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[IpsiMbIM METOIOM ITIOCTPOEHUSI IBYyMEPHBIX ONITUMAJIbHBIX 110 KPUTUYECKUM unciiaM Maxa M* Ten
IMOCTPOEHBI OJIM3KKE K ONTUMaIbHBIM 110 M* Hecytre nnpodwin. X mpakTuyecku HyjaeBble Ko3h-
(bULIMEHTBI BOJTHOBOTO CONPOTUBIICHUS ¢, OCTAIOTCS TAKOBBIMU HE TOJIBKO MIPU yKciax Maxa Habe-
raolero notoka My Mensnx M*, Ho 1 mpu M) 3ameTHO npeBblIIaoUX M*. DTUM HOBBIE HecCy-
e npouiIv OTJIMYAIOTCS OT CYNePKPUTUIECKUX HECYLIUX TTPODIIIEH, ¢, KOTOPBIX CTPEMUTEIBHO
pacTyT NNpU NPeBbILIEHNN pacyeTHBIX 3HaueHuit M. [1pu paBHbIX TonmuHax 1 M = M* cynepkpu-
TUYECKUE NPOMUIN peanusyroT 6obiine KO3hhUIIMEHTbI TIOABEMHON CUIbI ¢, OIHAKO U3-32 OT-
MEUYEHHOTO BbILIE OTVIMYMS B MOBENEHUM ¢, TPU M), OOIBIINX paCUETHBIX, KAY€CTBO CYNEPKPUTU-
YECKUX MPOQUIEH MOXET CTATh HMXKE NAXKE KaK OTHOLIEHHME €\, HE K Cy, @ K KOI(DHUIIMEHTY MOTHOTO
COTMPOTHUBJICHUSI.

Karoueswie croea: HECyHmue HpO(I)I/UII/I, OIM3KKE K ONTUMAJIBHBIM 110 HAaOOIbIINM KPUTNYCCKUM
qyucjiamMm Maxa, OTPE3KMN 3BYKOBBIX JUHUM TOKa, aIlllnmpoOKCUMHPYEMbIEC KPpUBbLIMU EepHH_ITCI‘/’IHa—
BCSBC, T€HETUYECKMIA aJITOPUTM

DOI: 10.31857/S0568528122700013, EDN: AKJBPI

Ananm3 [1] o1 cMMMeTpUYHBIX ITpOoMIISH 1 TeJI BpallleHWs B paBHOMEPHBIX HaOeTaIoIIX ITOTOKaX
c yuciamu Maxa M, < 1 u ero 060011eHud [2] Ha Teja B UMIIMHAPUYECKMX KaHalax U B peleTkax, Ha
KOHTYPBI C OTpe3KaMy TOPU3OHTAJIEH U 00JIACTSIMU MOCTYIATEIbHOTO 3BYKOBOTO T€UEHUSI OTIpeIe NN
BaXKHYIO POJIb OTPE3KOB 3BYKOBBIX JMHUI TOKA B KOHTYpaxX KOHpuUrypaiuii, o0TekaeMbIX UlleaTbHbIM
(HEBSI3KMM Y HETETUIOMPOBOAHBIM) ra30M C HAMOOJIBIIMMU KPUTUYECKMMU ynciaMu Maxa My = M* < 1.
AHanu3 o0TeKaHUsI TaKUX TeJl BKJIOUYall J0Ka3aTeJbCTBO U MPUMEHEeHHE “CBOICTBA MPSIMOJUHEHHO-
CTH” 3BYKOBBIX JIMHMI (“JIMHMI Iepexona’”), OTIMYHBIX OT 3BYKOBBIX JIMHUI TOKA, OTPE3KM KOTOPHIX
¢dopmupyloT onTUMalIbHbIE KOHTYPBI. BTOpoe yTBepKaeHue — NpUHILIMI MaKCUMyMa, COIJIACHO KOTO-
pOMY B TaKUX TEUEHUSIX UMCJI0 Maxa MOXeT TOCTUraTh CBOEro MaKCMMaJbHOIO 3HaUYeHUsI M = 1 TOJIBKO
Ha o0TekaeMblx KOHTypax. CBOWCTBO TMPSIMOJMHEMHOCTH JIMHUI mepexona U MPUHLMUIT MaKCUMyMa
CIpaBEeMIMBHI U IpU “103ByKOBOM” (Kak M B [1, 2], ¢ M £ 1) o0TeKaHUM HECUMMETPUYHBIX TPODUIICTA.
OnHako U1 HUX J0Ka3aTh KJIOUeBble MPU BBISICHEHUU CTPYKTYPbl ONTUMAJIbHBIX TeJl YTBEPXKICHUS,
Ha3BaHHBIC B [1] “TeopeMoii cpaBHeHMSA” U “JIeMMOI TPaHUYHOM TOYKM’, HE YIAJIOCh.

