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C. B. MEJIAIIMY

PEINEHUE OBPATHBIX 3AJIAY 'A3OANMHAMMUKMU ITIJIOCKUX
KOMIPECCOPHBIX PEHIETOK HA OCHOBE YACJIEHHOI'O
MOJAEJIUPOBAHUA TYPBYJIEHTHBIX TEHEHUN

B Hacrosmeid pabote npezncraBieHa METOAMKA peLIeHHs OOpaTHBIX 3a/1a4 ra30JMHAMHUKH IUIOCKHX KOM-
IIPECCOPHBIX PEIICTOK Ha OCHOBE YHCICHHOTO MOJESINPOBAaHUS TypOyIeHTHBIX TedeHHH. [laHHast METOMKA OCHO-
BaHAa HAa NPUMEHEHMH METOJa MOMCKA KBa3HPELICHHH K pelleHHIo oOpaTHOH 3amaun. B stoM ciydae penrenue
0o0paTHOi 3a1a4K CBOJHUTCS K PELICHUIO 3aaull MOMCKA INI00AIbHOr0 IKCTpEeMyMa HEKOTOPOil LeaeBoil QyHKIUH.
IMapamerpuueckoe onucanue (HopMbl IPOGHIEH PEIICTOK BHIIOIHEHO ¢ HCIOIb30BaHHEM OPUTHHAIBHOTO CIOCO-
0a, OCHOBaHHOTO Ha NPHMEHEHHU KpUBBIX be3be U cucTeMsl rmaakux BEITYKIBIX (yHKnui Xukca—Xenne. Ipu-
MEHEHHUE JJAHHOTO C1oco0a I03BOJISIET BapbUPOBATh FEOMETPHYECKUE TAPAMETPhI PELICTKH B ITMPOKOM JHANa30He
C HCIIOIb30BaHUEM CPAaBHUTEIBHO MAJIOTO YHCIIa BAPHPYEMBIX TapaMETPOB H COXpaHEHUEM (DH3UUECKU pealnsy-
eMoro KoHTypa mpoduis. Pacder meneBoil GpyHKIIMH BEHIIONHAETCS ITyTeM MOJENUPOBAHUS TEUCHHS HAa OCHOBE
YUCJICHHOTO MHTETPUPOBAHUS CHCTEMBI OCPEIHEHHBIX ypaBHeHnH HaBbe—CTOKCa, 3AMKHYTBIX C IOMOILBIO OJIHO-
napameTpudeckoil Mozxenu TypOynenTHocTr Cranapra—AiMapaca. [l moucka SKCTpeMyMa LeIeBoil (pyHKIHN
MIPUMEHSIeTCS THOPUIHBINA TeHeTHUEeCKUH anropuTt™. PazpaboTanHas MeTOAMKA MO3BOMSET ONPEENIATh TeOMETPH-
4eCKHe MapaMeTpsl 110 3aJaHHOMY PacIpe/ieICHHUIO IaBJICHHs 10 00BOJY HCKOMOTO MPOQUIIL, a TAKXKE 10 3a1aH-
HBIM HHTETPAJIbHBIM a3POJUHAMHYIECKAM XapaKTePUCTHKAM pemeTki. OHa Takoke MOXKET OBITh HCIIOIb30BaHa JULSL
penreHns 3ajad a’dpoAMHAMUYECKOH ONTUMHU3AaLMH KOMIIPECCOPHBIX pemieTok. Kpome Toro, maHHas MeTORUKa
MOJKET OBITh JICTKO aJJalTUPOBAaHA K PEIICHHUIO aHAJOINYHBIX 33/1a4 B TPEXMEPHOIT II0CTaHOBKE.

