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Annomauus. I1puBeneHbl pe3yJIbTaThl UCCISIOBAHMS BOJTHOBOTO CONTPOTUBIICHUSI SKBUBAJICHTHBIX TEJT Bpa-
LIEHUSI IS HeCYIIIMX TPeXMEPHBIX HOCOBBIX YacTeil JeTaTeibHOro anmnapata (JIA), uMerx MUHUMAaIbHOE
JI06OBOE COMPOTUBIICHNE NABJICHMS Ha peXKMME TOPU30HTAIBHOTO TIOJIETa CO CBEPX3BYKOBOI CKOpOCThio. Mc-
cJeloBaHHbBIE HOCOBBIE YaCTH MPUHALIEXaT K ClelMaIbHOMY ceMeNCTBY: (hopMa UX OOBOIOB OINUCHIBACTCS
JBYXITapaMeTPUIECKOI CTETIEHHOM 3aBUCUMOCTBIO. YCTAaHOBJIEHO, YTO OHU MMEIOT eIMHYI0 (OpMY SKBUBAJICHT-
HOTO TeJia BpallleHMsI, He 3aBUCSIIIYIO OT HECYIIIMX CBOMCTB 1 OJIM3KYI0 K (hopMe Tejla BpallleHUsI MUHUMAaJbHOTO
BOJTHOBOTO COITPOTUBJICHHUS.

Ha ocHOBaHUM MOJYYEHHBIX PEe3yIbTaTOB CAeaH BBIBO, YTO (hopMa Hecylleil TpeXMepHOI HOCOBOI YacTu
JIA, 6113Kasi K ONTUMAaJIbHOI 110 3HAY€HUIO JJI000BOT0 COIIPOTUBICHMST, MOXET OBITh CIIPOEKTHPOBAaHA HA OCHOBE
CBEPX3BYKOBOTO TpaBujia 9KBUBAJEHTHOCTH, HECMOTPSI Ha MPUCYIIHE eMYy MOTPEIIHOCTU B OLIEHKE JIOOOBOTO
COTIPOTHUBIICHUSI HECYIIIUX TEI.

Karoueente croea: HocoBast yacThb JIA, CBepX3ByKOBOE OOTEKAaHNE, MPABUIO 9KBUBAJICHTHOCTA, MUHUMU3ALIUS
JIOOOBOTO CONPOTUBJICHUS
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Abstract

The forebody drag can contribute significantly to the overall aircraft drag at supersonic speeds, thus its
minimization is of high practical importance. At the current moment, this subject was developed especially
profoundly for the axisymmetric forebodies, which are most widely employed in the aerodynamic design. For them,
the drag minimization problem was successfully solved in various formulations for the wide range of Mach numbers.
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For the 3D forebodies with noncircular cross-section, which find increasingly widespread application on the
current and advanced supersonic aircraft, the problem under consideration becomes more complicated due to
higher complexity of the relationship between the surface shape and the pressure distribution. Nevertheless, the
optimal shapes of noncircular bodies have been successfully determined within the local interaction laws framework.
Further development of the subject associated with transition to the more complex physical models, such as Euler
or Navier—Stokes equations, was achieved due to the application of automatic optimization algorithms, combined
with computational fluid dynamics.

The presented article studies to what extent the results of the drag minimization of lifting noncircular forebody
by the direct method are consistent with the results of its drag minimization, which is realized with the supersonic
equivalence rule. In order to do this, the pressure drag of an optimal noncircular lifting forebodies family is
compared to their equivalent bodies of revolution. Then the axisymmetric body shape with minimum wave drag
is determined by optimization. After this, the wave drag is compared with the equivalent bodies of revolution of
the original forebodies.

The study was performed the Mach number value of M = 1.5 and zero angle-of-attack and angle-of-sideslip
within the conditions of inviscid supersonic flow of the ideal gas. The drag of noncircular forebodies and their
equivalent bodies of revolution was estimated by the numerical solution of Euler equations using the Godunov-
type finite volume method. The search for the optimum axisymmetric shape with the minimum wave drag was
performed by the line search method.

