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6D072300 — TexHukanbIK pr3rka MaMaHIbIFbI OotbIHINA (rnocopus gokTops! (PhD)reuteivu
TOPEKECiH aly YLIIH JUCCEPTALUAChIHBIH

TYWUIHI
MAKCHMOB BAJIEPUU IOPBEBUY

KOMIP KbL1Y CTAHIIUAJIAPBIHBIH KBLIYJIBIK TPOONECTEPI MEH
AIPOANHAMMUKAJIBIK CUITATTAMAJIAPBIH 3EPTTEY

3epTTey TAaKBIPBIOBIHBIH 03eKTUIIr.Ka3zakcTaHHBIH KbUTy3HEPTreTUKAChIHAA SHEPTUSFA
KOJI JKETKI3y YILIH JKBUTYJIBIK KaOiJIeTI TOMEeH XoHe KyJuiri >korapbl (40%-man aca) TeMeHT1
CYpPBINTBI OTHIH (K&Mip) KOJIaHbUIaIbl. OHEPKACINTIK Ka3aHABIKTAPABIH JKaHy KaMmepasapblHa
Kasipri TaHOa KaTaH KOJOTHSUIBIK TajanTap Koibutambl. KapiKbUIbIK jKOHE KOJIaHyFa KETETiH
IIBIFBIHAAPABl YHEMIEY KKETTUIINMEH KOCa OChI TajanTapibl CAKTay aTaJMbIIl OarbITTaFrbl
3epTTeyepai KUbIHAATa TYCEl.

[TankeMipii ajaynbl TYTBIHATHIH KaHA SHEPTETHKAIBIK OJOKTapael Urepy OapbIChIHAA
oJIapAbl KETUINIPY MaKCaThIHAA JKaHy MPOLECTEPIH 3€PTTEy AalTapiblKTall KHBIHFA COFaJblL
CeHIMAUTKTI apTTHIPy >KOHE >KoOanaynblH CamachlH »KAaKCapTy YIOIH JKaHy KaMepachIHbIH
a3pOIMHAMUKACHIH, IIAHKOMIPJI ajiayIblH TYTaHYbI, JKbUTy aJIMacybl MEH JKaHy MEXaHU3MIEpiH
€CKepreHe JKaHy KYPbUIFbUIAPbIH KEIICHIl €CeNTey OMICTEepIH KacayJblH €3eKTLIiri apThi
OTBIp.

Kasipri Tanna enepkacinTik HpicanaapabH (JKIC, )KD0, 1.0.) Ka3aHABIKTapBIHBIH JKaHY
KaMepaJlapblHAa MAaHKeMIpJl OTHIHABI XKaFy MPOLECTEPIH KEeIIeH I 3ePTTEy/l Ky3ere achIpyIblH
JKAJIFBI3 KYpasibl YIISNIIEMII MOJENbIEY ONICTepl MEH eCenTey TEXHHKACHIHBIH 3aMaHayH
KOMIIBIOTEPJIIK KYPBUIFBUIAPHI MEH OarmapiaMajap MakeTiH KOJNIaHFAHAAFrbl CAHIBIK OAICTep
MeH ecentey Taxipudeci Oonbin otelp. Tek xommbroTepnik 3D-mMonmenbaeyai KongaHy KesiHze
FaHa HAKThl TIPOLECTEPIIH OTYIHE 9Cep €TETIH aHAFYpJIbIM Kem KyObuteicTap MeH (akTopiap
eckepiieni. MyHaH e3re 3epTTEyAlH aTajfaH oficTeMecl ecenTeyjep OapbICBIHAAFbI OCHI
(bakTOpIapabIH KaCHEeTTEPiH OOJIKaY IbIH KOFAPhI ASJIITIH KAMTAMACHI3 €TeIl.

JduccepTauus KYMBICBIHBIH MAKCATBHI — IMAHKOMIPJ OTBIHIBI JKaFy Ke3iHIer!T HAKThI
sHepreTtukaiblk HbicaHHBIH (KP JKDO) xany kamepacelHma eTeTiH (U3MKA-TEXHOJOTHSUIBIK
MPOLIECTEPL 3ePTTEY.

3eprTey HbIcaHbl periHAe auccepTanus skymbicbiHna [laxTunack X30-ueiH BK3 75-
390b ka3aHABIFbIHBIH JKaHY KaMepachIHIAFbl YHEPTETHKANBIK OTBIHABI (TOMEHI1 CYPBINTHI
Ka3aKCTaH/bIK KOMip) *KaryIblH (PU3NKA-TEXHOJOTHSIIBIK MTPOLIECTEP! aIbIH/IBI.

3eprrey mOHI — IHaHKeMIpJi OTBIHABI JKary Ke3iHAe TY3UIeTiH TypOyJeHTTi
JKOFapbITeMIiepaTypajibl  ocepiecerin arbiHmap, Ilaxtuack XKD20-weiH BK3  75-390b
Ka3aHABIFBIHBIH JKaHy KaMepachIHbIH a3POAMHAMHUKANBIK, KBLTYJIBIK JKOHE KOHLEHTPALMSIIBIK
CHIaTTamMaapsbl.

3epTTey HITHIKE/IEpPi MEH 0JIAPABIH FHLIBIMU KAHAJIBIFbI

Jucceprarust JKYMBICBIH/A JKYPTI3UITeH 3epTTeyJepAiH FhUIBIMH KAHAJBIFbI 3aMaHay U
caHIbIK onictep MeH 3D-Monenbaey omicTepiH KOJAaHA OTHIPBIN, AFBIMAAFbl YHEPTETHUKAJIBIK
HBICAHNIAPIbIH JKaHy KaMepajapblHAa SHEPreTHKANBIK OTBIHABI JKary Ke3iHAeri Kypzaesnl
JKBUTyMacca aiMacy >KOHE 3HAHIbl LIAHTa3Abl KAIABIKTAPABIH TY3LIy HPOLIECTEPIH TOJBIK
OeiiHeneyre MyMKiHAIK OEpeTiH jkaHa ecemnTey 9iCTeMeNepiH jKacayaaH Kypajabl.

