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PoGota npucBsueHa po3BUTKY IiJXOAIB JO aepOIHHAMIYHOIO BJOCKOHAJIOBAHHS JOMATKOBUX BIHIIB Typ-
O6omammH. I{ine poGoTH — mepeBipka Mpane3JaTHOCTI METOAUKH aepoJMHAMIYHOI ONTHMIi3awil (popMH JIOMaToOK
Ppo6OoYHX KOJIiC KOMIIPECOPIB, 3alPONOHOBAHOI paHillie aBTOPaMH, CTOCOBHO JI0 ONTHMI3aLil HANPABIIOUHX ana-
partiB HaJA3ByKOBUX KOMIIPECOPHHUX CTYICHIB. SIK OCHOBHUH METOJI 32aCTOCOBYEThCS YHCIIOBE MOJETIOBAaHHS POC-
TOpoBOi TypOYJIEHTHOI Tedii B JIONATKOBHX BIHIIX Ha OCHOBI MOBHHX ocepenHeHuXx piBHsHb Has’e—Crokca i
JIBOIIapaMeTPUYHOI Mozeni TypOyaeHTHocTi. OcoOIMBOCTAMU BHKOPHCTOBYBAHOTO HiJXORy [0 ONTHMI3amii €:
BapilOBaHHA IPOCTOPOBOI (hOPMH JIONIATKM 3 BUKOPUCTAHHSIM HEBEJIMKOrO YUCia IapamerpiB 0e3 MmonepenHbol
anpokcumarii ii BUXigHOi GopMH; HONIYK ONTUMAIBHOI (POPMH JIOMATKH KOMIIPECOPHOTO BIHIS HITIXOM CHCTE-
MaTHYHOT'O Meperisiay 6araToMipHoi 00JacTi He3aIeKHUX 3MIHHHX y TOUYKAX, 1[0 YTBOPIOIOTH PIBHOMIPHO PO3IIO0-
JIJICHY TIOCHTiOBHICTB. Y pe3ysbTaTi IPOBEAEHOrO JOCIIMKEHHS BH3HAYEHO JBa BapiaHTH IPOCTOPOBOI (opmu
JIONATKK JOCIIPKYBAaHOTO HAIPABILIOUOroO anapara, 1o 3a0e3MnedyroTh iCTOTHE 3MEHIICHHS BeINYMHU Koedilie-
HTa BTpAT B anapari B NOPIBHSAHHI i3 IPOTOTUIIOM. Y IJIOMY IIPOJEMOHCTPOBAHO, III0 HAa OCHOBI PAaIliOHAILHOTO
BHOOpY IapaMeTpiB, 3aCTOCOBYBAHHUX [ BapilOBaHHS HPOCTOPOBOI (POPMHU JIOMATKH HANpPABIAIOYOro arapara,
MO>ke OyTH 3HaYHO ITiJBUIIEHA epeKTUBHICT HOro (GPyHKIiIOHYBaHHS B pOOOYOMY Jiana3oHi 3MiHU BUTPATH IIOBi-
Tps 4yepe3 anapar. OTpuMaHi B poGOTi pe3yIbTaTd MOKYTh OyTH BUKOPUCTaHI IPH aepOAMHAMIYHIN OnTHMI3aLil
(hopmu JtonaTok 6araToBiHIIEBIX KOMIIPECOPIB.

