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Vicnoan3zosanne Big Data 1 Data Analytics
B MHTeAAeKTyaau3anyy MOHUTOPVHIA I MOAeAVPOBaHMsI
MeTeOpOAOIMIeCKIX CYICTeM

AnnoTanys. OcHo6HOI 1eAb10 0aHHOTE pabom bl A6ASLENICS CUCTEMHDILL AHAAUS COBPEMEHHO020
cocmostus  Mmonumoputea (yerei, G03MOXKHOCIEI, MeXHOA0ZUIL) Memeopor0ZULecKUx
JaHHbIX, 6 HACMIHOCMU, O00ALUUX OAHHBLIX, AHAAUMUKY (MATHUN2A) U ONEpaImueHo-
AHANUTHUMECKUX 6UTPUH OAHHBLX, UX UHPOPMAUUOHHBLX CPe306 (NMpoPuAeil), 0HMOA0ZUHECK020
npedcmasAeH s UHMeAAeKMyarbHotl no00epXKu NPUHAMUSL MeNeOPOAOZUMECKUX PeuleH .
Taicoke paccmonmpervl 30a4u MOOCAUPOSAHUS C UCHOADIOGAHUCM 6PEMEHHDLX PSI006 6 YCAOGUSX
ux sauymaennocmu (paccmampueaemcs. Aulb «0eAvlil», 2ayccos wym), KOHCOAUIAUUU
OAHHVIX U PeAAUSAUUY MOOeAeH YNPaAsAeHU JAHHVIMU U NPOULCCOM MeneopOr0ZULEeCK020
Monumopunza.  Vccaedosanue — ucnorvsyem — Memodvl  AHAAUSA,  0CKOMMNOSUL UL,
CUMYAYUOHH020 MOJCAUPOSAHUS, NAPAMEMPULECKOT UOCHMUPUKAUUYU, MAMEMATHULECKOTE
cmamucmuku, Kaaccuuayuu u puck-mexedxkmerma. OcHogHbIe pesyAbmamvl padomol:
1) anarumura MOHUMOPUH2ZA KAK CUCTHEMHOT UHGPACTPYKIYPbL «AKOCUCTEML>» C YJ1emnom
socmpedosarHoCu  UHGOpMAUUOHHVIX 00bexmos (mpexyposHesot OAs npocmombl);, 2)
MOJeAu 6biducAeHUl, oDecnevuéatoueli xpanenue, AHAAUS U A0ANMUEHOCTIL JAHHLIX 1O
npeomMemHoIM NOMpeOHOCTHAM, «HA Aemy», 3) CHpYKmMypHAs OHIMOAOZUHECKAS. CXeMa
npedcmasAeH s NPUHAMUS peulenus Ha 0CHO6e MOHUTHOPUH2A, A MAKXKe CO0MEem ey oulet
eil popmarvHo-mamemamureckas moderv. Iloayuentovie pesyrbmamvt 6 Npakmuueckom
MOHUMOPUHZE NO3G0AATN Peulamv Kax cAoxHuie sadawu (na 6ase Big Data), max u sadasamb
(oyenusamy) donycmumbvle 6 MOHUMOPUHZE PUCKU, CITPOUNTL AAZOPUMMbL UOeHMUPUKALUU
u npoepammol (nAanvl) 0e30MACH020, YNPAGASLEMO20 MOHUMOPUHZA 6 YCAOSUSLX HAOXO
0NpedereHHDLX, HeUemKux Cumyauui.

Karouesble caoBa: MOHUMOPUNZ UHMEAACKMYAALHYIIL 00AbULUE JaHHble;, AHAAUMUKA,
Memeopor0zULsL
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1. BBegeumne

MoHNUTOpUHT KAMMaTa, MeTeOpOAOTMYEeCKMX CUTyaI[uii He TOABKO CTaHOBUTCA 0Ooaee
AVHAMUWYHBIM, HO ¥ CAOXKHBIM, B CICTEMHOM ITOHMMAaHUI.

Tepmun «Big Data» (2008r., Nature) — mHTerpaAbHBI, CUCTEMHBIN TEPMUH, 00be AVHIOINIA
MHHOBAIIVIOHHBIe TEeXHOAOIMII IIpeAcTaBAeHMsl ¥ OOpabOTKM, aHaaAM3a CHABHO OOADBIINX
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MacCUBOB AaHHBIX Pa3HOI CTPYKTYPbI, Te0A0Kal M, XpPaHEeHIsI, KOTOpble paHee 00paboTaTh ObLA0O
HeBO3MOXHO [1]. C mpuBaeuyeHnemM cMapT(POHOB, KOMIILIOTEPOB, NPUAOXKEHNI, B pealbHOM
pexuMe u ¢ cobaogennem tpebosanuit «5V» (Volume, Varity, Velocity, Value, Veracity):

1) Volume — Goapmne MaccuBel, TpeOyIOIe COBePIIeHHBIX TeXHOAOTMI 00pabOTKY;

2) Variety — napaaaeabHas oOpabOOTKa AaHHBIX Pa3AMYHBIX IO popMaraM U crocobam
yIipaBaeHus (UCTOYHUKaM, Dazam);

3) Velocity — pocT ckopocTu akTyaau3saluy AQHHBIX B peaabHOM peXkuMe;

4) Value — HEOOX0AMMO M3BAEYD U3 AAHHBIX BCE IIEHHOCTY, I10A€3HbIe CBOIICTBA B HILX;

5) Veracity — cooTBeTCTBI€ AaHHBIX ¥ BLIBOAVIMBIX U3 HUX CBS3€IA.

B mereopoaorum Ttpebyercsi MoOmamsanus 3HaHUI [2], oOTMMM3anus MeTeOoAaHHBIX

(puc.1).

B PeidTUHT no chepam

®uHaHcosaa chepa

Puc.1. CpasuureansHnsii peiitusr Big Data mo crpanam CHI'

Big Data B MeTeopoaormyeckux cucremMax HO3BOASIOT McCCAej0BaTeAsIM COCPeAOTOUYMThH
BHIMaHIEe Ha JaHHBIX, TEXHOAOITLIX MX OOpaOOTKM M aHaaAm3a, B acTHocTy, Data Analytics,
Data Mining. Hannpumep, Weather Company (vacrrast komnanmws ot IBM) mpegaaraet csointe 26
MAH. e>KeJHEeBHBIX IIOTOAHBIX CeTeBBIX IIPOTHO30B VM MHCTPyMeHTapuii 0OOCHOBAHMS PelleHNI]
II0 IIOTOAe C AMYHBIX MeTeocTaHluit. Jdpyroit npumep — LlenTp ynpasaeHus Bo300HOBAsSEMOI
sHepruein (CEKOEP), mpesocrasasionuii pelleHUs B peaabHOIO yJadeHHOM peXlMme C
IIOMOIIBIO MUAAMOHOB eAMHUIL KAMMAaTUYeCKUX JaHHBIX, B BUAe 3 ThIC. Ipa(MKOB 3a IOA.

ObpaboTka MeTeOAaHHBIX MOTpeOyeT CPaBHUTEABHOTO aHaAmu3a — C peaAbHBIMU WAU
MHOTOAeTHUMH (Ce30HHBIMM) ITOKa3aTeAsIMI ITOToAbl. /A5 9TOr0 UCII0AB3YIOT YaCTO HeCAOKHbIe
pacueTsl, HaIIpUMep, TeMIepaTyphl, CIABI BeTpa, 0CaAKOB, X OTKAOHeHUI1. BpeMeHHBIM psasaM
AAHHBIX CBOJCTBEHHA 3alllyMAeHHOCTL («Oeablli, rayccop» IryMm). OH MellaeT KOHCOAMAAIIM
AAHHBIX —ITOMCKY KOppeAsIINii, IpoBepKe CTaTYCTUIECKUX TUITOTe3, ICKAIOYeHNIO N30 TOTHOCTI
u Ap.

BpeMeHHBble psigbl, OTPUABTPOBAHHBIE OT «IIyMOB» JAIOT IleHHYIO MHpopmamuio [3].
Ho »roro mnegocratouno, mpuxoautcsa npumensath API-cepsucor [4] Tuna Mereocepsuc.
py, OpenWeatherMap, WorldWeatherOnline n 0oaee rayOokmit aHaAM3 C ITOMOIIIBIO
¢perimopka ApacheHadoop 1 Ha ocroBe Big Data, Data Mining mnan HelipoHHOI cetu [5] u
ray0OKOTO MaInHHOro odyueHuns. Hampuwmep, cepsuc «fIngekc. Iloroga» Hayuna HeitpoceTs
IIPOTHO3MPOBaTh OCagKM Ha OCHOBe 0OydeHms ¢ mcrioan3osanueM Big Data Pocruapomera Ha
AECSTUMUHYTHBIN TOPM3OHT U CTPOUTDL KapThl ocagkos. Google nmpuMeHsieT pacrpeeaeHHYIO
00paboTKy Ha ocHOBe Big Data 1 kommnbioTepHbix Kaactepos MapReduce.
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Mcnoavsosarue Big Data u Data Analytics 6 unmereKmyarusayuy MOHUMOPUH2A U MOOCAUPOSAHUS. ..

B mocaeanee BpeMs MOHUTOPMHI METEOPOAOTMYECKMX CUTYaLUil MCIIOAb3YeT He TOABKO
Big Data, HO 1 ¢opmasnsanuy ommcaHuil, MpeAcTaBAeHNII AaHHBIX Ha OCHOBE OHTOAOTUII U
IIPeAMKTUBHYIO aHaAUTHUKY [6]. DTO He MPOCTO 4aHb COBPEMEHHBIM TeXHOAOIUAM, a TpeDoBaHMe
COBPEMEHHOTIO PUCK-MeHeAXXMeHTa, YIIPeXXAaloIIell 3alUThl OT aBapuii, Katactpod [7]. Tax, B
P® spdexrusHO ncnoansytor Big Data meTeopoaornyecknx ganupix Kopriopanun CoepOaHK,
l'asmpom-ned1n, CeBepcraan, Aspodaot, Pycarpo u ap.

Ob6pamenne x Big Data B MeTeopoaornu craao o0ObigeHHOCTBIO. ITosTOMYy B pabote MbI
IIPOBOAMM aKTyaAbHBIM CHUCTeMHBIN aHaAM3 U MCCAelyeM HEKOTOpBle MOoJAeAr, IOAXOABI K
IPUHATUAIO PelleHNnI B MeTeOPOAOTUY, B YaCTHOCTY, MOHUTOPVHTA.

2. MeToabl

B Hamem mnccaegosaHny ObLAY UCITOAB30BaHBI METOABI, CIIOCOOCTBYIOIIVIE MOAEAVPOBAHNIO
MeTeOpOAOTUYEeCKNX AAHHBIX, a MMEHHO: MeTOAbl aHaAln3a, AeKOMIIO3UILINY, CUTYaIlMIOHHOTO
MOJeANpOBaHNsA, IapaMeTpuueckoll uAeHTUUKaIUM, MaTeMaTUIecKoil  CTaTUCTUKI,
KAacc(pUKAIUN ¥ PUCK-MEeHeKMeHTa.

3. Pe3yabTaThl M 00CyKAeHIe

Peaansys riudposrie TpaHcpoOpManuy B MeTEOPOAOTH IIPUXOANTCs paboTats ¢ Big Data,
oubanorexkamu [8]. bes peaepaHTHOro aHaAMTUYECKOrO oOecHedYeHMs] HPUHATUS pelleHni,
MOAeANpOoBaHNs (HallpuMep, CUTYallMIOHHOTO, BU3yaAbHOIO) HEBO3MOXKHO ODOMTICH. DKCIIePTHI
UCIIOAB3YIOT pa3HOOOPa3HbBIN MHCTPYMEHTapuil Ha BCeX dTallax IMKAa aKTyaabHOCTU OM3Hec-
AAHHBIX.

AKTyaaudupyeMmble IIPU STOM JaHHbIe XPaHATCH, KakK IIPaBMAO, B TPaH3aKIMOHHBIX
OLTP-cucremax (On-Line Transaction Processing Systems) [9], a Taxke B (aiiaax ¥ BHEIITHIX
cucremax. OHU MOTYT OBITH U €CAa0O CTPYKTypUPOBaHbl, HEAOCTOBEPHDI, IIPOTUBOPEUMBLI, Oe3
1pea00pabOTKM.

Big Data B MeTeopoaornu gaet npeumyliecrsa:

1) ympoireHne MOHMTOPUHTA U €T0 ONePaTUBHLIN 3aI1yCK;

2) pOCT 1oab30BaTeAeN AaHHBIX, IIPUBACUYEHNE [1eAeBbIX KAVEHTOB;

3) yckopeHue B3aMOAEVICTBIUI C HOTpeOUTeAAMN, IIOCTaBIIMKaMM AaHHBIX;

4) MOBBIIIeHNE TeMIla B3aMOACVICTBUI U Ap.

Big Data mossoaser cos3gasaTh M IIMPOKO NCIOAL30BaTh MHpoduam IMorpedureser,
CHIXaTh U3AEPIKKM 110 00paboTKe JaHHBIX, a4allTUPOBaTh MOHUTOPUHT K CAOKHBIM YCAOBUSAM
(mampumep, COVID-19), caoxxHOoMy 000pyA0BaHHUIO.

Mogean ©0oapIINX, KOPIOPATUBHBIX XPaHUAUI] MeTeOPOAOTMYeCKMX AaHHBIX —
MHOTOMEpHBbIe, CAOXKHbIe IpPU paclpeseleHHON oOpabOTKe B y3adax KAacTepPOB JaHHBIX, B
IIOHMMaHNUM (BOCIIPUATUM) KOHTEKCTa AAaHHBIX, a TakXe B AMHAMMYECKOM HaCTPOVIKe II0Z
3agady, ocoOeHHO, mapaMmeTpudecky. HeoOXoauMpl BUTPUHBI 4aHHBIX, BHIYMCAEHIS B ITaMATH
(In-Memory Computing, IMC), «Ha aeTy», 1CII0Ab30BaHIEe acCOLIMAaTUBHLIX MOJeAel JaHHbIX,
IpeAuKaTUBHON aHaAUTUKN. VIX ncrioan3yem, ajgantupyem B JaHHON padore.

Big Data u onepamughvie sumpurol 0aHHbLX 6 MEMEOPOrOUL

[Toaxoa ¢ ucroap3oBaHUEM OIIEPATUBHBIX BUTPUH aKTyaAU3UPYEeMBIX MeTeOJaHHBIX
SABASETCA JacThlO KOHIENIUM OIlepaTMBHO-aHAAUTHMYeCKuX BUTpuH [10], HampaBaeHHOV Ha
AOCTYITHOCTh OOABIINX METeOPOAOTMYECKUX AAHHBIX ¥ MHOTUX MX MCTOYHMKOB I1OCPeACTBOM
CHIDKeHIU: 0ObeMa 1 CA0KHOCTU AaHHBIX. Harmpumep, ceegeHnem nx K BLIOOpKaM, IO3BOAAIONIM
11oAy4yaTth OAM3KUII K IIe1€BOMY, pe3yAbTaT B pesK1Me, 0AM3KOM K peaabHOMY.

Ecam  paccmaTpuBaTh  HEKOTOPHINT — MH(POPMAIMOHHBIN  OOBEKT,  OTpaskalOIuii
MeTeopoA0ornJyeckoe siBAeHue (MeTeonpoliecc), To A4s Heaell MHPOPMalMOHHO-A0TMYeCKOIo
(nH}OA0TIYECKOTO) MOAEANPOBAHILI MOKHO OIMPaThCsI Ha Tpod1an (Cpe3bl) 00beKTa, KOTOphIe
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IIpeACTaBMMBl B3aMIMOCBSI3aHHBIMIU TaOAMIlaMM (TeMaTUYeCKUMMM, OPUEeHTUPOBaHHBIMM Ha
HEKOTOPYIO Ipo0aeMy, IpyIIIly moab3osarteaeit). Takue TabAnIIbI 40AKHBI 001a4aTh CBOVICTBOM
MUHMMaAbHOM 4OCTaTOYHOCTH.

[={iyis.,i N=|I
Ilycts {iniz ”}, d DAeMEeHT O00beKTa, K KOTOpoMy Tpedyercs

OI‘IepaTI/IBHbIIZ AOCTYII A5 OI‘IpeAe/leHHOf/I I'PYIIIIBI METEOPOAOTMIECKIUX 3adaY, l'IOTpe6I/ITelleI7L

VMudopmaiiMoHHbIl  KaTaaor — pecypcoB K=l Iy), vi; € IE, rae h_ E

MHPOPMAIIMOHHBIN Pecypc, B KOTOPOM Ka>KABIiI j-bIII DAeMeHT Ji HPUHAAAEXKNUT OAHOMY U3

g 5
K4aCCOB — HOPpMAaTUBHO-CIIPpaBOYHOU I/IH(l)OpMaLU/II/I min npeaMeTHO-OpUEHTUPOBaHHBIX

JAQHHBIX
T = {ty.ty, . ty)
BocrpeOoBaHHOCTS (3aIIpOCHI) B1€MEHTOB PeCcypcoB B TeUeHNe Iiepuroja =

PasHBIX I'PYHII II0Ab30BaTeaell — pazandHa. YactoTy obpaliennii (3arpocos) K D4eMeHTaM

L
0003HaYUM fe( 1 j, OHa BbIYMcAsieMa (MaKCMMaAbHO) KakK:

f::nn.x = nll,@x[{fr-_ [:i_:l')""’ffg (I})}) t; € T, I1=12 ...k
f::ﬂﬂ.x

rae MaKCUMMyM 3HadeHMI (PYHKIIMII 9acTOT BOCTpeOOBaHHOCTM (3aIIpOCOB) K

uHQPOPMAIMOHHBIM pecypcaM, * ! — 4acTOThI 3aITPOCOB K pecypcy s repuoZ, b,
PamxmposaHmne II0 BOCTpeDOBAHHOCTM MOXKHO IIPOM3BOAUTH IO (POpMaan30BaHHOMY
MHAEKCY:
fa

f;]"l ax

Ilo ®»TOMy wMHAEKCY MOXHO (UABTPOBaTh JaHHble K, 3arpykaemble B oOIepaTUBHOE
XpaHUAUIIIe MeTeOAaHHBIX.
Ecan ompeaeanTh IIKaly BOCTpeOOBaHHOCTM 9AE€MEHTOB MH(OPMAaIIMOHHOIO KaTaaora

Wy = fw,
K { kl}, TO MO>KHO HOCTpOI/ITb MHO>KXeCTBa (KAaCCBI) BOCTPE6OBaHHOCTM DAEeMEHTOB

nHPOPMAIIMOHHBIX pecypcoB. Hampumep, «TpexkaaccoByio» — BbIicOKodacToTHON (B),
cpeanedacrotHont (C) m HwmskouactotHoit (H) BocrpeboBanHOCTH. DaemeHTH B-kaacca
BKAIOYAIOTCSl B OIlepaTUBHOE XpaHuAuIne scerda. DaemeHTsl C-Kaacca MOTYT OBITh BKAIOYEHbI
AUIITH TIPU AOCTATOYHO CBODOAHBIX pecypcax OllepaTUMBHOTIO XpaHmuAauiia. DaeMeHnTsl H-kaacca
He BKAIOYaIOTCs B OllepaTUBHOE XpaHUANIIe MeTeOoAaHHbIX.

Mogean OusHec-aHAAMTUKU MCIOAB3YIOT Pa3AMYHBIN amIapar, HO HaubOoJee YacTo —
aareOpamJeckmii, TeOpeTUKO-MHOXKecTBeHHbII [11]. Moaeap BBIYMCAEHMIT MO3BOASET
XpaHuUThL oOpabaThIBaeMble JaHHBIe B CaMO¥ orepaTuBHON mamATu [12], uto A4aéT Karouesble
IIperMyIIecTBa:

1) ympoleHne aHaam3a AaHHBIX (M3-3a COKpallleH!s YPOBHell CTPYKTYpUpPOBaHMs 4aHHBIX);

2) aganTUBHOCTh MoJeAu (M3-3a IOAKAIOYEHMs HOBBIX MCTOYHMKOB JaHHBIX COTr4acHO
TeKYIIIMM ITOTpeOHOCTSAM OM3Heca, «Ha AeTy»);

3) moBbIIIeHNe TOYHOCTH (M3-3a yMeHbIIIeHusl (pparMeHTalum AaHHBIX);

4) XpaHeHMe aKTUBHBIX CTPYKTYp AaHHBIX M 3aIllpOCOB B IamsATH, puapTpanus (M3-3a
OTCYTCTBUS HEOOXOAMMOCTY OXPaHATh IIPOMEXKYTOUHbIe pe3yAbTaThl Ha AVICKE).

ZI,ZI}I IIOCTPOEHNMSI BUTPUMH METEOPOAOIMIECKUX AaHHBIX A4S 3a4aHHOTO MHOXKeCTBa
B,.B,,..,B

W, =

MeTeOpOAOTMYeCKNX IPOIeccoB ™, BHavade WAEHTUPUIIUPYETCI KAACCHI
(nepapxumn) aTpuOyTOB CyIITHOCTEN, COOTBeTCTBYIOIINE ITIOTPeOHOCTAM CHUCTeMHBIX aHaAUTUKOB.
YpoBHM aeTaamsaniuy AaHHBIX OHpeAeAsIOTCs HpPeAMEeTHBIM aHaAUTUKOM, MeTeOpOA0IOM,
arpoTeXHMKOM UAM celicMoaoroM [13-14].
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B,i=12,..,n
,Z',/lf[ 6M3HEC-HPOHGCCOB CTpO}ITCH aHaATN4YeCKIe BUITPUHBDI:

1) omepaTuBHBIX MeTeOAaHHBIX (M3  MCTOYHUKOB, OIIEPaTMBHOIO  XpaHMUANIIA),
COOTBETCTBYIOIINX MeTeOIIPOIIecCoB;

2) arpermpoBaHHBIX AAHHBIX, COOTBETCTBYIOIINMX OOOOIIEHHBIM 3HaueHMSIM aTpuOyTOB
MHPOPMAIINOHHBIX OOBEKTOB;

3) MeTagaHHBIX, COOTBETCTBYIOIIMX WHAEKCHBIM CBs35IM COAEPKMMBIX OIlepaTUBHBIX
MeTeOPOAOTMIECKUX AAHHBIX 445 CBA3V AaHHBIX MEXKAY BUTPMHAMIL.

Slapo cucTeMbl onlepaTUBHO, «Ha AeTy» CTPOUT acCOIMaTUBHYIO MOJeAb, IlepecTpanBasl ee
aJalTMBHO, MHTEPaKTUBHO 3allpocaM II0Ab3OBaTeleli Oe3 Ilepe3arpysKy MCXOAHBIX JAaHHBIX.
Ecan HeoOx0A1MO, C TOMOIIIBIO YaCTUYHOM 403arpy3Ku (MHKpeMeHTUPOBaHMs) U TOAKAIOYeHNs
6ubanmorexn kaacca Open Source (MareMaTnKa, CTaTUCTUKA, HEIPO, BU3yaAU3alVs U AP.).

Asmomamusayus u ynpasaenue MOHUMOPUH20601i CUCTHEMOT

ApToMaTusanus, a 0Ooabllle, MHTeAAeKTyaAu3allMs MOHUTOPUHIA, IpuMeHeHue Big
Data mo3BOASIOT pemraTb HOBbIE ITPOOAEMBI MOHMTOPUHIA, CTPONUTH II0AAep>KUBAIOIIVe
MHTeAAEKTyaAbHbIe CYCTeMBI.

Karouessle moAcucTeMBI TaKOI CHICTEMBI OIIpeAeAseM CAeAYIOIIM 00pa3oM:

1) b/ (6asza aaHHBIX) MHQPOAOIMYECKMX 3alIpOCOB, BKAIOYAlOIas eAVMHNUYHbBIE U
ITOBTOPSIIOIINECS 3aIIPOCH IT0Ab30BaTeAeri, GpopMuUpyomas IpoQpuAan, IIAaHbl, CBI3Y, 3ajadn
MOHUTOPMHTIA ¥ 0OBEKTOB, CUTyaInii (CBoeoOpa3HOe «CeMaHTIUYecKoe sIApo» 3aIllpOCOB);

2) b3 (basa 3HaHMIT C DKCIIEPTHOI CIICTEMOI1) CLieHapleB (I11aHOB) MOHITOPHIA;

3) oubamoreka (MOAyAM, MHpPOIleAyphl, OIlepaTOpPHI), IO3BOASIONIAs pPeaan30BaTh
II1aH ¥ HOpOrpaMMy MOHMUTOPHMHIA C OTCAEXMBAaHMEM aBTOHOMHOCTU (MOAYABHOCTI),
IapaMeTpU3yeMOCTH, IIOAHOTHI (OTCYTCTBUs AyOAMpoBaHU:A) (PYHKIIMII-3a4ad, CIleHaples,
aJalTUBHOM YIIPaBAsSeMOCTM, yCTOMYMBOCTU (HaAeKHOCTU M KOPPEKTHOCTM JAHHBIX IIPU
HaAWYUA «IIIyMOB»), Pa3BMBaeMOCTI M pacIIUpPsIeMOCTH pelllaeMBbIX 3ajay;

4) nHrepdericHasl MOACUCTeMa (4MaA0Tr0OBasl peaaAn3anys ClieHapueB MOHUTOPHTA, UX
BU3yaAU3alul, pe4aKTMpOBaHILs);

5) AUCIIeTdep — IIOACUCTeMaA, AMHaMmdeckn (GOpMUpPYIOIIas, COTAacHO 3aIpocy U
ClIeHapMIO MOHUTOPMHTA [IeII0UKY U YIIpaBAsIOIias ee peaan3aljyeli, Kak B II0cAe/40BaTeAbHOM,
TakK I B IIapaleAbHOM pe>XXIMe;

6) OLIEHMBaHMS U MHTepIIPeTalun — 445 OLIeHKM YCIIeITHOCTU ¥ MHTepIpPeTUPYeMOCTH
pe3yAbTaTOB MOHUTOPMHIA.

MoHnuTopuHIOBBI Hpoljecc omnmpaercsa (kak B [15]), Ha OasoBble aAropuTMMUYecKue
CTPYKTYPBI ¥ «IIPUMUTHBEI» (aHAAOTY MaKpOCOB, GPYHKINII IT0Ab30BaTeAs).

HeomnpeseaeHHoCTy, MCTOUHMKM PUCKOB  SABASAIOTCA aTpuOyTaMM  KAMMATUIECKOTO
MOHUTOpMHTIA. /A5 OLIEHKM PUCKOB IIPUBAEKAIOTCA pa3dAUMYHBIe METOABI — DKCIEePTHBIN,
DBPUCTUYECKUI, CTaTUCTIYECKIIT, HEMPOCETEBON U AP.

PeryaspHpiii MOHMTOPMHI — AOpOrocrosimiasi mpouedypa. Ha mpaxkTuke mnpuMeHSIOT
MOHUTOPUHT BSIN30ANYECKUI, 1AaHOBBINA. IIOTOKM MeTeogaHHBIX ¥ MOHUTOPMHI IIO3BOASIOT
0XBaTUTDb U Bce pucku. Hanpumep, kaiouessle TeppUTOpHUaAbHbIe (peroHaAbHbIE) PUCKI:

1) obecrieueHHOCTH pecypcamu;

2) HeraTMBHOTIO BO3AEVICTBIS («IIIYMOB»);

3) moTepu ymnpapaseMocTu (ILAaHOBOTO Pa3BUTUS, CAMOOPTaHMU3aIUN);

4) VIKT-mogaep>KKu MOHUTOPMHTA U Ap.

A KaXkAOTO U3 PUCKOB TpeOyeTcs anpoOupoBaHHas IIpoliedypa OIleHUBaHUS PIUCK-
HaIlpsKeHHoOCTH (puc.2).
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Puc. 2. Cxema MIPUHATIA pellleHNs Ha OCHOBEe MOHUTOPIHIA

Hexoroprre mapamerpsl (IIOKasaTeAn) OPMEHTUPOBAaHbI Ha SKOHOMMKY MAM TEXHOAOTUN,
He ABASIOTCS 9(PQPEeKTUBHBIMU IIPU MHTEIpaAbHOI MeTeOpOAOTMYecKOoil OIleHKe CUCTEeMBI, ee
puckos. Heobxoamm aHaaM3 B3auMOAe I CTBII 4451 e AVTHOV CHICTeMBI, MeTOAVIKI MAeHTUPUKAIIUNI
IapaMeTpoB dBoAlonuu cucreMsbl. K TakuM mapaMerpaM OTHOCATCS, HalIpUMep, BpeMsl, TeMIl,
MOIITHOCTD, CKOPOCTB, €MKOCTb, 3aTPaThl-40XOAbI, IT0A€3HOCTh, 93 PeKTUBHOCTL, aJallTBHOCTD
u Ap.

AAs OLIeHKM YCTOMYMBOCTM METEOPOAOTMYECKOTO MOHUTOPMHIA MOSKHO BBeCTU HOBBLIE
olleHOuYHbIe (paKTOPHI, HaIpuMep, KOOPPUITNEeHT KaueCTBEHHOTO 00CAYXKIBaHS:

n

KZS!ZQESEJ
i=1

rAe S — pecypcHbIii, HarpuMep, 0ObeMHBIN MAY MH(POPMAaIIMOHHbIN IT0Ka3aTeAb pasBUTI
5.
i .
MHQPPaCTPYKTYPEI, — QaHaJAOTMYHEIN IIOKa3aTeAb II0 WHQPPACTPYKTYPHOMY DAE€MEHTY

(HarpuMep, permoHaAbHOMY), 1 — KOAMYECTBO DA€MEHTOB (I1I0ACUCTeM) CUCTEeMBI, % _ pecosoii
KO9(PPUITNEHT, OTpa’kalolNii, B YaCTHOCTU PeTMOHAaAbHYIO OOeCITedeHHOCTh (Ba’KHOCTD)
daxkropa 1.

B g posom obO1iecTse, 0CHOBAaHHOM Ha MHTEAAEKTYaAbHOCTI U 3HAHMSX, 4451 aKTyaAU3al
3HaHUII IpUMeHseTcss pOPMaAbHbBIN KOTHUTUBHBIN MHCTPYMeHTapuii — Teopust oHToAornu [16],
¢perimosas Mogean 3HaHuit [17].

BakHO I10AHOCTBIO, peaeBaHTHO QopMaan3oBaTh U UAEHTUPUIIMPOBATh 004acTh
U3MEHEeHUI MeTeOPOAOTHYeCKMX IlapaMeTpOB, OCOOEHHO, 004acTu PUCKOB. 34eCh I1OAE3HO
IIpPUMEHEeHe OHTOAOTMIL, OHTOAOTMYECKOIO IPeACTaBAEHMS CHCTEMHBIX ITPOLIeCCOB, CpeAbl,
0COOEeHHO, pUCK-CUTYaIINIA.
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Ha puc. 3 T1moka3aH npuMmep OHTOAOTMYECKOIOo IIpeACTaBAC€HNs CUTyalllIOHHOIO
MOHUTOPMHIA.

[Tman [Tporpanmia ObmacTe [ToET op AEMOCTE
OAEewT JeACTENE W CIoEHE OrpamiaeHie

Pwuc.3. HpI/IMep OHTOAOTMYECKOTO IIpeACTaBA€HUsI CUTYyallMIOHHOTO MOHUTOPMHTIa

ABTOMaTH3allMs MOHUTOPMHIA, a Aydllle, — €ro MHTeAAeKTyaamusauus (B cMbIcAe
CHUCTEMHOJ IOAAEP>KKM MCKYCCTBEHHOIO MHTeAAeKTa) IOTpeOyeT MCIIOAb30BAaHMs HOBBIX,
seicokux VIKT 1 Hekaaccuuecknx nHpoa0rndyecknx cucreM. J0AKHbBI OBITh YITEHBI ITapaMeTphI
MeTeOPOAOIMIECKIX AaHHBIX, MTH(POPMaLVIOHHBIX IIOTOKOB (TUIIBI MICTOYHIKOB, 40CTOBEPHOCTS,
3HaYMMOCTD, PUABTPALINIO CTPYKTYPUPOBAHHOCTD U Ap.).

OHTOZ0TMII TOMOIalOT B B®TOM — CO34al0T CUCTEMHOe IIpejcTaBAeHNe IIpesMeTHO-
OPMEeHTUPOBAaHHBIX 3HAHMUI, IIOMOTAIOT OIIMCBIBATh CCTEMHbBIe MOA@AM, IIPOLIeCCHl ¥ CTPYKTYPBI,
ceMaHTM4YecKNe CBI3M A4Sl II0CAeAYIOIero OTOOpaskeHMsl MX Ha IIpeJMeTHYIO 004acTs,
Hampumep, ceiicMoaoruio [18] mam mHyio nmpeaMeTHYIO 004acThb C Y4eTOM IPOCTPaHCTBEHHBIX
n3menenu [19].

Ectp eme u wuHTerpupyiomas CIOCOOHOCTb OHTOAOTMA-OPMEHTUMPOBAHHOTO II0AXO0Aa,
MHTeAAeKTyaAbHOTO MOHUTOPMHIA M MHTEPaKTMBHOTO aHaAM3a MeTeOpPOAOTMYeCKUX AaHHBIX,
3aKAIOYalomiasAcs B YCUAEHUM MeXAUCIIUIIAMHAPHBIX B3aMMOCBs3ell (0COOeHHO, OOpaTHBIX)
nccaegosareseii. Ha ocHOBe mMccaesOBaHMS TaKUX CBA3EN peaAn3yeMbl YHU(UINPOBAHHEIE
MHTeAAeKTyaAbHble I11aTGOPMBI AAs peaau3alyt TeXHOAOIMM TIMOKOTO, MHTepaKTUBHOIO
aHaAM3aaHHBIXMeTeOPOA0TNIeCKOro MOHUTOpIHTa. OHIIIO3BOASIOT, «BOIIPEKI» KAACCUIeCKIIM
aATOPUTMMUYECKMM HpPMHIMIIAM I CBOJCTBAM aATrOPUTMOB, Ha HpoOllelypHOM YpOBHe
aHAAM3MPOBaTh CUCTEMHO-MH(OPMAIINOHHLIE CBsA3U. Hampumep, Kak B IIporpaMMUpOBaHUN
«Ha AeTy», IIOTOKOBOM, DKCTpeMaAbHOM. DTO OTKpPBIBaeT IyTM peaAn3aliyii HOBLIX KAacCOB
MOHUTOPMHTIA CAOXKHBIX 3a4a4 COBPeMeHHOI MeTeOpOAOTUL.

B xaaccudeckyio cxeMy OTHOIIEHUII IIPU pellleHNUN 3a4aull IoAAep>KKI pacipeseleHHOTO
MOHUTOPMHIA BlJa: «KOHEYHBIVI MO0Ab30BaTe€Ab — MeETeOpOAOormdecKas cucTeMa — BDKCIepT
(MeTeopo0r, aHaAUTHK AaHHBIX)» COBpeMeHHbIe TeXHOAOTUM U TpeOOBaHMs BHOCIT U3MEHEeHN 1.

PaccmoTpuM cxeMy TuIla «KOHEUHBII [10Ab30BaTeADb — DKCIIepTHAs (pelaomias) CICTeMar.

Brigeanm ABa TuIIa 3HaHNI — 3HAHUS O MeTeOPOAOTrnIeckoM oobekTe O 1 3HAaHU S CUCTEeMHBIe

O=<Q, R, P, F>, S=<A/ K; M/ D>/
rae:

1) Q={Q1. Q2. @} _ COBOKYIIHOCTb  CIeMaAM3alluil  paccMaTpuBaeMOTO
MeTeopoaormdeckoro oovekra O;

2) R={Ry;,Ryp .. Ry} _ COBOKYIIHOCTh ~OMHapHBIX OTHOIIEHUI C APYIUMU
MeTeopOAOrMIeCKUMI OObeKTaMu;
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3) P = £P 1 P2 e P!'z} — COBOKYIIHOCTb Pa3HOPOAHBIX CBOWICTB O;

4) @ = Py Pys Py} € P,

5) F — COBOKYIIHOCTb IIpaBUA BbIBOAA (MHTepIIpeTallMi) C KOTOPBIMU CBJ3aHBI METOABI
(aaroputmsl) ngeHTUPUKALTUN 1 OLIeHKN IIpu3Hakos O;

6) A= {Al’}lf’ ""Am}

7) K={Kp.Kp.K;.} _ 3HaHIA O CpeACTBax, cpeax B3alIMOJENCTBUs (OCOOeHHO, IIpu
BBIOOpe KOHKPETHOIO aATOPUTMa) C KOHEUHBIM I101b30BaTeAeM;

8) M= {My, Mz .. Mi} _ spamus o MeTogax (aaropmurmax) IpeoOpa3oBaHIs AaHHBIX
COr4aCHO aKTyaAbHOJ AOTUKE LIeIIOYKM 00pabOTKM MeTeOpOAOTUYeCKIX AaHHBIX;

9 D= {Dy Dy . Da}spanmso 1peoOpa3yeMBbIX JaHHBIX (MOAEAIX AaHHBIX), BYaCTHOCTI

CITyTHMKOBBIX, IIOABepraeMbIX COOTBETCTBYIOIIeMy ITpeoOpa3osaHuio (serisaet, Pypne u Ap.).

Vcrioan3ytorcss HaOOp aJeKBaTHBIX MHCTPYMEHTOB, HaIlpMMep, OHTOAOTUM, rpadoBbre
CTPYKTYphI OOBeKTOB, BeO-uHTepdelic, DKCIOPT AaHHBIX B 0asel (MySQL) n apyrue cpeactsa
CUTYaIIMOHHOTO MOJeAMPOBaHM: IIO 3alpocaM I10Ab30BaTeAeil ¥ 3ajaHHBIM CIIeHapVsIM
MeTeOpOA0rMIeCcKOr0 MOHUTOPMHIA.

ITpuMep OHTOAOIMYECKOTO IpeACTaBAe€HUs CUTYallIOHHOTO MOHMTOPMHTIA IIpeACTaBAeH B
cTaThe, Aalee AaAMM KpaTKoe OIlycaHye OAHOMY U3 BhIIIellepedncAeHHBIX HaDOPpOB aleKBaTHBIX
MHCTPYMeHTOB. Tak, HallpuMep, M3BECTHO, YTO AAs KOMILAEKCHOTO VCITOAB30BaHM OOABIIIX
HabOOpPOB METEOPOAOIMIECKMX AAHHBIX HEOOXOAUMO CO34aTh paclpeleleHHYIO IIpOorpaMMHYIO
MHQPPACTPYKTYpPy, OCHOBaHHYIO Ha WHQPaCTPyKType IpPOCTpaHCTBeHHBIX JaHHBIX (MI1A)
[20]. Teomopraa MHQPACTPYKTYphl IPOCTPAHCTBEHHBIX JaHHBIX IIpeAcTaBAseT coOOIl, IO
MHEHUMIO YyYeHBIX, eAMHYIO TOYKy BXOJa, IIpeAroAaramolyio (yHKINOHAaABHOCTU IIOVICKA
reorpadpuueckux MHPOPMAIMOHHBIX PecypcoB, BBIOOPKM JAaHHBIX, COTAACHO 3aJaHHBIM
napamMeTpaM (PpyHKIIMOHaAbHOCTD 4OCTYIIa K AQHHBIM), a TaK>Ke 00paboTKM 11 KapTorpadpraecKoit
BU3yaAU3alluN B BUAe COOTBETCTBYIOIINX CePBICOB U KAMEHTCKMX ITpuAoKeHuit [21].

Ha aAaHHBII MOMEHT CUMTaeTCs, 4TO pazpaboTKa KAMEHTCKUX IIPUAOXKEHNIT KaK 1eMeHTOB
TaKOM MHPPaCTPYKTYPhI A40AKHA BBIITOAHATBCS C CIOAb30BaHNeM coBpeMeHHbIX BeO- n I'TIC-
TexHoaoruit [22]. B coorserctsum ¢ TpebosanuaMu aupektusbl, INSPIRE x Busyaamsarum
IIPOCTPaHCTBEHHBIX AaHHBIX, TPUAOXKEeHIe 40AKHO oOecriednBaTh 0a30ByI0 (PYHKIIMOHAABHOCTD
crangaptHoi I'VIC, BeIpaskaloniyiocs B IpOCMOTpPe AaHHBIX, IIPOKPYTKe, MacIITaOMpOBaHUU I
Ha/A0KeH!M rpapuuecKnx CA0€B, a TakKe B OTOOpa>keH!! COOTBeTCTBYIOIINX MeTaaHHBIX.

Vcxoas M3 DTOrO OTMETHUM, YTO Ha CErOAHs CYIeCTByeT HeCKOABKO MH(OPMaIVIOHHBIX
CIICTeM M CepBUCOB, MPeJOCTaBASIONINX TO0400HYI0 (PyHKIMOHaAbHOCTH. Cucrema GeoBrain
Online Analysis System (GeOnAS) nnpegocrasasieT 4OCTYII K A@aHHBIM CITy THKOBBIX HAOAI0A€HUIL
(NASA, USGS) uepes cepsucst Open Geospatial Consortium (OGC, http://www.opengeospatial.
org), nocrpoeHHsle Ha 6ase 110 c otkpsrTeiM KO40M GRASS GIS, 1 ocHamena sed-uHTEpdericoMm,
ocHoBaHHBIM Ha 6ubamoreke DHTMLX (http://dhtmlx.com).

Cepsuc ncWMS [23] - s10 peaamsanms cepsuca OGC Web Map Service (WMS) aas
reoIpOCTPAaHCTBEHHBIX HaOOPOB JAaHHBIX, ITpeacTaBAeHHBIX B ¢popmare netCDFE. On axTusHO
UICIIOAB3YeTCs AAs BU3yaAU3ali AaHHBIX B paMKax reortopraaos VIT/, Ho, K coxxaaeHMIo, c1a0bo
noaaep>xusaetcs crangaptaeivMu I'TIC. ITopraa Unidata THREDDS (http://www.unidata.ucar.
edu/software/thredds/current/tds/TDS.html) mpesocrasaser 40CTynn K reonpocTpaHCTBEHHBIM
AanHHbIM 1 MeTagaHHbIM 110 OPENDAP, OGC WMS 11 OGC Web Coverage Service (WCS). Otot
IIPOAYKT TaK>Ke IT0AJep>KIBaeT BBIOOPKY 4aHHBIX C MCII0Ab30BaHeM NncWMS a4 Busyaansanum
pesyabpTratoB. OTKpbITas pacrupegeaéHHas apxutekrypa Boundless / OpenGeo mmpoko
UICIIOAB3YeTCs AA5 Pa3padOTKM CAOKHBIX TeOMH(POPMaIIVIOHHBIX ITpnAo>KeHnii [24]. Ona cocronT
13 TPEX YpOBHell (4aHHbIe, CepBep MPUAOKEHNI 1 Tpadpuiecknit MHTepdeiic) 1 onmrpaeTcs Ha
caeayioree otkpsitoe ITO: TTO Geoserver n Geowebcache (http://geoserver.org), peaausyioriee
cepsucet OGC WMS, WES, Web Processing Service (WPS); JavaScript-onbanorexky OpenLayers
(http://openlayers.org), koTopas obeciiednsaeT 6a30ByIO (PYHKIIMOHAABHOCTh «TOHKOTO» BeO-

— 3HaHMsA 00 aAropUTMax 06pabOTKM JaHHBIX;
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I'MIC xanenra; JavaScript-6uoanorexy GeoExt / Ext]S library [25] Aas1 pa3paOoTKy KAMEHTCKIX
BeO-IIPUAOKEHNII C MHTYUTUBHO IIOHATHBIM TpapUyeckuM WHTepPericoM I10Ab30BaTeAs.
PaccMoTpenHble TOAX0ABI HaMM OBLAM IIPMMEHEHLI B pa3paboTKe cxeMbl XpaHeH!s 00ABIINIX
MeTeOpPOAOIMIeCKIX AAaHHBIX, CO3JaHNny Oasa MeTajaHHBIX, a TakKe rpadudeckoro Be0-ITIC
KAUEHT-II0Ab30BaTeAs.

4. BeiBOABI

CucreMHBINI TI0AXO4 K MOHUTOPMHIOBBIM MCCA@AOBAaHMSAM B METEOPOAOTUI HEoOXOAUM
He TOALKO AAsl pellleHNs MpaKTUIecKux IIpodaeM, HO U AAs CO34aHNUs METOAUK, IIPUHIIUIIOB
9(PEeKTUBHOTO M MHTEAAEKTyaAbHOTO MOHUTOPMHIA, MOAAIONIUXCS OLIEHMBAHMIO (ayauTy)
3apaHee, allpyOpPU, A4S ILAaHUPOBAHNSL.

Maentnduxaims MeTreopoa0ornueckux cCoObI I (0cOO@HHO, PUCKOB) 405KHa OCHOBBIBATLCS
Ha AOCTOBEPHBIX JaHHBIX, aHAAUTHYECKNX Iporeaypax. 34eck 0es Big Data (Data Analytics)
u pa3pabOTKM MaTeMaTUJYecKOll U aHaAUTUYIECKON IOAAepPKKM 9S(PQPeKTUBHO pelaTh
MeTeopOAOoIMYecKe 3a4aul B peaabHOM pexxmume He oOontuce. Ilonagoburcs Data Mining n
pacrpegeaenHas oOpaboTka («obaaka», «TyMaHbI»). BO3MOXXHOCTD ccae40BaHS «TAyOMHHBIX»,
He AeXKaIllMIX Ha MOBePXHOCTM MeTeOPOAOTMYEeCKUX AAHHBIX, ceTell ycmausaloT Data Mining,
Social Mining, BI u a4p. Han6oaee nHrepecHsle mpoIieccsl M OTKAUKIU CpeAbl B 1CCAe0BaHUAX
MO>KHO aHaAM3MPOBaTh, 3Hasl AUIIb MECTO, BpeMs U UMITyAbC OTKAMKA, YIIPaBASA aKTUBHOCTBIO
B Cpeje, ®BOAIOLIMOHHBIM IIOTEHI[MAaA0M cUCTeMbl. /a5 9Toro noTpedyioTcs MHEPOAOrnIeckoe
U MOPOTrpaMMHO-TeXHOAOTHMYeCcKoe oOecIiedyeHne, COOTBETCTBYIOIINe MeXAUCIUILAMHAPHbIe
MOJeAl, CUTyallMOHHOe MogeAupoBaHue, »(PQeKTUBHBIN AOCTYIl K pacHpejeleHHBIM WU
PasHOPOAHBIM AAaHHBIM OT Pa3AMYHBIX KAACCOB MICTOYHUKOB.

Heobxoaumer nudppacTpyKkrypa U cepBuc, IIO3B0ASIONIEe He TOABKO aKTyaAu31poBaTh, HO
1 00O0O0IaTh, CUCTEeMaTU3UpPOBaTh JaHHBIe, (GOPMUPYST OHTOAOTUYECKYIO MOJeAb ITPOIeCcCOB,
CUTyallMil ¥ MX OTHOLIeHMI. VIHTerpmpoBaHHas MHTeAAEKTyaAbHas CHCTeMa MOHUTOPMHIA
IIO3BOAUT aKTyaAU3UPOBaTh He TOABKO TeKyIue MeTeoJaHHble (HallpuMep, CIIyTHUKOBEIE), HO
n Big Data.

Ham nmoaxoa u npeaao>keHHBIe MOAEAM UCIIOAB3YeMBl A4Sl CUTYallMIOHHOTO (ILAaHOBOTO,
IIpOrpaMMMPYeMOIo) MOHUTOPYMHIA C MUHMMM3aLIell PUCKOB U BLIOOPOM IpHUeMAeMOi PUCK-
TpaeKTOpUM, MO3BOASIONIENl ONTUMM3MPOBATh, IepepacnpejeaiaTh pecypchl. BosmoskHoCTH
Big Data 103B0OASIOT HPOM3BOAUTL TIAYOOKMIT CTaTUCTUKO-aHAAUTUYECKUII MOHUTOPMHI,
I0AAep>KMBaeMbIll JaHHBIMU U aATOPUTMaMIA.

Big Data wundpacrpykrypa - ¢akTop NpeoAoAeHus «pa3pblBOB» B ITPOBOAVIMBIX
MOHMTOPUHIOBBIX 1CCAeA0BaHMII B 9110Xy Big Data. TakoB 9BOAIOLMIOHHEII ITPOIIeCC.
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MeTeopoaOIusIAbIK XyledepAiH MOHUTOPVHILI MeH MOJAeAbJAeYiH 3UATKEPAiK eTyae
Big Data xone Data Analytics koagany

H.H.Tamaros!, M.E.OnrimoBa?
12 1.H.I'ymunres amoindazor Eypasus yammuorx yrueepcumemi, Hyp-Cyaman, Kasaxcman
E-mail: "tash.nur@mail.ru, >moldir_kksu@mail.ru

Angaartna. By >KyMBICTBIH Herisri MakcaThl MET€OPOAOTUAALIK AepPeKTepAiH, aTall aliTkaH4a, yAKeH
JAepeKTepaiH, aHaAUTHKaHBIH (MalHUHITI) >KoHe OIlepaTMBTi-aHAAUTUKAABIK JepeKTepaiH, oaapAblH
aKIapaTThIK KeciHAizepiHiH (IpodnabaepiHiH) MOHUTOPMHIIHIH aFbIMJAFbl >KardaliblH (MakcaTTaphl,
MYMKIHAiKTepi, TeXHOAOTMsAaphl) >Kyledi >KoHe MeTeOpOAOIVSABIK IIemimaepAdi KaOblagay VIIiH
UMHTeAAEKTYaAAbl KOAAAyAbIH OHTOAOTUAABIK KOpPiHiCiH Taagay 00AbIl TaOblaagbl. YaKbIT KaTapAapbiH
0/AapAbIH ITyABLABIFEI JKaFJaibiHAA (TeK «ak», Taycc IMybladaphl KapacThIpblaaabl), AepeKTepai Oipikripy
JKoHe gepeKTepibacKkapyMoAeAbjepiHeHrisy )KoHe MeTeOPOAOIVIABIK MOHUTOPUHT Y AePiciHie MoAeabaey
Maceeaepi KapacTelpblaabl. 3epTTeyde Talaay, AeKOMIIO3UIIN, CUTYal[UsABIK MOAeAbAeY, TapaMeTpAiK
ColIKeCTeHAipy, MaTeMaTMKaAbIK CTAaTICTUKA, KAaccuUKaLVsl >KoHe Toayekeadepai Oackapy ogicrepi
KO0AAaHblaaabl. JKyMBICTBIH Herisri HoTyKeaepi: 1) akmapaTThIK OObeKTidepre CypaHbICTHI eCKepe OTHIPHIIL,
«DKOXKYIeHIH» >Xyleaik MHPpPaKypBHLABIMEL peTiHJe aHaAUTMKAa MOHMUTOPUHIL (KaparalibIMABLIABIFEI
YIIiH YII AeHrelii); 2) AepeKTepAiH caKTaAyblH, TadJayblH >KoHe CyObeKTiHIiH Ka’kKeTTidiKTepiHe calikec
GeriiMaeayiH KaMTaMacbl3 €TeTiH ecenTey ModeAdi, «XYMBIC YCTiHAe»; 3) MOHUTOPVHI HeTisiHAe IIerriM
KabblA4ayABl YCBIHYABIH KYPBIABIMABIK OHTOAOTMAABIK CXeMachl, COHJali-aK OFaH colikec (popmMaaibl
MaTeMaTUKaAbIK MoJeab. Toxipubeaik MOHUTOPMHITE aAbIHFaH HOTIDKeAep KypAeai Maceaeaepai ae
(yaxen aepextep Big Data nerisinge) memryre ge, MOHUTOPHMHITE KOJalAbl ToyeKeaAJepAi OpHaTyFa
(baraaayra), Hamrap >kardarida Kayircis, 6aKbl1aHaTBIH MOHUTOPMHT YIIiH COIKECTEHAIPY aATOpUTMAepi
MeH OaFjapAaMadapblH (KOCIapAaphiH) KYpy¥Fa aHBIKTaAFaH, aHBIK eMec KaFjalidapaa MYMKiHAiK Oepeai.

Tyi1iH ce3aep: MOHUTOPUHT; MHTEAAEKTyaAAbl; YAKEH JepeKTep; aHaAUTUKa; MEeTeOpOA0TIs
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Using Big Data and Data Analytics to intelligently monitor and model meteorological
systems

N.N.Tashatov!, M.E.Ashimova?
12 L.N.Gumilyov Eurasian National university, Nur-Sultan, Kazakhstan
E-mail: "tash.nur@mail.ru, >moldir_kksu@mail.ru

Annotation. The main purpose of this work is a systematic analysis of the modern state of monitoring
(goals, capabilities, technologies) of meteorological data, in particular, big data, analytics (mining) and
operational-analytical data storefronts, their information sections (profiles), ontological representation of
intellectual support for meteorological decision making. The tasks of modeling using time series in conditions
of their noisiness (only “white,” Gaussian noise is considered), data consolidation and implementation
of data management models and meteorological monitoring process are also considered. The study
uses methods of analysis, decomposition, situational modeling, parametric identification, mathematical
statistics, classification and risk management. The main results of the work: 1) monitoring analytics as a
system infrastructure of the “ecosystem,” taking into account the demand for information objects (three-
level for simplicity); 2) a model of calculations that ensures the storage, analysis and adaptability of data
according to subject needs, “on the fly”; 3) a structural ontological diagram of the presentation of decision
making based on monitoring, as well as a formal mathematical model corresponding to it. The obtained
results in practical monitoring will allow you to solve both complex tasks (based on Big Data), and set
(evaluate) the risks allowed in monitoring, build identification algorithms and programs (plans) for safe,
controlled monitoring in conditions of poorly defined, fuzzy situations.

Keywords: monitoring; intelligent; big data; analytics; meteorology
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Epekme XyKkTepai TacbiMaajay¥a apHaAfaH KyObIPABI TacMaabl
KOHBellepaepai 3epTTey Maceaeci

Anpatna. Maxarada KyOvipAbl macnarvt Koweeiepdi, mapmy opzanbiiiazbl KAAnbl
KAPCHIALIK  KYULL JKekeAezen yuackerepoezi KApCcolAblk KYuimepin ecenmey adicmeueci
Kapacmuipoiazan. Tyl mapmy aAemenmi mypaxmol mypde Hemece KUCLIK Cbl3blkHIbl
omkerdepmert  Oip-0ipimer OaiAaHbICAMbIN  MY3Y CLI3bIKMbL  Yuackerepde  Mep3imoi
AAAAMANAPMEH K032AAA0DL.

Kapacmuvipviavin omoipear ky0vipAv macnaavi koeetiepdir, KOHCMpPYKUULCHL, KOAIAHLICMAZbL
KYPUALIMOApOa — AubIpMAULLIADGIZDL, — CYCOLMAALL  XKYKmepdi  macbiMarday — KeAiCiHin
nepumempi 00UbIHIAA OPHANACKAH MIPEK KYPLIAZLIAAPLIHBLH, APKACOIHOA MACHAHVIH KaA0blK
Hayacvimen Karvinmacadol. KonsetiepAix koAikmit, 0acmvl apmolkuibiAbieol - Ka00vl Kbl
KYMUICOIH AGMOMAMMARIVIPY APKOIALL KOA KemKisiAemin erdex oHIMOIAIZIHIH XKo2apbl
Jerzeiti xaHe memer eHdipicmix urvizvindap exendizi anvikmardvl. Oaapea max npooremarap-
MACHIMAADAHAMVIN KYKMI  ycakmay Kaxemminizi, omneAi yuackerepdi Jar mexcepy,
skemexmepdi yiirecmipy xKame keildip Oacmankbl Jusaiin Xa0auAapuit eckepe Omvipuin,
Kymuic bapuictinda oHail pemmeremin K032arvicmapobl CUHXPOHOAY.

Tyiis cesaep: xykmepdi macoimarday, Koneetiep, KyObipAbl MACHAAbLL KOHEeTep, POAUKMI

mipexmep, KYpulALMObIK NApamMenpaep, KAPCOIAbIK KYuimepi.

DOI: doi.org/10.32523/2616-7263-2023-145-4-23-30

1. Kipicme

Kasipri yakpiTTa KyOBIpABI TacIIaAbl KOHBelepaep, 9p TYpAi HaligaaaHy >KoHe KYPBLABIMADIK
napameTrpaepi Oap, caH aadyaH TypAeri KeaeMAi THIFBI3ABIKTAFbl >KoHe TI'PaHyAOMeTPUIABIK
KypaMJarbl KYKTepAl TypAai KaIIBIKTBIKKA Taclla KO3FaABICBIHBIH >KblAJaMABIFBIMEH
TacbIMaAAail OTBIPBIII, DKOAOTUAABIK 3MAHADI JKYKTepAl TackiMaA/ay YIIIiH KeIlTereH cadadapaa
KeHiHeH K0AjaHblaa alaabl, A9CTYPAl TacaAbl KOHBellepAep Tay-KeH, Tay-KeH MeTaAAypPIUsCH,
XMMUSI ©HepKaciOiHAe KeHiHeH KOAJaHBLAATBIHBI Oeariai >koHe Oacka caaaaapda. Oaap
AVI3alIHHBIH KapallalibIMABLABIFBIMEH, JKYMBICTA CeHIMAiiriMeH, >JKOoraphl eHOeK Kayilicizgirimex
epekiedeHeai. bya koHseliepaep Iaxradapaa, paspesjepae >KoHe Tay-KeH KellleHAepiHJe
Y34iKCi3 TachIMaaAjayAblH HeTisri KypaAadapbIHblH Oipi 604b1 TaOblaaabl. JacTypai AM3aiitHAaFbl
TacrnaAbl KOHBeliepAepAiH MaHbI3Abl KeMIIIiAiri: AeHTajarbl TachIMaAAaHaThIH JKYKTiH KOpIIaraH
opTaMeH TiKeJell e3apa apeKeTTecyi, ald OHBIH IaH OacKaH >KYKIIeH YHeMi JacTaHybl OpbIH
aaaApbl, aa XXYKTiH ©31 CBIPTKBI acepaepre YIIblpaiabl [2].

Kopiiaran opranbl Kopray >kKeHiHJeri IapadapAbl KaOblajay >KyKTepAi TachbiMaajayAblH
repMeTHKaABIK XKaOBIK ToCiA4epiHiH KyOBIpAbI Taciaabl KOHBellepAepiHiH 4aMybIHa BIKITaA eTel,
oaapabIH Oipi KyObpipanl Tactiaanl KoHseltepai (KTK) nmaiigasany xesinge >ky3sere achIpblaajpl.
Herisinge KyOBIpAbI KOHBellep KoAiMTIi TacIlaabl KOHBellepAiH >KeTiaaipiareH HYCKachl OOABIIT
TaOblAaAbl, MYHJAA KOHBellep Tacllachl KeAJeHeH KlIMaga KYObIp Topisai mimriHAl KaOblagait
OTBIPBII, TYPaKTHI IIeHOePpAiH KOHTYPBIH KYPailThIH €Till OpHaTBLAFaH.
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Tacransiy ceprimaiairine OailAaHBICTHI OHBIH IIeTTepi KaOarTacklr, Oip-OipiHe MBIKTaIl
Oacplaaapl. Kuekrepai OipikTipyaiH yAKeH TBIFBI3ABIFRI KOpIaraH OpPTaHBI JdacTaHyJaH
(Teriaysen Hemece IIaHHaH), aa JXYKTi TaOuru ¢akropaapAblH dcepiHeH: KeaJeH HeMmece
>KayblH— IIaIIbIHHAH KOPFaliAbl.

JKetek, kepHey xoHe KalTapy OapabaHAapbIHBIH aAAblHAa KYOBIp allblABII, Tacla Teric
Kertek, kepHey XoHe KaliTapy ODapabaHAapbIHBIH aa4blHAA KYOBIP allIbLABIIL, TAcIla Teric MiliHAl
aAbIll, OJdapAbl epKiH aliHaabill oTeai. Konpeitepain TOABIK >KaObLAyBI KYKTiH >KYKTepaeH
TapaAybIHa JKoHe KallTapblAaThiH OyTaKTapAaH alibIpblAybIHA 5K0A OepMeliai, O TKeHi TacIlaHbIH
TeK Ta3a >Karbl POAMKTI TipeKTepMeH >KaHacaabl. JKaObIK >Kyite KOpIlaraH OpTara 9KOAOTUAABIK
JKapaMABILABIKTEL JKoHe YII O©AIIeMAl KeHiCTiKTe KMCBIKTaphl Oap >K0A4bl OpHATY MYMKIiHAITiH
KaMTaMachl3 eTedi, COHAali-aK 9pTypAi KeaeMai caaMaKTarbl, bLAFaaAblAbIKTaFbl, 00 AIIeKTepAiH
eAlleMAepiHAeri XXyKTepAiH ceHiMAl TacbIMaJ4aHybIHa KelliaAik Oepeai.

KyOripra KaabmTackaH KOHBeliep TacIlaChIHBIH KacMeTi YIII eAlleMAi KeHiCTikTe miayre
MYMKIHAIK Oepegi, KOChIMIIA KYIO CTaHUMAAAPBIHCBI3 Y34iKCi3 Taclla HeridiHge KOHBeliep
>KYlieciH >)KobaaayFfa MyYMKiHAIK Oepeai. KyObpIpAbI KOHBeliep TacrachlHbIH KbLAAaMABIFBI K9AiMTi
TaCIIaHbIH JKblAAaMABIFBIHAH €49Yyip achIIl KeTyi MyMKiH [5].

KyOr1pasl miniiH MbIHadapAbl KaMTaMachl3 eTeji: Koplllidec poAUKTi TipeKTep apachiHAa
a3 caa0pIpay; Teriayai Kocraranaa, KYKTi TeiFpi3gay. KyOplpabl KOoHBeliepAiH K9AiMIi Tacraanl
KOHBellepMeH KONTereH YKCacThIKTaphl Oap: KeTeK, Kepy KYPBLAFBICH JKoHe TUeYy KYPbLAFbICHI
Oipaei1, apaabIK THeY >KoHe TyCipy MYMKiH; JKaObICKaK XYKTepAi TackiMaaJay Ke3iHade Tazaaay
KYPBLAFBLAAPHI KAKeT, KyaT TYThIHY K9AiMTIi KOHBeliepre KaparaHia TOMeH.

1-cyperre [1] kemipai OaitbiTy (QaOpmkackiHa >KoHe TeMip>KOA Marucrpadi apKblABI
TachIMaAAalThIH KyOBIPABI Taclaabl KOHBeliepaep KopceTiareH.

Cyper 1. Kemipai GaitbiTy ¢pabprkackiHa >KoHe TeMip>K0A Marucrpadi apKblabl TacbIMaAAaiiThIH
KTK

Tacraas! KyOBIpABI KOHBeliepAep KeAeci apTHIKIIBLABIKTapMeH epeKIIeaeHei:

- YIiHAl XXYKTepAi TackiMaajay KesiHje KoplllaraH OpTaHBI IIaHHAH CeHiMAl Kopray;

— JKYKTepAi CBIPTKHI acepaepaeH Kopray, OyA KoHBeliepaepai naiigaaany OpblHAAQPBIHAAFLI
DKOAOTUAABIK JKaFAaliAbl )KaKcapTaabl;

- KOHBeliep TpacCachIHBIH KOAJEHEeH >KoHe TiK Midy MYMKiHgiri, Oya >KyKTepai KOHBeliep
JKe/llepiHiH ceHiMAiAiriH TeMeH/eTeTiH IIamMajaH ThIC JKyKTeMe TYyHiHAepiHci3 aliTapAbIKTal
KaIIBIKTBIKKA TacbIMaldayfa MYMKIHAIK Oepeai.

KyOrn1pas! Tacriaapl KOHBeliepAep cadachlHAAFBl FBLABIMI-TEXHMKAABIK 94e0ueTTepre 1101y
KTK Tapry ecenteyi, Ko3raablC TypakThlAbFbiH 3epTTey, KTK KyphlasIMABIK IMapaMeTpaepin
TaH/Aay OOJBIHIIA FRLABIMU HeTi3AeATeH YCBHIHBICTap JKOK eKeHiH KopceTTi. [4]
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Cyper 2. KyObIpabI Taciaabl KOHBeliep cxeMachl

2. Oaicreme

KTK TapTy opranblHAAFbl >KaAIlbl KaPCHIABIK KYIIi JKeKeAereH ydJackeaepaeri KapChLABIK
KYIi peTiHAe aHbIKTaAaAbl. JKaariel >Karaaiiga, TYMBIK TapTy 9A€MeHTi TYpaKThl Typae Hemece
KUCBIK CBI3BIKTBI ©TKeagepMeH Oip-OipiMeH OallaaHbICATBIH TY3y CBISBIKTHI ydackeaepae
[12] mepsimai asagamasapMen Kosradadbl. JKeke ydackeaepgeri KyIuTepaiH KeJepriciH
KapacTelpaMbI3 (2-cyper). [1]

Tik CBI3BIKTBI yuacKese Y KoA4eHeH Oy PBIIIIIeH KO3FaAaThIH KYKTi KBLAXKBITY YIITiH KasKeTTi
TapTy KYILITepi Y KOKXKMEKKe AeIiH:

W.=1Gsiny + W, (1)

G

MYHJAFBI -~ — TaCchbIMaAJayIllbl MeH KYK O©AiriHiH JKMBIHTBIK CaAMarbl;
- «+» XKOFapbl Kapail KO3FaAbIC Ke3iHae;
- «-» TOMEH Kapall KO3FaAbIC Ke3iHae;

W, _ TipeK KYPBIAFbLAaPBIHAAFLI KAABIIITH KBICBIM KYIIIiHIH IITaMacbhlHa KATLICTHI 3MSHABI
KapChIABIK KYIIi:

€ s

N =G-cosy

MYHAAFBI

A KOHBellepAiH AM3aliHbIHA OallAaHBICTHI KO3FaAbICKa TO3IMAiAiK KO3dPUIIMeHTi.

KuchIK CBIBBIKTBI yuackeaepde KyOBIpABI KOHBellepAiH MKeMAi TapTy DAeMeHTi KO3FaabIC
Ke3iHage opTypai Oapabanaapasl, OAOKTapAbl, >KYAABI3IIaAapAbl, KO3FaAMaWTBIH KUCBIK
CBIBBIKTBHI OAFBITTAFBIIITAPABI JKoHe T .0. aitHaAbI eTeai (3-cyper). [1]
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Cypert 3. Knchk ydackeaepaeri KapChIABIK KYIITePiH aHBIKTay

KuchIK CBIBBIKTEI 0OAIKTiH >KaAIlbl Kedeprici miay KesiHAe MiAyAiH KaTTBLABIFBIHAH >KoHe
TApTKBIII HJ€MeHT KaIlblll KeTKeHJe MiAyaeH >KoHe uiay OeAiriHiH MOJBIHTipeKTepiHJeri
ylikeaicTeH KeaeprigeH Typaabl. [6]

JKetex GapabaHBIHBIH, >KYAABI3IIIaHBIH HeMece OA0KTBIH allHaAybIHAA (3,a-CypeT) KapChLABIK
KYIIIi SKyTipeTiH (5 1) JKoHe KalllaThIH (Srﬁ)) TapMaKTapAarbl KepHeyAep KOCBIHABICBIHBIH yAeci
peTiHJe aHBIKTaAaAbl, COHAA:

Wop = Amp (Sus + Ses) = (0,003 ...0,05) (5,5 + Sc5)A

JKetekciz GapabaHHBIH, )KYAABI3IIAHbIH, 0AOKTHIH allHaAybIHAA KAPCBHIABIK KYIII SKeTeKCi3
Oapabanaarsl (10) KepHeyTe IIPOIIOPLIMOHAAABL TYPAe KaObl1AaHaAbL:

Wee = AueSus

H

— o
meHOep Oypbimer ¢ T 180 OoaraHAa KyOBIpABI TacHaAbl KOHBeilep aliMaKTapbl

— — — o —
An=1005..0,07 1 . =,05..007 ,, @ =90, 0.0 A= 0,03..0,05 [7

TapTy 9aeMeHTi KMCBIK CBI3BIKTBI OAaFBITTAYIIIBI OOVIBIMEH CHIPFBIFAH Ke3Je:
SHE = Sc'ﬁ efd; W= 5{'5 _SHE = SHE(efd - lj

MYH/AFbI 4 - pagMaHAA¥rbl OPTaABIK Oy PBII;

f— TapTy ®aeMeHTiHiH chIpFaHay YliKeaic Koo PuImeHTi.

KTK ap Hykrecingeri kepHeyai kepHey eH a3 004aTbIH HyKTeAeH OacTall KOHTYp OOlibIMeH
alfHAABII OTYy 9/iCiMEeH aHBIKTalIMBbI3.

5,= 5§, — qrlsiny + gracosyw

53= S;+ W, 3= 5, +4,5,= (1+ 4,)5;
S,= 5;+ (qT+ qm)rxsinr+ (qT+ qm)rxcns Yw— 5

MYHAAFbI qr_ TapTy ®A€MEeHTiHiH CBI3BIKTHIK CaAMaFbl;
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ep _ SKYKTIiH CBI3BIKTBHIK Ca/AMaFrbl;

W53 _ xerekcis OapabaHAaFrsl KO3FaAbICKA TO3IMALAIK KyIi;

A — KO3FaAbICKa TO3iMaiaik Koo PuimenTi.

5, KYIIi TacmaHBIH OapaOaHfa >KaOBICYBIH KaMTaMachl3 €Ty VIIIH, COHJaif-aK TapTy
DAeMeHTiHiH caa0bIpaybIH IIeKTey YIITiH TaHAaAaAbl. [8]

Orte yakeH 51 ecerrrearen Ke3/e >KoHe KeTeKTiH TapTy KabiAeTiH apTTHIpy YIIIiH Keaeci

MoHJep Oepiaeai 5,=1..3 HH, S=1...3 kH.

Vxemai rapty saeMmenTTepi Oap KOHBeliep Keaeci peTiieH ecernireaeai [9]:

1. KTK eamemaepi Oepiaren eHiMAiiK, OpHaJacy >kKoHe HalijadaHy IapTTaphl HeridiHje
aHBIKTaAaAbl;

2. Tapty ®aemeHTiHiH KepHeyi KOHTyp OolibiMeH aiiHaabin oTy oicimen KTK oprypai
HYKTeJepiHae aHbIKTaJaAbl;

3. TapTKBIIT KYPBLAFBIHBIH caA0bIpaybIH TeKCepy Ky priziaeai;

4. KeTeKTiH 9AeKTp KO3FaATKBIIIBIHBIH CTaTUKAABIK KyaThl aHbIKTaAaAbl;

5. Kepney OapaOaHbIH >KBIAXKBITY YIIIiH Ka>KeTTi KYIII eceriTeAeai;

6. TapTy aeMeHTi eceniTeaeai;

7. XKetek cxemachl >KacalaAbl )KoHe KMMHeMaTHUKaAbIK ecellTey XXy prisideai;

8. Icke KOCY Ke3iHJe JKeTeKTiH 5AeKTP KO3FaATKBIIIBIHBIH IIIaMaaH ThIC )KYKTeAyiH TeKcepy
JKY3ere achlpblaaabl.

Sca— Oy keTek OapabaHbIHAH KaIITy HYKTeCi, 041 €H KOIl )XyKTeATreH OyTaKTap COFbLAaThIHAA
eTill OpHaTBLAAABL.

3. KOpBITbIHABI

AATHIOYPBIIITH JKaKTayAapra OeKiTiAreH POAMKTI TipeKTep TacIlaHbl >KeTeK IIeH TYCipy
apacbIHAArbl, KaliTapy >KoHe TapTy CTaHLMsAAapbl apachlHAArbl Oedikrepe KopImall, yCTalAbl.
TacpiMaaaayAbIH JKOFaphl JKblAAaMABIFDI, IIIaFBIH OYPBLABIC PaAUyChl Ke3-KeATeH KMBIHABIKTaFbl
JKOAAapABl Ky3ere achIpyFa eTe bIHFaiAbl, Mega Pipe Tunri racrnazapAbl K044aHy KyOBIPABI
TaclaHblH guaMmeTpin craHAapTTel 700 MM-ge 900 MM-Te JAeifiH apTThIpyFa MYMKIiHAIK Oepeai,
tacrianbply eHi 3200 MM-Te KeTeai, aa ©HIMAiAIK aliTapAbIKTall apTabl, TacbIMalJaHaTbIH
KYKTepAiH Meamepi OacTarksl ycaKTralraHHaH KeifiH 350 MM-Te geiiiH >KeTel. [1]

Cyper 4. KTK tapMaKTapbIHBIH CBI3BIKTBIK, 00iri
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KyOrnIpanl Tacmaapl KOHBelepaepAi CychIMaAbl KYKTepAi KaOBIK Typae TachiMaaAayAbl
KasKeT eTeTiH KOIlTereH eHAipic cadasapbiHja NaligadaHy¥fa 00AaThIHEI aliKbIH, Oy IaiijalaHy
IIBIFBIHAAPBI MEH DHePTHs IIBIFbIHAAPBIH YHEMAeyTe MyMKiHAIK Oepeai.

CycpiMaapl XXYKTepAi TackIMaaAayAblH >KOFaphbl JKbIA4aMABIFBI, IIaFbIH OYpPbIAy Pasuychl
Ke3-KeAIeH KypAeaidiKTeri )Xoa4apAa TachIMaaAayAbl icKe achlpy YIIiH ©Te KOAaAbL.

Tacriansiy apHaiibl JKaObIHBI CyCbIMAaAbl, 9KOAOTMAABIK 3UAHABI XKYKTEPAl y3aK KaIllbIKTHIKKa
yHeMai TackiMaajayAbl KAMTaMachl3 eTeAl.
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MeToanka 060CHOBaHMS M pacdeTa pallfOHaAbHBIX ¥ KOHCTPYKTUBHBIX IIapaMeTpOB
TpyOUaTOro AeHTOYHOIro KOHBelepa

Tormszoaesa b.b.!, Kunxebaesa A.C.!
'Eepasutickuil nayuonarvtoi ynusepcumem um. A.H. lymunresa, Astana, Kazakhstan
E-mail: baglan099@mail.ru, kinaizh@gmail.com)

AnnoTanus. B ctathe paccMOTpeHa MeTOAMKa pacyeTa CiA COIPOTUBAEHINS Ha OTAeABHBIX yJacTKaxX
0OI1el1 C1ABI COITPOTUBACHNS B TATOBOM OpTaHe TpyOuaTOro A€HTOYHOTO KOHBeliepa. 3aMKHYTHIN TSATOBBIN
DAEMEHT ITOCTOSHHO ABVKETCS MAM IePUOANIECKMMI OCTaHOBKaMM Ha IPAMOAMHENHBIX ydacTKax,
KOTOPbIe COEAMHSIOTCSI MEKAY CODOI KPUBOAMHEHBIMY IT€PEXOJaMIA.
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Epexue xyxmepdi macoimardayza apHaran Ky0vipAbl MAacnavl KoHeetepaepi sepmmey Macereci

KOHCprKLU/I}I paccMmaTpumBaeMoOro pr6anOI'O A€HTOYHOTIO KOHBeI;Iepa, B OTANM4YMe OT CyLT_IeCTByIOH_U/IX
KOHCprKL[]/HZ, CI)OPMI/IpyeTC}I 3aKpPBITBIM  AOTKOM  A€HTBHI 6Aar04ap;1 OITOPHBIM YCTPOﬁCTBaM,
PpacIiioA0>KE€HHBIM II0 IIEPUIMETPY AVHNIN TPaHCIIOPTMPOBKI CBIITYINMX I'PY30B. YCTaHOBAEHO, YTO I'4aBHBIM
npenmMyniecTsomM KOHBeﬁ[epHOI‘O TpaHCIIOpTa SBASIETCSI BBICOKUII YpOBE€HDb IPOU3BOAUTEABHOCTU TPpyAa M
HMB3KNEIIPpOM3BOACTBEHHbBIE 3aTPaThl, KOTOPBIE AOCTUTAIOTCsI3a C‘-IeTaBTOMaTI/IBaLH/H/Ipa6OTb1060pyAOBaHI/I}I.
XapaKTepHBIMI/I HpO6A€MaMI/I AASTHUX SIBASIOTCS HeOGXOAI/IMOCTb ApO6AeHI/ISI IIepeBO3MMOro rpysa, TO4Has1
IIpoOBEPKa IIEPEXOAHBIX YIaCTKOB, KOOPpAVHANNS IIPMBOAOB U CMHXPOHM3aI Vs ,ZI,BI/I)KeHI/HZ, KOTOpPBbIE A€TKO
peryAMpy}OTcsI B ITponecce pa6OTI)I C Y9€TOM HEKOTOPBIX MCXOAHBIX KOHCTPYKTMBHBIX yCAOBI/[I;I.

KaoueBbie caoBa: TPaHCIIOPTUPOBKa TIPY30B, KOHBeﬁ[ep, pr6‘-IaTI)I]7I AE€HTOYHBIN KOHBeI;Iep,
POAMKOBbIE OIIOPbI, KOHCTPYKTMBHDbIE IIapaMeTPbl, CM1AbI COITPOTMBACHNI.

Methodology of substantiation and calculation of rational and constructive parameters of a
tubular belt conveyor

Togizbayeva B.B.!, Kinzhebayeva A.S.!
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
E-mail: baglan099@mail.ru, kinaizh@gmail.com)

Annotation. The article considers the method of calculating the resistance forces on individual
sections of the total resistance force in the traction organ of a tubular belt conveyor. A closed traction
element is constantly moving or intermittently stops on straight sections that are connected to each other
by curved transitions.

The design of the considered tubular belt conveyor, unlike existing structures, is formed by a closed
belt tray due to support devices located along the perimeter of the bulk cargo transportation line. It is
established that the main advantage of conveyor transport is a high level of labor productivity and low
production costs, which are achieved by automating the operation of equipment. Typical problems for them
are the need for crushing of the transported cargo, accurate checking of transition sections, coordination of
drives and synchronization of movements, which are easily adjusted during operation, taking into account
some initial design conditions.

Keywords: cargo transportation, conveyor, tubular belt conveyor, roller supports, design parameters,
resistance forces.
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XTTAP 55.03.45

P.T. Caxnibaes’, b.A. Koraraapos?
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TexHOA0TMAABIK MalIVIHAAaP ABbIH >KYMBICIIIBI
KbIAAaMABIKTapbIH peTTey

Anpaatmia. TeXHOAOZUSAVIK MAUUHAAAPOBIH, KYMUICUILL  KBADAMODIKMAPLIH
MexXHOA0ZUAZA HeMece ONepamopAvlk paxmopeaa Kamoicmvl OeAzireHzeH apHaAapoa
pemmeiidi. 2Koiadamovikmol camviaan Hemece camviAamai pemmey adicmepi
KOADAHDIAAObL.  TeXHOAOZUAALIK MAUUHAAAPOBLH, KYMUICULBL KBIADAMODIKMAPLIH
YAKeH aprada eapuamopdvl Xate KulAdamovblkmap KopaOviH KoAJAHbIN, AA Kiuli
aprada sapuamopdvl xane pedykmopdvl KOAJAHbIN pemmey adicmepi KYpolAai.
Kvirdamovikmuir 03zepy apHACOIH 6apuamopovit pemmey apHAcoLMeH CAALICIbLPbIN,
KOIADAMOVIKIMIH, Killii HeMece YAKeH aphada eszepemiti anovikmaradol. Eni yaxen
apuaivl coina 0eAdikmi 6apuamopovly, KeMULIAIKmepin eckepin, OHOIH OpHbIHA
cmandapmmbul Kemekmik cvina 0eAdiKmi 6apuamop Kypy YCbiHbIAZAH KaHe OHbl
KYpYyooir, Hezi3zi MacereAepi AHbIKIAAAH.

KiarTi cesaep: mexmnorozus, mauuna, XolAdamovik, e3zepy, pemmey, apHa,
CamviAY, CAMvlAAMAy, 6apuamop.

DOI: doi.org/10.32523/2616-7263-2023-145-4-31-36

OHgipicTe TeXHOAOTUAABIK OIlepalusalapAblH OpbIHAAAy carachl >KoHe >KYMBIC
©HIMAiAIrl TeXHOAOIMAABIK MalllMHaAapAaFbl SXYMBICIIBI XKblAAaMABIKKa Toyeaadi. COHABIKTaH
TeXHOAOTUAABIK JKblAAAMABIKTHI AYPBIC TaHAay KoHe JKYPrisy MaHbI3ABI Maceae [1].

Kem pexxumae >KyMBIC KacalITBIH TEXHOAOTHUAABIK MaIllfHadapAa, TEXHOAOTUs TalaObIHa
DallaaHBICTHI, JKYMBICIIILI JKbIAJaMABIK Oeariai 6ip apHada peTTeymMeH e3repTiaeai.

MamHa >xacay eHAipicTepiHaeri amOe0Oar MeTaA1 KeceTiH CTaHOKTapAbIH IIINHAEAl Y AKeH
apHaJa 9pTYypAi aliHaAbIM CaHBIMEH aliHaAbIC Kacaliabl. Mpicaabl, 1K62 yarigeri BUHT KeceTiH
TOKapb CTaHOTiHAe mmuHAeAbAl 12,5+2000 aitn/MuH apaablFbiHAA 23 TypAi alfHaABIM CaHBIMEH
atHaaabpIpaAsl [2,3].

bya texnoaorms tasa®el. bipak mmnmHAeAbAIH KBLAJaMABIFB YAKEH apHada CaTbLAAaHBII
peTTeAeTiHAIKTeH CTaHOKTBIH KMHeMaTUKaABIK KYPBLABICH Kypaeai [2].

OHepkaciliTe TeXHOAOIMAABIK OIlepalisilapbl OllepPaTOPAbIH KaTbICybIMEH OpbIHAAAaThIH
TeXHOAOIMAABIK MalllMHaJap >KoHe >Kyiiedep Oap. Mbicaanl, asdK KuiM, TiriH eHaipicrepiHiy
TEeXHOAOIVIABIK MalllfHaAapbl MeH MeXaHlIKaJlaHABIPBIAFaH AeKTi Kylieaepi [4].

OrnepaTopabIH KyMBIC>Kacay >KblA4aMAbIFbI, KOIIJKaFAaiila, OHAipicTiK aybICBIMHBIH OachbIHAA
JK9He COHbIHA Kapail TemeH 0o4aabl. COHABIKTaH, ollepaTop, aybICBIMHBIH OacblHAa KYMBICTBI
TOMEHTI XbladaMABIKTa DacTarl, yaKbIT ©Te, YAKeH KblAJaMAbIKKa ayblcaThiH OOAYBI Kepek, aa
ayBICBIMHBIH COHBIHA Kapall, IapIiayblHa OallaaHBICTHI, TOMEHTI XKblA4aMABIKKa ayblcaabl. bya
PeXIM caKTaaMaca TeXHOAOIVSABIK OIlepalisIHbIH OPbIHAAAY callachl TOMEHACMAL.

MyHaai orepaTopAblK, (PpaKTOPABl €CKepy VIIiH TeXHOAOIVSAABIK MallMHaAa >KYMBICIIBI
JKBLAAAMABIKTBI PeTTeNTiH KYpPhLABIM D01y Kepek.
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OneparopaplK ~ ¢dakTOopFa KaTBICTBI ~ TEXHOAOIMSAABIK — MalllMHAaAapAbIH  >KYMBICIIIBI
KBLAAAMABIFBIH peTTeyTe YChIHBLAFaH 94icTep 1-cypeTTe KeaTipiaai.
bipinmi esgicte (1,a-cyper) TeXHOAOIMAABIK MalllMHAHBIH >KYMBICHIBI >KblAAAaM/BIFbIH,

. . t .. .
omepaTopra JKblAdaMABIKKa yiipeHyre OepiareH yakpIT (“F) ©oTKeHHeH KeifiH, Oip4eH, ToMeHHeH

(Vfr) SKOFapbIFa (VT) osrepreai. KbplagaMABIK caTblday diciMeH peTTeaeai. bya pexum
ornepaTopAbIK (paKTOPAbIH 9CepiH KOliMaybl MYMKiH, cebedi, onepaTopra yAKeH KblA4aMAbIKThI
urepyre yakplT OepiareH >KokK. bya aaicti xyprisy yI1in TeXHOA0OTMAABIK MalllTHAHBIH JKeTeriHge
JKbIAAAaMABIKTBI ©3TePTeTiH Oip caThlAbl PeTTeNTiH KYPBLABIM 004y Kepek.

I
Exinmriaaicre (1,0-cyper) oniepaTop¥a TOMEHTi XKbl14aMABIKTaH (Vr) JKOFapPFbIKbIAAaMABIKKA
I

(VT) OTyre yakbIT OepiareH (ti'i' ), TEeXHOAOIMAABIK MalllMHaja >KbIAAaMABIKTLI OipHelle per
caTblaan Ketepeai. bya pexxum omepaTopablK (pakTOpABIH 9cepiH Kosabl, ceOebi, omepaTop
SKOFap¥hl >KbLA4aMABIKKA, OfaH OipTiHAeIl >KaKbIHAANTBIH, OipHeIle >KblAAaMABIKIIEH >KYMBIC
>Kacar eTedi. Oa yIIIiH TeXHOAOTMAABIK MaIlIMHAHBIH JKeTeTiHAe JKblA4aMABIKTEl ©3TepTeTiH Kol
CaTBLABI PETTENTIH KYPBLABIM 001y Kepek.
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1-CypeT. TeXHO/lOI'I/I}I/lI)IK KbIAAAMABIKTBI peTTEy HYCKaldaphbl

N . . I
Ymrinmii  agicte  (1,B-cyper) omeparopra TOMEHTi KblAJaMAbIKTaH (Vr) SKOFaPFrEI
1

KBLAAAaMABIKKA (VT) eTyre yakbIT OepiareH (ti'il ), TEXHOAOIMAABIK MallMHaja >KblAAaMABIKTEI
OipKaABbIIIIIeH Y34iKCi3 KoTepeAi.
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TexHOAOZUAABIK MAMUHANAPOVIH, KYMDICULLL KDIADAMOBVIKMApPbIH pemimey

bya pexum omneparopanik (pakTOpAbIH ocepiH >KosAbl, ceOedi, omepaTop >KYMBICIIEI
KBLAAAMABIKTBIH OCyiHe YIIPeHin yarepeai.

OJiCTi JKYpridy yIIiH TeXHOAOTIUAABIK MalllMHAHbIH JKeTeTiHAe XblAAaMABIKThI caThlAaMarii
PeTTeNTiH KyphlAbIM 004y Kepek. MyHaall KYPBIABIM JKbIA4aMABIKTBIH ©3Tepy apaAblfbiHAA (

Vfr - THr‘r) oIlepaTOp¥fa Ke3 KeAreH >Kbl1AaMABIKIIEH XXYMBIC KacayFa MYMKIHAIK >KacallAbl.

JKaampl, TexHOAOTMAABIK MalllMHaAapPABIH >KYMBICIIBL >KBIAAAMABIFBI T@XHOAOIMSIABIK
TaJallka HeMece OIlepaTopAbIK (paKTOpra OarlAaHBICTHI Killli HeMece YAKEH apHaja, CaThlAaHBIII
HeMece caTblaaHOall peTTeAyi MyMKiH.

JKpla4aMABIKTHI caTbLAAIl peTTeyAl, HeTi3iHeH, JKblagaMABIKTap KOpaObIMeH, al caTblaaMail
perTeyAi BapraTOpMeH OpbIHAalAbI [2,5,6].

Krplagamapikrap KopaObIMeH caTbldall  peTTeyAiH KeMIMidikTepi: >KblA4aMABIKTBIH
e3repy apHacCbhlHaH Ke3 KeAreH >KBIA4aMABIKTBl Oepe aaMaligbl; TeXHOAOTMABIK MaIllMHaHbIH
KMHeMAaTUKaABIK KYPBIABICH KypaeaeHeai [2].

OcpiraH 0ail1aHBICTEI TEXHOAOTMAABIK, MaIlIMHAHBIH JKbL14aMABIFBIH YAKEH apHaja peTTeyre
caTblAay >KoHe caTblaaMay aJicTepiH Oipre KoA4aHy yChIHBIAABI [7,8].

Ocpl agicke KypaMJaAFaH TeXHOAOTUAABIK MalllMHaHbIH (1) >KeTeri 94eKTpKO3FaATKBIIITaH
(2), BapuaropgaHn (3) >KoHe >KblLAZaMABIKTap KopaObiHaH (4) Typaasl (2-cyper). bya xerex
JKBIAAaMABIKTBIH ©3Tepy apHachlH KblAdaMABIKTap KopaObiMeH (3), BapMaTOpPABLIH peTTey
apHachIHa KeATipit, OipHeIle apaabIKTapra Oeaei, a4 apaablKTapAaH Ke3 KeATeH SKblA4aMABIKTH
BapuatopMeH (2) Oepeai. Ocbl KYpBIABIMABIK CXeMa TEeXHOAOTMAABIK MaIllMHaHbIH
KITHEeMAaTUKaAbIK KYPBIABICBIH KapallalblM Typre KeaATipeai, ce0edi, >KblAAaMABIKTBIH ©3repy
apHaCBIH BapuaTOPABIH peTTey apHachlHa O©ATeH Ke3 e, KbI14aMABIKTBI BapMaTOpMeH peTTeNTiH
apaAbIKTap CaHbl KOII 00AMaliAbl, coA ceOerTi, >JKpla4aMABIKTap KOpaObl a3 CaThIABI 00AaABl.

1—14—3—2

2-cypet. TexHOAOTUAABIK KbIAAaMABIKTHI YAKEH apHaja PeTTeTiH KeTeKTiH KYPhLABIMAIK
cXeMachl

Kbla4aMABIKTEI CaTbIAaMal peTTeyre MiHAeTTiTY pAeBapuaToOpAbIHKAThICEI 00AaTEIHABIKTaH,
>KBIA4aMABIKTBIH ©3Tepy apHacChIH BapHaTOPABIH peTTey apHachbIMeH CaABICTBIPBIIL, Killli JKoHe
YAKeH apHa Jell eKire 6eayre 001aAbl.

Erep >xplagaMABIK TeK BapraTOpMeH peTTeaeTiH 60ca, OHAa 04 Killli apHada e3repei, aa
erep BapuaTopMeH peTTeAMelTiH 00ca, OHAA KbLAAaMABIK YAKEH apHaja e3repei.

KblagamapIKTBI  Killi  apHaga caTbldaMail peTTeyre KypaMmaadfaH TeXHOAOTVISIABIK
MamyHaHbIH (1) >KeTeri »4eKTpPKO3FaATKbIINTaH (2), BapuaTtopaaH (3) >keHe peAyKropaaH (4)

Typaasl (3-cyper).
f;"_"\_l /'_'\_I I/'_' -
1 4 3

3-cypeT. TexHOAOTUAABIK JKbIAAAMABIKTHI Killli apHala PeTTeNTiH JKeTeKTiH KYPBhLABIMABIK,
cXeMachl

bya cxemaga TexHOAOTMAABIK MalllMHAHBIH >KeTeriHiH Oepidic KaTbIHACBIH BapyuaTOp MeH
peaykrop Oepeai

=P, (1)
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MYHJa: U, . BapraToOpAbIH Oepilic KaTbIHACKL;

UP - PeAyKTOpAbIH Oepiaic KaThIHACHI.
Bapuaropasiy Oepiaic KaThIHACHI Keaeci apaabIKTa peTTeaeli

U,=1+U,

B BMax

Erep U =1 0o4ca, OHAA >KeTeK >KOFap¥bl KblA4aMABIKTHL Oepeai. bya kesde >keTeKTiH
Oepiaic KaTbIHACHI peAYKTOPABIH Oepilic KaThIHAaChIHA TeH 00Aaabl

n
U= 'Umz':lz = Un‘-'-‘ = ”T':::x (2)

MyHAQa: e - 9AEKTPKO3FAaATKBIIITHIH allHaABIM CaHBI, allH/MUH;

MNTmax - TEXHOAOTMSABIK MaIIMHAHBIH Oac OiAiriHiH YAKEH >KYMBICIIBI JKbIA4aMABIKTEI
OepeTiH aifHaAbIM CaHBI, allH/MUH.

Erep Uy = Upinas 0o.ca, OHAA JKeTeK TOMEHTI JKbLA4aMABIKTE Oepeai. by keaaeri >xeTeKTiH
Oepiaic KaTbIHACH
U=u, . =U U, =—=_
= Ymax — Yemaox ' - .
P ATmin 3)

MyHJa: Uemas - BapUaTOPABIH Y/AKeH Oepisic KaThIHACHL;

M min - TeXHOAOTMSIABIK MAIIITHAHBIH Oac 6iairiHig Kiri >KYMBICIITBI >KbLAAaMABIKTH OepeTiH
alfHaABIM CaHbl, alTH/MIIH.

JKorappiga ycbiHBIAFaH cxeMadapMeH (2-,3-cypeTTep) TeXHOAOIMAABIK MalllliHaFa >KeTeK
KYPYy YIIiH BapuaTtop TaHAay Kepek.

MexaHmKaAbIK BapraTopAap4aH CbIHa 0eAAiKTi BapuaTopAbl TaHAay THiMAi 601aab1. CeGebi,
cbIiHa 0eAAiKTi BapuaTOPABIH KYPBIABICH >KeHia, ITyChI3 JKYMBIC KacailAbl, >KYMBICBI CeHiMAi,
peTrTey apHachl XKeTKiAiKTi, KYHbI KoAXKeTiMAl [6].

bipak, kasipri ke3aeri cpiHa 0ea4iKTi BapuaTOpAbIH KeMIIIiAiKTepi Oap: eHi yAKeH apHalibl
cbIHa OeA4iK KepeK; Bap1aTOpPABIH peTTey apHachl apHalibl ChIHa OeAAIKTiH eHiHe Toyeaai; peTTey
Ke3iHae apHalbl cblHa OeAAiK eHiHeH CHIFBIAATBIH OOAFaHABIKTAH Te3 TO3aAbl; apHAIIbl ChIHA
0eAAIKTiH KYHBI JKOFapHI [6].

Ocpiran DaliaaHBICTHI ChIHA OeA4iKTi BapMaTOpAblH THiIMAiAIriH KeTepy MaKcaThlHAa Keaeci
Maceaeaepai HIenly Kepek:

1. BapuaTop Kypy¥a >KeTeKTiK CTaHAAapTThI CbiHa OeAAiKTi HaligaaaHy.

2. KeTekTik cTaHAapPTTHI CbIHa OeAAIKTiH IIKMBiHIH AaMeTpiH e3repTy diciH Tady.

3. BapmaTopablH KO3FaABICBIH TOKTATIIal peTTey 94iCiH Kypy.

4. JKeTeKTiK CTaHAAPTTHI ChIHA O0€AAIKTi BapMaTOPABIH iIlIKi 3aHABLABIKTapbIH aHBIKTAY.

5. KeTekTik cTaHAApPTTHI ChIHa OeAAIKTi BapMaTOpAbl >Kobaday a4icTeMeciH Kypy.

KopbIThIHABI

1. OmnepkacinTeri TeXHOAOTUAABIK MallMHAAAPABIH SKYMBICIIB  KblAAaMABIKTapLI
TeXHOAOIM:I TadabbIHA HeMece oIlepaTOpPAbIK (paKTOpra OailAaHBICTH OeAariai 6ip apaablKTapaa
o3repriaeai.

2. Kem pexmumge >KYMBIC >KacallTbIH TeXHOAOTUAABIK MalllMHAaAapPABIH KYMBICIIIDI
>KBLAAaMABIKTaphl YAKEH apHaja o3repTidei.

3. Yaken apHajga esrepeTiH >KblAJAaMABIKTHI BapuaTOp MeH >KblAAaMABIKTap KOpaObIH
KOA/AHBIII caThblAaMall peTTey d94ici YChIHBIAABI.
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TexHOAOZUAABIK MAMUHANAPOVIH, KYMDICULLL KDIADAMOBVIKMApPbIH pemimey

4. Kimni apHaga e3repeTiH >KblA4aMABIKTBI BapMaTOpAbl KoHE PeAyKTOPABl KOAAAHBIII
caTblAaMail peTTeyAiH KYPBIABIMABIK CXeMachl KYPbLAAbL.

5. TexHoA0rnAABIK MalllHaAapAarbl OIlePaTOPABIK (PAKTOPABIH 9CePiH >KOIOFa SKYMBICIIIBI
KBLAAAMABIKTHI peTTeY 9AiCTepi YChIHBIAABL.

6. Kbpla4aMABIKTEI cCaTblAaMall peTTeyTe JKeTeKTiK CTaHAAaPTThI OeAAiKIIeH Ky MBbIC JKacaliThIH
BapMaToOp KYPY YCBIHBLAALI KoHe MaceAeAepi aHbIKTaAAbl.
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Peryauposanne pabo4mx CKOpOCTeV TEXHOAOTMYIEeCKMX MaIIVH

CaxsrOaes P.T.", Kortaiigapos b.A.2
2Tapascicuti pezuonarvroil ynusepcumem um. X. Ayaamu, Tapas, Kasaxcman
E-mail:*Sakhybayev@mail.ru, *kaf_mim206@mail.ru

Annortanus. Paboumx ckopocTeil TeXHOAOTMYECKMX MaIlMH peryAupyioT B Auala3oHaX,
IIpeJyCMOTPEHHBIX TEeXHOAOTMel MAM OIepaTopHbIM ¢akTtopoM. [IpMMeHSIOT CTymeHJaThIX MAU
OeccTyneHJaThIX CIIOCOOOB peryanpopanus ckopoctu. Ilpeaaaraercs peryanposath paboumx cKOpocTeit
TeXHOAOTMYECKMX MaIINH B 00ABIIOM AMalla3oHe C IIpMMeHeHreM BapuaTtopa 1 KOpoOKM CKOpOCTell, a B
MaJoM aualia3oHe C IpMMeHeHNeM BapuaTopa u peaykropa. CpaBHMB AMalla3oHa M3MeHEeHMs CKOPOCTHU
C AMaIla30HOM peryAMpOBaHMs BapHaTOpa, ONPeAeASIOT, MaAblii U OOABIION AMala3OHbl M3MEHeHMe
ckopocTu. B 3aMeH KAMHOpEeMEHHOTO Bapuaropa CO CIeI[MaAbHBIM IIMPOKUM KAMHOBBIM peMHeM,
IpejAaraeTcs, co3jaTbh KAMHOPeMEeHHBINl BapuaTop €O CTaHAApPTHBIM IIPUBOAHBIM KAMHOBLIM peMHEM,
ompeJeAeHbl OCHOBHBIE 3a/a4ll eTO pa3pabOTKIL.

Kaiouesble caosa: TexHoaorus, MalmHa, CKOPOCTb, M3MeHeHHe, peryAmupoBaHUe, Aualla3oH,
CTyHeHJaThIl, GeccTyreHJaThil, BapuaTop.
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Regulation of working speeds of technological machines
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Abstract. The operating speeds of technological machines are regulated in the ranges provided by the
technology or the operator factor. Stepwise or stepless methods of speed control are used. It is proposed
to regulate the operating speeds of technological machines in a large range with the use of a variator and
a gearbox, and in a small range with the use of a variator and a gearbox. Comparing the speed range with
the variator control range, determine the small and large ranges of speed change. In replacement of a V-belt
variator with a special wide V-belt, it is proposed to create a V-belt variator with a standard drive V-belt,
the main tasks of its development are defined.

Keywords: Technology, machine, speed, change, regulation, range, step, stepless, variator.
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Investigation of laboratory and field tests of piles installed by
displacement technology

Abstract. When compared to conventional pile systems, the Drilled Displacement System
(DDS) and Continuous Flight Auger (CFA) piles offer advantages in terms of improved load-
carrying capacity, quicker installation, and less spoil generation. In this article, experiments on
miniature piles built utilizing the Drilled Displacement System (DDS) and Continuous Flight
Auger (CFA) technologies in a soil-filled test tank are described. For the study, model piles
with dimensions of 20 mm in diameter and 300 mm in length were used, scaled at 1/20. The
model piles are subjected to static loading, and throughout each phase of the loading process, the
relevant displacements are measured. For both DDS and CFA piles, the analysis’s findings on
load-settlement curves and estimates of ultimate bearing capacity were compared. The results
of model tests showed that the load-bearing capacity of DDS technology is 3.2 times higher
than CFA technology. Using the model test results, a recommendation was made to apply DDS
technology to field test work. Additionally, full-scale field tests with static loads were performed
on DDS-drilled piles with dimensions of 400 mm in diameter and 6 m in length. The field test’s
load-settlement response exhibits good agreement with the model testing. Overall, the study’s
findings offer insightful information about the behavior and performance of DDS piles that
may be used to improve the design and installation of these piles in various soil types.
Keywords: scaled model tests, model piles, bearing capacity, static load test

DOI: doi.org/10.32523/2616-7263-2023-145-4-37-48

1. Introduction

Pile foundations are the most demanded type of foundations at construction sites on the
territory of Kazakhstan. To date, the following types of pile foundations are widely used on
construction sites (see Fig.1):

1. Driven piles using hydraulic hammers made by Junttan, Banut-650, Rapat;

2. Drive-in piles with diesel hammers type MSDSh1, MSDT1;

3. Piles were driven by indentation with the help of “Tizer” equipment;

4. Drilled piles with casing pipe using traditional technology of pile foundation making
with the help of drilling equipment SO-2;

5. Bored piles, protected by casing, installed with the help of modern “Bauer”, and
“Casagrande” drilling rigs

6. Bored piles with a continuous through-type auger, installed by CFA technology

7. Drilled piles with short boring augers, arranged with SM-70, SBU-100, Klemm, and
Soilmec;
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8. Drilled bored piles in the rolled boreholes using DDS (FDP) technology, with the help of
“Bauer” equipment;

9. Jet Grouting piles, “Jet Grouting” type.

Full classification of piles used at construction sites in Kazakhstan, taking into account the
modern technology of their device is shown in Fig.1.

———  Pile Foundations |
I |
Driving piles ||Indentation | | Boring piles| |Boring-injection
| | I I
Hydrohammer ||Vibration || Traditional | |Jet Grounting
I case-pile
Diesel hammer I
Modern
case-pile
|
CFA
[
DDS/FDP

Figure 1. Pile foundations used on construction sites in Kazakhstan

The study of pile foundations, as well as DDS (FDP) and CFA technology, has been studied
by many domestic and foreign scientists at different times. A significant contribution to the issue
under consideration was made by Decourt et al. [1], Van Impe [2], Bazarbayev [3], Rad et. al [4],
Zhusupbekov et al. [5].

On Kazakhstani soil, pile foundations are the type of foundation that is most frequently
used at construction sites. The reason why pile foundations are so popular is because they
protect the pile’s load-bearing capacity, which is drilled and filled as a result of the increased
load from high-rise buildings and structures. Due to the lack of current regulatory documents
and recommendations for the installation of pile foundations using contemporary technologies,
new technologies and devices that have emerged in connection with the installation of drilled-
filled pile foundations force designers to improve regulatory documents [6].

Building pile foundations recently has included the utilization of Continuous Flight Auger
(CFA) piles and Drilled Displacement System (DDS) piles. When noise and vibration levels need
to be kept to a minimum in urban settings, DDS piles are a form of displacement pile that are
frequently employed. With the aid of a hydraulic press, a steel casing is pushed into the earth
while soil is also removed and a hole is made. Concrete and reinforcing steel are then used to fill
the space, creating a sturdy base upon which to erect the structure. DDS piles can be constructed
in a variety of soil conditions and are commonly utilized for small to medium-sized structures.
On the other hand, a continuous flight auger is drilled into the earth to the needed depth in
order to construct a CFA pile, a sort of auger cast pile. The auger is then pulled out and concrete
is injected through its hollow stem to fill the space it leaves behind as it is pulled out. As a
result, a continuous concrete column is produced, serving as a sturdy base for the subsequent
construction of the structure. Large constructions with difficult soil conditions, such as soft soil
and rock, frequently use CFA piles.
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DDS technology reduces the time, effort, and cost associated with earthworks while
simultaneously increasing the load-bearing capacity of piles. Over the past ten years, installation
of drilled-filled piles using DDS technology has gained popularity in both Europe and the US. The
major benefits of this method include great economic efficiency, noise and vibration reduction
during pile installation, and increased pile bearing capacity [7]. Despite the benefits listed above,
this technology has a drawback in that it runs the risk of affecting the foundations of existing
buildings and structures. For this reason, it is not advised to use this method in situations where
there is dense urban construction.

Installation of drilling equipment at the drilling site; immersion of the drilling tool with a
sealing system to the design mark; connection of the concrete pump followed by filling the well
with concrete mixture and simultaneous extraction of the drilling tool; immersion in the well with
concrete reinforcement frame to the design mark; are the operations that make up the sequence
of work for installing drilling piles made using DDS technology. The drilling instrument (Figure
2) is a unique aspect of the DDS technology. Because the well is being dug out simultaneously
with the drilling, the soil is compacted radially without having to be dug up, and the walls
are compacted when drilling up [8]. With the help of this technique, heaps up to 0.6 meters in
diameter and 30 meters in depth can be arranged. The following factors should be taken into
account when evaluating productivity: pile diameter, torque and pressing force exerted, and
density (soil strength, soil compaction, and concrete pump power).

Figure 2. Diagram of pile production using DDS technology
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Figure 3. Description of DDS technology drilling Auger

Methods of physical modeling are used to solve a wide range of studies of the behavior of
material objects both within the limits of elastic and plastic deformation and in the state of limit
equilibrium and fracture. Due to the development of numerical methods for solving various
problems using computational technology, mathematical modeling in many cases has become
preferable to experimental modeling. However, the latter are indispensable when investigating
the mechanism of the processes under study - without them, it is impossible to construct a
mathematical description [9].

The purpose of the present study is to carry out scaled model tests on model test piles
installed using the DDS and CFA technology and to compare the load-settlement response. Also,
based on the results of model tests, to develop a recommendation for field tests.

2. Comparison of bearing capacities of model drilled micro piles using DDS and CFA
technologies

In order to investigate the effect of horizontal and stepwise deformations of a soil massif on
changes in its stress-strain state and on the vertical bearing capacity of foundations, model tests
of bored piles in a horizontal and stepwise deformable medium on a scale of 1:20 were carried
out. And also, based on the results of the tests, develop recommendations for field trials. The
choice of piles of this scale was due to the need for numerous tests. In addition, the analysis of
the study [10, 11] conducted on models of a close scale showed that tests of such models allow us
to obtain a qualitatively correct idea of the interaction of foundations with the ground.

Model tests of piles was carried out on a test tank setup which was developed and
implemented in Geotechnical Institute of the Eurasian National University (Figure. 2). The test
material used is poorly graded sand of angular shape with a specific gravity of 2.62 and unit
weight of 1.7 g/c®. Based on direct shear test carried out on the test specimen, the sand was found
to have an angle of internal friction of 37°. An equivalent material (97% sand and 3% spindle oil)
was used as a base to achieve minimal cohesion of 0.9 kPa and elastic modulus of 0.24 MPa. The
test bed was prepared in five layers and each layer was compacted using tamping to achieve a
relative density of 75%.
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Figure 4. Volumetric stand

The augers were prepared for installation of model piles by DDS and CFA technologies with
a diameter of 20 mm and a length of 300 mm considering a scale factor of 1/20. Figure 5 shows
the augers used to install the model pile DDS (b) the model pile CFA (a) which performed by
technologies.

DDS auger CFA auger

(a) (b)
Figure 5. Photographs of test auger a) model DDS auger b) model CFA auger

Figure 6 shows the static load test setup for the present study. The load on the pile was
applied in steps of 39 N to the ultimate 235 N with metal weights of 4 kg. The displacement of the
model pile was measured by deflectometer with accuracy class of 0.01 mm, which are attached
to the frame of the volumetric stand.
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Figure 6. Static tests of the DDS and CFA model piles

2.1 Field studies on DDS piles
Based on the recommendation from model studies, field investigation was conducted on 2
test piles with a diameter of 400 mm, length 6 m at a test site in Astana, Kazakhstan using the

DDS technology. The soil properties at the test site for different depths are shown in Table 2.

Table 1. Physical and mechanical properties of soils

Layer Soil description Layer Soil properties
no. thickness,
m E, MPa C, kPa ¢, deg.
1 top soil-loam 0,4 - - -
2 loam 51 48 17,6 16
3 gravelly sand 5,1 35 - 39
4 silty clay 1,0 4,8 17,6 16-
5 rock debris with silty 44 - - -

clay inclusions

The load on the pile was applied in steps of 180 kN and 90 kN to the limit of 1080 kN by
the hydraulic jack DU200P150 (Figure 7). The hydraulic jack force is regulated by fluid supply
from the pumping station and fixed with a technical manometer. Pile movement is measured by
means of displacement transducers with accuracy of 0.01 mm, which are fixed on a bench mark
system fixed to the ground. The reference system is independent of the movement of the beam
and pile system (Figure 7).
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Figure 7. Field test results of load-settlement response of DDS piles

3. Results and Discussion

Static tests on the model piles DDS (Drilled displacement system) and CFA (Continuous
flight auger) were carried out on the volumetric stand. After the static test, the «settlement- load»
graphs of the DDS and CFA piles were obtained. The DDS model pile sag was 12.21 mm, and the
CFA model pile was 19.25 mm.

The CFA technology piles at a load of 196 N were completely submerged. The test results
show that the bearing capacity of the DDS model pile is higher than the CFA piles. Considering
the results of our model tests, it was recommended to use DDS technology for bored piles at the
«Asyltay» (Astana, Kazakhstan) construction site. At the same settlement of 12.21m, the bearing
capacity of the DDS model pile was 3.2 times higher than the CFA model pile (Figure 8). Figure
8 shows graph «load — settlement» of the DDS and CFA model piles.
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Figure 9. Field test results of load-settlement response of DDS piles

For the construction of industrial and civil multi-story buildings, the DDS pile technology
is taken in accordance with the Construction Norms and Regulations RK 5.01-01-2002 for
reinforced concrete structures [12]. This technology offers several advantages, making it
particularly attractive for use in dense urban areas. One of the main advantages is the absence
of vibration or noise during the construction process. Additionally, there is no need for soil
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excavation, which reduces the overall cost of the project by eliminating the need for soil removal.
The onboard computer controls the entire process, ensuring high accuracy of pile setting in the
plan, compliance with the verticality of drilling, immersion depth of the working body, and the
pressure of concrete when filling the borehole. As a result, high-quality concreting is achieved
with smooth and strong walls after unrolling, and pressurized concrete feeding through the
hollow unroller.

4. Conclusion

Based on the results of testing model piles on a volumetric stand, a comparative analysis
of the bearing capacities of model piles using DDS and CFA technologies was obtained. The
results showed that the load-bearing capacity of model piles using DDS technology is higher
than CFA piles. The results obtained served to recommend this technology for use at the Asyltas
construction site. The results of the axial compression loading tests performed in soft to firm or
stiff clays demonstrated the suitability of DDS technology pile foundations. The results of the
loading testing program confirmed that the DDS bored pile is a viable deep pile foundation
option for the construction site in Kazakhstan and demonstrated their advantages. The results
of the static load tests were satisfactory, as the maximum test load on the pile was 1080 kN.
The settlement was 27 mm These investigations are important for the understanding of soil-pile
interaction on the problematical soft soils ground of by different technologies (DDS and CFA) in
Astana, Kazakhstan.
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bIrpIcTBIPY TEXHOAOIMSICHI OOVIbIHINA JKacaAfaH OYpPFbIAaHbII TOATBIPbIAAaThIH
KajaaapAblH 4a00paTOPMAABIK JKoHe 4aAaablK ChIHaAKTapbIH 3epTTey

A XK. XKycyn6ekos'?, A.B. Uanr’, Ax.C. Aaanust’, A.b. Vicakyaos”, C.b. Ickakos!
'1.H. I'ymunres amuvindazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
“Mackey MemAakemmix Kypuiavic yrnusepcumemi, Mackey, Kasaxcman

$Tamxanz ynusepcumemsi, Hoto-Taii6ai1, Taiieano

AnnoTanus. JacTypai KajasapMeH CaABICTHIPFaHAQ, BIFRICTHIPY TexHoaoruscs Oorbrama (Drilled
DisplacementSystemaprrkapait DDS) 0y pFrL1aHBIII TOATE pELAATEHIHKadadapMeHy3aikcizmaek(Continuous
Flight Auger apsr kapait CFA) TexHOAOTMACH OOBIHINA >KacaAFaH OYPFBIAaHBII TOATHPHLAATHH Kajalap
KeTepy KabiaeTiMeH, )Xbpla4aM OpHaTy >KoHe OYAiHyAiH a3 KaAbIIITacybl TYPFBICBIHAH apTHIKIIBLABIKTapFa
ne. bya makaaaga xeaemai crerare Drilled Displacement system (DDS) sxone Continuous Flight Auger
(CFA) TexnoaorusAapbl apKblAbl CAAbIHFaH MOAeAbAl KajalapablH ToXXipubesepi curiarrairad. 3eprrey
yuin guaMerpi 20 MM >koHe y3bIHABIFEI 300 MM 1/20 macimraOTarsl MO4eAbAiK Kadadap >KacaAbBIHABL
Moaeapaik Kadadap cTaTHKaAbIK >KYKTeMere YIIbIpaAbl >KoHe TUey IIPOLIeCiHiH op Ke3eHiHJAe colikec
MoHi aabHABL. DDS Kagaaapsl ymin de, CFA Kagasaphl YIIiH ge «IIery->XykreMme» rpaduri TalaHbll,
IIeKTi KYK KOTeprilTirinig 6arasay HoTMKeAepi caabICThIpbLAABL 3epTTeyre calikec, DDS kagaaapsl xXyk
keteprimrriri CFA kagasapsiHan aceinn Tycri. CoHbiMeH Katap, Anamerpi 400 MM >KoHe Y3BIHABIFEI 6 M
6oaaTtei DDS OyprblaaHbIIT TOATBIPLIAATEIH KajadapbhlHa CTaTUKAABIK KYKTeMeAepMeH TOABIK, ayKbIMABI
AaAaAblK ChIHaKTap >KYprisiasi. JasaablK >KyKTeMeHi ecelTey Ke3iHJeri ChIHAK HaTIV>KeAepi peakI/sIChl
MOJeAbAIK TecTidey HoTUKeAepiHe JKaKChl calikec keaeai. Tyracrait aaranga, seprrey HaTmKeaepi DDS
KaZaJAapbIHBIH CUIIaTTaMalapbl MEH ©HIMAiAiri Typaasl maiAaabl akrapaT Oepei, OHBI 9PTYPAi TOIIBIpaK
TypAepiHae OCBl KagaAapAblH AU3aliHBI MeH OPHATBIAYBIH JKaKcapTy YIIiH IaiijadaHyra 001aabl.

Kiar cesgep: macmrabraaraH MoAeAbai Kajga, MOJeabAl ChIHAK, KOTEpPTill KadideTi, craTMKaAbIK
JKYKTeMeAiK ChIHaK.

Nccaegosanne 1a00paTOPHBIX M IOAE€BbIX VICIIBITAHMII CBali, yCTAaHOBAEHHBIX METOAOM
BBITE€CHEeHIsI

A XK. XKycyn6ekos'?, A.B. Uanr’, Ax.C. Aaanst’, A.b. Vicakyaos”, C.b. ickakos!
'Egpasutickuii HayuoHarviolil ynusepcumerm umenu I'ymuresa, Acmana, Kasaxcman
?Mockosckuii 2ocydapcmeeH oLl cmpoumeAvHulil yHusepcumem, Mockea, Poccutickas Qedepauius
Yuusepcumem Tamiane, Hoto-Taii6aii, Tatiéars

AnnoTanus. Ilo cpaBHeHUIO ¢ TPaAMITMOHHBIMMU CBalfHBIMIU CHICTEMaMM CBal, M3TOTOBJAEHHEIE IIO
texnoaorysM Drilled Displacement System (DDS) u Continuous Flight Auger (CFA), umeroT mpenmy1jectsa
B BIIJe IIOBBIIIIEHHON HeCylleil CIocOOHOCTH, ©oaee OBICTPOI YCTaHOBKM U MEHBINEro oOpa3oBaHMs
rpyHTa. B gaHHOI cTaThbe ONMCHIBAIOTCS DKCIEPUMEHTH C MOAEALHBIMM CBasIMM, ITOCTPOEHHBIMU C
ncnoap3osanueM TexHoaoruit Drilled Displacement System (DDS) n Continuous Flight Auger (CFA) B
3aIT0/HEHHOM I'PYHTOM OOBLeMHOM cTeH/e. /A5 1ccaeA0BaHUs CII0AB30BaANCh MOAEAN CBail A1laMeTpOM
20 mMm m gaunoit 300 MM B Macmtabe 1/20. MogeapHble cBau IIOABEPTAIOTCS CTATUIECKOMY HaIrpy>KeHUIO,
U Ha Ka)kAOM BTalle ITpoIiecca Harpy>KeHUs M3MepsIOTCsA COOTBeTCTBYIOINNe IepemerrneHus. Jas cpait
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Investigation of laboratory and field tests of piles installed by displacement technology

DDS u CFA 65140 mpoBeJeHO CpaBHEHUE Pe3yAbTaToB aHaausa rpaduka «ocajka-Harpyska» M OLIEHOK
IpejeAbHOM Hecyeit crrocodHocTn. CoraacHo pesyabraTaM uccaegosanus, ceau DDS nipeBocxoasT cean
CFA mo necymieit criocobnoctu. Kpome Toro, Oplam mposeseHbl HaTypHbIe UCHBITAHUS CTaTUYeCKUMMU
HarpyskaMm cBaif, IpoOypeHHbIX 110 TexHoaornu DDS, auamerpom 400 MM u agamnoit 6 M. Peaxims
Harpys3oK IIpM HaTYPHBIX MCIIBITAHMAX XOPOIIO COrdacyercsl ¢ MOAEeALHBIMM MCIBITaHUAMU. B 1eaom,
pe3yAabTaThl MCCAeAOBaHMSA AAlOT IAyOOKylo MHQpOpPMAIMIO O IIOBeAEHMM MU XapaKTepUCTUKax CBail
DDS, koTopas MOKeT OBITh UCIIOAb30BaHa AAsl yAyYIIIeHNs ITPOeKTUPOBaHUs M YCTaHOBKYM DTUX CBail B
Pa3AMYHBIX TUIIAX IPYHTOB.

