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KHUPHUII (10KTOPJIHK JHCCePTANUICHHUHT AaHHOTALMACH)

JAuccepranus MaB3yCHMHUHI 0/13ap0jauru Ba 3apyparu. JKa oHpa caH -
ATHUHT U3YWJI PUBOXKJIAHUIIK MAXCYJOTJIApHU UIUIA0 YW apull caMapajopiIurvuHu
omupuIl Ouiad Oup aropaa unuiad uu apuin kapaéHUHUHT atpod My UTra OyiraH
canOuii TabCUPUHU aMm opTumura onud kengu. by ¥3 HaBOaruma Taj oTumiap
oA SHTU BasudandapHH, >KyMJaJaH CaHOAT YU WHIWJIAPUHU KaMauTUPHIIL,
armMocepara ud a€TraH 3apapiad Ta3IapHUHT MM JIOPUHU - MaUTUpHIIL
MacajaJapuHu KyH TaptuOura yimo ma. CYHTTH SITUK WWJ WYWAA YTIEPOIIA
OupukmanapHu armocdepara ym apub Tanurtam 9 wmapra oprran. Harmwkana
arpo-my ut udaocraanuod, r1oda SKOJIOTUK MyaMMO r03ara Ke - Mo J1a.

IO3ar kenran mMyamMMmoJapHU ajl WIKII Ba SKOJIOTMK AJOKaTHUHI OJIJI - HH
OJIMIIA, I100all MCCH JIalllyB Kapa€HUHU TYXTATUIIAA CAHOAT YM UHIAWUJAD - HU
arpod-My WTra TabCUPUHHU KaMaTHpuIl My UM amusT kacO stamu. XKy - magaH,
aHOAT MAaxXCYJIOTJIApUHM WIUIa0 4M WIN kKapaéHuja arpod-my UTra 4u - €TraH
razjapHd ToO3ajallfa caMmapajid To3ajall BOCHUTajJapd Ba YaHr TyTrU4iaplaH



doitnananum nom3apd Macana ucobnanaau. Yanr tyrruunap Hada ar caHoar
razjlapuHu To3ajialiia, 0ajakd aBTOMOOWJUIAPHUHT WYKU €HYB JBUTaTEJUIAPUHUHT
Oup MebEpla HIIANIMHU TabMHMHJAIL Y4YyH aMm 3apyp ucobmanaau. Ep ocrtu
OoMnMKIapuHU a3u0 ONUIN JKapaéHuAa YITaHWIIaAUTaH TPAHCTIOPT BOCUTATIAPH

OpH Japaxaj T YaHTIAHTAHJINK IIapoWTHIa MIuaTuiaau. byHmail mapoutna
JIBUTATENh UIIYM Kamepacura aBo OusaH Oupra kuprad abpa3uB YaHT 3appadal - pu
JIBUTATENb UIYU KAMEPACUHUHT 032 UCMJIAPUHU eMUupHIniura cabad oy - 1u Ba
JIBUTATENh YBB THHUHI KaMaluIIKra, €HUJI Ba MOWIIOBYM BOCUTATAPHUHT caphUHU
OPTHUIIUTA OJTUO KEeJTaIH.

MawmanakatumMu3 MycTa WIIHKTa 3PUIIrad, CAHOATHUHT KYTITHHA CO - Japuja
JIOKAJUTAIITUPUIITAa KaTTa 3bTUOOpP apaTWiMoO Ja, KyMJIaJaH YaHT TO3 - JIOBUH
YCKyHAJIApHU PECIyOJIMKa MM MIApOUTUTa MOC PaBHIIAa TAKOMH - JAIITHPHUII Ba
3aMOHABHI ypUJIMaJapHU spaTUIIra ajo ujga amusat Oepu - Mo na. Canoarna
UIUTATUJIAIUTAaH  YaHT To3aJ]oBuM BocuTajmapHuHr 80% maH OpTH HUCMHUHU
Mapkaz/laH oYM Kyd acocuja WIUIAAUraH 4aHr TyTruuiap Tamkuwin unagu. [y
cababnan ymlOy Typaard 4aHT TYTTUWIAPHU TaKOMIJIIAINIT - PUII Ba OpU camapara
ara OyiraH sSHrM KOHCTPYKIUSUTAPUHU UIIJIA0 YM U My UM WIMHA-aMajuil aMUsT
kacO aTaju.

V36exucron Pecry6mukacu Basupnap Ma kamacuuunr 1996 jiun 26 anpen
naru 232-1- con «V36ekucron Pecriybnukacn TaGuaTHn My ohasa WINII TaBIaT
yMUTaACH TY pUCHJArd HU30MHHU Tacau Jjaml uaanru Ba 2013 #iun 27 maiigaru
-142-con «2013-2017 iinmtapaa Y36exucron PecryGmukacuaa arpod-My UT My
odazacu O6yiinua apakamiap JaCTypy TY PUCHAA»TH apopiapu, amJia Ma - Kyp
daonusaTra TErMuUIM 001 MEBEPUI- Uil yxoKaTIapaa Oelruianrad BazudanapHu
amaJira OIMpHINTa Y10y AuccepTaius Taa OTH MyalsiH Japax - a Xu3Mar Wiaju.
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Tan orHuHr pecny0inka ¢gpaH Ba TeXHOJIOTHSVIAPH PUBOKJIAHWIIN HUHT
ycTyBOp iyHajguuuiapura 60 Jum Jurd. Maskyp Taa oT pecnyonuka (aH Ba
TEeXHOJNOTUsUIap puBokIaHUIIMHUHT [I.  «DHepreTnka, sHeprus Ba pecypc
TEXaMKOPJIMK» YCTYBOP MYHAIUIIN Joupacuia Oakapuiras.

JuccepTanus MaB3ycH 0yiiHya XopH:KHil maMuii-tag oriaap map '. Yanr
TYTTUYJIapAard Ky ¢a3zaiu My UTIIAPHUHT a3pOJMHAMUK KapaCHIApUHU TaJl OTUTa
UYHaANITUPWITaH WIMHIA W3JIaHUIUIAP K4 OHHUHT €TaK4u WIMHIM MapKasjiapu Ba
OJIuH TabJIUM Myaccacanapu, xxyminanad, NASA Glen research center, Boeing sci
ntific reserch laboratories, Massachusetts institute of tech nology, Stanford
university ( ), Cambridge university (byrok bpuranus), Hettingen laboratory
(I'epmanus), The Air Systems Research Center (imonust), China Aerodynamics
Research and Development Center (Xuroit), MockBa J1aBiaT yHUBE CUTETH
(Poccust), TolkeHT aBiaT TEXHUKA YHUBEPCUTETHIA OO OOpUI MO J1a.

Yanr tytruuiapaa conup Oynaauran xapa€HiapHU YpraHuiira ouj >ka oH Ja
onu0 OopwiraH TajJ OTIAp HAaTWXKAcUIa arop, XKyMJaJaH, yHUAAard WIMHMA
HaTWKajap OJMHIaH: Ky My WTJIM UMJIAPHUHT MaTeMaTHK TEHIIaMaJlapuHU CO JIU



€UUII YUYYH YEKIU-alupMaiu, YeKJInu-3JIeMeHT ycyiap unuiad uu mwirad (Stanford
university, Boeing sci ntific reserch laboratories, Massachusetts institute
of technology, ); xyn My UTIM UMIap y4yH a’poAMHAMHK 3P (EeKTiaap aHU JaHTaH
(Cambridge university, bytok bputanusi), spkuH TypOyJIeHT UM JapHUHT
NEePHEHIUKYIAP TYCH Jap/iaH YTUIl TUHAMUKACUHUHT MaTeMaTUK MOJI - JIU UIILIa0
yu unran (Hettingen laboratory, ['epmanusi); opu camapara sra Oyaran yropmanu
YaHT TYTTUWIAPHUHT KOHCTPYKIUsicH unuiad uu wirad (The Air
Systems Research Center, SlnoHus); Yu MHAM Ta3JIapHUHT TapKUOWUJArU YaHIJa -
HU cemapanus winin Mexanu3mu unuiad un wirad (China Aerodynamics Research
and Development Center, Xutoit), MeTauTyprust ewIapuHUHT ra3

yBUPJIAPH YUYH KYTI 60C W4T 110 OHACUMOH YaHT TYTTUYHUHT KOHCTPYKITUSICH
unuiad ym wirad (MockBa aaBnar ynuepcuretu, Poccus).

JlyHéna 4yaHr TyTTUYIApPHUHT KOHCTPYKIUSJIAPUHN TaKOMUJUTAIITUPHUIIT
Oyiinua aTop, )KymJiaJaH, yUuaaru ycTyBop WyHaIunuiapaa Taj omiap onubd oopu
MO J1a: Ky My UTIU TypOYJIeHT UMJIAPHU MaTeMaTUK MOJICJUTAIITUPHIIL; TYy3WUJITaH
TUAPOAMHAMUK TEHIVIAMaJapHU COHJIM €UUIIl YUYH caMapalid ajr - pUTMIIApHU SIp
THUII; a3POJMHAMUK OHYHHSITIIap aCOCUJA KeYaJUraH Kapa€Hiaap acoCuaa YaHr
TYTTUWJIAPHUHT KOHCTPYKIUSIIAPUHI TAKOMUJUTAIITHPHUIIL.

1
—  [luccepramust MaB3ycH OyiHua XOpPIKHHM WMIMHHA-Tajy OTiaap map http:/www.nasa.gov/centre/glenn/home/index.html;

http://universal_ru_en.academic.ru/66921/; Wildes, Karl L.; Lindgren, Nilo A. (2005). A Century of Electrical Engineering and
Computer Science at MIT, 2006-2009. Cambridge, Mass.: MIT Press. ISBN 9780262231190; Stuart W. Leslie: The Cold War
and American Science: The Military-Industrial-Academic Complex at MIT and Stanford. Columbia University Press, New York
[u. a.] 1993, ISBN 0-231-07958-3; http://www.mod.go.jp/trdi/en/research/kenkyu_koukuu en.hyml; University of Cambridge
(ed.). "The Revived University of the Nineteenth and Twentieth Centuries" Retrieved 7 August 2014,
http://www.utias.utoronto.ca; http://www.cards.cn:88; http://universal ru_en.academic.ru/240165; Mcropuss MOCKOBCKOTO YH -
Bepcurera. . 1—2. ., 2000; Ha pyOexe nByx cromnetuit/ . . bromrenc, . . benpxunkuii. . : [ATH, 2008. 480 . —

ISBN 5-02-007017-3; ®optbe . Mexanuka cycnensuii. // .: Mup, 1971; Paxmarymiut . . OCHOBbI Ta30BO# AUHAMUKHI
B3aUMOIIPO-HUKAOLIUX JBIKEHUH CILIOMWHBIX cpen. // [IMM, 2001, .20; Hurmarynus . . JlnHamMuka MHOTO(a3HbIX
cpen.//Mocksa, Hayka, 1987; Faizullaev D.F. Laminar motion of multiphase media in conduits.//Consultants bureau, New York,
2003 Ba 6om MaHOaIap acocuia HIUIA0 UM WITaH.
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MyaMMOHMHI YPraHWIraHIM Aapaxacu. Ky My Uiy UMIIApHUHT WIK Tl
omnapu XIX acpna 6onutanran. Jlekun XX acpra kenu0, Ky My UTIU UMJIAPHUHT
aMaJIni aMUATH KECKUH OPTAY Ba TyYHEHUHT KYII MJIMUHN Ma - Ka3JapUHUHT
OJIUMJIapU TOMOHHUJIaH 0JIMO OOpUIITaH Taj OTJIapU HATHXKACUIA Kadal
puBoxkiIanan. 1967 iiunu . @opThe Ky My UTIM UMIAPHUHT TypO - JTEHT
MUTPALMOH Ha3apusicura acoc coiaau. . opTbe TOMOHMIAH UILIA0 YU UITaH
Hazapus EBpona Ba [llnunr arop onumnapu (Opunnenaep, Jxoy -
ctoyH, OyaH, [letiBuc, bun, 3emens Ba 0011 anap) TOMOHUIAH PUBOXKIIAHTUPUIIIIH.
By co ara karra ucca ymran onumiapaan oupu, Y30eK oITuMU, Y3apo KUPHIIL - BUA
KYII My UTJIM UMJIap HA3apUSCUHUHT acocurcH, MOCKBa AaBiaT YHUBEPC - TETUHUHT
npodeccop . . Paxmarynun- nup. OupuHun 0Ynubd Oup Heua cu UITyBYaH MY UTIap
apaJialllM CHHHMHT TYJIM apakaT TeHINIAMAJIApU TU3UMUHU
yYpIAW, TYJ WHIAp Tap AJWIIMHUHI aCOCUW OHYHJIADUHU Ta JIWJI WIAU, UKKH MY
UTIIM apajaliMajiard 4erapa aTiiaMyd Ha3zapuscuHu acociabd oepau. . . Pa - maTynun
TOMOHUJAH WMIIUIa0 YW WITaH Ha3apus TUIPOTEXHHUKA, KUMEBUI TEXH - JIOTHUS, aTOM



SHEpreTukacuia KeHr yutanwirad. Kyn my utiam ummap Hazap - sicura cajmo Ju
ucca Yymran ojaumiapaan Oupu cudaruaa . . Paxmarynun moru nu Poccus
akajgemMurd . . HurmatynmuaHay aMm 9bTUPOQ ITHUIIT MyMKHH.

V3UHUHT MaTeMaThK MOJeNHJia arTh Ba Cyro (azajgaru 3appadallapHUHT 3apo
TabCUPUHM HMCOOra OJraH Ba YCTO3M MIUIA0 YMKKAH apakaT TeHIIaMmajapH -
SUMMHM TYIIMpraH. Y30eKHCTOHJA Kyl My WTIM JIAMHHAP Jap HA3apHACHHH
puBOXIaHTUpHUILAA podeccop . . DaiizynnaeB UIUTAPUHU YbTUPOP ITULT MYMKHH.

Kyn my utnu uminap co acuaa Kyniaad UiIMUN HaTHKajgapra SpUILInII - [I1ra
apamai, aJlu C4MMHUHM TOITMaral MyammoJiap TajnainruHa. XXymiagas, kyn dazanm
TypOyJIEHT UMUHUHT aHU MaTeMaTUK MOZEJIU ajiu uiiad yu i Marad. Maexyn
MaTeMaTUK MOEIIap dIMIUPUK OY1u0, xKapaCHIapHA TOUMO aJIeKBaT
udonanamaiaunap. Ymoy oJaTHA MapKas3JaH OdMa YaHT TyTTHYua JJaHMa apakar
nia€Trad UMiIapJa Ky3aTuil MyMKHH.

Juccepranyus MaB3yCHHHUHI JHMCCEPTAlUsl 0a:KapWJITraH MyacCacaHWUHT
WIMMKA-TAX OT MULIapu OwJjad 00 jau Jmru. Jluccepramus tag ot To - KEHT
JaBJaT TEXHUKA YHUBEPCUTETHU olIUJard TapMo MalllMHAIIYHOCIUK MY - MMOJIapu
WIMHUN-TA] OT MApKa3WHUHT WIMHUK-TA]] OT ULIUIAPHU PEKACUHUHT

.13-12 «IIpoueccel nepeHoca Temia KOHUEHTPALMY B3BEIICHHBIX YaCTHIL

TypOyJICHTHOM CTPYHHOM MOTOKe» MaB3ycujaru ¢pyHaamenTan jou (2012- 2014),
amzaa 02-1541 FOp. «Onamanu KOH-METAJLTyprusi KOMOMHATH aKIMOHE - JIUK KaMU
TUHUHT Py 3aBOJIM YUYH YIOpMaJld YaHT TYTTUYHM UIILIA0 YK WIIl Ba YHU CaHOATAA

cunam» (2010-2011), 02-2180 «YaHr mapouTy/ia UILIATAIIAIATAH €p OCTH
TPaHCHOPT YUYH MHEPIUOH (PUIBTPHU MOIEPHU3ALINS UITUII Ba YHU TaTOU THUIID
(2011-2012), 02-2092 «Konnaparu up 10K TallyB4d CaMOCBa - JIap YYyH OpH
camapaJid aBo Tozanarnanau unurad yu umn (2012-2013), 14/2012 «HaBowuit
KOH-METaJUTyprusi KOMOMHATUHUHT TPAHCIIOPT BOCUTAIApUTa HHEPIIMOH aBO
To3anaruwiapuu Tarou wimin (2012-2013) Ba 02-1466 «MHe - nvoH aBo
TO3aJJarYMHU Up 0K TalllyBYM aBTOMAIlMHAIap/a CHHAII Ba

JIo¥M aBUi XyxoKariaapuHu unuiad gu unn (2013-2014) xykanuk mapTHoManapu
noupacuza Oaxapuira.

Taxg oTHMHI Ma cagM Kyn My WUTIA UMIIAPHUHT a3pPOJIMHAMMKA HA3apUSICH
acocujia OpU camapajii YaHr TYTTUWIap amjJa YaHr [MApOUTHAA HWIUIOBYU
TPAHCIIOPT BOCUTAJIApPU Ba MaxCyC TEXHHUKAJIApPHUHI WYKWA EHYB JBUT - TEJIApU
Y4YH aBO TO3ajlarM4IapHU UIIad uu uiigaH uoopar.

Tax orHuHr Basudgaaapu:

MapKa3/iaH ouMa YaHT TyTTWY UYUJarud aBo UIMHUHUHT IMHAMUKACUHU
TUAPOAMHAMUKA TEHINIAMAJIApU aCOCHJIa MaTEMaTUK MOJEIUIAIITUPUII;
THJIPOJMHAMUKA TEHITIAMAJIAPUHU COHJIM €YUI YCYIIMHH UIIUTA0 YM MIIT; COHIIN
euuMJIap Op ajii, aBO UMUHUHT y3JIyKCU3JIUTUHU TAbMUHJIIA0 - pyBUH
MOCJIaMaJapHUHT Ba YaHT TyTTUYJAry aCOCUH 3JIEMEHTIAPHUHT YI4aM JIApUHU
ONTUMAaJUIAIITUPULI;

YaHT TYTTUY/Iard aBO UMUHH ailllaHTUpUO OepyBYM MOCTaMaTapHUHT



caMapacuHU OLIWPHUILL;

a’p030J1b UMJIApIary Kapa€HIApHA KUHETUKA aCHCUAA MOJEIUIAIITHPHUII;
MapKa3JlaH OuMa YaHT TYTTHYHHUHT apIIMJINTH Ba CAaMapaJOpIUTUHU aHU JIAIll
yCYJJIapUHH UILTa0 YU HIIL;

YaHT TYTTUYHHHT ONTUMaJl TEOMETPUK MapaMeTpiIapyuHU aHu Jall yCyJIuHU
UILIa0 YM U1,

TaJ] OT HaTWXKajapu acocuja 3aMOHABUH, OpU camapara sra O0yiraxn
MapKa3/iaH ouMa YaHT TyTTUYIapHU UIILIA0 YU HIIL.

Tax oTHUHT 00beKTH cu(aTHIA CaHOATIapAa UIILIATHIIAIUTaH YaHT
yTru4jiap amja 4Ky €HyB JBUraTEIUIapy yUYyH MIUIATUIAUTaH aBO TO3a JIaruuiap
OJINHTaH.

Tax oTHUHT NpeaMeTH MapKa3aH OuYMa YaHT TYTTUWIAPHUHT KOHC TPYKTUB
Ty3WIMaiaapH, CaMapaJ0pJIMKIapy Ba a3pOAMHAMUK APIIWIMKIAPHU Ta - KW 3Tau.

Tax orHuHr ycymaapu. Juccepranusga Oup Ba UKKH My WUTIU - JAPHUHT
MaTeMaTUK MOJEJUIAPUHM COHJIM €YMIL, Ty3WIraH TEHIVIaMaJapHU aHall - THK Ta
JW WIWII, OJIMHTaH HaTWXaJapHU Ja0opaTopusi MIAPOUTHIA HOBAAH YTKA3WIII
yCYyJUIApH YIUIAHTaH.

Tax oTHMHT MMM SHTWIKMTY yHUJaruiapaad noopar: IIHEKIW YaHT

TYTTUYUHUHT SIHTH KOHCTPYKITUSCH UIIIIA0 YM WITaH; aBTOMAITMHATIAPHUHT

JIBUTATEIJIapy YUyH MapKa3gaH ouMa Kyd acocu/ia
WIUTAMANIraH aBo TO3ajlarud KOHCTPYKUHUSICH UIIUIA0 YU WITaH; YaHT TYyTrUY1aru
aBO MMHUHUHT a3pOJIMHAMUK MapaMeTPIIAPUHU aHU JIalll yCyIu
TAKOMWJUIAIITUPUIITAH;

a’po30JUIM UMJArd Mypakkad HCCHM JMK Ba Macca ajmallyB jXapaéHia
PUHUHT MaTEMaTUK MOJICJIM KWHETUKA Ha3apUsICU acoCcua TAKOMUJUIAIITUPUII TaH;

YaHT TyTTUYHUHT CaMapaJopJiiiri Ba a3pOMHAMUK apIIMIIMTHHU UCO0 Jiai
yCyJuIapy TaKOMUJUIAIITUPUIITAH;

YaHT TYTTUYUMHUHT ONTUMAJI TapaMeTpiIapyuHU aHU JIalll yCYJIH UIILIa0 4u
WJITaH.

Tan oTHUHI amMaJuil HAaTHKAacU. MapkasiaH ouma IIHEKIIW CAHOAT YaHT
TyTIM4M Ba aBTOMAaIlIMHAJIAPHUHT MUKW EHYB JIBUTaTeIUIapU YUyH MapKa3JaH ouma
Kyd4 acocujia UIUIalIural aBo To3ajsaruyuiap uiuiad uu wirad. Tax ot
HATHXKAJIAPUHUHT MINOHYIMJIUIH. TaJ OT HaTH>KalapUHUHT UIIOHYINIIUTY aHU
YiWIran TUAPOANHAMUK Macajaiapra, yJapHu COHJIM €YHINIa MablyM OyiraH
yciy0 Ba ajqropuTmiiapra, amja Hazapui Wy OuiiaH OJIMHTaH HaTWKaJapHU
TaXpuOa HaTvKaJlapy OuiiaH TaKKocall OujiaH U30 JiaH - .

