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HNIITUH KAJIIIbI MYHO31O0MOCY

J{uccepTauMsiHbIH  TEMACBIHBIH aKTyaaayyayry. llpaktukana keHupu
JKaWpUIraH KYMYY KaMmepalapbhlHAarbl JkaHa pEakTUBIYY JKaHa pPaKeTaHbIH
KBIMMBUIATKBIUTAPBIHBIH  COTIO-TYTYKTOPYHAOTY, YadblpaTyydy TY3YJIYIITOPIVH,
JKOTOPY  BUIJAMJIBIKTarbl CYIOKTYKTYH JK€ Karyy OeJyKuenepJayH KOIIyJraH
CYIOKTYKTapAblH arbIMbl MEHEH KeCYY Y4YYH OPHOTMOJIOPJOTY TYTYKTOPAYH
WYUHJETH arbIMJap/bIH TapaMeTpiepuH 3cenTee aljaH MaaHWIYy HWHXEHEPIUK
Macesne Oomyn caHanatr. Kamepamarsl jkaHa COILIONOTY METaJUT KONIIYJITaH OTYHAYH
KYHYYCYHOH KalraH ©HYMIep Ta3AblH J>KaHa Maija KaTyy OeJyK4enepayH
apanmammMaceiHaH TypaT. KyOaTTyynyKTy CYIOKTYKTYH arbIMbIH THAPABIUKAIBIK
KAKTaH KYy4eTe TypraH TY3YJAYIITOPI® COIUIOAOTY arbIMJIBIH SHEPTeTHKAIBIK
MYHO3I6MOJIOPYH JKOTOPYJATHIINI YYYH Cyyra KBapi KyMYHYH OOJYKYOJIOpYH Ke
TPAHATTHIH KyMJApblH KOITYIIAT.

Ymyngaid komryaMa arbiMjap a0jaH TaTtaand CTpyKTypara 33 OOy,
TypOyJICHTTUK, Kol ¢azajarbl CTAIMOHAPJBIK SMEC OKKO KapaTra CHUMMETpHsra 39
WICIIYAIK KBUTYYIYKTY OTKOpYYYYy YPYY TOJIKYHAAphl Oap arbiM OOJyn caHajar,
OMpPOK KOMUYJIYK YyuypJla MbIHAAN arbIMIap/ibl MOJEII06/10 KOHOKOIIeTYIreH Oup
OTYOMJIYY CTallMOHApABIK JKU (a3ajgarbl WAeANIbIK ra3 jKaHa KaTyy Maiina
O6MyKYeIOpaYH apalialliMacChiHBIH arbIMBIHBIH CX€Machl MEHEH YEKTENMIT Kapaca
00JI0T.

byryaky kyHge Oyra OailTaHBINTYy arbIMIapAblH MYHO3IOMOJIOPYH >KaHa
TY3YAYIITOPAYH, alapibl METAJJ MEHEH MaspJOoO0J0H MypAa 101000pJioo
CTaAMSICBIH/IA DJIC )KYMYIIIy MapaMeTpJICpUH ajablH aja 00’KOMOJIIO0TO KOMOKTOIIIO
TypraH 3CEeNTHK THUIPOJWHAMHUKAHBIH 3aMaHOAll  KOJIOHMO IporpamMMaiiap/IbH
MaKeTTepUH KOJIIOHYY MEHEH CYIOKTYKTapIblH jKaHa Ta3JapiblH arbIMJIapbIH
MaTEeMaTHUKaJIBIK MOJICIAO0HYH KapakaTTapblHa OOJITOH KBI3BITYYIIAPJBIH OCYIITY
mIapTTanaT, M3WJIA0OHYH aKTYaAJIYYJyry yIIyHy MEHEH TYIITYHIYpYIoT.

JuccepTanMsiHbIH ~ TeMACBIHBIH  WJMMHH  MekeMejiep Tapa0blHAH
JKYPry3yJlyydy MpH WIMMHI NPorpaMMaap, Heru3ru WiMmMHH-U3HII009YJIYK
UIITep MeHeH OailjiaHbImbl. J[MCCepTalMsUIBIK IMI€K M3WIIOOUYYHYH JEMUITECU
MEHEH XYPry3YJroH WIUMUHN Ul O0JIyI caHaiar.

JAucceprauMsiiblK MIITHH MAaKCAThbl  COIUIOAOTY ‘TiesieHa” TYPYHIOTY
y3yayur Oerrepu MeHeH %KM (azajgarbl ra3 kaHa KaTyy Maiina OenayK4eJepayH
OuprenenmKkeH arbIMbIHBIH, TCITUKTEPU 0ap TOCMO OPHOTYJITAH KECHIIHIIN ©3TopyIMe
TYTYKTOTY Ta3za Ta3dblH arbIMbIH  MaTeMaTHKAJIbIK MOCIIO0IOH JKaHa >KOTOPKY
OaceIMIarel CYIOKTYK arbIMBbIH KOJJIOHYYHYH HaTBIKATYYIYyTyH KaMCBI3J009y
THAPOTEXHUKANBIK anmapaTTapAblH TYTYKTOPYHIOTY Taraal ra3 JWHAMUKACHIHBIH
KyOyJTyIITaphIH CAHJIBIK ACENTOO MYMKYHIYKTOPYH U3HIIO6/0H TypaT.

JuccepTanusiJibIK HINTHH MaceJeJIepu:

- Ta3[plH JKaHAa Maiima OeJIYKUeNepayH apaialiMachlHBIH JKU (a3agarsi
TeTePOTCHIUK COIUIOHYH KamnTall OETUHUH acThIHAA arbIMbIH JKaHa TEIIUKTEpU Oap
TOCMOCY MEHEH KECWIHIIN ©3repyJIMe TYTYKTYH WYUHICTH Ta3/lbIH AarbIMbIH
MaTEMaTUKAJIBIK >KaKTaH MOJIENIee OOIHYA YIIyra 4YeWuH OOJITOH AMTEKTEpJIUH

cepeOuH XXYPry3yy;



- Ta3AblH jKaHa Maiga OeNlyKYeJepAyH apajaliMachblHBIH 3Ku (a3zagarst
“menena” TYPYHIOry Y3yJdyll O€T MEHEH KOIIO COIUIOJNOrY arbIMbIHBIH JKaHa
UACANABIK Ta3lblH TEUIMKTEPU ©Oap TOCMOCY MEHEH KECWIHLIM ©3repyme
TYTYKTOPJOTIY arbIMbIHbIH MaTEMATUKAJIBIK MOJIEJIMH UIITEI YbITYY;

- ANSYS Fluent mnporpaMMmanbIK-3CE€NTOO KOMIUIEKCUHAEC  KECHUIIMILN
©3repyJIMe TYTOKTOPIe® CYIOKTYK MEHEH Tra3JlaplblH JKaHa ajapJaH Maiina
Oenykuesiep MEHEH Oupre kemn (¢azajarbl aryy HMpOLECCTEPUH U3WIJOOHYH CaHJIbIK
ACENTOOJIOPYH KYPry3Yy.

Nnumuii xanblIbIrel. “lIleneHa” TypyHOery y3yJyll O€TH MEHEH ras )aHa
KaTyy Maiia 0eJyK4esepayH apajlaliMachiHbIH OMpH OUpPUHE OTYIIKOH KU CYIOKTYK
KaTapbl KaparaH COIUIOAOrY arbIMBbIHBIH MOJENIM JKaHa TEUIMKTEpH Oap TOCMOCy
MEHEH KECWIHIIN ©3repyJIMe TYTYKTOry HACalNAblK Ta3JblH CTAalMOHAPJIbIK
arbIMbIHBIH MOJIEJIM MIITEIUI YbIKTBL. Byl 3Ku Macesne TeH A33pJIHK OUp endeMayy
KOIOJTYLITa Kapajabl.

1. “Ilenenanpin” TY3yAymIyH O.a. maiga OOJyIIyH, KbIMMBUIBIH >KaHa
TYTYKTYH KarnTaja OeTHHEH TYLIYIIYH KOpCOeTYIl TypraH TE€HAEMEJep jKaHa LIapTTap
YbIrapbUIbl, )KaHa KarTaja OeTTeH TYLIYHIYHYH ap KaHAal Typiepy *aHa ajapblH
TYIIKOHJAOH KUMMHKHU 3BOJIIOLMACH alKbIHAamaAbl. OKKO Kapara CUMMETPHSCH Oap
JlaBanaplH  COIUIOCYHJA  Ta3AblH  KaHa  KaTyy Maiga  OesyKueslepayH
apajaliMacblHbIH “NIeJIeHachl”’ MEHEH arbIMbIHBIH CaHJbIK 3CEOM UbIrapbLIbIIl
ACENTENIN.

2. Y3ynaym Oerteru (TEmMKTEpH Oap TOCMOOTY) aTKapblla TypraH UYeKTHUK
TYIOHTMAaJap aHbIKTAJIBIN 5Ka3bLIbI )KaHa TOCMOHYH TE€T€PETUHE T'a3/IbIH arbIMbIHBIH
JIOKANJBIK CTPYKTYpAachl JBIKATTBIK MEHEH W3WIACHAU. ATbIMra TEIIMKTEpH Oap
TOCMOHYH THWIM3r€H TAaCUPUHHUH aHBIKTOOYY (AKTOpy TOCMOHYH abaHbl
OTKOPYMAYYIYTYHYH Japaskachl SKEHIUTH JaTUIICH/H.

3. ANSYS Fluent 15.0. mnporpaMmanblk KOMIUIEKCHHIE Kapajra
MaceseNepIuH MHUCaNJapbl HINTENUI YbIKKaH MOAENACPAUH 3(PPEeKTUBIYYIYTYH
TaCTBIKTAWT. Apanammaaarbl KaTyy Maiiia OedyKuesepayH KeJeMIYK YJYIIYHYH
’KaHa TYTYKK® KHUPHI >KaTKaHAarbl OachIMJBIH >KOropyJaTyy TYTYKTYH KamTal
OeTUHIErH JKaHbIMa YBIHANYYHYH 0.a. CypyJlyy KY4YYHYH YOHIYTYHYH
KOTOpyJalllblHA, aHBbIH KECENEeTUHEH KamnTal OeTTHH Oy3yldyllyHa TYTYKTYH
CHIHBIIIBIHA Qb KEeI33pH aHbIKTangel. Kanran OeTTHMH acThlHA KbIHHAITaH
OeJsrykuenepayH OO0JITOH OapAbIK UMMYJbCY CYPYJIAYYIAOH yJiaM »OK OOJOT, »KaHa
KanTajl OCTTUH acTbl MEHEH JKbUITaH KaTyy OeJyK4eJepIeH TY3YJIreH KaTMap/blH
UMITYJIbCYHYH alMbl apajaliMara THHATU3TeH CalbIMbl *OKKO 3C€ JKEHIUTH Ja
AHBIKTAJJIbI.

MeToaayH aHBIKTBITBI. KoMnbroTepauk MOAEN106 JKaHa CaHJbIK
skcnepumertrep ANSYS Fluent mporpammainsik makeTrTe Kypry3yiay, ail 3MH
aJIbIHTaH JKBIMBIHTRIKTAp afabuil OynakTapaarbl TEOPHSUIBIK jKaHa 3KCHEPUMEHTTHK
MaajbIMaTTap MEHEH KaHaraTTaHAbIpaapJIbIKTal Tyypa KEJaH.