AJFam peT SHepreTUKAJIBIK Ka3aHAbIKTBIH JKaHy KaMepachblHIa KOMip TO3aHBIHBIH KaTThI
OeJjmekTepiHe aybIPJBbIK KYIIIHIH 9CEpPiH €CKepreHiAe >KOHE eCKepMereH Ke3aeri OipTekci3
IIaHKeMIpJl TypOYJIEHTTIK aFbIHAAPAAFbl JKbUTyMacca TaChIMAJIBIHBIH T€OMETPUSUIBIK, (PHU3HMKa-
MaTeMAaTUKAJIBIK JKOHE XUMISUIBIK MOJIENbIAEpl »KacajblHAbL. JKorapeima aranraH MoneibAepi
xacay OapbicbiHga Ilaxtunck KDO-ubiH BK3 75-39®b ka3aHbIFBIHBIH JKaHY KaMepachIHIa



©TETIH HAaKThl (PU3UKAIBIK JKOHE TEXHOJOTHSUIBIK MPOLECTEPAl CHITATTANTHIH OacCTamKbl *KOHE
IIeKaPaJIbIK [APTTap KOJAAHBUIABL.

Ecenrey TtoxipubeciH >Kypridy YINIH ajfall peT aybIpibK KyIliH, TypOyJeHTTLIK
MOJIEJNIIH, PaJHALMUIBIK JKOHE KOHBEKTHBTI JKbUTy aJIMAaCyIblH TapalybIHbIH O€HCBI3BIKTHI
CHUNATBhIH, OpPTaHBIH Ker(a3ajblFblH, COHBIMEH KaTap ©TeTiH XHMHSUIBIK peaKUusuIapIbIH
KMHETUKAChI MEH KOICATBUIBIFBIH E€CKepreHAeri IIaHKeMIipJl KOCHMAHBIH KaHy MPOLECIiH
CUTIATTAWTBIH TEHACYJIEP *KYWECIH ISy [iH 3aMaHayH CaHIbIK SICTEP/Il KOJIIAHBLIIBI.

Anram per HotmwkeciHae [axtuack XOO-ubiH BK3 75-39®b Ka3aHIBIFBIHBIH JKaHY
KaMepPachlHbIH a3pPOJMHAMUKAIIBIK KOPIHICI aNbIHFaH ecenTey TaKipuOenepl Kyprisial,
TeMIepaTypa >KOHE KOHLEHTpaLUs epicTepi, KbIChIM, JKbUIIAMABIK JKOHE TypOyJIEHTTIK
CUMaTTaMallapAblH JKaHy KEHICTITIHIH Oapiua KeJeMiHZeri epicTepl TYpPFBI3bULABI JKOHE
TOXKIpUOEI K MOJIIMETTEPMEH JKOHE aHAJMTUKAJIBIK €CETITEY HOTIDKEIEPIMEH CANbICTBIPBLIIBL.

Kany xamepacelHma jkary OapbICBIHIAFBI KOMIp TO3aHBIHBIH KaTThl OeJIIeKTepiHe
ayBIPJIBIK KYIIHIH OCepiH ecKepreHaeri TypOyJEHTTI KbUIyMacca TacChbIMaJlbl TMPOLECTEPiH
3epTTeyre apHaNFaH 3aMaHayd TEOPHsUIbIK, MAaTeMaTHKaJIblK JkoHe 3D-komMmbroTepiik
MOJIENIbACY 9IICTePiH jkacay OOHBIHINA jKaHA HOTHIKEIepre KO XKEeTKI3LIII.

Juccepranust *KYMBICBIHAA JKYPTi3UIreH 3epTTeyjiep ’kaHa skoHe Oiperei, an ajbIHFaH
HOTIDKeNep TYpOYJIEHTTI JKaHYIbIH TEOPHSICBI MEH IPAaKTHKACbIHA, COHbIMEH KaTap Kypzaesnl
TEXHOJIOTHSUTBIK  TiponiecTepai  3D-monenbney OoWbIHIIA ecenTey ToxipHOENepiH IKy3ere
acbIpyFa alTapJIbIKTal yJieC KOCaIbl.

JuccepTauusiHbIH NPAKTHKAJIBIK KYHABLIBIFBI.

JuccepTalysiblK  3epTTEYJICPIIH  HOTWKENIEPiHIH  OpacaH 30p MNPAKTHKAJIBIK
KYHABLIBIFBI 0ap:

1. XKyprizinreH 3epTreyiiep 3USHABI MMAHTAa3Abl KAIABIKTAPABIH TY31JyiHEe alTapibIKTal
yiiec xocaabl, Oys KarThl OTbIHABI XKOC-ma jkaryablH THIMIUITT JKOFapbl YKOHE 3KOJOTHSIIBIK
Ta3a TEXHOJIOTHSICHIH JKacay1a MaHbI3Abl KYpay bl OOJBI TaObLIaIbI.

