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YCTOMYMBOCTh M CTABMIN3AIINA IBVKEHUA
OI[HOKOJIECHOI‘O BEJIOCHIIEJA

B nocnepHee BpeMst Hapsily ¢ MHOTOYMCIIEHHBIMM pabOTaMi MO AMHAMHUKE MHOTO-
3BEHHBIX U MHOTOKOJIECHBIX POGOTOB, MOSIBISIOTCS PabOThbl, B KOTOPBIX HCCNIERyeTes
JMHAMHAKA OJHOKOJIECHBIX POGOTOB, KOTOPbIE MOTYT MEPENBUIaTbCs KaK NMPSIMOIAHEITHO,
TaK ¥ COBEpLUATh BparyarenbHble IBKenns [1-3]. B cBsA3u ¢ 3TUM CTaHOBUTCS aKTyalb-
HBIM HCCNIE0BAHUE BOIPOCOB YCTONUMBOCTH H YIPaBISEMOCTH HETOJIOHOMHOM MeXaHu-
4ecKOoit CHCTEMBI, KOTOPO# MOXET GbITh ONHCAHO J{BUXKEHHE OJHOKOJIECHOTO yIpaBJse-
MOT0 3KHMaxa. o

YKasaHbl CTalIOHapHbIE (BMXEHUS HErOJOHOMHON MEXaHMYECKOH CHCTEMBbI, Npef-
cTaBIsrolielt co60if MOJeNnb OHOKOIECHOTO BEJIOCHIENA, ABHKYIIErOCs MO TOPH3OH-
TanbHOM MIocKocTH. TToMyueHbl HEOOXONUMbIE YCIOBHS YCTOMUMBOCTH 3THX ABIXKEHUA 1
HCCIIEOBAHEI BO3MOYHOCTH UX CTa0HIIH3AINY NIPU TOMOIY TeX MM HHBIX YIPaBIAIOLIUX
BO3JIEHCTBUIA.

1. Hocranoska 3aga9u. PaccMOTPUM MEXaHUYECKYIO CHCTEMY, IPEACTaBIAIONIYIO cO00M
MOJENb OTHOKOJIECHOTO YIPaBISIEMOr0 9KHUIAXKa, ABIDKYIETOCs 110 HETONBIDKHOM TOPH30H-
TanbHOM mrockoctd. Cucrema (urypa) COCTOUT U3 OJHOPOJXHOTO KPYroBOTO JIUCKA Mac-
Chbl M, U Pajiyca a, KaTAmerocs No IIOCKOCTH 6e3 IPOCKaNb3bIBaHusA; TBEPAOro Tena My,
HPHKPEIUIEHHOTO K HEHTPY AucKa O IEIHHAPHIECKEM IapDHUPOM M ABIDKYINErocs B ILTOC-
KOCTH J¥CKa; och Tena 01’ JIEeXHUT B INIOCKOCTH JANCKA U SIBISIETCS ITTABHOM OChIO MHEPIMH
tena M, gns roukn O;. Ilycts O, — nentp macc tena M, nexut Ha ocu 01’ (0,0, = d). Ha
9TOH Xe ocH yCTaHOBIEH OfHOPOJHBI CHMMETPUYHBIA MAaXOBHK, IEHTP Macc KOTOPOTO
cosnanaeT ¢ Toukoit 0,. OGo3HaUmM Yepes m, Maccy Tena M, BMECTE C MAaXOBHKOM.

Z
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Hnst onmcanus NBMXEHUS CHCTEMBI BBEIEM HENOJBILKHYIO CHCTeMy KoopauHaT OXYZ c
HavaJoM B HEKOTOPOM TOYKE. ONIOPHOM IITOCKOCTH (OCh Z HalpaBlieHa BEPTUKAILHO BBEPX)
H NOJTycBA3aHHYI0 cucTeMy kKoopauaar 01ENE ¢ HavanoM B yenTtpe Mace gucka O: ock
NEpIEeHNAKYIAPHA INIOCKOCTH UCKA, OCh 1) HApaBJIeHa IO IPSIMOM HaMGONBIIEro CKaTa
IIIOCKOCTH Koxeca (BBepx). Ilonoxenne cucTeMb! onpefesuM oG0GIIeHHBIME KOOPANHA-
tama X, ¥, 6, y, ¢, ¢y, o, rne X, Y — ropr30oHTAIbHBIE KOOPAUHATEI LeHTpa Macc JUCKa, 0, Y,
¢ — yrabl Dlinepa, onpefeNsiomue IOJOXEHNE JUCKa, (P — YIol Mexay ocamu OM 1 0417,
xapakrepusyomuit nonoxenue ocu 01M’ Tera M,, TpeThst KOOPJMHATA IEHTPa MAacC AUCKA
Z = 0icos 6, 0. — yroJ moBOpOTa MaxOBHKA (pOTopa) IO OTHOWIEHHUIO K Tey M,. BexTopsi ¢,
¢ Hanpasiens! 1o ocsim 011’ 1 0, coOTBETCTBEHHO.

