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Heeapaonann 3aaaua Hadaioseinn YOPYTHX IARMEBATOR AAD YTIRYMODO ASTETEALHOTD ANTapaTs
M MANMIYARRBGHEOCD POGOTA © VIPYPHM NOCASAHEN 32eHoM, TTOAYIEILL OHTHMAALERIE PMARTRRE
HAOAARITR, BOTOOLIE € NOMOULLID M3IMEDREMOrD CATHAM TOCCTAHANARSOT (M30R0E COCTONINS
LHETEM,

CoBpeMeHHEE  TEHASHITHHN YRCAHYSIHT  TaGapHTHRIX  paiMepos,
CAQMHOUTH  CTPYKIYPHR KOCMHYeCKHX angapatod (KA), saHunyagiuuoRHbix
poGotoR (MP) i TpeBosanus K CHIDKEHHIO HX Mace M JNCPrO3aTpaT IPHBEAH K
HeDDXOAMMOCTH  HMCIOABIOBAHHA AGTKHX, VIPYTHX MATEPHAAOR 1IpH MY
KOHCTPYHPOBAHHE, (UASAOBATEARHD, VIPYTOCTE KOHCTPYKUMH  HeoOXopAHMO
YUMTHLIBATE Y2He HA CTaANH TPOeKTHPOBAHMA CHCOTEM VIpaRAreHHA, MeTopbl H
AATOPHTME!L YNPABACHHA TAKHX CHCTEM HCHOALIVIOT WHIRDODMAIMIO O TEKyILeM
COCTOMHWH, KOTOpad o0BCleuYHBASTCA CHOeUHAABHEIMH CReACTEAMMH  HabARo-
ABHUA. PazpaboTka THAKHX
CPEACTE AAA CHOTEM © YIDYIHMHA
AAEMEHTOMH HPHBOAHT K 3dAd-
qaM  HADAIOACHMA C pacnpeae-
ABHHBIMH TDapaMeTpaMu |1-3].

Paccuarpueairca ABe
YIPYTHe CHCTEMBL  VIIPYTHH
KaocMHSeckERR annapar (KA u
ADYXIBEHHEIH  MaHHOYAHTOR ©
YIPYTHM NOCABAHHM IHCHOM.

1. EA npeacTagaseT coGo#
HHAMHADHYECKOS, ADCOAIOTHD
TEERADE  TEAG  (UeHTpaAbHOe
TeAD| © 3aKDRIAGHHLIME K HeMy
VIPYTUMM  OaacTHHaM#E (dwmr.l).
lMape maacTHH | B 2 HaxopRTCA
B BIAHMHO-TERReHAHKYASPHEIX
naccroorax. Kpaa  maacrisd
HLCTED IAKpeNASHE C
HEHTPAARHEM TEACH 3 MOCPEACTBONM MECTEHX CTEPCKHeBHY KOHCTPYROME 4.5,

[lracrinr  oAHOpoAHRLE ¢ TosamaHol  ft 1 passtepamu a b, Ouw
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ePU3YIOTCS IAOTHOCTEIG [, Moayaen FOura £ # MeCTKOCTBIO Ha MAFHG
GAHYC USHTPAABHOIO TeAd 0f0IHauMM veper ¢ . BoeaeM dHepiMasbHYIO
koopamnar  (LXV,Z. 1 ceazaHuyio  (psMOyToABHYIO CHETEMY
pakHAT CIXVZ, HAYMAAG KOTOPOR Haxoantes B jentpe sace KA, a ocn Ox

ocH (v u BpaueHne BOXpYT ol ke ool [ToAMKenHe HaYaAd CHOTEMD
y [
ar O.X . Y.Z, ornocureacno O'XYZ  onpeaeans paanyc-serapom

A9HM  Yepes  BEKTOD . AGCOAIOTHOR  [oAcKeHHe tower KA
CTEN BEETO[OM

R=R+R, +r; (r=r, +W(t.x,))

Q. X.Y.Z,, r—ortHOCHTeABHOE nNOAOKKeHMe Ttouek KA,
X, ¥) — BEKTOP ynpyrux cMentenuii naacrin), R’ = const.

 TlocTynaTeAbHOE ABHMKOHHE W epamenne KA npowcxoasT 3a cdeT cHan
) HAMPABAGHHOW  BAOAR oci (X W ppamlaressdoro  mMoMenTa M,