2. DHepreTHKagblK OTBIHIBI JKaFy Ke3iHzaer: ekxijas3anbl ocepiieceTiH arbIHAapbIH
JKbUTyMacca TachbIMajbl MPOLECTEPIH YILISIIIEMAl MOAENbACYIIH JKacCaJlbIHFaH oJicTeMect
OHEPKACINTIK Ka3aHABIKTAPABIH PEXUMIIK JXOHE KOHCTPYKTHBTI MapaMeTpJiepiHiH FaHa eMec,
COHZAi-aK, OTBIH MEH TOTBIKTBIPFBIIITHI Oepyal YHBIMIACTBIPYABIH OHBIH TYTaHYbl MEH >KaHy
NpOIIECTEPiHE 9CEPIH aHBIKTAY YIIiH KOJAAHBUTY bl MYMKIH.

3. Jluccepranms KYMBICBIHIA KOJIAHBUIATHIH (PU3HKA-MAaTEMATHKAJIBIK *KOHE XUMHSIIBIK
MozjenbaepaikeMip OenmmekTepiHiH auamerp OolbiHInAa OipTekci3 TapanybiHaa (kemip
YHTaFbIHbIH JKYKAJBIFBI), Op TYPJl TYTaHy >JKOHE >KaHYIbIH OPHBIKTBUIBIK INAPTTapbIHIA,
conbiMeH KaTtap JKOC skaHy KypbUIFBUIAPBIHBIH JKaHY KaMepaJlapbIHbIH KOHCTPYKIMSJIBIK YKOHE
JKUHAKBUTBIK IIEIIIMIEpIH OHAey OapbiChIHIA KOMIPIIH ajyaH TYpJEepiH KaFyra KOJJaHyFa
Gonansl.

4. DHepreTHKaNbIK OTBIHHBIH JKaHYbl MEH 3MSHABI INAHTa3[bl KaJIBIKTAPABIH TY31Iy
NPOIIECTEPIHIH 9ICTEMEC] JKaCaJIbIHABL, OHbI YHISIIIEM Il MOAEIBbACY OICTEPl YChIHBUIABI XKOHE
SHEPIreTUKAJBbIK KYPBUIFbUIAPABIH THIMIJITIH  apTThIPY JKOHE 3USHABI  KaJIbIKTap[bIH
atMoc(epara OeniHYiH KeMITY MaKCaThIHAA €CenTey TIKIPUOECIH IKYPTri3yaiH Colikec
TYKbIPBIMIAMACHI JKY3€Te aChIPBUIIbL.

Juccepranus RKyMbICHIHBIH anpodanuscel./{uccepTanys KYMBICBIHBIH MaTepHAIAAPbI
KeJecl XaJbIKapaJIblK JKoHE PeCcITy OJIMKaIbIK KOH(pepeHIHsIapap! OassHaaIFaH:

Jucceprarust )KyYMBICBIHBIH HOTHOKeIepl an-Papadu aTteiHaarel Kas¥ Y-HiH Kbuty pU3nKa
JKOHE TEXHUKAJBIK (Pr3uKa KadeapacelHbIH JKoHe bpayHImBaiir KanaceiHbIH JKbUTyTEXHUKA JKOHE
JKaHFbI 3aTTap MHCTUTY THIHBIH (I'epMaHus) ceMUHAPIaPbIHIA TATKbUIAH/IBI.

Maxkananapsel. Jluccepranysi JKyYMBICBIHBIH HET13ri Ma3MyHbl 38 FBUIBIMH €HOeKTepne
xKapblK kepreH. OnapaeiH 3-1 — Scopus MamimerTep 0a3achlHA €HETIH JKypHAIAap TidiMiHEH, 8
Makana — KP BI'M 0isiM ’koHe FBLIBIM cajiachbiHAaFbl O0akbliay KomuTeriMeH yCblHFaH
Ti3iMHeH, 27-1 — XanbIKapalblK KOH(pepeHusIap MaTepruainapbiHia KapUsiIaHFa .



«Kemip KbUTy CTaHUMSJIQPBIHBIH KBUTYJIBIK TPOLECTEpl MEH adpOAUHAMHKAIBIK
CUmnaTTaMaliapblH 3epTTey» IUCCEPTalUs >KYMBICBIHBIH HoTmkenepi Illaxtunack XK30-Ha
oertimnenren (Illaxtunck kanmacel, Kazakcran), beiimaey akri Nel16-0913, 2013 sxbuigeiH 16
KbIpky#erinne skoHe I'ycunoozepck MADC-ne Oeftimnenren (I'ycuHoo3epck Kanachl, bypstus),
Beiiimaey axri Nol11-0767, 2013 xpuinbig 11 minneciuae.



AHHOTAIIA

IHICCEepTALM HA COMCKaHKE YUeHOH creneHn nokropa ¢unocodpun (PhD) cnenmansHocTi
6D072300 — TexHu4eckasi pusnka

MAKCHMOB BAJIEPHI IOPEEBIY

HCCIEJOBAHHUE TEILTOBBIX NPOHECCOB H ASPOAUHAMHUYECKHUX
XAPAKTEPUCTUK YI'OJBHBIX TEIVIOCTAHIINN

AKTYyaJIbHOCTb TeMbl aAucceprauuu. B ternosnepretuke Kazaxcrana nns nonydeHus
SHEPrHH HCIIOJIB3YeTCsS HU3KOCOPTHOE TOIUIMBO (Yrojib) C TIOHM)KEHHOH TETUIOTBOPHOM
CHOCOOHOCTBIO U TOBBILIEHHON 30JIbHOCTEIO (Oonee 40%). BmecTe ¢ TeM kK TONMOYHBIM KaMepam
MPOMBILUIEHHBIX KOTJIOB B HACTOslee BpeMsl MPeNbsABIAIOTCS CTPOTHE HKOJIOrMYecKHe
TpeOoBanus. CoOmonenne »>Tux TpeOoBaHMN HapsAAy C HEOOXOAMMOCTBIO HKOHOMHH
KalUTaJbHBIX W SKCIUTyaTALIMOHHBIX 3aTpaT Ype3BbIYaliHO OCJIOXKHSET HCCJIEeNOBaHUS B 3TOM
HalpaBJIEHUU.

