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1. BBeAeUMe. 8 JleK T p 0 ,D,IIH a M W l eCKOe B3alIMOA CHCT BI1C ncxyccraem ror o c n y rturxa 

3e11.m (H C3) C Il'lar HHTH b l M rrOJIe~ I 3CMJIIl OK a3bWa CT c y UJ,eCT BeH H o e 13JUl5lHllC 113, ,D,lIHa­

'UJ( \' apaurarem.a oro ,D,BlDK CHIU l c rryT II I1Ka OTHOCIITenbHO ero near pa xracc 11 MO){<C T IlC­

UO~h30B aT LC5I np u nocrpoeuna CI1CT e M ynpaanemra op uerrr auneri HC3. Ocnonarnu.re na 
ri.4la llHO ~ 1 n:.lalll\l0 ,ne tlcTBlu1 ~1an-mTHble CI1CTeMbI ynpannea na , nx npCHMYHl,e C'rBa , OCO­

. UlOCTIl II lIc l-I.0 CTa TKII ormcan si , nanproaep, B paoorax [1] 11 [2]. Me-ron cTa6 11J1Il3aI~Hll 

le3,ocaoaa nnsrn na a cno.nsaoaaann M01l.ICHTa Jl OP CH l.\CBbI X CllJI , np enno xceu B paocre [3]I 

J,~ I1OJG13a j[O , '-IT O C0 3/l.a f lHC ynpa13J1 H IOUJ,er o .nopeauesa M OM CHT <l, 3HtV UlT eJTh 110 np easnua­
usero ITO BeJIll'Ume r p aBI1T aUI10 H H b l H 11 .npyrno B0 3 M YIIl;alOUJ,lIC MO MeIIT b l , He llb l3blBa CT 

r'~II I1 ' teCKHX rpynnocrea. 
. npod » 

3 ;WKTp O,LJ, lllla M H '-Ie CK IIH MeTO,i1. c T a 6 11J1I13 a l.\1I11 l1C3, a cnonr.ay ionu ra O,i1.HOupCMemIO 
II «a nn . 

I IOIKIIOCTH xrar nirr a or-o 11 rroponuea a MOMeHTOB 11 CIIHMalOu ~u ti llCKOT OP b l C orpan u -re­
~T H l1 ll CP­

~ (KaK no nOCTaHOBKe 3 a Jl,a ' I1I, T aK 11 n o MeTO,D,IlKe peurcnua} , nanoxcemrs re B [:31, OT1l1CaII 
HGl a.,l.~O , , 

pil60TC [4]. B 3TO ti )Ke pacore 6blJl np en noxcen Mex a B 1l3 M ,i1.CM fltPlIp o u a m lH coficr aen -
H Ivl e ' a ­

KOJrc6 aIllll1 I'IC3, H e BbIXO,D, 51n~HH aa paMKII Tex <PYHKll,110Ha.Jlb H L I X 1l03l\!O)K B OC' e li I 

uphlC COi~ep )Ka'['C}1 n CllMOM ::lJ1CK T p 0 ,ljJnJaM H '-IeC Ko tl CI1CTe:\w ynpaanenna . P a CCl\-101'PCH 

poe 0 CTa6H JIlI 3 HI ~ I IJl H C3 13 npHM OM rr OJIO)KeHH H p a l3l I OBe CIIH B Op 6 11Ta .'Tb lIOH eucre­
KOop,:uIIl3r . M a T CMaTll '-Ie CKOe 060c.;HOBaHlIe MeTO,D,a ou npacrca n a paCCl\I OTpCHJle ,D,U<P­

'.H H h l M I1 
~Bl.\II a.:l b Il bIX ypannenun JlI UlCl U-Wr o IlpI16 nl1)KeHIIH. C lICn OJl b 3 0BfUIllCM peayrn.rs.ron 

IlIlilT OI'\ 
1Ilt,1CBlI or o aIHWIl13a xopnen xapa rcrepncrn uecrcor o rrO j l HIIOMCL ,n:OKi13 a UO cyuiecr eonamre 

1 _ Kpf. ­
' :IaC1'113Ha'lellllii napauerpos HC3 11 ero Op6 HTbl, otiecne-tana roumx Y CT OH 'UIBOCT b UpH­

/TO B b l ' 
1I0ilO)KeIlU5I pau noaecna IIp H rrO CTO HHHO ,D,CI I CT BylOlll,l IX U03 l\lyrueHlI5I X . 

11lUI II ) 

~ A. IO. AJle KcUIl ;J;pOB , A. A . TH XOHOB , 20 12 
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·

D llaIlIlOti p a 6 0 T C T a K)KC p a CC' l\IaTpHl3a CT CH HC3 C :i .: ICK'l'POJ~lUIa1lIWJeCKOil CllCTCl\101' 

Yll paBi CCHHH opu eirr aanca . PC Ul rlCT CH 3aJ ~a 'ra cTa6HJJII3alLllll n porpaxomor o ,ll,B1I)1{CH Hn, 

npn KOT OPOM OCh ,ll,Il HU1\II! ' ICCIW il CIlM MCT P ll H HC3 craoum raupyercn no Mc c T Ho lI Be pTII­

I<f\J IlI , a caxt crrYT HlIK couepnraer l\lCl l) ICTlIlO C upaurcaue soxpyr 3 T O tl o c n . Taxon PC)I{ I1l\! 

/ l,fll [)I{CH m L Hl:13 bnmCl\ l b Ui COn l8 .CIl O [5] PC)I{llMOl\1 iWYXOCII Oli aaxp yr x n , l!:\ lCeT naxcuoc npn­
KJHl 1l1l0 e ]IlU' ICIIIlC. Hanpr rxiep. OH ucnc.usayer ca )~Jl H 06eclIc ' l c l lll51 GOJICC paBI IOl\ICpIl Or o 

O('DerucIIIIH HC3 CO,J1 HC'lHbIl\lIl Jl y" Ia1\ ll1 H cn nxcenna lI C)Ke JJUTeJlbl1b IX 3CPCp CKTOB, Bb I3 BUIl ­

iu. ix rp: )l.Il CIl T Ol\1 'rcxinepa'rypr.r ITC3. TIa OCHO ll C xrerona cP Y Il Kl \lI n J h lIlY Il OBU Il OJIY' IClI bl 

,LlOCTa TO'lII b le YCJI0BlU I aC II I-IWI'OT ll'ICCKo t i ycron ua uocru C raOH J1Il3 11p YCl\lOr O npor pa:11\1110­

1'0 ,llilll )KCl lIlH rtpn IIH.' IH ' III H H03MYIl ~mOJl l,cro noaneacruu» r pnurrr aua onuo r o .Mo :o. ICHTa . 9TH 

YCJlOBI/}f Jl 0 3 UOllil IOT 0 6 CCII C'lJ1T h pam ronam.nsn! Bhl6 0p K03cPc jm u,U:CH 'l'OB napaxierpn -re­
cxoro ynpanncaua B :.m u nClI MOCT H 0'1' na pa: rer pos HC3 n e r o Op611Tbl. 

2 . C HcT eMbl KoopAHHaT. [ a COIaTpll l3<W T O l ,llIUla M lI 'WCKll CH!\IMCT P U'-I1Ib l ii HC3, 
UCIITp xracc KOT Op OI'O ;J.BIDKe T n l 110 Kp'y I' OBOn OPOllT C p nrmyca R. Ilpczmo.nuracrca , '1'1'0 

llC3 c Ha 6)1{CH •! l1paB. u lc 11b IM 3Jle 1U p Oc T HTu' le c K li M ::m p 51,llOM Q = JvCJ dV, pacn pencneu­
JlbIl\1 11 0 lIeKOTOPOl\I Y 06b PMY V C llJIOT lJOC'T h IO CJ , 11 yrrpa UJm CMb l M COOCT UClII ll .>lM !\lll l' ­

Il 11TlJ b IM !-lO ~IC IITm l I. T a K )K C KHK 11 B [4], HCCJIC).t,yCTC}[ s pauia-reru.noe )l.13lUKClI llC HC] 
O J'lW CIlTCJIb HO e ro nc rrr pa xta cc B Op 6 H T a J l b HOM C'I1CTCy!C KOOp )l;JIHa T (B )l.a Jl HOM: CT UT be HC­

n O.Tl b :JYIOTC)[ u pam.rc ,.J;c lm pTOl3hl npa v oyrons mae CIl CTC1\Jbl Koop,!J;1II1a 'l' ) CE,I/( C H U' IaJIOi\1 B 

uea rpe sracc HC3, OCb CE, (~o ) KOTOP OM nanpaaneua no xa care.m.no tt K OPOHTC B cropouy 
llBl l )l{CH I1H , OCb C 7) (1]o) - II O nop xrann K llJIOC KOCT ll Op 6 11T b l , OCb C ( (( o) - Hi l OJl b paznryca-

BCK'l' O]J a R = OEC = R( o ucm -pa xracc ITC3 OT Il OClI T PJ lb ll O ncrrr pa 3CMml O F;' Hcc.'IC)l.O­

nauue JI POl.lO~lITCH C y-teroxi tspa urcun a Op611T< ilbH0l1 cncr exn-i KOOPl~lI11 a T OT HOCIIT e Jl b lIO 

unepnnam.a of cncr cxn.r c yrnouon CKOp OCT1>1O W o 0 C caM IU 1 IIC3 .:>KeCTKO C R.H3 Hlli1 CIICTe ­

xra e ro 1'.~aB Hbl X uc rrrpam.iu.rx OCelI HI le p UlII 1 C x yz (O PTI>I i.] , k ). B ClICT e Me xoo pru mar 
C~J: lJ Z . m e OCb C z 5Ill JUIeTCH IIO npenno.noxccun to OCJ.,IO )l.m Ia~lIl ' ICC K()H CIl Ml\ICT P IJII , T CI D OP 

IlIle p W III nCr II. ieer BlI,.J; J = di ag (A , A, C ). O p l leH TaJ~Il51 ocetl C.TyZ OT HOClITe JI h HO oceti 
CE, I/( o n p C,TJ,e Jl5 le T CH siar pnuen A nanpaansuouur x KOClIl ly COB O: i , f3i, I i (i = 1, 2, 3) rax, 
CITO cnpa nennu asi pa sencrua 

B optiirra.n.notl e rr 'T(!!\l(-) KOOP i , ll U<l T Op T h I ~o , 1]0 , ( 0 a a n anu p aae n crua n u 

T e )I{C caxrr.re Op T!>1 13 CHCT C:VIC Koop,.J;H Ha T Cxu« 0 6 03H8 ' IlI :VI -iepea s .: 

A T ~ () = (Gl ' 0:2 , 0:,1)T = s j , A T1]0 = ((31. i"h.fh )T = S 2 , AT ( 0 = b 1, /'2 , ; ':3 )T = 8 3 . 

