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CBli38HHOll CBCTeMhl Ha CBJIOBOM neHTpe. MLl noxaaana, ~TO T8lt8ll 31l.Qa~a CBOAITCll X 

uaoroxaaaJ1baoll AByx~acTa~aoll aa.t~a~e pacce~11 neaTpa 
IHepnii COCT&BHOll CBCTeMhl 

aa aexOTopou 'o6o6meaaou• nOTeauane, 31lBHCSIIlleu OT BHyTpeaaero ABH>KeHBll CocTaB
aoll CBCTeMbl. 

Bhlno Aaao o6mee onpe.t~enene sToro nOTeanaana, aa ocaose JtOToporo uw nocTpoana 

ero B llBHOM BRAe AJI>r ~acTaoro cny~as ~Jtascxax nOTeanaanos. 
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a•a Jl - P "'/Ja (p -p) +A 

. ll-l'l $_l1 $.l + l', (I) 

rAe V1 - nOTeBuanbi saaauoAellcTBB>r ~acTan c BHewaau noneM. ( OraocaTen&ao APY
/1! rax o6oaaa~eaall eM. pa60Ty ). 

ue 
KaJt Mbi BRAHM aa ( 1), noTeanaanbl - AOB01Ibao cno>KHwe 

<P'- p)
1 

aasac>rT T&Jt>Ke OT aanpasneaa>r sexTopa p'-; 
ljlyaKnaa, nocxollbxy Kpo-

Cll TOIIbXO OABH YPOB9Hb ( ll ... -.I ' t-t·- 0 

C11a~ana Mhl paCCMOTpaM npocTel!waA cny~aA, KOrAa B CBllaaaaol! CBCTeMe BMeeT-

). Tor.t~a 38Aa~a aaueTao ynpomaeTc>r 
• CBOAITca x OAJ1oxaaa1Ibaouy paccellHa~ ~acTanhl aa nOTeanaane 

"00 

(2) 
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8 T8XOM Cll7'188 YPABR8 .. 8 llllR BOilBOBOI ~BXIlBB BM98T BRA: 

.. 8 .. f .. .. ,.. I .. (a -p )F 0 '(p)-4m dqW 0o«p-q) )F0 (q)• 0. (S) 

3AeCb 

•.•4mU:-•:a> • (4) 

r)le E - nonllaR aKepras, • :a •-li~a I - aaepras CBR3R AByx'laCTB'IRoll cacTeubl, m - Mac;

ca 'laCTBJl. 

~YRXIlRR fpaRa ypaBB9BBR (8) RM99T BR)l: 

(/) .. a _, o .. a ·I 
t~0 (p)• (a +10-p ) • [4m(E+10-f 1al-p ] , (5) 

a COOT8eTCTBYIODl99 yp8BR9RB8 nanuaaa-llJBRJlrepa AJIB aMDJIBTyllbl paCC9SIHBSI Too (p' ,p) 
BblrJISIABT cneJlyiOmau o6paaou: 

... , .. .. a ( .... 
Too<P ,p)•W

00
((p'-ih >-Jdqw

0
J,(p'-;)1

) Too q,p) (6) 
q -o-10 

B Jlallb.llel!:meM Mbl onyCTBM RBil&ll:Cbl y 'It' a T , 'ITO ae npaBeAeT 11: R&AopaayueBBIO, 

TiycTb 

TOrAa 

V
1 

((p' -p) 1
) -v

1 
((p'-p) 1

). j '1<1'>• 
l'o <p' -PI 2 +l 
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Ao /Ao P 
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- f ciA f • .,.--,- (p' -p) +I' Ao rv u.. A -!' 

.... . ) ' 
(p'-p)a +A" 
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A 0 • 4 m If 11 I • 

B KOOPABHBTROM DP9ACT8BJ18HRB DOT9HilB8Jl 6yA&T RM9Tb BRA: 

W(r). _1_ j ciA j. Go 00'1 (1£) 

4tr Ao l'o A I - I' i 

-1" -Ar 
[_• ___ . __ ]. 

r 

4 

• 

(7) 

(8) 

(9) 

j, 
•,'t 

'1 

§ 1. AaanaTa'!ecxae caoi!:CTBB aunnBTyAbl no aaepraa 

Hay'IRM Tenepb aaanaTa'lecxae caoiiCTBa aMnnRTYAhl sa ocaoae ypaE 

pOM STOrO yp8BR9RRR CJiylKBT Bblp8JK9HBe: 

.. .. ... ... ~ t:'~ .. .. -~-:; 
k (p',p 1 o) • 1 W((p' -p) ) •fe k(:w:,y;o)e dj 

p'§-o-10 

rne 

.. ... .. (i) ..... 

k < :w:. r '" > - w <lr I> t~ 0 <". r; • >. 