AJIBIHTAH  KbIMBIHTBIKTAPABIH TEOPHUSJIBIK KAaHA  NPAKTHKAJBIK
Oaaayyayry. Mmrenun uyblkkaH MOJAETACP TYTYKTOpPAOry 3ku (pa3amarsl arbIMIapsl,
TEHIMKTEpU Oap TOCMOCY MEHEH TYTYKTOpIery raslaplblH arbIMblH HUTHIUKTYY
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OKyNl YHpeHyyre xapjaaMm OepeT, >kaHa OyJI KapajraH Maceieiep o3 alIblH4Ya
MPaKTUKAIBIK MaaHUTe 33, aHTKEHW TEUIMKTEepU Oap TOCMOHYH 3H OHUp OIYyTTYyY
KACHUETTEpUHUH OWpU YHIYH BUIIAMIBITBIHAH >KOTOPKY bUIIAMJIBIKTArbl Ta3iblH
arbIMbIH/Ia TE€H CaJIMAaKCBHI3JBIKTAP/Abl JKOIY , bI3bI-UYYHYH BUOpallUsJIapbIH, COTYY
TOJIKYHJIapBhIH 649YpYY Ooiyn cananat. CyHyIITaNrad bIKMalapbl )KaHa METOJI0OPLY
ra3fap/iblH JUHAMHUKAChl TapMarbIHAArbl KEHUPU KaMTHUITAH MacesesepAu CaHJIbIK
KAKTaH MOJIeNAeere, ke 00100CO CYyHYIITAIraH MOJCHACPACTH >KbIUBIHTHIKTAPIbI
YBITAPYYHYH CaIlaThIH JKOTOPYJATyyra K€ aJapibl WIIKE allbIpTaH aJlrOpUTMICPAH
TE3JIETYYT® KOJJAOHCO OOJOT. AHCHI3 Jiee, CYHYIITAIraH MOACIAEPANH HETU3UHIE
QJIBIHTaH JKBIUBIHTHIKTAP ©3 aJJIbIHYA YOH MPAKTHUKAIBIK MaaHUTE 9.

Koprooro ajbIHbINI YbIKKAH JHUCCEPTANUSIHBIH HETU3TH K000J10pY:

1. “Tlenena” TypyHImery y3yaym OeTH MeHEH Ta3 >jkaHa KaTyy Maiiia
O6IYKYeIOpaYH apaialiMachlHBIH KU CYIOKTYKTaH TypraH COTUIOAOTY arbIMBIHBIH
JKaHa TEIIUKTepu O0ap TOCMOCY MEHEH KECHJIUILIU ©3TepYyJMe TYTYKTOry HIeabIK
ra3fiblH CTAIMOHAP/IBIK ArbIMBIHBIH MINTEIUI YbIKKAH JPIPIUK OUp ©I4eMIyy, KU
KaTMap/ia KOIOJIYIITarbl MOJEIICPH:

- ‘TeneHaHbIH” TY3YJYIIYH 0.a. maiiia OOMyIIyH, KbIMMBUIBIH *KaHa TYTYKTYH
KanTajgl OETUHEH TYIIYIIYH KOPCOTYN TypraH TEHJEMeNep JKaHa IapTrap, OIIOH0M
ane “600” TYPYHIOTY Y3YJYII ChI3BIKTAp/bIH Maiaa O0dylly >kaHa ajmaplblH O€TTeH
OOJYHYII TYIIYY IIAPTTapHI,

- KW CYIOKTYKTYH OMpH OMpHHE OTYIIKOH Y3TYITYKCY3 YOHPOHYH MOJCITHH]IC
OOMYKYOIOpAYH TPAcKTOPHMSUIAPBIHBIH  KECWIWIIMHEH yjaM maima  OoJToH
“meneHaHbl” y3YAYII OET KaTapbl KapooA0 allbIHTaH TYIOHTMAJIap;

- KM KaTMapJaarbl arbIMap YIYH ajJbIHTaH TEHACMENEp CUCTEMACHI TCIIUKTEPU
0ap TOCMOHYH Ta3/IbIH arbIMbIHA THHUTU3TCH TAACHPHUH aHBIKTOOUY TYIOHTMAaIap JKaHa
xannsl qudpepeHunanbik TeHaeMenep;

- TOCMO apKbUIyy OTKOH yuypJla ap KaHJail pexXumaep Y4YYyH albIHTaH
TYyIOHTMAaJap >KaHa TeHIeMerep.

2. KoMbroTepank MOJCIIIOOHYH ajbIHTaH KBIMBIHTHIKTAPHL, xkana ANSYS Fluent
15.0 mporpammaibIKk KOMITJIEKCTE YbITApPBUITaH OKKO KapaTa CHMMETpHsTra 33 00JITroH
JlaBanaplH TYTYTYHOH TYpOYJEHTTUK Ta3/lbIH arbill YbITYy TPOIECCUH CaHJbIK
ACEeOMHUH U3UJIA06CY.

3. ANSYS Fluent 15.0 mporpamMmaibik KOMIUIEKCTE YbITapbUIraH KECHIIUIIN
©3repyJIMe TYTYKTOTY Ta3/IbIH jKaHa KaTyy Maijaa 0eyK4eIepAYH apaaliMachiHbIH
9kH ¢azamarbl arbIMbIH KOMIBIOTEPANK MOJIENIO0 YUYH ICENTHK H3UIA06IOpAYH
QJIBIHTaH JKBIHBIHTBIKTAPHI.

N3aenyyuyyHyH o31yK cajbiMbl. Koprooro ajbIHBI YBIKKAH HWIMMHUI
KBIMBIHTBIKTAP M3JCHYYYYHYH O3y TapaOblHaH aJIbIHABL. MaceleHHH MaKcaThl JKaHa
W3WIJICHYYYY MacejelepAuH KOIIYIly aBTOp JKaHa WIIMMHHA KETCKYH (.-M.H.1.,
npodeccop CymnaitmanoBa C.M. meHeH Ouprenemmun Xypry3yiny. KoMmmbroTepauk
MOJICNIZIOO KaHa Tra3 MEHEH KaTyy OedyK4desepJlyH apajamikaH 3Kd (a3aaarsl
areiMbiH ~ ANSYS Fluent mporpammanap KOMIUIEKCHHIEC 3CENTOO YUYH JKapakTyy
b (HEKTUBIYY ACENTOO ANTOPUTMACPIHN HINTEI YbITYY aBTOP TapaObIHAH YKaCaJIIbI.



JluccepTanMsiHbIH KbIHBIHTBIKTAPBIHBIH anpodanusicebl. /{uccepTalysiHpIH
HETU3TH KBIMBIHTBHIKTAPHL: “‘bekemauk xaHa maTepuanaapiblH, KOHCTPYKUIHSIIAPIbIH
Oy3ynymry” nereH VI an apansixk unumuid koHdepennusiga (Poccus, OpenOypr 1.,
2010r.); “ bunum Gepyyaery MaaiabiMaT TEXHOJIOTHSTIAPHI: a0albl, KOHTOHIepy KaHa
NEepPCHEeKTUBANIAPHI” JIETEH B3I apaiblK WIMMHUH-TIPAKTUKAIBIK KOH(pEpeHIHUsAa
(Bumkek, 2011x.); “Asusgmarsl MaajbIMaT TEXHOJOTHsIApbl: adajbl, KOHreinepy
kaHa mnepcnektuBanapel | TRA-2014” nereH »a apaiblKk WIMMHA-TIPAKTHKAIBIK
koHpepeHmmsna (bumkek, 2014 x.); “Umum, Owmum Oepyy, HHHOBAIHSIIAp:
OHYTYYHYH TpHOPUTETTHK OarwiTTapel” WM. PazzakoB artemgarsl  Keiprei3
MaMJIEKETTUK  KypyJyll, TpaHCHOPT JKaHa AapXUTEKTypa YHUBEPCUTETUHUH
(KTYCTA) 60  >xpuimblk  [OOWICHHMHE  apHalTaH  WJIMMHA-TEXHUKAJIBIK
koHpepenmusana (bumkek, 2014 x.); “TemMup X0 KBIMMBLIIIYY COCTaBBIHBIH
OHJIOOCYHYH  TEXHOJIOTHSUIBIK  KaMCBhI3JI0OCY JKaHa JUHAMHUKAJIBIK CalaThlH
KOTOpyHaTyy”’ JereH Y4YYHUY OJ1 apaliblKk KaTbIllyy MEHEH OYTKYJ POCCHSUIBIK
WINMHKR-TeXHUKAIbIK KOH(pepeniusaaa (Poccus, Owmck mr., 2015xk.), mpodeccop
SAxoB McaakoBuu Pynaesnun 80 xblnablk o0umneitnne apHanran “Kartyy, cyrok xaHa
ra3 TyYpyHIery 4eMpeHYH MEXaHUKAchl” JIETEH 3J1 apaliblk WIMMUN KOH(epeHlusia
(Bumkek, 20165.) TOKJIaIapbl CYHYIITAJIBII OKYJITY.

Baceuibin YbIKKaH WIHAMM A IMreKrepae AUCCEPTANUAHBIH
KBIMBIHTBIKTAPBIHBIH YarbUIbIIIBIHBIH TOJYKTYYJYry. YIIyJl JHCCEPTALUSIIBIK
UIITUH Ma3MyHy OoroH4Ya 10 mnrmuil Mmakana xapblk kepay. Herusru skelibIHTBIKTap
TOMOHKY WIMMUH kypHanaapaa 6aceutbil YbIKTeL: «KMAKTYHYH xapubich» (2
makana), «KKMTY-tun kabapnape» (1 makama), «Bectauk KPCY» (1 makana), KP
YUAnpiH ['eomexanumka ’kaHa JK€p Ka3blHACBIH O3JOIITYPYY HWHCTUTYTYHYH
«Y3IYATYKCY3 Y6HpPOHYH MEXaHHKAChIHBIH 3aMaHOan mpolriemanapbl» JereH
winmuii  kypHanmeiHAa (1 makama), Ka3zakcTaHaplH YIyTTYK aKaJeMHSCHIHBIH
“KazakctaHiplH YJIYTTYK  aKaJEMUSCBIHBIH JOKJIQJAapbl” >KypHAJIbIHIA >KaHa
“KazakcTaHIplH YIYTTYK aKaJeMUSCBIHBIH apybIChl KypHaJbIHAA (2 Makana),
Poccusinbin: XKon karrambr mamiekeTtuk OMcKk — yHUBepcuTeTHHUH, OpeHOypr
MaMJIEKETTUK YHUBEPCUTETUHUH JKaHA H. II. Orapés arteiHaarsl Mopasa
MaMJICKETTUK YHUBEPCUTETHHUH WIMMHKM >KypHalIaapeiHaa (3 makana) Kapbik
Kepay.

JAucceprauMsHbIH CTPYKTypachl :KaHa KeJjgemy. Jluccepranus KHpUIL
CO316H, TOpPT O6myMAeH, KOPYTYyHAyJaplaH, NPaKTUKAIbIK CyHyLITamaiaplaH,
KOJJIOHYJITAaH WJIUMUN OyJakTapJblH THU3MECHHEH >KaHa  TUPKEMEIEH TyparT.
JluccepTalisiHpIH HETU3TH TeKCTUHUH Konemy 187 Gapak, anbia maunae 37 cyper, |
tabnuma Oap. Juccepramusana 84 OuOmmorpadusnbik Oynakrap, aHblH wauHae 10
©3YK Makajanap KOJJAOHYJTaH.

ABTOp ©3YHYH WIUMHN KeTeKYHCH (U3MKa-MaTeMaTUKa WIMMACPUHUH
noktopy, npogeccop Cynaiimanoa Cera MykaioBHara macesneiaepu KOUTOHIYTY
YUYH, YIIyJ TUCCEPTAIMSIIBIK HMINTH aTKapyy y4dypyHAa Oaanyy KEHEIITepJu >KaHa
KOHYJI OypraHbIThl YIYH TEPEH bIPAa3bIYbLIBITEIH OUIIUPET.



