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PA3PABOTKA Y AHAJIN3 CBAPHbIX KAPKACHbIX U3QENTUNA

B nacmoawee 6pema 6 npomvluLieHHOCMU ~ HAONIO0AEMCA  CUNbHAA
UBHOWIEHHOCMb MEXHOI0SUeCKO20 000PYOOBAHUSA U YUACTIUIUCL CYHAU A8APUL,
nO3MOMY AKMYANbHbIM A675Aemcs obecnedenue 06€30NaACHOCMU IKCHLyamayuu
0MBEMCMBEHHBIX C8apHbIX KOHCmpyKyull. K mexunonocuueckomy ob60pyoosanuio
HOMUMO CMAHKO8 U MPAHCNOPMA, OMHOCAM U MOCMOBble KpaHbvl, KOMOpble
AGNAIOMCA  2NABHBIM 36€HOM 6 MPAHCNOPMHOU yenouke. Om MeXHUYECKO20
COCMOAHUA MOCMOB020 KPAHA 3A8UCUM HE MOJbKO HOPMALbHOE OCYUeCmEleHUe
MEeXHON0SUYeCKUX npoyeccos, HO U Oezonachocms mpyoa nepconanda. Ilpu
pabome KpaHo8 U3HOCY NOOBePearOmcsi CUulogoe 000py0osaHue U CeapHvle
MEMAnIOKOHCMPYKYUuU, y OONbUUHCINEA KOMOPLIX UCMEK HOPMAMUBHbBIL CPOK
CcayaHcobl.

Ilocne cpagnumenbHo20 AHANU3A PASTUYHBIX MOCHOBLIX KPAHOS8, KOHCIPYKYULL
0anok u HabarOeHUs 30 UX paboOYUMU NPOYeCccamu, NPUULIU K 8618600 O MOM, YN0
oHU umerlom npu ceapke oegpopmayuio. B npoyecce aumepamyprozo 0630pa 6viau
8bLABIIEHbL BUObL CBAPKU, NpUMeHsieMble 0I5l COOPKU MOCHOB020 KPAHA U CNOCOObL
peutenus aKkmyanbHol npobaemvl. s MOCMOBbIX KOHCMPYKYUL NPUMEHAIOM
NEKMPOOY208YI0  C8APKY, KOMOPYIO HeoOX00UMO NOMEHAMb HA C8ApKY HNOO
¢arocom. Hccnedosanue noxazano, umo ceapka noo irocom — ONMUMAIbHOE
peuwtenue >3mux npobiem. B Oannou cmamve npedcmagieH — AHAIU3 CEAPHBIX
MOCMOBbIX KOHCMPYKYULL, AHAIU3 NAPAMEMPO8 NPOYHOCU C8APHO20 COeOUHEHUS
¢ ucnonvzosanuem Ansys Workbench.

Kmouesvie crosa: ceapka noo ghrocom, Mocmogou Kpam, Oaika, yenosble uibl, Cmdib.

BBenenune

MocToBble KpaHbl — IJIaBHAs HeECyllash KOHCTPYKLHUsA, HA KOTOPYIO MOMENIA0T
TPY30BYIO TENEXKKY, MEXaHU3MBI MIEPEIBUKEHUS M KAOMHY YIIpaBJICHUS KpaHa.

KOHCTpYKTUBHO MOCT BBINIOJIHSETCS B BUJE paMbl, KOTOpas oOpa3yercss Mpu
MTOMOIITH TJIABHBIX M KOHIIEBBIX OAJIOK. | JTaBHBIC OaIKK PacmosIoKeHbI MONEPEK MPOIETa
1exa, 1o HUM IEePeIBUTacTCsl TPy30Basi KpaHOBas Teyekka. Ha KOHIEBBIX Oankax
pacrojararTcs X0JI0BbIe KoJi€ca JJisl IEPEABMUIKEHHSI MOCTa U MPUBOJI KpaHa.

OcHOBHO¥ TIPOOJIEMO TTPU TPOU3BOJICTBE IJIaBHBIX KOPOOUYATHIX OAIOK SIBISETCS
OonplINe pa3Mepbl CTaJbHBIX KOHCTPYKIUH. Llenp nccienoBanus COCTOUT B TOM,
YTOOBI IMOJTYYNUTh BEICOKHH YPOBEHBb Ka4eCTBa CBAPKH ITPH U3TOTOBJICHUU KOPOOYATON
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6anku. B 6a30Byr0 KOHCTPYKIMIO KOpOOYATOro OasoyHOro KpaHa BXOJSAT KOHIIEBBIE
0aJKu, MOALEMHHUK, IBUTATEIIb, IPUBO/IBI U IMIaBHAast Oajka, HO MOTYT OBITh BapHUAIlUH B
KOHCTPYKIMH B 3aBUCUMOCTH OT ITOIbEM I'py3a HJIH YCIOBHS SKCIUTyaTtarui. OCHOBHOM
nporiecc cOopku kopobuaroii 6aku — cBapka rnoa ¢urocom [1].

IIpu cBapke xoHCcTpykuuil u3 cranu 091'2C BO3MOXKHO IMOSIBIEHUE CIIEAYIOLINX
Ne(eKTOB: TOpsSYNe TPEIIUHBI, MMOPhl. ['opsune TpeluHbl, BO3ZHUKAIOT MO MPUYKUHE
BBIJICPYKKHU OOJIBIIOT0 BPEMEHU MEXIY CBApKOW U TEpMOOOpPAOOTKON, MOBBIIICHHON
CKOPOCTH OXJIKJCHHUS, OLIMOOK B TMPOEKTHPOBAHUHU CBAPHOTO IIBA.

1

-2

-3

]

Pucynok 3 — Bujiel cBapouHbIX Aegopmariuii:
a, 0 — IMHEIHBIE; B, T — YIJIOBBIE; 1 — CEPIIOBH/IHAS;
1 — cBapHoOi#i m0B; 2, 3 — dhopma u3AeHsI 10 U TIOCIIEe CBAPKH,
4—7 — mocae0BaTENbHOCTh BBIIIOJIHEHUS IIIBOB

B mpornecce cBapku y4acTKH COEIUHSIEMBIX JeTallel, KOTOpble OKa3bIBAIOTCS B
30HE CBApHOI'O 1IBa U BOKPYT HETO, MOJABEPralOTCs NHTEHCUBHOMY TEMIIEPATyPHOMY
BO3/ICHCTBHIO: BHaYasle ObICTPO HAIPEBAIOTCS 10 TEMIIEpATyp IUIaBJICHHS, a 3aTEM ITOUTH
C TaKoM ke MHTEHCHBHOCTBIO OCTHIBAIOT. [ledopMariuu u HanpsHKEHUs IPU CBapKe —
HEN30eKHOE CIIEJICTBUE TaKHX MPOLECCOB.

MatepuaJjbl 1 METOIbI

[IpoOnemsl, cBsI3aHHBIE CO CBApKOM, MCCIETYIOTCS ITyTEM MPOBEIEHUS MCIIBITAHUN
C IPOJIOIBbHON cBapKOi. CMBICT 3TUX CBApPOYHBIX SKCIIEPUMEHTOB B TOM, YTOObI HAUTH
napaMeTpsI 151 Kakou TomuHb! riactuHb [10] . Koraa cBapka BeITIOHEHA YCTIETITHO,
ee HeoOXOJMMO MOBTOPHO MCHBITATH JI0 TEX MOp, MOKa OHAa HE CTAHET MPUTOIHON IS
UCIIOJIb30BAaHUS B TIPOU3BOICTBE. JIJisi TIPOBEIECHUS SKCIIEpUMEHTA 110 YIJIOBOI CBapke
MPUMEHSIOTCS TUIACTUHBI C PA3JIMYHOM TOMIIMHON. BhIMomHsA0TCS ceyromniue BUb! padoT:

— TMOJIHO€ MPOIUIABJIEHUE MJIACTUH C TOJIIUHONW cTeHOK 6 MM — T-oGpasHoe
COE/IMHEHMUE;
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— HOJIHOC MPOINIAaBJICHUC TIJIACTHUH C TOJIIIUHOM CTEHOK 8 MM — T-o6pa3Hoe
COCAMHCHUC.

Pucynok 2 — Cpapka nox ¢arocom: 1 — KkBagpaTHasi ONOpHas IUIaHKa, 2 — CTEHKA,
3 — utactuHa, 4 — yCTPOUCTBO cllexkeHus 3a Gurocom, 5 — pabodast 4acTh,
6 — ycTpoiicTBO noaauu ¢uiroca.

CpaBHEHHE 0/IHO IPOBOJIOYHOM U IBYX MPOBOJIOYHOM CBapKH MO (harocoM OyieT
BBINOJIHEHO C MIOMOIIBIO 8-MUJITUMETPOBOI TUIaCTHHBL. Llenb cOCTOUT B TOM, YTOOBI
YBUJIETh, KaKU€ MapaMeTpbl TPeOYIOTCS Ul MOJIHOTO MPOIUIABICHUS 3JIEKTPOJIaMHU
C OJHOM MPOBOJIOKOW B CPaBHEHMHU C JBOMHOM MpoBoJoKoW. OnuHapHasi MpoBOJIOKa
Oosee yrpaisiemast, 4eM JABYX IpOBoJIoyHas [2].

Pucynok 3 — Tect VIII (Tonmuua mactuasl 6 M) nipu cuiie 800 A
Kaxk BugHO 13 pucyHka 3, CBapHOM OB pacioJiarajics CIUIIKOM JaJIeKo OT IUIaHKH,

B TO BpeMsI KaK OH JIOJDKEH OBITh OOJIbIIIE Ha CTOPOHE CTeHBI. [[pOHUKHOBEHHE OBLIO
HEJI0CTaTOYHO, ¥ HE TIOJTHOCTHIO IMTPOBAPEH 10 BCEHl [UITMHE CBAPHOTO IIIBA.
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Pucynok 4 — McnbiTarensHblil oOpaszen Homep IV ¢ tonmunoii ctenku 10 Mmm

Camast GosbIasi mpoGiieMa TaKkoM TOJIINHBI 3aKJIF0YAIach B TOM, YTOObI 3aI0JIHUTh
KaHaBKY 3a 0JIH 11poxoJ1. Ciie10BaTenbHO, ObUIN UCIIBITAHbI PAa3IMYHbIE BEIPAaBHUBAHMS
U BBUIET NPoBOI0B. Ha pucyHke 4 nokasas JIyqiuii pe3yibTaT, KOTOpbIH ObLI TECTOM
Homep 1V [3].

B 51060# KOHCTPYKIMM B MIEPBYIO OYEpElb MOTYT BBIUTH U3 CTPOSI COEUHEHUS,
Kak caMblil cimaOblif anemMeHT. [IpoekTupyeM cBapHOE COEAMHEHUE B MPOrPaMMHOM
obecnieuenun CAIIP ¢ ucnonb3oBanuem Solid work. 3arem umnoprupyem cOOpKy
coenuHenus B ANSYS. [l ananu3a napaMeTpoB IPOYHOCTH CBAPHOI'O COEAMHEHHUS C
HCIIOJIb30BAaHUEM HU3KOYTIIEPOAUCTOM CTAJIM U MaTepHalla CBAPHOIO 1IBA, BBIIIOIHIEM
Ha HUX JYTOBYIO CBAPKY METAUIMYECKUM 3JIEKTPOAOM U IPOBOAUM HMCIBITAHUS
Ha yCTaJIOCHOCTb. IIpumeHsieM yciaoBHUS Harpysku, IIPU KOTOPBIX 3TH COECIUHEHHUS
UCHBITBIBAIOT HANpsKeHUEe U JepOopMalHIo, YCTAJIOCTHYIO J0JTOBEYHOCTh U
IIOBPEKICHUE COCIMHEHNS 3a CUET U3MEHEHUS TOJIILUHBI CBAPHOIO 1I1BA OT 3 MM, 4 MM U
5 MM. Becb ananu3 Oy et BbinoiHeH ¢ noMoisio ANSY'S u OyieT npoananu3upoBaHbl
UX KpUBBIE IPOU3BOAUTEIBHOCTHU U pe3ynbTarthl [4, 9, 10].

aa 4200 000 v
]

e L

PucyHok 5 — DkBHUBaNeHTHOE HaNpsKeHHEe cBapHOro T-00pa3HOro coeAMHEHUs

Pe3yabTarsl n 00CyKaeHHE
CBapouHast KOHCTPYKIIUS TIPEJICTaBIsIeT cO00M KOMOMHAITMIO MHOTHUX YacTel, KayKaast
13 KOTOPBIX UMEET pa3Hble PyHKIMHU U ycII0BUS paboThL. [loaTOMy HEOOXOIMMO HCXOIUTh
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U3 TEXHUYECKUX TPeOOBAHUM K Ka)JI0HM JeTanu, YToObl BHIOPATh OCHOBHBIE MaTEpUaIbL.
[TpomsBoauTcst MexaHmyeckas 00padoTKa Ayt oOecTieueHus Tpe0yeMbIX pa3MepoB, a 3aTeM
JIETAJI COCMHSIOTCS CBAPHBIMU IIBAMH, [T cO3/1aHus T- 00pa3HOii KOHCTPYKIUH [5].

N T I NI -

PucyHnok 6 — banouHast KOHCTpYKIUS AJIsl CBapKU

PaGoune Oanku B OCHOBHOM IOJBEPKEHBI KOHCTPYKTUBHOMY HCIIOJIHEHHIO
MOCTOBOTO KpaHa. KOHCTpyKIust icTa BRIMOJIHEHA [T 00eCTIeYeHHUsI MEXaHUYECKUX
nokasareJseil, BBICOKOM HaJie)KHOCTH Ipu padore. Harpyska He mpeapsBisieT 0COObIX
TpeOOBaHUl K MaTepHaly, BRIOpaHHOMY JJIsi U3TOTOBJICHUS CTAIBHOM OAJIKU U3 CTallU
Cr 38 [6]. [TpounocTts: k (H/Mm? )< 0,045.

[Ipu BbIMONHEHUH CBAapKH OANOK M OaloOK KOpoOYaToOro Ce4eHus Mbl BHIOMpaeM
METOJ] CBapKH — CBapku noj ¢urocoM. CTpyKTypa MOATOTOBKU OANKU IMOJ CBAPKY
I0Ka3aHa Ha pucyHke 6 [7, §, 9].

BriBoabI

B pabote 6bu1a mocTaBieHa 11eJ1b — MOBBIIICHHE Ka4eCTBa U TPOU3BOIUTEILHOCTH
CBApKM MOCTOBBIX KpaHOB. lcmonb30BaHHE B Py4YHOU NyrOBOW CBapKH IITYYHBIMHU
AJIEKTPOAAMHU UMEET CIIEAYIOIINE HETOCTATKH:

1) HU3KYIO IPOU3BOIUTEIBHOCTH;

2) Maiyio cTaOMJIBHOCTh KauecTBa, 3aBHCALIYI0 OT KBaJH(HUKAIIMK CBapIIUKA,
0O0JIBIIIOE YHCIIO BOSHUKAIONINX Ae(DEKTOB.

[ToBbIIEHHE TTPOU3BOAUTEIBHOCTH MEXaHU3UPOBAHHOW CBAPKH MOXKET OBITh
JOCTUTHYTO IMPU YBEJIHMYEHUH IJIOTHOCTHU TOKA, OJHAKO ATO COMPOBOKIAETCS
pa30pBI3rUBaHKEM MeTalljla M CyIIECTBEHHBIM NaJIeHHEeM KadecTBa 1Ba. Ha ocHoBaHuM
JUTEPaTYPHBIX UCCIETOBAHUIN B pabOTE MPEATI0KEHO IPUMEHUTDH CBapKa 1o/ (hrocom.

Pe3ynbTaThl, NOTY4YEHHBIE IPU YTIIOBOM CBapKe C MOJIHBIM MPOIUIaBIeHUEM, ObLITH
JIOCTAaTOYHO BBICOKMMH, KaK IPU OJTHO NMPOBOJIOYHOM U JIBYX MpoBojoyHOM. [lomHoe
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POHUKHOBEHHUE ObLIO TOCTUTHYTO [ BCEX UCTIBITATEIbHBIX TOJIIIMH, HO ITApaMeTPhl
JOJDKHBI OBITH OBTOPHO NMPOTECTUPOBAHBI HECKOJBKO pa3 [9, 10], mpexae uem
IIPEJCTABUTH JOCTOBEPHBIE JaHHbIE. B TeueHne npoBe1eHus S3KCIEPUMEHTOB BO3HUKIIH
HEKOTOpbIe MOrPEIIHOCTH, TaK HAPUMEpP, HEJOCTATOYHOCTh UCTOYHMKA MUTAHUS,
KOoTOpas B Hactosiuiee Bpems cocrasiseT 1000 A.
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Maowliaodvl, MEXHOLO2ULILIK NPOYecmepoiy Kaliblnmyl JiCy3e2e AChIPbLIYbl 2aHd
emec, COHbIMEH Kamap Kbl3memxepaepOiy enOeKx Kayincizoiei Kemip KpaHulHbIH
MeXHUKATLIK Jcazoativina oailianvicmol. Kpanoap swcymoeic icmeeen kezoe 21ekmp
2HCADOBIKMAPHL MEH OSHEKEPAEeHEeH MEMAL KOHCMPYKYUSIAPbL MO3Y2d YUbIpatiobl,
0N1apOvIH KONWiI2IHOe HOPMAMUBMIK KbI3Men Mep3iMi OMKeH.

Opmypai Kenip Kpamoapvin, apKaiblK KOHCMPYKYUSAAPIH CALbICIbIPMATb
manoayoan Keuid OaapObly HCYMblC NPOyecmepin OAaKbLiay 01apobiH 0oHeKepiey
Kezinde Oehopmayusicel Oap OeceH  KOpblmblHObl2a —Kelndi. Odedu  wony
OapvicbinOa KOnip Kpawvl YUWiiH OOHeKepaey Mypiepi JCoHe 63eKmi MOCeNeHi
Kanau ueutyee 60aamviHObi2bl anblKmaniovl. Kenip Kypulivimoapvl yuiin d1eKmp
002acbl KONOAHLLIAObL, OOHEKepiey HCapmbliali agmomMammapsl da2blH acmulHOa
OoHeKepieyee ayblcmulpolladbl. 3epmmey KopcemkeHoell, asblimen 0oHeKkepaey oy
Mocenenepoiy oymailivl wewimi 601vin maobviiadvl. byn maxanrada oonexepnenzen
KOenip KypoliblMoapuln osipney owcone manoay, ANSYS Workbench xemecimen
OOHeKepaeH2eH KOCbLIbICIbIY OEPIKMIK napamempiepin mauioday yCblHbLI2AaH.

Kinmmi ce30ep: aebiHObl O0oHexepiiey, KONip Kpavl, apKaIblK, OYpbIUMbIEK,
OvHekepey, boram.
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JTOHEKEPJIEHTEH KAHKA BYIBIM/IAPBIH
O3IPJIEY JKOHE TAJIJIAY

Kaszipei yaxpimma onepkocinme mexHONI0SUANbIK, HCADOLIKMApObLY, KAmmbl
mo3sybl OAUKANAObl, OUMKEHI anammap MHCUuilen Kemmi, COHObIKMAH JHCAYanmol
OoHeKepaeHeeH KOHCMPYKYUsnapobl Natodaiany Kayincizoieih KamMmamdacol3 emy
o3exmi 601b1n maodwlIadvl. TexHON0UATBLIK HCADOLIKKA CMAHOKMAP MeH KOLIKmepoeH
backa, kenip Kpanoapwl 0a Kipeoli, oaap Keuik mizbecindeei Hezizei OybiH OONbIN

18

DEVELOPMENT AND ANALYSIS OF
WELDED FRAME PRODUCTS

Currently, there is a strong deterioration of technological equipment in the
industry, since accidents have become more frequent, therefore, it is urgent to ensure
the safety of operation of responsible welded structures. Technological equipment, in
addition to machine tools and transport, also includes overhead cranes, which are the
main link in the transport chain, not only the normal implementation of technological
processes, but also the safety of personnel depends on the technical condition of the
overhead crane. During the operation of cranes, power equipment and welded metal
structures are subject to wear, most of which have expired their standard service life.

After a comparative analysis of various bridge cranes, beam structures,
observation of their working processes led to the conclusion that they have
deformation during welding. In the course of the literature review, the types of
welding for the bridge crane were identified, and how to solve the actual problem.
For bridge structures, electric arc, semi-automatic welding machines are used to
change to submerged welding. Research has shown that submerged welding is the
optimal solution to these problems. This article presents the development and analysis
of welded bridge structures, analysis of the strength parameters of the welded joint
using Ansys Workbench.

Keywords: submerged welding, overhead crane, beam, corner seams, steel.
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Tay-xen mawuna sxcacay oHimMOepin nAuOaIaHyovly MuimMoiniei OHbl OAUbIHOAY
canacviMeH 2ana emec, COHbIMeH Kamap may-Ken mexHuKacvlH Kypoeni Jcone yHemi
032epin OMuIpamvil MEXHOIOSUSIBIK, HCYMBLC dHcaz0atnapuina bapvinua detimoeyee
MYMKIHOIK Oepemin KypolibiMObIK CXeMANApObl KOLOAHYMEH 0e AHbIKMAaniaosl. Aman
aumKanoa, KoK AHcabObIKMapblHbly ApHaAUbl MYpi — KAmnapivl Koneelepnepoiy
OPMYPAL KOHCMPYKYUSLAPBIH KOIOAHY MAY-KEH KICINOPLIHOAPLIHbIY NApaMempepine
OQUIAHBICIbL, MBICAbL: HCEMKIZY KAUbIKMblebl MeH mepeHOici, KoMK 6HOIPICIHIH
Kenbey Oypuiuisl scone m. 6. Kousetiepaepoiy 6ya mypi naiioanvt Kazoanapovl aubix
ueepy Kesinoe, Ken xapvepiepinoe dcone xecinoinepoe xey mapanzan. Kapvepiep
mepenOiciHiy y30IKCI3 YI2aioblMeH, 0J1apObly MAy-KeH MAccacsl O0UbIHULIA OHIMOLNIIH
apmmulpy KajcemminicimMer, auiblk may-KeH JICYMblCMapblHOa KOJIOAHLLIAMbIH
aBMOMOOUNL  JCOHE MEMIPAHCON  KONI2IMEH YUKIOIK MEXHON02Usl HCYMbLCHIbIH
MEXHUKATbIK-9KOHOMUKAIBIK KOPCEMKIWmepiHiy Hawapiaybina okenoi. L{ukidix
KONIK mypaepin naudaiany KyHulHblH OCYi Homudicecinoe naudanwl Kazoaiapovl
6HOIpy KyHbl ecmi. Tlatioanany mooicipubeci xopcemrenoetl, kapvepoiy apoip 100
M mepenoiei ywiin oicyx komepeiwmici 30-40 monna aemoxenixmi nanoanamy
wwlebinoapvl opma ecennen 1,5 ece apmaovi. Kenmeecen mepen rapveprepoe
MeMIpIHCON  KOMI2IH  NAOANAHY  HCBLINCLIMAILL  KYpAMObl KeHOI  OeHenepliH
CANBICMBIPMANbL MYypoe A3 MOIUEPIHe JHCOHe Kapbepaepoiy napamempiepine enzize
AIMAy AHcazoaunapuina OauIAHbICMbL ATLIHBIN MACMALAObL.

Ocviean Oaiinanvicmuvl Kaszipel 3aManabl Kapbepiep MeH KUMAaiapowvly yHemi
032epin OMuIpaAMvlH MEXHOIOUSIBIK, AHCAZ0AUNAPLIHOA MUIMOT JCYMbIC icmeyee
MYMKIHOIK Oepemin Kamnapiavl Koueeuepnepoiy KOHCMPYKMUGMI CXeManapulii
Jlcacayea Oaselmmanead MeXHUKAIbIK wewimoepoi o3ipiey mocenenepi co3cis
o3exmi OonbIN OMBIP.

JKymvicmoly makcamol: may-KeH KOCINOpbIHOAPLIHbIY Y3blH KUCHIK CbI3bIKNIbL
KOJIK Kaz30anapblHOa dcone Kondey Oypuliimapbl 1co2apbl mpaccaiapod KoHeeuepoiy
AHCYMBLCHL YULTH JICULTI] pemmenemin aCUHXPOHObL JNeKmp dcemei bap Kon Hcemexmi
Kamnapivl KOHeeuepoiy KOHCMPYKIMUGMI cXemMacwli 93ipiey.

Kinmmi co30ep: may-xen mawunaniapvin sjcacay, Kapbep, Kamnapivl KoHeeuep,
KYPBIILIMObIK CXemd, 9NeKmp dicemeai.
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Kipicne

Kapnsepiep MeH pazpesnep/ie HUKIIIK aFbiHabI TexHonorusnapas (LIAT) enrizyre
apHaJiFaH OipKaTap >KeTeKIl 3epTTeyIepi Taaiay HOTHKeCiH e, KoanbuiaTeiH LA T-
JIeT1 Her13T1 KeJiK OybIHbI ©HIMALIITr OOMBIHIIA XKOFaphl TACHANIBI KOHBEHEpIIep eKeHIH
kepcereni. COHbIMEH KaTap, KaTnapiisl KOHBeWepsep KipeTiH apHaibl KOJIiK TYpJIepiHiH
9IIeyeTTi (PYHKIIMOHAIBIFbI, 013/1H OMBIMBI3IIA, TOJIBIK 36PTTEIIMETEH KOHE allIbLIFaH
KOK, JIETeHMEH KOHBEUEPIIiK KOMIKTIH OyJ TYpl ©31HIH KYPBUIBIMABIK €peKIIeTKTepl
MEH TEXHOJOTHSUIBIK MYMKIHAIKTEepiHe OaiaHbICThI allIbIK Tay-KeH KYMBICTapbIHIA
Tay-KEeH MacCachlH TaChIMaJI/1ay MpoIeciH/ie Oenrii 6ip OpbIHBI HeJeHy1 MyMKiH [ 1—4].

[Naiinanany Texxipubeci KopceTKeHAeH, KaTrapIibl KOHBEHepIep opTypii casanapaa
KYpJeJi Tay-KeH Ie0JIOTUSUIBIK JKOHE OHAIPICTIK KarJIaiiapia KenTereH *KYKTepai
(keMip, TYHIpIIIKTEp, arioMepar, Tay *KbIHBICTAPBl MEH KEHAEP/1) Kesoey xonaapaa
TachIMaJIJiay YLIIH COTTI KOJIAHbLIA ala/ibl.

Karnapssl koHBelepiep KOHCTPYKUHUSIIAPBIHBIH apTHIKIIBIIBIKTApbIHA MBIHATIAP
XKaTaJpl: 1pl KECEKTI jKoHe ayblp MaTepualap/bl, OHbIH 1IIIHJe KOpIIaFaH OpTaHbIH
YKOFapbl TEMIIEpaTypachl JKarAaibIHIa TachIMalgayFa MYMKIHAIK OepeTiH KaKeTTi
OepikTiri Oap MeTai TeceM/1i Naijanany; >KeTKi3yAiH YIKEeH Y3bIHABIFbI (2 KM-Te IeHiH)
xoHe aiTapibiKTail (70° - Ka geiiin) OMIKTIKTE KaXKeTTi alTapibIKTall TapTy KYIITepiH
ICKe achIpyFa MYMKIHIIK O€peTiH >KOFapbl OEpikTiri 6ap TapTy Ti30€KTepiH KOJAaHy;
OTKEIACPAIH paAuyCTaphl a3 dpTYpili Tpaccanap OOMBIHINA KXYKTEpAl TachIMaJaay;
KOPEKTeHIIprimTepai Konjnanbail OyHKepiaepAeH Hayalapabl TiKeleH >KYKTeyal
KamTamachI3 erei [5—7].

Marepuannap MeH aicrepi

Makanaja aBTopiap Kell )KeTeKTi TI30eKTi KOHBelepiep/ii KypacTelpy OOWbIHIIA
KOJIAaHBICTAFbl TEXHHUKAJIBIK MICHIIMACP/l 3€pTTeAl, OJIapAblH KOHCTPYKIHIIAPHI
MEH JKYMBICTBIH TEXHOJOTHUSJIBIK €peKIIeNIKTepiHe Tanjgay ’acaibl, YChIHBUIFAH
HYCKaJapJIblH apTHIKIIBIIBIKTApbl MEH KEeMUIUTIKTEPiH aHBIKTaJbl. AHBIKTAJIFaH
KEMIIUTIKTEP/Ii KO0 MaKCaThIH/Ia KaTHapJibl KOHBEHep/IiH KO KO3FaJITKbIIITHI 3JIEKTP
KETET1HIH KYPBUIBIMBI jkacayiibl. OChI )KyMbICTA CHUIIATTAJIFAH aBTOPJIAPMEH YChIHFAH
TEXHUKAJBIK IEIIMHIH MaKCaThl ICKE KOCY PeKUMIEPIHE TAPTKBIII-TaChIMAJI Ay bl
OpraHfa JMHAMHKAJIBIK )KYKTeMeJIep/Ii a3aiTy KoHe THICIHIIIE OHBIH PECYPCHIH YIIFATy
ece0iHEH KOHBEWEep KyMBICBIHBIH CEHIM/IUIITIH apTThIPY YIIiH KaTIapJibl KOHBEHEepIiH
TapTKBIII- TaChIMAJIJaylIbl OPraHbIHBIH OIpKEeIKI KepllyiH KaMTamachl3 eTy OOJIbIIl
TaObLIABI.

JKyMmbIc MakcaThIH Kot0. T130€KTi TapTKBILI OpraHbl 0ap KaTmapiibl KOHBEHepiIep iy
YKYMBIC OpPTaHBIHBIH KOFapbl OEpIKTIrT MEH CEHIMIUIIri, Tay-KeH MacCachlH KaTThl
KHCBIK Ka30ajap apKbUIbl TaChbIMalay >KOHE KOHBEHEp/iH Y3bIH/ABIFBIH Y3apTYIbIH
KapamnabIMIBIIBIFBl OHBIH KYPBUJIBIMBIH KOHBeHepiiepaiH O6acka TypiaepiHeH
xakchl axbipaTanbl [8]. CoHbIMEH KaTap, KaTmapibl KOHBeWepiaepal KoJgaHaThIH
TEXHOJIOTUSUIBIK CXeMallap SKOHOMUKAIBIK ce0enTepre OaiaHbICThI TacTIallbl TAPTKBIIL
JKOHE JKYK KOTeprill opransl 6ap KoHBelepsepre apThIKIIBUIBIK Oeperi. byn Tacnanst
KOHBeMepiiep/li maiijanany Ke3iHae KOChIMIIIA YCaKTay KeUIeHJEepiH, COHJIaii-aK OChl
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KOHBelepiepii KUCHIK CBI3BIKTHI KOJIK KOJJapblHJa Maiiananyra OaliaHbICTHI
KOCBIMIIIA KaliTa TUEY MMyHKTTEPiH OpHATY KAKETTUIIMIMEH TYCIHAIpiIe .

XKocnapnarsl uiIrim KoHBeHepiepal KOJJaHFaH Ke3Je MEXaHH3MJAep MeH
MallliHaJapAbIH CaHbl €/19Y1p a3asi/bl, OyJI TaChIMafayAblH TEXHOJOTHSJIBIK CXEMAChIH
e/19yip JKeHUIeTe 1 )koHe OYKII KeIeHHIH CeHIMILTITIH apTThipasl [9]. KyaTThuibik
KepceTkimTepl OOHbIHIIA KaTHapibl KOHBEHepaepAiH MaHbI3bl apThIKIIBLIBIFBI
KYK KOTEprill OpraHHbIH KO3FaJIbIChIHA KEAEPTiHIH HIAFbIH MOHAEpl Ke3iHAe THey
MYHKTTEpiHCi3 Oip cTaBaMeH KUCHIK Tpacca OOWBIHIIA ipi KECEeK Tay MaccachlH
TachbIMaiiay MYMKiHAIr1 Oonbin Tabbutansl (1-cyper). XKorapbiga alTbuIFaHai,
KaTmapiibl KOHBeHepIiepAiH Tarbl Oip TEXHOJOTHSUIBIK €peKIIeNiri-oJapasl Kypaeml
OpBIHJIAY Tpaccachl Oap JKaFAaiiap/a naiananyFa 60omapl, a KOCHapIaFbl pauycTap
20 m-re )eTyl MYMKiH, BepTukanbaa-300-re neiiin ketepy.*

Cyper 1 — Kaukanap KBK Toxipnbenik-oHepKaCINTIK y4acKeciHe
[1-80K xaTmapuibl KoHBelepi

¥3bIH MarucTpasbIbIK KaTIapisl KOHBeHepIep Al naiinanany Kesine (y3bIHAbIFbI
1000 M-men 6000 m-re nmeiliH) KON >KETEKTiI cxema OOWBIHIIA KOHCTPYKIIHSIAP
Konganbuiazpl [ 10]. By peTTe Ker KO3FaITKBIITHI TI30€KTi KOHBEHepIiH O1pKaIbIIThI
iCKe KOCBUTYBIH KAMTaMacChl3 €Ty MaHBI3/Ibl IIPAKTUKAIBIK MOHTE HE€ KOHE KYPJEIi Tay-
KEH-T€OJIOTMSIBIK YKaFIaiiap/ia naijanaHbuiaTblH MArCTPAIIBIBIK KATIIAPIIbl KOHBEWED
KOHCTPYKIUSICBIHBIH )KYMBICKA KaO1JIeTTi CTATUKAJIBIK )KOHE JMHAMHUKAIIBIK Kal-KYHiH
Oackapy XKoHe KoJIJay YIIiH Ce3Ci3 ©3eKTi OOJbI Ta0buiaabl. by kyMbicTa TepeH
KapbepJiep MEH KEeCIHAUIEP/IeH Tay-KEeH MacCaChIH TaChIMAII Ay AbIH IIHUKJIIK-aF bIH/IBIK
TEXHOJIOTUSICHIHBIH CXEMaChIH 1A ©3apa OaiIaHBICThI JKUUTIKTI pETTENIETIH IIEKTP KETeri
0ap Kem KO3FaNTKBIIITHI KATIapIIbl KOHBEHEP/IIH YCHIHBUIFAaH KOHCTPYKTHBTI CXEMAaChl
KapacThIPbLIaIbL.

HaTu:kesiep ’xaHe TaAKbLIAY

Kem >xeTekTi KaTnapyibl KOHBEHepJIepAiH KYIITIK O6JriHiH KOHCTPYKIUSACHIH
KAHFBIPTYFa OaFbITTAIFaH TEXHUKAJIBIK HICIIIM/II 93ipey.

Kuiniri peTTeneTiH aCHHXPOHABI 3JEKTP KEeTeTi 0ap Ko KeTeKTI KaTIapJibl
KOHBEHWEPAiH YCHIHBIIATHIH KOHCTPYKTUBTI )KYMBIC cXeMachl (2-CypeTr) yJiKeH
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Y3BIHIBIKTAaFbl KOHBEHEpAl TUIMIIpEK maijanaHyFa, KOHBeHepIiH TapTKbIII-
TachIMaJIJAyIIbl OPTaHbIHIAFbl HET13C13 AMHAMHKAJIBIK [IaMaJlaH ThIC )KYKTeMenepi
azalTyra MyMKiHJIIK Oepeni.

Kerm jxeTekTi KaTmapiibl KOHBEHEpiH KON KO3FAITKBIILITHI JIEKTP KETeT1HIH
CHUIATTaMachl

Ken xeTexTi KaTmapiisl KOHBEiep CTaBTaH, TAPTKBIII-TaChIMAAAYIIIbl OpraHHaH,
OipiHII OacKapyuibl JEKTP KETEKTEeH, EKIHII apasibIK 3JIEKTpP >KEeTeri, YLIiHII
apajbIK JIEKTP JKETerl KOHE TOPTIHIII KOCAIKBI SJIEKTP JKETEKTEH KYpPacCThIPbUIAIbI.
TapTKpI-TackIMaIAayuisl opra 1 xymbIc jkoHe 00C TapMaKTaplaH Kypasajbl.
JKyMbIC TapMarbIHBIH OPHBIH ayBICTBIPY YIIIH aiiHalIaThIH OIPiHINI JKYJIIBI3IIAHBIH
OLmiri KeTeKIl MEKTPKETEKTIH OipiHi Oepislic KypbUIFBICHIHBIH 2 IIBIFYBIMEH
xanranraH. bipinmi Oepiyic KYpbUIFBICBIHBIH KipyiHe 0acTbl KETEKTiH OipiHIIi
ACHHXPOH/IBI AIEKTPKO3FAITKBIIIBI 3 KOCBIIFAaH, OHBIH KIpYl KHUTIK TYpPJICHAIPrilIiHIH
4 mpIFypIMeH KocbltFal. CoHpiaii-ak, O1piHII )KUALTIK TYPIACHIIPTilliHiH 4 HIBIFYbIMEH
OipiHII TOK 1aT4uri 5 KocbutraH. JKuiaikTi OipiHII TYpJaeHAiprimTiy 4 Kipyl OipiHii
Oackapy OJOTBIHBIH 6 HIBIFYBIMEH OipIKTIpUIr€H, OHBIH Kipyl KapKbIHABUIBIKTHIH
Oipinmi 3agatuuriMen 7 OipikTipinreH. KyMbIC TapMarblHBIH OPHBIH aybICTBIPY
YIIiH aifHAIaThIH €KIHII apasbIK KETeKTIH eKIHIII JKYJIbI3IIACHIHBIH OUTIr1 EeKIHII1
Oepinic KYpPBUIFBICHIHBIH 8 HIBIFYbIMEH KOCbUIFaH. EKiHII Oepilic KYpBUIFBICHIHBIH
KipyiHe eKIHII1 aCHHXPOH/IbI 3JEKTPKO3FAITKBIIIBI 9 KOCBIIFAaH, OHBIH Kipyl >KHUITIKTI
ekiHmi TypaeHaiprimtiy 10 mblFybiMeH KocbutFaH. CoHai-aK, eKiHII JKHITIK
typaenaiprimini 10 merysiMen 11 ekinm Tok natamri Kocsutras [11].

A-1id BACKAPILTAIDIH 3-260} CPCLTBIR IRERING 2-1ul QPOCABIK RCRING T-uik Dercrapynm

Cypert 2 — O3apa 0aliyIaHBICTBI KOII )KETEKT1 JKUUTIKTI pETTEIETIH JIEKTp JKeTeri 6ap
KaTnapiibl KOHBEWEp IiH KOHCTPYKTHBTIK CXEMAChI

Exinmi sxuimikTi Typaeraiprimtiy 10 xipyi ekinimi 6ackapy 0;10rs1 12 mIbIFybIMEH
YKaJIFaHFaH, aJl OJI eKiHIII KapKbIHIBLIBIFBI 33IaTYUTIMEH 13 KOCBUIFaH.
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XKXyMbIic TapMarblH KBUDKBITY YUIIH allHaJaThIH YUIIHIII apajiblK YIIiHII1
KETEK >KYJABI3IIACBIHBIH OUIIri YUIiHII Oepiitic KYpbUIFBICHIHBIH 14 IIBIFybIMEH
KOCBUTFaH. Y IIiHII Oepislic KYpbUIFBICHIHBIH 14 KipyiHE YLIIHIII aCHHXPOHIBI AJIEKTP
KO3FAJITKBIIIBIMEH 15 KOCBUIFaH, OHBIH Kipyl YLIIHII XHUUTIKTI TYPACHAIPTIIITIH
16 mBIFyBIMEH KOCBUIFaH.

Conpaif-aK, yIIHII )KULTIK TYPASHIIPTiMIiHIH 16 MBIFYbIMEH YIIIHII TOK AATYHT]
17 xocputFaH. Y ILIHII )KUALUTIK TYpJeHIiprimTiy 16 kipyi yuriHmi 6ackapy 6J10rsIHbIH 18
IIBIFYbIMEH YKaJIFaHCa, OHBIH Kipy1 YILIHII KApKBIHABUIBIFBI 331aT4uriMeH 19 KochuIFaH.
Boc TapMaKThl KBUDKBITY YIIIH aifHATATBIH TOPTIHILI KETEK >KYJIBI3IIACHIHBIH OLIirl
TOpTiHIII Oepinic KypbUIFBICHIHBIH 20 IIBIFYBIMEH KaJFaHFaH. TepTiHmi Oepiiic
KYPBUIFBICHIHBIH 20 KipyiHe TOPTIHIL aCHHXPOH/IBI 3JIEKTPKO3FANTKBIIIBI 2 1 )KanFaHFaH,
OHBIH Kipyl TOPTIHIII KUUTIK TYPACHIIPTIITIH MWBIFybIMeH 22 sxanranrad [11].

EH TeMeHri XbUILAaMABIKTHl OpHATY OJIOTBIHBIH 25 mblFysl TepTinmi PLC
KOHTPOJUIEPiHiH 26 KipyiMEeH KOCBUIFaH, OHBIH IIBIFYBI 27 XKbUIAAMIBIK 33aTYHT1
KipyiHe KocbuTFaH. JKbUIIaMIbIK 3aJaTUUTIHIH 27 MIBIFYBl OIpIiHII KapKBIHIBUIBIK
3a/1aT4Mri 7, €KIiHII KapKBIHIBUIBIK 3a7aTduri 13, yIIiHII KapKbIHIBUIBIK 33aT4UT1
19, TepTiHII KapKbIHABUIBIK 3agaTuuri 24 xipyinepiMeHn KocbUiFaH. CoHnaii-ax,
TOPTIHILI KUK TYPACHIIpriminiy 22 KipyiMeH TepTiHul O6ackapy OJOrbHbIH 23
IIBIFYBI XKaJIFAaHCA, OHBIH Kipyl TOPTIHIII KAPKBIH/BUIBIFBI 331aTYUTIMEH 24 KOCBIIFaH.
Bipinmni Tok gatawmri 5, exinmni Tok gatuuri 11, yminmi Tok gatauri 17 ceiikec PLC
KOHTPOJUIEPIiH 26 OipiHI, eKiHII, YIIIHIII KipyiepiHe xanranraH [11].

Kerm >xeTekTi KaTnapiibl KOHBEHEp KO KO3FAITKBIIITHI 3JIEKTP JKETET1H 1CKe KOCY bl
Oackapy KYHecCiHIH OPBIHIATYBI

Karnapssl KoHBeHepAiH TapTKbIII-TaChIMAIAAYIIbl OPraHbl 1 — OyJT HIBIHKBIPIIBI
TapTKBIII Opranfa OEKiTUIreH OolaT KarmnapiaplaH jKacalfaH YK TacyIllbl KEHETl,
coHbIMeH Oipre Oipinm 6epinic Kypsutrbichl 2 (BK1), exinmni 6epiiic KypbUIFBICH 8
(BK2), ymrinmi 6episic Kypbsutrbicsl 14 (BK3), Teprinmi 6episic Kypbuirsics! 20 (BK4)
CTaHJAPTTHI IUJIMHJIPIIK peayKTOpaap TYpiHae opbiHaanas [11].

BipiHmi KeTekii 3JeKTPKEeTEeKTiH OipiHIII 3JIEKTP KO3FAJITKBIIIBI 3, eKiHII1
apajbIK 3JIEKTP KETEKTIH EKIHIII JIEeKTP KO3FAJITKBIMIbBI 9, YIIIHINI apaiblK 3JIEKTP
MKETEKTIH YILIIHII 3JeKTP KO3FAITKBIIIBI 15 5koHe TOPTIHIII 3JEKTPKETEKTIH TOPTIHII
ANEKTP KO3FANTKBIIIBI 21 — KbICKA TYWBIKTAIFAaH POTOPBI Oap aCHMHXPOHIBI JIEKTP
KO3FaJITKbIIITAphl. BipiHII TOK faTduri 5, ekiHmi Tok naTyuri 11 skeHe yIIiHII TOK
natyuri 17 — 31eKTp KO3FAITKBIIIBI TYTHIHATHIH 3JIEKTP TOFBIH OJIIIEHTIH CTaHAaPTThHI
natyukrep.bipinmi xkuinikti Typaenaiprimi (OKT1+APX) 4, exinmi *XuiIiKTi
typaenaiprinm (JKT2+APX) 10, yminmmi skuinik typaesaiprimm (KT3+APX) 16 xxone
TepTiHmI X)uitik Typaenaiprimm (KT4+APX) 22 - ceiikecinme 3, 9, 15, 21 snektp
KO3FaJITKBIILITAPBIHBIH 3JICKTP KOPETiHIH 63repeTiH KUUTIKTEePiHe JKeIUTIK KepHeYIiH
aybIcriajibl KEpHEYIH TYPJACHAIPETIH CTaHAAPTThl TypiaeHaiprimTep. bipinmi 6ackapy
6norsl (BB1) 6, exinmi 6ackapy 6sorst (bb2) 12, yminmi 6ackapy 6morst (BB3) 18,
TepTiHILi 6ackapy 6sorsl (bb4) 23-xuinik TypaeHaiprimTepid 6ackapyablH CTaHAAPTTHI
OmoxTapsl. bipinimi KapKbeiHABUIBIK 3a1aTuuri (K31) 7, ekiHIm KapKbIHIBUIBIK 321aTIUT1
(K32) 13, ymriami kapkeHABUIBIK 3a1aTauri (K33) 19 sxeHe TopTiHII KapKbIHIBUIBIK
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3anatunri (K34) 24 mblfy CUTHAIBIHBIH KbUIIaMIBIKTBIH OSpUITeH MOHIEPIHE COMKEC
KEJIETIH IIaMajapra Jeiin OipKesKi e3repyiH KaMTaMachl3 €TeTiH KaPKbIHIBUIBIKTHIH
CTaHAAPTTHI 3aJJaTUUKTEP] TYPIHIE OPbIHAATA/IbI.

MuHuMaNIbI KbUTIAMIBIKTEIH OpHATY OJIOTHI 25 0acKapbhlUIaThIH KepHEY Oeriiri
Typinae 6onaabl. XKplmaaMIbIK 3a1aTYHT1 27 KbUIIaMIBIKThI OCITIICHTIH CTAaHIAPTTHI
3JIEMEHT TYPiH/E OpbIHAIAIbI, OYJI XKaFJai1a 01 >KYMBICTHI 1ICKe KOCY/IbIH aJIFaIlIKbI
COTIHJIe MUHUMAJIJIBI KBUIIAMIBIKTA allafibl, )l )KYMBIC 1CTEHTIH TapMaK TOJBIFEIMEH
TapTHUIFaHa, OapIIbIK JEKTP JKETEKTEePiHIH HOMUHAIIBI KbUIAAMIBIK MOHIHE JEHiH
aiiHamybIH KamTamachl3 eteni. PLC* xontpomepi (programmable logic controller -
OarapiamManaHaThIH JOTHKAIBIK KOHTPOJUIEP) 26 — TEXHOJOTUSIIBIK MPOLECTEepAl,
HHEPreTUKAJIBIK, KOJIKTIK jkoHe 0acka Oackapy >KyilesnaepiH aBTOMATTaHABIPY YILIiH
KOJIIaHBUIAThIH OaF1apiiaMaiaHaThIH JIOTUKAIBIK KOHTpoIuep [11].

KopsbIThIHABI

Makaaza Kkapsepliep MEH pa3pe3Iep/iH KeIKTIK Ka30aaaphl KaF1aiibIH1a KaTnapibl
KOHBeMepIiep/ i KoNJaHyIblH ©3€KTUIIr Heri3AenreH. 3epTrey HoThxkenepi OolbIHIIa
OHBIH KyaTThl OOITiHIH KYPBUIBIMBIHIA KHUITIKTI PETTENETIH aCHHXPOHJIBI JJIEKTP
JKETET1H KOJIJaHa OTBIPHIIL, KOI KO3FAITKBIIITHI KaTIaPIIbl KOHBEHEePIiH KYPBUIBIMIIBIK
cxeMachl Jkacanabl. barnapiaManaHaThIH-TIOTUKAIBIK KOHTPOJIEPIEpAl KoJilaHa
OTBIPBII, KOII KO3FAITKBIILITHI JIEKTP JKETEriHiH OyJ1 OpHaIacybl KOHBEHep IiH TapTKbILI-
TachIMaJIayIlibl OpTraHbIHAA HEri3Ci3 AMHAMUKAIBIK IIaMaJaH ThIC KYKTeMeIepai
azaiiTyra MyMKIH/IK Oepe/ii )koHe OChbUIaiIIa Mai1anbl Ka30aaap/ibl alllblK UTepy Ke3iH/e
Tay-KeH KOCINOPBIHIAPBIHAA KUCHIK CBI3BIKTHI KOTIK Kaz0alapblHaa, COHBIMEH KaTap
KeJiOey OypBIIITaphl KOFAphI Y3bIH JKOJIJap/a KaThnapisl KOHBeHepepAl naiinanany
TUIMJIUTITIH apTTHIPaJIbL.

ABTOpIIap TeXHHMKA FRUIBIMIAPBIHBIH JJOKTOPHI, Iipodeccop bpeitno U. B.-ke ocbl
MaKaJlaHbl JalbIHay1aFbl KYH/Ibl KEHECTEp YILIH YIKEH aJFbIC OLIaipesi.
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PA3PABOTKA KOHCTPYKTUBHOMN CXEMbI MHOT' OITPUBOJJHOT O
MJIACTAHYATOI'O KOHBEHEPA C YACTOTHO-PEI'YJINPYEMBIM

DEVELOPMENT OF A DESIGN SCHEME
FOR A MULTI-DRIVE PLATE CONVEYOR

ACHUHXPOHHBIM 2JIEKTPOITPUBOJOM

D hexmusnocmev sxcnayamayuy NPOOYKYUU 20PHO20 MAWUHOCIPOCHUS
onpeoensiemcs He MOAbKO KAYeCmBOM ee U320MOGAeHUs, HO U NpUMEeHeHUeM
KOHCMPYKIMUBHBIX CXeM, NO380IAIOUUX MAKCUMATLHO AOANMUPOBAMb 2OPHYIO
MEXHUKY K CLONCHBIM U NOCMOAHHO MEHSAIOWUMCS MEXHOI02UYeCKUM YCA0BUAM
pabomvl. B uwacmuocmu, npumeHenue PpAIUYHLIX BUO08  KOHCMPYKYULL
CHeyuanvbHo20  8uUdd  MPAHCNOPMHO2O  000pY008aHUs — NAACMUHYAMBIX
KOHGelepos 3agucum om maKux napamempos 2OPHuIX Npeonpusmuil, Kax:
paccmosanue u 2nyouHa 00CmMAagKu, yeol HAKIOHA MPAHCHNOPMHOU 8bIpabOmKU
u Op. Haubonviee pacnpocmpanenue O0aumnwvlil 610 KOHBEUEPO8 NOAVUUL NPU
OMKPBIMOU pazpadomie noae3HbLX UCKONAEMbIX, Ha PYOHBIX KAPbepax U paspe3ax.
Ilpu HenpepviHOM yeeauyeHuu 2nyouUnbl Kapbepos, HeoOXOOUMOCHU 8 POCMe UX
NPOU3BOOUMENLHOCU NO 20PHOU MAcce, NPUMEHSeMAsi HA OMKPBIINbIX 20PHbIX
padbomax YUKIUYHASL MEXHOLO2USL C ABMOMOOUTLHBLIM U IHCENe3HOOOPONCHBIM
MPAHCROPMOM NPUBOOUILA K YXYOULEHUTO MEXHUKO-IKOHOMUYECKUX noKa3amenel
pabomoel. Cebecmoumocmv 000bIYU NONE3HO20 UCKONAEMO20 VEEIUYUBANACH 8
pe3yivmame pocma CmMouMOCmu NPUMEHeHUs YUKIUYHBIX U008 MPAHCNOPMA.
Onvim sKcnayamayuu noxaszai, wmo Ha kascovle 100 m enybunvl kapvepa
3ampamsl N0 UCNONBL30GAHUIO ABMOMPAHCNOPMA 2pY30n00vemHocmovio 30—40
m yseauuugaromcs @ cpeonem 6 1,5 paza. Hcnonvzosanue sicene3no0opotcHoco
Mpancnopma Ha OOILUUHCTNGE 2YOOKUX KAPbePOs8 UCKAIOUAEMC s N0 YCA0BUAM
HEeBO3MONCHOCMU BNUCHIGAHUSL NOOBUINICHO20 COCTNABA 8 CPAGHUMENLHO HeboIbuLUe
pasmepvi pyOHbIX mejl U napamempuvl Kapbepos.

B omoil cea3u, HecoMHeHHYIO aAKMYANbHOCMb NPUODOPEMAION 8ONPOCHI
paspabomxu  MeXHUWecKux — pewleHutl,  HANPAGIeHHuIX  HA  CO30aHue
KOHCMPYKIMUBHBLX CXEM NAACMUHYAMBIX KOHGEUepos8, N0380AAI0UUX P PexmueHo
pabomams 8 NOCMOAHHO MEHATOWUXCSL MEXHONO02UYECKUX YCIOBUAX COBPEMEHHBIX
Kapvbepos u paspes3oe.

Lenv pabomvi: paspabomxa KOHCMPYKMUBHOU CXeMbl MHO2ONPUBOOHO2O
NAACTNUHYATO20 — KOHGellepd ¢ 4ACMOMHO-PeSyIUpyembiM — ACUHXPOHHBIM
91EeKMPONPUBOOOM.

Knwouesvie crosa: zopmnoe mawunocmpoenue, Kapvep, KOHCMPYKMUBHAS
cxema, naacmun4amsiil KOHgelep, 91eKmponpugoo.
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WITH A FREQUENCY-CONTROLLED
ASYNCHRONOUS ELECTRIC DRIVE

The efficiency of operation of mining machinery products is determined
not only by the quality of its manufacture, but also by the use of design schemes
that allow maximum adaptation of mining equipment to complex and constantly
changing technological working conditions. In particular, the use of various types
of structures of a special type of transport equipment — plate conveyors depends on
such parameters of mining enterprises as. distance and depth of delivery, angle of
inclination of transport workings, etc. This type of conveyor is most widespread in
the open-pit mining of minerals, in ore quarries and sections. With a continuous
increase in the depth of quarries, the need to increase their productivity in terms
of rock mass, the cyclical technology used in open-pit mining with road and rail
transport led to a deterioration in technical and economic performance. The cost
of mining increased as a result of the increase in the cost of using cyclical modes
of transport. Operational experience has shown that for every 100 m of the pit
depth, the costs of using vehicles with a lifting capacity of 3040 tons increase
by an average of 1.5 times. The use of railway transport in most deep quarries is
excluded due to the impossibility of fitting rolling stock into the relatively small size
of ore bodies and the parameters of the quarries.

In this regard, the issues of developing technical solutions aimed at creating
constructive schemes of plate conveyors that allow them to work effectively in the
constantly changing technological conditions of modern quarries and sections
are of undoubted relevance.

The purpose of the work: development of a design scheme for a multi-drive
plate conveyor with a frequency-controlled asynchronous electric drive

Keywords: mining engineering, quarry, structural scheme, plate conveyor,
electric drive.
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EXPERIMENTAL STUDIES OF THE DEPENDENCE
OF TOOL PERFORMANCE ON DESIGN PARAMETERS

The comparative analysis allowed us to consider the equipment for processing
solid household waste (SHW), tool designs, to monitor the work processes and come
to the conclusion about their low level of resource conservation and not rational
wear. There was also a high level of demand for collapsible tools for equipment for
processing SHW. A collapsible tool has been designed for equipment for processing
SHW, after that an algorithm for calculating the design parameters of the tool
was developed, which was included in the tool design program for equipment for
processing SHW in Microsoft Office Excel. This program allows you to design a tool
model in accordance with the design parameters, technical characteristics of the
equipment, needs and capabilities of the activity. The article presents the developed
method of computer modeling to determine the optimal design parameters of a tool for
equipment for processing SHW, the results of testing 3D models of tools for equipment
for processing SHW in different variations. The materials of this work can be used
in the educational process as a methodological guide and/or recommendations for
computer modeling, analysis and selection of tool designs for recycling equipment.

Keywords: SHW recycling, utilization, SHW, solid waste, tool.

Introduction

In [1, 2], the applied devices, equipment for crushing SHW and existing designs
of tools for recycling SHW are analyzed.

The experimental study was performed in the APM FEM application of the Kompas
3D program [3]. It was necessary to determine the types of loads and their values before
conducting the experiment. In this experiment, there are the following loads[4]:

— resistance to shear cutting of the processing material;

— friction force-sliding of the tool blade on the recycling material,

— angular speed.

To determine the resistance to shear cutting of the material, the following formula
was used [5].

where P¢ — tensile strength

The values of the tensile strength of the processing materials are presented in table 1
[5, 6, 7].
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Table 1 — Values of the tensile strength of processing materials
Material MPa N/mm?
PE 10-36 10-36
PP 49 49
PS 34-58 34-58
PVC 34-61 34-61
Steel 45 (chip) 630 630

The obtained values of the resistance to shear cutting of materials are presented in
table 2.

Table 2 — Values of the resistance to shear cutting of materials

Material MPa N/mm?
PE 8-32 8-32
PP 39 39
PS 27-47 27-47
PVC 27-49 27-49
Steel 45 (chip) 504 504

To determine the friction force-sliding of the tool blade on the material, the friction
force-sliding formula was used

F,=kxN

where N — the strength of the normal reaction of the support;
k — sliding friction coefficient.

Steel 45 (chip) was chosen as a material for the experiment, as the material with
the highest value of the resistance to shear cutting. The sliding friction coefficient when
moving steel on steel with an angular speed of 25 rpm will be 0.1125 [8].

N

2
mm

F, =504x0,1125=56,7

As the rotation speed of the shredder shaft is 25 rpm, the angular speed value is
150°/s.

Materials and methods of research

Variable parameters of the tool design [9, 10]:

1 Housing type: a) cast; b) welded; c¢) collapsible.

2 Material of the cutting part: a) steel 65; b) steel 45.

3 Housing material: a) steel 65; b) steel 45.
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Table 3 — Accepted design parameters of the tool design for solid waste processing

equipment

Variable tools

Accepted design parameters of the structure

a) housing type — collapsible;
0) material of the cutting part — steel 65;
B) housing material — steel 45

a) housing type — collapsible;
0) material of the cutting part — steel 45;
B) housing material — steel 45

a) housing type — collapsible;
0) material of the cutting part — steel 65;
B) housing material — steel 65

a) housing type — welded;
6) material of the cutting part — steel 65;
B) housing material — steel 45

a) housing type — cast;
0) material of the cutting part — steel 45;
B) housing material — steel 45

a) housing type — cast;
6) material of the cutting part — steel 65;
B) housing material — steel 65

- major diameter of the housing blade is 106
mm;

- the minor diameter of the housing blade is
86 mm;

- the width of the housing blade is 5 mm;

- overall dimensions of the edge — 10x5x5 mm;
- the landing hole of the blade and ring
(inscribed circle diameter) — 36 mm;

- the diameter of the distance ring is 55.9 mm;
- the width of the distance ring is 6 mm.

1-generated

a) housing type — collapsible;

6) material of the cutting part — steel 65;
B) housing material — steel 45

- major diameter of the housing blade is 106
mm;

- the minor diameter of the housing blade is
76.4 mm;

- the width of the housing blade is 5 mm;

- overall dimensions of the edge — 14.8x5x8
mm;

- the landing hole of the blade and ring
(inscribed circle diameter) — 32 mm;

- the diameter of the distance ring is 55.9 mm;
- the width of the distance ring is — 6 mm.

1 AMM

0.1729
01621
01513
01405
0.1297
0.1189
01081
009728
0.08647
0.07666
0.06485
005404
004323
0.03243
002162
0.01081
0

a)
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b)
a) scale of values of total linear displacements;
b) topography of total linear displacements
Figure 1 — Method of measuring total linear displacements
under loads on the example of a 1-generated tool

R AN

003829
06609
1.284
1906
2529
3151
3.774
4397
5019
5642
6.264
6.887
751
8132
8755
9.377
10

a) b)
a) scale of values of safety margin coefficients;
b) topography of safety margin coefficients.
Figure 2 — Method of measuring the safety margin coefficients
under loads on the example of a 1-generated tool

4 AMM

01729
0.1621
0.1513
0.1405
01297
0.1189
0.1081
0.09728
0.08647
0.07566
0.06485
0.05404
0.04323
003243
002162
0.01081
0

a) b)
a) scale of values of total linear displacements;
b) topography of total linear displacements
Figure 3 — Method of measuring total linear displacements
at the place of joint of the cutting part with the housing
under loads on the example of a 1-generated tool

33



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

Pt AMM

0.03829
06609
1284
1.906
2529
3151
3774
4397
5.019
5642
6264
6.887
751
8.132
8755
9377
10

a) b)
a) scale of values of safety margin coefficients;
b) topography of safety margin coefficients.
Figure 4 — Method of measuring safety margin coefficients
at the cutting part’s place of joint with the housing
under loads on the example of a 1-generated tool

Results and discussion

First is identification of the optimal type of construction. From the graphical
dependencies and the values of mechanical characteristics at the cutting part’s place
of joint with the tool housing can be seen that the minimum value of the total linear
displacement 0.047275 mm has a welded housing type. The maximum value of 0.09187
mm for the 1-generated collapsible housing type with the material of the cutting part
is steel 45, the housing material is steel 45.

0,1
0,09 B 1-collapsible
008 llapsible
0,07 W 2-collapsi
006 W 3-collapsible
0,05 mWelded
0,04 W 1-cast
0,03
W 2-cast
0,02
0,01 W 1-generated
(8]

Graph 1 — Values of the total linear displacement
at the cutting part’s place of joint with the tool housing, mm
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2,5
B 1-collapsible
2 B Z-collapsible
15 - W 3-collapsible
mwelded
17 W 1-cast
05 - B Z-cast
W 1-generated
o -

Graph 2 — Values of the safety margin coefficients
at the cutting part’s place of joint with the tool housing

From the same graphs and values of mechanical characteristics at the junction of
the cutting part with the tool housing can be seen that the minimum value of the safety
margin coefficient 1.2578 has a collapsible housing type with the material of the cutting
part — steel 65, the material of the housing — steel 45. The maximum value is 2.0225
for the welded housing type. Thus according to the type of housing, the most optimal is
the collapsible housing type with the material of the cutting part — steel 65, the material
of the «housing» — steel 45.

Second is identification of the optimal material of the cutting part. From the graphical
dependencies and values of the mechanical characteristics of the cutting part of the tool
can be seen that the minimum value of the total linear displacement of 0.057545 mm
has a cast housing type with the material of the cutting part — steel 45 and steel 65. The
maximum value is 0.118875 mm for the 1-generated collapsible housing type with the
material of the “cutting part” — steel 65, the material of the housing — steel 45.

0,14
0,12 B 1-collapsible
01 B 2-collapsible
m 3-collapsible
0,08
mWelded
0,06 -
B 1-cast
0,04 +
’ W 2-cast
0,02 W 1-generated
D -

Graph 3 — Values of the total linear displacement of the tool cutting part, mm
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2,5
B 1-collapsible
2 B Z-collzpsible
15 - W 3-collepsible
mWwelded
17 W 1-cast
05 - W 2-cast
W 1-generated
o -

Graph 4 — Values of the safety margin coefficients of the tool cutting part

According to the following graphs and values of the mechanical characteristics of
the tool cutting part can be seen that the minimum value of the safety factor 0.972145
has 1-the generated collapsible housing type with the material of the cutting part — steel
65. The maximum value of 2.13935 for the cast housing type with the material of the
cutting part is steel 45 and steel 65. Thus the material of the cutting part is the most
optimal steel 65.

Third is identification of the optimal housing material. From the graphical
dependencies and the values of the mechanical characteristics of the tool housing can
be seen that the lowest maximum value of the total linear displacement of 0.0274 mm
has a cast housing type with a housing material — steel 45 and steel 65. The highest
maximum value of 0.05404 mm is for the 1-generated collapsible housing type with
the material of the cutting part — steel 65, the housing material — steel 45.

0,06
0,05 B 1-collapsible
B Z2-collapsible
0,04
W 3-collapsible
0,03 - B Welded
Hi-
0,02 - 1-cast
W 2-cast
0,01 -
W i-generated
D -4

Graph 5 — Maximum values of the total linear displacement of the tool housing, mm
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1.4
1,2 B 1-collapsible
1 B Z-collapsible
W 3-collapsible
0,8
mwelded
06 -
B 1-cast
0.4 7 ® 2-cast
0.2 7 W 1-generated
u -

Graph 6 — Minimum values of the safety margin coefficients of the tool housing

Based on the same graphs and values of the mechanical characteristics of the tool
housing can be seen that the lowest minimum value of the safety margin coefficient
0.633 has a collapsible housing type with the material of the cutting part — steel 45,
the material of the housing — steel 45. The highest minimum value is 1.266 for a cast
housing with a housing material — steel 45 and steel 65. Thus steel 45 is the most optimal
for the housing material.

Conclusions

A method of computer modeling has been developed to determine the optimal
design parameters of a tool for solid recycling equipment. Experimental studies of the
dependence of mechanical characteristics on the design parameters of the tool have
been carried out, namely: a) the housing type; b) the material of the cutting part; c) the
material of the housing.

Based on the results of experimental studies with a tool for solid waste processing
equipment, the following recommendations can be made:

— the housing type of the tool for solid recycling equipment should be taken
collapsible, as the most rational, preserving the principle of resource conservation.

— it is recommended to use steel 65 as the material of the tool cutting part, as it has
a high resource intensity;

— it is recommended to use 45 steel as the material of the tool housing, because the
housing is least subjected to loads and wear in the production process.
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KYPAJIIBIH OHIMILTITTHIH JU3AWH MAPAMETPJIEPIHE
TOYEJALIITTH DKCOEPUMEHTTIK 3EPTTEY

Canvicmuipmanst manoay Kkammsl mypmovicmulk, Karovikmapowvl (KTK) xatima
oHOey HCAOOBIKMAPLIH, KYpal-CaumMaHoap KOHCMPYKYUSAIAPIH Kapayad, HCYMbIC
npoyecmepine 6axvliay cypeizyee dcoHe O0aapObly pecypc YHemOeyoiy MmeMeH
Oeneelli JcoHe ymulMObl emec Mo3ybl Mypaibl KOPbIMbIHObI2A Kelyee MYMKIHOIK
bepoi. Conoaii-ak, KTK xatima oenoey sicabObIKmapblHa ApHAN2AH HCUHAIMATbL
munmeei Kypauoapaa CypaHblCmuly dkco2apvl Oeneelil anvikmanovl. Kammol
MYPMbICIBIK  KATOLIKMAPObl KAUma 6HOey HcabObIKmAapbl YUiH HCUHATIMATbL
munmeei Kypan sicacanovl. Cooan reiin Microsoft Office Excel bazoapramacvinoa
Kammbl mypMblCIblK, KATObIKMApObl Kauma eHOey HcabObIKmapsvl Yuin Kypaiosl
Jrc00aNaAY 6AZOAPAAMACHIHA eH2I3IIeeH KYPALOblH OU3AUH NAPAMEMpIepin ecenmey
aneopummi xcacanowvl. byn bazoaprama Kypandviy mooenin Ouzaiin napamempiepiue,
2HCAOOLIKMbIY MEXHUKATBIK CUNAMMAMANAPBIHA, KbI3MEemMmiK Ka)cemminikmepi men
MYMKIHOIKmeEpiHe colikec dcacayea MyMKiHOIK bepedi. Byn makanaoa KTK xaiima
eyoey AHcabobIKmapsvl YwiH Kypaiobly OHMAUIbL KYPbLILIMObIK NApamempiepi
AHBIKMAY YWiH KOMRBIOMEPIIK MOOeibOeyoly o3ipieneer odicmemeci, opmypii
sapuayuALapoa Kammsl mypmblCmblK KAl0bIKMapobl Kama eHoey sHcaboblKmapbl
yuin Kypanoapowviy 3D moodenin coinay nomuoicenepi kenmipineen. byn ocymvicmoly
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Mamepuanoapsvl 0Ky npoyecinoe KOMRbIOMepIiK Mooeiboey, maiday dHeone Kauma

OHOEY AHCADOLIKMAPLL YULIH KYPAl-CAUMAHOAPObIH KOHCMPYKYUSIAPbIH IpIKme) YUulin

aoicmemenix Kypai dcoHe/Hemece YColHbiCmap peminoe nauoaiaHbLLybl MyMKIH.
Kinmmi coz0ep: KTK enoey, kooeze sicapamy, KTK, kammul kanovikmap, Kypa..
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IKCIIEPUMEHTAJIBHBIE NCCJIEJOBAHUA 3ABUCUMOCTHU
IMPOU3BOJUTEJIBHOCTU HHCTPYMEHTA
OT KOHCTPYKTUBHBIX TIAPAMETPOB

Cpasnumenvhulil aHaiu3 no360u1 paccmompems 000pyoosane nepepadbomxu
meépovix Ovimosvix omx0006 (THO), KoHcmMpyKyuili UHCMPYMEHmMOs, NpPOGecmiu
HaO0OeHue 3a padbodumu npoyeccamu U nputimu K 6bi800y 00 UX HUSKOM YPOGHE
pecypcocbepedicerust U He payuoHaIbHO20 usHawusanus. Taxoce 6wl oOHapyiceH
BbICOKULL YPOBEHL CNPOCA HA UHCIPYMEHMbL pazoopHoco muna 07 060py0osanus
no nepepabomke THO. Croncmpyuposan uncmpymenm pazOopHo20 muna 07
obopydosanust no nepepabomre THO. 3amem bvin paspaboman areopumm paciema
KOHCMPYKMUBHBIX NAPAMEMpPo8 UHCIMPYMEHMd, KOMOPbIll 6HECEH 8 Npocpammy
NpoeKmuposanus uHcmpymenma 05 0o6opyooganusno nepepabomie ThO e Microsoft
Office Excel. Dma npozcpamma no3gonsiem cKOHCmMpyuposams Mooeib UHCmpymMenma
8 coomeemcmeuyu ¢  KOHCMPYKIMUGHLIMU — NApPAMEmpami,, — mexHuvyecKkumu
xXapaxmepucmukamy — 000py008aHus,  NOMPEOHOCMAMU U BOIMOICHOCHAMU
desmenvHocmu. B oOannou cmamve npedcmasnena paspabomannas memoouxa
KOMNBbIOMEPHO20 MOOETUPOBAHUS NO ONPEeSIeHUI0 ONMUMATbHBIX KOHCMPYKMUGHBIX
napamempos uncmpymenma 01s 06opyoosanus no nepepabomre ThO, pezyromamoi
ucnvimanuil 3D moodenu uncmpymenmog 011 06opyoosanus no nepepabomre ThO 6
paznuyHelx eapuayusx. Mamepuaner smot pabomuvl Mo2ym ObImMb UCNOIB306ANbI 8
YueOHOM npoyecce 8 Kawecmse Memoouuecko2o nocoous u/uiu pekomenoayuil OJis
npoGedeHUss KOMNBLIOMEPHO20 MOOCTUPOBAHUS, AHANU3A U OMOOPA KOHCMPYKYUU
UHCIPYMEHMO8 071 000pY008anull no nepepadomre omxooos.

Kouesvle cnosa: nepepabomrka THO, ymunuzayus, TBO, meépovie omxoosi,
uUHCIMpyMenm.
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MHTEIrPAJIbHbIA CI1OCOB OLIEHKU TOTOBHOCTH CMK
MPEQMNPUSATUSA K BHELQPEHNIO LIN®POBbIX TEXHOJIO UM

Jlannas cmamovs npedcmasnsem coboll aHaiu3 UCCIe008AHUsL, NOCEAUECHHOLO
UHMESPANLHOMY CHOCODY OYEHKU 20MOBHOCIU CUCTEMbl MEHEONCMEHMA Kayecmaa
(CMK) npeonpusimus k 6nedpenuio yu@poswix mexuonocuil. Mnmezpayus yupposvix
unnosayuti ¢ CMK sensemcs Heomwvemnemol 4acmvlo COBPEMEHH020 OusHnecad,
O00HAKO OYEHKA 20MOBHOCMU NPEeOnpusmus K MAaKomy 6HeOpeHur0 ocmaemcs
AKMYanbHOU U 8adNCHOU 3a0ayell.

B uccnedosanuu npeonosicen unmespanvhulii N00OX00, OCHOBAHHUIIL HA Yueme
He MOAbKO MeXHUYECKUX ACNeKmo8 HeOpeHus Yu@dpoeuix mexHoL02Ull, HO maKice
oyenKe Op2anU3aAYUOHHBIX U YeI08eUeCKUX PAKMOPO8 0151 O0CHUNCEHUSL KOMNIEKCHOU
20mMosHOCIU. ABMOPbI NPEOCMABIAIOM MEMOO0I02UI0, OCHOBAHHYIO HA CUCTNEMHOM
nooxooe, gxnouaiowyio ananuz mexyuezo cocmosnusi CMK, evisenenue kioyeguix
cnadwvix mecm u paspabomxy cmpameuu GHeOpeHUss YUPposuIx mexHoI02ull.

Peszynomamul  uccnedosanus nokaswieaiom, uymo UHMESPAIbHLIL NOOX00 K
oyenxe comosnocmu CMK npeonpusmus x eHeOpeHuio yupposvix mexHono2uil
n036015€m NOIYUUMb 00jee 00BEeKMUBHYIO KAPMUHY MEKYWe20 COCMOSHUS, a
maxaice onpeoerums npuopumemusvie 00aACmu 01 OANbHEeUWUX Yayuulenutl u
pocma. Dmom nooxo0 modxcem Ovlmb noie3eH O NPeOnpusmull, CmpemMauuxcs
NOBBICUMb CBOI0 KOHKYPEHMOCNOCOOHOCMb U dhexmusHocms uepe3 HeopeHue
yughposwvix unnosayuil 6 ceoro CMK, npugoosuee K yayuueHuo kauecmed npooyKyuu
U Y0081emB8OPEHHOCMU KIUCHMOS.

Kniouesvie cnosa: cucmema menedsxcmenma xawecmea, nokasamenu, Kpumeput,
UHMESPANbHASL OYEHKd, YPOBEHb 20MOBHOCTIU.

Beeaenne

[Ipexnae Bcero, He0OXOAMMO HadaTh Hporecc HUPPOBU3ALUU CUCTEMBI
MEHE)KMEHTa KauecTBa C OLEHKH FOTOBHOCTH MPEANPUATHS K JaHHOMY IIary. JTo
00yCJIOBJICHO CIEAYIOIINMHU IPUYNHAMH:

Bo-nepBbIx, TpeOyeTcs IPOBECTH aHAIM3 U OLIEHKY TEKYIIET0 YPOBHS LU(PPOBU3AIIUU
Ha MPeIPUATUH, YTOOBI:

1 UnenTuduuupoBath CyIeCTBYIOIIUE POOIEMbI U IPENSTCTBHSL, KOTOPBIE HYKHO
IPEO0JI0NIETh.

2 ChopmyarpoBaTh YETKHE LIEJIH, K KOTOPHIM HEOOXOIUMO CTPEMUTHCS, U 3a]1a4H,
KOTOpbIE TpeOyeTCs PeIINTh.
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MarepuaJbl 1 METOABI
[IpuMeHeHne AAHHOTO MOAXO0JAa OCYLIECTBISETCS HAa OCHOBE MOJIEIH,
MpeCTaBICHHON Ha puc. 1.

In —
b — I
AHATIE H OLeHKA VpOBEHE TOTOBHOCTH —
TeKYLIEr o Ik * MPeampHATHA K s
cocTosHNA IHppoEHzaImH — IHpOEHIAIIHH L
OpeAnNpHATIL L — ~
;I:I'—l L L
J1, M2, a1 — masssle (HEGOpMaNH) 114 aHATH3a H ONEHKH TeKVIIero COCTOMHIA
IH}POBH3ANNH.
II1, Iz, ITn+1— mpoOIeMEl (VTPO3EL, PHCKH), CIEOVEOLTHE H3 IPOBEISHHOT O AHAITH3A H
OUEHKH.

103, L2, Ip-1— nem, chopMYIHPOBAHHEIS HA OCHOBAHHH BBIIBIISHHBIX NPOOIEM.

Pucynok 1 — Mojenb Jj1s1 OIIEHKH TEKYIIETO
COCTOSTHHSI IIU(POBU3ALIUN TTPEATIPHUSITHS

[IpencraBneHHast MoJielb OCHOBaHA Ha METOJUKE aHAJIM3a M OICHKU TEKYILIEro
cocTosiHUS 1UpoBU3aMK Npeanpuatus. [Jis npoBeeHNUs aHaTu3a UCIOJIb3YIOTCS
JaHHBIE, KOTOPbIE CHCTEMATU3UPYIOTCS CIEHUATH3UPOBAHHBIMU MOAPA3IECICHUSIMU
opranu3anuu [1,2,3]. [loka3zaTenu ajis aHanu3a BBIOMPAIOTCS B COOTBETCTBHU C
UJACHTUYHBIMU 00JIACTSIMU CUCTEMBI MEHE/DKMEHTA KauecTBa.

[IpencraBneHHast MOJeNIb OCHOBBIBAETCS HA CIAEAYIOUINX MPUHIIUIIAX:

1 J17151 OLIeHKM MCHIONB3YFOTCS| COOTBETCTBYIOLLHE TIOKA3aTeN N, KOTOPBIE pa3padaThIBaIOTCs
B COOTBETCTBHUH C 00JIaCTSIMU CHCTEMbI MEHEIKMEHTA KaueCTBa, OIMCAHHBIMHU B pa3/ienax
CT PK ISO 9001-2016, takux kak cpenctBa obecnedeHust (pasmensl 7.1.5, 7.1.6),
JIESITeIbHOCTD Ha CTAAMSX KU3HEHHOTO ITMKJIA MMPOAYKIMH 1 yciyT (pasaens 8.1, 8.3, 8.4,
8.5.1, 8.7), otieHKa pe3yIbTaToOB AeATEILHOCTH (pasaenst 9.2, 9.3) [10].

2 JInst KaXI0TO KPUTEPHS OIpe/iesieHa COOTBETCTBYIOIIAs METOMKA pacyeTa.

3 Kaxnaplili kpuTepuii UMEeT COOTBETCTBYIOUIUE JAHHBIE, HA OCHOBE KOTOPBIX
MIPOU3BOJUTCS pacyer.

4 ]J1ns o1leHKH yPOBHSI TOTOBHOCTH CHCTEMbI MEHEIKMEHTA KaueCcTBa MPEANPHUITHS K
BHEJIPEHHIO COBPEMEHHBIX ITU(PPOBBIX TEXHOIOT U1 B LIEJIOM HCTIONB3YeTCs IIKaja OLIEHOK,
Takasi Kak OYeHb HU3KUM, HU3KHI, CPEIHUIA, BBIIIIE CPEHETO, BHICOKUI YPOBEHb [4,5,0].

JIns uimocTpauuyu NPUHIKIA OLEHKH TEKYIIeTo COCTOSHUS HU(PPOBU3ALUU
MPOU3BOCTBA MPOAYKIIMHU U TIPEIOCTaBIICHUS YCIIyT (paszaen 8.5) paccMaTpuBaeTcs IpUMep
coopa undopmarmu. O1ieHKa MOKET ObITh OCYIIIECTBIICHA 10 CJICAYIOIIUM KPUTEPHUSIM:

1) YpoBeHb TEXHOJOTHUECKOW TOTOBHOCTH MPOU3BOJICTBA, KOTOPHIM MOXKET
OBITH OMpenesieH, HaIpUMep, Ha OCHOBE OCHAIIEHHOCTH MPEANPHUITHS CTAaHKAMU C
YHUCIIOBBIM NporpaMMHbIM yripasieHuem (UIIY). IlokazaTens 1uist JTaHHOTO KpUTEPHs
paccUUTHIBACTCS C UCTIOIB30BAHUEM ClIeAYIONIeH (GOpMYIIbL:
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P
PTF — HIIY (1)

Puﬁm

rae, P, — obuiee konmnyectso ctankos ¢ UITY, Haxoasiuxcs Ha npepusThu;

P ., — OOlIee KOIMYECTBO CTAHKOB, HAXOIAUIMXCS HA MIPEIPHUSITHH.

2) YpoBeHb aBTOMATU3aMH IPOU3BOCTBA Ha IPEANIPHUSITUN BKIIFOYAET CIEAYIOIINE
KOMIIOHEHTBI:

— ABTOMAaTH3alMs [IJITAHUPOBAHUS pabOThI POU3BOICTBEHHOTO 000PY10BAaHUS.

— ABTOMAaTH3alUsl CO3/IaHUSI OTUETOB O TEKYILEM COCTOSHUU MPOU3BOJCTBA U
aHaJIM3a BBIIIOJIHEHUS IPOU3BOJICTBEHHBIX IIJIAHOB U IIPOIPAMM.

— ABToMaruzanus cOopa U CTPYKTYpUPOBAHHSI CTATHCTHYECKOW MHPOPMALIUU O
BBITIIOJTHEHUH ITPOU3BOJICTBEHHBIX IJIAHOB U IIPOrpaMM JIJIsl aHAJIM3a OTKJIOHEHHUH OT
YCTAHOBJIEHHBIX IPOU3BOJICTBEHHBIX IIOKa3aTEJIEH.

— ABTOMAaTH3aluUsl BU3yaJIU3alUU JIaHHBIX O JOCTHUKEHUU WM HEJOCTHXKEHHUH
YCTAHOBJIEHHBIX IPOU3BOJICTBEHHBIX IIOKa3aTEJIEH.

— ABTOMaTH3alUsl KOHTPOJS KadecTBa MNPOJYKLUUH B COOTBETCTBUU C
YCTaHOBJICHHBIMU TEXHOJIOTMYECKUMU IIPOLIECCAMH.

— ABTOMaTH3a1Ms KOHTPOJIS [IEPEMELLIEHUS YacTel MPOTyKIUU MEXKTY CKIIaAaMU
10JIpa3/iesIeHu B COOTBETCTBUU C TEXHOJIOTMUECKUMHU ITPOLIECCaAMHU.

— ABTOMAaTH3aIUs WCIOJH30BaHUS NUPPOBBIX 0a3 3HAHWI, BKIIOYAIOUIIUX
HOPMAaTUBHO-TEXHUUYECKYIO JJOKYMEHTAIUIO, TEXHOJIOTUH, HHCTPYKLUHU, TPeOOBaHUS
K CBIPBIO U MaTepuajaM U Jpyryro HH(OpMaIUIO.

— ABTOMaTH3aIMs YIIPaBICHUs 3aKa3aMU, BKIIOYasi IPOBEPKY KaueCcTBA IOCTaBOK,
yIpaBiieHUE NPUOPUTETAMH 3aKa30B U JIPyTue pejaeBaHTHbIE acleKThl [7,8,9].

J11 BeIUMCIIeHrst OOIIeH OIIEHKH YKa3aHHBIX MOKa3aTeNel MPUMEHSIETCS CIIeIyoIIee
MaTEeMaTHYECKOE BbIPAKEHHE:

100 8
Pmech, = Z X Z i=1 a (2)

rae, [ — BUJI MEXaHU3UPOBAHHOM 3a/1a4H;

al — COOTBETCTBHE KOPHMOPATHBHBIX CHCTEM YIMPAaBJICHUS peIIaeMOu
MeXaHU3UpPOBaHHOM 3amauu [10].

YpoBeHBb TAHHOTO TOKA3aTeNlsT MOKET ObITh KIAaCCU(UIHUPOBAH CIIECTYIOUIIM
00pa3oM: 3HaUEHHE, paBHOE WM IpeBbImIaromiee 75 %, COOTBETCTBYET «BBICOKOMY)
ypoBHI0; 3HaueHus 0T 50 % 110 75 % COOTBETCTBYIOT «CPEAHEMY» YPOBHIO; 3HAUCHUS
Huke 50 % COOTBETCTBYIOT «HU3KOMY» YPOBHIO.

Pe3yabTaTsl 1 00cy:KI1eHNe

CrenoBatenbHO, TPU OLIEHKE YPOBHS TOTOBHOCTH K IIU(POBHU3AIMHU (CM. pUCYHOK
2) npuMeHsIeTCs CieyIoIast ociIe10BaTeIbHOCTD 1IaroB.
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N\ [ N
L. PaspaGotra 3. Pazpabotka
KpPHTEPHEB YPOBHA 2. OGnacts CMK B :> (onpeneneHne) noxkasareneit
TOTOBHOCTH COOTBETCTBHH ¢ H KPHTepPHEB [ULI OLEHKH
NpeInpHATHA K Mofens [SO 9001 COOTBETCIBYIOIICH 00IacTH
IH(POBH3ALNI B IeT0M CMK

J \ J
<z

4 p
6. Coop uHdopMamm 5. Pazpadotra {
AT pactieTa METOTHKH pacueTa 4. Ompenenennie BXOIHBIX
mokazaTenaii n nokazaTeneif — B JAHHEX (HH(OPMAIIHH) 1719
EpuTepuer. Pacuer TACTHOCTH — H <: pacueTa mokazaTtenei o

moKasarenei H COOTBETCTBYIOLIEII KpHIEpPHEB
KpPHTEPHEB O0IACTH — B 1ETOM

_ . AN /

8. IToaroToRKa OTUETA.
BripaGoTka TaKTHEN H
CTPATEeT I IH(POBI3AII
mpennpuaTid. Paspadotka
JOPOKHOMN KapThL.

7. Onpenenenne ypopHA
[OTOBHOCTH
[peANpHATHA B LEI0M K
I P OBH3AITIH

Pucynok 2 — IlocrnenoBaTenbHOCTh JEUCTBUI MPU OLICHKE
ypoBHsi rotoBHOCTH CMK K 1miudpoBuzanmn

Pacuer uHTEerpanbHON OLIEHKHM FOTOBHOCTH CHUCTEMbl MEHEI)KMEHTa KauecTBa
OPEINPUITHS K UHTEIPAllii COBPEMEHHBIX HU(POBBIX TEXHOJIOTUN OCYIIECTBISIETCS
C UCIMOJIb30BAaHUEM CIIEAYIOLIETO BBIPAKECHHUS:

P +P +P
PHHT _ mechiT  mech2T/ mechn 3)
N.
max
rne, P .. +P_ . +P_ . M — CyMMa HHTETPAJbHBIX OLUEHOK (B %), MONyYEHHAs B

pesynbTaTe orieHku KoHKpeTHOoU obmactu CMK B coorBetcTBuu ¢ CT PK ISO 9001-
2015;

Nmax — O6HIa$I MaKCHUMaJIbHas1 CyMMa OLCHOK I10 BCEM OLCHHBACMbIM o0macTIM

CMK.

Jlst onipesiesieHrsl YPOBHSI TOTOBHOCTH K MHTETPAIlMM COBPEMEHHBIX ITU(POBBIX
TEXHOJIOTHH HCTOJB3YIOTCS CIEAYIOMHNE KPUTEPUH: €CIIH 3HAYCHHUE COCTABJISACT
76 % u Gosiee, TO ypOBEHb TOTOBHOCTH CUUTAETCS «BBICOKUMY ; B quana3one ot 50 % m0
75 % — «cpennuM 187 ypoBHEM TOTOBHOCTH; €CJIM 3HaUYE€HHE cocTaBisieT meHee 50 %,
TO YPOBEHb TOTOBHOCTH CUHTACTCS «HU3KHM).

BriBoabl

C ucrnonp30BaHUEM TPEIIOKEHHON MOJICIIM MOKHO TTPOBECTH aHAJIU3 U OIICHKY
YPOBHSI TOTOBHOCTH CHUCTeMBbI MeHekMeHTa kadyecTtBa (CMK) npeampustus,
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3aHUMAIOLIET0Cs TPOU3BOCTBOM MPOIYKIIMH, K HHTET ALK COBPEMEHHBIX LI (PPOBBIX
TEXHOJIOTMHA. DTO MO3BOJIUT TAKIKE BBIIBUTH 00JIACTH, KOTOPBIE UMEIOT HEI0CTAaTOYHYIO
TOTOBHOCTbH K LU(POBU3AIUH.
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KOCIITOPBIHHBIH CMK-HIH HU®PJbIK TEXHOJIOI'UAJIAP/bI
EHT'I3YT'E JAVBIHJBIFBIH BAFAJIAY IbIH HHTET PAJIAbI TOCLII

byn  wmaxana xocinopvinuwbiy cana meneOddcmenmi  ocyueciniy  (CMIK)
Yudpvly MexHoro2UANApObl  eHeizyee OalblHObI2blH  0a2anayobly UHMeZpaiobl
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odicine apuanzan sepmmeydi manday 6onvin mabwviiadel. CMIK-ea yuppavik
UHHOBAYUANAPObL UHMESPAYUSIIAY KA3ipel 3amaHabl Ouznecmiy axicolpamac 0oiici
bonbin madwLLIA0bL, ALAU0A KOCINOPLIHHGIY MYHOAU eHeizyee OalblHObl2blH 0a2aniay
63eKMi JHCOHE MAHBI30bL MIHOem 00biN Kana Oepeoi.

3epmmey yughpavix, enzizyoiy mexHuKaivlK Acnexminepin 2ana emec, COHbIMEH
Kamap KeweHoi 0aublHObIKKA KOJ HCEMKIZY YULiH YULIMOACTHBIPYUBLIBIK JHCOHE a0amu
Gaxmoprapovl bazanayea HecizoeiceH UHMeZpanobl Mociloi ycvlHaovl. Aemopaap
CMIK azvimoaenl sicati-kyiiin manoayovl, Heeizel daci3 mycmapobl AHbIKIMAYObL HCOHE
YUDPABIK, MEXHON0UANAPObL eHTZY CIPAMESUSCHIH 93IPAeyOi KAMMUMBIH JHCYeNiK
maocinee Heeiz0eneen 90iCHAMAHbL YCbIHAODL.

