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OBIIAS XAPAKTEPUCTHKA PABOTHI

AKTYaJbHOCTL PaboTel. B TpaHCHOPTHO#H cocTaBiAoLIel 3koHOMUKH PO
aBTOMOOHJILHBIA TPAHCIOPT HIpaeT OcHOBHYIO poib. [lopsaka 80 % Bcex npen-
NPHATHH BO BCEX OTPAc/IfX H TAKOH XK€ NPOLEHT HaCeleHHbIX MyHKToB B PO B Ka-
YECTBE NOABE3AHBIX IYTECH HMEIOT TOJIBKO aBTOMOOM/IbHEE NOPOrH. B Takoi cu-
Tyauun ocoboe 3HaYeHHE NMPHOOPETAET MOBHILIEHHE IKOHOMMYECKOH 3Q(PeKTHB-
HOCTH aBTOTPAHCIIOPTHON HH(PACTPYKTYyphl B LEJIOM H, B YAaCTHOCTH, 38 CYET
CHIDKECHHs YAEIPHOH METa/UIOEMKOCTH aBTOMOOM/EH. ITycKoBhie CHCTEMEI SBIIS-
IOTCS. HEOTHEMIIEMON YaCThI0 CHIOBBIX YCTaHOBOK C JBMraTEe/IiIMH BHYTPEHHErO
cropauus (/IBC). Ha usrotoBneHme cucreM anekrpocraprepHoro mycka (C3IT)
o 1 MMIIHOHA aBTOMoOwiel M TpakTopoB pacxoayercs ot 20 mo 150 Thicay
TOHH LIBETHOr0 METaJlIa, a Ha UX nepeBo3Ky — ot 0,5 o 2 % ronnusa, notpebise-
MOro aBToMOOHIIMH. BcenencTsue npuMeHeHUs LBETHBIX METAUIOB — CBHHIA H
3NeKTpoTeXHu4eckoi Meau — COIT uMeroT BBICOKYIO CTOMMOCTh. KpoMe Toro oHu
XapaKTepU3yIOTC XyAIIHMMH YCKOBBIMH Kau€CTBAMH TPH HU3KHUX TEMMEpaTypax,
CBOMCTBEHHBIX MHOTHM perHoHaM P®. 3710 06ycnoBieHO 3HaYUTENbHbIM MaJEHH-
€M CHJIbBI TOKa B aKKyMYJIATOPHBIX 6aTapesx IpH OXJIOKIEHHH OO OTPHIIATENBHEIX
Temnepatryp. TakuM o6pa3oM, ynydllleHHe MyCKOBBIX, IKCIUIYaTAlHOHHBIX H 3KO-
HOMHYECKHX KayeCTB CHCTEM IyCKa — OIHO M3 BaXKHEHIMX HampaBlieHHH Co-
BEPILEHCTBOBAHHS OBHrATENIEH.

Ilpumenenne Ttypbocraprensix cucrteM (TC) mosponser uzbexars psna
npobieM, CBA3aHHBIX ¢ puMeHeHHeM COIl. OpHako CyliecTBYIOUIME COBPEMEH-
Hele TC Taroke MMEIOT HEJJOCTAaTKH, CBA3aHHBIE C BBICOKOW YacCTOTOH BpallEeHH,
Tpebylouell HCIOIB30BaHHE JOPOTHX PEAYKTOPOB, MM C HAAEKHOCTHIO H J0JT0-
BEYHOCTHIO. B TO ke Bpems, BhICOKas Ioxapobe3omnacHocTh; obecnieyeHre Gonee
HaJIe)KHOTO IyCKa; CYUIECTBEHHO MeHbIIas o cpaBHeHuio ¢ COII ynennHas me-
TaJUIOEMKOCTh ¥ CTOMMOCTb CTAHOBATCS BECOMBIM OCHOBAHHEM AJIS MPOROIDKEHHSA
HccnenoBaHuil B obsacti cosepueHcTBoBaHus TC. Kpaiine nepcreKTHBHEIM sB-
nsercs npumeHenue TC Ha ocHOBe BUXpeBOi TypOuHbl. OIHAKO HA CErOAHAIUHMHA
J€Hb AAaHHBIH THII YCTPOHCTB HEAOCTATOYHO XOPOIIO U3ydyeH. YHCIIO HayuHBIX pa-
60T, MOCBSLIEHHBIX BUXPEBHIM TYpOHMHAM HEBENIHKO, a MX HCCIeJOBaHHE HA NaH-
HBIf MOMEHT OrpaHHYMBAaeTCs YHNPOILEHHHIMH TEOPETHYECKUMH BRIKIANKAMH H
JOPOTOCTOSILIIMMH DKCIIEPUMEHTaMH. B CBS3M C 3THM, KOHCTPYKLHS NPOTOYHOM
YaCTH CYLUECTBYIOIHMX BUXPEBBIX TYPOHH HE ONTHMAJIbHA, H B PAJE UCCIENOBaHHI
110Ka3aHo, YTO MMeEIOTCS OOJblIME pEe3epPBHl COBEPILEHCTBOBAHHS BHUXpPEBHIX ar-
peraros. :

CoBepLIeHCTBOBaHHE JJIEKTPOHHO-BBIYHUCIIMUTENbHOM TEXHUKM M YHCIIEHHBIX
METO0OB MOJEINPOBAHMS Jalld HHxeHepaM 3(deKTHBHBIE HHCTPYMEHTHI pelie-
HHA DPa3sHOOOpasHBIX 3afay. B rocienHee AecATHIETHE NPH TOCYAapCTBEHHO
noagepxxke B PP akTHBHO pa3sBHBAIOTCA CYNEPKOMIBIOTEPHBIE TEXHONOTHH, OT-
KphiBas HOBbIE BO3MOXHOCTH UL 3 QEKTHBHOIO PELICHHs MCCAEKOBATENbCKUX H
ONTHMH3ALMOHHBIX 3a7a4y. BO3MOXXHOCTH COBPEMEHHBIX METOHOB BBIYMCIIUTENb-
HO¥ ruapoaMHaMUKH ¥ OBM MO3BONAIOT COBEPIUUTH 3aMETHBIM MPOPHIB B IOHH-
MaHUH ra30JMHaMHYECKHX IPOIECCOB B BUXPEBBIX TypOUHAX U B COBEPLIEHCTBO-
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BAHMHM MX KOHCTPYKIHH, 33 CYET Yero CYIIECTBEHHO NMOXHATH MX 3(Q(EeKTHBHOCTH
6e3 3aTpaT Ha JOPOrOCTOAIINE SKCIIEPHMEHTHL.

INpumeHeHHe xe BUXpeBBIX TypOuH B cocraBe TC MO3BOJHT PEIHMTH MHO-
KECTBO NpoGJiieM CYIIECTBYIOIIMX CHCTEM IyCcka ABHMraTesied, paGoTaromux BO
Bcex wmporax P®. [Toaromy paspaboTka, COBEPIIEHCTBOBAHHE U anpobanus me-
TOAMK YHCIIEHHOro MofenupoeaHusa TC, B TOM 4HCie Ha OCHOBE BHXPEBOH TypOH-
HBI, IPECTABISAIOT CO00# aKTyanbHyIO 3a1ayy.

Leap pa6orel. PazpaGoTka METOANKH YHCIEHHOTO MOAEITHPOBAHHSA IWHA-
MHYECKOH CHCTEMBI «IBHraTeNb-TypbocTapTep» # MPOBEACHHE YHCIEHHBIX HCCIIE-
JOBaHMil ra30AMHAMHKH BHXPEBOH TYpOMHBI W JHMHAMHKM NpoIecca IMycKa IH-
3eJILHOTO JBHTaTeNs C MCIOJIb30BaHHEM BHXPEBOH TypOHHBI JUIS BHIABICHHS pas-
JMYHBIX (aKTOpOB, BIHAIOLMX Ha 3¢dextuBHocTh TC, a Taloke A1 AEMOHCTpa-
LMK npenMyniecTB nepcernexktuBHoit TC Ha 6aze BUXpeBOH TYpOHMHBI ¢ MOMOIUBIO
OTEYECTBEHHOr0 MporpaMMHoro komrutekca FlowVision.