Karouesble caoBa: ucnpITaHUs Ha MacIITaOHO MOJAeAM, MOJeAbHbIe CBal, HecyIas CIIOCOOHOCTD,
UCIIBITaHNe CTaTYeCKOl Harpy3Koil
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Comparative analysis of application platform for learning
cybersecurity through the Capturing the Flag Competitions

Abstract. Cyberpolygon is a platform designed to train students in the field of cybersecurity
in order to obtain professional skills. In this regard, Astana IT University created a project
aiming at the development of a cyberpolygon with various vectors for the exploitation of
cyberattacks. This project allows more than ten students to work on the platform at the same
time and gain Red/Blue teaming skills. This article provides a methodology for the development
of the Cyberpolygon platform. Further, through the Cyberpolygon, experimental training was
conducted among the students of the second year of study at Astana IT University, which
allows for solving real problems through the cyberpolygon. The performance testing and study
of the platform were carried out by the methods of comparative analysis.

Keywords: cyberpolygon, vulnerabilities, red teaming, blue teaming, educational platform,
cyber-attacks, cybersecurity training, practical skills.
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1. Introduction

Today, ensuring the information security of the enterprise infrastructure is the main task
of a specialist in the field of information security (IS). Indeed, in order to ensure and maintain
the cybersecurity of an enterprise at a high level, it shows the level of awareness of information
security employees. In this regard, students need not only theoretical skills but also practical
skills in detecting new information security threats. Therefore, the main goal of the development
of such platforms is to bring the level of education of students in the field of information security
from lectures and laboratory work to competitions between the “red” and “blue” teams. One
of the novel methods in training students within the educational program “Cybersecurity” is
the use of specialized cyber training platforms, where students can not only analyze security
measures by scanning IT assets for possible vulnerabilities but also bring the attack to its logical
conclusion according to a pre-compiled scenario written by teachers.

The significance of this research lies in the increasing significance of cybersecurity in today’s
digital world. With the ongoing adoption of digital technologies, the complexity of cyber threats
and attacks has risen, creating substantial risks for governments, organizations, and individuals.
As a result, there is an urgent requirement to cultivate proficient cybersecurity experts who can
comprehend, prevent, and minimize these threats.

It is important to note that the number of cybercrimes is increasing every year. For example,
according to analysts at Webtotem, by 2025, the cost of covering cyberattacks will reach about
$10.3 trillion. Today, small and medium-sized businesses are most susceptible to cyberattacks
due to the lack of specialists in the field of information security [1]. Figure 1 clearly shows the
statistics of the Computer Incident Response Service of JSC “Public Service” in the period from
July to September of the current year [2]. According to statistics [2] as shown in the figure 1,
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the largest number of cybersecurity threats in Kazakhstan falls on botnets, lack of access to IR,
malware, denial of service, unauthorized access and phishing.

BrwHHr

HecaHku.
BOCTYN M MOAHG...

Figure 1. Statistics of incidents in the Republic of Kazakhstan in the period from July to

September 2022

The above cyber-attacks most often occur in connection with the transition of many business
processes to IoT technologies, therefore, attackers are trying to disable the infrastructure of
private and public sector enterprises. Therefore, the best solution to prevent IS threats is to use
Cyberpolygons in preparing future information security specialists.

A detailed technical description of the cyberpolygon, a comparative analysis among existing
learning platforms, areview of domestic and foreign cyberpolygons, the results of an experimental
study evaluating the effectiveness of the developed platform, and a detailed description of the
proposed teaching method are presented in the Results and Discussion section.

2. Results and Discussion

During the study, a review of existing cyberpolygons in the country and abroad was carried

out. Table 1 presents the existing cyberpolygons.

Table 1. Review of existing cyberpolygons in the country and abroad [3-7]

Name

Provider

Short description of the platform

Ampire

Perspective
Monitoring

Ampire cyberpolygon emulates a typical organization,
including banks, industrial enterprises, and offices, and the
various attack routes that can be taken. The facility comes
with a range of network templates, with the option of creating
new ones to suit client preferences. The attack scenarios are
continually updated based on real-life customer security
analysis by Perspective Monitoring. In addition, the SOC
model on the platform is based on the company’s years-long
work with clients.

BI.ZONE
Cyber Polygon

BI.ZONE

Sber and BI.ZONE, a member of the Sber ecosystem, organize
Cyber Polygon annually with the backing of Interpol and the
Cybersecurity Center of the World Economic Forum. The
conference offers a blend of virtual sessions, cyber security
training for business teams, and informative presentations
by industry specialists. High-ranking personnel from global
organizations also attend [4].
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Jet Jet InfoSystems The Jet CyberCamp was introduced to the market in
CyberCamp September 2021 as an internal development program initially
designed for training company employees in areas such as
conducting pentests and working in the 1st and 2nd lines of
the Jet CSIRT cybersecurity center. The cyberpolygon course
encompasses theoretical and practical classes that emphasize
the application of acquired skills. The training begins with the
sharing of expertise and problem-solving techniques by Jet
Infosystems professionals, ranging from pentesting to incident
investigations. Cyber students are then exposed to all aspects
of cyber threats, including attack preparation by hackers and
blocking such attacks. The scenarios used as cyber exercises
may involve investigating past attacks or preventing future
ones.

The Standoff Positive The initial cyber competition known as the oldest cyberpolygon
Technologies ~ of Russia began in 2011 as a CTF event held during the Positive
Hack Days forum. As the format evolved to address genuine
business problems, it transformed into comprehensive cyber
studies where the targeted infrastructure was relocated to a
simulation space for onlookers and participants to witness the
consequences of cyber-attacks, such as causing a train to derail
by penetrating the railway control system. In 2016, the first
cyber conflict between attackers and defenders took place in a
training terrain that replicated essential elements of an entire
city’s information infrastructure. Over time, the city became a
virtual nation that encompassed whole industries instead of

just individual firms.
Check Point CheckPoint The Cyberpolygon created by Check Point utilizes gamification
Cyber Range as a principle to increase the engagement of participants in the
learning process. It caters to both the attackers and defenders
involved in the confrontation. The training program focuses
on identifying and addressing vulnerabilities in various areas
such as operating systems, applications, and web applications.
Additionally, it includes education on utilizing Check Point
solutions to safeguard corporate networks against cyberattacks.

The analysis revealed that there are no cyberpolygons within the educational institution
of Kazakhstan. However, in Kazakhstan there is a TSARKA cyberpolygon [8], which is a
paid platform for training information security specialists. Likewise, Astana IT University
has developed a cyber training ground for training students in practical skills in the field
of information security. This platform allows more than 10 students to work on the system
simultaneously. The training ground was developed as a web application based on the classic
game “capture-the-flag” via bubble.io. In turn, bubble.io is a tool for creating multi-user web
applications without code.

In parallel with the technical and software implementation of the test site, a script for
demonstrating the assignment for students was also worked out. In order to increase students’
enthusiasm, the user interface of the cyberpolygon was developed on the basis of the famous game
“Stalker”, where the player, completing tasks along the way, will meet hints for finding “flags”.
The AITU Cyberpolygon interface consists of interconnected components such as challenges,
story mode, courses. That is, in the courses part, materials for self-study are provided, in the
challenges part, tasks of the easy, middle, hard, insane levels are prepared. Each task, depending
on the level of complexity, is evaluated by points. It is worth noting that a student can go to the
story mode part after completing the tasks in the challenges part and getting 300 points. In order
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to motivate students, an updated leaderboard has been developed, in which students can see
their names and the number of points they have scored relative to other participants. Figure 2
shows the user interface of the cyberpolygon « Taskyn alany lab».

The cybertraining platform is a comprehensive, interactive, and engaging learning
environment designed specifically for students of Astana IT University and the military
department to develop practical cybersecurity skills and foster collaboration among participants.
The platform features a range of hands on learning materials, a user-friendly interface, and a
modular and scalable architecture, making it a valuable resource for cybersecurity education.

TASQYN ALANY LAB WUcnbitanna

HAWMEHOBAHUE ™n NPOMAEHO
MAHENG

Diploma by ChatGPT Be6-cepsep

MCTILITAHWS!

Ropez BMHapHasi aKcnnyaTauysi

TABNWLIA PEKOPIOB
Look At The Entire CreraHorpacust

nPooMNS,
Magician Part 2 PeBepc-MHKUHNPUHI

S Where is Aitu.? OSINT
Welcome OSINT
The Highly Versatile CreraHorpacous

Integrated Base Defense Security System Be6-cepsep

Subscriber Be6-cepsep

Figure 2. Cyberpolygon user interface «Taskyn alany lab»

Key components of the cybertraining platform include:

1. Hands-on Learning Materials: The platform offers a diverse collection of Capture the Flag
(CTF) tasks, labs, and simulated attack scenarios, covering various aspects of cybersecurity, such
as vulnerability assessment, penetration testing, network security, cryptography, and incident
response. These materials cater to different skill levels and learning objectives, providing
students with the opportunity to apply theoretical knowledge in practical settings.

2. User-friendly Interface: The platform’s interface is designed to be intuitive, interactive,
and visually appealing, ensuring a smooth and engaging user experience. Navigation and access
to learning materials are streamlined, allowing students to quickly find and participate in tasks
and simulations that match their interests and skill levels.

3. Collaboration and Knowledge Sharing: The platform fosters a sense of community among
students by encouraging interaction, collaboration, and knowledge sharing. It includes features
such as chatrooms, forums, and leaderboards that allow students to communicate, discuss
problems, and learn from one another, enhancing their learning experience and preparing them
for teamwork in their future careers.

4. Integration with Existing Curriculum: The cybertraining platform is designed to
complement and enhance the traditional classroom-based cybersecurity education at Astana IT
University and the military department. By integrating the platform with the existing curriculum,
students can reinforce their theoretical understanding through hands-on practice, leading to a
more comprehensive grasp of cybersecurity concepts and techniques.

5. Scalable and Modular Architecture: The platform’s architecture is designed to be scalable
and modular, allowing for future expansion and customization as the cybersecurity landscape
evolves. New techniques, technologies, and threats can be easily incorporated into the platform,
ensuring that it remains relevant and effective in preparing students for real-world cybersecurity
challenges.
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6. Assessment and Evaluation: The cybertraining platform includes mechanisms for tracking
students’ progress and performance, enabling educators to assess the effectiveness of the training
and identify areas for improvement. Students can also receive feedback and recommendations to
help them refine their skills and address any weaknesses. According to Miller and Smith in their
article “Cyber Polygons: A New Paradigm for Cyber Security Training and Exercise”published
in the Journal of Cybersecurity, they introduce the concept of ‘cyber polygons’ as a new approach
to cybersecurity training. This paradigm emphasizes the importance of practical, scenario-based
training exercises that mimic real-world cyber threats, thereby providing learners with a more
realistic and engaging training experience.

Depending on the tasks and specifics, the cyberpolygon infrastructure usually includes
some application software / services that provide the main business processes. It can also be
not only software, but also specialized hardware solutions. The maximum proximity to the real
infrastructure ensures the quality of the cyberpolygon, but increases its cost. Companies must
maintain a balance in this matter.

As for the evaluation of the effectiveness and performance of the use of the cyberpolygon in
the process of teaching students, a study was conducted. This study involved 66 students who
were divided into two groups. The first group consisted of 29 students who completed the tasks
of the cyberpolygon with materials in the courses tab. In turn, the second group consisted of 37
students who completed tasks with the help of books [9-11]. To conduct an experimental study,
the tasks presented in Table 2 were selected.

Table 2. List of tasks

Task Level of difficulty Description of the task
Stalin For Hard This quest is about winning World War II and one small
Time event during that. This is called OSINT, and in the course of

the decision, we must come to the conclusion that Eugene
Holdey stole the watch as a trophy

Cable hard This task was focused more on programming. It was necessary

Castaways to write a script that would help untangle the wires and after
that they should have received a picture with a flag

Long story middle This is another OSINT task with elements of forensics. The

participant needed to solve various riddles and solve ciphers
in one stage in order to get a flag at the end

Stalker Easy This task is related to the game Stalker, which is due out this
year. And the participants had to learn and write down

Awesome Easy Participants are given regular music and with the help of

music steganography, they had to find a flag that was hidden in the

music itself

According to Table 2, tasks of the hard level were estimated at 300 points, middle - 150
points, easy - 100 points. The study revealed that the students of the first group perform tasks
faster than the second group. Here, Table 3 shows the login and points earned in the student
platform. It is worth noting that students used different logins to register in the system..

Table 3. Student results

Number of students Points scored
1 900
1 800
3 750
2 350
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3 300
12 250
7 150
8 100
30 0

As can be seen from the table of towers, 29 students who used the cyberpolygon materials
completed the tasks with a minimum score of 250. Students who completed the tasks with the
help of books [9-11] scored a maximum score of 150 of the easy level. In turn, the students who
used the materials of the cyberpolygon coped with the tasks of all levels. The histogram shown
in Figure 3 clearly shows the results of an experimental study:.

1000
900
800
700
600

400
300

Number of students
A
[==]
[==]

200

100 -
0

e

type of students
Figure 3. Ranking the results by points and materials used

It is worth noting that the term “cyberpolygon” is gaining more and more popularity as
a platform for conducting exercises for information security specialists. The main principle of
working on such platforms is built on the competitive effect between teams. The cyberpolygon
of Astana IT University is built based on the Stalker game of the same name.

3. Conclusion

The purpose of this article is to study and create a full-featured web application using
JavaScript capabilities in PERN stack with Bubble.io and the development of a prototype based
on it. The project consists of 3 huge parts, each technology required a significant amount of time
for detailed study and implementation of the idea. The basic concepts and main advantages of
using the stack are discussed in detail, followed by a detailed explanation of the implementation
process. The prototype created was an application for teaching students on the way to becoming
real hackers. The assigned tasks were strictly fulfilled. On the way to the release of this web
platform, a lot of new material was studied, and various programming languages were used,
such as JS, C++, Python, Java, PHP etc. It may seem that this is bad when a project has so much
diverse content, but there is an easy explanation behind it. The fact is that the web application
is fully written in JS (React]S+Node]S), as well as on bubble.io, the rest of the programming
languages were used on virtual machines or on a docker configured in our physical server on
the Windows operating system.
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CpaBHNMTeAbHbIN aHAaAM3 IPUMeHeHNs 11aT¢GOPMbI KMOepIIOANTOHA AAs1 OOy YeHsI
B 00aacTy K11Oep06e30MacHOCTH ¢ IIOMOIIbIO COpeBHOBaHMII «3axBaT (paara»

Aaust Abaupaman®, laypa Aagamena’, bexxan Japmenos’, Taaaann6ex Omyp3sakos’,
Aama 3akuposa’
I Astana IT University, Acmana, Kasaxcman

AnnoTtanms. KnGeprnoauron — »T1o maatdopma, INpeiHa3HaueHHas AAsl OOyYeHMs CTYAEHTOB
B o0aacTu KubepHe30InacHOCTU C IIeAbI0 ITOAYYEeHUs IPO(PeCcCHMOHAaABHBIX HaBBIKOB. B CBA3M C ®TUM
Astana I cosgaa mpoexT, HallpaBA€HHBINI Ha Pa3pabOTKy KMOepIIOAUIOHa C Pa3AMIHBIMU BEKTOpaMu
UCIIOAB30BaHMS KubepaTak. DTOT IIPOEKT I103BOAsSeT 0OoJee ueM JecATU CTyJAeHTaM paboTraTh Ha
naarpopMe OJHOBPEMEHHO U HpHoOpeTaTh HaBbIKM paboTel B KomaHJe Red/Blue. B »toit crarse
IIpeAcTaBAeHa MeTo40A0rsl pa3paborku naatdpopmer Cyberpolygon. Jasee, B pamkax Kubeproanrona
OBL10 ITpOBEAEHO DKCIIEpUMEHTAaAbHOe O0yUeHNe CpeAM CTYAEeHTOB BTOPOro roja obydenns B Astana IT
University, KOTOpoe [103BOASIET pelllaTh pealbHble 3ajadyl C IIOMOIIBIO KuOeprioanroHa. Tectuposanue
IIPOU3BOAUTEABHOCTY U U3ydeHMe I11aT(POPMBI IIPOBOANANCH METOAAMI CPaBHITEABHOTO aHAAM3a.

Karouesble caoBa: KubeprioAnroH, ysa3suMocty, redteam, blueteam, obpasosaTeabHas raatdopma,
KnbepaTaku, oOyueHmne kndbepOe30IacHOCTH, IPaKTUYeCKIe HaBbIKIA.
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«Tyamp1 Tycipy» Xapbicbl apkblabl Knbepkayiricisgik OOMbIHIIA OKBITY YIIiH
K1OeproanroH naaT¢gopMacbIiHbIH KOA4aHbIAYBIH CaAbICTBIPMAAbl TaaAay

Oaust O6aipaman’, Aaypa Aagamesa’, bexxxan Japmenos’, Taaaann6ex OmMmyp3akos’,
Aama 3akmuposa’
!Astana IT University, Acmana, Kasaxcman

Annoranus. Kubeprioauron — 0ya cTygeHTTepre KaciOu AaFAblaapAbl KaALIITacTRIPY MaKcaThIHAA
Kubepxkayincisgix Ooiipinia 6iaiMm Oepyre apnaaran naargopma. Ocpiran OaitaanbpicTel Astana |
KnbepiabyblajapAbl MalijadaHyAbIH 9pTYpAi BeKTopaapsl Oap KMOepIrIoAUroHALI 93ipaeyre OarbITTaAFaH
sko0ba Kypasl. bya sxoba oHHaH acTaM cTyAeHTTepre naatdopmasa 6ip yaksITTa SKyMBIC icreyre >koHe Red/
Blue xomMaHgacsIHAa XKYMBIC icTey JarAblAapbIH alyFa MYMKiHAIK Oepeai. bya makaaaga cyberpolygon
naatdopMachiH a3ipaey oagicremeci Oepiaren. Opi kapait, Kubeprnoamron mentepinge Astana IT
University-4e OKyABIH eKiHIII >XBIABIHBIH CTYJEHTTepi apachlHJa DKCIEPUMEHTTIK OKBITY OTKiziaai, 6ya
K1OepII0AMTOHHBIH KOMeTiMeH HaKThl MiHAeTTepAi ITelryre MyMKiHAIK Oepei. OHiMAi4iKTi Tekcepy KoHe
11aaTdpOpMaHbl 3epTTey CaAbICTEIPMaAbl Taajay daicTepiMeH XXy priziaai.

Tyiin ce3aep: KuOepHOAMIOH, OCaAABIKTap, KbI3blA OipaecTik, kek Oipaecrtik, 6iaiMm Oepy
naatdopmacsl, kubepiabyslajap, Kndepkayincisgikke yiipeTy, MpaKTUKaAbIK AaFAblaap.
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Charging Effect on Soil Particles in Scanning Electron
Microscopy (SEM)

Abstract. Scanning Electron Microscope (SEM), a tool for material characterization reveals
information about surface, subsurface, composition, and defects in bulk materials. The objective
of the article is to understand the parameters of soil particles on charging effect in SEM. The
SEM images were obtained on colluvium soil particles by varying particle size (A=2-1mm,
B=0.6-0.425mm, C=0.3-0.212mm, and D= <0.075mm), and number of conductive coatings
(uncoated, single, and double). The article proposes a method for the preparation of soil particles
for SEM imaging and is applicable for all types of soil particles. The study revealed that the
soil particles of size greater than 212 um require double conductive coating and less than 75um
requires single coating to avoid charging effect. The sharpness of the image is questionable of
soil particles greater than 212um at 10000x magnification and above, after double conductive
coatings.

Key Words: Scanning Electron Microscopy, Soil Particles, and Charging Effect
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1 Introduction

The study of surface microstructure of soil particles gives insights of the sedimentary history
of the soil particles (Vos et al., 2014). The applications of SEM in soil mechanics are to study
grain outline: roundness or angularity, transportation mode, distance and time travelled, and
size (Park et al., 2022), fabric orientation (Song et al., 2022), forensic analysis of soil and sediment
traces (Jafery et al., 2022), trace of heavy metals in soil (Burdalski et al., 2022), and morphological
investigations up to a scales of micrometer to nanometer (Islam et al., 2022). The wide applications
of SEM imaging in soil mechanics have attracted attention among researchers. The sample
preparation plays a major role in the SEM imaging to acquire high quality morphological images.
The main problem in the SEM imaging is the charging effect on the sample while imaging. The
image that is darker than background is called positive charging and brighter is called negative
charging. The most common in soil particles imaging in SEM is negative charging.

The charging effect can be reduced by two methods, one is by conductive coating to a
thickness of a few hundreds of angstroms. This method allows the sample surface with a thick
coating cause not able to capture real fine surface morphology. The second one is by lowering
the energy of the primary electrons. This method allows the low energy electrons on the surface
of the sample results poor quality of images were recorded with less intensity of electrons
(Ichinokawa et al., 1974). The charging effect is also used for the characterization of conductor-
insulator composite materials. Insulating materials with thin films, thin films with mask, and
overlay marks (Zhang et al., 2004). In soil mechanics, the application of charged micrographs is
not used, and it will give only particle size but, not the morphology for microstructure analysis.
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However, the article is not included the direction of specimen charging relevant to the beam
energy interval (Grella et al., 2004), Shrinking effect (Flatabo et al., 2017), accelerating voltage
(Chetana et al., 2022), working distance (Bayazid et al., 2020), and scanning time and inclination
of the beam (Ichinokawa et al., 1974). The article presents the preparation of soil particles for
SEM imaging and the effect of particle size, and number of conductive coatings on charging
effect.

2 Materials and methods

2.1 Sample Preparation

SEM images were obtained on colluvium soil sample collected from Banihal, Jammu and
Kashmir, India (Figure 1a, b). The specific gravity (G) of the soil is 2.74. The soil is classified as
“clay with intermediate plasticity (CI)” with the gravel (1.16%), sand (7.46%), silt (65%), and clay
(25%) (151498, 2007). The soil particles were prepared by soaking the oven dry (105°) soil sample
of 0.5 kg for 24 hours (Figure 1c). The soaked soil sample was subjected to wet sieving through
75 microns sieve (Figure 1d). The soil sample retained on 75 microns was subjected to oven dry
for 24 hours and subjected to dry sieving analysis as per Indian standard code (I52720-4, 1985)
(Figure 1e). The soil particles were collected at different sizes of sieve are 4.75, 2, 1, 0.6, 0.425, 0.3,

0.212, 0.150, 0.075 mm, and pan (Figure 1f).
| L ]
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Figure 1. Colluvium soil sample, a) India, b) Location of Banihal, Jammu and Kashmir, c) Collected
soil sample, d) Soaked sample for wet sieving, e) Set of sieves for dry sieving, and f) Distribution of
soil particles and representation of A, B, C, and D particle size ranges.

The soil particles passing through 2 mm and retained on 1 mm are considered as particle
size A and particle size B, C, and D, are of the size of 0.6-0.425 mm, 0.3-0.212 mm, and less than
0.075mm, respectively (Figure 1f). The double stick carbon tape was placed on the SEM stub and
dry soil particles were placed on the carbon tape. Stiff paper was used to distribute the particles
over the carbon tape and the SEM stub with soil particles was subjected to imaging.

The maximum care was taken to distribute soil particles over large scanning area and
subjected to gold sputter conductive coating. After coating, the stub was placed on specimen
stage and closed the chamber, subjected to vacuum. The particles of size A, B, C, and D are
placed on the SEM stub, subjected to uncoated, single, and double gold sputter coating and
ready for imaging.
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2.2 SEM configuration

Generally, the SEM on secondary electron mode is operated to get the surface images. The
ZEISS EVO50 at the Indian Institute of Technology Delhi (IITD), India was used in the present
study (Figure 2). The specifications of ZEISS EVO50 are resolution: 2 nm at 30 kV, acceleration
voltage: 0.2 to 30kV, magnification: 5x to 1,000,000x, field of view: 6 mm at the analytical working
distance (AWD), general sample size: less than 10 mm in any direction (height or diameter),
vacuum pressure: -6 millibars, and detectors: secondary electron (SE)-Everhart Thornley (ET), SE
in Variable-pressure secondary electron detector (VPSE), backscattered electron detector (BSD)
in all modes-quadrant semiconductor diode (Carl, 2003).

Figure 2a, the instrument consists of main unit, control system, and Personal Computer
(PC). The main unit consist of vacuum chamber, specimen holder (X-Y-Z tilt rotation stage
(Figure 2b), and the filament of Tungsten for the generation and acceleration of electrons.
High purity Emitech/Quorum sputter coater of model K550X was used in the study (Figure
2¢). The sputter emits gold (60mm diameter x 0.1mm Thick: Gold fitted as Standard) spherical

. . . . -4 ...
particles for coating of thickness 10%2 nm/minute at a vacuum gauge range of 110"~ millibars
(Quorumtech, 2007). The present study taken the sputter time as 1.5 minutes and an approximate
thickness of 15+2 nm surface coating.

Sprcimen Siuh

L =

i —
=

Figure 2. Scanning Electron Microscope Central Facility at IIT Delhi, a) External view of ZEISS EVO
50 SEM, b) Specimen stub assembly chamber (internal), c) Emitech/Quorum sputter gold coater of
model K550X, and d) Prepared SEM stub with soil particles after conductive coating.

The prepared SEM stub (Figure 2d) placed on the stage for scanning and closed the chamber.
The chamber is filled with vacuum at a pressure of -6 millibars. After successful completion of
vacuum, the incident beam is on to the sample to capture the images through personal computer
(PC). The images were collected at different locations of the sample by adjusting the X and Y
stage knob. The captured images were exported to save the images as tag image file format (tiff).

2.3 Testing Methodology

The SEM images were obtained on soil particles of parameters considered are varying size
(A, B, C, and D), and number of conductive coatings (uncoated, single, and double). All the
images were taken at an accelerating voltage of 20 KV. The soil particles of size A, B, C, and D are
placed on the SEM stub having four slots (Figure 2d). The stub without conductive coating was
taken for imaging, after that, single and double conductive coatings were applied on the same
soil particles. Throughout the imaging the soil particles are the same of A, B, C, and D but the
number of conductive coatings were changed.
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3 Results and Discussions

3.1 Effect of Particle Size

The soil sample consists of distribution of different sizes of particles due to the weathering.
The distribution of particles tells us about the type of weathering conditions and the type of
forces acted on it through morphological studies. The environment of the soil sample greatly
affects the particle size distribution. The alluvium, aeoline, lacustrine, marine, and colluvium soil
types exhibit different types of microstructures of particles due to their environment is different.
Within one type of soil sample the distribution of soil particles sizes and their microstructure
are very important for morphological studies to investigate micromechanical behavior of soil
particles. The uncoated soil particles of size A, B, C, and D were subjected to SEM at a constant
magnification of 65x times. From Figure 3, with the increase in particle size, charging effect
is increased. The surface potential (Vs) of soil particles increases and causes charging effect
(Ichinokawa et al., 1974). The charged surface areas and particles were marked on images
(Figure 3).

R T e O T e T R L

(a) Uncoated (b) Uncoated
(M: 65, 8: 2,00-1.00 mm) (M: 65%, S: 0.6-0.425 mm)

(c) Uncoated () Uncoated
(M: 65%, S: 0.3-0.212 mm) (M: 65%, S: <0.075 mm)

Figure 3. Uncoated soil particles at 65x times magnification, (a) Particle size 2-1 mm, (b) 0.6-0.425
mm, (c) 0.3-0.212 mm, (d) <0.075 mm.

The letters M and S represent magnification and size, respectively. The particle of size
2-Imm, and 0.6-0.425mm shows the partial charging of particles (Figure 3a, b). The images are
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useful to investigate the boundary outline of the particles but not the microstructural features.
As shown in Figure 3(c, d) the particles were charged are not used in the microstructure analysis
and causes the misrepresentation of surface features. Ichinokawa et al. (1974), obtained SEM
images on flat surface of Teflon sheet of uncoated and coated with gold evaporated films excepts
for a strip of 200, 100, and 50um. The conclusions are that the charging effect is more in uncoated
strips (Ichinokawa et al., 1974).

3.2 Effect of Number of Conductive Coatings

The surface potential is reduced by providing conductive material coating (gold/copper)
so that the conductive coating acts as bridge between the specimen and stub (earthing to the
concentrated electrons) to avoid charging. Soil particles are a mixture of mineral grains and
amorphous material. Mineral grains act as conducting medium to the electrons, but the amorphous
material acts as nonconductive medium causes the accumulation of electrons, resulting negative
charging of soil particles. The charging effect reduced with the number of conductive coatings
(Figure 3, 4).

{a) Single Coating {al) Double Coating
(M 65x, S:2.00-1,00mm) (M 65%, 5:2.00 - 1.00mm)

(b} Single Coating (b1) Double Coating
(M: 65=,5; 0.6-0.425 mm) (M: 65=, 5: L6-0.425 mm)
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Mo Difference on Single and Double
Conductive Coatings

() Single Coating (c1) Double Coating
(M: 65%, 5: 0.3-0.212mm) (M: 65%, 5: 0.3-0.212mm)

Mo Dilfference on Single and Double

Conductive Coatings

(d) Single Coating (d1) Double Coating
(M: 65=, 8; < 0,075 mm) (M 65%, 82 = 0.075 mm)

Figure 4. Effect of number of copper coatings on charging, a) Particle Size 2-1 mm, b) Particle Size
0.6-0.425 mm.

From Figure 4, the particles of size grater 0.425mm (varying from 2 to 0.425mm) exhibit
charging after single conductive coating. For analysis of microstructure of soil particles greater
than 0.425mm were subjected to a second conductive coating (Figure 4a, al, b, and b1l). The
particles of size less than 0.425mm were not affected by single and double conductive coatings
(Figure 4c, c1, d, and d1).

The image has blunt edges after single conductive coating at the magnification of 10000x
times of particle size 2-1mm (Figure 5a). After the second conductive coating, the sharpness of
image was achieved, and the microstructure is clearly observed at 10000x Magnification (Figure
5b). It is evident that, for shape microstructure images for a particle of size greater than 0.425mm
require double conductive coating on higher magnification.
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Edges are Blunt
(Sharpness of-the Image is
Questionable)

(a) Single Coating
(M:10000=, S: 2-1 mm)

Edges are Sharp
(Sharpness of the kmage. is

Edges-are/Shagp
(Sharpmness 'ofithe Bnage is FChicved)

" _[_ |

‘!u

(b) Double Coating
(M: 10000=,8: 2-1 mm)

Edges are Sharp
(Sharpness of the Image ,ﬁs .

% ‘Achieved) :

T e T T R

Achieved)

(d) Double Coating
(M: 10000x,8: < 0.075 mm)

(¢) Single Coating
(M: 10000, 8: < 0,075 mm)

Figure 5. Microstructure of soil particles at single and double conductive coatings at 10000x
Magnification, (a and b) Particle Size 2-1 mm, (c and d) Particle Size <0.075 mm.

There is not much difference between the single coating and double coating of particle size
less than 0.075mm at 10000x times magnification (Figure 5¢c, d). The above discussion enables
that, for microstructure analysis of soil particles of size greater than 0.425mm require double
conductive coating and particles of size less than 0.425mm require only single conductive coating
for higher magnification. For the measurement of particle size and shape does not demand
the requirement of conductive coating, but for microstructure analysis conductive coating is
compulsory. The conductive coating reduces the charging effect by driving the electrons to the
ground (Borchert et al., 1991)

The maximum care was taken to avoid moisture and samples were kept at oven dry of 105
°C before subjecting to SEM imaging. Another reason for charging porous particles is due to the
accumulation of nonconductive clay minerals in the boundaries of the micropores.

64 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



Charging Effect on Soil Particles in Scanning Electron Microscopy (SEM)

4 Conclusions

The soil particle size greater than 212 microns, go for the double coating of sample for better
conducting of material. The soil particles size less than 75 microns requires single coating, if the
sample has more porous particles requires double coating to avoid blunting of mineral edges.
The time of incident beam on a small area of sample should be minimized and can be adopted
as imaging strategy.

The charge balance is not possible on the surface of the sample, change the incident beam
energy to less than 5 kV, but the sharpness of the image is questionable. The study made
conclusions on analysis of colluvium soil particles SEM images and the methodology can be
used for all types of soil.

The practical solution to avoid the charging effect from the instrument is to work on lowest
usable or suitable magnification, to avoid small scan-square modes of operation, and to go for
high resolution microscopes for more detailed study of morphology on nanoscale like field
emission scanning electron microscope (FE-SEM), transmission electron microscope (TEM), and
high-resolution transmission electron microscope (HR-TEM).
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CkaHepaeymri 92eKTpOHABI MUKpOcKommsigarel (COM) Tonmbipak OeamniekTepiHe
3apsIATHIH acepi

Benkaremsapay Iloayrapu, Hupoxai Hapasa Cunarx, K.C. Pao, HM.A. Kpumnan
Aeau Ynoi mexrorozusrvik urcmumymuol, Hoto-Aeau, Yndicman

Anparna. Ckanepaeynri »aexTpoHabl MuKpockorn (COM), maTepmaagapAblH cUIIaTTaMadapbiH
aHBIKTayfa apHaAraH Kypaa, Oopnblajak MaTepualgapAblH OeTi MeH >Kep acThl KabaTTapbl, KypaMbl MeH
akayaAaphl Typaabl akIapaT adyra MYMKiHAIK Oepeai. MaKa4aHbIH MaKcaTbl-CKaHEPAEYIT 91eKTPOHADI
muxpockonus (COM) kesinge sapsigTayra TONBIpaK OeAllleKTepiHiH IlapaMeTpAepiHiH acepiH TyciHy.
COM cyperTepi K0aaI0BMaAAbl TOIBIpaK OealekTepinge Oealekrepain meamepin (A=2-1 mm, B=0,6-
0,425 mm, C=0,3-0,212 mm >xone D= <0,075 MM) >koHe ©TKi3rin >kaObIHAAPABIH CaHBIH (>)KaOBIHCBI3, Oip >KoHe
KOC) ©3TepTy apKblAbl aAblHABL. Makadasa Tomnblpak OealnekTepiniy 0apabIK TypAepiHe KOAAaHBLAAThIH
CBM ogicimen Keckingepai ady yIIiH ToIbIpak OealllekTepiH aalibiHAay o4ici ychIHBLAFaH. 3epTTey
KepceTKeHJel, 212 MKM - AeH acaTbhlH TOIIBIpak, OealexTepi zapsAray acepiH 00a4blpMay VIIiH KOC
OTKI3TiII >XabBIHABI, a4 75 MKM-4eH a3 Oip >KaObIHABI KaKeT eTeai. KeckiHHiH allKbIHABIABIFEI 212 MKM geH
acaThlH TOIIBIpak Oearrekrepi yirin kymaHAi Koc eTxisrint >xaObiHAapAbl KoaJaHraHHaH Keiiin 10000 ece
JKoHe OJaH JKOFaphl YAKENTY KesiHje.

Tyi1in ce3aep: ckaHepaeyIlli 91eKTPOHABI MUKPOCKOIINS, TOMBIpaK OeAIIeKkTepi, sapsaaray acepi.

Bansinme 3apsiga Ha 9aCTUIIBI IIOYBBI P CKAHMPYIOMIEN 91eKTPOHHOV MUKPOCKOIINI

(COM)

Benkaremsapay Iloayrapu, Hupoxai Hapasa Cunarx, K.C. Pao, HM.A. Kpumnan
Mnouiickuii mexnorozuveckuit uncmumym Aeau, Hoto-Aeau, Mnous

Annoranus. CKaHUPYIOIINIT DAeKTPOHHLIN MuKpockorn (COM), MHCTPYMEHT AAsl OIpejeAeHus
XapaKTepUCTHK MaTepraloB, IO3B0AJET MOAYINTh NHPOPMAIIUIO O TTOBEPXHOCTY U ITOAITOBEPXHOCTHBIX
CA051X, cocTaBe U JedeKTax CHITydnX MaTepuaaos. Lleab cTaThy - MOHATL BAMSHUE ITapaMeTpPOB YacTuUI]
IpyHTa Ha 3aps4Ky IIpU CKaHUPYIOIIel »1eKTpoHHol Mukpockormu (COM). COM-usobpakenus ObLAM
IOAyJeHbl Ha YacTUIlaX KOAAIOBMAaABHOIO TPyHTa IIyTeM BapbUpOBaHU:A pasMepa yactul] (A=2-1 MM,
B=0,6-0,425 mMm, C=0,3-0,212 m™m u D= <0,075 MM) 1 KoAn4ecTBa MPOBOASAIINX TOKPBITUI (0€3 MOKPLITIL,
OAuHaApHOe M ABOliHOe). B craTthe mpeaaaraercst criocod IOAIOTOBKM YacTUI] MOYBBI A4S TOAYUEHUs
n3obpaxennii Merogom COM, KOTOPBINI NMPUMEHNM A4 BCeX TUIIOB YacTurl mousbl. Vlccaegosanme
II0Ka3aAo, 4TO YacTUILBI TPyHTa pasMepoM Oosee 212 MKM TpeOylOT ABOIHOIO TOKOIIPOBOASIIETO
ITOKPHITHS, a MeHee 75 MKM - OAMHAPHOTO IOKPHITHA, YTOOH m3bexxats sddekra 3apAaku. PeskocTs
n300pakeHNs COMHIUTeAbHa A5 YaCTUIT TPyHTa pasMepoM Ooaee 212 mxMm rpu yseandennu B 10000 pas
U BBIIIE [10CA€ HAaHeCeHU S ABOMHBIX ITPOBOASIIINX ITOKPBITHIA.

Karougesble ca0Ba: cKaHMPYIOIIAsl 9A€KTPOHHAS MUKPOCKOIINS, YaCTUIIBI IIOUBBI, 3aPsAAHBIN 9PPeKT.
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OIIBITHBIX YCTaHOBOK

AnnoTanusa. B Jdannoil cmamove npedcmasieHvl pesyAbmamol IKCHEPUMEHMANDHBIX
UCCcAQ06AHUTL 110 GHIKUMAHUIO NPOOYKMA 00Aenuxy OUKol ¢ NOMOULLI0 ONbIMHO20 npecca,
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1. BBegeumue

CospemenHoe coctosiHue IpombiniaeHHocty TT Kaszaxcrana xapakrtepusyercs OypHBIM
pasBUTHEM, CTPEMUTEALHBIMM M3MEHEeHUsAMM M aKTMBHBIM IIOMCKOM HOBBIX IIOAXOAO0B K
IIPOM3BOACTBY, KauecTBY 10e30I11aCHOCTUIIPOAYKITNIL. DTaOTPacAbOCTaeTCs 0 AHOM M3 BaXKHe M IIINX
B IIIII€BOJ IIPOMBIIIIA€HHOCTH CTPaHbl, OOecIieunBas HaceAeHle BBICOKOKaueCTBEeHHON MSICHOI
npoaykunueri [1].

Crpoc Ha MscHYIO Tpoaykumio B Kazaxcrane pacreT B CBA3M C yBeAMdeHMeM YMCAEHHOCTH
Hace/AeHMs U TIOBBIIIeHNeM YPOBHs 40X040B. [ToTpebuTtean IposBAsSIOT IIOBBIIIIEHHBIN MHTepecC
K 340pOBOMY IIUTAHMIO, IYTO ITOOY>KAaeT Ipon3BoAuTeAell CO34aBaTh MHHOBAIIVIOHHBIE IIPOAYKTEI
C yAYYIIeHHON HPOU3BOAUTEABHOCTEIO [2].

BaskHBIM acrieKToM pas3BUTHA MACHON IIPOMBIIIAEHHOCTM SBASETCS yBeAUdeHUe AO0AU
repepaObOTKI CBIPhs BHYTPU CTPaHBI, 4YTO CIIOCOOCTBYET yAyUIIIeHIUIO DKOHOMIYECKON CUTyalun
1 cO34aHMIO pabounx MecT. VIMeeTcs 3HaUMTeAbHBIN TOTEHIIMaA B 9KCIIOPTe MsACHON TPOAYKIINI,
YTO OTKPBIBaeT HOBbIE IEPCIIEKTUBEI 4451 PasBUTU [3].

[IpuMeHeHMe pacTUTEABHOTO CHIPBSI M3 BOCTOUYHOrO pernona Kasaxcrana, o61agaromiero
aHTUMOKCUAAHTHBIMM CBOJICTBaMU, IIpeAcTaBAseT cOOOM BaXKHYIO MHHOBAIIMIO B IIPOM3BOACTBE
MCHBIX ToAypadpukaTos. OAHNM U3 TaKMX [IeHHBIX MHIPeAVIEHTOB SBASeTCS AMKas 001emuxa,
OoraTass OMOAO0TMYECK! aKTMBHBIMI BellleCTBaMl, TaKMMM KaK BUTAaMUHBI, MUKPODAE€MEHTHI I
AHTMOKCUAAHTHI.

AHTHOKCUAAHTBI UTPAIOT KAIOUEBYIO POAb B 3allliTe OpraHn3Ma OT BO34eIICTBIISI CBOOOAHBIX
paAuKaa0B, KOTOpble MOTYT IIPUBECTH K OKIICAUTEABHOMY CTPeccy U pa3ANdIHBIM 3a001eBaHIM.
Beesenne B MiAcHble moaydaOpmKaThl AMKON 00A€NNMXM I103BOAseT O0OTaTUTL IPOAYKT
aHTMOKCUAAHTaMMi, TeM CaMBIM ITOBBIIIAs €TO MNIIEeBYIO IIeHHOCTD U (PYHKIIMOHAABHOCTD [4].
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Vcnoab3osanue AMKO 0Oaenmxyu B 0OpabOTaHHOM Msce MOXKeT He TOABKO ODOraTUTh
IIPOAYKT aHTMOKCUAAaHTaMI, HO U IIpMAATh eMy HeIIOBTOPUMBIN BKyC, apomart 1 1seT. Kpome
TOTO, aHTUMOKCUAAHTHI MOIYT IIPOAAUTDL CPOK XpaHEHMsI TPOAYKTa, IIpejoTBpalas OKucAeHue
KMpa U yAydIlas TeKCTypy.

Aukas obaenuxa, pouspacraionias B BOCTodHOM pernoHe Kasaxcrana, mmeer OoraTbiit
XMMIYeCKNii cocTas, BKaiouas sutaMmuubl C 1 E, kapoTnHOM AL 11 pAaBOHOMABL. DTV KOMIIOHEHTHI
CITOCOOCTBYIOT He TOABKO COXPaHEHMIO KadecTBa IIPOAYKIIMM, HO M YAYYIIeHUIO OOIIero
COCTOSTHUSA 340POBbsI IIOTpeOuUTe ALl

OaHako mpy OCyIecTBA€HUN AaHHBIX paboOT IepepaboTka AMKOpacTyleil 00AeIXoBoil
IpOAYKIINY, BBIOOp Hamboaee 5PPeKTUBHOIO M3 MHOTOO0Opasus OOOPYAOBaHMS C I[€ABIO
pasandeHns IOAy4eHHON IIPOAYKIIUM ABASETCS AOCTaTOYHO CAOXKHBIM ITpoIrieccoM. Jast 9Tux
1lesell MCIOAB3YIOTCs IIPecchl, ceraparopsl, HeHTpudyru, (GUABTPH U COKOBBIKMMAaAKIU.
Kaxgoe obopyaoBaHme mu ycTaHOBKa MMEIOT CBOM IIpeMMYyINeCcTBa M HeAOCTaTKHU, U IIpU
uX BRIOOpe HeoOXOAMMO IIPOBOAWTH BCe MCCAEAOBAHMSA O €r0 BAMSIHWUM Ha COCTaB CHIPb U
npoaykuum. B pesyabraTe repspix nccael0BaHNIl ObLAO OTMEUEHO, 4TO IIPMMeHeHIe OIIBITHBIX
IIPeCCOB C 11eABI0 OTKMMa ITPOAYKIINH 00AeTINXY AVIKOT, a IIeHTPUQYT C I1eAbI0 OTAeAeHIs COKa
OT DKCTpaKTa sABAseTcs Hanboaee 9dPeKTUBHBIM [5, 6].

ITeap1o MCCA€A0BaT@ABCKUX PAOOT SABASETCS BhIAaBAMBaHNE IIPOAYKIINY O0AETINXI AVIKOI C
IIOMOIIIBIO OIIBITHOTO IIpecca, padAnyeHe COKa I 9KCTpaKTa C IIOMOIIIBIO OIILITHOM IIeHTpudyTH,
IoAy4JeHye 9KOA0TNIeCK! YMCTHIX IIPOAYKTOB U MCIIOAb30BaHMe B MSICHBIX IToAydadpuKaTax.

2. MeToabl

IIpn gocTM>KeHMUM IOCTaBAEHHOMN LleAU U POBeJeHIN UCCAe]0BaTeAbCKOM pabOThl OblAM
JICIIOAB30BaHbl Pa3AMYHbIe COBPEeMEHHble MeTOAUYeCKMe I104XOAbI, M3y4eHbl MaTepuaabl
13 AUTEPaTYPHBIX MCTOUYHMKOB B MHTepHeT u Oubamoreunnix ¢poHgax. B 1easx obpaborkm
HaKOILAeHHOIO MaTepuasda MCII0Ab30Balach IIporpaMMa padoThl C A€KTPOHHBIMU TabAUIIaMU
Excel, B yacTHOCTM MaTeMaTHyecKue ¥ CTaTUCTIYeCKIe PacyeThl.

3. PesyabpTaThl 1 OOCyXKAeHMe

B nmpoussoactse Macaa u coka paccMaTpUBAIOTCS Pa3AMYHbIe TeXHOAOTMYECKUe METOABI
(andpdysus, skcrpakums, mpeccosanue u 4p.). [Ipoaykums, moayuennass 1o rocaeiHeMy
yKa3aHHOMY MeToAy, OyJeT O4YeHb ®DKOoAOormdecku umcroi [7]. B pasamynbix nmimesbix
IIPOU3BOACTBAX, B TOM 4lCAe B HAIlpaBA€HUM M3Y4YeHUs IIpollecca IIpeccoBaHus (IIHEKOBOTO
Ipecca) C 11eAbl0 OTKMMa COKa, MHOIue y4yeHble IpoBeAl CIIelMaAbHYIO HayuyHyI0 paboTy, B
TOM 4lCAe B KOHTEKCTe IITHEeKOBBIX Ipeccos [8-11]. Ognako 13 aHaam3a KOHCTPYKUINI IITHEKOBBIX
YCTPOJCTB BUAHO, YTO Hay4Hble MCCAEAOBaHN:, MPOBOAMMEIE 4O CUX IIOpP, He CXOAATCA B
OAHOI OOIIell TeopeTMJecKol JacTy KOHCTPYKLIMM IIHEKOBBIX YCTpoiicTB. B ®TOoM MOxHO
AerKo y0eauThesl, ITIOCMOTPEeB Ha pacXOXXAeHUs B HallAeHHBIX PeIleHNsX, BBHIIIOAHUB pPacyeThl
Ha OCHOBe ypaBHEeHNIl, OIlpejeAeHHBIX B gaHHOI ocraHoBke.llosTomy paspaboTaHHOe HaMu
DKCIIepMMEeHTaAbHOe IIpeccoBoe 0OOpyJOBaHME I103BOASAeT MHTeHCUPUIIMPOBATh IIPOIiece
BbIA€AeHNs COKa U3 CeMsH 00JeluXu IMOCpeACTBOM IIpoliecca IIpeccoBaHms Oe3 IpuMeHeHMs
XMMMYECKMX METOAO0B M MeXaH4YeCKI, COXPaHsIs IPUPOAHOE IIeHHOe Ka4eCTBO, ITOBhIIIasl 3aTPaThl
Ha Me>XOIlepallIOHHbIe IIePEeBO3KI U TPYA0E€MKOCTD, a TAK>Ke BaXKHOCTD MCII0Ab30BaHms [12].

Onmcanmue OIBITHOTO IIPECCOBOTO OOOpPYAOBaHUSA AAsl IPOMU3BOACTBA COKOBBIAEAEHIUS.
Vunosaumonnsiit nateHT PK Ha nm3obperenne Ne25524 B aabopaTtopum «copepIieHCTBOBaHNe
TeXHMKM U TeXHOAOTMM IIMIIEBBIX IPOAYKTOB» MH>K€HEPHO-TeXHOAOTHMYECKOro (axyabTeTa
rocygapcrsenHoro ynusepcutera umenm Illakapuma r. Cemell ¢ 11e4pi0 MHTeHCHpUKaLUU
nporjecca npeccosanms (IlyOoamkamms or 15.03.2012, ©10a. Ne 3) Ha ©Oase HOCTpPOeHO
DKCIIepMMEeHTaAbHOE IIpeccoBoe 0OOpyJOBaHNUE AAs IPOU3BOACTBA COKOBBIKMMAAKM C
MeXaHM3MOM, oOecIleuMBalOIIMM pPaBHOMEpPHOe paclipejeleHNe AaBAeHNs Ha IPOAOALHBIN
poct mHeka (puc.1,2) [13].
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1-cranuHa; 2-1HeK; 3-KOHycooOpasHasl ceTKa C BBIXOAOM COKa; Pucynox 2. O6umit Bua
4-MexaHI3M peryAnpoBaHus JaBAeHNs; 5-CTOIIOpHas Taiika; OKCIEPNMEHTAABHOTO
6-rapy30uHbiii GyHKep; IIPeccoBOro 000PYA0BaHIS

Pucynok 1. [IpuHnumnmaabHas cxeMa COKOBBIKMMaAKN

CoxoBpiKnMaaka paboTaeT caeaylomium oOpasoM: obaemnmxa mHogaerca u3 OyHKepa B
6 IMPeccOBOYHBLIX IIePeropoAok. JapieHue BO3HUKaeT B pe3yabTaTe CTYIIEHYAaTOIO YCaAKu
BHEIITHEeTO AMaMeTpa IIpeccyIolero IIHeKa 2 Ha u3JeAne 110 HallpaBAeHIIO X04a U3AeANs, hdepe3
OTBepPCTHsI KOHYCOOOpa3HOI ceTKu 3 BhlgeaseTcs coK. Japaenne, HeoOXoauMoe 445 OTAeAeHIs
COKa, peryAmpyercs Ha OCHOBe CIlelMaAbHO Pa3dpabOTaHHOTO MeXaHM3Ma peryAupOBaHUs
AaBaeHns 4 (pucyHok 3).

Pucynox 3. I[Ipo1ecc BBIKMMKM COKa

B pesyabraTe BKAIOUEHUS ~MeXaHMU3Ma peryAsTopa J4aBAeHMUs B KOHCTPYKLIMIO
yCOBepIIIeHCTBOBAaHHOIO 000PYA0BaHMs MBI AOCTUTaeM CHUKeHIs yAeAbHBIX IIOTePb MOITHOCTH,
MHTeHCPUUUpPYs IIporecc pasjeleHus COKa, oDecriednBas paBHOMEpPHOe paclipeje/eHre
AaBAeHus MO MHPOAOABHOMY IIPUPOCTY INIHeKa, oOecIiedmsas IIpU HTOM IIOAHOE M3MeHeHle
3a30pa Me>XAy KOHYCHBIM IITHEKOM V1 KOHYCOOOpa3HOII ceTKOI. Pe3yabTaThl Mccae0BaHILs ObLAM
13/05KeHBI Ha MeKAYHapPOAHBIX HayYHBIX KOH(pepeHINsIX 1 popymax [14-16].
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DKcIlepuMeHTaAbHbIe JCCAej0BaTeAbCKue paboThl IPOBOAUANCE Ha OCHOBE CTPYKTYPHBIX
IIOKa3aTe el OIIBITHOIO IIPeCcCOBOr0 000PYyA0BaHN 1 A1 COKOBBKMMAaAKIL B skcriepuMenTaapHOI
11CcCAeA0BaTeAbCKO paboTe ObLA MCII0AB30BaH YpoyKail 00Aenuxu AVKOI, IIpou3pacTaionieil B
HallleM pervoHe.

B nccaeaosaTeanckoit paboTe 1CII0Ab30BaACs YposKaii 00AenXu AVKOI, ITpou3pacTaioneit
B BKO (pucynok 4). Bricota gukoro 001emmxoBoro gepesa cocraBAseT 3 M. YpoyKkail ObICTpO
1IBeTeT Ipu OOABIINX BECEHHUX CPOKaX, AUCThs TOHKMe, AAVHHBIe.

Pucynox 4. Aukas ob6aennxa

C 1eapio oTgeseHmsl IOCTIIPECCOBOTO IIPOAYKTa OT COKa M DKCTpaKTa MCIIOAb30Badach
DKCIIepMMeHTaAbHas LeHTpudyra, KOTopas 0/ AeCTBUeM ILeHTPOOeXKHON CUABI C BBICOKOI
CKOPOCTBIO OTAeasAa AMKYIO 00Aenuxy OT coka M dKcrpakra. COK UM DKCTPakT, IMOAydeHHbIe
Iocle Ipolecca IpeccoBaHus, MpeAcTaBAeHbl Ha pucyHkKax 5, 6. Pesyaprar sKcrepumeHTa
IOKa3bIBaeT, 4TO I11040BOe 3epHO 00AenMXu AMKON MMeeT 00ABIIIOe KOAMYEeCTBO COKa, U, KaK
MBI BUAEAV Ha IpPeAbIAyIeM PUCYHKe, BUAHO, 4TO ee I11040BOe 3epHO KpyIHoe. B To Bpem:
KaK coJep>KaHMe COKa B HeM cocTasaseT 55%, ocrasIeecs KOAMIECTBO COCTOUT M3 KOCTHBIX U
IIPOTEPTHIX CMECeI.

PucyHoK 5. BeigeaeHHBIN cOK PucyHOK 6. DKCTpakT

SKCHepI/IMeHT IIpOBOAMACSI Ha BCEX KOHCTPYKTMBHO IIapaMETPpUMYeCcKNX KOMIIAeKTaxX
IIpeccoBoro O60py40BaHM}I. HO, ITOCKOAbKY He BCE€ M3 HUX CIIOCOOHBI YAOBAETBOPUTDH
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¢ dexTuBHBIe Ilean U TpeOOBaHU: UCCAe]0BaTeAbCKONM pabOTh, HET HEOOXOAMMOCTM AaBaTh
xapakTepuctuky. IlosTomy omnmcanme mporecca mpeccopaHmusi ObLAO OXapaKTepMU30BaHO Ha
OCHOBE KOHKPeTHBIX COT1aCOBaHHBIX ITapaMeTpPOB I Pe3yAbTaTOB MICCAA0BaHIs, PaCKPhIBAIOIINIX
€ro coJep KaHue.

VccaeaoBana 3aBMCMOCTD COKa 00A€MIXOBOTO ITPOAYKTa OT CKOpOcCTel 1 AuadpparMaabHbIX
OTBepCTUI B ITpoIiecce mpeccoBanmsl. B nccaegopareanckoir paboTe cTpOUTeAbHO-OIIpeeAsieMble
IlapaMeTphl, TO3BOASIOIIe PaCKPBITh COAep KaHMe pabOTHI ITPY OMCAHNUY DKCIIePUMEHTaAbHBIX
pe3yAbTaToB, BRICTPOEHBI B CHICTeMe 3aBUCUMOCTeN caeaylommum oopasom. OgHOI 13 OCHOBHBIX
3agay Hay4yHOIl paOOTHI SBASETCs OIlpejedeHNe TapMOHMYHBIX (PaKTOPOB, HEOOXOAMMBIX
Aast mHTeHcuduKanuy Imporiecca npeccosanus. CaejoBaTeabHO, NMpuAaHNe HEOOXOAMMOTO
AABAEHUs pa3aeAeHNIO KUAKOM (ppakLuy ¢ yBeArdeHneM CKOpOCTU 110 Mepe HeoOXOAMMOCTI
B MHTeHCcu]UKauy Imporiecca Impeccosanus. /as AOCTVDKeHMSI TaKOTO pesyabTaTa, M3ydas
rapMOHIYHBIE CBS3Y B3aIMO3aBUCUMOCTeI AaBAEHNS ¥ CKOPOCTH, OIpeAeAsiAu MUHUMAaAbHBI
pasMep rokaszaTeas COUHOCTY 00AeTIMXOBOTO ITPOAYKTa B AMadpparMaAbHOM OTBEPCTUM, paBHOM
0=6-10-3 M. Ilpn gaapHelilieM yMeHbIIeHUM AnadparMaabHOTO OTBEPCTUS BBIAEASIOIIMIICA
COK I APyIUe YacTy DKCTpakTa OOK O DOK BBIXOASAT BMeCTe B 3€€pHOM IIMAMHAPE U BBI3BIBAIOT
3aKyIIOPKY 3eepHOro Iuantapa. Kpome toro, mpu HU3KIX CKOPOCTSX COKOBbIAeAeHNe IIPOoIiecc
BBIAE/AEHIIS COKa yXYyAIlaeTCs U3-3a HegocTaTKa AaBAeHIsl, HBOOXOAMMOTO AAs OTXKIMa COKa M3-
3a yMeHbIlIeH!s IIPUHYAUTEABHOTO I0TOKa. Takoe sABAeHme MoXKeT OBITh CBs3aHO C yXyALIeHeM
Iporiecca IpeccoBaHMs 13-3a TOTO, 4TO O0Jelnxa He ycIiela IIOAHOCTBIO OTAEAUTHCS OT COKa,
€CAU MCII0Ab30BaTh ee Ha BLICOKUX CKOpOCTsAX. TakuM 0O6pasom, MBI oAydaeM cKopocTh 14,653
paj/c B KauecTBe COT1acoBaHHOTO KOHCTPYKTUBHOTIO ITapaMeTpa.

[ToxazaHbl pe3yAbTaThl MCCAEAOBAHUS XMMUYECKOTO COCTaBa O004eIMXOBOTIO IPOAYKTa,
DKCTpPaKTa, OCTaBIIIeTOCs I10CAe OTKMMa COKa 13 I11040B. Y CTaHOBAEHO, UTO 00 AeInxa ¥ 9KCTPaKT
SABASIOTCS II@HHBIM MCTOYHMKOM OelKa, XMPOB PacTUTEAbHOTO IPOMCXOXKAEHNUs, KAeTYaTKM,
BUTaMMHOB, KIICAOT, MUKPODA€MEeHTOB U APYTUX BaXKHBIX A4S JKU3HU IUTaTeAbHBIX BeIecTs.

4. BerBoabl

Vcrmoan3osanne mpecc 000OpPya0BaHNs 445 BBIKMMKI AUKOM ODAENMXM U ITOCAeAYIOIIero
pasjeaeHns BLIKMMKM Ha COK U DKCTPAKT ABASETCS Ba’KHBIM HTaIlOM B IIpoljecce repepadoTKu
AAHHOTO LIeHHOTO ChIpba. JaHHbI MeToA 004a4aeT PsI40M IIPeUMYIIecTB, KOTOpPhIe 4e4al0T ero
9(PEeKTUBHBIM U IIePCHEKTUBHBIM 4451 IIPOU3BOACTBA BbICOKOKAYeCTBEeHHBIX ITPOAYKTOB.

[Ipecc oGopysoBanme oOecredymMBaiOT MeXaHMYeCKOe OTXMMaHue coKa U3 AMKON
00.4emmxu, YTO MO3BOASeT IOAYIUTH IIeHHbIe OM0A0TMYeCK! aKTUBHBIe BeleCTBa, BUTaMUHbI U
aHTUOKCUAAHTHI. Takoi1 criocod MATKOro 00pabOTKY CHIPhS IIO3BOASAeT COXPaHUTh MaKCMaAbHOe
KOAMYECTBO IMUTaTeAbHBIX KOMIIOHEHTOB, UTO BaXKHO AAs IPOU3BOACTBA (PYHKIIMOHAABHBIX
MPOAYKTOB IIUTaHMSL.

Takoit moaxos X mnepepaOoTKe AMKONM 00Aenmxyu umeeT OOABIION IIOTeHIMAaA B
nuiesor u QapmaleBTMIecKoil IpoMblndeHHOCTH. OH IO3BOASET IOAYYUTDL CHIPbe A
IIpOM3BOACTBA Pa3HOOOPa3HBIX MPOAYKTOB, TaKMX KaK HaTypaAbHbIe COKM, DKCTPAKThI, 400aBKM
K IUIIEBBIM IIPOAYKTaM M OMOAOIMYeCK! aKTuBHBIE AoOaBku. Takum oOpas3om, mpuMeHeHMe
IIpeCcc-yCTaHOBOK ¥ TEeXHOAOIMI pa3dgeAeHIus BBDKMMKM Ha COK UM 9KCTPaKT CIOCOOCTBYeT
MOBBIIIEHNIO PPeKTUBHOCTI ITepepaboTKM AMKON 00AeNNXM ¥ paclIMpeHNIO acCOPTUMeHTa
BBICOKOKAU€CTBEHHBIX ITPOAYKTOB C ee yJacTHeM.
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Taxipubeai KOHABIPFBIAAPABIH KOMeTiMeH >Ka0aribl HILIpFaHAK OHIMAEPiH KaliTa eHaey

Uckakos b.M?, Kanmmaxk6aesa 3.B? Toxraposa C.M?
IC. Cengpyrrun amvindazor Kasax azpomexnuxarvix sepmmey yruusepcumemi KeAK, Acmana, Kasaxcman
2C. Topaiizvipos yrusepcumemi KeAK, Ilasrodap, Kasaxcman
3 axapim yrusepcumemi KeAK, Cemeit, Kasaxcman
E-mail: baissemey@bk.ru

Angaatna. ATaaMbIII MaKasdaga, )kabaiibl IIbIPFaHaK ©HIMIiH ToKipuOeAiK ITpecTiH KoMeTiMeH CBHIFBII
aAy, IIBIPBIH MeH CHIFBIHABIHEI IIeHTpU(yTaHbIH KOMeTiMeH a’kKbIpaTy >KYMBICTaphl >KaliAbl TXKipndeaik
3epTTey HoTIDKeAepi cunTaTTadrad. HoTmeXkcimke mpecreri KBICBIM MeH >KBIAAAMABIKTBIH ©3apa
TayeAAiaikTepiHiH yiiaeciMai GaliaaHbICTapBIH 3ePTTeAill, >Kabalibl IIBIpFaHaK, ©HIMiHiH IIBIPBIHABIABIK,
KepceTKilIiHig eH ToMeHri Meamepi 0=6-10-3 M TeH aunadparmaablK caHblaayAa 00AaTbIHBI aHBIKTaABIIL,
CBIFBIII a4y KbLAAMaABIFEI 14,653 paa/c yiiaeciMai KYphLAMaABIK ITapaMeTp 60BN TaObLAaTHIHbI HETi3AeA4].
Bya >xyMmbIcTap CBHIFBIHABIHBI €T >KapTblaai (paOpMKaTTapblHAa IlaiijadaHy MakKcaTbIHAA TaOMFM Tasza
CBIFBIHABIHBI a1y MaKCaTBIHABI XKY Priziaai.

Tyiiia ce3aep: >xabaribl IIBIpFaHaK, LIeHTpUYTa, IIPecc, CHIFBIHADL T KapTblaail ¢pabpuKaTTapsl.

Processing of wild sea buckthorn products with the help of pilot plants

B.M. Iskakov?, Z.V. Kapshakbaeva?, S.M. Tokhtarova?
INJSC Kazakh Agrotechnical Research University named after S. Seifullina, Astana, Kazakhstan
2 NJSC Toraigyrov University, Pavlodar, Kazakhstan
3 NJSC Shakarim University, Semey, Kazakhstan
E-mail: baissemey@bk.ru

Annotation. This article presents the results of experimental studies on squeezing the wild sea
buckthorn product using an experimental press, separating the juice and extract using a centrifuge. The
harmonious relationships of the interdependencies of pressure and velocity in the head are investigated,
it is established that the minimum value of the juiciness index of wild sea buckthorn products is in the
diaphragm gap equal to d = 6 - 10-3 m, and it is proved that the optimal spin rate is 14.653 rad/With.These
works were carried out in order to obtain a natural pure extract in order to use the extract in meat semi-
finished products.

Key words: wild sea buckthorn, centrifuge, press, extract, semi-finished meat products.

References

1. Saparova G. K. et al. The current state of the meat industry in the conditions of technological
development of the agricultural sector of Kazakhstan //Science of Krasnoyarsk region. — 2021. — Vol. 10.
—No. 1. — pp. 82-105.

2. Kulakova S. V. Formation of competitiveness of meat products //Russian Economic Bulletin. — 2020.
—Vol. 3. —No. 5. — pp. 161-164.

3. Saparova G. K., Kasenova A. Zh., Nasyrova A.M. TRENDS IN THE DEVELOPMENT OF THE
MEAT INDUSTRY OF KAZAKHSTAN IN MODERN CONDITIONS //Karzhy-Finance. — 2020. — No. 3.
- pp- 71-80.

4. Lukyanova V. D. The use of a functional vegetable additive in the technology of minced meat semi-
finished products //The use of modern technologies in agriculture and the food industry. — 2020. — pp.
120-123.

5. Rskeldiev B. A. et al. Development of the technology of meat-growing semi-finished product with
the addition of sea buckthorn //Meat industry. — 2019. — No. 7. — PP. 33-36.

6. Muzykina D. S. THE USE OF SEA BUCKTHORN PUREE IN THE PRODUCTION TECHNOLOGY
OF MEAT PASTE //SCIENTIFIC ELECTRONIC JOURNAL “MATRIX OF SCIENTIFIC COGNITION”
ISSN 2541-8084. — P. 27.

BECTHWVK EHY umenu /A.H. T'ymuresa. Cepus mexnuveckue HayKu U mexHoA0ZUl Ne 4/2023 73
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Bb.M. Mckaxos, 3.B. Kanwaxoaesa, C.M. Toxmaposa

7.Muratzhankyzy N., Kasenov A.L., Tokhtarov Zh.Kh. The study of plant raw materials for the further
development of the pressing process // Materials of the international scientific and practical conference
“Nainovite comprehension at the European Science - 2018” Bulgaria, 15-22 juni 2018, 34-37 p.

8. Izmalkov L.I. Study of wear and operation of parts of the press path of screw oil presses: abstract ...
Candidate of Technical Sciences:. - Krasnodar, 1963. - 29 p.

9. Maslikov V.A. Investigation of the process of pressing sunflower pulp on the press FP: abstract ...
Candidate of Technical Sciences:. - Krasnodar, 1975. - 43 p.

10. Zarembo G. V. Investigation of the process of vegetable oil extraction in tire presses: abstract ...
Candidate of Technical Sciences:. - Krasnodar, 1962. - 11 p.

11. Gavrilenko I.V. Development and improvement of oil extraction production technology: abstract.
... doct. technical sciences:. — Tashkent: 1965. - 77 p.

12. Amirkhanov K.Zh., Kasenov A.L., Orynbekov D.R., Tokhtarov Zh.Kh., Muratzhankyzy N.
Zhergilikti tabigi resursards tiimdi paidalanyp biologiyalyk kundylygy zhogary tagam turlerin ondirudin
zamanaui bagytyn damytu // “XXI gasyr biology zhane biotechnologiyasy” atta halykaralyk gylym
forumynn materialdar zhinagi. L.N. Gumilev at. EUU, (7-8 sauir 2016 w.) Astana. 13 -16 b.

13. KR Onertabyska innovation patent No. 25524. Shyryn bolip aluga arnalgan shnekti press / Kakimov
M., Tokhtarov Zh., Orynbekov D., Kasenov A., Parimbekov Z., Zholzhaksina A. zhariyalanym 15.03.2012,
byul. No. 3.

14. Muratzhankyzy N., Kasenov A.L., Tokhtarov Zh.Kh., Toleugazykyzy A., Baybalinova G.M.
Shyrganak onimin ondeudin zhana turi // Semey kalasynn Shak’rim atyndagy memlekettik universitetinin
Khabarshysy, No.2 (74) Semey 2016 w. 6-8 b.

15. Kakimov M.M., Kasenov A.L., Tokhtarov Zh.Kh., Toleugazykyzy A. Statistical modeling of fat
separation in the flow of screw installations // Bulletin of the Shakarim State University of Semey, No.1 (81)
Semey 2018, 18-23 p.

16. Kakimov M.M., Tokhtarov Zh.Kh., Iskakov B.M. Intensification of the pressure treatment process
in order to develop equipment for pressing // Materials of the 19th International Scientific and Practical
conference “Practical and theoretical aspects of complex processing of food raw materials and the creation
of competitive food products — the basis for ensuring import substitution and food security of Russia”
dedicated to the memory of Vasily Matveevich Gorbatov. VNIIMP named after V.M. Gorbatov (December
8-9, 2016) Moscow. 149-152 p.

CBeaenns o0 aBTOpax:

Uckaxos b. M. — aoxrtopant, Kaszaxckmii arporeXHUYeckmuii nccaeloBaTeAbCKUI YHUBEPCUTET
M. C. Cenndyaanna, np. Ilodeast., 62, Acrana, Kasaxcras.

Kanwaxbaesa 3. B. — PhD, acc. nmpod (aouent), Yumsepcurer Topaiirsiposa, ya. /omosa, 64,
ITaBaoaap, Kasaxcran.

Toxmaposa C.M. — soxktopanT, YHusepcurer lllakapuma, ya. l'annkn, 20a, Cemeii, Kazaxcran.

B. M. Iskakov — doctoral student, Kazakh agrotechnical research university named after S. Seifullin,
Zhenis Ave. , 62, Astana, Kazakhstan.

Z.V. Kapshakbaeva — PhD, ass. Professor (Associate Professor), Toraigyrov University, Lomova str.,
64, Pavlodar, Kazakhstan.

S.M. Tokhtarova — doctoral student, Shakarim University, Glinki str., 20A, Semey, Kazakhstan.

74 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



IRSTI 67.11.31

U.Altigenov', A.Tulebekova'¥, S. Akhazhanov?,
D.Kazhimkanuly’, U. Kuralov?

"Department of Civil Engineering, L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan

*T.G. Mustafin Algebra, Mathematical Logic and Geometry Department,
Karaganda Buketov University, Karaganda, Kazakhstan

*Department of Construction and Building Materials, Satbayev University,
Almaty, Kazakhstan

E-mail: krasavka5@mail.ru

Effectiveness of strengthening reinforced concrete structures
with fibroarmed plastics

Abstract. Reinforced concrete has long been a staple in construction due to its exceptional
strength and durability. One of the key components in reinforced concrete structures is steel
reinforcement, which provides tensile strength to counteract the concrete’s weakness in
tension. However, recent innovations have led to the exploration of alternative materials that
can enhance the performance of reinforced concrete elements. Among these innovations, the
use of fiber-reinforced plastics has gained significant attention. The paper presents data on
the application of new types of fiber-reinforced plastics for strengthening reinforced concrete
structures. Stressing the laminate simultaneously on the tensile and compressed faces resulted
increase in the strength of the beam. The compressed laminate strips relieve the compressed zone
of concrete and reduce the height of the compressed zone. The results of the study contribute
to the reduction of the time of work execution, due also the absence of additional structural
elements for the reinforcement of load-bearing structures.

Keywords: concrete, reinforcement, strength, fiber plastic, effectiveness.
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1. Introduction

Due to frequent changes of purpose, reconstruction, and renovation, requirements for
increased reliability and comfort, physical wear, and corrosion damage of buildings and
structures, the need to reinforce building structures is becoming increasingly important. The
especially important role of strengthening and restoring buildings and structures is assigned in
seismic areas of construction, in areas of natural disasters, and after accidents [1].

The basic material of bearing structures of buildings and constructions of the present day
is monolithic or prefabricated reinforced concrete, therefore the problems of improvement of
methods of reinforcement of concrete structures acquire special urgency. Traditional reinforcement
methods of concrete structures are very labor-intensive, require stripping, welding, and concrete
work, and require considerable time to ensure the required strength [2]. New, modern methods
of reinforcement of concrete structures are focused on the use of composite fibroplastic materials
for reinforcement, characterized by high strength, corrosion resistance, and durability. Surface
reinforcement of concrete structures by direct gluing on concrete surfaces of reinforcing
composite materials is characterized by high efficiency of strengthening, simplicity and high
speed of performance, low labor intensity of works, and fast terms of strength increase [3-4].
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The basic work on studying the stress state of concrete in the shell is the work of American
scientists at the University of Illinois [2]. Their research is devoted to the study of concrete
performance under triaxial compression. According to the results of the research, the dependence
of the strength of reinforced concrete on the strength of the original concrete, radial stress in
the casing, and the angle of internal friction is proposed. In the experimental studies, concrete
specimens were tested in a stabilometer creating constant hydrostatic pressure.

In works [5-8] the principles of calculation of compressed reinforced reinforced concrete
elements reinforced with fiber plastic sheathing have been developed, according to which
failure may occur due to rupture of the sheathing material or delamination of the sheathing
material in the overlap zone of the material. At the same time, various empirical dependencies
are proposed to determine the concrete strength of reinforced concrete columns reinforced with
fiber-reinforced plastic shells.

The paper [9] analyzes the stress-strain state of reinforced concrete columns strengthened
with composite materials, which shows that the existing dependencies provide high accuracy
only for round columns, and for columns of other cross-sectional shapes, significant discrepancies
are obtained.

Investigation shows [10] that in addition to the triaxial stress state in concrete associated
with the presence of the fiber-reinforced shell, the fiber-reinforced plastic shell itself also acquires
a volumetric stress state (tensile stresses from the lateral direction in the longitudinal direction;
passive concrete repulsion in the radial direction; compressive stresses acting across the fibers).
In addition, the fiber-reinforced plastic cladding elastically deforms until the reinforced element
fails, creating increasing passive pressure on the concrete. This differs from the performance of a
metal cage, which stops increasing the pressure on the concrete when the metal reaches its yield
strength. The performance of a fiber-reinforced plastic cage for rectangular reinforced members
is not as effective.

Successful experience in the restoration of emergency columns of the 7-story hotel in Los
Angeles, damaged in the June 1992 earthquake [11], was obtained with the construction of a
casing made of canvas composite materials. So, the question of designing reinforcement of
concrete structures with fiber-reinforced plastics is currently open.

2. Methods and materials

The experimental study studies the peculiarities of the work of normal sections of bent
reinforced concrete beams reinforced with fiber-reinforced plastics [12].

Experimental specimens for studying the performance of normal sections of bending
reinforced concrete beams are made with a span of 2200 mm, and a cross-section of 120x200 mm
from the general mix of naturally hardened concrete. The specimens are reinforced by spatial
knitted frames with asymmetrical reinforcement from 20312A —III in the lower zone, 2310A —III
in the upper zone, and clamps @6 A—I ( Figs. 1-2).

To reinforce the tensile zone of the experimental specimens for the study of the performance
of normal sections, fiber-reinforced polymer material - -laminate tapes based on carbon fiber
fibers of S&H Laminate CFR 150/200 type with a cross-section of 50x1.2 mm were used (Fig.3).
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Figure 2. Reinforcement of bending reinforced concrete beam with reinforcement in tensile and
compressed zones by laminate

Fig.3 Process of strengthening

To clarify the strength and deformation characteristics of the material used to reinforce the
experimental reinforced concrete specimens, laminate specimens were tested. The specimens
were tested on a hydraulic tensile machine R-50 by fixing the ends of tapes or meshes (the
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specimens had reinforced ends) in the grips and creating a step-by-step increasing axial tensile
force. In the process of testing, longitudinal elongation deformations were measured using
deflection gauges PAO-6 with a division value of 0.01 mm on the base of 180-200 mm and load
cells of 50 mm length complete with AID-4M (Fig. 4).

Figure 4. Test equipment

Destruction of experimental samples was accompanied by the formation of longitudinal
cracks in the laminate starting in the grip of the tensile machine, after which the load-bearing
capacity of the samples sharply decreased. The tensile diagram of the laminate and meshes has
a linear form, the fibers were elastically stretched. Measurements of the length of the specimens,
made along the reapplied notches along the length with a step of 20 mm, confirmed that there
were no residual deformations in the fibers after the tests. The study of the performance of normal
sections of bending reinforced concrete elements reinforced in the tensile and compression zones
with fiber-reinforced laminate tapes was performed on experimental reinforced concrete beams
tested according to the scheme of a hinged-open beam with a span of 2.0 m, loaded in the span
by two equal concentrated forces located at a distance of 0.7 m. The static tests of the beams were
carried out in a force bench under stepwise loading by transverse loading created by a hydraulic
jack and a manual pumping station. Static tests of the beams were carried out in a power bench
under stepwise loading with transverse load created by a hydraulic jack and a manual pumping
station. Two beams of series B-I-0 of the batch had no reinforcement.

3. Results and Discussion

Their failure occurred in the zone of pure bending and was accompanied by splitting of the
compressed concrete zone at stresses in the tensile reinforcement corresponding to the yield
strength of steel, the beam deflections were 1/27.5 of the span, and the crack opening width
reached 2 mm and more (Fig. 5).
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Figure 5. Failure of a reinforced concrete beam without reinforcement

Beams of B-I-1 series, reinforced by gluing S&H Laminate CFR 150/200 with 50x1,2 mm

cross-section on stretched tapes, had the failure shown in Fig.6.

Table 1 summarizes the static test results for the beams of the B-I series.

Figure 6. Beam failure

with laminate reinforcement of the tensile zone

Table 1 Test Results of B-I Series Bending Beams

o =

Mark | Strengthening | Breaking | Deflections | Opening Limit Deformations

samples of samples load cm width deformations laminate

kNm cracks g, €, €, e

mm 10° 10° 10° 10°
B1-0-1c 1204 5.6 1.6 - +591 - -
B1-0-2¢c Without +18 '68 51 1.3 +430 - -
B1-0-3c | strengthening ' 5.8 2,2 +464 - -
B1-0-4¢ ] 59 2,3 +439 - -
B1-1-1c laminate +35.07 24 0.6 - +472 | +610 -
B1-1-2¢ flooring +33.79 2.2 0.7 +480 | +580 -

Analysis of the data in Table 1 shows that sticking S&P CFK 150/2000 laminate on the tensile
face of beams resulted in an increase in the strength of beams by 76% on average (Fig.7). At
the same time, the deformations of the compressed zone of concrete and tensile reinforcement
remained unchanged, while the deformations of the tensile laminate amounted to about 6%, and

the beam deflections and crack opening widths decreased more than twofold.
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Figure 7. Graphs of vertical deflections of beams without reinforcement and reinforced with
laminate.

4. Conclusion

The traditional method of reinforcing reinforced concrete structures is to increase the cross-
sectional dimensions using monolithic reinforced concrete cages or metal structures. These
methods are labor-intensive, accompanied by stripping, welding, and concrete works, and
require considerable time for concrete strength gain. The reinforcement of concrete elements
with fibroarmed plastics, or FRP composites, presents a promising avenue for improving the
performance and durability of structures. The unique properties of FRP, including corrosion
resistance, high tensile strength, and compatibility with concrete, make it a compelling alternative
to traditional steel reinforcement. The results of tests of bending reinforced concrete structures
reinforced in the tensile zone by surface gluing of different types with the help of fiber plastics
showed that reinforcement of beams increases the strength by 1.5-2 times in normal sections.

However, engineers and researchers must collaborate on refining design practices and
establishing standardized guidelines to ensure the safe and effective utilization of this innovative
material in construction projects.
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TemipOeTOH KOHCTpYKIMsAapbiH GuOpoOAacTTapMeH apMaTypaaayAbIH THiMAiairi

Y.Aaturenos', A. Tyae6ekosa’, C.Axaxxanos?, A.Kaxxnmkanyanr?, Y. Kypaaos
1.H. Tymunres amoindazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
’E.A. boxemos amuindazvi Kapazandv yrnusepcumemi, Kapazanov, Kasaxcman
3Satbayev University, Axvmamol, Kasaxcman

Angarna. Epekirre Oepikriri MeH Oepikririne OailaaHBICTBI TeMipOeTOH OYpBIHHAH KYPBIABICTHIH
Herisri Marepmaanl 60a4p1. TeMipOeTOH KOHCTPYKUIMAJAApPBIHBIH HeTrisri Kypamgac Oeaikrepiniy 06ipi
GeTOHHBIH CO3BLAY 9ACi34iriHe KapChl TYPY apKbLABI CO3bIAY OepiKTiriH KaMTaMachl3 eTeTiH 004aT apMartypa
6o4bl11 TabbLAaAbl. JereHMeH, COHFbI MIHHOBaIMsAAap TeMipOeTOH DAeMeHTTePiHiH Ky MBIChIH JKaKcapTaThIH
H6asama MaTepmaagapAbl isgeyre akeaai. OaapApH illliHAe TaAITBIKTEL apMaTypadaHFaH IL1acTMaccalapAbl
naligadaHy aiTapAbIKTall Haszap aydapagsl. Maxadaga TeMipOeTOH KOHCTPYKIVSIAapbIH HBIFANTy
YIIiH TaAIIBIKTB apMaTypaJaHFaH IL1acTMaccadapAblH >KaHa TypAepiH KoaAjaHy Typaabl Madimerrep
KeATipiareH. /laMMHATTHI Oip yaKbITTa CO3y >KoHe KbICy OeTTepiHe >KaOBICTHIPY CoyAeHiH OepiKTiriHiH ecyine
dKeAAl. 3epTTey HOTM XKeAepi JKYMBICTEI asKTayFa KaXkeTTi yaKbITThI KbICKapTy¥Fa, COHAAl-aK, >KYK KOTepTiIl
KYPbLAbIMAapPAbl HBIFAIITYyAaH KOCIMIIA KYPBLABIMABIK DA€MeHTTepAiH OD0AMayblHa BIKIIaA eTeAi.

Tyiingi cesgep: 6eTon, apmaTypa, OepiKTiK, IIBIHBI TAAIIBIK, TUIMALAIK

D) PeKTUBHOCTD yCIAeHNs Keae300eTOHHBIX KOHCTPYKImit ¢puopoapMupOBaHHBIMI
MaacTUKaMI

Y.Aaturenos', A. Tyae6ekosa’, C.Axaxanos?, J.Kaxnmkanyasr', V. Kypaaos?
'Eepasutickutl nayuonarvroli ynusepcumem um. A.H. T'ymuresa, Acmana, Kasaxcmarn
?Kapazanoumnciuii ynusepcumem umeru E.A. byxemosa, Kapazarda, Kasaxcmarn
ISatbayev University, Aamamol, Kasaxcman

AnnoTtanus. baarogapsi cBoeil NCKAIOYNTEABHOV IPOYHOCTU U A0ATOBEYHOCTH JKeAe300eTOH AaBHO
CTa/l OCHOBHBIM MaTepualoM AA4s crpouTeabcrBa. OAHNM U3 KAIOYEBBIX KOMIIOHEHTOB >KeAe300€TOHHBIX
KOHCTPYKIMII SBASIeTCA CTaAbHas apMarypa, KoTopasl obecriedmBaeT IIPOYHOCTh Ha pacTsKeHNe,
MIPOTUBOAEIICTBYSI cAabocTy GeroHa mpm pactspkenyn. OgHaKO ITOCAeAHME UHHOBALIMM IIPUBEAU K
IIOMCKY aAbTepHATUBHBIX MaTepyaloB, CIIOCOOHBIX IIOBBICUTH DKCILAyaTal[MIOHHBIE XapaKTepPUCTUKMN
>Ke/1e300eTOHHBIX 94eMeHTOB. CpeaM HUX 3HAYMTEAbHOE BHUMAHUE IIPUBAEKAET VCIIOAb30BAHUE
¢ubpoapMmpoBaHHBIX I11aCTUKOB. B craThe IpescTaBAeHBI AaHHBIE IIO IIPMMEHEHUIO HOBBIX THIIOB
PubpoapMMpOBaHHBIX IIAACTUKOB AAsl YCUAEHUs >KeAe300eTOHHBIX KOHCTpyKIimit. Haxaemsanmne
AaMMHaTa OJHOBPEMEHHO Ha PaCTAHYTYIO U CXKATyIO TPpaHM IIpyBeaa K ITOBBIIIEHNIO IPOYHOCTU OAAKIL.
Cxarple A€HTH AaMMHaTa pasrpy>kaloT CKaTylo 30Hy OeTOHa, yMeHBIIAIOT BLICOTY CXKaTOM 3OHBI.
PesyapraThl 1ccaeA0BaHNS CIIOCOOCTBYIOT COKpAI]eHNIO CPOKOB BBIITOAHEHMs paboT, TaKXKe OTCYTCTBUIO
AOTIOAHNUTEABHBIX KOHCTPYKTUBHBIX DA€MEHTOB A5l YCUAEHUS HECYIIVX KOHCTPYKLIMIA.

Karouesble caoBa: 0eTOH, apMaTypa, TPOYHOCTE, PpudponaacTnk,>PpPeKTUBHOCTD
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I'eopusmaeckne nccaegoBanmsi ygacTrka pycaa peku Ecuanb u
OIleHKa YCTOMYMBOCTY OTKOCOB ILAOTVIHBI

Annorammsa. Ha ocnosanuu mpebosanutl 0eicmeytoujux HOPMAMuUsHoLX 00KYMeH06
na meppumopuy Kasaxcmana Heo0Xo0umo nposooumo nepuodudeckuti KOHMpPOAL 3a
COCMOSHUEM TEeXHOZEHHBIX U UHKeHepHbiX coopyxenuil. Cucmema obecnederus KOHMPOAS
yuumuvieaent 0CHOGHbE NPUHUUNDL, NOHAMUS U Memo0bl NPUMEHUMEALHO K cneuupure
00eKMO6 U NAPAMEMPOE MEeXHUUECK020 KOHIMPOAS, 4 MaKxe 0co0eHHoCAM 6Hedperusl
HOBDLX MEeXHOAOZUTL U COOMBEMCHIEEHHO PASpadomK U OG0T MeMOOUK U S OUeHKU COCHOSHUA
o0vexma uccaedosanus. Lleav darroil pabomor 3axAtouaemcs 6 npoéedeHul KoMNAEKCHOz0
UCCALQ06AHUSA  ZUOPOMEXHUHECKUX — COOPYXKEHULL €  UCTOAD30GAHUEM — UHHOCALUOHHOZ0
obopydosarius 1 nodxodos. B uacmmocmu, ocrostvie 3a0auu pabonvi:

Onpederenue u oueHKa MeXHUHUECKOZ0 COCMOSAHUS 02paxoaroujux 0am0b Ha ocHose
pesyAbmamos HAMypHoIX HAOAI00eHUTl, UHCTPYMEHMANDHBIX USMEPeHUL U PACUernHbIX
noxasameei. Imo NO360AUM OUeHUMb meKyulee COCMOAHUE COOPYKEHUN U GLIAGUMD
603MOKHDIE 0ePOPMALUL UAU HOBPEXKDeHUA.

AHAAU3  6AUAHUS PASHOOOPASHOLX HAZPY30K, 6KAIOUAS NOCMOAHHble, JuHAMUUECKUE U
gpemeritvle, HA  HANPSKeHHOo-epopmuposartoe cocmostue 0am0Obl. MO  HO360AUM
onpedeAumv, Kax pasAuuHvie Gaxmopvl 6030etiCmEyon HA UHKeHepHble KOHCMPYKUUY U
KAKUe UsMeHeHus MO2ym npoucxodumb 6 00A0CpOUHOT nepenexmuase.
Paspabomicapercomeridaruii no obecneeruro HadexHocmu, 6e30nacHocmu u GyHKUUOHANDHOT
NPU200HOCHIU UCCACOYEeMOIX 2UOPOTMEXHUUECKUX KOHCMPY K1 UTl. Dmu pexomendauuu 0yoym
0CHOBVLEAMBCS. HA KOMHACKCHOM AHAAU3E U 1pedocmasam npakmudeckue peuteHus OAsl
1000epKanus CmpyKmypHoil LeAOCTHHOCTY U 2PPeKMUEHOCHIU COOPYKeHUT.

Hayunas wnosusna dannoti pabdomvt cocmoum 6 NpuUMeHeHul COSPeMeHHbIX Memodos
2e0UUUECKUX UCCACOO6AHUT 1 UHHOBALUOHHO020 000pYI06aAHUSL OASL TMEXHUHECKOTL OUeHKU
2UOPOMEXHUUECKUX COOPYXKeHUIL DMOo 0mKpbleaent HOGble 603MOKHOCY OASL YAYUUIEHUS
MOYHOCTNY U HADEKHOCHIU OUeHKU COCTHOSHUS COOPYKEHUTL 6 YCAOGUAX ObICIPo MeHtouletics
cpedot.

Karouesble caoBa: eudpomexwuueckue — coopyxenus, — zeodusuveckue  memoobl,
2e0pAOUOAOKALUSL, ZPYHIbI, AHOMAALHDIE 30HI, NOONOPHAS CIEHA.

DOI: doi.org/10.32523/2616-7263-2023-145-4-83-97

1. BBegeumue

Mccaeposanmss B 004acTu IMAPOTEXHUIECKMX COOPY>KEHMI WTIPalOT KAIOUEBYIO pOAb B
oOecrieueHN N HaAe>KHOCTH, 0e30I1acHOCTU U (PYHKIIMOHAABHOCTY MHPPACTPYKTYPHI B YCAOBUAX
ITOCTOSTHHO MEHSIOIIeTICs ITPUPOAHON Cpe bl M TEXHOAOTMIeCKOTOo ITporpecca. /1151 KOMIL1eKCHOTO
aHaAM3a HaIpsKEeHHO-4e(pOPMIPOBAHHOTO COCTOSHMS TUAPOTEXHUYECKNX COOPY KEeHMIA
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IIPUMEHSIOTCA pa3HOOOpa3Hble MeTOABI U TeXHOAOTUH, BKAIOYas reopajnoaokanuio. B gannom
BBeACHUN PacCMOTPEHBI MCCAeAOBaHN:, OXBaThIBAIOIINME IIPUMEHeHle reopajuoAOKaluy U
reopasapos B aHAaAM3e TPYHTOBBIX U IMAPOTEXHUYECKIX YCAOBUIA.

OanuM 13 Ba>kKHBIX HaIlpaBAE€HNI 1CCAeA0BaHNIA ABASETCs IIPUMeHeHe reopaanoA0Kalum
IIpU pelieHny 3ajad MHXKeHepHo reopusukn. B auccepranmonnoit padore Edpumosoir H.H.
MpeACTaBAeHbl OCHOBBI MCIIOAB30BaHN: DTOTO METOJa 445 aHaAMu3a re0A0TUIecKUX CTpyKTyp [1].

l'eopusnyeckne MeTOABl UCCAEAOBAHMS TakXke WUIPAlOT BaKHYIO POAb B U3y4eHUU
KPMOAMTO30HbBI, KaK yKa3aHO B paOote [2], rgae paccMaTpmBalOTCs MeTOABI aHaAu3a 30H
MepP3A0THBIX OOpa3OBaHMIA.

PasnooOpasHble uccaejoBaHUs B 004acT  reopaguoAOKalMy  IIPOBOAMANCH — AAS
OOHapy>KeHMs II0A3€MHBIX CTPYKTYP U KaBepH B Pa3AMYHbBIX Te0A0TMUeCKIX yCAOBUAX. Brewster
M.L. n Annan A.P. nuccaea0Baay MOHUTOPUHT IIOA3€MHBIX Pa3AMBOB KOHTPOAUPYEMBIX BeIllecTs
c momo1pio reopagapa [3]. Casas A. u gpyrue yueHsle ICII0Ab30BaAU Teopajap A4S BbIsABAEHNS
KapCTOBBLIX IOAOCTEN B Pa3AMYHBIX FT€0A0TMIeCKNX cpeax B Vcrmanum [4].

Aas BBICOKOpa3pellaiollero MamlllMHIa Te0AOTMYecKoil cTpaTurpadpum IpyHTa U
IIOpO/ YCIIeIIHO IPUMEHSAANCh METOAbl TeopaAMOAOKaluy, KakK IIOKa3aAM MCCAeJO0BaHUsA
[5]. Taxxe Davis J.L. u apyrue mnccaejosaTean IIpOBeAM ITOBEPXHOCTHBIe U OypOHaOMBHEIe
reopaauo/0KaIIOHHbIe MCCAeAOBaHNA AAs KapTorpadpupOBaHNs Ie0AO0TMYeCKON CTPYKTYPEI
[6].

ITpumenenne reopaanoA0KaiM pacpOCTPaHIeTCsI He TOABKO Ha CyIly, HO I Ha MOPCKIe
npocrpancrsa. Hanpumep, reopagap ucnoar3osaan A4s U3MepeHns TOAIIVHBI MOPCKOTO AbAa
[7-9].

Taxxe Treopagapbhl HaxoAAT cBOe IIpMMEHEHUe B Pa3HOOOPa3HBIX TI'e0AOTMYecKMX
nccaeloBaHysAX. Pazmepsr n popMbl acTuIl rpyHTa BAMAIOT Ha TeopajapHble BoaHsl [10-12].
Brown J. u coaBTOpHI IpUMeHNAN TeOpajaphl 445 OLIEHKU IIA0THOCTU CHera Ha I'peHaaHackoM
AeaHuke [13].

VccaegoBanms reopagnoaoKauuy TakXKe HaxOAAT IIPUMeHeHMe B MHXKeHEePHBIX 3aadax.
Hampumep, npumenenne reopaguoaoKaluil AAs aHAAMU3a COCTOSHUS 3€MASHBIX OTKOCOB U
3alIMTHBIX KOHCTPYKLIMII paccMaTpuBaeTcsi B gaHHOI pabore. Jas obecreyeHus CTOMKOCTU
1 0e30IacHOCTM TUAPOTEXHUYECKMX COOPYKEHUI B YCAOBUAX COBPEMEHHBIX BBI3OBOB U
noTpeOHOCTel HeOOXOAMMO BHeAPeHMe MHHOBAIIMOHHBIX METOAOB I TeXHOAOTMII, OCHOBAHHBIX
Ha TeopaAoA0KaIIUIA.

B aannoit pabore paccmarpuBaeTcs McCAeOBaHUE ydacTKa BOAOMIOAIIOPHON IIAOTUHBL,
MpeACTaBACHHON Ha PUCYHKe 3, ¢ MCIIOAL30BaHMEM Pa3AUYHBIX METOA0B TeopainoAOKal[iu
1 Teopajapos. B 0cobeHHOCTH, yUUTHIBAIOTCSI TPYHTOBBIE BOABI, XUMUUECKUII COCTaB U PeXKUM
IIOA3€MHBIX BOJ, a TaKXKe aHaAM3 KOHCTPYKIMIL A5 3aIlJUTELI OT Pa3MblBa U BhIHOCA. Pe3yabpTaTe
AAHHOTIO MCcCAeAO0BaHMs MOTYT OKa3aTh CyIeCTBeHHOe BAMSHIE Ha oOecliedeHue CTPYKTYPHOI
11 A0CTHOCTU U De30I1aCHOCT!U TUAPOTeXHUYECKIUX coopy>KeHuit. [14,15].

2. MeToauKa uccaea0BaHMsI
YdacTok IIpoeKTHpyeMoro o0beKra paclioA0XKeH Ha MecTe CAVSHIS IIPaBOIro pyKaBa peKi

VMmmum ¢ aeBpIM pyKaBoM K 3allagy OT OCTpOBa B palioHe 3aBOJa Ta3oBOJi alIlapaTyphbl. (M.
pucyHok 1)
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Pucynok 1. Cxema ygacTkos pycaa peku Ecnap

YacTp ygacTka pycaa IpOXOAUT 104 MOCTOM 1O yAa. bericekosa, rae B BepxHeir gactu (10
TeYeHUIO peKM) CAMBaIOTCA ABa IIPOEKTUPYeMbIX pykasa peky, yuyactku No3 m Nell. Hioke (1o
TeUeHMIO peK!) paccMaTpUBaeMOTIO yJacTKa pycaa pacloA0KeH IIPOeKTUPyeMbIll ydacTok No5.

VmxenepHO-Te0A0rMYeCcKye U3bICKaHs XapaKTePUCTUKN ITPYHTOB

Ilo pesyabratam KaMepaAbHON 0OPabOTKM I10A€BOM JOKyMeHTalNy OYpPOBBIX CKBaXKIH I
pe3yabTaToB AaDOpaTOPHBIX MCIBITaHUII, OTOOpPaHHBIX IPOO, B padpese ydacTKa M3bICKaHUIA
Bbl4eAeH OAVH MHKeHePHO-Te0AOTMYeCKUI DAeMeHT (CM.PpUCYHOK 2).

CoBpeMeHHbIe BepXHEUETBePTUYHbIE OTA0XKeHM (tQ,,)

NI'D 0 — mouseHHO-pacTUTEABHBIN cA011. MommHocTs ca0:1 0,2 M.

UI'D 0-1 — HachIniHBIe TPYHTBI — CYTAMHOK YePHOIO IiBeTa I10AyTBepAOM KOHCUCTeHIINH,
repeMeIIaHHbIN CO CTPOUTEABHBIM MycopoM. He caexxasmmiicsa — MmeHee 5 2eT. MOIIHOCTE CA05
0,8+1,7 m.

AA2I10BUaAbHO-TIPOAIOBMAAbHbIE CpeAHeYeTBepTUIHbIe OTA0XKeHus (apQ,, )

UI'D 1-1 - ramna yepHOro IiBeTa IOAYTBepPAON KOHCHUCTEHIIMM, 3alileHHas (cojep KaHue
opraHmMYecKux npumeceit 40 9,62%). Momnocts caos 0,8m.

MI'D 1 - cyramHOK KOPMYHEBOIO IIBeTa OT TBepAOil 40 IOAYyTBEPAON KOHCUCTEHLIUM, C
IPOCAOSIMM TIeCKa Me/AKOIO, HaChIIeHHOTO BoAol. MorHocts caost 0,8+1,5 m.

MNID 2 — cyramHOK KOPMYHEBOIO IBeTa OT TYIOILAaCTUMYHOM A0 MATKOILAACTUYHOM
KOHCHUCTEHIINM, C ITPOCAOSIMH ITecKa Me/AKOIO, HaCBhIIeHHOTO BogoM. MomHocTs caos 2,0+5,5 m.

A210BUaAbHbIe CpegHe-BepXHeueTsepTiuHble oTa0KeHu: (aQII-III)

NUI'D 3 — mecok cpegHeil KPYIHOCTM, IOAMMMKIOBOIO COCTaBa, CpeAHeNl IIA0THOCTH,
HaCBIIIIeHHBIN BOoAo. MortHocTs caos 1,4+3,9 M.

WI'D 4 — mecok rpaBeANCTHIN, HOAMMMUKTOBOIO COCTaBa, CpeAHell IIA0THOCT!Y, HaChIIIeHHBIN
BoAoO1. MorHocTs caost 1,5+7,7 m.

DaroBUaabHBIE ME30301ICKIEe OTAOXKeHUs (eMz).

MI'D 5 — cyramHOK IIeCTpOLIBETHBINI TBEPAON KOHCucTeHUMHU. IloaHas MOITHOCTB cA0s
ckBa>kHamu rayonsoit 15,0 M He BckpbiTa. BekpoiTas morHocTs caost 4,8+6,5 m.

I'pyHTSHI, caaraiomniye BepXHUII TOPU3OHT paspes3a, [IOBCEMECTHO II0ABEP>KEHBl MOPO3HOMY
IIy4eHUIO.

I'pyHTBI, cCaaralomme BepXHMII TOPU3OHT pasdpesa, IIOBCEMECTHO HeAOYILAOTHEHBH.
Kospdurmnmenr ynaornenns cocrasasert ot 0,61 a0 0,93.
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Pucynok 2. VmxeHepHO-re0A0rM4ecKuii pa3pes yJacTka

Msyuerue cmpyxmypui, popmui u pasmepos 3arexet

ITpoexTupyeMblii OTPe30K pycaa peKu oo1ei 4anHoi — 520 M, pacioA05KeH B 30He CAMSHIS
pykaBoB peku Vmmm K 3amady OT OCTPOBa, Ide pasMelllaeTcs 3aBOJ Ta30BON ammaparypsl. B
BEpXHEM TeUYeHM! IPOeKTUPYEeMBIN yJacTOK I'paHMuuT ¢ yyactkamm No3 m Nell, B HukHeM —
¢ ygactkom No 5. Bce yKazaHHBIE yJaCTKM PacCIIOAOKEHBI B 30HE OCTPOBa M OTHOCATCA K 5-011
ouepeau PeKOHCTpyKUuUu pycaa p. Ecuas.

OCHOBHBIMU COOPY>KEHMMU IIPOEKTUPYEMOTO yJacTKa ABASIOTCS COOCTBEHHO PyCAO peKu
u HaOepexHple. Pycao peku cpopMupoBaHO B Buge TPYHTOBOIO KaHaJda TpalelenAaabHol
dopMbI c GeperoBbIM OTKOCOM, YCTPOEHHBIM C 3a10>KeH1eM 0TKocos m, =2,5 1o mpasoMy Oepery.
ITo aeBomy Depery HabepeskHasi peKM 3allpOeKTHpOBaHa B BUAe ITOATIOPHBIX CTeH, 00pa3yIommx
NpU4aAbHEIN QPPOHT OyAyineir 6assl pedHoro nopra. OcHOBHOe PYHKIIMOHAaAbHOE Ha3HadeHle
pycAaa - IpOIyCK ITaBOAKOBBIX BO/J C paCdeTHBIM pacxoaoMm - 703 m3/cex.

IToa3eMHbIe BOADI (THIIa BEPXOBOAKM) HaMICCA@AYEeMOM y9acTKe, BCKPBITHI BCeM M CKBaK MTHAM .
YcTaHOBUBIINIICS YPOBEHb TPYHTOBBIX BOA 1,2+3,6M. AGCOAIOTHBIE OTMETKM yCTaHOBUBIIIETOCS
yposu: 340,30+342,20 M. PactipocTpaneHue rpyHTOBBIX BOA HOCUT CIOpaAM4ecKnIi XxapakTep.

B yeTBepTUYHBIX TAMHUCTBIX OTAOXKEHMAX BOJOHOCHBIV TOPU3OHT IPUYPOYeH K AMH3aM I
IIPOCAOSM I1eCKa, B Me3030MCKUX OTAOXKEHNAX K CHCTeMe TPeIlIVH U AMH3aM APecBhI.

I'pyHTOBbIE BOADI DE3HAIIOPHEIE, B yCAOBUAX €CTECTBEHHOIO PeXK1IMa YPOBEHb TPYHTOBBIX BOJ,
IIOABEP>KeH Ce30HHBIM KOAeOaHMAM: OKMAaeMBblli MaKCMMaAbHBI OABeM YPOBHS IPYHTOBBIX
BOJ, B IaBOAKOBBIN Ilepuo/ (Hadaao Masd), MUHMMAaAbHBIN KOHeI| sHBaps Hadalo (espaas.
MaxkcuMaAabHbIN YpOBeHb TPYHTOBBIX BOJ B BECEHHUI IIep1oJ cAedyeT NPUHATH Ha 1,5 M BrIme
3aMepeHHOTO B Ilepuno/ u3bickanuii (asrycr 2017 1.).

Tumn pexuma IOA3€MHBIX BOA — IIOMIMEHHBIN, OCHOBHOE IMTaHUE I1043€MHBIe BOALI
II0AyYaloT 3a CYyeT MH(PUABTPALIMM aTMOCPEpPHBIX OCalKOB UM B BECEHHMII IepuoJ 3a cueT
IIOTA0IIIeHNs ITaBOAKOBOTO CTOKA, a TaKXKe 3a CYeT IIOATOKA TPeIIMHOBEIX BOJ,.

Beanuuns xosdPuumentos GpuapTpaliuy rpyHTOB NPUBEAEHBI B BeAOMOCTU (PUBUKO —
MeXaHMYeCKUX CBOVICTB IPYHTOB.

IToxuMuyeckoMy cocTaBy I10A3eMHbBIe BOABI CYy Ab(paTHO-XA0PUAHBIE UXA0PUAHO-CY Ab(paTHEIE
HaTpueBble, C MUHepaausanuen 3712+5351 mr/a, o4eHb >KeCTKIe, CpejHEeMIHepPaA30BaHHEIE,
peakums cpeant 1o PH ot kucaoit 40 caaboiiea09Hoit.

B cocraB xpemnaenmns, mpuMeHseMOTO A4s 3alllUTHl 3€MASHOTO OTKOCA, BXOAAT 4YeThIpe
KOHCTPYKTUBHBIX YacTell (CM. pUCYyHOK 3):
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Pucynok 3. Y4acTok BOAOIIOAIIOPHO HAOTVHBI

- OCHOBHOe IOKpPHITHe (KpeIldeHMe), 3aliuIiaiollee 3eMAIHON OTKOC B 30He Hamboaee
VMHTEHCUBHOTO M@XaHI4IEeCKOTO AeVICTBIA BOAH, AbAa U APYTUX (PaKTOPOB, MOTYIITUX BHI3BATh €I0
Pa3MBbIB;

- TlepexojHas 4acThb B BUJEe IOATOTOBKM U3 0OpaTHOro (puabTpa, KOTOpas CAYKUT
r1aBHBIM O0Pa3oM AAsI CONPSIKeHMS TTOKPBITUA C 3 MASHBIM OTKOCOM, AAs 3aIlIUTHI OT BRIHOCA
(cy¢pdposum) yacTurl rpyHTa OTKOCa;

- oDaeryeHHOe KpellleHue AU ITOKPHITIe C COOTBeTCTBYIOIIei IIOATOTOBKOM Ha OTKOCe
U AHe B 30He 0CAa0.1eHHBIX MeXaHMJIeCKUX BAVSHIUI AeMICTBYIOINX (paKTOpPOB;

- yHOp BHU3Y OCHOBHOIO KpeIlAeHMs AAs IpejOTBpalieHNs CIOA3aHMUs ITOKPHITHS 10
OTKOCY 1 COTIPSI>KeHIsI OCHOBHOTO KpeIlAeHMs Ha AHe 1AM Ha oTKoce. ITorepeunsie mpoduan 1o
XapaKTepHBIM yJacTKaM IIpeACTaBAeHbl Ha PUCyHKe 4.

MK 5+20 (Ha4yano 5 yyacTtka)
MK 22+20 (koHeu 4 yyacTka)
(Pycno peku)

VB 344.89 (Q-=703 m/c)
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Pucynok 4. Ilontepeunsiit mpodnab 110 XapaKTepHBIM ydacTKaM

3aech 11K 0+00(Hauaao yyacrka) - Homep nmkera 110 ygactky; I1K 17+00 (konern 3 yuacrka) -
HOMep IMKeTa I10 TUAPaBANIECKIM pacyeTaM.
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I'maporexnnyeckne MeponpusAtus. B paMkax peaamsanmy IpoeKkTa IO MHXKEHEPHOI
3aluTe TePpUTOpUHM Topoa AcTaHa OT 3aTOIIAeHUS IIaBOAKOBLIMIU BOJaMM, Me>KeHHBIN
ypOBeHb Boabl peku Eciab B rpanniiax ropoga saperyauposaH Ha aDCOAIOTHOI oTMeTKe 343,75.
Ha npoextupyemom oTpeske mmpuHa pycaa I10 AHYy IIOCA€ er0 peKOHCTPYKIIUM COCTaBASIeT -
150 M, rayomna pycaa - 4,18-4,24 m.

Metogauka reopaanoa0Kauy OCHOBaHa Ha U3AY9eHNI ¥ PerUCTpaly 9AeKTPOMarHUTHBIX
BOAH B PaJMO X MUKPOBOAHOBOM AMalla3oHe, PerucTpaluy BOAH, OTPakKeHHBIX OT Pa3AMIHbBIX
00BbEeKTOB IIOAIIOBEPXHOCTHON CPeAkbl.

Ilepeaaromas aHTeHHa reopajapa I03B0AseT U3Ay4aTh B UCCAAYEMYIO Cpeay Pe3yAbTaThl
U3MEpeHNI, I0Ay4YeHHble TeopajapHbIM MeTOAOM, COJepKaT HeXKedaTeAbHble CUTHAADI
(momexm), BBI3BAaHHBIE TIPUPOAHBIMM ¥ TeXHOTeHHbIMM ¢akropamu. Bce Bo3MoXxHbIe
VICTOYHUKM TIOMeX, MPUCYTCTBYIOIINe BO BpeMs 30HAUPOBAHMUS, AOAXKHBI ObITh OTMEUEHBI U
AOKYMEHTUPOBaHbL. BAMsHue 9TUX MCTOYHMKOB IIOMeX A0AXKHO OBITh y4TeHO Hpu oOpaboTke
1 MHTepHpeTanun AgaHHbIX. PyHiaMeHTaAbHOe OTpaHIYeHne, IPICyIee BceM reoPpu3niecKum
MeTo4aM, 3aKAI04aeTcs B TOM, YTO IIOAy4YeHHBINI HaOOp AaHHBIX 30HAMPOBaHUSA He Bcerja
AOCTaTO4YeH AAs TIOAHOV XapaKTePUCTUKM ITOAIIOBEPXHOCTHBIX OOLeKTOB. /Jas obecredeHns
AOCTOBEPHOCTM M TOYHOCTM UHTepHIpeTaliuy pe3yAbTaTOB TIeopajapHOIO 30HAVPOBAHMS
IIPOBOAATCA TapaMeTpuyecKye M3MepeHMs Ha OIOPHBIX (KAIOYeBBIX) ydacTKaX, Ha KOTOPBIX
OCYIIeCTBASeTCA U3YYeHUe Te0A0TYeCKOil Cpeabl C CII0Ab30BaHMeM KOMILAeKca APYIUX BUAOB
pabor (OypeHns CKBa>KIH, IIPOXOAKM ITypOB, 30HAUPOBAHMN C OIIpeJeAeHIieM XapaKTepUCTUK
TPYHTOB B IIOA€BBIX ¥ 1a00PaTOPHBIX yCAOBIUSX).

DAeKTpOMarHUTHBIE MMITyAbChl, KOTOpbIe OTpPa’kalOTCsA OT HaXOAAIIUXCSA B  Hell
IIpeAMeTOB 1AM AI0ObIX HEOAHOPOAHOCTEI, UMEIOIINX OTAMYHYIO OT CpeAbl AUDAeKTPUIECKYIO
IIPOHUIIA€MOCTh UAN TPOBOAVIMOCTD.

I'eopagapHblil METO/ I10 TAyOMHe 30HAMPOBAHMS U Pa3peleHNIO 3aBUCUT OT XapaKTepUCTUK
rpyHra. VI3-3a BBICOKOTO IIOTAOIIEHMsI PasMOBOAH IIpMMeHeHNe TeopajapHOIo MeToja
HelleA1eco00pa3HO BMOPCKOI BOAE, CUALHO 3aCOAEHHBIX TPYHTAaX, BO BAaXKHBIX TAMHUCTBIXTPYHTAX,
cogep>KallyX TAMHICTbIe MUHEPAAbl C BBICOKON ITPOBOAUMOCTEIO. /s oOHapy>KeHns oObeKTa
reopagapHbIM MeTOJOM HeOOXOAMMO, YTOObI OOBEKT 3aMeTHO OTAMYAACS OT BMeEIJAIOIero
TPyHTa II0 9AEKTPUYECKMM XapaKTepUCTUKaM (IO AMDAEKTPUYECKON MHPOHUIIAaeMOCTU UAU
IIPOBOAVMOCTI).

/leBOOepe>KHBIN >KeAe300eTOHHBINI OTKOC CO CTOPOHBI BepxHero Oneda; 2. IpyHTOBas
I110111a4Ka Ha IIOBePXHOCTU TN APOY3.4a B IPaBOOepe;KHOM IIPUMBIKaHUM; 3. y4aCTOK AOHHO YacTu
TApoys3aa OT 6-ro ObIYKa 40 IpaBoOepesKHOI0 OTKOCA (BKAIOYas 4acTh CaMOIo IIpaBO0ePe>kKHOTO
oTKoca); 4. yJacTOK JOHHOI 4acTU I'MAPOY34a, IPUMBIKAIONIell K AeB0OepeskHOMY OTKOCY CO
CTOpPOHBI BepxHero Obeda oT 3-ro ObIUKa; 5. YIaCTOK 4OHHOII YacTU TUAPOy3Aa BepXHero oreda
nepe/, HadyaAoM BcexX 7 (cemu) OBIYKOBBIMM IpOAeTaMU; 6. yJaCTOK AOHHOM 4acTu TMAPOy3Aa
1oa Bcemu 7 (cempiO) OBIYKOBBHIMM mpoaeTtamu. [laan-cxema pacroaoskeHus reopagapHbIX
npoduaeii mpeacrasAeHa Ha pUCyHKax 5-6.
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Pucynok 5. I1aan- cxeMa pacIioA0KeHus1 TeopajapHbIX Tpoduaern

Ha Ilaan-cxeme KpacHOll TIyHKTHpPHOI AMHMEN OOO3HauyeH KOHTYyp OTKoca ¢ K\O
kperiaennsamu. CuHUMM cTpeakamMy u nudpamMm oOO3HAYeHBI reopajapHble IIpoPuAs,
II0 KOTOPBHIM OBIAM BBISIBA€HBI aHOMaAbHble 30HBL. CaMM aHOMa/AbHbBIe Y4aCTKU BBIAe/A€HEI
KOPUYHEBBIMI IIATHaMU. Takmx ydacrka 3. BoIsiBaeHHble aHOMaabHBIE YYacCTKM CBSI3aHBI
C pasynJOTHeHUeM TpPyHTa II04 /0 OTKOCOM MAU Ja’ke BO3MOXKHO C OOpa3oBaBIIMMILCS
IIyCTOTaMM I10A IIANTAMI.

Ha I'laan-cxeme KpacHoit ToueuHoOl AMHMeN 0OO3HadeH KOHTYP y4yacTKa AeBOOepeskKHOTO
IIPUMBIKAHILSI, KOTOPBIN OblA McCAeA0BaH. (CM.pUCYHOK 6). CMHUMU cTpeAKaMM U Inppamn
o0o3HaueHbl reopagapHele nmpoguan. KpacHbIM IpsIMOYroAbHMKOM OOO3HayeH ydacTOK, Ha
KOTOPOM OBIAM CKAaAMPOBaHBI MeTaaAudecKye KoHcTpyknum. Ha ydacrtke aeBobepeskHOTO
IIPUMBIKaHISI aHOMaAbHBIX 30H He BBIABAEHO.

Bepxusist wacth nepobepexnoro
WeNe300eTOHHOTO OTKOCA CO
CTOPOHBI BepXHETO Obeda

PucyHOK 6. Y4acToK >Ke1e300eTOHHOTO OTKOCa CO CTOPOHBI BepXHero Obeda

Teorozuveckas npuesska 2e0padapHovlx KOMNAEK0S
VsydyeHne reoaormyeckoro (B IIMPOKOM CMBICAe) CTPOeHNs BepXHell dJacTu paspesa
MEeTO40M TeopajMOAOKalMM IIPOBOAUTCA B ABa 9Tama. [lepsplit »Tam 3aKaHUMBAETCs
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pacuseHeHneM paspesa Ha reopagapHsie KoMmIiraekcol 1 gpannn. Ha BTopom sTane Heobxoaumo
BBIACHUTD X AUTOAOTMYECKUI COCTaB, MOIITHOCTY U ITOAOXKEeHNe YPOBHS I'PYHTOBBIX BOA, AAs
9ero, Kak IIpaBI40, UCIOAb3YIOTCS AaHHbIe Oypenns. Ecau oHM OTCYTCTBYIOT, IPUBA3Ka MOXKeET
OCYIIIeCTBASATLCA IO MMEIONINMCA B palioHe padOT OOHaXKeHMAM M IIO paspes3aM IIypQoB.
Oanako gaxke Ipy HAAMIUM CKBaXKMH Ha Mpoduiae BOSHMKaeT ps IpoO.aeM, OAHOI U3 KOTOPBIX
SBASETCS OllpejeleHne CKOPOCTell pacIIpOCTpaHeHNs AeKTPOMarHUTHBIX BOAH, HEOOXOAMMBIX
AAs TIepecyeTa U3 BpPeMEHHOTO B TAyOMHHBIN MaciiTao.

Pe3yabTaThbl 1 AVICKYCCHS

PeSYABTaTI)I AAHHBIX reoc]msmquKoro nccaeA0BaHIIA.
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Pucynok 7. O630pHBIe pa3pessl reopajapHOTo MPOPUA

34ech peJcTaBAeHbl pe3yAbTaThl TeopajapHOil CheMKI — 0O30pHBIe pa3pe3bl Ha PUCYHKe
7 (na Ilaan-cxeme cm.pucyHok 8) To reopagapHeie npoduas. Ha paspesax seaeHoit u cuHein
AVHUAMM TIOKa3aHBl TPAHMIIBI CAOeB K/0 MAMTHI ¢ TpyHTOM. beaoil cTpeakoil yKasaHBI
oOHapy>XeHHble aHOMaabpHble 30HBL. Ha Ilaan-cxeme oOHapy>KeHHBIE M OKOHTYpeHHBIe
aHOMaAbHbIe 30HBI YKa3aHbl KOPUMYHEBLIMU IIATHAMIA.

