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PaccmarpuBaeTcst 3ajaua OlleHKM pe30HaHCHBIX 3¢ deKToB mpu crycke kocmudeckoro arnmnapara (KA) ¢ manoit
MacCOBOI M MHEPILMOHHOM aCUMMETPHEN B pa3peXKeHHBIX CJI0SIX aTMOC(EphI IIPY MaJIbIX 3HAUeHUSIX yria araku. Llesbio
PpabOoThI SBJISIETCS MMOJYYEHME METOAMKY OLIEHKH JOIMYCTUMBIX OTKJIOHEHHUH rmapameTpoB KA, BIUSIOIINX HA BOSHUKHO-
BEHME BTOPUYHBIX pe30HAHCHBIX 2(PheKTOB mpu crycke. [IprMeHeHre MeTOAA YIIPOLIAET 3a1a4y IIPOCKTUPOBAHUS CITyC-

Kaemoro KA.

Karouesvie cnoéa: MaccoBast 1 MHEPIMOHHAsT aCUMMETpPUST crryckaemoro KA, BHEITHe yCTOWYMBBIN pe3oHaHC, 0000-
IEeHHBIN mapameTp acuMMmeTpur KA, BTopuuHble pe30HaHCHBIE 3P (MEKThI, METOIMKA TTPOCKTUPOBAHUSI CETMEHTAIbHO-

KOHUYECKOM (hopMBbI armapaToB.

BBenenne

3a mocieaHee NecsITUIETUE BO3POC MHTEpeC K
U3YyYEHUTO «KPACHOM TIJIaHeThI». PaOOTHI MHOTHX CO-
BPEMEHHBIX aBTOPOB TMOCBSILIEHbI MPOOJIEMe CITycKa
Ha Mapc [1—4]. Takxe 00 3TOM CBUAETENbCTBYET KO-
JINYECTBO COBPEMEHHBIX MUCCUM MO OCBOEHUIO U
n3ydeHuto Mapca, oTedeCTBEeHHBIX U 3apy0exXXHBIX [5].
Bcero k Mapcy 6b110 oTnpaBiieHO 44 MUCCHUU KOC-
MUWYECKMX aImnapatoB pa3Hbix cTpaH. M3 Hux 20 Muc-
cuii npuHaaaexut CIIA (15 ycrnemHbIx 1 MSITh He-
yIauyHbIX), aHasiorTuuHo y Poccuu 20 muccuii (1ectb
YaCTUYHO yCIelHbIX U 14 HeynauHbix). Y EBporneii-
ckoro kocmuyeckoro areHTcTBa (ESA) — nBe yactuyu-
HO ycrieliHbie Muccuu. 1o onHoit Muccuu y Munumn
(ycnemHast), Kurast (HeynauHas) u AnoHuu (Heymau-
Has).

Kax mpuMep MOXHO TTpUBECTH TaKWe N3BECTHHIC
muccun: Mars Express —MexxruiaHeTHast ctaHiys ESA
(European Space Agency), a TakxXe CITyCKaeMBbIi
armapat burnb-2 [6]; ExoMars — coBMmecTHasl Ipo-
rpamma ESA u poccuiickoii rockoprnopaiuu «Poc-
KOCMOC», COCTOSIIas U3 OPOUTAIBLHOTO U CITycKae-
moro “Schiaparelli” anmapartos [7]; Mars Science
Laboratory — mporpamma NASA, B paMKax KOTOPOIi
Ha Mapc ycrneurHo A0CTaBJeH M 3KCIUIyaTupyeTcs
Mapcoxoa TpeThero mokojeHus “Curiosity” [8],
InSight — nporpamma NASA no noctaBke Ha Mapc

MCCIIEIOBATEIbCKOTO TTOCATOTHOTO ariapara ¢ cei-
cmomeTpoM [9]. B pamkax maHHBIX MUCCHUI1 paccMat-
puBasics HeympasBisgeMbIid cyck KA B aTtMocdepe
Mapca. 3HaunTeNbHasa 9acTh TAKUX CITYCKOB 3aKaH-
YUBaeTCd Heyaadel, 9TO MOKET KOCBEHHO CBUICTEIb-
CTBOBATh 00 OIMMOKAX Ha dTalle MPOSKTUPOBAHUS aTl-
rmapara.

