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BPAHNIEHUSA TBEPAOI'O TEJIA MOJA JEUCTBUEM
HECTAIIMOHAPHBIX BOCCTAHABJIMBAKIEIO
N BOSMYIAKIMEIO MOMEHTOB

Hccnenyioress BO3MylIeHHbIC BpallaTeNbHble IBUXKECHHS TBEPHIOTO Tefa,
Gmu3KHe K perynspHOii mpeneccuu B ciyuae Jlarpanxka, moj JeficTBHEM BOCCTa-
HABJIMBAIOUIErO ¥ BO3MYILAKOUIErO MOMEHTOB, MEMJIEHHO M3MEHSIIOLIUXCS BO
BpemeHn. Tesio npeanonaraercs GbICTPO 3aKPYUEHHBIM, a BOCCTAHABIMBAROIHIL
H BOSMYIIAKONIMA MOMEHTbI IPE/IIONATAIOTCS MATBIMK C ONPE/IETEHHOI Hepap-
XHEHl MaNOCTH KOMIIOHEHTOB. [TonyyeHa ycpejHeHHAs CHCTeMa ypaBHEHMIL 1BH-
KCHUS B IEPBOM NPHOIMKEHMH ISl CYLIECTBEHHO HEJMHERHOM BYX4aCTOTHOM
CHCTEMbI B HEPE30OHAHCHOM M PE30HAHCHOM Cilyyasix. PaccMOTpeHbI npumepsi
ABUKEHUS TeJIa MOJ| AeUCTBUEM KOHKPETHOIO BUJIa BOCCTAHABINBAIOLIETO, BO3-
MYILAIOLIETO U YIPaBISIOLEr0 MOMEHTOB CUL.

1. lMocranoska 3axauu. PaccMOTpUM JIBUKEHHE TMHAMUYECKH CHMMETPUYHOTO TBEPIOTO
Tella BOKPYT HEMOABHXKHON TOYKM O MOJ AEHCTBHEM BOCCTAHABIHBAIOLIETO U BO3MYIIAK0O-
UIETO MOMCHTOB, 3aBHCSIUX OT MEJICHHOrO BpeMeHH T = €f (€ < | — Manblil napamerp, f —
BpeMsi). Y paBHEHUS ABUKEHUsI UMEIOT B [1]:

Ap+(C-A)gr = k(t)sin@cos¢ + M,
Ag+(A-C)pr = —k(1)sinBsin@ + M,
Ci =My, My=M(p,qrv0,01), T=¢ (I= 1,2, 3) (1.1)

Y = (psin@ + gcos@)cosech, O = pCosQ —gsin@

¢ = r—(psin@ + gcos@)ctg®

30eck p, g, r — IPOEKUUK BEKTOPA yIIOBOIi CKOPOCTH TeJla Ha I'JIaBHbIE OCH HHEPIUH Te-
J1a, IpoXOfsilKe Yepe3 ToUKy O; M, — NpOeKIuH BEKTOpa BO3MYLIAIOLIErO0 MOMEHTA Ha T
e OCH (OHH 3aBHUCAT OT MEJICHHOTO BPEMEHH T = €f U SIBJISIFOTCS HNEPUOJUIECKUMY (DYHKIIU-
AMH YI7I0B Jiiniepa W, ¢, 6 ¢ nepuogamu 21); A — sKBaTOpHATbHBIA, C — OCEBOH MOMEHTBI
uHepuuu Tena aist Touku O(A # C). Ipennmonaraercs, YTo Ha TEJIO AENCTBYET BOCCTAHABJIH-
BAOIIUI MOMEHT, 3aBUCSIIMA OT MEJIEHHOTO BpeMmenH, k(T). [1Ipu oTcyrcTBun BO3MYILICHUH
M;=0wu k(t) = const ypasuenus (1.1) orBeyaror ciyyaro Bomuka Jlarpanska.