(1) 
EeJIII oupenem rn, opnoirramuo IIC3 II Op6l1"l'aJl b Hoti cnCT CMC KOOp) ~II H a'1', ItPIIIUITOll 

a Oa.3 0 BY JO , c IlOMO ll ~ I> IO na pa srerpon Pon pu ra-e-Fa snrm.r ona Ai (i = 0, 3) [oj, '1'0 3 J1e MeH Tbl 

l\'13 T p Hll b l A n puxtyr UlI )l. 

:2 2 2 2 
tl' 1 = /\ 0 + Al - A2 - /\3 ' 0:2 = 2(AIA2 - AOA3), 0:3 = 2(AIA3 + AOA2), 

f3 1 = 2(AIA2 + AOA3), ,(]2 = A6 + A~ - Ai - A§, f33 = 2(A2 A3 - AOAd, (2) 
2 2 2 2; '1 = 2(A1A3 - AO A2), 12 = 2(A2A3 + )'OA1), ; '3 = AO + A3 - Al - "2 ' 

Flporpa xixma x opuea: 
To p o ii l\lilTPllllCl1 Ao = A 
lICIU" IO lll h lC B Cll CTCl\TC KO 

,J.a .'l ( ~ (, n CT ilT h C 6y,aCT 
IfC3 C'r u o I'IJIlI '31Ip y e TC51 110 

OU I p a 13IW:VICP llO C npaJ~C I 

P C)K11l\[a / I HmKCIUI.5l ilHlTp H 

C JIC~ \O ea'r en h [10, 

3. ,lI,ncj:> (p ep eHl~J1a.n 

O T HOCllT e:[b IlO r e O,\ WTIlH J 

l\ lO l\ICll T NIL 11 l\m r HHTfl blf 

r ,,'l,C P = Qpu. Po = xoi 
ne3 OT HOCIITf:'.'lbHO e r a u 

r-eoxiar n m -noro 110 m !. T 
3 W Vl CIIHe M B B n e mpe ~I 

IULK OCIIOUtl Or"l UJ ilO·J .\ IYUl' 

c-rpancrue. 

AII3..i1 H3 n o n p o c a 0 CT, 

crexie xooprum ar 6.'n ~e , I I1J 

n p ama-rern. nor o ,'lRll)KCHI.Jl 

d 

di 

d~ o 
- =~() X U. 
dl 

3 "rl,CCb W = W I + Wo - <toe< 

UT llOCHT e JII>I10 OP OI1T 'lb U( 

'l'a .rrh ll o ii cucrcxu,r x o o p m n 

HI/ 51 na o c n C:.r yz , )KeCTKO 
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3JleKTp0,lJ,Hll a :' lII' WC 'oil C ll C'I'C ~JOn 

3aI(1lI1 npOl'pa~I~1II0rO JW ID KCmUL 

IOl1.'I113U P YPTC5I 110 ,),!CCTHOi! nep'rn­
e BOKpy ,Toli 0 ('11. Taxon PC)KII~ I 

loii 3a Kp y T KII , lI~JC('T B~nKHOC n p rt­
ooecueseuna 6o.lIee panao xrep ao r-o 

iKe . laTI'.l b Hb l. · - Ij) q., CKTO H, Bb 13l:m ll ­

a cj:>YllKll.u ii ,:1 anvuoua norry nema 
II CTa OIlJIl I3 Il P . 'eMoro nporpaxrxrHO­

Il! rpaBilTUI ~1I 0H Horo MO ~Je IlTa . 31' 11 

)P K03cj:Jcj:>Ullll I!T OB nap~ICT r>Il 'YC­

3II e r o OpOUT h !. 

m aWI'(eCK Il cml~ Wrp ll 'JHb l ii n C3 , 
p anny c a R. IIp C,IlJlO Jlllm eTCH, ' IT O 

pll,n.oM Q = I\ ,(J rill , pacnp e.aen eu ­

y npaU JHIC1Ihl ')'! C0 6 CT llCHHh l :-I xrar­

ClI apauta're.rs uoe ,ll,UID KCIII W HC3
 
, KOOp.1,IlII a T (n ,:"la Hllo i1 CT aTh ' IIC ­


~ Ibl 1<00 p lJ,Il Ha T ) ('(1]( C l lU.'Y; 10M II
 

) Ku c a TC.'lhIlOfi K opfirrr e II .ropony
 
IITb! , OCb c.((0) - IlJIO.n b pazinyca ­


.~ bUO n c mpa c ~ 1)II1 0 E . HCLfJC,IlO­


:nCTe~lb l I(OOp,aIl W 1T OTHOCIIT C.' Ihll O
 

~ III~ I l IC3 )/(CC T 0 CB5I3 ua CH CT C­


pru i .] , k). B CIICT 'Me KOOp ,.'l,Il H a T
 

UllHa~III'lCC Ko i1 CJl ~ I ~JeTPHI 1 , rens op 
1II11 ocen C'.£yz OT HOCIIT JIhHO oce n 
unycoa a i , /3,. ~li (i = 1, 2,3) TaK, 

aBLI p anCHCTH Rl\lII 

Co= (0,0, 1)T , 

1'l ll M IICp e:l s. : 

82, AT( 0 = b l ,'/2 , :3) T = 83 . 

(1) 
oii CIICTeMC KO p ,JJ.JJllaT, rrp n n srro rl 

II'OJla ), i (i == 0, 3) [6], T O 3JIC~lC IITbl 

CX3 = 2(),1 ),3 + ),0 ),2 ) , 

133 = 2 (),2),:\ - ), OA1) . (2) 

"13 = ),5+ ),5- Ai - ),~. 

ll po rpaxr xrna a o p uer rr a uu» 1'1C3 13 OPO ll T HJI b ll On C1H T Cl\ 1C KOOP ; \I I H<lT 3 <1,1 3 l'1'C}1 IlCIW­

ropoii xrarpuncii A o = A II (l) nnnp an.t sno uurx lW Cl lII.\'CCHl . Oprt«, (' BW3 ~1l 1J I bI C C 1 fC'3 II 
1il'ln~ ll' lJ ll u l (' U C lICTC ~ IC KOOp J UII W T C xy z , 0 6 0 31H1'1ll:-' ! ' Wp C' r, : 

A o
T€ o = (o 10 , 0:i0, Cl:3U) 

T = 1'1, 

A6110 = U1/O , ;320 , rho) T = 1' '2, (3) 
T ,.

A n ( II = h'lO ' ::!O , '/30) = 1'3 · 

a J ICC U CTa T b C 6 y er p a CCl\IO'! PClI CJI. ,''1an, Kor,:J.H OCb (':; ,ZI, I I1 I ~u.Il1 '1eC l·o ti cn xrxrerpuu 

IIC' CT aoll JII D u pyeT c lol 110 _ iccrnoii Il CIH lI Ka.iIlI C'(, a caxr lI C 3 C'lJHCp WaCT IlOKP . T OlT On 

0<'11 pa unoxrcp uoe Hp a w,C IIII C C ) 'l'J IOHo il CKOp OCT b lO w~ = I l k = (0, n,I I) T . ,'J,m l TClKOI'll 

pe)K II~l a .lJ,Bl J;oKCH If}) xrarpn u a A o (I, re e l' n un 

COS ( P l ) - sin (tl i) O~) 
Ao = S i n ~ tI) Cop, (fJ,t ) (4) 

( o 
c.1C/ ~O llaTeJI 1>1 10 , 

3, ,LI,lI cPcPcpCHlJ,lIaJIbllblC y p a ane n u a ABIDKCIIIISI . n npouec re :tu ll )/(f ' lI lf ~1 lI C 3 

OTHOClI T e Jl b ll O r e Ol\JarI III Tl lO r O uorrx C xrarmrruon I1H.Ll,)'KLm e il B U 03 0.v)t(,;LH CT~H .10pClILlelJ 

~IO ~ CUT lVI L II :' Il'lI' HHTH h l fi MO:' ICHT M .\l ' COOT BC1' CTB CII UO 1l l\IP I0 I..U: lI C B lI ,7~ 