As a result, it was found that lifting non-circular forebodies of a given aspect ratio being optimal in terms of
drag have a unitary shape of the equivalent body of revolution, which does not depend on lifting properties and is
close to the one of a body of revolution of minimal wave drag. Based on the obtained results, the conclusion was
made that the noncircular lifting noncircular forebody shape, which is close to the optimal one in terms of the drag
value, can be designed based on the supersonic equivalence rule, despite the inherent errors of the former when

estimating the drag of lifting bodies.

Keywords: aircraft forebody, supersonic flow-around, equivalence rule, drag minimization
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Bgenenue

Ha cBepX3BYKOBBIX CKOPOCTSIX MoJjeTa J0O0oBoe
COTPOTUBJIEHUE HOCOBOI YaCTU MOXET BHOCUTDH CYy-
IIECTBEHHBI BKJaJ B CyMMapHO€ COMPOTUBIICHUE
JeraTenbHOro anmapara (JIA), B cBsI3u ¢ 4yeMm 3agada
ero MMHUMM3ALUU UMEeT OOJIblloe MpaKTUuUecKoe
3HaueHue. Ha maHHbI# MOMEHT 3Ta TeMa OCOOEHHO
Ty00KO pa3pabdboTaHa 115 0CECUMMETPUYHBIX HOCOBBIX
yacTeit, HallleAIX Haubosee UPOKoe TpUMEHEeHNeE B
MpaKTHUKE a3POAMHAMUYECKOTO MPOeKTUpoBaHusl. st
HUX 3aJja4a MUHUMU3ALMU JIOOOBOTO COMPOTHUBICHUS
YCIELIHO pellieHa B paMKaxX KakK YMpoIleHHBIX [1—4],
Tak 1 0ojiee TOUHBIX [5—10] Momeneii TeueHusI.

s TpexMepHbIX HOCOBBIX YacTeil ¢ HEKPYroBoOit
(opMoii monepeyHoro ceyeHusi, KOTOpbie Bce OoJiee
LIUPOKO MTPUMEHSIIOTCSI HA COBPEMEHHBIX U MEPCIeK-
TUBHBIX CBEPX3BYKOBBIX JIA, paccMaTpuBaemasi 3ajaua
YCIIOXHSIETCS B CUJIy 00Jiee BbICOKOI TPYAO0EMKOCTU
ornpeaeaeHus: B3aUMOCBSI3U Mexay hopMoii o0Te-
KaeMoro Tejila U paclpeiejeHreM AaBJIeHUs Ha ero
MoBepXHOCTU. TeM He MeHee ONTUMaJIbHble (POPMBbI
TPEXMEPHBIX TeJl ObLIM YCIEIIHO HailIeHbl B paMKax
3akoHa B3aumMoneiictBus Heiotona [11—13], a Takke
B paMKax 0000IIeHHON MOJAENU JTOKaJbHOrO B3au-
MozneiictBus [14]. JaapHeias onTUMU3aLus IIpo-

CTPaHCTBEHHbIX a3pOJMHAMUYeCKUX (DOPM, CBSI3aHHAS
C TIePeX0IoM K 00J1ee CI0KHBIM (PU3UYECKUM MOICIISIM,
TaKWUM KakK ypaBHeHUs1 Ditnepa uiv ypaBHeHus HaBbe—
Crokca, cTajga BO3MOXHOI Giaromapsi TpUMEHEHUO
aBTOMATU3MPOBAHHbBIX ONTUMU3ALMOHHBIX aJITOPUT-
MOB, COMPSIXKEHHBIX C METOAAMU BBIYUCIUTEIbHOM
aspoanHamuku [15—18]. B pamkax aToro momxona,
Hanpumep B [17], BbIlTOJITHEHA MHOTOKpUTEpUaIbHAS
ONTUMMU3ALUS HOCOBOM yacTu JIA Ha MO3BYKOBBIX U
CBEPX3BYKOBBIX CKOPOCTSIX IMOJIeTA.