Hayynasi HoBu3Ha. Bnepssle pa3paboTaHa METOQHMKA YHCIEHHOIO MOZE-
JIMpOBaHHA JUHAMHYECKOH CHCTEMBI «IBUrarenb-rypbocTaprep», KoTopas I03BO-
JS€T OLIEHUTh JHHAMHYECKHE XapaKTepUCTHKH IPOEKTHPYEeMOro TypbocTaprepa B
CBSI3KE C JIBHrarejieM BHYTPEHHEro CropaHus. OJTO B CBOIO O4Yepelb NO3BOJIIET
onpejeIHTh H3MEHEHHS] BO BPEMEHH MOMEHTA COTIPOTHBJIEHHS IBUraTells, 4acTo-
THl BpAlllEHHSA KOJIEHYATOro Bajla M Pacxofa BO3qyxa TypOMHOH IS CHCTEMBI
«IBMrarens-TypboCcTapTepy, BIHAIONHME HAa KQYECTBO MyCKa JBUraTells U XapakTe-
pH3yIOLIHe IKCIUTyaTallMOHHBIE KayecTBa CUCTEMEI MYyCKa; JaTh OLEHKY 3¢ddek-
THBHOCTH pa3paboTaHHOro arperara IpuU yCTaHOBKE Ha KOHKDETHEIH JBUrarteb;
TPOTHO3UPOBaTh NOTPEOHBIH 00BEM BO3AYIUHOH aKKyMYJISTOPHOH CHCTEMEL.

J0CTOBEPHOCTD M 000CHOBAHHOCTb HAYYHBIX MOJOXEHHI W BEIBOIOB 00Y-
CIIOBJIEHBI:

- HCIONB30BaHHEM (YHIAMEHTAIHHBIX 3aKOHOB M YpaBHEHHit ra3oBod Au-
HaMHKH, a TaK XK€ COBPEMEHHBIX YHCIIEHHBIX METOAOB PEATH3AIlUN COOTBETCTBY-
IOLUHX MaTEMaTHUECKUX MOZeNeH;

- COTJIaCOBaHHEM DE3Y/bTATOB PAaCUETHHIX ¥ DKCIIEPAMEHTAIBHBIX UCCIERO-
BaHW ¥ NPUMEHEHHEM TIPH OLIEHKE aJleKBaTHOCTH MaTeMaTHYECKUX MOXENeH Jo-
CTOBEPHBIX ONBITHBIX JaHHBIX.

IlpakTHyeckasi 3HAYUMOCTD!

- paspaboTaHa MeTONHKA MOIEIHPOBAHHA CHCTEMBI  «JBHUIATENb-
TypbocTapTep», NpHrofHas He TOJBKO IS MOZENTHPOBAHHS CHCTEM, B COCTAB KO-
TOPBIX BXOAMT Kak BUXpeBas TYpOHHA, TaK U UHbIE KOHCTPYKUMH TypOuH. Pa3pa-
6oTaHHas METOAMKA MO3BOJIAET CYIECTBEHHO COKPATHTH PacXoAbl Ha MPOEKTHPO-
BaHHE M JOBOJKY NPOTOYHOI 4acTH TypOOCTapTepOB;

- TIOKa3aHa BO3MOXHOCTh H IPEUMYILIECTBA IPUMEHEHHs MepCHEeKTHBHOM
KOHCTPYKLMH BUXPEBO# TypOMHEI B arperarax Mmycka JU3eNbHBIX ABUrarTesiei;

- JaHBl PEKOMEHJALUM 110 TIOBBIMIEHHUIO 3()GPEKTHBHOCTH YHCIEHHOTO MO~
aupoBanus TC Ha ocHOBE BHXpEBOH TYpPOUHBI C MCHO/IB30BAaHHEM MapaJLIeIBHBIX
BBIYMCIIEHHH Ha CyNEepPKOMIIBIOTEPax;



- METOJIMKH MOJEJIHDOBAHHA BHXPEBBIX TYPOHH H CHCTEM «IBHraTeib -
NHeBMO-Typ6ocTapTep BHepeHH B pabouHii MpOUece IPYNIbl NPOEKTHLIX pabor
xomnauu OO0 «TECHUC»;

- METOAHKA YHCJIECHHOTO MOJIENHpOBaHMi TypOHH ¢ mnpumeneHwem IIK
FlowVision Baenpena 8 MI'TY um. H.D. Baymana Ha kadeape «nopuiHeBbiX OBH-
raresiei» U MCHOJIb3YeTCs UIS YHUCIEHHBIX PacyETOB TEYEHHs B JIOTIATOYHBIX Ma-
mHMHax arperatoB Haxaysa JABC.

Anpo6anus pa6orsl. [Io ocHOBHEIM pa3jenam AHCCEpTALMOHHOH paboThI
6bUIH caenaHbl JOKIAALL:

- Ha MEXIYHApOIHOM CynepKOMINbIoTepHOH KoHpepeHunn «HayuHnlit cep-
BHC B CETH MHTEPHET: CYNEPKOMIIBIOTEPHbIE LIEHTPH M 3anayd», HoBopoccuiick,
Ab6pay-Zltopco, 20-25 centaodpsa 2010 r.;

- Ha XX MexIyHapoiHO# KOH(EepeHIHH CTYyIEHTOB, aCTHMPAHTOB U MOJIO-
IeX yueHsix <«JIoMonocos», MockBa, MI'Y uM. JIoMoHOCOBa, 8-13 ampens 2013
r.;

- Ha MexayHapoaHoM ¢opyme «uxenepHsle cuctemnl-2013», Mocksa,
MEXAYHApOAHBIH MH(OPMalMOHHO-BHICTaBOYHEIH 1eHTp «MHupollpocTpancTBo»,
15-16 anpens 2013 r.;

- Ha XIX mixone-ceMHHape MOJOABIX YYEHBIX M CHELUANTHCTOB MOA PYKO-
BoacTBoM akanemuka PAH A.U. JleonTeeBa «I1pobOneMsbl ra3oquHaMHUKH H TEMJIO0-
MaccooOMeHa B OSHEPreTHYEecKHMX ycTaHoBKax», OpexoBo-3yeBo, MockoBckuit
rOCyIapCTBEHHBIH 00nacTHOM r'yMaHWTapHbli HHCTUTYT, 20-24 Mas 2013 1.;

- Ha XVIII MexayHaponHoi KOH(EpEHIMH 1O BBIYHCIUTENBHOH MEXaHHKe
¥ COBpEMEHHBIM NPOrpaMMHBIM cHcTeMaM, Anymira, OYLl MAM «Anywra», 22-
31 mas 2013 r.

Hy6auxaumu. ITo Teme auccepTauuy onybimMKoBaHo 6 HayyHbIX paboT, U3
HHX B U3aHusX o nepeyHio BAK PO -3,

CrpykTypa M 00beM paboThl. JluccepTanus COCTOUT W3 BBEICHHS, IUECTH
IJIaB, 3aKJIIOUEHN, CIIMCKA UCTIONb30BAaHHOM JIMTEpaTyphl U npuioxenus. O6umi
06BeM paboTs! 133 crpannusl, Bkuoyas 114 cTpaHHIBEI OCHOBHOTO TEKCTa, COAEP-
xamero 53 pucyska, 8 Tabauu. Crucok uTeparypsl BIJHOUaeT 89 HauMEHOBaHUHI
Ha 8 cTpaHHuLax.

