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|
CTEME ABTOMATHHECKOMD DOrVANPORARNE JaccMOTRHG 3aaaus o subope RosddHoienTos
IE’HI'HME- POFYAATORE © MEAACMMM CTISKTDOM B oDUIIGM  CAYHEE, KOCAS EXQAHBIE M
CATHAAK peTyAITODE SUARIOTCS  CRANApasH, [loayiena GopMyasd, BRIpARadLar
bOMERQY  ROMPOMIHOITAME  DXOAHOTO CHTHAAS DETVAATOpA (A TekoTe  CTPORa
.,&!,. ib) B MeXAY HATEPEA JGABIELLIME HCARCMBIMH THCAGMMN).

- Ilocranosra sapaun, TIVCTE 33A0Ha YIIPAaBAREMaN CHOTRMA

dx
— = Ax+ hwe
efr

u = j'g{r-.t']w{f']dr'

ve=nhx

dx f e
— = Ax+h ="t et 1
= +£g{ bx(t') (1)

X=(%,%,...X, ) —croafnosas  maTpuua pasmepost  Ax] —nsexrop
MA NPOUECCE  [WTPHY HA METPHEE O3HAYGET TPEHCHOHHDOBAHUE), V-
, BXOAHOH CHIHAA PEryARTOpa, g -CKaAsp, HMIYABCHAA NepexoaHad
peEryAATOPa, | —CKANADHOE  YIPABAAIONIEE  BOBAEHCTEHE
TPHBEETCS KakK BRIXOAMGH curas peryadtopa, A=(a ). [, ] =12..n,
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h=(h, .. h), b=(b,bs...b).

IMpeanosaraercd, 9To cHcTeMa (1) oDaaaaeT CROHCTBOM YTIPABAREMOCTH.
ALEAITEABHEIE YHCAA HBARKITCH

?».,,l:,,...}-.,,l; Mol tts 00,0 7+, +0, =0 {21
npn b= e i jel2 i u=h, wel (3]

Tpetyercs nocrpours be=(b,b,,...b,). Tax wrobu cucrema (1) npu

#
HOBLIX HeH3ReCTHWX Y = (¥, Va,.., V, ) npHBOARAGCE K BHAY

}*-iky, (=12 ... 1)

__'L'“; = *!.I.Jcrl.l

:l' )I .clllc L{ {}L } }
J, =diag(h...., .,
2, =wy, (J =n+]cun+n) =1y, -f"'r:' = 2 ' (4
dl' }.1 2 t"“(‘“’
1D Loy, (k mmomatmy O y
I by n,

me € a (€, ), c‘":’-(c_]_l,",,(‘_l_,r]', Sl (o o) U
CToAOLL 1Y NPOHIBOARHKY NOCTORHHRIX,
Y @ ) Y E G Faen ) P = P amsetrer )Y

Y= [}IHJ '}.[H 1".‘3!}’ tL”
TIPEANDAGIEIOTCH TaKMKE CASAVIOLIME YCAOBMA, INPH  KOTOPKIX  AAR
NepeaaTo s hyHkuuK peryastopa KAL) vaoraernopsorcs

d' R(F)_ 0

(3

R (u)= o =0, (i=12,.n,-1)
d‘R{ ) a
I
RE(D]n‘d—__F}_{,=ﬁ: (i=12,..n,-1)
Pemenne. Bulioause 8 cucTeMe (1) npeabpazosanne
x=58z S=(hAh., A"k (7)
NOAYHHM
dz ; R
—=A_z +ﬁ (=1 Jgz(t)dt 8
rae [2]
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0 0 .. -p,]
. =P h, =5 =(10,..0)

DEAS=10 1 .. -p,, q=b5=(g,.9;.-.4,) (9)
A'h=-p h-p Ah=..~pA~h

=

0 @ . =-p
; B cHcTeMe (B) 3aMedy nepeMeHHX 1o d!{:pmyne

z =Ky (10}
K = Kx(1) (11
- *2;...,1:] pewenne cucressl (4, ¥(1) npusoant Matpuuy J cucremu
dn/dr = Jn
AHATOHAALHOMY HHAY!
J =diag(/,.J..J,) (12)
- [0 1 07
A 80 .. 0 e 1 0 ., 0] 0 0 1 0
EA, 0 .. 0 0w 1 .0
4 - I, =
0 0 .. X, 000 ..
J : olooooo 0
| fly Xity fly X0t
x{.r} " diﬂg{fn?&;ff},x;m) [13]
i [l '3 e
e .. 0 SRl Rl e SR T T
e 01 ¢+ . ’hz}j 01 ¢ . """2},
T S P e ORI s
Lt vt 1 R (VRS o
D .. ] G o o0 - ' 0 o 0 = ‘
' v oo . i L I i
.ﬂ.l?”"l M. ATy X,
JEARIOMY BUAY (1]
s A =diag(A Ay by i1, 0,0,...,0) (14
it et