B [18] ¢ ToMoI111b10 TEHETUYECKOTO aArOpuTMa, Co-
MPSIKEHHOTO ¢ CyppOraTHOI MOJEbIO, U YMCIEHHOTO
pellieHus1 ypaBHeHUI Diisiepa Oblia nmojiyueHa cepusi
HOCOBBIX yacteit JIA, uMeux MUHUMaIbHOE JI000-
BO€ COMPOTUBJIEHUE AaBJIEHUs TTPU PA3JIMUHbIX 3HAUe-
HUSIX MOMEHTA TaHTaXa Ha TMKUPOBAHUE Ha PEXKUME
TOPU3OHTAJILHOTO MOJIETa C yMEPEHHOI CBEPX3BYKOBOI
CKOpOCThI0. JIMana3oH uccjieqoBaHHBIX BApUAHTOB
F€OMETPUHU TIPU 3TOM ObLJT OTPaHUUYEH CHeUaTbHbIM
CEeMEeICTBOM, B paMKax KOTOpOro (oopMa 00BOIOB OIU-
ChIBAJIACh IIPEIJIOXKEHHOM B [ 6] AByXIIapaMeTpu4eCcKoii
CTETNIEHHOI 3aBUCUMOCTBIO:

m

yx)=y. B|1- 1+A% , (1)
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T1€ Ymax — FA0APUTHBIN pa3Mep B 0a30BOM CEUEHUH,
L — navHa HOCOBOM yactu, A, B u m — mapameTpsl,
ornpenesseMble Ha OCHOBE 3HAYEHWM yrila HakKJIOHa
KacaTeJbHOI B BepllIMHE U B 0a30BOM CEUCHUM.

B pamkax HacTosieil pabOThl MCCIen0BaHO,
B KaKOIi CTEIIEHU pe3yJIbTaThl, IToIy4yeHHbIe B [ 18], co-
IJ1aCyIOTCSl C pe3yabTaToOM, ONTUMaJIbHBIM B COOTBET-
CTBUM CO CBEPX3BYKOBBIM MTPABUJIOM 3KBUBAJICHTHOCTHU
[19, 20], cormacHO KOTOPOMY BOJTHOBOE COMIPOTUBJIEHHE
TPEXMEePHOro 00TeKaeMOro Tejia MPUOIUKEHHO PaBHO
BOJTHOBOMY COTIPOTUBJIEHUIO €r0 9KBMBAJIEHTHOTO TeJla
BpameHus (DTB). J1st aToro 1060Bo€ CONPOTUBIICHE
MOJIyYeHHBIX B [ 18] HOCOBBIX YaCTeli COIIOCTABIICHO C
BOJIHOBBIM COMPOTUBAeHUeM ux DTB, onpeaeneHHbIM
MO pe3yJibTaTaM YMCJIEHHBIX PacueToB. 3aTeM C yde-
TOM Te€OMETPUUYECKMX OTPaHUYEHUI, TPUHSITBIX TIPU
ONTUMU3ALMU UCXOJHBIX HOCOBBIX YacTei, MOay4YeHO
TeJI0 BpallleH!WsI MUHMMAaJIbHOTO BOJIHOBOTO COIPO-
TUBJIEHUS, KOTOPOE comocTaBieHo ¢ DTB ucxomHbIx
HOCOBBIX yacTeii JIA.

HccrenoBaHue BBIMOJHEHO HA peXXUMe MoJieTa, KO-
TOPOMY COOTBETCTBYIOT 3HaUeHU ynciaa Maxa M = 1,35,
yria ataku o = 0° 1 yria ckonbxkenus 3 = 0°. 3agaua pe-
1IIeHa B paMKaxX MOJIEJIA HEBSI3KOTO COBEPIIIEHHOTO ra3a.