Cucrema (1.1) UCCIIENYETCS IPH YCIIOBHM BBLIIIOJHEHUS TIPEANONIOKEHHAN

()" <r, CP>k M, <k M~k 12)

KOTOPBIC O3HAYAIOT, YTO HamnpaBJICHUE yl"JlOBOﬁ CKOpPOCTH Tel1a OJIU3KO K OcH JUHAMHUYECKOM
CUMMETPHUH, yriIOBast CKOPOCTE OCEBOI'0 BpallleHHs JOCTATOYHO BE€JIMKa, TaK YTO KUHETUYEe-
CKas SHEprusd Tejia MHOIo Goublie IIOTEHUUMANIbHOI QHEPIun, OﬁndOBJICHHOﬁ BOCCTAaHaBJIH-
BawOIIAM MOMEHTOM; [IBE NpOEKLUA BEKTOpaA BO3MYIAaOUIEr0O MOMEHTA Ha IJIaBHbIE OCH
UHEPIUH TE€JIa MaJbl 11O CPaBHECHHUIO C BOCCTAHABJIMBAIOLIUM MOMEHTOM, a TPETHA — OJJHOTO
C HUM IIOPsiIKa.
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HepaBeHCTBa (1.2) TO3BONISAIOT BReCTYH caenyrommue COOTHOIIIEHHS:

P =¢P, 4= €0, k(1) = €K(1), 1 = g

TIOCTOSIHHOTrO B CBSI3aHHBIX OCsx,
Hizke uccnenyercs ieukenye TBEPAOro Tea IO IefCTBHEM BOCCTaHaBnuBaromero " BO3-
MyIarorero MOMEHTOB, 3aBUCAIIUX OT MeJIJIeHHOrO BPEMEHH T: k = k(t)u M(p, q, r, v, 6, 0, 7).

Hoggre ll€peMennble P, O, 5 Takxe nepemennsie 7, V. 6, @, pyrkiun KM} (=1, 2,3) u na-

PameTper A, C npeanonararores OTPaHUYEHHBIMY BETMYMHamMy nopsika CANHULbI Ipy £ — (),

CraBurcyg 3anava uccnenosanus ACUMIITOTHYECKOrg TIOBENICHHS CHCTeME] (1.1) npu ma-
TIOM €, ecin BeImonHeny, yenosus (1.2), (1.3), KOTOpoe Gyger TIPOBONTLCS MeToOM ycpen-
HeHus [3, 4] ug MHTEpBane Bpemeny nopsiika ¢!, Merop YCpeanenns mmpoxo NIPUMEHsICH
B 3aavax nmumamupky TBEPOro teja. anoma}oume Npeanonoxenns (1.2) unn (1.3) paror
BO3MOXHOCTR TOIYYuTE B 06111 M Cllyyae n1oBosbHO TpocTyro cxemy YCpenHenus u uccuepo-
BaTk psit npumepos,

2. Hocrpoenne YCpeaHeHubIX ypasnenmii ABIXKenus. Chemaenm g cucreme (1.1) 3aMeHy
iepemennbIx (1.3), Cokparus o6e 4acTH nepspIx ABYX ypaBHeHuii (I.1) ma g, nomyyim

AP+ (C-A)0r = K(T)sinBcosg + eM}

AQ+(A-C)pr = —K(t)sinesin(p+eM§‘
Cr = eMf,

1]

&(Psing + Qcos@)cosecH

¢ = r-s(Psin(p+Qcoscp)ctg9, 6 = &(Pcosg - Qsing)

ITo TEPMHHOJIOrHY [3, 4] cucrema (2.1) sBnseTcy ABYXYaCTOTHOM CYUIECTBEHHO Hey-

Paccmorpum CHavana cucremy TI€PBOTO NpuGnmskenns TIOJIOXKUM € = () g (2.1). U3 no-
CTIeIHUX YeThIpex YPaBHeHUI Haxogum

"= W=y, 0= 6p. o = "ol+ @y, K =K(1), 1= const (2.2)

3necs r,, Pos 6, @, — TI0CTOsIHHBIE, paBHKIe HaYanbHbIM 3HaYeHpsy TICPEMEHHBIX npy £ = (),
Mopcrasuym PaBeHCTBa (2.2) g TICpBhIe 1Ba ypaBuenus 2.Dupue=0y IIpOUHTErpHpYeM 110-
JyYEHHYO CHCTEMY NuHEHHDIX YPaBHeHwuit 15 P, Q. Monyqum

