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BBE AE HI1E 

B n OCJ1e A He e BpeMA aHa4~TCJ1 b H~~ l eOpC T ~4Ce K ~ ~ M n p nK1M4 P CKM~ 

~H Tepe e n p eAC Ta B J1AC T ~ aY4 CHMe C B O~C T B K8a3~OAHOM epHWX MOnCKY 

n A pH~ X eOe A ~HCH~~. C OAHO~ C T OPOH~ , MMeCTC A XOPOWO p a a B H T ~ A 

1 eOpMA MH T erp I1pye '~b1x ~ 6 np3K H>. K til1M 0 1C l eM ' 1 '. C APyro~ C TOpO

HW. OHM npCAeTaBJ1 A~T 60raT8e B 03MO~ HOCTH AnA 3KcncpHMC Hla TopOB 

B ~ 3 Y4eH HH T a K~X HBne tl~i:1 . KaK n e o c u o c aapS1A .J O pr;) H H4CC t<HI~~ 1 n o 

n l-1Me paM~ r a na non aa ue r a n e ua , aucoxo r c-vtepa r YPII~S1 c Be pX n p0I30A ~I

MOC T b. pac n p o c r p a n e u ne naac uuo r o ~3J1Y4 e lH1A 13 0I1 T~ 4C CKHX B OJlH OBO

Aax, B036Yl!(AeH 11e COJ1HTOHOB II n ('rK (m 'lO C t' I ) \ 1t " lM ~ \d rHI.. l~K e nlm na c 
c e R H ~ 11 He~TPoIiO ll I·' T. A . ',' - .\ 

B Hac T ORUle ioi pafio r e pa c cua r pl1BBeT C R MO/V' fib MIIOrono/lpeW CT04 Ho i:' 

I<Bi13MOA liOMCPHOll Ma rH~THoil c l1c r eMbl. Onl ICblll,W Mi"lR o () o 6 U1eHMl'M M30

TDon HO~ XY MOAClH1 r ci:;a C H6 e p r a . 

K a K X O p o w u H3B l'C 1 HO , r a MH J1b TO H MBH OAHnMcpHO~ XV u e n 04 K H 

C n OMOUlb l') n peofi pa a o a a uua f1 oPA~H a - B MniC p i1 K lfle l>l~ 11 01l HW M n cpc M c H 

HbiM COOA I1TC A K ~Ac il n bHOMY r a ay KBil SM4ClCTH ll ' f, C B R3a H HI~e CO CHm
' 0 .." 

HMR 13 T a KO ~1 O K r eM {~ OT CYT C TB YIOT . 060 6 1!lC'HIll , XV MOAeJ11' Hi'l c n y 

4 a l1 HCB 3 a l-1 Mo / V2ilc T B Y iOUlI-1 x n OA p e WC1 0 K I1 P ~ O OAM T K ~Aca n b HOMY r aa y 

K R;)3 M4 ile H1l\ C BI~Y T P C H HI-1 /1M c T enCHR M~ CBoonA Ii 11 He MCH RC'T O C HOB 

fiOr o pe ayn s r a r a • OA Hi) K O BK n lO4 C HI, C c xo ns y r onuo c na fioro B3 a llMO

nC ~ C TUM R X0 1R UN AOyX XV l! e n 0 4 C K n p MBOA H l K nOA s nC H H~ A o y x Ma r 

uouuor o CO R 30111Hor 0 C OCI O R H ~ R , 3 Hcp r ~R KOT o por o nClI< l' T n c n n OIUHOM 
CI1 I' I{ J pe 17 , 8 . 

C A P y r ol1 C 10POfibl , Y4CT Ael1lo p t~a U M H pcun-t Kl1 R I)AHOM e pHO~ XY 
MO/ W J1l1 raxxe MOH< C T n p l, BoAMT b K ofi pa aoaauun c un a a u uux C OC1 0 R H ~ i:1 . 

1{,1 1< 6 Y/1 C T n O K a 3 i'l HO R uac r O Rt.\c v oa fio t e , nnyx non ne urc10 4 Hil l1 XV 
' 10 f l l.' JI b C Y 4 C T OM ACijJOPM Cl l! M ~ p C WCT K I1 C n OMOlll b fl) npeofi paao aauaa 
(ir 'IJf l.llf,l -Bll r Hepa " Olt( CT OblT b CB Cg CHi'J K 1013BI'CT HO l1 Mo gcm1 Cy - Il J p~ lfl 

(!IL'P,l - X ~ r (: p a ' \l ' B TCOP Io1 I1 n On l1il 4 C T I1J1C ll o1 . KilK 113SCC1 HO . o 310i:' 

1111{1, ' n I1 11/~ I 'I~TC R nO K a n11 3 0B a H ~ b1 C CDC 1 0R~1l'lR r n n a c oru-'rouoa , no ri a po 
HUll M '- /1 . 

JlJIJI lJn ~ C a H M R HeIll1H e .:i tlblX B0 36Y l!(ACH ~ j;i C x a p a K Te pH b"~ 11 pa3Mepa 

'·11 ' . :.lHCl4101 1l: n s u o 60n b W~M I1 p a ce T OA H ~R MCl'l A Y y a J1iH I l1 o cur e rxu , MOl'l HO 

n l'l}(' 11 1 11 K I ,cn p c p bl BHOMY n p C A CJ1Y 'I C OC C T Io1 a iJA o1 4Y K Io1 CCJ1CA OSa HMIO 

Ill' J1I1H( " ' HbIX "' 1I ~ l rl l' lJ e l i Il 11 a nb Hbl X y p aa. k Im i1 13 4 a C 1 Hb'X n POM3 B OA Hbi X . 

Ham1<u1, ' (USna ' '' ' b'->; COC T OH Hl111 B l, cxoAHOi'i I~OAC J1 11 np~B oA~T K cY

ui e c r BCHI,l I t1111') J}t ' lUC l tl H1 HC n l1Hel1 HOr o y pa B Hc H ~R 0 B MAc 4 a CT Io1 l! en OA 0 6 

HblX SOJGylt(Al'If~ 11 111111 YCA l l H C HHblX n o ru- • He m ·' H e ll Hbl i'1 Me xa H~ 3M o fi p a

30BaHI1R ye/l l'I H I'HHI>IX OOJ1H a a C 4 C T A elflopMil411l1 p C We T K I1 6bln n penn o 

)'(e~ 1 ,ll il BbiAoBbiM '. 0 11 A o nYC.l<a e l c J1eAY II)l'~ o50GC \ e H ~ e A n A or1l1C a t-'l lH 

_ , ....c.n.rr~. \ 1 
r .1 1:,' '~:~a:.~1 ~Id 



Ma r HI1T Hbl X CI1CTeM . PaCCMOTPI1M N lIeCBR3aHHbt X XY MarHI1THbl X nOApe
1' 

weTOK, K OTOpbl e Mbl 6 YA eM Hy MepO Ba T b 1'l\BeT O M : a = 1 ,2 , . . . N . 

r aMl1nbTOHl1aH TaKo ~ CI1C T CM bt 

N . 
H = ~ H ( a ) ,
 

Ecnl1 B raM\IInbT OH \IIaH e H
 
a = 1 . r n e H (a) _ r aMl1nb T OHl1 3H a - n o r~p ew eTKI1 C4ViTaTb "6eCl\B eTHbl

4 e M
y4eC T b A e~opMa l\ H I1 p cweT KI1, n p l1 $ OHO Hbt 
MI1" , TO 0 6 MC H T a KI1M\II 1ll0 H OH a MI1 n p l1 B e AeT K B3a\llM OA e~c TBVi iO Me>KA Y 

/ 10/  .' 10.'"l\BeTHbt M\II" nOApewC T K<J I~ 11 • B T al<O\l C Vi C T e l~ t! MO r y T c Yll\e CT BO Ba T b 

C B R3 a HH bte CO C T O RHI1R 13 B \IIA C yCA H HC H HbtX Bo nH \II c on\llT OHOB
 

B npol\ecc e CTon K HOBe ~H1n l\B C T llbIX c o m n o B03H \IIK a e T HeT p\llB\IIanb 
HO B 

HaR A\II HaMI-1K a "l\ B CT a " : COJllIT 0 11hl l~or YT 11 3 Me HR T b CB O ~ " UB eT" 11 , 

B 4 aCTHOCTll, 0 6 MCt H 1B al b C H " I~ U L' ·T OMlI ' If,'.
 
B An\llH t-tOBOni lO B OM K Jl ,' CU 1 '1~C I{O~1 fl p e Acn e CI1CT eMa B 3a \llMOAC I":1 C T 

BY IOll\I1X 4JOHOHO B \II " l\ UC T 1 1l,IX" '~ oI l 1IIlIIU fI o n \ll Cbl B a e TC R BeKTOp HblM oG06 

ll\e H ~l CM 1-1 3B C CTfw i1 C\IIC I c'.\I ,I . U Il ) I\I Il I\Cll c n K C\IICT eMe 33xa pO B a 

B T e Op l111 fln a :lt~b l : 

t :' 1( :II\a ) 1 .• x / lh II . 
(;1 t:. t':i c/J I ., f

1 2 / 0 . 1/ 
( ,J, I," ) ... II . 

