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KHUPULI (pancada noxkropu (PhD) nuccepraumsicu aHHOTALUSICH)

Jucceprannss MaB3yCHHUHI [0J13ap0Juru Ba 3apypartu. JKaxoH Mukécuma
CYIOKJIMK Ba rasjiap MEXaHMKacuJaru aijaHMa XapakaTid OKUMJIAD TYPJIH XU
TEXHOJIOTMK JKapa€HiapJa KEHI KYyJUlaHWIaad. AWIaHMa XapakarTid OKHUMIIap
éplaMuia ypaHHU OOMMTHIN, YaHT TYyTKHWIapAa YaHTHHU YUUIAII, cerepaTopiapiaa
TypJII MaxCyJIOTJApHU aXXpaTHUIl, WYKU EHYB [BUraTeJUlapuja E€HUII >KapaCHUHU
OapKapopJIAlITUPHIN Ba XOKAa30JIap aMmalira OIUpUIaau. YHJAH Tallkapu Tabuataa
KYIOHJIapJa, JOapénapiard  yioopMajiapAa, UIYHUHTACK Y4YyBYM alllapaTiIapHUHT
U3UJa, KEeMa BHUHTIApUZa Ba IIAMOJ TE€HepaTopjapuja anjaHMa XapakKaTid
OKMMJIAPHHM KYy3aTUII MYMKHUH. YOy jkapaéHIapHUHT Oapuacujia OKMMIIAPHUHT
TypOynentTiuru Kysatuwiaaud. Uy cababmu alinanma xapakaT KuWiIa€TraH TypOyJEHT
OKMMJIAPHUHI caMapail MaTeMaTUK MOJEJUIApUHU Ba XUCOOJAIl aJrOpPUTMIIAPHHU
UIIa0d YUKHUII THAPOMEXaHUKAHUHT 1013ap0 myammostapuaup. UyHku ynap pusux
JKapa€HJapHU  YpraHuWilra, WIYHHHTJAEK aillaHMa  XapakaTid  OKHWMJIApJAH
doiimanaHunaaurad  Typiad ~ XWJI ~ TEXHAJIOTMK  KypWIMAQJIApDHUHT  MakOyll
napameTpJIapuHu TOIMHUILITa UMKOH Oepajiu.

XO03Upru KyHJa JKaxOHJAa aiJlaHMa XapakaTid OKUMIIAPHUHT XOJATHHU
TacBU(JIOBUM TYpJM XWJI MAaTeMAaTHK MOJEIIap HIUIa0 YMKWIMOKAA Ba yiap
KYJUIAaHUJIQOUTraH TYpiau aMajiud Macajajap Kylamu KeHraimokna. OKUMIIapHU
alTaHTUPUIN Ky4JId aHU30TPON TypOYJIEHTIMKKAa oJaub Kenagu. MartemaTuk
Kuxarnan Oy Macaja aHdya MypakkaOaup Ba Xo3upraua aiianma TypOyJIeHT OKUM
V4yH YHHBEpCAJ MOJENb spaTwiMaraH. Ymoly MyaMMo Kym ¢azanu TypOyJeHT
OKMMJIApHM YpraHuiiia sisHagaa mypakkaomnamasnu. [y mynocabar 6unan xkyn dazanu
TypOyJI€HT OKUMJIAp YUyH TYpOYJICHTIMKHUHT TaKOMUJUIAIITUPUITAaH MaTeMaTHK
MOJEIIJIApUHM, camapalid XucoOJiall adrOpUTMIIAPMHU Ba JACTYpJIApMHU HILIA0
YUKUIII 3apyp XUCOOIaHa M.

MamnakatumMuzga Typiaud Marepuauiap HIuiad YMKapuil BOCUTAJIAPUHU Ba
Muutad  YMKApUIIHM — MaxXaJUIMAJIAIITHUPUIITra Karra 3bTHOOp  KapaTUIMOKAA.
XKymnanan, MapkazgaH KO4uMa YaHT TYTKUWIAPDHUHT Typiu capdiap Ba Typiauda
JUCHEPLIMOH TapKUOJIM MyXHTIapAa HWUUIAMAWTaH camapalid KOHCTPYKLUsIapu
unuIad YMKapuiIMOKAa Ba HMILIA0 yukapuil oObeKTIIapura >kopuil stunmoraa. [y
6uman Gupra 2017-2021 imanapna Y36ekucTon PecryGiMKaCHHH PHBOXKIIAHTHPHIL
Oyiinua XapakaTiap CTpaTerusacua, )KyMiaajaad ... uIuiad YUKAPUIIHY..., TEXHUK Ba
TEXHOJOTUK KUXATAaH SHTWIANl .., IKOPHM TEXHOJOTUSJIMA KaWTa WIIUIAIl
TapMOKJIAPUHM, SHT aBBAJIO, MAaXaJUIMM XOMalI€ pecypclapuHy YyKyp KailTa WIUIail
acocu/ia IOKOpH KYyIIUM4Ya KUWMATIU Tal€p MaxCyJoT WILIa0 YMKAPUIITHH Kaaall
PUBOKJIAHTUPHIITA KapaTuiran cudar kuxaTuaaH SHrM 00CKHUra YTKa3uill OpKalu
CaHOATHM SIHAaJa MOJEpPHM3alMs Ba JUBEpCcUPUKALMA KUIUII;... TEXKAMKOpP Ba
camMapany 3aMOHABMH TEXHOJIOTMSUIApHU OOCKMYMa-O00cKud skopuit stwm .70 !
Bazudanapu Keatupud ytunrad. Ymoy BasudanapHu amaira olMpUIIIa aijaHMa

1 ¥36ekucron Pecniy6mukacu Ipesunentununr 2017 iiun 7 despanmaru I1dM-4947-con «V36ekncton Pecry6iuKkacuuu
siHa/la PUBOXKIIAHTHPHII OYiMYa XapakaTiap cTpaTeruscy Tyrpucuaanru @apMoHH.



XapakaTial OKMMJIApHU MOJACIUTAIITUPHUII, XHMCOOJAIl TaXpuOaTapuHU YTKa3HII
UMKOHUATUHU OEPYBUU JACTYpUN MaxMyaliap sipaTHIll MyXUM aXaMusT KacO 3Taju.

Yy muccepTauys TaaKUKOTH MyaiisH japaxana Y30ekucToH PecryGmukacy
Hpesunentunnar 2017 iimn 7 ¢eppangaru “Y36ekncTon Pecrny6iamkacuuu sHajia
PUBOXXJIAaHTUPHUIIIHUHT Xapakatiap crparerusicu Ttyrpucuna’tu 11P-4947 connm
dapmonn, V3bekucton Pecniybiukacu ITpesunenturunr 2017 fiun 17 despanmaru
“@annap akageMuscu (AOTUATUHU sSHAAQ TAKOMWUIAIITUPUII WIMUW-TAIKUKOT
GaoMuATHHU TAIIKUI OJTUII, OOMIKAPUIN MOJMSUIAIITUPHUIN  Yopa-Taadupiapu
tyrpucuga’tu [1K-2789 connmu Ba 2018 #imn 3 oktsOpmaru “Oxonorust Ba atpod-
MyXUTHH  Myxoda3a KUIUII  coxacuaa JaBiarT  OOIIKapyBH  THU3HMHHHU
TaKOMWUTAIITUPUIN O¥iinya KymmMmya dopa-taadupnap tyrpucuaa’té [1K-3956-
corsin Kapopnapuna Oenrmnanrad BazudaiapHu XaMmia Ma3kyp (gaonaustra Teruiuim
OolKa MEBEPUU-XYKYKUM XyxoKaTiapaa Oenrwiad Oepuwiran BazudaiapHu amaira
OIIUPUII YUYH XU3MAT KUJIaJIH.

TagkuKOTHUHT pecny0jnKka (paH Ba TEXHOJOTHSIIAPUH PUBOKIAHUIIMHUHT
YCTYBOp  HMYHAJMILIAPMIa  MOCJAMIM. Maskyp  TagkKukoT V36exucron
PecniyOnukacua ¢an Ba TEXHOJOTUSIIAPHU pUBOXIaHTUpUIIHUHT V. “Maremaruka,
MeXaHUKa Ba MH(POpMaTHKa™ YCTyBOp WYHAIHUIIINIAa MOC PaBHIIa OakapuiTraH.

MyaMMOHMHI yPraHWJITaHJIMK Japaskacu. AWJlaHMa XapakaT KWIAETraH Kyn
¢dazain Ba Ky KOMIOHEHTAIM MYyXUTJIap AMHAMHUKACH Ba yilapja Macca KY4uIld
Kymab MyTaxaccuciap TOMOHHMIAH a3po-, THAPOJAMHAMHMKAa KOHYHJIApU acocuaa
TaIKUK OSTUITaH. AMjaHMa XapakaTiud OKUMIIapJa KedaJuraH >KapaéHIapHUHT
MaTeMaTUK MOJEJIMHHU, XUCOOJall aJrOPUTMIIAPUHU TY3UII Ba TAaKOMUJUIAIITUPHUII
Oylinya WIMHM TagKUKOT WIUIAPU JKAXOHHUHI KYNTMHA €TaKYd WIMHUHN
Mapkaznapunaa, xkymiaagad NASA (National Aeronautics and Space Administration),
Stanford University (AKII), Cankr-IlerepOypr [laBiaT TeXHHMKAa YHHBEPCHTETH,
Mapxkasuii asporunponnaamuka HHCTUTYTH (P®), China Aerodynamics Research and
Development Center (XXP), The Air Systems Research Center (SImonust), Cambridge
University (bytok bpurtanus), Computational Aerodynamics Institute (Kanama)ma
ob GopHIMOKA.

Xo03upru KyHja aijianMa TypOyJIeHT XapaKaT/ii OKUMJIap XOJIATUHA MaTeMaTUK
MOJCIIIAIITHPHUII, adPOTUIPOIMHAMUKAHUHT TEHTJIAMAJIADUHU COHJIM €UHUIl Y4YYyH
caMapajy yCyJUlapHU Ba ajlrOPUTMIIAPHU SIPATHILI YCTYBOP WIMHUN MyHaJIWIIApAaH
XUCOoOJIaHa M.

X.A. PaxmarymuH ¢a3zanap KOHIEHTPALMSICUHUHT Y3rapuiiu Ty(daiam X0oCui
Oynaauran KylmumMya Ky4HH Kamig T4 Ba YHUHT acocua Ky ¢azaan OKUMIApHUHT
KJaccuk MojenuHu Takomusutamrupau (1956). Kyn daszamu oKMMHHHT Kiaccuk
Marematuk Mmojaenu P. Bbycpoitn  (1975) Ba A. ®Doptee (1971) wumnuapuaa
kentupwirad. Poccus @annap axkageMUsICMHUHT XucoOjall MapkKasuaa Typiu
Mypakkald a’pora3oJrHaMHuK OKuMiIapHu Vpranum yuyH O.M. bemonepkoBckuid,
FO.M. laBuioB TOMOHMJIAaH caMapajid COHJIM YCyJUlap MIUIa0 YMKApHIraH Ba KEHT
KaMpoBJIM XHcoO Taxpubanapu yrkaswimrad (1973). P.M. HurmarynwH V3uHUHT
WIMHA WOUIapuaa KAaTTUK Ba  CyloK  (aszamard  3appadajapHUHT  ¥3apo
TabcUpialnyBuHu ~ xXucobra oxmu  (1987). B.B. HoBomumHckuii, M.IL
CTpOHTMHJIapHUHT [WJIMHAPUK KaHalAa aillaHMa XapakaT KWiaéTraH OMp Ba MKKU
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dazanmm TypOyJNIeHT OKMMIIapra TALTYKIH HIDIApUAa K-€ MOJEIN OpPKAJId COHJIA
yprauwiarad (1988). Crnanapar I1.P. Ba Amimmapac C.P. (1992), Illyp M.JI. (1997),
Mentep @.P. (1994), Bunkokc J[.C. (2006) Ba CexynaoB A. (1995) unuiapuaa
TypOYJIEHTIMKHUHT TAKOMUJUTAIITUPUIITAH MOJCIITIApH UIILIA0 YMKUIIIH.

V36exncTonna Kym (a3aam oKUMIAp Ha3apHsACHHM puBOxIaHTHpumaa JK.D.
Qaizytaes, O.M. Ymapos, K.III. Jlatunos M.H. Xycanos, A.A. Xamuaos, A.O.
[okupos, 3.M. Manukos, O.M. Apudxonos, A.M. darxyinnaeB Ba OOIIKATAPHUHT
XU3MaTIapu Karra. Taxymia KypcaTUInu4da, Kyn daszaim MyxuTiapiaa anjaanma
XapaKkaTiii OKUMJIADUHHUHT TYpOYJICHTIWKHH XHCOOra OJIaJuTraH TaKOMUJUIAIITaH
MaTeMaThK MOJE/Iapd Ba COHJIM €YMII YCYJUIapu €Tapiu Japaxaja HIuiao
YUKUJIMAaraH.

Juccepranmsi TAAKMKOTUHUHT JUCCEPTALIMS 0AKAPUITAH WIMHUH TAAKUKOT
MyacCacAaCHHMHI WJIMMA-TAIKHKOT HMILIAPH pekajapu OwiaH OOFJIUKJINIMU.
Huccepranus nimu D.13-12 «Mccukiuk Ba Myajulak 3appadallapHUHT TypOyJIEHT
okuMaa ysaruwiumm» (2012-2014) masycugarun unamui rpant, 14/2012 connwm
15.07.2012 # “HaBowuii KOH MeTaUTyprusi KOMOMHATUHUHT TPAHCIIOPT BOCUTAJIapHUra
MHEPIIMOH XaBO TO3aJIaTMYIapHU CHHAIl Ba TaTOMK Kuiaumr’, 02-1466.23.04.2013
comii “XaBo ToO3ajarvyjapHd OFHUP IOK TalllyBYM aBTOMAIIMHAJIAp/a CHHAIl Ba
KOHCTPYKTOPJIMK  XYXOKATJIapUHU —HIUIA0 YUKW’ XY KAIUK — [IapTHOMAaJapH
noupacua 6axkapuiraH.

TagkuKoTHUHT Makcaau kyn (dazanu TypOyJIeHT OKMMIIAPHUHI MaTeMaTHK
MOJICJUTAPUHM KYpHUIIl Ba yJiap acocuja UUKJIOH TUIHJArd YaHT TYyTKUYJIAPHUHT
(hU3UK XyCyCUSATIIAPUHU UIILJIA0 YMKUILIaH nOopart.

TankukoTHUHT Basudaaapu:

anabuérnap TaxJIWIM acocuJa WKKA (a3zamym MyXUTHUHT XapakaTHUAaru Kyd
OMUJUTApUHU KUECH Oaxonar;

naxTa TepHUIl MaITHHACUHUHT MTHEBMATUK KUCMUJIArd UKKU (Ga3alid OKUMIIApHH
MaTeMaTHUK MOJISJUTAIITUPHII Ba COHJIM €UHIIT;

CUKWIMalWauraH ¢ENuIIKOK CYIOKJIUKHUHT OSTpU  JIEBOPJIM  KYyBYpJiapJaru
okuMuHu HaBbe-CToKC TEHTIIamManapu OpKajiy €4ulll;

CUKWIMaWIUTaH CYIOKJIUKIAPHUHT VKKa HuUcOaTaH CHMMETpusira Jra
CTPYSICUHMHT COKMH MYXHTAa TapKaJWIIN Ba $CCH IUIACTUHAHU OKUO YTHII
MacajajlapuHd TYpOYJCHTIUKHUHT TypJud MOJACIJIAPUHM KYJjaml OwujlaH COHJIA
CYUMIIL;

alimaHMa  XapakaTiu UKk~ (asanu  TypOyJeHT  OKUMJIADHU  COHJIM
MOJICJUTAIITUPUILI  Ba MapKa3JaH KouMa YaHT TYTKHYHUHT caMapajopJIUuruHu
aHUKJIaIl.

TagKUKOTHUHI 00bEeKTH ailjaHMa xapakar KuiaéTtraH WKKU ¢azanu
OKHUMJIAPHUHT TYPOYJICHTIUTHUIMD.