3amada IMPOEKTHPOBAHUS MajioToO CITyCKaeMOoTro
KOCMUWYECKOTO aIapara, COBEPIIAOIIETO HeyITpaB-
JIsieMoe IBMKEHHWE B TUIOTHBIX CIIOSIX aTMOC(ephl
IUTAaHETHI, HAUMHAETCS ¢ BBHIOOpa (DOPMBI JAHHOTO
armapata. M3BecTHO, 9YTO GOJIBITMHCTBO CITYCKAEMBIX
aImaparoB, YIYaCTBYIOIINX B OCBOCHUN MOBEPXHOCTH
Mapca, UMeIn CerMeHTaJTbHO-KOHUYECKYIO (hOpMy
[10—12] (puc. 1).

[puMeHeHMe cerMeHTATbHO-KOHWYECKOH (DOPMBI
CITyCKaeMBIX arapaToB paccMaTpUBaeTcs 1 000CHO-
BBIBAa€TCs B M3BECTHHIX paborax [13, 14].

CliemyronuInM 3TaroM MPOeKTUPOBAHUS SBIISICTCS
BBIOOP TIPOEKTHBIX MapaMeTPOB CITyCKaeMOTO allIa-
paTta. MeTomMKa OlleHKH TapaMeTpPOB CUMMETPUIHBIX
armapaToB, COBEPIIAIOIINX HEYITPABISIeMBbIl CITYCK B
aTMocgepe, pacCMOTpeHa B M3BECTHOU pabote [15].
MeTtonnka orpenesleHusT TOIMYCTUMBIX OTKJIOHEHUA
rmapaMeTpoOB MacCOBOM 1 a3pOAMHAMMYIECKOI acM-
MEeTPUM paccMaTpuBajach B pabote [16]. B manHoOii
paboTe pa3pabaTeIBaeTCs METOAWKA OIpPEAeTICHMS
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TMOTTYCTUMBIX OTKJIOHEHUI ITapaMeTpoOB MacCOBOU M
WHEpLIMOHHOU acuMMeTpun KA, coBepImalommx He-
yIIpaBIIsIeMbIil CITyCcK. M3BECTHO, UTO HalIM4ue pas-
JIMIHBIX BUAOB aCUMMETPUU MOXET IBUTHCS TTPUIN-
HOI peajiM3aliu JJIMTEJbHOTO pe30HaHCa UJIU Pe30-
HaHCHBIX 3 dexToB [17, 18]. PesoHaHCHBIE SIBIEHUS
MOTYT MPUBECTU K 3HAYMUTEIHHOMY POCTY yIJIa aTa-
KM WIW YIJIOBOM CKOPOCTHU CIyCKaeMOro arrapara.
VYron ataku O, TipeacTaBisieT cOO0M yroa Mexay Ha-
MpaBJeHUEM BeKTOpa CKOPOCTU Haberaroliero noTtoka
U TIponobHON ocklo KA (puc. 2).

Ha puc. 3 nmokazaHoO M3MeHEeHUE yrjla aTakyd Ha
MIprUMepe KocMuueckoro anmapara “Schiaparelli”, ayTo

Puc. 1. [IpuMepsl cerMmeHTaaIbHO-KOHUYECKOU hopmbl amnmapaTtoB (a); 6 — “Curiosity”; ¢ — “Schiaparelli”
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Puc. 2. Cxematuueckoe mpenctaBieHUEe KOCMHYECKOTO
anmapara u yria ataku 0 (HI1T — nanpasneHue mojera)

(x(t)

a.11

0.10

0.09

0.08

ts
a 20 40 &0 80 100

Puc. 3. smenenue yria araku Ha ripumepe KA «Schiaparelli»

o(t)

0.18
Q.17
0.16
a.15
014

0,13

0,12
ts
a 20 40 &0 B0 100

Puc. 4. Pe3koe yBeinnueHue yria atraku Ha npumepe KA
«Schiaparelli»

COOTBETCTBYET YMEHBIIEHMIO yTIa aTaKd OT MaJIbIX
3HaueHui1 1o HyjeBoro. Ha puc. 4 moka3zaHa peanm-
3alys IJUTEJIBHOTO pe3oHaHca M, KaK CIeACTBHUE,
pe3Kkoe yBeJIWUeHNEe YIJIa aTaKh OT MaJIbIX 3HAYeHUI
IO 3HAYNTEJBHO OOJBIINX, YTO B UTOTE MPUBOINT K
paspymmTeTbHOMY AeiicTBuio Ha KA, coBepimaronimia
HeyIpaBisieMblii criycK B atmMocdepe Mapca. [lpu

