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The return to control problems for motion of clastic systems

B paGore [1] Guaa usyena JaAatd ONTHMAALHOTO YUDAUACHHH ATIKen e TEpPMOYUpYTOR
MAGCTIIKI [CHEBARHAR 2aadua), B RauecTBe yIpABASTIOILILG DODAGTICTDHIL HOMIMO  CHAOBRIX
(PAKTOpOD PACCMATPUBAAACE Takike H TeMmeparypa. Tak Kak TAM CTADIACH BOUPOC HpMAEASHIU!
CHOTEMM H £€ CKOPOCTS B OOPEASACHEWE MOMEUTH BPEMEHH B OUPEARARINLIC coCTOANIA (Bca
CHCTGMA), BAPHALIOHNAN 33AA4A PELIaAdCh € HOMOLLLG upobAeMs MOMeuron, Fa opaxrixe
HOIMOAHE CAYUAN, KOTAD ecTh Beo0XoANMOCTL OpuBecTi kikyw-nniyal ToMKy 00LOKTa b pamnoe
oAGHKene, B macTofualt cTaThe MCCABAYETCH aToT moupoc. B oraivue or [1], saECh y#Ee DOMUMO
KDAAPATICAOTD  (DYHKIHONAAA MUDHMMIIUDYETCH TAlGKe HCTpateHial cuaamy  paGota.  Paan
KPAaTKOCTIL HIACHELIE BCACTCH AAA OAHOMEINX CHCTEM. Ma xopa peulemis BUALO OYACT, HTO
pelleHe ABYMEpPHHX 2dAd4 HE BUOCHT OHKAKIX [PIiubHaALILX OTAIMUIT 110 CpaBHEnio ©
oAmOMepHEMIL.  HTOOL LOKalaTh pasmily MEKAY ABYMA  UOCTALOUKAMM, B KPATKGM OUAE
UPMBOARTCH  Pellemie JaAAUM, ROTAQ HCA CHCTeMA UPHBOAITER K JGAAMHLIM UOAGKEUUK M
CROPOCTH.

1. Bo3bMeM CHCTEeMY ypaBHeHWH

d'f,

E—.——+mij'm=;-;.,_"{r), =L (1.1)
C HaYaALHBIMHA yCJ\DBHfIMH
df
Tt an'U}! ‘i‘f‘ = f,}ll’ npr =0 (1.2)

Kak HIBecrio, K Tako#i cHeremMe NPHBOAWTCH, HANpUMep, ypauHerds
IPOAOABHBIX, CABMIOBLIX W HOlIEpennnix DLIHYKACHHEIX  KOAeGAHHH
CTepXHeH.

AAsl OIPEAGACHIOCTH B AQALHEHLTEN OYAEM pPaCCMATPUHATE waryGukie
KoAeDaHHs.

Ecau nporsG GaAKH OGO3HANWTE Hepe: w(x..')' HITEHCHBHOCTL  ACHCT-

pyomed narpyakn  (x.1) u HauaAuHbe ycromwst = W, =w(x) u
ow

= =w2(x), To  pasaoras W B piA N0 (DYHAOMEHTAALHEIM
0.’ =0

dyHKugam X (x)

/ W= ifm(:)xm(x) (1.3)

moayuum (1.1) ¢



- Elm. P, = F() _[tb (x,1) X, (x)dx

=m i)

£ = _I_J' (x)des, [l = é]——jwzfx])(m{x]dx

M, J'X (x)dx

rre A, — coGeTBelnbie 3Hauelns COOTBETCBYIOLIEH OAHOPOAHOH 3aAQ'H.