JAUCCEPTAIUSHBIH HETU3T'U MABMYHY

Kupum ce3ne npoOieMaHblH akTyallyyJdyry HETU3AENTreH, W3WII00HYH
MakcaTbl >KaHa MaceyieJiepd aHBIKTaJITraH, KOProoro ajiblHBII YbIKKaH HETU3TH
’K000JIOp  CyHYIITaNraH, ajblHTAH J>KbIMBIHTBHIKTAPABIH IPAKTUKAIBIK >KaHa
TEOPUSUIBIK MAaaHWITYYIYTY TY3YJYM JKa3blIraH, OUIOHJION 3Jie aBTOPAYH KEKe 03YHYH
CaJIbIMbI KOPCOTYJTOH. JKBIMBIHTHIKTAPABIH YKOHOMHUKAJIBIK JKaKTaH MaaHUIYYIYTY,
anpoOaIUsHbIH KBIMBIHTHIKTAPHI JKaHA JIUCCEPTAIUSHBIH TeMachl OOIOHYA OACHUIBII
YBIKKAH WJIUMUN AYMTEKTEPAUH KOJIOMY YarblIBIPIITaH.

Bupunun OGesiymae anabuii OymakTapablH cepeOM JKaHa Ta3JdapIblH KaHa
CYIOKTYKTapAbIH OKH (aszamarbl arskIMJapbIHBIH Macelejepu KapainraH. byn
MaceJeNepau YbITapyyHyH OOJITOH YKOJIIOPY a4bLIBII Ka3bUITaH.

OKUHYM 00ayMaA0 2.1-0esykTe MBIHIAH apbl OyJl Macelelepan YblrapyyHyH
Heru3aepn OepwireH. YUIyl WIMMHANA WINTHH OOBEKTHUCH KaHA TMPEAMETH
aHBIKTAJITaH, MOJIEIIU KaHa KOJIJIOHYY4YY METOAA0pY OyJ OarbiTTa HErM3e/reH.

ABBIpKBI yuypJla 9KH CYIOKTYKTYH OTYIIKOH Y3TYJITYKCY3 4eHpecy KaTapsbl
Kapoo aJIKarblHAa TYTYKTOPJAOrY Tra3lapjblH jKaHa KaTyy Maiina OenyKdenepayH
apaJlalliMachIHBIH AKU (ha3agarsl (9KM bULIAMJIBIKTArbl KaHa KU TEMIIEPATypPaIbIK)
arbIMJApbIHBIH  TIApaMETPIICPUH ACENTOoe YUYYH  OUp eIueMAYYy >KaKbIHIATYY
KOJJIOHYJIaT. DK (a3ajarsl TeH cajJMaKTarkl YMEC arbIMaap YUYH (CYIOK K€ Karyy)
Oenyk4enep TYTYKTYH KanTajl O€THHUH acThIHIA apTTa KaJdTraHJbIKTaH (MOIOHIYH
00JacThIHIA) YHAYH BULIAMIIBITBIHIA- KaHa aHJAaH YOH BUIAAMJIBIKTArkl arbIMaapaa
O6yKYeIepI0H aphlIiTaH Ta3a Ta3bIH arbIMBIHBIH KaTMapbl maimga O0oJot. I'a3apiH
HETW3TH arbIMBIHIATBl TMapaMeTpJIepyu Ta3a Ta3/JblH arbIMBIHIATHI TapaMeTpiiepIcH
abmaH aipIpMaNaHaT, OIIOHAYKTaH MBIHAAN areIMaap YYyH OWp emdeMayy
YKAKBIHIATYYHYH KaTachl 6COT. byl KeMUYNINKTH KOIOYHYH OUp KOJTy- 3K (ha3agarsi
ra3 ’kaHa Karyy OeJIYKUeJepaAyH arbIMBIHBIH KU KaTMapAyy AI3PIUK OUp 6T4OMIYY
MOJIENIMH TYTYKTYH KEHEHTeH YHAYH BULAAMIBITBIHAH >KOTOPY bUIIaMJIBIKTATbI
arbIMbIH/Ia KOJIJIOHYY JCETTEeNeT.

2.2-061YKTO KECUJIUIIN ©3repyiMe TYTYKTepAe Kemn Qa3amarsl Ta3fap/IbH
aryy TpOLECCTePUHMH KoMmbloTepauk wmoaenaee yuyH ANSYS  Fluent
IPOrpaMMaIbIK KOMITJIEKCTUH MYMKYHYYJIYKTOPY aHAU3ICH/IH.
['unponnHaMuKaIbIK POLIeCCTEePANH CaHIbIK KaKTaH MOJIETIIOOHYH
TEXHOJIOTHUSIIAPBI aYbUIBII Ka3bUIIbl, HETU3TH MATEMATHKAIBIK MOJEIIEP, KHHUHKH
Oenymumepne Kapaja TypraH MaTeMaTHKaJIbIK MOJCIACPANH TEHIACMEICPUH
JTUCKPETU3AMMSIIOOHYH KOJOPYHYH HETH3TH BIKMajapbl  KaHa MaTeMaTHKAJIbIK
MOJCIIIUH TCHACMEIICPHH CaHBIK )KaKTaH YbITApYyHYH alrOPUTMICPH Kapaslibl.

Yuynuy 6esymae Oup- skaHa dku ¢aszamarsl WACAIBIK Ta3IblH jKaHa KaTyy
Maliga OeNYKYeJIepAYH arbIMblH KECHJIUIIH ©3TrepysiMe TYTYKTOPAe Kapooro
apHanraH. 3.1-06JyKT® JKM CYIOKTYKTYH OTYIIKOH Y3TYIATYKCY3 YOHpOeCYHYH
alKarelHAa ©3reuyesioHreH (aza — ©3yHYH OachIMBI JKOK Y3TYJITYKCY3 ueiipe, 0.a.
Maia Oesyk4yesiep — nejeHa (MyHapbIK) skaHa mHyp (000 chiMai) y3yJayln OeTTepan
YKaHa CHI3BIKTAPbl KAMTHITAH Ta3/IbIH KaHa KaTyy OeJyKYeJIepIyH apaialiMachiHbIH
arbIMBIHBIH MaTeMaTHKAJIbIK MOJCIIM WINTEIUN YbIKTHL. [lemeHa (MyHaphiK) e
KaTyy Maiiia OeslyKueslepieH TypraH TYTYKTYH IIaMaliJaHTaH KamnTtajdl OeTWHUH
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acTbIHA KbIMHAITAaH KaJBIHJBITHI )KOK JKyKa KaTMapabl aiiTaOb13. Byn katmap xanran
OCTTMH MUPWIMIHMHE >Kapamia KaObIIbIM >KbUIBIN TypraH >KEpUHEH TYIIYIIYy
oenruienred. [leneHanapabiH TpaeKTOpUsIapbl KECUIUIICE K€ OMpPUTHUIIICE, aHa all
xKepae 000 chIMal MIHYp JeM aTairaH y3YJyll ChI3bIKTap mnaijga 6omot. [lenenanbi
JKaHa IIHYpJapJblH KbIMMBUIBIH CTAIlMOHAPJBIK arbiIMJa aHBIKTaraH TEHJEMeIep
’KaHa TYIOHTMaJlap *Ka3bULAbl. AJIapAblH TYTYKTYH OCTHHEH a)KbIparl TYUIYII, SPKUH
abaJira KeJIUIIMHUH ap KaHJlai apTTapbl aHBIKTAJIBI.

Wmrenun dYbIKKaH MOJAENb TYTYKTepAery Odku (aszamarsl arsIMaap/sl
WUTWIMKTYY OKyIl YHpeHyyre MyMKYHAYK Oeper. MblHaall arsiMaapaa “neseHa’”
SKMHYM (a3afarbl KaTyy >K€ CyIOK Maijga OeyKuelepAyH WHEPUHSUIBIK TYPIe
TYTYKTYH Kantan OeTHHUH  acThlHA >KbIMHANBIIBIHAH yJaM Maiijga 00s00py
xKoropyna aWTeUiAbl. bynm areimpapaa OenyKuenepAyH S5H Kem KbIHHAITaH OpIy
COILJIOHYH MOIOHYHYH TeTreperu 00J00py 3CENTooeIop KOpCoTTy.

3.2 — GeJIyKTe IPIPIUK OUp 6T4eMJIyy KOIJIYINTa TEIIMKTEpH Oap KOHYC
TYPYHZOIY TOCMOCY MEHEH KECWIMIIM ©3repysiMe OOIroH TYTYKT® UACAIAbIK
ra3jiblH arbIMbl Tyypajldyy Macelle Yblrapbullibl, OyJl Macene ©3 KEe3ernHAe YIIyHJan
aJie TYTOKTOry OHKu (a3ajmarbl ra3fplH >KaHa Maiia OeJyYK4eNepAyH arbIMbl
YKOHYHJIOTY MaceJIeHH TOJyKTal Typar.

Kecwmumu F(X)-KkaHanjplH OTyHaH JCENTEIMHIEH X-KOOpJIWHATAaChIHAH
oenrmwiyy ¢byHKuus O0NroH, 1-cypeTTe KepCOTYJIreHIeN TEHIMKTEpUu O0ap TOCMOCY
MEHEH COIUIOA0 MACANABIK Ta3/bIH arbIMbl KU KaTMapIyy J33PJIHK OUp eTdemMaery
KOIOyNyIITa Kapaiabl. Temmkrepu Oap TOCMOHY Ta3AblH TapaMeTpiiepd Y4YH
y3yaym OeT caHailObi3. MpbIHAa OeTTepAern YEKTUK IapTTapabl MOJEIIUH
alIKarblHAa KOIIymMYa OO0XOMOJJIOpP apKbULyy Ka3a0bl3, MBIHIAa HETU3UHEH
OTKOPYMIYYAYKTYH Y3YIYIIYHO YOH MaaH! OCPUIIHUIIN KEpeK.

OKKO CHMMETpUSUTYY ydypla, P — Ta3IblH OackIMbl, p - THITBI3ABITH, € —
OUPAMK WYKH SHEPrHs, | — OUPAUK SHTANBIHUsS (TEIIOCOACPKAHKE), TOCMO TECKEPH
KOHYCTYH (opmacbiHa OOJTOHIYKTaH, aHbIH YOKYCY OKTO TYTYKTYH KEHEHIeH
KarblH/Aa ’KaTaT. X OTY arbIMJIBIH OarbIThl, KOHYCTYH >KaHa COIUIOHYH CUMMETpUs
OTYy MEHEH Jaj KEJIET, ajl SMHU y OTy ara TUK >Kainanblimkad. KoopauHat amapabix
OamTankbl YEKUTHUH SKU TEJIOHYH THUHUIIKEH YEKUTUHE OpHOTOOY3. Meiinu, U —
arbIMJIBIH BUTIAMJIBITBIHBIH X- KOMITIOHEHTH OOJICYH, @ — YHIYH BUITaMJIbIThl, MbIH/IA

e:e(p,p), i:i(p’p):e+p/p’ a:a(p’p)’ (1)
On >xarbiHAarsl (QyHKUMsuIap Oenrwnyy (QyHKUMsuiap . rae (QyHKIUHW, CTOSIIHE

crpaBa, u3BecTHbI. JKeTKuieH (MaeaniblK) ra3 y4yH aanadaTaHblH KOPCOTKYUY K:
1/2

e=p/l(x-1pl, 1=wp/l(x-1)p], a=(xp/p)™.