PKEHHOTO  BOKPYI ToH e oo, AAS QHAAMTHYSCKHK HOCASAOBAHMI
HEHHH ABHMEHIA H YNPYIHX KoAeDaHHI NAGCTHH MpeAdoAaTaeTos, 9T0

b 0, X, cosnapaer © OpoAcARHoR ocnio KA. YpasHenua apioxenns KA o
YHPYTUX KoAeGAaHMH HAGCTHH B DAMKAX  AWNCANON TEOPHM YHPYTOCTH, ©
BTOM CAeAYIOWMX mpeamosokenuit D — €' w /max(c,b) — e =12,
=

i~ e B~ f.f,,—- B ji-'u ~ €& £<<1 uveior B [4,5);

mRo =-mg+ F - 2[}.‘1”‘ w,dQ {14
Q
2ay,fph+ 20k [0, (g +1+v,)dQ + 1 = M (1) (1.2}
a

W + Eﬁ:‘"‘u =={lg+1+y) (1.3)
ph '
oo .

W+ —Aw, = =R+ (1.4)

Wy oh y ==y g

IBUAARHEIM I
Ry(0)=R,, Ry(0)=0, ¢(0)=2,, §(0)=0 (1.5]
w (02 y) =0, w(0,xy)=0 i=12 (1.6)

AHMYHEIMU Yoaosuamu (4], rae (axXb) =82,

ag =d:ph[[l(g+1+y,)" +(x,~ b/ 2)*1d2+ph [ (g +1+y,) 4.
ik i

I-sin 26, 510 26, sin0.. 6,.0,.0, snamorea cavorerussm yraass [6).
2, PaccMaTPHBACTO! KAHEMATHMECKAS MOACGAR ABYXABEHHOID MAITHITYAS-
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Topa (e}, nocAsAHEe 3BeHO  KOTOPOTO  MOASAHPYETCH Kak  YIpYTHH
cTepdens Ha Eoule yHOpyiore apeia HaxoaMTod oxsar ¢ rpyaos [4,5]
YPaBHeHHT ABHMEOHHA TMOCASAHETS 3BEHA W YVOPYTHX Koaelanuil OTHOCHTRALNO

CHETEMED KOODAMHAT O3 Y2,
Faf umMeror nup, [7-9]
v i
5/@ Aip+fp.fin'a'-(r,§)zfi= 1) {2.1)
Z;r 4]
% 3 S i
o Wi, B)+—2w" (1, ==L (22
¥ Posy
o 2 i 2 €O CABAYVIOHIMMH  HAYAABHEIMH
£ & Yy, VPEHHSHEIME YCAOBHAMMH
wit, ) =w (it =w"(1,1)=0
s m (2.3)
w1, 1) = ——[Ww(t. Y+l '
(r,1) il p
w(0,&) = w(0,8) = ¢(0) = 0; p(0) = @, (2:4)

rae
!
A= Ips&:dﬁ 5 =pys, +mO(E—1), F—mopyan HOura, m—Macca rpysa.
i

3. AR yAVHINeHHA KadecTBa YOPABASHHA BHINDEODPHESASHHEIX CHCOTEM
HEOOXOAHMO HMETh TAKMe HHQODMALHE © TerkyleM COCTOAHHM YIPYTHX
FAEMEHTOH BO BREMT ABHMEHHH,

AOTyCTHM, €0TE BOZMOMHOCTE C NOMOIIEK HMEMEPHTEARHEX YCTROHCTE Ha
HEKU']'{JPEJX Uﬁ)\ﬂﬂ'ﬂix l[(}.-"I.U}K.H'E'E",..-‘Lthﬂ I‘-IEP'M }’I]P}-‘['Hx AABRMEHTDE HEMEFH'['E
HEROTOPYIO BEAHYHHY, CIPEASAEHHYIO Ha NpoMexyTke spemenn [—BSTSt1,
rae U=0, nocrogunoe wxcao, Yucao U onpepesdercs U2 AONOAHUTAABHEIX
TReEGOBAHA M ZABHCHT OF (DHINYECKHX BOIMOMHOCTEH HIMEPHTEeALHEX
vorpofcTn, [Mockoatky  madaiopacsMud ofLCKT NOABCRACH  DOSACHCTDIIO
YOpapARHMA, HeoDXoAHMa Tarde MHQOpMALMA O [IPeARCTOPHH Npoleccd
VIIPAHASHM, KoTopas MoseT Guth onpeasiena Ha f—B=T<t [10,11]