Pabora mocBsIieHa pa3BUTHIO MOAXOIOB K adpPOANHAMHYECKOMY COBEpIICHCTBOBAHUIO JIOIIATOYHBIX BEH-
1oB TypoomauuH. Llens paboTsl — npoBepka paboTOCHOCOOHOCTH METOAUKU a3POJMHAMUYECKOW ONTUMM3ALMH
(hopMBI JTONIaTOK paboYHX KoJieC KOMIIPECCOPOB, TPEMTIOKEHHON paHee aBTOpaMy, IPUMEHUTENIBHO K ONTHMU3a-
LMY HANpPaBIAIONINX alllapaToB CBEPX3BYKOBBIX KOMIIPECCOPHBIX CTyNeHeil. B kauecTBe OCHOBHOro Merona
NIPUMEHSIETCS YHCJICHHOE MOJCIMPOBAaHHE IIPOCTPAHCTBEHHOIO TypOYJIEHTHOTO TEUEHHUS B JIOIATOYHBIX BEHIAX
Ha OCHOBE IOJIHBIX OCPEeIHEHHbIX ypaBHeHU HaBbe—CTOKCa M IByXIapaMETPUUECKOi MOJEIH TYypOYJIEHTHOCTH.
OCOOEHHOCTSAMH HCIIONB3YeMOTr0 MOAXO0/a K ONTHMH3AINY SBIIIIOTCS: BapbHPOBaHHE IPOCTPAHCTBEHHOH (hOPMBI
JIONATKK C MCIONB30BaHUEM HEOOJBIIOro YKCiIa MapamMerpoB 6e3 MpeaBapUTENIbHOM allpOKCHMALUK e¢ HCXOM-
HOI1 ()OPMBI; IOMCK ONTHMANIbHOH (POPMBI JTONAaTKH KOMIIPECCOPHOTO BEHIIA ITyTeM CHCTEMAaTHIECKOro IPOCMOTpa
MHOTOMEpHO#T 00JIaCTH HE3aBUCHUMBIX NEPEMEHHBIX B TOYKaX, 00pasyIONMX PaBHOMEPHO PACIPEEICHHYIO HO-
CJIeIOBAaTENbHOCT. B pe3yibTaTe MPOBEACHHOIO MCCIESIOBAaHMS OIPENENICHBI JBa BapUaHTa IPOCTPAHCTBEHHOH
(hOpMBI JIOMATKH HCCIICAYEMOTO HAIPABISIOIETO alapara, 00eCIeYrBaloNIMe CYIECTBEHHOS YMCHBIICHHE Be-
JIMYHMHBI K03 pHIMeHTa ToTeph B anmapaTe 0 CPaBHEHHIO ¢ IPOTOTHIIOM. B 1eoM npoaeMoHCTpHpOBaHoO, 9TO
Ha OCHOBE PAI[MOHAIBHOTO BHIOOpA MapamMeTpoB, HPUMEHSEMBIX /Ul BapbUPOBAHUS MPOCTPAHCTBEHHON (HOPMBI
JIONIATKH HAIPABIIIONIETO allapara, MOXKeT ObITh 3HAUHTEIBHO IOBHIICHA Y(P(EKTHBHOCTE €ro (YHKI[HOHHPO-
BaHUs B pabodyeM [uana3oHe M3MEHEHHs pacxoja BO3dyxa depe3 ammapart. IlomydeHHble B paboTe pe3yabTaThl
MOTYT OBITh MCIIOIB30BaHEI IIPH a3POJUHAMHYECKOH ONTUMHU3ALHMH (OPMBEI JIOIIATOK MHOTOBEHI[OBBIX KOMIIpEC-
COpOB.

This paper is concerned with the development of approaches to aerodynamic improvement of turbomachine
blade rows. The aim of this paper is to verify the workability of the authors’ technique for the aerodynamic opti-
mization of the shape of compressor rotor blades as applied to the optimization of supersonic compressor stage
guide blades. The basic method is numerical simulation of 3D turbulent flow in blade rows based on the complete
averaged Navier—Stokes equations and a two-parameter turbulence model. The features of the approach to optimi-
zation employed in this work are that the 3D blade shape is varied using a small number of parameters without
any pre-approximation of the initial blade shape and the optimum compressor blade shape is sought for by a sys-
tematic scanning of a multidimensional region of independent variables at points that form a uniformly distribut-
ed sequence. The investigation conducted has made it possible to find two 3D blade shapes for the guide blading
under study such that the loss coefficient is far lower in comparison with the prior art. It is shown that the appro-
priate choice of the parameters whereby the 3D guide blade shape is varied may considerably improve the effi-
ciency of the guide blading in the operating airflow range. The results obtained in this work may be used in the
aerodynamic optimization of the multirow compressor blade shape.

Kniouegvle cnosa: aspoounamuueckas onmumusayus, HARPAGIAIOWUL ANRADAM
KOMNPeCCOPHOU CMYNeHU, YUCIeHHOe MOOeIUupoganue, RpOCmpanCmeeHHas popma ronam-
Ku, K0aguyuenm nomepo.
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Ilogxonpl K a3poJMHAMUYECKON ONTHMH3ALMU JIONATOK TypOOMAIlUH Ha OC-
HOBE YHCJIEHHOTO MOJEIMPOBaHUS TypOyJIEHTHBIX T€UEHUH raza HEIPEPHIBHO CO-
BEpPLICHCTBYIOTCSI. JTO CBS3aHO C HEOOXOIMMOCTBIO IIPEONOJICHUS CIIEAYIOIIUX
OCHOBHBIX TPYIHOCTEH, BO3ZHHMKAIOIIMX IPH ONTUMH3ALUHU: OOJBILIOTO BPEMEHH
BBIYHMCIICHHSI OJTHOI'O PEXHMa TEUEHHs B HUCCIEAYEeMOM JIEMEHTE TYypOOMAINHBI;
3aBHCHUMOCTH PE3YyJIbTAaTOB OT HUCIOIb3YEMOI'0 aJropuTMa ontumusanuu (B 00ib-
IIMHCTBE CIIy4aeB MPOCTPAHCTBO MAapaMETPOB COOTBETCTBYET MHOTOIKCTpeMallb-
HOM 3a/;ade); HeOOXOIUMOCTH OTIMCAHUS CIOKHOH MPOCTPAHCTBEHHON (POPMBI J10-
[aTOK C MCIIOJb30BAHUEM HEOOIBIIONO YHCIIa IapaMeTpoB. B cOOTBETCTBHH C yKa-
3aHHBIMH OOCTOSTENILCTBAMHU PA3BUTUE METOAOB A3POJUHAMUYECKOM ONTHMHU3a-
UK TypOOMAIIMH IPOMCXOAUT B OCHOBHOM I10 TAKUM HAIPABJICHUSIM, KaK I1OCTPO-
eHue ‘“‘oBepxHOCTel oTKiIHMKa” [1, 2] HA OCHOBE pe3yJabTaTOB HEOOIBIINX CEPHUil
pacyeToB 3HAUYCHUH LeJIeBOH (DYHKIMH; MCTIONB30BaHUE IT'C€HETHYECKOI'O aJIrOpHT-
Ma H METOIOB TPaIWECHTHOTO TIoMCKa [3 —8]; TpuUMEHEeHHEe CIUTaiH-
aTmpoKCcuUMaIui pa3numaaoro Buna [9 — 11] mnsa onmcanus GopMel TpoduIIe J10-
HaTOoK.