1-cypert. TemukTepu 6ap TocMOCy

y.(X) <1, OoicyH nmen OOJDKONIOMIY, MBIHAA Y _(X)- TOCMOHYH TY3YY4yCYHYH
¢ynkmusacel. TocMo KaHanmaarsl arbIMIBl DKM KaTMmapra Oenmym TypaT. TeMeHKYy
KaTMapAarsl arbIMIbIH TapaMETPIEPUHUH OKKO Kapai ©3repyll TypYIIyH KOPCOTKOH
TEHJEMEJIEP CUCTEMACHI:

du_ 1 (1+v)y.9,  ,9F|
dx F(M?-1) Yo, dx
dP u dF
o % laevyg +pu | 2
T [T @
do_ 1P
dx a’dx

MpeiHga g, - TOCMO apKblIyy ©TKOH I'a3fblH pacxony, M- MaxTbIH CaHbl.

Tuemenyy TypAe Ian KelreH XKOTOpPKY KaTMap[blH HapaMeTplieprH YCTYHO
CBI3BIK KOIom Oenruneitous. Mugekcu M G0JATOH Oenrucusiep TOCMOJOTY Ta3blH
napaMmeTpiiepuHe aj KejeT. AHJa TOCMOJOH JKOropy TypraH 3KMHYM KaTMap.blH
arbIMbIHBIH TapaMETpPJICPUHUH ©3TepYIIyH AaHbIKTaraH TEeHAEMellep CHUCTEMachl
TOMOHKY TYP/i® OOJIOT:

du u _du

—=———1(1+ 1+M* +p (S-S ;

| (e L W (55 ) -0

dP u dF

—=— (1 2 S S __2 , 3

| e A G- L @
p=Q,/UF;, p, = 8p/8S——K—1p, S=P/p"* - sHTpONUSIIBIK QYHKIIHS;

K

Q,- OamTankel KECUJIMINTErH ra3abiH pacxony. sKaspuran tenaemenepzae v=0 skana
1 Themenyy TYpA® TErM3AUKTErH >KaHa OKKO CUMMETpPHSCHI Oap arbiMaapra Tyypa

KEJIeT.
TocMoIory Tra3iblH MapaMeTPIEPUH aHBIKTOO MAaKCaTbIH/Id, TOCMOHY Y3YJYIL

OeT KaTapbl Kapar, YeKTUK TYIOHTMaJiap TaObUIABI jKaHa TOCMOHYH TEreperuHIETH

ra3/iblH arbIMbl JbIKATTBIK MEHEH U3WJIJICHUN YbIKThl. Hernsru uek apauarsl maprrap

TOMOHKY TYPTe 33 OO0JIOT:



[ou]=0; [21+V°]=0; [P+pu]==X; [puv]=-Y; [puw]=-Z (4)
Mbeinpa, Gamrarsigaii sne P — 6aceiM, p - THIMBI3ABIK, |- GMPIUK dHTAIBIUS,
u, Vv, W —HOpPMaJIJILIK JKaHa TyypacblHaH KeiareH V  BUIAaMIBIK BEKTOPYHYH

komroHenTTepH, V =+U’ +V’ + @’ xana [p]= ¢, — ¢ . TOCMOHYH COJ arbIH/ATHI,

0.a. TOCMOTO YEHWHMHKHU Ta3blH arbIMbIHBIH MapaMeTPICPUHE MHUHYC WHIEKCHUH, aj
MU OH JKarblHIArbUiapra — TUTFOC MHACKCHH Oepurl Ka3alObi3. Al SMH TOCMOHYH
TEITUKTEPUHEH OTYN JKaTKaHAa Ta3[blH IapaMeTpiiepuHe M HHICKCUH Oepedwus.
X,Y,Z— TtocmMoHyH Oupauk OeTHHE arbiM apakeT J3TKeH F  KydyHyH

KOMIIOHCHTTEPH. ATBIMIBI KAIMBICBIHAH Kapam jKaTKaHJa TOCMOHYH KaJIbIHBIThIH
’KaHa aHbIH TCIIMKTCPUHUH (- JMaMETPUH 3CENKe KUPru3oei koryra 00JIoT.

F xyduyH asHbikTo0 YuyH (4) TylOHTMamap MeHeH Owupre ra3 mepdopamus
apKbUTYy OTYI JKaTKaH yYypyHAArbl JIOKAJIJABIK CTPYKTypa MEHEH OailslaHBIIIKaH
KOIIIyMYa IapTTap 3apbut OOJIOT.

TyypacblHbIH e1ueMIepy Y3YHYHYH ©JYOMYHOH Oup KaHua 3ce a3 OOJroH,
TEUIUKTEPH “KOI0Y” TOCMOJIOP YUYH, TOMOHKY OapadapabIKTap/Ibl ska3ca 00I0T:

v, =v, =0, w_=w, =0. (5)
Byn maptrapabr X skaHa Z aHBIKTOO YUYH KOJIJIOHCO OOJIOT.

X OepreHjieH Kepe ras3jiblH TOCMO apKbUIyy OTKOH ap KaHjail cxemaiapbliH
Oepyy KEHWJ >KaHa BIHTAWyy DKEHJIUTHH OeNruiien KeTUull Kepek. TOCMOHYH coi
JKarblHJa arbiM YHJYH BUIJAMJIBITBIHAH TOMOH bUIIAMIBIKTa 00JICO, OACHIMIIBIH
a3aibIlIbl MEHEH KOIITOJTOH Ta3/blH KBICHUIBIIIBI HU303HTPOMUSIIBIK TYpae OOJoT,
0.a.

S =S . (6)

MpeiHaa S — Oupauk SHTPOMUS K€ aHbIH ap KaHnai QyHKIusach. PaBeHcTBa
(4), (5) Bmecte ¢ (6) ¥ OTHOLICHUSIMHU:

fou =pu, 2l +u’=21_+V*, (7)

AGanapin Tenpemenepu | =1 (P, p) xana S =S(P,p) TOCMOHYH COJ JKaTbIHIArbl

MapaMeTpiaepAd aHblH MUHHUMAIAYy KECWIMIIMHJICTA IapaMmeTpiep MEHEH
OAJIaHBIIITBHIPBINT ~ TYpraH I[MApTTapJblH CUCTEMAChlH TY3YIIOT, MBIH/Ia

f= Zm/ Z — nepdopalUsTHBIH KbICBUTYY 1apa’achl .

P1 pexumunpe, kawan M, <1, Oenrmiayy Y3yJyydy arblll YbITYYHYH
oenrunyy cxemacsl (ynap bopaa) opyH anaT, TOCMOHYH OH KarblHJa ara TYpakTyy
OacblM P = P_ TaaCUpHH THUHru3eT. byn sTanTa TEIIMKTEp arbIMIbIH OarbIThIHIA

UYKEPET, K€ TYPaKTyy KECHJIUIIKE 33 OOyIaT.

P1 pexumunne (4) yayH4y TEHIEMECH TOMOHKY TYPIe 39:

P.+p.ui =P, +Tp,ug 8)

Yiryn pexumae (4)—(8) TenaemesnepuHe KUpreH YOHAyKTap Oup siie ydypiaa
Y3YJIYIITY @KbIpaIlibl MAaCEJICCHH YbIraPYyHYH KapaMbl MEHEH TaObLIaT.

XKoropyna kapanraH 3Ky Macelie[ie TE€H arbiM JP3PJIUK OUp OT4eMJIyy SKHU
KaTMapJaarbl 9KM CYIOKTYKTYH OTYIIKOH ra3 jkaHa KaTyy Maija OeiyKuelepayH
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apaJlalliMachblHBIH arbIMBIHBIH KaHa WACANAYy Ta3ablH Tnepdopanusnapsl  O6ap
TOCMOCY MEHEH KaHaJIJarbl arbIMbIHBIH MOJENJEpPH MEHEH Kapajiar, jkaHa Oy
KaTMapiiapabl OMpUHYHM Macelie/ie TMejieHa, SKMHYM Macesele TOCMO Oenym Typar.
[lenena CBIAKTYY 3J1€ TOCMO Jarbl Ta3AblH MapameTpiep YIYH THAPOIMHAMHKAIBIK
y3yiym Oer Ooiiym caHamar, jkaHa ajapia CakTalyyHyH MbId3aMIapbl Tak
aTKappulaT.  Y3YJIyII OCTTepAeTH arblll YbITYYHYH ap KaHaal pexuMICpUHIIC
aTKapplla TypraH TYIOHTMajap TOJYTY MEHEH Ka3bUIbIl KEATUPWITEH. 23p
TYPYHIOTY ©3rede 4YeKuT, 0. a. YHIYH bUIIaMIbIThIHA O0apabap BUITAMIBIKTA aTbII
OTYY Kypry3yireH. Karmapmapparbl Ta3aplH jKaHa apajaliMaapiblH Oap.IbIK
MYHO3YY TapaMeTpJIepy aHBIKTAJITaH.

YHIYH BUIAAMABITBIHAH a3 BUIIAMIBIKTA arblll KUPUIMUHIEC Y3YJIyIl OeTTern
TyIOHTMajap TeJeHaaa Ja, TOCMOJO Jla JHTPONUSHBIH CaKTAJIBIIIBl TYypalyy
00XXOMOJIy KOJJOHYY MEHEH aJIbIHBI, )T SMU aj OCTTEH arblll YBITHIIMIBIHAA «yAap
bopma» cxemachl KOJIIOHYIIY.

TemmkTepn 6ap TOCMOHYH OTKOPYMAYYJIYK Japa)kKachblH ©3rOPTKOHIO >KaJIIbI
ra3/iblH arbIMbIHBIH OMp TON ©3TOPYIIYHO aJbIll KEJPIPUH  aTKapbUITaH CaHJbIK
ACENTOOIIOP KOPCOTTY.

3.3-0eyKkTe  y3yJdyll OeTTep/ie alblHraH TYHOHTMalapJbl TEKIIEPUI YYyH
YKaHa MINTEUI YbIKKaH MOJEJIIA IEMOHCTpAIUs aJloo YUYH 9K (a3ajarsl ras »aHa
Maija OeJIYKUeNepAeH TypraH apajaliMaHblH arbIMbIH KECWIUIIU ©3TepyJiiMe
TYTYKTO-COIUIOZO KU KaTMapIlyy AIIPIIUK OUp 6T46MIYY KOIOIYIITa KapaJiIbl.

Tuk k€ MDWIMHAPAWK KOOPAWHATAJAp CHUCTEMAchlH KOJJIOHYY MEHCH
KOOpJIMHATajgap OalTaJMachlH TIeJieHa KamTajdl OETTeH TYIIKOH TETHU3JIUKKE
OpHOTOOY3, X OT'YH arbIMJIbIH OarbIThIHA Kapalia CUMMETPHS OTYHYH YCTYHO, ajl SMU
y OTYH ara TUK Ko€0y3.

Yuryn Macesere THEIIENYY TeHIEMENEp:

u? u?
e+?+W es+?S = const,

pudu+ puWdu, +dP =0, 9)
du (U 4 dTS:¢qT_

dx u dx

S S

TS,qu:const,

U —arbIMIBIH BUIIAMIBITBIHBIH X — KOMIIOHEHTAckl, P— OaceiM, T — TeMneparypa, © —
TBITBI3JIBIK, € — ra3/IblH OUPAUK WYKUA DHEPIrHsChl, F(X)— COIUIOHYH KECUJIUIINHUH

assuthl, W — OQesiyk4esepJyH >KaHa ra3jiblH pacXoJJOPYHYH KaTbIbl. Tuemnenyy
OeJTyKueIepyH napamMeTpiepuHe S UHIICKCH Ka3blITaH.
AOQanabeIH TeHIEMEepH:

e=e(P,T),p=p(P,T),e, =e(T), (10)
(9) -nyH OH ’KarbIHAArbl @' xaHa @% TepMOIMHAMHKAIBIK TapaMeTpIEpACH JKaHa
CalBILTBIPMATYy BULAAMIBIK U—U_K©3 KapaHael OOIroH, OWPOK ajapablH
TYYHAYJapbIHAH KO3 KapaH bl 3Mec Oenruiyy GyHKiusiap 00Tyl caHaIbIIIAT.
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(9) Ttemmemenep cumcTeMachl Y3TYJITYKCY3 oOJsiactrapna, 0.a. IelieHaJIaH
CBIPTKApbl OPYH ajlaapbliH OCITHIIE KETYY KEPEK.