Tag or HaTWKAJAPDMHUHI WJIMHA Ba aMajJud aMuaTH. Taxg oT
HAaTVDKAJIADUHUHT WIMHAA aMHUSITH Kyl MY WTIM WMJIAPHH MaTE€MAaTHK MOJE -
JAIITAPUIIJIA BA YIApHU COHIIM eduIa GpoiiaaaHuin OMian u30 JaHaIu.

Tan oT HaTWXKaTapUHUHT aMajuil aMHUSITH OpU camapara sra Oyiarad caHoar
YaHT TYTTMWIAPHUHT Ba MallMHA WYKWA €EHYB JIBUTATEIMJArd aBoO TO3al -



TUYJIAPHUHT JIOWU aJapyuHU MIUIA0 YK UIITa XU3MaT WIajIu.

Tag or HaTHXKAJAPHMHUHI KOPUM WIMHMINM. Mapka3gaH ouyMa 4YaHr
TyTTU4YJIap Ba aBO TO3aJlarMwiapJard a’3poJUHAMHUKA >KapaHJIapUHU TaJl OTHU
OyiinJa OJIMHTaH UMUK TakIudIap acocHuaa:

IIHEKJIM CaHoaT 4YaHr TyTruuiapu OIMaid KOH-METaJUTyprusi KOMOWHATH
aKUMOHEPIUK >KAMUSTUHUHTI « aK 3aBoau» ra Ttarou stwirad (OiManu KoH
METaJulypruss KOMOWHATH aKUMOHEPIUK XaMUATUHUHT 2015 iun 18 HogOpmarm
®OM-7222-con MaBIyMOTHOMAcH). TarOuW OTWITaH IIHEKIM CaHOAT YaHT
TYTTUWJIAPUHUHT caMapaiopiIurd MaBXKyJl YaHTr TyTruwiapra Huc6arad 15 -16% ra
op rad Ba Wwunura 210-243 ToHHa aK YaHTMHU YIIMMYa yHUlad OJIMIITa UMKOH
sipaTra;

WYKM €HYB JBUTATe/UIap YYyH MILIA0 4M Wiarad aB Tozanaruwiap Onm - au
KOH-METaJUTYypPTUsi KOMOMHATH aKIIMOHEPJIMK JKAMHUSITHHUHT AHTPEH IIaxTall - puja
yinaHwiaaurad MamuHanapra, HaBouil koH-meTamyprusi KOMOW-HATHla WILIAT
JaauraH up 1ok tamyBud benA3 camocBaiiapura Ba TEIUIOBO3-Japura YpHaTUITaH
(Onmanu KOH-METAJUTYyprusi KOMOMHATH aKUMOHEPNHK MUSTUHMHT 2015 #unn 18
HosiOpnaru ®M-7222-coH MabJIyMOTHOMAcH). TarOu JSTWITaH aBO To3ajaruyyiap
TPaHCHOPT BOCUTAJIAP/IATH ABUTATEINIADHUHT XU3MaT MYIIaTUHU 2
MapTa OPTHUIIIUTa UMKOH OepraH.

Tax or HaTHxKAJAPUHUHT anpoOaumsicu. Tan Hatwxkamapu 4 Ta
WIMHM-aManuid aHXymannapaa, kymianad, «Tpyaer XVIII Hayuneix urenuid mo
KOCMOHABTHUKE, MOCBSIIEHHBIX NaMATH BBIIAIOIINXCA YUEHBIX-IIMOHEPOB OCBOCHMS
KocMHuuecKkoro npoctpanctBa»y (Mocksa, 1994); «l'eomororexHonorusi: MHHOBAIL -
OHHBbIE MeToAbl Henponoib3oBaHusi XXI Beke» (MockBa, 2007); «CoBpemeHHas
TEXHUKA TEXHOJIOTHS TOPHO-METAILTYPTrUYECKON OTPACIIU ITyTH UX Pa3BUTHUS
(HaBouii, 2008); «Queprocoepesxenne, s3HeprodHPeKTuBHOCTH BO30OHOBIISIEMbIE
ucrtouHuku 3Hepruny» (Tamkent, 2015) maB3ynapugaru pecmyoauka Ba Xajia apo
MUH-amanuii KoHpepeHIMsUIapAa Mabpy3a KYpUHUIIMAA OaéH STUIITaH aMm/ia amnp
OarusIaH YTKa3uiIraH.
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Tan oT HATHIKAJTAPUHUHT IbJIOH WIMHUIIN. J{uccepTaius MaB3ycu Oyitnya
kaMi 29 Ta MIMHIl MIOM YOI ITHITAH, LIyIapiaH, Y36ekucToH Pecry6n - kacu
Onuii arrectanns KOMHUCCUACUHUHI JOKTOPJIMK AUCCEPTALMUSIAPU aCOCHUN MIMHI
HaTWKaJapUHU YOIl 3TUIL TaBCUS ATWITaH WIMHUN Hampiapaa 14 ta ma ona, )KyMmi
naH, 10 Ttacu pecnyOnuka Ba 4 Tacu XOPWXKHH >KypHaJIapja Hamp STwirad. 1 ta
UXTUPOTa MATEHT OJIMHTaH.

JuccepranMssHMHT TY3WJIMIIM Ba a:KMHM. J{uccepranus TapKuOU KUPHILL,
TypTTa 600, Xyrnoca, ¢hoigananuiran anabuétiap pyixaru Ba ujioBajiapaan noo
pat. JIuccepranusHuHr axmu 184 GeTHU TAIIKUI ATTaH.
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JUCCEPTALIMSIHUHT ACOCUHA MA3ZMYHHU

Kupum ucMmupa auccepranus Taja OTHHUHT J0J13apOiaurd Ba 3apyparu
acoCJIaHTaH, WIMHI UITHUHT Ma CaJld Ba YHra 3pHUILHUII YYyH acocuil Bazudanapu
IIAKJIAHTHPHITaH, Taj OT OOBEKTH Ba NpPEJIMETH aHM JIaHTaH, Y30eKHCTOH
PecnyOnukacu ¢dan Ba TEXHOJOTUSIIAP TAPAKKUETUHHHT YCTYBOpP WYHAIUIIIaApHUTa
MOCJIUTH KYypCcaTWiraH, MaB3yHUHT WJIMUN SHTUJIUTH Ba UMOSITa OJIM0 4u

WJaJUraH aCoCHM amaiuil HaTvKaiapy 0a€H WIMHTaH, OJMHTaH HaTWKaJIapHUHT



WIIOHWIWJINTH, WIMHUNA Ba aMaliuid aMUsATH EPUTHITAH, TaJl OT HATHXX JIADU HUHT
YKOPUI WIIMHTAHJIUTH UJ1a Ba TACCEPTALNS TY3WIHIINATA JOUP UC MAabIyMOTIap
KEJITUPUITaH.

Muccepranpusaauar “CaHoar 4YaHr TYTTMYJIAPUHUHI Ba MYKU €HYB AB -
ra-TeJlJlapu aBo TO3aJaruwIAPDUHUHI TacHUGuU” 1e0 HOMJIAHTaH OUPHUHYU -
Ou-1a caHoarja WMUUIATWIIAJWTaH YaHT TYTTMYWIAPUHUHT Ba ap XWJI TEXHUKAHUHT
WYKd EHYB JIBUraTesiapura YJUIaHWIAJIWraH aBo TOo3aJarMujJapHUHT Typiapu €p
TUITaH. YIapHUHT ad3an TOMOHJIapH Ba KaMUMJIMKIIapu 6aradcuin My okama

win rad. Iy ypuHga TEeXHOJOTHK >Kapa€HIIApHUHT Aespiin Oapya cO ajapura
TaTOM ATUII MYMKUH OYiraH Mapka3JaH oOuMa YaHr TYyTTUWIApHU Ba aBO -
3aJIaTMYWIAPHYA PUBOXIIAHTUPHII 3apypaTH aCOCIIaHTaH.

Mapkaszaad ouma 4aHr TyTTHYHUHT IPUHIUIIAAI cxemacH 1-pacMa
Kypcatwirad. MapkasaaH ouma 4aHT TyTTHUHHHT WIUIAIl MPUHIWIY IIYHaH
nOOpaTKy, YaHIJIM aBO CIIMpAJLIM KaHaj/1a ailjlaHMa apakarra dpuIimo, an amu
KaHajra, SbHU KOpPIyC Ba TO3aJaHraH aBo TpyOacu opanu ura kupajau. Yanr 3a -
padasiapu Mapkas/iaH ouMa Ky4d TabCUPU HAaTHUKACUJA KOPITYC JEBOPH OJIAUAA UK
WJaau Ba KOHYC JeBOpH OViinad OyHKEp TOMOH apakaT WJIaJiyd, To3ajJaHTaH aBo 3ca
TpyOa op ayii Tenara HyHaITUpUIaIq.

O3UPrY KyHra4ya WIUIaTHIMO KeIWHTaH, Cepusiard MapKa3JgaH o4Ma YaHT
TyTTUYIApU OpU camapara sra sMacliiap, caMapajopiauru 75 ¢owusmgan optMaid 1u.
[IIyHUHT y4yH caHOAT Ba aBTOMAIlIMHAJIAP JBUTATeIUIapura MyJKajulaHTaH

OpU camapajd Mapka3gaH oyMa YaHI TYTTMWIapHU WIUIA0 4d MII Taj OT Ma
caauaup. Ymly Ma cajra 3pulIdIl Y4yH, HPUHYM HaBOATIa YaHT TYTrH4Y MYUJATH
ABOHUHT a3pOJIMHAMUKACUHU YpraHuil 3apypaup. LLIyHUHT y4yH IHC CETAllUSTHUHT
“Mapka3gaH 04Ma YaHI TYTTHYIAP UYHAA OCHJI OVJaguraH a’poAMHAMHK
skapaéniap” 1e6 HoMJIaHTaH UKKUHYIM 000W1a YaHT TyTTHYHUHT
TypJu UCMJIAPUAArd aBO UMHUHUHT XyCYCUATIApHU a3pOIMHAMUKA TEHIJIaM - JIapu
acocujia YpraHuira.

2.1 6ynuMpaa, a3poMHAMUKa TEHTTIaMaJIapUHU COHJIM €UHUI YCYIIH OWJIaH YaHT
TYTTUYHUHT KOHYC MCMUJArv aBo UMu ypranwiran (2-pacm). byHna tenriamanap
CHUCTEMAaCHHHUHT CTallMOHAp C€YUMHUHU OJHUII Y49y Typ VHIAINIYB YCIyOH
unuiaTwirad. Ymoly ycayOHMHT MO USTH IIyHJAH HWOOparku, TEHIVIa Majap
HOCTAI[MOHAp OJIaT/a COHJIM e4Wjiagu Ba Oy €4uM Ba YTHUIIM OWJIaH cTa LIMOHAp
eUUMra UHTUJIA]IH.
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1- acm. Mapka3iaH ouMa YaHT TYTTHYHUHT IPUHIMIIKAAT CXeMaCH:
| — YaHIIM aBOHMHT KHPAINATaH JapyuacH, 2 — aBOHH alIaHTHPUO OepasuraH CupalIi KaHat, 3

— YaHT TyTTU4 KOPILyCH, 4 — TO3aJIaHIaH aBo TpyOacH, 5 — aBoJjaH aXpaTWiraH 4aHr, 6 — 4aHr
TYTTMYHHUHT KOHYC MCMH, 7 — aBO T€3JIMTMHU KaMalTUPUIIra MyJDKaJJIaHTaH Tpyoa, 8 — yaHr iu

yBUU OyHKED.

L
2- acM. Mapka3gaH 04Ma YaHT TYTTHYHMHT KeCHMH

AaBO IMHUHUHI CO a&CH CUMMETPHUS Ura drajup, LIYHUHT YU4yH TEHI JaMaJiap

CHCTEeMAaCH NMIMHAPUK KoopauHaranaps ( z,7,¢ ) op anu ypranunras.
AdpOoJIMHAMUK TEHITIaMallap TU3UMHU IIWIMHAPUK KOOpAUHATAIApa YUUAaru Ky

PUHHUIITA 3rajiup:
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Vuify TeHrnaManap TH3MMH Y4yH derapaBuii mapriaapau ¢ =0 (2- acm)
KECUMA VAMU3.

)1, R/R<n<1opanu uM kupub KellaJurad Koakcual KaHaJura Ty pu

kenaau. Kupub kenaauran UM yuyH yluaaru mapriap YUuiaras:
2 2
2

n _
wnCUU LP(5)==== _Rer

VRR
()2

I— >

2

By epna V, W — Moc paBumiia kyHaanaHr Ba Oypuak Te3IUKIapy.
Taxxpubanap 1myHu Kypcaraauku W =const .

) 0<n <,,R/R coTo3a aBo uu U0 KeTaauran Tpydara Ty pu kenaau. by

epAa SKCTPAIOISALMOH apTiap YHUIraH:
2 2 2

0 (6)
0 oy
0,0,0,2

9¢

n Q"

.

og

yIJ_I6y mapTiap THAPOAMHAMUK TCHITIaMaJIapHU COHJIN CUHHIIIA

VIUTaHWIAUTaH CTaHAapT yCayoaapamp. ¢ =1 - konyc Gouwtanm xoituaH HHPO
Jlard Kecumra Ty pu kenaau. Ymoly kecumaaru mapmiap: ) 0<n< 1 yuyn: ; ;. Y
=y, = 2( = C , by epna unaekc 2 kopiyc Ba KOHycra TEruIuIdInp.

(4) TeHrnamanap TU3UMUAATY [MUPKYIALNS TEHITIAMACUHHA COHJIM €UUII YUYH

Mak-KopMakHUHT 4Yekiau adupMmanu ycinyOouaan Qoiimananuiarad. Ymoy yciay0
MKKU aflaMiId OYIu0, MKKUHYM Japakald aHW JIMKKa sragup, sehu (, , ) 2220 Af



AC An . uM TeHmIaMacHHU COHJIM €uuIna I iyHamum oyiinua

OpH peNaKcaiysi UTepaluoH ycinyounaH doinanaHwiran, ¢ HyHamum Oyinda
aca TMPOroHKa yCIyOW uIutatuiraH. MacajmaHuHT OOIUIaH WY ImapTu cudaruia
MOTEHI[MA] UMHUHT €4MMH OJIMHTaH.

3-pacMjia TeHIIaMajap CUCTEMACUHU COHJIM €UUILl HATUKACUJA OJJMHIaH UM

TE3IUTMHUHT WYHaIuuuiapu Kypcaruinrad. PacMaan kypuHuO TypuOanKku, um

yIOpMa OCHJI WIaau. YOy yropMa aBO UMUHUHT Y3UIUIIH Tyaiinu
1o03ara kenaau. CoHnu Taxxpubanap IIyHU KYpcaTAuKy, OCUI OYIaauran
YIOPMaHUHT UHTEHCUBIIUTY KOHYCHUHT Oypuarura 6o niu skaH. Konyc Oypuaru
yiugaru opanu aa 6ynranuaa °°8 <a < 13 | yropMa UHTEHCHBIIUTH KaMalUIIK aHU
JIaHTaH.
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3-pac . UM Te3JMTMHUHT HYyHAJTUILIAPH

ocwi OymanuraH yropMa 4YaHT TYTTHYHMHI camapajopiurura caiaOui
TabCUP KYypcarajy, YyHKU KOPIYC JIE€BOPH OJIIUra Wy uinubd, OyHKEp TOMOH apa Kar
uia€Trad 4aHr yropma Tydaiim op ara yno TUpwiIMO TalnuiaHaAu Ba HATHU kKaja
YaHT 3appadaiapy TO3aJlaHTaH aBO Tpybacura cypuin0 KEeTUIUIapU Ky3a TUJIAIH.
VTKasuaran creHa Taxpubamapu LUIyHH KYpcaTaukd, da aT KoHyc Oypya TMHH
onTUMa/Iall Mynu OwiaH 4YaHr TyTrud camapajnopiauruan 40%pan 75%raua
KyMaTupuill MyMKUH 3kaH. Pu3uka Hy Taum Ha3zapuJaH, YIOPMaHUHT OCHJ OYnu
m, (4) TeHraMaiap TU3UMUJATH OMPUHYM TEHINIAMAHWHT YHT TOMOHHUZA TypraH
ylopMa MaHOamHW MaBxkyanurunamup. Jemak, ocun OynaauraH yOpPMaHHHT
WHTEHCHUBJIUTUHU SHA aM KaMalTUPUII Yy4yH ymiOy MaHOaHM MUHHUMYMra KeiaTH
puin 3apyp Oymanu. ducceprauussHUHT 2.2 OYIUMUJ aBOHHM aWJIaHTUPHUIN Y4yH
IIHEKIM KaHaiaaH (Qoigananwiragaa ymoOy MaHOa ce3winapid paBuUIlla Kama
Humm acocnanrad. Hatmkana NIHEKIM YaHT TyTTUYH UIIad uyu wirat (4-pacum).



Nmnab um wiarad mHEKIN Yanr TyTruuiapHuHr 32 nonacu Onvanu KMK
AJK naru ak 3aBofura ypHaTWIral Ba CHHOB/IA YIIADHUHT caMapaJIopJIiuru 85
dbouznan kam sMaciury anu jganrat. [IIHekin yanr TyTruwiap YpHaTUITyHra
anap unwad typrad [{H-15 cepusiiv HMKIIOHIapHUHT caMapaopiIMKIapyu 3ca
69%1aH OpTMaraH. Y 14oBIap MILIA0 YN MITaH YaHT TyTruaiapHuHr Ba I[H-15
[UKJIOHJAPHUHT a3pOIMHAMUK apIIWINKIAPH ACSIPIU OUpP XUJ IKAHJIUTHUHU KYP
carrad. [lIlHekyu yaHT TYTTUYWIAPHUHT CEpUsJar IIUKIOHIapra HucOaTaH camapa
JOPJIMTHY KYT OYIUIIMra apaMaid, yiaapaa Oup arop KaMuuIuKiIap MaBKy/l.
bupununcu — mypakkab KOHCTPYKIHSTa 3Ta, UKKUHYUCH — CaMapaiopiIUru Kepakiu
Japakaja Opu dMac, YYUHUYUCH — EMUII JIUTH KyWIH OVJIraH 4yaHriapaa, IiHeK
KaHaJJIapua YIApHUHT TH WIKO Oauil TUMOoJK 60p. OXup ' KaMUYWINK ITHEKIIN
YaHT TYTTUWIAPHU TaTOM 3THII CO ACUHU KECKUH KaMai-
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tupagu. LlyHUHT yuyH Oy KaMUKUIUK OOII XUJl, I’bHU YaHT TH WIKUO OJIUII TUMOJIH
OynMaraH 4aHr TyTTUWIAPHU SIpATUIITA TYPTKA OYIIIH.
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4-pacMm. lllHek/aH YaHT TYTTHYHUHT NIPUHIHMITAAJ CXEMACHU:
1 — To3ananraH aBo Tpybacu, 2 — aBOHHU a0yl WIyBYH, 3 — aBO UMUHU alIaHTUpUO Oepaaura
IIHEKJIN KaHal, 4 — YaHT TYTTUYHUHT KOHYCH, 5 — TYTHJITaH YaHT OyHKepH, 6 — UM HyHanumu, 7
— TO3aJIaHTaH ABOHUHT MyHAJINIIN.

Ta nunnap uryHu KypcaTAuKW, YAaHTHUHT JieBOpJiapra MU0 O TUMOIU
OJITMHM UKJIOHJIAPHUHT KOHCTPYKIHUSIIApUIA SHT KWYUK OYinap skaH. AMMO opuaa
TabKUJJIAHTAHUJIEK, yIapJa OCHI OYIaural yropMa HMHTEHCUBIUTUHA KAMAUTUPHUIIT



acocuit Mmyammo OYnu0 onaau. Yoy OOOHUHT yYUHYHM OYIMMEIA, MAaXCyCc MOociaMa
Op aju ocuj Oynaaurad yropMaHu Oaprapad WIHII MyMKUHJIUIY KYpCaTUITaH.
Ymby mocnama ofamii natpyoka 6ymub (5-pacm), To3anaHraH aBo TpyOaCHHUHT
KUPHUIIl ICMHTA YpHATUIIAIU. YIIOy marpyOKaHWHT XU3MaTH IIyH/IaH HOOpaTKH,
TO3aJIaHTaH aBO TPYO Kacwura Kupaaural UMHH Ta cumiiab Oepaau. Hatmxkana
UMHHHT Y3WIUII TAMOJIY KaMasiiv, S’bHU UM Typ yHnamaau. Lyaunr yuys, Oy
MoOcCIaMa cta omnmmsarop ne6 HommadraH. 2.3 0ynuMaa, CTabrIn3aTopian YaHT
TYTTUY/Iard UMHUHT a3pOAMHAMHUKACU COHJIU YPraHWITaH Ba CTA0MIN3aTOPHUHT
UMHH Typ YHJIAIITHPHIN XYCyCHATUTA dTa SKAHIUTH UCOOTIaHTaH.
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S5-pacm. CTadnau3aTOpP/IM MapKa3IaH 04Ma YaHI TYTru4

YaHr TYTTUYHHHT CaMapaJopiirura Karrta TabCUp KypcaTaJuraH siHa OuTTa
aJIeMEeHTIapaad, Oy aBOHW aiymaHTupuO OepyBunm Mocnamanup. LyHuHT yayH
JTUCCEPTANUSHUAT 2.4 OYIruMuIa y0y MocIaMaJlapHUHT ap XU TypJIapH Ta JIUT

winuHTad. Kupu6 xenaérran aBoHM aitanTupu® OepyBYM MoOcIamasiap acocaH oOerr
Typra OYJIWHAIU: ) CIUPAJUIN; ) TAHTEHUIUAIIIW; ) BUHT KYPUHHUILIU]IATH; )
pO3€eTKaJH, Op ara alTyBYM UMIa MYJIKAJUIAHTaH; ) PO3ETKAJIN, TY pU KETYBYM UMra
MYIDKaJJaHraH (6-pacm).