X 1: l~
 XI I 
N , :l ) UllyT P C H H e e npO\ll3

I' \,1) 1Il p. ql
, ~ \ ./.11/ ,rA e ( <1> <1» a I' lla c: 1 

B CAe HI1C ( a = 1 , 2 . .. N ). I{ B <J 3 I1c r a u I101 IfJ PII OI' I IP I111111I;1« ; IIIIC n p\ll B OA I1T 
u 

K 11H T er p l1p Y CMOl l 01 C T C t~ C - BC K TOpHO~IY "II!) Il1 l ld'll )/,IY yp ;II1 HC Hl-110/1 1 / 
IUp e A I-lHr c p a . 110 A P o 6 HO I-l c c n c A O B a HH OMY R . B " Y l \ (, 1 Il .1\>1]11 II T I1UI1C T 

C KOM" npe A e n e , «o r A a vCOI1lH OHa ~ V 3B YK11 = 1, 1\1111 OI\ I I" lI d ll p a B 

C I1CT C Ha / 0 1/ C BO ,~I1T C R K B e l<:T O p HO'~Y (J (jofJ ll.\e H I~ ~J 
neH Ho r o A B \II >K e H ~ A B3 a l-HoI OAe~ cr 6y lO ll\ I~ X An vn-I H O~ 1-1 l<o p Oll(\o'l X BO n H 1 1' 
CI1 CTe Mbl De H l1 AnR 

C Ky6~4 eC KO~ Hen~ H e ~HOC T b~/: 
/6e3 Y 4 E:T a 4nCH a 

/0.2/
(a ) (3 ) ,;;u .. n q; .,. O. 11 I + n t I (qJ' .p ' )t O.r . • ( a) 

1 <!' 1 j 

3AeCb ,I,' = t/>I / 2. 11 = x [ . 3 Ta C \IICT e Ma R BnR eTCR I-1HTe r p \ll Pye /ol011 / 1 0~
 
Y CAI-1H eHHa fl som- a I1p l-1 3TO I~ CT a HO BI1 T C51 con ~TOHOI~ . A n R c n y 4 a R OA 


HonoApeweT o4 H O~ 1-1 3 0TpO n H0 l1 xv MOA e D\II C \IICTe l1a / 0 . 2/ C B OA \IIT C R
 

K CK a n >tp HO/olY U ( 1 ) Ba pVl aH T Y , \II a H a o n c p B ble n o n Y 4E: H a B T e opvl11
4 
n n a 3 /o1bl ~ A l\( l-1to\ O ~ vI OI1K a B OM / 13/ OHI1 n o C T p O\ll JH1 n \o\Hd\HY IO 3 aA a Y ,Vl 
COOTBeTCT By iOll\YIO U ( 1 ) Ba pV1aHT Y C \IICT e Mbl / 0 . 2/ , npoB en npRMYiO 

1'1 06paT HY iO 3 a A a 4 Y p a c.ceR HVlR l~ n o c T p O\ll n l1 N- c On \llT O HHOe p e weH\IIe 

tj,(C I ) ----> 0 , net. 1) leI , -:--->IlPV1 Tp\llBl1 anbHbl X rp aHI-14Hbi X y cnO BI-U1X 1t;1: \ . ~, '" O. 

OKa3 a n OCb, 4T O U(l) C \IICT eMa HOC \IIT G o n c e o6~ 11 ~ x a p a K T e p 1-1 onl-1Cbt

BaeT 11 K OPOT Koi1 BonHa/ol\ll 5 e 3 y4eTaB3a \ll MOAe~CTB\IIe Me~A Y An \ll H H O~ 
a MIlJ1I1T Y A Hbl X nonp a B o K K q aC T OT e / I ::!/. 

Ecnl-1 np\ll 113Y4eH\III1 neHr/ol~pOBCKI1X KoneGa H\II~ Y4I1T~B aTb n OnApl-1

3 aul11O 3 n eK T p \ll 4eC KO r o nonR ~ , T O M~ n onY411/o1 U ( 2 ) B eKT op Hbl ~ 

Bapl1 aHT CI1C TeMbt 3axapOBa / 0 1/ , rA e 

2 
¢« ( . I) 

E
E

1 
) ' ( c/J¢ ) IEll + IE21 

2 

OAH aKO 13 C B R31-1 C OAHOMepHOCTb lO CI-1 C Te M~ / 0 . 1/ Go n c e peanl1 C 

TI-14HO e e \IIC nOnb30BaHH C 13 $11311 K e KO HA eH Cl1pOBa H Hor o COC TO R HI1A 

A n R On l-1CaHI1R KBa3110AHOMepHblX COeAI1H C HI111 . 11 HT c p e c Ho, '-ITO ee 

"ynb Tpap enRTI-1BI1CT CKI111" n p en e n - CI1 CT e Ma /0. 2/ RBn R e TC R n ep BblM 

n p l1 Mep OM I1HT C r p l1pyeMo l1 CI1CT eM~, B KUT opm 1 4JoHo Ii H ~ e n ep e MeHHblC 

n p ac y r c r a yo'r B RB HOM BI-1Ae K a K He3 a BI-1CV1MO C n one II I [:. t ) = X c' 

K c o x a n e-uoo , yn b T p a penR T I-1 B I-1 C T C K I1 ~1 n p en en BblBOA IIT Hac 11 3 0 6 n a c T I1 

npl1Me HIolMOcTIol CI1C T e Mbl /0 .1/. TaK xa « dJOHOHHOC n on e n p l1 3 TOM H a 

p ac r aer \II He06 x oAI1/oIO Y4 10lTbiBaTb aH r a p MO HI14 CC KI1e 4n c Hbl ' 2,l n 

P eAYK4Iol R , npl1 BoAR~aR MH o r O K OMn O He HTHYIO Ma rHVlTH ylO CI1C T C MY 

K CIolCT e Me / 0. 1/ C U( P . q ) C \II /~M C T PI1 C ~ 6 btn a n OllY 4 CH a 13 p a fi o r C ' 1(1'
 

Ha CT ORiJ.\ aR p a 6 0 T a nOCBRll.\E:Ha 11 3 Y4eH~1 1O Hen VlHCI1 Hbi X B 0 3 GY~ AC H I1 ~
 

B CI1CT e Me , On I1 C bt BaeM O~ yp aBHeHI1R MI1 /0 1/, I1c c n CA O B a Hl11O BonpO COB
 

r aMl-lnbT OH OBOCTl1, a r aioxe 11HT crpllpyc MOCTl1 " y n b T p a p e n R T I1 B l-1 c T C KO 


r o" npeA ena. 

B ne pBo~ 4a CT I1 pa60Tbi Mbl Kp aT KO KO CHCMCR OC l iO B Hbl X C!> l13 11 4 C CKI1 X 

npennonoxe a aa , npu KO TOP bl X CI1C T e Mbl / 0 . 1/ £lbIB Ol\ l-tT CR 1-1 3 MHo r onoA

peweT04HO~ 1-13 0T pOnHO~ XY 4 c n 04K I1 CnI1 HO B . A ance MW n OK CI )I(CM, 4 T O 

{1ByxnoApeweT 04HbH1 B apl-1 3HT / U(2) - B a p llaHl C ~1 C TCMbl /0.1// X V u e

n 04K\II C BR3 a ~ n p coGpa 30 Ba HI1e M AOP A 3 H a - Bl1 rH e p a C MOA c n blO Cy -W pH~

!tJc pa - Xl1r ep a B T e op~111 n oru-i a u e r nne u a , 

Bo BT OPO l1 4 i:lCTI-1 Mbl n OK i:l)!(e lol r a lo1 l1n b T O HO BO C'l u L ~1C T C Mb l /0 1/ ~1 

c c ynbTp apenHTI-1BI1 CTC Koro npe A e n a / 0 2/ n p l1 3 T O M cK 0 6 K a ny a c c o H a 

AnR C\II C T e M~ /0. 2/ RBnR eTCR 06 06 ~CHl1eM c Ko6o K n y a c c oH a AnR Hen\ll 

H C ~Hor o y p a u Hc H I-1 H WpeAI1Hr e pa ~1 ypa BHc fH111 Kop rc e e r a - nc llpl-1 3 a. 