IToctpoennsnie B [3—10] mpuMepsl ONITUMAIBHBIX TEJI B 0€3rpaHUIHOM PaBHOMEPHOM HO3BYKOBOM
HaberalolleM IMOTOKe BKJII0YaloT CUMMETPUYHbIE MPOMUIIN U 3aMKHYThIE TeJIa BpallleHUsI, 00TeKaeMble
oA HyJIEBBIM YIJIOM aTaKH’, a TAKXKe TOJIOBHBIC I KOPMOBBIE YaCTH MOTyO0ECKOHEUHBIX MJIACTUHBI U
KPYroBOTo MWIMHApA. JIj1s MX ITOCTPOEeHMS CO30aHbl YNCIeHHO-aHAIUTUIECKIEe NHCTPYMEHTEI C BECh-
Ma CJIOXKHBIMM aHAJIMTUYECKUMU cocTaBisommMu. [Togxon, pa3sutelii B [11], oka3ancss HaMHOTO IIpoO-
mie. B ero ocHOBe — IMpsIMOi METO, ONITUMAJILHOTO IIPO(GUINPOBAHUS C YUMCIIEHHBIM pellleHueM “ycra-
HOBJIeHHeM”’ ypaBHEHMI Diljiepa, ONMCHIBAIOIINX J03BYKOBOE 00TeKaHME HeaIbHBIM I'a30M MCKOMBIX
TeJN, MPeICTaBICHNE BBITYKJIBIX 3BYKOBBIX YUaCTKOB X KOHTYpPOB KpuBbIMU bepHinteitna—be3pe (KbBB)
¥ HaxoxneHue ontuMmaibHbix KBbB ¢ momolibio reHeTndeckoro ajiroputma (I'A). I'lpu aToM MUHUMMU-
3UPYIOTCS MHTETPaJIbl IO BBIIYKJIBIM Y4acTKaM KOHTYpa OT KBaJpaTa pa3HOCTU HABJICHUS p U €ro U3-
BECTHOM oTBevaroweit M = 1 “KpUTHYecKOi” BEUYUHBL p,,. Y ONTUMAJIbHBIX IT0 M™ TeJl BBIIyKJIbIE

YYaCTKM — OTPE3KM 3BYKOBBIX JIMHUM TOKA U 3TU MHTETPaJibl PaBHbI HYJIIO.
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128 KPAMKO, ILIAITOBAJIOB
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Puc. 1. bimskuii K onmManbHOMY o M* Hecyimii mpoduiib ¢ OTpe3KaMy 3BYKOBBIX (ipy M = M*) nmuuuii Toka abu a'b'.

