHa JMHAMHUKa BOJHbIX 06'beKTOB B pailloHe
ropoga Kysabcapel. B pesysbTaTe 06pabOTKU [JaHHBIX, MOJYYEHHBIX CO CHOYTHHUKA, OBLIU
IIPOaHAIM3UPOBAHbI U3MEHEHUS IJIOAAX U GOopMbI BOJJHOTO 3epKaJia B UCCIeyeEMOM paioHe C
Te4YeHUeM BpeMeHU. JTU HU3MEeHeHHUs1 OCOOEHHO SIPKO BbIpaKeHbl B BECEHHHUM M OCEHHHUU
IEepUOZibl, YTO CBfI3aHO C OC3ZKaMH W TassHUEM CHera. TeXHOJIOTHSI [AUCTAaHLMOHHOIO
30H/IUPOBAHUSA IMpeACTaBJsAeT CO60M HAAEXKHBIM M HAy4YHO OOOCHOBAHHBIA MeTOJ| [Jisl
HabJIIOIEHUST U OLEHKU TaKUX MaCIITAaGHBIX U ObICTPO PA3BUBAIOIIMXCS MPUPOAHBIX sIBJEHUH,
KaK HaBO/{HEHMUSI.

KiloueBble c10Ba: HaBOIHEHUE, BOJJHAsl TOBEPXHOCTh, cCyTHUK Landsat 8, ropog Kysicapsi,
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Earth Explorer.
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’Kazakh National Research Technical University named after K.I. Satpayev
Almaty, Kazakhstan
°L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Monitoring and analysis of dynamic changes in flooding through remote sensing

Abstract. Remote sensing (RS) is currently one of the most modern and effective
technologies widely used for monitoring the dynamics of natural disasters, including complex
and rapidly changing phenomena such as floods. This method allows for the observation of
changes on the Earth's surface across various spectral ranges, as well as in spatial and temporal
dimensions, enabling comprehensive and accurate assessment of the impact of both natural and
anthropogenic factors on the environment. Using remote sensing data, specialists can map the
development process of a flood and systematically carry out forecasting and assessment of the
disaster’s consequences. In this study, the dynamics of water bodies in the area of the city of
Kulsary were investigated based on multispectral imagery obtained from the Landsat 8 satellite.
As a result of processing the satellite data, changes in the area and shape of the water surface in
the study region over time were analyzed. These changes are particularly pronounced during the
spring and autumn periods, which is associated with precipitation and snowmelt. Remote sensing
technology is a reliable and scientifically grounded method for observing and assessing large-
scale and rapidly evolving natural phenomena such as floods.

Keywords: flood, water surface, Landsat 8 satellite, city of Kulsary, Earth Explorer.
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[ToBbilieHMe 3¢ PeKTUBHOCTH pabOThl CUCTEMBI OXJIAXKeHUs IMpPaBJIUiecKoro NpruBojaa
TPAHCIOPTHON TEXHUKH, PA6OTAIIIEN B KPUTUUECKUX YCIOBUSX

BBeaeHue

lleip wuccnefoBaHUA 3aK/IO4YaeTcsd B pa3paboTKe KOMOWHUPOBAHHOM CHUCTEMBI
OXJIAXJEeHUs], COouYeTallleld BO3AYLIHOE, >KUJKOCTHOE OXJaXJeHHe U HCIO0Jb30BaHUE
xJanareHTa R134a pna obGecneyeHUsi CTaOUJIbHOMW pabOThbl THAPABAMYECKOTO NPHUBOJAA.
OCHOBHble HalpaBJEeHUS HCCAeJLOBaHUS BKJ/IOYAKOT aHa/IU3 CyLIeCTBYWOIIUX CHUCTEM
OXJIAXKJeHUsl, pa3paboTKy HOBOM KOHCTPYKLMHM WU pacyeT napameTpoB s 3PpPeKTHBHOIO
Tensioo6MeHa.

AKTya/JIbHOCTb  UCCJIeJOBAaHUS  OOYC/JOBJEHA  HEOOXOAMMOCTbK  MOBBILIEHUS
3pPeKTUBHOCTM pabOThl MeTA/JIyPrUYecKoro 0060pYyJOBaHUSA B YCJOBUAX PaCTYIUX
Tpe6OBaHUM K MPOU3BOJUTENBHOCTH M 3KOJOTUYECKON 6e30macHOCTU. Pe3ysibTaThl paboThl
MOTYT OBbITb HCNOJIb30BaHbl [/l MOJEPHU3ALUM CYLeCTBYIOIIUX CHUCTEM OXJAXKAEHUA M
pa3paboOTKM HOBBIX pelleHWHM, HamnpaBJeHHbIX Ha ONTHMHU3alMI0 [pPOLEeCCOB B
MeTaJlJIypruyeckor NpOMbILLJIEHHOCTH.

Hay4yHas 3HaYUMOCTb UCCJe[0BaHUSA 3aK/04YaeTCs B pa3paboTKe MHHOBALMOHHOIO
N0/X0/a K OXJIQXK/AEHUIO FM/IPAaBJIMYECKHUX CUCTEM, UTO paclUIMpsieT TeopeTHYecKre 3HaHUS B
obJsiacTU TemsoobMeHa M TU/ApPaBAMKHU. [IpakTHyecKass LIeHHOCTb PabOThbl MPOSABJISETCS B
NOBbILIEHUHU HAZeKHOCTH M JOJTOBEYHOCTH O00O0pPY/OBaHMS], CHUKEHUHM 3HeprosaTrpaTr U
yAy4LUIEHUHM 9KOJIOTUYEeCKUX T[oKasaTesed 3a CYeT MCHOJb30BaHUS 3IKOJOTHUYECKU
6e30MacHOro XJalareHTa.

MeTopgos10rus

MamuHa 71 06pabOTKMA KOJIOIIHMKA B METAJIYPruu NpejcTaBJsieT co60M BaxkHOe
crelMalM3UpoBaHHOe 060pyZ0BaHUeE, HCNOJib3yeMoe [ obecrieyeHUs: 3PpPeKTUBHOM
paboThl JOMeHHbIX eyell. KoJIOLHUK, KaK BepXHsisl 4aCTh JIOMEHHOM €YU, UT'PAeT KJII0UEBYIO
poJib B mpolecce 3arpy3Kd IIMUXTOBBIX MaTepHasoB U OTBOJA KOJIOLIHMKOBOro rasa. Ero
npaBuJibHOe (QYHKUMOHUPOBAHHWE HANpsMYyl BJMSET HAa MPOU3BOAUTENbHOCTb H
6€e301aCHOCTb BCETr0 MeTa/Iypruyeckoro mpoiecca. B ycioBUsX BBICOKUX TeMIepaTyp U
MHTEHCUBHBIX HAarpy30K, XapaKTEePHbIX JJ151 MeTaJIypruyeckoro Npou3Bo/CTBA, HAJIEXKHOCTb
¥ 30 PEeKTUBHOCTb 060PY/I0BAHUSI CTAHOBSTCS KPUTUUECKU BaXKHBIMHU.

OcHOBHOM QYHKIIMEW MallWHbI AJs 00pabOTKU KOJIOIIHUKA SIBJISIETCA MOAJep>KaHue
repMeTUYHOCTH paboyero MNPOCTPAHCTBA IMeyH, obecriedyeHWe pPaBHOMEPHOM 3arpys3ku
IIUXTOBBIX MaTepUaOB U YIIpaBJeHHe NPOIEeccoM pa3rpysku pacmiaBa. CoBpeMeHHble
KOHCTPYKIMM TaKHUX MalIWMH BKJIKYAIOT B Ceb6s CJI0XKHblEe MeXaHW3Mbl, TaKHe Kak
JIBYXKOHYCHble 3arpy304Hble YCTPONCTBA U Bpallaroliydecs: Keja06a, KOTOpble MO3BOJISIIOT
ONTUMU3UPOBATh IMpOLlecC MOJAYM MaTepPUIOB U MUHHMHU3UPOBATh HEPABHOMEPHOCTH
pacnipesneneHuss wWuxThl. KpoMe Toro, B Impolecce JOMeHHOW IJIaBKM o6pasyeTcs
KOJIOIIHUKOBBIN a3, KOTOPbIA HCHOJb3yeTCsl KaK TOIJIMBO, @ TAKXKe KOJIOIIHUKOBAs MbLIb,
KOTOpas yJIaBJIMBAETCs U IOBTOPHO MPUMEHSIETCS B POU3BO/ICTBE.

OfHOM U3 KJIIOUEBBIX MPO6JIeM, CBSI3aHHBIX € IKCIIyaTallMed MalluH JiJisi 06paboTKU
KOJIOIIHUKA, SIBJIsIeTCS obeclieyeHHWe CTaOUJIbHOM paboThl T'MAPABJIMYECKOrO0 MPUBOJA B
YCJIOBUSX BBICOKMX TeMIlepaTyp M HMHTEHCUBHBIX HArpy3ok. [UapaB/IWyYecKUH NPHUBOJ,
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OTBeYaWIHUH 3a NOJ'bEM U ONIyCKaHUEe KOJIOIIHUKA, T0/ABepraeTcsl 3HAaUUTeIbHbIM TeIJIOBbIM
BO3/JleMCTBUAM, UTO MOXET NPUBECTU K NeperpeBy M CHUKEHUI0 3PPEeKTUBHOCTU pPabOThI
obopyfoBaHUA. B cBA3M € 3THM BO3HHUKAaeT HeOOXOJUMOCTb pa3paboTKu 3PpPeKTHBHOU
CUCTEMbl OXJIAXKJEeHHs, CIOCOOHOW 00ecneyuTb CTAOU/IbHYH pabOTy THUAPaBIUYECKOTO
NpYMBOJA B TSXKeJbIX YCAOBUAX 3KCIJIyaTauWu. MamyHa AJ5 00pabOTKU KOJIOIIHMKA B
MeTaJJIypryuy NpescTaBiseT CO60H cnenyaau3upoBaHHOe 060pyj0BaHKe, UCIIOIb3yeMOe JJIsd
00pabOTKM KOJIOIIHMKOB WJIM 3aroTOBOK B Ipolecce MeTalJlypruyecKkoro Mnpou3BO/CTBA.
O61mui BUJ MallMHbI [Ipe/ICTaBJIeH Ha pUCYHKe 1.

PucyHok 1. 061y BUJ MallIUHbI

KoJIOIHUK - 3TO BepxHss 4acTb JAOMEHHOU Me4H, yepe3 KOTOPYH OCYyLIeCTBJSETCS
3arpyska IIMXTOBBIX MaTEPHUAIOB U OTBOJ, JIOMEHHOTO UJIM KOJIOLIHUKOBOTO ra3a. OCHOBHOM
YacTbI0 KOJIOIIHMKOBOTO YCTPOMCTBa $BJsETCA 3acblHOM amnmapatr. Ha 6oJbIIMHCTBe
JIOMEHHbIX Ieyell yCTaHOBJIEHbl JBYXKOHYCHblE€ 3arpy304yHble yCTpoicTBa. B o06blYHOM
MI0JIO’KEHHU M 06a KOHYCa 3aKPbIThI U HaZIeXKHO U30JMPYIOT BHyTPEHHEE IPOCTPAHCTBO NeYH OT
atMmocoepsl. [locsie 3arpy3Ky LMUXTHI B IPUEMHY0 BOPOHKY MaJIbld KOHYC ONYCKAETCs, ¥ LIUXTa
naZiaeT Ha 60J1b1L0M KOHYC. Masiblii KOHYyC 3aKpbIBaeTcs. [locie Toro, Kak Ha 60JIbIIOM KOHYCe
Oy/ieT HabpaHO 33/laHHOE KOJIMYECTBO LIMXThI, 6OJIBIION KOHYC OMYCKAEeTCs MPU 3aKPbITOM
MaJIOM KOHYCe, M IIMXTa BbICHINIAETCS B Neyb. [locse 3Toro 60/bII0OM KOHYC 3aKpbIBaeTCHl.
Takum o6pa3omM, paboyee NPOCTPAHCTBO JJOMEHHOM MeYU MOCTOSIHHO repMeTU3UPOBAHO.

[lluxTOBBIE MaTepUa/bl OOBIYHO MOJAKTCS HA KOJIOLIHUK MeYd C OJHOH CTOpPOHBbL B
pe3y/abTaTe, B BOPOHKE MaJloro KOHyca obpasyeTcs oTkoc. JuuTtenbHass PaboTta goMeHHON
MIe4YH C epeKOCOM YPOBHS IIUXThI HeJloNycTUMa. JJisl yCTpaHEHUSs 3TOrO SIBJIEHUs MpUeMHasi
BOpPOHKA U MaJIbI KOHYC c/ieJ1aHbl BpaujawuMucs. [locsie 3arpy3ku MUXThl BOPOHKA BMeCTe
C KOHYCOM IIOBOpAuMBaeTcs Ha yroJ KpaTHbid 60, 6Gyiarogaps 4yeMmy IocJe pasrpy3Ku
HECKOJIbKUX 10/1a4 HEPABHOMEPHOCTb MOJHOCTBIO YCTPAHSAETCH.

Ha coBpeMeHHBIX Medyax MOTYT YCTAHABJMBATbCS 0oJiee CJI0KHbIe MO KOHCTPYKIUU
3acChIllHbIE anmnaparbl. BMecTo 60JIbLIOTO KOHYCAa yCTAaHABJIMUBAETCS BpalAIOLUNCS Keso0,
yroJl HaKJIOHa KOTOPOr'0 MOXKeT peryJupoBaThcs. Takass KOHCTPYKLMS [103BOJISIET U3MEHSTh
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MEeCTO 0JjJa4YU MaTepHuasioB MO AUaMeTPy KOJIOUIHUKA.
B mpouecce noMeHHON NJIaBKU 0O6pasyeTcss 6O0JibllIOe KOJHWYECTBO rasa, KOTOPBIU
OTBOJIUTCS M3 KOJIOIIHMKOBOM 4acTU mnedyd. Takod ra3 HasblBalOT KOJIOUIHUKOBBIM. a3
cofep>UT roproyue cocrapisoiiue CO u H2 u, noaToMy, UcnoJib3yeTcsl Kak razoobpasHoe
TOIJINBO B METAJJIYPTMYEeCKOM NPOU3BO/cTBe. KpoMe Toro, mpoxo s yepes CToJ16 IUXThI, ra3
3axBaTbIBaeT MeJIKME YaCTHUIIbI XKeJle30Co/iepKaliX MaTepuasioB, 00pa3ys Tak Ha3bIBaeMYyo
KOJIOIIHUKOBYI TMblIb. [IblIb yJaBJAMBaeTCd B CHElUaNbHbIX Ta300YUCTUTENSAX U
MCIIOJIb3YyeTCs KaK I06aBKa K IIMXTE NMPU arJioMepanuy UKl NoJy4YeHUN OKaThIIeH.

O6paboTka B Mevyu: BHYTPU Me4yd pyAa NoJBepraeTcss TEPMHUYECKON 06pabOTKe MpH
BbICOKMX TeMIlepaTypax. IJTO MOXeT BKJ/YaTh B cebs MpPoOIecChl IJIABJEHUs, BAPKH HUJIU
Jipyrve TeIJIOBble peaklid, HeobXoAHMble [Js HW3BJeYEeHUS MeTa/VIOB U3 pyAbl U
npeBpallleHus] UX B MeTa/JIMYeCKUi pacmiaB. MaiivHa JJis 06pabOTKH KOJIOIIHHUKA MOXET
OBIThb BOBJIEUEHA B MOJJepKaHUe onpeJieleHHONW KOHQUTYpalUU KOJIOIIHUKA BHYTPU Me4yu
JUIs1 ONITHMU3AIUU TIpoliecca 06paboTKH.

Pasrpy3ka mneuu: mocjie 3aBepllieHUss 00pabOTKU py/a NpeBpalllaeTcss B pacIjias,
KOTOpbI 3aTeM HYKHO H3BJiedb M3 Medyd. MaluHa /ijii 06paboTKH KOJIOIIHUKA MOXET
MCIOJIb30BAThCS [JIs YIpaBJieHHWs MPOIEeCCOM M3BJIeYEHUS KOJIOIIHHWKA W3 IMe4Yd U €ero
nepeMellleHUs Ha CAeYIOIIMUM 3Tan MPOXU3BO/ICTBEHHOTO MpoIiecca.

O4urcTKa ¥ 06CayKMBaHUE: 110CJIe 3aBepIIeHHs [IMKJIa 00paboTKU Py/bl B IeYX MalllMHA
JUIs1 00pabOTKH KOJIOUITHUKA MOXET TaKXKe MCIO0JIb30BaThCA JJIsi OUUCTKU MeYd OT OCTATKOB
PYAbl UM MeTaJINYeCKUX OTJIOXKEHUH U JIJ151 06Cy>KMBAHUS €YU Nepe/ CAeAY0IUM [UKI0M.

B uesoMm, MammuHa s 06paGOTKU KOJIOLIHHUKA PYJHO-TEPMHUYECKON Meyu HUrpaeT
BA)KHYIO0 poJib B ob6ecniedeHUU 3¢ PeKTUBHOTO U 6e30MacHoro mpoiecca 06paboTKU pybl U
M3BJIeYeHUs MeTalJINYeCKUX KOMIIOHEHTOB.

MaimuHa A1 06pab0oTKU KOJIOIIHUKA MeYd B META/IYPrUM MOXKET UMeTb pa3jinuHble
KOHCTPYKTUBHbIe OCOOEHHOCTH, B 3aBUCHMOCTM OT THIA Ne4d U TpeGOBaHUM Mpoliecca.
OpHako, B 06111eM, TaKasi MalllMHA BKJIIOYaeT B Ce651 HECKOJIBKO KJIIOU€EBbIX 3JIEMEHTOB:

Kapkac ¥ KOHCTpPyKIMs MallWHbl W3rOTaBJUBAETCS M3 MNPOYHBIX MeTaJIMYeCKHUX
npodusen, ciocOOHbIX BbIZAEPKHUBATh BBICOKHE TeMIepaTypbl BHyTpH neyd. KoHCTpykuus
JIOJ>KHA OBITh YCTOMYMBOU U HAZ|€XKHOM.

PucyHok 2. Kapkac MalliMHbI
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MexaHHU3M noagbeMa M OIIYyCKaHHUA OTBE€4YAET 3a MOABbEM H ONYCKAaHHE KOJIOIIHHKAa
BHYTPH M€Y H. OH MOXeT ObITh OCHAlll€H ruApaBJUY€CKHUM UJIN ME€XaHNUY€CKUM IIPpHUBOAOM [Jid
yhnpaBJiIeHHUA ABUXEHHWEM KOJIOIITHHU KA.

PucyHok 3. MexaHM3MbI MallIUHbI

[ 3alUThl OT BBICOKUX TeMIlepaTyp M ONACHbIX YCJIOBUW BHYTPH Me4Yd MallKHA
JIOJDKHA OBITh OCHAllleHa COOTBETCTBYIOUUMH 3alUTHBIMH 3JIEMEHTAMH, KOTOpPbIe OCHAI[eHbI
OTHECTOMKHUMH OOIIMBKAMU HUJIH KOXKYXaMH.

B ciiydyae He06X0JUMOCTH MallIMHA MOYEeT ObITh OCHAIIeHA CUCTEMOM OXJIAXKAeHUS JJis
npeJoTBpallleHUs eperpeBa pu paboTe B YCJIOBUAX BbICOKUX TEMIIEPATYP.

JlJ1s1 KOHTPOJIS ABU>KEHUS U QYHKIMOHUPOBAHUSI MAIIMHbI MOXKET ObITh UCI0JIb30BaHa
crnelMalvM3UpOBaHHas YNpaBJsAllasg CUCTEMA, KOTOpasd obecrieyrMBaeT aBTOMAaTHU3aLUI0 U
6€e30MacHOCTb Npolecca paboThl.

B 3aBUCHMOCTH OT KOHKpETHbIX TpebGOBaHMU Mpolecca 06paboOTKH py/Jbl, MalllKHa
MOXeT ObIThb OCHallleHa pa3JIMYHbIMU CHelHaJU3UpPOBAHHBIMU HHCTPYMEHTAMHU HWJIH
IPHUCIIOCOOJEHUSAMU JJIs 06pabOTKHU KOJIOLUIHUKA BHYTPHU MEYH.

ITO OCHOBHbIE 3JIEMEHTBI, KOTOPbIE MOTYT NPUCYTCTBOBATh B yCTPOUCTBE MAIIMHBbI JIJ151
06pabOTKH KOJIOUITHHUKA [TeYU B MeTa/ypruu. KoHKpeTHOe yCTPOMCTBO MOXKET pa3/invyaThCs B
3aBHCHUMOCTHU OT TUIIA U pa3MepOB e, a TAKKe OT KOHKPETHbIX TPeO0BaHU U MPOU3BO/CTBA.

[T Hayasia pacCMOTPUM OOLUN BUJA THMJPABJIUYECKOTO NPHUBOJA MaIlWHbI
(pucyHOK 4).

Kak BUZHO M3 pUCYHKa 4 Ha cxeMe OTCYTCTBYIOT 3JIEMEHTbI CUCTEMbl OXJIKAEHUS,
KOTOpbIe 6bl 06eCcreYnBa/IM OXJIaXKeHUe MAaLlUHbI, VYU TbIBasi 3TO U BBIBOJBI U3 pacyeTa
OCHOBHBIX I1I0Ka3aTesied U peKOMEH/JJalluK 0 YCTPONCTBY CUCTEMBI OXJIAXK/IeHU ST
npejiaraeTcs pa3paboTka KOMOMHUPOBAHHOW CUCTEMBI.

KoM6HHMpOBaHHAsl CUCTeMa OXJAXKJEHHS THAPABJIMYECKOT0 IMPUBOJAA COCTOUT U3
HECKOJIbKMX OCHOBHbIX KOMIIOHEHTOB, BKJ/IIOYas:

e Bo3ayuHbli paguaTop, KOTOPBIN CAYXUT JJIsl OXJIAXKAEHUS THIPABIUYECKOU }KUJKOCTH C
IIOMOIIBI0 BO3AYIIHOTO NOTOKA. OH 06bIYHO YCTAHABJIUBAETCS HA TEXHUKE, TZle OCTyIEeH
JIOCTAaTOYHbIM 06'beM BO3/yXa JJIs1 OXJKAeHUS. Bo3ayliHbIN pasuaTop npecTaBsieT
coboii cucteMy TpyOOK U pébep, yepe3 KOTOpble MPOXOAUT TUApPaBIUYecKast KUJKOCTb.
[Ipy MpoXoKJeHUU BO3AYUIHOI'O MOTOKAa Yepe3 pé€6pa pajuaTopa MPOUCXOAUT OTBOJ,
TeIrJia OT KU JIKOCTH.
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KuakocTHbIM pafuaTop NpUMeHSeTCa AJIS OXJIAXKAEHUS TUJPaBJIUYECKOU >XUJIKOCTH,
O/IHAKO 3/1eCh TEIJIO OTBOJUTCS C IOMOILbIO XXUJKOCTH, Yallle BCET'0 BOJbI UJIX aHTUDpPU3a.
Ero 06bIYHO yCTaHABJMBAIOT B CJy4asx, KOT/ia BO3/yIIHOE OXJIaX/eHUEe He CIIPaBJISIETCS,
HanpuMep, IPU 3KCTPEMAJbHO BbICOKHUX TeMIepaTypax WJM 3HAaYUTEeJbHbIX TENJI0BBIX
Harpyskax.