V naHiif poGOTi IPEACTaBICHO METOAUKY PO3B'I3aHHS 00EPHEHHX 3a/1ad ra30JMHAMIKH INIOCKUX KOMIIPECO-
PHUX PELIITOK Ha OCHOBI YHCEIBHOTO MOJICIIIOBAHHS TypOYyJICHTHHX Tediil. JlaHa MeTo/MKa IPYHTYEThCs Ha 3aCTO-
CyBaHHI METOIy MOLIYKY KBa3ipo3B’ 3Ky 10 pO3B’si3aHHs 00epHEHOT 3a1a4i. B pe3ynbrari po3s’s3aHHs 00epHEHOT
3a/1a4i 3BOAUTECS O PO3B’I3aHHS 3aadi MOIIYKY II100aIbHOTO eKCTpeMyMy Aesikol winboBoi ¢yHkuii. [Tapamer-
puyHUiA onuc GopMu MPOdiNiB PEUITOK BUKOHAHO 3 BUKOPHCTAHHSIM OPHUTIHAIBHOTO CIOCO0Y, 3aCHOBAHOTO Ha
3acTocyBaHHI KpuBHX be3’e 1 cucremu riagxux omykimmx GyHKIiH Xikca—XeHHe. 3acTOCyBaHHS JJaHOTO CIOCO0Y
JIO3BOJISIE BapiroBaTH TeOMETPHYHI IapaMeTpU PElIiTKH B IIMPOKOMY Jiala3oHi 3 BUKOPHCTAHHSIM IIOPiBHSHO
MaJoro YMciia BapifioBaHUX mapaMeTpiB i 30epexeHHs M (Hi3HIHO peai3oBaHOr0 KOHTYPY Hpodiio. Po3paxyHok
IIb0BOT (YHKII{ BHKOHYETHCS IIUIIXOM MOJETIOBAHHS Tedil Ha OCHOBI YHCEIBLHOTO IHTErPyBaHHS CHCTEMH OCe-
penHeHux piBHAIHb Hap'e—CToKca, 3aMKHYTHX 32 JJOIIOMOI'OI0 OJHOIIApaMETPHYHOI Mozeli TypOyinenTHocTi Cria-
napra—Amnmapaca. [l TOIIyKy eKCTpeMyMy WiiboBOi (DYHKIii 3aCTOCOBYETHCS TiIOPUAHUIT TeHETHYHUI anro-
putM. Po3pobiena meronuka N03BOJIsIE BH3HAYAaTH EOMETPHYHI MapaMeTpH 3a 3aJaHHM PO3IOIIUIOM THCKY IO
00BOJLy IIYKaHOTO IPOdITIO, a TAKOX 33 33laHUMHU 1HTETrPaJIbHIMH aepOIHMHAMIYHUMHA XapaKTePUCTHKAMH PeLiT-
ku. BoHa Takoxx Moke OYTH BHKOpHCTAHA I PO3B’SI3aHHS 3a[a4 aepoJMHAMIYHOI ONTHUMI3alii KOMIPECOPHUX
pemritok. Kpim Toro, n1aHa MeTozyka Moxke OyTH JIETKO aIalTOBaHa JI0 PO3B’sI3aHHS aHAJOTIYHUX 3aJa4 B TPHBHU-
MipHiil TOCTaHOBII.

This paper presents a technique for solving inverse problems in gas dynamics of flat compressor cascades,
based on a numerical simulation of turbulent flows. This technique is based on the application of quasi-solutions
searching method to the solution of inverse problems. In this case the solution of the inverse problem is reduced to
solving the problem of finding the global extreme of some target function. A parametric description of the shape of
cascade profiles is made using an original method, based on the Bezier curves and the system of Hicks — Henne
smooth convex functions. The application of this method makes it possible to vary the geometric parameters of the
cascade in wide ranges by means of a relatively small number of variable parameters and the preservation of the phys-
ically feasible profile path. The calculation of the target function is performed by simulating the flow on the basis of
the numerical integration of the averaged Navier—Stokes equations which are closed by means of the Spalart-
Allmaras one-parameter turbulence model. A hybrid genetic algorithm is used to find the extreme of the target func-
tion. The technique proposed allows the determination of the geometrical parameters of the cascade for a given pres-
sure distribution on the contour of the desired profile as well as from given integral aerodynamic characteristics of the
cascade. It can also be used to solve problems of aerodynamic optimization of compressor cascades. In addition, this
technique can be easily adapted to the solution of similar problems in the three-dimensional formulation.

Karwuesble cinoBa: Koumnpeccopnas peuwiemxa, oopamuas 3a0a4a 2a300uHa-
MUKU, AIPOOUHAMUYECKUE XAPAKMEPUCIMUKU, 2eOMemPUdecKue napamempul pe-
wiemxu, pacnpeoenenue oasnenus, ypasuenus Hasve—Cmokca, eenemuueckuti ai-
20pUmM.
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BBenenne. CoBepIIeHCTBOBAaHHE KOMIIPECCOPOB ABHALMOHHBIX TI'a30TypOWH-
HBIX JBHUTATEJIeH JleNaeT aKTyallbHOW pa3paboTKy 3QQEeKTUBHBIX METOAOB U METO-
UK a’pOJMHAMHUYECKOTO MPOSKTHPOBAHUsI JIOMATOYHBIX BEHIIOB KOMIIPECCOPOB.
AsposmHaMHUECKOe MPOSKTUPOBAHME JIOTIATOYHBIX BEHIIOB IPEJCTABISET COOOM
CIIOXHBIH MHOTOITAIHBIA MPOIIECC, OAHUM U3 OCHOBHBIX TAllOB KOTOPOTO SIBIISIET-
csl peleHne oOpaTHON 3a/1a4M Ta30IMHAMUKHA KOMITPECCOPHBIX BEHIIOB B IByMep-
Hoit moctaHoBKe [1]. Tlox ee pemieHneM MOHHMMAETCsl ONpEETICHHE TeOMeTpUYe-
CKHX IapaMeTpOB PEUICTKH NMpOoQHiIe, TeYeHHEe B KOTOPOH yIOBIETBOPSIET 3a1aH-
HBIM MapaMeTpaM MOTOKa. Y YHTHIBasl PEKUMBI pabOThl COBPEMEHHBIX KOMITPECCO-
POB, B Hacrtosmeil paboTe paccMaTpUBAaeTCs BO3MOXHOCTH pelIeHus oOpaTHON
331241 JUTS PA3IMIHBIX PEKUMOB TCUCHHS.

