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TEXHUKAABIK FBIABIMAAP J)KOHE TEXHOAOTUSAAAP
R THE TECHNICAL SCIENCES and TECHNOLOGY
TEXHUMYECKVE HAYKIN 1 TEXHOAOT N

E.T. AyecOaes!, M.I1. ApriaGekos?

1Ka3(1xCKLlﬂ 2OJIOBHAA apXUmMeKmypHo-cmpoumelbHasl LlKLl()eMuﬂ, AJlMambl, Kaszaxcman
2TOO «Center Innovation», Hyp-Cynman, Kasaxcman
E-mail: eauesbaev@mail.ru, arpabekov_m@mail.ru

Ycnaenue XKeAe3HOAOPOXKHOTIO IIYTN Ha y9IaCTKaX C TAXKeA0BeCHbIM

" CKOPOCTHBIM ABVJKE€HIEM I10€340B

AnnoTanms. B cratbe ommcaHbl CIIOCOOBI M MeTOABLI YCUAEHMSI HMYKHEeIO U BepXHero
CTPOEHM: JKeAe3HOAOPOXKHOTO IyTU A4S Pa3JeAbHBIX YYacTKOB C TsDKEAOBECHBIM U
CKOPOCTHBIM ABIKeHMeM I110e3408. [IpeaaoskeHsl pasMeprl 0cagoK peabca IO LIeHTPY
KO/eca BaroHa, CITOCOOBI YMEHBIIeHNUs YIPYIMX BePTUKaABHBIX depopMaIiyii BepXHero
CTPOEHMSI JKeAEe3HOAOPOXKHOTO IIyTU IOJ4 II0e3JaMy, IIPUBEAEHBI IIpejJaraeMmble
KOHCTPYKIIMIU IIyTU AAsl TSXKeAOBECHOTO ABVKEHMUs IPY30BBIX I10e340B. [lospimienue
IIPOYHOCTU CAaOBIX TPYHTOB Bepxa 3eMASHOTO ITOAOTHa JO VPOBHS ITPOYHBIX U
ruaApodoOHBIX 3a KOPOTKOe BpeMs, BO3MOXKHO, BKAIOUMB CTaOMAM3aIUIO TPYHTOB
OCHOBHOI1 I110IIa4KU B IIPOrPaMMy KaIlUTaAbHOIO MAU CPeAHEr0 PeMOHTOB ITyTu. Jas
9TOrO  HeOOXOAWMO  IPUMEHMTL  BBHICOKOIIPOM3BOAMTEABHBIE — TeXHOAOTUU U
MeXaHM3aI[U/ — HaIpuMep, TeXHOAOTMU XOAOAHOTO pecaikauura. Heobxoanmrre
MalllMHBl UM MeXaHU3MBl AAs  CTabuMAM3aluy TIPyHTa OCHOBHOM  ILAOIIAAKM
JKeAe3HOAOPOKHOIO — 3€MASHOTO — IOAOTHA,  MCHOAb3yeMble B TPaHCIIOPTHOM
CTpOUTEALCTBE — DTO IIeMEeHTOBO3bl, paclIpejeAuTeAn IleMeHTa (MAU 3040LleMeHTHOM
cMecn), AOPOKHBIE PPe3sl U pecaliKAephl, aBTOTpeligephl, TOAUBOYHBIE MAIIHEI, KaTKI
n T4. Takke paccMOTpeHBI TeXHMJecKne TpeDOBaHMA A4S CKOPOCTHOTO ABVDKEHUS
I1acca’kMPCKMUX 10e340B.

KaroueBble ca0Ba: ’Ke1e3HOJOPOKHBIN IIyTh; TAKeAOBECHOe ABVDKeHNe; Aedpopmaniym
3eMASHOIO II0A0THa, CTabnAM3aTopHl, KOHEYHO-DAeMEeHTHBIe MogeAan
JKeAe3HOAO0POXKHOIO IyTH, ONTUMaAbHBIN IPOrud peabca.

DOI: doi.org/10.32523/2616-7263-2022-138-1-7-14

BBeaenne

Heaocratox IpoOBO3HOI CIOCOOHOCTM OTAEABHBIX YYaCTKOB >KeAe3HBIX JAopor PecrryOamkm

Kazaxcran 3acraBasier BBOAUTDH TSI2K€AOBECHOE ABUMPKEHIIE I10€340B, B KOTOPBIX BeC I10€34a IIpEBbIIIaeT

6000T, a craTtmyeckas ocepas Harpy3ka BaroHOB cocTabaser 25-27 Tc/och. IlosbpieHne Harpyskm Ha

9JAE€MEHThI IIYTU IIPUBOAUT K POCTY MX YIPYIMX U OCTAaTOYHBIX Ae(l)OpMaLII/IﬁI. Yxke IIpn OCEBBIX

BarOHHBIX Harpyskax B 20Tc/0ch BO3HMKAIOT MHOTOUMCAEHHBbIEe BepTUKaabHbIe gepOpMaliuyi OCHOBHOM

IMAOIIAaAKHM 3€MASHOTO IT0A0THA, KOTOPBIE ITPUXOAUTCA yCTPAaHATDh IIOABEMKaMU ITyTU Ha Daaaacr.
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Pucynok 1. AedpopMmalim Bepxa 3eMAsIHOTO NOA0THA M3 TAMHNUCTBIX TPYHTOB B IIpoIlecce

9KCIIayaTanmum ()KeilTI)IM IIOKa3aHa I1ecdaHasi I1odyuika 11od Il[e6HeM)
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Yeurerue }K@]\ESHODOPO}KHOZO nymu HA Yy4acmeax ¢ miAxXeA06eCHbIM U CKOpOCMHBIM 08UXeHUeM 10e3008

Ha pucynke 1 mnpuseseHpl pe3yabTaThl CheMKU JedopMalnili IIyTU TeopalapoM Iiepe/,
KanuTaAbHBIM peMOHTOM IiyTu. Ha BceM mpoTskeHum IIyTh HOKPBIT HpOCasKaMl, IIepeKocaMi,
ydacTKaMM C TpsA3eBBIMM BBIILA€CKaMM, a 3MMOI IIyuMHamy pasHoit BbIcOThL. Ilo ganueiM OAO
«Poccniickne >Keae3Hble AOpPOIN», yBeANdeHIe OCeBOM BaroHHoil Harpyskm c 20tc/oce Kk 25Tc/och
IPUBOAUT K POCTY MHTEHCUBHOCTH JedopMannii myTu He MeHee, yeM Ha 20%. B wurore ms-za
IIOTPeOHOCTM B IIPOBEAEHMM PEeMOHTOB ITyTH CHIDKAeTCs AOCTYIHOCTh MHQPPACTPYKTYphl UM PacTyT
DKCILAyaTallMOHHbIEe pacXo4bl. AHaAM3 MMUPOBOIO OIBITa TsAXKEAO0BeCHOTO ABVKeHms [1] mokasaa, uyro
CHVDKEHMe  DKCIIAyaTaIlMOHHBIX pPacXo4oB IPU  TsKeAOBECHOM  ABVDKEHUM — AOCTUTaeTCsl  IIpu
YMEHBIIIeHU! BepTUKaAbHBIX OCaJOK PeaAbCoB II04 KodecamMmu A0  2.5-3.5 MM IIpu BepTUKaAbHOM
JaBAeHIN KoJeca Ha peanc B 16.3 Tc.

OcHOBHasI 4YacTh

Ha >xeaesnnix goporax AO «Hanmonaasnas komnanus «Kazaxcran TeMup >K0Apl» BepTHKaAbHbIe
AedpopManny peAbCoB 1104 KoAecaM COCTaBASIOT 6-8MM u 6oaee. Jas1 BBeAeHM: STUX gepopMalinii B
ONTMMAaABHBIN Ayaria3oH 2.5-3.5MM TpeOyeTcs yMeHbIIIeHNe BepTUKAaAbHBIX YIPYIUX AeopMarinii, Kak
BepXHero CTpOeHus ITyTH, TaK I OCHOBHON IAOIIaAK! 3eMASHOTO IoaoTHa. Heobxoaumoe ycnaenue
IyTU AOAXKHO COJAep>KaTh TaKye MepOIIpUATUs, KOTOpble MOXKHO BBIIIOAHUTDL IPU KalUTaabHOM
PpeMOHTe ITyTH.

YMeHbIIIeHNe YIPYTUX BEePTUKAABHBIX JedOpMalliii BEpXHETO CTPOEHN:I IIyTU I10J, IToe3JaMu
MOKeT OBITh AOCTUTHYTO:

- IOBBIIIIEHNEM BePTUKaAbHOI JKeCTKOCTH II0APeAbCOBBIX M HaIllIlaAbHBIX IIPOKAaAoK oT 50-90Mu
20 200-300MH 1 yMeHbIIIeHeM TOAIIMHBI I11aCTUKOBBIX ITPOKAaA0K A0 6-8MM,

- pasaeaenneMm 40cMm I111e0€HOYHOIO CAOS IIOZ INIIAA0M Ha ABa ca0sl 1o 20cM M IIPOIMUTKO
HIDKHETO 111e€0eHOYHOTO CA0s1 OMTYMHOM 9MYAbCHell C YIIAOTHEHUEM «BPaCKAMHKY», YTO IO3BOAseT
YBEANYIUTD €r0 MoAyab gepopMariun 40 800Mria, a BepXHMIT cA0¥1 MIeOHS yKAaAbIBaeTCs 110 OOBIYHOI
TexHoAorum ¢ moayaem gepopmanyy 200 Mra.

YMeHbIIIeHNIe BepTUKAABHEIX AepopMalnii TPYHTOB OCHOBHOI IA0MIAAKM 3€MASHOTO II0A0THa
MOXXeT OBITh AOCTUTHYTO YyIPOYHEHMEM MECTHOTO TIpPyHTa IIPM €ro  MeXaHM3MPOBAaHHOM
IlepeMelBaHNN CO CHeIMaAbHBIMI JAoOaBKamMu. B KadecTBe 400aBOK MCIIOAB3YIOTCS OTXOABI
IIPOMBIIILAEHHOCTH, IIEMEHT, U3BeCTh, OUTyMHas U AP. DMYAbCUIL.

Hauboarmee pacrnpocrpanenne Ha teppurtopun Kasaxcrana UMEIOT TAWHUCTBIE TPYHTBI
pasamgHoro rexesmca [2]. OCHOBHBIM cAep>KMBAIOIIUM (PAKTOPOM IIMMPOKOTO UX IIPUMEHEHUs B
AOPO>KHOM CTPOUTEALCTBE SIBASIETCA M3MeHeHUe (PU3VMKO-MeXaHMIEeCKUX XapaKTePUCTUK B XYAIIYIO
CTOpPOHY IIpU yBAa>kHeHuN. Ho cmech 5THX ITPyHTOB €O crabuam3aropamMu 11 HeOOABIIINUM KOANIECTBOM
BSDKYIIVIX M3MEHSeT CBOVICTBa IPYHTOB, IIpeBpaltias X B IMApOoQpOOHYIO 11 MOPO30YCTOMYMBYIO Cpeay.

[ToaoxxureabHOE BO3AEVICTBUE CTAOMAM3ATOPOB Ha TAVHICTBIN TPYHT CBA3AHO C YaCTUIHBIM
pasaoxeHneMm BoAbl Ha uoHsl H+ m OH-, moHHEIM o0OMeHOM, NAaCTMPUIIMPYIOIINM U
ruApooOU3NPYIOITUM BO3AeIICTBIEM.

3a cyeT pa3a0>KeHU: BOABL M aKTMBHOTO JIOHHOTO OOMeHa YMeHBIIIaeTCs TOAIMHA IL1eHOK BOABI
Ha IOBEPXHOCTI I'PYHTOBBLIX arperatros, paspyllaeTcsl ®AeKTPOCTaTMIeCcKii OTeHIIMaABHEI Oapbep B
TPYHTOBOII KOHIAOMeparTHON cucreMme. OpraHmdyeckue JOHBL, coJepsKaliuecsl B CTaOMAM3aTope,
IIPOHMKAIOT BHYTPDb KPUCTAAANIECKON pelIeTK! IAVHUCTBIX MIHepPaa0B U BEITECHAIOT OTTyAa MOHBI H+
n OH-, a Takke KaTMOHBI MeTaAl0B, YTO CIOCOOCTByeT OoJee IPOYHOM CBA3M MeXAy IlaKeTaMU
Kpucraaaos. Ilpomcxoaut arpermpoBaHme TIpyHTa, CHVOKaeTCA €ro OINTUMaAbHas —BAAKHOCT,
MOBBIIIAETCSI IIA0THOCTD, IPOYHOCTh I BOAOCTOVIKOCTS [3].

Ilo aannpiM Koranma A, ¢ BBegeHUeM TSK€AOBECHOIO /JBVDKeHUs II0€340B pPacTyT
BepTHKaAbHbIe 11 OOKOBbIe CIABI, IlepedaBaeMble OT BaroHa Ha IIyTh. OCODeHHO HTO IPOsBASETCS B
KPMBBIX ydacTKax IIyTu. Akagemnkom /lasapssHoM B.A. ycraHOBA€HO, 4TO IpU HEYCTaHOBMBIIIEMCS
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pexxmme TOpMOXKeHMs 1 ckopocTtu 15—20 kM/4yac B 11oes e BO3HMKAIOT 3HauMTeAbHbIe ITPOA0AbHBIe
C1ABI, KOTOpble MOTyT ObITh B 2,0—2,5 paza Ooabllle MakCUMMaAbHONM CUABI TSATU AOKOMOTHBA IIO
cuenaennio. Ilo agannpiM mcneitannit OAO «BHUKTV» MmakcumaabHble ITPOAOABHBIE YCUANSA
CKaTMsl B COCTaBaX COeAMHEHHBIX I10e340B Ipepbicuau HopMmatus B 50Tc u Ob1am pasubl 120TC B
moe3ae maccor 12600t u 1401c B moe3ae maccorn 14200T.

Ha yuyacTkax TsKeA0BeCHOTO ABVDKeHMs OTMedeH pocT Ha 17-18% ®KcrmayaTallIOHHBIX
pPacxoA0B Ha TeKyllee cogep>kaHue 1 KM IyTu, Ha HEKOTOPBIX ydacTKax ITyTU IIPOMCXOAMUT OcalKa
IIyTH, yXyAlllaeTcs IMOKMAOMeTpoBas OaabHasi OlleHKa, yCKOpseTcs HakonaeHue gedpopmarimii
3eMASHOTIO II0AOTHA I BepPXHero CTpOeHus IyTu. YBeAudeHMe HPOInOOB pPeAbCcoB BeJeT K
CHVDKEHMIO pecypca HapaOOTKM TOHHaXKa peabcaMyl M INIaJdaMIU ¥ IIOBBIIIEHMIO 3aTpaT Ha TATY
I10e340B.

PacueTHbiii mporu® peabcos P65 KOHCTpyKUMM IIyTU NPy BepTUKAAbHOM JaBAEHUI KOJAeca
16.31c u ipu Moayasax aepopmanuy IpyHTOB 3eMAsHOro noaotHa or 10 go 30 MIla u BricoTe
HaCBIIIN B 4M COCTaBAseT COOTBETCTBEHHO OT 9 40 S5MM.

Obo06111eH1e MUPOBOTO OITbITA TSAXKEA0BECHOTO ABVDKeHU: [8] moKa3aao, UTO ONTUMAaAbHBIN
MOAyAb YIPYTOCTH IYTU AOAXKEH BO3pacTaTh P POCTe MOe3JHBIX Harpy3oK, a ONTUMAaAbHBIN
nporud peanca 1104 KOAeCOM BaroHa 40/A>KeH HaX0AUThCA B AnaniasoHe oT 1.3 40 3.8MM.

Ha >xeaesnrix goporax Kasaxcrana cyijecTBeHHBIN BKAag B BeAMYMHYy Iporuda peanca P65
BHOCAT geopManyy IIOAPeAbCOBBIX M HaIIaAbHBIX ITpOKAasok. CkaTme IOApPeAbCOBBIX M1
HaIlTaAbHBIX TPOKAagoK gocturaer 50% oO1ieil BepTuKaabHON JedopMalny peabca I10A
I10e34HOJ Harpys3koil. /JanTeabHOe BpeMsl CUMTaA0Ch, YTO CHM KEHMe BepPTUKAAbHOM >KeCTKOCTU
IIPOKAAaJOK U yBeAMdeHNe UX TOALIMHBI CIIOCOOCTBYyeT AydlleMy paclpeJeAeHuIo I10e34HON
Harpy3K! Ha INIaAbl, yBeAWdusas AAMHY BOAHBI Ipormba peanca. B pacuerax AAMHBI BOAHBI
nporuba peabca IpU DTOM He YUMThIBadach gedopManms 3eMASHOIO II0AoTHa. Taxke He
YUYUTBIBAAOCh, YTO OOABIION X0/ HaIlpsDKeHUI B KAeMMax U peabcax Py 3HAUUTeAbHOM CXKaTUN
IIPOKAaAOK CHIKaeT pecypc HapaOOTKM TOHHaXKa YIIPYIMX KA€MM U PeAbCOB.

OOcyxaeHne

MoO>KHO HOBBICUTD ITPOYHOCTH CAaOBIX TPYHTOB BepXa 3eMASHOIO II0A0THa U CAeAaTh DTU TPYHTHI
IIPOYHBIMM U TUAPOPOOHBIMU 3a KOPOTKOe BpeM:s, BKAIOUMB CTaOMAM3AIIUIO TPYHTOB OCHOBHOIA
I1A0IIaAKM B IIPOTpaMMy KaIllUTaAbHOIO MAU CpeaHero peMoHTOB IyTu. HeoOxoammble gas ®TOTO
BBICOKOIIPOM3BOANTEAbHBIE TEXHOAOIMM ¥ MeXaHU3all/sl eCTh — 5TO, HallpuMep, TeXHOAOTUM XOA04HOTO
pecaiikamnra. MarmmHe, HeoOXOAUMMBIE AAsl  CTabMAM3anyy TPyHTa OCHOBHOM  ITAOMIAAKM
JKeAe3HOAOPOKHOIO 3e€MASHOIO II0AOTHA MCIOAB3YIOTCSA B TPaAHCIIOPTHOM CTPOUTeABCTBE. DTO:
IIeMEHTOBO3bI, pacllpedeAuTeAN IleMeHTa (MAM 3040IIeMEHTHOIN CMeCHu), AOpPOXKHBIe (pessl U
pecaiikaepsl, aBTOTrpeliAepsl, TOAMBOYHbIE MAIIIMHBI M KaTKIA.

['2aBHBIM paboumMM arperatomM XOAOAHBIX pecaiiKAepoB sBAseTCs (ppe3epHO-CMeCUTeAbHbIIN
Oapaban. Ha OpicTpo Bpamaiomemcs OapabaHe pacroaraloTcs OCOOble  pe3Ifbl, KOTOpbIe
IIOBOPauMBaIOTC IPOTUB XOAa ABVDKEHMSI MaIlMHBI (pecaiikaepa), paspyllas M ApoOsi TPYHTHI U
Marepuaa OaaaactHoit mpusmel. [Ipu asuskennm mo pabodeMy y4yacTKy, B CMECUTEABHBIN OTCEK
BpaltaoIerocs ppesepHo-cMecuTeAbHOTO OapabaHa IoJaeTcst Boga, KOTopas IOCTyIIaeT 110 YIIPYyToMy
pykaBy u3 aBTOMOOMABHOV 1mcTepHbl. Llucrepna eaer BHnepeau pecaiikaepa. OObeM BOABI
peryanpyercs HacOCOM C MUKPOIIPOLIECCOPHBIM YIIpaBAeHMeM, Bpalllalomuiica OapabaH THIaTeAbHO
CMeIlNBaeT eé C MarepuasaoM, KOTOPHI Obla M3MeAbuyeH (ppesepHbIM OapabaHOM, YTOOBI BAAYXKHOCTD
UTOTOBOJ CMeCHU MAeaAbHO II0AXOAMAA AAs €e YIIAOTHeHM:. Bsikymue >KMAKOTO TuIa MOTYT OBITH
TakXe 400aBAeHBI HEIIOCPeACTBeHHO B CMeCUTeAbHBINI OTceK Oapabana. Uepes pacrmpeseanTeabHYIO
paMIly B CMeCUTeAbHBIN OTCeK MOXKeT OBITh 400aBAeH BCIIeHeHHBI OuTyM. Bsoxymne
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IIOPOIIKOOOPa3HOTO TUIIA, K IIPUMepY, TallleHas M3BeCcTh, OOBIYHO HaHOCITCS CA0eM Ha CYIIeCTBYIOITYIO
AOPpOTy IiepeJ, pecailkaepoM.

PecaiikaepoM IpyHT CMeIIMBAeTCs C BSLKYIIMMU U (pepMeHTaMu, AOBOAUTCS A0 ONTHMAaAbHON
BAQXKHOCTU, 3aTeM IlAaHUPYeTCs aBTOTPeiijepoM I YKaThIBaeTCsl TsKeAbIMM BUOpPaI[MOHHBIMU
KaTKaMI. YKaTka 00pabOTaHHOTO TPyHTa JeT Cpa3y Ke 3a pecaiikAepoM, HO He IT03Ke 3-X 4acos 1ocae
oOpabotkn rpyHra. I'aybuna oOpabotku rpyHTa - 40 50cM — 4TO AOCTaTOYHO A4 Y4aCTKOB C
TS’K€AOBECHBIM ABVIKeHMeM I10e340B. /s y4acTKOB BBICOKOCKOPOCTHOTO ABVKEHM:S ITacCa>KMPCKIX
II0e340B AOCTaTOYHO CTaOmamsuposaTh Bepxuue 25-30cM TIpyHTa OCHOBHONM mnaomaiku Moayap
Aedopmanuy CTabMANM3MPOBAHHOTO TIpyHTa cocrasaser ot 120MIla g0 600Mma B 3aBUCHMMOCTM OT
penlenTypsl 400aBOK. 3a cMeHy KoMmIiaekc oopabartsiBaer 5000-8000 M2 rpyHTa OCHOBHO ILAOIIAAKM U
MOXKeT OBITh BIINICAaH B TEXHOAOIMYECKMII IIPOLleCcC KallMTaAbHOTO pPEeMOHTa IIyTM Ha 3aKpBITOM
Ieperoxe.

PesyabTarnl

Ha pucynkax 2 m 3 npuBeseHbl NpejadaraeMble KOHCTPYKIUM IYTU AAS TSAXKeAOBECHOIO
ABVIXKEHIS TPY30BBIX II0E340B.
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Pucynok 2. Ilonepeunsiit mpo@uab HACHIIN OAHOIIYTHOTO IIyTH

1- crabmaM3MpOBaHHEIN CA0 MeCTHOTO rAnHICcToro rpynra Ea=120Mma, 2-reoceTka, 3- ca0i1
1eOHsI yKaTaHHBIN BPaCKANHKY, IIPOIITaHHBIN OMTYMOM, 4- TeOTEKCTIAB, 5-TeoceTKa, 8-cA011 1ebHs
roc/e yraoTHeHust He MeHee 0.3M, 6 -k.0. m1r1aaa,7 - peasc P65 6eccTBIKOBOTO My TIH.

Pucynoxk 3. Ilonepeunbii mpo@puab BbIeMKI OAHOITIy THOV JKeAe3HOV 40pOorn
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1-crabuansuposaHHblil cA011 MecTHOTO TpyHTa Ea=120Mma, 2- apeHakHas nepdopupoBaHHas TpyOa
anamerpoMm 100MM, 3- 3achlllka KIOBeTa JAPEHMUPYIONINM TPYHTOM, 4-TeoceTKa, 5- CA0M IIeOH:
yKaTaHHBINI BPacKAMHKY U IIPONMTaHHBII OUTyMOM, 6- reoTeKCTuAb, 7- TeoceTka, 8- cAoil IjeOHs
ToAmyHO 0oaee 0.3M, 9- x.0. mmaaa, 10 — peasc P65.

HeoOxoanmast ToAlMHA M IPOYHOCTh CTaOMAM3MPOBAHHOTO CAOs TPYHTOBBIX CMeceil MOXKeT
OBITH ITOAY4YEeHa pacyeTOM KOHEYHO-D/1€MeHTHBIX MoJeAell IIyTH YiCAeHHBIMI MeTodamu [4,5] (puc. 4).

Y

Moa wnanoit | A, {1 ‘7’0’522.45 0)

0.4t -
0-03) R (3.125,0)

(0-06)

(9.125,-4)

Pucynok 4. KoHeuHO-31eMeHTHas MOAeAb HachIN CO CTaOMAM3MPOBAaHHBIM CA0eM I'PYHTa
OCHOBHOM IIA0OTHAAKN

Tabauiia 1
Ocaaka peabca 110 IeHTPY KOaeca BaroHa, MM

Moayab Turosoit BapmaHT Bapuanrt c gByxcaornnon | Bapuant ¢ gByxcaoriiHonn
AedpopMariuy rpyHTa | KOHCTPYKUMM IIyTH | 0aA4acTHOM IpU3MOi 1 | DaAAacTHOM IPU3MOI 1
Haceinn, Ml Ta CTaOMAM3UPOBAHHBIM Ha | CTaOMAM3MPOBAHHBIM Ha

0.5M Bepxom 3emasanoro | 0.5M BepxoM 3eMASHOTO

rmoaotHa (200MI1a) roaotHa (500MITa)
10 8,4 6,0 3,5
20 6,0 50 3,0
30 50 4,0 2,6
40 4,5 3,5 24

[Ipn ckOpoCTHOM ABMIKEHUM I10e3J0B ¢ oceBoii Harpyskon 140 xH/oce mporu6 peanca 1o
KOAeCOM COCTaBUT OKOoA0 1,2 MM, 4TO 0AM3KO K TeXHUYECKMM TpeOOBaHUIM AAsl CKOPOCTHOIO
ABVIKEHI I TTacCa’kKMPCKUX MOe340B.
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BuiBoabr

[IpeaaoxeHHBle B JaHHOM CTaThe KOHCTPYKUIMM IIYTM AAs YYaCTKOB TsKeAOBECHOTO W
CKOPOCTHOTO JBVDKEHIUsI II0€340B OCYIIeCTBUMBI IIPpM KaIlMTaAbHOM pEeMOHTe ITyTU Ha 3aKphITOM
neperone. OHHU TIO3BOAAT CHU3WUTL DKCIIAyaTallIOHHBIE pPacxXoAbl U  IIOBBICUTH JOCTYITHOCTb
TPaHCIOPTHON MHPPaCTPyKTypsl. [ToBbIIIIeHNe TPOYHOCTH CAabbIX TPYHTOB BepXa 3€MASHOTIO IT0A0THa
AO YPOBH: IIPOYHBIX U IMAPOPOOHBIX 38 KOPOTKOE BpeM:I, BO3MO>KHO, BKAIOUMB CTa0MAN3aLINIO TPYHTOB
OCHOBHOI1 I110IIIaAK! B IIPOTPaMMy KaIllUTaAbHOTO NAY CPeAHEeTO PEMOHTOB ITyTI.

