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AHAJIN3 OCOBEHHOCTEWM MOBEJIEHUSA
A3POJNHAMHMNYECKOI'O MOMEHTA KPEHA
IIPU TUNMEP3BYKOBOM OBTEKAHUMU 3ATYIIJIEHHBIX TEJI
C OJVIMIITUYECKUM ITONMEPEYHBIM CEYEHUEM

[IpencraBieHs! pe3yabTaThl pacueToB KO3 GUIEHTa MOMEHTa KPeHA TIPH CBEPX-
3ByKOBOM U THIIEP3BYKOBOM OOTEKaHMH C MalbIMH YIJIaMH aTakd 3aTYILUIEHHOTO
10° xoHyca ¢ AIUTUNTHIECKHM TONIEPEIHBIM CedeHHeM KopMoBoi dacTh. [Tokasa-
HO HaJIMYHME CMEHBI HAIPABIEHHUsI MOMEHTa KpeHa KOCOH 0OIyBKH IPH Iepexo/e
OT CBEPX3BYKOBOI'O O0TEKaHMs K TUIIEP3BYKOBOMY. IIpoBeneHb! aHAIN3 MEXaHU3-
Ma M OLEHKa 00IacTH CyLIeCTBOBAaHMS ykazaHHOro 3¢dexra. Paccmorpens! cs-
3aHHbBIE C HUM OCOOCHHOCTH IIOBEICHUS MOMEHTa KpeHa. OmmcaH KpuTepui, Jio-
KaJIbHO XapaKTepHU3YIOIINH HalpaBJIeHUe MOMEHTA KPEHa.

KiarwueBrbie cjioBa: cuneps3eyKoeoe 06meKaHue, Mdanble yeibl amaxku, 3amynjieH-
Hblil KORYC, dJlunmu4ecKoe ce4eHue, MOMeHm KpeHda.

MopenupoBaHnue IBIDKCHUSI MO0 KPEHY HEYIPaBISEMBIX JICTATEIBHBIX AalllapaToB
(JTA), 6muskux 10 (hopMe TellaM BPAIIEHHUS, SIBISICTCSA OJHOM M3 CIOKHBIX 3a/1ad a3po-
JMHAMHUKY ¥ JuHaMukd [1]. Tpu MomenupoBaHuy 3aBUCHMOCTH MOMEHTa KpeHa OT yT-
JIOB aTaKH M CKOJILKEHHS [Tl Pa3IUYHbIX YCIOBUI OOTEKaHMS TaKHX TEJl MOTYT UMETh
MECTO CJIydad HECTAHJAPTHOTO IOBEICHHUS MOMEHTA KpeHa. AHajM3y OJHOI0 W3 Ta-
KHX CITy4aeB IOCBSIIEHA HACTOSIMIas padoTa.

PaccMOTpUM CBEPX3BYKOBOE OO0TEKaHHE 3aTYIJIEHHOTO MO cepe KOHyca JITMHOM
L =50, orHeceHHOM K panuycy cdepsl Iy, ¢ yriom nomypactsopa 6 =10° n manoii

AIUTUNITHYHOCTEI0 KOPMOBOW 4acTé mpu X > 35. YpaBHEHHE TMOBEPXHOCTH KOHYyCa B
MWIMHIPUIECKOH CUCTEME KOOPAWHAT C MPOJIOJIBHON OChI0 X , HAITPABJICHHOHN OT HOCKA
K KOpM€, BO3bMEM B BHJIE

r(x,0) =yX)+or(x,0), (0<x<50,0<¢<2m), 1)

rae Y(X) — ypaBHeHHe o0Opasyromieil KpyroBoro KoHyca

y(x) = V2x—x?, mpu 0< X<, X, =1-sin0, ~0,8263; P
Yo +(X—X.)- 190, mpux, £ x<50, Yy, =cosO, ~0,9848;
dr(X,p) —Manas Bapuanus MOBEPXHOCTH DIUTUIITHICCKOTO THITA
0, mpu x <35
or(x, ) = . 3
(x.9) {0.2~[(x—35)/15]~sm 2¢, 1pu 35 < X <50. @)