R 3 T O~ )l(e 4 a CTI1 Mbt 1l0KameM B03Mo mHOCT b H c c n e AO B aHI1R CI1CT e Mbt /0 . 2 
MI ' T OA OM oGpaTH o ~ 3 aAaLil-1 1-1 nOC T p O\ll M n p O\ll 3BOA I1ll\ I1C ~YHK U l-1 oH anbl Anfl 

Ill'CK OHe 4 HOH c e p a u A OIlOnH I1T en bHbl X 11 H T C r p iJn O £l H BI-1 )1( C HI1R. Xapa xr e p 

I ii . ClcoGeH Hoc T b~ Utp , q ) Hen l1H e H HOro y p a o H c H IHl UpeA\IIHrepa RBnR eTi,
c n ttolm14\11 e Wl1pOK OrO Ha60p a A on Y CT I1MhlX r p i llt l1 4Hbi X y cn O BI1~1 , O T B e 


'1 , 1H II I I ~ I X pa3nl14Hblt1 4J1-13\114e CKI1M c l1 T y aU I1R M / 4Je p P o 'oIa r He T I1K , a ~ T I1 C!>e ppo 


'~ , H " 1· 111I</ I \\ / .nOc T a Ho B K a Ta KI1X me rpaHI1 'l HhiX ycno B \II ~ B 6 0 n e e 0 6 


1111'11 I I ' I Y ") ll ~1 11 /BHe K B a 3 1-1 C T a4 11 0H a p H o r o pC l'( I1Ma / , omlc b l BaeMo~ CI1CTe 


MI n I / II 1/, r a -oa e o fio r aura e r c ne x r p B0 3GY)l(j1C H I-1 11 CI1C T e Mbl . 11bl npu


I Il IJl IIl . I I 11111a COn l-1 T O HOll o AoG Hblx pewe HII ~ Cl l CTCMbl / 0 . 1/ 11 H X C!>11311

l ll' \ lU ll ' X oIp ;l ln e p l1CT I1K I-1 - \IIHT Crpanbl 411cna 4 a CTI-1U 11 3Hepnl1ol 06cY)l(

1\011' 1 1 II /l lt ol uucncna AnR 3TI1X p CW e H\II~ : K B a3l1 CT a4\110H apHblH ( v « 1)
 

11 Y Jl " l n ol p " J1l I Tll B I-1 C T C K I1 ~ (v - 1 ) .
 
B ,JdKJl IO'I I: 1111 11 o G c Y )!(A a l:JTcR O CH OBHbl C p e a y n s r a r u • 

3 



1. ~OPI1Ym1P0 [3KI\ tIO;lEJlI-1 U !3h1 BOA OCHO BHblX Y P I\ B tl EHH~ 

r aMHll bTOHH a H pacC I~a T P I-1 Ba e MO H CI-1C Te Mbl I-1 Me eT BHA 
/ 1. 1 

H .= liS' Ht: 

r A e U /I I II _ II _ a +a / 1 . 2/ 
.= - 1.. -0; ....

N 
. .1.. . ~ I" ( S 8. ~ t 8 S. ;: )

I
, 1.1 t " J J t 0 .1 J + " 
~s - 4 iO /I = 1
 

l\eno lle K ,

Onl1 CblBaeT N H 3 0Tpo nHbl X XV c m l Ho BblX /1.3/ 
H = T t U

L
 
COOT BeTC TByeT Konc ti illll1f1M l\ cnO l I K ~I. 11aTpHl\a
 

r e diag (1 •.... 1, - 1 . ." • - I ) . I P I q .= N ) . ----v ..,l '--r.--' 
rAe p KOMnoHctH COOTlI .;:l cTHyIO T c1lepPOl~a r H ln l \b1M n OA p ewe T Ka M .
 

OCT aBWHecn q KO MnOHC tl n,1 \..ooT U<.!Tl. I DylOT a HT ." i:lJ e p POMa r HH T HbiM nOA p e 

lueT Ka l~ I N t /I _ " " • , . \ . 1'1 (l - a - a + a 
H ~ _ -=- :!: ~ (S I SIn' S l' , I I - ~ ~ (8 t 8 8 t S 8 b ) '
 

s 4 jO /I " 1 I J I I " \ If. 1/ I' I 1 .1 J + J J +
 

OGMeHHble HHl l: r p am.. DO uccx P (;IUl 'T K <lX p.lBHbI MelKA)' c 0 6 0 Yi / n o 

I~OAYIlt':J/. S I'(I .. S,"x' t IS"iV U . C I\C J" I l: I~ A illlCC C llcAY~He Aony U\e HHI\ . 

piiC. CI~OTP HM t\!OHUl11ihlC 3 \l><lJl: K TLl U rLl n Mu m1L Il~CKO I\ npHo IlHlKeHH Io1 

., /1. 4mvo. 2= .. Ix . - x - a)
U 2 - ' 1 " "I I • 

.1rAe a _ n OCT OflHH[Ul pewen(l1. a OOMeHHblC HHTerpanbi B n HHe HHOM 

n p HOIlHlKeHI1H 

J ji + fj .= J ( IXj . + D - Xj \ ) '" J0 - J 1 Ix j + a - x i I .
 
J 1 .
 

r A e J 1 " - - - < 0 n p l1 x . = x . ~ .ax. 1.1 + u 
npH HI13KI1~ T e Mn e paT y p a x . Hcn oIl b 3yn I1p e A CT a Bn e HHe X OllWTeH Ha 

npW"IaKo sa 
~ • + 11 :l Q + a a (a = 1,2 . . .. . N).

+ Q - a Q 2S<l j • S j = S- R j a j5 = \ / 28 a • 8 
j J 

o n ep
Bblp a 3 11T b B T e p MHH a x TOI1b KO 6 0 3e- a

r a t Ui I1b T OH\I1 a H / 1. 2/ MOlllHO
 
CO CTOAHH A
 

T Op 0 8 . I3Bo A A Ko repe HT Hble 
N a a 

!¢l > = exp l i L ~ ( ¢ <l a+ + ¢ ' aU) I \ O> 
j a = 1 .1 J J J 

B03 6 y llV\e
13 n p l-16 n HlKe HH c Ila60 H HellI1He VlHOCT H. Alln A I\HHHOBOIlHOBblX KOT o paA
H~ i1 / 2 . 1 0 1 n O

H
IlY YI-1M CI1CT e MY A I1ll>41e p eH lll-1 a llb HblX y paBHe HH 

H
, 

n o c n e p flAa n pe 0 6 pa3 0 B a HHH npH t-Ie T B\IIA / 0.1/ 

. ,l- (a ) 1 (a ) (a ) . • l 't't +-"9 cPu: - x c'Cf> = o. X - x ~f - (cJ>.p ) c .~ O. 
.... c.c; c, u ·... .. (, 

N 
rne a = 1. 2 , .. . , N, (¢¢) = ~ 1<I> (a)1 2 _ ~ I<I>(U ) I 2, 3AeC b x (t;, I ) 

a = 1 a = p ·t- 1 
onn cu aaer IlOK a Il bHYIO A e lIl o p Ma l\11 1O peWeTKI1 , ¢ (a '«, I.) - wp e A H H r E:p O S -

C Ka fl a Mn IlI1TY A a c n HHOBblX p ac n peAeIleHI1~ . 

B " K Ba3I1 CT al\ H OH a pHO I~ 1I n p e n e n e v « 1 . XI; = - [(r,6 <1» - f' I , rne 

r - n o c T o A HH a fl , M CHCT e Ma / 0.1 / n e p e XOA I1T ' B He n l1 He ~HOe y p a BH e 

Hl1e Wp e AI1Hrepa c U~,q) H30TOnI1 YeC KO~ c HMMeT pMe~ 

i ef, (a ) (a ) - (a ), --1. t- [ (¢ ¢ ) - p l ¢ = 0 .
I 2 1; 1: 

3 T a CI1 CT e Ma ABIlAeT CfI I1H T e rpI1Py eM O~. n OAPo6Ho e I1CCIleAOBaHHe 

BonpOCOB 11HT e r p l1p y e Mo c T H , COIlI1 T OHHblX B03 6 YIKA e HI1l1 11 ~I X c ne xr po a 
n p OBe A e HO B p a6CT e 1 11/ 

B l y n b Tp a p e IlA TH BI1CTC I<OM" npene ne , xo r n a C KOpOCTb BOnHbl c r pe-: 

MI1T CA K CK Op OCT I1 aayxa v -. " oneparo p «~ - ill MOlll e T GblT b 3a

Me He H Ha - 2( d t- rJ f)i} CH CHCTe Ma /0 . 1/ nepe xouar B CI1C TeMY yp aal 
HeHI1l1 / 0 . 2/ ' 

i </> ' (a ) + ~ rP , (a) _ II ,V ia ; o. II i" II (¢ ef,' ) o.
 
t 2 t~ I f
 

rne 
la) I . .:- 'l '
 

I e I ) = '1,(..;' , 1 ) / \12 , ¢ = ( ¢1 ' ¢2 ' .... '/'N )'
 

llU::, I ) = X e f t;, I ) , (¢ <f» = ¢t r ef" . 
npl1 Y4eTe n OIl fl p l13 a l\ HI1 3Ile KTpHllecKo ro a eKTopa E B03Hl1KaeT
 

U~ ) Ba p l1a H T MOAen l1 /0 . 1/ :
 

, p(1) + -1</; ( 1) ( 1)
I ( \ -Xt;¢ = 0,

2 U 
' cj. (2 ) t ~ ¢ ( 2) _ x ef, (2 )I ) = 0,

1 2 t:t f / 1.5/ 
(1 ) 2 (2) 2 

x I I - X/.: I; -( 1</' 1 I t 14> 2 1 )07 = o. 