/A5 y4aCTKOB C TsKeA0BECHBIM ABVIKEHNEM I10e340B HeoOXOAMMa KOPPeKTMpPOBKa HOPMaTUBOB
OIIeHKM COCTOSIHV ITyTy 1 VIHCTpyKIIUM TI0 TeKyIeMy CoAep>KaHMIO IyTH, /eicTByomye HOpMaTUBEI
He B IIO/HOI Mepe YUUTHIBAIOT AMHAMMKY B3alIMOJEVICTBUS IIyTU M IIOABUKHOTO COCTaBa, YTO He
I103BOAs€eT 0OecrieunTh OE30I1aCHOCTD ABVIXKEHNS 1103408 Ha A0AKHOM YPOBHE.
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AyBbIp XoHe XXYpAeK IIOMbI3jap KO3FaabIChl 0ap yuacKkeaepae TeMipsKOA XOAbIH HBIFaNTy

Angarna. Makasaga ayslp caaMaKThI KoHe XXYpAeK Ioe3jap KO3FaabIChl Oap Deaek yuackeaepre
apHaZFaH TeMip>KOAABIH TOMEHI1 >KoHe >KOFaprbl KYPBIABICBIH HBIFAUTY Taciagepi MeH oaaicrepi
curaTraAfraH. BaroH AOHraZarblHBIH OpTaChIHAAFBI peAbC IIeriHAiAepiHiH eAllleMAepi, IIOMBI3
aCTBIHAAFBI TeMip>KOAABIH KOFapFbl KYPBIABIMBIHBIH CepIIiMAl TiK AepopManmsiaapblH a3anTy aicrepi
YCBIHBIAFAH >KoHe JKYK TIIOe3JapbIHBIH ayblp CaAMaKThl KO3FaAbICHI YIIiH YCBIHBLAATBIH 3KOA
KOHCTPYKIMSIAAphl KeaTipiareH. Herisri azaHaarbl TOIIBIPAKTBI TYPaKTaHABIPYABI Kypdeai Hemece
opTallla >XeHJey OarjapaaMacblHa KOCY apKbIAbl KbICKA YyaKBIT iIlliHAe >Kep TOeceMiHiH >KOFap¥bl
JKarblHAAFBl 9ACI3 TONIBIpaKTapAbIH OepikTiriH Oepik >koHe IMAPOQOOTHI AeHreiire AeiiH apTTBHIPY
MyMKiHAiri. O VIIiH >KOFapbl ©HIMAI TexXHOAOIVsIAap MeH MeXaHUKaJAaHABIPYABl KOAJaHy KaKeT.
MpIcazbl, CybIK PeCcaiiKAMHI TEeXHOAOTUACHL. KeaiK KyphlabIChIHAA I1aiiJaAaHblAaThIH TEMIip K04 XKep
TeCceMiHiH Heri3Ti adaHbIHBIH TOIIBIPAFbIH TYPaKTaHABIPY YIIIH Ka>keTTi MallliiHaAap MeH TeTiKrep - Oya
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IIeMeHT TacyIbliap, LleMeHT (HeMece KyA-IIeMeHT KOCIIachl) TapaTylibliap, Koa ¢pesasapbl MeH
pecalikaepaep, aBTorpeiigepaep, CyapaTblH MallliHaAap, ayHakTap >kKoHe T.0. CoHaaill-aK, >KoAayIIblaap
TIOVBI3AaPBIHBIH JKeJel KO3FaAbICbIHA KOVBLAAThIH TeXHUKAABIK TalalTap KapacThIPbLAFaH.

TyitiH ce3aep: TeMip>KoaA KOABI, ayblp CaAMaKTBl KO3FaAbIC, JKep TeceMiHiH JedpopMalschl,
crabnansaTopaap, TeMip>KOAABIH 91eMeHTTiK MOAeAbAepi, peAbCTiH ONTUMAaAABIK, MiAyi.

Y.T. Auyesbayev,! M.1. Arpabekov?
'Kazakh Head Architecture and Civil Engineering Academy, Almaty, Kazakhstan
2TOO «Center Innovation», Nur-Sultan, Kazakhstan

Strengthening the railway track on sections with heavy and high-speed train traffic

Abstract. This study describes the ways and methods of strengthening the lower and upper
structure of the railway track for separate sections with heavy and high-speed train traffic. The
dimensions of the rail settlements in the center of the car wheel, methods of reducing the elastic vertical
deformations of the upper structure of the railway track under the trains are proposed, the proposed
track designs for the heavy traffic of freight trains are given. Increasing the strength of soft soils at the
top of the subgrade to the level of strong and hydrophobic ones in a short time, possibly by including
soil stabilization of the main site in the program of major or medium repairs of the track. This requires
the use of high-performance technologies and mechanization - for example, cold recycling technology.
The necessary machines and mechanisms for stabilizing the soil of the main site of the railway subgrade
used in transport construction are cement trucks, distributors of cement (or ash-cement mixture), road
milling machines and recyclers, motor graders, watering machines, rollers, etc. In addition, the technical
requirements for high-speed passenger trains are considered.

Keywords: railway track; heavy movement; deformations of the roadbed, stabilizers, finite
element models of the railway track, optimal rail deflection.

References

1. Generalization of the world experience of heavy traffic. Construction and maintenance of
railway infrastructure. - M: IHHA. -2012. -568 p.

2. Omarov A.D. The roadbed of the railways of Kazakhstan. —Almaty: Bastau, -2000, -208 p.

3. Bezrukov V.M. Basic principles of soil strengthening. - M: Transport, -1987.-126 p.

4. Isaenko E.P., Auyesbayev Y.T., Kosenko S.A. Calculations of railway track structures for high-
speed train traffic. —~Almaty. -2006. -134 p.

5. Omarov A.D., Isaenko E.P., Omarova B.A., Omarova G.A. Stable railway track. —Almaty: KUR -
2019. -312 p.

6. Auesbaev, Y., Abdullaev, S., Baky, G., Aikumbekov, M., Bondar, 1. (2021). Determination of
natural modes of railway overpasses. Journal of Applied Research and Technology, 19(1), 1-10.
https://doi.org/10.22201/icat.24486736e.2021.19.1.1487

7. Parida, A., Stenstrom, C. and Kumar, U. Performance measurement for managing railway

infrastructure. International Journal of Railway Technology, 2014. vol. 2, no. 4, pp. 888-901.

BECTHVK EHY usenu A.H. Tymunesn. Cepus mextuteckie Hayki u MexXHOA02UU Ne 1(138)/2022 13
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


https://doi.org/10.22201/icat.24486736e.2021.19.1.1487

Yeurerue }K@]\ESHODOPO}KHOZO nymu HA Yy4acmeax ¢ miAxXeA06eCHbIM U CKOpOCMHBIM 08UXeHUeM 10e3008

CseaeHus 00 asTopax:

Ayecbaes E.T. — aokTOp TexHmueckmx Hayk, Kasaxckas roaosHas apXUTeKTypHO-CTpOUTeAbHas
akagemust, Aamarsl, ya. Prickya0ekosa, 28, KasaxcraH.

Apnabexoe M.U. - JOKTOp TeXHMYECKMX HayK, EBpasmiickmii HaIlMOHAaABHBIN YHUBEPCUTET VM.
AH.T'ymnaesa, Hyp-Cyaran, Kasaxcran.

Auyesbayev Y.T. — Doctor of technical sciences, Kazakh Head Architecture and Civil Engineering
Academy, Almaty, Ryskulbekov street, Kazakhstan.

Arpabekov M.I. — Doctor of technical sciences, L.N. Gumilyov Eurasian National university, Nur-
Sultan.

14 Ne 1(138)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textukarvik 2oiAvim0ap xate mexHoAOZUSAGY Cepusicl
ISSN: 2616-7263, eISSN: 2663-1261



XITAP 50.03.03

A.M. Axmetosal, A.C. llassxmeToBa', A.b. 3akmpoBa?

ton-Dapabu amvindaszer Kazax ynmmolx ynusepcumemi, Anmamot, Kazaxcman

2Acmana xanvikapanoix yuusepcumemi, Hyp-Cyaman, Kaszaxeman

E-mail: 'ardak_66@mail.ru, *asemshayakhmetova@mail.ru, 2alma_zakirova@mail.ru

M¥Ha]7[ aﬂAaﬂTI)IH CTaHIVISTHBI 6aCKapyAbIH dBTOMAaTTaHABIPbIAYaH

JKy¥eciH KeTiaaipy

AnpaaTna. TexHOAOIMAABIK IIpOLIeCTepPAi aBTOMATTaHABIPY SKYMBIC OapBICHIH JKaKCapTy
MeH >KaKChl HOTIKe aayAblH OipaeH-0ip kesi 0oabin Tabblaaabl. Kes-keareH eHepkacin
HbpICAaHAAphl, COHBIH illliHAe IlaiijadaHbICTaFbl, 94i icke KocplaMaraH — Oeariai Oip
AeHrelije aBTOMaTTaHABIPY KypaajapbIMeH >KaOAbIKTadaAbl. TeXHOAOTUSAABIK IIPOLeCTi
OGackapyablH TuHiMAi aBTOMaTTaHABIPBIAFAH >KYMeCiH YIIbIMAACTBIPY ©Te Kypaeai
TaIlcelpMaapAabiy Oipi ekeni Oeariai. KocimopsiHaapaslH THiMAiAiriH iarepiaenaipyain
Heri3ri Tociagepi eHAipicTi onTmMMmMsanuslay MeH >KeTiadipy, eHAipic KaaAbIKTapbIH
JKOHe DHepIVsl TacyILIbl IIBIFBIHBIH TEXHOAOITISIABIK TYPFBIAAH asaiiTy, Oackapy
memiMaepin kKaOblajay VINIH aKmapaTThl aady >KBLAJAMABIFBI MEH HaKTBLABIKTEHI
>KOFapblAaTy 604bm TaOblAaAbl. MyHal arijay CTaHIIVACBIHBIH aBTOMaTTaHABIPBLAFaH
KYJeci HaKThl YaKbIT KOAeMiHAe JKYMeilliAiK >KYMBICHIH 9PTYPAl JKYMBIC peXXUMiHae
TOKTaTy, iCke KOCy MeH MYVHall ©HAIpyAiH TeXHOAOITABIK YAepicrepiH Oackapyra
apHaafraH. JKyMbIcTa MyHail ©HAENTIH CTAaHIVAHBI OacKapyAblH aBTOMaTTaHABIPLLAFaH
JKYJeciH JKeTiaaipy KapacThIpblAFaH.

Tyrin cesaep: 6ackapy xyiieci, Smart sxyrie, SCADA, gaTumk, curHa.

DOI: doi.org/10.32523/2616-7263-2022-138-1-15-22

Kipicmie

TexHoaorMAABIK yAepicTepAi aBTOMATTaHABIPY eHOeK >KarjaillapblH JKaKcapTy MeH OHiMAiAiKTi
apTTBIPYABIH MaHbBI3AbI cebenTepiHiH Oipi 00 TaOblAaAbl. BapAbIK KOAAaHBICTAFbI JKoHe KYPbLABICHI
OiTriereH HpIcaHJAp J4a aBTOMaTTaHFaH >KaOABIKTapMeH KaMTBLAFaH. ABTOMATThI Oackapy >KylieaepiH
OHEepKJCilIKe eHridy KypJdeai KamTa KypyaApl Taaarn eTeai. Coa ceberti, aBTOMaTTaHABIPY
HDKOHOMMKAABIK, YIBIMAACTLIPYIIIBLABIK KoHe TeXHMKaAbIK, MaHTe ne 604Apr [1].

Confrpl Ke34e aBTOMAaTTaHABIPY Kypaadaphl agaM3aT KbI3MeTiHiH opTypAai cadasapblHia KeHiHeH
KoaJdanbic TanTel. OHAall cadasdapAblH Oipi- MyHail MeH ra3abl ©HAIpY, cakTay, TachiMaljay >KoHe
enJeyai arryra 00AaAbl.

OraHgaplK MYHail ©HepKaCiOiH JaMBITYABIH OapaAblK Ke3eHAepiHJe >KaHa TeXHOAOTMSABIK
HpICAaHAAp MeH KYpPBIABICTapAbl KYPyMeH KaTap, KoCilIOpBIH KbI3MeTKepAepiH ayblp >KYMBICTaH
OocaTaTblH JXKoHe KOAJaHy yJepiciHge HbIcaHAapAbl DackapyAbl OHall eTeTiH aAicTep MeH >KabAbIKTap
AaliblHAAAYaH >KoHe IlaljazaHbicka wne. Ilaiigasanyaarsl MyHall HbICaHAAPBIHAAQ TEXHOAOTIMSIABIK
yAepicrepai MeXaHMKaAaHABIPYABIH, peTTeyAiH >KeHe OaKbllayAblH TYypAi Taciagepi maiijadaHbliasbl
[2]. Mynait eHgipiciMeH  IIYFblA4aHaTBIH  KoCiIIOpBIHAAP  TEXHOAOTMAABIK  HbICAHAAPABI
OpTaAbIKTaHABIPbLAFaH OaKblaay sKeHe OacKapy apKbLAbl JKOFaphl aBTOMaTTaHAbBIpbLAFaHAAPFa JKaTaAbl.

KasakcranHblH MyHall calackl ©TKeH FachlpAaH Oacram gamu Oacragpl. bisain eaimis MyHaiiAbIH
YAKeH KOpbIHa 1e >KoHe >KblA caiibiH Kasakcranga myHaiabiy 70% - AaH actrambl eHAipiaeai. MyHait
MeH MyHall ©HiMJepiH aiigay, cakTay >KoHe TacbiIMaAjay YIIH COPFbl CTaHLMAAApPbl YAKeH peoa
aTKapaabl. MarucrpaabablK KyObIpAapAblH COPFbl CTaHIMAAapbl MyHall MeH MyHall eHimaepiH
TacbiMaazayAbl KaMTaMachl3 eTeAi [3].
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XKympbicka yKcac sepTreyaep

byran geniinri sepTreyaepae MyHall aiigay CTaHUMACBIHBIH MOHUTOPHMHII MeH OacKapyAblH
aBTOMAaTTaHABIPBLAFAH >Kylieci yceiHBLAFaH [4]. bya omeparopaapra caHABIK TYPEBIAQH KBI3BIKTEHI
AepeKkTep aayfa, TOTeHIle >KarjaildapAbl Ooa’Kayfa >KoHe CITCi3aikTi (cOoitf) OacTailThIH >KylieHiH
DAeMeHTTepiH OaKblaayra MYMKiHAIK Oepeai. [5] >KyMbIcTa MyHail CTaHIIMAAAPBIHBIH aIlaTChl3 KYMBIC
icTeyiH KaMTaMachl3 €Ty, COPFbl arperaTTapbIHBIH OOC TYPBIII Kaady YaKbITBIH KBICKApTy, aiiJjayAblH
OHTalABl PEXUMAEPIH KOAJay, COHAali-aK aBTOHOMABI JKYMBIC iCTeyiH >KoHe MYHall ©Haey
CTAaHIMAAAPBIHBIH ~ KAIIBIKTaH MOHUTOPMHIIH ~KaMTaMachl3 €Ty MaKcaTblHga MarucTpaabAbK
COPFBIAAPABIH, JKYMBIC peXXMMJAEpiH >Kesea Oakblaay >KoHe Oackapy KypaagapblH a3ipaey apKbLAbl
MYHail alijay COp¥bl CTaHIIMsAAapbIH aBTOMAaTTaHABIPY YCBIHBIAFaAH. [6] Makaaada PyHKIIMOHAAABI CXeMa
JKoHe MYHail alijay CTaHIMsAAapbhlH OackapyAblH aBTOMaTTaHABIPBIAFAH >KylleAepiHiH 3aMaHayu
TeXHUKAABIK Kypaajapbl >KeHe KOMipCyTeK IIMKi3aTBIH TacbiIMaAdayAblH HeTi3ri TeXHOAOTUSABIK,
KOHABIPFBIAApbIH OacKkapy aATOpUTMAepi YCbhIHBIAFaH. 3eprrey [7] TeXHOAOTMAABIK >KaOABIKTHIH
MOHUTOPUHIIH, MYHall aiigay CTaHIMsAAapbIHAA aFrblll KeTyAl (yTeuka) aHBIKTayAbl KoHe OKIlayAayAbl
KaMTaMachI3 eTeAl.

[8] >xympichiHAa Kasakcran Pecry0AmMKachIHBIH MarucTpaabAblK MyHall KyObIpAapbl >KylieciH
’KoDasay >KOHiHJAeri >KYMBICTap KellleHi IleHOepiHAe MyHail KyOBIpAapbIHBIH TEeXHOAOTUSABIK
0oObeKTiAepiH aBToMaTTaHAbIPbLAFaH AMCIeTYepAiK OaKplaay >KoHe OacKapy >KyiieciH Kypy HaTvKeaepi
ycbiHblAFaH. IT-KoMIIOHeHTTepAiH ©3apa apekeTTecyiHiH OapAbIK AeHreilaepiHAeri alllblK XaAblKapaablk,
CTaHAapTTap TY>KbIphIMdaMachl HeTidiHAe MyHall TackiMaAJayAblH TeXHOAOTMAABIK —IIpOlleciH
OackapyablH  aBTOMAaTTaHABIPBIAFAH  SKYMeCiHiH  KYPBIABIMABIK ~ CXeMAachIHBIH  >KYMBIC  icTey
epeKIeaikrepi curarrairaH.

[9] mMakasaga MyHall eHepKeciOiHe KaTLICTBI IIpollecTepae KAacTepAiK COPFBI CTaHIIVSACBIHBIH
TeXHMKAaABbIK aBTOMAaTTaHABIPY KypaaddapblH TaHAAy o4icTeMeci, OHBIH IIiHAe OHBIH TEeXHOAOIMABIK
IIpOlleciHiy curaTTaMachl, aBTOMaTTaHABIPY KYyliedepiHiH MakKcaThl MeH KYPBLABIMBI KapacThIpbLAajbl.
[10] Mmakaaaga 3MATKepAiK >KeAiHiH apXUTeKTypachl KoHe OHBIH KOCBHIMIIIaJaphl Heri3iHeH KipeOepicTeH
Oactan TapaTy KOcCaAKbl CTaHIMsAAapbiHa Jeiiinri Oykia MyHait KyOblpbiHa OarpitTaaraH. SCADA
MepapXusAAbIK apXUTeKTypachlH KoagaHa oTeipeil, SMART GRID xoceiMImaceiMeH OailaaHBICTBI
OYATTBL ecelTey TeXHOAOIVICHIHA €HIi3iATeH aKblAABl CEHCOPAAPABIH AepeKTepiH aay apKbLAbI MYHall
KYOBIpAapbl XXYylleciH TeKcepy >Ky3ere achlpbliaAbl.

Ocpl casa OoiibIHIIA >KYMBICTap¥a >KYPri3iAreH IIOAY 3epTTeAeTiH TaKbIPLIITBIH ©3eKTiAiriH
kepceredi. Ocplaalilia TaliCbIpMa KOMBIABIMBI KeaecCijeVi TYXBIpbIMAaAaAbl: MYHail aijay
CTaHIIMACBIHBIH aBTOMAaTTaHABIPBIAFaH OacKapy >KyiieciH Kypy MbICaabl HeTidiHAe oOOBekTiaepai
OackapyAblH MHTerpans1aHFaH JKylieAepiH )kobalay calachIHAAFBI 0iaiMAl JKyTieaey SKoHe TepeHAeTy.

Ocpl MakcaTKa >KeTy YIIIiH Keaeci MiHAeTTepAi OpbIHAAy KayKeT:

- MyHait eHgey crannusaapeiaga (MOC) myHait eHAeyAiH TEXHOAOIVAABIK IIPOLIECIH 3ePTTey;

- MOC aBrOMaTTaHABIPYABIH KYPBLABIMABIK SXKoHe (PYHKIIMOHAAABIK CBI30ACBIH 93ipAaey;

- MOC aBromarranabrpsLaraH KylieciH (AC) 6ackapy aaropuTMAepiH TaHAay.

Marepmnaagap MeH aaicTep
bacrankel JepekTepdeH KasKeTTi HOTMKe aAfaHFa AJeliiH OpblHAaJAaTbIH >KYJeHiH e3apa

DallaaHBICTBI iC-KMMBIAAAPBIH HaKThl aHBIKTay YIIiH MYHailAbl ©HJey cTraHIusaaapbiHAarel (MOC)
MYHaliAbI aiiayAblH TEXHOAOIUAABIK yAepiciH sepTrey Kaxker (1-cyper).
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Cypet 1. MOC TexHOAOIMAABIK CbI30achl

MyHaiiabl eHAey CTaHIMAAapPBIHBIH TeXHOAOIMAABIK ChI30achl MBbIHaJall HbICAaHAApAaH Typaabl:
caKTaHABIPY KypblAFblaapbiHblH TopanTtapbl (YII1 sxene VYII2) - craHumsaHbBIH KyOBIp>KOAAaphl MeH
TeXHOAOTUAABIK >KaOABIFBIH OHAAFbI KBICHIM OapBIHIIIa PYKcCaT eTiATeH MoHTe JKeTKeH Ke3je KaOnlijay
KYOBIpBIHAH MYHalABIH Oip OeairiH IIbIFapy >KOAbIMEH >KOFaphl KbICBIMHAH KOpPFaliAbl; MYHaiiAbl
ecerke aAyAblH KOMMEPIVABIK TOpaObl (YVY1)- Kocimmridik IeH MarucrpaabAblK MYHall KYOBIPBI
apacbiHAa KaObladay-TaIlCBIPy OIlepalnsidapblH Ky3ere achlpy¥a apHaAfaH; pedepByapablk mapk (PIT),
tipeyim coprel crannuscel (ITHC) - craHumsaHpIH KO3FaATKBIIITaphl MEH COPFbLAaPbIH; MYHAlAbI eceIlke
aAyAbIH XXeJea Topadsl (YY2) — MyHaliAbl ecerike aayAbl XXy prizeai, Marncrpaababik, coprsl (HC), perrey
Topabsl (YP) - cTaHIIUSHBIH ©HIMAIAITIH KoHe OHBIH IIBIFYBIHAAFBI KBICBIMABI PeTTelAl; JKoHe icKe Kocy
kamepacel COZ (KII) - TazapTy >keHe AmarHocTuMKaaday. bapablK ocbl oObekTidep craHIMs immiHAeri
TeXHOAOTUAABIK KyObIpAapMeH e3apa OailaHBICTHI KoHe OipTyTac XKylieHi Kypaiasl.

byaan api MOC aBToMarTaHABIpyAbIH (PYHKIIMOHAAABIK CBI30Achl KYpbIAAbl. PYHKIIMOHAAADI
cbi3baga aBTOMATTHl Oackapy, peTTey, KalllbIKTaH Oackapy, 4abbla >Kyiteaepi keatipiareH. Backapy
KyiteaepiHiH OapaAblK DAeMeHTTepi ImapTTel KecKiHAep TypiHAe Oepiseai >koHe (PYHKIIMOHAAABI
OaliaaHbIC >KeaAidepi apKblAbI OipbIHFall Kyitere Oipikripiszeai. ABTomMaTThl OaKblaay MeH OacKapyablH
PYHKIIMOHAAABIK ~ CBI30ACBIHAAQ aBTOMATTaHABIPBIAFAH IIPOIIECTiH TEeXHOAOTMAABIK  ChI30AChIHBIH
KaparmaiieiM OeitHeci keatipiaren (Cyper 2).

Cypert 2. MOC aBTOMaTTaHABIPBIAFaH (PYHKIIMOHAAABIK CbI30aChI
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backapyablH opTypai AeHreiiaepiHAeri aBTOMaTTaHABIPBIAFaH >Kyllede apTypAi aaropurMmaep
KoAJdaHblAaAbl. bya 3eprreyse ealney JepeKrepiH >KMHay >KoHe TeXHOAOTMAABIK IlapaMeTpMeH
aBTOMATTHI peTTey aATOPUTMAEpPiH KypaMbld. Mbicaa peTiHAe KyOBIpAaFbl KBICBIMABI ©AIIIeYy apHaChIH
KapacTtbelpambl3. KypblaFaH aAropuTM HeTisri TOFBI3 KagaMHaH TYpaAbl:

Kazam 1. CeHcopasl (4aTuMK) KOCy >KoHe MHMLIMaAU3aLAAay;

Kaaam 2. JKeainiH ysiayi caagdapblHaH AepeKTepAi TeKcepy;

Kaaam 3. Erep chI3BIKTBIH Y3iayi O0AFaH KaFjaiida, OHAA Y3y Typaasl XxabapaaMa IIbIFaAbl;

Kaaawm 4. Ysiaic 60amaraH Kardaiiga, KbICKa TYMBIKTaAy >Karbl TeKcepiaeai;

Kaaawm 5. Erep kpicka Tyiibikraay (KT) 6oaca, oHaa calikec xabapAama IIbIFapajbl;

Kaaawm 6. Erep >xok 60o4aca, oHAa KOHABIPFBLAAPABI OaIlTay Kys3ere acajbl;

Kaaam 7. EH >XOFapbl IIIEeKTi, pyKcaT eTiATeH AeHTellaep peT-peTiMeH TeKcepiaeai;

Kazam 8. Erep aenreiiaepain Ke3- KeAreHiH TeKCepTeHHEH KeliH pyKcaT eTiAreH Hemece IIeKTi
AeHreligeH >KOoraphl 004ca, OHAA IIeKTi >KoHe MaKCMaAAbl KBICBIM TypaAabl XabapAaMa IIIbIFa/bl.

Kaaam 9. Erep 6opi kaabimTel 004ca, oHAa Oipaikrepai MIla-fa aybIcThIpy >Ky3ere acaAbl.

bya aaroputMm TexHoaormsAAblK >KaOABIKTap MeH JepeKTep >KMHayAbl OacKapyfa MYMKiHAIK
Oepeai.

Mymnaiiaer MOC-na aitaay yAaepiciHge KyOBIp ©TKi3TillITeri MyHail KbICBIMBIH KYOBIp O©TKi3IiIlITiH
OepikTiK IIapTHl HeridiHAze OeArideHreH aeHTeiileH acIlaliThIHAAl >KoHe TOMeH TYCIiIl KeTIeMTiHAel
JKarJaiiAbl ycran Typy KaxkerT. Perrey aaropmutmi peTiHAe, peXmmre a3 yaKbITThI >KoHe CBIPTKBI
Oysplayaapra (BO3MYyIIeHNE) Ce3iMTaAABIKTBI KaMTaMachl3 eTyre MyMKiHAik Oeperin PID perreyain
>KaKChI caIlachlH KaMTaMachl3 eTeTiH peTTey aATOpUTMi KOA4aHbLAaAbl.

ABTOMATTHI KBICBIMABI PeTTeYAiH KYPBLABIMABIK CbI30achl 3-111i CypeTTe KopCceTiATreH.

Cyper 3. KypblabIMABIK CbI30achl

bya cpizba Keaeci Herisri ®aeMeHTTepAeH Typaabl: TaIChIpMa, TarcelpManel Oamray, PID
perrerimti, LIAT, perreymi opran, 6ackapy o0beKTici, 0y3pLabIC (BO3MYILIEHNE).

KoicbiMABL perTey yaepici ToMeHgerigell >Ky3ere achlpbliadbl. backapy HBICAHBIHBIH >KYMBIC
icrey yaepicine aprtypai ¢pakropaap ocep ereai, COHABIKTAH OacKapy HBICAHBIHBIH IIIBIFBIHBI OY3YIIIBI
dCepMeH KOPBITBIHABLAaHYBI KepeK. backapy HbICAaHBIHBIH IILIFBICHIHAAFBI KOPBITBIHABI KBICHIM IIBIFBIH
eanterimmeHn eamreHeai. Aapiaran curgaa LIAT-re Tyceai >xoHe caHABIK TypAeHaipiaeai. Opi xapaii,
ITAT curnaasl TaricllpMaMeH caAbICThIpblaagnl. HaTrokecinge perrey Kateci eceniteaeai. Kareni ecenirey
HoTizKeci PID koHTpoazepine Tyceai, 04 KaTeHiH MoHiHe OaiflaHBICTHI OacKapy HBICAaHBIHA Oackapy
dcepiH KaaplTacThipaasl. Perreymrinig 6ackapy acepi OAII apkplabl peTTeyini opranra Oepiaeai, aa
perteymr opraH e3 Keseringe Oackapy ocepiHe OaifaaHBICTBI KaTeHi a3ailTy MakcaTblHAa Oackapy
HBICAHBIHA 9CeP eTeAi.

ATC etneai yaepicinin rpadurin 4-cypetre Oarikayra 001a4bl.
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Cyper 4. OTKinmi (mepexoaHori) mponecc rpadmuri

4-cypeTTeH eTIleai yakKbITTBIH IIaMaMeH 6,97 ¢ 00AaTBIHABIFBIH Kopyre 004aAbl, KaiiTa peTTey
CaAbICTBIPMAaAbl TYp4e a3, AeTeHMeH peTTeAeTiH IIaMaHBIH KYypPT ©3Tepyi aTKapyllbl >KoHe peTTeyIlli
MexaHmn3MJepre Tepic acep etesi. COHABIKTaH 01apAbIH TO3YBIH MYKIAT OaKblaay KasKeT.

Kyprisiaren sepTrey HoTMKeciHAe MyHall alijay CTaHLIMSACBIHBIH >KYMBICBIH aBTOMAaTTaHABIPY
HeTisiHAe GacKapyAblH aKIapaTThIK Kyileci KYpbhlAAbL.

Opi Kapail, Ocbl XYIleHiH ¢parMeHTi ycblHbIAaAbl. VIHTepderic Keaeci GAOKTapjaH TypaThIH
JKYMBIC Tepe3eciH KaMTuasl (5-cyper):

Heri3ri Ma3ip;

OeliHeKap ayMarbl;

Keaea xabapaaMa Tepeseci.