6- acm. aBoHU alilaHTHPHUO OepyBYH MOc/IamMa TypJiapu

Ymly 0ynuMaa coupaiiii MOCJIaMaHUHT OOl ajnapra HucOaraH agd3an
SKAHJINTU MaTeMaTHK yciyona ucoornanrad. Llyaunr yayn ymoy Typraru Moc-
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JamMaJiaH OpH camapara 3ra OyiraH Mapkas3jaaH odma 4aHT TYTTHYJIaApHH WUIUIA0 49U
uiina ¢oinananwirad. Harmxkama, naGopaTopusi mapouTHa YaHT TYTTHYHHHT
camapanopiuru 96 ¢ousraya kyrtapuirad. Yoy KYpCaTKMUHU sTHA aM OIIUPHUIIT Ma
caauja OXUpru Huwuiapfard MarOyoT Ba MAaTEHTIApAard UXTUPO ATUITAH YaHT
TYTTUYJIap Ta JIWJI WIWHTAaH. Harmwkana UXTHpO STWITAH ap XWJ Mocjamaniap
scanub, nmaboparopusi IMapouTuaa CcUHAO Kypwiau. JIekMH CUHOBIAp WXKOOWMU
HaTwxkanap Oepmanu. Illy caGabman aBo wMMIaH Taml apu, yHAAru 4YaHr
3appadallapuHUHT (PU3UKACUHU aM YpraHUIl 3apypaTu nanao OViau.
JluccepTallusiHUHT * aHTr 3appavyajJapMHUHT Ba AJPO30J/UIADHMHI YaHT
TYTrH4 MYMJAArd JMHAMHKAcH” 1e0 HOMJIaHTaH yumHY OoOmmaru 3.1-0ynmmmia
TypOyJI€HT WMHHHT XYCyCHATIapW KYpuO YW WIraH Ba MapKa3JaH oO4YMa YaHT
TyTTUYJAard UM TypOyJEHT XyCyCHUsTra ira SKaHJIWId KypcaTwiran. AMMo Oy
XyCyCHUSIT JEBOpP OJAMJAA, YaHT TYIJIaHAIuraH co ajaa Hamo€H Oymanu. IlyHuHT
y4yH UKKHU (a3aidi IMHA MaTEMaTHK MOJICJUIAIITUPHUIIA UM CO aCHHHU acCOCUU Ba
JIEBOP OJIIM CO ajapura OYJIMII TaBCHs STWJITaH. UMHUHT aCOCUU CO acH JeBOpiaH
nupo 6ynuo, epja KHYMK MaciTadiu TypOyJlIeHTIuK to3ara kenaau. [IlyHuHr yayH
ymly cO aja aBO WMHUHU MaTeMaTHK MOJEN JAITUPHUIIIA adpOAMHAMHKAHUHT
Diinep TeHNIaMmanapuaan Goigananuim MyMm KuH. [{eBop onauaa sca, aBO MUMUHUHT
Ba YaHT 3appadajlapUHUHT apakaTia pyu XaoTHUK XyCYCHSITHTa 3Taaupiap, JIEeMak,
ymly co ajga cyocTaHiusUIapHUHAT TudPy3M0OH KYUHIlU acocuil YpuHaa oynaau.
3.2-0ynuMa 4aHr 3appadajapura TabCUp WiIaJuraH Oapya Ky4dJapHHUHT Ta
mu Oepwirad. by kywrap 6a onaHu0, ynap Mapka3mgaH ouMa Ba TUAPOAN HAMHK



KyuJlapra HucOaraH aHya KHYUK SKaHJIUKIapyu KypcaTHiraH.

Kyn omnmapna uvanr 3appauanapu OwiaH OuUprajivkaa Cyl aj’po30iib TOM
YUJIApUHU aM TyTUII 3apyp OYnamu. Aspo3oimap atmocdepara uu apub Tarmuia
HAJWTaH CaHOAT TAa3JIAPUHUHT KOHACHCAIVMUIAHUIIN Tydaiinu comup OYIuim
MyMKUH. ByH/aH Taim apu, aspo3osuiap YiI-WHEPIUOH YaHT TyTru4iapia aM COAUp
Oynanu. Yynku OyHJOal yaHr TyTruwiapia YaHIIM aBO CyB OWJIaH Nyp Kaiuo
HamnaHaau. [lyHuHr yuyH 3.3-0ynuMja KUYHMK a’po30JUIapHUHT JIMHAMHM Kacu
amJia UCCH JIMK Ba Macca aJIMalllyBU yKapa€HIapy 3pKUH MOJIEKYIISIp MOAEIIH Op aJld
ypranwirad. Kentupu® um apwiran uco0 ¢opmynanapu Yia HHEPUUOH YaHT
TYTTUYJIApHU UILLIA0 YW UIIJIA Ba JIOMH analija aMusTra srajaupiap.

Hucceprauusausr 3.4-0¥1uMuna JeBOp OJIU CO acua YaHT 3appaya JapUuHUHT
KYYHII )Kapa€Hu YpraHuirad. opuja TabKUAJIaHTaHUICK, YOy CO aja acocaH
muddysuon kyuuin conup 6ynanu. yaunr yuys auddysus kodppuimeHTuHn
TOIHMIL Ma CaANA, “UKKH (a3aju SpKUH TypOYyJIeHT UMHUHT
JUHAMHKACH Ba KY4YuIl kapa¢HiIapyu’ — Macajacy aHAJIMTUK PaBUIIIA €YUIITAH.
Kypunran macanaHu eduill y4yH UKKU (pa3aid UMHUHT TUAPOAUHAMUK
TeHITamanapu cepuk v, 8 KoopauHaTagapaa YpraHuiras:
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By epma P> P> P p> VesVoV i, D _yioc paBuiia 60cuM, aBo uMuHEHT SATIATH,
arTy (ha3aHUHT 3UYIIUTH, UKKUTA TE3TUKIIAp, UKKU (a3alid My HTHUHT KUHEMAaTUK
OBy JIUK Ba quddy3ust kodpdunmentnapu. Juccepramus umuga (7) TeHImamazap
TU3UMUHUHT aBTOMOJIENIb €uuMIIapu kenTupuirad. Hatwxana

OByl JIMK Ba qudPy3ust kod3PpdureHTIapu yuyH yiuaaru popmynaiap OJIUHTaH:
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By dopmynazaru Sc — Imuar conn, ¥ 0- co¢ TypOyJIEHT aBO UMUHUHT KHUHE MAaTUK
oByII JIUK ko3(durmentu. OnmHaran Hatwkanap . . Jlangay Ba . . PymeprnapHuHT
CUMMJIAPUHHA yMyMmIIamTupand. Kymuwnuk dyadr 3appadanapu yuyH Sc = 1.
Kentupu6 un apunran (9) popmynanapian 4yanr 3appadalapyHUHT JIEBOP OJIIU CO

acHmard Ky4MIIMHM ucobmamga  Qoiigamanmmran. Harmkaga gesopman A\

maco(arada Oyiran 3appadaiap yiIyIm N ydyn yiiunaru Gopmyia KeaTHPUITaH:
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By epna, u - 3appayaHuHT MapKa3IaH ouMa Kyd TabCUPUIA SPULIATUTAH Pagrall

te3nuru. by ¢hopmyna 6yiinya ucobnap myHu Kypcaraaguky, paauyciapu R =5 cu
Ba , R =10 cm OYnran yaHr TyTrud y4yH, KaauOpy 5 MKM YaHTHUHT TaXMUHaH 87
bousu, A # 2cu atnam octuna 6ynaau. Kypunuod typubnuku, ymoly atiam
KOAaKCHaJl KAHAJTHWHT CEe3WJIapid Xa)KMUHU drajlaiu. by atimamM HUHT ocui
OynuIM, caMapaJopivuKKa canOuil Tabcup Kypcaraau. YyHKH, aT TaMHUHT OpH
MCMUJIATU YaHT 3appavyaiapy TO3aJlaHraH aBo TpyOacura cypuiuo, Tair apura i uo
KeTUIIM Ky3arunaau. [lemak, ymly atinam Oajian] JIUTUHU KaMaUTUPUIL EKU YHU
OyTyHiaii 6aprapad 3THIlL, camapaJOpIUKHUHT OLIUIIUTa 3aMUH OYinaau. Yoy
MyaMMO WIIIa0 94 WITAH Ba KYII )KoWIapra TaTOu dTHITaH YaHT TyTru4ja mKoOuii

g i Lrats

8 ifaa
Sdicyrd

Xan wimHras (7-pacm).

7- pacm. Mmi1ad yM WiIraH MapKasaaH 04Ma YaHr TYTTHY:

1 — To3ananran aBo TpyOacH, 2 — CHpaii KaHai, 3 — Koprayc, 4 — crabmin3arop, 5 — yaHr
TYTTU4 KOHYCH, 6 — Maiiia YaHT OyHKEPUHUHT KOPITYCH, 7 — KEHT'alOBUH KOHYC, 8 — aBO
aiitapruud, 9 — MycTa KamjaoBuu 00T, 10 — HMpUK YaHTHU K yBuM OyHKep, 11 — OyHKepiap om
, 12 — IMHUHT TPAaeKTOPUSCH.

Yy ycKyHaHWHT HIUIAll MPUHUIMIMA IIyHAAH HOOpaTKd, aBO CIUpPaJUIH
KaHasiga |1 alimaHMa apakarra SpHIlIaJM Ba YaHT appadajapy MapKa3aJaH ouMa Kyd
Tabcupuaa kopmnyc 3 onauna TymiaHagud. by epaa ymap koaryisiust ucooura



HupHKIammo, YaHT avIaMUHKA OCUJI WIIau Ba uHepuuscu tydaitnu 3, 10, 11,
6, 5 opanu ura Kkupaau. Yily opaluKK acocaH KaTTa KaJluOpaaru 4aHr
3appadanapu iu unaau. lyHuHr yuyH iiupuk Ba ¥pra yanmiap OyHkepu 0ynu0
20
XU3Mar uiaau. Maiifa yaHmiap 3ca, YaHr TyTTUYHUHT KOHYC 5 ucMura yTuod, KOHYC
JeBOpH OYiinad macTra, Wuku OyHKEp TOMOH apakaT wiaauiap. byHkepra kupwii
UCMUJa aBO alTapyBUM 8 YpHATWITaH. aBO yH/A alTHO, Ternagaru Tpyoa TOMOH
apakaT WiaJlyd, YaHT 3appadanapu 3ca 7 Ba 8 opanu 0yiinad
apakar uiaub, Maiifa yanmniap OyHkepura kupaau. Mimmad uu unarad 4aHr TyTrud
OpH camapara sra OYTUIIMHUHT cababu myHIaH nOOpaTKy, HUPUK Ba YpTa YaHTyIap
OyHkepura yanriapHuHr 90 gousmgad opTH iu wiaau, IyHUHT
McoOMra KOHYC MCMHUJIaru YaHT aTJIaMU KECKUH KaMmasiau. by sca aTiiaMHUHT opu
MCMUJArd YaHIJIAPHUHT TO3aJJaHTaH aBO TpyOacura cypuiand KeTUIIMHU KECKUH
KaMaWTHUpaan, HATIKana camapanopiuk 96 gowusnan 99 dhousraua opraam.

JuccepraussHUHT “YaHTr TYTTHYHHHT A3POJAMHAMHUK apIWJINTH,
CaMapaJoOpJIUIrd Ba YHMHI ONITUMAJI IapaMeTPJIapuHu ucodaam ycayonapu”
ne0 HOMJIaHTaH TYpTUHYM Oo0uaru 4.1-0ynuMia yaHT TYTTUYHUHT TYPJId UCM
Japy Y4yH a’pOoJAMHAMUK apUIMIUTHHI ucoOnamn popMynanapy KeATUPH Yd
apunrad. Ymoy ucMiap yiugarunapaan uoopar (8-pacm): 1— cnupammm kaHa; 2 —
ABOHMHT alJITaHMa apakaTra SpHuIiuo0, Koakcuasl KaHaiara Kupajauran

ucM; 3 — Koakcual KaHaj; 4 — IMHUHT Oyprin0, To3ajJaHTaH aBo Tpybacura
KUPAJIMTaH kOW; 5 — To3aJIaHTraH aBo TpyOacHu.

YaHr TYTTUYHUHT TYJIU a3pOJAMHAMUK apUIWIUTH YOy HCMJlapaaru ny
oJiraH OoCUMIIApHUHT ¥n nHaucura tenraup. [y cababnan, ap 6up ucmaaru
apIIMJIMKHYU aHU JIall Y4yH, WY oirad 60CUMHH ucobnam Ggopmynaiapu aHu
JIaHTaH.



8- acm. Mapxaman 0OYMa YaHT TYTTHYHHH BEPTUKAJI KECUMHA

yiuaa ymoly iy ofaran 00CUMIIAPHUHT YaHT TYTTHYHUHT YHYMIOPIUTH - G
(yiutp/cex) ra HucObarad 60 1 popMylianapu KeITUPUITaH:
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Crnupannu kaHanaaru Uy onran 6ocum yiuaarnya ucoOiaHaau:
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By epna, In(/) a =D, D,,, In(/).B=U,U,
UMHUHT KOaKCHaJ KaHauaaru Oyiiama Te3/Iuru Hugarura TeHr: _ - (15)
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aBO alijlaHMa apakaTra 3puIIn0, KOaKCHall KaHajIra KUPTraH manTnara ny
OTWJITaH OOCUMHU HcoOai GopMmyrnacu yuuaaruya:
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Koakcunan kanannaru PeltHosbac
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MMHUHT TO3aJIaHTaH aBO YBYPH KUPHUII NAaUTUIAr OOCUMHUHT MY OJIMIIIN:
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YaHr TYTTUYHUHT TYJIW apIIAIUTA OpUJa KeITUPUITaH O0CUMIIAPHUHT Y
OJIMILIIAPYU WM UHAMCUTA TEHIAUP

Ap = Ap,+ Ap,+ Ap; + Ap, + Aps . (20) Nucceprauusaunr
4.2-6ynumuaa KenTupud uu apuirad popmynagapHUHT HATHKalapy TaXKpUOaiaH
OJIMHTaH HaTWXajap OuiiaH TakKochaHnraH. Taxxpubanap Ba ucoOnani
HaTxanapuau comumtupuin yayH Onmanu KMK maxranapunaru LK 07 pycymnu
MOTPY3YMKIIapra TaTOM STUITaH YaHT TYTTUYM OJIMHTaH. UCOO HaTWkanapu (4u3u )
Ba Takpuba HaTwxkaizapu (Hy Tanap) 9-pacmzaa kenrtupuwirad. Kypunub typubauku,
KeATUPUO 4K apwiirad GopMyJIalapHUHT HATHXKaTapy TaXpUOAHUKHTa Ky/la UH.

YuuHun 6ynuMIa 9aHT TYTTHYHUHT caMapaopiIUTUHA aHU JIalll y9yH YHUHT
OMpUHYM 00C WIMHUHT (YaHIJIAPHUHT OMPHHYM OyYHKEpra WK WITUIIIN )
caMapaJIopJUTuHU ucobmam ¢popMynacu KeITUpUO uu apuirad. Mabirym Oup

-

KauOpJaru 4YaHr y4yH caMapagopiuk KodpGuuueHTy yiuaaruia ucodbiaHaau: °
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By epaa § _ TpyGanapauHr qametprapy Hucoarn, Cn - KeHHMHIEM

ko3 punuentu, O _ sappaua guamerp , P - 33Ppaia MaTepUATHHIHT 3UHIATH, W -
KOAKCHaJl KaHAJTHUHT Oomuaaru Oypuak Te3iuru, L — koakcuan KaHaJTHUHT
yaynnuru, V() - uMHuHT GYiinama Te3nury, P - aBOHUHT 3UYJIUTH, V -

aBOHMHT MOJEKyIsp oByml nurk, K(§ ) - koakcuan kaHan yd4yH opuja

KSJITUPUIITaH. Arap YaHTHUHT TUCTIEPCHs TapKuOu Oepuiiran Oyiica, sibHU ;O
pa3Mepiu 3appadaHrHT Macca YIyId ;€ MabJIyM OYIica, TYJIM camapagopiiuK



yHuJ1aruya aH JIaHaIu:
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9-paCM. Yanr TYTIri4 apuiJIMC'MHUHT YHYMIOPJIHKKA 00 1 JIUrN

4.4-6ynuMaa yaHT TyTTUYHUHT UKKUHYU 00C WIMHYU camMapaJOpINTUHN aHU JIalll
yciyou Oepuiras. by ycny0 mynnan nboparku, rTuijpoIMHaMHUKa TEHT JlaManap (4)
acoclapu/a 4aHT 3appavdallapUHUHT TPACKTOPHSIIAPH TOMMINO, CTaTUCTHUKA Op aJu
ymdy 3appadajiapHUHT aHUYACH TYTHIUIIHA UCOOTaHaTH.
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by epna, V,, V,, V — aBO UMHUHHUHT TE3JIMKIIAPH; M, — 3appadya Maccacu, V,,, Vo,

D__ - cyOcTaHIoHan

Vop— 3appava Te3IHKIapH, O - 3appadyaHHHT TUAMETPH; Dt

ocuna , ,,— KeHnunrem ko3QpGuuneHTu.
Kelinnru 4.5-0yn1umaa yanr TyTrud AUaMeTPIIapUHUHT ONTUMA HUCOATH
TOMMITaH. Yoy ontuMai HUCOAT, YaHT TYTIH4Y caMapaJopIurHHUHT MaKCUMall
uiMarra SpUIIUIIMHA TabMUHIaiau. 10-pacMia TyTHIITaH SHT KUYUK YaHT
3appadacu KaTMOPUHUHT YCKyHA AUaMeTpiapy HucOarura 00 Ju JINTu
Kypcaruirad. Pacmaan kypunus Typubauku, nuamerpaap HucOaru ¢ # 0.66

Oynranaa, TyTUIaJUraH YaHIJIAPHUHT YT4aMu MUHUMYMra sra Oynaau. [lemax,
YaHT TYTTUYHUHT camMapaJopiiury aM yioy HucOar/ia MaKCUMYyMIa SpUIIaIn.
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10- acm. TyTuiarad 3Hr KHYUK YaHT KAJMOPHHMHT AMaMeTpiaap HucoaTura 00 Ju JIMru

Hazapuii ityn Ounan Tonuiran ontTuMail HUcOar Jadoparopust
Taxxpubanapua aMm y3 UICOOTUHU TOIH.

4.6-0ynuMaa YaHT TYTTHWIAp Ba aBO TO3aJAarM4JapHUHT CaMapajaop
JUKJIAPUHU Yi4ail ycyiiapu OepuiraH. YmlOy OYnMMa 4aHr TYTTUYHUHT cama
pagopnuru axpubana mopriananeMenT 400 4aHrM ydyH YIYaHraH Ba OJMHTaH
dbopmynanap HaTwxkanapu ounan conumrupuirad. [loprnananement 400
YaHTUHUHT JUCTIEPCHUS TapKuOu 1-KaaBayija KeITUPUIITaH.

11-pacmaa maxra LK 07 norpy3unkiapura MyJKajuIaHTaH aBoO
TO3aJJATMYMHUHT caMapaJopJInr , ABUTaTellb YHYMAOPIUTUra 0o Jin JIUTH YK3H Op
anu Kypcarwirad. Ymoly pacMmia Hy Tajap Taxpuda Hatuxanapu. Kypunub
TYypUOIMKH, Ha3apuid ncobiap Taxpuda HaTHKajJapyu OWiIaH SIXIIM MOC TYIIMO Ja.
By onunran Hazapuii (popMynagapHUHT aIeKBaT SKAHJIUTUIAH JAT0IaTIup.

25
1-xanBaj
optaauaieMenT 400 YJaHTHHUHT JUCIICPCHS TAPKHOH.
anuOp opanu , MKM Vpraua kanmu6p , MKM PAKLUSHUHT yiyuu, %
0...10 5 12,0
10...20 15 36,2
20...30 25 19,39
30...40 35 17.2
40...50 45 12.8
50...60 55 0,3
60...70 65 1,2
70...80 75 0,8
80...90 85 0,3
90...100 95 1.2

0
, %
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11-pucMm. aBo To3aJaru4 caMapaJopJIUTrMHUHT IBUTraTe] b YHYMAOPJIUTUra 60 JIu JUTH

Jluccepranmsiia OJWHTaH HATW)Kalap camMapacd Opu OYyiran 4YaHr
TYTTUYWJIADHU Ba aBO TO3QJIarMWIapHU HIIA0 YW apuinra UMKOH Oepau. YmiOy
unad 9u wiraH ycKyHaiap, Hada ar 4eT 1 yCKyHaJapuIaH KaMm sMac, Oalku
0ab3u Oup mapamerpiapu OWiIaH arTo ycTyH amaupiap. Mmmad yu uiarad yaHr
TYyITHUIap Ba aBO To3alarMwiap Y30eKHCTOH PecryGNMKAaCHHMHT —TypiH
o0BbEeKTIIapuTa TaTOM STUJITAH Ba 03UPTH KyHTa4ya MyBadda USTIN Uiuiad KeaMo Ja.

26
XVJI0OCA

« poAMHAMUKa KapagHJIapy acocuaa OpU caMapalid MapKas3/laH ouyMa YaHT
TYTTUWIApHU WIUIA0 YW MID» MaB3yCHAArd JOKTOPIUK JUCCepTaluscH Oyitnua
onu6 Oopuira Taj oTjiap HaTHXKACHAa yHHIaru Xynocajaap Ta JUM dTHIIIN:

1. Yanr TyTru4iary MMHUHT TUHAMUAKACUHA M1a COHJI euuil ycynau Ouiian
ypranuml HaTWXXacuzaa, MapKazJaH ouyMa Kyd acocujJa HWIUIAWJWraH YaHr
TYTTHWIapAa oOcuil OynaauraH yroopMmanap caMapaJopiuKKa cajiOuil Tabcup
Kypcaraaurad acoCUii OMUJI SKaHJIUTH aHU JIaH]IH.

2. UMJIAapHUHT TYp YHJIMK Ha3apHUsCH acocuaa oaud OopuiraH Taj omiap
WJIK OOp YaHT TYTrUYJard aBOHU aillaHTUPUO OepyBUM MOCIIaMaliap CaMapacuHU
aHM Jall UMKOHUHU Oepau. By co amaru Tag oiap uctu 0onja caMapaliy 4aHr
TYTTUYJIApHU Ba aBO TO3aJaruwiapHU UIUIA0 YU UIIAa My UM aMUST KacO 3Taju.

3.Yaur TyTruwiapjia Ba aBo To3ajJaruwiapjaa ocwi OYyiaguraH yropMmajlapHU
Oaprapad wiMiIra HyHaAITUPWITraH TaJ OTJIap Maxcyc MOCJIaMaHu UIuiad 4M uIra
UMKOH OepHO, YaHT TyTTHYHUHT camapacunu 20% rava OmupHIITa XU3Mar WiIazm.