YMCJIEHHOM MOAEIMPOBAHUU IJIST puC. 3 U 4 UCIIOIb-
30BaJINCh XapaKTePUCTUKN KOCMUYECKOTO alapara,
aHaJIOTUYHBIE XapaKTePUCTUKAM CITyCKaeMOIO KOC-
Muueckoro amnmnapata “Schiaparelli”: HaubGoJbIINIA
paanyc r= 1,65 M, BbIcOTa KOHyca /=2 M M macca
m = 580 kr. Manbplii KOCMUYECKHUI armapaT OcCyIle-
CTBJISIET CITyCK B aTMocdepe Mapca, mpu yCKOpeHUn
cBobogHoro mameHust g, = 3,86 m/c?. HauanbHbie
ycinoBus Bxoma B atmocdepy: M(0) = 3400 M/c, BHI-
cora H(0) =120 kwm.

CrnenoBaTeIbHO, PE30HAHCHBIE SIBJICHUSI MOTYT
SIBUTHCS TMIPUUYMHON BOSHUKHOBEHUS aBAPUNHOWM CHU-
Tyallu¥, BBI3BAHHOI HapyLUIeHUSIMU PaOOTHI TOPMO3-
HOW MapalOTHOW CUCTEMBI.

Metonuka mpOeKTHPOBAHMS

HJ’[H OLCHKHN OOMYCTUMBIX ITapaMCTPOB 3aIllMIIEM
YCIIOBUE:!

0, <0, (1)

£
rac (1)v — OOITYCTUMbIC 3HAYCHUA KOHTPOJINPYCMBbBIX

XapaKTEePUCTHK.
W3 atoro caepyer, 4To 001aCTh JOMTYCTUMBIX OT-
KJIOHEHUI MOXHO 3amnucaTtb B BUAE

W’ —Aut <u<u® + Au®, (2)

rac LIO — BCKTOP HOMMWHAJIbHBIX 3HAYEHUN nmapamMeT-

poB KA; Au" u Au® — BeKTOpPBI OTKJIOHEHMIA TIPO-
eKTHBIX ITapaMeTpoB KA ¢ moioXuTeIbHbIMU KOMITO-
HEHTaMMU.

Creayer OTMETUTD, YTO PACCMATPUBAETCS METO-
nuka npoekrupoBaHuss KA ¢ Majoil HauaJbHOM yr-

JIOBOI CKOPOCTBIO ®_, KOTOPYIO anmnapaT npuoobpe-

TaeT U3-3a HeMjeaJbHbIX YCIOBUI BO BpeMsl OTaee-
HUSI OT OpOUTAJIbHOI'O KOMILIeKkca. I1pu aTom yrio-

Basd CKOPOCTb O‘)x o4 BJIMAHUEM BTOPHUYHOTO PE30-

HaHCa MOXET YBEJIUUYMUTHCS U BOWTU B JJIUTEIbHBIN
pesonanc [19, 20].

BosHukaer 3agauya HaXOXIEHUST MAKCUMAJIbHBIX
3HAUEHUI ITapaMeTPOB aCUMMETPUM, MPU KOTOPBIX

YIJIOBask CKOPOCTb ®, HE JNOCTUTaeT Pe30HAaHCHBIX
3HAYCHUI. YCIOBUE OrpaHUYEHUS YIJIOBOM CKOPOC-

™ O‘)x MOXHO 3aInmmcaTb B BUIC

i < <P =
mine, <o, <) =maxo,, 3)

HpI/I MaJIbIX yTJIaX aTakKu ITpOM3BOIHAaAA yrI[OBOﬁ
CKOpPOCTH ®, MPOTNOpHMOHATbHA 0606HICHHOMY Ima-

paMeTpy acCUMMETPUN
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—4\2
Q= (mx) m® cos(262 - 263).