BefiHexagp ayMarsl

Herisri mazip

IIyFbLT AKTAPAT Tepe3eci

Cypert 5. )Kymbic Tepeseci

«Herisri ma3ip» 0aorel. Herisri Masip Typai pyHKIUAAapABI aTKapaThlH MHAMKaTOpAap MeH
TyliMeaepaeH KypaaFraH.

«bertnekaap ayMarbl» Oa0TBL. DeliHekaap aliMarbl TEXHOAOIMSIABIK >KaOABIKTBIH >KafjaifblH
OaxplaayFa >KoHe OCHI )KaOABIKTHI OacKapyFa apHaaraH. by 610K Keaeci DaeMeHTTepAl KAMTHUABL: HeTi3ri
TEeXHOAOTMAABIK aKMapaTThl KopceTeTiH MHeMocxeMalap; HblCaHJap MeH IapaMeTpaep peXUMAepiH
Oackapy >koHe opHaTyablH KaakbIMaasl Tepeseaepi; MHeMOCXeMalapAbIH KypaMbIHa KipMenTiH
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9PTYpAi TEXHOAOIMAABIK aKIlapaTThl KOPCeTyTe, COHAAl-aK aKIapaTThl KOAMEeH eHrIi3y KapTaJapbiH
(TaralibIHIIIaMaJapAbl KoHe T. 0.) icke achIpyFa apHa/AFaH KecTeAiK HbIcaHAap.

«Ilyrpia akmapar Tepeseci» 0a0rbl. bya Oaoxra myrela memriM KaObiagay yurin Terenme
Karaaliaap Typaabl xabapaamaaap IIbIFapblAaabl.

Kyprlaran xyiie >Korapsl MKeMAiAiKKe 11e, 04 YHeMi e3repill, >KaHaphblIl OTbIPY¥a MYMKIHAIK
Oepeai.

HaTI/[>1<e11ep KoHe€ TaaKpllday

Kympicra MOC-rb1 MyHall ©HAeYyAiH TeXHOAOTMAABIK YAepici YCBIHBIAABL >KoHe 3epTTeadi.
KaxkeTTi >kaOABIKTapABIH KYpPaMBIH >KoHe JepeKTep MeH CHUTHaljdapAabl Oepy apHaJlapbIHBIH CaHBIH
aHBIKTayfa MYMKiHAIK Oeperin MOC aBTOMAaTTaHABIPYABIH KYPBLABIMABIK >KoHe (PYHKIINOHAAABI
cXxeMaZapsl >KacaaApl. TeXHOAOTMAABIK >KaOABIKTap MeH JepeKkTep >KMHayAbl Oackapy VIIiH
TeXHOAOTUSABIK >KaOABIKTap MeH AepeKTep >KMHayAbl OacKapy aATopuTMAepi >Kacaaasl. Koaaay coprsr
CTQHIVISACBIHBIH IIBIFBICBIHAAFBI KYOBIPAAFbI MYHall KBICBIMBIH YCTaIl TYPY YIIiH KBICBIMABL peTTey dAici
TaHAaAAbl >KoHe KbICBIMADI aBTOMATTHI peTTey aaroputmi xxacaaasl (PID perrerini >xacaaabr).

Ocplaariina, KypblAFaH aBTOMaTTaHABIPBIAFaH >Kyile OyKia IalidadaHy YakbITBI apaAbIFbIHAA
apTHIII KeJe >KaTKaH TaJallTapfa COMKeC e3repTyre >KoHe >KaHFBIPTYFa MYMKIiHAIK OepeTiH >KOFapbl
nkemgiszikke 1me. Conagait-ak, SCADA-MOC  aBTOMAaTTaHABIPYABIH OapAblK — JeHreliaepiHge
NnaligadaHblAaThIH IIaKeT Kyllelepai IaligadaHyFa apHaAfaH LIBIFBIHAAPABI KbICKApTyFa MYMKIHAIK
Oepeai.

boaamrak seprreyaep MyHail aiigay CTaHIMACH VIINiH d3ipAeHreH OafjapaaMadblk, >KylieHi
MIPAaKTUKAABIK KOAJaHyMeH OallaaHbICTHI.
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CoBepiieHCTBOBaHNEe aBTOMAaTVM3MPOBAHHON CHICTEMBI YIIpaBAEHMs
HedTelepeKadnBalomiern cTaHIen

AnBOTammst. ABTOMAaTM3alus TEXHOJOTMYECKUX IIPOLIeCCOB SABASETCA OAHUM U3 TAaBHBIX
(aKTOPOB IOBHIIIEHNs ITPOU3BOAUTEABHOCTU M YAYYIIEHUs YCAOBUII Tpyda. Bce cymiectsyomme n
CTpOSIIECS IIPOMBIILIEHHbIe OOBEKTHI B TOM WMAM WHOV CTeIIeH! OCHAIeHBl CpeACTBaMMU
apromatuszaru.  Coszganme  5QQPeKTMBHON  aBTOMATM3MPOBAHHON  CUCTEMHBI  yIIpaBA€HNs
TEXHOAOTMYECKIM IIPOLIECCOM SIBASETCS AOCTaTOYHO CAOXKHON 3adader. OCHOBHBIMMU CIIOCOOaMM
HoBbIIIeHNsT 9(PPEeKTUBHOCTU TPeAIPUATHI SBASIOTCA ONTUMU3AIS Y MOAEPHM3aLs IPOU3BOACTBA,
CHIDKEHNe IIPOM3BOACTBEHHBIX U TEXHOAOTMYECKMX IIOTeph HHEPrOHOCHUTEeJel, IIOBBIIIeHNe
AOCTOBEPHOCTH ¥ CKOPOCTY IOAy4eHusI MHpOpMaLy, HeOOXOAMMO AAsI IPUHSTUS YIIPaBA€HIECKUX
pelteHnii. ABTOMaTH3MpPOBAaHHAs cucCTeMa HedTelepeKaunBalollell CTaHIUM IIpeJHasHayeHa AAs
aBTOMaTM3anuy pabOTHI IIOACUCTEM B pealbHOM MaclTabe BpeMeHI Ha pa3AMYIHBIX peKIMax paOdOTEI,
BKAIOYasl yIIpaB/AeHle TeEXHOAOTMYEeCKIMI IIpolleccaMy IepeKaukyt HepTy, MyCK M OCTaHOBKY. B pabore
IIpeAyCMOTPEHO COBepIIIeHCTBOBaHIe aBTOMAaTN3VMPOBAaHHOI CHICTEMBI yIIpaBAeHIs
He(pTelepeKauMBaIOIENl CTaHIIVEI].

KaroueBnbie caoBa: aBToMaTu3anus ynpasaenns, Smart cucrema, SCADA, gaTumk, curHaa.

A.M. Akhmetova!, A.S. Shayakhmetova', A.B. Zakirova?
LAl-Farabi Kazakh National University, Almaty, Kazakhstan
2 Astana International University, Nur-Sultan, Kazakhstan

Improvement of the automated control system of the oil pumping station

Abstract. Automation of technological processes is one of the main factors in increasing
productivity and improving working conditions. All existing and under construction industrial facilities
are equipped with automation tools to one degree or another. Creating an effective automated process
control system is quite a difficult task. The main ways to increase the efficiency of enterprises are
optimization and modernization of production, reduction of production and technological losses of
energy carriers, increasing the reliability and speed of obtaining information necessary for making
managerial decisions. The automated system of the oil pumping station is designed to automate the
operation of subsystems in real time at various operating modes, including control of technological
processes of oil pumping and start and stop. The work provides for the improvement of the automated
control system of the oil pumping station.

Keywords: Control automation, Smart system, SCADA, Sensor, Signal.
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Design a Building Information Modeling (BIM) project concept in combination with
foundation monitoring on the example of the Abu Dhabi Plaza construction project

Abstract. With the advent of new technology in the monitoring of buildings and high-
rise structures it has become possible to monitor damage and defects in existing
structures and infrastructures. The need for timely detection of critical points of building
structure defects through the use of sensors, as well as the lack of description tools for
understanding, visualizing and documenting sensor output data increasingly
encourages designers, builders and facility managers to use the capabilities of such a
powerful system as the Building Information Modeling System (BIM). The primary goal
of any construction project is safety for people, which can only be ensured by proper
monitoring of building health, where the presentation and management of the received
information about changes in the system and structure can be ensured by using BIM.
The purpose of this paper is to describe the application of a distributed fiber optic strain
gauge sensor system, and the possibility of integrating the data obtained from the
sensors into the BIM system.

Keywords: building Information Modeling System, basement slab, high-rise buildings,
fiber-optic sensors, civil engineering.

DOI: doi.org/10.32523/2616-7263-2022-138-1-23-33

Introduction

Over time, the condition of concrete structures and foundation slabs can deteriorate, which
becomes a serious and ongoing problem for owners. Evaluation of the actual condition of deteriorated
structures is important for timely identification of critical defect values and making decisions for
appropriate repairs.

Due to the large number of aging infrastructures, structural health monitoring (SHM) has come to
play an effective role in the operation and maintenance phase of the structural life-cycle management
process.

SHM makes it easier to monitor and evaluate the properties of structures, which optimizes the
cost of maintaining structures and improves their safety [1].

Structures have different reactions under different loads during their life cycle, which can be
measured with SHM systems and sensors to obtain information about changed parameters and
elements [2,3]. The main stages of condition monitoring are design observation and measurement,
condition assessment, information management, planning and decision making, repair execution, and
evaluation of repair and maintenance effectiveness [4,5].

Speed and accuracy are two key factors in assessing the condition of structures in sanitary
monitoring, which will be enhanced by the use of BIM software. BIM has shown to have tremendous
potential for use in the construction industry. BIM plays an important role in making SHM information
accessible, practical, and understandable. It can improve the quality of stages of assessment and
management of objects, in addition BIM includes tools, processes and technologies for documenting and
sharing 3D digital models. This is especially important BIM is the traditional basis for describing
information related to monitoring because it prepares a methodology for interdisciplinary
metamodeling to qualify [6]. BIM workflows based on digital models make it easier to evaluate model
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changes in real time. Efficient data management is possible by linking elements of SHM systems, such
as sensors, with external sources (e.g. sensor data stored in databases) for various aspects, such as
monitoring the condition of building elements [6].

BIM processes are organized into different kinds of information from different areas depending
on whether these processes are coordinated with the same software, called "closed BIM", or with cross-
program applications, called "open BIM" [6]. The advantage of closed BIM processes is the consistency
of models with the same file format, which is usually a specific file format of a particular software
vendor. On-site closed BIM processes also have disadvantages, such as some limitations and limited
flexibility due to these limitations. On the other hand, industry reference classes (IFCs) support
platform-independent or open BIM processes. IFC is standardized according to ISO 16739-1:2018 [7] in
its current version for the description and exchange of building information models.

With the help of IFC a standard for semantic models describing construction information at all
stages of the life cycle of a building was created [6]. IFC follows an object-oriented approach in which
construction information is treated as a set of objects, and each object has attributes to describe it. In
addition, IFC provides a set of types, functions, and rules to obtain information appropriate to the
domain of interest, such as structural engineering [6].

The modeling center of the Kazakh Scientific Research and Design Institute of Construction and
Architecture (KazNIISA) developed the concept of information model of the basement of Abu Dhabi
Plaza and integration of data coming from sensors. Information modeling in Kazakhstan in official
documents received the abbreviation TIMSO (Technology of Information Modeling of Construction
Projects), although the term BIM is also used as a synonym for this concept.

BIM can facilitate the lifecycle management and monitoring of structures throughout the various
phases of design, material production, layout selection, and maintenance, such as recycling and
maintenance such as recycling and reuse of materials.

In general, the effectiveness of using BIM in SHM and maintenance comes down to the following
as: managing and controlling SHM data, better interpretation by connecting real-time data in BIM
models, and preparing a confident database for various projects.

Modeling and analysis systems using BIMs

All properties of buildings, components, documentation and other parts of the structure are
accessible via the BIM model. The BIM database is easily represented using the IFC standard to pass the
exchange step [8]. This is a standard for interpreting data about a building or facility during
construction or maintenance phases and is useful for categorizing data as a BIM model. IFC was
developed so that different platforms can integrate construction information, i.e. interoperability
enabling collaborative work. IFC allows the construction process to be standardized because it is an
open exchange format and compatible with various applications [9]. Many researchers use BIM in SHM
models to explain the benefits and limitations of existing standards.

We are faced with the task of determining the best format for saving SHM model data to a digital
database through the BIM system, as this will help increase the efficiency of monitoring. In this case, it is
necessary to determine what range of data obtained from the sensors will be integrated into the BIM
system using the IFC standard as a tool for creating a three-dimensional digital model of the real
foundation equipped with fiber optic sensors. Software that will transmit data from the recorder to the
monitoring room in real time and will integrate this data with BIM requirements is the most important
aspect of the project.

In order to improve the visual properties of the monitoring process, the researchers tried different
software and visual programming environments. Connecting environmental sensor data to BIM via
Dynamo, Arduino, and Revit APIs, integrating BIM with other tools such as building management tools
to gain comprehensive control over project monitoring, and integrating BIM with a geographic
information system (GIS) to better manage building information [10-12]. In addition, some maintenance
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strategies have been developed to manage massive data, visualization, quality and data storage.

Visualization quality and data storage processes serve as a model for other areas of research [13].

Researchers have explored various aspects of BIM approaches to improve the quality of building
design and management by increasing the speed and reliability of big data modeling with BIM, such as
modeling concrete structures and optimizing sensor placement [14-20].

Of great interest is the plan for future research on integrating 4D BIM models with on-site sensor
monitoring to improve the health monitoring imaging and analysis process, in addition to accounting
for duration, performance and hazards in real time [15,16]. Due to the fact that these upper-dimensional
models improve the quality of designs in all phases of design, maintenance, and monitoring, researchers
are enthusiastic about this area of research [17].

Most of the studies cited in various parts of this paper used real-time and dynamic monitoring;
however, they were categorized under these sections according to the primary purpose of each study [9,
17]. After understanding the reliability of BIM to account for static loads, researchers can use dynamic
monitoring to diagnose sensor data based on the latest situation and changes in structural properties
[18]. This helps researchers better understand the workings of the structure, leading to confident
decision-making. There are several works in the field of structural monitoring systems in an interactive
three-dimensional environment [19]. Some researchers believe that the use of data-driven technologies
presents problems such as the lack of BIM approaches, the discreteness of the AEC sector, and the lack
of real-world practical examples; so they worked on the parametric use of BIM for structural monitoring
with time-dependent sensor data and dynamic analysis in a high-quality three-dimensional
environment [20].

In this paper, a foundation slab with an integrated fiber optic sensor was considered as an
example to show that the model facilitates the interpretation of data using a dynamic BIM environment.
The use of this model will be the result of research to monitor the health of the foundation slab and
parking area of the Abu Dhabi Plaza project (Figure 1) in Nur-Sultan city and solve the various
problems encountered during operation. The main objective of this work is to solve such a problem as
the dependence of integrated data into the information model of the building on the received sensor
data in terms of time.

| Maatdop X | o~ Snextponi X | <o~ Snextpori X | @ KasHUMC X | & OmieroH X | M © X {\ Autodesk X =+ (-] = X

C (Y & viewerautodesk.com/id/dXJuOmFkc2sub2igZWNOczpveySvYmplY3Q6YTM2MH

i90MTYz ASOTC1MIgy

k40S1jMzhilLTQSYjktOTYy.

- 18:09
e .
Atmo@zD O N oo B

Figure 1. The foundation slab and parking area of the Abu Dhabi Plaza project
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Some researchers propose to solve and remedy a similar problem in research using methods such
as a combination of BIM and the Internet of Things, which would provide a dynamic data transfer and
appropriate data format to show the feasibility of this method in improving safety and quality in the
maintenance of structures [21-26].

As stated earlier, traditional researchers have used BIM primarily to design, monitor, and analyze
new structures over their lifetime; however, the view of BIM has changed, and it has recently been used
to enhance visualization to improve decision-making [27-29]. Many types of studies have encountered
problems with sensor data extraction and lack of compatibility, which prevents the integration of BIM
and SHM [27, 29].

Previously, some researchers have worked on using sensor output data in an IFC-based BIM
model using embedded sensors; however, a number of researchers [29, 33] have conducted an online
BIM modeling process to improve static BIM models from static to dynamic using real-time SHM data.
Long-term monitoring of structures faced real problems in processing the large amounts of data that
were added to the BIM model; however, this problem was solved by using sensor data and moving
applications to dynamic mode [34]. Analysis of large amounts of data has also been facilitated by data
compression techniques to deal with missing data [35].

Sensors and remote monitoring technologies

Collecting real-time information about facilities, buildings and other construction-related areas is
an effective way to manage construction projects.

The integration of WSN and BIM technologies improves the accuracy of hazard monitoring and
energy consumption, which are major issues in lifecycle management and human safety [36, 37]. These
tools are mainly aimed at reducing the cost of building maintenance by improving the accuracy of
decision making based on data collection and processing. The performance of sensing technologies
depends on the main purpose of monitoring and maintenance and is widely accepted among
researchers to navigate equipment and building safety by considering the advantages and
disadvantages of each technology. Some important types are global positioning system, encoding
sensors, laser, radio frequency identification devices, audio technologies, radio detection and range,
magnetic sensors, vision cameras, and Ultra-Wide Band [38, 39].

In our project the monitoring tasks are solved by the distributed fiber optic strain sensing system
(DFOSS). DFOSS has been used to measure deformation in civil engineering structures for more than
ten years. It is currently used worldwide to monitor a wide range of structures, including tunnels,
bridges, piles, dams, embankments and diaphragm walls.

DFOSS is based on backscattering of light as it is transmitted through an optical fiber. One
component of backscattered light is produced by Brillouin scattering. At any point in the fiber, the
frequency of the Brillouin scattered light depends on the strain and temperature at that point. Therefore,
given the effect of temperature, it is possible to determine the strain at any point in the fiber by
transmitting pulses of light along the fiber and analyzing the frequency of backscattered light [40].

Compared to the use of isolated strain gauges, DFOSS offers a new paradigm for strain
measurement:

- DFOSS returns a continuous strain profile along a structural element. Strain gauges can only
give discrete point readings and can miss important strain changes between gauges.

- Backscatter from the optical fiber is unaffected by electromagnetic interference.

- The core of the optical fibers is made of pure silicon dioxide, which is very stable and inert.
Therefore, the fibers are not susceptible to corrosion, do not contaminate the local environment and
have an estimated service life of decades.

- Optical fibers can operate over a much wider temperature range than most electronic devices.

- Optical fibers are small and unobtrusive, so they are easy to integrate into both new and existing
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designs.

- A complete strain profile can be reconstructed for a fiber several kilometers long, potentially
replacing tens of thousands of discrete sensors. The single-cable approach greatly simplifies installation.

- As a result of ongoing development of DFOSS readers, a DFOSS system installed now can take
advantage of potential enhanced measurement capabilities in the future.

Most analyzers require the installation of an additional optical fiber for temperature measurement
along with the strain-sensitive fiber to eliminate the effect of temperature on the Brillouin frequency
shift.

The proposed DFOSS system (considered based on a study of the foundation slab and parking
area of the Abu Dhabi Plaza project) consists of a grid of fiber optic cables attached to slab B4, connected
to an analyzer located in a temperature and humidity-controlled room at B1 (see Figure 2 "General Plan
of Cabling on Slab B4" and Figure 3 "Partial Plan of Cabling in the Block R Monitoring Area on Slab
B4").
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Figure 2. General plan of cable routing on B4 slab
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Figure 3. Part plan of cable routing in Block R monitoring area on B4 slab
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In some areas, the base slab is thickened by pouring additional concrete above the level of the
structural slab, and in some areas, steel mesh is poured into the thickened part to prevent surface
cracking. To reduce the risk of laying cable on curvature greater than acceptable, keep the height of the
cable in the thickened sections and instead adjust the depth of the channel to accommodate changes in
the thickness of the slab (Figure 4).

Figure 4. Cable installation in cover drain system

Creating the channel in the thickened sections will require cutting through any steel mesh that
may be present, so additional time and tools should be provided for this task.

The attachment points in the controlled areas in the R, Y and Z units are shown at intervals of
approximately two meters or more to create measured lengths. Of the 525 attachment points, 450 clamp
one cable and the remaining 75 clamp two perpendicular cables. To clamp one or two cables, a fixture
similar to the one shown in Fig. 5.

In most intersections, both cables are clamped, but in six specific intersections, namely four in the
center of the R block core and two in the Y block monitoring area, the intersections are much closer than
two meters. In these six locations, only one cable is clamped to avoid creating a calibration length of less

than two meters.
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Figure 5. Conceptual design of cable fixing point (contractor to provide design)
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The analyzer measures strain by transmitting pulses of light along the fiber and analyzing the
frequency spectrum of the backscattered light. The optical budget of the analyzer can be increased by
increasing the pulse duration, measured in nanoseconds, which reduces its attenuation. However, if the
pulse duration is too long, the scattered light from the leading edge of the pulse begins to interfere with
the scattered light from the trailing edge of the pulse, and the analyzer cannot distinguish one from the
other. This imposes a limit on the minimum distance at which the strain value can be interpreted by the
analyzer. This distance is called the spatial resolution and can be likened to the width of the averaging
window for the sample point [41].

Spatial resolution up to 2 cm is achievable by some analyzers on the market, but because of the
trade-off between optical budget and spatial resolution, this comes at the expense of the optical budget,
which is only about 2 dB at this low spatial resolution. To achieve the required optical budget of 11 dB,
the spatial resolution is typically at least 0.5 m.

Although the spatial resolution limits the minimum distance at which the strain value can be
interpreted, the analyzer is still capable of taking multiple measurements at small intervals along the
fiber. The smallest interval between two sampling points is called the sampling resolution and depends
on the number of measurements taken by the analyzer. Cable lengths and connections as shown in

Figure 6.
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Figure 6. Schematic diagram of distributed fibre optic strain sensing system

Expansion caused by both retarded ettringite formation (DEF) and alkali-aggregate reaction
(AAR) has the potential to lead to cracking in the slab. The fiber optic system must be designed to detect
the formation and development of cracks and to withstand the highly localized deformations that are
likely to develop in them. According to section 7.3.4 of Eurocode 2 (1), the crack width depends on the
stress in the reinforcement. A numerical analysis has been performed to estimate the surface
deformations and stresses in the upper part of the reinforcement caused by expansion under the action
of DEF and AAR.

The numerical analysis was performed using PLAXIS 2D 2018.01. It should be recognized that the
factors determining slab expansion are complex, and the computational effort required to accurately
model all scenarios and interactions would not be feasible for design purposes.

The assumptions underlying the analysis have been carefully considered to provide an
approximate estimate of stresses and strains, while limiting the computational effort to an acceptable
level.
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Conclusion

For the first time the authors considered the possibility of combining BIM technology with real
data from automated monitoring of the foundation slab of the underground parking of Abu Dhabi
Plaza Complex in the soil conditions of Nur-Sultan. Combining these technologies allows us to evaluate
the results of geomonitoring in real time, which will ensure the safe operation of high-rise buildings
with a developed underground part of the complex engineering and geological conditions of the new
capital of the Republic of Kazakhstan.

Given the novelty of this field of research, there are many gaps in all existing studies, there is no
single standard for all modeling procedures. Most researchers have considered the integration of BIM
and monitoring with some assumptions. Extension of the IFC scheme, optimization of sensor data
under a single system and management of large amounts of data are some of the main problems that
still need to be investigated in the future.
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A.bypano6aesa!, A.JKycynoekos?, P.Hypcapun3, K.bagansnan’
IKasaxcman zeomexnuxarvix accouuayuscol, Hyp-Cyaman, Kasaxcman
2Mackey memaexemmix KypuiAvic yHusepcumemi, Mackey, Peceil
3 Kasax KypolAbic kaHe cayAem ZulAbiMu-3epmmey xKate xobaray uncmumymul, Aamamul, Kasaxcman

Hyp-Cyaran kaaaceiHaarsr AOy-/a6u I1aasa Kypblabic )ko0acel MbIcaablHAA ipreTac
MOHNTOPUHTIIMeH yiiaecTipe oTeipbil, Building Information Modeling (BIM) >x006acbIHbIH
KOHIIeNIMsCBIH JKacay

Anpaarma. Tumapatrap MeH KemkaOaTThl KypblAbICTapAbl Oakbliayda >KaHa TeXHOAOTMSHBIH
naiiga ©OOAyBIMEH KOAJAAHBICTaFrbl KYpPbLABIMAAP MeH MH(PPaKyphIABIMAAPABIH 3aKbIMAAHYBl MeH
akayJdapplH Oakblaay MYMKiH 0044pl.  JaTunkrepai Koa4aHy apKblAbl FIMapaTr KYPBLABIMBI
aKayJapblHBIH CBIHM HYKTeAepiH yaKTBIAbl aHBIKTay KaKeTTidiri, coHAali-aK CeHCOPABIH IIIBIFBIC
AepeKkTepiH TYyCiHy, BM3yaau3alyuslay >KeHe Ky’KaTTay YIIiH cuUIlaTTaMa KYpaAAapbIHBIH >KOKTBIFBI
Au3aliHepAepAi, KYpbIABICIIBLAAPABI >KoHe MekeMe OacmiplaapbiH Building Information Modeling
System (BIM) cusaKTBl KyaTThl Kylieci MyHAall >KyiledepAiH MYMKIiHAIKTepiH IaligalaHyfa OapraH
caifbIH bIHTaAaHAbIpaAbl. Kes KeareH KypblabIc 5KOOachIHBIH OacThl MaKcaTbl ajaMAapAbIH Kayimcisairi
0ol TaOblAaAbl, OHBI TeK FUMapaTThlH AEHCAyABIFBIH AYPBIC DaKbliay apKblABI KaMTaMachl3 eTyre
004aabl, MyHJa Xylie MeH KYpBLABIMAAFbl ©3TepicTep TypaAbl aAbIHFaH aKIlapaTThl YCBIHY >KoHe
Dackapy BIM kemeriMeH KaMTaMmachl3 eTiayi MyMKiH. MaKaAaHbIH MakKcaThl TapaTblAFaH TaAIIBIKTHI-
OIITMKAABIK TEH30MeTPAiK CeHCOp >KYIeciH KOA4aHyAbl KaHe ceHcopAapJaH aAblHFaH Jepekrepai BIM
KylieciHe OipikTipy MyMKiHAIriH cunaTTay OOABIIT TaObLAaABI.

Tyiin cesaep: ruMapaTThlH aKIapaTThIK MOJAeAbJAey >Kylieci, JKepTede TaKTachl, KOIIKaOaTThI
yiiaep, TaAIIBIKTBI-ONTUKAABIK CeHCOpAAp, KYPBLABIC MHKEHEePUSChI.
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A.bypanb6aesa!, A.XKycyno6exos?, P.Hypcapun?, K.bagamsnan®
IKasaxcmarickas zeomexnuveckas accouuayus, Hyp-Cyaman, Kasaxcman
2Mocxkosckuii zocydapcmeerHblii crmpoumeAbbiii yrnusepcumem, Mockea, Poccust
3 Kasaxckuil HAYuHO-UCCACD06AMEADCK UL NPOEKMIHDL UHCHIUIMY M CIPOUEALCINEA U APXUTNEKMYPOL,

Aamamut, Kazaxcman

ITocTpoenne KoHITeIIIMYM IIpOeKTa MHPOPMAIIMIOHHOIO MOAeaviposanus 3aanmuii (BIM) B
coYeTaHIM C MOHMTOPUHIOM pyHAaMeHTa Ha IpyMepe CTpOUTeabHOro rmpoekra Abu Dhabi
Plaza

AnpnoTamms. C nosiBAeHNeM HOBBIX T€XHOAOIUI B 004acTy MOHMTOPMHIA 34aHMUI M BBICOTHBIX
COOPY>KEHMII CTad0 BO3MOXKHBIM OTCA€XKMBATh IIOBpeXAeHMsI ¥ AedeKTsl B CYIIeCTBYIOIINX
KOHCTPYKIMAX U MHPpacTpykrypax. HeobxoamMOCTs cBOeBpeMeHHOTro OOHapy>KeHUsI KPUTUIECKIX
TOueK AeeKTOB CTPOUTEABHBIX KOHCTPYKIUII C TIOMOIIBIO JAaT4MKOB, a TakKXe OTCYTCTBUe
VHCTPYMEHTOB ONMCaHMUsA AAs IOHMMaHNs, BU3yaAu3aluy U AOKYMEHTHPOBaHMUS BBIXOAHBIX AaHHBIX
AaTYMKOB BCe yalle II00y>XKJaeT IIPOeKTUPOBIIMKOB, CTpoUTeaell U PyKOBOoAuTeaell OOBeKTOB
UCIIOAB30BaTh  BO3MOXKHOCTM TaKOM  MOIIHOM CHCTeMBI, KaK cHcTeMa MH(POPMAIIMOHHOTO
Mogeanposanus 3aaHuii  (BIM). OcHoBHOI 11eabl0 AI000TO CTPOUTEABLHOTO IIPOEKTa sBASETCS
0e30macHOCTb 4451 AIOJAei, KOoTopass MOXeT ObITh oOeclieyeHa TOABKO IIyTeM HaJAe’Kalllero
MOHUTOPHMHIA COCTOSIHUSA 3AaHNs, TAe IpeJcTaBAeHe U ylipaBAeHNe IoaydeHHON mHpopMalueir oo
U3MEHEeHIsX B CICTeMe U CTPYKType MO>KeT ObITh oOecriedeHo ¢ rtomonpio BIM. Llearsio ganHOM craThu
SIBASIETCSI ornmcaHue IpUMeHeHI pacripeseAeHHO CHUCTEMBI BOAOKOHHO-OIITUYECKUX
TeH30MeTPMYEeCKMX AaTIMKOB, a TakXKe BO3MOKHOCTU MHTerpaluy AaHHbIX, [IOAy4eHHBIX C AaTYMKOB, B
cucremy BIM.