4. Vxkkn My WM TypOyJeHT MMHUHI JUHAMUKACH Ba MACCAHHUHI Tap

anuiny Oyiinua Taj omiap Wik 6op oBym Juk Ba quddys3us koddduireHTiapuamn



aHAIMTUK paBUIIAa aHW Jall MUMKOHUHU Oepau. By co agaru Tajg omiap 4asr
TYTTUYHUHT OMpUHYM OOC WY HCMJIAPUHMHI YI4aMJIapUHU HcoOiamira Xu3Mar
WIAIH.

5. YaHr TyTTHYHUHT a’pOJMHAMUK aplUMJIMIK Ba CaMapaJOpiurvMHHU aHU
jJam ycymwiapu unmad um ungu. OJMHraH HaTwkajgap YaHr TYTTHYJIapHU Ba
JIBUTATEIh aBO TO3aJarM4iIapyuHuy JOWH ajaljia My UM aMUAT KacO 3Taau.

6. YaHr TyTrud Ba ABUTATEIbh aBO TO3AJArMWIAPUHUHT UIITYU UCMIIAPUHU
onTUMAaIall ycyau unuiad uu winu. by co agar Tan otnap uxuam, opu camapara
Ba KMYMK a3pOAMHAMUK apIIMIMKKa 3ra OYJIraH yaHr TyrH4iIapHHU, aM/Ja IBUraTeib
aBO TO3aJarMYwiIapyuHU UIUIA0 YK UIITa UMKOH sIpaTajiy.
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PA3OBbI HAYUYHBI COBET HA OCHOBE HAYYHOI'O COBETA
O MPUCYKAEHUIO YUYEHOMW CTENNEHU
JTOKTOPA HAVYK 16.07.2013 /FM.02.02 TP TAIIKEHTCKOM
T'OCYIAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

HAYUYHO-UCCJEJOBATEJBCKHWA HEHTP 110 OTPACJIEBOMY
MAHMNMWHOBEAEHHUIO IIPU TAHIKEHTCKOM I'OCYJAPCTBEHHOM
TEXHUYECKOM YHUBE CUTET

MAJIMKOB 3A®AP MAMATKYJIOBUY



PA3PABOTKA BBICOKOD®®EKTUBHBIX IEHTPOBEKHBIX
JIEVJIOBUTEJENA HA OCHOBE ADPOJIMHAMWYECKUX
MPOLIE COB

01.02.05 — MexaHuKa KMJIKOCTH ra3a (TeXHHYeCKHe HAyKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIUN

TAIDKEHT - 2016

Tema JOKTOPCKGR TRCCEFTANNR J@pErucTpuposans B Burcueil arrecTanmonnodi ReMBccHn
npn Kabneere Muannerpoe Pecovfianen Yafexncran m N 12,05 20005 B2015.1.T463

.'.i':f'h'r""rll-"ﬁﬂ! AHCCEPTAUHA BRITTOAHENA B Ay He-HOCIE 0B TE IhC KM ICHTRC 10 OTilc-
JACBOMY MILTIFAHBECICHHBD TN TamEeHTCEDM | CCYIAPCTRCHAOM TEXHHHECKDM YHHBEPOHTETS

ABTOpefepar THCCEpTalnH Ha Tpéx Ak (vabewcrmil, pyccknil, anrmiicknii) paise-
mén Ha mef-cTpannne no agpecy www. idiiuz i sndopamaunonso-oipalosaTeIsROM TOPTAIE
afivoMets no anpecy (Www Zivonet,uz)

Hay4unii KoncyasTan: Puzaen Anpap Abayaaaceny
NEETOD TEXANIECKAY HAVE, Npodeccop

OdunaibHBC ONNOHERT LI Fasmanos Hopaassan
NDKTOP TCXHWHCCKNX HAYE, npodeccop
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Loxknpoe Arsap OamaosH
AKTOP TEXHIMECKHY HAYE, Npojeccop

Bacwaenckni Javapa bopucosas
AOKTOP TCXHAMCCKHX HAYE, npodeccop

Beayman opranwsiiig Hapowiickwii rocyaaperBenLi
IPHEI HHCTHTYT

r g o
SAMIMTA AHCCCPTANNE COCTONTCS E‘:r;; eF 216 roga b ff:-ziuiwu HA,_ 330CTaHHNN
PAIOBOND HAYYHOND COBCTA HA OCHOBS Waywnoro coseta 16.07.2003 T/FM.0O2.02 npn Tameewr-
LRUM TUCYIIPUTBCHHOM TEXHHMECEDM VHARCPCHTETC W Hamsoramnnoa VHHBEPOHTETE Y-
crana.(Anpec: 100095, r.Tamwewr, ynYuuecpewrerckan 2. Ten'pawc (99871) 227-10.32,
c-mail I.Iq.:.|'|||.|-.'-I:"|'i'|e I-:_=.r|_| Uzl
L noETopckodi OHCcepTaunedi Mosmo omakosmiTecs B Hadopumannonro-pecyponom
HEHTPE [AWKESHTCROND TOCYIAPCTEEHROND TEXHHYECKOID YHMBEPCHTETa 2a Ne -:,’-"'5'- Anpec:

| O00ES, v lankent, Yanecpenrercras yawna 2, Ten (99871 ) 246-46-00.
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BBEJIEHUE (anHOTAIMA JOKTOPCKOM JUCCEPTALINM)

AKTYaJIbHOCTh BOCTPe0OBAHHOCTH TeMbl JHcCCepTalUM. Mupe Oy - HOe
pa3BUTHE MPOMBIIUIEHHOCTH HAPSAy POCTOM BBIITyCKa MPOMBILIIEHHON NPOAYKIUN
MPUBEJIO YBEJIMYEHUIO HETaTUBHOTO BO3/CHCTBUS MPOW3BOACTBA HA OKPYKAIOILYIO
cpen . DTO CBOKO OUepe/lb CTABUT MEPE UCCIEN0BATEISIMU - BbIE 33J]a4H, TOM YHUCIIE
00 yMEHBIIEHW TMPOMBINUICHHBIX OTXOJOB, KOJIMYECTBA BBIOPACHIBAEMBIX
arMocdepy TOKCUYHBIX Ta30B. 3a MOCJEIHUE MATHAECAT JET BHIOPOCH! YIIIEPOIHBIX
coeMHeHUN atmocdepy yBenMUMIOCh 9 pas. pesys - Tare ITOro OKpyXKaroias
cpena 3arps3HseTCs BOZHUKAET Io0abHas SKOJIOT - yeckasi mpooiema.

[Tpu emeHn BOZHUKIKX POOJIEM, MPETOTBPAIICHUH YKOJTOTUYECKUX -
TacTpod mporiecca NoOaTbHOTO MOTEIJICHUS KJIMMaTa Ba)KHOE 3HAaYeHUE NMEET
YMEHBIIIEHNUE BO3JICUCTBUS MTPOMBIIIIICHHBIX BBIOPOCOB OKPYXKAIOIIYIO CPEIY. TOM
Yyucie, MPUMEHEHUE BUICOYUCTUTENBHBIX CPEACTB I(HEKTUBHBIX MBLIT -



YJAOBUTEIIEN MIPU OYUCTKE BHIOPACHIBAEMBIX OKPYKAIOUIYIO CpEAy ra30B Mp - Iecce
IIPOU3BOJICTBA TOBAPOB SBIIETCS aKTyalbHOU 3anadei. [1puieynosurenn
HEOOXOAMMBI HE TOJIBKO /711 OYMCTKH MPOMBILUIEHHBIX Ta30B, HO AJis 00ecmey - Hus
paboThI [BUTATENIEH BHYTPEHHETO CTOPAHMS AaBTOMAIIIUH ONTUMAIBHOM PUTME. CE€
TPaHCHOPTHBIE CPEJICTBA, UCTIOIb3yEMbIE ITPH TOOBIYE MOJIE3HBIX - KOMAEMBIX,
DKCIUTYaTUPYIOTCS YCIOBHUAX BBICOKOM 3aNBIJIEHHOCTU. TAKUX YCIOBHUAX
aOpa3uBHBIC YacCT Il MIBLIH, IPOHUKASA Pab0UyI0 KaMepy JBUTATEIA, SIBISIFOTCS
MPUYMHON U3HOCA €T0 MOBEPXHOCTEN MPUBOAST YMEHBIICHUIO MOITHOCTH
JIBUTATEIS], YBEJIIMUEHUIO PACXO] TOIJIMBA CMAa30YHBIX MATEPH - JIOB.

[Tocne noCTHKEHUST HE3aBUCUMOCTH HAIlIe CTpaHe BO MHOTH OTPACIIAX
IPOMBIIIJIEHHOCTH OO0JIbIIOE BHUMAHHUE YJIEISAETCS JIOKAJIU3alH IPOU3BOJIC BA, TOM
gucie, 0co00e BHUMaHUE YIEISeTCs yCOBEPIICHCTBOBAHHUIO pa3padOTKe
MBUIEOYNCTUTENBHBIX YCTPOMCTB COOTBETCTBUU KIMMATUYECKUMHU OCOOCHH - CTSIMU
pecnyOnuku. bonee 80% MbuieOUnCTUTENBHBIX CPEACTB, UCIOIb3YEMbI
IPOMBIIIJIEHHOCTH, SBJISIOTCS MBUICYJOBUTENSIMH, paOOTAIOIMMU HA OCHOBE 1I€ -
TpoOexHOM cuibl. [ToaTOMy, TpoBeeHNE HAYYHO-MCCIIEIOBATEIBCKUX PadoT 10
yCOBEpIIle CTBOBAHUIO Pa3pad0TKa HOBBIX KOHCTPYKIIUH BHICOKOA(P(HEKTUBHOTO
NBUICYJIOBUTEN TAKOTO TUIA UMEET BaXKHOE HAYYHO-IIPAKTUYECKOE 3HAY HUE.

JlaHHOE OUCCEepPTAlMOHHOE MCCJIENOBAHUE OIPEACICHHON CTENEHU CIIYKUT
BBITIOJIHEHUIO 3aja4, npeaycMoTpeHHbix I[loctanoBinenus Kabunera MuH - cTpoB
Pecniyonmuku Y36ekucran 232-1 ot 26 anpens 1996 roga «O06 yTBep»K1 - HUU CT Ba
KOMMTETA N0 XpaHe okpyxaroen cpeas» [111-142 ot 27 mas 2013
rojia « mporpaMMe eMCTBUH IO OXpaHe OKpyskarolie cpenpl PecnyOnuk - 6ekuctan
Ha 2013-2017 ronbr».

CooTBeTcTBHE HCCICAOBAHUS IPHOPUTETHBIM HANIPABJICHUSAM pa -
BUTHA HAYKH TEXHOJOIMH pecmy0aukK . J[aHHOE HCClIeI0BaHUE BBIIOIHEHO COO
BETCTBUM IPUOPUTETHBIM HarpasieHrueM I pa3BUTHS HAyKU TEXHOJIOTUH pe
nyOnuku « QHepreTHKa, SHEPTHsl pecypcocOepekeHue.
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O030p MeKIYHAPOAHBIX HAYYHBIX HCCJIEAOBAHWH MO TeMe JUCCEPT -
uun'. HaydHble McclenOBaHMS, HANpaBJICHHbIC HA M3yYeHHE a3pOMHAMHYECKHX
POIIECCOB MHOTO(A3HOTO MOTOKA BHYTPH MBUICYJIOBUTENEH MPOBOAATCS BO MH -
ruX BEIyIIMX HAy4YHBIX IeHTpax Mupa, ToM unciie NASA Glenn research cen ter,
Boeing Scientific Research Laboratories, Massachusetts institute of tech nology,
Stanford university (CIIA), Cambridge university ( nuxoOputanus), Hettingen
laboratory (I'epmanusi), The Air Systems Research Center (Anonws),
China Aerodynamics Research and Development Center (Kurait), MockoBckom
rocynapctBeHHOM yH Bepcutere (Poccust) TalikeHTCKOM TOCyIapCTBEHHOM
TEXHUYECKOM YHUBEPCHUT TE.

pe3yabTare NPOBEICHHBIX MUPE UCCIEA0BAHN MO U3YUYEHUIO MPOLIE - COB

BHYTPH TBUICYJOBUTEINICH, TIOTYUEHBI PSAJT HAYYHBIX PE3yJbTaToOB, TOM YHCIIE:
pa3paboTaHbl pa3IMuHbIE KOHEUHO-PA3HOCTHBIE METOJIbI METO/IbI KOHEUHBIX



AJIEMEHTOB JJI YUCJIIEHHOT'O PELIECHUs] YPAaBHEHUN JUIsi MHOTO(a3HBIX TTOTOKOB
(Stanford university, Boeing Scientific Research Laboratories, Cambridge univer
sity, Massachusetts institute of technology, CIIIA); momydeHsl a3poguHaMUIECKHAE
addexTsr 111 MHOTO(Da3HbIX moTokoB (Cambridge university, BeaukoOpuranmus);
NoJTly4yeHa MaTeMaTuyeckast MOJIeNb JMHAMUKN CBOOOHOTO TYpOyJIEHTHOTO MOTOKA
npu ootexkanuu npenarcteuil (Hettingen laboratory, ['epmanus); pazpaboTtansl
KOHCTPYKITUU BICOKOI((EKTUBHBI BUXPEBHIX mbUieynoButenei (The Air Systems
Research Center, SInonust); pa3paboTan MexaHU3M CeMaparyy MbUIEBBIX YaCTHUII
BbIOpackiBaembIx Ta3oB (China Aerodynamics Research and De velopment Center,
Kuraii), pa3paborana KOHCTPYKLHS KACKaJHOTO MHOTOCTYIIE - YAaTOr'0
NBUICYJIOBUTENS JUIsl OYMCTKH raza oT MeTajryprudyeckux neueit (Mocko - ckuii
rOCyJapCTBEHHbBIN YHUBEPC TET).
MHUpPE MO YCOBEPIICHCTBOBAHMIO KOHCTPYKLMH IBUICYJOBUTENIECH IPOB -

JITCS UCCJIEIOBAaHUSl N0 PAAY NPUOPUTETHBIX HANpaBlI€HUM, TOM 4MCIE: MaT -
MaTHYECKOE MOJEIUPOBAHNE YPOYIEHTHBIX MHOTO(a3HbIX MOTOKOB; pa3padoTKa
3¢ GEKTUBHBIX aNTOPUTMOB JJI YUCICHHOTO PEIICHUS dTUX MOJIENEH; yCoBepIIe -
CTBOBaHME KO CTPYKIIMI MMbUICYJIOBUTENIEH HA OCHOBE MPOILIECCOB MPOTEKAIOIIH
10 3aKOHaM a’p TUHAMUKH.

CreneHb H3y4eHHOCTH NPoodiaembl. [InoHepckue paboOThI 11O UCCIIEA0B -
HUIO a3pOIMHAMUKHA MHOTO(a3HbIX cpell mpoBeaeHbl emé XIX Beke. Onnako XX
BEKY, MPAKTUYECKOE 3HAUCHNE MHOTO(a3HBIX MOTOKOB CYIIECTBEHHO BO3PO - JIO 32
CUET UCCIIeIOBAaHUIN YUEHBIX TEOPHUSI MHOTO(a3HbIX CpeJl MOTYyUUIIO 3Hay - TEJIbHOE
pa3B tue. 1967 rogy . @opThe pazpaboTan TEOPUI0 MUTPALIUU JJIs1 MHOTO(a3HOTO
TypOyJIEHTHOrO NMOTOKA. JlaHHas TEOpHs MOIy4Ynia CBOE JAJIbHE - IIE€ pa3BUTHE
00Tax eBpONeHCKNX aMepUKaHCKUX yueHbIX (Dpunnenaepa,

! 00630p MeXIyHapOIHBIX HAyYHBIX MCCIEIOBAaHMU MO Teme mucceprauuu http:/www.nasa.gov/centre/glenn/home/index.html;
http://universal ru_en.academic.ru/66921/; Wildes, Karl L.; Lindgren, Nilo A. (2005). A Century of Electrical Engineering and
Computer Science at MIT, 2006-2009. Cambridge, Mass.: MIT Press. ISBN 9780262231190; Stuart W. Leslie: The Cold War
and American Science: The Military-Industrial-Academic Complex at MIT and Stanford. Columbia University Press, New York
[u. a.] 1993, ISBN 0-231-07958-3; http://www.mod.go.jp/trdi/en/research/kenkyu_koukuu en.hyml; University of Cambridge
(ed.). "The Revived University of the Nineteenth and Twentieth Centuries" Retrieved 7 August 2014;
http://www.utias.utoronto.ca; http://www.cards.cn:88; http://universal_ru_en.academic.ru/240165; Mcropust MOCKOBCKOTO yH -
Bepcureta. . 1—2. ., 1955; Ha pybexe aByx cromnetuit/ . . Brotrenc, . . beapkunkuii. . : [IATH, 2008. 480 . — ISBN
5-02-007017-3; ®oprbe . Mexanuka cycnensui. // .: Mup, 1971; Paxmarymus . . OCHOBBI ra30BOM JMHAMHUKI
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B3aUMOIIPO-HUKAFOLIUX JBIKEHUH CILIOMHBIX cpen. // [IMM, 1956, .20; Hurmarymus . . JlnHamMuka MHOTO(a3HBIX
cpen.//Mocksa, Hayka, 1987; Faizullaev D.F. Laminar motion of multiphase media in conduits.//Consultants bureau, New York,
196 np.

JlxoyHctoyna, OyaHa, JleliBuca, bua, 3emenst ap). onbioil BKIaj pa3BUTUE TOU
o0nacTu BHeC y30eKCKUl yudeHbld, npodeccop MOCKOBCKOTO YHHBEPCHUTETA . .
Paxmarynun. OH siBIIsI€TCSI OCHOBOMOJIOKHUKOM TEOPUH B3aUMOIIPOHUKA -

IIUX JBWKEHUN MHOTO(A3HBIX MOTOKAX. . . PaXMaTynuH nepBbIM COCT BUJI CUCTEMY

YpaBHEHUM JJIsi CXKUMAeMOW MHOTro(a3HOW cpeibl, MpOoaHAIU3UPOBAT - HOBHBIC

3aKOHBI PACIIPOCTPAHEHMSI BOJIH, pa3paboTai OCHOBBI TEOPUU MOTPAHU - HOTO CIOS

nByxda3noit cmecu. Teopus . . PaxmarynmHa Hanul MIMPOKOE NPUMEHEHUE

TUAPOTEXHUKE, XMMUYECKOM TEXHOJIOTUU, aTOMHOM YHEPreTUKE.

Ka4eCTBE YYEHOT0, BHECIIUM CYNIECTBEHHBIM BKJIAJ PAa3BUTHE TEOPUU MHOT -



(da3HOro MOTOKa MOXKHO YMOMSHYTh akagemuka AH . . Hurmartymus , KOT - pblii
ABIIAETCS yYeHHUKOM . . Paxmarymnuna. . . Hurmarynus cBoux mareM - THYECKHX
MOJIENISIX Y4 B3aMMOJICMCTBU YaCTUIl MEXJ COOOW JOMOJHUI - CTEMY YpaBHEHUH
MHOro(a3zHol cmecu. Y30eKucTaHe JUIsi pPa3BUTHS JIaMHUHA - HBIX TEUEHUU
MHOTO(a3HbIX CpeJl, CYIIECTBEHHbIN BKJIAJ BHEC TP (eccop . .

daii3yIiacs.

Hecmotps Ha Oonblive JOCTUXKEHUS UCCIEN0BaHMM 00macT MHOTOdA - HBIX
MOTOKOB, CYIIIECTBYET HEMaJo HepemeHHbIX mpobnem. Hampumep, 1o cux mop He
BBIBE/ICHBI CTPOTHE€ MaTeMaTuyecKue ypaBHEHHS IJsi TypOyJIEHTHOTO - YeHHUS MH
roaszHoi cpenpl. CylecTBYIONINE MATEMaTHUECKUE MOJEIH HOCSAT
OCHOBHOM AMIUPHUUYECKHUI XapaKTep HE BCerna aJleKBaTHO OMHUCHIBAIOT BO3HUK -
IOIUE SIBI HUS TypOYJICHTHBIX MHOTO(a3HBIX cpefax. ITO MOXKHO HAOIIOMATh
0COOEHHO 3aKp YEHHBIX MMOTOKAX BHYTPU EHTPOOECKHBIX MBIJICYIIOBUTEICH.

CBsi3b TeMbl [HCCEPTANM HAYYHO-MCCJIEN0BATEIbLCKUMH PadoTamMu
yupesKaeHHsl, Ile BbINOJHeHAa Auccepranms. J(MccepTallmOHHOE HMCCIIEAOBAHUE
BBITIOJIHEHO paMKax IUJIaHa Hay4YHO-UCCJIEN0BATEIbCKUX (PYHIAMEHTAIbHBIX TP -
€KTOB Hay4YHO-HUCCIIEN0BATEICKOIO IIEHTPA MO OTPACIEBOMY MAaIMHOBEIECHUIO MPH
TalkeHTCKOM TOCYyJapCTBEHHOM TEeXHUYeCKoM YyHuBepcutere .13-12 mo Tteme
«IIpomeccel nepeHoca Termia KOHUEHTPAIMK B3BEIIEHHBIX YacCTHUIL TypO - JIGHTHOM
cTpyiiHoM motoke» (2012-2014), Takxke xozmoroBopoB 02-1541 . «Pa3pabo ka
OMBITHO-ITPOMBIIIIEHHOE UCIIBITAHUE BUXPEBOTO MbLICYIOBUTENS
1uHKOBOM 3aBojie OAO AI'MK» (2010-2011), 02-2180 . «KMonepau3zamus
BHEPEHHUE MHEPIIMOHHOTO WIBTPa JIJIsl HOA3EMHOI0 aBTOTPAHCIIOPTa, paboTa -

HIET0 YCIOBUSIX BhICOKOM 3anmbuieHHOCTH» (2011-2012), 02-2092 . «Pa3p - 60Tka
BBICOKOA((HEKTUBHOTO BO3TyXOOUMUCTUTEIS JIJIsl ABUTATENCH OONBIIETPY - HBIX
KapbepHBIX aBTocamocBaoBy (2012-2013), 14/2012 «Bueapenne uHepIr - OHHOTO
BO3YXOOUMCTHUTEINS s ABUraTenei TpaHcnopTHeix cpeacts HIMK» (2012-2013),
02-1466 . «IIpoMbllIEHHbIE HCTIBITAHUS Pa3pabOTKON KO - TUIEKTa
KOHCTPYKTOPCKOW JOKYMEHTAllUW BHEPEHUE NHEPLIUOHHOIO BO3/1YX - OUUCTUTEIIS
JUTS IBUTATENIel BHYTPEHHETO CrOpaHus OOJbIIETPY3HBIX aBTOM - IITHH
(2013-2014).

