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MEXAHMUKA
TBEPLOTIO TENA
Ne 5 . 1986

VIIK 531.383

BO3MYIEHHBIE IBIKEHIA TBEPJIOTO TETA,
BJIUBKUE K PETYJISIPHON NPEIECCHT

AKYJENKO JL JI., JEMEHKO JI. /., YEPHOYCBHKO ®. JI.

HecueyoTes BOZMYIIEHIBIC BPAMIATEILILIC ABIGRCHIISA TBCPJOTO Teja, OJH3rme K
PETyIAPHOil UPENCCCHT B clyyae Jlarpaisra. IIpepmonaraercs, yro YTIIOBasg CROPOCTL
Teda JOCTATOYNO BENKa, ee Hampasicune OMI8K0 K OCH AMHAMUYCCKOID CUMMETPHH Teja
1 ABE DPOCKLUUII BEKTOPA BO3MYINAIOMIET0 MOMCHTA HA TAABHBIC OCI JMHEPUHUH Tejla MaJbl
IO CpaBHEHHUIO C BOCCTAHABIMBAIOIIM MOMENTOM, a TPETEHs — OJHOTO ¢ HHUM IIOPAAKA.
CoennaabHEIM 06Pa3soM BBOXMTCS Maiblii IrapaMerp, OUpUMeHAeTCs MeTo[ ycpeguenus. 1lo-
aydena yCpepHennas CHCTeMa YPaBHEHNI ABIJKEHIS B IIEPBOM npubamxennn. Pacemor-
PEHLI OPHMEpEI.

. Pacemorpum jBiskenme jummaMmueckis CHMMETPIIYIIOr0 TBEpPJIOro Teixa
BORDYT HeUmoABMKHOII Toukun O 1ojx JeiicrTpiiem BOCCTAHABINBAIOLIETO II BO3-
MVIIAIOUIETO MOMEHTOB. Y PaBHEHIIS IBILKCHIIA (AummaMirueckie I KIHeMaTi-
qeckire ypaBHeHns Jiirepa) mMeroT By

Ap'+(C—A) gr=F sin 0 cos ¢+M,
Aq+(A—C) pr=—F sin 0 sin ¢+M, (1.1)
Cr'=Ms, Mi=M(p, q, 1, {, 0, ¢, t), (i=1, 2; -3)

P =(p sin @+¢ cos ¢) cosec 6, 0"=p cos ¢—q sin ¢

@ =r—(psin ¢+q cos p)ctg 0

Jlnmammyeckie ypasuenus (1.1) sammcaHsl B IpOERIIAX HA TTABHEE OCII
/THEPIUIL Texa, mpoxoasne 4epes Toury (. 31ech p, g, r — IPOEKIHN Bex-
70pa yriosoli cropoctu Tena ma st ocm, M, (i=1, 2, 3) — mpoekmu BekTOpa
BOSMYINAIOMIET0 MOMEHTa HA Te jKe OCH, ABJIAILIECH IepPII0LIIeCKIMIT hynR-
uuAMIT yriros Jitnepa ), 6, ¢ ¢ mepmogamir 2, Y — yroa mpeneccun, 6 — yrox
HYTAUN, @ — yrox cobcTBennoro npaujenns, A — 9RBaTOpUanbubIi, a C —
0CerOii MOMEHTBI ITHEPIUII Tela OTHOCHTENbHO TOukn (). A=(C. IIpemmonara-
€TCA, 9TO HA TeNO JIeHCTBYeT BOCCTAHABIIBAIOIIMIT MOMEHT. MAKCIIMATHHAS
BEMIMIHA KOTODOTO paBHA k' 11 KOTOPHI CO3/TaeTCa MOCTOANNNI 10 RemIHe
II' HADALJIeHUI0 CINIOI, HPUIOMKEeHHOI B HEKOTOpOoii (urcupoBaHHOIl TouKe
OCIrMMHAMITIeCROIT ciMMeTpuir. B crywae Tasemoro Bomuka 1iveenm

k=mgl (1.2)

3necr m — macca Tema, g — YCRCpeHME CHIIBI TAKECTH, [ — paccTOSHIIE OT
HETOABMARHOM Toukn O o NeHTpa TAMKECTH Tela.

Bosmymaronime momenTs M; 8 (1.1) npeamomaraioTcs 113BeCTHBIMIL PyHE-
AN cBoux aprymentos. Ipm M;=0 (i=1, 2, 3) ypasnenus (1.1) ormewaror
cryuaio Jlarpamma m moryr ommessats ABIGKEHNA Boauka Jlarpamska npm
BO3TTIICTBIN BO3MYIIEHTIIT PA3IIITHOil usuveckoil mpupoybr, a TakKe ABIIKe-
HIS CBOOOJHOTO TBEPOTO Tela OTHOCHTENLHO LEeHTPa Macc, KOrjga Ha HEro.