1. BIU3KUE K OTITUMAJIbHBIM 11O M* HECYILUE ITPOOUITN

Bce nocrpoenHsie B [11] TUI0CKKE U OCECMMMETPUYHbBIE ONITUMAIbHBIE TI0 M Tena, Kak u B [3—10], 06-
TEKaloTCsl pABHOMEPHBIM HaOerarolM MOTOKOM IO/, HYJIEBBIM YIJIOM aTtaku. Jlanee, kak u B [11], ochb x ne-
KapTOBbIX KOOPAWHAT Xy HampasjeHa 1o ckopoctu VY, Haberatoliero rnotoka. [1py nocrpoeHuu 6J1M3Kux K
OINTUMAILHBIM 110 M Hecy1nux npoduieil 3aqanM 1 MMpUMEM 3a JIMHENHBIA MacIITat MPOEKLIMIO UX XOPIbI
Ha ocb x. [Ipu niepenHeit Touke mpoduis i, MIOMEIIeHHOH Ha OCh ), M KOHIIEBOM TOUKE f, TIOMEILeHHOI Ha
ochb x, nmpoduitto otTBevaroT 0 <x < 1. Kak u B [1—11], BO3BMOXXHbBI ¥ MHbIC OTpaHUYEHUSI, HATIpPUMEDP

A
W _ 199> 1g0,, S= [or=yax>s, (L1)
dx f

¢ 3agaHHBIMU KOHCTaHTaMu 0,, < 0 1 .S, > 0 ¥ ypaBHEHHSIMU y = y*(X) 1 y = y~(X) BepXHE U HIDKHEN
o0pa3yrImmMu pouJIs.

IlepBoe orpannyenue (1.1) MpuBOIMIIO K MOSIBJIEHUIO Y TIOCTPOSHHBIX paHee ONTUMAaJIbHBIX 10 M*
CUMMETPUYHBIX OOTeKaeMbIX IO HYJEBbIM YIJIOM aTaku Tpoduiaeil mpsIMOJUMHEHHBIX yJacTKOB
dy/dx = tgb,,,, 3aKaHINBAIOIIINXCSI B UX KOHIIEBO#t Touke x = 1, y = 0. OrpaHndeHne ke Ha TUIOMIATb
“IIpOIOJILHOTO” ceueHUs S, BBeIeHHOE elle B [ 1], IpUBOAMIO K MOSBICHUIO Y 3TUX Mpoduieii mepen-
Hero Toplia ia, Ha KoTopoM X = (), 1 BBIIMYKJIOrO OTpe3Ka 3ByKOBOM JMHUU TOKa, HA KOTOpoM M = 1 u
P = py. [Ipu m1anxoii CThIKOBKE BCEX YYACTKOB ONTUMAJIBHBIX 00pa3yloliux (HEMPEePbIBHOCTHU yIiia Ha-
KJIOHA KacaTeJIbHOI K HUM 0) KpMBM3HA 3BYKOBBIX YIaCTKOB B X KOHIIEBBIX TOYKAX oOpalaercs B 6ec-
KOHEYHOCTh [7—12]. I1pu nipuOIMKeHUH K 3TUM TOYKaM I10 OTpe3KaM 0 = const 6€CKOHEYHBI IPOU3-
BOIHBIE p U V, a Ipu NIPUOJIVKEHUN TT0 HOPMAJIU K KOHTYPY — ITPOM3BOAHBIE BCeX MapaMeTpos [12].

CornacHo “3akmoueHuto” [11]: “... craBive Jierko JOCTYITHBIMY ONTUMAaJIbHbIE TT0 M* KOHMUTrypaluu
TO-TIPEXKHEMY OTPaHMIEHBI CUMMETPUTIHBIMU TIPOGUIISIMH, TEJIAMH BPaITleHHS ¥ TOJIOBHBIMHA 1 KOPMOBBI-
MM YaCTSIMH, 00TeKaeMbIMU TIOI] HYJIEBBIM YIJIOM aTaku. TeM He MeHee X04eTCsT BEPUTh, UTO JIETKOCTh ITPO0
TMOMOXET HAliTU CTPYKTYpY NMPUHUUIMAIBLHO MHBIX ONTUMAIbHBIX M0 M* NBYyMEpHBIX KOHUTryparuii”.
Hwxe mmocTpoeHBI TpruMephl TMEHHO TAKKMX, OJIM3KMX K ONITUMAaIBHBIM ITo M* HecyImmx mpouieit.