P = acosy+ bsiny + k1,1 sin@sin g

Q = asiny - beosy + k') sinBcos ¢

a = P-KC“r“sinesina, b= ~0+ 86" in0eosa

@«
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Paccmorpum cucremy (2.1) npu € # 0 u cooTHOmEHMs (2.3) xak popmynbI 3ameHbI Mepe-
MEHHBIX (COflepKalye NEPEMEHHYIO Y), ONPEesOLIHe NIEPEXoy OT nepeMeHHbIX P, O K Te-
PEMEHHBIM a, b 1 06patHO. [Tob3ysck 3TuMu (hopmynamu, niepeiiiem B cucreme (2.1) oT me-
peMeHHbIX P, O, r, , 6, @, T K HOBBIM NEPEMEHHBIM a, b, 1, , 60, a,, ¥, T. OT™MeTHM, 4TO dasbl
@, O, Y CBSI3aHBI KOHEYHBIM COOTHOLIEHHEM, KOTOPOE OKa3biBaeTcs Oojee YIOOHBIM LISt
JATIbHEHIINX UCCIEOBAHMI CTAHAPTHON CHCTEMBI C ABYMSI BpALAFOLUMMHCS (hazamu Y, L.
ITocne npeoGpasosanmit monyynm Gosee YROOHYO 17151 JaNIbHERIIETO HCCIIEOBAHUS CHCTEMY

d=¢gA” (M?cosy + Mgsiny) + eK(‘c)C“zr_zMgsinesina -
- %:K(‘c)C_lr_l cosO(b - K(‘t)C_] r! sinBcosa) — EK'(t)C_] r'sinBcosa

b = eA—l(M?siny - Mgcosy) - eK(‘c)C_zr_zMgsinecosa +

+£K(1:)C_lr_lcose(a+K(‘E)C_'r_lsinesina)+8K'(1:)C_lr_’sinesin0t 2.4)
Fo= sC‘lMg, 0 = e(acosa + bsina,) .

€(asino — bcosar) cosec O + ssK(t)C_lr_l

W

&

CA™'r—g(asina— beosa)etg — eK(1)C' ' cos, 7= (C-A)A"'r
Mi(a,b,r,y,8,0,7,1) = M¥(P,Q, r, , 6, 0,1 (I=1,2,3)

3aMeTuM, 4To npu K = const u M,, He 3aBUCSIIUX OT T, CHCTEMA (2.4) coBnagaer ¢ coor-
BETCTBYIOILEN CUCTEMO, HCCIIEOBAHHON B [1].

HccnenyeM Bo3MoXKHOCTE NIPUMCHEHUS METOfIA YCpeIHeHnsi K cucteMe (2.4). [lanHas cucre-
Ma CORCPKHT MCIUIEHHbIE IEPEMEHHBIE a, b, 1, , 6, T 1 GbICTpbIe nepeMeHHbIe — (a3bl O U .
B cucreme (2.4) BOCCTaHABIUBAOIIMA MOMEHT 3aBHCHT OT MEIJIEHHOM NIEPEMEHHOM T, YTO
HPHBOJUT K NOSIBIEHUIO B MEPBBIX ABYX YPABHEHHSX CIaraeMbix, COfiepKalluX MPOU3BOJI-
Hy10 €K'(1). Eciii Bo3MymIarome MOMEHTBI 3aBUCSIT OT BPEMEHH [, TO IPHMEHEHHE METONA
YCPCAHCHUS BECbMA 3aTPYIHEHO, MOCKOJIBLKY CUCTEMA SIBJISIETCS CYILLIECTBEHHO HEJIMHENHOM.
Pacemorpum Gonee npocroit City4ai 3aBUCUMOCTH BO3MYILAIOIIIX MOMEHTOB OT MENJIEHHO-
o BpEMEHH T = £f.

MowmenTel M}* mepuoguuss! no ¢ ¢ nepuosoM 2T, noaToMy corsacHo (2.3) cyHKuuu M?
SABIACTCS 2M-TIePHOAMIECKUME (pyHKLMsIME O 1 Y. B 3TOM cinydae cucrema (2.4) conepur e
Bpalarouecs ¢assl O, Y u COOTBETCTBYIOLIME MM YaCTOTBI (), = CA'ru 0, = (C-A)A'r ne-
PEMEHHDI 1 3aBUCAT OT MEICHHON NMepeMeHHOM. IIpu ycpeHeHn: cucteMl (2.4) cnenyer
pas3uyaTh [1Ba CiIydasi: HEpEe30HAHCHBIH, KOT|a YaCTOThI W, 1 0, Heconsmepumel (C/A — uppa-
LUHOHAIBbHOE YHCJIO) M PE30HAHCHBINA, KOTJ[a 3TH YaCTOTBI cousmepumsbl (C/A = ifj, ifj < 2;
[,j — HaTypalbHble B3aHMHO ITIPOCTbIE YHCIIA). ITockonbKy OTHOLIEHHE YACTOT MOCTOSHHO
0/o,=1-AC" L toB PE3YNbTaTE BBEJCHHS IEPEMEHHOM Y YCPEIHEHHE HETMHENHOM CHCTe-