IIpn OCBOEHMHM HOBBIX JHEPIeTUUECKUX OJIOKOB, HWCHOJB3YIOUINX IBLICYTOJBHOE
TOIUIMBO, UCCJIEOBAHUS TOMOYHBIX MPOLIECCOB C LIEJbI0 UX YCOBEPLIEHCTBOBAHUS UPE3BbIUANHO
3aTpyaHeHo. J{Jisl MOBBIIEHUS! HACKHOCTH U YIIYULICHHS KaueCTBa MPOSKTUPOBAHUS OOJIBINYIO
AKTYaJbHOCTh mpuoOpeTaeT pa3paboTKa METONOB KOMIUIEKCHOTO pacdera TOMOYHBIX
YCTPOWCTB C Y4YETOM a’3pOJMHAMMKH TOIOYHOW KaMepbl, BOCIUIAMEHEHHs, TEeIuIo0OMeHa W
MEXaHU3MOB BBITOPAHUSI MMbUIEYTOJIBHOTO (hakena.

B Hacrosiiee Bpemss €OUHCTBEHHBIM CPEICTBOM B pealu3aliyd KOMIUIEKCHOIO
HCCJIEZIOBAHMSI MPOLIECCOB COXKUTaHUS TbUIEYTOJBHOIO TOIUIMBA B TOMOYHBIX KaMmepax KOTJIOB
npomblieHHbIX  00bekTOoB (TOC, TOLl, wm nap.) SBIAOTCA YHCICHHbIE METONBI U
BBIUHCJIUTENBHBIM HKCIIEPUMEHT C HCIOJIb30BAHUEM METOAOB TPEXMEPHOTO MOAENUPOBAHUS U
NPUBJICYEHIEM COBPEMEHHOTO KOMITBIOTEPHOTO OOOPYAOBaHHS BBIYUCIUTEIBHON TEXHUKH U
nakera nporpamm. TONBKO NpPU MCHOJIB30BAHUM KOMIBIOTEpHOro 3D- MopenupoBaHUs
YUUTBHIBAETCSI HAUOOJbIIEE KOJMYECTBO SIBICHMH U (PAKTOPOB, BIMSIOLUINX HAa TNPOTEKAHHUE
peanpHBIX mpoueccoB. Kpome Toro, naHHasi METOIMKA HCCIIEAOBAHUS OOECIIEUYMBAET BBICOKYIO
TOYHOCTb MPEACKA3aHNs IOBEACHHS 3THX (PAKTOPOB NPHU pacueTax.

Henr nauccepranmoHHON PadoThl — HCCIAENOBaHUE (PU3HKO-TEXHOJIOTHYECKUX
NPOIIECCOB, MPOUCXOIIIIUX B KaMepax CropaHusl pealbHOro sHepreruyueckoro oowekra (TILL
PK) npu coxurasnu B Hel NbUIEYTOJIBHOTO TOTLIHMBA.

OO0bexkTOM HCCJAEA0BAHMSA B JUCCEPTAMOHHOW pabore  sBSUIMCH  (PU3MKO-
TEXHOJIOTUYECKHE  TPOLECChl  CXKUTaHWA  HHEPreTUYEeCKOr0  TOIUIMBA  (HU3KOCOPTHBIH
Ka3aXxCTaHCKUHN yroJib) B TOMOUHOH kamepe komia bK3 75-39@b Ilaxturckoii TOLI.

Ipeamer wucciaenoBanusi — TypOyJEHTHBIE BBICOKOTEMIIEPATYPHBIE  PEArHPYIOIIUE
NOTOKH, 00pasyromuecss MNP CXKUTAHUH IbUICYTOJBHOTO TOIUIMBA, a’3pOJWHAMHYECKUE,
TEIJIOBblE M KOHLIEHTPALIMOHHBbIE XapaKTEpPUCTUKU TOMOYHOM Kamepbl koriaa BK3 75-39db
IMMaxTunckoit TOLL,

PesyabTaThl HccjieA0BaAHMS U X HAYYHASI HOBH3HA

Hayuynass HOBHM3HA TIPOBENEHHBIX B IUCCEPTALMOHHOW padoTe HCCIenOBaHMIA
3aKIIFOYAaeTCsl B pa3pabOTKE HOBBIX METOAMK pAacdeTOB, ITO3BOJSIIOLINX IOJNy4YaTh IIOJHOE
OIMHCAHNE CIIOKHBIX IMPOLECCOB TEIUIOMAacCOOOMeHa W (POPMHUPOBAHUS BPEAHBIX MBLIETa30BbIX
BBIOPOCOB MpPH CKUTAHUW 3HEPreTUYECKUX  TOIUIMB B KaMepax CropaHusi AEHCTBYOLINX
SHEPreTUYECKNX OOBEKTOB, C MPUMEHEHHEM COBPEMEHHBIX YHCIEHHBIX METOJIOB H MeTOOB 3D-
MOJIETIUPOBAHUSI.