COJEPXAHHUE PABOTbI

Bo BBeeHun 060CHOBaHA aKTYaJIbHOCTh MMPUMEHEHHUs nepcnekTuBHbIX TC
U HMCIIOJIb30BaHUA YMCIEHHBIX METOJOB ra30lHHAMHYECKOTrO pacyeTa Ul MOJEIH-
poBanus arperaros jsurarens. JaHa obmias xapakTepHCTHKA AHUCCEPTALIHOHHOM
paboTsl.

B mepsoii raaee npHBeNeH aHANMTHYECKHii 0030p paboT, MOCBALIEHHBIX
BOIPOCAM IyCKa JBMIaTeNs U YHCIEHHBIM MeToJaM UX monenupoBaHus. [Tokasa-
HO, YTO NPHMEHEHHE SKCIIEPHMEHTAIBHBIX METONOB UCCIENOBAHHA CTAHOBMTCA
MeHee KOHKYPEHTOCIOCOOHBIM 0 CPaBHEHHH C YHCIEHHBIM MOJICITHPOBAHHEM.
IIpoaHaTU3UpOBaHbl CYLIECTBYIOIME METOABI M CHCTEMBI IIycKa ABHUTrareiei, B
TOM YHCJIe TOAPOOHO PacCMOTpEHbI IPEUMYIIIECTBA H HENOCTATKH CYLIECTBYIOLIHX
[HEBMaTHYeCKUX cTapTepoB. [loka3aHa 3HAYUMOCTH U aKTYalbHOCTh pa3pabOTKH
TC #u COBepHIEHCTBOBaHHA METONOB MOJEIHPOBAHUA CHCTEM «ABHraTeh—
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Typ6ocTtaprep». [lokasaHb NmpeUMyIecTBa HEPCIEKTHBHOIO BHXPEBOrO Typbo-
CTapTepa HaJ APYTUMH PHMEHSEMBIMH B JaHHBI MOMEHT CTapTepaMH.

Ha ocHoBanuu aHanu3a Texyluedl CHTyalMH B 00JacTH IMPUMEHEHHS CTap-
TEPHBIX CHCTEM M HX MOJENHPOBAHUA GbUTH c(OPMYITHPOBAHEI 332U HAacTOAUIEH
paboTsl:

1. AnmantupoBars nporpaMMHbiii koMiUieke FlowVision mis pemenns craumo-
HapHBIX ¥ HECTALMOHAPHBIX 3a/1a4 C BUXPEBHIM TEYEHHEM.

2.  BBINOJHHTH TECTOBBIE HCCAENOBAHHUS C LIENBIO NPOBEPKH aNaNTHPOBAHHOTO
KOMIJiekca Ha 6a3e 3KCHEepHMEHTa C ra3oAHHAMHYECKHM JHOAOM — 3KBHBAJICHT
TypOHHBI C OCTAHOBJICHHBIM POTOPOM — H 3KCIIEPHMEHTA C BHXPEBOH TYpOUHOM.

3. pa3paboTaTh METOAMKY pacyera BHXpEBOro Typbocraprepa C MOMOUIBIO
FlowVision u BEIIONHHTE YHCIIEHHOE MOJIETHPOBAHME TEUEHHS B TypOMHE CTapTe-
pa Ha pexMMe MHHHIMAaTBHBIX IyCKOBBIX 060poTOB nBHraresns. CpaBHHTEH CTal[MO-
HapHOE pElICHHE C pe3ynbTaTaMH 3KCIIEPUMEHTA.

4. Pa3paboraTh MeTomuky pacyera AHHAMHUKH pabOTEI CHCTEMEBI «IIOPLIHEBOM
JBHraTens — Typbocraprep».

S. Beinonaute Moaenupopanue cucteMsl SIM3 8421 — Buxpesoit TypGocrap-
Tep. [lokas3aTs BO3MOXHOCTH IIPHMEHEHHs BHXPEBOTO TypGocTapTepa Ul ITycKa
JBUTATENS.

Bo _BTOpO# riaBe naeTcs ONMMCaHHE TEXHOJNOTHH M OCHOBHBIX PacueTHHIX
COOTHOLLIEHUH, MCMONB3YEMBIX U MOAenupoBaHus 3D-razonuHamuuyeckux mpo-
LECCOB ¢ NMOMOLIBIO NMporpaMMHOro koMmiekca FlowVision. B ocHoBe maHHO#
MPOrpaMMBI JIEKHT METOA KOHEUHBIX 06beMoB. Kak u B ApyrMx MeTomax CKBoO3-
Horo cuerta ¢ ¢uxcupoBanHoi cerkod B MKO pacuetHas obnacts ¢ onpenenes-
HBIM IIaroM Mo NpoCTpaHCTBY Ax, Ay, Az pa3OuBaercs Ha HelepeceKaouecs
00BeMBI — A4eiikH ¢ HeHTpanbHEIMHU y3naMu (Puc. 1). CucteMa HCXOMHBIX YpaBHE-
HMH Ta30BOH JHHAMHKH, NPEACTaBIsionas coboit B 001IeM Cllyyae COBOKYIMHOCTh
ypPaBHEHHH KOHBEKTHBHO-IH(GY3HOHHOrO mepeHoca, MOXeT ObITH 3amucaHa B
060061eHHo# auddepertanbHO#i hopMe:

L +¥6r)-v(0v)+0, M

rae [ — pacCUMTBIBaeMas IIEpeMeHHasl, ¥ - BEKTOp CKopocTd, D — kxosddunuent
I dy3nu, Q — HCTOYHHKOBBIH YiIeH.

YpaBHenus (1) MHTErpUpPYIOTCS 1O KaXAOMY KOHTPOIBHOMY 06beMy (i —
sueliKe) pacueTHOMH CETKH U 10 OTPEe3Ky BpeMeHH oTt =7 gmot =" ("' -¢ =
At — war pacyera Mo BpEMeHH), H B CIIyyae OTCYTCTBHS JOIOJHHTENLHOIO HCTOY-
HUKa () MEepeMEeHHOI f MOXXHO 3aMucaTh:

[ v, [ fav|, + [ § fodadr = [§ DVvfaaar #))

v, v, Al A,

A4,

rne V;— oObeM aueiiku, A; = Ay + Ay + Ay + Ay + Ap; + Ay — €€ 0BEpXHOCTS
(cymma momiazeit Bcex rpaHeit).

B xonedHo-pa3HOCTHO! (opMe ypaBHEeHHE (2) MPenCcTaBIseTCs B BHE:
V(£ = £ )+ AF, + A F, + A F, + A,F, + A,F, + AF, =0. 3)

i e’ ei wit wi ni” ni sit si

3mech /™' u f' — ocpenHEHHBIE 3HAYEHHS ITOM MEPEMEHHOMN 1O 06BbeMy i —
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AYEHKH B MOMEHTHI BpEMEHH ' H [ COOTBETCTBEHHO, B YaCTHOCTH
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OCpeJHEHHasd IUIOTHOCTh NMOTOKAa PacCUMTHIBAEMOH NepeMeHHOH f 4epe3 rpaHb
Aei. AHAIOTHYHO 3aNHCHIBAIOTCA IUIOTHOCTH IIOTOKAa INapaMeTpa 4Yepe3 TI'paHH
w, n, s, h u . Ilpu 3anucu quodeperuuancHoit Gopme (1) ¥ OCIEAYIOLIKX B Ka-
YyecTBe MEPEMEHHOH f HMMeeTcs B BHAY Jiio0as mepeMeHHas, XapaKTepusyolas
COCTOsIHME Cpelibl, HAIIpDUMED, IUIOTHOCTh p. Ee 3HaueHue B y3i10Bo# Touke P pac-
cMaTpuBaeMoro o6bseMa €cTh ee CpefHee, T.e. YAejabHoe 3HaueHHe B obveme V.
Taxas 06061eHHas GpopMa 3anKuCH ypaBHEHUH AJiA pa3NH4HBIX QU3MYECKHX NpO-
LIECCOB MO3BOJIAET HCMONb30BarTh obmmi pewarens CJIAY (cucteM aMHERHBIX
YPaBHEHHH).