KaioueBbie caoBa: cucreMa MHPOPMAIIMOHHOIO MOJAEAMPOBAHMSA 34aHUI, II0ABaAbHOE
IepeKphITHe, BLICOTHBIE 34aHNSI, BOAOKOHHO-OIITMYECKIe AaTUMKHU, Tpa’kAaHCKOe CTPOUTEAbCTBO.
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Processing of flat glass

Abstract. The article discusses the issues of sheet glass processing and provides
information about the application, advantages, disadvantages and technological
capabilities.

The technological parameters of waterjet processing that affect to the cutting quality: the
jet speed, the grain size of the abrasive, the angle of jet inclination, the distance from the
nozzle to the treated surface.

The water cutting method or waterjet cutting can significantly increase the speed and
quality of material cutting. From an economic point of view, the consumption of
material and energy is significantly reduced (by 20-30%), due to the use of water energy
as the cutting tool in this method. The consumable material is only water and abrasive
material.

By modeling, when using software, it is proved that during waterjet cutting, lower
stresses are formed in the glass compared to mechanical roller cutting, thereby ensuring
minimal heat generation and accurate cutting with an edge roughness of Ra 1.6 microns.
Keywords: waterjet processing, sheet glass, abrasive, jet, CAE.
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Introduction

The uniqueness of the waterjet cutting technology lies in the fact that it can be used to cut almost
any kind of materials and is an alternative not only to mechanical, but also laser, plasma, and ultrasonic
cutting, and in some cases is the only possible one.

In modern mechanical engineering, very often high requirements are imposed on the quality of
metal cutting, which makes it impossible to use traditional equipment: guillotines or plasma cutting and
other methods [1-5]. Cutting metal with water has been used since the 60s of the XIX century by the US
aircraft company and is optimal for cutting metal, etc. high-strength materials [6, 7].

There is considerable experience in processing a complex profile by mechanical methods,
ultrasound energies, plasma, laser, water jet, etc. [2, 4, 8]. They predict a high average annual growth
rate of the world market of hydraulic cutting equipment [9].

When packet cutting sheets in mass production, waterjet processing is used. The expediency of
using packet cutting is determined by the following advantages: the ability to cut thin-sheet parts along
any contour without melting edges and warping sheets; reduction of abrasive consumption compared
to cutting single sheets; high productivity; identity and accuracy of the detail shapes which cut from a
one packet [10].

Despite the high productivity, the method of waterjet processing has not been sufficiently studied,
which is pretty much holding back its use. The works [11-14] are aimed at studying this method and one
or more technological parameters are being investigated: the speed of the jet, the size of the abrasive
grain, the angle of inclination of the jet, the distance from the nozzle to the treated surface.

The most common modern technology for cutting float glass is cutting with cutting rollers (Figure
1). The glass cutting rollers have a wedge-shaped obtuse-angled section and are made of hard alloys.
The sharpening angle of the used roller depends on the thickness of the glass. In this case, the cutting
takes place in two stages: first an incision is made, i.e. a scratch is formed with a chain of cracks
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appearing under it, and then a bending force is applied across the cutting line. Such glass cutting is the
creation of microcracks in the glass under the action of a cutting roller, along which the glass then splits.

Figure 1. Automatic cutting of glass with a cutting roller

Various factors, such as the type of cutting tool, its position, type of glass, applied pressure,
speed, glass surface quality, temperature affect the cutting quality. To perform a sufficiently good cut,
the roller speed (up to 160 m/min) and its pressure on the glass must be sufficiently large and constant.
These factors are interrelated: as the speed increases, the pressure should be reduced and vice versa. But
the main criterion for cutting is not so much the number of fragments when applying scratches and
various surface defects, as the stresses created by these defects in the glass. The deepest crack, which
occurs under the action of the tensile stress created by the pressure of the cutting tool, is crucial.

Research methods

In modern mechanical engineering, finishing operations have the main influence on the quality
and performance of details [13-17]. The task of improving the quality of products is associated with the
improvement of well-known and the development of new, effective finishing methods, among which
the leading place is occupied by methods of abrasive processing. Abrasive processing allows to ensure
the required accuracy and quality of details with high productivity, as well as high reliability and
durability of machines during operation, therefore the role of abrasive operations in modern mechanical
engineering is continuously increasing.

Waterjet processing is one of the varieties of processing details by free abrasives, allows to process
shaped details that are difficult to process on machines.

The process is insufficiently studied and the result of which is influenced by many technological
parameters: cutting jet pressure, nozzle feed, grain size, hardness, abrasive consumption, distance from
the nozzle to the waterjet processing surface, physical and mechanical characteristics of the processed
material.

In addition to the advantages, there are disadvantages of this technology, one of which is the
uneven distribution of the roughness of the cut surface along the depth of section, as well as
deterioration in quality with increasing nozzle feed [13-18].

Figure 2 shows a diagram of the installation of waterjet glass cutting. Water compressed by the
first main system component, the multiplier pump, to a pressure of more than 4000 atm, passes through
a water nozzle forming a jet with a diameter of about 0.5 mm, which enters the mixing chamber. In the
mixing chamber, the water jet "pull in" the abrasive (for example, garnet sand with particles about 0.4
mm in size) and then passes through a second, carbide nozzle with an inner diameter of 1 mm. From
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this nozzle, a jet of water with an abrasive exit is poured at the speed of about 3M (about 1200 m /s) and
is directed to the surface of the cutting material. Upon cutting this material, the residual energy of the jet
is extinguished by a special water trap. The cutting material is usually located on the coordinate table.

1 - high pressure water supply, 2 — nozzle, 3 — abrasive feed, 4 — mixer, 5 — casing, 6 — cutting jet, 7
— cut material.
Figure 2. Scheme of waterjet processing

In the process of waterjet cutting the following is consumed: electricity; air; abrasive; water. The
consumption of abrasive is about 300-350 g/min. As an abrasive material, it is recommended to use only
a natural abrasive - garnet, which has good strength indicators. The grain size of the abrasive material
should be from 200 to 600 microns.

The service life of the nozzle is about 50 hours, and the tube is 100 hours. The cutting width can be
easily compensated by CNC. Thus, it will not affect the accuracy and quality of cutting [17].

The main difference that waterjet metal cutting has from other methods of cutting sheet metal is
that there is no mechanical impact on the material. The absence of friction, heating of tools affects the
quality of the cut and possible applications. Waterjet cutting of metal with a jet of pure water or an
abrasive mixture is also successfully used for cutting the following materials: marble, granite, stone and
other rocks; glass, ceramics; steels and metals, including: titanium, stainless steel; reinforced concrete;
plastic, textolite, ebonite and paronite plates, rubber [7].

Cutting is carried out by a supersonic jet of water, which is obtained by concentrating the flow of
water through a calibrated hole. As a result, the waterjet cutting speed is almost three times the speed of
sound (810 m/s). Cutting can be with or without abrasive material, depending on the type of material
being processed on a Primus 202 machine with one or two 3- or 5-axis heads to ensure maximum
productivity and continuous cutting without compromising flexibility.

Due to the fact that the table is divided into two cutting zones, there is the possibility of working
in a pendulum mode: unloading/loading workpieces in one part of the table while the machine is
working in another part [13, 18].

Figure 3 shows samples of products made on a waterjet glass cutting machine.
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Figure 3. Product samples

Results and discussion

Precise shaped waterjet cutting of metal allows the use of machines in the production of jewelry
items, decorative elements and much more. The quality of the cut and the accuracy of the figures largely
depends not on the experience of the worker, but on the quality of the equipment and software:

1. A unique method of processing material using a narrowly directed water jet under pressure has
found its place in many areas of production and art. One of the main advantages of the waterjet cutting
method is the complete absence of chipped and heating surface which present during the usual cutting
of objects.

Thanks to modern technologies and the improvement of machines, it was possible to expand their
functionality and scope of application;

2. The ability to perform non-standard cutting of the material. Moreover, the change in the slope
of the cut does not affect the cutting quality. The precision of metal cutting at an angle allows the use of
the resulting blanks without further processing [18].

We will perform modeling and comparison of two methods of processing transparent glass with a
thickness of 10 mm and a size of 1 x 1 m: mechanical cutting with a cutting roller and waterjet
processing.

Figure 4 shows a 3D model of mechanical glass cutting with a cutting roller.

Figure 4. 3D model of mechanical glass cutting with a cutting roller

Using the resulting 3D model, we create a finite element grid and perform a static calculation,
the results (equivalent Mises stress, total linear displacement, yield strength factor, strength margin
factor) which are shown in Figure 5.
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Figure 5. Results of statistical calculation of mechanical glass cutting with a cutting roller

Similarly, we will perform a statistical calculation of waterjet processing, the results (equivalent
stress by Mises, total linear displacement, yield strength factor, strength margin factor) are presented in
Figures 6, 7.

- .

Figure 6. 3D model of waterjet glass processing
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Figure 7. Results of statistical calculation of waterjet glass processing

Analysis of the results of computer modeling has shown that with waterjet cutting, less stresses
are formed in the glass, i.e. a higher-quality cut and a more efficient and less marriage-forming method
of cutting glass.

Conclusion

Thus, the water cutting method or waterjet cutting can significantly increase the speed and
quality of cutting the material. From an economic point of view, the consumption of material and
energy is significantly reduced (by 20-30%), due to the use of water energy as a cutting tool with this
method. The consumable material is only water and abrasive material.

Practice shows that this method is economical, eco-friendly, has a number of advantages: minimal
heat generation ensures accurate cutting of materials; cutting speed can reach 30,000 mm/ min; accuracy
and full compliance of finished products; the possibility of cutting out parts of complex shape; ordinary
water can be used as a working fluid or with a small proportion of abrasive particles; no thermal effect
on the material (temperature in the cutting zone 60-90 ° C); a wide range of cut materials and
thicknesses (up to 200-300 mm or more); no melting and burning of the material on the edges of the
machined parts and in the adjacent area; environmental cleanliness and complete absence of harmful
gases; high cutting quality (edge roughness Ra 1.6 microns).
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Topauizvipos ynusepcumemi, Ilasaodap, Kasaxcman
2J1.H. Yavanos amviridazor Yysaw memaexemmix yruseepcumemi, Yebokcapor, Yysauwr Pecnybaukacui, Peceit

Ta0ax IIbIHBIHBI 6HALY

Angatna. Makasaga TaOak IIIBIHBIHBI ©HJEY Maceledepi KapacThIpblAFaH >KoHe KOAJaHy,
apTHIKIIBLABIKTapP, KEMIIiAIKTep KoHe TeXHOAOTUAABIK MyMKiHAIKTep Typaabl aKIapar OepiareH.

Kecy camacpiHa acep ereTiH cy abpasuBTi ©HAEYAiH TeXHOAOTMAABIK IapaMeTpAepi: aFbIHHBIH
>KBIAAAMABIFBI, aOpas3MBTiH TYMipIIiKTiAiri, arblHHBIH KeA0ey OYpBHIIIbl, COIAOJAaH ©HAEAeTiH OeTke
AEVIHTI KaIIBIKTBIK,

CymMmeH Kecy HeMece Cy aDpa3uBTi Kecy 9ici MaTepuaaAbl Kecy >KblAAaMABIFbI MEH callachblH eAdyip
apTThIpaabl. DKOHOMUKAABIK TYPFBI4aH aAfaHAa, KeCy Kypaabl peTiHAe Cy SHEepPIUSACHIH OCBl dAiCIIeH
naiijasdaHy apKblAbl MaTepual MeH DHepIVSIHBI TYTBIHY aiTapabiKTall Temengeiiai (20-30% - ra).
[IsrrerH MaTepuaabl TeK Cy MeH aOpa3uBTi MaTepuaa 60AbII TaObLAAABL.

Mogeabaey apKblabl OardapAaMaAblK >KacaKTaMaHbl KOAJ4aHy Ke3iHge cy aOpas)BTi Kecy Ke3iHje
IIBIHBIAA MeXaHMKaAbIK POAUTIMEeH KecyMeH caAbICThIpFaHJa a3 KepHeyadep mHaiiga O0AaTbIHABIFBI
Ad4eAJeHAi, ocplaalillla MUHMMAaAABI KbIAYy IIBIFapybl KoHe >KueriHiH Ra 1,6 MKM keaip-OyAbIpbIMeH
A1 KeCyAl KaMTaMachI3 eTeAl.

Tyitin ce3aep: cy abpasusTi eHAey, Tabak 1IbIHEBIL, abpasus, arbiH, CAE

I'.T. Utei0aesal, I M. bazenos!, A.JK. Kacenos!, A.C. fAmomkna?, K.K. AGuries!
ITopatizvipos yrusepcumem, Ilasrodap, Kasaxcman
2Yysauickuil zocydapemeerinviii yrusepcumem umeriu VI.H. Yavsrnosa, Yeboxcapul, Yysauickas
Pecny6auxa, Poccust

O6paboTKa AMCTOBOTO CTeKAa

AnHOoTamms. B cratbe paccMoOTpeHBI BOIIPOCH OOpaOOTKM AMCTOBOIO CTeKAa M IpuBejeHa
nHQpOpMans O IpUMeHeHN Y, IIPeUMYIIecTBax, He40CTaTKaxX ¥ TEXHOAOTMIEeCKIX BO3ZMOXKHOCTSIX.

Texnoaormueckue mapameTpsl IMApoabOpa3uBHOI 0O0pabOTKM OKa3bIBAaIOIIMe BAUSIHME Ha
Ka4yecTBO pe3a: CKOPOCTb CTPYH, 3epHICTOCTh abpa3nBa, yroa HaKAOHa CTPYH, pacCTOsIHIE OT COoIlla A0
0OpabaTpiBaeMOIi IIOBEePXHOCTIA.

Mertoa peskn BOAOI 1AM TUApoabpasuBHas pe3Ka I103BOASIOT CYIeCTBeHHO YBeANIUTh CKOPOCTh
U KayecTBO pe3a MaTepmada. C DKOHOMMYECKON TOYKM 3peHHs, pacxol MaTepuada U DHepPIUM
3HauMTeABHO IOHIDKaercs (Ha 20-30%), 3a CueT MCIOAB30BaHUS PV TaKOM METOAe DHEPIUU BOABI B
KadyecTBe PeXXYIero MHCTpyMeHTa. PacxoAHBIM MarepmasaoM SBASIETCS TOABKO BOAa U aOpasMBHBIN
Marepuad.

MogeanpoBanneym, IIpM IIpUMEHEHNN IIPOTPAaMMHOIO oOecriedeHus! AOKasaHO, 4YTO IIpU
r1ApoabpasmUBHOI pe3Ke, B CTeKle 0Opa3yeTcsl MeHbIIINe HaIIPsI’KeHNsI 10 CPaBHEHUIO C MeXaHIIeCKOI
pe3Koll poaMKOM, oOecriedmBasl TeM CaMBIM MIHUMa/AbHOE TeIAOBbIA€A€HNEe VI TOYHBII pe3 C
IIepOXOBATOCTLIO KpoMKkM Ra 1,6 MxM.

Karouesnie caoBa: rugpoabpasnusHas 00pabOTKa, AUCTOBOe CcTeKA0, abpasus, cTpys1, CAE.

BECTHVIK EHY usenu A.H. Tymunesn. Cepus mexnuueciue Hayku u mexXHOA02UU Ne 1(138)/2022 41
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Processing of flat glass

References

1. Popelyuh A.I, Tyurin A.G., Plotnikova N.V. (2014) Perspektivnye sposoby obrabotki
materialov [Promising methods of processing materials]. Uchebnoe posobie [Textbook] (SUSU
Publishing House, Chelyabinsk, 49 p.) [in Russian].

2. Ablyaz T, ViI'deman V, Muratov K et al (2018) Mechanical Properties of Products after
Electric-Discharge Machining, Russian Engineering Research. 2018. Vol. 39. Is. 10. P. 892-894.

3. Dudak N, Itybaeva G, Musina Zh et al (2014) A New Pass-Through Lathe Cutter, Russian
Engineering Research. 2014. Vol. 34. Is. 11. P. 705-707.

4. Zvezdin V, Khisamutdinov R, Grechishnikov V et al (2018) Laser Machining of Tool Steels,
Russian Engineering Research. 2018. Vol. 38. Is. 12. P. 1038-1041.

5. Mukanov R, Kasenov A, Itybaeva G et al (2019) Face Turning of Holes, Russian Engineering
Research. 2019. Vol. 39. Is. 1. P. 75-78.

6. El-Hofy H (2005) Advanced machining processes. Nontraditional and Hybrid machining
processes, The McGraw-Hill Companies. 2005. P. 32-46.

7. Mendalieva S.I., Kosatbekova D.SH., Akulovich L.M. (2016) Tekhnologiya i oborudovanie
gidrorezki i gidroabrazivnoj obrabotki v sovremennom mashinostroenii [Technology and equipment of
hydraulic cutting and waterjet processing in modern mechanical engineering] Vestnik nauki
Kazahskogo agrotekhnicheskogo universiteta imeni S. Sejfullina [Bulletin of Science of the Kazakh
Agrotechnical University named after S. Seifullin], No2(89), 144-153 [in Russian].

8. Galinovskij A.L., Tarasov V.A. Elfimov V.M. (2011) Minimizaciya tekhnologicheskoj
sebestoimosti gidroabrazivnogo rezaniya s uchetom stoimostnyh i tekhnologicheskih parametrov
processa obrabotki [Minimization of the technological cost of waterjet cutting taking into account the
cost and technological parameters of the processing process] Izvestiya vysshih uchebnyh zavedenij
«Mashinostroenie» [Izvestia of higher educational institutions "Mechanical Engineering"], N4, 46-54 [in
Russian].

9. Stepanova E.Yu. Kozhus O.G., Barsukov G.V. (2017) Innovacionnye tekhnologii rezaniya
sverhzvukovoj struej zhidkosti: ekonomika, rynok, sostoyanie i perspektivy razvitiya [Innovative
cutting technologies with supersonic liquid jet: economy, market, state and prospects of development]
Vestnik Bryanskogo gosudarstvennogo tekhnicheskogo universiteta [Bulletin of the Bryansk State
Technical University], Nol (54), 243-253 [in Russian].

10. Stepanov Yu.S., Barsukov G.V., Alyushin E.G. (2012) Sovremennye tekhnologii gidro- i
gidroabrazivnoj obrabotki zagotovok [Modern technologies of hydro- and hydroabrasive processing of
workpieces] Naukoemkie tekhnologii v mashinostroenii [High-tech technologies in mechanical
engineering], No6, 15-20 [in Russian].

11. Tikhonov A.A. (2011) Povyshenie effektivnosti processa gidroabrazivnoj obrabotki: dis. ...
kandidat tekhnicheskih nauk : [Improving the efficiency of the process of waterjet treatment: dis.
candidate of Technical Sciences]. 05.02.08. Don. gos. tekhn. un-t. Rostov-na-Donu, 2011. P. 156 [in
Russian].

12. Verchenko A.V., Tamarkin M.A., Kishko A.A. (2017) Issledovanie sherohovatosti poverhnosti
reza pri gidroabrazivnoj rezke [Investigation of the roughness of the cutting surface during waterjet
cutting] Vestnik Donskogo gosudarstvennogo tekhnicheskogo universiteta [Bulletin of the Don State
Technical University], No2 (89), 116-130 [in Russian].

13. Smirnov M.L, Spiridonov YU.A., Karapetyan A.R. (2011) Sovremennye tekhnologii rezki
listovogo stekla [Modern technologies of sheet glass cutting] Steklo i keramika [Glass and ceramics],
Nel, 6-10 [in Russian].

14. Galinovskiy A, Izotov N (2021) An experimental study of hydroerosion of surface of a chill
metal under the influence of an abrasive-liquid ultra-jet, AIP Conference Proceedings. 2021. Vol. 2318.
Art. no 150013.

42 Ne 1(138)/2022 A.H. Tymunres amvindazot EYY Xabapurvicol. Texnukarvik 2uAvim0ap Kate mexHoAOZUSAP cepuAchl
ISSN: 2616-7263, eISSN: 2663-1261



G.T. Itybayeva, G.M. Bazhenov, A.Zh. Kasenov, A.S. Yanushkin, K.K. Abishev

15. Dudak N, Itybaeva G, Kasenov A et al (2019) Multi-flute drill-broach for precision machining
of holes, Scientia Iranica. 2019. Vol. 26. Is. 3. P. 1415-1426.

16. Popov V, Yanyushkin A, Arkhipov P (2019) Combined electric diamond grinding of
materials prone to adhesive diffusive interaction, Materials Today: Proceedings. 2019. Ne11. P. 36—41.

17. Shpilev V.V. (2012) Povyshenie effektivnosti processa gidroabrazivnoj rezki listovyh detalej
putem optimizacii rezhimov obrabotki i parametrov strui rabochej zhidkosti: dis. ... kandidat
tekhnicheskih nauk [Improving the efficiency of the process of waterjet cutting of sheet parts by
optimizing the processing modes and parameters of the working fluid jet: dis. Candidate of Technical
Sciences] 05.02.08. Sarat. gos. tekhn. un-t im. Gagarina Yu.A. Saratov, 2012. P. 147 [in Russian].

18. Molchanova E.S., Bychkov N.A., Chernyaev S.I. (2013) Sravnenie plazmennogo,
gidroabrazivnogo i lazernogo sposobov rezki i proshivki konstrukcionnyh materialov v
radioelektronnoj promyshlennosti [Comparison of plasma, waterjet and laser methods of cutting and
stitching structural materials in the radioelectronic industry] Fundamental'nye i prikladnye problemy
tekhniki i tekhnologii [Fundamental and applied problems of engineering and technology], Ne6 (302),
58-62 [in Russian].

Information about authors:

Itybayeva G.T. — Candidate of Technical Sciences, Professor, Head of the Department of
Mechanical Engineering and Standardization, Toraighyrov University, Pavlodar, Kazakhstan.

Bazhenov G.M. - PhD student of the Department of Mechanical Engineering and
Standardization, Toraigyrov University, Pavlodar, Kazakhstan.

Kasenov A.Zh. — Candidate of Technical Sciences, Professor of the Department of Mechanical
Engineering and Standardization, Toraighyrov University, Pavlodar, Kazakhstan.

Yanushkin A.S. — Doctor of Technical Sciences, Professor of the Department of Mechanical
Engineering Technology, I.N. Ulyanov Chuvash State University, Cheboksary, Chuvash Republic,
Russia.

Abishev K.K. — Candidate of Technical Sciences, Professor of the Department of Transport
Engineering and Logistics, Toraighyrov University, Pavlodar, Kazakhstan.

Umuvibaesa F.T. — TexHuka FuIABIMAApPBIHBIH KaHAMAATBI, MalllHa >Kacay >KoHe CTaHAapTTay
KadeapackIHbIH MeHrepyiici, mpogeccop, Topaitrsipos yuusepcuteri, [Tasaoaap, Kazaxcran.

basenos T.M. — wMammHa >Kacay >KeHe cTaHgapTray KadegpacsinplH PhD  aokTopaHTh,
Topaiireipos ynusepcureti, ITaBaoaap, Kazaxkcran.
Kacenos AJK. — TexHuka FhIABIMAAPBIHBIH KaHAMAATHI, MalllHa >Kacay >KeHe CTaHJapTray

KadeapaceiHbIH 1Tpodeccopsl, Toparireipos yHusepcureTi, I1asaoaap, Kasakcran.

SAnrowxun A.C. — TeXHMKa FBLABIMAAPBIHBIH AOKTOPBI, MaIllIHa JKacay TeXxHOAorus KadeApachIHbIH
npodeccopsr, VLH. Vapanos atemaarer Uysamr MemekerTik yHmBepcureri, YeGokcapsr K., Yysarmm
Pecrry0anxkacsr, Pecer.

Abuwmes K.K. — TexHmKa FBIABIMAAPBIHBIH KaHAMAATHI, KOAIK TEXHMKAchl >KoHe JAOTMCTUKA
kadespaceiHpig mpodeccopsl, Toparirsipos yausepceuteri, Ilasaoaap, Kasakcran.

BECTHVK EHY umenu A.H. Tymunesn. Cepus mexnuueciue Hayku u mexXHOA0UU Ne 1(138)/2022 43
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



MPHTU 67.07.29

A.3. VIcuna, b.E. O3ranbaesa*, 4.0. Kaaues

Espasuiickuil HayuonaneHwitl yHusepcumem um. JI.H. I'ymunesa, Hyp-Cyniman, Kazaxcman
*Aemop onsa koppecnondenyuu: bayan03091986@mail.ru

ApXUTeKTypHO-IPOCTPaHCTBeHHAasl OpTraHM3aIyisl My CyAbMaHCKIX y9eOHBIX
3aBeaennii KasaxcraHna B cpeaHeBeKOBBIN IIepHO/],

Annortarmsa. CraThs IIOCBANIEHa M3YYeHMIO psja BOIIPOCOB (POPMOOOpasOBaHI
Megpece Kasaxcrana Ha pasHBIX BpPeMEHHBIX BTallax CpeAHEBEKOBOIO IIepuoJa.
PaccmarpuBaeTcs IIpeuMyIlleCTBEHHOe 3HaueHIe ApeBHUX Mejpece B CTPYKTYype ropoja
U 3a ee IIpejeaMIL.

B xoge mccaejoBaHUA M3Yy4dalOTCS TEHAEHIIUM ITPOEKTHPOBAHM Meapece VI BOIIPOCHI
JopmMupoBaHus apXUTEKTYPHO-TI1aHUPOBOYHBEIX, PYHKITMOHAABHBIX n
KOMITO3UIIVIOHHBIX PeIIeHMIA.

IIpuaMMas BO BHMMaHIe aKTyaAbHOCTb CTPATErMYecKOl Ba’KHOCTU JAAHHBIX OOBEKTOB,
SIBASIIOLIMIXCS HacAeAyeM TIOPKOSI3BIYHBIX TOCYAapCTB, B OyAyIlieM 5TO IIpeolpejeAnio
IIPUYMHY PacCMOTPeHMsl JAHHOM CTaThyl — BBIABUTh HaMOOABIIYIO COBOKYIIHOCT
JaKkTOpOB, MOBAMABIINMX Ha KOMITO3UIINIOHHOE peIlleHue 1 CTpaTerMy OpraHU3allui
ITPOCTPAHCTB.

Vcxoast m3 ®TOiT 1eam, AOCTYITHBIE apXWBHBIE MaTepuaAbl IIO3BOAVMAU OIPeJeANThH
OCHOBHBIE 3aJaul JICCAeAOBaHIIL:

— PacKphITHE POAN Meapece KaK KAIOUeBOil CTPYKTYPBI MCAAMCKOIO 00pa30BaHIL;

— nccaegosanye pakKTOPOB, BAVSIOIINX Ha IIporiecc GpopMOOOpa3OBaHILT;

— olIpeJeaeHNe CrienpUKN apXUTeKTyPHO-TIAaHMPOBOYHO OpTaHMU3aIIIN.
IlpeaasoxxeHa MeToauKa, KOTOpas IIO3BOASIET PACKPBITh (P1UA0COPCKOe 3HauyeHUe
apXUTEKTYPHOI KOMIIO3UIIUM YJeOHBIX 3aBeJeHMII KaK ITPOU3BEeJEeHIs JICKYCCTBa.
OnmncrBaloTca  TPajoCTPOUTeABHBIE  OCOOEHHOCTV, apXUTEeKTYpPHO-XyJ0>KeCTBeHHBIe
XapaKTepUCTUKN ~ OOBEKTOB  MCCAEAOBaHMs Ha OCHOBE IIOMCKA IIOAXOA0B K
MIPOEKTUPOBAHNIO, TAe pPacKpbiBaeTcsa TAyOOKOe U CTPYKTypHOe COIPMKOCHOBEHUe
MA€00THYECKIIX B3TAAA0B MCAaMa U TIOPKCKIX TPAaAUIIUK KaK B AYXOBHOM ILJaHe, TaK I
B apXUTEKTYPHOM.