M I , = P x T , lVI;\I = I x AT B , 

r: ~e P = QPa, Po = :ro i + .rAJ + zok = Q- 1 .rv lJ'PciV - pnzuiyc-ueicrop Lf,C HT p a :jap ~ ,111 
11('3 OT II OCH're.'1h lIO ern uerrrp a ~ Ia C C, v c -CKOp OCT L. UCII1' p a ~ ace lIC 3 OT HOClIT C: Ib Il O 

reoxra ruuruoro n O,fJ5I, T = A T(v r x B ), 3Ha ' YClI Ue B B 3 TO ii (I)OP~ IYJI C coann.aac -r co 

ll1 n '101III CM B n nctrrpe xi acc IrC ' . I'PO~ IC '1'0 1'0 , y -nn -u uacrca r p il BIlTu U HOll ll b l ii l\I O~ I C IlT 

I<aK OCHOB HOU 1f3 1l0 :IMY I..U:UIOI1\ IIX :VlO l\ICHT OB , JWiic1 uyr o nm x na ITer IJ OKO.tl03P~ II10 ~ I Il PO ­

CTp UIIC1'13e, 

AII<lJ1l13 sonpoca 0 c T u 6 HJl w .JaU,Il11 npor pai rxuror o I ~Hl ()KC li1IH HC3 Ll OPOII1" l.Ill ,11Oi'l ClI­

crexre l<00IJII,I1Wl'l' oy)~e .). r np0 1l0J~IlTu ua 6 (13C lI e JIlI IICiiH b l • ,LIlllp cl 'C IX ' I1111laJ lhlI h IX yp auu cun ir 

DpaI l ~aTC!I suoro .lJ,m U KCII H5I HC3 . nocr pocunsrx 110 cxexre 3 t\JICpa- Tlyac cona : 

d 
-(Jw ) +w x (.Jw) = I e + M L + lVI,\[ . 
cit ,
 

d€o d110 d(o
-,- = € o x w - Wo(o' - ,- = 110 x w , - ,- = ( 0 x w + wo€o . (6)
I i ( t ( f 

3;~CC h W = u:' + Wo - a 6 COJl IOT II Ml .or: lO BU5I CKOp OC1' h IIe 3 . u:' - yr.r osaa CKUpOCfb ] le3 
O'1'lI OCH1' e Jl b HO o p tu rr am. no n CIl CT e :V l hI KOOpnu 11 a 'r, Wu = wo110 -- ." .nouaa CKOp OCT b OP Oll­

TU.'1h Il Oil CIIC Te, lh L 1(0 0 P A Im a T o 'ruo c rrr e n s u uuepuna.u.noti . A ' I}I Y~'l,OG CTI l<l npOC K'I npoua­

111151 110. OCII C XlJZ, )KCCTKO CBH3 1UI Hb ie C H C 3, ncpcrnuuext .lJ,lICj><!>CPf'HUllc u.iu,r e y PI111IlCIIIIH 
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1

::3iim : p a--ilya c c u ll a (5) , (6) B BeK'l' 0 p II Oii <p O p MC C Y' IC'('OM o 6 o :m a 'IeH ll i[ (1) , (3): 

~lt[J ( W ' + W05Z)]+ (w 1+ W05Z) x p(u: ' -i- wUSz)] = 3WG(S3) x (J 53) + M L + MM , (7) 

ds 1 , ds2 , ds-; I ( )di + W X 51 = 0, di: +W X 52 = 0 , dt + W X 53 = O. 8 

HIV], ynpaunsnomux .MOl\l e IIT O B M L II M ,\[ 6 y ,I1.c 'l' YK83fLH B c.r ICl GIO W,CM p c. ·11J,e JI e . 8 T H 

l\!O MP lI T bl ,I1.0 JDK H h l ofiecnc-urn, CY ll~cCTB013aHH e " HCll1\ IllT OTlI'IeCKY10 YCT O rP ll UJ OCT h CJ IC,ilY ­

J( l[IlCrO P C)KII l\la ,I1.ByXOCIlO!i 3tl Kp y T K II IfC'3: 

u:' = W;), 5 i = r 'i , i = ] , 2, 3. (9) 

4 . Hapaxse-rpu-recxoe ynpaanenue ,LJ.JlH cTa6uJIH3aIJ;lfH pe:>Klil\ta ,LJ.ByXOCHOt! 

3aKpyTKH. B patioro [4] nOKa~mHO , 'J:T O n YT Cl\1 nporpasuuioro I13 . rcneu ua ynpaenaexiu x 
'lJ l e l\TpO)~Jl BaMH 'J:ccK I I X uapaxier pon P II Il\ IO)J<HO 06CCn e'II ITh y n p a BJICII JlC yr rroruav HO: lO­

)1~ Cllll l' ),,[ IIC3. TaK, IJ pafior e [ 41 l~. H peruemra 3a)J,a' lH cTa,6l1.'IlI aunu nC3 BOp6 HTHJIl>1I0ii 

l'Il CT (' :YIC xoopzmnar Ob l JI O ,I1.0 CT il TO'1ll0 B3 H'l' h KU)J<l \I ,1l1 113 BCI'TOp OB P II I R lllIll,C CyM:-'l bJ 

; -\IlYX c.narae xu.tx , UCp BOC II KO TO p h lX n p II BO) \ Il JIO K BO:1II 11KIl OBCI I1110 aoccranaunuaaromcro 
MO~ ICH'l'a , a BTopoe - ,JJ: I1CCl rnaT IHl Ho r o : 

P = k LT o + h Lw' xT. I= kMBo + hMw' x A TB . (10) 

B :,H II X cP o p :Vly : rax T o = A J (v c X B ), Do = JD. kL , kM , Ii i: h ll,f -K0 3 cP cP UI-\Hc n ­

'I' l, l n ponopunouan s nocr a, B K R LfCCT RC KOT Op b l X MO I'yT BblCTy naTb CKa l Hi p HI ,IC <P YIIKUlIll 

IJP PMCIl II. 

B :m; ~aLfC , paccxra'rpnaacxsott IJ Jl,(l llllo fi pa riore , ru rccnna'rtmnete cnarae xn.re 6 y .uYT 

OTJl W IaT b O J 0'1' COO 'l'BCTCTBYlOli~IlX CJIaraC~JbI X tl <p o p u y .rU1X (10), rrOCKO usxy norumenns 
'I' p C6 y CT HC ynnouaa CKOp OCT b HC3 OTJl OCl lT CJl b llO op fi trr ain.non CII CTCMbl KOOp ,I1.Il Jl Wl', a 
OT KJIO He l lllC Yl'.1I0BOi't CKOp OCTH 0 '1' CT a O HJI ll3 1.lp y e M o r o 3 Il11,'ICII H:il w~ , T . e. w;. = Wi - wo0 
I\POl\W '1'0 1'0 , llec'~O CTaT O'J: IIO B3 HT h BCKTOpbl P a I n 1ll1,11,C (10), TaK K11,K )-\.'.151 OOCCIl C'J:C­

mm paunoxiepnoro Bpa lI~CIl Il H He3 no np aurarourcrlca oporrru.m.uoa C: Il CT CM C KOo p ; \ lI Ha T 

IIOT p CGy CT C5I xosmcncnp oaa-n, 130 3 HlI KRI0 1J0I1i l'U p OCKOI! H'ICCK HH MO M CIIT , nanpaanernn.nt 
110 OCIl C( . C uern.to KO MJlCHCUlJ;1I11 )' K<1.3a IlIlO r O I"llpOCKO IIH LfCCKo r o MOl\ W IlTa MO)J<HO BBe ­

C H I l lO ilOJIH II T C'JJ b HOe cnaraextoe llI1 /~a k L 1r2 11 BCK T O p P ll.'1 1J ;J;o n o .lI HIlT C.TJbll OC C Jra I'a C ~lO C 

flll ,n,il k .\ 11 r :J B n CKT Op 1. K O:::J (! ) (j)II Il,lIE' IIT b l A 3TI IX CJIar aCM b IX, KaK HCT pyll, HO IlP OBCIHlT h , 

IIOf1,6 11p a IOT CH ll 3 y CJI O!3Tm cyurecrnoaa nna pezcu xra )J;By x o c u o ii aaxpyrxn (9) ua OCII OBC 

) (lJ ll il..\ [Jl ' ICCK llX y pannen un 3ii.TJc pa (5), 11 COOTBCTCTBCIlHO palm h I 

(11 ) 

,D,a.'lCc . ;J..JISi () lIp( ~ ,I1.e':WIII I OCTJ r, Or p a Il II 'l11. ICH p aCC1I10 T P CIHW 1\1 c.ny -iax , KOI :u,a KO l\Il1 CH­

CIlP YIO ll \c e cna raexroe CO,I1.P P )KIIT CH T OJl b KO B YllpaBJJmOII~CM BCKT OpC 1. 13 cn yxae , KOI'r'VI 

B BO/ l,>lT CH r'~lm ,I(UIl OJ IHll T CJl b ll b IX criaraexua x (kL I r :t B ReKTOpc P II kM l r3 B 13CKT Op C I), 

Ka>Kr'l,OC II3 11I·IX ,ilO .1D K HO CO,I1.Cp )J<aT b ..'\OIl O:lII UT CJ l h ll l>I li l\lHO}KlI T CJ l b , a ( 'y~ I l\1U 3 T lIX M Il O)J<ll ­

T CJldi )-\Oll1K IW 6 h IT b pauna C!I,IIHIllJ;C. 