Bnepseie paspabortanbl reomerpuueckas, (U3UKO-MaTeMaTHdecKass W XHUMHYECKas
MOJIENIN TEIJIOMACCONEPEHOCa B HEOTHOPOIHBIX MBUICYTONBHBIX TYPOYJEHTHBIX IOTOKaX C
ydeToM u 0e3 ydera AeHCTBUS CHIIbI TSDKECTH Ha TBEP/bIe YaCTHIBI YTOJIBHOM MBUIN B TPOLIECCE



UX C)KUTAaHUS B TOMIOYHOH Kamepe >HepreTudeckoro komia. Ilpu paspaboTke BbIeyKa3aHHBIX
Mojnenell ObUIM HCTIIOJIb30BAHBI HAYAJIbHBIE M TPAHUYHBIC YCJIOBUS, OTPAKAIOIINE peabHbIE
¢du3nUecKue 1 TEXHOJOTHYECKHE MPOLECCHl, MPOUCXOLINE B KaMepe cropanus kotiaa BK3
75-390b IllaxTuackoi TOLI.

Jns  mpoBeneHUs BBIYUCIUTENBHOIO 3KCIEPUMEHTA BIEPBbIE HCMOJb30BAHBI
COBPEMEHHBIE YHCJIECHHBIE METOAbl PELICHUs CUCTEMbl YPABHEHUN, OMUCBHIBAIOLINX MPOLIECC
TOPEHUs] TBUICYTOJBPHOM CMECH C YYeTOM CHJIBbl TSDKECTH, MOJAETH TypOyJIeHTHOCTH,
HEJIMHEHOTO XapakTepa pachpefesieHuss PaAHallMOHHOTO M KOHBEKTHBHOTO TEIIOOOMEHa,
MHOT0O(a3HOCTH CPelbl, a TAK)K€ KUHETUKU MU MHOTOCTAIUHHOCTH MPOTEKAIOLINX XUMHYECKUX
PEeaKLu.

Brnepsble NpoBeAeHBl BBIYKMCIUTENBHBIE JKCIEPUMEHTBL, B pEe3yJbTaTe KOTOPBIX
MOJIy4eHa a’pOAWHAMUYECKasi KapTUHA HCCIIeNyeMOi Tomo4uHoi kamepbl kotina BK3 75-39®b
IMMaxtunckoit TOL, mocTpoeHs! TemnepaTypHble U KOHLIEHTPALIMOHHBIE TOJIsA, MO JaBIEHUS,
CKOPOCTH M TYpOYJICHTHBIX XapaKTePHCTUK BO BCEM OOBEME TOIMOYHOTO MPOCTPAHCTBA U
MIPOBEACHO CPAaBHEHHME C JKCIEPUMEHTAJIbHBIMM JAaHHBIMH MU PE3yJbTaTaMU AHAJTUTUYECKOIO
pacuera.

[TonyueHb! HOBBIE PE3yJIBTATHI MO Pa3paboOTKE COBPEMEHHBIX METOIOB TEOPETHUECKOTO,
MaTE€MaTH4eCKOro " 3D-KOMIBIOTEPHOrO MOAEIUPOBAHUS MUl HCCIEAOBAHUS IPOLIECCOB
TypOyJIEHTHOTO TEIJIOMACCOMEPEHOCa C YUETOM ICHCTBHS CHIIbI TSDKECTH HA TBEPAbIE YACTHLIBI
YrOJIbHOM MBUIK B MPOLIECCE UX CXKUTAHUS B KAMEPE CrOPaHUs.

IIpoBeneHHble B IOUCCEPTALIMOHHON paboTe HCCIENOBaHUS SIBISIFOTCS HOBBIMH U
OpPUIMHAJIbHBIMH, & IIOJy4YEHHbIE pPE3yJbTaTbl BHOCAT BKJIaA B TEOPUKD UM MPAKTUKY
TypOyJIEHTHOrO TOpPEHHs], a TaKXKe B MPOBEACHHE BBIYHCIUTEIBHBIX KCIIEPUMEHTOB 1o 3D-
MOAEIUPOBAHUIO CJIOXKHBIX TEXHOJIOTMYECKHUX ITPOLIECCOB.

IIpakTHYecKasi HEHHOCTh AMCCEPTALHH.

Pesynbrarel OUCCEPTALMOHHBIX HCCIEAOBAHUN HMEKOT OrPOMHYIO MNPAKTHYECKYIO
3HAYMMOCTD:

1. IlpoBeneHHble HUCCAEAOBAHUSI BHOCAT CYLIECTBEHHBIM BKJIAL B H3y4YeHHUE
(bopMHUpPOBaHUST BPEOHBIX IMMBUIETa30BbIX BBIOPOCOB, UTO SIBJIAETCS] BAXKHOH COCTAaBJIIOLIEH NpU
pa3paboTke BBICOKOA((PEKTUBHON M HKOJIOTHUECKU UYUCTOH TEXHOJIOTUU CXKUTAHUS TBEPIOTO
torunsa Ha TOC.

2. PaspaboranHas METOAMKA TPEXMEPHOTO MO EIUPOBAHUSA MPOLIECCOB
TEIIOMACCONEPeHOCca ABYX(a3HBIX PEArHpPyOIIUX IOTOKOB NPH CXKUTAHUH 3HEPTETHYECKOTO
TOIUTMBA MOXKET OBITh HCIIONB30BAHA [UI ONPEACTCHUS BIMSIHHUA KaK pPEKUMHBIX |
KOHCTPYKTUBHBIX M1aPaMETPOB TOMOYHBIX KaMep MPOMBIILICHHBIX KOTJIOB, TaK U OPraHU3aLluu
MOa4X TOIUIMBA U OKUCIIHUTEIIS HA MTPOLIECCHI €r0 BOCIJIAMEHEHHUs] U TOPEHUs.

