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,ltnR pemeBHft 3a..a'U p8KOHC'l'pYKL\HII 'l'Jl86K'l'Opd ~8C'l'HU, 
H600XO,II;IDIO 3H8Tb napaMe'l'JlY, Onp6,1t6JISIDitlrl6 DOJIOli9Hll6 ,.a'l.'eK'l'OpoB B 

H6KO'l'Opol oOotel CHCT6M6 KOOp.!OIH8'1'. HeoOXO,!Oillt&IB napaMe'l'Jll>l QOilqHO 

Onp6,lt6Jlftm'l' reO,It63~6CKHMB Me'I'O~MH, HO npB aTOM BX 'I'O~OC'I'b 

3H8'U'1'6JibHO YC'I'Yfi86T 'I'O~OCTHHM X8p8K'l'6pHCTBK8M ,lt6T6K'I'Hp~l' 
annapa'l'ypY. ~ npGB6,1t6BHft K8~6C'I'BBHHOI peKOHC'l'JlY~ 

per11C'l'pHJIY81\Ia coOYTd Heo0]I:O,II;IDIO J'I'O~b r&O,It63~6CKH8 01(8HKJI. 

Bxo,~V~ol JIHIIX>protal\HBI AID1 B'I'Oro CJIYZ8'1' pe3yJib'l'8'1'Y p8rHC'l'p8UBB 

;,paaK'l'Opd ~8C'llllt, npGW8,1{111HX ~8p83 pa0o~yJl OOJ18C'l'b ,lt6'l'BK'l'OpGB. 

3a~~e onpe,lt6Jl8BHR napaM8TpoB AID~ pa3JIINHHX yCJioBBI 

8KCD03~ DOCB~HO MHOZ&C'l'BO paOoT/I-G/ B ~HHOI pa0oT8 

IIp8NISr88'l'Cft BKOHO~ft npouerorpa OnpB,It6JI8HHft COC'fOftT9JibBHX 

01(8HOK H600XO,I;HMYX nap8M6TpoB. 

fipe.ltiJOJIODM, ~'1'0 38~H8 H8KO'l'Op8ft ,lt6K8p'l'OB8 CHC'I'8M8 KOOp.!OIH8T 

xyzt B KO'I'Opol pacnOJIOliBHY m ,lt6'1'8K'I'OpoB. C KSQBI ,lt6T8K'l'OpoM 

CBft38H8 JIOK8JlbH8ft CHC'I'8M8 KOOp.!OIH8'1' XiYi(i=l,2, ... ,m), 'l'8K8ft, ~'1'0 

){.IIfl ItJIOCKOCft Xi Oi Y i yroJI HJ'I'8I.{D p8B6H HJJID, IIpH B'fOM K8lQSft 

JIOK8JlbH8ft CHC'l'8M8 KOOp»JH8'1' Xi Y i DOB6PHJ'I'8 O'I'HOCJI'l'8JibHO XY H8 fl'OJI 
X y He 

01 i , H8~8JIO 0 i BM88'1' KOOp.ltiiH8'1'Y ( 5 i , 5 i , Z i ) , Orp8HJI'IBB8ft z -z 
oi1!Q.Hoc'l'll paccyUeHBI. 38M8HIIM napaM&'l'JlY zi aa k 1 (ki = _L_LJ. z -z 1 m 

X y (" "' 
llap8M8'l'Jlll ai, 5i, 5 1 , ki MOry'l' OY'I'b H81QBHY H3 yCJIOBIUI M11BJDCYM8 

IJ)yHKUIIoH8JI8 
I' 

N m-1 
I=~ ~ (y 1Jcosa1+x 1 J5ina1+5I-<1-ki)((y 1 J+eiJ>Coaa1+<x 1j+e~J)· 

j:1i:2 I 

·5ina
1

+5Y
1
)-ki((y j+&yj)Cosa +(x j+&xj)5ina +5y))2+ m m 11 11 m 11 11-. 

(!) 