3epmmey nomuacenepi xocinopvinnviy CMIK-niy yugprvix mexuonrocusnapos
eHeizyee OaublHObI2bIH Oa2anayObly UHMe2paiobl MoCili azblmMoazbl HCa20atobly
obvexmuemi Oelinecin anyea, COHOAl-aK 00an Opi dHcakcapmy meH ocyoiy bacvim
bazblmmapviH aHbIKMAay2a MyMKIHOIK bepemindiein kopcemeoi. Byn mocin oHimHIK
canacvl MeH mymulHYWbLIApOblY KAHA2AMMAHYWBLIbIEHIH HCAKCAPMY2a 9KeNemin
CMOK-2a yughprvix unnosayusiapovl eneizy apxvlivl Oocekeze Kabilemminiei MeH
MUIMOLIZIH apmmuipyaa YMMbLIAMbIH KOCINOPLIHOAP YWIH NAUOAIbl 00 bl MYMKIH.

Kinmmi co3zdep: cana menedacmenmi scylieci, Kopcemxiwmep, Kpumepuiliep,
unmezpandvl Oazanay, OatblHObIK OeH2eli.
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INTEGRAL WAY OF ASSESSING THE READINESS
OF AN ENTERPRISE’S SMC TO IMPLEMENT DIGITAL TECHNOLOGIES

This articleis an analysis of the research on the integral way to assess the readiness
of the quality management system (OMS) of the enterprise to the implementation of
digital technologies. Integration of digital innovations in QMS is an integral part of
modern business, but the assessment of enterprise readiness for such implementation
remains a relevant and important task.

The study proposes an integral approach based on taking into account not only
the technical aspects of digital technology implementation, but also the assessment of
organizational and human factors to achieve comprehensive readiness. The authors
present a methodology based on a systematic approach, including the analysis of the
current state of OMS, the identification of key weaknesses and the development of a
digital technology implementation strategy.

The results of the study show that the integral approach to assessing the readiness
of an enterprise’s QMS to the implementation of digital technologies provides a more
objective picture of the current state, as well as identifying priority areas for further
improvement and growth. This approach can be useful for enterprises seeking to improve
their competitiveness and efficiency through the implementation of digital innovations
in their OMS, leading to improved product quality and customer satisfaction.

Keywords: quality management system, indicators, criteria, integral assessment,
readiness level.
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LUMHATECKILL BINGEKTEPLIH KYPAJIGAPBIHbIH
TO3Y CUMATbIH 3EPTTEY XXOHE TANIOAY

Maxanaoa wunamecxiwu  6indexkmepoi KeHiHeH KOIOAHAMBIH — enimizoeci
Oipakamap KocinopviHoapoa icypeiziieen 3epmmeynepoiy, COHOAU-aK, amaneam
OindexmepOde  KONOAHBLIAMbIH — KypaioblK  803e10epOily  WbI2bIHbIH — 3epmmey
Homudicenepi Kexmipineen. 3epmmeynep Kazaxcman Pecnybnuxacvl Folnvim ocomne
HCO2apbl OLNIM MUHUCMPAIZIHIY FOLILIM KOMUmMEmi mapanviHaH KapiCblIaHObIPbLIZAH
AP19578884 «lllunameckiut cmaHoK KYypaiblHbIY mMO3y2a MesiMOLlieiH apmmolpy
JHCOHE KOHCMPYKYUACHIH HCeMminoipy» maxkwvipbiovl uienoepinoe opblHOaiobl.

Hatioanany oscaz0ainapvina colikec HCAInbl COKKbLIbL Kypaioapobly Mo3y
CUNAMBIHA MANOAYAAP HCACATBIHObL. 3epmmeyiepdiy Oip Oeniei mecy KypaiblHbIH
OotiviHOazbl Oy3v6Ly cebenmepin anvikmay maxcamoinoa Deform 3D, Siemens NX
naxkemmmepinoe coyavl daemenmmep 90icimen OpbIHOAIObL.

Ilpoyecmi  apmuaiivt  MamanOaHOBIPLLIZAH — 0A20aAPAAMALAPObIY  3AMAHAYU
nakemmepinoe MoOeiboey CO3bLLY KepHeVIePIHiy 6CYIH dcoHe dehopmayusniapobly
YA2AIObIH  HAKMbL OHOIpICme MOo3y HeMece CblHY aHbIKMAean oicepoe Kepyee
MYMKIHOIK Oepdi. MoodenboeyOdin andviH-ana Homudiceepin mailoail Omvipbin, mecy
KYPATbIHbIY KOHCMPYKYUSCHIH ©32epny JHCOHEe Npoyecmiy OHMAUibl pedcumoepi
manoay MymKiHOiei mypaivl KOpblmslHObL dcacayaa 6onadvl. 3epmmey Homudicenepi
WuHanapoazvl mecikmepoi mecy yuiH KOJIOGHbIIAMbIH Kypal me3 Mmo3amblHbIH
JHcoHe dcul icmeH wvleamviHblh kopcemmi. Tozean Kypan wemenoix oHOIpyuiiepoeH
Camvlin aIbIHAMbBIH HCAHACLIMEH AYbICMbIPbIIAobl. Kypan wbiebinbl ome dco2apbl
JHcoHe OHOIpineen OHIMHIY O03IHOIK KYHbIHA mepic ocep emeoi.

ApHativl  KOMRBIOMEPIIK — KeWEeHOEPOiy, KOMe2IMeH JICypei3iieen  Mooenboey
Homuoicenepi 0e mecKi Kypaniobly Ome ayblp Hcaz0aod HeyMblC iCeiumiHiH Kopcemmi.

Kinmmi ce3dep: wunameckiw Kypan, wunameckiu 0Oinoex, mox oemxiseiu
wuHanap, mosyea mesiMoLliK, nyaHcoH.

Kipicne

MarmuHa xacay SKOHOMHUKaHbl HHIYCTPUSIaHIBIPYIBIH aXXbIpaMac OeJIiri xoHe
MEMJICKETTIH MaHBI3AbI canachl 0okl TaObutaael. Caia arpoeHEepKOCINTIK KelleH,
SHEpreTuKa KoHe METAJLTYPrusi CEKTOpJaphl, KeJliK KoHe 0acKa Jja Heri3ri camaiap
KbI3METiHIH TYPaKThUIBIFIH KAMTaMachI3 €Te/I, 0yJ1 keOiHece 3KOHOMHUKAHBIH MaTepual
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CHIUBIMIBUIBIFBIH, €HOEK OHIMIITITIH XOHE €IAIH dKOHOMHKAJBIK Kayilci3irid
alKBIHAANTEL.

10-15 kb1 imIiHAe aTaaFaH cana Kypamaac 0eJiKTep MeH KOCaIKbl OemeKTep/al
OHJIIPY/IeH OHIMHIH COHFbI TYpJiepiH enaipyre kemrTi. byringe KP xenreren mammna
Kacay KoCIOpPBIHAAPbIHAA OHAIPICTI TEXHUKAIBIK KailTa KapaKTaHIblpy OeiceH[l
Kyprizinyne. MexaHUKalIbIK OHAEYTe, COHJai-aK, MeTalIap/bl OHICYiH O0acka
TypJiepine (Kyro, TEpMUSIIBIK OHJCY, METalAap/bl KHICBIMMEH OHJACY KoHe T.0.)
apHaJIFaH €CKIpreH CTaHOK MapKi >kKaHAPThLTyAa. IMIOPTTHIK CTAHOKTAP TEXHOIOTHSHBIH
JaMybIMEH Oipre *Kype/Ii, oJlap eHIipic Ke3iH/Ie caraHbl THICT1, )KOFaphl IeHrei/ie ycTan
TypyFa MYMKiHIIK Oepexi. OnmapasiH 0ipi — IIMHA TECKIll CTaHOKTap-mpecTep. byn
CTaHOKTap Ka3ipri yakpITTa «neKTpoMoHTax» AK, «AcTaHa 31eKTpoOMeXaHUKAIIbIK
3aybITh XKUIC, «Kazelectrosystems 351eKTpOTeXHUKAIBIK ka0 1bIKTap 3aysIThD JKIIC
(AcranaK.), «Opan tpancopmarop 3aybIT KIIC, «AnMaThl 3JIEeKTPOMEXaHUKAIIBIK
3aybIThl» KIIC, «Asia Trafo — Alageum Electric» XILC (IbmvkeHT K.), «Kentay
Tpanchopmarop 3aysiTel — Alageum Electricy AK (Kentay K.) CHAKTHI XoHE
T.0. 3aybITTapAa TpaHcGopMaTOp IIMHATAPBIHIAFBI TECIKTEP/l TeCy YIIiH KeHIHEH
KOJIJaHBLIAbI.

byn cTtanokTapabsl eHAIpyLILIEp MEH KETKi3ylIijep, COHAal-aK, ojapra
TEXHOJIOTUSJIBIK KOHE KYPAJIBIK >Ka0JbIKTapIbl 931pJICUTIHACD pPECEHIiK KoHe
KBITAIIBIK OHAIPYIIiep OOJIBIN TaObLIA IBI.

AP19578884 «lllunareckiml CTaHOK KYpaJbIHBIH TO3YFa TO3IMILIITIH apTThIPY
XKOHE KOHCTPYKIUSACBHIH JKETIIAIPY» TaKbIPBIOBIHIAFl FHUIBIMH KO0aHBI OpBIHAAY
HIeHOEPiH/IE KYPIi3UIreH 3epTTeyiep HoTHKeNepl HIMHAIAPIAFbl TECIKTEpAl TeCy YILIiH
KOJIZIaHBUIATHIH KYPAJIAAp TE3 TO3AThIHBIH JKOHE KU1 ICTEH IIBIFaTHIHBIH KopceTTi. To3ran
KypaJiapra enKaniai ;keH1ey HeMece KailTa OHJIey )KyMBICTaphI )KYPTi3UIMeii i, OHbIH
OpHBIHA MIETEIIIK OHAIPYLIIEPICH CaThII AJIbIHATHIH >KaHACBIMEH ayBICTBIPHUIAIbI.
By sxarmaiizia Kypan MIBIFBIHEI ©TE )KOFAphI )KOHE OH/IIPLUICTIH OHIMHIH 031HIIK KYHBIHA
Tepic acep eremi. by Ka3ipri TaHIa eHAIPICTEr ©3€KT1 Macee OOJBIN TaObLIAIbI.

MaTtepuaiiap MeH 3epTTey djicTemMeJiepi

JXorappia aTajnFaH CTaHOKTapAa KOJJAHBUIATBIH TeCy Kypajbl KaTThl TO3yFa
yuislpaiasl. [lalinanany »xarnaliblHa COMKEC, COKKbI KypaJlbl MEH MaTpuLajgap ayslp
KYKTEJITeH KypaJIFa ®aTabl, ©iTKEeHI oJlap pecTeNreH MeTajaMeH xanacasl. [Ipectey
IpoIeCi KOFapbl TeMIepaTypaaa, KbIChIM/Ia XOHEe KaTThl yikemicre xypexai. Tecy
KYPaJbIHBIH KapKbIHABl TO3YBIHBIH HET13r1 ce0e0i KbI3bII KeTy O0bIN TabbUIaIbI,
HOTHXKECIHAE OEpIKTIK TOMEHeH 11, Oy e3 Ke3erinae aedopmanusra okeneai. Atan
aiiTKkaHa, MaTPUIIAHBIH TO3YbI OHBIH 0acy TemIreparypacsl 6ocaty TeMiepaTypacblHaH
YKOFapbl OOJIFaH Ke3/e naiia 00s1a/p1, 0yJ1 OHBIH IUIACTUKAIIBIK Je(opMalnsaChIHA OKeTyl
MYMKiH. KypasnabiH KyMbIC JKaFaainapbl OHbIH OepikTirine yikeH acep ereai. Ken
XKarJaia mpecrey npoueci 6ip KaJbIThl eMec, KYpajiFa COKKBI JKYKTeMenepi Kypai
MaTepHaIbIHAH )KOFapbl KATTHUIBIK IIEKTEPIH Talall €Te/ll, OHbI YIKEH KaTThUIBIKIICH
O1pikTipy KUBIH 00s1ybl MYMKIH. COKKBI XKYKTEMeJepi Mpecc KypaiblHbIH OEpIKTIriH
TeMeHAeTeAl. ANABIH amyFa OO0JIATBIH KBICBIMHBIH KYPT TOMEHJEYl KYpaJJIbIH
Oy3buTybIHA 9Keneai. Kypanabiy skoFapbl TeMiepaTypa ailMarbIHIa Y3aK TYPYbI (MBIC
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neH 6omnat ymin 850°C, 6onar yurin 1100°C) oHbIH OEpIKTIriH KYpT TOMEHACTEI.
Ocpiran OaitmaHbICTBl OYJI Kypasl aybIcriaibl OOJBIN TaObLIAAbl KOHE ©HIMILTIKTI
apTTHIPY KOHE MPECC KYPAJIbIHBIH IIBIFIHIAPHIH a3alTY YIIIH OHBIH KOHCTPYKIHUSACHIH
KETULIIPYl Ke3aeii [6].

l-cypeTTe muHATECKIN Kypanaap/blH CypeTTepl KOpCEeTUIreH.

Bk o T AT AR ! T 1l

Cyper 1 — llunareckim Kypangap

2-cypeTTe HIMHA TEeCKIll KypaJgapAblH KYpPacThIPbUIFAH TYPiHAETi cyperrepi
KOPCETIUITeH.

(6)
1 — muHaTECKIN Kypai; 2 — IyaHCOH.
Cyper 2 — [lIuna Teckinn Kypaaaap/IbIH KypacThIPbUIFaH TYP1

1 xoHe 2 cypeTTepie MUHATECKIN KypajJaaplblH >KapbUIFaH, TO3FaH KOHE
nedopmarusanFad 6eTTepl capbl TYCIIEH KOPCETUITEH.
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Kaszipri yakpiTta Kaparanabl TEXHUKAIBIK YHUBEPCUTETIHIH « TEeXHOIOTUSIIBIK
aOIbIK, MalllMHA JKacay JKoHEe CTaHJapTTay» KadeapachlHbIH JOKTOPAHTTAPBIHBIH
KaTBICYbIMEH IIMHA TECETIH CTAaHOK KYpaJblHBIH KOHCTPYKIHSACBIHBIH TO3YFa
TO3IM/IUTITH KaMTaMachl3 €Ty OOWBIHIIIA 3ePTTEYIIEp KYprizinye.

3eprreynepaiy O0ip Oeiri Tecy KypaiblHbIH OOWBIHAAFBI OY3bLTy cebenTepiH
aHbIKTay MakcaTeiHaa Deform 3D makeTiHie COHFBI 2JIEMEHTTEp d/1ICIMEH OPBIHIAIA/IbI.
Haiteinnama moneni Siemens NX OarmapiiaMaiblK OpTachIHIA 3aYBITTHIK ChI30aiap
OoiibiHIIa opeIHAAABL. [Iporiece mapameTpriepi MHA TECETiH CTAHOKTHIH acIIOpThIHA
COMKeC aJIbIHAJIbI.

Haruxesiep MeH TaJaKbLIayJIap

3-cyperTe KypajablH, ITUHAHBIH )XKOHE MaTPUILIAHBIH MOJICTIBACP] KOPCETIITEH.

Cyper 3 — KypanapiH, IIMHAHBIH KOHE MAaTPUIIAHBIH MOJIEIIBAEPI

Deform 3D GargapiamachiHia MOJEIbJEY HOTHIKEIEPiH Taunay MpOLecTiH
OacTankbl Ke3eHJAepiHJe KypasJblH OpTachlHa KbICY KepHeylyepi OaliKanaThIHBIH
kepcerTi. Jlegopmarus nporecinie MatepHanablH KaObIpranapra Kapail sKbUDKYbI
HOTH)KECIH/E KEPHEY MaTpHULIATaphl KbICHUIAIBI.

4-cyperTe KypalIblH JCHECIHET1 KepHEYIepIiH Tapanybl kepceTiiren. CypeTTeH
npouecTiH OacTankbl Ke3eHIEpiHae KbICYy KepHeysepi 0achiM OOJIaTHIHBIH KOHE
200 MITa MoHIHE KETETIHIH KOpYTe O0IaIbI.

4-cypetTeri nuarpaMMajia Kypajl I€HECiHJIe KepHEeYIiH Tapadybl KOPCETUIreH.

51



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

0.000 |

0.00000177 Min

2009 Max

Cypet 4 — Kypait 60ibIHIaFBI KEPHEYIIH TapaTybl

5-cypeTTe Tecy mpoIeCiHIH MOJIeJi KOPCETUITeH.

Step 100

0.000 Win
1.43 Max

L
Cyper 5 — Tecik Tecy npoIecidig Moaei

Deform 3D OarmapiamacbiHaa ecentey Ke3iHAe MaTepuas/iblH arbIMBIH JKOHE
TaHJIaJIFaH apaMeTpIIep/iH Ke3-KenreHiH (aedopmarus, redopMariust >KbUIIaMIbIFbL,
opTala KepHeyJjep, TeMiepaTypa xoHe T.0.) 0akbuiay MyMKiHIri Oap.

Kypanabia 6acTankbl KO3FaJIbIChIHA MaTE€pUaT IITAMIITBIH KYBICBIH TOJITHIPAIBL.
MaTpunanblH KaObIpranapblHa >KeTKEHJEe, MaTepuall KOFapbl Kapail Ko3fFajaibl,
KypaJl MEH MaTpHIla apachlHJAFbl TONTBHIPBIIIMAFaH KybICKa YMTBIIAAbI. 6-CypeTTe
JabIHIaMaHbIH KO3FaJIbICKl MEH TEMIIEPaTypachl KOPCETUITeH.

6-cypeTTe malbIHIaMaHBIH KO3FaIbICHl )KOHE TeMIlepaTypa KepceTKilmTepi
KOPCETUITeH.

52

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

Step 100

200 Mr
z

90 Max
L

Cypert 6 — JlalibiHIaMaHbIH KO3FaJIBICHI )KOHE TeMIlepaTypa KepceTKIITepl

byn mpouecti apHailipl MaMaHIaHBIPBIIFAH OaraapiaamMaiapiblH 3aMaHayu
MaKeTTEPiHAEe MOJECIIB/ICY CO3BLTYy KEpHEYJEpPIHIH oCyiH XoHe aedopManusiapabH
YJIFAIObIH HAKThI OH/IIPICTE TO3Y HEMECE ChIHY aHBIKTAJIFaH JKepe Kopyre MYMKIHIIK
oepi.

MogenpaeyaiH ajaAbplH-ala HOTHKEIEPIH Talllail OTBHIPHII, TECYy KypajblHbIH
KOHCTPYKITUSCHIH ©3TE€PTY kKOHE MPOIECTIH OHTANIBI peKUMIEPIH TaH1ay MYMKIHIIT1
TypaJibl KOPBITBIHABI kacayFa 0osaibl. OHTaMIIBI TECY JKaFIaiiapblH ally YIIiH IPOLecTi
3epTTeY/l )KaJFaCThIPFaH JKOH.

KopbITbIHABI

3epTTey HOTHXKENepl HIMHANIApIaFbl TECIKTEP/Il TeCy YIIIH KOJIJaHbLIATBIH Kypal
T€3 TO3aTBIHBIH JKOHE KMl 1CTEH HIBIFATHIHBIH KepceTTi. To3FaH Kypas HIeTeNIiK
OHJIIPYIIIEPCH CaThII albIHATHIH )KaHACBIMEH aybICThIPbLIaAbl. Kypasl IbIFbIHBI 6TE
YKOFaphI )KoHEe OHTIPUITeH OHIMHIH ©31H/1K KYHBIHA TEpIC 9cep eTe/l.

ApHaiibl KOMOBIOTEPJIIK KEIIEHAEPAlH KOMETriMeH XYPTi31JIreH MOJAeIbJey
HOTIDKEIIEP1 Je TECKII KYPaJIJIbIH 6T€ aybIp KaF/1aii/1a ®KYMBbIC ICTEUTIHIH KOPCETTI.

Kasipri npobnema muHazapabl TECETIH CTAHOKTAp KYPaJIbIHBIH KOHCTPYKIMSACHIHBIH
TO3yFa TOIIMAUIITIH apTTHIPY TEXHOJIOTHSICHIH 931pJIey KaKETTUTITTH KOHE OChl MOCETIEH1
mienryre OarbITTAIFaH FRUTBIMU 3€PTTEYJIEPIl Taslal eTe/Il.
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AHAJIN3 U UCCJIEJOBAHUE XAPAKTEPA U3HOCA
NHCTPYMEHTOB IIMHOITPOBUBHbIX CTAHKOB

B cmamve npusoosmca pezynvmamuvl uccied08aHull, nNpoOBEOCHHbIX HA
PA3TUYHBIX  NPEONPUAMUAX  CIPAHbL,  WUPOKO NPUMEHAIOWUX WUHONPOOUBHBIX
CMAHK08, a MAKdice UCCIe008AHUs PAcXo0d UHCMPYMEHMATbHOU OCHACMKU
Ooannvix cmanxax. Hccne0osanusi npoGunucL 6 pamkax 6bINOIHEHUs 2PAHIOGOU
memvl, unancuposannoti Komumemom nayxu Munucmepcmea Hayku u blcuie2o
obpazosarnus Pecnyonuxu Kazaxcman AP19578884 «llogvluerue usnococmouxocmu
U COBEPUIEHCTNBOBAHUE KOHCMPYKYUU UHCTNPYMEHNA WUHONPOOUBHO20 CINAHKAN.

Ilposeden ananusz xapaxkmepa U3HOCA YOAPHLIX UHCPYMEHMOS 8
coomeemcmsuy ¢ ycaoguamu dxkcnayamayuu. Yacmov uccnedosanutl npo8oounacs
MEmoooM KOHeyHbIX dnemenmos ¢ naxemax Deform 3D, Siemens NX c¢ yenvio
BbIAGNICHUS.  NPUYUH  NONOMKU UHCmMpYyMenmos. Mooenuposanue npoyecca 6
COBPEMEHHBIX NAKEMAX CReYUANUZUPOBAHHBIX NPOZPAMM HO3G0MULO YEUOEHb POCT
PACMAUBAIOWUX HANPSdICEHULL U Yeenudenue dehopmayuil @ mecme 0OHAPYIHCEHUs.
UBHOCA UMY NOTOMKU 8 PEanbHOM Hpousgoocmee. Ananuzupys npeosapumenvhvie
Pe3YIbmamvl - MOOCIUPOBAHUS,  MOJCHO — COeNamb  6bl600 O  B803MOINCHOCTIU
UMeHenUus KOHCMPYKYUuu NpoOUBHO20 UHCMPYMEHMA U 6blOopa ONMUMALLHbIX
pescumos npoyecca. Pe3yromamsi uccie0o8anus NOKA3AAU, YMO UHCTIPYMEHM,
Ucnonb3yemulil 01 NpoOUBAHUs OMBEPCMULl 8 WUHAX, ObICIPO USHAWUBAEMCS
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U 4acmo 6vIX00Um u3 cmpos. M3HOWeHHbIll UHCMPYMEHm 3aMeHsAemcs HOBLIM,
npuodopemaemvim Yy 3apyoedcHuix npouzsooumenetl. 3ampamuvl HA UHCMPYMEHM
OYEeHb BbICOKU U HEe2amu8HO CKA3bIGAIOMCA HA cebecmoumMoCcmy npou3ee0eHHoll
npoodyxkyuu. Pezyromamol MoOeauposanus, npoeedeHHo20 ¢ NOMOWbIO CHeYUATbHBIX
KOMNbIOMEPHBIX KOMNIEKCO8, MAKHCe NOKA3AIU, YMO HPOOUBHOU UHCMPYMeHm
pabomaem 8 ouenb MANCENbIX YCAOBUSX.

Kniouesvie crosa: wunonpoOusHol uncmpymenm, wuHonpoOUsSHOU CMAaHox,
MOK0800AWUE WUHBL, USHOCOCMOUKOCMb, NYAHCOH.

*M. Mussayev', B. Donenbayev’, K. Sherov’, D. Kassymbabina®, I. Aman’
12435 Abylkas Saginov Karaganda Technical University, Kazakhstan, Karaganda;
3S. Seifullin Kazakh Agrotechnical University, Kazakhstan, Astana.
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ANALYSIS AND INVESTIGATION OF THE WEAR NATURE
OF TOOLS OF BUSBAR PUNCHING MACHINES

The article presents the results of studies conducted at various enterprises
of the country that widely use tire punching machines, as well as a study of the
consumption of tooling on these machines. This research has been funded by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan (Grant No. AP19578884 «Increasing wear resistance and improving
the design of the tool of the busbar punching machine.

The analysis of the nature of wear of percussion instruments in accordance with
the operating conditions was carried out. Part of the research was carried out by the
finite element method in the Deform 3D, Siemens NX packages in order to identify
the causes of tool breakage. Modeling the process in modern specialized software
packages made it possible to see an increase in tensile stresses and an increase
in deformations at the site of wear or breakage in real production. Analyzing the
preliminary simulation results, we can conclude that it is possible to change the
design of the punching tool and select the optimal process modes. The results of the
study showed that the tool used to punch holes in busbar wears out quickly and often
fails. The worn tool is replaced by a new one purchased from foreign manufacturers.
Tooling costs are very high and have a negative impact on the cost of production. The
results of modeling carried out using special computer systems also showed that the
punching tool works in very difficult conditions.

Keywords: busbar punching tool, busbar punching machine, busbars,
wear resistance, punch.
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UNCCJIE4OBAHUE N MOQEJTINPOBAHUE
TEXHOJIOrMYECKOM 1ogroTOBKU MPOU3BOACTBA

B oannoii cmamve paccmampugaemes 6onpoc neopenus CO8PEMeHHbIX CUCTEM
U MEemo008 MOOEIUPOBAHUSI MEXHOI0SUUECKOL NOO2OMOBKU Npouzeoocmsa. Llenvio
cmamvu AGAAEMCs NPedaodceHue ONMUMATLHBLIX H00X0008 K MOOeIUPOSanHuo u
UCCNeO08ANUI0 MEXHONOSUUECKOL NOO2OMOBKU NPOU3BOOCIBA C Yeabl0 NOGbIUUECHUS
aphexmuenocmu U KOHKYpeHmocnocobnocmu — npeonpusmuil.  Pezynvmamol
uccne0o8anusi mMo2ym Ovlmb NPUMEHEHbl KAK 6 HAYYHbIX pabomax, max u 6
NPAKMU4ecKol 0estmenbHOCIU UHICEHEPOS U CReYUATUCTIO8 NO NPOU3BO0CTEEHHOU
no02omosKe, a maxaice 8 yueOuvlx npoepammax.

Obvexmom ucciedo8anus A6asAemcs HoCo8oU 0bmeKamenb empo8o20 Koieca
(koxa) semposnepeemuieckou ycmanosku. Paccmompen npoyecc npoekmuposanus
Hocogozo obmekamens. Ilpu npoexmuposanuu Hocoo2o obmekamens 6y0ym
NPUMEHEHbL CUCeMbl A8MOoMamu3uposarntozo npoexmuposanus (CAIIP): KOMPAS
3D, SolidWorks. Ilpu npoexmuposanuu 6yoem npumenén memoo accoyuamu8HoOzo
npoexmuposanus 3D-mooeneu. bByoem nposeoén amanus a3poOUHAMUHECKO2O0
CONpOMUGIEHUsl  HOC08020 — obmekamens 6empoeoco  koaeca. Ilpumenenue
npoepamm CAIIP noszeonum agmomamuzuposamnv, YAPOCMUmMs U YOeule8Uuns
npoyecc npoeKmuposanus oemanei, y3nose, mawun. Pewenue 3a0auu cgooumcs K
onpeoeneHuio 3a8UCUMOCTU OCHOBHO20 OUAMEMPA HOCOB020 0OMEKAMENS 6eMPOBO2O
KoJleca K e20 OUHe U GIUAHUE 2eOMEMPULECKUX NAPAMEMPO8 HA A3POOUHAMUYLECKOe
conpomuenetue.

Pesynomamul nonyuennvie 6 pezyibmame anaiusa 0emanu Ha a3poouHaMuUiecKoe
conpomuenenue O00JICHLL NOMOYb 6 peuleHuu GONpoco8 NPOeKMUPOBAHUs U
KOHCMPYUPOBAHUs Oemaliell 6empOIHePeemuiecKux YCmaHooKk.

Knrouesvie  cnosa: — moodenuposanue, — MeXHOIOLUYECKAs — NOO2OMOBKA
npouszeoocmea, npoepammvl CAIIP, nocoeoii obmexamens, aspoouHamuieckoe
conpomuenenue, accoyuamusHoe npoeKmuposanue.
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Beenenune

B coBpeMeHHOM MHpE ITPOU3BOACTBEHHBIE POLIECCHI IOCTOSIHHO COBEPLIEHCTBYIOTCS
U ONITUMH3UPYIOTCSA, @ U(PPOBBIE TEXHOJIOTHH M ABTOMATH3aLIMs BHEAPSIOTCS B CaMble
passble o0nacTu. B naHHOM cTaThe paccMaTpUBaeTCs aKTYaJIbHOCTh TEMBI MCCIIEJOBAHUS
U MOJICIUPOBAHMUS TEXHOJOTHYECKONW MOATOTOBKH Mpou3BOJcTBa. [logoOHbIE
UCCIICIOBAHMS SIBIISIIOTCS BAXKHBIMU JUISL MH)KEHEPOB U YUCHBIX, TaK Kak pa3paboTka u
BHEIPEHNE HOBBIX TEXHOJIOTHI CIIOCOOCTBYET MOBBIILIECHUIO 3P (PEKTUBHOCTH, CHUKEHHIO
3aTpaT U COKpAILEHUIO BpEMEHH Ha ITPOU3BOJACTBO MPOLyKIuH [1].

B 3TOM HampaBieHUHU KCCIIEAOBATENIN aHAIU3UPYIOT BO3MOKHOCTH MPUMEHEHUS
COBPEMEHHBIX MH(POPMAIMOHHBIX TE€XHOJOTUN JAJis MOBBIIIECHUS 3(P(PEKTUBHOCTH
TEXHOJIOTMYECKON MOArOTOBKU MPOU3BOACTBA. OHH M3Y4atOT METOAbI 1 HHCTPYMEHTHI,
TaKMe KaK KOMIIBIOTEPHOE MOJAEIUPOBAHME, MAIIMHHOE OOyY€HUE U NMPUMEHEHUE
UCKYCCTBEHHOI'O MHTEJIJIEKTA B MIPOIecce TNIAHMPOBAHUS M KOHTPOJISE IPOU3BOJICTBA.

MozenupoBaHue 1 CUMYJISIHS SBIISIOTCS MOIIIHBIMU HHCTPYMEHTaMH U1 aHATTU3a
U ONTUMH3AIMU TEXHOJIOTUYECKUX MPOLIECCOB B MAIIUHOCTpOeHUU. [Ipumepsl Takux
MHCTPYMEHTOB BKJIFOUAIOT IPOrpaMMHOE 00ecTIedeHrE A1l MOJICTTUPOBAHHUS U aHAJIN3a
TBEPOTEIbHON MEXaHUKH, TETNIO0OMEHA, MEXaHUKH JKUAKOCTEH, TMHAMUKY MAIIUH U
MEXaHU3MOB, a TAK)KE MIPOrPaMMBI JUIsI MOJIETUPOBAHHS IIPOLIECCOB 00paOOTKHU, TaKue
kak CAD/CAM/CAE-cucrtemsl [2].

MarepuaJjbl 1 METOABI

HocoBrsle 00TekaTenu BETPSAHBIX MEIBHUI] SBJISIOTCS Ba)KHBIM KOMIIOHEHTOM
COBPEMEHHBIX BETPOTEHEPATOPOB, TAKKE N3BECTHBIX KaK BETPOTYpOUHBL. BeTpoTypOrHbI
npeoOpa3yoT KMHETUYECKYIO SHEPIHIO BETpa B AJIEKTPUUECKYIO SHEPIHUIO, HUCIONIB3YS
A3POMHAMUYECKUE CHJIbI, BOSHUKAOIIME IPH 00TEKAHUH BO3/TyXOM JIONAcTel TypOuHSI [3].

HocoBble o0TeKkaTeny BBINOTHIIOT HECKOIbKO BXKHBIX (DYHKIIHI B BETPOTYypOUHAX:

Aspoaunamuueckas popma: HocoBbie oO0TekaTenn UMEIOT adpOANHAMHYECKYIO
dbopmy, KoTopasi obecrieunBaeT Oosiee TIaBHOE U AP(HEKTUBHOE OOTEKAaHUE BO3/IyXa
jgonactel TypOUHBI.

3ammTa oT aTMocdepHbIX Bo3aelcTBuii: HocoBbrie 0OTekaTenn 3amuIIaoT
BHYTPEHHUE KOMIIOHEHTHI BETPOTYPOUHBI OT BO3JICHCTBHUS TOTOIHBIX YCIOBHM, TAKUX
KaK JI0X/b, CHET, I'PaJi, a TAKXKE MbUTH U IPA3H.

Vaydmenne MexaHu4yeckoil nmpoynoctu: HocoBbie 00TeKaTean YKpEIIsIOT
KOHCTPYKLIHIO BETPOTYpOHHBI, oOecrieunBasi JONOJIHUTEIbHYIO NMPOYHOCTH H
YCTOMUYMBOCTB K BUOpAIMK U YAAPHBIM HAarpy3KaM.

CHwxenue myma : AsporuHaMuueckas hopMa HOCOBBIX 00TEKaTeNel TakKe MOXKET
CHHM3HTbH YPOBEHbB IIyMa, CO3/1aBaEMOI0 BETPOTYpOHMHAMHU.

HocoBsle 00TekaTenu BeTpsSHBIX MEJIBHUI] UTPAIOT KIIFOYEBYIO POJIb B TOBBIIICHUT
3(peKTUBHOCTH, HAJAEKHOCTU U IKOJOTUYHOCTU BETPOTYpOMH. OHU BHOCAT
3HAYUTENIbHBIN BKJIa/l B COBDEMEHHOE Pa3BUTHE BETPOIHEPIETHKHY, JIejIast €e OJJHIUM U3
BEAYIINX UCTOYHUKOB BO30OHOBIISIEMOM 3HEPTUH.

OCHOBHBIM ITAPAMETPOM, OIIPEAEIISIOIINM Pa3Mepbl HOCOBOT'O 00TEKATENsI BETPOBOTO
KOJIeca BETPOIHEPreTUUECKON YCTAHOBKH, SIBIISCTCA pa3Mep KOpITyca BETPSHOIO KoJieca.
Pa3mep kopiyca e HalpsiMyto 3aBUCHT OT KOJIMYECTBA JIOMACTE BETPOBOTO KoJjeca.
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OnpenenyB KOHCTPYKLIMOHHBIE 3aBUCUMOCTH U BXOJIHBIE IaHHBIE 3aJal0II1E pa3MEphI
JIETaIN TMPOCKTHPYETCS MOJIEIb HOCOBOTO OOTEKaTelNs MapaMeTpHYECKUM METOIO0M
IIOCTPOEHUS MOJCIICH.

[Ipu nocTpoeHny napaMeTpu4ecKoil MOAEIH ONPEAEIIIEM 3aBUCUMBIE IIEPEMEHHBIE.
Kak Ob110 cKa3aHO BBIIIE, 3TO AUAMETP HOCOBOTO OOTEKATEINS U €ro JUINHA.

Pucynok 2 — HocoBoii o0TekaTenib BETpOBOI0 KoJieca B CEUEHUN

Pucynok 3 — COopka BETpOBOT0 KoJieca BETPOIHEPTeTUUECKOM YCTAHOBKH
(BochMmIIONMacTHOTO KoJieca). JleTaib rosry0oro 1nsera — HOCOBOM 00TEKaTeb.
JleTanu cuHETO 1BETA — JIOMACTH (8 1IT.).

Jletaib ceporo 1Bera — KOpIyc BETPOBOTO KoJjieca
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OnpenenyB 3aBUCUMBbIE IEPEMEHHBIE, CTPOUTCS TAPAMETPUUYECKUI 3CKU3 JETAIIN:

X7

Pucynok 4 — [Napamerpudeckwii 3cku3 neranu «HocoBoit o0Tekarenn

[Nocie mocTpoeHust mapamMeTpUIecKOro SCKI3a MOIETH HA3HAYASTCS ONPEIEIISIOIIAs
nepeMeHHas, OT KOTOPOW 3aJal0TCs 3aBUCHMBIE IepeMeHHbIe. [[ns neranu
«HOCOBOW 00TEKaTelNb) OMpeAeAIoNIel IePEMEHHOM SBISIETCS pannyc oOTeKaTes,
obOo3nauaromascs kak R. OcraBmuecs nepeMeHHble 0003HAYAIOTCS CIEAYIOIUM
o0OpazoM:

L — nyinna HOocoBOrO OOTEKATEINS

I — BHYTPEHHHH pagnyc HOCOBOTO OOTEeKaTeIs

| — BHYTpEHHSIS ITTHA HOCOBOTO O0TEKATEIIsI

OmnpenenuB nepeMeHHbIe, 3a0a€TCsl (QYHKIUS MEXIY OCHOBHOW IMEPEMEHHON H
3aBUCHMBIMH ITepeMeHHBIMH. DyHKINH 32T CHIBAIOTCS B TAOJUITY IIEPEMEHHBIX MOJICTIH.

Hman Bupaxewse  IxaueHwe Mapamernp KommeHTapwi

* Jerass (Tea-0)
R 150 150
L R*2 300

f E-10 140

| L-10 290

Pucynok 5 — Tabnuiia nepeMeHHbIX MOJIEITN

[Tapamerpuueckuii MeTo 1 mocTpoenust 3D-Moaeneit MO3BOJISIET COKPATUTh BpeMsi Ha
IIPOEKTUPOBAHUS PA3INYHBIX JIeTaJel, COKpaIllas JOJII0 y4acTUs YeJI0BEKa B IIPOIECcCe
MOJIETTUPOBAHUS, TEM CAMBIM MOJOKUTEIHHO BIIUSAET HA TEXHOJIOTHUECKYIO MTOJTOTOBKY
IIPOU3BO/ICTBA.

[TocTtpous 3D-moje/b TaHHBIM METOJOM, MOXHO MEHSTh F€OMETpUYECKHUE
napameTpbl JeTalld KOPPEKTUPYS JIUIb OCHOBHYIO IEPEMEHHYIO.

Janee npoBoauTcs anainu3 3D-Moenu 1eTaim «HOCOBOM 00TEKaTelNb), a UMEHHO

aHaJIu3 a’pOJMHAMHUYECKOTO COMPOTUBIEHUSA ¢ momolibsio nporpamMmmel CAIIP
SolidWorksFlow.
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AHanu3 Ha a’pOJUHAMHYECKOE CONPOTHUBIEHHE MOJEIH IMPOBOAUTCS IPHU
JaMUHAPHOM T€YEHUH BO31YIIHOTO ITOTOKA IIPU CKOPOCTH 5 M/C, CKOPOCTh BETpa B3ATa
CpelHss 32 FOJJOBOW NIEPUOJ B PETHOHE.

3.126
2137
1.149
0.160
-0.828
-1.817
-2.805
-3.794
-4.782
-5.771

CkopocTh (Z) [m/s]
TnoGanbHas chcTeMa KOOpAUHaT

KapTuHa B cedeHun 1: 3anuBKa
TpaeKkTopun NoToKa 1

PucyHnok 6 — AHanu3 a3poIMHAMUYECKOTO COIPOTUBIIEHNS HOCOBOTO OOTEKATESI
MIPU COOTHOIIIEHUH JITMHBI K paauycy 1:2

[Tocne mpoBeaeHUs aHATM3a MOXKHO CHENaTh CIEAYIOUIUNA BBIBOJ: JTaHHOE
COOTHOIIIEHUE Pa3MEpPOB CHUKAIOT CKOPOCTh BO3AYIIHBIX Macc, 4yTo cHmkaeT KII/]
BeTporeHeparopa. Jlannas ¢popma HOCOBOTo 00TEKaTENS HE COOTBETCTBYET TPEOOBAHUSIM
YCTAaHOBJICHHBIMH K KOHCTPYKIHNH.

HeobxomuMo onpenenuts HarnboJiee ONTUMATBHYI0 (POPMY HOCOBOTO OOTEKATEIS
UCXO0JIs U3 TPEOOBAHMI K BETPOIHEPTETHUECKUM YCTAHOBKAM.

[TapameTpu4ecKuii METO1 TOCTPOSHHS MOJIEITH ITO3BOJISIET IEPECTPOUTD MOTHOCTHIO
3D-MOZ[CJIB HU3MCHUB TOJIBKO OAHY HNCPEMCHHYIO. B JaHHOM CJIydyac€ MCHACTCA
COOTHOIIIEHUE JUITMHBI HOCOBOTO OOTEKATEeNsl K €ro AuaMeTpy. JKCIEepUMEHTAIbHBIM
nyTéM OyAeT BBIABIATHCS HambOoiee 3¢ dexTuBHaAs Gopma HOCOBOTO OOTEKaTes,
MOBBIIIAIONIAS 00TEKAEMOCTh MOJIEIH U CHUYXKAasl TI0OOBOE COMPOTHUBIICHHUE.

liraa Skl AR AR Fuaysupe |i.!|).!l,||_"-';_l Z{:_:-L.u-,u_-lu.}.py!:r.

* HOerans (Ten-1)

R 150 150
i | R3 450
| " R-10 140
i | L-10 440

Pucynok 7 — I3MeHeHne nnepeMeHHON
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Pucynok 8 — [lapameTpuueckuii 3cKku3 aBTOMaTHUYECKH IIEPECTAUBAETCS
COTJIACHO 3aJaHHBIM IIEPEMEHHBIM

Pucynox 9 — Hoas ¢hopma HocoBOro odtexaress

HCHOJ’IBSyH napaMeTqueCKHﬁ MCTOA MOCTPOCHUA 3D—MOI[€J'II/I, 3HAYUTCIIBHO
YCKOPACTCA MpOoUeCC MPOCKTUPOBAHUSA MoOJeneH. I[aHHBIfI METOJI HAaXOJHUT CBOE
IMPUMCHCHUS HA CpG,I[HCCCprIHBIX, prnHOCGpHﬁHHX 1 MACCOBBIX IIPOU3BOJACTBAX.

HpOBOI{I/ITCH BTOpOfI aHaJIM3 HOBOM MOJEIIM HOCOBOT'O oOTeKaTens. ]_[eJ'IB BTOpPOIo
aHaJaM3a: MOBBIIIEHHE 00TEKaeEMOCTHU MOJCJIN U COKpaAlICHHUEC a2POAUHAMUYICCKOTO
COIIPOTUBJICHHA.

Korz[a 00BEKT ABUIKCTCA 4CPE3 BO3AYX, OH CTAJIKUBACTCA C COMPOTUBIICHHUEM
BO3lyXa H3-3a TPCHUA MCIKAY BO3AYXOM U IMOBCPXHOCTHIO O6’beKTa, a TaxKKC H3-3a
AaBJICHUS BO3[yXa Ha ICEPCAHIOO YaCTb 00nekTa. O0TEKAEMOCTh — 9TO CBOMCTBO
00BbeKTa UMETH (l)OpMy, KOTOpast MUHUMHU3UPYCT COIPOTUBJICHHUEC BO3AYyXa U ITO3BOJISAACT
O6’L€KTy ABUTaTbCA C MCHBIIUMU IMOTCPAMU SHCPIHUU.
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Eapimag § wwpms | jaiwm
b gt S5} B e

Pucynok 10 — BTopoii ananu3 HOCOBOTo 00TeKaTes

Pe3yabTarsl U 00CyKaeHTE

Hcxons u3 pe3ynbTaToB BTOPOTO aHAliM3a HOCOBOTO oOTeKkaTelss Ha
a’pOIMHAMUYECKOE CONMPOTHUBIICHUE OBLIO BBISABIEHO, YTO COOTHOIICHHUE JUTMHBI U
JuaMeTpa HOCOBOTO oOTekarelns B cooTHOIIeHUU 1:3 Gomnee 3((HEeKTUBHO BIHSIET
Ha oOrexaemocTh U KIIJ] BeTporeneparopa, Tak Kak BO3IyIIHbIE MAacChl HE TEPSIOT,
B 3HAYUTEJIBHON Mepe, CKOPOCTh IPHU CTOJKHOBEHUU C HOCOBOM YAaCTbIO BETPSHOMN
MmenbHUIBL. [1o pesdynbraTam mepBoro aHaiams3a CKOPOCTh BO3IYUIHBIX Macc IMajaaja
¢ 5 m/c 1o 2 m/c. Ilocne u3MeHEHHs] COOTHOIIECHUSI TUaMeTpa K JUTMHE CKOPOCTh
BO3/YIIHBIX MacC MPHU CTOJKHOBEHHMHU ymana ¢ 5 M/c 10 4.6 M/C YTO MOJO0XKHUTEIHHO
BJIMSET Ha pabOTy BETPOIHEPIeTUUECKOM YCTAaHOBKHU.

BriBoa

CoBpeMeHHBIE HCCIe0BaHUSI U pa3paboTKH B 00JIACTH a’pOJMHAMHUKH H
MaTepHaloBEICHHs MPOOKAIOT COBEPIICHCTBOBATh MU3aiH U (DYHKIIMOHAIBHOCTh
HOCOBBIX oOTekaresneil. PazpaboTka Oosiee JErKuX M MPOYHBIX MAaTEPUATIOB, & TAKKE
MHHOBAIIMOHHBIX a’POJAMHAMUYECKUX (OPM IO3BOJISIET CO3/1aBaTh 00Jiee MOIIHBIE
U 3¢ (HeKTUBHBIE BETPOTEHEPATOPHI, KOTOPhIE MOTYT OBITh MCIOJB30BAHBI IS
IPOM3BOJICTBA YHUCTOM SHEPIHH B CAMBIX Pa3HBIX YCIOBUAX U MaclITadax.

BaxHOCTh HOCOBBIX OOTeKaTesell B BETPOTYpOMHAX MOJATBEPXKIAaeT MX BKIAJI B
POCT BETPOIHEPreTUKU Ha TI00aTbHOM ypOBHE. BeTpsiHble MENIbHHUIBI ¢ HOCOBBIMHU
o0TeKaTeNnsIMU SBISIIOTCS BaXKHBIM 3JIEMEHTOM COBPEMEHHON MH(PACTPYKTYpHI
BO300HOBJISIEMOM HEPTHH, KOTOPasi CHOCOOCTBYET CHUKEHUIO BEIOPOCOB MAPHUKOBBIX
ra3oB U 00ECTIEYECHUIO YCTOMYMBOIO M YUCTOTO SHEPTETUYECKOTr0 OyayIIero.
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OHJIPICTIH TEXHOJIOTUSLIBIK JAWBIHIBIFBIH
3EPTTEY )KOHE MOJEJIbJEY

byn wmakanada eHOIpicmi mexHOI02UANBIK OAUBLIHOAYObL  MOOenNbOeyOiH
3amanayu Jxcyienepi MeH 80icmepin eneizy moceneci Kapacmulpuliaodvl. Maxaianviy
Maxkcamovl KoCinopulHOapObly muimoiniei Mmen 6acexeze KaOiiemminiein apmmaolpy
MaKcamvlHOa 6HOIPICMIKY MEXHOLOSUATBIK OAUBIHObIZLIH MOOEIbOeY MEH 3epmmeyee
oymainvl Mocindepoi ycvlHy 60a6in maobwvliadsl. 3epmmey HOMudiCeNePi 2blablMU
Jrcymelcmapoa 0a, UHICeHepaep MeH OHOIPICMIK OaublHObIK MAMAHOAPbIHbIY
NPAKmMuKaibli Kblzmeminoe oe, oKy 6a20apramanapbinoa 0a KOJOAHbLLYbl MYMKIH.

3epmmey Hbicanvi-dicel KOHOLIP2bICHIHBIY Jicel O6Heene2i (KOKa) MypbiH
KOHycbl. Mypbin KOHYcbIH dcobanay npoyeci Kapacmuipvliadvl. MypbiH KOHYCbIH
Jgrcobanay  Kesimoe — agmomMammanovipvlizan  ocodanay  ocyienepi  (AXKIK)
gonoanwviniaovl. KOMPAS 3D, SolidWorks. XKobanay kesinde 3D moodenvoepin
accoyuamusmi sicobanay s0ici Kordanwvliaowsl. JKen 0eyeenezi MypvlH KOHYCbIHbIH
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A’POOUHAMUKANBIK Kedepeicine manoday acacanaovli. AXKIK 6bazoapramanapvin
Konoawy Oonuwexkmepoi, mopanmapovl, MAWUHALAPOLL JHCOOANAY NPOYECiH
aBmMoMammaHoblpyaa, dHceyiidemyee JHCOHe ap3anHoamyed MYMKIHOIK Oepeoi.
Moceneni wewry oicen Ooneene2iHiy MYpblH KOHYCbIHbIY Hezizei Ouamempiniy
OHbBIY  Y3LIHOBIZLIHA — MOVENOLNIcIH  JICOHe 2eOMEeMmpUsIblK — napamempiepoiy
AIPOOUHAMUKATILIK, Kedepziee 9Cepin aHbikmayaa Oetiin a3asobl.

Homuoicenep — Oemuexmepdi  aspoOuHamuxkanvl — Kedepeice — manoay
HOMUMNCECTHOe ANbIHeAH JHCel INEKMP CIMAHYUAIAPLIHBIY OOUEeKMePIH Hobaiay
JHCOHe dHcobanay mocenenepin ueutyee Komekmecyi Kepex.

Kinmmi ce3dep: moodenvoey, onOipicmi mexuonocusivlk oatvinoay, AXIK
baz0apramanapul, Mypbi KOHYCbl, A9POOUHAMUKATLIK KAPCHLIbIK, ACCOYUAMUBMI
ouzatin.
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RESEARCH AND MODELING OF TECHNOLOGICAL
PREPARATION OF PRODUCTION

This article deals with the introduction of modern systems and methods of
modeling technological preparation of production. The aim of the article is
to propose optimal approaches to the modeling and research of technological
preparation of production in order to improve the efficiency and competitiveness
of enterprises. The results of the study can be applied both in scientific papers and
in the practical work of engineers and specialists in production preparation, as
well as in educational programs.

The object of the research is the nose fairing of a wind turbine (coca) of a wind
power plant. The process of nose fairing design is considered. Computer aided
design (CAD) systems will be used in the design of the nose fairing: KOMPAS 3D,
SolidWorks. Associative design method of 3D-models will be used. The analysis of
aerodynamic resistance of the nose fairing of the wind wheel will be carried out.
The use of CAD programs will automate, simplify and reduce the cost of designing
parts, units, machines. The solution of the problem is to determine the dependence
of the basic diameter of the nose fairing of the wind wheel on its length and the
influence of geometrical parameters on the aerodynamic resistance.

The results obtained from the analysis of the part on aerodynamic drag should
help in solving the issues of design and construction of parts of wind turbines.

Keywords: modeling, technological preparation of production, CAD programs,
nose fairing, aerodynamic drag, associative design.
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INDUSTRIAL WASTE UTILIZATION IN THE PRODUCTION
OF BUILDING MATERIALS ON ECOSTROINII-PV LLP EXAMPLE

The results of the work of EcostroyNII-PV LLP on the processing of technogenic
waste of energy and metallurgy of the Republic of Kazakhstan, Paviodar region
are presented. The use of waste in the manufacture of construction products is
one of the most effective solutions to environmental problems in the region. The
proposed technology for the production of construction products using ash and
slag waste provides for innovative compositions of raw materials mixtures and
provides an increase in operational characteristics and an increase in labor
productivity in construction. The applied technology, in comparison with existing
analogues, provides for the use of local waste (ash and slag waste from the burning
of Ekibastuz coal, bauxite sludge of the Paviodar aluminum plant, steelmaking
slag). They differ in chemical and granulometric composition, as well as binding
properties from other analogues and prototypes. In the production of construction
products, a concrete mixture has been introduced and patented, including, %:
slag-Portland cement — 14.32—17.00; sand — 18.74-25.52, crushed stone — 46.50-
49.71, alumina sludge obtained during processing of Kazakhstan bauxite — 5-7;
self-disintegrating slag of steelmaking production — 5-7; ash and slag waste of
thermal power plants from burning Ekibastuz coals — 5—7. According to the test
results, the average tensile strength of building products (paving slabs, curbstones,
hollow bricks) is 3.2 — 3.8 MPa (strength class 2.5).

Keywords: construction products; ash waste; energy, metallurgy, bauxite
sludge, slag.

Introduction

The Republic of Kazakhstan still has huge tonnages of ash and slag waste from
thermal power plants and metallurgical waste in old dumps. It is stated that it is necessary
to develop a green economy and closed production cycles, which imply a constant
cycle of materials during production and consumption, eliminating the formation of
waste accumulating in the environment. Waste, unfortunately, continues to accumulate
annually. This requires the development of new initiatives to involve them in recycling
in order to avoid environmental problems [1].

In the Pavlodar region, the main types of industrial waste are ash and slag waste
from thermal power plants from the burning of Ekibastuz coal, waste from metallurgical
enterprises from the production of steel, alumina, aluminum and ferroalloys, chemical
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industries. A review of studies on the utilization and involvement in the production of
Pavlodar region industrial waste showed that much attention is paid to the disposal of
particularly harmful waste, as well as the processing of coal mining waste and ferroalloy
production [2—6]. It is established that insufficient attention is paid to the issues of waste
processing of thermal power plants and waste production of alumina and steel.

Earlier, the EcostroyNII-PV company was established under the World Bank
project «Stimulating Productive Innovations» of the ARP-SSG-17/0290F subproject
«Innovative technologies for the use of solid technogenic waste from heat power and
Metallurgy enterprises of the Pavlodar region in the production of building materials».
The main goal of the company was the research, development and commercialization
of innovative technology for the production of construction products using local waste
from thermal power plants and metallurgy.

Field Study

New compositions of concrete mixtures with improved performance characteristics
have been developed using ash and slag waste from thermal power plants and
metallurgical enterprises of the Pavlodar region as aggregates and binders. A large
number of experiments have been carried out with varying the percentage of all
components included in the concrete mixture’s composition. The regularities of the
influence of various additives on the physic-mechanical characteristics of mixtures are
established.

The task of using ash and slag and other industrial waste for the manufacture of
construction products was set. To determine effective ways to improve their quality,
the effect of modifying additives on the physical, chemical and strength characteristics
of products was investigated. Recommendations [7, 8] were used in the preparation
of experimental studies. Ash from the burning of Ekibastuz coals of Pavlodar thermal
power plants was used in the research. The chemical composition of the ash is shown
in Table 1.

Table 1 — Chemical composition of Pavlodar thermal power plant-1fly ash, %
Si0, | ALO, | TiO, | Fe,0, | CaO | MgO | KO | NaO | PO, | MnO
60,6 28,6 1,4 5.4 2 0,5 0,5 0,2 0,7 0,1

The fly ash used in our technological process (Figure 1) is characterized by a fine
granular fraction. According to GOST 25818-91 and 25592-91, the content of CaO
calcium oxide in the ash component of the ash-slag mixture and in the fine-grained
mixture should be no more than 10 % by weight. The content of magnesium oxide MgO
in the ash component of the ash-slag mixture and in the fine-grained mixture should be
no more than 5 % by weight. The content of sulfur and sulfuric acid compounds in terms
of SO, in the ash and slag components of the ash—slag mixture should be no more than
3 % by weight, including sulfide sulfur — no more than 1 % by weight. The content of
alkaline sodium and potassium oxides in terms of Na,O in the ash component of the ash
and slag mixture and in the fine-grained mixture should be no more than 3 % by weight.
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Figure 1 — Fly ash of Pavlodar thermal power plant-1

Bauxite sludge of the Pavlodar Aluminum Plant is a by-product of the production
of alumina A,O, and is included in the formulation of concrete mixtures. The chemical
composition of bauxite sludge is given in Table 2.

Table 2 — Chemical composition of Pavlodar aluminum plant bauxite sludge, %.
Fe,O, Al O, CaO SiO TiO CO Na,O MgO

2 2

27-33 4,0-5,0 39-44 19-21 2,0 0,8-1,0 0,9-1,5 0,3-1,2

In appearance, bauxite sludge (Figure 2) is a medium-grained sand of a reddish-
brown color with inclusions of easily crumbling lumps of various sizes. The humidity
of bauxite sludge samples should be in the range of 20-30 %, the density is 2.6-2.86 g
/sm?, the bulk density in the loosened state is from 1.1 to 1.3 g /sm’., the fraction used
15 0.05 to 2 mm.

rI!IHr-.lurllurjiuu;r-u.ﬂ..d...i ‘.f-.
Figure 2 — Bauxite sludge of Pavlodar aluminum plant
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Results and Discussion

Representative samples of bauxite sludge from the sludge dumps of the Pavlodar
Aluminum Plant were selected for the study. Sludge samples were taken in accordance
with the requirements of GOST 12071-2014. Statistical processing of the research results
was carried out according to the recommendations [9].

Metallurgical slag of the 0—5mm fraction and coarse fractions of 20-30mm were
used as fillers. The slag is gray in color, a porous microstructure is observed, the presence
of a crystallized vitreous component is noted. Brown inclusions indicate the presence
of iron oxide. The chemical composition of the steelmaking slag from Casting LLP is
given in Table 3.

Table 3 — Chemical composition of slag steelmaking from Casting LLP, %
Fe SiO AL O, CaO MgO MnO S

2

28-359 12,1 -189 1,9-4,8 21,1-24,6 6,9-20,2 5,1-82 0,03-0,04

Technogenic raw materials were included in the composition of the concrete mixture
as aggregates and binders [10]. For each recipe, 6 samples were made (Figure 3), which
were placed in 100x100x100 mm molds according to GOST 25781-81. The samples
(without steaming) were stored at room temperature for 28 days, after which strength
tests were carried out with them.

Figure 3 — Test samples obtained
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As aresult of experiments, it was revealed that the ash used as a filler does not affect
the decrease in the strength of the concrete mixture. When grinding ash, it can be used
as a substitute for clinker. The use of ash up to 15 % of the amount of cement does not
affect the reduction of strength indicators and can be used as a filler to replace sand.

The use of bauxite sludge with the addition of lime milk made it possible to increase
the strength of concrete samples to the M50 grade, class B3.5 (in the absence of vibration
compression). The use of metallurgical slag of the 0-5 fraction as a filler did not affect
the strength of the samples due to the absence of vibropressing and steaming chamber,
which is why the cement adhesion process was low. Also, tests of the concrete mixture
were carried out using metallurgical slag of the 20-30 fraction in forms with a size of
150x150x150 mm according to GOST 25781-81, as a large aggregate instead of crushed
stone. More than 30 formulations of concrete mixes have been developed using various
fillers, additives and binders.

Based on the tests of samples using ash and slag waste, it was found that there are
reserves for saving cement when using ash in the case of preparing industrial samples
by vibropressin. Industrial samples of hollow wall stone were manufactured at the
Rifey-Udar vibropressing technological line. In the future, the amount of cement was
reduced. Tests have shown that the concrete class has become B3.5 (M50), which is
enough for the construction of low-rise buildings. According to the same composition,
a «Partition stone 390x120x188 mm» was made. The strength of the stones was also
B3.5 (M50). Since such strength is not required for the partition material, it is possible
to reduce cement consumption.

According to the results of the tests, industrial production was launched. After testing
the technology, the composition of the raw material mixture used for the manufacture
of building products (paving slabs, curbstones, hollow bricks) was optimized. The
mechanical characteristics of the products were preliminarily determined by the
destructive method using a hydraulic press PMG 1000MG4 in the amount of 5 % of
each batch of products.

The industrial production of hollow bricks began with the period of obtaining the
certificate of conformity of the product «Hollow wall stone using ash and slag waste»
according to the results of certification in an independent organization JSC «National
Center for Expertise and Certification» (Republic of Kazakhstan).

Conclusions

On the basis of EcostroyNII-PV LLP, raw mixtures for the production of
construction products based on industrial waste of the Pavlodar region of the Republic
of Kazakhstan were studied.

A concrete mixture has been introduced and patented in the production of
construction products, including, % by weight: slag-Portland cement — 14.32—17.00;
sand — 18.74-25.52, crushed stone — 46.50-49.71, alumina sludge obtained during the
processing of bauxite — 5—7; self-disintegrating slag of steelmaking production — 5-7;
ash and slag waste of thermal power plants from the burning of Ekibastuz coals — 5-7.

According to the test results, the average tensile strength of building products
(paving slabs, curbstones, hollow bricks) is 3.2-3.8 MPa (strength class 2.5).
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The use of technogenic waste from heat power and metallurgy in the production of
building materials is an effective way to solve environmental problems in industrially
developed regions.

CIIMCOK HMCITIOJIb3OBAHHbBIX UCTOYHUKOB

1 ITocranoBnenue npaBurenabcTBa Pecyonuku Kasaxcran ot «31» nekabps 2019
roga Ne 1050 «O0 yTBepkaeHuu ['ocyaapcTBEHHOW MPOrpaMMbl MHAYCTPUATIBHO-
MHHOBAIIMOHHOTO pa3sutus Pecyonuku Kazaxcran na 2020-2025 roxger» [Tekct].

2 Kajenthira, A., Holmes, J., McDonnell, R. / The role of qualitative risk
assessment in environmental management : A Kazakhstani case study [Text] / Science
of the Total Environment, Vol. 420. — 15 March 2012. — P. 24-32.

3 Abdrakhmanov, Y. S., Bykov, P. O., Bogomolov, A. V. Thermal Capacity of
Enriched Fuel Briquets Produced from the Fine of Ekibastuz Coal [Text] // Solid State
Phenomena. — Vol. 284. — 2018. — P. 731-736.

4 Kaliakparov, A. G., Suslov, A. V., Nurmaganbetova, B. N., Yaroshenko, Y.
G., Zhdanov, A. V., Nurmaganbetov, Z. O. Smelting of high-carbon ferrochrome from
chromium agglomerate produced with alumina-silica flux. [Text] // Steel in Translation,
Vol. 47. —Issue 1. —2017. — P. 65-69.

5 Zhunusov, A., Tolymbekova, L., Abdulabekov, Ye., Zholdubayeva, Zh.,
Bykov, P. Agglomeration of manganese ores and manganese containing wastes of
Kazakhstan [Text] / Metalurgija. — 60 (2021). — 1-2. — P. 101-103.

6 Ibraev, I. K., Ibraeva, O. T., Suyundikov, M. M. Recycling chromium-bearing
wastes [Text] // Metallurgist, Vol. 56, Issue 9-10. — 2013. — P. 727-730.

7 Topnuues, 1. K. Jlerkue G€TOHBI ¢ UCMOJIB30BaHHEM OOKCHUTOBBIX ITUIAMOB:
JUCCepTaIUs Ha COMCKaHNE YYCHOU CTENeHN KaHauaaTa TeXHnueckux Hayk [Tekcr].
—M. : HayyHo-uccnen0BarenbCKui, IpOEKTHO-KOHCTPYKTOPCKHUM ¥ TEXHOJIOTMYECKU I
MHCTUTYT OeToHa U xene3oberona 'occrposs CCCP, 1991.

8 Apsbinrasus, K. IIl., Auaynraposa, A. K., Taeyuaecos, A. K., bbikos I1.0.,
Boromouos A. B., Jlapuukun, B. B., AxbiM0eko0B A. A. crioiib30BaHNE TEXHOTEHHBIX
OTXO0JIOB B MIPOU3BOJICTBE CTPOUTENbHBIX MaTepuanoB [Tekcr] / Beepoccuiickuit
oTpacieBoi )xypHasl « CTpOUTEIHCTBO: HOBBIE TEXHOJIOTUU — HOBOE 000PY/10BaHHE» —
M. : Ne 12. -2018. - C. 62-67.

9 Ilarent Pecy6nuku Kazaxcran Ha uzooperenue Ne 34714 «beronnas cmech» //
3asaBi. 01.08.2019; omy6a. 20.11.2020, 6r011. Ne 46. — 3 c.

10 Aryngazin, K. Sh., Bogomolov, A. V., Tleulessov, A. K. Innovational
Construction Materials of LLP «EcostroyNII-PV7 Production [Text] // Defect and
Diffusion Forum. — Vol. 410. — P. 806-811.

REFERENCES

1 Postanovlenie pravitel stva Respubliki Kazaxstan ot «31» dekabrya 2019 goda
Ne 1050 «Ob utverzhdenii Gosudarstvennoj programmy" industrial no-innovacionnogo

72

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

razvitiya Respubliki Kazaxstan na 2020-2025 gody'» [Resolution of the Government
of the Republic of Kazakhstan dated December 31, 2019 Ne 1050 «On approval of the
State Program of Industrial and Innovative Development of the Republic of Kazakhstan
for 2020-2025»] [Text].

2 Kajenthira, A., Holmes, J., McDonnell, R. / The role of qualitative risk
assessment in environmental management: A Kazakhstani case study [Text] // Science
of the Total Environment. — Vol. 420. — 15 March 2012. — P. 24-32.

3 Abdrakhmanoyv, Y. S., Bykov, P. O., Bogomolov, A. V. Thermal Capacity of
Enriched Fuel Briquets Produced from the Fine of Ekibastuz Coal [Text] // Solid State
Phenomena. — Vol. 284. —2018. — P. 731-736.

4 Kaliakparov, A. G., Suslov, A. V., Nurmaganbetova, B. N., Yaroshenko,
Y. G., Zhdanov, A.V., Nurmaganbetov, Z.0. Smelting of high-carbon ferrochrome
from chromium agglomerate produced with alumina-silica flux. [Text] // Steel in
Translation. — Vol. 47, Issue 1, 2017. — P. 65 — 69.

5 Zhunusov, A., Tolymbekova, L., Abdulabekov, Ye., Zholdubayeva, Zh.,
Bykov P. Agglomeration of manganese ores and manganese containing wastes of
Kazakhstan [Text] / Metalurgija. — 60 (2021) 1-2. — P. 101-103.

6 Ibraev, I. K., Ibraeva, O. T., Suyundikov, M. M. Recycling chromium-bearing
wastes [Text] // Metallurgist, Vol. 56, Issue 9-10, 2013. — P. 727-730.

7 Torpishhev, Sh. K. Legkie betony" s ispol'zovaniem boksitovy'x shlamov
[Lightweight concretes using bauxite slurries] / [Text] // Dissertation for the degree
of Candidate of Technical Sciences, — Moscow: Research, Design and Technological
Institute of Concrete and Reinforced Concrete of the USSR State Construction, 1991.

8 Aryngazin, K. Sh. Ispol'zovanie texnogenny 'x otxodov v proizvodstve
stroite] 'ny x materialov [The use of technogenic waste in the production of building
materials] / Aldungarova, A. K., Tleulesov, A. K., Bykov P.O., Bogomolov A.V.,
Larichkin, V. V., Akhymbekov A.A. [Text] // All-Russian industry magazine
«Construction : new technologies—new equipment». — Moscow : Ne. 12. — 2018. —
P. 62-67.

9 Patent of the Republic of Kazakhstan for invention Ne 34714 «Concrete mixture»
// application. 01.08.2019; publ. 20.11.2020, bul. Ne 46. — 3 p.

10 Aryngazin, K. Sh., Bogomolov, A. V., Tleulessov, A. K. Innovational
Construction Materials of LLP «EcostroyNII-PV» Production [Text] // Defect and
Diffusion Forum. — Vol. 410. — P. 806-811.

Material received on 01.06.23.
*K. III. Apvinzazun
«9koctpoitHUU-IIB» XIIC,

Kazakcran Pecniy6nukacer, [1aBrnogap k.
Marepuan 6acnara tycti 01.06.23.

73



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.

Ne 2, 2023 HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770.

Ne 2, 2023

«3KOCTPOMHUU-TIB» )KIIC MBICAJTBIHIA KYPBLIBIC
MATEPHAJJIAPBIH OHIIPYIE OHEPKOCIIITIK
KAJJIBIKTAPIBI KOJAETE JKAPATY

OHIpOIY IKON02USIBIK NPOOIEMANAPLIH WeUYOiy ey MUiMOl HYCKAIAPbIHbIH
o0ipi peminde Kazaxcman Pecnybaukacel 11a6no0apooavlcolibly dHEpeemuKa sHeoHe
MEManIypeusi CaianiapblHvly MexXHo2eHOIK KANObIKMAPbIH KYPblablC OYUbIMOAPbIH
0aUbIHOAYOanauoanany JHCoabIMeH Kauma eHOey dcoHinoeel «dxocmpouHUH-
1IB» JKUIC ocymvichinbly  Homudicenepi  yculHuliovl. Kya-xooickanrovikmapuin
natoaiana — Omulpuin,  Kypulibic — OYULIMOAPbIH — OHOIDYOIH  YCHIHLLIAMbIH
MEXHOIOSUACH]  WUKIZAm  KOCHAIAPbIHLIHUHHOBAYUSILIK KYPAMOAPLIH  KO30elo,
Oy naudarawy CUnAmMmMamaiapevli  apmmslpyobl JCOHEe KYpblavbicmazvl enOex
OHIMOIIZIHapMmMBIPYObl  Kammamacels emedi. Kondawvicmazsvl  ananoemapmen
CanviCmvlp2anoa KOJIOaHbLIAMbIH MEXHOI02US XUMUSLIBIK HCOHESDAHYIOMETNPUSTBIK,
KYypamol, COHOAU-aK 6acKa anaioemap mMeH npomomunmepoer OAuIanblCmulpyilbl
Kacuemmepi OOUbIHUIAEpEeKWeNeHemIiH  Jicepelikmi  Kanovikmapowl (Exioacmys
KOMIPIH J1ca2y0aH WblKKAH KYA-KOHC Kan0biKkmapbwl, [1aenooap amomunuti3aybimoiHuly
bokcum wiiamvl, Ooram OAIKbIMY KOJCbl) NAUOAlAHyObl Ke30etodi. Kypwviivic
OyUbIMOapbIHbIY OHOIPICIHE DEMOH KOCHAChl eHei3in0i JcoHe nameHmmenoi, OHblH
iwinoe ocannau %: wnaxonopmuaanoyemenm — 14,32—17,00; kym — 18,74-25,52,
Kubipuvlk mac — 46,50—-49,71, Kazaxcman Pecnyoauxacvinwviy bokcummepin eHoey
Ke3iHOe anvlHean 2nuHo3em oHOIpICiHiy wamvl — 5—7; boaam Oankulmy eHOIPICiHiH
030i2inen blObIpamvll KOl — 5—7; HCOLLY 2aeKkmp cmanyusiapvinvly Exioacmys
KOMIpIH dicazy0an Kanean Kya-Kooc Kanovikmapvl — 5—7. Culnax Homuoicenepi
OOUBIHULA KYPBLIBIC OYULLMOAPLIHLIY OpMauia Oepikmix weai (mpomyap nAumkaiapel,
arcuekmac, Kywic kipniuy) 3,2-3,8 Mlla (bepikmik kaacel 2,5) Kypauosi.

Kinmmi coe30ep: Kypvuivic OyubiMOapsl, Kyi-KOdiC KAIObIKIMAPbL, IHEPSeMuKd,
Memanypeus, 60KCUM Wiamvl, KOIC.

*K. III. Apvinzazun

TOO «9xoctpoitHUU-IIB,

Pecniybnuka Kaszaxcran, r. [TaBnoaap.
Marepuan noctynun B pegakiuio 01.06.23.
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YTUIM3ALOUA IPOMBIIIJVIEHHBIX OTXOA0B
B NTPON3BOACTBE CTPOUTEJIbBHBIX MATEPHUAJIOB
HA IIPUMEPE TOO «3KOCTPOMHUU-IIB»

Ilpeocmasnenwvr  pezyromamol  pabomuer  TOO  «OxocmpouHUHU-IIB»  no
nepepabomke mexHo2eHHbIX 0MX0008 dHepeemuxu u memannypeuu Ilagrooapckou
obnacmu Pecnyonuxu Kazaxcmawu, nymem ucnonv3o8anus ux 6 uU3e0mosieHuu
CMpOUMEenbHbIX — U30enull, Kax oouH Haubonee IPOEKmuHvlX 8apUAHMOS
pewienuss  IKono2uYeckux — npooaem  pecuouna. Ilpednacaemas — mexHono2usl
NpoOU3BO0CMBA  CMPOUMENbHLIX — U30eIUll € UCHONb30BAHUEM  30JI0UTAKOBHIX
0mMxX0008 NpedycCMampusaenm UHHOBAYUOHHbIE COCMABLL CHIPLEGLIX cMecell, Ymo
obecneyusaem nogvluleHUe IKCNIVAMAYUOHHBIX XAPAKMEPUCMUK U VBeauyeHue

npou3800uUmenbHOCmy mpyoa 6 cmpoumeinvbcmee. lIpumensiemas mexHoniocus no
CPABHEHUIO C CYUeCMEYIOWUMU  AHATO2AMU NPeOYCMAmpugaen uUcnoib308anue
MECMHBIX 0OMX0008 (30JI0UAAKO8bIe OMX00bl OM CIHCULAHUsL DKUOACTY3CKO20 Vels,
bokcumosviti winam 11asnooapckoeo amoMuHuUeso2o 3a600d, CMANENIAGUTbHBLL
WiAaK), Komopwvle OMAUYAIOMCA NO  XUMUYECKOMY U  SPAHYIOMEMPUUECKOMY
COCmMagy, a makxoice CeA3YIWUX CEOUCMEAM OM OPY2UX AHAL0208 U NPOMOMUNOS.
B npouszeoocmeo cmpoumenvhvix uzdenuii 6HeOpeHa U 3anameHmo8ana OemoHHas
cmecy,  skmouaiowas, %: wnakonopmianoyemenm — 14,32—-17,00; necox —
18,74-25,52, webenv — 46,50—49,71, wnam 2IuHO3EMHO20 NPOU3BOOCMEA,
noayuenuvlll npu nepepabomre oOokcumos Pecnyonuxu Kazaxcman — 5-7;
CAMOPACCHINAUUICS ULTIAK CIMANENIIABUILHO20 NPOU3E00CMEA—I—7 ; 30JI0ULIAKO8bLE
OMX00bL MENLOBBIX HNEKMPOCMAHYULL OM CHCUSAHUSL DKUDACMY3CKUX Venell — 5—7.

Ilo pesynemamam ucnoimanuil cpeOHUil npeoeil NPOYHOCMU CIMPOUMETbHBIX
uzdenull  (MpomyapHasi NAUMKd, OOPOIOPHBIL KAMEHb, NYCHMOMENblll KUpnuy)
cocmasnsem 3,2—3,8 Mlla (knacc npounocmu 2,5).

Kuouegvle cnosa: cmpoumenvhvie uz0enus,  30J0ULIAKOGbIE  OMXOObL,
9HEpeemuKa,; Memauypeus, OOKCUmMoGsLil UIAM, WLIAK.
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Kaszakcman Pecnybnaukacvlnoazvl  Kiumammoly —epeKuleikmepin eckepe
OMbIPLIN,  JiCeNl  IHEPLeMUKANBIK — KOHOBIPSLIAPLIHbIY — MOPANMApsbl  MeH
bonuwexkmepiniy Oysvlny cebenmepi mandaunovl. Ey mozean mopan pedyxmop-
MYTLMURIUKAMOP eKeHOI2l AHBIKMALObL, O HCYMbIC Ke3iHOe CMAMUKANbIK HCOHE
OUHAMUKANBIK, JcyKmemenepee yublpauosl. Haxmwl dcazoatiiapoa pykcam
emieen MAakcumanovl JHCyKmemenepoeH Aacvln Kemy Jicell IHepeemUKAIblK,
KOHOBIP2bICLIHBIY OY3bIIYbIHA OKENVI MYMKIH.

JKen sHepeemuxanvix KOHObIP2bICbIHBIY O6IUEKMEP] MEH MOPANnmMapblHblH
MOo3y AHca20ativl Men 0opedcecin aublKkmay yulin 9HOOCKONUs 90ici KONIOAHbLIOb.
3epmmey HomudicecinOe KpumuKkaiblk mMo3y HOMudcecinoe Oy3vlieaH JHcoHe
3aKbIMOan2an pedykmop bonuekmepi: YuIUHOPIIK Camvl KOPNYCbl HCOHE eKIHUL
camvloazel micmi moogic (wenbepoiy JHcapmuvlcol KOAEMIHOe2l JHCAPLIKUIAK)
myuicKeH dicepinde2i YUIUHOPAIK Camul KOPNYCol HCOHE MICMI LITHIC d1emMeHmmepi.

Lununopaix camvinbiy KOPRYColHbIY HCOHE eKIHUT CAMBIHbIY MICTT MONUCIHIY
myuicKeH dcepinoe YUIUHOPIIK CAMbIHbIH KOPNYCLIHOA WeHOepOiH Y3blHObI2bIHbLH
AHCAPMBICLIHA MeH  JCAPbIKWAK mypiHOe axayIvlKmsly nauda Ooay cebebi
PeOYyKmopObly KOPNYCbIHA Micmi [NiHicmepoeH ayblcnaivl jcyKkmemenep 00yvl
MYMKIH, cebebi micmi iniHicmiK iwine micmepoi Cblpay Ke3iHoe JHCOHKANAP MEH
micmepoin ColHbIKMAPbL Myceol.

Ticmi moocoiy micmepin, nAAHEeMApPIbIK HCOHE KyHeelliK micmezepulikmepoi,
micmepoezi Kapvlkmap coulpiay mypinoeei akay micmepoiy Oeminoe MUKpO
Acapulkmapovly nauoa OONYbIHA bIKNAL ememin KaumaiaHamvlH-AuHbIMAb]
batinanvic KepHeyiepiniy ocepiner nauda 0010bl, COOAH KeUiH HCapblKmapobly
0amyvina micmepoiy HcapblKMapblHaA MYCKeH MAuiay MamepuaiblHbly CblHAHbL
wvl2apy opeKkemiHniy ocepi JcoHe COUuKeciHuie Mamepualovly 0oueKmepin
Oeminer colpaay blKnai emeoi.

Kinmmi ce30ep: dcen sHepeemuranvlk KOHOBIP2bICbl, PeOyKmMop, micmi
OdoHaanax, boram, mo3sy, aKay.
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Kipicne

Bykin asieme )el SHEepreTUKAIIBIK AJIEKTP CTaHIUSATIAPBIHBIH KyaThl apTHII KeJeIl.
XKen sHepreTUKaNbIK KOHIABIPFUIAPBIHBIH HMalJaJaHbUTybl 9PTYPIl KIUMATTBIK
KaFjaiap/aa xysere acblpbliaabl. JKen sHepreTHKaIbIK KOHIBIPFbUIAPBIHBIH )KYMBIC
icTeyl YLIIH Kypaeli >Karjaiiap KYpT KOHTHHEHTTIK KIMMaThl 6ackiM OOJATHIH
Ka3zakcTaHHBIH OpTajbIK, COJITYCTIK )KOHE IIBIFBIC alMaKTapbIHa OPbIH alTy/a.

Bbyn xknumaT KyHTI30€miK XKBUT 1IIiHAE YJIKEH TeMIepaTypa aMIUIUTYaCbIMEH
JKOHE KYIITI )KeJIMEH CHIaTTanasl. Mbicanbl, AKMOJIa OOJIBICBIHBIH KIIUMAThI KypFak,
a3kl BICTBIK, KbICHI CYBIK. KoHbIpskaii 6eneyniy bateic Cibip KIUMATTHIK alMaFbIHA
xaTtagbl. TOYIIKTIK )KoHE XKBULABIK TEMIEpaTypa aMILIUTyAanapsl ete yikeH. Kap
JKaMBIUIFBICHI OpTa ecenmieH 150 kyHre co3putaasl. XKenaep aTapiblKTai KYIITi.
O6unbic aymarpia Oykin Kasakcran OOWbBIHIIA €H TOMEHI1 aya TeMIlepaTypachl
Oarikanael (Atbacap — 57 °C, Actana — 52 °C) [1].

BYY Jlamy OarnapiamMacbhlHBIH KeJl MOHHUTOpHHTiHEe coiikec PB Power
KOMITAHUSCHI XKYPIi3reH kel pecypcTapblH Tajliay KoHe SJHeprus oHAipy Al Oaranay
meHOepinae AKMOoJa 00JIBICHIH/IA YKeJT KbULIaM/IBIFBIHBIH OPTAllla KbULIBIK MOHAEPI
6 M/c-Ka JKETKEH >XOK, aJl XeJJIH opTama XbuagaMasirel 1988—-2007 xbuiaap
apansirbiaaa 4,19 m/c-te1 Kypansl [2].

[3] momimeTTepi OoilibiHma, 10 M OMIKTIKTEri XeJQiH opTalla XBUIIBIK
KeuaaMaslFel 4,9 m/c Kypaitael. Con ceGenTeH xep OelnepiHiH KJIacTapbIHBIH
JKeJl PHepreTUKaNIBIK cunaTramaapsl 0oibiHma «Poor (keaeit)» OipiHiIl KiiacbiHA
JKaTaJbl, KEeJIAIH opTamia KbeUIIbIK KbelaaaMabirsl 0,0-1eH 5,6 M/c-Ka neiiin [4].

Aiita kery kepek, 2,05 MBT kyatsl 6ap WTU 2,0 kel KOHABIPFBICHIHBIH
naiijanany >keHiHAeri HyckaynbeiFbiHa coiikec WTU2,0.000.00.001 PD mipin-
aKyCTHKAJBIK JKYHeJIepai Koiany OoMbIHIIA YCBIHBIMAAP MEH TajlanTap ok [5].

Conpaii-ak, Kasakcran aymarblH[a K€ SHEPTEeTUKAIBIK KOHJBIPFbUIAPBIHAA
Oipil-aKyCTUKANBIK XYWenepal maiganaHyIblH KOJIAHBICTAFbl YJITTHIK
CTaHJapTTapbl MEH ©3T€ Jie PEriIaMeHTTEHTIH KyKaTTaphl oK. Kepii memiiekeTTe
(Peceit ®enepanusicel) TOCT P 54418.1-2012 yarTelK cTaHaapTsl 0ap, o
HIapyanIbUIIBIK JKYPri3ylli CyObeKTiIepal dpTypiii Ke3eHaepae KOIAaHyFa, COHbIH
iminge )xo0anay MeH naiigananyra apHairas [6].

OHja mamajaH ThIC Aipiaji aHBIKTayFa KaO11eTTi )KOHE KbUIIaMIBIKTaH aCKaH
JKaF/Jai1a icke KOChUIATBIH JKYHEMEH JKeJl SJHEPreTUKAJIBIK KOHBIPFBICHIH KOPFay
(GyHKUIMsIIaphl KapacThIPBUIFaH; T€HEepaTOPAbIH LIaMaJiaH ThIC XYKTENIyl HeMmece
ICTEH LIBIFYBI; IIaMalaH THIC Aipii; KaOeab/iH aBapUsIbIK Oypaysl.

3epTTey MaTepuaagapbl MeH daicTepi

XKen sHepreTukanablK KOHABIPFBICBIHBIH HET13ri arperaTTapblHbIH 0ipi
MYJIBTHIUIMKATOP Oouibin Tabbuazs! (1 cyper).
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Cyper 1 — XDOK MyIbTHIUTMKATOPHBIH KaJIbl KOPIHICI

MyJIBTHILUIHKATOP KYMBIC iCTey OapbIChIH/IA CTATHKAJBIK KOHE TUHAMHKAIBIK
KYKTEMere YIbIpaiibl. MakcuMamasl pyKcaT eTiUITeH KYKTEMeIepAeH achlll KeTy
KOHJIBIPFBIHBIH Oy3bUTYbIHA 9KEITYl MYMKIH.

XKen sHEpreTuKaablK KOHABIPFBICBIHBIH OOJIIIEKTEpl MEH TOpPaNTapBIHBIH
TO3Yy JKaFJalbIH KOHE JTOPEXKECIH 3epTTey YIIIH dHIOCKOMUS d/1iCi KOITaHBIIIBI.
DHIOCKOMN arperaTTapAblH IMKI KYBICTApBIH TEKCEPy YIIIH MaijaiaHbLIIbI.
KypBUTFBI IITaHTaHBIH YIITBIHA OEKITUITCH KapBIKTaHIBIPBIIIFAH KaMePaHbl KAMTH/IBI.
Kamepanan keckiHai mIbIFapy SHJOCKONTHIH KEKE dKpaHbIHA HEMECe KOCHUIATHIH
CBIPTKBI KYPBUIFBIFa — cMapT(OHFa y)Kacaaaibl.

XKen sHEpreTUKAIBIK KOHABIPFBICH MYJIbTHIUTMKATOPBIHBIH 3HIOCKOMHSHBI
KOJIJTaHa OTBIPHIN, TEKCEePy HOTHIKEIepl OOWBIHIIA CHIHU TO3Y HOTHIKECIHIC
OY3bUTFaH JKOHE 3aKbIMJIAIFAH PEIYKTOPJIBIH OOJIIEKTepl: MUIUHIPIIK CATHIHBIH
KOPITYCHI )KOHE €KIHIII CAaTBIIAaFbl TICTI TOXIIH TYHICKEH >KepiHAeT1 UIUHIPIIK
CaTBIHBIH KOPITYCHI (IIIEHOEP Y3BIH/IBIFBIHBIH )KapTHICHIH/IAFbI )KapBIKIIAK) (2-CypeT);
TicTi UiHiC AneMenTTepi (3-7-cyperrep).

Cypet 2 — PexyKTOpAbIH HWIMHAPIIK CATBICHIHBIH KOPITYCHIHBIH KaPBLTY bl

Cypet 4 — [Ima"eTanplK TICTETePIIIKTIH TICTEPIiH ChIPJIAHYbI
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Cyper 6 — PenyKkTOpIbIH UIUHAPIIK CATHICHIHBIH YJIKEH
TICTETEPUIIKTIH TO3YHI (TOWTApY, TICTEPAET KapBhIKIIAK)

Pucynok 7 — PegyKTOpAbIH HIMIUHIPIIIK CATHICBIHBIH Killll
TICTETepIIIKTIH TO3YHI (TOWTapy, TICTEpPAET] KaphIKTap)
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Hartuikenep koHe TaJaKblIAy

Ticti 6epinicTepaiH OHIMIIIIT MEH KYHiH Oaranay/IbIH HET13T1 d/1iCi-BU3yasabl
TeKcepy. ApHaiibl 9/1e0uEeTTEp MEH peTTeylll AepeKKe3JepAl Taijaay TicTi
OeplmicTepaiH )KYMbBICHIHA OepiTieTiH aifHaTy COTTEPiH KOHE TICTI JOHFAIAKTaPIbIH
aifHaJy YJATICIH aHBIKTaWTBIH CHIPTKBI (pakToOpiiap Ja, MEXaHU3MHIH TEXHHKAJIBIK
KaraiipiHa OallmaHbICThI 11IKi (hakTOpiap Ja dcep eTeTiHiH kepceTTi [7]. ChIpTKbI
XKoHe 1mKi (pakTopIapAbIH ©3apa 9peKeTTecyl peayKTopiaapFa opTYpil BIKTUMAI
3aKkpIM KenTipeni [8—10].

AJBIHFaH MAJIIMETTepre COUKeC, IUINHIPIIIK CAThIHBIH KOPITYCBIHAA KapBIKIIAK
TYPiHJI€ aKayAbIH Maiijga 001y ce6ed1 HMAMHAPIIK CAaThIHBIH KOPIYCBIHBIH TYHICKEH
KepiHae KoHe MeHOepaiH >KapThl Y3bIHABIFBIHAFEl €KIHIII CATBIHBIH TICTI TOXI
PEAYKTOPIBIH KOPITyChbIHA TICTEPAiH TicTi Oepijlicke ChIpjaHy Ke3iHJe TiCTepIiH
KapbIKTap MEH >KOHKaJIapAbIH TYCYiHe OaiIaHbICTHI aybICTIAIIBI )KYKTEMeep 00Tybl
MYMKIH JIeTl KOPBITBIH/IBI )KacayFa 0oJaibl.

[InaneTapibIK ’KoHE KYHIEHIIIK TICTETepIIiKTIH, TICT1 T TICTEPiHIH ChIpIaHybl
TYPIHJAET1 aKayJblH, TICTepJIeri KapbIKTapAblH Naia 60aybIHbIH ce0ebi TicTepin
O0eTiHJe MHUKPOXXApBIKTapAbIH Maiifa 0oNyblHA BIKIAJ €TETiH KalTalaHATHIH-
aypIcniajbl OaiylaHblc KepHEYJIEepiHiH opeKkeTTepi 00lybl MYMKiH, COJaH KeiiH
KapBIKTapIbIH JaMybIHa TICTEP/IiH XKapbIKTapblHA TYCKEH Maiijay MaTepuajbIHbIH
ChIHAJIaylIbl dcCepi XKoHE COMKeciHIIe MaTepuablH OeJsIeKTepiH OeTiHeH
CBIpJIAaHFAH YCaK IIYHKBIPJIApJbIH Maiijfa 00jaabl, COJaH KEWiH TiCTepliH OYKia
OeTinzeri yJIKeH KaObIKTapFa oTel.

Bbepinic KopaOBIHBIH LHHJIMHAPIIK CATBICBIHBIH YJIKEH Oepimic TicTepiHaeri
XKapBIKIIAKTap TYPIHAET1 akayjap, dJeTTe, JKeJl 3JEKTp CTaHLUMSICHIH Maiijanany
XKOHIHAErl HYCKayJIbIKTBhIH 5.1.4-TapMarblHIa cUOATTaJFaHIall, COKKBI
CUIIATBHIHJAFBI IIaMa/IaH ThIC )KYKTEMEIEH HeMece aiiHaIMallbl KaJlaKTap/Ibl My3/1aTy
Ke3iHae OUTIKTIH aifHalmy COTIHEH achlll KeTyJeH KalTallaHAThIH-alHBIMaIbl Uiy
KepHeyJIepiHiH ocepiHeH naiiaa 6oxaasl [S].

KypBpUIBIMHBIH BIKTUMAaJ KaChIPbIH aKayJapblH JKOHE >KYMBIC aKayJlapblH
TEK YCBHIHBUIFAH MaTepHuajap Heri3iHJe aHbIKTay MYMKiH eMec. KypblUIbIMHBIH
KACBIPBIH aKayJiapblH aHBIKTAy YULIIH PEeIyKTOPJIbI TOJBIK O6OJIIEKTEYy KoHE
peayKTop OeleKTepiHe MaMaHJaHIbIPBIIFAH METaIorpadusiabiK 3epTTeyiep
KYPri3zy Kaxer.