Leabio ucciaenoBanus gBiseTcsa pa3padoTka MPOMBIIIIIEHHBIX BBICOKO) - (he
THUBHBIX EHTPOOEIKHBIX MbLUICYIOBUTENEH, TAKKE BO3TyXOOUUCTUTEICH AJIsI
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JIBUT TeJIEH TPAHCIIOPTHBIX CPEACTB CIIELMAIBHON TEXHUKH Ha OCHOBE TEOPUU
a’poJl HAMUKHU MHOTO(a3HbIX Cpe.

3agaum uccjie 0B HU:

MaTeMaTUYeCKOE MOJICTIMPOBAHNE JUHAMUKH [TOTOKA BHYTPH LIEHTPOOEKH-
IO IBUICYJIOBUTENS HA OCHOBE YPaBHEHHUI I'MAPOIMHAMUKH;

pa3paboTKa YMCIEHHOTO0 METO/Ia pacyeTa YpaBHEHUN TMAPOJUHAMUKH; HA
OCHOBE YMCJIEHHOIO SKCIIEPUMEHTA MOUCK ONTUMAIbHBIX MapaMeTPOB 3JIEMEHTOB
LHEHTPOOEKHBIX MMbUICYJOBUTENEH, 00€CTIEUMBAIOLUINX O€30TPHIBHOE- UEHUE NTOTOKA;

noBbIlIeHUE Y3PPEKTUBHOCTU 3aKPYUHBAIOIINX [TOTOKA 32 YCTPOUCTB;



OJICIMPOBAHUE MPOLECCOB MOTOKE a3p030JIM HA OCHOBE KMHET KH; pa3padoTka
METOJIOB OIpeNIeTICHUS CONPOTUBIIEHUS A3P(HEKTUBHOCTH Lie- TPOOEIKHBIX MBUICYJIOB
TEJeH;

pa3paboTka MeToJja ONITUMHU3ALIMY T€OMETPUYECKH NTAPaMETPOB IMbLICYIOB-
TeJs;

Ha OCHOBE pe3yJIbTaTOB UCCIIEA0BAaHUI pa3paboTka MOIEPHU3UPOBAHHOTO,
BBICOKOA()()EKTUBHOTO EHTPOOEKHOTO MBLIEYJIOB TEN.

O0beKTOM MCC/IeI0BAHUSA SBIISIOTCS TbUICOYHCTUTEIbHBIE YCTPOMCTBA,
UCTOJIb3yeMble MPOMBIIUIEHHOCTH, TaKXe BO3AYXOOUMCTUTENU JIs JBUTAT- JIeh
BHYTPEHHETO CrOpaHusl.

IIpenmeT uccier0BaHUs COCTABISIOT OHCTPYKIINH, 23PPEKTUBHOCTD
a’pOJIMHAMUYECKOE COMTPOTUBIIEHUE LICHTPOOEKHBIX MbLIEynoBUTENEH. MeToabl
HCCJIeOBAHMS. TUCCEPTALUU IPUMEHEHBI METOBI YHCIEHHOTO UCCIEA0BAHUS
OZIHO ABYX(a3HbIX CPEJ], METObl aHAIMTUYECKOTO aHAIN3a- CTABIEHHBIX
ypaBHEHH, 1a00paTopHOE TECTUPOBAHKE MOMYUYEHHBIX pe3yabraroB. Hayunas
HOBH3HA MCCJIEAOBAHMSA 3aKII0YAETCS IYIOLIEM: pa3paboTaHa HOBass KOHCTPYKLHUS
IIHEKOBOT'O TBUICYJIOBUTENS; pa3paboTaHa HOBa KOHCTPYKIIMSI BO3TYXOOUHCTUTEIS,
paboTarolas Ha- HOBE LIEHTPOOEKHOM CUJIBI /IJIs IBUraTesieil aBTOMAIINH;

YCOBEPUIEHCTBOBAH METOJI ONPEIEIICHNS a3pOAMHAMUYECKUX TApaMeTPOB
NOTOKA BHYTPH MbUICYTOBUTES;

yCOBEpUICHCTBOBaHA MaTeMaTHUeCKasi MOJIENb MPOIIECCOB IMEPEHOCA MACCHI
TEI1a a3p030JbHOM ITIOTOKE HA OCHOBE KHHETUYECKON TEOPUH;
YCOBEPILIEHCTBOBAHbI METOIbI OTIpeieieHNs 3P (PEKTUBHOCTH a9POIUH- MUYECKOTO
COMPOTUBIICHHUS MbUICYIOBUT JIsi;

pa3paboTaH MeTO/ ONpeAeIeHUs] ONTUMAJIbHBIX TapaMEeTPOB bLICYIOBUT-
TS,

IIpakTyeckue pe3yabTarhl HccjaegoBaHus. PazpaboTaHbl IpoMBIIILIE-
HbI€ IIIHEKOBBIE TIbLIECYIOBUTEIH, paOOTAIOIIME HA OCHOBE LIEHTPOOEKHON CUIIBI
BO3/] XOOUMUCTUTENH VISl AIBUTATENIe BHYTPEHHETO CrOpaHusl.

J10CTOBEpPHOCTDH MOJIYYEeHHBIX Pe3yJIbTATOB OCHOBBIBAECTCS HA KOPPEKTHOM
MaTeMaTU4YeCKOM MOCTaHOBKE 3a/1a4 T’UAPOIMHAMUKH, Ha aTpOOMPOBAHHBI MET- ax
U3BECTHBI aJITOPUTMAaxX JJIsi HOCTPOCHUS YUCIECHHBIX IPOTPaMM, TaKXkKe Ha
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COMOCTABJIEHU €0PETUUYECKH YMUCIIEHHBI PEe3yIbTaTOB SKCIIEPUMEHTAN - HBIMU Ja
HBIMHU.

Hayynasi npakTH4YecKasi 3HAYMMOCTb Pe3yJIbTATOB UCCJICTOBAHNSL.
HayuHast 3HaUuMMOCTh pe3yIbTaTOB UCCIEIOBAHUS ONIPEACIACTCS MPUMEHEHUN UX
IpU MaTeMaTH4eCKOM MOJACIMPOBAHUA MHOTO(A3HBIX CPeJl YUCICHHOM PELICHUN
BBIBEJICHHBIX YPAaBHECHUII.

[TpakThdeckass 3HAUUMOCTh PAOOTHI CIYXKHUT HJsi Pa3pabOTKH TPOEKTOB -
COKOA(P(EKTUBHBIX TPOMBIIUICHHBIX MbUICYJIOBUTENICH BO3IYXOOUUCTUTENCH st
JIBUTATEJIe BHYTPEHHETO CrOpaHusi aBTOMAIIIHH.



Bueapenue pe3yabraroB uccjegoBanus. Ha ocHOBe pe3ynpraToB Ucci -
JOBaHUS a3POJAMHAMHYECKHUX MTPOLIECCOB IPOMBIII €HHO MBLICYIOBUTEN BO3/L
XOOUHCTHTEIIE:

BHEJIPEHbI HEKOBBIC IBUICYJIOBUTENIM HA « 3BECTKOBOM 3aBOAE» AaKLUH -
HEPHOTO OO0IIECTBA JIMAIBIKCKHI TOPHO-METAUTypPruyecKrii KOMOMHAT (CIpaBKa OT
18 nosi6ps 2015 roma akmuonepHoro odmectBa AI'MK NedM-7222). Ddode -
TUBHOCTb HEJIPEHHBI NBUICYJIOBUTENIEH OKa3aloch Ha 15-16% Bele, yeM - puiHBIX
IIbUT YJIOBUTEJIEH MO3BOJIWIN JOTIOJHUTENBHO yAepxkarhb 210-243 OHH nbUIH IO

BHEJPEHBI 03lyXOOUMCTUTENM JJIs ABUTaTeIeil BHYyTPEHHErO CTOPaHUs Ha
[IAXTHBIX MallIMHaX AHTPEHCKOM PYIOYIPAaBICHUN aKIIHOHEPHOTO 00I1IeCcTBa
JIMAJIBIKCKHI TOPHO-METAJUTYpruuecKuii KoMOMHat, Ha camocBaiax benA3 remsos
3ax l'ocynapcrBennoro [Ipennpustus HaBoniickuii ropHO METAILTYPTHYECKUI KO
ounar (cipaBka ot 18 Hos6pst 2015 rona akunonepuoro odmiectsa AT MK
Ne®M-7222). HeIpeHHBIE BO3AYXOOUUCTUTENH MO3BOJIMIN YBEIUYUTH CPOK
CITY>KOBI JIB raTeneit 2 pasa.

AnpoOanusi pe3yJbTATOB MCCJIEIOBAHUA. Pe3ynbrarsl HCClIEI0BaHUA
JUCCEPTAMM MPONUIM anpolanuio Ha 4- MEeXAYHapOAHBIX PECIyOIMKAHCKHX
HAy4YHO-TEeXHUUYECKUX KoH(pepeHuusx, ToM uncie: « Tpyasl XVIII Hayunbix ut - HUit
0 KOCMOHABTHKE, TIOCBSIIICHHBIX TMAaMSITH BbIJAIONIMXCSA YUYEHBIX-ITHOHEPOB
OCBOCGHHUSI KOCMUYECKOTO nmpocTpancTBay (Mocka, 1994); «['eonorexHonorus:
WHHOBAIllMOHHBIE MeToAbl Heapononb3oBaHuss XXI Beke» (MockBa, 2007); « -
BPEMEHHAsl T€ HHKAa TEXHOJOTHsS TOPHO-METALTYPrUYeCKOM OTpaciv NyTH HX
passutusi» (Hasowmii, 2008); «3Oueprocoepexenue, »HeprodGPexTUBHOCT BO -
oOHOBsIeMble UCTOUYHUKU SHeprum» (TamkeHt 2015).

Ony0JMKOBAHHOCTH Pe3yJbTATOB HCCJIEAOBAHMSA. TEME JIUCCEPTALNU
onyOnuKoBaHO 29 Hay4dHbIX padoT, U3 HUX 14 HayuyHble cTarbu (4 U3 HUX 3ap -
OCKHBIX M3JJaHUAX ), TIOJYyYCH | maTeHT Ha N300pEeTCHHE.

Crpykrypa 00bemM AuccepTalMM. HCCEPTAL COCTOUT U3 BBEICHHUS,
YETHIPEX IIIAB, 3aKJIFOUYECHHUS], CIMCKA UCIIONb30BaHHOW IUTEPATypsl U3 149 Haum -
HOBaHUM NpuiokeHui. Jluccepramnus nsnoxena Ha 184 crpaHunax MallivH -
MIMCHOTO TEKCTA, COCPKUT 65 PUCYHKOB, 3 TAOJIHIIBI.
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CHOBHOE COAEP/ KAHUE JTUCCEPTALINU

Bo BBemeHMH OOOCHOBBIBAIOTCS aKTyaJbHOCTh BOCTPEOOBAHHOCTH TEMBI
auccepTanuu, GOpMyIUPYIOTCS IIeNb 3a/a4H, TakXe OOBEKT, MpeIMeT MET - bl
WCCIICIOBAHUSI, TPUBOAUTCA  COOTBETCTBHE  HUCCIEIOBAHUN  MPUOPUTETHBIM
HampaBJICHUsIM Pa3BUTHSl HAyKU TexHoyoruil PecmyOnuku VY30ekucrtaH, uznar -
I0TCS Hay4dHas HOBHM3HA IMPAKTUYECKUE PEe3yJbTaThl MCCIENOBAaHUS, OOOCHOBBHIB -
€TCS I0OCTOBE HOCTh MOJYYEHHBIX PE3YJIBTATOB, PACKPBIBAIOTCSI TEOPETUUYECKAS



paKkTUYeCKasi 3HAYUMOCTD MOJTYUYEHHBIX Pe3YyJIbTaTOB, IPUBEACHBI PE3YJIbTATHI
BHEJIPEHUS TUCCE TAIIMOHHOW Pa0OThI IPAKTUKY, CBEJICHHUS 110 anpoOaIusim
onyOJIMKOBaHHBIM 00TaM, CTPYKType 00bEMY AMCCEpTAIUU.

nepBoi mase auccepraund «OQ030p NMPOMBILLICHHBIX NbLICYJIOBHT
Jiell BO3AYXOOYHMCTHUTeJIell MJIsl JBUraressi BHYTPEHHEIr0 CropaHus IpHUB
JATCSl XapaKTEPUCTUKU BCEX TUIIOB IMPOMBIILICHHBIX MbUICYJIOBUTEIEH BO3IYX
OUHUCTUTENEN, KOTOPBIE UCIONB3YIOTCS JIJII OYUCTKU BO3AYyXa JJIs JBUIATEINS BHY
peHHero cropanus TexHuku. [logpoOHO M3mararoTcs X TOCTOMHCTBA HEJOCTA - KH.
JlaeTcst 000CHOBaHUE PA3BUTHUSI UHEPIIMOHHBIX IIEHTPOOEKHBIX MBUICYJIOBUT - JIeH
BO3/IyX OUUCTUTEINICH, KOTOPhIE MOTYT OBITh MCIOJIb30BAaHBI MPAKTUYECKH BO BCEX
TEXHOJI THYE€CKUX MPOLIECCAX.

[IpuHnunuanbHas cxeMa HeHTPOOESKHOTO MBIICYJIOBUTEIS WILTIOCTPUPOBAHA
Ha puc. 1. [IpuHIUT ASHCTBUS IIEHTPOOEIKHOTO MBIICYIOBUTEINS 3aKII0YAETCS TOM,
YTO MBUICBO3AYIIHBIN TOTOK BO3AYX03a00pHUKE MPUOOPETAET Bpaliares - Hyr CK
POCTh MOCTYMAET KOJBIIEBOM KaHA - MEXK/y KOPITycoM TpyOo# isi OTBO/A
OUYHUIIEHHOTO BO3yXa. TBEep/ible YaCTUIIbI PE3YJIbTaTe ACHUCTBUS LICHTP - OCKHOM
CHUJIBI PUKUMAIOTCSI KOPITYCY MbUICYJIOBUTENS, 1aJIe€ JBUTasCh MO0 BHYTPEHHEM
MOBEPXHOCTH KOHYCA, MTOCTYNAa0T OYHKEp, OUUIIIEHHBIN BO3yX OT YaCTHII
NOCTYIAET BOJALLYIO TPYOy.

CymiecTByrolue eHTPOOCKHBIC TBUICYIOBUTEIN CEPUMHOTO TTPOU3B - CTBA,
UMCIOT HE BBICOKYIO 3 (EeKTUBHOCTHh, He Oomee 75%. IlosToMy maHHO# TiaBe
chopMynMpoBaHbl  3aJaud, pEUICHUS KOTOPBIX MPHUBOIAT  pa3paboTke -
COKO(PEKTUBHBIX IEHTPOOSKHBIX MPOMBIIUICHHBIX TMBUICYJIOBUTEIICH BO3J -
XOOUMCTUTEIICH JJIsI Pa3JIMYHbIX aBTOMAIIWH. JJI1 JOCTUKEHU MOCTABICHHOM - JIH,
NEPBYIO Ovepeab HEOOXOIMMO HayaTh WCCIEAOBAaTh a’dPOAMHAMUKY BO3]Y - HOTO
MOTOKAa BHYTPU IIEHTPOOEKHOTO mbuieyaoBuTend. I[loatomy BTOopoil maBe
«A3poaUHAMHUYECKHE TMPOLECChl, BOZHUKAIOIIHE BHYTPU LEHTPOOEKHBIX -
JIEYJIOBUT Jieil», Ha OCHOBE CUCTEM YpaBHEHHU Oiliepa M3ydyeHbl O0COOCHHOCTHU
MOTOKA PA3JIMYHBIX YYACTKAaX EHTPOOEIKHBIX MbLICY] BUTEIEH.

naparpade 2.1 mpoBENEHO YHUCIECHHOE HCCIEIOBAHUE CHCTEMBI ypaBHE
HUW a’pOoJAMHAMUKH KOHYCHOM YacTh mbUIeyaoBUTENs (puc.2). [ns monydeHus
CTalli HApHOTO PEUIECHUS] CUCTEMbl YPAaBHEHHI, MCIIOIb30BaH METOJ YCTAHOBIIE
Husg. CyThb JaHHOTO METOAA 3aKJI0YaeTCs TOM, YTO PEIICHHWE HECT LHUOHAPHOU
3aaud Mpu OOJIBIIIOM 3HAYEHUHU BPEMEHH OyleT CTPEMHT CsI PEIICHUIO0 CTaIH -
HApHOM 3a7a4H.
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Puc. 1. IlppHnunuanbHas cxeMa HeHTpo0e HOro NbLIEYJI0BUTES
1 — oKoIIKO [l BXOJa 3albJICHHOTO BO3/1yXa MbUIEYIOBUTENb, 2 — BO3YX03a00pHUK AJIS -
KPYTKH IOTOKA BO3/yXa, 3 — KOPILYC MbUICYJIOBUTENS, 4 — TpyOa Uil OTBOJA OUUILIEHHOTO BO -
nyxa, 5 — cenapupoBaHHas IblIb, 6 — KOHYCHAs 4acTh MBUICYJIOBUTEN, 7 — TpyOa AJs raieHus
CKOPOCTH ITOTOKa BO3yXa, 8 — OyHKep Ui cOopa JIH.

Puc 2. BeprukajabHblii pa3pe3 HeHTPOOEKHOTO NMbLICYJIOBHTEJIA

071aCTh TEUEHUS TOTOKA UMEET OCEBYIO CHMMETPHIO, TO3TOMY CHCTEMA
ypaBHEHUN U3yUYeHA IUIMHIPUYECKUX KoopauHaTax ( zr,¢ ). Cucrema ypaBH - HU
a’POAMHAMUKY UUJIMHIPUYECKUX KOOPIUHATAX UMEET BU/L:
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[paHUYHBIE YCIIOBHS [JIs TON CHCTEMBI CTaBATCs Ha cedenun ¢ =0 (puc.1),

KOTOPOC HAXOAUTCA Ha HCKOTOPOM PACCTOAHHU O HA4YaJIO KOHYCA. ) I[I/IaHaSOH

1
%—25 N < 1 COOTBETCTBYET KOAKCUAIILHOMY KaHally, OTKyJa IOCTYMNaeT

3aKpy4YEHHBIN MMOTOK. /{7151 MOCTYMaroMero noToKa CTaBATCs CIEAy - IIHUE YCIOBUSL:
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3nech V, W — npomonbHas yIioBas CKOPOCTH IIOTOKA COOTBETCTBEHHO.
MHOrounCIIeHHBIE OTBITHI OKA3aIH, 4To W =Const .

R
) ycnore 0< N < RL,cooTBeTCTBYET BBIXOMY MOTOKA. 31€Ch IIOCTABI - HbI
YCJIOBHS DKCTPANOJISALINU

¢ (6)
0 oy
0,0,0,>
= 9¢
08
JlaHHBIE YCIIOBUSA SIBJISIFOTCA CTAHAAPTHBIMHU MIPUEMAaMHM IPU YKUCIIEHHOU pe

NM3aIUK THAPOIMHAMUYECKUX YPaBHEHUM Ha BhIXode. Yenmosue mpu ¢ = 1 coo
BETCTBYET YCHHUIO BJIAJIM OT HA4aj0 KOHyCa. YCIIOBHUS HA 3TOM CEUCHUH:

QJI\)

:

Yy 0<n<1:;; .Y =Y ,=,{=C,3necs unaekc 2 OTHOCHTCS

BHEIIIHEN TpyOe HYCY.

JIJIst 4MCIIEHHOTO PEIICHUs YPAaBHEHUS IEPEHOCA UMPKYISALMUH ITOTOKA CUCT
MbI (1) ucnonb3oBaHa KOHEYHO-pa3HOcTHasi cxema Mak-Kopmaka, kotopas siBia
SICh JIBYX IIArOBOM, MMEET TOYHOCTH BToporo mopszaka ( , , ) 2220 Ar AE An . ms
YUCJIEHHOTO peIIeHHsl ypaBHEHHs (DYHKIMM TOKA HCIHOJIb30BAaH HTEPAIMOHHBII
METOJl BEpXHEH pelakcaly [0 HANpaBjIeHUIO [ HPOTrOHKA 10 &; KadecTBE
HAYaJILHOTO YCJIOBHUS I PACCMATPHBAEMOM HECTALMOHAPHON 3aJaud MCIIONb3 -
BAHO PEIIECHHUE CTAIM HAPHOTO IOTEHIUAIEHOTO TEUCHUS.
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Ha puc.3 noka3aHbl cxeMaTH4ecKasi KapTHHA HalpaBJlI€HUsI CKOPOCTEN - TOKa,

MOJIYYEHHBIE PE3yJIbTaTe YMCICHHOTO PEIICHHs MMOCTaBlIeHHON 3a1auu. U3 pucyHka

BUJIHO, YTO 0Opa3zyeTcsi 30Ha oOpaTHOro TedeHus. J[aHHBIM BUXPh BO3H - KaeT 3a

cueT oTpbiBa MOTOKAa. OJHAKO XOJI€ YHMCJIEHHOTO SKCIEepUMEHTa Obll HaWJeH

JMana3oH yrjaa KOHyca, IpU KOTOPOM MHTEHCHBHOCTH OOPATHOTO TEYEHMS 3aMETHO
ocnabnsie ca. YucneHHbIM SKCIIEpUMEHT MOKa3al, YTO 3TO MPOUCXOJIUT,

ecm 08 <a <13 .



Puc.3. CxemaTnueckast KapTHHA CKOpOCTeﬁ TOKA NBLJICYJTOBUTEIC

Bo3uukaronuii BUXph OTpUIATENbHO BAMSET HA 3P(HEKTUBHOCTH 000Opyn -
BaHUs, . . YACTHUIIbI TBUIM, MPIKAThle CTEHKE, OTOPACHIBAIOTCSA Ha3aj. - 3yJIbTare
YACTHIIbI TTBUTH MOMAJAI0T BO BXOJl OTBOJAHOM TPYObl BMECTO TOTO, UTOOBI 110 CTEHKE
KOHYCa JIBUTaThCsl OyHKEP, KOTOPBIN HAXOAUTCS KOHIIE KOHYCA.