C 0 6 U\e l1 T04KI-1 3 p e Hl1A yIl b 'rpapen a t a BH e TL Kl1i1 nperien CI1CT e Mbl 

/ 1. 5/ ona cu aae r B3al-1 MOA elii cT BI1e MeltlAY Ami HHoi1 11 KOPOT KO(:1 BOIlH a 

Mil I l!/ , npa y y e T e n On A p 11 3 a l\HH BOIlHbl , HO 6 e 3 a l~ nnH TYA I\ b1 X nonpa 
lUI< 1< 4aCT OTe . Ce~4a c Mbl n OKalKe M. 4T O (. I1C TCM., /1 . 5/ MOlKeT 6 blT b 

~11 1 1f )JI b 30Ba Ha no Kp a i1He H Mepe B e uie OA ltoi1 3dA<l4C 113 r eop a a KO rl 

) l"1t I 11jJDBaHHoro COCT OA HI1A . 

I' i ll L MOT p l1M MOA eIlb Cy-Wpl-1 ll>ll>e p a - X l1n : p a 113 TCO p HI1 n o n aaue r a -
'\II 

111 I i I O l~ il o n a c uaa e 'r c a cneAY lOO\11M rilMIIIl b T OHH a HOM : 

+ I 

II :- l u t l. " (C:,, .t l ,s(;n .s Il: u. lot' '' I !. S ) 
I ' ~ 

u . ~ , II '.. " M I l K 1n+ 1 - \I n · l , / 1. 6/2" 
5 



n e,rAe un _ Ae~ CTB~T en b HOe , CKa n Ap Ho e 603e-no on~CWBa~~ee
Ae~OpMaQ~~ n -~ rpynn~ B Qen04K e nOnHaQ eT~n eHa. CyMMan e6saA 

a /1 .6/ on~ C bl Bae T n epe xoAbl 3neKT POHOB C n Y3na Ha n + 1 C aMnn~
TYA o i1 t 11+ 1 .n = to -- K ( lln + 1. - llll )' BTop aA - K~H eTVl4e C~y~ ~ noTeH-

l~l~anbHY~ 3H ep r VllO l!lOHOHOB . ¢l ep M~OHHbl e on epaTOPbl e n , s VI C n , S 

pOlKAa~T ~ YH~ 4 TOllW IOT 3n e KTpOHW cm'lI i a s ( : ±1 / 2) B yane n ~ YAO B

neTBOP AIOT aHT~KOMYTaQ~oHHbIM COOT HoUl eH ~ A M 
t c + \ : O. / 1. 7/

(: I e- \ Cn,s ' m , S
 
\eel .\ ~ s (j , \ L II . S ' III , }i
 

II . s	 ' m I s n1U S S 

I1c nOJl b 3 y A npeoG pa 3 0 B <HH~ R OOPI I,l flil- fl ili r He p a K cnw10B~M n epeMeH

Hblt~ 

t j- I 1 
( ~ I ,s+ " e . CXp (1 11 ~ , I I I


.1 •
.il	 i " 1 

] - I 
tt 

C	 ex p (i n ..... ". 11S	 - II " 
i I ' 

~ KOMMYT al\~ O ~tHbiC coo 111(\ 1I1,! II I1fl 

i S - \ .) ., ~ <! ~.
 
. • . (~ -r- ~ " " / 1')
I S1 (l .1' I ) tI III 

I i'll\ 1,/1 S,,, '!S i ~ ' 53{-J \ 

( ll	 : 1 . :! ) 11m1 ( 1 . I ) , 

r aMI1n b TOHI1aH /1 .6/ AnA n o n Y3 a non" e HHo i1 30 ll bl MOll< HO n cpCnl1CaT b 

B sl~ Ae 

~ \	 S ) + T + U 
+ S(S S 11, 0 n ' I, <1

H = - ~ ~ n ,l ,n n + I , <1 n ,« 
II	 fJ ::=' 1 v Y /1 .8/ 

x x t S ' S ) + T +U .2	 _ II ) I (S S n l \, 0 n .« ..... ..... I t - K (lI 1 n n +l , o 11 ,02= - - - 0 11 +
 
11 <1 = 1
 

I-1 Ae H T l-1 ~\1Q~PYfi J 0 : 8 1 , J 1 : 8 " 1~ 3 /1 . 1/ 11 /l . B/ , n ony4a eM , 4TO 

MOAc n b / 1. 6/ e c n Y4a e 0n OnY3anonHeHHoi1 30HW 3 KS Vl s aneHT Ha A Sy M 

XY Lle nO 'lKa M cnlo1HOS 1/ 2 . B3 alo1MoAe i1c TBIo1 e MelKAY llen04Ka,,,\1 n epeHo

CI1TCA l\JoH OHa M\I1 li n ' 
K a K Mbl nOKa 3 a J111 Bblwe , nocneAHA R CI1CTeMa B Anl1HHOBOnHoBOM 

np~6nl1)\\eHI111 ~\O}l(eT onl1 CblBaT b CR U (2 ) Bap l1a HT OM (N : 2) CI1CTe Mbl 

/ 0 .1/ (ypaBHeHIo1A / 1 . 5;), a S lI y n b T Pa p e n RT Io1 BIo1 CTCKOM" n pe Aen eT 
AnA OAHOHa n p a eneHHo r o AB I1*eH~ R c ~cTeMo i1 / 0. 2/ . Ka K 6 YA e nOKa 

s a HO B TpeTbe M pa3Ae n e CT aTb~, peweH~e CI1CTe Mbi /1 . 5/ AnA $0

HOHHOii n epeMeH Hoi1 n ( t., t ) ~MeeT B~A 

6 

2 2 
n ( ~, I ) : x /; : - k sech k ( .; - .; 0 - vt ) 

~o c const , 

~HT erp M PYA KOTo p o e OAMH pa3, nonYY~ M AnR A el!lopMaQ~~ peweTKM 

x( f" I ) peuie aue B B~Ae I K~H Ka" , ABMlKy~e rocA c o CKOPOCT blO v 

x ( ~, t ) - Xo : - l; th k ( ~ - .; 0 - VI) / 1 • 9/ 

A C \I1 MnTOTMK~ /1. 9/ Ha , o, ~ - "" Y Ka 3 blBa lO T Ha Ha nMYMe HeT PM

BMa n bHblX 3Ha 4 eHM i1 OT KJlOHe HMI:1 Y3nOB ueno-uca 

x( + oo )- x o : x + - xo= - k , x (- ",, ) -x o '"x_ -x o : k . 

2.	 rAMI-1IlbTOHOI3A CTPYKTYPA 1-1 i1HTErpI1PYEHOCT b
 
YIlbTPAPEnHTi1BI1CTCKOrO nPE~EIlA
 

Ecnlo1 np oAM ll>ll> e p e H ~ M po B a T b BTopoe ypaBHe HIo1 e B CMc r e MC / 0. 1/ 
110 .; , TO B03HvlKwaA CMCTeMa MOll<e T 6 blT b npenc r aane a a B r il ~IMnb 

TOHOBOi1 l!lopMe . npeABapHTenbHO n epenMweM ee B BMAe 

i </>t t- ~ ¢U -n ¢ : 0 , 

- iJ; t+ l.¢U -n ¢ :O ,
2	 . . 

-
", ~ n + ( ¢ ¢ )	 2 . 1/ 

II, lI ( /;, ( ¢ : I ' ) . 

'lie MbI aa ena acnoaorarensuue nona 11« ( . t ) : X,.;- M II ( / I ) . (, KOUKa 

II Yoic COHa Mell<AY AByMFl np OM3BonbHblM~ l!lYHK~M oH a n a M H /\ ~1 1\ o I1Pl: I I " 

JIJ,el CA cn eAY~~~M 06pa30M : 

~ s« DB SA oB . ~ flA hI! M ,<'1\
1/\. 111 . ( <1( 1- - ------ - - +- 11 1- ------- - 

. 8 11 (~) ou(O Oll (¢) on(';) k ~1 f)(/,t k l lo:;; 'k l (/OJ; l k J r.qJ(k ) 

II " .. I IOH~ Ye C KM conpaxeunux nepea euuu x 2. 2/ 
'" I , - «(3 )I ,I, I ,'. ) , ¢ ( 11 ) t : i tia f3 () (.; - IJ ) , 

111 ( /1 , 1I(l1 )1,,- 0 (~ -11 ). 2 . 3 

," ) . If'l) · (a ) III ) ,I .I, I. ' ), ' /' (11 ) I : 1¢ ( ~ ), II ( 'I ) I I '/' (, ~ ). II ( '1 ) t n , 

' " I - t tl )I ./. (,t I , II ( '1 ) I ~ I ¢ ( .; ). 11 (, / ) I n, 

10' I I/ l )
I '/' (.' ), .j. ( ,/ ) I : O. 
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CHCTe Ma / 2 . 1/ npHMeT r aMHnbToHOB BHA 

(u) = lI H. <p(a) l ~ oH/o¢(a ). iJ~a} = i \ H , ~ (a } 1= _ oRl oep (a} ,'. 