XKen 31eKTp KOHABIPFBICHIHAH PEAYKTOPJbI HAKThl Oeimiektey cebebiHeH
MOHTaXK/1ay KYMBICTAPBIHBIH aKayJapblH aHBIKTay MYMKiH eMec. PeqykTopbl
CaKTay IIapTTapbIHBIH OY3BUIYBI TICTiI OepliicTep MEH PeIyKTOp KOPIYyCHIHBIH
Oy3blUIybIHA OKeIMEeN i, Oipak ICTeH WIBIFYJbIH MYMKIH c€0eNnTepiH aHBIKTayFa
acep eTe/i.

TicTi inminic GeikTepiHiH OY3bUTYBIHBIH €H BIKTUMaI ce0ebi: TicTerepuIikTepaiy
TiCTepiHJle HAKThl ailHally COTIHIH €CENTEeJreHHEH achll KeTyi. I'eHeparopra
KETKI31JIeTIH OUTIKTIH )KaFbIH/JA COTTEPAl HIEKTey My () Tachl KOJIIaHbUIATBIHIBIFbIH
€cKepe OTBIPHIIN, OHBI JYyPBIC OPHATKAaH Ke3Je, TeHepaTOpIbl KYKTEMEre Kocy
COTI peAyKTOpFa ocep eTe aJMail/ibl, ajl CoT OpHATy KaJlaKTaphl JKaFbIHAH acChIl
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TYCeZl >KoHe TEXErill XyHeciHiH iCKe KOCBUTYBIMEH Hallapiiaybl MYMKIH JereH
KOPBITHIHBIFA KeJIyre 00Jabl.

CoHbIMEH, IUIaHETApJbIK PEeAYKTOPJIAPABIH TiCT1 TOXI KOPHYCTHIH 06Jiri
00JIBIN TAOBLIFAHBIMEH XOHE PEAYKTOP/BIH OCHI TYPiHIH KOJIACHEH OpHAIACYbIMEH
ayBIPJIBIK KYIIIHIH 9CEPIHEH Ke3-KeJITeH YIIIHIII Tapaln 3aTTapbl MEH KOCBIHABLIApbI
TOMEH Kapail opHaiacaibl, COJaH KEWiH ojap TICTI ToXre Tycexai, OHAa ojap
TOX/I1H allHallaCchIH/Aa MJIAHETAJbIK TETepUIIKTEPMEH «JI0MaJlaliibl», YCaKTadaIbl,
MaiiMeH TachIMajJaHaJbl )KoHEe MalMeH OaillIaHBICKaH MYJIbTHILIMKATOPIAPIBIH
OapibIK caThlIapblHA TEPIC dCep eTel, COJl ceOenTeH PeayKTOPAbIH OapbIK 1K1
3JIIEMEHTTEPIHE 3aKbIM KEITipeai.

HunuHApaiK caThlIbl KOPIYCTHIH TYWICKEH XEpI1HIH LEHTPIIK OypTHIHBIH
CBIHYBI TOX/1H IeQopMarusachl HOTUKECIHAE Maiaa 60apl, 6y 60JaT TICTI TOXK
MEH TUIaHETapJBIK TICTETepIIiKTEp apachlHAAFbl TICTI UIIHIC KaJIbIKTapBIHBIH
TyCyiHe OaitmanblcThl. PeyKTOpAbIH KOPIYCHI IIOMBIHHAH jKacallFaH KoHe MyHIal
MacmTabTarsl AedopMalisra apHaIMarFaH.

MyabTUIINIMKATOP KOPIYCHIHA OpHAlIacKaH TeMIlepaTypa JaTYUKTEpiHIH
KOPCETKILITEPiHAE aybITKYIapAblH O00JIMaybl KOHE MYJbTUIUIMKATOP JKYMBIC iCTell
TYpFaH Ke3/1€ MOMBIHTIpEKTEepre TOH LIyJbIH 0OJMaybl METAl CHIHBIKTaphl MEH
YKOHKaJIap MyJIbTUIUIMKATOPABIH TICT1 LTiHICIHIH OY3bLTYBIHBIH ©HIMI €KeHIH O1Aipel.

KopsIThIHABLIAD

DHAO0CKOMNHS ApKbUIbI aHBIKTAJIFaH aKayJIap K€ YHEPT € TUKAIBIK KOH/IBIPFBICHIHBIH
KYMBICHI YIIIH ©T€ MaHbI3bl, COHJIBIKTAH XOHJEY JKYMBICTapblH JKYPTi3y YIIiH
KOHJIBIPFBIHBIH )KYMBICHIH TOKTATy YCBIHBLIA/IBI.

backa jxenm sHepreTHKalblK KOHABIPFBIIAPBIH COTTI maiijalaHy YIIiH
MYJIbTUITUKATOPIBIH Mail CTaHIUACHI KYHECIHIH CY3rl 3JIEMEHTIHJET1 ChIPTKbI
KOCBUIBICTApIbl BU3YalAbl OaKbllay MEH TEKCEpY apasblFblH MYMKIHAITIHIIE
a3aiTy YCHIHBLIAAbI, SFHU KOHABIPFBIHBIH ©p TOKTAYbl K€31H/1€; MOMEHTTI IIEKTEY
My(TachlH peTTeyl TeKCepy; MYJIbTHIUIMKATOPABIH Mall CTAaHLMACH KYHECiH
KOHKaJIapAbl TOJBIFBIMEH aJblll TacTaFaHFa JEHiH XKyy MPOLEIYypPACBIH KYPrizy
XKOHE KyObIpiapIblH ©TKi3y KabijaeTiH TeKkcepy.

XKen sHepreTukanblK KOHABIPFBIIAPABIH MYJIbTHILIMKATOPIAPBIH A1pii
JATYMKTEpiMEH Ka0abIKTay KOHE 0Jap/Ibl AEPEKTEP KOPCETKIMITEPiHIH MyparaThlH
Kyprize oTeIpbi, xannsl ABX xylieciHe KoCcy Kaxer.
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MAKPO- 1 MUKPOCTPYKTYPHbBIN AHAJIN3
PA3PYIIEHUSA METAJLVIMYECKUX JETAJIEM
BETPOOHEPI'ETUYECKHUX YCTAHOBOK

Ilpoananuzuposanwi NPUYUMBL  pA3PYWEHUs V3108 u oemaretl
BEMPOIHEP2EMUYECKUX YCMAHOBOK C YUemom ocobennocmet kiumama 6 Pecnybnuxa
Kazaxcman. Ycmanosneno, umo naubonee usHAUUBAEMbIM V3IO0M AGIAEMCSA
PEOVKMOP-MYIbMUNIUKAINOD, KOMOPBIL 8 Npoyecce IKCHIYAmayuu nodgepeaemcsi
cmamudeckum U - OUHAMUYeCKUM — Haepyskam. llpesviuienue  MaxcumanbHo
0ONYCMUMBIX HACPY30K 6 PEeanbHblX VCIOBUAX MOJCem Npugecmu K NoI0MKe
8empoaHepemuieckoll YCmaHo8Ku.

s  onpedenenuss cocmosHusi U CmeneHu uzHoca Oemanei U Y3108
BeMpPOdIHEP2eMUUEecKOll YCMAHOBKU NPUMEHSIU Memoo dHOocKonuu. B pesynomame
UCCe006aNUs PA3PYULEHHBIMU U NOBPENHCOCHHBLIMU 6 pe3yabmame KpUmuuecko2o
U3HOCA OemanimMu peoyKkmopa AGIAIOMCs: KOPNYyC YUIUHOPUYECKOl CMYneHu 6
Mecme CMbIKOBKU KOPNYca YUIUHOPUYECKOl CMYneHu i 3y04amoeo 6eHya 6mopot
cmynenu (Mpewuna pasmepom 6 NOAOSUHY ONUHLL OKPYICHOCMU) U DJeMeHMmbl
3Y0uamuvlX 3ayenieHuil.

Ipuuunoii  8o3nHukHOGeHusi Oeghexma @ 6ude mMpewunsvl HA Kopnyce
YUTUHOPUYECKOU CIMYNeHU 8 Mecme CbIKOGKU KOPNYCd YUTUHOPUYECKOU Cmynenu
u 3y04amoco 6enya 6mMopol CMyneHu pasmepom 6 noA0GUHY ONUHbL OKPYICHOCHU
MO2YM ABNIAMbCA 3HAKONEPEMENHble HA2PY3KU HA KOPNYC peOyKmopa om 3y0uamvlix
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3ayenyienutl, N0 NpUYUHe NONAOAHUS CKOJI08 3Y0bes U CINPYICKU NPU 8bIKPAUUUBAHUU
3y0bes 6 3y0uamoe 3ayeniieHue.

llegpexm 6 6uoe Gvikpawiusanusi 3y0bes 3y0uamMo2o 6eHyd, NIAHEMAaApPHOU
U CONHEYHOU wecmepHy, O00po30bl HA 3YObIX G03HUK 6 pe3yibmame Oeucmeust
NOBMOPHO-NEPEMEHHBIX KOHMAKMHBIX HANPAJICEHUU, KOMOopble CnocoOCmeyiom
00pA306aHUI0 MUKDOMPEWUH HA NOBEPXHOCTU 3Y0bes, dalee pa3eumuio mpeujum
cnocobcmayem packiuHUBarOwUull dgexm cmazouno2o mamepuanda, Nonasuezo
6 mpewunsl 3y06€8 U COOMBEMCMEEHHO GbIKPAWUBAHUIO YACMUY Mamepuana ¢
NOBEPXHOCIUL.

Kniouesvie crosa: eemposuepeemuueckas ycmanogka, pedykmop, 3youamoe
Koseco, cmany, UsHoc, oegexm.
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MACRO- AND MICROSTRUCTURAL ANALYSIS
OF THE DESTRUCTION OF METAL PARTS
OF WIND POWER PLANTS

Reasons for the destruction of nodes and parts of wind power plants are analyzed,
taking into account the peculiarities climate in the Republic of Kazakhstan. It is
established that the most worn-out unit is a multiplier reducer, which is subjected
to static and dynamic loads during operation. Exceeding the maximum permissible
loads in real conditions can lead to a breakdown of the wind power plant.

Endoscopy method was used to determine the condition and degree of wear
of parts and assemblies of wind power plant. As a result of study, gearbox parts
destroyed and damaged as a result of critical wear are: cylindrical stage housing
at junction of cylindrical stage housing and gear ring of second stage (a crack
measuring half circumference) and elements of gears.

Defect cause in form of a crack on cylindrical stage housing at junction of
cylindrical stage housing and second stage gear ring with a size of half circumference
may be alternating loads on gearbox housing from gear gears, due to ingress of
chipped teeth and chips when teeth are painted into gear engagement.

The defect in form of discoloration of gear ring teeth, planetary and solar gear,
furrows on teeth arose as a result of action of repeatedly variable contact stresses,
which contribute to formation of microcracks on surface of teeth, further development
of cracks contributes to wedging effect of lubricant trapped in cracks of teeth and
material particles from the surface.

Keywords: wind power plant, gearbox, gear wheel, steel, wear, defect.
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MOJ1IYYEHUE OJIOBA U3 PACTBOPOB B UCIEPCHOU ®OPME

Llemenmayuonnoe usgneuenHue Memaiios u3 pacmeopos WupoKo nPUMeHsIemcs
6 eudpomemannypeuu. Hszgecmno, umo Ha npoyecc yemeHmayuu 3HAYUmMenbHoe
GIUSHUE — OKA3bIBACM — KPUCMAITUZVIOWUNICS HA  NOBEPXHOCU — Memauld —
yemenmamopa cioi (0cadox) yemewmupyemoz2o memania. Komnaxmuwiii ciou
uzonUpyem noGepXHOCMb Memauld — YeMEeHmamopa om pacmeopa, U peaxyus
yemeHmayuu CUIbHO 3aMednsnemcs ui eoece mnpexpawaemcs. Hanpomus,
ROPOWKOOOPA3HbIL (OUCHEPCHDBLIL) 0CAOOK He MOIbKO He 3aMedisiem YeMeHmayuro,
HO 8 pside cayuaes 0axce ygeauuusaem cKopocms npoyeccd, 4emy cnocoocmeyem
pazeumas n0GEPXHOCMb KAMOOHbBIX YUACTKO8, HA KOMOPBIX 80CCMAHABIUBAIOMCSL
UOHBI YeMEHMUPYEeMO20 MEeMAaid.

TockonvKy antomunuii menee 00po2oCmoAWUN MEMAl, 4Yem YUHK, d CEPHOKUCTOe
01080 A6 NOOOUHBIM NPOOVKINOM DNeKMPOIUMULECKO20 pAPUHUPOSanUs
HEKOMOPbIX Memaiios, npedcmasiiaem npaKxmudecKull unmepec 6onee noopooHo
UCCedo6ams npoyecc YEeMeHmMayuoHHo020 BOCCMAHOGICHUS 0110684 U3 PACMEOpa
SnSO,

B oaunoii pabome sxcnepumenmanvbHo YCMAaHOBAEeHO, 4MO 0 peanu3ayuu
npoyecca yemeHmayuoHHO20 U36ieyetus 0106d 8 OUCHEPCHOU opme U3 pacmeopos
S$nSO, yemenmupyowuti memant anoMunull HeodXo0UMO aKMUEUPOEAMb UOHAMU
xnopa. Pezynemamuvl noaapuzayuoHHuIX u3Mepenull INeKMpPOOHbIX NPOYECcos
KOHMaKmHou anveanonapvl Al-Sn coenacyromesi ¢ pe3yiomamamu niaHUpPOSAHHbIX
ONBIMOG MO NOAYYEHUIO ONOBAHHO2O NOPOWKA YEMEHMAyuUu 01084 aTIOMUHUEM
us pacmeopos SnSO, ¢ yuemom GIUAHUA KOHKYDUDYIOUE20 NPOYecca 6blOeneHUs.
6000poda.

Kniouesvie crnosa: 01060, anomunuil, yemenmayus, nopouiKo8ass Memainypaus,
KPUCATIU3AYUSL.

Beenenne

IleMeHTallMOHHOE W3BJIEUEHUE METAJIIOB U3 PAaCTBOPOB LIMPOKO NPUMEHSETCS
B rugpoMeTairyprud [1, 2]. U3BecTHO, 4TO Ha mpolecc HEMEHTALUN 3HAYUTEIBHOE
BJIMSIHUE OKa3bIBAET KPUCTALUIU3YIOIIUIICS HA IOBEPXHOCTH METAJLIA-LIEMEHTATOPA CJION
(ocamok) nemMeHTHpyeMoro meramia. KoMnakTHBIN ClIOW  HM30JIMpYyeT MOBEPXHOCTh
MeTajlla-lEMEHTAaTOpa OT PacTBOPA, M PEaKLUs LIEMEHTALUHU CHIBHO 3aMeJIAeTCs
WIN BOBCE npekpamiaercs. HanpoTtus, mopomkooOpa3Hblil (AucnepcHbIii) 0caoK He
TOJIBKO HE 3aMEJUISIET LIEMEHTALMIO, HO B PsI/IE CIIy4YaeB JaKe YBEIMUUBAET CKOPOCTh
npolecca, 4eMy CriocoOCTBYET pa3BUTasi IOBEPXHOCTh KATOJHBIX YYACTKOB, HA KOTOPBIX
BOCCTAHABJIMBAIOTCS NOHBI LIEMEHTUPYEMOro MeTaiia [ 1, 2].
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O BO3MOXXHOCTH I[EMEHTALlMOHHOTO H3BJICUYCHUS OJIOBA B MOPOIIKOOOpa3HOI
(mucniepcHO#) dopMe M3 PacTBOPOB YETHIPEXXJIOPHUCTOrO OJIOBA COOOIIAETCS B
paborte [3]. Ilpu 3TOM B KauecTBE LIEMEHTHUPYIOLIETO METaJlJIa UCIIOJIb30BAJIN [IUHK U
ATIOMUHHUMN. DJIEKTPOXUMHYECKUM SKBUBAJIEHT JIBYXBAJIEHTHOTO 0JIOBA BJIBOE BBILIE,
4eM YeTbIpeXBaJleHTHOro. Mcxoas M3 TOro, 4To MpH IPOYMX PAaBHBIX YCIOBHSIX
pacxo/ LEMEHTUPYIOLIEr0 MeTajula MPpU MOJYy4YEHHUH OJIOBSHHOI'O MOPOILIKA U3
pPacTBOPOB JBYXBAJIEHTHOI'O OJIOBA JOJDKEH OBITH BIBOE MEHbILE, YEM M3 PACTBOPOB
YEeTHIPEXBAJIECHTHOTO 0JIOBA, aBTOPHI [4]| HccleqoBaIM IEMEHTAMOHHOE MOJIyYeHUE
OJIOBSIHHOTO IIOPOILIKA IEMEHTAIMENH ITOr0 MeTala LIMHKOM M aJIOMUHHEM U3
pacteopos SnCl, u SnSO,. ABTOpHI [4] OTMEYAIOT, YTO PH MCIIOJIB30BAHUH ATFOMUHHS
B KQUECTBE LIEMEHTUPYIOLIETO METAJJIa MOKHO I10JIy4aTh OJIOBSIHHBIN IOPOLLIOK TOJIBKO
u3 pactBopoB SnCl,. B pactBope xe SnSO, (0,85 Moib/i1) 010BO Ha MOBEPXHOCTH
ATIOMHUHHS KPUCTAJUIM3YETCS HE B BUJE PHIXJIOTO (MOPOLIKOOOPAa3HOr0) ciosl, a B
KOMIAKTHOH (hopme. DTOT KOMIAKTHBIM CIIOH HM30JUPYET MOBEPXHOCTH MeTala-
LIEMEHTA-TOpPa OT pacTBOpa, U LIEMEHTalMs Ipekpaiaercs [4].

[TockonpKy amfOMUHUI MEHEE 10POrOCTOSALNN METAILI, Y4EM LIUHK, 4 CEPHOKHUCIIOE
0JIOBO SIBJISIETCSI MOOOYHBIM MPOAYKTOM 3JIEKTPOJIUTUUECKOr0 pauHUPOBAHUS
HEKOTOPBIX METAJJIOB [5], mpeacTaBiseT MPaKTHUECKUl HHTepec Ooyiee MOapOOHO
MCCJIEI0BATH TPOLECC LIEMEHTAIIMOHHOTO BOCCTAHOBJIEHHUS 0JI0BA U3 pacTBopa SnSO,.
Tak xax B [4] oTMeuaeTes, uTo u3 pactBopoB SnCl, 010BO HEMEHTHPYETCS B IMCIIEPCHOM
(opme, TpaBOMEPHO TIPETIONOKHUTE, YTO J00aBIeHue B pacTBOp SnSO, HOHOB XJI0pa
Oyzaer crnocoOCTBOBATH IEMEHTAIMOHHOMY BOCCTAHOBJICHHUIO 0JIOBA HE B KOMITAKTHOH,
a B pucnepcHoil popme. Takum oOpazom, 1eapi0 pabOTHl OBIIO HCCIIeTOBaHUE
BO3MO>KHOCTH IIOJIyY€HUS OJIOBSHHOT'O IIOPOILIKA IPU LIEMEHTALMH 0JI0Ba AJIFOMUHHEM
u3 pactBopoB SnSO,.

MarepuaJjbl 1 METOIBI

N3mMepeHus cTallMOHApHBIX NOTEHIUAJIOB U IMOJSIPU3ALMOHHBIE U3MEPEHUS
pOBOMIH B pacTBope SnSO, konuentpanueii 0,85 Mob/;1 Ha morenuunocrare [1-5827.
[TongpuzannonHsle U3MEPEHHS NPOBOJNIN B TaJbBAaHOJANHAMUYECKOM PEXHUME IIPU
CKOpOCTH 331anust Toka 3,4 MA/MM? ‘MuH. [ToTeHnnanb! pabo4yux IEKTPOIOB H3MEPSIIN
[0 OTHOULICHHUIO K XJIOPCEpEeOPSHHOMY AJIEKTPOAY cpaBHeHHsA. Paboume 37eKTpoabl
MPECTABIISUIA COOO0M TOPITHI 3aJTUTOM IMOKCUIHON CMOJION aTFOMUHHEBOM U OJIOBSIHHOM
poBOJIOKH AuaMeTpoM 2 MM. C TeM, YTOOBI UCKITIOYHUTH BIMSHUE BBIICIMUBIIETOCS Ha
IIOBEPXHOCTH aJIIOMUHUS 0JI0BA, 3aBUCUMOCTD CTAL[MIOHAPHOI'O OTEHIMAJIa A TFOMUHUS
OT KOHIIEHTpAllUd MOHOB XJIOPA M aHOJHYIO NOJISIPU3ALMIO AJTIOMUHUS HM3ydajad B
pactBope MgSO, Toii e KOHIEHTpAlUu, YTO ¥ pacTBop SnSO, — NpaBOMEPHOCTh
TAKOI0 ITpUeMa JUIsl UCCIIEA0BAaHMs aHOJHOT'O IIPOLIECCA KOHTAKTHBIX (LIEMEHTAIIMOHHBIX )
raJibBaHomap rnokasana B [6]. XuMHUYECKHE COJH, UCIIOJIb3yeMbIe B IaHHOW padoTe,
UMENH KBUTH(DUKAIIIO «X9».

JUist oIy 4€eHus OJIOBAHHOTO TIOPOIIKA MCIIOIB30BaIU pacTBOPhl SnSO, 06beMOM
2 1. ITpu nosry4yeHuu OJ0BSIHHOTO MOPOLIKA B KAYE€CTBE LIEMEHTUPYIOIIEr0 MaTepraia
NPUMEHSLTH TUIACTHHBI ATFOMUHHMS C TOBEPXHOCTHIO 2 M2, [Tociie 1ieMeHTaliy HOpOLIOK
IPOMBIBAIM M CYIIWJIM B BaKyyMHOM CYIIWJIBHOM IIKady. I'panyisomerpuueckuit
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COCTaB U HACBIIHYIO IUIOTHOCTH OJIOBSHHOI'O IOPOUIKA ONPEAEISIN 110 CTaHIapTaM
[7,8]. KonuuecTBO BBIAECIMBIIETOCS BOJOPOAA U3MEPSIM 00bEMHBIM MeToaoM [9].
CpenHuii pa3mep 4acTUll pacCYUTHIBAIA HA OCHOBAaHUM PE3YJIbTaTOB CUTOBOIO aHAJIN3a
10 OOIICTIPUHATON B OPOIIKOBOI MeTaimypruu merojuke [10].

Nownsl xJ10pa akTUBUPYIOT IOBEPXHOCTH AJIFOMUHHS, B CBS3H C UYEM CTALlMOHAPHBIN
NOTEHIMAJ AJTIOMUHHUS CABUTAETCS B 00JacTh OoJiee OTpHUIATENbHBIX 3HAUCHUI.
Bwmecre ¢ Tem B unTepBaie koneHtpauit NaCl 0,48 — 0,65 MoIb/1 aCHMITOTHYECKU
npubimxaercs K ropuzoHTanu. [losToMy nasnpHeliliee MOBBILICHHE KOHLEHTPALIUU
NaCl we uenecoobpaszHo.

W3BecTHO, 4TO pa3mep 0Opa3yroluxcs Npu KPUCTAIIU3ALUN YaCTULl 3aBUCUT
OT COOTHOILIEHUSI CKOPOCTEH BO3HUKHOBEHUS LIEHTPOB KPUCTAJUIU3ALMU U CKOPOCTH
u3 pocta. [IpMMEHUTENBHO K LIEMEHTALIMOHHOMY OCA)KJEHMs 3TO O3HAyaeT, 4To
JUCIIEPCHOCTh ITopouika omnpezensercs cootHomeHueM JJIC u Toka LeMeHTaluu
KOHTaKTHOMU rajgbBaHomnapsl. IOHbI XJ10pa Majio BIMAIOT Ha CTAlMOHAPHBIN TIOTEHIMAT
0JI0BA, HO ITOCKOJIBKY B TEX 7K€ YCJIOBHSIX CTALlMOHAPHBIN OTEHIMAJl AJIFOMUHUS CUIIBHO
CMelaeTcs B 00J1IacTh OTPUIIATENbHBIX 3HAUEHHI, C yBenndeHneM konueHTpannu NaCl
O/1C uemenrauuu Bo3pacraer. B yactHocTu, B unTepBaie konuenrpanuii 0; 0,32 u 0,65
moub/1 NaCl 9/1C ransBanonapst Al-Sn pasna 0,30 B, 0,57 B u 0,64 B cooTBeTcTBEHHO.

XJIOPUCTBIN HATPUM B PACCMATPUBAECMOMN CUCTEME SIBISECTCS TaK HA3bIBAEMbBIM
IIOCTOPOHHUM 3JIEKTPOJIUTOM — HMOHBI 3TOI'0 BEIIECTBA HENOCPEICTBEHHO HE
Y4YacTBYIOT B IPOUCXOSIIMX HA MIEKTPOJaX KOHTAKTHBIX FaJIbBAHOIAP OKUCIUTEIBHO-
BOCCTAHOBUTEJBHBIX Ipoueccax. OQHAKO BBEIEHUE B YKAa3aHHBIX KOJIMYECTBAX
NaCl B pactBop SnSO, NIPUBOJMT K YBEIMYEHHUIO BA3KOCTH PACTBOPA, B CBA3H C YEM
HOJISIPU3AIUS KaTo/1a Bo3pacTaet, 1 npu KoHuentpamuu 0,65 mons/n NaCl nactynaet
npe/ieNbHast INIOTHOCTh TOKA ISl BOCCTAaHOBJICHHS HOHOB Sn**. B 11e710M %e, ¢ pocToM
koHmeHTpaiuu NaCl Tok 1ieMeHTaIuy KOHTAaKTHOH rainbBaHonapsl Al-Sn ymeHbIaercs.

W3BecTHO, 4TO pazmep 00pa3yroluxcs Npu KPUCTAIIU3ALUN YaCTULl 3aBUCUT
OT COOTHOLIEHUSI CKOPOCTH 3apOXKIAEHUsI LIEHTPOB KPUCTAIIN3ALMUN U CKOPOCTH
UX JanpHelmero pocra. II[puMeHUTENBHO K LIEMEHTALIMOHHOMY OCaXXIECHHUIO 3TO
03HA4aeT, 4TO JUCIEPCHOCTH MOPOLIKa ompenensercs cootHomenueM DJIC u Toka
[IEMEHTAIM1 KOHTaKTHOH TrajbpBaHonapsl. [Tockonbky ¢ poctoM koHueHTpanuu NaCl
B pactBope DJIC xoHTakTHOHU rampBaHomaphbl Al-Sn Bo3pacraer, a TOK IeMEHTAINH
YMEHBIIAETCS, CIEAYET 0XKUIATh, YTO IPHU MPOYUX PABHBIX YCIOBHUSIX C POCTOM
koHuenTparuu NaCl pomken ocaxxaaTbes 6osee JUCTIEPCHBIH MOpOoILoK o10Ba. bonee
JMCTIEPCHBIN MOPOIIOK IMpU CBOOOIHOM 3achIKe UMeeT 0ojee MJIOTHYIO YHaKOBKY,
MIO3TOMY HACBIMTHAS MJIOTHOCTh OJIOBSHHOTO MOPOIIKa ¢ pocToM KoHIeHTpauuu NaCl
noJkHa BospacTtaTh. OgHako cooTHomeHus D/IC U Toka LeMeHTaluuu yKa3blBaeT
JIMILB Ha TEPMOJIMHAMUYECKYIO BEPOSTHOCTD HAIPABICHMS 3aBUCUMOCTH YKa3aHHBIX
CBOICTB IOpPOILIKA, KOTOpasi Ha NPaKTUKE He Bcerga Beinoinsercs [1, 2, 5]. Kpome
TEPMOJMHAMMUYECKUX YCIOBHIA, Ha CBOMCTBA IIOPOILKA BIUAIOT TAK)KE U KHHETUYECKUE
0COOCHHOCTH MpoIiecca [EMEHTAIIHH.
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Pe3yabTaThl U 00Cy:KIeHHE

B pesysbrare ruaposnusa BojHbIi pacTBop SnSO, MMeeT Kuciyro cpefy. B gactHocTw,
pu konuentpamuu 0,85 mons/n SnSO, pH pacteopa cocrassier 5,8. [TosTomy Hapsity
C BOCCTaHOBJICHHEM HOHOB Sn’" Ha KaToJie MPOTEeKAaeT U KOHKYPUPYIOIIHIA TPOIECcC —
BoccTaHoBiieHue HOHOB H+. [Ipu 3TOM SKCIEpUMEHTAITLHO YCTAHOBJICHO, YTO CKOPOCTh
BBIJICTICHUS BOJIOPO/Ia 3aBUCHT OT KoHIleHTpanuu NaCl B pactBope (Tabnmma 1).

Tabnuna 1 — 3aBUCHMOCTD KOJHUYECTBA BBIIEIISIONIETOCS BOJIOPO/Ia OT KOHIICHTPALIUU
NaCl

Konmentparus NaCl, mosb/in 0 0,32 0,65

Brigenuiock Bogoposa 3a 1 yac ueMeHTarum, Mi 0,1 2,1 3,2

[Mpumeyanue: Kouuenrtpauus SnSO, 0,85 mMonb/n, m1omanb HeMEHTHPYOIIEH NOBEPXHOCTH
amoMuHAsS 1 cm?

Brigenenue Booposa ABOSIKO BIAUSET Ha mpolecc nementauuu [1, 2, 5].
[TepememmBanue >MEKTPOIUTA B MPUKATOAHBIX 30HAX BBIACISIONIMMCS BOAOPOAOM
CHIDKAeT KOHILCHTPALMOHHBIC OIPaHUYCHUs JUIS paspsiaa MOHOB Sn*’, criocoOCTBYs
TEM CaMbIM POCTY MEHEE JUCIIEPCHOTO MopoIika. BmecTe ¢ TeM, BbIIeTIEHHE BOIOPOIa
OPUBOAMUT K 3alleaYUBAHHUIO MPUKATOIHBIX 30H 3JIEKTPOJUTA, YTO MPUBOJUT K
00pa30BaHMIO THAPOOKCHIOB, KOTOpPbIE 00JIaal0T MOBEPXHOCTHO-aKTUBHBIMHU
cBOMcTBaMU. AICOPOMPYSCH HAa AKTUBHBIX IPAHAX PACTYIIUX KPUCTAIIOB, THAPOOKCH/IBI
MAaCcCUBHUPYIOT UX, CIIOCOOCTBYS TeM (hOpMHUPOBaHUIO O0JIee TEHPUTHBIX YaCTHI OJIOBA.

C nesnpto 6osee MOJHOTO BBISIBICHUS 3aBUCHMOCTH JHCIIEPCHOCTH M HACHIITHOM
IJIOTHOCTH OJIOBSIHHOTO MOPOIIKAa OT YCJIOBUW NMPOBEACHUS IIEMEHTAINH, HAMH
NpOBEJICH MOJIHBIN ABYX(hakTopHbIi skcriepumeHT [ 11]. Ilpu 3Tom B kauecTBe hyHKIIUN
OTKJIMKa BBIOPAHbI CPEIHUI pasMep 9acTull Y |, MKM U HACBIITHAsS ILIOTHOCTB OJIOBSIHHOTO
nopomka Y,, r/cM’. B xauecTBe (akTOpoB (HE3aBUCHMBIX MEPEMEHHBIX) B3AThI
X1 — xonuentpanus SnSO,, monb/n n X, — xonuentpanus NaCl, mons/n. Vcenosus
IUTAHUPOBAHHBIX OIBITOB M HATYpaJbHbIE 3HAUCHHS (DaKTOPOB yKa3aHbI B TaOnmIe 2.

Tabnuna 2 — HTepBaibl BAppUPOBAHUS U HATypaJIbHBIC 3HAYEHUS (PaKTOPOB

HarypanpHble 3HaueHHsT (aKTOPOB, MOJIB/IT
WHTepBaibl BappHpoBaHHs (GaKTOPOB
X, X,
Bba3oBelii (OCHOBHOI) YPOBEHB 0,60 0,50
WnuTepBan BapbUpOBaHUS 0,25 0,35
BepxHwuii ypoBeHb 0,85 0,85
Hwxauit ypoBeHb 0,35 0,15

Kaxnaplii onpIT B MaTpuile miaHupoBaHus (Tabmuia 3) ObUT MOBTOPEH YETHIPE
pasa; ykasaHHble B Tabnuue 3 3Ha4eHHss Y, U Y, SABJIAIOTCS CPEAHMMH M3 YETBIPEX
napajuleNIbHbIX U3MepeHuil. s mpoBepKH BOCIPOU3BOAMMOCTH OINBITOB IPOBEICH
JICTIEPCUOHHBIN aHAJIN3, B pe3yJIbTaTe KOTOPOTr'0 YCTAHOBIIEHO, UTO SKCIIEPUMEHTAIILHOE
3Hauenue kpurepusi Koxpena Gakcn MeHblIe ero TabJu4yHOro 3HaueHus mnpu 5 %
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YpOBHE 3HAYHMOCTH, YTO CBUJETEILCTBYET 00 OHOPOJHOCTH JAUCIIEPCHIA, T.€. O TOM,
YTO ONBITHI BOCIPOU3BOAUMSBI [11].

Tabnuua 3 — Marpuna riaHupoBaHus U Pe3yJIbTaThl OIBITOB

Ne ombiTa KonupoBanubie 3HaueHus: HakTopoB Pe3ynbTaThl ONBITOB
X, X, Y ,, MKM Y., r/em’
1 +1 +1 118 0,8
2 -1 +1 121 1,3
3 +1 -1 165 2,0
4 -1 -1 139 0,9

[To metonuke [11] ¢ ucnonap30BaHUEM pPAaCUETHONW MATPHUIbI OIpPEIEIEHBI
KO3 (UILIMEHTBI PErpecCri, 3HaUeHHs KOTOPIX IPUBEIEHBI B Ta0uLe 4.

Tabnuna 4 — 3HaueHuss KOOPPUIUEHTOB PErpeccun

Koa¢pduunenrs: perpeccun b, b, b, b,
3nauenue kodppuunenTa perpeccun 1 Y 135,75 5,75 -16,25 -7,25
3nauenne kodQpHHUINEHTA perpeccuu 11 Y, 1,25 0,15 -0,20 -0,40

ComnocraBinenue TabIMYHOTO 3Ha4YeHUs kputepus CThrogeHTa TTada ¢ ero
SKCIIEPUMEHTANIBHBIM 3HaueHueMm T, [11] mokasano, 4ro ms Beex KodpHUIHMEHTOB
PETPECCUH CIPABEIMBO HEPABEHCTBO T, >T . Clie0BaTENbHO, BCE KOO OHUIMEHTHI
perpeccum SABIISAIOTCS 3HAUUMBIMH.

3Hanue K03(PPUINEHTOB perpeccuu MO3BOJISIET 3aMUcaTh yPaBHEHUS PErPecCuH,
MOKAa3bIBAOIINE 3aBUCUMOCTD CPEIHETO pasMepa YacTHIl Y | ¥ HACBIMTHOW IJIOTHOCTH Y,
OJIOBSHHOTO nopomika ot KonuenTpauuu SnSO, u NaCl B HeMEHTHPYEMOM PacTBOPE:

SKCIT

Y, = 135,75+ 5,75X, - 16,25X2 - 7,25X X, (1)
Y,=1,25+0,15X,-0,2 X2 - 0,4 X X, )

AnexBaTHOCTH ypaBHeHUH perpeccuu (1) u (2) mposepeHa o kpurepusim Ouriepa
[11]. YcranoBieHO, 4TO /11 BHIOPaHHOM MOJIEIH OTIbITA SKCIIEPUMEHTAIbHBIE 3HAUCHHE
YKa3aHHOT'O KPUTEPUs MEHBIIIE €ro TabauuHoro 3HaueHus. CieoBaTenabHO, ypaBHEHUS
perpeccuu (1) u (2) anekBaTHO 0TOOpaXKatOT BRIOPAHHYIO MOJIENb OIBITa B IPAHUIAX
HCIOJIH30BAHHOTO HHTEPBAJIa BapbUPOBAHUS.

W3 ypasuenus (1) cienyer, uTo yBenuyeHue KOHUEHTpauuu SnSO, NpUBOIUT
K IIEMEHTAllud MEHee TUCIIEPCHOIr0 MOPOIIKAa — Ha TO YKAa3bIBAET MOJOKUTEIHHOE
3HaueHue Kodpduimenta perpeccun b,. Hamportus, kak ObLIO NPEICKAa3aHO BBILIE
Ha OCHOBAHUU IOJISIPU3AIMOHHBIX M3MepeHul, yBennuenue koHmentpauun NaCl
NPUBOJMT K KPUCTAIUTM3ALKMU 0O0JIEe TMCIIEPCHBIX YaCcTHIL 0JI0BA - KOO duumenT b,
HMeeT OTpullaTeIbHOe 3HaueHue. boisiee Toro, B BBIOpaHHOM HHTEpBAJIe BAPbUPOBAHUS
(axTOpOB BIMSHHE HA CPEAHMI pasMep YacCTHIl, T.€. Ha JMCIEPCHOCTh (pakTopa X,
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IPUMEPHO B TpH pasa Goublue, 4eM (akropa X, — 9TO CleayeT U3 KOIQPUIMEHTOB
perpeccun b, u b,. Ha nucnepcHOCTb B CTOPOHY YMEHBLIEHHS TAKXKE CUIIBHO BIIMACT
sddexr B3aumonericTeus X X, — 3T0 BIMSHUE JAKE HECKOJIBKO BBILIE, YEM BIIUSHHE
B CTOPOHY yBenu4yeHHs (akropa X ; NaHHBIA BBIBOJ TAKKE CIEMAYET M3 CPABHEHHS
3HaueHUH KO3 OUIMEHTOB perpeccun b, ub..

AHaOru4HbIM 00pa30oM 10 YPaBHEHHUIO PErpeccuu (2) MOKHO OILICHUTh BIMSHUE
¢dakTopoB 1 3PPeKTa B3auMOICHCTBUS HAa HACBITHYIO INIOTHOCTh. B 1anHOM ciyyae
TaKXKe UMEEeT MECTO Pa3HOHANPAaBJIEHHOE BIMSIHUE — B CTOPOHY YBEIMYECHHUSI HACBHIITHON
IJIOTHOCTH JIEUCTBYET (hakTop X, B CTOPOHY yMeHblueHust — pakrop X, u adekt
B3aumoencTeust X X, .

Bonee nucnepcHbIf MOPOLUIOK MMEET MEHBUIYIO HACBHIIHYIO MJIOTHOCTH, YTO
0co0eHHO xapakTepHo [yist onbita Ne 1 (tabmwuia 3). [To-BuauMomy, pa3psi HOHOB Sn**
Ha [IPeAETbHOM TOKE H, KaK YKa3bIBaJIOCh BBIIIE, [TACCUBUPYIOIIEE BIMUSHUE HA PACTYILUE
IpaHd KPUCTAJUIOB THAPOOKUCEH M OCHOBHBIX B PE3yJIbTATE BBIIEICHUS BOJOPOJIA
crocoOcTByeT GhopMUpOBaHHIO OoJee NCHAPUTHBIX YacTHI] ojoBa. HabmroneHus
MOPOLIKa B METAJUIOrpaueCKOM MUKPOCKOIIE OATBEPIKIAIOT ATO MPEINOI0KEHNE
— mojy4eHHbI B ombiTe Ne 1 mOpomok mMeeT BechbMa pa3BUTYIO MOBEPXHOCTh
(pucyHok 1). CTonp JEeHAPUTHBIE YACTHILIBI B OJIOBSHHBIX MOPOIIKAX, MOJYYCHHBIX B
JPYTUX OMbBITaX MATPHLIbI IUTAHUPOBAHUS, 0OHAPYKUTh HE yIAJIOCh.

y -
‘rwﬁ; g *L.

.q-

. +-n‘|l'

Pucynok 1 — Yactuna 0710BSIHHOTO IOPOILKA,
MOJIyYEHHOT' 0 B IUTAHUPOBAHHOM OmbITe No |

33 80:10011 81

OKCIEPUMEHTAIIBHO YCTaHOBJIEHO, UTO JIJIsl peali3alliy POLIECCca IEMEHTALMOHHOTO
M3BJICYEHHUS 0JI0BA B JUCIEPCHON (popme m3 pacTtBopoB SnSO, HEMEHTHPYIOIIMA
MeTajj aJlOMUHUNA HE0OXOJAMMO aKTUBUPOBATh MOHAMHU XJopa. Pe3ynbTaThl
HOJIIPU3ALMOHHBIX U3MEPEHUH 3JIEKTPOIHBIX IIPOLECCOB KOHTAKTHOM I'ajIbBaHONAPBI
Al-Sn cornacyroTcs ¢ pe3yibTaTaMu IUIAHUPOBAHHBIX ONBITOB IO IMOJYYEHHIO
OJIOBSIHHOTO TIOPOIIIKA [IEMEHTALMH 0JIOBA AIFOMUHKUEM U3 pacTBOpoB SnSO, ¢ yueTom
BIIMSIHUSL KOHKYPHUPYIOLIETO MPOLECCA BBIACIEHUS BOJIOPOAA.
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JJACHEPCTI TYPJETT EPITIHALIEPAEH KAJTAWBI ATTY

Epimindinepoenmemandapoviyemenmmey sKcmpaKyusicol 2UOPOMemaiiypeusoa
Keninen Kon0anuliaovl. Llemenmmey npoyecine yemeHmmenemin Memanovly
Kpucmanoanamoli Kabamoel (myHOa) yemeHmmey npoyecine aumapivlKmai acep
ememini Oeneini. Holtlam xabam memanovly Oemin epiminOioeH oKuiaynaovl, ai
yemenmmey peaxkyusachl aumapavikmail Oasyraiovl Hemece Myidem MmoKmauobwl.
Kepicinwe, ymmaxmor (Oucnepcmi) mynba yemenmmeyoi 6OocenOemin Kana
KOUMatiobl, COHbIMEH Kamap Keuobip dcas0ainapoda npoyecmiy Hebli0AMObI2blH
apmmulpadel, OY1  YeMeHmMmeneen Memaul UOHOAPbl A3asmvlH  KAmoOmblK
aumakmapovly damvlean Oemine blknai emeoi.

Anomunuil MuIpLIUKA KAPA2aHOa KeiMOam emec Memaii 6012aHObIKMAH HCOHe
Kanatvl cyrvghamol Kelubip Memanioapobl 1eKMpPOSUMMIK Mazapmyobly HCAHAMA
eHimi borzanovikman, SnSO4 epimindicinen Kaialivl yemeHmmey npoyecin e2oiceli-
mezoicelii sepmmeyee Kbi3vleyUbliblK myobipaobl.

bynocymvicma SnSO4 epimindinepinen oucnepemi mypoeei Kanativl yemenmmey
any mpoyecin dfcyzeze Aculpy YUlin yemenmmenumin Memanovl anoOMUHUUOL Xa0p
UOHOApbIMEH OeNceHOIPY Kadicem eKeHOiel IKCNepUMEHMAIobl mypoe aublKmanobl.
AI-SN  bavinanvic  2anvb8aHONApACuLIHBIY  INEKMPOOMbIK — Npoyecmepiniy
NOMAPUSAYUATLIK,  OuleYIepiniy  Homuoicenepi bocexenec ¢y MYKbIMblH 0Oy
npoyeciuniy ocepin eckepe omuipoin, SnSO4 epimindinepinen Kaiaivl yemeHmmey
Kanauvl YHMA2blH ATIOMUHUUMEH any OOUbIHWA Jcocnapaanaan moicipubenepoiy
Homuoicenepine colikec Keneoi.

Kinmmi ce3dep: xanaiivl, amomunui, yemenmmey, YHMaxmol Memaniiypaus,
KpUCmanoamuy.
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OBTAINING TIN FROM SOLUTIONS IN DISPERSED FORM

Cementation extraction of metals from solutions is widely usedin hydrometallurgy.
It is known that the cementation process is significantly influenced by the layer
(precipitate) of the cemented metal crystallizing on the surface of the cementator
metal. The compact layer isolates the surface of the metal-cement from the solution,
and the cementation reaction slows down or stops altogether. On the contrary,
powdered (dispersed) sediment not only does not slow down cementation, but in some
cases even increases the speed of the process, which is facilitated by the developed
surface of the cathode sites on which the ions of the cemented metal are restored.

Since aluminum is a less expensive metal than zinc, and tin sulfate is a by-product
of electrolytic refining of some metals, it is of practical interest to investigate in more
detail the process of cementation reduction of tin from SnSO, solution.

In this paper, it has been experimentally established that in order to implement
the process of cementation extraction of tin in dispersed form from SnSO, solutions,
the cementing metal aluminum must be activated with chlorine ions. The results of
polarization measurements of electrode processes of the Al-Sn contact electroplating
are consistent with the results of the planned experiments on obtaining tin powder
of tin cementation with aluminum from SnSO, solutions, taking into account the
influence of the competing process of water separation.

Keywords: tin, aluminum, cementation, powder metallurgy, crystallization.
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3ABUCUMOCTb MAIHUTHBIX XAPAKTEPUCTUK
OT [MIPOYHOCTHbIX CBOUCTB CTAJIbHbIX NU3QEITNUA

B oannou pabome uccieoosanvi macnumuuie ceoticmea cmanu 13XPA ¢ yenvio
B03MOIACHOCIU NPOBEOEHUSL HEPAZPYULAIOWE20 ONPEOeNeHUs SHAYCHUT MEXAHUYECKUX
ceouicms.  Ilpogeden ananus  cywecmgyiomux cnocobog  Hepaspyuarnyeo
KOHMPOJIS MEXAHUYECKUX C8OUCME U 0DOCHOBAHA NEPCHEeKMUBHOCTND NPUMEHEHUs
MASHUMHO20 cNocoba OnpeoeneHuss MeEXaHUYecKUux COUCME 6Mecmo CMAaHdapmHuo2o
PA3pyUaione2o —UCnulmanue Ha pacmsicenue, d maxice npugeoensl npeuMyiyecmed
MAcHUMHO20 — Ccnocoba  onpeoeieHusi neped  OpyeuMu  Hepa3pyuaruwumi,
MAKUX Kax Meniosol U MeXaHUyecKull, 6 KOMOPbIX NPUMEHAEMCs usmepeHue
menionpogooHocmu u meepoocmu no bpunenno coomeemcmeenno. Onpeodeneno
BUAHUE USMEHEHUsI NPOYHOCTNHBIX CEOLUCNG HA 8ENUYUNY MASHUMHBIX NOKA3amerell,
011 4e20 HA CMANbHLIX 00pasyax Ovlia Npogedena 3aKaAIKa ¢ NOCIeOVIOWUM
omnyckom npu memnepamypax 500, 550, 600, 650 u 700 °C. Obocrosano
VMeHbleHUe KOOPYUMUBHOU CUTbL U YEeTUUeHUEe OCMAMOYHOU MACHUMHOU UHOVKYUU
U MAKCUMANbHOU MASHUMHOU NpoHuyaemocmu npu omnycke cmaiu om 500 0o
650 °C, a maxoice eviasiena NPULUHA UX USMEHEHUS 6 0Opammuyio cmopony. Jlanu
peKomeHoayuu no 6bi00py MASHUMHBIX XAPAKMEPUCUK OJisl HepA3PYULAIone2o
KOHMPOJISL UX CMPYKMYPHO20 COCMOsAHUSA. Bulasnena nemoHomouHocmy usmeHeHul
SHAYEHUTI MACHUMHBIX CEOUCME U 0OOCHOBANbBI IKCMPEMYMbL KPUBLIX OUASPAMM,
CBA3AHMBIX C UBMEHEHUEeM CINPYKINYPbL OMNYWEHHOU CIATU.

Kniouesvie  cnosa: mepaspywarowuti  KOHMpoab,  KOIPYUMUBHAA — CUA,
OCMAMOYHASL MASHUMHASL UHOYKYUS, MAKCUMATbHAS MASHUMHAS NPOHUYAEMOCHID,
13XDA.

BBenenue

B Hacrosiiee Bpemst, Ui ONPEAETICHUS MEXaHUUECKUX CBOMCTB CTAJIBHBIX U3/1EIIAN
MPUMEHSIOT OAJHOOCHOE PaCTsKEHHUE Ha pa3pbIBHOM MaminHe. Pe3yibTaTomM ucnbITaHus
SIBIIIETCSL IMAarpaMMa PacTsHKEHUs, M0 TpaduKy KOTOPOH OIpeNesstoTCs BPEMEHHOE
COIIPOTUBJICHUE, NIPEAEI TEKYUYECTH U OTHOCUTEIBHOE YIJIMHEHUE. B cooTBETCTBUU
CO MHOTMMU CTaHAapTaMH, UCIIOIb3YEMBIMU Ha MPOU3BOJICTBEHHBIX MPEANPUATHUSAX,
oTpeJieJIeHue JaHHBIX MEXaHHMUYECKUX XapaKTePUCTUK sIBIISETCs 00si3aTeabHbIM. K
npumepy, s 6ecioBHbIX TpyO corstacHo 'OCT 632-80 «TpyOs1 06cagHbie U My PTHI
K HUIM», HOPMUPYEMbBIMU [TOKA3aTEJISIMU SIBJISIFOTCSI BPEMEHHOE COMPOTUBIICHUE, TTPEIET
TEKYUYeCTU U OTHOCUTEIIbHOE yJITTMHEHHE. MexaHn4ecKoe UCTIIBITAHUE Ha PACTSKEHUE
SABJISIETCS TOYHBIM, OJHAKO JUISI OCYIIECTBICHUSI KOHTPOJs TpeOyeTcs BhIpe3Ka
«TEMILIETa» U 3aTeM M3TOTOBIIEHUE CTAHIAPTHOTO 00pa3lia /i UCTIbITaHus. B cBs3u
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C 9THUM, JaJbHENIIIast HKCIUTyaTalisl U3IeJIsl HEBO3MOKHA UJIH €CIIH, TAHHOE U3/IeNIne
JUIMHHOMEPHOE, TO MPOUCXOAUT pacxo] MeTasuta. Kpome Toro, BBHy TOTO, UTO AaHHBIN
BUJI KOHTPOJIA ABJISICTCS pa3pyIIaloIiM, KOHTPOJIb U3/ETUI MPOU3BOIUTCS BEIOOPKOI
(oaHa K3 KaKOro-JINOO KOJIMYECTBA — MAPTUH ), YTO HE 00ECIIEUNBACT KOHTPOJIb KaXKIO0H
eauHuubl ugenus [1-3].

[lepcrieKTUBHBIM SIBJIETCS MPUMEHEHUE HEepa3pyLIAoIIUX METOJAO0B KOHTPOJIS:
TEIJIOBOM, MEXaHUYECKHUM U 3JIEKTPOMArHuTHBIN [4—5].

K MexaHMuecKOMYy OTHOCHUTCS olpeaeneHue TBepAocTu. CBiI3b MEXAYy
IPOYHOCTHIO METajla U €ro TBEPJOCThIO JOCTATOYHO M3BECTHA. B paszinuHbIX
UCTOYHUKAX MPUBOATCS PA3HbIC AaHATUTUYECKHE 3aBUCMOCTH: B OJTHUX, BPEMEHHOE
COMpOTHUBIIEHUEPAcCUUTHIBaeTCs 1o hopmyre (1):

ogp =112+ 2,4-HB. (1)
B APYTHX XKe, 110 hopmyze (2):

oz = 9,81-K - HB, (1)
re K = 0,34 npn HB<175 u K = 0,36 npu HB>175.

HenocraTtkamu nanHoro croco0a siBIseTCst OTCYTCTBUE €IMHOM 3aBUCUMOCTH IS
orpezieNieHus] CBOMCTB, O0JIbIIask MOTPemHOCTh u3MepeHust (9—13 %) u cBA3b TOIBKO
C TIPOYHOCTHIO U3JEIHS.

K temioBoMy OTHOCHTCS ompezesieHue TEeIIoNnpoBOIHOCTU. B qaHHOM criocobe
HCIIOJIB3YIOTCS CTPYKTYPHO-UYYBCTBHUTEIbHbIE MH()OPMATUBHBIE MapaMeTpHl,
Ha OCHOBAaHMHM KOTOPBIX OMpeJesieTcss CTPYKTypHas 3aBUCHUMOCTH CTajei oT
TEIUIONPOBOAHOCTH. HemocTaTkoM sIBIIsIeTCs IIUTENLHOCTh MPOIecca OMpeleeHHs
CBOICTB M MOTpemHoCTh u3mepenus 6oiee 11 % [6-7].

DJeKTpOMarHUTHBIE METO/IbI KOHTPOJISI IOCTATOYHO JIABHO U IIMPOKO MPUMEHSIOTCS
B IpOMBINIIEHHOCTH. OIHAKO, UX MPUMEHUMOCTh MOJTBEPKAAETCSA TOJIBKO MPH
KOHTPOJI€ HECIUIOIIHOCTEHN MeTalla, a KOJIMYECTBEHHO OIPEIEIIIeTCSI TOJILKO TBEPAOCTD
(duepe3 u3MepeHue KOAPLUUTUBHOM CUITBI), KOTOPAsi UMEET BBICOKYIO MOTPEIIHOCTh, Kak
onucano Boiie[8—10].

B nmannoil paboTre mpejasaraercsi Ha OCHOBAHHMH MPOBEIEHUS HCCIETOBAHUS
CTPYKTYPbl U CBOWUCTB CTaJbHBIX H3JEIUN ONMpEaeNUTh 3aKOHOMEPHOCTH H
3aBUCHUMOCTH MEXJYy MEXaHHYEeCKMMH U SJIEKTPOMArHUTHBIMU CBOWcTBamu. B
Ka4yeCcTBE AJIEKTPOMArHUTHBIX CBOMCTB MpeiiaracTcs IPUMEHUTH KOAPIUTHBHYIO CHITY,
OCTaTOYHYI0 MAarHUTHYIO HHIYKIUIO U MaKCUMAIbHYIO MarHUTHYIO TPOHUIIAEMOCTb.

Marepuajbl M1 MEeTOAbI HCCJIeI0BAHUS

B xauectBe maTepuana uccieoBaHus ObUIH B3AThI 00pa3ibl TPYO U3 MApKH CTAIH
13XDA.

Jlnst mpoBeieHus UcciaeoBaHus ObLIO BbIpe3aHO 15 0JMHAKOBBIX 00pasIoB C
oniHO# TpyOsI. [lanee Bce 0O6pasiibl ObUIH YIPOYHEHBI B BOJHO Cpejie Mocie HarpeBa
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B My(enbHoit meun SNOL-1300 mo 900 °C. ITocne 3Toro, 1o rpymniam COCTOSIINUM U3
Tpex 00pasIoB, MPOBEJCH X OTIYCK pH Temneparypax 500, 550, 600, 650 u 700 °C.
1o oxoHYaHUY TPOBECHUS TEPMHUYECKON 00pabOTKH 00pa31I0B NPOBEICHO H3MEPEHNE
MAarHUTHBIX CBOMCTB.

W3MepeHrie MarHUTHBIX XapaKTEPUCTUK OCYILECTBIIIN Koapuutumerpom KUM-2M,
HOCPEJICTBOM KOTOPOTO OBLITH MOMYyYEHBI 3HAYCHUS KOIPLIUTUBHON CHUJIBI, OCTATOYHOMN
MarHUTHOW MHTYKIIMH, a TAK)KEe MAaKCUMAaJIbHBIX 3HAU€HUI HAMarHUYEHHOCTH 00pa3IioB
U HaNpsDKEHHOCTHM MAarHUTHOro nosisi. OTHOLIEHUE MOCJIEIHUX JIBYX M3 KOTOPBIX
II03BOJIIET ONPEAEIUTD BEIMUYMHY MAaKCUMaJIbHOW MarHUTHON MPOHUIIAEMOCTH.

Pe3yabTarsl U 00CyKaeHTE

B pesynbrate mpoBeaeHus: TepMuyeckoil 00paboTku 00pas3oB TpyObl U3 MapKu
ctanu 13XDA nonmyyeHsl 3HaUeHUs, yka3aHHble B Tabuue 1. [Tpu 3ToM n3BectHo, 4TO
OTITYILICHHBIE TTOCJIE 3aKAJIKU CTaJbHbIC 00pa3Libl UMEIOT MOKA3aTEIH IPOYHOCTH TEM
BBIIIIE, YeM MEHbIIE OblIa TEMIIEpaTypa OTITyCKa.

C yBenuueHnueM temreparypbl oTirycka 10 650 °C KoapLUUTHBHAS CUJIa YMEHBLIAETCS,
a OCTaTOYHAasI UHAYKIMS U MaKCUMaJIbHAsi MarHUTHAsI IPOHUIIAEMOCTh BO3PACTaIOT J10
CBOEro MakcuMmyMa. Bo3pacranue ocTaTO4YHOM HAMAarHWYEHHOCTU U MAKCHUMAaJIbHOMN
IPOHUIIAEMOCTH 00YCIIOBICHOPACIaI0MIAPAMArHUTHOTO OCTATOYHOI'O ayCTEHUTA
Ha OTIYUIEHHBIMMapTeHCUTH KapOuasl. Hebonbinoe ganpHeliiee yMeHbIICHUE
OCTAaTOYHOM MHIYKIUHU U NMPOHULIaeMOCTH BbIlle 650°C cBsI3aHO ¢ IpEBpaLCHUSIMU
HU3KOTEMIIEPATypHBIX (DeppOMArHUTHBIX KapOHUIOB B IEMEHTHUT (PUCYHOK 1-3).

Tabmnuua 1 — MarautHsle cBolicTBa ctanu 13XDA

Temneparypa | KospuutuHas cuna, | Octarodynas MarHUTHas MaxkcuMasnbHas MarHUTHast
otmycka, °C H, A/m unnykuus, B, Tn NPOHULAEMOCTD, 6, ['H/M
867; 872; 826 1,10; 1,11; 1,00 275; 260; 263
500 *855 *1,07 *266
714; 689; 721 1,28; 1,17; 1,21 312; 285; 321
530 *708 *1,22 *306
612; 630; 633 1,41; 1,45; 1,28 379; 389; 354
600 *625 *1,38 *374
519; 507; 549 1,47; 1,58; 1,50 420; 403; 419
630 *525 *1,52 *414
584; 591; 559 1,39; 1,40; 1,53 365; 379; 399
700 *578 *1,44 *381
* - cpeqHEe 3HAUCHUE
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Kak BuziHO, Tp1 U3MEHEHUH IPOYHOCTHBIX CBOMCTB, CBA3AHHBIX C pa3ylIPOUYHEHHEM
CTPYKTYpPBI CTaJIM IIOCJIE OTIIYCKA, IPOUCXOJUT U3MEHEHHE 3HAUEHUH MarHUTHBIX
II0Ka3aTeNel, YTO MOATBEPKAAET KOPPEISALUOHHYIO CBSI3b MEXKAY MEXaHUUYECKUMHU U
MarHMTHBIMH cBolicTBaMu cTaiu 13X DA.

Pe3ynbpTaThl JaHHOW pabOTHI MO3BOJAT B MPOJOJIKEHUHU HCCIEIOBAHUSI
MaTE€MaTUYECKH ONHUCAaTh KOPPEISIIUMOHHBIE 3aBUCUMOCTH MEXIY MEXaHUYECKHUMH
Y MarHUTHBIMHU CBOHCTBAMM IIOCPEJICTBOM IIPOBEJEHUS PErPECCUOHHOIO aHAJIN3a,
OIPEIeTTUTh 3HAYMMOCTb U BIUSHUE BEIOPAHHBIX MATHUTHBIX ITAPAMETPOB U3MEPEHHS, a
TaKKe B CPABHEHUH C (DAKTUYECKUMH 3HAUCHUSAMH MEXaHUYECKUX CBOICTB, OTYYEHHbBIX
IPY MCIIBITAHUH Ha PACTSHKEHUE, BHIIBUTH MOTPEIIHOCTD JAHHOTO CIIOC00a KOHTPOJIS.

Nudopmanus o puHaHCHPOBAHUU

Hannoe uccnenoBanue npodunancupoBano Komurerom Hayku MuHUCTEpCTBa
HaykH U BeIcuiero obpasoBanus Pecny6muku Kazaxcran (rpant NeAP13268736 —
«Hepazpymaromuii cnocob onpeiesieHns MEXaHUYEeCKUX CBOMCTB CTAIBbHBIX U3ICTTHID).

13380:10011 81

Ha ocHOBaHMM POBEAEHHOIO UCCIIE10BAHUS BbISIBIEHA 3aBUCUMOCTh MAarHUTHBIX
CBOICTB OT IIPOYHOCTHBIX. 3@ UCCIIENYyEMbIE TAPAMETPHI B3AThl KOOPLUTUBHAS CHUJIA,
OCTaTOYHAas MarHUTHAsi MHIYKIUSA U MaKCUMajlbHasi MarHUTHAs! IPOHUI[AEMOCTh, KaKk
HauboJee CTPYKTYpouyBCTBUTENbHBIE. [loKka3aHo, YTO MpU NMPOBEACHUH OTIIyCKa
CTaJbHBIX U37enui u3 Mapku ctanu 13XdDA npoucxoauT M3MEHEHUE 3HAUEHUM
MarHMTHBIX XapaKTEPUCTHK, CBSI3aHHBIX C U3MEHEHUEM IPOYHOCTHBIX CBOMCTB, UTO
MO3BOJISICT CAETAaTh BBIBOJ O MX 3aBHCHUMOCTH MEXAY CcO00il.AHaan3 MOJy4YeHHBIX
pE3yJIbTaTOB BBIIBUI HEMOHOTOHHOCTb M3MEHEHUI 3HAUEHUI MarHUTHBIX CBOMWCTB.
O060CcHOBaHBI HKCTPEMYMBI KPUBBIX JUArPaMM, CBSI3aHHBIX C HU3MEHEHHEM CTPYKTYPbI
OTILYILLIEHHOH CTaJIH.
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MATHHUTTIK CAITIATTAMAJIAPJIBIH BOJIAT BYHBIMIAPBIHBIH,
BEPIKTIK KACUETTEPIHE TOYEJIALJIITT

byn orcymvicma mexanukanvly Kacuemmepoiy MoHOepin 0y30ail anblkmay
mymkinoiei ywin 13XDPA Oonammeiy Mmacnummix Kacuemmepi 3epmmenoi.
Mexanuxanviy Kacuemmepoi 6y36aii O6axbLiayOwvly Koadauvicmazvl 9dicmepine
manoay Hcypeizindi dHcome Cmanoapmvl O0eCMpyKmMumi — CO3bLLY CbIHASbIHbIY
OPHbIHA MEXAHUKANBIK Kacuemmepol anblKmayobly MAHUMmIK o0iCiH KOIOAHY
Nepcnekmueacsl  Heeiz0enceH, COHbIMEH KAMmap JiCblLy — OMKI3iumiK — nem
bpunenn kammoviivikmol onuwey KOLOAHBIIAMBIH JHCHLIY JHCOHE MEXAHUKAIbIK
cusikmol backa oecmpykmuemiiepee Kapazanoa MAHUMmMIK aHbIKmay o0ICIHIH
apmulKWbLIbIKMapsl keamipineen. bepikmik kacuemmepiniy 632epyiniy MazHummik
KepcemKiwmepoiy WamacslHa ocepi aHblKManiovl, 01 Ywin Oonam yieiiepoe
500, 550, 600, 650 orcone 700 °C memnepamypada KeuiHHEH HCYMCAPMYMEH
WuIHBIKMbIPY JHcyp2izindi. borammur 500-0en 650-ce °C Oetiin scymcapmy Kesinoe
KOIPYUMUBMIK KYUIMIK MOMEHOeYi JcoHe KANOblK MACHUMMIK UHOYKYUSHBLY
JHCOHE MAKCUMANLObL MASHUMMIK OMKI3CIUWMMIKMIy apmyvl He2iz0enedi, COHOAl-
ak onapowvly Kepi bazeimma e3eepy cebebi anvikmanovl. Onapoviy KypoliblMObIK
Kyuin 6y36aii Oaxvliay ywiH MASHUMMIK CUNAMMAMAnapovl mayoay OoublHua
ycoinbicmap — Oepineed.  Maenummik — Kacuemmep — MOHOepIHiY — ©32€pViHIH
MOHOMOHOBLIbIZLL  AHBIKMANObL HCOHE ICYMCAPMBLIZAH 00Nam  KYPbLIbIMbIHbIH
032epyine OauIAHbICTNYL KUCHIK CbI30anapobly IKCMPEeMyMOapsl He2i30en2eH.

Kinmmi coe3z0ep: 6y36atimvin 6aKbliay, KOAPYUmMuemi Ky, Kaioblk MacHUmmix
UHOYKYUSL, MAKCUMALObL MaeHUMmIK emxiseiwmix, 13XPA.

*A. N. Zhakupov', A. T. Zhakupova’
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DEPENDENCE OF MAGNETIC CHARACTERISTICS
ON THE STRENGTH PROPERTIES OF STEEL PRODUCTS

In this work, the magnetic properties of steel 13CrV were studied in order to
be able to conduct a non-destructive determination of the values of mechanical
properties. The analysis of the existing methods of non-destructive testing of
mechanical properties is carried out and the prospects of using a magnetic method
for determining mechanical properties instead of the standard destructive one
— tensile testing are substantiated, and the advantages of the magnetic method
of determination over other non-destructive methods, such as thermal and
mechanical, which use the measurement of thermal conductivity and hardness by
Brinell, respectively. The effect of a change in strength properties on the value
of magnetic indices was determined, for which purpose quenching was carried
out on steel samples followed by tempering at temperatures of 500, 550, 600, 650
and 700 °C. The decrease in the coercive force and the increase in the residual
magnetic induction and maximum magnetic permeability during tempering of
steel from 500 to 650 °C are substantiated, and the reason for their change in
the opposite direction is also revealed. Recommendations are given on the choice
of magnetic characteristics for nondestructive testing of their structural state.
The nonmonotonicity of changes in the values of magnetic properties is revealed
and the extrema of the curves of the diagrams associated with the change in the
structure of tempered steel are substantiated.

Keywords: non-destructive testing, coercive force, residual magnetic induction,
maximum magnetic permeability, 13CrV.
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K BOIMPOCY BbIBEOPA TUIA U KOHCTPYKLNN
I'YCEHWL] TAArOBO-TPAHCITOPTHOU MALLUUHbI

B cmamve npeocmasnenvl peynivmamol HAYUHO-UCCIE008AMENbCKASL paboma
8 pamxax eocorwodxcemnoni HUP AP09258862 «Paspabomka u ucciedoganue
MHO20Y€eNe8020  MpaHcnopmmnoz2o0  cpedcmear». Paccmompenvr  mendenyuu
Pazeumus  maco80-mpaHcnopmHulX MAWun U YKA3aHbl NYymu  OaibHelue2o
cogepuencmoganusi ux Koncmpykyuu. OOHUM U3 HANPAGIEHUL NO YIAVHUEHUIO
noxkasameneti pabomvl MAWUN A6AAE€MCS YCOBEPUIEHCTNEOBAHUE XOOOBOI CUCTNEMDbL
MA2060-MPAHCNOPMHBIX MAUUH.

B kauecmee obvexma ucciedosanus 6blOpaH NOIY2YCEHUYHDBIL OBUNCUMETD,
KOmopulil s67siemcsi KoMouHayuel KoaécHo2o u 2yceHuuyno2o osudicumenei. Ha
OCHOBE AHANU3A CYWECMEVIOWUX KOHCMPYKYUU HOLYSYCEHUYHLIX O8uUdCUmenel
HAYYHLIM  KOJIEKMUBOM pA3pabOmMana HO8As KOHCMPYKYUA NOJY2YCEHUUHO2O
ogudlcumens — MA2060-MpaAHCNopmuou  mawunsl.  Ilpusooumea  onucanue
ogudicumens.

Taxoice Ha ocHOBe aHANU3A  MAMEMAMUYecKux Mooenel, Komopwble
PACKPBIBAION MEXAHUM 83AUMOOCUCHBUS 2YCEHUUHO20 OBUNCUMEISL C OCHOBAHUEM
u xapaxmep pacnpeoeneHusi yOeabHuIX 0d6NeHUll, YCMAHOBIEHO, 4MO 6ce OHU
paspabomanvl 05l MEMANNOZYCCHUYHO20 OGUICUMEN U HE VUUMBIBAIOM MAKYIO
0C0OEHHOCMb Pe3UHOBLIX 2YCeHUY, KAk ux oegopmupyemocmo. B oanvueliuen,
6 X00e Nposedenus UCCIe008aNHUl, NOJYUEHbL GbIPAJICEHUS, XAPAKMEPU3youjue
3aKOH pacnpeodenenus HOPMAlIbHO20 0aGlIeHUsi N0 OlUHe ONOPHOU NOGEPXHOCIU
pe3unogou 2ycenuysl. Pasnomepnocms pacnpedenenus O0asieHuss ausem u Ha
nokasamenu s@gexmusHocmu pabomvl maco60-mpaHcnopmuou mawunvl. Ha
pacnpeodenenue 0aGNeHUs HeMAl08aAN’CHOE 3HAYCHUE OKA3bIBAem HOPMAIbHAS
HCECTNKOCTb PE3UHOBOU 2YCeHUYbI.

B cmamue npednoicenvl sbipasiceniust 015 onpeoeneHust HOpManbHOU HeCmKoCmu
PE3UHOBOL 2YCEHUYDL.

Kniouesvie cnosa: msacoso-mpancnopmuoe cpedcmeo, X0006ds cucmemd,
NOY2YCEHUUHBLI OBUNCUMENb, PE3UHOBAS Y CeHUYd, HOPMATbHAS HCECTKOCb.

BBenenue

CoBpeMEHHOE pa3BUTHUE TIATOBO-TPAHCIOPTHBIX MAIIMH XapaKTepu3yeTcs
MOBBIIIIEHUEM UX MOIIIHOCTH, TATOBO-CIIEMTHBIX KAYECTB, MPOXOIUMOCTH, TTOBBIIIICHUEM
HaJIG)KHOCTH M JIPYTUMHU. Y Ka3aHHbIC TEHJCHIIUU PAa3BUTHUS TSITOBO-TPAHCIOPTHBIX
MalIuH MOTYT OBITh pEHIEHBI MyTEeM CO3JaHUsI HOBBIX OOpa3lOB MallUH WIIH
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MOJIEPHU3ALMH CYILECTBYIOIINX KOHCTPYKIMM OTJENIBHBIX Y3JI0B U arperaTos TArOBO-
TPAHCIIOPTHBIX MALINH.

B nacrosiiee BpemMst MoiepHHU3aLUs I'YCEHUYHBIX TATOBO-TPAHCIIOPTHBIX MAIIMH
UJET 3a CUET yBEJINYEHHS JHEPTOHACBILIEHHOCTH CUIIOBOM YCTaHOBKH, UTO IIPUBOAMT K
YBEJIMUYCHUIO MACcChl MAIIMHBI, 0€3 CYIIECTBEHHBIX YCOBEPLICHCTBOBAHUN KOHCTPYKIIMN
XOJIOBOM CHCTEMBI. DTO IPUBOAUT K 00JIee MHTEHCUBHOMY BO3/ICHCTBUIO JBIKUTENCH
MalllMH Ha TPYHT, K pa3pylLIEHUIO €€ CTPYKTYphl U, B UTOr€, K CYIIECTBEHHOMY
cHmxenuto taroporo KIIJ[ mammnsr [1].

Ha ocHOBaHMM BBIIIECKa3aHHOTO TPEOYETCs YIYUYLIUTh IOKa3aTeslu padoThl
XOJIOBBIX CHUCTEM MAIIMH, KOTOPbIE XapaKTEpU3YIOT B3aUMOJECHCTBUE JIBUKUTEIS C
OIIOPHBIM OCHOBAHHUEM.

JUist yCKOpEHHs pelIeHust 3TOM 3aJayu HeoOXOAUMO 00ECIeunuTh CO3/IaHue
XOJIOBBIX CHUCTEM C MOHMKEHHBIMHU CONPOTUBJICHHEM JBH)KEHUIO U OyKCOBaHUEM,
YMEHBUICHHBIM Y/I€TIbHBIM JIaBJICHUEM B KOHTAKTE U C MOBBIIIEHHBIM KO3 PHUIIUEHTOM
CLEIUIEHUS, KOTOPOE IIOMOKET CYIIECTBEHHO OBBICUTH IPOM3BOAUTEIBLHOCTD TATOBO-
TPAHCIOPTHBIX MAalllMH, YMEHBUIUTh Pacxo] TOILNIMBA U CHU3UThH YIUIOTHSIOIIEE
BO3JICHCTBHE ABWKUTEIICH MAILIMH Ha TPYHT. DTO B CBOIO 04epelb OyAeT criocoOCTBOBATH
6osee 3P PekTUBHOI paboTe TATOBO-TPAHCIOPTHOM MAIINHBI [2].

MarepuaJjbl 1 METOABI

Hauwunas ¢ 2021 rogy komnexktuBoM TexHuueckux kadenp HAO «Topaiirsipos
YHUBEPCHUTET» NMPOBOJMUTCS Hay4YHO-UCCIEJOBaTedbCKas paboTa B pamMKax
rocoromxernoit HUP AP09258862 «Pa3paboTka u McciegoBaHue MHOTOIIEIEBOTO
TPAHCIIOPTHOI'O CPEJCTBAY.

B cootBeTcTBUM C KalleHJApHBIM IUIAHOM IIPOEKTa NEPBOHAYAIBHO IIPOBEICH
aHaJu3 CYLIECTBYIONIMX KOHCTPYKLUHU TPAHCIOPTHBIX CPEACTB JUIsI OOOCHOBAaHUS U
BbIOOpa KOMITIOHOBKH MHOT'OILIEJIEBOTO TPAHCIIOPTHOT'O CPEJICTBA.

[Ipu BBIOOpE KOHCTPYKIMK TPAHCIIOPTHOT'O CPEACTBA Ba)KHEHIIUM IOKa3aTesleM
SIBJISIETCS €r0 XOJ0Basi CUCTEMA, TAK KAK TUI U Ha3HAUYEHUE MAaLIMHBI OIPEIEISAIOT
KOHCTPYKLHUIO €r0 XOJ0BOH CUCTEMBI.

CoBpeMEHHBIE TATOBO-TPAHCIIOPTHBIE MALLIMHBI 110 XOJJOBOM CUCTEME Pa3AEIISIOTCS
Ha KOJIECHBIE M I'yCEHUYHBIE. Y KOJIECHBIX MAILIMH XOJ0Bas CUCTEMa COCTOMT W3
NEPEHETO U 33JHET0 MOCTOB, Yallle BCETO C YEThIPbMs THEBMAaTHYECKMMH IIMHAMHU
HU3KOT'0 1aBJIEHUs OIMHAKOBOIO MJIM Pa3HOI0 pa3Mepa, ¥ IPUBOJOM Ha J1Ba UJIU YETBIPE
KoJieca.

XoznoBas cucTeMa I'yCEHHYHbIX MAallliH COCTOUT U3 I'yCEHHYHOI'O JIBUKUTEINS U
NOJIBECKU. J[BM)KMTENb BKIIIOYAET TYCEHUUYHYIO LI€Nb, BEIYIIME U HAIpaBISAIOIINE
KOJIeCa, OIIOPHbIE KaTKU U IOAIEP>)KUBAIOIINE POJIUKHU, HATSHDKHBIE M aMOPTU3UPYIOLIIE
yctpoiictsa [3].

CpaBHUTEINIBHBII aHAIU3 U CONIOCTABJIEHUE KOJIECHBIX U I'YCEHUYHbBIX MAIIUH pU
9KCIUTyaTallud MX B TSDKENIBIX JOPOXKHBIX, & 0COOEHHO BO BHEIOPOKHBIX YCIOBHSIX
IIOKa3bIBACT MIPEUMYIIECTBO IOCIEIHUX 10 TAKUM Ba)KHEHIIMM IIOKa3aTENsIM Kak
IIPOXOJUMOCTb, IPOU3BOAUTEIBHOCTh, MAHEBPEHHOCTD, TAIOBO-CLIEIIHBIE KaueCTBa,
y100CTBO U HAJIEKHOCTb PaboTHI [4].
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B »TO#i cBf3M, CO3MaHME XOJOBBIX CUCTEM C IOHMKEHHBIMU COIPOTUBIIEHUEM
JBUKCHUIO U OyKCOBaHUEM, YMEHbBIIEHHBIM YJEIbHBIM JABJICHHUEM B KOHTAaKTE U
C TMOBBIIICHHBIM KO3(Q(UIUEHTOM CLEIJICHUS MOMOXET CYIIECTBEHHO HMOBBICHTH
IIPOU3BOJUTENIBHOCTD TSATOBO-TPAHCIIOPTHBIX MAIIMH U YMEHBUIUTH PAacX0/] TOILIMBA.
D710 B CBOIO ouepean Oyaer cnocodcTBoBath Oosee d3hhexkTuBHOM paboTe MaITUH.

OpHUM U3 BapUaHTOB X0JJ0BOM CUCTEMBI IIPU IIPOBEIEHUH aHAJIN3A CYILIECTBYIOLINX
KOHCTPYKLIUHU TPAHCIIOPTHBIX CPEACTB OBLI MOJIYTYCEHUYHBIH JBHKUTEIb.

[TomyryceHUYHBIN IBUXKUTEID SABISETCS KOMOMHALIMEH KOJIECHOTO ¥ TYCEHUYHOTO
aBukuteneil. Kak npaBuiao, ryCEHUYHBIM ABUXKUTEINb SABISETCS BEAYUIUM, U
YCTaHABJIMBAIOT BMECTO 3aJHEr0 KOJIECA, a KOJECHBIM JBMXKUTENb — IEPEIHUM
HarpasJsomum [3].

IIpoBen€HHBIN aHAIN3 KOHCTPYKLHU IIOJIYTYCEHUYHBIX JBUKUTEICH I103BOJIMII
CHENaTh CIELYIOLIUE BBIBOBL:

- HEPAaBHOMEPHOE pacCIpeAeIeHue yACIbHOIO JABJICHUS 10 JUIMHE OIOPHOMU
IIOBEPXHOCTU OTPULATENIBHO BIMSIOT HAa POXOJAUMOCTH U TSATOBBIE KaueCcTBa TATOBO-
TPAHCIIOPTHOM MAllIUHBI,

- )KECTKOCTh XOJOBOW YaCTU OTPaHUUYMBAET CKOPOCTU JBUKEHUS TATOBO-
TPaHCIIOPTHON MAlIUHBI,

- MCIOJb30BAaHUE PE3MHOAPMHUPOBAHHON I'yCEHMIBI, IO CPABHEHUIO C
METANINYECKUMHU TYCEHUI[aMU IIPU OJMHAKOBOM LIHMPHUHE, NIO3BOJIAET OKA3bIBAThH
MEHBIIIEE YIUIOTHSIOIIEE BO3ACHCTBUE HA IIOYBY.

BrimeykazanHble BBIBOJABI YYHTBHIBAJIHCh NMPH BBIOOPE KOHCTPYKLIUHU
IIOJIyTYCEHUUYHOT'O IBUYKUTEIIS TATOBO-TPAHCIIOPTHOM MalIUHBbI [5].

B pesynbTaTe nmpoBeneHHON pabOThl HAyYHBIM KOJUIEKTHBOM pa3zpaboTaHa
KOHCTPYKLHS IIOJyTYCEHUUHOT'O JIBUKUTEIIS TATOBO-TPAHCIIOPTHOW MalIuHBb!I [6, 7].

[TonyryceHnYHbI JBUKUTEND COJIEPKUT NEpEeHEE HalpasJsaiollee Koieco |
C MEXaHM3MOM HaTSKEHUs 2, 3aKpEIUIEHHOE Ha pblyare 3, KOTOPbI YCTaHOBIIEH
Ha I'yCEHMYHOH Tenexke 4. Ha ryceHMUHOH TeneKKe TakKe YCTAaHOBJIEHBI 3aJHEE
HAIpPaBJIIOLIEe KOJIECO 5 U OaaHCUPHbIE KApEeTKHU 6 C ONOPHBIMU KaTkaMu. ['yceHnuHas
TeJekKKa 4 CBA3aHa C OCTOBOM TPAHCIIOPTHOI'O CPEACTBA 7 € MIOMOILIBIO ITPOJOJIBHOTO
pbiyara 8. [Ipo1osibHBIM pelyar 8 0JHUM KOHIIOM LIAPHUPHO KPENUTCS K I'YCEHUYHON
TeNexKe 4, a JpyruM — K OCTOBY TPAHCIIOPTHOIO CPEJICTBA 7 IOCPEACTBOM KPOHIITENHHA
9. B cpennell yacTu mpoOJIOJIBHOIO phluara 8 HIapHUPHO 3aKPEIUIEHBl MEXaHU3M
HATSDKEHHS 2 ¥ IpY>KUHHBIN gemMIipep 10, KoTopelii CBsI3aH C 0CTOBOM TPAHCIOPTHOTO
CpejcTBa MOCPEACTBOM KpoHIuTeiHa 11.

[TosyryceHU4HbIN JBUKHUTENb CHa0XKEH Pe3MHOAPMUPOBAHHBIMH T'yCEHUIIAMHU
12, 3anennsromuiics ¢ BenymuM KosiecoMm 13. Pe3nHoapMupoBaHHbBIE TI'yCEHUIIB
HPEICTABISAIOT COO0H MOHOJIMTHBIE KOHCTPYKILIUH, ApMHUPOBAaHHbIE CTAIbHBIMU TPOCAMHU
14, 3aByKaHU3UPOBAHHBIMU B KOPJIOBYIO PE3MHOBY!O JIeHTY. Ha BHyTpeHHel cTopoHe
T'YCEHHUI] CIIPOQHIMPOBAHBI PE3UHOBBIE 3yObst 15, BHYTPH KOTOPBIX UMEIOTCS 3aKJIaIHbIE
METAJJINYECKHUE 3JIEMEHTHI 16.
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AL ]
CLOBKOLO:\:

Pucynox 1 — [lonmyryceHM4HBIN ABUKUTEND C PE3MHOAPMUPOBAHHBIMU I'yCEHULIAMHU

[lepenaya kpyTsiLIero MOMEHTa OCYILIECTBIISIETCS 3alETTICHUEM PE3UHOBBIX 3yObEB C
BEAYIIUM KOJIECOM, KOTOPasi BMECTO 3yObEeB MMEET MoNepedHble TPyOb! 17 1 BbIIOIHEHA
B BU/JIE IBYX (priaHueB 18, KeCTKO COeJMHEHHBIX MEXIY CO00il.

[TonyryceHnuHsblil 1BHKUTENb paboTaeT ciaenyonum oopasoM. Beaymiee koueco
13, och KOTOpPOU yKperjeHa B KOPIyce TPAHCIOPTHOIO CPEACTBaA, 3aLEIIISETCA C
PE3NHOAPMHUPOBAHHBIMU TYCEHHIIaMU |2 W TPUBOAWT €€ B JBWKEHHUE. | yceHmuHas
TEJIe)KKa 4 TIepeKaThIBACTCS OMOPHBIMH KATKaMH 110 HIDKHEH BETBU I'yCEHUYHOM JICHTHI,
Jexanieu Ha rpysre [6, 7].

[IpennoxeHHBIE BO MHOTHX HayYHO-TEXHUYECKUX HM3JIaHHUIX MaTEMaTHYECKHE
MO/JIEIH, KOTOPBIE PACKPHIBAIOT MEXAHU3M B3aUMOAECUCTBUS I'YCEHUYHOTO IBUXKUTEIIS
C OCHOBAaHHEM U XapaKTep paclpeiesieHusl yAEIbHBIX JaBICHUN, pazpaOoTaHbl Jis
METaJIJIOTYCEHUYHOTO JABMXKUTENS U HE YUYUTHIBAIOT TaKyl0 OCOOEHHOCTh PE3MHOBBIX
TYCEHULI, KaK uX 1e(OpMUPYEMOCTb.

B paborte [8] 1151 BBIsIBIIEHUS 3aKOHOMEPHOCTEN pacIipe/ieieHus AaBJIeHHsI IPUHSTA
cxema, npeiokennas npodeccopom B.B. Kampirunaeim [9], n paccMoTpena dacthb
PE3UHOTYCEHUYHOTO JIBUYKUTEIIS, COCTOSIILIEr0 U3 IBYX ONOPHBIX KaTKOB U PE3UHOBOM
ryceHuiipl. B pesynprare npoBeJeHHBIX UCCIEIOBAHUM IMOJYYEHbl BBIPaXKEHHUS,
XapaKTEepU3YIOLIHe 3aKOH paclpeaeseHUs] HOpMaIbHOIO IaBJICHHS IO ITTMHE OITOPHOI
MOBEPXHOCTU PE3UHOBOI I'yCEHUIIbI

I, [ 2ked
2\ T(k+c,)

(M

2
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b = G.kc,
i = ke bT (.
2k +c) | 2RT (o5 _y). (3)
2k +c,)

PaBHOMEpHOCTH paciipeeeH s JaBJICHUs BIUAET U Ha oKazaTean 3 PEeKTUBHOCTH
paboThl TATOBO-TPAaHCHIOPTHOW MamuHbl. Ha pacnpenenenue naBieHHs MO JJTUHE
OIIOPHOM IOBEPXHOCTU PE3UHOI'YCEHUYHOTO JBUKUTEIS HEMAJIOBAKHOE 3HAUYCHUE
OKa3bIBAa€T HOPMaJIbHAs )KECTKOCTh PE3MHOBOM ryceHuus! [10].

s onpenesieHns HOpMAJIbHOW JKECTKOCTH PE3MHOBOM TI'yCEHMIIBI pacCMOTPUM

IIPOU3BOJIBHBIA MIEMEHT AL TYCEHUYHOU JICHTBI, OTPAaHUYECHHBINA ABYMS CEUCHUSAMH
1-1u2-2.

Pucynok 2 — Cxema K onpeiesIeHUI0 HOPMaJibHOW K€CTKOCTH I'yCEHUIIbI

ITon Bo3zeiicTBIEM YacTH Macchl MalMHbI G, , IPUXOAILEHCS HAa pacCMaTpUBaeMblIit
Y4YacTOK, IPOUCXOAUT Ae(opMalius pe3uHOBOI I'yCEHUIIbI Ha BEIUYHHY Al .

Hopmanbhyto aeopmanuto Ak pe3nHOBOM I'yCEHHIIbI HaliIeM, HCIIOJIb3YsI 3aKOH
I'yka

G.h
.E-S. E) (4)

Al =

I7i€ i — TOJIMHA I'YCEHHULIBI;

E —Moaynp ynpyroctu Marepuania ryCeHUIbI.

S — mIomaab MPOU3BOJIBHOTO YUaCcTKa TYCEHHUII, S =5b-AL .

KoaddurmentT HopManbHOM KECTKOCTH PE3MHOBOW TYCEHHIIBI OTPEEISIETCS TI0

bopmyne

G
C =——. 5
S AR )

rae S — IUIomaab MONepeyHoro Ce4eHus IyCeHupl, S, =h-b.
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Pe3yabTaTsl M 00Cy:KI€HUE

Ecnu nyuna npousBosibHOTO yuactka AL = (0,2 M v mupuHa ryceHunpih = 0.35M ,
[10JTY MM IUIOLIA /b IPOU3BOIBLHOTO yuacTKa rycenuust S = 0,07 M. Torma HopMabHas
nedopmarms npu G, =40KH u h = 0,05 M pasua

1-10*.0.05
M:M:z,&lo—m.
107-0,07

HOpMaJ'IBHaH KCCTKOCTh I'YCCHHIIBI

1.104 .
C.=—— 4310 -=8-10°H/™’.
©17.5-107-2.8-10

Ha pucynkax 3 u 4 nmpuBeleHBl KpHBbIE, MOCTPOEHHBIE MO (popmynam
(I) — (3) nna pe3UHOTYCEHHYHOTO ABUXHTENS Ha CYTJIUHKE MpPH

k=0.5-10°H/; I, =0.4M; b=035M; T=10kH: G, =40xH.
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PucyHok 3 — 3aBUCHUMOCTD yJI€IbHBIX JABICHUH OT HOPMaJIbHOM
JKECTKOCTH PE3NHOBOM I'yCEHHIIBI

108

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

ér

sl

0 § B 24 2 40 GUOHM

Pucynox 4 — 3aBucumocTts Kod(hPuImeHTa OTHOCUTEITLHON HEPABHOMEPHOCTH
pacnpenesnieHus JaBJIeHU OT HOPMAJIBHOM JKECTKOCTH PE3UHOBOM I'yCEHUIIbI

BoiBoabl

B pesynbrare aHanmza 3aBUCUMOCTEN MOXHO CIENaTh BBIBOJ, YTO BO3pacTaHHE
HOPMAaJIbHOM KECTKOCTU DJIEMEHTOB PE3MHOBOI T'yCEHMIIbl BBI3BIBACT yBEIHMUCHHE
MaKCHUMAaJIbHOTO yAEIbHOIO JaBJICHHUSI C aCUMITOTUYECKUM IPHUOIMKEHUEM K €ro
3HAYEHHIO JJIs1 aOCOTIOTHO KECTKOW I'yCceHUIbl. MUHHMalIbHOE YAENbHOE JaBJICHHE
YMEHbBIIAETCS, TAK)KE ACUMITOTUYECKU MPUOIUKAICh K CBOEMY 3HAUCHHUIO IS
a0COJIIOTHO XECTKOM T'yceHulbl. B cooTBeTcTBUM ¢ 3TUM HalltogaeTcss pocT
HEPABHOMEPHOCTH pacIipe/iejIeHHsl JaBJICHHM 10 IJTMHE PE3UHOBOM I'yCEHHUIIBI.