B nporpammuom koMmmiekce FlowVision
NPUMEHSETCS NPAMOYTOJbHAA afanTHBHAS
JokabHO H3MenbuaeMas cerka (AJIUC). B
cBOOOIHOM YacTH pacueTHO# o6nacTH pasme-
[IAeTCA NPSMOYTOJbHas HepaBHOMEpHasA CeT-
ka. Ecnu ke sdeiika ceTkH nepecexaercs sne-
MEHTOM IpaHHLbl, TO OHa AENHTCA Ha 8 paB-
HbIX sueek. [lanee, ecnH HeoOxomuma nanb-
HeWluas JeTanusalus TEOMETPHH, JelIeHHe
(«amanrauus» B tepMmuHonorud FlowVision)
KXIO0H MOJIyYUBLICHCS SYEHKH NMOBTOpPAETCH.
Ha Puc.2 mnpomeMoHCTpHpOBaHa ajanTalus
syeliku 1o 3 ypoBHs. Sueiiku cuctems AJIMC
(B oTaMYMe OT CTPYKTYPHMPOBaHHEIX M He-
CTPYKTYPHUPOBaHHBIX MYJIbTHONIOYHBIX) HMe-
IOT NIEPEMEHHOE KOJIMUECTBO COCEAEH — B TPEXMEPHOM ClIyyae IO IPaHHu C A4eiKoi
MOTYT COCEeNCTBOBAaTh JUOO0 omHa, mbo uethipe cocena. JlaHHoe 06CTOATENLCTBO
3aTpyIHSET peanu3aluio YHCICHHBIX METONOB, HO 3aTo ofecneynBaetcs Gonpuias
CKOPOCTh FEHEpALlii CETKH M YMEHBIIAeTCs NOTpebiieHHe ONEepaTHBHOH MaMsTH
N0 CPaBHEHUIO HECTPYKTYPHPOBAaHHBIMH CETKaMH. Taxke npH aBTOMATHYECKOR
redepauun AJIMIC He mosBAAIOTCA «IIOXHE SAYEHKI, KOTOPhIE HMEIOT CIULIKOM
60JbILKME OTHOLICHHS MIOIaAeH rpaHeH.

Ipu MozmennpoBanuH 3a30poB Bo FlowVision ucnons3yercs aHaTHTHYECKas
MoJ€enb 3a30poB. JlaHHas MOJENb IPEAINONAaraeT, YTo B 3a30pe MEXAY ABYMs CTEH-
kamMi umeet Mecto teyeHue [lyaseiins. IIpu 3ToM compoTuBieHHE B 3a30pe pac-
CUMTHIBAIOTCS aHATUTHYECKH, a CaM 3a30p He pa3pelIaeTcsi pac4eTHOH CETKOM, YTo
HO3BOJSET CYLIECTBEHHO SKOHOMHTH PacyeTHYIO CeTKy. B 3amayax ¢ BHXpEBBIMH
TypOUHaMH 3a30psI 00pa3yloTCs MEXAY JIONAaTKaMK POTOpa M OTCEKAaTENlEM CTaTo-
Pa, TaKXkKe MeXAy TOPLIOM POTOpa H CTaTopa.

Puc.1. Pacyetnas sueitka MKO
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Puc. 2. AranTiBHas JIOKQTBHO IuHar. JlaHHBIH OAXOZ MO3BOJSET
H3MelNbueHHas cetka. MismMenbyenue sueex OTKa3aThCsl OT PECYypCOEMKOro me-
HA HECKOJIBKO YPOBHEM PECTPOEHHS pacueTHOM CETKHM Ha

K2XXJIOM IIare 110 BpEMEHH, ORHAKO
He COBMECTHM C TEXHOOTHei MOJIENH 3a30pa, IPHMEHEeHHe KOTOpoil Heob6X0auMo
H3-33 OTCEKAaTENs.

Jlns MopenupoBaHus JBIKYIINXCH OOBEKTOB B TAKOM CITy4Yae NPUMEHSETCS
6osnee cioxHas U MeHee 3GGbeKTHBHAS, YEM CKONB3AIIHE CETKH, TEXHOJIOTHA NO-
JBUXHBIX Tel. B 1aHHOM cnydyae moOBEpXHOCTh Tella [EPEMEILAETCS B IIPOCTPAH-
CTBE Ha KaXXJIOM 1lIare o BPEMEHH, a pacyeTHas CeTKa, IiepecekaeMas OBEPXHO-
CTBIO, TAKXKE Ha KAXKIOM Ilare nepecTpanBaercs. BEITECHEHHBIH 00BEM H3 sdeeK
nepepacnpesensercs o COCEIHHUM fYEHKaM COIJIacHO 3aKOHY COXPaHEHMS HM-
Iyynbca X Macchl. JlaHHAst TEXHOJIOIHs MOXKET OBITh COBMECTHO MCMOJB30BaHA C
Mozensio 3a3opa FlowVision, 4To sBiseTcs CylIECTBEHHBIM IPEUMYLLIECTBOM IIPH
PEILEHHH 3a1a4 TEeYEHHU ra3a B BUXPEBHIX TypOUHaX.

B TpeTtheii riaBe NpUBEfCHBI pe3yNbTaThl YHCIEHHOTO MOACTHPOBAHHA T'a-
30MHAMUYECKHX JHOIOB U BHXPEBOH TYPOHHBI C LIEJIBIO MPOBEPKH NPHMEHHMO-
CTH nporpaMMHoOro komriexca FlowVision 1is penieHns 3agayy TeueHHs rasa B
BUXEPBOM KOMIIpeccope.

I'eoMeTpHs H30THYTOrO JIOMATOYHOIO Ta30JMHAMHYECKOro IHOJA aHaiuo-
ruyHa pabodemy o6beMy BUXpeBOH TypOuHEL. Cpa3y nNpOBOANTH OTPabOTKY METO-
IWKH pacuera HEMOCPEeJCTBEHHO Ha MOJENIM BUXpEBOH TYpOUHH Obu10 6BI CiipmI-
KoM pecypcoeMko. Io 3To# npHyuHe nepBOHaYaIbHEIE pa3paboTKa U TECTHPOBa-
HHME€ METOAMKH NPOBOAMINCH HA MOAENH M3OTHYTOro ra3ofHHaMHYECKOro IMOAa,
CTPYKTypa TeyeHHus B koTopoM (PHc. 3) aHamornysa CTpyKType TedeHHs B pabo-
4yeM obbeMe BUXpeBOH TypOuHbL. Bepuduxanus Ttaioke MpoBOAMIACh U [UIA Ips-
Moro KianaHa. bsuin BbipabOTaHbl PEKOMEHJALMM 0 PAaCYETHOH ceTke, BHIOODY
rpaHMyYHBIX YCIIOBHSX M pa3MepaM pacyeTHOH obnacTH.