B pesyabTare BBLIBAE€H OCHOBHON IIPVHIIVII IIPV IPOEKTHMPOBaHUMU Meapece. /JaHHBIN
NPUHINII yKa3blBaeT Ha TO, YTO OHM OBLAM TPajoo0pasyommMu oO0beKTaMu. DTOo
II03BOAMAO B JaAbHENINeM BbISBUTH M IIPU3HATh OCHOBHBIE CTaHAAPTHI Ka3aXCKOJI
TPaAUIIIOHHOI apXUTEKTYPBI CpeAHEBEKOBOTO I1€PIOAa.

B xoae mccaeaoBaHMs TakKe aHAaAM3UPYETCs Iporiece AudQepeHInanyy mapaMeTpos
3aCTPONIKM M W3MEHEeHMs OOBeMHO-ILAaHUPOBOYHOM CTPYKTYPBI PacCMOTPEHHBIX
00TLexToB. B pesyanTaTe BhLABA€Ha IpyIina (paKTOPOB, IOBAVABIINX Ha DTU M3MEHEeHI.
BrrsBaeHEI ONITHMaABHBIE apXUTEKTYPHEIE IIPUEMBI I MH>XKeHepHEBIe PerleHns B paMKax
OopTraHM3aruy 61arOIPUATHON CHCTeMBI KAUMAaTU3aINI 34aHM C YIeTOM XapaKTePHBIX
IPUPOAHO-KAUMATUIECKMX YCAOBMII IOXKHBIX, 3allajHBIX M I[eHTPAaAbHBIX PErViOHOB
Kaszaxcrana, koTopble OKazaaM TakXKe 3Ha4MTeAbHOe BAMsAHUE Ha GpopMooOpasoBaHUe
yJeOHBIX 3aBeeHUI.

KaroueBble caoBa: mcaaMcKas apXWUTeKTypa; KadaxcKas apXWUTeKTypa; KOMIIO3UITUS
MeJpece; TPOCTPaHCTBO; OMOKAMMAT B MeJpece; 3aKOHOMEPHOCTh CTPOEHA.

DOI: doi.org/10.32523/2616-7263-2022-138-1-44-58

BBeaenmue

PanHMIT cpeAHEBEKOBBIN ITepMo/ MOXKHO OOO3HAUMTh PACIIBETOM apaOOsI3bIYHON KyABTYPHI, TakK
KaK DTOT BpeMeHHOI! BTall SIBAsEeTCA [IepUO40M paclpocTpaHeHIsI ncaaMa Ha Teppuropun Kasaxcrana.
Wcaamckass peamrns okasasla 3HauMTeAbHOe BAVSIHVE Ha OOpa3OBaTeABHBIV IIPOILECC, TeM CaMBbIM
COXpaHsAs KyAbTypHBIE IIeHHOCTU U SI3BIK TIOPKCKOTO Hapoda. OAHOBpeMeHHO caeayeT NOAYepPKHYTS,
4TO KyAbTOBOe 304uecTBo KazaxcraHa, Kak 1 4pyIux cpeJHea3raTCKIX CTPaH MOXKHO OTHECTH K
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MYyCyAbMaHCKOJ apXWUTeKType B COYeTaHWUM C Pa3AMIHBIMM apXUTEKTYPHBIMU CTUASMM, TaK KakK OH
HeceT B ceOe MAEOAOTMYECKUII, PeAUTMO3HO-TIOANTUYECKNI acleKThl ¥ TpaAUIMOHHO-STHUYECKUI
xapakrep. OTo mnoatBepxkgaercs B Tpyaax K.M. Dbaiimakopa: «... He TOABKO apXuTekTypa u
apxeo40rnmdeckas apXUTeKTypa OIpeaeAsioT OCOOeHHOCTM CpeAHeBeKOBOro ropoga B Kasaxcrane, ero
MyCyAbMaHCKMII XapaKTep M JOMCAaMCKMII TpaauiiuoHaausm» [1, c. 6]. Jas Goaee raybokoro
IIOHMMaHMA KaK/M 00pa3oM McAaM IIPOHUK B TIOPKOSI3BIUHBIE cTpaHbl, n3ydeHnsl Tpyabl JK.K. JKennca
[2]. MBI pasaeaseM ero TOUKY 3peHIs U CYUTaeM, YTO MMEHHO McAaM CyMea YAadyHO paclpOCTpaHUThCS
Cpeau TIOPKOB, TaK KaK MMEHHO er0 peAUTVO3HbIe MAeU MMeAU CXOXKeCTh C PeAUTMO3HBIMU UAeIMU
TeHrpuaHcTBa: «I1o CBOMM peAUIMO3HBIM TOHATUAM TEeHIPUAHCTBO MMeAO MAENHYIO OOIIHOCThH C
ncaamom. llcaamckue HOPMBI THOBeAEHMS, PEAUTMO3Hble HOPMBI He CHUABHO OTANYAAUCh OT
TPaAULIMOHHOTO BepPOBaHM: TIOPKOB. 3aMeyaTeAbHBIM IIPMMEPOM MCAaMO-TeHIPMaHCKOIO CUHTe3a
MOIYT CAY>XUTb MOHETBHI, YeKaHusmmiica Kazan xaHoMm mocae NpuHATHSA UM KcaaMa. B 9Tux monerax
VIMeIOTCS IIeCTh CTPOK apaOCcKol Hagnmcu. TpeTsst Haamch Ha apabckoM osHadaeT «Kazan Maxmya». A
OCTaAbHble TPU HAANMCU Ha YWUTYPCKOM NucbMeHHOCTM o3HadaeT «Tanrpmyn (Kyuynayp) rasany
(aeaetkeiiayk)», sHauut «C cnaon Tenrpm yexanma Kasan». A Ha oOpaTHOI CTOpOHe MOHETHI Oblaa
HaAINCh MCAAMCKOI Bephl «/ls masaxa maaaaa». [2]. Takum oOpa3oM BBISIBAE€HBI Y310Bble TOYKU
CONPUKOCHOBeHMSI KyAbTYp TIOPKCKMX HapOAOB U JCAaMa, CUHTEe3 KOTOPBIX 4aa CBOM IIA0ABI B
pasBUTUM HayK!, KyABTYpPBI, 0Opa3oBaHms 1 apxuTekTypsl Kasaxcrana.

[Tpunanmmner GpopMupoBaHus IPOCTPAHCTBA MYCYAbMaHCKMX TOPOJAOB, 3JaHUII M COOPY>KeHMI
onpeeAsANCh pa3AMYHBIMU pakTopaMm. Peanrns ABAseTCs rAaBHOM COCTaBASAIONIel. ApXUTeKTypHbIe
pelleHnss B IPOEKTUPOBAHMM MYCyAbMaHCKMX Y4eOHBIX 3aBeJeHuil caelyeT paccMaTpuBaTh C
$na0copckoit TOUKM 3peHus, TO eCcThb IOAXOAMUTh K PacCMOTPEHMIO OOBEKTOB MUPOBO33PEHUeCcKH,
UCXO4s U3 IIpaBUA IIapuaTa U peanrun. Aas 3044MX TOTO BpeMEHU OCHOBHBIM IIPMOPUTETOM Oblaa
CBA3Db C OO>KeCTBeHHBIM MUPOM, BCE OCTaAbHOE SIBASAOCh BTOPOCTEIIeHHbIM.

ITocae Taaacckoit 6utBEI B 751 roay pacmpocTpaHeHMe McAaMa ChIIPad0 OTPOMHYIO POAb B
ucaamMmsanmy Kasaxckoro Hapoga. Tak ysxe B VIII-IX Bekax mcaam B Buge ero CyHHUTCKOTO TOJKa
IIPOHMK Ha 3eMAM TIOPKOB, YKPeIACs 1 IycTia KopHu. C pocToM KoAndecTsa MycCyAbMaH B HanOoaee
Hace/AeHHBIX TOpOAaX Ha4aA0Ch CTPOUTEABCTBO MedeTell I Meapece B OKpecTHOCTAX ropoaniy Orpapa,
Typkecrana, Caiipama, Tapasa. Y>xe Ha IpPOTSKeHMM TOABKO X B. KOAMYECTBO MedeTeil M Meapece
Pe3KO YMHOXMAOCh. B mporecce pacnpocTpaHeHus 1cAama Ha CeBepHBIe, 3allajgHble U BOCTOYHBIE
Teppuropun Kasaxcrana mycyabmaHcKue y4yeOHbIe 3aBeJeHIs CTPOMANMCH B TOPOAMIIAX, a TakKXkKe B
APYIUX HaceAeHHBIX palioHax Kak I1aBHble CTpaTerndeckyie OObeKThI.

MeToauKa 1ccaea0BaHMI

JanHas craTbhs sABAseTcss 0030pHOI. B Xoae mccaegopareabckoil pabOTBI HaJ, MarucTepcKoit
Auccepranmell Ha TeMy «KoMIlosuIMOHHBIE NMpMeMBl OpraHu3anuy 0011eoOpa3oBaTeAbHBIX IIIKOA»
OblAM IIpOaHAAM3MPOBAaHBl OCHOBHBIE TeHAEHIIMU B IIPOEKTUPOBAHMM Yy4eOHBIX 3aBedeHuit. /as
nposeseHns Oolee TrayOOKOro aHaamu3a B AAHHOM CTaThe paccMaTpUBAIOTCA ydeOHbIe 3aBeAeHIs
CpeAHeBeKOBOTO Ilepuoda — 9Tala paccseTa oOpasoaHus u Hayku B Kasaxcrane. Borsasaens
CTPYKTYpPHO-TeOMeTpHuYecKlie 3aKOHOMEPHOCTI apXUTeKTypHOro popmMooOpa3oBaHus MYyCyAbMaHCKMX
y4eOHBIX 3aBedeHNN. BbLam 1c1104bp30BaHbI METOABI MICCAEAOBAHMA:

1. Teopermueckuit. JlaHHBI METOA ITO3BOAMA BBIABUTH IAyOOKYIO CBSI3b MeXKAY BO3ZHUKHOBEHIEM
IIPUYYH MCCAeAyeMbIX OOBeKTOB I MX CYIIIeCTBOBaHMeM B IepUOo/ AaHHOTO IIPOMEeKYTKa BpeMeHI.

2. Vcropuueckuit. AHaAu3 MCTOPUYECKUX OOBEKTOB Ha 0Oasde AUTEpaTypHBIX MCTOYHUKOB MU
apXMBHBIX MaTepUaA0B B XPOHOAOTMYECKOM MOpsAAKe 110 BpeMeH! I0sABAeHNs OOBbEeKTOB 1CCAe 0BaHIs

I1I03BOANA BBISIBUTDH CTPYKTYpPHO-TeOMeTpI4IeCcKne 3aKOHOMEPHOCTI APXUTEKTYPHOTO
¢popmoobpaszosanusT;
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3. CpaBHUTEABHO-CONIOCTAaBUTEABHLIN. B X04e aHaAM3a AaHHBIX OOBEKTOB BBIABAEHBI Pa3ANYILs U
oO111e YepThl B KOMITO3UIIMIOHHBIX ¥ apXUTEKTYPHO-XYA0KeCTBeHHBIX PeIleHNsAX, KOTOpble TTO3BOANAN
OIIpeAeANTDb UX 3HAYUMOCTDb B CTPYKType pacceAeHsl.

MCXO,ZI,H u3 YKaSaHHOIZ neAanm CcraTtbl, MMEIOIINMECs: apXMBHBIE MaTepliadbl IIO3BOANMAN HaM
orpeaeAnTb OCHOBHbBIE 3a4a4ll 1CCA€A0BaHIISL:

—ompejeleHne  MeXaHU3MOB  IIPOsBAEHUs  IIPOCTPaHCTBEHHOTO  (pOpMOOOpa3OBaHNS
uccaeAyeMbIX OObeKTOB;

— BBISIBAEHVIE ITPVIHIIUIIOB ITOCTPOEHIT HpOCTpaHCTBeHHOﬂ Oopranmsanum 1 Cl)OpMLI 3,ZI,aHI/H7I.

OO0cyxaenne

Megapece — peanrnosHsle yaeOHbIe 3aBeeHIs, IPeJOCTaBASgIONIe BTOPOI YpOoBeHb 0Opa3oBaHMs
rocie MekTeO (IlepBasi CTyIleHb OOpasoBaHIsI, B KOTOPOI JeTu 00ydaauch C paHHEIO BO3pacTa).
XapakTepHOI OCOOEHHOCTBIO CPeAHEBeKOBBIX y4eOHBIX 3aBeJeHUM DTO — UX PacloA0>KeHye BOKPYT
ABopuka. B 3aanmm Megpece mam psaiom o006s3aTeAbHO IPUCYTCTBYeT MeYeTh UM KaK MMHUMYM OAVH
AeKIVIOHHBIN 3aa. Megpece mmeanm KaaccHble KOMHAThl — Japuc-XaHa, KOMHATBl A4Sl IPO>KMBaHIS
y4YaImxcs — XyAXpPbl, KOMHAThI 445 OMOBEHMI, CTOAOBbIe U KyXHI. AHaAM3 OCHOBHBIX apXUTEKTYpPHO-
I1AaHMPOBOYHBIX U KOHCTPYKTMBHBIX peIleHNI MccaelyeMbIX OOBbeKTOB COOTBETCTBYIOT OIMCAHUAM B
’xypHaae Munncrepcrsa Hapoanoro Ilpocserienns (1867r.), rae MOXKHO OTMETUTH OCOOYIO 3HAYMMOCTh
IKOoA U Meapece Ha Tepputopum Kasaxcrana, o mX Ba’KHOCTM ¥ OCOOOM ITOAOKEHUU B CTPYKType
ropoga: «Hamboaee BaskHbIe Megpece CTpPOATCsA B IIeHTpe ropoga, OKoa0 0aszapa, MAM Ha TIAaBHBIX
yAuIiax, KOTopble MAYT K OKpaMHaM TopoJa, 0AaroycTpOoeHHble Mejpece MMeIOT BU/ ITPaBUABHOTO
JeTLIPeXyroAbHIKa, OOHEeCeHHOIO KMPINYHOM CTeHOl, K BHYTpeHHell CTOpOHe KOTOpOIi
NPUCTPaMBaIOTCA — XyAXKpa, UAU KeAbM AAs ydaluxcs (MyAAbl), a MHOTAAa M AAsl yduTeAeu
(Myasdapucel), gapuc-xaHa, TO ecCThb KJacCHasi KOMHaTra, O4Ha AU HeCKOAbKO, M HaKOHeIl MeyeTb.
ITocepeaune aBopa OOBIKHOBEHHO HaXOAMM TaK Ha3blBaeMYIO TaapaT-XaHy, MadeHbKYI0O KOMHaTy AAs
omoBeHus. Ilepeannit ¢pac Hapy>KHOI CTeHBI IPUHATO yKpallaTh KyIl0AOM, BeHJalOIIUM CBOAYATHIN
IIOPTUK Haj BXOAOM B Meapece. YacTo 110 yraam Toro ke nepegHero ¢paca BO3ABUTalOTCs HeOOAbIIINe
OarmeHky, cay>kallyie BMecTe C TeM U MuHaperamu. Kposam Keabu, KAacCHBIX KOMHAT UM MedeTell B
AY4IINX Meapece cBoAdaThble, KUpHIn4HbIe. Meapece 9Ty Ha3pIBaIOTCS XBIIITHHD, KMpInMyHas. Meapece ¢
A€PeBSIHHBIMM KPOBASIMU HOCST Ha3BaHHUe 4yOUH, AepeBAHHBbIN. /lBepy 1M OKHa KeAbM BBIXOAST BO
BHYTpeHHMI1 4Bop Meapece. OKOH, BIIpOueM, 4acTO COBCeM He ObIBaeT, I CBeT B KeAbM IIPOXOAUT uepes3
pelleTyarble, OKAeeHHble TOHKOI Oymaroii agsepHble (pamyru. Ecam oburaream XyaXpbl MMeEIOT
CpeAcTBa Ha IIOKYIIKY yIaell, TO B X0404HOe BpeMsi 0OOrpeBalOTCsl y TaK Ha3blBaeMBIX CaHJAaAb, UAU
TabypeT, KOTOPLIIl CBepXy IOKpbIBAaeTCsl OOABIINMM BaTHBIM ITOKPBIBAAOM, 1104 OA€AA0M CKaIlAMBaeTCs
HarpeTslil BO34yX, B KOTOPOM I'peloT HOTU U PyKim» [3, c. 18].

Yposenn oOmero oOpa3oBaHMs B CpeAHEBEKOBBINI IIepMOJ CXOX C MOAEABIO CHCTeMBI
oOpa3oBaHMs Ha COBpEMEHHOM ®Talle, 5TO MBI BUAUM B AeAeHUU 110 paspsAgam: 1 cTyneHb — MeKTe0,
IIOATOTOBKa B yumauiie (Megpece), u 2 CTylieHb — Meapece. /laHHBIN 1104X04 B OOy4eHUU TOBOPUT O
CTPYKTYpPHOM pa3JeAeHur OOLeKTOB Ha MeKkTed M Megpece, B KOTOPOM IIPOCAEXUBAETCI WU
IIAaHUPOBOYHAsL CTPYKTypa, KOTOpas COOTBETCTBYeT KAAaCCHO-YPOUHON cucTeMe. YJaluyecs AeAUAVCH
Ha TpU paspsja, UAM Kaacca. A MIMEHHO, IlepBasl CTylleHb — MAAAIINIA paspsid «aJHa», BTopas CTyIeHb —
CpeaHuii paspsia «aycad» U TPeThs CTYIeHb — CTapILInil pa3psg «ala». B Mmeapece oTBogmaocs 404XKHOe
BHMMaHIe IIOAHOMY OBAaAeHUIO apaOCKUM sI3BIKOM, AOTMKe U OOrocA0BUIO, AOTMaTUKe, AMaAeKTHKe,
MeTausuke, acrpoaornu u kocmorpapum, Kopany, xaancam, 10puaAndeckM BOIIpocaM, MaTeMaTlKe,
HayKe MCYMCACHNS, a Takke Meaunune [3, c. 29-30].

Meapece B rtopoaumie Caypan B Typxkecranckoit o0Oaactu sBAsSeTC OAHUM W3 IIePBBIX
MYyCyAbMaHCKUX yupeXaeHunm Ha Tepputopunm Kasaxcrama, 00 9oTomM mmcaa Bacudn,
IIPUCYTCTBOBABIIINIL Ha €T0 «OTKPHITUI» B 1514 TOAY: «... 34aH1e OBLAO ITIOCTPOEHO BMECTO IPe>KHero
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34aHUsI, IPUILIEAIIIETO B HETOAHOCTD K KoHIy XV B.» [4, c. 160]. 3aaHne pacrioa0>keHo Ha IIeHTpaAbHOI
I101aAM Topojullia — perucrade (puc. 1).

Pucynok 1. CuryanmonHast cxeMa 3acTporiku CaypaHCKOTO perucraHa

B naane meapece mpeacraBasieT COOOM CHUMMETPUUHYIO IHPSIMOYIOABHYIO (POpPMYy B IL1aHe B
31,528 MeTpoB, C BHYTpeHHell ABOPOBOII ILA0IIabi0 pasMmepoMm 11,7 nHa 8,5 M. ¢ AByms: aiiBaHaMM
CMOTPAIIUX APYT Ha Apyra. [ 1aBHBI BXOA, KOTOPBIII OpMEHTPOBAH Ha CceBepo-3allaj, BbldeAeH allBaHOM
u apymsa MmuHaperamu. [lo ganneiv nccaegopanms E.A. CmaryaoBa Megpece B IIAaHNMPOBKe MMeA: aliBaH
(raaBHBIN BXOJ), BeCTUOI0Ab, BOCBMUTPAHHOE IIOMeIIleHIe, IIpaBoe BOCBMUTPAHHOe IIOMeIlleHNie, yepes
KOTOpOe IIPOXOAVAN B MO/AEABHBII 3a4, AapyUCcXaHbl (KAacCHble KOMHATHI), KyxHIO [5, c. 111], (puc. 2).

Pucynoxk 2. Ilaan meapece B ropoamme Caypan. TypkecTraHcKkas 001acTb
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Bartnagaun Bacudu nucaa: «Ha naedax (keiid) ero ariaHa IOCTaBAeHBI ABa BHICOKMX MMHapeTa
HeoOBIYaifHOI BBICOTHI M KpaliHero 64aropoAcTsa, 1 9TO 04HO U3 uysec mupa» [4, c. 160]. Coxpannaach
Takke Qororpadpusa MuHapeTa, BbimoaHeHHas ¢otorpadpom M.K. Tlpuopossim B 1866 1.» [3]. B
3aroaoske ¢pororpadun Ob11a yKazaHa daTa - 1866 roa (puc. 3).

Pucynok 3. PoTO MMHapeTOB MeApece U pa3pyIIeHHOTO IIOpTala Meapece B TOpOANIIe
Caypan, 1866 rog

Aas ©oJee TOYHOTO IIpeACTaBA€HNMS IPUHINIIOB ITPOEKTUPOBAHUSA U  apPXUTEKTYPHO-
I11aHMPOBOYHOTO pelleHNs cAeAyeT IMOAXOAUTh CUCTEMHO, TpeOyeTcs M3ydeHne Haubo/ee TUIIMIHBIX
OOBEKTOB MCAaMCKOM apXUTeKTyphl. XaHaKa, KOTOpas paclolo>KeHa K ceBepy OT MedeT! uMeda TaKylo
Xe 3aMKHYTYIO ABOPOBYIO HAaHI/IpOBKy C HOpTaAI)HI)IM BXOAO0M. HAaHI/IpOBO‘IHOE peU_IEHI/Ie, XOpOU_IO
COXpaHI/IBH_II/IeCFI KOHCTPYKTI/IBHI)IG DAEeMEHThl U pasMepH OTAEeABbHBIX HOMeH_IEHI/IfI O4YeHb CXOXI C
Megpece. Pasmepnr ee 51 na 40 M. XaHakm sBASAUCh YacThlO MeJApece, cAelOBaTeAbHO, YacCThIO
aHcaM024:1. Habaro4aeTcst TOBTOPSIIONTAsICSl KOMIIO3UIINA Taleper C apOYHBIMY CBOAaMIU I10 IIepUMeTpy
34aHNs, TaK>Ke ap0qu1171 CBOJ, SIBASIETCs HOBTOp;IIOH_U/IMCSI DAEeMEHTOM U B Apyrl/[x ITOMeEIleHM X

(puc. 4).
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Pl/IcyHOK 4. ®oTto BOCPMMYTOAbHOTO KYIIOAbPHOIO 3a1a XaHaK! M €r0 BHYTPEHHETO ABOpMKa

Tunuunoe pacrosokeHue IOMeIeHUMU B OAUH psg oOecliednBaeT XOpolllee NpOBeTpUBaHUE.
[Ipn mog00HOM BapuaHTe CTPOeHMs BHYTPEeHHUII ABOP UIPaeT HeMaAOBa>kKHYIO POAb. 3aMKHYTBIN TUII
CTPOEHMSI C OTKPBHITOM ralepeeil TUINYEH AAs PEeTrMOHOB C >KapKOM CyXOil ITIOTrOA40M A€TOM U CyXOn
XOA0AHOM 3UMOIL. /laHHOMY perrMoHy XapaKTepHbI IlecyaHble Oypy, IIO9TOMY OKHa U ABEPU BBIXOAAT BO
ABop. Terna0 BHyTpU IIOMeIeHNs COXPaHAeTCs 3a C4eT 3HAYMTeAbHON TOAIIMHBI CTeH M OpTraHu3alim
3aMKHYTOTO BHYTPH-ABOPOBOIO IIPOCTPaHCTBa. /leToM ABOp Tak>ke oOecIieunBaeT IIpOXAaAHbIN BO3AYX.
Bricokme MOTOAKM B ITOAKYIOABLHOM IIPOCTpPaHCTBe ODecIiedMBalOT OMOKAMMAT BHYTPeHHeN Cpeabl C
©CTeCTBeHHON BeHTuAsnmen (puc. 5). XyaXpbl MCIIOAb30BaANMCh B KadecTBe JOIOAHUTEABHOIO MecTa
A4Sl pa3orpeBaHNs HOT U PyK (puc. 3,4).

~| | 0 H

BHVTPEHHHH TBOP

Pucynok 5. Cxema Teriaoo6MeHa B IIA1aHMPOBOYHOM pellleHNI IIPU OpTaHM3auii BHyTpeHHero

ABOpa

Megpece baba Ata HaxoAUTCs Ha TeppUTOpUM CpeAHeBeKOBoro ropoamina bada Ara, 3a ceaom
baba Ara B Cysakckom paitoHe Typkecranckor o6aactu. Ero otHocsar k VIII seky. IT-oO0pasHoe B r1aane
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34aHue MeeT KOMIIO3MLINIO B IPSIMOYTOABHOM peIlleHNN C BHYTpeHHNM ABOpoM. COXpaHUAUCD A€BSTh
IIOMEILIeHNI, B TOM 4lCAe U JapMCXaHa C BBICOKMM KYIIOAOM ¥ IIOPTaA0M C YCAOSKHEHHO ITapareTHOM
CTeHOI 1”  yraospiMu  OarreHkamMm. [logkymoabHple  IpocTpaHCTBA — SIBASIIOTCSL  LIeHTpaMU
KOMITO3MIIMIOHHOIO pelleHnsA. OyHKIMOHAABHO TaKye IIOMeIleHNs OTBOAUANCH AAsl BepOydYeHUI U
AeKUMOHHBIX 3aHATMIL. [logoOHBIe moOMemeHms ObBLAM paBHBI (PYHKIMAM MeYeTy, OHM TakxkKe
IIPUMEHAANChL B KauyecTBe MOAMTBEHHBIX 3aA0B. /pyrue IOMeIlleHNsI IepeKpPBITHl KOPOOOBBIMMU
CBOJZaMM, CKPBITBIMU I10J, ILAOCKON KpoBaeli. Pacas ¢ BHyTPeHHeN CTOPOHEI pellleH B BUAE CILAOIIHOM
apkatypsl. CTeHbI HUIII ¥ apOK IIPOpe3aHbl ABePHBIMMY IIpOoeMaMI ¥ OKHaMM C pellleTKaMI-TIaHAKapa.
BHyTpu XyaXp COXpaHMANMCH CAeABl INTyKaTypky, moOeakn. Pacas gexopmposaH ¢PUIYPHOI
KUMPIOMYHON Kaagkon. Tak Kak 4eBoe KpbLAO C 3amajHONM CTOPOHBI MMeeT IIPOAOAKUTEABHOCTD,
BEpPOSITHO, UTO MeApece MpeACTaBAsA0 cOOO0M 3aMKHYyTOe IIPOCTPaHCTBO C BHYTPeHHUM ABOPOM (pIC. 6).