DuUHAHCUPOBaHUE

HUccnegoBanue BBIMOJHEHO B paMKaX T'PAaHTOBOTO (MHAHCUPOBAHUA
(byHIaMEHTaIbHBIX U TPUKJIAHBIX HAYYHBIX UCCIIE0OBAHUHN 110 HAYYHO-TEXHUUECKUM
npoekTtam Ha 2021-2023 roasl mo mpoekty AP09258862 «Pa3paboTka u nuccieoBaHue
MHOTOIIEJIEBOTO TPAHCIIOPTHOTO CpeacTBay», puHaHcupyemblii KomureTom Hayku
MuHucTepcTBa HayKH U BhIcIiero oopazoBanus Pecryonuku Kazaxcras.
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TAPTY-KOJIIK MAIIMHACBIHBIH IIBIHKbIP TABAHBIHBIH
THUIII MEH KYPBIJIBICBIH TAHJIAY MOCEJIECI

Maxanaoa AP09258862 «Ken cananvl KoK KypaibiH JcoOANay JHeoHe 3epmme)y
Memaexemmix 6r00xcemmik F3XK ascvinOazbl ebliblMu-3epmmey HCYMblCIMAPLIHBIH
Homuoicenepi keamipineen. Tapmy-Konik MawUHAIApbIHbLIY 0aMy MeHOCHYUSIAPb
Kapacmulpbulibln, 01aPObIH KYPbLIbIMbIH 00AH 9PI Hceminoipy Heon0apbl KOPCemiieeH.
Mawunanapowiy  sicymvic  Kepcemkiwmepin  dcakcapmy basblmmapbiHbly  OIpi
mapmy-KoiK MauuHaIapbIHbIY JHCYPIC JHCYUecin dcemindipy 60.1vin mabdwviiaob.

3epmmey  mvicamvl  peminde  OOH2ANAK ~ JHCOHE  WIBIHIICHID — MAOAHObI
KO32aNMKbIUMapobly KOMOUHAYUACHL OONbIN MAOBLIAMbIH HCAPMBLIAT UWIHIHCHID
mabanovl  Koz2anmkblui  manyoandvl. Kondauwvicmaser  dicapmuliail  WbIHHCHID
MmabaHobl KO32aAMKbIUMAPObIY KYPbLIbICHIH MAN0Ay He2i3iHOe 2bLIbIMU YIHCHIM
Mapmy-KeiK MAWUHACLIHBIY HCAPMBLIAL WBIHIHCLLD MADAHObI KO32ANMKbIUbIHbIY
AHCAHA KOHCMPYKYUACBIH dc00anaovl. Kozeanmypiumoly cunammamacul Keimipineen.

111



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

Conoaii-ax, wvlHICHIp MaAOAHObl KO32AIMKbIWmMblY mipek Oemimen o3apa
opeKemmecy MeXaHU3MIH JCOHe HAKMbl KblCbIMHLIY Mapanry CUNAmvlH aulambit
MAMEMAMUKATLIK  MO0enb0epoi manday Heeizinoe onapovly Oapivlebl Memail
WBIHIICHID  MAOAHObl  KO32ANMKbIWKA — APHAN2AH  JICOHE DPE3eHKeNl  WUbIHIICHID
MaOaHHbIY 0ehoOpMayUsIcybl CUSKMbL ePeKULeNiciH eCKepMeumini anblKmandvl. Opi
Kapai, 3epmmey 0apviCblHOA, pPe3eHKedl WbIHICLIY MadaHHuly mipek Oeminiy
Y3bIHObI2bL OOUBIHUWA MIK KbICHIMHBIY MAPALY 3aHbIH CUNAMMAUMbIH OpHeKmep
maowvLnowl. KvicvlMHbly OipKeaKki mapaiyvl mapmy-KeaiK MAuuHACIHbIY MUIMOLTIK
Kepcemxiwmepine de acep emeodi. Kvicvimuviy mapanyvl yuiin pe3eyKeni ublHIiCbID
MAbanHbIY MIK KATNMbLIbIZbL MAHBIZ0bL.

Maxanada peseykeni wblHdCLIp MAOAHHBIY MIK KAMMBLIBISLIH AHBIKMAY2a
apHanean epHexmep YCoblHblI2aH.

Kinmmi ce30ep: mapmy-kenix Kypauvl, JCypic KHcyueci, Heapmvliail UWbIHICHID
Mabanobl KO32aAmKbll, pe3eyKeni WbIHICHID Mabau, miK KammoliblK.

K. K. Abishev', *A. D. Suleimenov’, K. B. Assylova’
123Toraighyrov University,

Republic of Kazakhstan, Pavlodar.

Material received on 01.06.23.

ON THE ISSUE OF CHOOSING THE TYPE AND DESIGN
OF THE TRACKS OF A TRACTION TRANSPORT VEHICLE

The article presents the results of the research work within the framework
of the state-funded research AP09258862 «Development and research of a
multipurpose vehicley. Trends in the development of traction and transport
vehicles are considered and ways to further improve their design are indicated.
One of the ways to improve the performance of machines is to improve the running
system of traction vehicles.

The object of the study is a semi-tracked propulsion, which is a combination
of wheeled and tracked propulsion. Based on the analysis of the existing designs
of semi-tracked propellers, the research team has developed a new design of a
semi-tracked propulsion traction vehicle. The description of the mover is given.

Also, based on the analysis of mathematical models that reveal the mechanism
of interaction of the crawler mover with the base and the nature of the distribution
of specific pressures, it was found that they are all designed for a metal-tracked
mover and do not take into account such a feature of rubber tracks as their
deformability. Later, in the course of research, expressions were obtained that
characterize the law of distribution of normal pressure along the length of the
support surface of the rubber track. The uniformity of the pressure distribution also
affects the performance indicators of the traction transport machine. The normal
stiffness of the rubber track has an important effect on the pressure distribution.

The article offers expressions for determining the normal stiffness of
a rubber track.

Keywords: traction vehicle, running system, semi-tracked propulsion; rubber
track, normal stiffness.
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STUDY OF THE CONSTRUCTION OF A MOBILE OVERPASS

The ecology of the city depends on many factors. Such factors include congestion.
Congestion negatively affects the ecological and economic condition of cities and
megacities. To solve this problem, a new design was developed to combat congestion
— a mobile overpass. The design is used to eliminate traffic jams on the roads. The
article describes the structure. The design consists of two main modules. The article
discusses the assembly of the structure. The height of the structure allows passenger
buses to pass under the structure. The width of one module in one direction is 3.5 m,
which ensures the width of the car. The design allows you to increase the intensity of
traffic at the intersection during rush hours or during any crowded events. The issues
of calculation and construction of a mobile overpass were considered. Finite element
and finite difference methods were used to calculate the design.

The described theoretical basis of calculations will allow work out various types
of mobile overpass constructions which provide their strength, rigidity and stability
according to the conditions.

From the described theoretical investigations it is possible to construct practical
portable car overpasses. The use of a portable road overpass on the city’s road
network allows increasing the safety and efficiency of traffic management.

Keywords: mobile overpass, ecology, environment, articulated flexible
connection, traffic congestion, finite element methods, finite difference methods,
anthropogenic activities.

Introduction

Humankind has been closely interlinked with the environment throughout the life.
Today, the impact of humans on the environment is considered as one of the global
problems in the world.

One of these reasons that affect the environment is vehicles. Research works have
shown that during congestion heavy metals accumulate in soil and groundwater so they
negatively affect the environment as a whole. Based on this, one of the ways to solve
the ecological situation of the city is to reduce the number of congestion.

In order to reduce the negative impact of vehicles during congestion on the
environment, we propose the construction of a portable fast-assembled overpass to
reduce emissions during congestion. In this regard, the description, calculation and
introduction of the portable overpass construction into the road system will be one of
the ways to solve the environmental problem.
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Portable overpasses are mobile in construction which provides quick delivery and
assembly of the structure to problematic sections of roads.

According to analyses conducted on patent bases the construction of a portable
overpass has no analogues in the world [1].

Materials and Methods

The portable overpass (Figure 1) is used to eliminate traffic congestion in
problematic sections of the road. The structure consists of modules which in turn are
assembled and disassembled.

Figure 1 — Mobile overpass

The construction is delivered to sections with road congestion and is installed over
the lane. This allows movement of vehicles in the perpendicular direction [2-5].

The portable overpass consists of several modules and is assembled on the site in
a short time. The construction quick assembly - disassembly is carried out due to the
use of a unified hinged-malleable connection. The structure is delivered to the problem
area using tractors on its own chassis. Assembly of the structure is carried out due to
lifting of wheels and lowering of retractable supports. Connection occurs by lowering
the opening part at the upper point and lowering the lower part (Figure 2).
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Figure 2 — Assembling a mobile overpass

The construction meets traffic conditions; the installation of the construction does not
interfere the dimensions of the roadway. The height of the passage under the structure is
4.5 m. and the width of one lane satisfies the traffic conditions which is 3.5m. The use
of the portable overpasses construction improves the logistics of the city, improves the
ecological condition of the city, in addition, it favorably affects the city economy [6-9].

During installation the structure must provide stability and strength so that cars can
pass through the structure without stopping during congestion. In this regard, calculations
were made using the finite element method and finite differences.

Surface of the portable overpass carriageway is represented by orthotropic plate.
For finite element calculation the orthotropic plate is divided into four elements and
for each element there was composed a canonical equation. Taking into account the
boundary conditions and there was determined the stiffness matrix of the final element
from which was calculated the deflection in the center of the orthotropic plate.

Calculates an orthotropic plate by finite difference using an approximant equation.
The surface of the orthotropic plate is divided into rectangular grids, according to which
the resolution matrix of the finite difference method is composed. And also it is obtained
the extrapolation of results by which value of plate deflections in center.
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There was developed the method for calculating the supports of a portable overpass
based on mathematical theory which allows preventing a surface fault of an asphalt
concrete surface [10].

Results

According to the results of calculations carried out using the methods of finite
elements and finite differences on the bend of the orthotropic plate of the portable
overpass, the values are almost the same. In this regard, the fidelity of the calculations
is confirmed, which in turn according to the calculations provides strength and
stability for the structure. Spatial frame of orthogonally oriented module is calculated
by displacement method. Strength and stability conditions of struts and girders were
checked. The calculations were compared with the results of a mathematical experiment:
by calculating the values of internal forces using the finite differences method [11].

Based on the results of calculation, the boundary conditions of the portable overpass
construction with a large margin provide greater strength and rigidity. The hold studies
made it possible to propose a new constructive solution - a portable overpass that can
reduce traffic congestion on the roads.

Discussion

Compared to other methods of combating traffic congestion to improve the
ecological state of the urban environment, the portable overpass is the most relevant
construction and method of solving congestion. Since, the methods proposed before
that to eliminate congestion have their drawbacks.

Conclusion

The article set the goal of reducing congestion and exhausts emissions to improve
the ecological state of the urban environment. Despite the fact that many studies are
devoted to the problem of ecology arising from congestion, so far no effective way has
been proposed to solve this problem.

The described theoretical basis of calculations will allow work out various types
of mobile overpass constructions which provide their strength, rigidity and stability
according to the conditions.

From the described theoretical investigations it is possible to construct practical
portable car overpasses. The use of a portable road overpass on the city’s road network
allows increasing the safety and efficiency of traffic management [12—13].
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MOBWJIBAI ECKEPTYIIH K¥PbBLJIBICBIH 3EPTTEY

Kananwiy oxonocusicet kenmezen ¢haxmopaapea oailnianvicmol. MyHoaii
gaxmopnapea kenmenic scamaowvl. Kenmenicmep xaianap men meeanoaucmepoiy
IKONOSUSLTIBIK, HCOHE IKOHOMUKANBIK dHcaes0auibiia mepic ocep emedi. bByn moceneni
wewly Ywin KenmeaicneH Kypecyoiy dcana OU3AUHbL IHCACATObI-HCHLINCLIMATbL
acmaxkaoa. Kypueinvic socondazvl kenmenicmepoi x#coro yutin Konoansliaovl. Maxanaoa
KypoulabiM cunammaneatn. Jusain exi Heeizei MooyivOen mypaowsl. Maxanaoa
KYPbLIbIMObL KYPACMbIPY KApAcmulpbliadwsl. Kypviivimusiy Ouikmiei scorayutvliap
asmooOycmapuinbly AcmvlHaH oemyine MYMKIHOIK Oepedi. Bip 6asvimmazer 0Oip
MoOyavoiy eni 3,5 m, oyn saconuviy llupu kammamacers emeoi. Jusaiin kapbaiac
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Vakulmma Hemece Ke3 KeleeH aoam KON JICUHAIAMbIH  ic-uapanap KesiHoe
KUBLIbICHA2bl KO32AAbIC KAPKLIHOLLIbIZHIH APMIMbIPY2ad MYyMKIHOIK Oepedi. Moouiboi
ICMAKAOAHBL ecenmey JHeoHe cany mocenenepi Kapanovl. Kypulivimovl ecenmey yuin
AKbIPIBL JIEMEHTNIMED MEeH aKbIPIbL AUBIPMAUBLILIKINGD 90icepi KOIOAHBLIObI.

Ecenmeynepdiy cunammanean meopusivik Hezizi HCyMuiC dHca20aiiapvina
bauianvicmul  01apOLIY  Oepikmicii, KammvlibleblH —JCOHe  MYPAKMbLIbIbIH
KAMIMAMAcyl3 ememin JHCbLIHCOIMATbL JHCON KYPbLIbIMOAPLIHbIY OPMYpPIl mypaepit
arcacayea MymKiHOIK bepeoi.

Cunammanean meopusivlk 3epmmeyiep Heli3inoe npaKkmuKaiblk nopmamueni
asmomobunb scmaxadarapvin canyea 6onaovl. Kananvly xewie-dcon gcenicinoe
MACBIMAIOAHAMBIH HCOJL ICMAKAOACHIH NAUOAIAHY JHCOT KO32AMbICLIH 0ACKApYOblH
Kayincizoiei Mmen muiMOoiniein apmmuipyea MyMKIHOIK Oepedi.

Kinmmi co30ep. scoliscoimanst 3cmaxaod, 9K0102Us, Kopuiazam opma, moncansl
uxemoi Oauiamvic, JHCON KeNnMeici, axblpivl daemeHmmep odicmepi, aKblpibl
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HCCJEJOBAHUE KOHCTPYKIIMA MOBHUJIBHOM DCTAKAJIBI

Dkonoeus 2opoda sasucum om Mmuoeux ¢axkmopos. K makum gaxmopam
OMHOCAMCSL  3aMOpbl.  3amMopsbl  He2AMuGHO  GIUAIOM  HA  9KOJ02UYecKoe U
IKOHOMUYECKOE COCMOAHUE 20POO08 U Me2ANOAUCO8. Ymobdul pewums smy npodiemy,
ovLia paspabomana HOBAsE KOHCMPYKYUsL 0711 OOPLOBL C 3aMOPaAMU — NEPeOBUINCHASL
acmakada. Koncmpykyus ucnonvzyemcs 01 ycmpanenusi npooox Ha dopozax. B
cmamve onucana cmpykmypa. Konempyxyus cocmoum uz 08yx 0CHOGHbIX MOOY1ell.

B cmamve paccmampusaemcs coopra xoncmpykyuu. Bvicoma xoncmpykyuu
N036051€M NACCANCUPCKUM  asmobdycam npoesdxcamv noo Heil. [llupuna oonozo
MO0V 6 OOHOM HAnpagieHuu cocmasisiem 3,5 M, umo obdecnedugaem WUpuHy
6acona. Koucmpyxyus nossonsiem ygeauuums UHMEHCUBHOCTHL OBUICEHUST HA
nepexpecmie 8 4achl NUK Wiy 80 8PeMsl IH0ObIX MHO20IIOOHBIX Meponpusmuil. bviiu
PACCMOMPEHbL 8ONPOCHL pacyema U Cmpoumenrbcmed MooOULbLHOU scmaxaovl. s
paciema KOHCMpPYKyuu Obliy UCHONb30BAHbL MEMOObl KOHEYHBIX INeMEHMO8 U
KOHEYHIX pa3HOCmell.

Onucannas meopemudeckass OCHO8A PACYemO8 NO3GOIUM  paspabomamy
PpaziuuHvle munsvl MOOUTLHBIX NYMENnPOBOOHBIX KOHCIMPYKYUL, 00eCneyusanuux ux
NPOUHOCTb, HCECKOCHIb U YCMOUYUBOCYb 8 3AGUCUMOCHIU O YCA0BUL IKCHILYAMAYULL.

Ha ocnose onucannvix meopemuueckux uccied008anutl. MONCHO NOCPOUNND
npakmuyeckue — NnepeHocHvle  A8MoMOOUTbHble — dcmakaowvl.  Hcnonvzosanue
NEPEHOCHOU OOPOICHOU ICMAKAOLL HA YAUUHO-O0PONCHOU Cemu 20p00d NO360Ji5em
nosvicumb 6€30NACHOCIb U IPHEKMUSHOCTb YNPABGTICHUSL OOPOICHBIM OBUINCEHUEM.

Kniouesvie crosa: nepedsudicnas scmaxada, 9K0I02Us, OKpyicarouas cpeod,
UWAPHUPHO-COUTIEHEHHOe 2UDKOE COeOUneHUe, OOPOICHBLE 3AMOPbL, MEMOObL KOHEUHbIX
NEMEHMO8, MEMOObl KOHEYHBIX PASHOCTEL, AHMPONO2EHHAS OesSIMETbHOCHID.
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Ilposeden ananuz menoeHyull UsMeHeHUs NApaMempos CMA30YHOU CUCTHEMb]
ousenell  npoyecce IKCRLYAMAyUll ¢ KOIUYECMEEHHBIX U KAYeCMBEHHbIX NO3UYULL.

C yuemom OKCNOHEHYUANbHOU 3ABUCUMOCTU 3A30pa  OM HApaboOmKu 6
pabome nonyueHa 3a8UcCUMOCMb 0AGIEHUs MACia om Hapabomku. B pezynbmame
mamemamu4eckou — 00pabomKu  IKCHEPUMEHMANbHBLIX — OAHHBIX — OnpedeieHa
3a6UCUMOCIb  0AGIEHUsl 8 CUCmeMe CMA3KU Om Hapabomku ogueamenei O
asmomoobunen KamA3-740 u AM3-236.

IIpogedennvle pacuemHno-ananumuyeckue u IKCRePUMeHmManibHble UCCIe008aAHUS.
NOKA3GAU, 4mo MOIWUHA MACTAHO20 CIOSL 6 3ABUCUMOCU OMm  HAPAOOMKU
CHUDICAemcst NO IKCNOHEHYUAnbHoU 3agucumocmu. Mamemamuueckas obpabomka
IKCNEPUMEHMATILHBIX —~ OAHHLIX — NO360JUNA  ONpeOdelums — napamempsl — 9mou
sasucumocmu 0nst 0sueamenetl KamA3-740. [lpusedenvr mpu smana mpeHusi, ucxoos
U3 YCro8ull 63auMOOeUCmBUs MUKPO BbICIYNO8 CONPAICEHHBIX NOBEPXHOCMELL.
Ha nepsom smane 00 eenuuunvl moawuHvl MAcisiHo2o closi He menee 20 MKm
Habmo0aemcs: 61a20NPUSMHBIL PENCUM HCUOKOCHO20 MPEHUsi C OYeHb MAalol
BEPOSIMHOCHIBIO KOHMAKMA MUKpo evicmynos. Ha emopom smane npu eenuyure
TMC om 20 0o 15 MKM nogvliuaemcst 6eposmHOCHb KOHMAKMA MUKDPOBLICTIYNOS
u Habodaemces nonyrcuoKkocmuoe mpenue. Ha mpemvem smane npu h < 15 mxm
BHAYUMENbHO 803PACMAEN 8EPOSMHOCHb KOHMAKMA MUKDPO 8bICIYNO8G, YO MOJNCEM
npusecmu K npo8opavUBaHUI0 6KI1AObIULELL.

CHudicenue — 8s3KOCMU  MACIA — NOBbIUAEN — BEPOIMHOCMb  HAPYULEHUS.
2UOPOOUHAMUYECKO20 MpPeHUs: 8 conpsiicerusiX. OOHUM U3 8ANCHBIX KOHMPOIUPYEMbIX
napamempos CMAa30uHoOl CUcmembl S8IAemcs yposensb macia 6 kapmepe. OOHako
oaice npu HEUSMEHHOM YPOBHE KauyeCMmEeHHble NOKA3AMenu Mo2ym 3HAYUmMenbHo
Paziuuamocst. Jmo HeobX00UMO y4umvleams npu paspabomke cucmem 60pmosoo
OUACHOCMUPOBAHUsL OU3eell.

Kniouesvie cnosa: oOusenvb, cmasoumas cucmemad, U3HOC, paAcXo0 MAcad,
KOIUYEeCMBEHHbIE USMEHEHUs], KAYeCMBEHHbIe USMEHEHU.
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Beenenune

OnHoM 13 BAXKHEUIIINX YacTeH U3€eIs, ONPEACIIAIONINX €ro HaI€KHOCTh, SIBJISIETCS
cmazouHas cuctema. Ha e€ nomro nmpuxoaurces 1o 15 % orkas3oB aBurarens, a or eé
coctostHus 3aBucHUT emé 25 % [1, 2]. B coBpeMeHHBIX aBTOMOOMIBHBIX JHU3EIAX
UCIIOJIB3YIOTCSI CMa30YHbIE CHCTEMBI pa3audHbIX TUMOB. [1o Mepe dopcupoBanus
JU3eNiell COBEpIIEHCTBYETCS M cMa3ouHas cuctema [1, 2]. VBenuuuBaeTcs 00bEM
MAaCJISTHOTO KapTepa, yCTaHaBIMBAETCS TEIJIO0OMEHHUK BMECTO MACIISTHOTO paJraTopa,
MOBBIIIAETCS JaBJICHUE MAciia, U3MEHSIOTCS PEryJIMPOBOYHBIE TAPAMETPhI U BBOJISITCS
JIpYTU€ YCOBEPLICHCTBOBAHUS.

[TapameTpbl cMa304HOI CUCTEMBI IU3ENsI 3HAUUTEJIBHO U3MEHSIIOTCSL B MPOLECCce
JKCILTyaTaluu. ITO MOXKHO OOBSICHUTH KOJTMYECTBEHHBIMU U Ka4YE€CTBEHHBIMU
npoueccamu (pUCyHOK 1).

ITapameTpsl cMa304HON CHCTEMBL

— T

KommuecTBennbe KauecTBeHHEIE COBMeCTHBIE

—> Hpo]{ggo);[[{'re TLHOCTE CTapCHl{C mMacia H3MmeHeHNE BHOA
MAacCJIAHOIO Hacoca PazxmxeHne macia TPEeHHSA IPH

> PerynmupoBKka KJammaHoB WU TOIUTHBOM Pa3IUYHON TONIIHHE
dunsTpoB Pasxmxenne macia MAaCIISTHOTO CIIOS

—>3a30pEl B MOAIIMITHHKAX TOCOTIOM KoMmnencarisa yreuek
KOJICHYATOTO Bajia U yrapa mMacia 3a cu4ér

—> VYrap Macna IonafaHus B HETO

> VTeuku Macia TOILIHBA

Pucynok 1 — XapakrepucTrka mapameTpoB CMa304HOM CUCTEMBI

[TockonbKy MPUHIIMIT CMa3bIBaHHUS SJIEMEHTOB JBUTATENS PA3IMYHBIN, TO U PACXOJ
Yyepes3 HUX M0 pa3HOMY M3MEHSETCs B Ipoliecce dKCITyaTaluu. Tak, yepe3 MOAIUITHUKH
KOJIEHYaToro Baja npokaduBaetcs 10 60—70 % Bcell mogayu OT MacCJISTHOTO Hacoca.
PenykumoHHBIN KTaaH OrpaHU4YUBaET IaBJICHUE B CMa30YHOM CHCTEME U 00ecTieunBaeT
cTabUIIBbHOE JaBJICHHE MTPH 3HAUNTENBHON HApaOOTKe TU3es.

MaTtepuaJjbl 1 METOIbI

[MoamunHUKKY KOJEHYATOro Baja OTHOCITCA K JUHAMUYECKU HATPYKEHHBIM
CONPSKEHUSIM, B KOTOPBIX KpOME JEeMCTBUSA OCHOBHBIX HArpy30K, M3-3a HAJTHYH
3a30pOB B CONPSDKEHUSIX MOSBIISIIOTCS TOTOJHUTENbHBIE TUHAMHUYECKHE HArpy3KH,
00yCIOBJI€HHBIE YCKOPEHHBIM OTHOCHUTEJIbHBIM MepeMelleHueM JaeTaneil B
npenenax 3azopa. [IpuHsB mo pesynbraTaM ucciaegoBanuii M. M. XpyioBa npsimMo
MPOMOPIUOHATFHYIO 3aBUCUMOCTh HMHTEHCUBHOCTH M3HALIMBAHUS 0. OT JABJICHUS P B
30He TpeHus, . H. ABnoHbkuH [4] mOTy4drs IpsiMO TPONOPHHUOHATIBHYIO 3aBUCUMOCTh
o oT u3Hoca AS.

Pemas sTo nuneitnoe nuddepeninanbHoe ypaBHEHHE, OH 000CHOBAII, YTO OOIIHIA
M3HOC B MpOIIecce HKCIUTyaTaIl[il BO3PACTAET 10 SKCIOHEHIIUATbHON 3aBUCHUMOCTH
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_ bl
S=S5,¢e", 1)

da UHTCHCUBHOCTH H3HAIIMBAHHUA C YUCTOM ypaBHeHI/IfI BO3pacTac€T TaKXE 11O
BKCHOHGHHI/IaHBHOﬁ 3aBUCHUMOCTH

o = aoeb], (2)

rjae o, S, — COOTBETCTBEHHO MHTEHCHBHOCTh M3HANIMBAHMSA M U3HOC B KOHIIE
npupabOTKH, IPUBEACHHBIC K Hauary skcruryaTanuu (1 = 0);

b — U3MeHeHNne MHTEHCUBHOCTH W3HAIIMBAHUS HA €MHUILY U3HOCA JIeTaJIeH.

C yueToM 3KCHOHEHLMAIbHON 3aBHCUMOCTH 3a30pa oT HapaboTku (1) B pabore
[1] momyyeHa 3aBUCHMOCTH JAaBJICHUS Macja OT HapaOOTKH

a

= ror =R ®)
0

a
rae P =——— 1aBjeHue B KOHIE NPUPabOTKa, NPUBEIECHHOE K Hauasly SKCILTyaTalluu,;
0
bp = m - b — sKcHIepUMEHTaIBHBIN TapaMeTp;
a — KOHCTPYKTUBHBIN U PEXKUMHBIN napameTp [4].

P4

P, x
‘}\ |bp3|>|bp2|>|bpl|

(|b93|>|b92|>|bp!|)

>

|

Pucynok 2 — K nonsituio cMsicia napametpoB Pou b, : p,— nasnenue,
OTPaHUYEHHOE PEAYKLIHNOHHBIM KJIaraHOM

[Ipu HHU3KOM CKOPOCTHOM pEXHME JIBUTATEINsI JaBJICHHUE B CHUCTEME CMa3Ku
CHIYKAETCs Cpa3y e C Hayvalla SKCIUTyaTallid, a MpU HOMHHAIHLHOM CKOPOCTHOM
pexuMe, KOrja JaBjeHHUE OTpaHMYUBAETCS PEAyKIMOHHBIM KJamaHOM, J1aBJICHHE
HEKOTOPOE BpeMs IMOCje Hayaia 3KCIUTyaTalliyd OCTAeTCsl MOCTOSHHBIM (COTJIacHO
PEryJIHpPOBKE PEIyKIIMOHHOIO KJamaHa), a 3aTeM CHUXKAeTCs M0 MEpe YBEIUYCHHS
3a30pOB B MOJIIMITHUKAX KOJEHYATOro Baja. ['€OMETpUUECKHI CMBICIT TAPaMETPOB P,
u bp MoKa3aH Ha puc. 2 [5, 6].
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PesyabTaTsl U 00cyKI1eHue
Pe3ynbpTaTel MaTeMaTnueckoii 0OpabOTKH SKCIMEPUMEHTAIBHBIX JAHHBIX IO
3aBUCUMOCTH (3) MpUBEIAECHBI HA PUCYHOK 3.

p, MlMa 0,6

o4 0,5 %ﬁgk‘.\x@{

0,3 - 1 o \@ 2
0,3 % T~

0’; %&Q*TO--@T 0,2 %3%%

21
40 80 120 160 lTbickM (1 po N

40 80 120 160 l.TbiC.KM
PucyHok 3 — 3aBUCHMOCTH JIaBJICHUS B CUCTEME CMa3KH OT HapaOOTKHU JIBUraTesei:
1 — KamA3-740; 2 — 5IM3-236 (6e3 mTpruxa — HOMMHAIBHBIA PEKUM,
CO IITPUXOM XOJIOCTOTO Xoja) [1]

0,2

3aKOHOMepHOC CHIDKEHHE J1aBJICHUS B CHUCTEME CMa3KH ABHUTaTelIe U3MEHSET
ycCi1oBUud TPCHHUS NOAIIMUIIHUKOB KOJICHYATOI'O Balia. HpOBeﬂeHHHe pacyYCTHO-
AHAJIUTUYCCKUC U SKCIICPUMCHTAJIBHBIC UCCIICIOBAaHUA [7, 8] IIOKa3ajir, 4TO TOJIIIMHA
MacCJIsIHOT'O CJ10A (TMC) B 3aBUCHUMOCTH OT Hapa60TKI/I CHIDKAETCS 110 DKCIOHEHIIMAILHOM
3aBUCHUMOCTH

h=he ", (4)

rae i, — TMC B xoHIe NpupabOTKH, NpUBEAEHHAS K HAa4Yaldy JKCILTyaTalldH,
omnpezensieMass KOHCTPYKTUBHO-TEXHOJOIMYECKUMH NapaMeTpaMu MOAIINITHUKA,
PEXKUMOM PabOTHI IBUTATENIS, CBOMCTBAMH Macia;

b — mapameTp, YUYUTHIBAIOIINN BIUSHUE U3HOCA HA UHTEHCHBHOCTh U3MEHEHUS
TEXHUYECKOTO COCTOSIHUSI MOAIINITHUKA.

MaremaTtnueckas 00pad0oTKa HIKCIIEPUMEHTAJIBHBIX JaHHBIX I03BOJINIIA ONPEIETUTh
napameTpbl 3Toi 3aBucuMocTu Jyist neurareneit KamA3-740 [9, 10, 11].

3aBUCUMOCTS (5) npuBeeHa Ha PUCYHKE 4. 37eCh IPUBEIAECHBI TPU ATara TPEHUsI,
UCXO/s U3 YCIOBHUI B3aUMOAEHCTBHSI MUKPO BBICTYIIOB COIPSIKEHHBIX TTIOBEPXHOCTEI.
Ha nepsom 3tane 1o Bennunasl TMC He MeHee 20 MKkM HaOJr0gaeTcst 0J1aronpusITHBIN
PEXUM KUJIKOCTHOTO TPEHUS C OUEHBb MaJIOH BEPOSTHOCTHEO KOHTAKTa MUKPO BBICTYIIOB.

h=50e""" (r=0,95) (5)

122

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

h, MKM
40

30

20

10
A

0 40 80 120 160 I, TbIC.KkM

Pucynok 4 — 3aBucumocts TMC ot HapaboTku asurareneit KamA3-740:
I — o6nactp xuIKOCTHOTO TpeHus; I — mepexoaa B MOTYKHUJIKOCTHOE TPEHUE;
III — moIy’XMIKOCTHOIO TPEHUS

S

Ha Bropom stane npu BennunHe TMC ot 20 10 15 MKM TOBBIIIAETCSI BEPOATHOCTD
KOHTAaKTa MUKPO BBICTYIIOB M HAOJIFO1aeTCs Oy KUKOCTHOE TpeHue. Ha Tpetsem stane
npu h < 15 MKM 3Ha4MTENBHO BO3PACTACT BEPOSTHOCTh KOHTAKTa MUKPO BBICTYIIOB,
YTO MOJKET IPUBECTU K IPOBOPAYNBAHUIO BKJIAJIBILIEH.

Pacxopn macia Ha yrap B mpoliecce 3KCIlyaTtaluu orpaHuuuBaercs 2—-2,5 % ot
pacxona torusa [2, 6]Ne Ero BenmunHa Bo3pactaeT nocie npupaboTka (pUcyHOK 5)
10 PKCTIOHEHITUAJIBHOU 3aBUCUMOCTH (6)

_ bl
O=0e (6)
rae Q, — pacxoja macia Ha yrap B KOHIE NPUPAaOOTKH, NPUBEACHHBIM K Havaiy

skcrutyataruu (1 = 0);
b — n3MeHeHNe HHTEHCUBHOCTH U3HAIINBAHNUS Ha CAUHUIY U3HOCA HeTaﬂefI.

123



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

Q, %
)l
/
J
10 7
’
/
r
/
8 £
/
2
e
/
6 /"
;
&
e
r
4 -
-
/, OU
"_/ 1 ]
s - il
- rtog_f&&%rpo
— o 0d
WM
0 |

50 100 150 200 250 300 350

|, TRIC. KM

Pucynox 5 — 3aBucumocTb pacxoja mMacia Ha yrap B % OT pacxojia TOILTUBA
nsurareneit KamA3 B nepuop nocne npupadotku: 1 — KamA3-Espo; 2 — KamA3-740
VYTeukn Macia 4yepe3 HEIUIOTHOCTH HE UMEIOT YETKOM TEHACHIIMH B IIpoLiecce
JKCIUTyaTalyy, a 10 BEJIUYMHE COM3MEPHUMBI C PACX0I0M Ha yrap

BriBoabI

KauecTBeHHbIE U3MEHEHHUS CBSI3aHBI C XUMHUYECKUM COCTABOM M (PU3UYECKUMHU
cBOiicTBaMHU Macia. B Xoje Ci10XHOro mpoliecca CTapeHHs KOMIIOHEHThI Macia
OKHCIISIIOTCS, TIOJIMMEPHU3YIOTCS, HEUTPATU3YIOTCA. DTO OTPAHUIMBAET CPOK CITYIKOBI
Macia. 3HaYUTebHbIE KaUeCTBEHHbIE H3MEHEHHS Macia IPOUCXOIAT MPH MOIAJaHUH
B HETO TOIUIMBA [IPU HEUCIIPABHOCTSX CUCTEMBI MUTAHUS. AHAIOTUYHOE IPOUCXOIUT
IpY NOMNaJaHUM B HETO OXJIAXJAIOMIEH KUAKOCTH IPU HEUCIPABHOCTSIX CHUCTEMBI
OXJIaXKICHUSI.

CHU)KEeHHME BSI3KOCTH Maclia MNOBBIIIAET BEPOSITHOCTh HApyUIEHUS
TUIPOJIMHAMUYECKOT0 TPEHUS B conpsikeHUsIX. OTHUM U3 BaXKHBIX KOHTPOJIUPYEMBIX
apaMeTpoB CMAa30YHOW CHCTEMBI SIBIISIETCS YPOBEHb Macia B KapTepe. OHaKko Jaxe
IIPY HEU3MEHHOM YPOBHE Kaue€CTBEHHbIE IIOKA3aTEIN MOT'YT 3HAUUTEIbHO Pa3IN4aThCs.
DT0 HEOOXOUMO YUUTHIBATH NIPH Pa3pabOTKe CHCTEM OOPTOBOTO JHATHOCTUPOBAHHUS
JU3EIIEH.

HcTouyHuK (puHAHCHPOBAHUSA MCCIEA0BAHUN

AsrorpancnoptHoe npeanpusitue OO0 «I a3npom Tpancras Caparosy (r. CapaTos),
Poccus.
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JU3EJIbII MAWJAJAHY MPOLECIHJIE MAJIAY
"KYWECI MAPAMETPJIEPTHIH CAHJIBIK
’KOHE CAMAJIBIK O3TEPICTEPIH TAJIJAY

Haiioanany npoyecinoe ouzenvbOepliy mauaay ucyteci napamempiepiniy
CAHOBIK JICOHE CANANbIK NO3UYUSALAPOAH 632epy ypoicmepine maniday Heypeizinoi.
Canvlnayovly  JHCYMbIC  YAKbIMbIHA — OKCHOHEHYUAnovl maoyenodinicin  ecxepe
OMBIPBIN, MAll KblCOIMbIHBIH HCYMbIC YAKLIMbIHA MOYeN0iniel anblHaObl.

Oxcnepumenmmix  0epekmepoi  MamMeMamuxkanivlk oHoey Homudicecinoe
matinay scyiiecinoeei Kbicoimubly KamA3—740 ocone AM3—236 asmomobunvoepine
apuanean Ko32aimgbliumapovly HCYMblCblHA Mmoyenoinici aHblKkmaiobl.

JKypeizineen ecenmey-ananumuKkanbli HCoHe IKCNePUMEHmMmIK 3epmmeyiep
AHCYMBIC YAKLIMBIHA OAUIAHBLICIBL MAL KAOAMbBIHBIY KATbIHObI2bl IKCNOHEHYUATOb]
moyenoinikme meoemeHOeUminin Kepcemmi. DKcnepumenmmix — depexmepoi
mamemamuranvik oyoey KamA3-740 kozzarmybiuumapsl yutin 0col moyenoiiikmiy
napamempiepin amvikmayeaa MyMKiHOIK Oepoi. Konviocayusianean bemmepoin
MUKPO  NPOEKYUIAPBIHbIY 03apad opeKemmecy Hcas0auiapvlia Hecizoencen
yukenicmiy ywt kezeni kenmipineen. Bipinwi kezenoe maii KaOamulHblH KAIbIHObl2bl
Kem Oecende 20 mrm-ce Oe€uiH OAUIAHBIC LIKMUMALObIZbL OMe MOMEH CYUbIK
yukenicmiy Koaauavl pexcumi oatikaraovl Exinwi xesenoe, TMS moni 20-oan
15 mrm-ee Oetlin, MUKpo—Kedep2inepoiy HCAHACY bIKMUMANObL2bL APMAObL HCOHE
Jrcapmulaail cyuvlk yukenic oaukaiaovl. Ywinwi kezegoe h < 15 mrm xesinoe
MUKPO  WBI2LIHKbL JicepiepOiy myuicy wbIKmumManoviavl e0oyip apmaowl, 0y
aainepaepOiy OypanryviHa oKeaiyi MyMKIH.

Maiiovly mymgwipavievlHbly momMenoeyi myuicyiepoe 2udpoOUHAMUKATBLE,
yuKenicmiy Oy3uliy bIKMUMAaiobleblH apmmulpadvl. Maiinay scyieciniy Maybl30bl
baxviianamein napamempiepiniy 0ipi - xapmepoeei mau Oeneeii. Anaiioa,
mypakmol Oeneelide Oonca 0a, cana Kepcemkiwmepi aumapivlKmai eszepyi
MyMKiH. Byn o0uzenv0i Ko032a1mKbluumapovly  OOpmmulK  OUACHOCMUKATILIK
Jicytienepin Jcacay Kesinoe eckepinyi Kepex.

Kinmmi ce3dep: Ouszenv, mainay owcyueci, mosy, Mail UubleblHbl, CAHOBIK
o3eepicmep, canaivlk oszepicmep.
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ANALYSIS OF QUANTITATIVE AND QUALITATIVE CHANGES
IN THE PARAMETERS OF THE LUBRICATION SYSTEM DURING
THE OPERATION OF THE DIESEL ENGINE
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The analysis of trends in changes in the parameters of the diesel engine
lubrication system during operation from quantitative and qualitative positions is
carried out. Taking into account the exponential dependence of the gap on the
operating time, the dependence of the oil pressure on the operating time is obtained.

As a result of mathematical processing of experimental data, the dependence
of the pressure in the lubrication system on the operating time of engines for
KamAZ-740 and YaMZ-236 cars was determined. The calculated—analytical
and experimental studies have shown that the thickness of the oil layer decreases
exponentially depending on the operating time. Mathematical processing of the
experimental data allowed us to determine the parameters of this dependence for
the KamAZ-740 engines. Three stages of friction are given, based on the conditions
of interaction of the micro projections of the conjugate surfaces. At the first stage,
up to the thickness of the oil layer of at least 20 microns, a favorable regime of
liquid friction is observed with a very low probability of contact. At the second
stage, when the TMS value is from 20 to 15 microns, the probability of contact
of the micro—steps increases and semi—liquid friction is observed. At the third
stage, at h < 15 microns, the probability of contact of micro—protrusions increases
significantly, which can lead to the rotation of the inserts.

Reducing the oil viscosity increases the likelihood of hydrodynamic friction
in the interfaces. One of the important controlled parameters of the lubrication
system is the oil level in the crankcase. However, even at the same level, the
quality indicators can vary significantly. This should be taken into account when
developing systems for on—board diagnostics of diesel engines.

Keywords: diesel, lubrication system, wear, oil consumption, quantitative
changes, qualitative changes.
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ON CHOOSING APPROPRIATE EQUATIONS FOR MATHENATICAL
MODELING OF PROCESSES IN PCM-BASED ENERGY
STORAGE SYSTEMS FOR VEHICLES

With regards to storing thermal energy, latent heat storage are the matter
of growing attention over the past years due to their straightforward design,
affordable production and maintenance costs, as well as universal applicability.
The phase-change materials (PCM) are well-known for their widespread use in
aforementioned systems primarily because of their high thermal storage density.
Many studies concerning analysing and optimising the design of latent heat
storage systems (LHHS) have been carried out in the last years. In relatively recent
researches, different research teams have investigated different types of LHHS,
using mathematical models of different levels of complexity.

The wide variety of different approaches to the mathematical modeling
(including different methods, algorithms and applications from different field of
pure and applied research) sometimes make it challenging to choose and implement
a proper system of equations and criteria without excessive complicacies.

This very paper describes and elaborates on the system of equations that can
and will be applied to the mathematical modeling of charging/recharging process
in PCM-based LHHS for commercial vehicles. After a brief review of previous
models, author presents the model and asses its accuracy and possibilities for
further development and exploration.

Keywords: phase-change materials, mathematical modeling, latent heat, energy
storage systems, thermal efficiency, non-stationery heat conduction, computational
stability.

Introduction

Latent heat storage is appealing as it provides a high energy storage density and
latent heat storage capacity at a constant temperature matching the phase transition
temperature of PCM. Some of the most important criteria for choosing PCM are melting
point, latent heat and volumetric latent heat storage capacity, since they restrict the
parameters and size of the system.

The objective of this study is to develop a digital heat transfer model for predicting
thermal performance of a PCM-based LHTES (latent heat thermal energy storage system)
and to better understand the thermal behavior of the PCM.

A large number of publications on PCM research describing modeling and/or
experiments are available in the current literature.
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Analysis of the models is quite important in the development of a proper
understanding of thermodynamics behavior of PCM-based energy storage systems as
it takes into account lost heat and temperature in storage applications [1]. A properly
performed analysis results in optimal functioning of the thermal system. The study of the
problems of heat transfer in fusion and solidification processes is particularly complex
due to the fact that the solid-liquid boundary shifts depending on how fast latent heat
is absorbed or lost at the aforementioned boundary [2].

Materials and methods

A model of polyproplyene PCM (mixture of sodium sulphate, sodium chloride
and water) tube in annular air flow was developed by Kiirklii et al [3]. The model was
based on the energy balance or the concept of energy conservation. It was found that
the thermal properties of the PCM tube in this study had a significant effect on heat
transfer, since they had a higher thermal resistance than the PCM, due to its lower
thermal conductivity. Their model suggested the possibility of removing some complex
assumptions such as the change of thermal properties of the PCM with temperature
and the existence of convection in the liquid phase maintaining an acceptable level of
accuracy and compatibility with the experimental results. The base energy equation was
used for a check volume around an inner node after dividing the tube into five volumes
and twenty-five units of equal length.

Model by Hamdan et Elwerr [4] considered thermal energy storage using a PCM
in the rectangular enclosure the sides of which are were insulated, with the exception
of the left vertical side where heat was supplied. The enclosure contained a pure
PCM (n-octadecane) which was assumed to be initially in solid phase and at an initial
temperature. Later in the melting process, the experimental data diverged due to the

assumption that the inclination angle ¢ was independent of the altitude y, and due to
the assumption that the walls of the enclosure were all adiabatic, except the heated one.

In the general model for heat charging and discharging processes of various
LHHS having encapsulated phase change materials developed by Zhang [5] for given
conditions, the system thermal behavior is shown to depend upon dimensionless solid

PCM volume (?p) of the capsule which in turn depends on Fourier number (F) and
dimensionless capsule surface (6 ). The Fourier number was defined by the equation (1)

a,t
F, = ; (1)
C

where o, is thermal diffusivity, m*-s™;
t is time, s;
1_is the characteristic length of a PCM capsule, m [6].

The thermal efficiency of the PCM component thus determined the thermal
efficiency of the whole system. Thus, LHTES thermal performance analysis could be
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simplified to problem of determining of V,(F,, 85) for a capsule for the given operating
conditions. That model was not limited to a specific system or to a specific PCM.

Hed and Bellander [7] in their model of a PCM air heat exchanger introduced a
fictive heat transfer coefficient. That coefficient included aspects of the geometry and
the airflow in the heat exchanger as well as the material properties of the PCM. The
PCM temperature and the external temperature were calculated both for rough and
smooth surfaces.

Within the model designed to depict the physical system with ongoing processes
the following assumptions were used:

— heat transfer is modeled irrespective of the heat source and final heat receiver;

— heat transfer is considered to occur in the ideal displacement mode;

— temperature in any grid is equal;

— inlet velocity and temperature of water are constant and its flow is laminar;

— initial temperature of the PCM is uniform, the PCM itself is in the solid phase;

— thermophysical properties of water, the tube wall and the PCM are not subject to
change during the process.

The PCM has a transition temperature where it during an increase in temperature and
during a decrease in temperature will solidify. During melting process, the previously
solid PCM in an enclosure sinks downwards or floats upwards, depending on the
gravitational force, so that buoyancy is a result of differences in solid and liquid densities.

There are two key properties that should be known to the PCM equipment designer:

— heat conductivity and its variation with the temperature A (T);

— heat capacity and its variation with the temperature ¢ (T). (G. Hed, 2006)

The follow thermal properties of paraffin wax (acting PCM) where used to ensure
computational stability:

— melting point 324.15 K (51 °C);

— latent heat 168 kJ - kg™';

— thermal conductivity 0.22 W - (m - K)! [8];

— specific heat 21 kJ - (kg - K)' [9];

— density 900 kg - m= [10].

Results and discussion
Energy balance equation:

dE
dt
where E is the energy of the system, J;
Q, is the heat generated in the system, W;

Q, is the heat transferred outside the system, determined by the boundary
conditions, W.

Qy — Q. @)
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Heat release equation:
dr
Qg = mly—, (3)

where m is the mass of the system, kg;
C ) is the specific heat capacity of the system, J - (kg - K);
dT is the change of temperature, K.

Boundary condition equations should be as follows:

Qcon = hconS(Tamb - T)ﬂ (4)
kA
Qt = ? dT,

where h __is the coefficient of convective heat transfer, W - (m2 - K);
S is the surface area, m* ;
T, is the ambient temperature, K;
T is the transition temperature of the system, K;
k is the coefficient of thermal conductivity, W - (m - K);
A is the length of the cross section, m;
e is the thickness, m.

The general equation for heat generation and removal in thermal elements is based
on the first equation. Thus, the volumetric heat release in the cell non-stationary sums
the reversible and irreversible heat. It is possible to try to describe the heat transfer of
systems with phase change materials by adding a term to the right side of the equation,
taking into account heat generation and latent heat in phase change materials:

One of the most widely used methods for solving phase transition problems is the
enthalpy method. The purpose of this method is to solve the energy (temperature field)
equation for the solid and liquid regions in one equation. With the introduction of the
enthalpy method, the constitutive equation, expressed in terms of enthalpy, allows for
an interface condition that is automatically satisfied at the solid-liquid interface, as well
as the creation of a softened zone between the two phases. This implies a much simpler
phase transition problem. As a consequence, the crux of this fixed-mesh method is to
attempt to create a mesh to solve this softened zone.

The energy conservation during a phase transition (melting or solidification) is
determined by the equation:

dH
—= V(k,(VT)), (6)

where T is the temperature of the system, K ;
H is the total volumetric enthalpy, J - kg™
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Enthalpy is the sum of latent and apparent heats and is written by the equation:

H(T) = h(T) + pif(T)A, (7)
and
T
h = darT,
mePka (8)

where A is the latent heat of fusion, J - kg';
p is the phase density of the material with the phase transition, kg - m=,

H depends on the temperature of the phase change material:

H = [, pscsdT, T < Ty, (solid)

H= p,f(T)A, T =T,, (melting) 9)
H= [, pedl +pAd, T > T,(liquid)

After solving the equations (9), we obtain:

H
TPCM = T?H +—, When 0<H
PpcmCrem
Toem = T when 0 < H < pA (10)
H— A
TPCM =Tﬂl+ﬂ’ WhenO>H
PrcmCrem

It follows from the above equations that if a phase change material liquefies, the
total volumetric enthalpy is equal to the latent and sensible heat. If the phase change
material is solid, the enthalpy is zero. Then we can write an alternative equation for
two-dimensional heat transfer in a material with a phase transition: [12]

Sh_ & ( Sh\ , & ( &h Sf
St éx (a Sx) + 5y (a Sy) piA 5t (11
Conclusions

The equation of non-stationary heat conduction must be solved in both phases to
estimate the temperature distribution and the position of the interface during the phase
transition. Analytical solutions are limited by simple boundary conditions, while the
numerical solutions available for a two-dimensional model provide detailed information
not only on the temperature distribution in the radial and axial positions in a cylindrical
capsule, but also on the convection flow in the melt layer. It is possible to simplify heat
transfer with a phase change in a vertical cylinder using a one-dimensional model and
using effective thermal conductivity, which takes into account the influence of natural
convection in the melt layer.
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To study the thermal behavior of the engine and thermal management systems, *B. C. Ecaynkos
there are several methods, including experimental and numerical simulation. The TopaliFbIpOB YHUBEPCUTET,

most popular approaches for studying phase transition materials in thermal systems
are computational fluid dynamics and the finite element method. These are advanced

Kazakcran Pecniybnmkacer, [TaBinogap k.
Marepuan 01.06.23 Gacriara TYCT.

methods of mathematical and numerical modeling. In these models of the heat transfer
mechanism in phase change materials, the numerical solution equations are taken
directly from reference books.

Such a model could be used for similar applications as long as the required changes
are made to the model.
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ABTOKOJIIK YIINIH ®A3AJIBIK AYBICYbBI BAP MATEPUAJIIAP
HEI'I3IHAE DQHEPTUSA AKKYMYJIATOPJIAPBIHJIAFbBI
IMPOLECTEPAI MATEMATHUKAJIBIK MOAEJIBJAEY YIIIH
TEHJEYJIEPJI )KACAY MOCEJIECI BOMBIHIIIA

JKoiny snepeusicoln cakmayea xenemin 601CAK, HCACHIPHIH IHCHLIYObI CAKMAY
011apObIY Kapanauvlym OU3atiHbl, KO Acemimoi OHOIpIc Jcone MexXHUKAIbIK Kbl3Mem
Kepcemy wbleblHOapbl, COHOAU-aK ombeban Koidamy MyMKiHOICIHe OAUIaHbICMbl
COH2bL AHCHLIOAPBI OCIN Kele HCAMKAH MOcee O0abIn madwliadbl. Da3anvlK ayblCnanbl
mMamepuanoap oico2apvloa amanean cyienepoe KeyiHen KONOAHLLIYLIMEH, el
AnObIMeEH, JHCO2apbl HCHLLY CAKMAY mbulabl30blebliHa Oatinianvicmsl Oencini. Conevl
ACHLLIOAPBL JCACHIPLIH AHCHLTY CAKMAY JAHCYUENEPIHIH KYPOUIBIMbIH MAL0AY IHCOHE
oymMananovlpy OolbIHWA Konmezen zepmmeynep dcypeizindi. Canvicmvlpmansl
mypoe Jcaxblnoa JiCypeiziieen 3epmmeyiepoe opmypai 3epmmey MOnmapul
OPMYpPAL  KYpOeniniKk OeHeellepiniy MaAmeMamuKkaivlk, yieliepin nauoaiana
OMbBIPHIN, IHCACHIPBIH JHCHLILY CAKMAY JHCYUeaepiHiy opmypii mypiepin sepmmeoi.

Mamemamukanwvix mooenvoeyoiy opmypai mociidepiniy aiyan mypriniei
(comnbiy iwinde masa JHcone Koa0anoanivl 3epmmeynepoiy opmypii CaiaiapbiHoazbl
opmypai ooicmep, anreopummoep JicoHe KOIOAHYaap) Ketioe wamadan mbic
KUbIHOBIKIMAPCHI3 Menoeyiep MeH Kpumepuiiepoiy Oypbic Jicyuiecin manoayovl
JiCoHe eHei3y0i KUbIHOAmMaobl.

byn maxana kommepyuanelx Keaikmepee apHanean aazanblk  ayblCnAbl
Mmamepuanoap Heeizinoe2i HCACLIPbIH JCLILY CAKmMay oicylienepiniy oicyliecinde
Kyammay McoHe aculpa Kyammay HNpoyecin MamemMamukanivlk Mooeiboeyee
KOLOAHBLIAMbBIH JHCOHE KOJLOAHBLIAMbBIH MeHOeyaep HCYUeciH cCunammaiiovl JHcoHe
a3ipetioi. AnoviHebl yaciiepee KblCKauld WOty HCacdeaHHan Kelin agmop mMooeivoi
YCOIHbIN, OHBIH 001012l MEeH 00aH 9pi 0aMblmy JHCoHe Oapiay MYMKIHOIKmepiH
bazanatiowvl.

Kinmmi ce30ep: @azanvix ayvicnansl mamepuanoap, MamemMamukaibik
MOOenbOey, JHCACHIPLIH JICHLLY, dHepausi Cakmay dcyuenepi, JColily MmuimMoiniel,
CMAYUOHAPILIK, eMeC HCLLY OMKI32IWmIK, ecenmey mypakmaoliblebl.
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*B. C. Ecaynkos CTPOUTEJIbCTBO

TopalreIlpOB yHUBEPCUTET,

Pecny6iinka Kazaxcraw, r. [TaBinomap. FTAMP 67.11.33

Marepuan noctynui B pegakuuio 01.06.23. https://doi.org/10.4808 1/HXPN6702

K BOITPOCY COCTABJIEHUA YPABHEHHUM 115
MATEMATHYECKOI'O MOAEJUPOBAHUA ITPOLHECCOB
B AKKYMVYJIAATOPAX SJHEPI'MX HA OCHOBE MATEPUAJIOB
C ®A30BBIM MEPEXOJIOM JIJISI ABTOMOBWJIEN

Cucmemvl AKKyMYIUPOBAHUSL CKPHIMO20 MENIA 8 NOCAEOHUE 200bl NPUBLEKAEM
6ce Ooabwee GHUMAHUE U3-3A NPOCMOMbL  KOHCMPYKYUU, OMHOCUMENLHO
HeBbICOKUX 3ampam Ha NPouU3800CME0 U MeXHUYECKoe 00CIYICUBAHUE, a MAKIICe
YHUGepcanvHocmu npumenenusi. Mamepuanvl ¢ hazoevim nepexooom wupoKo
UCNONL3YIOMCSL 6 6bIULEYNOMIHYMbLX CUCIEMAX, 8 NEPYIO 04ePedb U3-30 UX BbLCOKOU
NIOMHOCMU HAKONIeHUs: menid. B nocieonue 200bi ObL10 NPOBEOEHO MHONCECEO
Uccne0o8anull, Kacawwuxcs aHaiu3a U ONMUMU3AYUYU KOHCMPYKYUU CUCTEM
Xpanenusi u aKKyMYIUpPOBAHUSL CKPbIMO2o menid. B omHuocumenvbHo HedagHux
UCCLe00BAHUSX PA3TUUHbLE 2DYANbL PACCMAMPUBATU HEKOMOPble MUNbl NOOOOHbIX
cucmem, UCHONb3YSL MAMEMAMUYECKUE MOOEIU PAZHO20 YPOGHSL CLONCHOCHIU.

Foavwoe pasznoobpasue nooxo006 K mamemamuyeckomy MOoOeiuposanumo
(6KIOUAS PA3IUYHbIE MEMOObL, ACOPUMMbL U NPULOICEHUS. U3 PA3HBIX 0Oaacmell
HAYYHBIX U NPUKTAOHBLX UCCIEO08AHULL) UHO20A 3aMPYOHsiem 8bl00D U Peanru3ayuio
NPABUNLHOU CUCMEMbL YDABHEHUT U KPUMePUES.

B cmamve onucvieaemcs u pazpabamvieaemcs cucmema YpagHeHull,
KOMOpast Modcem u Oyoem npumeHsmscsi 0Jisk MAmemMamuyecko20 MoOeaupoBanus
npoyecca 3apsao0Ku u paspsaoKu 6 cucmeme HAKONLEHUs CKPLIMOU Meniomvl Ha
OCHO8e Mamepuana, noosepearouje2o Gazoeomy nepexody, 01 KOMMePHUeCKUX
asmomobunen. Ilocie kpamxoeo 0030pa npeovlOYWUXx MoOenel  agmop
npeocmasisiem Mooenb U OYeHusaem ee MOYHOCMb U BO3ZMONCHOCMU OJis
oanvHelue2o pazeumust U Ucc1e008aHUsL.

Kniouesvle cnosa: mamepuanvi ¢ (hazoevim nepexoo0om, MameMamuyeckoe
MOOenuposanue, CKpolmas menjiomd, CUCMeMbl HAKONIEHUS. IHepeUuu, meniosoul
KII/l, necmayuonaphas menionposoOHOCMb, paciemuas yCmoudugocma.
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YL KABATTbI BIIOKTAPHAH XXACAJIFAH
OHEPIrvsiHbl YHEMAOEWTIH KOPLUAY K¥PbI/IbIMOAPbI

Bapnvix eumapammap, onaposiy navdaniaubliyblHad KApaMacman, e32epmeii
JHcoHe OAKbIIAHOAUMBIH CHIPMKbL KIUMAMMAH KOop2aieah OaKbLIAHAMbIH [UWKI
opmanel Kammamacwvls emyi Kepek. lwiki opmasa KolbliamvlH maianmap
2uMapammauly MaKcammul NAuOAlIaHbLIybiHa batinanvicmel. Byn, opune, Kopuiay
KYDbLILIMOAPBIHA KOUBLIAMbIH MAIANMaposbl anbikmaiovl. Ocwlaatiua, Kypuliblc
CanacvlHOazbl SHEPSUAHbL YHEMOEYOiH el KAPANALbIM HCOHE YMbIMObL HCONOAPbIHBIH
Oipi eumapammap MeH Kypoliblcmapobly KOPpulay KOHCMPYKYUALAPbL APKbLIbL
JHCHLILY WBI2LIHBIH a3alimy 0en maHuliobl. Kopuiay KoHcmpyKkyuaniapvlHoly sHep2us
MuUiMOiniein apmmulpyObly OIp HYCKACHl — NOAUCUPOL Kebiei bap yw Kabammol
O10Kkmapovl Koroauy. by maxkaianvly makcamol yul Kabammol O10KmMapobl KOL0AHA
OMBIPLIN, dHEpeUs Muimoi KOpuiay KOHCMPYKYUAIAPGIH CALYy MeXHOIO02UACHIH
manoayoa. Kypolivlmowix snemenmmepoiy yu Kabammosi OJOKMAPbIHAH CbLPHKbL
Kabvip2aiapovl mypavl3y eHOeK CblUbIMObLIbI2bIH, KYPbLIbIC Mep3imoepi MeH
HCYMBIC KYHbIH MOMEHOeMY ApKblibl MeXHOL02UANbIK MUIMOLNIKMI apmmulpyad,
COHOAU-aK SHepeUuaHbl yHeMOeyOiH 3AMAHAYU MAlanmapulHad couKec KeaiemiH
JHCOHE IHEPRUAHbI YHEMOCUMIH KYPbLIbIMObL aly2a MyMKIHOIK bepedi. Makanansiy
HbICAHbL KOPULAY KOHCMPYKYUALAPBIH CALY MEXHOI02UACHl O0bin mabwvliadvl. bByn
3epmmey HCYMbICLIHBIY HCAHANBI2bL IHEP2Us MUIMOT KOPUAY KOHCMPYKYUALADbIH
cany KesiHoe asblMOdzvl Kaxcemminikmepoi AHbIKMAy, COHOAU-aK o01apovl yul
Kabammul OI0KMAPOaH cany Ke3iHoe mexHOL02UAHbL 3epmme) 60bin Mmadwliaobl.

Kinmmi cesoep: yw xabammul 610Kmap, Kopuiay KOHCMPYKYUALapsl, SHepeus.
MUIMOLNIZI, MexHoN02Us, d0icmenme.

Kipicne

DHeprusi pecypcTapbiH YHEM/IEY Ka3ipri yaKbITTa ©3¢KTi ¥JITTBIK SKOJIOTHUSIIBIK-
9KOHOMHMKAJIBIK ITPOOIIeMa OOJIBIN TaObLIa/Ibl, ©MTKEH] SJHEPT sl YHEM/ICY i KaMTaMachl3
€TETIH ic-11apasap KelleH1 )OFapbl peHTa0eNIbIUTIK MeH Kayirncizaikke ue. COHIbIKTaH
TYPFBIH YHJIEpi jko0ajiay )oHE cally Ke3iHJe KOpIIay KYpPbUIBIMIAPBIMECH JKbLTY
HIBIFBIHBIH a3alTY apKbUIbI JHEPTHSHBI YHEMJICYTE KoIl KoHi Oesmine1i. COHBIMEH KaTap,
YII Ka0aTThl KAOBIPFa KYPBLIBIMIAPBIHBIH OPTYPJIi 3JIEMEHTTEP1 dpTYPITi (paKTOpIIapabIiy
acepiHeH Oy3bUTY BIKTUMAJIJIBIFBIMEH OJIAPBIH Kbl CEHIMIIITIH TOMEHICTE/I].
Kybic KeyekTi OJOKTapaH jkacajFaH KopIllay KOHCTPYKIUsUIAphl Oap FUMapaTTap
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MEHILIKTI KbITy KOPFay cUMarTamagapbl OOHBIHINA YII KaOaTThl OJOKTapaaH eaayip
TOMEH, OJIapABIH HEri3ri KabaThl TOJBIK JACHENl KepaMUKAJIBIK KipHIIITEH >XKoHE
TUIM/II KBUTY OKIIayJarbil KabaTTan Typaasl [1]. Ocbiran GaillaHBICTBI KYpPbUIBIC-
MOHTa)K/JIay *KYMBICTAPBIHBIH CalachlHJla MOCeJe TYBIHAANIbI, SFHU YII KaOaTThl
OJIOKTap/bl MalanaHa OTBIPBII, SHEPTUs THIMJI KOpllay KOHCTPYKUHMSIAPBIH Caly
TEXHOJIOTUSICHIH/IA.

FumapatTbIH KopIiay KypbUIbIMBIHBIH TU3aiHBI MEXAHUKAIIBIK, SJIEKTPIIIK KA0IbIKTHI
TaHJ1ay/1a )KOHE FUMapaTThIH YHEPTeTUKANIBIK CHITaTTaMaJapblH aHBIKTAY 14 MaHbI3/bI
¢axTop Oosbin TabbutaAbl. KypbUlbic canacbiHa MaiianaHy HEPTUsIChIH TYTBIHYIbI
a3aiiTy YILIiH KbICBIM j>KacallFaH >KarJaija, FUMapaTThIH KOpIIay KYpPBLIbIMIAPHI
elIKalmaH MyHJal MYKHUSAT Oakbliayna OonraH emec. FuMapaTTelH KaObIFbIH
KaJIBINTaCTHIPy1aH 0acKa, IAThIp MEH KaObIPFa TOCEHIILTEP] FUMAPATTHIH KYPBLIBIMIIBIK
cHIaTTaMallapbIH/a Ja MaHbI3IbI POJI aTKapa aa/ibl, OyJ1 eKiHII 60JIaT KYPhUIbIMIap bl
Oyiipiik Oypajly TYpakChI3ABIFbIHAH CaKTalbl. DYHKIMOHAIIBIK TaJanTapbl
KaHaraTTaHABIPYAaH 0acKa, Kopllay KYpPbUIBIMIAPBIHBIH 3CTETHKACHI MaHbI3/IbI
Maceste O0JIbIN TaObLIa Ibl, O TKEHI FUMAPATTHIH CHIPTKBI TYP1 OHBIH OpHAJIacKaH Kepi
MEH KOpILIAFaH OPTAchIH KOPCETyl JKoHe KEePrulikTi OpHajacy TajlanTapblHa ColiKec
Keyl KepeK. ¥ ChIHBUIBII OTBIPFaH MKeMJli OaiaHbIChl Oap yII KabaTThl KaObIpra
6J10TBI OapibIK 3aMaHayd HOPMATHBTIK TallallTapFa COUKEC KEJEeTiH, TeK KaXeTTl
KBUTY TEXHHKAJIBIK KaCHETTEPiH KaHAFaTTAaHJABIPY YIIIH FaHA eMeC, COHbIMEH KaTap
FUMapaTTap/ibl SKCIPECCUBTI aPXUTEKTYPAJIBIK KOPIHICIICH KAMTaMachl3 €T€ OTBIPHIIL,
KOpPpO3HUsAFa TO3IMIUTIK eH OEPIKTIKTI KAMTaMachl3 €TETiH ChIPTKBI KaObIpFanapbl 6ap
SHEPrUusHbl YHEMJICHTIH FUMapaTTapra apHaJIFaH KaObIpFa KopIlayJapblH o0ajiayFa
MYMKIiHJiK Oepeni. Byn perte sHeprus THiMal KOpIay KOHCTPYKLHUSIAPBIH FaHA eMec,
COHBIMEH Oipre OapIIbIK KaKETTi TEXHUKAIIBIK KOHE Mai1aaHy cuaTTaMallapblH CakTai
OTBIPBIIL, JKAJIIbI FUMApATTap/Ibl CaTy KYHbI (KOJIaHBICTaFbIIIAPMEH CaJIbICTHIPFAH/IA)
aifrapibikTail Tomeneiini. CoHbIMEH KaTap, OHbIH KYPbUIBIMBIHBIH @MOeOaI THIFbI OHBI
Ka0aTThIK KOpIlay (MaHesb) peTiHe, ajll a3 e3repiclieH - a3 KabaTThl KYPbUIBIC YIIiH
TIpPEK JIEMEHTI peTiH/e naigaganyFa MyMKIHIIK Oepei.

3epTTey MaKcaThbl

3epTTeyiH TEOPHSIIBIK HETi31 Keleci 3aMaHayHW FalbIMIAapIbIH FBUIBIMH
tocinaepi 6omaer: C. FO. TapaOykuna, T. JI. Cumankuna, E. A. Kopouns, E. M. [lyrauy,
B. E. Parymnsiii, E. A. IlaBnbsiueBa, E. C. ITukanos, . H. Aymun, B. B. VBaHnos,
A. C. Hukynun, C. B. XoH, A. H. bepesntok, C. M. I'nukun, P. M. Anosn. byn
MaKaJIaHbIH MaKCaThl YIII KA0ATThI OJIOKTAap bl KOJIIaHA OTBIPHIIL, SHEPT USHBI YHEMICHTIH
KOpIIay KypbUIBIMAAPBIH Cally TEXHOJOTHSCHIH Taj1ay 00JIbII Ta0blIa 16l MaKalaHbIH
00BEKTICI - KOpIlay KYPBUIBIMAAPBIH CalTy TEXHOJIOTHSACHI.

3epTTEy HOTHIKEJIEPi MEH 0J1apAbl TATKbLIAY

Benrini 6ip FUMapaTThIH 3HEPTUsl THIM/IUTINH OHBIH KOpIIAY KYPbUIBIMIAPBIH, COHBIH
1minAe KaObIpFanap/ibl, €1eH/ 11, IATBIP/bI, TEPE3eTIep MEH eCIKTep/l XKaKcapTy apKbLIbI
KOFapblIaTyra 6oaael. Ocbutaiiia, KypbUTbIC HHAYCTPHICH FUMApaTThIH KAObIFbIH A
OpHAJACKaH KipIill KaObIpFajlapFa apHaJiFaH SHEprUsAHbl YHEM/IEY HICHTIMCPIH a31piey
YILiH KOTI KyMbIC xkacaabl. Onapably ilIHIeri € TaHbIMaIbl — FUMAPATThIH KOpIay
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KYPBUIBIMBIHBIH CBIPTKBI JKbUTy OKIIayiaybl. COHOBIKTaH YII KaOaTThl OJIOKTapabl
KOJIZIaHA OTBIPBII MOIEPHU3AIMSIIAY ABIH O0acThl apPTHIKIIBLIBIKTAPBIHBIH O01pi — Oy iK1
KaObIpFaiapAbl MOJCPHU3AIMIIAYMEH CaJIBICTBIPFaH/ia FUMApaT TYPFBIHIAPbI YLIIH
OHIIIA BIHFANCBHI3 XKOHE KYP/El eMec, COHBIMEH KaTap JKbUIy KeIipJepiH KbICKapTyaa
THiMAIpeK. KypbUTbICTbI MOJIETb/IeY FUMAPATTBIH CHIPTKbBI KAOBIFBIH TYPFbI3Y1a MAHBI3IbI
pen atkapajbl. YII KabaTThl OJOKTAapAbl KOJIaHA OTBIPBIIN, YHEPTUSHBI YHEMICHTIH
KOpIay KyphUIBIMIAPBIH caly Ke3inae Mmojaenbaey «Energy Plusy ecentey MexaHusmin
KaMTUThIH Design Builder rpadukansik naTepdeiici apKplibl Ky3ere acblpbLiaibl
[2]. Design Builder rpadukansik natepdeitici TanIanapl, MTKEH1 071 T€OMETPUSHBIH
MKEM/Il eHT13UIyiH j)koHEe MaTepualliap MEH XKYKTeMe IpopHIbACpiHiH KeH TaHAayblH
ycbiHaabl. CoHbIMEH KaTap, oHbIH «Energy Plus»iepbec MexaHu3MiMeH CabICThIPFaH/Ia
HOTWKEJIEpAIH J9JIIrH KaMTaMackl3 €TeTiH Oakpliay mpouenypanapsl 6ap. Herisri
UMMHTALUSIBIK MOJEI aFbIMAAFbl KYPBUIBIC O6JIlIeKTepiHe, MaTepuaiiapra xKoHe
KyHenepre coiikec jkacayaapl. Herisri Mozenb/ii KypyIbIH MaKCaThl - MbICAJl pETiH/Ie
KapacThIPBLIATHIH K00ajap YLIH ASCTYPIi KYPBUIBIC TOKIPUOECIHIE Kb CallbIHFbI
SHEPTUs MIBIFBIHBIH MOJIEPHU3ALMACHI3 OaFanay. OchUIaiiina, KypbUIbICTaH KeiiH apoip
KEKe KOMIIOHEHTTIH POJiH, Ce3IMTaJAbIFbIH XKOHE JKYHEeH1 CalbICThIpyFa OOJIajbl.
JKanrel, yur KabaTTel OJIOKTapAbl KOJIZJaHA OTHIPHII, SHEPTUSHBI YHEMICHTIH Kopliay
KYPBUIBIMJIAPbIH Cally Ke31HAe KYPbUIBIC HOpMaJIapbl MEH €peXeNepiH caKkTay/IblH eKi
Tocii Oap:

— FUMapaTThIH KOpIIay KOHCTPYKIMIAPhl MEH KYHEIepiHiH SHEPTHsl THIMUIIT]
napameTpIepiHe KOWbUIAThIH MEHUMAJI/IBI TAJIANITap bl OCNT1ICUTIH HYCKaMabIK TOCLT;

— THIMJIUIIK TYPFBICBIHAH TOCUI («MOJEINbACY dAICI» HeMece «FUMapaTThIH
TUIMJIUTITIH OaFanay 9ici» Jen Te aTalajbl), O] YChIHBUIFAH KO0aHBIH THIMIUIITH
KOpIIIay 3JIEMEHTTEepi MEH SHEPTHsl TYThIHY JKYHelepi aHbIKTaMaJIbIK TaJlanTapra Colkec
JKacaJIFaH yKcac FUMapartIieH calbICThIpy [3].

J. H. Ilymun e3 3epTTeyiiepinie a3 KabaTTsl KypbUIbICTA 1IIKI KallTaMaHbBIH
KaJbIHJBIFBIHBIH [IaMajbl YIFAlObIMEH (OHBI apa)XaOblH dJEMEHTTEPiHIH TipeK
aliMarplH/Ia JaMbITa OTBIPHIN) MaiiaTaHyFa MYMKIHIIK OepeTiH KabaTThl KOTeprill
Tebenepi Oap FUMapaTTapAbIH KOpIIay KOHCTPYKUMSUIAPBIHAA YII KaOaTThl OJIOKTHI
naiianany Ke3iHJe KOTeprilTik KadineTi OONBIHIIA alTapIBIKTal KOP/Ibl AaHBIKTA b
[4]. IlonucTUpONIMEH OKIIAayJaHFaH YII KabaTThl OJOKTap *aKbIHIA KYPBUIbIC
TOXKIpUOECIH I SHEPTUSHBI YHEMACHUTIH KYPBUIBIC MaTepHajbl PETiHAE Maiiia 60Ibl.
KanbiHapiFel 5 ¢cM HeMece OflaH Ja Kem KeOIK MOJHMCTUPOIN KaObIpFajIap/IblH JKbLTY
KAacHeTTEepiH jKaKcapTy MaKcaThbIHAA IIEMEHT OJOTrbIHA OpTalla TOJITBHIPFBIII KabaT
peTinae eHrizineni. biokrapMeH KaMTamachl3 €TUITeH OKIIayjiay oTe 9JCi3 KOHE
KbUTy Oepy epiTiHAIMEH TOJITHIPBUIFAH >KapbIKTap MEH TITICTEp apKbUIbI XKy3ere
aceIpbUIabl. Temmeparypa rpaJHeHTi MOJUCTHPOI OKIIAYJIAFBIII MaTepHajFa acep
ereni. Y KabarThl OJIOKTapAbl KOJJAaHA OTBHIPHII, SHEPTUSHBI YHEMACUHTIH KOpIIay
KYPBUIBIMJAPbIH Cally TEXHOJIOTHACBHIH KapacThIpFaH keH (cypeT 1).
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Hﬂ]__-

Cypet 1 — Jluamerpi 600 MM y1r KabaTThl OJIOKTApIbI KOJIJIAHA OTBIPHITI,
KOpIIIay KYypbUIBIMAAPBIHBIH KOJIJICHEH KUMaChl

KypbuibIM MbIHAJIapJaH TYPaIbl:
]—KeHeHTIIreH cas3apl OETOH;
2—apakaObIH ITUTACHI;

3—ManHmanma;

4-Tipex;

S—MmaHngaiima inrHaeri KoOIKIOIUCTHPOIT;
6—KBUTYy OKIIAYJIAFbIII ChUTAK;

7—0enmik OJIOKTapHI;

8—CTeKJIONaeT;

9—TIacTUKAIIBIK TePE3€e KAKTaYHI.

CoHbIMeH, Ka3ipri 3aMaHFbl 3HEPTUSHBI YHEMICHTIH KOpIIAy KOHCTPYKIUSUTAPBIHBIH
Oip TYpi HKeM/Ii OalIaHBICH 0ap KOMITO3HIIMSUIIBIK YIII KA0ATThI OJIOKTAPIbI KOJITaHyFa
HeTi3JIeNTreH, Oya ym KabaTTel KypbUIbiM. OHBIH KOTEpTim KadaTTapbl IIBIHBI
TaJIIIBIKTHI OETOHHAH HEMece KeHEHTUITeH ca3/laH )KacaFaH, COHBIMEH KaTap ChIPTKbI
KacOeTTiK KabaThl 6ap KOOIKTI MOJTUCTUPOJIAAH JKacaJIFaH JKbITy OKIIIayJIaFbIIl Kaoar.
Bapibik KabaTTap IMIBIHEI TAIIIBIKTHI TOP/IAH jKacaJFaH UKeM/I1 OaiiiaHbIC JKyieciMeH
OaitmanpicKaH [5]. OcbiFan OailyIaHBICTHI €H KaYINTi — epiTiHIHIH OJIOKTBIH 00C KepiiepiHe
Tycyi 60ombIT TaObUTa BL. TinTi KybICTAp.Ibl a3/1a1T TOJATHIPY KOPIIAY KYPBUTBIMIAPIbIH
JKBLTY Oepy KeJIepriciHiH auTapibIKTail ToMeHeyiHe okeneAil. Ochuraifia, Ke3-KeJlreH
FUMapaTThIH YHEPTUSHBI YHEMJICHTIH KaOBIFBIHBIH HET13T'1 (PYHKIHSICHI CHIPTKBI OpTaHbI
1mKi opTamad Oesy OoJiblm TaObBLTaAB. MeTala FUMapaTTapAblH KYPhUIBIMIAPhI
OJIap/Ibl PHEPTUSHBI YHEMJICUTIH KAOBIKTaPMEH OTe YisieciMIi eTel, Oy KypbUIBICThI
TYPFBI3y MPOIECIHEH 0acTaNaThIH YHEPTUSHBI YHEMICHUTIH KOCBIMINIATIAP/IbI TE3 KOHE
yHeMai Typae Oipiktipyre Mmymkiamik Oepexni. Conpaii-ak, op0ip TyHicrene, Tiricre
JKOHE caHpLIayla aya MHQHUIBTPAIMSICHIH a3alTaThIH KOpIIAy KYpPbUTBIMBIHBIH KOHE
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TBHIFBI3JAFBIIITHIH OapJIbIK OPHATHUIFAH KOMIIOHEHTTEPIHIH THIMAUIITT 6T€ MaHBI3IbI
€KEHIH aTal ©TKEH ©H. YII KabaTThl OJIOKTapAbl KOJIJaHa OTBIPHII, SHEPTUSIHbI
YHEMICHTIH KOpIay KOHCTPYKIMSJIAPBIH cally Ke3iHJe-3aT MeJlepiH OaphlHIIa
a3alTy OHE OTKI3TIIITII TOMEH MaTepuanIap/sl naiaasany apKblbl ©TKI3TIITIKTI
azaiTy Kaxer [6]. OKiaynarbl MaTepuall KeJIeMiHiH Kell Oeiri aya Hemece Keioip
JKaFaiinapaa 6acka razaap HeMece TilTi BaKyyM 0oJibiit Ta0biia ibl. COHIBIKTaH OapIIbIK
KBUTY OKIIAyJIaFbIll MaTepualapAblH caamarbl a3. KoHBeKIusSHBI 0011bIpMay YIIiH
aya (Hemece 0acka rasziap) aya KO3FaJIbIChIHA KATThl KeIePTi KEeATIPeTiH TaIIIbIKTap
apachlHJIa HEMECe aya KO3FaJbIChIH TOJIBIFBIMEH TEXEHTIH KoOIK KemipIIiKTepiHe
KyJiplnTasna sl Coyneneny i 00apipMay YIiH MeJIIip eMeC HEMECe IAFbUTBICTHIPATHIH
Matepuaiiap KoiaaHeUia el TanmbikTap MeH KoOiK KaObIpFataphl YIIIiH KOJAAHBLUIATHIH
IIBIHBI JKOHE IJIACTUKAJIBIK MaTepHaJAap KbUTy COyJeNeHyl YIIiH MeJIip emec. Y1
Ka0aTThl OJIOKTap/a >KbUTy OKIIAYJIAFbII MaTepuallap >KapblK YIIiH MeJIIip HeMece
XKapTbulaid Meip 0oJysl MYMKiH, Oipak KOpIIaraH TemIepaTypara OaillaHbICThI
UH(PAKBI3BLT COYJICIEHY/ IIH OTyiHe ko OepMeyi Kepek. bynmanyabl skeHe oaaH api
KOHJIEHCALMSHBI OOJIBIpMay YIIIIH ©HIMI1 KYPFakK Kyiine ycray kepek. bliuran 6oinran
Ke3/1e OKIIayJIaFbIIl MaTepUal KbUTy KeAEPTiCiHIH edyip OeiriH >KOFanTaibl.

FumapatThiH KopIay KypbUIBIMBI - OYyJI FUMApaTThIH 1MIKiI O6JIiri MEH ChIPTKbI
opTa, OHBIH ilIiHJAE KaObIpranap, MIATHIP XKOHE iprerac apachblHAAaFrbl HHTEpQEIiC.
Xbuty kenmeprici peTiHJe 9peKeT €Te€ OTHIPHIN, FUMAPATThIH KOPIIAY KYPBUIBIMBI
1K1 TeMIepaTypaHbl PeTTey 1€ MaHbI3/bl POJI aTKApaabl )KOHE JKbUTY KaMIbLIBIFBIH
cakTay YUIIH Ka)KeTTi JHEpPTUsl MOJIIIEPiH aHbIKTayFa keMeKkTece . Kypbuibic ke3ine
KYPBUIBIMHBIH OCBHI TYPIHIH KbUIY jKOHE aKyCTHUKAJIBIK CUIIATTaMaIapblH KaMTaMachl3
€Ty YILIH y311icci3 TiricTep/i KoiaHa OThIPBII, YIII Ka0aTThl OJIOKTapAbIH OHAIpYLIici
KOPCETKEH d/1iC KOJIaHbUIbL. bapibik KaObIpranap/abIH KYpPbUIBICH aJl/IbIH-aj1a CyJIaHFaH
KaKTayblH OYKUI eHi OOMBIHINA epiTIHAIHIH Y3/IKCi3 KabaThIH calyaH OacTanajsl.
Copnan keiiiH nmaHenbaiH OeTiH JKaKTay IbIH aJIJIbIHFbI O€TIMEH Typalay YIIiH OJOKTap
opHatbutabl. KanbiHapirel maMamern 20 MM OOJATBIH Y3AIKCI3 TITICTEp OHAIPYII
JKETKI3ETiH ePITKIII KOpaIllllaHbIH KoMeTiMeH OpHaThULAbl. CoHMal-aK, KaObIpraiapabl
KOpILay KYpBUIBIMIAPbIHBIH 3JIE€MEHTTEpIMEH OailaHBICThIPY YIIIH MEXaHUKAJIBIK
KOCBUIBICTAP KOJAAHBUIMA/IBI. OpOip KIpIIIITeH kKacalFaH yII Ka0aTThl OJOKTHIH €3
canMarbl 5,1 Kr, KybIC aibI3bl 75 % sxoHe kbury keaeprici 0,57 xone 2,54 6onabl [7].
Kopuay KypbulbIMIapbIH cajly YIIiH ASCTYpii M5 KiacTel epiTiHIl KOJJIaHBLIAIbI.
Chlnakka KeleTiH 00Jicak, OHBIH KalbIHABIFEI | CM KaOBIpFaHBIH CHIPTKHI O€TiHE
xoHe imriHapa RC snemenTTepine (8p 37MeMEHTTeH 15 cM KOoFapbl) ®KaFbUTYbl KepEK.
17,1x17,1 m matpuniacel 6ap, canmarsl 191 r/ )xoHe MakCUMAaI bl COHFBI 1e(OpMAaIIUSCHI
3,4 % GouaThIH €Ki OaFBITTHI IIBIHBI TATIIBIKTHI apPMATYPAJBIK TOp TaHAa bl OChIIaH
KeliH, ChUTAKTBIH YcTiHe Oip-0ipiHiH yCTiHe Oec TiK ojaK KabarTracybl kepek. Opoip
TIK )KOJIaK apachIHIaFbI KabaTTacy y3bIHABIFEL 15 cM [8]. CoHbIMEH, OapIIbIK MTUTAIAD
OEKITUITeHHEH KeHiH mIuTanap/sl KaObIpFarFa jKkoHe JKaKTay OeTiHe KOChIMIa OeKiTy
YILH MJIACTUKAJIBIK KOCKBIIITAP KOJIJaHbLIA b

Conpaii-ak, Kopiay KypbUIBIMBIHBIH CHIPTKBI OCTIH JKbLIbI )KOHE bUTFAJIIbI KIIMMATTA
Oy TOCKaybUIBI peTiHAE KbI3MET €Ty YIIIH KYPhUIBIMAAP bl ONTYM 00sTyMeH 00sTy Kepek.
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KaOb1pranbiH xanmsl KanblHABIFEL 760 MM Oonaabl. JKuHakTh Oip yaksIiTTa OipHEIe
KaTapra ketepyre 0ojajbl, ajl Oipak KaObIPFaHBIH CHIPTKbI O€TiH OMTYM OosymeH
OosiFaHHAH KeiliH keTepiiei. by 60sy OnmokTap/s! iKi KaObIpFaFa >kaObICTBIPY YILITH
xKeniM petinzae e opeker ereai. Kopmay kaObipraceiabiH 12-18% Gomybl MyMKiH
CBIPTKBI KYPBUIBIMHBIH ayJaHbl 1IIKi )X0HE CHIPTKbl KEHICTIK apachbIHAAFbI KbLTY
kemipi Oosbin Kana Oepeni [9]. KypacTelpy ©TKI3rim XbUTy XYKTEMEIEpiH a3aTy
YILIiH KaJbIHABIFBI 60 MM noauyperan bl keOik okmayiaysH (ITITY) kamtuast. Conan
KeiH ym KaOaTThl OJIOKTap apachlHa HMIPOOKIIAYJIaFbIll MeMOpaHa Oykin OeTke
Konnaneuiaapl. Coman keifin [TITY okmaynay ruipoOKIIayIaFsiil KabaTKa KOWbLIAIbL.
Kepurinec IIITY mmTanapsl Oipiryi apaceiHaarsl 60c opsiHaap 0onmaysl kepek. byn
SHEPTUsIHbI YHEMACHTIH KOpIIIay KYPbUIBIMAAPHIH CAITy KE31H/Ie OKIIAyJIaFbIII KaOaTThIH
TYTaCTBIFBIH KaMTaMachl3 €Ty YIIiH KaxeT. [ uapooKmayaarbii KabaT OKIIayIaFbIil
Ka0aTThIH aCThIH/Aa OOJFAHABIKTAH, OKIIAYJIAFbIII MaTEPUa CyAbl CIHIDMEHTIH XKaOBIK
TOPJIBI KYpbUIbIMFa He 6outybl kepek [ 10]. KabarTap apacsiHaFsl Tiricrep aya ainMacaTbiH
TOpP KBI3METIH aTKapaibl, OyJI CIHIPUINeH bUIFaJIbIH OyJIaHybIHA BIKIIAT €Te/l.

Ocpunaiiiia, Kopuay KypbUIbIMAAPBIHBIH SHEPT Ul THIM/UIIT YIIIH YCHIHBUIABL:

1 FumapaTTslH KopIay KYpBUIBIMJIAPBIH AYPBIC ©HJEY Kby ©HIMAIIITIH
aliTapibIKTail XKakcapTa ajajbl, dcipece Kopiay KypbUIbIMIapblHA )XYKTEMe 0achIM
TYPFBIH YiJep CHUSAKTHI FUMapaTTap yuiH. COHABIKTaH FUMapaT KaObIFbIHBIH
KOMIIOHEHTTEPIH JYPHIC TaHJAy >KOHE OHJCY OHBIH JKbUIY CHIIATTaMAaChIH €19Yyip
KaKcapTa ajaJbl.

2 KaObIpranap MeH HIaThIpiap/Abl OKIIayiay Ke3-KelreH KIMMaTTaFbl FUMapaTTapra
BIHFAMJIBI KaFJail skacay YILiH YChIHBUIAIbI, COHIBIKTaH YII KA0AaTThl OJIOKTap apKbLIbI
SHEPrys UIBIFBIHBIH a3aiTa bl. OKIaynay FUMapaT KaObIFbIHBIH OapIIbIK KOMIIOHEHTTEp1
apKBUIBI J)KBUTY OTKI3TIIITIKTIH )KOFATYbIH a3alTyFa KeMeKkTeceal. JlereHMeH, aTbIpbl
OKIIaynay KaObIpranapra KaparaH/ia MaHbI3IbIpaK XKoHE OFaH KeOipek Hazap aynapy
KEpeK.

3 Kbty Kemipiepi — FUMapaTTHI KbUIBITY KOHE CAJIKbIHIATY Ke31HE YHEPIUSHBI
KOFAIITy Ke3/epiHiH 0ipi. Onap coHaii-ak ki OeTTepAeri bUTFaIbIH KOHICHCAIIUSCHI
CHSIKTBI 0acKa Macelesepre bIKnal eTyl MyMKiH. JKbuty Kemipiiepi aeTTe Tepesenep
MeH KaObIprayiap, maTblp MEH KaObIpFanap, KpUITHMa IUIMTANaphl MEH KaObIpFaiap
apacbIHAarbl OybIHAapaa naiga 6oxaapl. Fumapart sjnemMeHTTepi apachIHAAFbl Oy
TeOMETPHSIIBIK OaiiylaHbICTap SHEPI WS LIBIFBIHBIH TYABIPa/Ibl )KOHE OHBIH MYMKIH/IIT1HIIIE
a3alThULYbl HEMECE KOUBLIYbI KEPEK.

4 blnranaplH eHyl XKoHe KOHIEHCAT YIKeH (PU3UKAIBIK 3aKbIM JKOHE JIEHCAYIIBIKKA
3UsH KenTipyl MyMKiH. OJ COHIal-aK yaKbIT ©Te KeJle KbUTy OKIIayJiay CulaTTaMallapblH
Hamapaatysl MyMKiH. COHABIKTAH FUMapaTTapIaFbl bUIFAABUIBIKTBI THICTI JKEJIETY,
UHQUIBTPALUSIHBI OaKplIay JKOHE TYphIC MaiaagaHy, FUMapaT KaObIFbIHIAFbI bUIFAJ
CaKTaMThIH AIEMEHTTEP/IIH OPHATIACYBI ApPKbUIbI 0AKbLIay MAaHBI3/IBL.