/2.4/
III ", l IL u l = oR/ Bn , "I = IH .n\ = - oll/(;II , 

rAe	 raMHnb ToHHaH H eCTb
 
..., 1 - 1 l? 2 I 2. 5/
 ) ~ - III + 11E. ) .H = J d ~ 1- (<p c¢ f. ) t- n ( <p 2 .
 

_ "" 2 s .
 
Pa CCMOT pHM np e Ae n bHu e cny4al-1 CHCTeMU /Q. 1/ . Ka K 6uno OTHe 4e 


HO Bblwe , B "Ks a3H cTa 4Ho HuPHOM" np e AeJle OHa ne pe XOAHT B Henl4
HeHHo e y pa BHe HHe IU pe AHHr e pa C U( p , q I H30 rpynn o~ . KaK
 
113 Be CTHo / l t. 17 /. r a MHn bTOHHa H H ypaBH eHl1R AB\1lKeHIo1 R B Ka HOHH4e

c KH conpR~eHH blX ne peMe HHblX
 
la ) - tfl) . (ll) (/ 1 ) -(ll ) -</3)


(.; ). ¢ ( 71)1 = 1 ~1l f3 ~ (~- '1)' I t}. « ), r/> ('1 )I ~\¢ «). ¢ ('1)1=0, 

HMelOT BI1A 
cc 1 - 1 - . /2 .6/

H =	 f d f l ( eP~ ¢~ ) - 2 [l.p¢) - pl "l . 
2 

-:,"100.; 

(a ) (a) - (ll) - III ) - (ll ) (a)
ieP = i IR. ep l =oRIS <,6 . i ~ l ., il H . <p l e-~ll/oep , /2.71 

I 

rAe	 cKo6Ka nya ccoHa '\ , I UMeeT B\olA 
f'o;JN	 - ~ ~).lA,BI =i~ f d t(~ ~ o,p(II) 0 <,6 (11)

II = 1 _ no • [) ¢ (a ) 0 ;p (a ) 

B yn bTpa pe n RTHBHCTCKOM npeAene CHCTeMa 10 . 1/ ne pexoAHT B CHC
, ,>My/O.2/. nocneAHRR TalOlle MOllleT 6b1Tb npel-lCTaBneHa B raM\1nb 

rOltO[lOH cpopMe co c Ko6 KOH nyacCOHa 

''' ,nl i (d t loA.L(M ) + ~ l...2.L~ -~~ )l 
-l>U	 • 8n J( on a=l n<,6(a ) ~(a ) O¢ (R} o<f, (a) • 

IlIllfllOll\CHCR "KeHTuBPOM" H3 c Ko6o K nyacc OHa AIm y paBHeHHA Kop
I' " '~ ' ( l - I\C Bplo13a H U ( p, q) HenHHeHHoro ypaBHeHIo1R Wpe AHHr e pa. 
v., I ~Uo\ Y t .ll\UOHllble COOTHoweHHA AnR KaHOHHl.le CKH co npflllle HHblX nepe

(lI) l,f: >. J(a) ( f ) , o(f). {l.ll c 1, 2 . .. . . N HMelOY BHA 

-\ '/\ I" I l,~ l. ,I, (/ 11l ll) \ . i 8 {i 0 (~ - 'I ) ' I n ( ~). 0 (ll) I =' o ' (~-'1 ), 10(0. <p(a)(! ) 1= 0 
11 

II' \ \' 1 \ - (Ii I ((I ) ({J)
1,,1'	 I . '" ( I, II \ ,I, (f l..J. (1/)1 - 14> (~). rP ('1) 1 = o . 

CHCT eMa ypaBHe HHA / 0.2/ n pHHH Mae T B"A 

i <b (a ) = i I H sb ICI) I = t MIl 0 ;;: (a) 
t '	 ~ 

i ;j, «(1) - (a) (ell 
il H, ch 1=- oH / 8 ¢ · . t	 /2 .8 

r"I oH 
III = I 11 , 11 I = - -~ ( --- ) .
 

r"I¢: on ( f)
 
r ne r a MHnbTOHl-1 aH II pa ae u
 

H ~	 rd e;l ~ ( ~ t¢ i; ) • 11 ( ¢qd + ~ 11 2 1. 2. 9/ 
- x . 

pa BHe HHA /2.8/ A on YC Ka~T 60n ee KOM naK T HY~ ¢ OPMY 3a nHCH . 
Ecnl-1 BBeC TI-1 KOcocHMM eTp H 4 H ~A Ma TpH4 Hbl A one poTOp 

IN
 

W " (-'ON o /2.10/
 

I 0 o :fJ
\ 

rAe I N - e AHHH4Ha R N x N- ,~ a T pH4a H Be KTOp- cTOIl(jc 4 P :!N I 1
 
KOMnOHe HTa MH
 

T _	 ( ·) - ( / .1- .1.-1< I ' P .. .. . , - 'P . .. • 't'N' "' I ' .. . • U N' I I l . P l ' P2 , P 2N 1 l l ,
 

TO CHCTe Ma /2 . 8/ npHMe T BHA
 

iP = e,~ o H /o p,. . (k = 1. 2 • . . . . 2N I 1 ) . 
k . t ••	 /2 . 11/ 

t-l HTe r p Y1 pyeMo c Tb CI-1 CTe Mbl / 0 . 2/ c aa aa ua C T l' /~ , "T O o ua MO HlC T
 
6WTb np e ACTaBIleHa B B~ Ae y cn o BH A COBMe CTlm CTM
 

U t - V · l u , V ] = o	 /2 .12x 

nl-1H eAHOH CHCTe MU y pa BHe HHH 

I x = U I"• /2.13a/ 

'I = V I",	 /2 . 13fl/ 

lIe	 re x. I ) - (N . 2) - Ko ,~ noHeHT H bl l-:; n C I( I O p (ll ' '[) " xI' I I (-h- - x ) I J, 

0	 - 2 i A'I' 

I I iA( : IN o +-2- j'I' (I , I N I 'l ' Ii) ,0) C
2iA 
\ 0 0 o - II :!I II ell -Ii 
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f ctJ¢ 22A - i - n+ - +2A (--2) -2iA(-ActJ+- C\> -I C\» n + clK» 122 3 2 x
 

8i A 3
. I iV = .1 -i(ActJ+-etJ , - 'Il) - -- , I - i (- A ~ + i. q; - q; )2 A 2 x 3 N 2 x 

- i - -( n -I jlctJ )	 22 iA(A ¢ l - cll + c!J) _( n +C\>¢) + 2 A (2 A +2}'
2	 2 x 2 3 ' 

/2 . 14/ 

Il peofipa aoaau a e U(p , q) 1-130 r py n nbl ¢ . ~ R c/; . rne R Eo U(P . q) del R f O. 
c o xp aH~~~ ee 6I-1nI-1H e ~HY ~ $ OpMy 

( <<f; · ctJ ·) ~ ( <P R R ¢) = ( <P ¢), /2.15 

r ne 
t 

R : yo R yo ' v = diag ( I , - I ) 
, 0 P '! ' 

ne pe HOCI-1 TCR Ha nI-1H e ~HY~ 3aAa yy 

U' = :t: U ~ . V ' . ~~V ~J\, / 2 . 16/ 

rn c 

o \1 () 0) 
= diag (1 , R , 1) ~ () '" 0 , :J: I;) ~):J\	 I , il ' , \'O ' 0 ' 0 

lJ () 1
(	 (

o 

:)o o 

HaXOIKA e H ~le COnl-1T OHHblX p ewe H~1i1 , 1-1 3y yeHI-1e n poue c c o a ~l X pac c e a 
HI-1~ H T . A. n pOBOAHTCA Me TOAOM o6 p a T Ho~ 3a g aYI-1 p a C C e ~ HI-1 ~ np l-1 
B~6 ope onpeAe~eHH~X r p a HI-1 YH ~ X y c noB I-1 i1 Ha nO TeH ~ l-1 a n~ 6(U)({. t ) , 

ll( f. t ) , a = 1 . 2 , .. . . N Ha 6eC KOHe YHOcTI-1 . Ilp « Tpl-1Bl-1 a n b Hbl X 
rp a HI-1YHblX y c n o a a a x B C K a n~ p H OM U(1.0) cn y va e I N = 11 TaKaR 
n po r paMMa 6~n a pe anl-1 30 Ba Ha B ' I3 ' , H c non b 30B aH H~~ nOAxOA CCTe 
CTBe HHO 060611la e Tc R Ha BCKTOPHbli1 U I p , q ) c n Y4ai', npa Tp~l B~l anbHbJX 

r paHH4Hwx y cnoBH~ X. HHTepec Ho OTMeTI-1 Tb ,4TO C pOCTOM H30 r py n nw 
paCTe T Yl-1 c n o 6e C KOHe Y H~ X cepH~ HHTe rpanO B A BI-1~eH I-1 ~ . CMc Te Ma 
/ 2 . 13/ HMe e T ABa nH He ~ HO He 3a BHCHMWX Ma T pHY H~ X p eweH HR Ooc Ta 
f . , o n peAe n~ l :l lll I.1X CA CBOi-1 MM aC I1Mn TOHlt< ilM i-1 npl-1 x -. :!. oc