POBEICHHBIC OIBITHI MOKA3aJIM, YTO BHIOOPOM ONTHUMAIBLHOTO YIJIa KOHYCa MO - HO
YBEIMUUTH (DEKTUBHOCTH MIEHTPOOEKHOTO mbuteynoBuTens oT 40% no 75%.
[TpuurHO¥M BO3HUKHOBEHHUS 00pAaTHOTO TEUEHUS, TOUKU 3peHUs (PU3UKH, SBIISIE - CA
HMCTOYHUK BUXPS MIPABOM YaCTH MEPBOrO yYpaBHEHUsI CUCTEMBI (4). map - rpade 2.2
TEOPETUYECKH MOKA3aHO, YTO MOKHO CBECTH MUHUMYMY JAHHOTO - TOYHUKA, €CJIH
Ka4eCTBE 3aKPyUMBAIOIIETO AIEMEHTA BO3IyXa UCIIOIb30BaTh ITHEKOBBIN KaHall.
pe3ynbTare pa3paboTaH MTHEKOBBIN MBUICYI0BUTENH (prc.4).
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Puc. 4. [IpyHuunuanbHas cxeMa HIHEKOBOIO NMbLJ YJIOBUTEJIS
1 — oTBOziHAs TpyOa /Uil OYMIIIEHHOTO Ta3a, 2 — BO3AyX03a00pHUK, 3 — IIHEK JJIS 3aKpydInBaHUS
MOTOKA, 4 — KOHYC CerapalmoOHHOM 30HbI, 5 — OyHKEp JJIsl YJIOBJICHHOM NbUIH, 6 — TIOTOK Ta3a, 7
— IPaBJIEHUE OUYULIEHHOIO Ta3a.

Pa3paGoTaHHBI IITHEKOBKIE MTBIICYIOBHTEIHN TIPOM3BOIMTEILHOCTHIO 0.9 */
KOJIMYECTBE 32 MTYK YCTaHOBJIEHBI N3BECTKOBBIN 3aBo1 OAO AI'MK noka3zanu

3¢ pekTuBHOCTD 85%. TOXKE BpeMs oka3aTesb 3()(PEKTUBHOCTH - PUIMHBIX IIUKI HOB
[HH-15 cocraBasim 69%, a3pouHaMHUYE€CKOE CONPOTUBICHUE HUX OBLIO
MPaKTUYECKU OJIMHAKOBBIM. HecMOTps Ha MpenMyIEecTBO M0 MbLI - YIaBIMBAHUIO
IIHEKOBBIX MbUICYJIOBUTENIEH Nepel HEHTPOOSKHBIMUA HHEPIIHO - HBIMU LIUKJIOHAMM,
HUX CYILIECTBYET psAJl HeA0CTaTKOB. [IepBbIil HETOCTATOK — OH CJIOXEH 110 U3TOTOBII
HUIO, BTOPOM — BCE €111€ HEJOCTAaTOUHO 3(PPEKTUBEH, TPETUI — €T0 HEBO3ZMOKHO
N0JIb30BaTh JJIS MbUIH, KOTOpast UMEET CUIIbHOE HAIMIIAHUE TOBEPXHOCTSIM, . . €CTh
Oosbllias BEpOSITHOCTh 3a0MBaHMSI IIHEKOBOTO KaHalla mbUibto. [locnennuii
HEJ0CTATOK MbLICYIOBUTENS CUIIBHO YMEHBIIAET €0 Uall - 30H IPUMEHEHUS. ITO
HE0CTAaTOK MOATOJIKHYJ Ha MOUCKH 00JIee YIauHOM KO - CTPYKLHHU IBUICYJIOBUTEII,
JU1s1 KOTOPOW BEPOSITHOCTh HAJIMIIAHMS TIbUIM MUH - MaJIbHA. 3TOM OTHOIIIEHUH TIPUBII
KaTeJIbHOM SIBJISIETCS KOHCTPYKIUS uKIoHa. Ho ni1st 3T0ro, He00XoauMo HaWTH
pelnieHue npoOieMbl - MUHUMHM3aluu o0par - ro BUXps. naparpade 3.2
OTMCHIBAETCS €I1le OJUH CcrIoco0 peteHus JaHHOo! mpooiemsl. [IpocThiM BecbMma

3¢ (HEKTUBHBIM peleHneM 0Ka3ajcsl TPOCTOM -
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TPY6OK, KOTOpBIfI BCTAaBJIACTCA HAa BXOJC TPY6BI AJIA OTBOAA OYHIIIC HOTO BO3AyXa

(puc.5).

Puc.5. LlenTpoOeskHbIN MBLIEYJIOBUTEb €O CTA0 JIN3aTOPOM

Oddexr sTOr0 marpyOka 3akio4yaeTcsi TOM, YTO OH IepepaclpeesieT
BXOJSIIIIUN TIOTOK BO3JyXa OTBOAHYIO TpyOy. pe3ysbrare 3TOro YMEHbIIIAETCS
BEPOSITHOCThH OTPBIBA MOTOKA, . . MOTOK cTabuinu3upyetcs. [loaTtomy 3TOT 311 - MEHT
Ha3BaH CTAOMIIM3aTOPOM. STOM Maparpade MpoBENCHO YHCIECHHOE UCCIH - JOBaHHE
a’pOJMHAMUKHN TIOTOKa BHYTPU TMBUICYJIOBUTENSI 3TUM DJIEMEHTOM - Ka3aHO, YTO
CTabMIN3aTop JEUCTBUTEIHLHO YMEHbIIIAET MHTEHCUBHOCTh 0OPAaTHOTO BUXPSI.

Ha crabunuzaiuio notoka, ciieoBareiabHo, Ha 3PHEKTUBHOCTD EHTP - €KHOTO
MBUICYIOBUTENISI CHIIBHOE BIUSTHUE OKA3bIBACT KOHCTPYKIIUS BO3TyX03 - OOpH Ka.
OH sBIII€TCS 3aKPYYUBAIOIIMM 3JIEMEHTOM NblIeya0BUTENS. [l0aTOMY UeTBE TOM

naparpade BTOpOIi I1aBbl, MPOBEACH aHAIN3 BCEX M3BECTHBIX THUIIOB

BO3/TyX03a00pHUKOB. {7151 3aKpyUHBaHUS BXOASIIETO OTOKA BO3LyXa MbLICYII -

BUTEJIb UCTIOIB3YIOTCS PsAJl IPUHLIUIIOB MMOABO/IA Ta3a: ) CIIUPaJbHBbI, ) TaHTE -
[IMaJIbHBIN, ) BUHTOOOpa3HbIi, 4) pO3E€TOUHBIN BO3BPATOM Trasa, 5) pO3eTOUHBIH
IPSMOTOYHBIN (puC.6). TaHHOM maparpade JaeTcsi MaTeMaTuuecKoe JT0Ka3 -
TEIBCTBO MPEUMYILECTBA CIUPATBHOTO BO3yX03a00pHUKA IO CPABHEHUIO I -
rumu. [1oaToMy 3TOT TUIT BO3/1yX03a00pHUKA JadbHENUIIEM HUCIIONIB30BaH IPH -
3MaHUU BHICOKOA((HEKTH HBIX MBUICYTOBUTENEH BO3TYXOOUUCTUTENICH. UTOTE

3¢ (HEeKTUBHOCTD 1JAO0OPATO HOTO LEHTPOOEKHOTO MBUICYIOBUTENS Obla 10BEACHA

110 96%. uenpto eie 00 mero yBeandeHus: 3hHEKTUBHOCTH MbLICYTOBUTENS

MPOBEACH OOLIMPHBIN JIUTEPATYPHBII NATEHTHBIN aHAIN3 UHEPUUOHHBIX IbLT -
YIIOBUTEJIEN BO3AYXOOUUCTHUT JIEH MOCIEAHUX JIeT. MIcronp30BaHue pa3indHbIX
AJIEMEHTOB MPUCTIOCOOICHUM, OMMCAHHBIX HUX, IPUBEIN KEJIAEMOMY - 3yJIbTary.
DTO CBUJIETEILCTBYET TOM, UTO JajbHelIIee yBenrnueHne 3PpQGeKkTu - HOCTU 3a CUeT
TOJIBKO CTAOMJIM3allMK MOTOKA BO3IyXa HE MPEACTABISETCS BO -



41
MOXXHBIM. HOC—)TOMy BO3HUKACT HCO6XOI[I/IMOCTB HCCICAOBaHUA TPOUCCCOB IICP -
HOCa IIbUJICBBIX 9aCTHUII, YCMY ITOCBAIIACTCA TPECThA IT1aBa JUCCCPTALH.

Puc. 6. Tunel
MO/IBO/Ia ra3a HeHTPOOeKHbIE NMbLJIEYJI0BUTEIN

naparpade 3.1TpeTseit maBbl «JIMHAMHUKA NbLIEBBIX YACTHI[ a3PO3 - Jiei
LHEHTPOOE:KHOM TMbLIEYJOBHUTEI€» OKAa3aHO, YTO TEUCHHE I[OTOKA BHYTPHU
IEHTPOOESIKHOTO MBUICYIOBUTENSI HOCUT TypOYJIEeHTHBIN Xapakrep. OgHako 3Ta Typo
JIEHTHOCTbh TPOSBIISIETCS MPUCTEHOYHOM CJIO€, TAE€ CKAIUIMBAIOTCS YaCTULIbl TBLIH.
[TosTOMy mJIsi MaTeMaTU4eCKOro MOJEIHUPOBaHUS MHOTO(a3HON CTPyW BHYTPHU
NBUICYIOBUTENIS TIPEAJIaraeTcs 00J1IacTh T€UEHUs pa30OUTh Ha JIBE 30HbI:
OCHOBHYIO TPUCTEHOUHYIO. OCHOBHOM 30HE, 3TO BIaJIM OT CTEHKHU, TypOyJieH -
HOCTh MMEET MenKoMaciTabHbi xapaktep. [losToMy 3TOM 30HE nisi Maremar -
YECKOTO OIMKC HUS TTOTOKA BO3/IyXa, MOXKHO MCIIOJIb30BaTh YpPaBHEHUS Diiiepa.

IMPUCTEHOYHON 30HE JBMIKEHHWE HECYIIEr0 MOTOKA YAaCTHUI[ HOCUT XaOTHYECKUIA

XapakTep, CJIEeN0BaTEIbHO, ATOM 30HE MpeodnangaeT nudQy3HbI MepeHoc cy -
CTaHIUU.

naparpade 3.2 TpOBOAUTCS aHAINU3 BCEX CHUJI, IEHCTBYIOIIMUX HA YACTHUIIBI
MBUIM OCHOBHOM 30HE TeueHus. [I[pou3BouTCs UX OIIEHKA MOKAa3bIBAETCS, YTO
OCHOBHBIMU CUJIAMU SIBJISIFOTCS LIEHTPOOEXKHAS TUAPOIUHAMUYECKAsI CHIIBI, OCTall
HBIMU CUJIAaMU MOXKHO MTpEeHEOpeyb.

Hepenko ObIBaeT, 4To Hapsay TBEPABIMU MBUJIECBHIMU YacTUIIAMU HEOOX -
JMMO YJIaBJIUBAaTh a3PO30JIbHBIX Kamellb. A3P0O30J1 MOTYT BO3HUKHYTh pPe3yJ - TaTe
KOHJICHCAIIMW TPOMBIIIJIEHHBIX Ta30B, BbIOpACHIBAEMBIX aTMOC(EpPy. - MHUMO €CT
CTBEHHOW KOHJIEHCAIIMM Ta30B, a’p030Jd BO3HHUKAIOT MOKPO-UHEPIM OHHBIX
nbuieynoBUTeNsAX. [loToMy, 4TO TaKMX MBUICYJIOBUTENAX MBUIEBO3AY - HbIA MOTOK
yBiIaxHseTcs Boaou. I[loatomy maparpade 3.3 paccMOTpeHBI AWH - MHKa



TEMIOMACCOOOMEH MaJIbIX a’pO30JIeH MPUOIMKCHHH CBOOOJHOMOJICK - JIIPHOTO
oOTekanust MOTOKoM Ta3za. [lomydeHsl pacueTHbie (OPMYIIBI, KOTOPHIE - TYT OBITH
MCTIOJTb30BaHbI MPY TPOCKTHPOBAHUH PA3IMYHBIX TBLUICYIIOBUT JICH.
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naparpade 3.4 paccMaTpuBaeTCs MPOIECC IEpeHoca TBepaoH a3
MPUCTEHOYHOM 30HE. Kak ObLI0 CKa3aHO BBIIIIE, MPOIIECC MTEPEHOCa ATOM 30HE HOCUT
muddy3HbIin xapakrep. [loatomy, s onpenenenus koddduimenta au - pys3uu, aH

JUTHYCCKU pellieHa 3aada — TMHAMUKa JByX(a3Hoi TypOylIeHTHON 3aTOIJICHHOM
CTPyH TIPOIIECCHI epeHoca. JlJis pemeHns moCcTaBIeHHOM 3a/1a49H, PAaCCMOTPEHBI
ypaBHEHUS TUAPOIMHAMUKH JIJIsl IByX(a3HOUM CTPyH ChepUISCKUX OOPIHH Taxr , O:
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3necs P P> P psVisVe sV i, D - coorsercrsento JaBJIEHUE, TUIOTHOCTH T'a3 -
BOI Cpelibl, TNIOTHOCTh TBEPAOUN (ha3bl, IBE COCTABISIOUIME CKOPOCTH, KHHEMAT -

YyecKas BI3KOCTh Kodhdumment quddy3un TypOyaeHTHOM MHOTO(GA3HON CTPYH.

JUCCEePTAIMOHHON padoTe /ISl CUCTEMBI YpaBHEHUH (7) TIOTy4eHBI aBTOMOJIST -
HBIE IEHUS EPBBIX JABYX NPpUOIMKeHUH. [lokazaHo, 4To MOIy4eHHbIE PEIICHUS
CYILLECTBYIOT, €CJIH KOA(PPUUUEHTHI BI3KOCTH 1U(Py3un IByX(Pa3HOIro MOTOKA IyT
UMETh BU:
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THX BBIPa’keHHsX Sc — uucno lmuara, V o - HHEMATHYECKAs TypOyIEHTHAs B
KOCTh YHCTOTO Ta30BOr0 MOTOKA. IIojydeHHbIE pelieHus 00OOIIAl0 H3BECTHBIE

pelieHus s yuctoro rasa . . Jlanpay . . Pymepa. [l OonblIMHCTBA - CTUIL] IBUIN



MOXKHO CUUTaTh, uTO Sc = 1. opMyiibl (9) ucnonb30BaHbl s pacuera auddy3Horo

MePeHOCa YaCTHUIL IBUIN IPUCTCHOYHOM 30HE. PE3YIbTaTe OIP - jonewo NPOLEHTHOE

coz[epn{aHHer] IbIIX 3aBUCHUMOCTH OT PAaCCTOAHUNA - A .

/1 V
O

e
(10)

3necy Y - pagmaneHas ckopocTh, KOTOPYIO YaCTHUIB! MTBUTH 0OpeTatoT 3a C1CT

NEHCTBUSL IIEHTPOOEKHON CHJIBl. paboTe MOKa3aHO, YTO JUIsl MBUICYJIOBHUT - Jis
OTBOIHOI TpyOoit paguyca R, = 5 cm xopmycom paguyca , R =10 cm npumepno
87% MBLICBBIX YACTHUI[ AUAMETPOM 5 MKM OyIyT COAEpIKaTh CJIO€ TOMIIUHOW A #
2cm. BumgHO, 9TO TBUIEBOM CIIOM 3aHMMAeET JOBOJIBHO OOJBIIOE MPOCTPAHCTBO.
[losiBieHne »TOrO ClOs OTpULIATEIBHO JelcTByeT Ha d(pdexkTn - HOCTh
neuieynoButens. [lotomy, uTo W3 BepxHeill 007acTH CJIOS YAaCTHUIBI TBUIH -
CachIBalOTCSl OTBOJHYIO TpyOy. CreoBaresbHO, YMEHBIICHUE WM YCTpaHCHHUE
JTAHHOTO TBUIEBOTO CJIOS SBJISIETCS €IIe OJHUM M3 CIOCOOO0B yBenuueHus 3¢de -
TUBHOCTH MbUICOUUCTUTEIIBHOW YCTAHOBKHU. JTa MpoOIeMa yCIEIIHO pelieHa
pa3paboTaHHOM MbUICYJI0BUTENE. JJaHHBIN MBUICYJIOBUTEIb UIUTIOCTPUPOBAH Ha
puc. 7. [Ipunnmn paboThl JAHHOTO YCTPOKCTBA 3aKIIFOYAETCS TOM, YTO TTOTOK
CrMpajbHOM KaHajie | mpuoOperaeT BpalareabHOe JBUKEHUE. PE3YIIbTaTE JIE -
CTBHUSI IICHTPOOEKHOM CUIIBI JIEBBIC YACTHUIIHI MPUKUMAIOTCS KOPITyCY 3, 3/1eCh

€3yJIbTaTe KOaryJsiliid 4YacT Ibl YKPYMHSIOTCS OOpa3yloT MBUIEBOM CJIOW IO
WHEPLUHU TMOMNaJalT npocTpancTBo mexay 3, 10, 11, 6 5. JlanHoe npocTpa - CTBO
obpazyer OyHKep mJisi YacTHI] KPYIHOTO CpPEIHEr0o pa3MepoB. JaHHBI OyHKep
nomnajaloT OCHOBHOM Kpy HbI€ CPEIHHE TMbUICBbIE YACTHUIIbL. MeTKHe 4YacTUIlbI
NbUIM HE MOMABIIME HETO, MEPEXOAT KOHYCHYIO YacTh 5 BO3AYX - OUUCTUTEINS. TaM
MOTOK Tepes] BXoAOM OyHKep HaJisi MENKHX YacTUIl yaapsieTcss o0 oTpakareb,
BCJIEZICTBUE YETO BO3YX YCTPEMIISIETCS OTBOJISIIIYIO TPYOY,
YaCTHUIbl MBI TONAJAl0T BO BHYTpEeHHMU OyHKep. Bbicokas 3¢deKkTuBHOCTD -
JICYAaBIMBAHUS JAHHOTO YCTPOMCTBA JOCTHUT €TCS 32 CUeT TOro, YTO OyHKepe HJisi
KPYIHBIX CpPEAHUX YacTUIl HakarmBaercs okoso 90% mbuUid, BCIEACTBHUE YETrO
KOHYCHOW 4YacTW TOJIIIMHA TMbUIEBOTO CJIOS LIECTBEHHO YMEHBIIAETCA MO
CpPaBHEGHHMIO TE€M, €CJIi Obl OTCYTCTBOBAJ BHEIIHUM OyHKEP. YMEHBIIICHHE TO -
IIMHBI MBIJIEBOTO CJIOS KOHYCE MPUBOAUT YMEHBIIEHUIO YHOCA MBUIEBBIX - CTHIL
OTBOJISIIYIO TPYOy. pe3yibrare JaHHOTO SBICHUA, 3()(HEKTHBHOCTH - OOPATOPHOTO
BO3JIyXOOUYUCTHUTENS YAIOCh Bell YuTh 96% 10 99%.
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Puc. 7. IlppHnunuanbHas cxema pa3padoTaHHOIO NbLICYJI0BHTEISI
1 — Tpy0a a5 0TBOJIa OYMILIEHHOTO BO3/yXa, 2 — CIIMpajIbHBIA BO TyX03a00pHUK, 3 — KopIyc, 4
— marpyOoK JiIsl cTa0MIM3aIK TOTOKA BO3/AyXa, 5 — KOHYC IS yJIaBIWBaHUS MEJIKUX YacTHII, 6
— Kopmyc OyHKepa JJIsi MEJIKUX YacTHIl, 7 — PACHIUPSIONIUICS KOHYC, 8 — OTpaXkarelb, 9 — Kp -
nexHbI 00T, 10 — KOHYC A1 cO0pa KpyMHBIX YacTull, 11 — kpeimka s OyHkepos, 12 — Tp -
eKTOpUs ABHKEHUS TOKA.

naparpade 4.1 gerBeproii naBbl «MeTOAMKH PacyeToB a3POIHMHAMMY -
CKOr0 COMPOTHUBJIEHHS, ONTHMAJIbHBIX NAPAMeTPOB I(P(PeKTUBHOCTH BO3X -
XOOYHCTUTEJ» I MPOBEJICHUS pacyueTa a’pOoAMHAMUYECKOTO COMPOTUBICHUS
TIBUT YJIOBUTEIS, 00J1aCTh TEUCHHS TTOTOKA pa3OUT Ha pa3nuHbie 30H (puc. §): 1
— 30Ha CHOUPAJIBHOTO BO31YyX03a00pHUKA, 2 — 30HA, I7i€ MOTOK MPHOOpETaeT Bp -
HIaTEIbHOE JBHXKCHUE MOCTYNATENbHYI0 CKOPOCTh, HAMPABICHHYIO BHU3, 3 — - HA
KOAKCUAJIbHOTO KaHaja, 4 — 30Ha, IJie MPOUCXOJUT Pa3BOPOT MOTOKA YCTPE - JISIETCS
OTBO HYIO TpyOy, 5 — 30Ha TEUEHUS TOTOKA OTBOHOM TpyoOe.



45

Puc. 8. BeprukaabHblii pa3pe3 HeHTPOOEKHOTO NMbLJ YI0BUTEIS.