TaakuKOoTHUHT npeaMeTu cudaTuaa aimaHMa XapakaT KWIa€TraH HKKH
(dazanm okuMIIap Y4yH TypOYICHTIMKHUHT MaTeMaTHK MOJIEIIJIapy KapaJiraH.

TankukoTHHHT ycyJuiapu. TaakukoTaa kym (as3anu Ba Ky KOMIIOHEHTAIU
MYXHUTJIAPHUHT JaMUHAP Ba TypOYyJEHT XapaKaTJapruHU MOJCIUIAITHPHII, XYCYCHMA
XOCWJIQJIM YM3UKCU3 TEHIJIamMalap CHCTEMajJapuHU COHJIM €YUl YCyJUlapuJiaH
(alimamaHuIraH.



TagKMKOTHUHT WIMMIA SIHTWJINTM KyHugaruiapaad noopar:

Oitnep Ba HaBbe-CTOKC TeEHIIaMallapd acoCHJa YaHT TYTKWYJA KedaJUuraH
Kapa€HJIapHUHT MaTeMaTHK MOJIEUIaApU UIILIa0 YUKWIIIH;

TypOysieHT okumiiap yuyH HaBbe-CTOKC TeHriamajgapu acocuja YaHT TYTKHAY
WYUJard XaBo Ba KaTTUK (pazaHMHT y3apo TabCUPJIAIIYBUHU XHCOOTra oJIraH XOJijaa
COHJIM €YUM OJIMH/IU;

TypOyaeHTIukHUHT Croamapr-Aimapac Ba K-e momemnmapuman ¢oiigananub
SICCH TUTACTHHAHKM OKUO YTHUII Ba YKKAa HUCOATaH CHMMETPUSTA dTa CTPYSHUHT COKHH
MYXHUT/Ia TAPKAIHIIN MaCATAIAPH CUUIIIH;

WMKKHA MYXUTIIU ailJlTaHMa XapaKkaTiau TypOyJIeHT OKUM YUyH COHJIM €4UM OJUH/IH,
VHUHT CTCH]I TaXXprOa HaTHXKalapy OMIaH MOCITUTH TAabMUHJIIAHUO, MapKa3aH Kouma
YaHT TYTKUYHUHT ONTHMAJl YI4aMJIapPUHH TOMUIITA 5KOPUN STUJIIU.

TagKMKOTHUHT aMaIuii HATUKAJAPH Kyiiuaaruiapiad noopar:

naxTaHd MallldHaJa TEpHUIl >KapaéHHWJa YaHT Ba HOIOCIMKIApAaH To3ajall
KYpUJIMAacH Takau( STUJIM Ba YHUHT adpOJIMHAMUK XYCYCHUATIIApH UIIa0 YUKUJITaH,

UKKU (pazaii TypOyJeHT OKUMJIApHU YPraHMI YUyH JACTypJjiap MaXMyH HIIa0
YUKWIIUKK, Y MapKa3JlaH KOYMa YaHI TYTKAYHUHI KYPCATKUYIAPUHU aHUKJIAII
MMKOHUHU Oepaju.

TaagKUKOT HATWKAJAPUHUHI HIHOHYWIWJIMIM TAaJAKUKOT HaTHXKaJapUHUHT
UIIOHWIMJIUTA a’pOTUJIpOJMHAMUKA MaCaJIAJIAPUHUHT KAThUM KYWWIMIIW, YJIAPHU
COHJIM €YMIIJIa OJIIMHJIAaH MabjiIyM OYiraH yCyJs Ba ajlropuTmiiapra TasHWITAHJIUTH,
Xamja Hazapuil iyn OujlaH OJIMHTaH HATHXKaJApHUHI TaxpuOa HaTHKajJapura Moc
KEJINIIN OWJIaH acoCIaHaIu.

TagKMKOT HATWKAJAPUHUHI WJIMMHA Ba aMajJud axamMMsaTH. TaaKukKoT
HaTIDKAJIADUHUHT WIMHM aXamusTd IIyHJAaH WOOpaTKU, MapKa3laH Ko4YMa YaHT
TYTKMYHUHT ~ WYMJa  KeuajguraH  oKapaéHjiapHd  ypranumnga Wik 0op
TYpOYJIEHTIUKHUHT 3aMOHAaBUH MoOJEIIapy KYJUIAHWIMO, YaHT TYTKHYJa COJIHP
OynaéTtran >kapa€HIapHU eTapiiv Japakaja ajeKkBaT EPUTUIIT UMKOHU SPATHIIIH.

TagkuKOT HaTHXKAJApPWHUHT aMaluil aXaMUsATH FOKOpH camapara fsra OVyiran
YaHT TYTKUYIAPHM JIOWUXAJIAIl aMaTuéTUra dKOPHUH THIITAaHIUTH OMIaH U30XTaHaIH.

TaagKUKOT HATHKAJIAPUHUHT KOPUHM KUJIMHMIIMA. Mapka3gaH KouMa YaHT
TYTKAY WYHAJA KEYaJUraH >XKapaCHJIAPHUHI TaKOMWUIAIITHPWITAH MOJACIIapHHU
COHJIM TAJKUKOTIApH OYViuva OJMHTaH UJIMUN HATHXKaIap acOCHUIA:

YaHT TYTKUY WYUA KeyaJauraH TypOyJIeHT OKUMIIAPHU COHJIM €4HII alrOpPUTMHU
Ba nactypuil Bocutacu OnManuMK KOH-METauTyprusi komOuHatuaa Pyx 3aBoguaa
(“Onmanuk kon-metautyprust komouHatu” AXK wunr 2020 itun 21 dpespanmaru AC-
01440 mabmymMOTHOMAcH) Maiiia pyX KyKyYHHHH aXpaTuO ONMII Makcaauia uiiad
YUKApUIl >Kapa€HWra TaTOMK OSTUATaH. MMM HaTMOKAHMHT KYJUTAHWJIUIIA PyX
KYKYHUHHM 7 MKMJIaH KMYMK Ba KaTTa OYJiraH WKKY (pakuusra axpaTuil UMKOHUHU
OepraH;

YaHT TYTKUY MYUa KeYaJuraH >kapaéHHH H(OJATOBYM MATEMAaTHK MOJIENb,
COHJIM €UMII aJrOpuTMH Ba spaTWIraH Jactypuid BocuTacu OnmanvK KOH-
MeTalTyprusi KomOuHatuaa Pyx 3aBonuaa pyx KyKYHHHHU Cemapanysuialira KOpHid
sriirad  (“Onmanuk  koH-Metamnyprust komOuHatu” A wunr 2020 iwmn 21
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despanmarn AC-01440 mabaymoTHOMAacH). MiMuii HATHXKAHWHT KYJUTAHUJIUIINA YaHT
TYTKUYHUHT ¢doiaanu ui kodpdunuentu 50-70% ra omupuin Ba XopwxKiaa Uiuiad
YuKapuiIa€Tran pyxX KYKYHMHUHT cU(paTUIaH KOJMIIMAWIWTaH MaxCyJoT OJUII
UMKOHUHHU Oepras.

TaakuKOT HATHKAJTAPUHUHT anpodanusicu. Ma3Kyp TaJAKUKOT HaTHKalapH
2 Ta Xajmkapo Ba 6 Ta peclyOJiMKa WIMHI-aMaluii aHXxyMaHlIapuja MyxoKamaaaH
YTKa3WJITaH.

TaaKuKOT HATHKAJIAPUMHUHT IbJIOH KMJIMHTAHJIMIH. JluccepTaius MaB3ycu
6¥yitnua sxamu 21 Ta WIMMIT U YOI STHIITaH, IIyJapaaH Y36ekucToH Pecy6imkacy
Omuit Atrectatuuss KOMUCCHSCHUHT AOKTOPJIMK JUCCEPTALUSUIAPU ACOCUN HMIIMHUN
HATWKAJAPUHM YOIl 3TUIL TaBCHUS ITWITaH uiaMui Hampiapaa 10 ta makoia, 8 tacu
pecriyonnka Ba 2 Tacu Scopus 0azacu pyiixatura KUpyBUM XOPHKHUHM KypHasuiap/a
Hamp JStwiarad. OXM ydyH [OacTypud MaxcCyJIOT KaWJd OSTWITAHJIWTH Xakuja 3
Ir'YBOXHOMA OJIMHTaH.

JluccepTanMsiHUHT XA5KMH Ba TYy3WJMiM. Jluccepranusi TapKuOW KUPHII, Y4
000, xynoca, (QolganaHwiran anaOuériap pyWxaTd Ba wWIoBajapjaaH uOopart.
HucceprauustHUHT Xxaxmu 108 OeTHH TalTKUIT ATTaH.

JIACCEPTAIIUSIHUHT ACOCU MASMYHH

Kupum xucmuaa nuccepranus MaB3yCHHUHT JI03apOJIMTH Ba 3apypHsITH
acocna®b OepuiraH, TajgKMKOTHMHT Y306ekMcTOH PecryOnmkacn (aHm  Ba
TEXHOJIOTHUIapH TaPAaKKUETHHUHT yCTYBOp WYHAIMIIIAPUTa MOCIIUTH KYpCaTHIITaH,
TaIKUKOTHUHT Makcaj Ba Bazudanapu Oenruiad olMHTAH Xamaa TaAKUKOT 00BEKTH
Ba TPEIMETH aHWKJAHTaH, OJMHTaH HATHKAJIAPHUHT HIIOHWIMIIMTH aCOCIaHTaH,
WITHAHT SIHTWIMKJIApH, Ha3apuil Ba aMaiuii aXxaMHuATH O4ubd OepuiraH, TaaKUKOT
HATIDKAJAPUHU aMaIuETra KOPUH STUITAHIINK X0JIaTh XaM/la Hallp STUITaH HIIjiap
Ba JUCCEPTAIMs UIIMHUHT TYy3WIUIIHN OYiin4a MablyMOTIap KEITHPUIITaH.

JuccepranustHUHT OMpUHYM 000U “AMJIaHMAa XapakaT KWIAETraH oKumJap
MOIe/UIAPUHUHT Ha3apuii-ycayouii acocapu” 1e0 HOMJIaHTaH.

bupunun maparpadaa alinanma xapakat KujJa€Trad TypOyJIEeHT OKMMIA XOCHII
OynmaauraH, KaTTUK 3appadajiapra TabCUp KWIYyBYH Kywiap TaXJIWi1 KWJIWHTaH. Y0y
KYWIAPHUHT KaTTaJIuru 0axoaaHau.

Nkxknaun maparpadaa TypOyIEHTIMKHUHT acOCUN XapaKTepUCTUKAIaApH Ba
XO0ccamapu MyxoKama dTHIITaH.

Yunaun maparpadaa TypOyJIeHT OKMMHHU YpraHWIINa MaBXyl MaTeMaTHK
MOJICJUTApHUHT ad3aJUTHKIAPU Ba KAMYHMIIMKIApU MyXO0KaMa dTHJITaH.

Anabuérnap Taxauiau HaTHXKach, (aH Ba WIUIA0 YUKApHII COXalapHaar
MaBXKyJlT MyaMMOJIapAaH KelnO YMKKaH XOJJa TUCCepTallvs WINWHUHT MakKCaJh Ba
Bazudanapu Oenrunad OJUHTaH.

JluccepTalsTHUHT UKKHHYM 0001 “AlijlaHMa XapakaT/Ju OKMMJIapHU Jiiiep
Ba HaBbe-CTokc TeHIiiamajapu opKajiu MOJAe/UIAIITHPHUIN Ba COHJIHM TAAKHK
KHJanm’” 1e0 HOMJIaHTaH.

bupunun mnaparpadaa maxTa Tepull MAaIIMHACUHU IMHEBMATHUK TAIIUIIAATH
xapakaTu WKku (azamm okuMm cudatuma wmonemtamTupwiran  (l-pacm). Pean
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xoJyariapaa MyausiH XaKMIard XaBOHUHT Maccacu MaxTa MaccacuJlaH aHya Karra. by
XOJI KaTTUK (pa3za XapakaTMHUHT ra3 XapakaTh JWHAMHUKAcura TabCUPUHU 3bTHOOpra
oJMacnuk UMKOHUHU Oepaau. 1y Tydaitnu, XaBo OKUMUHUHT MaTeMaTHUK MOJEITHHU
Ty3UlI Y4yH Diijiep TeHIJ1amanap cUcTeMacuaaH, MKKUHYM (MaxTa YaHOKJIapHu, YaHr)
(daza yuyH sca Jlarpamxk éaaamnryBuaan GhoigaiaHuIraH:

oV V V2

arVr +—2 =0, Vr%+_‘”%——(p+£@20,

ror  rop o rop r por

oN V. oV VV oN. V. oV, V2
Vr 4 2 » _ 9T +£@=0, Vpr o + bo r__P k(Vr -V r)’ (1)

o r dp r  pop or rode r p

\Y Ny +Vp‘” Ny +VWVpr = k(V -V )

oy r o r 9 %

by epna V,, V, - Kyr0 KoopiMHaTanapu r Ba ¢ HyHaIuuIulapu Oyinva XaBo

TE3JIMK BEKTOPMHUHI TallKWi 3TyBUYWiIapu, V ,V, - T Ba (¢ KOOpAWHATAJIapU

pr?
Oyiina0d TOJla BAa YAHTHUHI TE3JUKIApW; Kk — XaBO Ba apajamma Yypracuiaru

TabcupIanryB KodhUIleHTH; P — TUIPOCTATUK OOCUM.

1-pacm. IIaxTa Tepuin
annapaTHHUHT BEHTWIATOPHU Ba
OyHKepH Opacura ypHaTWITaH
KypujiMa

UYerapaBuil mapriap KyMuaarvda WAKIUDIAHTUPpWIAK: ¢, =0 Ba: R <r<R, na:

_ o,
V,=0, Vv, =1, V, =0, V  =1; KartuK JIeBop ¢=¢, npa: V, =0, ™ =0; DK Ba FL

2

>=0.bynnaV,, V, - ypuHma Ba HOpMaib HyHaIUIIAATH TE3NUKIIAP.

0

(1) cucreMaHHHT IacTIA0KK y4 TEHIJIaMacH XaBO XapakaTHra TerMILIA OYiuo,
yJlap Macca Ba MMIYJIbC CaKJIaHWII KOHYHJIapuHH ubonantaian. (1) cucreMaHuHT
OXHMPTH HMKKH TCHTJIaMacH WKKHHYM (a3a y4yH HMMIYJIbC CaKJIAHWII KOHYHWHU
nudomananu.

WNkKkrHYM Ba yYWHYHW TEHTJamMajgapra Kypa, XaBOHH XapaKaTJaHTUPYBUM Kyd
OocuM TpajgeHTH OYyica, OXHPrd HMKKH TEHIJIaMara Kypa, HWKKHHYU (Qa3aHu
XapaKaTIAaHTHPYBYM KYYHHM MKKH (a3aHUHT ENUIIKOKIWMK Tydaiim  y3apo

KeCMaiapaa:

10



TabCUPJIANTYBY Ky4dW Tamkuia 3Tanu. Paszamapapo y3apo TabCUpIAINTyBU KyYWHHHT
kodhduimentu K Crokc Gopmynacy acocuaa TOIMIAIN.
(1) Tenrnmamanap CHCTEMACHHHU CUUII YYYH XaBO OKMMHHH MOTCHIUAT OKUM
ne6 dapas KUJIMHTaH:
orv, oV

-—L=0. 2
ror rop ()
OKMM un3ury QYHKIUIACH W HU KHPUTHIITAH:
Vr:_la_'/’, vV _oy (3)
r o “ooor

by xomma (3) MyHocabaT y3JIyKCH3JIMK TCHIJIaMacWHH KaHoariaaHThpamu. (1)
CUCTEMaHWHT WKKWHYM Ba YYMHYM TEHIJIAMATIApy VpHWTa KyWHIard TEHTJIAMAaHH
XOCHJT KHJTUHTaH:

2 2
L] o

o” ror r°op
(4) tenrmamanuHTr eunMmugaH (3) €épaammIa XaBO TE3MUKIAPWHU TOITHII
MyMKUH. TomwmiraH XaBO OKHMHHHUHT TE3JUKIApUIAH HWKKHHYA (ha3aHUHT
TPACKTOPUSUTApUHU TomuIaa Qoinananunaan. byaunr yuyn (1) TeHrmamaap

CUCTEeMAaCHHUHT OXMPT'H UKKW TCHIJIAMACHHU KyHuaarnda ¢3uiras:
2

d(\j/—t'”:\%+k(\/r -V, d\d/tp(p :—Vp‘”:/‘" +k(V, -V,,). (5)

Xucobnam COXacHMHM TYpPTOypyak IMaKjira KEJTHPUIL Yy4yH (r,e) SIHTH

KoopJIuHaTanap (£,7) OWiaH aJMaAIITHPUIAAN. & = g, n:ﬁ. by epna R(p) -
)R

r Oyiiya OKUMHHHT TalllK{ Yerapacu.
Slarm y3rapyBumiapra yrtum Hatwkacuaa (4) maH XaBO OKMM YHM3HWFH YYyH
KYWHJIard TEHIJIaMaHH OJIAMHU3:

2 2 2 2\ 42 2
a_ma_na_m(rz[a_n] (a_n] }a_w{ra_m_ﬂ]a_wo. (6)

0% O¢ 0&on or op) |on® or  0¢*)on

(6) TeHrimamMa WKKWHYM TapTHOMW AaHUKIUKIA allIpOKCUMAIlUsIaHId Ba
uTepanys ycyauaa edraan. (5) TeHriaaManap CUCTEMAaCHHH €UMIN Y4yH DWICpHUHT
UKKUHYM Japakald aHUKIUKIArd ycyiaumaaH Goimamanwiga. Yanr Ba mmaxTa
KHCMJIADUHUHT XapakTepiii Yidamiapura kapab Qaszamapapo TabCHpIallyB Ky4H
k03 uIMeHTH k HUHT KMMMaTH aHHKJIaHTaH.