KongunuonupoBanue xnagareHToM Rl134a. [lna  yaydweHus  3PpQdeKTUBHOCTH
OXJIQXKJIEHUS UHOTJA MCIOJIb3yeTCs XJaJareHT, Takod kak R134a. J3toT xusafareHT
LUPKYJUPYyeT B CUCTeMe M NpPUMEHSeTCA [ IepeAayd Tela OT THUAPABIAYECKOU
YKM/IKOCTH K OKPY>Kalllen cpefie, yaydllas TeNJIOBOE PaBHOBECHE B CUCTEME OXJIAXKAEHHUS.
Hacocbl 1 BeHTU/ISITOPbl. KOMOGHHHUpPOBaHHAs cUCTEMA OXJIaX/JeHUsI 0ObIYHO BKJIIOYAET B
cebsi HAcoCbl W BEHTUJATOPbI [Js LUPKYJISAUUHA TUAPABIUYECKON KUAKOCTU U
BO3/lyLIHOTO NMOTOKa 4yepe3 paAruaTopbl COOTBETCTBEHHO. Hacockl mojarT KUJAKOCTh K

pasuaTtopaM, a BEHTHJIATOPbI 06ecleuyuBalT BO3JYLIHbIM NMOTOK 4Yepe3 BO3AYIIHBIN
paguarop.

PucyHok 4. O61ui BUA ruApaBandyecKoro npuBoja

Takum 06pa3oM 06LMN BUA NIpeJiaraeMoil KOMOMHUPOBAHHOW CUCTEMbI OXJIAXK/EHUS OyEeT
caeayroumuM (pPUCyHOK 5).

‘ | 3

PucyHok 5. 061ui1 B KOMOMHUPOBAHHOM CUCTEMbI OXJIAXKAEHUS
1 - cucrema c xs1agareHTom R134a; 2 - )KUAKOCTHBIA paguaTop;
3 - BO3AYIIHBINA paguaTOp
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[IpyHUMO paboTbl KOMOMHUPOBAHHOW CHUCTEMbl OXJIAX/JEeHHS OCHOBAaH Ha lepejaye

TelJla OT TUJAPaBJIUYECKON XUJKOCTHU K OKpYXamwllleil cpefie yepe3 pasjiMuHble 3JIeMEHThI
oxJaxaeHus. [Iponecc oxnaxaeHUsA MOXKHO pa3/ieJIUTh Ha HECKOJIbKO 3TaIoB:

OxJtaxk/ieHre BO3/1yLIHBIM paZiiaToOpOM
[lepBbIM pacCMOTPUM OxJaXJeHHe BO3AYILIHbIM PaJUaTOPOM TaK KakK 3TOT CHOCOO SBJSETCHA
caMbIM IPOCTBIM B KOMOUHHUPOBAHHOM cucTeMe. [IpyuHIMI paboThl JAHHOTO BU/lA OXJIAXKJEeHUA
CTaHAAPTHBIM KaK Ha BCeX BUJAX TexXHUKU. ['MapaBiauyeckass KUAKOCTb LIUPKYJIUPYET yepes
BO3/yLIHBIM palUaTOP, I/le OHA OXJIXK/AAeTCs 3a CYET KOHTAKTa C BO3AYUIHbIM NOTOKOM. Temso oT
U/ paBJIUYECKON XKUAKOCTU NepeaéTcs BO3YXY U YHOCUTCS B OKPYXKAIOLLYIO CPeAYy.
[ToslaraemM 4TO AaHHBIMA BUJ, OXJIQXKJIEHUS THAPaBJIAYECKON CUCTEMbI He TpebyeT AeTalbHOI0
OMMCaHUs ee paboOThbl TaK KaKk OHa paboTaeT MpaKTHYEeCKUM Ha BceX BHUJAX 000pyJ0BaHHUS.
Ccbl1asich Ha ONBIT WUHXXE€HEPOB paboTalwLMX B 006J1aCTU 3KCIJIyaTalMd 060pyAOBaHUSA Tje
UCIOJIb3YIOTCA THU/PaBJMYeCKHe CHUCTEMbl BbISIBJIEHO 4YTO He06X0JAUMO 06paTUTb o0coboe
BHUMMaHHEe Ha HEKOTOpble MapaMeTphbl U XapaKTEPUCTUKHU Y3JI0B U JleTajled CUCTeMbl. TakuM
006pa3oM XOTHMM [JlaTb HEKOTOPbIA aKLEeHT Ha pajuaTop KOTOpbIM NPUMEHSIETCS B CUCTeEMe
OXJIAXK/J€eHUsl, TaK KaK paZuaTop fBJSeTCd OJHUM U3 TIJIaBHbIX YYaCTHUKOB OXJIQXKJEHUS
TU/paBJIUYECKON KUIKOCTU B cucTeMe. B mepByto ouepe/ b /151 3¢ PeKTUBHOTO OTBO/JA Temsa OT
TU/JPaBJIUYECKON XKXUJKOCTH pajUaTop JO0J/DKEH MMEeThb JOCTAaTOYHYH0 IJIOLA/lb MOBEPXHOCTH.
Xopoulasg TemjaooTAadya obecreyrMBaeT ONTHMa/bHOE OXJIXKJEHHWE CUCTEMbI NMPHU Pas3IUYHbIX
pexxuMax paboThl M Harpy3kax. Takke paJuaTop JAO/KEH HMeTb JOCTAaTOYHO OOJIbLION
BO3/JyIIHbIA MpPOXOJ AJis obecrieyeHUs] CBOOOJHOrO MOTOKA BO3/yXa yepe3 ero pébpa. ITo
N03BOJISIET NMpPeJOTBPaTUTh IeperpeB pajuaropa UM obecneduTb 3¢PeKTUBHOE OXIAXKAeHUE
U/ PaBJIUYECKON KUAKOCTH.
Takke MOHO JJ06aBUTb, YTO KOHCTPYKLHUSA pajiMaTopa A0/DKHA ObITh AOCTAaTOYHO NMPOYHOU U
HaJ1€>KHOH, YTOObI BbIIEPKHMBATh BO3/j€CTBHE BUOpALM, y1apOB U PYTUX BHELIHUX HAarpy30K B
YCJIOBHUSX IKCIIyaTallMK. ITO BaXKHO /1Sl 06ecrieyeHus JJ0JIrOBEYHOCTHU U HaZIEXKHOCTH paboThl
CUCTeMbl OoxXJiaXKaeHHus. [Ipy U3roToBJIeHUH pajuaTopa HEOOXOAUMO NMPUMEHATb MaTepHuasbl
yCTOWYMBbIEe K KOPPO3UU. [0 JaHHBIM 3KCIIyaTUPYIOLUMX NPeANpUsTAN He Maso NMPOCTEB
IPUXOAUTCS He BbIXOJ, U3 CTPOSl pajjUaTopa U3 3a HECOOTBETCTBUH KauyecTBa MaTepuasa U3
KOTOpPOTO OH ObLI1 H3rOTOBJIEH. B ToXe BpeMsi pajuaTop JOJKEH ObITb M3rOTOBJEH U3
3KO0JIOTUYECKH 6e30MacHbIX MaTEpPHUaJIOB U He COZepKaThb BPeAHbIX BelleCTB, KOTOpPble MOTYT
3arpsi3HATh OKPYXKAIOIIYI0 Cpefly MPH 3KCIJIyaTalMu M YTUAU3aUUK. HeMasno BaXXHO U TO 4TO
pasuaTop A0JKEH ObITh CKOHCTPYUPOBAH C YYETOM yA00CTBA MOHTaXa U O6GCAY>KUBaHHUSA. JTO
BKJIIOYaeT B cebsi NpaBUJIbHOE pasMelleHHhe KpeméXHbIX 3JIEMEHTOB, JIEFTKUM [JOCTyn K
IPHUCOEIUHUTENbHBIM TOYKaM M 3JIEMEHTaM pajuaropa JJjs NPOBeJeHUS] TEeXHUYECKOro
o6cayxuBaHus. Tak Kak 000py/loBaHUE JOJDKHO ObITh He CJA0XKHBIM B 00CIy>KMBaHHUU U He
Tpe6oBa/Io CrelHaNbHbIX CPEJCTB U OCHACTKH NMPU BBIMTOJHEHUN PEMOHTHBIX UJIM MOHTaXXHbIX
pa6boTaxX. Y106CTBO 0OC/HY>KMBaHUsI W 3aMeHbl MO3BOJISIET JIETKO NMPOBOJAUTH 06C/IyKHMBaHHUE,
YHUCTKY U 3aMeHy B CJy4yae HeoOXOJMMOCTH, YTO obGecliedrBaeT yA06CTBO B 3KCIUIyaTallUU U
IpoJJIeBaeT CPOK CJAYKObl BCeW CUCTEMbI OXNaKAeHUA. IPPEKTUBHOCTb OXJIAXK/EHUS SBJISIETCS
OCHOBHBIM IIOKa3aTeJieM CHUCTEMbl OXJAXK/JeHHUS B I1eJ0M, I[03TOMYy paZuaTop [JOJLKeH
obecrieduBaTh BBICOKYI0 3G(EKTUBHOCTb OXJKAEHUS NMPU MUHUMAJIbHOM CONPOTHBJIEHUU
BO3/IyIIIHOMY MOTOKY. ITO 03BOJISIET CHU3UTb IHEPTONOTpebieHe BEHTUISTOPOB U MOBBICUTH
06111y10 3pPEKTUBHOCTb CUCTEMbI OXJIAXKJ,EHUS.

OxytaxkieHr e KU IKOCTHBIM paiIMaTOpoOM
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Cnenyoliuii BUJ OXJXKAEHUS KOTOPbIM OyAeM [ajiee pasbsCHATb W KOTOPbIU
NpUMEHseTCS B KOMOMHUPOBAHHOW CHUCTeMe 3TO OXJaXK/JeHUe XKUAKOCTHbIM paauaTopoM. Eciu
OXJIXKeHU e BO3AYIIHbIM PaZJMaTOPOM HEZOCTATOUYHO 3G PEKTHUBHO, THAPABINYECKAS KUJKOCTh
HanpaBJdeTCcd B JKUJAKOCTHBIA pajuaTop. 3J4ech TeIo OT JKUAKOCTA IepefaéTrcd
UPKYJUPYIOLLEeN BoJie UM aHTU(PH3Y, KOTOPbIN 0XJIQXKJAETCS B pe3yJibTaTe KOHTAKTA ¢ 6oJiee
NpOXJaZJJHOM OKpYXKalollerd Cpefjod WU C MOMOLLbK BEHTUJIATOPOB. JJaHHBIA BUJ, OXJIAXK/EHUS
TaKXe LWHUPOKO MPUMeHseTc B NMPoU3BoACTBe. K mpuMepy B rOpHOPYAHOM MPOU3BOJACTBE B
YaCTHOCTU Ha 060oraTuTesibHbIX pabpukax J0BOJIbHO 3PpPEeKTUBHO NOKa3al ceb6s1 KMEHHO 3TOT
BU/| OXJIQK/AEHUS], HA APOOUIKAX U MeJIbHUIIAX U B [PYTUX 000PYA0BAHUS UCIOJIb3YETCS JAaHHbIN
THI Telmsoo6MeHa. B yeM 3HaUMTe/IbHOE OTJIMYHE OT OXJIAKAEHUS BO3AYIIHbIM PaJMaTOPOM TaK
3TO BO3MOXHOCTb PaboThl B 60Jiee CIA0KHbIX YCA0BUSAX. [IpakTUKa Ha JJAaHHBIX NPeANPUATHUAX
NOKa3bIBAET, YTO OXJAXKAEHHE >KUAKOCTHbIM PaJiuaTOPOM IO3BOJISAET CHU3UTb TEMIepaTypy
paboueit )KUAKOCTU OT 6 A0 10 rpaZycoB B 3aBUCUMOCTH OT THUIIA CAMOT'0 TEIJIO0OMEHHUKA, U
CTAaOMJIM3UPYET TeMIlepaTypbl B pabouux rnpezesnax. OCHOBBIBAsCh BblllleyKa3aHHbIMHU
AHAJIMTUYECKMMU [AHHbIMM CMeeM C IMOJIHOW YBEPEeHHOCTbK MOJIaraTh 4YTO OXJaXAeHHe
KUJKOCTHBIM PaiIuaTOPOM SIBJsSETCA OAHUM U3 3OPEKTUBHBIX CUCTEM. Ho Takke Kak B U
npeabIAylled cucTeMe AJs Jydlled paboTOCIOCOOHOCTH CHUCTEMbl B I1eJIOM CYUTaeM
1[eJ1ec006pa3HbIM HEO0OXO0JUMOCTh O0003HAueHUs pAZa TpPeOGOBaHUKM K caMOMy paAvaTopy:
Tensootaua: PaauaTtop pomkeH ob6ecnedyuBaTh 3PQPEeKTUBHOE yJajsieHUue Tela U3
TUJIpaBAAYECKON KUAKOCTU. OH J0/KEH UMETh JIOCTAaTOYHO OOJIbIIYIO MJIOIIA/[b TOBEPXHOCTH
Juis 3¢ PeKTUBHOTO Telmioob6MeHa ¢ OKpy»Karwliei cpeoi. [IponyckHas crnoco6HoCTh: Paguatop
JIOJDKeH WMEThb J0CTAaTOYHO OOJIbILIOW JUaMeTp TPYOOK U MPOCTPAHCTBO MEXAY HHUMHU AJs
CBOOOJHOTO MPOTEKAHUS OXJIAXK/A0IeN )KUJKOCTHU. ITO 06ecrieduMBaeT HU3KO€E 'HpaBJnYecKoe
CONPOTUBJIEHUE U CBOOOAHBIN MOTOK OXJAXKAAKIILEN )XUAKOCTH Yepe3 paguatop. [IpoyHOCTh U
HaJle)XHOCTb: PaauaTop [oJ/KeH ObITh H3rOTOBJEH M3 BbICOKOKAYECTBEHHbIX MaTepHaJioB,
06ecrneyrBarUUX BbICOKYI MPOYHOCTD U J0JAr0BeYHOCTb. OH JI0/KEH BbIAEPXKUBATD JlaBJeHUe
KMJIKOCTU U BHEIIHUE MeXaHUW4YeCKHe BO3JeMCTBUS B YCJOBUSAX dKCIyaTauuu. Koppo3noHHas
CTOMKOCTb: PaguaTop J0/KeH 6bITh YCTOMYUB K KOPPO3HUHM, 0COOEHHO €CJIM UCIOJIb3yeTCsl BOJa
WJIHM ApYyryhe arpeccuBHble XUJKOCTHM B KauyeCTBe OXJaXAawlled cpeibl. ITO obecriedrBaeT
JIOJITUH CPOK CY>KObl U HAaZIEXKHYI0 paboTy paguatopa. JPPeKTHUBHOCTD oxJaxKaeHus: PaguaTtop
JloJKeH obecrnedyrMBaTh BbICOKYH0 3QQPEKTUBHOCTb OXJAXKJAEHUs MNPU Pas3JUYHBbIX YCJIOBUAX
3KCIJIyaTallid M Harpy3kax. OH go/pkeH 3QpQPEeKTHBHO yJalsdThb TemI0 U3 TUAPABJIUYECKOU
)KUJIKOCTU W TOJJEepP>KUMBAThb CTAOWJIbHYI0 TeMIepaTypy paboTbl CUCTEMbl. JProHOMHKA H
yA0OCTBO MOHTaKa: PaauaTop J0/DKEeH HMeTb YJO00HYI KOHCTPYKLMIO [JII MOHTaXa U
obcay:xuBaHus. OH [O0J/DKEH ObIThb JIETKMM B YCTaHOBKE W MMETb YJAOOHBIM JOCTyNn K
NPUCOEJUHUTENbHBIM TOYKaM JIJII COEJUHEHHUS] C CUCTEMOM OXJIaXKJAeHHUs. YHUBEPCAJbHOCTb U
COBMECTHUMOCTb: PaguaTop J0/DKeH ObITh YHHBEPCAJIbHbIM M COBMECTHUMBIM C Pa3JUYHBIMHU
MOJeJIIMU TUAPABJANYECKUX IPUBOJIOB U APYTHUX CUCTEM, YTOObI 06€CreYrBaTh LIMPOKUHN CIIEKTP
npuMeHeHHs. JKoJioruyeckass 6e30MacHOCTb: PaguaTop [Ao/DKeH ObITb H3rOTOBJIEH U3
3KO0JIOTUYEeCKH 6e30MacHbIX MaTepuaJoB U He COoJiep:KaTb BpPeAHBbIX BelLleCTB, KOTOPble MOTYT
3arpsisHATh OKpPYKaWILyl0 CcpeAy NpPU 3KCIUIyaTalldu W yTUJIW3aLUWA. JCTeTU4YeCKUil BUJ: B
3aBUCUMOCTHU OT KOHKPETHOTO IPUMEHEHUS U YCJIOBUM 3KCIJIyaTal, PaIUaTOP MOXET TaKXKe
NpeAbsABAATL TpeOOBaHMS K BHELIHEMY BHJY, HalpuMep, AJs COOTBETCTBUS [AU3alHY U
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3CTETUYECKOMY OOJIMKY TEXHUKHU.
OxnaxaeHue xjaagareHTom R134a

B coBpeMeHHOM MHpe KOrJ|a 3KOHMHYECKOe pa3BUTHE TOTO WM HHOTO peruoHa Ha
OpPSAMYI0 3aBUCUT OT HPOU3BOACTBA, U MNPOMBIULJIEHHbIE MOIHOCTU U 00BbEeMbl [JOObIYH,
nepepaboTKU pecypcoB BO3PACTAIOT C KaXK/JbIM JHEM, BOSHUKAIOT BCe HOBble TPeOGOBAHUS K
TEXHOJIOTUYECKHUM METOJlaM U K MpUMeHseMbIM 0060pyAoBaHUsIM. [lepes oGopymoBaHUEM U
TEeXHUKOMN CTaBSTCsS BCe HOBbIE 33Jla4M B 3a4acCTyO0 BBINOJIHEHHE KOTOPbIX 6e3 yJydlleHUs1 U
MOJIEpHU3aAlMi NPaKTUYeCKUH HEBO3MOXKHO. BhIllleynoOMsAHYTble BU/Ibl OXJXKAEHUS MOKa3alu
cBOI0 3(pPEeKTUBHOCTb B TeX YCJOBUSX HA KOTOPble OHHU pacCYMTaHbl, HO B YCJOBUSIX
3KCTpeMaJIbHO BBICOKMX TeMIlepaTypaxX M Harpy3kax oHU MasoddPeKTHBHBI. B Takux ciaydasax
MOXKET MCIOJIb30BaThCS TPETHUH AOMOJHUTEJbHBIA BHJ CUCTEMbl OXJAXKIEHHUS, OXJKAEHHUE
xaajareHToM R134a, u [jasee OyAeT pa3bsCHeH NPUHIMI paboOThl JAHHOW CHUCTEMBL.
Jlono/THUTEIbHOE OXJIKAEHUE MOXKET ObITh 06ecredeHo 3a CYET UPKYAALUHY xaagarenTa R134a
B cucTeMe. XJIaJJaTeHT IMOTJIOUAeT TEeMJO OT THMJAPaBJAYECKON XKUJKOCTH U NepelaeT ero B
HCIIapUTesb, IJle TPOUCXOJUT HUCMApeHue XJaZilareHTa. B pe3ysbTaTe 3TOro mpoiecca TemnJjao
MOTJIOUIAETCS W3 OKpYyXKalwlled cpeabl W IepeAaeTcs XJIaJareHTy. 3aTeM Nap xJjajiareHTta
N0/IaeTCs B KOMIIPECCOP, Tle OH CKMMAETCsl, OBbIIIAsA CBOI0 TeMIlepaTypy U JaBjeHue. CKaTbli
map IOCTyMaeT B KOHJEHCATOp, /e TeIJo OT/JAeTcd OKpyXKawlled cpeae, U XJaJareHT
KOHJIEHCUPYETCS 0O0paTHO B KHJAKOe cocTosiHue. YKUJKUN XJaZlareHT 3aTeM MNpoHAeT yepes
paclIMpUTEIbHbBIN KJIallaH U CHOBA MOMNAIeT B UCMIAPUTEJIb [IJIs1 TOBTOPEHUs 1MKJa. Heobxoaumo
CO6JIIOCTU BCe TpeGOBaHUSA K CUCTeMe JJjisl ee NpaBUIbHON U 3PdeKTUBHON paboThl. CucTeMa
JloJDKHA obecnieyrBaTh 3¢ PeKTHBHOE OXJaXK/JeHHWe MAPaBJIU4YeCcKOro NpUBO/a, MOAJep>KUBas
ero paboTy Npy ONTHMaJbHOM TeMIlepaType AaKe NPH BbICOKUX HArpy3kKax M B Pas/IMYHBIX
YyCI0BUAX 3KCIIyaTalUu. B Ty ke ouepe/ib OHA JO/DKHA OBITh HAaZ€XXKHOM U CTabUJIbHOH,
4YTOObI 00EeCNeYrnTh HeNPEePbIBHYI PabOTy IMApPABJIMYECKOr0 MpUBoJA 6e3 c6oeB U epeboeB B
paboTe cucteMbl oxyaxaeHUsA. UMeHHo xnagareHT R134a BbIOpaH B CUJIy CBOUX 3KOJIOTUYECKHU
6e30IMacHbIX CBOMCTB, U CUCTEMA pacCYUTaHa Ha paboTe Ha 3TOM XJaZlareHTe. Bce KOMIIOHEHTHI
CUCTEeMBI 10JKHBI OBITh COBMECTHUMBI € x1aareHToM R134a u 06/1a1aTh BICOKOW CTOMKOCTBIO K
KOPPO3HH U OKpYKalolller cpefie, YTOObl 00eCIEYUTh JOJITUN CPOK CAYKObI U HAZIEXKHY0 paboTy
cucteMbl. Takke 04eHb BaXKHO U TO YTO CHCTeMa JI0/KHA UMeTb 3(pPeKTUBHOEe ynpaBJieHUEe U
KOHTPOJIb, I03BOJISIOILEe O lePKMBATh 3a/laHHbIe TapaMeTpbl OXJIaXKJeHUs U aBTOMaTU4eCKU
pearupoBaTb Ha HU3MEHEHUs B YCJAOBUAX 3KCIIyaTauuu. JlerkocTb B 0OCIY>KUBaHUM, 4TO
BKJIIOYAEeT B Cebs MPOCTOTY AOCTyINa K KOMIIOHEHTaM, YA0OCTBO MpPOBeJeHUs TEeXHUYeCKOro
00CTY>XMBaHUsS W BO3MO>KHOCTb OBICTPOM 3aMeHbl KOMIIOHEHTOB B C/y4yae HeOO0XOJUMOCTHU
SIBJISIETCS KJIIOUEBbIM MOMEHTOM B BOINPOCAX 0OC/IY>KMBaHUS. Cuctema fo/KHA OBITh
6e30MacHOM B 3KCIUIyaTaldM, obecrneyrBasg HaJeXHYK 3alllUTy OT BO3MOXHbIX aBapUWHbIX
CUTyalUl, yTedeK U Jpyrux HelpeJBUAEHHBbIX 0OCTOSATEJbCTB. YUUThIBAasg 3THU TpPebOOBaHUS,
CUCTeMa OXJIXK/JEeHUs C UCNOoJb30BaHWEM xJyajareHTa R134a fo/mkHaA OBITH CIPOEKTUpPOBaHa U
peaiyd3oBaHa C Yy4YeTOM BCeX acleKTOB 3(PQPeKTUBHOCTH, HaAEXHOCTH, 3IKOJIOTUYECKON
6e30MacHOCTH U 6e30NIaCHOCTHU B 3KCIJIyaTaluuu. TakUM 06pa3oM, B KOMOUHUPOBAHHOM CHCTEME
OXJIXK/AEeHUS TU/IPaBJINYeCKOr0 IPHUBO/a BO3/IylIHbIE U »KUKOCTHBIE Pa/IUaTOPbI UCIOJIb3YIOTCS
JJI  OXJIQXKAEeHUS THUAPABJIUYECKOM IKUJAKOCTH, a xJagareHT R134a mnpuMeHsieTca [Jid
JIOTIOJTHUTEJNIbHOTO OXJIXKAEHUs C LeJbl0 MOBbIeHUs 3QPeKTUBHOCTU cucTeMbl. Kaxabii
KOMIIOHEHT CHUCTEMbl BBINOJIHET CBOW (QYHKIMIO B Iepejadye Temaa OT THUAPaBINYECKOU
KUJKOCTU K OKpyKamwllleld cpefe, obecrnedyrBasg HajexHoe U 3PQPEeKTUBHOE OXJIaXK/JeHUe
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TU/paBJUYECKOro NpuBoAa. Mcrnosib30BaHWe KOMOWHALUHY PAa3JIMYHBIX 3JIEMEHTOB OXJIaXJeHUs
NI03BOJISIET JOCTUYb BBICOKOW 3 PEKTUBHOCTH OXJIQXKAEHUS TUJPaBINYECKOr0 IPUBO/Ja JaXe B
YCJOBHUSIX BBICOKOM TeNJIOBOM Harpy3kud. KoMOWHMpOBaHHas CUCTeEMa OXJaXJeHUs
obecrniedMBaeT rHOKOCTb B BbIOOpE METO/0B OXJIAXK/€HUS B3aBUCUMOCTH OT KOHKPETHbIX yCI0BUI
3KCIJIyaTalluU U TpeboBaHUMU K cucTeMe. Mcnoib30BaHHE HECKOJIbKUX 3JIEMEHTOB OXJIXKAEHUS
NOBbILIAET HA/|€KHOCTb CUCTEMbI, TAK KaK 3TO I03BOJIsIeT KOMIIEHCHPOBATh BO3MOXXHbIE CO0U WU
HemnoJIaJIku B paboTe 0JHOTO U3 3JeMeHTOB. [I[puMeHeHue xaajareHTa R134a fenaet cucremy
60Jiee YHUBEPCAJbHOW U aJaITUBHOM K Pa3/IMYHBIM YCJIOBUAM 3KCIIyaTalluU U TPeOOBaHUSAM K
oxJaxJeHul. PaccuvuTaeM Heo6xoAMMOe KOJIMYECTBO pabouyero Tesa [Jisd HPUMEHEHUs
KOMOMHUPOBAHHOM CUCTEMBI, HAYHEM C BO3/YLIHOTO OXJIaX/eHUsl Ipe/iBApUTENbHO pa3/ie/iiB B
COOTHOIIeHUH 2 /5 Bo3ayX, 2/5 oxyaxkjawlias )XUJKocTb, 1/5 xaafareHT:

20231
m=—2 = = 0,085 kr/cek
CpAT ~ 1005238

Veosayx = 0,085-1,225=0,104 m3/cek nau 374 m3/4ac

Q20231 _ _
Vo = pcAT ~ 1000-1,4238 0,061 = 61 suTp;
Vxnao = ¢ — 10117 =0,024 = 24 nutpa

pcAT ~ 1188-1,51-238

KoM6HHMpOBaHHbIE CUCTEMBI OXJIAXK/IEHUS TMPaBJIUYECKOr0 NPUBO/JA, BKIOYAOIHUE B
cebs1 BO3JYyIIHbIE U >KUJKOCTHbIE paZiMaToOpbl, a TAaKKe HCIO0JIb30BaHUe xJaZareHTa R134a,
npeJCTaBAsAT co60il 3ddeKTUBHOE U HaZle)KHOe pelleHUe JJisd obecrniedeHUs] HOpPMaJlbHOU
paboThl TUAPABINYECKHUX CUCTEM B PA3JIMYHbBIX IPOMBIIIJIEHHBIX U TEXHUUYECKUX NPUTOXKEHHUSIX.
ITU cucteMbl obecrnedyuBalT 3¢eKTUBHOE OXJIaXKJeHUe THAPaBJIMYECKOro IMpHUBOJA U
MOBBILIAIT €ro MPOU3BOJAUTENbHOCTb U HALEXKHOCTh B YCJA0BUSX IKCILJIyaTalUH.

PesysbTaThl 1 O06CYyKAeHUe

[IpoBefeHHOE HcCC/lefOBaHUME II0KAa3asio, YTO CYLIECTBYIOIIUE CHUCTEMbI OXJAXK/JeHHUS
U/ paBJIUYECKOT0 MPUBOJA He BCerja yAOBJETBOPSIOT TpeboBaHUSM MO 3PPEKTUBHOCTU U
HaJIe>KHOCTHU, 0COGEHHO B YCJIOBUSIX BBICOKOr0O pacxojia paboyero Tesa. B ¢Bsi3u ¢ aTUM 6bLIa
npe/yio’)keHa KOMOUHUPOBAHHAs CUCTEMA OXJIaX/eHUs, cCoYeTalolasi BO3/YIIHOE, )KUAKOCTHOE
OXJIaXKJleHH e U UCToJIb30BaHue xyajareHTa R134a. Takas cucTtema no3BoJisieT JOCTHYb BBICOKOU
3¢ PeKTUBHOCTU TeII00OMeHa, obecrieyrMBasi CTabUJIbHYI0 PaboTy THpaBJIUYeCKOr0 NPUBOJA
JlaKe B YCJIOBHUSAX 3KCTPEMA/IbHBIX TEMIIEPATYP U HAarpy30K.
OCHOBHbIEe TPeUMYyIeCTBa KOMOMHUPOBAHHOUN CUCTEMbI OXJIKAEHUS BKIIOYAI0
e JdodexTuBHOCTh: Mcnosb30BaHHME HECKOJBKUX METOJI0B OXJaXJeHHUs M03BOJISIeT
JIOCTUYb ONITUMAJIbHOTO TeMJI006MeHa U PeJOTBPATUTD IeperpeB CUCTEMbI;
e TubkocTh: CHcTeMa aJlanTUPYETCs K Pa3JIMYHBIM YCIOBUSAM KCIUTYaTaLUH, UTO JieJIaeT ee
YHUBEpPCAJIbHOM /1J1s1 IPUMEHEHHUS B PA3/IMYHbIX TUIAX MeYel;
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e HagexHoctb: KoMOMHaLMs  HECKOJbKUX 3J€MEHTOB  OXJAX/JEHUs  IMOBbIIIAET
OTKa30yCTOMYUBOCTb CHUCTEMbBI, 00ecleurBas ee CTAaOWJIbHYI pabOTy Aaxke B cjaydyae
YaCTUYHOTO BbIXO/IA U3 CTPOS OJJHOTO U3 KOMIIOHEHTOB;

e 3JKoJiornyeckas O6e3omacHoCTb: HMcmosib3oBaHue xsazareHta R134a, o6Juiazaroiero
HU3KHUM BO3/IeHICTBUEM Ha OKPYXAIOLIYI0 CpeAy, JieJlaeT CUCTEMY 00Jiee 3KOJIOTUYeCKU
YUCTOH.

PacyeTsl mokasanu, 4To Aas 3GPeKTUBHONM pabOoThl KOMOMHUPOBAHHON CUCTEMBI TpebyeTcs
onpezie/ieHHOe KOJMYecTBO pabouero Tena: 374 m3/yac Bosgyxa, 61 JuTp oxjakaamolei
KUJKOCTU U 24 NUTpa XJIaJareHTa. JTO MO03BOJISIET 00eCleYruTh ONTUMAJbHbBIA GasaHC MEXy
3QPEeKTUBHOCTBIO OXJIXK/AEHUS U 9Hepro3aTpaTaMH.

HcciegoBaHue BHOCHT 3HAUMTEJbHBIA BKJAJ, B pa3BUTHE METOJIOB  OXJaXK/JEHUS
TUJIpaBJUYECKHUX CHUCTeM, Mpejiaras HOBBIA MOAXOJ K MPOEKTUPOBAHMIO W IKCILJIyaTalluU
060pyI0BaHUS B MeTA/IYpPTruu. PaboTa cioco6CTBYET YaydIlIeHHUI0 TEXHOJIOTHYECKUX ITPOL[ECCOB
Y CHIXKEHMIO 3KCITYaTal[MOHHbIX 3aTparT.

Pe3ysibTaThl MCC/IeN0BaHUS MOTYT ObITh MIPUMEHEHbI B METAJ/LJIyPruuecKor MpPOMbILIJIEHHOCTH
JUIT MOJIEpPHM3AIMU CYIIEeCTBYIOIUX CUCTEM OXJXKAEHHUs, YTO NPUBEJET K MOBBIIIEHHUIO
NPOU3BOJAUTEJBHOCTU O0OPY/IOBAHHS, CHHXKEHUIO 3aTpaT Ha OOCAY)KMBAHHE U YJYYIIEHHIO
3KO0JIOTUYECKHX MOKa3aTeJeu.

3akJ/iloueHue

B cTaTbe paccMmaTpuBaeTCs BakHasi po6JieMa MoBbIIeHUs 3G PEKTUBHOCTH OXJIAXK/[EeHU ST
M/ paBJIUYECKOr0 MPUBO/JA MAUIMHbI [IJ1s1 06pab0oTKH KOJIOIIHKWKA B METAJIZIYpPruy, paboTaroiien
B YCJIOBUSIX BbICOKHUX T€MIIEPATYP U Harpy3oK.

Pa3zpaboTaHa KOMOMHUpPOBAHHasi CHUCTEMa OXJAXKJEeHHUs, coyeTawllass BO3/YILHOE,
KUJKOCTHOE OXxJaxJeHue W xuagareHT R134a, 4YTo mMoOBbILIAET HAJEXKHOCTb U
3Heproa$pPpeKTUBHOCTb 060PY/I0BAHUS.

AHanu3 mnokasaj, 4YTO TPAJULUMOHHbIE CHUCTEMbl OXJAXKJEHUS He 00ecrneyuBaloT
JloCTaTOYHOM 3(PPEeKTUBHOCTHM H3-3a BBICOKOIO pacxoja paboyero Tesa U Ieperpena
U PaBJIUYECKOTO IPUBO/A.

Pe3ysbTaThl UCCAe0BaHUS MOLYT ObITb HCIOJIb30BaHbl JJiId  MOJEpPHU3ALUU
MeTalJIypruyeckoro 060py/0BaHus, YTO NPUBEJET K:

-MoiepHH3alMH CYILeCTBYOLUX METALJIYPTUYECKUX YCTAHOBOK.

-lloBbIlIeHUS CpOKA CAYKOBI THAPABINYECKUX CUCTEM.

-CHM>KeHUs] 3KCIUIyaTallMOHHBIX 3aTpaT 3a CYeT yMeHblLIeHUs IieperpeBa H
3HepromnoTpebieHuUs.

-Yyd11eHHI0 3K0JIOTUYeCKHUX MT0Ka3aTesel MPou3BO/ICTBa.

[IpensioxkeHHass KOMOUHHUPOBAHHAsl CUCTEMA OXJAKJAEHUS [IeMOHCTPUPYET BBICOKYIO
3pPEeKTUBHOCTD U MOXKET OBbITh YCIEIIHO BHEApPEHA B META/JIyPrUyecKOd MPOMBILIJIEHHOCTH
JUIsl  TIOBBIIIEHUS] HAJEXHOCTU UM 3HeprodadpdeKTUBHOCTH TUAPABIUYECKUX MPHUBO/IOB,
paboTarUIMX B 3KCTPEMAIbHBIX YCI0BUSIX.

BkJiag aBTOpOB
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KOHLENIIMI0 KOMOMHUPOBAHHOM CHUCTEMbl OXJAXJEHHUs, a TaKKe pPYKOBOJWJA IpPOLEeCcCCOM
HalMCaHUs CTaThHU.

B./l.CysieeB: uccyiefjoBal KOHCTPYKTHBHbIE OCOOEHHOCTH MalllMHbI JJ11 00PabOTKH KOJIOIIHUKA,
IpOaHAJM3UPOBaJ TeIJIOBble HAarpy3kd U TMpeAJsoKuJ ONTUMaJbHY KOHGQUIYypalUio
OXJIQKAAIOILUX 3JIEMEHTOB.

['.E. CupreTraeBa: A. 3a6ueBa NpoBeJia aHAIU3 CYLEeCTBYIOLMX PelIeHUN U BbINOJHUIIA PaCyeThl
3P PEeKTUBHOCTH NPEJI0KEHHON CUCTEMBI.

AM. HckakoBa: oOLleHMJIa 3KOJIOTUYECKHMe UM 3JHepreTHUYeCKHe acleKTbl MCIO0JIb30BaHUA
xnaparedita R134a, mpoBesia CpaBHUTE/IbHBIM aHa/IM3 Pas3/IMYHbIX METOJOB OXJAX/JEHUS U
chopMyiMpoBasia NpaKTUYeCKUe peKOMeH Al U H.
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Korapsl TeMnepaTypaja »KyMbIC iCTEMTIiH KOJIIK TEXHUKACBIHBIH,
KOJIIK TEXHUKACbhIHbIH, THAPAaBJIUKAJIBIK, )KeTETiHIH, CAJIKbIHAATY KYHeECiHIH, )KyMbIC
THIMIJIITIH )KOFapbLIaTy

Anparna. by Makanaza KOJIOUIHUKTI eHJleyre apHa/iFaH MallMHAaHbIH KYPbLIBIM/JBIK,
epeKlIeNiKTepi Kapasajbl, COHJAW-aK ayaMeH, CYMBIKTBIKIEH CaJKbIHAATy/ bl koHe R134a
CaJIKbIHAATY areHTiH NauJajaHy/bl YHJECTIpeTiH TUJpaBJMKAJbIK XETEKTi CaJKbIHAATY/bIH,
KYpaM/JacTbIpbLIFaH *KYHecCi YCbIHbLIabl. BacThl Ha3ap KOJ/1aHbICTaFbl CAJIKbIHAATY XyWesepiH
Ta/layFa, >KaHa KypbLIbIM/Ibl 93ipJieyre >XoHe OHbIH THIMJIIriH OaFajayfa ayAapblLijbl.
YCbIHBUIFAH CaJIKbIHJAATY *KyHeci »KabAbIKTbIH, CeHIMJiJiri MeH y3aK Mep3iMiH apTThIPYFa,
3Heprusl IIbIFbIHJAPbIH a3alTyFa »JKoHE 3KOJIOTHUAJIBIK KOpCeTKIIITepAi »KaKcapTyFa
OaFbITTa/JIFAaH. 3epTTey MeTa/Iyprusjia KOJIOIIHUKTI eHJeyre apHa/JfaH MalllMHAHBIH
TUAPaBJMKAJbIK XETETiHiH CaJIKbIHAATY KYHUECIH 93ipJjeyre KoHe OHTaWJIaHAbIpYFa apHaJIFaH.
TakbIpBINTBIH ©3€KTIJIIr MeTa/JJIyprusa eHJipiciHe »Kofapbl TeMIllepaTypaJjiap MeH KapKblH/bI
KYKTeMeJsiep >KaFJadbIHJa KAOABIK >KYMbICBIHbIH, THUIMAiNIri MeH ceHiMAiniriH apTThIpy
Ka)KeTTiJliriHe Heri3ge/rex.

Ty#iH ce3jep: KOJIOLIHUKTI 6HJeyre apHa/ifaH MallWHA, TUAPaBJHUKAJbBIK >XeTeK,
CaJIKbIHZATY KYHeci, aya pajuaTophbl

S.R. Tursynbekova®!, Suleev B.D. 2,G.E. Sirgetaeval,
A.Zabiyeval, A.M. Iskakova3

I Eurasian National University named after L. N. Gumilyov, Astana
?Karaganda Technical University named after Abylkas Saginov, Karaganda
3Karagandyenergo Salasy LLP, Karaganda

Improving the efficiency of the hydraulic drive cooling system
of vehicles operating in critical conditions

Abstract. This article discusses the design features of the blast furnace machine, and also
proposes a combined hydraulic drive cooling system that combines air, liquid cooling and the use
of R134a coolant. The focus is on analyzing existing cooling systems, developing a new design and
evaluating its effectiveness. Proposed cooling system is aimed at improvement of reliability and
durability of equipment, reduction of power consumption and improvement of ecological indices.
The study is devoted to the development and optimization of the cooling system of the hydraulic
drive of the machine for processing blast furnace in metallurgy. The relevance of the topic is due
to the need to increase the efficiency and reliability of equipment in conditions of high
temperatures and intense loads characteristic of metallurgical production.
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Key words: blast furnace processing machine, hydraulic drive, cooling system, air radiator,

liquid radiator, R134a coolant, metallurgy, heat exchange, cooling efficiency, reliability of
equipment.
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AHHoOTauma. B pgaHHOM pabGoTe paccMaTpuBaeTCs CHUCTeEMa ylpaBJieHUs
MOOUJIbHBIM pOG0OTOM Ha OCHOBe AuddepeHIMaNbHbIX ypaBHEHUH ABUXKEHUS
u yciaoBuid AkkepMaHa. OCHOBHasA LieJib HCCJIe[0BAaHUA 3aKJIO4YaeTcd B
pa3paboTke aJropuTMa, KOTOPbIA TMO3BOJsAET po60Ty 3PPeKTUBHO
nepeMelaTbCd K 3aJlaHHOM LieJIeBOM TO4YKe, YIpaBJfAd NpPU 3TOM YIJIOM
IOBOPOTa M JIMHEMHOW CKOpoCThblo. PaboTa HayumHaeTca € onpejeseHUs
Heo6X0JUMbIX (GOpPMyJl A/ BBIYMCJIEHHUS PACCTOSAHUA [0 LeJd U yrja
IIOBOPOTA, YTO N03BOJIAET POOOTY OPUEHTUPOBATBHCA B NPOCTPAHCTBe. 3aTeM
ONMUCBHIBAIOTCSA METO/bI, N03BOJISAIOIIME YIPABJATh YIJIOM IOBOPOTA KOJIEC U
pacyeTaMu CKOPOCTU C Yy4Y€TOM paCCTOSIHUS [0 LeJeBOou Touku. /[l
obecrnieyeHus1 MJIAaBHOIO M 6€30MAaCHOT0 JBUXKEHUsS CO3/laeTcsl UTepaTUBHBIN
KOHTPOJIJIEDP, KOTOPBbIA OOHOBJISIET COCTOSIHME po60oTa (KOOpAMHATHI U
OpHMEeHTAlMI0) Ha KaX/0M L1are BpeMeHU. Ba>kHOU yacTbio paboThl ABJISETCA
peasiU3anus aJroputMa B BHJie NporpaMMHOro koja B cpeae MATLAB,
BKJIIOYasd rpaduyeckyr0 BU3ya/M3aliMI0 TPAaeKTOPUU [ABHKEHUs poboTa C
IOMOIIbI0O  BCTPOEHHBIX HHCTPYMEHTOB. Pe3ysbTaTbl  UcClef0BaHUA
MOKa3bIBAlOT, YTO MpeJJI0KEHHBIA MOAX0/, 03BOJISeT po60oTy 3 PeKTUBHO
MaHEeBpPUpPOBaTh U aJaNTUPOBATbCS K M3MEHEHUSIM B OKpYKawollel cpefe,
obecrnieyrBasi BbICOKYI0 TOYHOCTb JBWXXE€HHUs M 0€30MaCHOCTb BBINIOJHEHUSA
3a/jay.

KiwueBble cioBa: MoOU/IBHBIM po6GOT, cucTeMa yIpaBJeHHs, aJTOPUTM
ylnpaBJ/ieHUs, T[O3ULMOHUPOBAaHHWE, yIpaBJeHHe IO IeJleBOW TOUKe,
HapaMeTphl ABUXKEHHUs, paAUYyC U yroJl I0BOPOTa
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BBeaenue

C yBesiM4yeHMEM MHTepeca K aBTOMaTHU3al UM JIOTUCTUKHA U NMPOMBIIIJIEHHOCTH I'PY30BbIe
MOOUJIbHbIE  pOOOTBI ~ CTAHOBATCHA  BaXKHbIMM  HWHCTPYMEHTaMU  JJi1  [OBBILIEHUSA
IPOU3BOJUTEJNBHOCTH W COKpallleHHUs u3sjepkek. DPPeKTUBHOE YyNpaBJeHUe UX JBUKEeHHEeM
CTAaHOBUTCA KPUTUYECKHM BaXXHbIM. Yc/l0BUA AKKepMaHa 00ecrneyrBalOT ONTHUMasbHOE
NoBeJleHMe NpY IOBOPOTAaX, YTO OCOOEHHO aKTyaJlbHO JJis1 POo6OTOB, KOTOpble paboTalT B
OrpaHUYEeHHbIX MPOCTPAHCTBAX, TAKUX KaK CKJaAbl U NPOU3BOJCTBEHHblE IJIOLIAJKHU. JTO
no3BoJiseT 3QPeKTUBHO U 06e30MacHO INepeABUraTbCAd MeXAy CTeJaXaMu W JpyTUMH
npensTCTBUAMU. [I[puMeHeHMe yc10BUM AKKepMaHa IOMOraeT NOBbICUTh TOYHOCTb HaBUTaLlMU U
YMEHbUINUTb BEPOATHOCTb CTOJIKHOBEHUH, obecneyrBas 6e30MacHOE JABHKEHHE B CJOXKHBIX U
JIMHAMUYHBIX Cpe/iaX.

ABTOHOMHbIe MOOWJ/IbHBbIE KOJIECHble POGOTHI CTAHOBATCA BCeé 6oJiee COBepLIEHHBIMHU
MeXaTPOHHbIMHU CHUCTEMAMH, B KOTOPbIX NPUMEHSIOTCH 3JIEKTPOHHbIE CUCTEMbI YIIpaBJeHUA U
aJrOPUTMbl, HallpaBJeHHble Ha yJydlleHHe HX MaHeBpeHHOCTH[1]. CHM>KeHue 3aTpaT Ha
obC/ly>KMBaHWE W YIpaBJeHHe 3a CyeT YJydllleHUs] MaHEeBPEHHOCTHM M CHW)XKEHUS pHUCKa
NOBpEX/JAEHUN WM aBapul, UTO B CBOI ouepe/ib Oy/AeT CIOCOGCTBOBAThH 60Jiee yCTOMYHUBOMY
pa3BUTHIO GM3Heca. ITH ACNeKThI IOJYEPKUBAIOT 3HAYMMOCTb pa3paboTKU U BHeAPEHUS CUCTEM
ylnpaBJ/ieHUs pPyJIeBBIMU Me€XaHU3MaMHU C YYeTOM YCJI0BUM AKKepMaHa B COBPEMEHHbIX IPy30BbIX
MOOUJIbHBIX POOOTaX.

Pa3paboTka cucTeM ynpaBJjieHUs pyJ1eBbIMU MeXaHU3MaMH I'Py30BbIX MOOGUJIbHBIX POGOTOB
Ha OCHOBe YCJOBUM AKKepMaHa CTAaHOBUTCS aKTyaJbHOM M BOCTpPeOOBAaHHOM 3ajjayeil.
[IpuMeHeHUe 3TOM MoJiesd yIpaBJeHUs NO3BOJISIET 3HAYUTEJbHO MOBBICUTh MaHEBPEHHOCTb,
TOYHOCTb U 6€30MaCHOCTb Nepe/BHKeHHS] pOOOTOB B OTPAaHUYEHHBIX U JIMHAMUYHbBIX YCJIOBUSAX.
YcnoBusi AkkepMaHa o6ecneyrMBalOT ONTHMaJbHOE yIpaBJieHHue JBUXKEHUEM, YTO KPUTHUYECKHU
BaXXHO /51 3¢deKTUBHON paboThl B CKJIAJCKUX U MPOM3BOJCTBEHHBIX cpejax. B ycioBusx
pacTyuiel KOHKYpeHLIMM Ha PbIHKE aBTOMATH3allMU JIOTUCTUKU BHEJIpEHHE TaKUX TEXHOJOTUH
MOXXeT NpPHBECTH K CHMKEHHIO 3aTpaT, YJydlleHUI0 KayecTBa OOC/AyXKMBaHUS U OoJiee
3¢ PeKTUBHOMY HCII0JIb30BAHHIO PECYPCOB.