N 11-1 

+I ~ (xijCoaa1-yij5ina1+S~-(1-ki)((x 1 j+&~j)Coaa1-(ylj+&Ij>· 
J=1i=2 

·5ina1+S~)-ki((x11j+&:j)Cosa11-(y11j+&~j)Sina11+S:)) 2 

-- 1 
()6bl=: ' r;-: ,. ,. ·t · ';'~TIATYT 

. 'ri,O.F :· ' ' 

L ' . 
I .i .; ,•• 

~~-~.,. . .:l...,. ,, 



r,Jte N - KOJ!HqBC'l'BO DpRMOJlJIHeiBJa 'l'pBKOB, nepeCBK811JtHX m 
~OK8~HHX CHCTBM KOOp~8T; 

Xi j ( Y ij ) - 38pBrHCTpHpOB8HHHB KOOp~TH ( j-HOMBp TpBK8, 
i-HOMBp ~TBKTOp8); 

,.x ( ,.Y) - c.nyqalllaR OIDJI6K8 H3MepBID!JI X ( Y) KOOp~TH 
c HY~BYM Cpe,!tHHM. 

11!3 YMOBHR MIIHHMYM8 (I) llOJIY'iHM MB,vJillyJ) CHCTBMY yp8BH8md:: 

N m 

l l <<Y 1j+~rJ>Cosa1+<x1J+~~JlSina1+sr>· 
j= li= 1 

X y 
·((x 1j+~lj)Cosa1 -(ylj+~lj)Sina1 )c 11 

N m 
~ ~ X y X L L ((x 1j+~ij)Cosa1-(yij+~ij)Sina1+s 1 )· 

J=1i=1 

·((x 1j+~~j)Sina1+(ylj+~Ij>Cosa1 )c 11 = o, 

N m 
~ ~ X y y L L ((xij+~ij)Sinai+(yij+~ij)Cosai+Si)cli= O, 
j=li=1 

N m 
~ ~ X y X L L ((x 1j+~ij)Cosa1-(yij+~ij)Sinai+S 1 )c 11 = 0 1 

j=li=1 

N m 
~ ~ y X y L L ((yij+~ij)cosa1+(xij+~ij)Sina1+s 1 )· 
J=li=1 

y X y 
·((y 1j+~lj)Cosa1 +(x 1 j+~lj)Sina1 +s 1 -

l 
y X y 

-(ymj+~mj)Cosam-(xmj+~mj)Sinam-Sm)c11 + 

N m 

+ l l <<x 1J+~~J)Cosa1-(yij+~IJ>Sina1+s 1 )· 
j=1i=1 . 

X Y X ·((x 1j+~1 j)Cosa1 -(y 1 j+~1 j)Sina1+S 1 -

X Y X . 
-(xmj+~mj)Cosa11+(ymj+~11j)Sina11-S11 )c 11 = 0 , 

2 

. ,i.~;'t,:L 
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r,Jte 1 = 1,2, ... ,m, 

c = 

X X 
~ij = (6 1i+6 mi)'"ij 

~rj = <6 a+6 mi>'"Ij • 

c li - 8~1EH'ftl MBTpJIItY C , 

m-1 

-i (1-k1 >2 ,(1-k2 > ,(1-k3 ) 