YucnenHoe ucciefloBaHHEe NBYX KOHCTPYKIMH ra3ofNHaMH4YeCKOro AHOAA —
NPAMOi ¥ U3OTHYTHIH AHOIBI — & TAKOKE CPaBHEHHE 3TOr0 MCCIENOBAHNA C JKCHe-
pHMeHTanbsHON npoayBKoit (Puc. 4) nokasano KOpPpPEeKTHOCTh H O0OOCHOBaHHOCTH
HCIONB30BaHHUs BHIOpaHHBIX MOJENEH, CETOK M METOIAMKH B LIEIOM. DKCHEPUMEHT
1o nmponyBke auonoB nposoguics Jlenexoit AWM. 8 MI'TY uMm. baymana. Kak mo-
KasaJli 9KCMEPHMEHTHl ¥ YHCIIEHHOE MOJEIUPOBaHHE, JUOJHOCTh M30THYTOro Ka-
Haja C PacrojIOXEHHEM JIONIATOK Ha BHELUHEM paiuyce Bhille, 4eM npamoro. Hc-
ClIeIOBAaHHE TEUEHHUs B ra3ofMHaMHYECKHX AHOJAX MMEET caMo mno cebe oTmenb-
HBI} IPAKTHYECKUH M Hay4YHbIH HHTEpPECHI.



-200 -100 0 100
4P, kNa

Puc.3. JIuauu TOKa B H30THYTOM AMOIE Puc.4. 3aBucHMOCTh pacxona Bo3-
Jlyxa OT nmepenana JaBJaeHHs.
wwemss - MOJEIHPOBAHHE
a» ws - IKCIIEPHUMEHT

IMpn anamu3e pe3ynbTaToB ObUIa DaHAa M NMPOBEpEHa PEKOMEHZALUA MO CO-
BEPIICHCTBOBAHHIO Ia30JHHAMHYECKHX THOAO0B. [IoTOK, BCTpeuas Ha CBOEM MYTH
NEPBYIO JIONATKY, MEPECKAaKUBAET HECKONbKO MOCHenyolux jonatok (Puc. 5 a) u
JIMIUB 3aT€M BOBJIEKAETCA B CIIMpaNeBHIHOE BHXpeBoe TeueHue. [lepBrie nonatky,
TakuM 00pa3oM, HE BHOCAT CBOH BKJIaj B BHXpeoOpasoBaHHe. BBeaeHue npensa-
pUTENBHON 3aKPYTKH Ha BXOAE (HampuMep, ¢ NOMOILBIO 3KCUEHTPHYHO PacIono-
’KEHHOT0 MOABOAAILETO KaHala, MePIeHAUKYIAPHOTO OCH JHOMA) MM CHEeLHATb-
HBI€ FEOMETPHYECKHE NTapaMETPhl MIEPBBIX JIONATOK ITO3BOJIAT HOBBICHTh YACIBHYIO
addexruBHOCTh Auoaa (Puc. 5 6). [IpensapurensHas 3aKpyTka MOTOKa nepexn JIo-
natkaMH ObUla NpUMEHEeHa B KOHCTPYKLMM TypOocTaprepa, pacCMOTPEHHOrO B
riase 4.

a)
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Puc. 5. Bexropa CkOpOCTH B IPAMOM JHOAE B 3aKPHITOM COCTOSTHHH:

a) ¢ 3aKpYTKO# OTOKa Ha BXoze; 6) 6e3 3akpyTKH IOTOKa Ha BXOJE



Jlng mpoBepKH NMPUMEHHMOCTH NPOTrPaMMHOTO KOMILIEKCA JJIS MOJEIHpO-
BaHMsl BHXPEBHIX TypOMH M JUIS OT/IaAKH METOAMKH pacyera BHXPEBBIX TYpOHH
TIPOBOAMIICS YHCIAECHHBIH SKCIIEPHMEHT MO HCCIICJOBAHHMIO TEUEHHS B BHXDEBOH
OHOCEKIHOHHO# TypOuHe (Puc. 6). CpaBHeHHe YHCICHHBIX PE3YNLTaTOB C 3KCIIe-
pHuMeHTOM, npoBeaeHHbIM B MI'TY um. baymana Cepreesnim B.H., npeacrasneno
Ha Puc. 7. Kak M B 3xcnepuMmeHTe, OBUIO MOJY4€HO, 9TO ONTHMANBHBIA yron
HAKJIOHA JIONATOK — 35 rpafycoB, ¥ YeM BBILIIE YaCTOTA BpAllEHHs, TeM 3P eKTHB-
Hee MCMOoJIb30BaHWe OONBILIEro yriia Hak/IOHA, YTO CBA3aHO C MEHBLIMM paccoria-
COBaHHEM HamnpaBjeHHs BUXPEBOrO ABHKEHHS II0TOKa B CBOOOJHOM M MeEXJIONa-
TOYHOM KaHajax. JIaHHBIH yron yCTAaHOBKH JIOMAaTOK ObUI HCHONB30BaH B KOH-
CTpYKLHH TypOocTaprepa, pacCMOTPEHHOTO B IJ1aBe 4.
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Puc.6. DxcriepumenTanpHas ogHocekuy-  Puc.7. Anuabarseiit KI1J] Typ6u-
OHHas BUXpeBas TypOuHa HBIl. DKCHEPUMEHTAIIHBIE H YHC-
JIEHHBIE Pe3yJIBTAThI

B yeTBepTOii raBe NPHUBOAATCA PE3yNBTATH CTAMOHAPHOTO MOZIETHPOBa-
HHS TPEXMEPHOH MOJENH BHXPEBOHW YETHIPEXCEKLUHMOHHOH TypOMHBI cTapTepa
(Puc.8) Ha HoMuHanbHOM pexcuMe. TypOuHa OblIa H3roTOBJIEHA U HeNbiTaHa M3
no pe3ynbraram paspaborok kadeapsl nopuHeBsx asurareneid MI'TY um. H.D.
baymana. B ocHOBY MeTOIMKH MOJEIMPOBAHUS JIETJIH NMPOBEPEHHBIE Ha ra30fi-

s

_S
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Puc. 8. Ceuenus Buxpesoro typbocraprepa
B npouecce MoaenupoBaHus TypOUHBI ObUT BBIpaboTaH Pl peKOMeHOAMH
IO ITOCTAHOBKE 3aJa4 U BHIIOJIHEHHIO pacueToB Bo FlowVision.



Potop u cratop o6pasyioT pacuerHyio obnacts cnoxuoi popmar (Puc. 9). C
OJXHO¥ CTOPOHHI IPOCTHIE H I'MIaJIKHE KPYNHBIE 00EMBI TOABOIALLIETO U OTBOASALIE-
ro KaHaJoB, a Taloke CBOOOAHBIN KaHall, C APYTroi — CJIOXHas OBEPXHOCTh pPOTO-
pa, 3arpoMoxeHHass OOJBIIHM KOJMYECTBOM TOHKHMX JonaTok. s monydeHHs
ONTHMANIBHOH Pa3MEPHOCTH PacYEeTHOH CETKH HEOOXOAMMO HCIONB30BaTh CPABHU-
TeNBHO IPy0yI0 HAaYaNbHYIO CETKY H JIOKAIbHYIO aNanTal{io 10 OBEPXHOCTH TO-
POMIAIBHBIX KaHAJIOB M JIoNaToK. BapuauT nocrpoenns pacueTHOH CETKM TpHBE-
neH Ha Puc. 10. B pesynsrare cepun craiMoHapHbIX pacdeToB Oblla noiy4eHa 3a-
BHCHMOCTH MOMeHTa Ha Bany JABC ot nepenana naejeHus Ha TypOune. Pesynbra-
THl MOJEIMPOBAHHS IOKA3alIM XOPOIIEEe COrNIacOBaHHE C IKCIIEPUMEHTAIBHBIMH
uccnenoBanusamMu (Puc.12). bonbmoi 06beM YHCIIEHHBIX IKCIEPHMEHTOB C BHXpe-
BO# TypOuno# B nporpaMmHoM kommtexce FlowVision nossonun chopmynupo-
BaTh pAl PEKOMEHIAUWM, HalpaBleHHRIX Ha MOBHILEHHE 3(MPEKTHBHOCTH 4YHC-
JIEHHBIX 3KCIIEPUMEHTOB H YNy4JlIEeHHE TOYHOCTH pe3yJIbTaTOB.