Bonpoc crabures caepylomiuM oGpasoM: B ONPEAEAGHULIH  MOMEHT
ppemend (=T ONPEACACHHYIO TOYKY OAAKH X = X, NpPHBECTH B 3aAaHHOE
MOAOXKEHHe —

Zf 1)X,(x)=w (1.4)

mi=l
TpH ITOM HCTPAYHBAA MHHHMaAbHYIO paGory. Coraacio cucreme (1.1), paGora
ynpasastiolled cuabl 3a Bpems 0 <7< T Gyper

A= [ [0 2 dxd
=[f (x,f)g I (1.5)
00

CoraachHo (1.3] u qopmyae Konru, aan peutenus (1.1) BEIpaxKeHHe (1.5)
IIO..\){‘IHT‘ BHA

A=oF S (st (1)« A2 2D (D)) oo

CAE BBEAGHEI 0D0o3HaMCHHSA
I

Y (1)- J(p (v)sine ,wdr,  Z,( J'(pm(t )cosw , tdt (1.7)

B HOBRIX nﬁomaqemmx ycaonue (1.4) aaer
{1
ZX,,,(\'] {j‘u’cosw I'+=2—sine T+

m=1 m

r—[Z )sino , T-Y, (T)coso,, !"]} W (1.8)

Tak kak (1.6) — poruyras (yHKUMS oT m(?") ] 7M(T) a BREIpaXeHue

(1.8) AHHEHHO OTHOCHTEABHO 3THX G NepeMEHHEIX, To MHHHMYM (1.6) (pH
(1.8) AOCIHXHM H ero MOXHO HAHTH [pH  1OMOLIA HEONPEeACACHHBIX
MHOMKHTeAeR AarpaHxa,

lMocAe MHHHMHIALHH NOAYUHM

S +Lcosmm}"
o

m

Z,(0)=~rY~—"sino T

m

A2 MHOXHTeAL A onpepeasterca o opnyae

A= —W[if(ilx')]_l (1.10)

PRI I

(1.9)

Tak xak psa B (1.10) cxopuTes aGrOAIOTHO, To A — KOHEYHOe YHCAC.
Coraacho (1.7), (1.9) u (1.10) umeem
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cosw I

y 1 | A W . e
B (D=2 (D=5 —--:--)—l sinw , 7 (1.11)
W, e O |

OTMeTHM, YTO Am(T] H Bm{'!'] HMEIOT OPRAOK —-O(m :)

KAk BMAHO M3 [OCAEAHHX (DOPMYA, M3  YCAOBMSL  MHHMMYMa
UCTpAYEHHON OHEDIWH YTpaBAsiollee BO3IACHCTBHE 0,.(2) ((D(x,I)J He
ONpeAeAercs  OAO3HAuHLIM  06pasoM  H - ecTh HeoGXOAUMOCTT
AOMOAHHTEABHBIX YCAODHH HZ  YTIDABASIONIEE  BOSABHCYBME, TO  €CTh,
aaTpauuMBas MHHHMYM OHCPIMM, CHCTEMY MOXHO NPHUBECTH B YyKasaHHOE
OAOXKEHHE PasAMIHBIMH COCODAMH.

AAf  OAHO3HAQUHOTO ONPEAGACHHS YMPAaBAJIOLICH hyHKILUM (D(x‘.f)
ieaecoofpasHo MHHHMH3HPOBATL TAKXKE (PYHKLMOHAA

T
U = [ [ @ (x.1)dxdt (1.12)
oo
Ha OCHODAHHY OPTOrOHaABHOCTH X m(x) HMeEeM
wIiT
U=CZI‘P.:.-(’)‘7"- (c = const > 0) (1.13)
m=1

Takum 0Gpa3oM, 3aAaya CBOAHTCA K MHHUMHIAIHH (pynkunoHasa (1.13}
npH YCAOBHH (1.11). Tak Kak caaraeMbpie B (1.13) He 3aBHCAT APYT OT Apyra, TO
MHHHUMYM CYMMBI MOAYMHTCA 1IPH MHHHMYME KIDKAOTO caaraemoro. Takum
00pa3soM, DBONPOC CBOAMTCH K cAeaylOUlel  aaAauer  MMHHMH3IWPOUATh
(hyHKIHOHAA