AHOMATBHAR 30HA, CBA3AHHAR C PAINTUIOTHCHIICM
TPYHTA NOA MIHTAMH (BOIMOKHAY IYCTOTA), a

TAKAE C HAPYIDCHHEM CTPYKTYPhI GeToHa

Toﬁsopnﬂpnpﬂnerononep

r Ne 0938
r Ne 0939

f Ne 0942

Pucynok 8. YuacTku aHOMa/AbHBIX 30H IIO pe3yAbTaTaM reopalapHOl ChbeMKU
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Ha ITaan-cxeme KpacHoii aunneit o003HaueH y4acTOK OTKOCa, KOTOPOIl OblA MCCAe40BaH.
CunnMu crpeakamu n nmdppamy oOO3HaueHBl TeopajapHble TPOPUAM, IO KOTOPHIM ObLAN
BBIsIBA€HbI aHOMaAbHble 30Hb. CaMy aHOMaAbHbIe y4acTKM BblA€A€Hbl KOPMYHEeBBIMU IIATHAMMU.
Taxnx yuacTkos 2. BelsiBAeHHbIe aHOMaAbHbIe yYaCTKU CBSI3aHBI C pa3yIlAOTHEHMEeM I'PYHTa 1104,
/0 KperaeHnAMH (BO3MOKHBIE ITyCTOTHI) ¥ HapyIIIeHHOM CTPYKTYypoii 6eToHa.

Desance paeTEsy

APMHPOBAHHAN IMTA

T 3 L3R W20

N 0939 Z SesTAMCE peETER]

HADYIIeHHAR : = ~
Berpyicrypa obHapyakenHas 1 <
: it AaHoOMAINA B rpyHTe §

GeToMHa 4 .

[psbare=s # by ond w130

B
i

Pucynoxk 9. 'eopagapasiii mpoduan ¢ ydacTkaMyt aHOMaAbHBIX 30H 110 TAyOnHe

Ha pucynxke 9 npeacrasaeHsl pe3yabTaThl TeopajapHOll CheMKu — 0030pHBIe pa3pessl (Ha
[Taan-cxeme 5TO Teopagapusle mpoduan. Ha paspesax seaeHol AnHMeN IOKa3aHBI I'PaHUITBI
caoeB /0 mantsl ¢ rpynToM. KpacHoi cTpeakoii ykazaHbl OOHapy>KeHHbIe aHOMaAbHbIe 30HbI.
Ha Ilaan-cxeme oOHapy>KeHHbIe ¥ OKOHTYpPeHHbIe aHOMa/AbHble 30HbBI yKa3aHbl KOPUYHEBBIMU
IIATHAMM.

N! 0 2 39 EVETANCE [UETES]

- VO
L Py 1Ol B 3

I T e

Pucynox 10. 'eopagapnsie ipoguan B MecTe IPUMBIKaHIs I'PYHTa K OETOHHOI CTeHe TApoy3aa
C ydJacTKaMl aHOMaAbHBIX 30H I10 TAyOuHe

34ech rpeAcTaBAeHBl Pe3yAbTaThl reopajapHON ChbeMKI — 0030pHBIe Pa3pe3bl CM. PUCYHOK
10 (#a [Taan-cxeme »TO reopagaphsie npoduast). Ha paspesax cuHel AnHMe I0Ka3aH ypOBEeHb
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3aJeraHus IPYHTOBBIX BOA. 3eAeHOM AMHMei (II0A0CKOIT) yKa3aHa TpaHUIla CA0eB K/0 IANUTEI ¢
HaCBHIITHBIM TPYHTOM. JKeAThIM ITATHOM Ha paspese N20226 ykasaHa oOHapy>KeHHasl aHOMaAbHasl
30Ha, CBsA3aHHas ¢ 001aCThIO IIepeyBAakHEHHOTO 0CAa0.A€HHOTO TPYHTa.

IIpeacraBaensl pe3yabTaThl reopagapHOll CheMKM — 0D30pHBIe paspesnl (Ha Ilaan-cxeme
®TO Teopagaphble npoduas cm.pucyHok 11). Ha paspesax cuneit aumHueii moxasaH ypoBeHb
3a/eraHns TPYHTOBBIX BOJ. 3eA€HOI AMHIel (II0A0CKOI) YKadaHa IpaHNIla CA0€eB K\ O IMAUTHI ¢
HaCBIITHBIM TPYHTOM. JKeAThIM IATHOM Ha paspese Ne0218 ykaszaHa oOHapy>KeHHas aHOMaAbHasl
30Ha, CBsA3aHHAs ¢ 001aCThIO IIepeyBAa’kHEHHOTO 0C1a0.1eHHOTO TPYHTa.

| O63opHbiit npochune Net |

| OB3opHeIit npodune Ne2 |

Pucynoxk 11. O63opnsbie npopuan 1 u 2

| Kapra pacnpepnenenus arpubyta Q-factor |

Pucynok 12. Kapra pacupegesenus arpuOyra

Ha ITaan-cxeme (cM. pucynok 12) KpacHoii amHumeit o0o3HaueH y4acTOK, KOTOPBIl Obla
nccaegosad. CUHUMM M 3€A€HBIMM CTpedKaMM OOO3HauyeHbl reopajapHble IIpopuam, IO
KOTOPBIM OBLAM BBIABAEHBI aHOMaAbHbIe 30Hb. CaMyt aHOMaAbHbIe YYaCTKU BblAeAeHBI I THaM.

4. BeiBOABI

Aas onpejeaeHnst PpaKTUIECKOIO TEXHNYECKOTO COCTOSHMUS CTPOUTEABHBIX KOHCTPYKIIMIA
IIOATIOPHOJ CTEHbI OBLA OCYIeCTBAEH BU3YyaAbHbIN M MHCTPYMEHTaAbHBIN OCMOTP.

OcHOBHOII TPUYMHOIN BO3HMKHOBeHUs JedopMaliuii OTKOCOB KaHada IIOCAY>KIAO
HapylleHue CTPYKTypbl IIOPOJ C HaAWYMeM CTPYKTYPHBIX OCAa0A€HMII IIO0 KOHTaKTaM
€2abOCBI3aHHBIX TIOPOJ 104 BANSAHMEM (PUABTPALIIOHHBIX IIOTOKOB TPYHTOBBIX BOA. ['pyHTOBBIE
BOABI, MUTAIOIINe KaHaA, BHIKAMHMBASCH B OOpTa KaHada, oOpas3ylOT B HMX BBIIIOPHI B BUAE
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OTIABIBMH B COCTOSIHUM «VMICTUHHBIX» IIABIBYHOB. IIpy ObICTpOM CHUKeHIUH yPOBHS BOABI B KaHae
Ha ero OTKOC OKa3bIBalOT AaBAeHle IPYHTOBbIE BOADI, YPOBHI KOTOPBIX IIOHMKAIOTCS C MEHBIIIeln
CKOPOCTBIO, yeM B KaHale. /aBieHne Ha OTKOC M3MepseTcs yKa3aHHOI Pa3HOCTBIO YpOBHeI,
104, ero BO3AeJICTBIeM IIPOMCXOAUT BBIIIOP I'PYHTA Y OCHOBAHIS OTKOCA C IIOCAeAYIOIIVM ero
OII0A3aHIIEM.

B pesyapraTte 0OIero (CHAOLIHOIO) M A€TaAbHOIO MHCTPYMEHTAaAbHOIO OOCAeAOBaHIIA
KaKux-A1060 AeeKTOB I ITOBPeXXAeHNI, BAUSIONIVX Ha DKCIIAyaTallMOHHYIO Ha e KHOCTh OTKOCOB
KaHaJa, He BbIsIBA€HO. TexHmueckoe coCTOsIHIE KaHala OLleHeHO KaK yA0BAeTBOPUTeAbHOe.
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Ecia e3eHi apHacbIHBIH y4acKeCiH reopu3mnKaablK 3epTTey KoHe OoreT OeTKeiiaepiHiH
TYPaKTBIABIFBIH Oaraaay

H.K.Kymaaiaosa', A.T.Myxamegxauosa’, B.C.Ilopraos®, T.T.Mycabaes?, E.Il. Illnx®
TAbviakac Cazviros amuindazvl Kapazardvl mexuuxarox ynusepcumemi, Kapazanovl, Kasaxcman
“1.H. T'ymuaes amwuindazor Eypasus yammotx yHueepcumemi, Acmana xaracel, Kasaxcman
E-mail: n-j-93@mail.ru

Anpaatna. Kazakcran aymarbiHga KOA4aHBICTaFbl HOPMATUBTIK Ky>KaTTapAblH TaAallTapblH HeTi3re ada
OTBIPBII, TEXHOTEHAIK JKoHe MHXKeHepAiK KYPBIAbICTapAbIH XKall-KylliHe Mep3iMAiK MOHUTOPUHT KYPTi3y
KaxkeT. backapy >xyiieci oObeKTiaepaiH epexiieaikrepiHe >KoHe TeXHMKAABIK OaKbliay IapaMeTpAepiHe
KaTBICTBI HETi3ri MpUMHLUNTEPAi, VFRIMJAap MeH aJicTepdi, COHAall-aK >kKaHa TeXHOJAOTUAAapAbl €HTi3y
epeKIIeAiKTepiH JKoHe coliKeciHIIe KaFAaiiabl OaralayAblH JKaHa adicTeMeciH a3ipaeyai eckepeai. sepTrey
006beKTici. bya >KyMBICTBIH MaKcaThl — MHHOBALVAABIK XKaOABIKTap MEH Tociadepai maiigaaaHa OTBIPHIII,
IMAPOTEXHUKAABIK KYPBIABICTApABl KellleHAi 3epTTey. ATall alTKaHAa, >KYMBICTBIH HeTi3Ti MiHAeTTepi:
Jaaaablk OakblaayAapAblH, aCIIalITHIK ©111ey AepAiH JKoHe eCeIITiK KOPCeTKIITepAiH HOTI KeAepi OOIIBIHIIIA
KopIay OereTTepiHiH TeXHMKaABIK >KaFAaiibIH aHBIKTay >KoHe Oaraday. bya KypblabIMgapAbIH aFbIMAAFbI
JKarAaliblH Oaraslayra >KoHe BIKTMMaa AdedopMalinsidapabl HeMece 3aKbIMAAapAbl aHBIKTayfa MYMKIiHAIK
Oepeai. berertin kepHeyai-aepopMalVAABIK KyiliHe TypaKThl, AMHAMIKaABIK JKoHe yaKbITIIIa KOca aAFaHAa
9pTYpAi KyKTeMeaepAiH acepiH Taazay. bya aprypai ¢pakropaapaslH MHXeHePAiK Ky phLABIMAapFa Kaaail
9cep eTeTiHiH >XKoHe y3aK Mep3iMai IlepcrieKTnBaja KaHjall esrepicrep 004ybl MyMKiH eKeHiH aHBIKTay¥a
MYMKiHAIK Oepeai. 3epTTeaeTiH TMAPOTEXHMKAABIK KYPBLABICTAPABIH CeHiMAiairiH, KayincisairiH >koHe
(pyHKUMOHAAABIK >KapaMABIABIFBIH KaMTaMachl3 eTy OOJIBIHIIA YCHIHBICTap d3ipaey. bya ycwiHBIMAap
KellleHAl TaAJayFa HerizgeaeAl >KoHe HbICaHAAPABIH KYPBIABIMABIK TYTaCTBIFBI MeH TUIMAiAiriH cakray
YIIiH IpaKTMKaAbK IIelrimMaepAi YCbIHaAbl. Bya SKYMBICTBIH FBIABIMM >KaHAABIFBI KasipTi 3aMaHFbI
reo(PU3UKAABIK 3€pPTTEy dAiCTEpiH >KOHE TIUAPOTEXHMKAABIK KYPBIABICTApABI TEXHMKAABIK Oaraslayra
apHa/faH MHHOBaIMAABIK KaOAbIKTapAbl KoA4aHyAa. bya Tes esrepetin opraga KYphLABIMABIK KaFAaiAbl
OarasayAbIH A9AAIri MEeH CeHIMAIAITiH apTTHIPYABIH JKaHa MYMKIHAIKTepiH altaAsl.

Tyitin ce3aep: TIUAPOTEXHMKAABIK KYpPBLABICTAp, Teo(pU3MKaABIK o4icTep, >Kepre eHeTiH
padnoaokanusAap, TOIblpaKTap, aHOMaAbAbl aliMaKTap, TipeK KaObIpFa.
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Geophysical studies of a section of the Yesil River bed and assessment of the stability of the
dam slopes

N.Zh.Zhumadilova?!, A.T.Mukhamedzhanova? V.S.Portnov?, T.T. Musabaev*E.P. Shin®
'Kagaranda Technical University named after Abylkas Saginov, Karaganda, Kazakhstan
’Eurasian National University. L.N. Gumilyov, Astana, Kazakhstan

Abstract. Based on the requirements of current regulatory documents on the territory of Kazakhstan,
it is necessary to carry out periodic monitoring of the condition of man-made and engineering structures.
The control system takes into account the basic principles, concepts and methods in relation to the
specifics of objects and technical control parameters, as well as the peculiarities of the introduction of new
technologies and, accordingly, the development of a new methodology for assessing the condition of the
research object. The purpose of this work is to conduct a comprehensive study of hydraulic structures
using innovative equipment and approaches. In particular, the main tasks of the work: Determination
and assessment of the technical condition of enclosing dams based on the results of field observations,
instrumental measurements and calculated indicators. This will allow you to assess the current condition
of the structures and identify possible deformations or damage. Analysis of the influence of various loads,
including permanent, dynamic and temporary, on the stress-strain state of the dam. This will allow us to
determine how different factors affect engineering structures and what changes may occur in the long term.
Development of recommendations to ensure reliability, safety and functional suitability of the hydraulic
structures under study. These recommendations will be based on comprehensive analysis and provide
practical solutions to maintain the structural integrity and efficiency of facilities. The scientific novelty
of this work lies in the use of modern geophysical research methods and innovative equipment for the
technical assessment of hydraulic structures. This opens up new opportunities to improve the accuracy
and reliability of structural condition assessment in a rapidly changing environment.

Keywords: hydraulic structures, geophysical methods, ground penetrating radar, soils, anomalous
zones, retaining wall.
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BOSAEIZCTBI/IE 30401I1I4aKOBBIX OTXO40B Ha CPOKM CXBaTbIBaHIS5I
IIeMEeHTHOIO TeCTa M I1aCT

Annoranmsa. B danmnon  pabome onucan = NpuHyun  NOAYUeHUs  UEMEeHIMHOZ0
KOMNOSULUOHHO20 mMecma U nacmol HA  0CHOGE CMecell  30A0WAAKOGHIX — 0Mmx0J06.
[Iposeder  aMAAU3 — XUMUUECKO20 — COCMA6A  00pA3L06  30AOUIAAKOBLIX  CMeceil.
ITposedero usyueriue no onpedereHuro 0CHOGHLIX GUSUKO-MeXAHUUECKUX CEOLCME 6SIKY1Le20.
Mccaedosarvr pastvie memodvl 6CHMYNACHUS 30A0UAAKOGHIX OMX0006 6 pasHvie CPoKu
CX6amuvléaHus, U UY4eHo ux 6o3delicmeue HA OCHOGHbIE CE0UCMEA KOMNOSUUUOHHOZ0
Mamepuad.

Kaiouesble caoBa:  mexHuueckoe — Colpbe;  30A0UIAAKOGblE — CMeCU;  CMeuleHue;
UsMeAbHeHUe; KOMNOSUUUOHHDIE 6SKYULUE; 2UOPABAUMECKAS AKMUEHOCTY; JUCNePCHOCHTD,
60donompedHOCHb, NPOUHOCHTD.

DOI: doi.org/10.32523/2616-7263-2023-145-4-98-110

1. Beeaenmne

Pazanunsie nccaeaoBadus B 00AaCTU HU3KO DMICCUOHHOTO OTOHA, TaK YK€ M3BeCTHOrO Kak
«3e/AeHbIN 0eTOH», HaITpaBAeHbI Ha IlepepabOTKy OTXOA0B IIPOM3BOACTBA U CHIKeHIe KOANJecTBa
IIOPTAaHAIIEMEHTHOTO KAMHKepa B cocTaBe OeTOHa 0e3 yXyAIIIeHIsI eTO MeXaHJIeCKIX CBOVICTB
[1]. Aas 9TuX 1eAel UCIIOAB3YIOTCS TaKle 400aBKM K OeTOHY, KaK 304a-yHOC I AOMEHHBII I111aK.
/leTyyasi 304a sABAAETCS ITOOOYHBIM ITPOAYKTOM ITpoliecca CKUTaHMs YyroAbpHOM neian Ha TOC n
9A€KTPOCTAHIINAX Y MOXKET OBITh ICII0Ab30BaHa BKauecTse 400aBKI BIIeMEHTII0CAe IIPOXOXKAeHNS
nporieAypsl ceprudukarun. VicmoapzosaHme AeTydert 3045l B KauecTse 400aBKM K IIeMEHTY I
OETOHHBIM CMeCsIM TIO3BOAsIeT YTUAM3MPOBATh OTXOABI, CHU3NUTH 3aTpaThl Ha ITPOM3BOACTBO
CTPOUTEABHBIXMaTEPUAAOB, yMEHBIIIUTDYTA€POAHBINCA€AVIIOA0XKUTEAbHOBANI€THAHEKOTOPhIE
¢usnueckne cpoiictsa OeToHa [2]. Kpome ToTO, B pside sKCIepUMeHTaABHBIX MCIIBITAHUI OBLA0
ITIOKa3aHO 3HAYNTeAbHOe yBeAldeHne IIPOYHOCTI MaTepraa Irocae 400aBAeHs AeTydell 3045l
/JanHas1 paboTa Oblaa ITOATOTOBAEHA C 11eAbI0 OIpeAeAeHIs BO3AelICTBIS OTXOAOB, B YaCTHOCTI
AeTyuJeli 30451, Ha ITpoljecc 0Opa3oBaHMs KOHCTPYKITUI U IIOCTVKEHIST BO3AeIICTBI 400aBKI Ha
CPOKM CXBaTBIBaHIII.

Ileapto paboTel OBIAO OIlpeJedeHNe BO3AEVICTBUA A0OaBKM JeTydell 304BI Ha
CBOJICTBa IJ€MEHTHBIX KaMHeIl, BIJ U CXeMy IIPOAYKTOB TMApaTallul, a elle pasjedeHue I
CTPYKTYpHBIE CBOJICTBA A€Ty4ell 304BI B YCAOBMSAX OOBIYHOTO CXBaTHIBAHILA.

brran mccaeaoBaHbI TeXHMUYECKMe CBOVICTBA IIeMEHTHBIX CycreH3uil u macT. OnpeseaeHst
IIOKasaTeA HOPMAaAbHON IIAOTHOCTM M BpeMEeHU CXBaTbIBaHUS I[€MEHTHOIO II0/AOTHa.
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DKcnepuMeHTaAbHbIe JaHHBIE IIPeACTaBAeHBI B BIiAe BRIBOAOB O BAMSHUM A400aBOK (304bI-yHOCA)
Ha CPOKM CXBaThIBaHI: IleMeHTa. B kadecTse 0Opa3lioB MCIIOAB30BAAMChH IOPTAaHAIIEMEHT
500 Ge3 gobasok m ITIT 500 ¢ agoBaBkamm. CTaHAApTHYIO IIAOTHOCTb M CPOKM CXBaTBIBaHI
onpegeasau o 'OCT 310.3-76 [4].

2. MeToasl

Aas u3ydeHMs BO3MOXKHOCTEN MCIIOAB30BaHUs 304bl, COOPaHHOM C 30400TBaAOB
U 3040yA0BUTeAeli, OblA OIlpeseleH DAEMEHTHBINI COCTaB 304bl C IIOMOIIBIO PEHTTeHO
dayopecrienTHOTO aHaAM3aTOpa. AHaAM3 IIPOBOANUTCS Ha PEHTTEHO (PAYOPECIIeHTHOM DHepro
AUCIIEPCHOHHOM crieKTpoMeTpe Modean Epsilonl. ITpunnmn aeiicTBus crieKTpoMeTpa OCHOBaH
Ha MeTOJe DHepro AMCIIEpCHMOHHON PeHTIeHOBCKOW (ayopecrieHIiun. BropmyHoe (B TOM
gycAe XapaKTepUCTHUecKoe) M3aydeHue, Bo3OyKjaeMoe B 0Opaslie, PerMcTpUpyeTcs: DHepro
AVICTIEPCHBIMM KaHaJdaMM, ITOCTPOEHHBIMI Ha KPeMHHEeBOM JpeiipoBOM AeTeKTOpe BHICOKOTO
paspemtenns. CurHaapl JgeTeKTropa 0OpaOaThIBAIOTCsS MHOTOKaHAAbHBIM — aMILAUTYAHBIM
aHaAM3aTOPOM. VICTOUHMKOM PeHTIeHOBCKOTO M3Ay4eHIs A5 CIIeKTPOMeTpa CAYKUT ITepBIYHas
¢uarTpoBanHas pentreHosckas Tpyoka (U =50 xB, 1»=0,5MA, maxkcumaapHbIl BhIXO4 5 BA,
Marepuaa aHoga - cepebpo). PeHTreHo pAyOpecIieHTHBINI aHAAN3 SABASETCS OAHUM M3 CaMBIX
COBPEMEeHHBIX CIIEKTPOCKOIMYeCKMX MeTOA0B MCCAeA0BaHIsl MaTePUaloB C 11eAbI0 MOAYYeHIs
DAE€MEHTHOIO COCTaBa, T.e. ®A€MEHTHOIO aHaAmu3a. DTO II03BOASeT OOHApPy>KUTh IIMPOKUIA
CIIeKTp 94eMeHTOB. PeHTreHo (pAyopeclieHTHBINI aHaAU3 OCHOBAaH Ha cOOpe U IocAeyioleM
aHaAl3e CIIeKTPOB, II0Ay4aeMbIX Py 00Ay4eHUM MCCAeAyeMOTO MaTepuala peHTIeHOBCKUMMU
aydamn [5].

PesyabraTsl anaansa cocrasa 1 oopasna (3oaa (Oxmbactysckmii TDII) ykazans: B Tabantie 1.

Taban1ia 1. DaeMeHTHBIN aHaAU3 301bI DKUOACTY3CKOTO YT A

Daement % 3oaa (Dxmbactysckmit TILI)
Al 20.932
Si 56.737

S 0.298
CI 0.136
K 1.597
Ca 3.844
Ti 2.718
v 0.057
Cr
Mn 0.214
Fe 11.656
Sr 0.183
Ba 0.22
Eu 0.076

Coeannenns ocHoBHBIX 91eMeHTOB (Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na) o6pa3syomiinx ocHOBHyIO
304y, COCTaBASIOT A0 98-99 mpoIleHTOB 3040mI1aKOBBIX 0TX040B. [Ipu sTOoM, Al=20.9Tpex2%,
Si=bintects.737%, Fe=11.656%, Ca=3.844%, Ti=2.718%, K=1.597%, 5=0.298%. daxTmuecku Bce
OCTaAbHBIE DA€MEHTHI (MIKPOD1E€MEeHTHI) IIPIUCYTCTBYIOT B 304€ B KOHIIeHTpauuu Meree 0.1 % n
MeHee. [Ipy cxurannm yras y HeKOTOpPBIX MUKpO3AeMeHTOB, Kak (Sr, Ba, Sc, Y, La, Ti, Zr u ap.)
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KOHIIeHTpupyeTcs B 1aake. [Tomumo Toro, nxsie saemenTs! (K npumepy, Ga, In, T1, Ge, Sn, Pb n
Ap.) npu remneparypax saitre 1000°C yaeTyuanBaroTCs 13 30HBI BBICOKIX TEMIIEPATYP U OCeAal0T
B 9aeKTpoduabTpax, yparanax (mpu 110-120 °C). ITpmuem xummueckue cpoiictsa 31O cnabsno
BapbUPYIOTCS B3aBUCUMOCTI OT TUIIA YT A5, TeMIIepaTyPbl COKUTaHILS, CIIeLITeXHOAOT M CKUTaHN,
COOTHOIIIEHM: BO3AyX - Toplodee 1 pa3Mepa JacTull yras [6].

O030p 1OAyYeHHBIX UTOIOB IIOKa3blBaeT, 4TO J00aBKa JAeTydell 30AbI ¢ DKMOACTYy3CKIX
TOLI cHMKaeT TUIIMYHYIO TYCTOTY C ABaaliaTtu ceMu % A0 24.5 % B 3aBUCHMOCTM OT AO3UPOBKA
U M3MeHseT CPOKM Hadada CxBaTblBaHM:A C 3 4acoB 40 1.6 4aca, a koHna c 5.5 g0 3.1 gacos.
Mo>xHO ITpeAII040XKuUTh, YTO couyeTaHne cynepraactuduxaropa C-3 u yckopureas TBepAeHUs
Trocyapdara HaTpusl HI0A00PaHO B ONITUMAABHBIX COOTHOIIIEHIISX.

NnausnayaapHoOe VCIIOAb30BaHNE OTAEABHBIX
KOMITIOHEHTOB YHUBePCaAbHBIX KOMII/AE€KCHBIX 200aBOK He
MO>eT eAMHOBPeMeHHO IIpeJ0CTaBAsATh COCTaBHOE BAMSIHIE Ha TUIIMYHYIO IIAOTHOCTh U CPOKU
CXBaTBIBAHUSI IIEMEHTHOTO MoA0THa [7.8].

DKCHepyMEeHTHI 110 M3YYeHIIO CBOJCTB IIeMEeHTHBIX ITacT U 3aTBePAeBIINX KOMITO3MIIVIOHHBIX
MaTepnaAoB IIOKA3LIBAIOT, YTO LIEMEeHTHI C OITHMAaAbBHBIM KOAMYEeCTBOM 400aBKM 30bI — YHOCA
1MeIOT 00.1ee BBICOKYIO IIPOYHOCTH 110 CpaBHEHUIO € IleMeHTaMM Oe3 400aBKI.

3Ha4YMMO YCTaHOBUTD BO34€JICTBIIe 400aBOK Ha CPOKM CXBaTbIBaHI:I IleMeHTa.

TabGauma 2 - VItorn naydyeHns Bo3geicTBus 400aBOK Ha CPOKIU CXBaTHIBaHM: IleMeHTa

Haumenosanne Bua, xoamuaecrso Hauazao Komnerr cxsaTeiBanmsi,
BSDKYIIIETO 200aBK11, % OT CyXOro CXBaThIBaHIS, 4. q.MIH.
IeMeHTa MUH.
ITopraanatiement 1u. 47 MmuH. 4 9. 20 MuH
M400
INopraanaiieMeHT ¢ Jetydast 304a
200aBKOI1 10 1 4. 45 muH. 4 9. 30 MmuH.
15 1 4. 50 Mmun 4 9. 35 MUH.

VIsygenus 110 onipeaeA€HNIO TUIIMYHOM I'YCTOTBI LIEMEHTHOTO TeCTa, COAep>Kalllero B CBoeM
cocTase 400aBKY 304bI-YHOCA, ITIPeACTaBASIIOT CyIIIeCTBEeHHBIN NHTepec.

Vtorn usyyennit npusejeHsl B Tabantie 3.

Tabanma 3 - Vltorn ornpedeeHns TUIIMYHON TYCTOTH IIeME@HTHOTO TecTa

B xommiosnra Bua, xoamgectso HopwmaasHasi, rycrota, %
A00aBKH, % OT CyXOro
IleMeHTa
1 2 3
I1L1 M500 - 26
L+ 5% 30481 yHOCA 10 27
I11+10% 304bI yHOCa 15 27,8
[TLI+15% 304b! yHOCa 20 28

B mccaesoBanHbIX cocTaBax Ha0AI0AaA0Ch yAAWHEHME CPOKOB CXBaTBIBAHUS BSDKYIIVIX.
DTO CBA3aHO C T€M, UTO 304a — YHOC BAMSET Ha IPOIecC HayaabHOTO CTPYKTYpOOOpa3oBaHI
IIeMEeHTHBIX CYCIIeH3MI U T1acT, CIIOCOOCTBY:I ITOBLIIIIEHNIO KOTe3MM JyacTuil [9].
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[Ipouecc rmapaTanum B HavyaAbHBIN IEPUOJA CXBaThIBaHUA (40 3CYyTOK) AOIIOAHUTEABHO
1CCAeA0BaACS II0 MHTEHCUBHOCTM NHKOB B (ase ruaparanun. AHaausupyeMmble JaHHEBIE
IpeAcTaBAeHBI B BiAe MUKPO (poTorpaduii 00pasiios 301bl, OTBEPXKAEHHBIX B TeueHue 3 CyTOK,
U peHTTeHOTpaMM 0Opa3IioB 304bl, OTBeP>KACHHBIX B TedyeHue 3,7 u 28 CyTOK.

[IpeacTaBaennble Ha  pucyHke  Muxkpodororpaduym  OTBEpPXKAEHHBIX  0OpasIioB
CBUAETEALCTBYIOT O TOM, YTO YaCTUIBI A€Ty4Yell 304bl, COAep>Kalluie aAlOMMHAT KaAbIINs,
CIIOCOOCTBYIOT ~ O00pa3oBaHMIO  IMAPOCYAb(POallOMMHATA  KaAbIMsl, KOTOPBII  aKTUBHO
agcopbupyercss Ha mnoBepxHocTM wacTull. JobasaeHue 304pl - YHOCa, cOgep>Kalleil
aAIOMMHATBl KaAbLMsI, HPUBOAUT K OOpa3soBaHUIO IMAPOCYyAb(POallOMMHATa KaAbLMS B
pesyaAbTare IMApaTaluy, 4YTO CIIOCOOCTBYeT IIOBBIIIeHMIO IIpoyHocTu. OO oOpasoBaHNMI
ruapocyabpoalroMUHaTa KaAbIMsl CBUAETEAbCTBYIOT AaHHbIE PEHTIeHO CTPYKTYPHOTO aHaAM3a,
npeAcraBAeHHbIe Ha pucynke 1-5 [10,11,12].

Pucynok 3.Mukpodotorpadpuu teepaesmunx oopasios [111+15% 30451 yHoca, x B 7000
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Pucynoxk 4.Penrenorpammer 00pa3siios ¢ 304011 yHoca 15%, TBepAeBIINX B TedeHre 3 CyTOK
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Pucynoxk 5. PenrenorpamMmmer 06pas1ios ¢ 301011 yHOCa 15%, TBepaeBIuX B TedeHue 7 CyToK

Cunraercs, 4TO 304a - YHOC KaK Ao00OaBKa TakXXe I3MEH:eT CXeMy U IIOPMUCTOCTb
IIeMeHTHOro KaMH:i. OTAm4us B MUKPOCTPYKType IIeMeHTHBIX KaMHell C 30401 - YHOCOM
1 Oe3 Hee CBIMAETEABCTBYIOT O TOM, 4TO LleMeHTHble KaMHI 0e3 400aBOK (PMUCYHOK OAVH)
MMeIOT DOABIIIe TPeIMHOBATYIO CXeMy I MeHee IIA0THYIO YIIaKOBKY I'MAPaTHBIX HOBOOOpa3oBaHMIA
[gerpipHagaTs]. [loMmnMo TOTO, OTCAEKIMBAAOCH CYILIIECTBEHHOE YMCAO YCaAOUHBIX TPeIINH, YTO
MO>KHO OOBSICHUTH BHICBIXaHMEM B IIEPUOABI TBepAeHIsI - 3, 7 11 28 CyTOK B IIPUPOAHBIX YCAOBISIX.
IlemeHTHBIE TTpPUMEPHI C 30A0I1 - YHOCOM MMEIOT OOABIIE BBICOKYIO IIAOTHOCTH YIIAKOBKI
KpMCTaAA0 IUAPaToB U paKTUIeCK) He MMeIOT yCaAOUHBIX TPeIlyiH.

A st onipeeaeHNs BAUSIHYS KPEMHISA Ha CTPYKTYPY LIeMeHTHOI'O KaMHsI B [IEMEHTHYIO I1acTy
A00aBAsAAM KpeMHUI B KoandecTse oT 2% 40 8% OT Macchl BsKyllero. PesyabTaThl 1okasaan,
9YTO IPUCYTCTBME KPeMHI + aAIOMUHNA BAUSIET Ha IIA0THOCTD, IIOPUCTOCTb, OAHOPOAHOCTD I
HOBOOOpPa3oBaHUs CTPYKTYPHI IIleMeHTHOTO KaMH:I. JobaBaeHne 00ABIIOro KOAMYeCTBa 304l -
YHOCa OT MacChl BSIKYILETO IO3B0ANAO IIOATBEPAUTD HaAldyie HOBOOOPa3OBaHMII B LIeMEHTHOM
KaMHe C [IOMOIITbIO PeHTITeHOBCKOTO o0opyaoBanms [15].

B Ttabamniie 4 mpuseaeHsl pe3yAbTaThl MCIIBITAHNI [JEMEHTHBIX T€CTOB HA HOPMAaAbHYIO
IIA0THOCTh U CPOKM CXBaTLIBAHI.
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Tabanma 4. Bosgeiictsue aeTydeil 30451 Ha TUIIMYHYIO TYCTOTY ¥ CPOKI CXBaThIBaHI s LIeMEHTHOTIO

TecTa
B KoauyecTBo OT Macchl HopmaapHas Cpoku cxBaThIBAHMSI, U
1A 400aBKU o o

nemenTa, % rycrora, % Hayaa0 KOHeIT
TTL1+5% aet.304b1 - 26% 3,0 5,5
TTL1+10% aet.30451 2 27% 2,6 5,1
ITLI+15% aet.30451 3 27,80% 2,3 46
ITLI+20% aet.30451 4 28% 2,1 3,65
IT11+30% aet.304b1 5 28,40% 1,6 3,1
IT11+40% aet.3045b1 0,6 28,30% 3,6 5,1

O030p UTOTOB PEHTIeHO CTPYKTYPHOro 0030pa paspelaer IPeArNOA0XKUTh, YTO B UTOTe
B3aIMOAENICTBUS AeTydell 304ABl C BSIKYIIUMM OOpasyloTcsl COAUTUO cyabdara KaabInsd,
KOTOpBIe O0ABIIIe YCTOMUMBBI, YeM COAY THOCyAbJaTa HaTPUsL.

OrcaexuBaeTcs  TakKKe  ANCIepTupyioliee  AelcTBMe — Ha 3epHa  IIlAaKa
(pmcyHok 3), 4YTO COAENCTBYeT BO3pacTaHMIO IIPOYHOCTM IIeMeHTHOro KaMHs [16].
ITerporpaduuecknit  0030p IIeMEHTHOI TKaHM IIOKa3blBaeT, 4YTO KPUCTaAANIHOCTD
LIEMEeHTHOIO KaMHs C JoOaBKaMI 30ABl - YHOCa Bbllle, 4eM Oe3 Hux (pucyHOK 4) u
(pucynok 5). Kpucraaaer ¢ gobGaBkamy 0o0AabIlle MeAKMe U Aydllle KPUCTaAAUBYIOTCS,
BJAHBI OTYETAMBEIE CUAYSTH HOBOOOPa30BaHNII B Macce 1eMeHTHOTO KaMH:I.

[ToMmumo TOTO, OmIpeseleHNe IOPUCTOCTU IIeMEHTHOTO KaMHs II0Ka3alo, 4YTO IIOPHI
KOMIIO3UIIUM C AO0DaBKaMM MMEIOT ITOAOXKUTEABHYIO OKPYTAyIl0 (OpMy U pPaBHOMEPHO
pacripeaeaeHsI 1o BceMy oOnemy [17].

ITopucrocts paccuanThIBalach 3(¢) crIocody OKKAIO3MOHHOI CeTKIL.
ITpu nmpumenenun A06aBKu BceoOIas MOPUCTOCThL yMeHbINMAach Ha (.I1ecTh ITPOIIEHTOB,
YTO CBUAETeAbCTBYeT 00 YIIAOTHEeHMM IIeMeHTHOTOo KaMH:i. IloMmMmo Toro, maMeHMACH
1 A00POTHEIN cocTas ITop. Burore uncaonmop 40 0.11:116 - 10 -2 cM yBeAMYMAOCEH Ha IS T ITPOIIEHTOB,
a urcao op 40 1.0 - 10 - 2 cM TaxKe yBeANdnAoch Ha 5% [18].

Mrorm AnTOAOrMYECKMX WU3Y4eHUIl OBIAM TIOATBEP>KAEHBl AAHHBIMM II0 IIPOYHOCTU
LleMeHTHOro KaMH:. OT TOTO 4TO CIIel] TeXHOAOIMSI MOHOAUTHOIO OeTOHa IIpedycMaTpuBaeT
IIOCAOIIHOe BO3BeJeHNe KOHCTPYKIMII C IlepephiBaMM B yKAadke OeTOHa, HpeAcTaBAseT
MHTepec OCBOeHIIe KOHTaKTHBIX IIBOB APEeBHETO 11 HOBOTO OeTOHa, [I0OKa3aHHbBIX Ha PUCYHKe 6 a 1

66 [19.20].

Pucynox 6. [Terporpadus KOHTaKTHOTIO IIBa IIeMEHTHOTO KaMH:: a) BepXHsisi IpaHuIa
KOHTaKTa; 0) HU>KHSA I'paHMIla KOHTaKTa
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B peaabHOE BpeM:I pa6OTI>I o obecrieyeHnI0 KOHTAKTHOTO IIIBa MeXay CAOSIMU OeToHa
IIPM IIOCTOSTHHOM 6eTOHI/IpOBaHI/II/I 0Ooapiire TPpeX CyTOK BBITTOAHAIAVICH BOCHOBHOM ITIOAMIMEPHBIMU
KOMITO3MIMAMMU 47 (ele) KOAAOMAHBIMIU ITIEMEHTHBIMU KAE€SIMIL.

3. PesyabTaThl 1 OOCYKAeHMs

ITo cyxaenmio H.B. MmuxaiiaoBa, OcHOBHBIMM (aKTOpaMy, BAUSAIOIMINMMM  Ha
CXBaTbIBaHME JApPEeBHEIO I HOBOIO OeTOHa, sBASAIOTCSI OOCTOSTeALCTBA OOpasoBaHMU:L
U CBOJMCTBA KPUCTaAAM4YeCcKOIo MaTepuasda B 30He KOHTakTa. VI3ydeHus cBOVICTB
KOHTaKTHOI 30HBI IIPOBOAMANCH B «4ICTOM BuAe», 0e3 ydeTa Apyrux (¢pakTOpOB, KOTOPHIE
MOTIYT IIpeAOCTaBAsITh 3HAUMTEeAbHOe BO3JeNCTBMe Ha KpPeHIKOCTh IIIBa, BIpoueM (PU3UKO-
XMIMMYecKe IIPOLecChl, IIPOVCXOAAIIINIe IIPY COe AVIHeH 1 O€TOHHBIX IIBOB, He ObLAM OIIpe e A€Hbl
[21.22]. Aas conmocTaBMMOCTH HKCIIEpUMeHTaAbHBIX MTOTOB BCe OIlepallliii CO BCeMI COCTaBaMMU
LIEMEeHTHBIX I1acT IIOBTOPSIANCH B OAHOM U TOM Ke IIOpsAKe.

BJ. CoaoBbeB 1peda0XuA  MeTOJ  OeCIIOBHOTO  BO3BEAEHMS  MOHOAMTHBIX
KOHCTPYKIIUI, paspellaomuii IpejoCcTaBUTh MOHOAMUTHOCTbL KOHTaKTHBIX IIBOB [23]. B
Ipoliece 9KCIIEPUMMEHTOB OBLA0 HaligeHO, YTO IIpu 0OpabOTKe MOBEPXHOCTU 3aTBepAeBIIero
OeToHa pa3HBIMM COASIMH ITPOMCXOAMUT IIOCTEIIEHHOe pacTBOPeHMe COAeil Ha IOBepPXHOCTIH.
DKcIepuMeHT ObLA ITIOBTOPEH B yCAOBUSIX, ICKAIOYAIOIIVIX CMadlBaHIIe COAeli 3a CIeT BAaXKHOCTI
BO3AyXa, HO UTOIY OCTaANCh ObIBIINMMI. Jaabiie ObLA0 OIIpedeAeHO BpeMs TBepAeHus OeTOHa,
IPUBOAsIIee K CMauMBaHUIO COAM Ha [IOBEPXHOCTU OeTOHa. b0 ycTaHOBA€HO, YTO CMadlBaHIe
IIPOMCXOAUT Ha IIeMEeHTHOM KaMHe, a Ilepuo/ TBepAeHNs HaXOAUTCS B Iipedeaax 3 CyTOK.
ITepeHoc Baarm c I1eMeHTHOTO KaMHs Ha PaCTBOPEHHYIO COAb IIPUBOAUT K OCBOOOKAEHUIO
KOHTaKTHOTO ITOTPaHMYHOTO CA0s1, peaAn3ariuyl B HeM HeDOABIIIOI0 OCMOTUYECKOIO AaBAeHIs
U IIPOHMKHOBEHNIO OOpa3OBaBIIErocsl pacTBOpa B KaMeHb. DTO HPUBOAUT K CIIMBAHUIO
IIOTPaHNYHOTO CA0 B 3aTBepAeBIIYIO Maccy. B AaHHOM cay4yae HOBepXHOCTHBII 1011 KapOoHaTa
KaAbLMs Y>Ke He OKa3blBaeT 3HaYNTeAbHOIO BO3AeMICTBISI Ha OOpa3oBaHIe HOBOTO 3alI0AHNUTe A
B 3aTBepeBllleM IleMeHTHOM KamHe. OcCBOeHIe OCMOTHYECKNMX CBOICTB II€MEHTHOIO
KaMHs pa3pelnio IPpUMeHATh DTO sBAeHNe AAsl CKAeMBaHUs ApPeBHEero I1eMeHTHOTO KaMH: C
HOBBIM.

ITomMumo TOTO, OBIA0 HAlIAEHO, UYTO €CAY B MOMEHT pacTBOPEHIIs BUOPUPOBATh IIOBEPXHOCTD
LIEMeHTHOIO KaMH:A, KOHTaKTUPYIOIIYIO C pPacTBOPEHHOIl COABIO, TO OHA pasd>XKIDKaercsd,
IpeBpalasich B LieMeHTHHII reap. [locae mpekpamienHns suOpanum pasKIM>KeHHBIN CAOI
3aTBepaeBad KakK OOBIKHOBEHHBIN IJ@eMEHTHBI KaMeHb. IloaydeHHble IleMeHTHble KaMHHU He
MMeAM 3HAaKOB ITOBTOPHOTO YHUYTOXKEHMS U He TepsAu IIPOYHOCTM IO COIOCTaBAEHUIO C
KOHTPOABHBIMU IIpUMepaMH. AHaAOTM4YHasl oIepalust Oblda AOIYCTMMa M C LIeMeHTHBIMMU
KaMHsAMU, 3aTBePAEBIIMHI B IIPUPOAHBIX YCAOBUIX.

C 1momMomIpI0 UTOTOB HTUX HKCIEPUMEHTOB OblA pasdpaboTaH CIIOCOO OeTOHMPOBAaHILA
MOHO/ANMTHBIXKOHCTPYKIINIL, KOTOPBIN 1€TBOCHOBY AOKTPMHBIOECIITOBHOTOOeTOHA. DKCIIe PUMEHTEI
¢ OecIIOBHBIM O€TOHOM IIPOBOAMIANCH AAABHENIINM OOpa3OM: IIOATOTaBAMBAACI LIeMEHTHBIN
pactsop ¢ B/11 0.35.

Ilocae 9»TOTO MHOATOTAaBAMBAACS TOT >Ke€ IIEMEHTHBII pPacTBOp, Ha IIOBEPXHOCTb
3aTBepAeBIIero IpuMepa B ONaAyOKe HaHOCUACS ITOPOIIKOOOpasHBI THOCyAb(aT HaTPUs
1 BMOpUpPOBAACI MHUKpOLIapuUKaMHM A0 00pas3oBaHMs Ha IIOBEPXHOCTU Treae0OpasHOI
Mmaccel. Ilocae »Toro 2-i caoi pacrpeseasiacsi IO BUOPOCTOAY OOBIKHOBEHHBIM METOAOM I
ynaorHsaacs. Uncao tmocyapdara HaTpus coctapasao 0.5 r Ha cm?.

3 orBep>KaeHHBIX 00pas3ioB OBLAM M3TOTOBAEHBI 00pasmbl U caedaHsl ¢oTorpadpuu
[24,25]. Ha pucyHke 6 a, © ToKazaHbl KOHTaKTHBIE IIIBBI 4PEBHETO ¥ HOBOTO IIeMeHTHBIX KaMHell,
3a0eTOHNPOBAHHLIX I10 pasdpaboTaHHO MeToAuKe. Ha pucynke 6 a, O 1mokasaHbl KOHTaKTHbIe
IIBBl HOBOTO M APeBHEr0 IIeMeHTHBIX KaMHell, 3a0eTOHMpPOBaHHBIX II0 pa3pabOTaHHOI
MeTo4uKe. 3aMeTHO, 4YTO TIMApaThl OKCMJa KaAbLMs paclpejeleHbl KaK B JApeBHeM, Tak
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! B HOBOM OObeMe ILIeMeHTHOro pacTtsopa. OTAMYHO 3aMeTHO, YTO KOHTaKTHBIE IIIBBHI He
MMEIOT OTYETAVBLIX TPAHUI] HU B 30HE KOHTaKTa, HU B HyTPU IIBOB.

[TeMeHTHBINT KaMeHb BBHITASAUT MOHOAUTHBIM, @ B KOHTAKTHOM CA0€ COAEP>XKUTCS HEKOTOPOe
130BITOYHOE YICAO THOCYAbdaTa HaTPs, KOTOPHIN TOpas3 0 AUCIIeprupyeT KpUCTaAA0 IUApaTh,
YILAOTHSISA ¥ KOHCOAUAVMPYST IIEMEHTHBIN KaMeHb.

4. BeiBOABI

O0Gsop  mOAy4YeHHBIX  MTOIOB  IIOKa3blBaeT, 4YTO  YHUYTOXKEHNUe  I[@eMeHTHOIO
KaMHsI HIpPOUCXOAUT IO IIpUMepa, a He IO CThIKaM KOHTaKTHBIX CAO0€B. DTO MOXKHO
OOBsACHUTH DOABIIIE BBICOKOI ITPOYHOCTBIO KOHTAKTHOIO CAOsl APEBHEro M HOBOIO OeTOHa:
yBeandenue B/L] mpuBoANT Kak K He3HAYNTEABHOMY CHVKEHMIO KOHTaKTHON ITPOYHOCTH, TaK U
K CHIKEHUIO IMPOYHOCTY IIPUMEPOB Ha CKaTue.

PesyapTaThl saHHOTO MCCAAOBaHNA ITOKA3BIBAIOT, 9YTO 3013 - YHOC MOKeT OBITh ICIIOAb30BaHa
B KauecTBe YaCTUYHON 3aMeHbl IleMeHTa B OeTOHe 1 MOXKeT YAYYIINUTh Takue CBOiICTBa OeTOHa,
KaK J0ATOBEYHOCTh I IIPOYHOCTh. KOMOMHMpPOBaHHBIN COCTaB AeTydyeil 304bI U IleMeHTa
I103B0AsIeT MCII0Ab30BaTh OTXOABI A€Tydell 304bl B TaKUX OTPacAsAX CTPOUTEABHON UHAYCTPUH,
KaK IIPOM3BOACTBO 1IeMeHTa, JOPOKHOe CTPOUTEAbCTBO, BO3BeAeHNe IIAOTUH U CTadMAM3ans
ckaoHoB. Hanmpumep, no aganusiM ADAA Australia, B ABcTpaanum yroapHasl 304a IOBTOPHO
UCIIOAB3YeTCs B IIPOM3BOACTBE Pa3AMYHBIX IIPOAYKTOB, TaKMX KaK OUTyM, IleMeHT, OeToH,
IIpM CTPOUTEABCTBE AOpOr 1 Hackireil [8]. Kpome Toro, coxparenmne npousBoACTBa IieMeHTa
I103BOAsIeT DKOHOMUTH Pecypchl U n30erath HeraTMBHBIX IIOCACACTBIUI €TI0 IIPOMU3BOACTBA, B TOM
4ycAe BRIOPOCOB ITapHMKOBLIX Ta30B. AT@HTCTBO 10 oOXpaHe okpyskaiomiei cpeasl CIIIA nmposeao
OIIeHKY MCIIOAB30BaHMs AeTydell 304l B OeTOHe U OIlpeeanao, 4TO OHa He HIpeACTaBAsSeT
DoabIIIell ONacHOCTU AAsl 3A0POBbA MOKPYXKalOIIel cpeabl, YeM MCIOAb30BaHMe IleMeHTa.
ITosromy B Kazaxcrane HeOOXOAMMO YBeAUIUTD 40410 YTUAUBUPYEMOI AeTy4deil 3045l 3a CUeT
ee MpUMEeHeHNs B Pa3AMIHBIX OTPacAsSX IPOMBIILAeHHOCTH [9].
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Kya-Ko>X KaaabIKTapbIHBIH IIeMeHT KaMbIpbl MeH IIacTaHbl OpPHATY YaKbITbIHA dcepi

AM. Abawrpos’, P.K. Husi36exosa?, H.C. Cepekbaes?, JK.T. iGpaesa?,
A.C. lanmaposa?, H.M. Ocnianosa?, C.C. AagabepreHosa’
! «C.Ceuipyrrun amoindazor Kasax azpomexHukarvi sepmimney
ynueepcumemi» KeAK, Acmara, Kasaxcman
2 «Kasaxceman cmandapmmay xare memporozus urncmumymuot» [1BX PMK
TexHuKarvlx pemmey xare MemMpor0zUs KoMUmeni
Kasaxcman Pecnyoauxacor Cayda xare unmezpayus murucmpAaizi, Acmana, Kasaxcman

Anaatna. bya >xympIcTa yiliHAl Ky A-KOXK KOCIIaAaphl Heri3iHAe leMeHTTi KOMITO3UIMAABIK
KaMBIp MeH I1acTaJap >Kacay IpUMHLMIITEpPi KeaTipiareH. Kya-KoxX Kocmacel chiHaMaAapbIHbIH
XUMUAABIK, KYpaMblHa Taaday XXyprisiaai. TyTKelp 3aTTapAblH Herisri ¢pusmka-MexaHUMKaAblK
KacueTTepiH aHbIKTay OOiibIHINA 3epTTeyaep Xyprisiaai. Kya-Koxk KaaabIKTapblH OpHaTYyABIH
9pPTYpAi Ke3eHAepiHae eHri3yAiH opTypAai 94icTepi KapacTLIPBIABIIL, OAaPAbIH KOMITO3UIIABIK
MaTepuaA/blH HeTi3ri KacueTTepiHe acepi aepTreaai.

Tyitin ce3aep: TexXHOreHAIK INMKi3aT; KyA-KOX KOCIIachl; apaaacThpy; YHTaKTay;
KOMIIO3UITUAABIK TYTKBIP; TMAPaBANKAABIK OeACeHALAIK; gucriepcus], Cy Ka’KeTTiAiri, OepikTik.

The effect of ash and slag waste on the setting time of cement dough and paste

AM. Abdyrov!, R.K. Niyazbekova?, N.S. Serekbayev?, Zh.T. Ibrayeva?,
L.S. Shansharova?, N.M. Ospanova? S.S. Aldabergenova’
INJSC «Kazakh Agrotechnical Research University named after S. Seifullin», Astana, Kazakhstan
’RSE on PVC «Kazakhstan Institute of Standardization and Metrology» Committee
for Technical Regulation and Metrology Ministry of
Trade and Integration of the Republic of Kazakhstan «, Astana, Kazakhstan

Annotation. This paper presents the principles of creating cement composite doughs and
pastes based on waste ash and slag mixtures. Analysis of chemical composition of ash and slag
mixture samples was carried out. Studies have been carried out to determine the basic physical
and mechanical properties of binders. Various methods of introducing ash and slag waste at
different setting times are considered and their effect on the basic properties of the composite
material is studied.

Keywords: technogenic raw materials; ash-slag mixture; mixing; grinding; composite
binder; hydraulic activity; dispersion, water demand, strength.
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MHCTPYMQHTI)I CTaHAapTHN3alINN OIIpedeAsIronire rroka3arean
KadecCcTBa

Annoramusa. Makaponnvie usderus A6AdomMcA  00HUM U3 npodyKmos, Komopuie
nompedASIOMcs 60 6CeM Mupe, 6 C63U C ueM nposedeHue UCCAeI06AHUL 6 00AacHmU
COGEPULEHCINGOBAMH S MEXHOAOZUTL U YAYHULeHUS NOKASAINEAC KAYECT6aA SI6ASLemCsl 6ecbma
akmyarvromu. Ha npednpusmusax mextorozuueckue c60icmea npooyKyuu nocmosHHo
nposepAomes, mM.K. CYw,ecmeyom npooreMol, CESA3AHHbIE € KOHMPOAeM KA4ecea U
cucmemotl Kavecmea.

Cyujecmeyrom MHOXKeC60 MeXHOAOU NPU  Npouscoocmee MAKAPOHHBIX — U30eAU,
COZAACHO KOMOPLIM NpedycMampueaenics. UCHOAb306AHUE PASAUNHBIX NULLeELIX 000a60K,
KOmopuie 6 c6010 o4epedb makke 00AKHb HAX0OUMCS. 100 KOHMPOAEM U COOMEEIMCINE06anb
3aK0H00AmeAbHbIM  mpebosaruam, mexHuveckum pezramermam EAIC u Pecnybruxu
Kasaxcman, cmandapmanm.

B cmamve paccmampuearomcs.  UHCMPYMeHmbl  CMaH0apmusauui, —onpedeAsioujue
NOKA3AMEAU KAUeCHEaA MAKAPOHHBIX U30eAutl ¢ dobasaetuem nuiena. Iloxasameru xaiecmen
yemariosrenvt 6 TOCT 31743-2017 «Msdeaus makapontvie. Obujue mexuuveckue yYcAo6us»
(daree - TOCT 31743-2017) [1], noxasameru 6esonactocmu ¢ TP TC 021/2011 «O
besonacrocmu nuuLeeoti npodyxuuu» [2].

B coomeemcmeuu ¢ TOCT 31743-2017 odnum u3 noxasameresi Kawecrmea MaxapoHHulX
U30eAUT SI6ASeMCS  «6AAXKHOCHIb». [logbluiere SAAXKHOCHIU NPUGOOUN K Y6eAUUEHUTO
TMOAUSUHDL COALEATHHBIX 000A0HEK, OKPYKAIOULUX YACTIULLL MYKU 6 YHAOHIHEHHOM meche, a
SHAYUM, K CHUXEHUIO K02e3U0H 0L npourocmu mecma [3].

B uccaedosaruu onpederenvl Gaxmoput, GAUSIOULUE HA HOKASAMEAL «BAANXHOCHIU».
Ipumensruco  Juazpamma  Ilapemo,  penmzernoPryopecueHmmuvlii  AHAAUIAMOP,
MAMEMAMUMECKASL MOOeAL U QUAZPAMMA NPULUHHO-CALOCTHEEHHDLX CESI3ell.

Ipumenss uxHcmpymenmol cmaHOaApmMu3ayuy onpedeAeHo, Umo npu npouecce CYuku
MAKAPOHHBIX  U30CAUTE  QOMUHUPYIOUWUMY  PAKINOPAMU  ABAAIOMCA  «meMnepamypa  u
NPOOOAKUMEALHOCHID CYuikU». TToAyueHHble pe3yAbmanmol cOOmeencmeyom mpedosaHusim
T'OCT 31743-2017 no nokasameaio Kawectmea «6AAXHOCHIb».

Karouesble caoBa: cmandapmusayus, Mexzocyoapcnisentole cmanoapmol, mexmuveckue
pezAaMeninol, oKA3AMeAU KAUecmea, Makaportble usdeaus, nuiero, ouazpamma Ilapemo.

DOI: doi.org/10.32523/2616-7263-2023-145-4-111-123

1. BBegeumue

B 2015 roay 8 OOH 0514 paspaboTaH IepcrieKTUBHBIN I14aH, pacCdMTaHHBIN Ha IIATHaAllaTh
€T, TI0 pelleHNIO IpodAeM, C KOTOPBIMHU cTOoAKHeTcsa mup. Ilpm mogsepxke yaenos ISO
OyayT MaKCMMaAbHO MCIIOAb30BaHLI IIpeMMyIllecTBa OT MeXAyHapOAHON CTaHAapTU3aluy U
obecrieueHO coOa104eHNe cTaHAapTos ISO, Taxke OyaeT okazaHa ToMoOIIb B AocTiKeHnu Lleaeir
ycroitausoro passutus OOH (LIYP). B pamkax niean 2 «/lukBuganus roaoga» paccMaTpuBaeTcs
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BOIIpOC oDecrieyeHe Mpo40BOAbCTBEHHOI De30IacCHOCTY U yAy4IlleHNe MUTaHNUs U COAeIICTBIe
YCTOMYMBOMY Pa3BUTUIO C€ABCKOTO XO3SICTBa [4].

B ISO paspaborano 6oaee 1 600 craHAapTOB, 3aTparnBaloOIIMX BOIIPOCH IIPOMU3BOACTBA
11poayKToB nuTanms. CoOTBeTCTBYIONIE AOKYMEHTBI pa3paOOTaHbl B IIeASX ITOBBIIIeHIS Y POBHS
AOBEpUsS K IIPOAYKTaM IMUTAHUS, YAYYLIEHUS CeAbCKOXO3SAVCTBEHHBIX METOA0B COAEVICTBIAS
Pas3BUTUIO YCTOMYMBBIX 3aKYyTIOK [4].

B Pecniybamke Kasaxcran npunsat 3akon ot 21 mioas 2007 roaa N 301 «O GesoracHocTu
MIIIEBOI IPOoAYKUINI» (4adee - 3aKOH). 3aKOH yCTaHaBANBaeT IIPaBOBble OCHOBLI OOeCIIedeHLs
OesonacHOCTY NMINEBON IPOAYKIIUM AASl 3alIUThI KM3HU U 3J0POBbsl 4eAOBEKa, 3aKOHHBIX
MHTepecoBIIOTpeOuTe e 1 0OXpaHbl OKpyKaloleii cpeabl HaTepputopun Pecriybanku Kasaxcran
[5]. B TO ke BpeMs MMeIOTCs ITpoOAeMBl 110 CHVYKeHMIO ITOKasaTeAell Ha IepepabaThiBalouX
IIPOM3BOACTBAX, YCTPAHUTh KOTOPBIe BO3MOKHO peryAnpoBaHIeM TeXHOAOTMYeCKUX CBOVICTB U
yIpaBAeHueM IIoKa3aTe el KauecTsa IIPOU3BOACTBeHHBIX ITpo1ieccos. B casasu cuem, obecrieuenue
0e30I1acHOCTM MUIEBON IPOAYKIIUM IOCPeACTBOM IIPMMEHEeHIUs MeTO40B TeXHUYeCKOIro
peryAnpoBaHus Ha IIPOU3BOACTBAX SABASETCS OAHUM U3 IIPUOPUTETHBIX 3a4a4 A4 Kasaxcrana.

MaxkapoHnHble u3geaus, BbIpaDaTbhiBaeMble ITPOMBIIIAEHHOCTBIO, IPeACTaBASIOT COOOI
ININEeBOV IMPOAYKT [6-15], KOTOpBHII A0AXKEeH COOTBETCTBOBATh IIOKa3aTeAsM KadecTsa
ycranoBaeHHplx B OCT 31743-2017. KauecTBo MaKapOHHBIX M3A€AMII BO MHOTOM 3aBUCUT OT
IIOCTaBASeMOTO ChIPbs, TEXHOAOTUH, HTAIIOB IIPOU3BOACTBA, PECypPCOB I MHBIX (PaKTOPOB.

Bmecre ¢ TeM, cymiecTByIOT MeXXrocyAapcTBeHHbIe CTaHAAPThI M TeXHUYeCK/e periaaMeHThl,
oIpeJeAsIoniye IOKazaTeAM KadyecTBa MaKapOHHBIX mageamit, Takue kak ['OCT 31964-2012
«M3aeanst makapoHnHble. IIpaBuaa mpueMku 1 Metoapl onpededeHns Kadecrsa» [16], TP TC
021/2011 «O GesomnacHOCTH IIIeBoit mpoayKuym» u TP TC 022/2011 «O 6e30macHOCTY ITNIIIEBOIA
npoayknum» [17].

I'OCT 31743-2017 ycraHaBAmuBaeT Takue IIOKa3zaTeAl, KaK BAa’KHOCTb, KMCAOTHOCTD
n3AeAnii, MaccoBas A404s OelKa B IlepecyeTe Ha CyXoe BeIllecTso, 304a, HepacTsopuMmas 5 10%-
Hom pacrtsope HCI, MmaccoBast 40451 304bI B IIepecyeTe Ha CyXoe BeIleCTBO, COXPaHHOCTh (pOpMBbI
CBapeHHBIX M3AeANIi, MeTaAA0OMarHuTHas IIpUMech, CoAep>KaHue MyKU U3 MSATKON IIIeHNUIIH,
CyXoe BellecTBO, Iepeliejlnee B BAPOYHYIO BOAY, HaAM4Me 3apa>kKeHHOCTU U 3arpA3HEHHOCTH
BpeauteaaMu [1].

TP TC 021/2011 ycraHaBAMBaeT OOBEKTBI TEXHUYECKOTO peryAMpoBaHuUs, TpeOOoBaHU
HesomnacHOCTH, MpaBKaa UAeHTUPUKAIUN OOBEKTOB TeXHIMUECKOTO peryAnposaHus, GOpMBbl 1
IIpoIeAyPHI OLIEHKHU (ITOATBEP>KAEHMS) COOTBETCTBIS OOBbeKTOB TeXHUYECKOTO Pery AMpoBaHus
[2].

TP TC 022/2011 pacrpocTpaHsseTcs Ha BHITyCKaeMyIO B oOpallieHre Ha e AVHOV TaMO>KeHHOI
Tepputopuy TaMO>XeHHOTO COI03a MUILEBYIO MPOAYKIIUIO B 9aCTU ee MapKuposku [17].

B coorsercTBuNM ¢ geiictByiommm Ha Tepputopun EBpasmiickoro SKOHOMMYECKOIo coI03a
I'OCT 31743-2017 paccMOTpeH OAMH U3 IIOKa3aTeAell KadecTBa, KaK «BAaxkKHOcTb» [1]. Ha
OCHOBaHUM IIPOBEAEHHBIX MICCAeAOBAHNIA IIyTeM IIPUMeHeHIs MHCTPYMEHTOB CTaHAapTU3alin
oIrpe/eAeHbl OCHOBHbIE (PAKTOPBI, BAUAIONIVIE Ha JaHHBII ITOKa3aTeab.

Heab mccaeaosanms. OnpeseauTbh AOMUHUpPYIOIIME (PaKTOPbl, KOTOpble BAUAIOT Ha
IIOKasaTeAl KadecTBa MaKapOHHBIX U3AeAui C JoDaBaeHmeM ImieHa. /as A0CTVKeHU:
IIOCTaBAEHHOM LAY U3y4eHbl MHCTPYMEHTHI CTaHAaPTU3aLUN U TEXHUYECKOTO PeryANpPOBaHIL.

2. MeToOabI 1CcCAe AOBAHMSI

B pabote mcroap3oBaanch CTaTUCTUIECKNe METOAL! YIIPaBAeHUs KadeCTBOM IPOAYKIUN:
NpUYMHHO-cAeAcTBeHHas guarpamma (Fishbone Diagram).
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Pucynox 1. [Ipranano-caeacrsennas Anarpamma (Fishbone Diagram)

AHaAM3 CHIPHA B BUAe MyKH ITPOBe/eH Ha IIp1Oope peHTreHO(pAyopecIieHTHBI aHaAn3aTop.
PentrenogayopeciienTHas crieKTpoMmeTpus (obmenpunsaToe ooosHadenne - XRE, POA, POC) -
MeTOJ aHaAM3a, ICII0Ab3yeMBII 4151 OIIpe e AeHN s KOHLIeHTpaLnii 1eMeHTOB oT bepuaanst (No4)
40 Ypana (N292) B auamnasone ot goaeit ppm 40 100% B BemecTsax 1 MaTepuasax pa3sAndHOrO
npoucxoxaenns. PenrrenodayopecrienTneni anaans (PPA) mmpoko pacrnpocTpaHeH Kak B
IIPOMBIIIIA€HHOCTH, TaK U B Hayke - 04arogaps cBoell YHUBePCaAbHOCTY, TOUHOCTY U CKOPOCTH
M3MePeHNII, a TaK>XKe IPOCTOTe DKerayaTanum [18].

Pucynox 2. IIpubop peHTreHO(AyOpeciieHTHEIN aHaAU3aTop

Myxka 13 TBepAOI IIIeHUIs ¢ go0aBaeHneM mieHa 3,8 % COAEpPKNUT HIDKecAeAyloIye
9AeMeHTbl, KOTOphIe IpeJcTaBAeHsl B Tabanijax 1-3.
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Ta6amnma 1. KoHnieHTpanus 51eMeHTOB B ChbIpbe

Coeannenne Si P S Cl K Ca Mn
CoeauHNUTe ALHEIN 0A0K 0.307 11.320 15.734 11.397 39.228 16.514 | 0.539%
% % % % % %
Ta6amnmna 2. KoHnieHTpanus 51eMeHTOB B ChbIpbe
Coeannenne Fe Cu /n Br Sr Rh Sn
CoeanHNTEeABHBIV 010K 1.226 0.684 1.315 0.397 0.073 0.007 0.539%
% % % % % %
Ta6amnmna 3. KoHnieHTpanus 51eMeHTOB B ChbIpbe
CoeauHeHne Te Eu Os
CoeaVHUTEe ABHBIN 010K 0.566 % 0.000 % 1.031 %

Cpean naanos Ha cepe HamOOABIIEN IOIYASPHOCTBIO Yy MCCAeAOBaTeAell IOAb3YIOTCA
IleHTpaAbHbBle KOMIIO3UIIMOHHBIE YHU(OpM-poTaTtabeabHble IlaaHbl bokca-XaHrepa. Slapom
STUX I1AaHOB SABAAIOTCS AMHeliHble naaHbl [10D nan ADD ¢ marom sapsuposanms Ai= 1.

PacyeTsr TpoBOAMANCE C CIIOAB30BaHNEM I1akeTa IporpaMm Statgraphics Centurion npnu
onpejeaeHny (pakTOpPOB, BAMSAIOMINX Ha IOKazaTeAM KadecTBa (BAaXKHOCTb U KMCAOTHOCTE). B
naHean Response Surface Design Selection Brigeanm naan Central composite design 2/2+star.
ITocae nHaxatms kaasumm OK nosiBasercsa naneab Composite Design Options, B xoTopoit
caeayeT OTMETUTh XapaKTepucTuky naaHa Rotatable, a B moae Centerpoints Number (uncao
TOYeK B IIeHTpe IldaHa) BBeCTM 5 A4 obOecreueHus yHudopm-poraradbeapHocTn. Tak Kak
DKCIIEPUMEHT BBHIIIOAHAETCS TOABKO OAMH pa3, B mpsMoyroasHnke Replicate Design (umcao
nosTopeHnit naana) ssedem 0 B moae Number. [Taneanr nudopmMupyeT Hac 0 TOM, YTO OOIIee
gyncao Touyek Runs B BeiOpanHOM naase 13, umncao cremneneit ceoboanl Error d. f. 445 onenkn
OCTaTOYHOM AVICIIEPCUU 7.

YToOBI TepeNTu K aHaAu3y, BeIOepeM B I1aBHOM MeHIO mporpammbl IyHKTH DOE o
Legacy DOE Procedures — Design Analysis — Analyze Design. B mosisusIiemcs okHe Anaaora
BBIAE€AVIM U TTlepeHeceM (Ha>kaB KHOIIKY € M300pa’keHIeM YepHOTO TpeyroAbHIKa) O003HauUeHne
BBIXOAHOTO NapaMeTpa y B moae Data, 3atem sannoanum ra"eas Estimate Effects Options. ITocae
koMaHab! OK mosiBuTCs 11aHeAs BpIOOpa oroOpakaemont nHpopmauun Tables and Graphs c
pesyabTaTamu aHaamnsa. Ecau BIOpaTh Bce ONITUM, KAMKHYB KoMaHAy All, 9kpaH 3amoaHseTcs
Tabaunamu u rpapuKaMm.
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Pucymnox 3. [Iporpamma Statgraphics Centurion

Kpowme Toro, aKkcriepuMeHT IpoBOAUAN IO CUMILAeKC-pelteTyatomy rnaany (raax Hlepde)
TpeTnero rnopsigka (Simplex-Lattice).

3. Pe3yabTaThl M 00CyKAeHIe

Ha ocHoBe 11poBe AeHHBIX DKCIIe pMIMEeHTaAbHBIX ICCAeA0BaHNI IIpOoLiecca CYIKI MaKaPOHHBIX
U3JeANi C 3aMellleHeM IIIeHa, yCTaHOBAeHHI caeaytomue GpakTopsl: Temneparypa cymku x, (T,
°C), IpOA0AXKUTEABHOCTD CYIIKM X, (t, 1), OKa3bIBAIOIIVe BAVSHIE HAa KPUTEPUN ONTUMU3ALINI
- BAa>KHOCTh MaKapOHHBIX U34eAnii ¢ 3aMenenneM mmena y, (W,, %).

B Ttabanne 4 npusegeHb pe3yAbTaThl AVCIIEPCHOHHOTO aHaAM3a BAa’KHOCTY MaKapOHHBIX
M3AEAUI C 3aMellleHIeM IIIIeHa.

TaOana 4. AucriepCMOHHBIN aHAAMU3 BAAXKHOCTY MaKapPOHHBIX U3AEANI C 3aMellleHreM IIIIeHa

(ANOVA)
SHaYeHUs CymmMa kBagparos| Paszamune Cpeanmit xBagpat | F - orHomenne 3uauenne P
X1 0,822909 1 0,822909 24,37 0,0078
X2 3,10038 1 3,10038 91,81 0,0007
x12 1,81205 1 1,81205 53,66 0,0018
X1 X2 0,801025 1 0,801025 23,72 0,0082
X22 0,127486 1 0,127486 3,78 0,1240
OrcyTtcTBre 0,30856 3 0,102853 3,05 0,1550
COOTBETCTBIAS
Ywncrast ommbKa 0,13508 4 0,03377
Wroro (xopp.) 7,01352 12

Tabannma ANOVA pasgeasseT M3MEHYMBOCTb BAAXKHOCTM MaKapOHHBIX U3AeAUN C
3aMellleHMeM IIIlIeHa Ha OTAeAbHble 4acTU AAs KaXAoro u3 3¢p@exTos. 3aTeM HpoBepseTcs
CTaTUCTIYEeCKas 3HAYMMOCTh Ka’kA0T0 9(peKTa ITyTeM CpaBHeHIs CpeJHero KbaJpara C OIIeHKO
DKCIIepUMeHTaAbHON omuoOku. B 9Tom caydae 4 sdpdekra numeror P-snauenns menee 0,05, uto
yKa3bIBaeT Ha TO, YTO OHM 3HAYUTEABHO OTANYAIOTCS OT HyAsl IIPU A0BepuTeAbHOM yposHe 95,0%.
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YpasHeHus perpeccun A4s Ipolecca CyIIKy MaKapOHHBIX M3AEANI C 3aMellleHNeM IIeHa
MIPUMET CAeAYIOIIUI BUA;

y, =40,3577 - 0,8228 x, +5,0915 x, — 0,0895x,x, + 0,0051x >

[Tocae KaHOHMYECKOTO IIpeoOpa3oBaHUs MOJAeAeil BTOPOIO IIOpsAAKa OblAM ITOAYYeHBI
ypaBHeHUs perpeccuy B KaHOHMYeCKOi (popMe, 3HaYeHMs IapaMeTpOB ONTUMM3aLNUM ObLAY
BpIuMCcAeHsl Ha Statgraphics Centurion, Ha OCHOBe KOTOPBIX CTPOMAM MOJeAb B TPeXMepPHOM
IIPOCTPaHCTBe, IIPeACTaBAAIONIYI0 COOON IIA0CKOCTh, KOTOpas XapaKTepusyeT 3aBUCUMOCTD
temneparypsl cymku x, (T, °C), oxaspiBaomme BAMsAHME Ha KPUTEPUM ONTUMMUALUU -
BAa>KHOCTh MaKapOHHBIX U3AeAnii ¢ 3aMmenienneM miena y, (W,, %). Ha pucynke 3 npuseseHs
rpadpuyeckue n300pakeHns 3aBUCHMOCTeI].

BnaxHocTtb, %

- 24
7,47 - 29
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641 e 3.9
2 4,4
5’4: mm 49
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1,2
1,6

2
2.4 :
MpogonXMTenbHOCTb, 4 28 440 105 100 95 90

85 80

Temnepartypa, C

Pucynox 4. TpexmepHast MOgeAb B IPOCTPaHCTBE, XapaKTepU3yIolas 3aBMCUMOCTD y1=f( T t)
TeMIeparyphl CyIIKI U IPOAOAKUTEABHOCTU CYIIKM Ha BAa>KHOCTh MaKapOHHBIX U3AEAM C
3aMelreHneM ImneHa

AHaaM3 TpexMepHBIX IIPOCTPAHCTBEHHBIX MOJeAell IOKa3bIBaeT, KOTOphIe IpeACTaBAeHEI
Ha puUCyHKe 4, 4TO HeOoOXOAMMBle 3HayeHUs KpUTepusl ONTUMU3ALIMU Y AOCTUTAIOTCSI B
paccmarpuBaeMol 004acTy TOMCKa. DTO O3HadyaeT, 4TO YPOBHU BapbUPOBaHMUS BXOAHBIX
(akTOpOB IPU NAaHUPOBAHNUY DKCIIEPUMEHTOB IIPUHSATHI AOCTaTOYHO BEPHO.

[IpuBeseHHble 3aBUCMMOCTM OT II€PeMEHHBIX ITapaMeTPOB TeXHOAOIMYeCKOIO IIpoliecca
IO3BOASIIOT C AOCTaTOYHOM TOYHOCTBIO ITPOTHO3MPOBATh M3MEHEeHMe 3HauyeHUIT KpUTepues
ONTUMM3ALINN i B ICCAeAyeMOM AMaliazoHe 3HaueHn 1 pakTopos. ITpu 5ToM MOXKHO ycTaHOBUTD
AOMIUHMpYIOIIlee BAUSAHME KaXKA0TO uccaegyeMoro ¢akTopa Ha KpUTepuUM ONTUMU3ALINU
Iporecca, 4TO II03BOASIeT C AOCTaTOYHBIM HNPUOAVDKeHMeM ONucaTh KMHETUKY IIpoliecca,
KOTOpbIe IpUBeAeHbl Ha pUCYHKe 5.
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Pucynox 5. CrangapTtusuposaHHas guarpaMmmel [lapeTo 445 MakapOHHBIX M34eANI C 3aMelljeHeM

IIIIIeHa

ITo pesyapratam aHaamsa auarpammbl [lapeTo MOXXHO cgeaaTh BBIBOJA O TOM, YTO HpPU
CyIIKe MaKapOHHBIX M3AeAMII C 3aMellleH)eM IIIIeHa HauOoAbpmMii SPQPeKT OKa3bIBaeT
IIPOAOAXKUTEABHOCTD CYIIKH, YTO SIBASTCS AJOMUHUPYIONUM (PaKTOPOM.

Aas onpejeaeHus ONTUMAABHBIX 30H AAs BAAXKHOCTU MaKapOHHBIX M3AeAUl CTPOUAU
rpapuKM ¢ KOHTYpaMM pacdeTHO ITOBePXHOCTY OTKAMKA, KOTOpbIe IIpeACcTaBAeHbl Ha PUCYHKe
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PI/ICyHOK 6. KOHTypr pacquHoﬂ IIOBEPXHOCTM OTKAMKA, XapaKTepU3yIoIliye 3aBIICIMOCTD
TeMIiepaTrypsbl CyIIKI U IIPOAOAKUTEAbHOCTY CYIIKIM Ha BAa>XKHOCTb MaKapOHHBIX I/I3,ZI,€AI/H7[ C
3aMelIeHyeM IIIeHa

[TepemennsiMy (akTopaMm HpU COCTaBAEHUN PeLeNTYypPhl BBICTYyIIaAlM MacCOBbIE A0AU
BOABI (X,), MIIIEHNYHON MYyKM (X,) U TIIIeHa (X,) B cocTaBe 3ameca. DTu (HaKTOphl BapbUPOBaAN
B coorseTcTBun ¢ 1naasHoM Illepde Tpernero mopsiaxa. JApyrie ycaA0BMsI OMBITOB OCTaBaANCh
HeM3MeHHbIMU. Pe3yabTaThl OIIBITOB XapaKTepu3oBaAu M3MeHeHue OAHOIO M3 IoKa3aTeaeil -
KICAOTHOCTD.

Komnionentsl 3ameca, oOpasyiomme MaTpully I[AaHUMPOBaHU:A, M Ppe3yAbTaThl OIIBITOB
IpuBeAeHsl B Tabaurie 1.
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Ta6auma 5. I1aan llepde u pe3yabTaThl OIBITOB

Howmepa Maccosasi 4045 KOMIIOHEHTOB Kucaornocts, rpag
OITBITOB KoauposaHHbIe 3HaUeHN: HaTtypaabHble 3HaUeHN:
X, X, X, B, ma IIM, r IL r y

1 0 2/3 1/3 22,9 74,5 2,6 091
2 1/3 2/3 0 25,5 74,5 0,0 0,84
3 2/3 0 1/3 28,0 69,4 2,6 0,69
4 2/3 1/3 0 28,0 72,0 0,0 0,8
5 1/3 0 2/3 25,5 69,4 51 0,65
6 0 0 1 22,9 69,4 7,7 0,5
7 0 1/3 2/3 22,9 72,0 51 0,78
8 1/3 1/3 1/3 25,5 72,0 2,6 0,7
9 0 1 0 22,9 77,1 0,0 1,05
10 1 0 0 30,6 69,4 0,0 0,75

Ouenounsle 5$PeKTH IIOAHON MOAEAN AASI KUCAOTHOCTY IIpeACTaBAeHbI B TabAMIIe 6.

Ta6anna 6. OreHounsle 9PpPEKTH ITOAHON MOAEAN AASI KUCAOTHOCTY

3HaueHMs Cymwma kBagpatos | Pasanune | Cpeaunit ksagpart | F-otHomenne | 3Hayenue P
Cpeanmit 5,88289 1 5,88289
/IVHEVHBII 0,178013 2 0,0890067 25,13 0,0006
KBagparnunsii 0,016313 3 0,00543768 2,56 0,1926
CrieryiaApHbIN 0,00485771 1 0,00485771 4,02 0,1387
KyOMuecKni
Kybnuecknit 0,00362586 3 0,00120862
Omndka -1,09678E-15 0 0
Wtoro 6,0857 10

B oTOi1 Tabamie 1okasaHBl pe3yAbTaThl IIOATOHKU pasAMYHBIX MoOJeAell K JAaHHBIM
kncaotHocTu. CpegHsast MOdeAb COCTOUT TOABKO M3 KOHCTAHTHI. /lMHeIHas MoJ4eAb COCTOUT
13 YA€HOB IIepPBOTO MOpsiAKa 445 KaXKAOM M3 KOMIOHeHT. KBagpaTuuHast Mogeab AoOaBaseT
IIepeKpecTHble IIPOM3BeAeHIsI MeXAy ItapaMn KomIiloHeHTOB. CrielmaapHas KyOmdeckas
Moaeab A00aBAseT TepMUHBI, BKAIOYAIOIINe IIpou3BeJeHns Tpex KoMIloHeHToB. KyOmueckas
MoJeAab 400aBAseT 4pyTie YAeHbl TpeThero nopsiaka. Kaxkaas mogeas nnokasana c P-3HaueHnem,
KOTOpOe IIpoBepsieT, sBAJeTCs AU Ta MOAeAb CTaTUCTUYeCKM 3HauMMOI II0 CpaBHEHUIO CO
CpedHNM KBajgpaToM AAsl IIPUBeJeHHOIo HipkKe TepMmmuHa. Tak Kak, 3Hadenme P menpire 0,05
TOABKO IIPM AMHENHON MOAeAN, TIODTOMY JAaAblile OyJeM MCII0Ab30BaTh AMHEHYIO MOJAeAb,
AVICTIEpCHIOHHBIV aHaAN3 IpUBejeHa B

Tabaurie 7.

Ta6111/1ua 7. ,ZLI/ICI'IEPCI/IOHHBHX aHaAU3 BAa>KHOCTUI MaKapOHHBIX U3AeANI C 3aMellleHeM ITIeHa

(ANOVA)
SHaueHmst Cymma kBagparos | Pazamune | Cpeannit kBagpart | F-otHorenne | 3uauenne P
AunertHas 0,178013 2 0,0890063 25,13 0,0006
MOAeAb
Total error 0,0247973 7 0,00354247
Total (corr.) 0,20281 9
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B oTOiI TabAMIle MOKa3aH AMCIIEPCUOHHBIN aHaAU3 AAs TeKylell BLIOpaHHO AMHEeNHON
Mogean. ITockoapky P-3nauenne aas stont Mmogean Menspire 0,05, cylmecTByeT cTaTHCTUYECKNU
3HauMMasl CBA3b MeXKAY KMCAOTHOCTBIO ¥ KOMIIOHEHTaMI Ha ypoBHe goctoBepHOCTH 95,0%.

Tect Ha HecoOTBeTCTBIE IIpeAHA3HAYEH AAs OIpedeleHNs TOTO, adeKBaTHa AV BRIOpaHHas
MogeAb AAsl ONMCaHUs HaOAIOJaeMBIX AAHHBIX MAM CAeAyeT MCIO0Ab30BaTh 0oaee CAO0XKHYIO
MoJeab. TecT BBIIIOAHsAETCA IIyTeM CpaBHEHNs M3MEHUYMBOCTU HEBA30K TeKyllell Mogeaun
C U3MEHUMBOCTBIO MeXAy HaOAIOAeHMSIMM IIPU TOBTOPHBIX HaCTpolKaXx KOMIOHeHTOB. K
CO>KaAeHUIO, B BTOM cAydae IIPOBeCTI TeCT HEBO3MOXKHO, TaK KaK HeT IIOBTOPHBLIX HaOAIOAE€HMIA.

Cratuctuka R-kBagpaTa IokasbiBaeT, 4TO MHojoOpaHHasi MoJdeab oObscHsAeT 87,7731%
M3MEHUYMBOCTY KICAOTHOCTM B 3aBMCHMOCTM OT KOMIIOHEHTOB 3ameca. CKOppeKTMpOBaHHAs
cratuctuka R-kBagparta, KoTopas OoAbIlle ITOAXOAUT AAs CPaBHEHMSI MoJeAell C pa3HBIM
KOAMYIECTBOM He3aBUCHMBIX IIepeMEeHHEIX, cocTaBaseT 84,2797 %. CtaHgapTHas OIIMOKa OIIeHKI
IIOKa3bIBaeT, YTO CTaHAAapPTHOe OTKAOHeHMe ocTaTKoB pasHO 0,0595187. CpeaHsast abcoaroTHas
omuoxa (MAE) 0,0456009 mpeacrasasier coOoit cpedHee 3HaueHMe ocCTarkoB. CraTmcTyKa
Japbuna-Barcona (DW) mposepsieT octaTky, 4TOOBI OIpeAeAnThb, CYIIeCcTByeT AU KakKasi-A100
CyllleCTBeHHas KOppeAslMs Ha OCHOBe IIOpsAKa, B KOTOPOM OHM BCTPEYAlOTCs B AAHHBIX.
ITockoanky P-3nauenne 6oapine 5,0%, HeT HUKaKMX yKa3aHUI Ha CEPUITHYIO aBTOKOPPeASIINIO
B OcTaTKaXx Ha yposHe 3HaummocTu 5,0%. PesyapraTel moabopa AMHENHOVW MOAeAU AAs
KIMCAOTHOCTY U KO9(PUIIMEHTHI perpeccun IpuseJeHsl B Tabautie 8.

TabGanna 8. PesyapTaTsl T0A00pa AMHEITHON MOAEAN AAs1 KUCAOTHOCTH

KomitoneHTHI Koaddburmenrst Ommbxa
A:Boaa 0,716999 0,0420861
B:ITmennunas Mmyxka 1,019 0,0420861
C:ITireno 0,564998 0,0420861

Taxum 06pa3oM, 3aBMCUMOCTH KMCAOTHOCTY OT KOMITOHEHTOB 3aMeca TeCTa A1 MaKapOHHBIX
U34eAUI MOXeT OBITD IIpeAcTaBAeHa B BlIAde MacCOBOI A0AU MHIPeAVEHTOB 110 OTAeABHOCTH, I
YpaBHEHNe Perpeccuy MO>KHO 3aIllcaTh B CAeAYIOIIeM BIAe:

y=0,717x, +1,019x, + 0,565x,

Ha ocHoBaHmm mnoaydeHHON ypaBHEHU: Perpeccuy CTpPOUAM MOAeAb B TpeXMepHOM
IIPOCTPAHCTBe, IIPeACTaBAAIONIYI0 CODON ITA0CKOCTb, KOTOpas XapaKTepU3yeT 3aBUCUMOCTD
KIMCAOTHOCTM OT MacCOBOJ A0AM KOMIIOHEHTOB 3aMeca TecTa AAs IIPOM3BOACTBA MaKapPOHHbIX
nsaeanit. Ha pucynkax 7-8 mpuseaeHs! rpadpraeckne n3o0pakeHns rpadpuKoB 3aBYICHMOCTEI.

MweHnyHAR Myka=59,4% Boga=22,5%
1,1

1
0,9
0,8
0,7
0,6
0,5

K nomHoc e, rpag

MuweHo=7,7%

PI/ICyHOK 7. HOBerHOCTb OTKAMKa BBIXOAHOTO ITapaMeTpa - 3aBUCMMOCTb KMICAOTHOCTN OT
MaccOBOU 40AY KOMIIOHEHTOB
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Bopaa=30,6%

KACNOTHOC TR, Mpag
0,43
0,55
0,61
057
073
0,79
085
081
0457

MweHKuHan Myka=694%

]
3

MweHnuHan Myka=771% Boga=229%% Mweno=77%

Pucynox 8. IIpoexmun ceueHmii TOBepXHOCTU OTKAMKA, XapaKTepU3yIOIye 3aBUCIMOCTD
KICAOTHOCTU OT MacCOBOI 404U KOMIIOHEHTOB

4. 3akaroueHMe

AHaAn3 10OBeJeHNsl IMOAYYEeHHON IOBEePXHOCTM OTKAMKOB II0Ka3ad, YTO ONTUMAaAbHON
30HOM BAAXKHOCTU A451 MaKapOHHBIX M3AEAUI C 3aMelljeHeM IIeHa, KOTOpble AOCTUTIaloTCs,
KOrJa TeMIepaTypa Cymky coctasaseT 96°C 1 mpoA0AKUTeAbHOCTh CYIIKU AAUTCA 2 yaca 13
MMUHYT.

Takum o00pa3oM, IOAydyeHHBIE pe3yAbTaThl IT03BOAST ONTUMM3UPOBATh MCCAEAYeMBbIN
IIpoliecc ImyTeM IpUMeHeHNs pa3pabOTaHHON MaTeMaTU4eckoi MoJeAl.

Anaan3 1oBejeHNs IOAYYE€HHON IOBEPXHOCTM OTKAMKOB II0Ka3ad, YTO ONTUMAaAbHON
30HO KMCAOTHOCTY MaKapOHHBIX U34eANII C 3aMellleH/eM IIIIIeHa, KOTOphle 40CTUTalOTCs, KOTrAa
MaccoBoe 4045 BOABI COCTaBUT 22,9%, MaccoBoe 4045 MIIIeHNYHON MyKu 69,4% 1 MaccoBoe 4045
nmreta 7,7%.

PesyabTaThl IO3BOASIOT IIOA00paTh pelenTypy MaKapOHHBIX M3AeAUI ITyTeM IIpUMeHeHs
pa3paboTaHHOI MaTeMaTUYeCcKOil MOAeAN.

Iloayuen mnarteHT Ha 1oae3Hyio mogeab No 7071 B PITI «HammonaabHBII MHCTUTYT
UHTeAAeKTyaAbHOI COOCTBEHHOCT».

Cnmcok anreparypsbl

1. TOCT 31743-2017 «3aeans makaponHble. OO1I1e TeXHUYECKIe YCAOBUS».

2. TP TC 021/2011 «O Ge30macHOCTU IIUIIEBOI IIPOAYKIIVI».

3. Measeaes I'M. Texroaorm: makapoHHbIX ndgeanii. - CI16: TMIOPA. - 2005. - 312 c.

4. Goal 2: Zero Hunger. [Daextponnsrit pecypc] - 2022. - URL: https://www.iso.org/ru/sdg/SDG02.
html (aara obpamenns 16.09.2023)

5. Pecniybamke Kazaxcran npunar 3akoH Pecrybamxu Kazaxcran ot 21 mioas 2007 roga N 301
«O Oe3omacHOCTM NUIEBON IpoAyKuum» (Jadee - 3akoH). 3aKOH yCTaHaBAMBAeT IIPaBOBbIE OCHOBBI
obecrreyenns1 6€3011aCHOCTY ITUITIEBOI MMPOAYKITUN AAS 3aIl[UTHI SKU3HU U 340POBbs Ye10BeKa, 3aKOHHBIX
MHTepPecoB IoTpeduTeAeil 1 OXpaHbl OKpY>Kaloleil cpeabl Ha Teppuropun Pecrrydanku Kazaxcran

6. Karimova G., Niyazbekova R., Al Azzam K., Negim E.-S., Ibzhanova A. Development of new
technologies (recipes) to produce pasta with the addition of millet and the determination of organoleptic
and physicochemical quality indicators //Potravinarstvo Slovak Journal of Food Sciencesthis link is
disabled. - 2023. - Vol.17. - P.371-390.

7. Zarzycki P, Sykut-Domanska E., Sobota, A., Teterycz D., Krawecka A., Blicharz-Kania A., Andrejko
D., Zdybel B. Flaxseed enriched pasta-chemical composition and cooking quality // - 2020. - Vol.9. - P. 1-10.

8. BianchiF,, TolveR., Rainero G., Bordiga M., Brennan C.-S., Simonato B. Technological, nutritional
and sensory properties of pasta fortified with agroindustrial byproducts: a review //International Journal
of Food Science & Technology. - 2021. - Vol.56. - P. 4356-4366.

120 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



VIHCmPyM@Hmbl cmaHDapmujauuu onpeae,\}uomue noxkasameau Kaiecmea

9. Gull A,, Prasad K., Kumar P. Effect of millet flours and carrot pomace on cooking qualities, color
and texture of developed pasta// LWT - Food Science and Technology. - 2015. - Vol. 63. - P. 470-474.

10. Kamble D.B., Singh R., Rani S. & Pratap D. Physicochemical properties, in vitro digestibility and
structural attributes of okara-enriched functional pasta //Journal of Food Processing and Preservation. -
2019. - Vol. 43. - P.1-9.

11. Michalak-Majewska M., Teterycz D., Muszynski S., Radzki W. & Sykut-Domanska E. Influence of
onion skin powder on nutritional and quality attributes of wheat pasta. - 2020. - Vol.15. - P. 1-15.

12. Crizel T.M., Rios A.O., Thys R.C.S. & Flores S.H. Effects of orange by-product fiber incorporation
on the functional and technological properties of pasta //Food Science and Technology. - 2015. - Vol.35. - P.
546-551.

13. Aranibar C., Pigni N.B., Martinez M. et al. Utilization of a partially-deoiled chia flour to improve
the nutritional and antioxidant properties of wheat pasta /LWT - FoodScienceandTechnology. - 2015. -Vol.
89. - P.381-387.

14. Loncaric A., Kosovic, I. Jukic, M. Ugarcic, Z. & Pili zota. Effect of apple by-product as a supplement
on antioxidant activity and quality parameters of pasta. //Croatian Journal of Food Science and Technology.
- 2015. - Vol. 6. - P. 97-103.

15. Pasqualone A., PunziR., Trani A. et al. Enrichment of fresh pasta with antioxidant extracts obtained
from artichoke canning by-products by ultrasound-assisted technology and quality characterisation of the
end product //International Journal of Food Science and Technology. - 2017. - Vol. 52. - P. 2078-2087.

16. TOCT 31964-2012 «V3aeanst makaponnsle. [Ipasuaa mpueMKU 1 METOABI OIIpeJeAeHI s KauecTBay».

17. TP TC 022/2011 «O Ge3omacHOCTM ITUIIEBON ITPOAYKIIUU».

18. PentreHodayopecrieHTHbIE aHaAM3aTOPHI. [DaeKTpoHHBI pecypc] - 2016. - URL: https://alfatest.
ru/support/articles/rentgenofluorestsentnye-analizatory-rfa-spektrometry/ (aata obpamenns 12.09.2023)

Carma KepceTKillTepiH aHBIKTaMTBIH CTaHAAPTTay Kypaadaphl

I'. K. Kapimosa’, P.K. Hussz6exosa', XK.K. Janusiposa’
IC. Cengyarun amuvindazor Kasax azpomexnuxarvi sepmmey yrusepcumemi, Acmana, Kasaxcman
*Topaiizvpos yrusepcumemni, [lasaodap, Kasaxcman

AnHoTanms. MakapoH eHiMaepi Oykia a4aemMae TYTBIHBIAATBIH ©HIMAepAiH Oipi 6oabi TaOblaaAbI,
ocpIFfaH 0allAaHBICTBI TEXHOAOTMSAAPABI JKeTiaAipy >KoHe calla KOPCeTKIIITepiH KakKcapTy caJachlHJAa
3epTTey.ep KYpPrisy eTe ©3eKTi 604bIm TaObl1aAbl. KocinmopeiHgapaa eHIMHIH TEXHOAOTUAABIK KacueTTepi
yHeMi TeKcepiaill oThIpaAbl, ©MTKeHi callaHbl Oakplaay MeH calla >KyiieciHe GalidaHBICTBHI IIpoDAeMajap
Gap.

MaxkapoH eHiMAepiH eHJipyJe KelTereH TexHoaAoTusadap Oap, oaapra colikec apTypAi TaraMABIK
KOCITazapAbl MaligadaHy Ke3gedeli, oaap ©3 KeseriHge Oakblaaysa 00AybI >KoHe 3aHHaMaAbIK TadarTapra,
EADO men Kaszaxcran Pecry0AMKacbIHBIH TeXHUKaABIK peradaMeHTTepiHe, cTaHAapTTapra Colikec Keayi
THUicC.

Maxkaaaga Tapbl KOChLAFaH MaKapOH ©HIMJepiHiH carna KepceTKIlITepiH aHBIKTalThIH CTaHAapTTay
Kypaagapsl KapacTeipblaaanl. Carta kepceTkimrepi I'OCT 31743-2017 «MaxapoH eHiMAepi.
JKaamer TexHmnkaaslk Iaprrap» (0yaan api-MEMCT 31743-2017), KO TP 021/2011 «Tamak eHimMaepiHiy
Kayircisairi Typaap» Kayilcizgik KopceTKimmTepi.

I'OCT 31743-2017 caiikec MaKapOH ©HiMAepiHiH calla KopceTKilTepiHiH 6ipi «blAFaaABIABIK» OOABIIT
Tabblaaapl. blaFaaablABIKTEIH JKOFapblaaybl THIFbI34aAfaH KaMbIpJAarbl YH OeAllleKTepiH KopIIall TypFaH
CoAbBaT KaOBIKIIaAapBIHBIH KaABIHABIFBIHBIH apTybIHa, SIFHU KaMBIPABIH KOTe3MAABIK OepikTiriHin
TOMeH/eyiHe aKeaeai.

3epTTey «blLAFaAABLABIK» KOpCeTKillTiHe acep eTeTiH ¢pakTOpAapAbl aHbIKTaliAbL IlapeTo guarpaMmacsr,
PEeHTIeH-PAyOpecLeHTTI aHaAM3aTOp, MaTeMaTUKaAblK MOJeAb >KoHe cebell-caagap AuarpaMmacsl
KOAAQHBIAABL.

Crangaprray KypaadapblH KOJAJaHa OTHIPBIII, MaKapOHABI KeNTipy IIpolleciHAe «TemIlepaTypa
MeH KeNTipy y3aKTBIFbl» 0ackiM (pakTopaap OOABII TabbLAaTEIHABIFEL aHBIKTaAAbL. AABIHFAH HOTIKeAep
«BIAFAAABIABIK» cana Kepcetkimi 6oreiaa MEMCT 31743-2017 TasaanTapbiHa colikec Keaedi.

Tyiin cesaep. Crangaprray, MeMAeKeTapaAblK CTaHJapTTap, TeXHUKaAbIK peraamMeHTTep, carla
KepceTKimmTepi, MakapoH eHiMaepi, Tapsl, IlapeTo guarpammacs!.
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Standardization tools for determining quality indicators

G. K. Karimova’, R. K. Niyazbekova', Zh. K. Daniyarova®
IS. Seifullin Kazakh agrotechnical research university, Astana, Kazakhstan
?Toraigyrov University, Pavlodar, Kazakhstan

Abstract. Pasta is one of the products that are consumed all over the world, and therefore research in
the field of technology improvement and improvement of quality indicators is very relevant. At enterprises,
the technological properties of products are constantly checked, because there are problems associated
with quality control and quality system.

There are many technologies in the production of pasta, according to which the use of various food
additives is envisaged, which in turn must also be controlled and comply with legislative requirements,
technical regulations of the EAEU and the Republic of Kazakhstan, standards.

The article discusses standardization tools that determine the quality indicators of pasta with the
addition of millet. Quality indicators are set in GOST 31743-2017 “Pasta products. General technical
conditions” (hereinafter - GOST 31743-2017), safety indicators in TR CU 021/2011 “On food safety”.

In accordance with GOST 31743-2017, one of the indicators of the quality of pasta is “humidity”.
An increase in humidity leads to an increase in the thickness of the solvate shells surrounding the flour
particles in the compacted dough, which means a decrease in the cohesive strength of the dough.

The study identified factors affecting the “humidity” indicator. A Pareto diagram, an X-ray fluorescence
analyzer, a mathematical model and a causal relationship diagram were used.

Using standardization tools, it was determined that during the drying process of pasta, the dominant
factors are “temperature and duration of drying”. The results obtained meet the requirements of GOST
31743-2017 in terms of the quality indicator “humidity”.

Keywords. Standardization, interstate standards, technical regulations, quality indicators, pasta,
millet, Pareto diagram.
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Vccaeaosanne BansiHMsI KauyecTBa peMOHTHO-
BOCCTAaHOBUTEAbHBIX padOT Ha 9P PeKTUBHOCTb padOTHI
TOPOACKOTIO I1aCcCaKMPCKOTO TpaHCIIOpTa

AnnoTanms. B dantoil cmamve npuso0samcs pesyrvbmanivt uccAe006arus padonivt 20p00ckozo
naccaxupckozo mparcnopma (I'IIT) 6 ycaosusix zycmonacerentvlx 20podos Pecnybauku
Kasaxcman, ¢ wacmuocmu 2. Acmana u 2. Kapazanda. A maxixe cocmosHue pemoHmHo-
60CCMANO6UNMEALH020 Npouseodcmea asmooycoix napkos (AIl) u eé eausnue na Kawecmeo
opeanusauuu u apgpexmusrocmu I'TIT. B pesyrvmame uccaedosarus ObIAO GbIAGAEHO, MO
umo 00HOT U3 HEUCTPASHOCTNE, KOMOopas HOCUM YUKAUMECKUTI XApaKmep S6Asemcs usHoc
Oyzereti cmynuyol 3a0Hez0 mocma Xx00060t 4acmu aemodycos, 6 uacmHocmuy aemo0ycos
mapxu IVECO, xomopvie cocmasason 00AbULY10 00AI0 HOOEUXKHOZ0 cOCMABA. YCmaHo6AeHo,
Y10 HEUCTPAGHOCTID Y3AA X00060IL 4ACHIU OMPULAMEADHO AU HA YPOGEHD MEXHUUECKOT
20mosHOCU U KOd(PuL uerma 6uixo0a Ha AUHUI0 HOOSUKHO20 COCTNAGA, 4 MAKKe HA YPoseHb
Oesonacrocmu deuxerus Ha JOpozax.

buiaa uccaedosana mexHoA0ZUs. peMOHINA U 60CCTNAHOGAEHUS USHOMEHHVIX demareil 0yzers
cmynuybl 3a0Hezo mocma x00o60i wacmu asmobycos mapku IVECO 6 ycaosuax AL
Buisisaero, umo, cyuecmeyrouyas ¢ AIl mextorozus. pemonma cmynuy, 60cCmaHoGAeHUeM
0yzeeil Hecosepulena, 6 C6A3U C HeM MeXPeMOHMHBLEL npodez HedoCmamouHo 6eAUK.

AAs perwerus 0anHou npodiemMol Heo0X00uma paspadomia Ho60t MeXHOA0ZUYU PeMOHMA U
60CCMAHOBACHUSA USHOUEHHDLX 0YzeAeil cmynul, 00ecne u6aruyas 6blcokyto meepdocis u
U3HOCOCHOIKOCHTIL 60CCIAHOBACHHDIX NOGEPXHOCHIEIL.

Karouaesbie caoBa: 20p00cikoti naccaxupckuti mpancnopm, pemoHmHo-60CCIaAHOGUMEAbHAS
paboma, 3a0Huti mocm, cmynuua, 0y2eAvb, U3HOCOCMOTIKOCb

DOI: doi.org/10.32523/2616-7263-2023-145-4-124-134

1. Beeaenmne

PasBuTme maccaXMpCKUX  aBTOTPAHCIOPTHBIX II€PEeBO30K  ABASETCI  OAHMM U3
Ba>KHeMIIMX yCAOBMI ITOBBIIIEHNSI YPOBHS COIMAAbHO-DKOHOMMYECKOTO Pa3BUTUS CTPaHBI U
obecriedeHNsl yCTOMYMBOIO Pa3BUTUs pernoHOB. Takoe cyllecTBeHHOe BAMsAHME 00yCAOBAEHO
IpeMyIIecTBaMy aBTOTPaHCIIOPTa I10 CpaBHEHMIO C APYTMMM BMAaMM TpaHCIIOpTa — ero
BBICOKOJM MaHeBPEeHHOCTBIO U TOABMXKHOCTBIO, AOCTYIIHOCTBIO, HEOOXOAVMMOCTBIO MEHBIINX
KaluTaAbHBIX BAOKEHNII B CTPOUTEABCTBO MHPPACTPYKTYpHI 1 4p [1].

B paGote [1] Takke oTmedaeTcs, uTo Ha 40410 Pecriybankn Kasaxcran (PK) nmpuxoanrcsa
2% 110BepXHOCTH 3eMHOro mapa, 6,1% - Asun u tem cambim Pecniybanka Kasaxcran spasercs
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Vcceaedosatiue 6AusHus Kavecmea PEMOHNMHO-60CCMAHOBUNEADHDLX paﬁom Ha BSﬁgseKl’HMGHOCmb paﬁombl ZOPOOCKOZO.,.

OAHMM U3 Hambo/ee Ma/lOHacCeJeHHBIX pernMoHoB B mupe (6,2 yeaoseka Ha 1 KB. KM), poab
ITacCa’kKMPCKOTO aBTOMOOMABHOIO TpaHCIopra A4sd Kasaxcrana, 3aHmMMaiommi OTrPOMHYIO
TeppuTOpMIo, TpuoOpeTaeT ocoboe 3HaueHme. Bompocam ImepeBo3km Iacca’kUpoB C
JCIIOAB30BaHMeM I1acCa’kKMPCKOTO aBTOMOOMABHOIO TPAHCIOpPTa TakXXe Oco0Oe BHMMaHIE
yAeaseTcs U B 3apyOe>KHBIX cTpaHax [2,3,4].

B ycaoBusax reorpaduueckoil CTPYKTYpBl PaclOAOXKEHHOCT! HaceJeHHBIX ITyHKTOB
Kaszaxcrana, macca’kmpckmii aBTOMOOMABHBIN TPAaHCIIOPT SBASI€TCS OCHOBHBIM — BUAOM
TPaHCIIOpPTa B II€PEBO30YHOM IIpOllecce, TaK KaK Ha ero 4040 mpmxogurcsi 98 % obbema
IIepeBO30K OT 0011Iero oobeMa IepeBo30K BceMu BugaMy TpaHcropra [1].

br1a0 nccaeaoBano cocTosHMe MaccakxMPCKUX IIePeBO30K B 5 KPYHHLIX Topodax Kaszaxcrana
(Acrana, Aamatsl, Kaparanga, Illsimkent, Akrob6e) ¢ HaceaeHnem 6oaee 500 THICSY YeA0BeK U
OBL10 BBLABAEHO, 4TO 92-99% oObeMa IepeBO3KM IacCakKMPOB OCyIIIecTBAseTcs apToOycamu [5].
Taxoke 6p110 ycTaHOBAEHO, UTO Ha D(PPeKTUBHOCTL PabOTLI aBTOOYCHOIO ITOABMKHOIO COCTaBa,
Ha psAAy C APYIMIMU IIOKa3aTeAsMM, OKa3bIBAIOT CyIleCTBeHHOe BAVSHIE VI YPOBEeHb KaduecTBa
OpraHM3allMI U BHIITOAHEHN s PeMOHTHO-BOCCTaHOBUTEABHBIX PabOT B yCAOBMAX OT@UeCTBEHHBIX
aBTONpPeAIPUSTUINL.

PesyabpTaThl 1mccaeloBaHUs BBIIIOAHEHHBIe B paboTax [6,7,8] TakKe ITOKa3bpIBalOT, 4TO
HamboapIllee 4YncA0 OTKa3oB (40 80%) oOycaoBaeHO IpolrjeccaMy WM3HAIIMBAHWA WA
KOMIILAEKCHBIMU ITPUYMHAMH, TAe M3HaIllMBaHue UTpaeT AOMUHUPYIOIIYIO poab. BoapmmucTBo
IIOCTYIMBIINX B PEMOHT AeTa el BHIOpaKOBbIBAIOTCs BCAeACTBIIE M3HOCA pabOdMX IIOBEPXHOCTeN],
cocrasasoniero He 6oaee 1% mcxoaHom Maccer getaau [6,7].

B cBs3u ¢ »THM pabota, HalpaBAeHHas AAs MCCAeA0BaHMUS AAHHOTO BOIIPOCA, SIBASETCS
aKTya/AbHOIA.

2. OcHOBHA YacCTh

brrao nposeseno mccaegosanue no gaHHomy Bompocy B ycaosusax AIT Nel r. Acrausl. B
AIT Nel mmerorcsa 502 ropoackux asroOycos (12m u 18m), paboraromux Ha 46 MapHIpyTax u
80 mpuropoAHbIX aBTOOYyCOB Ha 25 MapIIpyTaX, KOTopsle BhiyIeHsl B 2014 roay. 'opoackne
MapLIPyThl 00CcAy>KMBaIoT asToOychL: 1, 1A, 3, 4, 4A, 5, 5A, 6,7, 8,9, 10, 11, 15, 15A, 16, 17, 18,
20, 21, 22, 22A, 23, 24, 25, 29, 29A, 30, 32, 35, 36, 40, 41, 43, 44, 45, 54, 60, 61, 71, 72, 73, 80, 120,
120A, 121.

A mpuropogHsle MapIIpyTel o06caykusaioT asTooycsr: 300, 302, 303, 304, 305, 306, 307, 308,
309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 326, 327.

Ha pucynke 1 mokasansl aBToOycsl 1 MuKpoasToOycsl Mapku IVECO, koTopsle cocTaBAsIOT
00ABIIYIO 40410 ITOABIDKHOTO coctasa AT Nel.
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Pucynok 1 — AproOycsl n muxkpoasTodycer mapku IVECO

Ha pucynke 2 1mokazaHbl cXeMbl HEKOTOPBIX TOPOACKUX MapIIPYTOB I'. ACTaHBI.

rﬂ +\

a)
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Vceaedosatiue eAusHus Kavecmea PeMOHMHO-60CCMAHOBUMEADHDIX pu6om Ha 3g§g§e1<mueuocmb puﬁomm zopor)cxozo...

a - cxema mapmpyTa No9; 6 - cxema mapiapyra Nel0; 6 - cxema maprrpyTa No44

Pucynoxk 2 - CxeMbl HEKOTOPBIX TOPOACKMX MapPIIPYTOB I.ACTaHbI

B tabame 1 mpuBoAsATCA OCHOBHBIE ITOKa3aTeAy HEKOTOPBIX TOPOACKMX MapIIpPyTOB T.
AcraHsbl.
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Tabauma 1 - OcHOBHEIE ITOKa3aTeAM HEKOTOPBIX TOPOACKUX MapIIPYTOB I. ACTaHBI

OcHosHble IToKazaTean
No Koneunslie Vnrepsaa | Ilporsxen- | Koangectso | Bpemsa | Koamuecrso
Map- OCTaHOBKM BO BpeMms HOCTD 1 000poTOB | 00OpOTa, | aBTOOYCOB B
mpyTa U BpeMsl Jac MUK, oboporta, | B pad./BBIX. MUH pab. / BBIX.
KypCUpOBaHNs MIH KM AHI AHI
Crapmlit BOK3aa
9 —/leTckuii cag,
«Jaypen» (6:30- 6-20 44 104 /70 150 21/13
21:50)
10 Crapniii BOK3aa
-MexAyHapoAtbiit | 5 _ 5 51 120 /92 140 24 /17
aspornopt (6:20 -
22:00)
44 KK «Karasay-3»
—I'mnepmapxker
. chol;x MEPT» 820 32 73/ 63 119 12/10
(06:15-21:10)

AIT Nel mmeeT peMOHTHYIO 0a3y, KOTOpasl BKAIOYaeT KPBITHI rapak-00KC A4 XpaHeHUs
I peMOHTa ITOABVMKHOTO cocTaBa BMecTUMOCTBIO 400 eg., 30HY C siIMaMy, CBapOYHBIl IIeX,
CAecapHBIN TOKaPHBII 11eX, CKAaAbl 4451 XpaHeHI: 3/4. B peMoHTHOIT Oase MpOM3BOAUTCS PEMOHT
11 BOCCTAaHOBAEHIe JeTalell U y340B aBTo0ycoB, B yacTHOCTM aBTOOyChl Mapku Iveco Citelis, Iveco
Urban, Iveco Cross Way.

B pesyabraTe mccaejoBaHus OblAO BBIABAEHO, YTO OAHON U3 HeMCIIPaBHOCTEN, KOTopas
HOCUT IJMKAMYECKNIT XapaKTep sABAsgeTCsl MBHOC OyreAelt CTyIMIIbI 3a4Her0 MOCTa XOA0BO YacT
aBTOOYCOB. I3HOCY mogBepraiorcst Oyream CTYIMIIBI, CAy>Kalllie OIOPON AAs AUCKa KoJeca
IIpU 3aTsKKe KOAecHBIX Taek. Ilpyu ocaabaenun 3aTsKKuU Taek AMCK oOpeTaeT cBOOOAHBIN XO4,
U yAapHBIMM Harpy3KaMu, COIIPOBOKAAIONIMMICS TpeHMeM, HaulHaeT cTupaTh Oyreau. Takoe
COCTOsIHIE TTp0DAeMBI BhIsABAeHBI TakKe U B Apyrux All kpymnsix ropogos PK.

Ha pucynke 3 nipusoasTcs pe3yabTaThbl nccaedosanns B ycaosusx All roposos Acrana u
Kaparanga.

KonMyecTso cTynuy, NOCTYNUBILUMX Ha PEMOHT
8 AN Nel (r.Acrana)

60
40

2
o sttt il o0 0L RRRRRRA

2014 2015 2016 2017 2018 2019 2020 2021 2022

® Iveco Citelis

o

W lveco Urban  m lveco Cross Way

a)
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Vccaedosariue 6ausHUS Kawecmea peMoHmMHO-60CCIMAROSUMEALHDLX pabom HA aPexmueHocHb paoomvl 20p00cKoz0. ..

Konuuecreo crynuy, NOCTYNMBLUMX HA PEMOHT

as e Al Ne3 (r.Kaparanpga)
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a— AIl Nel r. Acrana; 6 — AIl Ne3 r. Kaparanaa
Pucynox 3 - Pesyabtatsl nccaeaosanns s ycaosusax All roposos Acrana n Kaparanaa

JaHHbI BUJ HEMCIPaBHOCTU IePUOAUYECKUII JacTO IOsABAAETCS y aBTOOYCOB MapKu
IVECO, B yacTHOCTM DOABIIMHCTBO U3 HUX SBASIETCS COYA€HEHHBIMU C AANHOM 18 M.

Hewucnpasnocts y3aa X040BOJ 4acTy OTPUIIATEABHO BAMSET Ha YPOBEHb TEXHMYECKON
TOTOBHOCTM M KO®(pPUIMeHTa BbIX0Ja Ha AMHUIO ITOABVDKHOIO COCTaBa, a TakKe Ha YPOBEHb
0e30MacHOCTY ABVKEHI Ha 40pOrax.

Ecan ydgects, uto exxegHeBHO ropoackme aproOycsl Mapku IVECO cosepmaor mpobGer
B cpeaHeM 250 KM C HpPOTs>KEHHOCTBIO MapHIpyToB 23-62 KM, TO IIpM BO3HMKHOBEHNU
HeICIIPaBHOCTY CBOeBpEeMeHHasl 3aMeHa 3aTPyAHUTeAbHa A BOBCe HeBO3MOXKHA.

ITo ganHBIM aBTOOYCHBIX ITapKOB, €XerogHo y 6oaee 4 % aBTOOyCOB BO3HMKaeT I10A0MKa
3agHell CTYMIIEL. B oTamdme oT repeaneit CTynmIibl, Ha 3aAHIOIO IIPUXOANUTCS BABOE OOABIINIA
Bec aBToOyCa, YTO IIPUBOAUT K ee OBICTPOMY M3HOCY IIPU 0CAaDA€HUN KOAECHBIX Iaek.

Crynuna (mepedHssi M 3ajHsAsI) XOAOBOM 4YacTM aBTOOycCa sBASI€TCSI OCHOBHOM A€TaAblo
y34a, KOTOpasl UCIIbIThIBaeT Doapime Harpy3ku. OHa coeguHseT KO4eco U I0ABecKy aBToOyca.
K crynmie sakpernasercs Koaeco, TOPMO3HBIe AUCKU (1an OapabaHBl), pasAMYHbBIe AAaTIYUKI
(cxopoctn, ABS, ynpasaenus u apyrue TexHmdyeckue mokxasarean). OT MCIIpaBHOCTU AaHHON
AeTaAu 3aBUCUT O0e30I1aCHOCTD JOPOKHOTO ABVIKEHIIS.

Crynmija Koaeca sBAgeTCsl OAHOM U3 AOPOTOCTOAIINX AeTalel aBToOyca. CTOMMOCTb HOBOIA
aetaan — ot 200 ThIC. TeHTe.

B cBsA3M ¢ OTHOCHMTEABHO BBICOKON CTOMMOCTBIO CTYIMIBI 3a4HEr0 MOCTa, HMPeAlpUATIIO
BBITO/HEe PeMOHT U BOCCTaHOBJEHIe M3HOIIeHHBIX Oyreaell CTYNMIIB 3a4HEero MOCTa HeXKeAu
IIOKyIIKa 11eA0M cTynuubl. Tak Kak e€ IOKyIlKa IIPMBOAMUT K OOABIINM 3aTpaTaM CBA3aHHbIE
C 3aKa3oOM, AOCTaBKOI I BBICOKOI CTOMMOCTBIO, KpOMe DTOIO yXOAUT Ooablile BpeMeHn (3-6
Mecs1eB) 445 TIOAy4eHNs 3aKas3a, 4TO yBeAndMBaeT BpeMsI IIPOCTosl apTo0yca.
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3. PesyabTaThl M O0CYKACHIS

Ha pucynke 4 nmokasan 3agunit moct aprodyca mapku IVECO.

a) ©)
a — 3a4HNIT MOCT; 0 — BRIHOCKa I; 1 — cTymmiia 3agHero Mocra; 2 — M3HOIIIeHHbIe OyreAst CTYTIMIIBI
Pucynox 4 — 3aagunit moct apTobyca mapku IVECO

Ha pucynke 5 nokasana crynmniia 3agHero mocra aprooyca mapku IVECO c usHomeHnHeMu
Oyreasmu.

ﬂ,6 — CTYIHIIBI C ISHOIIIEHHbIMMI 6yl"e/l}IMI/I; —_— YyKa3aHbl ISHOIIIEHHbIE IIOBEPXHOCTU 6yre/1e17[

Pucynoxk 5 - Crynniia sagnero mocra aprodyca mapku IVECO c usHomenHpiMu Oyreasmu
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Ha yckopenne naHoca Oyreasl CTyHMITBI, KaK IOKa3ada IIpaKTMKa, BAUSIOT Tpu (aKTopa:
HonajaHye BJary Ha KOJeCHBle TaliKll, HeAOCTaTOYHBII MOMEHT 3aTsDKKM STUX TaeKk U
KOHCTPYKTUBHBIE OCOOEHHOCTM CTYIMIIBI ((pOpMa U KOAMYeCTBO OyTeaern).

[TepBpt QakTOp B yCAOBUAX IOpoAa SABASETCS B OOABIIEN CTeIeHU IIOTOAHBIM U
KAMMaTudeckuM. Bropoit ¢akrop — deaoBeueckmii, 3aBUCUT OT HPUAEKHOCTY PEMOHTHBIX
pabounx U YpOBHS TEXHMYECKOTO KOHTPOAs. A Tpetuii (aKkTop 3aKAajbIBaeTCsl Ha 3aBOJAe
M3roTOBUTEAE U HMKAaK He TI0A4aeTCsl BO3AeICTBUIO IIPpY DKCIIAyaTalliy aBTOOyCOB.