Pa3paboTka Hay4yHO-METOAMUYECKOTO OOECTIeUeHHMs Uil pelleHus NaHHOHU 3a-
Jauu TpeOyeT MPUMEHEHUSI METOI0B YHCICHHOTO MOJCTUPOBAHUS TPAHC3BYKOBBIX
ra30BBIX TEUCHHUH, MapaMeTPHUUECKOTO OIMMCAHUS TOBEPXHOCTEH MEXKIIOMAaTOYHBIX
KaHaJIOB KOMIIPECCOPHBIX BEHIIOB, a Takke 3(P(EKTUBHON CTpaTeTruH, yIpaBIIsio-
el XooM perieHust o0paTHo# 3agaun. CieqyeT OTMETHTh, YTO pelleHne oopart-
HOM 3aaa4y, Kak IIpaBUJIO, CBA3aHO C 6OJH)HH/IMI/I BBIYUCIUTCIbHBIMU 3aTpaTaMu,
9TO COBMECTHO C BHICOKHMH TPEOOBAHUSIMH K SHEPTETUIECKUM XapaKTePUCTHKAMHI
COBPEMEHHBIX KOMITPECCOPOB MPUBOIUT K BHICOKUM TPEOOBAHHAM K 3PPEKTHBHO-
CTHU NIPUMCHACMBIX METOJI0B U MOI[CHCI\/'I.

HecmoTtps Ha TO, 94TO Ha CErONHSAMIHNI A€Hb CYIIECTBYET 3HAYUTEILHOE YHC-
70 MyONUKaIMi, MOCBAIICHHBIX PEHICHHIO OOPAaTHBIX 331a4, B COOTBETCTBYIOLIHX
MCTOAUKaxX MUCIIOJIb3YIOTCA J]I/I6O YHOPOIIECHHBIC MOACTIN TCUCHUA (HaHpI/IMep, MOJ€-
JM WaeanbHOro rasa [2, 3]), 100 TakoBble METOMUKH MPEICTABISIOT COO0M ompe-
JeJICHHBIE «HOY-Xay» W TOJHOCTBIO KOMITAHUSIMH-pa3paboTINKaMH HE PacKphIBa-
forcs [4, 5]. B cBsI3u ¢ 3TUM MpeACTaBIsSeTCs IeiecoobpasHoit pa3paboTka cob-
CTBEHHBIX 3()(DEKTUBHBIX METOAMK pEIlIeHHsT 00paTHBIX 3a7ad, OCHOBAaHHBIX Ha MO-
JIENIAX TeUeHHU BBICOKOTO YPOBHS (Harmpumep, cucreMe ypasHennid HaBre—CTOKCa)
Y COBPEMEHHBIX MOJXO0/AaX K UX peain3alnuu. TakuM o0pa3oM, LeIbi0 HACTOSIIEH
paboThI SABIIAETCS pa3pabOTKa METOUKU PEIICHUs] OOPAaTHBIX 33J1a4 ra30AMHAMUKA
TUTOCKHAX KOMITPECCOPHBIX PEIIETOK Ha OCHOBE YMCIEHHOTO MOJEIHPOBAHUS TYyp-
OyJCHTHBIX TEYCHHH.

IlocTanoBka KiIaccH4ecKol 00paTHO 3agauM ra3oAMHAMMKH KOMIIpec-
COpHBIX pemieTok. [lycte Q,F — merpuueckue npocrpancta. Oneparop A oT-
paxaer F Ha Q wu mpexacraBisieT coOoi penieHue mpsiMoit 3agaun. [loctanoBka
00paTHOIi 3a1a4n B 00IIEM BUJIE BBITJISIIUT KakK 3aja4a pelieHus: ypaBHeHus [6]

Az =q 1)

oTHocuTenbHO Z,TAe € Q, zeF.