N300paxeHHbIil HA puc. 1 HecyImnit MpodriIb oTIMdaeTcs OT Mpoduieii, TOCTPOSHHBIX paHee, He-
CUMMeETpUEN ero BepxHell U HUXHeil oopasytoiux. Bo-nepBbix, oTpe3ok a'b' 3BykoBoii npu M, = M*
JIVHUU TOKA MEHBIIIE TT0JOOHOI0 BepxHero oTpe3ka ab. [1o 3Toit mpuunHe pU ITOCTPOSHUN UCKOMbBIX
npoduIieil IPSIMBIM MeTOIOM [ 11] MUHMMM3UPYIOTCS MHTETPAIEI

b b
1=[p-pyde, 1'=[(p=poidt (1.2)

3nech u mainee, Kak B [11], & — paccrosiHue, OTCUUTHIBAEMOE BIOJb KOHTYpPA, p, — OTBevaromee M = 1
KPUTUYECKOE aBJIeHUE, 32 MACIITAOBI TUIOTHOCTH P U CKOPOCTEH B3SATH UX pa3MepHBIe (C MHIEKCOM
“rpamyc”) KpUTUUECKME BETMINHBI p: " ai, a 3a Macirao p — p:azz. JJ1s1 cCOBEpILIEHHOTO Ta3a ¢ II0CTO-
STHHBIMU TETUIOEMKOCTSIMU M X OTHOIIIEeHNEeM (TToKa3artesieM annabdarsl) Y 6e3pasmepHoe p, = 1/Y. Bo-
BTODBIX, U151 YBEIMYEHUSI MOABEMHON CUJIbI JO3BYKOBOU npu M, = M* KOHLIEBOI y4aCTOK HUXKHETO
KOHTYpa, INIABHO IIPUMBIKAIOIINI K OTPE3KY a'h’, MOKET ObITh BOTHYTHIM.

Hapsny ¢ dyakumnoHanioMm (1.2) BeIMUCISAIOTCS KO3(hGULIMEHTHI BOJHOBOTO COMPOTUBIIEHUS ¢, U
NOIBEMHOM CUIIBI €, U TLJIOINA/b S TIPOJOIBEHOTO CEYEHUS TPODUIIS
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A
=2 $ - pdy, ¢ = jzcﬁ(p = podx, S = [ =y (1.3)
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CO cpenHell TouKoit i Topua a'a. J17si CoBepLIeHHOTO ra3a AaBJieHue py U PV, — dyHkumu yucna Maxa M,
HabeTraroIIero moToka

+ )M 1(y+1 y—-1
VZZ(Y—)Oza o :_(Y__Y_I/()Z > poVOZZYPOMg-
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KBB, KOTOpBIMU aIIpOKCUMUPOBAIUCH KPUBOJIMHEWHBIE YYACTKA KOHTYPOB MCKOMBIX HECYILLIAX

npodmuieii, 3amarorcs popmymamu [13]

)Y/ (y-1)

K!
k(K - k)!

B KOTOPBIX P — KOOpAMHATHI (X, V), { — MapaMeTp, BkK (t) — nonuHoMbl bepHiTeiiHa, a P, — KoopauHAaThI
KOHIIOB (KOHTPOJIbHBIX TOYEK) OTPE3KOB JoMaHoM (“mosimroHa”). B obmem ciayyae Kbb npoxoaut
JINIIb Yepe3 KpailHue KOHTPOJIbHbIE TOYKH, KacasiCh B HUX COOTBETCTBYIOIIETO OTpe3Ka noauroHa. Cy-
LIeCTBEHHA JIMHelHas 3aBUCUMOCTb KoopauHat Kbb ot koopauHat P, ee KOHTPOJbHBIX TOUEK.