B nmpakruke asToOycHOrO rapka No 1 OpiBaan caydan, KOraa KOAeCHBIN AVICK AaKe BhIITadal
CO CTYIMIIBI U aBTOOYC Tepsia YCTOMUMBOCTD U YIIPaBAsSIeMOCTb. DTO B CBOIO o4depeb yIpo>KaeT
Oe3oracHOCTH ITaCCa’KMPOB I APYTIMX YIaCTHMKOB A0PO>KHOTO ABVIKeHus1. [losToMy ncrrpaBHOCTD
y310B XOA0BOI1 4acT! aBTOOYCOB IIMeeT ITepBOCTeIIeHHYIO Ba>KHOCTb.

B ycaosmsax AIT Nel (r. Acrana) paspabOoTaHa TeXHOAOIMS PeMOHTa M BOCCTAHOBAEHIS
M3HOIIIEeHHBIX JeTaaeli Oyreas CTYMNIIBI 3a4Hero MocTa XoA0B011 yactu apTo0ycos mapku IVECO.
OgHako cyllecTBYIOIIas B aBTOIPeAIPUATUI TeXHOAOIMS PeMOHTa CTYINUI] BOCCTAaHOB/AEHIeM
Oyreaeil HecoBepIlleHHa, IIODTOMY Me>XKPeMOHTHBII ITpo0er He40CTaTOYHO BeANK.

TexHoAOIMsA COCTOUT M3 CAEeAYIOIINX OCHOBHBIX OIlepalilil: IIOATOTOBKa IIOBEPXHOCTeIl
Oyreaeil AAsi HaHeCeHMs HallAaBKM, HallJaBKa N3HOIIEHHBIX ITOBepXHOCTell Oyreaeii,
MexaHnuyeckas oOpabOTKa Hall1aBAeHHBIX IIOBEpXHOCTell Oyreaell 104 paboumii pasmep.
Harmnaaska ocyiiecTsasieTcsl METOA0M PYYHOI AYTOBOM CBapKI 11 peKOMEeHAYeTCs CII0Ab30BaHle
saexTpogos J422 (E 4303) mpomssoacrsa Pecniybamkm Kuraii, a takke saexrpoast DP-5 u
YOHMN 13/55 mpomssoactsa IlaBaogapckoro »aexrpogHoro 3zaBoga (Kasaxcran). Hamaasku
BBIIIOAHEHHBIe 51eKTpoaoM J422 (E 4303) o6aa4a10T MeHbIIIel MI3HOCOCTOMKOCTLIO, YeM HaIlAaBKI
BBIIIOAHEHHBIE DaeKTpodamy DP-5 u YOHMN 13/55. Ilpu 9TOM 4451 BOCCTaHOBAEHUs Oyreaeir
UCIIOAB3YIOTCs 9AeKTpoabl J422 (E 4303). Tak Kak HaIlaaBKM, ITIOAy4eHHbIe 9aeKTpodaMu DP-5 u
YOHM 13/55, uMeIoT BBICOKYIO TBEPAOCTH (1 M3HOCOCTOMKOCTD) M3-3a YeTO CAO0XKHO I0AAAI0TCS
MeXaHM4JecKoll 00paboTke MAM BO BCce He Ilogdaiorcs. JaHHas mnpobaema IIpersTCTByeT
nponssoActBy All mcrioapzoBaHme HaIlAaBOYHBIX MaTepualoB (9A€KTpOAO0B) 0o0./ee BBICOKOII
TBEPAOCTBIO U M3HOCOCTOMKOCTBIO. PelteHne eé TpeOyeT pa3pabOTKy CIlel1aAbHON TeXHOAOINN
MeXaHI4ecKol 00paboTKu 445 ycaoBuil mpoussoacTsa All, koTopast T03BOAUT MCII0Ab30BaHMe
HaIl1aBOYHBIX MaTepnaloB (94eKTPOAOB) C D0Aee BHICOKOI TBePAOCThIO U M3HOCOCTOMKOCTBIO.

4. BeIBOABI

PesyabpTaThl mccaegoBanmus mposedeHHble B ycaosusax AIT Nol (r. Acrama) m Ne3 (r.
Kaparanaa) noxasaam, 4To HeCMOTpsI Ha pa3BUTHE Pa3ANIHBIX BIAOB TPaHCIIOPTa, Ha CerOAHs
B Topogdax Kasaxcrana aBToOyCBI SIBASIOTCS OCHOBHBIM BMAOM TPaHCIIOPTa, OCYIIeCTBASIONINE
peryAsipHble MaccoBbIe IacCa’kKIPCKIe ITepeBO3KI.

BrIs1BA€HO, UTO IO A@HHBIM aBTOOYCHBIX IIapPKOB, e5KeroAHO y 601ee 4 % aBTOOYyCOB BO3HIKAET
II0AOMKa 3aJHell CTYHHIIBI CBA3aHHas C IIpeXKAeBpeMeHHBIM U3HOCOM Oyreaell, KoTopasd
OTpUILIATEABHO BAUsAET Ha HPPeKTUBHOCTh PabOTH TOPOACKOTO ITacCa’KMPCKOTO TPAaHCIIOPTa.
Cymectsyiomast B ycaosusix All TexHoaorms peMoHTa 1 BOCCTaHOB/AEHIS MI3HOIIIeHHBIX OyTeeit
cTynmuunsl 3agHero mocra asrooycos mapku IVECO ne obecrieunsaer TpeOyemoil TBepA0OCTU U
M3HOCOCTOMKOCTH. /laHHOe COCTOsIHMe ITPO0AeMBl AUKTyeT He0OXOAMMOCTDb pa3pabOTKI HOBOIA
TEeXHOAOTUM PEeMOHTa M BOCCTAHOBAEHIS M3HOIIEHHBIX OyreJeil CTyHIMIIbI, oOecliedMBalolee
BBICOKYIO TBEPAOCTDb U M3HOCOCTOMKOCTh HaIlAaBAEHHBIX TTOBEPXHOCTeIl.

CImcok anreparypsl

1. Aaspunenko IOJ., Aanryxmnos C.K. Amanbaes C.II. m ap. MccaegosaHme cocTosHNUA
aBTOTPaAHCIIOPTHBIX II€PEBO30K IacCaXkKMPOB B MEXAYHapPOAHOM 1 MeK00AaCTHOM COODIIIeHNX, aHaAU3
IIyTell pa3BUTIA U pa3dpaboTKa peKOMeHAaInii o penteHnIo 1podaeM. OTYET IO BBIIIOAHEHNIO ITPOeKTa.
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KazaapIk >)kxoaaymblaap KOAiriHiH JKyMBIC TMiMJidiriHe )XeHJey-KaalblHa KeaTipy
>KYMBICTapHhl callacbIHBIH 3CEePiH 3epTTey

A.H. Konknib6aesa', K.T. lllepos?, E.b. imauo6aes®, C.O. Tycymosa*, A.E. Okumbaesa’®,
H.OK. Kapcakosa®
12C. Cetipyarun amuvindazsl Kazax azpomexnuxarvix sepmmey ynusepcumemi, Acmana, Kasaxcman
«“Daexmposos kypacmuipy sayoimvl» KILIC, Acmana, Kasaxcman
*Topaiizvipos ynueepcumemi, [1asrodap, Kasaxcman
56A. Cazviros amuirdazvl Kapazandor mexuukarvik yuusepcumemi, Kapazanduvl, Kasaxcman

Anparna. bya maxaaaga Kasakcran PecryOAmKachbIHBIH XaAKbl THIFBI3 OpHaJdacKaH Kadadaphl,
aran ainTkaHAa AcrtaHa >KkoHe KaparaHAbl KaJdadapblHBIH >KafdalldapblHJa KadaAblK >KOJayIIbLAap
koairiniy (KJKK) >xyMBbICBIH 3epTTey HaTiokeadepi keartipiaeai. Congaii-axk, asTroOyc napkrepinig (AIT)
JKOHJeYy, KaAllblHa KeATipy eHAipiciHiH >kaii-Kyiti >KoHe oHbIH KJKK >KyMBICBIH YIIBIMAAQCTBIPY carrachl
MeH TuiMgizirine acepi ae sepTreareH. 3epTTey HITUKeCiHAe IIMKAAIK CHIIaTTarbl akayadapAablH Oipi
aBTOOyCTapAblH >Kypic OeairiHiH apTKbl KeIipiHiH KYMIIeK TeTiriHiH OyreaJepiHiH Te3 TO3YBI eKeHAiri
aHBIKTAAABI, aTall aiiTKaHAa OCHl Macele >KBLAKBIMAAbl KYpPaMHBIH YAKeH yaeciH xypantsiH IVECO
MapKaAabl aBToOycTapAa Kol Ke3aeceTiHi Maaim 004a4b1. XKypic Geairi TyIiHiHIH AypbIC )KYMBIC >KacaMaybl
TeXHMKaABIK AaMBIHABIK AeHTelfiHe JKoHe KBLAXKBIMaAbl KypaM >KeAiciHiH ImIbFy Koo duinenTine, CoHAal-
aK >KoaAJapaarbl KO3FaAbIC KayillCi3AiriHiH JAeHreifiHe Tepic acep ereTiHi aHbIKTaaawl. All >xarjaiibiHAa
IVECO mapkaanl aBToOycTapAbIH XY pic 0eairiHiH apTKbI KOIlip KYIIIIeriHig To3raH 0eAleKTepiH JXoHaey
JK9He KaAIlbIHa KeATipy TeXHOAOIMACKH 3epTTeAAl.

Hormxeae Al xxaraaiibiHia KOAAaHBLAATBIH KYIIIIIEK TeTiTiHiH Oyreagepin xaiita KaAlblHa KeATipy
TeXHOOIVISICHI JKeTiAgipiaMereHAiri >koHe KOIbLAFaH TaJaIlTap¥a call eMeC eKeHAiri alikplHAaaAbl. bya
MaceJeHi IIely YIIiH KaAlblHa KeATipiareH GeTTepaiH >KOFaphl KATTLIABIFBI MEH TO3yFa TO3iMAiairin
TOABIFBIMEH KaMTaMachl3 eTe aJaTblH, KYIIeK OyreaJepiH >KeHJey >KoHe KaliTa KaAIlblHa KeATipyaiH
>KaHa TeXHOAOIVSICBIH 93ipAey KasKeT.

KiarTi ce3gep: KaaaabK >KoaaymibLaAap KeAiri, JKeHJey-KaAIlbIHa KeATipy SKYMBICTaphl, apTKHI KOTTip,
KyIIIIIeK, Oyrean, TO3yFa TO3iMAiAiK.
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Research of the influence of the quality of repair and restoration works on the efficiency
of urban passenger transport

A.N. Konkybaeva!, K.T. Sherov*, Ye.B. Imanbaev?, S.O. Tussupova’, A.E. Okimbaeva’®,
N.Zh. Karsakova®
12Kazakh Agrotechnical Research University named after. S. Seifullina, Astana, Kazakhstan
«*Electric locomotive kurastyru zauyty» LLP, Astana, Kazakhstan
“Toraigyrov University, Pavlodar, Kazakhstan
>6 Karaganda Technical University named after. A. Saginova, Karaganda, Kazakhstan

Annotation. This article presents the results of a study of the work of urban passenger transport
(UPT) in the conditions of densely populated cities of the Republic of Kazakhstan, in particular Astana and
Karaganda. As well as the state of the repair and restoration production of bus fleets (BF) and its impact on
the quality of the organization and efficiency of the UPT. As a result of the study, it was revealed that one
of the malfunctions, which is cyclical in nature, is the wear of the hub lugs of the rear axle of the chassis
of buses, in particular IVECO buses, which make up a large proportion of rolling stock. It is established
that the malfunction of the chassis assembly negatively affects the level of technical readiness and the
coefficient of access to the rolling stock line, as well as the level of traffic safety on the roads.

The technology of repair and restoration of worn parts of the hub of the rear axle of the chassis of
IVECO buses in the conditions of the BF was investigated. It was revealed that the existing technology of
hub repair in the BF by restoring the lugs is imperfect, and therefore the inter-repair mileage is not large
enough.

To solve this problem, it is necessary to develop a new technology for repairing and restoring worn
hub lugs, which ensures high hardness and wear resistance of the restored surfaces.

Keywords: urban passenger transport, repair and restoration work, backside, hub, lugs, wear
resistance.
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Road slag asphalt concrete

Abstarct. Asphalt and concrete road surfaces are an essential part of the infrastructure of
transport systems, and in recent years slag road asphalt has gained popularity as an efficient
and environmentally friendly alternative. Slag asphalt, produced by incorporating slag, a by-
product of industrial steel production, into asphalt concrete mixes, is the subject of this review
article. The article presents a review of researches papers on the use of slag road asphalt. This
article reviews the composition, production and physical and mechanical characteristics of slag
asphalt concrete. Particular attention is paid to studies of the effect of slag on the strength,
fracture resistance and deformation of the material. The authors provide an overview of the
various methods of modifying slag asphalt to improve its performance and durability of road
surfaces. The article also highlights the environmental importance of slag asphalt, generalized
its ability to reduce the use of natural resources and reduce waste from the steel industry. The
overall analysis of these articles suggests the potential of using slag road asphalt concrete as
an effective and environmentally sustainable material in road construction. However, further
research and practical tests are needed to confirm its applicability in different climatic and road
conditions. The final part of the article discusses the significance of slag asphalt concrete in
the context of sustainable road construction. The potential of slag asphalt to save costs in the
construction and maintenance of road infrastructure, as well as to improve its durability and
sustainability, is emphasized. In conclusion, the article provides a generalised overview of slag
asphalt concrete, its advantages and promising applications in road construction.

Keywords: asphalt concrete, steel slag, silica fume, road surfaces

DOI: doi.org/10.32523/2616-7263-2023-145-4-135-142

Introduction

Roads are strategically, economically and socially crucial for our country. The condition of
roads that do not comply with road traffic rules and regulatory and technical requirements slows
down the movement of transport and increases the number of accidents on the roads. Currently,
more than 70% of the public road network in Kazakhstan has hard asphalt concrete pavements,
which in the process of operation can experience various disturbances and deformations.

There is a need for a new approach to solving the issues of pavement durability under the
conditions of real dynamic impact of vehicles on road structures in connection with the constant
growth of traffic intensity on motorways, increasing load capacity and axle load of vehicles,
increasing traffic speeds.

Currently, the service life of road pavements does not meet the required service life. The
load on vehicle axles has increased significantly in recent years, and asphalt concrete pavements
made in compliance with standards are losing smoothness and are covered with a network of
fatigue and temperature cracks, which accelerates their destruction.

The service life of asphalt concrete pavements today, which used to be 15-18 years, is
more often 8-12 and sometimes 3-4 years, which requires significant additional costs for road
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repair and rehabilitation. Due to the expansion of the road network and the increase in road
construction, material resources are in short supply. In this case, the possibility of increasing the
strength of asphalt concrete pavements through the use of scarce, inexpensive production waste
is an important task of road construction.

Research methods

There are several testing methods that are used to determine the characteristics of steel
slag asphalt concrete. Physical tests measure density, water absorption, and other physical
properties of the material. Mechanical tests are used to determine mechanical properties
including resistance to wear, strength, and fatigue. Chemical analysis, microstructural
analysis and thermal analysis are additional methods of investigation.

Researchers Zhao, Zenggang, Zipeng Wang, Shaopeng Wu, Jun Xie, Chao Yang, Na Li
and Peide Cui used physical and mechanical testing in their experiments. They analysed
characteristics such as moisture resistance, bending and strength and compared the results
with Chinese standards, particularly GB/T 16899-2011: Testing methods for asphalt strength.

Researchers from the University of Jordan, including Naser, Mohammad, Mu'tasim
Abdel-Jaber, Rawan Al-Shamayleh, Reem Ibrahim, Nawal Louzi and Tariq AlKhrissat,
conducted similar studies. They used ASTM D1075, Standard Test Method for Effect of
Water on Compressive Strength of Compacted Bituminous Mixtures.

Researchers Peter Mikhailenko, Zhengyin Piao and Lily D. Poulikakos from Yale
University conducted mechanical tests to determine the elastic modulus of three materials
at 10°C. Poulikakos from Yale University conducted mechanical tests to determine the
modulus of elasticity of three materials at 10°C. The experiment was performed according
to Technische Priifvorschriften fiir Asphalt: Einaxialer Druckschwellversuch - Bestimmung
des Verformungsverhaltens von Walzasphalt bei Wa'rme, 2010. In addition, their study
conducted a chemical analysis to assess the environmental impact. For this they referred to the
Swiss standards SN 640-430c Walzasphalt: Konzeption, Ausfiihrung und Anforderungen an
die eingebauten Schichten, 2014 and SNR 640 436 Semidichtes Mischgut und Deckschichten
Festlegungen, Anforderungen, Konzeption und Ausfithrung, 2015.

Thus, various research methods are used to characterise steel slag asphalt concrete,
including physical and mechanical testing, chemical analysis and other methods.

Results and Discussion

In order to meet the needs of the road sector during the repair, construction and operation
of the roadbed of motorways, it is necessary to reduce the cost of construction materials at this
stage of work of a part of the construction industry. It is also desirable to improve technical and
operational qualities of developed materials, as well as to reduce logistic and time costs. These
requirements are met by slags - a by-product or secondary product of metallurgy, which includes
both ferrous and non-ferrous metals (combustion products). Their use occurs throughout the
construction process of the road component, including the creation of mineral aggregates, asphalt
concrete, structural road concrete and, in some cases, even thermal insulation. It is therefore
important to consider the use of heavy industrial waste and select the best recycled materials to
improve the performance and durability of the road surface.

For road construction it is possible to use crushed stone of blast-furnace and steelmaking
slags and aggregate slag materials of blast furnaces, slag and slag-pumice sands, domed and
blast-furnace granulated slags, slag production waste.
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Kazakhstan has accumulated over 30 billion tonnes of slag waste. The main amount of waste
in the country today has been created by the mining and metallurgical industries - almost 20
billion tonnes, and from the ores in non-ferrous metallurgy are mainly extracted from the force
of two to three percent of useful elements, and the remaining 97-98 percent go to the dump.
These are so- called technogenic-mineral formations, which, being unnecessary after primary
processing, remain in open pits.

As a solid industrial waste, steel slag has similar physical and mechanical properties
to natural stone and has great potential to replace natural aggregate, [1-2]. However, the
source, mechanical properties and expandability of steel slag directly affect its widespread
use in asphalt pavement. Steel slag is usually used as a coarse ag g r e g a t e in asphalt
pavement mixes, and it is not recommended to be replaced by fine aggregate or filler in a
project. This is because steel slag has high hardness and poor grindability, and replacing
steel slag with fine aggregate or filler will further increase asphalt consumption and risk
reducing volume stability [3].

Nowadays in Kazakhstan there is an obvious need to save material resources of the
country, to develop and master waste-free innovative technologies. In the nearby territories
of Arcelor Mittal Temirtau JSC, $200 million was allocated. more than a tonne of waste
was collected, which negatively affects the environmental situation not only in the city of
Temirtau, but also outside the Karaganda region. In our country, the main part of blast
furnace slag melt is granulated. As for steelmaking slag, the main part of it is poured into a
mound, and only a small part of it is processed into crushed stone, fertiliser, slag.

The productivity of ArcelorMittal Temirtau JSC’s metallurgical production is constantly
growing, and the amount of slag produced is increasing accordingly. It is planned to increase
slag output up to 900 thousand tonnes per year (blast furnace slag - up to 600 thousand
tonnes per year, BOF slag - up to 300 thousand tonnes per year).

In 2020, ArcelorMittal Temirtau’s slag pumice was processed into fractional crushed
stone, producing about 210 thousand tonnes of slag sand. The volume weight of asphalt
concrete pavement compacted on the basis of slag-pumice sand is 2.2 tonnes/m?. At 9% of
bitumen and using the entire output of slag-pumice sand for road purposes, it is possible
to obtain 291 thousand tonnes of asphalt-concrete mixture sufficient to install 170 km of
roadbed with a thickness of 9 cm.

Researchers Zhao, Zenggang, Zipeng Wang, Shaopeng Wu, Jun Xie, Chao Yang, Na
Li and Peide Cui from Wuhan University of Technology, Tongji University and Southeast
University in Nanjing, China, conducted a joint experiment comparing the performance of
steel slag asphalt concrete and basalt asphalt concrete. [5]

Marshall stability test, indirect tensile test, dynamic stability test and beam bending test
were conducted to evaluate the moisture susceptibility, high temperature performance and low
temperature performance of the asphalt mixture in accordance with standard test methods for
bitumen and bituminous mixtures for highway construction.

The test results showed that steel slag asphalt mix has higher Marshall moisture resistance
than basalt mix. The stability of steel slag asphalt mix is 13.9 kN, while the basalt mix reaches
11.8 kN. In addition, the steel slag asphalt mix exhibits a tensile strength coefficient of 92.6%
or higher, while the basalt mix achieves a value of 88.2%. Both values exceed the minimum
requirements set by China Standard 2011, which are at least 80%. Thus, it can be concluded that
steel slag asphalt mix has higher tensile strength compared to basalt asphalt mix.

In addition, a flexural tensile test was conducted. The results showed that steel slag asphalt
mix has higher flexural tensile strength, better deformation and higher stiffness compared to
basalt asphalt mix. Nowadays, flexural tensile strain is often used to evaluate the performance of
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asphalt at low temperatures. The greater the maximum flexural tensile strain, the better the low
temperature deformation resistance of the asphalt mix and the more pronounced its resistance
to cracking.

The flexural tensile strain values for steel slag asphalt mix and basalt asphalt mix are 3247.1
pne and 3103.4 pe, respectively, exceeding the specification requirement of 2800 ue. Thus, the
low temperature performance of the asphalt mix using steel slag as coarse aggregate is found to
be better than that of the mix using basalt. This is due to the excellent adhesion between steel slag
and asphalt as well as the good bonding effect between steel slag aggregates, table 1.

Table 1. The results of trabecular bending test

Types Ultimate flexural Ultimate flexural Stiffness modulus
tensile strength (MPa) Tensile strain (pe) (MPa)
Steel slag asphalt 10.726 3247.1 3303.3
mixture (ARHM-13)
Basalt asphalt mixture 10.148 3103.4 3270.0
(ARHM-13)

This can be attributed to factors such as the high angularity index, the presence of many
pores in the structure and the chemical composition of the steel slag aggregate. Due to these
features, steel slag provides better adhesion to asphalt compared to basalt. However, it is worth
noting that steel slag asphalt mix also has a higher susceptibility to moisture compared to basalt
asphalt mix.[5].

All products of slag processing are economical. For example, slag gravel is 1.5-2 times
cheaper than natural gravel and requires 4.5 times less investment in equity capital; slag pumice
is 3 times cheaper than expanded clay and 1.5 times less investment in equity capital [5] and the
use of 1 tonne of granulated slag in the cement industry increases cement output by 1 tonne,
which costs 9 times less and requires 9 times less investment in equity capital.

The University of Jordan conducted an interesting experiment in which researchers Naser,
Mohammad, Mu'tasim Abdel-Jaber, Rawan Al-Shamayleh, Reem Ibrahim, Nawal Louzi and
Tariq AlKhrissat participated. In this experiment, they conducted a number of studies in
order to investigate certain aspects. This paper discusses the results of an experimental study
conducted to evaluate the performance of recycled asphalt concrete mixtures made using
reclaimed aggregate for asphalt pavements (RAP). These mixtures were also prepared using
two aggregate additives, namely steel slag (SS) and silica fume (SF), in four different percentages
by weight of aggregate. [6]

The Marshall stability and flowability tests were carried out in two stages. In the first
stage, mixtures containing RAP materials with different asphalt contents were prepared to
determine their optimum asphalt content (OAC); therefore, in the second stage, new RAP
mixtures with appropriate OAC at different additive percentages were prepared and tested.
The tests conducted in the first phase confirmed the effectiveness of RAP agglomerates as a
replacement for natural aggregate in hot mix asphalt mixtures. The overall results showed
that mixtures with RAP had more stable characteristics than those with limestone. The
maximum stability values were achieved for mixtures containing 75% and 100% RAP when
asphalt binder was added at a rate of 2%. This indicates that the use of RAP agglomerates
can reduce the need for asphalt.

As shown in the test results, the addition of steel slag to RAP mixtures resulted in
improved mechanical and volumetric properties of the asphalt mixtures due to the density
of the steel slag. Marshall stability improved significantly for mixtures containing 50% and
75% RAP when 75% and 50% fine steel slag was added, respectively. The highest recorded
load for stability was 32.73 kN for mixtures containing 75% RAP and 50% steel slag when
2% asphalt binder was added.[6]
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Researchers Peter Mikhailenko, Zhengyin Piao, Lily D. Poulikakos from Yale University
and the Swiss Graduate School of Technology in Zurich conducted an experiment
investigating the possibility of using electric arc furnace slag as an aggregate in semi-dense
asphalt, [7].

Several experiments were conducted as part of the study, including the determination of
the Modulus of Stiffness. The results indicated that the control mixture had higher stiffness
compared to the electric arc furnace slag mixtures. Although electric arc furnace slag was
found to increase the stiffness, the discrepancy here may be due to the influence of the
additional additive. In absolute terms, the elastic modulus values obtained for the three
materials tested at 10°C and 10 Hz, which are typical test parameters, were 9952, 7960, 7479
MPa, Figer 1, 2. These values are slightly lower than the elastic modulus values obtained for
a similar mixture in the previous study, which were 10,231 MPa.
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Figer 1. Phase angle (°) from stiffness
modulus tests at 5 °C.
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Figer 2. Phase angle (°) from stiffness
modulus tests at 10 °C.

An experiment was also conducted to determine the environmental impact. The study
showed that modified semi-dense asphalt containing electric arc furnace slag reduced
greenhouse gas emissions and environmental negative contribution by 40% and 90%,
respectively, compared to conventional semi-dense asphalt. The main factor behind these
results is the avoidance of burial of electric arc furnace slag. However, the use of this material
does not improve the non-renewable energy input potential.

Conclusions

The review article on slag concrete for highways provided important information on
the use of slag as a sustainable substitute in road construction, so in conclusion. According
to the findings of the article, the addition of slag to asphalt concrete can have a number of
positive effects on performance, economic efficiency and environmental sustainability.

Firstly, the addition of slag to asphalt concrete improves the mechanical properties
of the mix, such as its resistance to rutting, stiffness and fatigue. These improvements
are attributed to the angular shape, high hardness and bonding properties of slag, which
contribute to the bearing capacity and durability of road surfaces.

Secondly, the use of slag in road construction helps to preserve the environment. The
article emphasizes the reduction of resource consumption and dependence on quarries by
replacing some of the traditional aggregates with slag. The use of slag also reduces industrial
waste and helps in recycling and reusing industrial by-products. This strategy encourages a
circular economy and is in line with sustainable development goals.
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In addition, there are obviously financial advantages to adding slag to asphalt concrete.
Slag is often readily available as a by-product of various industries, such as steel production,
and its use can lead to cost savings in road construction. Reduced reliance on virgin
aggregates can reduce material costs, and the improved performance and durability of slag
concrete for highways can lead to longer service life and reduced maintenance requirements,
resulting in significant cost savings over time.

Overall, the findings of this review article emphasize the potential of slag concrete
as a sustainable and cost-effective solution in road construction. Slag utilization provides
increased productivity, environmental and economic benefits. Further research and field
studies are needed to address the remaining challenges and to ensure the successful
implementation of slag-based asphalt concrete in practice.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. BR18574214).
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AbcTpakT. AcaarToBble 1 OETOHHBIE JOPOSKHBIE TOKPHITUSA SABAAIOTCA HEOTHEMAEMOM YacThio
MHQPPACTPYKTYPHI TPAHCTIOPTHEIX CHCTEM, @ B IIOCAeAHIE TOABI ITLAaKOBhIN JOPOKHEIN acaabT Ipuodpea
MOy ASIPHOCTD Kak 9(pPeKTUBHasA U DKOAOTUIECKH JNCTas aabTepHaTuBa. ITpeamerom gaHHO 0030 pHOI
CTaTBM SABASETCS ITAAKOBEIN acaAbT, MOAYJeHHBIN ITyTeM BKAIOUeHM: IIldaka, ITODOYHOIO MpOAYKTa
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IIPOMBIITLA€HHOTO ITPOM3BOACTBa CTaan BacdaabTOOeTOHHBIE cMecH. B craThe ITpejcTaBAeHO0030p IOCA AHUX
HayYHBIX pa0OT IO MCIOAB30BaHUIO IAaKOBOTO JOPOXKHOTO acdaabTa. B JaHHO cTaThe pacCMOTpPEHBI
COCTaB, TeXHOAOTMYeCKMe ¥ (PU3MKO-MeXaHNJecKre XapaKTepUCTUKHU IaakoacdaabTobeToHa. Ocoboe
BHUMaHIE yJeAsdeTcs MCCAeJOBaHMAM BAVSHMS III1aKa Ha ITPOYHOCTB, CONPOTMBAEHUE Pa3pyIIeHUIO
u gepopManuio Marepuada. ABTOPB HPEACTaBASIOT 0030p Pa3AMYHBIX METOAOB MOAudUKaIUu
II11aKOBOTO acaabTa AAs YAYUIIEHNUs €r0 XapaKTepUCTUK U AOATOBEYHOCTU AOPOKHBIX MOKPHITHIL. B
cTaThe TakKe MOJUepKUBaeTCs HKOAOTMIeCcKoe 3HaueHMe I11aKoBoro acgaaprroderona. OOmmii aHaau3
9TUX CTaTell CBUAETeABCTBYET O BO3MOXKHOCTH MCIIOAB30BaHM: III1aKOBOTO JOPOXKHOTO acdaabToOeTOHa
B KauectBe »(PQPEKTUBHOTO U DKOAOTMYECKN YCTOWIMBOTO MaTepuala B JAOPOKHOM CTPOUTEALCTBE.
OAaHako HEOOXOAMMEI AaAbHENIINE VCCAeAO0BAaHUSA U TIPaKTIIeCKIe VICITBITaHWUS A4S TIOATBEPKAEHIIS €TO
IIPUMEHUMOCTY B Pa3AMYHBIX KAVMATUIECKUX U JOPOXKHBIX YCAOBMAX. B 3aKAI0UMTEABHOI YacTU CTaThU
paccMaTpuBaeTcs 3HadeHNe I11akoacdpaabToO0eTOHa B KOHTEKCTEe YCTOMUMBOIO J0POYKHOTO CTPOUTEABCTBA.
[NoguepkuBaeTcss MOTeHIMaA IIAaKOBOTO acaabTa AAs SKOHOMMM 3aTpaT IIPU CTPOUTEALCTBE I
CoZep>KaHNY AOPOKHOM MHPPACTPYKTYPHI, a TAKKe A5 ITOBLIIIEHIIS ee J0ATOBeYHOCTH U YCTOMYMBOCTIL.
B sakarodeHme B cTaThe JaeTcs OOODOINEHHEINI 0030p IIAakoacdaabTOOETOHa, €ro IPeNMYIecTs I
TIePCITeKTUB ITPYMEHeHNsI B J0POSKHOM CTPOUTEABCTBE.
Karouesble caoBa: acdpaabTOOETOH, CTAABHOM II1AaK, MUKPOKPEMHe3eM, JOPOKHBIE TTOKPBITIL

IIlaak xx02a acdaabTHIOETOH

A.E. Axexcem0Oaesa’, V. 3akapun?, M./. Konkanos?®, /1.b Apyosa*
12541.H.I gmuﬂes amuvindazvl Eypasus yammork yrusepcument,
010008 Acmana, Kasaxcmat, keut. Kaxoimyxan 13, k205
e-mail: ecoeducation@mail.ru

AngaaTtna. AcdaapTThl JXKoHe OeTOHABI XKaObIHAAP KOAIK XKyliedepi MHPPaKyPHLABIMBIHBIH KypaMAac
6eairi 00AbIT TaOblLAaABI KOHE COHFBI KBIAAAPHI IIAaK K04 acdaabThl TUIMAL JKoHe DKOAOTUAABIK Tasa
b6asama petige TaHbIMaa 00aabl. OCBl IIOAY MaKaAdacChIHBIH TaKbIpbIOb — acdaabT KocCHaJapbIHa
OHepKaCinTiK 0o0aaT eHAipiciHiH >kaHaMa ©HiMi OOABIII TaOBlAATBIH KOXABI KOCY apKbIABl aAbIHFaH
maak acaabTel. Makasaga maax >xoa acgaabThIH IaiijazaHy OOJIBIHINIA COHFBI FBIABIMUL XKYMBICTapFa
moay Oepiaren. bya makazaga Ko acdaabTOETOHBIHBIH KYpaMBbl, TEXHOAOTUAABIK, >KoHe (PU3MKaAbIK-
MeXaHMKaABIK ~CHUIIaTTaMaJapbl KapacTelpbldaabl. IllaakTelH MaTepmaaablH —OepikTirine, CbIHyFa
TesimMaiairine >xoHe aeopMallMAChIHA 9CepiH 3epTTeyre epekille Hazap ayAapbliaabl. ABTOpAap OHBIH
©HiMAiairi MeH >KaOBIHHBIH OepiKTiriH >kakcapTy YIIIiH KoK acdaabTTh TYPACHAIPYAiH apTypai aaicTepine
moay >Kacanapl. CoHgall-aKk MaKadada KOXK ac(aAbTOETOHBIHBIH HKOAOIVISABIK MaHBI3BI epeKIlle aTall
eTiaren. Ocbl MaKaAaAapAbIH JKaAIbl Taldaybl )KOA KYPBIABICEIHAA THIMAL JKoHe DKOAOTUAABIK TYPaKThI
Marepuaa peTiHge KOX K04 acdaabTOeTOHBIH IHaligadaHy MYMKIHAITiH kepceTeai. JereHMeH, OHBIH
9PTYpPAl KAMMATTBIK KoHe K04 >KarJalidapblHia KOAAaHBIAYBIH pacTay YIIiH KOCBIMINa 3epTTeylep MeH
ToXKipnbeik chIHaKTap KaskeT. MakaaHbIH KOPBITBIHABI 00AiMiHAe TYPaKThl K01 KYPBLABICH KOHTEKCTiHAe
KOX ac(aAbTOETOHBIHBIH MaHBI3ABIABIFBl KapacTeipblaadbl. Kok acdaabTTeiH k04 MHPPaKypPHLABIMEIH
ca/y >KoHe KYTIIl ycTay IIBIFBIHAAPLIH YHEMAEY, COHAAll-aK OHBIH OepiKTiri MeH TYPaKTBIABIFBIH apTTEIPY
MyMKiHgiriHe Oaca Haszap aydapblaaanl. KopbITBIHABLAA Kede, MaKadada KOX acpaabTOeTOHFa >KaAIlbl
11104y, OHBIH apTHIKIILIABIKTaphl MeH K04 KYPbLABIChIHAA MaligadaHy IlepclieKTuBalaphl OepiareH.

Tyiiina ce3gep: achaaprOeTOH, O04aT IMI1aKTaphl, KPEMHUII Ta3bl, K04 TOCeMAepi
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MeToauKa IIpOrHO3MPOBaHMS OCaJ0K MOATOILASIEMBIX
dyHaaMeHTOB 2aeKTpoIIeuesi AKCYyCKOTO 3aBOAa
¢deppocnaasos

AnHOTaMs. Agmopamu npedroxkena HOGaAs Memoouka npozHoSUposa s 0cadkos
noomonasiemuvlx PyHoamenmos nocae ux eoséederus. Paspabomarnas memoduxa
1036051 0npedeAund mpedyemyto MOuLHOCHD He 3AMOUEHH020 ZPYHINA 6 HeCcyulem
CAOe 0CHO6AMUS, 4 MAKXKe 6bl0pamb ONMUMAALHYIO 2AYOUHY 6000NMOHUNKEHUS.
Aannas  memoduka npozHoSUposaHus npedoctnasAient 603MOXKHOCHL 6HOCUTND
USMEHEHUS 6 SHAUEHUS KOMNPECCUOHHO20 MOOYAS 0ePOPMAL, UL ZPYHIA U 1epesodHbIX
K02 Pu11eHmos 0 noAyderus boree MmouHbLX SHAYCHUT UAMN06020 MOOYAS.
OcHosHas memamuka UccAed08aHUsl C813aHA ¢ KOMNALKCHBIM AHAAU3OM OCHOBAHUTL
u Ppyndamerimos arexmponeueti No 61 u 63 6 naagurbHom uexe AKcyckozo 3a600a
¢eppocnaasos. B xode pabomvl Oviau mnposederivt UMHXKeHepHO-2e0A02UUECKUE U
2udpozeorozuteckue USLICKAHUS, 2e0PusuecKue UCCAeJ06AHUS, A MAKkKe AHAAUS
MeXHUYecK0z0 COCMOAHUS Yoke cyuecmseytomux Pyndamenmos. Ha xomnaexcrvix
HAYUHO-MeXHUYECKUX UCCAC)06AHUTI pa3spabomana HOo6aAs pacuemHas Mo0eAv,
KOmopas 1no3éorsem mnpedckasamv ocadkiu 30AMULL, YUUmMoveas MHOZ0AenHee
sodonacoiuerive Zpynmos 6 ocnosaruu. Kpome mozo, nposederia overka HadexHocmu
cymwecmsyrouux Ppyrdamenmos arexmponeueir No 61 u 63 u 603M0KHOCHUU UX
nocaedytouieli peKoHCmpyKuuuy 6 Konmexcme npedcmosujeil peHosayuu.

Taxum o06pasom, daririoe uccaedosarive u paspadomartas Ho6as Memoourka AHAAU3A
0cadox noOMONAIEMblX GYHOAMEHMOE U OUEeHKU UX HAJEHKHOCIU SHOCUIN 6AXKHUITL
6KAA0 6 zeomextuueckoe npoexmuposatue. Pesyrvmamuvt darnoii pabomvl mozym
Ovimo npuMeHervl OASL ONMUMUSAYUU NPOEKMUPOSAHUS U PeHOoSAl U 30AHUI
U COOpysKeHuil Ha ocHose DoAee MoUH020 Yuema 6030eicmeus pyHmMosulx 600 Ha
OCHOBAHUSL.

KaroueBbie caoBa: sodonacviuienivie ZpyHmuvl, HeG00OHACLIUEHIDIE ZPYHINDL,
nodmonaietrue,  600onoHuXeHue,  PyHlAMeHm,  NpPozHOSUposAHUe  0CAIKU,
KOMNPeCCUoHHbvle UCHBIMAHUA.

DOI: doi.org/10.32523/2616-7263-2023-145-4-143-153

1. BBegeunmue

CospeMeHHOe TreoTeXHMYeCKOe IIpOeKTMpOBaHMe 3JaHUIl M COOpPY>KeHui TpeOyer
BCeCTOPOHHETO U TOYHOIO I10AX0Ja K pacdyeTy 0cajoK, OCOOEHHO B YCAOBUSAX IOATOILASIEMBIX
TPYHTOBBIX OCHOBaHMIL. DTOT TaIl HPOEKTUPOBaHI OKa3bIBaeT BaXKHOe BAMAHIE Ha HaJe>KHOCTh
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U AOATOBEYHOCTb CTPOMTEABHBIX KOHCTPYKLIMII, BKAIOuas (PyHAAMEHTHI, UTO IIpuoOperaeT
OCODEeHHYIO aKTyaAbHOCTD B YCAOBMSX YXYAIIEHIS DKOAOTMYECKOI OOCTaHOBKM.

l'eoTexnmyeckoe MpoeKTUPOBaHNe OCHOBaHNA BKAIOYaeT B ceDsl KOPPeKTUPOBKY pasMepa 1
rAyOMHBI OCHOBAHMS A0 TeX IIOP, IIOKa OHO He OyAeT COOTBeTCTBOBATh KaK HecCyIIeli ClIOCOOHOCTH,
Tak U Kputepusam ocaaxu. Cpean 9TUX AByX KpUTepues KpUTepuii ocaaku OObIYHO OIlpejeAasieT
IIpOeKTUPOBaHNe HeBOAOHACBIIIEHHBIX OCHOBaHMI. Kak Teopus Hecyilell ciocOOHOCTM, Tak
U Teopus aHaAM3a OCaJOK, MCIIOAb3yeMble Ha IIPaKTUKe, OCHOBAHbI Ha HPeANOA0KEeHNY, YTO
TPYHT A1OO CyXO¥1, 4100 MOAHOCTHIO BOAOHACKIIIeHHEIN. Takum 00pa3doM, BO4OHACHIIIIEHHOCTD
IIOBEPXHOCTHOTO CAOSI IIOYBBI B 30HE BAMSHUS HEBOAOHACHIIIIEHHOTO TIPyHTa 3HAYUTeALHO
MEHeTCA U3-3a TUAPOAOTNIECKUX SBASHNI (CUABHBIX OCa4KOB 11/M1AY HaBOAHEHMIA).

B mocaeanne roapl MHOIMMM MCCA€AOBAaTEAAMU AAsl TEOTEXHMYECKOTO IPOeKTUPOBAHM
IIpe4A0KeHO MeTOABl pacyeTa HecyIllell CIIOCOOHOCTM U OCalKM, OCHOBAHHBIE Ha ITPUHIIMIIAX
MeXaHUKJ HeBOJOHACHIIeHHbIX IpyHTOB [1, 2]. Takke npeasokeH HOBBII MeTOJ, KOTOPBIN
YUUThHIBaeT MCTOpUYeCKe JaHHbIe 00 OcaJKaX U YpOBHe IPYHTOBBIX BOA Ha KOHKPETHOM y4JacTKe
IIpM ITPOEKTUPOBAaHU Ha HeBOAOHACHIIIEHHBIX TPyHTax. JaHHoe nccaejoBaHne 110Ka3al0, YTo
OTAeAbHOE MepOoNpUATHe BOAOIIOHVKEHMs yBeANYUAO IpejeAbHyIO0 HeCyIlylo CIIOCOOHOCTh
ocHoBaHus 1oyt Ha 230% OT HecyIell ClIoOCOOHOCTU IO CPaBHEHMIO C COCTOSIHMEM IT0AHOTO
BoJoHachImenns. Kpome Toro, ympyras ocagka pa3AMYHBIX OCHOBaHUII Oblda CHIDKeHa
npuMepHO 40 87% m 40% OT ocagKy, yumUThIBasl yCAOBUsA IIOAHOV BOAOHAcHIIIeHHOCTH [3]. B
pesyabTaTe 9TUX MCCAeAOBaHNUI ObLA CAeAaH BBHIBOA O TOM, UTO aHAaAM3 HeCylleil ClIOCOOHOCTI
1 0Cag0K BO3MOKHO YAYYIINUTh, @ CTOMMOCTb CTPOUTEAbCTBA — CHU3UTD IPU IIPOEKTUPOBaHUN
HEBOJOHACHIIIIEHHOTO OCHOBaHMS IpPU  YCAOBUM y4yeTa IMAPOAOTUYECKMX IlapaMeTpOB
KOHKPETHOTO yJacTKa U MCII0Ab30BaHIsI MeXaHUKM HeBOJOHACKIIIIeHHBIX IPYHTOB [4, 5].

AAs1 TOUHOTO pacdeTa OcajoK M oDecrieyeHNs Oe30IacCHOCTY CTPOEHUIT Kak B IIpoliecce
CTPOUTEALCTBA, TaK U 4451 y>Ke CYIIeCTBYIOIIUX COOPY>KeHMI, O4eHb Ba’KHO IMeTh TOUHBIe 4aHHbIe
pa3MepoB MEeCTHBIX y9acTKOB BOAOHACKHIIIIEHHOTO TPYHTa B aKTUBHOM 30He pyHAaMeHTa 11 001acTu
HEOAHOPOAHBIX y4aCTKOB OCHOBaHM:A. DTU JaHHbIe HEOOXOAMMEBI 4451 OTIpeAeAeHIsI CTIOCOOHOCTI
IPyHTa BBIAEPKMBATh HArpysku U AAsl HIPUHATUS COOTBETCTBYIOIIUX Mep AAsd YCTpaHeHUs
1po0.aeM, cBsA3aHHBIX ¢ Aepopmanmeii rpyHTa [6, 11]. CaokHBIe TeoTexHMYeCKe 32429l MOTYT
OTpaHMYMBATL IIPMMEHeHUe CYIIeCTBYIOIIUX MeTOA0B TeOpul AMHeNHO-AepopMIUpPyeMbIX
Tea [7]. AanHas Teopus pearioaaraeT, YTO IPYHT BeJeT ce0s1 KaK 1eaAn31poBaHHOe M30TPOITHOe
TBepJoe Tel0, 4TO B peaabHOCTM He BCerda ajekBaTHO OIMChIBaeT (PpaKTMYecKoe COCTOSHIe
rpyHTa. DTO OTrpaHMYeHNe MOXKeT IIPUBeCTU K 3HaUMTEeAbHBIM ITOIPeITHOCTAM, A0IyCKaeMBbIM
IIpU pacyeTe 0caJoOK IIPaKTUIeCK! BO BCeX CAydasix.

Vccaeaosanms, mposegennsie YTeHoBbIM E.C. 11 ero Koaaeramu, mokKa3bIBalOT IIePCIIeKTUBY
IIpMMeHeHUs TeOpUM AUHeNHO-Ae(PpOPMUPYEMBIX Tea AAs pacuyeTa HalpsKeHUI B peaabHbIX
rpyHTax. B paborax oTeuecTBeHHBIX yUeHBIX IIpeJCTaBAeH MeTO/, pacdeTa 0casoK PyHAaMeHTOB
HaACTpauBaeMBIX 3JaHUII C MCIIOAb3OBaHMeM Oe3aMogyapHOro moaxoda [8, 9]. B apyrux
paborax [10, 11] paccMOTpeH BOIIPOC MCIIOAB3OBAaHUA MOAyAsd AedpopManuy TIPyHTa IIPU
reoTeXHNYeCcKoM IpoeKTupoBanum. VccaejoBanms mokasaau, 4TO HECMOTpPs Ha OTpaHUYeHIs
TeopUM AMHEHO-4e(pOPMIPYEMBIX Te, ee IIpUMeHeHNe IIPY pacyeTe HallPsI>KeHUI B peaabHBIX
IPYHTaxX AaeT yAOBAeTBOPUTeAbHbIe pe3yAbTaThl C TOUHOCTBIO 0K0AO 20%. DTO moATBepKAaeT
IIepCIIeKTUBHOCTD MCIOAb30BaHNS 4aHHOTO MeTO4a IIPpY PeIleHn) CAOXKHBIX IeOTeXHUYeCKMX
3aJau IIpu I'paJoCTPOUTEeAbHOM IIAaHUpoBaHuy [12].

2. MeToabl

Axcycknit 3aBog, (peppoCIIA1aBoB pacioA0KeH Ha AeBoM Oepery pexku VIpTeiin Teppuropun
ITaBaoaapckoit o0aacty, Ha paccrosaun 20 KnMAoMeTpoB Ha Ioro-zamag ot ropoda Ilasaoaap
n 2,5 KnaoMmerpa Ha cesep OT ropoda Akcy. B cTpykType mpOMBIIIAeHHO MHPPaCTPYKTYPHI
ropoa UMeIOTCs ABa BeAYIITUX IPeATpUATIs: AKCYCKIiT 3aB04 (peppOCIIAaBOB U DAeKTpUdIecKast
craninsa AO «EDK». 3aBog cBsA3aH ¢ ApyruMu ropodamu, takumm kKak Acrana, Ilasaogap,
Oxnbdactys u CeMuIiaaaTuHCK yepes acpaabTUpPOBaHHbIE I JKeAe3HOA0POKHBIe ITyTH.

144 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



Memoduika npoznosuposarus 0cadox noOMonAseMolx $yHdamenmos arexmponeveii Akcyckozo 3a600a Peppocniasos

Akcycknii 3aBo4, (eppoCIiaaBoB SBASETCS KAIOUEBBIM IIpeAlpusATHeM B o00aacTu
YepHOl MeTaAAypTUM, CIeNMaAu3UpPyIOMUMCI Ha IHPOU3BOACTBE BBICOKOYIAEPOAMCTIX
(peppoXpOMOBEIX, MapraHIIEBBIX I KPEMHUCTHIX CI1AaBOB. OCOOBIN aKIIeHT CAeAaH Ha I11aBUABHBII
Kopmyc 1exa N26, rae OCYIIeCTBASeTCsl ITPOM3BOACTBO BBICOKOYTAEPOANCTOrO (peppoxpoma.
3aBog mpeAcTaBAaseT cOOO0 ABYXIIPOAETHOe IIPOMBIIILAeHHOe 34aH1e CA0XKHO (pOPMBI B I1AaHe,
obaagaloiiee rabaputHeIMHU pasmepamu «1-24, A-b» B pasmepe 276 Ha 24 metpa u «1-20, b-B» B
pasmepe 228 Ha 24 MeTpa. BaskHO OTMeTUTh TakKe ITpUCyTCTBIe AepOpMallMOHHOTO 1IBa B OCAX
«21, A-b». K 34aH1IO0 111aBMABHOIO KOpIIyca HPMMBIKAIOT Ta3004MCTHBIE COOPY>KEHUS B OCIX
«1-4, A». JKecTKOCTh 4aHHOJ KOHCTPYKIIUM OOecIiednBaeTcs B3auMoaelicTsrieM pyHAaMeHTOB,
5/€MeHTOB MeTaAAN4ecKOIo KapKaca, BepTUKAAbHBIX ¥ TOPM3OHTAABHBIX CBs3€ll XKeCTKOCTH, a
TaKoKe MANT ITOKPBITYLL U IePeKPBITISL.

IIpoBeseHHble MH>KeHEPHO-Ie0AOIMYecKye MCCAe/AOBaHMs BBISABUAM, 4YTO HeCylIUM
ocHosaHmneM 1104 $yHAaMeHTH daekTporedert N6l m No63 sBasiorcs ramHel. ToammHa STUX
TAVH BapbupyeT oT 3,2 MeTpa 40 26,7 MeTpOB C IpUOAN3UTEABHBIM JaBaeHueM HaOyxaHus 3,0
krc/cm? ipu otHOCcuTeabHOM HaOyxaHum 0,005. ToamHa HEOTeHOBBIX IAVH apaAbCKOV CBUTH,
BCKpBITasl B XOJe MCCAeAOBaHMI, KAaccupuuupyercs Kak CUABHO HaOyXalOIljas, UM COTJAacHO
CI1 PK 1.02-102-2014, ygactok nasickaamnit otHocutcs K III kaTeropun cA10>XKHOCTM MHXKeHePHO-
reo0A0rm4ecKmx yCAOBUIA.

[Io moseBOoMy ONIMCAHUIO TAMHEI 3€4€HOBATO-CEPble, CBETAO-CEpPhle, TEeMHO Cepble C

BKAIOYeHMeM TUIIca, IIA0THBIe, 004aAaioninii cAeAyIONIMMI XapaKTepUuCTUKaMu: ¥ =181 xH/

M3, Ys = 25,2 kH/m3; Yd = 13,9 kH/m3; Pu =70; €11 = 10,8 xI1a; Bo = 10 MITa; St = 0,95; © = 0,816.
IToapoOHoe onucanue nepeurcAeHHLIX ITapaMeTPOB IpuBeJeHo B Tabanie 1.

Tabanma 1. OnnucaHne napaMeTpoB XapaKTepPUCTUKI TPyHTa

Obo3HaueHne HanmMenosaHne
Onucanne napamerpa
IapameTpa IapameTpa

¥ Y aeabHbII1 Bec Bec eannnIer oobema rpyHTa B €T0 eCTeCTBEHHOM
TpyHTa COCTOSTHUI

e Y aeabHbIN1 Bec Mepa Macchl TBepABIX YaCTULL TPYHTa Ha e AUHUITY UX
TBEPABIX YACTUI] obbeMa

Ya Y AeabHbIN1 Bec Mepa Macchl cyXoit 9acTu TpyHTa Ha e AVMHUILY €TO
CYXOTO IrpyHTa oOpema

i Yroa BHyTpeHHero | Mepa conpoTuBAeHUs IpyHTa K CABUTOBBIM
TpeHus HaIPsDKEHUSAM

e Y aeanHoe Mepa compoTuBAeHN: MEKIaCTIIHOTO CKOABKEHNS B
CIleNlAeHNe TpyHTa | TpyHTe

E, Moayap CooTHoIIIeHNe MeXKAY CKMMAIOIIUM HallpsKeHreM
YIPYTocTu TPYHTa ¥ OTHOCUTEABHOI 0OpaTtuMoii dedpopmariueri,

KOTOPYIO OHO BBI3hIBAET

5. Crenens OrHomrenne o6beMa BOABI B TPYHTe K €TI0 IIOAHOMY
BOAOHACHIIIIEHIIS 00BpeMY

e Kos¢ppunment OrHomenne o6beMa IMMOPOBOTO IMPOCTPaHCTBa B TPYHTE K
IIOPUCTOCTH ero obmeMy o0beMy

dynaament Po-37 saekrponeun PK3-63-111 Ne61 BrirtoaHeH 13 MOHOAUTHOTO JKeAe300eToHa
n umeet popmy ancka c guamerpom 12.00 M. Ero rayomna szaaoxenms cocrasaser 3.0 M oT
YPOBHsI YMCTOTO I104a IePBOTrO dTa’ka I1aBMABHOIO mexa Ne6. Caeayrommit pyHaameHT Po-1
naektportedn PK3-63-111 Ne63. On Taxske BBIIIOAHEH B pOpMe AMCKa, HO nMeeT aguameTp 14.26
M C IPsIMOYTOABHBIMU BEICTYIIaMu. I'ayOnHa 3aa0keHns 5Toro pyHiaMeHTa coctapaseT -2.30 M
OT YPOBHsI YMCTOIO I10/a IIePBOTo 9Taxka I1A1aBUABHOTO 1exa No6.
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AHaAn3 MHXXEeHePHO-Te0A0TMYeCKIX BHIpabOTOK I pe3yAbTaTOB 4a00PaTOPHBIX MCITBITAHUIA
TPYHTOB I103BOANA OIIpeAeAUTh Te0A0TMIecKoe CTpoeHMe ydacTka Ha rayouny 8,0-30,0 m. Ot
BePXHEero €405 K HVMKHeMY IIPUCYTCTBYIOT cAelyioline oOpasoBaHUs: CHadada 4eTBepTUYHbIe
OTAOXKEHMNS, NpeACTaBAC€HHbIe IIeCKaMM KPYIHBIMM MU IIeCKaMM TIpaBeAUCTBIMU, 3aTeM
HEOTeHOBbIe TAMHBI 11aBA0AAPCKOI CBUTHL. DT 0Opa3oBaHMs IOKPBIBAIOTCA CA0€M HaChIITHBIX
TPYHTOB.

Aas IpoBegeHNsl KOHTPOABHBIX PacyeTOB 0CasOK IPYHTOB OCHOBaHMS (PyHAaMEHTOB ObLAY
JCII0AB30BaHbl TPeOOBaHMS A@VICTBYIONINX CTPOUTeABHBIX HOPM, B yactHOCcTy CIT PK 5.01-102-
2013 OcHoBaHMs 34aHUI U COOPY>KEHMIA.

Pacuem ocadox cyuecmeyrowezo pyndamenmos neveii Ne61 u Ne63 Axcyckozo 3asoda
Peppocnrasos ¢ yuemom nodmonAeHus zpyHmos OCHOBAHUSA 6 IKCHAYAMAYUOHHDBLIL nepuod
6e3M00YyAbHBIM Memodom

IIpoexTnpoBanme u IIPOTHO3MpPOBaHME OcCaJky (QyHAaMeHTa P THOATOILA€HUN
IIpeABapUTeAbHO YIIAOTHEHHBIX TIPYHTOB OCHOBaHUA SBASETCI CAOXKHON 3ajadeil B
TeOTeXHNYeCKOM  mpakTuke. llogTomaenme mpeaBapuTeAbHO  YIIAOTHEHHBIX —TPYHTOB
¢pyngamenta MoXKeT NPUBECTM K BO3ZHUKHOBEHMIO JONOAHUTEABHBIX OCaAOK, KOTOpPBIe
HeOOXOAMMO YUYMUTBIBATh IIPY IPOEKTUPOBAaHMUN. DTU OCaAKU MOTYT OBITh BHI3BAHBI I3MEHEHeM
TUAPOAOTUYECKUX YCAOBUII a TaKKe ITOBBIIIEHMEM YPOBHsA I'PYHTOBBIX BOJ B OKpY>Kalollei
obaactu. Jas TPOTHO3MPOBaHMUA OCasKu (PyHAaMeHTa IIPY IOATOIAEHUM IIpeABapUTeAbHO
YIAOTHEHHBIX TPYHTOB MCIOAB3YIOTCS pa3AMYHBIE METOAbl M MoJean. Bakno mposoguth
AeTaabHOE NCCAeA0BaHNe IreOTeXHMYIeCKIX CBOJICTB ITPYHTOB I IIPOTHO3MUPOBATh X ITIOBEAeHIIE
10/, BO34eICTBIeM Baaru. /s pelenus 9Toi 3a4auy Mbl MOKeM MCII0Ab30BaTh OIlpejeAeHHbIe
AOIIYIIEeHNs, KOTOpble IIOMOIYT NpUOAN3UTEABHO OLIEHUTDh gaHHOe sBAeHne. CoraacHo 5TuM
AOMYIIEHUsAM IpejlioaraeM, 4TO «BbI3BaHHBIE AAUTEAbHBIM BO3AENCTBMEM Harpy30K OCaAKu
OCHOBaHI:I MIMEIOT CTaOMABHBIN XapaKTep C HEOAHOPOAHO YIIAOTHA@MBIMU ITPYHTaMM B ITpejeaax
C>KMIMaeMOI1 30HBI B COOTBETCTBUU C UX HAIIPSIKeHHBIM cocTossnmeM. [TosTomy gonoanuTeabHas
OcCaJKa cymecCTBy1omero (bYHAaMEHTa B IIponiecce 11o4TOI1A€HNs €ro OCHOBaHIST ITPOMCXOAUT I10
aHa/AOIUMU C SIBA€HMEM IPOocaJKM, BBI3BAHHON OcAa04eHreM CTPYKTYPhl TPYHTOB B ITpOIecce MxX
3aMadlVIBaHVIsI».

Aas onpejeaenus ocaaku 0e3MOAyAbHBIM METOAOM UCIIOAb3YeTCsl caedyiommas popmyaa:

1 — 142
s=L1.3x5[n a-22),

M

rae tpn_ HOMEP 11 KOAMYECTBO BbIACAEHHDBIX YIIAOTHIEMbIX 30H OCHOBaHIL, Ags_ I1ao01raab

V. i €y

IIOAOIIBH PYHAAMEHTa; iz — 00beM ~ — OJf YIIAOTHAEMOI 30HBl OCHOBAHIS;

i?
MTOPUCTOCTH TPyHTA IPUPOAHOTO CAOXKEHMs; ©2 - KODhPUIMEHT OPUCTOCTH TPyHTa,
i3 -
Ay posmmkaomero B ¢ — oit 3ome

— KodQPuUITIeHT

YILAOTHEHHOTIO 110 A€VICTBMEM CKIMAIOLETO HallpsKeHIAs
OT BHEIIIHEN Harpy3Ku.

Aas pacueta ocagok (PyHAAMEHTOB C pasHBIMU (pOpMaMM ITOAOIIBE, TaKUMU KaK KpYT,
KBaJpart U PsIMOYTOABHUK, IPUMeHsIeTCsl 0e3MOAY ABHBIN METOA. DTOT METOJ IT03B0AsIeT yJecTh
0CODEHHOCTM TPYHTa 1 reoMeTpuu pyHJaMeHTa IIpU pacdeTe 0caloK, He Tpedys nHpopMaInm
0 MOAyAe YIPYTOCTU IPYHTA.

B caydae, ecam ocHoBanme ¢yHgaMeHTa IIOABepraercs IOATOILAEHMIO 40 Hadada
CTPOUTEABCTBA, MOXKHO YIIPOCTUTH pPacdyeT OXUAAeMON OCagKu A4S IIPOEKTUPYeMOTO
JyHaaMeHTa, NCX0ASA U3 3a4aHHBIX YCAOBMUIL (CM. pUCYHOK 1a):

5= (S:lz +53nr.:zawj = Su 2)

7
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5

r4e ~'m — Haxo4s4AIasCs BBHIIIe YPOBHA I'PYHTOBOIO BOAHOIO 3epkada (YIB) m cocrosmas

3 I'PYHTOB €CTeCTBEHHOI BAA>XHOCTU U IIAOTHOCTU OoCagKa He 3aMOYEHHO YacTu aKTUBHOU

30HbI OCHOBAHILSL; = satmew — HAXOAAIIANCS HIDKE YPOBH:I TPYHTOBOIO BOAHOTO 3epkaaa (YIB)

" BKAIOYaOImMasiCia ITIOABEP KEHHbIE ITOATOIIAEHNMIO BOJAOHACBIINEHHbIE I'PYHTBI €CTeCTBEHHOTO

5,

U — HOpMaTHBHas

IpeJeAbHO AOIycKaeMasl BeAnumHa ocaaku ¢pyHgamenta [1, 2, 3]. Ocaaknu S, 7 5

COCTOsgHIMA OCagKa 0c2a0A€HHOM YacTy aKTUBHOM 30HBI OCHOBaHI;

Fatarew

HaxoAsTcs popMmya0it 0e3MOAYyABHOTO MeToAa pacdeTa ocalok [9, 10] myreM ydeTa m3MeHeHHBIX
3HaYeHMI KO®PpPUITeHTa IOPUCTOCTY I'PYHTa € 110 KOMITPeCCHOHHBIM KpuBbIM 1 1 2 (puc. 2),
OTpa’karoIINM 3aKOHBI CKaTUs TPYHTa B pa3AMYHBIX (PU3NIECKMX U HaIIPsKeHHBIX COCTOSHIUAX
B IIpedeaax coorseTcTryiomux 30H I, II, III akTusHOI 064acTu ocHOBaHMA (puc. 10).
PaccMOoTpuM aaroputm pacyeTa OcCaJoOK IPOEKTHPyeMOro (yHJaMeHTa BKAIOYaeT ydeT
Pa3AMYHBIX IOAOXKEHMII YPOBHsA I'PYHTOBBIX BOJ OTHOCUTEABHO IAyOMHBI CKMMaeMOJ 30HBI

dyHAaMeHTa H, (pmc. 1).

IToaoxenue 1 (WL @) cooTBeTCTBYeT HaxoxXaeHuio YI'B Ha rayonne < = ¥1 oTHOCUTEABHO
OTMETKU ITOAOIIBHI PyHAAMEHTa; IIPY STOM BeANYIHa ITOAHITIUS YPOBHS IPYHTOBBIX BOJ PaBHO

HYyAIO hewo-= 0, a ypoBeHb IPYHTOBBIX BOJ, AOCTUTAeT HIVDKHEN TPAaHMIIBI CKMMaeMOIl 30HBI
OcHOBaHM:A. B sgaHHOM cayyae ocHOBaHMe SBASETCA HE3aTOIAEHHBIM M COCTOUT U3 IPpyHTa C
€CTeCTBeHHOI BAa>KHOCTBIO U 0CagKy pyHAaMeHTa caelyeT OIpeAeasTh UCXOAs U3 9Toro. Jas
DTOTO UCIOAb3YeTCsl KOMIIPECCMOHHAs KpuBas 1, KoTopast I03B0AseT OL@HUTD CTeIIeHb CKaTus
TPyHTa U COOTBETCTBYIOIIYIO ocalKy ({yHAaMeHTa. [Ipm pacuyere caeayeT ydecTb BeAMYMHY
Harpysku Ha (pyHAaMeHT U XapaKTepUCTUKU I'pyHTa (puc. 2).

IToaoxenue 2 (WLi) npu ¥ = F2 COOTBEeTCTByeT cAydalo, eCAM OCHOBaHUe YacTUYHO
IIOATOIIE€HO, TO YPOBEHb I'PYHTOBBIX BOA OyAeT IMOAHMMAThCA U AOCTUTHET 3HAaYeHILsI, paBHOTO
pasHulle MeXay noaHsATreM YI'B m HICKHeN rpaHmiieil cKMMaeMol 30HBI OCHOBaHU:A. DTO
O3HauaeT, 4YTO BOJAa IIPOHMKAeT B IAYOMHY, Ide IPOUCXOAUT CXKaTyue I'PYHTOB, U CO34aeTcs
oIpeje/eHHOe JAaBAeHle Ha ocHoBaHMe. Bearunna moanuatus YI'B saBaseTcs BaxKHBIM PaKTOPOM
IIPU IIPOEKTUPOBAHUN U OIleHKe CTabMABHOCTYI OCHOBAHILA:

how, = [Hy — (B + "5’1;)], (3)

H

rae “*a — dpakTmyeckas rayonHa CKMMaeMOJi 30HBI OCHOBaHUS; hf u hﬂ -

MOIITHOCTM 30H |

u 11 o ocu 0 3/ 8. B s1om moaoxeru YIB IOATOIIA€HMIO TI0ABEpraeTcsl TOALKO CAOM I'PYHTa
B CaMOU Maao 3arpykeHHon 3oHe III ocHoBanms kak BuAHO u3 puc. la. IlosTomy ¢ yueTtom

=]

YMEHBIIIeHHOTO 3Ha4YeH:s Koo PUITMeHTa MOPUCTOCTH ~ IO KpMUBOIL 2 (puUC. 2) B COOTBETCTBUM

5

1
C HallpsDKEHHBIM COCTOsIHMeM rpyHTa B 30He III (mpn Agy ) A4Sl OIpeAeAeHNUs = sat.new B pacdeT
BBOAMUTCS BeAMdNMHa M3MeHeHUs (YMeHbIIeHNs) oObeMa CKMMaeMOM 30HbI OCHOBaHU:A B €ro
yuactke @2 €1b;
Koraa ob6Bognenmnio nojasep:keHa 3HauuTeAbHasl 4acTh CXKMMaeMOil 0041acTy OCHOBaHUS,
cocrosias 13 HeckoAbkux 30H (11 II), oTanyaromyxes HalpsIKeHHBIM COCTOsIHMEM, ITI0A0KeHe

3 (WLi) npu © = “3 nokaseiBaer 604ee OOIIUIT cAydaii TOATOIAeHNs. B 9TOM cayuae caeayer

a,aca,, bb,b,c,a,c b,

o KPUBOU

YUNUTHIBaTh M3MeHeHus oobemos 30H III n II B yyacTkax ocHoBaHU:A

abe IIyTeM BBEACHISI B pacueT I3BMEHEHHbIX 3HaUYEeHUU KOB(I)CI)I/IL[I/IQHTa IIOPUCTOCTN

1 I
2 (puc. 2) B COOTBETCTBUM C HAIIPs>K@HHBIM COCTOssHMeM rpyHTa B 3oHax III n II (ipu Aoy™ y Agy

5

) AASL OIIpeACACHIIS ~ satmew ,
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M3menenne YPOBH: TPYHTOBBIX BOJ MOJKET IMMETb 3Ha4MTEAbHOE BAVIIHIE Ha OCaAKy
(l)yH,ZI,aMeHTa, ITIOCKOABKY Hanboaee Harpy>k€HHbI€ Yy4acCTKI OCHOBaHMI YaCTO IIOABEPIraroTcs
II10ATOIIA€HUIO. BBOAa IMPOHMKAET B OTU YIaCTKN 1 MOKET BbI3BAaTh ISMEHEHIIE CBOIICTB I'pyHTa,4TO
MOKeT IIpUBEeCTN K AOIIOAHUTEADHBIM OCEAaHIISIM (IDYH,ZI,aMeHTa. HOBTOMy npu pacCMOTpPEHU
BausiHus YI'B Ha OCaaKy Cl)}IHAaMeHTa HeO6XOAMMO y49uUThIBaTh 0CODEHHOCTU ITIOATOIIACHM N

(WL 03)

paciipeaeaeHne Harpy3km Ha OCHOBaHIeE, TToaoskenune 4 XapaKTepusyeTcs 3HadyeHleM

< 7 ~4 HeoOxoAMMO y4uUTHIBaTh M3MeHeHNUs oObeMos rpyHTOB 30H I, II m III B mpeaeaax

5

BOAOHACBIIIEHHOTO CAOsI 'I"GWE AAsl OIpeAeleHMsl OcaaKu = satmew OCAa0A€HHOV dYacTu

OCHOBaHIs, II0ABeP>KEeHHOII 00BOAHEHUIO.

Wi

z'h

a) aas caydas 1 - Ilogronaenne ocHoBaHM:A b) aas caydas 2 — IlogTonaenne ocHOBaHMA
BO3BOAUMOTO (pyHAaMeHTa cymiecTByioniero GpyHjaMeHTa

Pucynok 1. PacueTHble cxeMbl

3. PesyabTaThl M 00CyXAeHIe

HOAY‘-IEHBI COOTBETCTBYIOLIIVIE  3Ha4Y€HIsI  CHVIDKEHISI KOB(l)(l)I/ILU/IeHTa IIOPUCTOCTIL

rpyHTa Aegt _ 0,024, Aegir _ 0,018; Aeur _ 0,012 B pesyabrate MOAEAMPOBAHUS ITOBEAEHILS
CyIIecTByIOIero (pyHAaMeHTa P ITOATOILA€HUN €rO OCHOBaHM IIyTeM IIPOBeAEeHMs Tpex

Hapa/l/le/lebIX KOMHPECCI/IOHHHX OIIBITOBC YHAOTHEHHBIMI/I O6paSL[aMI/I FPYHTa, HO,ZI,BeerYTLIMI/I
Aal Acl Aglt
ynAOTHeHeHI/IIO 1104, HarpySKaMI/I 1, 1 u 1 u HOABepl"HYTLIMI/I 3aMa4dlMBaHUIO I10A DTUMMU

>Ke Harpyskamu (puc. 2).
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Pucynok 2. KomnipeccuoHnHble KpuBbIe TPyHTa OocHOBaHMs (pyHAaMeHTa: 1 11 2 — OTIIBITHBIE KpUBbIe
CKaTus TPYHTa C eCTeCTBeHHOI BAa’KHOCTBIO U B BOAOHACLIIIIEHHOM COCTOSIHIM; ® — OITBITHEIe
TOYKM; ® — TOUKM Ha OIBITHBIX KPMBLIX, ICIIOAb3yeMble IIPM pacyeTe 0caloK 10 0e3M0oAyAbHOMY
MeTOoJy; V — IIpejliodaraeMble OIIBITHBIE TOUKH, I0AydaeMble B pe3yAbTaTe 3aMadlBaHIAs
AAUTEABHO YIIAOTHEHHBIX TPYHTOB OCHOBAHI: CYIIIeCTBYIONero pyHjaMeHTa.

,ZI,OHOAHI/ITQABHI)IG OocCagKm qDYHAaMeHTa CymeCTBYIOIlIeFO 34aHNs, YYUTBIBAasl YpPOBEHDb
IIA0THOCTM rpyHTa n 1ocdaeayioniee I10ATOIIAeHIe, HpOiIBI/I[lI/ICI) 3HAYNTEeAbHbIM 06pa30M:
) S WLy S

AAS TIOAOXKEeHUs 2 (WLl zatnmew= 4,6 CM; AAs

HoAOXeHUs 4 (WLE) S satmew= 7,5 cMm.

[IpeaaosxeHHBINT MeTOA NPOTHO3UPOBAHMS Pa3BUTUA AOIMOAHUTEABHBIX OCaJAOK IpU
IIOATOIIAeHNI OCHOBaHMIA CyIIIeCTBYIOIINX 34aHUI sBAsSeTCS DO0Aee TOYHBIM M HaAeXKHBIM IIO
CpaBHEHMIO C PeKOMEeHJalVsIMI CTPOUTEABHBIX HOPM. DTOT METOJ IIO3BOASIET OIpeAeANTh
AOITyCTUMYIO BeAMYMHY ITOBBLIIIeHNs] YPOBHS IPYHTOBLIX BO 1 BHIOpaTh ONTUMAaAbHYIO TAyOUHY
BOZOIIOHVI>KEHUSI.

JaHHas MeToAuKa OTAMYaeTcs OT CTaHAAPTHBIX PeKOMeHAallMil TeM, YTO OHa Y4MUThIBaeT
0o1ee peaanCTUYHbBIE YCAOBUSA VM M3MEHEHNs B CBOICTBAX I'PYHTOB B IIpoOIlecce MOATOILAEHN.
baarosaps mcrioap3oBaHMIo 6€3MOAYABHOTO II0AXOAa U ydeTy Koo(p@UIMeHTa IOPUCTOCTU
TPYHTa B Pa3AMYHBIX COCTOSHNAX, AaHHAs MeTOAMKA IIO3BOASEeT IOAY4YUTh OOJee TOYHEIe
pe3yAbTaThl MOpM IPOTHO3MPOBAaHUM AOMOAHMUTEABHBIX oOcagok. Taxum obOpasomMm, oHa
criocobcTByeT 0oee TOYHOMY OIlpeseAeHMIO AOIYCTUMBIX IIapaMeTpOB BOAOIIOHVDKEHUS
U rAyOMHBI IOATOIAEHMs, YTO MOXKeT OKa3aTh CyIlleCTBeHHOe BAMsHMe Ha Oe30MacHOCTb U
HaAe>XHOCTh PYHAAMEHTOB CYIIeCTBYIOINX 3AaHMNIA.

satnew = 1,40 cM; a4 moaoskeHUs 3 (

4. BbiBOABI

MccaeaoBanus MHKeHEPHO-TEOAOTMYECKMX XapaKTePUCTUK Ha MEeCTHOCTM II03BOASIOT
yTBep>KAaTh, YTO Ha IA0lajKe HabAIOAaeTCsd HeOAHOPOAHOE IOBBIIIIeHNe YPOBHS I'PYHTOBBIX
BOA. DTO CBUAETEALCTBYeT O AOATOBPEMEHHOM BO3AeMCTBUM BAaru Ha IPYHTBl OCHOBaHM,
BKAIOYasl HaOyXaIOIIyIO IAMHY, YTO, B CBOIO O4epeab, 4acTo sBAsSETCSI MICTOUHMKOM JedopMarinii
JpyHzamMeHTa 1, KaK CAeACTBMe, YXyAIllaeT ero HaAeXXHOCTb U CTaOMABHOCTb B IIpoliecce
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®KcnayaTanuun. /ONoAHNUTEABHO, TOAUYHOE IlepuoAudeckoe IOATOIAeHue IiAomaau (oT
MUHMMaAbHON oTMeTkn 127,30 g0 maxcummaasHom 128,00) mpmBOAUT K CYILIeCTBEHHBIM

U3MEHEHISIM XapaKTePUCTUK CKMMaeMocTu (MoAyast gedpopmannu ED) Y OPOYHOCTU (c:,cp
) TPYHTOB B pa3AMJIHBIX CAOSIX OCHOBAaHM:A. DTY M3MEHEHMsI OOBIYHO CBA3aHBbI C 3HAYUTEAbLHBIM
CHIKEHIeM JaHHBIX IIapaMeTpoB, 4acTo B ABa 1 0Ooaee pasza. BaxHO oTmernTs, 4TO 3TH
M3MEeHeH!s MMeIOT HeOAHOPOAHBIN XapaKTep KakK B IpeJeaax IaomaAu pyHAaMeHTa, TakK U
BAOADB €ro TAyOMHBL.

B aaHHOM caydae, HaAMYMIe CAOKHBIX T€0A0TMYeCKIX yCAOBUIT, OCOO@HHO TP OTPaHNYeHHOI
APEHNPYeMOCTII TPYHTOB, MOJKeT C034aTb He0AarompUsTHbIE YCAOBMUS AASl HaAeKHOCTHU
¢pyHaameHTOB. B Takmx cuTyalmsx pa3phiB MeXXAY IIpoIieccoM (puAbTpaliy BAaru U IpOIeccoM
VIIAOTHEHMS TPYHTa (Cy>KeHlUe II0p) MOXKeT CO34aTh M30OBITOYHOe AaB/AeHle B IIOPOBOIL BOAE,
9TO B UTOTe MOXKET IIPUBECTY K HeCTaOMABHOMY COCTOSIHIIO (pyHAaMeHTa MAN K CyIIleCTBEHHBIM
I11aCTUYeCKNM AepOopMansIM IPYHTOB.

[nkangecknii xapakTep IOATOIIA€HUsI TPYHTOB OCHOBaHM: IMeeT HeDAarompusaTHOe
BO3JETICTBIIE Ha pa3BUTIE 0CajOK PyHAAMEHTa; HTO IPUBOAUT K HEPAaBHOMEPHOCTY Pa3BUTI
0ca/oK, KaK II0Ka3bIBalOT pe3yAbTaThl aHaAM3a:

IIPU MICIIOAb30BAHNY METOAA IIOCAOTHOTO CyMMU POBAHMA A5 PYHAAMEHTOB DAeKTpOIIeders,
oca/Ka yBeAndnBaeTcs 1104 BO3AelCTBIeM IPYHTOBBIX BOA: 5,85 cM < 6,84 cm;

Ipu pacuere 0e3MOAYABHBIM METOAOM C y4eTOoM (PaKTOPOB YILAOTHEHHOCTU TIPYHTOB U
I10C/AeAYIOIIero IMOATOILAeHIS A0IIOAHUTeAbHBIe 0calky PyHAaMeHTa cocTaBAaioT: 1,40 cm < 4,6
cM<7,5cM. DTI AaHHbIE IOKa3bIBAIOT peaabHble 0CagKM (PYHAAMEHTOB, BBI3BAaHHbIE [I0OATOIIA1€HUIEM
TPYHTOB OCHOBaHNs, @ TakXXe M3MEHEeHUAMU CKMMaeMOCTV I'PYHTOB, 3aBUCAIIMMM OT YPOBH:
00OBOAHEHMS AU BBICBIXaHISI.
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AKcy ¢peppOKOpBITIIA 3aYBITBIHAAFBI 91€KTpP MeMTePiHiH cy 0acKaH ipreTacbIHbIH
meryin 6oaxay aaicremeci

T.T.Myca6aes’, H.XK. )Kymaanaosa®, A.T. Myxameaxanosa', C.K. Mycuna®
"/1.H. I'ymunres amuvirdazvl Eypasua yammuok ynusepcumemi, Acmana, Kasaxcman
290iakac Cazoinos amvindazol Kapazandv mexnuxarvx yuusepcumemi, Kapazando, Kasaxcman
3M.B. Aomonocos amuirdazvt Mackey memaekemmix ynueepcumemi, Mackey, Peceii

Angpatma: AsTopaap cy 0OackaH ipreTacTap caAblHFaHHaH KeifiH OJapAbIH >KaybIH-IIAIBIHBIH
6oaKayAblH >KaHa 9AiCiH YCBIHABL O3ipAeHreH o4ic HerizAiH >KyK KeTeprim kaOaThiHAa cyalaHOaraH
TOMBIPAKTHIH KaXKeTTi KyaThIH aHBIKTay¥a, COHAAN-aK CyAbl TOMEHAETYAIH OHTallABl TepeHAIriH TaHAayFa
MyMKiHAiK Oepeai. Bya Ooaxay oaicremeci mramnray MoayaiHiH goaipek MoHAepiH aay yIIiH
TONIBIPAKTHIH AedOpMalMsACHHBIH Kbicy Mogyainig >xene aygapsiM KosduimeHTTepiHiH MaHAepiHe
esrepicrep eHrizyre MyMkiHgik Oepei.

3epTTeyAiH Heris3ri TaKkpIpbIObl AKCY (PeppOKOPHITIIA 3ayBITBIHBIH 0aAKBITY IjeXbIHAarel Ne 61 sxone No
63 9aeKTp HeITepiHiy Herizgepi MeH ipreTactapblH KellleHAi TaagayMeH OaiiaaHbIcThl. JKyMbic OaphICBIHAA
VxeHepAiK-re0A0TUAABIK JKoHe IMAPOTe0AOTHUAABIK 3epTTeyaep, reopU3NKaAbK 3epTTeyaep, COHAAl-
aK OypwpiHHaH Oap IpreractapablH TeXHUKAABIK >Kali-KyHiHe Taajay >Xyprisiaai. Kemenai rbrabmvu-
TeXHMKAABIK 3epTTeyaepe Oasalarbl TONBIPAKTHIH KOIDKBIAABIK CY KaHBIKTLIABIFBIH eCKepe OTBIPHII,
FUMapaTTapAbIH >KaybIH-IIAIIBIHEH 00AKayFa MYMKiHAIK OepeTiH JKaHa ecertey MoJeai kacaaanl. bysan
H6acka, No 61 >xoHe 63 DAeKTp IeIITepiHiH KOAJaHBICTAFDl ipreTacTapbiHbIH CeHiMAiairiHe >XoHe oaapAbl
aa/arbl JKOH/AeY KOHTeKCTiHAe KelliHHeH KaliTa Kypy MyMKiHJirine 6araaay >Kypriziaai.

Ocnpiaaiimta, Oya sepTTey >koHe cy OackaH IpreractapAblH IIeriHAidepiH TalaayAblH JKeHe OJdapAblH
ceHiMaiairin OarasayAplH >KaHa d4icTeMeci reoTexHMKaAbIK, >koOadayra MaHBI3ABI yAec Kocaabl. bya
SKYMBICTBIH HOTVKeAePi JKep acThl CyAaphIHBIH HeTi3epTe acepiH 49 AipeK ecerke aay HeTizinAe FuMaparTap
MeH KYPBLABICTapABI )K00aaay MeH XOHAeYAl OHTallAaHABIPY YIIiH KOAJAHBLAYB MYMKIH.

TyiiiH cesaep: cyMeH KaHBIKKAH TOIBIpaKTap, CyMeH KaHBIKIIaraH TOIBIpakTap, cy 0acy, cyAblH
TeMeHJeyi, ipretac, 6o4>kay >KaybIH-IIAIIBIH, KbICY ChIHAKTaphI.

Methodology for predicting settlement of waterlogged foundations of electric furnace
foundations at Aksu Ferroalloy Plant

T. Mussabayev', N. Zhumadilova®, A. Mukhamedzhanova', S. Mussina®
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
*Lomonosov Moscow State University, Moscow, Russia

Abstract. The authors proposed a new method for predicting precipitation of flooded foundations
after their construction. The developed technique makes it possible to determine the required capacity
of the non-soaked soil in the bearing layer of the base, as well as to choose the optimal depth of water
reduction. This forecasting technique provides an opportunity to make changes to the values of the
compression modulus of soil deformation and conversion coefficients to obtain more accurate values of
the stamp module.

The main research topic is related to the complex analysis of the bases and foundations of electric
furnaces No. 61 and 63 in the melting shop of the Aksu ferroalloy plant. In the course of the work, engineering-
geological and hydrogeological surveys, geophysical studies, as well as an analysis of the technical condition

BECTHWVK EHY umenu /A.H. T'ymuresa. Cepus mexnuveckue HayKu U mexHoA0ZUl Ne 4/2023 151
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



T.T. Mycabaes, H.2K. 2Kymadurosa, A.T. Myxamedxarosa, C.K. Mycuna

of existing foundations were carried out. Based on comprehensive scientific and technical research, a new
calculation model has been developed that allows you to predict the precipitation of buildings, taking
into account the long-term water saturation of soils in the base. In addition, the reliability of the existing
foundations of electric furnaces No. 61 and 63 and the possibility of their subsequent reconstruction in the
context of the upcoming renovation were assessed.

Thus, this study and the developed new methodology for analyzing the sediment of flooded
foundations and assessing their reliability makes an important contribution to geotechnical design. The
results of this work can be applied to optimize the design and renovation of buildings and structures based
on more accurate consideration of the impact of groundwater on the foundations.

Keywords: water-saturated soils, non-water-saturated soils, flooding, water reduction, foundation,
precipitation forecasting, compression tests.
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Calculation and modeling of seasonally freezing soils of the
highway located near Kosshy town with Frost 3D program

Abstract. This article simulates ground conditions on a road section near Kosshy settlement
(Astana, Kazakhstan) using Frost 3D modeling program. This program is used in scientific
and engineering projects to assess the impact of climate change on frozen soils and engineering
structures built on them. This program allowed to perform a thermal forecast for a section of
road pavement, which is located in the third climatic zone, where the soil is saturated with
moisture and has a high filtration rate. A three-dimensional model of the design area was also
developed, taking into account the terrain and geological and lithological structure of the soil.
This software complex allows to receive scientifically grounded forecasts of thermal regimes of
permafrost soils under conditions of thermal impact of pipelines, production wells, hydraulic
and other structures taking into account thermal stabilization of the ground. In this work
we applied the program capabilities for seasonally freezing soils of Astana. Modeling in the
program Frost 3D Universal allowed us to simulate and predict heat and mass transfer in the
ground, as it can affect the service life of the road surface. The soil bases of highways as well as
pavement layers remain in a stable frozen state during short-term temperature increases up to
+6.6 °C and have a sufficient safety margin. When the air temperature rises for a short period
of time, only 25 cm of the upper part of the pavement is exposed, which corresponds to the top
layer of the hot highly porous asphalt concrete mix base.

Key words: Frost 3D, frozen soil, highway, computer modeling, epoxy resin.
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1. Introduction

The Frost 3D Universal software complex allows you to obtain scientifically based
forecasts of the thermal regimes of perennial frozen soils in conditions of thermal impact of
pipelines, extractive Wells, hydraulic engineering and other structures, taking into account the
thermostabilization of the soil. The software was developed on the basis of simmakers ten-year
experience in the field of programming, computational geometry, numerical methods, three-
dimensional visualization and parallelization of computational algorithms. The studied section
of the highway is located in the area of the Karkaraly highway, 8 km from the bypass road
towards the village of Kosshy.[6]

The predictive-thermal calculation of a road pavement fragment in the road climatic zone in
a section of moisture saturated soil with high filtration rate was carried out. The road section is
located at 50° north latitude. The size of the modeled section is 80x24 m. The ground slope is 1: 2
m. The site to be modeled is shown in Figure 1.[1]
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Figure 1 - Investigated area on the map

The groundwater surface is level, intersected by the left and right boundaries of the site
at a depth of 2.1 meters below ground. The temperature at a depth where there is no annual
thermal variation is -1.5°C. The climatic conditions are outlined in Table 1. The average thermal
conductivity of the winter snow cover is 0.28 W/(m‘K). The temperature is rising at a rate of
0.06°C per year [2].

Table 1. Climatic conditions

Parameters Months

1 2 3 4 5 6 7 8 9 10 11 12
Air -151  -148 -7,7 54 138 193 207 183 124 41 -55 -121
temperature,
*C

Wind speed, 4.7 4.4 5 45 45 41 41 37 38 46 5 47
m/s

Snow cover 019 023 019 001 O 0 0 0 0 0 0.04 0.13
height, m

2. Methods and materials

2.1 Features of the Frost 3D program

Basic functionality of Frost 3D Universal:

- creation of a three-dimensional geometry of the calculated area, taking into account the
relief of the Earth’s surface and the geological and lithological structure of the soil;

- creation of a three-dimensional geometry of the foundations and foundations of pipelines,
production wells, structures;

- Import three-dimensional geometries of objects in Wavefront (OB]J), StereoLitho (STL), 3D
Studio Max (3DS) and Frost 3D Objects (F30)formats;

- maintaining a database of thermal and physical properties of soils, materials of construction
objects, climatic factors and parameters of cooling devices;

- designation of thermal-physical and hydrological properties and conditions of heat
exchange on the surfaces of objects for three-dimensional geometric objects;
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- calculation of the temperature distribution in the design area and the composition of non-
frozen water, taking into account phase transformations and convective heat transfer;

- calculation of groundwater filtration;

Advantages of Frost 3D Universal:

- based on modern scientific achievements in the field of quantitative methods and
mathematical modeling of thermal mass transfer processes;

- The calculation algorithms of the Frost 3D Universal program are parallel to the multi-core
64-bit CPU and GPU architecture, which made it possible to increase the calculation speed tens
of times compared to sequential calculation algorithms;

- is a unique software solution that takes into account the features of the process of thermo-
stabilization of frozen soil using cooling devices;

- allows a long-term forecast of the thawing of perennial frozen soils of large estimated areas
(kilometers);

- takes into account the influence of the dynamics of changes in the thickness of the snow
cover and the intensity of solar radiation on the temperature regime of the soil;

- ability to change thermal-physical properties and heat exchange conditions in the
calculation process;

- calculation of groundwater filtration;

- convective transport of heat by filtration of groundwater takes into account.

2.2. Numerical Simulation of 3D Frost

The purpose of the study is to calculate the roadway on frozen soil in the Frost 3D program.
By default, the two-dimensional estimated area is 60x60 M. it is necessary to set the beginning of
the coordinates (0; 0), and the linear dimensions of the two-dimensional platform in the X and Y
directions should be equal to 80 and 20 m, respectively.
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Figure 2. Two-dimensional calculation zone with a size of 80x20 mm

2.3. Creation of materials and determination of their physical properties

Within the framework of the computer model, objects are geological layers, artificial
engineering geological elements, engineering structures and cooling devices. Objects have
geometry (shape and position in three-dimensional space), as well as thermal-physical properties.
In the Frost 3D software complex, a complete set of physical properties of an object is called a
material. Materials are stored in a special database (library), which allows you to install the same
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material on several objects (in other words, it gives the same physical properties to objects that
are different in their objects and positions). The Frost 3D software complex allows you to process
materials (physical properties of existing objects) at any stage of building a computer model [7].
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Figure 3. Geological layers and their parameters

Further, according to Table 1, the average monthly temperature values for 2018. It should be
introduced from the 1st month to the 12th month of 2022.
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Figure 4. Dependence of temperature on time

When you are in the editing mode of geometry elements of objects on the toolbar, you need
to select the “Add Geological drilling” option. Next, the geological well must be placed in the
appropriate place of the site to be modeled. On the “polozhenie and priority” tab, you need
to specify the value of the coordinate of the absolute sign of the estuary (equal to 40 m in the
case under consideration), and in this field you can also edit the coordinates of the well, which
characterize its position in the simulated area. Thus, we place 6 wells on the simulated site. Next,
it is necessary to establish a common chain of geological layers for all wells (Figure 4). In the field
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of properties, you need to add 4 geological layers by clicking on the” Add Layer “button in the”
geological layer “ field.

Figure 5. Sequence and power of geological layers of Wells

To build a heap, you need to select “Create element geometry (rectangle)” from the toolbar
in object creation mode. All parameters of the object are located in the properties area on the
right. Here you need to set the position of the hob, its height, extrusion parameters and other
parameters. By analogy, the parameters of the elements of the heat insulator and the concrete
slab are created, changed and set.

HIE D @ke b2 0% o N = B

T

Figure 6. Concrete slab and its properties

3. Results and discussion

“Editor 2D “to restore three-dimensional geometry on given geometric objects, you need to
click on the “next stage” button in the Go menu. In the “Interpolators” window that appears,
enter the number of interpolation points along the Y-axis to 2 and click “Set”.
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Figure 7. Geometry of a three-dimensional model obtained after Reconstruction from a two-
dimensional drawing

To do this, in the “Editor 3D” tab, you need to go to the page mode of objects and select
the desired page in the three-dimensional geometry of the calculated area, in the” Granichnye
conditions “ field, select the name of the boundary condition corresponding to this page. After
completion or during the calculation process, you can view the obtained modeling results. To do
this, you need to go to the” PostProcessor” Figure 8. In the figures below the mark 0 is taken as
the mark corresponding to 320 m above the level of the Baltic Sea.

Figure 8. PostProcessor

As a result, the color distribution of the temperature is displayed, where blue corresponds
to the lowest temperature, and red-to the highest temperature Figure 9.
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Figure 9. Three-dimensional visualization of the temperature distribution in the XZ section of the
calculation area for January 2023

Recalculation of this model is carried out in the same sequence, but by adding one layer
of polymer. Polymers are widely used in engineering construction, including for vapor barrier
in soil. Polymers are used to create a reliable vapor barrier membrane that protects building
structures from the penetration of water vapor. One of the most common polymers for soil vapor
barrier is polyethylene. Polyethylene membranes have high strength, resistance to corrosion and
chemical influences, as well as good adhesion to concrete and other building materials.[3]

Polymers have low thermal conductivity and volumetric heat capacity, so we use them to
strengthen the vapor barrier on the ground. Epoxy resin was chosen for this work. Epoxy is a
two-component material obtained by mixing epoxy resins and hardener. It is a high-strength and
resistant material that has chemical resistance, adhesion, water resistance and other beneficial
properties. In engineering construction, epoxy is used for various purposes, including corrosion
protection of metal structures, repair of concrete and the creation of vapor barriers in the soil.
In the soil, epoxy can be used to create a vapor barrier membrane membrane that protects
building structures from moisture and water vapor. The use of epoxy in the soil has a number of
advantages. This material has high chemical resistance and resistance to aggressive substances
in the soil, such as oil and petroleum products. In addition, epoxy has a high adhesion to
concrete and other materials, making it an effective material for creating a durable vapor barrier
membrane in the soil. However, there are some limitations to consider when using epoxy in soil.
For example, when applying epoxy to the soil, it is necessary to ensure good surface preparation
and correct application of the material. In addition, it is necessary to take into account the
technical requirements and recommendations of the manufacturer of the material. Changes to
the calculation must be made in paragraph 2.4. where we created geological layers. Add a layer
of polyamide resin 3 mm thick.[4]
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Figure 10. New sequence of geological layers of the well

The next stages of modeling are made in the same order Figure 11.

Figure 11. Three-dimensional visualization of the temperature distribution in the XZ section of the
calculated area for January 2023 with the addition of a polymer layer.

As a result, the color distribution of the temperature is displayed, where the blue color
corresponds to the lowest temperature, and the red color corresponds to the highest temperature.
To visually show the temperature distribution, you need to adjust and display the “scale”, which
indicates the correspondence between color and temperature. [5]
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Figure 12. Mapping in the calculated area of the three-dimensional distribution
of the filtration rate along the X-axis

4. Conclusions

1. As a result of the study, a thermal forecast calculation of a fragment of the road surface
in the Il Road climatic zone was made on a section of soil saturated with moisture with a high
filtration rate.

2. Construction of a three-dimensional geometry of the calculated area, taking into account
the relief of the Earth’s surface and the geological and lithological structure of the soil.

3.Maintaining a database of thermal and physical properties of soils, materials of construction
objects, climatic factors and parameters of cooling devices.

4. The soil bases of highways, as well as the layers of the pavement, remain in a stable frozen
state at short-term temperature increases up to +6.6 °C due to subcompensation of heat (heat
transfer) of the subject layers and have a sufficient safety margin.

5. During short-term increases in air temperature, only 25 cm of the top of the pavement
is exposed, which corresponds to the top layer of the base made of hot highly porous asphalt
concrete mixture.

6. The application of an additional layer of polymer material at a depth of 53 cm resulted in
increased thermal insulation, waterproofing and prevention of frost heave.
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Kocmbl k. ayaanbiaga Frost 3D 6argapaaMacbiga aBTOMOOMAD JKOABIHBIH MayCbIMADIK,
KaTaTbIH TOIIbIPaKTapbIH ecenTey XaHe MoJjeabaey

A.C.Capcembaesa’, A. K. Kycyn6ekos', Aep Ben Uanr?, C.T.Mycaxanosa’, A.P.Omapos’,
"/1.H. I'ymunres amuvirdazvl Eypasus yammuok ynusepcumemi, Acmana, Kasaxcman
*Tamxanz Ynueepcumemi, Taii6a1i, Tatiearo

Angparna. bya makaaaga Frost 3D mogeanaey 6argapaamachi naiigadana oTepsirn, Kocisr KeHTiHig
(Acrana, KazaxcraHn) MaHbIHAAFBI KO YIacKeCiHAeTi TOIIbIpaK JKargalidapel MogeabaeHe i bya6araapaama
FBLABIMM JK9He MHXKeHepAiK >)kobadapaa KAMMAaTTHIH ©3TepyiHiH My3JaThlAFaH TOIIBIpaKTapFa JKoHe 04apra
CaZbIHFaH MHXKeHepAiK KYpblAbICTapFa ocepiH OaFasay YIIiH KoaJdaHbLAadbl. Bya Garzapaama Tombrpak
plAFaAMeH KaHBIKKaH >KoHe Cy3y >KblA4aMABIFBI KOFaphl YIMiHIII KAMMATTHIK aliMaKkTa OpHaJdackaH K0
>KaMBIAFBICBIHBIH yJacKeciHe >KbI1y 005KaMBIH >KacayFa MyMKiHAik Oepai. Congait-ax, XKepaiy peanedi
MeH TOIIBIPAKTBIH I'€0AOTUAABIK-AUTOAOTUAABIK, KYPBIABIMBIH eCKepe OTBIPBII, KoOaJlaHFaH y4acKeHiH
yuI eamemai Mogeai kKacaaawl. bya Oargapaamaablk KellleH TOHIBIPAKTBIH TePMOCTaOMAM3AIVISICHIH
eckepe OTBIPHIN, KyOBIpAapAbIH, mHaligadaHy YHFbIMaJdapbIHBIH, TUMAPOTEXHUKAABIK >KoHe Oacka
KYPBIABICTAaPABIH >KbIAY 9CepiHeH MoHII MY3JaTbhlAFaH TOIIBIPAKTBIH >KBIAY PeXMUMAEPiHiH FBIABIMU
HerizgeareH 6oAXaMAapbiH adyFa MyMKiHAiK Oepegi. Bya sxympicta 6i3 AcraHaHBIH MayCBIMABIK KaTbIIT
KaJAfaH TOIBIpaKTapblHa apHaAfaH OardapAaMaHBIH MYMKiHAIKTepiH KoadaHAbIK. Frost 3D Universal
baraapaamMacbiHAAFEI MOJeAbaey Oisre sKepaeri >KblAy MeH MacCaHBIH TachIMaAJaHybIH MOJeAbaeyTe JKoHe
DoxayFa MYMKIiHAIK OepJi, eiiTKeHi Oy ’K0A TeceMiHiH KbI3MeT eTy Mep3iMiHe acep eTyi MyMKiH.

Tyiinai cesaep. Frost 3D, Mmy3aaTbLaraH TOIBIPAK, aBTOXK04, KOMIILIOTEPAiIK MOAEAbAEY, DIIOKCUATI
LIAVBIP.

PacueT 1 MOgeanpoBaHIe Ce30HHOIIPOMEpP3aloIMX ITPYHTOB aBTOMOOIMABHOM 4O0OPOTIM B
pavione r. Kocmu ¢ B mporpamme Frost 3D

A.C.Capcembaena’, A. K. Kycyn6ekos', Aep Ben Uanr? C.T.Mycaxanosa', A.P.Omapos'
'Eepasutickuti HauuonarvHoti ynusepcumem um. /1.H. l'ymuresa, Hyp-Cyaman, Kasaxcman
Tamxaneckuir Yruusepcumem, Taii621, Taiieanv

Annoranus. B gannoii crathbe ¢ IOMOIIBIO TPOrpaMMbl TPeXMEPHOTO Modeauposanus Frost 3D
MOAeAMPYIOTCs TPYHTOBBIE YCAOBMS Ha ydacTKe Joporu B paiioHe noceaka Kocmu (Acrana, Kasaxcran).
DTa mporpaMMa MCIIOAB3YeTCs B HayYHBIX ¥ MHK€HePHBIX ITPOeKTax AAsS OIeHKU BAVISHMS M3MeHeHUs
KAMMaTa Ha Mep3able TPYHTHI 1 BO3BOAMMBIE Ha HIUX MHXKeHepHBIe cOoopy:KeHus. JaHHas mporpamma
1I03B0ANAA BBIITOAHNUTE TEIIA0BOM ITPOTHO3 AAs yJacTKa JOPO’KHOTO TOKPHITUA, KOTOpOe HaXOAUTCS B
TpeTbeil KAMMaTUYeCcKol 30He, TAe I'PYHT HachlIlleH BAaroil M MMeeT BBICOKYIO CKOPOCTb PUABTpaIIN.
Taxk >xe 6p11a paspaboTaHa TpexMepHas MOJeAb pacdeTHO MAO0IaAN, YIUTHIBAIOMasA peabedp MeCTHOCTI
U Te0A0Tr0-AUTOAOTHYECKOe CTpOeHMe TpyHTa. DTOT IPOrpaMMHBIN KOMIIAEKC II03BOASET II0AydaTh
HayJYHO OOOCHOBaHHBIE ITPOTHO3HI TEIIAOBBIX PEXXMMOB BEUHOMEP3ABIX TPYHTOB B YCAOBUAX TEILA0BOTO
BO3EMCTBMS TPyOOIIPOBOAOB, AOOBIBAIOIIMX CKBaXKMH, TMAPOTEXHMYECKMX M APYIMX COOPYKEHMil C
y4eToM TepMocCTaOMAM3anuu TpyHTa. B gaHHOI paboTe MBI HMPUMEHMAM BO3MOXKHOCTU ITPOTPaMMEI
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AASl Ce30HHOIIPOMep3aloNiuX I'PyHTOB I. AcrtaHpl. Mogeauposanme B nporpamme Frost 3D Universal
IT03B0AMAO HaM CMOJAeAUpPOBaTh U CIIPOTHO3MPOBATh TEILA0MAacCOIIepeHOC B TPYHTe, TaK KaK OH MOXKeT
IIOBAVSITH Ha CPOK CAY>KOBI 40POKHOTO HOKPBITIS.

Kaiouesnle caosa. Frost 3D, Mepsabni IpyHT, aBTOAOpPOra, KOMIIBIOTEpPHOE MOJeANpOBaHIe,
DIIOKCUAHAs CMOAa.
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Comparison of bearing capacities of model drilled micro piles
using DDS and CFA technologies

Abstract. Drilled piles installed using CFA (Continuous Flight Auger) and DDS (Drilled
displacement system) technologies are relatively new construction products in the market of
Kazakhstan for the last 15 years, but already today the technology has a significant practical
value in the construction of the cities of Astana, Almaty and other regions. This article presents
model tests of bored piles installed using Drilled Displacement System (DDS) and Continuous
Flight Auger (CFA) technologies on a volumetric bench. For testing we used 1:20 scale, piles
diameter was 20 mm, length was 300 mm. Drilling was performed using augers that were
prepared in advance through a 3D printer. The load on the model piles was applied in steps of
39 N up to the ultimate load of 391 N. Based on the results of the study, the «settlement-load»
plots of the DDS and CFA model piles were obtained, as well as a comparison of the bearing
capacity of these piles by static test method. Based on the study, it was found that the DDS piles
exhibit good bearing capacity performance compared to the CFA piles. Overall, the results of the
study provide valuable information on the performance behavior of DDS and CFA piles, which
can be used to optimize their design and installation in different soil types.

Keywords: scaled model tests, model piles, bearing capacity, static load test.

DOI: doi.org/10.32523/2616-7263-2023-145-4-165-174

1. Introduction

CFA (continuous flight auger) and DDS (Drilled displacement system) technologies were
mastered in Kazakhstan about twenty years ago, when constructing bases and foundations of
buildings and structures erected on weak soils. During the CFA and DDS pile construction in
the new capital city the equipment of Italian company «SoilMec» and German company «Bauer»
were used. The borehole for the piles is developed with the help of a continuous through auger
drilling, which results in the excavation of the soils. The technology of CFA piles using continuous
through auger, includes the following steps [1, 2, 3]:

1. Installation of drilling equipment at the drilling site (Figure 1 a);

2. Drilling the borehole with auger string to the design grade (Figure 1 b);

3. Gradual extraction of the auger string with simultaneous filling of the borehole with
concrete mixture (Figure 1 c);

4. Moving the drilling equipment to another drilling location (Figure 1 d);

5. Installation of the reinforcement cage by vibratory dipping using a crane (Figure 1 e);

6. Formation of the pile head for connection to the pile pedestal (Figure 1 f).
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Figure 1. Diagram of pile fabrication using CFA technology

The diameter of the borehole is equal to the diameter of the drill tip of the auger string,
which can be 400, 450, 500, 600, 600, 700, 800, 900, 1000, and 1200 mm. CFA bored piles have the
following advantages [3, 4, 5]:

- Automated control of the pile device, through which it is possible to obtain data of auger
immersion depth, drill rotation parameters, parameters of injected concrete;

- Possibility to use the technology in sandy soils and tight plastic loamy soils, as well as the
soils with a significant difference in the strength of the layers;

- the possibility of piling near existing buildings, because as a result of excavation of the
ground surface is not dislodged, and the use of small-sized drilling rigs in confined spaces have
insignificant vibration effects on existing buildings and structures;

- High productivity of CFA piles. The productivity of CFA piles is 3 times higher than
the productivity of traditional technology of bored piles under protective casing in the ground
conditions of Astana;

- Automated drilling tool cleaning system.

The disadvantage of CFA technology can be attributed to the high consumption of
concrete when piling on water-saturated dusty-clay soils as a result of overpressure and high
compressibility of weak soils.

The DDS (Drilled Displacement System) or FDP (Full Displacement Pile) technology was
developed by the same German company «Bauer» and represents the drilling of a pile without
excavation and with full displacement of the soil with the help of a special drilling element - a
packer. The packer is a series of conical rollers successively mounted on the shaft, the axes of
which are displaced relative to the common axis of the shaft to the sides. Thus, when rotating the
shaft, the rollers rotate in a helical line, realizing the feed of the reamer, which allows to carry
out penetration in the ground due to the torque applied to the shaft of the reamer. The use of
the reamer provides drilling of a borehole with smooth and strong walls of significant diameter.

The design of the roller allows the concrete to be delivered during the upward stroke of
the roller. The DDS technology, which allows piles to be made at a fairly high speed, without
vibration and noise, has a number of undeniable advantages:

- High productivity of piling (up to 30 piles per shift);

- Application of the technology reduces the cost of works by saving on the cost of soil
removal;

- High quality of concrete filling of the borehole, as a result of its delivery under pressure;

- High bearing capacity of piles due to soil compaction and pressurized concrete mixture

supply;
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- high accuracy of pile arrangement controlled by on-board computer [6, 7, 8].

The use of special drilling tools makes it possible to install piles through dense sand layers,
and in the presence of obstacles in the form of rocks, it is possible to continue drilling by replacing
the drilling tool with a boring tool.

Despite the above-mentioned qualities, DDS technology has the following disadvantage:

- Increased attention to work order, as it may affect the foundations of adjacent buildings
and structures, as in the case of other compaction technologies.

The investigated DDS technology has long been internationally recognized, but in the
difficult ground conditions of Kazakhstan, the operation of DDS piles is still not fully understood
[9, 10, 11].
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Figure 2. Diagram of pile production using DDS technology

The purpose of this study is to conduct model tests on a volume bench installed using DDS
and CFA technologies and to compare their load carrying capabilities.

2. Laboratory scaled model study
Model tests were carried out on a volumetric stand, the design of which was developed and

implemented under the guidance of Professor A.Zh. Zhussupbekov at the Geotechnical Institute
of the Eurasian National University named after L.N. Gumilev.
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Figure 3. Volumetric stand

An equivalent material (97% fine silica sand and 3% spindle oil) was used as a base, the
physical and mechanical characteristics of which are summarized in Table 1.

Table 1. Physical and mechanical characteristics of natural soil and equivalent material

Name of soils of Specific Clutch, C, Angle of internal ~ Modulus of Poisson’s
full-scale and model  gravity, y, kPa friction, ¢, deg.  deformation, ratio, u
material KN/Mm? E, MPa
Loam 20,5 40,0 29 - -
model material 17,0 0,9 37 0,24 0,25

Metal weights |:'>.

CFA model pile——_"—= ] [ | =——= DDS model pile

Sand bed — >

Figure 4. Schematic of horizontal loads acting on model piles of DDS and CFA technologies

Soil drilling was performed using simulated augers. Drilled Displacement System (DDS)
and Continuous Flight Auger (CFA) augers were designed in 1:20 scale and printed on a 3D
printer. The augers were 20 mm in diameter and 300 mm in length.
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CFA auger DDS auger

a) b)
Figure 5. Model pile augers (a) DDS and (b) CFA

Static testing of model piles was performed using metal weights that were loaded on the
piles. The weight of one weight was 4 kg. The load on the model piles was applied in steps of 39
N up to the ultimate load of 391 N.

Figure 6. Static Load Tests of DDS model pile and CFA model pile

After drilling, the borehole was filled with concrete. Fine sand and cement of M300 grade
were used for concrete. Figure 7 shows photos of model piles after static loading.
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CFA model pile
DDS model pile

Figure 7: Model piles after static testing
3. Results and discussion

Static tests on the model piles DDS (Drilled displacement system) and CFA (Continuous
flight auger) were carried out on the volumetric stand. After the static test, the «settlement- load»
graphs of the DDS and CFA piles were obtained. The DDS model pile settlement was 16.03 mm,
and the one corresponding to CFA model pile was 17.49 mm.

The CFA technology piles at a load of 313 N were completely submerged. The test results
show that the bearing capacity of the DDS model pile is higher than the CFA piles. It is observed
that the auger influence of the model pile is significant to the test results.

Load, N
O 3@ 78 17 156 195 234 273 312 351 30
L\oﬁ' I_ I 1.~ 1+ 1 1 117
N ~_ ]
2F \8 I~ —0— DDSnoce pile| ]
i —0— CFAmMocd pile 1

\
of AN "~ ]
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Settlement, mm

14 -

16 |-
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Figure 8. Load - settlement response of the DDS and CFA model piles

170 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



Comparison of bearing capacities of model drilled micro piles using DDS and CFA technologies

4. Conclusion

Based on the results of testing model piles on a volumetric stand, a comparative analysis of
the bearing capacities of model piles using DDS and CFA technologies was obtained. At a load
of 391 N, the settlement of the DDS model pile was 16.03 mm. The CFA model pile was loaded
to 313 N and its settlement was 17.03 mm. The preliminary results showed that the load-bearing
capacity of model piles using DDS technology is higher than CFA piles.
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DDS xane CFA TexHOaOTMsA2apbl OOVIbIHIIA JKacaAdfaH OYPFbIAaHbBII TOATBIPbIAFaH
MOJeabAiK MUKPO KadalapAbIH JKYK KOTeprilllTiriH caabICTBIPY

A.XK. XKycyn6ekos', /4.B. Uanr? A. P. Omapos’, A. b. lcakyaos"”, 4. M. MykaHOB',
A.Y. EcenTaes’
'1.H. I'ymunres amuvirdazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
*Tamkanz ynueepcumeminin, asamammulx kypoirvic kagedpacor, Hoto-Tai16aii, Tatiéario

Annoranus. CFA (ysaikcis apexeT ereTin mHek) >xaHe DDS (Oyprblaay OpHBIH BIFBICTLIPY JKYlieci)
TEXHOAOTVIAapbIH IaiijalaHa OTBIPHIII JKacaAFaH Oy PFbLAaHBIII TOATHIPBIAFaH KajaAapbl COHFHI 15 JKblaaa
KazakcraH HapBIFBIHAQ CaABICTHIPMAAbl TypA4e KaHa KYPBIABIC ©HiMAepi 0oabll Tabblaaabl. /JereHMeH
OyTiHri TaHAa aTaAfaH TexHoAorys1Aap ActaHa, AaMaThl KadalapblHAa XKoHe OacKa eHipaepai FuMaparTtap
caly KesiHAe alTapABIKTall IPaKTMKaAbIK KYHABIABIKKA 1e. bya Makazada keaemai creHare Drilled
Displacement system (DDS) >xone Continuous Flight Auger (CFA) TexHoaornsaaapsiH Ko4A4aHa OTBIPLII
>KacaAraH OYpFBLAaHBII TOATHIPBIAFaH KajadaphIHBIH MOAEAbAIK ChIHAKTaphl YChIHBLAFaH. TecTiaey y1in 0i3
1:20 macmrTabTEI KOA4aHABIK, Kadadapabig ArameTpi 20 My, y3piHABIFS 300 MM. Byprriaay 3D npunrepain
KOMeriMeH aaAJblH-ada AaliblHAAAFaH IITHEeKTepMeH XKyprisdiasai. Moaeabaik kKagaaapra xykrteme 39 N
kagammeH 391 N 1m1ekTi KyKTemere AeliiH KOA4aHbLAABL. 3epTTey HaTuKeaepi OorbiHma DDS sxene CFA
MOJeAbAiK Kadaslapsl YIIiH «IIIery-Kykreme» rpauKTepi aAblHABL, COHAAl-aK OCB KajadapAblH >KYK
KOTEpIillTiIi cTaTMKaABIK ChIHAK 9Aici OOMBIHIIA CaABICTHIPBLAABL. JepTTey Herizinge DDS xasaaapbiHbiH
CFA xagazapbIMeH CaABICTBIPFaHAA KYK KOTEpPTiIlITiri >JKOraphl eKeHAiri aHbIKTaAAbl. TyTacTai aaraHaa,
seprrey HoTIDKeAepi DDS >xone CFA KagaaapbIHBIH ©HIMAIAITI Typaasl KYHABL akIiapat Oepeai, oaapAbl
9pTYpAi TomIbIpaK TypaepiHge )KoOaday MeH OpHATyAbl OHTall1aHABIPY VIIiH ITaligadaHyFa 60aaabl.

KiaT cesgep: macmrabraaraH MoAeabAi Kaja, MOAeAbAi ChlHAK, KeTeprim kabideTi, craTMKaAbIK
JKYKTeMeAiK ChIHaK,.

CpasHeHMe HecyIel CIIOCOOHOCTI MOJAeAbHBIX MUKPOCBaIi C MCIIOAb30BaHNEM
Texumoaormit DDS u CFA

A.K. XKycyno6ekos', 4.B. Uanr? A. P. Omapos’, A. b. Vcakyaos", 4. M. MykaHoB!,
A.Y. EcenTaes’
! Kagpedpa «Cmpoumervcmeo» Eepasutickozo HayuonarvHozo ynusepcumema umenu /.H. ['ymunresa,
Acmana, Kasaxcman
*Kagedpa «I'paxoarickozo cmpoumervcmeo» Tamxareckozo ynusepcumema, Hoto-Taiibzeni, Taiiearo

Annoranus. bypoHaOuBHbIe cBay, yCTaHOBAEHHEIe ¢ McIoAb3oBaHueM TexHoaormii CFA (mrHex
HeIlpepeIBHOTO getictsusA) u DDS (cucrema OypoBOIo BBITECHEHM:I), SBASIOTCSI OTHOCUTEALHO HOBBIMU
CTpOUTeABHBIMU IIpOoAyKTaMu Ha phiHKe Kazaxcrana sa nocaegnne 15 aeT, HO y>kKe CerogHsl TeXHOAOTHS
MMeeT 3HauMTeAbHYIO IIPaKTMIeCKyIO IIeHHOCTh IIPU CTPOUTEABCTBE TOpOJ0B AcTaHa, AAMaTEl U APYTUX
pernonos. B ganHOI1 cTaThe IpeAcTaBAeHbl MOAeAbHble UCIIbITaHMs OypOHaOMBHBIX CBall, yCTaHOBAEHHBIX
¢ ncrnoanzosanneM Texsoaoruii Drilled Displacement System (DDS) n Continuous Flight Auger (CFA) rHa
00beMHOM cTeHae. /A5 TeCTIpOoBaHs MBI MCII0Ab30BaAu Macmitad 1:20, Anmametp cBait coctapasaa 20 My,
AanHa - 300 MM. BypeHne Ipon3BoANA0Ch C IOMOIIBIO IITHEKOB, KOTOPBIe ObLAY 3apaHee ITI0ATOTOBAEHHI C
nnomoipio 3D-npunTepa. Harpyska Ha MogeabHble cBau IpuKAajbiBadach ¢ marom 39 H g0 npeaeabHoin
Harpysku 391 H. Ha ocHOBaHNI pe3yAbTaTOB 1CCA€A0BaHNs ObLAN IIOAYIEHDI IpaUKI «OCaAKa-HarpysKa»
Aast MogeapHbIX cBari DDS u CFA, a Taxke cpaBHeHMe HeCylIeli CltoCOOHOCTU DTHUX CBaii II0 CTaTUIECKOMY
ycIbpITaHMIo. Ha ocHOBaHMM TPOBeAeHHOTO MCCAeA0BaHNsl OBLA0 yCTaHOB/AEHO, uTo cBau DDS obaagaior
XOpolIIei HecyIrel crrocoOHOCThIO 110 cpaBHeHNIO co csasiMy CFA. B 11ea0M, pedyabTaTsl MccAeAOBaHIS
IpeAOCTaBASIOT IIeHHYI0 MH(OPMaLMIO O BDKCILAyaTallIOHHBIX Xapakrepuctukax csaii DDS u CFA,
KOTOpas MOXKeT OBITh MCI0Ab30BaHa AAs ONTUMM3AIMU MX KOHCTPYKIIMM M YCTaHOBKU B Pa3AMIHBIX
TUIIaX TPYHTOB.

Karouesble caoBa: MaciTaOHble MOAeAbHBIEe VICITBITAHI, MOAeABHbIE CBaM, HeCyIas ClIOCOOHOCTS,
VICIIBITAHIE CTAaTUYeCKON Harpy3KOIl.
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New energy-efficient materials for construction

Abstract. Today in the world there is a huge amount of energy-efficient materials and goods,
that help solve energy saving issues in the operation of various buildings and structures, such
as interior and external load-bearing and enclosing construction of buildings.

Hevertheless, these materials may not always possess the necessary mechanical and physical
qualities, nor high strength, to be used in major building’s load-bearing sections. Strengthening,
decreasing heat conductivity, enhancing weather and moisture resistance, and cutting costs are
all critical responsibilities in the development of energy-efficient structures and goods.

As a result of comprehensive research, the authors have developed new cellular concretes
with high strength characteristics, low thermal conductivity and low cost based on local raw
materials and waste. This approach leads to a significant reduction in energy and resource
consumption and promotes the introduction of environmentally friendly production methods
while maintaining high product quality standards.

Experiments were conducted in a specially designed laboratory chamber. This installation
ensured uniform temperature control inside the chamber, as well as uniform temperature
distribution throughout the entire thickness of the products. This was achieved through a
rational combination of energy sources used.