JXoropyna kapanran Maceneeruaei dJie 9Ku KaTMapiIyy MOJCIAN KapaObl3,
OyJ1 KaTMapJapabl 1yOasiaH TYIIKOH IejeHa 00yl TyparT.

YCTYyHI® CBI3BITBI Oap YOHIYKTap MCHEH Ta3a, IeJCHaIaH OTKOH YKOTOPKY
KaTMapJarbl ra3/blH MapaMeTpJepuH OeNruiaeiion3. M wuHAeKcH 0ap YOHIyKTap
MCHEH TIeJIeHaarbl Ta3jblH IapaMeTpiepuH Oenrwieions. DKu KaTMapiars
apajamiMa arsIMIbIH jJKaHa Ta3a Ta3[blH arbIMbIH aHBIKTaraH augdepeHIruaiIbK
TEHJEMEJICPIU TOMOHIOTYIOH TYP/Ie Ka3a0bI3:

dpouF v
/; = —(1-|— V)yS (X)gm’
X
d(pu?F +§F+psu F) CPF— @+ V)Y (g,
X
dpuFS v
“PIT2 (14 v)yY (X)g,.S,
— (11)
dpuF u
l[; _(1+V)ysgm ! :gpf(—— ]’
X X Us
— 27 DC
d(pu F+ PF) _ PFV’ Ezwq 5’
d_UI_:S 1+v u
LI — )y (09,5, p, = L L),
ys U

MBIHA Yy (X)— 9PKHH IeleHaHblH TeHaeMecH, V=0 xaHa 1 TerusguKTeru kaHa
OKKO CHMMETPHAILYY arbIMIapAblH ydypiaapbl, g, - Ta3fblH IEJI€Ha apKbldyy arblil

YBIKKAHJATbl PACXOdY, S - SHTPOMUSIIBIK (QYHKIIHS.

MaceneHu yblrapyyHyH >KbIMBIHTBITBIHJA AyOaiaH TYIUKOH SPKUH IeJieHa ara
TYIIKOH O6JIYK4YeJIepay ©3YHe *KblifHal, apajaliMaHbl YbllIKajJaraHaai KbUIbII ra3 aj
apKpuUlyy eTeepy Kepcerynay. JlyOanmaH dorwiyn TYHWIKOH TIeleHa TYTYKTYH
MOIOHYHAArbl OETTHH TY3YY4YYCYHYH HMPUITUIIIMHE jKapalla e OKKO YEHUH KeTeT J1a
OKTYH TEreperuHe >KbliiHanbll 000 ChIMal “lIHypra” ainaHar, e TYTYKTYH
KEHEWreH *arblHJa Kalipa TYTYKTYH KarTtajl OeTHUHE YEHUH KeTIIpU OCNITUIICH IH.

OpKHH TeJIeHa OKKO >KeTUIl 000ro “miHypra” aljaHTaH/Ia aHbIH KaJIbIHIBITHI
HOJI OONTOHAYKTaH ara OeNyK4yesiep TYUINOWT, YIIyHYyH ceOeOMHEeH ra3 MEHEH
IIHYPJYH 63 apa apakeTTeHYYCYy KOKKO 3ce (2-cypet). YIIMHTHII, IIHYP OKKO Tyypa
KeJUI Ty3 TpaeKTopus OOIOHYAa KBIMMBUIIANT Ja TOMOHKY TYIOHTMalap MEHEH
aHBIKTAJITaH TYpaKkTyy napaMmeTpiepre 33 00JoT:

p'U'=27yp’U? =const+0O(y?), p°

p'U'U' =27yp? (U?7)? cos B = const+O(y?), (12)
P'U'E' =27yp UZE? = const+ O(y?),
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/3 - OPKUH TeJIeHa KaHa X OTYHYH OpTOCYHAArsl Oypd.

NY pPs

2-CYpeT. DpKUH MeJeHa

OKKO Kapara IeleHaHbIH, 0OYKYONOpAYH KaHa ra3blH bUIIaMIbIKTAPBIHBIH
TapaJbIITaphl 3-CYPOTTO KOPCOTY/MY. MBIHAA Y3TYATYKCY3 ChI3BIK MEHEH ra3ibliH
BULAAMJBITBI, IITPUX ChI3BITEI MEHEH OOIYKYOIOPAYH BUIAAMIBITL, ajl dMH INTPHX
IYHKTUP CBI3bITEI MEHEH IIEJIEHAaHBIH BUIAAMIBITEI KOPCOTYIAy. a3 MeHeH o3 apa
ApPAKETTEHYYCYHOH YJIaM IEJICHAHBIH BULAAMIBITEI a3asT, cebeOM ra3 aHbl apTKa
TapTBII TOKTOTOT, aHAAH KMHMH BULIAMIBITEI ©CO OAIUTaiT, aHTKEHM ra3 aHbl O3y
MEHEH KOIIO ala KETeT.

[leneHaHbIH OTKOPYMAYYJIYTYHYH AApakachlH TYPaKTyy KBUIBII TaHAANOBI3
m, =f =0.81+0.91. 4-cyperre rasaplH bIIIAMABIKTAPHl TOMOHKY (Y3TYITYKCY3

CBI3BIK) JKaHa KOTOPKY (IITPUX CHI3BIKTAP) arbIMIbIH KaTMapJIapblHa KOPCOTYJITOH.

2

7 e —— —

ug,u,u? wu u, B
////

0 1 2 3 0 1 2 3

3-cyper. [lencHaHbIH, OonyKIOIOPAYH 4-cypert. ['a31bIH bUITAMIBIKTAPBI
’KaHa Ta3/blH bUIIAMIBIKTAPbIHBIH TOMOHKY JKaHa JKOTOPKY arbIMJIbIH
TapaJbllTapbl KaTMapJapbIHIa

AJBIHTaH YBITAPBUIBIIITAD KU (pa3amarsl arbIMABIH TOHIOH PEKUMHUHIE, O.a.
ra3 MEHEH KaTyy OOIYKYeIopAyH ©3 apa apakeTTEHYYJIOPY AIIPIHK KOK OOJITOHIO0
UIIIKE alllaapblH OEITHIIeH KeTYY Kepek.

CaHIpIK MOJEIOOHYH KbIMbIHTBITBIHAA Microsoft Visual Studio 2010
nporpaMMaibiK  4Yeiipeme O00BeKTKe OarbiTrairad mporpammanoo C# TuiauH
KOJIIOHYY MEHEH KOMITBIOTEPIUK ITPOrpaMMa HIITEIHIT YbIKThI (5-CypeT).
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(11) muddepeHnmanapk TEHAEMENIEp CHUCTEMAChiH 4-TapTUNTETH TAKTHIKTA
Pynre-Kyrra AnamMCcTbIH METOY KOJIIOHYJIAY.

KoMmnelorepauk mporpammanap UHTYUTUBIUK UHTepdelicke 533 rkaHa
CTYAECHTTEp YUYH KOOJIJOHYY/Ia TYIUYHYKTYY, IpOrpaMMaHblH (pyHKIMOHANIBI PyHre-
KyTTaHblH METOLYyHYH aiIrOpUTMHUH HIIKe ambipaT.  OWIOHAOW 3J€ CaHAbIK
OKCIIEPHMEHTTEPNH IKBIMBIHTHIKTAPEIH  CATBIITRIpMA  KaTackl £=10° wmenen
apaJJalIMaHbIH JKaHA Ta3/blH NapaMETPICPUHUH >KbIMBIHTBIKTAPbIH TaOJIMLAIBIK
TYpZe *aHa rpaQuk TYPYHI® anyyra MYMKYHIYK TY36OT.

0 Tewensa 233 8 aare NepEVENNHSIQ Covemta

Sy e 2vvee Borcar

HauansHuie fanHbe

5-CYp9T. SCGHTGGHYH )KBIﬁBIHTBIKTapBIH Ta6HI/IHaCBI

DCeNTOOHYH KBIUBIHTHIKTAPBIH TpaUK TYPYHIO CYHYIITOO K€ KOPYHYKTYY
KbUTYy Ta3fapliblH jkKaHa apajaliMaHblH aryy MpOIECCTePUHUH (PUUKAIIBIK
napameTpJiepuH 0aanooro ’kaHa Mbli3aM YEHEMAYYJIYKTOPAY OpHOTyyra 6-cyperre
KOPYHYII Typraiaail MyMKYHAYK TY36T.

PRE PR TR PR RpiirbELY

EEEEEEEERE

6-cypeT. ['a3nbin mapameTpiaepUHUH TapajbIITaPbIHBIH
rpadukTepu oup Tepesene

Teprynuy 6eaymae CFD-meronyn xommonyy mernen ANSYS Fluent 15.0
KOJJIOHMO TporpaMMajIblK IaKeTTe jKaHa ©3repyJIMe KECWIHINTETH KaHalaapaa
ra3jaapabiH aryy MIPOIIECCTCPUHUH KOMITBIOTEPIUK MOJICIIZIOOCYHYH
KapakaTTapblHBIH JKapJlaMbl MEHEH ajbIHTaH JCENTee JKCICPUMEHTTCPHHHUH
KBIMBIHTBIKTAP CYHYIITAJIIBI.

4.1-6enykTe "KM ©I4OMAYY KoroyiymTa audg@y3opaoH 6.a. COMIO-TYTYKTYH
WYKEPUIl KeTe TypraH >KarblHaH TYpPOYJICHTTHK Ta3JbIH arbill YbITYyCYy KapajraH.
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OcenTeeHYH 00JacThl KaHa arbIMIBIH ©3Y CUMMETPUSIYY, OIIOHAYKTaH MaceleHU
00JIaCTTBIH JKapbIMbIHJA raHa Kapaca 0onot (7-cypet). Topaory moaenau >kaparyy
YUYH TOpAYH MapaMeTpiiepu OepuieT, aJiereHie anapJbl OHJI00 >KaHa YEHOeJep
KYpPry3ysioeT. WMnemdsdKk KbICBUITAH CYIOKTYKTapJIblH TYpOYJIEHTTUK AarbIMbIH
ACENTEreHre MYMKYHIYK TY3IOH OKH ©J4eMJy TepT OypuTyK »3JIeMEHTTEpId
KOJJIOHOOY3. cenTee 00JIacThl CUMMETPHSI OTYH/Ia COIIOTO >KaKbIH O6JIYKTepae
Oup KaubITa »HMEC IKAMIAHBIIIKAH dJIEMEHTTEpre OesyHeT, arbIM/IbIH
napaMeTplIepUHUH TPAAUCHTTEPU YOH OONTOH THIIKENEp/e CYIOKTYKTYH arbIMbIHBIH
HETW3rH TWIKECUHJIC >KaHa OyOaJIblH OCETHHIE JKAaKblH JJIEMEHTTEP IKBIII
KallaHbIIIKaH >KaHa alapAblH eldeMIepy aHda 4oH Oonboit.  ['paamentrepu
TOMOH OOJroH Oalika THIKENIEpAe OJIIEMEHTTEp CeHpeK >KalIaHbIIIKaH >KaHa
allapbIH ©19eMIepy YOH O00J0T. Dcentee OO0JACTHIHBIH MapaMeTpliepuH Oepyyae
21205 sneMeHT Tanan KbUIbIHIBL. JKETUIIRAPINK TaKThIKTArbl )KbIMBIHTHIKTAP/IBI ATy
yuyH ocenree 40000 wuteparusHbl Tajanm KbUIbIN, 12 caaTka jKakbIH CO3YJIIY.
TeMeHKY16l1 KOMIBIOTEPJIUH KOH(GUTYpaIUAChl KOJJIOHYJAY: mporeccop - Intel ®
Core (TM) 13-2350 CPU, simpoHyH TakTThIK KbIITHITE 2,30 [T (cTangapTThik
xeimThikTa 2,30 I'T'1r); mporieccopiyn TUOM — TOPT SLAPOITYY; ONEPATUBIUK TYTYY ICH
4T16.