YpaBHEHM HETONOHOMHBIX CBSI3€i BBIPAXKAIOT YCIOBUS OTCYTCTBHSI CKONBKEHHS (CKO-
pOCTh TOYKH P [UCKa, B KOTOPOH JAHCK CONPHKACAETCH C INIOCKOCTBHIO, PABHA HYNIO) U
HMEIOT BHJ

X + a[@siny cos B+ ¢+ sin 8)cos y]=0 " ) ' ) (1.1)

Y +a[~0 cos y cos 8 + (¢ + rsin ) sin y] = 0

KuneTudeckas SHEPIus 9KHIAXa H CHIOBas (DYHKIHS B 0GOGIIEHHBIX . KoomeHaTax
AMEIOT BHJ . c

2T = (my +my)(X* + ¥? + a°6° sin 9)+A(92 +1r2 cos? 0) +

+ C(o+ r5in 8)2 + A, (Y cosBsin @, —écosq),)2 +

+B, (¥ cosOcos ¢, +Bsing,)* + C, ((i)]' +\sin0)* + v,

+2m,d[ X (sin y sin @; — cos Y cos @, sin 0) + Y(-) cosBcosycosQ ~

~ X6 cos Osin q;'cos 0 - \pY (sin (pl cos \p +sin 9 cos (p1 siny)+

» -baéz ‘sinz 0 )cos Q) — §, X (cos @; cos ¥ —sin @, sinOsin W) =
- (p] Y(cos @, sm W +sin (pl sin @ cos ) — aB(, sin Osin ¢, cos 6)] +

+ Y102 + Ia[esm ¢+ \Vcos Bcos ¢, 1=—g[(m + my)acosO+ m,d cosBcos (pl]

3pece A=B, C- rIIaBHbIE uen’rpanbnme MOMEHTB!  MHEpIHH aucKa’ 0THOCPIT6JILHO
AUaMeTpa 4 OCH, NEPUEHAUKYIAPHOM IIOCKOCTH AUCKa; By, A1, C; — riaBHbIE UEHTpPaNbHbIE
MOMEHTH! MHepUuHu Tejia M, (BMecre C 3aKpelIeHHBIM Ha HEM POTOPOM) OTHOCHTEIBHO
oceit O;n’, 028, 0,0’ (ocp 0,{ nepuenpukynsipHa mwockocry aucka, O,E’ — B mIockocTn
mucKa); A, = Ay + myd?, By = By, Cy = C| +myd?, | — MOMEHT HHEPIET POTOPA OTHOCHTEIHHO
OCH BpaIleHHs. ,

KuneTnueckast sHEprus  CiIoBasi (DYHKIHIS CHCTEMBI, & TAKKe KOI(DHIMERTE] HETOMO-
HOMHBIX cBs3el (1.1) He 3aBHCAT OT KoopauHaT X u Y, HOaTOMY paccMaTpEBaeMasl CHCTEMa
npefcrasnsier coboit cucreMy Yanmusiruna [4] u ee ypaBHeHUs! ABHXEHUsI, COCTABIECHHBIE B
¢opme ypapHeHuit Hamibrmaa, MOXKHO MCCIEOBATh HE3ABUCKMO OT ypaBHEHMH CBs3ei
(1.1). KooppusaTs! @, VY, O SIBISIOTCS IUKIMIECKAME B CMBICITE OnpeneneHus [5].

Bynem npepnonarars, 4To mo KoopraHaTaM @, ¥, 6, @, Ol (WIK MX YaCTH) MOTYT OBITH
BBEJICHBI YIPABIAIOIHE CHIbI F;, KOTOPBIE IIOANEXAT BEIOODY.

MoXHO nokasarbh, YTO IPU OTCYTCTBUH ynpaBnmoumx CHII, ypaBHEHHs IBUXEHUS J10-
IYCKAIOT YACTHBIE PENICHHS BUNA

01 =@, =0, 6=0;, 6=0 , (1.2)
O=0o=0, Y=VY;=0Q, a=Q, A
OIIMCBIBAIONIME CTAIMOHAPHBIE JBIKEHHUS CUCTEMBI.
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OpHEM ¥3 YCIOBHH CYMIECTBOBAHMS CTAlMOHApPHBIX OBMKEHUH SIBISIETCSI YCIOBHE
sin @19 = 0, KOTOpPOE NOKA3BIBAET, YTO B JIOOOM CTAIMOHAPHOM JIBMXEHAH OChb Tena M (och
KOpIyca) JOJNKHA COBIAfaTh C NPAMOM HaumGONbIIEro ckata Koneca. Ilpu aroM NEeHTp
macc O, Tena M, nexur Buliie UeHTpa Koneca 0y, eclu Q1 = 0 1 HIXe, ecnn Q19 = T. Oc-
TanbHbIE NIAPaMeTPsI O, M, L2, 2, CBIA3aHbI OIHUM COOTHOIIEHHEM

[C + (my + my)a® + myad cos @4 1Qm cos O, + ‘
HC+ Cy +(my + my)a® — A~ B, +2m,ad cos 9,0]Q%sin 90’ cf;s 0, +
+[(my + my)a+ myd cos @y 1gsin @y — IQ,Qsin 6, cos @ =0

TaK 4TO Pa3MEPHOCTD Mﬂoroo6pa31m CTalMOHAPHBIX JBUKECHHI paBHa TpeM BbmeJIHM pAn
MHTEPECHBIX YACTHBIX CITy4aes.
1.08p=0, p=w=0, y=Q=#0, =, — BpalmeHHe [UCKa C HpOHSBOJIbHOH OCTO-

AHHOH YIIOBOH CKOPOCTBIO £2 BOprI‘ HENOJBUXHOTO BEPTHKAIBHOTO AHAMETpPa
(Bepuenue); neHTp Macc O, TaKKe HAXOJHUTCS Ha BEPTAKAILHOM lHaMeTpe.