Jteiictryer BOCCTAHABINBAIOIIIT MOMEHT, 00YCIOBICHHBIIT ADPOIITHAMIIYECKI-

AL CILTAMIT, T HEKOTOPBEIE BO3MYMIAIONINE MOMENTLI.
B ny6anryemoii pagore ACIHAIOTCA CAC/YIOUIIe ICXO/IBIe 1PeII0I0MKEeHUSA:

PHEKP, Ok, |M<k (i=1, 2), Mo~ (1.3)
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KOTOPBIE 03HAYAIOT, YTO HANpABICHUE VIIOBON CKOPOCTI Teixa Gamaxo i oc
JWHAMMICCKOI CHMMETPII; YIJIOBAA CKOPOCTI JIOCTATOUHO BeIMIKA. TaK 4ro
KIHETHYECKASA . DHCPINSA Tella MHOTO 0OJBINE TOTEeHIIATLHOIL SHEPrum, o6y-
CTOBICHHOI BOCCTANARIIIBAIONIIM MOMEHTOM; J(Be HPOCKIINIT  BEKTOpA BO3-
MYMAIOIMEro MOMEHTA Ha IJIaBUBIC OCH HHEPUHUN TeJa Majinl 110 CPABHEHIIO ¢
BOCCTAMABJINBAIONIM  MOMEHTOM, a TPCTHLA — OJHOTO ¢ il nopsigra. He-
pasencrea (1.3) mosmonsior seectn Manniii IapaMerp & I IOJOKIITL,

p=eP, q=eQ, k=e¢K, <1 (1.4)
ﬂ[i:'SEMi*(Pv Qv r, 11“7 07 ©, l) (l=1~ 2)7 ‘]”-”'ZSM-"*(P' Ov r, ’4‘3‘ 6 ©, l)

Homvre mepemennnie P, O, a ramme IepeMenHbIe 11 HOCTOAHubIC 7, A, (),
¢, K, A,C, M* (i=1, 2, 3) mpeamosaraoTes OTPAUIIYEHHDLINIT BeJINUITHAMIT T10-
pARa eqEnnel npir e — 0. :

CraButess 3ajjaua IMCCACMOBANNA ACHMITOTHYECKODO TIOBEJICHIST  PeIIeHI
cucrempr (1.1) mpu masom e, ecan BHITOTHEHLT veaosna (1.3), (1.4). roro-
poe OyaeT MPOBOAMTLES IMINPORO TCIIONL3YEMBIM B 3ajlavax JIHAMIKIT TBep-
oro Texa MeToaoM ycpeamenns [1—3] ma wmrepsame BPEMEHI mopsira e .

B [3—5] arum meromom ICCIe/I0BAH PAJ 3a7ad AIMHAMIKH, TIABHBIM 00-
PasoM muA Ten, o0MagalolNX IHHAMIYECROIT cnmmerpueii. B [6] smepsrre
IIPOBEJIeHO yCpejinenne mo ApuKenmio Jitmepa — Ilyameco mas HECIIMMEeTPIIY-
Horo rtena. B pange pa6or, Hanpumep [3, 5, 7—14], nccaeoBansr BO3MYIIEH-
Hble [BURennd, OGnuskne k aswkemmo Jlarpamma, CoBorymHOCTH ympormaro-
mrx mpeamonoxkennit (1.3) mmm (1.4), cuemammprx B nyOamKyeMoit craTne,
TIO3BOMACT NONYUNTL B 0OIIEM caydYae CPaBHITETIHHO IPOCTYI0 CXeMY ycpe-
HEHIA 1 /10 KOHIA ICCJe/[0BATL AT MPIIMEPOB.

2. Cmenaem B cicreme (1.1) samenmy mepemenmBIX (1.4); corparne o6e
1aCTI MePBLIX MBYX VpasHenuit (1.1) ma e, moxyumm

AP+ (C—A)Qr=K sin 0 cos p+eM, * (2.1)

AQ+(A—C)Pr=—K sin 0 sin ¢teM*, Cr=eM,*

P =e(P sin ¢+ cos ¢) cosec 6, 6'=e(P cos ¢—Q sin )
¢ =r—e(Psin ¢+Q cos ¢)ctg 0

Paceyorpunm cueremy mysresoro NPHOMMKEHIA N TIOT0KHUM B (2.1) e=0.
Torna w3 mocaeuny wersipex ypapmenmnit (2.1) momyum

=ro, Y=, 0=0, @=r.t+e, (2.2)