Pucynok 6. O6mmit Bua meapece baba Ata, ceao Cysak

Paccmotpum meueTh-Megpece Viman-Oasap. OH pacrioaoxkeH B cede AkKoiiael TypkecTaHCKOI
obaactu. Jatupyerca nHauyaaom XVIII m konnom XIX Bekos. 3gaHue IpeacTaBAsieT COOOI
MHOTOKaMepHOe COOpYy>KeHNe U3 HeCKOAbKMX OOABIINMX VM MaAbIX ITIOMEIeHMUI, CBA3aHHBIX MeXAy
coboi1 apouHbIMu rpoxodamu. Pasmeps! mamsTHuKa B naae 33,3 x 20,1 meTpos, BeicoTa 16,5
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MeTpOB. B IleHTpe Hax0AMACs rAaBHBI 3MMHIUI 3a4 U3 5 KyIIOAOB, IIPSIMOYTOABHBIN B ILAaHe, TAaBHasI
JacTh KOTOPOIO pacIloJOoXKeHa B ITOAKYIIOABHOM (BOCBMMUIPAHHMK B IldaHe). MmuxpaOnas Huia
pacrioa0eHa B LIEHTPaAbHOM 4YacTM 3allagHOM CTeHbl. B I0JKHOI M ceBepHON 4YacTsAX MMEIOTC JBe
KBaJpaTHble KOMHAThL. B Apyrux gacTsax pacroaoskeHpl HeOOABIIME KOMHAThI XyAKPBI ¢ HeOOABIINMU
OKHaMM, B KOTOPBIX MPOXMBaAM ydallyecs Meapece. BHyTpeHHue CTeHbI yeTBepuKa pacdydeHeHbl Ha
IIpsMOYTOABHbIE U KBaJpaTHbIe (pUAeHKM U 1osca C SIIUTrpapuyeckuM U pacTUTeAbHBIM OpHaMeHTaMM,
BBIITO/AHEHHBIMH B TexHUKe KbIpMa (Puc. 6). B Megpece Taxoke Oblaa 61OAMOTeKa, HbIHE yTpadeHHast [6].

IToxaszaTean A0KaAbHBIX AQHHBIX B HEOOABIIIOM ITOCEAEHUM TOBOPAT O MacIiTabe 34aHIs, TO €CTh
Meapece Vman-Oasap MeHblle IpeAbIAYIIMX PacCMOTPeHHBIX OOBeKToB. PacrosoxeHme ero Ha
BO3BBIIIIEHHOCTM 11 OTCYTCTBME KaKIX-A100 OOBeKTOB BOAM3Y TOBOPUT O €T0 AOMMHUPYIOIeM 3HauYeHNI
B CTPYKType paiioHa.

HabaroaaroTcs naMeHeHMs B XapaKTepe 3acTpOiKM — IIPUHIINII «MedeTh BHyTpU Mejpece». 34ech
y>ke Habal04aeTcsl OoAee palMiOHAaABHBIN IT0AX0/ B apXUTeKTYPHO-TLAaHMPOBOYHOM peIleHn! 3a cyeT
0o0be AMHeHNs TPYIII IToMelTleHNi1 Megpece 1 MedeT. CoXpaHseTcsl OCHOBa KOMITO3UIIVIOHHOTO IIpueMa
34aHNII TOTO BpeMEH!U — rajepesi M apOYHO-KyIIOABbHOE pellleHne. 3JaHye OTAMYAeTCs TaKXKe CBOeil
LIEHTPUYHOCTBIO U PaBHO3HAYHBIMM MoMenleHnsMM. 1o Turly takoi mpuemM OTHOCAT K (PPOHTaABHON
KoMmrio3unuu. [aaBHBIT BXO4 BblAeaseTcsa BhICTynoM. Ha raasHom dacage m 1mo AByM OOKOBBIM
CTOpOHaM pacloJ0KeHa rajzepesi co croabamMm M apkamMu. MeTpudeckmii PUTM PacliOAOKeHUs
IIOMeIlleHNI1 TIpuAaeT OO0AMKY 34aHMs BO3BBIIIEHHOCTb, KOTOpas YCUAMBAeTCA COOTBETCTBYIOIIVMMU
apouHpIMU ITpoeMamu. Kaaaka creH XapakTepHa APyTUM - U3 IPsMOYIOABHBIX KBaJpaTHBIX JKJKEHBIX
Kuprmden (puc. 7).
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Pucynok 7. O0mii Bua u raax Megpece Viman-basap, ceao AKKOiabt

Meapece Amnmak lmana pacrnoaoxen B baitapiOekckom parioHe TypkecraHckoil o0aacTin.
MacmTab kKOMIlZeKca TOBOPUT O €ro 3HauMMOCTU B TOPOACKON CTPYKType. 34aHue B KOMILAeKce C
MeYeThbl0 YHMKaAbHa CBOEN apXUTEKTYpOll, a MMEHHO AOMMHUPYIOIIMM 94€MeHTOM — KyIIOAOM,
KOTOPBIN BblAeAseTcsl cpeau Doaee MeAKUX KyIIOAOB, pacliOA0XKeHHBIX B PUTMMYHOM Iopsgke. Beero
nx 35. ApXMUTeKTypHO-XyA0>KeCTBeHHbIe XapaKTepUCTUKI 3JaHNs Mepece CX0oXu ¢ Medpece baba-ATa,
pacnoaoxxenHoro B CyszakckoMm paitoHe Typkecranckoitr odaactu (puc. 8).
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Pucynoxk 8. O6mmii Bua Megpece Annak VMimana, Typkecrasckast 060aacTb

Oanoit 13 XxapaKTepHBIX 4epT 4451 Meapece TOPOACKOTO TUIIA SABASITCS OpraHM3al /sl BHYTPEHHIX
ABOPMKOB, I4e BCe OKOHHBIE U JBepHBIe ITIPOEMBI BBIXOAMAM B CTPYKTYpPy BHYTPEHHEIO ABOpa, TeM
caMbIM 00pasoBbiBas cCIAOIIHYIO apkagy. Co Bpemenem, yxe K KoHiy XIX Beka conmaabHO-
HDKOHOMMYECKNI (PaKTOP MOBANAA He TOABKO Ha TOPM3OHTAAbHOE, HO U Ha BepTUKaAbHOE pacIIipeHe
saganms. Ilpu Buge Ha wMeapece Axamy, pacnoaokeHHoro B I. IlIsIMKeHT Ha0A104aroOTCA
KOAMYECTBeHHbIe M3MEHeHUs: 3HauMTeAbHOe HapalluBaHMe I1A0liageii. DTO CBA3aHO C TeM, YTO
yesanplit  1ieHTp IIpIMKeHT, rae pacrioAoXeH JaHHBII OODBeKT, OblA  aJMMHUCTPATUBHO-
TePPUTOPUAALHBIM LIEHTPOM, a MMEHHO IIEHTPOM TOpPOACKOIO 3HaueHus. TpasuIIMOHHBI MeTOZ
OpraHmMsaly BHyTPeHHeIo ABOpa coxpansercs (puc. 9).

Pucynoxk 9. Oomnmi sua meapece Jxxamu, ropog llleimkenT, konery XIX B.

Takum oOpasom, Gaarogapsi BepTMKaAbHOMY Pa3BUTHUIO IOSBUAUCH Talepeyr C BBIXOAOM BO
BHYTpeHHUIT ABopuK. Megpece />kaMu ¢ BHeIITHell CTOpOHBI (acaja MMeeT OTAeAKY B BUje PUTMUIHO
PacIiOA0XKeHHOM apKaabl, MMUTUPYIOIIEl OKOHHBIe ITpOeMBl 3aKpBITOTO Tuia. Bxogmnas rpynma
Bbl4e/AeHa BBICOKOI apKOl BBICOTOM B ABa Taxka. OT4eA04HbI MaTepuaa — TpaAUIMOHHBIN Kupiind. Bo
BHYTPEHHIX ABOpPaX OPTaHM3OBBIBAAMCH Cagbl A4Sl TOTO, YTOOBI CO34aTh OAarONpUATHOE YCAOBUE
00yJaomuMcs A4s IposeAeHns MmeponpuaTuii (puc. 10).
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Pucynok 10. O6mmmii Bug meapece Axammu, ropog IlIeiMkeHT

Bo MHOrux tmmax mcaaMcKux 3AaHMi BHYTPEHHUI ABOP SIBASETCS BaXKHeImuM »aemeHToMm. OH
IIPUMEHSACS BO MHOTUX 34aHMSX, TAKMX KaK KHIAble 40Ma, O0AbHUIIBL, MeueTn u apyrue. OTgeabHble
DAEMEHTBI, TaKle KaK ABOPBI U3yJarOTCs B COIIMAAbHOM, YKOAOIMYECKOM, DKOHOMUIECKOM acreKkTax [7].

Xopolio coxpaHNAUCH UCTOpUYECKUe 34aHUsA B TaKMX ropoJax, Kak Xmsa, I'mccap (JymianGe),
byxapa, Camapxkang, u B Apyrux BOCTOUHBIX cTpaHax (puc. 11).

Pucynoxk 11. O61mmii Bua Ha cTapbiii ropog Xusa, Y30ekucran, XVII- XVIII ss.

Meapece, pacnoaoxeHHoe B gepeBHe Xepeke B Typiinu, mocrpoeHHoe B KoHIle XV Beka umeet I'-
00pasHyIo popMy B I11aHe, MMeeT BHYTPeHHMI ABOpuK. (puc. 12) [8].
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Pucynox 12. Bua Ha Meapece ¢ BHyTpeHHel CTOpOHBI 1 1aaH, Aio3axe (Xepeke), Typrusa

Vcaamckas apXxuTekTypa M3MeHHAa CTPYKTYpy IOpoda, ee YpOaHMCTHYeCKYIO KyAbTypy U
IIpOAOXKMAA TIYyTh AAs yAydIlleHMsl OOIecTBeHHON >kusHuM. B mepmog OcmaHCKOM uMITepUn
CTPOUTEABCTBO Mejpece IPOA0AXKaAoch elle AauteapHoe BpeMms [9]. IToapoOHble ommcaHmst Bcex
paccMOTpeHHBIX OOBEKTOB, pOoAb MeJjpece KaK B pa3BUTUM OOINeCTBa M KyABTYPHOI CTPYKTYpHI,
ypOaHMCTUYECKO KyAbTYpPhl TOPOJAOB ITOKA3bIBAIOT BeAMdMe IVBUAM3ALNU TOCYAAapCTB TIOPKCKUX
HapOAOB.

PESyAbTaTbI nccaea0BaHMSI

B apxurekrype MycyapbMaHCKMX yueOHbIX 3asejeHyy KasaxcraHa Hallam oTpakeHMe XapakTep
reorpapuueckoil  cpeanl, IHPHUPOABI UM  KAMMaTa MeCTHOCTHM, COIlMaAbHBIe  ITOTPeOHOCTH,
Aemorpadudeckuii poct. B mcropmueckoMm passutum ydeOHble 3aBeJeHNs MEHAANCh B oOObeMe
crpoenns. OCHOBHasI CTUAMCTUKA COXpaHsaAach. TeXxHoAormdecky, BHyTPeHHUIT ABOP, KaK IIPUPOAHBIN
DAEMEeHT SBASeTCs IIPOTOTUIIOM pPeKpeallOHHBIX 30H B COBPEMEHHBIX 3JaHMAX M B IIKOJAX, B TOM
gncae. Meros palOHaAbHOTO HCIOAB30BaHUs IPOCTPAHCTBA TakXKe HeceT B cebe MCTOpUYeCKoe
Hayaa0 IIPOTPeCcCUPYIOIIero B apXUTeKTYPHBIX PeIeHMAX 34aHNs IITKOA.

B xose mccaesosaHuUs BBIABAEHBI OCHOBHBIE (PAKTOPBI, KOTOphle IOBAMAAM Ha IIpoOIjecc
¢popmooOpaszoBaHILs 34aHNIT U €TO CTPYKTYPY:

— KAMMAaTH4JecKye yCAOBS;

— IpasoCTpONTeABHbIE OCODEHHOCT;

— apXUTEKTYPHO-XyA0KeCTBeHHbIe XapaKTepUCTUKIL;

— colMaAbHEIN PaKTop;

— KyAbTYpHBI€ IIeHHOCTI;

— peAuTno3HOe 3HaueHNe;

— ¢naocodckoe 3HaUEHNE.

OmnpegeseHbl TUIIBI CTPOEHMII, XapaKTep 3acTpPOMKM ¥ 3aKOHOMEpPHOe pacloJo’KeHMe
rpas000pasyoniux 1eMeHTOB apXUTeKTYPHOM KOMITO3UIIUI B ITIPOCTPaHCTBe:

— IPUHIIUII CUMMETPUM B PacIiOA0KeHN ! HeCKOABKIX 34aHUi B OAHOM aHcamOae;

— ABOP B IIEHTpe 3aCTPONIKU B CUMMEeTPUIHOM IIOCTPOEHNI;

— ABOP IO IepUMeTPY 34aHNU U IPVHIINII MeYeTh B Meapece;

— ABOP C 3aCTPOIIKOI C TPeX CTOPOH, MeyeTh OTAeAbHOe CTpOeHNe.
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BuiBoabI

1. BeIsABA€HBI OCHOBHBIE IIPUHIIUAIIBI KAa3aXCKOM TPaAUIMIOHHON apXUTEKTYPhl CpeAHEBEeKOBOIO
nepruoga. OHu coderaloT B cebe apaOCKMiT M MECTHBINI OIIBIT CTPOMUTEABCTBA, MMEIOIINIT ApeBHIe
Tpaguuyy. XapakTepHble 4epThl McAaMa C MUPOBO33PEHMEeM TIOPKCKOIO Hapoda B TEHIPUAHCTBE
€AMHBI, POBHO, KaK I B APeBHell apXUTeKType CTeIIHBIX HapOAOB MMeIOT cxoxue npuemsl. K nmpumepy,
TpaAUIIMOHHAsA I0pTa uMeeT GopMy Hoaycepsl, KOTopasi 0AUIeTBOpsieT HeDeCHbIN CBOJ, OTBepCTHe B
BepXHell 4acTy, OTKyJa IIPOAMBaeTCsl CBeT — CTpeMAeHMe K OOXKeCTBY, OTCYTCTBMe OKOH — OTKa3 MAU
OTYY>KAEHHOCTh OT BCEro 3eMHOro. Tak>ke M IpueMbl B apXUTEKTyPHOM pelIeHIN MeJpece, TakKie Kak
OTCYTCTBME OKOH CHapy>KU 3JaHMII U BEIIYPHBIX (pacajoB, a TaKKe HaAn4uye 3aMKHYTBIX IIPOCTPAHCTB B
BIJe BHYTPEHHUX ABOPMKOB O3HAYalOT OTYY>KAEHHOCTh OT BCEro 3eMHOIO I OTKa3 OT 3eMHBIX Oaar.
Oxpuctelif OTTEHOK NpuJaeT 00AMKY TOopoda IMOAHYIO yMUPOTBOpeHHOCTh. Haamume muHaperos,
KyTIOAO0B U CTPeAbYaThIX apOK O3HAYalOT YCTPEeMAEHHOCTD K BeeBbimnemy. Ecan B eBponerickix ropogax
MBI HaOA104aeM 0o./ee BBIpa’keHHYIO apXUTEeKTypy, TAe 34aHus CAOBHO COPEBHYIOTCS OAVH 3a APYTUM,
IIOKa3hbIBas BCIO CBOIO POCKOIIb, TO B MYCYyAbMaHCKOM apXMUTeKType IPOTUBOIIOAO0XKHO I10A00HOe He
Haba104aeTcst. LleHTpOM IAaHMPOBOYHONM OpraHM3allMy MeJApece Ha BCeX 9Tallax CpeAHeBeKOBOTIO
repuoJa sBAsIeTCsA peAUIOo3HOoe 3HaueHue.

2. Brlan ydreHbl OCOOEHHOCTM CpejHea3MaTCKOIO CTIAs, KOTOpble Ha BOCHPUATHE 3pUTeAs
OKa3bIBaAM 0AaronpuATHOE BO3AeNICTBIe 3a CUeT:

— CAOKHOCTH MCIIOAB30BaHHBIX (POPM;

— TelA0ro IBeTa B pelleHuyu ¢acaloB (OCHOBHBIM CTPOUTEABHBIM MaTepualoM KOTOPBIX
MCII0AB30BAACS KUPINY U TAMHA), KOTOPBIN 0AUIIETBOPsIeT He TPOHYTYIO IIPUPOAY;

— BBIPa’KeHHOTO 4eKOpa;

— KOHCTPYKTMBHOI'O pellleHNsI apOYHO-KYII0AbHOTO CBOAA.

Megapece 10 cBOEeMy HPOCTPaHCTBEHHOMY peIlleHUIO BIIOAHEe OTpa’kaaul IOTpeOHOCTU TOM
DIIOXM, TPUAEPKMBAANCEH TPUHIINIIA 3aKPBITOCTH, YTO OTpa’kaeT BHYTPEeHHIUI AyXOBHBII YIIOKOEHHBIN
MUP BepyIOIero yeA0BeKa.

3. 3aanmus Meapece IpeoOpasylOTCs II0J AENCTBMEM paspacTaroImxcsa ropogos. [lpuximmn
KOHTPaCTHOCTM OblA B MaciTaOe 1 BbIcoTe. Maciradb 34aHmil 3aBUceAN OT MEeCTOPACIIOAOKEHNs eTo B
CTpyKType pacceaeHus. Ecan 9To oObeKT TOpOACKOrO 3HadeHMs, OH AOMUHIUPOBaA B CTPYKType BCero
ropoga. Ecam oObekT OblA pailOHHOTO 3HauyeHMs, OH AOMUHMPOBAA COOTBETCTBEHHO B CTPYKType
paitoHa. DTO rOBOPUT O TOM, 4TO BOKPYT 4aHHOTO 00beKTa (POPMUPOBAACs TOALIEHTpP. JaHHble OOBEeKThI
ObLAM D0A€e MacCUBHBIMU 110 CPAaBHEHMIO ¢ OObeKTaMy, KOTOphle pacroAaraauch BOKPYT.

4. /JoMMHAHTHOCTb OOBEKTa YCUAMBAAO MCIIOAb30BaHMe KyIOAOB, KOTOpble IMeaAu He
IIOBTOPSIIONIYIOCST CpeAM OAHOTUIIHOM 3acTpoiiku (opMy, a Takke SPKyIO IIBETOBYIO OKpackKy
apXUTEKTYPHBIX DA€MEHTOB.

5. JaHHBIe COOpPY>KeHIs KOHTPaCcTUpPOBaAl I10 IIBeTy KYIIOAOB, eCAM KIAasl 3acTpolika Oblaa B
raMMe TeIlABIX IIBEeTOB, TO B TaKMX 3JaHMAX, KaK Me4eT! U MeApece MCII0Ab30Balach raMMa XOAOAHBIX
IIBETOB B KauecTBe IIpMMeHeHNsI MO3aliK, AeKOPaTUBHON IAUTKU AV POCIIVICHA.

6. 3akoHOMepHOCTh (opMOOOpa3OBaHMs OTpaXkaeTcsi B apPXUTEKTYPHO-XyJ0>KeCTBeHHOI
BBIPA3UTEABHOCTI:

— MeTPOpUTMIYECKNe 3aKOHOMEPHOCTU KOMITO3MIIUM U DAEMEeHTOB apXUTeKTYPhl C PaBHBIMMU
MHTepBalaMU MeXAy HUMM (KyII04a, apKy, aliBaH U CBOABI);

— CTPYKTYPHOCTb, HaAudue AOMMHUPYIOIIMX OOBeMOB B KOMIIO3MIMM BCETO aHcamO0as
(MMHapeTsl, Kyroaa);

— BapMaTUBHOCTD B MacITaoe.
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Opraraceipanix KasakcTrangarbl MyCblLAMaHABIK OKY OPbIHAAapABIH C3YAeTTIiK
KeHiCTiKTepiHiH yibIMAaCTHIPBIAY DI

Aggarma. Makaaa opraracslp KeseHgepingeri KasakcraH MegpeceaepiHiH KaabllTacy
MaceaeaepiH 3eprTeyre apHaaraH. Exxeari meapeceaepin Kaza KYpPbLABIMBIHAAFBI JKoHE OAAH ThIC
>Kepaepaeri 0achIMABLABIFBI KapacThIphLAaAbl.

3eprrey OaprIChIHAA Meapeceaepi Kobaaay Tociagepi, coyAeTTiK JKocrapAaayAbl KaABIIITaCTBIPy
Maceaeaepi, PYHKIMOHAAABI JKoHe KOMIIO3UIUSIABIK IIeITiMAep 3epTreaei.

Typkitiagec MeMmaekerrepAiH Mypackl OOABIIT TaOblAaTBIH Oya OOBEKTiAepAiH CTpaTermsiAbIK
MaHBI3ABIABIFBIHBIH ©3€KTiJAilH ecKkepe OTBHIPBI, MaKaJaHbIH 3epTTey MaKcCaTblH, SFHM KeHiCTiKTepai
YMBIMAACTBHIPYABIH KOMITO3MIMAABIK, 9JicTepiHe ocep eTKeH ¢aKTopAapAblH HeTi3ri TOHNTapbIH
AHBIKTAybIHA 9KeAAl.

Ocpl MakcaTKa cylieHe OTBIPBII, KapacThIPblAFaH MYparaTThIK MaTepuaajap 3epTTeyaiH Herisri
MiHAeTTepiH aHbIKTayFa MYMKiHAIK Oepai:

— MegpeceHiH ncaaMAbIK 0iaiM OepyaiH HerisTi KYpBLABIMBI peTiHAeri PeAiH aIly;

— HilTiHAey ITpolieciHe acep eTeTiH (paKTopAapAbl Talaay;

— COYAETTIK XKOCIapAay YibIMBIHBIH €peKIIeAiKTepiH aHbIKTay.

YChIHBIAFaH d4icTeMe eHep TYbIHABICBI OOABII TaObLAATLIH OKY OPBIHAAPBI COYAETTIiK
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KOMIO3MIACBIHBIE (praocopMAABIK MOHIH alllyFa MYMKiHAIK Oepeai. 3epTTey oObekTidepiHiH Kada
KYPBLABIMBIHAAFBI epeKIleAikTepi MeH CoyAeTTiK-KepKeMAiK cuaTTaMaslapsl Meapecelepai skobaaay
TociagepiH isgectipy HeriziHge cumarrtaaraH. JKobDaaay TaciagepiH isgecTipy HeriziHae 3epTTey
HBICAaHAAPBIHBIH KaJda KYPbIABICHI epeKIIeAikTepi, coyAeT-KOpKeMAiK cUIaTTapbl CUIATTaAbIIN, MCAaM
AiHIHIH AyHMeTaHBIMABIK, KO3KapacTapbl MeH TYPKi A9CTYpAepiHiH pyXaHM KoHe COyAeTTiK Oail1aHbIChI
alIbplAaAbL.

Hoatiokecinge, Meapecesepai >KoDadayAarbl HeTisri IPMHIINI aHBIKTaAAbl. bya mpuHImI
0JapablH Kada Kypaylibl OObekTidepi O0AbIIl TaOBLAATBIHBIH KepceTeai. KelfiHHeH opTarachIpABIK
Ke3eHJeTl Ka3aKTbIH ASCTypAi coyAeT eHepiHiH Herisri HPUMHIIUITEPiH o4aH opi aHBIKTayra MYMKIHAIK
Oepai.

3epTrrey OapbIChIHAA FUMapaT IlapaMmerpaepiHiH auddepeHnmannsalaHy IMIpoleci MeH
KapacThIPbLAaTBIH  OOBEKTiAepAiH FapBIIITHIK >KOCIIapAday KYPBIABIMBIHBIH ©3Tepyi TaAdaHABL
Hoermxecinge, ocel esrepicrepre acep eTkeH pakTopaap TOOB! aHBIKTaAABI.

KaszakcraHHBIH OHTYCTiK, OaThIC >KoHe OpTaAblK OHipAepiHiH TaOMFM-KAMMATTHIK >KaFAalibIHAA
FUIMapaTThlH KOAaiAbl ayaHbl KOHAMIJOHEpAEY >KYMeCiH YHIBIMAACTBIPYABIH OHTAABl COyAeTTiK
9JicTepi MeH UHXKeHepAiK IemriMaepi aHBIKTaAAbl, OyA OKY OPBIHAAPBIHBIH KaABIITacybIHA
anTapAbIKTaml acep eTTi.

Tyitin cesaep: mcaaMm coyaeT eHepi; KasaK CdyadeT ©Hepi; MeApeceHiH KypaMbl; KeHiCTiK;
Meapeceeri OMOKAMMAT; KYPBLABIMHBIH 3aH/bLABIFHL.

A.Z.Issina, B.E. Ozganbayeva, D.O. Kaliyev
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Architectural and spatial organization of Muslim educational institutions in Kazakhstan in the
medieval period

Abstract. The article is given to consider the issues of madrasahs in Kazakhstan at diverse time
stages of the medieval period. The overwhelming significance of old madrasahs within the structure of
the city and past is considered.

The study is analyzing inclinations within the plan of madrasahs, issues of arrangement of
architectural arranging, utilitarian and compositional arrangements.

Taking under consideration the pertinence of the strategic importance of these objects which are
the legacy of the Turkic-speaking states, within the future, it foreordained the reason of the
consideration of this article - to recognize the most bunches of factors that affected the compositional
strategies of organizing spaces.

Based on this purpose, the accessible chronicled materials made it conceivable to decide the
objectives of the study:

—uncovering the part of madrasah as a key structure of Islamic education;

— investigation of the components affecting the method of shaping;

— assurance of the specifics of the building and arrange

We advertised the strategy to uncover the philosophical meaning of the structural composition of
instructive teaches as a chunk of craftsmanship. The town-planning highlights, structural and
imaginative characteristics of the objects of the investigation are described based on the hunt for
approaches to the plan of madrasahs where the contact of the ideological views of Islam and the Turkic
conventions, both profoundly and structurally is revealed.

As a result, the essential guideline within the plan of madrasahs was uncovered. This guideline
demonstrates that they were city-forming objects. This made it conceivable to assist recognize the
essential standards of Kazakh conventional design of the medieval period.

The method of the research moreover analyzes the method of separation of building parameters
and changes within the space-planning structure of the objects beneath thought. As a result, a bunch of
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variables that influenced these changes is determined.

The best structural methods and building arrangements within the organization of a favorable
discuss conditioning framework of a building beneath the characteristic and climatic conditions of the
southern, western and central locales of Kazakhstan have been distinguished which moreover had a
noteworthy impact on the arrangement of instructive institutions.

Keywords: islamic architecture; Kazakh architecture; composition of madrasah; space; bio climate
in madrasah; regularity of the structure.
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TexHOaOrMUYeCKasT AVIHISI AAs TIPOM3BOACTBA Ca(l)AOpOBOFO
MacClda B MMHHUIIPOM3BOACTBE

Annortarmsa.  /aHHag  craThd = TIOCBAINEHa  pa3paboTke  MaaoradapuUTHOI
TeXHOAOTMYECKON AUHUU AAs OTXKMMa Macla U3 ceMsH capaopa B MaabIX
HPeATIPUATIUSX 3epHOIIepepadaTHIBaIOITe IIPOMBIILAEHHOCTI. Msaoxena
aKTyaAbHOCTb MaCAOXMPOBOV OTpacau, B TOM 4YHMCAe IIPU3HAKU BO3POCIIeN
ronryasipHOCTH cadpaopoBoro Macaa B Kasaxcrane mn B Mupe. JOCTUKEHUIO BBICOKOTO
KayecTBa KOHEYHOTO MPOAYKTa HEIIOCPeACTBEHHO CITOCOOCTBYeT OdYMCTKa capaopa OT
npumecein u 1meayxu. KaiodeBbIMU HeAOCTaTKaMM M3BeCTHBIX AMHUM  SIBASIOTCS
IPOMO3AKOCTh KOHCTPYKI[MM, 3HAUYUTeAbHbIE MaTepraAbHble 3aTPaThl ¥ HEPro3aTpaThl,
9TO  JeJaeT  HEBO3MOXHBIM  IpMMeHeHMe  ODOpyJAoBaHMA B YCAOBUAX
MMHUIIPOM3BOACTBEHHBIX LIEXOB.

Aasi pelleHMs] JaHHOU HIpoOAeMBbl IIpesdo’kKeHa TeXHOAOIMuecKasi AMHIUSA B COCTaBe
IIeAyIInTeAb-IIpecca OPUIMHAABHOM KOHCTPYKLIUI 445 OTACAEHVS IIeAyX) OT sApa U
IIpeccoBaHMsl MacCAMYHOIO CBHIPhs, 4TO OOecIieurBaeT I10AydeHle BBICOKOKaueCTBeHHOIO
1 OMOAOTMYECKU LIeHHOTO Ipogykra. IlpeasokenHass TexHOAOTrMYecKas AMHIUS
MIpOM3BOACTBa CapAOPOBOrO MacJa 3aKAIOJaeTcs B CHIDKEHUNM MaTepMaAbHBIX I
SHEprosaTpaTr B YCAOBMAX MMHMUIIPOM3BOACTBA IIOAY4YeHMSI Macda IIPeccOBaHMeM,
IIOBBIIIIeHNe YA00CTBa DKCIIAyaTaluy 0e3 CHYDKeHIs KayecTsa I1041yJaeMoro Macaa.
KaroueBble caoBa: TexXHOJOTMYECKas AUHUA, IIeAyIIUTeAb, IIpecc, cadaop,
pacTuTeapHOe MacAo, OT>KUM, IIeAyXa, IApPo.
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BBeaenue

C 1eapl0 yJ0BAETBOpeHUs IOTPeOHOCTelNl BHYTPEHHEIO pBIHKA, B IIOCAeAHee BpeMs
[IpaBureanctso Pecrybamku KasaxcraH HpuHMMAIOT Mephl IO pacHIMpeHNIO ITOCeBHBIX I1A0Iajeit
MaCAMYHBIX KyABTYP AAsl IOAy4eHUs pacTUTeAbHOTO Macaa [1].