2.6,=0, =0 =0, y=Q=0, A =Q, — npsamMonEHeliHOE KaYeHHE BEPTHKAIHLHOTO
JMCKa, NPH KOTOPOM LEHTp Macc gucka Oy ABIXKETCS C [(POM3BONBHOM MOCTOSHHOM CKO-
pOCTBIO |al; Touka O, NO-IPEXHEMY JIEXUT Ha BEPTHKAILHOM IHaMETPe AUCKA.

3.0=0, =0, y=0 &=Q, — cocTosHAE NOKOS FHCKa B BepTuKaJILHon IUTOCKOCTH;
TOUKa Oy NEXKAT HA BEPTHKATLHOM JHAMETPE [UCKA. ‘

B oGwem cinyuae, korna 8y #0, |8, |<7/2, ¢=0, y=Q=#0, ¢=Q, cranuonapHoe
IBISKEHHE CHCTEMBI IIPEJICTABISET COOOH ABIKEHHE IUCKA C MOCTOSIHHBIM YIIIOM HAaKJIOHA K
ONOPHO IIOCKOCTH; TEHTP Macc Aucka Oy K TOUKA CONPUKOCHOBEHHSI C MIOCKOCTBIO P iBU-
JKYTCH IO OKPYXKHOCTSIM NIOCTOSIHHBIX Paj{HyCOB; IEHTP Macc Tena M, HAaXORUTCS Ha IIPAMOM

HanOONBLIETO CKaTa KoJjeca.
JIuseapu30BaHHbIE B OKPECTHOCTH CTAIMOHAPHOTO JBIDKCHUS (1.2) ypaBHEHHSL BO3MY-
IEHHOrO JBUXKEHHS MIMEIOT BHJ

m1x+w,12y+‘/lli+Kllx+Py=Blu

| o (1.3)
WZ]'XI + %z'y + V21.X.f + Kz].x = B2u

x=(xx)", }’=(}_’1}’2)’3)T7 H=Q =@, x=6-0
y1=¢_0)’ }’2=¢st y3=d—gr

. wy 0 wg wy 0
W W S
Wao
2x2) (2x3)
wg 0 wg wgy 0
Wo, Waa

0
Bx2) (Bx3) Wig W3y W«g Wys

0 v k 0
Vi, 12 Ky 11
12 0 Ky :
(2x2) 2x2) 0 0 0
32 I =|ks O} : ’
AN Ko k 0 P21 P P
42 41 i
(3x2) - (3%x2
Usy 0 O

W) = Cz, 'W22 = A+AI +m1a2 +m2(a+d8)2, Wiz = mzade )
wig = (Cy + myade)siny, wag = C+(my +my )a?
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'w34—[C+(m,+m2)a +m2ade]sm9° L e
' Weg = (A By)cos? 0y +[C+ma® + G +m2(a+de) ]sm e0 o

U t

W =wgy = €l cos0y, w55—l' . - . :

Tt ! 3 £ . Lt
Fun B P Fa e e ey

U =[A= B+ G +2m2ada]Qcos 0, + sIQ

Vs —[C+2(m1+m2)a +2m2ads]Qcos90
Ve —C(ocos(-)o eIQ _sin@, + '

+ZQcoseosm00[C+C2 A Bg+(m1+m2)a +2m2ade]

1152 =—eIQsm90 ‘ : , Ce

k“ —QOzadesmeo +Q? [(Bz Az)cos 60 +m2ades1n 90]— _ ‘

4 —ngdecoseo +£IQ Qcos(—)o e . G :j

k22 = (.!)Q[C+ (m[ + mz)a + mzade] Sln 90

)

'—92[c+cz A= BZ+(m1+m2)a +2m2ad8](cos 90

N

a ‘—sm 90) [(ml +m2)a+m2d£]gcoseo +£IQ Qcoseo

k31 —"—ng ade, k41 ng(ﬂade' i

LRSS PR . o D . s

P = —Q[C+ (m, +, mz )a + mzadta]coseo -

' pzz_‘-m[c+(ml+m2)a + myide]cosB, - oy sme0 S |
—2.(2[C+ C2 =A= B2 +(m1+m2)a +2m2ade]s1n90 coseo - DA
D3 =—¢lQ »Sin6y ' L

rne e=+1, ecam (pm =0;e=-1, ecn (pm T; IpH aTOM. riojraraeM, 9ro a — d > 0; Byu, Bzu —‘
JNFHENHbIE YaCTH YIPABISIOMEX CHII, TPANOXEHHBIX IO- NO3HWIMOHHBIM H IEKITHYECKIM-
KOOpAMHATaM COOTBETCTBEHHO.

Ypasuenns (1.3) npeacraBasior coOGOA Ty 6a3y, Ha OCHOBaHUK KOTO])OH nccneny}o'rca
BOIIPOCEHI yc'rontmnoc'm 1 crabuin3aniy CTalliOHapHbIX ABmKenui (1.2). . - ... .