OnvH 13 BO3MOKHBIX BAPHAHTOB IIOCTAHOBKM OOPATHOM 3a1a4yM Tra30AnHAMU-
KM KOMIIPECCOPHBIX PELIETOK MOApa3yMeBaeT Ceayommi BiI npaBoi yactu (1)
\
)

a=(M1, B, o pE)p;) @)

rae M, —uaucino Maxa Ha BXojzie B pelleTKy; [3; — yroia BXoja HOTOKa B PELIETKY;

*
G — I'yCTOTa pCHICTKHU, p(S)/ pl — pacipeaciCHnue qaBJICHUA, OTHCCECHHOC K I10JI-
HOMY IaBJICHUIO HAa BXOI€ B PCHICTKY.
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Hckomoe pemenne 3amaun (1) mpeacraBinsier co00it HAOOp reOMETPHUYECKUX
[apaMeTpOB PEHIETKH, TCUYCHHE B KOTOPOM YIOBIETBOPSIET yCIOBUsIM (2).

Jlnst pereHust MoCcTaBICHHOM 3a1auk y100HO BOCIIOIB30BAThHCS METOIOM IO~
6opa kBasupereHus [6], KOTOPbI COCTOUT B cieayromeM. JIjist 21eMEeHTOB Z He-
KOTOPOTO Harepe] 3aJaHHOro IOAKIAacca BO3MOKHBIX permenuit M (M < F)
BBIUMCISIETC AZ , T. €. pelraercs mpsiMas 3a1ada. B KadecTBe MPHOIMKEHHOTO
pelIeHHs BBIOMPACTCs TAKOI AEMEHT Z; U3 MHOXecTBa M , Ha KOTOPOM HeBs3Ka

pQ(AZ, () OCTHTaET MHHEMYMA.

IIpumeHeHre MaHHOTO TMOAXOJAa MOApa3yMeBaeT HEOOXOJUMOCTh PEIIeHUS
CJIETYIOIUX M0/13a1a4:

- oTpezieNIeHHE MOIKJIacca BOBMOXKHBIX pemeHnit M ;

- pelleHue nNpsiMoit 3ajauu;

- OpraHU3anys Mpolecca MONCKa MPUOTMKEHHOTO PEIISHUS.

Omnpenesnenne MoakjIacca BO3MOKHBIX pemeHuid. [lonkmacc BO3MOXHBIX
pEIIeHN MOXKHO OIIPENIEINTh BBEICHHEM ONPEAETICHHOTO CIIoco0a mapamMmeTpude-
CKOT0 onmmcanus (HOpMBI KOMIIPECCOPHON pelIeTKH. B paMkax HacTosmeld paboThl
JUISL TIapaMEeTPUYECKOro OIMCaHUs PelIeToK OyneM mnpumMeHsTh crocob [7]. Ero
CYTh COCTOUT B MPEJICTABICHUU MPOQHIIS PEIICTKH B BHIE COBOKYITHOCTH CpeIHEH
JTUHUHA ¥ TONMUHBL [Ipu 3ToM cpenHss nuHUS npodUis TMPECTaBISIETCS B BHIE
KpuBoii besbe N -ro mopsiaka [8]:

n
X(1)=2_Bin ()P, 3)

i=0
rae X(I) — BexTOp-GyHKIHS  KOOp/AMHAT  CcpemHell  JMHUM  TIpoGuIs;
Bin (I):ﬁli(l—l)n_i — MHoOrowrieHsl bepHmTeiiHa; P, — KOHTpOJIBHBIC

TOYKH KpuBOH be3pe B crcTeMe KOOpAWHAT, CBSI3aHHOW C MPOQUIEM, MPUIEM
Py, P, mpexactaBisitoT coOoi LEHTpbI KPUBMU3HBI MEpefHe U 3aJHel KPOMOK

npoduis; | € [0,1] — mapameTp KpuBoi besbe.
TommuHa TPOGUIS ONHMCHIBACTCS C HMCHOIB30BAHUEM TIJIAJIKUX BBITYKIIBIX
bynkimit Xukca—Xenue [9] 1 MoxkeT ObITh IPE/ICTaBICHA B BUIC:

R()=rel+re(@-1)+Y Hy Sin[’Tl In(0,5)/ln(lk)]’ (4)
k=1

rae g ,ltg — PaAMychl KPUBU3HBI NIEpEeIHEN U 3a]lHEH KPOMOK COOTBETCTBEHHO;
H  — BecoBble k03 duIMeHTsI; ||, — MoN0kKeHNe MAKCUMAJIBHOW aMITITUTYIBL.

C nenpro COKpAIeHHs YHClia BapbHPYEMBIX MapaMeTpOB BBEIEM JOIOIHH-
TeJIbHbIE KOHCTPYKTHUBHBIE OTpaHUYEHUS BHJIA

Ne =0oRmax
e :ﬁRmax

rme o, — KOHCTaHTBI, 3aJaBacMble W3 KOHCTPYKTHBHBIX COOOpaKCHWUH;

(®)

Riax = mIaX[R(I )] — MaKcHMaJIbHasl TOJIUHA TPOQHIISL.