2

a 0
2-pacm. Hanr 3appasnapu (a) Ba naxra KUCMJIAPUHUHT (0) TpaekTOpUAIaApH
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Conmu Hatmxkanap (2-pacMm) mMaxTaHM MallMHANA TEPUIN >KapaéHUAA YHH
KHCMaH TO3aJIalll UMKOHU MaBXKYJIUTUHU KYPCaT/IH.

WxkuHun maparpadua cTaTuk xaBo kiaccudukaropiaapuaa (3-pacm) maiina
3appajlapHd  KpaTUIl >Kapa€HUHU YPraHwil Ba KOHCTPYKIUSHUHT MYKOOWI
KYpCATKUWIAPUHU  aHUKJIAIl  y4yH MaTeMaTHK  MoOJelb Ba  MOJEIHHUHT
TEHIJIaMaJIAPUHU €YU YUYH COHJIUA aJTOPUTM UIILIA0 YUKUITaH.

by epna oxum YKka HUCOATaH CUMMETpPUK OViraHd ydyyH Oiep

TEHIJIaMaJITapUHUHT LUJIUHIPUK KOoOopauHaTajgapaaru KYpHUHUIIWIaH
doinananuITaH:
orv,) N o(rv,) _o, ov, v, ov, v, avz 1dp_ 0
oz or ot oz or p oz (8)
v, oV oV oV, VV
v, +V, N, +V, N _ e =0, L4V, —24V, L+ =
ot 0z o r p or ot 0z or r

By tenrmamanap cucremacuna p, p,V,, V,, V — Gocum, ra3ssuHr sudiury Ba

OKVM TC3JIMTMHUHI TAIKWJI 3TYBUMUJIAPH.

Kartuk neBopiapaa Te3NUKIApHH HOJTA
TeHrmad  ojmamu3; z=0 Ba O<r<R
pa: V, =V, (r),V,=V,(r), V,=V,(r)
z=0Ba R <r<R, ma: V, =V, aa\/ =0;

r
oV, o OVe_ Ve g
z=L na: =0, =U,——=
M ar or’ or’
Kymnaiinuk yUyH OKHUM YU3UFU

GYHKIUSACH ¥ , OKUM YIOpMacu § Ba aijaHMa
OKUM LMpKyJsiuusicu I Hu kuputamus. Yoy
y3rapyBumigap  OKMM  TE3JIUTM  TallIKUII
ATYBUMJIApU OWiIaH Kyluaaru OOfIaHMIILIapra
ra.

10 V. v,
3-pacMm. Mapka3zaaH KO4UMa YaHr Vy=———-, V., = =Y ¢= poai

TYTKUYHUHI IPUHOHUIIAA CXEMACH

F:rv(p.

(8) cucremanan 60cuMHU WYKOTHO, KyWH1ary TeHTIIaMajiap OJMHTaH:
y y
2 2
81//+81//_18w:_ré,, 8§+8Vr§ Vg _ or: or ol 6F_O )

2 2 T3 V Ao V A
oz or r or ot oz or 82 r 6t oz or
3appavanap Xapakaty KyWuaaru TeHrjiaMaiapaaH aHUKJIAHTaH:
V2 DV

mp

m
= =3muo(V, -V, )+——"%, m Dtp“’=37w5(\/¢—va).
r

p

Macananu coHJIM e4uIliga, OJNAUHTU maparpadia OakapuiraHujek, XucoOJsarl
coxacH TypTOypdYak IIaKjira oJud KEJIUHIU Ba SHTH y3rapyBumiapra yTuiau. Yanr
3appajJlapUHUHT TPAEGKTOPUSACH Ba TE3NMUKIApHU XucoOmamaa Jlarpamxk €HaanryBu
Kyutanuiiau. CoHM HaTrxkanap 4-pacMmia KEJITHUPUITaH.
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4-pacm. 3, 6 Ba 10 MKM JMaMeTpJIM 3appPavAJIAPHUHT TPAEKTOPUSJIaApH

Mapkaznan Kouma YaHr TyTKHWiIap/la Mapka3jgaH Kouma Kyd Tydaiiau yanr
3appanapu JeBOp SIKMHUJA WUFIIMO, CyHTrpa OyHKepra Kapal hyHanamu. Y4uHYU
naparpada 4aHT TYTKUYHUHT sSHA OuUp Typu KapaiuO, 3appajap KypUIMaHHHT
ypra kucmuaa wuruiaanu (5-pacm). Pacmman kypuHUO TypuOauku, Oy xoJaTia ras
dazacu neBopra Kapab XapakarjiaHaJgud Ba YaHT 3appajlapy Y3UHUHT WHEPILHSICU
Tydaian okuM ypracuna kKojaau. byHmail ctanroHap oKMMHU udojanam y4yH
HaBbe-CToOKC TeHrjiamacy KyJUIaHUJITaH:

H

N,
x oy
2
v, +V, N, +V, v, +£@:v 82\/22 +6V22 ,
ot OX oy pox ox* oy
2
0 X, u LY +V, N, +V, N, +£@:v 82\/; +6 VZ’ .
o x oy poy X oy
5-pacm. Y =0 Ba Y= f(X) uerapann (10)
KaHAJJIard OKUMHHMHI CXeMATHK
KYPUHMIIH

Kupumina (x=0 nga) Oup >KMHCIM U, TE3TUK MalgoHW Oepuiau. Yukwuiiga

. oV, oV,
(x=L pa) TE3MKIAPHUHT CHILIMK YTHIIH =0, —=0 ImapTiapuian
OX OX
doitnananunau. KaTtTuk yerapaga ENUIIKOKIUK Tyhaiin CYIOKIUK TE3JIUTH HOJra
tenr ae6 ommumn: V, |, o 00 =00 Vil o i =0

By epna coxanu peryisp TypTOypyak MIaKira ojM0 KeJNHIl YYyH SIHTU 3PKIU
V3rapyBumiapra ytwian. Tenrnamanap cucremacu (10) HU connu eumiiga Mak-
KopmMakHHHT UKKU OOCKUWIN CXeMacH KYJUTAHUIIIH.
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e

a 0 B
6-pacm. Peiinoanac conu 20 (a), 200 (6) Ba 2000 (B) ra TeHr 0yJraHga oKum
Yu3uFu PYHKIUSICHHUHT (£;77) KOOPAMHATAJAPAATH H30JTUHUSJIAPH

4-pacMaaH KYpuHUO TypuOAuWKHU, PEelHONBAC COHUHUHI KUHMAaTH OPTHILU
Owtad yropMa Xocui Oynaau. YiopMa XucoOuaaH TypOyJeHT OKUM maiigo Oyiaau.
Peitnonbac connnunr kuitMaté 2000 maH omranma oKuM Mykappap TypOyJeHT
pexumra yraau. byHmail xonga TypOYJEHTIMKHUHI TabCUPUHU XHCOOIa OJUII
Kepak Oyau.

JuccepranssHUHT yuuH4YM “TypOyJieHT OKMMJIADHHHI MAaTEMATHMK Ba
COHJIM MOJAE/IAapH Ba YJIAapPHHHI TarOmku” OoOuja ainaHma Xapakariu
TypOyJeHT oOKuMJapra Joup Macanajap Kapairad. byHpail MacananaphHu
taBcuduiami  yuyH PeitHompac — Oyiimua  ypramamtupwiran  Haswse-Croke
TeHrJamacuaaH (oinaaaHuIIn.

boOGuunr OupuHuyM maparpadu CUKMIMaWIUTaH CYIOKIUKIAPDHUHT YKKa
HUCOATaH CUMMETpPUSTa 3Ta CTPYSICMHUHI COKMH MYXUTAA TapKaJIHII >KapaéHUHU
MOAM(PUKALMSUTAIITUPWITAH K —& MOJENHM acoCHAa TAAKUK ATUILITA OaruIlIaHTaH.
Tenrnamanap cucremMacH LWIMHIPUK KOOpAUHATANIAPAA KylH1arnya OJMHTaH:

V V V \V
Ney MWV g, vy, Peyy, @ Zzlé[f(th)avzl

+ = +
oz ror ' oz "or ror

Vr%_kvzaikzlg riik +ﬁ L% _|_G_£’ (11)
or oz ror\ o or) oz

V, a—‘9+VZ agzla[rm%j+a(m&9]+cl f, ‘G —-c,f, i
or oz ror\ o, or o0z\ o, oz k k
TeHrmamanap cucremMacu KyHuJIary mapTiiapa eUniaiu:
z=0 Bar<Rpma: V,=1 V,=0, k=019, =019 r—> o ga:
v,k _os_
‘ or or or
Oy epaa G — TE3MUMKHUHT V, Ba V, TAlIKWI 3TyBUWIApHU Typaiiau TypOylIeHTINK

VZ =Vr =k=6‘=0; r=0ma: V

ICHCpAlHACHU, K — KHHETHUK SHEprus OUCCHIIANUACH, & — AHUCCHUIIALUA TC3JIUTH,

Vv, Vi, — JJaMHHap Ba Typ6y.)'I€HTJ'II/IKHI/IHF KHHCMATUK éHI/IHIKOKJ'II/IK

ko3 punmrenTiapu.
Macananu COHJIM €Ml YYYH SHTH &(Z,1), w(z,r) KOOpAWHATAIap KUPUTUILIU:
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fog v YW oy VOV
r or r oz
SAuru y3rapysuniiapja (11) Tenrnamanap cucreMacu Kyiugaruda oynaau:
v, 1 8 [r¥, oV, ok 1 0 (rV, v, k) G-¢
ALY .

o wow| v oy o woyl v o dy) V, (12)
% 1 0 (r¥V, v, os +leléG—C2f282
o yoy\ w o, oy V,k '

(12) TeHrmamanap CUCTEMAacHHU COHJIM €YHIN Y4YYH OINKOpMAac YEKJIH
afiupManm cxeMaJaH Ba KyBHII yCymHaaH (oifanaHmigd. YITUoBCH3 Kajammap
AE=10", Ay =107 ne6 omuaan. CoHIIM HaTWXalapaa CTPYSHUHT TypId
Kecumuiapua Oyiaama Te3MUKHUHT TapKAIUIIH, YKIard TE3MUKHUHT OKUM OYilinad
y3rapumy Ba TypOyJEHT KyWIaHHIIHUHT Typiad KecUMIIapAard npoduiuiapu
OJIMH/IU.

WxkuHun mnaparpada siccM IUIACTUHAHUW OKUO YTUII MacalaCUHUHT
TypOyneHTIukHUHr Crnanapr-AiiMapac MOJEIM acoCHAard COHJIM  €4YUMHU
OeprIIIy.

CHKWIMaiIurad CyrOKJIMKHUHT SICCH IapaJijiesl cTalroHap Xapakatu Hasbe-
Croxc TeHrnamanapu omiad udoaasaHIu:

v, o, o, v, v, v v, =a{(v+vt)avz}
ox oy OX oa oy oy (13)
~ ~ ~ ~\ 2
vo&¥iv % _p _p 1t a((wg)avjwﬁ{av} .
2 oy o|oy oy oy
by epma V ,V, - O¥yillama Ba KyHJAJaHT TE3IHKIIap; V- KEATUPUIITaH
TypOyJeHT  ENMIIKOKIWK  Ko3pduuuentu; P,,D, — TypOyJIeHTIUKHUHT

reHepauusaCH Ba JUCCUIIALUSCH.

Ymby MacalaHd euuliga OKUM YW3WFU (PYHKUOUSACH KUpUTHIHO, Musec
KoopauHatanapura ytuiaau. COHJIM HAaTWKaJIap HATWKACUAA OJIMHTAH HMITYJIbC
UYKONUIIY KATMHJIUTUHUHT TUIACTHHA YITYOBCU3 Y3YHJIUTHTA OOFJIHMK Y3TrapHIIH,
MJIaCTUHA WINKATAHUIT KOA(DPHUIIMEHTUHUHT HMMIYJIbC WYKOJMI KaJTWHIUTHUTa
OOFJIMKJINTYA Ba YJIUOBCU3 OyilllaMa TE3UKHUHT UXTUEPHM KecuMa derapaBuit
KaTjiaM KQJIMHIUTHIATH Y3rapuilld MabIyM TaXpuOa MabIyMOTIapHUTra SXII MOC
KeJIaJIu.

Yuyunun mnaparpadga MapkazgaH KouMa YaHT TYTKAYZAru WKKU (azanu
allllaHMa xapakaTiv TypOyJeHT OKUM Macajlacu COHJIM euuirad. byHna
TYpOYJNIEHTAMKHUHT sXIM Ypramwiran K-—& woxmenu — uouiatwigd. Yadr
TYTKMYHUHT CXEMaTUK KYPUHUIIIN 3-pacMjia KEITUPUIITaH.

[unmuHapuK  KOOpAMHATalap  CUCTEMAacHaa  TEHIIamanap  Kyuuaaru
KYpHUHHUILITA Jra:
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v, orv, oV, o, N, o 10 oV,
+ =0, pV, + pV, - +—=——|ru, ,
0z ror or 0z r or ror or
ov, oV, op 10 ov, 10 ov,
PV, + pV, +—=——|Tu, +——| ru, ,
or 0z 07 ror or ror or (14)
ov, ov, pVvV, o ) N, V,
r z + = 2 r lus - !
0z r reor or r
ok ok 10 u, ok
NV — 4+ oV —== : +G -
PY o pzaz rar( o, arj pe

2

v %8y 0 16[r,u5 ok
o, or

&
+c, f, G -c,f
or oz ror J "k 21

?.

Yerapasuii maptiap 2.2-nmaparpadaarura yxmad €3uiau.