2. Anajn3 ycTOHYABOCTAH. PaCCMOTpEM yCIOBHS YCTOHIHBOCTH CTalHOHAPHBIX
I[BE}KCHPIK cucreMbl. MOXXHO OKa3aTh, 4TO xapaK'repnc'mqecxoe ypaBHemIe cucreMsi (1. 3)
MOXeT OBITh TPEICTABIICHO B BAJE : . :

A\ = K(aox‘+al7& +ay)=0 S

HynesbiM KOpH}IM COOTBETCTBYIOT IIpOCTbIe aneMeH'rapHme nenm‘enn.
HeoGxORAMBIE YCIOBHS YCTOMIABOCTH CHCTEMEI IMEIOT BH

ao>0 @ >0, a>0,. at 4a0a2>0 R (2.1)‘

" Beupay rpomoanxoc'm xoaq)(pnuneﬂ'roa a; aHamm3 ycnomm (2 1) 3a’rpymm’renen Pac-
CMOTPHM YCIOBUS YCTONYMBOCTH B YKa3aHHBIX YACTHBIX cnyqaax. IIpi 3TOM 0co6oe. BHHE-
Manme GyneT yheneHo HauGolee ]Z[HTepeCHbIM nnmxennsm, Korna LEHTp Macc Tena M,
PACIIOIIOXEH BBIIIIE IIEHTPa Macc AMCKa.

2.1. Tpamonuneiinoe npmxenne (6, =0, p=m, §=Q=0, sing,, =0, a=9Q,). YpaB- "
HeHust cucrembl (1. 3) (npn u=0), COOTBeTCTBylomne HOSKHKOHHBIM Koop;(m{a'raM B’
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[aHHOM CIIy9ae MOTYT GbITh IPEOGPA3OBAHBI K BHY
Witk + P + ki =0 » ,
' . ' 2.2)

C Wy — Vi +k/229~€2 =0

iz _=XZ+

Xag =X(tp), Yoo = Ya(to)
k22 W44 o

’ 2 —

w1 =wy —wiz/ wg, Y =Vjo

r VR .
kpz—kzz—Pzzv«tz/Ww Wiy = Wag —Was [ Wy

Torpa, U3BECTHO [6], YTO:
(1) cucrema (2.2) ycrotumsa, ecna ki > 0, k3, >.0; B aTOM ‘cnygae ky; = .—ngde > 0 ecnu

e=-1; k3 >0 ecm

e=-1, ©? >a)

*2 (A + B2 - I) [mla + mz(a d)]

gd<a)
CIC +ma® + mya(a—d)]

(2) cacrema (2.2) HeycToiunsa, ecna ki ks, <0; T.e. ecmm
ge=-1, o’<w?; wm e=1, 'a)2>co*2

(3) BO3MOXHAa THpOCKONWYecKas craGHmmsanms, ecid kyj < O k3> <0; T.e. 1mpHm

g=1, ®% <™ ngocraTouHo GONBIIONH YrIOBOK CKOPOCTH BPAlIEHHS p0T0pa Q..
TIpu Q, = 0 ycnoBHA YCTONIHBOCTH IPSIMOJIAHEHHOTO IBIDKEHHS. HMEXOT BHN:

(Al +B2)[mla+m2(a d)]
C[C +ma® +mya(a—d))

e=-1, g (d<a)

B JaCTHOCTH, €CITH TeJO0 M2 OTCYTCTBYET, TO 3TH YCIOBUS EPEXOMAIT B H3BCCTH06 ycnonne
ycrontmnoc'm npﬂMommem{oro KayeHus JUCKa [4 71:

c

o?> Amlag I(C(C+ma ))

3ameuanue 1. Ecn KOHCTPYKIWA CUCTEMBI TaKOBA, YTO JINCK BO BCE BpeMs JBIDKCHHA
HaXO[UTCA B BepTAKaNbpHOH mwrockoctu (8 = 0), To HETPY/{HO IOKA3aTh, YTO NPSIMOIMHEAHOE
KaucHUE C BEPXHAM pacIoNoXeHneM Tena M, (€ = 1) Bcerna HEyCTORYMBO (CTENEHb He-
YCTOHYMBOCTH paBHa 1), T.€. THPOCKONMYECKAs CTaCHUIIA3aNHs B 9TOM ciydae (B OTIHIAE OT
PacCMOTPEHHOrO BBINIE) HEBO3MOXHA; HEOOXONUMBIE YCIOBHS YCTOMYMBOCTH NPSIMOIH-
HEHHOrO KaueHMs BBITOJHAIOTCS TONBKO IIPA HIDKHEM PaCIONoXeHnHn Tena M, (€ =-1).

2.2. Ecnu cucTeMa HaxofuTcs B pasaosecun (2 =0, ® = 0), To yacth cucremsl (1.3) (nmpu
u = 0), KOTOpasi COOTBETCTBYET NO3MIOHHBIM KOOPJIUHATAM X1, X2, MOXHO NPE/CTABATD B
BHJIE, AaHAIOTAYHOMY (2.2):

) . _
Wi Xy + Py +kpx =0
WaopXy — Yy +kgpxp =0

KosgduuueHTsr Wy}, Wy BCErfAa HONOXKUTENLHBI H 3Ty CHCTEMY MOXKHO paccMaTpuBaTh

KaK YpaBHEHHE JIBYKEHHsSI TOJIOHOMHON MEXaHHJYECKOH CHCTEMBI C IBYMsl CTEIIEHSIMA CBO-
60fb1, HAXOALLYIOCS TOJ{ I€MCTBAEM IIOTEHIHANBHBIX ¥ THPOCKONMYECKHX CHIL.
B namuoM ciy4ae ky, <O mpu € =11;4k;; >0, ecmme=—1nk;; <0,ecmme= 1.
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‘TakuM 06pa30M npu € = —1 cTenens Heyc'ronqnnocm ‘HeueTHas1: i MOJIOXKECHUE PaBHO-
BECHS HEYCTONYHUBO, ECIM Xe € = 1, TO HeyCTOHYNBOCTD IONOKESHNS PABHOBECHS MMEET
YETHYIO CTENEeHh W BO3MOXKHA TMPOCKONMYEcKas crabmamsanmus [6], KkoTopas obecneyn-
BAETCH IIPH JOCTATOYHO GONBIIOH CKOPOCTH BpalIeHus poTtopa £2,.