3. Hcnonp3yemble B TUCCEPTALIMOHHON paboTe PU3NKO-MaTeMaTHUECKHe 1 XUMHYECKUE
MOAENH, MOTyT MNPHUMEHATbCS K HCCIENOBAHMIO COKMIMAHHUS PAa3JIU4YHBIX BHOOB YIVIEH, C
HEOAHOPOAHBIM paCIpENeNeHneM YIOJbHBIX YacTHI[ MO AMaMeTpy (TOHHMHA TOMOJA), TPHU
Pa3NIUYHBIX YCJIOBUSX BOCIUIAMEHEHMs M CTAOMIIM3allMM TOPEHUs, a Takke NpH OTpadoTke
Pa3MINYHBIX KOHCTPYKLHUOHHBIX M KOMIIOHOBOYHBIX PEIICHHI TOMOYHBIX KaMmep KOTEJbHBIX
yctanoBok TOC.

4. CosznaHa MeTOAMKA MCCIEAOBaHUs MPOLIECCOB TOPEHUsl HHEPTeTUUECKOro TOIINBA U
(opMHUpPOBaHUS BPENHBIX MbUIETA30BBIX BBIOPOCOB, MPEIJIOKEHBI METOIBI €r0 TPEXMEPHOIO
MOJIENIUPOBAHUS M pa3padoTaHa COOTBETCTBYIOIIAS KOHIEMLUS MPOBEACHUS BBIYUCIUTENHLHOTO
SKCIIEPUMEHTa C LENbI0 MOBBIICHUS 3(PPEKTUBHOCTH HHEPreTUYECKUX YCTAHOBOK M
YMEHBLICHHsI BLIOPOCA BPEIHBIX BEILECTB B aTMOChEpy.

Anpo6anusi AUCCEPTANNOHHON padoThl: Matepuanbl  JUCCEPTAMOHHONH  padoThI
TOJIOKEHBI Ha CJIEAYIOIINX MEXTyHAPOJHBIX U PECIyONIMKaHCKUX KOH(PEPEHIIHSIX:

PecnyOnukaHCkuii KOHKYPC Ha JyYIIYIO HAYYHYIO pabOTy CTYAEHTOB MO €CTECTBEHHBIM,
TEXHUYECKMM U TyMaHUTapHbIM Haykam «®onn mepsoro Ilpesupenta» (Ammartsl 2009) —
JAMnioM nepBoil cTeneHu U MeaaJb,



IT Bcepoccuiickasi Hay4HO-TIpakTHYECKast KOHQEPEHLNs ¢ MEKIYHAPOAHbIM y4aCTHEM
(Camapa, 2010);

Me:xnynaponHas KoHpepeHIHs « JHepreTuka B riodbampaoM mupe» (KpacHosipek, 2010);

7 MexnyHaponHast koH(pepeHuuss «CoBpeMeHHblE NOCTIXKEHHS  (PU3MKH |
dyHnnamenranbHoe (pruzndeckoe obpaszoBanue» (Anmatsel, 2011);

MexnyHapoaHass Hay4YHO-TIpakTHUecKass koHpepeHuus: «TexHruKa W TeXHOJOTHH. MyTH
uHHOBaLMoHHoro passutusy (Kypck, 2011);

l-as  MexnayHapongHass  Hay4dHO-TIpAaKTHYeCKass  KoHGepeHuus  «JlOCTIKeHHs |
NEePCIIEKTHBBI €CTECTBEHHBIX U TEXHUYEeCKHX Hayk» (CtaBponos, 2012);

V MexayHaponmHash HaydHO-TIpakThdeckass KoHgepeHuuss «Teopus u mpaxTHKa
coBpeMeHHOI Haykm» (Mocksa, 2012);

VII MexayHapoaHasi Hay4HO-TIPAKTHUECKash KOH(EPEHLUs CTYIEHTOB, aCIUPAHTOB H
MoJofbIx yueHbIx (Kemeposo 2012),

8 Illkona-cemuHap mononbix y4deHsix Akagemuka PAH B.E. AnemacoBa «IIpoGnembr
TEIIOMAacCOOOMEH U TUAPOJUHAMUKIY,

18 Bcepoccuiickass Hay4yHas KOH(EpPeHIUs CTYASHTOB-(PH3MKOB M MOJIOJBIX YUYEHBIX
BHKC®-18 (Exarepunbypr, 2012);

14 Munckuii MexnyHapoaHbIil popyM 1o Terio - u Mmaccoodmeny (Musnck, 2012);

MexnayHaponHass — Hay4yHO-TIpakTHueckass  KoHpepeHumss «CoBpeMeHHass  Hayka:
TeHaeHuH passuTis» (HoBocubupck, 2012);

MexnyHapoaHass —HaydHO-TIpakThdeckass KoH(pepeHumsa «DH3HUKO-MaTeMaTHUECKHE
HayKH U HHPOPMALIIOHHBIE TEXHOJIOTUHU: akTyajbHble mpobnemsn (HoBocubupck, 2012);

V  MexayHaponHas HayuHas KoHpepeHumss «MHHOBaUMM B TEXHOJOTHAX H
obpazoBanum» (benoso, 2012);

18 MexnynaponHass HayuHass KoH(pepeHuuss «CoBpeMeHHas TEXHHKA M TEXHOJOTHI)
(CTT-2012, Tomck);,

20™ International Congress of Chemical and Process Engineering CHISA — 2012 (Praha,
Czech Republic, 2012);

Me:xnyHapoaHbIi CUMIO3UYM « JKosorus u oezomacHocThy (bonrapus, 2012);

2" International Conference on Mechanical, Production and automobile Engineering
(ICMPAE-2012, Singapore);

6™ International Conference on Advanced Computational Engineering and Experimenting
ACE-X-2012 (Istanbul, Turkey, 2012);

International Conference on Applied Mathematics and Computational Methods in
Engineering (I'peuusi, 2013);,

11™ International Conference on Heat Transfer, Thermal Engineering and Environment
HTE '13 (I'peuus, 2013);

15™ International Heat Transfer Conference (Slmowmst, 2013); 4™ International Academic
Research Conference on Business, Education, Nature and Technology (CIIIA, 2013);

IV International Conference “Scince and Education”(I'epmanus, 2013).