(2.4) 3KBHBANEHTHO YCPEHEHUIO KBA3UIIMHENHOM CHCTEMbI ¢ MOCTOSTHHBIMH YaCTOTAMHU.
}t‘% HEPE30HAHCHOM cnyydae (C/A # i/j) ycpeHeHHYIO CHCTEMY EepBOro HpUOIUKEHUS MO-
JIy"HM MyTEM HE3aBUCHMOTO YCPE[HEHHS MPaBbIX vacTeil cuctembl (2.4) o o6enM GbicT-
PbIM IEpEMEHHBIM @, Y. IIpu 3TOM, cuenas 3ameny T=¢f (e < 1, 1 — BpPEMsI) U pa3fenus obe
JaCTH YPaBHEHUI HA €, IMEEM

@ = AW, - bK(1)C'r cos + K(1)C 2 Fsinys

bv

A‘]uz +aK(1)C ' coso — K(T)C_zr_zsin(-)ug
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F=Clu, y=K@OCY, 0=0

2n2rn
by = =5 [ [ (Mcosy + Msiny)dady 2.5)
An°5 o
| 2n2n
Wy = '_2_[ J(M?siny—Mgcosy)dady
a5 o
| 2n2n | 2n2n
0 s 0 .
Uy = _2,[ IM3dady, U3 = ——2.|' IM3s1nadady
4"y o an"
| 2n2n df
c 0
hy = — Mjcosadody, f' = =
’ 4n2£ ‘([ ’ dt

B pe3oHaHcHOM ciy4ae cucrema (2.4) oiHOYacTOTHA. BBeieM BMECTO O MEJUICHHYIO I1e-
PEMEHHYIO A-THHEHYI0 KOMOUHAIWMIO (ha3 ¢ eNOUHCIEHHbIMU KO3 dUIMeHTaMu

A= o—i(i—j) 'y, ilj#l, ilj<2, i,j>0 (2.6)

Torpa cucrema (2.4) IpUMET BUJ CTAHAAPTHON CUCTEMBI C Bpaiuaromieiicst pasoi Y u npa-
BbIE YACTH 3TOil CHCTEMBI GYIyT NEPUONUYHBI 1O Y ¢ nepuosiom 2|i — jir. Cucremy nepBoro
NpUOIVKEHNS TIOCTPOUM YCPEHSSI IPABbIC YACTH CUCTEMBI (2.4) no ykazaHHOMY IIEpUONY
n3MeHeHns aprymenta Y. Caenas 3aMeHy T = €7, IPUBOJAUM CHCTEMY K BUIY

d = A - bK(1)Cr cosB + K(T)C T r sinOpl
b = A—lug‘ +aK('t)C_lr_]cose—K(‘c)C_zr_zcoseu_fc
F=c'ul v = K@WC'r, =0 X =-K@C'r cosd
& 1 o 0 0 .
= 5T [ (Micosy +Mysiny)dy 2.7)
0
* 1 % 0 s 0
Uy = il I (M siny — Mcosy)dy
0
2mli— ji 2mli— |
uy = 2—n|ll—_ﬁ I Midy, pi = 2_Tl'.-|—ll—_j| j Msinoudy
0 0
2mli - jl
TEE m J- Micosody,
0

Kak oTMedanoch, 3aBUCMMOCTb BOCCTAHABIMBAIOLIErO MOMEHTA OT MEJIEHHOTO BpEME-
HY T NPUBEA K MOSIBICHHUIO B cucTeMe (2.4) HONOIHATENIBHOrO CIaraeMoro. OpHako npH yc-
peiHeHnH cucTeMbl (2.4) KaKk B HEPE30HAHCHOM (2.5), Tak u B pe3oHAHCHOM (2.7) ciyyasix
[laHHOE ClIaraeMoe Mcue3aeT. B pe3ynbTaTe MoJy4aeM CHCTEMbI, aHAJTOTUYHbIE [1, 2]. OT-
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UYKe 3aKJIH0YaeTcs B TOM, 4To B (2.5). (2.7) BOCCTaHABIMBAIOLMI MOMEHT 3aBUCUT OT MEfI-
neHHoro BpeMeHu: K(T).