§o (;,y;a)• 1 0 tY.I;-;1 
....,... 1 .... 1 J: -y 

( 

C nOMODlblO (9) 1 (10) R (12) R9TPYAHO y69llBTbCB, 'ITO SIApO .~;', 

8H81lBTB'I9CKOII cpyHKllB81!: OT 0 BO BCel!: nJIOCKOCTB 0 38 BCXJIIO'IeHR8~ 

peanbROI OCR R SIBJIB9TCB p88ROM9p.IIO orpaBR'I9HRbiM B ll:BJKAOI!: BllYTP&RRE 

npa o6hi'IROM orpaRB'IeRBB Ra nepeAB'Iy aunyllbca 

a 
0~1 ~ 4v0 

rne. I - nepenaaabiA BMnyllbc 

v 0 •mln(l£ 0 ,.\ 0 ), 

I •(p' -p)a 

PacCMOTpau Tenepb aopuy lliMBATa
121 

IIKH1
•fd

3
pd

3
p'lk(p',p;e)l

1
• -"-- fd;IW(q 1

)\
1

• 

\!mY.\ 
Kax BBllRO B3 (8), W(q1

)- 8H8JIBTB'IeCK8SI cpyRKABSI no a Ha pea, 

BeneT cefig H8 fieCKOH9'1ROCTB KBK O(q-
0

) 

• 
fioaTOMY BHTerpan OT \W(q1 ll 1 

CXOABTCSI1 B Bblp8JK9HB9 (15) KOHl 

ae neJKRT aa nonoJKsTenbHOII peanbaoll oca. B aTOM cny'!ae 

I 

IIK\1 <-

• SlllPO (10) onpenenSieT onepaTop lliMBllTB K(e) • 3aueTRM, 'ITO ypaBHI 

nepenRCBTb B OllepaTOpHOM BHlle 

T(e) • W - @0 (e) WT(s) • W-K(a)T(a), 

ljlopMBlllbH09 peweHB8 KOTOporo 3811HCblB89TCB TBK 

T(o) • [1 + K(a) f 1 
W. 
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8 yp&BH8HR8 AnH BOnHOBOI ~YRKIIHB BM88T BRA: 

.. 1 .. f .. • ... I ... p ) F 0 ( p)- 4 m dq W 0o'((p- q) ) F 0 (q) • 0 • (8) 

• •4m(E-t~1 ), (4) 

praa, ':11 • -It ~a J - aaeprHB CBB3R AByx'laCTR'IHoll CRCT&Mbl, m - Mac;-

yp8BB8BRH (8) BM88T BRA: 

li> .. I -I 0 .. I ·I 
1:10 (p)• (o +10-p ) • [4m(E+IO-t 

11
)-p ) , (5) 

ypaBaeue JlanMaaa-illBBHrepa Allll aMnllRTyAbl pacceBHBH T 00 cP' ,p) 
>lllRM o!Spa3oM: 

.. , ... ... , ... I 1 , ... 1 Too(;, P ) 
T00 (p ,p)•W00 ((p -p) >-fdqW0Jfp-q) >-..---

q -•-10 (6) 

Mbl OnyCTBM RHA8KCbl y II' B T 1 'ITO Be np&B8A8T K H8AOp83YM8BRIO, 

V ( ( -+, -+ I -+ -+ I oo ( ) "" 
1 P -p> > -v~~ ((p'-p) >•!--:":.....:...~'..,;..,.~ 

l'o (p' _ _,IJ +tl 

.. .. 1 

P ,a>= f <U.f~Go <A>.,(p) 'c-... -_-.. ->,~+!'..... c'p'-P>a+A" 
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npeACT8Bil8HBB nOT8HIIB811 6yAeT BM&Tb BRA! 
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(9) 
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§ 1. Aaan&TB'I8CJ:Be CBOiiCTBa aMnn&TyAbl no aaepraa 

Hay'IBM Tenepb 8H8n&TB'I8CXB8 CBOIICTBa BMnnBTYAbl Ra OCHOB& ypaBH8HBB (6), ~A
poM 9TOro yp&BII'eRBB Cny>KRT Bblp8JK8RBe: 

... ... ... .. 2 t:'~ ... .....;-; ..... 
k (p',p 1 o) • 1 W((p' -p) ) •f• k(x,y;o)e dxdy, 

P'1
-·- iO (10) 

rAe 

k(:.ra•> •W<Jrl> § 
0
(;, ;;el. ( 11) 

§o c:.r;•>· 1 • •v.J:-;1 
..-;;-- 1 .. X- yJ (12) 

C nOMOlllbiO (9) 1 (10) B (12) H8TPY.D:HO y6&AHTbCll
1 

'ITO H.D:pO k(p',;;o) 
liBIIH8TCH 

8H811BTB'I8CJ:oil ~HJ:IIB&il OT o BO BCell nnOCJ:OCTR o 38 BCKI110'18HB8M nollO:lKBT81lbROil 

peanbROil OCR B BBIIB8TCB p8BHOMepao orpaRB'I8HRbiM B K8JKJ:IOII BHyTpeHHeil nOA061laCTR 

npa o6bi'IROM orpaRR'I&RBB Ra nepe.o:a'ly BMnyllbca 

rA~ 1 - nepeAaHHblil RMnyllbc 

I 
0~1 ::;h•o "o •mln(po ,Ao)' (13) 

1 •(p' -p)a (14) 

PaCCMOTpBM Tenepb HOpMy illMRATa /2/ 

JltH
11 

• fd
3
pd

3
p'Jk!p',pa•>l

1
• _, __ fdq Jw<q" 1 >1 11 

• (15) 
J!mY.J 

KaK BRAHO R3 (8), W(q
1
)- 8H811BTR'I8CK8H ~RKUllR no a Ha peallbHOII OCR R 

B8A8T Ce6R H8 6eCKOHG'IHOCTR K8K 0 ( q - 4 ) 

noaToMy RHTerpan OT J W ( q1 
) 1

11 
CXOARTca, B Bblpameaae ( 15) KoBe 'lao, ecnR • 

ae nemaT sa nonoJKRTenbaoll peallbaoll OCR, B aToM cny'lae 

II 

IIKJJ < .. 