31ecn 1o, Yo, 8o, @y — mOCTOAHHEDIE, PaBHLIC HAYAILHBIM 3HAUCHIIAM COOT-
Bercreylomnx nepemennsix npn (=0. Ilogcrasmy pasencrpa (2.2) B meperre
ABa ypasHenna crcremul (2.1) npum e=0 n NPOMHTErPIPYeM TOJYYEHHYIO
CICTEMy ABYX JINHeIHbIX ypapmenmit ars P, (). Pemenie NpPEeICTaBIIM B BIIIe

P=a cos y,+b sin ¥, +KC~'r,~' sin 0, sin(rot+q,) (2.3)
Q=a sin Y,—b cos v,2+KC~'r,~" sin 0, cos(rot+e@,)
a=P,—KC~'r,™" sin 0, sin q,, - b=—Q,+KC~'r;"" sin 6, cos g,
To=not, noe=(C—A)A~'re#0, |no/r,|<1

3necs P,, Q, — HAYANbLHbIE 3HAYCHES HOBBIX HepeMeHHbIX P,'(, BBe e HHBIX
cornacro (1.4), a mepemennas Y=y, meer cMbrci daser woxedanmii. Cicrena
(2.1) cymecrsenno memmmeiina (vacrora coGCTBEHHBIX KoTeBamIil repeMen-
HBIX P, () 3aBucur ot MeJIeHHOIl TepeMennoil r), IOITOMY Jajiee BBOJUTCHA
AOHONIHUTENLIIAS NICPEMEeHHAS Y, OIlpeedseMas ypaBHEHITeM

Y'=n, 7(0)=0 ' (2.4)

Ipn e=0 mmeem y=vy,=n,¢ B coorsercram ¢ (2.3). Pasencrsa (2.2),
(2.3) ompenensiior o6mee pemenne cucremsr (2.1), (2.4) npu e=0. [lepsoie
ABa coorHOmeHuA (2.3) MOMKHO, HCKIIOUAA nocrosnupie, ¢ yuerom (2.2) mepe-
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THICATL B HKBHBATICHTHOM BII/Ie
P=a cos y+b sin y+KC-'r' sin 0 sin 0 (2.5)

Q=asin Y—bcos y+KC-'r" sin 0 cos @
1 Pa3peuinTL OTHOCHTENLIO a, b:

a=P cos Y+Q sin y—KC='r" sin 0 sin (v+e) (2.6)
b=Psin y—Q cos y+KC~'r~" sin ¢ cos(v+q)

Pacemorpinm errcrenmy (2.4) npu e70 u coornomens (2.5), (2.6) xar
hopMy LI saMenn nepeMennbx (copepmmaniue nepesennyio Y), onpejednsio-
e mepexojt ot nepemennwix P, () k nepemenuniyv tina Ban siep o [1]
a. b obparno. lloanaysicn ot dopmynamin, nepeiiziem B cncreme (2.1).
(2.4) or nepemenunix P, Q, 1%, 0, ¢, ¥ k¥ HOBLIM HepeMennnIM a, b, r, A,
0, o, v, npuuenm

oa=y+q (2.7)

Hocae npeobpasosanii noaywy Gosee yjao0uyio L @ibneiimero re-
CACOBALITA CICTEMY CeMII YPABHCHIT (BMECTO eCTI (2.1)):

a’=eA~"(M," cos v+M." sin Y)—eKC~'r ' cos 0(b— (2.8)
—KC~'r=" sin 0 cos o) +e KC~2r—*M," <in 0 sin g
b'=eA~"(M,"sin Y—M>° cos ¥)+eKC~'r" cos B (a+
+KC='r=* sin 0 sin a)—eKC~4r*M." sin 6 cos «. r=eC~'M,°
{'=e cosec O(a sin a—b cos o) +e KC—'p—!
0'=¢(a cos a+b sin o)
a'=CA~"r—e ctg 0(a sin a—b cos o) —eKC™'r " cos0, v'=(C—A)A~r

3necn uepes M,° obosnavemnr dbysrminn, moxywennsie 1z M* (cu. (1.4))
B pesynbrare cienanHoii nogcramosrn (2.5)—(2.7), 1. e.

MCay by, 0, 0y, )=MH*P, Q, 1, 4, 0, ¢, 1)  (i=1,2,3) (2.9)

Ormernm, 4ro mepexog or ABYX mepemennbrx P, () ® tpex a, b,y BLI3BaH
COODpaKEHNAMII yI00CTRA: npu =0 cucrema s P, @ mvMeer BuJ JUHEITHOIL,
a 3amena (2.5) meocobas mis seex a, b.

Breniem Bekrop z, kKoMmomemTamu KOTOPOro CIysRaT MeIeHHbIE MmepeMen-
uvie @, b, r, . 0 cucremmr (2.8). Torna 9TY CHCTEMY MOKHO 3alHCaTh B
BIIIE

r=eX(z, a, y, t), a'=CA~'r+e¥(z, o) (2.10)
Y =(C—=A)A""r, 2(0)=az,, a(0)=a. v(0)=0

3necsk BerTop-QyEEOUT X 1t cranxapuas yrroua Y onpegeasiores mpa-
BLIMIT 9aCTAMHI ypaBuennii (2.8), navaiabnbie 3magenirsa IIOJAYYAIOTCA CGLIACHO
(2@—(2.4), (2.7).