(14) Tenrmamaiiap CUCTEMAaCHHH C€UHINAA KyJiald OYiIraHu Y9yH OKUM YH3HFH
GyHKIMACH ¥ XaMa OKUM YIOPMAacu ¢ KUPHUTHIITAH:

_15_(// V. = 1oy éV_@V 8Vr. (15)
r op ror’ or oz
bocum unkapu6 Tanuianranuaa (14) TeHrnamanap cuCTeMacHHH Kyduiarnda

€3UILI MyMKUH:

r

ov,

Vv, 64“ 264—\£+2v a[r(v+v)§j

ar oz r ! az or

ov ov, VV. 190 8V v+v
V. —2+V, 2+~ - - Ly o

“or tor r rar( j re ° (16)
V. ok +V, ok _ 13( Vv, 8k) €, 0 (18WJ+6(16WJZ§,

‘or ‘oz ror o, or\r or oz\r oz
v, %8,y 08 10 VIV Ky ok fe ot

or oz ror o, or k k

bynpaii TeHrmamanmap CHCTEMACHHHHI CTallMOHAP €YMMUHM OJIMI YYyH
OapkapopiamTUpuIl  ycyiuaan dopananuaan. Yoy YCYyJIHUHT MOXHUSTH
IIyHJaH HOOpaTKH, TEHIJIaMallap HOCTAIlMOHAp XoJyiia €3u0 OJIMHANW, COHJIH
eursiaau Ba Oy €4uM BaKT YTUIITN OWIaH CTAIMOHADP €YMMTa HHTUJIA N,

Coxanu peryiasp TypTOypuak IIakiura oJu0O KETuIl Makcaauaa SHTU
(£(z,1), n(z,r)) KOOpPAMHATATAP KAPUTUITAH;

z r
fzta n=—= f(z) (17)

Oy eprna z<0 oa: f(z)=R, 0<z<L da: f(2)= _R-h

Z.

Suru y3rapysumiapuau (15) Ba (16) TeHrnmamanap cucremacura oiaud 60pud
KyIMU3 Ba XOCWJI Oynran cucreMaHd coHiau edamu3. COHIM  yCYJIHHHT
TYpFYHJIMTUHU TabMUHIA Y4yH A.A. CaMapCKHUIHHUHT “OKMMTIa Kapllid~ CXeMacu
UIUIATIIIU Ba AU Py3uoH Xaamap Mapka3uil aiiupMarnap OWiaH anmpoOKCUMAIUs
KuuHad. OKuM 4m3ufyd QYyHKIUSCH y4yH onuHrad Ilyaccon TeHrnmamacu Xxam
Mapkaszuil aiumpmanap OujiaH anmpoKCMMAlusl KWUJIMHAM Ba COHJIM €YMII YUYyH
IOKOPH peTaKcalysi UTepalroH yCyln KYIUTaHUIIH.
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Connu taxkpuba xaBo KiaccupukaTopiapd MUMJa KeyaJuraH >kapa¢HiIapHU

Vprauum yuyH yTkazuiaau. byHnma kyiupgaru mapamerpiapaad (oimanaHuiiau.
2

R =012 R,=02m L=3m, V,, =42 ulc, Vo =0, rV, =18"—.

CeK
Hartwxanap ynmuoBcusz OVyinama, KYHIaldaHT, TaHTEHUIUA TE3MUKIAPHUHT
¢ =05 kecuma TapKAIHIIK Ba YaHT 3appalapUHUHT TpaeKTOpHUsIapu rpadukiapu
Tap3uja OJIMHIN.
TypruHun mnaparpadgaa aimaHMa Xapakarid UWKKU ¢azanu  TypOyJeHT
OKUMJIQPHU COHJIM €UUII YYYH aJITOPUTM MILTA0 YUKUIIIH.
YaHr TyTKM4Iapaa YaHTHUHT KOHIIeHTpauusacu 0.05 xo/n’ ra eTUIId MyMKHUH.

By kuiiMaT cukuiaMaiimurad xaso suwmarugad (1.29 xe/x’) amya xuumk. Iy

cababmu kymina® TaAKUKOT MIUIapuAa KaTTUK (pa3aHUHI XaBO JMHAMUKacura
TabCUPU FBTUOOPCU3 KOJIAUPWIAIU. BUpoK Mapka3gaH KouMa Kyd TabCUPHJIa YaHT
3appajiapy TYIUIAHAIUraH JAE€BOp SKUHUAA KAaTTUK (a3aHUHI KOHLIEHTpPAUUsACU
KaTTa KAWMaTiapra 3pyuIlMiId MyMKUH. byHaail xoimapaa KaTTuk (a3aHuHT ra3
dazacu AMHAMHUKacUra TabCUPUHHU 3BbTHOOpCcH3 KOaaupuO Oynmaiiau. IlyHuHr
ydyH ymOy maparpadpia DNOJMAMCIEPC KATTHK 3appadajap Tra3 (asacu
JUHAMUKACUTa TAbCUPUHU 3bTHOOPra OJIraH X0JAa UKKH (Pa3aau MyXUT Kapajau:

av aV zaVZ +1ap:18‘:r(v+vt)aa\:—z:|_zpiki(Vz_lgiz)7
i=1 O

L4V —2+V
oV, oV, v, V: 1¢p 1 a{ oV,
et et I { (T e
.

ot "or 0z poz ror
“+V, —+V
0

N
p.
N ERNV -9),
ot "o “oz r por ror }Ep(v )

oV oV N2 VV oV N o
L4V L4V, Lt 10 r(v+v,)—= —(VLZV*)V S P -8.),
ot or 0z r ror r =) o
api + 6rpllglr + apilgiz — p 4 +Vt pp, algiz + Lgir a'giz + lgiz 619& — ki (\/Z _Siz)’ (18)
ot ror 0z p+p, S, ot or 0z
_ ] _ 2 09 09 0% 8 9
09, 'y 09, ‘9 08, Yy _ KV, —3), 0 g Py g P Tt oy _ gy,
ot or oz r ot or 0z r v

+
ot oz or or oz ror

By epma 9,, 9,, 9, — |-4aHr Qpakumscu 3appadanapy TE3IUK BEKTOPHHUHT

- - - - -\ 2
g Vv al+vral: PW—DW+i 8((v+17)81/j+cm((31/j , V, +6rV, =0.
o|or or

TAIIKWI 3TYBUMIApH; p — OOCHM; 0 — XaBO 3UWIMTH; V — XAaBOHUHI MOJIEKYJISIP
KUHEMAaTUK EMUIIKOKIUTH; V, — XaBO OKUMUHHUHT TYpOYyJE€HT ENULIKOKIUTHU; p; —
YaHI 3appajlapUHMHI 3M4IUrk; K, — i-Qpakuus Ba XaBo Ypracupgard y3apo
uMITysibe  anMamuin  kodddumuentn; D — kartuk  dazanunr  nuddysus
k03 durmentr; Sc =0.8 — [IImuar conu.

Kartuk neBopiap/ia Te3/MKIapHU HOJITA TEHIIa0 OJaMu3;

z=0 Ba 0<r<R, ma: V, =V, (r), V, =V,(r), V,=V,(r); & =V,(),
9, =V, (r), &,=V,(r); z=0 Ba R <r<R, ma: 4 =8 =V, =V =0,
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? 2 o g9, %9, 09,
algizzavzzo_ Z:Lﬂa, a\grzo, a\ézzo, _Z(p:O’ al%l':a‘gzu: Z'W:O.
or or ’ or or or or or or
dazanap opacuaaru y3apo TabcupianryB kodddurmentu Ctokc dhopmynacu
18 pv

OpKaJl aHUKJaHraH. K = IOxopuna tapkuanad yTuwiranuaek, Jlarpanxk

05i2 '
éHI[aIlIYBI/I 3appadajiap TPaCKTOPHUACHUHU X,I/ICO6JI31H Y4yH Kyﬂaﬁﬂﬂp BYHI/IHF Y4YH
(18) cucreMagaru 6-8- TCHIJIaMaJIapHHU KYﬁHHarH araKjiaa €3aMu3:
dg, & dg dg, 9.9
99 G g v —g) Lok —g), L T v ). (19
dt r V= 8) dt V.= 8) dt r v, =8,)- (19)

Onpunru naparpadgaarujiek, OKUM YM3urd QYHKIUSICH ¥ Ba OKUM YIOpMacu
¢ KHpUTaMHU3 Ba MacaJlaHU COHJIA €4aMu3.

L —

0 02 0.4 0,6 08 g

1,5 = = = KATTHK (ha33HH X3BOTa TALCHPHHM XMCOBTa OAMATaH KON = = = ATV (b333H4 X3BOFa TALCHPHHH XHCOBT OANATH K07

= = KaTTHi, ha3ann XaBora TabCupri Xucolira onmaram xon KaTTii §a32HK XABOr TALCHPHHK XMCOBTa OATaH KON T, 150440 AR TSMCHDI 00005 QAFBH XD

— KaTTHK da3ann XaBora TabCHPHHM Xucolira onrax xon

7-pacm. £ = 0.5 kecuMaa XaBO OKHMHHHHT aKCHAJI, paguaJl
Ba TAHTe€HIIMAJ TE3JIMKJIAPUHUHT NpoduLIapu

KykyHHUHT aucnepcuoH Taxjiiid ManBepH Jiazep (GUPMACHUHUHT JIa3epiiu
aHanu3atopu Epramuna yrrazwian. CoHnmM XucoOiall HaTHKaJIapuHU Taxkpuoa
MabJIyMOTJIap OuiIaH TaKKOCAIl YIyH, MapKa3gaH KouMa YaHT TyTKUY TOMOHUaH
TYIUIAaHT@H 4YaHT TYKUMa Marepuayuii (QuibTpaa TyTuO KOJWMHTAH YaHT
TapKUOWHUHT TaxXJIWIM VYTKa3WIIW. 8-pacMJa aHalU3 HaTIWKajlapu HyKTajiap,
COHJIM XMCOOJIalll HaTHKaJapy 3ca y3IyKCU3 YM3UKIIap Omian Oepuirad Ba TYKUMa
MaTepuayuii  (UIBTPJArd YaHTHUHT TapKuOW KypcaTwirad. Ymly pacMIaH
KYpUHHUO TYpHOIUKH, COHJIM HATMKajlap Ba AWCIEPIMOH TaXJIWJI MabIyMOTIapu
OwiaH ycTMa-ycT TyIIaju.
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* taxkpuba

——Haszapmu:

8-pacm. TykumMa MaTepuaIu
buabTpaaru 4YaHr
TAPKUOMHUHT
AUCTIEPUMOH TAPKUOH

0 5 10 15 20 25 30 35
d, MEM

XVYJI0CA

«AllnaHMa xapakarid OKUMJIAPHUHI MaTEeMaTHK MOJEJUIApU Ba YJIapHU
COHJIM €YMIID» MaB3yCHUJard Jaucceprauus WM Oyiinya onaud Oopuiiran
TAIKAKOTJIap HATWKAJIAPU acOCUa KyMuaru xyiocanap TaKIuM STHJIIN:

1. AillanmMa xapakaTiu TypOyJeHT OKMM/a KaTTUK 3appajiap TabCUp
KWIYBUM Kywiap TaxXJWi STWIAW. YOy TaxJuid HaTUXKaculla OKUMIArd KaTTHK
3appanap AMHAMHUKACUTa TPaBUTAIIMS, MATHUT, TYPOYJICHT, SJIEKTPOMATrHUT Ky4iap
Ba myHuHraek, Cepmen, Marnyc, PaxmMatynuH KydJapHUHT TabCUPU KUUYUKIIUTH
kypcarmigu. Iy tydaiinm Marematuk MojewiapHu Kypuuiga ¢dakaTruHa
MapKka3JaaH KouMa Ba (pazajapapo TabCHUpJIAllyB KyWwIapyu XucoOra OJMHIH.

2. [TaxTanu Tepum xapa€Hua Man1a YaHr 3appajlapyuiad To3anall yayH
BEHTWISATOp Ba OyHKEp opacura YpHaTWIaJWraH Kypuima Takiaud s>Twind. by
KypuiMa Y4YyH MaTeMaTHUK MOJENb TY3WJAUM Ba MOC Macalla COHJIM EYHJIJIU.
Hatmwxana maxTaHd MalllMHA[a TEpUII >Kapa€HHWIA Mailla 4YaHTr 3appajlapyiaH
KMCMaH TO3aJIalll MyMKHUH SKaHJIUTHA KYPCATHIIJIH.

3. Kartuk ¢daza cappuHUHT KMUUK KUWMATH XOJUIapuja Ta3iid MYyXUT
JMHAMUKACUHU MOJICJUTAIITUPUII YUYH TUIPOAMHAMUKA TEHIJIaMaJlapuHU KYJIalll
MYMKUHJIUTH Hamouui STuiaau. Kattuk (a3za guHaMUKacUHM MOJIEIUIAIITUPHUILLIA
KaTTUK 3appajapra XaBO OKHMMH TabCUPUHM Ba MapKa3laH KouMa Ky4yHHU
»bTUOOpra oyiran xosija Jlarpamxk €HaanryBu caMapaiy SKaHJIUTY KYPCaTHIIN.

4, EnuImKox cHKUIMAaiurad CyIOKIMKHUHT SCCH Ba 3IPU CHPT OWIaH
yerapajlaHral coxajaaru xapakatu macanacu HaBbe-CTOKC TeHrinamanapu acocuaa
Ba Mak-KopMakHUHT TPHUIEKTOP-KOPPEKTOP YCYIMHU KYJUlad COHJIA CUYWIIIH.
PeliHONBAC COHMHUHT KaTTa KHMUMaTIapuia OKUMIA TYpOYJICHTIIMKKA OO
KeJIaIuTaH Y3WIUII Taia0 Oy Iuiy ncOOTIaH u.

5. Sccu mmactuHaHM OKMO YTUII Ba YKKa HUCOATaH CUMMETPHK CTpPYS
MacallaJlapuHyd COHJIM euuiiga Muzec alMalliTUpHIILIApUra YTHIIHA, OIIKOpMAac
YEKJIM allupmanap cxXxeMacu Ba TYpOYJEHTIMKHUHT 3aMOHAaBUU MOJEUIapHaaH
doitnananunan. Yoy MOJEUIApHUHT aJIEKBATIUIU KYPCATUIIH.

6. Mapkazgan KoumMa YaHr  TYTKMYJard TypOyJeHT  Xapakar
TEHIJIAMAJIAPUHU COHJIM €YU YUYyH OKUM (QYHKUUSICH Ba LUPKYJISALUUSA KUPUTUIINA
Ba A.A. CaMapCcKuHWHUHT “OKMMra Kapiu’’ cxemacuaaH doiaamanmian. Yiaap
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acocujia UIUTa0 YUKWITaH JAaCTypuil BOCUTA YaHT TYTKUYHUHT caMapaJopiIUTruHU
aHMKIamaa GpoiaanaHuIIn.

7.  Spatunran npacTypuil TabMHHOT MOJUAUCIEPC YaHIJIAPHU TYTUO
KOJIMIII Macajacura TaTOMK STWIMIIM MYMKUHJIWTH TacaukjaaHau. COHIM HaTHXKa
MasnBepH 5azep (UPMACHHUHI Ja3epiid aHauu3aTopu EpJaMuja aHUKJIAHTaH
KaTTHUK 3appajlap JUCHEPCUOH TapKUOUTa MOC KeJlaju.

8.  Spatwiran OXM pactypu OaMallvK TOF METaUIyprusi KOMOMHATHIA
Pyx 3aBoguaa maiiga pyX KyKyHHHHU aXpaTHO onuil >kapaéHura myBaddaxusTim
TaTOMK STHIIU. WnMuil TaaKUKOT HATWXKACUAA YaHT TYTKHYHUHT (oimamu uil
koadpumentu 50-70% rauva omupunan Ba HaTHXKaga cudatu 4eT 31 KyKyHUAaH
KOJMIIMAAUrad, yiryamMu 7 MKMJIAaH KHYMK OyiMaraH pyX KyKyHH HOUIa0
YUKW,
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BBEJIEHUE (anHoTrauusi nuccepranuu 10kropa puinocodun (PhD))

AKTYaJIbHOCTh M BOCTPEOOBAHHOCTH TeMbl JMCCEPTALUM. 3aKPYUYCHHbIC
NOTOKM KUAKOCTM W Tra3a Ha MHPOBOM YpPOBHE WIMPOKO HCIOIB3YIOTCA B
pPa3IMYHBIX TEXHOJOrMYecKux mnpoueccax. C MOMOIIBIO BPAIAOMIMXCA TOTOKOB
IPOBOJAUTCS OOOTralleHuEe YypaHa, YAEpPKUBACTCA INbUIb B IbUICYJIOBUTESIX,
pa3endioTcs pa3inMyHble MaTepuasbl B cemapaTopax, CTaOUIM3UPYETCs MpoIece
rOpeHusi B JIBUrareisix BHYTPEHHEro cropanus u Tak pgainee. Kpome Toro,
BpaniaTesbHOE JBUKEHUE MTOTOKA MOKHO HAOIIOAATh B IPUPOIHBIX SIBJICHUSX, KaK
yparanbl B atMmocdepe, BOJAOBOPOTHI B peKaX, a TakKe B CJe/e JieTaTeIbHbIX
anmnaparax, CyJIOBbIX BUHTOB U BETPSHBIX I'€éHepaTopoB. Bo Bcex 3THX mporeccax
HaOmoaeTcss TypOyJIEHTHOCTh NOTOKOB. Ilo3ToMy paspaborka 3pQpeKTHUBHBIX
MaTEMaTUYECKUX MoJeNed TYpOYJIEHTHOCTH [JIsl 3aKpPYYEHHBIX IOTOKOB U
BBIYHMCIIUTEIBHBIX ~ QJITOPUTMOB  SIBJISIIOTCSL  aKTyaJbHBIMH  MpPOOJiEeMaMH B
rusipoMexanuke. [1oToMy, 4To OHM MO3BOJIAIOT U3YUYHUTh (PU3UUYECKUE TPOLECCHI, a
TaK)K€ HAUTH ONTUMAJIbHBIE IAPAMETPHE PA3IMYHBIX TEXHOJIOTMYECKUX YCTPOUCTB,
I'JI€ UCIIONIBb3YIOTCS 3aKPYUYEHHBIE IOTOKH.