Bepxnue 3BykoBbie pu M, = M* oTpe3ku oOpasyroiiunx uckoMbix npoduneit Kbb onpenensior
Tak Xe, Kak IIPU ITOCTPOCHNN CUMMETPUYHBIX poduireii B [11]. ITpm mocTpoeHUM BBIITYKJIOTO Y BOTHY -
TOr0 Yy4acTKOB HMXXHUX oOpasytomux aBe KBb obecreuuBaloT MaaKylo CTBIKOBKY BBIIYKJIOTO
y4yacTKa a'b' ¢ TOpLIOM a'a B TOUYKE a' I C BOTHYTHIM KOHIIEBBIM YYaCTKOM B TOUKe b'. [71aKyl0 CTHIKOBKY
B TOUKe b' peayindyeT MoMelleHre 3TOi TOUKU 1 ABYX COCEIHUX C Hel KOHTPOJbHbIX ToueK KBb Ha oT-
DPE30K 3apaHee HEM3BECTHOM MPSMOM JIMHUM.

biuzkue K onTuMaibHBIM 10 M* Hecylre poGUIn CTPOWJIMCh NPSIMbIM MeTOAOM [ 11], KOTOpbIi
paHee pa3BUBAJICA U TIPUMEHSUICS MPU MOCTPOSHUY ONTUMAJIbHBIX a3poauHaMudecKux opm B [14—18].
OntumanbHble napameTpsl KBb — ocraBiiuecs: He 3anaHHbIMU (“CBOOOAHBIMU ) KOOPAUHATHI KOH-

TPOJIbHBIX TOYCK, BKIIOYad KOOPAUMHATBI TOUCK CTBIKOBKU V,, Xp, Xp U Yy (HHZ[eKCLI a, b, ... METAT BCJIN-

YMHEI B TOYKax a, b, ...), obecrieunBaloniye 0JIM3Kue K HyJIIo 3HaYeHMsI BBeneHHBIX B (1.2) u (1.3) dpyHK-
uuoHanosB I, I' v ¢, Haxoaui I['A, onucanHeiii B [11].

Pacnipenenenus napameTpos u 3HadyeHus 1, I', ¢, v ¢, Ipy CTAaLMOHAPHOM OOTEKAHMM KaXII0TO CTe-
HepupoBaHHOro I'A mpoduiisi HaXOIWINUCH YCTAHOBJIIEHUEM IO BPEMEHU NMPU YHUCICHHOM pellleHUn
ypaBHEHMIi TeUeHUSI UICATBLHOTO Ta3a (ypaBHEeHUI Ditiepa). 3anucaHHble B IMBEPIeHTHOM hopMe He-
CTallMOHApHbIE ypaBHEHUSs Ditjiepa UHTErpUPOBAIMCH Pa3HOCTHOI cxeMoit ['oayHoBa [19] moBbllIeH-
Horo coracHo [20, 21] mopsinka anmmpokcuMaiuy (Ha miagkux peineHusx). Kak u B [11], B rimockocTu
Xy ypaBHeHUs Diijiepa YUCIEHHO MHTErPUPOBAIUCH B 00JIACTH, OTPAHUYEHHOI OKPYKHOCTBIO 7= (x? +
+3?)1/2 = 15 ¢ mapamMeTpamMu HEBO3MYILLEHHOTIO ITOTOKA B MTPUMBIKAIOILEM K OKPYKHOCTH CJIOE “BCIIO-
MoraTeJbHbIX stueeK [22]. A4eiiku pa3HOCTHOM CETKH, afaliTUPOBAHHOM K 00TEKaeMbIM TeJIaM, YBEIU -
YUBAIUCH JUHETHO Mo . YToOBI N30eXaTh CBI3aHHOTO C 3TUM POCTAa BpEMEHU YCTAHOBJICHUSI, MHTE-
rpUPOBaHME YPaBHEHMI BEJIOCh 110 HESIBHOM pa3dHOCTHOI cxeme [23] ¢ unciom Kypanra cu = 10—20.
He BnaBasich B ganbHeiilie NoapoOHOCTH, MepeineM K npruMepaM MOCTPOEHHBIX OJIM3KUX K OIMTH-
MaJIbHBIM o M* HecyIuM npoprIIsIM.