OCHOBHOE NPEUMYIIECTBO JAHHOTO CHOCO0a MapaMEeTPHUYECKOro OMHCAHUS
3aKITI0YaeTCsl B TOM, YTO BapbUPOBAHKUE CPEJTHEH JIMHUU U TOJNIHHBI IPOo(UIiIst MO-
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KeT OCYILECTBISTHCA HE3aBUCHMO APYT OT Apyra W MpH 3TOM o0ecriednBaeTcsl mo-
CTpoeHHEe (PU3NUECKH PeaTn3yeMOoro KOHTYpa MPpOQHIIL.

Pemenns npsamoi 3axaun. Beruncnenue BelpaxkeHnus Az B HacToswllel pa-
00Te BBIMOJIHAETCS C MOMOIIBI0 METOJIa YUCICHHOTO MOJCITUPOBAHUS TEUCHHUS Ha
OCHOBE YHCJIEHHOT'O MHTETPUPOBAHMS CHUCTEMBl OCPEIHEHHBIX ypaBHeHUiI HaBbe—
Crokca [10] u oxmHomapameTpuyeckoir Mozenn TypOyneHtHocTH Croamapra—
Annmapaca [11], 3anucaHHBIX B cucTeMe 00OOIICHHBIX KPUBOJIMHEHHBIX KOOPIH-
HaT &,m c skoOuaHoMm J

%+§+§:8EV+8F"+H, (6)
o o om & on

- 1 = 1
Ev = :T(Ev&x +Fvay); I:v = F(Evnx +Fvny);
N pu pV
pu pu? +p puv
U=|pv |; E=]|puv cF= pV2+p ;
e (e+pu (e+p)
pV puv pVV
0 0 0
Txx Txy 0
By =| Ty s F=[ Ty y H=|0 ;
UTyy +VTyy — Oy Uty +VTy, — 0 0
Meft Gx Weff Vy H b
Ty =2 G_U_Z a—quﬂ +T Ty = a—u+ﬂ T
XX H X 3H ox oy XX 1 xy —H oy ox Xy
ov 2 (ou ov T oT oT
Ty =2U— ——W — +— [+ T\ ; =—Ar—; =\ —.
vy “ay 3“(6)( ayJ yy Ox T X qy T ay

ITpousBoauble 6_’5 PacCUUTHIBAIOTCS 1O MPaBUIY JU(QPEepeHIUpOBaHNS
X

CIIO)KHOU (QYHKITUH.

B ypaBHEHMSX NPUHATHI Clenyromue o003Ha4eHHs: U,V — JIeKapTOBHI CO-
CTaBJIAIOIINE BEKTOpa CKOPOCTH; P, P,€, T — IIOTHOCTH, 1aBlICHNE, TOJIHAs HEp-
THS U TEeMIlepaTypa ra3a COOTBETCTBEHHO; | — KO3()(OUIMEHT IMHAMUYECKON BSI3-

KOCTH; A1 — KO3((UIHUEHT TEIIONPOBOIHOCTH, YUUTHIBAIOIINI BIUAHUE TypOy-
JICHTHOT'O IIEPEHOCA,; TIj — TEH30pbI PEMHOIILIACOBBIX HANPSIKEHUH; vV — TypOy-

JIEHTHAs ICEBAOBS3KOCTD; e — AUPPY3HOHHBIN KOIDPUIHEHT MOJEIH TypOy-

JIEHTHOCTH; Hy,p, — UCTOUHMKOBBIN WIEH MOZEIH TYpOYJIEHTHOCTH, COAEPIKAILIUI
YJICHBI T€HEePALUH, TUCCUTAMU, U dYy3nu U T. 1.
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YucneHHOe MHTETPUPOBAHUE CHUCTEMBI (6) peaan30BaHO C IPUMEHEHUEM OT-
KpBITOTrO TporpamMmuoro koga OpenFOAM [12].

Opraamsanus npouecca MOUCKa NpUOJIMIKeHHOTo pemeHusi. [Ipumenenue
METOAa TOWCKAa KBasWpelleHHH K PEHICeHUIO OOpaTHBIX 3aJad MoJpa3yMeBaeT
OTBICKaHHE TI00ATBHOTO IKCTpeMyMa. B cBS3M ¢ 3TUM IpencTaBisieTcs meaecooo-
pPa3HBIM MPUMEHHTH K perieHuro 3axadn (1) — (2) croxacTuueckue alrOpUTMEBI T10-
HCKa 3KCTPEMYMOB (DYHKIIHH.

B pamkax Hacrosmed paOOThI MpUMEHSETCS pa3paOOTaHHBI aBTOPOM TH-
OpUIHBIN aNTOpPUTM TOWCKA 3KCTpeMyMa (GYHKIHMA MHOTHX HepeMeHHbIX. OH
Npe/ICTaBIsIeT cO00M reHeTndeckuid anroputM [13] U cuMIIIeKC-MeTo MPSMOro
noucka Hengepa—Muna [14], oObeauHeHHBIE IO TAapaICIbHON CXeMe THOpHIH-
3amuy, KOTopas B Tporiecce paboThl alropuTMa TOCTEIIEHHO NpEeBpamiaeTcs B
IByX(]a3Hyro cxemy.