Jlanee npu NOMOLIM H3IOXEHHOH METOIMKA PACCMOTPHM HEKOTOPbIC KOHKPETHBIE MPH-
Mepbl BO3MYIIEHHOTO BUKEHHUS TBEPAOTO Tena.

3. Mpumepsl. 3.1. Cayuaii auneiinot ouccunayuu. Yiccienyem BO3SMYILEHHOE JABIKCHUC
Bomuka JlarpaHxka ¢ y4eTOM MOMEHTOB, IEACTBYIOLIMX HAa TBEP/IOE TEJIO CO CTOPOHBI BHEIL-
Heit cpefibl. [IpEMepOM MOXET CITYXKHMTh BHEILHsIS CPefia, ME[NIEHHO H3MEHSIOIIAst CBOMCTBA
BSI3KOCTH BCJIECTBHE M3MEHEHHs MIOTHOCTH, TEMIIEPATYPhI, COCTaBa cpefibl. byaem cum-
TaTh, YTO BO3MYILAKOLINE MOMEHTBI SBIAIOTCS JTHHEHHO-AUCCHIIATUBHBIMU U C YYETOM (1.3)
OPUHUMAIOT BHJI

M, = € 1,(0P. M, = —€1,(1)Q, M, = —el;()r ' 3.1

3necs [,(1), I5(T) — MONOXHUTEIbHbIE HHTETPUPYEMbIe (DYHKIHN HA MPOMEXYTKE T ~ 1
Ilocne psna npeoOpa3oBaHuil PEIICHHE YCPEIHEHHOM CHCTEMbl YPABHEHHUII NEPBOTO MpH-
onmxenns (2.5) 1718 BO3MYIIAFOIIAX MOMEHTOB (3.1) nMeeT BHA

0 = 0y, r(t) = rgexp[F5(7)]

W(1) = Yo+ C g [K(T*)exp[-F3(t*)]dt*
0
a(t) = exp[F,(0)][PycosB + QysinP — KoC'ry ' sin®,sin(B + ¢y)]

(3.2)
b(t) = exp[F,(T)1[PysinB — Q,cosp + K(,C_lral sinB,cos (B + ¢y)]

T T
Fy(t) = -A7 [L(t*)dt*, F(1) = -C' [Iy(*)de
0 0

T

B = C_lralcosBOIK(‘c*)exp[—F3(t*)]d‘c* = (W —-y,)cosb,
0

B pesynbTare MOJCTAHOBKH B COOTHOLIEHNS (2.3), (1.3) nna P, Q, p, g Bolpaxkeuuii a, b, r
u3 (3.2) onpefenuM UCKOMBIE TIEPEMEHHBIC

p = exp[F,(t)][pycos(y - B) — gosin(y - P) +
+ I<0C_l r(')] sin@gsin(y— B —@g) ] + k(‘c)C_lr(_)l exp[—F5(T)]sin6;sin@

- exp[ F, ()] posin(y - B) + gocos (Y - B) — koC™ 1y sinBycos (Y- B- @)1+ (3.3)

+ k(‘c)C_l r(_)1 exp[—F;(T)]sinBycos @
t

¥ = A7'ry(C- A)fexpl Fy(er®)ldr
0

OTMeTHM Ka4yeCTBEHHbIE OCOOEHHOCTH JABMXKEHHS B JAHHOM clydae. YToJl HyTanuu 6 co-
raacHo (3.2) nocrosineH. Mofysib 0CeBOI CKOPOCTH BPAlLEHUs] I MOHOTOHHO YMEHBIIAETCS
MO 3KCMOHEeHTe. BeanunHbl MEJIIEHHbIX IEPEMEHHBIX d, b CTPEMATCS K HYJIIO 1O 3KCIIOHEH-
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Te (B cyyae korma 7, 1, OTACIeHbI OT HyJIsT), HpHpalueHHe Yria npeneccuy V -V, 3aBucut

OT Npou3Benenns HOAbIHTErpanLypX byuxumi K1) u r l(r). Iepemennag B H3MEHsIeTCy
AHANOru4HO \ — Yo, eciu 6, 1/2, u umeer CMBICT hazpr KosneGanuii. Cornacuo (3.3) cna-
TaeMble npoekuiz P> g, o6ycnosnennpe HavalbHbIMYy SHaYeHusaMy kos Py, 90> 3aTyXaror o
SKCNOHeHTe. B 10 e BpeMs npoexiuy Ps 4 cofepxxar Claraemelre, 3aBUCAIUE O BHJa Boc-
craHaBJmna}omero MOMeHTa k().