[TonmHOE a3pOAMHAMUYECKOE CONPOTUBIIEHUE BO TYXOOUHCTUTEISA, COCTOUT U3
CyMM MOTEpH JaBIEHHWWA 3TUX 30HaX. /[lamee nsa pacdyera a’poaMHAMHYECKOTO
CONPOTUBIICHNs TBUICYJIOBUTENS I 3aJaHHOW IPOU3BOAUTENBHOCTH — G
(FTUTp/CceK) BBIBEACHBI pacyeTHbIC (DOPMYIIBI IIOTEPH JABICHUS ISl KaXKAO0U - HbI:

/ ) 2 ( ), 2 ( ) g =rn V2D8x= a0b0a0+ bODeblxz aba+b (11) CKOpOCTB
ITOTOKa Ha BXOAC BOS,HYXO336OPHI/IK COCTaBJIAICT

GU= )

%2a b

00

GU,1=
CKOpOCTh IOTOKA Ha BBIXOZIE M3 BO3/IyX03a00pHUKA paBHA 2 (13)

ab
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3nech, In(/) & = D, D,,,. In(/). B=U,U,
HpOI[OJ'H)Haﬂ CKOpOCTB KOJIBIIEBOM KaHaAJIC paBHa
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1 1
[TonHOE CONMPOTUBIIEHUE BO3yXOOUUCTUTENS, PABHO CyMME MaJeHUs 1A -
JIEHHSI BO BCEX y4YaCTKaX yCTPOWCTBA

Ap = Ap,+ Ap,+ Aps+ Ap, + Aps. (20)

naparpade 4.2 mpoBOAMTCS CPaBHEHUE PE3YyIbTAaTOB PACYETOB IO BBIB -
JNEHHBIM (OPMYJIaM OMNBITHBIMU JaHHBIMHU. OMBITHI pacyeThl MPOBEJACHBI JIJIST BO3]
XOOYUCTHUTEISA, KOTOPBIA pa3paboTaH BHEIPEH I maxTHoro morpysdnka LK 07.
3yJIbTaThl PacyeTOB (CILIONTHAS JIMHUS) ONBITHBIE JaHHBIE (KPYKKH )
npuBeneHBI Ha puc. 9. Kak BUIHO U3 pUCYHKa, COBNIAJICHUE PACUETHON KPUBOU
OTIBITHBIMU JIAHHBIMU BIOJIHE YIOBJIETBOPUTEIBHOE.

naparpage 4.3 BbiBeneHa pacueTHas (opmyna 3pPEeKTUBHOCTH MEPBOit
CTyNeHn O4HMCTKH (3PPEKTUBHOCTH cOOpa MbLIM BHEIHEro OyHkepa). Jms atoro



MMOJIY4CH KOB(i)(I)I/IHI/ICHT MbUICYJIABIINBAHUSA JIJIA I[aHHOﬁ (I)paKI_[I/II/I MbIJICBOM 4acT -
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NPUBEACHHOM BBIPAKEHHH G _ orHomienme JIMaMeTpoB Tpyo, C,, - ko3 durr eHr

Kennunrema, O _ JMaMETp TBLIEBOI YacT b, P - TWIOTHOCTH MaTepuana mbutH, Wy
- YIJIOBasi CKOPOCTh IIOTOKA Hayasle KOAKCUaIbHOIO KaHaia, L — juinHa koa -
cuanbHoro kanana, V() - mpononbHas CKopocTh MOTOKA KOAKCHAIBHOM KaH JIe,

P - MIOTHOCTh BO3AyXa, V - MoJeKylspHas BA3kocTh Bosayxa, K(C ) - koo -
LIMEHT, KOTOPBIN TPECTaBIEH BLIIIE, IPU PACUETE CONPOTHBIEHHS KOAKCHAJIBH - TO
KaHaya. ECiiu U3BeCTEH QUCIEPCHBIN COCTAB MBLIM, UMEHHO JIEBAs YaCTh 10 MAcCe

€ gactuIl pasmepoM ; O , To cymmapHas 3pPEeKTHBHOCTD MBIICYJIOBUTEIS TIEPBOM

CTyIIl HU OYMCTKH COCTAaBUT
N
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Puc. 9. CpaBHeHHe pacuyeTHBIX Pe3y/IbTATOB CONPOTUBJIEHHS NbLJIEYJI0BUTEJIS
ONBITH MM JAaHHBIMH

naparpade 4.4, naeTcs METOJUKa YHCIEHHOTO pacuyeTa 3(h(PEeKTUBHOCTH BTOPOH
CTYIIEHU OYMCTKH. MeTOIMKa 3aKJIF0YaeTCsl TOM, YTO MTPOU3BOAUTCS pa - 4eT
TPAEKTOPHUU MbLUIEBOW YACTHUIIBI HA OCHOBE YpaBHEHUHN TMAPOANUHAMUKHY (4) cTar
CTUYECKUM ITyTEM IIPOU3BOIUTCS PACUET yIABIMBAEMbIX YACTHIL:
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mVV,

DtC "
00
3neck V,, V,, V — CKOPOCTH HECYLIEro MOTOKa; m, - Macca, V,,, Vi, Vi, - cKop -
D__ - cyOcraHiuoHaibHasi MPOU3BOAHAS,
ctv, O - AMaMeTp YaCTHII; D m - K02 -

ureHT KeHHnHrema.

naparpadge 4.5 HaifIeHO ONTHMAaJbHOE COOTHOIICHHE IUaMETPOB TpPyO
neuieyaoBUTeNsA. [Ipy oNnTUMaIbHOM COOTHOIIEHUU JUAMETPO TPyO, JOCTUTAETCS
MakcumanbHass 3(P(GEeKTUBHOCTh TMEPBOM CTYNEHH OUYUCTKH, ITO MPUBOAUT Ma -
cuMalibHOM 3((EeKTUBHOCTU TbLICyI0BUTENS 11esioM. Ha puc.10 wirocTpupos - Ha
3aBUCUMOCTh MHUHHMAJBHOTO KamuOpa ( MKM) yIaBIMBa€MOMl 4YacTHUIBI OT -
HOIIICHUS JUaMETPOB TPYO mbuieyaoBuTeNs. 13 aToro rpaduka BUIHO, 4TO aHAT -

49
supyeMas QyHKIMS UMeeT deTKMi MuHuMyM s # 0.66 . CemoBarensHo, Ma -
cuMajbHas 3(GGEKTUBHOCTh TMEPBON CTYIMEHH OYMCTKH MBUICYIOBHTENS, JOCTHT -
eTCs IIPU Jia HOM COOTHOIICHHH JHaMeTpoB. JlaHHOE ONTHMaabHOE COOTHOIICHUE
JMaMETPOB  KOJIBIICBOTO KaHaja MBUICYJOBUTENS OBbUIO HAWICHO pe3ysIbTare
MHOTOYHMCIICHHBIX JJAOOPATOPHBIX MCCIIEA0B HHIA.

2.5

5(8)
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020406081
§

Puc.10. MunuMaJIbHBIA KaJau0p yJI1aBIMBaeMoil YaCTUIBI 3aBUCMMOCTH OT OTHOLLICHHS
AAAMETPOB TPYO NMbLIEYT0BHTEJIS.



Taoauna 1

JlucnepcHblii coctaB nopriaananemMenta 400.

Juamna3on kanubpa, MkMm | CpemaHuii kanudp, MKM Boixon dpaxmmii, %
0...10 5 12,0
10...20 15 36,2
20...30 25 19,39
30...40 35 17.2
40...50 45 12.8
50...60 55 0,3
60...70 65 1,2
70...80 75 0,8
80...90 85 0,3

90...100 95 1.2
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naparpade 4.6 omMchIBaeTCS METOAHMKA MPOBEICHUS OMBITHBIX 3aMEpOB

3¢ (HEKTUBHOCTH

IIbUICYJIOBUTEIIEH

BO3JYXOOUUCTUTENEH. 3TOM maparpade

MPOBOJUTCS CPAaBHEHHUE MOIYUYEHHBIX (Hopmyn g 3PHEKTUBHOCTU MBUICYJIOBUT -
Js ONBITHBIMHM 3aMepaMu il nblin noprmianaueMeHT mapku 400. J[ucnepcHbii

cocraB nopriananemenTa 400 npuseaeH Tadmure 1.

Ha puc. 11 mokazana 3aBUCUMOCTb MTOJIHOM 3(PPEKTUBHOCTH BO3AYX00Y -
BHOCTH BO3JTyXa ISl [IEMCHTHOM TBLIH.

0
, %
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Puc. 11. 3aBucumocthb 3(p(peKTUBHOCTH BO JYXOOUHUCTHUTEJISI OT MPOU3BOAUTEIbHOCTH.

Ha sToMm ke pucyHke KpyKKaMu HaHECEHBI OIBITHBIE 3aMephl. Kak BUAHO,
COBIIAJICHUE PACUETHBIX KPUBBIX IKCIIEPUMEHTAIBHBIMU TAHHBIMU OYEHB XOP - IIIEe.
JlaHHO€ 00CTOSATENBCTBO CBUACTEILCTBYET 00 aJ€KBAaTHOCTU PACUETHHIX (DOPMYIL.

[TonydeHHble pe3yabTaThl IUCCEPTALMUA TO3BOJIMIIM CO34aTh BBICOKOD -
(EKTHBHBIX I[EHTPOOSKHBIX IBUJICYJIOBUTENICH BO3AYXOOUHCTHTENICH. BHOBH -
3/JaHHbIE YCTPOWCTBA HE TOJBKO YCTYMAlOT 3apyOeKHBIM aHajoram, HO TPEBO -
XOJST X 110 MHOTUM TlapameTpaM. BHeipeHHbIe pa3auyHbie 00bEKThI PECITY - JIMKU
MPOMBIIIUICHHBIE IIIHEKOBBIE MbIICYTOBUTENHN BO3AYXOOUUCTUTENM AJIsSl ABUTATENEH
BHYTPEHHETO CrOPaHUs TPAHCIIOPTHBIX CPEACTB YCHEIIHO IKCILTya - PYOTCH.

51
3AKJIIOYEHHUE

Ha ocHOBe NMpoBEeNEHHBIX HMCCIICOBAHMHA 1O JOKTOPCKOHW AMCCEpTaluy Ha
TeMy «pa3paboTka BBICOKOA(P(EKTUBHBIX ICHTPOOCIKHBIX IBUICYJIOBHTEICH Ha -
HOBE a3pPOJIMHAMUYCCKHUX TIPOIIECCOBY» MPEIACTABICHBI CIICTYIOIIHNE BBIB JIbI:

1. Ha ocHOBe 4YHMCIEHHOTO WCCIICIOBAHWS IMHAMHUKUA TIOTOKA BHYTPH IIE -
TPOOEKHOTO TBIJICYJIOBUTENSI BBISBICHO, YTO BHXPH BO3HHUKAIOIINE BHYTPH
YCTPOMCTBA, SBISIIOTCS TJIABHBIMH (haKTOpaMU CHIDKCHHH J(PQGEKTUBHOCTU -
JICYOBHUTEJIS.

2. BriepBble aHaJIM3 HA OCHOBE TEOPHH YCTOMYMBOCTH ITOTOKA TTO3BOJIHII



onpeaenutb 3PpPEeKTUBHOCTh 3aKPYUUBAIOLIUX YCTPOMUCTB BO3AyXa IMbUICYJIOBUT -
Js. DT HccheAoBaHUs OyAyT IMOJIE3HBI MPU MPOECKTHPOBAHUU BBICOKOIPPEKTH -
HBIX LIEHTP OCKHBIX MBLICYTOBUTENCH.

3. UccnenoBaHus MO yMEHbBIIEHWIO WHTEHCUBHOCTH BUXpEW NpPUBENH -
3[IJAaHUIO0 YCTPOMCTBA «CTAOMIM3ATOP», KOTOPBIM MO3BOIMI YBEJIUYUTH dPPEeKTH -
HOCTb nbuieysioButess 10 20%.

4. ViccnenoBanusi IMHAMHUKU MaccolepeHoca TypOyJIeHTHOro ByX(a3H - o
MOTOKA TIO3BOJIMIIN ONPEAETUTh KO3(PPHUINEHTHI BI3KOCTH TUPPY3HUH. - CICIOB HUS
3TOI 007acTU HYXHBI JUUIsl ONPEAEICHUS] HEOOXOMUMBIX Pa3MEpOB AIIEMEHTOB JJIs
NEPBOW CTYNEHH OUUCTKH MbUICYJTOBUTEIIA.

5. Paspaboranbl MeToAbl omnpeneneHus 3PQPEeKTUBHOCTH a’dpOAUMHAMHUY -
CKOTO COITPOTUBIIEHUS! LIEHTPOOEKHOTO MbUICYJIOBUTENS. DTU METOJbl HEoOXo[ -
MBI [IPY IPOEKTUPOBAHUH LIECHTPOOEIKHBIX MBUICYJIOBUTENEH BO3AYXOOUUCTHT - JIEH.

6. Pazpaboran MeToa ONTUMH3ALIMK PA3MEPOB JIETANICH MbLICYIOBUTEIS.
[TpoBeneHHbIe HcCaen0BaHUs ATOW 00IaCTH MO3BOIMIN pa3paboTarh KOMIAK - HbIX,
BBICOKOA()()EKTUBHBIX MEIOUIUX MUHUMAJILHOE a3pOIMHAMUYECKOE - IPOTUBJICHUE
IPOMBIIIJIEHHOTO MBUIEYJIOBUTENS BO3yXOOUUCTUTENS ISl AB - TaTesisl TPAHCIOoP
HBIX CPEJICTB.
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INTRODUCTION (annotation of doctorial dissertation)

The urgency and relevance of the theme of the dissertation. Rapid devel
opment of the industry in the world along with the growth of goods production has
led to an increase in negative impact of production on environment. This, in its
turn, sets the new tasks for researchers, including reduction of industrial wastes,
reduction of amount of the toxic gases released into the atmosphere. For the last
fifty years emissions of carbon compounds into the atmosphere are 9 times greater.
As a result of it environment is polluted and there is a global environmental prob
lem.

When solving these problems, preventing environmental disasters and the
processes of global warming of climate, the reduction of the impact of industrial
emissions into environment becomes very important. Applying in practice of dust
cleansing facilities and dust catchers for purification of gas pollutions in environ
ment is an actual task. Dust catchers are necessary not only for purification of in
dustrial gases, but also for ensuring the operation of internal combustion engines in
an optimum rhythm. All transport vehicles, used in mining, are operated in the
conditions of high dust content. In such conditions, abrasive particles of dust, get
ting into the working camera of the engine, cause wear of its surfaces and lead to
the reduction of engine capacity, and to an increase in fuel consumption and lubri
cants.

After achieving independence in our country a great attention was paid on
localization processes in many fields of industry, including the improvement and
development of dust catchers in accordance to climatic conditions of the republic.
More than 80% of the dust catchers, used in the industry, are the dust catchers
working on centrifugal force. Therefore, carrying out researches on improvement
and development of new designs of highly effective dust catchers has a great scien
tific and practical value.

This dissertation research serves as an accomplishment of the problems pro vided in
the Resolutions of Cabinet of Ministers of the Republic of Uzbekistan No. 232-1 on
April 26, 1996 "On approval of the regulations of the Committee on envi ronmental
protection" and RP-142 on May 27, 2013 "On action program on envi ronmental
protection of the Republic of Uzbekistan for the years 2013-2017".

Compliance of research with priority directions for science and technol
ogy development of the country. This study was performed in the compliance
with priority direction II of science and technology of the republic: "Energy, ener
gy-saving and resource-saving’.

A review of international research on the subject of dissertation'.The
scientific researches directed to studying of aecrodynamic processes of a multiphase
flow in dust catchers are carried out in many leading scientific centers of the world,
including NASA, Glenn research center, Boeing Scientific Research Laboratories,
Massachusetts Institute of Technology, Stanford university (USA), Cambridge
university (UK), Hettingen laboratory (Germany), Air Systems Research Center
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(Japan), Aerodynamics Research and Development Centre (China), Moscow State
University (Russia) and Tashkent State Technical University.

As a result of research all over the world on studying the processes occurring
inside the dust catchers, a number of scientific results are received, including: vari
ous finite-differential methods and finite-element methods are developed for the
numerical solution of the equations for multiphase flows (Stanford university, Boe
ing Scientific Research Laboratories, Cambridge university, Massachusetts insti tute
of technology, USA); aerodynamic effects for multiphase flows are obtained
(Cambridge university, UK); the mathematical model of dynamics of a free turbu
lent flow in flowing the obstacles is received (Hettingen laboratory, Germany); de
signs of highly effective vortex dust catchers are built (The Air Systems Research
Centre, Japan) are developed; the mechanism of separation of polluted dust parti
cles is developed (China Aerodynamics Research and Development Centre, Chi na),
the design of a cascade multistage dust catcher for purification of gases from
metallurgical furnaces is developed (Moscow State University).

Researches on a number of priority directions are conducted all over the
world on improvement of designs of dust catchers; they include: mathematical
modelling of turbulent multiphase flows; development of effective algorithms for
the numerical solution of these models; improvement of designs of dust catchers on
the basis of the processes of laws of aerodynamics.

Scientific study of the issue. Pioneer works on research of aerodynamics of
multiphase medium have been carried out as early as XIX century. However by the
XX century, practical value of multiphase flows has medium has gained a consid
erable development. In 1967 A.Fortie has developed the theory of migration for a
multiphase turbulent flow. This theory has gained its further development in the
works of European and American scientists (Friedlander, Johnstone, Owen, Davis,
Bill, Zemel and others). A serious contribution to the development in this area was
made by Uzbek scientist, professor of Moscow University H.A.Rakhmatulin. He is
a founder of the theory of interpenetrating motions in multiphase flows. H.A.
Rakhmatulin was the first who has derived the system of equations for compressed
multiphase medium; he has analyzed the fundamental laws of wave propagation,
and has developed the bases of the theory of boundary layer in two-phase mixture.
H.A Rakhmatulin's theory has found a wide application in hydraulic engineering, in
chemical technology, in nuclear power industry.

! The extent of knowledge of the problem http:/www.nasa.gov/centre/glenn/home/index.html;
http://universal ru_en.academic.ru/66921/; Wildes, Karl L.; Lindgren, Nilo A. (2005). A Century of Electrical Engineering and
Computer Science at MIT, 2006-2009. Cambridge, Mass.: MIT Press. ISBN 9780262231190; Stuart W. Leslie: The Cold War
and American Science: The Military-Industrial-Academic Complex at MIT and Stanford. Columbia University Press, New York
[u. a.] 1993, ISBN 0-231-07958-3; http://www.mod.go.jp/trdi/en/research/kenkyu_koukuu en.hyml; University of Cambridge
(ed.). "The Revived University of the Nineteenth and Twentieth Centuries" Retrieved 7 August 2014;
http://www.utias.utoronto.ca; http://www.cards.cn:88; http://universal ru_en.academic.ru/240165; Vcropus MockoBckoro



yHuBepcurera. . 1—2. ., 1955; Ha pyGexe aByx croneruit/ . . bromrenc, . . benpxunkwuii. . : IIAT'H, 2008. 480 . —

ISBN 5-02-007017-3; ®oprtbe . Mexanuka cycnensuid // .. Mup, 1971; Paxmarymmms . . OCHOBBI ra30BOM JAWHAMUKH
B3aUMOIPOHHUKAIOIINX JBIKEHHI crutomHeix cpen / [IMM, 1956, .20; Hurmarynun . . JluHamuka MHOTO(A3HBIX Cper
//Mocksa, Hayxka, 1987; Faizullaev D.F. Laminar motion of multiphase media in conduits.//Consultants bureau, New York, 196.
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To name another scientist, who has made an essential contribution to the de
velopment of the theory of multiphase flow we should mention academician R. .
Nigmatullin. Under supervision of H.A.Rakhmatullin, R.I.Nigmatullin has consid
ered the mathematical models of particles interaction and has completed the system
of equations of multiphase mixture. An essential contribution to the development of
laminar currents of multiphase continua in Uzbekistan the was made by profes sor
Zh.F. Fayzullayev.

Despite serious achievements of researches in the field of multiphase flows,
there are a lot of unresolved problems. For example, the strict mathematical equa
tions for a turbulent flow of multiphase continua are not derived yet. The existing
mathematical models have mainly an empirical character and not always adequate
ly describe the arising phenomena in turbulent multiphase continua. It can be ob
served especially in twirled flows inside centrifugal dust catchers.

Connection of the dissertation theme with the plans of scientific re
searches. Dissertation research is executed within the plan of research works of
fundamental projects of Scientific research center on sectorial machines science at
Tashkent state technical university F.13-12 on the subject "Processes of Heat
Transfer and Concentration of Weighed Particles in a Turbulent Jet Flow" (2012-
2014), and economic contracts No. 02-1541 IOP. "Development and trial testing of
a vortex dust catcher in zinc plant JSC AMMC" (2010-2011), No. 02-2180 FOP.
"Upgrade and implementation of the inertial filter for the underground motor
transport working in the conditions of high dust content" (2011-2012), No. 02- 2092
FOP. "Development of highly effective air cleaner for engines of heavy-load rock
dump trucks" (2012-2013), No. 14/2012 "Implementation of the inertial air cleaner
for engines of NMMC vehicles" (2012-2013), No. 02-1466 FOP. "Industri al testing
with development of a set of design documentation and implementation of the
inertial air cleaner for internal combustion engines of heavy-load cars"
(2013-2014).

The aim of the research is a development of industrial highly effective cen
trifugal dust catchers, and air cleaners for engines of vehicles and special equip
ment on the basis of the theory of aerodynamics of multiphase continua. Research
problems:

mathematical modelling of dynamics of flow in a centrifugal dust catcher on
the basis of the equations of hydrodynamics;

development of a numerical method of calculation of the equations of hy
drodynamics;

on the basis of numerical experiment, the search of optimum parameters and
elements of the centrifugal dust catcher providing a continuous flow; increasing the
efficiency of the devices of gas flow swirling;



modelling of processes in aerosols flow on the basis of kinetics; development
of methods of determination of resistance and efficiency of centrifugal dust catcher;

development of an optimization method of geometrical parameters of a dust
catcher;
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on the basis of research results the development of modernized, highly ef
fective centrifugal dust catcher.

The objects of the research are dust catcher devices used in the industry,
and air cleaners for internal combustion engines.

The subject of the research is the design, technical and economic charac
teristics of industrial centrifugal dust catchers and air cleaners for internal combus
tion engines.

Research methods. In the dissertation the methods of numerical research of
one and two-phase medium, methods of analytical analysis of derived equations are
applied, laboratory testing of the received results is conducted. Scientific novelty of
the research consists in:

the new design of a screw dust catcher is developed;

the new design of the air cleaner working on a basis of centrifugal force for
engines is developed;

the method of determination of aerodynamic parameters of a flow inside a
dust catcher is improved;

the mathematical model of processes of mass and heat transfer in aerosol
flow on the basis of the kinetic theory is improved;

the methods of determination of efficiency and aerodynamic resistance of a
dust catcher are improved;

the method of determination of optimum parameters of a dust catcher is de
veloped.