B aTtom CJiyda€ JaHHOC YCJIOBHUEC MO2KHO 3alnucaTb
B BUIC

P (;1;1)2 m® cos(20, —20,) < ‘Ql, ; (4)

rac Qp — MAaKCHUMaJIbHO JOMMYCTUMOE€ 3HAYCHUEC I1a-

pamerpa Q; !, m*,6,, 0, — GespasMepHbIe Mapa-

METPbI, XapakKTepu3yolnue BeJIUYMHY U B3aUMHOE
pacrojioXeHue MacCoOBO 1 MHEPLIMOHHOI aCUMMET-
pun KA,

—A A 2 A A2 A2
me=m’ /o, m;, =,/(mx1) +(mx2) ,

2 2

A_ @ e A_ O e
m ———CylAy, m ———CylAz,

x1 x2
zl mzl

. A A 4 A
sin @, =-m;, /mx , €080, =m, /mx,

sin20, = Al /m", c0s20, = —Tyz /m”,

A_ |72 572 T N
mt= T2 +A1, T =1_/1, AT=AI/I,

C,, m,; — Ko3bbULNCHTHI,

L XapakTepu3ylolue

aspoarHamMmnyeckue cBoiictBa KA;

Ay=Ay/ L, Az=Az/L; Ay, A7 — manble cMe-
meHus 1meHTpa Macc KA B cBSI3aHHOI cucTeMe KO-
opauHat OXYZ.

ITyTem MaTemMaTHuecKuX Impeodpa3oBaHuil 0000-
MIEHHBIN MapaMeTp aCUMMETPUN MOXHO 3aImicarh B
BUJIC

2 [
Dy | 2Cy AyAzAl
2 2
z1

m

zl zl m

YTOoOKI OINpeaeIUTL 3HAUYCHUS TapaMeTPOB aCUM-
METPHUH, TIPU KOTOPBIX QYHKIMSI Q MakKchMajbHa,
uccaeayeM QYHKOUIO (5) Ha SKCTPEMYM.

3anuireM HeOOXOAUMBIE YCIOBUS CYIIECTBOBAHUS

9KCcTpemMyma (pyHKIUU Q:

—2 —2
0 OrAT Ofay

o yz mz21 mz21 -
00 _ _,Oriayaz
oAl mzz1 ’
0 _7. 2A_z20y12 B 2Cy12§_yAI _o (6)
aAZ mzl mzl

Az=Ay=0; [,; =Al =0.

Kak BupHO M3 ypaBHeHU# (6), 1aHHAas cuUcTeMma
He UMeET pelleHni, KpOMe TPUBUAIHHOTO

7yz :AYZO, A_ZZEZO.

B srom ciayuyae pyHkuus (6) HE UMEET CTaLMO-
HapHBIX TOYEK, OTJIMYHBIX OT TOUKHU

7yz :AYZO, A_ZZEZO.

CrnenoBateabHo, GyHKLUS (5) TOCTUTAET MAKCH-
MyMa Ha IrpaHM1Ie 00JacTh apaMeTpPOB aCUMMETPUH.
Tak kak B BbIpaxkeHUU (5) uMeeTcs YeTblpe Hen3Be-

CTHBIX, TO IJTS ITApaMeTPOB I 12, AT, AE, A; 3anaanum-

C4d BECOBBIMM COOTHOWICHUAMMU.
HpCI[HOI[O}KI/IM, YTO BBITIOJTHACTCA PaBCHCTBO

CyAy Oy Az
p] = p2

mzl z1

=ply=pAl=U. (7)

31€ech p; — MOJIOKUTENbHbIE N€ACTBUTEIbHbBIE YKUCIA
(Beca), mJIsi KOTOPBIX CIpaBelJIMBO PaBEHCTBO

4

Zpl. =4. 3naku paBeHcTBa (7) MOAOOPaHbI TAKUM
i=I

00pa3oM, YTOOBI BBITIOJHSJIOCH HEPABEHCTBO (4) ¢
MaKCUMaJbHbIM 3HAaUY€HWEM MapameTrpa Q.

Y1oObl HAMTU MCKOMYIO 00J1aCTh IOMYCTUMbBIX
3HaueHUI, 3aMuieM cooTHolleHue (4) ¢ yuyéTom
BecoB (7) B BUJIe HEpaBEHCTBA:

vic] <. ®)

M3 HepaBeHcTBa (8) BbIpa3vM BEKTOP MPOEKTHBIX
napamMeTpoB U U MOJydyuM BhIpaxkeHUe

Qp

Ul<3 7‘- )

3aTeMm TmepeiiieM K TapameTpaM acUMMETPUU
Iy, AI, A7, Ay M HaiiIéM UCKOMYIO 00JacTb HOIy-
CTUMBIX OTKJIOHEHUIA:
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@
C

b

Cy, Ay

mzl

p <3

Cy,Az
P2 |54

Qp
C

b

zl

; (10)