B cnyyvae k = const, /; = const, I3 = const BbIpaxkeHus nig LV a, b,p, g (3.2), 3.3) COBIa-
J1ator ¢ COOTBCTCTByIOl.HPIMI/I (bopMynaMn [1]. 33BHCHMOCTL BOCCTaHaBJIHBaIOLueFO MOMeHTa

pa yriosoii CKopocTH.
PaCCMOTpPIM YaCTHbI cinyyajy, Korga BOCCTaHaBmuBaromy;; MOMEHT Mennenno HU3MeHs-
€TC BO BpeMeny y HUMeeT Bup

k(1) = eK(1) = e(K0+oc01:) = k0+ea01:, 0y s (), Oy = const 3.49)

B cucreme (3.2) dynkuus x; (T) BXOMIMT B YPaBHeHue s yrya peneccun y yu g aprymenr 3:

Y-y, = C"r(]'Kofexp[—Fﬂr*)]dt* + f;
0

. (3.5)
fi1 = ocOC"r(;lft*exp[—F3(‘t*)]dt*, B = (w—wo)coseo

0
B cucreme 3.3) npoekunm p y 9 copepxar k(t) po BTOpOM cnaraemon H UMeIoT Buy
P = exp[Fy(1)][pycos(y- p) - dosin(y - B) + koc"rg‘sineosin(y ~B-qy]+
+koc“rg‘sineosincpexp[-F3(r)] + £, (3.6)

Ja = eoc(,‘L'C_'r(;l $in6,sin Pexp[-F;(1)]

CTOHT B TOM, y10 HUMeIoTCs emge AONONHUTE MLHRIe Claraemsie f, u 5 COOTBeTCTBEeHKO, s
Yria npeueccyy Moayn AONONHATE NBEHOrE Cl1araemoro | fil 9KCIOHEHHaNBHE BO3pacra-
€T; IpA 0y S () ogo Gonbure uny MCHbIE Hyny COOTBETCTBeHHO, AHanoruyno RIS pu g
byHKIHg J> umeer BH]I BEKOBoOro Cnaraemoro, Ipn 0 = 0 nomyyum Pe3ynbraTh, coorper.
CTByIOIKE k = const,

Kpatko Hccnenyem Cucremy (2.5) g Cly4ae, Korga

k(1) = €K(7) = €(Ky + oty sinvr), o s 0 (3.7)

B BbIpaXKeHusx 3.2), (3.3) MomenT K(7) BXOJUT B (bopMyny AT yria npeneccyy Y, B ap-
TyMeHnT By g npoekuuy BEKTOpa yrnosog CKopoctu p u ¢:

T
Y-y, = C—Irall(ofexp[—ﬂ(t*)]d’t* +f5

0
p = exp[F,(t)][pocos(y—ﬁ)—qosin(y—ﬁ)+k0C_]r6]sineosin(y—B—(po)]+
+koc"r(;‘exp[-F3(r)]sineosin<p+ La (3.8)
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T

f3 = o,y i SIn(VT*)exp[-F,(1*)]gr
0
f4 = eozosin(vr)C"'r"'(t)sineosin(p

M; = eu(r) (3.9)

p* = pu k(t)C"lr"'sinesin(p, q* =g k(t)C‘lr‘lsinecosq)
3necs h(t), u(T) - 3ananupe HHTErpupyempie byHKIMY Ha IpoMexyTke T ~ 1; h(t) > 0,r~1.

M. - _ezh(,c)acosy+bsiny
l (@ +p})"?

_ezh(r)asiny — bclo/zsy,
(@’ +b?)