3ameuanue 2. Ecid yeIoBYs IBUKEHHUS CHCTEMBI JOIYCKAIOT BO3MOXHOCTD pealn3alym
ycnosust d — a > 0 (T.e. IEHTP Macc CUCTEMBI MOXKET ObITh HUXKE IIIOCKOCTH BIKCHHS), TO
TIOJIOKEeHNE PABHOBECHS! YCTOMYNBO NPpH € = —1 ¥ mz(d a)>ma.

2.3. Bepuenue Ha mMecre (0p=0,¢0=0=0,y=Q#0,0=Q,).

2.3.1. (Q, # 0). HeTpynuo noxa3atb, uro eciu Q # 0, Heo6XOAUMbIM ycnonneM ycTO¥#-
uymBocTH (2.1) MOXHO YIOBJIETBOPUTD, BHIOUpast JOCTATOYHO GONBIIYIO YIIOBYIO CKOPOCTD
BpAIIEHHs POTOpa {2, BHE 3aBECAMOCTH OT IONIOXKeHust Tena M, (e=%1). ,

2.3.2. (Q, = 0). B ToM crydae, KOraa poTop o'rcch'rByeT, yCIOBHS yc'ronqnnocm MoryT
OBbITH YIOBIETBOPEHSB! IPH ONpENeNeHHON CKOPOCTH BpameHus L) U COOTBETCTBYIOLIEM
pacmpejieJIieHH -MacC CHCTEMBI, B TOM YHCJE IPH BEPXHEM pacnonoxemm Tena My (cM.
HEKe puMep 3)).

IIpuBeneM HEKOTOPBIE l'IpI(IMCpr i

a. B Tom cnygae, xorja Macca Tena M2 MHOTO MEHBIIIE MacChl JUCKA (my <'my ), yCIOBHS
YCTOHYABOCTH UMEIOT BHJ

(A+mla )BQQ —[maC, +(A+ma? )m2d8]g>0
[(Ay — B,)Q? + mydeglimag — (A+ ma®)Q?}150: . . . e

B uwacraocTH, ecnu Texo M, — CTEpXKEHb, Hanpannpnnmﬁ Broxb ocu- Om’ (B, =.0), atn
YCIIOBHS IPHHUMAIOT BH]

. PR d T
=—1, d”+p;<—(a’+pp)

&1 c
- <Qz<—— ,
‘*‘Pzg az"‘P 8 L

Ay=Cy = mz(d2 +p})., A=mp]

Ecnn TENOo MZ OTcyTCTByeT d— O P2 — 0), TO ycnomae yc'rontmnoc'm Bepqe}mﬂ }IPICKa
HMEET BUJ| 02> myag/(A + mya?), 9TO COBIAJAET C U3BECTHBIM ycioBueM [4, 71. 1

b. Ecid JUCK — HEBECOMBIH, a Telo M, mpejicraBisieT co6oit T-06pa3Hyio CTPYKTYPY,
B KOTOpO# crepxenp 010, — HEBECOMBIit, a BTopon CTepXeHb, NPOXO[AIIAA Yepes
TO‘le 0,, nepneﬂnnxynapen 'mlocxoc"m H¥CKaA n “UMEET Momem‘m MHepIHA C] = 0,

=B.= m2p2 = m2a %2 (x p2 /a) ycnomm ycmnqnnocm npn Q = ) IMEIOT BHJI
é=;1’ .QZ,,>;(_§_ & (5—_<1)
- 5) +%°] a’ a

c. Ecnu ucK — HEBECOMBIH, a TeNo M, mpencraBaser cobott T-06pa3Hylo CTPYKTYPY, B
KOTOpOii cTrepxkenb 010, HEBECOMBIH, a BTOPOI CTEPXEHb, npoxonsmmn yepes Touky O,
JIEXAT B IUIOCKOCTH HCKA ¥ IMEET MOMEHTBI HHEPIHK _ no

A =0, G =B =ma’x? A,=mya’s’
B, =B = mzazxz, 'Cy = mya® (%? +82)
TO O yCnoBHUs yc'ron'{nnocm npu Q=0 AMEIOT BIR

e=1, Qz>%£, ecnm %2 >(1+8)8
a .
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Q%%ﬁ, ccmn 2 <(1+8)8 , o
Za L ‘

e=—1, Q>—_8% . C

- 1-8a ’ N

3. Anam3 ynpagisieMoctTH. AHANIA3 YCIOBUA yCTONIMBOCTY MOKAa3bIBAET, YTO AJIS HAH-
fonee MHTEPECHBIX CIyYaeB, KOIAa Telo M, HAXOMTCA BbILIE LEHTpa Jucka (€ = 1), pac-
CMaTpHBaeMEbIe CTAIMOHAPHbIE JBIDKCHUS Heycroiuupbl npu Q. = 0. Onnako nnpu £, # 0
[UIs HEKOTOPBIX U3 STHX [JBMKEHHI BBIIONHEHB! TOIbKO HEOOXONUMbIE YCIOBHS yCTOM-
yuBocTH. IT03TOMY aKTyalbHBIM CTAHOBHTCS MCCIIEOBAaHAE BO3MOXHOCTH MX CTaOMIH3ALMH
IIpH IOMOLIY TEeX MM HHbIX YIPABISIOMMX BO3EHCTBYH.