[Ipenqmerom aHamm3a ABIsIETCS KOAPPHUINEHT a3pOIMHAMUIECKOTO MOMEHTa KpeHa
m, =M, /(S,L- pwVDs /2), paBHBI OTHOIICHHUIO Pa3MEPHOTO MOMEHTA KpeHa K Xapak-
TEpHOM JUIMHE, MIONIaJN U CKOPOCTHOMY Hamopy. B kauecTBe xapakTepHOH IJiomaan
HCIOJIB3YeM IUIOIIab MHACIEBOrO CedeHus KkoHyca (2) S, = nRé ~292,8, rHoe

R, 9,655 — pamuyc MuaeneBoro ceueHus konyca (2). MakcumansHOe 3HaYEHUE aM-
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ity bl Bapuauuu (3), pasHoe 0,2-1,,, peanusyercs B MUACICBOM CCYCHMH U CO-
craBisier ~2% R,

COBMECTHO € IWJIMHIPHYCCKON HUCIIONB3YEM IEKAPTOBY CHCTEMY KOOPAMHAT X = X,
y =rcosg, z=rsing. BekTop ckopocti HaGeraomero noroka V, = (\/X,Vy,VZ) or-
pezersieT IPOCTPAHCTBEHHBIH Yroll aTaku O, U yrol KpeHa ¢ :

a, =arcsin(\Vy7 +V,2 V), ¢ =arctg(V, /V,),

IpH MaNBIX BEIUYHHAX O, YIIBI aTaKH O U CKONBKCHHS [} OIPENEISIOTCS COOTHO-
WIEHUSMH O ~ O, -C0SO, P~ a,-sing [1].

OxwumaemMas W3 TEOPETHUYSCKUX TPEANOCEUIOK 3aBHCHMOCTH K03 duIrenTa
m,(ct,,$) TpH 3amaHHEIX YCIOBUSX OOTEKAHHs OIPEHCISCTCS OJHUM IapaMeTpOM,

NIPOM3BOAHOI M{*, U MMeeT BUA
m, (ay, 0) ~ (ME* /2)- o -c05 24 (4)

I[J'ISI BBIYUCJICHUSA HpOHBBOI[HOﬁ mg“ B MPCANOJIOKCHUN CIIPABCAJIMBOCTU 3aBUCH-

MocTH (4) MOCTaTOYHO MPOBEACHUS OMHOTO YHCICHHOTO pacyera WIIH IKCIICPHMEHTA
o6TekaHus Tena ¢ yrioM kpeHa ¢ =0 ¥ ManbIM yriioM aTakd, Hampumep o, =1°. Ins

WTIOCTpAali BKJIAJI0OB B MOMCHT KPCHA PAa3/IMYHBIX YYACTKOB IMOBCPXHOCTU TEJIa HA
puc. 1 MMpUBECJICHA CXEMa €ro JIIUIITUYCCKOr0 CCUCHMUS.

Nz=y yl

" Bonalll
s

-

e

Puc. 1. Cxema dpopMupoOBaHIST MOMEHTA KpeHa
Pa3NUYHBIME YYaCTKaMH OBEPXHOCTHU Tesa (BH C3a/11)

ILmockoctn Z = Y, Z=-Y H OTHU XK€ HOpPsAMbBIC B CCUCHHUHM, COACPKALIKUC MAITYI0 U

GOJIBIIIYIO OCH 3JUIMIICA, JAEJIAT MIOBEPXHOCTD TejIa Ha YeThIpe 30HbI. B nepBoii (BepxHeii)
U TpeThelt (HrKHeH) 30Hax mpousBogHas ( =or(X,¢)/0¢ >0 u naBneHne Ha COOTBET-

CTBYIOIIIUX YYACTKaX IMOBEPXHOCTHU CO3AAaCT MOMCHT KPCHA, HaHpaBJ’IeHHHﬁ MpOTUB 4Ya-
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COBOM CTpENKH, MOJ0KUTEIbHbIH. B 6okoBbix 30Hax Il u IV, rne q <0, dpopmupyercs