± 

ei Al xr -..
±	 12. 17/

x. ... !. 00 

3 

( 
o 0)r ne L = ~ I N () . Har puu a nep exon a S (A , t ionpene na er ca 
o -1 

c Ta HAa p THblM 06pa30 M: 

~ ~ 

f_ (x , A) = t'+( X , A)· S(A) . /2.1 8/ 

M y~OBneTBopAeT ycno BH~ yHI-1MoAynnpHocTI-1 

de t S = 1.	 2 , 19/ 

3Bon~~ I1 A no BpeMeHI-1 MaTpHYHblX 3n e, ,,,eHT OB Sj j ( A, t ) o np e Ae 
n ~eTC A 1-1 3 / 2 . 136/ 1-1 nOAYI-1H~eTC~ y pa B He H I1 ~ 
~ ~ 

St	 = I Vo .SI , V = lim V . / 2 . 20o x .... ± C'O 

OTCtOAa non Y4 a eM 

. . . 
S ( A t) =8 (: (A 1) =8 (A t ) 0,

11	 ' a :l ' IN -12 ) IN j- 2) , 

4 1 Al - 41At
8 (A I) = S ( A 0) e S (A .I) "S ( ,\,O) e ,

1 (N + 2)' 1 (N -t 2) - • IN t 2) 1 (N ' - 2)1 

- 2 i A( ,\ i 1 ) [ :!; A (,\ t 1) 1 
S ( A, t) = S _ S . (,\ . I )= S (A,O) e

(N + 2) a IN -1 2 )(1	 a (N ' 2) II ( N t2 ) 

- 2; A( A-l )t . 21'\( A- l )1
 
SI Cl ( A, I ) = Sla ( A. Ole , Sri 1 (A , t ) = S al ( A, O) p
 

(a, (J =2 .3 . . ... N +l ). 

Hbl BI-1AI-1 M, 4TO H ap~AY C c oxp aue ua e a 3neMe HTOB S 11 ' S( N ' 2 ) (N + 2 )1 
Ka t< B Ct<an ~p HOM tJ (1 ) c.ny-rae , B B e t<T opHO I~ Utp , q ) c n y -ia e 
coxpaua e r c n ~en lo l ~ Gn o « N)( !'1 3ne MeHTOB S a d ( A, I ) . S a() ( A. 0) . 
3 T~ cox paH~tOlIlMecn 3ne MeHTU ~ Bn~~TC ~ n p OH3 ~OAH lIl I-1 MM ~YHK4 1-10Ha 

n aMI-1 BUCWMX I-1 HTe r p a n o B ABH~~ H l-1 n Ka t< n Ot< a n bHo r o , Ta K 1-1 HenOKan b
Ho r o Tl-1n OB. 

Hc cneAOBa HI-1 C BeKTo pHoG CM C T eM~ C He Tp HBl-1 a n b HWMI-1 r pa HI-1Y HWMH 
ycnoB~ RMH B pa -oca x 1103P B u a c r osuuee 13 pe MR He npe n c r aana e r c a B03 
MOlKHblM, n0 3 TOMY MbI ne peXOAI-1 M K I-1 c c n e AOBa HM I0 0AHo c o n HTo HHbIX pe 
W eHI1 ~ CI-1C Te MW / 0 . 1 

3.	 conHTOHonoa06HWE B03GY~A EHH~ n p~ PA3n H 4 H~X rPAH H4 H ~X
 
YCnO BHnx
 

HHT e r pa n OB, I1 MeI01Il11X Harn~AHbl(1 $~ 3 101 4 e C KH ~ CMb/Cn An~ CHCTe Mbl 
/0 ,1 / , Bce r o Tp l-1 : Yl-1 cno 4aCTI.1~ M. I-1 Mnynb c a P H 3 HeprHA E : 

00 _ 

M = ( d ((cpc!», 3 .1 

11 
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1 N - 

p ~ "2_~ d ~ I i ( ¢.;- ¢ - lp ~6 .;- ) - 2 II U.;-1. 3 21 

-c, 1 - - 1 :2 2 
E = J d ';I - ( rh .;- ¢ t ) · lI(rhrh) t - (II t U t ) l. 13. 31 

._'" 2 . 2 _ 

PaccMoT p~ M con ~ ToHonoAo6 Hwe peweH~ A C~C TeM W 10. 11 C Ha ~6onee 

~ HTe pe C H bIM~ C qM 3 ~4ec t<o i1 T0 4 t<~ 3 peH ~lA rpa H ~1 4 HbIM ¥1 ycno B~A M~: 

rpaHH4Hbie y c no a a a Ha no r e u u aena lh (ll) ( '; 0 t ) np u t -. i .x o n pe 
AenA~T CA T ~ n OM MarH" THOr O ynopAAo 4eH ~ A B Xy ~ en04 t< a x 11.2 / . 
n pH 3 TOM $e pPoMarH~ T HoMY THn y y no pAA0 4e HH A, Kat< H cna6 0 HCHAeanb

.' 1 1/ 
HOMy 6 03 e - ra a y C np~T Am eHH e M Mem~y 4 a C T ~~ a MH • COOT B eTCTBY~T 

TpH B ~ a nb Hbl e rp a H ~1 4 H bl e ycrio a a a rp.ll ) (, . t ) I';-I~ O. Ha n pOH1B, 
aHT~$ep POMa rH H TH O MY THny y no pAAo 4eH HA, Kak ~ 603e -ra3Y OTTa n 
t<~ Ba~Uj~ X C A 4 aC TH~ , COOT Be Tc By~T HeT p~B~ anbHble rpa H~ 4H bl e y cnoaua 

(a ) ~ 

II/> «(. t ) l 1(: , (J . c a a aa a aue C lian H4He M B CHCTe Me KOHAe HCa HTa 
s I ~ ec, 

nn OTHOCTH (J. HCXOAR H3 3 TOro Mbi BWACnAeM 4e Tbipe THna rpa H~ 4 H blX 

y c noB Hi1, COO T B e T CT BY~Uj H X 6 0 3 e - r a 3Y 4 a CT H~ C n pHTAmeHHe M I p 
c o pTOBI ~ O T TanKH B a H~ C M / q - COpTOB/ r pa HH4Hble y c no BHA Ha none 
lI ( f, . t ) . COOT B eTC TB Y~llIHe ((>OHOHH O~ ne pe MeH Hoi1 II : X f, ' Bbl6Hp a e M 
H3 ycnoB ~ A npHMeHHMOCTH r a p MOHH4CCKo r o npH 6nH meHHA: 

x (~ o r ) ,. • COilS t • II ( .;. t ) ~ • o. 
IsI . 11:.1 . oc 

1/ Tp~BH a n b H bl e rpaHH 4HblC ycnoB~ A: 

( Il l ) 

¢ ( t . I ) --- o. ~ o. 13 . 14/ 
II (S. 

I ) If I .. 1';- I 
OAHo c on~ TOHHoe pe we H~ e C ~ C T eMW / 0 . 1/ ~ Me eT B ~A 

(m ) . it v x 1 ( 0) l )
 
-J.. ( 1; . t ) = e a sech kz
 
'f~ - Ill ' 

lI ( '- t ) = -k 2sech 2 k z . 3 . 51 

r ne z ... ?: - ';0 - vt , f.u ~ COIISl , 

2 0} - P Q N 2 2 2 
(,) = (k - v ~)/2 . aa = ~ laul - " :i jaf3 1 = k (1 - v ). 

a = 1 f3 p t- l 

/ 3Ae C b H nan ee u = 1. 2 . .. .• p , (1 = p + 1 . .... N , m ~ 1, 2 , . . ' . N / . 