Omnpenenenue reoMeTpU4YecKHX MAPAMETPOB peLIETKH MO 3aJaHHOMY
pacnpenenenuio aapjaenus. Paccmorpum pemenne 3amxayun (1) — (2). YuursiBas,
4To mapameTrpsl M, m [3; MOXHO 3a/1aThb B KaU€CTBE I'PAHUYHBIX YCIOBHH, & G —

KaK TMapaMeTp pacdeTHOM o0nacTu, 3aJady MHHUMH3ALUU HEBS3KH pQ(Az,q)

MOJKHO CBECTH K 3aj[aue MUHUMHU3AUU (GYHKIIMOHAJIA CIICAYIONIETrO BIIa

po(Az,0)=[[p(s)- p,(s)ds, ()

rue p(s) — HCXOOHO 3aJaHHOE paclpelesieHHe NaBIeHUs 1o obBoay mnpoduis;
p, (S) — pacmpeneneHue OaBiCHUS, MOJIyYCHHOE B PE3YJIbTaTe YHCIEHHOIO MOJe-

JIMpOBAaHUA OJId BO3MOXXHOT'O PCIICHUA Z.
Taxum 00pa3oM, pe3yabTaToM pabOThl AITOPUTMA TIOMCKA SKCTpEMyMa SIBIISIETCS
HabOp TEOMETPHUCCKUX TTapaMETPOB, 00CCIICUNBAOIIMX MUHUMYM I1€/IeBOM DyHKIHH (7).
BribepeM B KauecTBe 3aJaHHOTO paclpeaeicHue AaBiacHus u3 paboTsl [15],
MOJY4EeHHOE B pe3yNbTaTe peleHus npsaMoit 3agaun. Takxe u3 [15] MoxxHO ompe-
JEJINATh, YTO TYCTOTa PEIIETKH G COCTaBIseT 1,24, a uncno Maxa Ha BXoze B pe-
metky M, npubmmkenHo paBasetcs 0,63. Yrou Bxoga HoToka 3; paBeH 45°.

Ha puc. 1, a npeacraBnero cpaBHeHrne MPOdUIS OTHONW U3 PEIIETOK, BHIOpaH-
HOM B KauecTBE HAYAJILHOTO MPHUOJMKEHHUs (TIOKa3aH MyHKTHPOM), C MpoduiiemMm
pelIeTKH, OTy4YeHHON B pe3ysibTaTe pelieHns oOpaTHOMN 3a1aun (MoKa3aH CIUIOLI-
HOW NWHMEW). AHaAIOTMYHO Ha puc. 1, O MpencTaBiIeHbl COOTBETCTBYIOIINE pac-
TpelleieHnst aBleHus 1o oboxy mpodwmis. Mapkepamu Ha puc. 1, 6 mokazaHo
pacnpesienieHue aBieHus u3 padoter [15].

0,95
0,85

0,75

0,65

0,6 : : : )

a) 0)
Puc. 1

69



BusyanpHoe cpaBHeHHE (HOPMBI PO PEIICTKH, ITOTyYeHHON B pe3ysbTa-
Te pemieHus 0OpaTHOW 3aJauu ¢ UCIOJL30BAHUEM HACTOSIICH METOIUKH, C MPO-
(busieM pereTKy, TpeCcTaBIeHHBIM B padote [15], a Takke corflacoBaHue COOTBET-
CTBYIOIIIUX pacHpee/ieHUI NaBIeHMsI 10 00BOIY MPOQUIIS MO3BOJISET CACIATh BbI-
BOJ O pabOTOCIIOCOOHOCTH pa3paboTaHHOW METONHWKH PEIICHHS OOpaTHBIX 3amad
ra30IMHAMHUKN KOMIIPECCOPHBIX BEHIIOB. BO3MOXHBIE HE3HAUNTENbHBIE OTIHYHS
MoJTydeHHOro npodwist U npoduiis padoTel [15] MOryT OBITh OOBSICHEHBI HCIIONb-
30BaHMEM 3HAYMTENBHO OoJiee Tpy0oii pacueTHOM CeTKH.