B nHacrosiiee Bpemst B MUpPE pa3pabaThiBalOTCSA pa3InIHbIe MATEMAaTHIECKHIE
MOJIeJIM, OMHUCHIBAIOIINE BpAIIaTeIbHOE IBIDKEHUE CPENl, TaKXKE pPacIIUpsaeTcs
Kpyr X MPUMEHEHHS IS PelIeHHs] pa3MUYHbIX MPHUKIAIHBIX 3amad. Bparnenue
MOTOKA BBI3BIBAET CHIIBHYIO aHU30TPOIMHYIO TypOyJIeHTHOCTh. MaTeMaTHUeCKH 3Ta
npobiieMa OYeHb CIOKHAa W JO CHX TOp HE Cco3JaHa YHHBEpCalbHas
MaTeMaTHuecKas MOJENb JJIs BpaIlalouierocss TypOyJIeHTHOro TMOTOKa. OTa
npobiema enie  OOJbUIE  YCIOXKHSETCS MNPU  K3YYEHUH  MHOTO(a3HOIro
TypOyJICHTHOTO MOTOKA. B CBsA3M ¢ 3TMM HE0OX0AUMO pa3paboTaTh yIydIlIeHHbIC
MaTeMaTHYeCKue MoJend, dS()QPEKTUBHbIE BBIYUCIUTEIbHBIE aJTOPUTMBI U
IporpaMMbl pacuera JJisi 3aKpYYEHHBIX TYpOYJIEHTHBIX TE€UEHMH MHOTO(a3HbIX
cpen.

B V30ekucrane Ooiblioe BHUMaHHUE YAENSAETCS K JIOKAJIU3aLUU CPEACTB
OPOM3BOACTBA M TMPUOM3BOJACTBA pa3IMYHBIX MaTepuagoB. B uacTtHOCTH,
pa3pabaThIBalOTCd W BHEIPSIOTCS B OOBEKTaX NPOU3BOACTBA 3(PPEKTUBHBIC
KOHCTPYKIIMU IEHTPOOEKHBIX TMbUICYTOBUTENCH, pabOTaIOMMX B YCIOBHSIX
Pa3HOTO pacxoja W Cped C Pa3IuyHbIM JTUCTIEPCHOHHBIM COCTaBOM. BMmecre c
TuM, B CTpareruu aeicTBuid no pazsutuio Pecryonuku Y30ekucran B 2017-2021
ropl OTMEUEHBI 3ajada: «...TEeXHHUYECKOE U TEXHOJIOTHMYECKOe OOHOBJICHHE
IPOM3BOJICTBA, ...JJalTbHEeHTIIast MOJICpHHU3AITUS " auBepcudurarys
IPOMBIIIJICHHOCTH TIyTeM TMepeBO/la €€ Ha KAaYeCTBEHHO HOBBIM YpPOBEH,
HalpaBJICHHbIE  HAa  OMNEpeXarollee  pa3BUTHE  BBICOKOTEXHOJOTHMYHBIX
o0pabaThIBAOMIMX OTpaAciei, MPEeXJE BCEro IO MPOU3BOJCTBY TOTOBOM
IPOAYKIIMH C BHICOKOU JOOABICHHON CTOMMOCTBIO Ha 0a3e riry0oKoi nepepaboTku
MECTHBIX CBIPbEBBIX PECYPCOB;... MOCJIEIOBATEIbHOE BHEIPEHHE COBPEMEHHBIX
HKOHOMUYHBIX U 3()PUKTUBHBIX TEXHAJOTHH;... ». s peanuszanuu 3TuxX 3aaay
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0COOYIO pOJIb UTPAIOT MOJETHUPOBAHUE BPAIIAIOIINX TOTOKOB U CO3/IaHUE MAKETOB
MIPOTPaMM JJIs pacyera.

JlaHHOE HCCEPTALIMOHHOE MCCIEAOBAHUE B ONPEACIICHHON CTENEHU CIYKHUT
BBITIOJIHEHUIO 3aJ]a4, MpeaycMOTpeHHbIX B Ykaze Ilpesupenta PecnyOnuku
V36ekuctan Ne-YI1-4947 «O ctpareruu NeWCTBHs MO JalbHEHIIEMY pa3BUTHUIO
Pecniybnuka VY36ekucrana» ot 7 @eBpans 2017 ronma, IloctanoBieHusx
[Ipesunenta Pecriyonuku Y3oekucrana Ne-I1I1-2789 «O Mepax mo ganbHeemy
COBEPILIEHCTBOBAHUIO JEATEILHOCTH AKaJI€eMHHM HAyK, OpraHHU3alluy, YIPABICHUS
¥ (UHAHCUPOBAHUS HAYYHO-HCCIIEIOBATEIbCKONW NEATENbHOCTH» OT 17 deBpains
2017 roma u Ne IIII-2789 «CoBeplIieHCTBOBAHUE CHUCTEMbI TOCYJapPCTBEHHOTO
YIPABJICHHS B c(pepe IKOJOTMU U OXPaHbl OKpYyXkarolen cpeasl oT 3 okTs0psa 2018
U B JIPyTUX HOPMATHUBHO-TIPABOBBIX JJOKYMEHTBIX, IPUHATHIX B JaHHOU cdepe.

CooTBeTcTBHE UCCJIEOBAHUA NPUOPUTETHBIM HANPABJIEHUAM Pa3BUTHUSA
HAYKH W TeXHOJOruil pecnmy0JaukH. J[aHHOE HCCIEOBAHUE BBINOJHEHO B
COOTBETCTBHH C MPUOPUTETHBIM HAIPABICHUEM PA3BUTHUS HAYKU U TEXHOJIOTUU B
Pecny6nuku Y36ekucrana [V. «MaremaTika, MexaHuka U HHOOpMaTHKay.

CreneHb HW3y4YeHHOCTH mNpoOJgeMbl. J/[MHAMUKa W MEPEHOC MacChl BO
BpaIaronmxcsi MHOTO(ha3HbIX 1 MHOTOKOMITOHEHTHBIX Cpe/lax ObLIN UCCIETOBAHbI
MHOTMMH CIIEHIMAINCTAMU Ha OCHOBE 3aKOHOB a’po- U rujipoanHaMuku. HayuHble
paboThl O pa3pabOTKE M YCOBEPIICHCTBOBAHUIO METOJOB MAaTEMaTHYE€CKOTO
MOJICTUPOBAHUSI W BBIYUCIUTEIBHBIX TMPOIECCOB MO 3aKPYYEHHBIM IOTOKaM
BEIyTCd B MHOTOYMCIICHHBIX HAYYHBIX LEHTpPax MHUpa, B 4acTHOCTH B NASA,
VYuusepcutere Ctandopn (CLIA), Cankt-lletepOyprckom ['ocymapcTBeHHOM
TEXHUUYECKOM yHUBepcurtere, [[eHTpaqbHOM a3poruapoJuHAMUYECKOM HUHCTUTYTE
(P®), KuTaiickoM 1IeHTpe UCCIIEIOBAaHUIN U pa3pabOTOK B 00JACTU adPOJIUHAMUKH
(Kurait), [lentpe uccnenoBanuii BO3AyIIHbIX cucTeM (Smonus), KemOopumxckom
yauBepcutete (BemukoOputanus), MHCTUTYTE BBIYHCIUTEIBHON a’poAMHAMUKU
(Kanama).

B Hacrosmiee BpeMss MaTeMaTUYECKOE MOJECIMPOBAHUE MIPOLIECCOB B
3aKpPYYEHHBIX TYpOYJICHTHBIX TMOTOKax, pa3padoTka >()PEeKTUBHBIX METOJOB U
QITOPUTMOB HMX YHCICHHOTO PEIICHUS SBISIIOTCS MPUOPUTETHBIMU HAayYHBIMHU
HaIpPaBJICHUSIMUA COBPEMEHHOM a’pOTruapOIMHAMUKH.

X.A. PaxMary/uIiH OTKpbUI JOMNOJHUTEIbHYIO CHUJy TpPU HU3MEHEHUU
KOHLIEHTpaluil (pa3 U Ha OCHOBE ATOr0 YCOBEPUIEHCTBOBAI KJIACCUYECKYIO MOJIEh
mHoroasueix morokoB (1956). Kiaccuyeckyro MaTeMaTH4ecKyl MOJIEINb
MHOT0(ha3HOTO MMOTOKAa MOKHO BCTPETUTh B Hay4dHBIX padoTtax P. bBycpoiina (1975)
u A. ®optee (1971). B Beiuncnurensuom Ilentpe PAH O.M. benonepkoBckuid,
FO.M. [laBblgOoB [Ji1 MCCIEIOBAHUSA CJIOKHBIX a’pPOJAMHAMHYECKUX MOTOKaX
pazpaboranu 3¢ PEeKTUBHBIE YHUCICHHBIE METOJAbl M TPOBEIM OOIIUPHBIC
BBIUMCIUTENbHBIE 3KcnepuMeHTsl (1973). B cBoem wuccnemoBanuun P.U.
HurmarynvH yd4en B3auMOJICHCTBHE 4acTHIl TBepjol | kumukod ¢as3 (1987). B
Hay4dHbIX pabotax B.B.HoBommmackoro, M.II. CtponruHca omHo- U n1Byxda3HbIe
TypOyJICHTHBIE TIOTOKH, IUPKYJIHPYIONME B IWIMHAPUYECKOM KaHaje, ObUIH
YHUCIICHHO HCClIeoBaHbl ¢ momombio Mojaenu K-e (1988). Cmamapr IILP. mu
Ammapac C.P. (1992), lyp M.JI. (1997), Mentep @.P. (1994), Bunkoxc /I.C.
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(2006) u CexynmoB A. (1995) paspaboranu yiydlIeHHbIE MOJETHU
TypOyJIEHTHOCTH.

B pazpabotke Teopun MHOTO(}a3zHOTO Te4YeHUsI B Y30EKHCTaHE HUMEIOT
oonpiryto 3acnyry Jx.d. daitzynnae A.M. Ymapos, K.II. Jlatunos, W.H.
XycanoB, A.A. Xamunos, A.A. Illakupos, 3.M. Manukos, O.M. Apud:xkaHos,
AM. DarxynnaeB u apyrue. AHaIN3 MOKa3bIBAET, YTO HEOOXOAMMO pa3padoTaTh
YIYYIIEHHbIE MAaTEMaTHYE€CKHE MOJEIM W YHCICHHBIE METOAbl PEUICHUS MJIS
TypOyJICHTHBIX MHOTO(A3HBIX 3aKPYICHHBIX TTOTOKOB.

CBsi3b  IMCCEPTALNMOHHOIO MCCJAEJIOBAHMS ¢ IUIAHAMH  HAaY4HO-
HCCJIeI0BATEILCKUX PadoT y4YpaskIeHusi, I/e BbINOJHEHA JHCCepTaLus.
HuccepranonHass paboTa BBINIOJHEHAa B paMKax HayyHoro rpanta @.13-12
«IlepeHoc Tema U B3BEIICHHBIX YaCTHUI B TypOyJIeHTHOM noToke» (2012-2014), a
Takxke xo310roBopoB Nel4/2012 ot 15.07.2012 r. «McnbiTanne U BHEAPEHUE
WHEPTHBIX BO3AyXOOYHCTUTEIEH Ha TPAHCIOPTHBIX cpeAcTBax Hapowuiickoro
rOpHO-METAJLTypruueckoro  komOuuata» U Ne02-1466 ot  23.04.2013r
«/cnpiTaHue BO3JIyXOOUMCTUTENIEH TPY30BBIX aBTOMAIllMHAX, U pa3paboTka
KOHCTPYKTOPCKHUX JIOKYMEHTAIIUI».

Leab uccaeaoBanusi — METOAMKA pa3padOTKa MaTEMaTUYECKUX MOJeNen
MHOTO(a3HBIX TypOYJICHTHBIX TEUEHUN U M3YyUYCHHE HA MX OCHOBE (PU3UYECKHUX
XapaKTEPUCTUK IIEHTPOOESKHOTO MbUICYIOBUTEINS [IUKIAHHOTO THIIA.

3agaum ucciie[0BaHUA:

Ha OCHOBE 0030pa JIUTEepaTyphbl MPOBECTH CPABHUTEIBHYIO OLEHKY CHJIOBBIX
(hakTOpOB B ABUKEHUU JIBYX(a3HOU Cpebl;

MaTEeMaTUYeCKOe MOJAEIUPOBAHUE U YUCICHHOE HCCIe0BaHuE ABYX(a3zHoro
MOTOKAa B MTHEBMOTPAHCIIOPTE XJIOMKOYOOPOUHON MAaIlIUHBI;

UCCJIEIOBAHUE TEUYECHHUSI HEC)KMMAeMOMl BA3KOM JKUIKOCTH B TpPyOKax c
KPUBOJIMHEITHOM CTEHKOMU 1o ypaBHeHHsIM HaBbe-CTokca;

YUCJIICHHOE pEUIEHUE 3aJad O 3aTOIUICHHONM OCECUMMETPUYHOW CTpyH U
00TEKaHUsI IUIOCKOW IUIACTUHBI HEC)KMMAEMOM BA3KOW JKHIKOCTIO HAa OCHOBE
pa3TUYHBIX MOJIEeTIeH TYpOYyJIEHTHOCTH;

YHUCIIEHHOE MOJIEIIMPOBaHUE JIBYX(A3HOTO 3aKpyuyeHHOro TypOyJIEHTHOTO
MOTOKa u onpeaenieHrne 3 (PEKTUBHOCTHU IIEHTPOOESKHOTO MBLICYIOBUTEIS.

O0bekT wuccieqoBaHus TYpOYJIEHTHOCTh B 3aKpYYEHHBIX ABYX(a3HbBIX
MOTOKaXx.

IIpeamerom  mccjeqoBaHUsl  SIBISIETCS  MaTeMaTUYECKUE  MOJENHU
TypOYJIEHTHOCTH B 3aKPYUYEHHBIX JABYX(Pa3HBIX MOTOKAX.

MeTtoauka muccjegoBaHusi. B uccieqoBaHuMM MCHOJB30BAJIMCH METObI
MOJEJIUPOBAHUS JaMUHAPHOTO, TypOyJIEHTHOTO MHOTO(a3HOTO u
MHOTOKOMIIOHEHTHOTO TOTOKOB M METOAbl YHCJIEHHOIO PEIICHUs] CUCTEM
HEJIMHEWHBIX YPABHEHUN B YACTHBIX MPOU3BOIHBIX.