1. Vicxonuble TaHHbIE, TIOCTAHOBKA 3212491

U METO/ peleHust

HocoBrbie yactu JIA, uccienyemble B paMKax Ha-
cTosleil padoThl, ObUIM TTOTyYeHBI B [ 18] B pe3ynbraTe
peleHus AByXKpUTepUaIbHON ONTUMM3aLIMOHHOM 3a-
nmayn. Ha paccmatpuBaeMoM pexxume mojieta (M = 1,5,
a = 0°, 3 = 0°) oH1 UMEeIOT MUHUMAJIBHOE JIOOOBOE CO-
MPOTUBJICHKE TABJIEHUS MPY 3aIaHHOM MOMEHTE TaHTaXa
Ha MTMKUPOBaHUE.

OnTuMm3anmoHHas 3aaa4a B [ 18] Obl1a mocTaBieHa
TaKMM 00pa3oM, UTO BCE paccMaTpUBaeMble HOCOBbBIE
YacTU MMEIOT OJIMHaKOBbIE YIJIMHEHUE, TabapUThI,
(opmy 0a30BOTO CEUEHUSI U TIJIAHOBOI MPOEKILIUU, Ta-
KM 00pa3oM pazinyasichb JIUIIb (hOPMOIi MPOEKIINU Ha
BEPTUKAIbHYIO MPOJAOJIbHYIO TJIOCKOCTh CUMMETPUM.
Bcero 661710 moy4yeHO 9 HOCOBBIX YacTeil, KOTOpbIe
Janee, Kak 4 B [18], mpoHyMepoBaHbI B OPSIAKE yBe-
JINYEHHS CO31aBaeMOI0 UMW MOMEHTA TaHTaXa Ha Mu-
kupoBaHue v o6o3HaueHsl HU-1 ... HY-9. ®opmbl ux
MPOEKIMI Ha BEPTUKATbHYIO MPOAOJbHYIO MJIOCKOCTh
CUMMETPpUU MPUBEIEHBI Ha puc. 1.

®opmbl 06pasyrotux OTB njis paccMaTprBaeMbIX
HOCOBBIX UacTeil B COOTBETCTBUU CO CBEPX3BYKOBBIM
MPaBUJIOM 3KBUBAJIEHTHOCTU OTTPENEISIIOTCS CIeay 0~
LM 00pa3oM:

1 (x) = @ @)

e r, — MecTHbI paauyc OTB, § — MecTHas momanb
MOMNEPEYHOrO CEYeHNSI HOCOBOI YacTH.

é, HY-4 — Hus _— HU-6
S e T me
\ ~—

— — —

| ——— ] <”””’
\ N
\_ -

Puc. 1. [Ipoexiiuu nccaemyeMbiXx HOCOBBIX YacTeid
Ha BEPTUKATIbHYIO TIPOAOJIbHYIO MIIOCKOCTh
CUMMETPUU

B kxauecTBe mpumepa Ha puc. 2 TIpUBEIEHBI IIPO-
ek1uu HocoBoit yactu HY-1 u ee DTB.

JloboBo€ cOrnpoTUBIIEHUE UCXOAHBIX HOCOBBIX Ya-
creit JIA u ux OTB oneHnBaNIOCh MyTeM YKUCIEHHOTO
pelleHus ypaBHEHUIT Diljiepa ¢ IIOMOIIbIO METOoa,
ornucaHHoOro B [21]. B kKauecTBe XapakTepHOi1 ruioiaau
IIpY BBIYMCIeHUU KO3 duiimeHTa 1000BOro compo-
TUBJICHMS UCTTOJIb30BaHa IIOIIaAb 0a30BOTO CEUSHMUS
HOCOBOIi yacTu. [TapameTpbl pacueTHBIX CETOK TMpHU-
BENECHBI B TAOIALIE.