T aKlI:-'! oopaaoxr, "VHl P CIIICIllIH aan a-ru C'r a u lI .TJ II3 a l \H II HC3 B paccxrarpnaaexrosr p e­

) K I I M C ,I1.BY XOCHO{1 3a.K p yTK II B n e ll,Cl\1 c.renyiounre 3 a KOH b i np orpaxrxn toro 1I3 :vJCHeHll.H napa­
!\1(''I' p OB P II I : 
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TIp!1 3 '1'0 1\1 'yI!pil n.;J}nO lI~ l[9 

CT BCl lHO lI PHYIYT Bin I 

13 c.nyxae paccxrar pr 
T O pUaJJh HOH O p 6 ll TC H lIi 
l 'CO y rarH ll T Horo nona 11 ~!C 

v c = 11 

rne W B - .1'1'JIO Ba .a CKOP OC 

Bblit m YCCOB K0 3<P<P IIl(I1CI 

n O ) l,CT 1UlJI5l .H 3'1'11 I3bl P 8JK CI 

M L = kL To x T - hI) 

M f'vl = k ,\/ B o X ATB 1 

B <po p My Jm X (14), (I; 

kL =~ 
( vc~ B'fJ 

r.u.e k t» , kM O' h LO, h ;HO­

)!"eHIIll. B pe3 y Jl bTUTC , NIl 

~ [J( W ' + WOSz)] + (Wi 
dt 

= 3w5 

- CWol 

,[LJm ; l a :-'l h IKa H u Si l \H<P<pe p 

CO lJ lIlC C:T HO C KIIlIeM3 Tl l' IeC 

5. YCJI O BH H acnenrr 
phI ki» . k MO , hLO, h;/ o " 
)1,B Il )J<e lI Hc HC3 HBjIHCTCtI 

oc uonano na np nxreneunn 
no na Gy,J,C M HCllOJIb 30Ban 

Bbl,[\C.rI5lH B ypanneur 
rpa M l\JIl 0 r O JlBTDKCn m l, np 



OOOJIIU'lCllll ii (1) , (3) : 

(7) 

dS.1 I 
- + W x 5 " = 0 (")dl v · 

1Il B CJICrl.\'IO IJ IC~ 1 PlD.:J,CJIC. 9 TI I 

lTII'lecKy lOyCl on ' llll.lOCT h . .reny­

2.3. (9) 

H3au,IUf pmKHI\Ia zmyxocrrojt 

110 1'0 1I~~I C II (' III1H vrrpaOJl5lC M h i X 

UT h 'lI PUB JICIIIIC ) T JIOHb l:-'1 n OJIO­

OIl.'IIl Jill ll l ll He3 H Op Ol l'r a J IL II O il 

BCKTOP OB P II I B 1ll1)],C CY;"IM b l 

t Ho/WIIllIO UOCCTa lW UJIl1Ba IOIlI,CI' O 

(10) 

. , It,ll , hI. , b st - Ko 3 q )(!m u llc lI­

-rcry nar t, (,Ka.'l ~ P II sre <PYIl KlJ,II H 

ic nnamanue cnaraexrue OYl ly T 

x (10), [JOCKO, IL Ky nOI a uromr a 
'itJThHoii CIICT(' l\lbI ' 0 0 P ,llI III a-r, I: 

l 'lenll }! W 'o. T. e . w ' = w' - w' ,. O' 

;e (10), rax xa • ,..'l,J15I 06e CIlC ' IC­

6 IiT, L% HOn C II C TC~IC xcopnnua r 
[eCKIII! ~ 1O~ l CIlT, Il aIl p a l3JIC ltiIb Iii 

u-recxoro ~lO~ ICIITa 1I1O)KHO I.lBC­

om : lono .'lHlITCJlh lI Oe c .rara e xr o o 

fh lX, xax HCT p y)ll1O uponepm -i., 
ocnon 3aKP.\' T KII (9) u a OC IlOll~ 
p a BHL! 

/t 
(11) 

)CUJlCl\1 C,'l y' laa . KOf , 11:\. KO;"lII CU­

~M sexr ope I. 13 cny -rae, xorzra 
rope P II kAI I !':l B sexrop o I}, 
lKIITe,,'l b , 1I CYl\IMtl 3 T lI X xuroxcn­

. B '3 R p ace rarpn s eMOM p e ­

xirpaxrxmoro 113MelH' HII H n a p a -

Ilpn 3 TOM y n paBJI >II01lI,l 1C xroxtetrr t.t M L II NI M R np auo li xacru ypannea uu (7) 0011leT­

CTI3CHHO n p IE\ IYT I3H)], 

M L = kLT o x T + hdw ~ x T ) x T , (12) 

11M = k .u B o x A TB + k Mlr3 x A ~ B + h M(w ;. x T B ) x A " n . ( 13) 

B cay -rae paccxrar punaeu or o B r anuon paoore ,.],1311 cnust IIC3 no xpy roaori 3 KUU­

TOp UaJIb HOn opfnrrc JI rrpna srrnx ncrrom. ayexioa ,» ce npocr eruncn .lUIIO!l bHOIi ~ IO!lC!lI1 

rcoxrar-a rrruor o n O!1>I I1Me lOT ~ ICCTO p a BCIl CT ll R 

3
RE 0 

B = B,/110 = - ( R ) 9 ,110· 

r;1,C WE - Y1'.:lOl3a51 CKOp OCT h Cy T Ot.1lI0 I'O Bpa lI~(~HmI 3 e Mj Il f , HE - pa,1~IIYc 3C~IJllI , .1/[ - Dep­

llbIH rayccos K03cPcPHI~Il eHT. I10 :~TO. IY 

IJ O:W T ilRj I5I5I3Tlf B b Ipa) I<C1l1f51 B ([ 2) II (13) , nOJI)"IlI ~l 

( 1·1) 

M .\( = k .\ I Bo x A Tn + k , Il 1'3 x A TB - hAf lB :.! w ~ - A B (A TSw;. )] =
 
= kMO1'2 X 52 - CWoJ-L r3 x 52 - hMO [ W ~ - S2(S2W;.)].
 

k,II 0 liMO 
h L = ( B )2' kM = B2 . 11 M = B:.! . 

vc~ 1) /1 '1 

rite k LO' A:M O, h LO, hu« - ncnoxcur en s usr IIO CT05IHTIh IC, naxo )],5IUtIlC C>I B aanrexr p a c uop s ­

)KCHllH . B p C3 y J lh T RT e , rnura sru -recxa e y p anneana 9iL'lcpa (7) npnxryr UII)], 

:t (J(w l + WOS2)] + (w ' + WOS2) x [J(w ' +WOS2)] = 

= 3WG(53 ) X (J 53) + kL O(r3 x 53) + kMO(rz x 82)­

- CWO/ I. (" 3 x H2) - hUJ[w ~ - S3(53 W~ ) j - h MO[w ;. - 52( s2w~ ) I. (Hi) 

f JU I "3a~ I bIKalllm !lucp <ll c p c TIu.W L'l b HOH CHCTe ~l bI C renycr p, ccxrarpnnart. ypaunein rst (16) 
COBlvJe C'TIIO C KH HC:-'la n l ' ICCKllM lI y p UfllICHII5 HUl Ilyaccou a (8) . 

5. 'YCJlO B lIH aClIMUTOTU'leCKOH yCTOHt.IlIBOCTU. O upe zternut YC. [0 811>1 ua n a pa: ie r ­

psr kLO, k MO, h I.O, h MO II u , n p u Bb ITTO IlI eH IH I KOT UpLIX CTaOIl JIIIJ lt jl 'e ll l0 C npoi -paxixuroe 
,lI,BumClIlIe IIC3 >IBJl5I e T C}I RCII ~ II1TOT II 'IeCKH YCT Orl'lIlULIM. Pemerme IIO CTa l3J1CIllIO n 3 a;t ll ' Ill 

OCHOB RIIO n a IIPll ~ I CI H:II Il 11 npa xioro Me T O.'1,a Jl a nynona . )LIH I10C TpOeH1l5I cj>Y lIKU.ll ii JIHn,v­
non a 6YJJ:ClIl IICn O! I b 3 0 Ba T b no . ' O,!!bl , u p e ztno xccmuae B p a fi ora x [7, I· 

BbI)],eJIl'I H B y p a B lI CII H5IX (16) :UlHCI11Ible t.1:leHbI OT HO CIIT e Jl b HO o-rx.tonemrti 0 1' upo­

r p a M;"lH0 1'O ; J:llHmCIIH5I, ll pC)],CTaBII ~ 1 3TH. panne nnx B C.'IeJ I,y lOllI,e ii ¢ OP MC: 



--=- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --,-­

dw ~ ( '	 I ) . I ) I ) I ( ).1- -' - wo.1 ui ; X r 2) + WOr2 X (.1w r + /Lr3 X(.1w r +/-L W r X(.Jr;{ + WUW r X J r 2 +
dt 

+ WI~ r2 X (.1(S2 - r 2)) + W6 (S2 - r 2) X(.1r 2) + /-LWO(S 2 - r 2) X(.1r3 ) = 
=	 ::lWgC(53 - f 3) X r 3 + 3w6r 3 X (.1(5:J - r3)) - \IT (S21S3) ­

- hLO[w ;. - r 3(f3 W ~ ) l - hAJo[w;, - r A r 2w ~ ) J + ~(w ~, S2, S3)' ( 17) 

111 (52, S:l) = - kLO(r3 X 53) - k .\l O(r2 X 52), 

a / 1,Jla rrcnurrcti rro ft B eKT opHOI~1 <PYH KWlli ~(W ~, 52, S:J) c n p a seun n n a oueuxa 

npn-icxr nOJIO)/(Il T e JIbHa 51 nOCT051HHaH al 3aBH CHT OT 3 Ha'ieH I1i1 napasrerpon A, B , C, W00 