The article presents the outcomes of investigations into the mechanical and physical
characteristics of foam concrete and the structural features of the material. The manufacturing
of superior goods became possible thanks to a combination of mild heat treatment conditions
and the exothermic properties of cement. In addition, the impact of additional electrical energy
at a minimum consumption (10-20 kWh/m?) on the hardening process of foam concrete is
characterized by a periodic and short-term effect. In contrast, traditional heat treatment
methods require significantly higher energy consumption - from 80 to 100 kWh/m®.

The results of X-ray and electron microscopy studies confirmed that the developed energy-
efficient materials have high physical and mechanical properties and low cost.

Keywords: Concrete, Heat Transfer, Thermal Insulation, Porosity, Temperature, Hardening,
Heating, Thermal Conductivity, Air Conditioning, Enerqy Conservation

DOI: doi.org/10.32523/2616-7263-2023-145-4-175-187

Introduction

The search for new energy sources ranks among the most pressing global challenges today.
Traditional energy sources, such as oil and gas, are considered indispensable. However, the
simplest and cheapest source of energy nowadays is solar energy. Numerous studies are now
being conducted within the Kazakhstani Republic to examine different strategies for utilizing
solar energy in the heat treatment procedures of concrete product and structure production
facilities. For the first time, the authors applied a new method of bilateral use of solar and electric
energy for foam concrete products.

The traditional foam concrete manufacturing technology involves energy-consuming
heat treatment in autoclaves or steaming chambers utilizing conventional energy sources. The
innovative technique makes use of both electrical and solar power.
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When there is a high number of bright, warm days throughout the year, along with
favorable solar radiation and weather, it is possible to use existing solar technology for the
manufacturing of foam concrete. For instance, the long, hot summers in Kazakhstan’s southern
areas are distinguished by consistently high outdoor temperatures of over 35 °C and low
humidity levels of less than 28%. The current climate and weather conditions are perfect for
installing solar fields, which will be utilized to make foam concrete products. Additionally, the
data indicates that, in addition to Kazakhstan, the southern regions of the Russian Federation
and a number of Central Asian republics, including Uzbekistan, Tajikistan, Turkmenistan, and
Kyrgyzstan, also have good weather during warm and hot seasons for the field production of
foam concrete products using solar technology. Therefore, there is great potential for replacing
conventional energy sources with solar radiation in the vast geographic areas where weather
and climate conditions allow the manufacture of foam concrete using solar energy. [1].

The literature review reveals that the entirety of known research and development
endeavors within the construction industry related to solar technology have predominantly
focused regarding the standard concrete’s heat treatment [2,3,4,5,6,7,8,9]. There hasn’t been any
thorough investigation on the utilization of solar energy to produce foam concrete, which is a
very successful building material.

Foam concrete differs greatly from traditional concrete in a number of areas, such as
production process, composition of raw materials, rheological qualities, porous structure, and
other essential features [8,9]. As a result, the approved helio-thermal treatment techniques that
were created for conventional concrete cannot be used in the manufacturing process of foam
concrete.

When creating structures and goods made of foam concrete, the utilization of thermal
energy to expedite the hardening process is essential, leading to a notable increase in energy
consumption during manufacturing.

As a result, an increasing number of foam concrete manufacturers are gradually reducing
their reliance on heat treatment. However, in order to meet the requirements for properties of
constructions and manufactured goods, without resorting to heat treatment, manufacturers
are forced to resort to higher consumption of binders, employ superior grades of cement, and
incorporate specialized additives that accelerate the hardening process. In addition, the prolonged
curing time required for concrete to harden within metal forms necessitates the allocation of
substantial areas for the hardening of products and structures.

Previously, the authors had exclusively applied two-way heat treatment to conventional
concrete, yielding positive outcomes. Nevertheless, a novel approach has been introduced for
the first time, which involves dual-sided heat treatment by combining the utilization of both
solar and electric energy, precisely customized to foam concrete products.

According to [10], “with a two-way supply of heat to the hardening concrete, the greatest
uniformity of moisture distribution is observed and thus, as a result, a uniform distribution
of strength is achieved”. Based on this, it is advised to carefully combine extra electrical
energy with solar energy in order to improve the foam concrete products’ ability to solidify
in fields and to provide uniform product heating while reducing temperature gradients. This
supplementary electrical energy may exert a periodic and short-term influence on the concrete
hardening process.

Based on the aforementioned, as a result of comprehensive research, the authors have
developed a novel method for accelerating the hardening of foam concrete, which enables
the application of the solar heating of products under soft conditions coupled with the use of
traditional energy sources, specifically electricity. This approach enables a substantial reduction
in energy costs for expediting the hardening, and facilitates the organization of environmentally
friendly production while maintaining the high quality of products.

The objective of the paper was to develop a method and technology for the production
of foam concrete products at landfills situated in regions by dry and hot climates. This was
accomplished by leveraging solar radiation, with natural intensity, to expedite the hardening
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process, along with incorporating an additional electrical energy source, based on research and
the generalization of existing knowledge.

To achieve this goal, the following tasks were addressed: establishing the correlation
between the strength characteristics of foam concrete products and the length of time that solar
radiation is exposed to during solar thermal treatment; investigating the connection between the
amount of solar energy that enters the system and the type of temperature field development
that occurs in solar-heated goods with varying thicknesses and surface areas; investigating the
structural characteristics and physical-mechanical attributes of aerated concretes that have been
heated by the sun.

Finally, it can be concluded that the all-encompassing method of using additional electrical
energy in conjunction with heat treatment and solar radiation to quickly harden foam concrete
products inside metal forms with helio-coating lids is a novel way to accelerate the process. This
technology combines the natural exothermic capabilities of cement with moderate heat treatment
techniques to enable the fabrication of high-quality products. Additionally, the effects of using
more electrical energy at the lowest possible energy consumption (8-18 kWh/m3), Concrete
shows a periodic and transient nature on the hardening foam. However, the amount of electrical
energy required for heat treatment using traditional methods is significantly higher, ranging
from 75 to 100 kWh/m3.

The results of X-ray and electron microscopic studies confirm that a favorable humid
environment for hardening and a mild temperature regime for thermal solar treatment of goods
contribute to the formation of a high-quality structure and increased the mechanical and physical
characteristics of foam concrete.

Research methods

Experimental studies were conducted in the summer weather conditions in Kyzylorda,
the Republic of Kazakhstan. These experiments focused on factory compositions of foam
concrete wall products D700 (B2) that meet the requirements of GOST 25485 (State standard)
“Cellular concrete. Technical conditions”. The composition utilized included cement from the
Dzhambulsky plant PC400-D20, quartz sand with size of M =1.2 (fraction of sand) and the
LASTON foaming agent (made in Italy).

Fig.1 The laboratory apparatus utilized for the studies is depicted in 1; it has an electric
heating element at the mold’s base and a cover with helio coating. A sensible mix of solar,
exothermic, and electric energy produces both homogeneous temperature fields across the
thickness of the products and stable temperature conditions inside the chamber.

Fig.1 Apparatus for the laboratory with an electric mold heater and heliocoat
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The bottom of metal forms undergoes cyclical electric heating based on the temperature
specified by the thermal sensor; this means that the heating effect on the concrete hardening
process is short-term and periodic.

Upon filling with a foam concrete mixture, cassette forms are immediately placed in a
thermal chamber and kept at a temperature of 28-36°C for three to four hours. The lid of the
chamber is hermetically sealed with helio-coating material.

When the concrete achieves 360-590 gr/cm?, which is the plastic strength value needed
for heat treatment, the forms containing the goods are moved into an open solar field. The
heating of products in solar forms should start no later than 10 a.m. in order to guarantee a full
production cycle and sensible use of solar energy during the day. In addition, the helio-chamber’s
temperature rises at a rate of 7-8°C per hour for five to six hours. This is followed by isothermal
heating for three to four hours at a temperature of 61 to 65°C. The foam concrete products are
then progressively cooled in the evening and at night until they are 32+5°C in temperature.

The newly created technology yielded data that showed that foam concrete products
acquired a strength of 45 to 55% of their predetermined strength during the 20-22 hour solar
thermal treatment, depending on the bulk density.

Using samples of comparable composition and age that underwent varying techniques and
hardening circumstances, an analysis of the mechanical and physical characteristics of foam
concrete was conducted [11,12,13].

The kinetics of foam concrete heating during solar thermal treatment were studied

using a 4-channel temperature control device called “Thermodat-17M5”.

Based on the aforementioned findings, to cut down on energy consumption for heat treatment
and justify environmentally friendly production process, a novel method for accelerating the
hardening of foam concrete has been developed. This new method ensures that solar heating
of products is completed by combining a conventional energy source—electricity —with soft
modes.

It is possible to produce foam concrete products with solar energy to speed up the hardening
process when the weather and solar radiation are right. The year-round availability of bright,
warm days characterizes these settings. For instance, the southern parts of Kazakhstan have a
long, hot summer with constant outdoor temperatures between 33 and 43 degrees Celsius and
more than 6 kWh/m2 of solar radiation. Such meteorological and climatic circumstances offer a
strong basis for setting up solar fields for the manufacturing of foam concrete goods.

Based on data from [14,15,16], in addition to Kazakhstan, other regions with favorable
climates for field production of foam concrete products using solar technology during the warm
and hot seasons include the southern regions of the Russian Federation and some Central Asian
republics, including Uzbekistan, Tajikistan, Turkmenistan, and Kyrgyzstan. Considering the
large number of places with ideal weather and climate, using solar energy in foam concrete
production as an alternative to traditional energy sources, holds promising potential.

Results and Discussion

The heating dynamics of foam concrete products with dimensions 200x200x400 cm in
accordance with the ambient temperature can be seen in Fig. 2. Analysis of the graph showed
that heating occurred smoothly and gently until the maximum temperature in the concrete
was reached at 60-65 degrees and the holding lasted up to 10 hours.

Subsequently, there was a period of conditional isothermal exposure lasting 3-4 hours.
Following this, during the evening and nighttime hours, there was a gradual decrease in
temperature, decreasing at a rate of 4-5°C per hour until it reached 33-35°C [17].
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Fig.2 The process of heating blocks at natural air temperature: temperature change by 18-22 mm
in the upper parts of the product (1); temperature changes by 90-110 mm in the upper parts of the
product (2); temperature changes of 170-190 mm in product covers (3); air temperature (4)

It should be noted that when measuring temperature gradients in building blocks, the
maximum jump was 65 degrees. However, temperature changes in the central and lower parts
of the products were slightly lower than 63 and 59 degrees. The process of temperature changes
occurs smoothly with a temperature difference of 4-6 degrees. Thus, in the morning, while
the temperature on the concrete product’s surface ranged from 32-33°C, its centre maintained a
temperature of 34-35°C. This is primarily due to the low thermal conductivity of foam concrete,
which in the retention of heat for an extended duration.

The results of the experiment demonstrate that this hardening of building products when
exposed to solar radiation subsequently has a great positive effect on their structure and basic
technical properties.

The dynamics of growth in compressive strength of foam concrete according to hardening
conditions is shown in Table 1 and Fig. 3. Maturity level of the foam concrete subjected to
solar and heat treatment (3) is 1023 degrees/hour, with achieved strength value of 1.6 MPa in
one day, i.e.,, 55% of the grade (B2). Furthermore, after 28 days of hardening, the strength of
concrete (3) significantly superior than the strength of samples that hardened at 21 degrees (1) by
approximately 51%. The remaining strength of the concrete of normal hardening (1) is attained
within 6 months.
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Fig.3 The graph of the change in time of foam concrete compressive strength, depending on the
hardening conditions. 1 - normal hardening; 2 - aging foam without a care in natural conditions; 3 —
new thermal method with the use of a solar cover with electric form heating
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New energy-efficient materials for construction of excellent quality have been
obtained. The authors have developed a new energy-efficient method for producing high-
quality building products. New achievements allows production of high-quality products by
capitalizing on the soft heat treatment modes and exothermic properties of cement. In addition,
the influence of the minimal consumption of additional electrical energy (10-20 kWh/m?) on
foam concrete hardening is periodic and of short duration. In contrast, the traditional methods
of heat treatment often require electrical energy consumption up to 80-100 kWh/m?[18].

Structural features of foam concrete hardened under different conditions were investigated.
X-ray diffraction studies of materials were carried out using a diffractometer X-PertPRO.
Phase analysis using the powder method was used in preparing the experiments [4]. Tables
2,3,4,5 and Figure 4, and 5,6,7 show the results of X-ray examination of foam concrete samples
with similar compositions but solidified under different conditions.

Foam concrete is represented by three samples: complex solar thermal treatment (1), heat
treatment in a steaming chamber (2), normal hardening (3).

Table 1. Change in time of compressive strength of D700, B2 foam concrete depending on
hardening conditions

Concrete compressive

strength
MPa

(_% )in age, days.
1 3 7 14 28

0.05 0,29 0,67 L09 1.43

Normal hardening = 10 323 375 295

Concrete Care Method

n
=
=
-

1.54 167 L1.71
33 575 59

Maintaining foam concrete without care in natural 0.6
conditions 22.

o
=y
=
[¥1]

Solar thermal treatment using a solar cover and a heated  1.60 1.8 2.08 2.38 2.91
mold bottom 55 65 72 82 1005

Table 2. Apparatus and methods

Number of Description of the Isolated phase
identified ID card number phase by chemical . Op ’
in%
phase formula
1 01-086-0402 Ca,SiO, 26
2 01-089-6427 Na(AlSi,0,) 28
3 01-083-0539 SiO, 46
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Table 3. Results of semi-quantitative phase analysis of a foam concrete sample subjected to
complex solar thermal treatment

Number of Description of the Isolated phase
identified ID card number phase by chemical sotate Op ’
%
phase formula

1 01-087-2096 Si0, 57

2 01-086-2339 Ca(CO,) 18

3 01-088-2111 AlO(OH) 2

4 00-030-0665 Fe SiS, 24

400

E00

10 20 an 40 &0 i) i
Posilion#2 Thcata) (Sopper{Cul)
M0, T-MOIE,

Figure 4. X-ray diffraction pattern of a foam concrete sample subjected to complex solar
thermal treatment

Table 4. Table 4. Phase analysis of foam concrete samples from heat treatment in a steam

chamber
Number of Description of the Isolated phase
identified ID card number  phase by chemical . Op ’
in%
phase formula

1 01-085-0794 Si0, 44

2 01-086-2339 Ca(CO) 21

3 01-074-1684 Mg SiO, 16

(Mg0.03 Cao.97)
4 01-089-1304 (€0, 18
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Figure 5. X-ray diffraction pattern of a foam concrete sample subjected to heat treatment in a
steaming chamber

Table 5. Phase analysis of foam concrete samples from normal hardening

Number of Description of

identified ID card number the phase by Isolat'ec}) phase,
. n%
phase chemical formula
1 01-085-0795 SiO, 17
2 01-073-0599 Ca,(S10))0 23
3 01-070-1433 MgCO,(H,0), 12
4 01-083-1612 Na(AlSi,0,) 32
5 01-086-0402 Ca,SiO, 21

Counts
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{NO.1-ND.3!

Figure 6. X-ray diffraction pattern of a sample of foam concrete of normal hardening.

Upon analyzing the data of X-ray phase analysis, it can be noted, first of all, the percentage
of silicon dioxide for each of the hardening methods 1, 2 and 3. For 1 it is SiO, = 57%, for 2 it
is SiO, = 44%, for 3 it is SiO, = 16%. These percentages may indicate one of the characteristics
regarding the depth of interaction between the cement slurry and the filler sand for each of the
three samples. From these observations, one can infer that there is a deeper interaction of SiO,
with the solution during normal hardening, followed by decreasing orders of interaction.

It is important to note that in sample 1 the percentage of calcites Ca(CO,) is 18%, while in
sample 2, it is 21% and a compound denoted as (Mg0.03 Ca0.97) (CO,) is 18%. In contrast, in
foam concrete subjected to normal hardening, crystalline state MgCO, (H,O) , is detected at 11%.
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The presence of magnesium silicate (Mg,SiO, = 16%) characterizes of foam concrete hardened
in the steaming chamber and under normal conditions, and for foam concrete hardened in the
solar chamber — calcium silicates Ca,(SiO,)O at 22%, Ca,SiO, at 20% and sodium aluminosilicate
Na(AlSi,O,) at 20% are noted. These results align with existing knowledge about phase formation
processes during concrete hardening under various thermal conditions. The impact of the
protein foaming agent and superplasticizer does not affect the phase-mineralogical crystalline
composition. It is more likely that organic compounds form amorphous composites, which are
not visible in the diffraction patterns of X-ray diffraction patterns.

Electron-microscopic studies were conducted on a JEOL JSM-6490 LA scanning electron
microscope-microanalyzer. Preparations were made according to the standard procedure.
The voltage at the anode was 7 kV. Over 100 areas were examined, with the most typical ones
selected. Direct inspection of the surface allowed us to see microstructure of the material
using scanning electron microscopy at magnifications from x2000 to 5000 times (Figure 7).

_ 11 39 SEI
a) b)
Figure 7. Morphology of foam concrete samples subjected to complex solar thermal treatment:
a) x2000; b) x5000

The morphology of the examined foam concrete samples reveals dendrite-like aggregates
of flat sintered particles. It is evident that these structures are compositionally homogeneous,
especially in the basal directions.

Differences in phase-mineralogical composition depend on the method and conditions of
hardening. The soft process of normal hardening broadens the spectrum of phases, while the
more rigorous process reduces their number.

Thus, the results of X-ray and electron microscopic studies confirm that a favorable
humidity environment for hardening and a mild temperature regime contribute to the
production of energy-efficient concrete.

Conclusions

Thus, to control production, a system for operational control of the parameters of new
energy-efficient materials was developed. The developed system includes strength growth
graphs, temperature control during the melting process and non-destructive testing upon
completion of the process of obtaining new materials.

The operation of solar sites in Central Asia for the production of new energy-efficient
materials lasts more than 8 months a year, approximately from March to October. To obtain
environmentally friendly, cheap, energy-efficient materials, the air temperature must be above
+20°C.

Research has shown that in order to obtain new energy-efficient materials, it is necessary
to increase strength indicators due to optimal combinations of the exothermic properties of
cement in concrete and smooth heating and cooling modes [19,20,21].
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Hosbie sHEepros¢ pexTuBHbIe MaTepyaabl AAsl CTPOUTEAbCTBA

A.b. Apyosa', A.E. AxekcembaeBa’, M.A. Koukanos®, /1.A. JKakcprapikosa*
12345 Egpasutickuil Hauyuonarvhulil ynusepcumem umenu A.H.I'ymuresa, Acmana, Kasaxcman
e-mail: ecoeducation@mail.ru

AnasoTanms. CymiecTsoBaHIE OTPOMHOIO KOAMYeCTBa 9HEPros(PPEeKTUBHBIX, DKOAOTMIECKI IUCTHIX
MaTepualoB CpeAy KOTOPBIX pa3ANdHble KOHCTPYKINI 3AaHNIT 00Ien3secTHO. V 911 sHeproseKTrBHbIe
MaTepuaAabl IIO3BOASIOT pellaTh BOIIPOCH DHEProcOepeskKeHNsl B OOIIeCTBEeHHBIX M SKUABIX 34aHisix. K
HOBBIM MaTeplriaJaM CETOAH: B IIEPBYIO OUepeab IPeAbsBASIIOTCS TpeOOBaHNA 110 9HEPTrod(pPeKTUBHOCTH,
HKO0TIMYECKON Oe30I1acCHOCTM U HeAOpol cromMocTn. ITosToMy ydeHbIe B CBOUX MCCAeA0BaHUSAX CTaBST
Ha IIepBOe MeCTO yCIU/eHle IIPOYHOCTY, HU3KYIO TEeIA0IPOBOAHOCTD, yBeAdeHe aTMOC(PEePOCTONKOCTI
U BAArOCTOMKOCTY ¥ HU3KYIO CTOMMOCTh MaTepuaa0B.

B pesyabraTe KOMILIEKCHBIX JCCAeJOBaHNII aBTOpaMl pa3paboTaH HOBBIE sYecTble OeTOHEI,
00.1a4aro1ye BBICOKMMU ITPOYHOCTHBIMY XapaKTePUCTUKaM I, HU3KOV TeILA0IIPOBOAHOCTBIO V1 HEBBICOKOIA
CTOMMOCTBIO Ha OCHOBE MECTHOTO CHIPBSI M OTXOAOB. Takoil I104X04 IIPMBOAUT K CYIIECTBEHHOMY
CHIDKEHMIO DHEPIo M pecypcoIoTpedAeHMs M CIOCOOCTBYeT BHEeJPEHUIO HKOAOTMYECKM Oe30ITacHBIX
MeTOAOB IIPOU3BOACTBA IIPU COOAI0AEHNN BHICOKIX CTaHAAPTOB KadecTBa IIPOAYKIINI.

DKcIIepuMeHTaAbHbIE ICCAe A0BaHVII IIPOBOAVAVICE B CIIeI[MaAbHO CIIPOEKTHPOBAHHOI 1a00paTOpHOI
kaMmepe. Takas yctaHOBKa oOecIleurbaja paBHOMEPHBIN KOHTPOAb TeMIIepaTypsl BHYTPY KaMephl, a TakKe
paBHOMepHOe paclipejeleHne TeMIepaTypsl 11O BCell TOAIMHE U34eANnil. DTO OBLA0 AOCTUTHYTO 3a CUeT
paIOHaAbHOTO COYETaHNIs UCII0Ab3yEeMBIX ICTOYHIKOB DHEPIUIL.

B craThe mpeacTaBAeHbl pe3yAbTaTHl MCCAeAOBaHMI (PU3MIKO-MeXaHIIeCKIX CBOIICTB IIEHOOETOHOB 1
CTPYKTYPHBIX OCOOeHHOCTell MaTepuasa. [loaydeHne BEICOKOKaueCTBEHHO ITPOAYKIIVI CTaA0 BO3MOKHBIM
04arogapsi COYeTaHMIO MSTKUX PEXUMOB TepMOOOPaOOTKM M DK30TEPMMUYECKMX CBOVICTB IIeMeHTa.
Kpowme Toro, Bo3aeicTB1e AOIOAHNTEABHON DA€KTPUIECKON DHEPIUM IIpU MUHMUMaAbHOM pacxoze (10-
20 xBTu/M?) Ha mpoIiecc TBepAeHNS IIeHOOETOHA XapaKTepU3yeTCcs IepUOANIECKUM U KPaTKOBPEeMEHHbIM
a¢dexrom. Hanporus, TpaiunmoHHbIe MeTOALI TePMOOOPabOTKM TpeOyIOT 3HAYMTeABHO OOAbIIero
pacxoga »aexrposnepruu — ot 80 g0 100 xkBru/m>.

PesyabTaThl peHTIeHO- U 9AEKTPOHHO-MUKPOCKOIIMYECKMX WCCAeJ0BaHUI IIOATBEPAUAN, UTO
paspaboTtaHHble 9HeprosPpPeKTuBHBIE Marepraabl 001aJal0T BBICOKMMU (PUIMKO-MeXaHNIECKIMIU
CBOMCTBAMU U HEBBICOKOI CTOVMMOCTBIO.

Kaiouesble caoBa: 0OeToH, Tellaolepejada, TEILAOM3OAALNA, IIOPUCTOCTL, TeMIlepaTypa, Harpes,
TEeI0IIPOBOAHOCTH, KOHANIIVOHPOBAHIE BO34yXa, TeMIlepaTypa, dHeprocoepekeHne
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Kyppblabicka apHaafraH JKaHa, 9HepIrus YHeMAelTiH MaTepuaajap

A.B. Apyosa', A.E. A:xxekcembaesa’, M.A. Koukanos?, 1.A. JKakcbiaeikosa*
12345 /1. H.T'ymunres amotndazor Eypasus yammuix ynueepcumemi, Acmana, Kasaxcman
e-mail: ecoeducation@mail.ru

Anpatna. byrinri Tanga eaeMJe opTypai FUMapaTTap MeH KYpbLABICTapAbl IlaiijadaHy KesiHae
DHEPTUAHBI YHEMJey MacelelepiH Ienryre MyMKiHAIK OepeTiH, FuMapaTTapAblH iIlIKi >KoHe CBIPTKDI
JKYK KOTepTilll JKoHe KOpIllay KOHCTPYKUMAAapbIH KOCa aAfaHAa, DHepPIUs YHeMAENTiH MaTepuaajap
MeH OyiBIMJapAblH OpacaH Kell Mmeallepi Oap. JereHMeH, MyHJail Marepuasljap OpKalllaH >KOFaphl
OepikTikKe, COHAal-aK, YAKEeH FUMapaTThIH KYK KOTeprill 0e4ikTepinje KoAJaHyFa apHaAraH GpU3UKaABIK,
JKOHe MeXaHUKaAbK Kacyerrepre me Ooaa Oepmeiigi. OcblFaH 0aifAaHBICTHI DHEPTUSIHBI YHEMAEWTIH
KYPBLABIMAAQpP MeH OyIbIMAapAbl 93ipAeyaiH ©3eKTi MiHAeTTepi OepiKTiriH apTTHIPY, JKbLAY ©TKIi3TiIITiriH
TOMeH/eTy, aya-paliblHa TO3IMAiAiK ITeH blAFaAfa TO31MAIAIKTI apTTHIPY, COHBIMEH KaTap ©3iHAIK KYHBIH
TeMeHAeTy OOABIIT TabblaaAbl.

Kan->XKakTbl 3epTTeyAepail HoTIKeCiHAe aBTOpJAap >KepridiKTi IMKi3aT IIeH KaaAbIKTap HerisiHge
OepiKTiri >KoFapbl, XLy ©TKI3IIIITiri TOMEH >KoHe KyHBI TOMEeH >KaHa YSIIBIKTE OeTOHAapAbI >Kacaasl. bya
TaCiA DHepPIus MeH pecypcTapabl TYTHIHYABIH aiiTapAbIKTall TOMeHJeyiHe aKeaeal JKoHe OHIiM callachIHbIH
SKOFapBl CTaHAAPTTapPBIH CaKTall OTBIPHIII, DKOAOTMAABIK Ta3a OHAIPIC 94iCTepiH eHrisyre BIKIIaa eTei.

DKcIIepUMeHTTIK 3epTTeyAep apHaiibl JKacalFaH 3epTXaHaAblK KaMepada XKy prisiagi. bBya KoHAbIpFsI
KaMepaHBbIH iIIiHAeri TemIleparypaHbl Oipkeaki OaKblaayabl, COHJall-aK ©HIMHIH OYKid KaABIHABIFEI
OolibIHIIa TeMIlepaTypaHbIH OipkeaKi TapaadyblH KaMTaMmachld eTTi. byran maiigasaHblAFaH DHEpPIus
KO3/epiH YTBIMABI OipiKTipy apKbIAbI KOA JKeTKi3iaAl.

Makasagda Xe0ik OeTOHBIHBIH (PU3MKAABIK-MeXaHMUKAaABIK KacHeTTepiH >KoHe MaTepualablH
KYPBIABIMABIK €peKIIeAiKTepiH 3epTrey HaTIKedepi OepiareH. JKorapsl camaabl eHiMAepai eHAIPY
JKYMCaK TepMUAABIK ©HAEY >Kafjalidapbl MeH IIeMEHTTiH DK30TepMMSABIK KacUeTTepiHiH yilaeciMi
apkacelHza MYMKiH 060a4bl. COHBIMEH KaTap, MMHUMAaAAbl TyThIHYy KediHge (10-20 xBrt/M3) xoceimiia
DAEKTp DHEPIVICHIHBIH KOOiK O€TOHHBIH KaTalo IIpolieciHe acepi Mep3iMAi >KoHe KbICKa Mep3iMAi acepMeH
cunarradaabl. Kepiciniile, 4ocTypai TepMUAABIK ©HAEY d4icTepi aliTapAbIKTall >KOFaphl DHEPTUs TYTBHIHYABI
taaar ereai - 80-aen 100 kBrcar/m3 aerrin.

Pentrengix >xeHe 9A€KTPOHABI MUKPOCKOIIMSAABIK 3epTTeyAepAiH HaTVKeAepi 93ipAeHTeH SHePTUSHEI
YHEMAENTiH MaTepuaalapAblH QU3NMKaAbIK-MeXaHIUKaABIK KacueTTepi >KOFaphl KoHe KYHBI TOMEH eKeHiH
pacraapbl.

Tyiiia cesgep: beron, >XbplAy OTKI3riIITiK, >KBIAy OKIIayJay, KeyeKTidiK, TeMmIepaTypa, >KbLAY
OTKI3TIIITIK, ayaHsI OarlTay, SHEpTUAHBI YHEMAEY
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BpIOOp MeTOga pacdeTa ycmanii KOIaHMs M Harpy3o0K,
AeVICTBYIOIINX Ha 1e€MeHThI pabo4ero o00opya0BaHUsI
TMAPaBANIECKOIO 9KCKaBaTopa

AnaHOTaIMSI. Mseecmuo,  umo 214()]7116]\1/!1{8131(1/!8 JKcKasamopol — amo
MHOZOSﬁyHKu,MOHﬂAbele 36.M]\€pOI:lel€ MAulUuHvl, cocmosdufue u3 CmpeAvt, pyxKoismu
u Koeuia.

Jxcragamop padomaem no nPUHUUNY 2UIPAGAULECKOL KUOKOCHIU CZUIPOUUAUHIPOM
u eudpomomopamu. Baxro ommemumv, umo akcnayamayus 2uOpasAUHeECKUM
aKcKasamopom mpedyem cKoOpOUHUPOSAHHO20 NepeMejeHus Crmpeavl, pyKosmu
U KOGULA OAS YNpasAeHusl HNOAOKeHUeM HAKOHeUHUKA KO6UA 10 KeAaeMoi
mpaexmopuu. Tem camoim, cnocobcmeyem IPPeKmMusHoMY UCHOALI0EAHUTO
MAUUHOU 6 TeMHOoe 6peMs CYmok, 6 HAUXYOULUX YCAOSUSX mpyod, 6 CYposyio
10200y, 6 ONACHOT UAU HE300P06OTL OKpYyxKatoueti cpede, U daxe HA MePPUMOPUSX
CIMUXUTHOLLX 0e)C6uil.

Vnpasaeriue 2udpasaudeckum aKCKasamopom 603MOKHO NPU YCAOGUU NOHUMAHUS
KUHeMAMUKU U OUHAMUKU IKCKAAMOPHOU Mauluol. JAs docmuxerus amoi
ueAu 6 0aHHOll cmamove npueedervl PasAUdHble Memodvl pacuema, CEs3aHHbvle C
KUHEMAMUKOLL IKCKAGAMOPHOT MAULUHDL, KOMOpPble NOAE3HD! NPU 6LINOAHEHUU €20
KUHeMAmuueckoz0 modeAuposarus. Ymo 6 céoto ouepedv cnocodcmeyem noHUMaHuto
nogederus U YAyHuleHUs IKCHAYAMAUYUOHHBIX XAPAKMEPUCUK 2UOPAGAULECKO20
aKckasamopa.

Karouesbie caoBa: akckasamop, KuHemamuxa, cmpead, KOGUL, pPYyKoamo,
Moderuposatiue.

DOI: doi.org/10.32523/2616-7263-2023-145-4-188-203

1. Beeaenmne

B HacTosmee BpeMs CyIIecTBylOT OCHOBHBIE 3ajaul, HallpaBA€HHbIE Ha IIOBBILLIEHIE
KadecTBa 1 9(PPeKTUBHOCTY MallMH, HaAeXHOCTU OOOPYAOBaHMSA M Pa3ANIHON TeXHUKN B
004acT MaIIMHOCTpOeHMs. DTU IIeAM TakKe BKAIOYaloT B ceOs CHIDKeHUe IO0TpedAeHu:
pecypcos (MaTepuaaoB U YHePIUN) U MOBHIIIIeHNe IIPOU3BOAUTeABHOCTH TpyAa. [1]

[mapaBanyecKknii  9KCKaBaTOp COACPKUT Ps4 B3aMMOCBA3aHHBIX TIMAPOMEXaHMYeCKUX
KOMITOHEHTOB, KOTOpBLIe UMEIOT: ABUTaTeAb, IPeACTaBACHHBIN TIMAPOLUMAUHAPOM, a TakXkKe
PBIYasKHO-TUAPABANIECKYIO CHUCTeMY. DTU KOMIIOHEHThI BKAIOJAIOT B ce0s1 1eMeHTHl pabodero
000pyA0BaHIsl, TaKMe KaK CTpeAa, pblyar 1AM KOBIII, a Tak>Ke IMAVHAP U IIOPIIeHb CO IITOKOM. B
pesyabTaTe OCHOBHBIMM 3a4€ICTBOBAHHBIMY MeXaHU3MaMU SIBASIOTCS pblYa’kHbIe CUCTeMBI. [2]

KunemaTnyeckass B3aMMOCBA3bL MeXAYy ABUTraTeleM U DA€MEHTaMIU  PhIYa>kHO-
TApPaBAMYIECKON CHCTeMbl O0yCAOBAMBAIOT YHMKaAbHble KMHeMaTHyecKue XapaKTepUCTUKU
®TOr0 MeXaHI3Ma, KOTOpbIe BapbUPYIOTCS B 3aBUCUMOCTH OT IT0A0KEHN: ABUTaTeAs (IMANHAPA)
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II0 OTHOIIEHUIO K APYIMM KOMIIOHeHTaM cucreMbl. Onpeesenne KMHeMaTUYeCKUX CBOVICTB
PBIYasKHO-TUAPaBANIECKOTO MeXaHI3Ma SIBAeTC OCHOBHON 3a4a4ell KNUHeMaTIIeCKOTO aHaAM3a.
ApyrumMu caosaMi, 9TO BKAIOYaeT B ceOs oIpejedeHMe 3aKOHOMEPHOCTEl, yIpaBASIOIIUX
pasBUTHeM KUHEMaTUYeCKMX ITapaMeTpOB, TaKMX KaK YIAOBbIe CKOPOCTU IPUBOAVMEIX B
ABVKEeHME KOMIIOHEHTOB (TaKuX KaK CTpeAa, phldar M KOBII) M CKOPOCTM KOHKPETHBIX TOYeK
BHYTPU KOMITOHEHTOB CUCTEMHI. [2]

2. MeTogabl pacdeTa KOHCTPYKTVMBHBIX U 9KCIIAyaTallMMOHHBIX IIapaMeTpPOB
9KCKaBaToOpa

Ha meraaaoeMkocTs 1 9 PeKTUBHOCTh DKCKaBaTOPOB CYIIeCTBeHHOe BAMSIHIE OKa3bIBalOT
TeXHIYeCKNe XapaKTepUCTUKN UX PaDOYnX KOMIIOHEeHTOB. /luHeliHbIe pa3Mephl KakK CTpeabl, TaK
U PYKOSATH ONPeAeAsIOTCs MCXOAS M3 HazHaueHHOI pabouell 30HBI, IAe KOBII IpesHasHaueH
AAsl 3alI0OAHEHUS MaTepualaMU U II0CAeAyIOIell BLITPY3KU B TPaHCIIOPTHOe CcpeAcTBO. BaxkHo
He TOABKO OIIpeAeAUTh ero Npoduab U pa3Mep, HO U paccyuTaTh TpeOyeMoe ycuaue KOaHus.
Kpome Ttoro, mpm BpiOOpe pasmMepoB CTpeabl, PyKOATH UM KOBIIa HEOOXOAMMO Y4UTBIBATh
MaKCUMaAbHBIE YCUANS, KOTOPBIM OyAyT ITOABEPraThCs BCe DTU DAeMEeHTHI. [3]

by

T

G 5

GG ,G.,G .
crEpr VRS T PTI cuan maxecmu

ner Omp &

e
Py, Py,

Puc. 1 - Cxema K onpeaeaeHUIO yCUAMIA:

CnipeAvl, pyKoimiu, Koeuia, lJ,M.?\MH()pOG CMpeAY, pykoiAmu, Koeuia,

e B
COCMABASIOU e YCUAUS CONPOMUEACHUS KOnaHuto; - 5" " IP* “TOE — ycyAus HA WmMoKax 2u0potUAUNOpos

— KacameAvHasl U HOpMAArbHAS

Uto aeaaeT BhIITOAHEHMEe paOOTHl YHUKAAbHBIM, TaK ®TO €€ 3aBMCHMOCTb OT HECKOABKMX
¢akTOpOB, B TOM UNCA€:

e IloaoxeHue u TpaeKTOpun 3yObeB KOBIIIA.

e Pasmepnl, TOUKU KpeIldeHNUs U YIAbl HaKAOHa TMAPOIIMAMHAPOB, a TakKXe JaBAeHue
pabouei >XAKOCTH (KaK IOKa3aHo Ha puc. 1).

o Cuapl TsKeCTH, AeMCTBYIONME Ha DAeMeHTHl padoyero o0opyAOBaHMs.

Taxum oOpa3om 4TOOBI paccauTaTh YCUANUS, TPeOYIOTCS CUABI TAXKECTH, KOTOPBIe 3aBUCST OT
CedeHNI DAeMeHTOB. /145 olpee e s Ke CedeHN I TpeOyIOTCs ycuaus. DTy IPOTUBOPEYUBOCTD
MOKHO IIpe0A04eTh, MCIO0Ab3Ysl MpUeM IOCTeIIeHHOTO YTOYHeHNs IlapaMeTpOB: BHayade IIO
NpUOAVKEHHBIM PerpecCHBHBIM 3aBUCUMOCTAM OIIpeAeAseTcsl Macca 9A€MeHTOB, ITIPOBOAUTCS
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pacyer yCuAuii, OIpPeAeAsIOTCsS OITUMAaAbHbIE CEYEHMS DAEMEHTOB, YTOYHsAETCS Macca U
IIPOBOAUTCS MOBTOPHLIN pacyeT ycuanii. [3]

Ha paccmarpusaemom pucyHke 2, nsoOpakeHa Hamboaee ollacHas opueHTauus. B oToit
KOHpUTYypalUM IITOK I'MAPOIMAMHAPA IOBOpayMBaeT PYKOATKY TakUM OOpasoM, UTO OHa
BBIPaBHMBAETCS IIEPIIEHAMKYASPHO ee IPOAO0ABHON OCH, a PeXKyIllasi KPOMKa KOBIIA IIPOXOAUT
BA0AD TOV Ke ocu. PasMephl 11 pacioa0>KeHue CTpeAsl ¥ PYKOATH TIaTeAbHO I10A00paHbl TaKUM
00pa3oM, YTOOBI MaKCUMMaAbHO YBeANMYUTH AOCTYIIHYIO pabodyIo I110111aAb, COXPaHss IIPU DTOM
UIX KOHCTPYKTUBHYIO 11€A0CTHOCTD, @ TaK>Ke YCTOMYMBOCTL ¥ MOOMABHOCTb DKCKaBaTopa. [4]

Puc. 2 — Cxema AeiicTBUS C1A Ha DKCKaBaTOpHOe 000pyJ0BaHIe:

W, — cocmasasitousas ycuus Konanus, nepneHouxyrspuas ocu pyxosmu; W, - cocmasrsionas ycurus
Konanus, deiicmsyrouas no ocu pykosamu; G, - cura maskecmu cmperv; G, - CUAL MAKECIU PYKOAMU;
G, - cura maxecmu Kosuia ¢ zpyrmom; P_- ycurue cudpouurundpa nodvema cmpervl; P, - ycurue
2udpoyuruHIpa nosopoma pykosamu; P -ycuiue udpouurundpa nosopoma Kosuia; S, - HOpMarbHas
COCIMABAAIOU4AS PeAK UL CIIPEALL HA PYKOANTY; R~ NpodoAbHAS COCIMABASIOU4AS PeaKI{ULL CIIpPeAbl HA

pyKosmb.

Bo Bpem: BrleMKM IpyHTa Opu BpalleHUU KOBIA U yAape ero KpOMKOM O HpPeIsiTCTBUE,
KOTOpOe HEBO3MOXXHO IIpeoAo0AeTh, AaBAeHUe B LMAMHApPE BpallleHMs KOBIIA AOCTUTaeT
MaKCMMaAbHO AOIycTUMOro yposHs. Cmaa conmpoTubaeHms, oOO3HaueHHas Kak B, xoropas
NPUKAaABIBAETCS K Kpalo KOBIIa B 9TOM CLIeHapUM, 3aBUCUT KaK OT €0 OpMeHTalluM, Tak 1 OT
KPYTAIIero MOMeHTa, CO34aBaeMOTO yCUAMEM TUAPOLUANHAPA OTHOCUTEABHO TOUKH IIOBOPOTa
KPeILAeHIs KOBIIa K pydke. DTOT KPYTAIINIZ MOMEHT AOCTUTHET CBOel MaKCMaAbHON Be AVYMHEL,
KOrga AAMHA NEPIEeHAUKYASPHON AWHUM, IIPOBEAEHHON OT IIeHTpa IMapHUPOB K OCH IITOKA
TUAPOIUAMHAPA, AOCTUTHET MaKCUMaAbHOM BeAMYMHBI. MeTog pacyeTa MpoOMAAIOCTPpUPOBaH
Ha PUCYHKe 3 U 3aKAI0YaeTCs B CAAYIOIIeM:

w = e
R -sina (2.1)
rae W_ C1/a, BO3HUKAaIOMIasl Ha KpOMKe KOBIIA ITPU €T0 YIIOpe B IIPETISITCTBUE,

P
Ll — cuaa, passuBaeMast TMAPOLMANHAPOM ITOBOPOTA KOBIIIA [IPY YIIOpE B IIPEIISTCTBIE,

@ _ s auna HepHeHAUKyAsdpa U3 [eHTpa IIapHNUpa Ha OCh IIITOKa IMAPOLMANHAPa IIOBOpOTa
KOBIIIA,
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R, _ paauyc KoBIa (paccTosHMe OT KPOMKH KOBIIIA A0 IIapHMpPa KperAeHNs ero K pyKOsITH);

i _ yroa Mexxay AVHUEN Aef/]CTBI/I&I cuabl P u PagnmyCcom KOBIIIa.

Puc. 3 — Cxema AeiCTBISI CiA TIPY BCTpede KOBIIa C HeIIPeOAOANMBIM IPeIITCTBIEeM

Crout oTMeTuTh, 4TO KOrda o mpuodamxkaercs ando K 0, ambo k 180°, To TeopeTmdeckas
cnaa W crpemuTtcst K 6eckoHedHocTH. OAHAKO B IIPaKTUUECKMX CUTyalnsX pakTudeckoe ycuane
W orpanmueno takummyu QakTtopamy, KaK PUCK OIPOKUABIBaHMA pabodero oOOpyAOoBaHNS
HKCKaBaTOpa, BO3MOXKHOCTh OIIPOKMABIBaHN DKCKaBaTOpa OTHOCUTEABHO KOHTPOABHBIX TOUEK
A (Kak II0KasaHO Ha pucyHke 4) mau B (kak HoKa3aHO Ha PUCYyHKe 5) MAM NOTeHIMaAbHas
BO3MO>KHOCTb €TO OIPOKUABIBAHMS. CKOAB3UTE IO OIOPHOIN IOBEPXHOCTM (KaK IOKa3aHO Ha
pucynke 6). [Ipu omeHke yCTOMYMBOCTM 9KCKaBaTOpa B peaAbHBIX YCAOBMSAX KpaliHe BaskKHO
YUMUTHIBaTh BeAMINHY YCUANIL Y PacIIOA0XKeHNe IIeHTPOB TsXKeCTH IIacCy € eTo Bpalljaroiencs
111aTPOPMOIi, CTPeAOii, pyKOATKONM U KOBIIOM € IpyHTOM. Kpome TOro, HeoOXoAMMo Takxke
YUMUTHIBATh CUABI MHEPIINY, BOZHUKAIOIIME TP BpallleHUM MallliHBI, II0AbeMe U OIlyCKaHNUN
CTpeAbl, @ TaK>Ke BpallleH!! PYKOATH U KOBIIIA.

=1 oy
LS o T

Puc. 4 — OpokugpiBaHye 9KcKaBaTopa OTHOCUTeABHO pedpa A
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Puc. 6 — I[IporackuBanme 9KcKaBaTOpa OTHOCUTEABHO IIOBEPXHOCTH

[TponssoANTEABHOCTH OAHOKOBIIIOBOTO ®KCKaBaTopa 11, M*/4, paccunTsIBaloT 1o
dpopmyaam:

3600 Vy Kyap Kymphs
T Fpa (2.2)
r= - + Looe + Lour + tuﬁp (2.3)

rae T — rmoaHast IPOAOAXKUTEABHOCTh pabOUero 1mKAaa,
V.

¥— TeOMeTpuJecKasl BMeCTMMOCTD KOBIIIA, M,

k
k

¥IP - K0P PULMEHT, yIUTHBAIOMmNIT 9PPeKTUBHOCTL CUCTEM YIIPaBA€HI 1

. k. ..= 135
KBaAM(pUKaINMIO MalllMHUCTa (IpU cpeAHel KBaaupuKaIllUuy MalllMHICTa — ¥IP

k

1=

wan- KOO(PPUITNEHT HaIlOAHeHN s KOBIIIa (kﬂan = 1’35)

7

)

B — KOBCl)q)I/ILH/IeHT MCITOAb30BaHMs BpeMEHN CMEHDI,

pez K0P PUIINEHT pa3phIXAeHNUs TPYHTa IpU pa3paboTke,

tﬂ-aﬂ- IIpOAOAKUTEABHOCTD 3aIlIOAHEHNSI KOBIIa, C,
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tE Bl — ITPOAOACKUTEAbHOCTD BBITPY3KUM KOBIIAQ, C,

tﬂ!ﬂE — IIPOAOAKUTEABHOCTD ITOBOPOTa DKCKaBaTOpa 4451 BRITPY3KUM KOBIIIa, C,

t
98P — [IPOAOAKUTEABHOCTD [IOBOPOTA DKCKABATOPA C ITYCTHIM KOBIIIOM B ICXOAHOE
IIO0>KEHE, C.
ComnpoTuBaeHe KOIIaHNIO PN KOIIAHMI IIOBOPOTOM PYKOSITY OIIPeAeAsIeTCsI I10
dopmyae:
We= W, + W, + W,

(2.4)
CocraBAsiBILIVIE COIIPOTUBAEHNS KOIIAHNUIO OIIPEAEASIOT 110 cAeAyiomuM Gopmyaam:
Wyes = Koo " by " hp 2.5)
Wﬂ-aﬂ = KEE‘: ! bﬁ ’ Jlﬁﬂl'[ (2.6)
W = 04V, kyan Prp "9 " Hep 2.7)
rae
W

Iam — COIIPOTMBACHNE 3allI0AHEHNIO KOBIIa, H;

=

PE= — CONPOTMBACHNUE TPyHTa pedanuio, H;

=

op — COIIpOTMBAEHNE IIepeMEeNIeHNIO ITPM3Mbl BOAOYEHUIO II€pea KOBIIIOM, H ;

e

£ - yAeAbHOe COIIPOTHBACHNE CTPYKKI IPOAOABHOMY CXKaTHIO ( Kow= 4700 ITa);

o

Pe2 — yaeAbHOE CONPOTUBACHNE IPyHTa pesannio, [1a,

[wyl

¥ — IIJMpVHa KOBIIIA, M,
1

Keaan KOO PUIIMEHT HallOAHEeH:I KOBIIIa;

0,4 — x09pPUIMEHT TPOIIOPIIMOHAABHOCTI O0beMa IIPU3MBI BOA0YEHUIO TeOMeTpIIecKo
BMeCTVIMOCTH KOBIIIa;

VK

e

smom — TAyOMHa KOIIaHM, M;

— reoMmerpmieckasl BMECTIMOCTD KOBIIIa DKCKaBaTopa, M3,'

Prp _ iaotHOCTH Pa3pBIXA€HHOTO IPyHTa KI/M?;

g_ yCKOpeHe cBOOOAHOTO IageHms M/c%;

Frp K0P PULNEHT TPEeHNI TPYHTA I10 IPYHTY.

2¢

By

Puc. 7 — Cxema xomaHmst TPyHTa IIOBOPOTOM KOBIIIa

HpI/I BbIEMKE I'PYHTa IIyTE€M IIOBOPOTa KOBIIIa BOKPYI TOYKM KPEIIA€HII Ha PYKOJITKE (KaK
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ITOKa3aHO Ha pIuC. 7) TOAIIIVHa Cpe3aeMOoro mMarepnada CHadada yBeAMYMBaAETCI C HYAsd A0
MaKCIIMa/AbHOI'O 3HA4Y€HIN:, a 3aTeéM CHOBa YMEHbIIAeTCI A0 HYAS. Bo BpeMs1 BTOro Iponecca

W,

COIPOTMBAEHME BbleMKe TPyHTa, OOO3HauaemMoe KaK ' & OIlpeeaseTcsl C MCIO0Ab3OBaHUEM
CAeAYIONNX YPaBHEeHUIA:
We = Woeeip T Wean

B (2.8)
—_ 1.35 135
Woeap = KR¥(1 + cosep) 2.9)
w:—:an max KE—:E.I.'[[D’E - f-F":] VP: AU w:-:anmax * 0,15 WPEE' (2.10)

W y

rae  Pe3EP— MaKCMMa/AbHOE 3a ITMKA COIIPOTUBAEHNE Pe3aHIIO TPYHTa KOBIIIOM C pesKyIIeil
KpOMKOI1 Oe3 3yOnes, H;

K

R

- COPOTUBAEHNE Pe3aHIIO IPYHTa peXXyIumM nepumerpom, H;
- paanyC TPaeKTOPUU U PeXXYyIell KPOMKM KOBIIA, M;

¥ - noaoBuHa yraa noBopoTa KOBIIa B TPYHTE, ...%

=

HAT max - MaKClIMaAbHOE 3a IIVMKA COITPOTMBAEHNE HallOAHEHIIO KOBIIa I'PYHTOM;

=

Han - y/e/bHOe COIIPOTUB/AeHNe HallOAHEeHMIO KOBIIIa IPYHTOM ( Kaan=10 kH/m?);

=

E - BMECTMMOCTD KOBIIIa, M°.

A As1 KOBIIa C pe>Kylllell KpOMKOI1 Oe3 3yOneB
K=10c(1+26b,) (1+0,0075a)(1 + 0,035)538 2.11)

A5 KOBITIA C 3yObIMU
K=10c(1+26b,) (1+0,0075a)zd (2.12)

re ¢ — IPOYHOCTh TPYHTa, u3MepeHHas naotHomepoM dopHIVI, uncao yaapos;

b

¥ - IIIMPUHA KOBIIIA, CM;

@. yroa pesaHms, ...%

¥ -ToAmMHA BepTUKAAbHBIX TPOpUAETL, CM;

B_ KOO PUIUEHT, YIUTHIBAIOIINI 3a0CTPEHNE BePTUKAABHBIX PeXYIINX poduaeit (415
TYIBIX ITpoduaent B =1,05, 2451 3a0CTpEHHBIX 1104 yTA0M 45° B_ 1,0);

- KO9(PPUIIMEHT, Y4IUTHIBAIOMNII cXxeMy 3abos (ecam cBOOOJHA TOABKO AHEBHas
IIOBEPXHOCTD 320051 - 6=1, ecAm cBOOOAHBI AHeBHasl IIOBEPXHOCTh T 00e BepTUKaAbHBIX CTEHKN
8 -0 50);

L. KO®PPUITMEHT, YIUTLIBAIOIINI pacCTOAHNE MeXAY 3yObsAMM (€CAU pacCTOSHIE MeXAY

3yObsIMU TIpeBbIIIaeT mupuHy 3yba B 2-3 pasa, £ =1, unaue < =1,2).

OO1beM rpyHTa, Bpe3aeMoro «00paTHOI A0IaToM» 3a OAVH IIMKA IIPU KOIaHUU
IIOBOPOTOM KOBIIIA, PacCIUTHIBAIOTCA 110 popMye:

Vip = 0,2R*(2¢ — sin2g) (2.13)

3. PesyabTaThl 1 OOCYyXAeHMe

/451 OLIeHKM IOTeHIMaAbHBIX HarPy30K Ha 3yObs KOBIIIa 1 BHYTPY KOMIIOHEHTOB pabodero
000pyA0BaHI I HEBO3MOYKHO YCTaHOBUTL TOYHBIE aHAAUTIYECKIIe COOTHOIIIeHN S 13-3a MHOKeCTBa
BAMAIOIMX napamerpos. CaegoBaTeabHO, CTAHOBUTCS HEOOXOAMMBIM MHTEPIPeTUPYIOLIUIA
1oaxod. Ilpyu pacuere moTeHIMaAbHBIX YCUMAMII KOIIAHMS HadyaAbHBIN DTaIl BKAIOYaeT B ceOs
YCTaHOBKY MaKCHUMaAbHOTO ((PUKCUPYIOLIEro) yCUANs KOMaHMUs Ha 3yObsX KOBINA, II0CAe 4ero
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Buibop memoda pacuema ycuAuil Konamus u HAZpY3ox, 0eucmeyoujux Ha IAeMeH ol padouezo 000pyoo6anus. ..

BBIYMCASIOTCSL YCUAUS, ACMCTBYIOIIME Ha INTOKM IMAPOIMAMHAPOB. Ecan ycmans Ha IITOKax
IPEeBLIITAalOT 3HAadeHNs, HPUBOAAINNE B AeVICTBUE NpelOXpaHNUTeAbHble KJAallaHbl, yCUANe
Ha KOBIIIE YMEHBIIIaeTCs, M pacyeThl HOBTOPSIOTCA AO TeX IIOp, IOKa He aKTUBM3UPYIOTCs
npegoxpaHUTeAbHbIe KAallaHbl BO BCeX IMAponuaAnHApax. [4,5]

PacueTs! ycnamst BRIITOAHAIOTCS ITOCAe OIlpejeeHNs KOOpAMHAT BceX 91eMeHTOB pabodero
000pyA0BaHNS A5 3a4aHHOV KOHCTPYKTUBHO KOHPUTYpaLmy, Kak II0Ka3aHO Ha pUCyHKe 1. Dt
KOOPAMHATHI BBIYMCASIIOTCS Ha OCHOBE IIpejoCTaBAeHHBIX Pa3MepoB pabouero o0opy40BaHNs I
IIPU HOAHOCTBIO BBIABMHYTBIX IINTOKaX I'MAPOUMANHAPOB. A5 pacdyera AOIyCcTUMOII pabodelt
30HBI MCII0Ab3YyeTCs CCTeMa 13 TPeX BAOYKEHHBIX IIKAOB, IIPY 9TOM padMepbl IMAPOLMANHAPOB
3a4al0TCsl TIOCTEIIeHHO B COOTBETCTBMM C PUCYHKOM 8. /A KaXKAOM ITIOAY4eHHOV TOYKU B
npejeAax 9TOM CTPYKTYPbI BEIYMCASAIOTCA COOTBETCTBYIOITE CUABL.

¥ F

R

Puc. 8 - Cxema k omnpedeaeHNIO TTapaMeTpOB pabodell 30HbI 1 TOA0XKEeHNI 51eMeHTOB paboJero

O60py,Z|,OBaHI/I}IZ @ Qg Py ﬁ’ w — YI4bI A4 pacdyeTa KOOpAVMHAT TOYEK DA€MEHTOB pa6oqero

Vi —CcKOpocTh IepeMernenyt 3yoves kosia; A, T, E, FE PR, B, S, L, M, C, D —

mapHupsl; K — BepmmHa 3y0a KoOBIIIa

obopys0BaHIL;

[mapaBandecKie ®KCKaBaTOPBl OOBIYHO BBIIIOAHSIOT 3€MASHBIE paOOTHI, ITOBOpadMBas
KOBIIT BOKPYT TOuKM IapHupa C, IpuBOAMMOIL B AeICTBIe IMAPOIMANHAPOM. Bo BpeMs »Toro
Imporecca AMHENHasi CKOPOCTh B M TaHTeHIMaAbHas COCTaBASIONIAsl CUABI CONPOTUBACHMS
KonaHMIO P AelicTByIOT 1104 IpAMBIM yraom K anaun CK.

Pacripesesenne ycuans ot 3yObeB KOBIIIa K APYIIM KOMIIOHEHTaM pabodero o00pyA0BaHILs
OCYIIeCTBASIeTCS C IIOMOIIIBIO yraa P. DToT yroa onpejeasercs Ha OCHOBe paHee yCTaHOBAEHHBIX
koopauHaT Touek K n C, Kak ITIOKa3aHO Ha pUCyHKe 8.

Yroa nakaona anauy CK oTHOCHTeABHO TOPM30HTa IIOKa3aH Ha pUCYHKe 9.

,E YT
L=

= ﬂ-?‘ﬂ'tg p— (3.1)

¥Yroa HakA0Ha AMHUM KacaTeAbHOV K TOPU3OHTY 14

1;‘1 =ﬁ{'£{_

b iy

(3.2)
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il

K

L4
PI/IC. 9 — CXeMa K paC‘IeTy yr/la HaK/A0HAa KacaTeAbHOI HpI/I KOITaHM HOBOpOTOM KOBIIIa

HopmaapHas cocraBasionias ycuAams KOIaHus 110 M3BeCTHBIM MeToguKaM [3] onpegeasercs
110 KO®PPUIINMEHTY ITPOTOPIINOHAABHOCTY Yepe3 KacaTeAbHYIO COCTaBASIONTYIO:

Pop =K Py (3.3)
CymmapHas cnaa TsKkectu pabodero obopyA0BaHms

Gy, = G. + G, + G, + G, + G, + Gy + Gy + Gy (3.4

ITpoexium Ha OCK KOOPAMHAT OIIPeAeASIOTCS IO COCTaBASIOIINM YCUAUSM COITPOTUBACHIS
KOIIaHUIO, AAsl IOCAeAYIOIIEeTO VMICIIOAb30BAaHMS B pacyeTe YCUAUI B KOHKPETHBIX DAeMeHTax
pabouero o00pyA0BaHIL:

P, = — Py cosi + Py, siny (3.5)

P, = — Py siny — Py, cos s (3.6)

Ycnaue Ha IITOKe TUAPOLUMANHAPA CTPEABI IO YCAOBUIO paBHOBECHS OTHOCUTEABHO TOYKI
A ompegeasercs o popmye:

F — Gc(xm‘c_xﬁ}+Gp(xlnp_xﬁ}+GK(xmK_x&}
He Lagsin({gp.—a—a3)

T+XE F+Xxp R+XL
Gye(——5— —xﬁ}+Gup(x—2 —XAJ‘FG“K(__TE _XAJ—l—

_l_

Lagsin(gpc.—a—as)
XMAXD
GT].( 2 _xﬁ)'l' GTZ(xq'r_x&}_Py{xK_xA}+Px{yK_.}'A}
Lagsin(pc—a—az)
3.7)

I4e X,y — COOTBETCTBEHHO TOPM3OHTaAbHBIE Il BePTUKaAbHbIE KOOPAMHATH DAEMEHTOB
pabouero obopyaoBaHNs;

Lag - paccrosiHre MexXAy mapHupamu A u E, gaaee 110 anaaornu (1o puc 8)
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Buibop memoda pacuema ycuAuii Konanus u HAZpY30K, 0eUCMEYIOULUX HA IAeMeHIbl padoyezo 000pyI06asl...

Ycuame B tare DM

. Py I:-7“'13':_-7“'l:]""F"..JI:' (.-vl: _J"ec] _DJSGLQ:{XD _xc]_{;x{xm’x_xl:}

FMD N Lep sin(£MDx —2DCx) (3.8)
Peaxijum B mapHupe «pyKosiTb-KOBII» (Touka C)
C.=Rpcosf —P, (3.9)
C, = Rpsin® + G, +0,5G,, — P, (3.10)
Ycuane Ha mroke rugponnanHApa KoBIia
E =RD-SDs:'n{E—?+TLj—D,SGuK{xL—x_-;]—D,SGHK{xM—x_g]—GTZ{xm—xs}
e SLsin(T-gy) (3.11)
Ycuane Ha mapHupe «ITOK IMANHAPaA PyKOATH-OaaaHcup» (Touka S)
S,=—F,cos@, + Rysinf (3.12)
S, = 056G, — F,sin ¢, —Rpsin 8 +0,5G,, + G, (3.13)
Ycuane Ha mTOKe TUAPOLMAMHAPA PYKOSTU
£ G R 3)~Gy(rimy x8) Gulrmrs)
up Lgp sinzFPB
Gux(xﬂ-;xﬂ—xs)+ UJE‘GLQ:{XB_XF]+Guec(er:rL_xB) Gn(xmxﬂ—xs)+ Gralxge—x4)
Lgp sins/FPE Lgp sinsFPEB
(3.14)
rae £FPE yroa Mmexxay orpeskamu FP u PB agazee 1o aHazornu (cM 1o pucs)
Peakiyu B mmapHupe «I1s1Ta cTpeasl-naargopma» (Touka A)
A.=—PF —F cosg, (3.15)
A, =G,, — B, —Fsin @, (3.16)
Peakijum B 1mapHupe «cTpeaa-pyKosTh» (Touka B)
B,= —Fcos@ +Fcos @ —A, (3.17)
B, = —F,sin ¢ + F,sin g, —A, + G, + 05(G, + G,) (3.18)
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3HaueHUs yCuUAUIL U peakUuil, OIlpeseleHHble IO IPeACTaBA€HHBIM BBIpaKeHUAM,
UCIIOAB3YIOTCA AAs pacdeTa HaIps>KeHUII B 9AeMeHTaX CTpeabl M II0CAeAyIOIero rnogdopa
ceyeHMIT paboyero o6opyA0BaHNUsL.

Onpegesenne KOOpAMHAT TOYEK DA€MEHTOB paboyero oOOPYAOBaHMS BBLIIOAHSIOT IIO
TeKYIIUM BBIABVKEHUAM IITOKOB I'MAPOIMAUHAPOB IIOBOPOTa KOBIA, PYKOATU U CTPEABI 11O
BBIPa’keHIAM, IT0Ay4eHHBIM I10 TeOpeMaM CHHYCOB ¥ KOCHHYCOB.

ITpo1jecc BrIeMKM I'PYHTa I'APaBANYECKIM HKCKaBaTOPOM 3aBUCUT OT (PYHKIMOHMPOBaHMS
TIAPOIMAMHAPOB, OTBETCTBEHHBIX 3a IIOBOPOT KOBINA, pyKoATHM u crpeanl. Hamboaee
9HeprodP(PeKTUBHLIN IT0AXO0/ MpejlioAaraeT BBIeMKy TPyHTa IIOBOPOTOM KOBIIIa BOKPYT TOYKIU
KperaeHns K pyKosTKe, o0OO3HaueHHOI Kak Touka C Ha pucyHke 8. B sToit xoHpurypamum
TUAPOLMAMHAPDL, YIIPaBAAIOIINE CTPeAON M PYyKOSITKON, pabOTalOT B peXXuMe TOPMOXKEHNs,
npejoTBpamas  ux Iepemernenne. Koraga JaBaeHme B TIUMAPOUMAMHApaAX IIpeBBIIIaeT
yCTaHOBAEHHOe IPeAOXPaHUTeAbHBIMM KJallaHaMM, COOTBETCTBYIOIIME IITOKM HadMHaIOT
ABUTATBCS, 9TO IMIPUBOAUT K BPAIeHUIO CTpeAsl Ay pykoaTkn. CaegoBaTeAbHO, MaKCMaAbHOE
ycuane KOIaHMs, AOCTVMKMMOe Ha 3yObsiX KOBIla, ollpejeasercss paboTol I'MApOIUAUHAPOB
CTpeAbl, PyKOsATHU U KOBIIIA.

UYUT0oOBI paccunTaTh 5TO MaKCUMMaAbHOE yCHAME KOIIaHUs, OblA MCII0AB30BaH aATOPUTM A4S
ompejeAeHNs MPYeMAeMOro pelleHns. OTo MaKCMaAbHOe yCiAye KOITaHMs YCTaHaBANBaeTCs
Ha OCHOBe IlepBOHa4YaAbHOTO TpeDOBaHNsI K KacaTeAbHOI COCTaBASIONIeN CUABI COITPOTUBACHNS

xomanmo 101, sasegomo Goabmeit ycuAus KOIaHMS paccMaTpUBaeMOIo HKCKaBaTopa.

ITo Py, oIl F, ne FU:LJ
" peAeA}IIOT yCI/[/l]/I}I Ha HIITOKaX rI/I,ZI,pOI_[I/IAI/IH,A,pOB CTpeAbI y pyKOﬂTM , U

KOBIIIa FL““ @. Yenmams, AelCTByIONINe Ha INTOKM, COIIOCTaBASIOTCA CO 3HAYEHMSIMMU YCUANIA,
NPUBOASIINX B AeMCTBME IpeJOXpaHUTeAbHble KAalaHbl. B yacTHOCTH, 445 ITOAOKUTEABHBIX
BBIYMCACHHBIX 3HA4eHMII CpaBHeEHMe MPOU3BOAUTCA C CHAaMM, CBA3aHHBIMM C JaBACHUEM
BHYTPU IIOAOCTU HOPIIHS, a A4 OTPULIATeAbHBIX 3HAYEHNI CpaBHEHMEe OTHOCUTCS K IIOAOCTU

IITOKa IMapoumanHapa. Ecam 1mpegoXxpaHuTeAbHBIN KAallaH aKTUMBUPOBaH, IlapaMeTp Poy
YMEHBIIIAeTCsl, ¥ pacdeThl IIOBTOPSIOTCS A0 TeX IOp, OKa yCUANS Ha CTep>KHAX He yIIadyT HIKe
IIOPOTOBBIX 3HAYEHMIT, KOTOPBIE IIPUBOASAT B ACVICTBYE ITPeAOXPaHUTeAbHbIe KAAIlaHbl.
Maremartiyeckas MoJeAb peaan3oOBaHa C IIOMOIIBIO MPUKAaAHON IporpaMmbl Visual
Basic for, cocrosament n3 3000 cTpok Koja. AATOPUTM IPOTpaMMBI O3BOAsSET PeryAupoBaTh
YAAVHEHNe INTOKOB TMAPOLMAMHAPOB, YIIPaBAAIONIUX CTPeAON, PYKOATKOM U KOBIIOM, B
AUanasoHe OT MMHUMAABHBIX A0 MAaKCUMAaAbHBIX 3HAa4eHMI. DTO II03BOASET OIpeAeAsTb
KOOPAMHATHI pa3sANYHBIX TOYEK BHYTpU pabouero o00pyA0BaHNUs:, YCUANS IIPU BbIeMKe IpyHTa
U yCUANS, 3aAeiCTBOBaHHbIe IIPU BhIeMKe TPYHTa U TPaHCIIOPTUPOBKe KOBIIIa BHYTpU pabouyero
obopyaosanus. KoopannaTsl BepxHeit yactu 3yOa KOBIIIa M yCUANS IIPY BbIeMKe ITpeACTaBAeHbl
cerMeHTaMu B MacmTabe Ha amucre. Kpome Toro, mporpamMmma oroOpakaeT pabodyiO 30HY
DKCKaBaTopa (Kak IMoKa3aHo Ha pucyHke 10) u mpeaaaraet TabAuIly 3Ha4eHUI yCUAN Ha IITOKAX
TUAPOLMAMHAPOB U IIapHUpax paboyero odOpy40BaHUs, a TakKXKe AuarpaMMBbl 4451 0OAbIIe
HarasaHoctu. Ha pucynke 4 1mokasaHpl 3aMeTHbBIE M3MeHeHNs YCUAUI B IIpoliecce pabOTHI.
Uncaennsle rmapameTphl, UCIIOAb30BaHHbBIE B pacdeTax, ObLAM IIPUMeHeHbI K DKCKaBaTopy,
OCHAIIIeHHOMY KOBIIIOM €MKOCThIO 4 KyOmdeckmx merpa. Pazpaborannasi Mogeab oOaerdaer
ompejeaeHue rpaHul, pabodeil 30HBI M CHUA, AEMCTBYIOIIMX Ha KOMIIOHEHTHI pabodero
obopyaoBanus. Pacuer Aas Bceil 30HBI IO3BOASET OIpejeAUTh MaKCUMaAbHOe 3HadeHue
ycuans AAs KaXKAOTO DAeMeHTa, IIOMoTasl B BRIOOpe IOAXOASIIMX CeKIMii KOMIIOHeHTOB 0e3
Ype3MepHOro 3araca IPOYHOCTH, YTO B UTOTe MPUBOAUT K CHVDKE@HUIO Beca KCKaBaTopa.
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Buibop memoda pacuema ycuAutl Konanus u HAzpysox, 0etcmeyouux Ha aremenmuvt pabouezo 000pydo6arusl...
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Puc. 10 — Bo3aMO>KHBIE 3HAYE€HNM S KaCaTeAbHBIX COCTABASIOIIVIX YCUAMIA COTPOTUBAEHNS KOITaHIIO

Pﬂl, KH

4. BbiBOABI

B aannoi1 paboTe mposejeH TeXHUMYECKUIT aHaAU3 U BBIBOABI, Kacarolyecs dKCIayaTaljun
U ONTUMHU3aIUU pabouero o0OpPya0BaHMs IMAPaBANYECKOTO DKCKaBaTOPa, C OCOOBIM YIIOPOM
Ha pacdeT CIA, peaKIMii ¥ HallpsIKeHUIT B Pa3ANdHbIX DAeMeHTax obopygoBanus. BoT kpaTkoe
U310KeHNe KAIOYeBbIX MOMEHTOB:

Pacuem cuavi: DTy 3HaueHUs MMeIOT pelllaiolllee 3HaueHIe AAsl pacyeTa HaIlpsKeHUil B
DAeMeHTax CTpeAbl U BRIOOpa MOAXOAAIINX CeKIINI 445 paboyero o0opya0BaHMs.

Onpedereriue koopouram: KoopauHaThl pasANdHBIX DAeMeHTOB pabouero oOOpyAOoBaHNs
OIIpeAeAsIOTCs Ha OCHOBe TeKYIIUX YAAUHEHMI IITOKOB IMAPOIMANHAPOB. DTU BHIYMCACHUS
OCHOBaHBI Ha TeOpeMax CMHyca ¥ KOCHHY«ca.
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Paboma zudpoyurundpos: Ilporiecc KomaHus ¢ IMOMOIIBIO TMAPABAMYECKOTO DKCKaBaTOpa
OCHOBaH Ha paboTe I'MAPOIMANHAPOB AAs IIOBOPOTa KOBIIIa, PyKOSATH U CTpeAbl. YUToOI cBecTn K
MIUHUMYMY TIOTpeOAeHe DHepIIy, KOBII IT0BOPauMBaeTCsl OTHOCUTEABHO IIapHUPOB PYKOATH
KOBIIIA, B TO BpeM: KaK IMAPOIVNANHAPBI CTPEAbl U PyKOSTH padOTalOT B pesKIMe TOPMOXKEeHI.

Ipedoxparumervriviekranarvl: I IpeBbIIeHneyCTaHOBAEHHOTO AaBAeHUA I PeJOXPaHUTe ABHBIX
KAaIlaHOB B TMAPOIMAMHAPAX IPUBOANT K IIepeMeIeHNIO IITOKOB U BPaIlleHNIO CTPeAbl UAN
pPyKOsATKU. MakcuMaabHOe ycuaue KOMaHUsA, AOCTVKMMOE Ha 3yObsAX KOBIIa, OIpejeAsieTcs
paboTol1 CTpeAsl, pyKOSATHU U TUAPOIIMANHAPOB KOBIIIA.

AAopumm paciema YcuAus Konanus: AATOPUTM WCIIOAB3YeTCS A4Sl TOVCKA pelleHus AAsd
pacyeTa HanMOOABIIIETO yCUANS KOTIaHNU . DTO yCuANe OIIpeeAseTcs KacaTeAbHOM COCTaBASIOIIeN
CMABI COIPOTUBAEHMS KOIAHMIO NMPU CpPaBHEHMM C YCHAUAMY, AEVICTBYIOIIVIMU Ha IITOKM
TUAPOUMAMHAPOB ITpY cpabaThIBaHUM ITPEeAOXPaHUTEABHBIX KAAIIaHOB.

Ipozpammmas pearusayus: MaremaTndeckas MoJeAb peaan3OBaHa C MCIIOAb30BaHUEM
npukAagHoi mporpaMmmsl Visual Basic for Application, cogep>kareit okoao 3000 cTpok xoaa.
ITporpaMmMa 1103B0AsI€T OIpeAeAATh pasANdYHBIe ITapaMeTphl, CBA3aHHBIE ¢ 0DOpyJOBaHMEM,
TaKle KaK yClAve Py KOITaHUN ¥ YCUANS, TIpUAaraeMble B IIpoliecce BBIeMKM IPYHTa.

Busyarusayus u onmumusayus: Pe3yapTaThl pacdeToB BU3YyaAM3UPYIOTCA B MaciiTade,
ITOKa3hIBaloOIeM pabodylo 30HY DKCKaBaTOpa. DT AaHHbIE IIOMOTAIOT OIpeAeAUTh T'PaHUIIEI
pabouelt 30HBI 1 CUABI, AICTBYIOIINE Ha Pa3AMYHEIe DAeMeHThl. PaccunThIBast yCUANS AA5 Beelt
30HBI, CTAHOBUTCSI BO3MOSKHBIM BBIOpaTh COOTBETCTBYIOINE pa3Mephl ITOIIePEYHOTO CeueHNs
9€MeHTOB 000PyA0BaHIs, ONTUMU3NPYS ITIPOYHOCTH Oe3 AMIIIHEeTO Beca.

B 3akaroueHme, ®TOT IpOIleCC TEXHMIECKOTO aHaAM3a ¥ MOAEeAMpPOBaHUsA ODecriednBaeT
MeTO/, ONTUMM3AIMM KOHCTPYKI[UM TUAPABAMYECKOTO 9KCKaBaTOPHOIO 00OpYyAOBaHI,
rapaHTHPYIOIUI, YTO OHO CMOXeT 9(QQPEeKTUBHO BLIIIOAHATL 3eMJAepOliHble pabdOTHI IIpU
MIUHUMAaABHOM IIOTpe0AeHUN 9DHepPrMM ¥ CHVDKeHUM U30BITOYHOTO Beca KOMITOHEHTOB
obopyaoBaHusA. BeiOpaHHBINT MeTO/ pacyeTa yCHANMI KOIIAHMs M Harpy3oK, AeVCTBYIOIIUX Ha
DJeMeHTHI paboyero 060pyA0BaHNUs IMAPABANIECKOTO DKCKaBaTOPa, UTPAIOT PeIaloniyio poab
B AOCTVIKE@HUM DTOM ONTUMU3AITUIL.
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I'1apaBankaabIK 9KCKaBaTOPABIH )XYMBIC )Xa0ABIFBIHBIH 1eMeHTTepiHe acep eTymIi Kasy
KyIITepi MeH XXyKTeMeaAepAi aHBIKTay d9iciH TaHAay

'A.C. Aaubsiposa, 'b.b. Torusbaesa, 'K.I'. baaa6exos, 'A.b. Kenecbex
/. H. T'ymunaes amoindazot Eypasus Yammuix ynusepcumemi., Acmana, Kasaxcman

AnaHOTanmsa. ['mapasanKaabIK DKCKaBaTopAap KeOeaeH, TYTKajaH >KoHe IIOMIIITeH TYpaThIH KOl
PyHKIOMAAB XXep Kasy MalllHalaphl eKeHi OeArii.

DKCKaBaTOp I'MAPaBAMKAABIK CYMBIKTHIK IIPUHININ OOMBIHINA IMAPaBAMKAABIK IMANHAPMEH KoHe
IMAPaBAUKAABIK KO3FaATKBIIIITap apKbIABI JKYMBEIC icTelial. I'mapaBankaablK 9KcKaBaTOPABI HailidalaHyFa
IIeMIII VIIBIHBIH OPHBIH Ka’XeTTi TpaeKTopus OONbIHIIA Oackapy VIIH >KeOeHiH, TYTKaHBIH >KoHe
II1eAeKTiH yiiAeCTipiATeH KO3FaABICHIH KaMTaMackI3 eTy MiHAeT. JeMek, Oy MalllitHaHbI KapaHFbl YaKbITTa,
HaImap >KYMBIC JKaFAaliblHAQ, KaTaa aya-paifblHAa, KayillTi HeMece 3VTHABL OpTaa, TilTi Tabuen anaTrap
aliMarbIHAa TUiMAl HeMece TUiMAiAITiH TOABIKTall eCKepe OTBHIPHII NHalijalaHy¥a bIKIIaa eTeAi.

I'mapaBAMKaAbIK DKCKaBaTOPAbI OacKapy YIIiH OCHI MalllHAHBIH KITHEMAaTMKAChl MeH AMHaMIKaChIH
TYCiHY apKBIABI )Xy3€ere achIpblaaabl. OCbl MaKcaTKa >KeTy YIIiH Oya MaKalaja KCKaBaTOp MalllHACHIHBIH
KMHeMaTMKachlHa OallAaHBICTH dpTypAai ecemrey ogicrtepi KeartipiareH, COHBIMEH KaTap OHBIH
MaTeaMTHUKAaAbIK MoJeai KypacTelpblaraH. Ocplaaiiina I'MApaBANKaAbIK, DKCKaBaTOPABIH MiHe3-KYAKBIH
TYCiHyTe >KoHe ©HIMAiAiriH >KaKcapTy YIIiH yaeci 30p.

Tyiinai ce3aep: ®KckaBaTOp, KMHEMAaTHKa, DKCKaBaTOPABIH TYTKaChl, DKCKaBaTOPABIH >Kebeci,
IIOMiIll, MOAeAbAeY.

Selecting an approach to calculate the excavation forces and the loads exerted on the
components of the hydraulic excavator’s working equipment.

'A.S. Danyarova, 'B.B.Togizbayeva, 'K.G. Balabekov, 'A.B. Kenesbek.
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract. It is known that hydraulic excavators are multifunctional earthmoving machines consisting
of an arrow, a handle and a bucket.

The excavator operates on the principle of hydraulic fluid with a hydraulic cylinder and hydraulic
motors. It is important to note that the operation of a hydraulic excavator requires coordinated movement
of the boom, handle and bucket to control the position of the bucket tip along the desired trajectory. Thus,
it contributes to the effective use of the machine in the dark, in the worst working conditions, in severe
weather, in a dangerous or unhealthy environment, and even in the territories of natural disasters.

Hydraulic excavator control is possible provided you understand the kinematics and dynamics of
the excavator machine. To achieve this goal, this article presents various calculation methods related to the
kinematics of an excavator machine, which are useful when performing its kinematic modeling. Which in
turn contributes to understanding the behavior and improving the performance of a hydraulic excavator.

Keywords: excavator, kinematics, boom, bucket, handle, modeling.
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MeToanka MHCTpYMeHTaAbHBIX Ha0AI0A€HMI 3a
AedopManysIMy U TeXHUYIECKMM COCTOSTHVIEM 34aHW I
COOpPY KeHU

Annorammsa. Cmambvs Hanpasiena Ha peuterue 3a0au no co30amuto aPPexmustoi
Memoouxy OAs nposedeHus UHCHPYMeHMAAbHUX HAOA00eHUTl 30 NPOZUOAMU 6 HeCYULUX
KOHCMPYKUUIAX NAUMAX NepeKpulmus, ZAAGHLIX U 6MOpPOCHeNneHHbIX PUZEALX 6epXHEZ0
Ypo6HA  YHUKAALHOZ0 30aHUA  1003eMHO020 MHOZ0PYHKUUOHAALHOZO — 00ULeCIEEHH020
ueHmpa 6 YcAoBUAX npedzopHOLl MeCIHOCHIU CO CAOKHOIMU UHKEHEePHO-2e0A02UHEeCKUMU
Xapakmepucmuxkamu U IHepemuueckKuM KAACCOM O6UXEHUI 3eMHOU  106epXHOCIIU
pasHot 4-5.

[lepuodueckiie HAOAI00eHUA 30 MEXHUUECKUM COCHIOAHUEM CHOCOOCIEY101 C60e6peMeHHOMY
BUIABACHUIO  KPUMUUECKUX —OMKAOHEHUN  KOHCMPYKMUEHVIX IAeMEeHMO6 30aHus U
obecneueruto besonactoil akcnayamavuu coopyxenus. Ilpedroxena memoduia nposederius
MPULOHOMEMPULECKO20 HUCCAUPOSAHUS NPOZUO0S HECYULUX KOHCHIPYKTNUGHVIX IAEMEHITIO6
s0amus OASL nMpoussodcmea npoéedeHus. Nepuoouteckux HaOA00eHuil 3a 0cadouHbLMU
06uUXeHUAMU 30aHUs U O0npedereHus. KOAUUECHEEeHHDIX 3HAYeHULl 0cadoK C  Yuemom
mMeppumopuarbioz0 pactior0KeHus, UHKEHEPHO-2e0A0ZUUCKUX YCAOGULL, CeUCMUNHOCIU
pationa u 6AUAHUS 6HeuLHell cpedbl.

Karouesble caoBa: zeodesuueckutl MOHUMOPUHZ, HUBCAUPOGAHUE, 0CAJOUHDIE MAPKU,
NAUMDL NEpeKpulmusl, PuzeAv.

DOI: doi.org/10.32523/2616-7263-2023-145-4-204-213

1. Beeaenmne

ITpu cTrpouTeabCTBe 3AaHNI 11 COOPY>KeHMI (SKMUABIX, aAMUHUCTPATUBHBIX, [IPOMBIIIA€HHBIX
34aHMII U T.A.) HOPUMEHSIOT MHOXKEeCTBO MHCTPyMeHTaAbHBIX MeTOJ0B HaOAIOAeHUII 3a
oOecrieyeHneM 401>KHOTO TeXHIYeCKOT'O COCTOSHIS ¥ COXPaHHOCTBIO, a TaK>Ke 0e3011aCHOCTBIO Ha
AAUTEABHBIN CPOK CyIIeCTBOBaHMs M 9KcrayaTtanun. Haba04eHns 1Ay MOHUTOPUHT SBASETCS
OAHUM M3 Ba’KHEMIINX MHCTPYMEHTOB oOecrieyeHns HaleKHOCTU U 0e30I1acHOCTY BBICOTHBIX,
YHUKAABHBIX U KMUABIX 3JaHUI ¥ COOPY>KEHUN B ePUOJA UX CTPOUTEALCTBA U DKCILAyaTaln.
Bo MHOTrIX ropogax u HaceA€HHBIX IIyHKTaX, IA€ BBIIIOAHSAIOTCS KPYIIHbIe I'PagoCTpOUTeAbHbIe
OOBEKThI IPOBOAATCA pa3AMyYHble U CIlelladbHble BUABI HaOAIOAeHUI (Teoge3nyeckue,
aBTOMAaTU3MPOBAHHBII MOHMTOPUHI, KOCMMYECKNe MeTOAbl U T.4.) AAsd (PUKCUPOBaHUA
OTpMIlaTeAbHbIX BO3AEVICTBIII TEXHOTEHHOTO BAMHIS, BHEIITHEl Cpebl, TPYHTOBOIO OCHOBaHI:,
ruaporeoaorndeckux pakropos. Ha mpakTuke nmerorcs caydam ocejanus UAN BePTUKAAbHOIO
U3MEHEeHIs ITOAO0XEHUS CTPOUTEABHBIX KOHCTPYKLIUIL, YTO HPUBOAUAO K HapPyIICHNUAM
OTAEABHBIX YacTell 3JaHUI U COOPY>XXEHUM WMAU Pa3pyLIeHUsM KX IPOEKTHLIX ITapaMeTpoB

(puc.1).
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Pucynox 1. O0pymenne kpbimmu 3ganus llenrpaabnoro cragnona, r.llIbiMkeHnT

3HauMTeAbHLII OOBeM MHCTPYMEHTaAbHOIO MOHUTOPMHIA B IIepUOJ CTPOUTeAbCTBA
U 9KCIIAyaTaluy BBIIOAHSETCA Teo4e3NuecKUMU MeTodaMu. l'eoaesmdyeckuMy MeToaaMu
oIIpeAeAsIOTCs KaK MeCTHbIe, TaK 1 oOmine gepopMaliiy 34aHNIT ¥ COOPY>KeHNI, OTKAOHEHN S
HEeCYIIUX, Orpa’kKAAIOIIMX KOHCTPYKUMII OT BepTUKAAM U IIPOEKTHOTO ITOA0KEHMI, OCaAKM
$pyHAAMEHTOB 1 TPYHTOB, IO KOTOPBIM KOHKPETHO CYAAT O TEXHUYECKOM COCTOSTHUM 3AaHMS VAN
COOPY>KEeHU.

Haxornaen 604bI11071 OIBIT IIPOBeA€HIS MHCTPYMeHTaAbHBIX Ha0AI0AeHNII 32 BO3SMOXKHBIMU
AedpopMalIMOHHBIMM ITpOIleccaMy KaK B Hallleil CTpaHe, TaK 1 OAVKHeEM U JaAbHeM 3apyOeskbe.
PaspaboTaHbl MeTOAMKM U TEXHOAOTUU MHCTPYMEHTaAbHBIX Ha0AI0A€HII1, KOTOpbIe YUUTHIBAIOT
apXUTEKTypHBle OCOOEHHOCTU BBICOTHBIX U YHMKAABHBIX CTPOUTEABHBIX OOBEKTOB. YUUTHIBas
paspaboTaHHbIE METOAMKM Ha OCHOBE OTEeYeCTBEeHHBIX M 3apyOeXKHBIX HOPM CTPOUTEAbCTBA
BBICOTHBIX 1 YHIKAABHBIX COOPY>KE€HII BO MHOTIXTOPOAaX YCIIEIITHO COITPOBOXKAAIOTCS HAyYHBIM I
1CCAeAOBAHVIIMI 1 HAKOILA€HHBIM IIPAKTINIecKIM OIIbITOM. PazpaboTtans! crienimaasHbie CHulInt
MOHUTOPMHIA Ie0Ae3MIecKMMI MeTOJaMM M TOYHOCTBIO BBIIIOAHEHMS IreoAe3MJecKyux padoT
(MHCTpYMeHTaAbHBIN reoAe3n4eckii MOHUTOPMHT). B HopMaTUBHEIX 4OKyMeHTaX ollpejeAeHbl
U peKOMeHAOBaHBl KOMIIAEKC IIepUOANYECKNX WHXKeHEepHO-TeoAe3NJecKIX M3MepeHNI],
BBIIIOAHSIEMBIX C IIeABI0 OIlpeJeleHIsI KOAMYEeCTBEHHBIX IapaMeTpoB oOmux gedopmarini
34aHUI ¥ COOPY>KeHUI, X HeCyIMX orpaxk4aiomux Koucrpyknuii [1,2,3,4,5].

B mamreit crpaHe IIMPOKO MCIIOAB3YIOT aBTOMAaTM3MpPOBaHHBIE CUCTeMBI KOHTPOAsS 3a
COCTOSTHIEM 3JaHUI ¥ COOPY>KeHNI B IIpOIlecce CTPOUTEeAbCTBA M DKCIIAyaTallU U1 YCTaHOBAEHNS
BO3MO>KHBIX ITPOIeCCOB AedopManuii, OCHOBAaHHBIX Ha Ie0Ae3MYeCKNX MeTOAaX U3MepeHIs
(rmapocTaTnKa, BUAOU3MEpUTEAbHbIE CICTEMBI U T.A.).

OOvbeKkT mccaeaoBaHus -34aHNe II0A3€MHOTO MHOTOQYHKIIMOHAABHOTO OOIeCTBEHHOTO
neHrpa (puc.l), pacroA10>XeHHOIO Ha ILieHTpaAbHOM IiAomiaau I. Aamatbl. Baoap nmaomaau
HabAI0AaeTcs MHTeHCUBHOe JABVDKeHMe aBTOTpaHcIopTa. I'pyHTOBOe OCHOBaHME IT0A3€MHOIO
34aHMST CAOKEHO IIAOTHBIMM BalyHOTaJedHMKaMMU. 3JaHMe OTHOCUTCS K YHMKaAbHBIM
COOPY>KeHMsAM KakK IIepBoe U eAMHCTBeHHOe 3JaHle II0A3€MHOTIO TUIIa, IIOCTPOeHHOe B CA0KHBIX
VMH>KeHepHO-TeOAOTMYEeCKIX YCAOBUAX BOAM3M TeKTOHMYECKOro pasaoma. Haaszemnas uacts
ILA0IIaAu MpeAcTaBAseT coDOM eAMHBIN >KMBOIMCHBIN apXUTEKTYPHBI aHCaMOAb: 3JaHue
AkmMara co CcTyIleH4aThIM KacKaAHBIM (POHTaHHBIM KoMIldekcoM, MonyMmeHnT Hesasucumoctn,
Creaaa, 17-sTakHOe 34aHUe amIlapaTHO-CTYAUIIHOTO KOMILAeKca TeadesugeHusd. Ilaomjaan
PecrtyOamxu nmeet npsiMOyroAbHYIO Gpopmy, AanHy 580 M 1 mmpuny 210 M.
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Pucynox 1. HagzemHast 9acThb 3aaHue oA3eMHOTO MHOTO()YHKIIVIOHAABHOTO
00IIecTBeHHOIO ILIeHTpa

3aanne 651210 moctpoeHo B 2009 roay. ITocae HeCKOABKIX A€T BKCIIAyaTalMy ObLAO IIPUHATO
pellleHe O BO3BeAeHNN AeKOPAaTUBHBIX «/1eleCTKOB» Ha Hag3eMHOI1 JacTu (puc.2).

Pucynok 2. Moaeap HaaCcTpanBaeMOIo COOPY>KeHMsI B BIiAe AeIIeCTKOB Haj 34aHyeM
II0A3€MHOI0 MHOTIO(} YHKIIMOHAAbHOTO OOIeCTBEHHOIO IIeHTpa

MoHTaX TsKeAbIX MeTaAANYeCKNX DAeMeHTOB OKa3blBaeT 3HAauMTeAbHYIO Harpys3Ky Ha
HecyIiue >KeAe300eTOHHble KOHCTPYKIIUM 3J4aHIUs, IODTOMY OBIAUM ITPOBeJeHBl pabdOTHI IO
TEXHIYEeCKOMY 00cAe40BaHIIO BXOAHOTO 610Ka 1 610Ka 1 11043€eMHOTO MHOTO(YHKIIIOHAABHOTO
0011IeCTBEHHOTIO IIeHTpa.
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2. MeToanl

YCTaHOBAeHO, B II€4A0M COCTOsJIHME BE€pXHEro sipyca IMOA3EMHOI 4YacTu 34aHNsI

YAOBAETBOPUTEALHOE, BBIIBAEHBI TPEIIVHBEI B KOHCTPYKTUBHBIX DA€MEHTax: pureasx, IAuTax
nepekpeitus, Anapparmax skecrkoctu (puc.3). Ilmpuna pacKpbITus TpelMH B AeMeHTax
IepeKkpuITUil 3amepsaack Muxkpockoriom MIIB-3 ¢ Tounocteio 0,02 mMm. CocraBaeHa cxeMa
pPacroA0>KeHns: TPeIlyH B IIAUTaX IepeKphITIs BepXHero sapyca 04o0ka 1 (puc. 4), mpeaaokeHa

VMHTePIIOAMPOBaHHAsl ITIOBEPXHOCTh 3HAUEHMI IMPUHBI PaCKPBITHUA TPEIIVH 110 BCell MAOIaAn
BepxHero spyca (puc.5).

PI/ICYHOK 3. TpeIJ.H/IHbI B I1ANTE IIePpEeKPbITNSI BEPXHEIrOo YPOBHSI II0A3€MHOTO 34aHIL
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PI/ICyHOK 4. Cxema PaCIIOA0KEeHNMsI TPEeLINH B IIANTE IIePEeKPbITUSI BEPpXHEro spyca

BECTHVK EHY umenu A.H. I'ymuaesa. Cepus mexnuueckue HAyKu U mexHoA02UU

Ne 4/2023
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series

207



M.A. Catirvieapaesa, H.H. Huvicanoaii, 2K, /. batizypun

Beﬂuuunapacxpumuﬂ mpeuiun ¢ niaume nepeKpuin i, Mm

w0,4-0,5 m0,3-04 w0,2-0,3 wd,1-6,2 = 0-0,1

Pucynoxk 5. InTepnoanpoBaHHasi HOBEPXHOCTD ILAUT IIepeKPhITUsI BepXHero sipyca 3AaHust
1043eMHOTO MHOTOQ YHKIIIOHAaAbHOTO OOIIleCTBeHHOIO IIeHTpa

CunraeM, Kak IIOKa3aA OIBIT IPOBeAeHI I MHCTPYMeHTaAbHbBIX HaDAI0AeHMI, reoAe3deCcKIit
MOHUTOPUHI fABASETCA COCTaBHON YacThlO OOIEro TeoTeXHMYeCcKOro MOHUTOPMHIA U
MCXOAHBIX AAHHBIX, OT KauyecTBa MX IPOBeAEHMs 3aBUCUT pellleHNe IOCTaBAEHHBIX 3ajad I10
reoMexaHM4ecKOMy 1ccaeA0BaHNIO gedpOpMallOHHEIX ITporieccos. [Tocae BossedeHns1 3aaHmit
U COOPY>KeHMI HaAAeXUT IPerMYyIeCTBeHHO MCII0Ab30BaTh aBTOMaTU3MPOBAHHbIe CHCTeMBbI
KOHTpOAs gepopmaniun [6-12].

OCHOBHBIM IIOAOXUTEABHBIM peIlIeHMeM sBAAeTCsS NPU IPOBeAeHUN Te0Ae3UIecKoro
MOHUTOPMHIA KyJa BXOAUT KOMILAeKC paboT, BKAIOYAIOMNIT mu3MepeHus (HaOAIOAeHNs),
Jukcaruio pesyAbTaTOB M3MepeHNIL, X MaTeMaTIIecKyIo 00pabOTKy, BEIYMCAeHNe TapaMeTpOB
AedpopMannii, MCKAIOUAIOIINX UX IIPEBBIIIeHNN AOITYCTYMBIX 3HaYeHUIA.

Haba104enms1 3a mpornbamu cepeAMHBI TPOAETOB U3TMOaeMbIX DA€MeHTOB A5 Ol pe e AeHIs
KOAMYECTBEeHHBIX XapaKTepUCTUK AePOPMaIIMOHHBIX IIPOIIeCCOB 34aHUs  BBIITOAHAANUCH C
roMoIsio AazepHoro TaxeoMmerpa «Leica Flexline TS02plus» ¢ TounocTsio 0,5 MM.

l'eoTexHmyecknii ~ MOHMTOPMHI  BBIIIOAHAACA  METOAOM  TPUTOHOMETPUUIECKOTO
HUBEAUPOBAaHMUA B HPAMOM M OOpaTHOM HalpaBA€HMHU IIO MapKepaM, HaHeCeHHBIM Ha
nccaeayeMyiO IIOBePXHOCTh IIAUTBEI IIePeKpBITHS, TIAaBHBIX M BTOPOCTEIIEHHBIX puUreaer.
TaxeomeTp ycranHaBAmMBaAM Ha CTaHLIMIO BU3MPOBaHUsA, NPUBOAUAN B pabouee COCTOsAHME U
TOYHO HaBOAMAM Aa3epHBIN Ayd TaxeoMeTpa Ha oOcaelyeMble TOUKM, GUKCHPOBAAY HaKAOHHOE
paccrosinne S 40 MapKu U BepTUKaAbHBI yroa Z. Ilo pesyabraTaM yra0BBIX M AMHEHBIX
M3MEpEeHUI BBIYMCAsSEeM IIPeBBIIIeHNs i TOYeK HMBeAMPOBaHMA HaJ CTaHIIMelN BU3UPOBaHIS
TaxeomeTpa (puc.6).
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Pucynoxk 6. Cxema Ha0a104eHIII 32 IIPOTMOOM pureasi BepXHero ypOoBHsI I1043eMHOIO
COOPY>KeHMsI C MOMOIIBIO 1a3€PHOr0 91eKTPOHHOIO TaxeoMeTpa

3. PesyabTaThl

B rabanne 1 oroOpaskena Be40MOCTbh OCa40K MapOK ITOA3€MHOTIO 3AaHMNsl, paclioA0KeHHOTO
B CAOXKHBIX HK€HEPHO-Te0A0TMIEeCKMX YCAOBMAX Ha TEPPUTOPUM C DHEPIeTUIeCKUM KAacCoM
celicMIJecKnx KoaebaHuii B paiione 4-5. BeanumHbl BepTUKaAbHLIX IIPOrMOOB 3KeAe300€TOHHBIX
IepeKpLITUI AQHBI B YUCAUTEASAX APpOOM, ITMPUHA PaCKPHITIS TPeIMH-B 3HaMeHaTeAsX Apodu,
II-nanta, I'p-raaBubie purean, Bp-sropocrenennsle purean. AHaA0TMYHO M3MEPEHBI BeANYHbBI
IIpOrnOOB HECYIIIVX D1€MEHTOB KOHCTPYKIII BEPXHEro ypoBsH: 1o ocam A-XK/4-5, 5-6, 6-7, - 1/2-
3, 3-4, 4-5, 5-6, B-I'/1-2, 2-3, 5-6, b-B/2-3, A-b/1-2, 2-3, 3-4, 4-5.

TabGanna 1. 3amMmepsl POrnMOOB ¥ MIMPUHBI PACKPBITHUSI TPEINH B 91€MEeHTaX HOKPBITUS
0ao0ka 1 ITaBuabona 1 (B MM)

I B el it v
I, 30,0/0
11, 30,0/0
11, 28,0/0,20
11, 26,0/0,10
K12 11, 27,0/0,10
11, 24,0/0,20
Bp 19,0/0,10
I Py 46,0/0
Ip, 38,0/0
Bp,, 10,0/0,15
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1, 28,0/0,2
11, 6,0/0,3
11, 23,5/0,3
11, 3,0/0,35
11, 4,503
11, 18,5/0,2
A-K/3-4 Ip 17,0/0,4
Bp, 43,5/0,25
Bp, 43,5/0
Ip, 25,5/0,8
I'p, 13,0/0
I'p, 3,0/0
Tp,, 3,0/0,45

4. BeIBOABI

ITo pesyapTaTam oOcaeAoBaHUs IIPOBeJeHa OIleHKa TeXHUYECKOTO COCTOSIHUS HeCyIuX
KOHCTPYKIINIT BXO4HOTO 0610Ka 1 610Ka 1 1043eMHOTO MHOTO(YHKITMOHAABHOTO OOII[eCTBeHHOTO
LIeHTpa:

1. Ha BepxHeMm ypoOBHe Ha ITIOTO/Ke Ha HIKHEN CTOPOHe IIANUT IePeKphITUs OOHaPY>KeHDI
AViarOHaAbHBIe TPeIMHbI, HanOoAbIIas MNMPUHA PACKPBITUA TPEINH B sueiikKax MeXKAy OCIMU
A-X/3-4, 4-5, 5-6, 6-7, I'-A/2-3, 3-4, 4-5, B-T'/1-2, 2-3, 5-6, tae oHa aocturaet Beanduns: 0,30-0,50
MM.

2. Ilpeaaoxkena MHTepHOAMPOBAHHAS MOBEPXHOCTh IAUT IEePeKPBITUSA BEePXHEro spyca
3AaHMs.

3. llupuua pacKphITUsA TPEIIUH B IIANTaX IMePeKPHITHs MPU IepBUYHOM 00cAe]0BaHNm
3sanusa B cpeaHeMm cocrasasger 0,19 mwm. Ilnpuna packpeITusl TPeIMH B IAaBHBIX PUTeAsIX
IIOKPBITUA NPU HePBUYHOM 00CAeA0BaHMM 3JaHUs B cpeaHeM coctaBasaa 0,29 mwm. Hlupuna
PacKpLITUA TPeIMH BO BTOPOCTEIIEHHBLIX PUTeAs X ITOKPBITUA IPU IepBUYHOM 00CAeA0BaHUM
3AaHNs B cpeaHeM cocrtapasaa 0,16 MM.

4. Tlpeaaoxena »ddexTuBHas MeTOAMKA IPOBeAeHNs TeoJe3MyecKyX HabAIAeHUiT 3a
nporndamMy HecyIux KOHCTPYKTMBHBIX DAEMEHTOB 3J4aHMs, IAUT IePeKPLITHUS, TAaBHBIX U
BTOPOCTEIEHHLIX pUreleli, ¢ IIOMOIIBIO Aa3epHOIO TaxeoMeTpa C y4eTOM PpacIlOAOXKeHMs B
IIPeArOPHON MECTHOCTU CO CAOKHBIMM MHKE€HePHO-TeOA0TMYeCKIMY XapaKTepUCTUKaMIA.

5. B coorBeTcTBMU € TpeOOBaHMAMU AEMCTBYIOIIMX CTPOUTEABHBIX HOPM YHUKAa/AbHbIE
II0A3€MHbIe COOPY>KEHIS, PacOA0KEHHbIe B CAOXKHBIX MH)XeHEePHO-TeOAOTUYECKIX YCAOBUAX
B 30HE CeMICMMYEeCKUX CABUTIOB C DHEPTeTUMYEeCKUM KAaccoM 4-5, KOHCTPYKTHUBHBIE HAEMEeHTHI C
TpemyHamMy upuHoi packpuityst ot 0,30 MM 1 0oaee mogaexkaT yCUAeHMIO.

Ycnaenne >keae300€TOHHBIX HECYIIMX 9A€MEeHTOB BBIIOAHSETCA C I1eAbIO ITOBBLIIIeHMNs
MIPOYHOCTM ¥ BOCCTAHOBAEHMs BDKCIIAYyaTallMOHHONM IIPUTOAHOCTM KOHCTPYKIUI YCHUAeHUe
’Ke1e300€TOHHBIX ~HeCyIIuMX KOHCTPYKIIMII IIOA3E€MHOIO COOPY>KeHMs PeKOMEeHAYeTCs
MPOBOAUTH HAaKAEMBAaHMEM Ha HVKHIOIO YacTh MAUT IIePEeKPHITH: Ha HIUDKHIOK MOBEPXHOCTD
r1aBHBIX UM BTOPOCTEIIeHHBIX 0al0K IIpegBapUTeAbHO HAIIPSIKeHHBIX JeHT JaMMHaTa UAK
IlyTeM HapalllMBaHMs BBICOTBI IIAUTHI ITIOKPBITUA C IpeABapPUTEAbHBIM IPUIOAHATIEM SYEVIKU
C IOBPEeXXAeHHBIMM KOHCTPYKIMSAMU TeAeCKOIMYeCKMMI CTOMKaMM Ha BeAMYMHY Iporuoda
DAeMeHTOB. PesyapraTpl II0 Hay4yHO-MCCAAOBaTeAbCKONM paboTe IO YCUACHUIO HeCyHIMX
’KeA1e300eTOHHBIX KOHCTPYKIINIL 34aHNsI OYyAYT OCBeIlleHbl B CAeAYIOIIX IyOAMKAIMIX aBTOPOB.
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FumapaTtTap MeH KypblabICTapAbIH depOopMalysaiapblH )XKoHe TeXHMKaAbIK JKaFAaibIH
acranTbIK Oakblaay adicTemeci

M.A. Canasirapaesa'”, H.H. Hoican6aii? , XK. A. baiirypus’
Satbayev University, AAmamui, Kasaxcmarn
*TOO”GeoConstruct Almaty”, Aamamot, Kasaxcman
E-mail: *mariya_23365@mail.ru, nmalikov03@bk.ru, baygurin@mail.ru)

Angartma. Makaaa >kep acThl KOII(PYHKITMOHAAAB KOFaMABIK OPTaABIKTHIH Oipereil FIMapaThIHBIH
SKOFapFbl AeHTeliHAeri KYK KOTeprilll KOHCTPYKUMsAAapAarbl, eJAeHAiK TaKTadapJarbl, Herisri >KoHe
KOCa/AKbI TipeKTepAeri aybITKyAapFa aclaIlThiK OaKbliay XY Pridyain TuiMAi adicreMecin Kypy Maceaeaepin
memryre OarbITTaAfaH. Kypaeadi MHXXKeHepAiK-TeOAOTMAABIK CUIIaTTaMalapbl Oap >keHe Kep OeTiHiH
KO3Fa/AbICTapbIHBIH DHePTeTUKAABIK KAachl 4-5-Ke TeH Tay eTeri aliMaFrbl.

TexHmxaabplK >Karjaiabsl Mep3iMai Oakblaay FMMapaTThlH KYPBIABIMABIK DAeMeHTTepiHAeri ChIHM
aybITKyJapAbl yaKTBLABI aHBIKTayFa BIKIIaA eTeai >KoHe KYPBLABIMHBIH KayiIlCi3 >KYMBICHIH KaMTaMachl3
ereai. TumaparTely mIeriHAi Ko3FaabICTapbhIH Mep3iMAi OaKblaayAbl >Kys3ere achlpy >KoHe ayMaKTBIK
OpHaAaCyblH, MHXKEHEPAiK KYPBLABIMBIH €CKepe OTBIPHII, IIeriHAidepAiH CaHABIK, MOHAEPiH aHBIKTay
YILIiH FUMapaTThIH XYK KOTEpTilll KYPBIABIMABIK DA€MEHTTepPiHiH aybITKyAapblH TPUTOHOMETPUSABIK
HUBeAUpPAeYAl XXYPIidy o4ici yChIHBLAaAbl. KoHE TIeOAOTMAABIK JKaraalidap, ayAaHHBIH CeliCMMKAABIK
AeHTelll >KoHe CBIPTKbI OPTaHbIH acepi.

Kiat cesgep: reogesnsaanlk Oakplaay, HUBeANpAeY, IIOriHAi Oeariaepi, eAeH ANTaAapsl, pUreab.
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Methodology of instrumental observations of deformations and technical condition
of buildings and structures

M.A Sailygarayeva’, N.N. Nysanbai*, Zh.D. Baigurin'
'Satbayev University, Almaty, Kazakhstan
2TOO"GeoConstruct Almaty”, Almaty, Kazakhstan
E-mail: *mariya_23365@mail.ru, nmalikov03@bk.ru, baygurin@mail.ru)

Annotation. The article is aimed at solving the problems of creating an effective methodology for
conducting instrumental observations of deflections in load-bearing structures, floor slabs, main and
secondary crossbars of the upper level of a unique underground building in the conditions of a foothill
area with complex engineering and geological characteristics, with an energy class of movements of the
earth’s surface equal to 4- 5.

Periodic observations of the technical condition contribute to the timely identification of critical
deviations in the structural elements of the building and ensure the safe operation of the structure. A
method for carrying out trigonometric leveling of deflections of load-bearing structural elements of a
building is proposed to carry out periodic observations of the sedimentary movements of the building and
determine the quantitative values of sedimentation, taking into account the territorial location, engineering
and geological conditions, seismicity of the area and the influence of the external environment.

Key words: geodetic monitoring, leveling, sediment marks, floor slabs, crossbar.
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CBoeoOpasue pa3BuUTHsI KOMIIO3UIIIV MaB30Aesl-XaHaKa
Xoaxm Axmegaa SIccasu B Typkecrane

AnnsoTanus. [Ipobiema coxpavenus U ONMUMAALHOU 0eMOHCHPAUUU  MECHIHOIM
KUMEAIM U MYypucmam namAmHuKos apxumexmypol npedcmasisen nocmosHHoli
HAYUHYIIL 1 00uLecméerHblil unmepec. B duarexmuueckom 63aumo0eiicnens cocyuecmesyiom
06e KOHUEeNnUuuu: KOHCep6aus OASl COXpaHeHUs NAMAMHUKA 6 MOM 6Ude, 6 KAKOM OH JOULéA
00 HAWLUX GPeMEN, U PecTnaspayus NAMAMHUKA C 60CCTAHO6ACHUEM YMPALEHHBIX 0emaAeil.
B xaxoom KOHKpemHOM CAydae NpUHUMACNICS MO UAU UHOe peuierie, Komopoe HAX00um
KAK CMOPOHHUKOS, MAK U npomueHukos. O0HUM U3 AcneKmos amoi npodreMbl SA6Asemcs
ommHouterue K 30aAHUAM, KOMOpvie UMerom OAUMEeAbHble Nepepolebl 6 C60etl UCHOpUL 6
nposederuy CHmpoumeAbHblx padom. MimepecHvim npumepom maxozo namImHuKa sS6Asemcs
massoreti-xanaka Axmeda fccasu ¢ Typkecmare, KOMOpPOLE 0CMAACS HEOOCHPOCHHBIM.
Yuumuvieas ezo eaxnocmov 0As camoonpedererus KyAvmypvl cospementiozo Kasaxcmana,
npedcmasasemcs. 14,eAecoo0pasHulM  PaccCMompens 60npoc 0 NAAHe npoeKmad, Komopvlil
0CMAACS HepeaAU306AHHBIM, A MAKKe 0 cmaduiinocmu 6036ederus camozo 30anus. Ocobero
M0 UHMEPECHO 6 CES3U AKUEHMUPOSAHUeM HEeKOMOpPOLLX ACNeKNOos, UACMb U3 KOMOopblx
xoms u 0viAd 6kAt04eHa 6 oOujedocmyniolii Hayunvitl 06uxod ¢ 1930-1950-e 20001, 0dHaxo
ocmaraco 0es GHUMAHUS U He OMKOppPeKmuposard coepeMeHHyt0 00uepacnpocmpanérmyo
6epcuio UCOPUY CHIPOUMEALCTEA MAG30ALSA-XAHAKA. Dm0 Kacaemcs. 6 0OCHOGHOM AMANos
cmpoumervcmea xkonya XIV 6. u xonya XVI 6. Kpome amozo, kxomnosutuonmiti aHaius
6LIAGUA patiee HeAKUEHMUPOSAHHIIL PaAKm 0 mMoM, Umo He JoCHpoeH He MOALKO 2AAGHDLI
nopmar 30anus, HO U 2AA6HLITL KYNOA, KOMOpulil, CYos NO pe3yrbmamam aHaAusad,
npeonoAdzarcs 060UHLIM. IDmu, HeKomopom o00pasom UHHOGAUUOHIHDIE PeSYAbIMANbl,
10360ASI0M  SHAYUMEADHO — PACUAUPUIND  NEPCeKIUGbl  OAADHETUUX — UCCACOOBAHUTE
6v10a10ULe20Cs NPOU3EEIeHUS.

Kaiouesble caoBa: Ma630Ael-Xanaxa, pecmaspayusl, peKoHCMPpYKuus, apxumexmypa
Kasaxcmana, cpednesexosas apxumexmypa, npoeKmmvlii 3amuvicer, KOMNOSUUUS.

DOI: doi.org/10.32523/2616-7263-2023-145-4-214-225

1. Beeaenme

Masg3zoaeii-xanaka Xoaxu Axmega Slccasu B Typkecrane (43°17'51" c.mn. 68°16'15" B.4.)
3aHMMaeT cBoeoOpas3Hoe MeCTO B UcTopun apxuTeKTypsel LlenTpaapHoit Asun. Ha nporsxennn
CBOETO MHOTOBEKOBOTO Pa3BUTHUsA OH IIPOAEMOHCTPUPOBAA KaK MOAHYIO, TaK M YaCTUYHYIO,
KaK eAMHOBpPeMeHHYIO, TaK M II0CAeJ0BaTeAbHYIO peaAu3aliio pa3ANYHBIX, B TOM 4lUCAe U
IPaHAMO3HBIX 3aMbICA0B. HecMoTps Ha He3aBepIIéHHOe COCTOSHIE OH IIPOU3BOAUT OTPOMHOE
BIleyaTJeHle, I03B0ASIOIee eMy Ha IIPOTSKeHUM CTOAeTIUI COXPaHATh II0A0KeHe BasKHeI11ero
DAeMeHTa KyABTYPHOM caMOMAeHTH(UKAIIMY HaceAeHUs pernmoHa. Hauas passutme c
HeDOABIITOro 0AHOKaMepPHOTO MaB30.1es1 BTOpoii 11oA0ByHBI XII ., oH Kk KoHITy XIV B. mpeBpaTmacs
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B KpYyITHOe MHOTOQYHKIIMOHa/AbHOe 3/JaHle, KOTOpoe B IIpoliecce JaAbHeNInel 9KCIayaTamn
Ip1oOpeTas0 I YCIIEITHO OCYIIeCTBASAO0 BCE HOBbIE 1 HOBBIe PyHKIINN. OpUrnHaabHbIE POPMEI
HTOro KOMILAeKca 1 GoraTast MUCTOPUs pasBUTUS CIIOCOOCTBOBAAU BKAIOYEHNIO €TI0 B HbhIHeIlTHeM
Beke B crincok Becemnproro nacaeans IOHECKO (oopexr Ne 1103).

Vcropus nsydeHns 9TOro 3jaHus HaCUUThIBaeT HECKOABKO cToaeTuii. Hanboaee akTuBHbIN
STaIl U3y4eHNs Hadacs BO BTOPOII ITI0A0BIHe I103aIIpOIIA0ro Beka. Hanboaee n3sectHbIe TPy ABL
10 DTON TeMaTuKe ObLAM 0DOOIIeHB B HeCKOAbKMX n3danusx [1, 2]. Cpean HMX BbIAEAAIOTCA
(B XpOHOAOIMYECKON I10CAeJ0BaTeAbHOCTM) WCCA€JOBaHI, IIOCBAIIEHHbIE KaK CaMOMy
MaMATHUKY, TaK I pacCCMOTPEHMIO er0 B KOHTEeKCTe CpeAHeBeKoBoll apxuTeKTypsl LlenTpaapHoi
Asym: M.Maccon, b.3aceimnknn, /.Manpkosckas, T.bacenos, b.Ty:axOaesa, E.Cmaryaos,
M.Tysx06aes, @.I'puropres, A.Mtenos, b.I'aayannos, A.Opaabaes, D.baiitenos, A.Tyskaesa,
I'"Abgpacnaosa, K.Camoitaos, b.Kycnanraanes, I'Cagsakacosa, A.Axmegosa 1 ap. [3, 4, 5, 6, 7,
8,9,10,11, 12, 13, 14, 15]. HecMOTps1 Ha MHOTOBEKOBOe pa3BUTIe KOMILAeKca, 0cO00e BHIMaHIe
npusaekaeT nepnuod konna XIV . lupoko pacnpocrpanénHas Ha AaHHBII MOMEHT BepCusd
MCTOPUM OCHOBHOTO 9Talla CTPOUTEABCTBA BBITASAUT CAeAylomuM odpasom: «CTpouTeabCTBY
MaB30/es1-KOMILAeKca IIpealectsoBalo paspymenne nocrpoek XII-XIV Bs., cymiecTBoBaBIImx
paHee Ha ero Tepputopun. Ilepsriit ®Tan crpouteancrsa Hadaacs B 1389-1391 1. u 3akoHUMACS
B cepeanHe 90-x rr. XIV B. BoicoTa 3gaHm:1 gocturaa Ha raaBHoM Iopraze 14,63 M, B Ka3aHAbIKe
12,8 M, B rypxane 11,8 M ot gnesHoi1 nosepxHoctu XIV B. [...] Ha BTOpOoM ®Tame crponTeabcTsa,
HaJasIIerocs, Ho-BuANMMOMY, B 1397 1., OblAM IIOCTPOEHBI r1adKye BLICOTHBIE JacTI IAaBHOTO
ropTaza, KyroAa Ka3aHAbIKa 1 I'yP-XaHbl, IIpeBpallleHO B MeueTh IIoMellleHle B ceBepo-3ariagHoM
yIay 34aHns. bbla ycuaeH 4eKOpaTUBHBIII MOMEHT: KyIlo4a IAaBHBIX 33108 IIOKPBIAN M3HYTPU
raH4YeBbIMI CTaAaKTUTaMU, OOKOBBIE ITOMeIeHNs — IITyKaTypKoii» [16]. OgHako 9TO onmcaHme
He Y4UTbIBaeT HeKOTOPble HIOAHCEHI.

2. MeToasl

s pellleHNsI aKLIEHTUPYeMBIX B CTaThe BOIIPOCOB OBLA MCII0Ab30BaH OOIIeHayYHBII MeTOJ,
oT HabAIOAeHMIT yepe3 00OOIIeHNs K ITpaKTuKe. B KoHTeKcTe 9TOro Meroda OBLAO ITPOBEAEHO
yrayOA€HHOe U3ydeHMe WMEIOIIUXCA AUTePaTYPHBIX ICTOYHMKOB, ITPOaHAAN3VPOBAHEI
n3o0pakeHNs IMaMATHMKA Ha Qororpadusax M depTeskaX pasAUYHBIX BPeMEH, YUTEH OIIBIT
AMYHBIX OCMOTPOB KoMIllekca B 1984-1986 n 2022 rogax. DTO HO3BOANUAO CAeAaThb HECKOABKO
CBOEOOpa3HBIX BBIBOAOB, AeTaAM3alys KOTOPBIX TpeOyeT AaAbHEeNIINX CcCAe A0BaHUIA.

3. PesyabTaThl 1 OOCyXAeHMe

AHaau3 paHee IIPOBeAEHHBIX ICCA€AOBaHMII IIO3BOASET CAeAaTh Pps4 YTOYHEHMUI],
AOIIOAHEHMII UM M3MeHeHMII B HauboAee pacIpOCTpaHEHHON BepCUM Pa3BUTUA KOMILAEKCa
MaB3ozes-xanaka. Tak, wnanpumep, IO.A.Earmn, paccmatpmsas — mccaeaoBaTeAbCKHM-
pecraBparnuonHnsle padoTsl 1950-x rogos, mposoausimnecs T.ILKypymnase n b.H.3aceimkmnsiy,
oOpaTua BHUMaHMe Ha CAeAaHHBI TOTJa OPUIMHAABHBINA BBIBOA: «CTPOMUAOCH HE ILEeAUKOM
HOBOE 34aHUe, A0 DTOTO CyIllecTBOoBaJda JApyTas IIOCTPOiKa C BHYTPEHHUM ABOPUKOM (MAM
rpyIla IoCTpoeK, 00pasyionias ABOPUK), IePeKPLITLIM II033Ke KyII0A0M Ka3aHAbIKa; IPUYEM
Doaee gpeBHIUE CTEeHBI MIMeeT MeueTs [...] TAaBHbIN I0XKHBIN IOpTaA C MUHapeTaMi IIPUCTPOeH K
paHee CyIIlecTBOBaBILIeMY 34aHUIO; 445 YCTaHOBKM KyIl04a Ka3aHAbIKa CTeHBI ObIBIIIETO ABOPUKA
ObLAM ycuaeHbl 0OKAaAKaMU, I KOPUAOPBI-IIPOXOABI B DTUX CTeHax Oblau cy>keHbl» [1]. VI gaaee
«KoMI1aeKc «Axmeaa SdceBu» cymiectsoBaa 40 pabot 1397-1399 rr. u Tumyp aaa pacriopsiskeHue o
IIOCTPOIJIKe IIOpTala I BO3BeAeHIUN KyIloAa Had ABOPUKOM» [1]. DTu yM03aKAIOUeHI:I cepeAVHBI
XX B. ObLAM 4aCTUYIHO MOATBEP>KAEHBI 1ICCAeA0BaHUAMM, TPOBEAEHHBIMU B KOHIIe ctoAeTust [10].