B pab6orax [12, 13] npeanokeHa SKOHOMUYHAS METOJAHMKA a3POIHHAMUIECKON
ONTUMM3ALUHU PabOUUX KOJIEC OCEBBIX KOMIIPECCOPHBIX CTYNEHEH Ha OCHOBE YKC-
JICHHOTO MOJEIMPOBAHMS MPOCTPAHCTBEHHBIX TYpOYJIEHTHBIX I'a30BBIX TEUCHUH.
W3 ocoGeHHOCTEH TaHHOW METOJUKN OTMETHM CJIeIYIOIIHeE.

1. BapsupoBaHnue mpocTpaHCTBEHHOM ()OPMBI JIONIATKH OCYIIECTBIISIETCS C HC-
M0JIb30BaHUEM HEOOJBIIOro YHCIa MapaMeTpoB 0e3 MpeABapUTEIbHON anmnpoKCcu-
MaIiH €€ UCXOTHON (POPMBL.

2. Ilouck onTHMalbHBIX T€OMETPUUYECKHX MAapaMeTpoB pabodero Kojeca co-
CTOUT B CHCTEMAaTHYECKOM IPOCMOTPE MHOTOMEPHOI 00iacTu nepeMeHHbIX. [Ipu
3TOM HCIIOJIB3YIOTCSl TOUKH PaBHOMEPHO pacIpelesIeHHbIX MOCIEI0BaTEIbHOCTEH
B 00JaCTH TIEPEMEHHBIX.

Lenpro manHOW pabOTHI SABISIETCS MPOBEpKa PabOTOCTIOCOOHOCTH YKa3aHHOM
METOAMKHA MPUMEHHUTENIFHO K a3pOJMHAMUYECKOM ONTUMM3ALUU HANPABIISIOLINX
anmapaToB CBEPX3BYKOBBIX KOMIIPECCOPHBIX CTYIEHEH.

B kauectBe mpumepa Ui pacyeTHBIX HUCCIIEAOBAaHUN ObUT BBIOpAH BBIXOIHON
HaNnpaBJIIOMMK (CIPAMIISIOIINN) anmnapar CBEpX3BYKOBOH KOMIIPECCOPHOH CTY-
nenu Stage 37 [14].

Pacuer mapameTpoB MpOCTPAaHCTBEHHOI'O TYpOYJEHTHOIO IOTOKa BO3AyXa B
MEKJIONATOYHBIX KaHajJax MCCIELyEeMOIro HalpaBJISIOLIErO anrapara MpOBOAMICS
Ha OCHOBE METOa YUCIIEHHOTO MojiennpoBanus [15], pazpaborannoro B IHCTHTY-
T€ TEXHUYECKON MexaHuku HanmoHanpHON akageMun Hayk YKpauwHbl U ['ocymap-
CTBEHHOTO0 KOCMHYECKOTO areHTCTBa YKpauHbl. B maHHOM Merone mMaTemaTHue-
CKasi MOZEJb TEUEHHUs] OCHOBaHA Ha IOJHBIX OCPEIHEHHBIX ypaBHEHHsX HaBbe—
Crokca u ypaBHeHusix (K—g)-mozenu typOyneHTHOCTH. B KadecTBe OCHOBHBIX
MEPEMCHHBIX TMPUHATHEI KOHTPABAPHUAHTHBIC COCTABJIIAIOUNIME CKOPOCTU IIOTOKA.
FpaHI/I'-IHBIe YCJIOBUA Ha HNOBEPXHOCTAX JIONATOK M OrpaHUYMBAIONINUX CTCHKax
HpOTO‘-IHOfI YacCTH JIOIaTOYHOI'O BEHIIA CTaBATCA Ha OCHOBEC ME€TO/JIa IIPUCTECHOYHBIX
(yHKIWH, 4TO TIO3BOJISIET UCIIOJIB30BaTh PACUETHBIE CETKH CO CPABHUTEIHHO He-
00JBIIMM YUCIIOM y3710B. PaboTOCTIOCOOHOCTh METO/Ia TIPH pacyeTe TeUeHHs B He-
MOJBIDKHBIX ¥ BpAIAIONIMXCS BEHIAX OCEBOr0 KOMIIpeccopa IOJATBEpXkK/IeHa,
HanpuMmep, B [16].
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[pn YMcIeHHOM MOJICIMPOBAHUK TIPUMEHSIACH pacdeTHasl CEeTKa, Co/eprKaIast
20%x20x50 y3moB (10 BBICOTE, MIUPUHE ¥ JIIFHE MEKIIONATOYHOTO KaHana). Pazme-
PBI PacUETHOM CETKH BBIOPAHBI B COOTBETCTBHH C pe3yiibTaTtaMu pabot [16, 17].