lpeapnoasaraeTca, WTo  oDAACTH  YIPYTHX  3ASMEHTOE, MOAASMALTHX
HiMepeHHlo, Xapakrepusyiorcs yarumamu g 0=12 w3 waacca L, Aan
HA u ynpyroro speda MFP oul copeppieHEl CASAVIONIHM 0B pasan:

a) fy = fi(x.¥).8 = gi(x ) (2 y)E[0,6]%[0,4]

b) fi=fi(€).g:=0,8€(0,1] (3.1)
B HacTHOCOTH, OHH MOMT GHITR XAPaETeDHCTHYeCKHMHE q.'l‘_‘,."HK'LLHHMH HaMepDHMBIX
afnacre.
Tpebyerca Mo NocTYTAIINEMy CHTHAAY BEMHCAWTE (PVHELHEY COCTORHHA
VIPYTHY SAEMEHTOR,
]"iffIl(}J'lfi:i-in METRA AIACARIFE MCREMOHHLIX @ﬂ}i‘rﬂ, MOAYHHM CHCOTOMY
OBRKHOBCHHEX AWGIiepeHITHAALHE YPaBHeHHil:
5 2
gy +kglry=ulr) (3.2}
i=12, rae weacke 1 cootsercrayer KA a wiperc 2— MP
A KA msteen [4)
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Wl:f,x, ?} 7 i gl {I)}:m{x}}:r{}} & QE{” = wﬂlall {”

m =l

D
K= = {1‘ +ut +2J‘j'x (Y2 (3)X,, ()Y, (3,)dQ (3.3)
HI(” = q}fmu“] = Ij‘(ba'xm_r{x_r}ﬂ;(}lfjmr j =12Zim.n= 112!3;' :
o

ock @, P, ecrs npasue vacTH }pﬂﬁHﬁHu'ﬁ (1.3),(1.4], coorBeTcTRenuo.
(XY ()= L2 npeacranamior coSolt coBersennne hopMBl KoreGaHmi
AHEIX  GaAOK, KOTOPBIMH aNNpOKCHMHDYROTCS [ASCTHRE, A W —
BHHEIE YACTOTH 3THX Ganok [4],

Mg ympyroro asena MP [7-9)

|} v ) i E
WD = 0, (00X, (&) q:()=w, (1), ky =22 [~
| n=1

2= —T@-&Xn{md%

T oo (3.4)

b X, (x) —coBereeHHRBe bynRUMM KoAeGAHMIT YIIPYTOTO 3BeHa, a :‘Lﬂ —
BEHHEIE YHCAD ITHX DyHEIHA
Brept ofoamHaTe N

q" (1) =q,(1), f},‘g’(r)— —q,(1)

I
YpaBHEHHA (3.2) 3anMIleM B HOPMAABHON dopMe

4" (N=kg" (1)

i =k q‘”(r}-r- L) o

 OBoanasum  Kosdduuuent Dypoe qyjmmmﬂ fiog,  crepyroum
som: f, 8, 1=12.

7= [T heenx, con oy
0

-,D

= T [ & 30X, (OF, (y)dxdy mn=123--,
@0

iz =ff1EE]X,,(E_.}dE_;. Z,=0 n=123"

OAGTAETCH, YTO fiz +§E2

ADIYCTHM, WTO Yepes HIMEDHTEALHBIE YCTPOMCTEA MOCTYTAST cHINaa

20, 1=12 12].
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vio=fg(n+g4"(®), t—0<1<r, i=12 (3.6)
MocTymawoie curdaskt MoryT GuTE pasanunoime, LeascooBpaitiocts
Bpibopa curdarn (3.6) oGvoAOBASHA COACDMANHEM ACCTATOMHOIG KoAMYecTBa
HHQOPMAln H HECACAHON Ppeaiusaiei.
Paccmorpud no ordomenmio {3.6) "yenaeHERE curian”

vt =k T D+ g (1), 1—0<T<y, i=12 (3.7)
PEAMIALNT KOTODOTO. Takme HeTpyata [10], 3aece G=1+8; £330 —ranoe

aHcan, Aas KA v ynpyroro mannnyasTopa K MMeeT, COOTBETCTBEHHD,
[ ]

caepyiouns AR K5 k5, mon =123,

Tawmm ofpazoM, HMeEEM CASAVIOUYIO 3apady  HaOAIOASHWH  HAHTH
aunernyio  onepammo @ [LEY (T (T)}]  tak.  wTofm  Bemoamsaocn
PaBEHC TR

oIty (Da ()} =g "), i=12; =12 (3.8)
Kakuy Obl HM SHAD peasdloBablicecd B cuerTeMe (3.5) 3HaueHHe qr.‘-':?{.t} "