Puc. 9. F'eomeTprueckoe npeacTaBlIeHHe POTOpa U cTatopa (IpH BU3YyaIH3alluH
MOJIEJIH CTaTOpa HCTIONE30BAHB! IIOJYTIPO3PAYHbIE CTEHKH)

Puc. 10. PacuetHas ceTka Puc.11. Jluauu Toka B CEKIMH TypOUHBI

IMpu MozenupoBaHUH TYpOHHBI Ha HOMHHATBHOM PexHMe (mepenan nasiie-
uus nopsaaka 0,6 MIla), eciu cpasy 3agaTh HOMHHAJIBHYIO CKOPOCTH BpalllEHHA
pOTOpa, BOHHUKAIOT BHICOKHE I'PAIUMEHTH (GH3UUECKHX BENHYHH H YHCIEHHOE pe-
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HIEHHWe YpaBHEHHMit He CXOmMTCs. Tak Kak B CHIIy CIOXKHOCTH BHXPEBOTO TeUEHHA
(Puc. 11) He npexacTaBiseTcs BOSMOXHBIM 3a/laTh AOCTaTOYHO TOYHO HayalbHbIE
IpUOIHXKEHHs CKOPOCTH H JaBJeHHs BO BceM 00beMe, HeoOXOAMMO HauaTh pacyeT
¢ ITUIABHBIM H3MEHEHHEM YaCTOTHI BPAILlEHHd pOTOpa € HYJIA A0 HOMHHAIBHOTO
3HaYeHHs, HanpyuMmep:
{i <100: n=1i-6000/100
i >2100: n=6000 ' 5)

rje i — HoMep TeKylleil HTepaly, N — CKOPOCTh BpallleHus 06/MHH.

g > Bo FlowVision nokansHOoe H3MEIbYECHHE
& 600 CEeTKH IO MOBEPXHOCTH POTOPa OCTAETCH,
J 500 Ja)ke eClIH MOBEPXHOCTH pPOTOpa B MpO-
T 400 uecce BpallieHWs IOKHHYJA IIPOCTpaH-

CTBO H3MCIIbYCHHBIX (npoa,uamnposaﬂ-

[

; 200 =5 VoD Vit HBIX) sf4eeK. J[is ux yKpymHEHHs C Le-

3 100 JIBI0 DKOHOMHUH CETKH BO3MOXHO IpH-

é 0 MEHATh AaBTOMATHYECKYI0 aJalTalHuIo
o 0.2 0.4 06 08  cerku THma «cautue». OmXHAKo OBUIO ITO-

PR Antnanng, D Ka3aHo, YTO TIpUMEHeHHe Takoi aganTa-

Puc. 12. CpaBHeHHE SKCNEPUMEHTA U pyy IIPMBOJMT K GOMBIIEMY PACXOLY Bhl-
HHCICHHOT0 MOJCIHPOBAHHA YUCIIUTENbHBIX PECYPCOB, YeM IIpHMEHe-

HHe€ U30BITOYHOTO H3MEJIbYEHHS CETKU Ha
BCEM IIYTH CJIENOBAHHUS POTOpA.

B pesynbrare pacyeTHasi ceTka HaCYMTHIBAIA MOPAAKA 5 MWLIHOHOB SYEEK.
JIns BEIUHCIIEHHS C TAKHM KONH4ECTBOM sueek Tpebyercs Gonbioil o6bemM onepa-
THBHOM NaMSATH, HEJOCTYMNHBIN HA OOBIYHBIX KOMIbIOTEpax. Bce unciaenHrie skc-
HEPHUMEHTH! NPOBOAMIIMCH Ha CyNepKOMNbioTepe «JIOMOHOCOBY BBIHHCIUTENBLHOTO
kommiekca MI'Y. BaxkHBIM JJOCTOMHCTBOM CYNIEPKOMITBIOTEPOB SBJISETCS HE TONb-
KO BO3MOXHOCTB pelliaTrh 3aJayd OOJbIIONH pa3MEpPHOCTH, HO U BO3MOXHOCTb 3a-
MyCKaTh OJJHOBPEMEHHO MHOXECTBO 33/1a4 CPeHEeH pa3sMEPHOCTH OJHOBPEMEHHO.
Bbrl10 npoBeneHO MHOXECTBO YMCIEHHBIX 3KCIIEPUMEHTOB M ONpENCIcHBl ONTH-
MaJIbHBIE ITapaMeTphbl 3allycKa peniatened H HacTpoek mpoekrta Bo FlowVision mist
IOCTHXEHHS MAaKCHMaIbHOH 3(p()EKTUBHOCTH PEIICHMs 33/1a4 TeYEHH ra3a B BUX-
peBbIX TYpOHHAX C HCIIONb30BaHHEM HMEHHO CYIIEPKOMIIBIOTEPOB.

B nsaToii riase paspaboraHa METOAMKAa AWHAMHYECKOTO MOAENMPOBAHHA
CHCTEMB! JBUraTeIb-CTapTep Ha npumepe asurarens SIM3-8421, B koTopoM anex-
TpocTapTepHas cucreMa Oblia 3aMeHeHa Ha ITHEBMOCTApPTEPHYIO C BUXPEBOH Typ-
61HOM.

CpenHuit MOMEHT CONPOTHBIICHHS BHraTels B [IpoLiecce ITycKa MpencTaB-
JISIETCS B BUJIE HECKOJIBKUX COCTaBJIAIOLIMX:

MC.C[) = Ml‘.Cp + MT.Cp’ (6)
rae Mc.cp — cpefiHHi MOMEHT CONPOTHBIEHUS, Mr.cp= CpelIHHii MOMEHT ra30BBIX
cui, MT1.cp- cpeIHMH MOMEHT TPEHHUA.

Mr.ep = 390 V4 (e + 6V5), @)
10



rae 390 — pasMepHEIi ko3(duumenT, kr/(c*m); Vy — pabounii 0b6veM, € — creneHn
CKaTHA, & — K02OOHIHEHT HEPABHOMEPHOCTH BPAlLIEHHS.

MOMEHT CHJI TPEHHA CYIIECTBEHHO 3aBHCHT OT CTENEHH HM3HOCA AeTanel
JBHIaTeNd, OT TOYHOCTH H3TOTOBJICHHS JETANeH H OT MHOXECTBA IKCILTyaTallHOH-
HBIX (akTopoB. B pabore Ksaiita C.M., Mennenesnua SI.A. 1 Umxxosa FO.I1.
«ITyckoBhIE KayeCTBa M CHCTEMHI ITyCKa aBTOTPAaKTOPHEIX aBHrareneit» (M.: Ma-
muHocTpoenue, 1990. 256 c.) npeanaraercs cnenywomas GpopMyna, KoTopas X0-
POIIO COTTIACYETCS C 3KCIEPHMEHTANbHBIMM AaHHBIMH:

Mrcp = KA Vapvar(1 +5), ®
rae K=1-1.2 — xo3dpuuneHT, oTpaxkaronnii NOTepH Ha NPHUBOL Arperaros, A —
MapamMeTp, OTPaKaOUIMHA  KOHCTPYKTHBHBIE  OCOOEHHOCTH  KPHBOILHITHO-
IHaTYHHOTO MEXaHM3Ma H LMIIHHAPO-IIOPLIHEBOH TPYMNIIBl, V — BA3KOCTh Macna,

OCP — CPeHsAA HAa LMK YacTOTa BpallleHHs KOJIEHYaToro Bana, & — Ko3¢QQULHEHT
HEpPaBHOMEPHOCTH.