IHocTpoenne pewmerku npoduJieil Mo 3aJaHHOMY YIJIy IOBOPOTa MOTOKA.
[Moctpoenue perierku npouiaci Mo 3aaHHOMY pacHpeCiICHUIO JABICHHUS Ha
Mpo(uIe OTHOCHUTCS, B HEKOTOPOM CMBICTIE, K KIIACCUYECKOW 0OpaTHOM 3aaye ra-
30IMHAMHKH pemieTok mpoduieir. Tem He MeHee, 3a1aHUe pacTpefeNeHs JaBie-
HUSl OCHOBBIBACTCS HA OMBITE MPOSKTUPOBIIMKA M 3a9aCTyH0 MPEACTABISACT COO0H
HETPUBHAIBHYIO 3a7]a4y, OCOOCHHO B CJIy4ae TPAaHC3BYKOBBIX PEKUMOB TECUCHUS B
pemerkax. Ilpu »TOM Ha TpakTHKe, KaK MPaBUIIO, TPEOYETCS CTPOUTH PEIIETKH
npodusei, obecrednBaromIre 3a1aHHbIi ITOBOPOT MOTOKA. B 3TOM ciydae mpaByro
4yacTh ypaBHeHUs (1) MOXKHO 3amucaTh B BUC

q=(My, By, o AB), 8)

rae AP — yroa moBopoTa MOTOKa B PelIeTKe.
IMpumeHeHne K penieHuro mocraBaeHnon 3aaaqn (1), (8) merona moucka KBa-

3UPELICHUH C Y4eTOM MPHUBEACHHBIX BBIIE PACCYKICHUI NPUBOIUT K PEIICHHIO
3a1a4M MIOKMCKa I00AIbHOTO 3KCTpeMyMa (yHKIIMOHAIA

po(Az,q)=|AB—AB,|, 9)

rae AP, — yroix noBopoTa B pemieTKe, MOJyYeHHbBIH B pe3yJIbTaTe YUCICHHOTO MO-
JIeTTUPOBAHUSL.

Jlerko BuzmeTh, uTo 3amada (1), (8) umeer HeemuHCTBEHHOE perieHue. Tak,
HallpUMep,  O4YeBMAHO, YTO TNpu mobblx M; ©u G  Bekropy

q= (M 1, 0% o OO)T COOTBETCTBYET OECKOHEYHOE MHOMXKECTBO PEUIETOK C
CHMMETPUYHBIMH TPOQUISIMU TI0JT HYJIEBBIM YIJIOM YCTaHOBKM. M, Takum oOpa-
30M, TOcTaBJIeHHY0 3a1auy (1) — (8) MOKHO OTHECTH K CYLIECTBEHHO HEKOPPEKT-
HBIM. Pazpemenne ykazaHHOW MPOOJIEMbI MOXKET OBITh JJOCTUTHYTO 3a CUET BBEJIE-
HUs B BeIpaxkeHHe (9) crabmnmusupyroniero (pyHKIIMOHANA, TOCTPOSHHOTO C TIpHU-
BJICUCHUEM SMIIMPUUECKOW HHpOpManuu 00 MCKOMOM pelieHuu [6]. YuutbiBas
TOT (pakT, 4TO B KOMIIPECCOPHBIX pPElIETKaX Pa3BOPOT IMOTOKA TPeOyeTcs: BBIMOJI-
HUTHh C MUHUMAJILHBIMHU TIOTEPSMH TIOJHOTO JABJICHNUSI, B KQUECTBE PEryJIsipH3HpPY-
forero (PyHKIMOHANA Y00HO BRIOPATh (;(Z), rae { — xodddunmeHT norepp Noi-
HOTO JTaBJIeHUs B pemeTke. B pesynasrare 3amada (1), (8) cBoanuTCs K HAXOXKIESHHUIO
JI00aIbHOrO SKCTpeMyMa (DYHKITMOHAIA

M c(z,a)=|AB - AB, |+ CL(2), (10)

rae C — mapamerp peryssipu3alyu.
Takum 006pa3om, pe3ysIbTaToM pabOThI OMCKA IKCTPEMyMa SIBIISIETCS. HA0Op Teo-
METPHYECKUX [TAPaMETPOB, 00ECTICUNBAIOIINX MUHUMYM 1iesieBoi Gpyrkimu (10).
3agaguMcst  clefylomuM  HaOopoM BXOAHBIX mapamerpoB: M, =06,

B; =36°, o=1, AB=36°. Takum 00pa3oM, pelieTKa IOJKHAa OOecreunBaTh
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HarpaBJICHUE BBIXOSIIETO MOTOKA BAOJb OCH PEIIETKH. DTH apaMeTpbl COOTBET-
CTBYIOT 3aj[aue IMOCTPOCHMUS BBIXOIHOIO HAIIPABJISIONICTO ammnaparta padoTsl [16] u
MPeACTaBIsIIOT co00i HETPUBHAIBHYIO 3aJady NMPOEKTUPOBAHUS, YTO CBS3aHO C
JIOCTAaTOYHO OONBLIMM TPeOyeMbIM YIJIOM MTOBOPOTA MOTOKA.