KakHM Ol HE GLIA CHIHaa (3.7,
4. lNpupepenne 3asaun HaGATOARHHA K NpofiesMe MOMEHTOB ¥ &8 peltienms,

Paspemaonpie  omepammn Q[ v (Tha (D} i=1.2; /=12  cocrasum
CABAVIOIIMM aiipazos [11];

@y (O.u (D=6t y (V]-F/ IITG_.IH, (L, e, (T)edt]

i=12j=12 {4.1)
B (4.1) § —paspematouie onepaiun npH YeAGRHY =0, e
@'l y(ml=g" (1) (4.2)
W IPHHATEL CABAYIONHE 0003HATEH I
G= (k" ke H(ED=X,{ 1B
rae X (C.T) —nopupporannas QiyHAAMERTAALHAT MATPHIIA OAHOPOATON SacTH
CHOTEMBD [3.5] M HMeeT B
. cosk (C—1) sink(l-1) 19 .
A (G, T)= _ - . B =L —]- i=12 (4.3
—sink (L-1) cosk (l—1) k, JI'
Aas nocrpoenus onepams Q[ (v (Do (1)}, i=12:f=12 pocratouno
NOCTPORTE paspelaonte ouepatuyn @, [f, ¥(T)] anm cucTeMer
é]ih“} = '{:Jf}ljh{”
g7 (1) ==k g (1) (4.4)
i =1,2;
YAOBASTBOPAIONEN YoaoBHio (4.2) [11]. Pemesne cucreswm [4.4), coraacHo
thopryae Ko, 34MIeTcs 1 cCASAVIONEM HiaR:

i (T) = X‘-[‘I.I}Ef-ffj i=12 (4.5)
rage

il



il
@{T}z[ﬁh“fﬂ}’ i=12
g "'(t)

7), (4.5) nonyaaes _
' YT =G X (TG (t). 1-0< 1! (4.6]

H, BLITHCAMIOMIME Thy Ik q:"(rj.qlz'{fj no cHrnany (3.7, Gyvaem
b B BHAE
r
ler(TjP:H]{LT}dT = {]I: I':'{IL E’ == L_Z; .|irl = Lz 1'4_?]
#=0
ABASIS ¥ {'f} uz (37] B (4.7], Bunoanss saMeny nepoMennoro T—1 '—-E, H
BBEAd oboanatenne ETI” Mt I+E1—_~ VI”'{'E_.} i=1.2: j=12, Gyaest umers
0
 [Ucosk g sink BV @) =
i r
o
- I{fr sink &+ g, cosk EW " (E)dE =0
) kL [4.8)
[(f; vosk &~ g, sink BV, (E)de = 0
0 - ,
J.{:fl sink, €+ g, cosk, E.,[!‘[«’f B(EYIE=—
-z

1..5(

eM  hyHKLHH -IT‘”(E},LT““{&}. VAOBAETBODAIOMINE yoADBHAM [4.8) n
j ECH ONTHMAARHLIMH B CMBICAR

j‘[(f[”{-l’;})s +(ﬁ“’{‘§jﬂd§ —min, =12 [4:9)

Pemas noxyuennyio papuanmonsyo 38Aa1y (4.8),(4.9) ¢ noMolhio npo6-
MOMEHTOR [11], And onTHMaAbHEX VHKLG l“:.'“m{' ), 'L’:fm (Z) noayaim

y=a{zlo, +2f 50, + J70 0 f cosk E—F sinkE) [ 2,(0, ~0,)+

+ '[}:,2 - E,-l]ﬂﬂ]{j:, sink &+ g, cosk, &}} (4.10)
fE_,]t: Aﬁ.k’fjlu” = Ej-'l.gln,_._ 4 ‘g—_zgh: ].{J,T'r &in kf& +T C_d:ii'rf_,j ‘[.I'F.E. (a, — a0+
=80, (F cosk B~ g, sink, )] (4.11)