PesynbraTel nuccepTanoHHON padoThl 00CYKAATUCh HA HAYYHBIX CEMHHApax Kadenpsl

terutopusuku u texHunueckor ¢pusukn KasHY um. anp-®apabu m MHCTUTYTA TEIUIOTEXHUKH H
roprouux BemecTB TexHudeckoro yHusepcurera r. bpaynmsair (I'epmanus).
My6nukanun. OCHOBHOE cozepkaHUE TUCCEPTALIMOHHON paboThl oy OIMKOBaHO B 38 HAy4YHBIX
Tpyaax. M3 HUX 3 — W3 cnucka KypHAJIOB, BXOMAIIMX B 0a3y maHHBIX Scopus; 8 crareii — u3
CIUCKa, pekoMeH10BaHHOro Komurera no koHTpo.iio B cdepe odpazopanusi u Hayku MOH
PK, 27 — B maTepuanax Me:kayHApPOAHBIX KOH(epPeHIIHH.

PesynbraTel nmuccepranMoHHON pabotel «MccnenoBaHWE TETUIOBBIX MPOLIECCOB U
A3POIMHAMUYECKIX XaPAKTEPUCTHK YTOJBbHBIX TEIUIOCTAHIMKY BHeApeHbl Ha IllaxTuHCKON
TOL (r. laxTurck, Kazaxcran), Akt BHeapenuss Ne 16-0913 ot 16 centsiOpst 2013 roga u Ha
I'ycunoosepckoit IPOC (1. I'ycunoosepck, bypstus), Akt BHeapenuss Ne 11-0767 ot 11 urons
2013 rona.



ABSTRACT

dissertation for the degree of Doctor of Philosophy (PhD) specialty
6D072300 - Technical Physics

MAXIMOYV VALERLY JUREVICH

THE RESEARCH OF THERMAL PROCESSES AND AERODYNAMIC
CHARACTERISTICS OF COAL HEATING PLANT

Relevance of the topic of the dissertation. In the power system of Kazakhstan for energy
use low-grade fuel (coal) with low calorific value and high ash content (over 40%). However, to
combustors in industrial boilers currently meet strict environmental requirements. Compliance with
these requirements, along with the need to save capital and operating costs complicates research in
this direction.

With the development of new energy units using pulverized coal, combustion research
processes in order to improve them is extremely difficult. To improve the reliability and quality of
the design becomes increasingly important to develop methods for the calculation of complex
combustion equipment with the aerodynamics of the combustion chamber, ignition and heat transfer
mechanisms burn pulverized coal flame.

Currently, the only way to implement a comprehensive study of the combustion of
pulverized coal in boiler fireplace industrial plants (TPP , TPS, etc.) are the numerical methods and
computational experiment using three-dimensional modeling techniques and the involvement of
modern computer equipment computer equipment and software package . Only when using a
computer 3D- modeling takes into account the largest number of events and factors affecting the
flow of real processes. In addition, this research technique provides high accuracy in predicting the
behavior of these factors in the calculations.

The aim of the dissertation - a study of physical and technological processes in the
combustion chambers of the real power facility (CHP RK) by burning pulverized coal in it.

The object of study in the thesis were the physical processes of burning energy
consumption (low-grade coal from Kazakhstan) in the combustion chamber of BKZ 75-39FB
Shakhtinskaya TPP.

The subject of the study - high-temperature turbulent reacting flows resulting from the
combustion of pulverized coal, aerodynamic, thermal and concentration characteristics of the
combustion chamber of the boiler BKZ 75-39FB Shakhtinskaya CHP.

The results of their research and scientific innovation

Scientific novelty conducted in the thesis research is to develop new methods of calculation
is to obtain a full description of the complex processes of heat and mass transfer and the formation
of harmful gaseous and particulate emissions from combustion of energy fuels in the combustion
chambers of existing power facilities, using modern numerical methods and techniques 3D-
modeling.

First time developed a geometric, physical, chemical and mathematical model of heat and
mass transfer in heterogeneous coal-fired turbulent flows with and without the effect of gravity on
the solid particles of coal dust in the process of combustion in the combustion chamber of the power
boiler. In developing the above models were used initial and boundary conditions that reflect the
actual physical and technological processes in the combustion chamber of the boiler BKZ 75-39FB
Shakhtinskaya TPP.

To carry out numerical experiments for the first time used in modern numerical methods for
solving the system of equations describing the process of burning pulverized coal mixture, taking
into account gravity , turbulence model, the nonlinear nature of the distribution of radiative and
convective heat transfer, multiphase environment , as well as the kinetics and multistage chemical
reactions .



First carried out the computational experiments, the result will be the aerodynamic pattern
investigated the combustion chamber of the boiler BKZ 75 -39FB Shakhtinskaya TPP built
temperature and concentration fields, the fields of pressure, velocity and turbulence characteristics
in the whole volume of the combustion chamber , and a comparison with experimental data and
results of the analytical calculation .

New results on the development of modern methods of theoretical, mathematical and 3D-
computer modeling to study the turbulent heat and mass transfer processes taking into account the
effect of gravity on the solid particles of coal dust in the process of combustion in the combustion
chamber.