Pacemorpum cucremy (2.8) mmm (2.10) ¢ tourm 3PEHIIS IPIMEHeHHUSA Me-
To1a ycpenuenia [1—3]. Cmerema (2.8) COJIEPJKIT MeIeHHLIE IIepeMeHHbIe
a. b, r, P, 6 m GeicTprie nepemennbie — gaspl o, ¥ I ppemA f, mpmdenm Y
BXOTUT JINIOL B TIEPBBIE TPIl ypaBHEHIA (2.8). Cucrema cymecrsenno me-
JUTHEHHA, U HEemOCPeJCTBEHHOE IIpIMEeHCHITe METOJa YCpPEeTHCHIS BechMa 3a-
rpyrEeno [15]. Ilpemmomossny, M1 TIPOCTOTHI, UTO BO3MYIAIOIIIE MOMEHTHI
M* me 3aBucsar or t. Tak war M,* (i=1, 2, 3) mepuozirans mo @ C IepUuoIOM
27, To coriacuo 3aMene (2.5)—(2.7) Qymrmumr M us (2.9) 6ynyr mepuoi-
YECKNMII YHKOIAMI o I y ¢ nepnofamn 2n. Torza cicrema (2.10) coaep-
RIT J{Be Bpamaiomuecs aspl @ I Y II COOTBETCTBYIOLINE IM YACTOTHI CA~*'r
1 (C—A)A~'r nepemennsr. [Ipn yepeanennn cucremsr (2.8) mun (2.10) exemy-
€T Ppasiamyarb JBa CryYas: HePe3OHAHCHLIH, Korja uactorst CA-'r m
(C—A)A~'r mecousmepumsr, 1 PE€30HAHCHBI, KOIjTa 0TI 4acTOTLI COM3MEpPUMBI
[15]. Becoma cymecrsenmoii 0CO0EHHOCTBIO CHCTEMDBI (2.10) sBaserca to, uro
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ornowenie yacrtor nocroanino [ (C—A)A='r]/[CA~'r]=1-AC"" n pesonanc-
HLIT cryyail MMCET MCCTO il

ClA=ilj, ilj<2 (2.11)

rje i, j — HATYpaJbLULIC B3alIMHO NPOCTLIC YIICJHA, & B HCPC30HALCHOM Clyyac
C/A — uppauponanvnoe uiciao. Beaegersue (2.11) yepenucuie uneanneiinoii
cucrembl (2.10), B xoropoit X ne saBucHr OT [, HKBIBAICUTIO YCPCJUCHHIO
KBa3MILHCHHOI CHCTEMBL ¢ HOCTOSHULIMIL YACTOTAMIL. JTO JIOCTHIACTCH BBEJIC-
LMEeM He3aBIICUMOIl LIePEeMEeHHOIL .

) B mepesonaucuom cayuae (C/Ai/j) ycpejueHHYI0 cHCTEMY IIEPBOTO Iipii-
OIIDZKEHITA NONYYUM IYyTEM HE3aBHCIMOIO YCPEJHEHIA LpaBblX yacreu cucre-
Mpl (2.8) wo oberm ObieTpLIM mepeMennbiM o, Y. 13 pesyianrare s MEJICH-
LUDLIX HCPCMCHIDLIX TOJYYATCH yPaBICHITs

a'=eA7',—eKC™'r7'b cos O+eKC™*r* sin Opu,° ‘ (2.12)
b'=eA"'w, e KC'r 'a cos 0—e KC~*r~* sin Ous°
5, Y=eKC'r7', 6'=0

2a 2n

1
wi(a, b,r,p,0) = I j j (M," cos y+M,"sin y) do dy
o 0

0

rr=eC~'nt

2n 2:

1
j j (M,"sin y—M.’ cos Y) da dv,
0 o

L (@, b,r, P, 0) =——
pa(a, b,r, P, 0) =

(=] ~
ey

1..41
(0, 0,7, 0) = =
e, 0,7, 5, 6) 4ﬂ_0§

M, do dy
2x 2m
1
ws*(a, b,r. ¢, 0) = J j M, sin o do dy,
% S
2a 2n '
1
us¢(a, b, r, ¢, 0) = J ny cos o do. dy
4ot 7o

Pemas yepeamennyio cicremy (2.12) 1a BO3MYIIAIOIIIX MOMEHTOB KOH-
KPeTHOro BIJIA, ONpeJe]IN [BIGKEHIe TeJa B HEPe30HAHCHOM Cilyvae C I0-
IPEIHGCTHI0 TOPAJRA € Ha IIHTepBAaIe N3MEHeHNs Bpemend mopsaka e'. Ot-
METIHM. UTO TrocieTmee Ypasuemme cmcremsl (2.12) umrerpupyercsa m gaet
6="0,. .