MaremMaTiueckoe ONMUCaHUE M BapbHPOBAaHUE MPOCTPAHCTBEHHOUN (HOPMBI JIO-
MaTKH HaNpaBIISIONIECTO anmapara Mpou3BOUIIOCH CenyromuM oopazom. dopma
JIOTIATKH ObLTA 3a/1aHa COBOKYIMHOCTBIO MPOGWICH B CEUYCHHUAXK JIOMATKH, PACIIONO-
JKCHHBIX Ha Pa3IMUYHbIX PAJUycax MPOTOYHOMN YacTH HAMIPABISIONIETO anapaTa.

Kaxxaprit mpoduis onwceBaics cleAyronmM HabopoM gucen u GyHKIHN, UC-
X0 U3 3aJaHHBIX B [14] KoopAWHAT TOYEK TTPODHIIS:

— BENTMYMHOM yTJIa yCTAaHOBKU;

— QyHkuued y (x) (0<x<1, y(O) = y(l) =0), 3agaronieit B 0e3pazMepHOM
BUJIC CPEIHIOI0 JIMHHUIO MPOQWISL, IPU 3TOM B Ka4eCTBE XapaKTEPHOrO MacIiiTada
MPUHATA JTUHA XOPIb! ipodus | ;

— (yHKIHEH S(X) (0<x<1), 3anaromieii B 6e3pa3MEepHOM BHUIE TOJIIHHY
mpodusa (xapakTepHslii Macrad — | );

— IIIMHOU Xop sl ipoduist | .

BapbupoBanue reomerpudeckoii GopMbl TpodHIIsS TPOU3BOIUIOCH yTEM H3-
MEHEHHS TOJIbKO (DYHKIIUU y(x) C HCTOJB30BaHMEM JBYX IapaMmeTpoB (Iajnee

3BE3/I0YKO OTMEUYECHBI HOBBIC 3HAUYCHUS (YHKILMH, MMOTy4arolluecs B pe3ysbTaTe
BapbUPOBAHUS)

y (x)=y(x)@+y), 0<x<1, 1)

*
=y (X
. y y( ) , 0<x <1, (2)
X" = (X —1)x +x
re Y — mapamerp, ONpelelsionni pacTsbkeHue rpaduka QyHKIun y(x) BJIOJTb
OoCH Y ; o — mapamMeTp, MCIOJb3yeMbld A “medopmanun’” rpaduka QyHKIUH

y(X) BJOJIb OCH X (3TO Ja€T BO3MOXXHOCTb U3MCHATDH ITOJIOKCHHUE TOYKH MAaKCH-

X MasibHOTO mporuda mnpoduist). ©opmynsl (2) onuchiBa-
* &
kopaye: | P 10T 3aBUCHMOCTB Y (X ), 3a1aHHYyIO TapaMeTPUYECKH.
e by [IpeoOpazoBanus (1), (2) npumeHsIIUCH TIOCIEN0BA-
N~
N TenbHO. [locie 3TOro BBIMONHSIICS MEepexol] K pa3Mep-

»P,  HBIM 3HAYEHUSM KOOPAMHAT TOYEK MPODUIIS U HOBOPOT
/ npoduis TaKUM 00pa3oM, 4TOOBI KOHCTPYKTUBHBIHN yrout
! Ha BBIXOJE M3 pelIeTKu npoduie, onpeaeneHHbld 1o
/ cpenHel JTMHUU NpOQHIIs, HE H3MEHHJICS TI0CJIE ONKCaH-
! HBIX BbIIIE MPeoOpa3oBaHUN MO CPaBHEHHIO C €ro HcC-