1 Hyhy 1(@>3M+_2_<ﬁ>3 by Dy &
lpn Du Du lpm Du dm hn wK Du dKZLl h-n :

IJic Y — OTHOCHTENILHBIE 3a30pH MEXY I00KOH HODIIHA M LWIMHIPOM, B LIATYH-
HBIX H KOPEHHBIX TOAIIMIHHKAaX KOJleH4yaToro Bana, h, — xon nopuss, D, — aua-
Merp wwinHapa;, H, — BeicoTa nmopuiHs; d — AHAMETPhl KOPEHHKIX H LIATYHHBIX
IIeeK; Z — YHCIIO UHIHHAPOB; | — JINHBI KOPEHHBIX M IATYHHBIX ILEEK.

B dopmyny MomeHTa TpeHus (8) BXOOMT BA3KOCTE. [IpH 3TOM Yy MOTOPHBIX
Macen BA3KOCTb MEHSAETCS B OYEHb IIHPOKHX IMpefeNnaX B 3aBUCHMOCTH OT TeMIie-
paryphl. B Hayasie IpOKpy4YHBAaHHH KOJIEHYATOTO Bajla MOMEHT CHJI TPEHHS Pe3KO
BO3pACTaeT, 3aTEM YMEHBLIAETCA U MOCTENEHHO CTabMIN3NpyeTcs Ha OonpeneneH-
HOM YpOBHE, 3aBHUCAIIEM OT YCTAaHOBMBILEHCA YaCTOTHI BpalleHHsA H BA3KOCTH
Mmacia. [Ipu 9ToM, B 3aBUCHMOCTH OT BS3KOCTH, IOJIYYalOTCS CyLIECTBEHHO pa3HbIe
MOMEHTHI COMPOTHBIEHUS.

Tennota, BeLAEIAIOMAACA B MOIINITHUKE 32 OECKOHEYHO MaJTbIH MPOMEXY-
TOK BpeMeHH dt , BHIpaXKaeTcs 4epe3 MOMEHT CHJl TPEHHS B JBHUTaTele:

dQmp =M de = Mw dr, (10)
rae M — MOMEHT CHJI )MIKOCTHOTO TPEHUs B MOALIMITHUKE, H*M.

YBenuueHHe TteMmeparyphl (6e3 ydera Telonmepeiaud B OKPYKAIOLIYIO
cpeny):

dT =

dQ 2Mwdt (11)
My Cypmd?lyp’
€ C,— YHENbHAs TEIIOeMKOCTh Macia; m,=pmd’ ly/2 — Macca Macia Mexmy
TPYUIUMHCS NOBEPXHOCTAMH.
ITpn pacyere M3MEHEHUs TeMIIEpaTyphl Macia HEOOXOIMMO TAKXKE YYHTHI-
BaTh TEIUIOOOMEH ¢ Okpyxaromieif cpexoit. Torma Ha HarpeB Maclla TPeHHEM B
TMOAIIHUITHHUKAX NPUACTCA CICAYIOIIEC KOJTHYCCTBO TEILIOTHI:

Qu= QTp - Qp . (12)
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W3MeHeHue TEIUIOTH, OTIABaEMOMH B OKPYXAIOMIYIO CPELy MOXKHO BBIPasHTh
yepe3 KOIPOUIHMEHT TENIOOTAAYH O, Pa3HHIy TEMIIEPATYpP OKpYXKalouiei cpemsl
To u macna T u miowa b NOBEPXHOCTH TEILTOOTAAYH S:

dQ, =a(T—T,) Sdr . 13)

Tora KOMHYECTBO TEIUIOTHI, 3aTpayHBacMoe Ha Harpes Macia:

dQ, = Mw — a (T —T,) S) dr. (14)

INpupanenne TemnepaTyps! 3a Bpems dt:

IF'= 2Mw — a (T —T,) S)dr (15)
- cypmd?ly

JUis 3neKTpoCcTapTepHBIX CHCTEM CYILECTBYET IMIMpHYecKas Gopmyna, OT-
paxkaiolas xapakTep H3MEHEHHs CKOPOCTH BpallleHHs KOJIEHYaToro Bana B 3aBH-
CHMOCTH OT 3JIEKTPOMEXAHHYECKOH ITOCTOAHHOH CTapTEpHOIO 3JEKTPHYECKOTO
npuBoga. g TC cucteM He cylecTByeT cToib 60raToii sKCrepMMEHTaNbHOM Oa-
3bl M pacueT U3MEHEHHs BA3KOCTH Maclia B Npoliecce Imycka He0OXOAHMO BRINOJ-
HATb OJHOBPEMEHHO ¢ ra30JHHAMHYECKHM pacuyeToM BpallleHHsd poTopa Typbo-
craprepa. B atoM ciyyae dt — miar o BpeMen B CFD komiuiexce, MTp —~ paccun-
ThIBaeTcs no Qopmyse (8) s mpenplxyliero mara no BPEMEHH, ® — CKOPOCTh
BpalieHus konenyaroro Bana, dT paccuutsiBaercs no ¢popmyne (15). Jns HoBoro
[ara no BpeMeHH MTp paccuuTHIBaeTCst HCXxols U3 npupaiieHus dT (1 cooTBer-
CTBEHHO NpHpallleHUs BA3KOCTH Macja) Ha NpeAblAylleM Liare 1o BpemeHd. Ha
Puc.13 mpuseneHa cxema pa3pabGoTaHHOH METOAWKH MOZLENHMPOBAHHS CHCTEMBI

«aBHUrarens-rypbocraprep» ¢ Hc-

nojap3oBanueM FlowVision.

YucnenHoiit pacuer
TeueHun rasa 8 TypbuHe m AnanuTyeckuii pacyer dT BBIHO IIpOBe,IIeHO MoLOenu-
R POBAHNE CHCTEMBI BUXPEBOH Typ-
‘a 6ocraprep — pnBurarens SIM3
Vs 8421. CpemHHif MOMEHT COIpO-
Vs, TUBJIEHUS TIPUBOAWICA K Baly

k £, g 7 AHaNWUTYECKMit pacveT

MTp. TypOMHHL H  3aJaBaJicdi  BO
FlowVision kak MOMEHT BHeIII-

Puc. 13. DneMeHTapHbI#H MKI MeTOa MOie- ~ HHX CHIL MowmeHT nHepLMH ABU-
JIMPOBAHHs JUHAMHYECKOH CUCTEMBI «aBura-  [aTC/Ll NPUBOAWICA K OCH TypOu-

Tenb — Typ6ocTapTep» Hbl M J100aBIANCA K MOMEHTY
HHEPIHMH BpALIAIOIKMXCA yacTel

Typ6ocraprepa. CkopocTh BpallleHHs poTopa TypOHHBEI 3aJaBalach He MOCTOSH-
HOM, a MEHs1ach NOX AeHCTBHEM THAPOAUHAMHUYECKHUX CHJI B IIpOLiecce pacyeTa BO
FlowVision. Temneparypa okpyxarwlueil cpexsl M Macia 3aaBajach paBHOM
273 K. Ha Puc. 14 mpuBeneHa COOTBETCTBYIOLIAs 3aBHCHMOCTh YacTOTBI Bpallie-
HHA poTopa TypOUHBI OT BPEMEHH.