11 R.D:po (10) onpeAenaeT onepaTop illMRATa K(e) 
, 3aMeTHM1 'ITO ypaBaeaae 

nepenacaTb B onepaTopaoM BRAe 

T(e) • W - § 0 (o)WT(s) • W-K(o)T(o), 

cpopuam.aoe peweaRe KOToporo aanRChiBaeTCll TaK 

T(o) •[1+K(o)f
1 w. 

~I 

5 
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Bocnoru.ayeMC.II Tenepb BBlKHOll TeopeMoll, AOX838HHOll nasnecoM
131 

TeopeMa; nycT& • - xoMnnexca&Ill napaMeTp B onepaTopbi K(o) ynosneTsopH!OT cnenyro

wBM Tp&M ycnOBB.IIM: 

1 ) onepaTop K(o) 8CTb 8H8DBTB'I8CKHll onepaTOp no O B H&KOTOpoll CBII3HOll 

oiSnacTa n.; 

2) AD.II K8lK.llOI'O o Eo D 
8 

B H&JtOTOpOrO H838BHC.IIW8I'O 0T • KOH&'IHOI'O 'IHCD8 n,(K(o)]
0 

8CTb OD8p8TOp illMHilT8; 

3) cymecTsyeT no xpallaell Mepe onaa TO'IJta •o s D 0 , An.ll xOTopoll IK<•l I< 1. 

TorAa [1 +K(o)]-
1 

ecTb MepoMop4j!Hbiii onepaTop B n. B Bbi'I&Tbl s ero non10cax 

BM&IOT JtOH&'IHbiJI paar, 

Kax Mbl nOK838DB Bbiwe, .11/lpO k(p',p; o) 

KOCTH C p83pe30M Reo ~ 0 . 

ISI>mo aaanBTB'Iacxoll cpyaxuaell s • -nnoc-

KpoMe Toro, K(o) eCTb onepaTop illMHATa. 3aMeTHM, 'ITO 

IK I $. II" II . 
B nellcTBHTen&aocTa, I - orpaHH'I&HHbiA onepaTop, Ho ae onepaTop illMHATa, nocxon&xy 

.11/lpOM 3TOI'O onepaTopa cnylKHT 8 -cpyHKUHSI, 

Mbl BHJlBM, 'ITO MOlKeM Y.llOBn&TBOpHTb BC&M TpeiSOB8HBSIM TeopeMbl nasneca H noaTo

MY aaxniO'IaeM, 'ITO T(s) eCTb aHan&TH'Iecxall onepaTop B xoMnnexcaoll • -nnocxocTH 

C pa3p830M BAOnb ll&liCTBHT9n&HOll OCH, 

Rea;?;O. (18) 

KpoMe Toro, T(s) MOlK&T HM&Tb nOD!OCa H8 0TpHil8T9nbHOII BeweCTB9HHOli OCH, 'ITO COOT-

B9TCTBY8T CBSI38HHbiM COCTOSIHHSIM llBYX'I8CTH'IHOJ! CHCT&Mbl C BII&WHHM noneM, H830B9M 

aTy o6nacT& MepoMop<jJaocTH D • • nocxon&xy II K 11 1 < .. , Mbl MOI'DH npHM8HHTb K 

ypaBH&HH!O nHnM8H8-illBHHI'8p8 M&TOil <l>p&/li'OnbM8 H npawnB 6bl K T&M JKe C8Mb!M peayn&-

T8T8M, 

BcnoM&HaSI Tenep& (4), aaxniO'IHeM, 'ITO no nonaoll aaepraa s aMnnaTyAe T(E) 

paape3 H8'1BH88TCSI B OTpHil8T8n&HOll oiSnaCTB 

-If~~ I:S E <oa 

8 3TOM CK83b!B88TCSI H8DH'IH8 llByx'qaCTH'IHOI'O CBSI38HHOI'O COCTOSIHHSI. 

(19) 

Ha OCHOB8 BblW81lOK838HHbiX CBOliCTB MOlK&M H8nBC8Tb ,llHCnepCBOHHOe COOTIIOweHBe 

no 8 npB cp&KCHpOB8HHOll nepe,ll8'18 BMnyn&ca: 

6 

• 

!,~ 

I .. 

1 .. ' T(o,t) •W(t) + _ J do lmT(o',t 
ll'o •'-o-10 -f r; ( t) ___ , 

• + •• 

cnpaseAnasoe npa t $. 4 v: a 1 a 
'rAe "o •mln(l'o ,Ao ). 

§ 2. AaanHTH'Iecxae csollcTBa aMnnBTYilbi pacceSIHBSI no nepeAa 

.llnSI aayqeaag aaanaTa'lecxax csollcTs aMnnBTYAI>I no nep!IAS'Ie 6yne1 

/4/ 
B paiSOTe • 3anameM cpopMan&HO SIBBoe pemeaae ypasaeHHSI (6) s BBAe: 

.... .. .., a J .. , a (i) .. 8 .. a .. ,.,a 
T(p ,p)•W({p -p) )+ dq

1
dq

1
W((p -q

1
l )tl(q

1
,q 8 ;o)W((q

1
-p, 

rAe @ ( q~, \I:•> - <l>yp&e-o6paa nonaoll cjlyaxnu rpua. Hcnon&ayll a~ 
liRe nOT&HilBana (8) 0 118XOAHM0 'ITO 