TakuMm o06pa3oM, yuyeT ycCJOBUM AKKepMaHa B NPOEKTUPOBAHUM CUCTEM YIpPaBJIEHUS
CTAHOBUTCS HEOTbeMJIEMON 4acTbI0 Pa3BUTHUS MOOUJIbHBIX POOOTOB, YTO OTKPBbIBAET HOBBIE
TOPU30HTHI [JIJIs1 aBTOMATHU3aL UM U ONITUMU3ALUH JIOTUCTUYECKUX IPOLECCOB.

llesin paboThl siBJAseTCA pa3paboTKa U BHeJpeHHEe 3PPEKTUBHON CUCTEMBI yIpaBJeHUs
pyJIeBbIM MEXaHHW3MOM TIPY30BbIX MOOWJbHBIX POGOTOB Ha OCHOBE MPUHIMIIOB YCJOBUH
AkkepMaHa /il TOBBIIIEHUSI MAHEBPEHHOCTH, TOUHOCTH HaBUTAl[MU U 6€3011aCHOCTH B Ipoliecce
BBINOJIHEHH 33/1a4 B OTPAHUYEHHbBIX U IMHAMUYHBIX Cpe/laX.

MeToaoJi0orust

1. AHa/IM3 Cy1leCTBYOIUX NOAX00B K YIIPaBJAEHHUIO PYyJIeBbIMU MeXaHU3MaMHU MOOUJIbHBIX
po60TOB, BK/II0Yas OLleHKY UX IPEUMYLIeCTBA U HeJLOCTAaTKH.

2. UccnepoBaHue  OCHOB yc/0BUM AKKepMaHa M MX IpUMeHeHHe K MOJeJHMPOBAHUIO
NOBe/leHUs pyJIeBbIX MEXaHU3MOB.

3. PaspaboTka aJropuTMOB ynpaBJ/ieHHs], OCHOBAaHHBIX Ha YCJ0BUAX AKKepMaHa, KOTopble
obecrneyMBalOT ONTUMaJIbHOE T0OBeJleHHe poO0Ta NPU BbINIOJIHEHUU MaHEBPOB.
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4. TIlpoBefeHHe CUMyJSIUMA U OKCHEPUMEHTAJbHbIX MCObITAHUM JJisl  OL€HKHU
3pdeKTUBHOCTH NPEJI0KEHHOU CUCTEMBI YIIPABJIEHUS B Pea/IbHbIX YCI0BUSIX.

5. OuieHKa pe3yJibTaTOB U BHECEHHE PEKOMEeHJallMi 10 JJa/ibHENILIeMY YIYYIIEHUIO CUCTEM
yIpaBJieHUs Ha OCHOBE MOJIyYeHHbIX JaHHbIX.

YcnoBust AKKepMaHa — 3TO MaTeMaTU4eCKast MO/ZieJib, IpeiHa3HaYeHHast JJisl onpe/ieIeHUsI
U/JleaJIbHOTO yrJjia MOBOPOTa KoJieC aBTOMOOWJ/SA B 3aBUCUMOCTH OT pajuyca MoBopoTa. JTa
MoO/Jle/ib YYUTbIBAaeT, UTO BHYTPEHHUE U BHEIIHMWE KOJieca /[AO0JKHbI MOBOPAYUBATBHCA MO/
pPa3HbBIMHU yIJIaMU MPU BBINTOJIHEHUU MaHeEBDPa.

CnenyeT OTMETUTb, 4YTO B O00lleM cJy4ae IJIOCKOe /[BWXXeHUe 0e3 CKOJIbXeHHUs
3KBUBAJIEHTHO CylEeCTBOBAaHWI0 MTIHOBEHHOI'0 IleHTpa BpallleHus, pacloJIO)KEHHOr0 Ha
repeceyeHuu neprneHJuKyaspoB K JUHEUHBIM CKOPOCTSIM TOYEK JIBHXKYILeHCs TesexXKu[2].

Jl1s pelleHUs1 MOCTaBJEHHBIX 33Jlad pa3paboTaTb MaTeMaTU4YeCKHe MOJieIM ONMHUCAHUS
JIBIP>KeHHSI MOOHJIbHOT'0 Po60Ta, paboTalollero Mo ycJoBUsM AKKepMaHa, MOKHO UCI0Jb30BaTh
cleAylolive ypaBHeHUS:

KuHeMmaTnueckass MoJeab pob6OTa MOXeT ObITb MpeJjCTaBJeHa B BUJE CUCTEMBI
JuddepeHMANIbHBIX YPAaBHEHUH, KOTOPbIE ONMKChIBAOT U3MEHEHHWEe KOOpPAUHAT poboTa (X, y) U
opueHTanuu (0)(puc.1) [3]:

x=v-cos(0)

y =V - sin(0) (1)
0 =— - tg(6
=7 @)

rae:

-X Uy - KOOPAMHATBI po60Ta B MJIOCKOCTH.

- 8- opueHTanus poboTa.

-0 - IMHelHas CKOPOCTb po6OTa.

- L-paccTosiHUE MeXAy OCSIMU KoJiec (KosiecHas 6a3a).

- §- yroJi 10BOpPOTa NepeJHUX KOJIEC OTHOCUTEJBHO OCU pObOTa.

- Paguyc nosopora (R): Paguyc mnoBopoTa omnpefessieT, HACKOJbKO KPYTO MOXET
noBOpayuBaTh po60T. OH MOKeET ObITh BbIPAXKeH Uepes yroJ NOBOPOTa U AJIUHY KOJIECHOW Oa3bl:

L
k= tg(s) (2)

rae:

- R-xoJsiecHas 6a3a (paccTosiHUE MeXAy NepeJHUMU U 3alTHUMU OCSMU).

- §-yroJi IOBOpOTa NepeHUX KOoJIec.

Yros noBopoTa (6): YroJ, noj KOTOpbIM NOBOPAaYMBAIOTCS MepefHUE KoJjieca, BAUsEeT Ha
pa/inyc NOBOpPOTa U MaHEBPEHHOCTb poOOTa. YBeJIMYeHHE yIja I0BOPOTA 03BOJISIET YMEHBIIUTh
pajuyc MOBOPOTA, YTO BaXXHO [/ MaHEBPUPOBAHUS B OrpaHHUYEHHBbIX NpocTpaHcTBax. Ha
OCHOBaHMW ypaBHEHUM HaM Heo0XOJWMO YpaBHEHUs YNpaBJIeHWU MapaMeTpbl, KOTOpble
NO03BOJISIIOT pa3paboTaTh aJTOPUTMbl yIpaBJeHUs AJisi MOOUJIbHOIO po60Ta, KOTOpPblE MOTYT
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OCHOBbLIBATbCA HaA TEKylleM IOJIOXKEHUWU W OpHUEHTaAlHUH po60Ta, a TaKXe L[eJIeBOI‘;I IMO3HULHH.
CucreMsl ylpaBJIEeHUAd MOTI'YT aAallTUPOBATLCA K MEHAKIMHWMCA YCJIOBHUAM H obecreyuBaThb
TOYHOE W Oe30IacHoe MaHEBPHPOBAHHE IO 3aJlaHHbIM TPAE€KTOPHAM, YTO 0COOEHHO BaXHO B
JIOTUCTUYECKHUX U CKJIAACKHUX OllepaluAix.

PHCYHOK 1. KuHeMaTHyeckas cxema YEeThIPEXKOJJIECHOTO TPAHCIIOPTHOI'O CpeacCTBa

Jl1s1 ynipaBJieHUsI MOOUJIbHBIM PO60TOM, 0COOEHHO B KOHTEKCTE pOo60OTOB, paboTaIUX MO
yCJOBUSIM AKKepMaHa, MOXXHO HCI0JIb30BaTh HECKOJIbKO PAa3/IMYHbIX METOJI0OB yHpaBJIeHHS.
Huxe paccMaTpUBaOTCA OCHOBHbBIE TUIIBI YIIPaBJIEHUS:

1. [losnunMoHUpoOBaHKe U yIIpaBJIE€HHUE T10 LieJIEBOW TOUYKe

Jlis mepexoza OT TEKYLIUX KOOPAWHAT poboTa (X, ¥) K LiesieBOU TouKe (X_target, y_target)
MO>KHO OIpeZieJIUTh 0 cieAyllel opmy.e:

BbluncieHre pacCTOSTHUSA 0 1[eJIEBOU TOUKHU:

d= (Xtarget - X)z + (Ytarget - Y)Z (3)

BhIuKc/IeHHe yIJia OBOPOTA K [[eJIEBOM TOYKE:
Yearget—Y
ftarget = arctg (&> (4)
Xtarget—X
YroJ IoBOpoTa /Jisl yIpaBJeHus pO60TOM:

460 = 04y ger — 0 (5)

2. YnpaBJieHUe YyIJIOM I0OBOPOTA
Jlis ynpaBJieHUs yrJIOM IOBOPOTA NepeHUX KOJIeC MOXKHO UCI0JIb30BaTh:
Yron noBopora KoJieca:

L-tg(460
§ = arctg (QT() (6)
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rae:
- L -py1Ha KoJIeCHOM 6as3sbl,
- R - paguyc noBopora.
3. YnpaBsieHHe CKOPOCThIO
CKOpOCTb MOXET ObITh pacCYMTaHa B 3aBUCMMOCTH OT PACCTOSIHUSA [0 1ieJIeBOM TOYKHU U
3a/IJaHHOM MaKCHMMaJIbHOM CKOPOCTHU Vmax:

v=k-d (7)

rje:
- k - K03dPULUEHT, onpeieIIIOUUNA, HACKOJBbKO OBICTPO POOOT A0JKEH JBUrAaThCAd K 1jeJ1IeBOM
TOUYKe (3HaUYeHHe JJOPKHO ObITh B AvanaszoHe oT 0 g0 1).

4. UTepaTyBHOe ynpaBJieHHEe

Kaxaplil 1ar ynpaBJieHUs MOKHO OINKWCaTb 4Yepe3 CUCTeMy YypaBHEHUH, KOTOpble
OOHOBJISIIOT COCTOsIHUE po6oTa (X, ¥, 6) HA OCHOBAaHUU PACCYUTAHHBIX 3HAYEHUMW CKOPOCTHU U yTJia
OBOpOTA:

Xnew = X + v -cos(0) - At
Vnew =Y + v -sin(0) - At (8)
Opew =0+ Lv-tg(d) - At

rje At - BpeMEeHHOM 1iar.

5. [IpuMep KOHTpoOJLIEPA

C ucnoJsib30BaHHEM MEeTOJO0B ylpaBJIEHHA MOXHO CO34aTb KOHTPOJLJIED, KOTOprI‘/JI 6y/1eT
BBIIIOJIHATD C/IeAYyIoliye 1aru:

1. BrrunciiseT pacCTOsIHUE U YyToJl K LieJIeBOU TOYKe.

2 OnpepenisieT, KaKOU yroJi cjielyeT B3ATh [IJI IOBOPOTA KOJIEC.

3. YcTaHaB/IMBaeT CKOPOCTb po60Ta B 3aBUCUMOCTHU OT PACCTOSIHUSA /10 1[eJIU.

4 OGHOBJISIET MOJIOKEHHE POOOTA Ha KaXK/J[OM Il1are BpeMeHU Ha OCHOBE PacCYUTAHHBIX
napamMeTpoB.

TakuMm o06pa3oM, ynpaB/ieHMe MOOWUJBHBIM POOOTOM TpPeOYEeT BBIYUCIEHUS IieJIEBBIX
KOOPJMHAT U YIJIOB, a TaKXe OmpeJieJieHUs CKOPOCTH U yrJja MoBopoTa. ITH (GopMyJibl
OMMUCBHIBAIOT OCHOBHbIE MPHUHIUIBI YIIPABJIEHUS U MOTYT ObITh peasn30BaHbl B MPOTPaMMHOM
oGecrneyeHuH /IJ1sl aBTOHOMHOTO IBUKEHUs po6oTa.

[lToHMMaHMe MaTeMaTHUYEeCKON MO/eJH JIBMXKEHUSI po60Ta U KJII0YEBbIX TAPAMETPOB, TAKUX
KaK paJIuyC U yroJ MOBOpPOTa U T.J., O3BOJISIET c03JaTh 3ddeKTUBHbIE MO/IE/IU YIIPABJEHUS Ha
OCHOBE YCJOBUH AKKepMaHa, YTO 3HAYUTEJbHO YJy4yllaeT MaHEBPEHHOCTb M 06e30MacHOCTb
IPy30BbIX MOOUJIbHBIX POOOTOB.

YcnoBusa AkkepMaHa JIeETKO UHTETPUPYIOTCS C CHCTEMaMU aBTOMaTHU3aLUU U yIIpaBJeHus,
YTO NMO3BOJISIET UCIOJIb30BATh UX B pO6OTAX C UCKYCCTBEHHBIM UHTEJIJIEKTOM U aBTOHABUTAaTOPaXx
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TakuM o6pa3oM, nprHMeHeHHe yCJOBHU AKKepMaHa B pyJieBbIX MeXaHU3Max IPY30BBIX
MOOMJIBHBIX POOOTOB CIIOCOOCTBYET NMOBBILIEHUIO UX NIPOU3BOJUTENBHOCTH U 0€30IIaCHOCTH B
X0Jie onepayu.

1[4
7 File Edit View Insert Tools Desktop Window Help L

Node @ 0&8 & (E

OeumxeHne mobunbHoro poboTta
T _I T T T T T T T /I i
TpaekTopua pobota
® |lenesan Touka

Y nosunyua

X nosuvumsa

PucyHok 2. /IBU2KeHue MOOGHJ/ILHOTO po60Ta
Pe3ysbTaThl M O6CYyKAeHUe

1. ®opma TpaekTOopuu. ['paduk mNokasbIBaeT, 4YTO pPOOOT [ABUKETCA MO MJIaBHOH
KPUBOJIMHEMHON TpPAeKTOPUHU. JTO CBS3aHO C TeM, YTO OH He Cpa3y OPUEHTHUPYeTCs B
HanpaBJIEHUH 1]eJIH, a TIOCTENEeHHO KOPPEKTHUPYET KypC.

2. Koppeknuss paBukeHus. HadanbHass ¢asa [ABMWKEHUS [JIEeMOHCTPUPYET aKTHUBHOE
M3MeHEeHHe yrjla OpUEeHTALUH, TaK KaK po60T CHavya/la CTPEMUTCS Pa3BEPHYThCS B CTOPOHY
1eJ1Y, 2 3aTeM YKe JIBUTAEeTCs B €€ HallpaBJIeHUU.

3. Kog wucnosb3yeT KuUHeMaTHuYecKyl Mojesb AuddepeHLHMasbHO0 NPUBOJA, UTO
M03BOJISIET peaJUCTUYHO MO/JeJINPOBATh JIBXKeHHEe MOOUIBHOTO Po6OoTa.

4. Meton ode45 ycnemHo pemaeT cucteMy aAudpdepeHLUANbHBIX ypaBHEHUH,
ONMUCBIBAIOIUX ABU)KEHUE, 06ecredrBasi JIaBHYI0 TPAeKTOPHIO.

5. UtoroBeiii rpaduK 1EMOHCTPUPYET TPAEKTOPHIO JIBUXKEHUS U LIeJIEBYIO
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TOYKY, YTO MI03BOJISIET aHATU3UPOBATh 3P PEKTUBHOCTD YIIPABJIEHHUS.
B nesom, rpaduk nogTBEPKAAET pabOTOCIOCOOHOCTh MO/IE/H, OJHAKO TPebyeT yTOUHEeHHUS
apaMeTpOB YIPaBJIEHUS AJI1 TOYHOTO AOCTHXKEHHS LIeJTH.

Kog anroputma aABuKeHUs MO6UJIbHOTO po6oTa B MATLAB:
% [lapamempuwl

L =0.5; % Paccmosihue mexcdy ocsimu Ko.Jiec

v =1.0; % JluHeliHasa ckopocmb poboma

x_target = 5.0;

y_target = 5.0; % lleaesas mouka

% OnpedeneHue modesau QUHAMUKU

function dstate = model(~, state, x_target, y_target, v, L)
X = state(1);
y = state(2);
theta = state(3);

% BuvluucsieHus

d = sqrt((x_target - x)"2 + (y_target - y)"2);
Q_target = atan2(y_target - y, x_target - x);
delta = Q_target - theta;

% OzpaHuveHue y2s1a nogopoma
if delta > pi
delta = delta - 2 * pi;
elseif delta < -pi
delta = delta + 2 * pi;
end

% OnpedeseHue ynpasieHus
sigma =v * delta;, % Ynpassenue (npou3godHasi)

% KunHemamuueckas modenb
dxdt = v * cos(theta);

dydt = v * sin(theta);

dthetadt = (v / L) * tan(delta);

dstate = [dxdt; dydt; dthetadt];
end

% Haua.ibHble yca08usl
initial_state = [0.0; 0.0; 0.0]; % [x, y, theta]
time = linspace(0, 10, 100); % Bpems om 0 do 10 cekyHO

% Pewenue O/1Y
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[t solution] = ode45(@(t, y) model(t, y, x_target, y_target, v, L), time, initial_state);

% H3zesekaem pe3ysemambl
x = solution(:, 1);
y = solution(:, 2);

% IlocmpoeHue epaguka

figure;

plot(x, y, 'b’, 'LineWidth', 2);

hold on;

scatter(x_target, y_target, 100, 'r', filled');
xlabel('X no3uyus’');

ylabel('Y nozuyus’);

title('/lsusxceHue mobu1bHo20 poboma’);
legend('Tpaekmopusi poboma’, 'llenesass mouka');
grid on;

axis equal;

hold off;

JTOT KO/, MOKa3blBaeT, KaK MOHO HcnoJsib30BaTb MATJ/IAD ana peanusaynuu 3ajayu
yIpaBJieHUs] MOOUJIbHBIM POOOTOM C MCIIOJIb30BAaHHEM MO/JieJiel, OCHOBAHHBIX Ha YCJIOBUSX
AxkepmaHa U peweHueM O/1Y.

3aK/jo4YeHue

B JgaHHOU pa6oTe 6bLI pPacCMOTPEH aJrOPUTM yIpaBJeHUs MOOUJbHBIM PO6GOTOM,
OCHOBAaHHBIM Ha MaTeMaTHYeCKOM MOJIeJJMPOBAaHUM W NPUMEHEHWH MEeTOJ0B HaBUTAI[HMH.
UccnenoBanue mokasasio, YTO MPaBUJIbHBIA BbIGOp GOpPMyJ1 M MOJXOJOB K YIpaBJEHUIO
03BoJIsieT Po60Ty 3PpPeKTUBHO U TOUYHO MepeMellaTbCs K 33JJaHHOM Liesid. Pa3zpaboTaHHbIe
QJITOPUTMbI CHOCOGCTBYIOT TOYHOMY BBIYMCJIEHHUIO PACCTOSHUS W YIJIOB MOBOPOTA, a TaKXKe
06ecrneyrMBalOT KOPPEKTHOE OIlpeJieJieHde JIMHEHHOM CKOpPOCTH po060Ta, 4YTO SBJSETCS
KPUTHUYECKH BaXKHBIM JIJIsl €0 aBTOHOMHOTO GYHKIIMOHUPOBAHUSI.

B xoze pa6oTbl OblIa peasr30BaHa CUCTeMa ymIpaBJieHUs, KOTOpas OGHOBJSET

NOJIOXKEHWEe W OpHEHTAallMI0 pob0oTa Ha OCHOBE IMOJIYyYeHHbIX 3HaueHUW. OcyliecTB/eHHas
BU3yaJM3allisl [JBUXKEHUS C TOMOLIbI BCTpoeHHbIX cpeactB MATLABnogrBepxzaaet
BO3MOXHOCTb YCIELIHOTO BbINIOJIHEHUS MOCTaBJIEHHbIX 33/la4 B peaJlbHOM BpEMEHHU.

[losiydeHHbIe pe3y/ibTaThl NOAYEPKUBAKT BAXKHOCTb UHTErPaLlUU TEOPETUYECKUX OCHOB U
NpaKTUYeCKOW peasyd3alUd B  pa3paboTKe aBTOHOMHBIX cUCTeM. Hcmosib3oBaHUe
npeAcTaBJAeHHbIX GOPMYJ U METOJ0B MOXET ObITh alalTUPOBAHO JJis pa3JIMYHbIX 06JacTel
NpUMeHEeHHUSs, BK/I04as JIOTUCTUKY, UCCIeL0BaTelbCKUE MUCCUU U IPOMBIIIJIEHHbIE MTPOLECCHI.

Takum 06pasom, JaHHasi paboTa OTKPbIBAET ePCHEeKTUBDI AJ1s JaJIbHEUIITHX UCCIeJOBaHUN
B 00/1aCTH POOOTOTEXHUKHU M COBEPLIEHCTBOBAHHUS CUCTEM yIPaBJIEHUSI MOOUJIbHBIMU pOO6OTaMHU
. OnucaHHbIe N0AX0/bl MOTYT CJAY>XUTb OCHOBOM /i pa3paboTKU OoJiee CA0KHBIX aJITOPUTMOB,
BKJ/IIOYAKL[UX 3JIEMEHTBI a/[allTUBHOTO YIIPaBJeHUs U MAllIMHHOTO 00y4YeHHUs.
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Bkyiag aBTOpOB

TynemoB A.K.: IlpoBegeHue aHasiM3a yCJOBUHM AKepMaHa KaK OCHOBBI JJisi pa3pabOTKH
aJITOPUTMOB ynpaB/eHus. Pa3paboTka TeopeTHYeCKUX NOAXOJ0B K peaju3aly aJTOPUTMOB
yIpaBJieHUus] MOOUJIbHBIMU POOOTaMH.

K. T.AutyranoBa.: OueHkKa IpUMMEHUMOCTH yCJA0BUU AKepMaHa /iJif peasibHbIX 3a/jla4 HaBUTALlUU
v ynpaBJyieHUs. ONTUMU3aLUs aJITOPUTMOB C YY€TOM CleUPUKU JIBHKYILUXCA 1aTGOPM.
AbekoBa A.JK, UcmaiibiioB A.E: [IpoBeieHMEe YMCIEHHBIX 3KCIEPUMEHTOB M aHaJiM3a HUX
pe3yabTaToB. MHTerpanus TeopeTUYeCKUX pa3pabOTOK B MpPHUKJIaJHble CUCTEMbI yIIPaBJIE€HUS.
OueHka yCTOMYMBOCTHU U TOYHOCTH NPeJJIOKEHHBIX aJITOPUTMOB Ha CUMYJIILLUOHHBIX MO/JeJIfIX.
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AKKepMaH mIapTTapbiHa Heri3e/reH MOOGMJIb/i po60TTHI 6aCKapy aJITOPUTMEPiH
asipsiey

Angarna. by )KyMbIC KO3Fa/IbICTBIH AU depeHIMaNAbIK TeH/ ey iepiHe )KoHe AKKepMaH
HmapTTapblHA Heri3fejareH MoOWIbJi pOOOTTBHI 6acKapy »KyHeciH KapacTbhlpaJbl. 3epTTeY/AiH
HeTi3ri MaKcaTbhl pOGOTTBIH aliHay OYPbIIIbl MEH ChI3bIKTBIK, *KbIJIJAM/bIFbIH 6aCKapa OThIPHIII,
OepilireH MakcaTTbl HYKTere THUIM/i XbL/IXKY MYMKIiHAIriH 6epeTiH aaropuTMm/i »kacay 060JblI
Tabbl1a/ibl. JKyMbIC pOOOTTBIH, KeHICTiKTe »XypyiHe MyMKiH/|iK OepeTiH HblIcaHafa JeHiHTi
KalIbIKTBIKThI KoHe alHaJ/ly OYpbIIIbIH ecenTey YIUIiH KaXeTTi ¢popmMyJiasapbl aHbIKTayAaH
6actanazapl. ColaH KeliH MaKCcaTThl HYKTere JIeliHri KalllbIKTbIKKA HeTi3/le/ireH AeHTeJIEKTIH

MeH XbUIJAMJBIK ecenTeysepiH 6ackapy aficTepi cunaTTasajbl. BipKajibINThl K9He Kayilcis
KO3FaJIbICThl KAMTaMachI3 eTy YIiH 9p6ip YyaKbIT KaJlaMblH/]a POOOT KYHiH (KoopAHMHaATasap MeH
6afapJiap/bl) *KaHAPThIN OTbIPATbIH UTEPATHUBTI KOHTPOJLJIEP XKacaaabl.