X
I

M, = €u(t)

IMocne NOACTaHOBKY B (23 BO3Mymaronmx MOMeHTOB (3.10) ony4yum (noce UHTErpH-
POBaHus) pemenpe BHUJa

T
6 =6, r1)= r0+c“_[u(r*)dt*
0

V(T) = y,+C! fK(r*)r“(r*)dr*
0

/

a(t) = Fy(t)[Pycosy + Qosiny ~ KyC™'r;'0)sin(y + ®o)] s
b() = Fy(0)[Pysing - gycosy + KoC'ry' sin6ycos (x + gy '

Fy(t) = [1 -A“(ag+b§)“"2fh(z*)dr*]
0

T
X = C—'coseofl((‘r*)r_'(‘r*)d‘r*
0
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IMoncraBnsas B cootHowenus (1.3) Beipakenust P, Q, a, b, r u3 (2.3), (3.11), onpejeaum
HUCKOMbIE BEJINUYUHBI

P = Fy(1)[pycos(y - x) — gosin(y - %) + koC ' ry' sin®sin(y — x — )] +
+ k(t)C‘I r'l(t)sineosin(p

q = Fy(D)[posin(y 1) + gocos(Y—x) — koC ™' ry' sin@,cos(y — 3 — 94)] + (3.12)

+k(t)C ' (1) sinBycos @
t 7T
Y= AT(C-A) rgt+ C | Jutrdr, fdre |, t = er
0No
[Tonyuens! peuienust cucremsl (2.7), (3.9) n HaliileHb! BbIPaXKEHUS IPOEKIIAI BEKTOPA YT-
JIOBO¥ ckopoctH B cnydae MoMeHTa (3.10). Yron Hyrauun 0 nocrosHen. Benuunna |r(7)|
BO3paCTaeT, €CIIM NapaMeTp 1y H HHTErpai OT yHKIUH u(T) UMEIOT ONMHAKOBBIE 3HAKU, U

yObIBaeT B NpOTUBHOM ciydae. [TepeMeHHbIe a, b SBISIFOTCS NIPOM3BEEHUEM COMHOXKHUTEILS,
NPUHUMAIOLIETO MOJIOXKUTENbHBIE, OTPULATENbHbIE 3HAYEHUS M HYJb, B 3aBHCHMOCTH OT
MOIBIHTErPaNbHON (DYHKLIMM A(T), U OCHUILIHPYIOUIero comuoxurens. 13 (3.11) CIENyET,

4To mpH A(T) 2 hy > 0 cymecTByer Ty < Ty = A(a(z) + b(z, )”2/110 Takoe, 4To a(Tx) = b(Tx) = 0.4

[Tpu K(1) = Ky, 1(T) = ry QL T 2 T4 BOAYOK COBEPIIAET PEryJISApHYIO NPENECCUI0, B YACTHOC-
™, 1ipu 6, = 0, T on Gyzet "cnsimum”. ITpuparuesne yria Npeneccun Y — W, 3aBUCHT OT HH-
Terpana, sBJISIOLIErocsi YaCTHbIM OT JIENIEHUsT BOCCTAHABIMBAIOLIETO MOMEHTA HA OCEBYIO

CKOPOCTb BpallleHUs, ¥ IPHHAMAET MOJIOXKHUTEILHOE 3HAYeHne B cydae, ecnu K(t) u (1)
UMEIOT OJJMHAKOBbIE 3HAKH.

Cocrasnsitoume p, g BEKTOpa yrioBoil CKOPOCTH cornacHo (3.12) cogepxkar orpaHuyeH-
HbIE OCHMJUIMPYIOIIUE ClaraeMble, 4acToTa KOojeOaHHi KOTOPBIX OMPENeNsieTcs NepeMeH-
HOI1 (Y —X), @ TaKKe cnaraeMoe, 00yCIOBIEHHOE BOCCTAHABIMBAOLMM MOMEHTOM k(T).

DyHKUWsE A(T) MOXKET UMETH CMBICI OTPAHNYCHHS Ha YIIPABIISIFOLIEE BO3AEHCTBYIE, HATIPH-
MEp, NpH ralleHNH IKBATOPHATBHOM COCTABISIOWEN OCPEACTBOM OTPAHHYEHHOTO MOMEH-
Ta cui, rue M, , — ynpasneHue i p, ¢, a M, — ynpaBiieHue s r.

PaccMmoTpuM ciyuaii, Korja BOCCTaAHABIMBAKOLMIA MOMEHT UMEET B

k(t) = eK(1) = e(Ky+yT) = kg +€0,T, 05S0 (3.13)

Torpa Bbipaxkenus 71s yria npeueccuy Y M NPOEKLHit p, ¢ BEKTOPa YIIIOBOH CKOPOCTH
IPUMYT BUJ
T
=1 =1
Q'_% = C'Kofr (vh)dn* +

0
p = Fu(t)[pocos(y—x)—qpsin(y—y) + kOC'lral sin@ysin(y —x — @y)] + aiidy
+koC' (1) sinBysing + 1,

T

nj = aOC_IIT*r_I(T*)dT*, Ny = eozo‘cC_lr_'(t)sinBOsin(p
0

ARBanoruyso nomydaercsi popmyJia s g.