T'(p', p) • T(p', p)-W((jf '- p )a) 

pa36HB89TCSI Ha '18Tblpe THna 8MnnHTYil 

pp.-

p).- } 

),p.-

M 

I'll& 

T'l'l' (p',p) •Jdq
1 

dqa j~~fi')Ji~·jdA'¢>(jl',A') x 
l'o Ao llo ~ 

§ ...... a 
X (ql,ql JB) 

[ ... , .. I 1][ .... ,,!1 1] 
(p -ql) +I' (ql -pi +I' 

pA ... 00 00 CIO 00 ~i I 

T~ (p', p) • Jdq 1 dq
1 

f ~ fdAtp(p)J f~' fdA'¢>{jl ',A') § ( q I' ql ;o) 
lL. A u.. ' [~' + !I I][ .. ... • rv o rv "O \P -q 1 l +I' (q a -p) 

\ 
,)),. . 00 00 00 00 § .. lil .. 3 

T (p',p) • Jdq1 di{. J~ fdA¢>(p.,A) J ~ 'JdA~(I''A ') ( ql ,q a ;o) 

l'o Ao l'o Ao [( ·"P' -ii / +~ ][(~..: 

G0 (A)I'j(p.) 
¢>(I'' A l • --:v---r 

A -1' 

,llnSI BbiUOnHeHHSI H&KOTOpbiX HHT8I'p81lHA BB91l8M nongpllbl& XOOp.llBH8 

P •p(l,O,O) 

p'•p(coo9 ,sln9,0) 

ql • q
1 

( oln,8
1 

cos a 1 ,om,8 1 slna1 ,oos,B 1 ), 

rAe 9 - yron pacce!ffi&SI: 
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pb BSlKHOII TeopeMoll, AOK838HHOII nasneCOM/S/ 

xoMnnexcH&III napaMeTp B onepaTop&I K(a) YAosneTsopsnoT cneAyiO-

(o) ecTb aHanaTeqecxell onepaTop no B H&KOTOpol! CBB3HOII 

o .~o • e HexoToporo He3asecsmero OT • xoeeqeoro qacna n ,[K(al]" 

op llJMHilTB; 

no xpal!eel! Mepe OAHa Toqxa • 0 B D • , AnH KOTopol! IK<•> I< 1. 

,)]-
1 

ecTb MepoMop(jlHbll! onepaTop B o. a BblqeTbl B ero nonrocax 

r, 

ne Bblwe, HllPO k(p',p; •l o&rno aeaneTeqecKoll (jlyexueel! s • -nnoc-

•• ~ o. 

(o) eCTb OnOpSTOp llJMHATS, 3aMeTHM, qTO 

IK I$. II I( II . 
I - orpaHeqeHHbiii onepaTOp, HO He onepBTOp illMHilTa, nOCKOflbKY 

>pa cnylKHT /J -(jlyHKUHll, 

MOlKOM YllOBfleTBOpHTb BCeM TpeoOBaHHliM TeopeMbl nasneca H nOSTO

T(o) eCTb aHan&TeqeCKHII OnepaTOp B KOMnneKCHOII a -nnOCKOCTH 

IICTBHTeflbHOI! OCH, 

Reo~O. 
(18) 

MOlKeT HMeTb nonroca Ha OTp&UaTOflbHOI! BeweCTBeHHOli OCR, qTO COOT

COCTOliHHliM nsyxqacTaqeoll cecTeM&I c BHeWHHM noneM. Ha3oseM 

D0 • fiOCKOnbKy IlK 11 2 <oo , Mbl Morna npHMeH&Tb X 

BHHrepa MeTOil <l>peArOnbMa H npHWflH Obl K TeM lKe CBMblM pe3yn'b-

pb (4), 3aKnroqHeM, qTo no noneol! saepree B aMnneTyne T(E) 

OTPHUaTeflbHOl! oonaCTH 

-lt~2 ~~ E <oo 

Haneqee nsyx'qacTeqeoro CBH3aeHoro COCTOHHHH. 

(19) 

llOKa3aHHblX CBOliCTB MOlKeM HaUHCaTb AHCUepCHOHHOe COOTHOWeH&e 

HHol! nepenaqe HMnynbca: 

6 

• 
'• ,;A 

1 .. ' T(o,t) •W(t) + _ J de lmT(a',t 
tro .~-•-to 

-I If Ctl 
I -----) 

• + ., 
(20) 

cnpaaeAneaoe npe $. 411: 2 a 2 
• rAe "o •ml"(l'o ,>.o ). 

§ 2, AuanuTaqecxee caolicTaa aMnneTyn&r pacceHHBH no nepenaqe &Mnyn&ca 

nns H3yq&HBH aHan&THq&CKHX CBOliCTB aMnnHTYAbl no nep~Aaqe oyQeM 
/4/ 

A&I!CTBOBaTb KaK 

B paoOTe , 3anxweM (jlOpMaflbHO HBROO peweRBe ypaBHORHH (6) B BRAe: 

' .. , .. ...... ~ ... ... 2 (il_ .... ... 2 .. ~~ 
T(p ,p)•W((p -p) l+fdq 1 dq 8 W((p -q 1 ) );:,(q

1
,q

8 
;a)W((q

8
-pJ ), (21) 

rAe § ( q~, \1;•) - <l>ypbe-o6pa3 nonuol! (jlyHKUHB fpeea, Hcnonb3YH eawe npencTaane