Conducted in the thesis research are new and original, and the results contribute to the
theory and practice of turbulent combustion, and the addition of computational experiments in 3D-
modeling of complex processes.

The practical importance of the dissertation

The results of the dissertation research are of great practical importance:

1. The studies make an important contribution to the study of the formation of harmful dust
and gas emissions, which is an important component in the development of highly efficient and
environmentally friendly technology for solid fuel burning power plants.

2. The developed method of three-dimensional modeling of heat and mass transfer of two-
phase reacting flows by burning fuel energy can be used to determine the effects of both operating
and design parameters of combustion chambers of industrial boilers, and the organization of the fuel
and oxidizer to the processes of its ignition and combustion.

3. Used in the thesis of physico- chemical and mathematical models can be applied to the
study of the combustion of various types of coal, with an inhomogeneous distribution of the coal
particles in diameter ( fineness ), under different conditions of ignition and combustion stability, as
well as working out various design and layout decisions flue cameras TPP Boilers .

4. A technique investigations of combustion of energy fuels and the formation of harmful
gaseous and particulate emissions, proposed methods of three-dimensional modeling and developed
a corresponding concept of computer simulation to improve the efficiency of power plants and
reduce the emission of harmful substances into the atmosphere.

Testing of the dissertation: Proceedings of the thesis presented at the following
international and national conferences:

The Republican contest for the best scientific work of students in the natural sciences,
engineering and the humanities' Fund of the First President "(Almaty, 2009) - first degree and
medal;

I Bcepoccuiickasi Hay4HO-TIpAKTHUECKash KOH(PEPEHLHs C MEKAYHAPOIHBIM yYaCcTHEM
(Camapa, 2010);

Me:xnynaponHas KoHpepeHIHs « JHepreTuka B riodbampaoM mupe» (KpacHosipek, 2010);

7  MexnyHnaponnass  koH(pepeHius  «CoBpeMeHHble  IOCTIDKEHHS  (PU3HKH U
dyHnnamenranbHoe (pruzndeckoe obpaszoBanue» (Anmatsel, 2011);

MeskayHapoaHasi HaydyHO-MpakTudeckas koHpepeHuus: «TexHuKa M TEXHOJOTHH: MyTH
uHHOBaLMoHHoro passutusy (Kypck, 2011);

I-as MexnyHaponHasi Hay4HO-TIpaKkTHYecKass KoHpepeHUus «oCTHKeHUsT 1 NMepCHIeKTUBBI
€CTEeCTBEHHBIX U TEXHHYeCKUX Hayk» (CtaBpomnons, 2012);

V  MexIayHapogHas —HaydHO-TpakTH4yeckas KoHgepeHims «Teopuss u  mpakTHKa
coBpeMeHHOI Haykm» (Mocksa, 2012);

VII MexayHaponHasi Hay4HO-NPAKTUYEeCKass KOH(PEepeHIMs CTYACHTOB, ACHHPAHTOB H
MoJofbIx yueHbIx (Kemeposo 2012),

8 Illkoma-cemuHap Mmonoabix yueHbix Axanemuka PAH B.E. Anemacosa «IIpoGnemsr
TETIOMACCOOOMEH U THAPOAMHAMUKIY

18 Bcepoccuiickass Hay4yHast KOH(EpEHLUs] CTyIEHTOB-(PU3UKOB M MOJOABIX YUYEHBIX
BHKC®-18 (Exarepunbypr, 2012);

14 Munckuii MexnyHapoaHbIil popyM 1o Terio - u Mmaccoodmeny (Musnck, 2012);



MeskayHapoaHasi Hay4dyHO-pakTH4eckas koHpepenuus: « CoBpeMeHHasi HayKa: TEHICHLIUH
passutus» (HoBocubupck, 2012);

MeskayHapoaHasi Hay4HO-TIPaKTHUeCcKasi KoHpepeHuus: «Pu3nko-mMareMaTniecKiue HayKu U
UH(POPMALIMOHHBIE TEXHOJIOTHH: aKTyalibHbIe TIpodieMbn (HoBocubupck, 2012);

V MexnyHaponHas Hay4Hasi KoHpepeHims « MHHOBAIMK B TEXHOJOTHIX 1 OOpa3sOBaHUN»
(benoso, 2012);

18 MexxnyHaponHasi Hay4Has KoHpepeHms «CoBpemenHast TexHuka u rexHojgoruny (CTT-
2012, Tomck);

20™ International Congress of Chemical and Process Engineering CHISA — 2012 (Praha,
Czech Republic, 2012);

Me:xnyHapoaHblil cuMNo3nyM « konorus u oezomacHocTey (bonrapus, 2012);

2" International Conference on Mechanical, Production and automobile Engineering
(ICMPAE-2012, Singapore);

6™ International Conference on Advanced Computational Engineering and Experimenting
ACE-X-2012 (Istanbul, Turkey, 2012);

International Conference on Applied Mathematics and Computational Methods in
Engineering (I'peuusi, 2013);,

11™ International Conference on Heat Transfer, Thermal Engineering and Environment HTE
"13 (I'penwmst, 2013);

15" International Heat Transfer Conference (Anonwms, 2013); 4™ International Academic
Research Conference on Business, Education, Nature and Technology (CIIIA, 2013);

IV International Conference “Scince and Education”(I'epmanus, 2013).

The results of the thesis “The research of thermal processes and aerodynamic characteristics
of coal heating plant” introduced at Shakhtinskaya TPP (Shahtinsk, Kazakhstan), the Act of the
introduction Ne 16-0913 of 16 September 2013 and at Gusinoozerskaya TPP (Gusinoozersk,
Buryatia), the Act of the introduction Ne 11-0767 of 11 July 2013.