1 XOJHBIM 3HAUYCHUEM. Y Ka3aHHBIE IEHCTBUSI OBTOPSUIUCH
,,I" JUTSL KQXKAO0TO TMPOQUIIST U3 UMEIOIIEHCS COBOKYITHOCTH

,-'I npouiei B CEYCHUSX JIOMTATKH.
i —— Jlyis BapbUpOBaHUS MPOCTPAHCTBEHHOH (OPMBI JIO-
prysnka Po IAaTKA HCIIOJb30BAJIOCh TAaK)KE BBEICHHUE TAaHI€HIIHAJIb-
Puc. 1 HOTO HaBalia, KOTOPBIM 3alaBajicd MyTeM OTKJIOHEHUS

nuHuu crekunra [18, c. 48] B MIOCKOCTH, MEPIICHIUKY-
JIIPHOM OCH KOMIIPECCOPHOM CTYNEHH, OT MCXOAHOTO PaguaibHOTO PaclooxkKe-
Huda. Ha puc. 1 ocb X mOpsIMOYrojgpHOM CHUCTEMBI KOOPIHMHAT XY COOTBETCTBYET
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palualbHOMY HAINpaBJICHHUIO, HOBOE IIOJIOKEHHE JIMHUU CTEKHMHra 0O0O3Ha4YeHO
MYHKTHPHOU KPUBOH. JIMHMS CTEKHMHIAa ONMKCHIBAJIACH B O€3pa3MEpHOM BHUIC KBaj-
patnuHoil KpuBoi beswe, onopusie Toukn Py, P; u P, KoTopoil nMenu cooTBeT-
crBenno koopaunatsl (0;0), (X;;Y;) u (1;0). BappupoBanaoch IMON0KEHHE TOUKH
P, . OTMEeTHM, YTO MOJIOKHUTENBHBIE 3HAYEHHS Y; Ha PHC. | COOTBETCTBYIOT TaKO-
My H3ru0y mepa JOMaTKH, MPH KOTOPOM €€ OBEPXHOCTh Pa3pesKeHHUS CTAHOBUTCS
BOTHYTOM.

[Ipu mpoBeaeHnU onTuMH3anuu BedwyuHbl Y U o B (1), (2) 3amaBanuch B
TPEX CEUEHUsIX JOMATKH, COOTBETCTBYIOIIUX PaJUyCy BTYJIKH, CPEIHEMY PATUyCy
U panuycy nepudepuu NpoTOYHON yacTh BeHIa. TakuM oOpa3oM, MpH ONTHUMHU3a-
1IMM KCTIONb30BAIOCh BOCEMb HE3aBUCHMBIX MEPEMEHHBIX (C YYETOM BEIHMYMH Xq

¥ Y, JUIS 331aHKs TIOJIOYKEHHS! IMHUK CTEKMHIa). 3HAYEHUs YKa3aHHBIX MEPEMEH-
HBIX BBIUYUCISUTACH TIO PopMyiam

Yh :2Ymax(xl _015)1 Tm =2Ymax(X2 _0’5)1 Yt :2Ymax(x3 _015)1
Op :Zamax(x4 _0!5)1 Om :zamax(XS _015)’ Oy :Zamax(x6 _015)’

X, =05+08(x;-05), ¥,;=06(xg—05),

rae uHaekcamMu h, M u t oTMeYeHbI BETUYUHBI COOTBETCTBEHHO BO BTYJOYHOM,
cpeqHeM U nepuepruitHOM CEUSHHSX JIOIATKU; HHACKCOM MAaX 0003HadYeHBbI MakK-
CHUMAJIbHBIE 110 MOJYJIIO 3HAYEHUS MapaMeTpoB Y U O ; (Xl,XZ,...,XB) — Koopau-

HaThl TOYKHM PAaBHOMEPHO paclpeiieIeHHOW MOCIel0BaTeIbHOCTH B €IHHUYHOM
Ky0€, KOTOpbIE PacCUUTBHIBAIUCH MO MeToxay [19]. MakcuManbHble 3HAUCHUS Ia-
paMeTpoB ObUIM HPUHSTHI CACAYIOIUMU: Ymax =015 O ax =03 . B mpomexy-

TOYHBIX CE€YCHHUAX JIONATKU BECJIMYUHBI Y U O ONPCACIIAIUCH C UCIIOJIBb30BAHUEM

3aBUCUMOCTEH, 00ECIeUMBAIOIINX ITIaJKyI0 MOHOTOHHYIO MHTEPIIOJSIMIO 3Haue-
HHUH 3THX NapaMeTpOB Ha MHTEPBAJIAX OT BTYJIOYHOI'O JO CPEAHEr0 CEYEHHS U OT
CpeaHero a0 nepudepuiHOro ceueHus JONaTKH.