Hue nOTeHUBana (8), HaXOAHM0 qTo 

T'(p',p) • T(P',pl-W((jf'-p) 8
) 

pa30HBaeTCll Ha qeTblpe THna aMUnHTYA 

Ill'-

,>.-} 
>.p.-

M 

rna 

T'lll' (p',p) •fdq1 dq8 jdp~(jl.>.)jdp'jd>.'rp(jl',).') X 
l'o >-o llo ~ 

§Cqla,;: l•l 
X ... , _., I 2 ... i 2 

[(p -q 1 l +I' ]((qa -P> +I' l 

,V.. ... oo oo oo oo ta .. a ... a 
T~ .. (p',p) •fdq 1 d~ f dp fdN/J.p.)J fdp' fd>.'rp(jl ',). ') 1:1 (q I' qa ;a) 

• .,. 2u_ , , [~' ~ il ll ][ .. .. il il 
rv "o l'o "O 'P -q 1) +1' (q 2 -p) +A ] 

... 2 ... 2 
.,., 

00
"' §(ql,q2;o) 

T,M (p'.~) D fdql d~ fdp fd>.¢><~&.>-l f dp)d>.<f>(~&'>. ')[( ... , .. .a t][(.i. -p)2 .lJ 
l'o ~ llo "o p -q II + "' 

G0 (,\l'!<l'> 
,1. (I' • >. ) • ..,.--,--
'1' >. -1' 

(221) 

(222) 

(223) 

/5/ nns BbiUOnH&HR!I HeKOTOpblX HHTerpauxl! BBell&M UOn>ipHblO KOOpllHHaTbl neMaHa 

rQe 8 - yroll\ pacceHH&H: 
I . 

. ,. 

p •p(l,O,O) 

p' • p(coo8 ,alll8,0) 

q1 •q1 (am,81 coaa 1 ,om,81 olna 1 ,coa,8 1 ), 

7 

.I 



BsO.QSl HOBble nepeMellHhle 

.... , 
p•p 

coo8• pr 

2 I 2 

)( • a I -a 2 • 'I • I' I + p + q I • ( 
2pq

1
alll,81 I 

2 2 I 
• AI +p +ql 

2pq
1

sm,B
1 

MO~Ho nposoABTb HHTerpanxiD no yrnaM H unSl aMnnBTyU xa~uoro BHUB nony~aeM cneuyiD-

~ee npeucTasneHBe: 

rue 

I'll 
•o • 

2 
21'o 

1+7 

II oo 21r ( 
T' ( • , coo(!) • ~ dz J d)( w • • • • X l 

•o 0 z- coo (8- X) 

2 

,M. 1 + ~· 
0 p 

),p /'A Ml'l' 
z 0 ••u •min(z 0 ,z 0 ) . 

11sa~e rosops, uns nonsoll aMnnxTyuhl Mbl Mo~eM sanxcaTb npeucTasneHHe 

21r 
T '( •, coa 8) • J dz J d)( w '( z • •, )( l 

•o o z-coo(6-xl 

rue 

M I'll 
•o • mill(•o ·•o ) . 

(23) 

(24) 

(25) 

(26) 

A aTo ooHa~aeT, ~To aMnnsTyua T' 5yueT 8H8nHTH~9CKOll ~HKUHell B KOMnneKCHOll 

nnOCKOCTH coo8 BHYTPH annsnca JleMaHa c nesTpoM B sa~ane xoopnssaT, c 6onh~Oll 

nonyOCbiD • 0 H ManoA nonyoCbiD ( z ~ -1). 

B t - nnocKOCTH aTOMY cooTseTcTsyeT asansTB~HOCTb B annsnce, KOTOpbill nepece-

KaeT Be~eCTBeHHYID OCb B TO~K8X 

t • 2p
2 

(1 - •o l 
2 2 K 

t • 2p [1-( z 0 -1 l ] . (27) H 

nocxonbKY asanors~soe npencTasnesse cnpasennsso B nns T*' , TO oao cnpasennsso 

OT)lenhHO nns ReT' H ImT'. 

ro; 
Taxoll ~e peaynhTaT 6h!n nony~eH B pa50Te , rne paccMaTpssanacb aana~a pacces-

HHH ~aCTBUhl Ha CBB38HHOM COCTOHHBB, 0JlH8KO T8M He YJl89TCg paCWBpBTb o6naCTb 8H8nB-

TH~HOCTB H8 BCID t -nnOCKOCTb, 

BooMo~ao ns pacwspeaae o5nacTB aaanHTB~OCTB sse annanca JleMaaa B aaweM 

CT8TH~9CKOM cny~ae? 

.nns BbiHCHeHBH aToro sonpoca paccMOTpBM pHJl ct>penronhMa BHTerpanbHoro ypasae

HBH/4/, PemeaBe aansmeM s BB)le 

8 

• 

T(p',p) •W((p'-p)l) + fdq N(p',q;a) W((q -p)l) • 
D(o) 

rne N B D - ~acnxTenh H 3HaMeaaTenb ct>penronbMa. 

nocKOnhKY HJlpO ypaBHeHHH (6), KaK Mbl y6e)lHnBCb Bh!We, KB8)lp8TB~I 

TO pHJlhl N B D pasaoMepHo cxonsTcs, B o6nacTH n. T -MepoMop<jla, 

UHH, noaTOMY 3H8M9H8Tenb D(o) MO~eT 05paTBTbCSl B Hynh TOnbKO npH 

se~e CTB9HHh!X a > 0 D ( o) He o5pamaeTCs B synb, KpoMe Toro, D(a) .. , 
aanpasneHBll p 