- Jlamas crcTeMa HKBIBAJICHTHA JBYXYaCTOTHOIl CIICTEME C TOCTOSHHBIMII
YACTOTAMIL MOCKOILKY 00¢ UaCTOTHI ITPOIOPIIIOHATLHBI 0CEBOIl  COCTABIAN-
ngeii r pexropa yraosoii cropocrir. IToaTomMy obocHoBaHIe IPIMEHIMOCTI Me-
TOA YCPEIHEHIA MOKHO NDOBECTH, Kak M /A KBa3IIMHEHOIl CICTeMBL.
OcnorHoe yTBEp/KIEHITEe 3aRIIYaeTCA B CIEIYIOIeM. Ilyers ¢ymrmusa X —
T0CTATOUHO INAJKASA 1O o. %. a 110 Z YAOBIETBOPAeT ycaopmio Jlummiima ¢ He
3aBICAINEIT OT o, ¥ IIOCTOAHHOIL. Torma Ha NIOCKOCTII JOMYCTIIMBIX 3HAYEHII
rapametpoB C, A cyIIecTBYCT MHOZRECTBO L Mepsl HYJb, TakKoe, YTO €CJII
(C, A)EL, 1o ams pemenuii ecmerem (2.10) m (2.12) mmeer Mecro omenka
|z(t, e)—E(et) |<De, t=[0.Oe™"], B KoTOPOII E(el) — pemieniie ycpexHEHHOIT
o aszam o, y cucremnr (2.12), E=(a, b, r, P, 0), D=const. JlokazaTeabcTBO
npoBoITCA TMpn moMmomuin cemMMbl I'pomyosnia ma ocHoOBe CTangapTHOIl IIPO-
He/Ayphl 3aMeHbl MepeMeHnHbIX MeTo/a yCPeJHeHIIA [2]. a Taxske apudmeriye-
CKOIT JIEMMBI, HCIIOJL3YeMOIl JIA OMEeHKII «MaJIbIX smamenarexein» [15], Bo3-
HITRAIONIX TP MOCTPOEHIIT VKA3aHHOI 3aMembl.

B pesomancmon cayuae (2.11) cmerema (2.10) opmouacrorma. IleiicTBI-
TEBTO, BBEJEM BMECTO ¢ HOBYIO MEUICHHYIO MEPEMEHHYIO — JNHEHHYI0 KOM-
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Oinamio gas ¢ nexouncaennimMu roopduimenramn

h=oa—i(i—j)="y, (i/j)#1, (i/))<2, i, j>0 (2.13)
Cicrema (2.10) UPHMET BIJL  cramjapruoil  cucrembl ¢ Bpauameiics
(hasoi
c=eX(z, i(i~j)~'"y+a, y) (2.14)
rA=eY(x, i(i—j)~'v+h), y'=(C—A4)A-'r

IIPITIeM ee npaBble YacTH MepHOANYHDL 110 Y ¢ nepuojom  2|i—j|n. Cumeremy
1ICpBOro npudmsens nocTpoum yepeaussa npaebie yactn cucrembl (2.14) no
YRA3AULOMY HEPHOAY U3MeHenus aprymenta Y. B pesyanrare nonyunm cucre-

MY YPABHEHIUT JUIA Me/UICHHBIX TIepeMeripix

" =eA~0F—e KC~'r'h cos 0+e KC- 2r=2 sin Qug* (2.15)
b’=eA~'u,*+eKC-'r~'a cos 6—e KC-*r~2 sin Ops*e
rr=eC™'p,*, V'=eKC~'r', 0'=0, 2'=—eKC~'r'cos 0
2nli—|

1
wi*(a, b, r,$,0,A) = —— j (M cos y+M," sin ) dy
2ali—j|

2ali—j|

1
w*(a, b, r,y, 0, 1) =m é- (M,* siny—M," cos Y)dy,

2x|i—j|

1
“/3*(07 b,r, 1]:, 6,}\.) =ﬁ j A[aud“{
0

2m|i

2ali—j|

1
2n|i—j| ;

ws**(a, b,r,p, 0,1) = M,"sina dy

2ai—j|
1
us*c (ai bv n P, 67 }") e J. A[SO COS(ZdY
2w |i—j| ¢

ITpegnonaraercs, uro B TOJBIHTErPANLHBIX BbIPa/KeHUAN NepeMeHHas o 3a-
MeHeHa Ha A cormacuo (2.13). Orvermm, uto npejanocie/inee ypasHeHHE
(2.15) mmeer pemenme 6=0,.