- e

.
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B Boipaskenusix iis p, g u ¥ (3.14), xak u B [ 1], npucyTcTBYIOT Cl1araeMbie, CoaepKaliue no-
CTOSIHHYIO kj. OTIIMYME COCTOMT B TOM, YTO MMEIOTCS €LIE [ONOJHUTE/IbHBIC CaraeMble 1),
H T}, COOTBETCTBEHHO.

OctaHOBHMCSI KPaTKO Ha cllydae, Korja

k(t) = eK(1) = €(K,+0,ysinvt), 0(S0 (3.15)

HMeem crepyrouie BIpaskeHus A Y, p:

T
-1 -1
Y-y, =C Ko_[r (T*)dt* + M3
0
s e ;
P = Fy(D)lpgcos(Y—=x) = gosin(y-X) +koC 1y sinBysin(y —x — o)1 + 3.16)
~1 -1 ; 5 o
+kyC r (T)sinB,sin@ + My
T
S -1 -1 -1 i ! .
N3 = 0,C jsm(vr*)r (t*¥)dt*, m, = 0,C r (t)sinvTsinB,sin@
0

BeIpakeHue [JIsl ¢ aHAJIOTHYHO NONy4YeHHOMY A8 p (3.16).

Ornuune Mexpay cinydasimu (3.13) u (3.15) 3aKIH0YEHO B JONOTHATENBHBIX CIIaraeMbIX 1)},
Ny N3, Ny [TOCKONBKY [sinV1T| < [V, TO cIaraemeie 13 ¥ 1), O MOAYJIIO MEHBLIE [N, | 1 [N,| cooT-
BETCTBEHHO, a MOCKOJbLKY (DYHKUUS 7(T) OrpaHMYEHA, TO W JONOJIHHUTEILHBIE CllaraeMbie
TaKXe SBJISFOTCS OTPAHNYEHHBIMH. ‘

Ecnu BeinoHeHo pe3onancHoe cootnomenne C/A = ifj (ifj < 2, i, j — HaTypajibHbIE B3aUM-
HO IIPOCTHIE YKCIIA), TO YCPEHEHUE CIIEyeT NPOBONUTE 1o cxeMe (2.9). B npumepax, uzio-

XEHHBIX BBIIIE, BCe MHTErpajinl L 13 (2.9) COBNAfAOT C COOTBETCTBYOMMH HHTETPAJIAMH LL;

u3 (2.7). ToaToMy pe3oHaHC (PaKTUYECKH MECTA HE UMEET U MOJIYYEHHOE peIlleHHEe NPUTof-
HO J1J71s1 ONIMCAHUS IBMKEHUs Tipy J1ro60oM oTHowennn C/A # 1 (C < 2A).

Buiogpl. 1. MlccrieqoBaH HOBBIN Ki1acc BpalLaTEeNIbHbIX IBUXKEHUI JUHAMUYIECKH CUMMET-
PMYHOTO TBEPAOrO Tejla OTHOCUTEIBHO HEMOJBHXKHONH TOUKH C y4ETOM HECTALMOHAPHBIX
BO3MYIIAIOIIET0 U BOCCTAaHABIUBAIOIIETO MOMEHTOB.

2. PazpaGoTaHa npoueaypa yCpeqHEeHHs AJIsl MOy qaloIeNcs CylIECTBEHHO HEJTMHERHOM
JIByX4IaCTOTHOI CHCTEMBI B HEPE30HAHCHOM M PE30HAHCHOM CIy4Yasix.

3. PemieHbl KOHKpPETHBIC 3a/la4yy AMHAMUKY U YNPaBJIEHUS BPALIECHUSME TBEPIOTO Tena,
Onu3Kue K peryisipHoil npereccuy B ciydae Jlarpanxka, UMEIOLIME CAMOCTOSTENbHOE 3HA-
YEeHUE [JIs1 TPHIIOKEHUHA.

Pa6oTa BeinosiHeHa npu pUHAHCOBO# noanepxkke Poccuiickoro ¢ona dyHnaMeHTa b-
HBIX HccnenoBanmii (mpoektsl 02-01-00157, 02-01-00252, 01-02-17250).
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