K
P()=) BIOA, Bi®)= -0t re o]
k=0

2. IPUMEPHI BJIU3KHX K ONITUMAJIbHBIM MO M* HECYILIIUX [TPO®UTEN

Bce pacueTsl BoinosniHeHbl 111 Y = 7/5 = 1.4 ¢ 3agaHMeM BbINYKJIbIX 3ByKOBBIX Y4aCTKOB CUMMETPUY -
HbIX Ipoduiieit KpuBbiMU bepHIiuTeitHa—besbe 10-ro mopsinka (K= 10). BorHyTble KOHIIEBbIE Y4aCTKU
X HUXXKHMX oOpasyoliux 3agaBaiuchk Kbb 3-ro nopsinka, a mpu npeacTaBieHU Mmojei yucen Maxa
KOOPJIWHATHI X U y OTHECEHBI K TTPOEKIIMU XOPAbI TPOMUIS Ha OCh X.

B Ta6a. 1 npuBenenbl ynciaa Maxa M, yIJibl aTaku OL U OTHOCUTEJIbHbBIE TOJIIIMHBI /i — MaKCUMaJlb-
HbIE PA3HOCTHU y TIPU (PUKCUPOBAHHOM X BEPXHEU 1 HIDKHEI 00pa3yIolInX TPEX MOCTPOSHHBIX IPSIMbIM
METOJIOM ONTUMHU3ALUHU OJIM3KKUX K ONTUMAJIbHBIM 0 M* = M, Hecyluux npoduieii. YeTBepThlii HeCcy-
wuii npoduib — cynepkputuueckuit wist My = 0.785 Hecyiuii npoduns SC(2) _NASA_0410 us [24].
C atuM nipopusieM OyaeT CpaBHUBATHCS OMWH U3 TIOCTPOSHHBIX OJIM3KUIT K ONTUMalIbHOMY 1o M* = (.785
Hecymii mpodwiab. CylLIecTBEHHO, YTO BCe YeThIpe MPoduiis 00TeKaTCs oA HeOONbIIMMH OTpULIa-
TeJIbHBIMU YIJIaMU aTakKyi. MeTOoIbl IIOCTPOSHUS IBYyMEPHBIX CYIIEpPKPUTUYECKIX KOH(MUTYpaLuii, 00Te-
KaeMbIX Ha PacYETHOM PEXHUMEe C MECTHBIMM Oe3ydapHBIMU CBEPX3BYKOBBIMHM 30HAMM, Pa3BUBAINUCh
B [25—29].
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Taommna 1
MO - h
0.7 0.0211 0.1774
0.785 0.009 0.101
0.785 (NASA) 0.0076 0.1
0.85 0.0044 0.0546
Taoauna 2
M, N 1% 10 I =10t ¢ ¥ 10° ¢, x10°  |(M™—1) x 10°
0.7 13744 (x4) 18 (17) 18 (19) 42 (8) 488 (489) 11 (37)
0.785 14688 (x4) 64 (63) 14 (16) 17 (2) 246 (246) 29 (31)
0.785 (NASA) | 16960 (%x4) 58 (20) 395 (398) 139 (121)
0.85 15664 (x4) 31 (31) 44 (47) 8 (1) 150(150) 25(32)