Kymymray teno karapsl cyrokTykty (fluid) — sKputyynyk ChIABIMIYYJIyTYHYH
kodpdunuentu C, TypakTyy O6achIMIa TypakTyy WIJICIIYIAK ra3ablH MoaeanH— Air
Ideal Gas (constant C,) tanmaiiObi3. JluHaMuKanblk mieny’KTuk CasepiaeHAauH
3aKOHYHa Oam uieT (TeMIepaTypalibik K3 KapaHIbUIbIK). UYeKTHK mapTrapisl 8-
CYPOTTO KENTHPWITEH SCENTee OOJACTBIHBIH CXEMAachblHa BUIANBIK AHBIKTAMOBI3!
TYTYKTYH KHpe Gepuimmmie: Tonyk OackiMisl (pressure-inlet) P = 2.5:10° Ila;
TypOyJISHTTHKTHH TlapameTpuH - Turbulent Intensity=1.5%,Turbulent Length Scale=
10 mMm; temmneparypanbl T = 287 K aHbIkTaliObI3. DcenToe OOJACTBHIHBIH YbITa
GepurmHze; Tonyk 6ackiM (pressure-outlet) P = 1.008-10° ITa; temmeparypa T = 294
K; TypOyJaeHTTUKTHH MapaMeTpuH KuUpe OepuInTerujield sje MaaHWIepuH Oepelus.
Tyrykryn kanran 6errepune (wall): remneparypa T =287 K.

B
B
0,000 0,050 0,100 (mm) '
e ]
0025 0075
7-cypet. Top4o0H TypraH MOJIEIb 8-cypet. Uek apanap

JlaBanablH COIUIOCYHAH arblll YbIKKaH TYpPOYJIEHTTHUK aryy MpOIECCUHUH
ACENTOO MEHEH W3WIIeeJep KaHa KaHaNJbIH JyOalblHbIH ACTHIHJATBl arbIMIbI

MOJIC/II60 YUYYH KOJJIOHYJIa TypraH TypOYJICHTTHKTHH K-& - MOJIEIMH TECTHUPJIOO
XKypry3yaay (9-cyper).
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043

Contours of Mach Number ANSYS Fluent 15.0

Comyio/IoH arbill YbIKKaH TYpOYJIEHTTHK arbIMJbl CAHJIBIK >KaKTaH MOJIEJI00
YUYH >KOTOpPKY TAapTUIITETH YEKTYY DSJEMEHTTEPJIMH METONY KOJIOHYIay. Topayk
MOJICJITUH CalaThl 3CENTe® SKCHEPUMEHTTEPUHUH KBIMBIHTBIKTAPhIHA ONYTTYY
Taacup KOpCOTOOpY alKbIHIAIBI.

4.2-0enyKkTe aryy MpOIECCUHUH (PU3UKAJIBIK MBIf3aM YeHEMIYYIYKTOPYH
KaHa TYTYKTYH JKCIIWJIMIIMHE KUPYYAery OachIMIbIH »aHa OeJdyK4yeJaepayH
YJIYIIYHYH TUWTHU3TE€H TaaCUPUH aHBIKTOO MAaKCaThIHJA KM (pa3ajiarbl CYIOKTYKTYH
JKaHa Karyy Maiga OeJyK4yeJepAyH apajaliMachblHbIH arbiMbl  COIUIOHYH
HacajJKacbiHAa 3centenun ubirapeuiasl (10-cypet). Dcentuk obnacte 11-cypetre
YarbUTABIPBUIIBL.

0000000
0O=sNWK
BAN® G

9-cypeT. MaxThiH caHAapbIlHAH TY3YJIOH Tajaa

CwmecurenbHas  @okycupyromas Tpyoka
Ctpys Bojpl  KaMEDa (komutMaTop)

N

SN
Tpaexropus nABUKEHUS BsaumoseiicTre ¢
TBEP/JbIX YaCTHI] doxycupyromen
TpyOKOit

10-cyper. Karyy Genyk4enepayH CYyHYH arbIMbl MEHEH apasiallyy IpOoIecCH

ATBIMIIBIH CaHJBIK MOJEIH OWlepauH Kemn (a3anblk MOJIEITUH KOJIJOHYY
MeHEeH Xypry3yany. CramroHapablK KbICBUTOAraH arbIM YYYH JKeKede TyyHayJapa
JKa3bUITAaH MACCaHbIH, KBIMMBIJI CAHBIHBIH, DHEPTUSHBIH CAKTAIYyy 3aKOHIOPYHYH
nudpepeHnnanapIK TeHIeMeNepH Ka3bliabl, ap Oup (aza yudyH KeJIeMAYK YIYIITep
KaHa ap Oup ¢daza YUYH aHBIKTAJBIN Ka3bUITaH KBIMMBUI CaHbI J.T. CUCTEMACHIH
YBIrapyy MEHEH 3CENTEITUHIH.
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4 MM 17 MM |

| 4 Mmm |
1,3 Mmm

11-cypet. Dcentee 001aCTHIHBIH 6TYOMIOPY

['a3apiH >kaHa KaTyy OONyKYeJepAyH arbIMbIH CaHABIK MOJIENIee]® KU
¢dazanbl Oepebu3, Cyy arb3bIl ajblll KYPYY4Yy 4eiipe — cyiok | - ¢aza , an smu
TPAHATTBIH KyMy KaTyy Oenykuenep katapbl |l-daza. AHanm3me KOJJOHYNTaH KU
(dazaHbIH OamITaKEl OSpUIITeH TapameTpiiepu 1-Tabnuiana Gepuiay.

Tabmunal.- Mogengee Yy4yH MarepuanjgapAblH OallTankel  OepuireH
napameTpiepu

Ne | TTapameTpiiep Maanusiepu

1 | Karyy OenykdenepayH KeJOMAYK YIYIIy 5%, 10%, 15

2 | |- dazanbiH — cyrok (ha3aHBIH THITHI3IBITHI 998 ,2Kr/M°

3 | Il -hasanbin — Karyy ¢asaHsiH (fpaHATTBIH KyMy) | 2300 Kr/m°
THITBI3TBITHI

4 | | —ha3aHbIH WICIIUYIIKTUTH 0,001003 xr/(m.c)

5 | ll- pazaHbIH WICITYIIKTUTH 1,7894e-05 xr/(m.c)

6 | 6GemyKueHYH ©14eMy 0.1 mm

G. Hu, W.Zhu, T.Yu J. Yuan sMmreruHaerd skacajiral 3KCICPHUMEHTTEPINH
AKBIMBIHTBIKTAPBI yIIyld CaHABIK MOJENAUH AaHBIKTBITBIH, aJ€KBATTYYyJIyT'YH
TaCTHIKTOO YUYH KOJJOHYJITY.

CaHIBIK MOJIEN/IO6/16H AaHBIKTAJITaH CYIOK (a3aHblH  bULAAMIBITBIHBIH
TapajiblbiHbH rpaduru (12-cypet) G. Hu, W.Zhu, T.Yu J. Yuan makamaceiHIa
KEeJNTUpPWIreH Trpaduk MeHeH canbluThlpbliabl (13-cypet). byn rpadukrepaen
KOPYHYI Typraijaai 5Ky MoJiejie bUIAaMIbIKTap 00r0HYa 63 apa Tyypa KeJaHu.

2760402
250 r—*—‘/ *2.500+02 4
s { @ 2260002 4
200 4 g 2.08e02 4
®” f S 178002
Masoeay 1 | g 1500002 4

(phase-1 125 4 = 1260402 4
(m/S; 100 / g .

2 1.00e°02

I/ g -
i . - .
50 / S 7510001 -
s — I > 50000014 &
¢

0 3 5 8 1 13 15 18 20 23 2.508+01

Position (mm) 0 0.0020.004 0.006 0.098 0.01 0.0120.014 0,018 0.018
Length of nozzle (m)

Velocity Magnitude (phase-1) Mar 30, 2018
ANSYS Fluent 15.0 (a4, dp. pbns, eulerian, rke)

13-cypert. G. HU xana
OarkarappIH MaKaTachIHIATbl CYIOK
(ha3aHBIH BUIIAMIBITEIHBIH TaPaJIBIIIIBI

12-cypet. ComionyH ory 00roHuYa
BUTAAM/IBIKTBIH TaPAJTBIIIBI
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Oku  (azanyy Ta3AblH JKaHa KaTyy OesyKuelepAyH apajaliMachbIHbIH
KECUJIMILIK  ©3TepyJIMe  KaHaJlarsl arbIMblH ~ 3CENTOe  KapajJapl >KaHa
TYpOYJICHTTHUKTYYAYKTYH K-€ MOJICIIHH TECTHPIIOO KYPTY3YILy.

Kananapin kanrtan OTTepUHAETH JKaHbIMA UbIHAJTyyra KaHalra Kupe
OepuIITEr )KyMyIIyy OacbIM/IbIH jKaHA KaTyy OeJyKueJIeplyH KeJIeMIyK YIYIIYHYH
TUUTU3TeH TAACUPUHUH MbIi3aM YEHEMIYYJIYKTOpY aHbIKTaN kI (14-cyper).

60000.00
50000.00 —|
40000.00 —

Wall 30000.00 |
Shear )
Stress 1

(phase-2) 20000.00 ]

40 Mpa
(pascal

10000.00 | 23 MEa

. 10 MPa
5 MPa

0.00 2 T T T T T T T T ]
0.000 0.003 0.005 0.007 0.010 0.013 0.015 0.018 0.020 0.022

Position (m)

14-cypet. Kupyydy OachIMIbIH jKaHa KaHbIMA YbIHAIYYHYH KO3 KapaHAbLIbITbI

Tyrykke xkupe OepuiiTeru >Kymymrdy OachbIMABIH ap KaHJal OepuireH
MaaHUJIEPU YUYH KarTajl OSTTHH acThIHJArbl KaHbIMa YbIHAIYY, 0.a. CYpYAYY KY4y
TYTYKTYH MOIOHYHA >KAaKbIHJIaraH CailblH ©CO TypraHbIlbl, )KaHa ©3YHYH 2H YOH
MaaHHUCHUHE KPUTUKAIBIK TUJIKEIE >XETe TYpPraHAbITbl aHBIKTAIAbL. Byn KaHamabiH
KPUTUKAJIBIK KECWJIMIIMHUH asHIbl ©3repreHyHe OailJIaHbIITYy bUIIAMIBIKTHIH
IPaJMEHTUHUH T€3 63rOProHYHOH KeIUM YbIKTHI (15-cyperT).