MOMEHT KpEHa IPOTHBOIIOJIOKHOTO HANpaBlICHUS, OTpHLIATENbHBINA. [Ipu yrie atakn
o, =0 uMeeT MecTo «paBHOBECHE» yKazaHHBIX (DAKTOPOB M HMHTETPajbHbIH MOMEHT

KpeHa paseH Hyiro. [Ipu o, >0 u ¢#+tn/4+kn (k =0v1) 6ananc Bki1amoB yka3aH-

HBIX [ap 30H HAPYLIAETCS U PEATM3yeTCA MOMEHT KPEHa, NMPUOIMKEHHO OMUCHIBAEMBIN
3aBUCHMOCTBIO (4).

[To ananorum ¢ o0TeKaHWEM IIPH YIJIaX aTakd M KpeHa Mapbl JHaMEeTPalIbHO PacIo-
JIOXKEHHBIX KOHCOJIEH Ha TejlaxX BpAIeHUs, B HEKOTOPBIX paboTax U MOMeHT KpeHa (4)
npy OOTEKAHHHU TEN € JUIMITHYECKHM IIONEPEYHBIM CEYEHHEM HA3BIBAIOT MOMEHMOM
Kkpena kocou 060yexu. TeM caMbIM MMOJYEPKUBAETCS, YTO MPH KIPAMOM OOIYBKE», KO-
r/a IIOCKOCTh YIJIa aTaku MEPIeHIUKYIISPHA OIHOM U3 OCEH DIUIMIICA, C YUCTOM CHM-
MeTpUH 00TEKaHHsI, MOMEHT KpeHa PaBeH HYJIIO.

3Hak mpousBogHOW M{” B (4) ompenessieT yCTOIYMBOE MOJOXEHHE Tela [0 YLy

KpeHa Tmpu yrie arakd. llpm mMy* >0 yCTONYMBBIM ABNAETCS Yron KpeHa
¢=-n/4+Kkn, Korma MIOCKOCTh YIila aTakK¥ OPTOTOHAIBHA OOJBIIONW OCH 3JUIMIICA,

yron kpera ¢ = /4 + K siBasieTcss mpu 3TOM YIJIOM HEYCTOWYHBOro paBHOBecus. [Ipu

mg* <0, HaoGOpOT, YCTOMUYMBBIM sBIsieTcss yron kpeHa ¢ =mn/4+Kkn, xorma moc-

KOCTh YIJla aTaky NepIeHANKYJIISIpHA MAJIOW OCH JJIIHUIICA, TO €CTh KOTJia TEJIO OPUEHTH-
POBaAHO Ha TIOTOK «OOKOMY.
Jlnst mapbl KOHCOJIEH Ha TEJe BpaICHHS, PACIOJI0KECHHBIX B IUIOCKOCTH Y =1Z B

paMKax TEOpHH TOHKOTO Tela, HapuMep, BO3MOXKEH TOJIBKO MEPBBIH CITydai, IIOCKOJIb-
Ky MOMEHT KpEHa OT MPaBOi «HABETPEHHOI» KOHCOJNHU SIBISICTCS Ompenensrommm [2].
Jlnist Tena ¢ SIUTMNITHYECKUM CEYEHHEM MOKHO TaKKe TpeJroiaraTh, 4To IpHpalieHue
JTABJICHUS Ha €ro MOBEpXHOCTH B HIDKHEH |11 30HE 3a cuer yBenn4eHnss MECTHOTO yria
aTakn OyJeT SIBIATHCA NOMHHUPYIOIMM (aKTOPOM M CYMMApHBIH ITOJOKHUTEIbHBINA
Bkiax | u |1l 30H B MOMEHT KpeHa, 1axke Ipyu YMCHBIIICHUH JaBJICHAS B BepxHeil | 30He,
nper3oiaer oTpunarenbHbiid Bkaax |l u 1V 3o, [Ipu 3Tom Takke peanusyercs ciydaid

mg* >0.