i=2 

-<1-t2 > 1 0 

-(1-km-1) 0 0 

m-1 

-i ki(i-ki)' kz ' k3 
i=2 

m-1 

(1-km-1) ,-l ki(1-ki) 
i=2 

o ,-k2 

1 ,-km-1 
m-1 

km-1 ·-l k~ 
i=2 

Tipeo6pasyeM CHCTBMY (2) '1'8KHM o6pa30M, '1'1'0611 B nepBOII H 

'IBTBBp'l'OM yp8BHBHJIJIX H368BH'l'bCR 0'1' ~BHOB, CO,JteiJIBIIllU S~ H 

sr. Ilo~ -qero CHC'l'BMB ( 2) npBBIIM8B'f Bll,l{ 

N N m 
~~~ X X y y L L L 0 liSin(ai-al)((xlj+~lj)(xij+~ij)+(ylj+~lj)(yij+Aij)-
k=1j=li=1 

N II 

N N m 

-(xlk+A~k)(xij+A~j)-(ylk+~rk)(yij+~rj))=l l l 0 liCos(ai-al)• 
k=1j=1i=l 

X y X Y 
·((xij+~ij)(ylj+~lj)-(xlj+~lj)(yij+~ij)+ 

X Y X Y 
+(xlk+~lk)(yij+~ij)-(xij+~ij)(ylk+Alk)), 

l l <<x1j+~~j)Sina1+(yij+Aij>Cosa1+Si>c 11 = o, 
j=li=1 

3 



N m 
~ ~ X Y X L L ((x 1j+~ij)Cosa1-(yij+~ij)Sina1+S 1 )c 11 = 0, 

j=li=1 (3) 

N N m 

~ ~ ~ cli(Sin(ai-a1)((xij+~~j)(y1j+~rj)-{yij+~rj)(x1j+~~j)+ 
k=1j=li=1 

y X . X y 
+(yij+~ij)(x1k+~1k)-(xij+~ij)(y1k+~1k))-

S X Y Y X 
- in( ai -am) (( xij +~ij) (ymj +~mj)- (y ij +~ij) (xmj +~mj) + 

Y X X Y J +(yij+~ij)(xmk+~mk)-(xij+~ij)(ymk+~mk)) = 

N N m 
-~ ~ ~ [ X X y y -L L L 0 liCos(ai-a1) (xij+~ij)(x1j+~1j)+(yij+~ij)(y1j+~1j)-
k=1j=li=1 

X X y y J 
-(x1k+~1k)(xij+~ij)-(y1k+~1k)(yij+~ij) -

m N N 

-~ ~ ~ cliCos{ai-amJ[<xij+~~j)(xmJ+~~J)+{yij+~iJ){ymj+~~J)
i=1j=1k=1 

X X Y Y J -{xij+~ij){xmk+~mk)-{yij+~ij)(ymk+~mk) ' 

8 C y<l9'l'OM H938BliCIDKlC'l'll OIDll0oK 11311Ep9Hiill 

a N N 

~ 0liSin(ai-al)~ ~ {xljxij+yljyij-xlkxij-ylkyij)-
1=1 k=1J=1 

m N N 
·(6 11+6. 1 )(6 11+6•1 )N(N+1){D~+D~)]=~ ~ ~ c 11coa(a1-a1 )· 

i=1k=lj=1 

·(xijy1j-x1jyij+xlkyij-xijy1k)' 

m N 
~ ~ {xijSina1+yijCoaa1+S~)c 11 = 0, 

i=lj=l 

m N 
I I {x 1jCoaa1-y 1jSina1+S~)c 11 = 0, 

i=lj=l 

4 

{4) 

I ·-

,1',' 

\''0 
H\ 

·;I 

" 

I 
" 

~ 

JLLilllLJU.-..
1
-• • •---·- "' 

m N N 

I I ~ 0 li[Sin(ai-a1){(xijylj-yijx1j+yijx1k-xijy1k)
i=1J=lk=1 

- Sin{ai-am){xijymj-yijxmj+yijxmk-xijymkl] = 

m N N 

=I 0 1iCoa(ai-011)[ I I {xijx1j+yijy1j-xlkxij-y1kyijl]-
. 1=1 k=lj=l 

m 
X y ~ -6 11N{N~l){D 1+D 1 )-L c 11cos(a1-am)-

i=1 

N N 

-I I (Xijxmj+yijymj-xijxmk-yijymk)- 6miN(N+l)(D:+D~l] 
k=lj=1 

r.~te DxH oY- ,~~;~~cnepmm oWBOoK 113MepeHiill. c y'ie'l'oM pe3y.m.oraros 

IIC'l'llpOBKH ,lt9'1'9K'rOpoB MOliiiO C'iH'l'S'fb, 'ITO B8.ml'llii:IY jai -a1 j M8JIH{ B 

CJIY'i89 H90,11;11H8KOBOR OpH9H'f8ItB11 )t9'f9K'l'OpoB H900XO,II;IDID nepeR'l'll 0'1' 

IIOBCK8 ai K IIOBCKY IIOIIp8BOK K a 1 ) B CBC'l'9M8 (4) IIpBHBM89'f ~ 

m N N 