ITynktpom Ha Puc. 14 nokasaHa MUHMMaJIbHas 4acTOTa BpallleHHs poTopa,
HeoOxonumMas Juis HaJexHoro mycka asurareis SIM3 8421. Takum obpazom, npo-
J€MOHCTPHPOBaHa BO3MOXKHOCTh Nycka Asuratend SIM3 8421 ¢ nomoiupio BUXpe-
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BOro nmuesMo-Typ6ocraprepa. Ha PHc. 15 nokasano u3sMeHeHHe cpelIHEro MOMEHTa
CONPOTHBJICHH CHJI TpeHHMs. B HauansHEIH MOMEHT BPEMEHH IPH TEMIEpaType
macna 0C cpeanuii MOMEHT CHJI TpEHHS GBICTPO BO3PAcTaeT B CBS3H € POCTOM Ha-
CTOTHI BpPalllCHHA Baja. 3aT€M POCT 3aMELNISEeTCS M OCTAHABIMBAETCH, T.K. HAUHHA-
€T MpPOrpeBaThCs MAclo, COOTBETCTBEHHO MaNaeT BA3KOCThb. T.K. KpMBas 3aBHCH-
MOCTH BS3KOCTH OT TEMIIEPATYPhl Y Mac/ia HMEET CYIIECTBEHHO HENHHEHHbIH Xa-
PaKTep, MOMEHT CONMpPOTHBJIEHMSA HAYMHAET CHMXKAThCH, & CKOPOCTh BpAlLiEHHS
6bIcTpO pacrer.
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Puc.14. IameHeHue uacToTh BpamieHuss  Puc. 15. i3MeHeHre MOMEHTA CHIT CO-
poTopa TypOHHBI MIPOTHBJICHUSA TPEHHs, NPUBEAECHHOTO K
ocH TypOHHB

B ciyuae, ecni KOHCTPYKTHBHBIE, TEXHONOIHYECKHE U MTPOYHOCTHEIE TpeGOo-
BaHMS MO3BOJISIOT BAPbUPOBATh BEJIMUMHY 3a30pa B MOAUIMITHUKAX, UX JUIMHY M
IUaMeTp, MOXHO YYHTHIBaTh MX NOJIOXKEHHe B 3HaMeHarene dopmynsl (15) mpu
NpPOEKTUPOBAHUH JBHrareis. YMEHbUIEHHE WX 3Hau4eHHH MO3BOIHT YIy4LIMTh
MYCKOBHIE KaueCTBA ABUTraTeNs.

OCHOBHBIE BbIBO/IbI

1. Pa3zpaGoTaHa MeTOAMKA JUI YHCJIEHHOTO pacdyera BUXPeBOH TYpOHMHEI C MOMO-
mplo nporpaMmMHoro komiutekca FlowVision. [lanel pekoMeHDauMu MO
HACTpOHKE MaTeMaTH4YeCKOi Moaeny, BEIOOpY pacyeTHOH CETKH, CrieLHalbHBIX
MoOJIeIell W [apaMeTpaM pacueTa Ipd 3allycKe Ha CynepKoMnbloTepax. Peko-
MeHJIalUH MO3BOJISIOT BHINOIHATH MOAENHPOBaHHE, MAKCHMANBHO 3P (HEKTHBHO
HCIIOJIB3Ys PeCYPCHl BEIYMCIIUTENBHBIX KOMIBIOTEPHBIX KIaCTEPOB M PyHKIHO-
HaJbHBIE  BO3MOXHOCTH  OTEYECTBEHHOTO MPOrPaMMHOI0  KOMILIeKca
FlowVision.

2. Meronuka NpoTECTHPOBAaHA Ha 3aJavyaX TEYEHHSA rasa B ra30JUHaMHYECKOM
JIONIaTOYHOM JTHONE, KOTODEIH SABJIAETCS MOJENbI0 BUXpEBOH TYpOHHHI ¢ Hemo-
JIBIDKHBIM pabouuM kosiecoM. [IpeanoxxeHo U 00OCHOBAHO YHCIIEHHBIM JKCIIe-
PHMEHTOM KOHCTPYKTHBHOE M3MEHEHHUE ISl MOBBILEHNUS 3P HEKTHBHOCTH JHO-
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na. Tloka3aHo xopolliee COIJIacOBaHHE PE3YJIHTAaTOB PAcueToB C KCIEPUMEH-
TAIBHBIMH JAHHBIMH.

3. JlaHHaa MeTOMKA MPOTECTHPOBAHA HA 3ajlaue 0 paboTe BUXPEBOM OMHOCEKIH-
oHHO¥ Typbunbl. [lokasaHo xopoiliee coracoBaHHe pe3yJbTaroB pPacuyeToB C
JKCIIEPUMEHTANBHBIMI NaHHbIMH. [lo/lydeHHbIE 3aKOHOMEPHOCTH MOATBEp-
JJIAI0T BHIBOABI OKCIIEPHMEHTA M JEMOHCTPUPYIOT BO3MOXXHOCTh NPHMEHEHHSA
pa3paboTaHHO#H METOMUKH JUIA JOBOAKH BUXPEBBIX TYPOHH.

4. TlpoBeneHo YuCNEeHHOE MOJETUPOBaHHE pabouero mpouecca YeTEPeX CeKIHOH-
HO#H BHXpeBOH TypOMHBI Ha cynepkomIbioTepe «JIOMOHOCOB», CIIPOEKTHPO-
BaHHOW /LIS HCMOJIb30BAHMS B COCTaBE NIHEBMATHYECKON CTapTEPHOH CHCTEMEI.
TTpoxeMOHCTPHPOBAHO XOpOLlIEE COITACOBAHHE C KCIIEPUMEHTOM M IOKa3aHa
NPUMEHUMOCTh Pa3pabOTaHHOH METOMUKH JUI MOIENUPOBaHHS BUXPEBOH Typ-
OMHBEI Ha HOMHHAJIbHOM PEXHMe, COOTBETCTBYIOIIEM TPEOOBAHMSIM HANEKHOTO
nycka.

5. PazpaboraHa MeTomMKa MOJEIMPOBAHMS JUHAMHYECKOH CHCTEMBI «IBHIraTeib
— typboctaprep». [IpennoxeHHas METOOHKAa IO3BOJIIET MOJENMPOBATH MPO-
necc nycka JIBC nHeBMaTH4ecKHM BHXPEBBIM TypOOCTapTEpOM U APYTHMH TH-
NaMH NTHEBMAaTHYECKHX CHIIOBBIX YCTaHOBOK. MeTonHka MOXET OBITh HCIIOb-
30BaHa I yJy4lleHHs MyCKOBBIX Ka4eCTB KOHKPETHBIX JBHTArelNei u TypOo-
CTapTEPOB Kak 110 OTAEIBHOCTH, TaK U B CBSA3KE.

6. Meronuka MofeTHpPOBaHHA TUHAMUYECKOH CHCTEMBI peali30BaHa C TIOMOIIBIO
nporpaMMHOro xomiuiekca FlowVision ¥ npoBeeHO MOJENHpOBaHHE MycKa
neuratens SIM3 8421 ¢ NOMOILBIO YETHIPEXCEKLUMOHHONW BHXPEBOH TYPOHHEI.
IIponemoHcTpHpOBaHa NPHUHIMIIMATIBHAS BO3MOXKHOCTD ITyCKa JBHIraTess C Mo-
MOLLBIO0 BUXpeBOro Typbocraprepa. MUHHMAaIIbHAs MyCKOBas YacTOTa JOCTUra-
erca craprepoM 3a 0,9 ¢, MpU 3TOM MaKCHMAIbHBIH MOMEHT CONpPOTHBIEHHS
asurarens pocruraer 550 Hm. Ilomydennsie pe3ynabrarsl 6yQyT HCIOJIB30BaHbL
IUIA NIOCAEAYIOILEH TOBOAKH KOHCTPYKLUM TypOocTaprepa.
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