HecMoTps Ha ABHYIO MaTeMaTHIECKYIO HEKOPPEKTHOCT 3TOM JTOIMYECKOH LEHOUKH,
OKa3bIBAETCS, YTO MONYYEHHBIH C e IIOMOMIBIO BBIBOJ O HOJIOKUTEALHOM 3HAKE MIPOH3-
BOIHOM M{® Ul Teld ¢ DIUIMNTHYECKHM IIONEPEYHbIM CEYCHHEM BEPEH «IIOYTH BCe-

raa». Hampumep, Kak mokazaHo HWUKE, TIPH UCHIOIB30BAHUH JIJIS pacdeTa JaBJICHUS TEO-
pun HerotoHa.

Bonee Toro, kak mokazaHo Ha INPHUMEPE TeJla C ONUCAHHOW T€OMETPHEH, Naxe B
«PEIKOM» CiTydae HEBEPHOCTH YKa3aHHOTO BBIBOAA, mpu My <0, IOMHHHpYOIIas
poJib HaBeTpeHHOH 30HHI |11 OBICTPO BOCCTaHABIMBAETCS C POCTOM yTJla aTaku, MIPUBOIS
K MHTepecHOMY 3 dexTy — HEeMOHOTOHHOH 3aBHCUMOCTH MOMEHTa KpeHa OT yIJia ara-
KH, BIUIOTh JI0 CMEHBI 3HaKa, OTJIMYHOMN OT 3aBUCHMOCTH (4).

LensiMu HacTOAIICH paOOTHI SIBIIIOTCS: BO-TIEPBBIX — 00CYXKIEHUE BOMpoca O (Gop-
Me e Y(X) ¢ Mayioil 3JUTMITHYHOCTBIO U YCIOBHIX 00TEKaHuUs, yucaax Maxa, JUis KO-

TOPBIX BO3MOKHA pcajin3alus «KMCHEC BEPOATHOI'0» Ciiydas mf(w <0 ; BO-BTOPBIX — HII-

JIFOCTpAIKsl OTMEYEHHOTO BBIIIE AP PeKTa Ha NpUMEpe pe3yIbTaTOB YHCICHHBIX pacye-
ToB obOrekanus Tena (1). IIpu paccMOTpeHHH TIEPBOTO BOIPOCA HCIONB3YIOTCS TPH-
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OmmkeHHbI nonyaHanuTrueckuil mMeron JIJI, omucannbiit B [3]. dnst npoBeneHus
YHUCICHHBIX PAcyeTOB B OCHOBHOM HCIOJIB30BAIUCh INPOTrPAMMBI PEIICHUS HEBSI3KHUX
ypaBHEHHH Jiliepa B paMKax MOJEIU COBEPILIEHHOIO ra3a WIN PaBHOBECHO JUCCOLMH-
poBaHHOTO BO3myXa. Pacuer oOTeKaHWsS MPUTYIUICHHUS, JO3BYKOBOW M TPaHC3BYKOBOI
obJacTel, MPOBOANTCS METOJOM YCTAaHOBJICHHUS C MCIIOJIB30BAHUEM CXEMBI PACIIEIIe-
Hus [4], a pacyer CBEpX3BYKOBOTrO OOTEKAaHHsI KOHHYECKOW YacTH Tellda MapIICBBIM Me-
toaoM Mak-Kopmaxka [5].

Pe3yabTaThl pacyeToB
B Ttabnuie npuBeneHsl BelHUHHBI Kod(duimenra My teaa (1) mpu yrie araku
on = 1°, yrme kpena ¢ =0, mwist uncen Maxa ot 2 1o 25, a Takke COOTBETCTBYIOIIUC MM
BEJTMUMHEBI IPOM3BOTHOM M, ™,

BesmunHbl ko3 punmeHTa M, 1 NPOU3BOIHOIM M,"*

My, 2 4 6 8 10 12 15 20 25
m,-10° 2,70 2,35 1,94 1,23 062 | 001 | 098 | -2,31 | -3,15
m“10° 1.77 1.54 1.27 0,81 0,41 | -0,006| 0,64 | -1.52 | -2.06