ABTOpCcKMIT aHaAM3 KOHQUIYpaIMy COBPEeMEeHHOIO IIdaHa 3J4aHUs  IIOKa3bIBaeT
IIPaBOMEPHOCTh HTUX BBIBOAOB. KOpmaopel MeXXay IOMeIeHUsMI DKCIAyaTalMOHHO MaaAo-
YAOOHBI 3-3a Cy>KMBAIOIINX UX B Pa3AMYHBIX MeCTaX pa3HO-pa3MepHBIX IINASICTP U 00KAaAOK.
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Heperyasipnocts B pacnoaokeHuu HUAACTP U YaCTUYHBIX OOKAAAOK CTEH B ABYXDTa’KHBIX
Kopugopax (KOTopble paHee OBLAM OTKPBITHIMU IIPOXOAaMU MeXAY OTAeABHBIMU 34aHUAMMI),
UX Pa3HO-Pa3MepPHOCTh, YKa3hIBAIOT Ha CIIOHTAHHO ITOABASBINNECS MECTHbIE YCUAEHMS CTeH.
DTu ycuaeHus AeAaAnuch B MeCTax, MpeArnoA0XKUTeAbHO BBI3BIBABIINX Y CTPOUTEAeN OIlaceHNs B
IIPOYHOCTY 3AaHNs B pe3yAbTare A0CTpONKuL. [104 5Ty 1€ MeHTEI IT0ABOAMANCE AOTIOAHUTE AbHbIE
¢yHAaMeHTEI. DTO CTaHAAPTHBIN IIPUEM YCUAEHNS KOHCTPYKIINI, KOTOPHBIL C APeBHOCTH U A0
CHX IOP UCIOAB3YeTCsl B CTPOUTEALCTBE IIPU AOCTPOMIKE CYIeCTBYIOIIX 3AaHIIA.

Ecam Opl 3aaHmMe CTpOMAOCH Cpady IeAMKOM, TO KOPUAOPBI MeXAYy OTAeAbLHBIMU
noMeIeHns MM Oplau OB yA00Hee U Iupe, a MUASCTPBI UMeAl OBl peryAspHoe paciioA0XKeHue U
eAMHOOOpa3HbIe pa3Mephl. Y BCeX CTeHOBBIX KOHCTPYKIMI Oblay OBl OAMHAKOBBIE 10 MaTepualy
dynaamentsl. Jaxe, ecay ObI 4aCTUYHO UCII0AB30BAANCH PYHAAMEHTHI paHee CyIlecTBOBaBIINX
U1 CHEeCEHHBIX Ilepe/ HOBOCTPOMKOII 34aHMIL, TO IIOBEPX HMX ObLA ObI BBIIIOAHEH 00'be AVHSIO I
X C HOBBIMM (PyHAAMEHTaMU CAOM (€ro HaAu4uue apXeoAoTMuecKuMy paboTaMy He BBISIBAEHO).
DTO TaKKe MHOTOBEKOBO, IIOCTOSHHO A0 CMX IHOP UCIIOAL3YeMBbIN ITPUEM.

AOIIOAHUTEABHBIM apPTYMEHTOM B II0Ab3Yy IMIIOTE3bl Pa3HOBPEMEHHOTO CTPOUTEAbCTBA
CAY>KUT HaAW4due B KaK40M 040Ke caMOCTOsITeAbHON AeCTHUIIBI Ha BTOPON ypoBeHb. Ilpnm
€AVHOBPEMEHHOM CTPOUTEABCTBE TaKOe KOAMYECTBO AECTHUIL] DKCIIAyaTalliOHHO M3AMIIHE.
OcobeHHO y4uThIBas COBMECTHYIO DKCIIAyaTallMiO0 O0A0KOB, He BBIA@ASIeMBIX B M30AMPOBAHHO
¢ynxunonupyomne oobekTh. Haamunme camMmocTosTeAbHONM A€CTHUIIBI B KaXKA0M 040Ke — 9TO
COBpeMeHHOe TpeOOBaHMe OTe4eCTBeHHBIX HOPMAaTHUBOB II0 CeICMOCTOMKOMY CTPOUTEABCTBY.
Omno nogpasymepaeT 1 Haau4ue CeiiCMUIECKNX IITBOB MeXXAy 010kaMu. Takux IIIBOB B MaB3o4ee-
XaHaKa HeT, a MeCTa CTBIKOBKI Pa3HOBPeMEHHBIX YacTell 34aHns Ha (pacasax CKPBITHI CILAOITHOMI
obanmoskoi. Kpome toro, ceitcMmyHocTs Tepputopun ropoga TypkecraH, 1o cOBpeMeHHBIM
oleHKaM, 6 021408, a CeIICMUYHOCTD TeppuTopum ropoga Camapkang (MecTa OCHOBHBIX IIOCTPOeK
snoxu Tumypa) — 8 6aa108. OgHako B caMapKaHACKMX COOPY>KEeHMAX paccMaTpUBaeMOIl DIIOXU
TaKMX, IleJeHallpaBAeHHO CAeAaHHBIX, CeVICMOIIBOB ITpaKTUYecKM HeT. A caMapKaHACKHe
IIaMATHUKI UMEIOT 3Ha4MTeAbHbIe IIOBPeXAeHIs OT 3eMaeTpsicennit. CamMmu pasMepsl MaB304est-
XaHaka (46.5 x 65.5 M) TpnOAM3UTEAPHO COOTBETCTBYIOT COBPEMEeHHBIM TpeOOBaHNsM 110 pa3Mepy
eaunoro 04oka. Ecau Opl crpoutean snoxmu Tumypa mpeanosaraau Haaudue KpUTUUECKON
CeIICMOAKTUMBHOCTU TEePpPUTOPUM, TO OHM OBl HaBepHsAKa CAedaal IIOB MeXAY OCHOBHBIM
00BLEMOM 34aHMs UM IIOPTaAOM, KOTOPHI OOAee MacCuBeH M MMeeT 3HauUTeAbHO OOABIIYIO,
yeM Hpuaeraioliye 4yacTu 34aHus, BeICOTy. Bece mmerommecs B MaB3oaee-xaHaKa TPeIVHBI U
AedpopManuny He SABASIOTCA Pe3yAbTaTOM CeICMMYeCKON aKTMBHOCTU TePPUTOPUM, KOTOpas
OueHb HM3Ka. MOXXHO MpeAnoA0XKNUTh, YTO OMEIeHNs, B KOTOPBIX paclioAaraloTcs A€CTHUIIBI
uMean QYHKIUIO O0DAerdeHusl Maccupa CTeHbl 4451 Oolee paBHOMEPHOTO paclpeseleHus
Harpysku Ha ¢pyHaameHnT. Ho 9TO MOXHO cgeaaTh u mpocto cpOpMMpOBaB ITIOMeIeHns Ha
Ka’kAOM ypOBHe 0e3 yCTpONCTBa AeCTHUIL. DTOT BOIIPOC Takxke TpeOyeT AOIOAHUTEABHOIO
U3Y49eHMNsI.

CooTBeTcTByOmas NPeANOA0XKEeHNIO CXeMa PasHOBPEeMEHHOIO Pa3BUTHUA KOMIIO3ULIUNA
MaB30/es-XaHaKa C yuéTOM MepCHeKTUBLI 3aBepIIeHs CTPOUTeAbCTBa IIpMBeeHa Ha pucyHKe 1.
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STANEI PASBUTUA KOMMNEKCA
MAB3OJIEA-XAHAKA XOOXA
AXMEQA ACCABM
(roro-zanagHblit chacag + nnax):
1 — sTopan nonosuHa Xl gexa;

2 — nepean nonoewHa Xl eexa;

3 — woney, Xlll — cepeguHa XIV Beka;
4 - 1385-1399 roab!;

5 - 1580-e roas!;

6 = 1590-e rogbi;

7 — nepcnektuea XXl sexa.

Pucynox 1. Drams! passuTns KOMOO3UIIUN MaB3oAes-xaHaka Xoaxa Axmeaa flccaBu (10ro-
3aragubiin gpacag + maan — yeptéx): 1 — sropas nmoaosuna XII s.; 2 — nepsas noaosuna XII 5.; 3
— sropas noaosuna XIII — cepeanna XIV B8.; 4 — 1385-1399 roasr; 5 — 1580-e roapr; 6 — 1590-e roab1;
7 — nepcriektrba XXI B.

To ects ®BOAIOLINA 34aHNSA BBITASAAUT caeayiomumM obpasom. [Ipubansnreasso ¢ V s. [10]
Ha ®TOM MecTe B ropoJe flcchl HaunHaeT popMUPOBATLC HEKPOII0Ab. Bo Bropoir moaosnune XII
B. Ha HEKPOIIO/e II0ABASeTCs KyIIOAbHBIN MaB3oaert Xoaxu Axmega. OH, IpeAIIoA0KIUTeAbHO,
MeeT OAHOKaMepHBIl «KapaXaHUACKUII TUII» C TAyOOKUM CTpeAbuyaTo-apOYHBIM ITOPTaAOM.
B XIII B. MaB304el1 CTaHOBUTCS 4acCThI0O MeMOPUAAbHO-PeAUTMIO3HOTO KOMILAeKCa, B KOTOPBII,
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KpOMe Hero, BXOAAT CUMMEeTPUYHO IIOCTPOEHHbIE C I0r0-3aItaZHoi i CeBepO-BOCTOYHON CTOPOH
34aHNs, CTaBIINe B IOCAeACTBUI MedyeTbio U boabpmmM gsopriom. DT 3aaHus TakxkKe UMeIOT
KyT10AbHbIe BeHdyaHus. Kynoaay 3aanmit oaunapssie. Beicora 9Tmx 3aannit ognHakoBa ¢ BLICOTOI
MaB304es. YUMUThIBas DKCILAyaTallMIOHHbIe ITOTpeOHOCTH 0Opa3oBaBIIerocs: KOMILAeKca, ¢ Ioro-
BOCTOYHOJ CTOPOHBI CTPOUTCS KOAOAELI.

Bo sropoit moaosune XIII B. — nepsoit moaosune XIV B., popMuUpys TpaiUIIMOHHEIN A4
BIIOXM M PerroHa ABOP C KOAOALleM, IMOABAAIOTCI Maapiii asopern; u 6ubanoreka. Bompoc
A4Sl AAABHEMINNX MCCAeAOBAHMII 3aKAIO4aeTcsa B TOM, OBIAM AU TU 3JaHMS M3HadaAbHO
ABYX®Ta>XKHBIMM MAYM BTOPOJ DTa’X, BRIPAaBHMBAIOIINMIA X I10 BBICOTE C MaB30A€eM, MeUeThIO I
Boapmum asop1iiom 6614 HagCTpOeH MO3aHee.

C 1385 r. HaunHaeTcs HOBLIN 9Tall. IlepsonadaanHo, 110 npukasy TumMypa, paHee HeCKOAbKO
CITOHTaHHO (PYHKI[MOHIPOBABIINI MeMOPMaAbHO-PEAUTNO3HEI KOMILAeKC OpPTaHM3allVIOHHO
opopmasieTcs BKayecTse cypuitckoro MoHacTeips. B1388r. kommaekcnepeskusaer pasrpabaenue
U, IPeAII0A0KUTeAbHO, YaCTUYHOe paspyiieHue. IloxuineHHoe yaaa0ch IOAHOCTBHIO BEPHYTH K
1395 r., 6aarogaps mobegoHocHBIM 1ToxoAaM Tumypa. Ha ocHoBanum npeanoaoxennit 1920-x
roaos [3] u uccaeagosanui 1950-1980-x roaos [1] canrtaercs, uro ¢ 1389 r. HaUMHAIOTCSI aKTUBHBIE
PE€MOHTHO-BOCCTaHOBUTEAbHbIE PabOTHI B OOBETIABIINX IIOCTPOMKaX ¥ HOBOE CTPOUTEABLCTBO.
PyxoBogureaem cTpoiiku HazHadaeTcsa Masasin Yoaitayaaa Caap. Tumyp nocemaer ropoga Slccer
ocenpio 1397 r. 1 cBOMM IIPUKa30M OllpedeaseT, KaK OpraHM3alliOHHO-(PMHAHCOBbIE acIIeKThI
AaZbHeliel paboTEI KOMILAeKca, Tak ¥ (PUKCHPYeT OCHOBHEIE ITIPOCTPAaHCTBeHHEIe ITapaMeTpPh
3aaHnsa. MoHacCTBIph (KOMILAEKC 34aHNIL) TUIIOAOTMYECKU IIpeBpalllaeTcss B MaB30Jeil-XaHaKa
(eaunoe 3aanue). B 9T0T nnepnoa npoBoAATCsA paHee OIMCAaHHbIE YCUACHIUS CTeH U IIePeKpPhITHUS
B IIPOXOJ4axX MeXAYy OTAE€AbHBIMU 3AaHUAMM, KOTOpble IIpeBpaTUAM UX B ABYXYpPOBHEBBIE
KOPUAOPBI; HAaUMHAETCsl CTPOUTEABCTBO 3aMBIKAIOIIell 4BOP C I0TO-BOCTOKA ITIOPTaAbHOM YacTy;
ABOP II€PeKPBIBACTCs OAVMHOYHBIM KYII0AOM; BO3BOASATCS BHEIIHIUE KyIloAa Haj MaB3oJeeM U
MeueThIO; BLIIOAHAETCS eAMHOo00pa3Has 00AuII0BKa (pacalos (3a MCKAIOUeHeM I0TO-BOCTOYHOI
9acTu) U KyIOAO0B (3a MCKAIOYeHMEeM I1aBHOTO KyIl04a U KyII0A0B Hag boapmmm apopriom).

34ech BO3HMKaeT BOIIPOC O IIPUYMHAX HEBBIIIOAHEHNU: OOAMIIOBKM TAaBHOTO KyIoOAa.
[IpoBea€HHBII aBTOpaMM aHaAWU3 IIO3BOASET HPeANOAOXUTb, 4YTO IIPOEKTHBIN 3aMbIicea
roagpasyMeBaa BO3BeJeHle He OAMHApHOIO, a ABOMHOIO KyIoAa. DTO OOOCHYeTCs TeM, YTO B
UCTOPMYECKU U permoHaAbHO OAM3KUX aHaJorax — Hampumep, massoaeit ['ypu-Dmup (kymoa
AUlaMeTpOM OK040 15 M), B KOTOPOM TakXe He A0cTpoeH moptaa, u I'aasHas meuetr bubmn-
XaHBIM (KyI104 guiamMeTpoM oko4o 18 m) B CamapkaHge — Kyno4a gsoliHble. Kpome Toro, B camom
KoMII1eKce XoaKa AxMea Haj, MaB304€eM U MeYeThbIO OBLAM MMEeHHO B 9TOT IepUOJ BO3BeeHEI
BHEIITHIE KyIl04a, IIpeBpaTUBIINe PaHee CyIlecTBOBaBIINe OAMHapHbIe KyIioaa B ABoliHble. Ha
9TO yKasbIBaeT ¥ KOMITO3MI[MOHHBIN aHaaAu3 (pacaloB — XapaKTepHbIe AAs DIIOXM VM pPerroHa
KyI104a COOTBETCTBYIOT IIO BBICOTE€ I4aBHOMY IIOPTaAy MAM Aa’ke BO3BBLIIIAIOTCS HaJj HUM.
CoOTBeTCTBeHHO, IPU BO3Be4eHNUN TAaBHOIO IIOpTada MaB30Jes-XaHaKa Ha IIPOeKTHYIO BBICOTY
(mpubamnsurteasrno 50,4 M moptaa; 67,2 M yraossle OalllHN) U KyIl0A A0AYeH ObITh 3HaYUTeAbHO
BBIIIIE CYIIECTBYIOIIEro ¥ MMeTh COOTBeTCTBYIOIIYIO KOHCTPYKIMIO. DTO CXeMaTUJIecKy IT0Ka3aHO
Ha pUCyHKe 2.
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Pucynox 2. Massoaeii-xaHaka Xoaxa Axmega fccasn, TypkecraH (mepcrekTisa 40CTpoiikm): 1 —
paspes (4epTéx); 2 — ceBepO-BOCTOUHBII (pacay (UepTeéx).

AKTMBHBIE CTpoUTeAbHBIe PabOTHI DTOTO dTama cokpamiaiorcs B 1399 roay, a B 1405 T.
IIOAHOCTBIO ITpeKpamjaoTcsa. HecMoTpsa Ha cA0KHYIO HOAUTUYECKYIO OOCTaHOBKY B peruoHe,
caeayiomiye IOATOpa BeKa 3JaHMe YCIeImHO (QyHKIMOHUpYeT, oOecrednsas IIpoBejeHNe
MeMOpUaAbHO-KYyAbTOBBIX IIepeMOHNI ¥ BpeMeHHOe pa3MellleHre I1aA0MHUKOB. COOTBeTCTBEHHO
SIMU30ANYECKM IPOBOAATCS U MeAKNe PeMOHTHbIe pabOThl. YuUmMThIBas cPOpMIUpOBaBIIeeCs
BOCIPUATHE MaB30Jes-XaHaKa B KaueCTBe AYXOBHOTO IIeHTpa MHOTOHAIIMOHAAbHOTO PeruoHa,
ropo4 Slccel HauMHAIOT HazbiBaTh TypkectaHoMm. IlpubansnureasHo ¢ Hauaaa XVI B. HeKoTOpELIe
IIOMeIlleHNsl 3JaHMsl HauMHAIOT MCIIOAb30BaThCs KaK CKAeMNBl A4S MOTUA BBIAAIOIIVXCS
rOCyAapCTBEHHBIX U OOIIIeCTBEHHBIX AesTeAeln.

Czeayiommit sTall CTPOUTEAbCTBA HauMHaeTcsl B KoHLe XVI B. mpu AGayaaa-xa"e Bropowm.
[Iipoxo pacrpocTpaHéHHOe MHeHIE, YTO B HTOT IIepro/, Oblda TOAbKO COMKHYyTa apKa I4aBHOIO
IopTaza I ero BepXH:is 4acTh yBeHUaHa 3yOrjaM1, ObLA0 IIOCTaBA€HO 1104 coMHeH1e B 1920-e rogpr:
«['panuna, rae KOHYaeTCs epBoHavYaAbHasA KAaJKa M HauuHaeTcs agoctporika XVI Beka, TO4HO
II0Ka He MPOCAeXKeHa, HO II0 11eA0My psAAy HaOAIOAeHMII OHa A€XKUT OKOAO YPOBHS I'PaHEHbBIX
yacreilt muHaperta» [3]. KcraTu, 4yTh BbIIIe DTOTO YPOBH: 3aKaHUMBAIOTCA U TPEXYETBEPTHBIE
KO/ZOHHBI OOpaMAeHNsl HIUKHel 4JacTu IIOPTaAbHOV apky, PUKCHUpPYs ypOBeHb, Ha KOTOPOM
3aKOHYIMAACh KAagKa B IOpTaabHOI Huie Ha pyoesxe XIV-XV ss. I[Ipu oTOM BCce ocTaabHbIe
yTAOBBIe TPEXJeTBepTHBIE KOAOHHBI (Ha 00AMITOBAaHHEIX (pacajax) 3aKaHIMBAIOTCS 104 PPU3OM.
Ecau 10 peamioao>xeHue BepHO, TO BCsI BEPXH:AA 4acTh I’ 21aBHOTO mopTaza ¢ UMAMHAPUYECKIMU
YTAOBBIMU DallTHAMU — «HOBOJeA» HTOTO nepuoga. To ecTh 1oxoXKecTb KOMIIO3UIIUK ITOopTala
MaB3oes-xaHaka Xoaxa Axmeaa Sccasu Ha ['aaBHbIi1 mopTaa asopiia Ak-Capaii B Illaxpucsaoae,
Ha KOTOPYIO yKa3biBaaoch [3], mossuaack Toabko B XVI B., u mpoexTHbIM 3ampicaom XIV Beka He
npeaycMarpusadack. 3HaunT 3ambicea XIV B. mogpasymeBaa moxoxects Ha nopTtaa I'aaBHoii
Meuetn bubu-Xansim B CamapkaHnge ¢ yrA0BbBIMY OAIIHAMY HPU3MaTUIECKOTO CeUeHIs 10 BCeil
BBICOTE (9TO 34aHME Celyac MOYTU MOAHOCTHIO BOCCTAHOBAEHO U3 PYUH Ha OCHOBE IIPOEKTHOTIO
npegaoxenus III.E.Patus [17], ony6ankosannoro B 1950 r.).

Ckopee Bcero B 1590-e roanl mpogoakeHue CTPOUTEAbCTBA MaB3OJes-XxaHaka XOJXa
Axmega fIccaBu Tak:Ke, 110 HEM3BECTHBIM ITOKa IPUYMHAM, OBLAO CIIeIIHO ITpekpalieHo. Ha sto
yKa3blBaeT M3MeHeHMe TUIla KAaJKM B BepXHel 4acTy apKy U HeaKKypPaTHOCTh B BBIIIOAHEHNI
paboT — OCh apKu OKas3aJach CyIIeCTBeHHO CMeIlleHa BIIPaBO OTHOCUTEABHO OCHOBHOM OCHU
34aHus, a caMa KAaAKa € [IpaBoli CTOpOHHI mpoceaa. HapepHo mpuunHoi mocay>kmuao obocTpeHne
BOEHHBIX IIPOTUBOCTOSIHUII B pernoHe, 0O 34aHue IleAeHallpaBAeHHO, B YCKOPEHHOM peXuMe,
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IpeBpalaiy 13 MeMOp1aabHO-KyAbTOBOTO COOPY>KeHIs B KPeIlOCTh C BO3MOXKHOCTBIO 4030pa
1 oboponsl ¢ BepxHux yacreir creH. Camo 1o cebe yckopeHmue pabOOT IO CBeACHMIO apKu
OOBACHMMO MIMEHHO BOEHHBIMMU Hy>XJamMu — GpOopMuUpoBaAacs «00eBoil X04» OT OAHON YIA0BO
OamHM K gpyroit. OcTasaeHHBIe B THE3AaX OpEBHA CTPOUTEABHBIX A1€COB TaK>XKe CBIAeTeAbCTBYIOT
O «BHEIAaHOBOM» ITpeKpallleHnu crpouteabcTsa. KcraTy, B mocaeayiornine mepuoAsl, BIIAOTh
40 cepeanns! XIX B., o0opoHHas GpYHKIUS JOMMHMpPOBaAa B DKCILAyaTallUM 34aHUs, KOTOpoOe
CTaA0 4acCThIO TOPOACKMX YKPEILAeHNII, a HeKOTOpble TTIOMEIeHMs CTaAl VMCIIOAb30BaThC A4
CKAaAMPOBaHNs IIPOAOBOABCTBEHHBIX ¥ BOEHHBIX IlpuiracoB. COOTBeTCTBEHHO, IIeproJ, KOHIlA
XVI B. mpeacTaBasieTcs BO3MOXKHBIM pas3AeAuTh Ha aABa oTarna — 1580-e roasr nm 1590-e roasl.
Cxema raasHoro ¢acaga ¢ BblAeA€HIEM YJacTKOB KAaAKM Pa3AMYHBIX IePUOAOB ITOKa3aHa Ha
pucynke 3.

KupnuyHaa Knagka paznuyiHeIx
nepuoaos:

- MEPCNEKTWBA XXl seka

- 1580-e roap

] - 1580- roaei

- 1380-e roapl

Pucynok 3. Pacrioao:xeHne KUpTIMIHOM KAaAKM Pa3ANMYHBIX TI€PUOAOB B TAaBHOM, IOTO-BOCTOYHOM
dacage maBsoes-xanaka Xogaxa Axmesa Sccasu — uepréx (1390-e roasr; 1580-e roasr; 1590-e roasr;
nepcrektusa XXI B.).

B XVII-XVIII BB. agomoaHmuTeAbHON QYHKIIMeN 3JaHMs CTaldO MCIOAb30BaHNE ero B
KayecTse TOCyJapCTBeHHON pesdugeHnun. Ilo mepe oyepeiHOro yCAOKHEHMS ITOAUTUYIECKON
cuTyanuu B pernoHe ropog TypkecTan cTaa Bcé yallle CTaHOBUTLCS apeHolt 00€s. B pesyapraTe
34aHNUe B IIpoIjecce BOEHHBIX KOH(PAUKTOB IOABEpPraloch 4acTMYHOMY 3aToraeHnio (1846 r.),
apTuaaepuiickomy oocrpeay (1864 r) 1 T.11., 4TO OTpUIIATEABHO CKa3bIBa10Ch Ha €70 COXPaHHOCTI.
K mocaeaneit tpetn XIX B. BOeHHBIe KOH(PAMKTH IpeKpaTtuanch. PeiKo IpOBOAMBIIIMECS
PEeMOHTHI pelllaay YacTHBle HPOOJeMBl HaXOASAIIeTocs B aBapUITHOM COCTOSHUM 3AaHMNS,
KOTOpOe M3-3a OIaCHOCTU CaMOpa3pyIIeHNs gake IAaHupoBaaoch cHecty B 1870 r. OgHako,
YYUTHIBAs OTPOMHOE KyAbTYPHO-MCTOPUYECKOe 3HaueHMe NaMATHUKA, 3JaHye COXPaHUAU U
HPUCTYINAN K €TO aKTMBHOMY 00CAeJ0BaHMIO U BOCCTaHOBAeHMIO. B 1872 r. Oblaa BbIImoaHeHa
pacymcTKa 3axXxAaMAEHHBIX [IOMEIeHII 1 HadyaAcsl peMOHT. I1oABVOKKM TpyHTa, BOSHUKILNE T10
Pa3HBIM IIPUYMHAM, IPUBeAN K HeOOXOAMMOCTH YKPeIUTh KOHTPPOpcaMy HeKOTOPbIe yJacTKI
IOro-3allaJgHoi U ceBepo-3anaAHoi creH (1886-1887 r1r.). AKTUBHBIE IMcCCAeAOBaTeAbCKUE U
pecTaBpaloHHbIe PabOThHI Hauaanch ¢ 1920-X ro40B 1 MpO40AXKaIOTCs 1O cell 4eHb. B mporjecce
9TUX padOT OblAM YKpeIlAeHbl 3KeAe300eTOHOM (pyHAaMeHThI, IepeA0>KeHbl HeKOTOPhIe yJacTKIU
CTeH U CBOAOB, CTSAHYTLI CTaAbHBIMY CKOOAMU TPECHYBIIINE YJacTKM CTeH, YCUMAEHBI KOHCTPYKIIN
HEKOTOPBIX KYIIOAO0B, YIIPOYEH CTaAbHBIMU TPOCaMI apXMUBOABT IIOPTAAbHON apKM, BHIITOAHEHbI
KOABIIEeBbIe CTSKKM C BHEIIIHel CTOPOHBI KyIloJAa HaJ MedeThbi0, BOCCTAaHOBAeHA pa3pyIIuBIIas
00AMIIOBKa Ha CTeHAX M KyIl04aX, BBIIIOAHEHa paHee He CyIecTBOBaBIllasl BHELIHs 00AMIIOBKa
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I1aBHOIO KyI104a, IIPOBeAEH psia Apyrux Meponpusatuii. I1o Bociomunanmam [13], 81975 1. onsats
BO3HIK/a, HO He Obl1a peaan3oBaHa des AOCTPOUTL ItopTasl. B 1997 r. s reomeTpnaeckoM 1jeHTpe
KBaJpara I11aHa LIeHTPaAbHOIO IOMellleHus Obla OOHapy>keH 3achilaHHbI B CpejHeBeKoBbe
koaogen (auametp 0,9-1,0 m). CooTBeTCTBEHHO OBLAO CAeAaHO IIOATBEPKAEHO IIPeAII0A0XKeHIIe,
YTO Ha YTOM MeCTe 40 CepeAVHbl YeThIPHaAIlaTOro BeKa CylIeCTBOBaA KOMIIAEKC 4BeHaAlaTOro
Beka. CMBICAOBBIM ILIEHTPOM HTOIO KOMILAEKCAa HaBepHO OblA HeDOABIION MaB30ael XOAXMu
Axmega. Tlepea HuM ObLa OOIIMPHEII ABOP C KOAOAIIEM.

HecMoTps Ha TOCTOSIHHO TPOBOAMIMEIE PabOTEI 34aHNe MO-IIPeKHeMY BhI3bIBaeT OIlaceHIs
C TOYKM 3PeHIsI IPOYHOCTU U YCTOMYMBOCTH, TaK KaK IIPOA0AXKAETCA B TOM YMCAe U aBapUITHOe
HaMOKaHIe KOHCTPYKIIUII OT TPYHTOBOI 1 aTMOC(pepPHOI BAarn. PermmTs OCHOBHbIE ITPOO.AeMBbI
oOecriedeHNs] IIPOYHOCTU ¥ YCTOMYMBOCTU MaB3oJesi-XxaHaka Xogxxa Axmega flccasu MoxeT
II0AHOe 3aBepllleHNe CTPOUTeAbCTBA 34aHNs Ha OCHOBe IIpOeKTHOTo 3ambicaa XIV B. [15]:
AOCTPOUTh M 00AMIIeBaTh IAaBHBINM IIOpPTaA, BO3BeCTM M OOAMIIeBAaTh BHEIIHMI KyIlOA Haj,
LIeHTPaAbHON 4acThiO, 00ANUIIeBaTh OCTaAbHbIe KyIl04a, He NMeIonye 0OAUIJOBKY, BBIIIOAHNUTD
Apyrue Heobxoaumple paboThl. CreluaabHOe MCCAeAOBaHUe IMO3BOAUT OIpeAeAUTh OOLEM
padoT 1 o4epeaHOCTb UX ucroaHeHns. OIBIT TaKuX pabOT eCcTh, B TOM 4IMCAe U C AOCTPOMKOI
1AM BOCCTAaHOBJAEHUEM 34aHuil B popMax, UCTOpuUdeckas AOCTOBEPHOCTh KOTOPBIX BBI3bIBAET
AVICKYCCHIO, HO IIO3BOASIeT CTaTh aKTMBHOM YacThbI0 COBPEMEHHON KyAbTYphl (MaB3oaei
Kapaxana, 1906 r.; masszoaeit Aitmma-buou, 2005 r.; maszoaeit Padurn Cyartan berum, 2023 r.).
Yacto ynommHaeMasi HaJANNUCh Ha OAHOM U3 coopyxKeHmit smnoxu Tumypa raacut: «Ecan
Bbl comHeBaeTech B Hamem Beandnu, TO nmocMorpute Ha Hamm mocrpoiiku». 3aBepiienue
CTPOUTEALCTBA MaB30OJes-XaHaKa, SBASIONIETO  CyIIeCTBEHHOJM 4acThl0  HaIllMOHAAbHO-
KyABTYPHOM MAeHTUYHOCTM KasaxcraHa, MO3BOANUT IIPEeACTaBUTh BO BCEM BeAUYMU AESHUS
IIpeAKOB ¥ IPOAEMOHCTPUPOBATh IPEeMCTBEHHOCTD Ky ALTYPBI.

4. BeIBOABI

C cepeamHBI MO3aIPOIIAOrO BeKa M IIOHLIHE B pecTaBpallMOHHON IIpakTuKe (BKAIOYas
Ka3axXCTaHCKyI0) AMaAeKTUYeCK! COCYIIeCTBYIOT ABa moaxoga. IlepBriil 1mogxos BOCXOAUT
K D.Buoae-ae-JioKy, cumrapiiemy IieA1ecoOOpasHBIM IIOAHOE BOCCTAHOBJAEHMe IIaMATHUKA
Aake ecAM IOAYYMBIIAACA B pesyabTaTe «MAeadbHas», IO CyTi, popMa AUCKYCCHOHA C TOUYKM
3peHmsl MCTOPMYECKOi A0CTOoBepHOCTU. BTropoir moaxog ceasan ¢ umenem /x.Péckmnna. Dot
II0AX0J, CTaBUT BO I1aBy yr4a MaKCMMaAbHOE COXpaHeHMe, 110 CyTH KOHCePBaLMIO NCTOPUYECKHU
CAOXUBIIIETOCS COCTOSHUS ITaMATHUKA. B KOHKPETHBIX yCAOBMAX DTU IOAXOABI BIIOAHE
copmecTtuMbl. Hanpumep, y>ke yrioMmuHapmmiics Mas3oaei Aiia-budu ¢ cepeAnHbI IIpoIILa10ro
BeKa HaXOAMACS B CHENMAaAbHO COOPY>KEHHOM A4 ero KOHCepBallMM MaBUAbOHE, U MMea
OTpaHMYEeHHBIN AOCTYII 445 TypUCTOB. [IpoBeaéHHas B Hauyae HhIHeIITHeTO BeKa PeKOHCTPYKLIVS
BOCCO3jada «HMAealbHylo (GOpMy» U BepHyJa 3JaHMe B COBPEMEHHBINI I'PajOCTPOMTEAbHBIN
KOHTEKCT CO CBOOOAHBIM AOCTYTIOM.

BMmaB3oaee-xanakaHeoOX0AMMOOIIpeAeAUThI1e1eCO00Pa3HOCTbCOXPaHeH s “ CTOPUYeCKUX
mrpamMoB”. DTo nporud MpaBoro apXmBoAbTa HOPTAaAbHON apKy U yCUAUBAIOLIMe KOHTP(POPCHI
Ha IOTo-3aIrta/HOM U ceBepo-3anagHoM Pacagax. Koraa ¢pyHaaMeHTE yKpenasioTcs 104 BCeM
34aHueM, KOHTPPOPCH MepecTaioT uMeTh (PYHKIIMOHAAbHOe HazHauyeHue. Takke >kelaTeabHO
nepejeAaTh NOPTAaAbHYIO apKy, TaK KaK IPOTMO IIpaBOrO apXMBOAbTA SABASETCS OYeBUAHOI
aBapuiinont aedopmanueir. Haamdyme coBpeMeHHBIX CTaAbHBIX TPOCOBBIX CTSXKEK BHYTPU
apKM CBUAETEABCTBYeT 00 aBapUITHOM COCTOSIHUM 9TOTO COOpy>KeHu:A. Bospeaenme moptaaa
Ha IIPOEKTHYIO BBICOTY CTaHeT OAHUM U3 CIIOCODOB yKperiaeHus: 9Toi apku. COOTBeTCTBEHHO,
peaamsanns uaen MpoeKkTHoro 3ambicaa XIV B. U3 4MCTO yMO3PUTEABHON 3a4aull IIepexoAUT
B pasps/ KOHCTPYKTMBHO HEOOXOAMMOI Mephl II0 COXPaHeHMIO IPOYHOCTU IaMATHUKA
apXMUTEKTypBl. 3aBeplleHne CTPOUTeAbCTBAa MaB3oJes-XaHaka Xoaxu Axmega flccaBu pemmt
OCHOBHBIE IIPODAEMBI C €ro COXPaHHOCTBIO M ODeCHeYuT yBeAUueHUe ero BOCIMTaTeAbHOIO
BO3AEMCTBI.
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Koneuno, MbI MOXeM OCTaBUTD 3JaHMe B €I0 “MCTOPpUIEeCcKOM Bue”, IpoA0asKasl IIPU DTOM
KOHCepBallJIOHHEIE I pecTaBpalioHHbIe padoTel. Ho mnccaeaosanme Toro, Kak MOT OBl BHITAAAETD
MaB30/eil XaHaKa, ecan Obl OH OblA 3aBepII€H B Hadasde XV B. camMo Mo cebe IpeAcTaBAseT
oIpeJeAE€HHBIN HayYHBIN U OOIeKy ABTYPHBI MHTepec. DTo GOpMUpPYyeT NePCIeKTUBE AaHHOTO
MccaeA0BaHMSI.
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Typkicranaarer Koka Axmer flccayn xaHaKa-KeceHeCi KOMITIO3UIIMSICBIHBIH AaMy
epexieairi

B.Y. Kycnanraanes', K.J1. Camoriaos’*, O.H. [Ipnemerr

"Appuruupaey (T.K.bacerios amovindazvl Cayaem xane Kypviavic uncmumymul, Combaes Ynueepcumenmi,
Aimamuv, Kasaxcmart)

ApPpuruuparey (Xarvikaparvix 6irim Oepy xopnopayuscol, Aamamol, Kasaxcmart)

Angarna. JXKepriaikTti TypreIHAap MeH TypuCTepre coyAeT eCKepTKIIlITepiH caKTay >KoHe OHTallAbl
KOpCeTy Macedeci yHeMi FBIABIMU JKoHe KOFaMABIK KbI3BIFYIIBIABIK TyAblpaabl. JMaseKTUKaAbIK, e3apa
opexeTTeCye eKi YFBIM KaTap eMip cypedi: eckepTkimTi 6i34iH 3aMaHBIMEBI3Fa A€ifiH caKTay YIIIiH cakTay
>KoHe >KOFaaAfaH OeAIleKTepAi KaAllblHa KeATipe OTBIPBII, eCKepTKIIlTi KaAIlbIHa KeATipy. OpOip HaKThI
’Kargaiiga 6ip Hemece Gacka mrermiM KaOblagaHaabl, 04 >KaKTacTaphlH Aa, KapChlAacTapbhlH Ja TabaAbl.
Bya Mmoaceaenin Oip acmexTici-KypBLABIC >KYMBICTapBIH JKYpPri3yde ©3 TapUXbIHAA Y3aK ysidicTepi Oap
FIMapaTTapra JereH Ke3Kapac. MyHaai ecKepTKiIlITiH KBI3BIKTHI MbIcaabl-TypKicranaarer Axmet flccayn
XaHaKa-KeceHeci, 04 asikTaamaraH. OHbIH Kasipri KasakcraH MogeHmMeTiHiH ©3iH-©31 aHBIKTayJarbl
MaHBI3ABIABIFEIH €CKepe OTBIPHIN, iCKe acklphlAMaraH >XKo0a >KOCIIaphl, COHJali-aK FUMapaTTHIH ©3i
KYPBLABICBIHBIH Ke3eHAiAiri Typaasl MaceaeHi KapacThIpy OpbIHABL 00ABII Kepineai. bya acipece xeibip
acriexTizepai aTan eTyre 6aliAaHBICTBI KBISBIKTBI, 0AapAblH Keribipeyaepi 1930-1950 >xplajapsl >KaAIlbIFa
KOA JKeTiMAl FBIABIMM KOAJAQHBICKA €HIi3iAreHiMeH, XaHaKa-KeCeHeCiHiH KYpPBILABIC TapUXbIHBIH Kasipri
KeH TapaAfaH HYCKAaChIH eCKepyci3 Kaaablpabl KoHe Ty3eTiiedi. bya nerizinen XIV rachlpAblH asfbl MeH
XVI rachlpabIH asrblHAAFbl KYPBLABIC Ke3eHJepiHe KaThICThL.COHBIMEH KaTap, KOMIIO3UIUAABIK Taljay
FUMapaTTBhIH HeTi3Ti MopTaAbl FaHa eMec, COHBIMEH KaTap Tadjay HaTuKealepi OOMBIHINA KocapAaHFaH
ATl ecerTeATreH Heriari KymOes Je asgKTaAMaraHbl Typaabl OypBIH aHbIKTaAMaraH (akTiHi aHRIKTaAbl. bya
KelOip MHHOBaMAABIK HOTU KeAep KOPHEeKTI IIbFapMaHbl OJaH 9pi 3epTTey HepclleKTUBalapbiH eAdyip
KeHeJTyre MyMKiHAIK Oepeai.

Tyiinai ce3gep: xaHaka-KeceHeci, pecTappanis, peKoHCTpykis, KasakcraH coyaeTi, OpTarachIpABIK
CayaeT, KODAABIK, Oif, KOMITO3UIIVSICHL.

The composition of the Khoja Ahmed Yassawi’s mausoleum-khanaka in Turkestan
evolution peculiarity

B.U. Kuspangaliyev', K.I. Samoilov", O.N. Priemets®

Affiliated (T.K.Basenov Institute of Architecture and Construction, Satbayev University, Almaty,
Kazakhstan) *Affiliated (International Educational Corporation, Almaty, Kazakhstan)

Annotation. The problem of preservation and optimal demonstration of architectural monuments to
local residents and tourists is of constant scientific and public interest. Two concepts coexist in dialectical
interaction: conservation to preserve the monument in the form in which it has come down to our times,
and restoration of the monument with the restoration of lost details. In each case, one or another decision
is made, which finds both supporters and opponents. One aspect of this problem is the attitude towards
buildings that have long breaks in their history in carrying out construction work. An interesting example
of such a monument is the mausoleum-khanaka of Ahmed Yassawi in Turkestan, which remained
unfinished. Given its importance for the self-determination of the culture of modern Kazakhstan, it seems
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appropriate to consider the issue of the project plan, which remained unrealized, as well as the stages of the
construction of the building itself. This is especially interesting in connection with the emphasis on some
aspects, some of which, although they were included in public scientific usage in the 1930’s and 1950’s,
however, remained without attention and did not correct the modern widespread version of the history of
the construction of the mausoleum-khanaka. This applies mainly to the construction stages of the end of
the XIV century and the end of the XVI century. In addition, compositional analysis revealed a previously
uncensored fact that not only the Main Portal of the building was not completed, but also the Main Dome,
which, judging by the results of the analysis, was supposed to be double. These somewhat innovative
results allow us to significantly expand the prospects for further research of an outstanding work.

Keywords: a mausoleum-khanaka, a restoration, a reconstruction, the architecture of Kazakhstan, a
Medieval architecture, a design concept, a composition.
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DKOAOTMYHOCTb COBPEMEHHON apXUTEeKTYPhI 34aHNi
¢ mo3yyn Gprua0coPpCKO-3CTETUMIECKOrO acIieKkTa
(Ha mpyuMepe 1. AcTaHbI)

Annsotanusa. Moes obpaujenus x $urocopcko-acmemuueckomy acnekmy 6 60npocax
POpMUPOCAHUA IKOAOZUHECKOTE APXUMEKMYPLl 6 MUPOCOL APXUMEKMYPHOLU NpaKmue
u meopuu cmanosumcs éce 0oree axmyarvHvim. [Ipoyecc yxyouienus aKoA02ul 20p000s,
Kawecmea oKpyxarouietl cpedvl, COKpauyeHus npupooHvlx pecypcos, onpedeAsiom 6axHocmo
UCNOAL306AHUS 0AHH020 ACNEKMA 6 YCMOUUueoM paseumuu. B dannom wuccaedosaruu
PAcKpuIeaemcs 63AUMO0eicmeue apXumexmypvl ¢ ecmecmeeHHol npupooHoti cpedoil, ¢
KYAbIMYPHO-UCTHOPULECKUM HACALOUEM HA 0CHOBE PUAOCOPCKO-ICHIeINUEcK020 000CHO6AH U
amux delicmeuil, obecnedusaroujue GvICOKULL YpPoseHb IKOAOZUUECK020, COUUAADHOZ0,
IKOHOMUHECKO020 U KYAbmypHozo passumus obujecmeéa. Viccaedosarnue,  usyuaroujee
aKoAOZUMeCKUT 100X00 K (POPMUPOSAHUI0 APXUMEKMYPLL NOCPeICHIEOM  HUAOCOPCKO-
aCmMemu1eck020 ACNeKma K NOHUMAHUI0 APXUTEKMYPbl, HANPAGAEHO HA onpedeAetiie UdetiHo-
CMUICAOBOLL OCHOBbL COBPEMEHH020 300uecmea. JAS packpoimus amoi memamuxu 6 0aHHOL
padome paccmampueaencs. ApXumexmypa coepemenvx oouecmeenvx 30anuii Acmantt,
amo mopzoso-passrexamerviviii enmp «Xan Llamop» u KyAbmypHo-00pasosamervHblil
uenmp «Zeopey ULKOABHUKO6». B pesyrvmame usyuenus apxumexmypHolx 00bexmnos
10360AUAO GLIAGUMD ACNEKMbl POPMUPOSAHUS APXUMEKMYpPol 6 cumbuose ¢ npupodot, 6
cumbuose ¢ KyAvmypHom Hacaeduem u mpaduyusimu, cocmasrsioujue 0a306y10 0CHOGY 6
Popmuposaru cospemernoz0 IKorozudeckozo npocmpatrcmea. Ocoboe sHumarue 6 padome
YOACHO CMBICAOGOMY KOHMEKCHY XYJ0XKeCeeHHou ulpasUmeAbHOC APXUMEKNYPHBIX
Popm, obpawerue K CUMBOAUUECKOU Xapakmepucmuke @popmoodpasosarus, dexopa,
Aandwadma, onpedersiioujue zAy00K0e NOCMUXeHUe KYAbMYPHOZO CMOICAA COBPEMEHHO0Z0
300uecmea.

Karouesble caoBa: akoroeuuHocmo, apxumexmypa, gurocopus, Kyrvbmyproe nacaedue,
acmemuxa, npupooHas cpeoa.

DOI: doi.org/10.32523/2616-7263-2023-145-4-226-235

1. Beeaenmne

B coBpemenHoM Mupe mpoliecc pocta poau ropoJoB B SKM3HU OOIecTsa IpuoOpeTaeT
Hapacrapommnit xapakrep. KpymHble ropoga npeaocrasasioT 00AbIIne BO3MOXXHOCTI BO BCeX
cpepax ycayr (oOpasoBaHMe, KapbepHBINI POCT, COIIMaAbHbIE CBSA3M, KyAbBTYPHO-AyXOBHOE
pasBuTHe U T.A.), BBICTYIIasl B KadecTse KAIOYeBOIo DAeMeHTa B DKOHOMIUYeCKOM, KyAbTYpHOI 1
colMaAbHONM aKTMBHOCTM HacedeHus. Ho, TeM He MeHee, I1poIiecchl, cBsi3aHHbIE C MacCIITaOHBIM
CTPOUTEALCTBOM TOPOJAOB, YBeAUYEHMEeM IIAOTHOCTU 3aCTPONMKIU, TOPOACKOTO HaceAeHMNsI,
TPaHCIIOPTHOM 3arpy>KeHHOCTLIO, COIPOBOXKAAIOIINECsS BLICOKMM ITOTpebAeHneM IIPUpPOAHBIX
pecypcos (yroan, HepTh U Ta3), BEI3BIBAIOT IIPOOAEMBI 3aTrPsASHEHN S OKPY>KaIOIIlell Cpeabl.

Hosple 1meam ycToifuMBOro passBUTUsA IOPOAOB, IpeACTaBAeHHble B MeXXAyHapOAHO
nosectke ausi Opranmsanuent O0veaunennpix Hanmit B cenradpe 2015 roga, «Kyabstypa»
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DKOAOZUUHOCHID COGPCMEHHOﬂ apxumexmypol 30amnuii ¢ nosuvuu ¢MAOCO¢CKO-3C1’I’IEWIMIIECKOZO acnexkmad...

BIIepBbIe pacCMaTpMUBaeTCs B KayecTBe OCHOBOII0Aaraloniero (pakTopa B yCTOMYMBOM Pa3BUTUM.
Ecau ropoputs 0 ropogax-croanIiax, B 4aCTHOCTU 00 AcTaHe, TO CTOAMIIBI, SABASACH HTaA0HOM
11AeaAbHOIO U TAaBHOIO TOPOAa, NPeACTaBAsAIOT HanboAee COBepIIeHHYI0 (POPMY BhIpakeHIs
ObITyA 1 KyapTyphl [1]. [ToHATHE Ky ABTYPBI IIMPOKOE U CA0XKHOe [2] 1, B paMKaX 4aHHOJ CTaThH,
MOXXHO HpPeANOAO0XKUTh PacCMOTpeHMe KyAbTyphbl C NMO3UIMMU (PUA0COPCKO-DCTeTUIECKOTO
acriekTa B (pOPMMPOBAHUN DKOAOTMYHOCTY COBPEMEHHON apXUTeKTyphl 3aaHmii. ITosTomy,
34ech MPU3HAeTCs BaXKHOCTh COXPaHEeHMs! KyAbTYPHOIO HacAeAus, IPUPOAHOTO AaHAmIadTa,
BBIPasKeHHBIX B IIOCTPOEHM COBPEMEHHBIX MeTOA0B CO34aHMsI yCTOMYMBOTO Pa3BUTIS TOPOAa.

Ceroansa mccaejoBaHUs yCTOMYMBOCTU TOPOACKON CpeAbl B OCHOBHOM 3aTparmbBaioT
9KOAOTMYecknii (akTop, HaIpaBAeHHBINI Ha ®DHeprocbOepe’keHne, SKOHOMUIO pPecypcos,
IIpMMeHeHe Pa3ANYHbIX MHXeHePHBIX dHeprospPeKTUBHBIX TexHoaornit. Ho, k coxxaaennio,
BOIIPOCaM  B3aMIMOJENICTBMSI ~ apXWUTEKTYphl C KyABTYpOM, TIPUPOAHBIM AaHAIIAPpTOM
HaceAsIOLIEro ero HapoJa y4eAseTcs Heg0CTaTOYHOe BHUMaHue.

ITear mpeacTaBaeHHON pabOTLI COCTOUT B BBIABAEHUM U HAayYHOM OOOCHOBaHUM pOAU
$ma0coPcKo - HCTETUUECKOTO acIleKTa B CO3JaHNN DKOAOTMIHOCTY COBPEMEHHO apXUTeKTYPhI
34aHUI ¥ COOPY>KEeHMI, ¥ TPeAAOKNUTh UX K UCIIOAB30BaHUIO IIPY IIPOEKTUPOBAHNM 3AaHUIA.

ACTIeKTBI 9KOAOTMYECKOIO pasBUTUA TOPOAOB OBLAUM MCCAEAOBAHLI BO MHOTUX TpyJax
yueHbIX. Tak, BOIIPOCBHI IIPOEKTUPOBAaHUS 34aHUI C y4eTOM OCOOEHHOCTel KAMMaTUIecKMX
XapaKTepuCTUK IOAPOOHO paccMOTpeHs! B pabote Jx.D. Aponuna [3], rae aBTop oTMeyaeT, 4To
KAUMaTU4YecKle yCAOBUs B BecbMa 00ABIIION Mepe olpeaeadioT popMy 3aaHmit. B konneniumn
Oyay1iero ropoga ¢ IO3UIINI apXUTEKTypPHO-CTpouTeapHoM 9koaorun Tetnop A.H. [4] B cBoeit
paboTe moguepkmuBaeT BaXKHOCTb IPUPOABI B TOPOACKON 3acCTpOiiKe, YTO TOABKO B CHUCTeMe
«IIpUpPOAa-TOPOA-4eA0BeK» BO3MOXKHa TapMOHM3allMs OKpyKalomein cpeapl. ITpupoanbrin
AaHAmapT ropoda MMeeT IepBOCTelleHHOe 3HaueHue B IlAaHMpPOBaHUM ¥ (POPMUPOBAHNUM
apXUTEKTYPBI TOPOJa.

B nayunoir padore A.Y. Pu [5] nmpupognomy aaHAmadTy yaeaseTcs MHepBOCTeIIeHHOe
3HauyeHMe, rge AJaHAmMA(T MMeeT BBICOKMII BDCTETUYECKMII IIOTeHIIMaAd B OpraHU3aIun
COBPEMEeHHOIO apXMUTEeKTypPHOIO cBoeoOpasus TIOpoJa, YCTaHaBAMBas KOMIIO3MIIMOHHO-
BBIpa3NTeAbHbIE CBA3U MEXKAY 3aCTPOMKOI U CYIIeCTBYIOIINM peabedoM.

B cBoeit kuure «O0pas ropoga» Kesun /unu [6] BeIABUTaeT TeOpUIO, B KOTOPOIl raaBHas
POAb B PasBUTUU TOPOAa OTBOAUTCA TOPOACKOMY JKUTEAI0, €r0 BOCHPUATUIO TOPOACKON Cpebl
Ha KOTHUTVBHOM ypOBHe. Ero Teopns KOTHUTMBHOIO BOCIIPUSATI TOPOACKON Cpeabl, OCHOBaHHa s
Ha CcOlMaApHOM ompoce kureaeit bocrona, Joc-Anaxeseca u bepamnrrona, rnokasbiBaer,
4YTO OAHON U3 «CUABHBIX TOYEK» B AMHAMMKE KOAAEKTUBHOIO BOCIPUATHS TOPOACKON Cpeabl
ABASIETCs TaKXKe IpUpOHas KOMIIOHeHTa (IapKy, BOAOeMBI, 3eAeHble IIATHA U T.4.).

Brayunom rpyae doopuusiHoit 1. A. [7, c.370], Braase, HOCBAIIEHHON peaAuy apXUTEeKTyPLI B
HOBOM ThICSYe AT, TOBOPUTCS O TOM, YTO HBIHEIITH S CUTyalllsl B3aIMOAEIICTBIS apXUTEKTYPhI
C KOMIIOHEHTaMI KyAbTypbl HaMHOTO CAOXKHee U TpeOyeT rayOOKOro M3ydeHMs, ITOCKOABKY
«arpeccusl TeXHOTeHHON IMBUAM3ALMI PacIIPOCTPaHsAeTCs He TOABKO Ha apXUTEKTypy, HO U Ha
KyABTYPY B LIeA0M».

OganuM 13 OCHOBOIIOAOXKHMKOB KOHLENIMHU «AyXa MecTa» sBASeTCA M3BeCTHBIN
Hopsexxckuii apxutekrop HopOepr-Ilyasp1y [8], KOTOpHIiL, ccaeAysT IICUXOAOTMIECKNE aCIIeKThI
apXMUTEKTYPBl, IOA4epPKIBaa, 4YTO OOIIeCTBeHHbIe TOPOACKIE COOPY KeHN 40AKHBI CO34aBaThCs
COTZacHO BOCIIPUATUIO MeCTHOTO AaHAmmadTa, ncropum Mecta. [To maenmio HopGepr-Ilyasiia,
DOABIINHCTBO TOPOACKMX OOIIeCTBeHHBIX IIPOCTPAHCTB CO34aHbl B «IIyCTOM» IIPOCTPaHCTBe, T.e.
Oes3 yyeTa IIpMUBA3aHHOCTU K MECTHOCTHU, B UTOIe, OllpeseAsis yTpaTy B3aMOCBI3M YyeaoBeKa C
IIPUPOAOIL, C KyABTYpPOIl MecTa.

Bcemmupno wmssectHBINI sAmoHckmuit Ppuaocodp-apxurekrop Kuce Kypokasa B cBomx
TPYyAax, IOCBAIIEeHHBIX apXUTeKType u puaocopuu (Hampumep, «MeTaboAU3M B apXUTEKType>»,
«Pyaocodpusa cuMmOmosa» M MH. ApPyTue) IoJAaraeT, YTO apXuUTeKTypa OyJeT MAeaAbHON B
TOM cAy4ae, KOrJa OHa COCyIIlecTByeT B CMMOMO3e C IIpUpPOAOIL, C UCTOPUEN, C KyAbTyPHBIMU
TpaauuAMu. ApPXUTEKTOp yOeXJeH, UTO OCHOBHas 3ajada COBPEMEHHOTO oOIecTsa -
CII0COOCTBOBATh Pa3BUTUIO DKOHOMMKH TaK, YTOOBI OHa yYMThIBaAa MHTEPeChl KyAbTypsI [9].
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2. MaTepuaanl ¥ METOABI

MertosoM aHaamM3a, MU3Y4eHUs COBPEMEHHBIX IIPOEKTHBIX peIIeHUl apXUTeKTyphI
OOIIleCTBeHHBIX 34aHMil AcCTaHbl, BbI4eA€Hbl OCOOEHHOCTM B3aMOCB3M apXUTEKTYPBl C
CYIIeCTBYIOIIUM PUPOAHBIM AaHAIIIadTOM, C MICTOPUKO-KYABTYPHBIM HacAeAueM B cOueTaHUN
C HOBBIMU TEHAEHIUAMIU SHepros(pPeKTUBHBIX TeXHOAOIUI, KOTOpble B KyIIe COCTaBASIOT
0a30ByI0 OCHOBY B (pOPMMPOBAHNI COBPEMEHHOTO DKOAOTMIeCKOTO IIPOCTpaHCTBa.

B saHHOM 11CCAE40BaHNI ABTOP PAOOTHI IIBITAETCS BEIAEANTD TPY aCIleKTa, CIIOCOOCTBYIOI e
KOMQOPTHOMY,  YCTOMYMBOMY  Pa3BUTUIO TOPOACKOTO  IIPOCTpaHCTBa:  (PUA0OCOPCKO-
MMPOBO3PeHYeCKII, OIlpeAeAs IO IPYHINIIBI CO3AaHNs XY A0KeCTBeHHOTO 00pasa oObeKTa
apXUTEKTYPBI CIIO3ULIUN Ky ABTY PHO-UCTOPUYECKIX VICTOKOB, eTO KOHCTPYKTMBHBIX OCOO@HHOCTEI],
a TakXe, B TECHOM B3aMMOCBA3M C €CTeCTBeHHON Cpeaoi (HpI/IpOAHI)IM AaH,ZI,LHa(l)TOM),‘
DCTeTUYECKUII, A4S IIOHMMAaHMs KOTOPOTO WCIIOAB3YIOTCA pa3dAMdHble KOMIIO3UIIMOHHO-
DCTeTHUIeCKe CPeACTBa, TaKle Kak, IIBeTOBOe pellleHne, pakTypa MaTepualos, OTAeAKa pacajos
U MHTEePLepPOB; TeXHUYECKNII, IJe pacCMaTpMBAIOTCA COBPEMEHHbIe MH KeHepHbIe pelleHIs
®Heprod>PPpeKTUBHOCTI 3AAHNIL.

3. PesyabTaThl M O0CYXAeHMUs

OanuM U3 SApKUX HIPUMEPOB COBPEMEHHOIO 3044ecTBa ACTaHBI, OIIpeAeAsIOmnii
DKOAOTMYHOCTh aPXUTEKTYpPhl B KOHTeKCTe (PUAOCO(PCKO-MUPOBO33PEHIECKOTO I104X04a,
ABASETCA TBOpYECKoe TBOpeHme OpuraHcKoro apxurtekropa Hopmana ®ocrepa TOproso-
pasBaekaTeabHBII 1eHTp «Xas-HlaTeip». B apXuUTeKTypHO-CTUAMCTUYECKOM  peIlleHUN
00beKTa, B €ro XyJ0KeCTBeHHOM OOpase IIpOYMTBIBaeTCA oOpallleHyne K UCTOPUM Ka3aXCKOIro
HapoJa, K MEeCTHBIM KyAbTYPHBIM TPaJMIIMAM, a MMEHHO K 00pa3y ApeBHero >KMAuiia, opre.
Haao ormeruts, urto apxurekrypa Hopmana ®ocrepa oTamyaercs M3bICKAHHBIM BHUMaHUEM
K MCTOPMYECKOMY IPOIILIOMY, cOdeTas B CBOMX pabOTax KyAbTYpHO-UCTOpUYecKue oOpasbl ¢
COBpeMeHHBIMU (popMaMI B CTIA€ Xail-TeK, MHHOBAITMOHHBIMI AOCTVIKEHUSMY TeXHOAOTWIA,
II03BOASIONINIE CO34aBaTh BLICOKO HCTETUYECKYIO apXUTEKTYPHYIO BHIPAa3UTEABHOCTb.

Kasaxckas TpagumnuonHas IOpTa, KakK IIeJeBp KOUYeBOM NIMBUAM3ALNM, OIpejeaser
MMPOBO33PEHYECKNIT OIIBIT KOYeBOM JKM3HM Hapoda M €ro TPaAUIMOHHBI AyXOBHO-
MatepuaabHbIl ObIT. IOpTa — KMit3 yit — KasaxoB KaK YHMKaAbHOe U YTUAUTApHOE >KUAUIIe
aJanTUpoBaHa K ycAOBMAM >Ku3HU KoueBHMKOB [10]. KymoaooOpasnas d¢opma kmania
KOUEBHUKOB SIBASETCSI CMMBO/AOM CTEITHBIX HAPOJOB.

Yuukaabnas popma Xan-IllaTerpa, mpoanKToBaHHas rAyOOKMM Pra0cOPCKO-DCTeTUYECKUM
cogep>KaHleM, BOILAOIIIaeT ALIO e AMHeHMs C OKPYy>KaloIlell IpUpoA0 U cO34aeT TapMOHUYHYIO
11€10CTHOCTDb apXUTEKTYPHO-IIPOCTPaHCTBEHHOM cpeAbl. BOupast B cebs1 0cobeHHOCTH Ka3aXCKOTo
TPaAULIMOHHOTO JKMAMINA, apXUTeKTypa KOMIIAeKCa peaaus3yeT TeM CaMbIM IIPUHIIMIIBI
DKOAOTMYECKM YCTOMYMBOIO TOPOACKOTO pocTpaHcTBa. CAusHIEe COOPYKEeHMs C €CTeCTBeHHOI
IPUPOAHOI CpeAOli, CO CTeNHBIM AaHAIIAPTOM, IIO 3aMBICAY aBTOpa IIPOeKTa perraeTcs
co3gaHNeM 3e4eHOro cTuAo0aTa, KOTOPHIl, B CBOIO odepeab, oOOecIiednBaeT apXUTEeKTypPHO-
IIPOCTPaHCTBEHHYIO Cpey 3eA€HOI 30HOM M 3aIlfUTy OT BHEIIHMX KAMMaTUYecKuX (PpakTopoB
(aTrmMocdepHbIe 0caaKy, BAaXKHOCTD).

CaeayeTr OTMETHUTB, UYTO TOPOACKON AaHAIIAQT 3aTparubBaeT He TOABKO AaHAIIA(THYIO
apXUTEeKTypy, HO ¥ MHOTHe HayKM, B YaCTHOCTM, DKOAOTUIO, PHEPIeTUKY, pecypcocOepekeHne,
OTpaxkas B CBOEI CTPYKType UCTOPUIO TOpPOJAa, ero NpupoOAHOe U KyaAbTypHOe Hacaeaue [11].
[TosTOMY B 3agaue cOXpaHeHIsI UICTOPUIECKOTO HacAeANsl TPUPOAHBI €CTeCTBeHHbIN AaHAIIadpT
ropoJa, B HallleM cAydae CTeITHON Kpall, MMeeT O4HY U3 BasKHBIX COCTaBASIONINX B yCTONYMBOM
passutum. OcobeHHOCTM AaHAmadpTa M IPUPOAHOE OKPYy>KeHHUe CIOCOOHB (popMUpOBaTh
MAEHTUYHOCTh TOPOACKOTO IIpocTpaHcTBa [12]. DTo o3Hauaet, uto Qopmy Oyayllero 3AaHms
ompeJeAasieT OKpy>XKeHue: peaped, KAMMAT, ABUKEeHME COAHIIA AeAal0T IPOEKT YHMKaAbHBIM
TOABKO B OIIPeAe/eHHOM BpeMeHM U IIpocTpaHcTse [13].
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XyA0KeCTBeHHO-DCTeTUYeckoe  BOCHPUATIE apXUTEKTYPHOIO OObekTa ompejeAaseT
LBETOBOE pelIeHue 3JaHus UAY COOPY>KEHNS C y4eTOM TPpaAULuii BU3yaAbHO-1IBETOBOI CpeAbl
ropoda. /s IOHMMaHU: apXUTEKTYPbl CTPOEHMII B acIleKTe HTHOKYABTYPHOIO KOMIIOHEHTa
UCIIOAB3YIOTCA TaKXKe TaKMe CpeACTBa, KakK I[BeT U akTypa MCIOAB3yeMOIrO Marepuada.
IIBetoBoe pemenne Xan-IllaTteipa ommpaercs Ha yBSA3Ke HalMOHAABHOIO apXUTEKTYPHOIO
Koa0puTa (0eAblii IBET BOILAOYHOTO HOKPLITHS IOPTHI) C COBPeMEHHBIM AU3aliHOM, 4TO IPUJaeT
00BeKTy oInpejeleHHOe CTUAeBOe 3ByYaHle M TapMOHMYHO MHTEIPUPOBAThCA B OKPY>KaIOIIIA
aanamadt. Cospemennsiit Matepuaa ETFE, ero xapakrepuctuku (11seT 1 pakTypa MaTepuasa,
A€TKOCTDb, DKOAOTMYHOCTH, IIPO3PayHOCTD, T.e. CIIOCOOHOCTH IIPOITyCKaTh yAbTpadpuoAeTOBbIe
Ay4l, YCTOMYMBOCTL K TeMIepaTypHBIM IlepeliajaM) IO3BOAMAO aBTOPY BLICOKO BBIPA3UTh
TBOPYECKUII 3aMbICea, OAULETBOPSIONINI AYXOBHOCTh apXUTEKTYPHI, €€ Xy40>KeCTBeHHO-
DCTETUYECKYIO KpacoTy. XyJOKeCTBeHHBINI IIpMeM BeuyepHero CcBeToAu3aliHa KOMILAeKCa,
CO3JAIONINII APKUM CUAYDTHBI DPPeKT B HOUHOe BpeMs, co3gaeT OODLeKTy OIpeleleHHYIO
AVHAMUKY B TOPOACKON 3aCTPONIKe, yAydllas KadecTBO CPeAbl M HCTETUYeCKOe BOCHPUSTHE
4e10BeKOM OKpPY>KaIOIIero IIpoCTpaHCTBa.

Koncrpykrupno-nnxenepnoe pemenne Xan-Illateipa, npeacrapasioniee neperieTeHHble
CTaAbHbI€ BAHTBI C 3aKpelldeHMeM Ha HUX IIPO3padyHoro rnoammepHoro marepuaaa ETFE (s
IOpTe Kepere ¥ BOIAOYHOE ITOKPBHITME) ITOAKPEeIAeHO TakXke (PraocopcKo-dCTeTIIecKon
naeeii. baarogaps coppemeHHbIM 5HeprooPQPeKTUBHBIM TEXHOAOTVSAM TeXHUYeCKoe pelleHue
BO3AYIIHEIX ITOTOKOB B KOMIIAEKCEe IIPOMCXOAMUT aHAaJAOTMYHO CHUCTeMe IIPOBeTPUBAHMUS B
Ka3axCcKoOM I0pTe. 3a CY4eT peryAnupyeMoN CUCTeMBI BBITSKKM 3arpsA3HEHHOIO BO34yXa B BEpXHEM
KOABLIEBOM OTBepCTUM LieHTpa (B IOpTe 9STO «IIaHBIPAaK»), M CUCTEMBI BO3AyX03aOOPHBIX
YCTPOJCTB IIOAAQYM CBEXKEro BO3JyXa B HIVDKHEM fpyce (B I0pTe OTKUAHONM HVKHUI BOMAOK),
MOAAEP>KMBACTCS XOPOIIIee KadyecTBO BO34yXa B KOMILAEKCe U 3HAYUTeABHO DKOHOMMUT HOTepuU
sHepropecypcos. /Jas 6oaee OTgaAeHHBIX YacTell 34aHus paboTaeT 40OAHUTeAbHas CUCTeMa
KOHAMIIMOHMPOBaHMA BO34yXa, B KOTOPOI OTpabOTaHHbII OYMIIIeHHBII BO3AYX I10 BO34yXOBOJaM
HalpasAasieTcs B nomerenns. Takum oOpasom, Takast MOAeAb paciipejeAeHus BO3AYIIHBIX MacC
omnpeseaseT KOMPOPTHYIO TeMIlepaTypy U oOecriednBaeT KOM(POPTHBINI MUKPOKAMMAT BCETO

3aanus (puc.l).
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NpUTOK BO3Ayxa

LBeT ¥ hakTypa mateprana

CMUsSIHWE C NMPUPOAHbBIM NaHALadToM CBETOAM3aH apXUTEKTYpbI

Pucynoxk 1. Puaocodpcko-scTeTIecKnii 1oAxo4 B GOpMIUpPOBaHUN DKOAOTUIHOCTY COBPEMEHHO
apxurektypsl oobexra. TPL] Xan-Illatsrp, r.Acrana, Kazaxcran. Asropckas pazpaOoTKa.
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VuTepecHblil IIPOEKT HOBOIO COBPEMEHHOIO KyAbTypHO-OOpa3oBaTeAbHOTO IleHTpa
«/lBOpLIa IKOABPHUKOB» peaan3oBala KomaHga crienuaancros ns Poccun (Canxr-IletepOypr)
Studio 44 Architects. B cogep>xaHmm apXuTeKTyphl ABopIia IIPOCAeXKMBaeTCs TIAyOOKMIt
¢uaocodckmit cmpica, obpalieHne K MCTOPUMYECKMM MCTOKaM HaIMOHAALHOW KyAbTYypHI. B
IIepPBYIO o4epeab, DTO IMPOYMUTHIBAETCS B I1AaHMPOBOYHON KOMIIO3UIIUM OOBEKTa — OTPOMHBIA
AVUCK-IIMAMHAP, CUMBOAMBUPYIOIINMII IIaHbIpaK, O0begUHseT I104 CODOM IPAMOYTOALHBIE
00beMBbl, HaITOMMHAIOI /e Ka3aXCKMUIT BOMAOYHBIN «ITaMajaH». B mpeacraBaeHnn KOYeBHIKOB
LIaHBIPAK CUMBOAU3UPYeT coaHLe [14], a KymoaAbHBIe B HeM Kepalul — «yBIKI» HeDOCBOZ C
Ay4aMU COAHIIA, 4TO B CBOIO O4epeab, IIpU ajalTalui B DKOCUCTEMY Y Hapoaa BhICTpauBaiach
Mudoaorngeckas KapTMHa Mupa — CBA3h 3eman ¢ HeOom. Tak, 4yTOOBI BOCIIpOM3BECTM B
COBpEeMEHHOJ MHTepIIpeTaluy 5TO CUMBOAMYECKOE 3HayeHMe IaHblpaka, aBTOPhI IIPOEKTa
YCTaHOBMAM B KOHCTPYKIMM II€HTPaAbHOTO AMCKa KpPyTIAble OTBEpCTHS - CBETOBbIe (POHApPIL.
CseroBble poHapy cay>KaT He TOABKO 9A€MEHTOM OCBelleHNs BHyTPEeHHero IIpOCTpaHCTBa
34aHI, HO U ABASIOTCS apXUTEKTyPHO-KOHCTPYKTUBHBIM 91€MeHTOM Ky AbTYPHO-MCTOPUYECKOI
undopmanuu. Hanmpumep, us pucyHka HIKe BUAHO, YTO B TA1aBHOM XOA4e ABOpIia yCTaHOBAEeHa
0oabIIas BUHTOBAsI A€CTHMUIIA (HAaIIOMMHAET IAaBHBI KOHCTPYKTUBHBIN OCTOB IOPTHI), KOTOpast
ocBellleHa BepXHIM CBETOBBIM (poHapeM (puc.2).

Pucynox 2. CseTosrle poHapy KOMILAEKCA.
LlenTpaAbHbIN X044 ¥ 3MMHUI Caj ABOPIia IIKOABHUKOB, I.Acrana, Kazaxcran

[ToMuMoO »TOro, B apXMTEKTYPHO-ILAIaHMPOBOYHOM peIlleH!) KOMILAeKca 3aTparubaeTrcs
rAyOMHHAs COCTABASIONIAsl BOCHPMATISL IIPOCTPAHCTBA M OTCBLAAeT 3PUTeAsl K JApPeBHEMY
KUAMIITY KasaxoB — ®TO IPMHUMII OpMeHTalMu BXoda (Ha BOCTOK), M TpomyHOCTbH [15]
apXUTEKTOHUKU IOPTHL. Tak, PyHKIMOHAABHO-IIAaHUPOBOYHAs CXeMa ABOPIIa COCTOUT U3 TPex
OCHOBHBIX I'PYIII - CHOPTUBHAs, 3peAnIIHas, aiMIUHUCTPpaTUBHas (B IOpTe TPU DAeMeHTa Kepere,
VBIK U LIAHBIPAK), B KOTOPBIX PacIlOAOKeHbI AOIOAHNUTeAbHbIe 30HEI (DacceilH, KaTOK, My3ell,
I.AaHeTapuii, TeaTpaAbHBIN U BBICTABOYHBIN 3aABI U T.A.).

dacaapl CTeH IPSMOYTOABHBIX OObeMOB «IIIaMaAaHOB» PacIMCaHbl Ka3aXCKIIM OPHAMEHTOM,
9TO, C TOUKM 3peHust PuaocoPCcKO-9CTeTUIECKOTO M3MepeH!s, II03BOAsIeT 3PUTeAlO
paccMaTpuBaTh KOMILAEKC C paKypca XyAO>KeCTBEHHOTO ITO3HAHM: MEeCTHON HallMOHAAbHOI

KyABTYpBI (puc. 3).
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Pucynox 3. ®110copcKO-DCTeTIIeCKII T0AX0A B POPMUPOBAaHNY DKOAOTUYHOCTY COBPEMEeHHO
apXuTeKTypsl oOObeKTa. JBopel] MKoAbHNKOB, I.ActaHa, Kazaxcran. Asropckast pazpaborka.

«[IlamMagaHbI» ABASIOTCS TAaBHBIM yKpallleHJieM BHyTpeHHero yOpaHCTBa Ka3daxXCKOM IOPTEL.
CaM >xe puCyHOK OpHaMeHTa Ha HIX, B JaHHOM cAy4ae B Bije poM0a, 0AUIIeTBOPsIeT y Ka3aXCKOIo
Hapoga naogopoaue. CTeHbl BHIIIOAHEHbI U3 CBeTA0-3€A€HOTO BUTPa’kKHOTO CTeKAa, Ha KOTOPOM
OeapIM IIBETOM 3aredaTJeH aXKypHbII OpHaMeHT. Takas IIpakTMKa MCIOAHEHMS YAauHO
IOKa3blBaeT CAMSHME MOTUBOB HAaIlMOHAABHOTO 3044eCTBa C TeXHOAOTUSAMM COBPEMEeHHOI
apXUTEKTYPEL.

Uro KacaeTcs COBpeMeHHBIX TeXHOAOIUI B PeIIeHNI D9KOAOTMYHOCTY apXUTEKTYPHI 34aHI,
TO «/lBOpel] IMKOABHUKOB» CO3JaH COTAacHO TpeOOBaHMSAM Pecypco - 1 DHeprocOepeskeHus 3a
CYeT yCTaHOBKU Ha OObeKTe BeTPOreHepaTOpPOB, TEIIA0BBIX HACOCHBIX YCTAaHOBOK I COAHEYHBIX
Oarapeit. Jas Hapy>KHOJ 1 BHYTpPeHHeil OTAeAKU CTeH MCII0Ab30BaHBl DKOAOTMYECKM YUCTHIe
CTpouTeAbHBIE MaTepuadbl — 9TO HaTypaabHble MNPUPOJHbIE KaMHU B BUJAe TpaHUTa U
TpasepTuHa. [IoMMO 9TOro, B MHTEpbhEepPHBIX IIPOCTPAHCTBAX KOMIIAEKCa 3a40XKeHa cucreMa
«3@A€HBIX» PEeKPeallMOHHBIX 30H (3eAeHble Haca’kAeHNs U 3MMHUIN Caj), KOTOpble OPTaHU3YIOT
KOMQOpTHEIE MecTa OTabIXxa U oOmjeHns. OOBeKT pacioa0KeH Ha AeBoM Oepery ropoja, Ha
nepeceyeHnu yaninl baypsxana Mowmblnnyasl u mpocnekra Tayeacs3AbIK.

4. BeIBOABI

B xose anaamsa apXuTekTyphl AByX OOIIeCTBEHHBIX 3JaHUI «/BOpel] IITKOAbHUKOB»,
«TPLI Xan-IlaTeip» U M3ydeHus B HUX METOAOB ®KOAOTMYHOCTH, ITO3BOAUAO aBTOPY CTaTbu
BBIABUTD  (PUAOCOPCKO-DCTETUIECKNII  aCIIeKT, SABASIOIIMIICA KAIOYEBBIM B peaan3alyy
3a4a4yyl yCTOMYMBOTO pasBuTus. B paMKax akTyaAbHBIX TEHAEHIIMII apXMUTEKTyphbl, HA OCHOBE
SAPKUX IPUMEPOB COBPEMEHHOTO 3044ecTBa OOIIeCTBeHHBIX 34aHUil AcTaHbl, OIpeJeAeHbl
OCHOBOITIOAaTaloIe aCIIeKThI:

- pmaocodpcknii, Korga popMIpOBaHIIe ¥ OCMBICAEHIE apXUTEKTYPBI COBpeMEHHOI0 OOBeKTa
IIPOMCXOAUT IIOCPeACTBOM (PuA0COPUM, T.e. C MO3UIUN KYAbTYPHO-MICTOPUYECKUX MCTOKOB
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omnpejeasercsa NpuHUUI GOpMOOOpa3oBaHUs UM KOHCTPYKIIMIA 3JaHMS M HEIOCPeACTBeHHO
nepcriekTuBa OyAyIiell apXUTeKTYphl: B COAeP>KaHUM apXUTEKTyPhl ABYX OOBEKTOB ACTaHBI
3a403KeHa TpaJMUIIMOHHAs «Ka3axcKas I0pTa»;

- OCTeTUYeCKMIi, IpeArnoAaralolinii MCIOAb30BaHMUE Pa3AMYHBIX KOMIIO3UI[MIOHHO-
DCTeTUYECKUX CPEeACTB, TaKMe Kak, IIBeTOBoe pelleHne oobekTa, pakTypa MaTeprualoB U OTAelKa
¢acasoB 1 MHTEPHEPOB C UCITOAB30BaHNEM HallIOHAAbHBIX MOTHUBOB, Xy40KeCTBeHHBIX IIPeMOB
JICTII0Ab30BaHNs €CTEeCTBEHHOTO U MCKYCCTBEHHOTO CBeTa;

- OPUPOAHBIN, B NOHMMAaHMUU KOTOPOTO WCIOAL3YIOTCSA: HPUPOAHBIN €CTeCTBeHHBIN
AaHamadT, Korga popma 3jaHus 1 oOIecTBeHHbIe eT0 ITPOCTPaHCTBa 04U MHEHB! OKPY KaloIeMy
AaHAmAdTy, B JaHHOM CAydJae CTeITHOI; KOTAa OCYIIIeCTBASeTCA CBA3b MHTephepa C IIPUPOAOI C
BKAIOUEHIEM «3€€HbIX» 30H;

- TeXHIYECKII, pacCMaTpUBaIOIINI COBpeMeHHbIe MHHOBAI[VIOHHbIE PeIeHI s 4451 CO3AaHMNs
BBICOKODKOAOTMYHOTO OOBLeKTa — ®HeprospPekTuBHbIe TEeXHOAOTUU B BUAE IIPUMEHEHI:
BeTPOTeHepaToOpOB, CUCTeMBbl HPOBeTPMUBAHUA IIOMEILIeHMUI 34aHMs, TeILAOBBIX HaCOCHBIX
YCTaHOBOK, COAHEYHBIX OaTapell, «3eAeHbIX» IIPOCTPAHCTB, YKOAOTMYECKM YMCTBIX MaTepualoB
B OTAeaKe (pacalos.

ApXxuUTeKTypa COBpeMeHHBIX OOBeKTOB AcTaHbI «/Boper] MKOABHUKOB», « TPL] Xan-IlaTerp»
BBIpa’kaeT IMPUHIIUIINAABHO HOBBIN BEKTOP B CTOPOHY CO3JaHMUs DKOAOTMYECKN KOMQOPTHOI
cpeabl, PacCMOTPEHHBINI B KOHTeKCTe cUMOMO3a apXUTEKTyphl M IHPUPOAB],  cuMOMosa
JICTOPMYECKOTO IIPOIILA0TO U OyAy1Iiero, pOpMUPYIONNUI HOBOe HallpaBAeHle apXUTEeKTypPHOTO
TBOpuecTsa XXI Bexa.

Taxum 0Opa3oM, coOBpeMeHHOe apXUTeKTypPHOe IPOCTPaHCTBO MOAOAON CTOAMIIBI ACTaHBI
pelaeT He TOABKO COIMAa/AbHO-DKOHOMMYECKUEe U MHOAUTUYECKMe 3ajadl, HO M CTAHOBUTCS
AYXOBHO-KYABTYPHOI cpeaoil. OIBIT apXUTeKTyphl COBPeMEHHBIX 3JaHmii AcTaHbl SPKO
AEMOHCTPUPYeT BaKHeNIINI pecypc KyAbTYPHBIX 1JeHHOCTell, KOTOpoe MOXKeT (popMupoBaTh
0coboe AyXOBHOe, KyAbTyPHOE COCTOSIHME COBPeMEeHHOTO OOIecTBa, olpeaeass YHUKAAbHYIO
UASHTUYHOCTD He3aBucumoro Kazaxcrana.
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(DI/IAOCO(l)I/I}IAbIK,-E)CTeTI/IKaAbIK, aCIIeKT TYP¥bICbIHAH FIMapaTTap4blH 3aMaHayun
ApXUTEKTYPaCbIHBIH TYPaKTbIAbIFbI (ACTaHa K. MbICﬁAbIHAa)

A.A. Tonmmmesa®
"A.H. Tymunes amvindazol Eypasus yammorx ynusepcumemi, Acmana x., Kasacman

AnpaaTna. o4eMAiK coyAeT MpaKTUKachl MeH TeOPUSChIHAA DKOAOIUAABIK —apXUTEeKTypPaHbI
KaABITITACTRIPY MacededepiHge (PpUAOCOPUAABIK-DCTETUKAABIK acIeKTKe JKYTiHy WUAesACH OapraH
caifbIH e3eKkTi 604a Tycyse. Kasa 9KOAOTUACHHBIH HaIlapaay Ipolieci, TaOUFU pecypcTapAblH as3alobl,
KOpIlaraH OpTa calachl OChl acIeKTiHi TypaKThl JdaMyda KOAAAHYALIH MaHBI3ALIABIFBIH aHBIKTAMABL.
bya seprrey KoraMHBIH 9KOAOTUAABIK, 91€yMeTTiK, PKOHOMMKAABIK JKoHe MdAEHU AaMybIHBIH JKOFapbl
AeHTelliH KaMTaMachkl3 eTeTiH OCHl dpeKeTTepAiH (pUA0coPIIABIK-DCTeTUKAABIK HeTizgeMeci HerisiHae
Coy/eT IleH TabuFU OpTaHbIH, MdJEHU-TapUXM MYpPaHBbIH ©3apa opeKeTTecyiH allagbl. APXUTEeKTypaHbI
P1A0COPUAABIK-DCTETUKAABIK HETi3 A€y JKoHe TYCiHy apKbLABI KaABIITaCTBIPYFa 9KOAOTUAABIK KO3KapacThI
3epTTeNTIH 3epTTey Kasipri cayaeT oHepiHiH MAeAAbIK-ceMaHTMKaABIK HeEri3iH aHbIKTayfa OaFpITTaAFaH.
Ocpl TakBIPBIIITEL ally YIIiH OChl KYMBbICTa AcCTaHaHBIH 3aMaHayl KOFaMABIK FIMapaTTapbIHbIH COyAeTi
KapacTeIpblaagsl, 6ya «Xau laTeip» cayaa-olibIH-CaybIK, OPTaABIFEI JKoHe «OKYIIblAap capaiibl»MaAeHN-
6iaiMm Oepy OpTaABIFEL. APXUTEKTYpaablK OOBEKTiAepAl 3epTTey HOTVDKeCiHAe Kasipri DKOAOTMAABIK,
KeHiCTiKTi KaABIITaCTBIPYABIH Herisri HeTisiH KypailTbIH TaOuraTiieH cumOmosga, MoajeHu Mypa MeH
AdCTypaepMeH cuMOMO34a apXUTEKTypaHbIH KaABINITacy acrekTidepi aHbKTaaabl. JKymbIcTa coayaeTTik
Jpopmasapably KOpKeMAiK DKCIPecCUBTIAITiHIH ceMaHTMKaABIK KOHTEKCTiHe, Kasipri coyaeT eHepiHiH
Md/eHN MaFbIHACBIH TepeH TYCiHyAl aHBIKTalTHIH (POPMaHBIH, A€KOPABIH, AAHAIIA(PTTEIH CUMBOAABIK
cuIlaTTaMachlHa JKYTiHyTe epeKile Ha3ap aydapblaajbl.

Tyiiaai cesgep: TYpaKTHLABIK, cayaeT, puaocoduisi, MageHn Mypa, scTeTiKa, TaOVUFN OpTa.

Environmental friendliness of modern architecture of buildings from the standpoint of
philosophical and aesthetic aspect (on the example of Astana)

A. A. Toishiyeva’
‘L. N. Gumilev Eurasian National University, Astana, Republic of Kazakhstan

Abstract: The idea of turning to the philosophical and aesthetic aspect in the formation of ecological
architecture in the world architectural practice and theory is becoming more and more relevant. The
process of deterioration of the ecology of cities, the reduction of natural resources, the quality of the
environment determine the importance of using this aspect in sustainable development. This study reveals
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the interaction of architecture with the natural environment, with cultural and historical heritage on the
basis of philosophical and aesthetic justification of these actions, providing a high level of ecological,
social, economic and cultural development of society. The research, which studies the ecological approach
to the formation of architecture through philosophical and aesthetic justification and understanding of
architecture, is aimed at determining the ideological and semantic basis of modern architecture. To reveal
this topic, this work examines the architecture of modern public buildings in Astana, such as the Khan
Shatyr shopping and entertainment center and the Palace of Schoolchildren cultural and Educational
center. As a result of the study of architectural objects, it was possible to identify aspects of the formation
of architecture in symbiosis with nature, in symbiosis with cultural heritage and traditions, which form the
basic basis in the formation of modern ecological space. Special attention is paid to the semantic context
of the artistic expressiveness of architectural forms, an appeal to the symbolic characteristics of shaping,
decoration, landscape, which determine the deep comprehension of the cultural meaning of modern
architecture.

Keywords: environmental friendliness, architecture, philosophy, cultural heritage, aesthetics, natural
environment.
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3D O0acnaaanraH OeTOHABI apMaTypadayfa apHaAraH
ayToMaTTBI apMaTypaaaylibl MeXaHU3M

Anpnoranusa. Kypviavicmazol  adoumusmi  mexHOAOZUSHbIY,  Ka3ipei ke3dezi  o3eKmi
Macererepitiny, Oipi — 3D Oacnaranzan  OGemondvl apmamyparay Oorvin myp. Ocol
yaxvimka deiiinzi sepmmey Xymvicmapvl 3D Oacnararzan 0emondvl apmamyparayoa mex
cmandapmmul  0y0vipAbl OoAam apmamyparol KOAJAH2AHOA 2aHA OHbIH MeXAHUKAALK
Kacuemmepi 0acmypAai memip0emoHHvIH Kacuemmepine XaxviHoatmoviHviH 0aAeAdedi. Endizi
uwewimin maby kepex macere — 3D bacnararzar bemondor cmardapmmor 0yObipAbl Ooram
apmamypamen apmamyparay ypoicin aymomammardvipy. Ocol MaceAeHi wey Maxcamuviioa
OyA Xymvicma myilicneAl danekepaey 20icin nAudAAAHLIN, AYMOMAMML pexumoe exi
KAMAPALL APMAMYPAAAYULLL MOP KYPAMbIH AYMOMAMIbL APMAMYPAAAYULLL MEXAHUSMHIH,
MYKBIPOIMOAMACHL KACAADIHBITL, COA MYAKDIPLIMOAMAZA CALL OHOLH, NPOMOMUNT KACAALIHIDL
KaHe KYMblc KaOiremmiAizin meKcepy YuLin 3epmxXanarblk ColHAKmMap XKypeisiadi. Aman
aumianda, myiicneAi donexepaey adicin NAAAAHBIN AYMOMAMMbL PeXUMOe KACAAAMIbIH
apmamyparayuivl  mopdoly; mexanuxarvik kacuemmepi DIN 488-4 cmandapmoitvi
MAAANMAPLIHA CIUKECTNIZIH AHLIKMAY YULIH KaHe npomomunmit, myiicneAi darexkepiey
Kytiecin mewxcepy Maxcamvinoa Kpecm mapizdec YAZIAep KAcarbiHuin, OUHAMOMAWUHAOA
vizvicmolpy adicimer ysin mexcepiadi. Conbimer Kamap, aymomammol apMamyparayuiol
MEXAHUSMHIY, NPOMOMUNIHIY, OAPALIK KYueAepinil, xymvic Kabiremmiiizi mexcepinrdi.
Coiimin ycoinbiAan KOHUENUUAHOIH KYMOIC KaOiremmiizi 0aAeAdeHOi.

Kiat cesaep: 3D Oacnaranzan Oemorn, Kypuavicmazor adoumuemi mexHoA02usl,
cmandapmmul 00Aam apmamypa, 6emoHdvl ApMamyparay, aymomammvl ApMamyparayuivl
MEXAHUSM.

DOI: doi.org/10.32523/2616-7263-2023-145-4-236-249

1. Kipicme

3D Oacpmn mibrFapy petinde Oeariai 6oaraH AAANTUBTI eHAIpic opTypal casasapaarb
>KaHa eHAipic agici 6oabim Tabbraaas! [1,2]. AAAUTHBTI ©HAIPICTIH )KaHa TEXHOAOTHUACH peTiHje
DKCTPY3UsIFa HerizAeareH OeToHABI 3D Oacrrazay TeXHOAOIMSICH AAABIH ala OeArideHreH I PABIK
>ko4 OovrpiHIa 3D HBICAaHAAPBIH aBTOMATTH TypA4e KadaTTall KysA4bl, OyA KYPBLABIC TUiMAiAiriH
alTapABIKTall XKaKcapTaabl )KoHe eHOeK IIBIFRIHAAPBIH asaiTaabl [3]. CoHbIMeH KaTap, OeTOHABI
3D Oacrmasay TeXHOAOTMACH KYPBIABIC JKBLAAAMABIFBIH KeJeAjeTe adaAbl, )KYMBIC KyIli MeH
IINMKI3aTTBl YHEMAeNAl, SFHU KYPBIABIC IIBIFBIHAAPLIH as3aiTaAbl >KoHe OETOHABI KAABIIICHI3
KabaTTall KYIO apKbLABl apXUTEKTypaAbIK JKoHe >KoDaaay epKiHAIriH KaMTaMackI3 eTeai [4].

byrinri kynre aeitin Oetonapr 3D Oacelln mIbIFapy HpPOIIeCiHiH KOIITereH Maceaeaepi
3epTTeAil mIemMiH TanTel. ATall aliTkaHAa: 6eToHab! 3D Oackln mIbIFapyAarsl KabaT apaablk
Oartaanpictap [5-7], peoaorusce [8,9], aitgaaysl >keHe sKcTpyAaTaaysl [10,11], sKoHOMMKaABIK
JKoHe DKOAOTUAABIK OaFrasay [12] cHAKTBI KOIITeTeH Maceaeaep 3epTTeai KoHe IIeliaai.

3D GacniasanraH OeTOHABI apMaTypaday Maceaeci 941 ©3eKTiriH JKoraATIIaraH MaceleAepAiH
6ipi Ooabm Typ. Cebebi, aacTypai OeTOH KOHCTPYKIMsAAapblHAA >KYy3ere achlpblAaThIH
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apMmarypajay Ty>KbIphIMJaMaJapbl MeH Karugadapbl (OeTOHHBIH CO3blAy IIeKTeyAepiH
JKeHyTe apHaAraH) aaeTTe OeToHABI 3D Oackin mbIFapyra KoagaHyra keamenigi [13]. Adacrypai
OeToHAB! KylO4a OipiHIIN apMaTypaAblK TOP >KacaAblll, OHBIH CBIPTBIHA KaAbIIl KYPBLABIII, COA
KaABIITHIH ilTiHe OeTOH KyJblAaAbl >KoHe OeTOH KaAblll IIeH apMaTypaablK TOPABIH OapAbIK
KYBICTapBIH TOATBIPY YIIIiH AipiadeTKimTep KoadaHblaaabl. Aa, 6eToHABI 3D GachIIl HIBIFapyAbIH
Heri3ri KaruAachl KaAbIITaH Oac TapTy, 4eMeK KaAbIIIChI3 OeTOH aFrblll KeTIIell IIIIiHiH caKTall
Kaly VIIiH 0 >KeTKiAiKTi Jopexkede KOO 0oay Kepek. 3D OacriasaHraH OeTOHHBIH Tarbl Oip
TY>KBIPBIMJaMaAblK epeKIleAiri — 04 OHbIH KabaTTall KYMbIAATBIHBI, SAFHU AdCTYpPAi a4icrieH
aAABIH ada apMaTypaAblK TOP >KacaAblll KOVica, OHAA KYpPbLabic 3D IpUHTepiHiH XKbLAKbIMAALI
DeaikTepi MeH OeTOH KYSATHIH IIIyMeK apMaTypaAbIK TOPFa COFBICHIIT KaAaAbl.

Kaszipri yakbitTra 0etoHAb 3D Gachin ImIbIFapy4arbl €H YAKeH TeXHOAOTUAABIK Kedepri 3D
Oacna OaprICBIHAA THIMAL apMaTypaday a4ici 00abin Tabbiaaas! [14]. BoaamakTa Ky phLABICTEIH
Herisri aaicTepinin Oipi 604y yirin 3D Oacria 6apricbiHAa apMaTypaday YpAiciH aBToMaTTaHABIPY
kaxxeT. Ochl MaKcaTTa apMaTypaday Ypaici y3aikcia 6oaysr ymrin 3D H6acna OaprickiHAa OeTOH
KaOaTThIH OpTachiHa 00AaT CBIMABI JKoHe IIBIHXKBIPABI [15], Mukpokabeanai [16, 17], TpocTe
[18], Tikenek cbimAabI [19], MeTaaa TaambIKTap, KbICKa MIBIOBIKTap MeH Karceipmasaap [20- 23],
MeTaAaAa Top [24], XeHe KeMipTeKTi TaAIIbIKTapAbl DII03UTTI XKeAiMMeH >KeaiMell, apKaH >Kacall
[25], apmaTypa peTiHge caabll OTHIPY 9JicTepi 3eprreaai. bya saicrep apmatypaaay ypaicin
aBTOMaTTaHABIpYFa MYMKiHAiIK OepreHiMeH, aTaAfaH 94iCTepAiH OpTakK KeMIIilikTepi OeToHFa
CTaHAApTTH Oyaipai OoaaT apmartypagait OepikTik Oepe aamaiAbl.

CrangaprThl Oyaipai 6oaat apmatypa 3D Oacheinn mibiFapblaraH OeTOHABI apMaTypaday
Y1iH TajigaaaHy OHBIH MeXaHUKaAbIK KaCUeTTepPiH A9CTYpAi diCIIeH JKacaaraH TeMipOeTOHHBIH,
MeXaHMKaAbIK KacueTTepiHe >KaKbIHAAMTBIHBL 3epTTey >KyMbicTapda [26-28] asaeaaeHAl.
bipak, Oyrinre geitin 3D Oacmasanran OeTOHABI CTaHAAPTTHL Oyaipai 0oaaT apmaTypameH
apMarypazay OOJIIbIHINIa 3epTTey JKyMbICTapblHAa apMaTtypasday ypAici KoameH >Xyprisiaeai,
alibIpMalIblABIKTaphl apMaTypa 3D Oacna OapriceiHa geirin [29], 3D 6acna 6apriceinga [30,31]
>KoHe OachIIl MIbIFapyAaH KeliiH [32, 33] caabiHFaH.

3D OacnasanraH OeTOHHBIH MeXaHMKAaAbIK KacUeTTepiH AdCTypAai o4icleH >KacaaraH
TeMipOeToHMeH Oipaeit 60AybIH KaMTaMachl3 eTy KoHe apMaTypaday YPA4iciH aBToMaTTaHABIPY
y1IiH Oya Mmakaaaga >kana 3D Oacriaaanran OeTOHABI apMaTypadayAblH JKaHa TY>KbIPhIMaMachl
ycoiHblaaabl. Kana TyXbpiphiMgama OOJibIHINIA Tyllicmeai agsHeKepaey o4iciH maligalaHblI,
KOAJeHeH >KoHe TiK apMaTypadap4aH ayTOMaTThl peXXMMAe eKi KaTapAbl apMaTypadayllbl
TOP >Kacadaabl, OHBI apHalibl >)KOOaAaHBIII KacadaThIH ayTOMATThI apMaTypaaayIllbl MeXaHI3M
JKy3ere achIpaabl. AyTOMaTThl apMaTypadayllibl MeXaHu3M OeTOHABI KaOaTTall KYSATBIH apHalibl
ITYMEKTiH aAAblHAa XYPill, op kabaTTa HeMece OipHelle KabaTThl O©TKi3iN KeA4eHeH apMartypa
ca/blll, OHBI TiK apMaTypara Tyiliclieai goHekepaey apKblAbl OipikTipin, apmaTypaadayllbl
TOp >Kacall OTeIpaabl. ApMaTtypaaayuisl Top 3D Dacria GapbichiHAa >KacalaThIHABIKTaH OHBIH
KYPBLABIC 3/ HNPUHTEPiHiH >KBLAXKBIMaAbl O©AiKTepi MeH IIyMeKKe COFBICHIIl Kaady Kayii
0oAMaAbI.

2. MaTepmuaagap MeH aaicTep

2.1 Apmamypa

Apwmarypa petide amamerpi 6 MM OoaatrsiH DIN 488-1:2009-08 craHgapTbiHa ColiKec
’KacaaraH Oyaipai 6oaat apmaTypassl TaHAaaAbl. Jmamerpi 6 mMm-aik apmatypa DIN 488-
1:2009-08 crangapThiHAaFel 3-KecTeciHAeri TeMipOeTOH YIIiH KOAJAaHbLAATBIH apMaTypaHBIH
eH Kimn guametpi. byaipai 6oaaTt apmarypaHblH TaHdaay ceOeOi OHBIH OETOHMeH aAre3usCchl
JKaKChl, SIFHM OeTOH MeH 0o4aT apMaTypa apacklHja KyKTeMe >KaKChl Tapadagpl. duamerpi 6
MM-4iK apmaTypa OacTalKbl Ke3eHJAe YCBIHBIAFaH TY>KbIPBIMJAaMaHBIH JKYMBIC KaOAeTTidirin
TeKCepy YIIiH OHTalAbI, OWUTKEHi OA HAaKThl KYPBIABICTA KOAAAHBLAAAbLI JKoHe KOHTaKTiAi
HYKTeAiK goHeKepAey Ke3iHAe THIM KOIl DHePTUAHBI KaXKeT eTrenai.
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2.2 Tyuiicneai darexepaey adicimer cmandapmmbl 0YOipAl 00Aam apmamypaoar apmamyparvix
mopovt Kypy.

2.2.1 Ty>vipoimdama 0ouviHULA APMAMYPArbIK mopdol KYpY.

YCBHIHBIABIIT OTBIPFaH TY>XKBIphIMJAaMa OOJBIHIIIA apMaTypaAblK TOp IIaxMmaT TaKTacbhlHa
Topi3aec OpHadacKaH KbICKa TiK apMaTypaAabIK CBIPBIKTap MeH 04apAbl ©3apa 0aiiaaHbICThIPaThIH
Y3BIH KOAJEHeH apMaTypaablK CBIPBIKTapAbl TyllicIieai AoHeKepaeyMeH OipikTipy apKblAbl
Kacaaaapl (1-cyper, a). Kypblaran apmarypaablK TOp KaOBIpFaHBIH KaAbIHABIFBIHA >KoHe
KaObIprara KOJbLAAaThIH TadallTapFa OallaaHbICTEI Oip HeMece OipHellle KaTapAaH TYpPybl MYMKIH.
TyxpIpriMaamMaga KypbIABICTa JKIi Ke3jeceTiH eKi KaTapAbl apMaTypaAaslk Topasl (1-cypert, O)
petinge KaOblagaHraH. ApMmaTypaablK TOpAbl Kypap aAAbIH ipretac KylblAFaHJa eKi KaTap
TiK apMaTypaablK ChIpBIKTap ipreTacka Oeariai Oip KaIIBIKTHIKIIEH OPHAAacCTBIPBIAYBI Kepek.
AyToMaTrTel apMaTypadayIllbl MeXaHI3M COA ipreTacTaH IIBIFBIII TYPaThIH TiK apMaTypaablk
CBIpBIKTapAbl Oa3a peTiHAe IIalijadaHBIl, COHBIH Heri3iHAe apMaTypaablK TOpAapAbl
’Kacaiiabl. ApMaTypaablK TOpAarbl TiK JKoHe KOAJeHeH apMaTypadblK ChIPBIKTapAbIH ©3apa
apakallbIKTBIKTapbl KaObIpFaHbIH TeOMeTpPUAABIK TapaMeTpAepiHe JKoHe OFaH Ty CeTiH XKy KTeMere
Tikezell OalAaHBICTBI O04aabl. bipak, 04 apaKallbIKTHIK OETOH KeIlKeHJe ChI3aTTaHOalThIHAA
KaIIIBIKTBIKTa 00AYBI Kepek [34].

N ' h N o i -3 ﬂ-
gf 1 I | | |
1 M n M M Ml |
I - Il - Il - Il - Il Il - Ir'=
a) apMaTypaablK, TOPABIH aAAbIHFBI KOpPiHic 9) apMaTypaAabIK
TOPABIH COA >KaKTaFbI
Kopinici

1—CypeT. T¥>KLIprM,Z|,aMa ColIKeC exi KaTapAabl apMaTypa4abIK TOP

2.2.2 Tyxoipoim0amavl Kyseze acolpamvit aymomammol apMamyparay MexaHusMiHir, KyMuic
Kazudacl.

AyTOMaTTHl apMaTypadayIlbl MeXaHIU3MHIH KYPBIABIMH Keaecigeit (2-cypeT): naargopma
1 mexann3MHiH Oazacsl 604bII TabBLAaABI JKOHE ITIYMEKTiH (pAaHIbIHA OeKiTizeAl ge IITyMeKTiH
aAABIHFBI KaFbIHA OPHAAACTBIPbIAaAbL; IAaTgopMaHbIH 1 JKOFapFbl JKarblHAa TiK apMaTypaAbIK
ChIPBIKTapFaapHaAfaHKoJMa 2 OpHaAacKaH XKoHe apMaTypaablK TOP eKi KaTapAbIK 00AFaHABIKTaH
OHBIH CaHBHI Ja eKey, 9pKaiiCbICBIHBIH 03 JKeTeKTepi Oap; COHBIMeH KaTap, A9HeKep.ey KyiieciHiy 7
aAFfa-apTKa KO3FaAbICBIH KOMITEHCAIIMAAayIIIbl Ky PBIAFEI 3 OpHalacKaH; 1at(popMaHbiH 1 ToMeH
JKaFblHAa KO/AJeHeH apMaTypaablK CBIPBIKTapAbl Oeprill 5 KYpPBIAFBI OpHaJlacKaH; Tylicreai
AdHeKepaey alllapaTbhlHaH IIBIKKaH KaOeabaep 4 AoHeKkepaey >KylieciHAe 7 opHalackaH o3
JKeTeKTepi Oap CBIPTKBI DAeKTpoaTapra 8 >KaAFraHFaH; KoHe Je JoHeKepAey >KyleciHge 7 imki
9AeKTpoZ 9 IIeH TiK apMaTypaablK CBIPBIKTapAbl ycTarbill 10 opHaaacKkaH, OHBIH KBI3METi TiK
apMaTypaaslK ChIpBIKTapAbl 11 KeaseHnen apMaTypaAblK chIpbIKTapra 12 Gipikripin genekepaey
Ke3iHJe TiK apMaTypaAbIK CBIPBIKTapAbl MBIKTAII yCTaIl TYPY.

TyXpIpbIMgaMaHbl >Ky3ere acblpaThlH ayTOMaTThl apMaTypaJay MeXaHU3MiHiH >KyMBbIC
Karujacsl Kealecijeil: KoA4eHeH apMaTypaAablK ChIPBIKTapAbl Oeprilll KypbIAFBICH AdHeKepaey
aliMarblHa Y3BIHABIFBI 1-2 M 00JaThIH KOA4eHEH apMaTypaablK ChIPBIKTapAbl aBTOMAaTThI
Typae Oepeai, oaap Oip-Oipine napaaaean koHe Oipaeit Ouikrikre 50 MM 00AaTBIH ©CapaabIK
KaIlIBIKTBIKIIEH eKi KaTtap 004aAbl; TIK apMaTypaablK ChIpBIKTapAbl Oepy KYPBLAFBICH KOIMajaH
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aBTOMATTHI TypAe A9HeKepaey aliMarbiHa Oip-OipiHe rapaaaean exi Tik apMaTypaAbIK, CBIPBIKTEI
Tycipeai; Tylicmeai JAoHeKepaAey aliMarblHAa TiK >KoHe KOAAEHEH apMaTypaaAblK ChIPBIKTap
CBIPTKBI JKoHe iIlIKi DAeKTpoATapMeH KBICBIABII, Oip yaKbITTa eKi KaTap eTe Te3 JoHeKepAeHeAi
(mamamen 0,3-0,5 cekyHa); AoHeKepaey Kedinae 3D GaceIn mbIFapy mporeci TOKTar KaAMac YIIiH
KO3FaABICTBl KOMIIeHCalMsAAAYIIbl KYPBIAFBl JA9HEKep/ey >KyleciH aBToMaTThl apMaTypasday
MeXaHM3MiHiH >Xypic OaFbITEIHa KapaMa-Kapchl OAarbITTa KO3FaATaAbl, al AoHeKepAeyleH KelliH
0/ Te3 apaja AdHeKep.Jey KylieciH GacTallKbl OpHBIHA KaMTHIII aabil Kedeai. Ocblaalt aTaaraH
KadaMJap OUKJAMEH apMaTypaablK TOPABL >Kacall OOAFfaHIIIa KaliTalaHa Oepeai.

1. Naardopma:

2. 93 ereri 6ap Tik apmaTyparbiK chipblKTapFa
apHangad KoAma

3. Ko3fFanbiCcThl KOMNEHCAUMANAY LB KYP BB
4. Kyar kabeni

5. KenneHen apDMaTVDAaNbIK ChIDLIKTAP Gepriuw

7. DaHekepney mylec:

8. O3 keteri 6ap CbIPTKbI 3NEKTPOATAP

9. iwkianexkTpos,

10. Tik apmaTypanbik CoipbIKTap YCTaFbill

10

DaHekepney
MyHeci

2-cypeT. ApMarypazaymisl MeXaHU3MHIH cy10achl

TyXpIpbIMAaMaHbIH JKYMBIC KaOideTTidiriH Tekcepy YIIiH ayTOMaTThl apMaTypadayIlibl
MeXaHU3MHiH JXYMBIC IlapaMeTpAepi aHBIKTaABbIIl, >K00aaHbIIl, OHBIH IIPOTOTUIII >KacaAbIH/bI
(3-cyper) >xoHe OHBIH KOMeTiMeH apMaTypaAblK TOP >KacaAbIHBIII CBIHAKTaH OTKi3144i.
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3-cypeT. AyTOMaTThl apMaTypaAayIllbl MeXaHU3MHIH aAFfallKbl TPOTOTHUIIL

ApMaTypaaayIsl MexaHU3MHiH IPOTOTUIIIH aii4aAaHbIAbIII )KacaAfaH yATiAepAiH ChIHAFbI
MeH HaTIKeaepi Keaeci OeaiMae KeATipiareH.

2.2.3 Tyuiicneai datiexepaey napamempAiepi xate bieblcmolpy colHaKmapbl.

Tik >xoHe Kea4eHeH apMaTypaHbl KOCY YIIIiH HyKTeAl TylicIieai goHeKepAaey a4ici TaHaaaAbl,
OJITKeHi, 01 apMaTypaAablK TOpAapAbl ©HAIpyAe KeHiHeH K0AJaHblAaAbl )KoHe eH 0acThIChl, Oya
94iCc TOABIFBIMEH CcTaHAgapTTaaraH >koHe DIN 488-4 cranjapThiHia cunaTTaAfaH, SFHU TeK OCHI
CTaHAAPTKA COVIKeC HOTIKeAepAi aablHCa, AeMeK, 04 KYPBLABICTa KOAJaHyFa XKapaMAbl 001a4bl.

ApMmaTypaabplK ~ CBIpBIKTap  Oip-OipiHe  KaTBICTHI ~ 9pTypai  KoMOMHanusAlapAa
OpHaJAaCTHIPBIAFaH yAridep >KacaaAbl: Oyaip Oyaipre, OMibIK ONMBIKKA, OMBIK OyJipre, CBI3BIK
CBI3BIKKA (4-cypeT, a). bapablk Xaraaliaapaa apMartypaablk ceIpbikTap 90 rpagyc OyphIITa
Oip-OipiHe KaTBICTBI alKACTBIPBIABIII OPHAAACTBIPBIAABL (4-CypeT, o) >KoHe ayTOMaTThl
apMartypaJaylllbl MeXaHI3MHiH IIPOTOTUII apKbLABI TYlicIeAi 4oHeKepAeHin OipikTipiaai.

Op KoMOMHanms yiriH 5 yarigen sxacaaasr >xone DIN EN ISO 15630-2 cranaapThIHa coliKec
800 xH/c TypakTsI )KYKTeMe Kbl1JaMABIFBIMEH 4,0-cypeTTe KopceTiareHAei AuHaMOMalllHaja
BIFBICTBIPBLABII CBIHAAABL.
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a — apMaTypaablK 9 — KpecT Topisai yari 0 - KpecT Topizai
CBIPBIKTBIH, KYPBLABIMEI YATiAepAi BIFBICYFa ChIHAY

4-Cyp€T. ApMaTypa/lbIK ChIPpbIKTapJaH KpecT TapiS,Zli Y/ll"i/lepﬂ,i JKacay >KoHe bI¥pICyTa CbhIHAYy

Yariaep bIFBICTBIPY KYIIIiHIH acepiHeH JoHeKepAeHIeH JKepiHeH y3i4ill KeTKeHIIle ChIHaAAbIL.
Yarizepai aanibiHaay Ke3iHJAeri Tyliicreai gsHeKepaey IlapaMeTp/epi >KoHe BIFBICYFa CBhIHAK
HoTIKeAepi 3-0eaimaeri 1-kecTee KeATipiareH.

3. HBTI/I)Ke[lep JK9He TaaKblday

bip-6ipine xaTbpICTBI 9pTypAai KOMOMHaIMsIAapAa AoHEKepAeHIeH AuaMeTpi 6 MM Kpect
TOpi3Ai apMmaTypadapAbl BIFBICYFa ChIHaKTapAbIH HOTIKedepi 1-kecTege keaTipiaren. AtaaraH
KOMOMHaIusAap Keaecigeil 004Apl: OyAip Oyaipre, OMBIK ONMBIKKa, Oy4ip OMBIKKA, CBI3BIK
coi3biKKa. CriHak HoTiKeaepi DIN 488-4 cranaapreiHga Tadall eTideTiH HOTIDKeaepre KOA
JKeTKi3yTre 00AaTBIHABIFBIH KOPCeTTi, 04 MUHUMaAAb! biFpicy Kyrmin 3,53 kH Kypaiiast (1-kectege
JKacblAMeH OOosiAFaH MoHJep CTaHAapT TadaOblHa call KeAeTiH, aa KbI3blLAMeH OosiaraHgap cail
KeAMeITiH HoTIKeaep). 5-cypeTTe 2-KecTeeri MaaiMeTTep Taljay¥a bIHFallAbl TpapuK TypiHae
KeATipiareH. MyHaarsl KoageHeH y3ik Ty3y cer3biK DIN 488-4 crangapTeiHga collKec MUHUMAAABL
pIFpICy KyIni. CalikeciHIle, OChl y3iK ChI3BIKTBIH KOFaphl >KaFbIHAAFBI JKoHe ChI3BIKIIeH OeTTecKeH
MoaHgep DIN 488-4 cranaapTeiHga cait MoHAEP, a1, OHBIH TOMEHTI )KaFbIHAaFbI MOHAEP CTaHAapTKa
cali KeAMeWNTiH MaHAep.

«byaip Oyaipre» komOmnanmsaceiHaa (5-cyper, «x» OeariaeHreH) Oec yAriHiH yiIeyi ysik
CBIBBIKTAH >KOFaphl, Oipeyi OeTTecin >kaTelp, KaaraH Oipeyi caa TemMeH opHalacKaH. bya Oyaip
MeH Oyaip KaHacKaH XKepJe Tylicreai JoHeKepaeyjeH KelliH Oipiry aygaHbl >KeTepaiKTeil
KaABIIITacybIMeH TyCiHAipyre 604aAbl. A4, Y3iK CBI3BIKTaH TOMEH OOABII KaAFaH MoH TyliceTiH
eKi CBIPBIKTBIH Oyaipaepiniy Oip-OipiHiH KbIpaapbIMeH >KaHacyblHaH OOAyBl MYMKiH, SIFHI,
Oipiry ayaaHsl Kiltipek OOABIIT KaAbIIITaCKaH.
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1-xecre. Anamerpi 6 MM KpecT Topi3Al apMaTypaAbIK CBIPBIKTapAbl BIFBICTBIPBII ChIHAY

HoTUKeaepi
No | VakwsrT [c] ©amenren | DaeKTpoATapAbIH DIN 488-4 cranaapTsl OareHren
TOK KYIIIi KbICy Kymi [kH] OOJIBIHIITA KasKeTTi BIFBICTBIPY
[kA] BIFBICTHIPY Ky [KH] kymi [kH]
CrIpBIKTapABIH OpHaJAacysl: Oyaip Oyaipre
1 0,3 3 2,5 3,53 4,96
2 0,3 3,1 2,5 3,53 4,08
3 0,3 3,1 2,5 3,53 3,54
4 0,3 3 2,5 3,53 3,97
5 03 3,1 25 3,53 | 34|
ChIpBIKTapABIH OpHAAACYBI: OMBIK OMBIKKA
1 0,3 3,1 2,5 3,53 4,08
2 0,3 3 2,5 3,53
3 0,3 3,2 2,5 3,53
4 0,3 34 2,5 3,53 3,67
5 0,3 3,3 2,5 3,53
CrIpBIKTapABIH OpHaAacybl: OyAip OMBIKKA
1 0,3 3,3 2,5 3,53 4,39
2 0,3 3,1 2,5 3,53 4,75
3 0,3 3,2 2,5 3,53
4 0,3 3,1 2,5 3,53 4,9
5 0,3 3,2 2,5 3,53
ChIpBIKTapABIH OPHAAACYhI: CBI3BIK CHI3BIKKA
1 0,3 2,9 2,5 3,53 4,97
2 0,3 2,9 2,5 3,53 3,81
3 0,3 3 2,5 3,53 5,06
4 0,3 3,1 2,5 3,53 5,44
5 0,3 3 2,5 3,53 35

«OBIK OMBIKKa» KOMOMHanmsAceiHAa (5-cyper, «®» OeariaeHreH) Oec YATiHIH eKeyi y3ik
CBIBBIKTAH >KOFaphl, KaAfaH yIleyi TeMeH OpHaJackaH. bya eki karaaiiga «OWBIK OMBIKKa»
494 Tycren, Oyaipaepain Kelpaapsl Oip-OipimMeH Tyiiicim, eki He o4aH Aa Keml Oipiry aysaHs
Ka/bIIITacyblHaH 00AYbI MYMKiH. A2, KaAFaH YIII )Kafaaliga OMbIKTapAbIH TYyOi Oip-Oipine Oipirin
KeTeTiHAell )KaHacIall KaAFaHHaH 00AYbI MYMKiH, SIFHI, 0AapABl KeTKiAiKTi gopexkee OipikTipim
KibepyTe TOK KYIIIi MeH 9AeKTPOATapAbIH KbICY KYIIIi JKeTKiAiKci3 O0AFaH.

«byaip oribikKa» KoMOMHanMsACkHAA (5-cypeT, « A» OearizeHreH) Oec YATiHIH yIeyi y3ik
CBI3BIKTAH JKOFapbl, KaAFaH eKeyi ToMeH OpHaJlacKaH. YIII Kardaiija Oyaipain TeOeci OMbIKTLIH
TyOiHe TOABIK >KaHACHIIN, >KeTepAikreil Oipiry ayAaHbIHMeH TyciHAipyre 6oaaasl. Kaaran exi
Karjaiijga Oyaipain TeOeci OMBIKTHIH TyOiHe TOABIK >KaHacIiail, Oipiry ayJAaHbl >KeTKiAiKci3
DoaraH.

«CBpI3BIK CBI3BIKKA» KOMOMHaIMACBIHAA (5-cypeT, «m» OeariaeHreH) Oec yATiHiH TOTTeyi y3iK
CBI3BIKTAH JKOFaphl, KaAFaH Oipeyi y3ik chI3bIKIIeH OeTTeckeH. bec skaraaiiga 4a moHAep DIN 488-4
CTaHAAPThIHAA call. By ChI3BIK IeH ChI3BIK KaHacKaHAa TOPTOYPBIIITH ayaH Ialiga 60AybIMeH,
JKoHe TOK KYIIiHiH ocepiHeH KaHacy HyKTecCiHAeri OaAKbIFaH CHIPBIKTapAbl 91eKTPOATapAbIH
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>KaHIITy KYIIiHiH acepiHeH Oipiry ayJaHBIHBIH yAKelOiMeH api OipTyTac 60AybIMeH TyciHAipyTe
00aa4bI.