Cadaop sABASETCSI OJHUM M3 DTUX MACANYHBIX KyABTYpP. VICTOpUS 4aHHOT CeAbCKOXO3ATICTBEHHO
Ky/ABTYPHI OU€Hb Oorarasi, ee AeIrecTKI VCII0Ab30BaAl AAs ITOAYIeHIs KpacuTeAs, a CeMeHa A5 Maca.

Macao n3 cagpaopa IeHHBIN IPOAYKT PacCTUTEABHOTO IIPOMCXOXKAEHNSI, €T0 XMMIIECKIII COCTaB
II03BOASIET UCIIOAB30BATh B IIPOU3BOACTBE IINIIEBON POAYKIIUN, B A€9€0HBIX I KOCMETIYECKIUX LIeAsX,
a TakXe B roAydeHnu Onoronausa. [Ipu yuere, Bcex 40CTOMHCTB TaKUX KakK, OMOAOTMYeCcKas [JeHHOCTE,
Ooratslil cocTaB BUTaMMHaAMU 1 (pocdoaUNmAamMy, B HaCTOsIIee BpeMsl, IIPOU3BOACTBO capA0pPOBOrO
Macaa SIBAsIeTCSI aKTyaAbHO 11eAbIO [2].

PaspaboTka mOAydeHUs] pacTUTEABHBIX Maced BKAIOYaeT MHOTOCTOPOHHIE BO3JEVICTBUS Ha
Iepepa0aThIBaeMble MaCAIHBIE KYABTYPHL. Beckoe MecTo B TeXHOAOTMYeCKNe ITPOIeCCHl 3aHMMAaIOT
MexaHnJecKne IIporiecchl. Takme IIpOIlecchl, KakK OTYNMCTKa 3€pPeH OT IIpMMeceli, paspylleHue wu
OTJe/€eHNe II0A0BBIX I CEMEHHBIX 000104eK OT ®MOPIOHA U DHAOCIIEpMa — AAPa, MU3MeABYEHILS sIApa U
IIPOMEXHBIX IMPOAYKTOB €ro IlepepabOTKM, SBASIOTCA — IPeAOYTUTEABHO  MeXaHUYeCKIMI,
IIOATOTaBAMBAIOIIMMI MaTepral K HaCBIIIIEHHBIM (PU3MKO-XVIMITIECKOM IIpeBpareHnsm [3].

B HBIHEIITHEM ITPON3BOACTBE OAHUM 3 T1aBHBIX TEXHOAOTUH IIPOU3BOACTBA cap10pOBOTrO Macaa
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ABASETCSI MeTO/, ITpeccoBaHysl. KOHCTPYKINS COBpeMEeHHBIX IIPeCCOB BHIIIOAHIOTC A4S IPeccOBaHI
Macda OTAeABHBIX KYABTYp, IIepeHacTpoiiKa JaHHOTO OOOpPyJOBaHMSA Ha WHYIO KYABTYPY OYeHb
TPy4OeMKa, I JIMeeTCsl BepOsITHOCTh Maa0d(PQPeKTMBHOTO OTXKMMa Macaa. AaHHbII — (akT
IIpeCTaBAsSETCSI HelpueMAeMbIM B KPUTEepPUsAX ITPOM3BOACTB MaAeHBKOM MOIIHOCTHY, HeoOXOAUM
YHMBEpPCaABHBIN ITpecc 445 OTKMMa U3 HU3KO U BICOKO-MaCAMYHBIX KYABTYP.

OOBeKThI M MeTOAbI MICCA€AOBaAHSI

OObekToM mccAeJ0BaHUA SBASETCS 3€pHO MaCANYHON KyABTYypHI - cadpaop, ero puamko-
MeXaHIJeCKIe CBOJICTBA, adpPOAHaMIYeCKNe IapaMeTphL.

[Ipeamerom mccaejoBaHus SIBASETCSA IPOIECC OTAeAeHMs IIeAyXu OT cadpaopa, MpeccoBaHMs
MacAMYHOIO  CBIPbd, a TakXe OuMCTKa Macda OT MeXaHM4YeCK!UX IIpuMeceil  MeTOAOM
LeHTPUPYTUPOBaHNS C IIOMOIIILIO COBMeIIIeHN I IIPOIIeCcCcOB IeAyIIeHNs], IIpeccoBaHmsl, GpUAbTpaL U
OTCTaMBaHU:L.

PesyabTaTtsl 11 mx 00CyXaeHue

Ha ocHoBe pe3yabTaTOB TeOPeTMYECKOTO M HKCIEPUMEHTaAbHOIO MCCAeA0BaTeAbCKMX paldoT
mpoljecca IoAaydeHus cadpaopoBOro Macla pasdpadoTaHa TeXHOAOTMYeCKas AVHUA IepepaboTKI
0003Ha4eHHO MaCANYHON KYAbTYPHI.

PaspabGoranHast AMHUA COCTOUT 13 OyHKepa AAs OUYUINEHHBIX ceMsH cadaopa, IIeAyIuTeAb-
npecca, LeHTpUPYrn Aasg puabTpalMy M OTCTaMBaHMU:, THAparaTopa, HeUTpaausaTopa, BaKyyM-
IIPOMBIBHOTO aIlllapara, JAe3oJjopaTopa, HpueMHHUKa A4 padpUHUPOBAHHOIO Je3040PUpPOBAaHHOTO
Macaa, BaKyyM-Hacoca, IlaporeHepaTopa, Tel1oreHepaTopa, (puasTp-rpecca.

Cemena cadpaopa mocTynaior B OyHKep-HaKOINUTeAb, IAe AOAXKHBI CODAI0AATHCS BCe PEKMMBI U
IapaMeTpsl XpaHeHHs (TeMIlepaTypa, BAa>KHOCTb U T.A.). 3epHO cadaopa 13 OyHKepa depe3 403aTOP
II0/aeTCcs Ha TPaHCIOpTep M B3BeIIMBaeTCsl Ha aBToOMarmdeckux BecaX. Jasee cemeHa cadaopa
IIOCTYTAIOT B IIeAYIIUTEeAb-IIPeCC TAe OYMIIAIOTCA OT TsKeAbIX UM AerKux npumeceit. OumijeHHbIe
ceMeHa ITOCTYNAaIOT Ha CIellaAbHbIN BeHTUASATOp-cerapaTop, IAe OTAEASIOTCA OT IIeAYXU U IIPOXOASIT
elle oAHy craguio ounctku. ITocae oumcTky cemeHa ITOAAIOTCs B IIHEKOBBIN IIpecc AAs M3BAEUEHMUs
Macaa [4].

[Tocae orxmMa Macao OYMIAETCS OT Pa3AMYHBIX MeXaHMYecKUX IIpuMecell, T.e. IPOXOAUT
IIpOIlecChl MepBUMYHONM oumcTKu. IlepBuunasi QuabTpanms OCYIIEeCTBASETCA (PUABTPO-OTCTOMHBIM
obopyaosanueM. OOBIYHO ITpeABapUTEAbHO OT>KaTOe MacA0 OCaXkKAal0T B KOHAEHCATOpe A4S yAaAeHUs]
KPYHHBIX MexaHnueckux npumeceit (15-20 muHyT, KoamdecTBo HeXXuposblx Ipumeceit 10% a0
orcraupanus, 0,3-0,5% 1ocae orcramsanms), 3ateM GUALTPYIOT OT MEAKUX MeXaHMYeCKMX IIpuMecer,
ounIaeT oT Ipumeceir (Koamdectso Hexxuposbix npumeceir 0,3-0,5% ao ¢puasrpanumn, 0,05% mocae
¢uaprparnun).

[Tocae mepsBuuHON paduHanuy I0AydaeM HepapUHUPOBaHHOe capAOpOBOe Macao, a ecAu
IIpOM3BOAUTL papUHIPOBAaHHOE Mac4o, TO HeOOXOAMMO JAOIOAHUTeAbHas (PU3MKO-XMMUYecKas
paduHanm.

dusuko-xumuyeckas: 00paOOTKa COCTOMT U3 IIPOLIECCOB TUApaTaliuy, HeNTpaaAu3aluy,
0oTOeAMBaHNA U 4e3040Palli.

IIpn rmapaTamum B eMKOCTh C MeIIaAKOM ITOCTyIlaeT IpejBapUTeAbHO oduieHHoe. Macao B
€MKOCTH CMeIIMBAIOT C TeIA0M BO40M 1 coabio, HarpepaioT 40 100°C ¢ momoibio TeraoreHeparopa u
IlepeMeInBaioT B TedeHne 15 MUHYT co ckopocTsio 3-4 06/MuH. ITpu ruapartanu cadgpaoposoe Macao
ounijaercs or pocdaTuaos 1 HEKOTOPHIX TUAPO]PIUABHBIX BEIIeCTB.

B emKoctu HeifTpaausaluy MacAO OUMINAETCA OT CBOOOAHBIX SKMPHBIX KMCAOT, YaCTUYHO OT
BKyCOapOMaTHYeCKMX U KpacsAIIuX BerecTs, GpocpoanmnmioB, HeOOABIIOTO KOANYECTBa BOCKA 1
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yraesogos. CadaopoBoe Maca0 CMemMBalOT UM HarpeBaoT 40 65 °C. 3areM 400aBASIOT IIeAOYHOI
pacTBop M Temayli0 BOoAy B KOAWYECTBe, pacCUMTaHHOM IIO U3BeCTHBIM ¢opmyaam. Cmecnreasn
BBIKAIOYAIOT, KOTJa TIpaHyAbl cadaopa HauMHAIOT oOcelaTh B cadpA0pOBOM Macae, M IIPOBOAAT
OCa’kKAeHMe B TeUeHre 6 9acoB IOCAe 3aBeplIlleHNs Ipoliecca HeTpaausanun [5].

Cadaoposoe maca0, 06pabOTaHHOE IIIEAOYHBIM PacTBOPOM, 3aTeM orOeamBaloT. OrOeanBaHue —
9TO IpOIjecc KOHTaKTa cadA0pOBOTrO MacAa C COpOeHTaMI.

B pesyarrate cadpaoposoe mMacao OeaeeT M HNPUBOAUT K PadpyIIeHMIO >KUPOPACTBOPUMBIX
IINTMEHTOB, T. €. KapOTMHOWUAOB, XAOPO(QNAAO0B, KaHIIEPOTEHHBIX COeAMHEHNII, MbIAa, POTOBBIX U
CAMBUCTBIX BEIIeCTB.

[Tocae mpomecca orOeamsaHusA cadpA0OpoOBOe MacAO IIOCTyIIaeT Ha PaMOYHBI (UABTP I
ounIIlaeTcs oT ajcopOeHTa.

OrOeseHHoe Maca0 TIIOABepraeTcs 3aBepliaioniell  (pU3MKo-XMMUJeckoll oOpaboTke —
aesogopanuu. Ero HasHayeHme — ycTpaHeHMe HM3KOMOAEKYASIPHBIX KUCAOT, aldbAeIrA0B, KeTOHOB U
APYTUX AeTy4uXx BelllecTB, BAMSIONIMX Ha 3arax U BKyc Macaa. [Ipu ge3ogoparium B eMKOCTU CO34a€TCs
BaKyyM, BKAIOWalOTCA CMecuTeAb M IapareHepaTtop. JapaeHme mapa, oOpasylomierocs B
IaporeHepaTope, He 2404>XHO npesbimath 0,3 MIIa. Korga Temnieparypa B pesepsyape gocturaer 180°C,
HeoOXOAMMO BKAIOUUTDL BaKyyMHBIN Hacoc. /leTydne BellecTsa M3 MacAa BBIMBIBAIOTCS, OUMIIAIOTCS OT
Pa3sAMYHBIX IIpMMecell M COXPaHAIOTCA B KamneabHuIle-coopHuke. Ilocae gesogopanum cadpaoposoe
Maca0 IIPOXOAMUT depe3 (PUABTP TOHKOM OYMCTKU M HAaKallAMBaeTCs B eMKOCTM XpaHeHUs T'OTOBOTO
IpoayKra [6].

ITocae 3aBepirieHs Bcex IIPOIIECCOB ITPOM3BOACTBEHHON AMHNM capA0poBoro Macaa (puc. 1) Mer
roaydaemM padpuHIPOBaHHOE Ae3040pMpoBaHHOe capA0poBoe Maca0. [OTOBBIN TPOAYKT ITOCTYyIIaeT Ha
AVIHUIO YIIaKOBKI ¥ pO3AMBa U Pa3AMBaeTcs 110 OyThLAKaM.

Ocoboe mecTo B ntepepaboTKe cadp10pOBOTO Macaa, B TOM 4lcAe B IIpoIjecce IIePBUYHON OUMCTKH,
3aHMMaeT Iporiecc Imeayienns [7]. Ouncrka ceMsH cadpaopa 40 Ipoliecca IIpeccoBaHNs O4eHb CA0KHa
1 BakHa. VIsHauaabHOe OTAeaeHme IeAyXn OT spa ClIOCOOCTBYeT YBeANYeHNIO MacAMIHOCTH cada0pa,
ChIpbe 130aBAseTCsl OT HU3KOMAaCAMYHBIX KOMIIOHEHTOB U COJeprKaHue Macda B HeM mnosbiaercs. [Tpn
9TOM Bo3pacTaeT 9pPeKTUBHOCTh 000PYA0BaHNUs, TaK Kak paOounit oObeM MalllMH U amllapaToB He
3arpy>kaercs 0aA4acTHBIM MaJOMaCAMYHBIM MaTepraaoM — Ieayxoit. [Ipy ouncTku 1meayxm B Macao
He I10I1aaloT AMIIMABI Ay3TH VAN IIeAyXy, OoraTble BOCKaMI ¥ BOCKOIIOA40OHBIMIM KOMITOHeHTamu [8].

HeobOxoanMOCTh OTAeAeHus IeAyXy OT siApa BbI3BaHa TakK>Ke U TeM, YTO TKaHU 000A0YKU U3-3a
1X OOABINION MOPUCTOCTU MPY COIPUKOCHOBEHUN C MacAOM CIIOCOOHBI MHTEHCHMBHO BCAaChIBaTh €TI0, a
3aTeM OueHb KPeIKO 3aJep>KMBaTh, B UTOTe 4ero pacTyT IIOTepM Macda B IpousBoActse. Odmcrka
meAyxXu OT sjpa yIpollaeT IpolecC IIpeccoBaHMs, TaK KaK MeXaHM4Yeckas ITPOYHOCTDh IIeAyXu
3HAUMTeAbHO BBIIIE 5IApPa, a HaXOXKJeHMe IeAyXy B 30He IIPeccOBaHMs BbI3bIBaeT M3HOC pabounmx
OpraHoB 00OPYAOBaHMU U IIPUBOAUT K CHVMKEHMIO X paboTocriocodHoctn [8].
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Aas obecriedeHNs] OUYMCTKM IIEAYXM OT sApa B YKa3aHHONM AMHUU IIpeAJO’KeHa KOHCTPYKIIVSI
I1eAyIIUTeAb-TIpecca AAs OYVCTKY U IIpeccoBaHms ceMsH capaopa (puc. 2).

OTanmunreabHON ~ OCODEHHOCTBIO  IPeAAOKEHHOTO  ODOpYAOBaHMA — ABASETCS  HPOIjecc
OJHOBPEMEHHOTO IIeAyIIeH!s ¥ IIpeccoBaHMs B OAHOM aIllapaTe, 4To oOecIleuuBaeT IIOAyJeHue
BBICOKOKAQUeCTBEHHOTO ¥ OMOAOIMYecKy IjeHHOro IipoAykra. IloHiokaeTcs MarepmaabHbIe M1
DHeprosaTpaTsl, IIOBBIIIAETCS YAOOCTBa 9SKCIAyaTanuy Oe3 CHIYDKeHMs KadecTBa I10AydaeMOoro
ca¢gaoporo macaa.

Hlenyxa

1

OwpanierHpie 5503
ceMaH

Pucynok 2. IlpuanunmaabHas cxeMa Ile AyIITeab-IIpecca Aast OTaeaeHns cad)A0pOBOTo Macaa:
1 — 6ynxep; 2 — weAyuiumev; 3 — pomop; 4 - senmuasmop-cenapamop; 5 — AOmox; 6 — uiHeKo6blil npecc;
7 — aAekmpodsuzamerv,; 8§ — pedykmop; 9 — uentas nepeoaid.

DKCIepuMeHTaAbHBIN IIeAyIInuTeAb-IIpecc BKAIO4JaeT B cebs1 OyHkep 1, meaymmreas 2, potop 3,
BEeHTUASATOp-cernnapaTop 4, AOTOK 5, IITHEKOBLIN Ipecc 6, 9AeKTpoAgBUraTeab 7, peayKrop 8, IernHas
nepesava 9.

Cemena cadpaopa nocrynaer B OyHKep M TPaHCIIOPTUPYeTCs B IIeAYIINUTEeADb IAe 1104 AeCTBIeM
LIEHTPOOEKHOM CUABI, II0 HalpaBASAIONIMM KaHadaM IIOBEPXHOCTM BaAbI]OBOIO MeXaHM3Ma,
Pa3roHsIOTCA 1, CPBIBasCh depe3 OKHa BaaKa, yAapsIOTcs 00 yIpyroe IOKPBITHE PacllOA0KeHHOe Ha
BHyTpeHHell cTopoHe aAeku. [lleayxa ceMsH IIpu 9TOM pa3pyIlaeTcs.

PesyapTaTMBHOCTD IIpoIlecca INeAyIlleHus AOCTUTIaeTcs TeM, 4TO Hpu yjape 00 TBepAyio
IIOBEPXHOCTb IIPOMCXOAUT ITIOBEPXHOCTHOE paclpeJeaeHne SHepIun yAapa 110 APy B OTANYMe OT yaapa
O TBEepAYIO IIOBEPXHOCTh, IA€ OCYIIeCTBASeTCS TOYeYHBINI KOHTAKT ceMsH capaopa C AeKOH, 4TO
IPUBOAUT K Pa3pylIeHNIO CeMeHM UM OYMCTKM IIeayxu. B cBsasu ¢ Tem, 4To pacnpesgeseHne sHepruu
IIPOMCXOAUT Ha IOBEPXHOCTY 3€PHA, CKOPOCTh OTCKAKMBaHMA €e OT AeKU CYLIeCTBeHHO MeHbIle, YeM
npu yaape o0 yIpyIyI0 IOBEPXHOCTb, a 3HA4MUT, He IPOUCXOAUT AOTIIOAHUTEALHOIO yJapa C BHOBb
IIOCTYTAIOIINM IIPOAYKTOM, 4TO, B CBOIO O4epeab, COXpaHSAeT LIeAOCTHOCTDL sSApa U BO3JENCTBYeT Ha
Ka4yeCcTBO IIeAyIIeHHOIO IIPOAYKTa.

OnbITHO-TIPOMBIIILAEHHBIT  OOpasel] 00OpyAoBaHUSA AAs OUMCTKM cadaopa OT IIeAyxu
peKoMeHAyeTCs MCIIOAb30BaTh B COCTaBe AMHUM IO IIPOM3BOACTBY capAOpOBOTO Macaa B
MMHMUIIPOM3BOACTBEHHBIX 1lexax IepepadaThIBaloIell IIPOMBIIILAEHHOCTH.
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3akaiodeHue

Taxum oOpasom, paspaboTaHa TeXHOAOTMYECKas AMHIU epepaboTKu cadpaopa U IIPOU3BOACTBA
KadecTBeHHOTo cadpaoposoro Mmacaa. IlpeacTaBaeHHass TexXHOAOTMYECKas AMHUS VIMeeT BBICOKYIO
3HAYMMOCTh Oaarogapsi IPUCYTCTBUM B €e COCTaBe IIeAyIIuTeAb-Iipecca AAs OTAeAeHNs IIeAyXu OT
sAApa M TIPecCOBaHMS MacCANIHOTO CBIPbs, YTO oDOecreumBaeT IOAyYeHUEe BBICOKOKaueCTBEHHOTO U
O10A0TMUeCKN IIEHHOTO NpPOAyKTa. Takoe KOHCTpyMpoOBaHME Y310B IPeAAOXKeHHON AVHUM AAS
rmoaydyeHmnss capAOpoBOIO MacJda U MX COeAMHEeHNe MeXAy CO0OM II03BOAsSeT MCKAIOUUTH
JCIIOAb30BaHMe Pa3ANYHBIX HaKONNUTEALHBIX OyHKepOB, a TakKKe ITOHIKaeTCs SHeprosaTpaThl U
MaTepuaAbHBIE PacxXOAbl Ha BDKCIIAyaTaIlUIO, MCKAIOYEHMEe BEPOATHOCTM AOIOAHUTEABHOTO KOHTaKTa
00pabaTpIBa@MOIO CBIPhs C KICAOPOAOM BO3AYIITHONM CpeAbl.
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PeciyOaukaceiHAaFel >KoHe d4eMJAe Mail ©HepKoCiOiHiH ©3eKTidiri, TaHBIMaAAbIABIFBIHBIH apTybl
Oeariaepi xkepcetiareH. COHFbI OHIMHIH >KOFaphl carlachlHa KO KeTKi3y YIIIiH MaKcapbIHBI KOCIIalapAaH
JKoHe KaybI3bIHaH TasapTyFa Tikeaell bIKIIaa eTeAi. beariai sxeaizepain Herisri xemmriaikrepi - 6ya
IIIaFbIH Mall eHAipiciHAe >KaOABIKTHI HalijalaHy MYMKIH eMec 004aThIH KeAeMAl Au3aliH, aliTapABIKTail
MaTepHraaAbIK IIBIFBIHAAD KoHEe DHePIVLs IIbIFbIHAAPEL.
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bya Moceaeni miemy yuniH KaOBIKTBI A9HHEH aKbIpaTyFa >KoHe MaiiAbl JaKblajap IIMKi3aThIH
IpecTeyre apHaAfaH TYIHYCKa AM3alfHAAFbl aKTafbIII-IIPeccTiH OeAiri peTiHAe >KOraphbl caraAbl >KoHe
01010 MAABIK KYHABI ©HIM ©HAIpyAi KaMTaMachl3 eTeTiH TeXHOAOTMABIK >KeAi YCBIHBIAABL. Makcapsl
MaliblH ©HAIpy OOJIBIHIIIA YCBIHBIABIII OTBIPFaH TEXHOAOIMSABIK >KeAi IpecTey apKblABl Mail aAyAbl
IIaFblH ©OHAIPY >KarsaliblHAAa MarepuaaAbl >KeHe SHepreTMKaAblK IIBIFbIHAAPAbI a3alTy, aAblHFaH
MaliAbIH caIlacblH TeMeHJeTIIell IailjalaHyAblH KapallallbIMABIABIFBIH apTTLIPY OOABII TaObLA1aAbl.
Congaii-aK, TeXHOAOTMABIK JKoHe cXeMa, >KaOABIKTBIH Heri3Ii Kypamaac 0eAiKTepiHiH cuaTTaMaslapbl
>K9He OHBIH >KYMBIC icTey IPMHIINII KeATipiareH.

TyitiH ce3aep: TeXHOAOTUAABIK >KeAi, aKTaFBIII, IIpecc, MaKcaphbl, ©CiMAiK Malibl, CBIFy, KaOBIK,
AOH.
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Technological line for the production of safflower oil in a mini-production

Abstract. This article is devoted to the development of a small-sized technological line for the
production of safflower oil in small enterprises of the grain processing industry. The relevance of the oil
and fat industry is outlined, including signs of the increased popularity of safflower oil in Kazakhstan
and in the world. Achieving a high quality of the final product directly contributes to the purification of
safflower from impurities and husks. The main disadvantages of the known lines are the bulky design,
significant material costs and energy costs which make it impossible to use the equipment in a mini-oil
production; difficulty in operation.

To solve this problem, a technological line was proposed as part of a peeler-press of an original
design for separating the husk from the kernel and pressing oilseed raw materials, which ensures the
production of a high-quality and biologically valuable product. The proposed technological line for the
production of safflower oil is to reduce material and energy costs in the conditions of mini-production
of obtaining oil by pressing, increasing ease of operation without reducing the quality of the resulting
oil. In addition, the technological and schematic diagrams are given, the characteristics of the main
components of the equipment and the principle of its operation are presented.

Keywords: technological line, peeler, press, safflower, vegetable oil, spin, husk, core.
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Determination of the technical level of excavator structures based on parametric analysis

Abstract. The article is devoted to the definition of promising excavator designs. The
paper presents current models of excavators operating on the territory of the Republic of
Kazakhstan. The main technical characteristics of the machines are considered. Statistical
analysis and processing in the software environment were carried out. Summary
statistics for each of the selected data variables are provided. It includes measures of
central tendency, measures of variability and measures of form. Based on the correlation
matrix of indicators, it was revealed that the weight of the excavator has the greatest
relationship with the digging depth, its capacity and bucket volume. Cluster analysis
was carried out using the software package. As a result of cluster analysis, it was
determined that the existing excavator designs can be divided into three groups.
Histograms of the distribution are constructed. With their help, modal intervals and the
middle are determined. The criterion of significance and the weighting coefficient for
each indicator are determined. The coefficient of the technical level is calculated. Based
on the results of the technical level, promising indicators of power values, digging
depth, bucket volume and excavator weight are proposed.

Keywords: excavator, construction, cluster analysis, histogram, technical level.
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Introduction

In our republic, the volume of construction of buildings, structures, and highways is growing
annually. According to the state policy in the field of construction and social protection, the volume of
construction of social facilities is growing. It is impossible to perform an increasing amount of work
without the use of special machinery and equipment.

The excavator is designed for digging the soil and its subsequent movement. A modern excavator
is an indispensable equipment for road construction work. The range of application of the machine is
quite wide, including the excavation of hard rocks, soil and bulk materials, ore extraction, excavation of
pits, maintenance of engineering structures and landscaping.

Despite the variety of machines presented, their various designs such as single-bucket, multi-
bucket excavator, single-bucket excavator with hydraulic drive of working equipment has found greater
use in construction.

This machine which is unique in its design is used both for digging ditches and trenches and for
planning slopes and erecting embankments for the roadway.

If in the construction of automobile roads, machines with a tracked propulsion are widely used,
then in the construction of buildings and structures carried out in urban conditions, machines with a
wheeled propulsion are widely used, since this facilitates the delivery process (the equipment arrives at
the work site independently), maneuverability increases, and the possibility of use in cramped urban
conditions.

Literary review

Both domestic and foreign researchers are engaged in the development of the excavator design.
Among them, we can mention the work of a group of researchers engaged in the development of
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completely new machine design and control systems.

The author's article [1] presents the results of numerical and experimental analysis of the stability
of hydraulic excavators. The author's article [2] considers the issue of developing the design of the
machine taking into account the conditions of its operation. The paper presents information about the
development of an excavator control system [3].

Materials and methods of research

The modern excavator market is represented by a wide range of equipment. Among this large
variety, it is extremely difficult to single out exactly the technique that needs to be used. For this
purpose, an indicator — the technical level - can be used to determine trends and promising models.

To apply the assessment of the technical level of products, you must perform the following
actions:

1. Collect parametric information, namely numerical data on the main characteristics of machines
or their working equipment;

2. Perform factor analysis to determine the relationship of indicators;

3. Perform cluster analysis to determine homogeneous groups;

4. Formation of the structure of the coefficient of technical level;

5. Proposals for the use of the coefficient of technical level

To assess the technical level of excavators, it is necessary to process statistical data in the
«Statgraphics centurion XV» application software package.

In this regard, the issues of modernization of existing designs and the development of new ones
are particularly relevant. In order to determine the trend in the development of machine designs and
determine promising indicators, it is necessary to conduct an analysis

Research results

To assess the technical level of excavators, we will use statistical data processed in the Stat
Graphics Centurion application package, presented in Table 1. The table shows that most of the weight
of excavators is in the range from 14 to 19 tons, the bucket volume is in the range from 0.5 to 0.95 m3, the
digging depth is from 4 to 6.5 meters, the power internal combustion engines from 90 to 110 kW. Based
on the analysis, the following data were obtained (Table 2).