H ~ lCTll~I. 'iT O HM e lOT MeCTO p a Be HCT Ba 

'·, 1x (.1,,) +r, x (.1(s, - r, )) ~ (C - A) (~(s, ­

rzte w; = w;'li + w;.:J +w ;'3k. 
'tra ~l a: Hl., c.ne.iysr lIO; J,XO)1y, rrpe)~: l o.;.KeHHOMY B [7], B x a -recrae <PYIIKlJ, III J I m lY Ho Ba 

ll h l6npae M <PY lI KIlI llO 

1 I T I 112 k M O I?VI = "2 W r .1Wr + T
kL 01 15:: -f3 -2- 1152 -1'2 1. - . 

.u;llcP<pepeHu.HPY51 ee B CIU Y cncr exrs r (17), (8), no.nyxaev 

111'0 6 1>1 lI n; 1l0 'lHT b rr OC.1IClI,II ll C i l ll a CJIan1C ~l blX B Bblp,.DKe HllIl ,LI,.:I}1 rlVI /dt , zra n c e CT pO­

11 M <PY IIlGUl IO 
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Haxoneu, II CIl O!ll; 3YH 

pCKp CC rI1 0C C J raraC~ IOl" ) , I 

n P OH3 BOlJ,lI a 51. cPYIlKlillH Iv 

d ill '2I 

d~ = -hLo(llwrll ­

+ x WT { WIJ.J(W ~ x f2)­

.-. W(~f 2 x ( J(s ~ 

+ :.L.JGr3 x (.1(S:1 ­

+ '%CJ 

3a l\ ICTll ~ I: ' ITO c n p a u enna 

Ilw;·W ­



x(J r:l) + WoW;. x (Jr :;d+
 

- 1'2 ) X(.11'3) =
 

tII (S2 ' s:d­

J ; · ) 1 + ~ (w ;. s2 , s:I) ' (n ) 

HHa ouenK<l 

w pa.\ICT p OB 1: B . C, :.uo. 

:THe <PYUKIJ,HH ,Th luYlI o ll a 

- r·W. 

c- A 0\ 

~ ~) (S3 - r 0) ' 

I IWH dVl/di., i VlJICC CTpO­

flU.1J .\" [ I I~r 

I Ia xonen. n cnonr.syn fTO/l, XO/l" pnapatioram n.rn 131 7- 9], ) ~() 6aB J1 }[C ~ 1 K rj).Y IJ K I ~ ll ll \ '2 " l le ­

P~KPCC 'l' TlOC cnarnoxroc ». rIYC Tb 

ITpou 3130! lIla}I cP YHKIJ)lll VJ B CI1Jl Y HCC,'l C/I,yeMoii CUCTeMbI npen cra um ta n Im ; 1e 

-d dVi -hL O (II W"' II') - ( ' 2 h M O( II wr l- - ' )2 ) + W r »:II )= - r 3W r ) ) - ' I'> ( 1'2W,. I T <I> \IfII·-+ 
t 

..L. x\lf T { W(J.l(w ; X r 2) - W() 1'2 X (.lw~) - /11':\ X ( .Tw ~ ) - flW ~ X (.11'.1) - WOW ~ X (:11'2) 

- w~ r2 X (J (S2 - 1'2)) - W,;(S2 1'2) X (.11'2) ~ :~ ,-,; ,~ ( ' ( S ::l 1'1) X " .1 I 

+ 3"-"61'3 X (J(S3 - 1'3)) - hLO [W~ - 1'3(1'3W;.)] - h M O[w ;. - 1" 2 (1'2W ~ ) • <I> } -+
 

+xw ;T J [k .\!o1'2 X (W ~ X 1'2 + W ~ X (52 - 1"2 ) )
 

+ kL()1'3 X (w ~ X 1'3 + w ;. X (53 - 1'3) + f11'3 X (53 - 1'3))] +
 

+ 3w~ ( C - A )(53 - 1"3 ) T (~ ~ ~) (w ~ X (S3 - 1':1) ) . 
\0 0 0 

t W6((: - A)(S2 - 1"2 ) T (~ ~ ~) (w ; X (S2 - 1'2)) ' 
o 0 1 

3a~ Ie'rl1 M , 'ITO cn paneznmusr coornourerma 

W ' 112 r (	 1 )2 ( J (u t.) - ' .' (fJt ))2 1 :2 

I 11 2 ( I )2 I 2 I 2 

II - 1'2w r = Wrl COS w r2 :-;m + Wr3 , 

II W ,. - 1"3W r = Wrr + W r2 ,
 

W ;.T.1(1'2 X (Wr I X 1'2) = A (w~1 cos( fJt) - W~2 sin(fJt)) 2 + CW;3 
2

,
 

, T I ( ( I ) A ( ,2 I 2)
W ,. • 1'3 X W r X r 3 = W rl + W r 2 , 



C : ll',ltJB3TNTl> [W , {j ~IC P.T Me CT O OIV'llI<>t 

av, ( 2 2 (( 1 ( 2 J 2)J 1 1 •ill ~ - h l •o «.'1'1 + Wr2 ) - h ivI O W1' 1COS(/lt) - W"251l1 J1.t )) + '-'11'3 + 

-I- x AkLO ("':: J~ "7' W~2 2) + x kM O (A(W~I C05(J1.t ) - W~2 5in(/lt ))2 + CW ~3 2) - .%11111 112+
 

+ x lllII :lllwoJ (w ~ X r2) - J1.r3 X ( Jw~ ) - uur'; X (J r3) - W OW ~ X (Jr2)­

- wo r ~ X (Jw ~ ) - hLO [W ~ - r3 ( r3w ~ ) ] - hMO[W ;. - r2 ( r2w ~ )] I I '
 

+xJL I.: L o A l lw ~1I (~ ~ ~) (53 - r:l) + 
0 0 0 , 

0 1 0) ( 0 0 COS(J1.t ) ')' + x'-'1 ~IC - .411111111 :3 - L 0 0 (S3 - ra ) - 0 0 - sin(J1.t ) (82 - rz ) + 
( o 0 0 0 0 0 

+ a2 ( l l w ~1 13 + II52 - r2W + II 53 - r311 3
) , 

IN' IlO .;[Q)I\TIT C.Jlh WU[ Il OCTO~ Il HaH a2 3 il BIlCIlT 01' :.ll ra'Ie m [rr napasrerpoa A , C, Wo, x , kL O, 

k '\llI ' h U I: h '\I o· 
2l; l ll q))'TIKII IIU \'3 m .fe lOT :>'!E'C T O nepaaea cr na 

1 1 . - J k LO I I" k M O II ., w~ C ) 2 ') 2) 
~ w ,. .lw r ; T 53 - r31- + 2 82 - r211- - 2'( - .A ((33 + :ii'1 3'1:! ­

- Xii J !I!Iw ~ I I (k , 1011 52 - r 21 "7' kLol183 - r31D ~ \13 ~ ~ w ~ TJw ;. + k~o II83 - r 31 1
2
+ 

k/llo 2 «.'6 2 , 2 2 
+ 2 1152 - r211 - 2' (C - A) ((33 + ·ltl + 3' 2)+ 

+ xi i.1 1111w ~ I I (kMo ll52 - r211+ kLol153 - r311)· 

311 fl CHIT. cc.tu Il bInOJIH e Hb f coornomeu ns 

kLU > 3W5(C - A), kM o > w6(C - A), 

ro c y u w c T ll y TOT Il O.'O}I<T IT C.nbTlhlC ' IHUla b1 11 b2 , T :lKIl C 'ITO npn )J,OCTaTO'HTO M'J..TT h fX '31111.­

r eiurax X crtpauezinu ma OJWIl K I1 

,] J I51 no.ny -ren ua OUCTlK li rrpon ano nnon cPYHI 1\ \[1I 1~, B CH ty CHCTe M bI (17) , (8) H CflOJI !>­

3 )'e~1 napaxre ' p L l Poztpu ra-e-Faxnuncrona Ai (i = 0, 3). Ha OCHOB a HHJl (2) H (4) l!O,ll. -raexr, 
'ITO II IIp (l J paM MIlO~ 1 P C)K Il . IC ll pa JI ~C IIIUI H ' 

. /It \ (18) Ao = C0 5 - , /\ 1 = 0, 
2 

B03BP< uiaaci, K o n e m ce ~. HKIJ,HH dV3 /dt , aaxreruxr, 'I T O n xie ro r M e CT O CJle;J,y lOlIJ,He 

~ ( )OT H0Ul (, I11 IH : 

SG 

I 1"2') ) ") (
41.:1.0(A1 + A2 + -u: 10 '" 

+ ,I k~ /() ( (AO - C( 

< 

B nOCJle.n.HIlX l\H)'X nepancuc 
6blT h C..'le .n a H L! CKO;IL yrozm 
nporpa: 1 ~1Il0 rO Jl TllD KClI l1lI Il 

Tal.;LIM ofipaaoxr, eC:1Ii 

d\l3 
-~ 
dt '" 

0 6 0 3 Wl 'lJIB Me = AW5(1 
IIb l cn crexre 

TI O.TJY' laClIl , ' ITO cnpasc, 

T eopexra. Ilpu 61Jm OJl.,/; 

(16), (8) a C1J-;lL n m Om U' LeCKIJ 

6 . fIpUMe p. PaCCMOTf 

c pannvcox R = 7 · 106
M 

] 03 1<1"),,12 • E = 0.:). Q = 5·l( 
,Il.By XOCHOrr 3aKpyTK Il nC3: 



o " )(pi))" T :"";'3- +
 

:l(pt))2 .i, c:&.,.;} ) - xlIIJlW+
 

)1'3) - "-'OW;. X (J 1'~ ) -

[w~ - 1'2 1'2W ~) 111 +
 

o COS(jrl) ) 
o - Sill(jLt) (52 - 1'~d + 
u 0 

3+"5 2 - 1'2 1 + 1153 - 1'311 ) , 

napaxrerpon ii , C, lUO, X, k L O ' 

I T 1 I • kt,« 2 
:w ,. • W r T T ilS;j - 1':~ II + 

- A). 