KymbicTbiH, MaHbI3bl OeJtiri Matplotlib kiTanxaHacbliHbIH KeMeriMeH po60T TPaeKTOPHUSIChIHbIH
rpaduKablK BU3yaJU3alMsAChIH Koca asifaH/ia, Python 6aFgapsiama koAbl TypiHeri airoputmai
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»Ky3ere acblpy 60JbIll Tabbl1a/bl. OcbLIalla, }KYMBbIC JIOTUCTHUKA, ayblJ LIAPYallbLIbIFbI )KoHE
FbUJIBIMU 3€PTTEYJIEP CUSAKTbI PTYPJIi casiajsiap/ia aBTOHOM/IbI pOOOTTap/Ibl 2Kacay YIIiH mai/asibl
60J1ybl MYMKIH IpaKTHUKAaJbIK KOJ1JaHyAa 6aKbliay/blH TEOPUSJBIK acleKTiJepiH iCKe acblpy/bl
KepceTe/li. 3epTTey HOTHKeJiepi KepceTKeHJleH, YCbIHBLJIFAH TaciJi poO6OTKAa TUIMAI MaHeBp
»KacayFa »KoHe KopllaFaH opTaJiaFbl e3repicrepre 6erlimesnyre MyYMKiHAIK 6epe/i, KO3FaJlbICThIH,
YKOFaphbl JaJIIrIH 2KoHe TalcblpMasiapZbl OpbIHAAY Ke3iH/Je Kayinci3ZjiKTi KaMTaMachI3 eTe/.

TyHin ce3aep: Mobunbji poboT, 6ackapy »KyWeci, 6ackapy ajJropuTMi, MO3UIMAIAY,
MaKCaTThl HYKTe O0MbIHIIA OacKapy, KO3FasblC IapaMeTpJiepi, paJUychl XKoHe allHaJ/ly OypbILIbl

A.K. Tuleshov?, Zh.T. Aituganova?3 Abekova A.]12, Ismayilov A.E4

1U.A. Joldasbekov Institute of Mechanics and Engineering, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Almaty Almaty Technological University, Almaty, Kazakhstan
4Kazakh State Womans Pedagogical Univer sity, Almaty, Kazakhstan

Development of mobile robot control algorithms based on ackerman conditions

Abstract. In this paper, we consider a control system for a mobile robot based on
differential equations of motion and Ackerman conditions. The main purpose of the research is to
develop an algorithm that allows the robot to move efficiently to a given target point, while
controlling the angle of rotation and linear velocity. The work begins with determining the
necessary formulas for calculating the distance to the target and the angle of rotation, which allows
the robot to navigate in space. Then are described that allow you to control the angle of rotation

of the wheels and speed calculations taking into account the distance to the target point. To ensure
smooth and safe movement, an iterative controller is created that updates the robot's state
(coordinates and orientation) at each time step. An important part of the work is the
implementation of the algorithm in the form of Python program , including graphical

visualization of the robot's trajectory using the Matplotlib library. Thus, the work demonstrates
the implementation of theoretical aspects of management in practical application, which can be
useful for the development of autonomous robots in various fields such as logistics, agriculture and
research. The results of the study show that the proposed approach allows the robot to effectively
maneuver and adapt to in the environment, ensuring high accuracy of movement and safety of
tasks

Keywords: Mobile robot, control system, control algorithm, positioning, target point
control, motion parameters, radius and angle of rotation
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AHHOTauMsa. /I o6ecrieyeHUs1 CBOEBPEMEHHOr0 U 3QPEKTUBHOIO peMOHTA
aBTOTPAHCIOPTHBIX CPEJICTB aBapUilHOe UHXXeHepHOe 060pyj0BaHUE UTPaeT
KJII0YEBYIO POJIb B peajiu3alliy aBapUHHbIX PpEMOHTHBIX cTpaTeruil. OAHaKo B
npolecce 3KCIJIyaTalldd TaKOTo O00OpYyJ0BaHUSI BO3MOXHbBI CJy4alHble
OTKa3bl, YTO TpebyeT pa3pabOTKH aJleKBATHBIX CTPATEruil TEXHUYECKOTO
06C/Iy>KMBaHUS U yIIPaBJIeHUs 3allacaMy 3allacCHbIX YacTel /s noAep>KaHus
ero becrnepe6oiHON paboThl. B on0/IHEHHEe, CPOYHOCTb PEMOHTHBIX 3asBOK
MOXXET 3HAYMTEJbHO BapbHUPOBATBHCS, UYTO BJHUAET HA NOPSAJOK WX
o6caykuBaHus. CyliecTBYIOlLIMe UCCAeJ0BAaHUS PEKO YUUTHIBAIOT BJIHUSIHUE
CTEeNeHU CPOYHOCTH W TNPUOPUTETOB 3asiBOK Ha IMpolecc peMoHTa. [
3aMoJIHEHUsI 3THUX NpPo6eJioB B JJaHHOW paboTe IMpejJsioKeHAa COBMeCTHast
ONTHMH3ALMOHHASA MOJeJib CTPAaTerud TEXHUYECKOTO OOCTYyKMBaHUS M
ynpaBJ/ieHUs] 3amacaMy 3alacHbIX 4YacTel [Jisi aBapUHMHOTO HHXXEHEPHOTro
060pyZI0BaHHUS, MCIOJb3yeMOr0 MPU PEMOHTE aBTOTPAHCIOPTA, C YYETOM
IPHUOPUTETOB 3asiBOK. Mo/iesib BK/IOYAET /iBa TUIIA 060PYZ0BaHHUSA C pa3HbIMU
CKOPOCTSIMM pPEMOHTA: OJHO 06ecleyruBaeT YCKOPEeHHOe O0OC/ayKHBaHUE
CPOYHBIX 3asIBOK, JIpyroe peryJsipHoe ob6ciaykuBaHUe. Mcnosb3yeTcss MeTos
BHEJIpEHUsI MapKOBCKOrO IMpolecca /i BbIBOJA BepPOSTHOCTHBIX
NoKa3aTeJsiell HaJ|&XHOCTU cucTeMbl. C 1eJibl0 MAaKCUMH3alUK JAOCTYIHOCTH
CUCTEMbI ONITUMU3UPYIOTCH KOJTUYECTBO HHXKEHEPOB 10 PEMOHTY U CTpATerus
ynpaBJieHUs] 3alacaMy 3amacHbIX 4yacTed C MOMOLb MeToJa BeTBeH U
rpanun. [lpakTudyeckre nOpuMepbl  NOATBEPKAAT 3IOPEKTUBHOCTb
npe/iJIO)KEHHOW MO/IeJIM U METO/I0B B YCJIOBUSIX PEMOHTA aBTOTPAHCIOPTA.
Knwo4yeBble c/0Ba. pPeMOHT aBTOTPAHCIOPTA; aBapUHOe WHXXEHEpPHOoe
060pyZI0BaHKE; IPUOPUTET 3aBOK; CTPATETrUsl TEXHUYECKOTO 06C/Ty>KUBAHUS;
ynpaBJieHUe 3alacaMy 3alacHbIX YacTel; COBMeCTHasl ONTUMHU3aIUsl.
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TeXHHU4Y€eCKOIro 06CJIy>KI/IBaHI/IH W pEeMOHTa aBTOMOOUJIEHN

BBeaeHue

ABTOTpaHCIOPT, KaK U JII0O0e TeXHUYeCKoe yCTPONCTBO, NOABEPXKEH U3HOCY B Ipolecce
3KcIJlyaTaluu. HecBoeBpeMeHHOe WJIM HeJOCTAaTOYHOE TeXHHWYeCKoe OOC/IyKMBaHHE MOXKeT
NPUBECTH He TOJIbKO K JOPOTOCTOSILMM I0JIOMKaM, HO U CO3JaTb Yyrpo3y 6e30MacHOCTH Ha
popore. [loaToMy cUCTEMHBIA NOAXOJ K TEXHUYECKOMY OOCJIyKMBaHUIO aBTOMOOWJIEd —
BKJIIOYAIOLMH pery/sipHylo JUarHOCTUKY, IPOPUIaKTUYECKYI0 3aMeHY PacXOJAHbIX MaTepHasoB
M PEMOHT U3HOLIEHHBIX y3JI0B — SIBJIIETCS HEOTbEMJIEMOM YaCThI0 0becriedeHUs1 UX HaZEKHOU
1 6e30macHOM 3KCIIyaTal U,

dddexkTUBHOE ynpaB/eHHe 3amnacaMy 3alacHbIX 4YacTed O0COGEeHHO aKTyaJlbHO B
aBTOMOOUJIBHOM OTpac/H, IZie 3aTpaTbl Ha KOMIJIEKTYIOL[HE UIPalOT 3HAYUTEJbHYI POJb B
o611ieM 06'bEMe Pacxo/10B Ha IKCIJIyaTal M0 U 06CayKMBaHWe TPAHCIIOPTHBIX Cpe/iCTB. B TeyeHue
BCEro Cpoka CJay»06bl aBTOMOOUJIS,, KOTOPBIA MoXeT AocTuratb 15-20 JieT u 6oJiee, 3aTpaThl Ha
3amacHble YacTH — TaKHUe Kak QUIbTPbI, TOPMO3HbIE KOJIOJKH, AeTa/IM 10JBECKH, 3JIEKTPOHUKA
M Ipyryie — MOTYT COCTaBUTb 3HAYUTE/bHYIO JI0JII0 OT €ro epBoHavyaJbHOU cTonMocTH[1].

HepocTtaTok HE06XOAMMBIX aBTO3amyacTel Ha CKJaJie MOXKeT NMPUBECTU K 3a/lepKKaM B
pPEeMOHTE U TEXHUYECKOM 00C/I1y>KMBaHUH, YTO, B CBOIO OYepe/ib, BbI3bIBAET IPOCTON aBTOMOOUIIS,
0CO6EHHO KPUTHUYHBIM [T KOMMEpPYeCKOro TPaHCIOpTa. ITO He TOJbKO NPUHOCUT NpsIMble
yOBITKU BJaJiesiblly, HO U MOXET HeraTMBHO CKa3aTbCsl Ha YpPOBHEe YJOBJETBOPEHHOCTH
KJIMEHTOB, eC/IM peyb WUJET, HalpuMep, 00 aBTOCEPBHCAaX WUJIM aBTONApKaX, 00CAyKMBAIOIIUX
KJIMEHTOB.

Kpome Toro, aBTOMOOW/IbHAs MPOMBIIIJIEHHOCTh CTaJKUBaeTcse C NpobieMou
ycTapeBaHUs 3amnyacTed: MoJeJd aBTOMOOW/Ield OOGHOBJAIOTCA, W KOMIUIEKTyHOLIMEe K
yCTapeBILUM BepCUsIM MOCTENEeHHO BBIBOAATCA U3 MPOU3BOJCTBA. be3 J0/KHOTrO ynpaBseHUs
3alacaMM TaKue JleTa/li HepeJiKO CHHChIBAIOTCS U MPOJAITCS 10 CHUXKEHHBIM LieHaM, 4TO
NPUBOJAUT K GYHAHCOBBIM NIOTEPSIM.

TakumM o06pa3oM, TrpaMOTHO OpraHu30BaHHas CUCTeEMa yNOpaBJeHUs 3amnacamu
aBTOMOOWJ/IbHBIX 3aMyacTedl MO03BOJIAET HE TOJIBKO COKPAaTUTb M3JepXKKH, CBsI3aHHblE C
XpaHeHHEeM M JIOTUCTUKOM, HO U 06eclieduTh CBOEBPEMEHHOE 06CIY>KUBaHWE aBTOTPAHCIIOPTA,
HNOBbICUTb Ha/I€)KHOCTb U POJJIUThH CPOK €ro CJAY>KOBbI.

B nesiom, apdekTHBHOE ynpaB/eHHe 3aacaMy 3allaCHbIX YacTel UrpaeT KJIIOUeBYIO pOJib
B o0eclieuyeHUU Heob6XO0JUMOro YypOBHS [JOCTYIMHOCTH MPOAYKLIMH NPH OJHOBPEMEHHOM
CHM>KEHUU 9KOHOMUYECKHX U 3KOJIOTUYECKUX U3/lepKeK. ITO 0COOGEHHO aKTyaJlbHO B KOHTEKCTe
TEXHUYECKOT0 00C/AyKUBaHUs U peMOHTA aBTOMOGOUJIEH, I'/le CBOeBpeMeHHOe Ha/luuue HYKHbIX
KOMIIJIEKTYIOILUX HANPSIMYIO BJIUSIET HAa CKOPOCTb U Ka4eCTBO 06CIy>KUBaHMUS.

OnHako opraHusalysl CKJIaJCKOro yyeTa M JIOTUCTUKM 3alacHBIX YacTell compsbkeHa C
pAAOM cloXKHOCTel. Bo-nepBblX, aBTOMOOWJ/IbHbIE 3aMYacTH XapaKTEePU3YIOTCS OOJIbLIUM
aCCOPTUMEHTOM U 00'b€MOM HOMEHKJIATyPhbl — OT MEeJIKMUX PACcXOJHbIX MaTEPHUAJIOB 10 CJ0KHBIX
3JIEKTPOHHBIX 6JIOKOB U arperaToB. ITO YCI0XKHSAET MPOLiecC XpaHeHHUs], yuyeTa U NJIaHUPOBAHUS
IIOCTaBOK.

Bo-BTOpBIX, cipoc Ha aBTO3am4acTH YacTO HOCUT HEPETyJSPHbIA U MepUOAUYECKUH
XapaKTep, YTO 3aTPY/JHSET ero TOYHOe MpPOrHo3upoBaHUe. Takoil cpoc MOXKET 3aBUCETb OT
CEe30HHOCTH, MO/ieJiell aBTOMOOUJIEeH, a TaKXKe OT HelpeJBU/IeHHbIX I10JIOMOK.
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B-TpeTbux, moTpebJsieHHe 3aMaCHBIX 4YacTed HaANpsIMyl0 CBSI3aHO C HWHTEHCHBHOCTBIO
3KCIJIyaTal[dd aBTOMOOWJISI, er0 TeXHUYECKUM COCTOSIHMEM, a TAaKXXe YaCTOTOW M KayeCTBOM
IPOBOJUMOI0 TEXHUYECKOro o6caykuBaHUA[2]. Hanpumep, HecBoeBpeMeHHas 3aMeHa MacJa
uau GUJIbTPOB MOXET MPUBECTU K 60Jiee cepbe3HbIM MOBPEXKAEHUSIM JABUraTesisl, 4YTO, B CBOIO
odepe/ib, IOTPeOYET AOMOJHUTENbHBIX JleTa/led U YBEeJUYUT 00IIHe PACXOIbI.

TakuM o6pasoM, B chepe aBTOCEpBUCA U NMOCJENPOJAKHOTO 06CAYyKMBAaHUSA TPaMOTHOE
yIpaBJieHUE 3alacaMu 3an4acTel Mo3BoJisieT 06ecrieduTh 6ecriepeboMHOCTbh PEMOHTHBIX paboT,
COKPATHUTb BpeMs IPOCTOsI aBBTOMOOUJIEN U TOBBICUTh YPOBEHD YZI0BJETBOPEHHOCTH KJIUEHTOB.

MeToa0/10TUA

CTpaTerud TEXHHUYECKOTO OOCHYXUBaHMsS, IIMPOKO MCCAeAyeMble B HWHXXEHEPHOU
NpaKTHUKe, HAaxoJAST NpsiMoe MpUMeHeHUWe B aBTOMOOUJIbHOU cdepe, rje CBOEBpeEMEHHOe U
KayeCTBEHHOEe O0OCJyKHBaHUE IO03BOJIIET 3HAYUTEJNbHO CHU3UTb PUCK BHE3AMHBIX OTKAa30B,
COKpPAaTUTb pacxoZibl Ha PEMOHT W IMOBBICUTh 061IyI0 3PPEKTUBHOCTb MCIOJIb30BaAHUSA
TpaHCNOPTHBIX cpeAcTB. UccnenoBatenn u3 llIkosbl 371eKTPOHHONW KOMMEPIIMU W JIOTUCTUKH
[IeKMHCKOTO TEXHOJIOTUYECKOro U KoMMepueckoro yHuBepcuteTa (School of E-Business and
Logistics, Beijing Technology and Business University) akTHBHO 3aHMMarTCsl pa3paboOTKON U
COBEPIIEHCTBOBAHMEM pA3JIMUHbIX MOAXOJIOB K TEXHHUYECKOMY OOCIY>KMBAHWUI W PEMOHTY
aBToMobused. B yactHocTH, BaH u kosuieru [3] mpefsioKuau KOMILJIEKCHYI CTpPaTeruio,
BKJIIOYAKOLIYI0 NpOoUIAKTHYECKOE, KOPPEKTHpYIolLlee U 3KCTPEHHOe 00C/ayKHUBaHUE,
OPUEHTHUPOBAHHYI0 Ha Yy3Jibl M MeXaHHW3Mbl aBTOMOOWJIEH, MOJBepKEHHble BHE3AMHbIM
Harpy3kaM. [1o06HbIN 10aX04 MOXeT 3GPEKTUBHO MPUMEHATLCS B aBTOMOOUJIBHOM OTPAC/IH,
rZie TPAHCIOPTHbIE CPEACTBA YACTO 3KCIUIYaTUPYIOTCSA B YCAOBUSX NMEpPEMEHHbIX HAarpy3ok M
HEeCTAOMJIbHBIX AOPOXKHbIX cuTyauui. Kpome Toro, /[lyit u coaBT. [4], a Takke Jlu u ap. [5]
MCCJIeJI0BAIA CTPATEruv NPpoPUIAKTHIECKOTO TEXHUYECKOTO 06CIYKUBAaHUS, aZlall TUPOBAHHbIE
JUIS1 IPOMBIIIJIEHHBIX CUCTEM U clieUPUIECKUX YCIAOBUM 3KCIIyaTalUH, BKJIKOYas JOPOXKHbIE.
ITU HCCIelOBaHUS UMEKT NpsIMOe 3HAauyeHHe /Jisi aBTOMOOWJIbHOU cdephl, r/ile peryJspHoe
npoduIaKTUYECKOe OOCAY)KMUBaHWE — 3aMeHa Macjaa, QUIbTPOB, TOPMO3HBIX KOJIOZOK,
JIMarHOCTUKA XO0BOM YaCTH U JAPYTUX KJAOUYEBbIX KOMIIOHEHTOB — MO3BOJISIEeT MPeOTBPATUTD
cepbe3Hble MOJIOMKH U TPOJAJIUTD CPOK CIYKObI aBTOMOOUJISA. TakKe CTOUT OTMETHUTH paboTy Ban
M KoJuier [6], KOTOpble MNpeNJOXKUJIU METOAUKY, COYeTawllyl NpoPUIaKTHIECKOE
o6C/ay>KUBaHUe C NMepeHa3HayeHUeM (YHKIMOHAIA OT/eJbHbIX KOMIIOHEHTOB CHUCTEMbI, UYTO
MI03BOJISIET COXPAHSATh €€ paboTOCNOCOOGHOCTh U MOBBILIATH OGIIYI0 HAJIEXKHOCTb. B KOHTEKCTE
aBTOMOOUJIbHOM 3KCIJIyaTalMK 3TO MOXET BbIpaXKaThCs, HAPUMep, B a/lallTallUd UJIH 3aMeHe
y3JIOB HAa MeHee HarpyXeHHble B 3aBHCHUMOCTHU OT TEKYLIEro TEXHUYECKOTO COCTOSHMUS, YTO
CIOCOOGCTBYeT 0OoJsiee palMOHAJbHOMY HCIOJIb30BAaHUIO pecypca aBTOMOOWJIS M CHHXXKEHHUIO
3aTpaT Ha PEMOHT.

[ToMHUMO ecTeCTBEHHOr0 M3HOCAa aBTOMOOHWJIbHBIX CUCTEM U KOMIIOHEHTOB, B IpOIiecce
3KCIJIyaTal[dd MOTYT HPOUCXOAUThb CJy4allHble TMOJIOMKH, KOTOpble 4YacTo TpeobyloT
HeMe/[JIEHHOTO BMellaTeJbcTBa. HeucnpaBHbIe TpPAHCIOPTHbIE CPEJACTBA, HECIOCOOHbIE
IPOJI0/KATh ABUXKEHUE UJIM BBITIOJIHATDH CBOU QYHKIIUH, [10/IJIEKAT PEMOHTY C UCIIO0JIb30BaHUEM
HOBBIX 3alacHblx yYacTed. [Ipy HaiuuuuM Heo6XOAMMOro 3amaca JeTajed Ha Cckjaje
BOCCTAaHOBUTEJ/IbHbIE PA6OTHI BBIMOJHAKTCS CIEIUATUCTAMU 10 TEXHUYECKOMY 06C/1yKHBaHUIO.
O HaKO UX KOJIMYECTBO OFPAaHUYEHO — JIOMYCTUM, BCero K aBTOMexaHUMKOB B aBTOCEPBHCE, — YTO
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O3HayaeT: ec/IM OJJHOBPEMEHHO NI0CTYIaeT HECKOJIbKO aBTOMOOUIIEN C TOJIOMKAaMHU, YacCTb U3 HUX
MOXeT ObITh IOCTaBJIeHa B 04epe/ib Ha PEMOHT.

CuTyanus ycJ0XXHSIeTCs, ec/IM 3all4acTh, He0OX0AUMble JJisi PeMOHTA, OTCYTCTBYIOT Ha
ckaaze. B TakoM ciy4yae, HeCMOTpS Ha HaJIM4Me CBOOOAHBIX CIIe|UaJUCTOB, PEMOHT HEBO3MOXKEH
Jl0 TIOCTyNJIeHUs 3akasa. [losTomy addeKkTHBHOE ynpaByeHHe 3alacaMU JeTaled KpUTUYeCKU
BaXKHO /1151 obecrieyeHUs1 becriepe60HON paboThl aBTOCEPBUCA U COKpAlLleHHUs] BpeMEeHU IPOCTOS
aBTOMOOUIEN.

YacTo B aBTOCEpBUCAX IPUMEHSAETCA CTpATerus ynpaBJeHus 3anacaMu 1o MOoJIUTHUKE (S,S),
KOTOpas 3aKJK4YaeTcd B CAefylolieM: KOrja KOJHWYeCTBO 3allaCHbIX YacTeH ONyCKaeTCHd HUXe
YCTaHOBJIEHHOTO MMHMMAJbHOTO YpPOBHfl S, pasMellaeTc 3akKa3 Ha I[ONOJHeHUe [0
MaKCUMaJIbHO AONyCcTUMOro ypoBHd S. Takad cucTteMa Nnos3BoJiseT 3apaHee peardpoBaThb Ha
CHI>KEHMe 3allacoB U MMHMMHU3UPOBATh PUCKU 33/l€P>KeK B PEMOHTE.