Pemas ycpegmennyio cacremy (2.15) s BO3MYIIAIOIIIX MOMEHTOR ompe-
ACJEHHOT0 BN, ONPENEeNNM JBIGKEHIE TeTa B DPE30HAHCHOM cirydae ¢ mo-
IPEIIHOCTLIO TOPAJKA & Ha IHTEPBANE M3MEHEHIS BpEMEHI nopsagka £~
ObocroBaunme mposoguTes CTaHgapTHBIM obpazom [1, 2].

Hanee npir momomy usmoskenmoi METOTIHKII PaccMOTPenbl HEKOTOPhIE KOH-
RPETHLIC TIPIMEPBI BO3MYIIEHHOTO JIBIKEHHA TBEPIOr0 Tea.

3. B xawecre mpumepa passmroit METOJMKIL IICCHAEyeM BO3MYIIEHHOEe
asmxenne Jlarpamka ¢ yuerom Momentos, AefiCTBYIOMIX Ha TBEpIOe Texo
€O CTOPOHBI BHemHeil cpensl. Bymem cumrars, uto BO3MYIAIOMIIE MOMEHTEHI
M;: (i=1, 2, 3) asrsaworcs JMHEIHO-IccHnaTnBubMI [ 16] :

M=—el,p, M,——¢lq, My=—celr, I, I,>0 (3.1)

3necs I, I, — HEROTOpBIE NOCTOAHHBIE KOAP(IIIEHTE TPONOPIIOHANLHO-
CTH, 3aBUCAILHME OT CBOMCTB cpen 11 hopMmbl Tema.
Sanumem BO3MYIIAOMIIe MOMEHTBI C Y4eTOM COOTHOIIEHITIT (1.4) maa
p ugq:
M\=—e*I,P, M,=—¢1,Q, M,=—cl,r (3.2)

Cornaceo 1. 2, ana mepesomamcHOro CIydas Iepexo/iuM K HOBBIM MeJJIeH-
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NBIM TiepeMentieiM @, b, r, 4, 0 m nonyunm yepejpennyio cucremy (2.12) suna
@ =—el, A 'a—e KC~'r ' cos 0, b'=—el,A-'0+eKC 'r'acos0
r=—el,C-'r, '=eKC-'r-', 0'=0 (3.3)

Iponurerpmposas 1perne ypasuenne (3.3), moixyunm (r, — Npom3BOJILIOE
HavaiLIoe 3HauCHue 0CCRO CKOPOCTH BPAICHU) :

r=ryexp (—el,C7't), 1,70 (3.4)

C yuerom (3.4) ypasuenme (3.3) ;uist ¢ muTerpmpyercs m jgaer (Y, —
HOCTOAINIAS, paBHas HauaJbHOMY smavenmio yraa npeneccnn npu (=0):

=1 +KI,~"'r, Texp(el.C-'t)—1] (3.5)

- Kpoare roro, kaw puryo mz (3.3). yrog nyramguu CoXpamseT MOCTOSHHOE
spavenne 0=0,. IHoxcrasiaaa B nepseie Ba ypasEeHUs (3.3) BMECTO I' BEHI-
pamenne (3.4), moayunm cmeTeMy BHjla

a=—el A~'a—e KC~'r, " exp(el,C7't) b cos O
OU=—el , A~'b+e KC~'r, " exp(el,C~*'t)acos
penienme KoTopoii, cormacno [17, ¢. 534 ], sanucwiBaercs cieayommm oGpasom:
a=exp(—el, A7) [Po cos N+Q, sin n—KC~'ry ™" sin 0, sin(n+q,) ]
b=exp (—el, A=) [P, sin n—0Q, cos n+KC~'r,~! sin 0, cos (n+qo) ]
n=KI1,7"r," cos B,[exp (e[,C~'t)—1] (3.5)

B pesyvaprare nogcranonkm B cootnomenus (2.5), (1.4) naa P,Q,p,q

seIpazennil @, b u3 (3.6) nr uz (3.4) oupemesmy
p=-exp (—el,A='t)[p, cos (Yy—m) —q, sin(y—n)+ (3.7)
+EC'rytsin 0, sin (y—n—@,) | +AC~'ry" " exp (el,C~'t) sin 0, sin @
g=exp (—el,A~'t) [ posin (y—n) +qo cos (Yy—m) —
—lC~'ry= " sin 0, cos (Yy—m—qo) [ TAC'ro~" exp (el,C't) sin B, cos ¢