Hay4ynasi HOBU3HA MCCJIEIOBAHUSA COCTOUT B CJICIYIOIIEM:

pa3paboTaHbl MaTEeMAaTUYECKHE MOJIEIHM MPOILIECCOB B MBUICYJIOBUTENE Ha
OCHOBe ypaBHeHul Diinepa u HaBbe-Crokca;
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MOJIyYEHO YHCIEHHOE pelIeHHuEe Al TypOyJIEeHTHBIX TeUeHHI, OCHOBAaHHOE Ha
ypaBHeHusAX HaBbe-CToKkca ¢ yueToM B3aMMOJAECUCTBUS BO3/AyXa M TBEpAOW (pa3bl
BHYTPH IbLJICYJIOBUTEIIS;

Ha OCHOBE Mojenel TypOyneHTHocTH Cnanaprta-AjuiMapaca U k-e perieHsl
3aJa4l 00 00TeKaHUM TypOyJEHTHBIM ITOTOKOM IJIOCKOM IUIACTUHBI U UCTEUYEHUU
CTPYH B 3aTOIJIEHHOE IPOCTPAHCTBO;

MOJIy4YEHO YMCJIEHHOE PElIeHUE TYpOYJIEHTHOTO ABYX(a3HOTO 3aKpyUE€HHOTO
TypOYJIEHTHOTO MOTOKa, KOTOPOE COOTBETCTBYET C pe3yJbTaTaMU CTEHIOBOTO
HKCIIEPUMEHTAa M UCIOJIb30BAHO NPH ONPEACICHUH ONPUMAIBHBIX pPa3MEpOB
HEHTPOOEKHOTO MBLICYOBATEIIS.

IIpakTHyeckue pe3yJbTaThbl HCCIACAOBAHMS:

MPEI0KEHO YCTPOMCTBO OYMCTKH XJIOMKA-ChIPLIA OT MbLIM U TPS3U BO BpEMs
MAaIllMHHOM €ro COOPKU U pa3padO0TaHbl €r0 adPOJIUHAMUYECKHE OCOOEHHOCTH;

pa3paboTaH MakeT HporpamMM Uil HU3y4YeHHUs JBYX(a3HbIX TypOyJIE€HTHBIX
IIOTOKOB, NO3BOJSIIOIIMN  ONpEAENUTh  IOKa3zaTeled  LEHTPOOEKHOIO
IBLICYJIOBUTEIIS.

JIOCTOBEPHOCTH Pe3yabTATOB HCCJIEIOBAHMS TOCTOBEPHOCTH MOJYyYEHHBIX
pe3yibTaTOB MCCIEIOBAaHUS OCHOBAaHBI HA KOPPEKTHOM IIOCTAHOBKOM 3a1ad
a’pOAMHAMUKH, UCIIOJIb30BAaHUEM M3BECTHBIX METOJ0OB U AJITOPUTMOB YHCIEHHOTO
peuieHusl TUAPOJAVMHAMUYECKUX YPAaBHEHHM M COIIOCTaBIECHUEM IIOJTYYEHHBIX
YUCJIEHHBIX PE3YyJbTAaTOB C SKCIIEPUMEHTAIBHBIMU JAHHBIMH.

Hayuynass u npakruyeckasi 3HAYMMOCTb pPe3yJIbTATOB MCCJIeI0BAHUS.
HaydHast 3Ha4yuMOCTb pE3yJIbTaTOB HCCIEAOBAHUS 3aKJIIOYAeTCsl B TOM, YTO
BIIEPBBIE TPU MOJEIUPOBAHUM 3aKPYUYEHHOTO JBYX(a3HOro TYypOYJIEHTHOTO
MOTOKA HCIOJb30BAHBI COBPEMEHHBIE MOJAEIU TYpOYJIEHTHOCTH, KOTOpPBIE
MO3BOJIMIIM aJIEKBATHO OCBEILATH MTPOLIECCOB, TPOUCXOASIINX B NBLICYIOBUTEIISX.

[IpakTryeckass 3HAYMMOCTb HCCIEJOBAaHUS 3aKJIOYAeTCSI B TOM, 4TO
pa3zpaboTaHHasi MOJIeTb PUMEHEHA B MPAKTUKE MPOCKTUPOBaHUS d()PUKTUBHOTO
NIBUICYJIOBUTEIIS.

BHenpenune pe3yabTaToB HMccaeaoBaHMs. Ha OCHOBaHMM Hay4yHBIX
pEe3yNbTaTOB, TMOJYYEHHBIX B  pE3yJbTaT€  YHCIEHHBIX  HUCCIEIOBaHUMN
YCOBEPIICHCTBOBAHHBIX MO/IEJIEH MPOLIECCOB B LICHTPOOESKHOM MbLICYIOBUTEIE!

QITOPUTM M TPOTrPaMMHOE OOEeCHeueHue JJisi YHMCIEHHOTO pEIIeHHUs
TypOyJICHTHBIX ~ TE€YEHMH B  TbUICYJIOBUTENE  ObBUIM  TNPUMEHEHBl K
MPOU3BOJCTBEHHOMY NPOLIECCY HAa LMHKOBOM 3aBOJie AJIMAJIBIKCKOTO TOPHO-
Metautypruyeckoro komounara (Crnpaska AC-01440 ot 21 ¢espans 2020 r. OAO
«AJMAaNBIKCKUM ~ TOPHO-METAJUTypPrUYECKUid ~ KOMOWHAT») [ OTIEJEHUS
MEJIKOAUCIIEPCHOTO IIMHKOBOTO TMopoiuka. [IpuMeHeHne Hay4dyHOro pesyibTaTa
MO3BOJIWIIO PA3ACIUTh MOPOLIOK IIMHKA Ha JABE (pakiuy, pazMepoM OOoJbIINe U
MECHBIIIE 7 MKM;

pa3paboTaHa MaTeMaTHUeCKas MOJENb, aJTOPUTM YHCIEHHOTO PEIIeHUs U
porpaMMHOE oOecrieueHue JIJIsl OT/IEJICHHS TOPOIIKA [IMHKA HA LIMHKOBOM 3aBOJIE
AJIMaIBIKCKOTO TOpHO-MeTaTyprudeckoro komounnara (Crpaska AC-01440 ot 21
despans 2020 r. OAO «AIManbIKCKUN TOPHO-METAILTYPIHUECKU KOMOUHATY).
[IpumeHeHrne HaydyHOTO pe3yJbTaTa MO3BOJUIO TOBBICUTh 3(PHEKTUBHOCTH
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neuteynoButens Ha 50-70% W TOMYYHTH TPOIYKT, HE YCTYMAIONIMN KadyeCTBY
IIMHKOBOI'O MOPOLIKA, TPOU3BOAUMOTO 32 PyOEKOM.

Anpobauusi padoTwl. PesynpTaThl auccepTanuii  oOCyXXJAeHB Ha 2
MEXIYHAPOIHBIX U 6 pecyOIMKaHCKUX KOH(PEPEHIIHSIX.

Ony0aukoBaHHOCTL  pe3yabTaToB. [lo TemMe  auccepTallMOHHOTO
uccienoBanusi onyOiauMkoBaHbl 21 HayudHble paboThl, B ToM uucie 10 crareil B
HAy4YHBIX XypHanax, pekoMeHaoBaHHbIX BAK PVY3 mnga myGnukanuu OCHOBHBIX
HAYYHBIX PE3yJbTaTOB JOKTOPCKUX IuccepTanuii: 8 B pecrmyOJMKaHCKUX U 2 B
3apyOEKHBIX KypHajaX, BKIIOUEHHBIX B CHHCOK 0Oa3za Scopus. Ilomydensr 3
CBUJETENBCTBA O PETMCTPALIUU ITpOrpaMMax NpoAyKToB st OBM.

Crpykrypa m o0bem auccepramum. J(uccepranusi COCTOMT U3 BBEIECHUS,
TpeX IJaB, 3aKIOYEHUs, CIHMCKA MCIOJIb30BAHHBIX MCTOYHUKOB U TMPUIIOKEHUU.
O06meM quccepranuu coctasiseT 108 crpanui.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBegeHMH O00OCHOBaHAa aKTyaJlbHOCTb M BOCTPEOOBAHHOCTH TEMBI
JIUCCEepPTAIN B COOTBETCTBHUH C MIPUOPUTETHHIMU HAPABICHUSIMH Pa3BUTHS HAYKU
u TexHonoruii PecnyOnmku VY30ekucrtad, chopmMyaMpoBaHbl LEIUM M 3a/1ayw,
yKa3aHbl OOBEKT M TMpPEAMET HCCIeN0BaHUs, OOOCHOBaHa JIOCTOBEPHOCTH
NOJyYEHHBIX PE3YyJbTaTOB, W3JI0)KEHbl HAay4yHass HOBHU3HA M IPAKTUYECKUE
pe3ynbTaThl  WCCJIENOBAaHUS, pAacCKpblTa TEOpeTHdeckas M  IpaKTHYecKas
3HaYUMOCTh I[OJIYUEHHBIX pPE3yJbTaTOB, MPUBEACHbI MEpEeUeHb BHEAPEHUN
pE3yJIbTaTOB MCCIICIOBAHUS B MPAKTHKY, CBEACHUS 00 OMyOJMKOBAHHBIX paboTax
U CTPYKTYypa AUCCEPTALHH.

[lepBas riaBa nuccepTanyy HA3bIBAETCS «AHAJIM3 CWJI, JAeHCTBYIOIIUX HA
TBep/ble YACTUIILI B TYPOYJIEHTHOM 3aKPY4€HHOM MOTOKE).

B mepBoMm maparpade mpoBoAWTCS aHANW3 CHII, ACUCTBYIONIMX Ha TBEPIYIO
YaCTHILy a3pO30JIH, BOSHUKAIOIINX B 3aKpy4YeHHOM TypOyJlIeHTHOM noToke. JlaeTcs
OLICHKA BETUYHMH dTUX CHIL.

Bo BTOpoM naparpade 00Cyk1at0TCs OCHOBHBIE XapaKTEepPUCTUKU U CBOMCTBA
TypOyJIEHTHOCTH.

B Tperhem maparpade oOOCYXKIEHBI TMPEUMYIIECTBA M  HEIOCTaTKU
CYUIECTBYIOIIMX MAaTEMaTHYECKUX MOJIETICH sl u3ydeHus TypOyJIEHTHOTO MOTOKA.

Hcxons u3 pe3yapTaToOB aHAIM3a JUTEPATypbl, MPoOJIeM, CYHIECTBYIOIIHUX B
OTpaciiix HayKd M TMPOU3BOJCTBA, CHPOPMYIMPOBAaHBl I1eldb U  33Jauu
JTUCCEPTAIIMOHHON PaOOTHI.

Bropas rmaBa aumccepranmu HasbiBaeTcs «MoaeJiMpoBaHue M 4YHUCJIEHHOE
uccjie0BaHNe TOTOKOB HHMPKYJIHPYIOIIEro [BHKEHHSI ¢ TpPHUBJEYeHHEM
ypaBHeHui Jitsiepa 1 HaBbe-CTokcay.

B mepBoMm maparpade IBIWKEHHE B MHEBMOTPAHCIOPTE XJIOMKOYOOpPOUHOI
MaIllMHbI MOJICIIUPYETCS Kak AByx(a3Hblid OTOK (puc. 1). B peanbHBIX HCIOBUAX
MacCoOBOE COJIepKaHUE BO3AyXa B 33JlTaHHOM 00beME HaMHOIO OOJIbIlIe, YeEM Macca
XJIONKA. TO TMO3BOJIIET BJIMSHUEM BTOPOM (ha3bl HA JUHAMUKY ra3oBOW (a3bl
npenebpeus. [loaTomy 1i1s1 MOIEIMpPOBAaHUS BO3AYLIHOTO TMOTOKA MCIOJB30BaHA
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CUCTEMa ypaBHEHHU Jumepa, a s BTOpor (a3sl (IOJBKK XJIOMKA-CHIPIIA, THLIb)
UCIoJIb30BaHa nojaxon Jlarpanxa:

oV \Y V2

arVr +—(p=0, Vr avr +_¢%__¢+£8_p=0,

ror rop or r op r por

o,G6 V oV, VYV v, V.oV, V2
v, ey e Tl <pr+£a_p:0, V., pr pe ZVpr W:k(\/r—vr), (1)

o r Op r  pop or r op r P
V Ny, +Vp¢ Ny, Jrprvpr :k(\/ _vV )

" or r Op r oo

3nece V,, V, - COCTaBIAIOIIME BEKTOpA CKOPOCTH BO3[1yXa IO IOJIAPHBIM
KOOpJMHaTaM I u @; V_ ,V,, - CKOPOCTH BOJIOKHA U IBUIM [0 KOOPJAWHATAM I U
¢; k- k0d(pGUIMEHT B3aUMOJICHCTBUS BO3JyXa M TBEPIBIX BKIIOUCHUH; P —
TUJPOCTATUUECKOE JIaBJICHUE.

Puc. 1. YerpoiictBo,
YCTAHOBJICHHOE MexKIy OyHKepoM
U BEHTWISITOPOM
XJIONKOY0OPOYHOI0 anmapara

CdopmypupoBaHsbl cieayroiye rpaHudHbIe YCIOBUS: Iph ¢, =0 U R, <r<R,:

. oV
V,=0,v,=1,V, =0,V =1; Ha TBepao# cTeHe: V, =0, 6nT =0; Ha oTpe3kax DK

oV
~=0.3gech V,, V, - HOpMasIbHas U KacaTelbHasi CKOPOCTH.
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[lepBbie Tpu ypaBHEHUs B cucteme (1) OTHOCATCS K JBHIKEHHUIO BO3IyXa,

KOTOPBIE MPEACTABISAIOT 3aKOHOB COXPAHEHUSI MACChl U UMITYJIbCA, JBE MOCIEIHNAE
— YpaBHEHHMS 3aKOH COXPaHEHUsI UMITYJIbca BTOPOH (hazbl.

CorynacHO BTOPOMY M TPEThEMY YypaBHEHUSIM, CHUJIA, IBUXKYIAs BO3IYX,
NpeAcTaBisgeT Cco0OMl TpagueHT [JaBJEHUS, a COMVIACHO TMOCJIEAHUM JBYM
yYpaBHEHUSIM ABWXKYILAs CUjia BTOPOM (pa3bl - 3TO cuia B3aUMOACHCTBUS MEXKIY
nByms (pazamu. Koapduruent cun mexdasHbix B3aUMOICUCTBUI onpeaensics 1o
dbopmyne Ctokca.

Jlns peweHus cucteMmbl ypaBHeHMHM (1) mpeamornaranyd, 4To BO3AYILUHBIN
NOTOK SIBJISIETCS HOTEHLMAIBHBIM TEYEHUEM:

arVq, B oV, 0
ror rog

n FL:

(2)
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BBenen ¢yHKIuio Toka v
v, =t oy v (3)
r op 7 or
[Ipu »TOoM cooTHomeHUS (3) OJHO3HAYHO YAOBJICTBOPSIOT YPaBHEHHIO
HEPa3pbIBHOCTH, a BTOPOB M TPHThE ypaBHEHHS cucTeMbl (1), 3ameHsIOTCS
ypaBHEHHUEM
2 2
A @
o ror r°op
N3 pemenus (4) mo (3) MOXHO HaMTH CKOpOCTH Bo3ayxa. HalineHHble
CKOPOCTH TIOTOKA BO3/1yXa HUCHOJIB3YIOTCA MJISI HAXOXKIACHUS TPACKTOPUU BTOPOMU
da3wl. [ 3TOTO 1BA MOCHEAHNE YPaBHEHUSI CUCTEMbl ypaBHEeHHH (1) 3amuiineH B
BHJIC!
dv V2 dv V.V
d—t*":%m(\/r -V, d;’” =— ""’r "4k, -V,,). (5)
Il mpuBeneHHMS  pacdyeTHOM oOjacTh K  IPSAMOYrojpHOM  (opme
[IPOU3BOJUIICA IMEPEXOX OT KOoopAuHAT (r,p) K MNOepeMeHHbIM (&,77): &=,
=R,
R(p)-R
[Ipu mnepexoje K HOBBIM TNEPEMEHHBIM W3 ypaBHeHUs (4)  MOIy4YeHO
CJIEYIOIIEE YPABHEHUE U1 BO3AYIIHOTO MOTOKA:
621/:+28_7762_1//+ rz(a—n)2+(a—77]2 62y;+(r8_n+6zzja_y/=0 (6)
o0& Op 0&0n or op) |on or 0O¢° )on

n , tie R(p) — BHemmHmii mpee moToKa 0 HAIIPaBJIEHHUIO I .