ITpn mepexone OT CBEpX3BYKOBOTO K THIEP3BYKOBOMY OOTEKaHUIO U3MEHSIOTCS H
BEJIMYMHA U HAlpaBlIeHHEe MOMEHTa KpeHa. IlapameTpudeckue pacdeTsl ¢ MalbIMU H3-
MEHEHHSMH JJUIMNTHYHOCTH MOKAa3alld, YTO B COOTBETCTBHU C TE€OPHEH 3aBUCHUMOCTB
MOMEHTa KpeHa OT aMILTHTY/bl Bapuanuu nosepxuoctu (3) 6iuska nuHeitnon. Tak xe
M 3aBUCHMOCTh MOMEHTA KpPEHa OT yIJia KpeHa ¢ C BBICOKOW CTENEeHbI0 TOYHOCTH OITH-

ChIBAETCS 3aKOHOM « COS 2¢ » (4). Pacuer mo Teopuu HeroToHa naeT BenuuuHy K03 du-

ueHTa My =1, 66-107°, COOTBETCTBYIOLILYIO TpuMepHo uuciay M =7 B Tabm. 1.

O/IHAKO KAyeCTBEHHBIH BHJ 3aBHCHMOCTEH MOMEHTa KpeHa OT YIJia arakd MpH
m* >0 (a1 ymepeHHbIX udcen Maxa) u npu M <0 (11 rUnep3ByKOBBIX YKCEN
Maxa) CyIecTBEHHO pasiudeH. [IpuMephl yKa3aHHBIX 3aBHcHMOCTed mist M =6 u

M_ =25 npu ¢ =0 u yrnax araku 10 5° IpUBEIECHBI HIXKE.

m,-10°

40

301

20

10~

_10 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 «a

Puc. 2. 3aBucumocty koaddunuenta my rena (1) ot yrua araku o, mpu ¢ =0



AHann3 ocobenrocTel noBegeHns aapoanHamn4ecKoro MoMeHTa KpexHa 113

Pacuernas xpuBast mis M =6 npakTH4ecKH TOYHO COOTBETCTBYET 3aBUCHMOCTH
(4) ¢ m®* u3 Tabn. 1, npuyeM He TONLKO NP MANBIX yriax artaku mopsaka 1..2°, Ho u
IIpU YMEPEHHBIX, 10 5° BKmounrtensHo. Kpusas e s M =25 xoporio cooTBercT-
ByeT 3aBucuMoctd (4) ¢ mpousBoxHoit M,™ u3 tabn. 1 Tomeko mpu o, <1°, ynosme-
TBOPUTENBHO KauecTBeHHO npu 1° < o, <1,5° u cymecTBeHHO OTIMYaeTcs OT Hee IIpU

o, >1,5°, MeHs He ToNbKO yOBIBaHUE HA BO3pAcTaHKe, HO M 3HaK M, mpH o, = 2,3°.

AHanu3 pe3yJbTaTOB

Bompoc o nmprunHax yka3aHHOTO IOBEJCHUS MOMeHTa KpeHa npu M =25 pazne-
JIUM Ha J1Ba OTAEIBHBIX BOIIPOCA, paCCMaTPUBAEMBIX MTOCIIEIOBATENBHO!

- KaKMMH (paKTOpamu OnpeJesieTcst 3HaK npousBoxtoii my* (o, =0);

- KaKMMH IpUYMHAMU 00YCIIOBJICHA CMEHa yObIBaHUS M, Ha BO3pacTaHUe.