Kpome Toro, MHOrMe aBTOMOOU/IM Pa3/IMYHBIX MAapOK M MoOJesJiell MOTyT MCIOJIb30BaTh

o0Le KOMIIOHEHThl — TaKHe KaK QUIbTpPbI, TOPMO3HbIE KOJIOJKH, CBEYU 3aKUTaHUA U T.II. —
YTO MO3BOJISIET ONTHMU3UPOBATh CKJIaJICKUe 3amnachl 3a c4éT yHUPUKauuu. OJHAKO 3TO TaKxKe
TpebyeT YETKON JIOTUCTUKHM U TOYHOIO NPOrHO3MPOBAHUS CHPOCA, OCOOEHHO NPHU CE30HHBIX
Harpyskax WJIM BCIJIeCKax oOpallleHUi B aBTOCEPBUC.
Takum o06pa3oM, opraHusalus TEXHUYECKOTO OOCAy:KMBaHHSl M peMOHTa aBTOMOOUJEH
HaNpsAMYI 3aBUCUT OT TPaMOTHOTO IJIAHUPOBAHUA PECYpCOB — KaK 4YeJ0BeYeCKHUX, TaK U
MaTepHalbHbIX. IQPEeKTUBHOE B3aMMOJEUCTBUE MEX/Y 3anacaMy 3an4acTed U JOCTYNHOCThIO
KBa/IMPULUPOBAHHOIO IMepCOHa/sa IMO3BOJISAET 00eCleuYuTb BbICOKYH CKOPOCTb M KadeCTBO
00C/Iy’>KMBaHUS], YTO KPUTHMYECKHM BaXXHO KaK JJi YacTHbIX aBTOBJAJe/bLieB, TaKk U JJiA
KOMMepYeCKUX aBTONApPKOB.

Jl1s ycTpaHeHUsl BbISIBJIEHHbIX HaydHbIX Npo6GeJoB B JaHHOM paboTe wucciaefyeTcs
KOMILJIEKCHBIA  MpOLEeCcC  3KCIJIyaTallud  aBapUMHOr0  HWHXXEeHEepHOro o0opy/ioBaHu4,
npefHa3HAaYeHHOr0 /Il Y/JOBJIETBOPEHUSI  MOTPeOHOCTEW  pas3/IMYHOM  CPOYHOCTH.
PaccMaTpuBalOTCs MepoONpUATHUS MO TEXHUYECKOMY OOCHYKMBAHMUIO, a TaKXe MPOLEeCcChI
obecrieueHus U MONOJIHEHUS 3aMaCHbIX YacTeH.

PaszpaboraHa MoJesib, HamnpaBJieHHass Ha COBMECTHYI OINTHMHU3allMl0 CTpaTeruu
yIpaBJeHUd 3anacaMy 3alacHbIX 4YacTed M KOJIMYEeCTBAa HWHXKEHEpPOB, OCYILEeCTBJAKIIUX
KOPPEKTHUPYIollee TeEXHUYECKOe 00CIyKUBaHUE, C 11eJIbI0 MAaKCUMU3alMi TOTOBHOCTU CUCTEMBI.
B Mo/iesin HOBAaTOPCKMM 06pa30M yYUMThIBAETCS BJAUSHUE IPUOPUTETHOCTH 3a5IBOK.

Jna  nosydeHUsi NOKasaTesied HAJIEKHOCTH CHUCTEMbl M pelleHUs MOCTPOEeHHOU
ONTUMM3ALMOHHON MOJIeJIN UCIOJIb3YIOTCS METO/, BJIOXXEeHHUS MapKOBCKOI'0 MpoLecca U MeTO/,
BeTBeM Y IPaHUl] COOTBETCTBEHHO.

CpoyHble 3asiBKU MOCTYyNalT B CUCTEMY C MHTEHCUBHOCTbIO d; = 5 M aBTOMaTH4YeCKH
o6CcyKUBaOTC ob6opyaoBaHueM Tuna . OHaKo M3-32 BO3MOXXHOW 3aHSITOCTU 060pPY/I0BAHUSA
TUna [, KJIMeHThI MOTYT JIMO60 MOKUHYTh CTAHIUIO C BepOosATHOCTbIO P1o = 0,5, 1Mb0 0xkuaaTh B
ouepenau Ha o6opyaoBaHue Tumna I c BeposatHocThio P15 = 0,5.

HecpouHble 3asiBKM NMOCTYNAKT C MHTEHCUBHOCTHIO d; = 4 U UMEIOT NPUOPUTET 06CTyKUBAHUSA
obopynoBanueM tuna Il. Ecaiu o6opysoBanue tuna Il HeiOCTYNHO, KJIMEHTHI C HECPOUHBIMU
3assBKaMU MOTYT BbIOpaTh OJHO M3 CIEAYIOIIUX JeUCTBUM:

1. MOKHUHYTb CTAHLMIO C BEPOSTHOCTHhIO P,o = 0,5;

2. TepeulTH K 00CAyKMBaHUIO Ha 060pyAo0BaHue TuMa I c BeposaTHocThO Py = 0,25;
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3. XKJaTb B ouepeau Ha o6opyaoBaHue Tuna Il c BepossTHOCTBIO Py, = 0,25.

MakcuMasibHasi BMECTUMOCTb odepean AOJid 000MX THIIOB 060py,£[0BaHI/IH COCTaBJideT II0 [Ba

KaueHTa (m = 2, n = 2).

Tao6aunal
CpaBHUTE/IbHbIM aHA/IN3 UCCIEeL0BAHUM C IpeA/jaraeMoy Mo e IbIo

Hccnen | CTpyKTypa CUCTEMBI OntumMusupyemas MeTogos10rus Yuer
OoBaHUe MOJIUTUKA NPUOPUT
€THOCTH
3asBOK
[1] OpHoaneMeHTHad cucteMa | [IpegynpenuresibHoe CroxacTuyeckoe Het
06CayXUBaHUE U JIMHAMUYECKOe
MOpor 3aKasa nporpaMMHUpOBaHue
3amnyacrei Y MO/JleJIMPOBaHUE;
MeTo/, nepebopa
[2] Pe3epBHad cuctema [IpepynpenurtenbHoe | MogennpoBaHue Het
06CIyXUBaHUE U
ylnpaBJieHHUe 3alacaMu
[3] MHOTOKOMIIOHEHTHasI 06cay>kuBaHue N0 [eHeTU4YeCKUH Het
cucTeMa TEXHUYECKOMY aJIfOPUTM
COCTOSIHUIO U
ylnpaBJieHHUe 3alacaMu
[5] [TapannenbHas uiau [IpodunakTudeckoe MoaenvpoBaHHUE; HeT
1ocje0BaTeNlbHO 06cyKMBaHUE U
napaJijieJibHad cucTeMa 3amnacsl [20, 21];
ONIMOPTYHUCTHYECKOE
06CIy>XUBaHUE U
3amnacel [22]
[7] k-u3-n: F cucrema; 06cy>kuBaHue 10 JAuHaMmuyeckoe Het
BeTpoaseKTpocTaHIUSA HA | TEXHUUYECKOMY nporpaMMHUpoOBaHUe
cyiue; /IByxasieMeHTHas COCTOSIHUIO U
nocJjenoBaTebHaa ylpaBJieHUe 3alacaMu
cucTeMa
[8] CepBucHas cucteMa, 06cay>kuBaHueE MO MapKoBCKHUM HeTt
OpHEeHTHPOBaHHas Ha TEXHUYECKOMY MpoLecc MPUHATHUS
HCIOJIb30BaHUe COCTOSIHUIO U pelieHud U
ylpaBJieHUe 3allacaMU | NOCJeloBaTeJlbHOE
3BpPUCTHYECKOE
pellieHHe
Hactosi | CepBucHas cucteMa cC Pacnpenenenue MeTo/ BJIOXKEHUA CpouHble
mast JIByMs1 TUTIAMHU HMH)XEeHEepOoB IS MapKOBCKOI0 3asiBKH
paboTta | obopyAoBaHUA KOPPEKTHPYIOLLETO npolecca U MeToJ, HMEKT
06CIYKUBaHUSA U BETBEM U IpaHUI] 6oJiee
cTparerus BBICOKHH
ylpaBJieHUs 3anacaMu MPUOPUT
eT

C 1e/ibI0 HArJIsITHOTO CpaBHEHUs MPeJbIAYIIUX UCCIeJOBAaHUHN C Tpe/laraeMoi Mo/Ies b0
B Tabsiuie 1 npuBeZiéH CpaBHUTEIbHBIN aHAJIU3.
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Heo6x0AMMOCTb M NpeuMyllecTBa HCIOJIb30BaHUSA MeTOJa BJIOKEHUS MapKOBCKOTO
npolecca B HaCTOAILEM HCCJIeJOBaHUU OOOCHOBBIBAIOTCH €ro BbICOKOM 3()(PEeKTUBHOCTHIO B
ONMCAaHUU CJI0XKHOTO0 Npolecca yHKIIMOHUPOBAHUS pacCMaTPUBAaeMOU CUCTEMBI, BKJIIOYAIOLIEro
Jlerpajialuio o60pyZ0BaHus, ero 00cayKMBaHKe, IONIOJIHEHUE 3allaCHBIX YacTel U BbINIOJIHEHHE
3asBOK C YY€TOM UX IPUOPHUTETA.

B oT/suyvMe OT MeToJa BJIOXKEHHUS MAapKOBCKOIO Ipolecca, NpUMeHeHHe Jpyrux
MaTeMaTU4YeCKUX METOJO0B JJf MOJeJUPOBAaHUS U aHaJu3a HaAEXKHOCTU LAHHOU CHUCTEMBbI
3aTpyZHEHO H3-3a eé BBICOKOH CJ0XHOCTU. Kpome ToOro, Metozia BJIOKEHHSI MapKOBCKOTO
npolecca nNo3BoJisieT aHaJIUTUUYEeCKU U KOMIAKTHO MOJYyYUTh IOKa3aTeJ Il HaZéKHOCTHU CUCTEMBI,
YyTO JeJlaeT pelleHWe 3TOM CJA0KHOW 3aZaud Bo3MOXHbIM [28-30]. MeToga BJOXKeHUS
MapKOBCKOT0 Mpolecca NoJy4rJ LIMPOKoe pacnpoCcTpaHeHue MPU MOJleJIMPOBaHUU MPOLECCOB
$YHKIIMOHMPOBAaHUSA UHXXEeHEPHbIX CUCTEM U OLleHKe MX HaJIEXKHOCTHbBIX XapaKTEPUCTHK [5].

Hanpumep, Wu u ap. [7], a Takke Wang u ap. [8] ucnosb3oBaid MeTOJa BJI0KEHUS

MapKOBCKOr'0O Ipolecca /i ONMCaHUA NPOLECCOB Jerpajaluyd cOaJaHCHUPOBAHHBIX CHUCTEM,
y4YUTBbIBasi MeXaHM3Mbl COBMECTHOTO MCIOJIb30BAaHHUSl pPeCypcoB U  OrPaHUYEHHOrO
nepepacnpegenenus. Wang u fip. [7] ¢ noMouipi0 MeToZia BJIOKEHUSI MapKOBCKOIO Ipolecca
BbIBeJU QOpPMyJibl HAJEXKHOCTU MOACUCTEM, TOJBEPXKEHHBbIX Jerpajaiydy, BHEIIHUM
BO3/I€MCTBHSAM U 3alJUTHBIM MeXaHHW3MaM.
Yto kKacaeTcs METOAOB pelIeHUs COMYyTCTBYWIIMX 33aJlad ONTUMM3ALMH, B MNPeAbIAYIIUX
HCC/IeIOBAaHUSX NMPUMEHSJIMCb MeTOJ BeTBeW W rpanul [7, 8], aaroputm ceporo BoJika [9],
reHeTUYeCKUM aJITOPUTM, aJIFTOPUTM posl YacTul, U Jpyrue. [lockosbKy npejsaraemas 3ajada
ONTUMHU3ALMU OTHOCHUTCA K 33JiayaM L|eJIOYHCJIEHHOr0 NpOorpaMMHMpOBaHUs], MeTO/J, BeTBel U
rpaHul, o6ecrneyrBaeT BbICOKYI0 3G PEeKTUBHOCTD PHU UX pelieHUMU. O HAKO NPU pelIeHrnH boJiee
CJIO’KHBIX HEeJIMHENHbIX 11eJI0OYMCIeHHbIX 33/1a4 YMeCTHO UCI0/1b30BaTh 3BPUCTUYECKUE METO/bI,
HalpuMep, TeHETUYECKU M aJITOPUTM, JJ1Sl TOJIyYeHUsI ONNTUMaJ/IbHbIX pelleHU .

KitoueBble HayuyHble pe3y/ibTaThl HACTOSAILEW pabOThl MOKHO CHOPMYJIMPOBATh B YETBIPEX

MOJIOXKEHHUSIX:

1. TlocTpoeHa coBMecTHasi ONTUMU3ALMOHHASA MOJe/b CTpAaTeruy yIpaBJieHUsl 3amnacaMu
3aMacHbIX YacTel U CTpaTeruil TeXHUYEeCKOro o6CayKUBAHUSA /I CEPBUCHOM CUCTEMBI,
BKJIIOYAIOLeH JiBa TUIIa aBapUMHOI0 UHXXEHEPHOTr'0 060PY/10BaHUS;

2. YyuTbIBaeTcs pa3/iIMYHbINA IPUOPUTET 3asIBOK, BBINOJHAEMbIX aBAPUUHBIM WHKEHEePHbIM
060pyZi0BaHHEM, B COOTBETCTBUU C peaJIbHBIMU YCJIOBUSMHU 3KCIIJIyaTalUK;

3. 3ddeKTUBHO TMNpPHMEHEH MeTOJi BJIOKEeHUSI MapKoBckoro mpouecca (MPIM) pas
bopmanuzanuu psja IMoKas3aTesJed HAAEXKHOCTH CHUCTEMbl, BKJIWO4Yas JOCTYMHOCTb
3aMacHbIX 4yacTel, MHXXeHepOB IO TEeXHUYECKOMY OOCJIyKMBAaHUIO U BCEH CEpBUCHOM
CUCTEMBI;

4. YcrnemHo TMNpUMeHEH MeTOJ, BeTBeW M TpaHUl] [Js pelleHUus COBMECTHOMU
ONTUMMU3ALMOHHON MOJEJNU W MOJYyYeHUS] ONTUMAJbHBbIX COBMECTHBIX peLIeHHUH M0
CTpaTeruu yrnpaBJ/ieHHs 3alacaMu 3alacHbIX YacTell U pacnpejieieHUI0 WHXKEHEpPOB IO
TEXHUYECKOMY 00C/1yKHBAHUIO.

Pe3ysibTaThl 1 06CYKaeHU

JbPeKTUBHOCTb NOCTPOEHHOW MOJENU HarJsJHO JeMOHCTPUPYETCS U MOATBEpPKAaeTcs

YHUCJEHHbIMU IPUMEpPaMU C IPUMeHEHUEM K peaibHOMY HHXXeHEPHOMY 00'beKTY — aBapUHHOMY
3apsAAHOMY 060pPY/IOBaHUIO.
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B cucteme mpeaycMoTpeHbI JiBa THIA aBapUHHOIrO 3apsHOTO 060pyA0BaHUs: 060pylOBaHUE
tuna | u Tuna ll, o6ecnedynBarolee, COOTBETCTBEHHO, 3KCIPECC- U 0ObIYHbIE YCIYTH N0 3apsjKe.
[IpeanosniaraeTcsi, YTO CTAaHLUSA 0OCIYKUBAHUSI COCTOUT U3 TPéX (u = 3) eAMHUL, 060PYL0BaHUSA
Ttuna |l u aByx (v = 2) efuHun o6opyroBanus tumna L.

B Tabsivie 2 npuBeieHbl COOTBETCTBYIOLME HACTPOMKHU MapaMeTpPOB.

Ta6smmna 2. HacTpoiky napamMeTpoB

[lapameTp Onucanue 3HayeHUe

d, VWHTEHCUBHOCTb NOCTYINJIEHUS CPOYHBIX | 5
3asiBOK

d, WHTEHCUBHOCTH NNOCTYIJIEHUHA 4
HeCPOYHbIX 3asIBOK

Pio BepodaTHOCTB yX0/ia KJIMeHTa IIpU 0.5
OTCYTCTBUU 000pyA0BaHus TUla |

P11 BepoATHOCTBb OKUAAaHUA B OUYepeiv Ha 0.5
o6opyoBaHue Tuna l

P20 BepoATHOCTB yx0/a KJIMeHTa IpU 0.5
OTCYTCTBUU 060pyAoBaHus Tuna ll

P, BeposTHOCTb nepexo/ia k o6opyaoBaHuto | 0.25
TUna l

P> BepoATHOCTb OKUAAaHUA B OUepeiv Ha 0.25
o6opynoBaHue Thna Il

N1 KosinuectBOo 060pyj0BaHus TUNA | 9

N2 KosinyectBo 060pyoBaHus Tuna Il 7

Ay VHTEeHCUBHOCTb 0TKa30B 060pyfoBaHusa | 1.5
Tuna l

A2 MHTEeHCUBHOCTBb 0TKAa30B 060pyZo0BaHusa | 1
Tuna Il

w1 WNHTEeHCUBHOCTb BOCCTAaHOBJIEHUA 12
obopyoBaHus TUna |

w> NHTeHCUBHOCTb BOCCTAaHOBJIEHUSA 10
obopynoBaHus tuna Il

T WHTEeHCUBHOCTD NIepexo/j0B 9

JlaJibHEeMIIUKA aHa/JIM3 Ha OCHOBE PUCYHKOB 3-7 BBINOJIHEH NPU 33JaHHBIX 3HAYEHUAX
napaMmeTpoB (S, S) = (4, 5) u k = 5. BiusgHue CKOpPOCTU TEXHHUYECKOTO OOCIy:KMBaHUS Ha
NoKa3aTeJIM HaJIEXKHOCTHU CUCTeMbI TOKa3aHo Ha pUcyHKe 3. [I0CKO/IbKY BJIHMSIHUE TapaMeTPOB w1
U W, Ha MoKa3aTeJiMd HaJl&>KHOCTU CUCTeMbl CXOXKee, B JJaHHOM pa3jieJie B KauecTBe NpuMepa
paccMaTpUBaETCS TOJBKO Wj.

Kak BUMJHO Ha pUCyHKe 3, BCe 3HAaY€HHUS AOCTYNMHOCTU YBEJUYHUBAKTCA C POCTOM 1.
CienyeT OTMETHUTD, YTO KaK AOCTYNHOCTb 3allaCHbIX YaCTeW, TaK U JOCTYNHOCTb BCEW CUCTEMBbI
3HAYUTEJIbHO BO3PACTAIOT C YBeJUYeHUEeM w;. OJJHAKO TeMNbl pOCTa JOCTYNHOCTH 3alacCHbIX
yacTel U CUCTEMBI IOCTENEHHO CHUXKAKTCA. [IpU yBesIMueHUH w1 A0 15 10CTYNHOCTh UHXKEHEPOB
0 00C/IY’>KMBaHHUIO NPUOJIMKAETCA K 1, 2 JIOCTYIHOCTb CUCTEMbI Y 3aMaCHBIX YacTed JOCTUTAET
0,83 1 0,97 cOOTBETCTBEHHO.
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[lo Mepe yBeqUYeHUS CKOPOCTH TEXHHUYECKOTO OOC/IY>KMBAaHHS MOBBILNIAETCS
3QPeKTUBHOCTb pabOThl MHXKEHEPOB, YTO MO3BOJIIET ObICTPEE BBINOJHATL PEMOHT BbIIIELIETO
U3 CTpOs1 060py/0BaHUSA U CIIOCOOCTBYET POCTY NTOKa3aTesel JOCTYIHOCTH.
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PucyHok 1. BausiHue A, Ha NoKa3aTe/Id HaAEKHOCTU CUCTEMBI.

PaccmaTpuBasi mokasaTesb 0TKa3oB 06opyzAoBaHUs Tuna Il B kayecTBe mpuMmepa, Ha
pHUCYHKe 4 IpOaHaIM3UPOBAHO BIUSIHUE HHTEHCUBHOCTH OTKa30B 060PY0BaHUS Ha TOKA3aTe 1
HaJIEXXHOCTH cMcTeMbl. Ha pucyHke 1 BUIHO, YTO C POCTOM HHTEHCUBHOCTH OTKA30B CHIKAKOTCS
JIOCTYITHOCTb CHUCTEMBbI, JOCTYMHOCTb 3alacHbIX 4YacTed M [JOCTYIHOCTb WHXXEHEPOB II0
TEXHUYECKOMY 06 CTYKHUBAHHUIO.

Haubosiee 3aMeTHO M3MeHSETCH JOCTYMHOCTb CUCTEMBbI, MOCKOJbKY NPH YBEJUYEHUH
YUC/Ia HEUCIPABHOTO aBAPUHHOTO 3apsi/JHOTO O06GOpPYAOBAaHHsS CTAaHOBUTCS HEBO3MOXXHBIM
CBOEBPEMEHHO 06C/IYKMBATh KJIMEHTOB.

Kpome Toro, ZOCTYNHOCTb MH)XXEHEPOB U 3aMacHbIX YaCTel CHIKAETCS He3HAYUTEbHO
IpU POCTe HMHTEHCHUBHOCTH OTKa30B 06OpY/0BaHHs. JTO CBSI3aHO C TeM, YTO IOJIMTHKA
CBOEBPEMEHHOI'0 TONOJHEHUs 3alacoB U J0CTAaTOYHOE KOJIMYECTBO HHXKEHEPOB IMO3BOJISAIOT
YJIOBJIETBOPSTh NOTPEGHOCTH 110 3aMeHe BhILIE/IIEro U3 CTPost 060pyA0BaHHUS.

B dacTHocTH, 3amacel 3amacHbIX YacTed YCIeBAalT MOMOJHATHCA, a KOJHUYECTBO
UH)XEHEPOB [JIOCTAaTOYHO [ OOGCIYKUBaHHUS O6GOpPYAOBAaHHUs, €CJHU TOJIbKO HHTEHCHBHOCThb
OTKa30B HE CTAHOBUTCS Ype3MePHO BbICOKOM.

3ak/iloueHue
B paHHO# paboTe paccMaTpuBaeTcs 3aZlada COBMECTHOTO OMpe/ie/leHHs] ONTHMaJbHbIX

CTpaTeFI/Iﬁ TEXHHUYECKOI'o O6CJ1y)KI/IBaHI/IH U yhnpaBJ€HUA 3allaCaMH 3adllaCHbIX yacTel AJId
aBapHﬁHOFO HWH>XEHEPHOTro 060py|£[OBaHI/IH C y‘{éTOM IIpUOpHUTETa 3da4ABOK KaK IPHUHLIMHIIA,
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BJIMSIIOIET0 Ha MOC/EL0BATENbHOCTb 00Cay>kUBaHUs. KOHKpeTHO, B MOJieJIu MpeAyCMOTPEHbI
JiBa TUNA 000py[0BaHUd, NMpPeAOCTaBJIAIIIME, COOTBETCTBEHHO, 3KCIPECC-00CayKUBaHUE U
00bIYHOE 06caykuBaHUe. CpouHble 3asiBKM UMEIOT 60Jiee BBICOKMH NPUOPUTET 00CayKUBAHUSA
10 CPAaBHEHHIO C HECPOYHbIMU NPU OJHOBPEMEHHOM OXXMJAHHUU B ouepe U Ha 060pyZ0BaHHUE
JKCIIpecc-cepBuca, YTO 00yCI0BIEHO 001eNPUHATBIMUA COLMAJIbHBIMU HOPMaMH.

C moMouib0 MeTO/ja BHEJ[peHHUsI MapKOBCKOI'0 IIpolLjecca ONUChIBAaeTCsA pabouni npouecc
npeaJoKeHHOU CUCTEMbl M aHaJIMTUYECKUM BBIBOJUTCH psAJi BEPOATHOCTHBIX IOKa3aTeJsew,
CBA3aHHBIX C HAJEXKHOCTbI CHUCTEMbBI, TaKHX KaK [JOCTYIHOCTb CHCTEMBbI OOCIY>XHBaHU4,
3aMacHbIX YaCTell U UHXEHEPOB N0 00CIYKUBAHHUIO.