B ponm kpurepus kauecTBa NpUHAT KOA(QGHUIHUEHT NOTEPh B HANPABIISIOLIEM
anrmapare, onpeaessieMblid o ¢popmyie

e=(p - p3)i i

* *
rae P; U Po, — OOJHOC NABJICHME HAa BXOJC B ammapaTr M Ha BBIXOJC W3 HETO,

OCPEAHCHHOC B OKPY’>KHOM U paJinaJIbHOM HAIIpABJICHUU.
B Ta6m/1ue MPUBCACHBI IMOJYUYCHHBIC B PE3YJIbTATC YUCJICHHOTIO MOACINPOBA-
HUA 3HAYCHUA a JJIsL HAITPpABJIAKOMICTO allriapara, q)OpMLI JIOMaTOK KOTOPOTro COOT-

BETCTBYIOT 32 TOYKaM PaBHOMEPHO PAaCHpEAETICHHON IOC/IeA0BAaTEIbHOCTH B €11~
HUYHOM KyOe (Touka HoMmep | ompezaersieT HCXOAHYIO IIPOCTPAHCTBEHHYIO (hopMy
jonatok). Bo Bcex paccMOTpeHHBIX clydasx pacxoj BO3AyXa depe3 HarpaBisio-
mui anmapat coctasisul npumepHo 20,6 kr/c. Ilpu naHHOM BeTMYMHE pacxoaa
Bo3ayxa u 100 % pacyeTHOI CKOPOCTH BpallleHHs POTOpa JOCTHraeTcs OJIM3Koe K
MaKkcHUMaJbHOMY 3HaueHHe aguabatuyeckoro KIIZ[ pabouero xoneca paccmatpu-
BaeMON KommpeccopHoil ctynenu [14]. PacnpeneneHue mapaMeTpoB MOTOKAa Ha
BXO/I€ B HaIPaBJIOMIMI anmapaT ObUIO 3alaHO B COOTBETCTBUH C MMEIOIIUMHUCS
pe3yabTaTaMH YHCIEHHOT'O MOAEIMPOBaHUs TeUeHus B paboueM konece [20].
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PaccMmoTpenre naHHBIX B TaOJHIlE MOKA3bIBACT, YTO HAUMCEHBIIEE 3HAUCHHE
ko3¢ uUIMeHTa OTeph COOTBETCTBYeT Touke Homep 13. 3mech BemmumHa & Ha

40 % wmeHbIe, yeM B Touke HoMep 1. [Ipu 3TOM, coriacHo pe3ybTaTaM pacueToB,
pacrmpeJieliecHie YIIIOB BBIXOJIa MOTOKA M0 PauyCy MPOTOYHON YacTH TPH UCXOJI-
HOW (opMe JIOMATOK HAIMPABIISIONIETO aliapara OTIHYaeTCsl OT COOTBETCTBYIOIIC-
r'0 pacrpeneneHus IPH ONTUMU3HPOBAHHOM opMe JI0TTaToK He OoJtee yeMm Ha 1°.

Tab6muma
Howep X1 X2 X3 Xq Xs5 X6 X7 Xg &
TOYKH
1 0,500 | 0,500 | 0,500 | 0,500 | 0,500 | 0,500 | 0,500 | 0,500 | 0,0228
2 0,250 | 0,750 | 0,250 | 0,750 | 0,250 | 0,750 | 0,250 | 0,750 | 0,0253
3 0,750 | 0,250 | 0,750 | 0,250 | 0,750 | 0,250 | 0,750 | 0,250 | 0,0306
4 0,125 | 0,625 | 0,875 | 0,875 | 0,625 | 0,125 | 0,375 | 0,375 | 0,0250
5 0,625 | 0,125 | 0,375 | 0,375 | 0,125 | 0,625 | 0,875 | 0,875 | 0,0268
6 0,375 | 0,375 | 0,625 | 0,125 | 0,875 | 0,875 | 0,125 | 0,625 | 0,0288
7 0,875 | 0,875 | 0,125 | 0,625 | 0,375 | 0,375 | 0,625 | 0,125 | 0,0170
8 0,063 | 0,938 | 0,688 | 0,313 | 0,188 | 0,063 | 0,438 | 0,563 | 0,0212
9 0,563 | 0,438 | 0,188 | 0,813 | 0,688 | 0,563 | 0,938 | 0,063 | 0,0286
10 0,313 | 0,188 | 0,938 | 0,563 | 0,438 | 0,813 | 0,188 | 0,313 | 0,0304
11 0,813 | 0,688 | 0,438 | 0,063 | 0,938 | 0,313 | 0,688 | 0,813 | 0,0203
12 0,188 | 0,313 | 0,313 | 0,688 | 0,563 | 0,188 | 0,063 | 0,938 | 0,0320
13 0,688 | 0,813 | 0,813 | 0,188 | 0,063 | 0,688 | 0,563 | 0,438 | 0,0137
14 0,438 | 0,563 | 0,063 | 0,438 | 0,813 | 0,938 | 0,313 | 0,188 | 0,0280
15 0,938 | 0,063 | 0,563 | 0,938 | 0,313 | 0,438 | 0,813 | 0,688 | 0,0300
16 0,031 | 0,531 | 0,406 | 0,219 | 0,469 | 0,281 | 0,969 | 0,281 | 0,0229
17 0,531 | 0,031 | 0,906 | 0,719 | 0,969 | 0,781 | 0,469 | 0,781 | 0,0343
18 0,281 | 0,281 | 0,156 | 0,969 | 0,219 | 0,531 | 0,719 | 0,531 | 0,0278
19 0,781 | 0,781 | 0,656 | 0,469 | 0,719 | 0,031 | 0,219 | 0,031 | 0,0195
20 0,156 | 0,156 | 0,531 | 0,844 | 0,844 | 0,406 | 0,594 | 0,156 | 0,0348
21 0,656 | 0,656 | 0,031 | 0,344 | 0,344 | 0,906 | 0,094 | 0,656 | 0,0214
22 0,406 | 0,906 | 0,781 | 0,094 | 0,594 | 0,656 | 0,844 | 0,906 | 0,0219
23 0,906 | 0,406 | 0,281 | 0,594 | 0,094 | 0,156 | 0,344 | 0,406 | 0,0177
24 0,094 | 0,469 | 0,844 | 0,406 | 0,281 | 0,344 | 0,531 | 0,844 | 0,0265
25 0,594 | 0,969 | 0,344 | 0,906 | 0,781 | 0,844 | 0,031 | 0,344 | 0,0228
26 0,344 | 0,719 | 0,594 | 0,656 | 0,031 | 0,594 | 0,781 | 0,094 | 0,0164
27 0,844 | 0,219 | 0,094 | 0,156 | 0,531 | 0,094 | 0,281 | 0,594 | 0,0286
28 0,219 | 0,844 | 0,219 | 0,531 | 0,906 | 0,469 | 0,906 | 0,719 | 0,0280
29 0,719 | 0,344 | 0,719 | 0,031 | 0,406 | 0,969 | 0,406 | 0,219 | 0,0237
30 0,469 | 0,094 | 0,469 | 0,281 | 0,656 | 0,719 | 0,656 | 0,469 | 0,0350
31 0,969 | 0,594 | 0,969 | 0,781 | 0,156 | 0,219 | 0,156 | 0,969 | 0,0223
32 0,016 | 0,797 | 0,953 | 0,672 | 0,797 | 0,922 | 0,734 | 0,891 | 0,0296
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B oxpectHOCTH TOUKHM HOMEp 13 OBLIO TIPOBEICHO JOTIOTHUTEIILEHOE HCCIIE0-
BaHHE TPAJUCHTHBIM METOJIOM, B pe3yJibTare Ha paccTosHuHU 0,22 0T TOUKH HOMEP
13 6pu1a onpeneneHa Touka (06o3HaunM ee mHAekcoMm 13-1), rne £=0,0124 .