o~
. -.- KuK MPEACTARNM B OAINHOM BMAL

il



f = (Eiﬂlf’ﬁ*“:*“:.}'ﬁb ]l K= (K':Hl.:"K[“s"":"K[” |)
rae
E';H.:l i (’E']?“'ﬂfn,l KH{R:"'JI_-} = (Emﬂﬂ' } 1l;'Li.-:l (ﬁ sy LI""‘Kn) (15)
Ky = (Ko Ky ) Kipony = Ko s Ko, b Ky = (KK )
Ha (5), {10}, (13) 1 {13] caeayer

},U] I’}.UJ
2= Ry = (R Koo B | 9 = (R K 20 K, }x;{f}] yE | e
() 3}
y Each
HAK
Ko i3 ® + Ky oo a0 + K s (09 (17)
I3 (16) MOMHAO 3aMETHTE
Koy = Kigps Ky onyy = Kiepomy X2 (1 Ky = Kiits (1) (18)

Ha (17} caepyeT

oz d»“ . dy'® d]ri 1) e dyt” .:E';f Y
= K A K [ (T vyl K Fal gttt (19)
(.IlE' L=y} df i Lh n[}r_{ } 1'11‘ " L} 1’. {. J' l' dl' 3
MoacTasass (17} o (19) B cucTemy [EH [OAYYIHM

i dy i dx (1) t*ﬁ} .r!"p d}f;j(f} ym]n

ay
Kl:ﬂ-l:l {.EI +K¢n1[ {T} fil': fr:][ 1{£) df
= ArlIKl:nl_:-y +K{u}xl (I}y[n * K{n]KS(I)}?ﬁ]]-'- [EDP

<, (8t =10W1K 37 + Ko (W) + K ra )y ()dr

L= + N,

Bufiop marpuis ¢ w K orpanuuns tpebopaniem

dy" e -
Koy =A™ b, [8( =K o,y ) i

i)

dy'®  dya (1) e
K, 0 + 2l
Jit) %) P i }

dy! i ﬂ'xl;{{}
dt

= A {m}':!{f)}l Dy fg{r —E)qﬁw}{ (" yy' 1{: et

[m ) y”’} A Y, 8GO 0O (O

Mocae  HeroToplx  opeofpasosaHui  noacHoTeMer  (21)  ODpHEOAHTCH
COOTHETCTHEHHO K BUAY!

e




K{&;Jil e AF‘KEn:j + hﬂfg(?)g}{:"l }E_J:-"ds. [22,
i
:Km{ri tUE, )= A K + ﬁ“f’ §()GK %, (=5)e ™ ds (23)
i

KT = A Ky + h, [2()GK 05 (=5)ds (24)
1]

—MATPHLUEL CABHIE COOTBETCTBRHHO NOPAAKa My XM, My X0y
0 PACCMOTRHM Bhipaxenua (22) — (24),

T 1d'R(p) _ {1) e
jl__-.!'g{."j'}ﬂ ds, R, (p)= T fg(.-_.)se ds (25

i = (L2 t)
U()=A, + ha}g(s)e;“isq = A, +h,R(\)g

(6) H (23}, noacucTemmr  (22)—(24) pacnaaatores

[ U-pE)K,, =0 [ UOK, .1=ﬂ
_ Uw-uEK, =K, [UOK,., =K.,
............. J e L R [26)

........................................................

I (‘["T(“)_]JE)KB -Ku—l L U(U}Kn -Kﬂ'—]

o =n, +H,

eﬁf:_rpe,a.enenuﬂ CTPOEH q=b5 Hi NoACHOTEM (28] onpepsasiroTes

ePb MEPEXCAHM K OOPEACAEHHIO § = (g).¢5 .0, ).

dKTepUCTHYECK Ui Muorowsen mavpunm U(h, ) = A, + A, R(A,) ua (25)
aip (3]
| =ME|==R(A ), (K +p N 4k, (KN 0N T et p, )4 4, ]+

N7+ 4D, ot p = =RODA )G + 8y (Mg, +..+ g, ]+ A(R) (27)