[anee ¢dopmynupyeTcs cOBMeCTHass ONTHMHU3alLlMOHHAsA MOJeJb, LieJb KOTOpPOU —
MaKCHMHU3alus JOCTYINHOCTU CHUCTEMBbl IPU OrpaHUYEHUSAX HaA [JOCTYNHOCTb HHXKEHEPOB,
3aMacHbIX 4yacTed M 0OIMH Oro/KeT. ONTHMa/bHAasg YUCJAEHHOCTb WHXXEHEpPOB U CTpaTerus
yIpaBJieHUs 3allacaMu ONpeJesSloTCd MyTEéM pelleHUs AAHHOW MOJeJU C HCIOJb30BaHHUEM
MeTo/a BeTBel U rpanuy, (branch-and-bound).

B 3aBepmieHuMe NpPUBOAUTCA HHXKEHEPHbIM MNpHMep aBapUWHOrO  3apsHOro
060pyI0BaHUS, KOTOPBIN CAYKUT /11 IPOBEPKH pabOTOCIOCOOHOCTH MOAeU U 3P PEKTUBHOCTHU
NpHYMeHEHHBIX MeTo0B. KpoMe TOro, npoBoAWTCA aHA/NNU3 BJAMAHUSA Pa3M4YHbIX 1apaMeTpOB
MoJie/ld Ha BepOSITHOCTHBIEe MOKa3aTeJd HaAE&XHOCTU CUCTEMbI NOCPe[CTBOM KOMIIJIEKCHOTO
aHa/iM3a YyBCTBUTEJbHOCTH.

[lepcnekTrBHBIE HaNlpaBJeHUS JaJbHEUIIMX UCCIEJ0BAaHUHN BKIOYAIOT:

® paccMOTpeHHe  BEepOATHOCTHbIX  pe3yJbTaTOB  TEXHUYECKOTO  OOCIyKHMBaHHUS,
BbIIOJIHEHHOTO MWH)XEHepaMH{, BKJOYasd KakK WJea/lbHOe, TaK U HeuJeaJlbHOe
006Cy’KMBaHHUE;

e T[oCTpoeHUe O6oJiee CJA0KHOM W KOMILJIEKCHOW MOJle/Id HaAEXHOCTH, yUYUThbIBAKOIIEH
MHO>XeCTBEHHbIe IPUOPUTETDI, YTO NO3BOJIUT PACUIUPUTDh TEOPUIO HAZLEKHOCTH CI0KHBIX
CUCTEM C aBapUMHbBIM UHXEHEPHBIM 060PYy/10BaHUEM.
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M.B. baTbip6ekK, C.2K. KabukeHoB
A6blikac CarbiHog ambiHdaFrsl KaparaHdbl mexHUkaavlk yHugepcumemi

ABTOMOOWIbAEPAi TEXHUKAJIBIK KbI3MET KOPCETY XKoHe KOH/Aey YIIiH KOCaJIKbI
OeJilIeKTepre KAKeTTUIIKTI 60/DKay XKoHe OHTalIaHABIPY

AHHOTauMA. ABTOTPAHCHOPT KypaJJapblH YaKbITbLIbl JK9HE THUIMAI KeHJey
YKYMBICTApPbIH KaMTaMachbl3 €Ty VIUiH TOeTeHIle WHXKEeHEepPJIiK KabJAblKTap amaTThIK KeHJey
CTpaTervusilapblH Yy3ere acblpyZia MaHbI3[lbl peJsi aTKapajbl. Anaifia, OcCbl a0 bIKTap/bl
naiijjaaHy Ke3iHJe Ke3JeMCOK akKayJsap TyblHJAAybl MYMKiH, OyJl OHBIH Y3[iKCi3 KYMBICBIH
KaMTaMachI3 €Ty YIIiH TEXHUKAJbIK KbI3MET KOpCeTY MeH KOCaIKbI 66JIlIeKTeP KOPbIHbIH, THIM/Ii
b6ackapy cTpaTervsjiapblH a3ipJsieyai Tanan etefi. COHbIMEH KaTap, »KeH/ley OTiHillTepiHiH
IIYFbUIABLIBIFBI aUTapJIbIKTal 63repyi MyMKiH, OyJ1 oJlap/iblH KbI3MeT KOpCeTy TIpTibiHe acep
eteni. Kasipri 3epTTeysiep kebOiHece IIYFBUIJBIK J2peXKeCiHiH >koHe OTiHilTepAiH
06acbIM/bIJIBIFBIHBIH, KOHJEY IpoleciHe acepiH eckepMmeifi. OcCbl OJIKbUIBIKTapAbl KOO
MaKCaTbIH/A, OYJ )KYMbICTA aBTOKOJIIKTI )XeH/jey Ke3iH/e KOJIJJaHbIJIaThbIH TOTEHIIE UHXEeHEePJIiK
Y)KaOAbIKTAp YIIiH TEXHUKAJbIK KbI3MET KOpCeTy MeH KOCaJiKbl 6eJillleKTep KOPbIH 6ackapy
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M.B. BaTbipbek, C.2K. KabrkeHOB

CTpaTervusiyiapblHblH, 6acbIMJBIKTap/ibl €CKepe OTbIPHIN, OipJiecCKeH OHTaWJaHAbIPY MojeJi
YChIHBbLIAAbl. MoJiesib eKi TYpJli XKeHAey XKblIAaMbIFbl 0ap €Ki )KabAbIK TYPiH KAMTHAbL: Oipeyi
LIYFbIJ OTiHIWTEPAl KeJesl KaHaFraTTaHAbIPY/Abl, aJ eKiHIIICI — KaJIbIIIThl KbI3MET KepCeTyZi
KaMTaMacel3 erefi. JKyHeHIH CeHIMJIIK BIKTUMaJJAbIK KepcCeTKillTepiH aay yuiH Mapkos
NpPOIeCCiH eHri3y aAici KosaaHbiaabl. XKyleHiH KO/DKeTIMAiNIriH MakcuMasiiay MaKcaTbIHAA
Y)KOHJley HWHXKeHepJiepiHiH caHbl MeH KOCaJIKbl O6JilIeKTeP KOPbIH 0acKapy CTpaTerusichbl
TapMaKTap MeH IlleKapajap 9/ici apKblibl OHTaWJaHAbIpbLIaAbl. [IpakTUKaJbIK Mbicajiaap
YCBIHBUJIFAH MOJieJIb MEH OAiCTepZiH aBTOKOJIIKTI »KeHAey jKafFJaujapblHAA TUIMAIJIITiH
pacTanpbl.

Ty¥#iH ce3aep: aBTOK6JIIKTI K6H/iey; TOTEHIle WHXKEHEPJIiK KabJbIKTap; 6TiHIIITEP/iH
0acbIM/bLJIbIFbl; TEXHUKAJbIK KbI3MET KOPCETY CTPATErusiChl; KOCAJIKbl O6JIIIEKTep KOPbIH
6ackapy; 6ipJieckeH OHTalJIaHbIPY.

M.B. Batyrbek, S.Zh. Kabikenov
Abylkas Saginov Karaganda Technical University

Forecasting Demand and Optimization of Spare Parts for Maintenance and Repair of
Automobiles

Abstract. Emergency engineering equipment plays a key role in implementing emergency
repair strategies to ensure timely and efficient maintenance of vehicles. However, random failures
of this equipment may occur during operation, necessitating the development of adequate
maintenance strategies and spare parts inventory management to ensure its continuous operation.
Moreover, the urgency level of repair requests can vary significantly, affecting the order in which
they are serviced. Existing studies rarely consider the impact of urgency levels and request
priorities on the repair process. To address these gaps, this paper proposes a joint optimization
model of maintenance and spare parts inventory strategies for emergency engineering equipment
used in vehicle repair, taking into account request priorities. The model includes two types of
equipment with different repair speeds: one provides expedited service for urgent requests, while
the other handles regular service. The Markov process embedding method is employed to derive
probabilistic reliability indicators of the system. To maximize system availability, the number of
maintenance engineers and the spare parts inventory strategy are optimized using the branch-
and-bound method. Practical examples demonstrate the effectiveness of the proposed model and
methods in vehicle repair scenarios.

Keywords: vehicle repair; emergency engineering equipment; request priority;
maintenance strategy; spare parts inventory management; joint optimization.
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Abstract. This study investigates the application of geotechnical seismic
isolation as a feasible and effective strategy for safeguarding architectural
heritage sites against seismic hazards. Particular attention is given to the
advantages of this approach, including the preservation of structural integrity
and historical authenticity, minimal intrusion into existing constructions, and
the use of durable, long-lasting materials. The paper examines various seismic
mitigation techniques, such as the integration of isolation layers, damping
interfaces, shock-absorbing elements, and specialized foundation systems. Case
studies of successful applications in culturally valuable structures are
presented to support the practical relevance of the proposed methods. The
research further emphasizes the importance of advanced engineering solutions
in reducing seismic vulnerability, especially in tectonically active regions. A
central focus is placed on the use of soil-rubber composite layers as a seismic
isolation medium. Experimental results demonstrate a substantial reduction in
ground motion amplitudes, thereby enhancing both the resilience and service
life of protected buildings. Overall, the findings establish geotechnical seismic
isolation as a promising component of modern earthquake-resistant design,
requiring a multidisciplinary approach that accounts for engineering,
geological, and economic considerations.

Key words: geotechnical seismic isolation; soil-rubber composite; cultural
heritage preservation; experimental testing; compaction device; accelerometric
evaluation; seismic vibration amplitude.
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Innovative solutions of geotechnical seismic isolation with application of ground rubber
for protection ofarchitectural monuments

Introduction

The protection of architectural heritage from seismic hazards remains a critical and evolving
concern in the broader context of cultural preservation and structural resilience. Historic
structures, often characterized by unique construction techniques, rare materials, and age-related
degradation, are inherently more susceptible to damage from seismic activity. Unlike modern
buildings, these monuments typically lack standardized reinforcements or seismic-resistant
features, which amplifies their vulnerability to earthquake-induced forces. In light of the growing
frequency and intensity of seismic events in many regions of the world, there is an urgent need for
advanced engineering solutions that are both effective and respectful of the historical value of these
structures.

Among the emerging strategies addressing this issue, geotechnical seismic isolation has
proven particularly promising. This method involves the installation of subsurface energy-
dissipating systems that interrupt or attenuate seismic waves before they reach the superstructure.
By reducing the amplitude and transmission of ground vibrations, such systems effectively limit
the internal stresses experienced by heritage buildings during earthquakes. A major advantage of
geotechnical isolation is its non-intrusive nature: it does not require extensive modification to the
visible parts of a monument, thereby helping to preserve the authenticity, form, and aesthetic
integrity of historically significant architecture.

Over the past decade, various configurations of geotechnical seismic isolation have been
examined through computational modeling and laboratory experiments. These investigations have
covered a wide range of materials and structural setups. For example, Forcellini and Chiaro [1]
conducted parametric studies using the OpenSees platform to simulate the dynamic response of
gravel-rubber composite layers under cyclic loading. Their work highlighted how the inclusion of
different percentages of crumb rubber (10%, 25%, 40%) could significantly influence energy
dissipation capacity, with higher rubber content generally yielding better damping performance.

In parallel, sustainable and eco-friendly solutions have gained prominence, particularly in
the context of green construction. Several studies have explored the use of layered systems
combining gravel and recycled rubber—materials that are not only readily available but also
environmentally responsible. When placed beneath reinforced concrete foundations, these
composite layers act as passive isolation mechanisms, effectively filtering seismic energy before it
propagates upward. Empirical results from shake table tests and numerical models consistently
demonstrate that such systems contribute to a measurable reduction in peak ground acceleration,
lateral displacement, and base shear forces [2], all of which are critical parameters in maintaining
the structural safety of heritage assets.

Banovi¢ [3] conducted a series of shake-table experiments aimed at evaluating the
performance of geotechnical isolation layers under controlled seismic conditions. These
experiments specifically focused on the influence of critical parameters—such as the thickness of
the isolation layer, the degree of compaction, and the moisture content—on the seismic behavior
of overlying structures. By systematically varying these parameters and subjecting the scaled
models to different levels of peak ground acceleration (PGA), the study was able to provide detailed
insight into how these factors affect the damping characteristics and overall effectiveness of the
isolation system. The results demonstrated that optimal layer design—particularly with respect to
compaction and thickness—can significantly enhance seismic energy dissipation.
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Similarly, Jing [4] introduced an innovative multilayered seismic isolation configuration that
utilized alternating layers of sand and glass beads. This composite system aimed to leverage the
granular mechanics and frictional behavior of dissimilar materials to attenuate seismic energy
more effectively. Through scaled vibration testing, including scenarios simulating real seismic
events such as the 1940 El Centro earthquake, the proposed system was shown to perform well
under various input intensities. The multilayer arrangement helped to decouple seismic waves and
reduce transmission to the superstructure, validating the concept as a feasible seismic mitigation
technique.

In a complementary line of investigation, Zhang [5] explored the mechanical properties of
gravel-based isolation layers modified with recycled rubber particles. The study focused on how
the inclusion of rubber affects the shear modulus and damping ratio of the soil matrix. Findings
indicated that while the composite exhibited a reduction in shear stiffness, it gained enhanced
damping capabilities—a trade-off that, in seismic contexts, favors energy absorption and reduced
force transmission. This confirmed the potential of recycled materials not only as sustainable
construction components but also as effective elements in seismic protection systems.

Building upon these foundations, numerous other studies [6-11] have confirmed the
effectiveness of low-cost and accessible materials in seismic isolation. Approaches involving sand
cushions, glass-enhanced granular layers, and other geotechnically modified fills have been shown
to substantially decrease the dynamic response of structures when applied thoughtfully. Such
strategies are particularly valuable in regions with limited financial resources or where minimal
intervention is preferred due to the cultural value of heritage sites.

Geotechnical seismic isolation technologies have progressed beyond experimental
validation and are now increasingly being implemented in real-world conservation and structural
retrofitting projects. These solutions have proven their viability through successful applications in
the protection of culturally significant buildings. For instance, vibration-isolating layers were
integrated during the structural reinforcement of the Romanov Chamber in Moscow. This
intervention contributed significantly to the building’s improved seismic performance while
maintaining the integrity of its historical and architectural elements. Notably, no invasive
alterations were made to the building's original masonry or decorative components,
demonstrating the compatibility of geotechnical isolation with the requirements of heritage
conservation. Similarly, a comprehensive geotechnical isolation system was installed beneath the
Belém Tower in Lisbon, a prominent UNESCO World Heritage Site. The system included custom-
designed subsurface isolation elements that were installed with minimal disruption to the
structure. Long-term monitoring of seismic behavior following the intervention confirmed a
marked reduction in dynamic response, validating the effectiveness of this technology under field
conditions. These case studies highlight the capacity of geotechnical isolation to deliver targeted,
minimally invasive, and context-sensitive seismic protection for historically important structures.
The integration of such systems into cultural preservation efforts marks a significant step forward
in harmonizing engineering innovation with conservation ethics.

Given the increasing seismic risks faced by architectural heritage worldwide, especially in
tectonically active regions, geotechnical seismic isolation (GSI) is emerging as one of the most
adaptable and promising strategies for structural protection. Unlike traditional retrofitting
methods that often require intrusive interventions—such as reinforcement of walls, installation of
dampers, or structural bracing—GSI focuses on modifying the dynamic interaction between the
structure and its foundation soil. By implementing isolation systems below ground level, it of
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becomes possible to preserve the original facades, load-bearing components, and artistic elements
heritage buildings. This subsurface approach is especially valuable in conservation contexts where
aesthetic, historical, and material authenticity must be maintained. Furthermore, the modular and
scalable nature of GSI makes it suitable for a wide range of foundation types, soil profiles, and urban
settings, including locations with strict regulatory or spatial constraints.

Within this innovative framework, the present study investigates the performance of
engineered soil-rubber composites as a viable seismic isolation material. These composites,
produced by blending natural granular soils with rubber particulates—typically derived from
recycled automotive tires—exhibit enhanced damping properties and high energy absorption
capacity. These characteristics are critical for mitigating seismic vibrations before they reach the
building’s superstructure. The rubber inclusions confer viscoelastic behavior to the soil matrix,
enabling greater dissipation of vibrational energy through internal friction and deformation. The
goal of the research is to evaluate how effectively these materials reduce seismic impact, especially
when applied beneath foundations of heritage buildings located in seismically active zones, where
structural vulnerabilities are often pronounced.

To achieve a comprehensive assessment, the study employs a dual-method approach that
integrates experimental testing with numerical simulations. Controlled laboratory tests allow for
the observation of dynamic behavior under standardized conditions, while computational
modeling facilitates the analysis of complex soil-structure interactions and the extrapolation of
results to full-scale scenarios. Through this methodology, the study aims to validate the soil-rubber
composite as a cost-effective, sustainable, and minimally invasive alternative to conventional
seismic isolation systems. The research contributes to the growing body of literature focused on
sustainable seismic mitigation and seeks to support interdisciplinary collaboration between
geotechnical engineers, structural preservationists, and policymakers in the domain of cultural
heritage protection [12-17].

One notable recent advancement in the field of geotechnical seismic isolation (GSI) involves
the development and application of non-invasive soil modification techniques, particularly the
injection of polyurethane into subsoil layers. This innovative method is designed to enhance the
seismic performance of foundations without requiring alterations to the aboveground structure,
making it highly compatible with aging infrastructure and historically significant buildings. The
technique is especially advantageous for heritage preservation, as it minimizes physical
interference with the structure’s visible and cultural elements. In a comprehensive study by Zhang
et al. (2025), arefined approach to non-intrusive GSI was introduced, wherein carefully controlled
injections of polyurethane altered the mechanical properties of the soil, shifting the natural
vibration period of the site away from the dominant frequencies of seismic input. This strategic
decoupling effectively reduced resonance risks. The methodology was validated through a
combination of laboratory resonance column tests and nonlinear dynamic time-history analyses
using the OpenSees platform. Results confirmed a substantial decrease in seismic response,
particularly in deteriorated and corrosion-affected bridge piers. By extending the natural period of
the soil-structure system and redistributing seismic energy more evenly, this method provides
long-term protection throughout a structure’s service life. While originally developed for bridge
foundations, the underlying principles and benefits of this technique may be readily adapted to
heritage structures, offering a minimally invasive, sustainable, and lifecycle-effective seismic
mitigation solution that fully respects the constraints of conservation practice [18].
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Expanding the scope of non-intrusive GSI solutions, recent research has also explored the
use of engineered granular damping layers composed of recycled and composite materials. These
systems aim to attenuate seismic waves within the subsurface before they impact the structure.
For example, Yang et al. (2024) proposed a multi-layered soil system integrating lightweight
expanded aggregates and polymeric inclusions. Their findings, supported by shake-table
experiments and finite element simulations, showed that such configurations effectively reduce
peak ground acceleration and limit stress wave propagation through the soil column. Due to their
modularity and ease of installation, these layered damping systems are particularly suited for
deployment beneath existing foundations with minimal excavation or disruption to the
superstructure. This makes them attractive options for the seismic retrofitting of historically
sensitive buildings, where reversibility and non-invasiveness are core conservation principles [19].

In parallel, continued innovation in geotechnical seismic isolation has led to the exploration
of hybrid systems that combine soil reinforcement with layered energy-dissipating barriers. For
instance, researchers have investigated the strategic placement of geosynthetic-reinforced
granular soils with variable stiffness across depth profiles. These hybrid systems alter the
impedance profile of the soil and introduce controlled interfaces that reflect or absorb seismic
energy. The result is a delay in wave transmission and a reduction in peak ground motion intensity.
Such systems, by tailoring the mechanical impedance across layers, enable efficient control of
vibration paths without compromising the surrounding built environment. These advancements
reinforce the role of geotechnical seismic isolation as a sustainable and adaptable solution for
seismic resilience, particularly in urban zones where heritage structures coexist with modern
infrastructure and where direct structural intervention is either undesirable or restricted [20].

Taken together, these advancements underscore a growing consensus within the
engineering and conservation communities: geotechnical seismic isolation offers a compelling
balance between structural safety and cultural preservation. Whether implemented through
layered damping systems or in-situ soil modification, these techniques provide effective mitigation
of seismic forces while maintaining the physical and aesthetic integrity of heritage buildings.
Against this backdrop, the present study contributes to this evolving field by evaluating the
performance of soil-rubber composite layers as a geotechnical isolation solution. Through
carefully designed laboratory experiments and quantitative analysis of seismic response, the
research aims to demonstrate the material’s effectiveness in reducing vibrational transmission.
The outcomes are expected to inform future applications of sustainable and minimally invasive
seismic protection strategies, particularly in the context of safeguarding irreplaceable architectural
heritage.

The methodology

The application of geotechnical seismic isolation represents a scientifically grounded and
practically efficient approach to mitigating both vibrational effects and structural deformations
resulting from seismic activity. This methodology has gained increasing relevance in the field of
structural preservation, particularly when it comes to safeguarding cultural heritage buildings. In
such contexts, any intervention must carefully balance the goals of enhancing structural resilience
with the imperative to preserve historical authenticity and cultural significance. Many monuments
are constructed from age-sensitive materials or using traditional construction techniques that are
highly susceptible to damage from conventional retrofitting methods. Therefore, the selection of
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non-intrusive isolation solutions becomes not only preferable but often essential for long-term
conservation.

One of the principal advantages of geotechnical seismic isolation lies in its subsurface
implementation, which allows for the strategic placement of isolation layers beneath the
foundation or base slab without necessitating physical alteration to the existing superstructure.
This non-invasive characteristic is of paramount importance in heritage conservation efforts, as it
enables the retention of original architectural elements, including load-bearing components,
decorative facades, and interior artistic finishes that contribute significantly to the historical and
cultural value of the structure. Furthermore, the use of engineered composite materials—such as
soil-rubber mixtures formed from granular soils and recycled elastomeric particles—enhances the
durability, elasticity, and energy dissipation capacity of the isolation system. These materials are
specifically designed to perform under cyclic loading conditions typical of seismic events, ensuring
long-term functionality and reliability under both moderate and extreme seismic influences.

To rigorously assess the performance of the proposed seismic isolation strategy, a
comprehensive series of controlled laboratory experiments was undertaken. The experimental
design was centered around evaluating the dynamic response behavior of a custom-formulated
soil-rubber composite, prepared by integrating granular soil with shredded rubber particles
sourced from recycled tires. This specific composition was selected based on its advantageous
viscoelastic properties, which are known to offer significantly higher damping ratios and energy
absorption capacity compared to conventional or untreated soil matrices.

The physical test setup featured a scaled structural model placed atop a layered foundation,
with two key configurations being systematically examined: a reference model with no isolation
layer and an experimental model incorporating the composite isolation layer. Both setups were
subjected to simulated seismic excitations using a calibrated vibration platform, replicating ground
motions of varying intensity and frequency content. Key parameters, such as vibration amplitude,
acceleration response, and frequency-domain characteristics, were monitored using a network of
high-precision sensors and data acquisition systems. Figure 1 provides a schematic representation
of the experimental layout, indicating the positioning of the soil-rubber composite layer and
instrumentation used for real-time data collection.

The central objective of this investigation was to quantify the degree of vibration reduction
and energy attenuation afforded by the composite isolation layer. By systematically comparing the
seismic responses of the two configurations under identical loading conditions, the study sought
to isolate the effectiveness of the engineered material in filtering and dissipating seismic energy
before it could reach the superstructure. The collected experimental data were analyzed using both
time-domain and frequency-domain techniques to evaluate not only the damping efficiency and
deformation control characteristics of the material, but also to assess its practical viability for
deployment in actual heritage preservation projects located in active seismic regions. The results
obtained from these tests provide valuable empirical evidence supporting the adoption of
geotechnical isolation as a feasible, minimally invasive, and sustainable method for enhancing
seismic resilience in culturally significant structures.

During the laboratory testing phase, the soil-rubber composite material was prepared and
compacted using a standardized laboratory compaction method, following technical guidelines and
procedural specifications derived from the SOYUZDORNII Research Institute, which is recognized
for its protocols in geotechnical and road construction materials testing. The composite mixture
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was composed of pre-weighed proportions of granular soil and crumb rubber, ensuring
consistency in particle size distribution and homogeneity across samples.