B ta6u. 2 cobpanbl BemuuHbl 1, I, ¢,, ¢, U OTJINYKE OT EAMHUIIBI MAKCUMaJIbHBIX yrcesn Maxa M™
npu ynciax Maxa HaGeraroliero notoka My 1 yriax ataku, ykazaHHbIX B Ta0J1. 1. Bce nepeunciieHHbIe
BEJIMUYMHBI ObLIM ITOJIyYE€HBI Ha ABYX pa3HOCTHBIX CETKaX ¢ YUCIoM ssueek N u 4N. CpaBHeHNE 3HAYE-
HMIA, OJy9EHHBIX Ha UCXOOHBIX U Oosiee “TOHKMX” ceTKaxX (B CKOOKax), AEMOHCTPUPYET JOCTOBEP-
HOCThb pe3yJibTaTOB pacueTa. M3 NMpuUBeAeHHBIX BEJIMYUH MPAKTUYECKM HEU3MEHEH Kod(ddUIUEHT
MOTBLEMHOM CHJIBI, CJIETKAa M3MEHSIIOTCSI MHTeTpaibl / v I' i yMepeHHO — MaKCUMaJlbHBIE ynciia Maxa M™,
YMeHBIIIeHUE X TTOUYTH Ha TTOPSIIOK KpaitHe MaJIbIX 3HAUYEHUM ¢,, OJIM3KUX K ONITUMAaJIbHBIM 110 M* He-
cylux npoduieit, Kak 1 B [11], — cBUAETEIBCTBO BEICOKOI TOYHOCTU pe3yJIbTaTOB, MO0 3[I€Ch OT-
JINYUE ¢, OT HYJIS1 — CJIeACTBUE MoTpelrHocTeil cyeta. C yueToM CKa3aHHOTO Aajiee PUBOISATCS Pe3yib-
TaThl, ITOJIy4YCHHBIC HAa UCXOIHBIX CETKAX.

Ha puc. 2 nokaszansl nosst yuces Maxa npu odrekaHuu ¢ M, = 0.785 Hecyiero npodusisi, 6;1M3Koro
K onTuMasibHOMYy 1o M* = 0.785 (a), u cyniepkputudeckoro npopuist SC(2) NASA 0410, cipodunm-
poBaHHoro Ha M, = 0.785 (6). XoTs1 comtacHo Tab1. 2 oTanyre M™ OoT eNMHUIIBI Y BTOPOTO Mpoduist
BUETBEPO OOJIBIIIE, YEM Y ITIEPBOTO, Ha pacyeTHOM pexkume (mpu M, = 0.785), oH ob6TeKaeTcsl mouTH 6e3-
yaapHo ¢ ¢, = 0.2 X 1073,

0 1 x 0 ' ) 1 x

Puc. 2. Ilona uncenr Maxa nipu o6tekannn ¢ M = 0.785 Hecyiero npodwust, 6JIM3KOTO K ONTUMAIBLHOMY 1o M* =
=0.785 (a), u cynepkputnieckoro mpodust SC(2)_NASA_0410, cmpodpunmposanHoro Ha M = 0.785 (6).
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e, x 103
12

<

0 )
0.76 0.78 0.80 0.82 M,
Puc. 3. 3aBucumocts ¢, oT My ipoduieii: 6im3koro K ontumanbHoMy o M* =0.785 (1) u mpodunsa SC(2)_NASA_0410 (2).

(a) (©)

0 1 x 0 1 x

Puc. 4. ITons yncen Maxa 0KoJ10 6JIM3KMX K ONITUMAaJIbHBIM 110 M* Hecyux npoduieii: (a, 6) —M* = 0.7, 0.85.

CornacHo puc. 3 cutyauust pe3ko MeHsieTcs npu M, 60abLIKUX pacueTHOro 3HaueHust M, = 0.785.
¥ 0nu3Koro K onTuMajibHOMY 1o M* Hecyiiero npoduis ¢, He uameHsiercs 10 M, = 0.81, Bo3pacras 3a-
TeM 110 ¢, = 1.64 X 1073 ipu M, = 0.82 Ha ucxomHoii cetke u jio ¢, = 1.48 x 103 Ha BueTBepo GoJiee TYCTON.
B otnnuue ot atoro ¢, cynepkputrdeckoro npoduiist NASA HaunHaet npu M,, > 0.785 pactu cpasy, 10CTHU-
ras ipu M, = 0.82 MHOrO Gosblieil BearmanHsl ¢, = 1.2 X 1072, Ha puc. 3 1 najiee JJOMaHHbIE KpPUBbIE 0Opa-
3YIOT MPSIMOJIMHEHBIE OTPE3KM, KOTOPBIE COSNUHSIIOT MIPEACTABICHHBIE 3HAYKAMU PE3yJIbTaThl pacyera.