) rrpu ,ll,OCTilTO '1I10 ~ Ia .)J [' I X a n a­

I.TJy cucr ~I !.> l (17), (8) HCIlO.TIb­

suoaannn (2) II (-4) no.t y s a e xr , 

• ILL 
= sm - . (1 )2 

TO 1I11CI0 1' MeCTO C.iIl'JJY IOlllHe 

2 /It . lit 
2 

I 8 2 - 1'2 11 = ·1 ( ,\ , cos '2 - , 2 SlIl :2 ) + 

/1t ) . Itt ( . /I t ) 111)2+ ·1 (( , 0 - COS - Sill - - /\ '1 - sm - cas ­
2 2 . 2 2 ' 

0 

2 2 " " lit . lit ­
.1kLfJ P ,] + A2) + (41.:;\ro -r- 8kMokLO ) (A l e 0 5 2 - A2 SlIl 2 ) +
I 

2 I Lt . u t: . Jlt I If 2+ .lkAl D ( ( AO- em; 2 ) S ill 2 - ( A;j - sin 2 ) cos 2 ) 
2 - I IJI II I::; 

( 2 0 ( Ill ) . ut. ( . Id) 111:)2(
::; c l A[ + A2) + £ 2 Ao - cos '2 S i ll 2 - A3 - Sill 2 cos 2 

Bnoc.'1eJlI IHX Jl.BYX HCPUIlCIICTBH. · 3 1lit'ICHIl51 rra ,TIO)J{I1TCJlhllbIX rr OCT OH HlI bL ' E I . =2, =3 xroryr 

6 bl T b cneaans: CK .TIl> jTO)l,1I0 ~1a.:lbl l\llI 3 <1 cxer BbIo opa pac cxra 'rp naaexroti OK !>f' CTlW CT II 

uporp axrxmoro ,n:BII)J{CHlI5I HC3. 
TaKII ~1 otipaaoxr. ecn u 

TO l\ !O) KIIO U bl o p a T b rr O.TIO)J{ I1T CJl b H l>re -mcna xo . .0.. II b3 T Il.K , q T OObI rrpn 0 < »: < xo, 
152 - 1'21 12 + 1153 - 1'31 12 < .0. 2 

IIMCJIU l\ ICCT O OI ~CHKa 

0603WV IIl13 M; = A&,,'6 (£- L), E = CIA . 'lnM E''!ap ~ l , l IT O Hepa BCIICT n a (1!J) p aun o c uns ­

llb l CllCTC:YI C 

(20) 

Ilonysaexi, ':IT O c n p a e c ann e a c I C;],y IO~lUl 'I' COP Cl\Ja. 

Teopesra. Tlpu 61JiTlO./lnCn u u H C]XW en CITW (20) npozpo.u.uu oe u a uJic ellU C (9) Cll c m C.H l>t 

(16) . (8) acu..w w w m U'Lec1-CU ycmou't!U6o. 

6. IIpHMep. P acc :-loTPIIM lIC3. IIHXO,I\,5I l l1,I1f! CH I1a Kpy I'OIlOH sxna-ro p n ansn of o ptiure 

c p a,1J;IIYCOM R = 7 . 106 M II o 6 Jl a,n;a 1011I,I1fr CJl en;,Y lou~I1 dH 3IIa'ICHIlHMIl napaxrcrpon: A = 
1 3 Kl"M

2, E = 0.5, Q = 5 ·}0- :1 1\:.'1. GraBITT CH 3 a;l,a ' la CTaOllJl ll3aU IlII CJlC,nY IOllWro pcxcn xia 

.reyx o c u o n 3 a K P Y '!'K Il n e3: 'P = 0, 0 = 0, 1/J = ut , r n e /-L = :3 Woo B KWICCTBC 1lf1'11 ilb llhL' 
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31li'l ' ICHlln apamarcn r.noro i t R l l iK C:lI l l 51 IT C~3 BJ,lUp a ll b J ,d O) - 0.2 P Hi l. ! (0) = 0.2 part, 

U(O) = 0.2 pa il. w; ](0) ::; ILl ""0, (;.·;.AO) = 1.1 woo W::J(O = 0 .1 Wo · 

,JIIH peureiura 3a..u,a' IIl CT HOJl.' Il U a l \ 1l11 B p 1l1l\lI T e Jl b IlOI '0 ..u.nllnH :lI lUI llC3 Il CllO!JJ ' J YCTC5J 

vu pa n.rcn ue (11), (1,5). IIpH 3 T OM Uh l 6 l1p aIOT CH « xyanme» C TOTTlm :l p eH II51 /JCUJJH 3 ' unu 
. 'C'. JUB ll n (20) '3II ft ' ICll m l na pax rc rpo n ku: II /'-"' 0: 3 H a ' W H lUI ku: = 0.0027 > 3J2.1fc = 
0.002:) 1I /;-"/1/ :- 0 .00015 ! lCiK3 T 1I0"'nu na caxron rpa IIIIIIC 0 6 ,TIaCT ll (20). H a puc. I 
(l l ! lH L fPHT . 'f Un nco pauuueunoti o tin acru 1I0 Ke 3C1n -ron up omcon . 3 n a ' lclIl IH h LO = 20 Il 

11-'/0 = 0.5. OT KI)TOPhl. · uepauencrea (20) n e 3IHIII C51T, 13b 16 p a ll b l TaK, '-ITO i tc :\!lTcl lllp yrouJ.lIc 

('Vl'Tn B!I ~ I IO II \Il C . · llpan .'l H IOlll lJ X ~ IO~ICIIT O U l\II L I1 1M ~l aJIbl II He npenocxozurr B03:\IY11\ 3­

ioute ro r paarrru un unoro ~ IOM eHTa. 

0.0005 

0,0004 

0,0003 

0,0002 

0.000 1 

o +-~--,----...,.-----,-----,---~--, 

o 0,002 0,004 0,006 0,008 0,010 

Pnr , 1. OG..WCTb napa xrerpoa kLO (n o [,Op Il3 0 HT aJIH ) " 

k", ,, ( IO nep-ru xa.u r) . 

Pe ly.'l LTWrLI ' Il\C.1ClJIlOrO IIHTCr p n p OB a Hlm , noxaaa nnuc a a P I1C. 2, Crl ll/ ICTC.'lhCTBYIOT 

o T O, I , '1'1'0 :1<1 • OCTaTO'III0 xoporxoe Bpe ~1H (no OCH aficnncc UTI<JIa,'~blllaCTCH 6 (,3pa3 ~1 pnoe 

IIpCW-I 11 = wol) lTC-) Ubi 'OlWT IIa nporpasoa uun P C)K llM (1 ). 

J 
u0 

20 30 

-0,5 

-1 

P ic . 2. P eureu uo Fl na pa xre'r pax P O;\PIl I 'U -ra~ ll lJ l 1>TOHa : 

l - .\o(u ) - cos I~t ; 2 -.\J ( II); :J - .\ 2 (U ) ; :I - .\ 3 (U ) - sin y . 

I [a pIlC.:.I 1I0J<a;jUW1. 1lIITCPllPC T<H\HH Toro »ce pemeu na n « C a~IO ! I€T HhlX» yr lUX sp , e, I;; . 

11 P II WO~ 1 U. ICCT O ucor pa nn -renno B0 3paCTaIOU ~e rO CO n IJ€ ~ l e II C~ 1 y rna 7/; = p.,t )1:1 ~ 1 y,n,06CTH1l 

IlplI Bl'lWllbl orpauu-rc mn.re H TepllaJIOM (-7f/2;-;r/2 ) 3 IIa'ICll HH <PYH Kl i llll an.: Lg( tg '!/J ), 

3 UK JI IQ' Ie Ul1e. ,J. l}l P ClIIClIllH JHll,a'-l, c nsrsanu srx C y u panneu ne sr y r:lOlloi1 Op ll CIl'I ;1­

I\JW H IIe3, Il p aoore [3] ObI:la Il p Cn;,110 ;'« PUiI , a 13 p a fiorc [4] p U3 13JlT a KO HIICIIlUIH :;lJ leK­

I 2 
/

1,5 
I I I I 

1 I 

0,5 
o+-irrf-i\H 

- O,5 ~ I 
1 :3 

. •51 I, 
Puc . l. Pelle! 

p oru urax n-iecxof CJ I CTe ~ 1 

H ILIW 130llPOC 06 auannr n 

a~ 1 1M Il TO l'Il' lecKo jj ycr on« 
TbD I. I3 IHtC'I'm lI l w ii p a6 0T 

BHII (I}I HC.'l lllldi ll h lX }tl1<PcP 
06 aC ll~II ITOTncICCKO H yCT< 

)VU IllOi1 T € Op C:o.l b l 1l03BO,l1 5J 

l. ;....CJIO Ell IH acu xrrrror 
n e >aB HOlll ~ lI ~ JT1 01' :rT .7 lO n l 

IIP,VIUlllllC crra raexu ae . il 

n pn ecncnuov I3blll lC ; to K<L: 

3TO O:IIIIt' -1 UCT, 'ITO B TIp OU' 

I( nOCT0 5l 1l1lbl ~ 1 3 Ha ' ICHm n 

AyT C:TPC~IIITbC ~1 K IlY:U() . 