2

=R N T T g, k= O, AgR) = AR, A, (M =

Tlpr A, =@ e =20 (L ]=12.,n) (8, —coBoTReHHEE uHe-
&3



aa matpuuel A, us (25) caeayor
ROA)#=0 (i=Ln), R(p)=0, R(O)=0 {28
Moacrasass 8 (27) A=A, (i=12,...n) »n umes s supry (28], noayumm

OTHOCHTEABHO ¢,y {, CAESAYIOWIYIO CHCTEMY M3 A, yDaBHEHHH:

Afhga + BylA g + o+ g, = Al )/ RM)
AR gy + 8500500, + o+ g, = Alk,)/ R(A,)
(28]
A, gy + B[k, Jay + . + g, = AL, )/ RN,
AHAAOTHHHO [27) XapanTepHCTHMECKKHA MHOMOUWASH AAS MATPHIB
Ulw) = A, + lR(1)q Syner
() ~ hE| = —R@)[A, (), + B, (Mg, + ..+ 4, ]+ AR (30]
Hanomum 1& (§,,G;,00§,) YCAOBMS, NPH KOTOPHX A= | HSBAAAHCEH
KOPHEM KpaTHocTH M, A muorouaeda (30), Auddepenuupya (30) 1, -1 pas
W NOACTaBARE A =L ¢ yuerom (28), OOAYMHM CAEAYIOLIYIO CHCTEMY W3 M,
YPABHEHHH OTHOCHTRABHD ), 45,.. 4, !
[ A (g, + Ay (1)q; +...+4, = A(W)/R(u)

A{w)g, + Ay (g, ..+ AL (W)g,, = A(r)/ R(w)
(31)

AT (g, + A% (g + o AT (W = 8777 (/RO

Tenepk nepefipemM k caydaio, korpa A =0 arasetca kopuem kparaocTs

My, AAYT XEBPARTEPHCTHYECKOTO MHOTOYACHA |U {E})-—}-.L| HeTpyaHO YBHMAETE,
CTO MHOTOYASH HOAYIHM B TAKOM BHAS, ecan B (30) nosoxure U =10

L (0) - hE| = =R(O)A, (Mg, + &, (M)g; + ...+ q,]+ A f32)

Aucbbepenuupys muorowaen (32) n, —1 pas no A M noactasass A =10 ¢

yaeToM (28), HOAYHHM CHCTeMY M3 /1, YDABHEHMH OTHOCHTEABHO §,&,,....q, .
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8,(0)g, + A,(0)g: +...+ g, = A(0)/ R(0)
A}(0)g; + A3(0)g; +--+ AL, (0)4,., = 4'(0)/R(0)
1 o PR RS S (32)

..................................................................................

877 (0)g, + 857 (0)g; + ot A7y (01, s,y = 877 (O)/ R(O)

=iy
(n, >n,)

CfLeanpan cuetesir  (29), (31) » (32') B 0AHO MATPHNMHOES BhIpaAeHHe,
OROHYATEALHO NOAYHAEM CHCTEMY VPARHEHUA OTHOCHTEABHO . g0, -

Lg' =4, (33)
FAR AL IPOCTOTHL 0B0IHAYOHM

(A AN o A AL ) e AN 1]
8040 Ak A ) Al (b)) AL L
Afh,) AR e A () A () e ALR) ]
Aw) A e Al AL () . A L
Foe M) A . AL AL () o AL (u) 0
AR () AT o ATCL (W) 0 - @ @
ADY  A(D) . AL (0 A n(0) .. AL(0) 1
A0y AND) . AL (0 AL 0 .. AL 0
Ary APTO) .. AL (0) 0 .ﬂ ﬂ.

ik




[ AR R(A) T
ﬁ{}":)fllﬂﬁ'-z}
Ah, )/ RO, )

AR}/ R(w)
Nowe] B (1) R(w) o
ﬁ{n:_”{!l}fﬂﬂl}

A(0)/ R{0)

AY(D)/ R(0)

| A7 (0)/ R(D) |

Henoasayva voaosua (3] u (28], HerpyAHO YBHASTE, WTO MaTpuua L Heswl-
poaaernan. [loaTomy 3 {33) HaxoauM

tl
r =1 [ =1
g =178, =q =L )
Toraa no (9 oxoHIaTEABHO NOAYTHM
b=A(L")S™ (35)
lMuocas Toro, kak Haiaels crpoka §= (b”ba,.“, bﬂ), MBI OHPBABAHEM
cToabunr MaTpuam K = (K'.err‘-aKn} 3 (26),
Crepcreue. Coraacdo (3), (7], [10) 1 (1) Haliaes penreHe cicTeMeal (1)

x = SKy(t)e™C (36)