@ 6MM; blfbICTbIPY KyLi
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5-cypet. Oprypai KoMOMHanMsAAapAa AMaMeTpi 6 MM KpecT TopizAi apMaTypaablK CBIPBIKTapAbI
BIFBICYFa ChIHAY HOTIUKeAepi

I'OCT 14098-91 cranaapThiHAa Tadall TeK JAdHeKepAey TepeHAiriHe KOVBIAFaH >KoHe 04
Keaeci Toyeaaisikre opHarteiaaas: h / dn = 0,4-0, 8 nemece munumym h / dn = 0,2 (6-cyper).
bipak, 04 Tasamnka K04 >KeTKi3y YIIIiH JoHeKepaey TOTBIH 5-6 KA aeliiH apTThIpy Kaxker [35],
Oya AoHeKepaey reHepaTOPBIHBIH KyaThIH apTThIPyFa, ColKeCiHIlle OHbIH CaAMarblH apTThIpYFa
oKeaeai. SrHu, Tyiticieai AsHekepAeHyIli apMaTypaAblK ChIPBIKTapAbIH AMaMeTpi yAKelreH
CalibIH TOK KYIIIi MeH 91eKTpoATapAbIH KBICY KYIIIi ge eceaell KkoOelie Oepei, aa, 04 ©3 Ke3eringe
aBTOMATTHI apMaTypaAayllbl MeXaHU3MHIH CaAMarblH apTThIPAaAbL.

AV 4

L

LRSI ARARA
VNN RN RN NN NN

6-cypet. 'OCT 14098-91 craHsapTHIHBIH TaAa0bI OOIBIHINIA A9HEKEPAEY TePEHAITI

Jemek, erep Kypslabic 3D mpuHTepiHiH XYK KOTepTilTiK KadiseTi alTapAbIKTail KeIl
Doaca, oHAa ayToOMaTThl apMaTypadaylllbl MeXaHU3MAi KyaTThl JdHeKepJey TeHepaTOphI
MeH 9AeKTPOATapAbl >KaHIILITHIH MeXaHU3MJAepMeH >KaOABIKTall, >KOFapblja KeATipiareH
apMaTypaAablK CBIPBIKTapAblH KOMOMHalMsaapbiH eaemece 0oaaapl. bacreicer TOCT 14098-
91 craHgapThl TaJdall eTeTiH JoHeKepAey TepeHAiri KaMTaMachl3 eTidce >KeTKidikTi. Aa,
erep ayToMmaTThl apmaTypadayIlbl MeXaHU3MiHiH caaMarblH >KeHidgeTy KaxeT 0o4ca,
OHJa apMaTypaablK CHIPBIKTapAbl Ka’kKeTTi KomMOmMHamusla Oarjapaall TKpaThIH KOCBIMIIIA
KYPBLAFBIMEH >KoHe JaTuMKTepMeH >KaOabIKTay KaskeT. OHBI JKy3ere achlpy CaAbICTHIPMAAbI
TYpP/Ae a3 DHepINs IIbIFbIHAaPbIMeH JKoHe caAMaKThlIH a3 ocyiMeH Kacayra 004aabl.
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4. KOpbITBIHABI

Bya xxymeicra 3D 6acniaasik 6eTonas! 3D Gacria GapreicbiHAa apMaTypaday MaceAeciH eIty
MaKcaTblHAa TylicIleai AsHeKepAey 9/iCiH IalijadaHbII, ayTOMaTThl peXXMMAe eKi KaTapAbl
apMartypaJaylllbl TOp KypaThlH ayTOMaTThl apMaTypaAaylilbl MeXaHU3MHiH TY>KbIPBIMAaMackl
YCBIHBIAABL.  ¥CBIHBIAFAH  TY>KBIpbIMAaMma OOMBIHIIA  OHBIH ~ IIPOTOTUIN  >KacaAbIHABL.
Ty>xpIppIMAaMaHbBIH JKYMBIC KaOiAeTTiAiriH Tekcepy YIIIiH apTypai («Oyaip Oyaipre», «0Oyaip
OMBIKKa», «OMBIK OVBIKKa» JKOHE «CBI3BIK CBI3BIKKA») KOMOMHAIMIAapAa KpecT Topizaec yAriaep
TyJicrieai AoHeKepAeHiIl >KacaaAbl, COA apKbIAbI IIPOTOTUIITIH OapABIK O©AIKTepiHiH JKYMBICHI
Tekcepiaai. Tyliicneai aoHexepaey o4iciH ITallgaAaHBIIl ayTOMAaTThl PeXMMAE >KacalaTbIH
apMaTypaJaylIlibl TOpAbIH MeXaHMKaablK KacuerTepi DIN 488-4 crangapThIHbIH TaJdalTapblHa
COUKEeCTIriH aHbIKTay YIIiH JKacaAfaH KpPecT Topi3Jec yariaep AMHaAMOMAIINMHAAA BIFBICTHIPY
aaiciMeH ysin Tekcepiaai. bapasik komOnHarnusaaapaa DIN 488-4 craHzapTBHIHBIH TaAaIlTapbIH
KaHaraTTaHABIPAThIH HOTVKeAep aablHABL. CONTiN, YChIHBIAFaH TY>KBIPBIMJAaMaHBIH >KYMBIC
KabiaeTTiri 494ea4eHAil >KoHe 3epTTey OaFBITBIHBIH AYPBIC 9pi O0aariarsl Oap eKeHiH KOpCeTTi.

3epTxaHaablK ChIHAK HOTU KeAepi OONMBIHINA «CBI3BIK CBI3BIKKA» KOMOMHAIIVIACHIHBIH €H
THUIMAL 9pi ceHiMAl ekeHi aHBIKTaaApl. OcCbl TycTa TY>KbIpbIMJaMa OOJBIHINIA 3epTTeyAi eki
OarpITTa AaMbITyFa OOAaHBITLIHBI aHBIKTaAAbl. Bipinmmici, sHeprus a3 TyThIHATBHIH >KoHe Oaclia
OacTuerinig caaMarbIHa IIIeKTey KOMbLAaThIH KaFJaiilap YIIIiH TiK KoHe KeA4eHeH apMaTypaablK
CBIPBIKTapABl Ad9HeKepAey aiiMarblHa «CBI3BIK CBI3BIKKa» KOMOMHAIMACH ©0O0AaThIHAAN
DargapaaiiTbIH KOCBIMIIA KYPbLAFBIMEH KaOAbIKTay, SIFHU, apMaTypPaAbIK CBIPBIKTapAbl TaHBIII-
OizeTiH aBTOMaTTaHABIPBLAFAH XKYlieaepai Koca sepTTey. Exinmrici, sHeprus MeH caaMaKkKa, >KoHe
Ae apMaTypaablK CBIpPBIKTap KOMOMHAIMAChIHA KOHiA ayapMail, TeK apMaTypaablK TOPABIH
KasKeTTi MeXaHMKaAbIK CUIIaTTaMaAapbiH aly YIIiH 3epTTey JKYMBICTapbIH XY Prisy.

Pacray

bya seprreyai Kasaxcran PecnyOamkachl biziM >koHe FBIABIM MMHUCTPAIriHiH Fhiapim
KOMMUTeTi Kap>KblAaHABIpABL: I'pant NeAP19178044 «Ockepu MaKcaTTaFbl KYPhLABIC OObeKTiAepiH
caayra apHaAfaH Kypbrabic 3D npunTepiniy Oacrnia 6actuerin >xobaaay KoHe a3ipaey».
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ABTOMaTHMUeCcKNii apMUPYIOIINII MeXaHn3M 4451 apmuposaaus 3D neuaTHoro 6eToHa

M.K. CarpiaTan’, A.K. Mycraga', E.3. Hyrman'
'Cambaes yrusepcumem, 20p0d Axmamut, Kasaxcman

Annoranusa. OgHOI U3 aKTyaabHBIX IIpoOJAeM ajAMTHUBHONM TeXHOAOTHM B CTPOMUTEABCTBE Ha
CeTOAHAIIHUIT JAeHb sBAseTcs apmuposaHyme 3D mewatHoro OertoHa. llccaegosanms, IIpoBeseHHBIE
AO CUX IIOp, AOKazaaAu, 4TO Ipu apMmuposaHum 3D meuaTtHOro GeTOHa TOABKO IIPU MCIIOAb30BAHNU
CTaHAAPTHOM apMaTypsl 13 pudAeHOi CTaal ee MeXaHMdecKye CBOMCTBa IMPpUOAMIKAIOTCA K CBOVICTBAM
TPagUIIMIOHHOTO >KeAe300eToHa. Temepp BOIIPOC, KOTOPHINT HEOOXOAMMO PeIINThb, 3aKAIOYAeTCs B TOM,
9TOOBI aBTOMATHU3VMPOBATh IIPOIIECC ApMUPOBaHUsI OeTOHa, HalledaTaHHOTO Ha 3D-TipuHTepe, CTaHAapTHON
pudaeHoit craabHON apMaTtypoit. B easx pertennst gaHHol IIpoOJeMBbl B JaHHOI paboTe pazpaboTaHa
KOHIIeIIIMSI aBTOMAaTUYeCKOTO apMUPYIOIIero MeXaHM3Ma, o0pasyIollero ABYXPsAHYIO apMUPYIOLIYIO
CeTKy B aBTOMaTMYeCKOM peXHUMe C MCII0Ab30BaHMeM MeTOJa KOHTAaKTHOM CBapKy, pa3paboTaH ero
IIPOTOTUII B COOTBETCTBUM C TOI >Ke KOHILIENIVeNl I IIpOBeAeHBl Aa0OpaTOpHbIE MCIIBITAaHUS AAd
nposepkn paborocrrocobHOCTH. B WacTHOCTM, C I1eABIO OIlpeAeAeHMs] COOTBETCTBUMS MEeXaHMYECKMX
CBOMCTB apMMPYIOIIel CeTKM, M3roTaBAMBaeMOM B aBTOMaTMYECKOM peXKMMe MeTOAO0M KOHTaKTHOI
cBapky, TpebosaHmAM craHgapra DIN 488-4 u mpoBepKu crcTeMbl KOHTaKTHO CBapKM IIPOTOTMIIA, OBLAN
U3IOTOBAEHBI KpecTooOpasHble 00pa3Iibl 1 IIPOBEPEHBI METOA0M Ha Cpe3 Ha AMHaMoMainnHe. Kpome toro,
IposepeHa paboTOCIIOCOOHOCTL BCeX CUCTeM IPOTOTMIIA aBTOMAaTUYeCKOTO apMUPYIOIIero MexXaHn3Ma.
Taxum ob6paszom, 40kazaHa pabOTOCIIOCOOHOCTH ITPeAA0KEHHON KOHLIEIII L.

Katouesnie caoBa: 3D HarleuataHHBIN O€TOH, a4AMTUBHASI TEXHOAOTVA B CTPOUTEABCTBE, CTaHAAPTHAS
CTaapHasl apMaTypa, apMupoBaHue OeToHa, aBTOMaTUIYeCKII apMUPYIONITUIT MeXaHU3M.
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An automatic reinforcement mechanism for reinforcing the 3D printed concrete

M.K. Sagyntay', A.K. Mustafa’, E.Z. Nugman'
ISatbayev University, Almaty, Kazakhstan

Annotation. One of the pressing problems of additive technology in construction today is the
reinforcement of 3D printed concrete. Research conducted so far has proven that when reinforcing 3D
printed concrete, only when using standard corrugated steel reinforcement, its mechanical properties
approach those of traditional reinforced concrete. Now the question that needs to be solved is how to
automate the process of reinforcing 3D printed concrete with standard grooved steel rebar. In order to
solve this problem, this work developed the concept of an automatic reinforcing mechanism that forms a
double-row reinforcing mesh automatically using the resistance welding method, developed its prototype
in accordance with the same concept, and carried out laboratory tests to verify its performance. In particular,
in order to determine the compliance of the mechanical properties of the reinforcing mesh, produced
automatically by the resistance welding method, with the requirements of the DIN 488-4 standard and
to test the prototype resistance welding system, cross-shaped samples were made and tested by the shear
method on a dynamo. In addition, the performance of all systems of the prototype automatic reinforcing
mechanism was tested. Thus, the efficiency of the proposed concept has been proven.

Keywords: 3D printed concrete, additive technology in construction, standard steel reinforcement,
concrete reinforcement, automatic reinforcing mechanism.
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O0ocHOBaHMeE rOA0BON NPOTPaMMBI TPAHCIIOPTHOTO
OpeANpUsITHS

AnnsoTanms. Bonpocvl onmumusayuy aKOHOMUMECKUX U mpyoosulx 3ampam 3aHumaom
SHAYUMEADHOE MeCHO 6 MPoU3600CHEeHHOL 0esSMeAbHOCY MPAHCHOPHIHOIX KOMNAHUIL
Onu  sasucam 0m  COUUANLHO-IKOHOMUUECKOU — cumyayuu, 00veKmusHvuX NpUHUH
npou3s00cmeeHH0z0 XapaKmepa, HAAUNUS COOMEEMCMEYIOULeil MAMepuarbHO-mMexHUHecKkoll
0a3vl, a4 maxxke APPeKMUGH020 UCHOADIOGANUS U KOMNEMEHMHOCIU  MeHedKMeHma
npednpuamus. Ilpedcmasisemcs aKmMyarvHublM co3danue Npozpammvl MpaHcnopmHozo
npeonpusmus  no noebiuleHulo APPexmusHocmu  nPou3s00CmeeHHoU  0esMmeAbHOCU.
Ioamomy 6 uccaedosaruu npusedervl xapakmepucmuxu paboueii npozpammor (nopmgeas
30KA306) CMAHYUE MEXHUECK020 00CAYKUSAHUS A6MOMOOUAEH 6 COBPEMEHHDLX JCAOBUSX
u clerar axuenm wa obecnederue ux cmadurvrocmu. OCHOSHOIMU UHCHIPYMEHMAMU
NOCAYKUAU MANEMANUYECKOe MOOCAUPOGAtLE U MeTOo0bl MAMeMAMUKO-CIMAMUCIU1ecK020
AHAAUSA, XOMSL CYULLCEeHHOe SHANeHUE UMEAU MAKKe AHAAUS, CUHMES, cpasHerue u dpyzue
MemoouKu. Aemopol npedcmasAiiom npousso0CmeeHHy0 npozpammy asmocepsuca Kax
CYMMY 0MKA306 U HEUCHPAGHOCTET, NOCIYNAOULUX HA NPeOnpusmue 6 CAYHaiHom nopsoxe.
Pesyrvmamul akcnepumenmarvHolX UcCAe)06AHUTE N006ePZAUCy AHAAUSY HA 0CHOGE MEopUU
6eposMHOCIel. U MAMeMaAmuueckol CMmamucmuxy, 6 Xode Komopozo ObIAU NOAYHUEHbI
Mamemamuieckue Mo0eAu 2000601 NPoOPAMMOl U 6eposmHOCIell ee pacnpederenus Ha
300aHHOM UHMEPEALe 6peMeH . AGMOPaMU PeKOMeHO06AH I MEPONPUSIIUA N0 ONTMUMUSAL UL
npou3600CMEeH Ol NPOZPAMMDbL 34 cuern obecneueHus pasHoMepHOl 3azpYsKu KOHCMPY KUt
asmocepeuca. VIsyuerue MHOZ04UCACHHDLX MEOPeMUYecKUX 601POCO6 MOXKeNn Nposodumves
HA amane NpoeKMuposaHis. NpouUc00CMeeHHbIX YUACMKOs 0As 00Aee MOUHBIX NPOHO306.
Cyuecmesyrom meopemuveckue Memoouxu, 0CHOGAHHbIE HA ONPedeAeHHDIX PesyAbmamax,
Komopvle nodxodiam Al npoekmuposarus agmocepsucos. O0HOLL U3 HUX SA6ASEMCS pacuem
20006011 NPOZPAMMbL NPEONPUAMUL HA OCHOBE ZPYNNUPOEKU KOAUUECHEA AGMOMOOUAeTL,
nocmynarvuux Ha yuacmox. Jannas cmambvs NO0360A5em  NO-HO6OMY 632ASHYMb HA
Popmuposarue npozpamm, C6A3AHHLLX C A6MOCEPEUCAMU.

Karouesble caoBa: AgmomoOuAusayus, mpancnopmiole cpedcmed, AGMOCepeuUc, 3axom
ITyaccona, cayuaiinvle npoueccul, Ypasnenus pezpeccui.

DOI: doi.org/10.32523/2616-7263-2023-145-4-250-264

1. Beeaenmne

TpaHcriopTHast OTpacab Urpaer BaXXHyIO pOAb B SKOHOMIYECKOM Pa3BUTUM KaK CTPaHBI,
Tak U ee nipeanipuaTuii. Passuras TpaHcriopTHas MHPPACTPYKTypa B 4100011 re0IoAUTUIeCKOI
eAVHHUIIe CO3JaeT OCHOBY AAs IIUPOKOV DKOHOMMYECKON AeATeAbHOCTU: OHa CIIOCOOCTBYeT
TepeBO3Ke I1acCa’kMpOB U IPY30B Yyepe3 AOTUCTUYECKUEe ITYHKTDLI, PaCIIUpss YKOHOMUYECKIe
BO3MO>KHOCTH U T€M CaMBbIM IOBBIIIAsT YpOBeHb XX13HM B cTpane [1]. To xe camoe oTHOCKTCA 1 K
OusHecy, rAe IpaBUAbHO OpraHM30BaHHAas AOTUCTMKA He TOABKO oDecIiednBaeT CBOeBpeMeHHYIO
AOCTaBKY BCeX 3aIl1aHIPOBAaHHbIX 3aKa30B, HO I IOBLIIIAeT KOHKYPEHTHbIE ITO3ULIY KOMITaHUI

250 Ne4/2023

A.H. I'ymunres amovirdazor EYY xabapuivicol. TexHUKAAVK 2bAVMOAP KaHe MexHOA0US cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



Oboctosariue 200060t NPOZPAMMBL MPAHCHOPIIHOZ0 NPEONPUSIUSL

1 yBeandusaet ee npuosiab [2]. ITosTromy obecriedenne GecriepeOoiHO pabOOTHI TPAHCIIOPTHBIX
KOMIIaHW SBASETCS BaKHeNIIeN 3a4adell He TOAbKO AAs DTUX IIOCTaBIIVIKOB YCAYT, HO U A4S
APYTUX NPeANpPUATUI ¥ DKOHOMUKHU B 11eA0M [3]. DTO aeaaeT akTyaabHBIM pacCMOTpeHue U
ITOMICK HOBBIX METOA0B IOBHIIIeH s X 9 PekTusHOCTI. Tak, B AaHHOI paboTe aBTOPHI CPaBHIAN
SMIIMPUYECKNE AaHHBIE II0 OTKa3aM C MX TeOPeTUYeCKMMM 3HAaYeHMSMI Ha OCHOBE JaHHbIX
AEVICTBYIOIIeN CTaHLMM TeXHMYEecKOoro oOcaykmsaHms AerkoBplx asTromobmaeir (CTOA) B .
AxToGe. KpoMme TOTO, aBTOPHI OMMcaau 0COOeHHOCTI (POPMUPOBaHIS ITPOTPaMM TPaHCIIOPTHBIX
KOMIIaHII B COBP@MEHHBIX YCAOBMSIX.

Hag »T0i1 M cMexxupiMu mpobaeMamyu paboTaao 3HauMTeabHOe uncao ydeHolx. Cpean
HUX caeayeT ormetuth P.V. Makkyo»itga, M. I'peiira, A. Cmura n Jx. Kynepa [3], xoTtopsie
B OOIIMPHOM TpyAe OIMCAaAMl MHOTUE acIeKThl AeATeAbHOCTM TPaHCIIOPTHBIX KOMITaHMIA,
BKAIOYas X pOAb B DKOHOMMYECKOM IIpolBeTaHuu cTpanbl. B csoio ouepeas, A.H. Cemepunn
u ap. [4] paspaboTaanu rogosyio mporpamMmy TPaHCIOPTHON KOMIaHUMU, HO MCIIOAb30BaAU
APYTYIO METOAMKY ee (pOpMUPOBaHNs, OCHOBaHHYIO Ha ydeTe M3HOCa TPaHCIIOPTHBIX CPeACTB.
XOTs1 OHa ITpeACTaBASeTCs A0CTaTOYHO OAHOCTOPOHHEI, €€ MOXKHO YMeA0 UCII0Ab30BaTh BMeCTe
C OINMCAaHHON B JaHHON paboTe, YTO IMO3BOAUT IOBBICUTH DPPEKTUBHOCTH POPMUPOBAHNS
roAOBOJ IporpaMMmbl. AHaZAOTMYHbIE METOABI CO3JAaHMUS TOAOBOM METOAMKMU IIPeACTaBACHEI
B paborax O.C. Tamepa u gp [5]. B cBoeir paboTte oHn paccMOTpean SMHOUpPUYECKNe JaHHbIe
CeBepHoil 00beaUHEHHOV KOMITaHUM AAs COCTaBAeHMs ee rogosoit nporpammel. O.H. SIpkosa
n A.B. Tpydanosa [6] BeIIToaHNAN elle 04HY paOOTy € MCITOAB30BaHNEM OIVICAHHON METOAVIKI
AAs1 0DOCHOBaHIsI TOA0BO IIPOTPaMMBbI TPAHCIIOPTHOM KOMIIAHNUH, IAe TaKXKe MCII0Ab30BaANCh
JAaHHbBIe 00 3HOCe TPAHCIIOPTHBIX CPeACTB, TO40BOM IIpo0ere 1 00beMe HepeBo3oK. OgHaKO CTOUT
OTMETUTE, YTO MX METOAMKA IIOBTOPsIAa CXeMY, IIpeACTaBA€HHYIO B AaHHOM nccaeaoBanuu. Tem
He MeHee, 01arogaps HaAMYNIO APYTUX KAIOUeBbIX IOKa3aTeAel, OIVCaHHbIe IIPUHIMIIE MOTYT
CBODOAHO MCII0AB30BATHCS KOMITAHUSAMM B COYETaHUM C APYTUMU MeTOAaMU AAsl AOCTVKEHIS
erje 00apmeit ®PPeKTUBHOCTY TPAHCIIOPTHEIX ITPeAITPUATUIN.

[Tpou3BOACTBEHHBIN IIPOLECC TPAHCIIOPTHHIX KOMITAHNII O3BaThIBAET P4 B3aMMOCBSI3aHHBIX
9TAIlOB, KOTOphle B COBOKYITHOCTM oOOecreumBaioT »(P@QeKTuBHOe IepeMellieHne TOBapOB,
ycayr u aiogeit. Haumnas ¢ TImaTeApbHOro IIAaHMPOBAHMA U COCTaBAEHMUS PpacIMCaHNs,
OH NepexoAUT B MOATOTOBKY TPaHCIIOPTHBIX CpPeACTB, IIOTPY3Ky U YHaKOBKYy, OTIIPaBKy C
yeTkoi KomMmyHukanmen [1]. Ilo mepe ABVMOKeHMS TPaHCIIOPTHBIX CPeACTB IO 3a4aHHbBIM
MapuIpyTaM OCYIIeCTBAsSeTCS HeIIpepPBIBHBII MOHUTOPUHI, 0OeCIIednBaoIinii IpoABYKeHe
1 cCBOeBpeMeHHOe MH(POPMUPOBaHNe KAMEHTOB. B IIyHKTe Ha3HaueHMsI IIPOMCXOAUT pas3rpyska
U pacIpegeleHyne TIPy30B, 4UTO COIPOBOXKAAETCA TIIaTeAbHBIM AOKYMEHTHMpPOBaHUEM U
OTYETHOCTLIO 445 00ecIeuyeHn s TOUHOCTI.

[Iuka mpoaoakaeTcs TeXHMYECKMM OOCAY>XMBaHMeM I10CAe MOe3AKM, TapaHTUPYIOIIUM
OIITMMaAbHOE COCTOSHIE TPAHCIIOPTHBIX CPEACTB AAsl IIOCAeAYIOIINX pelicoB. B ocHoBe ®TOTO
Iporiecca AeXUT CTpeMAeHNe K IIOCTOSHHOMY COBepPIIeHCTBOBAaHMIO, OCHOBAaHHOe Ha aHaAu3e
AAHHBIX A4S yAy4YIIeHUs MapIIpyTOB, CHVJKEHMS 3aTpaT UM MOAepPHM3aluy TexHoaorui [3]-
[5]. ITo cyTu, mpoM3BOACTBEHHBIN ITPOIECC TPAHCIIOPTHBIX KOMIIAaHUII HpeAcTaBAseT coOoi
CAOXKHBI, HO CAa>KeHHbIN DaaeT, obecriednBaroniuii OecriepeboiiHOe repeMeleHne Ipy3os 1
A104€¥ U CITOCOOCTBYIOMMI (PYHKIIMOHUPOBAHMIO YKOHOMUKM ¥ OOIIIecTsa B I1e10M.

AKTyaAbHOCTh MCCAEAOBAHNUS 3aKAKOYAETCSI B KOMILA@KCHON OLIeHKe pOAM TPaHCIIOPTHOM
oTpacam B pas3BuTum crpasbl. [losTOMy 1eapi0 uccaegoBaHUs SABASETCA M3yYeHMe
ocoOeHHOCTel (PYHKIIMOHMPOBAHMS TPAHCIIOPTHBIX MPeANPUATUAN (Ha OCHOBEe DMIIMPUIECKIX
AAHHBIX aBTOCepBuca I. AKTOOe) M omImcaHMe Ha MX OCHOBe MeTOAMKM (POPMMPOBAHIL
roAOBOJ IPOrpaMMBbl TPAHCIIOPTHBIX IpeAnpuATuil. OOBeKTOM MCCAAOBAHUS SABASIOTC
HEIIOCPeACTBeHHO SMIMPUYECKNe JaHHbIe O AeATeAbHOCTY IIpeapuaTuii r. AKToOe.
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2. MeToabl

BpabotepaccmarpusaioTcsocobeHHOCTI (POPMUPOBaHNA M peaan3al i IIPON3BOACTBEHHO
HPOTPaMMBbl AeATeAbHOCTY IIPeAIpUATI: Ha IIpUMepe AeJICTBYIOIIell CTaHLINM TeXHIYeCKOTO
00cAy>K1BaHIs A€TKOBBIX aBTOMOOmMAeir B r. AkrodOe. B pabore mpeacraBaeHbl pe3yAbTaThl
IIOAeBbIX HAOAIOAEHNI 3a IOTOKOM CAYYaMHBIX 3asiBOK OT KAMEHTOB IIPeANpUATUSI IIO
peMOHTY AeeKTOB 11 OTKa30B AeTKOBLIX aBTOMOOIA€el1 B TedeHNe KadeHAapHOro roja. B reopun
TeXHIYECKOI DKCIIAyaTalluyl BTU SBAEHMS OTHOCITCSA K AVICKPETHBIM CAYYalHBIM IIpoLieccaM,
IIPOTEKAIOIIIMI B HEIIPepLIBHOM BpeMeHM. B TexHmueckux npumaoxkeHusx - 9To Mapkopckue
cAydJaliHble IIPOLIeCCHl, KOTOpble, B YaCTHOCTH, IOKAa3bIBAIOT, YTO BEPOITHOCTb HAXOXKAEHILI
OOBEKTOB B TOM UAM MHOM COCTOSIHUU He 3aBUCUT OT TOTO, KaK UM KOrJa JaHHbIE OOBEKTHI
HPUIIAN B BTO COCTOSIHME, a 3aBMCUT TOABKO OT TOIO, B KAKOM COCTOSIHMI OHM HaXOASTCS
ceruac. Ilpu craTucTuyeckoir oOpabOTKe MCII0AB30BAAMICh DAEMEHTH TeOPUM BepOsATHOCTEN
U Teopum Maccoporo oocayxmsanus [7]-[9]. OObekTrammu HaOAIOAEHNSA SABASLAOCH KOANIECTBO
I1acCa>kMPCKMX BarOHOB, OCHOBHBIX Y340B U arperaToB, IOCTYHAIOIINX Ha IpeAIlIpusaTHe A
IIPOBeAeHIIs TEXHNUeCKOTO 00CAy>KMBaH:I, PEMOHTA I YCTPaHeHIs HeycrpasHocTell. OTMeTnm,
4TO IIpUBeJeHHbIe JaHHbIe COCTaBASIIOT HOMIMHAaABHYIO OCHOBY I'OA0BOJ IIPOrpaMMBI I TOA0BOTO
obbema padorrl mpeanpuATusa. IloMrMo craTUCTMIeCKON ¥ aHAANUTUYECKOV COCTaBASIONIINIX
CyIIecTByeT TakXKe TeopeTmdecKasl 4acTb. B Heil omnmceiBaioTcsi ocooeHHOCTH GOPMUPOBAHNA
TOAOBOJ IIPOTPaMMBI TPAHCIIOPTHOIO IPeANpMATIS M YKa3blBaeTCsl POAb TPaHCIOPTHBIX
NpeAnpUATUIL B PYHKIIMOHUPOBAHNUY APYTUX IIPEATIPUATIAI I DKOHOMUKIU CTPaHBI B 11€A0M.

Metoaoa0rms nccaeA0BaHIS, IPUMEeHSBIIAsACA B AaHHOI paboTe, B OCHOBHOM Oa3poBalach
Ha DM PUIECKIX MeTOAaX C aKIIeHTOM Ha CTaTUCTUIeCKIil I MaTeMaT4eCK1i aHaA13 MacCBOB
AaHHBIX. B KauecTBe OCHOBHEIX IIPMEMOB NCIIOAB30BAANCH TIpadpuuecKue IIpeACcTaBAeHNs,
KOppeAsIIMOHHBIe I perpecCOHHbIe MOAeAMN, onucanne QyHKIINI pacipejeAeHNs ¢ IOMOIIBIO
3akoHa Ilyaccona. Dtm sMmnmpudyeckne MeTOALI CIIOCOOCTBOBAAlM KadyeCTBEHHOMY aHAAMU3y
1ccAeAyeMBbIX AaHHBIX, YTO ITO3BOAMAO IPOBECTU CpaBHEHUEe C TeOpeTUIecKUM IIPOTOTUIIOM
U IOAYYUTDL Ba’KHbIE AAs pelleHus 3adad MccAejoBaHM: BbIBOABL. CyIeCTBeHHYIO POAb B
popmupoBaHNy pe3yabTaTOB MCCA€AOBAHUSA ChITpadll ¥ B3aMMOJOIOAHSIONIE MeTOABI
uccaedosannsa. B ugactHocTy, MeTo4 aHaam3a MMeA IIePBOCTEIIEHHOe 3HAdeHMe, Y4UTBHIBAs
004bII0IT 00BbeM DMIUPUYECKUX CTATUCTUYECKUX UM TeOpPeTHYeCcKMX AaHHBIX, 0O0paOOTaHHBIX
B xoge wuccaegosanmsa. I[IpumeHeHne MeTOA0B CHMHTe3a, JAeAyKUNMM ¥ aOCTparnmpoOBaHILL
CII0COOCTBOBAAO AOCTVDKEHMIO IIOCTaBAEHHBIX IleAell, IOBbIIas IAyOMHy IIOHUMAaHUA WU
VHTepIIpeTal il II0AyYeHHBIX Pe3yAbTaTOB.

BaskHBIM acrieKToM MeTOAO0AOTUM SIBASeTCsS CpaBHUTEABHBIN 10AX04. OH BKAIOYaa B ceOs
BCECTOPOHHee M3Yy4eHNe MEeTOAMK, VICIIOAB3YEMBIX APYIMIMM YYeHBIMN IIpY (POPMUPOBaAHUN
rOAOBBIX IIPOTPaMM B TPaHCIIOPTHBIX KoMHaHuAX. CpaBHeHNe OBIA0 HalpaBAE€HO Ha OIIEHKY
OTAMYUTEABHBIX IIPU3HAKOB BTUX METOAUK OT II0AXOAd, OIMCAHHOIO B JaHHOI paborte.
CorocTraBaeHne 5TUX METOAUK IO3BOANAO MOAYYUTh DOlee IIMPOKYIO IepCrieKTuBy u 6oaee
rayOOKoe IIOHMMaHMe VHUKaABHOCTM U 5PQPEeKTUBHOCTM IIpeasaraeMoir Mertoauku. Ilo
CyTH, MeTOAOAOTUs IIpeAcTaBAsieT COOOI I11eA0CTHOe codyeTaHMe SMIIMPUYECKNX MeTOAOB,
BKAIOYAIOIIX CTATUCTUIECKI T I MaTeMaTUUeCKIII aHaAN3, a TAKXKe TaKye B3aMOAOTIOAHSIION /e
MeTOAbl, KaK aHaAM3, CUHTe3, AeAyKIus U aOcTparmpoBaHue. BkaioueHme cpaBHUTEABHOTO
aHaAM3a II03BOANAO OOOTaTUTDh Pe3yAbTaThl MCCAeAOBaHNs 3a CIeT COIIOCTaBAeHI Pa3ANIHBIX
MeTO/A0AOTHI, MCTIOAB3YEeMBIX B AaHHOI 004acTH.

Becrs mponecc Hanmcanmst pabOTEI MOKHO pa3AeANTh Ha HeCKOABKO sTanos. Ha repsom srarre
OBLAM KpaTKO pacCMOTpPeHBI O0IIT1e CBeAeHIs O POAY TPaHCIIOPTHOM CHCTeMBI B XO3511ICTBeHHOI
AesATeABHOCT! 11 ee OOIIeM BAVMSHUM Ha DKOHOMIUKY rocygapcrsa. Ha BTopom sTare asTOpELI
IIpOBeAN OIIeHKY CyIIecTByIomell MHpopMamuy O KOANYeCTBe IOCTYIAIOIIMX OTKa3oB Ha
OCHOBe SMIIMPUYECKUX AAHHBIX IpeAnpMATHil I. AKTOOe C Iocaeaylomeil MaTeMaTI4ecKoll
00paboOTKOIT ¥ BaAujanyeil C MCIIOAb30BaHMEM COOTBETCTBYIOIINX MeTOAOB, OIMCaHHBIX
B MeTOJMKe. 3aKAIOUMTeAbHBIM STAallOM SBAJETCS CpaBHEHMe pPe3yAbTaTOB, IIOAY4eHHBIX B
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XoJe MCCAeAOBaHUsA, C AAHHBIMU APYTMX HaydHBIX paboT. B wacTtHOCTHM, aBTOpBEI CpaBHUAM
OTAeAbHbIe METOAUKA APYIUX YYEHBIX IO CO34aHMUIO TOAOBOI IPOrpaMMBL A5 TPAHCIIOPTHOTO
IPeATIPUATUA.

3. PesyabTaThl

Kpatko paccMOTpuM poab TPaHCIOPTHOM OTpacAu B (PYHKLIMOHMPOBAHUU MUPOBOIA
®KOHOMUKM. TpaHCIIOpTHas OTpacab 3aHMMaeT ONpeJeleHHOe MeCTO B MeXXAyHapOAHOI
DKOHOMMYECKOI cucreMe. Tak, HarpuMep, 4045 TPaHCIIOPTa B MMPOBOM BaA0BOM BHYTPEHHEM
npoaykre (BBII) cocrasaser ot 6% a0 15%, B Kaszaxcrane - 7-8%, B Poccun - 8,5% [10]-[12].
E>xeroaHo B Mupe BceMM Bi4aMM TpaHCIIOpTa 110Ab3yIoTcs 0oaee 100 MapA. TOHH rpy30B 1 60aee
1 Tpan. maccaxxupos. B nacrosiee spems B Mupe HabAI0AaeTCs TeHACHIVA K MHTEHCUBHOMY
pocty ypoBHa asToMoOmMausanuu. Ilo agaHHBIM OQUIIMAABHBIX MCTOYHMKOB, HabAIOAaeTCs
€KeTOAHBINI MHTEHCUBHBII POCT OOIIero KoAMdecTBa TPaHCIOPTHBIX CPeACTB M YPOBHS
apTomoOmAn3anun. Tak, HampuMep, B ucrounnke [13] ykasano, uto B 2021 roay B Mupe OyaeT
DKCIIAyaTUpPOBaThCA 947 MAH. AMYHBIX aBTOMOOMAeN 1 335 MAH. KOMMepUYecKIX aBTOMOD1Ael],
He CYMTasl TSKeABIX BHEAOPOKHUKOB M CTPOUTEABHONM TexHuKu. B pesyaprare anaaumTukm
INPUIIAN K BBIBOAY, YTO Ha TOT MOMEHT B MMpPe HacuuThiBaaoch 1,2 Mmapa. asromoduaen. 113
oOmero 4mcaa 3aperucTpUPOBAHHBIX TPAaHCIOPTHBIX CpeAcTs 95% cocTaBAsAIOT AerkoBble
apToMoOman. OTMeTMM, 4TO Takas KOHQUIypalus CTPYKTypHl aBToNapKa XapaKTepHa AAs
Pecntybanxu Kasaxcras, rae 9TOT 1oKasaTeab cooTseTcTByeT 83,2% [14].

I[To aannsim EBpornerickoit skonommyeckoi komuccun OOH[15], yposens apToMmo0man3anum
B IIPOMBIIIAEHHO Pa3BUTHIX cTpaHax cocTasaseT oT 600 40 1000 eannniy na 1000 >xurteaeir B 2021
roay. Aas OTAeABHBIX CTpaH 9TOT IIOKa3aTeAb BRITAAAUT caedyiomum odpasom: Can-Mapuno
- 1263; Monaxko - 899; Auxrenmreiin - 750; Vicaanaus - 745; tokcemOypr - 739; raans - 679;
Kanaga - 607; Kunp - 532; Gunasuans - 612; Kazaxcran - 219; Ykpauna - 173 [16].

BakHO Takke yuyMTbIBaTh acleKkT Pa3BUTUA B AAQHHON 004acTu DKCIAyaTalluu B APYTUX
cTpaHax. B TaGamne. 1 mnpusegeH OOOOIIEHHEBINI OMBIT ¥ HEKOTOPBIe XapaKTepUCTUKI
IIPOM3BOACTBA I OOCAY>KMBaHNS aBTOMOOMAEN B pa3HbIX CTpaHax.

Tabanma 1. OIsIT TPOU3BOACTBA U TEXHIYECKOI DKCIIAyaTaljy aBTOMOOAET B pPa3AMIHBIX
cTpaHax

Koaonkal Koaonka 2

I'epmammsa  TI'epmanms, caassmiascs TOYHBIM MaIIMHOCTPOEHMEM, MMeeT OOraryio MCTOPUIO
IIPOM3BOACTBA BHICOKOKAUYeCTBEHHBIX aBTOMOOIIAEI U SIBASETCSI pOAVHON M3BECTHBIX
aBTOMOOMABHEIX OpeHAOB. B TexHmueckux omepauysix ocoboe BHUMaHNE YAeAsIeTCs
VIHHOBAIIVISIM, TIPOU3BOAUTEABHOCTU U O€30I1aCHOCTM.

SlrtoHms. SlroHums CAABUTCSI 9 PeKTUBHBIMU MPOMU3BOACTBEHHBIMI porieccaMy,
MO3BOAAIONIMMMU  BBIIIYCKAaTh  HaJeXXHble U TEeXHOAOTMYECKU  COBepIIIeHHbIe
aBTOMOONAN. SITIOHCKIE aBTOIIPOU3BOAUTEAN YAEASIOT IIePBOCTEIIEHHOE BHIMAaHIe
KavyeCTBY, TOILAVBHOV YKOHOMUYHOCTU ¥ TEXHOAOTMYECKMM MHHOBAIIVISIM.

CIIIA. B Coeanuennpix IlltaTtax AgaBHO cyllecTByeT aBTOMOOMAbHas HPOMBIIIAEHHOCTD,
OpPMEHTMPOBaHHAs Ha ITPOM3BOACTBO Pa3ANYHBIX TUIIOB aBTOMOOMAEN, TaKuX Kak
TPy30BUKM 1 BHEAOPOKHMKI. B TexHIIIeckux orepalinsix ocodoe BHUMaHUe yAeAsIeTCs
MHHOBAIIVSIM, MacIliTabaM U ajanTanuy K peAIIOYTeHNsIM IOTpeOuTeAelt.

IOsxHas ABTOMOOMABHAS TPOMBIITIAeHHOCTH IOskHOIT Kopen ObIcTpo passuBaeTcs 1 U3BeCTHa

Kopest. MPOM3BOACTBOM SKOHOMMYHBIX M KOMIIAKTHBIX apTomMoOmaent. TexHudeckue
oIlepanmy COCpejOTOYEHBl Ha aBToMaTusanuy, dPQeKTMBHOCTU U IIPOU3BOACTBE
aBTOMOONA€EI, COUeTaIOIIVIX AOCTYIIHOCTh U KauecTBO.
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Kurarii. ABTOMOOMABHAs IPOMBIIILAEHHOCTs KuTas 3HauMTeAbHO BBIPOCAA I BBHIIIyCKaeT
IIMPOKNII CIeKTp aBTOMOOMAeil. B TexnHmdeckmx orepanmsax ocoboe BHUMaHIe
yAeaseTcs MaciTabaM, 9p@PeKTUBHOCTH U Pa3BUTUIO TEXHOAOIMI 91eKTpOMODIAei]
(EV).

Wraana WNraansa wmeeT pemyTanMio HIPOM3BOAUTEAS] POCKOIIHBIX I CHOPTHMBHBIX
apToMoOmaeri. IlpuopureTH MM HaNpaBAEHNMSAMM TEXHIYECKON JAesATeABHOCTH
SIBASIIOTCS MacTepPCTBO, AM3aliH M BLICOKOIIPOM3BOAUTEeAbBHBIE pa3pabOTKIL.

HIserys. [TBenys M3BeCcTHA KaK IIPOM3BOANTEAD O€30I1aCHBIX I MHHOBAIIVIOHHBIX aBTOMOOLAEIA.
B rexmmueckmx omepammsax ocoOoe BHMMaHHME —yJAeAdeTcs 0e30IIacHOCTH,
DKOAOTUIECKOI YCTOMIMBOCTU U ITIepeJOBBIM pazpaboTKaMm.

Muans. B Muaum Habar04aeTcsa pOCT aBTOMOOWABHON IPOMBIIIAEHHOCTY, IIPY 9TOM
OCHOBHO€ BHIIMaHII€e yAeAseTCsl MaAOAUTPakKHbBIM aBTOMOOVASAM U X AOCTYITHOCTA.
IIpropuTeTHBIMM  HaIlpaBAEHVSIMM — TEXHMYECKON  AeATeABHOCTU  SIBASIIOTCS
DKOHOMIYEeCKasl 9(PQPeKTUBHOCTb, pallllOHaAbHOE NCIIO/Ab30BaHIE PpecypcoB U
ajanTarys K pa3AMIHBIM TpeOOBaHUAM PhIHKA.

YpoBeHb aBTOMOOMAM3AINN ABASETCs He TOABKO ITOKa3aTeleM, OIlpeAeAsIoNIM CTelleHb
IIPOMBIIITAEHHOTO Pa3BUTNS CTPaH, HO M BBIABUTAeT OOIIMPHBIN KOMILAEKC OpTaHM3allVIOHHBIX
U TeXHNYECKUX MepOIPUATUI, CBA3aHHBIX C DKCIIAyaTaljuell IlapkKa TPaHCIIOPTHBIX CPeACTB B
IIPOM3BOACTBEHHBIX YCAOBUAX, a TaK’Ke COOTBETCTBYIOIIEN MaTepualbHO-TeXHNIECKOV Oasbl.
Crnenudnka (QyHKIMOHMPOBAHUSA U DKCIIAyaTallMM COBPEMEHHOIO IlapKa aBTOMOOMJell,
HallpaB/AeHHasl Ha HoJJep KaHMe CyIIecTBYIOIIero Iapka B pabOTOCIIOCOOHOM COCTOSHUN U
obecriedeHne HaJe>KHOCTY M DKCILAyaTal[MIOHHBIX XapaKTepUCTUK aBTOMOOI el HOpMaTUBHBIM
TpeOOBaHIIM, 40CTAaTOYHO M3y4deHa, CCTeMaT3pOBaHa I IIpeAcTaBAeHa B COOTBeTCTBYIOIIel
crenMaabHOM Auteparype [17]-[20].

Ha ocHoBaHMM IIpOBEAEHHOIO JCCAeAOBAaHNs aBTOpaMy ObLAM II0AYYeHDbI CTaTUCTUIecKle
AaHHBIE MTPeANpUATHIl I. AKTOOe 0 OTKa3aM OCHOBHBLIX IPYIII, Y340B M arperaToB B IIeA0M,
CyMMa KOTOPBIX pacCMaTpuBaJach aBTOpaMU Kak IporpaMma npeAnprsitus. Ob1ee KOAMIeCTBO
IIOCTYTIAIOIINX OTKa3oB B pe3yabTaTe 0OpabOTKM AaHHBIX CTPYIIIMPOBAHO U pacipeseaeHo
C Y4eTOM MMEIOIMXCS ITPOM3BOACTBEHHBIX €AVHMUI] ¥ y4JacTKOB, a TakKXKe TeXHOAOIMYHOCTU
orepanuii caeayiomum obpazoM: Moiika 1 oumctka - 3890; zampaska - 2385; amarHocTuka
- 1567; pemont, TO - 7786; xy3osHBIe paOOTH - 2637. Ha ocHOBaHMM IOAy4YeHHBIX AaHHBIX
DKCIIepUMEeHTaAbHOe U TeopeTUdeckoe paciipejeleHNsl OTKa3oB B 3aBUCUMOCTU OT BpeMeHU
IpeJCTaBA€eHbl B BuJe rpapuKoB Ha puc. 1.
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Pucynok 1. a) 'padux pacripeseseHns 0TKa3oB; IpUHATEIE 0003HaYeHs1: Na - 41CA0 OTKa30B;
T - Bpems1; 6) Pacipesesenne BeposATHOCTEN OTKA30B; IIPUHATEIE 0O03HaYeHMs: Pt - BeposTHOCTD
BO3HMKHOBEHIsI OTKa3a B MOMeHT Bpemenn t; T - Bpem:
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Ws puc. la BMAHO, B 4aCTHOCTH, 4TO TeOopeTudeckas U DKCIepUMeHTaAbHas 3aBUCUMOCTU
91ICAa OTKa30B OT BpeMeHM UMeIOT O4eHb 0Am3Kue KoHpurypanym. ITosToMy MOXKXHO ITOAyInTh
ypaBHEHUe perpeccum AAs 3aBUCUMOCTM OTKAa30B OT BpeMeHM, KOTOpOe alIlpOKCUMUPYeTCs
IIOAMHOMOM TpeThell CTeIIeHN U3 caeaylioiero ypasHenus (1).

¥ =14253x3 + 10.05x2 + 91.604x + 586.78 (1)
Y=-7-10—-5 — 5x3 + 0.0005x2 + 0.0057x + 0.0589 )

I'padpuk Ha puc. 10 1okaspiBaeT BepOATHOCTHYIO 3aBMCUMOCTH ITOsBAeHMsI OTKasa Pt or
BpeMeHH T, KOTOpas allIpOKCUMUPYeTCs IOAMHOMOM U3 CAeAYIOIIero ypasHeHm: (2).

[Toayyennast MoJeab aAeKBaTHO OIMChIBaeT CAy4ailHBIN IIpollecCc pacIpejeaeHns
BEPOSITHOCTY OTKa3a y310B U arperatop aBTOMOONAA C KOB(PPUIUEHTOM KOppeAsnun
R=0,9046 n crangaprtHoI omunodkoi1, pasHoit 0,005, 4TO CBMAETEABCTBYET O BBICOKOI CTEIeHM
CXOAVIMOCTI Pe3yAbTaTOB SKCIIePMMEHTAAbHBIX U TeOPeTUIeCKUX AAHHBIX. AHaAM3 AaHHON
MoOgeAM ITOKa3bIBaeT HepaBHOMEepPHOe pacIiipeeeHlie BepOsATHOCTel OTKa30B 10 KaAeHJapHOMY
IIep1OAY, YTO HeOOXOAVMO YIUTHIBATH TPV POPMUPOBAHNIN F'OAOBO IPOIPAMMBI TPe AT PUS TS
AAs1 oDbecriedyeHNs] paBHOMEPHOCTY 3arpy3Ki IIPOM3BOACTBEHHBIX YU4aCcTKOB. DTV MepOIPUATIS
3aBUCAT B IIEPBYIO odepeAb OT YIIPaBA€HMS KadyeCTBOM I MAapKeTMHIOBOI AesITeAbHOCTIH.
Mogaeas, npeacTaBAeHHas B ypaBHeHNU (2), MO3BOAseT MPOTHO3MPOBATh IPOIIECC M3MEHeHIs
3arpy3Ku HpeANpIUATIs B 3aBUCUMOCTY OT BRIOPaHHOIO MHTepBaJa M3MepeHIsl. 3aBUCUMOCTIH,
npe/crasaeHHbleypasHeHAMM (1)1(2), AeMOHCTPpUPYIOT Pe3yAbTaThl CYMMMPOBaHU AKOANIECTBa
0oTKa30B Na, a TakKe IIOKa3blBAIOT BePOsITHOCTh BOZHIMKHOBEHNs OTKasza Pt 445 KaseHAapHBIX
MecslieB roga. B 11ea0M oHU CBUAETEABCTBYIOT O peaAmn3aliuy CAydJaifHOro Iporiecca 6e3 yJyeTa
BEpPOATHOCTHBIX XapaKTepPUCTUK OTKA30B, XapaKTepPHBIX 445 paccMaTpUBaeMBIX CTPYKTYPHBIX
COCTaBASIONINX IIpolIlecca, YTO AOMYCTUMO AAsl TeXxHoAornmdecknux rpymil. Ilocaeanee sBasercs
IIpeAMeTOM OTAEeABHOTO U3yUeHNs U MICCAe AOBAHNS.

PaccMmoTpenHbIe Ipolecchl OTKa3oB IpeACTaBAsSIOT cOOON MpoCTelilne IOTOKM OTKa3oB,
YAOBAeTBOPsIOLINe TpeOOBaHUM CTallVIOHaPHOCTY, OPAMHAPHOCTY U OTCYTCTBIS II0CA€ACTBIUIA.
Coraacno M.Ax. Dsancy u /x.C. Pozenraaio [8], a taxxe K. Cranmopy [9], ycaosue ripoTrekaHms
BBIIIOAHSETCA U TOT A3, KOTAa BePOSTHOCTD HACTYILAeHIsI OAHOTO COOBITI (OTKa3a) B OeCKOHEUHO
MaJlOM MHTepBale BpeMeHN IIpOIOpIiMOHaAbHa AAVHE STOTO MHTepBajda A0 OeCKOHEeYHO
MaZBbIX BBICIINX IIOPSIAKOB. B 5TOM cayuae OecKOHEUHO MaAbIM MHTEPBAAOM BpeMeH! sIBASeTCs
HapaOOTKa 3a OAHM CyTKH, MHTepBal, paBHBINl KaleHJapHOMY roay. OyHKIIUM BepOATHOCTU
OTKa30B OCHOBHLIX Y340B I arperaTos IlepeuriCAeHHBIX CIICTeM OIMCLIBAIOTCs 3aKOHOM Ilyaccona
[7] B cooTBeTcTBIM € ypaBHEeHMEM (3).

(wit)® —wt

P (t) = »

(3)

rae: k=0,1,2,... - 41CA0 OTKA30B, IPOUCXOAAIINX 3a BpeMs f; @ - MapaMeTp MHTeHCUBHOCTHU
OTKa30B.

[Iporeaypa mpeoOpa3oBaHMsl IIOAYYEHHBIX BEPOATHOCTENI WHTEHCUMBHOCTM OTKa30B
B IIPOM3BOJACTBEHHbIE IIOKasaTeAM 3aKalodaeTcsi B caedyiomeM. I[Ipu »Tux 3HadeHUsAX B
IIPOM3BOACTBEHHYIO 30HY IIOCTyIlaeT MHTEHCHMBHOCTb OTKa30B, oIlpejeaseMas BhIpakeHNeM:
a=w-t. Ecan npunsATs Bpems t=1, To moayunum a=w. Jas paccMaTpuBaeMOro cAydasl B pedyAbTaTe
npuBeAeHNs BpeMeHn k t=1 gac moaydaeMm mapameTp a=4, KOTOPBI XapaKTepusyeT cpejHee
411CA0 OTKA30B B e AMHUILY BpeMeHM U ITpaKTidecky 0003HavaeT TpeOoBaHMe 10 HeMCIIPaBHOCTAM
U OTKasaM y310B 1 arperaTos. [ToTok TpeGoBaHMII, ITOCTYHAIOIINX Ha MIPeAIIPUATHSA, CAelyeT
paccMaTpuBaTh KakK IIporpamMmy mnpeanpusatus. B »rom cayuae ypasHenme (3) MOXKHO
IIpeACTaBUTh B BUAe ypaBHeH!: (4).
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a” G €

(4)

B ypasuennu (4), nannpumep, napamerp a=4 o3zHadaeT KOMOMHAIIMIO U3 YeThIpeX OTKa30B
(HemcIpaBHOCTeI!) MAM ITOTOK IIPOCTHIX TPeOOBaHMIA, IToAAeKamuX ycTpanennio. [lo ypasnennio
(4) MOXHO paccuMTaTh BEpPOSTHOCTh IIOABAEHMUS OIlpejeAeHHOro umcaa Px a4s msBecTHOTO
3HayeHus a. Hampumep, aas paccMaTpuBaeMoOro caydasi, Korga a=4, BepOsATHOCTb OTCYTCTBUS
Tpebosanms P _=0,02 mau 2%, BepoATHOCTH MOsiBAHMs 0AHOTO Tpebosanus P _=0,07 nau 7%,
BEpPOSITHOCTD TOsBAeHMs AByX TpeOosanmit P _=0,15 nan 15%, BeposTHOCTh IOSABAEHMS Tpex
Tpebosanmit P _=0,19 man 19% u 1.4. CooTBeTCcTBEHHO, Ha puUC. 2 IpejcTaBaeHa rpaduyeckas
VHTepIIpeTanys IIyaCCOHOBCKOTO 3aKOHa BO3HMKHOBEHM: OIIPeAeAeHHOIO YMCAa OTKa30B,
IOAYyYeHHOTIO AAs ITapaMeTpa a=3, 4, 5, 6, 7, IpoOMCX0OAAIIMX 3a Bpem t.

Ha puc. 2 npeacraBaeH aHaamu3 BepOATHOCTM 3arpy3KM ydacTKa ¥ VCIOAb30BaHIAS
obopyaoBaHusA. 3ajaHine IapaMmerpa a=4 JaeT cAeAylOImmil pe3yapTatr: 18% maomagok OyayT
3arpy>keHbl 0AM3KO K cpeJHeMy YPOBHIO, 45% Iaomasok 1 o0opyAosaHmus OyAyT 3arpy>KeHbl
BBIIIIE CPeJHero YPOBH:, a ocTapImecs 63% I4omagok 0yayT Hegorpy>keHsl. I1pn 3HaueHMX
a<4, nanpumep a=3, rpapuK pacrpeseleHNs BepOATHOCTU OTKa3a M3MEHsSeTCs B CTOPOHY
0oablIell HepaBHOMEPHOCTHU 3arPy3KH I110Iag0K 1 obopyaosanus. Kak BuaHo 13 rpadpukos,
IIpu a>4 3aBMCUMOCTD BHITASANUT O0.Aee BRITSHYTOM ¥ paBHOMEPHOI, YTO TOBOPUT O BO3MOXKHOCTH
0oaee paBHOMepHON 3arpys3ku npeanpusaTus. Takum oOpa3oM, HpeacTaBAeHMe CAydailHBIX
IIPOIIECCOB pa3pylleHus OOBeKTOB ITPOMCXOAUT B BUAE IIPOCTHIX ITOTOKOB, 004aAaioIymx
CBOJCTBAMI CTAllMMOHAaPHOCTU U OPAMHAPHOCTU, a TaKXKe OTCYTCTBMEM I10CAeAeVCTBUA. DTO
onmceiBaeTcst 3akoHoM Ilyaccona. Takoi moaxoa 1o3poasieT NpoOBOAUTDL CTPYKTYPHBIN aHAAU3
IIOTOKOB OTKa30B, OIIeHMBATh XapaKTep 3arpy3Ku ydacTKa U OOOPYyAOBaHMs IIPeANpUATI,
IIPOTHO3MPOBATh M pa3pabaTeiBaTh MEPOIPUATHUS IO ONTUMM3ALNUU ITPOU3BOACTBEHHBIX
IIpOrpaMM U CTPYKTYPbI aBTOCEPBICHOTO ITPeAIPUATIA.

Bakneitmmas poab TpaHCIIOpTa B 9KOHOMUKE BechbMa OOIINMpPHA M OXBaThIBaeT pa3ANdHbIe
acleKkThl, CHOCOOCTByIOImMe oO0IeMy pas3puTuio. OH ABAsSeTC KaTaAu3aTOPOM TOPIOBAH,
obOecrieunsas »(P@QeKTUBHOe IIepeMellleHle TOBapOB U MaTepualoB MeXJy pernoHaMu.
OaHOBpeMeHHO OH ONTUMM3MPYeT IeIIOYKM IIOCTaBOK, CHVDKasg WU3AEPXKKM U I103BOASS
IpeAnpUATIAM paboTaTh 00.1€e KOHKYPeHTOCIIOCOOHO. [ ToM1MOo 9KOHOMMYeCcKoro BO3AeiiCTBIS,
TPaHCIIOPT OKa3blBaeT BANMsHIE Ha pa3BUTIIe TOPOAOB M PeTMIOHOB, CIIOCOOCTBY:I MX cBsi3HOCTH [13].
JloCTyIIHBIe TPAHCIIOPTHBIE CETY MPUBAEKAIOT MHBECTULINY, CTUMYAUPYIOT POCT 1 (POPMUPYIOT
IIPOCTPaHCTBeHHBIN AaHAIIadpT ropolos u pernoHos. Kpome Toro, TpancnopT obecrieunBaeT
MOOMABHOCTH paboYeli CUABI, TIO3BOASAS AI0AAM ITOAYIUTH AOCTYTI K 00.ee IMPOKOMY CIIEKTPY
BO3MO>KHOCTeI TPyAOyCTPOICTBA U CLIOCOOCTBYsI KOHOMUYECKOMY AMHAMU3MY.
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3HaunMTeAbHbIe MHBECTUIIUM B TPaHCIIOPTHYIO MHQPaCTPyKTypy, KaK roCyAapCTBeHHYIO,
TaK UM YaCTHYIO, OOecIeumBalOT cO3jaHue pabodmx MeCT, CTUMYANPYIOT SKOHOMMYECKUII
pOCT M YKpemnasioT obmiyio crabmapHOCTh. Kpome TOro, »Tm cucTeMbl AeMOHCTPUPYIOT
YCTOMUMBOCTL B YPEe3BbIYAIHBIX CUTYyalMsX, CIIOCOOCTBYsI OIepaTMBHOMY pearupoBaHIIO
1 oOecrieuynBasl HeNPepPBIBHOCTL HKOHOMUKM. OueHb Ba’KHO HalTM TapMOHMYHBLIN OadaHC
Me>KAy DKOHOMMYECKMMIH BBITOAaMIU OT TPaHCIIOpTa U €r0 ®KOAOTMYEeCKMMM U COLMaAbHBIMU
nocaeactsusamu [3]. Ilo Mepe pasBuUTHs TPpaHCIIOPTHBIX CeTell OHM OKa3bIBaIOT CyIeCTBEHHOE
BAVISIHME Ha HPOoIlecchl ypOaHM3any, AMHAMIKY PBIHKA TPyAa M TeXHOAOTMYeCKUIl IIporpecc,
OKa3bIBasl IAyOOKOe BO3AelICTBIe Ha TPaeKTOPHIO DKOHOMIUYECKOTO IIporpecca.

4. O0cyxaeHmne

KauecTtso mpoekTupoBaHMsl TPaHCIIOPTHBIX MapIIpPyTOB MMeeT OOAbIIOe 3HaueHue AAas
PasBUTNUA CTPaHBL: AEJICTBUTEAbHO, KaK OTMeJaeTCsl B CTaTbe, TPAHCIIOPTHBIN CeKTOp MOXKeT
3aHMMaTh 3HauuTeAbHyIO yacTh BBII - mopsaxa 10%. Kpome Ttoro, xak ykasbiBaer /JK.IIL
Pogpur [21], TpaHcIIOpT Urpaer BaxkHyIO POAb He TOABKO B 9 KOHOMMYECKOM Pa3BUTUU CTPaHEI,
HO U BO BHYTPEHHUX IIpolieccax, BKAIOJas COIIMaAbHYIO geATeAbHOCTh. Kpome TOrO, passurue
TPaHCIIOPTHON MHQPPACTPYKTYPHI 3a49aCTYIO SIBASIETCS OAHUM VI3 OCHOBOIIO1aralOIIIIX 5/1€MeHTOB
pernoHaapHOTO paspuTusA. TakuM o0pasoM, B3aIMOJEIICTBUE MeXAy SKOHOMMYECKUM I
TPaHCIIOPTHBIM pa3BUTHEM MHOTOOOpasHO u npotusBopednso. Kak ormeuaror P.B. Maxkkyaiig
u ap. [3], xopoiee TpaHCIIOpTHOe COOOIeHMe, KaK BHYTpeHHee, TaK U BHeIIHee, SBASIeTCs
9JacThIO OPT(eAs PerMOHAAbHBIX aKTUBOB, IPUBAEKAIOIINX IOTeHIIMaAbHBIX THBECTOPOB PN
HNPUHATAM PelleHnII O MeCToIIoAoKeHnu. KoneuHo, crerieHb BAMAHUA TpaHCIIOPTa Ha A4€AO0BYIO
aKTMBHOCTD 3aBMCUT B IIEPBYIO OuepeAb OT XapaKTepPUCTUK IIPeAIIPUATIS, €0 MeCTOIIOA0KEHN,
BHeIITHell cpeAbl M XapaKTepa OM3Heca, HO BO BCeX cAydasX TPaHCIOPT UIpaeT olpeleleHHYIO
poas. l'osopst o pyHKIMHM TpaHCIIOpTa 445 Ou3Heca, aBTopsl M. Ommnaa u Ap. [22] ormeuaior,
YTO AOTUCTMKA OCOOEHHO Ba’KHa B COBPEMEHHBIX PBIHOUHBIX HKOHOMUKAX, I4e KOHKYpPeHTHBIe
PBIHKI TTOOY>KAAI0T aBTOTPaHCIIOPTHBIE TPeAIPUATIS IIEPEXOAUTD K IMOKIUM MeTozaM pabOTEI
11 COBMECTHOMY YCTOMYMBOMY yIIpaBA€HMIO KaK Ha MaKpoO-, TaK I Ha MUKPOYpPOBHe.

[loaoxxenne o TeXHMYECKOM OOCAY>XKMBAHUM ¥ PEeMOHTe IIOABVDKHOIO COCTaBa
aBTOMOOMABHOTO TpaHcmopTa» [23], usganHoe MuHMCTEPCTBOM aBTOMOOMABHOTO TpaHCHIOPTa
PCOCP, saBasteTcst BaXKHBIM AOKYMEHTOM, OIIpeAesIOmIIM TeXHNYeCKyIO ITIOAUTHUKY B 004acTu
TeXHIYECKOTO OOCAYKMBaHUA U pPeMOHTa aBTOTPaHCHOPTHBIX CpeAcTB Kak B CoOBeTCKOM
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Coro3e, Tak M Ha IIOCTCOBETCKOM IIpOCTpaHCcTBe. /OKYMEHT OXBaTbhIBaeT TaKue KAIOYeBble
acreKkTel, KaK 0e30IlacHOCTb, CTaHAApTU3alNs, I11aHOBO-IIpeAylpeAUTeAbHbII PEeMOHT,
TeXHUYecKas DKCIepTu3a, MCIOAb30BaHMe 3alacHbIX 4YacTell, y4eT, DKOAOIMYeCKIe aCIIeKThI
U TOCYyJapCTBEHHBINI KOHTPOAb. /JOKyMeHT oOecredmBaeT Oe30I1acCHOCTh ¥ HaAeXXHOCTh
aBTOMOOMAEI C MOMOLILIO TTOAPOOHBIX MHCTPYKIIUI M CTaHAAPTU3MPOBAHHLIX IIPOLeAyp, a
TaKXKe CITOCOOCTBYeT IpOBeAeHNIO TPOPUAaKTUIECKUX PabOT 4451 IPOAJAEHMS CpOKa CAY>KOBI
aBTOMOOMAEI I MUHMMU3AIUK 110A0MOK. [IpaBuaa TpeOyioT HaaMIms KBaAMPUIIMPOBAHHBIX
CHeIMaAMCTOB II0 TeXHUYeCKOMY OOCAY>XKMBaHUIO, MOAYEPKMUBAIOT BaKHOCTh KadyeCTBEHHBIX
3amyacrell ¥ OTBETCTBEHHOTO OTHOIIEeHM: K OKpy:Kawomen cpege. [Ipu yyactun rocyaapcrsa
9TU MpaBnAa oOecrednBaioT einHooOpasye 1 5PPeKTUBHOCTL 00CAYKMBaHUA JOPOXKHO-
TPaHCIIOPTHOM NMH(PPACTPYKTYPhl CTPAHBL.

PasBuTie aBTOTPaHCIIOPTHBIX OOBEKTOB BKAIOYAeT B ce0s HeCKOABKO PeraaMeHTUPOBaHHBIX
IIyHKTOB 1 DTAllOB IPOEKTUMPOBaHM:A, TaKUX KaK Bbldada paspelIeHnli, TeXHUKO-
DKOHOMMYECKOe OOOCHOBaHMe I HeIlOCPeACTBeHHO MHpoeKTupoBaHue. B cBoio odepeas,
1ocAeHUI pa3jea COAeP KUT IyHKTHI, IToAAexKale 000OCHOBaHUIO U A€TaAbHOI IpopadoTKe:
TeXHOAOIM4YecKasl, CTpouTeAbHasl, TeXHMKO-DKOHOMMYEeCKas, OpraHM3aliOHHas1, CTpouTeAbHasl,
IIPpUPOAOOXPaHHasl, IIPOEKTHO-CMeTHasl AOKYMEeHTaLVsl, IIOACHUTEAbHAs 3aI1/ICKa, TeHePaAbHbII
I1aH U TacopT npoekrta [24]-[26]. OcHoBaHmeM AA4s 3allOAHEHMS STUX Pa3AeAoB sABASETCS
00OCHOBaHMe ITPOU3BOACTBEHHON mporpaMMel. OcOOBIM apryMeHTOM B I101b3y OOOCHOBaHIS
rOA0BOM MPOU3BOACTBEHHOI IIPOrpaMMBbl aBTOCEPBIUCOB ABASETCA pe3yAbTaT MapKeTHHIOBBIX
uccaegopannii cripoca Ha YCC B 4aHHOM pervoHe uAu ropoJe B AaHHBII MOMEHT BpeMeH! B
cay4ae, KOrga CyIiecTBYIOIIe TUIIOBbIe IIPOeKThI He MOTYT OBITh peaan3osaHbl. COOTBeTCTBEHHO,
BTO ompeaeAseT IPOrpaMMy, CTPYKTYpy, pa3Mepbl U OpraHM3aluio IIPOU3BOACTBEHHOTO
npouecca B ordeapHoMm YCC. B HacTosIee BpeMsl OCHOBHBIE aBTOCEpPBVICHBIE MPeAlpPUATIA
ABTOTPAHCIIOPTHOTO KOMILA€KCa CTPaHbl MOKHO YCAOBHO pa3AeAuTh Ha HECKOABKO TUIIOB.
Cpeau HUX KOMILAEKCHBIE IIPeAIIpUATUS ITPOMBIILAeHHO-IIPOU3BOACTBEHHBIX O0beAVHeHNI
U OpeAnpuATUs pa3ANYHBIX (POPM COOCTBEHHOCTM. MOXKHO IlepeumucAuTh CHeljaibHble U
CIIenaAn3MpOBaHHbIe TTPeATIPUATI KPYITHBIX YaCTHBIX OPTaHM3AIIMOHHEIX POPM, AnAePCKIe
LIEHTPBI KPYIIHBIX aBTOIPeAIIPUATIN, KaK IIPaBIAO, PacliOA0KeHHbIe B PeTMOHAABHBIX LIEHTpax
U TOpOoJax M MMeIOLINe pa3sBUTYIO MaTepuaAbHO-TeXHUYeCKylo 0asy A4s rapaHTUITHOTO UAU
KOHTPAKTHOTO OOCAY>XMUBaHMUs (PUPMEHHBIX aBTOMOONAel, a TakKe CeTh CPeAHNUX M MeAKMX
IICC no TexumyeckoMy 00CAy>KMBaHNIO ¥ PEMOHTY aBTOMOOMA€li, B OCHOBHOM AMYHBIX.

B ycaoBmsx pBIHOYHON DKOHOMMKU OpPraHM3alMs XO3AMCTBEHHON AeATeAbHOCTIU
TPaHCIIOPTHBIX IIPeANIPUATUI 3aBUCAT B IIePBYIO oOdepeab OT HaAU4usA CTaOMABHON U
cOasaHCHMpPOBAHHON IPOM3BOACTBEHHON mporpammel. Ilocaeansss B KoHedHOM —mTOTe
ompejeaseT o0ObeM IIPOM3BOACTBA B (PMHAHCOBOM M HOMMHAJABHOM BBIpakeHNUM, YPOBEHDb
MaTepuaabHO-TeXHIYECKO 0aspl U CTPYKTYPYy HPOM3BOACTBeHHON Oasbl. IIpomssoacTsenHas
IporpamMMa IIepBLIX TPAHCHOPTHBIX TIPYIN MPeANpUATHII MOXeT OBITh OpraHM30BaHa Ha
OCHOBE JO0TOBOPOB C IIPOM3BOACTBEHHBIMMU MPEeANIPUATUAMY Pa3ANIHBIX (POPM AeSATEAbHOCTH U
XO3SCTBYIOIIMMM CyObeKTaM! Ha yIIpaBAeHNe TPaHCIIOPTHRIMU ITporieccaMm. /a5 9TUX TPYIIIT
IpeANpUATAN TPOU3BOACTBEHHBIN IIPOLIecC MOXKeT OBITh OPTaHM30BaH AOCTaTOYHO CTabMABHO,
IIOCKOABKY MIMeeTCsl COOTBeTCTBYIOIas MaTepuaabHas 1 HOpMaTuBHas 0a3a, obecrieunBaronias
PaboTOCIIOCOOHOCTD ITOABMKHOTIO cocTaBa. OgHAKO B COBPEMEHHBIX YCAOBIUX A4S TPeATTPUATIANI
U XO3AMCTBYIOIIUX CyOBeKTOB IIOHMMaHMe CyIIHOCTU IIPOM3BOACTBEHHON IIPOrpaMMEI
HeCcK0AbKO naMeHnnaock. Ilo onpeaeaennio @. Kaccna nu M. @eppaiiiu [27], npousBoacTBeHHAas
IporpaMMa — 9TO pe3yAbTaT B3aMOAEVCTBUSA (PUHAHCOBBIX, MapPKETMHIOBBIX, TeXHITIECKIX
U IPOU3BOACTBEHHBIX CAyXO, omnpejeasiomnii oObeM, acCOPTMMEHT U CPOKM BBIIIyCKa MU
peaansanuy IpoAyKuun. BoapImMMHCTBO aBTOCEPBUCHBIX KOMITAHNI, B TOM YMCA€ ¥ B YaCTHOM
cekTope, pabOTalOT IO BbIKUAATEABHEN CHUCTeMe, 4TO XapaKTepuayeT MX IIPOLecchl Kak
caydaiiHeple. [7].

B »T011 paboTe aBTOPEI ITpeAA0K1AY OTIPeAeASTh PeXKM paOOThl KOMIIaHUM 110 KOAUIECTBY
Cpe4HIX 3aKa30B B 4€Hb: HTO IMO3BOAUT ONpeAeAnTh Hanboee BepOATHOe KOANIeCTBO OTKa30B
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11 BEpOSITHOCTD MX BO3HMKHOBEHMS, a 3HAUUT, U OIPeJeAUTh BePOATHYIO 3arpy3Ky KOMITaHWM.
Oanaxo A.H. Cemepuun n gp. [4] mpeaaoxnan Apyroit MeToa GpOpMUPOBaHIS peXkKiMa paboThI
TPaHCIIOPTHBIX KOMITaHMI. DTU aBTOPHI NPeAAOXKUAN CO34aBaTh IIPOrpaMMy IIyTeM pacdeTa
OTAeABHBIX ITOKa3aTeaeli padOThl KOMIIaHIM, TaKMX KaK KOAMYIEeCTBO AHell IIPOCTOsI aBTOMOOMAS,
KOAMYeCTBO PEMOHTOB aBTOMOOMAs, TOA0BOI ITpoOer asToMo0mAet u T.4. XOTs 9Ta MeTOAUKa
NPUHINUIINAABHO OTAMYAeTCs OT MeTOAUKM, IIpeACcTaBAeHHON B IPUBeAEHHON BhIIIe padore,
OHa He IPOTUMBOPEYMT eif, TaK KaK OCHOBaHa Ha Pa3HBIX IIOKa3aTeAsX, MCIOAb3YeMBIX AAs
pacueros. Takum oOpasom, 5PPeKTUBHOCTL AeATeAPHOCTI TPAHCIOPTHON KOMITAHMI MOXKEeT
OBITH IIOBBIIIEHA 3a CYeT MCIOAb30BaHMS AAHHBIX KaK O CyTOYHOM 3arpy3Ke U MHTEHCUMBHOCTU
OTKa30B, TaK ¥ 00 M3HOCe U PeMOHTe TPaHCIOPTHHIX cpeacTs. Apyrue ydensie, a umenno O.C.
Tamep u ap. [5], paccMaTpuBaayu aHaAOTMYHBIe ITapaMeTpPhl 4451 IIOCTPOeHNs TOA0BOTO I11aHa.
OcHOBHBIMU TTOKa3aTeAsMU B UX paboTe, UCIIOAB3YeMBIMU A4 (POPMUPOBAHUS ITPOTPAMMEL,
ABAAIOTCS CpejHee KOAMYECTBO aBTOMOOMAel, Ko3(p(UIMEeHT BBIIycKa aBTOMOOMAel Ha
AVIHMIO, HOMUHAaABHas M PpaKTudIecKas rpy3onoAbeMHOCTh, CpeAHeCyTOUHEIN ITpoder 1 ApyTue.
B ux pabGote pacuyer mokasaTeaeil A4s COCTaBA€HMS I1AaHa I10 HEKOTOPHIM aBTOMOOUAAM
IPOMU3BOANUTCSA C MICIIOAb30BaHMeM IIePeMeHHBIX YMIINMPUIECKUX JaHHBIX.

Apyroi paboToif, B KOTOPOIl y4eHble IIpejaaraloT CBOUM MeTOAVIKM COBepPIIeHCTBOBAHMS
MeTOJ0B pabOTBI aBTOTPaHCIIOPTHBIX PeATIPUATII U1 POPMIUPOBAHNS MIX TOA0BOJ IIPOTPaMMBI,
apasercsas uccaegosanne O.H. SIpkosoit m A.B. Tpydanosa [6], rae mccaejgosaTeam TakKe
OIIMCBLIBAIOT IIpOIecCc pabOTHl aBTOMOOMASA KaK MMEIOIINI OIpeAeAeHHOe 4MCAO CAydaliHbIX
MCXOA0B. AHaAOTMYHBIM MeTOA0M McIioab3yeTcst 3akoH Ilyaccona [28]. 3aech mccaegoBaTean
npejaaraioT pacCUMThIBaTh HaAEXHOCTh aBTOMOOMAS, CTeleHb M3HOCAa B 3aBUCUMMOCTU OT
npobera, 00beM Ipy30I1epeBO30K U ApyTue ITI0Ka3aTeAy, YTOObI OIpe eAnTh, KaKie aBTOMOOUAN
Hanboaee SQPeKTUBHBI A451 BeJeHM:s Takoro OmsHeca. Bce ®Tum moxaszaream BAMAIOT Ha
KOHEYHYIO peHTabeAbHOCTh HpeANpusATus, M HanboAee BHITOAHBIM A4Sl KOMIIAHUM SBASETCS
UCIIOAB30BaHNe aBTOMOOMAeN ¢ HyaeBhIM mpoOeroM. OgHako, 3Has IpUMEpPHOe COCTOsHIe
aBTOMOOMAEN U IpealioAaraeMoe BpeMs MX 9KCIIAyaTalluy ¢ ydeToMm Oyaylero mpobOera u
VMHTEHCUBHOCTY ABVDKEHNs, MOKHO OPTaHM30BaTh I'paMK KaIMTaAbHBIX PEMOHTOB, YTOOBI
caeAathb IepUo/ dKCILayaTanum 6oaee gauteabHbIM U 9PpPekTuBHbIM. CaeayeT OTMeTUTD, YTO
HEKOTOPbIe MOKa3aTeAu IPeAlpUATIAS MOTYT OTAMYATHCA B 3aBUCUMOCTU OT TUIIA LAY MapKu
apToMmo0Omas. TakuM oOpa3oMm, HeCMOTpsI Ha TO, TO B paboTe MccAe0BaTeAell UCII0Ab30BaANCH
MEeTOAMKM, CXOKMe C TeMI, KOTOpble OblAM IPUMeHeHHI B CTaThe aBTOPOB, B HACTOsIIell paboTe
AAS1 TIOBBIIIeHM S 9PPeKTUBHOCTY TPaHCIIOPTHOTO NPeATPUATIAS UCIIOAb3YIOTCA APYTUIe METOABI
3a cyeT COBEePIIIeHHO MHBIX KAIOUeBBIX IIOKa3aTeAel, IPUMeHAeMBbIX 445 pacdeTa. DTO, BepPOATHO,
AAcT OIlpejeAeHHbIl cuHepreTuyeckuii PQexT, T.e. emle 004bIIe YAYYIIUT PeXUM PabOTHI
TPaHCIIOPTHOM KOMIIaHMM. B 3akaioueHme caegyeT OTMeTUTh, 4TO B IpOaHaAM3MPOBaAHHBIX
paboTtax He IpuUBeAeHb MeTOAMKN (POPMUPOBaHUs TOAOBOM IPOTPaMMBbl TPaHCIIOPTHO
KOMIIaHIM, KOTOpble ObLAM OBl CAMIIIKOM IIOXOKM Ha Te, YTO MCIIOAL3YIOTC B AaHHOM padore,
4TO JeAaeT ee YHUKAAbHOIL.

5. BeiBOABI

B sanHOM mCcaegoBaHMM pacCMaTPUBAIOTCA CAOXKHOCTU pabOoueil HpOrpaMMBbl U
noprdeass 3aKa3oB CTaHIIMII TEXHNYECKOTO OOCAY>KMBaHNUs aBTOMOOWJAEN B COBpeMeHHBIX
YCAOBMAX C aKIIeHTOM Ha IlogJep>KaHue crabuabHocTu. JaHHoe nccaeaoBanne gaeT rayOoKyIo
OLIeHKY BKJAaJa TPaHCIIOPTHOM OTpacAM B HallMOHAABHOE Pa3BUTHE U CAOXKHON B3aMMOCBI3U
MeXAy DKOHOMMYECKMM POCTOM M TPAHCHOPTHBHIMM KOMHaHuAMMU. B Hem moguepkusaercs
MHOIOTPaHHOCTD 9TOM AMHAMUKI.

[IpousBoacTBeHHasl IporpaMMa aBTOCEPBMCHBIX KOMIIaHMI (OpPMUPYyeTcsi Ha OCHOBe
CAOXKHOTO B3alIMOJENCTBMA MapKeTHMHIOBBIX, (PMHAHCOBBIX, OIEepPaIlMOHHBIX, TeXHUYECKUX MU
IIPOM3BOACTBEHHBIX aCIIEKTOB. DTOT IIPOIIECC XOPOIIO OOBSACHIETCS CTaTUCTUIECKMMI AaHHBIM.
B cratbe ma mpmmepax IOKazaHO, YTO yCTpaHeHMEe HeMCIPaBHOCTENl OTAEABHBIX Y340B U
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arperaTos HEOOXOAMIMO A5 AUKBUAALIMY ITPOCTHIX OTKA30B Ha KOHKPETHOM ITPOM3BOACTBeHHOM
y4dacTke. ABTOPBI OlIcaay Ipolleaypy IlepecyeTa MOAy4YeHHBIX BepOATHOCTEN MHTeHCUMBHOCTI
OTKa30B B IIPOM3BOACTBEHHBbIe IOKazarean. Iloaydensl MareMaTuyeckue MoJAeAU B BUAe
IIOAMHOMOB TPeThell CTeIleH), KOTOPBble TOYHO OMNMCHIBAIOT AMHAMUKY 4lcCAa OTKa30B U MX
BEpOSITHOCTEI 110 BpeMeHHBIM HMHTepBadaM ¢ Koddunuentammu kKoppeasuun R=0,9703 n
R=0,9046 n crangaptapiMu omuodOkamu pasHbeiMu 55,56 u 0,005. Ilo MHeHMIO aBTOPOB, IIOTOK
OTKa30B, COCTOSIINIT 13 KOMOMHALIMI YeThIpeX OTKa30B, He rapaHTHpPYyeT paBHOMEPHOI 3arpy3KI
paccMaTpUBaeMOro NpeAnpuATIs. ABTOPBI TpeAAaraioT 445 ONTUMMU3ALN TPOU3BOACTBEHHON
IIPOrpaMMBbl ¥ PaBHOMEPHOCTHU 3arpy3Ku aBTOCEPBUCOB U I1A0MIa40K PacIIVpPUTh BUABI YCAYT,
IpejJaraeMbIX KAMeHTaM.

B pabore Obram paccMOTpeHBI U ApyIVie MeTOAbl (POPMMPOBaHUA T'OAOBOI IPOrpaMMBI
TPaHCIIOPTHOTO TIpeAlpUATUA. ABTOpPBI yKas3aAl, 4TO y HMUX €CTb CBOM IIPUHIIMIIEI ee
COCTaBA€HN:, OCHOBaHHBIE IIPpEXJE BCErO Ha M3HOCE, DKCIIAyaTalluy U TIPy30HOABEeMHOCTH
apromoOuaeit. IlpeacraBaennass B paboTe MeToAMKa sBASeTCA AOCTaTOYHO YHMKAABHOIL.
Hosusna mccaeaosanus 3akaiodaercs B TAyOOKOM OIleHKe POAU TPaHCIOPTHBIX KOMITaHMII B
PasBUTUM CTPaHbl. ABTOPBI IIPU3HAIOT CAOXKHYIO B3aMIMOCBA3b MeXXAYy TPaHCIIOPTHON OTPacAbiO
11 PKOHOMMYECKIM Pa3BUTHIEM, OTMedasl, YTO OHa MHOTOTpaHHa 1 He cpa3y o4deBlMAHa. XOTs 9Ta
CAOKHOCTb CO34aeT TPYAHOCTU AAsl aHAaAM3a, OHa TakKe MOTUBMPYeT HeoOXOAMMOCTD ITOMCKa
VHHOBALIMOHHBIX CTPATeruii NOBbIIIeHNs 9PPEeKTUBHOCTI OTPACA.
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Keaik MekemeciHiH XblaablK OaraapAaMachliH HeTizgey

H.M. Mrbip3abexos’, A.A. Kapaxxasos'
1. H.I'ymunes amwondazor Eypasus yammork yrusepcumemi, Acmana, Kasaxcman

AnHOTanms. DKOHOMMKAABIK >KoHe eHOeK IIBIFBIHAAPBIH OHTallAaHABIpy Mocedelepi KeaAik
KOMIIaHM:IAapPBIHBIH ©HAIPICTIK KbI3MeTiHAe MaHBI3Abl OpBIH adaAbl. Oaap 91eyMeTTiK-DKOHOMMKAABIK
JKarJalifa, ©HAIpicTiK cumarTarbl OOBEeKTUBTI ceOerTepre, THUiCTi MaTepMaaAblK-TeXHMKAABIK Oa3aHBIH
OoaybIlHA, COHJAAM-aK KoCIIOPBHIH MEHeAXXKMEeHTIHIH TMiMAlI TaillalaHbIAybl MeH Ky3blpeTTidirine
GariaaHBICTBL. OHAIPiCTIK KBI3METTiH TMiIMAiAiTiH apTTBIPY OOMBIHIIIA KOAiK KOCITIOPHBIHEIH OaFdapAaMachiH
Kypy ©3eKkTi 004 Tabbiaaabl. COHABIKTAH OChI 3epTTey >KYMBICHI Kasipri JKargaliga aBTOMOOMAbAepTe
TeXHMKaABIK KBI3MET KOpCeTy CTaHIMAAapbIHBIH KYMbIC OafgapaaMachiHblH (Tarceipeic noprdeainin)
cuIaTTaMaJapblH KepceTedi SKoHe O0AapAblH TYPaKTBIABIFBIH KaMTaMachl3 eTyre Oaca Hasap ayJapadpbl
Herisri kypaagap peTiHae MaTeMaTHKaAbIK MOAeAbJey >KoHe MaTeMaTHKaAbIK-CTaTUCTUKAABIK, Talday
aJicTepi KOAAAHBLAABL, AeTeHMEH Taljay, CUHTe3, caAbICTBIPY >KoHe OacKa a4icTep e MaHBI3ABI O0AABL
ABTOpAap aBTOCEPBUCTIH OHAIpicTiK OarjapaaMachiH KoCIIIOPBIHFa Ke3AelCOK TYCKeH iCTeH IIBIFyAap
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MEeH aKayJapAblH >KUBIHTBIFBI peTiHAe YChIHaAbl. ODKCIEPUMEHTTIK 3epTTeyAepdiH HaTIKeaepi
BIKTMIMaAABIKTap TEOPMCHI MEH MaTeMaTUKAaAbIK CTaTUCTUKA HerisiHAe TalgaHABI, OHBIH OapbICHIHAA
JKBLAABIK OargapAaMaHbIH MaTeMaTHKaAbIK MoJeAbjepi >koHe OHBI Oeariai Oip yakKbIT apaablFbiHAQ
Tapaly BIKTMMAaAABIFBI aABIHABL ABTOpAap ABTOCEPBMC KOHCTPYKIMsAAapBIHBIH OipKeaAki >KyKTeAyiH
KaMTaMackI3 eTy eceOiHeH eHAipicTik OargapaaMaHbl OHTalAaHABIPY OOMBIHINA ic-1TapadapAbl YCHIHABL.
Kerreren reopusiabik Maceaeaep 3epTrey Addipek 00AKaMAap >Kacay yIIiH eHAipic oppIHAapbIH JKo0aaay
Ke3eHiHJe XYprisiayi MyMKiH. ABTOK©AiK KbI3MeTTepiH >kKobaJayra >KapaMAbl Oeariai Oip HaTmKeaepre
HeTizgeAreH TeOpusAbIK agictep H6ap. OaapAbiH Oipi — Teaimre KipeTiH aBTOMOOMAbAEP CaHBIH TOIITACTLIPY
HeTi3iHAe KoCiTOPBIHHBIH XKBLAABIK, OardapaaMackiH ecernitey. by Makaaa asrocepsrcTepMeH 0aiiaaHbICThI
OargapaamMadapabl KaabIIITaCTBIPyFa JKaHa Ko3KapaclleH Kapayra MyMKiHAIK Oepeai.

KaiogeBble caoBa: aBTOKOAIK; KOAiK KypaaJaphl; aBTOKO4iK KbI3MmeTi; Ilyaccon 3aHbI; Ke3aelcok
IIpoLecTep; perpeccus TeHaeyaepi.

Justification of the Annual Program of the Transport Company

N.Myrzabekov', A.Karazhanov?’,
'L.N. Gumilyov Eurasian National University, Astana. Kazakhstan

Annotanus. The issues of optimising economic and labour costs take a significant place in the
production activities of transport companies. They depend on the socio-economic situation, objective
reasons of production nature, availability of appropriate material and technical bases, as well as effective
use and competence of enterprise management. It seems relevant to establish a transport enterprise
programme to increase operational efficiency. Therefore, research outlines the characteristics of the work
programme (order portfolios) of car service stations in the current environment and focuses on ensuring
their stability. Mathematical modelling and methods of mathematical and statistical analysis served as
principal tools, although analysis, synthesis, comparison and other methodologies were also significant.
Authors represent the car service stations production programme as the sum of failures and faults arriving
at the enterprise in random order. The results of the experimental studies underwent analysis based on
probability theory and mathematical statistics, where mathematical models of the annual programme
and the probabilities of its distribution in a given time interval were obtained. The authors recommend
measures to optimise the production programme by ensuring uniform loading of car service station
structures. It can be studied numerous theoretical issues during the design phase of production sites and
make accurate predictions. There are theoretical methodologies based on certain results, which are suitable
for the design of road transport services. One of them is a calculation of the enterprise’s annual program
based on a grouping of the number of vehicles coming into the site. The work brings new regard to the
shape of the programmes related to car service providers.

Karouesble caoBa: motorisation, vehicles, car service station, Poisson’s law, random processes,
regression equations.
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K.T. Illepos”, H.2K. Kapcakosa? b.C. JloHeHOaes’,
C.O. Tycynosa*, K. Imamesa®, A.b. EcupkerioBa®

'Kasaxcxuii azpomextuveckuii uccaedosamervciuti ynusepcumem um. C. Ceiipyrruna,
Acmana, Kazaxcman

2358 Kapazandunciuti mexruveckuii ynusepcumem um. A. Cazunosa,

Kapazarioa, Kasaxcman

*Topaiizvipos yrusepcumem, Ilasrodap, Kasaxcman

BKCHepI/IMeHTaAbHOE nccaeaosanvie BAVISIHVS peXXVIMOB
pe3anuns Ha MepoxXoBaTOCTb IIOBEPXHOCTH IIPU pacTavdMBaHN
CTyII€eH4IaTOIo OTBepCTI:I

AnnoTanms. B darHoil cmamve npueodsmces pesyAvmantvl UCCACO06AHUS 6bINOAHEeHHIE AL
obecnevenus kawecmea 00padomKy Cmynenuamoz0 omeepemus Kpynnozabapummoii demau
Cmanuna HII8 nacoca nozpyxiozo. Paspabomana KoHCMpYKUUSL U U3201MOGAEH ONbIMHDIIL
o0paseu, cneyuarbHoz0 KOMOUHUPOSAHHO20 PACTHOUH020 UHCHpYyMenma. Takke usz0moeren
obpasel, — 3azomosxa us CH15 0ra nposedenus IKCHePUMEHMANDHOLX UCCALIOBAH UL
IKcnepuMenmarvHble UCCAe)06ANHUS NPosedeHbl 6 YCAOGUAX Aabopamophoil 6asvl «Llenmp
padouux npogeccuti «Mawunocmpoenue»« HAO  «Kapazanounckuii  mexHuveckuil
ynusepcumem um. A. Cazunosa» Ha moxapHo-eurmopestiom cmarie 1K625.

B pesyivmame aKCNepUMEHMAALHOIX  UCCACOOGAHULL BAUSHUSL PEXUMOE  pesanus Ha
uLepoxoeamocmv  00pabomanHol  NoepxXHOCMY  NpU  PACMAYUGAHUYU  CTYHEHUAM020
0meepCmusl YCMarHo6AeHo, UMo € Y6eAUUeHUeM HACHIOMbL 6PAU4eHUS UNUHOCAS U SHAYCHUS]
2AYOUHbL pe3arus Kauecmeo 00padomantoi nosepxHocmu yAyuuiaemcs. A yéeauderiue nodauu
OMPULAMEALHO 6AUSeN HA Uiepoxosamocmv o0pabomarnoi nosepxrocmu. Onpederervl
ONMUMAALHDIE PEKUMDBL pesaHust 0As o0pabomiu cmyneruamozo omeepcmus D295 mm u
D325 mm demaru Cmaruna HI18 nacoca nozpyxtiozo: S=0,26 mm/o6; n=1250 06/mut; t=1,0
MM.

B pesyrvmame nAGHUPOSAHUS IKCHEPUMEHMA U OUEHKU NOAYUEHHBIX JAHHBIX C NOMOU,LIO
npozpammor «KANETR-5» 0viAa noAyuena 3a6ucumocinb uepoxosamociy no6epxHocmu om
PEXUMOE Pesaniisl, Komopas no360AUn Ynpasasmo napamempamu xavecmsa 0o o0padomxu
U 0npedeAumt ONMuUMAALHbe PexXUMbl pe3anus, obecnedusaroujue Guicokue napamenpul
Kauecmea 0emantl.

Karouesble caoBa:  Kpynnozabapumivie — demaiu, — cmynenuamoe — omeepcmiue,
KOMOUHUPOGAHHVITL — PACHIOYHOL — UHCHPYMeHm, — 00HOGpeMeHHoe — pacmadusarie,
ULepOX06ATNOCHIb, N0JAUA.

DOI: doi.org/10.32523/2616-7263-2023-145-4-265-274

1. BBegeunmne

PacraumBanme oTBepCTMII — CUMTAeTCs He TOABKO OAHOM M3 HamOoee BOCTpeOOBaHHBIX
omepanuii B MeTaa1000pabOTKe, HO TaKXKe M OTHOCUTCS K KaTeTOpUM AOCTaTOYHO TPYJ0eMKIX
[1,2]. iccaeaoBanusl, IpoBegeHHbIE B yCAOBMAX OTeYeCTBeHHBIX MaIlITHOCTPOUTEAbHBIX 3aBO/0B,
B yacTHOcTM KaparanAMHCKOTO permoHa IOKasaau, 4TO CyIlecTByeT Ipo0Jema obecriedyeHus
TOYHOCTM M KadecTBa IIPM M3TOTOBAEHUM KpyIIHOrabapuUTHBIX JAeTaael [3,4,5]. B pesyabrarte
aHa/Am3a TEeXHOAOTMYECKUX IIPOLIeCCOB MeXaHNJecKoll 00paldOTKM BTux Jeradeil OBLAO
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BBISIB/AEHO, YTO CaMBbIM CAOKHBIM U TPYAOEMKUM sBAsIeTCsI 0OpabOTKa CTyIeHYaThIX OTBepCTUIL
[34,5,6,7]. Aas mccaesoBaHU: U pelleHNUs IIpoOAeMBl B KadecTBe OObeKTa Oblaa BbIOpaHa
KpynHorabaputHas getaab Ctannnaa HII8 Hacoca morpy>kHOTro 1 TeXHOAOTHs €€ M3TOTOBAEHAS,
KoTOopas mpoussoaurcs B ycaosysix TOO «Maker» (Maiikep) - K/AM3 (1. Kaparanaa). Pesyaprater
MCCAeAOBaHMS TEeXHOAOTUM M3TOTOBAEHUs M CYIIHOCTh IPp0OAeMBI 00OpabOTKIM CTYIIeHYaTOTIo
orBepcTusa getaau Cranmna HII8 nacoca morpysxHoro npusegena B padore [3].

2. OcHOBHAsI 9acCTh

Aast oOecriedeHNsI TOYHOCTU U Ka4eCTBa MeXaHN4IecKol 0OpabOTKY CTyIIeHYaTOIO OTBePCTIAS
aetaan Cranmna HII8 macoca morpy>kKHOro OBLAO CIPOEKTMPOBAH M M3TOTOBAEH OIIBITHBIN
oOpasers crienaabHOTO KOMOMHIPOBAaHHOTO PacTOYHOrO MHCTpyMeHTa. Ha pucynke 1 mokasan
cIrielaAbHbI KOMOMHMPOBaHHBIN PAaCTOYHO MHCTPYMEHT.

Pucynok 1 - CrieninaAbHbIN KOMOMHMPOBAHHBIN pacTOYHON MHCTPYMEHT

Aas mpoBejeHUs DKCIIEPMMEHTaAbHBIX MCCAeAOBaHMII II0 0O0pabOTKe CTyIeHYaThIX
OTBepCTUIi ObLA U3roTOBAEH oOpasel] — 3aroToBKa IIpUOANKeHHOe 10 pa3MepaM I MaTepuaay,
a TaK>Ke I10 PacIIoA0>KeHNIO OTBepCTIil K ocHOBHOM geTtaan CranmHa HIT8 Hacoca morpys>kHoro.
Obpaseirr-saroroska 0614 oTaAUT B ycaosusax TOO «TemuplIlpomCrua» (r. Temupray) na CH 15.

Ha pucynke 2 nokasana ¢pororpadus odpaser] — 3arTOTOBKIA.

Prcynok 2 — @ororpadust oOpaser] — 3aTOTOBKM (a — OTAMBKa; O — B4 CBEPXY)

DKcIepuMeHTaAbHbIe 1CCA€J0BaHUs 110 O00paboTKe CTyIeHYaThIX OTBepCTUil Oblan
IIpOBeAeHEHI B yCAOBUAX Aa00paTopHOIt 6a3sl «LleHTp pabounx mpodeccnii « MaImHOCTPOeHe» «
HAO «KaparananHcknii TexHnaeckuii yauusepcnutet uM. A. CarmHoBa» Ha TOKapHO-BMHTOPe3HOM
cranke 1K625. Ha pucynke 3 nokasana ¢ororpadusi TOKapHO-BMHTOpe3HOro cranka 1K625.
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Pucynok 3 — TokapHo-BuHTOpe3HbI cTaHOK 1K625

A5 M3MepeHNns IIepoXoBaTOCT 0O0pabOTaHHBIX OTBEPCTUII MCIIOAB30BAH DAEKTPOHHBIN
npubop — NopTaTUBHLI U3Meputeas (npoduaomerp) mepoxosaroctu TR 100. Ha pucynke 4
rokasaHa Qpororpadus 91eKTPOHHOTO Ipudopa.

PricyHOK 4 — DAeKTpPOHHBIN TPUOOP

[Taanuposanne MHOrogakTOpHOro sKkcnepumenTa. C 11e4pI0 IOAy4YeHMs 3aBMCUMOCTeN
IapaMeTpOB IOKa3aTeAel KauecTsa, TO ecTh mepoxosatoctu (R ) u teepaoctu (HB) BHyTpennero
IIOBEPXHOCTHOTO CA051 AeTaAl OT peXXMMOB Pe3aHIs COCTaBAeH IaaH 9KcrepumenTa [8,9,10].

Ha xauecTBeHHBIe ITOKa3aTeAu BHYTPEHHETO ITOBEPXHOCTHOTO CAOsl BAMsAET OO0AbIIoe
KOAMYeCTBO (PaKTOPOB TeXHOAOTHYeCKOTOo Iporiecca. CoraacHo mposeJeHHBIM DKCIIepyMeHTaM
U AuTepaTypHOMYy 0030py OBIAM HPUHATH TPU OCHOBHbIe (PaKTOPHL, XapaKTepU3yloIye
PeXMMBI pe3aHIis:

1) X, — raybuna pesanusi, mm(t);

2) X, — npogoabHasi rmojada, Mm/o0 (S);

4) X, —yacToTa BpaleHus mimHAeAas, oo/MuH (n).

Aas noaydenns 0oaee ajeKBaTHBIX 3aBMCHMOCTeN MHTepBaAbl BapbUpOBaHUsA (PaKTOPOB
BBIOMPaANICH I10 ITaCIIOPTHBIM AaHHBIM cTaHKa 1K62 (S 1 n) Takum oOpa3oM, YTOOBI HOAYJIaANCh
IIPUMEepPHO paBHEIe IIary IIepeMeHHBIX (Taban1a 1). A Takke KOAMYIeCTBO IIepeMEHHBIX 40AXKHEI
OBITH HEYETHLIM M HAaUMHATLCA C IIATH.
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Aas1 yMeHbIIIeHUs BpeMeHM U 3aTpaT Ha MCIIbITaHMs OblA BRIOpaH MeTOJ, palyOHaAbHOTO
I11aHMPOBAHNS DKCIIEPUMEHTOB, KOTOPLIN COKpaIaeT 10 CPaBHEHMIO C IIOAHBIM 9KCIIePUMEHTOM
911CA0 HEOOXOAMMBIX OIIBITOB B NM-2 pa3. /s Hallero caydas, npu n =>5, m = 3 — 41CA0 OIBITOB
P UCIOAB30BaHIUM PallMIOHAABHOIO ILAaHMPOBaHUS COKpalllaeTcs B IISATh Pa3 M CTaHOBUTCS
paBHBIM 25.

Tabauna 1 — Ananaszon nsmenenn: GpakTropos

Yposun 1 2 3 4 5
DakTOphBI
X, (t, Mmm) 0,2 0,4 0,6 0,8 1,0
X (S, Mm/00) 0,17 0,26 0,34 0,43 0,52
C (n, 06/Mmun) 500 800 1000 1250 1600

ITaan TpexdaKTOPHOIO BDKCIIEpUMEHTa C BBHIXOAHBIMU IIapaMeTpaMM Ha IISTU YPOBHSX
HIpuBejeH B TabauIie 2.

Tabanna 2 — I1aan TpexdpakTOpHOTO DKCIIEpUMEHTA

PaxTOopbl
Homepa X1 X2 X3 Y1 Y2
OIIBITOB
1 0,2 0,17 1000 2,5 197
2 0,2 0,26 1600 1,66 166
3 0,2 0,34 1250 2,87 202
4 0,2 0,43 500 7,5 222
5 0,2 0,52 800 6,66 221
6 04 0,17 1250 1,875 191
7 0,4 0,26 500 4 208
8 0,4 0,34 1600 1,563 193
9 0,4 0,43 800 4,511 216
10 0,4 0,52 1000 4,167 213
11 0,6 0,17 1600 1,146 114
12 0,6 0,26 800 3,214 202
13 0,6 0,34 500 4,75 211
14 0,6 0,43 1000 35 207
15 0,6 0,52 1250 2,857 204
16 0,8 0,17 800 2,25 196
17 0,8 0,26 1250 1,563 190
18 0,8 0,34 1000 2,361 200
19 0,8 0,43 1600 1,607 195
20 08 0,52 500 75 219
21 1,0 0,17 500 2,5 197
22 1,0 0,26 1000 1,666 196
23 1,0 0,34 800 2,813 204
24 1,0 0,43 1250 1,812 199
25 1,0 0,52 1600 1,5 197
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3aecs YI(Ra) — mepoxosaTocTh oOpaboranHoit mnosepxHocty; Y2(HB) — TBepgoctn
00paboTaHHO TOBEPXHOCTM.

Onenka pe3yabTaTOB MHOTO(AKTOPHOTO HKCIIEpUMeHTa OCyIeCcTBAsAAach IO IporpaMme
«ANETR-5» paspaborannsii mpogeccopamu KapI'TY Epmexossim M.A. 1 Maxossim A.A. [10].

Bapupy: Bo BxogHOM (aiiae mapaMeTp «p», KOTOPBIl MOXKeT IIPMHIMATD IjeAble 3HaueHIs
or 1 a0 4, MOXeM IOAYYMUTh pa3ANdIHBIE TUIIEI OOOOIEHHOI (POPMYABI C Pa3ANIHBIMU
IapaMeTpaMM OLleHUBAIOIINI1 aAeKBaTHOCTh MaTeMaTU4eCKO MOACAM.

B pesyaprare 0O0pabOTKM IOAYIMAM CAAYIOIIYIO 3aBUCHMOCTh III€POXOBATOCTU
roepxHoctu Ra, MxM (V) OT pexXxuMOB pe3aHus:

Y.=2,6:1g(X1) +1,35€2,34X2 +9,42e-1,16-10-3-X3 - 3,868;

- CKO =29%, R=0,95.

[ToayuenHast MaTeMaTm4yeckas MOJeAb, CBA3BIBAIONIAs IIEPOXOBATOCTU OOpabOTaHHOM
nosepxHoctu (Ra, MKM) ¢ pexxuMamu pesaHins, II03B0AseT yIpaBAATh HapaMeTpaMi KadecTsa
A0 0OpabOTKM M OIpeseANnTh ONTUMAaAbHBIE PeXMMBI pe3aHus, oOecriednsaloIiye BHICOKIE
IapaMeTphl KadecTBa JeTaal.

DKcrepuMMeHTaabHOe  MccaegoBanme. [lpu  mposegeHun — ®KCIepuUMeHTaAbHBIX
1CCAeA0BaHMII TI0 O4HOBPEeMEeHHO 00paboTKe CTyleHdJaThX oTBepctuii J295 mm u 325 mm

OBLAU UCITOAB30BaHbI pe>XuMbl pe3aHnsl, IIprBeJeHHbIe B Ta6AI/II_[e 3.

Tabauia 3 — Pexxumbr pesanns

Pexxumebl pezanust 3HaueHUE PEKUMOB PE3aHUS
S, MM/00 0.17 0.26 0.34 0.43 0.52
n, 00/MUH 500 800 1000 1250 1600
{, MM 0,2 0,4 0,6 0,8 1,0

Ha pucynke 5 mokasaH Iporiecc 9KCIepuMeHTaAbHOTO MCCAeAOBaHMs 10 pacTauMBaHUIO
CTYIIeHYaTOIo OTBePCTU: Ha pa3ANYHBIX pe>XKMMaX pe3aHusl.

a4 — IIpolecc HaAaAK; 0,6,2,¢ — IIpOLiecC O4HOBPEMEHHOTO pacTauyMBaHIs CTYIIEHIaTOTO OTBEPCTIS Ha
Pa3AMYHBIX peXXMMax

PI/ICYHOK 5- Hpouecc DKCIIEPMMEHTAaAbHOIO 11CCAeAO0BaHIA 110 paCTa4MBaHNIO CTYII€H9aTOTIO
OTBEPCTII Ha pa3ANYIHBIX Pe KMIMaX pe3aHm:sl
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B pesyabprare oOpabOOTKM ITOAyYeHHBIX AAHHBIX OBIAM IIOCTPOEHBI TpapUKMU BAMSHUS
PeXMMOB pe3aHIs Ha IIIepOXOBaTOCTh 00paboTaHHOI 1ToBepxHOCTH (PUCYHOK 6).

Ry, M Ra, mis
] |
1= §,al] {7om/00 1- 8,0 17um/0d
2-5,-02m/08 0 2 - $ ;20 264/08
i- 53=ﬂ_3&m/uﬁ 25 i- 5_;:&3";-*"!."‘05
12 G- 5.043m/08 435 4 - 5;=043m/00
' - Ss-05am/08 . 5 - 55=05m1/0
n ML
gog S0 &00 1000 150 %00
oo 00 800 000 1250 %00
al 6)
Ro. mim Ry, Him
] |
T - 5=0170e/ 00 1- =0 1T/
2-5,-02m/08 Y 2 - § o0 260/ 08
3- S0 3mm/08 25 3 - 5ol 2orms/08
b= S, 043 08 455 b - 5,04 3m/08
5 - $5=052m/08 5 - S5eGi2my/of
. 063
ol 1 o/ o/
pg 500 800 W00 1250 600
go 500 800 00 1250 1600
8) c)
R, msr
L
]
1 - 5,=0 17wt/ 0l
A0 2~ o0 264/ 08
25 3- S_i = 2 08
b = 5,06 I8
175 =L 3
5 = 5;=052um/ 00
063
1, ol

ao SO0 800 W00 1AS0 fe0o
)
a—-t=02mMmM; 60 —-t=04MmM; 6—t=05MM; c—t=0,8 Mm; 0-t=1,0 MM

Pricynoxk 6 - I'padmkm BAMSAHUA pe>XXMMOB pe3aHus Ha IIepOX0BaTOCTh 00pabOTaHHOI
ITOBEPXHOCTH
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3. O0OcyxaeHme pe3yabTaTOB

AHaans IOAy4eHHBIX pe3yAbTaTOB IIOKa3ad, YTO IIpM BBHIOOpe OINTUMAaAbHBIX PeXIMOB
pesaHMsI MOKHO oOOecriedmTb BBICOKIME IIOKadaTeAl KadecTBa OOpPabOTKM CTYIIeH4aToOro
orBepcTus. [Ipu 06paboTke Ha pasANMYHBIX peKMMax pe3aHis Oblaa AOCTUTHYTa IIIePOXOBAaTOCTh
00pabOTaHHOV MOBEPXHOCTH B MUpPOKuX npegeaax R = 10-0,95 mxm (cm. puc. 6). Coraacno
pabouemy ueprexy detaan Cranmua HII8 nHacoca morpy>kKHOro 1epoxoBaToCTh CTYII€HYaTOIO
otsepcTus K295 mm u D325 mm, cocraasteT R =1,25 mxm [3]. Vicxoas 3 9TOr0 661411 OIIPE A€ A€HbI
ONTUMaAbHBIe peXXMUMBI pedanusi: 5=0,26 Mm/00; n= 1250 06/mun; t=1,0 mMm.

AHaan3 pe3yAbTaTOB BAVSIHNS PEXMMOB pe3aHNns II0KasaAu, 49TO C yBeANdeHNeM
9JacTOTHl BpallleH!s IINMHAeASl IIIepOXOBaTOCTh OOpabOTaHHOI ITOBEPXHOCTM YyAydIllaeTcs
(cM. puc. 6), 0OgHaKO IpU DTOM YCUAMBAETCA PUCK IMOABAeHMe BuOpanum. A yseandeHnue
rojauy OTpUIlaTeAbHO BAMsAET Ha IIIepPOXOBAaTOCTh 0OpabOTaHHOI ITOBEPXHOCTU (CM. puc. 6).
ITpeacraBasieT Hay4YHBIN MHTEpeC XapaKTep BAVHI 3Ha4eHNs IAyOVHBI pe3aHns {, yBeAndeHne
KOTOPOJI TakKXKe IOA0KNUTEeAbHO CKa3blBaeTCs Ha IIepOXOBAaTOCTh 0OOpabOTaHHOI TOBEPXHOCTHU
(cM. puc. 6). YTOUHEHMe 4aHHOTO BOIIpOca I 1cCAeA0BaHNe BO3MOXKHOCTH IIOSIBAEHS BUOpanum
TpebyeT He0OXOAUMOCTD TPOBeAeHIsI A0TIOAHUTEABHBIX MICCAeAOBaHNIA.

4. BeiBOABI

1. Aas oanospemeHHoOil 00paOOTKM CTyIeHYaTOro OTBepcTusa Oblaa pasdpaboTaHa
KOHCTPYKIIMS CIIeNMaAbHOTO KOMOMHMPOBAHHOTO PacTOYHOTO MHCTPyMeHTa M M3TOTOBAEH
ONBITHBINI OOpasel] B ycaoBusaXx aabopatopnoit 0aspl  «llentp pabounmx mpodeccuii
«Mammnocrpoenue» «HAQO «Kaparananmackmit Texuaumdecknii yaupepcuteT um. A. CarnHosa».

2. B pesyabpTraTte ®SKCIepMMEHTaAbHBIX MCCAAOBAHUII BAMAHNUS PeXUMOB pe3aHus Ha
IIIepPOXOBATOCTh OOPabOTaHHON ITOBEPXHOCTU IIPY pacTauyMBaHUM CTYIIEHYATOTO OTBEPCTHS
ObL10 yCTaHOBAEHO, 4TO:

- yBeAUYeHe YaCTOTH BpallleH s IINHAeAs Vi 3Ha4eHNs TAYOMHBI pe3aHis II0A0XKUTeAbHO
BAMSIOT Ha IIIePOXOBAaTOCTh 00pabOTaHHO IIOBEPXHOCTI;

- yBeAnueHHe TII0Jauyy OTPMUIJaTeAbHO BANMSAET Ha IIepOXOBAaTOCTh 0OpabOTaHHOI
IIOBEPXHOCTI.

3. B pesyabTaTe naaHMpoBaHMs SKCIIEPUMEHTa U OLIeHKM I10AyYeHHBIX AaHHBIX C ITOMOIITHIO
nporpammbl  «<ANETR-5» Oblaa moaydeHa 3aBUCHMOCTb II€POXOBATOCTU ITOBEPXHOCTU OT
pexxumoB pe3anust: Y = 2,6:1g(X1) + 1,35e2,34X2 +9,42e-1,16-10-3-X3 — 3,868.

4. OnpegeaeHpl ONTUMaAbHbIE PEXXUMBI pe3aHNs 445 00pabOTKM CTyIIeH4aTOro OTBePCTIS
295 mm 1 D325 mm getaan Crannaa HI18 Hacoca morpyskuoro: S=0,26 Mm/00; n= 1250 06/MuH;
t=1,0 mM.
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Catblabl TeCiKTi KeHelTeXKOHY Ke3iHJe Kecy peXnMaepiHiy 0eTTiH Keaip OyAbIpABIFbIHA
dcepiH 9KCIIepUMEHTTIK 3epTTey

K.T. Ilepos", H.JK. Kapcakosa?, b.C. Jounen6aes?, C.O. Tycynosa*, K. Vimamesa®,
A.B. Ecupkeniosa®
IC. Ceitpyarun amuindaeor Kasax azpomexnuxarvix sepmmey ynusepcumemi, Acmana, Kasaxcman
2356KA. Cazvinos amvindazor Kapazandv mexnuxarvix ynusepcumemi, Kapazanow, Kasaxcman
“Topaitzoipos yrusepcumemi, Ilaérodap, Kasaxcman

Anpatna. bya maxaaaga HII8 cyacTel COpFBICHIHBIH CTaHMHA TeTiriHiH YAKeH ©AIIeMAi CaTblAbI
TeCiKTepiH ©HJey callachblH KaMTaMachl3 eTy YIIiH >KacaAraH 3epTTey HaTuKeadepi KeaTipiareH. ApHalibl
KypaMaabl KeHeMTeXXOHY KYpPaAbIHBIH KOHCTPYKIIUACH d3ipAeHAl KoHe TaKipmOeaik yaArici >Kacaaapl.
Congait — aK, 9KCIIepMMeHTTiK 3epTTeyaep Kyprisy ymin CU15-ren yari gaiibiHgama Kacaaabl.

DKcnepuMeHTTiK3epTTeyaep «90iakacCarbiHOBaTbIHAaFb Kaparan bl TeXHIKaABIK YHUBEPCUTETiHiH»
KeAK «Mammna >Kacay» >KYMBICIIBI K9CIIITep OpTaABIFbl» 3epTXaHaablk Oasachl >karaaibiHga 1K625
TOKapABIK-OypaHAaAbl KeCKIIll CTAaHOTBIHAA XY Priziaai.

Kecy pexumgepiniy engearen OeTTiH Keaip-OyABIpABIFRIHA 9CepiH DKCIIEPUMEHTTIK 3epTTey
HOTMKeCiH/e CaThLABI TeCikTep i KeHeilTe>XKOHy Ke3iHJe IINHAeAbAiH aliHaAy K1iAiri MeH eHaeareH OeTTiH
Kecy TepeHAITiHiH MoHi >KOorapblaaraH CaliblH ©HJeAreH OeTTiH carachl KaKcapaTBIHBI aHBIKTaAAbl. Aa
Oepiaic MaHiHIH apTybl ©HAeATeH OeTTiH KeAip-OyAbIpAbIrbiHa Tepic acep eteai. HIT8 cyacTsr cOpFBICHIHBIH
CTaHMHA TeTiriHig eammemaepi 295 MM xoHe J325 MM caTbhlAbl TeCiKTepiH ©HJeY YIIiH OHTaALI Kecy
pexumAaepi aubiKTaaAs: 5=0,26 mm/ariy; n= 1250 ars/mus; t=1,0 MM.

DKCIepUMEeHTTi XocIlapaay kKoHe aabIHFaH depekTepai «ANETR-5» 6argapaamacs apKbLabl Oaraaay
HOTVKeCiHAe OeTTiH Keaip-Oy ABIpABIFLIHBIH KeCy pesKIMAepiHe ToyeaAiAirin cuaTrrayusl TeHAeY aAbIHABL,
Oya engeyre Jeiiinri cara napamerpaepiH Oackapyra >KoHe TeTiKTiH >KOraphl calla HapameTpaAepiH
KaMTaMachlI3 eTeTiH OHTallAbl Kecy peXXMMAepiH aHbIKTayFa MYMKiHAIK Oepeai.

KiaT cesaep. IpiraGapurri TeTikrep, caTbhlAbI TeCiK, KypaMaAbl KeHelTe>KOHY Kypaabl, Oip yaksITTa
KeHEIITEeXKOHY, Keaip-OyabIpAbIK, Oepiaic.
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aKCﬂepuMeHmﬂ]\bHO(f uccAedosame AUSHUS pexXuUMo6 pesaHusl Ha ulepoxosamoctinb no6epxHocmu npu pacma1ueaHui. ..

Experimental study of the cutting conditions effect on surface roughness when boring a
stepped hole

K.T. Sherov'*, N.Zh. Karsakova? B.S. Donenbaev?, S.0. Tussupova’, K. Imasheva®,
A.B. Yesirkepova®
'Kazakh Agrotechnical Research University named after. S. Seifullina, Astana, Kazakhstan
2356 Karaganda Technical University named after. A. Saginova, Karaganda, Kazakhstan
*Toraigyrov University, Pavlodar, Kazakhstan

Abstract. The article presents the results of a study carried out to ensure the quality of boring stepped
holes of a large part of the NP8 submersible pump bed. A design was developed and a prototype of a
special combined boring tool was manufactured. A sample was also made, a blank of SCh15 for carrying
out experimental studies.

Experimental studies were carried out in the laboratory base «Center of Working Professions
Mechanical Engineering» of A. Saginov Karaganda Technical University NJSC on a screw-cutting lathe
1K625.

As a result of experimental studies of the cutting conditions effect on the roughness of the machined
surface when boring stepped holes, it was established that with increasing the spindle speed and the value
of the cutting depth, the quality of the machined surface improves. Increasing the feed negatively affects
the machined surface roughness. The optimal cutting conditions for machining stepped holes 295 mm
and @325 mm of the NP8 submersible pump bed were determined as follows: S=0.26 mm/rev; n= 1250 rpm;
t=1.0 mm.