Jns Oonee neTaibHOM OIGHKW IMPHUBEICHHBIX PE3YJIbTATOB adpoJWHAMHYE-
CKOW ONTHUMH3AIMU BHITIOJTHEHO YHCICHHOE MOJICITUPOBAHUE TEUCHUS B HAIPAB-
JSFOIIEM armnapaTe Ha MATH PeXHMax paboThl pacCMaTpPUBaeMON KOMIPECCOPHOM
CTYIICHHM IO pacxony Bo3nayxa, a mmenHo npu G = 20,12 kr/c; 20,41 xr/c;
20,63 kr/c; 20,81 kr/c u 20,92 xr/c. Yka3anHbie 3HaueHuss G HaXomsITCs B Tpelie-
nax 60 mporeHToB pabodero AuanazoHa CTYIIEHH Mo pacxoxy Bozmyxa mpu 100 %
pacdeTHOU ckopocTH BpameHus potopa [14]. [Tomyuennsie 3aBucumoctr ko3 hu-
[UCHTA MOTEPh B HATIPABJISIONIEM aIapare OT Pacxojia BO3yXa MOKa3aHbl Ha PHUC.
2, TA€ BBEACHHI cleAyrome oOo3HaueHus: | —skcnepuMeHTanbHble [14] u 2 —
pacdeTHbIe 3HAYEHUS & TPU MCXOTHOU (OopMe JIOMaTOK amnmapara; 3 — pacueTHbBIE

3Ha4YeHUs1 & MpH ONTUMHU3UPOBAHHOW (opMe JOMAaTOK, COOTBETCTBYIOIIEH TOYKE
Homep 13 B Tabinuiie; 4 — mpu Gpopme JIOMaTOK, COOTBETCTBYOMmIEH Touke 13-1.

5 o1
0,04 "2
’ o A 3
* 4
0,038
0,02
0,01
O 1 1 1 1
20 20,2 20,4 20,6 20,8 G,kr/c
Puc. 2

HaGumoaemoe OTKIIOHEHHE pacdeTHOM 3aBHCHMOCTH 2 OT JTAaHHBIX JKCIIEPH-
MEHTa MOXET YaCTUYHO OOBSCHATHCA NPUHATHIM B HACTOSAIIEH paboTe criocodoM
OCPEIHEHHsI TOJHOTO JaBJICHHsS Ha BBIXOJE M3 HANpPABJISIOUIErO ammapara, IpH
KOTOPOM HE YYHUTBIBAIOTCS OTEPH MOJTHOTO JABJICHUS B ITPOIIECCE MOCIEAYIONIETO
BBIPaBHUBAHHS TIOTOKA.