IMouck dopmbl DTB MUHUMAIBHOTO BOJTHOBOTO
COTPOTUBJIEHUS BBIMOJHEH METOIOM LIMKINYECKOTO
MOKOOPAMHATHOTI'O CIYCKa B KJIACCE OCTPOKOHEYHBIX TEJT
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Puc. 2. ITpoekuuu HocoBoii yactu HU-1 1 ee DTB
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ITapameTpsl pacueTHBIX CETOK

KonmnyectBo y310B
HocoBas yactb
B OCEBOM HANPABJIEHUU | B PAIHATLHOM HANIPABJICHUH | B OKPY?KHOM HANIPABJICHUH
Wcxonnas 337 129 65
OTB 361 381 -

BpalleHusI C AByXIapaMeTpuIecKoii cteneHHoM (hopmoit
obpasyromuieii (1). Jlnanma3oHbsl ”3BMEHEHMS [TapaMeTPOB,
onpenessionmx hopmy odpasyromieit DTB, 3amaHbl Ha
OCHOBE JIMalla30HOB U3MEHEHUS MapaMeTpoB, OIpe-
JensBIIMX (hOpMY MCXOIHBIX HOCOBBIX Uacteii JIA npu
peleHNY ONTUMM3ALIMOHHOI 3a1aun B [ 18].

2. AHAIM3 pe3y/bTATOB

CpaBHeHMe pacuyeTHBIX 3HaYeHU KO3 puuneHTa
JIOOOBOTO COMPOTUBICHUS UCXOAHBIX HOCOBBIX YaCTel
Cyq M KOG DULIMEHTA BOJTHOBOIO COMPOTUBIEHUS UX
OTB ¢yyo1B) IPEACTaBIIEHO Ha pUC. 3. M3 IpMBENEHHBIX
JaHHBIX BUIHO, YTO PACXOXKIAEHUE MEXKIY Cyy U Cyy(5TB)s
KOoTopoe (hakKTUUECKM MpeacTaBisieT co0oil morpeli-
HOCTb CBEPX3BYKOBOTIO IMpaBujia SKBMBaJEHTHOCTH,
MOXeT JocturaTh 16%. [1pu 3TOM cliemyeT OTMETHUTD,
yTO HAOJIIOJaeMO€e pacXoXJAeHUEe KOPPEIUpyeT co
3HAYEHUEM CO3/1aBaeéMOI0 HOCOBOI YaCThI0 MOMEHTA
TaHTraXxa W, OYEeBUIHO, CO 3HAYECHUEM NEHCTBYIOLIECH
Ha Hee MOABbEeMHON CUJIBI. DTO CBUAETEIbCTBYET
0 TOM, YTO CBEPX3BYKOBOE ITPABUJI0 9KBUBAJIEHTHOCTHU
JaeT MOrpelIHOCTb B yUeTe COCTABISIOIIMX TJOOOBOTO
COMNPOTUBIIEHUS AaBJIeHUS, 00YCIOBIEHHBIX MOIb-
€MHOW CUJIOM.

Hecmotps Ha 310, comocraBneHue ¢popm OTB,
MpUBEACHHOE Ha pUC. 4, TTIOKA3bIBAET, UTO JJIsI HEeCy-
e TPEXMEPHOI HOCOBOI 4acTHU, ONTUMAJIbHOMU MO
3HAUYEHUIO JIOOOBOTO compoTuBieHuUs, popma DTB
MPaKTUYECKU HE 3aBUCUT OT €€ HECYIIMX CBOMCTB.
MOXHO MpPeanoaoXuTh, UTo eauHas ¢opma OTB Ha
puc. 4 TakxKe MOXET COBITaAaTh U ¢ POPMOI1 OCTPOKO-
HEYHOTrOo TeJia BpallleHUs] MUHUMAaJIbHOTO BOJHOBOIO
COTPOTUBJICHUS.