PaccMOTpHM yHPaBIsieMOCTh cucTeMbl (1.3). Cornacno KpnTepnlo [81 ycnosne ynpaBJI;l-
€MOCTH MOXKHO IPEICTABUTH B BUAE

Wn’*' +V A+ Ky '1'27""*'1331“

ran
i Wzﬁ“ +VZI?“+K21 Wao By

O]

IIpegcraBuM MaTpuiy Koetbcbnuneﬂ'ron [IpH YIPABISIFOIHUX BO3JAEHCTBHUAX B BUMIE -

B= B|_|Bn Ba ' ’ S

Ecii KOMMYeCTBO yUpPaBIAIOHX BoaneHCTBmI (paamepHoc'rb BEKTOpa 1) noc'raTquo BE-
nmKo (B JAHHOM ciydae = 5), TO, OYEBHIHO, YTO CHCTEMA YIpaBIsieMa, ecim rang|B]=5
B wacTHOCTH, 9TO yCIOBHE BBINOJNHEHO, ECIH B CHCTEME BBEJICHB! HE3aBUCHMBIC yNpPaB-
JSAIOIUE BO3EHCTBHA N0 KaXAOH ¥3 KOOPJUHAT, KaK MO3UIIMOHHOM, TaK M IO IHKJIHU-
YEeCKOH.

3.1. HauGomnee npocro TeXHIIECKH peanu3yeMoil sBJSETCS CHATyalus, KOT/a yIpas-
JSFONEE BO3JEACTBUS IPUKIAABIBAIOTCS TOJBKO 11O UAKITAIECKAM KoopnnﬂaTaM (0, y,0) 1
CTPYKTypa yIpaBlsSIOWUX BO3AeHcTBHi TakoBa, 4To By = 0. IIpn aTOM, Tak Kak xapak-
TEPUCTHYECKOE yPABHEHHE CHCTEMBI MMEET TPEXKPATHBIA HYNEBOH KOPEHE C IPOCTHIMH
aMEMEHTAPHBIMIL [IETTUTEIISIMHE, 7Sl YIPABISEMOCTH CHCTeMbI HEOOXO[IMMO, YTOGRI yrpase-
HHS NPUKITafbIBATACH [0 BCEM LUKIMIECKUM KOOD/IMHATaM, T.€. MOXHO CYATATh, YTO B
aToM crydae B,, = E3 (E3 — efunuuHas Matpuna pasmepa 3 X 3). Torpa cucrema (1.3) no
CTPYKTYpE COBIAJaeT C CHCTEMOM, pacCMOTpeHHO# B padote [9] npu HCCITEIOBAHMAH YIIPaB-
JIIEMOCTH TONOHOMHDIX MEXAHWYECKHUX CHCTEM C IUKIMIECKAMA KOOPUHATAMH. ITosromy
MOXHO OCYIIECTBATH PefyKIHMio cucTeMsl (1.3) K cucTeMe MEHbINEH pasMEePHOCTH ¥ BOC-
IONB30BATLCA YCIOBAEM YIPABISEMOCTH, ChOPMYTMPOBaHHbIM B [9]:

rang| W2+ N A+ Ky Wk + P =2, VAeA @)
A ={: def| YA+ K =0}

Tns soinonHenus ycnosws (3.1) gocTaTovso, YTOOkI ]
rang||W,A + P|| =2 ‘ )

PaCCMOTpHM ycnosusa ynpasmsemocTs cucreMsl (1.3) nogpo6uee. Ilpi sToM GyneM cuu-
TaTh, UTO Oy =

Jns HpSIMOJII/IHeI(IHOI‘O IBIKCHUS ynpaBJmeMOCTb cnepyeT u3 yenobus (3.2) npu Q, # 0.

I pesxuMa BepUEeHHs. JOCTATOUHbIE YCIOBHA YOPABIAEMOCTH (3.2) HE BBIIOIHSIOTCH.
Amnanus ycioBuii (3.1) moKa3pIBaeT, YTO MOXHO OGECHEUUTH YIPABASIEMOCTh CUCTEMBI B
9TOM Ciiyyae (B TOM UHCHIE H s nooxenns pasHoBecus (Q = 0)) 3a cuer COOTBETCTBYIO-
IEro BbIGOpA BEIMYMHEI YIIOBOH CKOPOCTH BpallleHust poTopa £2,.
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ITpusepem ycnonml YIPaBIEMOCTH [ YKa3aHHbIX YaCTHBIX cy4aes npu Q. = 0.
1. JIuneapu3oBaHHas B OKPECTHOCTH HPSMOIMHEHHOrO CTAHOHAPHOTO [BIXKeHES (0) =

=0, ¢ = ® = const, {y = Q = 0) cucreMa pacnajaercs Ha B¢ HE3aBHCHMBIE IOJCACTEMBI:

OTHOCHTEIHLHO MEPEMEHHBIX (X3, Y2, ¥3) B (X1, y1). IlepBas rpynna cooTBeTCTBYET 0606-
MIEHHBIM KOOpAUHATaM 0, V, O, a BTopast — 0G0GIIEHHBIM KOOpAMHATaM ¢ ¢. TakuM oOpa--
30M, yPaBICHHEM, IPIIOKCHHBIM 110 NEKJIAIECKEM KOOPAMHATAM Y, O, MOKHO HAJEIThCS
CTaGWIH3APOBATH NPSIMONAHEHHOE CTALMOHAPHOE [IBHKEHHE OTHOCHTENLHO BO3MYUICHMAS
yIiia HaKMOHa Kolneca 0, a ynpaBleHueM, OPIIOKEHHBIM 0 UKIMIECKOH KOOPARHATE () —
10 OTHOINEHUIO K BO3MYILEHASIM yIiia (o) OTKIOHEHMS Tena Ms.

- MccneoBanme yOpaBiIsieMOCTH 9THX NMOACHCTEM Ha OCHOBAHUHK TeopeMbI [8] CBORHTCS K

aHaNu3y PaHros MaTpuI "wn?» +kip, wl37\." ||w22?» + kg, p22“ KaXxblil 13 KOTOPBIX

HOIKEH OBbITh paBeH 1 npn M060M A, ABJISIONAMC KOPHEM COOTBETCTBYIOIIEr0 XapaKTe-
PUCTHYECKOrO ypasHeHus (B ToM yucie A = 0). B aTom cny'{ae P2 # 0, ectm @ # 0 npu
A=0 kp#0,aupaA=0 wy320.

TakuM 06pa3oM, NPAMOIUHEHHOE cTannoHapHoe gBmkeHne (® # 0) Bcerga. crabmimm-
3UPYEMO YIPaBICHUSIME, IPUIOXKEHHBIMU [0 BCEM IHKIMYECKUM KOODAMHATAM, T.€. Hajl-
JeXKaIluM BbIGOPOM K03(h(HHIEEHTOB NTHHEHHO# 06pPaTHOH CBSA3H' MOXKHO OOECIEYUTH
ACHMIITOTAYECKYIO yCToﬁanoccrb 3TOTO CTAIIMOHAPHOTO ABIKEHM 110 BCEM IIEPEMEHHBIM B
CHITY IIONHBIX YPaBHEHHH BO3MYIEHHOTO [IBHKEHMA. o

3aMeTuM, 4TO yIpaBiIsieMOCTb CHCTEMBI 110 KOOPOUHATE O npaKaneCKn HE CYIECTBECH-

a. Jlns ynpapisieMOCTH CHCTEMBI IO OCTaJbHBIM NEPEMEHHBIM JOCTATOTHO BBEACHHA
ynpannemm 110 JIByM I(HKJIIMYCCKHM KoopmmaTaM ®, { i @, O :

2. Bepyenne Ha mecre (6 = 0, (p =0= 0, y =Q=#0). JII/IHeapI/IBOBaHHaﬂ B OKDECTHOCTH
9TOrO CTANHOHAPHOTO IBIKEHMS cuc'reMa pacrafiaeTcs Ha J{BE HE3aBACHMBIE NOJCACTEMBI
OTHOCHTENHHO NEPEMEHHBIX X1, X, Y| B Y2, y3: Hanmume ynpasinenus no , o MOXeT Crabu-
NHU3MPOBATH BEPYCHHE OTHOCHTENHHO Boamymenpm no 9THM IUKIAICCKEM cxopocmM
YHpasienye 0o EKIHIecKOl Koopmma're (@) BO3HeficTBYeT Ha 00E MO3HIUOHHBIE KOOpJII/I~
HATHI @, 6. yﬂpaBHﬂeMOCTb 9TOH NOJCHCTEMBI TPeGyeTCs NCCIeAOBaTh.

‘ chomm praBHﬂeMOCTH BBIPaXXEHHBIE YEPE3 NAPaMETPhI CHCTEMbI, HMEIOT JOCTa-
TO'-[HO TPOMO3JIKHIT BUJI, HOITOMY PaccMOTPHM HEKOTOpBIE qacmme cly4au.

a. YcnoBusa ylnpapiseMOCTH mm Konc'rpyxn;nu onuca}mon B npumepe (b) w3 0. 2.3.2.,

HMEIOT BHJ

£=1,Q#0 .
=-l, (1—6)(1 Z28)+%° ¢O(d<a) Q:EO 92¢g/d

;
B npocreitineM cnyuae, KOrjia RUCK HEBECOMBIH, a Teno M, — MaTepranbHas TOUKA, ycnonne ’
ynpasnsemMocTH (3.1) mMeeT Bap,

e=1, Q2#0; e=-1, Q®#g/d, d#al2

b. YcoBHs yOpapisieMOCTH IS IIpEMepa (C) U3 II. 2.3.2 EMeroT BiIj

e=1, 82-%2+(1+8)5=0

: s g

Q4 220
52_ -%x% a

8 + %2

8
w220
%2 .a

201 +8)5%Q2 +

B YACTHOCTH, eCIIH 0 < x? < 82 cnc'rema Bcerna ynpaBnaeMa

g=, —(1-8)8%0
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Q- ——— %0
. 2%-%% a

L2
%2 =8
212 4 % 28
2(;—8)6 €Q +——62_%2 P —a

#0

Ecmu @ = 0 (110n0XeHne PaBHOBECHS) — YIPABISIeMOCTH HET, T.€, VI YIPaBIieMOCTH
IIONIOKEHMs PABHOBECHS HEOOXOUMO, IHGO 3aKPYTUTH POTOP B cmunonapnom pexumMe ¢
YriIoBOit CKOpOCThIO L, # 0, 1160 BBOAUTH yIpaBJIsOmIAE BO3JENCTBUA KaK MO LHKIH-
YECKHM, TaK ¥ 110 IO3UIHOHHBIM KOOPJUHATAM.