6 MnduipTpanus — eJiey yiliH eH KUbIH allHbIMaJIbl, OHBIH KOFaJIybIH OaKbLIay
KubIH. COHBIMEH KaTap, TYPFbIH YHJIEp/e eCiKTep MEH Tepe3eepAiH KUl allbuTyblHa
OailylaHbICTBl MHQUIBTPALUS JIEHIeill KYyTUIreHHeH koFapbl 0osansl. COHABIKTaH
OJIOKTap/AaFbl )KapbIKTap MEH aFbIIl KEeTYJIepl MYKUAT OHIEY KaKeT.
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7 Imiki ayaHbIH TYpBIC CarlachlHA KOHE BUIFAABLUIBIKTHI OaKbUIaAYFa KETUIIIK Oepy
YIIIiH KeTKUTIKT1 )KeTACTY Al KAMTaMachl3 €Ty MaHbI3/Ibl, 9CIpece )KaKChI OKIIIAayIaHFaH
FUMaparrap/a.

KopsbIThIHABI

KopsIThIHIBLIAH KelTe, YIII Ka0aTThI OJIOKTapAbIH KOPIIay KYPbUIBIMIAPI aPKBLIBI
KBLTY O€py FUMapaTTa SHEPIUSHbI KOFAITYAbIH MaHbI3/IbI K631 00Tyl MYMKIH, dcipece
OKIIayJay JXeTKiJiKci3 OoiFaH jkarjgaina. byn Kanray skyleciHiH KYPBUIBIMJIBIK
cunaTTaMalnapbiHa KoHE OHBIH 0acKa KYpBUIBIMJBIK 3JEMEHTTePMEH OailflaHbICHIHA
MaHbI3/bl dcep ereni. Kypbuiblc HHXKEHEPJIEPiHIH epeKIle alaHJaylIbUIbIFbl -
KalTaMaHbIH TePEH/IIr1, CaTMaFbI )KOHE OHBIH KOPANThI HeMece OYHipIiK apKaIbIKTap Ibl
KETKUIIKTI TypJe ycTay Kabineri. By TenaeHnus xairacybl MyMKiH, I€T€HMEH KbLTY
Oepy MOHJAEpPIHIH OJlaH dpi TOMEHJIEYIHEH KaWTaphIMHBIH TOMEHJIeyi OoamakTa
OKIIayJay/IbIH KAJIBIHJIBIFBIHBIH YHEMI apTybIHA €MeC, MEXaHHKAJIBIK KbI3METTEPAIH
TBHIFBI3IBIFBI MEH )KYMBICHIHA KOOIpeK KoH1I OemiHeTiHiH Ounnipeni. Conpai-ak, MKeM/Ii
OaiianpicTapbl Oap yII KabaTThl KaObIpFa OJIOTHIH KOJIJIaHy CHIPTKBI KOPIIAY bl CalTyFa
FaHa eMec, COHBIMEH KaTap TipeK KYpbUIBIMIApBIHBIH KOJIEMi MEH MacCachlH e19yip
azalTyFa MYMKIHJIK OepeTiHl aHBIKTAJIIbL.
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HEPI'OO®P®EKTUBHBIE OI'PAXKJIAIOIINE
KOHCTPYKIIUHA U3 TPECXJIOMHBIX BJIOKOB

Bce 30anus, nesasucumo om ux ucnonvb308anus, OONHCHbL 0becneyusams
KOHMPOIUPYEMYIO  BHYMPEHHION CPedy, 3AWUWEHHVIO OMm  NepPeMeHYUBo2o U
HEKOHMPOIUPYeM0o20 eHeuHe2o kiumama. Tpebosanus k HympeHHell cpeoe 3a8Ucsim
OM Yene8020 UCNONb308AHUSA 30AHUS, YMO, eCIECMBEHHO, Onpedesiem mpebo8anus K
oepadxcoarowum Koncmpykyusim. Tak 0OHum u3 Haubonee npocmuvlx U payuoHAIbHbIX
nymeti SKOHOMUU IHePSUU 8 CIMPOUMENbHOU chepe NPUSHAHO COKpaweHue nomepsb
menna uepez ozpaxcoaroujue KOHCMPYKYuu 30anutl u coopyoicenuid. OOHUM u3
8APUAHMOB NOBBIUEHUS IHEPOIPPDEKMUBHOCIU  0PANCOAIOUUX  KOHCIPYKYULL
AGNAEMCS NPUMEHEHUEe MPexclouHblX 0J0K08 ¢ NeHONOAUCmuponom. Bozeedenue
HAPYIHCHBIX CIEH U3 MPEXCIOUHBIX 0I0KO8 KOHCIMPYKIMUBHBIX JIeMEHNO8 NO36015eMm
NOBLICUNb MEXHOIOSUYECKVIO 9D PEKMUBHOCIb 3a CHem CHUNCEHUS MPYO0eMKOCHU,
CPOKO8 8036€0€HUsl U CMOUMOCMU pabom, a Maxice NOIYYUMb KOHCMPYKYULO,
KOMopas cOomeemcmeyenm cO8PeMeHHbIM Mpebo8aAHUAM NO IHEP2OCOEPEHCEHUIO U
Aensiemcs IHepeodIPpexmuenoi. Llenvro dannol cmamvu 6 aHanuze MexHoI0UU
8036e0€HUs IHEP2OIPDEKMUBHBIX 02PaANHCOAIOWUX KOHCMPYKYUU ¢ UCNOTbI0BAHUEM
mpexciolnblx 0610k08. ObveKmom cmamvi A67IAeMcs MEeXHOIO2USL 8036€0€HUs
oepadicoarowux Koncmpykyuil. Hoeusna Oannoll ucciedosamenvckoi pabomol
3aKm0Uaemcs 8 OnpedeieHul MeKywux nompebHocmell npu CmMpoumenbemee
9HEP2OIPPEKMUBHBIX  02PANCOAIOWUX  KOHCMPYKYUL, A MAKdice 6 U3YUeHUU
MEeXHOI02UYU NPU UX B0360CHUU U3 MPEXCIOUHBIX DJIOKOS.

Knrouesvie cnosa: mpexcioiinvie 010Ku, ozpaxcoaroujue  KOHCMPYKYUU,
9HEPe0IPPeKMusHOCMb, MEXHOI02US, MEMOOUKA.
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ENERGY-EFFICIENT ENCLOSING STRUCTURES
MADE OF THREE-LAYER BLOCKS

All buildings, regardless of their use, must provide a controlled internal
environment, protected from the changeable and uncontrolled external climate. The
requirements for the internal environment depend on the intended use of the building,
which naturally determines the requirements for enclosing structures. Thus, one of
the simplest and most rational ways to save energy in the construction sector is to
reduce heat losses through the enclosing structures of buildings and structures.
One of the options for improving the energy efficiency of enclosing structures
is the use of three—layer blocks with expanded polystyrene. The construction of
external walls made of three—layer blocks of structural elements allows to increase
technological efficiency by reducing labor intensity, construction time and cost of
work, as well as to obtain a design that meets modern energy saving requirements
and is energy efficient. The purpose of this article is to analyze the technology
of construction of energy—efficient enclosing structures using three—layer blocks.
The object of the article is the technology of construction of enclosing structures.
The novelty of this research work lies in determining the current needs for the
construction of energy—efficient enclosing structures, as well as in studying the
technology for their construction from three—layer blocks.

Keywords: three—layer blocks, enclosing structures, energy efficiency,
technology, methodology.
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MAJIOOHEPIOEMKUWE CTEHOBbIE MATEPUAJIbI
HA OCHOBE KOMIMO3ULNOHHOI'O BAXYLYEIO

B oannoii  cmamwe npedcmagiena 803MONCHOCMb  3AMEHbL  NPUPOOHOO
CbIPbS KOMNOZUYUOHHBIM GANCYWUM 6EUeCM8OM 6 Kayecmee HANOIHUmens: npu
npou3600cmee  CMpOUMENbHbIX MaAmepuanos, Oisi CHUNCEHUs Cebecmoumocmu
CMPOUMENbHBIX MAMepuanos u KOHCmpykyuil. — Jobvlua MUHEparbHo2O Cblpbsi
3aHUMaem 8 9KOHOMUKe 000U CMPAHbL 02POMHYIO YACHb, NPU nepepadbomke e2o
8 KOHeuHblll NPOOYKM UCNOAb3VIOMCA Iulib Hebobuoe Koauvecmgo. OcHogHas
yacms €20 nepexooum 6 Omxoobl, YMO 3ASPSA3HAEN OKPYICAOWYVIO CPeoy.
IIpobnema ucnonvzoeanue 0mxo008 SGAAEMCS CAMOU HACYWHOU HA OAHHBIL
MOMEHmM 6peMeHU, Komopas mpedyem OONOIHUMENbHbIX KANUMAL08I0HCEHUN 0I5
CO30aHUsL OONOTHUMENLHO20 36€HA 8 MEXHOIOSUYECKOM npoyecce 0Jid nepepadomru
OMX0008 8 KOHEeUHblIl NPOOYKM KOHKYPEHMOCNOCOO bl Ha puilke. [Ipouzeodcmeo
HOBbLIX CIMPOUMENbHBIX MAMEPUATO8 NOCMOSHHO UOem nepeo 3aMeHsisi NPUPOOHbILL
mamepuanr Ha UCKYCCMBEHHbIU, COBPEMEHHOe Mamepuaioge0eHue sAasemcs
061acmbio 0151 U3YYEeHUsI MHO2UX YHUEeHbIX mupd. B npoyecce uzmenvuenus eunca
U WIAKA NPOUCXOOUm  NOBbIUEHUE —AKMUBHOCMU Belecmsa 6Cle0Cmeue 4e2o
YCUNUBAMCSL NPOMEKAHUe 2UOPOMAYUOHHBIX NPOYECCO8, 00PA3ys 2UOPOATIOMUHATI
u euopocunuxamul Kanvyus. Ilpu smom npoucxooum 08YXKOHMYPHAs SPAHYIAYUS
2Unca, Komopas yeeiuuusaemcsi npu coeounenuu euopocunuxama. llosviuenue
Konuwecmsa noiysooHozo eunca 00 20 % u dasienusi npeccosanus 0o 50 Mlla
cnocobcmeyem nosbleHU0 NPOYHOCmU uzleauti u3 cyavgoeunca oo 7-9 Mlla.
Taxoice 000a6Ka 2NeHUYMA HECKONbKO CHUdCAem NPOYHOCMb, HO CHOCODCMEyem
NOBLIULEHUIO B0OOCMOUKOCMU MAmMepuad.

Kntouesvie cnosa: euncosvle KomMnosumsl, uopamayus, MeIKOOUCHEPCHble
ppakyuu, cmeHogvle Mamepuaibl, Mal03IHEPLOEMKOCHIb.

Brenenmne

OcHoBHasl 11eJ1b MPOU3BOJICTBA CTPOUTEIHHBIX MATEPUAIIOB SIBIISICTCS CHAOKECHUE
JKUTENEH SKOHOMHBIMU, YKOJIOTUIECKHU OE3BPEIHBIMU U JI0JITOBPEMEHHBIMU MaTepHaIaMu
u ceipbeM. Ha (oHe moporoBU3HBI IHEPTOMCTOYHUKA, CTPOUTEIbHBIE MAaTEPUAIIbI
JOJKHBI OTBEUYATh JOJTOBPEMEHHOCTHIO, MMPU OBICTPOTEYHOM H 0€3yCaJ0uHOM
3aTBEPICHUH, HEBBICOKOM IJIOTHOCTHIO, MAJIOH TEIUIOMPOBOMMOCTHIO, OMOJIOTHUECKOM
YCTOHYUBOCTBIO, XUMUUECKONH MHAUDPEPEHTHOCTHIO, B TOM YHCII€ U BBICOKOH
ACTETUYECKOU U CAHUTAPHO-TUTMEHNYECKUMU XapaKTEPUCTUKAMHU HOBBIX MAaTE€PUAJIOB.
[TogoOHBIMU CBOMCTBAMHU OTBEYAIOT M3IENHUs U3 THIICA, HA M3TOTOBIEHUE KOTOPBIX
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He TpeOyeTcsi OOJIBIINX HEPro3arpar, TPyA03aTpaT U CI0KHOTO TEXHOJIOTHYECKOTO
obopynoBanus [1, 2].

B coBpeMeHHBIX YCIIOBUSIX MHOTHE CTPaHbI paclioylararoT 3Ha4nTeIbHBIMU 3ar1acaMy
TUIICOBOT'O CBIPBS, OJJHAKO MMEIOIIUICS TEXHOT€HHBIN ITPOLYKT 00eCCepUBAHUS ABIMOBBIX
ra3oB TEIUIOAJEKTPOCTAaHIUN MPEACTaBIsAeT cOO0H MPOIEeCC KOHIEHTPUPYIOUIUI
3HAUUTENIBHBIN UHTEPEC JUIs IPOBEACHUS HAYUYHBIX UCCIIEJOBAHUM.

MarepuaJjbl 1 METOABI

st monydeHus: 6€300KUrOBOTO THIICOBOTO I[EMEHTAa, KOTOPOE COCTOMUT U3
CaSO,2H,0 - 34,77 %, CaSO, — 4,344-9,6 %, CaCO, - 7,7 %, MgCO, - 8,55 %,
DJIIMHUCTBIX MEHEPANOB — 20,64 %, Si0, — 7,29 %, Na,SO, — 0,009 %, MgSO, — 0,81,
NaCl - 1,39 %.

B xauecTBe HamoJaHUTEN UCIIONIBb30BaHbl cTpouTenbHas uzsects ['OCT 9179-18
1 — copta, nopnanauemenT ['OCT 31108-2016 «lleMeHTHI OOIIECTPOUTEIHHBIEY,
3osa-yHoc, Na2SO0,.

B kagectBe macTuGUIUPYIOMUX U MOAU(PUIUPYIOMIMX T00aBOK HCIOIB30BAJICS
cyneprutacuduxarp C-3 TY 5745-001-97474489-2007, rneHuyM, THMOHHAS KUCIIOTA,
K2CO,, nemenrtnas nsuib, MgO, MgCL,.

B kadecTBe OpraHMYeCKUX HAIOJHUTEIIEH ObLIN UCTIONB30BAHbI IPEBECHBIE ONUIIKY,
XMMHUYECKHMH COCTaB KOTOPBIX IpeacTasieH uesntonao3oin C8H1005 —40,9, nurannom
C,H, O, 20,9, nenrazonom C.HO, — 17,1, 30m0ii — 2,7.

OaHUM U3 THICOCOAEPKAIMMX OTXOJ0B SIBIAETCS CYIb(OTHUIC, KOTOPHIH
IPUMEHSAETCS BO MHOTMX Pa3BUTBIX CTpaHax AJs IPOU3BOJICTBA I'MIICOBBIX
CTPOUTENBbHBIX MaTepuaioB U uzaenuid. Cyiabporumnc (CepHUCTBIA TUIIC) BOSHUKAET
B BHJI€ TOHKOJUCIIEPCHOI'O BJIAYKHOT'O IOPOILIKA IIPU OYUCTKE OT CEPHUCTHIX I'a30B
(SO3) mpoaykTOoB cropaHusi MPUPOAHOTO TOIIMBA (KaMEHHBIH U OypbId Yrouib,
Ma3yT) B IPOMBIIUICHHBIX TOMKaX Ha TeIodJeKTpocTaHmusax. ObeccepuBanue
IPOUCXOJUT IYTEM HPOXOXKAECHUS MPOMBIIUIEHHBIX [a30B U€pe3 U3BECTHIKOBYIO
WJIM U3BECTKOBYIO BOJIHYIO CYCIIEH3HI0. B MUpe UMEIOTCS MHOTOTOHHAKHBIE OTXO/IbI
TEIUIO3HEPTeTUKH, TOPHOJ00BIBAIOIICH MPOMBIIIIIEHHOCTH, HCIIOIb30BaHUE KOTOPBIX
JUI MOAU(UIIMPOBAHMS TUIICOBBIX BSKYIIUX CIIOCOOCTBYET IOBBIIICHUIO CBOICTB
TUIICOBBIX U TMIICOCOJEPKALINX KOMIIO3UTOB.

TeXHOreHHOe TMIICOBBIA CHIPOM MaTepuall MPOU3BOAUTCA HA BBIXOIE
necyinb(UpPOBaHMS JIBIMOBBIX T'a30B TEIJIOBBIX 3yekTpuyeckux cranuuii (TIC),
GyHKIHOHUPYIOIIME HA KAMEHHOM yrie. B mporecce ropeHus KaMeHHOTO yTiis
BO3HHMEAIOT JIBIMOBBIE Iasbl, BKIoyaromue B cebe cocras CO,, H,O, N, (SO,+S0O,) n
JIETY4YI0 3071y IIpuaucisrommecs K psay onacHbIx-cepHUCThIH (SO,) 1 cepubiii (SO,)
aHruapur [5].

W3 roga B o1 BCEMUPHBIM BBIIUIECK OKCHJIOB CEephbl B Tporochepy TEIrIOBBIMU
NEKTPUUECKUMH CTAHIUSAMH BBIXOIUT 70 MIIH T., U3 HUX OO0JIbIIE 4 MJTH T. CEPHUCTBIX
BBIOpOCOB BhINajaeT Ha yacTh Kazaxcrana u ctpan CHI'. Okcuzsl cepbl, B TOM YHCiie
NPOU3BOJSAIIMX MPU UX B3aUMOJEHUCTBUU C BOJAAHBIMU Tapamu kuciotel (H,SO, u
H,SO,), Hanocst onacHeli Bpel Ha 3710pOBbE HACENCHHUS, CIIOCOOCTBYIOT yXYIIEHHIO
IIEJIOCTHOCTH ME€Ta KOHCTPYKIMU W3 METajla, ChIPbs AJsl CTPOUTENHCTBA, MAaryoOHO
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BJIMSIOT Ha JIeca a TAaKXKe Ha II0IOHOCHBIE JIEPEBBS, YIaKy OJaromiogiue ceabCcKoXo3
KYJIBTYP.

CHIXEHHE CEPHUCTOTO COJIEPKAHUS 00 BETUHIEMBIX B IHIMOBBIX ra3aX NPUBOUTCS
CrI0c060M a6COPOLIMOHHOrO MCKIIKOYEHHS TOIIOYHBIX Ia30B cMecsimMu kapoonara CaCO,
win ruapokcui kaibius Ca(OH),, ¢ BBIX0I0M TEXHOTEHHOTO TUIICOBOTO MaTtepuaa.

BosHukaromuii B JelICTBUM CXBaTbIBAaHUS SO2 u SO3 cynbdar Kanplus, ciado
pacteopum B Bozie (0,129 r/) n nosyvaet Mesnkokpuctaumieckuii ocanox CaSO,.nH,O.
[Ton BnMstHMEM KHCIOpOAA BO3JlyXa OH (pparMEHTHO NEPEXOAUT B CyNb(aT KalbLUs.
Brinenenue myrem abcopbunn SO, u SO,, OCYIIECTBISETCS K TOMY JK€ OTYMCTKA ra3a
OT 4aCTUYEK 30JIbI-yHOCA U IIPOUYUX cojaepxkaHuil. 1o 3Toi npudnHe nosrydaromuics
IIJIaM COJIEPKUT HETIPOCTOI MepeMEeHYMBBII COCTaB U BKIIIOYAET CYCIEH3HIO CyJIb(uTa
xanpius CaSO,.nH,0, CaSO,.2H,0, neorpearnposasiuuiit CaCO, u Ca(HO),, Bemects
30J1bI-yHOCA U JIPYTUX YaCTHIL.

Cynpdorunc na TOL[ mosyyaercss 10 MOKPOH TEXHOJOTHH, AJIsI KOTOPOIO
CBIPBEBBIM MaTEPHAJIOM SIBIISIETCS M3BECTHSAK. CHavana M3MeNbYaloT U3BECTHSK B
LIapOBOM MEJIBHULIE MOKPOIrO IoMoJ1a. MOJIOTBINM M3BECTHSAK CMEIIMBAIOT C BOJOU U
HOJTy4aroT a0COPOLMOHHBIA pacTBOP (M3BECTHAKOBBIM pacTBop). B abcopOrmoHHOM
KOJIOHHE (TIOTJIOTUTENBHOM KOJOHHE) aOCOpPOLMOHHBIN PacTBOpP CMEIIMBAETCS C
JBIMOBBIMM T'a3aMHU. J[BYOKHCH CEpbl JbIMOBOIO I'a3a PacCTBOPSIETCS B BOJE, BCTYIAET
B PEAKIUIO C YIJIEKUCIbIM KaJIbLIMEM B PAacTBOPE, B PE3YyJIbTAaTE YEro IOJy4aeTCs
CEPHUCTO-KAJIbLIUEBAS COJIb, KOTOPAsi BCTYNAET B XUMUYECKYIO PEAKIIHIO C BIYBAEMbIM
OKHCIIUTENIbHBIM BEIIECTBOM, B pe3ysbraTe oOpasyercs rumc. Ilocine cepoodncTku
JBIMOBOM Ta3 MPOXOAUT Yepe3 TyMaHO-YJIOBUTENb, TJI€ MEJIKUE YACTULIBI YIAJISIOTCS
Y OYUIIICHHBIE IIMOBEIE Ta3bI MPOXOAST B ABIMOBYIO TpYyOy [6].

B tabnuue 1 npuBeneHs! (GU3NKO-XUMUYECKHE XapaKTEPUCTUKH CyJb(oruca,
nosryueHHoro Ha TOLI.

Tabmuua 1 — OU3NKO-XMMUYECKHE XapaKTEePUCTUKH CYIIb(pOorurca

Conepixanue 3ona,
CaSO, Ca$O3, ublib, |S,cem¥r| pH |p  Kr/M’ p‘g‘;[}r/ Lser 3amax
2H,0, % ’ %
2700- 2,34- N N N
91-96 1,5-1,6 <3 2900 4.4-8,9 | 510-540 238 CepoBartblii | HeliTpanbHbIii

[To xMMHUECKOMY M MUHEPAJIOTUYECKOMY COCTaBY JIOMYCKAETCA MPUUYHUCIUTDH K
THIICOBOMY ChIphIO 1 copTa (Tabmuua 1).

[IpencraBnsiemass npoba ObUTa BBICYIIEHA 10 OCTATOYHOH BiaxkHocTu 1-2 %
BO M30eXaHWE MPHJIUIAHUS MAcChl K TOBEPXHOCTH MEJIbHUIBI H MEIOUINX Tel U
nu3MenbueHa. [IpoaykT xapakTepusyercs: BBICOKOW TUCIEPCHOCTBIO (OCTaTOK Ha CUTE
008 8-10 %).

Tonkon3MenbuYeHHBIN 0€300>KUTOBBIN MaTepual ucnbIThiBau coriaacHo 'OCT Ha
THIICOBBIE BSDKYIIUE, (PU3UKO-MEXaHUUECKUE XapaKTEPUCTHKH KOTOPOTO MPUBECHBI
B Tabnmma 2.
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Tabnuua 2 — @U3UKO-MEXaHUYECKHUE XapAKTEPUCTUKU CYIb(OTrHIICa TOCIE CYLIKH

B/B P R, Mlla I cyr Cpoku cXBaTbIBaHUSA
r/cm? 00pasioB BO3pacTa Hau., Mus Kott., MiH
0,25 1,33 1,3 19 32

[ToxOupanu BOIOBSKYIIEE OTHOIIEHHUE (B/B), COOTBETCTBYIOIIEE TECTY HOPMaTbHON
KoHcucTeHIun, paBHoe 0,25. [Ipu 3TOM IJIOTHOCTH TUIICOBOTO KamHs 1,33 r/m’.
[Ipounocth Ha cxatue cyrouHoro tBepaeHus 1,3 Mlla. ITo cpokam cxBaTbhIBaHUS
MaTepHuas OTHOCUTCS K MEJIJICHHOTBEP ICIOIIIIM.

B Hacrosimiee BpeMs MOIyYMIIO Pa3BUTHE TCHACHIMS MPUMEHEHHUS TEXHOJIOTHHU
MIPOM3BOJICTBA THUIICOBBIX M3JCIHI MPEUMYIIECTBEHHO Ha 0a3e THIICOCOIEePKAITUX
OTXOJI0B, HE UCITOJIB3YS YCTApEBIINI TPeoOpa30BaHUs JBYBOJHOTO THUIICA B BSDKYIICE
Y B IJAJIbHEHIIIEM TUApaTallid B IPOTEKAHUU U3TOTOBJIEHUS U3ienui [2, 3].

Jlist ucnonib30BaHuUs CyJIb(porurica B 0€3005)KUTOBOM BUJIE OBLIN MOATOTOBJICHBI
pa3IUYHBIC COCTABHI C COJIEP)KAHMUEM HU3BECTH M IOJTYBOJIHOTO THIICA.

B pabore mcmonp3oBanack U3BECTh CO CKOPOCTHIO TamieHus 4 MuH 59 cek.,
conepxanue CaO+MgO — 93 %, kosmyecTBO HenmoracuBmuxcs yactui 1,1 %.
CtpoutenbHbIN rurc Mapku ['-3.

N3 moAroTOBICHHBIX CMECel METOIOM ITpeccoBaHus (IIPH JaBICHUH ITPECCOBAHUS
25 MIla) roToBmimch 00pasibl pazMepoM 5X5X3 cM, KOTOpBIE TBEPAEIN Ha BO3IAyXeE.
Pe3ynbrathl ucciie1oBaHus MPUBEICHBI B TadauIe 3.

Tabmuna 3 — CoBMecTHOE BIUSHUE U3BECTU U MOJIYBOIHOIO TUIICA HA MPOYHOCTHBIC
XapaKTePUCTUKHU CYJIb(orumca

C [IpouHocTh Ha cxkatue, B CrerneHnb
OOTHOIIIEHHE
Bo3pacte, Rex, Mlla TUApaTauu
CocraBbl KOMIIOHCHTOR p__t/em® | 1cyr 7 14 7 14
OTXOI:N3BECTh: uer yT.
I10JIyBOJIHBIM TUIIC
CYT. CYT. CYT. CYT.
1 89:5:7 1,89 1,30 1,27 1,28 17 18
2 85:7:11 2,12 1,23 1,22 1,22 18 19

W3 pe3ynpTaToB HCCiIeI0BaHUS BUIHO, YTO MPOYHOCTh 00pa3LloB MPU BBEACHUU
4-6 % un3Bectu u 6—10 % noxyBOAHOIO THUIICA MPHU JaBiIeHUM IpeccoBanus 25 Mlla
IIpU TBEPJEHUU 110 14 CyTOK OocTaercs MOYTH B TeX Xke npenenax. MoXKHO OTMETHUTH
HE3HAYUTEbHBIN CKaYOK B CyTOYHOM BO3PACTE, OJTHAKO UJET JAJIbHEMNIIEE CHUKEHHE.

N3BecTb 00BIYHO CHIKAET PACTBOPUMOCTD M KPUCTAJIN3ALIMIO IBYBOIHOTO TUIICA.
A konrgecTBo MmoryBofHOTO THrica 6—10 % HeoCTaTOuHO TS aKTUBAITUH CYJIb(orurca
IIpU JaBjieHUH npeccoBanus 25 Mlla.

[Tostomy B cremyromue cocrasbl godasumu 10 20 % B CaSO,-0,5H,0 u 0,6 %
rieHnyma (cocran 1, Tabnure 4).

N3 paboter O. A. I'anuna, I'. . OBuyapenko u3BectHo, 4to Gleniym ml115 B
konuectBe 0,7 % OT Macchl TUIICa TTOBBIIIIAET BOJIOCTONKOCTH [4].
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A B cmech 2, Tabauua 4 no6asnsnm 20 % B CaSO,-0,5H,0.

JlJis ToITy4eHusl THIICOBOJIOKHUCTBIX M3 B cMech 3, Tabmuiua 4 mo0aBisuiu
3 % menkux onuiok (10 1 Mmm).

Pe3yabTaTsl n 00CyKaeHTE

N3 paccMOTpeHHBIX CMeCei M3TOTOBIISIIM 0OpasIbl MPHU TaBICHUU MPECCOBAHUS
50 MIla.

PesynbTathel uccneq0BaHus IPUBEACHBI B TA0IHIIE 4.

Tabnuua 4 — BinsiHue moyryBoJHOTO TUIICA U JABJICHUS MPECCOBAHUS Ha U3JCTUS U3

cyabdorurnca
No HaunmenoBanue Cootromene, % HJ‘IOTHOC;[L p, 1/ W, % [Ipenen npounoctu
Marepuaia cM Rex, Mlla

1 |Otxon : 20:79,3:0,7 1,99 9,5 7,76

CTPOUTETHHBIN 1,97 9,5 7,64

THUIIC: TIICHUYM 1,98 9,5 7,65

Cpennee 3HaueHue 1,98 9,5 7,75

2 |Otxon : Tunc 80:20 1,98 9,5 9,53

1,97 9,5 9,41

1,96 9,5 9,42

Cpennee 3HaueHNE 1,96 9,5 9,40

3 |Otxoxm: THUIIC : 80:20:3 1,81 9,5 2,88

ONWIKK  (pa3zmMepom 1,82 9,5 2,83

10 1 Mm) 1,83 9,5 2,75

Cpennee 3HaueHue 1,82 9,5 2,67

W3 pe3ynbTaToB Hccae10BaHUi BUHO, YTO JI00aBKa MosryBogHOro rumca a0 20 %
B cyibdorurnc npu aasaeHnu 50 MIla cnocoOCTByeT 3HAUUTEILHOMY YIPOUYHEHHIO
00pa3noB, T.K. THIATEJIbHOE MepeMellnBaHue MaTepuaion, nasienue (50 Mlla)
CONMMKAeT YacTHIIbl MOJIYBOJHOIO TUIICA M JUCHEPCHBIE YacTUIlBl cylbdorumca. 3a
CYeT pa3HUIIbl B TPAHYJIOMETPHUH, POUCXOIUT OOBOTAKUBAHUE YACTHUI] OTYBOIHOTO
THUICa MEeNTbYaHIIIMMU YaCTHIIAMU CYJIb(OTUIICA U XUMUYECKOE CPOJICTBO O0YCITaBIMBAET
COBMECTHYIO KpUCTAJIIM3ALUIO MaTepraa.

Jlo6aBKa riaeHnyMa HECKOJIBKO CHUXKAET MPOYHOCTh, HO CIIOCOOCTBYET MOBBILICHUIO
BOJIOCTOMKOCTU MaTepuaa.

C ucnonp3zoBaHueM 110 3 % Menp4alInX ONMUJIOK MOJTY4YEHbl 00pa3libl MEHbIIEH
CpellHel MIIOTHOCTBIO, HO U MEHbIIIeH MpoYHoCcThIo (2,67 MIla).

BoIBoabI

—HcenenoBanus okasau, 4To CyJIb(OrHIic, moy4eHHbINH Ha TETI03IEKTPOCTAHIIUH,
OTHOCHTCSI K TUIICOBOMY CBIpbIO | copra;

— Moaudukanus cynbdorumnca u3Bectpio (4—6 %) U MOTYBOJHBIM THUIICOM
6—-10 % npu gaBnenuu npeccoBanus 25 MIla cnocoOcTByeT cTabuIN3aIUu
IIPOYHOCTHBIX NMoKa3zaTenel. Crenenb ruapaTanuu Ha 14 cytku cocrasisier 16—-18 %;

— IToBpIlIEHME KOJIMYECTBA MOITYBOAHOrO rurnca 10 20 % u JaBiaeHHs IPECCOBAHUS
1o 50 MIla cnocoOGcTBYeT MOBBIILIEHUIO NPOYHOCTH M3JAEIUN U3 cyibdorumca
1o 7-9 Mlla;
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— Jlo6aBKa riaeHMyMa HECKOJbKO CHUIKAET MPOYHOCTH, HO CIIOCOOCTBYET
HOBBILIEHHUIO BOJIOCTOMKOCTH MaTepHaa;

— C ucnonb3oBanueM 10 3 % Menb4alIiX OMUIOK HOTY4YEeHbI 00pa3iibl MEHbILEH
CpeaHel MIIOTHOCThIO, HO U MEHbILIEeH MPOYHOCThIO (2,67 MIla);

— CocraBbl (1-2) MOTYT OBITH PEKOMEHAO0BAHBI [T TOTYUYEHHUS KUPIIMYA, @ COCTaB
3 U1 CTEHOBBIX OJIOKOB.
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Marepuan noctynuin B pegakuuio 01.06.23.

*I'. P. baiimenosa’, C. T. Kynvwmurxosa’

20. A. baiikonypoB atbiHarbl JKe3Ka3raH YHHBEPCUTETI,
Kazakcran Pecriybnukacsr, JKe3kasraH K.

Marepuan 01.06.23 Gacniara TYCTI.

KOMIIO3NIUAJIBIK TYTKBIP HET'I3IHAEI'T
A3 KYATTbI KABBIPFA MATEPUAJIJIAPBI

Byn makanaoa kypwiivic mamepuanoapvl MeH KOHCMPYKYUSIAPBIHGIY O3IHOIK
KYHbIH MOMEHOemY YUliH KYPbLIblC MAMeEPUALOapbiH OHOIPYOe MOImbvlpablil peminoe
mabuau WUKi3ammsl KOMNOZUYUSAILIK MYMKbIP 3amMneH aiMacmulpy MYMKIHOI2I
ycviHvlizan. Munepanovl wuxizammuol 6HOIpY Ke3—KeleeH el IKOHOMUKACBIHOA
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ayvicaovl. Mocene Kanovikmapowl natoaiany Kasipei yaKkblmmazol ey 63eKkmi O0vin

maowvLaovl, 01 KALObIKMapobl COH2bl OHIMee KAUma eHOey YUliH MeXHON0SUSIbIK *A. H. XXakaHoe

npoyecme KOCLIMWLA CLAMeMe JHCacay YWwin KOCbIMUA UHEECMUYUSAIAPObl Kadcem EBpasuiickuii HAMOHATBHBIH YHHBEPCHTET HMEHH
emedi.Hapvikma bocekeee Kabinemmi. JKana Kypwiivic mamepuanioapvlHvly OHOIPICi
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canacvl 60a6in MabwvLIadvl. 1Tunc new Kox#cObl YHMAKMAY HPoOYyeciHoe 3ammvlH MPUPOLHBIE MOPUCTBIE 3AMOIHUTEIM JIEFKOIO EETOHA

bencendiniei apmaodvl, HOMUICECIHOE 2UOPOMAYUS NPOYECMEPIHIH a2blMbl Kyuielin,
2UOPOANIOMUHAM  NEeH Kalbyull 2uopocunukammapuln myszeoi. byn owcazoaiioa
euncmiy exi mizoexmi myuipuwixmenyi scypeoi, 0l 2UOPOCUIUKAM KOCbLIZAH Ke30e
apmaovl. XKapmuinaii Cynvt eunc momuepin 20 % -ea Oetiin scone npecmey KblCbLMbIH
50 Mlla—ea Oetiin apmmulpy cynvgocunc ownimoepiniy bepixmicin 7-9 Mlla-2a
Oetiin apmmulpyaa viknan emeodi. Conoaui—ax, 2nenutl Kocnacwl bepikmicin oipuama
memenoemedi, Oipax Mamepuaiobly cyea me3iMOLIIiciH apmmulpyed KOMeKmeceoi.

Kinmmi co3dep: eunc xommnosummepi, bli2ai0anowvipy, ycax @paxyusiap,
Kabbipea Mamepuanioapbl, az sHepeusi ColilbIMObLIbIHL.

Cmamwsi nocéawjena ucciedos8anuio 8 o01acmu NPUMEHEHUs. PA3TUYHBIX
KOMNOHEHMOB 8 Kauecmee 3anoanumens 0iis 1eekux bemonog. Ha cecoonsuunuii Oenw
UCNONBL30BAHUE COBPEMEHHBIX MEXHON02UL CNOCOOCMB08ANI0 POCMY NONYAAPHOCIU
necKux 6emonos. Jleckuii 6emon npedcmagnaem wupoKutl CHeKmp Xapaxkmepucmux,
KOmopbvle 00ecnedugarom mexHuyeckuil pvliae no CpagHeHuio ¢ mpaouyuoOHHbIMU
KOHCMPYKYUSAMU, AOANMUBHOCTBIO U YCIMOUYUBOCIBIO.

Coenacro cogpemennbiMmpe608anuam, npedvbAGIAeMbIMKIHEP0IPhexmusHbim
30QHUAM U COOPYIHCEHUAM, NOABIACNCSA CHPOC HA jlecKue Oemonvl HA NOPUCHIbIX
sanoanumensix. OcHo6Hble CGOUCMBA Ne2KUX OemoHo8 HANPAMYIO 3A6UCAM Om
KauecmeeHHbIX XapaKmepucmuK UCnob3yemMulX 3anoaHumenel.

B oannoii cmamwe u3zyuenvl acmnexmuvl npuMeHeHus aecKux OEmoHo8 ¢

*G. R. Baimenova', S. T. Kulshikova®
12Zhezkazgan University named after O. A. Baikonurov,

Republic of Kazakhstan, Zhezkazgan. PABTUYHBIMU 3ANOIHUMETAMU, NPEOCMABNEHbL Pe3VIbMambl UCCIe008AHULL MPYOOs
Material received on 01.06.23. YUEHBIX N0 OAHHOU MeMamuKe.

B pabome npusedenvi ¢puzurxo-mexanuneckue Xapaxmepucmuxy npupoOHbIX

LOW-ENERGY WALL MATERIALS BASED NOPUCINBIX 20PENBIX ROPOO, 8 TNOM YUCIE —2Uedicell, KOmopule 00YCI061eHbl YCI0GUEM

ON COMPOSITE BINDER ux o0bpasosanus — NPUPOOHOU MEPMUUECKO 0OpAbOMKOU U BO3MONCHOCBIO

UCNONIL30BAHUS UX 68 Ie2KUX OeMOHAX. Cpa36umueM HAY4YHO-MEeXHUYeCKoco npoepecca
0o nopucniblx 3anoaHumeneti no CPABHEHUIO C NJIOMHbIM 6ydem nosslutamsvcs, 4ymo

This article presents the possibility of replacing natural raw materials with a 9
OMPA3UMCsl HA PEuleHUU IKOI02UHECKOU npodaembl U NOOMBEPOUN NPeUMYeCmEa

composite binder as a filler in the production of building materials to reduce the

cost of building materials and structures. The extraction of mineral raw materials
occupies a huge part of the economy of any country, only a small amount is used
when processing it into the final product. The main part of it goes to waste, which
pollutes the environment. The problem of waste utilization is the most pressing at the
moment, which requires additional capital investments to create an additional link
in the technological process for recycling waste into a final product competitive on
the market. The production of new building materials is constantly moving forward,
replacing natural material with artificial, modern materials science is an area for
study by many scientists around the world. During the grinding of gypsum and slag,
the activity of the substance increases, as a result of which the flow of hydrotational
processes increases, forming hydroaluminate and calcium hydrosilicates. In this
case, double—circuit granulation of gypsum occurs, which increases when the
hydrosilicate is combined. Increasing the amount of semi—aqueous gypsum up to
20 % and the pressing pressure up to 50 MPa increases the strength of products
made of sulfogypsum up to 7-9 MPa. Also, the addition of glenium slightly reduces
the strength, but helps to increase the water resistance of the material.

Keywords: gypsum composites, hydration, fine fractio, wall materials, low
energy consumption.
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n1e2K020 bemomua.

Ilo umoeam uccnedosanus coenamnsvt 8bl800bL 0 NEPCREKMUBHOCIU PA3GUMUSL
JIe2KUX OemoH08 ¢ PAsIUYHbBIMU KOMHOHEHMAMU C YUemoM IKOHOMUYECKUX U
IKOIO2UHECKUX NPEUMYUJeCME.

Knioueswie cnosa: copenvie nopoosi, 2auexic, NOpUCmsill 3anoJIHUMeNb, 1e2Kue
OemoHwvl, OMX00bl NPOU3BOOCEA.

Beenenne

B coBpeMEeHHOM CTPOUTENBCTBE CYLIECTBYET aKTyaIbHOCTh IOMCKA aJIbTePHATUBHBIX
MaTepUaNIOB M TEXHOJOTHH, HAIPABICHHBIX HAa BO3MOXXHOCTb pacIIUpEHUS
CYIIECTBYIOIICH CHIPhEBOW 0a3bl M MPOU3BOACTBA HOBBIX MOPHUCTHIX 3aMOTHUTEINEH,
HIO3BOJISIOIINX TOJTY4YaTh JETKUE OETOHBI cpeiHei IoTHOCThI0 400—800 Kr/m?.

Pacmmpenue nmpuMeHeHHs JICHIEBbIX U KaUeCTBEHHBIX MOPUCTHIX 3aNOTHUTEINEH,
B TOM YHCJI€ NPUPOIHBIX JJI JErKOOETOHHBIX KOHCTPYKLIHH B COBPEMEHHOM
CTPOUTEIBCTBE MPUHECET OONBILION 3KOHOMUYECKUN 3PPEKT U CTaHET OJHUM M3
OCHOBHBIX ITyTe{ CHIKCHUS 3aTPaT B KAITUTATIbHOM CTPOUTENBCTBE, UTO 00YCIIaBIMBACT
aKTyaJbHOCTb TEMbI HCCIIEIOBAHUS.
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Hcnonb30Banue Jerkux OETOHOB IMO3BOJISIET CHU3UTh Maccy OCTOHHBIX U
KeJIe300€TOHHBIX KOHCTPYKIUH, YKPYIHUTh MOHTHPYEMBbIE COOpPHBIE 3JIEMEHTHI
3/1aHUN U COOPY>KEHUH, YJIyUIIUTh TEIJIOTEXHUYECKHE U aKyCTHYECKHE I10Ka3aTeIn
3/1aHUM U COOPY>KEHUH, YMEHBIIUTH TPAHCIIOPTHO-MOHTAKHBIE PaCcX0/Ibl 1 CTOUMOCTh
cTpoutenseTna [1].

W3penust u3 gerkux O0ETOHOB MOJYYHJIM HIMPOKOE NPUMEHEHHUE B MPAKTUKE
CEJIbCKOT0 CTPOUTENILCTBA, KaK B OJIMKHEM, Tak U JajbHeM 3apyOexbe. B bonrapuu,
Benrpuu, [lonbiie YexocnoBakuu U Jpyrux CTpaHax MOJYYHIIO Pa3BUTHH COOpPHOE
CTPOMTENIHCTBO M3 JIETKOOETOHHBIX KPYHMHOPa3MEPHBIX 3JEMEHTOB (KOPOBHUKH,
NTUYHUKHU U T.JT.).

B CHIA, Aurnuu, Kanane, llIBenuu, Jlanuu u ap. cTpaHax JerkKue OCTOHBI
IPUMEHSIOTCSI B OCHOBHOM IIpH IIPOU3BO/ICTBE KAMHEN B MOHOJIUTHBIX COOPY>KEHHUSX,
qacTUYHO Il cOopHoro crpoutenscTBa. B CIIIA Gonee 80 % oObeMa CTEHOBBIX
MaTEepHAJIOB COCTABJISIIOT OETOHHbIE KaMHH. B AHIIMM OCHOBHBIMH MaTepHaIaMH
JUIsL TIPOU3BOJICTBA KAMHEH M3 JIETKUX OCTOHOB SIBJIIIOTCS TOIUIUBHBIC U OTBAJIbHBIC
JnoMeHHbIe nutaku. CpeaHss mioTHOCTh Takux 6etoHoB 800—1000 kr/m?, mapka -50.

Heo6x0quMoCTh NPUMEHEHUSI B CTPOUTEIBCTBE MPUPOJHBIX MOPUCTHIX
3aIOJTHUTEINIEH /171 IETKOTo OeTOHA 0OBSACHSIETCS MX perMyIecTBaMu. OHU SBISIOTCS
JIETKUMH, UMEIOT XOPOIlEee CLEMJIEHUE C LIEMEHTHBIM KaMHEM, IbUIEBUIHAS 4acTh
XMMHUYECKH aKTHBHA B OTHOLIEHHM LIEMEHTOB, a MOPHUCTBIE PA3HOCTH, KPOME TOTO,
CHOCOOHBI co3/1aBaTh B OeToHe 3 (PeKT caMoBaKyyMHUpoBaHus [2].

MarepuaJjbl 1 METOABI

beron u xene300eTOH SBIAIOTCS BEAYLUIMMH CTPOMTEIBbHBIMU MaTepuajaMi,
II03TOMY B COBPEMEHHBIX YCJIOBHSIX ITOBBIILIAETCS aKTyaJIbHOCTh BOIIPOCA IPUMEHEHMS
HOPUPOAHBIX TOPUCTHIX 3AMOJIHUTEINIEH ISl JIETKOTro OeToHa.

[IpeumymecTBa jerkoro 6€ToHa Ha MPUPOJHBIX MOPUCTHIX 3AMOJIHUTEINSAX JAI0T
BO3MOKHOCTh yTBepXk/1aTh 00 3()()eKTUBHOCTU U PAIMOHAIBHOCTH HCIIOJIB30BAHUS
MaTepUajIbHBIX PECYPCOB B BUJIE OTXO0JI0B IIPOM3BOCTBA /ISl U3TOTOBJIEHUSI JaHHOTO
CTPOUTENILHOI0 MaTepuaia. B cBoro ouepesib, UCIIOIb30BAHUE OTXOA0B IIPOM3BOACTBA
MI03BOJISIET HE TOJIBKO YJIOBIETBOPUTH MOTPEOHOCTH B MECTHBIX JICIIEBBIX 3aIIOJTHUTEIISX,
HO U PEeIINTh NPOOJIEMBl YTUIM3AIUN OTXOA0B, TO €CTh 3KOJIOIMYECKHE TPOOIEMBI.

B cBsi3u ¢ 3TUM, HCTIOIB30BaHUE MECTHOI'O ChIPbsI M IIPOMBIIIJIEHHBIX OTXOJI0B B
IIPOU3BOJCTBE CTPOUTEIIBHBIX MATEPUAIOB U KOHCTPYKLUH ABJISICTCS BAXKHOU 3a1a4eil
HAapOJHOI'O XO35UCTBA.

B craTbe ncnosap30BaHbl 001IEHAyYHbIE METOABI OT a0CTPAKTHOTO K KOHKPETHOMY,
CHHTE32 U TEOPETHYECKOro 0000IIeHNUS, UHAYKLINH, JeTyKIIUH, CACTEMHOI'0 aHAJIN3a.

TeopeTnueckoil U METOJIOJOTUYECKONH OCHOBOW CTAThU SBISAIOTCA PabOTHI
OTEUECTBEHHBIX U 3apyOeKHBIX YUEHBIX 110 BOIPOcaM 3(P(HEeKTHBHOCTH U PAIIMOHATBHOTO
NPUMEHEHHUS JIETKUX OETOHOB Ha MPUPOJHBIX MOPUCTHIX 3aIOJIHUTENAX, B TOM YUCIIE
U3 MECTHOTO ChIPbs U OTXO0JI0B IIPOM3BOACTBA.

Pe3yabTaTsl M 00Cy:KI€HUE

OnHUM U3 UCTOUYHHKOB ChIPHEBOM 0a3bI JIS1 IPOM3BOICTBA HEPYAHBIX CTPOUTEIBHBIX
MaTEpPUAJIOB SABJISIOTCS FOPEIIBIE TOPOBL.
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[IleGeHb U MECOK W3 TOPENbIX MOPOJ, 10 3€PHOBOMY COCTaBY, MIPOYHOCTH,
MOPO30CTOMKOCTH, (OopMe 3epeH LIeOHs, CONEPKAHUIO TTIMHUCTBIX U 3aCOPSIIOIIUX
IpUMecei, a TaKXKe 10 BPEJHBIM IPUMECSM JIOJIKHBI COOTBETCTBOBATH TPEOOBAHUSAM
I'OCT 24100-80 x HepyIHBIM MarepuanaM U3 MPUPOIHOTO ChIpbs. JloOGaBouHbBIE
TpeOOBaHUS K TOPENbIM MOPOJIAaM KaK 3aloJIHUTENAM  u3joxensl B TY 5711 -001
-02070105-2002 u TY 5711-002-0207105-2008.

I'openbie mopoabl JOCTATOYHO JICIIEBhI U TOCTYIIHBI.

[Ipupoanas repmuyeckas 00pabOTKa ropesibIX MOPOI ABISETCS TeM (PAaKTOPOM, OT
KOTOPOTO 3aBUCHUT UX aKTUBHOCTb.

TexcTypa ropesisix MOpoa MOXKET ObITh CIAHIEBOUW, KYCKOBOU, TIIbIO00OPA3HOM,
HO HE JIOJDKHA OBITh PBIXJIO-CHITyYeil, 3eMiucToii [3,4].

O creneHu 00KUTa rOpeNbIX MOPOA MOXHO OIEHHUTH 10 OKpackKe, MPOYHOCTH,
JAHHBIM TEPMUYECKOI'0 aHaJIM3a, a TAKXKE 110 BOJOIOIIIOICHHUIO, AaHATOTUYHO OLIEHKE
CTENEeHH CIIEKaeMOCTH KepPaMHUYECKOro uepenka. ['opernbie mopoabl, HMEIOIINe
Bojtonorsouienue ot 5 10 10 % mpoueHTOB OTHOCATCA K YMEPEHHO 000%CKEHHBIM, a
IpY BOJIOTIOTJIONICHUU MeHee 5 %-K XOpOoLIo 000K KEHHBIM.

XHMMHUYECKUN U MUHEPAJIbHBIA COCTaB F'OPHBIX ITOPOJ B3aUMOCBs3aHbl. Bricokoe
coJiepKaHue KpeMHe3eMa 00BbsACHIETCs IPUCYTCTBUEM €ro B CBOOOIHOM (hopMe B BHIE
KBapIla, a TaKXKe CBSI3aHHHOTO B JTIOMOCHJIMKATBHI Pa3jIMYHOIO COCTaBa (KAOJIMHMT,
CIII0/1a, TMOJIEBbIE IIMATHI U Jp.). XKenae30 B Mopojaax MpeCTaBICHO AUCYIbPUIOM
(mUpHUT, MapKa3uT), CUACPUTOM MJIM CMEChIO 3TUX MHUHepanoB. Hamnuue menoueit
00BSACHSIETCS Pa3I0KEHUEM MOJIEBOTO IITATa U CIIOJT, 3 TPUOKCH/IA CEPhI — PA3JI0KEHUEM
Cynb(aToB U OKHCICHUEM UPUTA. ATIOMUHUHN, KaK U KDEMHUH, COCPEIOTOUYEH B BHJIE
pa3IMYHBbIX HEOPIaHUYECKUX KUCIOPOAHBIX COENUHEHNUN [4].

— o0pazoBaHue paciuiaBa (CTeKn0¢assl IPEUMYIIECTBEHHO METUTOBOIO COCTaBa) U
KpHCTAJIM3aLKs HOBBIX (ha3 — MarHeTUTa, Kpucrobaumra, kopyHaa (950-1200 °C) [4].

[Ipu camo00XkHre MaxTHBIX MOPOJI IPOUCXOAT CI0XKHbIE TPEOOPa30BAHUS:

— yaanenue aacopouposannoii Biuaru (120-160 °C);

— aectpykuus (250-500 °C);

— OKHCJIEHUE U BbIropanue opranndeckux semiects (300-1000 °C);

— IUCCOIMAINS U OKUCIIeHUE cynbhuaoB xkemnesza (300-500 °C);

— nuccormanys kapoonaTos xkenesa (500—700 °C), kanbiwst u Maruus (700-850 °C);

— cTyleHuyaTas JAerujpartanus U aMmop(u3anus IIMHUCTBIX MUHEpPaJIoOB
(550-900 °C);

— KPUCTAJUIM3ALMs BHOBb OOpA3YIOMIMXCS COCTUHEHHH (MYJUIUT, CUJUIMMAHUT,
reMaTuT, IIIUHENb), a TAKKE UX B3aUMOJICHCTBUE APYT C APYTOM WIN C OKCHUAAMU C
o0Opa3oBaHueM ¢ 00pa3oBaHHEM CHIIMKATOB U atoMocuiankaToB (980—-1200 °C);

— o0pazoBaHue paciuiaBa (CTeKn0¢aspl IPEUMYIIECTBEHHO METUTOBOIO COCTaBa) U
KPUCTAITU3AIUs HOBBIX (Pa3 - MarHeTuTa, kpucrodanuta, kopynaa (950-1200 °C) [4].

ABTOpOM OoTMeueHO [5], uTo ropenas nopoja SIBIAAETCS NEPCHEKTUBHBIM
3aI0JIHUTENIEM Il IPUMEHEHUs B Jerkux 6etoHax. [Ipu ¢puzndyeckoM 1 XUMHYECKOM
BBIBETPUBAHUH ITOPOJ] TPOMCXOANUT U3MEHEHUE UX KPYITHOCTH 3 CYET AUCTIEPTUPOBAHUS
U pa3pyLICHUs] XUMUYECKHA HEYCTOMYUBBIX MUHEPAJIOB. B pe3yibTare TepMUUECKOTO
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BO3JI€HCTBUS Pa3JUYHON MHTEHCUBHOCTH U HEPABHOMEPHOTO paclpeacaecHus
00pa3yIoTCsl MOPOABI PA3IUYHON CTEMEHN U3MEHEHHOCTU: 000KEHHBIE, TOpeIble,
HepeIUIaBICHHBIEC U MIOPO/IbI, IPOKAJICHHBIE B cpeie OJIM3KOH K BOCCTAHOBUTEIHHOM.

B pabote [6] aBTOpamu OBIJIO YCTaHOBIIEHO, YTO B MUHEPAJIBHOM COCTABE FOPEIIBIX
IIOPOJI COZIEPKATCS KBapll, TNIMHUCTBIE MUHEPAJIbI, IPEICTABICHHbBIE THIPOCIIOIbI C
NPUMECHIO KAOJMHUTA M XJIOpUTa, KapOOHAT B BHUJE MUPHUTA, MapKa3uTa, reMaTuTa.
BerpeuaroTcst mosieBble MIMaThl, MOAU(UKAIIMN KPUCTAIIIMYECKOTO KpeMHe3eMa —
TPUAUMHUT, KpUCcTOOanuT. CTeKsI0BHIHAS (haza MpeicTaBiIeHa CTEKIOM B OCHOBHOM U3
MEJIMHUTOBOI'O CTEKJIA.

B paGote [7] aBTOpOM mpeacTaBIeHbl pe3yabTaThl UCIBITAHUM, NCTIOIb30BAHUE
B KOHCTPYKIIMOHHOM OETOHE JIErKOTO 3aIlOJHHUTENs, KOTOPBIA MPOU3BOAUTCS U3
ropessix nopoJ. LleMeHnTHas Mmacca mopo/psl ClioskeHa OypbIM ETUTOBBIM MaTEPHAIIOM,
000COKEHHBIM U YaCTUYHO OCTEKJIOBAaHHBIM. B 1emeHnrte HabOIr0Aat0TCs OJMHOYHBIE
3epHa BTOPUYHOTO KapOoHarta, Oypble IUICHKH TMIPOKCHAOB Xkelne3a. B pesyibrare
IpoIeccOB MeTaMOp(dHu3anuu eMEHTUPYIONasi COCTaBIAIONIAs MPEeBpaIlaeTCs
B IUIOTHBIM arperar, 00JerJaiimuid MaTepuail Nopoabl U 3HAYUTEIbHON CTENeHU
CKpPaJIbIBAIOLINI KOHTYPBI 00JIOMKOB.

B pabGote [8] aBTOpamMu paccMOTpPEHBI BOMPOCHI MOJYUYEHHUS JETKOTO
BBICOKOIIPOYHOTO OeToHA. TeKCTyphl U CTPYKTYPHI MOPOA pa3HOOOpa3Hbl. MOXHO
BBIJIETIUTH CJIEAYIOINE OCHOBHBIE TEKCTYPHBI: INIOTHBIE, HO3/IPEBAThIE, INIAKOBUIHAS,
OpexuuneBuHbIe. [[pUCYTCTBYIOT MOPHCTHIE U BCITyYSHHBIE, arPEerUPOBAHHBIC CIIOUCTHIE
Y TUIOTHOCLEMEHTHUPOBAHHBIE ITOPOJIBI.

B pa6ote [9] aBTOpamMu M3ydeHb BOIPOCH MOJIU(DULIUPOBAHUS MOBEPXHOCTH
HOPUCTHIX 3aMOJHUTENEH /Ui 00eCeYeHus] Ha/Ie)KHOW COBMECTHOM paboThl B OeTOoHE
KOMIIOHEHTOB C PE3KO Pa3IMYHbIMU YIPYTO-IUIACTUYHBIMU cBoiicTBaMu. lIpeanoxen
JIeTKUi OETOH C UCTIONB30BAaHUEM B KaUueCTBE OPUCTHIX 3AIIOIHUTENEH U3 TOPENIBIX TOPOI.

Xumuyeckuii cocras ropenbix nopon %: Si0-71,12-85-29; Al O, -5,78-21,44;
Fe,0,-2,25-3,15; Ca0-0,28-0,4; Mg0O-0,79-1,06; SO1-0,16-1,01; m.m.m. -1,04-1,01.

MuHepanoruueckuii coctaB — KpEMHE3EMUCTBIE XKeJle3UCThIe [9].

Ucnbrranue 3anonaurens npoBoauiock cornacHo 'OCT 9758-2012 «3anonuuTenu
HOPHUCTHIE HEOPTAaHUUECKHUE JUISI CTPOUTEIBHBIX PA0OT. MeTO bl UCTIBITAHUI.

DU3HKO-MEXaHUYECKHUE CBOMCTBA UCIIBITYEMOTO IIMEKA: UCTUHHAS IUIOTHOCTH 2,61
r/cM®; cpeniHss IUIOTHOCTD 2,32 I/CM®; HaChIMHAs IUIOTHOCTH 1,27 I/CM?; yCTOTHOCTh
44,8 %; nopuctocth 15 %; Bogonornomenue 4,64 %; p 16,68; mapka medns 600;
BiaxHocTh 0,3 %. TBeprocts no mkaiie Mooca 4,5; Mp3 75 1uKI0B.

JlocTaToyHO BBICOKAsl aAT€3MOHHASI TPOYHOCTH (2,6—2,8) IeMeHTa K TOBEPXHOCTHU
riuexa [10].

W3BecTeH cocTaB JIerkoro 0€ToHa Ha OCHOBE TEXHOTCHHBIX OTX0/10B KOHCTPYKIIMOHHO-
TETJIOU30JILIMOHHOTO JIETKOT0 O€TOHA JUIs OTPaskKAAI0IINX KOHCTPYKIMH. TexHnueckuit
pe3yibTaT — MOHMKEHUE MJIOTHOCTU M TEIUIONPOBOJAHOCTU JIETKMX OETOHOB IS
OTpaXJaloUUX KOHCTPpYKUHH. Jlerkuii 0eTOH, BKIIOYAIOMIUNA LEMEHT, MOJbIe
MHUKpOC(Ephl 301y-yHOCA U BOJY, COJACPKHUT B KaueCTBE IOJIBIX MHKpOc(ep Moibie
MHUKpPOC(Epbl — KOMIIOHEHT 30JI0IIIaKOBBIX cMeceil - orxozsl [ POC npu cienyromem

158

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

cooTHoleHuu, macc.%: nemenrt 25,4 — 30,9, 3oma-ynoca 6,2 — 13,1, yka3zaHHsbie
mukpocdepst 35,3 — 41,1, Boga — ocranbHoe. BBenenue Mukpocdepsl — KOMIIOHEHTa
30JI01IJIAKOBBIX cMmece — orxona I'POC B xauecTBe 3alOIHUTENSI — O3BOJISIET
3HAYUTEIBHO MTOBBICUTDH IPOYHOCTH JIETKOT0 OETOHA M TOHU3HUTH €T0 TEIIONPOBOJHOCTH,
CHU3UTH Ce0eCTOMMOCTS JieTkoro 6erona [11].

BoIBOBI

— MCIOJIb30BaHHE B TEXHOJIOTUH O0eTOHA 3(h(HEKTUBHBIX MOAU(DUKATOPOB, BIUSIOLIIX
Ha €0 CTPYKTYPY U CBOIMCTBA MO3BOJISIFOT CYLIECTBEHHO IIOBBICUTD 3KCILTyaTallMOHHBIE
CBOICTBA MOCJIEIHUX U NIOJYUYUTh HOBBIE IIEPCIIEKTUBHBIE BUJIbI;

— HCCJIENYEMBIN TIUEX XapaKTEPU3YETCs] BHICOKUM COJIEpPKAHMEM JKEJe3a, UTo
00yCIIOBIMBAET POBHYIO SIPKO KPACHYIO OKpPACKY, CJIAHIIEBOM CIIOKHOU CTPYKTYpOii;

— 10 XMMHUYECKOMY COCTaBY IJIMEK OTHOCUTCS K aKTUBHBIM IIOpOJiaM (TJIMHUCTO-
JKene3ucToiM Moayib M=0,5<0,45;

— IOPO/Ia XapaKTePU3yeTCs JIETKOW pa3MajIbiBaeMON CIIOCOOHOCTHIO (10 MOITHOTO
npoxoxaeHus yepes curto 0,63, Bpems pazmanbiBanus 3 4. 10 Mun.);

— (U3UKO-MEXaHUYECKUE HCIBITAHUS TIIMEXKEBBIX 3alOJHUTENEH aenaeT
BO3MOYKHBIM HCII0JIb30BATh UX B JIETKUX OETOHAX:

— OTXOJbl NPOU3BOJACTBA MU MOOOYHBIE NMPOAYKTHl MPOMBIIIIEHHOCTH
MOTYT CIY>KUTh B KaueCTBE MPHUPOJHOTO 3aMOJHUTENS U ObITh HCTOYHHUKOM JUIS
pa3pabOTKU TEXHOJIOTMH MOTYUYSHHS HOBBIX CTPOUTEIBHBIX MAaTEPHAIOB C BHICOKUMHU
AKCIUTyaTalMOHHBIMU CBOMCTBAMH, YTO IOJIOXKHUTEIBHO OTPA3UTCS HAa KOHEYHOM
CTOMMOCTH JIETKOT0 OeTOoHa.
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TABUFU KEYEKTI ) KEHIJI BETOH TOJITBIPFBILLITAPBI

Maxkana opmypai komnonenwmmepoi — MOAMBIPSLIUMAD pemiHOe  HCeHil
bemoHndapoa naidaniamy canaceinoazvl 3epmmeynepee apuaizan. byeinei manoa
3AMAHAYYU MEXHOL02USNAPObL KOTOAHY HCEHIL OeMOHOAPObIH MAHBIMALObLIbIZLIHbIH
apmyvina  viknan emmi. JKeyin  b6emon  docmypai  KOHCMPYKYUALAPMEH,
Oetlimoenciumiknes  JcoHe  MypaKmvliblKNeH — CATbICMbIP2AHOd  MEXHUKALbIK
MYMKAHbl KAMMAMACHI3 ememin CUNammamanapobly Key ayKbIMblH YCbIHAObL.

Kaszipei 3amanavl mananmapea cotikec sHepeusi JHcazblHAH MUiMOi 2UMapammap
MeH KypbLIblCmapaa Keyekmi moaimuipebluimapul 6ap dcenin 6emonoapaa cypamvic
natioa 6onaovl. Kenin Oemonoapowvly Heeizei Kacuemmepi KOJOAHBLIAMbIH
MONMBIP2LIUMAPObIY CANAIbIK, CUNAMMAMAIAPLIHA MiKeael OAiIaHbICIbL.

byn maxanaoa spmypni moamwipeviuimapsl 0ap siceyin OemoHoaposbl KOAOAHY
acnexkminepi 3epmmenin, 0OCbl MAKbIPLIN OOUbIHUA 2ANBIMOAPObLIY  eHOeKmepiH
3epmmey Homudicenepi YCbIHbLIOb.

JKymvicma mabuzu xeyekmi Kyuoipineen may iHcblHblcmapobvly, OHuIY iwiHoe
anuexncoepoiy QU3UKAIbIK — MEXAHUKATBIK CURAMMAmMaiapsl, 01apobiy namioa 60y
Jrcaz0aiibiHa  OaiaHblcmbl — mMabduau MepMUsIblK, OHOeYi JCOHEe O0aapobl JHCEHIN
bemoHoapoa Konoany MymKiHOI2i KeamipineeH.
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Canacwl  dicozapel  mamepuanoapovl natldaianyea Cypamvic KyHHeH-KyHee
apmy ycminde. Kypuinvic mamepuanoapein natioanamy xezinoe IKOHOMUKATBIK

NATURAL POROUS AGGREGATES OF LIGHTWEGHT CONCRETE

The article is devoted to research in the field of application of various components
as a filler for light concrete. To date, the use of modern technologies has contributed
to the growing popularity of lightweight concrete. Lightweight concrete represents a
wide range of characteristics that provide technical leverage compared to traditional
structures, adaptability and stability.

According to modern requirements for energy-efficient buildings and structures,
there is a demand for lightweight concrete on porous aggregates. Basic properties
of light concrete they directly depend on the qualitative characteristics of the fillers
used.

This article examines the aspects of the use of lightweight concrete with various
aggregates, presents the results of research on the works of scientists on this topic.

The paper presents the physical and mechanical characteristics of natural porous
burnt rocks, including deposits, which are conditioned by the condition of their
formation — natural heat treatment and the possibility of using them in light concrete.
With the development of scientific and technological progress, the proportion of
porous aggregates compared to

dense ones will increase, which will affect the solution of the environmental
problem and confirm the advantages of light concrete.

Based on the results of the study, conclusions were drawn about the prospects
for the development of lightweight concretes with various components, taking into
account economic and environmental advantages.

Keywords: burnt rocks, gliezh, porous aggregate, industrial lightweight
concrete, waste.
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JHCOoHe aneymMemmix (hakmopaapobl KaHa2ammanoblpy 2aHa emec, COHbIMEH Kamap
ICMemuKanvlK, acnekminepoi eckepy Kaowem. JKozapvl cmanOapmmul Kypbliblc
KeweHOepin any Yulin onapea KOJIOAHbLIAmbIH Mamepuaioap oa oOeneini 0ip
mananmapeaa cai 601a0vl. Makanada conavl JHCbLIOAPbl KOAOAHLLI2ZAH WEemenoiK
KYpbLIblC JicoHe 0i30iy ende muimOi Oen CAHANamblH [WKI KYPbLIblC JHCOHOEY
ACYMBICIAPLIHOA  KOLOAHBLIAMbIH  Mamepuanoapaa woxy okcacanean. Enbex
WBISLIHOAPLIH  a3aumyaa JHcoHe enoei  Kypuliblc CANACHIHbIY 9IKOHOMUKALLIK
ecyin memenOemyze Oasblmmanzan MmMuiMOi Mamepuailoapobiy Manbl30bliblebl
cunammanaovl. OHOIpicmiy  KaAPKLIHObI  OAMYbIHA  JICOHE  Kypeax — KYpbliblC
xocnanapvinvly  (KKK) accopmumenminiy Kenewine OQUIaHbicmovl  0aAAPObIH
KYPAMBIHOA2HI HCEPRLNIKMI WUKI3Ammbl RAUOANAHY 63eKmiMocene 60161 madbliaAdbL.
Kypeax kypoinvic Kocnacei-yemenm, eunc, noaumep CUsKmvl KOMROHEHMMep
Heeizinde dcacanean ynmar onwim. Moouguxkamop Kocnanapwinvly apaKamulHaCbIH
pemmey apKblibl KOCNAHbIY Kacuemin ooelli o3eepmyze 0601a0wl. Kodimei Kypeax
KOCRanapoazvl nezizel d1eMeHmmep-eunc, oK Hemece YyemeHm.

CoHnovikman, aemopiapmer OOpP-KyI-eUnc KamulClHOa2bl [WKI  KYpblablC
HCOHOCY IHCYMBICIAPBIH JHCYPII3Yy2e APHAN2AH HCAHA KYP2aK KYPbLIbIC KOCHACHIH ATy
20icl YCLIHBLIAObL. 3epmmey HCYMbICOIHbIY HOMuUdICeC OOUbIHWA Te3 HadbICaAmbIH
JHCOHE AHCLLIOAM Kebemil Kypeax Kypbliblc KOCNACHIH ANy 90iCi YCOIHbLIObL HCOHE
MEXHUKANbIK KOPCemKiumepi anblKmaniobl.

Kinmmi co3dep: Kypeax Kypulivlc KOCHACHL, KYypPblIbiC-OpAeY dHCYMbLCIAp®l,
MUIMOI Mamepuanoap, eHoex wbleblHbl, IUKI HCOHOEY JHCYMbICIAPDL, IKOHOMUKATBIK
MUiMOLNIK.

Kipicne

Kasipri Tanzia KypbUIbIC MaTepHaIAapbIHbIH OH/IPICI dpAalibIM ©3repic YCTIHIE,
KYHHEH-KYHI'€ JaMy YCTiHJe OOJFaHJBIKTaH, aJjaMaap CajblHFaH FUMapaTTaplblH
1K1 KYpBUIBICBIHBIH OacKalapiaH epekile, KaiTanmanOalTelH Au3allHMEH, KaHa
TEXHOJIOTUsIap/bl KOJIJaHA OTBIPBIIN CajJbIHFAHBIH Kanaiabl. OceiHaail ke3zae, 013
KapacThIpalbIH JIeNl OTHIPFAH MaTepUANIbIH KOFAMJIAFbl, alMaK HeMece Y>KbIMHBIH
HKOHOMUKAJIBIK CUTyalMsIChIHA dCEp eTNereHi ad3an. 3epTTey *KYMBICHIHBIH 0acTbl
MIH/IET] - THIMJII MaTepuaiiap sl MaiaanaHa OTHIPHII, 1MIKI KYPbUIBICTHI KOHICYIIH
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YKaHa TEXHOJIOTHsIapbIH oitnan Taby. Cebebi Oacka aiiMaKTapIaH HEMece IIET eaepAeH
QJIBIHATBIH 1K1 KYPBUIBIC )XOH/IEY KYMbICTAPbIHBIH OHIMJIEP1 THIMCI3, KaJITaFa COFabl.

FumapatTtapzp! cairy MeH peKOHCTPYKIMSUIIAY Ke31H/1e KYPBUIBIC HHTY CTPHACHIH/IAFbI
1K1 dpJiey )KYMBICTaphbl €H KOIl eHOCKTI KaKeT €TETiH YMbICTapAbIH Oipi 0B
TaOBLIaAbl; OJIap FUMapaTTap/bl CalyAaFbl Kallbl €eHOEK HIBIFBIHBIHBIH 25-30 %
Kypaiabl. Opiiey KyMBICTaphl — COHFBI )KYMBICTAp >KOHE CaJIbIHFaH FUMapaTThIH
JKaJIIbl dcepl oJIap/IbIH OpbIHATY canachbiHa OaianbicThl Oosaabl. JKorFapsl canaibl
dpJey JKYMBICTaphl COJl FUMapaTTa TYpPaThlH aJaMmJapra KallbUIbIK Chlijiaca, aj
FUMapaT KeJIOeTIHIH JKalIbl apXUTEKTYPaJIbIK K00achlH epekiieneHaipe tycei. lmki
dpJiey KYMBICTApbIHA CBIJIAK, ChIPJAy >KYMBICTAphl, MOHTAX/1ay-9pJiey >KYMbICTAPHI,
COHJIali-aK, e/ieH *aObIHIapbIH OpHATY OOWBIHIIA XYMBICTAp KaTaabl. [mKi xeHaey
KYPBUIbICTApBIHBIH 8POip >KYMBICHIH OPBIHJIAY KOFaphI OLTIKTI MaMaH/1ap/Ibl Tajlam eTe/ll.
OpJieyliH 9pTYPIIUIrine 0alIaHBICTHI )KYMBICIIBIIAP/AbIH HIeOepIIiri ae opTypiii 60Iybl
kepek. Ce0ebi Tek korapbl OLTIKTI MaMaHAap FaHa TYCTEpAl e3reprTimn, Oenmenepre
TYCTEp apKbUIbI )KAUIIBIIBIK ChIMIal anaapl. OHICY )KYMBICTapbIHA KOMBIIATHIH HET13T'1
Tanantapabiy Oipi — opOip KONJaHBLIATHIH ChUTAK MEH 00y KaOaThIH KaTalTy YIIiH
KKETT1 TEXHOJIOTUSIIBIK Y3LTICTepl cakTay, COHJai-aK, «IbIMKbUD) MpoIlecTepai
opbIH/IAY Ke3iHge Oenrisi Oip KabaTTap sl )Karyaa KaJblHIBIKTap bl €CKEPY /Il YMBITIAY.
Ocpl TamanTapibl cakTamay IIIKI KYpBUIBIC-)KOHJEY >KYMBICTAPBIHBIH CaNacChIHbIH
Oy3bUTybIHA XKOHE dpiiey KaObIHAAPBIHBIH KYHpeyiHe ablll KeleIi.

buik FuMapatTapaa, ceiiCMHUKaIBIK XKaFIaibl TYPAKChI3 ayIaHaap/a 11Kl KeH ey
YKYMBICTapPbIH JKYPri3y YIIiH KYH CaiibIH 3aMaHayH TEXHOJIOTUsIapAbl KOJIIaHbII )KaHa
KOMITO3UTTIK KYPBUIBICTBIH THIMJII MaTepualJapblH aly AaMbln kenedi. byn yaepic
MaTepuaIapAblH CanachlH JKaHAPTHII KaHa KOiMaii, OChl cajlajjaFbl HOPMaTUBTIK
TaJlanTap MeH O9CEKeHiH apTybiHa ceberni 0oabl.

[mki eprey »KyMbICTapbIH/Ia KOJAAHBUIATHIH TUIMJI MaTepuaniaap ecebiHze,
KYPBUIBICTBIK KepaMUKa, aHTUJPUT, KYPFAK KYPBUIBIC KOCHANAPbIH, IIBIHBI, OETOH,
niacTMaccanap, JKbUTyOTKI3TII MaTepuangapbl *KaTKbI3yFa O0onanbl. ATairaH
3aMaHayy KypbUIBICTBIK MaTepUaLAap IbIH JKaFaliblHa, OJIap IbIH OH/IPiCi MEH 1aMybIHA
aJJIbIH-aJ1a II0JTy Kacay apKbUIbl, KypbUIbIC )K00achiHA KaHall MaTepuaablH THIM/II
eKeHIH Oaraiarl, ojapbl epKiH TaHjaai anambi3. COHBIMEH KaTap, WHHOBAIIMSUIBIK
TEXHOJIOTUsJIAp apKbUIbl allbIHFaH KOMIIO3UTTIK MaTepuaijap TeK TYPFBIH Y
KEIICH/IepiHIH FaHa eMec, apHaiibl MEKeMeJIepAiH 1€ KYPBUIBICHI YIIIH THIM/1 O0JIMaK.
AJT yCBIHBUIATBIH O0Op-KYJI-THIIC KypamJiac KYpFaK Kypbuiblc Kocracel xepritikTi (BKO,
ExibacTy3), opi Kox KeTiMJlI MaTepHalgap/ bl Maiianany apKbUIbl YKOHOMHUKAIIBIK-
JKOJIOTUSIIBIK TYPFBIIaH THIMII, Te3 Keyin, KabaTtka Oepik kaOblcaThlH MaTepuan
0oJ1bI TaOBLUIAEL.

Peceii KypblIbIC 3JEKTPOHBI KypHaIbl YCbIHFaH 2022 XbUIFBl €H THIMJ1
MaTepHalAapAbIH TEPIC )KOHE OH KaFJaiapblHa 10Ty XKacar Kepemik [3].
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Kecre 1 — TuiMai KypbUIblc MaTepuaiiapbIHbIH CUIIATTaMacChl.
T mw i m g i|Cumarramacsl

MaTepualm
aTaybl

Kypambinaa Taburu nesumronosa 6ap eTe ukeMai Matepuai. MemaipaiKke KOJl KeTKi3y YIIIiH Oanbca
aFalllbl ApHAWBI epiTIHAIre MaJIBIHFaH, COIaH KeHiH KYPBUIBIMFA STIIOKCHU KOChUTaIbl. Meip aFari
HEMece arall 9ifHEeKTi JOCTYPIIl eKi KabaTThl Tepe3eiepAiH OpHbIHA HeMece MOJIIIPIIiK, COHBIMEH
Kartap OepiKTiK, COHAal-aK TYPAKThUIBIK [I€H YHEPTUSHbBI YHEMIEY YIUIIH KaXeT.

Kewmipcynap temipaen (75%) xone amomunuiizeH (30%) annexaiina sxkeHin. bapibik gactypi
KYPBUIBIC MaTepHaIIapbl KOMipCyJapMeH HBIFAaUTBIIab], OYJI OJapbIH OCpIKTIriH KyIIeHTe .
TemipOeToHIAaFBI KOMIPCYTEKTI apMaTypa COHBIMEH KaTap *KbUIYAbIH OKIIayJIayblH KAMTaMachl3
ereni. Tepic TYCHI - MaTepHaIIbIH KbIMOATTHIFEL.

Meunzip aramr

Kewmipcymnap

CHHTETHKABIK KeyeKTi yJIbTpa JKE€HII MaTephall IelbJCH AlbIHAJbI, OHA TeNbJIH CYHBIK
KOMITOHEHTI Ta30eH aybICThIpbLIaAbl. HOTHIKECIHIE THIFBI3ABIFEI OTE€ TOMEH JKOHE KBLIY
Absporens OTKI3TIIITITI TOMEH OTe KAaTThI JIeHe Maiaa O6onaapl. O HO31K MOJUCTUPON KOOIKKE YKCAHIBL.
MyHaaii Matepuai eTe KaKChl OKIIAyJIaHFaH, COHIBIKTAH OJI JKBUIY OKIIayiay OO#bIHIIA
OHEPKACINTIK MacmTadTa KeHIHEH KOJIaHbIIa bl — JKOJIOTHS JKAFbIHAH THIMII.

CyHBIK TPaHUT YKOJIOTHSUIBIK Ta3a MaTepuas OOoJbII TaObLIa/Ibl, OMTKEHI OFaH KayiIci3 maibipiaap
MeH TaOMFM MOPMOpP YMNTEpPi MEH MMHEpPAJbl TONTBIPFBIITAP Kipeai. Byl KOMIO3UIHUSIbIK
MaTepuai apiiey JKyMbICTapbIHAA, XKeKe KYPbUIBIMIAPbl HEMECEe HHTEPbEP HIEMEHTTEPIH Kacay
HeMmece jkaly YIIiH OeJICeH Tl KOJIJaHbUIaIbI .

Cy#bIK TpaHUT

Backama - mennip kepammuka, Herisi amromuHuil okcnHuTpua (AION). by maTepuanasig
epeKIIeTiKTepi-ChI3aTTapFa Te3IM/Ii koHe Oepik, Oyl cHmarramanzap aJlOMHHHHA CHIIMKATTHI
M e & nx i p|mBIHBAAH (KBapI) KaparaHjga candupre Kaparanga 85% - ra sxorapsl. COHBIMEH Kartap, OJ
AITIOMUHUN 2100°C-ka neftin KbI3yFa ToTen Oepe ananbl. Paguarisra, KBIIIKBULAAPFa, CUITIIepre )koHe CyFa
Te3imMi. OpuHe, Oyl MaTepuai keOiHe dCKEepH jKoHe ONTHKAIBIK OHAIpiCTepre KbI3MeT eTTi. AT
KYPBUIBICTA OaH COKKBIFA TO3IMJII Tepe3ernep, KyMOe3iep skacaabl.

KocnamapaplH KypaMblHa OJIapFa OHTaMJIBI KeyieM OepeTiH TONTHIPFBIITAp Kipeai (Kym
HEMece MOPMop UHITepi, YHTAKTaJFaH 9KTAC, 8P TYPJI IIBIKKAH TalmblKTap). KocrnaHbH
KacHeTTepiH AypbIC OaFbITTa ©3repTy MOAU(PUKALVSIIBIK KOCTaJapMeH KaMTaMachl3 eTijei
(TutactudukaTopIap, MOTUMeEpIep KUBIHTBIFBI, KYJ, ca3 koHe T.0.). MaTepuanibH KaTaro
JKBUITAMIBIFBI; TYTKBIPIIBIK; as3Fa TO3IMALIIK; CO3BUTYy OEpIKTIri, KbICYy, ChIHY; BUIFAI/BI YCTAY
CHSIKTBI KACHETTEPi )KOFaphl CAaHAIa bl

Kypracx
KYPpBJIBIC
KOcCIajaapel

l-kecTene TanAaHFaH MaTepUalap MHHOBALMSUIBIK TYPFBIAAH KaHa, KOJIaHyFa
BIHFAMIIBI )KOHE DKOHOMUMKAJIBIK THIMII OOJIBIII TaObIIanbl. AJlaliga KOIIIIIIK
MaTtepuanablH KazakcTan HapbIFbIHIAFbl OarachlHBIH KbIMOATTHIFbIHAH O13/11H €Jje
KOJiJJaHyFa bIHFaiicei3. COHABIKTaH, MaKasiaaa eximMi3ie, COHBIH 1MIiHIe 0aThIC OHIPIE
Ke3/ecyl bIKTUMaJl MaTepualapAblH MaHbI3IbUIBIFBI KepceTinal. COHbIMEH KaTap,
OHIpIe Ke3/IECETIH KOJDKETIM/II MaTepHaliiap Her131H1e KypFaK KYpPbLIbIC KOCIIAChIHBIH
KYypambl YChIHbIJIA/IbI.

Marepuaniap MeH aaicrep

eiabl. Kypslnbic MaTepuangapbl eHEpKaciOiHIe IHEPTUSHBI YHEMIEY
TEXHOJIOTUsICHl OOMBIHINA IIBIHBI KAJABIFBl KypamJaac O€HOpPraHUKAJIBIK KbITY
OKUIayJaFbIlll MaTepraigapbl keOipek Koyiganblyaa. MyHaail matepuaniapra keOik
[ b1HbI, KOOIKTI KPEMHUHN, KOOIKTI O€TOH, MEPIUTOKPUMHE3HT, LIBIHBI KOO1K KPEMHUH,
KOOIK IIBIHBI KPUCTAJIIBI )KOHE T. 0. MaTEpHAIIIAP JKATaIbI.

I'epmanusiga cunukat Kipoim eHAIpiciHAE KaoJUHAI OalbITy KajaJbIKTapblH
naianany TeXHOJOTUACH skacansl. [Iukizat peTinge kaoauH 1 6aibITy MPOIECIHIE
AJIBIHFAH KyM JK9HE YCaKTaJIFaH dHEeK KoJlaHbLIaibl. [ MIpOTepMUSIIBIK OHIEY KE31He
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naiia 601aThIH THAPOCUIUKATTAPABIH CaHBIH KOOCHTY JKOHE KIpIHIIITIH OCepIKTIriH
apTTHIPY MaKCaThIH/a €HI13Yy YIIIH yCaKTaJlFaH dHEK KOCBIH/BICH KOJIAaHbLIaAbI [4].

[Ip1HBI KaNABIFBI KOCBUIFAH OETOH MaTepHasibl 0ojica Kejleci KacuerTepre ue
€KEeH: TOpT anTa TypFaHHAH KeHiH MaKCHMAaJIbl MOHJIEpIe )KETETiH )KOFaphl OEPIKTIK;
0ETOH KOCIIachlH KYHFaHHAH KEHiH KeJeci KYHI dKYMBICTBI JKaJIFaCThIPyFa MYMKIH/IIK
OepeTiH XKbUIJaM KaTalo; Kep CUIKIHICIHE Te3IMAUIIK; CHIPTKBI OpTaHBIH KOJIaiChI3
JKarIainapeiHa TO3IMAUTIK. FanpiMaap MIbIHBI KAJIIBIFBI KOCBUTFAH OCTOH Ke3-KEeJIreH
ayMaKTbhIH KEHICTIT1H T€3 TOJTBIPHIN, bUIFAJIAH KOPBIKIMANWIBI JETEH KOPBITHIH/BIFA
KeJI.

Conpnaii-ak, CtaxoBckast H. D. )KyMBICBIH/IA KENTIPUITEHICH, IIBIHBIIaH JKacaTFaH
OyiibIMIap FUMapaTTap MEH KYPBUIBICTAP/IbIH 11IKi XKOHE CHIPTKbI KarTamaaapbl YIIiH
Oencenai Konmanbuiansl (1-cyper). XKymbpicta anbplHFaH KOOIK HIBIHBI OPTaHUKAIBIK
KOHE TAJIIBIKThI )KbULY OKIIAYJAFBIII MaTepuaiiapAaH albIpMaIIbLIbIFbl, MIEKCI3
KBI3MET €Ty Mep3iMi Oap OTKa Te3iMl MaTepua, oj1aH dp TYPJi KOHPHUTypaIHsIaFbl
OyiipiMap xkacayra 6omazpl [5]. Pu3nKa-MeXaHUKAIBIK KACHETTepl TOMEHIET1 KecTe e
kepcerinreH (1-kecre).

Cypert 1 — Kpemuuii kapOu1i MEH aHTPAIUT KOChUIFAH KOOIK MIBIHBI YJIT1IEP]

Kecte 1 — Kebik mIbIHBIHBIH (PU3UKA-MEXaHUKAJIBIK KaCHETTEPI

Kepcerkimrep Ounemi Kepcerkirrep Gipairi CTb 1322-2002
aTaysl OOMBIHIIIA HOPMATUBTEP
TBIFBI3IBIK Kr/m? 144-169 175-Ten xom emec
Kericy ke3ingeri MIla 0,98-1021 0,7-1eH keI emec
TBIFBI3/IBIK IIET1
CyIbI CiHIpY1 % KeiieMi OOMBIHIIIA 1,98-2,25 5-TeH Kem eMec
298K B1/(M*K) 0,0686-0,0697 0,07-nmeH keI emec
TeMIEepPaTypPaaarbl
JKbLTY OTKI3rimTik

Omnoka. 3amMaHayM KYpBUIBIC CaJlachl 9pKalllaH KepruTiKTi MUHEpaIbl MIUKI3aT
Ke3/IepiH OipiHIII OpbIHAA YChIHAAbl. HapBhIKTHIK 3KOHOMHKA THIMAUIITIH apTThIpy
MaKCaTbIH/1a )K9HE €HOEK IIBIFBIHBI MEH SHEPreTHKAJIBIK PECYpCThl YHEM/II NTaiiianany
MaKCaThIH/Ia OMOKa CHSAKTHI KEPriJiKTI MUHEpad Ke3JlepiH KOJAaHy MaHbI3/bI
cananazpl. Onoka - HeTri31HeH OMaa-KpUCcTO0aTUT KpeMHUN JUOKCUTIHIH €H KIIITKEHTa
(0,005 MM-71eH a3) GeeKTepiHeH TYPaThIH KEHLJ, ThIFbI3 MUKPOKEYEKTI )KbIHBICTAP.
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CoHbIMEH KaTap 0Jap/bl 9K, apajac TYTKbIP 3aTTap il ally YILiH, COHAAN — aK eTe
NEePCHEeKTUBAIIBI OaFbITTAa-KYPFAaK KYPBUIBIC KOCTIaJapblH (KEHUIIETUINeH THIIC ChUITAK
epITIHALIEPI, )KbIIBI epITIHALIEp KoHe T.0.) OH Py YLIiH naiiaananyra 6oma sl CaaMarbl
ootipHma 5—-10% omoka KOCy THUIIC ChUIAKTAPBIHBIH TETIiCTIr MEH KEHEI KaCHETiH
apTTBIPa/bl, THIFBI3BIKTEI TOMEHACTE, COAaH KEHiH JKbUIy OKIIayJiay KacHueTTepi
MeH OepiKTiriH apTTeipajipl. Onoka KOCBUIFAaH OK €pITIHAUIEp] CyFa TO3IMAUIIK MeH
Oepikrikke ue 6omansl. EpiTiHiHIH MaKcaTbiHa OalIaHbBICTI €PITIHAIEPACT] OMoKa
MeJIIIepl 9KKe KapaFaH/1a eKi-yII ece Kol 00Iybl MYMKIH [6].

Kazakcran PecnyOnukachl ayMarblHIAFBl JiecC TOPi3Ai ca3gaKTapra
MOAM(pUKALMIIAHFAH ONOKA KOCY Heri3iHjae KaObIpFa KepaMHUKAChIHBIH (U3HKa-
MEXaHUKAJIBIK KaCUETTEPIH KaKcapTy MYMKIH/IT1 aHBIKTAJIFaH [7].

KyM. KypbuibIcThIH 8p Ke3eHi Aepiik KyMAbl KOJJaHyMeH OaiinaHbIcThl. by
Ooamak KypbUIBIMHBIH 1preTachlH TYPFBI3Y, KaObIpFaIapAblH MaTepHaibiH (KipImiLl,
O5oKTap koHe T.0.) Kajay >KoHe dpiiey KyMbICTapbl 0071ybl MyMKiH. THicTi camanb
KYM/IbI Naii1anany eTe MaHbI3/1bl. KypbuibicTa KyM/Ibl TalijaiaHy aiiMarel MEH TOCLII
OHBIH CalachlHa, KypaMbIHA )KOHE MaKcaThlHA OalIaHBICTHI.

Ilepmpb kanaceineie [THUIT yHuBepcuTeTIHIH FalnbIMAAphl KYPbUIBICTa CHIIMKOH
KOCBUIFAH KYMJIbI KOJIIaHy YChIHbUIFaH. JKacaraH 3epTTey KyMBICTapbIHBIH HOTHKEC]
OOMBIHIIIA CUJIMKOH KOCBUIFAH KYM Cy OTKI30eili oHe »orapbl Oipiry MeH ycran
TYpy Kabinerine ne. MyH/ai jKeTKUTIKTI aare3usichl 0ap KymJbl Haijanany Tipek
KaOBIpFachIHA KbICBIM/IbI aiTAapIIBIKTAN a3aiiTyFa MyMKIHAIK Oepei, Oyl KyphLIbIMIbI
JKEHUIJIETE 11 )KOHE OHBIH KYHBIH TOMEHIeTe i [8].