Jlns oTBeTa Ha MEPBEIA BOIPOC MCIIONB3YyeM MPUOIIDKESHHBIN MOTyaHATUTHICCKUN
meron JIIJI [3]. B pamkax aToro Meroaa Ko3QpUIMEHT JaBJIEHUS HA TIOBEPXHOCTH Teja
Ipu €€ MaJlbIX MPOCTPAHCTBCHHBLIX BapHalUdgX IPH CBEPX3BYKOBOM 00TEKaHUM C Ma-
JIBIM YTJIOM aTaky sBJsieTcsl PyHKIMEH NPOJ0IbHON KOOPAWHATEI X TOYKH U MECTHOTO
yria aTaku o,, 4 onpenensercs Gopmyioil Teitiopa:

D, (X Dy, (X
@ (x,1) z(150(x)+<1§t(x)-AtJrﬁ-At2 +Pu0

: ©®)
2 3!
rae t=tga, (X, ¢); At=>1t—-t;(X)), ty(X)=Y'(X); Py(X) — xoaddurmeHt naBneHus
Ha MOBEPXHOCTH UCXOJHOTO Tella BPAICHHS MPU OOTEKaHUH O] HYJICBBIM YIJIOM aTa-
kit; @, (X), Dy (X), Py (X) — mponsBomHBIE KOIQGHUIMCHTA TAaBICHHS, BEIUHUCISIEMEIC Ha
OCHOBE CEpHHU pacyeToB 0OTEKaHMs OJIM3KUX TEJ BPAIICHHUS 10| HYJIEBBIM YIJIOM aTakH
TOYHBIMH YHCIICHHBIMH METOIaMH.

B pamxax metoga JAI'JI BenuunHa Npou3BOIHOM m;‘“ (ocn =0) 1uIst TeN BpaIleHus ¢

MaJIbIMH BapUalvsaIMH MOBEPXHOCTU OMPCACIACTCA, IO CXCMC pa6OTI)I [6], HUHTCTpaJIb-
HBIM BBIPpA’KCHUEM

L
M =g [0y ()7 + 30,00 Y0+ Y 20NV b (9, (6)
0

M
ais tena (1) y(x) ompeneneno BbipaxeHueM (2), a b, (X) =0r(x,n/4) — coorBerct-
BYIOIIHI KO3 HHUIHEHT pasinokenus Bapuanu (3) B psia Oypse.
3HaK ¥ BEMYHHA MOJBIHTErPAILHOrO BhIpaskeHHUs B (6) XapakTepu3yer JOKaIbHbIA

BKJIAJI COOTBETCTBYIOIIETO yJacTKa MIOBEPXHOCTH IO [UTMHE B CyMMapHBII MOMEHT Kpe-
Ha. 3HaK MOABIHTETpaNbHOM (GyHKIMHU B (6) ompemesnsieTcs 3HAKOM BBIPAKCHHUS B KBaJI-

patHbIX ckoGkax. Jist Teopun HbIOTOHA 9TO BHIpaXEHHE PABHO 4C0S° 0, . Takum oOpa-

30M, B paMKax Teopud HproToHa cIipaBesIMBO YTBEPKICHUE: Npu 0OMeKaHu ¢ Maibi-
MU yanamu amaxy mei 1000u opmsl ¢ MALOU IATUNMUYHOCTIBIO NONEPEYHO20 CeUeHs
VCIMOUMUBLIM NO Y2ly KPeHA ABNAEMCs NON0dCeHUe, Ko20a OObuds 0Ch dUNMUYHO-
cmu mena Opmo2OHAIbLHA BEKINOPY CKOPOCTUL.

B pamkax meroxa JII'JI BTopoii uiieH B KBaApaTHBIX ckoOKkax B (6) Bceraa monoxu-
TEJEH, a 3HaK IePBOr0 ONpeNeseTcs 3HakoM mpom3BogHoil dy (X) . Pesynprarsl cuc-
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TEMAaTHUECKUX PAcyeToOB OOTEKaHMs 3aTYIUICHHBIX KOHYCOB, BBIITOJHEHHBIX aBTOPOM
npu paspaboTke Meroza [3, 7], mokaskBaroT, uto cimydail @ (X) <0 BO3MOMKEH TONBKO