VYpaBHeHue (6) anmpoOKCUMHUPOBAIM CO BTOPBIM MOPSAKOM TOYHOCTH U
peraiM MeToI0M uTeparuu. JJis nHTerpupoBaHus ypaBHeHUH (5) MCHOIb30BAIN
MeToJ Diljiepa ¢ MepecyeToM, KOTOPbId TaKkKEe UMEET BTOPOM MOPSAOK TOUHOCTH.
Koaddummentsl cumabpl B3auMOACUCTBUS K ompefensyii B 3aBUCMMOCTH  OT
XapaKTEPHBIX Pa3MEPOB JOJIEK XJIOKA-ChIPLA.

2

a 0

Puc. 2. TpaekTopuu YacTHIl MbLIM (2) U J0JIeK XJONKa-cbipua (0)

YucrieHHble pe3ynbTarhl (PUC. 2) MOKa3ald BO3MOXKHOCTh MPEBAPUTEIHHOM
YaCTMYHOM OYMCTKH XJIOMKA-ChIPIia B MPOIIECCE €ro MAIIMHHOTO cOopa.

Bo Bropom maparpade paszpabartanbl mareMaThyeckas MOJETb Ipolecca
pas3enieHus MEITKUX YacTULl B CTATMUECKUX BO3IYIIHBIX Kiaccupukaropax (pHc.
3) ¥ YHUCIIEHHBIH QITOPUTM JJISl PEIICHWS YpPaBHEHHH MOJEIH B IEJIX
ONPEEIICHNS ONTAIBHBIX [TAPAMETPOB KOHCTPYKLHUU.
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T.x BOSHYIHHBIﬁ IIOTOK CHMMCTPUUYCH OTHOCHUTCIBHO OCH CHMMCTPHUH,
HCIIOJIB30BaHa MMpCaACTAaBJICHUC ypaBHeHI/Iﬁ Qﬁﬂepa B MUJIMHAPHUYICCKHUX
KOOpOHHAaTax:

orv,) N orv,) _o ov, oV, ov, AV ov, +ia_p _o
0z or ot 0z o poz ®)
V2 oV oV o, VV
8Vr +VZ 8Vr +Vr avr __(p+£a_p — O, 4 +Vz 4 +Vr [4 + re _ 0.
ot oz or r por ot 0z or r

B stom cucreme ypaBHenuit p, p,V,, V,, Vw—zxaBneHm{, IUIOTHOCTH ra3za u
KOMITOHEHTBI CKOPOCTH MOTOKA.

Ha TBepmoil cTeHEe CKOPOCTH PaBHBI
HYJIIO; pu z=0 51 O0<r<R;:
V, =V, (r),V,=V,(r), V,=V,(r);

npu  z=0 u R <r<R: V, =V =0,
oV o°V 5%V
£=0; mpumz=L: - =0, L =,
or P or? or’
2
8V¢:0.
or?

st ynoocTBa BBeieM (PYyHKIIMIO TOKa
¥, TIOTOK BUXPS { W TOTOK HUPKYJISIUU
I DOtu nepeMeHHbIE  CBS3aHBl C
KOMIIOHEHTaMHU CKOPOCTH MOTOKA:

10 ov, oV
v ozo% o __loy f=r "

Puc. 3. IIpunnunuanbHas cxema oo "t oz oz or
HEHTPOOEKHOI0 NbLJICYI0BHTEIs =1V .
4

Hckirouast naBieHue u3 cuctemsl (8), OyneTh UMETh CIIeNyIoNue YpaBHECHUH:

2 2 2
Py Oy 1oy o NE NE AT A o g

o0z2  or® r or ot oz or ozr®' ot 0z or
I[BI/DKCHI/IG HaCTHII OIIMChIBAH ypaBHeHI/IHMI/I:

2

DV DV mV DV
m = =3mués\V,-V_), m ©=3mus(\V. -V )+——2 m —*=3musV,6-V_).
p Dt ILl (\/z pz) p Dt :Lt (Vr pr) r p Dt :Ll (\/(p p(p)

JIyist 94MCIIEHHOTO PENIeHUs 3a/1au, KaKk U B MpeabIayIieM naparpade, pacdeTHoe
noje ObUIO TMpPeoOpa3oBaHO B  MPABWIBHBIM MPSIMOYTOJIBHUK, JUISI 4YEro
Npou3BeleHa 3aMeHa TepeMeHHBbIX. [l pacdera CKOpocTed W TpaeKTOpUit
MBUICBBIX YAaCTHI] UCTIONB30BaH noaxon Jlarpamka. Ha puc. 4 neMoHCTpUpOBaHbBI

YU CJICHHBIC PC3YJIbTAThI.
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Puc. 4. TpaekTopum 4acTuil NbLUIN Auamerpamu 3, 6 Ba 10 Mxkm

B 1eHTpOOEKHBIX MBLICYJIOBUTEISX, 3a CUET JSHCTBHUSA IICHTPOOCIKHOU
CUJIbI, MbUIb KOHLEHTPUPYETCA OKOJIO CTEHKaX, OTKYyJa OHM HAaIpaBJISIIOTCS B
neuiecOOpHUK. B TpetheM maparpade TiiaBel paccMaTpUBaeTCsl €lie OAWH THII
MBUICYJIOBUTEIIS, TJ€ YaCTHUIIbI CKAIUIUBAIOTCSI B OCEBOM YacTu 000pyAoBaHus (pucC.
5). U3 pucynka BUAHO, 4TO ra3oBas ¢aza B 3TOM CiIyyae JBMIXKETCS K CTEHKE, a
YaCTHUIIBI MBI B CWJIy CBOEUW MHEPIIMU OYIyT OCTAaBAThCS OKOJO LIEHTPA MOTOKH.
Jns omMcaHMs TakOro CTallMOHAPHOTO TEUEHUS MCIIOJIb30BAINCH YpPaBHEHMS
HaBpe-CToKca :

y=fx)

OX

5 — — %+VZ N, +V, aVZ+£@:V 63\/Z+672\/Z ,
ot X oy pox oxt oy
v, v,

+V,—+V N, +£a—p— [W+62\/r J

z r =V
a Ty sy Lae oy

Puc. 5. CxemaTndyeckuii BUJ NOTOKa B
kaHaje ¢ rpannuavu Y =0 n (10)

y="1(x).
Ha Bxone (mpu x=0) 3amano ogHOpoHOM mose ckopocten U,. Ha BeIxome
npu X=L HCMOIB30BATUCh YCIOBUSA IS TJIAAKOTO TPOXOXKIACHUS CKOPOCTH

o, _, V.

IMOTOKAa ax; =0, PV =0. M3-3a BA3KOCTH HA TBEPAOU TIPaHUIIE CKOPOCTH
X

KHUJIKOCTH IPUHUMANACh PaBHOW HYJIO: V, =0, V, =0.

3mech TakXke MPOW3BEJEHA 3aMEHa HE3aBUCHUMBIX TEPEMEHHBIX YTOOBI
MPUBECTH TIOJIE B PEryISPHYIO MPSAMOYTrojbHYy0 ¢dopmy. IS 4HCIECHHOTO
perienus cuctembl ypaBHeHui (10) Obuta mprMeHEHa ABYXCTyIeHYaTas cxema
Mak-Kopwmaka.

y=0, y="f(x) y=0, y=f (x)
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A ] B
Puc. 6. M30aunuu pynkuuu noroka (£;7) npu 3HaveHUusX yuciaa PeiiHoabaca
20 (a), 200 (6) u 2000 (B).

Kak BumHO m3 puc. 4, nmpu yBeIWYEHHWHM 3HA4YeHUs yucia PeliHonpaca
bopmupyetcst Buxpb. TypOyJIeHTHBIN TIOTOK BbI3BaH 3a cueT BUXps. Korma umcio
Peiinonbaca mpesbimaer 2000, moTOK HEW30€KHO MeperneT B TypOyJIEHTHBIN
pexum. B 3ToM ciiyyae He0OXOAMMO YUYUTHIBATh BIUSHHUE TYpPOYJIEHTHOCTH.

B Ttperbeil rnaBe muccepraunu «MaremMaTu4ecKue W YHMCJICHHbIE MOJEJH
TYpOyJIeHTHBIX TeYeHHl M MX NPHUHMEHEHHMe» IIPUBEIACHBI 3aJadd [0
3aKpy4€HHOMY TypOyJE€HTHOMY MOTOKY. JlJi1 omucaHus Takux 3ajgad ObUIn
UCII0JIb30BaHbl ypaBHeHUs1 HaBbe-CToKca, ocpeiHeHHbIe 1o PeliHonbacy.

[lepBbiii maparpad 5TOH TIJIaBbl TOCBSIICH W3YYEHHUIO 3aTOTUICHHOMN
HEC)KMMAaeMON CTpyu Ha ocHoBe MoauduuupoBaHHoi monenu k-e. Cucrema
YPaBHEHUH B UWIMHAPUYECKUX KOOPAMHATAX UMEET BUJ!

NV, oy Ny, _lg[r(th)avz}

oz ror ‘oz "or  ror
Vr6_k+VZ%:1£ rL% +£ L% +G—8, (11)
or oz ror\ o, ,o0r) o0z\o, oz

2
V,a—g+Vza—g=12 L I L +c,f,2G—c,f,
or oz ror\ o,or) oz\o, oz k k

Cucrema ypaBHeHwuit (11) peranach npu CIeIyrOIIMX YCIOBHSIX:
z=0 mwr<R mpum: V,=1 V,=0, k=019, £=0.19 r— o mpu:
oV, ok _os
“or or or
rae G —reHepamus 3a CYET COCTaBIAIOIUX CKopoctd V,,V,;, K — nuccumanus

V, =V, =k=¢=0; r=0 npu: V,

KUHETUYECKUI HHEPruM; & — CKOpPOCTh Auccumnauus; V, V, —Ko3(h(ULIUEHTHI

KMHEMaTU4YeCKOW JJaMUHAPHOU U TypOyIEHTHOH BS3KOCTH.
JIis  4UCIEHHOTO pelICHWs 3adadd  BBeAeHbl HOBBIE &£(Z,r), w(z,r)

KOOPAWHATHI:

“ro’ Y roar
B HOBBIX epeMeHHbIX cucTema ypaBHeHul (11) mpuBoautcs k BUAY:
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v, 1 0 [rzvz avz} Kk 10 [rzvz v, akj G-¢
== (v+v,) , —= - +

o8 woy| w El% o woyl w oovw) V, (12)
9 _1 0 (rV, v 85 cfieG-c,fe’
o yoy\ w o, 0y Vv k '

J1J1s1 YMCIIEHHOTO PElIeHHs] CUCTEMBI YpaBHEeHH (12) MCTIOIB30BaIu HESIBHBIM
METOJI KOHEYHBIX Pa3HOCTEl M METOoJ] MpOroHku. MHTerpupoBaHue MpPOBOIUIOCH
maraMa  AE=10", Ay =107. YuclieHHbIE pe3ylbTaThl IO3BOIMIN OJTYYUTh
M3MEHEHUE CKOPOCTHU BJIOJIb OCH ITOTOKA U PACIPEAEIEHUS MPOIOIbHBIX CKOPOCTEN
U TypOYJEHTHBIX HANPSHKEHHUM HAa PA3HBIX YYaCTKaX CTPYH.

Bo BropoM mnaparpadge mNpemasioKeHO YHCICHHOE peIIeHue 3ajJadd o0
0o0TeKaHWHU IJIACTUHBI HA OCHOBE Mojienu TypOyneHTHocTu CrnianapTa-AJsuiMapaca.

[Imockoe cTalMOHApHOE JBUXKEHUE HECKUMAEMOM JKHAKOCTH OMHUCaH
ypaBHeHusiMu HaBbe-Crokca:

v, , v, o, v, oV, W oV, =a{(v+vt)avz}
ox oy ox o oy oy (13)
~ ~ ~ ~\ 2
V, a—V+Vr v _ P, —-D, +£ 8((V+‘7)6vj+cﬁz(8vj :
OX oy o|dy oy oy
3mecy V,, V. — mpononbHas M HOMEpeYHas CKOPOCTH; V — HPHBEICHHbIN
kodpdunmeHT TypOyiaeHTHON Bs3koctu;, P,, D, — TeHepamus W JIUCCHMAIUs

TypOyJIEHTHOCTH.

[Ipu pemenun 5TON 3amauu ObuTa BBeACHAa (QYHKIUS JHMHUM TOKa H
OCYIIECTBIIEH TEpexoJ K KoopauHataM Mmuseca. UucneHHBIE pe3yNbTaThl IO
U3MCHCHHUIO TOJIIIMHBI HMMITyJIbca B 3aBHCUMOCTH OT O€3pa3MEpHON JJTMHBI
IJIACTUHBI, TI0 KOAY(PPUIMEHTY TPEHUs TUIACTHHBI B 3aBUCUMOCTH OT TOJIIIMHBI
NMOTepU HUMITYJIbCA W TI0 HM3MEHEHHMIO TPOJOJIbHOW CKOPOCTH MO TOJIIHUHE
MOTPAHUYHOTO CJIOSI B TIOTIEPEYHOM CEUYCHHMHM TOKa3ajld XOPOIIOE COIJIacHe ¢
W3BECTHBIMH SKCIIPUMEHTAILHBIMU JAHHBIMH.

B Ttperbem maparpade mnpoBOAWTCS UHCICHHOE PEIICHHWE 3aKPyYEeHHOTO
nByx(}a3HOTro TypOYJIECHTHOTO MOTOKA B IEHTPOOEIKHOM TbUIeynoButene. st aToii
IeIM  UCTOJBb30BaHA XOpOIIO u3ydeHHas K-e Mmojenb  TypOyJICHTHOCTH.
CxeMaTnyeckoe n300pakeHre MbUICYIOBUTENS MOKa3aHO Ha puC. 3.

B nunmuHapudeckoii cucteMe KOOpIUHAT YpaBHEHUSI UMEIOT BUI:
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! r + sz : -
0z rar or 0z r or ror or

N N 1o V) 1a(
'Orar pZaz oz raor Hs or ror Hs or )

v, o, pVV, 5 {2 [av v, D (14)
+ = 1

v, o, v, o, pV, op 1 a( avrj
=0 R

= r
P ' oz r ror or r

ok ok 10 H. ok
V. 4 pV, — == :
p or pz@z rar(aar

ar oz ror\ o, or k
['pannyHbIC yCITOBUS OBLIM HAITMCAHbBI KaK B naparpacpe 2.2.

J+G PE,

2

+c,f, G—cf
X)rot oo

Jlns pemeHusi cucteMbl ypaBHeHUE (14) BBeneH (QyHKIMS TOKa ¥ W BHXPb

oToka ¢ -
10y 10y _ oV,
V=—=2 V=227 g“_ . 15
" rop " ror’ 8r 0z (15)
VICKII0YMB TaBIICHUE, CUCTEMY YPaBHEHHIA (14) MOJKHO 3aIKcaTh B BUJE:
V
8(15‘//}+6(18‘//j:§, V. o% V, v 96 Ve | 6( v+, )g)
or\r or ) oz\r oz ar oz r Vo az or
oV ov, V)V, 1 0 V+v
V24V, —24° - -V,
“or  Tor o ( J e (16)
V% Vik lg( V+V%) G - pe,
or oz ror o, or
2
v o¢ v, 8i 10 v+v 8k) G—szng—
or  foz rar o, k

YToObl MOJYYUTh CTALMOHAPHOE PEIICHHE JTOM CHCTEMBbl YpPaBHEHHI
UCIIONIb3yeTCcsl MeToja ycraHoBieHus. CyThb MeToJa 3aKioyaercd B TOM, 4YTO
pemaroTcs HeCTallMOHAPHBbIE YPAaBHEHUsS, KOTOPbIe MpU OOJBIIMX 3HAYEHHSX
BPEMEHHU aCUMIITOTUYECKHU BBIXOST K CTAlMOHAPHOMY PEILIEHUIO.

Uto0s1 mpeoOpa3zoBaTh 00JaCTh B PETYIIPHOM MPSIMOYTOJILHOM BHUJIC BBECH
HOBBIE KOOPJAWHATHI (é(z,r), n(z,r)):

f=L. = (17)

R-h

rnenpu Z2<0: f(z)=R, mpuO0<z<L: f(z)=R- Z.