Ha puc. 2 npescraiensl 1Ba NpoQuiis penieTok, CreHEPUPOBAHHBIX B KAUECTBE
HAYaITbHBIX TPHONMKEHUH pEIeHUsT 3aJIaud, BMECTe ¢ JIMHUAMHU Toka. M3 puc. 2
BUJIHO, YTO AaHHBIE MPOQHIN HE 00eCTIeYNBAIOT 3aJaHHBIN TIOBOPOT MOTOKA (JIMHUH
TOKa Ha BBIXOJIC U3 PEIICTKU HEe HATPaBICHBI CTPOTO FOPU30HTANBHO). KpoMe Toro,
3HAYUTENbHAS TOJIIMHA MpodHIIeii, a TaKKe OTPBIB MOTOKA BCIECICTBUE YPEe3MEPHO-
ro U3ruda MPUBOANT K BBICOKUM MOTEPSIM TIOJIHOTO JaBJICHUS B TIOTOKE.

Puc. 2

Ha puc. 3 npencrasieH npoduib peleTKy, MOJIy4YeHHON B pe3ybTaTe perie-
HUS 00paTHOHM 3afauu. M30MMHUM TEYeHUs, TakKe MpPEICTaBICHHBbIC Ha pHUC. 3,
MO3BOJISIIOT ~ CHAENAaTh BBIBOX, 4TO
mpoduns oOecreunBaeT 3aJaHHBIN
[IOBOPOT MOTOKA.

BoiBoawl. IIpeacrasiena mero-
JMKa pelleHrsi oOpaTHBIX 3ajad ra-
30JJMHAMUKH TUIOCKHUX KOMIIPECCop-
HBIX PElIeTOK Ha OCHOBE YHCIEHHO-
ro MOAEIMPOBaHUS TypOYJICHTHBIX
TeyeHuil. MeToauka OCHOBaHa Ha
MIPUMEHEHUH METOJIa MOUCKA KBa3H-
pelIeHni K pemeHno o0paTHO# 3a-
naud. B pesynprare perieHue o0-
paTHOM 3aJa4yd CBOAMTCSA K pellle-
HUIO 3aJa4d TOHCKa TJ00aJbHOrO
SKCTpEMyMa HEKOTOpOM  1iesieBOoi
GbyHKIUU.

Puc. 3 ITapameTpuueckoe  omucaHue

(hopMBI TIpodmITel peIeToK BBITION-

HEHO C HMCIOJb30BaHUEM OPUTMHAIBHOTO CIl0co0a, OCHOBAHHOTO Ha MPUMEHEHUH
KpHUBBIX be3pe M crcTeMbl TTajkuX BBIMTYKIBIX (yHKIUH Xukca—Xenune. [Ipume-
HEHHE JAHHOTO croco0a MO3BOJISIET BapbHPOBATh T€OMETPHUYECKHE MapaMeTpbl
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PELIETKY B MIMPOKOM JUAMA30HE C MCIIOJIB30BAHUEM CPABHUTEIHLHO MAJIOTO YUCIA
BapbUPYEMBIX IMAapaMETPOB W COXpaHEHHEM (PH3MUECKH pearn3yeMoro KOHTypa
npodus.

Pacuer neneroii pyHKIMU BBIMONHICTCS MyTEM MOJCIHUPOBAHMS TCUCHUS Ha
OCHOBE YHCJICHHOTO MHTEIPUPOBAHMS CHCTEMBI OCPEIHEHHBIX ypaBHeHHMII HaBbe—
Croxca, 3aMKHYTBIX C TIOMOIIBIO OJHOTIAPAMETPUIECKON MOJIETH TYPOYJICHTHOCTH
Cnanapra—Asnmapaca. [[ns moucka skcTpeMmyma 1eneBol QpyHKIHMH TPUMEHSETCS
THOPHUTHBIA TEHETHICCKUH aJITOPUTM.

Pa3zpaboranHast MeTOIMKa MTO3BOJIAET OMPEAEISATH TE€OMETPHUECKHE TTapaMeT-
pPBL IO 33IaHHOMY pAaCHpENeICHUIO JTaBJIECHHUs M0 00BOLY MCKOMOTO Hpoduis, a
TaKKe MO 33JaHHBIM HHTETPAJIBHBIM a3pOJUHAMHUYECKUM XapaKTepUCTHKAM pe-
meTkd. OHa TakKe MOXeT OBITh MCITONIb30BaHa ISl PeIISHUs 3a/1ad adpOAHHAMU-
YeCKOW ONTHUMM3AlMKU KOMIIPECCOPHBIX pemeTok. Kpome Toro, naHHas MeToAMKa
MOKET OBITh JIETKO aJlaiTHPOBaHa K PELICHUIO aHAIOTHYHBIX 33/1a4 B TPEXMEPHOM
MTOCTaHOBKE.
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