[PU TUIIEP3BYKOBOM OOTEKAHWHM HA YYaCTKaX MOBEPXHOCTH, PACIIOIOKEHHBIX J0CTa-
TOYHO JAJIEKO OT MPUTYIUICHUS.
s 3atynnennoro no cdepe kornyca ¢ 6, =10° mpu M =~ 20-25 Takoit ydacTok

pacnonoxen or 35 1o 50 1., , 9T0 0GBsACHsET BBIOOP (opmbI TENA (1). XapaxrepHbie

BEIMYMHBEI Npon3BoHbIX @, (X), @y (X) B ITOM HHTEpBane NMPH yKa3aHHBIX YHCIAX
Maxa pasusl: @, (x) =0.6-1.0; @, (X) npuHHMaeT 3HaUCHHS OT HyJII Ha €ro Kpasx 1o

~ (-15) B cepenmne. [ GOPMHUPOBAHHS OTPUIATEIHHOTO MOMEHTA KPEHA COOTBETCT-
BYIOIIUM 3JIEMEHTapHBIM SIUIUNTHYESCKHM yYacTKOM IOBEPXHOCTH MEXIY CCUCHUSIMH
ot X o (x+dx) npousBognas @, (X) Ha HeM B cooTBeTCTBHH ¢ (6) HOMKHA yHOBIIE-

TBOPSATH YCIOBHIO
D, (x) <—(3/2)D,(x)-sin 26, . @)
HepasencTBo (7) MOXHO HCHONB30BaTh B KAUECTBE JIOKAIBLHOTO KPUTEPHS, OTIPE/ie-
JISIOMIECTO HAlpaBlICHUE JJIEMCHTAPHOTO MOMEHTA KPEHA COOTBETCTBYIOIIETO 3JICMCH-
TAPHOMY YYaCTKy MTOBEPXHOCTH MEXIY CEUCHUSIMH X U X+ dX . YKa3zaHHbINA KpUTEpHit
CrpaBeUIMB W JUIs Tel C KPUBOJMHEHHON oOpasyromeid Y(X), Korga yroiu
0, (x) = arctg y'(x) sBisieTcst IepeMEHHOM BEIMYHHOM.
Jis xonyca (2) mpu yMEpPEHHBIX CBEPX3BYKOBBIX YHCiIax Maxa MpOHM3BOAHA
@, (x) >0 mo Beell ero amHMHE, Ha JUIUNTHYCCKOM YYacTKe yciuoBUe (7) He BBIIOIHS-
eTcs, YTO M HAXOIUT OTPaKCHHE B MOJIOKUTEIBHOM 3HAKEe MPOU3BOAHON MY H Mo-

MmenTa Kpena (tabu. 1). Ilpu uncie Maxa M ~ 25 ycnosue (7) BBITIOJHEHO MpaKTHIE-

CKH IO BCEH JUIMHE JIUTUNITAYECKOTO yyacTka Tena (1), MOMeHT KpeHa 1 M;“ orpuma-

TEJIBHBI.
ITepexost KO BTOPOMY BOIIPOCY, 3aMETHM, 4TO 3HaK npousBoxHoit @y (X) xapakre-

pH3yeT OTHOCHTEIBHBIC BEIMYMHBI CKOPOCTH pocTa (YOBIBaHHS) JaBICHUS B TOYKAaX pac-
CMATPUBAEMOr0 CEYCHHsl X = CONSt mpH yBeNUYeHHH (YMEHBLICHWH) JIOKAIBHOTO Yriia

araku. IIpu @, (X) >0 naBnenue «pacrter ObIcTpee, 4eM yObIBaeT», a B Ciydae
@, (x) <0 — «ybpIBaeT O6bicTpee, yeM pacter». [Tostomy mpu @, (X) > 0, Bo3Bparmascs
K cxeMe pHc. 1, JoMuHHpYyIoIas poib HwkHer 30HbI || ycunmBaercs ¢ poctom yria ara-
KU O, , ¥ MOMEHT KpeHa MOHOTOHHO BO3pacTaeT, kak Ha rpaduke puc. 2 a1 M, =6.
Ilpu my* <0 B coorBercTBUM ¢ ycnoBueM (7) Ha GONbILIEH YaCTH MTOBEPXHOCTH JIIO-
00ro Tena ¢ UIUITHISCKUM CeUYeHHEM JOJDKHO UMeTh Mecto Py, (X) <0 . s tena (1)
npu M =25 ycnoBue @ (X) <0 BBIIOIHEHO MO BCEH JUIMHE SILIMNTUYECKOrO y4acT-