3.2. PaccMOTpHEM Teneph TaKOj BAPHAHT BBEIEHHUs YIPABICHI, KOTAA YNPaBIAIOIHMH
CHJTaMH SBJISIOTCA: L; — MOMEHT CHI, NPHIOXEHHBLIX K POTOPY, PACIOIOXKESHHOMY Ha OCH
On’ tena M, u L, — MOMEHT CHII, CO3/JaBa€MbIii IBUTATEIEM, PACIIONOXKEHHBIM Ha OCH JIACKA
(xoneca) O;. B TakoM ciyyae 0606meHHb1e cunei O, c00TBeTCTBylonme KoopnnHaTaM 0, v,
O, ¢, 0. IMEIOT BHA :

Qp =Ly, Q5 =-Lsing, Q‘,,='iq
=—L,cos0005(p1+Lzsm9 0, = Ll -

Torpa B cucreMe ypaBHeHmI (1. 3) ynpaBmuomne BOSJI(CI/ICTBI/ISI Bqu, B2u Mory'r 6bITb pen-
cTaBleHbl B GoOpME . . ' ‘

o 1.

“="Ll L2"A"Bl,= o ol B, =|—€cos8, sin0,

10

Ina ananmsa ynpaaneMOCTu Han6ojlee MHTEPECHBIX [BHXEHHH CHCTEMBI, KOTNA
CHCTeMa HAXOfUTCA B BEPTHKAJIBHOM MIOCKOCTH (8 = 0), pacCMOTPUM ypaBHEHUS

W11_,551 +Wiad) +VpXa Xy = =iy
 Waoky —U 1ok +kapXa + Payy + Prayz =0
WiaX; + Wag)y +U 3oy + kg Xy = Uy o (3.3)
WyaYp + WysYs g0 Xy = —E€ B
WysYp + WssY3 =ty

Heob6xopuMoe # JOCTaTOYHOE YCIOBHE YIPaBIsIEMOCTH CACTEMBI (3 3) MOXHO npcnc"ram«n‘b
B BHJIE

(W“ + W,3)7\. +k” +kl3 (UIZ +v 32)% (W13 + W33))\4 0

=2 (3.4)
VA o W gy P2 )2

ran

1. IIpn npsiMmonuHeitnoM aemxeruu (2 = 0, P21 = 0, k3; = 0) yciroBue (3.4) BBINOTHEHO,
ecm @ # 0, T.e. cacrema (3.3) Bcerna ynpasisiema; ecnd ® = 0 (cucremMa HaAXOAUTCS B pas-
HoBecHm), To npu Q, # 0 cucrema (3.3) ynpasnsema, a npu Q, = 0 — HeynpaBiseMa. -

2. Ycnosuio ynpasnsemocTs (3.4) cucteMsl (3.3) B OKpECTHOCTA BEPTUKATBHOTO CTa-
nuonapuoro Bpamenus (Q # 0, ® = 0) Bcerza MOXHO y[OBIETBOPHTb. 32 CUET COOT-
BETCTBYIONIErO BbIGOpa Q,. # 0 (v + v3p 2 0).

Hrak, npn yKa3aHHOM CHOCO0€ BBEJEHHs YNPABISIOMAX BO3JENCTBHHA MOXHO obec- -
[IEYNTh ACAMITOTHYECKYIO YCTONYMBOCTh PACCMOTPEHHBIX CTAMOHAPHBIX JABHXKEHUM MO
HO3AIIOHHELIM KOOPAMHATAM U BCEM CKOpOCTsM (1ipu Q, # 0) He3aBACAMO OT PacloJOKEHIs
1eHTpa Macc Tena M.
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3ameuanue. JIN1 KOHCTPYKIMHA, ONICAHHON B 3aMedanmu 1 u B [3] (re cucrema cosep-
IIaeT TOJBKO INPSMONHMHENHBIE [BIKEHHUS), YCIOBHE YIPaBIAEMOCTH J000r0 CTalMoHap-
HOTO JBIDKEHUSI IIpH BBE[ICHUY YIPaBJIECHUI 110 BCEM IMKINYECKAM KOOP/IMHATAM UMEET BHA
k1 # 0, a npy BBeIEHUH YIPaBIKIOMuUX BO3AEUCTBHH Ly, Ly: kyg — mzadeQ% #0. . :

ABTOpBI BhIpaxawT GrarogapHocts B.A. CaMCOHOBY 3a Iojie3Hble OGCYXAeHHS pe-
3yJIbTaTOB pabOThI.

PaGora BbImonHeHa npn 9aCTHYHOM (PUHAHCOBOM nonnepxq(e Poccmiickoro ¢oupa q)yH—

aMEHTaIbHBIX nccneuOBaHnn (npoeKT 97 01 00735) W NpOTpaMMbl "YHEBEpCHTETH
Poccnn” (tipoexT 5585). ° ’

"
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