‘1".l = 2' kfn.{ﬁ_.lﬁ'i: = ﬁ%:lff:! + frl }-rl
sin 2k 0 sin 2k 0 sinik‘ﬂ'
=0+ , 5,=0- o
2k, % 2k, R k,
MToBh nokazaTh OrpanHYeHHOCTE HOPME DECKOHEUHOMEPHOIO BeKTOpa

v KOMIOHEHTAMH  KOTOPOIO  MBAHIOTCH  HallASHEHLC VHHBEDCAARHEIE,
{7 hn TEEI
i VUU(EY, VIINE) cocranum kBaapar ampases HOPME
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el = {"” o@®f + @) b =12,

npﬂEE.-’s,H COOTBEL T FJ.!!':.-'TGUJ,H{'! BRI HOALM T, [[U-"'I-}"‘”-"[M
||k, n“! = 4 i}
T ek - sin k0 KON )

Mz (4,12) BuaHo, uro seiGopom dynkumit f, €, MOMHO YAYHUIATE CKOAMMOCTE

i=12 (4.12)

ITOTO PHAA
Tarnm oBpalo, MOCTROEHL OTTHMAALHELE OIEpaliii

0 d =12 j=12 nempe

i
@11y, + 8= [V (4 B, i =12 (£.19)
i
(4.13)  mnasmercs  HepskiM Charaedbid OpaBol  dacT BHpaxkenua (4.1
Onepauiy, Pa3pemaiomie IaAaTy HabDAOASHHN CHeTesmbl [3.3) 0o CHIHany
{3.7), coraacHo (4.1), BvayT

;
@ T v e+ ENED [ v e+ 2 =T e G,-jHr{: 1.+ Ee(r + Vel
i

3 P o (4.14)
TAz

e IS e
=

AAR BTOPOro CAArAeMOro BHpaxeHHs (4.14) ¢ yaerom {4.13) » (3.7) mocae
COOTESTOTBVION MY BRITHCABHIN TOAYIHM

ﬁ”'”[!ﬂjHlu+r1.f+f§}u{r+§}cfr§j:
; ? (4.15)
= [V @k, (e + B, sink E+ g, (cosk &~ 1)]d&
-1k
Ytar, ¢ y1eToM OOTHMANGHBEN (DyHEIMH F"“m(é}t 'ﬁ’_’rrl]u{f‘,} Wi (4.10),(4.11),
aHadeHHA Hasmepenms ¥.(T) m3 (3.7) u dopmya (4.13]-(4.15) dynruun

g "' (t), i=12; j = 1,2 onpeasasiorca no dopmyae

IfllrlI ] {f]’ — Iﬁtjlﬁ{fatj}l| .[ﬂff't'_

-0

. (4.18)
- Iﬁ”"“ (k™ (T f, sink, (t—1)+ g, (cosk, (t—1)-1)kr

MoacTasana 3uavenns cynkuui g, (1) =g,
(3.3),03.4), Oyasm uMers (OYHEIHH COCTOAHHA VIPYTHX 3A8MEHTOB B MOMEHT
EpeMeHH [ (aHAACTHYHEIM 00pazomM AN CKOPOCTH TOUSK YHPYTHX BASMEHTOB).

CirrrumaakiEE diastp (4006]  nozBosder ¢ 0 DOMOIOBID  HAIMEDAEMOro
CHIHAAA (3.7 BOCCTAHALANEATE COCTOAHHE YIPYTHX FAEMEHTOR,

52

{t} wma (4.16) B BHpameHHA




OCCTAHOBACHHLIE  DEAMMMIIEL W, W HCNOABIVIOTCR  AAR ONPEASASHHA
BASIONUMX  C€HA M MOMEHTOR BCEl  CHOTEMEL B COOTHETOTEMH  C
HenmaMs (1,1),(1.2), (2.1}

Jameyanne 1. [IpuBeAeHHBIT AArODHTM TOIBOAAET HW3MEpPATH TakiKe
AHHLIC BOIMYLIEHHE B NPOUSCCE ABHJKEHNA M VIHTRIBATE MX B CHOTEME
BAEHUA,
dameuanne 2 Ecad  opd YHIpasAcHHM  CHCTeMONR  BOZHUKHeT
OAMMOCTE PElIeHMA FPaHMYHIY 383484, TO BRIIEIPHESASHHBIN aAropHTM
HADAIOASHHA NOIBOANT 3333TL HAYAALHEIE VOAOBHS AAS STHX 3aaad.

dameuanue 3. EcaM NpH ABIGKEHHMH CHCTEMBl Ha YIPYTHE SASMEHTHI

HAAOKEHE OTpAHMYEHHA THIA |w(r,x+y}|<const, TO ARHHEIT AATODHTM

NO3BOAAET NPOBEPHTE 3TO YCAGBHE BO BPEMS ABMMKEHHH B AIODOH MOMEHT
peMeni .
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