'1'0 1'0 11.'111 unoro pexcuxra 
~11 1 BO:J ~IQ)K II OCTflMH TIO Co 

B vu p a u nste : IbI X llC KTOp a J 

cnarucen-ix II Mm ICIIT;1X J 
eJil llllll\C) 1I0 3 110 .'1H€T CHII:: 

pea m n YIOll\Il X 3T H MO~[C I I 

2, ,[1" H 06e c ne-qeuml 

H<1 napa xtcrput ti t» 11 h ,IJ 

JIO;'K IlTe ,'I b HOcTH, 3a~ICT II I 

paxicrpsr h DO II h Al O 5113. 

)1,.llH KOT OphIX IIpH scex t 
n OJl o ;'K l lTe JIb HIHI TIOCT0 5l1I 

:{ , IT Ol:T p OCHHm l crY!' 
.r u -recraem n.rx Ol\e HOK 1\ 

BPC~ I C lI ll uepexonaux up 
n oro i(£l!() KeIlIIH (9). Kpc 
nO}I, '-IUT!> YC.'IOBII5I: n pu 

CI(O II yCTo ii 4nnOCT II npor 

nPC;J,,'lO)K€Hll a51 B p 

lIen O. lh30 BUH U ) \J151 p ac rq 

upnuoa-nnuc K 60,111'1' C: IO 

~1Il K03(!H!ml\IlClITaMII (lI' 
MH r llllTIIOI O TI OJIfl 3C~ I;U' 



= 0.2 PM , 1/: (0) = 0.2 rln)~ , 
O.llv'tI · 
i~R Il)IW I I1l H II('3 H(·l llJ .I! r, :l,)"CT CH 

" r TO'j lW :JP (~ IIl I :' ! p e anrruar uru 

151 kLO = (l.0027 > 3J2M = c 

1II11,C OUl Ia f'T1J (20). Ha puc, 1 
lomw li. 3IIa'oleJ JlI ~1 11 LO = 20 H 

)il ll bl rax, 'ITO )\e~ l[J ( I>l lpY IO Jl lllP 

I If He ll p e BOCXOJt:.r T n 03l\1) ' IIJ,a ­

!lO8 0,01 0 

) HJOHTtl..'IH ) J1 

e na puc. 2, CllI IN )T(' Jl h CT lJY IO T 

() rK.l iV(f,lIJa eTC,l 6 e 3 p w n lcpl IO c 

8). 

------" u 
30 

I W b·j \)Tfil.: 

(u) - sin 'T 

'\ W .\ JO: ICTJl f,IX» yrvrax t;}, (J, 1.;>. 
' 1\1 Yl.l a q' = II I fJ,.T lH Y,'J,V6 C I' IlH 

1IJ1 q lYIlK I \11I1 aretg(tg'lb) . 

)il B.TICll IlCl\[ j T JlO 130rl opuorrra­

11p a a n nra KOlll \c' IIUl Hl 3 .JJCK­

I I I I 

-0,5 °
 
- 1
 

- 1,5
 

Puc. 3. Pem eu ue B «caxto.nc'rm.rx » yrrta x: I ",C" ); 2 - ",,( II) ; ;~ - O(u ). 

TPO,1,lII lU ~ II I ' I CC KO rt C IICT e lh l cTa611J ll1 3 Hlll llf l Ie3 fl OpGl1'l"HJ l h HO [:1 ( 'I ICT e1\ W KO OP ,'J,ll ll <lT . O.iJ ­
B<UW BOI JpOC 0 0 il H (J,IIHT Il Y:CCKO l\J llPO! \CT ll ll ,Tl(' llI l ll Il HBH() ~ 1 BIf/\e / 1,OCT (lT0 1.l1If,I X YCJ IO BllIl 

<1l'11l\lll T OT 1I ' le CKo B y CT Ot'r' Tlfll OCT H C I'[\0 I1.111I:3ll jJY Cl\ loro ) ~ !l Il ;'KCII (ow I IC3 OCT a n a : I G r o'rxpr.t­
Tb ll\ l. B l LaCT 0 5IIl\ci i paoore / \[lJ 1 n OJ[())KI1T eJIb H b l ii OTIlCT na " TOT HO ][POC Ira 6a3c Il CCJIC,:J.O­

uam rx IlC' m1ll ci1H b IX l m q,q,c p CI'lI lI W Jlh Il f,IX :VPU BlICIl Il t'r / lB lf /K (' II I151 lIe3 . )lo Kfl:.lH lla T COpCW l 

06 aCIDIITT OTl1'ICCKOH yCTOn:' I1IBO CT H upor paxu uro ro ,!l.UI1)KC llIlH . •L\ mUlllJ JJ,O K,n a T C. LCT n a 

!\<l H H011 TCOPClIlhI n 0 3 BOn 5le T C crraru C.'IC1\y1OIl-\IlC BLIIlO,!l.b l. 

1. ~~':C', 'I O B Il >l ll.Cllll II1TOT II'lCCKO t'r yCTO K' Il 1I30CT U r q)O I' p n 1\l lIIIIO! 'O il,lll l )l{ ' 111111 (0) O KW lfi '11l<:b 

IIC 3 a J3Il CHU li llI Ill OT YI'JIO J3o H CKOp OCTl I /-L COOCTBO IIIIO I 'O !lPil ll ~O ][ HH Jr('3. O / ~ll lll {() xoxme n­
cu py rount e C.:Ia r <le :vl b W Yllp a IlJI51 IOUl,IIX lIlO MCllT OTl NIL II NIM ( um l T O! [b l<O NI M , I<a K B 

" P IIB C,n:C l lH OM nt.nne ;~O K11'J IlT e Jl f, CT OC TC Op CM b l ) I1p:.r :-JO npOl IOpI~lIO][n. ; l hTJO 3 UIHl CHT OT /-L , 11 
::lT0 oano -racr, 'iTO 13 UpOI1,CCCC CmOUJII l3 a ll,HlI C TeLIC!H ICl\1 B p ClIICl1Il OH l l OY; I"Y T CT P ClIIIlThO [ 

K J10 CTO ~IIl HbrM 3 fW LICHII 51M , a nee oc'rans rn.re COCTaWI5l: IOIl UH: yupaB .l IH IO U~I I X !I[Ol\!CHT O fl 6y ­
;"VT CT p e MllT b C5I K H y J IIO . I'lp n "TOM Bo :nlo/KIIOCTb 3nCKTpO,!l.Ima~1\I ' WCKOrl CT RG IlJ ll n n.lJ) 1[[ 

1'01'0 II JIH 1I110r o peucnxra ;:(B}I)KC fl H H (9) C p OCT OM 11 or p un u-u mac'rc» JJlll l lh '[' ( 'X lI lI ' I( '( ' J{II­

1\!l 1 il 03 l1I0 ;'K ll oCn l l\/H n o CO:3,JVltlll lO KO Mne IlCl1pY !Oll~HX cnaraexn.tx (c lIIIlOiKllTI'.;l l-Il\11I ( I I)) 
B ynpaanacxrsrx sex-ropax P II 1. O T :-lCT HM TaIOK( ~ . 'IT O 1l<J.'l Il'J['1e ruiyx KOMfI(' f!f'lI jJ , 'I O ll i IIX 

CJ1U1'a e llJbIX 13 :-'1O.MPlI T a x NI L H NT M (c BeCO Hb llll l l K0 3 q l q,1I1\ 1Je lI T U:-lIl , B (' Y l\I!lIC Illln lI h l1>1I1 

C) iHIl H llC) II03 il O.'I5ICT cm rnrrr , nnrpya xy I-Ia Kil /K ,' \ h l ii W :'lJI0 lvICJI T 0 13 CIICT ClIlH y npa nncnu» , 
pean uaytoumx 3 T H :-lO lIle II T bI. 

2. )J,.rr >l ooecnevcnusr HCHlIlllT OTl l ' lCCKOil ycron -umocrn nporpaxoa noro ;Wll )K Clllm (9) 
ua nap axre'rp r.t hL O 11 h M O ne T pe6 yeTc H lIaKJIil.,LlhTB a T b HlII<UKllX YCJIO B l1iL KPO~ l C HX 110­

Jl 0:l KlIT CJl b Il OCTII . 3 U"lCTlnl , ' IT O ,!J,OKa:3 il.H W Ul 'reopcxra cnpauezoruna 11 B c.uv -iac. KO r L\<I Il it­

paxrerpsr h L O 11 h fvI O :'W .'I5110TC H uc npcpsunu.r xnr Or paIIIl' le flU b I1\1I1 CP YII K JJ,II5IlIlll Op CM(, IIll, 

/1,.'151 KOTOpbIX npn nce x t ~ 0 lJL IJI O nenr-i n e pa BCII CT UH h L O(t ) ~ h, h .\Io(t ) _ h, I')W h­
rrOJlO )K HT e J IL Il H:.I n OCT 0 5lHIJil , [. 