45000 —
40000 ;
35000 ;
30000 ;

25000 —

Wall 1
Shear 20000 —
Stress 1
(phase-2 15000 —
(pascal

10000 —

5000 —

Position (mm)

15-cypet. Apanammaaarsl 00JIYK4eJOpIyH KOJOMIYK YIYITYHYH kKaHa CYpYIyY
KYYYHYH K63 KapaHIbUIBITBI
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ApanammManarel KaTyy OeJIyKueJepayH KeJeMIYK YIYIIYH >KOTopyJiaTKaH
cailblH  KamrTajn OerTrepauH OCTHHAETH CYPYJIYY KYYYHYH YOHIYTy Ja
KOTOpYJIaraH IbIThI, YITYHYH KECETICTHHEH TYTYKTYH OCTHHUH JKBINIBUIYYCY Te3JIel
TypraHJbIThl aHBIKTAIAEL. KaTyy OenykdenepaeH TypraH KaTMapJarbl UMITYJIbCTYH
OapApITBl  CYpYJYY KYYYHYH TaacHpHHAE >KOK OOJIOT, J>KaHa apalialliMaHbIH
UMITYJIECYHA KOIITKOH CaJbIMbI a0IaH 3J1€ a3 SKCHIUTH JATUIIACH TH.

KoMmmbloTepauk acenteenepae KanTagl OCTTHH acThIHAArbkl  KaTMapra
KOHTPOJIIYK KOJIOMAOP METOAY KOJIJOHYIY.

4.4-0enykTe WHXXEHEPJEPAU AaspAOOA0 KOMIETEHTTUK MAaMHJICHU HIIKE
alIpIpyy ajKarblHAa THIPOJWHAMHUKAHBIH MaTEMATHKAJIBIK MOJICIJACPUH, CaHJIBIK
METOIOPAY, MHKEHEPIUK SCENTOONOPIYH CUCTEMATaphlH )aHa TEXHOJOTUSIApbIH,
araiibiH cabaktapapl okyryyaa CAE/CAD — TexXHOIOTUSUIaphlH KOJJIOHYYHYH
3apBUIIBITBIHBIH ~ HETH3CIHAIIN  OCPUIIIH. WNnxenepauk OarbiTTap 0OOrOHYA
aICTEPIN JAsPIOO0I0 TEXHUKAIBIK-YKOHOMHUKAIBIK MaceleIepan Yedyyae Ty3YJITeH
PO EeCCHOHANIBIK KOMMETEHIIUSHBIH MOJEIU CYHYIITaNAbl. MOJENIUH HEru3uH
TOMOHJIOTYIOM  KOMIIETEHUMSJIAp TY3AY: JKalmbl TpodeccHoHanAbIK  JKaHa,
npoprIIUK-0areITTadral  KOMIETEHIUsIap, 0a3aiblKk TEXHOJOTUSJIAPAbl  OWIYY
KOMIIETCHIIUSIIAphl,  OamTankel — (KyMyIlI4y)  KOMIETCHIMsIap,  KOlIymua
KOMITETECHIIUsLIIAP.

4.4-0enyKTeO OKYTYYHYH TEXHOJIOTHSUIAphl: «IJcenTee MeTojnopy», «Taraan
cUCTeManapbl MOJENI00», «ICENTOO IKCIEPUMEHTHH IIAHAAITHIPYY», «ICErToo
TUAPOJIMHAMUKACKDY, «l'HaporazoguHaMuika» kaHa Oaimika cabakTtap OoroHYa
npoOJieMalIbIK-0arbITTaiTaH  MaceJieNiepd 4Yeuyyle OKyll OwiMMmaepaud anyyja,
TaaHyy/a *KaHa MPAaKTHKAIBIK bIKMa alyy/aa 3apbUl TY3YY4Y KaTapblHIa KeHc-METO,
UMUTAIMSUIBIK MOJIET100, U3NJI100 METOIY CYHYIITAJIBI.

Kecunmumm e3repyime KaHaimapaarsl Ta3fapAblH JKaHa CYIOKTYKTapbIH
CTAIlMOHAPJIBIK arbIMbIH OSCENTOOHYH YCYJIy WIITEIUN YbIKTHL. byn bIkmanap
yIIyHIal  arbIMIapabl  HM3WII006  aJeKBATTYy MOJENACpAM JKaHa  aHbIK
KBIHBIHTBIKTAP/IbI a7Iyyra MYMKYHIYK TY30T. (3-TUpkeme).

HETHU3I'A KBIMBIHTBIKTAP ’KAHA KOPYTYH/IYJIAP

1. “Ilemena” TypyHaery y3yaym OeTH MEHEH Tra3 »aHa Karyy Maiina
OeJTyKueIepyH apajaliMachlHbIH OUpU OUpPHHE OTYIIKOH JKH CYIOKTYK KaTaphbl
KapaJiraH COIUIOAOTY arbIMBIHBIH MOJENIM jKaHa TEIIUKTEpPU Oap TOCMOCY MEHEH
KECWIMIIIM ©3TrepyJIMe TYTYKTOTY HICAIABIK Ta3/IblH CTallMOHAPABIK arbIMbIHBIH
MOJIEJTN UIITEJIUI YbIKTHI.

2. «llenena” TypyHmery y3yaym OeTH MEHEH Tra3 jkaHa KaTyy Maiiaa

OenMyK4YeIepayH apallalliMachiHBIH OWpU OWpPWHE OTYIIKOH KU CYIOKTYK KaTapbl
KapajraH COIUIOJOTY arbIMBIHBIH CaHIBIK 3CENTOONIOPY KYPry3yJay, KanTtal OCTTHH
aCTBIHJIA KaTyy OOJIYKUeJepaAyH KbIHHANBIIIBIHAH yJIaM Iaiia OONroH IejacHaHbIH,
0.a. KyKa KaJbIHJABITHl OK KaTMapJblH OCTTEH TYIIYIIY MEHEH OalIaHbIITYyy
MacCeJICHN ©3Te4YeYKTOPY OCNTHICH/IH.
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3. Kecunumm e3repyiMe TeMUKTEpU Oap TOCMOCY MEHEH KaHajaa UIeanyy
ra3fblH arbIMbl TYypallyy MaceJeHHH CaHJIBIK 3CENTOeJOpY HWIIKE AalllbIPbUIIbI,
KapajraH dK{ KaTMapAarbkl Ta3[bIH arbIMBIHBIH TIapaMeTPJICPH aHBIKTAJIbI, JKaJIIbI
arbIMra TOCMOHYH THHTH3T€H Taacupu Kkepcetynny. llepdopammsiiaper  Oap
TOCMOHYH arbIMIa THWTU3T€H TAaCUPUHUH  aHBIKTOOUYy (akTopy OOJIym aHBIH
OTKOPYMIYYIYK JapaXKachl SKCHIUTH aHBIKTAIIIBI.

4. JlaBanapIH COIJIOCYHaH OKKO CHMMETPHSUIYY Ta3[blH TYpOYJEHTTHK arblll
YBITHIIIBIHBIH ~ KOMITbIOTEpIuK  Monenmeecy kaHa ANSYS  Fluent 15.0.
nporpaMMajblK KOMIUIEKCHHJIE JCENTeeJop MEHEH  U3WIIeeNiopy KYPIy3yily.
OcenTeenepayH KbIWBIHTHITBIHIA arbIMIBIH  YPYY-TONKYHAYK CTPYKTYPachl
KaHaraTTaHAbIPAAPJIBIK TYPAO YarbABIPBUIABI, TYPOYJICHTTHK arbIMIIbIH KBUIBIIIYY
30HACBhIHJA Maiijga OONTrOH YOH KyIOHJAp OachIMIBIH IMyJbCAllMSIAHTAH TalaachlH
nmaiila KpUlaapbl aHBIKTAIABL.  YOakelT OoroHYa OachIMABIH OpPTOYO MAaaHHUCU
arbIMJIBIH  Tyypa KECWJIMIIWHE JKailaHraH, KYyIOH KENTeITeH 5KH Mapajiielb
CBI3BIKTApJIbIH OPTOCYHJIArbl CAJIBIIITHIPMAa apajbIKTaH  Ke3 KapaHibl 00J100py
KOpPCOTYJIAY.

5. ANSYS Fluent 15.0. nporpaMmaibik KOMIUICKCHH/IC KECHUIIUIIHA ©3repyJIMe
KaHaJJjap/ia ra3/iblH JKaHa KaTyy Maiiga OenyK4desepayH dKu (azaiarbl arbIMbIHBIH
ACENTOOJIOPY KYPry3yJaay. ApanammMaaarsl KaTyy Maiiaa 6enyKkdesepayH KeJIoMIyK
YJIYIIYHYH >KaHa TYTYKKO® KHUPHI >KaTKaHAarbl OachIMJIBIH KOTOPYJATyy TYTYKTYH
Kanrtaja OeTWHAETH >KaHbIMa YBIHATYYHYH 0.a. CYpYyJdyy KYYYHYH YOHIYTYHYH
KOTOpYJAlIblHA, AHBIH KECETMEeTHHEH KamnTal OeTTuH Oy3ylylmiyHa TYTYKTYH
CHIHBIIIBIHA QBN KEIIIPH aHbIKTanAel. Kamran OeTTHH acThiHA KbIMHAITaH
OesrykuenepayH OO0JITOH OapAbIK UMIYJbCY CYPYAYYAOH yJiaM *OK OOJOT, »KaHa
KarTtaja OeTTHUH acThl MEHEH KbUITaH KaTyy OeNyK4YeJepAeH TY3YJIreH KaTMapiblH
UMIYJIBCYHYH KaJllbl apajaliMara THHATU3TEH CalbIMbl JKOKKO 3C€ SKCHIUTH [a
AHBIKTAJIIBI.

6. Kecwmmim  e3repyime KaHanjapja WIEAIABIK Ta3[blH CTAaIlMOHAPIBIK
arbIMBIHBIH JICKBATTYy MOJEJIEPAN TY3YYI'® >KaHa aHbBIK JKBIMBIHTBHIKTAP/IbI aJlyyra
MYMKYHIYK TY3TOH 3CENTHUK HW3WIAOO6JOPYHYH BIKMAIAphl KaHAa KOMIIBIOTEPIUK
MOJIEJ1/166CY UILTEIUIT YbIKTHI.
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KapranoBa Acenb J/[’kymanoBHaHbIH «Kecwiumm e3repyiMe TYTYKTOpPAOry ras
arpIMJapbIHBIH  MPOLECCTEPHH CAE-TexHOJOTUSVIAPBIH ~ KOJIJIOHYY  MEHEH
MAaTeMaTHKAJIbIK MO/EJI100» JereH Temaaarbl, agucturu: 05.13.18 «MareMaTuKaJIbIK
MO/€eJI1600, CAHJBIK 3CENTe6/Iop :KaHa NPOrpaMMAJIapAbIH KOMILIEKCH» O00HHYA
¢pu3nka-mareMaTuKa WIMMIEPUHUH KAHAUIATHI WIMMHIA JapakacblH W3AeHUII
ajyyra auccepTauusiCbIHbIH

TAPXDBIMAJIbI

A4YKBIY €CO310P: MaTeMaTHKAJIbIK MOJENb, Fa3/IbIH arbIMbl, KaTyy Oenykdesep, 3Ku
dazanyy arsiMaap, IP3pJIUK OUp eueMayy KOIOylyll, nepdopaiusiianrad TOCMO, COILIO,
ANSYS Fluent, canasik MeTOII0p, IPOrpaMMa.

N3un1160HYH 00bEKTH KaHA NMPeIMeTH: KeCUIUIIN 63repyJiMe KaHajaap/a ra3ibiH
KaHa KaTyy Maiiia OenykuesiepayH 3Kd ¢a3agarbl arbIMIapbl skaHa OyJl MpolecCTepau
caHabpIK 3cenTeenepy, omoHAoW 31¢ ANSYS Fluent 15.0 mporpamMMainbik KOMITIEKCTE
YIIIyTa OKIIOII arbIMJap IbIH 3CENTOO U3WIA00I6PYH KYPIry3YY.