[IpencraBieHHBIE B HOBBIX KOOpAWHATaX ypaBHeHHs (16) pemieHbl YuCIeHHO.
Jlns obecrnieyeHHsT YCTOMYMBOCTH BBIYMCIUTENBHOTO IMPOLECcca HCIOIb30BaANIACh
cxeMa «mnpoTuB motoka» A.A. Camapckoro, a Au¢Qy3uOoHHBIE YIEHBI ObLIN
anmpOKCUMHUPOBAHbl LIEHTPAJIbHON pa3HOCThIO. YpaBHeHue Ilyaccona mams
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(GYHKIIUA TOKA ampOKCUMHUPOBAJIOCH IICHTPATBLHON Pa3HOCTHIO, a JJIS YACIEHHOTO
pelIeHus UCIIOJIb30BANICS UTEPALIMOHHBIN METO] BEPXHEU pelaKcalluu.
UucrneHHble HSKCHEPUMEHTHl MPOBOAMIMCH JJII HW3Y4YEHHs IPOIIECCOB,
MPOUCXOMSIIUX B BO3AYIIHBIX Kiaccudukaropax. Jjis 3TOro HMCHOJIb30BAIUCH
cienyrone mapameTpel: R =012 m, R,=02m, L=3wn, V,, =42 ulc,

2
M
Vo =0, 1V, =187
cexK
YuceHHbie PE3YJIbTAaThl B AUCCCPTALUU IIPCACTABICHBI B BUJIC I’pa(i)I/IKOB JJIA
6C3pa3MCpHI>IX IMPOJAOJIBHBIX, IOICPCUYHBIX H TaHTCHIOHUAJIbHBIX CKOpOCTeﬁ JJIA

¢ =0.5 u TpaekTOpUI NBUIEBBIX YACTHLI.

B uerBepTom naparpade pazpadoTaH aqropuT™M YUCIEHHOTO pElIEHUs 3aa4n
0 3aKpPY4YE€HHOM JIBYX(a3HOM TypOyJIEHTHOM IOTOKE.
B neuieynoButensx oO0beMHass KOHLEHTpAalUMs IMbUIM HE IPEBBIILACT

0.05 KZ/Mg. OTa BeJIMYMHA HAMHOTO MEHBIIIEC MJIOTHOCTH HEC)KHUMAEMOTO BO3yXa

(129 xe/nm®). Tlo STOM HpHYMHE BO MHOTMX MCCJIEIOBAHUAX BIMSHMEM TBEPIOi

(da3bl Ha AMHAMUKY BO3]yXa UrHOpUpyeTcs. OHAKO OKOJIO CTEHBI, I7I€ YaCTHIIbI
OBbUIM HAKAIUIMBAIOTCS MOJA JCHCTBHEM LEHTPOOESKHON CUJIbl, KOHIIEHTpAIUs
TBEpAOM (pa3bl MOXKET AOCTUraTh BBICOKMX 3HAaueHUU. B 3TOM ciiydyae Henb3s
npeHeOperaTh BIUSHUEM TBEpAOW (a3bl Ha TMHAMUKY ra3oBoi (a3el. [losTomy B
sToM maparpade paccMarpuBaeTcsi JAByX(aszHas cpega C y4eTOM  BIIMSIHUS
HOJIMAMCTIEPCHBIX TBEP/BbIX YaCTUI HA JUHAMHUKY ra30BOil (a3bl:

oV oV oV, N lop 10

oV NP,
: +Vr : +Vz Au r(V+Vt) : _Zilki(vz _lgiz)f
ot or oz por ror or =)

V? N
avr +Vr av" +Vz avr —(/)-}—lap:l@‘:r(v_l_v )6vr:|_zplk|(\/r _'9ir)1
ot or oo r por ror or =)

oV oV oV VV oV N
RV R R VA 10 r(v+v,)—2 (V+V) Z -4.), (18
ot or 0z r ror r r n v
O 0P O P YAV, O g 0% g %% k-9,
ot ror 0z p+p, S, ot or 0z
. . ‘ ? 04 09 08 9 8
819“ +]9ir 819” +9iz 819" _ Uup — ki (Vr _gir)’ g +19ir 19 +'9iz 19 + ip ir _ kI(V _Si )’
ot or 0z ot or 0z r v

VWov Wiy _p p+t ((v v)j+C (avj’ AP}
at 0z " or o|or or 0z ror

3nech 4, 4., 9, — COCTABIAIOIIME BEKTOPA CKOPOCTH s | -0if (pakuun
OBUTH; p — JaBJICHWE, P — IUIOTHOCTh Ta3za; V — MOJEKYJSpHas €ro BS3KOCTH;
v, — TypOyJeHTHasl BSI3KOCTh BO3JYLIHOTO IMOTOKA; p, — MAaccoBas IUIOTHOCTb
neut; K, — KOod(Q(UIMEHT B3aUMOJEHCTBUS MeXIy BO3LYXOM M |-0if (pakuuu
meum; D — kospdumuent nuddysuu teepnoi paser; Sc = 0.8 — uncno llmuara.
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Ha tBepioli cteHke CKOPOCTH paBHBI HYIIIO;
nmpu 2=0 u O0<r<R :V, =V, (), V, =V, (r), V,=V_(r); §,=V,(),
S, =V, (r), 9,=V,(r); mpu z=0 u R <r<R;: & =4,=V, =V, =0,

2 2 oV 028 0%9. 0°8
algiZ:aVZ:O ZIL:GVYZO, a\£1=01 2(/):0’ 2|r: 2|z: 2¢=0_
o or or? or or or or or
Koaddumument B3zaummonaeiictBus Mexnay (aszamu ompeneneH mo Gopmyse
18
Crokca: k, = 0’0‘:.
po,

Kak yxe ymomMuHanoch BbIme, monxoj Jlarpamka ymoOeH sl pacdera
TpaekTopuu dyactuil. J{nsg sroro 3amummem 6-8-¢ ypaBHeHus cuctembr (18)
CJIEYIOIUM 00pa3oM:

dg & dg dg 4.9
_"_le _9 ’ = :k _'9 ) i m :k _19 . 19
g kM8 Sk =g, ST =k =8 (19)

Kak u B npenpiayniem naparpade, BBeAeM (PyHKIMIO TOKa i U MOTOK BUXPS

¢ ¥ pelaeM 3a/1a4y YMCIICHHO.

2
V-
15

1

05

I ~eo~ 0

s 04 0 02 04 06 08 I
15
= = — B3 YY£Ta BAAHKA TAEP/0M $a3b Ha BO3AYIWHYIO CPEY.

= = B3 yueTa BAHAHKA TBEPA0A $a3bi Ha BOIAYIWHYIO CPEAY. = = = Be3 yueTa B/AHME TBEDLO0M Ha3tl Ha BOYWHYIO CDE]Y.

Cy4eTom BHAHKA TBEDAON (335l Ha BO3YWHYIO CpEay.

= y4erom BAHAHKA TBEPOA (asbl Ha BOILYIIHYIO CPEAY. —— Cy4eTOM BAWAHHA TBEP0M Hasbl Ha BO3AYWHYHD Cpey.

Puc. 7. lIpodpnin akcuaJIbHOM, paiNaIbHO U TAHTeHIMAJIbHOM
CKOpOCTeii MOTOKA BO3AyXa B nmonepeuHom cedennn & = 0.5

AHanu3 JUCHEepCUU TOpOIIKa TMPOBOAMJICS C HCIOJIb30BAaHUEM JIa3€pPHOTO
aHanu3aropa ot Malvern. J[nsi cpaBHEHUSI pe3ylbTaTOB UMCICHHOTO pacdeTa C
OKCMIEPUMEHTAIBHBIMUA JAHHBIMH OBUT TIPOBEJEH AWCIEPCHBIA aHAIU3 TIBUIH,
KOTOpasi yXOoJlujia BMECTe ¢ BO3AYXOM B OTBOJsAIIy0 TpyOy. Ha puc. 8 mokazansl
pe3yNbTaThl aHAJIW3a TOYKAMHU, a PE3yJIbTaThl YHUCICHHBIX PAacYeTOB CIUIOIIHBIMU
ouaUsiMA.  Kak  BUJAHO W3 pUCYHKA, YHUCJICHHBIE PE3yNbTaThl  XOPOIIO
COOTBETCTBYIOT C JAHHBIMU JUCIIEPCHOTO aHAIIN3A.

36



o
X ® OIIBIT

7 — TeopHs

5 Puc. 8. IlucnepcHbiii anaau3
. COCTABA NbLIU U3 PYKABHOI'0
¢puabTpa

0 5 10 15 20 25 30 35 40

d, mxm

3AK/TIOYEHHUE

Ha ocHoBaHMM pe3yJIbTaTOB HCCJIENOBaHUS IO AUCCEPTAIMOHHOM pabote
«MareMaTnueckue MOJENN BPAlIAIOIIMXCS MOTOKOB M MX UYHUCICHHOE PELICHUE)
OBLIIM CHIENIaHBI CIEYIOIINE BHIBOIBI:

1. IlpoBeneH aHanmu3 cui, ACUCTBYIOMIMX Ha TBEpAYyIO (a3y B 3aKpydeHHOM
TypOyJIeHTHOM TIOTOKe. B pesynpTaTe 23TOro aHamm3a I[OKa3aHO, 4YTO
IpaBUTALIMOHHBIC, MATHUTHBIC, TYpOYJICHTHBIE, 3JIEKTPOMAarHUTHBIC CHJIBI, a TAKXKE
cunbl Cedmena, Marnyca, PaxmarynuHa OKa3bIBalOT HEOOJBIIOE BIMSHUE Ha
JMHAMHUKY TBEpJIbIX BellecTB B moroke. [lo 3Toil mpuumHE mpu MOCTPOSHUU
MaTeMaTUYECKUX MOjIeJIel ObLIM MPUHATH BO BHUMAHHUE TOJIBKO IIEHTPOOEKHBIE U
TUAPOJMHAMUYECKUE CUIIbI B3aUMOICHCTBUSI.

2. IlpemnoxeHo YCTPOWCTBO, YCTaHABIMBAEMOE MEXKIY BEHTUIISTOPOM U
OYHKEpOM XJIOMKOYOOPOYHOW MAIMHBI, IJIs YJAJICHUS YacTHUI[ MbUIM BO BPEMs
coopa xnonka-ceipia. Co3maHa MareMaTuyeckas Mojelb (YHKIHOHUPOBAHUS
ATOr0 YCTPOWCTBA, TMOJYYEHbl YHMCJICHHBIC PEIICHUS, PEe3yJIbTaThl KOTOPBIX
MOKa3ajJu BO3MOXKHOCTh YaCTUYHOTO YIAJCHHUS COp BO BpPEeMs MAIIMHHOIO cOopa
XJIOTIKa-ChIPIIA.

3. JleMOHCTpupOBaHa  BO3MOXKHOCTb  MCIIOJIb30BAHUS  YpPAaBHECHUU
TUAPOJMHAMUKHA Ui MOJEIHMPOBAHUS JUHAMHUKHA Ta30BOM CpeAbl MPU MaJbIX
KOHIICHTpaIusax TBepaon ¢asbl. JlokazaHo, YTO JJIsi MOJCIUPOBAHUS JTUHAMHKHU
TBepor (a3bl 2GDEKTUBHBIM SABIsACTCS Moaxoh JlarpaHxka ¢ y4eTOM BIIUSHUS
BO3IYIITHOIO MMOTOKA HAa TBEP/AbIC YACTUIIBI U LIEHTPOOEHKHOM CHUIIBI.

4. Pemrena 3aaua O TEYEHUHM BI3KOM HEC)KUMAEMOUW JKUIKOCTU B
KpHUBOJIMHEMTHOM KaHalle Ha OcHOBE ypaBHeHUM HaBbe-CTOkca ¢ NnpuMeHEHuEM
KOHEYHO pa3HOCTHOM cxembl Mak-Kopmaka. JlokazaHo, 4to mnpu OOJBLIMX
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3HaYeHUs X uucina PeliHonbIca TPOUCXOAUT OTPHIB MOTOKA, YTO MPHUBOIUT K
TypOyJIEHTHOCTH.

5. Jnsg 4uciaeHHoro pemieHuss OOTEeKaHWs TIUIOCKOW IUTACTHHBI U
OCECUMMETPUYHON CTPYH HCIOJIH30BAIUCH 3aMEHbl Mwu3eca, HESIBHbIE KOHEUHO-
pa3HOCTHBIE CXE€Mbl M COBpEMEHHble Mojenu TypOyrnenTtHoctu. [lokazana
aJIEKBATHOCTb 3TUX MOJICIIEH.

6. Jlnsg 4YHCIEHHOTO pelIeHUs YpaBHEHUU TYpOYJICHTHOTO MABM)KCHUSA B
HEHTPOOEKHOM TMBUICYJOBUTENE BBEACHBl (YHKIUS TOKA, MUPKYISIIHUSI U
UCIIOJIb30BaHa cxema «mpoTuB moToka» A.A. Camapckoro. PazpaboranHoe Ha ux
OCHOBE IporpamMmHoe  oOecleueHHue  MCIOJb30BaHO  JUIA  ONpEICICHUS
3 PEKTUBHOCTHU TBUICYJIOBUTEIIS.

7. IloaATBEpKA€HO, YTO CO3JaHHOE MPOTPAMMHOE 0OECIIEYEeHHUE MOXKET OBITh
OPUMEHEHO K MpoliieMe ylepKaHus MojauaucnepcHod mnbumd. [lokazaHo
COOTBETCTBHE YHCIEHHOTO pe3yiabTaTa K AHCIIEPCHOHHOMY COCTaBY TBEPIBIX
YacTHll, ONPEACIICHHOMY JIa3€pHbIM aHanu3aTopoM Malvern.

8. Pazpaborannas mporpamma Ha DBM Obula yCHemiHo MCMOiIb30BaHA ISt
cemapamnuy TMOpOIIKa IMHKA B  AJMAaJBIKCKOM TOPHO-METATypTrUYECKOM
KoMOuHate. B pesynpTaTe K.M.J. yCTPONCTBA cemapalyy MOpoIIKa IMHKa Oblia
yBenudeHa Ha 50-70% u ObUIO TOCTUTHYTO MPOM3BOJICTBO ITMHKOBOTO IMOPOIIIKA
pa3MepaMu MeHee 7 MKM, TI0 Ka4eCTBY HE YCTYMAIOIINI HMIOPTHBIM MOPOIIIKaM.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is the construction of a mathematical model of
multiphase turbulent flows and the study of the physical characteristics of a
centrifugal dust collector.

The object of the research work turbulence in twisted two-phase flows

Scientific novelfy of the research work of the research is as follows:

a mathematical model of processes in the dust collector based on the Euler
and Navier-Stokes equations has been developed;

a numerical solution for turbulent flows based on the Navier-Stokes equations
taking into account the interaction of air and the solid phase inside the dust
collector is obtained;

based on the turbulence models Spalart-Allmaras and k-e, the problems of
turbulent flow around a flat plate and the outflow of a jet into flooded space have
been solved;

a numerical solution is obtained for a turbulent two-phase swirling turbulent
flow, its compliance with the results of a bench experiment is established;

Implementation of research results. Based on scientific results obtained as a
result of numerical studies of improved models of processes in a centrifugal dust
collector:

algorithm and software for the numerical solution of turbulent currents in the
dust collector were applied to the production process at the zinc plant of the
Almalyk Mining and Metallurgical Plant (Reference AC-01440 dated February 21,
2020, OJSC Almalyk Mining and Metallurgical Plant) to separate fine zinc
powder. The application of the scientific result made it possible to divide zinc
powder into two fractions, large and less than 7 microns;

a mathematical model, a numerical solution algorithm and software for
separating zinc powder at the zinc plant of the Almalyk Mining and Metallurgical
Plant were developed (Reference AC-01440 dated February 21, 2020, OJSC
Almalyk Mining and Metallurgical Plant). The application of the scientific result
made it possible to increase the efficiency of the dust collector by 50-70% and
obtain a product that is not inferior to the quality of zinc powder produced abroad.

Volume and structure of dissertation. The dissertation consists of an
introduction, three chapters, a conclusion, a list of used sources and applications.
The dissertation is 108 pages long.
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