.. 
B p B npB JlOK838T9nbCTB9 aaanBTB~HOCTB no 

HBK8KOll pons, 

PaccMOTpBM noaToMy TOnhXO paano~esue ~•cnxTenH: 

... , ... 2 00 D 

N ( .. , .. • l W((p - q l ) + I (-1) 1 { n 
p ,q,s • -- -=----

q2-o-10 n•l Ill q~-o-10 •I 

(
,..., ... !ill ,..., .. 2 .. , .. 2 

W IP -q) ), W(lp -k 1 ) ), ... , W((p -kD) ) 

..... lil .... .2 
W((k 1 -q) ), 0 , ... , W((k1 -k

11
)) 

.. ...a .. ..-a 
W((k D -q) ), W((kD -kl) ) • ... • 0 

.. 
dk 1 
~) 
kl-·~10 

PaccMOTpBM n -hill ~nea aToro pHJla, Oa 5yneT conep~Tb H9KOTOphlll 

06IIXHJ! ~neB KOTOpOrO HMeeT BB)l: 

f . <D>.. .. f n dkl 
Ne <p',q;•>· I•lril-·-1o 

I 

~rl) 2 .. , .. 2 .. .. I 
~ W((p '- k1 ) )W((k1 -1< 2 )) ... W((kf- -kl) )W 
q 2 -o-10 1 

(D) 

rna £ ~ n , ~ £ ( s) <jlyHKUBH nony~aeTCH B peaynbT8T9 BHTerpBpOB8HHH: n .. .. 
, k £./.at ••• , k D ) • noncTaBBM Tenepb np~ncTasneaBe BMnynhCaM ( kf +I 

(8) B (30) 

sxnana B 

2 
B OT)lemUI BHTerpBpOB8HB9 UO dkl C nOMOIIXbiD 8 -<jlyHKUBB, 

T'(p',p) OT npoaasonbaoro cnaraeMoro cnenyiDmee swpa~eaue: 

(D) .... 
T' f (p' ,p) 

<rll e .. .. 
• ~£(•) J'i:tf>CAI'I'I)dAid/tltf>CAt+a'+'f+tldAf~ 

D(o) 1•1 u
1

- o -10 

2 2 2 
xfdk ... dk 8(1<1 -us )8 (ka -ua) ... 8(kf+l-uf+tl -

I f+t 2 -+ -+ a ' .. -+ 2 I -+ .. !ill Sl .,. 
[I' 1 +(p'-k I) JL\1 +(p'-ks) ] ... l/tf+D+(kf-tCp) ][Af+l+(kf+l 

.. 
3necb t/>(AI •I' I) •Go (AI )I'J(I' I)' 

9 
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1Bb18 nepeMeHBhle 

.... , 
p•p 

ooo8 • pr 

~ a ~ 

X • a 1 -a~ , el • 1'1 + p + q I 
2 pq1aln,81 

'~ ~ a 
.:, • "l+p +ql 

2pq
1 

otn,8
1 

Tb HHTerpanHro no yrnaM H AnH aMnnHTyA Ka~Aoro BHAa nony~aeM cneAyro-

HRe: 

~ 

21'-o 
• 1 + 7 

lj "' ~" 
T' (e,cos8) •L dzfdX w(z •0 

• X l 
•o 0 z-coo(li-x> 

~ 

,\.\ 1 + 2.\o z • --:y-
o p 

);t ,.A ,\.\ ,.,. 
z 0 •z 0 •min(z 0 z 0 ) • 

AnH nonHOJi aMnnHTYAbl Mbl MO~eM HanHCaTb npeJlCTaBneHHe 

~" ' 
T '( • , coa 8 ) • f dz f dx w ( z • a • X l 

o z - coa(8-x> •o 

,\.\ ,.,. 
z 0 • miD ( z 0 , z 0 ) • 

(23) 

(24) 

(2,1>) 

(26) 

a~aeT, ~TO aMnnBTyJla T' ~yJleT aHanHTH'IeCKOJi ~HKUHeli B KOMnneKCHOJi 

BBYTPH annHnca neMaHa c UGHTPOM B Ha'lane KOOpJlHHaT, c 6ofibwoli 

H ManoA nonyocbro (z~ -1}. 

OCKOCTH 3T0My COOTBeTCTsyeT aHanBTH~HOCTb B annHnce, KOTOpbiJi nepece-

HYID OCb B TO~KaX 

t•2p
8 
0- •0 ) 

2 ~ K 
t•2p [1-(z 0 -1) ] . H (27) 

orH~Hoe npeJlcTasneHHe cnpaBeJlnHBO H JlnH T*' , TO OHO cnpaBeJlnHBO 
ReT' H 1mT'. 

peaynbTaT 6bln nony~eH s pa6oTe
161

, rile paccMaTpHBanacb aaAa~a pacceH

CBH38HHOM COCTOHHBH, 0JlH8KO TaM He YJlaeTCR paCWBpBTb o6naCTb 8HanB

I -nnOCKOCTb, 

pacwupeHHe o6naCTH 8HanHTH~OCTH BHe annHnCa neMaHa B HBWeM 

'lae? 

eonpoca paCCMOTPHM PHil ~peAronbMa HHTerpanbHoro ypaBHe-

aanumeM e BBJle 

8 

~ 

,j 
I. 

a ( .. ' .. ) 
T(p',p) •W((p'-p) ) + fdq N p ,q;o W((q -p)a) • 

D(a) (28) 

rile N B D - ''IBCnRTenb R 3H8MeHaTem. ~peJlrOnbMa. 