7
= _[cpfn(r)df (1.14)
0 )
npH ycaosuH (1.11).
[MocraBAGHHYIO 3apauy  ONTHMAALLONO  YHPABAGHHI neaeconbpaiHo
pPeliMTL MpPH [TOMOLIH npoGAeMbl  MomentTos (2] AAf 9TOro. COCTABHMM
AHHEHRHYIO Onepaluio

:
[0 (1), ()de . rac b, (0)= p cosw, 1 + pi sinw !
/]

H norpedyem, yTOOBI

p5|]|]Bm +p£-r:i’qm = 1 “]’)]
TOI'A'!'I. ||0[)Mi! OCHOBHOI'O llpﬂ(:lpilll(,'l'llil MIeTea n BHAES

; 12

p(h,) = Ih;(.‘}d;‘ (1.16)
(1]
MHHHMaABHOE 3HAYEHHE HOPMEL p[h) A, OAIPOCTPAHCTBOM {hP(I)}
Gyaer
T
i . 2

/ P = ,L'lgf‘llﬁgt’]u_qjh“"’(f)df (1.17)

Copepuias HEODXOAHMBIE ABHCTBMIL, AAS pf, NOAYMHM



p, = —H~ = (1.18)
ST
rae
. s 5 1, &
a, =T+ sin20 1, b, =T-——sin20,T
20, 20,
| e = s 2
¢, =—sin"0, I QO ,=a,A4, -2c,A B, +b,B: (1.19)
m m
W3 (1.18) u (1.19) caepayer, uro p(: >0 .
CAEAOBATEAEHO, AASl ONTHMAALHOIO YIPABASLIOLero BO3AGHCTBHA Dyaem
HMETh :

ol = —bz—;[(b,.ﬁm ~¢c,A,)coso t+(A,a, - Bmc,_,)sinw,_,:] (1.20)
ab.—c;

m=m

TakuM 06pasoM, MOAYUHAH PCLIEHHE HOCTABACHHOM 3aAAUH M TaK Kak

(pf:} HMEIOT TaKoH JKe MOpAAok, wro U A, u B, caeponarersno PaIA (1.13)

abCOAIOTHO CXOAMTCSl, TO ecTh (DYHKUHOHAA, XapaKTepH3ylollHH npolecc
yNpaBAeHus, — KoHeYHad BeAHYHHA.
3ameuanne 1. Ecan KkoaeGahnue OCYIIECTBASIETC MOMHMO HAaYaAbHLIX

YCAOBHH (1.2) H CHAOH, TO yXKe Nop cp{,f] B (1.20) caeAyer moHHMATH cyMMYy,

COCTOALIYIO KaK M3 HMCKOMOH (o0ecnenubaer onTHMAAbIOe yhpaBAeHue] M
HaBecTHON 4acred. K 3THM 3apauaM OTHOCATCA Takie CAYUaH, KOTAG 3aAAHBI
3aKOHBI ABH)KEHHA onop GaAku.

2. EcAH e BONPOC MOCTABHTH CACAYIOLUM 00pa3oM: YroGLl B MOMEHT
t =T nporu6 u CKOPOCTE NPHHHMAAH 3apaHHLIe 3HayeHHs

Wt = wy() = 3, X, (x)

10 hynkunu Z_ (T) u ¥, (7) ua (1.7) onpereasten eanncrnen i ofGpasom
i m I

A:’I} = YHF(?') = Bﬂl’ Sinmmill_aﬂrw n Cosm ”!T+fﬂ{0lml"

B =2 (T)=a,0,sin0,T+B, cosw T - fL! (2.2)
[Npu Hacrosiuiel nocraonke 4 wua (1.5) GyAeT NocToAHHON BeAHMMION

(He Bapeupyercd). A MUHUMH3auua (1.13) npH (2.2) aaer dopmyant (1.20), rae
] '

m !