=£—C—AE—[1—exp(—slaC—‘t)], pe=¢ePy, q:=¢eQ,
I, A ¢

TeM caMmbIM pellleHHe CUCTeMBI TepBOro UPUOJMAEHHA IS MeJJIeHHBIX
llepeMeHHBIX B clAyuae amcemmarmpuoro Momenta (3.1) moctpoeno. OTmermm
IIeKOTCpBIe KavyecTBeHnble 0COOeHHOCTH JBHJKeHHms B AamHOM ciyuae. Momgymb
0CeBoii CKOPOCTH BpaIleHUs I MOHOTOHHO YMEHBIIAEeTCHA 110 IKCIOHEeHTe CO-
rnacno (3.4). Ipumpamenne yria mpeteccnir P—1, METIERHO HKCIOHEHIHAI b
Ho BospacraeT B coorsercTsmm ¢ (3.5). M3 (3.6) cmemyer, uTo MenseHHbBIE
Hepemennbe a, b MOHOTOIHO CTPeMATCA K HyJIO0 IO OKCIOHEeHTe.

Coraacmo (3.7), caaraemble Ipoexmuii p, ¢, o0yc/iIOBIeHHble HAaYaJIbHBIMH
SHAYCHMAME Do, Go, 3ATYNAIOT II0 DKCIIOHEHTe. B To ske BpeMA NPOEKIHA P, ¢
COJepsKaT HKCIOHEHIHAIbH0 BO3PACTAIOIINe YIEeHBI, IPOMOPIHOHAIBEEE BOC-
CTAABINBAIOMEMY MOMENTY K, UTO HPHBOJAMT K OKCIOHEHIIAILHOMY POCTY
peamumast (p*tq®)”.

Ecan ssimoxmeno pesonamcuoe cootnomenme (2.11), to ycpenmenme cie-
qyer nposoamTh mo cxeme (2.15). B mamHOM cIydYae Bce HHETeTpAiBl Wi¥ m3
(2.15) cosmajgaoT ¢ cooTsercTBYIOIMME mETerpaiamm p; m3 (2.12). Ilosromy
pesonanc (HAKTHUYECKH MeCTa He MMeeT M IOJYIeHHOe PelleHne IPUTOLHO A
onmcanns JqpusKeHns upu mobom otromenun C/A+1.

OrveTuM, YTO AHATOTMUHO MOKeT OBITH HMCCIeJOBAH Ooxee OOIMME, dTem
(3.1), cayuaii auHeiiHOIl 3aBMCHMOCTH JIICCHNATUBHBIX MOMEHTOB OT YTIJIOBOIl
cropocTir Bpamienns, a uMenno M=—e/-0. 3aech I — Tensop, oupeseaseMblil
MaTpuieil

| Iy el el -
el I, ely

ely elsy 13

B K_OTOpOI"I nepeKpecTHble YIeHBbl MaJbl 110 CPABHEHHKO C ImaroHaJbHBIMA.
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4. Pacemorpum apmskenue TBepioro Tersa B cayuac Jlarpanmma moj jeiicr-
BHCM MaJIOTO MOMEHTA, TIOCTOSHHOTO B CBA3AHUBIX OCAX M IPHIOKREHHOTO
B/10JL ocu cummeTpun. Bosmymatonme momentst M; (i=1, 2, 3) B aTOM cayuac
AMEIOT BUJT

M=M,=0, M,=eM.,*=const (4.1)

Ilepexors K HOBBIM MeJJIEHHBIM NepeMeHunIM «, b. 1.,
pesonancnoM cliydae ycepeauennyio cucremy tuna (2.12):

8, IOJYYNM B HC-

a'=—eKC'r*bcos0, b’=eKC~'r'acos0 (4.2)
» r=eC-'M*, =eKC'r', 0'=0
IMpomurerpuposas Tperve ypasnenue (4.2), moayunn ‘
r=ry+eC—*M;*t (4.3)
Tlogcrasum (4.3) B (4.2) u nponnTerpmpyeM ypanienme Juis \|:
Y=, +K(M;*) "' In |1+eC-' M *r,~'t]| (4.4)

3nech P, M 1, — NPOM3BOJIbHBIE HA4YaJbHBle 3HAUEHHA YIJIa IIPEeccan I
0CeBOIl CKOPOCTH BpAllleHNA.

Kax caejpyer n3 (4.2), yron nyranun 0 He m3MeHAETCH BO BPEMs ABIKen s
teaa 0=0,.