Wneunckas I'. I'. 6actaran Peceil FanpIMaapsl iIKi 5KOH/IEY )KYMBICTapbIHA apHAJIFAaH
KBapIl KYMbI KOCBIJIFaH KOIIKOMIIO3UTTI KbITYOKIIIayJIaFbII MaTepPHaIbl YChIHABI [9].
AJBIHFaH MaTepual ASCTYPJIL >KbUIBITKBINI XKYyHere KaparaHaa FUMapaTThIH >KbUTY
caktaysiH 60 %-Fa neitin yHeMaeui.

KypFax KypbUIBIC KOCHIACHI —OYJ1 IEMEHT, THIIC, TOJIUMED CUSIKThI OaiiTaHbICTHIPFBILIKA
Heri3/1eNreH YHTaK oHiMi. KypFak KypbUIbIC KocTallapblH MaiianaHy eCKi TeXHOJIOTHSMEH
CaJIBICTBIPFAH/IA €PITIH/IHIH MOIIIIEePiH Oec ece a3alTalbl, a1 OHIMIILTIK KEM JIETeH/Ie YIII
ece aptaasl. Kyprak KypbUIbIC KOCHATAPbIHBIH TaFbl O1p apTHIKIIBUIBIFBl — OJApIbIH
TYPaKTBUIBIFBI-0JIap 3USAH/IbI 3aTTAP/IbI IIBIFAPMaiiIbl, COHABIKTAH OJIap CYy MEH ayaHbl
JacTaMaiiipl )koHe ajaMFa 3UsiH/bI 9cep eTrnelai. CoHbIMEeH Karap, MyHAal Kocranap
JBIOBICTBIK, JKbLTY KOHE THAPOOKIIAYIAFBIII KacueTTepre ue 00Iybl MyMKIiH.

3epTTey HOTHIKEJIEPi MEH 0J1apAbl TAJIKbLIAY

CraTucTukanslK MajimMerTepre cyiiencek enimizae 2017-2021 x. apanblFblHAa
OHJIIPUIETIH KypFaK KocHajapra KaparaH/ja, UMIIOPTTAIATBIH KOocHanap KejJeMi apTKaH
ekeH (2-cyper). LlleT engeH TackMangaHaThIH KOCTIANAP/bIH KYHbBI 9JI0€TTE KOFaphl
6onaner. CoHnbIKTaH, Kasipri Tanaa AxokurutoBa J. P. mern CumoHoB E. E. o3 eHOekTepine
KeNTIprenaen )KepritikTi KypbUIbIC MaTepHaIapblH KOJJIaHy apKbUIbI aJIbIHFAH KYPFaK
KocIajiap >KyMbIC OHIMALTIrH 20-25 % apTThIpbII, KypFaK Kocna MIbIFbIHBH 15-20 %-Fa,
TachIMaiay WbIFbIHAAPBIH 49 Y%-Fa TomeneTeTini 6enrini 6onans [10]. ConbiMeH Koca
OyJ1 MEMJIEKET SKOHOMUKACHIH apTTBIPYFa 30p MYMKIH/IIK Oepe/i.
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Cyper 2 —2017-2021 >k apanbsirbiHaarbl KP uMnoprTaniFas keHe SKCIOPTTaIFaH
KYPFaK KypbUIbIC KOCTIaJapbl

Ocpl MakcaTTa, Kazakcran OOMbBIHINIA aHAJIOTHI J)KOK, KYHBI ap3aH, eliMi3aiH bateic
Kazakcran eHipiHJe »kHi Ke3JeceTiH mukizarrap, 60p-50 %, rumc-10 %, kyn-40 %
apKbUIBI KYPFaK KOCIIa KypaMbl YCHIHBUIAIHI (3-CyperT).

-
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Cypet 3 — bop—50 %, runc-10 %, kyn—40 % ueri
KYPFaK KypPBUIBIC KOCITaChI

7 R L N

31HIE aJIbIHFaH

Kyppuibic runci-xaHOoaiTeIH, OTKA TO3IM/II, yJIBI €MeC YHTaKThl MaTepuai. by
KEpEeMET KYPBLIbIC MAaTEPHAIIbI CaHAIa/Ibl, Ce0e01 OJ1 K TBIHBIC aTy» KaOllIeTiHe ue, SFHU
apThIK bUIFAJABI CIHIPII, OHBI KOPILIaFaH OPTaFa IILIFAPBIII, )KOFAPhI IbIOBIC MIEH KbLTY
OKIIayJayblH KaMTaMachl3 €Te ajlajbl.

JlacTypiii KypbUIbIC MaTepUalibl — 00p epiTiHALIepre, 00synapFa, TOATBIPFRILITApFa
JKOFaphl aKThIK MeH cepmimMautik Oepeai. KomnoHeHTTepMeH Te3 apanacazbl *KoHE
YKaOBIHHBIH OEPIKTITIH KaMTaMachl3 e€Te/l.

A7 Kylie THHOBaUUSJIBIK IIMKI3AaT pecypchl 00ibin Tadbuiaabl. FansiMaapasiH
MIKIpiHILE, KYPhUIbICTa FaHA OHBIH OHHAH acTaM IEPCHEKTUBAJIbl TEXHOJIOTHUSIAPbI
Oap. Kynnai nemenr, epitiHaiep, Kyprak Kocnaiap, KypbUIbIC OJOKTapbIiH OHIIpYAe
COTTI Komanyra 6omaasl. Meicansl, Auriusiaa, ['epmanusga, Utanusna, @panmusga
KYJ1/11 Mai1anaHaTbiH OM3HEC YIL1H )KEHULIIKTEp Oap jkoHe 6acka Ja KbIMOAT KypbUIbIC
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MaTepHaIapblH - TOMBIPAK, KYM/Ibl aigalanyFa THIMBIM CalbIHABL. byn emnnepae
KYJIJIIH KY3 MMaibI3Fa XKYBIFbl OfaH api exaeneni, [lonsmana 80% actambl eHenei,
Kerraiina 70 % xybirsl enaeneni, 6ipak ['epmanus kembacuisl 6016 TaOBLIA IbI, O
OapibIK OHIIPUITCH KYJII1 KaiiTa oHaen .

Bynnait MmaTepuan apkpUIbl KYpFaK KYpbUIBIC KOCIIACHIH aly KOpIIaraH opTara
naiIaceIH TUTI3epi co3ci3.

Kocmansl Oaranmay ymiiH MaTepualabl TYTHIHY, KOJJAaHBIIATBIH KaOAaTTHIH
KAJIBIH/IBIFBI )KOHE METaJlFa, aFalllka He dWHEKKe jkaObIcy KalijeTiHe Hazap ayaapy
KaxeT. PU3MKa-MEXaHUKAJIBIK KOPCETKIIITepl TOMEHAET1 KecTele KOpCeTiareH
(3-kecre).

Kecre 3 — Bop-rumnc-kyi Heri3iHae ajlbIHFaH KYPFaK KyPbUIbIC KOCTIACHIHBIH IIEMEHTT1
YKOHE TUIICTI KOCHATapMEH CaJIbICTBIPMAJIbl TEXHUKAIIBIK KOPCETKIITepl

Kyprak xocna Tyeci TonThIpFBILT Kabat AKTBIK 1 m?kepre KeTeTiH
(hpaKIHsACH, MM | KaJBIHIBIFBL, | JI9pexeci, %o memrepi (1 Mm
MM KaJIbIHBIKTA ) KI/M?
AKIIBLT .
Bop-rumnc-xyn K 0,9 neitin 5 - 0,8-1,2
cYp
KopsbIThIHABI

Kypsiibic canackiHa THIM/II CaHAJIAThIH, OETOH, IJIACTMAcCa, KEPAMUKA, IIBIHBI
CUSIKTBI MaTepHaJIJapbIH d3ipiey OachiM >KoHE MEePCHEeKTHUBAIbI OAFBITTAPIBIH Oipi
007bIN TaOBUIAABI. ONEMIIK TOXKIpUOE KOPCETKEHAEH, HaphIKTa KYPFaK KYPBUIBbIC
KOCTaJIapbIHBIH OOJTYBIH TYTHIHYIIIBI TaJIall €Tel, Oy - CaJaHbIH JaMybIHA XKOHE XKaHa,
YKaKCapThUIFaH MaTepHaIIap/AbIH JaMybIHa 9Kemel. JlocTypiii KypbUIbIc MaTepruasiaapbl
KeIl caTbUIbIMFa ue 6osica 1a, onapAbH 3P PEKTUBTLIIT KOHE THIFBI3ABIFLI a3 OO0JIBIIT
KeJel. A KepriiKTi THIMII MaTepuaiiap Heri3iHe 3aTTap KYPbUIbIC KEIIeHIepiHiH
HKCIUTYaTalUsAChIHBIH HIBIFBIHBIH a3alThIN, SHEPTUs TYTHIHYAbl TeMeHaereai. Comn
MakcaTTa, MaKajaJaa KOJDKeTIMAI MaTepuaigap Oop-rurc-Kyie HerisiHueri Tes
#aObICAaThIH JKOHE JKbIIIaM KeOeTiH KyPFaK KypbhUIbIC KOCIIACHIH Ty 9/1iC1 YCHIHBUIIBI
YKOHE TEXHHUKAJIBIK KOPCETKIIITePl aHBIKTAJIIbI.
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BbBIBOP DO®EKTUBHbBIX MATEPUAJIOB JIVII BHYTPEHHUX
CTPOUTEJIBHBIX PEMOHTHbBIX PABOT

Cnpoc Ha ucnonvb308aHue 8biCOKOKAUECMBEHHbIX MAMEPUATIO8 pACmen 0eHb Ono
OHsl. IIpu ucnonv306anuu cmpoumenbHblx MAmMepuaiog HeoOXo0UMo Yuumoléams He
MONbKO IKOHOMUYECKUE U COYUATbHbIE DAKMOPbL, HO U ICMEmudeckue acnekmol.
Mamepuanvl, npumensiemvle K HuM Ol NOAVYEHUS CHPOUMETbHBIX KOMIIEKCO8
8bICOKO20 ~CManHOapma, makdice 0Oy0ym CcOOMEemcmeo8ams — ONPeOesieHHbIM
mpebosanusim. B cmamve npedcmasien 0030p MAmMepuanos, UCHOIb3YEMbIX
3apy6OEAHCHBIX CMPOUMENLHBIXPAOOMAX, UCHOTb3YEMBIX 8NOCTEOHUE200bL, UBHYMPEHHUX
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CMPOUMENLHBIX PEMOHMHBIX PAOOM, KOMOpble CHUMAaromes dhexmusHvimu @ Hauel
cmpane. Xapakmepuzyemcs 8adcHOCMb IPDEKMUBHbIX MAMEPUATO8, HANPAGIEHHBIX
HA CHUDICEHUe 3ampam mpyoa U CHUNCEHUE IKOHOMUUECKO20 POCHA CIPOUMENbHOU
ompacau 6 cmpane. B cesa3u ¢ Ovicmpwim pazeumuem npou3so0Cmed U pactiuperuem
accopmumenma cyxux cmpoumenvhvix cmeceti (CCC) axmyanvbHbiM 60npocom
AGNAEMCS UCNONB308AHUE 8 UX COCTase mecmuo2o cuipbs. Cyxas cmpoumenvhas
cmech npedcmasisiem cobotl ROPOUKO0OPA3HbILL NPOOYKM, U3LOMOBIEHHBII HA OCHOBE
MAaKUX KOMNOHEHMO8, KaK YyemeHm, cunc, noaumep. Pecynupys coomnowenue cmeceti-
MOOUPUKAMOPOB, MOICHO HAMEPEHHO U3MeHUmb ceoticmea cmec. OCHOGHbLIMU
INeMEHMAMU 8 OOBIUHBIX CYXUX CMECSX AGTAIOMCSL 2UNC, U3BECMb UTU YEMEHTN.

Iloomomy — aemopamu  npeonodcern  cnocob  NOAVYeHUs. HOBOU  CYXOu
CcmMpoumenvHou cmecu sk NPOGeOeHUsl GHYMPEHHUX CMPOUMETbHBIX PEMOHMHBIX
pabom 6 npucymcmeuu meia-3onvi-eunca. Ilo pezyismamam uccie008amenbCKoll
pabomvl ObLI NPEON0AHCEH MEMOO NOTYUEHUsL DLICIMPOCOXHY Ul U ObLICIMPOCOXHY el
CYXOU cmpoumenbHoU cmecu 1 OnpedeneHvl mexHuiecKue noKazamen.

Kniouesvie crosa: cyxas cmpoumenvHas cmecb, CHpPOUmMenIbHO-0MOEI0YHble
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SELECTION OF EFFECTIVE MATERIALS FOR INTERNAL
CONSTRUCTION REPAIR WORK

The demand for the use of high-quality materials is growing day by day. When using
building materials, it is necessary to take into account not only economic and social
factors, but also aesthetic aspects. The materials applied to them to obtain high-standard
construction complexes will also meet certain requirements. The article presents an
overview of materials used in foreign construction works used in recent years, and internal
construction repair works that are considered effective in our country. The importance of
effective materials aimed at reducing labor costs and reducing the economic growth of
the construction industry in the country is characterized. Due to the rapid development of
production and the expansion of the range of dry building mixes (DBM), the use of local
raw materials in their composition is an urgent issue. Dry construction mix is a powdered
product made on the basis of components such as cement, gypsum, polymer. By adjusting
the ratio of modifier mixtures, you can intentionally change the properties of the mixture.
The main elements in conventional dry mixes are gypsum, lime or cement.

Therefore, the authors have proposed a method for obtaining a new dry
construction mixture for carrying out internal construction repairs in the presence
of chalk-ash-gypsum. According to the results of the research work, a method for
obtaining a quick-drying and quick-drying dry construction mixture was proposed
and technical indicators were determined.

Keywords: dry building mix, construction and finishing works, effective materials,
labor costs, internal repairs, economic efficiency.
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For the majority of Kazakhstan sewage treatment plants, the issues of
modernization and construction of new blocks of wastewater treatment facilities
are very relevant, the solution of which involves a comprehensive engineering and
technological approach.

This article analyzes the level of automation and disadvantages of the project of
the second stage of sewage treatment plants (STP) of the State Enterprise «Astana
SU Arnasy». The project of biological treatment on the aeration tanks of the second
stage of (STP) does not provide for deep cleaning for biogenic pollutants, namely the
internal recycling of activated sludge. The volume of the anoxic zone is 18 %, which
is not enough for the process of biological dephosphotation. Thus, in order to more
effectively achieve high-quality cleaning indicators, it is necessary to provide for a
denitrification zone of at least 30 % of the total volume of the aeration tank.

Analysis of the main causes of inefficient removal of phosphates at the
stage of biological purification showed: insufficient concentration of biological
oxygen consumption in incoming wastewater, absence of denitrification process,
dephosphotation in the design of the second stage aerotanks and insufficient volume
of the anaerobic zone, which is 18 % of the volume of the aerotank.

The problems of inefficiency of technological wastewater treatment from
phosphates at (STP) in Astana are primarily related to design errors and the
impossibility of effective operation of wastewater treatment facilities associated with
insufficient automation.

Thus, in order to increase the efficiency of the biological treatment facilities
of the second stage, it is necessary to carry out a new calculation of the facilities
taking into account the processes of nitri-denitrification and biological removal of
phosphates, additionally equip with equipment to ensure internal recycling with the
allocation of intermediate zones and in the process of retrofitting to provide greater
automation to minimize manual labor.

Keywords: sewage treatment plants, wastewater, biological treatment,
reconstruction, aerotanks.
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Introduction

Sewage treatment is relevant not only for Kazakhstan, but also for the whole
world. In such a way, according to the UN World Report, the amount of waste water
produced and its total pollution is constantly growing all over the world, while the bulk
of wastewater is discharged directly into the environment without appropriate treatment.

In Kazakhstan, sewage treatment plants (hereinafter referred to as STP) appeared in
the middle of the last century, when mechanical treatment facilities were built and put
into operation in large cities. Prior to this, urban wastewater was diverted to absorption
fields or containment ponds without pre-treatment. Today, the main problem is the wear
of these sewage plants, for example, in the Kokshetau, Shalkar, Kapshagai, Semey,
Ridder, Karatau, Saran, Arkalyk, Ekibastuz cities, the degree of wear is more than 90%.
In addition, there is an extremely low efficiency of plants, outdated technologies and
equipment, which together has an extremely negative impact on the environment. In
some cities, for example, in Taraz, there are no sewage treatment plants at all, urban
wastewater is discharged through temporary settling tanks to absorption fields. In this
regard, for the majority of Kazakhstan water utilities, the issues of reconstruction,
modernization and construction of new wastewater treatment facilities are very relevant,
the solution of which involves a comprehensive engineering and technological approach.

Methods and materials. STP SME «Astana suarnasy» of Astana city with a total
capacity of 254 thousand m® / day consists of two stages: the first stage is the existing
station: with a capacity of 136,000 m?/day (facilities built in 1964, which passed several
stages of reconstruction), the second stage is new facilities with a capacity of 118
thousand m*/day, commissioned in 2017 [1].

The second stage of the STP includes: a block of grates with aerated grit chambers,
preliminary sedimentation tanks and gas treatment facilities, aerotanks, secondary
sedimentation tanks, a block of blowers, sludge pumping station, a mechanical sludge
dewatering shop Ne 3, a block for compacting sludge thickening sludge and filtrates
treatment.

From the moment of commissioning operations, the main task was to achieve the
quality indicators of wastewater laid down in the project for each stage of treatment.
After the launch of biological treatment facilities, in order to accelerate the process of
building up activated sludge, its supply was organized from the functioning facilities
of the first stage of the STP [2]. 4 aerotanks are placed on the second stage of the STP
according to the project. The scheme of the aerotank is shown in Figure-1.Aerotanks of
the second stage are structurally different from aerotanks of the first stage: corridor type,
length—166 m, depth—7.5 m, corridor width—15 m. The total volume of one aerotank is
18675 m?, the volume of the oxygen-free zone is 3375 m*.The anaerobic zone occupies
18 % of the total volume of the aerotank. Aerotanks in the anoxic zone are equipped
with mixing devices in the amount of 4 pieces in each of the aerotanks. The aeration
system consists of tubular diffusers installed along the length of the entire aerotank.
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Figurel — Scheme of the aerotank of the second stage of the STP

Mixing of the flow of clarified wastewater after the preliminary sedimentation
tanks with the return activated sludge is carried out in a gravitycanal sewage regulator.
The mixing of wastewater with activated sludge is achieved due to the length of the
canal. In order to prevent sludge settling, the canals at the bottom are equipped with a
large-bubble aeration system, where air bubbling is carried out. In addition, sensors are
installed in this canal that measure the concentration of ammonium and nitrate nitrogen
in the incoming mixture of return activated sludge and clarified water.

After passing through the overflow stoplog, the flow enters the oxygen-free
zone of the aerotank, in which, in accordance with the implementation of the project:
«Liquidation of the Taldykolholding pond with reclamation in Astanay, the processes
of nitrate nitrogen denitrification are carried out.

However, the design of aerotanks does not provide for an internal recycling of
nitrates, namely, there are no pumps and associated pumblingsfor this task. The anaerobic
zone at the beginning of each aerotank is 30 m long, does not perform its function. The
small volume of the zone and the residence time of the mixture of clarified liquid and
return activated sludge in it does not allow the processes of denitrification and biological
dephosphorization to proceed. Also, there are no control and measuring devices in
this zone, such as: a sensor for measuring temperature, dissolved oxygen, ammonium
nitrogen, nitrates, phosphates, etc.

From the oxygen-free zone of the aerotank, the flow of the sludge mixture enters
the aeration zone. To implement the process, a system of fine-bubble aeration was used.
Sensors for measuring dissolved oxygen, ammonium nitrogen and nitrates are installed
at the end of each aeration tank.

An important point in the operation of any biological treatment system is the process
automation system. In this case, the project does not provide for full automation of the
process. The signals from the dissolved oxygen sensors in the aeration tanks do not
participate in the processes of regulating the air supply and controlling the operation of
the blowers. The air supply is carried out through the main pipeline, from which there
is one common air duct for every two aerotanks.
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This design solution does not allow to regulate the air supply to each aerotank
individually, to regulate the air supply, 18 manual valves are installed in each aerotank.
In this regard, during operation, the adjustment of the air supply in the aerotanks takes
a huge amount of time and effort, which involves two blower drivers who control the
operation of the blowers depending on the readings of the dissolved oxygen sensors,
and a locksmith for servicing the aerotanks, who controls the manual valves on the spot.

No less important in the design was the choice of the layout and design of the
aerotanks carrying out biological treatment. Unfortunately, it should be noted that in
this case, the design of the aerotanks does not allow achieving the design values for
the indicators «phosphates» and «nitrates». During the commissioning operations from
April to November 2017, the following indicators of the quality of biologically treated
wastewater were recorded, presented in Table 1.

Table 1 — Comparative table of the efficiency of the aerotanks of the first and second
stages of the STP in 2017

Name of indicators, mg/ I stage I stage IT stage I stage
dm3 entrance to | biologically | entrance | biologically
the aerotanks | treated WW to the treated WW
aerotanks
Phosphorusofphosphates 6,5 1,10 3,72 3,76
Ammoniumnitrogen, 41,92 2,24 27,09 2,64
Nitrates 9,1 34,24 31,65 79,72

According to the results, it is clear that biologically treated wastewater from the
second stage does not reach the treatment parameters according to the indicators: nitrates
and phosphorus of phosphates, therefore, reagent treatment at the post-treatment stage
is used to bring the quality of treated wastewater to standard indicators [3].

For comparison, the aerotanks of the first stage are classic four-corridor aerotanks
with regeneration. During the reconstruction, the biological treatment process was
modernized with the introduction of nitri-denitrification for deep treatment from
biogenic pollutants.Aerotanks are technologically divided into several zones: anoxic,
denitrification and nitrification zones. Each aerotank is equipped with four mixing
devices, nitrate recycling pumps, bottom turboaerators, sensors of dissolved oxygen,
ammonium nitrogen and nitrates, as well as hydrostatic level meters for uniform
distribution of flows. The scheme of the aerotank is shown in Figure 2.

As can be seen in the figure below, the number of aeration tanks is 6 pieces, there
are 4 aeration tanks in constant operation. The length is 118 m, the depth is 4 m, the
width of one corridor is 8 m. The total volume of one aeration tank is 15370 m3, the
total volume of the oxygen — free zone is 4393 m3. The oxygen-free zone occupies 28
% of the total volume of the aeration tank. The aeration system in the first stage consists
of tubular diffusers installed in the second, third and fourth corridors. The operation of
the aeration tanks is automated, the start and speed of operation of the nitrate recycling
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Figure 2 — Scheme of the aerotank of the first stage of the STP

However, the air-supply system and the operation of the blowers are not
interconnected and are carried out manually by the service personnel.

The project of biological treatment on the aerotanks of the second stage of the STP
does not provide for deep treatment for biogenic pollutants, namely, in this case, an
internal recycling of activated sludge is not provided. The volume of the anoxic zone is
18 % and this is extremely insufficient for the process of biological dephosphorization
[4].

For comparison, biological treatment of the first stage takes place on aerotanks,
the anoxic zone of which is 28 % of the total volume, also in the fourth corridor there
is a small compartment with a stirrer and pumps for internal recycling. At the end of
the first corridor, a transition zone is provided, which, if necessary, operates in the
nitrifier mode, saturating the aerator solids with oxygen, and in the case of an increase
in nitrates at the outlet, it operates in the continuation mode of the denitrification zone
where mixing takes place. This kind of transition is achieved by using the speed of the
turboaerators, to start a particular mode, signals are sent to the controller from sensors
of ammonium nitrogen and nitrates installed at the output of each aerotank.

In such a way, in order to more effectively achieve high-quality treatment indicators,
it is necessary to provide for a denitrification zone of at least 30% of the total volume
of the aerotank [5-7].

Results and discussion. Upon completion of the commissioning operations, the
management of the second stage treatment process was transferred to the staff of the
STP SME «Astana suarnasy», who carried out a number of measures to achieve the
quality indicators of biologically treated wastewater, as a result of which the problem
with excessive formation of nitrates in the process of biological treatment on the
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aerotanks of the second stage of the STP was solved. However, it was not possible to
achieve the design indicators for treatment from phosphates.

All the work carried out by the specialists of the SME on REM ““Astana suarnasy” did
not allow to reduce the concentration of phosphates after biological treatment to standard
indicators, in the second stage aerotanks, a decrease in the concentration of phosphates
is achieved by no more than 1-1.5 mg/dm3. According to the design calculations, the
biological removal of phosphates should be at least 50 %. In such a way, the issue of
biological removal of phosphates at the second stage of the STP remains relevant.

Table 2 — Results of studies of samples of incoming and biologically treated wastewater
of the Ist stage of the STP (the average value of concentrations of pollutants for the
first half of 2020)

P Indicators WW for the for the

No measurement WW 1st .
1st stage project
stage
;| BOD(biological | 5 162,2 7.9 8
oxygen demand)
2 COD (chemical mg/dm3 4455 54,9 70
oxygen demand)

3 | Suspended substances mg/dm3 320,4 15,0 20
4 Chlorides mg/dm3 300,0 2940 350

5 Sulfates mg/dm3 302,0 291,0 290
6 Phosphates mg/dm3 10,79 1,47 491
7 Ammoniumnitrogen mg/dm3 42,79 2,01 2,0

8 Nitrates mg/dm3 0,85 25,15 45,0
9 Nitrites mg/dm3 0,227 0,617 3,3
10 Iron mg/dm3 3,90 0,38 -
11 Manganese mg/dm3 0,079 0,038 -
12 Fluorides mg/dm3 0,446 0,411 -
13 Petroleumproducts mg/dm3 2,227 0,042 0,35
14 SAS (surface active mg/dm3 4.6 0.17 i

substances)
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Table 3 —Results of studies of samples of incoming and biologically treated wastewater
of the 2nd stage of the STP (the average value of concentrations of pollutants for the
first half of 2020)

P Indicators WW for the for the

No measurement WW 2nd .
2nd stage project
stage
;| BOD(biological mg/dm3 153,1 9,2 6
oxygen demand)
2 COD (chemical mg/dm3 476,0 41,9 40
oxygen demand)
3 Suspended mg/dm3 268,7 17.8 9
substances

4 Chlorides mg/dm3 303,0 293,0 350
5 Sulfates mg/dm3 305,0 299,0 290
6 Phosphates mg/dm3 8,84 7,27 491
7 Ammoniumnitrogen mg/dm3 4248 1,43 2,0
8 Nitrates mg/dm3 0,84 34,15 45
9 Nitrites mg/dm3 0,196 0,284 33
10 Iron mg/dm3 3,31 0,63 -
11 Manganese mg/dm3 0,150 0,126 -
12 Fluorides mg/dm3 0,433 0,399 -
13 Petroleumproducts mg/dm3 2,102 0,045 0,35
14 SAS (surface active mg/dm3 4,64 0.19 i

substances)

Table 4 shows data on the quality of treated wastewater of the first and second stages
of the STP after post-treatment on flotation filters with quartz sand loading. Further,
the treated wastewater passes through all the disinfection processes in the ultraviolet
disinfection shop and then is discharged into the Yessil River.

Table 4 — Results of studies of samples of treated wastewater after post-treatment
(average value of concentrations of pollutants in the first half of 2020)

TWW Permissible
. The norm .
s/p . Unit of output concentration
Indicators for the
No measurement | after post- roiect for water
treatment pro) outlet
1 B O D( biological mg/dm? 2,8 6,0 6,0
oxygen demand)
2 C O D (chemical mg/dm? 259 40 30,0
oxygen demand)
3 Suspendedsubstances mg/dm? 5,4 <10 13,35
4 Chlorides mg/dm’ 292 350 346,33
5 Sulfates mg/dm? 292 - 406,33
6 Phosphates mg/dm? 2,67 3,07 -
7 Ammoniumnitrogen mg/dm? 1,05 2,0 1,92
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8 Nitrates mg/dm? 30,63 45,0 43,65
9 Nitrites mg/dm? 0,057 33 3,07
10 Iron mg/dm? 0,27 - 0,28
11 Manganese mg/dm? 0,037 - 0,1
12 Fluorides mg/dm? 0,404 - 1,2
13 Petroleumproducts mg/dm? 0,021 0,3 0,1
14 SAS (surface active mg/dm? 0,13 0,5 0,37
substances)

To achieve the normative indicators in emergency and emergency situations, a
process of reducing the residual concentration of phosphates on the post-treatment unit
using a coagulant is provided [8—13]. However, due to the fact that there is no decrease
in the concentration of phosphates at the biological treatment, the use of the coagulant
is carried out all year round [14]. Taking into account the volume of 118 thousand m3 /
day of wastewater at the second stage of the STP, the process of removing phosphates,
with a coagulant consumption of about 5-6 tons per day, is very expensive, and makes
up a significant part of the company’s expenses.

The analysis of the main reasons for the inefficient removal of phosphates at the
stage of biological purification showed: insufficient concentration of biological oxygen
demand (Hereinafter-BOD) in incoming wastewater, the absence of a denitrification
process, dephosphorization in the design of the second stage aerotanks and insufficient
volume of the anaerobic zone, which is 18 % of the volume of the aerotank [14].

Conclusion. As a result, all the problems of inefficiency of technological wastewater
treatment from phosphates at the STP of Astana city are associated with:

errors in design decisions, in particular, an erroneous technological scheme for
specific wastewater was adopted, there were miscalculations in the facilities for
biological wastewater treatment from phosphates, as a result of which an inefficient
design was implemented;

the impossibility of effective operation of treatment facilities associated with
insufficient automation, especially when regulating the air supply and its distribution on
aerotanks, as well as when starting structures and equipment into operation in emergency
and emergency situations;

3) an extremely cost-intensive process of the annual consumption of a coagulant
for the chemical removal of phosphates of biologically treated wastewater of the second
stage of the STP, the consumption of which is about 2 thousand tons per year.

At the same time, all responsibility is assigned to the operational services of
treatment facilities, which are forced to use cost-intensive cleaning methods to level
out the mistakes made during the design.

In such a way, the problem of phosphate removal within the framework of already
implemented engineering and technological solutions requires its own solution. To
increase the efficiency of the biological treatment facilities of the second stage, it
is necessary to re-calculate the facilities taking into account the processes of nitri-
denitrification and biological removal of phosphates, additionally equip them with
equipment to ensure internal recycling with the allocation of intermediate zones that
will serve for the transition from one mode to another. In the process of re-equipment,
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provide for greater automation, which will minimize manual labor and generally increase
the efficiency and cost-effectiveness of biological treatment facilities.

REFERENCES

1 Yermekov M. T., Rozhkova O. V., Tolysbayev Ye. T., Zhakipbekov Zh. N.,
Merkureva S. N., Schefer V. 1., Ivanovich V. V. Problems and solutions of the silt
sludge utilization issues at waste treatment facilities of Nur-Sultan city // News NAS
RK, Series Chemistry and technology. — 2020. — 5 (443). — P. 71-76.

2 Tetreault M. J., Benedict A. H., Kaempfer C., Barth E. F. Biological
phosphorus removal : A technological evaluation // Water Pollut. Control. — 1986. —
58(8). — P. 823-837.

3 Karmazinov F. D., Probirskiy M. D, Vassiliyev B. V. South-West treatment
facilities of Saint-Petersburg. / Water supply and sanitary engineering. — 2005. — 12.
—P.26-32.

4 Vassiliyev B. V., Mishukov B. G ., Solovyeva E. A. Reagent removal of
phosphorus from municipal wastewater / Water supply and sanitary engineering. —
2009. - 2. —P. 80-85.

5 Banerjee S., Gautam R. K., Gautam P. K., Jaiswal A., Chattopadhyaya M.
S. Recent trends and wastewater treatment: a nanotechnological approach to water
purification // Materials Science and Engineering : Concepts, methodologies, tools and
applications. — 2017. — P. 1745-1779.

6 Prasanna N. P, Sricharan V., Iyankumar R., Vishnu P. D. A Novel Method of
Algal Based Water Treatment by Natural Coagulant “Alginates” // International Journal
of Science and Research —2017. — 6. — P. 769.

7 Kuba, T. G., Smolders M. C. Loosdrecht M., Heijnen J. J. Metabolic model
for biological phosphorus removal by denitrifying organisms // Biotechnol. Bioeng. —
1996. — 52. — P. 685 — 695.

8 Pohil Yu. N., Oskolkov N. V., Bogdanov B. A., Mamayev V. V., Artemenok
N. D., Borovkov M. L. Treatment of high-color low-turbidity waters in Kuibyshev,
Novosibirsk region // Water supply and sanitary engineering. —2019. — 4. — P. 18-25.

9 Scharma B., Ahlert R. S. Nitrification and Nitrogen Removal // Water Res. —
1977.—-11. P. 897-925.

10 Getmantsev S. V. Selection of effective coagulation technologies for natural
water purification of OJSC «AURATO18» / Materials of VI International Scientific and
Practical Conference « Water Purification Technologies». Cheboksary. —2011.—P. 9-13.

11 Draginskiy V. L., Alexeeva L. P., Getmantsev S. V. Coagulation in natural
water treatment technology // Science. — 2005. — P. 576 —579.

12 Martynova O. L. Coagulation during water treatment // State energy publishing
house. — 1951. — P. 162—-169.

13 Probirskiy M. D., Fedotov B. A., Maskaleva S. E. Operation experience. South-
West treatment fscilities in Saint-Petersburg // Water supply and sanitary engineering
—2009. - 10.—-P. 3-16.

181



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023 HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

14 Shirasaki N, Matsushita T, Matsui Y, Oshiba A, Marubayashi T, Sato bauianvicmvl mazapmy KypbliblCIMapblH MUiMoi natoananyObly MyMKiH emecmizimen
S. Improved virus removal by high-basicity polyaluminum coagulants compared to oatinanvicmol. Ocvlraiiuia, eKkinui Kezexmezi OU0L0SUSIbIK MA3apmy Ky puliblCHApbl
commercially available aluminum-based coagulants // Water Supply: Research and DICYMBICOIHDLY  MUIMOINIZIH  apMmbIpy  YWiH  HUMpU  HUMPUMCI30eHOIpy - dicone
Technology — Aqua. — 2016. — 65(4). — P. 322-329. pocchammapov 6UON0UATBIK JHCOIO yOEpICmEPIH ecKepe OMbIPbiN, KYPbliblCmMapObll

Jlcaga  ecebin Jicypeizy, apanvlk auMakmapovl 0ene omulpbin, WKi peyurioi
KAMMamacslz emyze apHaniean idcabObiKnen KOCLIMUUA JICAPAKMAHObIPY IHCOHE
Kauma Jcapaxmanovipy yoepicinde Ko eyoecin 6apvlHula azaiumyaa JeoHe HCyMulc
MuimMoOiniein apmmuipyea MyMKIHOIK Oepemin YiKeH asmoMammanoulpyobl Ke30ey

Material received on 01.06.23.

*0. B. Poyckosa', @. K. Anovincyposa’, M. T. Epmexoé’,

Kaoicem.
B. H. Posckoé, III. A. My3ovioaesa’ ‘ Kinmmi ce3dep: Kopizdik masapmy Kypbliblcmapol, CapKbiHObl CyLap,
14C. Ceiidymun atbiHnarbl Kazak arpoTeXHUKaIBIK YHUBEPCHUTETI, OUONO2UANBIK MA3aAPMY, KAtima KypolibIMOAy, a3pOmeHKmep.
Kazakcran PecnyOnukacel, AcTana K.;
2«AcTaHa Cy apHaChD» MEMJICKETTIK KOMMYHAIIJIBIKKOCITOPHBI,
Kazakcran PecnyOnukacsel, ActaHa K.; *Q0. B. Poxckosa’, @. K. Anovinzyposa’, M. T. Epmexos’,
SAO «IlapacaT» FBUIBIMH-TEXHOJIOTHSITBIKOPTAIIBIFBI, B. H. Poxckoé’, III. A. My3ovioaesa’
Kazakcran Pecrny6iunkacel, Actana K.; I3Kazaxckuit arporexuuueckuii yausepcureT umenu C. Ceidymmnna, Pecryomika
SKUIC «AnTaii Te0JIOTUSIIBIK-3KOIOT HSUTBIK HHCTUTYTHI», Kasaxcran, r. Actana.;
Kazaxcran Pecybnukacsl, OckeMeH K. I'’KII «AcTtaHa cy apHachI»,
Marepuain 6acnara tycti 01.06.23. Pecny6nuka Ka3axcran, r. Acrana.;
. ’AO «Hayuno-texHnonorudeckuit neHtp «llapacary,
KEUBIP MOCEJIEJIEP ACTAHAIAFbBI KOPI3JIIK TAZAPTY Pecry6nuka Kazaxcran, r. AcraHa.;
KY¥PbBLJIBICTAPBIHBIH KOBAJIBIK INEINIMIEPI *TOO «AnTaiickuii T€0JI0r0-3K0JOTHYECKUN HHCTUTYTY,
Pecniybnuka Kaszaxcran, r. Ycrbe-KameHnoropcek.
Konmezeen xazaxcmanowlx kopiz0ik mazapmy KypoliblCmapsbl YUliH CapKbIHObL Matepuan noctynui B pegakiuio 01.06.23.

cynapobl  mazapmy HCOHIHOe2l KYpbliblcmapobly Jicana OIoKmapeln  Kauma
KYPBUILIMOQY, HCAH2IPIY JHCOHE CALY MOCENelepl ome O3eKmi HcoHe Kaxcemmi
Oonvin madwLLIAobL, 0AAPOLL WEULY KEUEeHOl UHICEHEPIIK-MEXHOI02USAIbIK MOCiNO] HEKOTOPBIE IIPOBJIEMBI

Ko30€ilO!. . MPOEKTHBIX PEHIEHUI KAHAJM3AIIMOHHBIX
bynmaxanaoa«Acmana CY Apnacoviy MKKxopizdikmasapmy KypwlivlCmapbIHbly "
OYNCTHBIX COOPYKEHHI B ACTAHE

eKiHwi Ke3eel JicoOAChIHbIY — aABMOMAMMmMAaHObIpy OeHeeli MeH KeMmuinikmepi
manoanovl. KTK exinwi kezexmeei aspomenkmepoe OUONOSUSIBIK MA3APIY
Jrc0bacvinOa buoeendi tacmanynap OOUbIHWA Mepey ma3apmy Ke30eimMe2eH, aman
aumranoa 6yn scazoaiida benceHdi myHOaHwly iWKI peyurii kozoeimezeH. AHoKcuo
atimaebinbly Koaemi 18 % Kypaiiovl, 6yn buonozusnsix oegpocchomayus yoepici yuin
eme ocemkinixciz. Ocvliatiwa, mazapmyowly OAPILIK CaAnaiblK Kepcemriwmepine
HeaypablM muiMOi KO JCemKizy YWiH dHcoOanay KesiHoe adpomeHKmiy JHCainbl
Keneminiy keminoe 30 % nHumpumcizoendipy atmazvli K630ey Kadicen.

st 60abUUHCMBA KA3AXCMAHCKUX KAHATUZAYUOHHBIX OYUCTIHBIX COOPYHCEHULL,
BONPOCHL  PEKOHCMPYKYUU, MOOEPHUZAYUU U CIPOUMETbCMBA HOBbIX OJI0K08
COOPYIHCEHUT NO OUUCKE CHOYHBIX 00 SGISAIOMC BECobMd AKMYAIbHLIMU U
HEOOXO00UMbIMU, peuleHue KOMOPbIX NPEONnoadeaem KOMNIEKCHbIUL UHIICEHEPHO-
MEXHON02UYECKULL NOOX0O.

B oaunou cmamve npoananuzuposan yposetsb asmomMamu3ayu u HedoCmamxu

buonocusnvix mazapmy camovicolnoa pochammapovl  mMuimMciz  HcorObIH
Heeizel cebenmepin manoay MuIHAAAPObl KOPCEMMI. KipemiH capKblHOblL CYaapodebl
ommeziHi OUOL0CUSATBIK MYTBIHYObIH HCEMKINIKCI3 WO2bIPAAHYbL, HUMPUMCIZ30eHOIpY
yOepiciniy 6oamayvl, eKiHwi Kezekmeei adpomeHKmep KypacmblpblibIMbIHOA2bl
depochomayusi dicone aspomenk xoaeminiy 18 %-vin Kypatimvin ana3pobmol
auMaKmoly JHCemKiNIiKCi3 Kolemi.

Acmana Kanaceinoazel KTK-Oazbi  capybinObl  cynapowi  ochammapoar
MEXHONO2USNBIK Mazapmyobly MuimMcizoiei mocenenepi, ey ai0blMeH, HCOOANbIK
wewimoepoiy KamenikmepimeH JHeoHe A8moMammanoblpyObly HCeMKINIKCi30ieiMeH
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npoexma mopou ouepeou KaHaIu3ayuoHHuLx ouucmusix coopyoscenuti ' KI1 «Acmana
CY Apnacery. B npoexme duono2uueckol O4uCmKy Ha asapomeHKax 6mopou ouepeou
KOC ne npedycmompeno 2nybokotl ouucmru no OUO2eHHbIM 3A2PAZHEHUSIM, d UMEHHO
8 OAHHOM clydae He NpedycMOmpeH 6HYMpeHHUll peyuri akmusnozo uia. Obvem
AHOKCUOHOU 30Hbl cocmasnsiem 18 %, umo kpatine HeOOCMamouHo 0Jisi npoyeccd
ouonozuueckol Odegpochomayuu. Taxum obdpazom, 011 6oree 3ppexkmusnoco
00CMUIICEHUs 6CEX KAYeCMBEHHbIX NOKAa3amenell O4UCKU NpU APOeKmuposanHuu
HEobX00uMo npedycmampusams 30Hy oenumpuguxayuu He meree 30 % om obwezo
0bveMa adpomenxa.
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AHanu3 0CHOBHLIX NpUUUH HedDGexmusHo2o yoaieHus Gocgamos Ha cmaouu MPHTHU 73.31.11
OUONOCUUECKOL OUUCTNKU NOKA3A HEOOCMAMOYHYIO KOHYEHMPAYUI0 OUOI02UYECKO20
nompefO.eHus: KUCI0pooa 6 NOCIYRAIOWUX CIOYHBIX 800AX, OMCYMCMEUe npoyecca
Oenumpupurayuu, depocghomayuu 8 KOHCMPYKYUU AIPOMEHKOE 8MOPOUl 0uepelu u
HEO0CmamouHwlil 00veM anaspoOHOU 30Hbl, Komopas cocmaeisem 18 % om obvema
aspomenxa.

IIpobremvr HeaghhexmusHocmu mMexHON02UYECKOU OUUCKU CIOYHBIX 800 OM
Gochamos na KOC 2. Acmanwl céazamnvl, npexcoe 6ce20, ¢ OWUOKAMU NPOEKMHBIX
peweHuti. U HeGO3MOICHOCIbIO  dD@EKMUBHOU  DKCIAYAmayuu  OYUCTHHBIX
COOPYIHCEHUN, CEA3AHHOU ¢ HeOOCMamoyHou asmomamusayuei. Taxum obdpazom,
0715 NOBbLUUEHUsL IPPEKMUSHOCTNU PADOMbBL COOPYAHCEHUL OUOTOSULECKOU OYUCTIKU
6MOpPOll ouepedu HeoOX00UMO NPOBECMU HOBBIU PACYEN COOPYICEHUL C Y4emoMm
npoyeccog Humpu-oeHumpuurkayuy u Ouorocudeckoeo yoanenus Gocghamos,
OONOIHUMENLHO OCHACMUMb  000pY008anueM O 00eCNeueHUst GHYMPEHHE20

https://doi.org/10.48081/OQFJ9498

*A. A. Xomuy', U. H. Jlazapeesa?

'CHOHMpCKUiA TOCY1apCTBEHHBIN aBTOMOOMIIBHO-I0POYKHBIH YHUBEPCUTET,
Poccuiickas ®@enepanus, r. OMcK;

20AO «I1INH «Tromenbroprpoext», Poccuiickas @enepanus, r. OMck
*e-mail: vera_khomich@mail.ru

AHAJIN3 NNPOEKTUPOBAHWA 3ALUNTBLI OT LLIYMA
YYACTKA PEKOHCTPYUPYEMOW ABTOMOBWNIIbHOM
[JOPOI'n C PA3BSI3KOU B BYX YPOBHSIX

PEeYuKIa ¢ BblOCIeHUEM NPOMEICYMOYHbIX 30H U 8 Npoyecce NepeoCHAueHUs.
npedycmompems  OOIbULYIO  ABMOMAMUZAYUIO, NO3BOISIOWYIO MUHUMUIUPOBAND
PYUHOU MPYO U NOGLICUMb P hekmusHocms pabomeoi.

Knrouesvie cnoea: kananuzayuoHHvle OYUCHHbLE COOPYIUCEHUS, CIOYHbBLE 800bL,
Ouon02UYeCKas OYUCTKA, PEKOHCMPYKYUS, A2POMEHKU.

Ilpoexmuposanue 3awumsl Om wWyma MpAHCHOPMA ABMOMOOUTLHBIX 00PO2
3aKI0YAemcs 6 pa3padomKe WymMo3auumnbIX MEPONPUIULL C Y4emOoM napamempos
O00POICHO2O OBUINCEHUS, TMEXHUYECKUX NaApamempos 00poe, NPUpoOHbIX YCA0GUll
MECMHOCIU, A MAKICE PEeAbHO20 AKYCIMUYECKO20 3a2PA3ZHEHUS U XAPAKMePUCHUK
arcunou 3acmpouixu. Ha cmaouu npoexma 3axnadvl8aiomesi OCHOGbL 3auiumul Om

wyma Ha 08a0YAMUIEMHION NEPCNEKMUBY, NOIMOMY PelleHue BONPOCO8, C8A3AHHbIX
¢ obecneveHuem HOpM aKyCmuyecKoll 6e30nacHOCMuU s6IAeMcst 6ANCHBIM.

B pabome paccmampusaemcs 00na u3z npobrem NpaKmuKu npoeKmupo8aHus.
YUACMKA PEKOHCMPYUPYEMOTl a8MOMOOUTLHOU 00POSU C PA3BA3KOU 8 08VX YPOBHSIX.
B3zam konkpemmbwlii npumep bIN0IHEHUS MEXHUYECKO20 3A0aHUS HA NPOEKMUPOBAHUE
3awumel  om  WYMAa Y4ACMKA PEKOHCMPYUPYeMOU  asmoMOOUTIbHOU —00pocU
HenpepuleHO20 0BUIICEHUS C MPAHCNOPMHOU PA3BA3KOU 68 08YX ypoeHsx [Iposedenvl
akycmuyeckue paciemvl, 8 KOMOPbIX UCMOYHUKAMU WYMA AGTAIOMCS dNeMeHMbl
aA8MOMOOUNILHOU 00PO2U C PAZHOU UHMEHCUBHOCIIBIO OBUICEHUSL ABMOMPAHCNOPMA.
Onpedenenvl pacuemmuvle MOYKU 8 JHCULOU 3ACMPOLIKe, PACCUUMAHO mpebyemoe
CHUDICEHUE IKBUBATICHMHBIX YPOGHeU 38VKA Ol OOCMUIICEHUS  AKYCIMUYECKUX
Hopmamueos. Ha ocnose smux pacuemos cnpoexmupo8ansl 3auunHule COOPYICeHUs
— aKycmuyeckue 3KpaHbl, KOmopbule A8ISI0MCs NPOEKMHbIM PeUleHUEM.

Ananocuuno coenamvl OONOIHUMENbHBIE AKYCMUYECKUe PACUembl, 8 KOMOpbIX
UCMOYHUKAMUULYMAAGTAIOMCAINEMEHMBLYTUUHO-00POICHOU CEMU, PACNONONCEHHbIE
Ha meppumopuu NpOeKmupyemoe0 3eMeibHO20 YHACMKA, HO He @xodsuue 8
mexHuyeckoe 3a0aHue Ha NPOeKMUpo8aHue — Cbe30bl ¢ PEKOHCIMPYUPYeMOU
A6MOMOOUNLHOU  00pOcU U MASUCMPATIbHASL YIUYA  PeSYIUPYemMozo OBUINCEHUS,
npoxoosiasi 0O Pa3eA3KoU.

Vemanoeneno, umo 0nsa cobnooeHus axycmuyeckux HOPpMAmueog8 6 30He
AHCUNIOT 3ACMPOUKU HEODXOOUMO PACCUUMBIBAMb AKYCIMUYECKOe 8030€liCEUe 8cex
INIEMEHMO8 YIUUHO-O0POANCHOU CeMU NPOEKMUPYEMO20 YHACTKA MEPPUMOPULU, d He
MONLKO 2NEMEHMO8 PEKOHCMPYUPYEMO20 00beKma, 4em 00bIYHO 02PAHUYUBAem sl
mexHuyeckoe 3a0anue Ha NPoeKmuposaHie.

Knrouesvie  cnosa: wiym, agmompauncnopm, —aKycmuueckue —paciemul,
IKBUBANIEHMHBILL YPOBEHb 38YKA, AKYCMUYECKUE IKPAHD.
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Beenenune

[IIymoBoe 3arpsi3HeHHE IPU3HAHO OJTHON M3 OCHOBHBIX 9KOJIOTHYECKHUX MPOOIIeM,
BIIMSAIONIMX HA KAa4eCTBO XU3HU BO BceM mupe [1]. JJoMUHHUPYIOIIUM UCTOUHUKOM
nIyma sBJSE€TCS IOPOKHOE JBM)KEHHE. YBEINUEHHE aKyCTUUECKUX HArpy3o0K Ha
TOPOJICKYIO TEPPUTOPHIO, IPUIIETAIOIIYI0 K aBTOMOOMIIBHBIM JJOPOTaM, CBSI3aHO C
POCTOM MHTEHCUBHOCTH TPAHCIIOPTHBIX IIOTOKOB U Pa3BUTUEM TPAHCIIOPTHBIX CUCTEM
[2, 3]. na obecrieueHus: coOMOACHNS HOPMAaTUBHBIX TOKa3aTeiel ypoBHEH 3ByKa
Ha CEJIUTEOHOW TEPPUTOPHUU MPOBOJIUTCS MPOCKTHPOBAHUE 3ALIUTHI OT IIyMa JUIs
CTPOUTENBCTBA, PEKOHCTPYKIMH U KAUTAIBHOTO PEMOHTa 00BbEKTOB TPAHCIIOPTHOM
UHPPACTPYKTYPBI.

Texunueckoe 3ajJaHue Ha MPOBEJACHUE MPOEKTHBIX pabOT B3aMMOYBSI3aHO C
JOKYMEHTaMU M0 [UIAHUPOBAHUIO TEPPUTOPUM U JOKYMEHTALMEH MO IUIAHUPOBKE
TEPPUTOPUH, B COOTBETCTBUU C KOTOPHIMH OOBEKT MPOEKTHPYETCS B OTBEIECHHBIX
rpaHunax. TeXxHn4Yeckoe 3aJlaHue, BbIAABAEMOE IIPOEKTHOW OpraHU3aliy, BKIIOYAET
3JIEMEHTHI TOJBKO MPOEKTHpyeMoro oobekra. OJQHAKO MPU NPOEKTUPOBAHUU
PEKOHCTPYKIIUH y4acTKa aBTOMOOWJIBHOM JIOPOTH C Pa3Bs3KOM B JBYX YpPOBHSX Ha
OTBEJICHHOI TEPPUTOPUHU, KPOME MPOEKTUPYEMOTO OOBEKTa, HaXOIATCA U JPYyrue
3JIEMEHTHI YJIMYHO-IOPOKHON CETH, HAaIIPUMEpP, ChE3/AbI C JOPOI'M M MarucTpaibHas
yJIMLIA, PACIIOJIOKEHHAs IO TOPOrOM IEPIIEHIUKYIISIPHO K HEH.

[Hens pa®oThl — aHaIM3 NMPOEKTUPOBAHUS 3AIMUTHI OT IIyMa ydacTKa
PEKOHCTPYHPYEMO aBTOMOOMIIBHOM JOPOTH € Pa3BsI3KOH B ABYX YPOBHSIX.

B 3aaun paboThl BXOAT aKyCTHUECKUE PACUETHI, B KOTOPBIX UCTOYHUKAMHU IIyMa
SIBJISIFOTCSL:

— 3JIEMEHTBI PEKOHCTPYHUPYEMOT'0 00BEKTA,

— 3JIEMEHTBHI YJIMYHO-A0POKHON CETU — ChE3/Ibl C JOPOTH U MarucTpaibHas yJIula,
pacrojI0XKEHHbIE B I'PAaHUI[AX TEPPUTOPUU MPOEKTA, HO HE BXOJAIINE B TEXHUUECKOE
3a/laHue, a TAK)KE PacyeThl aKyCTUUECKUX 3AILUTHBIX IKPAHOB.

MarepuaJbl 1 METOABI

PaccMmoTpena pa3Bs3ka B ABYX YpPOBHSX, PAaCIOJIOKEHHAs Ha y4acTKe
PEKOHCTPYyHpYEeMOi aBToMOOMIIBbHOM goporu «O06xox r. TroMeHn» MpOTsHKEHHOCTHIO
1,09 xm. Tpacca noporu npoxoauT IO yJulle 3aKalyKCKas M IepeceKaer
ynuiy YepBHILEBCKU TPakT (pUCYHOK 1). DTO palloH rOpoACKOM 3aCTPOUKH, TOITOMY
IPOCKTUPOBAHUE 3AIIUTHI OT IIyMa CEJIUTEOHBIX TEPPUTOPHIl, MPUITETAIOIIUX K
aBTOMOOMIIBHOMH JIopore 00s13aTenbHO. BOIM31 MpoeKTUPYEeMOro 00bEKTa PacoI0KEHbI
JKUJIbIE IOMa Pa3JIMYHONW ITAKHOCTH, IIEPBBIE ATAXKU HEKOTOPBIX JTOMOB 3aHATHI
MOMEIIEHUSIMUA PA3HOTO Ha3HaueHus (MarazuHbl, keMrnuHru, CTO, aBTOICHTpPHI), a
TaK)Ke CTPOSIIIUICS KOTTEIKHbIN mocesnok « KomapoBoy.
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Pucynok 1 — MecronosioxkeHre TPaHCTIOPTHOM Pa3BsI3KU
(Yy4acToK TeppUTOpUU MPOEKTa OOBEJEH KOHTYPOM)

ABtomoOuipHas gopora «O0xox r. TroMeHm» (yi1. 3aKamyKcKasi) 3alpOoeKTUPOBaHA
[0 MapaMeTpaM MarucTpajibHOW YJIHIIBI OOLIETOPOACKOr0 3HAYEHUS HETPEPHIBHOTO
IBHKEHHSA. PEKOHCTpyKIIMEN NPEAYCMOTPEHO PACIIMPEHHUE MPOE3KEN 4acTu
aBTOMOOMJIBHOM JIOPOTU C YeThIpeX A0 HIECTH MOJIOC ABUXKEHHUS (3-B IpsIMOM U
3-00paTHOM HamNpaBJIEHWH), @ TAKXKE JIEMOHTaXX CYLIECTBYIOIIET0 MyTENpOBOJa Ha
nepeceyeHuu ¢ yij. UepBUIIEBCKUN TPAKT U CTPOUTEIBLCTBO HOBOT'O C pa3ieibHbIMU
IPOJIETHBIMU CTPOCHUSMH JUISL KXKJIOTO HAIlPaBJICHUS IBUKECHHUS.

AKycTHYECKHE pacueThl IPOBEIEHbI Ha NepcreKTUBY — 20-bIi roJ1 SKCIUTyaTalluu
noporu. Pacuer MHTEHCUBHOCTH JBMKEeHMsI Ha nepBblid 1 20-b1ii rox (kodddunreHT
BO3pacTaHUs UHTEHCUBHOCTH 3a rof - 1,04) Beimoinen no metoauke OJIM 218.4.005-
2010 «Pexomenaanuu 1no odbecrnedeHno 6€30MacHOCTH IBUKEHUS! HA aBTOMOOMIIbHBIX
noporax» [4]. B tabnunax 1 u 2 mpuBeneHbl 3HAYCHUsS] MHTEHCUBHOCTH JIBHYKCHUS
aBTOMOOMIJIEN BXOJSIIUX B COCTaB TPAHCIOPTHBIX IMOTOKOB PEKOHCTPYHPYEMOl
aBTOMOOMIBHOU Jtoporu Ha 20-blif ros1 ee skcrutyaTanuu. CpenHerooBasi yacoBast
WHTEHCHUBHOCTD JIBIDKCHHSI Ha IEPBBIN U 20-bIil TOIBI C YKa3aHUEM ChE3/I0B C Pa3BsI3KH
MpE/ICTaBJICHA HA PUCYHKE 2.
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Tabmuua 1 — MTHTEeHCUBHOCTD IBUKEHUS I'PY30BbIX aBTOMOOMIIEH, aBT./d.

Hanpasnenue I'py30BbIE OIMHOYHBIE Asronoes3na | Uroro
jo2Tt | 2-6T | 6-871 8-14 1 Oonee 141 | OGomee 20 T

psiMoe 250 13 9 92 64 228 656

obpatHoe 173 11 0 18 96 158 456

Htoro 423 24 9 110 160 386 1112

Tabnuma 2 — NHTEHCUBHOCTD JBHM)KEHUSI aBTOOYCOB M MTOTOBAas MHTCHCHUBHOCTH
JIBYOKEHHS, aBT./d.

Hampasienue ABTOOYCHI Hrorosas
MaJIoi 00JIBIION Hroro HHTCHCHUBHOCTH
BMECTHMOCTH BMECTHUMOCTH
psiMOe 114 11 125 4546
obOpatHoOe 85 2 87 2698
Hroro 199 13 212 7244
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Pucynok 2 — Cxema pacripeeneHusi HHTEHCUBHOCTH
JBHKEHHUS HA IPOEKTUPYEMOM y4acTKe

AKycTudeckue pacueTsl IpoBeeHbI B 1Ba 3Tana. Ha nmepBom srane HCTOUHUKAMU
nryMa, COrJIJaCHO TEXHHYECKOMY 3a/JaHHI0, SBJISIOTCS TPAHCIOPTHBIE MOTOKHU
PEKOHCTPYHPYEMOH aBTOMOOUMIBHOW MOPOTH C pa3Bsizkoi. s mpoBeneHus
aKyCTHUECKHX PacueToB Tpaccy aBTOMOOMIbHOUM moporu «O6xox r. Tromenn» (yi.
3akamykckasi) pa30oWiIn Ha MIEeCTh Y9aCTKOB — UCTOYHHUKOB IIyMa B 3aBUCUMOCTH OT
MHTEHCUBHOCTH JIBH)KEHUS (PUCYHOK 2).
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Ha BTOpOoM sTame pacueToB MCTOYHHMKAMHU LIyMa SIBISIIOTCA CEMb CHE30B
C aBTOMOOMJIBHOM Jnoporu u YUepBUIIEBCKUM TpaKT — MarucrpajbHas yiauIia
00IIEropOCKOr0 3HAYCHHS PETYJINPYEMOT0O IBHXKEHUS C MHTEHCUBHOCTBIO JIBHXKEHUS
Ha 20-p1it Tox — 5923 aBr./4.

AKycTHUYeCKHE pacueThbl BBINOJHEHBI B cooTBeTcTBUU ¢ OJAM 218.2.013-2011
«MeTroIn4ecKMMH PEKOMEHJALMSIMU 110 3aIIUTE OT TPAHCIIOPTHOIO IIyMa TEPPUTOPHUH,
NPUJIETAIOIINX K aBTOMOOMIIBHBIM Jtoporamy» [5].

PacueTHOe 3HauEHNE HKBUBAJIEHTHOI'O YPOBHSI 3BYKa IIPU ABHYKEHUH TPAHCIIOPTHOTI'O
NOTOKa (B MPSAMOM U 0OpaTHOM HalpaBJIEHUH) ONPEAETICHbI Ha PaCCTOSHUH 7,5 M OT
ocu OJMKHEH T0JI0CHI IBUKEHUS TPAHCTIOPTHBIX CPEZCTB, Ha BBICOTE 1,5 M OT ypoBHS
HOKPBITUS TIPOE3KEN yacTh 1o hopmyiie

LA31<B7,5 - LATpn7,5 + AI’Al‘py3 + ALACK + ALAyK+ ALAHOK + ALApH’ (1)
rae L Arpi75 SKBHMBAJICHTHBIA YPOBEHb 3ByKa TPAHCIIOPTHOI'O MOTOKA, 1bA;
LATpn7,5 =50+ 8’8 X lg N’ (2)

rie N — MHTEeHCUBHOCTb JIBH)KEHUS TPAHCIIOpTa, aBT./4ac;

AL, ., — TIOIpPaBKa, y4UTHIBAIOIIAs IPY30BbIC aBTOMOOWJIM M aBTOOYCHI B COCTaBe
TPAHCIIOPTHOT'O MOTOKA, 1BA;

AL ree — TIOTIPABKA, YYUTHIBAIOIIAS CPEAHIO0 CKOPOCTh IBHKCHUS, nbA;

AL,  —TIOIpaBKa, y4UTHIBAOIIAs BEIMYMHY MPOJOILHOIO YKIOHA, N1BA;

AL, = —monpaBka, yYuTHIBAKOIIAsk THIT HOKPBITHS POE3KEN 4acTu 10poru, 1bA;

AL apn ~ TIOTIPABKA, YUMTHIBAIOIIAS IIUPUHY LEHTPAIILHOU pa3IeIUTEIbHOU I0I0CHI,
nbA.

[IIyM TpaHCHOPTHBIX MOTOKOB PAacIpOCTPaHAETCS B JKUIYIO 3aCTPOMKY,
AKyCTHYECKOE BO3JEHCTBHME HA KOTOPYIO OLIEHEHO I10 3KBUBAJIEHTHOMY YPOBHIO
3BYyKa B PACUETHBIX TOUKAX. AJIPECHOE [10JIOKEHUE PACUETHON TOUKH OIPEJEIIEHO KaK
3/1aHHUE KUJIOW 3aCTPOUKH, OmmKaiiiiee K UCTOUHUKY mryma. Cama pacueTHast TOYKa
(PT), cormacao CH 51.13330.2011 «3ammuTa ot uryma» [6], HaX0AUTCs HA pacCTOSHUH
2 M ot (acaga 31aHus, 0OpaIIEHHOTO K UCTOYHMKY IIyMa, U Ha BeicoTe 1,5 M Hafg
IIOBEPXHOCTBIO 3€MJIM /ISl OJHOATAXKHBIX U ABYXAITAKHBIX 3[JaHUI U Ha BBICOTE 4 M
JUISL TPEXATaXKHBIX M 00Jiee BBICOTHBIX 3aHuii. Beero HazHauena 21 pacueTHas Touka
(21 3ganue), Ipu STOM MPOTSHKHOE 3/1aHUE ONIPEIEICHO ABYMS paCUETHBIMH TOUKAMH,
Hanpumep, PT6 u PT 6.1.

PacyeT 0ku1aeMOro S5KBUBAJICHTHOIO YPOBHS 3ByKa B pacdeTHbIX Toukax (L, )
IIPOBEJEH C YYETOM MX YJAJIEHUs OT UCTOYHHMKOB 3BYKa U MOIPABOK, 3aBUCSILUX OT
OPUPOAHBIX (PaKTOPOB 10 hopmyiie

L..=L

APT AdkB7,5

(AL, +AL, +AL,.), (3)

Apac AB

189



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

rae AL apac — TIOTIPABKA YUHTBIBAIOLIAS CHUKCHHE YPOBHS 3BYKa OT PACCTOSHHUS JIO
pacyeTHOU TOUKH, N1BA;

AL, —TonpaBKa yYuTHIBAIONIAS CHIKEHHE YPOBHS 3ByKa OT 3aTyXaHUs B BO3IyX€,
nbA;

AL, — monpaBka y4uTbIBaIOLIas CHHKEHHE YPOBHS 3BYKa OT TypOyJIE€HTHOCTH
BO3/lyXa U BeTpa, 1BA.

OcrasnbHble MONpPaBKU MPUHUMAIUCH 3a HOJb WM HE YUUTHIBAJIUCHh B BUAY
aKyCTHMYECKH JKECTKOW MOBEPXHOCTH, OTCYTCTBHS IOJIOC 3€JIEHBIX HACAXKICHU,
OTCYTCTBUSI COOPYKCHUU U NPENATCTBUH, JKpAHUPYIOUUX 3BYK. Paccuuransl
SKBHMBAJIECHTHBIE YPOBHHU 3BYKa B pACUETHBIX TOUKAX B JIHEBHOE U HOUHOE BPEMSI CYTOK.

B kayecTBe MEpONpPUATHN IO 3alUTE OT TPAHCIOPTHOIO LIyMa TEPPUTOPUH,
HEINOCPEACTBEHHO NPUJIETraloIuX K JKUJBIM 3J1aHUSM BJOJb NPOXOXKICHUS
aBToMOOUIBHOM moporu «O6xox r. Tromenn» (yi. 3akairyKckas), pacCCMOTPEHbI
AKyCTUYECKHE 3allUTHBIC YKpaHbl. Pacuer BBICOTBI SKPaHOB, SBIIAIOLICICS OCHOBHOMN
XapaKTEepUCTUKONW aKyCTHYECKOIO KauyecTBa, a TaKKE pacyeT aKyCTUYECKOH
3¢ GeKTUBHOCTH 3KpaHOB NpoBeeHs! cornacHo m.11.4.1 OAM 218.2.013-2011 [5].

CHmxenue mryma skpanom, AL3kp, n1bA, onpezneneHo no ¢popmyse

AL =182+ 7.8 log (5 +0,02), (4)

rzie d — pa3HuIa MEKY F€OMETPUUECKUM PACCTOSHUEM «UCTOYHHUK IIIyMa — pacyeTHast
TOYKa» U KpaT4anIlMM paCCTOSSHUEM MEXKy HICTOUHUKOM IIyMa U PACYETHON TOYKOM, M.

Pe3yabTaTsl M 00Cy:KI€HUE

1 Pe3ynbTaThl akyCTUYECKUX PACYETOB, B KOTOPBIX HICTOYHUKAMM 11IyMa SIBJISIOTCS
3JIEMEHTHI PEKOHCTPYUPYEMOT'0 OOBEKTA.

PacueTHble 3HaU€HMS SKBUBAJIECHTHBIX YPOBHEH 3BYKa TPAHCIOPTHBIX MOTOKOB
OT IIECTH MCTOYHHKOB LIymMa aBTOMOOWIbHOM moporu «O6xox r. Tromenu» (yi.
3aKaiy»KcKas), paCCUMTaHHbIE 110 UHTEHCUBHOCTHU JBHXkeHUs (L ArpiT.5? dopmyna 2) u
CKOPPEKTHPOBAHHBIC C y4eToM nonpasok (L, -, dopmyna 1) mpeacraBiaeHsl TAOIUIE
3. 3HaueHUs BEJIMYMH MOIMPABOK, 1bA, COCTaBISIOT:

AL =-2,0,A , =0;A

Arpys3 LAck

(=F20;AL,  =-20;AL, =-0.35.

LAy

Tabnuua 3 — DKBUBaJCHTHBIE YPOBHU 3BYKa TPAHCIOPTHBIX OTOKOB MPH JBMYKEHUHU
1o aBTOMOOMIIBbHOM fopore «O0xox r. TromeHm» (yi1. 3akamyxckas)

Homep HHTeHcuBHOCTD OKBHUBAJICHTHBIA yPOBEHb OKBHUBaJICHTHBIN
HCTOYHHKA NBYOKEHMSI, N, aBT./4 3ByKa, L Arpi7.5” nbA YPOBEHb 3BYKa,
nryma (M) (mpsimoe u oOpatHoe L, 75 ABA
HarfpaBJICHHE)
JICHb HOYb JICHb HOYb JIeHb HOYb
1 7244 724 83,97 75,17 81,62 72,82
6584 658 83,60 74,80 81,30 72,45
3 5835 584 83,14 74,34 80,80 71,99
190

HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023
7110 711 83,90 75,10 81,60 72,75
5 6142 614 83,34 74,54 81,00 72,19
7004 700 83,84 75,04 81,50 72,69

AnpecHoe pacrnoniokenue pacueTHbix Touek (PT) Ha cenureGHON TeppuTOpHUH,
IPUMBIKAIOIIEH K PEKOHCTPYUPYEMOH aBTOMOOMIIBHOM J0pore, oka3aHo B Tabuuie
4. B pacueTHBIX TOYKAaX paccuMTaHbl SKBHUBaJEHTHbIe YpoBHHU 3ByKka B (LAPT) c
y4eTOM IMONPaBOK, 00YCIOBIEHHBIX MPUPOAHBIMU (PAKTOPAMHU M HU3MEHSIONIHUX
pacnpocTpaHeHHe 3ByKOBBIX BOJIH, 110 ¢opmyiie 3. [Ipumep pacuera npuBeeH B TabamLEe
5. IlosydyeHHBIE 3HaU€HUS yPOBHEHN 3ByKa CPAaBHEHBI C HOPMUPYEMBIMHU I10KA3aTEISIMM,
KOTOpBIE€ Ha TEPPUTOPUHU KHUJIOH 3aCTPOMKH COCTABISIIOT JAHEM (¢ 7 10 23 4acoB)
55 nbA, a Houbto (c 23 10 7 yacoB) 45 nbA. Tpebyemoe CHHXKEHUE YPOBHEH 3ByKa
Juis obecrieueHus COOJII0ICHUS. HOPMATHBOB MOJIyY€HO KaK Pa3HOCTh CPAaBHUBAEMBIX
BeJIMYMH. Pe3ynpTaThl pacueToB Npe/CcTaBIeHbl B TabaUIax 6 u 7.

Tabnuna 4 — AnpecHoe nosoxxeHue pacuetTHsix Touek (PT) Ha cenuteGHOI TeppuTOpun

Ne Anpecnoe nosioxxenue PT Hasnauenue 3manusa
PT
1 2 3
PT1 yi1. 3akanyxckas, 21 YacTHbIE I0Ma
PT2 yi1. 3akanyxckas, 15
PT3 yi1. 3akanyxckas, 13
PT4 yi1. 3akanyxckas, 11
PTS5 yi1. 3akaiy»xckas, Sa
PT6 n 6.1 yn. UepBueBckuii TpakT, 94 9-TUATaXKHBIHN KUIOH J0M
PT7 yi1. UepBuieBckuit TpaxT, 92 12-TUaTaKHBIE JKUIIBIE JOMa C
PTS yi1. UepBuiesckuii Tpaxt, 90 aJMUHUCTPATUBHBIMU ITOMELIEHUIMU
PT9 yi1. YUepBuIlIeBCKUH TpakT, 33a 10-TUATaXKHBIH KUIOH JIOM C
aJIMUHUCTPATUBHBIMU ITOMELICHUSIMU
PT10 yi1. YepBHUIIEBCKHUH TPaAKT, 33 12-THATaXKHBIN JKAIOH TOM C
aJIMUHUCTPATUBHBIMHU TIOMEIICHUAMHU
PTI11 yi1. UepBuIlleBCcKUii TPakT, 35 10-TU TaXKHBIN )KUITOH TOM
PT12 yia. GeAtoHUHCKOro, 76 10-THATaKHBIN JKUIOH JIOM C
a/IMUHUCTPATUBHBIMHU TTOMEIICHUSMH
PTI3 yi1. deqroHMHCKOT0,7a 9-TUATaXHBIHN KUITOH J0M
PT14u 14.1 yi1. PenroHuHCKOrOo, 7 JKUJION 10M
PTI5 yi1. degroHMHCKOTO, 7, KOpII. | 16-THATaXKHBIN JKUAIOH TOM C
aJIMUHUCTPATUBHBIMHU ITOMELICHUAMHU
PT16 yi. ®eqroHAHCKOTO, 4/1 aAMUHHUCTPATUBHOE 3/I1aHUE
PT17 yia. GeAroHUHCKOr o, 2a ABTOLICHTP
PTI8 yi. I'yOepHCKU mpoesn KOTTEIKU
PT19 yi. I'yOepHCKuU mpoesn
PT20 yi. I'yOepHCKuUi mpoesn
PT21 yi. I'yOepHCKuit mpoesn
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Tabnuua 5 — [Ipumep pacueTa SKBUBaJICHTHBIX YPOBHEH 3ByKa HA TEPPUTOPUH SKUIIOTO
Jl0a B THEBHOM NIEPUOL

N(_) LAaKB7,5, ALApac’ ALA1303’ ALB/]“’ LAPT’ Tpe6yeMoe
NI nbA nbA nbA nbA nbA CHIDKECHHE,
nbA

Pacuernas Touka PT1 - yi. 3akamyskckas, 21, yacTHbIN 10M
1 | 8162 | 69 | o010 | 001 | 7456 | 19,56

Tabnuua 6 — DKBUBAJIEHTHBIE YPOBHU 3BYKa HA CEJIUTEOHON TEPPUTOPUH B THEBHOM

nepuos
PT L Tpebyemoe PT L, | Tpebyemoe PT L, | Tpebyemoe
nbA | cumkenne, 1bA nbA CHIDKCHUE, nbA | cHWXeHUe,
abA nBA
PT1 74,56 19,56 PT8 65,50 10,50 PT15 | 70,90 15,90
PT2 71,75 16,75 PT9 64,40 9,40 PT16 | 70,70 -
PT3 72,10 17,10 PT10 | 64,80 9,80 PT17 | 70,90 -
PT4 72,30 17,30 PT11 | 64,60 9,60 PT18 | 56,50 1,50
PT5 71,00 16,00 PT12 | 68,70 13,70 PT19 | 57,54 2,54
PT6 68,60 13,60 PT13 | 67,00 12,0 PT20 | 60,43 5,43
PT7 66,30 11,33 PT14 | 70,30 15,30 PT21 | 61,75 6,75

Tabmmia 7 — DKBUBAJICHTHBIC YPOBHH 3BYKa Ha CEIMTCOHON TEPPUTOPHH B HOYHOM

TIEPHOT
T | Lip | theoyewoe | PT | Lgp |Thebyomos) FT | Tup | (heovowes
nbA nBA nbA
PT1 65,76 20,76 PTS8 56,60 11,60 PT15 62,04 17,04
PT2 62,90 17,90 PT9 55,51 10,51 PT16 61,84 -
PT3 63,20 18,20 PTI10 55,90 10,90 PT17 62,07 -
PT4 63,42 18,42 PT11 55,78 10,78 PTI18 47,67 2,67
PT5 62,11 17,11 PTI12 59,85 14,85 PT19 48,69 3,69
PT6 59,78 14,78 PT13 58,19 13,19 PT20 51,62 6,62
PT7 57,52 12,52 PT14 61,52 16,52 PT21 53,92 6,92

Kak BuaHO 13 Tabaui 6 1 7 Ha TEPPUTOPHHU SKUIIOH 3aCTPONKHU, HEOCPEICTBEHHO
npujieramimeid K aBTOMOOMIBHON JOopore, HaOJI01aeM TPEBBIIICHUE MPEAETBHO
JIOTYCTUMBIX SKBUBAJIEHTHBIX ypoBHeH 3Byka oT 1,50 no 20,76 nbA, uro norpedyer
npuMeHeHus 3P HEeKTUBHBIX MEpPONpUsITHi. JJIsl 3aIIUTH OT HIyMa IPpy30BBIX
aBTOMOOHUIIEH U aBTOOYCOB, MPEICTABIAIOIMIMNX COCTAB TPAHCIIOPTHBIX MOTOKOB
00b€3/1HON JOpPOrH, UCIOJIb30BAHUE O3EJIEHEHUS NMPHUIOPOKHBIX TEPPUTOPUI
Manod(p(HEeKTUBHO B CBA3HM C Mpeo0iIaJaHueM B IIymMaX 3BYKOB HHU3KOW YaCTOTHI,
K KOTOpBbIM pacteHus: nHauddepentHs! [7]. B xadecTBe MeponpusiTHil 1O 3aIiuTe
OT IIyMa TPAHCHOPTHBIX MOTOKOB PACCMOTPEHBI aKyCTHUECKHE 3KPaHbl, KOTOPHIE
YCTaHABIIMBAIOTCS IO Kparo Joporu [8].

2. PesynbraTsl pacueToB 3¢ (HEeKTUBHOCTH pabOTHI SKPaHOB.
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PaccunTanHble BBICOTHI 9KPAHOB COCTABIISIET OT 2 10 6 M, UX aKyCTHYecKas
3P PEKTUBHOCTH JIJIs1 )KUIION 3aCTPOMKH B HOYHOE BpeMs, pacCUMTaHHas 1o (hopMmyiie
4, npuBenena B Tabnuue 8.

Tabnuna 8 — Akyctuyeckast 3pPEeKTUBHOCTh IIYMO3AIIUTHBIX 3KPAHOB JUIS JKUIJION
3aCTPOMKU B HOYHOE BPEMS

PT o, M ALij, nbA | L, o nBA PT o, M ALaKp, nBbA APTow
nbA
PT1 2,59 21,46 44,30 PT10 0,63 16,76 39,14
PT2 1,54 19,70 42,99 PT11 0,76 17,34 38,44
2,25 20,97 PT12 1,05 18,43 41,42
PT3 1,62 19,88 43,13 PT13 0,97 18,19 40,0
2,23 20,94 PT14 1,09 18,57 42,44
PT4 1,70 20,05 43,17 2,37 21,15
2,33 21,09 PT15 0,99 18,25 43,79
PT5 1,40 19,40 42,71 PT18 0,02 7,64 43,03
PT6 1,22 18,94 40,84 PT19 0,08 10,56 38,13
PT7 0,60 16,57 40,95 PT20 0,08 10,36 41,26
PTS8 0,47 15,83 40,77 PT21 0,11 11,33 42,24
PT9 0,56 16,35 39,16 0,018 7,20

K ycTaHOBKE peKOMEHIYIOTCS DKpaHbl BEPTUKAJIBHBIC MPSIMbIE KOMOMHHPOBAHHBIC
(TTOTJIONIAONINE M OTpaXKaroIIue 1ryM). VICKIIOYeHUEM SIBIISFOTCSI YYacTKHU JIOPOTH,
OTHOCSIIHECS K MCTOYHMKAM IIyMa JUIs BBICOTHBIX 3JaHWi. B 3TOM ciydae
NPUMEHSIOTCS 3KpaHbl [T — 00pa3Horo nomepevyHoro npoduisi, KOMOMHUPOBAaHHBIC.
M3BecTHO, 4TO 3BYKOBasi SHEPIUsI MOKET MPOHUKATH 33 SKPaH HEMOCPEICTBEHHO Uepe3
MaTepHa SKpaHa, I03TOMY IPU KOHCTPYHUPOBAHHUHU YKpaHa BHIOMPAIOT MaTEPHAJIbI, IIPH
UCTIOJIb30BaHUM KOTOPBIX MHACKC U30JIALMU BO3IYIITHOTO Iryma 6osee 25 nb [9].

[NoyueHHBIE pe3yIbTaThl PACUYETOB ITOKA3BIBAIOT, UTO aKyCTHYECKast 3PPEKTHBHOCTD
9KPAaHOB JOCTATOYHA JUJIsi COOJIOJICHUSI HOPMATUBHBIX YPOBHEH 3BYyKa B JKHIIOH
3acTpoiike. [IpoeKTHOE peleHre - SKPaHbl 3alIUIIAIOT CEIIMTECOHYIO TEPPUTOPHUIO OT
UCTOYHUKOB IIyMa y4acTKa PEKOHCTPYHUPYEMOW aBTOMOOMILHOU Joporu «O0xo T.
Tromenmn» (yi1. 3aKamykckasi) C pa3Bsi3Kou.

3. Pe3ynbTarhl JONOJIHUTEIBHBIX aKyCTHUECKHX PACYETOB, B KOTOPBIX UCTOYHUKAMHU
[IyMa SIBJISIFOTCSL  ChE3JIbl C PEKOHCTPYUPYEMOU JOPOTH U MarucTpalibHas YiIHIa
YepBHILIEBCKUI TPAKT.

PaccuntaHbl 5KBUBAJICHTHBIE YPOBHHU 3ByKa TPAHCIIOPTHBIX IIOTOKOB OT UCTOYHUKOB
IIyMa He yKa3aHHBIX B TEXHHYECKOM 3a[aHUH, HO PACIIOJIOKEHHBIX Ha TIPOCKTUPYEMOM
YUYaCTKE: ChE3JIbI C PEKOHCTPYHPYEMOI aBTOMOOMIILHOW JOPOTH | YII. YepBHILIEBCKUI
TpakT. PacueTHble 3HAUYCHUS SKBUBAJCHTHBIX YPOBHEH 3ByKa TPAHCHOPTHBIX
notokoB (L ATpI17’5), paccuuTaHHbIE M0 MHTEHCUBHOCTHU JBUXkeHUs (dhopmyna 2) u
CKOPPEKTHPOBAHHBIC C YYETOM MapaMETPOB JBMKCHHUS U TEXHHUUYECKUX MapaMEeTPOB

noporu (L, . dopmymna 1), npencrasiensl B Tabnuue 9.
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Tabnuua 9 — DKBHUBaJCHTHBIE YPOBHU 3BYKa TPAHCIOPTHBIX OTOKOB MPH JBMKEHUHU
II0 ChE3/aM C I0pPOry U yil. YepBUIIEBCKUHN TPAKT

No HuTencuBHOCTD OKBHUBAJICHTHBIN DKBUBAJICHTHBIN
JIBIDKEHMS, NV, aBT./q YpOBEHb 3BYKa, YpOBEHB 3BYKa,
4000 HcTouHuK myma Lyrs nbA L, 75 ABA

JICHb HOYb JICHb HOYb JICHb HOYb
7 Cne3n Nel 601 60 74,50 65,65 72,50 63,65
8 Cne3n Nel 660 66 74,81 66,01 72,81 64,01
9 Cne3n Nel 968 97 76,30 67,48 74,30 65,48
10 Cnesn Nel 932 93 76,13 67,32 74,13 65,32
11 Cnesn Nel 2058 206 79,16 70,36 77,10 68,36
12 Coesn Nel 674 67 74,90 66,07 72,90 64,07
13 Coezn Nel 749 75 75,30 6650 73,30 64,50
14 ya. YepBuuieBckuit 5923 592 83,20 74,40 83,20 74,40

TPaKT

Pa3BsA3ka B ABYyX ypOBHSX 3KpaHUpPYET IIyM yJl. YepBHUIIEBCKUN TPAKT B MECTe
NEePEeKPbIBAaHUS, OJJTHAKO OTKPBITHIE YYAaCTKU 3TOM YIUIBI OyIyT UCTOYHUKOM IIyma
JUTSL KWIIOH 3acTpOMKHU. PacripocTpaHeHne 3ByKa BO3/IEHCTBYET Ha KUIYIO 3aCTPOUKY B
pacueTHbIX Toukax oT PT6 no PT13. CenurebHast TeppUTOpHS B STUX TOUKAX 3allMIIEHA
OT IIyMa UCTOYHHUKOB PEKOHCTPYHUPYEMOI aBTOMOOUIBHON TOPOTH SKpaHaMH pa3HOM
BBICOTBI, HO HE 3alUIIIEHA OT AOTIOJIHUTEIBHBIX NCTOYHUKOB, HE YYTEHHBIX B IIPOEKTE.
Pe3ynpraThl pacdeTOB MOKA3bIBAIOT MPEBBIIMIEHNE JONYCTUMOTO HKBHBAJIEHTHOTO
ypOoBHS 3ByKa Ha cenutebHou Tepputopuu ot 10,20 mo 18,40 nbA, Tabmuma 10.
CHIXaTh ypOBHHU IIIyMa pEKOMEHAYETCS IKpaHaAMU, pa3MeIlast UX IO KpasiM ChE3/10B C
PEKOHCTPYHUPYEMOM TOPOTH U MO KpasiM MaruCTpaJIbHOM yJuiibl YepBUIIIEBCKUI TPAKT.

Tabnuna 10 — DxBUBaNIeHTHBIE YPOBHU 3BYKa Ha CEIMTEOHON TEPPUTOPHUH
B JIHEBHOM NIEPUOJ

PT L., Tpebyemoe PT L., Tpebyemoe PT L, |Tpebyemoe
nbA CHIDKCHHUE, nbA CHIDKCHHUE, nbA | camxenwe,
AbA aBA nBA
PT6 65,20 10,20 PT8 72,95 17,95 PT11 | 72,60 17,60
PT6.1 | 65,70 10,70 PT9 73,40 18,40 PT12 | 67,00 12,00
PT7 70,64 15,64 PT10 | 72,51 17,51 PT13 | 66,13 11,13

Pe3ynbTaThl TOMOJHUTENbHBIX aKyCTHYECKUX PACYETOB MMOKAa3bIBAIOT, YTO
IPOEKTHBIE PELIEHUs] HEeJIOCTATOUHBI JUIsl COOJIIOIEHHUs] CAHUTAPHBIX TpeOoBaHUM
3aIIUTHI OT IIyMa CETUTEOHOM TepPUTOPHH, TPUIIETAIOILEH K TPOEKTHPYEMOMY yUacTKy
aBTOMOOMJIBHOM JOPOTH C pa3Bs3KOM B JABYX YpPOBHAX. B cBsA3M ¢ 3TuM Tpebyercs
BHECTH U3MEHEHUS B IPOEKTHBIE PEIIEHHSI U YCTAHOBUTH JIOTIOTHUTENILHbBIE COOPYKEHUS
3aLUTHI OT LIyMa.
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BoIBOBI

[pu poeKTHPOBAHKH 3AILUTHI OT [IIyMa y4acTKa peKOHCTPYHPYEMOii aBTOMOOHIbHOM
JIOPOTH C Pa3BSI3KOM B JIByX YPOBHSIX HEOOXOJMMO YYHTHIBATh UCTOYHHMKHU IIIyMa BCEX
JJIEMEHTOB YJIMYHO-IOPOXKHOM CETH, PACIOJIOKEHHBIX HA TEPPUTOPUU, OTBEACHHOU
JUI IPOEKTUpOBaHus. [IpuMeHeHNsT aKyCTHUYECKUX DKPAHOB 110 OCHOBHOMY XOIYy
PEKOHCTPYHPYEMOW aBTOMOOMIIBHOM JTOPOTH HEJOCTAaTOYHO, cienyeT o0ycTpauBaTh
HKpaHaMH OCTAJIbHBIE DJIEMEHTBI YIIMYHO-I0POKHOM CETH, OKa3bIBAIOLIMMU aKyCTUYECKOE
BO3JICIICTBUE HA MPUJICTAIOLIYIO CETUTEOHYIO TEPPUTOPHIO.

Pemenne npo6iieMHBIX BOIPOCOB MPAKTUKH MPOCKTUPOBAHUS CIIOCOOCTBYET
CHIDKEHHIO KOJIMYECTBA HEKAYECTBEHHOM MPOEKTHOW JOKYMEHTAIlMH, 00eCIeueHUI0
0€3011aCHOCTH MPOEKTHBIX PEIIeHUH M BhIpaOOTKE KPUTEPHUEB IO OLIEHKE KayecTBa
IIPOeKTOB cTpoutenscTia [10, 11].
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KAWTA )KAHAPTBIJIATBIH EKI JEHT'EHJIETT AHBIPBACBHI
BAP ABTOMOBHJIb )KOJIbI YYACKECIHIH IIYJIAH
KOPFAYIbI JKOBAJIAYBIH TAJIJIAY

A8momobuL HcOR0aAPsl KOAIK WYBIHAH KOP2ayObl JHCOOANAY HCONL KO32ANbICH
napamempiiepin, #oa0apovly MeXHUKAIbIK napamempiepin, xcepoiy maoduau
AHCA20aUNAPBIH, COHOAU-AK HAKMbL AKYCIUKATLIK TACMANYObl JCOHe MYpebli Vil
KYDBUIbICHIHbIY CURAMMAMALAPLIH ecKepe OMuIpbin, WyO0aH Kopeay wapaiapuii
azipaeyoer mypaowvl. Koba camvlcbiHOa HCUBIPMA HCHLIOBIK, NePCReKMU8AOd Wy OaH
Kopaay Hezizoepi KalaHadvl, COHObIKMAH AKYCMUKAILIK KAYINCI30IK HOPMALAPbIH
KaMmamacwlz emyee Oauianbicmol Moceneiepoi ueury Mayvl30vl 00bln madbliadbL.

JKymvicma Kaiima scanapmuliamsii eKi OeHeelioei aubipdacsl bap asmomoouv
JHCONBIHBIY YYACKECIH JHcobanay moxcipubeciniy Oip moceneci Kapacmuvlpuliaobl.
Kaiima orcanapmoiiamein  exi  Oeneetideei Keonix auvlpbacel Oap aemomoouns
HCONBIHBIY Y30TKCI3 KO32AMbIC YHUACKECIHIY WYbIHAH KOpaayObul Jcobanayaa apHaizan
TEXHUKATILIK, MANCHIPMAHBL OPLIHOAYObIY HAKIMbL MbICATbL ANbIHObL. AKYCMUKABIK
ecenmeynep JCypeizindi, oHOA wuty Ke3oepi peminoe A8MOKONIK KO32aJblCbIHbIH
opmypni  KapKbIHObLIbIZbL  OAp  a8MOMOOULL  JICOTBIMGIY  dNeMeHmmepi  Oovin
mabviiadvl. Typevin YU KypuliblCblHOA2bl eCenmik  HyKmeaep aHblKmanobl,
AKYCUKANbIK, CManoapmmapad Kol JHCemKizy yulin OblOblCmblY SKGUGALeHMMI
Oeneetiniepiniy Kaxcemmi momenoeyi ecenmendi. Ocvl ecenmeynep He2iziHOe
KOP2aHbIC KYPbLIbIMOAPbl HCOOANAH2AH — HCOOANBIK wewim 60abin maduLiamvlH
AKYCIUKAIbIK, IKPAHOAP.