TIOCKOllbKy HllPO ypaBHGHBII (6), KaK Mbl y6e}lBnHCb BbiWe, KB8Jlp8TH'IHO BHTerpBpyeM0
1 

TO PH/lhl N B D p8BHOMepHo CXOAHTCII, 8 o6naCTH 0 8 T -MepOMOpopHall OT a ~HK-

UHII0 noaTOMy 3H8MeH8TQ1Ib D( a) MOJKeT o6paTHTbCII B Hyllb TOllbKO npH Rea < 0 • .Un11 
eemeCTBeHBbiX a >O D(a) Be o6pamaeTCII B Hyfib, KpoMe Toro, D(e) He aaBBCHT OT .. , .. 
HanpaeneHRA P H P H npu JlOX838TQllbCTBQ 8B8nHTH'IHOCTH no I OHa He Rrpa9T 

HRKaKoli ponu. 

PaccMOTpRM noaToMy TOllbKO paanoJKease qscnuTenH: 

("' .. 2 00 D 
N(p',q;a)•W(p -q)) +I (-1) • 

2 ----q -•-10 n•l nl -
• fD 

q -·- 10 1•1 

,.., .. 2 .. , .. )2) (( .. ' .. )2 W(\p -q) ), W((p -11: 1 , ... , W p -kn ) 

.. .. 2 
W((k 1 -q)), 0 

.... .2 
..... W((k,-ltD)) 

........... ········ ..... ········ .. 
.. ~2 _., ...,-2 

W((kn-q) ),W((kn-kl)), ... , 0 

.. 
dkl 

-------X .. ~ 
It -a-10 

I 

(29) 

PaccMOTPRM n -hili qnea aToro pliJla, Oa ~Yil&T COA9pJKaTb HeKOTOpbiJi AeTepMBHaT, 

o6msli qnea KOToporo HMee~ BRA: 

f .. (n).. .. n dltl 
N f (p',q;e) • fl•tj:s -• -iO 

I 

(ll) 2 ....... 2 ... ... ~ ... .. t: 
~ W((p'-k1 ) )W((k 1 -k~) ) ••• W((kf-

1
-kf) )W((k f -q) ), (30) 

q 2 -e-10 

rile f:;;. n 
(n) 

, \!If (o) opyHKIIBII nonyqaeTCII B peaynbTaTe BHTerpHpOBaHRII: no OCT8llbHblM 
.. ... ... l 

( It f + 1 , k f +at' • •, k n ) • TioJlCTaBBM Tenepb np!!JlCTaeneaue noTe ana ana 

H OTJlenHH HHTerpHpOBaHHe no dk: C nOMOIIlbiD 8 -opyHKURH, nonyqaeM Ani! 

T'(p',p) OT npouaeonbaoro cnaraeMoro cneJlyromee BbipaJKeHse: 

HMnyllbC8M 

(8) B (30) 

BKnaAa B 

(D) £ .. • 
lilt (a) f 'i: ,PIAl '~'-1) d.\ I djll </> (Af+a' +'tt-l )d.\~ du

1 
x 

D(s) 1•1 n
1

- e -10 

(D) ... , -+ 
T' f (p ,p) 

2 a 2 
x/dk ... dk 8(kl -u, )8 (Ita -•al ... 8(kf+t -nt+t) . - -

l l+1 2 .. ... 2 ' ... ... 2 2 ... .. 2 2- ~.. ... 2 
[,. 1 +(p'-1t 1l JL\ 1 +(p'-1t 1 l ] ... [,.t+a+(kf-tCPl lt\t+a+<kt+

1
-pl l 

(31) 

3AeCb Jc.\, ,,., > •Go C.\1 >11<,., > • 

9 



--I. ~. 

Bocnon&ayeMcs Tenepb <jlopt.fYnoll 

[
a .. .. a a ..... 

p. I +(kH- It I ) ][AI +(~-t-kl)] 
1 ( .. ..f 

-~ a (k -kl . • a jl. + I· I AI -p.l I 
I ~ ... ) • 

A1 +(k -11:1f I-I 

Tor11a (31) paa6BB89TCII Ha PliA 'ln&IIOB, npoa3B011bHblli B3 ltOTOpbiX 6yJl&T aM&Tb BBJl 

T'('11) .. .. ('11) 
tcwJp' ,p) • ~ f (s) }~1 </;(A 1 • P. 1 l <L\ 1 dp.l tf;<Af+a' P.£u1~~ du

1 
x 

I• I u
1 

- S -10 . 