21 H e T p~ B ~ an bHbl e r pa HH4Hwe ycn o BHA: 
( 01) . r .(c _ . t ) = I a 01 0 . c. -' 

~ io 
l a mOe I;. ~ - "" 

II ( ,; . t) = o. 11;.1·' x . 13 . 6/ 

B 3T OM cny 4ae c yUjeCTBye T OAHo con~ TO HH oe p ewe H~ e B BHAe 
K~HKa : 
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,m) t: iv )¢ ( s , t ) = a m(t h k z t --- ,
 
k
 

II( ~ . t) = - k 
2

sech 
2 

k /3 . 71 

rA e
 
- Po 2
 
a a = - k (1 - v ), 

2 2 v 2
 
Ia mO I = 101 ml (1 + - ) .
 

k 2
 

3 IIKBa a HKOHCTa HTHble " r pa HH4 Hble ycnoBHA: 

.; - , oc 

ep (U) «, t) = {auo. 10 1
 

a e , t; -. - no

u O 

e..· ';x 
¢ (e. t) =8 . 102 

a f3 oe • t; .. 
/3. 8 

(f3) i( vO - w l I {a fio' 

n {<, t ) = 0 , ltl ·· 00 , 8 1•2 = canst. 

COOTBeTCTBYOUje e o AHoconHTo HHoe peweHHe HMe CT BHA: 

<h (U) (.;, I ) = a u (th k iv )TT ' 
I( v X - Cd t) iep (f3)( t. ) = f3 e 0 r th k Z t k ( v - v 0 ) I • 

/ 3. 9 

n( '; , t ) = - k 
2
sech 

2 
k z , 

r Ae
 
2 - 2 2
 

eu = v 0/ 2 , a a = - k (1 - v )
 
l! l! 2 2 2
 (v - v0) 

~
 

[a I =·Ia I (1 + ~ ) . laQ I = laQI ( 1 + I .
 
a O a k2 ,..0 ,.. k 2 

4/ ICHewaHHble" r paHH4Hble y cnoBHR: 

ep (a) (e. t) = 0 a {3o' 

lei ... "" . ep ((3) It, t ) = { 13. 10/ [ 
n (e t ) = O a _1 0 ~ ~ , /) = canst. f3 0 

OAHo c o n HTo HHo e pe we HHe : 
(a ) i(vx +w t)
 

ep (e. t ) = aa e secb k Z
 

) iv 2 2 ep (f. t ) = &f3<th k Z 1- - ) n(t, t ) = - k sech kz , /3. 11 k ' 
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rn e 

_ P 2 N 2 
w = (k - V )/2, (au) = L ja a l - ~ IUf3 1 = k 

2 
(1 - V

2
) . 

a =l f3=pt \ 
2 2 

laf3 0 I Ia f31 (1 t -

k

V 2 

2 
) . 

2 2 

3T~ peuie aaa MOH< HO ~HTe pn p e T ~ p OB a T b Ha H3 b1 Ke IIKa ne n b" l1 l1nY3b1 pe AII , 
Ka K B Te Op11 11 G03e-raa a / 1 1/ 

. n p l1 3 TOM ABHo np OCn e H< I1B a e TCR n p l1 po 
Aa HenI1HeAHOCTI1, CBAa a HHaH C $OHOH H~M Baa I1 MOAeAcT BI1CM, 11 Bce 
npe ACT a Bne HHble peW eHI1 H con po BOH<A alOTCA pa c n pOCTpa He Hl1eM n OKan b
HoA Ae$ o pMa41111 peWe TKI1 B BI1Ae KI1H Ka /1. 9/ . 

ne pe~ AeM Tenepb K B~4 I1 Cn eHI1IO I1 HTer pan OB 3He p rl111 11 411Cn a 
4aC TI1 4 Ha nonY4eHH~X OAHOCOn I1 TOHH~X peWe HI1A X. KaK 11 B / ll ~ a a 
BI1 CHMOCTb E(M,v) GY AeM Ha ablBaTb c neKT pOM Boa6YH<A~HHR . 

Bbl411cnHH $YHK4 110 Han~ M 11 E Ha peWeHl111 /3 . 5/ nony411 M 

(I )	 2 
E =	 (5 v :_:..!l.~ j _V M. 

24(1 _ v 2 ) 3 2 

2
I'll = 2 k (1 - v ) . /3.1 2f 

OT CIOA a BMAHO, 4TO 3 He p r HA con HTOH a aaBI1 CI1 T OT AByX napaMeT
pOB: V - C KO POC T ~ c on uro ua 11 I'll - 4 ~c na Mar HOHOB. 

4T 06~ H a~TI1 BblPa H< e H~ A An R HHT erp anoB 3HeprH ~ H 4Hcno 4 a cT~4 

Ha pe weHHH x f 3. 7/ , f3 9f 11 f 3.11f, HopMl1 pye M ~x c nCAYlOml1 M 06
paaOM fY 4e T HeT p~ B ~ an b H bl X r paHH4HblX ycno B~A nyTeM BBeAeHI1 A 
B CI1C TCMY XHMI1 4e CKOr o nOTeH4~ana / : 

I'll	 d ( I ( "0 U:' t ) ~H t . t j) _. ( ~ ("<. , r ) c/l( "' . I ) 1• /3.1 3f 

"<. (m l 1m ) 
E r d ~ l}{( c:b (t. I»- H(cP (", . 1»1. 

/3 14f 

r Ae 

(m ) 1 -	 - 1 2 2
H(cP	 (t , t))= 2 ( ¢ t (f. . t)cPt (c.· m, n ( ¢ ¢ ) t 2" ( n t lit) , 

TorAa , B~4~cnAA E 11 H no $opMynaM / 3 . 13f ~ f3 .14f AnA pewe 
HI1 A / 3. 7/ , nony4a e M 

., 3 
(II) (1	 t v~ )M 2 

E	 = - - --tV M . 
12 (1 _ v 2 )3 

M = 2k (l- v 2) . 
/3.15f 

14 

B cn y 4ae rp aHH 4 H~ X ycnoB~A / 3 .8/ . Ko r Aa r aa 4a CT ~4 C ~HAe K

COM 14BeTa" f3 = p t 1 , ... , N AB~l lK eT CH C nocToHHHOA CKOpOCTblO v0 

OTHO C~T enbHO r-asa 4ac H14 C 11HAeKCOM "use r a " a = 1, 2, . . . P , 
3Hepr~H ~ 4~cn o 4 a C T~4 Ha peweH~ R X / 3 . 9/ HMe lOT B~A 

2 3 
E (III )_ (lt V) M 2 Vo 

t V M t	 V ( - - V) M - -12- (-1-_-	 v"'2 ) 3 o 2 2' 

M = 2k 11	 - V
2

), f 3.16 
rne 

N	 2 
- g. ~ Ia f31M 2 - p t lk f3 = 

HaKOHe4, 3Hep rl1A M 411 cn o 4a CT11 4 , Bbl 4McneH Hble AnA p ew eH~ ~ 

f3.11f. I1Me lOT BMA: 
(5v 2 _ 1)M 3 2 M2 2 M(I V	 v 2 voM 'J M 2E ) =----  t --"'--- t· 

24(1 _ V 2 ) :I 8(1 _ v2 ) S (1 - V 2 ) 2 2
 

2 
I'll = 2 k (l - V I , 3.1 7f 
rAe 

N 2
 
1'11 

2 
~ ~ Ia/j l .
k f3 =pt l 

Pa CCMOTpl1 M K Baa I1 CT a4~ OH apHblA (v « 1 ) 11 ynbTp ap enA TI1 Bl1 cTC KI1 ~ 

( v - 1) np eAenbi n onY4 e H H~X Bbip alK e HI1 A. B KB aal1 CTa 411 0 Ha p HOM cny 4ae, 
nepeXOAA K np eAeny V 4 0 B ~ opMyn a x /3. 12f f3. 15 f- f 3. 17f , . no 
ny4a eM 

M = 2 k.	 3. 18 

3 2 3(I ) M V (II ) _ ~ +- V 2M ,E = -	 - t  E -	 12 24 2 

3
(III ) 2 VME ~	 - + V M t V (-!!... - v) M , 

12 o 2 2	 13. 19/ 

2 
(I V ) M 3 M2 M v 2 

E = - - + - - t - - M
24	 8 2 2 ' 

[3 CTal.\110Ha pHOM npenene , T. e . n pa V = O. 113 Bbl pa)KeH ~Hl / 3 . 1? ' 
f3.1 7/ An R I1H Te rpanOB 3Heprl1 11 11 4 ~ cna 4a CTI1 4 I1 Mee M 

1 



3	 3
(I )	 (1I)M M

M -	 2k. E = - - E = 
24 12 

23 2	 3
(III) M va (IV) M M }1 

E = - f- - M z. E : - - f- - 

12 2	 24 8 3.20 

AHanor ~ 4HO B ynbTpap enAT~ B~ cT C KOM cny 4ae , nepeXOAn K npeAeny 
v ,. 1 B <!>o pMyna x 13 . 12/-/3.17/. nony-iae» 

~ 3 Q 

E I I ~ _ ( 5 v ' _-=-~ + s: MM =	 4 k (1 - v i . 3 o • 
192 (1 - v : 

2 a .,

E (II) (l + Y~ I Y-M.
 - -- - 3
 

96 (1 - v )
 

(III ) 2 3 ') Yo(1 I	 Y )M t Y- M t Y ( __E - - --- - 3 11 ',' Y )M 2 • 

96(1	 - Y) 

2 
Q 

(I V ) (5v '" 
Q

-1) 3 y 2 M ~ M:!M v ~ 

E = - ---- :\ - M /3 .21/
32 (1 _ v 12 f 2"" M e :

1 9~ (1 - v ) 16( 1 - V ) 

B cny -ra e v =l, T.e . KorAa CKOpOC Tb COJlI1 TOHOA paaua CKOpOCHl 
3ayx a , "13 Bbl pa MleW111 /3. 12/ - / "5. 17/ AnA 3Hepr"1"1 "1 4"1 cna 4a c T"1 l\ 
COOTBe TCTBeHHO ~MeeM : 

Ull 
E (1 ) = .:L k 3 4 k 3/ 3 .M	 = O. E3 • 

a 
(I ll ) .Ik ·' va (IV ) 4k Q
 

E ;:-- + va (- - 1 )M E (1 t k - )M 2 /2 .
 