ka. [Ipu sToM moMuHMpytomas poib B (JOPMUPOBAHUHM MHTETPAILHOTO MOMEHTa KpeHa
MPU MAJIBIX yIJIax aTaky MPUHAIJICKUT BEPXHEH 30He |, T1ie yMeHbIlIeHne TaBIeHHs mpe-
BOCXOJIUT €ro POCT B HaBeTpeHHOM 30HE |ll, 9To MPUBOAUT B UTOTE K pean3aliii OTPH-
LaTeIbHOr0 MOMeHTa KpeHa. OJTHaKo ¢ POCTOM yIJla aTaky yKa3aHHas CHTyalus, B OTIIU-
upe oT ciydast ¢ O, (X) >0, He obmanaer crabunbHOCTBIO! mpH 1° < o, < 2° poJb Ha-

BeTpeHHoM 30HbI |1 Bo3pactaer, a pu o, > 2,5° ee BIUAHHE CTAHOBUTCS JOMHHHPYIO-

UM, MOMCHT KpCHa MCHSCT 3HAK U CTAHOBUTCS IMOJIOKUTCIIbHBIM.
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HpH‘{HHOﬁ HapyHmieHuss MOHOTOHHOCTU U CMCHBI HAIIPpABJICHUSA MOMCHTA KpCHA sB-
JIACTCA CyHICCTBCHHAs HENMHEHHOCTh H3MECHCHUS JaBJICHUA Ha HaBeTpGHHOﬁ " IIOABCT-
pCHHOﬁ O6pa3yIOHII/IX T€Ja C pOCTOM O, KOTOpasd HC MOXCT OBITH OTpaK€Ha B paMKax

TEOPHUH JIOKAJIBHOCTH C JOCTATOYHOM TOYHOCTBIO. TeM He MeHee HMEHHO COOTBETCTBUE
peasbHOrO paclpenesieHHs] NaBJeHUs yYKa3aHHOM TUIOTe3e MpPU MajlbIX yIJIaX aTakH
CITy’)KUT OCHOBOH onHcaHHOT0 3 dexTa.

B03MOXXHOCTD pealiu3alii ONMCAHHOTO HECTAHIAPTHOTO TTOBEJICHUSI MOMEHTa Kpe-
Ha TPH TUIEP3BYKOBOM OOTEKAHHWHU TeJl C AIUIMITUYECKHM ITOTIEPEYHBIM CEUCHHUEM Clie-
JIyeT yYUTHIBAaTh KaK MPHU PEIICHUH 3aJaull MOJEIHPOBaHMS KOd(hPHUIMEHTa MOMEHTa
KpPEHa, COBMECTHO C APYTUMH a’3pOJUHAMHYECKHMH KO3((HUINEHTaMHU CHJI U MOMEH-
TOB, TaK U IIPU pacueTe JUHAMHUKH TeJ C MaJbIMU BapUaLlMsIMH OBEPXHOCTH.
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Mokin Yu.A. ANALYSIS OF THE BEHAVIOR FEATURES OF THE AERODYNAMIC
HEELING MOMENT DURING HYPERSONIC FLOW-PAST OF BLUNT BODIES WITH
ELLIPTICAL CROSS-SECTION. The results of calculations of the heeling moment co-
efficient at supersonic and hypersonic flow-past with small angles of attack of the
blunted cone with the elliptical cross-section of the stern were presented. Changing di-
rection of the heeling moment of sloping air-cooling during transition from the super-
sonic flow-past to the hypersonic one was shown. The analysis of mechanism and
evaluation of the existence region for the effect was carried out. Peculiarities of the
heeling moment behavior related to this effect were considered. The criterion which
characterizes the direction of the heeling moment locally was described.

Keywords: hypersonic flow-past, small angles of attack, blunted cone, elliptical cross-
section, heeling moment
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