Qp
C

s

i35

Qp
=

W3 mosydyeHHOI cXeMBbI OMNpeaesieHrus] 00JacTu
JIONYCTUMBIX 3HAYEHUI CJIeIyeT, YTO, [TOKA IlapaMeT-

pbI acuMMeTpun | V2 AT, AE, A;} YIOBJIETBOPSIIOT HE-

paseHcTBaM (10), yrjaoBas CKOpoCTh ®, HE TOCTUIaeT

MOCPEICTBOM BTOPUUHOTO pPe30HaAHCHOTO 3ddekTa
CBOMX PE30HAHCHbIX 3HaueHuil. Kak cieactBue u3
9TOTO, HE peaau3yeTcsl NJIUTEeNbHbI PEe30HAHC, KO-
TOPBII MOXET IIPUBECTH K HApYyIIEeHUSIM B paboTe Ta-
PalItOTHOM CUCTEMBI.

Ha puc. 5 npuBeneHbl 3HaUueHUsI 0000IIEHHBIX
rmapaMeTpoB aCHMMETPUHN TIPU BHEIITHE YCTOMUYNBOM
pe3oHaHce. KpuBas pazgenseT 001acTh 000011 HHBIX
ITapaMeTpOB aCUMMETPHUHU, TIPU KOTOPBIX peaTi3yeTCs
BHEIIIHE YCTOMYMBbBIN pe3oHaHC (00sacTh I) 1 BHelIHe
HeycToWuuBBIN pe3oHaHc (obsacth II).

—d
M

0.3 \\
0.2 \

~
0 0.1 0.2 0.3

3]

Puc. 5. 3HaueHust 060011IEHHBIX TAPaMEeTPOB ACUMMETPUH
MpU BHEIITHE YCTOMYMBOM pe30HAHCe

M3mokeHHY0 BBIIIe METOIUKY OTIpeIesIeHUsT 00-
JTACTH JOITYCTUMBIX 3HaUECHUI TTapaMeTPOB aCMMeET-
puu nipu apuxkeHun KA B aTmocdepe ¢ manoil Ha-
YaJIbHOM YTJIOBOM CKOPOCTHIO, YUUTHIBAIOIIYIO BJIM-
STHYE BTOPUIHOTO PE30HAHCA, YCIOBHO MOXKHO TIPeI-
CTaBUTH B BUIE CXeMBI (puc. 6).

HaxoxneHue 001acTu JOMYCTUMbBIX OTKJIOHEHU I
rmapaMeTpoB aCUMMETPUH HAYMHAETCS C 3aITUCH yC-
JIOBUIA, TTO3BOJISIIONINX M30€XaTh 3aKPYTKM allmapa-
Ta 3a CYET BIUSHUS BTOPUIHOTO PE30HAHCHOTO 3(-
(eKTa Ipu yBEIMYEHUN YIJIIOBOW CKOPOCTU ®©, IO
3HAUYECHUN, TIPU KOTOPBIX pPeaanu3yeTcs IITUTEITbHBIN
pe3oHaHc (2). 3aTeM cieayloT pacuyeT 0000IeHHOro

| Havano 3agaquu

| Pacuyet sennumHbi 2,

v

3a,anPIE BEANYMH BECOB p;

v

3agaHue obnactn
JOMNYCTUMBIX NapameTpoB
" T

Mposepkaycnosua Q> Q,

HET

MpoBepoYHbIA pacdHeT U
aHanu3 peLueHus
\|/ HET

3apada peweHa

Puc. 6. CxeMa onpeesieHUsI TOMYCTUMBIX 3HAUCHUI rmapa-
METPOB aCUMMETPUN

rnapamMeTpa aCUMMETPUHU U 3alaHue 3HaUEHU BECOB
D;, JUISL TOFO YTOOBI CBECTU 00JIACTD JOMYCTUMBbIX I1a-
pameTpoB acuMmeTrpuu K Buay (7). B manpHeiem

MIPOBEPSETCS BBITIOJIHEHUE YCIOBUS | Q |>| Q, |. da-

Jiee caeayeT Jmbo IepepacueT o0OOIIEeHHOTO Iapa-
METpa, €CJIM BBISIBJIEHA OIIMOKA Ha 9Talle 3aIaHus 00-
JIACTU JOIMYCTUMBIX 3HAUEHU, INOO TOJTHBIN ITPOBE-
POYHBIM pacyeT W aHaJM3 pellleHUsT B 1EJIOM, €ClIU
00J1aCTh TOMYCTUMBIX 3HAUEHMIA ObIJIa 3aJJaHa BEPHO.
ITpoBepOUHBIIT pacueT BKIIIOYAET MIPOBEPKY MPABUIIb-
HOCTH 33[aHUs BECOB p; M BHINIOJIHEHUSI PABEHCTBA

4

2 p; =4 . Eciu Bce ycioBUsl BBIMONHAIOTCS, TO 3a-
i=I
Jlaya CUMTAETCS PEIIEHHOM.