This procedure is designed to summarize several columns of quantitative data. It will calculate
various statistics, including correlations, covariances, and partial correlations. Also included in the
procedure are a number of multivariate graphs, which give interesting views into the data. Use the
Tabular Options and Graphical Options buttons on the analysis toolbar to access these different
procedures.

Table 1
Technical characteristics of excavators
Ne Brand Weight, t Bucket Digging Power, kKW
volume m? height, m
1 Caterpillar m 313 d 16,2 0,84 5,75 95
2 Doosan\ daewoo s 180 w5 17,7 0,93 6,00 112
3 Hitachiex 160 w 16,9 0,82 5,84 90,2
4 Hyundair 170 w 16,2 0,76 5,42 94
5 J.C.B.js 160 w 17,7 0,70 6,23 97
6 Komatsu rw160-7 16,5 0,75 5,96 90
7 Liebherr a 314 16,6 0,75 5,45 90
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8 New holland mh plus 16,8 0,80 5,70 192
9 Terex tw 170 16,2 0,90 5,70 110
10 Volvo ev 160 b 17,5 0,80 6,20 103
11 Case WX95 9,85 0,28 4,3 74
12 Case WX125 12,4 0,57 4,84 84
13 Case WX145 15,3 0,95 5,5 90
14 Cat M315D 18,3 0,9 5,8 101
15 Cat M316D 19,8 1,3 6,1 118
16 Cat M318D 20,1 1,3 6,4 124
17 Caterpillar M315D2 15,2 0,76 5,3 101
18 Hitachi ZX130W 14/9 0,7 55 89
19 Hitachi ZX140W-3 16 0,5 4,38 110
20 Hitachi ZX160W 17,3 0,8 5,8 90

To date, the number of excavator models on the market is quite wide and is represented by
various models, both with a wheeled and tracked propulsion, with a reverse and straight shovel and in
various other modifications.

Table 2
Summary Statistics
Excavator Excavator Digging Excavator Bucket
weight power depth speed volume

Count 20 20 20 20 20
Average 16,5225 102,71 5,6085 32,25 0,8055
Standard deviation |2,27691 24,2695 0,563637 4,32709 0,229679
Coeff. ofvariation |13,7807% 23,6291% 10,0497% 13,4173% 28,5138%
Minimum 9,85 74,0 4,3 20,0 0,28
Maximum 20,1 192,0 6,4 38,0 1,3
Range 10,25 118,0 2,1 18,0 1,02
Stnd. skewness -2,51043 5,09688 -2,02438 -2,23519 0,519473
Stnd. kurtosis 3,08557 9,08907 0,909523 2,07591 1,71593

This table shows summary statistics for each of the selected data variables. It includes measures
of central tendency, measures of variability, and measures of shape. Table 3 shows the correlation
matrix of indicators.

Correlation matrix of excavator indicators

Table 3

Excavator Excavator Digging Excavator |Bucket volume
weight power depth speed
Excavator weight 0,3847 0,8085 -0,0682 0,7970
(20) (20) (20) (20)
0,0939 0,0000 0,7752 0,0000
Excavator power 0,3847 0,2781 -0,0589 0,3613
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(20) (20) (20) (20)
0,0939 0,2351 0,8051 0,1175
Digging depth 0,8085 0,2781 -0,0838 0,7722
(20) (20) (20) (20)
0,0000 0,2351 0,7254 0,0001
Excavator speed -0,0682 -0,0589 -0,0838 -0,0666
(20) (20) (20) (20)
0,7752 0,8051 0,7254 0,7803
Bucket volume 0,7970 0,3613 0,7722 -0,0666
(20) (20) (20) (20)
0,0000 0,1175 0,0001 0,7803

As can be seen from the table, the weight of the excavator has the greatest relationship with the
digging depth k (0.8085), the weight of the excavator and its power k (0.3847), and the weight of the
excavator and the bucket volume k (0.7970). This finds logical confirmation.

The purpose of cluster analysis, which is performed using the Stat Graphics program (Special |
Multivariate Methods | Cluster Analysis). The Euclidean distance was used as a measure of similarity in
the cluster analysis procedure. Results of cluster analysis showed on figure 1.

Cluster Scatterplot

Nearest Neighbor Method,Euclidean
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Figure 1. Cluster analysis
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This procedure created 3 clusters out of 20 observations provided. Clusters are groups of
observations with similar characteristics.
Cluster analysis revealed classificationally homogeneous groups of machines. This will allow us
to draw conclusions with confidence from the histograms of the distribution. The histogram of the
distribution of excavator indicators is shown in the figure 2.
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a) excavator weight, tons; b) digging depth, m; c) bucket volume, m3; d) engine power, kW
Figure 3. Distribution of values of excavator indicators

The modal interval for the excavator mass indicator is in the range from 15 to 17 with the middle
equal to 16, the modal interval for the digging depth indicator is in the range from 5.35 meters to 5.76
meters with the middle of the modal interval equal to 5.55 meters, the excavator power is in the range
from 85 kW to 110 kW, with the value of the middle equal to 97.5 kW

When determining the coefficient of the technical level of the excavator, promising indicators are
the bucket volume, power and depth of digging, these indicators significantly affect the performance of
the machine.

To determine the coefficient of the technical level, we will use the known equations

q; N, h, m,,
k., = LR oy L, O 1
1LE = Vg a. 7N N, Vn h, Vm m 1)

where yq, YN, Yh, Ym are, respectively, the weighting coefficients of the bucket volume, power, digging
depth, mass;
gsi, Noi, hsi, msi - respectively, the basic values of the bucket volume, power, digging depth, mass.
The criterion of significance is determined by the formula 2

.M,

m, = N (2)
where Z M, ; is the number of models that fell into the modal interval on the histogram;
N is the number of models included in the histogram.
The weighting coefficient for the i-th indicator is determined by the formula 3:
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Vi =

m

Sm
i=1

where mi is the criterion of significance of the i-th indicator;
n is the number of analyzed models.

The values of the basic indicators, the criteria for the significance of the weighting coefficient are
presented in Table 4, and the calculated values of the technical level of the technical indicators of the
excavators are presented in Table 5

Table 4
The value of the basic indicators
No Indicator Basic value Significance Weighting coefficient
criterion
1 Bucket volume, m3 0,875 0,65 0,220
2 Power, kW" 97,5 0,9 0,305
3 Digging height, m 5,55 0,8 0,272
4 Weight, t 16 0,6 0,203
Table 5
Calculated values of the excavator technical level indicator
Brand Weight Bucket Digging Power Total
volume height
Caterpillar m 313 d 0,200494 0,2112 0,2818 0,2972 0,9907
Daewoo s180w5 0,183503 | 0,233829 0,2941 0,3504 1,0617
Hitachiex 160 w 0,192189 | 0,206171 0,2862 0,2822 0,9667
Hyundair 170 w 0,200494 | 0,191086 0,2656 0,2941 0,9513
J.C.B.js 160 w 0,183503 0,176 0,3053 0,3034 0,9683
Komatsu rw160-7 0,196848 | 0,188571 0,2921 0,2815 0,9591
Liebherr a 314 0,195663 | 0,188571 0,2671 0,2815 0,9329
New holland mh+a 0,193333 | 0,201143 0,2794 0,6006 1,2744
Terextw 170 0,200494 | 0,226286 0,2794 0,3441 1,0502
Volvoev 160 b 0,1856 0,201143 0,3039 0,3222 1,0128
Case WX95 0,329746 0,0704 0,2107 0,2315 0,8424
Case WX125 0,261935 | 0,143314 0,2372 0,2628 0,9052
Case WX145 0,212288 | 0,238857 0,2695 0,2815 1,0022
Cat M315D 0,177486 | 0,226286 0,2843 0,3159 1,0040
Cat M316D 0,16404 | 0,326857 0,2990 0,3691 1,1590
Cat M318D 0,161592 | 0,326857 0,3137 0,3879 1,1900
Caterpillar M315D2 0,213684 | 0,191086 0,2597 0,3159 0,9805
Hitachi ZX130W 0,217987 0,176 0,2695 0,2784 0,9419
Hitachi ZX140W-3 0,203 0,125714 0,2147 0,3441 0,8875
Hitachi ZX160W 0,187746 | 0,201143 0,2843 0,2815 0,9547
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The calculated values of the coefficient of the technical level of each type of equipment allow us to
identify the most promising version of the equipment.

Discussion of the results obtained

The coefficient of the technical level obtained by calculation allows us to draw conclusions about

the development trends and promising structures of machines.

So for excavators, promising models in terms of indicators are the following:

1. NEW HOLLAND MH+, wheeled excavator;

2. Cat M316D, wheeled excavator;

3. Cat M318D;

4. Case WX95.

According to the promising indicators of the machines, drawing works were carried out on the
general types shown in Figure 2.

1 H 2

2

o

o

T /T’/ /4 /WI V/a/

1040

1-rotary platform; 2-boom; 3- hydraulic cylinder of the handle
Figure 2. General view of the excavator

Thus, the promising indicators of the excavator are the following:
- excavator weight from 16 to 19 tons;
- bucket volume from 0.8 to 1.3 m3;
- digging depth from 5.7 to 6.4 meters
- power from 118 to 192 kW.
The conducted research will help to determine the level of technology development in the future.
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ITapameTpaik Taagay HerisiHge KCKaBaTOP KOHCTPYKIMsAaPbIHbIH TeXHUKAABIK AeHTeiH
aHBIKTay

Angarma. Makaaa 5KcKaBaTOPABIH IIEpCIIeKTUBAABIK, KOHCTPYKIMAaphIH aHbIKTayfa apHaAFaH.

Kasakcran PecriyOamkacelHBIH —ayMmarblHAa —IaligadaHbLAaThIH — DKCKaBaTOPAapABIH — ©3eKTi
MoJgeabAepi yChIHbIAFaH. MalnHaaapAblH HeTi3Ti TeXHMKaAblK, CHUIIaTTaMaAapbl KapacThIPbLAaAbl.
barpapaamaablk opTajga CTaTUCTMKaAbK, Taaday >KeHe 6©HJey Kyprisiaai. TaHaaaraH aepekrep
alfHbIMaAblAapBIHBIH 9PKAMCBICHl YINH >KMBIHTBIK CTaTUCTMKa KeATipiareH. OraH OpTaablK TpeHA
IapaJapbl, ©3TepriliTik Imapadapsl >keHe (¢Qopma Imapasapsl Kipeai. Kepcerkimrepaiy
KOppeAsaIMsAAbIK MaTPULIACHl HETi3iHAe DKCKaBaTOPABIH CaAMarbl Kady TepeHAiTiMeH, OHBIH KyaThbIMeH
>KoHe IIIeMiIll KeleMiMeH eH yAKeH Oaill1aHbIC Oap eKeHAiri aHBIKTaAABbl.

baraapaamaablK makeTTiH KeMeriMeH KaacTepaik Taagay Xyprisiagi. Kaacrepaik Taasay
HOTVKeCiHAe DKCKaBaTOpAapAblH KOAAAHBICTaFbl KOHCTPYKIIMAAAPBIH YIII TOIIKA 0eayre 60AaTbIHABIFBI
anbpIKTaaAbl. Tapaay rmcrorpammazapsl caabiHAbl. OaapAblH KOMeriMeH MOJaabAbl MHTepBaajap MeH
opTa aHbIKTaJajpl. OpOip KOpCeTKill YIIIiH MaHBI3ABIABIK KpUTepuitii MeH caamak Kod(ppuiimeHTi
aHBIKTaAAbL. TexHUKaablK JAeHreit KosgdunueHti ecenteasi. TexHMKaABIK JeHTelAiH HOTIKeaAepi
OolIBIHIIIA KyaT MoOHAEPiHIH, Ka3y TepeHAIriHiH, IeMill KeJeMiHiH >KoHe ®KCKaBaTOP MacCCaCBIHBIH
MepPCHeKTUBAABIK KOPCETKIIITePi YChIHBLATAH.

Tyi1in ce3aep: KCKaBaTOp, KOHCTPYKITU:, KAaCTepAik TaaAay, IICTOTpaMMa, TeXHUKAABIK JeHren
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Onpeaeaenne TeXHMYIECKOTO YPOBHSI KOHCTPYKIIMI 9KCKaBaTOPOB Ha OCHOBE
napaMeTpM4ecKOro aHaamusa

Annorams. CraThsl HOCBsIIEHa ONpeAeAeHMIO MepCIIeKTUBHBIX KOHCTPYKIIMII ®KcKaBaTtopa. B
paboTe IpeacTaBAeHbl aKTyaAbHble MOAEAM 9KCKaBaTOPOB, DKCIIAYaTUPYIONUIMXCA Ha TeppUTOPUM
Pecniyoamkn Kasaxcran. PaccMOTpeHBI OCHOBHBIE TeXHMYECKUe XapaKTepMCTUMKM MamiuH. IIposesen
CTaTUCTMYECKUI aHaAu3 1 oOpaboTKa B IporpaMMHoIl cpee. [IpuBeseHa cBogHas cTaTUCTUKA 11O
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B. Togizbayeva, B. Suleyev, Zh. Kuanyshuly, A. Kenesbek

Ka>kAO0J 13 BBIOPaHHBIX ITepeMeHHBIX AaHHBIX. OHa BKAIOYaeT B ce0s Mephl IIeHTpaAbHOI TeHAeHITNI,
MepBl U3MEeHINBOCTI 1 Mephl popMbl. Ha ocHOBe KOppeAsIIMOHHOV MaTpPUIIHl ITOKa3aTeAell, BBLIBAEHO,
9YTO HaMOOABIIYIO CBS3b MMeeT BeC DKCKaBaTOpa C TAyOMHOI KONIaHNs, ero0 MOIITHOCTBIO U 0OBeMOM
koBma. Ilpm momoIu mporpaMMHOIO IIakeTa IIpoBejeH KJAaCTepHBII aHaam3. B pesyabpTare
KJaCTepHOTO aHaAu3a OIlpeAeAeHO, YTO CYIIeCTBYIOIe KOHCTPYKIINM DKCKaBaTOPOB MOXKHO pa3AeAnTh
Ha Tpu rpymmnsl. ITocrpoens! rucrorpammel pacrpegeaenns. C yX IOMOIIBIO OIIpejeAeHbl MOAaAbHBIe
UHTepBaabl U cepearHa. OmnpejeseHbl KpUTepUIl 3HAUMMOCTM U KOD(POPUIMEHT BeCOMOCTH A
KaXkA0To IoKaszareas. Paccumran Kod(@uiimeHT TexHMYeckoro yposH:a. Ha ocHosanmm pesyapraTob
TEXHIYECKOTO YPOBHA IIpeAJO’KeHBI IIepCIIeKTVBHBIE ITOKa3aTeAV 3Ha4YeHWUI MOIITHOCTY, IAyOMHEI
KoIaHMs1, o6beMa KOBITIa I MacChl DKCKaBaTopa.

KaioueBbie caoBa: 9KcKaBaTOp, KOHCTPYKIINS, KAaCTePHBIN aHaAM3, TUCTOrpaMMa, TeXHIIeCKIiA
yYpOBEHb
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Experience in pile testing on different construction sites

Abstract. The paper presents the experience of soil testing with piles at various
construction sites in Kazakhstan. Different methods are chosen in the field tests
depending on the engineering and geological conditions and objectives. The choice of
each is guided by the use of special equipment and devices. Soil tests with piles have an
advantage to date. It is important to determine the size and type of piles that will be
used in the foundation. The maximum depth of the pile is checked with the predicted
load. The paper presented discussion of the technical features of each method, the
justification of the selected solution. Analysis of experience is a very important aspect, of
the successful implementation of megaprojects and new construction.

Keywords: field test, soil, features, pile, bearing capacity, device.
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Introduction

Accumulated in the field of development and implementation of construction projects, advanced
urban planning ideas, and best practices can be the basis for quality and reliable construction, as well as
serve the emergence of new ideas and improve the methodology of engineering and geological studies.
The various methods used on construction sites in the world are presented in Table 1[1].

Table 1
Testing methods for foundation [1]

Preliminary survey Geological investigations Control investigations
inthe design stage
Investigation of | Clay soil pile foundation pile foundation
the topographical | (CPT, SS, pre- WST, CPT, DP, The final pile; sonic pile test;
and DP, SPT, selection of | SPT, FVT, PMT, choice of the | GWC;
hydrogeological GW, the type of | PIL type of measurementof
maps, archival PMT) foundation foundation settlement
material, shallow shallow
geological foundation foundation control
investigations WST, CPT, DP, of type of soil;
FVT,DMT, CPT, control ofthe
PMT,GW, BJT settlement
Sandy pre- pile  foundation| The final pile foundation
soil (CPT, | selection of | CPT,DP, choiceof the pile; sonic pile
SS, DP, | thetypeof | SPT,FVT,DMT, type of test; GWC
SPT, GW, | foundation | GWO,pile foundation measurementof
PMT, integrity tests settlement
DMT,GW) shallow shallow
foundation foundation control
CPT+DP, SPT, of the type of soil;
PMT, BJT, GWO CPT, control of t
settlement

Weight sounding test (WST); Cone penetration test (CPT); Dynamic probing tests (DP); Standard penetration test (SPT); Field vane

test (FVT); Pressure meter test (PMT); Static axially loaded compression

The advantages of field testing methods are shown in Figure 1.
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Advantages of field testing
methods
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Figure 1. The advantages of field testing methods

Methods of field soil investigations provide data on the physical and mechanical properties of soils
at depth [2-3]. It is very important to take an integrated approach to geotechnical studies, combining
several methods of testing, which allows you to get comprehensive information and avoid errors [4].

Methods and Materials

Static load tests involve determining the allowable settlement to the ultimate test load and the
bearing capacity of the pile. Pilot sites were equipped with the CFA method of bored pile driving, in
which, after the auger reaches the design depth, the pile is concreted through a concrete pipeline
installed in the hollow auger with the help of a concrete pump. The reaction system for lateral load test
CFA piles is presented in Figure 2[5].
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T
1-main beam; 2-hydraulic jack; 3- load cell; 4- reaction beam; 5- channel; 6- test pile; 7- reaction piles; 8-
reference system; 9-screw metal piles for reference systems; 10,11- wooden lining; 12- steel plate

Figure 2. The reaction system for lateral load test CFA piles

The auger itself is extracted from the pile body at the same time. After the concreting is completed,
a reinforcement cage is loaded into the pile by means of a vibratory plunger, and then the anchor stand
metal structures are installed and the anchor rods are welded to the anchor piles. The static lateral load
test is presented in Figure 3[5].
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Survey point

l DGl. DG2
e P E - S
FJ;"E 10G3, DG4 E

Jackﬁ-————i———— -

Situation Sketch

Figure 3. Situation sketch

Table 2 is presented data of 1 cycle load of 150% loading and unloading.

Load Average settlement, mm -
H £
— =]
2. |z £ - g
ol % < > g [ = 2 < j=2
18 |8 |8 E =r g = £ E s
512 |¢g 5 = 55 @ T EE 2
Z | g o £ 2 @ = o s 2
215 |8 |8 = 2 £ o o
g | = | ¢ g 2 g £ £
a = 4 < =
DGL, | DG3, | DG1,D DG3, DGLD | DG3DG | DGLD | DG3D | DG1, | DG3,D | DG, DG3
DG2 DG4 G2 DG4 G2 4 G2 G4 DG2 G4 DG2 ,DG4
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 60 25 20 0.035 0.065 0.065 0.045 0.100 0.110 | 0.100 | 0.110 0.00 0.000 120
0
2 120 50 40 0.080 0.095 0.100 0.075 0.180 0.170 | 0.280 | 0.280 0.02 0.010 120
0
3 180 75 60 0.185 0.160 0.110 0.085 0.295 0.245 | 0575 | 0.525 0.03 0.025 120
0
4 240 100 80 0.210 0.190 0.180 0.160 0.390 0.350 | 0.965 | 0.875 0.04 0.040 120
0
5 300 125 100 0.170 0.150 0.290 0.255 0.460 0.405 | 1.425 | 1.280 0.07 0.060 120
5
6 360 150 120 0.190 0.170 0.300 0.280 0.490 0450 | 1.915 | 1.730 0.06 0.065 120
5
240 100 80 -0.170 | -0.220 | -0.010 -0.010 | -0.180 | -0.230 | 1.735 | 1.500 15
120 50 40 -0.455 | -0.400 -0.0 -0.010 | -0.455 | -0.410 | 1.280 | 1.090 15
0 0 0 -0.465 | -0.415 | -0.170 -0.165 | -0.635 | -0.580 | 0.645 | 0.510 60

The second construction site is located in the Almaty region, Kazakhstan. At the same time, the
loads on the tested pile were transmitted centrally and coaxially. To perform static tests, an individually
designed test stand was used in the form of a thrust structure to absorb reactive forces, developed in
accordance with the requirements of GOST 5686-2012[6]. In the applied construction of the test stand, the
pile head loads are created due to the pressure in the hydraulic circuit of the jack system. The load-
carrying structure consists of an anchoring unit. The maximum penetration load on the tested pile was -
160.0 Tf. The force generated by the jacks on the first load step was 16.0 Tf, each successive load step had
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an increase of 16.0 Tf. General view of the measuring system is presented in Figure 4[7].

Figure 4. General view of the measuring system [7]

At each stage of pile loading, readings (test information) were taken by all instruments at intervals
from 15 to 30 minutes, the total dwell time was at least 180 minutes or until the pile movement
(settlement) faded, called its conditional stabilization. According to the pile design, its displacement
(settlement) rate in the ground, according to GOST 5686, of no more than 0.1 mm for the last 60 minutes
of observations at a given stage of loading was taken as conditional stabilization of the pile. Zero reading
from the instruments was taken before the pile was loaded. The first reading was immediately after the
application of the first loading stage, then the readings were taken every 15 min successively up to four
times, then three times 30 min or until the deformation stabilization (damping of displacement). The
holding time of each stage, from the first to the ninth, under indentation loads was 180 min for each
stage. Data of loading and unloading were presented in Table 3[7].

Table 3
Data of loading and unloading
Loading steps Force by the jack, Tf
1 16.0
2 32.0
3 48.0
4 64.0
5 80.0
6 112.0
7 128.0
8 289.0
9 144.0
10 160.0
Unloading
steps
1 128.0
2 96.0
3 64.0
4 32.0
5 0
BECTHVK EHY umenu A.H. Tymuaesa. Cepus mexnuteckiie Hayki u mexHOAOUU Ne 1(138)/2022 79
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Study of the length and pile integrity, by carrying out full-scale express control of the continuity of
reinforced concrete bore piles by non-destructive method of acoustic defectoscopy, in accordance with
the provisions of the STP RK 07-02.2-2011. The testing pile presented in Figure 5.

Figure 5. Pile integrity test [7]

Results and discussion

The results of soil testing of construction site 1 presented in Fugure 6 and construction site 2 in

Figure 7.
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Figure 7. Graph of the results of all stages of testing
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The static test of the pile with indentation loads showed that at the tenth stage of the load at the
maximum indentation load equal to 160.0 Tf a stabilization of the pile deformation was recorded, at that
averaged settlement by the last averaged measurement of the control devices (indicators) was about 2.71
mm. According to SP RK 5.01-103-2013 [8] in case of the occurrence of these conditions for the limiting
resistance of the pile under the indentation loads, according to the results of the conducted tests, the load
of 160.0 Tf. The analysis of settlement increment graphs shows the operation of foundation soil in the
elastic stage. The test results show that the bearing capacity of the pile is sufficient to withstand the
maximum design indentation load. Regarding results of pile integrity test was that the actual measured
length, after statistical processing, is estimated as corresponding to the design one. Taking into account
the peculiarities of the method and the hardware error of the device. Zones of violation of concrete
continuity and decompaction in the cross-section of pile were not detected.

Conclusions

Many factors guide the choice of the field test method, some of which are soil composition, soil
condition, complexity categories of geotechnical conditions, design loads, embedding depths, and the
type of foundation to be designed.

Quality control of pile installation works needs to ensure plumpness, pile toe, pile length, details
of the reinforcing steel, concrete samples for the strength test. Data on the preparation of reinforcement,
quality, and volume of concrete must record in the pile installation log. Field tests should be combined
with other methods determining the composition, condition and properties of soils in order to interpret
the data, identify relationships between soil characteristics determined by different methods, and
assessment of their reliability. According to the analysis of the research conducted, various research
methods were used and in combination
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Kagazapmen TONbIPaKThIH CTaTMKAABIK CbIHAKTAPbIH XXYPTi3y epeKiieaikrepi

Angatna. Makaasaga KasakcTtaHHBIH #Typai KYpBIABIC adaHJapblHAa Kadadapfa TOIIBIpaK
ChIHAKTapbIH JKYPri3y ToxKipuOeci ycbIHbLAFaH. JaaaablK ChIHAKTap Ke3iHAe MHXKeHepAiK-TeOAOTUSABIK
KarJaiiaap MeH MiHgeTTepre OaliaaHBICTLI 9pTypAi aaicTep TaHaaaaAbl. OaapAblH 9PKalIChICHIH TaHAAQY
apHaiibl >KabABIKTap MeH KYPBIAFbLAapAbl KOA4aHyMeH OaliaaHbICTEL. ByTinri TaHaa Kagaaap KeMeriMeH
TOIIBIPaKTHI ChIHAY aliTapAbIKTall apTHIKIIBIABIKKA 1e. IpreTacta K0a4aHbBLAATHIH KajalapAblH MeAIIepi
MeH TYypiH aHbIKTay MaHbI3Abl. KagaHbIH Makcummaaabl TepeHAiri 0oakaMAbl >KYKTeMeHi eckepe
OTBIPHIII Tekcepiseai. KyMbIcTa 9p o4iCTiH TeXHMKAABIK epeKIIeJikTepi, TaHJAaAFaH IIENIiMHIH
Herizgemeci TaakblaaHaAbl. TaxipnOeHi Taagay ©Te MaHBI3ABI acIIeKT, Mera’kobaaapAbl CITTI icKe achIpy
>KoHe >KaHa KYPbIAbIC OOABIIT TaOblAaAbI.

Tyitin ce3aep: aasaablK ChIHaKTap, TOMBIpaK, CUIIaTTaMaJaphl, Kadadap, >KYK KOTeprillITiri,
KYPBLAFBICHI.
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OnbIT IIpoBeAeHMsI MCIIBITAaHVI CBall Ha Pa3ANYIHBIX CTPOUTEAbHBIX ITA0IIagKaxX

AnnpoTtarmsa. B cratbe ImpejcTaBA€H OIIBIT IIPOBEAEHMs MVCIIBITAaHMII TPYHTOB CBasMU Ha
Pa3AMYHBIX CTPOMUTEABHBIX Ilaomaakax Kasaxcrana. B 3aBucMMoOCTH OT MHKEHEpPHO-T€0A0TMYECKUX
yCAOBMIT U 3aa4 IPYU ITOAEBBIX UCIIBITAHNX BEIOMPAIOTCS pa3ANdHbIe MeTOABL. BrIOOpP KaXkA0ro M3 HuX
00yCAOBA€H NCIIOAB30BaHIEM CIIEIIMAaAbHOTO 000pyAoBaHNUsA ¥ IpuOOpos. VlcmblTaHms rpyHTa C
IIOMOIIBIO CBall Ha CETOAHSIIHNII AeHb VMMEIOT 3HauMTeAbHOe IIPerMYyIecTso. BakHO ompeaeantsb
pasMep M THUII CBail, KOTOpBle OyAyT MCIIOAB30BAThCSI B (PyHAaMeHTe. MakcuMa/dbHas TIAyOMHa
IIOTPY>KEeHNsI CBall IIPOBepsIeTCsl C y4eTOM IIPOTHO3MPYeMOil Harpysku. B pabore mpeacraBaeHO
0OCy>KJeHIe TeXHUYECKUX OCOOeHHOCTell Ka’KJO0IO0 MeToja, OOOCHOBaHIEe BBLIOPAHHOIO peIeHNs.
AHaans ombITa ABASETCSI OYeHb Ba’KHBIM aCIIEKTOM, YCIIEIITHON peaAu3alliyl MeralipoeKTOB U1 HOBOTO
CTPOUTEABCTBA.

KaioueBble caoBa: ITOAeBble UCIBITAHMS, TPYHT, OCOOEHHOCTM, CBas, HeCyIas CIIOCOOHOCTS,
YCTPOMCTBO.
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