Figure 1. Engineering composite consisting of soil and shredded rubber (ground
rubber)

To simulate realistic installation conditions and to achieve reproducible results, the
prepared material was introduced into a custom-fabricated cylindrical mold, designed specifically
for the purpose of this study. This mold differed from conventional Proctor compaction molds in
both diameter and depth, allowing for the accommodation of layered placement and measurement
instrumentation. The mold's dimensions were selected to comply with the scaling requirements of
the experiment and to facilitate observation of vertical and lateral compaction behavior.

The experimental procedure was executed in a multi-stage format to control compaction
quality and material consistency. During the initial phase, the cylindrical container—exceeding the
diameter of traditional compaction molds—was carefully set up on a vibration-isolated platform.
The composite material was then placed into the container in three to five equal lifts, each
approximately 3-5 cm thick. After each lift, the material was compacted using a mechanical
rammer, applying uniform energy across the surface to eliminate air voids and achieve targeted
density levels consistent with field conditions.

Particular attention was paid to achieving uniform compaction across the entire volume of
the sample, as inconsistencies in density could influence the dynamic response characteristics
during vibration testing. Instrumentation was embedded at designated depths to monitor
compaction progress and to collect data during subsequent seismic simulation phases. Figure 2
shows the mold assembly and the layer-wise compaction process.

This rigorous approach ensured that the physical properties of the test specimens, such as
bulk density, moisture content, and rubber dispersion, remained within predefined tolerance
limits, providing a solid foundation for reliable interpretation of the dynamic testing results.

To accurately record the dynamic behavior of the composite specimen under simulated
seismic excitation, a precision acceleration sensor of model VS 111 was employed. This sensor is
equipped with integrated electronics and operates according to the ICP (Integrated Circuit
Piezoelectric, also known as IEPE) standard, which ensures compatibility with a wide range of
signal conditioning and acquisition systems. The VS 111 model offers a sensitivity of 10 mV/g,
enabling detection of subtle changes in acceleration, and functions effectively across a broad
frequency range of 0.5 to 15,000 Hz, making it suitable for capturing both low-frequency tremors
and high-frequency components of seismic events.

268 Ne2(151)/2025 JLH. 'ymunee amvindarsl Eypazus yammuix ynueepcumeminiy XABAPILBICHL
TexHUKA/IbIK FbLAbIMOAP HCIHE MEXHOA02USNAD CePUsICbL
ISSN: 2616-7263. eISSN: 2663-1261



Innovative solutions of geotechnical seismic isolation with application of ground rubber
for protection ofarchitectural monuments

Prior to testing, the accelerometer was carefully calibrated in accordance with the
manufacturer's specifications, and its output was verified using a reference vibration source.

Figure 2. Sample compaction device made according to the typical design developed by the
Research Institute “SOYUZDORNII”

The sensor was then securely affixed to the surface of the compacted soil-rubber
composite, ensuring tight coupling and minimizing any potential signal distortion due to slippage
or misalignment during impact events.

To simulate a seismic-like event in a controlled laboratory environment, a mechanical
impact method was used. An impulsive load was generated by dropping a 450-gram steel weight
from a height of 25 centimeters directly onto the surface of the compacted specimen. This loading
technique was selected due to its simplicity, repeatability, and its ability to generate short-
duration high-energy impulses, which are representative of the transient forces observed during
the early phases of an earthquake.

The vertical impact induced a stress wave propagation through the composite layer,
triggering vibrational responses akin to those experienced during seismic excitation. By
maintaining consistent drop height and mass, it was possible to generate comparable input energy
across all test cycles, thus ensuring the repeatability and reliability of the experimental results.

The analog output from the VS 111 accelerometer, representing the real-time vibration
response of the sample, was transmitted via shielded coaxial cable to a ZET 017-U8 spectrum
analyzer. This high-precision data acquisition system is capable of capturing vibrational signals
with a frequency resolution of up to 20 kHz and features a dynamic range of 80 dB, allowing it to
detect both minor fluctuations and more significant acceleration spikes with high accuracy.

The analyzer digitized the incoming signals and recorded them over a duration of
approximately one second per impulse, which encompassed the full decay period of the induced
vibration. The recorded waveforms were then exported for further processing, including Fourier
transform analysis, peak amplitude extraction, and comparison across different specimen
configurations. Figure 3 provides a schematic overview of the instrumentation setup, highlighting
the sensor placement, impact mechanism, and signal transmission path.

JLH. 'ymunes amuindarsl Eypazua yammeuik ynueepcumeminiy XABAPIIBICHL N92(151)/ 2025 269
TexHUKa1bIK FolAbIMOAAP JHCIHE MEXHO102USANAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



S.Niyetbay, Y.Bessimbayev, .Tashmukhanbetova, Sh.Toleubayeva, A.Tleubayeva

This comprehensive instrumentation and data acquisition protocol ensured high fidelity in
capturing the seismic isolation behavior of the soil-rubber composite and laid the foundation for
arobust interpretation of the isolation system's performance characteristics.

Figure 3. Zetlab program designed for vibration signal analysis

The impact of impulse vibration was assessed by analyzing the recorded peak acceleration
value.

Findings/Discussion

The results of the dynamic testing are graphically presented in Figures 4 and 5, which depict
the recorded acceleration amplitude profiles for two experimental configurations: one using
unmodified natural soil, and the other incorporating the engineered soil-rubber composite layer.
The time histories span an observation window of 0.5 seconds, which adequately captures the
initial impact event and the subsequent attenuation behavior of the materials.

In the case of the natural soil specimen, the measured peak ground acceleration (PGA)
reached a maximum value of 13.85 m/s?, indicating a relatively low damping capacity and minimal
energy dissipation following the applied impulsive load. The acceleration curve for this
configuration shows a sharp peak followed by a gradual decay, characteristic of systems with
limited internal energy absorption mechanisms. This suggests that seismic energy is more readily
transmitted through the unmodified soil medium, posing greater risk to overlying structures.

Conversely, the sample that incorporated the soil-rubber composite layer demonstrated a
markedly different response. The peak acceleration was significantly reduced to 8.75 m/s?
representing a 36.83% decrease compared to the natural soil configuration. This notable reduction
in amplitude clearly illustrates the damping effectiveness of the composite material, which absorbs
and disperses seismic energy more efficiently due to the viscoelastic behavior of the rubber
component.

The observed attenuation is attributed to several factors: (1) the increased hysteretic
damping introduced by the rubber particles, (2) the disruption of wave propagation paths through
heterogeneous interfaces within the composite, and (3) the frictional energy loss resulting from
particle movement under dynamic stress. These mechanisms act synergistically to lower the
amplitude and duration of transmitted vibrations.

Taken together, the experimental findings validate the hypothesis that soil-rubber
composites can serve as effective geotechnical seismic isolation layers, particularly in scenarios
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where traditional structural interventions are either infeasible or undesirable due to cultural
preservation constraints. The reduced acceleration response translates into lower inertial forces
acting on the foundations of heritage structures, thereby improving their seismic resilience
without compromising architectural authenticity.

Figure 4. Graph of accelerations recorded on natural soil
Figure 5 provides a comparative visualization of the peak vibrational amplitude recorded
for two different foundation materials: untreated natural soil and the soil-rubber composite
(gruntoresina).

Figure 5. Acceleration diagram obtained during the testing of ground rubber

The horizontal axis indicates the six experimental runs, while the vertical axis reflects the
maximum acceleration values (in m/s?) observed during each trial. For each configuration, the
displayed values represent the average of four individual measurements, ensuring statistical
consistency and reducing the influence of random deviations.

The results reveal a clear and consistent trend: across all six experiments, the samples
composed of natural soil demonstrated higher peak acceleration values, ranging between 13.45
and 14.3, with an average near 13.87 m/s? In contrast, the specimens containing rubber-modified
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soil exhibited significantly reduced acceleration amplitudes, falling within the 8.21 to 9.28 range,
with a mean value of approximately 8.75 m/s?.

This substantial reduction — on the order of 35-40%, depending on the experimental run
— illustrates the superior damping capacity of the composite material. The incorporation of crumb
rubber introduces viscoelastic properties into the soil matrix, which effectively transforms part of
the vibrational energy into heat and internal friction, rather than allowing it to propagate through
the medium.

Additionally, the low error margins indicated atop the bars suggest that the measurements
are both precise and repeatable, lending further credibility to the conclusion that soil-rubber
composites function as reliable seismic mitigation layers. The overall downward shift in amplitude
observed for the modified samples underscores their capacity to attenuate input motion, which is
essential for protecting structures—particularly those of historical or architectural significance—
against dynamic seismic forces.

These findings validate the use of engineered fill materials in geotechnical seismic isolation
systems, particularly in cases where traditional structural retrofitting is not feasible. By
substantially reducing vibrational transfer from the ground to the structure, such composites
contribute to enhanced seismic safety and resilience while maintaining compatibility with heritage
preservation requirements.
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Figure 6. Vibration amplitude values for natural soil and rubber-based composite

Figure 6 presents a quantitative comparison of the average peak acceleration values
recorded during six independent tests, clearly illustrating the performance difference between
natural soil and the soil-crumb rubber composite. As shown in the graph, the average peak
acceleration for samples with the composite layer was 8.75 m/s? compared to 13.85 m/s* for
untreated soil. This represents a 36.83% reduction in seismic vibration amplitude, underscoring
the composite material’s superior ability to attenuate dynamic ground motion.

Such a significant decrease in vibrational response confirms the high damping efficiency of
the soil-rubber mixture. The result can be attributed to the inherent viscoelastic behavior of the
rubber inclusions, which absorb and dissipate seismic energy through internal friction and
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hysteresis. Additionally, the heterogeneity introduced by the composite structure contributes to
scattering and diffusing wave energy, thereby reducing its impact on the overlying structure.

These findings are particularly relevant for the seismic protection of architecturally and
culturally valuable heritage sites, where minimal intervention and preservation of original
materials are paramount. The demonstrated effectiveness of the composite material provides a
compelling argument for its real-world implementation in geotechnical seismic isolation systems,
especially in scenarios where traditional retrofitting may be invasive, cost-prohibitive, or
structurally incompatible.

Furthermore, the consistency of the results across all six experiments indicates that the
material behavior is stable and reproducible, which is a crucial prerequisite for field application.
The evidence presented lays a robust foundation for future studies, including scaled physical
modeling, long-term field performance monitoring, and the optimization of material ratios for
specific soil types and seismic profiles.

In conclusion, the soil-crumb rubber composite not only enhances seismic resilience but
also represents a sustainable, cost-effective, and minimally invasive solution for protecting
vulnerable structures in seismically active regions. Its integration into modern geotechnical design
frameworks holds considerable promise for advancing earthquake-resistant construction
practices.

Conclusion

The outcomes of this experimental study provide strong evidence in support of using soil-
rubber composite materials as an effective geotechnical seismic isolation solution. The findings are
of particular importance in the context of heritage preservation, where conventional retrofitting
techniques may be either technically infeasible or undesirable due to their invasive nature. By
leveraging the damping properties of crumb rubber, the proposed approach offers a sustainable,
low-cost, and minimally disruptive alternative to enhance the seismic resilience of critical
structures.

Laboratory simulations under controlled dynamic loading revealed a consistent and
significant reduction in peak ground acceleration when soil-rubber composites were employed.
The recorded data showed that the average vibration amplitude was reduced by 36.83%, indicating
a marked improvement in energy dissipation capacity. This reduction is not only statistically
significant but also practically meaningful, as it translates into lower seismic loads transferred to
superstructures, which can mitigate structural damage and preserve serviceability during seismic
events.

From a materials science perspective, the improved performance of the composite is
attributable to the viscoelastic behavior of rubber, which introduces hysteretic damping and
internal friction mechanisms into the soil matrix. These characteristics allow the composite to
absorb and disperse seismic energy more efficiently than natural soil alone. Additionally, the
heterogeneity of the material, resulting from the presence of rubber particles, alters wave
propagation paths and increases scattering, further contributing to its attenuation capacity.

The advantages of this technique extend beyond performance metrics. The approach is also
environmentally responsible, as it encourages the reuse of waste rubber materials, such as
shredded tires, thus addressing both seismic safety and ecological concerns. Moreover, the method
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non-invasive nature means it can be implemented without altering the original design, appearance,
or materials of heritage buildings—an essential requirement in restoration and conservation
practice.

These results lay the groundwork for a new generation of foundation isolation strategies,
particularly suitable for historically valuable structures, public buildings, museums, and cultural
landmarks situated in seismic zones. However, to translate these laboratory-scale findings into
field-ready applications, further research is required. This includes:

e Long-term monitoring of full-scale systems under real seismic events;

o Evaluation of performance under varied environmental and geological conditions;

o Study of the effects of different rubber content ratios, particle sizes, and soil types;

e Development of design guidelines and standards for practitioners;

e Numerical modeling and simulation using advanced finite element tools to complement
physical testing.

In addition, interdisciplinary collaboration among civil engineers, material scientists,
seismologists, and heritage conservation specialists will be essential to develop implementation
protocols that align with both structural performance requirements and conservation ethics.

In conclusion, the integration of soil-rubber composites into seismic isolation practice
represents a technically sound, environmentally friendly, and culturally sensitive innovation. As
climate change and urbanization continue to increase the vulnerability of existing structures to
natural hazards, the need for such forward-looking and adaptable solutions becomes more urgent.
The present study not only validates the concept at the laboratory scale but also opens up a
promising avenue for future implementation and standardization within the broader field of
resilient infrastructure development.
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1Xanvikapaawik 6i1imM 6epy kopnopayusicsl, Aamamol, Kazakcmax
2Cam6aee amviHdarbl Ka3¥T3Y, Aamamesl, Kazakcmax

Coy/ieT ecKepTKillITepiH KOPFay YIIiH pe3eHKe TONbIPAaKThI KOJIAAaHa
OTBIPBIN re0TEXHUKAJIbIK, CECMHKAJIbIK, OKLIay/IayJAblH MHHOBALUAJIBIK, IelIiMaepi

AnpgaTna. Makasnaza Ccoy/IeTTiK eCKepTKIilTepAi CeMCMHUKAJbIK acepJiepAeH KopFay
MaKCcaTblH/la TeOTeXHUKa/bIK CeMCMOOKLIay/Jay ofiCTepiH  KOJAAHy[AblH  LlelliMzaepi
KapacTblpbliaZbl. Bys TacuiZiH apThIKWbLIBIKTAPbIHA e€epeKlle Has3ap ayAapblLIFaH, aTall
aTKaHJa Tapuxyd FUMapaTTapAblH KOHCTPYKUHUSJBIK TYTACTbIFbIH CaKTay >X9HE OJIapJblH,
TYNHYCKAJIbIFbIH KOFa/ITIAY, KOHCTPYKIUAJBIK, )Kylere apajacybl 6apblHIla a3alTy, COHJAK -aK,
KOJIIaHbLJIATbIH MaTepHaAapAblH, y3aK Mep3iMJi TyYpaKTbUIbIFbl. CelicMooKuIaysiay GOMbIHILIA
HeTi3ri afjicTep MeH TeXHOJIOTHSiJIap TaJllaHfaH, COHbIH, illliHJe OKllayJaylibl KabaTTap/bl,
JeMndepsiik 3JieMeHTTepAi, aMOPTU3aLMSJIbIK >KylhesJep MeH ipretac TeCeHIlITepiH OpHATY
Tocingepi. Tapuxu- coyJeTTiK MaHbI3bl Oap HbICAaHAAPAA CEHMCMOOKILIAy/iay TeXHOJIOTUsJIapbIH
COTTI KOJIJJaHy MbICca/iZjapbl KeJTipijiireH. CeicCMUKaJIbIK 6eJICeH/IiJIiri >)KOFaphl eHipJepae MaleHU
MypaHbl CaKTay YLIiH 3aMaHayd TEeXHOJIOTUAJBIK LIelliMAepAiH, MaHbI3bLIbIFbl €peKlle aTall
eTienl.
3epTTeyAiH MaKcaTbl — IeOTEXHUKAJbIK CeMCMOOKILIAy/ayAblH CIYJEeTTIK MypaHbl CaKTayAaFbl
TUIM/I KypaJl peTiHJie KOJIAaHy MYMKIH/ITIH KepceTy. IKCIEpUMEHTTIK 3epTTey HOTHKeJiepi
KOpCeTKeHiel, OKllayJayllibl KabaT peTiHJAe TOMbIpaK IeH pe3eHKe YriHJiCiHeH TypaTbiH
KOMIO3UIUSJIBIK, MaTepHabl (IPpyHTOpe3WHa) MNaWjanaHy CeHCMUKaJbIK TepobesicTepaiH
aMIUVIMTYAACblH aMTapJblKTal TeMeHJeTyre MYMKIiHJIK 6epeni, Oy 63 Ke3eriHue
FUMapaTTap/AblH, TYPaKTbLIbIFbl MeH MaljAajiaHy CeHiMJiJiriH apTTbipajbl. [€0TeXHUKAJBIK,
cercMOoOKUIayJiay CeMCMUKaJBIK TYPAaKThI KYPbIJIbIC CaJlaCblHAAFbl 60J1alllaFbl 30p OAFbIT peTiHAE
KapacThIpbLIaJibl >K9HEe TeXHUKAJbIK, TeO0JIOTUSJIBIK >X9He 3KOHOMUKAJBIK QaKTopJap/bl
eCKepeTiH KellleH/[i KO3KapacThl Tajall eTe/|.

TyHiH ce3aep: reoTexHUKaJbIK CEWCMUKAJBIK OKllIay/jay; pe3eHKe MeH TOIbIpaKTaH
TYypaTblH KOMIIO3UT; MdJEeHM Mypa HbICAaHJAApblH KOpFay; 3epTXaHaJsblK >XaFJauJaFrbl
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3KCIIEpUMEHTTIK CbIHAKTAp; CTAHAAPTTHI TBIFbI3JAy KYPBLIFBICHI; aKCceJepoMeTp KeMeriMeH
BUOpAIMSAHbI Ta/1/jay; CECMUKAJBIK 9cep Ke3iHJeri yAey/liH, aMIIMTyAaChI.

C.E.Huet6aun!, ET.Becum6aen? , U.b.Tammyxan6etoBa*!, A.K. Tney6aeBa*1,
III.B.Tosiey6aeBal

IMexcdynapodHas ob6pazosamenvHas kopnopayusi, Aamamel, Kazaxcmat
?Kazaxckull HayuUOHa1bHbLIU UccaedosamenbCKull mexHuveckull yHugepcumem um. K. H.
Camnaesa, Aamamul, Kazaxcman

"HHOBal.ll/IOHHble pelieHusa reoTexHU4eCcKoun CGﬁCMOHBOJIﬂI.(PIPI C IIPUMEHECHHUEM
IFPYHTOPE3UHbI AJIA 3allIUThI IAMATHUKOB APXUTECKTYPbI

AHHOTanmsa. B fgaHHOW paboTe paccMaTpUBaeTCs NOTEHLUHWaJ MNPUMEHEHHUSs
re0OTEXHUYECKUX CEeMCMOU30JIUPYIOLIMX TEXHOJOTUN [AJiS 3alUThl 06bEKTOB apXUTEKTYPHOIO
HacJeusi OT pa3pylIUTeNbHBIX IOCAeJCTBUM CEHCMUYECKUX BO3ieUCTBU M. [loguépKuBaeTcs psi/
NpeuMYyLIeCTB JJAHHOTO MeTOo/a, CPe/Iu KOTOPhIX — COXpPaHEHHEe KOHCTPYKTHBHOM 11€JI0CTHOCTH
3/laHUH, 0o6ecrieyeHre UX UCTOPUYECKON Ay TEHTUYHOCTH 32 CYET MUHUMAJIBHOT'O BMellaTeJbCTBa
B CYLIECTBYIOIIME HeCyl[he CUCTEMbI, a TaKXe YCTOWYUBOCTb HCIO0Jb3yeMbIX MaTepHasioB K
JUTATEbHOM 3KCIJIyaTallMy B CJIOXKHBIX YCI0BHUSAX. OCylecTBIEH 0630p KJIKUYEBbIX HMHKEHEPHBIX
pellleHUH B 006JIaCTH CEWCMOM3O0JISILIMU, BKJIIOYAs YCTPOMCTBO aMOPTHU3UPYIOLIUX MPOCIOEK,
JeMNUPYIOIUX CI0EB, MOTJIOUIAKIINX BCTABOK U ClelhalbHbIX QYyHJAAMEHTHBIX OCHOBAaHHUM.
[IpuBeieHbl MPHUMeEPhI pealru3aluy NoA00HbIX pellleHUH Ha MaMsATHHUKAX KyJIbTYPHOT'0 3HaYEeHHUSI.
Oco60e BHMMaHHUeE y/eJIeHO 3HaYeHHI0 COBPpeMEeHHbIX MHKeHepPHbIX pa3paboTOoK /1151 MOBbILIEHUS
ceiCMHUYeCcKol 6e30MacHOCTH B PeruoHax C MOBbIIIEHHbIM PUCKOM 3eMJieTpsiceHuH. llesbio
MccieloBaHUs siBJisieTCsl 060CHOBaHHE 3 PEKTUBHOCTU re0TEXHUYECKOU CelCMOU30JISLMN KaK
Cpe/icTBa 3alUThl UCTOPUYECKHUX COOPYKEHUM. JKCIepUMeHTa/libHble JJaHHbIe MOKa3aJH, YTO
NpUMeHeHHe TPYHTOPE3UHOBBIX KOMIIO3UTOB B KadyeCTBe MPOCJOUKH CIOCOGCTBYET
3HAUYMTEJbHOMY CHIKEHUIO aMIUIMTYJ, BUOPAIMOHHBIX KoJeGaHWH, TeM CaMbIM YJydllas
YCTOMYMBOCTb M HaAEXKHOCTD 3aHU . [10406HBIN MOAX0/1 pacCMaTPHUBAETCS KaK epCleKTUBHOE
HampaBJieHWe B Pa3BUTHUM TEXHOJIOTUM CEMCMOCTOMKOrO CTPOUTENbCTBA, Tpebylollee
MEXAUCIUIUIMHAPHOTO aHa/k3a C yY6TOM HHXXEHEPHbIX, Te0JOTHYECKHX M 3KOHOMHYECKHUX
YCJ0BHUH.

KiiloueBble C/I0Ba: reoTexHUYeCKasi CEHCMOU30JIAIMs; KOMIIO3UT HAa OCHOBE PEe3WHbI U
TPYHTA; 3alldTa OO6BEKTOB KYJIbTYPHOTO Hac/JeAUsl; 3KCIepHMeHTa/lbHble MCIbITAHUS B
JIabOPATOPHBIX YCJIOBHUAX; MPUOOP JJIs1 CTaHAAPTHOIO YIJIOTHEHUS 06pa3I[0B; aHA/IM3 BUOpAU I
C UCIO0JIb30BAaHUEM aKCeJlepoOMeTpa; BeJIMYMHA KOJiebaTe/bHbIX YCKOPEHUH MPU CeHCMUYECKOM
BO3/l€MICTBUH.
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	Охлаждение воздушным радиатором
	Первым рассмотрим охлаждение воздушным радиатором так как этот способ является самым простым в комбинированной системе. Принцип работы данного вида охлаждения стандартный как на всех видах техники. Гидравлическая жидкость циркулирует через воздушный р...
	Охлаждение жидкостным радиатором
	Следующий вид охлаждения который будем далее разъяснять и который применяется в комбинированной системе это охлаждение жидкостным радиатором. Если охлаждение воздушным радиатором недостаточно эффективно, гидравлическая жидкость направляется в жидкост...
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	В современном мире когда эконмическое развитие того или иного региона на прямую зависит от производства, и промышленные мощности и объемы добычи, переработки ресурсов возрастают с каждым днем, возникают все новые требования к технологическим методам и...
	Результаты и Обсуждение
	Проведенное исследование показало, что существующие системы охлаждения гидравлического привода не всегда удовлетворяют требованиям по эффективности и надежности, особенно в условиях высокого расхода рабочего тела. В связи с этим была предложена комбин...
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