BriBoabl

IMpuMeHss JaHHYIO METOAUKY JUISI OTIpEACICHUS
00JlacT JOTMYCTUMBIX OTKJIOHEHUWI MapaMeTpoB
ACUMMETPHUH CITyCKAeMOTO aIlrapaTta, MOXXHO UCKITIO-
YUTh BJIUSTHUS JJINTEJIBHOTO pe30HAaHCAa Ha YIJIOBYIO
CKOpOCTh U YroJI ataku. Kak ciencTBre U3 BhIIIECKA-
3aHHOTO, MOXHO MUHUMU3NPOBATh BO3MOXHOCTh
paspylIeHus armnapara npy mocagake Ha MTOBEPXHOCTh
Mapca n3-3a c60eB B pab0oTe TOPMO3HOI ITapalloT-
HOW CUCTEMBI.

Boipaxcaro b6aazodaprocms ceoemy nayuHomy
pykosodumento Jlrobumosy Braducaasy Bacunveguuy
3Q YeHHble 3aMe4aHusi U Co8emyl Npu HaANUCAHUU
O0anHOll cmambl.
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Abstract

Over the past decade, the interest in Mars

exploration has increased, as evidenced by the number
of modern missions, both domestic and foreign, for

the “Red Planet” reclamation and studying. All in all,
44 missions of spacecraft from different countries were
sent to Mars. The following well-known missions can
be presented as an example:
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- the interplanetary station of the European Space
Agency ESA (European Space Agency), as well as the
Beagle-2 lander;

- ExoMars, which is a joint program of the
European Space Agency (ESA) and the Russian state-
owned corporation Roscosmos, consisting of orbital
and descent (Schiaparelli) vehicles;

- Mars Science Laboratory, which is NASA
program, under which the third-generation Curiosity
Mars rover was successfully delivered and operated to
Mars;

- InSigh, whicht is NASA program for the delivery
of a research lander with a seismometer to Mars.

As a part of these missions, the uncontrolled
descent of the spacecraft in the atmosphere of Mars
was considered. The majprity of such descents ends
in failure, which may indirectly indicate errors at the
design stage of the spacecraft.

The presented article considers the problem of a
small descent spacecraft designing that performs
uncontrolled motion in the atmosphere of Mars. The
task of a small descent spacecraft designing begins with
selection of this spacecraft shape. It is well-known that
most of the descent vehicles involved in the of the of
Mars surface exploration are of a segmental-conical
shape.

The purpose of this work consists in obtaining a
technique for assessing permissible deviations of the
spacecraft parameters, which affect the secondary
resonance effects origination during descent. It is well-
known that the presence of various types of asymmetry
may be the cause of a long-continued resonance
realization, or resonance effects. Resonant phenomena
can lead to a significant increase in the angle of attack
or angular velocity of the descent vehicle.

It is worth noting that the authors consider a
design technique for a spacecraft with a small initial
angular velocity, which it apparatus acquires due to
non-ideal conditions while separation from the orbital
complex. The angular velocity herewith can increase
and enter a long-continued resonance under the
impact of the secondary resonance.

The gist of the method consists in finding
maximum values of the asymmetry parameters at
which the angular velocity does not reach resonance
values.

Given that at small angles of attack the derivative
of the angular velocity is proportional to the
generalized asymmetry parameter, we find the range
of acceptable values.

It follows from the obtained scheme for the
admissible values area determining that until the
symmetry parameter satisfies this inequality the

angular speed does not reach its resonant values by the
secondary resonant effect. As a consequence to this
fact, there is no realization of the long-continued
resonance, which can lead to disturbances in the
parachute system operation.

By applying this technique for determining the
region of permissible deviations of the descent vehicle
asymmetry parameters, the effects of the long-
continued resonance on both angular velocity and
angle of attack values can be eliminated.

Keywords: mass and inertial asymmetries of the
descent spacecraft, externally stable resonance,
generalized spacecraft asymmetry parameter,
secondary resonance effects, design technique for
segmental conical shape of a spacecraft.
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