3 2 2 ' 3	 /3 .2 

I I I
CpaBH"1 BaA c ne KTpbl /3 .19/ C nonY4e HHblM"1 B pa 60Te . AnA He 

n "1 H e~ Ho ro y pa BHe H"1A WpeA~ Hre pa /C Y4eTOM pa 3n "1 4"1A B HOpM"1pOB Ke 
BonHOBm1 <!>YHKl\"1"1 l' (t . t ) (Mbl B"1A"1M, 4TO OH"1 nonaoc r eo co a nanaor . 

3A KnIOLj E H~ E 

B 3aKn lO4eHMe c<!>opMyn"1pyeM OCHOBHble pe3ynb TaTbl, nopy 4e HHwe 
B pa60Te . Mw nOKa3an"1, 4TO An"1HHOBOflHOB aR A"1HaM"1Ka MHoronOApe we
T04HOCi XY L\en0 4 K"1 r e ~ 3 e H6ep r a "'.OMlCT 6blT b onuc a ua BeKTo pHblM 
o60 6~ eH''1eM C"1 CTeMbl 3 axa pOB a "13 r eopaa nn a 3Mbl /0 . 1/ C DCp , q ) 
" l\B eT OBO~ 1 c"1MMe Tp"1eA. n pl1 3TOM p non peurer o « CI1 CTe Mbl l1le ppoMa r
H"1 THo r o Tl1na , a q nOApewe TOK - a HT"1 <!> e ppoMarH"1 THo r o . Pa 3 11114Hbl ~ 

T"1 n Ma r H"1 THor o ynopAAo4eH"1A B nOApewe TKax npl1BOAHT K W"1 pOKOMy 
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Ha60py rpa A ~4H~X y cno B"1~ Ha <!>Y HKl\"1O pa cnpeAeneHHA Ha 6e c KoHe4

HOCT "1 . llaMH npenc r aaneu o 4eTbipe n m a r paHI-I4 HbiX ycnoBHi:t 11 Ha~ 


Ae Hbl COOTBeTCT B YIO~He COnl-lTO HOnOAo6 Hbi e pewe H"1A yp a BH e HHA AB"1Mle 

HI-I A. Bbl 4H cne Hbi COOTBeTCTBY~"1 e KnaCC"14ec Kl-l e c nekrpu , Ka« ~
 

B cny -rae D( p , q ) HYW / 1 1; paCCMa TpHBaeMble B036YMlAeHHR Ao r,YCKaKlT
 
I-IH Te pn pe Ta4HIO B BI-IAe " ka neru," 1-1 " nyauperi" Ka K CBA3 aHHbiX COCTOA

HH A 4 a CT ~4 H AbipOK, 11 B KBa 3I1 CTal\"1 0Hap HOM np eAene nepe XOAA T
 
B COOT BeT CT BY~ l-Ie B036YMlAe H"1A U (p, q ) IlYU. ~cnon b aYR 11 30 To nH 

4e CKl-l il nOBo pOT U( p ,q ), MO>tlHO Ta KlKe a Hano n 14HO U(p ,q ) HYW no

. .	 / 1 /
CTPO~T b "Ablwa~ l1 e " COCTORH I1A 611 0 HHoro r a na 1 . CyU\ec TBe HHO OT
Me T"1 Tb npl-I 3TOM, 4TO B HYW HenH He~ HOC T b . np I1 BOAA~aA K Han l-l4 11 10 
CBA3aH Hbl X COCTOA H I-I ~ , MO>tleT 6~T b o6yc noBne Ha KaK Ae$opMal\I-IRMH 
peW eTKI1 , TaK H xa pa KTe pOM 06 Me HHo r o B3 aI-l MOA e~C TBI1 R . B Hawe M 
c ny uae Mbl BblAen "1n Vl Ae (l>o p t~ a l\ H H p e use r xa B RBI'IOM BHAe , "1 nOKa3aI1l1, 
4TO OH"1 onHC ~ Ba~ T CA pe WCHI1 CM B BHAe K~H Ka , HeT p~ Bl1 an b HWe aCI1 Mn
TOTI1 KI1 AnA KOTo po r o 06e c nC4"1 BalOTCR Baa l1 MOAeHCTBHCM C Ma r HI-I THOH 
~OA C I-I C TeMO ~. ~ HTepeceH C Ma Te MaTI14e CKOH T04KH 3pe HVl R /XOTA $ 11 
3114eCK"1 HaXOAAIl.\HilcA SHe np en enoa npllMeHI-I MO CT "1 npH6n l-l l/w H"1 R/ 
II,Yll bTpapeIlA TI1BH CT CKIH1" npenert AnA on uo uanpa an euuoro AB l-I lKeHI-I A 
Y - = 1. B 3TOM cnY4ae CI1CTe Ma CT a HOBI-I TCA I1 HTCr pl-l -

O on 
Y3 B	 ~ 

pye MoA "1 go nyc KaeT B npHH4 Hne T0 4Hoe peWe Hl1 e . B 3T0 l1 CBA3"1 Ha "1
6 0 n bwH~ "1 HTe pe c npen c r a anne r aon po c AI1H aM"1K "1 "4Be Ta" B npouc c 
ce CTon K HOB e H~l A COlll-1 TOHO B, KOTOPbli1 HaxOA"1T CA B CTaAH"1 "1 c cn c
AO BaHHA. 

3 aMe 4aT ell b H~M 06cToATenbCTBoM ABnAe TCA TO, 4TO XOTR "1CCne 
Aye MaA C"1 CTeMa He ABnA e TCA ~ HT e rpH pyeMOH ~ 8< B npeAen bHWX cny 4a AX 
Y «1 "1 Y - 1 OHa ofinana e r HH Te r pHpyeMoc TblO . 

A BTOP~ Bbi pama lOT r lly6 oKYlO 6na r OAapHOC Tb npo$e c co py B. r . HaxaHb
KOBy 3a 4e H H~e adMe4 a HH A. 
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PYKOn"l Cb noc Tyn"lna B "l3A e Ten bCK"l ~ oTAen 
5 MaR 1985 rOAa 

B 06beAHHeHHoM HHC THTYTe RAepH ~ X HccneAoBaHHH Ha4an 
B~XOAH Tb C60 PHH K "Hpamtcu e co o oiue nu n OH.HH " . 8 HeM 
6YAYT nOM e~a T bCR c Ta TbH , cOAep ~a~H e opH r HHanbH~e HaY4H~e , 
HaY4HO- TeXHH4 eCKHe , Me TOAH4eCKHe "l npH KnaAH~e pe3yn b Ta T~ , 

Tpe6YlOUlHe Cp04HOH ny6nHKa 4HH. 6YAY4H 4ac TblO " Coo6UleHHH 
O~ RI1" , CTaTbH. Bowe,qwHe B C60PHHK. HMeIOT. KaK H APy r He 
H3Aa HHR OI1 Sl I1 , CTaTYC O(]lH4HanbHblX ny6nHKaltHH. 

C60PH HK "KpaTKHe coo6UleHHR OI1RH" 6YAe T B~XOAHT b
 
perynRpHO.
 

The Joi nt Inst itut e for Nucl ear Research begi ns pub l i 
shi ng a col lection of papers ent i tled JINR Rapid Communi
cat i ons which i s a sect i on of the JINR Communications 
and is i nte nded for t he accelerated pUblicatio n of i mpo ~ 
tant resul t s on t he fol l owi ng subj ect s : 

Phys ics of element ary part icl es and at omic nuc l ei . 
Theoret ical physics .
 
Experimental techniques and met hods .
 
Accel erator s .
 
Cryogenic s.
 
Computing mathemat i cs and met hods .
 
Solid st at e phys ics . Liquids .
 
Theory of condenced ma tter .
 
Appl i ed resear ches .
 

Be i ng a par t of t he J INR Commun icat ions , the art icles 
of new col l ecti on l i ke al l ot her publications of 
t he Joi nt Insti t ut e for Nucl ear Research have t he status 
of of f ici al pU bl i cat i ons . 

JI NR Rapid Conununications wi l l be issued regularly. 
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