Practical results of the dissertation.

Industrial screw dust catchers and air cleaners working on a basis of centrif
ugal force for internal combustion engines are developed.

Reliability of obtained results is proved by correct mathematical statement
of the problems of hydrodynamics, by the use in numerical solution of the equa
tions of proved methods and known algorithms to build a design program, and by a
comparison of theoretical and numerical results with experimental data.

Theoretical and practical importance of the research results. The
scientific importance of results of research is determined in their appli cation in case
of mathematical modelling of multiphase continua and the numerical solution of
constructed equations.

The practical importance of work serves for the development of highly ef
fective industrial dust catcher and air cleaners for internal combustion engines.
Implementation of the research results. On the basis of results of research of
aerodynamic processes in industrial dust catchers and air cleaner: screw dust
catchers are implemented at "Limy plant" of Almalyk mining and metallurgical



combine joint-stock company (the certificate on November 18, 2015 of Almalyk
mining and metallurgical combine joint-stock company No. FM-7222). Efficiency
of the implemented dust catchers was 15-16% higher, than at serial dust catchers
and has allowed to catch additionally about 210-243 tons of dust per year; air
cleaners for internal combustion engines are implemented in mine ma chines in
Angren mine administration of Almalyk mining and metallurgical com-
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bine joint-stock company, on the dump trucks BelAZ and diesel locomotives of the
State Entity of the Navoiy mining and metallurgical combine (the certificate on
November 18, 2015 of the AGMK joint-stock company No. FM-7222). The im
plemented air cleaners have allowed 2 times increase of engines’ life. Approbation
of research results. Results of research have passed an ap probation at 4
international and republican scientific and technical conferences, in cluding:
"Proceedings of XVIII Scientific readings on astronautics devoted to reminiscence
of outstanding scientists-pioneers of development of a space" (Mos cow, 1994);
"Geo-technology: innovative methods of subsurface use in the 21st century"
(Moscow, 2007); "Modern equipment and technology of a mining and metallurgical
industry and way of their development" (Navoi, 2008); "Energy sav ing, energy
efficiency and renewable energy resources" (Tashkent 2015). Publication of
research results. 29 scientific works are published, includ ing 14scientific articles
(4 1n foreign editions), 1 patent for the invention on the topic of dissertation.

Structure and scope of dissertation. The dissertation consists of the intro
duction, four chapters, conclusion, the list of references of 149 titles and an appen
dixes; it contains 184 pages of typewritten text, including 65 figures, 3 tables.



59
MAIN CONTENT OF DISSERTATION

In the introduction the urgency and relevance of the work are substantiat ed,
the purpose and tasks, and also object, a subject and methods of research are
formulated, compliance of researches to the priority directions of development of
science and technologies of the Republic of Uzbekistan is given, scientific novelty
and practical results of research are stated, reliability of the received results is
proved, reveal the theoretical and practical importance of the received results, re
sults of introduction of dissertation work are given to practice, data on approba tions
and the published works, structure and volume of the thesis.

In the first chapter of the thesis "review of industrial dust catchers and air
cleaners for internal combustion engine'" characteristics of all types of industrial
dust catchers and air cleaners are given, used for air cleaning in internal combus
tion engine technology. Their strong points and shortcomings are considered in de
tails. Substantiation for the development of inertial centrifugal dust catchers and air
cleaners, which can be used in almost all industrial processes, is given.

Principal scheme of the centrifugal dust catcher is illustrated in Figure 1. The



principle of operation of centrifugal dust catcher consists in: dusty air flow in air
inlet acquires rotational velocity and enters into circular channel - between the
casing and the pipe for withdrawal of clean air. Solid particles due to centrifugal
force are pressed to the body of the dust catcher, further moving along the inner
cone surface, then enter the bunker, and the air, cleaned from the particles, flows
into outlet pipe.

Fig. 1. Principal scheme of centrifugal dust catcher
1 - a window to feed dusty air into dust catcher, 2 - air inlet for swirling air flow, 3 - the case of
the dust catcher, 4 - pipe for withdrawal of cleaned air, 5 - separated dust, 6 — cone section of
dust catcher, 7 - a pipe to damp air flow velocity, 8 - a bunker for collected dust.

60

Existing centrifugal dust catchers of mass production, have productivity no
more than 75%. Therefore, in this chapter problems whose solutions lead to the
development of high-performance centrifugal industrial dust catchers and air
cleaners for different vehicles are formulated. To achieve this goal, it is necessary
first to start exploring the aerodynamics of the air flow inside the centrifugal dust
catcher. There for in the second chapter ""aerodynamic processes occurring in
side the centrifugal dust catcher", based on the system of Euler equations, the
characteristics of flow in different parts of centrifugal dust catcher are studied. In
Section 2.1, a numerical study of the system of Euler equations in the conical part
of the dust catcher 1s carried out (Figure 2). For stationary solution of the system of
equations, we have used the method of establishing. The essence of this method lies
in the fact that non-stationary problem is solved and at high values of time its
solution tends to the solution of stationary problem.



Fig 2. Vertical section of centrifugal dust catcher

Stream flow region has axial symmetry, so the system of equations is studied
in cylindrical coordinates ( z,,¢ ).The system of the equations of aerodynamics in
cylindrical coordinates has an appearance:
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For numerical research of this system of the equations, introduced the pa rameters
of flow function -y , vortex of flow -, flow circulation - . These pa rameters with

components of flow velocity are related as follows: v U v U
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After substitution of new variables, the system of equations of acrodynamics
will be
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Further, conversion of variables is made for convenience of setting of
boundary conditions:
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As a result of transformations, the system of Euler equations is reduced to:
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Boundary conditions for this system are determined on the section § =0
(Fig.1), which is positioned on some distance from the cone end.
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R . . .
) The range ~ R4,< n < 1 corresponds to co-axial channel from which swirl
ing flow enters. The following conditions are stated for entering flow:
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Here V, W — are longitudinal and angular flow velocities, respectively.

Numerous tests have shown W =const .



. R tions are stated here :
b) Condition 0< n < .
I corresponds to flow outlet. Extrapolation
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These conditions are standard devices in numeric realization of hydro
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dynamic equations in the outlet. ¢ =1 corresponds to the section located far from
the cone end. Conditions in this section are as follows:

c)for0<n<1:;;.Y =Y ,=, = C,Here the index 2 refers to ex ternal
pipe and the cone.

For numerical solution of the equation of transfer of flow circulation of the
system (1) McCormack’s finite-difference scheme is used, which, being a two step
scheme, has an accuracy of second-order (, , ) **>O Ar A An . For numeric
solution of the equation of flow function an iterative method of upper relaxation
towards n and runs along ¢; are used. As an initial condition for considered
non-stationary problem the solution of stationary potential flow is used.

Figure 3 shows the flow lines, obtained by numerical solution of the problem.

Fig.3.Flow lines inside the dust catcher
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As can be seen from the figure the zone of backflow is formed. This vortex 1is
due to flow separation. However, in numeric experiment the range of cone angle
was found, at which the intensity of reverse flow is reduced considerably. Numeric
experiments show that this happens when °°8 < a <13 .

The resulting vortex negatively affects the efficiency of equipment, as dust
particles pressed to the wall, are thrown back. As a result, dust particles enter into
the inlet of withdrawal pipe, instead of moving along the cone wall into the bunker,
which lies at the end of the cone. The experiments showed that the choice of the
optimum angle of the cone can increase the efficiency of centrifugal dust catcher
from 40% to 75%. The reason of reverse flow, from the point of physics, is the
source of the vortex in the right side of the first equation of the system (1). In Sec
tion 2.2 it is theoretically shown that it is possible to minimize this source, if to use
screw conveyor channel as a swirling element of air. As a result, a screw-conveyor
dust catcher is designed (Figure 4).

Fig. 4. Principal scheme of screw-conveyor dust catcher
1- withdrawal pipe for cleaned gas, 2 - air intake, 3 — screw-conveyor to swirl the flow, 4 - cone
of separation zone, 5 — a bunker for collected dust, 6 - gas flow 7 — flow direction of cleaned gas.

Designed screw-conveyor dust catchers with productivity of 0.9 m*/s each
(32 in number) are set in lime plant of AGMK and have demonstrated the efficien
cy of 85%. At the same time performance indicator of serial cyclones CN-15 is
69%, with similar air-dynamic resistance.
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Despite the advantage of dust collecting by screw-conveyor dust catchers
when compared with centrifugal inertial cyclones, they still have a number of
drawbacks. The first drawback - it is complicated in manufacturing, the second — it
is still not efficient enough, and the third - it cannot be used for the dust, which has
strong adhesion to the surfaces as there is a high probability of clogging of the
screw conveyor channel with dust. The latter drawback of dust catcher greatly re
duces its range of application. This drawback has pushed the researchers to devel op
a good design of a dust catcher with minimal probability of dust adhesion. In this
regard, the structure of cyclone seems an attractive one. The main problem is to
find a solution for the problem - to minimize the reverse vortex. In Section 3.2
another way to solve this problem is described. Simple and very effective solution
proved to be a simple branch pipe that is inserted into the inlet pipe to withdraw
cleaned air (Figure 5).

Fig.5. Centrifugal dust catcher with stabilizer

The effect of this branch pipe consists in the fact that it re-distributes the in
coming air flow into withdrawal pipe. As a result, this reduces the possibility of
flow separation, i.e. the flow is stabilized. Therefore, this element is called a stabi
lizer. In this section, a numerical study of acrodynamic flow inside the dust catcher
with this element is carried out; and it is shown that the stabilizer does reduce the
intensity of the reverse vortex.

Stabilization of the flow and consequently the efficiency of centrifugal dust
catcher is strongly influenced by the design of air intake. It is the swirl element of



dust catcher. Therefore, in the fourth paragraph of the second chapter, the analysis
of all known types of air intakes 1s performed. To twist the incoming air flow to
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dust catcher a number of principles of gas feeding is used: a) spiral, b) tangential c)
screw-like, 4) outlet with gas return, 5) direct-flow outlet (Figure 6). In this section
we give a mathematical proof of the advantages of spiral in take compared with
others. Therefore, this type of air intake further was used to create a highly efficient
dust collectors and air cleaners. As a result, the efficiency of the laboratory
centrifugal dust catcher was increased up to 96%. In order to in crease the efficiency
of dust catcher an extensive literature and patent analysis of inertial dust catchers
and air cleaners was conducted in recent years. The use of different elements and
devices described, did not lead to the desired result. This shows that a further
increase in efficiency due to air flow stabilization only does not seem possible.
Therefore there is a need to study the transport processes of dust particles,
considered in the third chapter of the thesis

Fig. 6. Types of gas feeding into centrifugal dust catchers

In the third chapter "dynamics of dust particles and aerosols in the cen
trifugal dust catcher" the dynamics of dust particles and aerosols in the centrifu
gal dust catcher is considered.

Section 3.1 deals with the properties and characteristics of turbulent flow. It is
shown that centrifugal flow inside the dust box is turbulent. However, this turbu
lence is manifested in the boundary layer, where dust particles are accumulated.

Therefore, for the mathematical modeling of multiphase jet inside dust catcher it is
proposed to divide the flow domain into two zones: the main one and close-to-wall
one. In the main area, far from the wall, the turbulence has a small-scale character.
Therefore, in this zone for the mathematical description of air flow Euler equation
can be used. A motion of bearing flow and particles in close-to-wall zone is chaotic



in nature; consequently diffusive transfer of substances prevails in this zone.
Section 3.2 presents an analysis of all the forces acting on the dust particles
in the main zone of flow. Their assessment is conducted and it is shown that the
main forces are centrifugal and hydrodynamic ones; other forces can be neglected.
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It often happens that, along with solid dust particles it is necessary to collect
aerosol droplets as well. Aerosols can appear due to condensation of industrial gas
es emitted to the atmosphere. Apart from the natural condensation of gases aero sols
may appear in wet-inertial dust catcher, as in such dust catchers dusty flow is
wetted with water. Therefore, in Section 3.3 the dynamics and heat mass transfer of
small aerosols are examined in the approximation of free-molecular flow by gas
stream. Calculation formulas which can be used for design of various dust catchers
are obtained

In Section 3.4 the process of transfer of solid phase in close-to-wall zone is
examined. As mentioned above, transfer process in this zone is of diffuse nature.
Therefore, to determine the diffusion coefficient the problem - the dynamics of
two-phase turbulent submerged jet and transfer processes - was analytically solved.
To solve the problem, hydrodynamic equations for two-phase jet in spherical coor
dinates r, 8 were considered:
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Here 25 Ps P »>V5s VeV 1s D are the pressure, density of the gas medium, the
density of the solid phase, the two components of the velocity, the kinematic vis
cosity and the diffusion coefficient of the multiphase turbulent flow, respectively.
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In the thesis auto-model solutions of the first two approximations for the system of
equations (7) were obtained. It was proved that the obtained solutions exist when
coefficients of viscosity and diffusion of two-phase flow have the form:



In these expressions, Sc — is a Schmidt number, V o0~ kinematic turbulent viscosity
of the pure gas flow. The resulting solution generalizes the known solutions for

pure gas by L.D. Landau and Yu.B. Rumer. For most of the dust particles it can be
assumed that Sc = 1. Formula (3) is used to calculate the diffusion transfer of dust

particles in close-to-wall region. As a result, the percentage of dust [1 1S deter
mined depending on the distance - A :

/lvn—Az_u
€ (10)

Here ¥ - is a radial velocity which dust particles gain due to centrifugal force. Itis
shown that for dust catcher with a withdrawal pipe of the radius ;R = 5 cm and the
body of the radius of the , R =10 cm, about 87% of dust parti cles with a diameter of
5mcm will be contained in the layer of A # 2 sm thickness. It can be seen that the
dust layer takes quite a lot of space. The appearance of this layer adversely affects
the efficiency of the dust catcher, because dust particle are sucked into the
withdrawal pipe from the upper region of the layer. Therefore, re duction or
elimination of the dust layer is another way to increase the efficiency of dust
catcher device. This issue has been successfully solved in proposed dust catcher.
The dust catcher is illustrated in Figure 7. The principle of this device con sists in
the fact that the flow of cleaning air in spiral air intake 1 acquires rotary motion,
and as a result of the centrifugal force dust particles are pressed to the case 3, then,
after coagulation they become larger and form a dust layer; then by mo mentum
they fall into the space between the 3, 10, 11, 6 and 5. This space forms a bunker
for particles of large and medium sizes. Mainly large and medium-sized dust
particles fall into this bunker. Smaller ones go into cone part of air cleaner 5. There
the stream before entering the bunker for fine particles strikes the reflector,
whereby air flows into the outlet pipe, and dust particles fall into inner bunker.

High efficiency of dust collection of this unit is achieved due to the fact that
in a bunker for large and medium particles about 90% of the dust is accumulated,
so in cone section the thickness of dust layer is substantially reduced compared to
the case with no external bunker. A decrease in the thickness of dust layer in the
cone leads to a reduction of dust particles withdrawal into outlet pipe. As a result of



this phenomenon, the effectiveness of laboratory air cleaner has increased from
96% up to 99%.

The fourth chapter - ""Method of calculation of aerodynamic resistance,
optimal parameters and efficiency of air cleaner" of the thesis - is devoted to
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the study of aerodynamic resistance, efficiency and optimization of the parameters
of centrifugal dust catchers.

Fig. 7. Principal scheme of proposed dust catcher
1- pipe to withdraw cleaned air, 2 - spiral air intake, 3 — body, 4 — branch pipe to stabilize the
flow of air, 5 - cone to collect fine particles, 6 - the case of the bunker for fine particles, 7 - ex
panding cone, 8 - reflector 9 - a fixing bolt, 10 - cone to collect large particles, 11 — bunker cov
er, 12 - trajectory of the flow

In Section 4.1, to calculate the aerodynamic resistance of dust catcher, stream flow
region is divided into 5 zones (Fig. 8): 1 - the zone of spiral inlet, 2 - the zone where
the flow acquires rotational motion and translational velocity di rected downwards,

3 — zone of coaxial channel, 4 — the zone where the flow is re versed and flows into

outlet pipe, 5 — the zone of stream flow in outlet pipe. Full aerodynamic resistance

of air cleaner is the sum of pressure losses in these zones. To calculate the
aerodynamic resistance (total pressure drop) of dust catcher for a given productivity
-G (1/s) the following calculation formulas are derived:
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velocity on the entrance into air inlet is

GU=

(12)
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Fig. 8. Vertical section of centrifugal dust catcher
Flow velocity on withdrawal from air inlet is

GU,1=

2 (13)

ab

ex o _
UD™"Re&y = friction co
Reynolds’ number on the entrance into air inlet -

683, 1102

A Roughness of air cleaner walls for ventilation



efficient - "Re

0
pipes is taken as equal to A = 0.15mm .

Frictional resistance of air inlet is

P ADex
22
Ba

P . (14)

10
Ba
P g3 4

N J
Here, In(/) a = D, D, In(/).B=U,U,

Longitudinal velocity in circular channel equals to

@V _= a5

2
()
T
Pressure drop at flow transportation from air inlet into co-axial pipe is:
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Pressure drop at flow turn into withdrawal pipe:
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Total resistance of air cleaner is the sum of pressure drop in all sections of
the device

Ap = Ap,+ Dp,+ Ap; + Ap,y+ Aps. (20)

In Section 4.2 comparison of results of calculations by formulas derived with
experimental data is carried out. Experiments and calculations are performed for an
air cleaner that is designed and implemented to mine loader LK 07. The re sults of
calculations (solid line) and experimental data (circles) are shown in figure 9. As
seen from the figure, the agreement of theoretical curve with the experi mental data
1s quite satisfactory.

In Section 4.3 design formula of efficiency of the first stage of cleaning is
derived (dust collection efficiency of external bunker). Coefficient of dust collec
tion is obtained for this fraction of dust particle
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Fig.9. Comparison of design results of resistance of dust catcher with tests data

In this expression § _ is the ratio of pipe diameters, C,, - Kenninghem’s fac

tor, O _ the diameter of dust particle, P - the density of dust material, Wo- the an
gular velocity of flow at the beginning of coaxial channel, L — the length of coaxial

channel, V() - longitudinal velocity of the flow in the coaxial channel, P - air

density, V - molecular viscosity of air, K(§ ) - ratio, which is mentioned above, in
calculating the resistance of coaxial channel. With known dispersed composition of
dust, namely share part by weight ;€ of the particles of ;0 size, the total efficiency
of the dust catcher of the first stage of cleaning is:

N

=1 - (22)

neno
()

of fractions.

i
1 ii

here N - is a number

In Section 4.4 the method of numerical calculation of the efficiency of the
second stage of cleaning is given. The method consists in the fact that the calculat
ed trajectories of dust particles are conducted on the basis of hydrodynamic equa
tions (4) and calculation of collected particles is done by statistics:
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Here V,, V,, V - are velocities of moving flow; m, - mass, V,,, V., V4, - veloci ties,

D__ - substantial derivative, ) .
S - particle diameter; Dt - Kenninghem’s coeffi cient. In

Section 4.5 an optimum correlation between pipe diameters of dust catch er is
found. At optimal correlation of pipe diameters, maximum efficiency of the first
stage of cleaning is reached, which leads to maximum efficiency of dust
catcher as a whole.

Figure 10 shows the dependence of the minimum size of collected particles
on the ratio of dust catcher pipe diameters. From this graph it is clear that the ana
lyzed function has a precise minimum for # 0.66 . Therefore, the maximum ef



ficiency of the first step of cleaning of dust catcher is achieved at this ratio of di
ameters. The same optimum ratio of diameters of the annular channel and the dust
catcher has been found in numerous laboratory studies.

2.5

3(§)
454

353

0.20.40.60.81
3

Fig.10. Minimal size of collected particle depending on diameter ratio of dust catcher pipes

73
In Section 4.6 the methodology of experimental measurements of effective
ness of dust catchers and air cleaners is described. In this section the comparison of
obtained formulas for the efficiency of dust collector with experimental measure
ments for dust of Portland cement 400 was carried out. Dispersed composition of
Portland cement 400 is shown in Table 1.

Table 1
Dispersed composition of Portland cement 400.
Size range, mcm Medium size, mcm Outlet of fraction, %
0...10 5 12,0
10...20 15 36,2
20...30 25 19,39
30...40 35 17.2

40...50 45 12.8




50...60 55 0,3
60...70 65 1,2
70...80 75 0,8
80...90 85 0,3
90...100 95 1.2

Fig. 11 shows the dependence of total efficiency of air cleaner for ICE LK 07
on productivity of air for cement dust. The same figure shows tests measure ments
plotted in circles. As can be seen, the agreement between the calculated curves and
experimental data is very good. This fact testifies to the adequacy of design
1

, %




G, /s

Fig. 11. Dependence of total efficiency of air-cleaner on productivity
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The results obtained in the thesis allow to create high-performance centrifu gal dust
catchers and air cleaners. The newly created devices are not only similar to foreign
analogues, but exceed them in many ways. Dust catchers and air cleaners are
introduced into various enterprises and successfully operate in the Republic.

CONCLUSION

On the basis of the conducted researches on the doctoral dissertation on the
subject "development of highly effective centrifugal dust arresters on a basis of
aerodynamic processes" the following conclusions are provided:

1. On the basis of numerical research of dynamics of a flow in a centrifugal
dust catcher it is revealed that the whirlwinds arising in the device are the main
factors in decrease in efficiency of a dust catcher.

2. For the first time the analysis on the basis of the theory of stability of a
flow has allowed to determine efficiency of the twisting dust arrester air devices.
These researches will be useful when designing highly effective centrifugal dust
arresters.

3. Researches on reduction of intensity of whirlwinds have led to creation of
the stabilizer device which has allowed to increase efficiency of a dust arrester to
20%.

4. Researches of dynamics and a mass transfer of a turbulent two-phase flow
have allowed to determine coefficients of viscosity and diffusion. Researches in
this area are necessary for determination of the necessary sizes of elements for the
first step of cleaning of a dust arrester.

5. Methods of determination of efficiency and aerodynamic resistance of a



centrifugal dust arrester are developed. These methods are necessary when design
ing centrifugal dust arresters and air cleaners.

6. The optimization method of the sizes of details of a dust arrester is devel
oped. The conducted researches in this area have allowed to develop the compact,
highly effective and having minimum aerodynamic resistance of an industrial dust
arrester and the air cleaner for the engine of vehicles.
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