Pemenue cumcTeMbl HepBHIX ABYX ypaBHeHmit (4.2) mocie IIOJCTAHOBKII
BMeCTO I phipasenns (4.3) sanuchBaeTCsa CIeRYIOmuM 00pasoM:

a=P, cos p+Q, sin p—KC~'r,™" sin B, sin( 3+qo)
b=P, sin B—Q, cos p+KC~'r,~" sin 6, cos (B+q,)
B=K (M;*)~"' cos 8, In |1+eC~"r,~ M. *t| (4.9)

Hopcrasasst B dopmyast (2.5), (1.4) momyuennvie pelpaxkenns a. b n3
(4.5) m rus (4.3), ompenernm

p=pocos (Y—B)—qosin (y—p)+kC~'r,~" sin 0, X (4.6)
X sin (Y—B—qo) +kC—*(ret+eC~'M,*t) =" sin 6, sin ¢
g=po sin (Yy—B)+qo cos(Y—B) —kC~'r,~" sin 6, X
X cos (Y—B—@o) +EC~' (ry+eC~'M;*t) " sin O, cos @
=(C—A)A'(V,eC* M *t*+rit), po=ePo, q=tQ,

Cornacuo (4.3), seamumna |r(t)|, T=¢t BospacTaer, eclIm HmapaMeTpsI Iy,
M* mMeoT OlMHAKOBHII 3HaK, m yOBIBaeT, ecim 3HAKH PAa3lIHIHEL YTOI Ipe-
riecemm ) (4.4) COMEpIRUT MEepeMeHHYI0 COCTaBIAIONIYIO, MONYJIb KOTOPOIl b
o0omx caydasgx MOHOTOHHO BO3pacTaeT: B IEPBOM CJIydyae OH OTPaHHUYEH 115
KOHEYHOTO T~1, BO BTOpoM cTpemutca K Oecromzynoctn mpn T—— (Cry/M.*):
w» npmarom r—0.

- [lepemennas B B (4.5), (4.6) mamemsercs amamormuno W, ecam 0, 7="/.7,
u nMeer cMmbica (assl KoneGanmii. Yacrora womebaunmit (df/dt)~r,~'. Merten-
Hble TepeMeHHble @, b ABIAITCA OPAHMYEHHBIMA 27-HePHOIUTeCKUME (VHE-
noaMa B.

Cocrasngiomue p, ¢ BeKTOpa YII0BOIl ckopocTm coriacHo (4.6) comepsmar
OTpaHMYEHHbIE OCHUIMPYIONIME CcjJaraeMble, OOVCIOBICHHBIC HEHY.IEBBIMIT
HAYaJILbHBIMA JIAHHBIME Do, (o, & TAKKe AHAJIOTHYHOE clIaraemoe, 00yCIOBICH-
noe BoccramasampaomuM MoMerToM (1.2). Yacrora nomebammii ompepensercs
npom3BoHOil mepemennoil (Y—f), mMelomei cMBICT dashl.

5. OcTamoBEMCA KpaTKO Ha CIyYae TAMKEJNOro TBEPIOrO Tejxa, y KOTOPOro
o HTICOmT SESpTAR OTHOCHTENbHO Toukm O GIMB0K K HIIMICOMITY BDAIeHIS,
TAK Wro ero TIJaBEBle MOMeHTHI mHepmumm wmmeor Bax A=A°(1+ed)),
B=A"(1+¢6,), C+#A°. 3pecy &, 6. — Oespasmepnble KOHCTAHTH I0-
pAika enmEANBL, A°— xapakTepHas BelHmYmHA MoMenTor wmHepmmm. Hpoe
TOTO, I[eHTP THAKECTH TejJa- MOKeT OBITH CMeIeH OTHOCHTENLHO TOURM
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O* nemaniein va raasinoil ocn TICPINKT,  OTHOCHTENIBHO KOTOPOIT MOMENT
pasen C) na peanuuny nopsjka €. 13 otom Garytac sajlaua MosKer OBITH cBelena
IpaceMoTpennoil B 1. 1 BeejlenmeM JIONOIHUTeNbHBIY BOBMYIIAOIIAX MOMeH-
ror. yiosiersopsiomuny yeaosuo (1.4). Oxasvisaercs, yto npu sToMm M,~¢e?,
Tak uto My*=M;"=0. Cuenys (2.12), (2.15), nonyanm Ms=Ma"=p3°=0, py*=
= =p,*e=().

Taxny obpasom, nocaeume pu ypasnenus (2.12) npmmrumaior Bug r =0,
P=eKC~'r ', 0 =(.

B paccmarpnpaesom npubamxennu kunematuucckmne ypaBHenus Jitnepa ne
BOBMYINAIOTCS M JIBRZKCHMe TelTa npejctanisier cooii peryaapuyto nperneccu.

~ Ormerum, uTo, Kax caejyer u3 ypasnennii nepnoro npndamxennsa (2.12),

(2.19), upm HaMuMM HECKOALKIX BOBMYIHAIONIN MOMCHTOR suja (1.4) pe-
AYALTATBL BX NCTCTBUS CRIQ/(BIBAIOTCH, COOTBETCTRYIONNE DTHM BO3MYITEHMM
nurerpansr (2.12), (2.15) npeperasisiores B BAAC CyMMBL UHTETPANOB JIs
OT/CILABIX BO3MYIUEHMIT.

Aproper Onaropapar A. C. Illamaena sa nomxesnoe obcyienue paGoTh.
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