1.18

1.16 — ]
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Puc. 3. CpaBHeHuUe JT0O0OBOTO COMPOTUBJICHUSI

HCCIIEyeMbIX HOCOBBIX YaCTEli ¢ BOJIHOBBIM
comnporusiieHreM ux OTB

Conocrapnenue DTB ncxonHbIX HOCOBbIX YacTeit 1
ONTHMMAJILHOTI'O TeJ1a BpallieHUsI 1o (hopMe oOpasyroleit
(puc. 5) 1 no 3HaYeHUIO KO3(PpPULIMEHTAa BOJTHOBOTO
cornpoTHuBIeHUs (pUC. 6) MOATBEPKAAET 3TO MPEATIO-
JIOXXEHME — 3aMEeTHOe OTJInUMe (DOPMbI 00pa3yIoNIeii OT
ONTUMAJIbHOI HAaOIFOIAeTCs JIUILIb JJ1s1 HOCOBBIX YacTeit
HY-7, HY-8, HY-9, a makcuMmanbHOE OTKJIOHEHUE
OTB ot onTUMaNIbHOIO TeJia BpallleHUsI 110 3HAYCHU O
BOJIHOBOTO COIIPOTHUBJICHUSI COCTABJISIET uyTh Oostee 2%.

HabomaemMbie 3aKOHOMEPHOCTHY CBUIETEILCTBYIOT
0 TOM, 4TO UCCJIeAyeMble HOCOBbIe YacTu JIA, Oymyun
OTNTUMAJIbHBIMU 1O 3HAYEHUIO JTOOOBOTO COMPOTUB-
JIEHWS TIpU 3a/laHHbIX 3HAYEHUSIX MOMEHTA TaHTaxa,
TakXe OJIM3KU K ONTUMaIbHBIM U TI0 ¢hopme DTB,
T. €. MOXHO YTBEpXAaTb, YTO OHU OJIM3KU K OITU-
MaJIbHBIM B COOTBETCTBUM CO CBEPX3BYKOBBIM ITpa-
BUJIOM 3KBUBaJIEHTHOCTU. TakuM oOpa3oM, Hecyllast
TpexMepHasi HOCoBasi 4acThb C JAByXrnapaMeTpuuecKoi
CTeneHHOIt (hopMoii 0OBOIOB, MMEIOIIASI MUHUMAIIb-
HOe JJOOOBOE COTPOTUBJICHUE AaBJICHUSI, MOXET ObITh
CIpOEKTUPOBaHa IyTeM puBeneHus popmel ee DTB
K (hopMe TeJsia BpallleHUsI MUHUMMAaJbHOTO BOJITHOBOTO
cornpotuBieHusi. OTMeyeHHas Bblllle MOTPEIHOCTh B
OLIEHKE COMPOTUBJIEHUSI C TIOMOIIIbIO CBEPX3BYKOBOTO
MpaBuJia 5KBUBAJICHTHOCTH, OUEBUIHO, HE OKA3bIBAET
3HAYUTEJBHOTO BJIMSIHUS HA 3TOT Pe3yJIbTAaT.

BriBoabl

B cratbe mcciaenoBaHbI HECYIIME TPEXMEPHbIE HO-
coBble yacTu JIA ¢ nByxmapamMeTpuuecKoil cTerneHHOoI
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Puc. 5. ConocraBnenue ¢opm DTB nccnenyeMbix
HOCOBBIX YacTeil 1 Tejia BpallleHUs MUHUMaJIbHOTO
BOJTHOBOTO COTIPOTUBIIEHUS
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Puc. 6. CpaBHeHUE BOJTHOBOTO COMPOTUBICHHUS Cy(a1p)
OTB uccnenyeMbIX HOCOBBIX YacTei M BOJTHOBOTO
CONPOTUBIIEHUH Cyy(onr) ONITUMAJTILHOTO TeJIa
BpaleHUsI

¢dopmoii 06BomoB. B xome mcciienoBaHus BEHISIBIICHO,
YTO ONTUMAJIbHBIE HOCOBBIC YACTH pacCMaTPUBAEMOIO
ceMeiicTBa, MMelolle MMHUMaJIbHOE JJ0O0BOE COMpo-
TUBJIEHHE Ha YMEPEHHBIX CBEPX3BYKOBBIX CKOPOCTSIX
roJjera, Mpy 3aJaHHOM YUIMHEHUN XapaKTepu3yTCs
enuHoi hopmoit DTB. OHa c1a00 3aBUCUT OT HECYILIX
CBOICTB HOCOBOI YaCTU M COBITafaeT ¢ hopMoii Tea
BpallleHMsI MUHMMAaJIbHOTO BOJTHOBOTO COITPOTUBJICHMSI.