Ha puc. 4 nansl nosst uncen Maxa npu obrekanuu ¢ My = M* Hecyiux npoduneit, 61U3KUX K OIl-
TUMaJIBHBIM 110 M* = (.7 (a) u M* = (.85 (0). 3aBucumMoctu oT M K03 HUIIMEHTOB BOJTHOBOTO COTIPO-
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¢, x 103 . x 103

X X [

& (a) . (6)

1 5F

[ O - o

0 L I J lo——-ouwm ! = J

0.68 0.70 0.72 0.74 0.83 0.85 0.87 0.89
M, M,

Puc. 5. 3aBUCUMOCTB ¢, 6JIU3KUX K ONITUMAJIBHBIM 10 M Hecylux npoduineit, orsevatomux M* = 0.7 (a) u M* =
=0.85 (6), ot M.

1.4

1.2 F

A
10 - P

0.8 1 1 1 1 )
0.65 0.70 0.75 0.80 0.85 0.90

M,

Puc. 6. 3aBucuMocTb 0T My MaKCMMabHBIX yrces Maxa M™ Ha 6IM3KMX K ONITUMATBbHBIM 0 M* Hecy1ux npodusisx,
otBevarommnx M* = 0.7 (1), 0.785 (2) u 0.85 (3).

TUBJIEHUS 3TUX HecyluX poduieii mokasbiaeT puc. 5. Kaxk u y Hecyiero npoduist c M*=0.785, yse-
JIMYEHUE ¢, ITUX HEeCcylIuX npoduieil HaYMHaeTcsl He cpa3y NpU MPEBBIIIEHUN PACUYETHBIX 3HAYEHU A
yucen Maxa Haberatouiero noroka My = M* 1 uet He CTOJIb CTPEMUTENBHO, KaK POCT ¢, CyNIepKpHU-

Tnaeckux npoduieit [24] ¢ TakuMu e OTHOCUTENBHBIMU TOJNIIMHAMU /I M PACYETHBIMU YHCIaMU
Maxa M,.

PucyHok 6 a1 6IM3KKUX K ONTUMAJIbHBIM IT0 M* Hecylux npoduiieil qaet 3aBUCUMOCTHY OT YKCIa
Maxa Haberatolero moroka M, MakcuMalibHbIX yrices Maxa M™, KOTOpbI€ peaTu3yloTCsl Ha BBITYKJIbIX
y4acTKax UX KOHTYpoB. [1J1s1 Bcex Tpex IMMOoCTpOeHHbIX Mpoduiieii BeanyrHa M™ cierka rpeBhIlIaeT eIy -
HUIIYy Ha pacueTHbIX M, = M*, muHeitHo o M, ymeHbI1aeTcs ipu M, < M* u, yckopssich, BO3pacraet
npu M, > M*. CpaBHeHMe KPUBBIX pHC. 6 ¢ KPpUBBIMU PHUC. 3 M 5 TOKA3BIBAET, YTO TSI OJIM3KUX K OTTH -
MaJbHBIM IT0 M* Hecymmnx npoduieil yCKOpeHHBI pocT M™ HauMHaAeTCd 3aMETHO paHbllle YCKOPEH-
HOT'O pOCTa BOJJTHOBOTO COIPOTUBJICHUS.
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SAK/IIOYEHHME

Kak n oxupganochk, ITocTpoeHre OJIU3KUX K ONTUMAJIBHBIM IT0 M* Hecylux npoduiieil ynaaoch 0Ja-

rogapsi IIpPOCTOTe MPUMEHEHHOTIO JJIsi UX IMOCTPOSHMUS IIPSIMOTO MeToAa. BTopoii cyllecTBEeHHbI, HO
MOHSITBII He Cpa3y MOMEHT — OTpULIATENIbHbIE YIIIbI aTaKU. [1py ITOJTOKUTENBbHBIX YIIaX aTaKW ICKOMBIE
Hecyle Mpo@uIn He Moaydaluch.

Astopsl 6marogapabl K.C. I[IbsTHKOBY 3a IIpenocTaBIeHHBIC TTPOTpaMMBbI, KOHCYJIbTAllUN U 06-

CYKIEHUS.
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