As aresult of planning the experiment and evaluating the obtained data using the ANETR-5 program,
the dependence of surface roughness on cutting modes was obtained, which will make it possible to control
the quality parameters before machining and to determine optimal cutting modes that ensure high quality
parameters of the part.

Keywords: Large parts, stepped hole, combined boring tool, simultaneous boring, roughness, feed.
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VmxeHepHO-Teoa0rnmdecke yCcA0BUsI TEpPUTOPNUIL OObeKTOB
CTpOUTEAbCTBa IpaBOOepeXbsi TOpoja ACTaHbI

Annoranusa. [Ipupodnas onacnocmv 603HUKANOWASL 6  pesyAbmame HOOMONACHUS
sacmpaesamoii npasobepextoi wacmu 20poda Acmarior nagodrxosoimu sodamu pexu Ecuro
SAGASeMCA HA Ce00HAUHUTE JeHb AKMYAALHOT NPOOAEMOLL CMOAUUHOZ0 CMIPOUNEALHOZ0
Komnaexca. Tlodmonaerue —sA6rsemcs. 0OnAcHoil  npoOAemoil 3@  cuem — usMeHeHus
2e0A02UHECKOLL Cpedbl 100 6030etlcmEueM GAUAHUS HAZPY3OK Om 30AHULL U COOPYXKEeHUIL.
Xapaxmep usmenenus ceolicme 20A02uHeckoli cpedvl 6 npoyecce 00600HeHUS 3AUCUTH O
YCMOUYUBOCTIU 20A02UUecKoll cpedvl 60 epemetu. T'eorozueckas cpeda 3a cuem npupooHo-
MeXHOZEHHBIX 6030elicineuil nepexooumn 6 cmaduto HeycrmoudusocHiy 2e0A02UHeckoll cpedul.
Mccaedosariue unxenepHo-ze0A02UNeCKUX YCAOGUL YUACMKOS 00beKMO6 CIpOUeAbCmoa
MO360AUTN PEZAAMEHMUPOAINL PYHKIUUOHAADHOE UCTIOAL306ANUE Meppumoputi. Asmopamu
paspabomarnol zeomexHudeckue memodvl NPuMeHeHus HAJeKHOLX PACUenios HANpIKeHH0z0
cocmoAHua 0cadox PYyHOAMeHMOos npu npoeKmuposanuu 30aHutl U COOpYyKeHUil, umo
10360AUA0  0Decnedumb 0e30nacHOmMb U IKCNAYAMAUUOHHYIO npuz0dHocmb  00beKmos
cmpoumervcmea. Ipedroxen adpdermuenuiti pacuem ocadku PyHdamenmos 0As 00HOpOOH020
2pyHma, 6 Komopom pagHosecue 00ecnedu6aencs 3a cHem CUA CLenACHUs U MmpeHus Ha zparuie
6EPMUKANDHOLX  YNAOMHAOUWUX HAnpsxerutl. TloAyuentole pesyAbmanmvl UCCACOO8AHUS
NPUMEHUMDL NPU pelleHUl 2e0MeXHUNecKUX 3a0au Ha cmaouy CHpOUmMeAbcmea 30aHuil u
COOPYXKEHULL.

Karouesble caoBa: nodmonierue zpyHmos, UHKeHepHo-2e0A02UMECKUe YCAOGUS, GAUSHIUE
HAZPY3KU, PUSUKO-MeXAHUHECKUe CE0LCIEA.

DOI: doi.org/10.32523/2616-7263-2023-145-4-275-291

1. BBegeumue

Ha ceroansmnmit geHb OAHOM U3 aKTyaAbHBIX ITpoOaem croamunbl Kasaxcrana sipasercs
IIOATOILAeHMe TepPUTOpUY ropoa: 75% 3acTpOeHHO TepPUTOPUU HAXOAUTCS B IIOATOILA€HHOM
cocrostanm, 10% 13 KoToprix 3a601049eHbI. B ¢BsA31 € BHeApeHIeM B re010TMIecKyIO Cpeay CBaltHBIX
dpyHAaMEHTOB 1 TAyOOKOTO 3aA0KeHUs TPyOOIIPOBOAOB CYIIeCTBYeT PUCK IOAHATUS YPOBH:
TPYHTOBBIX BO/J, Ha BCeM TePPUTOPUU CTPOUTEABHBIX IAOIIAAO0K CTOAMIIBL. BO3HMKHOBeHIE
AedeKTOB CTPOUTEABHBIX KOHCTPYKIIMII I X OCHOBaHNIT HanOo.Aee TeCHO CBsA3aHO C BAMSIHUEM
M3MeHeH: PU3NKO-MeXaHNMIeCKIX CBOICTB TPYHTOB 1 (PMABTPAIINIL TPYHTOBBIX BO.

Hacrosmee mccaegoBanme IOCBAIIEHO M3YYEHUIO TIeOAOTUMYECKON Cpeabl TeppUTOPUIL
Yy4YacTKOB IIpaBOOepexXbs AAs OllpejeAeHNs HaAudus IPUPOAHBIX M TeXHOT€HHBIX PUCKOB 445
ropoda AcraHel. VI3ydyeHne MH>XeHepHO-T€OAOTMYECKUX YCAOBUIA ITO3BOASIOT IIPOTHO3MPOBAThH
U3MEHEeHIs Te0A0TMIeCKOI Cpebl Ha OAVDKaIITYIO ITepCIIeKTUBY.
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Borpocel BamsaHMs cogep>kKaHms BOAbI B 4acCTUIIaX IPyHTa Ha AE3MHTErpaliiio TPYHTOB
II0 MMHEpPaAbHOMY COCTaBy, pasMepaM dYacTHUIl, CTPYKTYpBl (PU3MUECKUM XapaKTepUCTUKaM
1CCA€A0BaHO BO MHOTMX TpyJdaxX OTeUeCTBeHHBIX M 3apyOeKHbIX uccaesosaTeaeit [1-6].
IToBeaenme ocaakm (PyHAaMEHTOB B YCAOBMAX MATKMX TPYHTOB M3y4eHO B ITyOAMKAIIMAX
OTe4eCcTBeHHBIX YueHbIX [7]. Bansanue narpy3ok pyHaaMeHTOB 34aHUI 1 COOPY KeHIs TOPOACKOI
3aCTPOIKM CO BpeMeHeM MPUBOAUT K M3MEHeHUIO (PU3MKO-MeXaHNIeCKMX CBOVICTB I'PYHTOB.
[Tpornos namenenus GpuU3NKO-MeXaHNIECKMX CBOVICTB, IIPY Pa3HBIX YCAOBUIX CTPOUTEABCTBA U
DKCILAyaTally SIBASETCS OCHOBOM BHIOOpa KOHCTPYKTUMBHOIO peIlleHNsl U pa3pabOTKu MeToJa
IIpeAOTBpallleHns 0cajoK U gepopMaliy CTPOUTEABHBIX KOHCTPYKITHIA.

2. MeToabl

[mapoaormyeckue ycaosus ropoga AcTaHbl OIpeaeasioTcss Bogdamu pek Vmmm, osep
Maapi Taaapikoas, Taaapikoas n kanaaa Hypa-Vmumm. Crox pexn Mimum ¢gopmupyercs
TaABIMU BOAaMM 1 aTMOCpepHbIMU Ocaikamu. I1aomiaas o3ep B Xoae CTpOUTeABCTBA 3aChIITaeTCs
TPYHTOM A4Sl BePTUKAALHOM IAAHUPOBKU TEePPUTOPUI, COrAacHO TeHepPaAbHOMY IIAaHy
croauusl. BMHOroBogHbIE TOABI B 03epa Taa4bIKOABCKON TPYIIIILI IIOCTYIIAIOT BOAI 13 peK Ecna. B
re00IMYecKOM CTPOeHMI Y9acTBYIOT IIOPOAbI Me30-KallHO30JCKOI KOPBI BhiBeTpuBaHus (eMZ-
KZ), Bxarogaronieit aaeBpoAUTH I OKPeMHEHHbIe U3BeCTHAKN. [Topoabl cuabHOBEIBETpEABIE, 40
COCTOSAHMS CyTAMHKA, 00pa3yIoT AMCIIEPCHYIO 30HY KOPBI BRIBeTpUBaHI:A Ha rayOonHe ot 1 40 7 m.

Toama  ®A10BMaAbBHBIX — IIOPOJ — IEPeKphITa  aAAKBUAABHO-IIPOAIOBUAABHBIMU U
aAAI0BUAABHBIMU OTAOXKEHUSIMU CPpeAHe — IMO3AHedeTBepTudIHOro Bosdpacra (apQ,-III, aQ, ),
COCTOAIIVIMU U3 TAMH IIOAYTBEPABIX, 3aMA€HHBIX, CYTAMHKOB OT TBEPAOI 40 MATKOILAaCTUYHO
KOHCHCTeHUIN, IIeCKOB Pa3HO3epHUCTHIX. JaHHas ToAIlla 3aleTaeT Ha IAyOuHre OT 3 40 SM.

B roame cyrannkos Harayoune ot4 40 7 M BCTpeJarOTCsl IPOCAON I AMH3BI BOAOHACBII@HHBIX
IIeCKOB.

CoBpeMeHHBIe YeTBepTUUYHbIE 0Opa30OBaHMs IpeACTaBAEHbl HAaCHIITHBIMM (TEXHOTEHHBLIMI)
TPyHTaMU U IIOYBEHHO-PACTUTEABHBIM CA0EM.

I'pyHTOBBIE BOABI BCTPEYAIOTCS IIEPUOANYECKN. B 4eTBepTUYHBIX TAMHMCTBIX OTAOKEHMSX
BOAOHOCHBIN TOPU30HT IIPUYPOYEH K AMH3aM U IIPOCAOSIM MeCKa, a B Me3030MCKIUX OTAOKEHISIX
— K TpelHaM U AMH3aM APeCBbl. DK30TeHHbIe Ie0A0TMYeCcKIe IIPOLeCChl (OTI0A3HM, CeAM, KapCT,
pasaomel) He 3apUKCHMpPOBaHBL. HachIlTHBIe TPYHTBI CAOKEHBI YeTBePTUYHBIMIU CYTAMHKaMI,
ABASAIOTCS TIPOAYKTOM TEXHOT€HHOTO BO3AEMICTBIL.

PaccMOTpUM MH>KEHEPHO-Te0AOTUYIeCKIe YCAOBNUS OTACABHBIX CTPOUTEALHBIX TEPPUTOPUIL
Ha IpasoOepexxbe I. ActaHbl. VccaeayeMblil yaacTOK HaXO4UTCs Ha ITpaBoM Oepery p. Ak-Oyaak,
MeXAy pycaom peku u yanuei [lymknna (puc. 1).
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Mrxeneprio-zeorozuteckue YCAOGUS meppumopuii 00vbexnos CrmpoumeAbcmea npasodepex s 20poda Acmatv

Pucynox 1. O6mmmit Buj dpacaga saanns Cunarorn B r.AcraHe

3aanne Cunarorn PpyHKIIMOHAABHO pa3jeAseTcs Ha HeCKOAbKO 30H, PacIIOAOXKEHHBIX KaK
TOPM30HTAaAbHO, TaK U BePTUKAAbHO. 34aHMe COCTOUT U3 TPeX OCHOBHBIX JacTell: MOAeAbHOTO
3ada M aiMMHMUCTPATUBHO-OBITOBBIX HOMelleHni. LleHTpoM KoMIIO3MIum 3AaHMS ABASETCS
MO/AEABHBIN 344, IIePEKPBITHIN KYIIOAOM.
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a) Cxema PacIIOAO0>KEHIST T€O0A0TUIECKIMX
CKBa>kInH

6) VIHxeHepHO-Te0A10TMYeCKNI pa3pe3 00ObeKTa

Pucynoxk 2. Pazpe3 reoA0rmyeckmx CKBa>KMH C yKa3aHUeM UX MeCTOI0A0KeHNs
Ha y4yacTke 3aaHns Cunarora

ITo nepumerpy 3aanms CuHarorm pacrioA0KeHbl 7 TOPHBIX BBIPAOOTOK (CKBa>KMHBI I
mypdsnr). Ha cxemax ykasaHbl ux pasMellleHUss M HOMepa, aOCOAIOTHbIe OTMETKM YCTheB
U AVHUN TeOoA0IrnMyeckoro paspesa (pucyHok 2). Koamdecrso m pacriosokeHne CKBa>KUH
oIpeaeAsA0Ch IAOIIaAbl0 ydacTKa C Y4YeTOM IOA3eMHBIX MHKeHEepPHBIX KOMMYHMKaIIii
coraacHo TomnorpapuyeckomMy Il4aHy ydacTKa. B reosormyeckoM crpoeHmm 3gech yJacTBYIOT
aAAI0BUaAbHble YeTBePTUYHbBIE OTAOXKEeHNs (CyTAMHKM U CyIlecH, IIeckKu cpejHeli KpyIIHOCTH), a
TakKe 9AI0BMaAbHble 00pa3oBaHus (TAMHBI U IIeDeHMCThIe TPYHTHI) CpeAHeIOPCKOTO BO3pacTa.
Caepxy AaHHbBIE OTAOXKeHUs ITePeKPBIThl HACBIITHBIMY IPYHTaMIA.
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CaesxaBimecss HachIITHbIe TPYHTBI MOITHOCTRIO 1,9-2,2 M mpeAcTaBAeHBl CyTAMHKaMM C
Apecsoii, mebdHeM 1 neckoM. CyranHKN Oypo-KOpUYHeBble, TYTOIlAaCTUYHbIe, I3BeCTKOBICTLIe
C AMH3aMM U IIPOCAOSIMU TIecKa cpe/Hell KPyIIHOCTH; CyTAMHKA MOITHOCTBIO 1,1-2,5 M BCKPBITHI
osceMecTHO Ha rayomnax 1,9-2,2 m. Ileckn kopnuHeBble cpegHe3epHICTbIe BOJOHACHIIIIEHHbIe
MonTHOCTEIO 0,9-2,1 M BCKpBITH Ha rayonnax 3,9-5,0 M ¢ MaaoMomHbEIMHI (40 5-7 ¢M) IIPOCAOAMMA
cymeceil. ['AMHBI >KeATble, cBeTAO-cepble, IOAyTBepAble C BKAIOUYEHVEM JpPecBbl 1 IIeOHsA A0
10-15 %, omapraHIiOBaHHbIe U O>KeAe3HeHHbIe BCKPBITHI ITOBCEMECTHO Ha rayomue 5,9-6,0 m;
MoOIIHOCTD ux cocrasaseT 9,0-9,1 m. IlleGenncToie IpyHTB MOIIHOCTBIO 2,9-4,2 M C CYTAVHUCTBIM
sanoaHuTeaeM (a0 4,0-7,4%) >keAToBaTO-, 3e1€HOBATO-Cephle CpeAHeBbIBeTpeable ¢ 00A0MKaMIU
aprUAANTOB BCKPHITH Ha rayonnax 10,8-12,1 m.

Ilo rmaporeoa0rn4ecKuM yCAOBUAM Tepputopus pekn Ak-Byaak oTHOCUTCS K paiioHy C
HapyLIeHHBIM Pe>XXIMOM I'PYHTOBBIX BOA 1 MHTEHCUBHOI TeXHOT€HHOI Harpy3KOIl.

I'pyHTOBBIE BOABI BCKPBITH Ha rayomue 3,10 M (aOcoAIOTHBIE OTMETKM yCTaHOBMBIIIETOCS
ypoBH: cocTaBuau 346,88 - 346,96 m). Peka Ak-Oyaax (mmpasbiii mpuTtok peku Ecma) mporekaer
BOAM3M 3aaHusA CHHArorm M sBAsETCA eCTeCTBEeHHON ApPeHOl, Ha KOTOPYIO pas3TpyKaloTcs
IPYHTOBBIE BOABI IIPMOOPTOBOI 9acTU AOAMHBI, 3aCTPOEHHON KuAbMu 3danmamnu. Caado- u
cpeAHe/ peHMPpOBaHHbIe YKAOHBI IPYHTOBBIX IIPUTOKOB Ha BCeM HPOTSKeHUM PeKV HallpaBAeHb
B CTOPOHY ee pycaAa M cocTaBAfIOT 110 aesomy Oepery 0,0013-0,0015. EcrecTBeHHBIN CTOK peKm
popmupyeTcs TakKe 3a cyeT HPUTOKA B PycAO ApeHa’kKHBIX BOA 13 oTcroiHmka TOII-2. TInx
BeCeHHero IIogbeMa, KaK IIpaBIA0, OTMeJaeTCsl Ha HEeCKOABKO AHell paHbIlle IIPOXOXKAeHII
MakcuMmyMa Ha p. Ecuas. Pacxog Boasr ipu 1% obecniedeHHOCTH 49 ThIC.M?/CeK, TP OOBIYHOM
pexxume 100 a/cex. CkopocTs Boas! 1,6 M/cexk.
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Pucynoxk 3. Cxema 3azeranus ¢pyHiaMeHTHBIX OA0KOB B TOAIIIAX HAIIAaCTOBAHUS I'PYHTOB
3aanmst CyHaroru

Ca0om nH>XeHepHO-Te010TMIeCKIIX H1€MEeHTOB I I1yOrHa 3aeraHus CBaliHbIX (PyHAaMeHTOB
1,8 M Ha BepxHem caoe VI'D-1 (HacplIHON I'PYyHT CyramuHKa). B 4aHHOM cayyae 4451 Hage>KHOI
YCTOMYMBOCTU 34aHUs HeoOXoAuMas rAyOMHa 3aderaHms JOAXKHaA OBITh HVKe TIAyOMHBI
IIpOMep3aHNsl TPYHTOB He MeHee 2 M. BosMoxHOe BAMsHMe ITydeHUs HaCBIIIHOTO TIPyHTa
yMeHbIIIeHa ITPY IIOMOIIIY KOHCTPYKTUBHBIX pellleHn 1 (TpaneleBuAHOM 01laayOKM, 3alMTHBIX
DKPaHOB A/ AEHTBI, 3aCBIIKM Ia3yX HENYYMHUCTBIM TI'PYHTOM, IPOKAaAKM BOAOOTBOJHBIX
KaHa/o0B).

PaccmoTtpeHsr UH>XEeHEePHO-Te0A0TMIecKIe yCAOBUSA TepPUTOPUIL y4JacTka
MHOTOKBapTUPHOTO X1naoro komiaexkca Kok-Tobe B ropoge Acrare. Uccaeayempinn yaacTox
KILA0TO KOMILAeKCa pacIioA0KeH Ha IIpaBoM Oepery peku VimmMm, B paitoHe IlepecedeHns yAnIy
II.Kaaaaskosa n K.93ipbaesa (puc. 4).
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Pucynox 4. O61mmit BuA CTPOUTEABHBIX KOHCTPYKLINIA (ITMAOHBL, AradparMbl SKCTKOCTI)
Ha yJacTKe MHOTOKBapTUPHOTO X1a0ro komiiaekca Kok-ToGe, r.Acrana

Peared cTpouTeAbHON IIAOITAAKM OTHOCUTEABHO POBHBIN, CIILAaHMPOBAH HACBIITHBIM
IPYHTOM, abcoaioTHBIe OTMeTKM OT 356.30 40 356.80 (IIpuBeAeHbI 10 MHKeHePHO-Te0 10T MYeCKIUM
BpIpaboTKaM). Panee moutm Ha Bcell IIAOILIadKe AeNICTBOBAaA Kapbep — B HacTOsiIlee BpeMsi
3acplllaH, peKu U ozepa OTCyTCTBYIOT. OOBLeKT paclioA0XKeH B CeKTOpe HOBON 3aCTPOVKH T.
Actanpl. O0BbeKT cocTouT U3 6 DA0KOB, paclOA0XKeHHBIX B Ijeaom C-00pa3HO U pa3AeaeHHBIX
AedpopManoHHpIMI IIBamMu. JKuable 34aHUs ¢ MOHOAUTHBIM KeAe300€TOHHBIM KapKacoM 1
6e30aa0uHO cucTeMoiil. PyHAaMeHTBI — CBaliHbIe C MOHOAMTHBIMI JKe/1€300€TOHHBIMI OTAeABHO
croAmuMM poctBepkami. [InaoHsl — MOHOANUTHBIE Keae300eTOHHbIe pasmepamu 120x25 cwm,
165x25 cm, 250x25 cm. Amadparmsl 5xecTKoCTH — ToAIMHOI 20 cM.

Ha cxeme yyactka MHOrOKBapTHPHOTO 3K1110r0 KoMmI1aekca Kok-Tobe mpogeMoHCTpupoBaHbI
MecTa PacIIOA0XKeHN s MHXXeHePHO-Te0A0IMUeCKIX CKBaXKIH (puc. 5).
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a) Cxema pacroA0XXeHns re0A0rmIecKmx 6) VxenepHo-Treoa0ruueckuii paspes oobekra
CKBa>KMH

PI/ICyHOK 5. Paspes reoA0IMYeCKMX CKBa’KVH C YKa3aHVMeM X MeCTOIIOA0 KEeHIsI
Ha y4JacTKe MHOI'OKBapTMPHOTIO >XKIAO0TO KOMIIJA€KCa Koxk-Tobe
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B reoaormueckom crpoenun 4o rayounsl 14,0 M y4acTBYIOT ®AI0BMaAbHbIE OOpa3OBaHMs
II0 OCaJOYHBIM IIOPOAAaM HIDKHEro KapOOHa, IpeAcTaBAeHHbIE CYIAMHKaMI, APeCBIHO-
111e0eHNCTEIMIU TPYHTaM, 111e0eHICTO-TABI00BO 30HOJ U ITecyaHMKaMI.

Hecae>xasnecs HachlIIHBIE IPYHTEI (tQQ) MOITHOCTEIO 4,9-7,9 M Ipe4cTaBAeHbl CYTAVHKaMI,
CyIecsiMU, peke — TAMHaMU C BKAIOYeHUAMU ApecBbl 1 11e0H: (40 49,8 %) 1 6eToHOoM. B ckBaskmHe
No260-22 ¢ rayOmuHer 4,9 M IIyCTOTHI 3alI0AHEHBI AbAOM U CHETOM.

CyramHkm >keATOBaTO-cepble, OMapraHIlOBaHHBIE 1 OKe/le3HeHHble MoIHocTeIo 1,10 M ¢
IIPOCAOSIMU APECBEI U IITeOH: BEIBeTPeAbIX HecdaHNKoB (40 10 %) BcTpeuarorcs Ha rayouHe 7,9 M.

ApecBaHo-1e0eHNnCcTbie  TPYHTBL  (KOpa BBIBETPMBAHMS —II€CYIAaHMKOB) >KeATO-Cephle,
3e1€HOBATO-Cephle C CYyTAMHICTBIM 3aroaHureaeM (40 37,9 %); Apecsa 1 me0eHb MOIIHOCTBIO
0,8-6,0 M mpeacraBaeHsl 00A0MKaMH CAa00-CpeJHe BbIBETPeAbIX MaAOIIPOYHBIX II€CYaHNKOB I
Ha rayoOune 4,9-9,7 m.

[Mlebenncro-rapiO0OBasl 30Ha IIpeacTaBAeHa IllepecAayBaHMeM IIeOeHMCTBIX TPYHTOB U
rAbI0 IeCYIaHMKOB. 30HA BCKPbITa BceMM CKBakmHamy, ee MomHOCTh OT 1,0 40 3,80 m. IlleCenn
IpeAcTaBAeH CpeAHe-CUABHO BBIBETPEALIMM 1 MaJAO-IIPOYHBIMM IIeCYaHMKaMM Ceporo u
3e/1eHOBaTO-Ceporo LBeTa.

Ilecuanuxu ceprle, TeMHO-CepbIe, IIAOTHBIE V1 OUYeHb I110THbIE, BhIBeTpeAble, TPeIIHOBAaTEIe,
110 TpellMHaM OKeJe3HeHHble MOITHOCTRIO oT 1,1 20 2,8 M.

ADBCOAIOTHBIE OTMETKM YCTaHOBMBIIIETOCs YPOBHs I'PYHTOBBIX BOA cocTtasyan 352,39-353,81
M; YPOBEHb BO/ IIOABEpP>KeH Ce30HHBIM KoaeOaHu:iM B amanaszoHe 1,0-2,0 m. Tak, B BeceHHMI1
IepnoJ, OXMAaeTcsi MoAbeM YPOBHs I'PYHTOBBIX BOA Ha 1,20 M ¢ gocTmKeHMeM aOCOAIOTHBIX
oTMeToK 353,59 — 355,01 m.

Ha pucynke 6 mpeacraBaeHBl CAOM MHXKEHEPHO-T€OAOTMYECKMX DA€MEHTOB U TAyOMHBI
3a/eraHns cBaiHbIX QPyHAAMEHTOB.

Pucynox 6. Cxema 3aaeranms cBaiiHbIX PyHAaMEHTOB B TOAILJaX HaIlAaCTOBaHNs TPYHTOB
MHOTOKBapTUPHOTIO 11010 KomIriekca Kok-Tobe

Ha cxeme 3aaeranms o 610kaMn HabA104aeTCsl pe3Koe pa3Andue B TOAIaX HallAaCTOBaHs
TPYHTOB OCHOBaHMS BBUAY TOTO, YTO 3HAUMTEAbHYIO 4acTh IIAOIIAAKM M3HadyaAbHO 3aHMMaA
Kapbep, KOTOPBIM BIIOCACACTBMM ObIA 3allOAHEH HAChIIIHBIM TPYHTOM OOIIUM OOBbeMOM
V= 24733.015 m°. B mporecce Bo3BeaeHM:sI PyHAAaMEHTOB YKa3aHHOE B IIPOEKTe IIOCAOIHOe
YIAOTHEeHNe HACBIITHOTO TPyHTa He ObL10 BBIIIOAHEHO AOAXKHBIM OOpa3oM, 4TO IpUBEAO K
HepaBHOMEPHBIM OcalkaM (PyHAaMeHTOB; KpOMe TOTO, UMEeIOTCs HapyllleHus TpeOoBaH!I HOpM
B 4aCTM YCTPOJCTBa CBaiHBIX ¢pyHAaMeHTOB. Ha ®TO Bce yKasbIBaeT HaAW4Me HeAOITyCTUMBIX
AedpopManmii TPYHTOB OCHOBAaHMS M OTKAOHEHMSI OT IIPOEKTHOTO ITOAOXKEHMSI CBaliHBIX
JyHAaMeHTOB, BBIABAEHHBIE Ha CTaAMM CTPOUTEAbCTBA 3JaHusA. B mepmos ycraHOBKM cBaii,
KOTOpBIe IIPOBOAMANCH B 3UMHMII IIepUOJ BpeMeH! Iroja, B IpyHTaX oOHapy>keH aeA. Boga B
TBepPAOM COCTOSHUM B BUAe AMH3 C Ipocaosamu. IlepeaprkeHne TPyHTOBBIX BOJ IIePexXOAUT
(azoBoe cocTosAHME 110 ACVICTBYEM AABAEHIs KaK I11aCTUYHOE TeaO.
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Jaaee paccMOTpeHa MHXKeHepHO-TeoAorndeckasi 0OCTaHOBKa Ha CTPOUTEABHOI I140I1ajKe
TOproso-passaexkateabHoro nenrpa Curu Ilasac s r. Acrane (puc. 7).

Pucynok 7. O6mmit Bu4 ¢pacaga Toproso-passaexkareasHoro renTpa Curu Ilasac B r.Acrane

Toproso-passaekaTeAbHBIN IIEHTP PaclIOA0XKeH B palioHe HepecedyeHns Ip. Pecriybankny,
ya. Kopkerr, ya. TI'abayaamna, ya. basnaysia m ya. A.VImanosa. ®PyHAaMeHTH 3JaHNI
3aIIpOeKTMPOBaHbl 13 >KeAe300eTOHHBIX cBall AanHOM 9,0 M KBagpaTHOTO ceyeHus. KoaoHHEI
KapKaca 3JaHNsl — MOHOANUTHEIE >KeAe300eTOHHbIe CIIAOIIHOTO ceyeHus pasMmepamu 60x60 cm.
IlepexkppITusl — TOPU3OHTaAbHBIE >KeCTKUE AVCKU M3 MOHOAUTHBIX >Ke€Ae300€TOHHBIX IAUT
TOAIIMHOM 22 CM.

Ha pucynke 8 o nepumeTpy MHOTOQYHKIIMOHAaAbHOTO TOPTOBO-pa3BAeKaTeAbHOIO IIeHTpa
Curn I1azac pacrioa0xeHsl 4 TOPHBIX BEIPAOOTOK (CKBa>KIHBI)

Vioxerepro-reonoracarit paspes o Marme 1-1
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a) Cxema pacIioA0KeHns re0A0TMIecKmX 0) VmxenepHo-reoA0rn4eckuii papes oobekTa
CKBasKIH

Pucynox 8. Paspes reoA0rmyecKmx cKBa>kK1H C yKa3daHMeM JX MeCTOIIOAOXKEHNS Ha yJacTKe TOProBo-
pasBaekaTeapHOTO 1leHTpa Cutu ITazac
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B reoaormyeckom crpoennn ygactka TOproBo-passaekaTeabHoro reHTpa Curtu-Ilaaac (TPLL
Curnu-Ilasac) g0 raybmnst 23,0 M BCTpedaroTCsl aAAIOBMaAbHBIE CpeJHe-BepXHedeTBepTUYHbIe
OTAOXEeHMsI, IpejcTaBAeHHble CyTAMHKaMM, CyHecsaMM, IeckaMi MeAKMMM U KPYIIHBIMU, a
Tak>Xe DAI0BMaAbHbIe 00pa3oBaHMsA Me3030JICKOTO BO3pacTa (CyrAMHKY, IIeOeHNCThIe IPYHTEI),
KOTOpbIe IepeKpPBIThl HeCAeXKaBIIMMUCSA HACBIIIHBIMM TeXHOTeHHbIMU rpyHTtamu. Ilocaeanme
IpeAcTaBAeHbl ApPecBOll, IeOHeM, CTPOMTEABHBIM MYCOPOM, CYTAMHNICTBIM 3allOAHNUTeAeM
MOIITHOCTBIO OT 1,3 20 2,5 M.

A210B11a/bHBIE OTAOXKEHIs CpeHe-1103AHeueTBepTIYHOIO BO3pacTa BKAIOYAIOT CyTAUHKI
KOpUYHeBbIe, U3BeCTKOBICTHIE, TBepAble I ITI0AyTBepAble, Ha rayouHe 2,8-3,1 M — TyrornaacTudyHsle,
Ha rayomune 3,5-4,5 M — MATKOIIAaCTUYHbBIE C MaAOMOIIHBIMHU (2-5 CM) IPOCAOMIKaMU CyIieceit 1
Pa3HO3ePHIUCTHIX ITeCKOB. AAAI0BUII BCKPBIT IIOBCEMECTHO 104 HaCBIITHBIMY TPYHTaMMU C TAyOMHBI
1,3-2,5 m ¢ momuocrpio 0,6-2,1 M. Cymecn KOpuUYHeBble, M3BECTKOBIUCTBIE C IIPOCAOMIKAMMU
CyrAMHKOB 1 eckos. Cymecn BCTpedyaloTcsl IOBCeMEeCTHO, 3aAeTraloT 1104, CYTAMHKaMM C TAyOMHBI
1,9-3,7 m; mommnocts cymnecen ot 0,8 40 2,6 M. Ilecku Meakne KOpUYHeBble, MOAVMMUKTOBEIE,
BO/OHACHIIeHHbIe ¢ MadoMoIHbIMI (1-3 cM) mpocaoiikamu cyranMHKOB. Ilecku BcKphbIBalOTCs
CKBa’KMHAMI 104, CyTIeCSIMM € TAyOUHBI 4,5 M; 11X MomtHOCTh 1,0 M.

Ilecku KpyrHble KOpUYHeBbIe, ITOAMMMKTOBbIE, BOAOHACHIIIIEHHbIe C MaAOMOIITHBIMHU (5-
10 cm) mpocaoiikaMu CYTAMHKOB BCKPBITHI 1104, CYTAMHKAMU ¥ ME/AKO3ePHICTBIMU IeCKaMI C
rayomus 5,5 — 5,6 m; momnocts nx ot 0,9 40 1,2 m.

DA10BMaAbHEIE 0Opa30BaHNUs ME3030JICKOrO BO3pacTa IpeACTaBAeHbl CyTAMHKaMIU JKeATO-
OypbiMHU, OypOBaTO-)KeATHIMMU, TBePAbIMHU, TPeIIMHOBATHIMM CO IleOHeM B BIJAe PyXAsKa U3
0010MKOB CILAbHOBBIBETPEABIX aA€BPOANTOB. DAIOBIII BCKPBIT IIOBCEMECTHO 1104 Y€ TBe pTUYHBIMU
OTAOKEeHMsIMU, HaunHas ¢ rayonusl 3,0-6,7 M. BckppiTass ero MOIIHOCTL M3MeHseTcs oT 6,1 40
10,5 m.

IToazemunie Boabl Ha nao1maake TPLI Curtu-TTasaac BCKpbITH HOBCEMeCTHO Ha rayOmHax 2,8-
3,5 M cabCOAIOTHBIMM OTMETKaMU yCTaHOBUBIIIETOCs yPOBH: B0 345,8-346,2 M. Pesx1iM rpyHTOBBIX
BO/ Ha I110ITlaJKe MOJABep>KeH Ce30HHBIM KOAeOaHMSAM C IPOTHO3UPYEMBIM MaKCHMaAbHBIM
IIOAbEeMOM yPOBH: BO4 Ha 2,0 M Bblllle OT yCTaHOBMBIIETocs. BogosMemaomumn mopogaMu
SABASIIOTCSI aAAIOBUAAbHBIe CYTAMHKM, CyIlecH, IecKy, DAI0BMaAbHbIe CYTAMHKU U I1eOeHMCThIe
TPYHTEL.

7 j— - BN B eees—

344 nra-2

Pucynok 9. Cxema 3azeranms csaifHbIX PyHAAMEHTOB B TOAIIaX HaIl1acTOBaHILI
rpynaTos TPLI Curtu-ITazac

Ha pucynke 9 oroOpaskeHbl CA0UM MHKEHEPHO-TEOAOTMYECKUX DAEMEHTOB U TIAyOMHBI
3aderaHus CBalHBIX (yHAaMeHTOB. [ayOmHa 3asokeHms csam coctaBasgeT 10 M, HVDKHUIT
KOHeIl cBal 3aray0/4eH CyTAMHKa TBepAOii KOHCUCTEHLIUN B CAOM epeMeltias 0oaee caabble 110
HPOYHOCTY TPYHTHL.
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3. PesyabTaThl 1 OOCyXKAeHMe

B Tabaune 1 npeacrasaeHsl pe3yAbTaThl aHaAM3a PUINKO-MeXaHMUeCKIX CBOVICTB ITPYHTOB

OCHOBaHUsA 0OBEKTOB IIpaBOOepeKbs Topoga AcCTaHbL.

Tabanna 1 — Pusnko-MexaHnyeckue XapakTepUCTUKA IPYHTOB 1CCAeAYeMbIX OObeKTOB

3HaueHMsA
MK Kok-To6e | TPII Curu ITaaac Saarme
OcnosHble pU3NKO- Cunaroru
MeXaHIJecKune . nros1
XapaKTepUCTUKN VT3 1 Hacommon WUT'D 1 HacwirmtHOM Hacprmuon
TPYHT (CyTAVMHKN I
cyttecy) IPYHT (CyTraMHKM) ITPYHT
(cyramukm)
ITaoTHOCTS Q, TM/CM3 1,85 1,77 1,87
ITaorHOCTB CyXOTO IrpyHTa 1,50 1,48
0, ITM/cM? 1,51
[TaoTHOCTH CyXOro TpyHTa Q_ 2,60 2,65
,tM/cm® 2,68
BaasxHocts mpupoaHast, % 7,9 15,5 10
IMopucrocts n, % 39 44 35
Kosddurnent nopucroctu e 0,640 0,771 0,720
CrenieHb BAaXKHOCTU Sr 0,55 0,58 0,51
BaaxxHocTh Ha rpaHuIie 15,9 17
TEeKyJIecTu w,,% 16,9
BaaxkHOCTh Ha rpaHuIle 17 24
TeKy4JecT w, % 14,7
Yncao nnaactuyHoctu I, 2,1 13 7
ITokazaTtean Tekyuectn [, <0 <0
Y aeapnoe crenaenue C, KITa 15 15 20
Yroa BHyTpeHHero TpeHus, 16 18
rpaayc 17
Moayas aedbopmanuu E, MITa 5 5 7,5
PacuerHoe conporusaenne R 120 120 100
KlIla
NI'D 2 cyramuok NUID 2 cyramnok | UI'D 2 cyrammok
Ocrosribte Gusiko- oAy TBEpAOV U oAy TBEpPAON U OAYTBEpPAON U
Mexarreckie TYrONAaCTUYIHOM | TYTrOmAaCTMYHOM | TYrOomAaCcTUIHON
XapaKTepUCTUKI
KOHCUCTEHIINN KOHCHUCTEHIINN KOHCHUCTEHIINN
[TaotHOCTSH Q, TM/CM3 1,92 2,04 2,12
[TaoTHOCTH CyXOro TpyHTa Q,, 1,52 1,86
™/cm® 1,51
[TaoTHOCTB CyXOro TpyHTa Q,, 2,80 2,73
r™m/cm® 2,71
BaasxHocts mpupoaHast, % 24,2 19,8 13,9
IMopucrocts n, % 43 40 39
Kospdnrment nopucrocry, e 0,753 0,590 0,390
CreneHn BAaXKHOCTI Sr 0,87 0,86 0,78
BaasxnocTs Ha rpanuiie 27 25
TeKy4JecT w,, % 37,6
BaaxkHocTh Ha rpaHuIie 16 18
TeKy4JecT w,, % 23,3
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Uncao naacruynHoctu [ 14,3 11 7
ITokazaTeap Tekyuyectn I, 0,05 0,05 0,04
V¥ aeapnoe ciienaenne C, KIla 35 13 53
¥Yroa BHYTpeHHero TpeHus, 16 17
rpaayc 18
Moayab aedpopmariuu E, MIla 9 7 13,2
PacuerHoe conpornsaenne R, - -
KITa 150
nros 3
[leGenmcTHI
'hyHT NID 3 Cynecn NI'D 3 cyramHOK
OcHoBHbBIE PU3UKO- XapakTepusyeTcs _
IaaCcTUIHEBIE C HOAyTBEpPAOI I
MexaHU4JecKue coaepXaHueM N _
IIpOCAOVIKaMU TYTONAaCTUIHOM
XapakTepUCTUKN dpakoym (dacTumy
CyTAVHKa KOHCUCTEeHIINN
KpynHee 10MM)
coctaBasieT ot 69%
a0 87%
[TaotHoCTS Q, rM/CcM3 2,20 2,07 2,01
Baasxnocts npupogsast, % 8 17,1 17
Baaxnocts Ha rpanmiie 20 23
TeKyaecTn w,, % 28,9
Uwncao nnaacruanoctu [ 6,7 5 5
ITokasarean Texkyuectu [ <0 - <0
Moayab aedpopmariuu E, MI1a 27 8 16,7
Pacyetnoe conporusaenne R, -
KITa 450
NI'D 4 ITecuannkn VLD 4 Tecxku
OcHoBHbBIE PU3NKO- CcpeAHe3epHUCTDIE, UI'D 4m I'aviabl
IOAMMMKTOBEIE
MeXaHUJecKue IIpY 3aMadYMBaHINI XXeATble
BOJOHAaCHIIIIeH-
XapaKTepUCTUKA B BOAE Hbre noaAyTBepable
Hepa3MsryaeMble
[TaotHoCTS Q, IM/CcM3 2,67 - 1,44
ITpeaea mpouynocTy Ha - 10,6
OAHOOCHOE CKaTue Ipu
PUPOAHON BAAKHOCTU R,
MIla 12,5
ITpeaea mpouynoctu Ha - 92
OAHOOCHOE CKaTye Ipu
3aMauMBaHNU BAaXKHOCTH R,
MITla 8,7
Moayap aedpopmannu E, MIla >40,0 24 7,7

ITo pesyabpratamMm 4AabOpaTOPHBIX MCCAEAOBAaHUI CYTAMHKM 4YeTBepTUYHOTO BO3pacTa,
TBepAble I 1oAyTBepable. [[poYHOCTHBIE XapaKTepUCTUKN OIIpeAeAsSAMCh MeTOAOM MeAAeHHOIO
KOHCOAMAVPOBaHHOTO CABIUTA C ITpeABapUTeAbHBIM YIIAOTHEHNEM, a AepOpMaIiIOHHbIe CBOJICTBa

-Ha KOMIIPeCCMOHHBIX MPUOOpax 0AHOOCHOTO CXKaTuUsL.

Onpegeaenne TpeXOCHOTO UCIBITaHNS IPYHTOB IIPOBOAMAOCEH C IIOMOIILIO CTab1AOMeTpa.
Aas moctpoenns rpadpuKka pe3yAbTaTOB TPEXOCHOTO UCIIBITAaHNS YeTBepTUIHOTO cyranHka VI'D

2 (puc. 10) mapaMeTpsl BEIYMCAAAUCE 10 popmyae (1):

(o,) =f(o); e, = flo); e, = flo),

)
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rae i [lr'r‘v':g)(ﬂl —03)

e = (2/V3)(e— &) _ MHTeHCUBHOCTh aebopMaruu capura; © (1/V3)(o,— 203) _

- VMHTEHCMBHOCTD KacaTeAbHBbIX HaHpﬂ)KeHI/IIZ;

= 3 _
cpeanee 5pdeKTNBHOE HAIlPsIKEHNUE; v [2/’ v 3)(81 2¢3) — obbemHas aedpopmarius.

Ui-%( 1= 03), Mlla
0.18
0.10
— r
M /
0.08 /f
\ Oep MITa
; LR uiﬂT LI 005 |00 |01
q.;,;ce.-s,)m‘ -;: =
3.00 \ \
— 400
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PI/ICyHOK 10. FpacI)MK TPEXOCHOTI'O MCIIBITAaHMA YETBEPTUIHOIO CYyIAVHKaA

Aas onpeaeaenns gepopMaIlMIOHHBIX IOKa3aTeAell B MacclBe IPyHTOB IIpOBeJeHa OlleHKa
COIIPOTUBAEHNUs ITPOHMKHOBEHNIO 30HAa B ToAIly 11opog. Ha pucynke 11 mpeacrasaen rpadpux

3aBMCUMOCTU OCaAKM OT yAeABHOIO AaBAeHNA s=f (Fj

Harpysaka,MINa
0 0,1 0,2 0,3 0,4
0 Il

0,005

Cunarora

0,01
0,015

' o
0,02 TPLL Cutn MNanac

0,025 b\

0,03

0,035
0,4

OTHocKTenbHas aedopmauma, MM

MK Kok-Tobe

0,45

Pucynoxk 11. I'padpuk 3aBUCHMMOCTI OCaAKM OT YA€ALHOTO AABACHILS S=fp)

Ms rpadmka ycraHOBAEHO: 3HaYEHMs 3aBMCUMOCTM OCaJOK OT Harpy30K OBLAM IOAydeHEI
IIpM IIOMOIIM INTaMIIOBBIX MCIIBITAaHMI, a TakXKe IPOYHOCTHBIE XapaKTepPUCTUKU CyTAMHKA
II0AYTBEPAOTO U TYTOILAACTUYHON KOHCUCTEHIIUM, MHTepBaa Harpy3ok cocrasasa or 0,1 go
0,3 Mlla; B pesyabraTe IIOAy4YeHBl 3aHV>KEHHBIE 3HAYeHMSI MOAyAs Aepopmaliuy, KOTOphIe
COOTBETCBYIOT Pa3yIAOTHEHOMY COCTOAHMIO TPYHTa I He OTpa’kaeT ero CBOVICTBa B IPUPOAHOM
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3aseranun. K caabormyunHMCTHIM IPYHTaM OTHOCSTCS CyTAMHKH, PacliOA0KeHHbIe Ha TepPUTOPIIA
3gannsa CyHArorm M TOproso-passaekaTeabHoro IeHta Cutu-Ilasac. K cpeanenyunHucteiM
IPyHTaM OTHOCHUTCs CyTAMHKM, PacIiOAOKeHble Ha TepPUTOPUM MHOTOKBAPTUPHOIO KMAOIO
xomnaekca Kok-Tobe.

Moayab aedpopmariun orpeseset o popmyae (2):

E=k-d(1— )2
( H)ﬂgl ®

rae k_ HespasMepHEINT KODPPUITNEHT, 3aBUCAIINII OT MaTeprala IITaMIla 1 ero popMBbl;

d

—AaMeTp ITaMlla,; H_ KOB(l)(l)I/ILH/IQHT HyaCCOHa; &p — IIpupamenne CcpeaHero AaBAeHus 1o

II0AO0IIIBe NITaMIIa, As — IIpupameHne ocagky mramMiia IIpu M3MEHEHIN AaBA€HN:T Ha ﬂ'p

ITporjecc moATONA€HUS TPYHTOB BAUSAET Ha M3MEHEHMs 3Ha4eHMs MOoAyAs AepopMalinii,
KOTOPBIN SIBASETCS OCHOBHOI IIPOYHOCTHOM XapaKTePUCTUKON I'PYHTOB OCHOBaHM:A. JHaueHle
MOAyAs AepopMaliuy TAMHUCTBIX TPYHTOB ITPY €CTeCBeHHOI BAa’KHOCTY HaXOANUTCS B IIpeJeaax
9-12 MI1a, a B BogoHackIIIieHHOM cocTostanu 4-7 MITa.

Aas onpejeaeHns IpejrioAaraeMoit ocadky (pyHAaMeHTOB 3a CYeT 3aMadMBaHUs TPYHTOB
IIpeAA0>KeH MeTo/, pacdeTa ocalky PyHAaMEeHTOB C y4eTOM IIOATOILAeHM: 10 ABYM XapaKTePHBIM
cunenapuam: Cuenapuii 1 -3 aaHue BO3BOANTCA Ha YaCTUYHO 00BOgHeHHOM ocHoBaHNy; ClieHapuii
2 — ObBoaHEHNE ITOABEP>KEHHBIX paHee YIIAOTHEHHBIX I'PYHTOB OCHOBAaHMII CyIIIeCTBYIOIINX
3AaHUIL.

Aas1 00beKTOB PaCCMOTPEHHBIX B 4AaHHOM 1CCAeA0BaHnM Hanboaee ONTUMaAbHbI BapuaHT
oIpegeAeH — clieHapuii 2 (pucyHok 12).

]
Po=Pem
¥IB,
£ __Z _
Y8 , "é
S a3
). P I B
e[ .
ﬂl-=ﬂ'.-, 2 E‘.
‘ o

Pucynoxk 12. Pacuet ocaaxu ¢pyHaaMeHTa, II0ABEP>KEHHOTO paHee YIIA0THeHHBIX
IPYHTOB OCHOBaHUIA

Pacuer ocaaxu pyHaaMeHTa ITpOBeJeH Ha OCHOBe CAeAyIOITX IlapaMeTpoB:

Ha _ roammna cxumaemoit somsl, Beananna ocagxu OyaeT 3aBUCeTh OT IIOAOKEHUS YPOBHI
rpyHTOBBIX BoZ, (YI'B);

Z = £} y ye pauster Ha ocaaky pyHaaMeHTa;

YIB1 - Haxoamrcsi Ha rayOuHe i=1Z 2 m 3oHa III moasep>xeHHa OOBOAHEHUIO
(MaaoHarpy>kKeHHas1), B 9TOIl 30He yMeHbIaeTcsl KOO(PpPUIMEeHT MOPUCTOCTU B COOTBETCBUN C
A crl”])

YI'BO — HaxoauTcs Ha TAyOnHe

HaIpsKeHHbIM cocTtosiHreM II(
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YI'B2 naxoaurcs Ha rayOune Z=1Zyy IIOoABEepPKeHa 3HauMTeAbHas YacTh aKTVBHOI 30HbI
OCHOBaHMS; 9TOM caydae OyJeT OTBeyaThb COOTBETCTBYIOIIUM HAIIPKEHHBIM COCTOSAHMUSIM
Ag1™,  Ac1"
( ) u )-

Bokpyr cBaiiHbix pyHaaMeHTOB oOpasyeTcsl YILAOTHEHHasl 30Ha, KOTOpas IIpeBbIIlaer
MIHJMa/AbHOE PacCTOsHIE MeXAY CBasMIU U SBASAeTCsl Hamboaee HajeKHBIM OCHOBaHNEeM AAs
TepPUTOPUI TTOABEP>KEHHBIM YaCTBIM ITOATOILACHUSM.

ITopucrocts IT'D 1 1 2 He 3HAYMTEABHO OTAMYAIOTC APYT OT A4pyTa I10 XapaKTepUCTUKaM
U ABAAIOTCS TYTOILAaCTUYIHBIE.

ITo aedpopManMOHHBIM CBOVICTBAM TPYHTOB BEpXHME CAOU MHYKeHePHO-Te0AO0TMYeCcKIX
9Ae€MeHTOB 001a4al0T ITOHM>KEeHO TPOYHOCTBIO, MMEIOT HeOOABIIYIO BAaXKHOCTh M 004a4aioT
He3HaYMTeAbHOM CXKMMaeMOCTBIO: 1104, HaTrpy3Koli, yBeAndeHne BAaXKHOCTI ITPYHTOB IIpuBeJeT
K CHIVDKEHMIO CKaTus COIPOTUBAEHNs, BO3MOKHOMY PacTBOPEHUIO I]eMeHTaIlMOHHBIX CBs3eil
OeToHa ocAaAeHMs U ITOTepU IIPOYHOCTIH.

CoBpemeHHBIe TeXHOT€HHbIe TIPYHTHI 004aJalOT THOHVKEeHHOI  AedpOpMaIjIOHHON
IIPOYHOCTBIO MOTYT MCIIOAb30BaThCSI B KaUeCTBe eCTeCTBeHHBIX OCHOBaHMIA.

I'pyHTBI OHM>KEHON MMHEPaAbHONM MAOTHOCTU, CYTAMHKH, IeCKM U cyrnecu — 001alaioT
BBICOKVIM BOAOHACHIIIIEHIIEM.

PacxoxxaeHne rmporHosupyeMsix 1 GakTUUeCKNX 0CajoK IAMHIUCTBIX TPYHTOB BO3HMKAET B
CBSI3M C TEM, UTO IIpOM3BeeH HelIpaBIUAbHBIN I0A00p pacuyeTHOM MOAeAU I'PYHTOBOTO OCHOBaHMS,
IIOTpeIIHOCTell TpuOOPOB MCHBITaHMS TPYHTOB. VcrpiTaHMe IpyHTOB Ha TPeXOCHOe cXKaTue
1103BOAsIeT OIpejeAUTh IIPOYHOCTHBIE U AedpOpMallIOHHbIe CBOJICTBA I'PYHTOB P CAOKHOM
HaIIPsI>)KeHHOM COCTOSIHMM M 3HAUMTeAbHO YMEHBIAIOT 00beM A1abopaTOPHBIX OIBITOB [8, 9].

Tax kak nsyyeHHble OObEKTHI MMEIOT CBaiiHble PyHAaMeHThl HanboAee HageKHBIM SIBASeTCs
UCII0AB30BaHNe MeTOAOB INTaMIIOBOTO MOAyAsl dedpopmanny E, M0AydeHHOTO B I10AEBBIX
ycaosusax. JAas pacuera ocagky $pyHAaMEHTOB YUUTBIBAAMCh TaKKe pasMepsl (PyHAaMeHTOB
(rayOmHa 3a40KeHus1, pa3Mepsl B I11aHe), KOTOPBIe 10 CyTU MOKHO paccMaTpuBaTh KaK IITaMII
DOABIINX pa3MepOB.

A5 ®TOTO paccMOTPEeHbI pe3yAbTaThl CTATMYECKOTO VICIIBITAHNS IPYHTOB CBAsIMI JKIAOTO
KoMmI1aekca «VI3yMpyAHBIN KBapTaa», paclioA0KeHHOM Ha AeBoM Oepery I. Acrans [10].

/JaHHBIe 1ICCA€AOBaHN:I TIOKa3aAy, 9TO, 3HaUYeHUsI MOAyAsl depopManyy OBLAU 3a10KEHEI
B pacyeThl OCaJKM OCHOBaHMsA M II0Ka3aAy XOPOIIYIO CXOAMMOCTL C 3aMepeHHOI OcaAKOl
¢ynaamenToB 3aannit. ITpeasaraemsiri MeToa omnpeaeaeHIst MOAYAsl AepOpMalVI TIO3BOASIET
Hanbo.ee TOYHO CIIPOTHO3MPOBaTh Ocaaku (PyHAAMEHTOB 3JaHMII U 3aCAy>KMBaeT AaAbHeNIIIX
uccaeA0BaHUN.

PesyapraTsl MCHBITAaHUM CTaTUCTUYECKON Harpy3ky Ha CBasX B CAOAX MSTIKUX M TBEPABIX
VAV KeCTKOBATBHIX TAMHaX II0Ka3aAy IPUTOAHOCTb ¥ HaAeXKHOCTh CBAfHBIX (PYHAAMEHTOB IIO
texHoaorusiM DDS/FDP n sBasioTcsa Hanboee MOAXOASIINM BapMaHTOM AAsl CTPOUTEABHBIX
rnaomaaok Kasaxcrana i Haras4H0 MPOAeMOHCTPUPOBAAN CBOU ITpeumMyInectsa [11, 12].

JornoiHnTeApHBle  MCCA@AOBaHMsA  HpPM  I[OMOIIM  TeoAe3MYecKMX  M3MepeHUit
3a TOPM3OHTAABHBIMU IlepeMeIlleHMsMN (yHAaMeHTa COOPYKeHUs W  Pe3yAbTaThl
MHCTPYMEHTaAbHOTO 00CAe40BaHMs IOATBEPAUAN BAUSHUE TPYHTOBBIX BOJ Ha yCTONYMBOCTD
¢ynaamenTa. IloBepounsle pacueTsl BBEANCh C y4eTOM (PU3MKO-MeXaHNIECKNX CBOVICTB
MH>KeHepHO-TeoAorndyecknux caoes. IloBepouHble pacyeTnl II03BOAMAU CAeAaTbh BBIBOJA 4UTO,
re0TeXHYeCKIII aHaAN3 IIPOBe AeHIsI COOPY>KeHMII B 3asIBA€HHDIX IPYHTOBBIX YCAOBILSIX SIBASETCS
AOCTOBEPHBIM.

4. BeiBOABI

Cocrosinue TeppuTopmii IpaBoOepeXbsi ropoga AcTaHbl —SBASETCS MCTOUYHUKOM
reoTeXHNYECKOTO PUCKa B CBA3M C IPUPOAHBIMU (PaKTOpaMM TaKMMIU Kak: e AVHOBPeMeHHOTIO
3aTOIAEHMS I1aBOAKOBBIMM BOJAaMM, LUKANYECKOE M3MEHEeHMe YPOBHS TIPYHTOBBIX BOJ U
M3MEeHeHIe IIPOYHOCTHBIX XapaKTePUCTUK IPYHTOB.
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3acTpoeHHbIe TepPUTOPUIT 34aHUI ITOBBIIIEHHON 9Ta>XHOCTM OKa3bIBaeT HamOoOblllee
BAVSIHYE VX B3alIMHOE pPacIlOAOXKeHIe, KOTOpoe IOATBEep>KAAaeTcsl pacdeTaMly HaIIPsIKeHHO-
AepOpMIPOBaHHOTO COCTOSHUA.

[Ipesao>keHHBIE MeTOABI pacueTa OCaAKOB (PyHJaMeHTa IIO3BOASIOT CIPOTHO3MPOBATH
Aa/bHeNIIe M3MeHeHs IIPOYHOCTHBIX XapaKTepUCTUK IPYHTOB OCHOBaHI: Ha yCTOMYMBOCTHU
34aHUII VM COOPY>KEHMII B IIeA0M. 30Ha pacHpocTpaHeHUsa AedpopMariuy OIIpeleAseTcs U3
ycaosus pasHoBecus. Ocagka IpyHTa ompejeasddach IO BeAndnHe Jedpopmanuy IpyHTa B
30He HaMEeHBIINX YIIAOTHSIOIIMX HalpsDKeHMil. HampsokeHHbIe I'PyHTHI ITPeMMYIeCTBeHHO
obaagaioT ynpyrumm gepopManusamMy, T.e. BeAUIMHa OCTaTOYHBIX JAedopmanuii B oObeme
ob1ert gepopmanyyt He3HAYUTEABHBI U Ha IIPaKTHKe el0 MOKHO IIpeHeOpeys.

AKTHUBHas 3aCTPOJiKa y4acTKOB II0ABEP>KEHHBIX K II0ATOIIA€HMIO TePPUTOPUIL 3HAUUTEABHO
BAUSIeT Ha Ie0AOTMYEeCKYIO Cpeay U IIpeAliolaraeTcs M3MeHeHIU: XapakTepa B3alIMOCBI3U
pexuma KoaebaHMUs MTOA3€MHBIX BOJA, YTO IMPUBOANUT K OIACHBIM MHYKeHepPHO-Te0A0TMIecKIM
IpoleccaM.

Hecymiass crmocoOHOCTh TPYHTOB OlleHMBaJdach IO IIOKazaTeald Moayasd aedpopmannii
VH>KEHePHO-Te0A0TIEeCKIIX CAOEB.

ITo mrToram mccaeaoBaHMsI CAOM CYTAMHKA, CyIlecu IeOeHICTOTO IpyHTa OTHOCUTCS K
BTOPOI KaTerOpPUIL.

Bropasi xarteropms sBaserca IpueMAeMON AAs CTPOUTEAbCTBA, OTHOCUTCA K CpejHeit
HeCylIllell CIIOCOOHOCTM U TpeOyeT CIeLMaAbHBIX MHXKeHePHBIX Mep 3amuTsl. Hecymras
CIIOCOOHOCTBH IO TTOKa3aTeAsIM Moayas gedpopMalinit Haxogurcs s mpegeaax 0,2-0,3 MlITa.
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AcTtana KaaacbIHBIH OH JXKaFaaaybIHAarbl KYPbIAbIC HbICAaHAAPhI ayMaKTapbIHbIH
VHXXeHePAiK-Te0A0TUAABIK XXaFjaaapbl

T.T. Myca6aes’, H.2K. 2)Kymagnaosa?, B.C. ITopraos’, C.K. Mycuna’®
1.H. Tymures amondazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
2906irkac Cazviros amuidazvl Kapazandv mexnuxarvix ynusepcumemi, Kapazandvl, Kasaxcman
3M.B. Zlomonocos amuvirdazet Mackey memaexemmix yrusepcumemi, Mackey, Peceil

Anparna: Ecia eseniniH TacKpIH cyaapbIHBIH AcTaHa KaJaChIHBIH OH >KaraJaybIHBIH ipreai 6eairin
Tacybl HOTUKeCiHAe TYBIHAAITHIH TaOVUFU Kayill OyTiHAe e10pAaablK KYPBLABIC KellleHiHAeri 03eKTi Maceae
Ooabil OTEIp. TUIMapaTTap MeH KyphLABICTapAaH TYCETiH >KYKTepAiH aCepiHeH IeO/OIVISIABIK OpPTaHbIH
esrepyine OaiiaaHbICTHI cy Oacy KayinTi maceae. Cyapy KesiHJAe re0A0TMsABIK, OpPTaHBIH KacueTTepiHiH
e3repy CHIIaThl yaKbIT OOJBIHIIA TeOAOTUSAABIK OPTaHBIH TYPaKTBIAbIFbIHA OalidaHBICTEL. TaOurn >KoHe
TeXHOTeH/AiK acepaepAiH acepiHeH re0A0TUAABIK OpTa re0AOTUAABIK OpTaHbIH TY PaKChI3AbIFLI Ke3eHiHe oTel.
KypblLabic aaaHAapbIHBIH MHXXeHepAiK-Te0AOTVIABIK XKaFAaliAaphIH 3epTTey ayMaKTapAbl GYyHKITMOHAAABI
naiijadaHyAbl peTTeyre MyMKiHAiK Oepeai. ABTOpaap FMapaTTap MeH KYphlAbICTapAbl »Kobaaay kesiHge
iprerac ImeriHAidepiHiy KepHeyaik KyIiHiH ceHiMAl eceriTeyepid KOA4aHyAbIH IeOTeXHIKAABIK, dAicTepin
asipaeai, Oya KypblabIC >KOOadapBIHBIH Kayilci3Airi MeH >KyMBICKa >KapaMABLABIFBIH KaMTaMachl3 eTyTe
MYMKiHAik Oepai. Tik HBIFBI3AAyIIIBI KepHey.ep IleKapachblHAa aaTe3us MeH yiiKeaic KylTepiiH eceOiHeH
Telle-TeHAiK KaMTaMachl3 eTiAeTiH OipTeKTi TOIbIpaK, YIIIiH ipreTacThIH mMeryiHiy TuiMai ecedi yChIHbLAAABL.
AJpIHFaH 3epTTey HITIKeAepi FUMaparTap MeH KYpPbIABICTapAbl CaAy CaTBICBIHAA TI€OTeXHMKAABIK
MacedeaepAi Imemyae KOA4aHblAaAbl.

TyiiiH ce3aep: TOIBIPaKTHIH Cy Oacybl, MH>KeHePAiK-re0A0TUAABIK JKaFjalidaphl, )KyKTeMeHiH acepi,
(JpusnKaABIK-MeXaHMKaABIK KacueTTepi.

Engineering-geological conditions of the territories of construction sites on the right bank
of the city of Astana

T. Mussabayev’, N. Zhumadilova?, V. Portnov? S. Mussina®
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
*Lomonosov Moscow State University, Moscow, Russia

Abstract. The natural hazard that arises as a result of flooding of the built-up right bank part of the
city of Astana by flood waters of the Yesil River is today an urgent problem in the capital’s construction
complex. Flooding is a dangerous problem due to changes in the geological environment under the
influence of loads from buildings and structures. The nature of changes in the properties of the geological
environment during watering depends on the stability of the geological environment over time. Due to
natural and man-made influences, the geological environment moves into the stage of instability of the
geological environment. The study of engineering and geological conditions of construction sites will make
it possible to regulate the functional use of territories. The authors have developed geotechnical methods
for using reliable calculations of the stress state of foundation settlements in the design of buildings and
structures, which made it possible to ensure the safety and serviceability of construction projects. An
effective calculation of foundation settlement for homogeneous soil is proposed, in which equilibrium
is ensured due to the forces of adhesion and friction at the boundary of vertical compacting stresses. The
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obtained research results are applicable when solving geotechnical problems at the stage of construction
of buildings and structures.

Keywords: soil flooding, engineering-geological conditions, load influence, physical and mechanical
properties.
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ITosbimenne 3¢pPeKTUBHOCTU TPaHCIOPTUPOBKA
BBICOKOBSI3KOM He(pTH 110 MarncTpaabHbIM HepTeIpoBOjaM
IyTeM BHeApeHNsI TeII10HaCOCHOM TeXHOAOTUN

AnHOoTammsA. B cmamve paccmompervl  60npocul  6HEOpeHUs  NnoebluieHus
apPexmusHocmu MpancnOpMUposKy 6blCOK06A3KOU HePmu 1no MAazucmparoHulm
Hepmenposodam Pecnybruxu Kasaxcman nymem enedperus — menAoHACOCHOU
mMexHoA0ZUY ee 1000zpesa C UCHOAL306AHUEM HeMpaduyuOHHOLX UCHIOUHUKOS
anepzuu. Bnepevie npedroxena k npakmuueckomy eHedperuto Ha 00veKmax
AO «HK «KasMymnaiil'as» (daree — AO «KMI'») koripemmas mexHoro2us u
cxema npumeHeHus. Hu3KoyzAepodHoz0 MoJYAbHO0 MENAOHACOCHO20 KOMMNAEKCaA
(HMTK) nodozpega coipoii Hedpmi ¢ UCTIOADI06AHUEM COPOCHOT MENAOMbL 60001 C
memnepamypoti +11°C, omderertoii nocae cenapayuu Hepme-600AHOU IMYAbCUL,
6OIKAUUBACMOTL U3 CKEAXUH. B xauecmee nuromHou niowadxku O0As nposederus
ONBIMHO-NpoMbIAeHHVIX — ucnvimanuii  (daree —  OIINM)  npedsapumervro
pacemampusaemces  HIAY  «Kaiivxmynaiieas»  mecmopoxderue 0.3
Kamviuumosoe ¢ 2-x cmynenuamoii cxemou nodozpesa vedmu. Ilpu nposedernuu
OI1N naanupyemcs ycmanosums MoO0yAv ¢ meniosvim Hacocom (HMTK) na ysae
1000zpesa Hedpmu, mem cambl;M CHUSUMY HAZPYSKY HA MEXHOAOZUHECKUX Neuax, umo
6 UMO02e CYULeCeeHo CHUSUM nompedAer e MonAueHo0z0 2a3a. 4aHHas uHuYuamuea
S6AeMCs UHHOBALUOHHOU U 6nepevie NPedycCMampusaen UcnoAb306aHue menio6oLx
Hacocos 6 npouecce nodozpesa tepmu 6 Pecnyoruxe Kasaxcman. Ilepcnexmugor
npumenerus HMTK — 6 mupaxuposanuu 0arotl mexHorozuu Ha dpyzue do0viuHvie
axmusot AO «HK «KasMynaiil'as».

KaioueBple caoBa: menionacocHas — ycmawoska, — IHepz0aPPexmusHocn,
anepzocOepexxerue, HempaouyuoHHvle UCMOYHUKY IHEpZUl, HU3KOYZACPOOHDLIL
MOOYALHUILL  MENAOHACOCHDLE  KOMNAEKC,  10002pes  6blCOK0BA3KOU  Hedmu,
dexapboHusayus.

DOI: doi.org/10.32523/2616-7263-2023-145-4-292-301

1. Beeaenmne

IIpeoOpasosaHme DHepPreTMYecKol CUCTeMbl, OCHOBAaHHOI Ha MCKOIIaéMOM TOIIAUBE,
B YCTOMYMBYIO U AeKapOOHU3UMPOBAHHYIO CUCTeMY SBASETCS OAHOM U3 BeAMYalIMX 3ajad
gyeaosedecTBa. Ceroans okoa0 80 % nepBryHON DPHEPIUN B MUpPe ITPOU3BOAMUTCS 113 ICKOITaeMOIo
TOIIAMBA, CKUTaHIEe KOTOPOTO MPUBOAUT K BRIOpOCY B aTMOcdepy 0K0A0 34 MApA. T AMOKCHAA
yraepoga [1-6].
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[osvtiueHue 3gﬁgﬁe1<mu3Hocmu MpAHCNOpMuUposKu 6VICOKO0BA3KOU Hegﬁmu no Ma2ucmparvHviM He¢menp060()am.<.

B Hacrosee Bpems HabA104aeTCs TeHACHINS yBeAMYeHU S 4041 A00bIBa@M O BBICOKOBSI3KOI
HepTn. B cBA3M ¢ STMM BO3HMKAIOT HPOOAEMBI C MaruCTpaAbHBIM HePTeIpOBOAOM M3-3a
Hen30eXHOTO yBeANdeHNs TUAPaBANIECKOTO COITPOTUBACHNSL.

HateppuropunPecryoanknKaszaxcran, kakusPoccuiickon Pegeparninm, MeeTCIHECKOABKO
MarucTpaAbHBIX HEM30TePMUYECKUX TPYyOOIPOBOAOB A4sl IepeKayky BhICOKOIapapMHMUCTOM
Heptn. B oTmx HedTempososax MCIIOAB3YIOTCS pa3AMYHBIE TEXHOAOTUM IlepeKadku
BBICOKOBS3KOI, BbICOKO3acThIBalomell HedpTu. JernpeccopHble MPUCaAKU IPUMEHSIOTCA AAs
yAy4IlleHNns: peoAormdecknx csoiicts B Hedrernposogax CIHIA-Yxra-fpocaasan (Poccmiickas
Depepanus), Kymkoap-Kapakonn-IlIsimkent (Pecniy6amka Kasaxcran); Ileun mcrioapsyiorcs
Aast mogorpesa HepTu B Hedremposoge YseHb-I'ypres-Camapa (Pecriybamka Kasaxcras,
Poccuiickas @eaepanus). [2,7].

3uMoOiIf, 0COOEHHO B O4YeHb XOJAOAHBIe IIepHOABI, TeMIlepaTrypa HepTu B TpyOOIpoBoJe
cHykaercs. Ecan rugapapandyeckoe cONpoTuBAeHne TpyOoIIpoBoja 3HauMTeAbHO BO3pacTaeT U
IIpeBbIIIaeT BO3MOKHOCTI HAaCOCHOTO 000PYAOBaHILs, IlepeKauKy ImpeKpamaioT. B takom pexxume
ucnoandyercss Heprenposog Kymkoan-Kapakoun, necmorps Ha goOaBaeHMe JeIpecCOpPHBIX
IIpMCaAOK, yAYUIIaIOIIX TPaHCIIOPTHEIE CBOVICTBA ITPOKauMBaeMoll 110 HeMy He(TH, IlepeKadka
He(pTU MpMoOCTaHaBAMBaeTcs Ha 2-3 mecsia. [3-8].

B craThe paccMOTpeH croco0 TpaHCIOPTUPOBKM BBICOKOBA3KOV He(PTM, OTpaHMIMBaIOIUIA
IIPOLIeCCH COKUTaHMUs 3a CYeT MCIO0Ab30BaHMUs HU3KOIIOTEHI[MAaAbHOIO IIPUPOAHOIO TeIlAa,
IpeBpaIialoiero BEICOKOIIOTeHIIMAaAbHYIO He(pTh B ICTOYHMK TeIl1a B TeIIA0BBIX Hacocax.

OanmM U3  MepCreKTUBHBIX HaIlpaBAeHUI 9(PQPeKTUBHOIO IPUMEHEHNUs  HOBBIX
®HeprocOeperamIuxX TeXHOAOIUN, alalTUPOBAaHHBIX K CYPOBBIM KAMMAaTUYECKUM yCAOBMSAM
PecniybanxuKasaxcran, siBasercs HalTpaBAeHe, CBsI3aHHOe CUCII0Ab30BaHeM HeTpaAUIMIOHHBIX
VICTOYHUKOB DHEPIUM.

OaHMM U3 THepCleKTUBHBIX HallpabAeHMI ®(pQEKTUBHOTO MCIIO0Ab30BaHUA HOBBIX
®HeprocOeperamIux TeXHOAOIUN, alalTUPOBAaHHBIX K CYPOBBIM KAMMAaTUYECKUM YCAOBMSAM
Pecniybauxu Kaszaxcran, sABasercs o04acTb, CBsA3aHHAs C MCIOAb30BaHUEM HeTpaAMUIIMOHHBIX
VICTOYHUKOB DHEPIUM.

2. Marepuaabl 1 METOABI

Ha mpome>KyTOUHBIX TeTIA0BBIX CTAHIIVSIX MarICT paAbHBIX He(PTeITpOBOA0B, 000PYA0BaHHBIX
IIO>KapHBIMM MAY ITaPOBBIMM HarpesaTeAsIMH, ITMPOKO U3BeCTeH CII0CO0 HarpeBsa BHICOKOBSI3KOI
Heptn. OCHOBHBIMI HeJOCTaTKaMM TaKOTO Croco0a OTOIAeHUs SABASIOTCA THoTpebaeHune
IIePBUYHBIX DHEPTOpecypcoB B BuAe Tonampa (HepTu, MasyTa MAM Taza) U 3arpss3HeHMe
BO3AYIIHOIO DacceiiHa BpeAHBIMU IIPOAYKTaMU IPU CKUTAaHUM HTUX BUAOB TOILAMBA B TOIIKaX
TOILAMBHBIX OOOTrpeBaTeAeil AN IapOBbIX KOTAOB.

MccaegoBanmuss 1okaszaam, 4YTO YeM OauKe TeMIIepaTypHBII peXUM Hacoca K
U30TePMUIECKOMY PeXXIMY, TeM SKOHOMUYHee OyJeT pacCMOTpPEeHHBIN BapuaHT Hacocal7].

MunumMyM 3aTpaT COOTBETCTBYET BAPMAHTy M30TePMUYECKON MePeKadKyl C TeMIIepaTypoit
t_ , TIpeBBIIIAONIel TeMIlepaTypy t oKpykaromeit cpeabl Ha 3..5 1 6oaee rpagycos. ITpu sTom
MOAO0XUTEABHBIM SABASIETCS TO, YTO UCIIOAB3YeTCS TeILA0 TPEHIA.

Pekomenayercst MeTO4 «pa3AeAeHHOTO» Harpesa, IIpU KOTOPOM TeMIIepaTypPHBI PeXuM
Hacoca 0AM30K K u3oTepMmdeckomy [7].

Mertog 3aKka1049aeTcs B OCHOBHOM B pacCpel0TOYeHHOM pacoA0KeHn Ha HepTeIpoBOAHON
Tpacce MaJOMOIIHEIX TEeIIAOBBIX CTAHIMI Ha OTPaHMYEHHBIX ydacTKaX. VIMeeT «mmapdatoe»
pacrpejesenne TeMIlepaTyphl 10 AAuHe HepTenpoBoa (pucyHOK 1).
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L — aamna nedrenposoga; L — aamna yactu Hedrenpopoja, IOA0TPeBaeMOro C IOMOIIBIO
THY; I - aamna j-To yyacTka (paccrosne Mexay Asyx THY, ucroapsyiommx BoAHbIe MCTOYHMUKIA
HI3KOTEMIIEPATyPHOTO TerAa); [, — AauHa i-ro yJacTka j-ro (pacCTosHme MeXAy AByMs COCeAHMMI
THY); t,, t,;— COOTBETCTBEHHO HaYaAbHAs I KOHEUHAs TeMIIEPATyPhIi-ro yJacTkaj-ro; t, —~Temrmeparypa
3aKauMBaeMoli B TpyOorposoa HedTy; thaa — OasaHcoBas TeMIlepaTypa repekadyky; t, — reMreparypa
IpyHTa Ha rAyOMHe 3a105KeHNsl OCU TPyOOIIpoBOAa B HeHapyIIeHHOM TeILA0BOM COCTOSIHIIAL.

Pucynok 1 — Pacipegeaenne TeMIiepaTypsl 110 AAMHe TPyObI IPU MCII0Ab30BaHUM MeToAa
CHIVDKEHIS BA3KOCTU He(PTH € IIOMOIIBIO TEILAOBLIX HACOCOB

B xauecTBe MaAOMOIITHBIX TEIAOBBLIX CTAHIIMIA MBI peKOMEeHAYeM MCII0Ab30BaTh TeIlA0BbIe
HacocHble ycTaHOBKM [9-11]. Aas HarpeBa BLICOKOBSI3KON He(PTU B TeXHUYECKOM pe3yabTaTe
BMeCTO CKMTaHMs B TOIIKaX ITyHKTOB oOorpesa He(TH, Ma3yTa, Taza MAM YTUAM3ALUU Tellda
BBIX/OITHBIX Ta30B ra3oIlepeKadyMBaoIIX arperaTos 1CI10Ab3yeTcs HU3KOTeMIIepaTypHOe TeI110
IIPUPOAHOTIO TeIlA0pacIipeeaunTels, KOTOpoe 3aTeM IpeoOpasyeTcs B TeILA0BbIe HaCOCHI.

Anaamns criocoba Harpepa He(TH C IIOMOIIBIO TeILAOBOTO Hacoca IIOKa3blBaeT, 4TO
IIpeJA0KEeHHBII MeTO4, oOecIiednBaeT 9Heprocoeperaiomyio U 9KOAOTUMYECKM YUCTYIO
TeXHOOTUIO HarpeBa BbICOKOBA3KIUXHePTAHBIX IIOTOKOB, TPAHCIIOPTUPYEMBIX IO MarCTpaAbHbIM
HepTerpoBOjaM.

HuskoremnepaTypHbIil MCTOYHMK Tellla MEepPBUYHBIN TelldopaclipejeanTedb, KOTOPBIi
repejaeT TeIA0 XAajareHTy, HUpPKyAUpyIoeMy B Tel10B0M Hacoce 1. HuakoremMnepaTypHbIMU
UCTOYHMKAMI Terda 2 MOIYT OBITh TPYHTOBBIE, PYCAOBbIe I IIOA3eMHbIe pPeKHu, 03epa,
MOpcKue BOAbl. HuskoremmepaTypHoe Tenao, IoaydaemMoe OXAaXAaloIlel >KUAKOCTBIO,
npeoOpasyeTcsi B BLICOKOTeMIIepaTypHOe TeIlA0 ¢ IOMOIIbIO Teraosoro Hacoca. IToaydyennoe
BBICOKOTEMIIepaTypHOe  Temao  Ilepeaercs  HPOMEeXYTOYHOMY  DHEPrOHOCUTEAIO,
LIUPKyAUpYIOLIeMy B KOHType I mog geiicTBuemM TeMIiepaTypHOTO AaBAEHUSL.

Ha mnpakrmke Takmx caydaeB HeT M BIepBble paccMaTpuBaeTcs KaK BO3MOXKHOCTDb
IIpMMeHeHN s TeIIA0BBIX HaCOCOB B IIpoIieccax Harpesa HepTU B MarucTpaAbHbIX He(pTeIIpoBojax,
TaK U MeTO/, HU3KOTeMIIepaTypPHOI IIeperoHKN (IIePeroHKu ¢ «pacipeeAeHHbIM» HaTrPeBOM).

Taxk xak TemaoBple HAcOChl B KadecTBe MCTOYHMKA MCIOAL3YIOT HU3KOTeMIIepaTypHOe
(mpupogHoe) Tenao u paboTaoT TeM 5PPeKTrBHee, YeM MeHbIIle pasHMIla TeMIlepaTypPHBIX
neperniagos B koHaeHcatope T, u ucrnapureae T, To apdexr Oyser HanbOOAbIIUM, €caAM UX
yCTaHaBAMBaTh B KOHIIe IIePeroHOB, Ha HM3KOTeMIIepaTypPHBIX ydacTKaX, paccpejoTaunBasl 1O
Tpacce [3-8].
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1 — ycTraHOBKa TeI0BOTO Hacoca; 2 — HU3KOTeMIIepaTypPHBIN UCTOYHUK Teraa; 3 — AMHelHast
9acTh MarucTpaabHOro HepTerpoBoa; 4 — MUPKyASLIVIOHHBIN HACOC; 5 — TEII1000MEeHHMK; 6 — KAallaH;
7 — 3aABVI>KKA.

Pucynok 2 — CTpyKkTypHas cxeMa, OObsICHAIOIIAs CIIOCOO Harpesa IIOTOKa He(pTH B
MarucTpaabHBIX HepTeIIrpoBoax

Takoit BapuaHT pacrpeeaeHns TeILA0BLIX HACOCOB MeeT CAeAyIolue IIpeuMyIecTpa:

1 - wmcmoap3oBaHMe MaruCTpaAbHOTO He(TenposoJa IIPM OTHOCUTEABHO HUBKIUX
TeMIlepaTypax OCyIIecTBASeTCs C MCII0Ab30BaHMeM Tellda TPeHIs;

2 — Opy HM3KOTEMIIEPaTypHOM JaBAeHUIU TeIA000MeH C OKpy>KaloIlell cpeJoil MeHee
VHTEHCUBeH, a IIOTepy Tellla MeHbIIe;

3 — MOCKOABKY TeIlA0, IOAy4eHHOe OT IOYBeHHOIO MaccuBa, BO3BpalllaeTcs B IIOYBY U
IIpaKTUYeCcKM He IlepeJaeTcs B aTMocdepy, Ha 3eMae IT0AAep>KIBaeTCsl ITIOUTH Hy A€BOJ TeILA0BOI
OaaaHc, obecriednBasi MMHNMMaAbHOE TEIL10BO€ BO3JeNICTBME Ha IIOYBBI CeBEPHBIX PEerMOHOB.
Takoe cHmKeHMne Terna0oOMeHa ITOAHOCTBIO COOTBETCTBYeT TpeOOBaHMSAM 9KOAOTMIECKON
Hes3oracHOCTH B paliOHaX, I4e IMPOXOAAT CeBepHbIe TPAcChl M IPeIITCTBYeT OTTalBaHUIO TPYHTa
C IIPOMEP3IINM OCHOBaHMEM.

PaccrosHme MeXXAy TeTLA0BBIMI CTAaHIIMI MEHbIIIe A AMHBI MHOTOTPYyOHOTO He(pTeIrrposoa,
a IPUPOAHbIE MCTOYHUKM IIPUTOAHOTO A4Sl MCIIOAB30BaHMU: HU3KOTEMIIepaTypHOIO TeIlla
HepaBHOMEPHO PacIOA0KeHbI Ha Tpacce, IOHTOMY B OOABIIMHCTBE CAydaeB MecTa YCTaHOBKM
THY moryT ObITH ycTaHOBAEHBI M3HaYaAbHO [3-8].

Cunraem, yTO paccrosHMs I, MeXAy TyHKTaMu IoJorpeBa (pUCyHOK 2) 3adanbl. [Ipu
onpegeaenun momuoctu THY HeoOxogumo ydmuThIBaTh TakXKe, 4TO 3aTpaThl Ha COOPY>KEHUs
THY n 9xcniayaranmio B HepcrekTuBe 3aBIUCAT OT B/IAa MUCTOYHIMKA HU3KOTeMIIepaTyPHOTO Tellaa.
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3. PesyabTaThl M 00CyXAeHIe

Briepsrie mpejaoskeHa K mpakTudeckomy BHeApennio Ha oobekrax AO «HK KasMy#naril'as»
KOHKpeTHas TexHOAorvs 1 cxembl puMenenns HMTK c ncroap3oBannem B KauecTse MCTOYHMKA
TEeTIAOTHI C MCIIOAb30BaHNeM COPOCHOM TeIAOTHI BOABI, OTAEAEHHOI ITocae cerapalum Hedre-
BOASIHOTI ®MYAbCHMY, BBIKaUMBaeMOJI 3 CKBaXKIH ¢ TeMneparypoit +11°C [9-11].

HMTK ¢ ncnoap3oBaHneM aabTePHATUBHBIX MCTOYHUKOB DHEPIUM B CTAllMIOHAPHOM MAN
MOAYABHOM KOHPUIypaluy IpeacTaBAsieT coOOV KOHTeHep C MeTaAANYecKON M30AsIMel,
KOHTEIHePHYIO OIIOpPYy, OTpaXkJalollyue KOHCTPYKIIUM, BBIIIOAHEHHBIE B BUAE TPEeXCAOWHBIX
IlaHe/Aell, COCTOAIINX 13 TOPPUPOBAHHBIX AMCTOB, M30AUPOBAHHBIX OT IIAUT MUHEPAAbHO BaThl
(pucynok 3) [9-11].

Pucynox 3 — O611mit B npejaaraeMmoro ocHopHoro ooopyaosanust HMTK B moayabHOIM
KOMIIOHOBKe

Bueapenne B Pecriybamke Kasaxcran sHeprocOeperarmomiux 9SKOAOTMYECKM — YMCTBIX
texHoaorunt Ha 0aze HMTK [9-11] gaeT BO3MOXKHOCTB:

- CyIIeCTBeHHOM YKOHOMIM TOIIAMBHO-DHEPIreTUYeCKIX peCcypCoB;

- oToIAeHNne He(PTHIO IIpeAOTBpaIiaeT napapuHN3ANNIoO TPy, a TakKe CHIKaeT IoTepu
He(pTU IIpU pasrpyske M3 LUCTePH, TaHKePOB U IIOTepU DHEPTUM, CBA3aHHBIE C IepeKadKoi
He(TU 1IO TPYOOIIPOBOAAM.

ITpeumymecrtso wncnoansosanmss HMTK sBaserca wncrnoab3oBaHme aabTepHaTHBHBIX
VICTOYHMKOB DHEPTUN 445 Harpesa HepTU BO BCeX CAydYasX C BBICOKMM cojep>KaHueM napaduHa
1 ac$aabTO-CMOAMCTHIX BelecTs (40 25%).

IIpn TpancriopTuposke HepTH IO MarucTpadbHBIM TpPyOOIpoBOJaM K JaAbHUM
oTpeduTeAs M IOAOrpes He(pTU IPOU3BOAUTCSA B CIEIMAAbHBIX IIeyaxX TeIAOBBIX CTaHIIMIA,
yCTaHaBAMBaeMBIX IPUMEPHO depe3 Kaxabre 100 KM Tpacco.

B xauecTse TOnAMBa 1CIOAB3YIOT HEPTIHON UAN IIPUPOAHBIIL Ta3.

4n0a06ps1 2021 roay Coserom anpexropos KMI'yTBepxaena I IporpamMmma Hu3koyraepoaHoro
passutusa AO «HK «KasMynaiil'as» na nepuog 2022 — 2031 roasnt (aaaee — ITHYP).

OaHUM 113 OCHOBHBIX HaITpaBAeHMII 110 CHYDKeHUIO yraepoaHoro caeaa [THYP KMI sisasercs
IIOBbIIIeHNe DHeproopPeKTUBHOCTU U Pa3BUTIE BO3OOHOBASEMBIX MICTOYHUKOB BLIOPOCOB.

B pamkax peaausannu IIporpammsr Huskoyraepoanoro passutus AO «HK «KasMymnaii
l'az» na mepmog 2022 — 2031 roasl genapTaMeHTOM HU3KOYIA€pOAHOIO PasBUTUSA COBMECTHO
co crennaancramn AO «DOvbamynairas» (AO «OMI») mposedeHO IleaeBoe TexXHIYECKOe
oOcaeaoBaHNe TeXHOAOTMYECKUX OOBLEKTOB, I1eAbl0 KOTOPOTO sBAsSAOCh OlleHKa ITOTeHIIuaJa
ucnoapdosanusa MHTK na ocHOBHBIX 11 BcmomoraTeAbHBIX 00bekTax AO «OMI'».

Ilo pesyabraTam oOcAeg0BaHUs IIPeAAOXKEHO MCIOAb30BaTh IapPOKOMIIPECCMOHHYIO
TeIIA0BYIO MAaIINHY — TeIA10BOM Hacoc B MoAyapHol komiaektauun (HMTK) aas mogorpesa
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coipoit HepTu. HMskomoTeHIMaAbHBIM MCTOYHMKOM Tellda IIAaHUPYeTCS MCIIOAb30BaTh
COITYyTCTBYIOIIYIO BOAY ¢ TeMmniepatypoii +11°C, oTaeaeHHyIO mocae cermaparium 13 HepTeBO ASHO
DMYAbCUM U3 CKBa>KMHBI [9-11].

JanHasg MHULMATUBA sABASEeTCA MHHOBALIMOHHONM 1 BIIepBbIe  IIpeJycMaTpuBaeT
ICII0Ab30BaHMe TeILA0BBIX HACOCOB B Ipoliecce mogorpesa HeTu B PecrryOanke Kasaxcram.

B xauecTse nmmA0THOI MAOMIAAKK A4S TPOBEAEHNS OIIBITHO-IIPOMBIIIIACHHBIX UCITBITaHUIA
(OIIN) npeasaputeapHo paccMmatpusaercsas HIAY «KaripikmyHaiiras» mecropoxaenne 10.3.
Kamprmmrosoe ¢ 2-x cTyIieH4aTON cXeMoii mogorpesa HePptu 40 55-60 °C. A HesaleKoO OT HEro
PacroA0>KeH NCTOYHMK HU3KOIIOTeHIIMaAbHOTO TeIlAa B BIAe COITy TCTBYIOIIIel BOAbI, OTAeAeHHas
rocae cemapanyy He(pTeBOASHON DMYAbCUY, BBIKAIMBaeMOI 13 CKBa>KIHBI (PUICYHOK 4).

B mnacrosmiee BpeMs Ha yuyactke mnogrotosku Hedtu (YIIH) mecropoxaenns I0.3.
Kamsimurosoe nedpts mocae PBC (pesepsyapos) HarpesaeTcsl B TexHoAornmdeckux redax I1T-
16/150 (Temaosas momiHOCTh 1,6 I'kaa/d) 1o 2-x crymenvaroi cxeme. ITpu nposegenun OITN
I1AaHUPYeTCs yCTaHOBUTL MOAYAD C TeIIA0BBIM HaCOCOM Ha y3/e I0A0oTrpeBa HepTi, TeM CaMBIM
CHM3UTDH HaIrPy3Ky Ha TeXHOAOTMYECKMX IIeyax, YTO B UTOre CyIeCcTBeHHO CHU3UT IoTpedaeHne
TOILAMBHOTO Ta3a.

i [—

| [

sope

Pucynoxk 4 — Cxema ycranosku mogyas HMTK ¢ terraossiM HacocoM

B cayyae moayuyenmns moaoXmuTeabHOTO 3aKAioueHus no pesyabpraram OIIV naanupyercs
AaabHelilllee TUPaXKpOBaHMe JaHHOM ITPaKTUKIA.

[Tepcniektusnr npumenenns HMTK - B TupaxupoBanun g4aHHOM TeXHOAOTUM Ha ApyTue
Aoobrunble akTBb AO «HK «KazMynariil'as».

[Io mMTOoraM OIBITHO-IIPOMBIIIAEHHBIX WUCIBITAaHMII IIpeAAaraeTcs OIIeHUTh 9(PQeKTH,
TeXHMKO-DKOHOMMYECKYIO 11€4eCO00pa3HOCTh BHeAPEHMs TeIA0BbIX HaCOCOB Ha aHaAOTMYHBIX
nosunysax AO «BMI'», a Taxke Ha apyrux goossaommx 430 AO «HK «KasMynaiil'as».

4. BbiBOAbBI

[Tpu Breapernn HMTK [9-11] oopextax AO «HK «KasMynaitl'a3» maanmpyercst HoAydInTsb
3HAYUTEAbHBINI HKOHOMUYECKUI, DKOAOTMYecKnii 9PQPeKT 3a CYeT 3aMeHBl TpaAMUI[MOHHBIX
ncrouHnkos ternaa Pecriybamkm Kasaxcran (koreabHble, paboTaiomiye Ha TBEPAOM, KUAKOM
TOIILAMBE, DAEKTPUYECKIEe KOTAbI), CHUXKEeHMS BLIOPOCOB ITapHUKOBBIX Ta30B B aTMocdepy.

Takum 00pa3oM, MCTOUHMKOM JAOXOAHOCTM IpoekTos npu BHegpenun HMTK Ha
BhIeyKazaHHbIX 00bekTax AO «HK «KasMynaril'as» sBasorcs:

1. CymiecTBeHHBINT DKOHOMMYECKUIT 9PQPeKT, TO eCTh pasHuIla B CTOMMOCTHU TeIlA0BO
DHepIuy, NpuodpeTaeMoil OT KOTeABHBIX U BhIpabaThiBaeMbIX ¢ IpumeHenuneMm HOTK (8 3-5

pasa).
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2. 3HauMTeAbHOE CHIDKEHMe DKCIIAyaTallIOHHBIX PacXOJOB BBIIIEHa3BaHHBIX OOBLEKTOB,
JICTIOAB3YIOITNX aAbTepHaTUBHBIE ICTOYHUKI DHEPIUM AAs1 0OOrpeBa HepTH.

3. Coxpanienne BHIOpPOCOB ITapHMKOBBIX Ta30B I, KaK CAeACTBIe, COKpaIlleHIe DKOAOTMIeCKIX
ILAaTe>Xeil XO3AMCTBYIOINX CyOLeKTOB.
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XKblay cOpFbI TEXHOAOTMSCHIH €HTi3y apKbLAbl MaruCcTpaabAbIK MyHaii KyObIpAaphl
apKbIAbl TYTKBIPABIFBI )XOFapbl MYHalAbI TaCbIMaaaay TMiMAidiriH apTTBIPY

"A. III. Aanmrasus’, A. H. Beprysunos?, Mep3aaunosa I'.T.!, baumGeros H.A.?,
F.)K.Tac6oaat!
'.H. I'ymuaes amwundazor Eypasus yammoix yrusepcumemi, Acmana ., Kasaxcman Pecnybauxacur;
*Topaiizvpos yrusepcumemi, Ilasrodap x, Kasaxcman Pecnybaukacot

Anaarna. Makasaga g4ocTypai emec sHeprus ko3aepil naigadaHa OTHIPBIIL, OHBI KbIABITY AbIH KbLAY
COPFBI TEXHOAOTMSICHIH eHri3y apkblabl Kasakcran PecrybamMKachIHBIH MarucTpaabAblK MyHali KyObIpAaphl
apKbIABl TYTKBIPABIFBI JKOFapbhl MYHalAbl TacbIMaAAayAblH TUIMALAITIH apTTBIPYABI €HIi3y Maceaeaepi
Kapaaasl. Aaram pet “KasMynaitl'as “YK” AK (Oyaan api — “KMI™” AK) oObexTiaepinge yHFpIMadapAaH
aligasaTblH MYHali-Cy DMYAbCUACLIH ODoAreHHeH Keltin 6eainren +110C TemMniepaTypace 6ap CyablH arbi3y
KBIAYBIH IalijalaHa OTBIPBII, MUKI MyHanAbl JKbIABITYABIH TOMEH KOMipTeKTi MOAYAbAIK JKbLAY COPFBI
kemreHiH (YMKK) kKoagaHyABlH HaKThI TeXHOAOTHMACHI MeH CXeMachl ic >Ky3iHJAe eHri3yre YCHIHBLAABI.
“JKaitpIkMyHaliraz” MyHalAbl >KBIABITYABIH 2 caTblabl cxeMacel Oap IO.3. Kamblmnrosoe KeH OpPHBI
ToXXipnbeaik-eHepKaCinTik chiHaKTapAs! (OydaH oapi — TOC) eTkisyre apHaAFaH NMUAOTTHIK aJaH peTiHAe
aaApH aaa Kapaaaasl. TOC xyprisy ke3iHAe MyHall JKBIABITY TOpaObIHAA SKBIAY COPFLICEI Oap MOAYAbAi
OpHaTy JKoclapAaHyAa, OChbLAaiilla TeXHOAOTUSABIK TIeITepAeri JKyKTeMeHi a3ailTaabl, HOTV KeCiHAe OThIH
ra3bIH TYTBIHYABI aliTapAbIKTall ToMeHAeTedi. by 6acrama nHHOBalMsAABIK OOABIIT TaDbLAaAbl KOHE aAFalll
per Kaszaxcran PecrrybamkacbiHga MyHalAbl SKBIABITY IIPOLeCiHA@ KbIAy COPFbLAAPBIH IlailjadaHy/bl
kes3aeriai. “KasMymnaiil'as “¥YK” AK 0acka 4a @HAipy aKTUBTepiHe OCBI TEXHOAOTMAHBI THpakdayda YMKK
KOAAaHy IepcreKTUBaAaphl.

KiaTTi cesaep: XAy COPFBI KOHABIPFBICH, DHEPTUA TUIMAIAITi, SHEPTUAHBI YHEMALY, AdCTYpPAi
eMec DHeprus Ko3jepi, ToMeH KOMipTeKTi MOAYAbAIK JKbLAY COPFBI KellleHi, JKOFaphl TYTKLIP MYHalAbI
KBIABITY, AeKapOOHM3AITNA.
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Improving the efficiency of transportation of high-viscosity oil through trunk pipelines by
introducing heat pump technology

*A. Sh. Alimgazin’, A. N. Berguzinov? G.T.Merzadinova', N.A. Baymbetov', G. Zh. Tasbolat
'L.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan
*Toraighyrov University, Pavlodar, Republic of Kazakhstan

Abstract. The article deals with the issues of introducing an increase in the efficiency of transportation
of high-viscosity oil through the main oil pipelines of the Republic of Kazakhstan by introducing heat pump
technology for heating it using unconventional energy sources. For the first time, a specific technology
and scheme for the use of a low—carbon modular heat pump complex (NMTC) for heating crude oil
using the waste heat of water with a temperature of +110C separated after separation of the oil-water
emulsion pumped from wells has been proposed for practical implementation at the facilities of JSC NC
KazMunayGas (hereinafter - JSC KMG). The Yu.Z. Kamyshitovoye field with a 2-stage oil heating scheme
is being preliminarily considered as a pilot site for conducting pilot-industrial tests (hereinafter - CPI) by
NGDU “Zhaiykmunaygas”. During the CP]I, it is planned to install a module with a heat pump (NMTC) at
the oil heating unit, thereby reducing the load on the process furnaces, which will eventually significantly
reduce fuel gas consumption. This initiative is innovative and for the first time provides for the use of heat
pumps in the process of heating oil in the Republic of Kazakhstan. The prospects for the use of NMTC are
in the replication of this technology to other mining assets of JSC NC KazMunayGas.

Keywords: heat pump installation, energy efficiency, energy saving, unconventional energy
sources, low-carbon modular heat pump complex, heating of high-viscosity oil, decarbonization.
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Investigation of the influence of technological parameters on the
copper deposition process

Abstract. The possibility of electroplating copper coatings on chemically and chemical-
galvanically nickel-plated acrylic fibers has been studied. The effect of electrolyte pH, its
composition, current strength at the 1st and 2nd cathodes, as well as the metallization time on
the electrophysical, physical and mechanical properties of copper-containing fibers have been
studied.

Electrically conductive fibers with different copper contents have been obtained. Regularities
have been established for the change in the electrical properties of fibers depending on the
content of copper. The studies have shown that with an increase in the copper content, the
electrical conductivity, the uniformity of the coating and the uniformity of the electrophysical
properties (for chemical-galvanically nickel-plated fiber) increase. In the case of copper plating
of chemically nickel-plated fiber, the coefficient of variation in electrical resistance increases with
increasing plating time, despite the fact that the copper content increases, and the coefficient of
variation in copper content and electrical resistance decreases.

Keywords: electrically conductive chemical fibers, electrical conductivity, electrical resistance,
electrolyte, electrodeposition.

DOI: doi.org/10.32523/2616-7263-2023-145-4-302-311

Introduction

Today, all leading manufacturers of metallized fabrics use nickel as a metal coating.
This metal is a ferromagnet, so it reflects well the magnetic component of electromagnetic
radiation [1].

Personal protective equipment against electromagnetic radiation includes head protection
equipment (protective helmets, hats), eye and face protection (goggles and protective shields),
respiratory protection equipment (gas masks and respirators), hand protection (mittens), means
of protection against falling (safety belts and safety ropes) and special protective clothing (suits,
gowns, aprons, vests) [2].

Electrically conductive chemical fibers, which are marketed by several leading countries,
differ significantly in the way they are obtained, the nature of the conductive components
used and of their distribution in the polymer mass. The areas of application of such fibers are
constantly expanding and their demand is increasing. The development of new technologies
to produce electrically conductive fibers and the study of their properties are urgent tasks of
modern polymer chemistry and materials science [3].

Metal coatings are applied to dielectrics either by vacuum spraying or by precipitation
from solutions, and the latter method is more versatile and can be used for metallizing
products of complex shape and, if necessary, obtaining metal coatings with specified functional
properties [4].
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In the scientific article, antimicrobial silver ions were introduced into knitted and non-woven
fabrics using the methods of dry curing with a swab and spraying. The absorbency of nonwoven
fabric is significantly higher than that of other knitted fabrics before and after antimicrobial
treatment [5].

The work “Development of electroless silver plating on Para-aramid fibers and growth
morphology of silver deposits” investigated the electrodeless silvering of para-aramid fibers
and the morphology of the growth of silver deposits. The results showed that a higher silver
mass gain was beneficial for improving the conductivity of paraaramide fibers deposited with
silver [6].

Electromagnetic Shielding Fabric (ESF) is a new electromagnetic shielding product with
portability, flexibility and good mechanical properties [7].

The occurrence of static charges on the clothes of medical workers is facilitated by many
electrical appliances in modern medical centers, low air humidity, as well as the background
level of ionizing radiation. This problem is most relevant for clinical laboratories, physiotherapy
and diagnostic rooms. The possibility of using the method of magnetron sputtering of metals
on textile materials was studied for the manufacture of medical clothing to impart antistatic
properties, provided that their physical and hygienic characteristics are preserved [8].

Applying a metal coating to fibers using supercritical fluid (SCF) is a manufacturing
technology used to produce highly conductive fibers; further research is currently being actively
conducted on synthetic fibers such as aramid, polyester and nylon fibers [9].

The revision of literature and patent data on the production, properties and use of electrically
conductive fibers and materials based on them shows that a lot of attention is paid to the problem
of obtaining electrically conductive fibers and products. This is primarily due to the fact that
such valuable properties as low density, elasticity, chemical resistance, electrical conductivity,
relatively low cost, successfully compete with metal fibers and allow solving urgent problems in
various sectors of economy. Currently, to produce metallized fibers, chemical and electroplating
metallization methods are most often used, which make it possible to give the fibers a sufficiently
high electrical conductivity while maintaining or slightly reducing their strength. However, there
are a limited number of publications on the possibility of applying galvanic copper coatings
to chemical fibers. The purpose of the current work is to study the possibility of applying a
copper coating by electroplating on a pre-chemically and chemical-galvanically nickel-plated
fiber, as well as to conduct a set of experiments to study the properties of the resulting copper-
containing fiber and comparing the data obtained with the original sample. Sufficiently detailed
studies of the influence of technological parameters on the deposition of copper on chemically
and chemical-galvanically nickel-plated fiber were carried out [10].

Materials and Methods

The fabric used is pre-chemically and chemically electroplated nickel-plated acrylic
fiber. The purpose of this study was to study the possibility of applying a copper coating by
electroplating on a pre-chemically and chemically-galvanically nickel-plated acrylic fiber and to
study the properties of copper-containing fibers.

From the whole variety of electrolytes, we selected the most commonly used thre electrolytes.
The compositions of electrolytes and the recommended parameters of their operation are
presented in Table 1.
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Table 1. Electrolyte compositions and recommended parameters

Electrolyte Nol Electrolyte No2 Electrolyte No3
sulfate pyrophosphate ethylenediamine
CuSO,-5H,0 - 200 g/L CuSO,-5H,0-30 g/L CuSO,-5H,0 - 95 g/L
H,SO, (density 1.84 g/cm®) - | Na,P,O,-10H,0 - 120 g/L C,H,(NH,), - 50 g/L
50 g/L Na,HPO,-12H,0 - 60 g/L (NH,),SO, - 50 g/L
pH=1 pH=7.5-8.9 Na,SO,-10H,0 - 50 g/L
T=20-30°C T =20-30°C pH=6-78
Current density - 0.3-0.4 A/dm?® T =20-30°C
Currentoutput-75-80%

Investigation of the influence of technological parameters on the deposition of copper on
chemical and chemical-galvanic nickel-plated fiber. The properties of copper coatings and their
structure depend on the deposition conditions. In terms of physical properties, electrolytic
copper differs from copper in an equilibrium state. Copper obtained by electrodeposition has
increased hardness, electrical resistance and internal voltage.

Depending on the composition, type of electrolyte and structure of copper precipitation,
its physical and mechanical properties can vary widely. In most cases, copper coatings are used
when applying multilayer coatings such as copper-nickel-chromium or nickel-copper-nickel, etc.

Results and Discussion

Table 2 presents the results obtained in the study of the process of applying copper to
chemically nickel-plated acrylic fiber in the above electrolytes. The data presented in Table 2
indicate that, other parameters being equal, the most favorable conditions for the deposition
of copper on a nickel-containing fiber are created when using a pyrophosphate electrolyte. It
was also found that when copper is deposited on a chemically nickel-plated fiber, the deposited
metal is rather quickly oxidized in air with the formation of CuO and Cu,0. When copper is
deposited on chemical-galvanically nickel-plated fiber, the copper coating is more uniform and
more resistant to oxygen. Based on the analysis of the data obtained, when studying the influence
of various parameters on the process of electrolytic deposition of copper, further experiments
were carried out using a pyrophosphate electrolyte.
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Table 2. Results of the study of the process of applying copper to nickel-plated acrylic fibers in
various electrolytes

Type of Maximum Maximum | Metalliza- | Coppercon- Note
electrolyte current current tiontime, tentinfiber, %
and fiber on the 1% on the 2 min
cathode, A/ | cathode, A/
voltage, V voltage, V

Nel, pH=1 1) Copper is evenly

Chemical 1.5/6 1.5/10 12 2.3 deposited on the

nickel chemical-galvanically

plated 2.0/10 3/16 6 3.9 nickel-plated fiber.

Chemical- On chemically nickel-

galvanically plated fiber, copper

nickel- oxidizes rapidly.

plated 2) Over time, copper
begins to deposit on
the cathode roller.

Ne2, pH=7.5 1) Copper is evenly

-8.9 3/16 6/17 12 4.3 deposited on the

Chemical chemical-galvanically

nickel nickel-plated fiber.

plated On chemically nickel-

Chemical 3/10 5/16 6 5.6 plated fiber, copper

pebbles oxidizes rapidly.

nickel- 2) No copper

plated deposition on cathode
rollers

No3, pH=6- Copper isnot | High voltage on the

7.8 deposited on | cathode rollers, copper

Chemical 1/15 1.5/18 12 the fiber, itis | is not fixed on the

nickel deposited on | fiber. Copperisdeposit

plated 1/15 1.5/18 6 the cathode edonthecathoderollers

Chemical rollers

pebbles

nickel-

plated

The effect of current on the 1% and 2™ cathodes on the amount of copper deposited on the
fiber, on the electrical resistivity of the fiber and on the uniformity of the copper coating was
studied. The data obtained are presented in Table 3.

An analysis of the results obtained indicates that with an increase in the current strength at
the 2" cathode, the amount of copper deposited on the fiber increases, and the electrical resistivity
of the fiber decreases accordingly. This improves the uniformity of the coating (KV . decreases)
and increases the uniformity of electrical properties (KV g also decreases).At the same time, the
uniformity of the coating improves (KV_ decreases) and the uniformity of the electrophysical
properties increases (KV_ also decreases).
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Table 3. The effect of current on the 1% and 2" cathodes on the properties of the fibers, subjected
to electrolytic copper plating

Fibertype Current | Current | Copper Coefficient Specific Coefficient
strength | strength | content | of variation electrical of
on the on the on fiber, of copper resistance of | variation,
1st 2nd Ccu, % content, KV the fiber, KV ov, %
cathode, | cathode, cw 1o ov-10°Ohm'm
il, A i2, A
Chemical- 1 3 3.74 41.2 12.3 51.4
galvanically 1 4 4.42 33.3 7.67 41.3
nickel-plated 1 5 4.74 26.4 7.39 32.8
fiber
Chemical- 2 3 3.85 28.3 11.7 40.6
galvanically 2 4 5.25 24.5 6.4 40.0
nickel-plated 2 5 6.90 23.2 6.06 39.4
fiber
Chemical- 1 3 4.06 19.8 592.9 52.8
nickelplatedfiber 1 4 52 33.7 553.9 38.6
1 5 5.6 42.1 507.2 274

It should be noted that when applying a copper coating on a chemical-galvanically nickel-
plated fiber, increasing the current on the 2" cathode to more than 4-5 A is not advisable, since
this does not lead to a further decrease in resistance (Figure 1). Increasing the current on the 1*
cathode up to 2 A, makes it possible to slightly increase the amount of copper deposited on the
fiber and the electrical conductivity of the resulting fibers.

4

i2,A

Figure 1. Influence of the magnitude of the current on the 1* and 2" cathodes on the properties of
chemical-galvanic nickel-plated fiber subjected to electrolytic copper plating, ata)il=1A;b)il=2 A
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Investigation of the influence of technological parameters on the copper deposition process

For chemically nickel-plated fiber (Figure 2), the electrical conductivity of the fiber increases
linearly with an increase in the current strength at the 2" cathode. At the same time, to increase
the current strength above 5 A, it is necessary to increase the voltage to values exceeding 16 V,
which negatively affects the process of galvanic copper plating.

600
580
560
540

520

p,* 10°, ohm * m

500

480

460 . . : . :

Figure 2. Influence of the current value on the 2" cathode on the properties of chemical nickel-
plated fiber subjected to electrolytic copper plating, atil =1 A

It should also be noted that in the case of copper plating of chemically nickel-plated fiber,
the electrical conductivity is 1.5-2 decimal orders lower than in the case of copper coating of
chemical-galvanically nickelized fiber with an approximately equal content of galvanic copper.
This is due to the different electrical resistance of the original fibers subjected to metallization
(QV trermicatty nickel-plated fiber = 9" 107 OV, QY (it pratea fiver =07 10 Ohmem). As in the preliminary
experiments, it was observed that the copper coating on chemically nickel-plated fiber is less
resistant to weathering and oxidizes rather quickly (PV.,icany nickel platea fiver =210 Ohmm, pv, o
nickel-plated fiver —2<10° Ohm-m). It should also be noted that when coppering a chemically nickel-
plated fiber, the electrical conductivity is 1.5-2 decimal orders of magnitude lower than in the
case of a copper coating of a chemically galvanically nickel-plated fiber with an approximately
equal content of galvanic copper. This is due to the different electrical resistance of the initial
fibers subjected to metallization (pv,, ...\ cawvanicnickelpiated fiver = 2 X107 Ohm-m, pv, _ =5x10° Ohm-m).

The influence of the electrolysis time on the amount of deposited copper and, accordingly,
on the electrical volume resistance of nickel-plated fibers was also studied. The results obtained
(Table 4) indicate that for chemical-galvanically nickel-plated fiber, with an increase in the copper
content, the electrical conductivity increases (Figure 2), as well as the uniformity of the coating
and the uniformity of the electrical properties (Figure 3).
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Table 4. Effect of plating time on the properties of fibers subjected to electrolytic copper

plating
Fibertype Metalliza- Copper Coefficient Specific Coefficient
tiontimemin. content on of variation electrical of variation,
fiber, Ccu, % of copper resistance of KV ov, %
content, the fiber,
KV, % ov-10°*Ohm-'m
Chemical- 4 3.4 27.7 10.1 45.3
galvanically 6 5.25 24.5 6.4 38.1
nickel-plated 8 8.3 16.8 59 34.0
fiber 10 11.7 13.8 5.2 26.3
Chemical- 10 4.83 28.9 386.7 35.5
nickelplatedfiber 12 6.2 30.0 320.4 52.0
18 13.2 27.2 216.8 86.6
24 21.2 28.0 206.0 107.7
45
= 40 —=—Kpy
a —o—KCu
M 35
o
g
g 30
<
>
Gy
S 254
=
B
Q
20
(]
S
©
15+
T T T T T T T T T T
2 4 6 8 10 12

Copper content on fiber, C_ , %

Figure 3. Dependence of the coefficients of variation for copper content (KVCu) and electrical
resistance (KV gv) on the amount of copper (C_ ) deposited on chemical-galvanic nickel-plated fiber

During copper plating of chemically nickel-plated fiber, the coefficient of variation in
electrical volume resistance increases with increasing copper content, while the coefficient
of variation in copper content and electrical resistance decrease (Figures 2 and 4). This can
apparently be explained by the fact that the oxidation of galvanic copper during the drying
process is more intense, the greater its amount, and this is due to the direct contact of galvanic
copper with nickel sulfide, which is always present in chemically nickel-plated fiber.
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Figure 4. Dependence of coefficients of variation for copper content (KVCu) and electrical resistance
(KV gv) on the amount of copper (C_ ) deposited on nickel-plated fiber

In the case of copper plating of chemical-galvanically nickel-plated fibers, there is no such
contact, since galvanized copper is in contact with the galvanized nickel coating, which explains
the higher resistance of the copper coating.

Conclusions

According to the results of this study, electrically conductive fibers with different copper
content were obtained. The regularities of changes in the electrophysical properties of fibers
depending on the copper content in them are established;

Studies have shown that with an increase in the copper content, the electrical conductivity,
the uniformity of the coating and the uniformity of the electrophysical properties (for chemically
galvanically nickel-plated fiber) increase. In the case of coppering of chemically nickel-plated
fiber, the coefficient of variation in electrical resistance increases with increasing metallization
time, despite the fact that the copper content increases, and the coefficient of variation in copper
content and electrical resistance fall.
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MEICTBIH TYHABIPY IIPOIleCiHe TEXHOAOTMSIABIK IIapaMeTpAepaiH acepiH sepTTey

A.b. AommbGekosa', U M. Axypunckas', C.III. TammnyaaTos?
LAamamut mexHoA0ZUsALK yHusepcumemi, Aamamul, Kasaxcman
*Tawkenm moxoima xare xeHir enepkacin uncmumymul, Tawxenm, ©30excman

Anpatna. XUMMAABIK OK9HE XMMMSABIK —TaAbBaHMKAAbIK HUKeAbMeH KallTadfaH —aKpua
TaAIIBIKTapbIHa MBIC >KaOBIHAAPBIH K0AJaHy MYMKiHAir sepTTeasi. Kypambinaa Mpic Oap TaAIIBIKTapAbIH
92eKTpoPU3UKaABIK, PU3MKa-MeXaHNKaAbIK KacuerTtepine saekrpoaut pH, oHblH Kypamsbl, 1-mm1i >xeHe
2-11i KaTo4TapAarsl TOK KYIIli, COHBIMEH KaTap MeTaaJaHy YaKbITBIHBIH acepi 3epTreaai.

Kypambraaa opTypai MpIcOap 5AeKTp ©TKI3IiII TaAITBIKTap aAbIHABL. MBICTBIH Ky paMbIHa Oall4aHBICTHI
TaAIIBIKTapABIH DAeKTPAiK KacHeTTepiHiH o3repy 3aHABLABIKTaphl OearideHal. 3epTTeyep KopceTKeHAel,
MBIC MOAIIIepi apTKaH CaifbIH DAeKTP OTKIi3TIIITiK, >KaOBIHHBIH OipKeAKiAiri >KoHe DAeKTPAiK KacueTTepiHiy
OipKeAKiAiri (XMMMUsIABIK-TaAbBaHMUKAABIK HUKE/AbMEH KaIllTaAfaH TaAIIBIKTap YIIiH) apTaAbl. DAeKTpPCi3
HIKeAbMeH KalTaAFaH TaAILIBIKTBI MBIC JKaJaTy Ke3iHge MBIC MOAIIepiHiH >KOrapblaayblHa >KoHe MBIC
MeAllepiHiH o3repy KooduUIIMEeHTi MeH 9AeKTpAiK KeAepriHiH ToMeHJAeyiHe KapaMacTaH, MBIC JKaAaTy
VaKBITHI YAFaiiFaH CaliblH DAeKTp KeAepriciHiH e3repy Koo PuUIIMeHTi apTabl.

TyitiH ce3aep: DAeKTP OTKI3IIII XUMMSABIK TAAIIBIKTAp, ®AEKTP OTKI3IIIITIK, ®A€KTp KeJeprici,
DAEKTPOAUT, DACKTPOTYHABIPY.

MCCAeAOBaHI/Ie BAVISIHVSI TEXHOAOTMYIECKUX IIapaMeTpPOB Ha ITpOoIjecC OCaXXAeHIsI MeAl

A.b. AommbGexkosa', .M. Axypunuckas', C.II1. TammnyaaTos?
TAamamunckuii mexnorozuteckuil yuusepcumem, Amamot, Kasaxcman
2TawkeHmeKuii UHCMUmMym mekcmuAbHOL U Aezkoil npomuviuirennocmu, Taukenm, Y3oexucman

AHHOTaI_H/IiI. I/I3yqua BO3MOJKHOCTb HaHECeHIsI MeAHBIX HOKPI)ITI/Iﬁ Ha XMMWMNYECKM U XVMMIKO-
raabBaHMYIE€CKN HUKEANPOBaHHbIE aKPI1A0OBbl€ BOAOKHA. ]/Isyquo BAVIsSIHIIE pH DAEKTPOANTa, €ro cocrana,
CUABI TOKa Ha 1-M u 2-Mm KaTogaxX, a TakKXXe BpeMeHI MeTaAAn3anun Ha BAQKTPO(I)I/ISI/I‘{ECKI/IQ, (1)]/[3]/[1(0-
MeXaHM4YecKre CBOMCTBaA MeabpcoaepiKalX BOAOKOH.

HOAy‘-IeHI)I DAEKTPOIIPpOBOAIIINIE BOJAOKHA C pPa3sANYHBIM COAEp>KaHNEeM MeAIl. YcTaHOBAEHBI
3aKOHOMEPHOCTM M3MEHEHNS DAEKTPUIECKMX CBOMICTB BO/AOKOH B 3aBUCUMOCTU OT COAep KaHNsI MeA.
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MCCAEAOBaHI/IH ITOKa3aAan, 4To C yBeAn4eHleM COAep KaHNs MeAN yBeANYNBaeTCs DAeKTPOIIPpOBOAHOCTD,
O4HOPOAHOCTD ITOKPBITII I O4HOPOAHOCTD SAQKTPOCI)I/ISI/I‘IGCKI/IX CBOJICTB (,ZI,A}I XMMUKO-TaabBaHMYECKI
HUKeAVPOBaHHOTO BOAOKHa). B caydae MeAHEHM XMIMIYECKN HIKEAIPOBaHHOI'O BOAOKHa KOBC])CI)I/ILU/IGHT
Bapmanum 3SAEKTPMIECKOIO COIIPOTMBAEHNSI YBeAUYVBaeTCsa C yBeAN4eHlNeM BpeMeHl MeAHEHI:,
HeCMOTpsI Ha TO, 9TO COAeprKaHle MeAN YBeANIMBaAETCsI, a KOE)CI)CI)I/ILU/IEHT Bapmanmnmn CoAep>XKaHNs Meau 11
DAEKTPUIECKOTO COIIPOTNMBAECHNS YMEHbIIAeTCAl.

Kaouesbie cao0Ba: DAEKTPOIIPpOBOASIIIIVIE XMmnmyeckKkmne BOAOKHa, DAEKTPOIIPOBOAHOCTD,
DAEKTpIIeCcKoe COIIpOTUBAEHIIE, DACKTPOANT, DAEKTPOOCaAKAECHNE.
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