Con cuskmol, wy Keo30epi AHCOOANAHAMBIH Jicep YYACKECIHIH ayMazblHOA
opHanackam, Oipax dcobanayea apHanean MEXHUKAIbIK MAanculpmaza Kipmeumin
KOWEe-JICOTL HCENICIHIY dnemenmmepi OOIbIn MAabbLIAMbIH KOCHIMULA AKYCHMUKATIBIK
ecenmeyiep olcacandvl — Kauma JCAyApmMuLIamvlH  d8MOMOOUTL  JCOTbIHAH
wbleamvin Mycyniep MeH auvlpbdac acmuvlHan 6memin pemmenemin Ko32aublCmbvly
MA2UCMPanbObIK KOUEC.

Typevin yii KypulaviCol atiMazblHOd aKyCMUKANbIK HOpMamuemepoi cakmay yutin
JAcodbananamvli 00vbeKmMiniy 1eMeHmmepin 2aua emec, aAyMakmvly AHcoOAIAH2AH
VUACKECIHIY KOUule-J4CoN JICeliCiHiy OapivlK djleMeHMmMepPIiHiy aKyCMUKaIblK ocepit
ecenmey Kaxjcem exenoiei amblKmManovl, Oy1 o0emme MeXHUKAIbIK AHcobanay
MAncvulpMacvlmen ulexkmeneo.

Kinmmi ce30ep: asmokonik, wiyvl, akycmuKkaivlk ecenmeyiep, 3K8UEALeHMMI
O0blObIC OeHeelll, aKyCIMUKAbIK SKPAHOap.
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ANALYSIS OF DESIGNING NOISE PROTECTION
FOR THE RECONSTRUCTED ROAD SECTION
WITH A TWO-LEVEL INTERCHANGE

Designing road traffic noise protection presupposes developing noise protection
measures with due account to road traffic characteristics, technical specifications
of roads, natural environment as well as to the real acoustic contamination and
characteristics of a dwellings zone. Basis of noise protection is developed for a
twenty-year period at the design stage; therefore, providing acoustic safety is a
significant task.

The article considers the problem of designing a reconstructed road section with
a two-level interchange. An example of work according to the technical assignment
for designing noise protection for a reconstructed road section with uninterrupted
traffic with a two-level interchange is described. Acoustic calculations for road
elements with various vehicle densities were performed. Design points in dwellings
zone were defined; the required reduction of equivalent sound levels was calculated
to achieve the acoustic standards. These calculations allowed designing protective
structures, acoustical shields, which were a design solution.

Similarly, additional acoustic calculations for the elements of a street and road
network such as reconstructed road exits and the main artery with regulated traffic
that is located under the interchange were performed. These elements belong to the
project construction site but they are not included into the technical assignment.

1t was found that to comply with the acoustic standards in a dwellings zone, it is
necessary to calculate acoustic impacts of all the elements of the designed street and
road network section but not only the elements of the reconstructed road section as
is usually specified in a technical design assignment.

Keywords: traffic, noise, acoustic calculations, equivalent sound level, acoustical
shields.
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ANALYSIS OF WELL COMPLETION COMPLICATIONS
AND THEIR ELIMINATION IN THE KARACHAGANAK FIELD

By examining well completion issues, the paper will demonstrate the importance
and beneficial effects of using multi-stage selective acid treatment technology to
regulate reservoir development. The original goals for the Karachaganak field
were a review of the field’s operating conditions, the building of the first plant for
producing gas and gas condensate, and the design of the production circuit. After
the separation of products contract was signed, new goals were added, such as
accelerating oil well commissioning, increasing gas condensate production over the
long term, and pumping at least 40 % of the gas back into the layer. Numerous
well completion techniques have been improved thanks to technical developments,
including applying tubing while sealing metal-to-metal threaded connections,
omitting the use of a circulation valve above the packer, and utilizing a downhole
shut-off valve. The field development project’s Phase 2M got under way in 2003. An
innovative well completion technique was used in the Karachaganak field, which
used acid fracturing in an open hole with packers and circulation valves to separate
the intervals. In 8 horizontal wells, the multistage stimulation approach has proved
effective, saving both time and money. In one of the wells, selective stimulation was
made achievable by an acid treatment plan that met zonal injectivity standards.
Increased well productivity, flow distribution, gas, water, and drawdown control
have all been benefited by multistage selective acid stimulation.

Keywords: well completion, Karachaganak field, openhole, packer, oil, tubing,
drilling.

Introduction

The Karachaganak field’s original objectives included a study of the field’s
operational circumstances. The research was conducted based on the outcomes of
different geological exploration, assessment, and additional exploratory operations in
a field with low output, along with the construction of the first plant for the selected
completion of gas and gas condensate production. The majority of the production strings
were fed by combined 7-inch and 5-1/2-inch production casing strings.

Among the options for the layout of the production circuit during the initial
execution, it is worth noting the valve seat for inhibiting corrosion inhibitors and
chemicals to prevent wax build-up, the circulation valve for killing the well, and the
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process fluid pump for stimulation, a bypass valve for acidizing long drilled sections,
drilling and installation of a variety of landing blue packers or at least 2 bypass valves
for long liners in open pits 200 — 600 m long; hole tool, etc.

Wells were dug for gas and gas condensate in the early stages of development.
However, the following objectives were added after the contract for the separation of
products to the original goals was signed:

— A faster pace of oil well commissioning.

— Long-term growth in the production of gas condensate.

To maximize output, pump at least 40 % of the gas back into the layer.

In order to accomplish new objectives for the field’s continued development, certain
wells that were first drilled were afterwards moved to the second or third operational
development target.

The idea of utilizing multiple well completion strategies in the Karachaganak field
has been continuously refined while accounting for various technical advancements:

In the area above the packer, apply tubing while sealing metal-to-metal threaded
connections.

The decision to forgo using a circulation valve above the packer, which would have
lowered the number of potential leak pathways.

The use of a downhole shut-off valve that is dropped onto the tubing to reduce
locations where the inner diameter of the tubing is narrowing.

Phase 2M of the field development project, which targeted to produce a low GOR
oil rim in the third production facility, started to be executed in 2003. These ideas led to
the building of new wells with several horizontal wells, sidetracking in vertical wells,
and horizontal wells with a single wellbore of great length more than 800 m (Figure 1).

The choice was taken to optimize the current well completion approach as the
field progressed and completion expertise was gathered. As a consequence, a novel
well completion method that comprised acid fracturing in an open hole outfitted with
circulation valves and packers to segregate the intervals was implemented in the
Karachaganak field [1].
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1. Verfical perforated cased hole | 2. Side-tracked / Deepening and perforated | 3. Multifateral (non-selective) openhale

cased hole hovizontal producer

4. Multilateral (selective) 5. Single branch with very long (=800m) 6. Openhole Mullistage Frac with

openhole horizontal producer horizontal openhole producer Swalling packer and sleeves

Figure 1 — Development of Well Completion Techniques in the Karachaganak Field

Materials and methods

The current patterns of increased production drilling, late-stage field development,
and new fields with challenging geological and technical conditions point to the need
for existing issues in the area of oil and gas well casing quality to be resolved, and
this issue is becoming more and more important. Lack of effective and long-lasting
reservoir separation, annular and interstratal oil, gas, and water shows and crossflows,
loss and underlift of cement slurry to a specific height — all these issues result in reduced
productivity of built-in wells and, generally, reduced field development efficiency.
They also raise the cost of repair work during the development and operation of a
well. In order to complete high-quality well casing, it is essential to make sure that the
technology, tools, and materials utilized for these activities are chosen skillfully at each
stage, from drilling the wellbore to running the casing string and further cementing it.

Oil and gas well cementing quality is primarily affected by the following factors:

a) the geometry of the wellbore and the properties of the drilling fluid;

b) the location of the casing string with respect to the wellbore’s axis;

¢) the pace of the rock cutting tool.

Cross-flows and watering of well products might result from poor well cementing
quality. By performing insulation and repair work on the current well stock and enhancing
the quality of new well repairs, this issue may be resolved. Geological conditions at
the well-drilling site, in addition to the proximity of water and oil-bearing horizons,
complicate the issue of different formation pressure intervals, which calls for the use of
new technologies and modifying additives for cementing oil and gas wells. The efforts
to reduce water inflows offer several categories of repair and insulation projects based on
how difficult they are, as well as the finest technologies for eradicating the root reasons of
watering wells. As a consequence, the authors classified repair insulation job difficulty into
four groups. Liquidating wellbore leaks, reducing and completely preventing interlayer
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fluid migrations, and building a dense impermeable bridge to separate the water horizon
from the productive formation are some of the easiest repair insulating tasks. When a well
has to be overhauled, isolation and restoration work is done to strengthen the wellbore,
stop gas migration, and stop foreign water from entering the production plant. The lifetime
of wells as capital facilities can be affected by the high quality of isolation of pressure
horizons during the building stage, thus special attention should be paid to the quality of
their support. Reduced well performance, wellbore integrity loss, decreased tightness, and
violations of safety and environmental regulations can all result from insufficient cement
strength. It is vital to improve cement’s performance qualities, especially its bending and
compressive strengths. Traditionally, the problem has been resolved by adding various
chemical additives, both natural and synthetic, to cement. Additionally, it is advisable
to momentarily isolate formations with saturating fluids of various properties during the
drilling stage, particularly for the potential water inflow intervals [2].

Result and discussion

In the Karachaganak field, the multistage stimulation technique has been successfully
applied to 8 horizontal wells, and excellent experience has been gained since the first
trial in 2011. The operating efficiency of subsequent tasks has increased, saving time and
money. By compartmentalizing the open hole and permitting tailored acid treatment for
each zone based on geology and petrophysical hole condition concerns, the multistage
stimulation approach has shown to be extremely successful. Most often, swell packers
and ball triggered fracture sleeves are used to isolate and stimulate horizontal wells in
order to increase productivity.

Selective stimulation was made possible in one of the wells that was delayed because
of poor reservoir quality or connection into better reservoirs and finished with swell
packers and frac sleeves by an acid treatment design that complied with the demands
of the various zonal injectivity criteria. The open hole completion would have been
severely hampered by fluid diversion. This design produced a well that is currently
regarded as one of the best in the industry and is very productive. A 10-stage multistage
is now finished in less time because to improvements in pumping operating efficiency,
and the method has shown to be cost-effective for stimulating numerous zones.

Improved well productivity, flow distribution, gas, water, and drawdown control
are just a few of the important, beneficial effects of multistage selective acid stimulation
on Karachaganack reservoir management. This has been made possible by the capacity
to selectively stimulate the whole wellbore in accordance with the geology and
petrophysics, and more critically, by the ability to manipulate the sleeves in the future
to open or shut in order to permit or block flow from a specific zone.

Additionally, it has been demonstrated that a zone can be isolated using the
Composite Bridge Plug (CBP). The capability of the sleeves or CBP is still being
investigated and data is being acquired in the case of controlling water infiltration.
The impact of applying the multistage selective acid stimulation has been accurately
assessed and quantified thanks to the use of cutting-edge technology in Production
Logging Tool (PLT) acquisition and analysis. This involves the effective use of the
PLT tools Flow Scanner Imager (FSI), Multiple Array Production Suite (MAPS), and
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their techniques for conveying coil tubing and an e-line downhole tractor. The findings
clearly identify flow contribution zones and pinpoint areas of tight formation where
reserves have been released [3].

Conclusion

Multiple well completion techniques have been used to develop the Karachaganak
field, including tubing while sealing metal-to-metal threaded connections, skipping
circulation valves, and utilizing a downhole shut-off valve. Beginning in 2003, Phase 2M
of'the field development project resulted in the construction of additional wells with several
horizontal wells, sidetracking in vertical wells, and a single, lengthy wellbore. To address
issues currently facing the well completion industry. Productivity has been successfully
increased while saving time and money using a multistage stimulation approach.

REFERENCES

1 Etuhoko, M., Viti, M., Akutin, A., Zmeyvskiy, S., KPO; Caproni, C.,
Halliburton. Openhole Multistage Fracturing Completion with Swelling Packers and
Sliding Sleeves in Carbonate Reservoir — A Case History from the Karachaganak Field.
SPE-172340-MS. — 2014. — https://doi.org/10.2118/199248-MS.

2 Hyukosa, M. B., Kyuun, B. H., KoBaabuyk, B. C. [Ipo¢punakrtuxka u
JMKBHUJIAIMS OCJIOKHEHUH BO3HHKAIONIMX MPU 3aKaHYMBAHUM CKBaXWH // BecTHHK
[lepMcKOro HaIMOHAIBHOTO UCCIIEA0BATENBCKOTO MNOTUTEXHUYECKOTO YHUBEPCUTETA.
I'eonorusi. Hedrerazosoe u ropuoe aeno. — 2020. — T. 20, N1. — C. 14- 26. — DOL:
10.15593/2224-9923/2020.1.2.

3 Adeleke, J., Saada, T. KPO/BG Group; Pitoni, E., Vegliante, E., KPO/Eni,
Kushkumbayeva, G., Itisheva, Zh., KPO. 2014. A New Era of Effective Reservoir
Management : Completion and Stimulation Technology Evolution in the Karachaganak
Field. SPE-172338-MS. — https://doi.org/10.2118/172338-MS.

4 IloaropHos, B. I[IpoekTrpoBane KOHCTPYKLUH 320051 CKBaXKUH // 3aKaHUYNBaHUE
ckBakuH third edition. PT'Y nedtu  raza (HUY) umenn 1. M. I'yokuna. 2017. 283 c.

5 ScienceDirect. Field tests of high density oil based drilling fluid application in
horizontal segment. [Electronic resource] - https://www.sciencedirect.com/science/
article/pii/S2352854021000309 (Accessed 4 May 2021).

6 Sayapov, E. Munez, A., Farei, 1., Benchekor, A., Hazzua, O., Mesbari, T.,
Thomson, M., Strom, K. Multistage Frac Zonal Isolation in Extreme HPHT Conditions-
Solution to Succeed. SPE-197653-MS. — 2019. — https://doi.org/10.2118/197653-MS.

7 DeepData. Well Completion — Oil and Gas Wells. [Electronic resource]. — https:/
www.deepdata.com/well-completion/ (Accessed 2020).

8 Li, Y., She, Ch., Liu, N., Zhang, H., Zhang, L., Zhu, D. Completion difficulties
of HTHP and high-flowrate sour gas wells in the Longwangmiao Fm gas reservoir,
Sichuan Basin, and corresponding countermeasures. Natural Gas Industry B. —2016.
—P.269-273. — https://doi.org/10.1016/j.ngib.2016.05.012.

9 Wikipedia. Oil- based mud. [Electronic resource] - https://en.wikipedia.org/wiki/
Oil-based_mud (Accessed 20 May 2012).

203



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023

10 AI- Shammasi, A. A., D> Ambrosio, A. Approach to Successful Workovers
in Karachaganak Gas Condinsate Field. SPE- 81084-MS. — 2003. — https://doi.
org/10.2118/81084-MS.

REFERENCES

1 Etuhoko, M., Viti, M., Akutin, A., Zmeyvskiy, S., KPO; Caproni, C.,
Halliburton. Openhole Multistage Fracturing Completion with Swelling Packers and
Sliding Sleeves in Carbonate Reservoir — A Case History from the Karachaganak Field.
SPE-172340-MS. —2014. [Electronic resource]. — https://doi.org/10.2118/199248-MS.

2 Nutskova, M. V., Kuchin, V. N., Kovalchuk, V. S. Profilaktika I likvidatsiya
oslozhneniy, voznikayushchikh pri zakanchivaniye skvazhin. [Prevention and elimination
of issues well completion]. Perm Journal of Petroleum and Mining Engineering. —2020.
—Vol.—20. Ne 1. P. 14-26. — DOI: 10.15593/2224-9923/2020.1.2.

3 Adeleke, J., Saada, T. KPO/BG Group; Pitoni, E., Vegliante, E., KPO/Eni,
Kushkumbayeva, G., Itisheva, Zh., KPO. 2014. A New Era of Effective Reservoir
Management: Completion and Stimulation Technology Evolution in the Karachaganak
Field. SPE-172338-MS. — https://doi.org/10.2118/172338-MS.

4 Podgornov, V. Proyektirovaniye konstruktsii zaboya skvazhin [Well bottom
design]. Zakanchivaniye skvazhin, third edition. RGV nefti i gaza (NIU) imeni
[.M. Gubkina. —2017. — P. 283.

5 ScienceDirect. Field tests of high density oil based drilling fluid application in
horizontal segment [Electronic resource]. — https://www.sciencedirect.com/science/
article/pii/S2352854021000309 (Accessed 4 May 2021).

6 Sayapov, E. Munez, A., Farei, 1., Benchekor, A., Hazzua, O., Mesbari, T.,
Thomson, M., Strom, K. Multistage Frac Zonal Isolation in Extreme HPHT Conditions-
Solution to Succeed. SPE-197653-MS. —2019.— https://doi.org/10.2118/197653-MS.

7 DeepData. Well Completion — Oil and Gas Wells. [Electronic resource]. — https://
www.deepdata.com/well-completion/ (Accessed 2020).

8 Li, Y., She, Ch., Liu, N., Zhang, H., Zhang, L., Zhu, D. Completion difficulties
of HTHP and high- flowrate sour gas wells in the Longwangmiao Fm gas reservoir,
Sichuan Basin, and corresponding countermeasures. // Natural Gas Industry B. —2016.
—P. 269 —273. — https://doi.org/10.1016/j.ngib.2016.05.012.

9 Wikipedia. Oil- based mud. [Electronic resource]. — https://en.wikipedia.org/wiki/
Oil-based_mud (Accessed 20 May 2012).

10 AI- Shammasi, A.A., D> Ambrosio, A. 2003. Approach to Successful
Workovers in Karachaganak Gas Condinsate Field. SPE- 8§1084-MS. — https://doi.
org/10.2118/81084-MS.

Material received on 01.06.23

204

HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

*A, C. A00viKanviKoea

Kazakcran-bpuran TeXHUKaIBIK YHUBEPCHUTETI,
Kazakcran PecrryOnmkacer, AJMarsl K.
Marepuan 6acnara tycti 01.06.23.

KAPAIIBIFAHAK KEH OPBIH/IA YHFBIMAJUIAP/IbI AAKTAY
KE3IHJAEI'T ACKBIHYJIAPJABI TAJIJAY KOHE OJIAP/bI ’)KOIO

¥Hevimanapovr asxmay mocenenepin Kapacmulpa Omulpbin, MaxKaiada
Kabammapowviy 0amyvii OAKbLIAY YULiH KON CAMbLIbL CeNeKMUBMI KbIUKbLIOAHObIPY
MexXHONI02UACHIH  KOJLOAHYObIH MAHbI30bLIbI2bL MEH OH ocepiepi Kopcemineoi.
Kapawwieanax ken opnvl ywin 6acmankvl Minoemmep KeH OPHBIHbIY HCYMbIC
JHcaz0aiiviy colnay, OIpiHwi 2a3 JcoHe 2a3 KOHOEHCAMbIH OHOIPY YexXvlH Caty
JiICOHE OHOIPY CXeMAchiH Jcobanay 6010vl. Ouimoi 66y mypanvl Kericim-uapmya
KON KOUbLI2AHHAH KeUiH MYHAU YHebIMAAApulH ICKe KOCyObl dceoenrdemy, y3ak
Mep3iMOi nepcnekmusadd 2a3 KOHOCHCAmvlH OHOIPYOL apmmulpy, 2a30blH KeMiHOe
40 naibizein Kabamka Kauma auoay Cuskmol JHCAHA MAKCAMMmMap KOCbLIObL.
Yyevimanapowvr askmayoviy Kenmezen o0icmepi MeXHUKAILIK —d3ipiemenep
apKbLIbL JHCemindipinoi, OHbIY [WIHOe Memaldan Memanzd molebl30azblumapbl
bap xybwiprapovl natdaiany, nakepoiy ycminoezi YUpKYyJIAYUsIvlK KIAnaHobl
nanodananyobl JHeow HeoHe YHabIMaHbL dHcady kiananvin nauoanany. 2003 scvlivt
Ken OpublH uzepy sHcobacvinviy 2M kezeni 6acmanovl. Kapawwizanax ken opHuHOA
YHIMAnapovl asKmayobly UHHOBAYUSLILIK MEXHON02UACHl KOJLOAHBLIObI, OHbIH
iwinoe apanvikmaposbl 6Oy ywin naKepiep MeH YupKyIsyusivlK K1anaHoapovly
KOMe2iMeH auiblK YH2bIMAOA KbIUKbLIObL Jcapy. 8 KOJOeHeH YH2blMadd KON Camblibl
CMUMYAAYUSL YAKBIN NeH KAPICHIHbL YHeMOel Ombipbin, muiMoi 601blNn WbIKINbL.
Ynevimanapowiy 6Gipinde cenexmusmi blHMAIAHOBIPY AUMAKNMBIK UHBEKYUSIBIK
cmanoapmmapeaa couKec Keiemin KblUKbLIMEH OHOeY JHCOCNAPbIHbIY APKACLIHOA
MYMKIH 0010b1. ¥H2bIMAHLIE OHIMOLNIZIH apmmulpy, a2blHObL, 2dA30bl, CyObl 0Oy
JHCOHe a2blHObl OAKbLIAY OApabI2bIHA KON CAMbLIbL CENeKMUEMI  KblUKbLIOb
bIHMAIAHOBLPY APKBLILL KOJL HCEMKIZII0L.

Kinmmi co30ep: ynevimanwl asxmay, Kapawvieanax ken opuvl, auvlx yyebimda,
naxep, MyHai, Kyovip, Oypavliay.

*4. C. Abovikanvikosa

Kazaxcrancko-bpuTaHCKUI TEXHUYECKUN YHUBEPCUTET,
Pecniy6nuka Kazaxcran, r. AJmaThl.

Marepuan noctynun B pegakuuio 01.06.23.

AHAJIN3 OCJIO)KHEHUM ITPU 3AKAHYUBAHUUA CKBAXKHAH
N UX YCTPAHEHUE HA MECTOPOXIEHUU KAPAYAT'AHAK

Ilymem wusyyenus 60nmpoco8 3aKAHUUGAHUs CKBAJCUH 6 cmambve Oyoem
NPOOEMOHCIMPUPOBAHA BANCHOCb U NOJONCUMETbHLIL IDPeKm UCnoab3068aHUs
MeXHON02UU  MHO20CAOUUHOU — CELeKMUBHOU  KUCIOMHOU — 0Opabomku  OJis
pezynupoganus pazpabomxu  Koarexkmopa. IlepsonauanvHvivu  3a0avamu  no

205



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.

Ne 2, 2023

Kapauazanaxckomy mecmoposcoenuio Ovliu Nposepra YCao8Ull IKCHIYAMAYUU
MeCTNOPONCOCHUS, CIMPOUNENbCTNBO NEPBO2O 30800d NO 000bIue 2a3a U 243068020
KOHOeHcama u npoexmuposanue cxemvl 000viuu. Ilocne noonucanus KOHmMpaxma o
paszoeneruu npooyKyuu Ovliu 000AsIeHbL HOBbLE Yeau, MAKUe KAK YCKOPEHUe 86004
HeQMAHBIX CK8AJICUH, Y8eauyeHUe D00bIUU 2A308020 KOHOCHCAMA 6 00120CPOUHOU
nepcnexmuee u 3axkauxa He menee 40% eaza obpammno @ niacm. Muozue memoowvi
3AKAHYUBAHUSL CKBAJNICUH OblLIU YCOBEPUIEHCTNBOBAHbL  O1a200apsi MEeXHUYECKUM
paspabomkam, — 6KNIOYAs — NPUMEHEeHUe  HACOCHO-KOMHPECCOPHuIX — mpyb ¢
eepmemusayuelt pe3bO0BuIX COCOUHEHUT MEMALT-MEMAILT, OMKA3 O UCHOIb308AHUSL
YUPKVISAYUOHHO20 KIANAHA HAO NAKEPOM U UCHONb30BAHUE GHYMPUCKBANCUHHOZO
s3anopnozo knanana. B 2003 2. nauanace peanuzayus Omana 2M npoexma
paspabomku  mecmopodcoenusi. Ha Kapauaeanaxckom mecmopodcoenuu Ovina
NpUMEHeHa UHHOBAYUOHHASL MEXHOL02Usl 3aKAHYUBAHUS CKBAJICUH, GKIIOUAIOWAs
KUCTOMHbIL 2UOPOPA3PHIE NAACA 8 OMKPLINOM CMBOJLE C UCNOTb308AHUEM NAKEPOB
U YUPKYTAYUOHHBIX KIANAHO8 O/l paz0eneHus. unmepeanos. B 8 copuzonmanvuvix
CKBANICUHAX MHOLOCTNYNEHYAMAs CIUMYAAYUs 0OKA3ANA 8010 I¢hPeKmueHocmo,
COKOHOMUB 8PeMsL U 0eHbeU. B 00HOU U3 CK8ANCUH CeNeKMUBHASL CIUMYIAYUSL CMANd
603MOJICHOU  O11a200apsi NAAHY KUCIOMHOU 00pabomKu, COOMBEEMCmMEYIouemy
30HANbHBIM — cmanOapmam — npuemucmocmu.  Ilogviuenue  npoOYKmMueHocmu
CKBAJICUMBI, pacnpeoeienue NomoxKa, 2asd, 600bl U KOHMPOIb 0enpeccuil — 6ce
MO ObLI0 OOCMUSHYMO 3d CYEm MHO2OCMYNEHYAMOU CeNeKMUGHOU KUCIOMHOU
unmencugpurayuu.

Kniouesvie cnosa: 3axanuusanue ckgasicun, Kapauazanaxckoe mecmopooicoerue,
omKpwimwiti cmeon, naxep, nepmo, HKT, Oypenue.
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NMPOIrPAMMA PACYETA KOXXYXOTPYBHOIO
TEIIJIOOBMEHHOI'O ATIMAPATA B ITAKETE MATHCAD

B cmamwe Oan mexnonocuveckuii pacuém u 6vlb6Op KOACYXOMpPYOHOO
mennoodmennozo annapama 6 nakeme Mathcad. H3 eécex munoe menioodmeHHbIX
annapamos, UCHOIb3YeMbIX 6 npomvluiieHHocmu, okono 80 % 3anumarom
KodCyXompyOHvie meniooomeHHurku. Jlna pacuéma meniooOMEeHHUKO8 dauye
8ce20 UCNONL3VIOMCs dnekmponHvle mabauywl (Excel). Hedocmamkxom maxux
pacuémos a6naemcs HeHa2IA0HAs 3anucs (QOPMYN U HEBO3MONICHOCHb CHPOUMb
epaghuku nonyuaemvix sasucumocmeil. B nocieonee epems 6cé uawe ucnonib3yemcs
npoepammuposanue 6 nakeme MatLab, 00Hako u 30ece omcymcemesyem Ha2AsOHOCHb
6 3anucu ¢opmyn. 3anuce popmyn npu npoepammuposanuu ¢ naxeme Mathcad
ocywecmensiemcsi 6 OOWEenpuHsAmoM 6uode, 4YmMo NO360Jsem cpasy Yeuoembv
HeMOouHOCMU 8 UX 3aNUCU U BHeCIU COOmeemcmsylowue ucnpagienus. Haensonocmo
sanucu gopmyn — enasnoe npeumyuecmso Mathcad neped opyeumu pacuémuvimu
npoepammamu. Ha ocrnosanuu paspabomannoii npoepammol bINOIHEHbI MENI080U
U adpPOOUHAMUYECKULl PACHEémbl MeNnI00OMEHHbIX annapamos, umo MNo3604UL0
CPABHUMb MENI00OMEHHUKYU U BbIOPAMb ONMUMALbHLIL 6APUAHM NO  3ANACY
naOWaoU menioooMena u nomepsam O0aeienus. JJannas npospamma moxicem Ovlms
UCNONIb3068AHA KAK 8 Y4eOHOM npoyecce npu HANUCAHUU OUNTIOMO8 U MACUCIEPCKUX
ouccepmayuii, mMax U 6 NPOEKMHBIX OP2AHUIAYUAX NPU  NPOEKMUPOBAHUU
KOHCYXOMPYOHBIX MeNnI000OMEHHbIX ANNApPamos.

Knrouesvle cnosa: xoocyxompyouvie menioodmennuxu, cucmema Mathcad,
cucmema MatLab, mexnonoeuueckuii pacuém, npocpamma pacuéma, cpasHeHue
Menio0OMEeHHUKOB.

Beeaenne

Ha kadenpe mMexanuku u HedTerazoBoro jeia B y4eOHOM MpPOLECCe HIMPOKO
ucnosns3yercs naket (cucrema) MathCAD B KypcOoBOM U AUTIIOMHOM ITPOEKTUPOBAHUH.
[To pacuéry MarucTpaabHbIX HeTEra30npoBoAOB pa3paboTaHo nopsaka 20 mporpamm.
[lects mporpaMm BHEAPEHBI AKTAMU B Y4€OHBIH MPOLIECC MPH BBIITOTHEHHH AUILIOMHOTO
POEKTHPOBAHUS:

Peingun B. B., buuyns A. B. Pazpabotka nporpaMMsl pacuéra MarucTpaibHOTO
Hedrenposoaa B cucreme Mathcad. 2013/14 yu./rox; Pernnun B. B., Tacten6exos C. A.
Pa3paboTka mporpaMmsl pacuéTa MarucTpajibHOro ra3omnpoBoja B cucremMe Mathcad.
2013/14 yu./rox;
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Pemngun B. B., JlaBpoBa A. A. IIporpamma pacuéra MI' B cucteme Mathcad c
UCCIICIOBAaHUEM PEXHUMOB ero padotsl. 2014/15 yu./rox;

Pemnnun B. B., CannukoB A. A. [IpoextupoBanue MH u nccienoBanue pexxumon
nepekayku Hetu B cucteme Mathcad. 2014/15 yu./ rox:

Peingun B. B.. A6uroa /1. M. Pazpabotka nporpammsl pacuéta MH u kaToaHOM
3amuThl B cucteme Mathcad. 2015/16 yu./rox;

Pemun B. B., Azaposa T.1O. Pa3paboTka nporpaMMsbl pacuéra HEeM30TePMUUECKOTO
MH B cucreme Mathcad. 2016/17 yu./rox.

B cBs13u ¢ BBeIeHHEM HOBOM TUCIMILIMHBI « MaIlIMHbI ¥ anapaThl HEPTEXUMUIECKHX
IPOMU3BOJICTBY BO3HHKJIA HEOOXOAMMOCTh B pa3paboTKe MpOorpamMMbl pacuéra
TerooOMenHbIx anmnapatos (TA).

Pacyér k0XyXOTpyOHOTO TEIUIOOOMEHHOTO ammapaTa HIpeCTaBIsIeT CIOXKHYIO
MaTeMaTUYECKyIO 3aa4y ¢ OOJIBIIUM 00bEMOM BhIMMCIICHUH. [ TaKUX BBIYMCICHUMA
UCIIOJB3YIOTCS IPOrpaMMBl, HarcanHble B cpefax Fortran, Excel, Turbo Pascal, Delphi u
B 1pyrux. CocTaBUTh TAKKE MPOTrPAMMBI U HCIIOJIB30BATh UX CIIOCOOHBI JIUIIIb CIICIUAIBHO
00y4€EHHBIE JIFO/I1 — TPOrpaMMHUCTBL. Kpome Toro, Takue nporpaMMbl JIMIICHBI HATJISTHOCTH.
[Ipennoxennas B cratbe nporpamMma Mathcad — 3T0 HOBOE pemieHHe sl BeIEHUS
UHXCHEPHBIX BBIYUCIICHUH, KOTOPOE OJJHOBPEMEHHO ITO3BOJISIET BECTU CAMH BBIYHCIICHUS
U IOKyMeHTUpoBaTh ux. OcoOeHHOCThIO MporpaMmmupoBanus B nakere Mathcad siBisiercst
3anuch (hopmyI1 B OOILETIPUHITOM BHIE, JIUIIH C HEOOIBIIMMH U3MEHEHUSIMH B OT/IEIIBHBIX
ciydasix. B HarnmsaHocTH 3amucu GOpMyI U 3aKIII0YAeTCsl aKTyalbHOCTh LIIMPOKOIO
BHeZ[peHust nakera Mathcad B KypcoBoe U AUIIIOMHOE TPOSKTUPOBAHKE.

Jlutepartypa 1o ucnoiabp30BaHuio cucreMbl Mathcad oOmmpHa (COTHU U3IAHMI).
B kauecTtBe mocoOuii mo uzyuenuro Mathcad moxxHo ormeTuth pabotsi [1, 2], a
IIPAKTUYECKOIro NpUMeHeHus [ 3, 4].

Hwke npuBonTCS THIIOBAsi METOIMKA PACUETa KOXKYXOTPYOHBIX TEIIIOOOMEHHHUKOB
C HCII0JIb30BaHHEM MaTeMaTnieckoro rnakera Mathcad. B ocHoBy mporpaMmsl HosioxeH
TEXHOJIOTHYECKH Pacu€T TEIUI0O0OMEHHOTO amnmapara, mpuBeaEHHbIN B [5]. OCHOBBI
pabotsl B makere Mathcad n3noxens! B MoHOTpaduu [6].

[Iporpamma pa3paboTaHa B paMKax BBIIIOJHEHUsI MAaruCTEPCKON JUCCEPTALIUH T10
cnermansHoct 7M07203-Hedrerazosoe aemno.

MarepuaJbl 1 METOABI

[Iponerypa BbIOOpa CTaHIAPTHOTO TEIUIOOOMEHHUKA BXOJAUT COCTAaBHOW 4YacThb B
METOJIUKY pacuéra TeII000MEHHHKA, KOTOPAask BKIFOYAET B ce0s ONpeIeNICHHE TIOLIA M
MOBEPXHOCTH TEIJI00OMEHa U MOTEPH JaBJICHUS TEITIOHOCUTENEH MPU MPOXOKACHUU
gyepes anmnapar. Pasnnyaror crienyromuye BUAbl pacy€ra: TeILUIOBOM, TUAPABIMYECKUI
(aspoMHAMUYECKUI — /IJIsl Ta30BBIX TEIUIOHOCHUTENICH ) U MEXaHUYECKUH.

[IporpaMMa TEXHOJIOTHYECKOIro pacuéra TpyOHOro TEIJI00OMEHHUKA B MaKeTe
(cuctreme) Mathcad. Beé€ Hinke HanricaHHOE, BKITEFOYAst 1 KOMMEHTapUH, MOKET COCTaBIISITh
CoJlep>)KaHKEe MPOTrpaMMBbl pacyéTa — CHCTEMa cama OIpeelseT, Iie TeKCT, a I/e
MaTeMaTU4eCKUe BBIPAXKEHUS (17151 HATJIAHOCTH B TEKCTOBOW YaCTH CUMBOJIBI BEJIMYUH
OyzeM mucath, Kak OOIIEPUHITO, KypCUBOM, a B hopmyiax Mathcad — BepTUKaJIbHBIM
mpudTom). 3a OCHOBY pacuéra, Kak y»e 0TMEeUalloch, B3ST pUMep U3 [5].
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Wcxonubie nannele. HazHauenue anmapaTta — HarpeB azoTta (MHAEKC 1) cyxum
HACBIIIEHHBIM BOJSIHBIM apoM (MHIEKC 2).

MaccoBblii pacxo]1 a30Ta (BBOJ CUMBOJIA IPUCBAUBAHUS ABOETOUHS C PABHO «:=»
OCYIIECTBJIAETCA HAXKATUEM KIIABULIM C CHMBOJIOM JIBOETOUHMSA «:») G, :=26-103 Kkr/u.
Hauanbnas remneparypa asorat, :=20°C. Koneunas remneparypa asorat, =150 °C.
JlaBenue asora Ha Bxoje B TernooOMenHuk p, = 0.2 MlIla. [lonyctumas mnoreps
naBieHus a3ora B anmapare Ap :=0.03 MlIla.

TennoBoii pacuér. B tennmooOMeHHHMKE BOJISHON map, OTAaBasi TEIJIO a3oTy,
KOHJIEHCUPYETCS NPHU MOCTOAHHON Temnepartype t. OOpasyomuiics KOHaeHcaT
BBIBOJUTCS M3 BBIIYCKHOI'O IITYLIEpa TEIUIOOOMEHHHMKA IPU ITOHM XKe TeMIleparype
ts. IlpumMem paszHOCTH TeMIepaTyp TEIUIOHOCUTENIEH Ha CTOPOHE BBIXOJa a30Ta
(HauMeHbIINH TemnepaTypHblid Hanop) 15 oC

At =15 °C. Toraa temneparypa HaChILICHUs BOASHOIO apa

t .=t +At =165°C (BBIBOAMM JUJISI CTIPABOK: t, =150, At = 15).

IIpu Takoi TemuepaType AaBICHUE HACBIIEHHOIO BOASHOIO I1apa

p,:=7.01-105 IIa [7].

Haubonpias pa3HOCTh TeMIepaTyp TEIUIOHOCUTENIeH — Ha BXOJE a30Ta B
Temoo0oMennuK (t = 165; t =20) At.=t —t = 145°C.

Cpenuuii norapupmuueckuii Harop (pa3HOCTh TEMIEPATyp TEIUIOHOCUTEICH )

. Atg-Atyy o
At '_—m(mﬁ) =57.3°C.

Cpennsis Temneparypa a3ora B TEINIOOOMEHHHUKE: t:=t — Atcp =107-7°C.

IIpu s10ii TeMIiepatype uznyeckue cBoiicTBa azora ciueaytomue [8] (I1-3, c. 76):
— yaenbHas u300apHas TeIo€MKOCTS ¢, := 1042 Jhx/(kr.K);

— TEMIONpPOBOAHOCTH asota A := 0.03 Br/(m.K);

— JIMHaMUYecKas BA3KocTh |, = 2.1.10-5 Ila.c;

—uucno [pauars Pry :=0.7;

— MoJsipHas Macca asora M, := 28.0134 kr/kmoub.

MomnsipHast ra3oBasi HOCTOSIHHAS R}l = 8314.46 JIx/(xmonb.K).

R L -~ / ~
V nenbHas ra3oBas HocTosHHasA R, == I\_£ =296.803 Ix/(kr.K).
Hopmanbrbie pusnueckue ycnosus (HOY): T = 273.15 K; p, := 101325 Ila.

Momnsipablii 00bEM raza npu HOY V,=22414 M>/KMOJTb.

M : ,
[InotHOCTH a30ta npu HOVY Py, = ﬁ =1.250 kr/™>.
u

[TnoTHOCTH a30Ta MpHU CpeHElN TeMrepaType B TEINIO0OMEHHHIKE

(pia=0.2 MIIa: T;:=t;+273.15=380.848 K) p, ::1}%}216 ~1.769 KT/AB.

®usnuecKre CBOMCTBA KOHIEHCATa apa npu Temneparype t = 165 °C:
IIOTHOCTS P, := 903 kr/m’; TemnonpoBoanocts A, = 0.681 Br/(M.K);
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JMHaMUYECKast BA3KOCTD [, == 169.10° I1a - c.

VY nenbHast TermioTa KoHaeHcauu napa 1 :=2067 - 10° Jix/kr.
TepMuueckoe cOpOTUBIIEHUE CII0S 3arpA3HEHHON IOBEPXHOCTH [7]:
— co croponsl a3ota R :=0.00036 M - K/Br;

— co croponsl mapa R , := 0.00017 m> - K/Br.

G
CexyHaHblit pacxox azota (G, = 26-10° kr/q) G@Zﬁ =7.222 xr/c.
Tennosoi notok, noaBoaMMbIi K asoty (t, = 150;t = 20; ¢ =1042),

@ = c1-Gi(tik — tir) = 978322.2 BT.

[Tpunumas, uro 2 % nepeaaBaeMoro TEMIOBOT0 MOTOKA OT FOPSTYET0 TEIIOHOCUTEIIS
TEPSIETCS B OKPYKAKOIIYIO CPey, HAXOIUM U3 TEIUIOBOro OanaHca TErI00OMEHHUKA
pacxoj rpetomiero mapa (r=2.067 - 10°)

1.02-@© .
Gy =482.771-107 xr/c.

OcHoBBIBasICh Ha JaHHBIX [9] (Tabauna 6.3) NpuHUMAaeM B IIEPBOM IPHOJINKEHUN
3HaYeHHUs Kod(PPUINEHTOB TEMIO0TAA4YH OT CTEHKH K a30Ty o,:= 175 Br/(m? - K) u npu
KoHJieHcanuy mapa o,:= 11000 Br/(m* - K).

Tomuuny crenku Tpy6 npunumaem 6 := 0.002 m.

TenumonposogHoCTs cTamu A := 49 Br/(m - K).

3nauenue ko3 Puirenta Teronepesaun B nepBoM MpUOIKEHUN

= . =156.8 B1/(M*K).
C,L_l+R.31Jr}‘:‘iJngﬁO[L2

“ler

op

HpenBapHTeanoe SHAYCHUC TJIOIIAaAN IMTOBEPXHOCTHU Tem1000MeHa

. (I) - 2
Anp._W_IOESQ M .

p cp

Ho naiineHHOMY 3Ha4YCHHA A~ NPEABAPUTEILHO BBHIOMpaeM CTaHAapTHBIN
TETMIO0OMEHHUK CO CIEAYIOUIMMHU XapaKTepUCTUKaMU [7]:

IUIOIIA/h MOBEPXHOCTHU TeruiooOMeHa A:=109 m?; 4uciio X0/0B z = 1; muamerp
koxxyxa D:= 0.8 m; mnna Tpy6 L:= 3 M; nuamerp Tpy©6 d:= 0.025 Mm; miomiaas ceueHus
JUISl IOTOKA B TPYOHOM IPOCTPAHCTBE STp :=0.161 M%*; TuTOIIAab CEYCHUS B MEXXTPYOHOM
npocrpancree S = 0.079 w’.

PaccMoTpuM aBa BapuaHTa oJa4u a3oTa:

1) B MexXTpyOHOE IPOCTPAHCTBO; 2) B TPYOHOE MPOCTPAHCTBO.

B 3aBucMMOCTH OT BBIOpAaHHOTO BapHaHTa Oy IyT MMOJIy4Y€Hbl pa3IHyHbIE IJIOIIA U
MOBEPXHOCTHU TEIIOOOMEHa M 3aTpaThl Ha MPEOJIOJeHUE a’POJAMHAMUYECKUX
COIIPOTUBJICHHIA.
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Bapuanr 1. Ilogaua a3ota B MexTpyOHOE npocTpancTBo. Yucno Pelinonbaca ams
MOTOKA a30Ta B MEXTPYOHOM MPOCTPAHCTBE
(u=2.1-10"°; G;=7.222;: d=0.025; Sup=0.079)
Rel:=£ =108833.0: Reusp:= Re;= 108833.0.
Sl\['[p "My
Uucno Hyccenbra npu HapyKHOM 00TE€KaHUU TPYyO a30TOM
(Pr, = 0.7, nomnpaeka Ha anuHy TpyObI €, = 0.6)

Nu, :=0.21-Re,"*- Pr,**- ¢, =208.209-
Koaddurment Termmootaaun ot Tpyo K MOTOKY a30Ta
(M =0.030; d=0.025; 02 =1.1-10%)
A o 2
o, =Ny, Fl =249.9 Br/(M*K).
[ToBepxHOCTHAs MIOTHOCTH TEIUIOBOTO noToka (P = 978322.2; A=109)
(p:=9 =8975.4 Br/™m>.
A

[TonHOE TepMHUECKOE CONPOTUBIICHHE BBIOPAHHOTO CIIOSI CKJIAbIBACTCS U3
TEPMHYECKOTO CONPOTUBIEHHS TEIIOOTAAYH 1/0L,, TEPMUYECKOTO CONPOTUBIIECHHUS
CTEHKH O_/A_ 1 TEPMUYECKUX CONPOTUBJIEHUH 3arPA3HEHHBIX CIOEB R, M R :

(0; =249.851; Ry =360-107% R;;=170-107%; 8., =10.002: kre=49)
R o =3+ R +P%+R3? =0.004573 »2-K/BT.
] et 2
[TepBoe mpuOIMKEHHE TEMIIEPATYPbI HA HAPYKHOW MOBEPXHOCTH TPYObI tcT2 =
terz = ts — @-Rpoms = 123.95 °C. Orciona TeMIepaTypHBI HAamop MexIy

o [— — A S0
crenxoit u mapoM Alxon = fs— terz = 41.05 °C.
Koo duienT TermmooTaun npyu KOHAECHCAIMH Tapa Ha HAPYKHOM MMOBEPXHOCTH
TpyOBI IIPU BEPTUKAIBHON YCTaHOBKE TEIIIOOOMEHHHUKA

(C:=1.15; r=2.067-10% p,=0.903: 4,=0.681; g=9.81; n,=169-107)

. 2 } 3 0.25
o, =C- (M] = 4577.03 BT/ K).
' W, LAt

KoaddunmenT remnonepeaauu ¢ y4éToM YTOUHEHHOTO 3HaUYeHUs 0.2. 1

ky = - —=208.7 Br/(M*K).
U_1+R31_}LIC:T+R32_32.1

VYTouHEHHOE 3HAUYEHHE INIOTHOCTHU TEILJIOBOI'O ITIOTOKA
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@1 :=ki-Atep = 11958.6 Br/v’.
VTOuHsAEM TeMIIEpaTypy CTEHKH TPYObl CO CTOPOHEI T1apa

YTouHEHHOE 3HaYEHHUE CPEHETO TEMIIEPATYPHOTO HAmopa
Atyon := ts — tern = 54.7 °C.
YTouHEHHBINA KOAPDUITUEHT TEIJIOOT/AauH OT Tapa

) 2 ? 3 9.25
o, = C- [M] =4260.2 Br/(m>K).
“2 -L-At OH

YrounéHnbli ko3 duiment Temionepenaun (k, = 208.7)
= . —=208.0 Br/(m*K). (1)
OL_1+R31+}E +R324—?2
JlanpHeitmee yrounenue o2 u k He Tpedyercs.
[To yrounénHoMy 3HaueHUI0 kod(pdunueHra rengonepesayu HaXOoIUM
HEO0OXOAMMYIO TUTOIIAAb TOBEPXHOCTH TeruiooomeHa (A, = 108.9)

1Bap

O
= =82.09M. @)
p - At
leap cp
Bapuant 2. [Togaua a3ora B TpyOHOE ipocTpancTBo. Haxoanm uncio PeitHomnbaca

B TpyOax
(ds:=0.021 M: Srp:= 0.161 M% 1= 21.10° ITa-c; G1= 7.222 xr/c)

G,-d
Re; =B = 44858 5.
Srp-.u1

Yucno HyccenbTa 1y TypOyJIEHTHOTO peXUMa TeUeHHs a30Ta B TpyOax

Nu, :=0.21-Re,”®- Pr,"*. ¢, =94.861.

KoaddummeHT TemnooTaaun Ha BHYTPEHHEW CTOPOHE CTEHKU
s - - ; -
o, =Nu, -—+ =135.5 Br/(m>K).

r_lB

ITpu monaue mapa B MEXTPyOHOE NPOCTPAHCTBO LIEIECOOOPA3HO pacHojaraTh
TEMJIOOOMEHHUK TOPH30HTAJNBHO, YTO yJydllIaeT yJajJeHUue KOHJIeHcaTa U3
TermnooOMeHHUKa. [Ipu TOpU30HTAIbHOM PACHOJOXEHUU TEII00OMEHHHUKA
ko3¢ punment C:=0.72, onpenemnsronmii pazmep L= d. [Ipuarmas pasHocTs TeMneparyp
At = 54.7°C, nomyunm

(r=2.067-10% p2=0.903: X,=0.681: g:=9.81: 2= 169-10°, d =0.025)
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Y =
!'I' ﬂapm
|
-Iﬂ-p]:Ep . = P’F-&PHIP
e '
2 ! Apsscs

Pucynok 1

5

2 -3
r-p, . g

o, =C 2
* W, -d-At

0.25
] =8827.9 BT/(M*K).

KO3 (HUITUCHT TeIuTonepeaun
k, = 1 —=124.0 B/ K).

) _
= al1+R31 +%—R33 o 3)
Heob6xoaumas mioma/ s mMOBEPXHOCTH TEII000MEHa
__ @ 2 2
Ajsap._k'.ﬁtcp =137.7 M- (4)

Aspoaunamuueckuii pacuér. Bapuant 1. [lonauya azota B MexTpyOHOE
npocTpaHcTBO. PacuéTHas cxema TemooOMEHHUKA PUBEIeHa Ha PUCYHKeE 1.

JnameTp mTyIepoB TeII000MEHHHUKA
dy=0.3D%%=025m (D=0.8m).

CkopocTh a30Ta B IITyllepax TEII00OMEHHUKA

4.G
Wy =——==4876n/c (G1=7.222:p1=1.77).
pl T d’mA
CKOpOCTh a30Ta B MEXKTPYOHOM ITPOCTPAHCTBE
G
W' == 5167 M (Surp=0.079 ).
Pr- Su'lp

Yucno neperopoaok n:= 6 npu giuuHe L =3 M [10]
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Paccrosinne Mexay neperopojikamu
L -

Li=——=043 M.
n+l
Uwucio Xo/10B B MEKTPYOHOM ITPOCTPAHCTBE
L
Nyypi=—=T.
I

KospuuuenT rugpaBingeckoro TpeHns A B MEKTPYOHOM MPOCTPAHCTBE
(mmaxmaTHbIH myqok TpyO d = 0.025, Re ~=108833)

..D 4+66-m
m=035—=112: A_=—-F5=3.029.
d T Reyy
o NI
Koadpummentsr mecTHbix conporuBinenuid [11]: mis Bxona u BbIXoga depes
wryuepsl ¢ = 1.5;C = 1.5; npu orubanuu IOTOKOM IIEPETOPOIOK Cnepzz L.5.
[loTepu naBieHus: Ha TPEHUE U HA MECTHBIE COITPOTUBIICHMUS:
Apyi=t P 71557,
— Ha TPEHHUE B MEXXTPYOHOM NMPOCTPAHCTBE APymy: = Axy remmiACERLE
w_’
— Ha BXO0JI€ B MEXTPYOHOE MPOCTPAHCTBO Ap,,:=C Bl 9534570

TBX o)

2
. P Wamy L.
— [IpH OrHGAHMH TOTOKOM IIEPErOpoIKH  Ap=Cy ——F =3542.7Tla:
- 2

W
— IIPYU BBIXOJI€ YEPE3 LITYLIEP HAPYKY AP = e P Vo

=9534.511a.
5

&

Apsx x Apgx 1 Apzp ApBHX.Tp IAPIJ.IT

7 s e Vi
at Ia

L

Pucynoxk 2

CYMMapHBIe IOTCpU AAaBJICHUS B Me)KprGHOM OpOCTPaHCTBC

Ap=Apy +0 gy - Ay, + (0, = 1)+ Ap_, + A, = 90409 ©®)

X.MTp X.MTp

Bapuant 2. Ilogaua a3ora B TpyOHOe mpocTpaHcTBO. PacuéTHas cxema
TEII00OMEHHHUKA B JAHHOM Cllydyae IpuBeeHa Ha pucyHke 2. J[nuna Tpy6ok L:=4 m.
Bxon azota B pacnpenenutensayio kamepy (Cex x= 17 W= 84.8)
2

Ap, =y % = 6356.4TTa
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Ckopoctb azota B Tpy0ax (S =0.161)
Gl
W=
® pl ’ Srp

[Torepu Ha Bxoze B TpyOHI (C, = 1).

=254 m/c.

2
e P Wy o o
APy 1:= Ly s ——2—=568.7Ta.

Uucno Peitnonsaca ans motoka B TpyOax (dB = 0.021; pl = 1.769;

w_-d - i
21-109) Re=—2 2 Pt _ 44858 5

K

AbcomoTHas mepoxoBaTocTh Tpyo 6e3 3arpsisHenuit A:= 0.00025 m.
KoadduumenT ruapaBindeckoro TpeHus

0.25
=011 (A 68) " Z0.03
hp:=0.11 (dB+Re) =0.037.

%

[ToTepu maBneHus Ha TpeHUE B TpyOax
7

L, PWy L
= hp—— = =405531Ta.

= R

Ap

[ToTepu naBiieHust mpu BBIXOJIE a30Ta U3 TpyO B kamepy ({ = 1.5)

BbIX
pl . \?"
L_ L -
:APBBD(.T' e 5, 835.011a.

[Torepu naBneHus Mpu BBIXOJE a30Ta u3 Kamepsl B mrynep (G =0.5)
9

APy = Gy 228 231782 Tl

s

[TonHas moteps naBieHUs B TPyOHOM ITPOCTPAHCTBE

Ap:=Apyyx TAPgyr + APy, + APy + APy, =15011.511a. (6)

Pe3yabTaThl M 00CYKIEHHE

Pazpabotana nmporpamma pacuéra KoxXyXxoTpyOHOT0 TEIUIOOOMEHHOTO anrapara B
cucreme MathCAD. C ucnionp30BaHnEM 3TOH POTrPaMMbl ObUTH BBITTOITHEHBI TEIIOBOM
U a3pOJMHAMUYECKUNA Pacy€Thl TEIUIOOOMEHHBIX anmnapaToB IO IBYM BapHaHTaM: C
nojavye o0rpeBaeMoro TEIIOHOCHUTENS B MEXKTPYOHOE IPOCTPAHCTBO U 110 TpyOam. B
pe3yJbTare TEIUIOBOT0 pacuéTa ObUIO YCTaHOBJIEHO, YTO W3-3a OO0JIbIIEH HHTEHCUBHOCTH
TemnooOMeHa 1o nepsomy Bapuanty k = 208.0 Br/(M*.K) (1) no cpaBHeHuio co

Bap
BTOPBIM BapHaHTOM szap = 124.0 B1/(M*.K) (3) mutomiab MoBEpXHOCTH TEIIOOOMEHA
A, =182.09 M* (2) momyumnack Menbine A, = 137.7 m* (4).
Bap 2Bap

Jlnist 5TUX 3HAYeHUH MOBEPXHOCTEeH TeroooMena u3 tabmuisl 2.3 [7] BeIOpaHbI
CTaHJapTHbIE TEINIO0OMEHHUKH ¢ AamMeTpoM D = 800 MM 1 miTomaasiMu HOBEPXHOCTH
TEeII000MeHa cOOTBeTCTBeHHO 109 M?/171st IepBOTO BapuaHTa M IUIOMmaabo 146 M? s
BTOPOT'O BapHUaHTA.
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Bbl6paHHLIe TEMI00OMEHHUKN UMEET CJICAyromue 3amnachbl Ijomanun:

109 — 82.09 146 -137.7
A i=—————.100=32.8%. A, =—
P 82.09 5P 132.8

-100=6.3 %.

Taxum oOpaszom, 3amac IIIOMIAM TEINIOOOMEHHUKA 10 BTOPOMY BapuaHTy (mpu
TEYEHUH a30Ta B TpyOax) MEHbIIE, YEM y TEIUIOOOMEHHHMKA IPU TEYEHUU a30Ta B
MEXTPYOHOM MPOCTPAHCTBE; IUIOMIA/Ib TEIUIOOOMEHA 110 BTOPOMY BapHaHTY TaKKe
OoJibllle, a 3HAYUT TETUIOOOMEHHHK OyJeT JOopoke. 3amac IUIomaad MOBEPXHOCTH
TETIO0OMEHA BIIMSET Ha CKOPOCTh 3arpsi3HEHHs TEIUIOOOMEHHHUKA, YeM OH OoJIbIe,
TEM peKe HaJl0 MPOMBIBATh TEIUI00OMEeHHUK. HOopMoil cunTaercs 3amac moBepXHOCTH
terooOMeHa 8—15 %.

AspoanHaMu4ecKuil pacuéT mokaszal, YTo MOTepH JAaBieHUs (5) B MEXTpYyOHOM
npoctpancte (0.090 MIla) npesbimarT nomnycrumbie mo 3aaanui (0.03 MIla),
CJIeI0BATENIbHO, MEPBBIM BapUaHT € MoJjlayeil a3oTa B MEXTPyOHOE IPOCTpaHCTBa
HENpuUroieH Jutst paktuku. [Ipu momave azora B TpyObI OTEpH J1aBjieHus (6) COCTaBUIN
0.015 MIIa, uro mensiie pomyctumoro 3uadenus 0,03 Mlla. CrnenoBatensHo, BTOpPOi
BApHAHT C IT0/1a4€i a30Ta B TPYOBI YAOBJIECTBOPSIET YCIOBHIO OT PAHUYCHUS [TOTEPh TABIICHNUS
IpH ABM)KEHUH a30Ta. DTO TAKKE BBITOIHO U 10 YCIOBUIO MPOCTOTHI OYUCTKHU TPYO.

N3 06cyxneHust pe3ysIbTaToB pacuéTa KOXKYX0TPYOHOTO TeITIO0OMEHHHKA T10 IBYM
BapuaHTa B cucreme Mathcad citeyeT, 4To BTopoii BApHAHT C TIoJaueii a30Ta 1o Tpyoam
YAOBJIETBOPSIET YCIOBUIO MOTEPH JlaBiieHus MeHble nonycrumoro (0,03 Mlla). 3anac
IUTOIIAAH TTIOBEPXHOCTH TEII000MEHa, HECKOJIIBKO MEHBIIUH JOMYCTUMOrO, BIIOJIHE
KOMITIEHCUPYETCSI IPOCTOTON OYHCTKU TPyO B MpoIecce SKCIUTyaTalru.

Kak yxe oTMedanoch, I TeXHUYECKHX pacuéToB, Hapsny ¢ MathCAD,
UCIIOJIB3YIOTCS. MHOTHE JIpYyIHMe MaTeMaThudeckue nakerol. B pabore [4] Obu1o 1aHO
CpaBHEHHE IPOrpaMM peIlIeHHs KBaJpaTHOro ypaBHeHHs B makerax Turbo Pascal u
MathCAD. B nocnennee Bpemsi MHUPOKOE MPUMEHEHUE HAXOJIUT MaTEMaTUYECKUN
nakeT MatLab. Hazsanue MatLab nosisiitocs B 1980 rogy u pacmmgpoBbIBaeTCs Kak
MaTpu4Has laboparopus (matrix laboratory).

Hwmxe B xadecTBe mpuMepa MPUBOIATCS (parMeHTHl pacdyéra TEII0OOMeHa 110
NepBOMY BapUaHTY.

Tabmura 1

PesynbTarsl BeIUUCIEHUN
(mosydaeM B KOMaHJIHOM OKHE
(«Command Window»))

JIucTHHT pOrpaMMEI
(mocne 3HaKa «%» BBOJSTCS KOMMEHTAPHUH)

% PexuM momaun a3oTa B MEXTpyOHOE %IIPOCTPAHCTBO
m1=2.1*10"(-5);%nnHamMmmu4eckast BA3KOCTh

G1=7.222; %
d=0.025; % Rel =
Smtr=0.079; % 1.0883e+05
Rel=(G1*d)/(Smtr*ml)
%Y TOuHEHHBII KO3()(DUIMEHT TEIUIoNepeaadn: k3=
k3=1/((1/alphal)+R1+R2+(delta/lambda)+(1/Alpha3)) 208.0
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Kak BuanmM, 3amuce nporpammbl MatLab, kak 1 Turbo Pascal, He siBnsieTcst HarmsyaHoM
(HeT MH/IEKCOB, TPEUYECKOro U PyCCKOro anaBUTOB, PE3yIbTAaThl BBIYUCICHUN JAIOTCS
OTIeNBHO 0T (hopMyi). OcoOeHHO 3aMeTHO NpeumMyiecTBo 3anucu popmyr k3 u k1sap
(1). IlpuBenéunslii pacuét TeruioooMeHHoro anmnapara B nakere MathCAD u cpaBHeHue
sTOro pacuyéra ¢ pacuérom B makere MatlLab ma€t ocHoBaHME ISl MCIIOJIB30BAHUS
MathCAD B yueOHOM mporiecce.

BoIBOBI

Pazpabotana nmporpamma pacuéra KoXyXxoTpyOHOI0 TEIUIOOOMEHHOT0 anrapara B
cucreme MathCAD, xoTopasi m0o3BOJIsIeT aBTOMAaTU3UPOBATh PACUET TEIIIOOOMEHHBIX
anmnaparos.

CpaBuenue pacuéros B cucreMax MatLab u MathCAD noka3sIBaeT npenmyiecTBa
IIOCJIEIHEN B HAIVISIIHOCTH U IIPOCTOTE 3aIIUCHU IIPOIPaMM pacy€ra, 4To 1a€T OCHOBAHUE
nojyepxath uaero [4] o Bueapenun MathCAD B cucremy oOpasoBanust Kazaxcrana.
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AJIMACTBIPYIIBICBIH ECENITEY BAFJIAPJIAMACHI

Maxanaoa Mathcad naxeminodeei KyOwvipabl JHCHITY AIMACHBIP2ZLIULIMBLY
MexXHON02UANbIK ecebi men manoayvl Oepineen. Onepkocinme KOJIOAHLLIABIH
JACLLLY anmacmouipeuliumapovly oapavik mypaepiniy 80 % oicyvievt KyOwipibl
JACLLLY  armacmelpavliiumap Oonvin  maodwviiadel Kolny armacmuipavbliimapobsl
ecenmey ywin snekmponoviy kecmenep (Excel) owcui kondauwinraovl. Mynoau
ecenmeynepoiy KeMuwtiniei — (opmyranapovbl Cunammay MYMKIH emec Hca3y
JICOHE ANbIH2AH MOYeadinikmepoiy epadukmepin Kypy mymxin emecmiei. Coneavl
xezoepi MatLab 6ymacvinoazel bazoaparamanay sxcui Koaoanwviia bacmaosl, 6ipax
Gopmynanapowl scazyoa oa aHblKmulx dcok. Mathcad nakeminoe npoepammanay
Kesinde opmynanap Hcainvl KaOLLIOAH2aH mMypoe Hca3viiaobl, OY1 0aAApObIH
Jrcazbanapvinoaavl  091Ci30ikmepoi 0epey Kopyae JCoHe Muicmi mysemynep
eneizyee MyMKIHOIK bepedi. Dopmynanapovl xncaszyoviy anvikmolevl Mathcad-moiy
backa ecenmey bazoapramanapvinan Oacmvl ApMuIKULLIBIZHL 00161 MAOBLIAOL.
Kacanean Oazoaprama necizinoe JHCbLLY AIMACMBIPSLIUMAPObBIY JHCHLLY IHCOHE
A3POOUHAMUKATNBIK ecenmeyaepi HCypeizinoi, 01 HCvLIy aIMaACmblpablumapobl
CATBLICMBIPY2A HCOHE JCHLILY ANAMACY AUMASHIHBIY KOPbL MEH KbICHIMHBIY HCO2ALYbl
OOUbIHWA el HCAKCHl HYCKAHbL mayoayaa MyMKiHOIK 6epdi. byn 6azoapramanvi
0Ky npoyecinoe OUNniIoMoap MeH MacuCmpiiK Ouccepmayusiapobl KHcasy Kezinoe
0e, KOHCMPYKMOPIbIK YULIMOAPOd KYObIPAbL JHCLLY AIMACMbIPSIUUMAPObL
arcobanay kesinoe oe Koidamyaa 601aovl.

Kinmmi ce30ep: KybOwvipavt oicblny aimacmuipeviumap, Mathcad oicytieci,
MatLab orcyiieci, mexnonoeusnvly ecenmey, ecenmey 0A20APAAMACHL, HCHLTY
ATMACBIP2LIUMAPObL CATTLICIBIPY .
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Energy. — 1970. — 564 p. CALCULATION PROGRAM FOR SHELL-AND-TUBE

HEAT EXCHANGER IN THE MATHCAD PACKAGE
Marepuan noctynun B pegakuuto 01.06.23.
The article presents the technological calculation and selection of a shell-and-
tube heat exchanger in the Mathcad package. Of all types of heat exchangers used
in industry, about 80 % are shell-and-tube heat exchangers. For the calculation

218 219



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 2, 2023 HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 2, 2023

of heat exchangers, spreadsheets (Excel) are most often used. The disadvantage rnPON3BOACTBO NMPOLAYKTOB IMUTAHUA

of such calculations is the beloved record of formulas and the equanimity to plot

the resulting Bindings. Recently, programming in the MatLab package has been

increasingly used, but even here there is no impudence in recording the format. MPHTH 65.59.29

When programming in the Mathcad package, the format is recorded in a generally https://doi.ore/10.4808 1/YHEWS5190
accepted form, which allows you to immediately see inaccuracies in their recording
and make appropriate changes. The audacity of writing formulas is the main
advantage of Mathcad over other calculation programs. Based on the developed
program, thermal and aerodynamic calculations of heat exchangers were released,

*Y. K. Aeblinos
®I'bOY BO MI'VIIII, Poccuiickas @enepanus, r. Mocksa

which made it possible to compare heat exchangers and choose the best option for *e-mail: c.avylov@cherkizovo.com
the reserve area of heat exchangers and prescription losses. This program can be
used both in the educational process when writing diplomas and master’s theses, rnPON3BOA4CTBO ®YHKLUNOHAJIbHbIX
and in design organizations when designing shell-and-tube heat exchangers. MSACHBbIX MPOA4YKTOB HOBOIO NOKOJIEHUA
Keywords: shell-and-tube heat exchangers, Mathcad system, MatLab system,
technological calculation, calculation program, comparison of heat exchangers. B oannoii cmamve Oviiu npedcmasienst pe3yibmanmsl HAyYHbLX UCCAEO008AHUL NO

npouU3800Cmay MACHO20 RPOOYKMA YYHKYUOHAILHOSO HA3HAYEHUS C UCNOIb308AHUEM
AHCUBOMHOZ0 U PACMUMETBHOO CHIPb.

B nacmosiwyee epems ocobyro axmyanbHocms npuobpemaem pazpadbomia
NPOOYKMO8 NUMAHUA HOB020 NOKONEHUS, HUMO CBA3AHO C HeOOCMAmOYHOU
00eCcnevyeHHOCMbIO  HACENeHUss  JCUBHEHHO — 8adCHbIMU  Hympuenmamu. Jns
npou3eo0cmea  mMakux — NPoOyKMo8  HeoOX00uMo  NnposedeHue  KOMNIeKCd
MEXHONO2UYECKUX, — (PUBUKO-XUMUYECKUX, — MUKPOOUOLOUYECKUX U Opyeux
uccne0o8anull.

B cmamve npusoosamcs meopemuueckue u npakmuyeckue 00800bl NO
paspabomke npoOyKma RUMAHUs HOB020 NOKOJEHUS, d MAaKdice NpeoCcmasieHvl
OaHHble IKCNEPUMEHMANbHBIX UCCLe008AHUL, MAMEMAMUYECKO20 MOOeNUPOBAHUs
peyenmypol MACHO20 NPOOYKMA, OP2AHOIENMUYECKUX Nnoxasamenei, Nuyesol u
OUON02UYECKOU YEHHOCTU CbIPbSL U 20MOB0U NPOOYKYUU.

IIpogedennvle Hayumvle UCCIEO08AHUA NOKA3ANU, YIMO COYEMAHUE HCUBOMMHBIX
U pacmumenbHblX KOMHOHEHMO8 6 NpOUu3eo0cmee @OYHKYUOHANLHO2O0 MACHO20
NPOOYKMA NOKA3AMENbHO Yayuuidem aMUHOKUCIOMHbIL OANaHC, SUMAMUHHBINL U
MUHEPANbHBIL COCMAs, d MAaKdtce QYHKYUOHATbHO-MEXHOI0UYeCKUe CBOUCMEa
20M08020 NPOOYKMA NUMAHU.

1o pe3ynomamam HAYUHBIX UCCIEO0BAHUL MONCHO COeNamb Cedyouull 861800,
Ymo 0711 0602aujeHUsL MACHBIX NPOOYKMO8 MOMHCHO UCNOIb308AMb WUPOKULL OUANA30H
(DYHKYUOHATLHBIX UHSPEOUCHMO8, 8 MOM YUCILE 8 8UOe HAMYPATbHBIX UHSPEOUEHIMO8,
8 KOMOPbIX CO0epAHCAMCS He0OX00uMble DUOI02UYECKU AKMUBHbLE 8elyecmsd.

Kntouesvie cnosa: msaco KOHUHbI, KOHCKASI NedeHb, KOMCKULL JHCUP, OBCAHbIE
XJ0NbA, nauimem, MAacHol NPOOYKM.

BBenenune

B Hacrosiiee Bpemst 0ocoOyro akTyalnbHOCTh IPHOOpPETaeT pa3paboTKa MPOyKTOB
MMUTAHUS HOBOIO IMOKOJEHHMS, YTO CBSI3aHO C HEJOCTATOUYHOM 00ECIIEYEHHOCTHIO
HACEJICHUS KU3HEHHO BAKHBIMU HyTpUEHTaMHU. J[J19 Mpon3BOACTBA TaKUX MPOAYKTOB
HEO0OXOJUMO TMPOBEJACHUE KOMIUIEKCA TEXHOJOTHYECKUX, QU3HMKO-XUMHUICCKHX,
MHUKPOOHOJIOTHUECKHX H JIP. UCCIICI0BaHU. MHUPOBBIE TEHACHITUHU B 00JIACTH ITUTAHUS
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CBSI3aHBI C CO3JIaHUEM acCCOPTUMEHTa MPOJIYKTOB C JIeYeOHO-IPOPUITAKTHUECKON U
(YHKINOHATIBHON HANPABICHHOCTHIO, CIOCOOCTBYIONIUX YIYUIICHUIO 3A0POBbS MIPH
€XKEJHEBHOM MX yHoTpeOJIeHuH B cocTaBe paiuona [ 1, 2].

OcCHOBHOH 3a/jaueil HAyYHBIX HCCIEAOBAHUMN SABISETCS MOAOOP ONTHMAIBHOTO
cocTaBa, BBIOOp U HccieqoBaHKue (PYHKIIMOHATBHBIX MHIPEIHUEHTOB, UCCIEI0BAHUE
(U3UKO-XMMHYECKUX, TEXHOJIOTMYECKUX, OPraHOJIENTUYECKUX CBOICTB MPOIYKTa,
pa3paboTKa peuenTypbl U TEXHOJOTHU MPOHM3BOJACTBA MICHOTO MPOAYKTA
(YHKIMOHAJIBHOTO HA3HAYCHHUS.

[ToBpllIeHNE NMUIIEBON U OMOJOTMYECKONW LIEHHOCTH FOTOBOTO MPOAYKTa
BO3MOYKHO 3a CYET COYETAHHUS MSICHOTO U PACTUTEIBHOIO ChIPhs, 00JaJar0nIero
PaIuONPOTEKTOPHBIMHU, JI€UeOHO-TIPO(YUITAKTUYECKIMH CBOMCTBaMU, HAIlpaBlICHHbIE
Ha BOCIIOJIHEHHE HEJOCTAaTKa B OpraHM3MeE 3HEPreTHYECKHUX, IIACTUUECKUX WIIH
PEryJIsSTOPHBIX NHUIIEBBIX cyOcTanuui [3, 4, 5].

MarepuaJjbl 1 METOABI

OObeKTaMH Hay4HBIX UCCIIEOBAHUH SBISUTUCH: MSICO KOHUHBI, [I€Y€Hb KOHCKa,
KOHCKHIA )KHP, OBCSAHBIE XJIOMbs. PazpaboTana perientypa 1 TEXHOIOTUs TPOU3BOJICTBA
(YHKLINOHAIBHOTO MSCHOTO MTPOAYKTA 110 HanOOoJIee ONTUMAILHOMY BapHAHTY.

Peunentypy MsACHOIro mpoaykTa ONpENEsiIM METOJAOM MAaTEMaTUYEKOTO
MOJIEJTMPOBaHUS.

[MunieBy0 EHHOCTHh OMPENENSIN M0 cpeHel nmpobe MAKOTHOW 4YacTd Ty,
COTJIACHO OOIICTIPUHATHIM METOJUKAaM, MaccoBYIO oo Biaru — corigacHo ['OCT
9793-2016, xxupa — o 'OCT 23042-2015, 6enka — mo 'OCT 25011-2017, 307161 —
C)KUTaHWEM HAaBECKH B My(eIbHOM meyH.

bronornueckyro HEHHOCTD ONPEAETISUIN PACUETHBIM ITyTEM. AKTUBHYIO KUCJIOTHOCTb
cpensl (pH) onpenessnu no I'OCT 51478-99. OpranonenTHYeCKy0 OLEHKY TPOBOININ
1o 5-6amnpnoit mxkane no 'OCT 9959-2015 «Msico u MsicHBIE TIPOLYKTB [6, 7].

Pe3yabTaTsl M 00Cy:KI€HUE

Hcnonb30BaHNe KOHUHBL, KOHCKOM IIEYEHH U KOHCKOT'0 JKUPa, B KAUECTBE OCHOBHOI'O
CBIpbS I IPOU3BOJCTBA MSCHBIX NMPOAYKTOB, B YACTHOCTH IAIUTETA, SBJISIETCA
EJIeCO00PA3HBIM.

Konuna 061a1aeT BEIpaXeHHBIMU TUETHUECKUMH CBOMCTBAMH 32 CYET ITOBBIILIEHHOT'O
coJiepxkaHus Oenka, Xopouo cOaTaHCUPOBAHHOTO AaMUHOKHUCIOTHOTO U YHUKAIBHOTO
YKUPHOKUCJIOTHOT'O COCTaBa.

[leHHOCTHP KOHCKOTIO XHpa IPEXJE BCEro B BBICOKOM COJEpPKAHUHU
IIOJIMHEHACHIIEHHBIX XUPHBIX KUCIOT — JIMHOJIEBOM U JIMHOJIEHOBOM, KOTOPBIX B
koHuHe 15-20 %, nns cpaBHEHus B ropsiiuHe Bcero 2—-5 %.

B oTamume ot MmsAca Apyrux yOOHHBIX UBOTHBIX KOHMHA MajO COACPKHUT
XOJIECTEPHUHA, YTO SBISIETCS OJAHUM U3 (PaKTOPOB, ONPEACIAIOMIUX TUETHUECKYIO
LEHHOCTB ATOro npoAykra 12—60 mr % B pa3inuuHBIX 4aCTAX TYLIH.

Y CTaHOBIIEHO, UTO AJI1 KOHUHBI B CPABHEHUU C TOBSIMHOM U CBUHUHOM XapaKTEPHO
0osiee BBICOKOE COJepXKaHHE HE3aMEHHMbBIX aMMHOKHCIIOT: M30JeHIMHa, JeHlnHa,
TpeoHUHa, TpUNTohaHa. B KOHCKOM Msice CONEPIKUTCS 3HAYUTEIBHOE KOJIUYECTBO
ButamuHa A (1o 20 mr % B xkupe), a takxke taamu (0,07 mr %), pubodnaBun
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(0,1 mr %), HukotuHamu 4,2 mr % ). Beicokast Onosiornyeckas HIEHHOCTh KOHCKOTO Msica
00yCTIOBTIeHA TaKKe HATMYUEM 3HAYUTEIHHOTO KOJTMYECTBA MAKPO- U MUKPOAJIEMEHTOB.

Konckas neuenb — HamboJiee LEHHBIH CyONpPONYKT, OOraThlil MBIIICYHBIMHU
U KOJUIar€HOBBIMHM O€lIKaMH, BUTaMHUHAMH TPyNIbl B, o0nanaronuii BRICOKUMH
MUTATENFHBIMH U JICUCOHBIMU CBOMCTBAMH.

Hcnonp3oBanme pacTUTEIHHOTO CHIPBS (OBCSIHBIE XJIOMbSI, MOPKOBB) B IPOU3BOJICTBE
MSICHOTO ITPOAYKTa BIIOJIHE 00OCHOBAHO, TaK KaK MPU KOPPEKTUPOBKU HOBOT'O IPOAYKTA
OHHM 00712/1a10T (PYHKIIMOHATHHBIMU CBOWCTBAMU, 3HAUUTEIILHO 000TAMIAIOT MTUIIIEBEIMH
BOJIOKHAMH, KJIETYATKOW, BUTAMHHAMHU, MOBBIIIAIOT MUIIEBYI0 U OMOJIOTHYECKYIO
LIEHHOCTh TOTOBOTO IpoaykTa [8, 9, 10].

B OBCSIHBIX XJIOMBSIX cOAepIKaTCs KUPHI U OeaKoBbie coenuHeHus. OHM OOraThl
takumu ButamuHamu kKak A, E, K, PP, B6, B1, B2. B stom unrpeauente coaepxarcs
HE00X0IMMbIC OPTaHU3MY MUHEpaIbHbBIC BEIIECTBA: MapraHell, )Kele30, MarHuii, o/,
dbTop, hocdop, kanwmii, Kaablui, cepa, HUKeNb. [ TaBHast 0COOCHHOCTH OBCSIHBIX XJIOTTHEB
3aKJTFOYAETCsl CIIOCOOHOCTHIO MOTJIONIATH BIAry U JIETKO yCBAaWBAThCS B OpraHHU3ME,
HACBIIIAs €r0 MPHU 3TOM Ha JIOJITHIA OTPE30K BPEMEHHU.

Ha mepBom 3Tame 3KCIepUMEHTAIBHBIX HUCCIEIOBAHUN, IS ONpeaeleHUs
ONTUMATIBHOTO COJEPKAHUS M00ABISIEMbIX HHTPEIUEHTOB HEOOXOIUMO MPOBECTH
pacueT aMHHOKHCIIOTHOTO COCTaBa ChIPhsI 10 PEIETNITYPE MSICHOTO MTPOYKTa Ha OCHOBE
MaTEMaTHYECKOTr0 MOJICTHPOBAHUSI.

Jyis mpoBeieHusl pacueToB HYXKHO BBECTH clieAyromue o0o3Hauenus: X1 — msco
KOHUHBI; X2 — Me4YeHb KOHCKas; X3 — OBCsHbIe XJiomnbs. [l peliieHus 3ajadu mo
ONTUMHU3AIHNH PEIENTYpPhl 0 OEIKOBOMY COCTaBy HEOOXOIMMO OOIee coaepKaHue
6enkoB B Kax1oM Komnonente — C1, C2, C3. B atom cityuae neneBast GyHKuus OyeT
JUHEWHO 3aBUCETh OT PACCMATPUBAEMBIX HHTPEIUEHTOB:

3
Fl(x):ZCij (1)
j=1
BBenem orpaHuueHUs sl ONPEIeIICHUs 00JIACTH JIOMYCTUMBIX PEIICHUH 3a7auu
0 COJICPKAHUIO0 HE3aMCHUMBIX aMHUHOKHUCIIOT B TIPOJIYKTE:

3
Z:‘a‘*fo > b, )
=

r7e: ai,j — coAepKaHue 1-i aMUHOKHUCIIOTHI B j-ii KommoneHnte, mr/100 T;
bi — pexomenmammu @AO/BO3 mo conepkanuto i-it aMuHOKUCIOTHI Mr/100 T.

[Tockonpky 1eneBast QyHKIHMS U OTPAaHUYCHUS 3aaud SIBJISIIOTCS JTUHEHHBIMU
3aBUCUMOCTSIMH, IIOJIy4aeM 3aJady JUHEHHOTO IPOrpaMMHUPOBAHUSL.

OO0mee comepkaHne MUHTPEIUCHTOB MpoAyKTa 78 % OOBSCHSIETCS TeM, YTO
HHTPCAUCHTBI, HC COACPKAIIUC Oenka (OBCS[HI)IG XJIOIIbsA, MOPKOBB, JIYK, COJIb, CHeHI/II/I),
COCTaBIAOT 22 % W HE yYUTHIBAIOTCS B pacuete. [ pacuera yUYUTHIBAIOTCS TOJIBKO
OCHOBHOE CHIPbE MSICHOTO TTaIlITeTa.
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[Tonydyaem creayoUIyl0 MaTeMaTHUYECKYI MOJENb 3aJadudl ONTHUMHU3AIUH
WHTPEIMEHTOB, TIOJICTABUB 3Ha4eHHE KOA(D(DUIIHEHTOB.

[emeBasa ¢pyHKIIA: F(X)=18200 - X, +17900 - X, +23240 - X,
OrpaHirdeHns 1o aMHIHOKIICTIOTHOMY COCTaBY:

Bammnn 899 - X, +1250 - X, +1351 - .X; = 5000
W3omnetinun 993 - X] +930 - X, +920 - X, = 4000
Jleiinun 1824 - X, +1590 - X, +2102 - X = 7000
JImsun 1699 - X, +1430 - X, +2017 X, = 5500
MeTtnosnus 1588 - X} +440 - X, + 601 - .X; = 3500
Tpeonnn 951- X, +810- X, +1321 - X = 4000
Tpunrodan 330 - X, +240 - X, +531-.X; = 1000
DeHNTATaHIH 932-X, +930-X, +1214 - X, = 6000

OFPEIHH[IGHHH 110 peHeHT}PHHNI KOMIIOHEHTAaMm:
X+ X, +X,=078
03<X,<06 015<.Y, <020 005<X,<025

PemmuB 3a1a4y ¢ HOMOIIBIO0 BCTPOEHHOI'O ONTUMHU3aTOpa TabJIMYHOTO Mpoleccopa
MS Excel meronom HeroTona, momy4yaem ontumanbHoe pemenue: X, = 41 %,
X =18 %, X,=19 %. IIpx TakoM COOTHOLICHWH KOMIIOHEHTOB IOJy4aeM MPOAYKT,
KOTOpPBIH Hambosee OIM3KO M3 BO3MOXHBIX BApPUAHTOB IMOJHOIEHHBIH IO
aMHMHOKHCIIOTHOMY cocTaBy. ITo pe3ynpTaTam MaTeMaTH4ecKoro pacuera 1 pe3yjibTaramM
IPOBEICHHBIX UCCIIEI0BAaHUM, COCTABIISIEM pELeNTypy MICHOTO namreTa (tadauna 1).

Tabnuna 1 — PeuenTtypa mscHoro namrera

Cripbe kr/100 kr
Konmnna 2 xareropuu 40,70
[TeueHp KOHCKas 17,60
OBCsIHBIC XJIOIBS 20,0
Kup xonckuit 5,30
Jlyx peryaTsiit 6,30
MopkoBb 5,70
[Terpymika (KOpeHb CyXoii) 0,60
[eper uepHbI MOTOTHIH 0,05
Counb noBapeHHas NUIIeBast 1,05
Bynson 2,70
Uroro 100

TexHomornueckuit mpoiecc NPoU3BOJICTBAa MIACHOTO MalITeTa ¢ J00aBlIeHHUEM
PaCTUTEIBHOTO CHIPbSI COCTOUT U3 MPUEMKH CBIPbs, OJaHIIMPOBKH, U3MEIbUYEHUS,
KyTTEpOBaHUsl, HANIOJHEHUs] 000JI0UEK, BapKH, OXJIAXKACHUS, YIAaKOBKHU, MapKUPOBKHU
1 XpaHECHMUS.
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Pe3yHBTaTLI HCCJICAOBAHNA XUMHUYCCKOI'0 COCTaBa MACHBIX IMAITCTOB IMPCACTABJICHBI

B Tabnuie 2.

Tabmuna 2 — XUMHUYECKUN COCTaB MSACHBIX MAIITETOB

[Noxazaremnn KonTtpomnsHbIil 00pasen OnsITHBIH 00pa3ert
Bumara, % 59,76+0,95 59,53+0,97
benox, % 17,46+0,28 17,98+0,22
Kup, % 21,48+0,14 20,26+0,18
3oma, % 1,3+0,04 2,23+0,06
DHepreTudeckas IEHHOCTb, Kkai/100T 263,16 254,26

Ne 2, 2023

N3 pe3ynbTaToB ClieAyeT, YTO C BBEJACHHEM OBCSHBIX XJIONBEB HJIET CHUKCHHE
coaepxanus Biaru Ha 0,23 % u xxupa Ha 1,22 %, yBennuenuto 6enka Ha 0,52 %. B
OTIBITHOM 00pa3Iie YBEIUYIMWIACh J0JIs1 MUHEPAbHBIX BemecTB ¢ 1,3 % 10 2,23 % mo
CPaBHEHHIO C KOHTPOJIBHBIM 00Pa3IOM.

Jnss 0ObEKTUBHOM OLIEHKH OHMOJIOTHYECKON IEHHOCTH MSCHBIX IAIITETOB OBLI
paccurTaH aMUHOKHUCIIOTHBIN CKOp. PacueT aMHHOKHCIIOTHOTO CKOpa ITOKa3aJl, 9To BCe
HEe3aMEeHUMbIC aMUHOKHCIIOTHI B KOHTPOJIBHOM 00pa3Iie SABISIOTCS JIMMUATHPYIOIUMHU.
B onertHOM 06pasiie Hanbosnbmme ckopsl 100,7 % onpenenens! mist nuzuHa, 100,9 %
— nis penmnananuHa+TuposuHa, 109,0 % — nns tpuntodana (pucyHok 1).

B KoHTpOIBHEIH ofpa3zen

B OnBITHEIA o6pazen

AMHHOKHCJIOTHBII ckop, Yo

He3zaMeHHMBIe AMHHOKHCJI0THI

PucyHok | — AMMHOKHUCIIOTHBIN CKOP MSICHBIX TALITETOB, %o
OnbITHBIA U KOHTPOJBHBIN 00pa3lbl MSCHBIX MALITETOB OIEHUBAJIUCH IO

OpraHOJIENTUYECKUM IoKa3aTessiM. [Toka3areny oleHUBaINCh 10 MATHOAIITBHOM IIIKaje
(pucyHOK 2).
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Buenumii Bun

=4=N\[sgcHOIl mamreT

(KOHTPOIBHEIIT)
Koncucrenmr 3amax =B=N[scHoIl namrreT
' (apomart) (OIIBITHEIIT)

Pucynok 2 — Opranosentuyeckast OleHKa MSCHBIX MTalITETOB

BriBoabl

Takum oOpa3zom, pa3paboTaH HOBBIH MSICHOM MPOAYKT (YHKIHMOHAIBHOTO
Ha3zHaueHUs. HaydyHble ucciienoBaHusl OKa3ald, 4TO COYETaHUE KUBOTHOIO U
PaCTUTEJIBHOTO ChIPhSl 3HAUUTENIBHO YITydIlaeT aMUHOKHUCIIOTHBIHN OaiaHc, BATAMUHHBIN
Y MUHEPAJIbHBIN COCTaB, a Takke (YHKIIMOHAIBHO-TEXHOJIOIMYECKHE CBOMCTBA FOTOBOTO
npojykra. B enom, asist o6oramieHust MACHBIX MPOAYKTOB HEOOXOUMbBIMU HY TPUEHTaMHU
MO>KHO HCIIOJIb30BaTh IHUPOKHI T1ana3oH QyHKIMOHAIBHBIX HHIPEAUEHTOB, B KOTOPBIX
CoJIeprKaTcsl BaKHbIe OMOJIOrMYECKH aKTHUBHbBIE BEIIECTBA.
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KAHA BYBIHHBIH ®YHKIIMOHAJIAbI ET OHIMIEPIH OHAIPY

byn maxanaoa sacanyaprap meHn 6cCimMOIK WUKI3AMbIH NAUOAIAHA OMbBIPLIA,
DYHKYUOHAOBIK MAKCAMMA2bl em OHIMIH OHOIPY OOUbIHULA 2bLILIMU 3epmmeyaepOiH
HOmudicenepi yColHbLIObL.

Kaszipei yakvimma xanslxmoiy oMipaik Mabl30bl KOPEKMIK 3amMmapMeH JCemKiiiKci3
KaMMAamacwl3 eminyine Oalianblcmbl JHCana OYbiH masamoapbii 93ipiey epekuie 03eKmi
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oonvin omuip. Mynoati 6HiMOepOi oHOIPY YUl MEXHONOSUSIBIK, DUBUKA-XUMUSIIBIK,
MUKPOOUOTIOSUSIBIK JHCOHE DACKA 3epmmeynep KeWeHiH JCypei3y Kadicen.

Maxanaoa srcana Oyvinuvly mamax onimoepin a3ipaey OoubIHUIA MeoPUsIbIK
JHCOHE NPAKMUKATLIK 0d1e10ep KeimipileeH, COHbIMeH Kamap 9KCHepUMeHmmiK
sepmmeyiep, em — OMIMIHIY — (DOPMYIACHIH — MAMEMAMUKATLIK — MOOenboey,
OP2aHONIEeNMUKANILIK KOPCeMKIWmep, WUKizam nen 0aubli OHIMHIY Ma2amobli HeoHe
OUONOUATBIK KYHOBLIbISH] KEMIPLICeH.

JKypeizineen eviivimu 3epmmeyiep QYHKYUOHANObI em  OHIMIH OHOIpyOeei
JHCanyapap MeH 6CiMOiK KOMIOHEHMMEPIHIK YUAeCyl AMUHKbIUKLLIOAPIHLIH mene-
MeHOI2IH, BUMAMUHOEP MEH MUHEPAN0APObIH KYPAMBIH, COHOAU-AK, OQUbIH MA2AMHbLH
DYHKYUOHATOBIK HCOHE MEXHONOUSIBIK KACUCMMEPTH JHCAKCAPMAMBIHbIH KOPCEemmi.

Fouoimu  3epmmeynepoiy  Homudicenepi OOUbIHWA em OHIMOepiH 6ailbimy
YWiH QYHKYUOHANOb! UHESPEeOUEeHMMEePOiy KeH CNeKMpPIH, COHbIH [WiHOe Kaxcemmi
ouonozusinvlK, bencendi 3ammap dap maduau unepeouenmmep mypiHoe Koaioanyaa
601a0b1 OeceH KOpblmbIHObL dcacayaa O01aobl.

Kinmmi ce30ep: (yHKyuoHanovt em OHIMI, JHCbLIKbL emi, JICLLIKbL OAYbipbl,
JHCHUIKBL MAllbL, OCIMOIK WUKIZAMbl, KYPAMbL JHCOHE OHOIPIC MEXHOIOSUSACDL.

*Ch. K. Avylov
FGBOU MGUPP, Russian Federation, Moscow.
Material received on 01.06.23.

PRODUCTION OF FUNCTIONAL MEAT PRODUCTS
OF A NEW GENERATION

This article presents the results of scientific research on the production of a
functional meat product using animal and vegetable raw materials.