JuccepranusaiblKk HINTHH Makcarbl:  COIUIO-TYTYKTOry ‘miesieHa” TypyHOery
y3yaym Oerrepu MeHeH O3Kd (azamarsl ra3 JkaHa KaTyy Maiga OenyKuesiepAyH
OUprenenkeH arbIMbIHBIH, TEIIMKTepU Oap TOCMO OPHOTYJTaH KECHIUIIN ©3repyJiMe
TYTYKTOT'Y Ta3a Ta3lblH arbIMbIH MaTeMaTUKaJIbIK MOJCIIO6J0H KaHa KOTOPKY
OaceIMIarbl  CYIOKTYK arbIMbIH  KOJIIOHYYHYH  HATBIDKAIYYJIYTyH  KaMCBI3I00UY
THJIPOTEXHUKAJBIK  alMaparrapAblH  TYTYKTOPYHIOTY TaTaal Ta3 JUHAMHUKACHIHBIH
KyOyJyIITapblH CaHABIK SCENTOO MYMKYHAYKTOPYH U3WIIO66H TyparT.

N3unneenyHn MeToaopy: Y3TYJITYKCY3 UYOMPOHYH MEXaHUKACBIHBIH TEOPUSCHI,
TUAPOIMHAMUKAIIBIK 3CENTOONIOPAYH METOIOPY, KAKBIHAATHUITaH ACENTOOJIOP METOIA0DY.

Ammaparypa: noytoyk Intel Core i3, ANSYS Fluent 15.0.

AJIBIHTAH KbIMBIHTBIKTAP KaHA aJapAblH KaHbLIBITBI: “Ilenena” TypyHzery
y3yJym OeTH MeHEeH ras ’kaHa KaTyy Maiaa OellyKuellepJyH apaialiMachblHbIH OHpHU
OupuHE OTYIIKOH JKU CYIOKTYK KaTaphl KaparaH COIUIOJOTY arbIMBIHBIH MOJIENH >KaHa
TEIIUKTEPH Oap TOCMOCY MEHEH KECWIHIIHM ©3TrepyJIMe TYTYKTOrY HJEalJIbIK Ta3JbIH
CTallMOHAP/BIK arbIMBIHBIH MOJIENIM WINTEIUI YbIKTHL. Bynm 3Ku Macene TeH II3pIUK Oup
emuemayy koronymra kapamasl. ANSYS Fluent 15.0. mporpaMMaibik KOMILICKCHH/IE
KeCUJIUIIIM ©3TrepyJIMe KaHaljapAa Ta3/blH JKaHa KaTyy Maiijna OeJyK4elnepAyH OdKu
dazanarsl arbIMBIHBIH ICENTOONIOPY KYPTY3YIIY.

N3nianeeHyH KOPYTYHAYJApbIH KOJNAOHYY: UWMmrenunm dblkKaH KECHUIIUIIN
©3repyJiIMe KaHalap/arsl Ta3fblH jKaHa KaTyy OeNyKuelepIyH dKu (a3allyy arbIMbIHBIH
MOJIETIIEpH JKaHa bIKMajap Ta3AapiblH IMHAMUKACHIHBIH KEHUPU KaMTBUITaH MaceleIepruH
CaHJIBIK JKaKTaH YbITapyy/a HHCTPYMEHT, XK€ YbITapbUIBIIITAPIb] KAKIIBIPTYYHYH KOJIJIOPY
KaTapbl KOJI0HYJIca O0JIOT.

Koanonyy Tapmakrapsl: CaHIbIK alTOPUTMIEp J)KaHA MporpamMmanap ap KaHaai
THUIPOTEXHUKAIBIK MalIMHAIAPAArkl KOTOPKY OachIMIarkl arbIMIapAbl HW3WIIO60 *KaHa
CYIOKTYKTapJblH J>KaHa Ta3dap/blH MEXaHUKAChIH, JCENTHK TUIPOJIUHAMHUKAHBI OKYII
JKaTKaH, TasspJIOOHYH WHKEHEPAUK OareITTapblHa CTYICHTTEPIA OKYTYy/Aa KOJIOHYJIAT.
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SUMMARY

The dissertation of Asel Dzhumanovna Kartanova “Mathematical
modeling of gas flow processes in variable cross-section channels with the use of
CAE-technologies” for the academic degree of candidate of physico-
mathematical sciences in the specialty: 05.13.18 - Mathematical modeling,
numerical methods and program complexes.

Keywords: mathematical model, gas flow, solid particles, two-phase flow,
quasi-one-dimensional model, perforated partition, nozzle, ANSYS Fluent, numerical
methods, program.

The object and subject of research: two-phase flows of a mixture of gas and
solid particles in a variable cross-section channel and numerical modelling of these
processes, as well as carrying out computational studies of similar flows in the

The purpose of dissertation: the development of mathematical models of
two-phase flow of a mixture of gas and solids with discontinuity surfaces such as
filament in a nozzle, gas flow in a variable cross-section channel with a perforated
partition and the study of the possibilities of numerical simulation of complex gas-
dynamic phenomena in nozzles of hydraulic devices, ensuring the efficiency of high
jets pressure.

Research methods: theory of mechanics of  continue, methods of
computational fluid dynamics, approximate methods.

Hardware: Intel Core i3 laptop, ANSYS Fluent 15.0.

The obtained results and novelty: Mathematical models of two-fluid flow of
a mixture of gas and solid particles in a nozzle and stationary flow of an ideal gas in a
variable cross-section channel with a perforated partition in a quasi-one-dimensional
two-layer formulation have been developed. Equations and relations are obtained for
various flow regimes and the effects of discontinuity surfaces on flow. Calculation
studies have been carried out, and results have been obtained that are suitable for
computer simulation of the parameters of one- and two-phase gas flows in the
ANSYS Fluent 15.0 medium.

Using the results of the research: The developed models of ideal gas flows,
the proposed techniques and methods can be used in numerical modeling of a wide
range of gas dynamics problems either as a solution tool or to improve the quality of
a solution and increase the speed of algorithms implementing it.

Scope: Numerical algorithms and programs can be used in the study of ultra-
high pressure jets in various hydraulic engineering machines and in teaching students
of engineering training courses that study the mechanics of fluid and gas and
computational fluid dynamics.
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PE3IOME

duccepraumss Kapranosoit Acean J[[iKymanoBHbl «Maremaruueckoe
MOJeJIMPOBAHUE NMPOLECCOB TEYCHHUS ra3a B KaHAJIAX NEPEMEHHOI0 CEYeHHs C
npumMmenenneM CAE-TexHo/IOTHi» Ha COMCKAHHME Y4YE€HOH CTeNmeHW KAHAMJAATa
(pu3uKo-MaTeMaTHYECKUX HayK no CNeNUATbHOCTH: 05.13.18 —
MaremaTnyeckoe MOJEJIHPOBAHHE, YHCJICHHbIE MeETOAbI W KOMILICKCHI
NporpamMm.

KuroueBble cioBa: MareMaTthyeckas MOJIE€Nb, TEYEHHs] Tas3a, TBEPHbIE
YacTHUIlbl, NBYX(ha3HbIC TEUCHHUS, KBAa3HMOJHOMEPHAs MOMACNb, MepdOopUpOBaHHAS
neperopojika, corwto, ANSY'S Fluent, yuciieHHbIe MEeTOIBI, TPOTPaMMa.

OO0beKkT M mpeaMeT HCCIaeAOBAHMsI: JBYX(a3Hble TEUEHUS CMECH rasa u
TBEP/BIX YaCTHUI] B KaHAJIC IEPEMEHHOTO CEUYEHHS U YUCIEHHOE MOJEIUPOBAHUE ITUX
MIPOLIECCOB, a TaKXKe MPOBEJICHUE PACUETHBIX MCCIEIOBAaHUMN MOJIOOHBIX TEUCHUU B
pacueTHO-niporpaMmmHoM komruiekce ANSY'S Fluent 15.0.

Heans nuccepramuonHoii padoThl: pa3paboTka MaTeMaTHUYECKHX Mojelei
NBYX(a3HOTO TEUEHHUsI CMECH Ta3a W TBEPJBIX YACTHUI[ C MOBEPXHOCTIMH pPa3pbiBa
TUAMA TIEJIEHbl B COIUIE, TEYEHUS Tra3a B KaHalle IEPEMEHHOTO CEYEHUS C
nephopUpOBAHHON MEPErOPOJKOM M B HCCIECIOBAHUU BO3MOXKHOCTEH YHCICHHOTO
MOICJIMPOBAHUS CJIOKHBIX ra3oJMHaMHYECKUX SIBJICHUIN B coruIax
TUAPOTEXHUYECKUX anmapaToB, oOecrneunBaromuX 3(P(HEKTUBHOCTh NPUMEHEHHS
CTpYH BBICOKOTO JIaBJICHUS.

MeToabl HCCIEIOBAHUA: TEOPUS MEXAHUKHU CIUIOIMIHBIX CpEI, METOJIbI
BBIYUCITUTEILHON THAPOJUHAMUKY, IPUOTMKEHHBIE METOBI.

Anmaparypa: vHoytoyk Intel Core i3, ANSYS Fluent 15.0.

IMonydyeHnnble pe3yabTaTbl U MX HOBM3HAa: Pa3paboTaHbpl MaTeMaTHYECKHE
MOJEIN JIBYXKUJKOCTHOTO TEUYEHHUSI CMECHU Ta3a W TBEPIbIX YacCTUIl B COIUIE H
CTAallMOHAPHOTO TEYEHMS WJEaJbHOIO Tra3a B KaHalle IMEPEMEHHOTO CEYEHHUS C
nepOpupPOBaHHON TMEPETOPOJIKON B KBa3HOJHOMEPHOM IBYCIOMHOM ITOCTAHOBKE.
[Tony4yeHbl ypaBHEHMSI U COOTHOLIEHHUS PA3JIMYHBIX PEKUMOB TEUCHHS U BIUSHUS
MOBEPXHOCTEN pa3pbiBa Ha MOTOK. [IpoBeAeHBI pacueTHbIE UCCIAEAOBAHUS, TOTYYEHbI
pEe3yAbTaThl, HPUTOJHBIE 1711 KOMIBIOTEPHOTO MOJEIUPOBAHUS IMAPAMETPOB OJHO- U
nByx(ha3HbIx TedeHuit raza B cpene ANSYS Fluent 15.0.

Hcnoan3oBanue pe3yJbTaroB HcciaeqoBaHusi: PaspaboTaHHble Monenu
TEUEHUM UJICAJIbHOTO ra3a, MPEeJIOKEHHBIE MPUEMbl U METOJbI MOTYT MPUMEHSATHCS
IPU YUCJIEHHOM MOJEIMPOBAHUU IIMPOKOTO Kpyra 3ajad ra3oBOMl JUHAMUKHU JTMOO
KaK MHCTPYMEHT peIIeHUs, JU00 ISl yIy4IIeHUs KaueCTBa PEIICHUS U MOBBIIIECHUS
OBICTPOJICHCTBUSI PEATU3YIOLIUX €r0 AJITOPUTMOB.

Ob6nacTe npumeHeHusi: YHCIEHHBbIE aNrOPUTMblI U MOPOrPaMMBI  MOTYT
MPUMEHSTHCA MNPHU UCCIEAOBAHUM CTPYW CBEPXBBICOKOTO [ABJICHUS B PA3JIMYHBIX
THAPOTEXHUYECKNX MAaIllMHAX W TpH  OOyYeHHWH CTYJACHTOB HMHKEHEPHBIX
HaIlpaBJICHU TMOJATOTOBKH, H3YyYAIOUIMX MEXAHHUKY KUJIKOCTH U rasa u
BBIYUCIUTEIbHYIO TUIPOAUHAMUKY.
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