I 0 li{ai-al)[I I {xljxij+yljyij-x1kxij-ylkyij)-{ 6 11+6m1)· 
i=l k=lJ=l 

m N N 

·< 6 ti+6mi)N{N•l){D~+D~)J=I I I 0 1i{xijylj-xljyij+xlkyij-xijy1k)' 
i=lk=lj=1 

m N 
I I {x 1jSina1+yijCoaa1+S~)c11 = 0, 
i=lj=l 

m N 

I I {x 1jCoaa 1 -y 1 jSina1+S~)c 11 = O, 

i=lj=l' 
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m N N 

l l l ~1i[(ai-al)(xijylj-yijxlj+yijxlk-xijylk)-(ai-am) 
i=lk=lj=l 

(xijyij-yijxmj+yijxmk-xijymkl)= 

m N N 

=l eli[ l l (xijxlj+yijylj-xlkxij-ylkyij)-61iN(N+l)(D~+DI>J-
i=l k=lj=l 

m N N 

-l eli[ l l (xijxmj+yijymj-xijxmk-yijymk>-6miN(N+l)(D~+D~l), 
i=l k=lj=l 

II9JlBY9 TpH ypaBH9HIIR CIIC'I'9161 ( 5) COOTB9'l'C'l'BYJl'l' 38,1t8'19 IIOJICK8 

ai, S~, sr. 'l'aKHM o6pa30M, pemeHII8 8'1'01 '1'p8JtRI.VI[OHHOI 38,Jt8'111, 

CBft38HH09 C pemeHJieM H9~1Hol CIIC'I'9NH ypaBHBHJII, 

Ilp8KTH'I9CKII CBe~OCb K pemeHIID ~IBYI CJIC'l'9M. 

PaCCMO'l'piiM IIO,IQX>6Bee CIICT9MY ypaBH9HJII AJift OIIp9)teJI8Hllft 

a 1 (1=1,2, ..• ,m): 

m N N 

l e1i(ai-a1)[ l l (xljxij+yljyij-x1kxij-y1kyij)-( 6 11+6 m1)· 
i=l k=lj=l 

(6) 

m N 1!1 

·( 61i+6mi)N(N+l)(D~+DI>]=l l l e1i(xijy1j-xljyij+x1kyij-xijy1k). 
i=lk=lj=l 

N N 

fiYC'l'b Ali& l l (x1jxij+y1jyij-x1kxij-y1kyij). 
k=lj=l 

HeTpy~o IIO~b. '1'1'0 A1ie 11=-Ai1ei1 AJift (i-1), (i=1,2, ... ,m), 
(1=1,2, ... ,m). Ma'l'piiU8 CIIC'l'9 ... ~IBYI ypaBHBHIII (6) BM89'1' BJQ 

6 
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m 

-l eliAli 
1=2 

e12A12 

m 

e21~1 -l e2iA2i 
i=1 
i>"2 

elmAlm 

e2m~m 

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

em1Am1 em2Am2 

m-1 

· · ·-l emiAmi 
i=1 

Paar 8Tol M8Tp!IQY paBeB m-1. TaKIIM o6paooM, AJift onpe)teJI8Hllft Bcex 

yr~OB IIOBOJlOT8 a 1 ( 1= 1, 2, ... , m) H906XO,JtiiMO, '1'1'06H O,ltHB B3 S'l'JIX 

yr.noB 6HJI 38)1;8B. YlUI'l'HBaft, '1'1'0 paar M8Tp!IQY CIIC'l'916l JIJIH91BYI 
yp8BH9HJII AJift OIIp9.JteJ18Bllft S~ (i=1,2, ... ,m), (1=1,2, ... ,m) 

m N 

l l (x 1jCoaa1-yijSinai+S~)e 1 i=O 
i=1j=l 

p8B9B m-2, IIOJIY1UIM, '1'1'0 AJift 0IIp9.Jt9~9Bllft BC9X S~ ( 8B8~0I'IAHO sr) 
H906XO,JtiiMO 38,1t8'l'b .-ea B3 HJ1X. AH8.00rli'IHO BBI.JteM, '1'1'0 AJift OIIp9.JteJI8-

Hllft BC9X z i BeOOXO.JtiiMO T8Ial8 38,lt8'l'b ,Jt88 B3 HJIX. 

Ilp9A1IO:EBHd a~pll'l'M II IlpOrpaMMH, C03,lt8Bmle B8 OCBOB9 S'l'Oro 

~pll'l'M8 , 6HJIJI Ilp0'1'9C'l'IIJlOB8HH C IIpiiM8BeHI18M Me'to)I;OB 

IIMII'l'81UIOHHOro MO.Jte.liiipOB8Hllft. 
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