Currently, the development of a new generation of food products is becoming
particularly relevant, which is due to the insufficient supply of vital nutrients to the
population. For the production of such products, it is necessary to conduct a complex
of technological, physico-chemical, microbiological and other studies.

The article presents theoretical and practical arguments for the development of a
new generation food product, as well as data from experimental studies, mathematical
modeling of the formulation of a meat product, organoleptic indicators, nutritional
and biological value of raw materials and finished products.

The conducted scientific studies have shown that the combination of animal and
vegetable components in the production of a functional meat product significantly
improves the amino acid balance, vitamin and mineral composition, as well as the
functional and technological properties of the finished food product.

According to the results of scientific research, the following conclusion can
be drawn that a wide range of functional ingredients can be used to enrich meat
products, including in the form of natural ingredients that contain the necessary
biologically active substances.

Keywords: functional meat product, horse meat, horse liver, horse fat, vegetable
raw materials, formulation and production technology.
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EKIHLUI PETTIK LUAKISBATTAH ET ©HIMIH
OHLIPY TEXHOJIOMNSICbIH XETINIQIPY

byn maxanaoa exinwi pemmik wuxizammol HAUOAIAHA OMbIPLIN, €M OHIMIH
OHOIPYOIH dicemindipiieeH MeXHOI02UACHL YCbiHblizaH. Makanada deruxamecmik em
OHIMOEDIH 83ipey OOUBIHULA MEOPUSIILIK HCOHE NPAKMUKALBIK 09/1e10ep KeAMIPLeeH.

3epmmey 6apvicoinOa eKiHwi pemmix wuKizammsl HAUOaIaHy, KaioblKmapoul
aumapavikmay a3aumein, Kopuldean opmaza HeazblMcbl3 ocepaepoi a3atmamuliol
AHBIKINANObL.

Anavida, exiHwi pemmix WUKizamman em 6HIMIH OHOIpYOe MeXHOLOSUSIbIK
JHCOHE CAHUMAPTBIK MOCenenep MmyblHOatovl, 01ApObL ULEULY KAXHCEm.

DuUBUKA-XUMUATBIK, OP2AHOACNMUKATIbIK KOpCemKiumepee, COHOAU-axK WuKizam
nen 0aubli OHIMHIY Ma2aMObIK HCOHE OUOIOSUANBIK KYHOBLIbISbIHA IKCHEPUMEHMNIK
3epmmeynep YCoblHbLI2AH.

JKypeizineen sxcnepumeHmmik sepmmeyiep em OHiMiH 6HOIPYOiH Jcemindipineen
MEXHONOSUACHl  AMUHKBIUKLLIOAPBIHLIY — mene-menoieiH, — gumamunoep  MeH
MUHEPANOapObly — KYpAMblH,  COHOAU-AK — OQublH  OHIMHIY  (DYHKYUOHAIObIK-
MEXHONI02UANBIK, KACUCTNINEDIH AHCAKCAPMAMBbIHbIH KOPCEmmi.

Exinwi pemmix wiuxizamman em 6HIMiH 6HOIPY MEXHOI02USACHIH HCemindipyoin
Heeizel OazblmmapviHbly OIpi OHBIH Ccanacwlin dcakcapmy Ooavin mabwvinadvl. On
YWiH 08pyMeHOep MeH KOPeKmiK 3ammapovl cakxmayad, eHiMHIY 0dMIH, XOoul uici
MeH KYpoLIbIMbIH JicaKcapmyaa MYMKIHOIK Oepemin 3aManayi mexHoI0SUsIbIK,
npoyecmep KOJOAHbLIAObL.

Kopvimuvinovinaii  xene, eximwi pemmik WUKI3AMmMan em OHIMIH 6HOIpY
MEXHONO2USCHIH JHCeMINOIpy KA3ipel 3aMaHebl OHEePKOCin YuliH Manbl30bl MiHOem
exeninamanxoepcemedi. Onap oHiMHIH canaceli OAKLIIAYOLIH HCAHANEXHOIO2USADb
MeH UHHOBAYUANBIK, 90iCMePiH KOTOAHY KAYINCi3, IKOIOSUSNBIK MA3A HCOHE HCO2APbl
cananvl OHIM Jcacayaa MyMKIHOIK bGepeminin aman omineeH.

Kinmmi ce30ep: Oenuxamecmik em OHIMI, eKiHWI pemmix em WUKIi3ammeol,
cyO6eHIMOep, peyenmypa JHcoHe OHOIPIC MEXHOI02USCHL.

Kipicne

Kazakcran PecnyOnukachiHa €T OHILY canachl TaMaK ©HEPKOCIOiHIH MaHBI3/IbI
cananapbIHbIH Oipey 00ubin Tabbu1aabl. COHABIKTaH Ma OHIMJIEpiH KoOipeK OHJIe, camna
MeH Oacekere Taitanac 6epe anaThlH OeHIMAEP IIbIFapy Kepek. KaHa TeXHOIOrHsIap bl
KacaylIbUTapAbIH ©3€KTi MocelesIepiHiH 0ipi, COMBUIFaH MaJJIbIH IIUKi3aTTapbIHAH a7aM
aF3achbIHBIH MIMMYH/IBIK KOPFAHBICHIH KOTEPETIH TaFaMap JaibIHay.
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ET jxeHe eT eHIMIEpiHIH HapBIKTA COTTI OPHBIFBIN KeTyiHiH OipaeH-0ip cebebi
HIETEJIeH UMIIOPTTAJIAThIH OHIMJIEp MOJIIIEpiH IIEeKTel, XEePriliKTi MUKi3aT
pecypcTapblH Haiianana OThIPbII, OTaHABIK a3bIK-TYJIIK OHIMJIEpI calachlH OapbIHILIA
JIaMbITy OONbIN TaObUIaAbl. XaTKbIMBI3bI KOFAPhl camaibl TaMaK OHIMAEPIMEH
KaMTaMachl3 €Ty MaceJeCiH MIemyAiH 0acThl OJbl, alaThlH €KIHIII PETTIK €T
HIMKI3aTTap/Ibl Iep Ke31He bICBIPAIIChI3, IIBIFBIHCHI3, THIMI Naiaanany [ 1-3].

FpuibIMu J)KYMBICTBIH MaKCaThI-XaJIBIKTHI Callalibl KOHE KOJKETIM/II, OTaHJIbIK
€T eHIMJEpPIMEH KaMTamachl3 eTy. JKaHFBIPTY JKoHE JKETLIAIpy, Ka3aKThIH YJTTBIK
TaFaMJIapbIHbIH YMBITBUIFAH TEXHOJIOTUSIIAPBIH OH/IIPICKE CHT13Y.

Marepunangap MeH aaicrep

FoutbiMu 3epTTey MaTepuaniapbl: Koi eTi, Keil 6acTbIH copnachl, 1 KaTeropHsuIbIK
cyOeHimMzep, cyiiek Maibl.

ET XUMUSTBIK KypaMbl MEH OUOJOTHSUIBIK KYHIBUIBIFBI YIIAHBIH IEJTI0N03a
OeJIiriHiH OpTaIla ChIHAMACHI OOMBIHIIIA, JKAJTbl KAOBUTJaHFAaH d/IICTEMENIEPTe COMKEC
AHBIKTAJIA]IBI:

— opra”onentukansik 6aranay — MECT 9959-2015 Goiipiniia;

— pUTFAIABIH MaccalblK yieci — MECT 9793-74 Goiibinmia;

— Maiinbig Maccansik yieci — MECT 23042-86;

— aKyb13ap — Kpenmanes 00ibIHIIA KaIbl a30TTHIH YJIEC CaJIMAFbIH OJIIICY KOHE
aKYBI3JIBIH YJIeC CaJIMaFbIH aHBIKTAY OJIICi;

— MUHEpaJIJIbl 3aTTap — MIMKI3aTThl My(esIb NEIIiH/IE XKaFy apKbUIbl aHBIKTaIa1bI [4—06].

Hartuxesep xkaHe TAIKbLIAY

FoutbIMu )KYMBICTBIH MIHACTTEPiHIH Oipi — COMBUIFaH KaHyapIapAblH €TiHIH OapIIbIK
TYPJAEPiH OHACYIIH KAIIBIKChI3 TEXHOJIOTUACHIH OH/IPY, COHIAM-aK YKOFaphl Canaibl
JKOHE KepeMeT J1oMi Oap JIeINKATECTIK €T OHIMACPIHIH TYP TYPIH KEHEUTY.

byn exicti KoimaHy HOTHXKECIHAE, MIMKI3aTThl YHEMJICT KaHa KoilMaill, JailbiH
OHIMJIEP/Ii aF3aFa Ka)XeTTi Maijaibl KOPEKTiK 3aTTapMeH OaiibITa amyFra O01aIbl.

KazakrapaslH YIATTBIK TaraMJapbiHJa KOWIAaH >KacallFaH €KiHIIl PEeTTiK eT
MIMKI3aThIHAH JAWbIHIANFaH KenTereH Taramaap O6ap. OcblHOall eT TaFraMHBIH Oipi
«Mu-Ilamay» gen atanaasl.

«Mu-Ilanmay» — Kazak TaraMAapbIHBIH YJITTBHIK €T TaFamJapbIHbIH Oipi Oosbla
Tabblansl. Mu manayasl JaiblHAay YIIIH KOW OacTapbl KOJJAaHBLIAABI, OJap
KailHaThUIAbI, €T1, MUBI, KO37epi OeliHel, Maiiaanan Typaiaibl, epTIIreH Maid, KOi
0aybIpBl, T MICIPy/IeH aJIbIHFaH COpIIa KOChUIA/IbI )koHe 0opi apanacTeipbliasl. JacTyp
OolibIHIIa, OyJl ©HIM TiKeJIel TYThIHyFa apHaJIFaH jKOHE iC KY31HJEe caKTalIMaubl,
OipJIeH KOJIJaHbLIA/Ib], SIFHU CaKTay MEp3iMi JKOK.

OcblI FBUIBIMU 3€pPTTEY )KYMBICTBI OpBIHIAY OapbIChIHa Oenriii 0ip cakTay Mep3imi,
XKaKcapThUIFaH (QYHKIIMOHAIJBIK KacueTTepl 0ap ®HEepKACINTIK KOJIIaHyFa apHaIFaH
JEIUKATECTIK €T OHIMIePiH eHAIpy o/ici a3ipaenai [7—10].

JlenukaTecTik €T eHIMAEpIH OHIIpY YLIIH KOH eTi MeH cyOeHimepi maiijanany
MYMKIHITT XUMUSIIBIK KOHE aMHHKBIIIKBULIAPBIHBIH KYPAMbIH 3€pTTEY HOTHXKEIEpi
OoiibIHINIA, COHJIAM-aK 3epTXaHANbIK Xarjaaina Oenrinai 6ip pyHKIMOHAIIABIK —
TEXHOJIOTHSUIBIK KOpCEeTKITep OOMBIHIITA aHBIKTATIIbI.
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XKyprizinren 3eprreysiep naiajaHbUIFaH MIMKI3aTTBIH KypaMbIHAa OapliblK
MaHbBI3Ibl AMUHKBIIIKBUIIAPBI 0ap €KeHiH jKoHE OJNapbIH KUBIHTHIK Meiepi GAO/
JULY yceiHbICTapbIHA Colikec KeneTiHiH kepceTTi. Cylek Mailbl MEH copIiajiaH TypaThiH
aKybI3-Mail SMYJIbCHUACHI JAWbIH €T OHIMIHE KOChIMILIA (DYHKIIMOHAIIBIK KacUeTTep Oepei.

JleMKaTecTIK €T OHIMJIEPiH OHIpYy TEXHOJIOTHSCHI KeJIeCiIel )Ky3ere achlpbUIaIbl:
KOi1 OacTapbl Ta3apThuIaibl, TeMIepaTypacel 15 °C-tan acnaiTeiH cy/ia 1edpocTaiusra
YIIBIpaii el skoHe Kyblaaabl. Jaiibiananran 6actap 60 °C temnepatypana 2 carar 15
MUHYT KallHaTbL1a/1b1, cosiaH Keiin 18—20 °C remnepaTypara 1eiiH CaJIKbIHIATHUIA b

ET Tepimen, TiiiMeH, MUBIMEH, KO3iMeH Oipre OackiHaH OOIiHII, TUaMeTpi 2—3 MM
TOP apKbUIbI YCAKTaIA/Ibl, COAAH KEHiH MiCIpJATreH KOi 0aybIpbl MEH MUSA3/Ibl YCAKTAIIBL.
Koit 6acsl micipiareH coprnajgaH, Cyliek MailblHaH TaraM/IbIK IEKTHH CHIFBIHABICH Oap
aKybI3-Mail AIMYJIbCHUSICHI skacasaibl. O yIIiH cyiiek Maiibl, KallHATY1aH aJIbIHFaH copIia
JKOHE TaFaMJIbIK MEKTHH CHIFBIHIBICHI 1:1, 5:2 apakaThlHAaChIHJAa apanacThIPbLIabL,
KOCHAachl 2—3 MUHYT iIIIHJE KECY apKbUIbl IMYJIbCUsIaHAIbI.

KypambiHga TaraMIbIK MEKTHH CHIFBIHIBICH 0ap aKybI3-Mail 3MYJIbCHUSCHI
JMalbIHIAIFAH TAPTHUIFAH €TKE CHTI31Ie/l JIe ac KOK KOHE AOMILYINITEP KOChUIAIbI.
Bapibik koMImoHeHTTep1 KOCKaHHaH KeiiH Macca 10—12 MUHYT iiIiH/Ie apanacThIpbLUIa bl
ApanacTelpy JKoHE ycaKTay HpOI[eCiHJe MacCCaHbIH aKybl3 jKOHE KeMipcCy
KOMIIOHEHTTEPiHIH ©3apa dpeKeTTecyl, bUIFAJJIbIH OalllaHbICYybl KOHE TYTKBIP
KYPBUIBIMHBIH Taiiia 601ysl )Kype/i.

Aupiaran Macca 10 munyT imminge 120 °C remnepaTypajia xy3ere acbIpbUIaThIH COHFbI
TEPMUSUTBIK OHJIEYTe JKiOepinei. AnpiaFan oHiM 45+2 °C naeliiH CalTKbIHIAThLIA IbI dKOHE
OysIn-TyIore xoHe OybIn-Tytore xidepineni. Opanran eniMm (442) °C temneparypara
JeWiH CaJKBIHJATY YIIiH TOHA3BITKBIIIKA Xibepineni. Ouimai canmarsl 100-1eH
1300 r-ra aeiinri NOJIUIIPONUIIEH KOopanTapbiHa cajbiHaabl. OpaniFrad eHiM 36 caraTka
JeliH caKTalabl.

JaiibiH eHIMHIH (pU3MKa-XUMUSIIBIK KOHE XMMUSUIBIK KepceTkimTepl 1-kectene
KEJTIpUIreH.

Kecre 1 — JlenukaTecTik €T ©HIMiHIH (PU3HKA-XUMUSIIBIK )KOHE XMMUSUIBIK KOPCETKIIITEpl

. Cangbl
Kepcerkimrep » :
Typamasa JTAfBIH OHIMIC
Cy, % 59,2 58,4
Maii, % 15,5 16,2
AKybI3, % 16,6 18,3
Munepansl 3attap, % 1,65 1,65
pH 6,2+0,12 6,2+0,12
BCC, % 09,2+0,12 09,2 +0,12

KaHa eHIMHIH XUMUSUIBIK KypaMbIH Tajjay JailblH ©HIMJE 3aTTap/AblH MeJlepi
Kbl KaObUIIaHFAaH HOpMaJIapFa CoOMKeC KeIEeTIHIIH KOpPCEeTTi.

JSM-6390 sneKkTpoHIBI MUKPOCKOTIBIHBIH KOMETIMEH JCIMKATECTI €T OHIMIHIH
(3m1eMeHTT1) MUHEpaJIJIbl KypaMbl OOMBIHIIIA 3epPTTEYIIEp KYPri3iil. 1-cypeTke colikec
€T OHIMIHIH MUHEPAJIAbl KYPAMbBIHBIH JHarpaMmachl YChIHBUIFaH.
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C O A si Cl K Mn Co

Cypert 1 — ET eHIMiHIH 3JI€eMEHTTIK KypaMbl

ExiHmi peTTik €T IMKi3aThlHAH aliblHFaH KypaMma OHIM TaraMJBIK >KOHE
OMOJOTUSUTBIK KYHIBUIBIKTAPHI Ja MaHBI3ABI P aTKapaabl. KyHIBUIBIFEI KaFbIHAH
YKOFapbl OOJIFaH CaiibIH aJjaM aF3achlHa J1a )KAKCHI, 9Pl CIHIM/I1 JKaKTapbl KeIl 001abl.
AKYBI3JIbI KOCIIAHBIH €TIHIH XUMUSJIBIK KypaMbl KaFbIHAH CIIKaHAal KeMIILTiKTepi
KOK, TIITI apTHIKIIBUIBIKTaphl K (2-cyperT).

HaHa eHIiMHIH galiblH Kyhgeri PU3nMKo-XxMmMmMANbIK,
KopceTKiwi

M blnfan,% ™ Mai, % AKybl3, % MEHKyn,%

2%

Cypert 2 — JlaiibiH oHIMHIH (PHU3HKO-XUMUSUIIBIK KOPCETKIII

XUMISUTBIK KYPaMBIHBIH capanTaMachl )kaHa OHIMHIH TEKCepy OHiIMiHE KaparaHa
Maii )OHe aKybI3 KeJeMi apThIFbIpaK eKeHiH KopceTTi. JKaHa eHIMHIH aKybI3 Maccachl
— 20 % KoCBUTFaH/IaFBl TAaFAMJIBIK JKOHE OMOIOTHUSIIBIK KYHABUIBIFBI TypaMachIlHaH eIl
0ip KeM Tycreini.

ET eniMIepiHiH (U3UKO-XUMUSIIBIK KOPCETKIIITEPiHIH ©3repici TeXHOIOTHSITBIK
(daxTopnapabiH docepineH 0oJyiaasl. pH opTackl MeH BUIFA YCTAaFBIN KaCHETIHE
OaiimaHbIcThl Oaranaiinbl. bencenai KemKpuiael opta (pH) OenoKTHIH KaFmaiibiHa
MaHBI3Jbl 00JbIN Keneni. ET eHIMiIHIH caKTalxy MBIKTBUIBIFBI MEH TypaMaHbIH
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KYPBUIBICHIHBIH JKOHE JaiibIH OHIMHIH canachlHa KaTThl 9cep eTeai. pH kepceTkimepi
SARTORIUS PB-11 HeMic KypbUIFBICBIMEH aHBIKTAIABI (3-CypeT).

JKaga erim Mer TypaMaHEIH pH KepceTkimTepi

pH Ty pama oH aaibiH oHim

Cyper 3 — XKana enimHiH pH kepceTkimTepiniH MoHi

JlaliplH ©HIMHIH camachl TYCi, 10Mi, KOHCUCTEHIIHUICHI )KOHE CHIPTKBI TYPiHIH
e3repici OoibiHIIA OaramaHabl. bapiplKk ToxipuOeaiK koHe OaKbpuIay YJITUIEpiH
OpraHoJIENTUKANBIK Oaranay 5 OauIIbIK ITKaja OOWBIHINA KYPTi3iagi. 3epTTeNreH
OHIMHIH OPTraHOJICITHKAJIBIK OaFrachl 4-CypeTTe KOPCETUITeH.

Cypert 4 — 3epTTenreH OHIMHIH OPTaHOJICTITUKAIIBIK OaFachl

Ocpunaiima, Oy 9/1iC KOJJIareH TAIIIBIKTAPBIMEH OaiBITBUTFaH, OPraHOJIENTHKAIBIK
KOPCETKIIITEP1 )KOFapHI )KOHE CATBICTRIPMAITBI TYP/Ie TOMEH KYHBI Oap TeHIECTIpijareH
XUMHSIIBIK KYpaMbl Oap AETHKATECTI €T OHIMIH alyFa MYMKIHJIIK Oepeti.

KopbITbIHABI

3epTTey KYMBICTAphIH capanTail Kejie MbIHAal HOTIKeIepre KOJT AKEeTKI3UIII:

— eKIHII PEeTTIK eT MIMKI3aT IeH aKybI3-Mai SMYJIbCHSCHIH Mai1aJana OThIPHIIL,
JIEJIUKATECTI €T OHIMI 931pJICH/I];
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— aKybI3 KOCHAchl OHAIPY/IiH KaHa PeLenTypachl MEH TEXHOJIOTHACH 931pJIeH/II.

MyHnaii KocriaMeH JaillbIHAaIFaH €T OHIMACPIHIH OHOTOTHSUIBIK KOHE TaFaMJIbIK
KYHIBUIBIFBI dKOFAPhI €KEHIIT1 JDIEeNICH/];

— KacajJFaH aKybI3[lbl KOCIAHBIH XUMUSIIBIK JKOHE aMHUHKBIIIKBUIIBI KypPaMbl
3epTTEIN/IL.

KypambIHaaFel amMacThIPhUIMANTHIH BAJIMH, JICHIIUH, H30JICHITIH, METHOHUH KOHE
TpunTo(haH aMUH KbIIIKBUIIAPBIHBIH MOJIIIEP1 KOIT;

— KaHa JIETTMKATECTIK OHIM/I amy OapbhIChIHIA, OFAH KOCBUIFAH CyOOHIMIEPAiH
XUMUSIIBIK KOHE (PU3UKO-XUMUSUIIBIK KOPCETKIIITEPl 3epiTTeN1];

— JTaiibIH OHIMiHIH OPTraHOJICTITHKAJIBIK KOHE CalabIK KOPCETKIMITEPl capanTaiibl.

EkiHmi peTTik eT MmWKi3aThlHAH JalbIHIATFAH JACTUKATECTIK KaHa OHIMHIH
TaraM/JIbIK JKOHE OHMOJIOTHSIBIK KYHJIBUIBIFBI, (PU3UKO-XUMHUSIBIK KOPETKIMITEPi
AHBIKTAJIIBL.
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COBEPHIEHCTBOBAHUME TEXHOJIOI'MHU ITPOU3BO/JCTBA
MSCHOI'O TIPOAYKTA U3 BTOPUYHOI'O CBIPbS

B odaunoii cmamve npedocmasiena ycosepuieHCmEO8aHHAS MeEXHOI02Us
npoU3BOOCMEA MACHO20 NPOOYKMA C UCHOAb30BAHUEM BMOPUUHO2O Cbipbs. B
cmamve npusoodsamcs meopemuyeckue u npakmudeckue 00800l N0 pazpadomre
0enuUKamecHvlX MACHBIX NPOOYKIMOB.

B x00e uccnedosanus 66110 00HAPYIHCEHO, UMO UCHONBZOBAHUE BMOPUUHOSO
CHIPbsL MOJICEM 3HAYUMETLHO COKPAMUMb KOJIUYECHBO OMX0008 U YMEHbUUMD
Hezamuenoe 8030elcmeaue Ha OKPYHCAIouYio cpeoy.

Oonaxko, npu npou3800cmee MACH020 NPOOYKMA U3 8MOPULHO2O CbIPbs 8OZHUKAIOM
MEeXHON02UYECKUe U CAaHUMAPHble NpodIeMbl, KOMOopble HEOOXOOUMO peLamb.

Ilpedcmagnenv dKCnepuMenmanbHvle UCCIe008aAHUL (PUIUKO-XUMULECKUX,
opeaHoienmuiecKkux nokazameneu, a makxice HNUWEBOU U OUONI02UYLECKOU
YEeHHOCMU CbIPbA U 20MO80U NPOOYKYUU.

Ilposedennvie  dKCnepumenmanbHvle  UCCIEO068AHUA — NOKA3AAU, MO
VCOBEPULEHCNBOBAHHAS  MEXHOI02US  NPOU3BOOCMBA  MACHO20 — NPOOYKMA
VAYyYuLaem amMuHOKUCIOMHBIY OALANC, GUMAMUNHHBIL U MUHEPATbHbIL COCmas, a
maxaice YYHKYUOHATbHO-MEXHON02UYECKUE CBOUCMBA 20MOB020 NPOOYKM.

Oonum U3  21A8HBIX HANPAGIEHUN COBEPULEHCMBOBAHUS  THEXHOI02UlL
npoU3B00CMEA MACHO20 NPOOYKMA U3 BMOPUYHOLO CHIPbSA AGISAEMCS Yayyllenue
e2o Kkawecmed. [nsa 2moco UCNONb3YVIOMCSA COBPEMEHHble MeXHOIo2UYecKue
npoyeccuvl, Komopbvle NO0360JAI0M COXPAHAMb BUMAMUHbL U NUMAMeNbHble
gewecmea, YIyuuams 6KyC, apomam u mekcmypy npooykma.

B 3akaouenuu noouepxueaemcs, umo cO8epULCHCMBOBANUE MEXHOI02UU
npoU3BOOCMEA MACHO20 NPOOYKMA U3 GMOPUUHOLO CLIPbSL AGAAeMCs BANCHOU
3ao0aueti 01 cO8peMenHol npomvluiennocmu. OmmeueHo, Ymo Ucnoib308anue
HOGETMUX MeXHON02Ull U UHHOBAYUOHHLIX Memo008 KOHMPOIs Kayecmed
NPOOYKYUY Nno380aum c030a6amsv 6ojee 0e30nACHYI0, IKOI02UHEeCKU YUCYIO U
BbICOKOKAYECMBEHHYIO NPOOYVKYUIO.

Kniouesvie cnosa: OenuxamecHuvlii MACHOU NPOOYKM, GMOPUUHOE CbIpbe,
cyonpooykmul, peyenmypa u mexnoa02us npou3eo0Ccmaa.

*G. Kazhibayeva', S. Kasymov’, B. Tuganova’®
3Toraighyrov University, Republic of Kazakhstan, Pavlodar;
“Shakarim University, Republic of Kazakhstan, Semey.
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IMPROVING THE TECHNOLOGY OF MEAT PRODUCT
PRODUCTION FROM SECONDARY RAW MATERIALS

This article presents an improved technology for the production of meat
products using recycled raw materials. The article presents theoretical and practical
arguments for the development of delicatessen meat products.
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During the study, it was found that the use of secondary raw materials can
significantly reduce the amount of waste and reduce the negative impact on the
environment.

However, in the production of meat products from secondary raw materials,
technological and sanitary problems arise that need to be solved.

Experimental studies of physico-chemical, organoleptic parameters, as well
as the nutritional and biological value of raw materials and finished products are
presented.

Experimental studies have shown that the improved technology of meat product
production improves the amino acid balance, vitamin and mineral composition, as
well as the functional and technological properties of the finished product.

One of the main directions of improving the technology of production of meat
products from secondary raw materials is to improve its quality. For this purpose,
modern technological processes are used, which allow preserving vitamins and
nutrients, improving the taste, aroma and texture of the product.

In conclusion, it is emphasized that improving the technology of production
of meat products from secondary raw materials is an important task for modern
industry. It is noted that the use of the latest technologies and innovative methods of
product quality control will make it possible to create safer, environmentally friendly
and high-quality products.

Keywords: delicatessen meat product, secondary raw materials, offal,
formulation and production technology.
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ET QEJIMKATECTEPIH ©HLIPY TEXHOJIOIU5ICbIH XXETINIQIPY

Xanvikmel  OUONOUANLIK — MYPeblOAH — MONBIKKAHObL, — He2izel  ma2amoblk,
3ammapoviy Kypamul 60UbIHULA MEHOeCMIPIICeH JHCOHE MAKCAMMbL (PUIUOTOSUATBIK
bencendi  KOMnOHenmmepMen — OAUbIMbLIZAH — HCO2aAPbl  CANAIbL  A3bIK-MYIIK
OHIMOEPIMEH KAMMAaMAChL3 enmy uweuty2e Hamamoii ey 0acbiM 2blibIMU-MeXHUKAIbIK
npobaemanapoviy Oipi boavin madwiiadvl. Em denuxamecmepin 6HOIpY — 6HOIpicmi
JACAH2LIPMYObl  JCy3e2e  ACbIPY, MAPKEeMUHeMIK Ccmpamezusnapovl Hceminoipy,
XATBIKMbIY OPMYPILi MONMAPLIHBIY CYPAHBICMAPbIH KAHA2AMMAHObIPAMbIH d1EMOIK
cmaHoapmmapeaa colikec 6HIM wbleapy He2i3iH0e KAPKbIHObL JICOHE CANAlbl OCY YULIH
bapvlk anzviiuapmmapsl bap bocexeee KaOiiemmi 6HepKaCin calaiapbiibiy Oipi.

«Em Oenuxameciy — mabusu emmen blcmaiean HcoHe my30aiean 6Himoepoi,
COHOQU-AK, WUKI KAKMA2aH JHCOHe WUKI bICMAN2aH UWYHCLIKMAPObLIY SIUMATbIK
cypvinmapuvii 0indipemin xicaninvled Oipoell MAHLLI2AH JHCOHE JHCANNBI2A MY CIHIKMI
mepMuHn.

Texnonozusinol dHcemindipy dHcoHe OHbIH Heli3iHOe Kaumanama WUKi3ammau
Jcacanzan  em IMYIbCUSIAPLIH  KOJNOAHA OMbIPLIN, OeIUKamec OHIMOEpIHiH
peyenmypanapvin 93ipney Oyeinei KyHi em 6HOey KOCINOPbIHOAPbIH OAMbINY YULTH
e3exmi mocene 601bin madbwliaobl.

Em oenuxamecmepin Oativinoay epexweniei — my30ayobly CAlblCIMbIPpMAansl
mypoe y3aKmoliviabl. EH2i3y mexHOI0SUACBINbIY He2i32l Ke3eHl — eHeizyee apHal2aH
my30bl epimiHOiHi OauibIHOAy onepayusicol. 3epmmey 6apvlCbiHOA em IMYIbCUACHIHbIY
KYpamvinoa axyvizovl oHim maccacvinviy 20 % momuepinde ewncizeen Kesoe
KOJLOAHYObIH OPbIHOBLIbIZL AHBIKIMALObL.

Kinmmi ce30ep: em, my30bi epiminoi, mexHoI02Usl, OENUKAMEC, IMYIbCUL.

Kipicne

XanpIKThI JKOFAphI camalibl TaMaK OHIMIEPIMEH KaMTaMachl3 €Ty — OOJIBICTAaFbI
MEMJIEKETTIK casicaT TY>KbIPbIMJaMacChIHbIH HET13r1 epexkenepiHiH O0ipi XaJbIKThIH
JYPBIC TAMAKTaHYBI.

ET enzey canachlHbIH OacThl MiHJIET] — a1aM aF3aChIHBIH OMIPIH KAMTaMaChl3 €TETIH
KaHyapiap aKybI3bIHBIH HET13T1 K31 peTiH/e KaXeTTi KeJeM/Ie, )KOFaphl caraibl XKoHe
dPTYPJIi ACCOPTUMEHTTE €T OHIMAEPIH OHIIPY.

XabIKThl OMOJIOTHKAIIBIK TYPFBIIAH TOIBIKKAH/IBI, HET13T1 TaFaM KypaMbl OOMBIHIIIA
TEHJIECTIPIIreH KOFaphl canajibl TaMaK eHIMIEPIMEH KaMTaMachl3 €Ty MU Kypam/iac
OeJiriHiH MakcaTThl (PU3UOJIOTUSIIBIK OCJICEeHII 3aTTapbIMEH OalBbITHUIFAH 3aTTap €H
0achIM FBUIBIMU-TEXHUKAIBIK IpoOIIeMasapAbIH 0ipi O0JIbI TaObLIa Ibl, IIEIILTYTe THIC.
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XanbIKThl OMOIOTHSUTBIK TYPFBIIAH TONBIKKAH/IBI, HET13T1 TaFaM KypaMbl OOMBIHIIIA
TEHJECTIPUIreH XKOFaphl camajbl TaMaK ©HIMJIEpIMEH KaMTaMachl3 €Ty MaKCaTThl
(U3HOTOTUSIBIK OENICeH/ 11 KOMITOHEHTTEPMEH OaUBIThIIFAaH 3aTTap €H O0achbIM FhIIBIMU-
TEXHUKAJIBIK HICHIUTyre THiC pobaeManapAbIH Oipi OOJbII TaObLIA b

Et nenukarecrepi — OyJ1 CyiHek 1eH cyleKci3, Ty3/1aliFaH koHe TEPMUSUIBIK OHJICYA€H
OTKEH TyTac OYJIIBIKET MIMKI3aThIHAH jKacanFaH eHIM. TyTac Oy/IIBIKET ©HIMIEpiH
OHJIIPY YIIIH NaiJaJlaHbIIMAUTBIH MIKKI3aTTaH OEKOH HEMece MUK OHIipiie i, onap
Jla eT JenuKarectepine kataasl [1].

ET nenmkarectepiniH eHipici — Oacekere KabueTTi cananapabiH Oipi ©HIIpicTi
KAHFBIPTYBI JKY3€re achlpy, MAPKETHHITIK CTPaTErHsuIapAbl XKETULNIPY, dIEeMIIK
JICHreiire colkec eHiM IIbIFapy HETi3iHAe KapKbIHJIbI XKOHE carajbl ecyIiH 0apibiK
QIFBIIIAPTTAPBl 0ap OHEPKACIN XaJNBIKTHIH ®PTYpPJIl TONTAPBIHBIH CYpPaHBICTApbIH
KaHaraTTaH/bIpaThIH CTaHAAPTTAp.

Kazipri yakeITTa ©HIipiC THIMIUIITIH apTTHIPYABIH MaHbBI3Abl OaFBITTAPHI €T
OHIMJIEPIH JalbIHIAYAbIH JKETUIIPUIreH KaIAbIKChI3 TEXHOJOTUSUIAPBIH KYPY JKOHE
IIapyalbUIbIK aifHATBIMFA KOCAJIKBI IIMKI3aT PECYPCTAPbIH HEFYPIIBIM TOJIBIK TapTy 00
pint Ta0bLIaABI. Kebinece Oy TamanTapra akybl3 KOMIIOHEHTTEPIH KOJIIaHy KOCAIKBI
€T IIKKI3aThIHAH OH/IIPUIETIH TaFaMJIBIK Kocmanap ToObI xxayan 6epeai. byn moceneHiy
MaHBI3IBUIBIFBI €T OHIMAEPIHIH aTyaH TYPIUTIriHe KapaMacTaH, KOCAIKbI €T IIHKI3aThI
cypaHbICKa ue emec oHiM. OHBI KaiiTa eHjey Maceneci KOCIOphIHAap YIIIH OHBIH
HYKOHOMUKAJIBIK THIMUTITIH apTTHIPY/Ia €H KaTal 09CEKeIeCTIK KaF 1alibIH 12 MAHbI3IbI
¢axTop Oombin TaObLIaNEI [2].

JlalbIHABIK MPOIECiHIe KeWOip TEeXHOJIOTUSIIBIK dAICTEPAl KOJMJaHa OTBIPHIIL,
xKoHe Oenrisi O6ip MHTPEIUEeHTTEPAl KOCY apKbLIbl JaiiblH ©HIMIEPIiH KOFapbl
KOpCETKIITepiHe, IIMKI3aT IeH MaTepruagapAbl YThIMIbI aiJalaHbII KOCITOPHIHHBIH
Kap KbUIBIK IIBIFBIHAPBIH a3alTyFa KOJ KeTKizyre Oomanbl. Hapblk karmaibiHa,
TaOBICTHI OM3HECTI XXYPri3y OHJIpIC HIBIFBIHAAPBIH a3aliTy YUIiH OYKUI ©HAIPICTIK
UKIIIBl OHTAWIaHABIPYIBI KaKeT ereni. Kaiita eHzey KocimopslHIApbIHIA OYpBIH
KaObUTJaHFaH OHJIIPIC SIICTEPIMEH CANBICTBIPFAH/IA OHIMEP Il OHIIPY/IE YHEMI XKaHa
TEXHOJIOTHSUIAP/IBI 13/1eY KYPIIl XKATHIP.

ET nenukatectepiHiH peuenTepiH OHTAWIAHIBIPY KAl €T MHIYCTPHUICHIHBIH
HKOHOMHUKAJIBIK JaMYBI YIL1H K9HE Ke3-KeJIreH KOCINOPHIHHBIH KbI3METIH IaMBITY YILIiH
03eKTI Mocee 00JIblI Ta0bLIa kL.

Penenitypansl eHjiey YIIiH KYPBUIBIMABIK 3JIEMEHTTEP MOJIIIEpPiH OHTAWIbI ecenTey
YKOHE OJIAp/IbIH apAKATHIHACKHI YJIKEH MaHbI3Fa 1€, O TKEH1 0J1ap IbIH YTHIM/IBIIBIFbI )KOHE
OHTAIJIBIFBI OHIMHIH CallaJIbIK CUIIATTaMalapblHA JKOHE TEXHOJIOTHUSJIBIK MPOIECCTIH
KYPY IIapTTapblHa dCep €Tel.

3eprTey MaTepuaniapbl MeH aicTepi

3epTTey 00BEKTLIEpi: KOCINOPBIHAA KIACCUKAJIBIK PELenTypa MEH TEXHOJIOTHS
OoiibiHIIa eHaiplIeTiH «CrnaBsH» KapOOHaA eHIMJIEPiHIH ToXKIpUOeINiK yiriiepi; eH
OHTAJIBI KYpPBUIBIMBI MEH (DYHKIIMOHAJIBIK KACHETTEPIiH aHbIKTAY YILiH IIITPHIITEYiH
opTypii neHreinepi 6ap «ETTi eTke» eHri3y TeXHOJOTUSACH OOWBIHINA OHAIPIITeH
JIeNTKaTeC OHIMJIEPIHIH TOXIPpUOETIK YAriiepi; Ty3/bl epiTiHil.
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3eprreysep eT eHIMAEpiHEe apHAIFaH CAHUTAPIIBIK-TUTMEHAJIBIK TaJlalTap Heri3iHe
KeJeci KepceTKiITep OOMBIHIIA KYPri3iiai:

—MEMCT 9959-91. ET enimuepi. OpranukanbIK Oaranay/IbIH >KalIlbl MIaPTTapPhI;

—MEMCT 9957-73. I1ly>XbIK ©HIM/Iep1 ’KOHE LIOIIKA, KO KOHE CUBIP €T1 OHIMIEI.
Hatpuii xnopuin aHsIKTay 9icTepi;

—MEMCT 8558.1-2015. ET enimuepi. HUTputTi aHsIkTay aaicrepi;

— MEMCT 25011-81. ET sxoHe et eHiMaepi. AKYbI3/IbI aHBIKTAY 9IICTEpI;

— MEMCT 23042-2015. Et xoHe eT eHiMAepi. Maiiibl aHBIKTAy 9iCTepi.

AJBIHFaH HOTHIKEIIEPIH TAJIKbLIAY.

«ETT1 eTke» eHri3y TeXHOJOTMACHIHBIH HETri3ri Ke3€Hl eHTri3yre apHajlFaH TY3/Ibl
epiTiHAICIH JaiibiHnay onepanuschl. OHBIH KypaMblHA: HIOIIKA TEpici, €T KeCiHIicCl,
ac Ty3bl, HATPUH HUTPHUTI, Cy, MY3 )KOHE OHIMIe Ka)XeTTi OpPraHOJENTHKAJIBIK
KepceTKimrep/i 6eperin 6acka Kocnanap Kipeni [3,4].

KomnoHeHTTepiH apakaThIHACKHL: TeP1 AMYJIbCHACHL, €T HET'131 )koHe TY3/Ibl epiTIHAlL
—2:1:2.

EHri3ineTin sMyJnbCUsSHBIH KaKeTT1 Memepin ecenrtey yuin 10 %, 15 %, 20 %
€TTi, KypaMbIH/1a aKybI3bl Oap SMYyJIbCHAMEH IINPUITEY JeHIeii 6ap eT AeIrKaTeciHiH
TEXHOJIOTHSUIBIK CHITaTTaMajlapblHa 3€pTTeY JKYPri3iii.

3epTTey HBICAHAApHI PETiHAE SPTYPHl LINpULTEY JeHreisiepi Oap nenukartec
OHIM/IEPiHIH TeXIpHOeIi OHEPKACINTIK yriepi 60abl. CaabICThIpMalibl OHOIOTHSIIBIK
KYHJIBUIBIKTBI aHBIKTAY YIIiH KypaMbl )KaFbIHaH €H KOIl JKaKbIH, OipaK perentypa
KYpambIH/a aKybI3Fa 0ali KOMIIOHEHTI KOK €T JeJIuKaTecTepi OakpuIiay KbI3MET €TTi.

Kypambinga 10 %, 15 %, 20 % et smynbcusuiapbl 0ap €T IenuKaTecTepiHiH 3epTTey
HOTIKEJepl 1-KecTene KeNnTipireH.

Kecre 1 — ET genukaTecinii TEXHOJIOTUAJIBIK CUIIATTaMaJIapPbIH 3epTTEy

TeXHOMOTHSUTBIK KOpCeTKImTepi
EHrizineTin smynbcus CaJBICTBIPMAJIBI
Meiepi, % bUIFasI OaiIaHbICThI OMOJIOTHSIIBIK,
b pH ButFat, % Kabineti, % ” KyHabuTbIFsl CBK

%, DTaJ0HFa
10 6,0 46,3 49,9 75,6
15 6,14 48,5 52,3 87,1
20 6,2 50,7 54,9 92,3
€T IMYJIbCHSICHI JKOK 6.3 50.8 497 60.8

Gakpuiay

Ka3¢uH — - - 100

OnimHiH cbiHaK naptusicblHblH CBK Oaranay OakpllayMeH cajbICThIpFaH[a
ToKIpuOenepIeri calbICThIPMalibl OMOIOTUSIBIK KYHABUIBIKTBIH 20 %-Fa apTKaHbIH
aHBIKTaJbI [5,6,7].

3epTTey HOTHKENEPIH OHJETeHHEH KeiliH, OHbI ©HIM MaccachiHbIH 20 % Memniepine
€HT'13T€H Ke3/I€ €T IMYJIbCHACHIHBIH KYpPaMbIHAa aKybI3/1bl KOJIIAHY/bIH OPBIH/IbLIBIFbI
TypaJibl aiiTyFa 0omaapl. By perte Herisri muKi3aTTsl NaigalanyJarsl YHEMIUTIKIIEH
Oipre TeXHOJOTHUSIIBIK KOPCETKIIITEP KETKUTIKTI )KOFaphl JCHI€i1e KaJIbIIT OTHIP.
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«ETT1 eTke» MHBEKIUsIIAaY TEXHOIOTUACH MbIHAJIA: apHAbl NalbIHAAIFAH TY3/IbI
epITiHAl OHIPICTIK MUKI3aTTHIH Oip OesiriMeH, Ty30eH oHe JoM/ICYIITEPMEH KeCeK
€TKe eHTi31Ie/ll, CoJlaH KeiiH oJap TepMUSUIBIK OHJIeyIeH oTeal. byn aaic nenukarec
OYWBIMAAPBIHBIH KYPBUIBIMBIH, KOHCUCTEHIIMSCHIH JKOHE TaFaMbIK KYHJBLUIBIFBIH
XKaKcapTyFa MYMKIHAIK Oepeni.

ET smynbcusimapbin fgaiibinay npoueci — 0enriii 0ip TEeXHOJOTHSIIBIK KOHE
OPTaHOJENTUKAIBIK KOpCeTKimTepi 0ap TyYpaKThl Cy-aKybl3 dMYJIbCHSACBIHBIH
KaJIBIITacybIMEH Oipre )KYPEeTiH INKI3aTThl MEXaHUKAJIBIK YHTAKTay (TOMOTE€HH3aIIHsA)
poIeci.

TeMeHne TEXHOJOTHUSIIBIK MPOLECTIH XYyieci KenTipiiareH, oraH colkec
oTmepanusuIapAblH PETTLIIN OpbIHAATaIbI.

TY3ABIK JaHBIHAAY

ET 5MyJIBCHACHIH — |

R \ Tepi 3MYTECHACEIH

l JafBIEAY

eT KeCIHTICIHIH
T IMYTBCHACHH TafbIHIAY

Kecy. mimmin Gepy

ITapermaanay

y

‘ MunvTeHa 8 afiHanEIMIa 6 caFaT ‘
Kakray 1 kesen — 80-90 °C l
TeMmepaTypaaa 1-2 carat ‘

Inrimxe i1v ‘

!

ITicy (4-8 carat) ‘

!

— TeDMHATHIK oHIEV ‘
Ticipy — 83-87 °C l

TeMIeparypana 55—60 MHH

Kakray 2 ke3eH — 55-60 °C ‘
TemMIepaTypazia 2-3 caraT

0-8 °C Temmenarvpama ‘

Cypert 1 — «ETke eT» eT nenukarecTepiH eHAIpY/IiH TEXHOJIOTUSUIIBIK KYyieci

KapOoHnan yuriH calKelHIATBUIFAH KYiiie apKa-0en KeCiHIICiHIH OYIIIBIK eTTepi
(mmuK KaOaThIHBIH KaJdbIHABIFBI 0,5 CM-JE€H aclaiThiH €H Y3bIH apKa OYJIIIBIK eTi)
Koanbiaael. bymmeik et canmarsr 500-700 T colikec kemyi kepek. bymbik eTTepain
HIETTEePiH TETiCTell, JKUeKTepiH Ta3anay kepek [8, 9, 10].

ET smynbcusicel Mozenb ik kecek eTke 20 % Medmepine eHrisinesi.

Vkanay 8 aiin/MuH Ke3inze 6 carat 0oibI Xyprizuieai — 15 MuH ykanay, 15 MuH
THIHBIIITHIK. 6 CaFaT MiCKEHHEH KeWiH MapTUSHBI O/1aH opi OHJEY YIIIiH TepMOKaMepara
OpHaNacThIpazbl. TepMUSIIBIK OHJIEY PEKUMIEP] 2-KecTee KeATIpiIreH.
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Kecre 2 — Tepmusiiblk oHACY peKuMAepi

Kawmepanarsr OHIMHIH OpPTACHIHJIAFbI
Onepauusinap 0 VaKpITBI, MUH 0
temieparypa, ’C temmeparypa, ’C

Kairay 80-90 1-2 car -

1 ke3eH

Kaxray 55-60 2-3 car -

2 Ke3eH

. 55-60
[Ticipy 83-87 (1 kr maccara) 70-72

Keutyaelk eHAey asKralraHHaH KediH eT genukarteci 0—8 °C temmeparypana
CaJIKBIH/IaThIIA bl XKOHE CcaTy YILIiH Kamepara xidepineni.

KopbITbIHABI

AINBIHFAH HOTHKENEepAl Tanjay JIeJTUKaTeC OHIMIHIH pelenTypachlHaa et
OIMYJIBCHUSCHIH KOJJaHFAH Ke3Ze JalblH oHIMHIH IIBIFBIMBL 10 %-Fa apTanbl koHe
COHBIMEH Oipre Kojaiiisl (0akpuiay JIeHreiiH/ie) OpraHoJIeNTHKAIBIK KOPCETKIIITEp
CaKTaJIaJbl )KOHE CTaHIApTTa PETTEJETIH bUIFall, TY3 KOHE KaJJBIK HUTPUT MeJIIepi
cakTaJIaJbl JIeN ecenTeyre Heri3 Oepei.
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* 3. K. Monoaxmemosa growth, based on the modernization of production, improvement of marketing
Kocranaiickuil peruoHaabHbIA YHUBEPCUTET IMEHU strategies, production in accordance with international standards, satisfying the
A. Baiitypceinosa, Pecniyonuka Kaszaxcran, r. Kocranaii needs of various groups of the population.

«Meat delicacies» is a generally recognized and generally understood term
for smoked and salted products made from natural meat, as well as elite varieties
of dried and smoked sausages.

The improvement of technology and the development on its basis of recipes
for delicatessen products using meat emulsions from recycled raw materials is
today an urgent issue for the development of meat processing enterprises.

Marepuan 01.06.23 Gacmara TycCTi.

COBEPIHIEHCTBOBAHUME TEXHOJIOI'MM
MMPOU3BOACTBA MACHBIX JTEJIUKATECOB

Obecneuenue  Hacenenus  6bICOKOKAHECMEEHHOIMU - NPOOYKMAMU  NUMANUA, A feature of the manufacture of meat delicacies is the relatively long duration
Ouonozuuecku  NOTHOYEHHbLMU,  COANANCUPOSAHBIMU N0 COCAGY  OCHOGHBIX of salting. The main stage in the injection technology is the operation of preparing
nuwyesvlx  eewecms U 06020“’6”%{”’“ yenesoiMU PUSUONOUUECKU  ARMUGHLMU brine for injection. In the course of the study, the expediency of using protein as
KOMMOHEHMAMY,  AGIACMCA  00HOU U3 HAubOIee  NPUOPUMEMHbLX  HAYHHO- part of a meat emulsion was determined when it was introduced in an amount of
MexXHuYeckux npoodiem, noonexcawux —peutenuio. IIpouzeo0cmeo  MsCHbIX 20 % of the mass of the product.

O0enuKkamecog — 0OHA U3 KOHKYPEHMOCHOCOOHbIX OMPACiell NPOMbIUIEHHOCTU, Keywords: meat, brine, technology, delicacy, emulsion.

Y KOMOpoU ecmb 8ce NPeonoculaKU 015 OUHAMUYHO20 U KAYeCMEEeHHO20 pPOCMmd,
Ha OCHOBe OCYWecmeneHuss MOOePHU3AYUU NPOU3BOOCEd, COBEPULEHCTNGOBANUS
MAPKemuH208bIX cmpameutl, bINYCKa NPOOYKYUU 8 COOMBEMCMEUU ¢ MUPOBLLMU
cmandapmamil, y0081emeopsiouiell 3anpocsl PA3IUYHbIX SPYNN HACENEHUsL.

«Msicuble Oenuxamecvly — OOWENPUSHAHHLIL U OOWENOHAMHBIL TNEPMUH,
KOMOPbIM 0003HAUAIOM KONYEHble U CONEHble U30enUsl U3 HAMYPAIbHO20 Mscd, a
MAaKaice SIUMHble COPMa CHIPOBSIEHLIX U CbIPOKONYUEHBIX KOOAC.

Coseputencmaosanue mexHono2uu U paspabomrka Ha eé OCHo8e peyenmyp
0enuKamecuvlx U30eaUull ¢ NPUMEHEHUEM MSACHBIX OMYIbCUl U3  BMOPUYHOZO
CHIPbsL AGIACCA HA CE2OOHAUHUL OeHb AKMYATbHLIM 60NPOCOM OJi PA3GUMUs
Msconepepadamvl8arwux npeonpusmuil.

Ocobennocmvlo  U320MOBNEHUS — MACHLIX — O0eIUKAMeco8  ABISAEnCsl
OMHOCUMENLHO DOALUUASL NPOOOIAHCUMENLHOCHb NOCoAd. (OCHOBHBIM dMANOM 8
MeXHON02UU UHBEKMUPOBAHUSL CIVICUM ONEPayus Npueomosietus paccona 0
unvexmuposanus. B xode uccredosanus oOvina onpedenena yenecoobpaznocmy
UCNOB308aHUS DENKA 8 COCMABE MACHOU IMYIbCUU NPU 88e0CHUU €€ 8 KOTUUeCmee
20 % om maccwvl npooyKyuu.

Kniouesvie crosa: msco, paccon, mexunonoeus, 0eauKamec, IMyabCusl.

*Z. Moldakhmetova

Kostanay Regional University named after A. Baitursynov,
Republic of Kazakhstan, Kostanay.

Material received on 01.06.23.

IMPROVING THE TECHNOLOGY OF PRODUCTION
OF MEAT DELICACIES

Providing the population with high-quality food, biologically complete,
balanced in the composition of the main nutrients and enrviched with target
physiologically active components is one of the most priority scientific and
technical problems to be solved. The production of meat delicacies is one of the
competitive industries that has all the prerequisites for dynamic and qualitative
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA W TEXHUKA KA3AXCTAHA»

PenakionHas KoJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOUIUMU
MpaBUJIaMU TPH TOATOTOBKE cTaTel /yisi OMyOJIMKOBAHMUS B XKypHAJIE.

Hayunsle cTaThy, pe/icTaBIsieMble B pEIAKIHIO KypHaa JOJKHbI ObITh O(OPMIICHBI
corfiacHo 0a30BbIM M3/IaTEIbCKUM CTaHIapTaM MO 0(hOPMIICHHIO CTaTel B COOTBETCTBUH
¢ I'OCT 7.5-98 «XKypnansl, cOopHukd, nHPpOpMaMoHHbIe u3aanus. M3gaTenbekoe
oopmIieHHE MyOIUKYEMbIX MATEPUATIOBY, PUCTATEHHBIX ONOIHOrpaUIeCKIX CIIUCKOB
B cootBercTBHM ¢ ['OCT 7.1-2003 «bubnmorpaduueckas 3anvchk. bubmmorpadudeckoe
ornucanue. O01ue TpeOOBaHUs U MPABUIIA COCTABIICHUS.

*B HOMep aomyckaeTcst He 0oJ1ee OJHOM PYKOIIMCH OT OJHOI0 aBTOPA JIM0O0 TOro
’Ke aBTOPA B COCTaBe KOJJIEKTHBA COABTOPOB.

*Kosmm4ecTBO COABTOPOB OHOI CTaTHU He OoJiee S.

*CTeneHb OPUTHHAJIBHOCTH CTATHH J0JLKHA COCTABJISATHL He MeHee 60 %.

*HanpapJisiemble CTaTbH He 10/KHBI ObITH PaHee Oy 0JIMKOBAHDBI, He JI0IYCKAeTCsl
nocjeaymiiee omyoJMKOBaHHE B APYTHX KyPHAJIAX, B TOM YHCJIe lepPeBo/Ibl HA Apyrue
SI3BIKH.

*PerieHne 0 NPUHATHH PYKONHCH K ONMYOJMKOBAHMIO MPUHUMAETCH TOCJe
NpoBe/IeHUs] MPoLeAYPbI pelleH3UPOBAHMS.

*PeneH3upoBaHue MPOBOAUTCH KOH(PHIEHIHAIBHO («IBYCTOPOHHEe cJIenoe
pelleH3UPOBaHNe)»), aBTOPY He co001IaeTcs UMsl PeLieH3eHTA, a PelleH3eHTY — UM
aBTOpPA CTATHMU.

*CTaThy OTHPABJIATH BMeCTe ¢ KBUTaHIUeH 00 orviaTte. CTOMMOCTb MyOJIMKAIIAA
B ’)KypHaJie 3a crpanuiry 1000 (oqHa Thicsiua) TeHre, BKJIOYAasi CTAThM MATUCTPAHTOB
U IOKTOPAHTOB B COABTOPCTBE C JIULIAMH C Y4€HOii cTeneHbIo.

* Omiara 3a cTaTbl0 He BO3BpallaeTcs B cJydae, eC/iM CTAThSI OTKJIOHEHA
AHTHUILJIATHATOM WJIM PelieH3eHTOM. ABTOP MOKeT NOBTOPHO OTHPABUTH CTATHIO HA
AHTHUILIATHAT WIN peleH3eH3upoBanue 1 pas.

CraTby 10/KHBI OBITH 0(pOPMIIEHBI B CTPOTOM COOTBETCTBUHU
€O CJIeYIOIIHMH PABUJIAMH:

— B sxypHaJIbl IPUHUMAIOTCSI CTAThU 110 BCEM HAYYHBIM HAIPaBJICHHSM, HAOpaHHBIE
Ha KOMITBIOTEPE, HalleuyaTaHHbIE HA OJIHOW CTOPOHE JIMCTa ¢ osisiMu 30 MM CO BCEX CTOPOH
JIMCTA, 3JICKTPOHHBINA HOCHTEIIh CO BCEMU MaTepHaiaMU B TEKCTOBOM peziakTope «Microsoft
Office Word (97, 2000, 2007, 2010) s WINDOWS».

— OO0uwmii 00beM CTaThU, BKIIFOUYash aHHOTAIIWH, JINTEPATYPy, TaOJIHUIIbI, PUCYHKH U
MareMaTideckue (hOpMyJIbl HE TOJDKEH MPEBBIIIATh 12 CTPAHMIL IeYaTHOT 0 TeKCTa. Texcm
cmambwu. keenb — 14 nynkmos, capuumypa — Times New Roman (0151 pycckoeo, aHenuiickozo
u Hemeyxoeo s3viko8), KZ Times New Roman (015 Ka3axckoeo A3vlka).

CTpyKTypa Hay4HOW CTaThu BKJIFOUACT HA3BaHHE, AaHHOTAIMH, KITFOUCBBIE CIIOBA,
OCHOBHBIC TOJIOKEHHMSI, BBEJCHHE, MaTCPHAIbI U METObI, PE3yJIbTaThl U OOCYKICHHE,
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3aKJIIOUEHHUE, BBIBOBI, HHPOPMAIMIO 0 (UHAHCUPOBAHUU (IIPU HAJIUYUU), CIIHCOK
JIATEPaTypbl (MCTIONB3YEMBIX HCTOUHUKOB) K K&XKII0M CTaThe, BKIII0Yasi POMaHU3UPOBAHHBIH
(TpaHCIMTEpUPOBAHHBIN JIATUHCKUM aj()aBUTOM) BapHaHT HANMCAHUS WCTOYHHUKOB HA
KUPUJLTHLE (HA Ka3aXCKOM U pyccKoM si3bikax) cM. [ OCT 7.79-2000 (MCO 9-95) Ilpasuna
MPAHCIUMepayuu KUpUIIO8CKO20 NUCbMA JIAMUHCKUM AlHaABUNOM.

Cratps 107KHA COAEpIKaTh:

1 MPHTH (MexrocynapCTBEHHBIH pyOpHUKAaTOp HAYYHOH TEXHHYECKOU
uH(pOopMaIMN);

2 DOI — nocine MPHTHU B BepxHeM npaBoM yIily (IIpUCBAMBAETCS U 3AIIOJIHAETCS
peaKkuueit xKypHaia);

3  ®@amuiusi, UMs, 0T4eCTBO (TIOJTHOCTHIO) aBTOPA (-OB) — HA Ka3aXCKOM, PYCCKOM
Y QHIJIMHACKOM SI3BIKAX (HCUPHBIM UPUDMOM, NO YeHmpy),

4 YueHasi cTeneHb, y4eHOE 3BaHHE;

5 Addunmanus (haxynbTeT WK HHOE CTPYKTYpHOE OAPA3/eIeHHe, OpraHu3aius
(mecto paboTsl (yueObl)), FOpO/I, IOYTOBBIM HHAEKC, CTpaHa) — Ha Ka3aXCKOM, PyCCKOM U
AHTJIUHCKOM SI3BIKAX;

6 E-mail;

7 Ha3paHue cTATBHU JI0JDKHO OTPAXKATh COJCPKAHUE CTAThH, TEMATUKY U PE3yJIbTaThI
NPOBEJICHHOTO HAYYHOT'O HCClieoBaHMsA. B Ha3zBaHue craTbu HEOOXOAUMO BIIOXKHTH
UH()OPMATUBHOCTH, IPUBJIEKATETIBHOCTD M YHUKAJIBHOCTH (He bonee 12 cnos, nponucHvimu
OYK6aMU, IHCUPHBIM WUPUDMOM, NO YEeHMPY, HA MPeX A3bIKAX: PYCCKUU, KA3aXCKUI,
auenuticKutl 1ubo Hemeykuii),

8 AHHOTaIUs — KpaTKas XapaKTepUCTHKA HA3HAUYEHNUS, COJCPKaHusl, BUIa, (OpMbI
U JpYrux ocoOeHHOCTeN cTaThi. JloimkHA OTpakaTh OCHOBHBIC U IIEHHBIC, [0 MHEHHUIO
aBTOpA, TaIbl, 00BEKTHI, MX MPU3HAKU U BBIBOJIBI POBEICHHOTO HUccienoBanus. Jlaercs
Ha Ka3aXxCKOM, PYCCKOM U aHIJIMICKOM JIMOO HEMEIIKOM SI3bIKaX (pexomenoyemblil 00bem
annomayuu — ne meree 150, ne 6onee 300 cnos, Kypcus, HeHCUPHBIM WPUDMOM, Ke2lb —
12 nynkmos, absaymwiil omcmyn ciesa u cnpasa 1 cm, cm. oopaszeuy);

9 KiroueBble cj10Ba — HAOOP CIIOB, OTPAKAIOIIUX COJEPIKAHUE TEKCTa B TEPMHHAX
00BEKTa, HAYYHOH OTPACIN U METO/IOB UCCIIEAOBAHUSA (0OPMAAIOMCI HA MPeX A3bIKAX:
PYCCKUIL, KA3AXCKUU, aHeTUNICKULL TUO0 HemeyKull, Ke2ib — 12 nyHkmos, Kypcus, omcmyn
cnesa-cnpasa — 1 cm.). PekoMeHryeMoe KOJIMYECTBO KITFOUEBBIX CIIOB — 5-8, KOJIMUECTBO
CJIOB BHYTPH KJIH0UeBOi (hpa3el — He Oosee 3. 3agatorcs B MOPAIKE UX 3HAYMMOCTH, T.€.
caMoe Ba)KHOE KJTFOUEBOE CJIOBO CTAThU JIOJKHO OBITH IIEPBBIM B CITHCKE (CM. oOpaszey);

10 OCHOBHO¥ TEKCT CTATHH U3JIaracTCcsl B ONPEAEICHHOMN II0CIIEA0BATEILHOCTH €0
yacTel, BKIIOYAET B ceOs:

- Beenenne / Kipicne / Introduction (a63ay 1 cm no nesomy kparo, scuprvimu 6ykeamu,
Keanb — 14 nynkmog). OG0CHOBaHUE BBIOOPA TEMBI; aKTyalIbHOCTh TEMbI WM ITPOOJIEMBI.
AKTyaJIbHOCTb TEMBI OIIPEAECIIAETCS OOIIMM HHTEPECOM K H3yUEHHOCTH IAHHOTO OOBEKTa,
HO OTCYTCTBHEM HCUEPIIBIBAIOIIMX OTBETOB HA MMEIOIINECS BOIIPOCHI, OHA JJOKa3bIBACTCS
TEOPETUYECKOMN UM IIPAKTUYECKON 3HAYMMOCTBIO TEMBI.
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- Martepuasbl 1 MeTOABI (ab3ay 1 cm no 1eeomy Kparo, HCUpHuiMuU OyKeamu, keeib — 14
NYHKMOo8). JI0JKHBI COCTOSITH U3 OIMCAHUS MaTEPUAIIOB U X0/1a pabOTBhI, 8 TAKXKE MOJTHOTO
OITMCAHMUS UCTIONH30BAHHBIX METO/IOB.

- PesyanbTatsl M o0cy:kaeHue (abzay 1 cm no nesomy Kparo, dHcuphvimu OyKeamu,
keanb — 14 nynkmos). IIpuBoauTcs aHanu3 1 00Cy>KIEHHE OIyYEHHBIX BAMH PE3yJIbTaTOB
ucceioBanus. [IpHBOISITCS BEIBOIBI 110 MOTYYEHHBIM B XOZI€ MCCIIIOBaHUS PE3yJIbTaTaM,
PaCKpBIBACTCSI OCHOBHASI CyTh. M 3TO OJIMH M3 caMbIX BaKHBIX Pa3ZeioB cTaTbi. B HeM
HE00XO0JMMO POBECTH aHAITU3 PE3YJIbTaTOB CBOEH PaOOThI M 00CY K ICHUE COOTBETCTBYIOIINX
PE3yJBTAaTOB B CPABHEHHH C MPEABITYIIMMU paOOTaMH, aHAJIM3aMH M BBIBOJAMH.

- Hudopmanmio o puHAHCHPOBAHNY (1pu Hanuyuu) (ab3ay 1 cm no nesomy Kparo,
AHCUPHBIMU OYK8amu, Ke2lb — 14 nyHkmos).

- BoiBoabl / KopsiTeiaabl / Conclusion (a63ay 1 cm no nesomy kpaio, scupHuimu
oykeamu, ke2ib — 14 nynkmos).

Br1B01bI — 000011IEHIE 1 [TOABEICHUE UTOTOB paOOTHI Ha JAHHOM 3Tarle; OTBEPIKICHHE
MCTHHHOCTH BBIJBUT'A€MOTO YTBEPKICHUSI, BHICKa3aHHOT'O aBTOPOM, U 3aKITI0UYEHHE aBTOPA
00 N3MEHEHNH HAYyYHOT'0 3HAHHS C YYETOM IOTyYEHHBIX PE3YyJIbTaTOB. BBIBOIBI HE JOIKHBI
OBbITh a0CTPAKTHBIMHU, OHHU JIOJDKHBI OBITh MCIIOJIE30BAHBI JJIs1 0000IIEHUS PE3yJILTATOB
UCCIIeIOBaHUS B TOM WJIM MHOM HAay4yHOH 00JacTH, C OMMCAHHEM HpPEJIOKESHUN WU
BO3MOXHOCTEH JajbHEHIIe paboThL.

- CnHCcoK MCno/Ib30BaHHBIX HcTOYHNKOB / [laiinananran nepexrtep Tisimi /
References (rcupnvimu Oykeamu, keenv — 14 nynkmos, 6 yenmpe) BKIIIOYAET B CEOSL:

CraThsl U CIUCOK HCIOJIb30BAHHBIX MCTOUYHUKOB JOJDKHBI OBITH O(OPMIICHBI B
cootBerctBuH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpasey).

OuepeHOCTh MCTOYHUKOB ONpeEesieTcsl CIeayIomuM o0pa3oM: cHavaia
HOCIIeIOBAaTEIbHbIE CCHUTKH, T.€. ICTOUHUKU Ha KOTOPBIE BBI CChIIIAETECH IT0 OUYEPETHOCTH
B CaMO#l cTaThe. 3aTeM JIOMOJIHUTEIbHBIE NCTOYHUKH, Ha KOTOPBIX HET CCBUIOK, T.C.
MCTOYHHUKH, KOTOPBIE HE MMEIIM MECTO B CTaThe, HO PEKOMEH/IOBaHbI BAMHU YHMTATEIISIM
JUTSL O3HAKOMJICHUS, KaK CMEXHBIE PabOThI, IPOBOIMMBIE NapauiebHo. O0beM He MeHee
10 He Gonee yem 20 HaMMEHOBAHU (CCBUIKM M MPHMEYAHMS B CTaTbe 0003HAYAIOTCS
CKBO3HOUM HyMepalued U 3aKII0YaroTcs B KBaJpaTHbIE CKOOKH). B ciiyuae Hamuuws B
CITUCKE UCTIOJIb30BaHHBIX HICTOYHHKOB padoT, IPE/ICTaBICHHBIX Ha KUPUILTULIE, HEOOXOAUMO
NPEJICTaBUTh CIIHCOK JIMTEPaTyphbl B JIBYX BapHaHTaX: MEPBbI — B OpUTHHAJE, BTOPOM
— POMaHM3UPOBAHHBIN (TpaHCIUTEpALUs JJATUHCKUM aln(aBUTOM) BapUaHT HAIHCAHUS
MCTOYHHKOB Ha KMPWJUTHULIE (Ha Ka3aXCKOM U pyCCKoM si3bikax) cm. [ OCT 7.79-2000 (MCO
9-95) Ilpasuna mpanciumepayuy KUpUII08CKO20 NUCbMA JIAMUHCKUM ANPaABUMOM.

PoMaHn3MpOBaHHBII CIIUCOK JIMTEPATYPHI JOJHKEH BBITTIAAETH CIACAYIOIM 00pa3oM:

aBTOp(-bl) (TpaHCIAUTEPALINS) — HA3BAaHUE CTAThU B TPAHCIIUTEPUPOBAHHOM BapUaHTE
— [mepeBo/1 Ha3BaHMS CTATHH HA AHTTIMACKHHN S3bIK B KBAJIPATHBIX CKOOKaxX | — Ha3BaHHUE
Ka3aXO0s3bIYHOT0 JIUOO PYCCKOS3BIYHOTO UCTOYHUKA (TPaHCIUTEPALHS, TUO0 aHTTTHHCKOEe
Ha3BaHME — €CJIM €CTh) — BBIXO/IHBIE JaHHbIE C 0003HAYCHUSIMU HA aHTJIMICKOM SI3bIKE.

11 AnmocTpanuu, nepeyeHb PUCYHKOB U MOJPUCYHOUYHBIE HAAMUCU K HUM
NPEACTABISAIOT 10 TEKCTY CTaThU. B 3JI€KTPOHHOM BepCHM PUCYHKH M MIUTIOCTpALUU
npencrasisitores B popmare TIF umu JPG ¢ pasperienuem He menee 300 dpi.
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12 MartemaTudeckue (popMy.ibl 10DKHBI ObITH HaOpaHb! B Microsoft Equation Editor
(xaxmas popMmyna — oJuH 0OBEKT).

Ha oraesbHOM cTpaHuie (mocjie CTaTtbu)
B 3/1eKTPpOHHOM BapuaHTe NMPUBOAATCH NMOJHBIE IOYTOBbIE a/Ipeca, HOMepa
cJ1yke0OHOT0 U IoMalHero TejedoHoB. e-mail (HoMep TesedoHa 1151 CBA3M
pPeJaKIHMY ¢ ABTOPAMM, He MYOJMKYIOTCS);

Ceeaenus 00 aBTopax

Ha ka3axckoM si3bIke Ha pycckom si3bike Ha anrymiickoM si3bIke
Oamuiust Umst OtuecTBO (MOJTHOCTHIO)
JI0IDKHOCTD, Y4€Hasl CTEICHb, 3BaHUE
Opranusanus
T'opon
Wupeke
Crpana
E-mail
Tenedon
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HNndpopmanns 1151 aBTOPOB

Penakums He 3aHMMAETCS JIUTEPATYPHOI U CTHIIMCTHYECKOH 00pa00TKOM CTATHH.

Ecnu craThst OTKIIOHEHA aHTUIUIArKaTOM MM PEIIEH3EHTOM CTaThsl BO3BpAllaeTCs
aBTOpY Ha J0paboTKy. ABTOp MOKET MTOBTOPHO OTIPABUTH CTAThIO HA AHTHUILIArUaT WK
penieH3eH3upoBanue 1 pas. 3a cojiep;kaHue CTaTbu HECET OTBETCTBEHHOCTh ABTOP.

Cratbu, 0OpMJIeHHBIC ¢ HADVIICHHEM TPeOOBAHMIA, K NYOJUKANNU He
NPUHMMAKOTCS ¥ BO3BPAIIAIOTCS ABTOPAM.

JlaToil mocTymieHnst CTaTbu CUUTAETCS JIaTa MOTYUYESHUs peJaKIEN €€ OKOHYATEIIbHOTO
BapuaHTa.

Cratbu myOIMKYIOTCS 110 MEpE MOCTYIUICHHUSI.

IlepuoanyHOCTH U3IAHMA )KYPHAJIOB — YeThIpe pa3a B rojl (e:keKBapTaAJIbHO)

Cpoku nojauu CTaThu:

- iepBbIi kBapTan 110 10 deppass;

- BTOpo# kBaptai 10 10 mas;

- Tpetuid kBapTai a0 10 aBrycra;

- YeTBePThI KBapTai 10 10 HOSOPsI.

CraTbu OTHPABJISITH BMeCTe ¢ KBUTaHIUeH 00 omiaTe. CTOMMOCTHITYOJITMKAIAN
B ypHase 3a crpanuiyy 1000 (omgHa ThICSYa) TEHTe, BKIIIOYAs CTATbU MaruCTPaHTOB U
JIOKTOPAHTOB B COABTOPCTBE C JIMLAMU C YYEHOU CTEIEHBIO.

CraTbi0 (3J1eKTPOHHYIO BEPCHIO, H KBUTAHLIMU 00 O1J1aTe) cJieAyeT HANPaBJIATh
Ha nouTy: nitk.tou.edu.kz. /I;1s1 mogavyu crarbu HA MyOJIMKALMIO HEOOXOMMO IPOUTH
perucTpanuio Ha caire.

140008, Pecniy6smnka Ka3zaxcran, r. [laBionap, yi. Jlomosa, 64,
HAO «TopaiirelpoB yHUBEPCUTETY,

M3parensbcrBo «Toraighyrov University», kao. 137.

Ten. 8 (7182) 67-36-69, (BHyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm pekBU3UTHI:

HAO «TopaiirslpoB yHUBEPCUTET» HAO «TopaiirblpoB YHUBEPCUTET» Hpunoxenne kaspi.kz Irarexu —

PHH 451800030073 PHH 451800030073 Obpasopanne —Onzara sa BY3e —

BUH 990140004654 BUH 990140004654 3anonusere Bee rpadet (B rpade Pakyibrer
yKaxuTe «3a nmyOnMKanuio B HAYYHOM

AO «Jysan Bank» AO «Hapoanslit bank Kazaxcrana» KKYPHAIC, HASBAHKE KyPHATA  CCPHHY)

NHK KZ57998FTB00 00003310 MUK KZ156010241000003308

BUK TSESKZK A BUK HSBKKZKX

Koe 16 K6e 16

Kon 16 Kox 16

KHIT 861 KHIT 861
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OBPA3EL] O®OPMJIEHHNS CTATEN
MPHTHU 14.37.27

DOI XxXXXXXXXXXXXXXXX

C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Pecrrybnmka Kazaxcram, r. [laBnomap

TEOPETUYECKASI MOAEJIb ®OPMWPOBAHUS KOMITETEHLNA
COLMNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLUEHWA
KBAJINOUKALNN

B oannoit cmamve npedcmasnena meopemuueckas mooenb HOpMUposaHus
JUYHOCIMHBIX U NPOPECCUOHATLHBIX KOMIEMEHYUL COYUATbHBIX PAOOMHUKO8 Yepes
KYPCbl ROBbIUEHUsL KEATUDUKAYUU, KOMOPAsi pazpabomand 6 pamkax 0OKmMopcKou
Juccepmayuu «Popmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMEHYUL
COYUATLHBIX PAOOMHUKOG Yepe3 KYPCbl NOGbluieHus Keanupurayuuy. B cmamve
npueoosImcs.  nedazocuyeckue  ACnekmvl Camo20 Npoyecca  MOOEeNUPOBaHlsl,
nepevucienbl  omanvl  nedacocuieckoco  mooenupoganus.  IIpedcmagnenvi
MEMOOON02UHECKUL, NPOYECCYATbHBIIL (MEeXHOI02UYeCKUT) U UHCIMPYMEHMANbHBII
VPOGHU  MOOenu, ee  yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KOMnemenyutl, a maxaice peyiomam. B moodenu nokazanvl KomMnemeHmmocmubiil,
JUYHOCMHO-OPUESHMUPOBAHNBIL U NPAKMUKO-OPUEHMUPOBAHHbIIL Nedd2o2uiecKue
nOOX00bl, 3AKOHOMEPHOCMU, NPUHYUNBL, VCI08US QOPMUPOSAHUS  8bIOPAHHBIX
KOMNemenyutl, OnUCAHbl dMAanbl Pearu3ayuu npoyecca Gopmuposanus, YpoeHu
ChOPMUPOBAHHOCTNIU TUUHOCMHBIX U NPOPDECCUOHATIbHBIX KoMnemenyull. B pazoene
NPAKMUYECcKol No020MOBKU NPeddeaemcs. UHMepaKkmusHas paboma 6 cucmeme
crywamens-npenooasamenb-epynnd, N0OPas3yMesaioudst IULHOe Yuacmue Kaxicoo2o
cneyuanucma, a makdice OMKpvlmue nepeoeo 6 Haueli cmpane Pecnybruxanckozo
obwecmeennoeo 0bveounenus «Hayuonanohulii  anvanc npopeccuoHaIbHbIX
COYUANbHLIX  pabOMHUKO08Y». [lanHas Mmoldenv nodpasymesaem nod codOll
danvrelulee COBEPUIEHCBOBAHUE U CAMOCHMOSMENbHOE PA3GUMUe TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHLIX PADOMHUKOE. Dmo Nno380Jsem
y8udems 8 MOOenU IPHeKMUBHOCMb pedaru3ayul Kypcos nosblueHUs Keatugdurayuu,
hopmbl, memooul u cpedcmea pabonivl.

Kniouesvie crosa: meopemuueckas mooeib, KOMHEMEHYUY, NOBbIUEHUE
Keanuuxayuu, coyuanbhvie pabomHuKu.

BBenenue
CormmanbsHast paboTa — OTHOCHUTEIILHO HOBAsI /TSI Hatel cTpanbl mpodeccust. [Toatomy
00y4yeHre COIMAIbHBIX PAOOTHHUKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTcs
HaJIMYMEM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaXOJIUIU OBl BEIpAKEHHE B (POPMYITHMPOBKE MEJArOTHICCKUX 1IEIeH, B COIEPKaHUH,
TEXHOJIOTHIX Y4eOHOTO Iporiecca.
IIpoodonoicenue mexcma nyonuKkyemoeo mamepuaia
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MaTepna.m,l U METOAbI
TeopeTndecknii aHaIU3 HAyYHOM IICHXOJIOTO-NIEAArOrnYecKor M CeluaIbHON
JUTEpaTyphl O IpobiieMe HCCIe0BaHNs; aHAJIN3 3aKOHOAATEIbHBIX U HOPMATUBHBIX
JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O0BEJUHEHUI; aHAIU3 COAECP KaHUS
IporpaMM KypCOB MOBBIIIEHUS KBadU(PUKALUU COLMAIbHBIX paOOTHUKOB;
MOJIEJIMPOBAaHUE; aHAINU3 U 0000I11IeHNE eAArOTNYECKOr0 OIbITa; OMPOCHBIE METOIbI
(6ecena, aHKeTHpPOBAaHUE, HHTEPBHIOMPOBAHNE); HAOJIOEHNE; aHATU3 MTPOIYKTOB
JESATEJIBHOCTH CHEIHAIMCTOB; SKCIIEPUMEHT, METOAbl MaTEMaTUUYECKONW CTaTUCTUKU
1o 00paboTKe IKCIEPUMEHTAIBHBIX JTAHHBIX.
IIpoodonscenue mexcma nyonuKyemoeo mamepuana
Pe3y.]'ll)TaTbI u 06cym21e}me
UTtoOb! MOHATH OOBEKTUBHBIE 3aKOHOMEPHOCTH, JICJKAIIUEe B OCHOBE Ipoliecca
dbopMUpPOBaHUSA U PA3BUTHS JIMYHOCTHBIX U NPOPECCHOHANIBHBIX KOMIETEHIUM
COIMAJIbHBIX PAOOTHUKOB 4epe3 KypcChl MOBBIIIEHUS KBalW(UKALUK, HEOOXOIUMO
YETKO MPEACTaBIATh ce0€ UX MOJEIIb.
IIpoodonsicenue mexcma nyoiuKyemoeo mamepuana
BoiBoabI
Takum oOpa3oM, Ha OCHOBAHMM BBIIIEU3I0KEHHOTO MOXHO CJEJIaTh BBIBOJ O
TOM, YTO TEOPETHUECKAst MO/I€Tb (POPMUPOBAHHUS TUUYHOCTHBIX U IPOECCUOHATIBHBIX
KOMIIETEHIUH COLMAIbHBIX PAOOTHUKOB Yepe3 KypChl MOBBIIEHUS KBaTU(UKAIIIU
COJIEP’KUT TPU YPOBHS €€ peanu3aliii.
IIpoodonscenue mexcma nyonuKyemoeo mamepuana

CnHcoK HCII0JIb30BAHHBIX HCTOUHUKOB

1 Jaxun, A. H. [lenarornueckoe MoieIMpOBaHuUE : CYIIHOCTb, 3PPEKTUBHOCTH U
HeonpeneneHHocTh [ Texct] // Ilegaroruka. — 2003. — Ne 4. — C. 22.
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C. K. AHTHKeEBA
TopaiirsipoB yHUBepcuteT, Kazakcran Pecriybnukace, [1aBnonap K.

BLIIKTLIIKTI APTTBIPY KYPCTAPBI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTLIIKTEPIH KAJIBIIITACTBIPY IbIH
TEOPUSLIILIK MOJIEJI

byn makanaoa «Oneymemmix  KvizmemkepaepOiy OLIKmMiNieiH - apmmuolpy
Kypcmapuvl apKblibl Mylediblk HCOHE KOCIOU KY3Ipemmilikmepin Kaiblnmacmoipy»
OOKMOpAbIK ~ ouccepmayus  wenbepinde o3ipieHeen  OLIKMINIKMI  apmmuolpy
KVpCmapvl  apKulibl  oleyMemmiK Kbl3MemKepaepoiy myasanvlk JicoHe Kociou
Ky3blpemminiein Kaielnmacmulpyovly meopusivly mooeni ycvimwviiean. Maxarada
MoOenboey NpoYeciniy neda2oeuUKaIblK ACneKminepi, nedazoeukaiblk MoOeibOeyoiH
Kezeyoepi keamipineen. MooenvOiy 90iCHaMAIbIK, RPOYeccyanloblk (MEXHOI0SUAIbIK)
JdCOHe acnanmulk OeHeelllepl, OHblH MAaKCcamvl, Kaxjxcemmi Ky3vlpemmepoin
KAILINMAcy — MOHUMOPUHZ,  CcoHOaui-ax — Homudiceci  ycvinmvliean. Moodenvoe
Kysvlpemminikke, myjeaza Oazblmmanzan MHcoHe npaKkmuxkaza oazvlmmanzan
nedacozuxanvly, — mociioep,  mawoanean — Kysvipemmepoi  KATbINMACMbIPY
3aHOBLIBIKIMAPSL, KA2UOAMMAPbl, Wapmmapvl KOpCemineeH, Kaiblnmacy npoyecin
icKe acvlpy KeseHoepi, JceKe JAHcoHe Kociou Kyzvlpemmepoiy Kanblnmacy oeHeeunepi
cunammanear. Ilpakmuxanvly  OaublHObIK — O6IIMIHOE  MbIHOAYULbI-OKbLINYULbL-
mon oicylecinoe UHMEPaKmuemi JHCyMulC YCIHbLIAObI, Ol 9P MAMAHHBIY JiceKe
KamwviCYblH, COHOAU-AK elimiz0e an2aukbl «Kociou oleymMemmik Kplzmemrepiepoin
VAMMBIK AbAHCHLY PeCnyONUKAIbIK KO2AMObIK Oiplecmiciiiy aubliybln OL10iped.
Byn mooens oneymemmix Kvizmemxepaepoin dcexe dHeoHe KociOu Ky3vlpemmepin 00an
api dicemindipyoi scone mayenciz damvimyowt 6i10ipedi. byn moodenvoe Oinikminikmi
apmmuipy KypCcmapvli icke acvblpyoblly MUIMOLNIZIH, JHCYMbIC HbLCAHOAPbl, ddicmepi
MeH KYpanoapvli Kepyee MyMKIHOIK Oepedi.

Kinmmi co30ep: meopusinvix mooens, Ky3vlpemminik, OLiKminikmi apmmaolpy,
oNleyMemmiK KvlzmemxepJep.

S. K. Antikeyeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES OF
SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal and
professional competencies of social workers through advanced training courses,
which was developed in the framework of the doctoral dissertation «Formation of
personal and professional competencies of social workers through advanced training
coursesy. The article presents the pedagogical aspects of the modeling process
itself, and lists the stages of pedagogical modeling. The methodological, procedural
(technological) and instrumental levels of the model, its purpose, monitoring
the formation of the required competencies, as well as the result are presented.
The model shows competence-based, personality-oriented and practice-oriented
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pedagogical approaches, patterns, principles, conditions for the formation of selected
competencies, describes the stages of the formation process, the levels of formation
of personal and professional competencies. The practical training section offers
interactive work in the listener-teacher-group system, which implies the personal
participation of each specialist, as well as the opening of the first Republican public
Association in our country, the national Alliance of professional social workers. This
model implies further improvement and independent development of personal and
professional competencies of social workers. This allows you to see in the model the
effectiveness of the implementation of advanced training courses, forms, methods

and means of work.

Keywords: theoretical model, competencies, professional development, social

workers.
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ITy0nukanmoHHasi ITHKA HAYYHBIX )KYPHAJIOB
«BecTtHuk TopaiirbipoB yHUBEpCUTETAY,
«KpaeBenenne», «Hayka u Trexuuka Kazaxcrana»

PenaknnonHas xosurerus xKypHalloB «BecTHuK TOpairslpoB yHUBEpPCUTETY,
«Kpaesenenue» u «Hayka u Texauka Kazaxcrana» B cBoeil paboTe mpuaepKuBacTCs
MEXIYHapOJIHBIX CTAHIAPTOB IO 3THKE HAYUYHBIX MyOJMKALMN U yYUTHIBAET
MH(POPMALIMOHHBIE CAlTHI BETyINX MEKYHAPOIHBIX KyPHAJIOB.

Penaknnonnas koyierus )KypHasa, a TaKXKe JIMLA, y4aCTBYIOIIHME B U3aTEIIbCKOM
IPOIIECCE B LIEIISIX 00ECTICUeHHsI BRICOKOTO Ka4eCTBA HAYYHBIX Iy OIMKAIINiA, BO M30eKaHne
HEJ00POCOBECTHON NMPAKTHKHU B IyOJIMKAIIMOHHOW JIEATEIHHOCTH (MCIOIh30BaHUE
HEJJOCTOBEPHBIX CBEJICHUM, U3rOTOBJICEHUE JAHHBIX, IJaruaT u Jp.), o0ecrneueHus
OOIIECTBEHHOTO MPU3HAHMS HAayYHBIX JOCTHIKEHUH 00sS3aHBI COONIOIATh 3TUYECKUE
HOPMBI U CTAaHJAPThI, IPUHATHIE MEKAYHAPOIHBIM COOOLLIECTBOM U IIPEATIPUHUMATH BCE
pa3yMHbIe MEpBbI [T NPEAOTBPALICHNS TAKMX HAPYLIEHUH.

PenaxiyionHast KoJuteryst HU B KOEM CIIydae He TOOLIPSET HEIIPABOMEPHOE IIOBEICHHE
(TutaruaT, MaHUTYJSIHS, (haTbCU(UKAIINS ) ¥ TIPUIIOKHUT BCE CHITBI JUIS TIPEIOTBPAILICHHS
HACTYIUIEHHUs MOJ0OHBIX ciay4yaeB. B ciydae, eciny peaakIIMOHHOW KOJUIETHMHM CTaHET
U3BECTHO O JIFOOBIX HEMPaBOMEPHBIX JEHCTBHUAX B OTHOIIEHUH OITyOJIMKOBAaHHOW CTAThU
B JKypHAJI€ WIH B CIIy4ae OTPULIATEIBHOIO PE3yJIbTaTa SKCIIEPTU3bI PEAKOIUIETUH CTaThs
OTKJIOHSIETCSI OT ITyOJIMKALIUH.

PenakunonHasi KOJUIeTHs HE JOJDKHA PacKpbIBaTh MH(OpPMAIMIO O MPHUHATHIX
K OIyOJIMKOBAHHMIO PYKOIHCEW TPEThUM JIUIAM, HE SBIISIIOIIMMCS PEICH3EHTaMH,
NOTEHIUAIBHBIMU PELIEH3EHTaMH, YWIEHaMU PEJaKLMOHHON KOJUIETHH, paOOTHUKaMH
tunorpaduu. HeonmyOimkoBaHHbIe TaHHBIE, TIOTyYEHHbIE U3 PYKONHUCEH, HE JTOJDKHBI
UCIOJIb30BaThCsl B JIMUHBIX MCCIIEOBATENILCKUX LEAX 0€3 MUCHbMEHHOIO pa3peleHHs
aBTopa.

OTBeTCTBEHHOCTH IKCIEPTOB (pPeleH3eHTOB)

PenieH3eHTHl TOJKHBI AaBaTh OOBEKTHBHBIE CYXJEHHUS M yKa3blBaTh Ha
COOTBETCTBYIOLIHE OMyOJMKOBaHHBIE PabOTHI, KOTOpPHIE eme He MUTUpYrTcsa. K
peleH3HpPYyEMBIM CTaThsIM ClleyeT oOpamarbest KoH(UIeHInaabHO. PereH3eHTs
OyIyT BEIOpaHBI TAKMM 00pa30M, YTOOBI HE OBLII0 KOH(DIMKTA MHTEPECOB B OTHOIIICHHUH
UCCIIEIOBaHMSI, aBTOPOB U / WJIM CIIOHCOPOB UCCIICOBAHMUS.

OTBeTCTBEHHOCTH ABTOPOB

OTBETCTBEHHOCTB 3a COZiepKaHe pabOThI HECET aBTOP. ABTOPHI 00s13aHBI BHOCUTD
WCIIPABJICHUS, IOSICHEHUS, OIIPOBEPIKEHUS U U3BUHEHHUS, €CJIM TAKUE UMEIOTCSI.

ABTOp HE JIOJKEH MPEJICTaBIATh CTAaThIO, HACHTUYHYIO paHee OmyOIMKOBaHHOMN
B JIpYrOM XypHajie.B gacTHOCTH, HE TPUHUMAIOTCS TIEPEBOJIbI HA aHTIIMICKUN JTHOO
HEMEILKUH SA3bIK CTaTe|, y’Ke OIyOJIMKOBAHHBIX Ha JIPYTOM SI3BIKE.

B cirydae oOHapyskeHHs B pyKOIIHCH CTaThU CYIIECTBEHHBIX OIIMOOK aBTOP JOKEH
COO0IIUTH 00 3TOM PEAAKTOPY Pa3zena 10 MOMEHTA ITOJIIHCH B IIe4aTh OPUTMHAI-MaKeTa
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HOMeEpa XypHasa. B mpoTHBHOM ciyuyae aBTOp JIOJKEH 3a CBOM CUET MCIIPAaBUTH BCE
KPUTHYECKHE 3aMEUaHUs.

HanpaBiisist cTaThlo B )KypHal, aBTOP OCO3HAET YKa3aHHYIO CTENIEHb IIEPCOHAIBLHON
OTBETCTBEHHOCTH, YTO OTPA)KAETCS B MUCbMEHHOM OOpAIEHUU B PEIAKLHOHHYIO
kosuteruto JKypHana.
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