yxe A wu B saMeHeHkh Ha AS’.B TO ecTh

ol = ——2—,[(5.,,3,‘”“ ~ cmA}‘,")cosm A+ (n,,A,{"” —c,_,Bf"”)sinm m.'] (2.3)
a,b, ~c,
Borlpoc cXoAMMOCTH peliaercs COBepIIEHHO aHAAOIHMIILIM obGpa3om,
Kak B n.l.
3. B kauectse 1pHMepa BosbMeM LAPHMPHO OnepTylo GaAKY, KOTOPOH b
MomenT f = 0 coobiaerca NIPOrub 110 VAHOH NOAYBOAHE —

Sl s O A0 =03 (3.1)
. kmx
DYHAAMEHTAABHLIC (DYHKIMH — smT A

YacroTel onpeaeadTcs

3 E] n?
o,=am’, o= —FT; m=12,... (3.2)
P.
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e
B oTCyrcrBue yupaBAIIOUHX CHA B MOMEHT t = ' =— 0Gaaka Oyaer
o,

HAXOAMTBCSA B EPBOHAUAABIOM NOAOKCHHI, Teneps CCYUECTBEM YIIDaBACHHI
B n0euX NOCTaHOBKAX,
a) B meppo# mnocranobke norpeGyes, TeGEL 4 MOMEHT t =T Touka
x = I/2 HaxoAMAaCh B IPOTUBONOAONKIION HOAOKEHIMK =
L7
[
w(— i = (3.3)
T
Mpousneas HEOOXOAMMBIE BbIMHCAGHHIL AAL YIIPABASIIONIEH  (DYHKIHK,
HAXOAUM :
1 < sin® ¢ . mnx

— i sin—— 3.4
G l )

rae B = EJT[Z/Z"' ,a G — nocrosuioe Kararana
= (&
gapatl
k=0 (21"( 1= l)-

6) Tenept UpH BTOPOH NOCTAHOBKE —

wy(x)==1" sin%f-, w, =0

= f,B sinmlssm%-'

AAA YTIPABASTIOLIEH (DYHKIHH HAXOAUD
: . T
@ = 2f3f, sin® ,fsmT

MHTepecHO OTMETHTE, UYTO eCAH Ghl MOTPEGOBAAM, MTOOLI B MOMEHT

(3.5)

TN (1
= cpeaHHHan TOUKA DOAKM HAXOAMAAChH B paBHOBECHOM HOAOKEHHH
W
I

(LN
Lw[-_—',[ = (0| npu nepHoH NOCTaHOBKE H w,(.\‘] = w_‘(x) =0 npu Bropom,
=
TO AASL YITPABASIONIHX (PYHKUAH TOAYHHAR OGR! OAMHAKOBLIE BLIPANKEHW.

Aamegande 2. [1o HeGPEXRHEOCTH aBTOpon {1], B KAYECTBE YIPABASIOLHX
(pyHKLME OPAAHCH H TPAHUYIIES aHavenus TeMiepaTyphl — (DI(I) H fDx{f).
YTO NPHBOAHT K PACXOASUIEMYCI DAY, KIx cavayer OparTk Kak 3apditible.
KoadypHIHEHTEL B,y n € B (21) paGorel [1] — DOCFOsNHBLE, WO H
[PEAIIOARTAAOCH € CAMOIO HAHAAd. Ho nouemy-te 1t TeKCTe NOCAE (JOPMYAL!
(2.20) MM OPHTHCHIBAETCH OPAAOK. PHABL CXOAATCH # 1PH HX TIOCTOTHHOM
3HAMEHHH,

BHHMAHHE aBTOPOD K 3THM (haKTan obpaTHA DX, TPUTOPIH, KOTAQ YKE
GLIAQ FOTOBA MEpBaj YacTh HACTOAMIGH CTATBE, St 10 ARTOPRI MPHHOCRT ey
BGAATOAAPHOCTE.
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