BapuaHT onTHMH3HPOBaHHON (POPMBI JIOMATOK, IPH KOTOPOM pean3yeTcs 3a-
BUCHUMOCTB 3, NPEACTABISIETCS MPEANOYTUTEIBHBIM IO CPAaBHEHHIO C BAPHAHTOM,
XapaKTepU3yIOMUMCcs 3aBUCUMOCTBI0 4. B mocnenHeM cimywae HaOmromaercs 3a-
METHBII pOCT KO PHUIMEHTA MOTEPh B HAIIPABIISIOIIEM arapare npu IpHOIIvKe-
HUM K IPaBOW IpaHHLEe paboyero nuamna3oHa CTYNEHH 10 pacxoxy BO3dyxa. JTo
CBSI3aHO ¢ O0Jiee paHHUM, 110 CPABHEHUIO C MPEbIAYIINM BApHAHTOM, TTOSBICHUEM
JIOKaJIbHBIX CBEPX3BYKOBBIX 30H B MEKJIONATOUHBIX KaHAIAX armnapara.

Pe3ynpTaThl YMCIEHHOTO MOJAEIMPOBAHMS IOKAa3bIBAIOT, YTO 3HAUYMUTEIHHOE
YMEHBIICHUE NOTEPh B HANpPABIIOUIEM ammapare MpHU Mepexolde OT HCXOAHOM
(hopMBI TONATOK (3aBUCUMOCTH 2 Ha pHC. 2) K ONTUMU3UPOBaHHOU (opMme (3aBU-
CUMOCTB 3) 00yCJIOBJICHO HCYE3HOBEHNEM OTPBIBAa IOTOKA HA CTOPOHE Pa3pEeKEHUS
JIONAaTKH. JTO WUIIOCTPUPYET pPHC. 3, T NPUBEACHBl U30JMHMN yucen Maxa mo-
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TOKa Ha pa3BepTKax MUIHHIPUYCCKUX CCUCHUI MPOTOYHOW YacTH HAMPABJISIONIC-
ro ammapaTa, pacroiioKeHHBIX Ha 33 % BBICOTHI JIOMATOK, OTCYUTHIBAEMON OT
BTyJIKM. HampasiieHre moToka Ha puc. 3 — cjeBa HanpaBo. JlaHHbIe, IPHUBEICHHbBIC
Ha puc. 3, a); 3, B) u 3, 1), COOTBETCTBYIOT UCXOHOM (hOpME JIOMATOK HAMpPaBJIsi-
IOIIEro ammapara, a Ha puc. 3, 0); 3, T) u 3, €) — ONTMMH3HPOBAHHOM (opMe.
Puc. 3, a) u 3, 6) mosyuensl npu pacxone Bozayxa G = 20,92 kr/c; puc. 3, B) u 3,
r) — 20,63 kr/c; puc. 3, 1) u 3, ¢) — 20,12 kr/c.

Puc. 3

BriBoasl. IIpoBenena npoBepka pabOTOCIOCOOHOCTH SKOHOMUYHON METOIH-
KM a3pOJMHAMHYECKON ONTHMHU3ALMU KOMIIPECCOPHBIX BEHIIOB, OCHOBAaHHOW Ha
YHCJICHHOM MOJEIMPOBAHUHU NMPOCTPAHCTBEHHBIX TYpOyJNEHTHBIX TeueHuil raza. K
0COOEHHOCTSIM METOAMKH OTHOCSTCS: BapbUPOBaHHE MPOCTPAHCTBEHHOW (HOpPMBI
JIOTIATKH C UCTIOJIb30BaHWEM HEOOJIBILIOro Yucia MapamMeTpoB 0e3 MpenBapuTellb-
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HOM alMpOKCHUMAIIMK €€ UCXOAHOH (POPMBI; MOUCK ONTHUMAJILHOM (OPMBI JIOMATKH
BEHI[a IIyTEM CHCTEMaTHYEeCKOTr0 MMPOCMOTPa MHOTOMEPHOH 00J1acTH HE3aBUCHUMBIX
MIEPEMEHHBIX B TOYKaX, 0OPa3yIOUMX PaBHOMEPHO PaCIpEIeIeHHYIO MOCIea0Ba-
TETHHOCTD.

Ha mpumMepe BBIXOTHOTO HAITPABIIAIONIETO alliapaTa CBEPX3BYKOBOH KOMITpEC-
COpHOM CTYIEHH PAaCUETHBIM ITyTEM TOKa3aHO, YTO MPUMEHEHNE YKa3aHHON METO-
UKW ONTHMH3AIHNA TTO3BOJISIET CYIIECTBEHHO YMEHBIIUTD ITOTEPH TTOJHOTO JaBIie-
HUSl B HAIPaBIIONIEM amrapaTe B padoueM Auana3oHe M3MEHEHHS pacxoja BO3-
Jyxa depes3 armmapar.
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