3. n OCTpOCHl laH q,yHKrr.ll 51 Jlarry uona i\ lO)K e T 6 h lT h JrCnO,:lb30Ba lW .lV DI rto.ny-rcrrna ico ­
.'l! ·I'ICCTBeIl UhIX OUC HOK )111l1a ll1HK U UCC "I C ,1.Y0~IOii C IICTClv l !>1 [7, 81, naupuxrep , / 1/151 O I ~C IlOK 

npCMeH I1 ncpexonm.rx n p OJJ,e CCOB II 06JIaCT II a Cll MlI T OT I1Y:CCKOll y c ' r o i'r' \lJBOCT Ii nporpaxrxr­

nor o /~B IDKe r llm (9). Kpoxre 1'01'0, C nOMOIl-\b lD nocrpo .fl lI O n q,YllKll l l ll Jl'l11.VlI O IHt ~ l O/l' 1I0 

1l0 J lY 'HI Tb yC.'10 BH B, np n llLIl1 0n llC IIlHI KOT OjJLIX 1l0'~ lIIY II ~eIlIlH He Ila.P.Y lII8IOT HCHlIIlITOTIl'iC­

cxon y CT o i'r'-illOOCT II npor paxu iuoro ;~ J3l I)KelJlIH 17, 81· 
nre,~JIO)]{CHWUl B p aoo r e ~ ICT O.llH l{ <1 n OCT p OCII H51 <VYU K JJ,lI H JIHnYJ IO flil l\1O)KCT GL IT h 

IlCn OJlb'J OI.lR II <1 lvm p a c npo c rpaac u n a no.ny -tenm.rx P C:ly. ' ILT in O B W I 6 c)J[ e e O(j Il ~ IIC C.I' y ' I1\! [, 

lIP H I30lUIll ~l1e K fio.nee CJ fO;'KH h lN! / U1q,q, e p c ll lU li1.Tl b ll b r:-1 y pa BHCII 1l5ll\[ C 110 ' 1'1'11 lH'p llO,l, II' ICCK rl ­

Mit Ko:~q, clJHlU1cHTall[H ( II C3KB[\TOplra.'lhH b l e 1I HOKCIlJICPOBbl OP OHTh l , JJ Cl~ llIln.ll b fl bI C 1\IO,'J,C.'11l 

lIliU' fl llT lI o r o 1I0.' lH 3 C:VIJ1H II ':\P.) . 
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1. J(ORQJlClUW A . JI. Ma r-m rr m.re CI1CTC:Vlbl ynpun.renna KOnlll'I eCKlIMlI nerarensm .uur an na­

p aTa W I . d .: M uunuroc-rp oeunc , 1975. 248 c. 
:l. :Lmamo6 A . JI., / J:p a x o 6 c 1\;u il B . n., C afl, m'N1\;06 10 . /1,.) X OP0 1JJ.,Ufl,0 6 B. C . ,D,IIHClW 1KB KOC­

:vIII ICCKIlX artrtapa'ro u c :V laI 'HIiTllbI MH CHCTe :vtaMlI y npaBJJeHlI51. M.: Manranocrpoen no, 1978. 200 c. 
3. T llXOH 0 6 A . A. Mo-roz; rtonyn accnnaoa cTa6H.'IlI3aU:lIll KOCMW-IeCKOrO armapar a B r eoiaar­

HII TIIOM rro. tc I I KOC:V III'~CC KlfC IiCC.TJ e,n:OBa llll51. 2003. T. 41. N~ 1. C . 69- 79 . 
.1. A Ulllw w (J J<. ..t ., T U X OX 0 6 A . A . I l a p asrerp u -recxoe yrrpaanenue B aana-re 0 cTao H.TJII:mu:m1 

KOeM l l'lCeK o ro arrnapara n :\tar HHT HOM n OJJe 3eMJJH II A BToMaTIiKa 1I TeJJeMCXamIKB. 2007. J\~ 8. 
C. ·14- :) (j . 

5. (;O.JOIW U B. B . t[e6Y1\;06 C . 10 ., Kijsrc euoe a E.1O . ,I], lly x o CHa 51 saxpyrxa cn y 'rrru xa B rr JJOC­

KOCH I Op611TLI I I K OC:VlH ' ICcK lIe llCCJle,n:OBRmUI. 2000. T. 38. NQ 3. C . 296·-306 . 
6. B paue u, B . H., 111'vt'htcJl.e6cKuu M. JI. Flp nxicueanc KB aTepHlIOHOB n :Ja,n:a ' Jax o p u en -ran u u 

1'B '~P)IOIO T C: In . 1.: H aYKa , 197:\. 320 c. 
7. 3y6oa B. 11. ,I], l l IlHMllK il. yn paunacsu,ix ClIC TeM . M. : Bs icnr. UlKOJJa, 1982. 285 c . 

8. C ./otllP X 0 6 E. fl. Hercor opsre 3a,n:a'IH MaTeMaT l1'IeCKOll -rcopmr ynpannerrua. ]I .: 1'13,n:-Bo 

J1ClIIllIrp . yu-ra, 1981. 200 c. 
9. 'Iemaee fl . r. Y CTOti 'lHIl OCT h I~B I1)Kell ll 51 . M.: Hayxa , 1965. 208 c. 

XPOIIHKA 

12 oKT a6pH 2011 r. na 3 aCC;:l,aHHI1 CeKI.\1111 T eopeTw f e cKoH MeXaH I1K Il H M . npocp. 

II. H . n .' IH XOB a B CaIIKT - IIeTep6y p rcKOi\1 )J,o M e Y'feHbIX PAH BblCT Y IlII JT x a n zt . 

(P Il3 .- M UT. uay x , ,Il,0I.\ . A . B. K OCTapeB (CII6fIIY ) C ,.o:OKJTa,.o:OM Ha T eMY «PaCI1pc ,Il,C­

.fIeHl U.>l ii 31(' a [cII » . 

K pancoe c onepx can u e r OKJTa,Il,a: 

1·131\[ u e n n e CY I I\CCT BY IO w;e t i CHCT eMb l KO IiTPO JT51 3 HaHHi'I C I.\e JlbIO I10BblIllelIT1 H pcry ­
JHl p n OCTH p a 6 0 T h I CTY,Il,eHT a H 0 6'beK THI3HOC'l'I1 ee OI.\eHKI1 s ecs n a a rcrya m.a o . B C II6 r IIY 

n p n ' IT CIlI lll x y p c a Teop cnr-recxoa M eXallllKI1 aBTopOM I1pmVleH51eTC51 C.I1C'l'CM a «pacrrpenc­
.1ClIl 10 1'O 3K3a:-'IClla» . TIJIaH f>T pafior-sr, K OH c rr eKT nex nnil, npnxrcpsr peureuna KOIlTpOJI b H hlX 

n 3U,rr.CUllli'I. 1 a o .muia OI \e HOI< paaxremator cs B Hirrepa ere. Opnr urram. m.re . a;~aH I1 ~1 BhIl!OJI­

n mOTCH II :')JJeKTP OHIiOM llH,II,e II llp I1CblJIaIOT CH n a rrposepxy ITO n o -rre, 9K3 a M eHaI.\HOHTlU51 

OI \CH KU B l ' IllCJI5ICTC H rrp orpaxrxron rro BceM T eKYW;IIM OI.\eH KaM C BecaM II (MH OiKI1TeJI H MU), 

/l(\3 Ha QCHHbIM H npe u o n aaarre rr e u . A n OHI1M llbll'1: o rr p oc rr OK a3aJI, 'IT O 99% CT Y)l;eH TO B rr OT OKa 

O,II,06 p5l10 r CIICT CM y . Hx a KTIlB HOCT b H ycnenaexrocri, 3aMeTHO rr OBb IC.I1JT.I1Cb , a a a n pso x e unc 

ua ceccnn Y M CIlbIlIlI.' IOCb . 
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y LI.K .'):12 591 

3 A ,LI,A lol A 0 ,ZlJ.-Il1>PAK~ 

IIOBEPXHO CTHhIX E 
BbI3BAH HbI X IIEP~~ 
IIOB EP XHOCTl1 KOH 

/1 . H. B ccmsp-c eec 

neTep6ypr CKIi1 Vi r ocYAapcTBeHHblVi 

Ka HA· cjJIi13 .-M aT. HayK , AOL\eHT, bel 

1. B Be)J.eHHe. pacc:-'la r1 
B Hll.CaJ lbH OIl I1eCiKllMac~ loti 

n n u y II 7.1,IlO B B11; .I,e I10B CPXll j 

B iKllll,KOCH I. )J,BHiKe Hlle i f( 

n o-remura na cxopocreti ucn 
I 

'-{CCK llM H xpaens txur yCJI0J3111 

3a,.r~a 'l a O,Il,llcPpaKl.I,f111 

II HCCiKII :\1aCl\[oti iKll)J,KOCTll ! 

'-{CH a n lH C.ll Y 'Ia5I OeCKOHC'I l 
M . I 

-raure BCerO BbT611pa.rIC5I 1'0 '11 

B II], r ,.o:e o r H6aeM hl:\I npel l>lj 

n a a 13 iKH).I,KOCTb 6eCKOHC' l1l' 

H I\ lT1YJl b C, ~ I I'HOBeHH O I1PIlJ IG 

6 0 iJ,HOH I10 UepXllOCTfI. Pcnre 
(P Y I I K U m I M B e c c eJT5I. B [2] I 
K a JlbHO n OJIy u ,'I OCKOCT ll B 6 ( 

pa3 BeT B JTeH Ilh lX p em c n n ii , II 
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