Npamep, Maccmorpuam 30584 NPOIrPaMMbl VHPABASHHA KOCMHYMECROIO
aNMapaTa [MPH NOCaAKe Ha ayHy [4]. AnMseHHE KOCMHYECKOrD annapara B
KOHIE TIOCasKH OVASM pACCCMATPHEATE B OTHOCHTEALHON CHCTEME KOOPAMHAT
OXYZ, Hauaso OTHOCHTEARHOH CHCTEMLEL KOOPAMHAT HOMECTHM B PACUETHYEH
T{}"-ii{}-' ['IFIH.’\}"I!E_EFIHH.

AAR MPOCTOTHL PALCMOTRHM OAHODOAHYIH) HaCTh CHOTEMB! Y ABHEHHH

[% =%
Jx;_ = —w'x, + Ua,
v 137
Xy = X,
i

5 .
x, = 2u'x, + Ua,

rae FEE S L | (38}
:x_ |
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- 3 @ 0 X
6 0 o0 :
. h= ¢ , X= % i39)
0 0 1 0 X,
¢ 20" 0 a, X,

.U-fg{r-;'h,{fr}d;eT v=bhx, b = (b,b.,b,b,)
1 ﬂi‘ 53_'; IPHMET BHA,
; dx ; gyt 3
i Ax+ h:[g_(r — tbx(tYdt (40]

DEATIOADIHM, YTO HATCPeA J4AFHHBIMH - BEASTEARHEIMHM  YHCASMH

CHBRAS

Ch K HIAY
FIT__'.}"U J":=Cter
}If B}PE’ - _vz =C1€:
}1] ‘ﬂ+y3’ }Ij =E:J.
.3":1 =0-yq ¥y, =C,

:!:HP‘BMDMI‘EETEEJ 7O
R(p):-=0, R'(pMe-1 =0, R'(pY-0=0, R'(p)y-+=0 (40,)

Pemenue. MTpeARCADRUM ., = COS 60" =1/2. CABAOBATEAEHO,

] —ﬂii =3/4, i, = «fifz . Toraa mo (39) martpuna [7) uMesT B

0 0.5 0 ~(1.50"
= '2
S=(hARLA LA Ry = s 9 = n"jm ; (41)
0 053 o 0
0543 W' 0 -

Tak xax [S|=30" /162 0, rerxo noayuns ofparnyio MaTpuiy
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~4f303 0 0 243/3

g1 | 80'/3 43/3  243/3  -4/3 o
4313 —2/6° 0 243 /30
§/3-2/w® 443/30% 243/30" -4/3
M= (39), (41) u {42) caepyior
000
hy=8"h=(1,0,00), A, =5"AS= ; ? g _2}1 (43)
01 1

s |27) u [43) noayuaroTea
A(M) = |4, - AE] =1 + @™ A() =K +w'h
A, () =X +0'; A (M) =X A (M) =1 (44)
Mz [34) u (44) Hadaem

A AL A 1] [T+’ 1+e® 11 A(1)/ R(1)
_|8m AW A 0 (340t 2 1 {]l _|NW/RA) | 45
8,(0) A (0) A,(0) 1 0 w0 1" | A0)/R(O)
A(0) A(0) A5(0) O @ 0 10 A'(0)/ R(0)

Ma [45) Hueen ]L| =1. Moxno noayvuuTe BHA ANA 0BpaTHOR

-2 1 2 il
I T T .
YT 20 —w? =200 l+w’

-3w, 3o+l 2w
Ma (40,) caepyeT BHa AAS HepeaaToOdHOR dyHKuHM peryastopa [5] B

OKPECTHOCTH _F = ﬂ

Rpy=— 2 G0y 0
p-+G(p)
B oxpecTHocTH 1 =1
R(p) = G;{p): 1 G,(1) =0
(p-1)" +G,(p)
CARADBATEARHO, R =1, R{1}=1 (47)

Wi (45) u (47 moayuaen A = [ﬁ{]},ﬁ'ﬂ}, ﬂ{ﬂ},ﬁ.'{ﬂ)] _
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oMy 13 (44) Hampen

Ay =+ w4+’ 0;0)
_-' neAs3yA GopMyay (33),u3 (42), (46) u (48] OKOHYATEABHO MHOAYIHM
b =[2(w’ - 1);4; 0; 0]
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