BakHBIM MPaKTUYECKUM CJICACTBUEM ITOJTYYEHHBIX
pPEe3yJbTAaTOB SABJISIETCS TO, YTO HECYIIINE TPEXMEPHbIE
HocoBble yacTu JIA ¢ nByxnapameTpruuecKoi cCTerneH-
HOI (hopmoii 06BOIOB, ONITUMAJIbHBIE MO 3HAYEHUIO
JIOOOBOTO COMPOTUBJEHUSI, MOTYT OBITh CIIPOEKTU-
pOBaHbI Ha OCHOBE CBEPX3BYKOBOI'O MpaBuUjia dKBU-
BaJieHTHOCTU. Takke cripaBelIMBO MPEATNOI0XeH e,
YTO CIPOEKTUPOBAHHbIE TAKUM 00Opa3oM HOCOBBIE
YacCTU MOTYT OBbITh OJIMBKM K OMTHUMAJIbHBIM U BHE
paMOK pacCMOTPEHHOTO B HacToslleil paboTre cIie-
uanbHoro cemeiictsa. Ctporasi mpoBepKa JaHHOTO
IIPEAIIONOXKEHUS SIBIISIETCS IIPEAMETOM JadbHENIINX
UCCIIENOBAHUIA.

BaxxHO OTMETUTD, UTO MPEACTABIEHHbIE PE3YJIBTAThI
MOJyYeHbl HAa peXuMe IoJieTa, sl KOTOPOro xapak-
TEPHbI OTHOCUTEILHO MaJjible 3HAYEHUS MOABEMHOM
CWJIBI U, CIeA0BATEIbHO, OTHOCUTEIBHO MaJble 3Ha-
YeHUs 00YCJIOBJIEHHBIX €10 COCTaBJISIONIMX JJOOOBOTO
COMNPOTUBJIEHUS AaBieHUsT. KOppeKTHOCTb CeIaHHbIX
B HacCTos1Iei paboTe BEIBOIOB HE MOXET OBITh FapaH-
TUPOBaHa Ha peXMUMax IMoJjieTa, s KOTOPbIX COCTaB-
JISIIOIIKE JIOOOBOTO COIPOTUBIICHHUSI, 00YCIOBICHHBIE
MOABEMHO CUJION, OYIyT COMOCTABUMBI C BOJTHOBBIM
COMpPOTHUBIEHUEM, 00YCIOBIeHHBIM 00beMoM. C
JIPYroii CTOPOHBI, 3TU PEXUMBI MojeTa UMEHHO B
KOHTEKCTE MMHUMMU3ALUU JTOOOBOTO CONPOTUBICHMUS
HocoBolt yactu JIA, Kak mpaBuUIO, MPEACTABISIOT
MEHBIINIA NPAaKTUIECKUI MHTEPEC, TaK KaK B 3TOM CITy-
yae BBIMTPHILI B CyMMapHOM JIOOOBOM COINPOTUBIIEHUN
KOMITOHOBKM MOXKET OKa3aThbCsl HE3HAUUTEJbHBIM Ha
(¢oHe BBICOKOTO JIOOOBOTO COMPOTUBICHMST HECYIIIUX
MOBEPXHOCTEUN U MOTeph Ha OaJTAHCHUPOBKY.

Tem He MeHee MoTyYeHHbIe PE3Y/IbTaThl TO3BOSIIOT
CYILIECTBEHHO YIIPOCTUTb U YCKOPUTH TPOLIECC adPO-
JTUHAMMYECKOTO MPOSKTUPOBAHUSI HOCOBBIX YacTei
CBEepX3BYKOBbIX JIA KaK MUMHUMYM Ha HayvyaJbHBIX
aTanax (OpMUPOBAHUS UX OOIHUKA.
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