8(k
1
1 -a 1 )l!{k~ -a a ) ••• 8(11:~-af+l l 

x Jdk 1 ... dktt. 1 .. 1 a .. .. a a .. ..
1
a
1 [1..: +(p'-11: 1 ) Iva +(11: 1 -ka l ] ... [~+4+(kf+l-p 

(32) 

r11e v1 o6oaBa'laeT p. 1 ana A1 , npa'leM B sTOM BbipalKeHHB aaauesaTenB c I' 1 

BCTp9'18JOTCSI M paa, a c A 1 - N paa. 

r11e 

npa 

rAe 

-

Bocnonbayeucs Tenepb <jlopuynoll 
171 

<l>y6ssa 

Jdk, 
B(ka ) -,-a, • , f d1 1 (J(yl 1 -v1 -valc9~ 

[ 
a .. .. a a .. .. a 2 ( .. ' ,. • . rr 

VI + ( P'- Itt.) ](v
8 

+(k
1
-kg ) ) I I + P - r.a) V l!J. 

a 
1\(1 1 +p' +at l 'a p l\(v:+pa+u 1 l 

a 1 • It~ 

!!.. • Ll(v: ,u} \p'aa 1ua\11 l•-

a 
D~ • kl 

t •. • ,a l 1\ \VI +p +a, 

a 

a, 

J\{11 +p' +a1 ) 1\(va + u
1
+ ua l 

nocneJlOBaTen&HbiM npBM9B9BII9M STOll <jlopMynbl nony'!89M 

1\(v: +u 1 +aa) 

ua 

('11) f+t 
T

,('/1) ( ) ~t<•> f n tf;<AI ·P.I lelA, dp.ltf;<Afwl'tt.aldAf.ra_ djl.f+l d 
f e,t • --- u1 X 
(WN) D{s) I• I a

1
- • -10 

dl f+t 
f-~0~WN) I f+l + 

ol 

(D) 

pfcwi,lf+t ;e;al , ... ,uf+l;v,, ... ,vf+ll' 

I ('11) "'" a ofCWI'O..,.I +P.a + ... +p.,+At +Aa + ... +AN) , M+N• f+2. 

10 

(33) 

(34) 

(35) 

'-iT06hi nony'IBTb cneJtTpaJibaoe npeacTaenesae, HylKJlo B!lTerpan no 

rnaee ecero BblpalK&HBH, HeTpyaso BBJl&Tb, 'ITO TaKas nepecTasoexa 

'188M 

r11e 

('11)! .. dl'o/t <• ,I') 
T' (•,1) • ---

l ~(D) I'+ I 
ot 

(D) (D) 
1ol • mln,( 1of onJ 

.. 
Bee BblweaanolKeRsble paccylKJleHall MOlKJlo npoeeCTa a Ans T't 

cnexTpanbBOe npeACTaenesae (86) cnpaB&AnBBO JlJIH KBlKJloro qneaa ~ 

MB OTA911bRO JlJISI MHBMOlt B Jl&IICTBaTeJibHOlt '!aCTelt aunnaTyAbl, Ha ' 

<jiBXCBpOBa!lROM 8 > 0 JtalKJlblll qnes paano:IK&BBH <l>peJlron&ua -aunn1 

QTCSI asanaTa'I&CXOII <jlyllK!laelt no I , perynspsolt BO BCelt nJIOCKOC1 
a I 

BAOJib OTPRil8T911bROlt B911l9CTB9B!lOII OCR OT -oo JlO -~ 1 rAe 1'1 • 

asanaTB'IHOCTa aunnaTyAbl T '(•, I) BylKRO 91119 JlOXa38Tb p8BBOMepl 

<l>peJlron&ua 11ns mo6·olt Koseqsoll o6nacTa 1 -nnocxocTa 6ea paepee. 
/8/ 

CTBO npoBOJlBTCll nyTeM npoueJlyp&I, 113no:IKeRsoll B pa60Te , B peal 

'ITO T'(e,l) SIBJISI&TCll asanBTB'I9CKOlt no I <jlyBKilB&lt BO BC&lt XO 

CTB 3a aCKJIID'I&HBQM pa3pe3a 

a 
(-ao ,-4v0 ) r11e 

a a 
"o • mln(Ao •P.o l • 

3 a K n ID 'I e a a e 

TaltBM o6pa30M, Mbl noJtaea.II.B, 'ITO aMnnBTyJla T(s,l) SIBJISIEIT 

<jlysxuaelt no • eo ecell xounnexcaoll 8 -nnOCKOCTB aa aCKJIID'I91 

a, B03MO:IKH01 noniDCO~ sa OTpBuaT911bBOlt B911l9CTB9BBOlt OCR, ltOTOpbll 

CBHSaHIIbiM COCTOliBaHM CJIOlKJIOlt '18CTBilbl B none, 3TH asanBTB'I&CKHI 

Bblp83BTb C nOMOIIlbiD ABCnepCBOBHOro COOTBOW9HBSI (20) no 8 npl 

nepeJla'le Kpoue Toro, Jloxaaasshie B npeJlhiAYIIl&M naparpacjle all 

CTBa MaBMOlt 'laCTH aMn.II.BTyAbl no nep&Jla'!e noaeonsJOT npo11o1 

Hoe COOTH011l911B9 (20), XOTOpoe AOXa38HO TOnbXO AnSI B911l9CTB9HBbll 

BCID paapeaassyiD nnocxocTb 

CHbiX nep9M8RBbiX 8 B I 

H OnpeA&IIBTb aHaJIHTB'I9CXyiO cjlyBI 

, XOTopas 6yAeT perynHPHa B Tononor1 

HHB ABYX paape3aHHbiX nnOCXOCTelt 8 • 1 BCXniD'IaSI npB STOM 1 

•• B nnoCKOCTH • • nosTOMy JlJISI aunnBTYAhl pacceliBBSI T(•,l) 

npeJlCTaenesBe MaHAen&cTawa, 

11 



g Tenepb ~OPMYDOA 

1 ( 
~ --2----~~--~~2 

A1 -,.. 1 ,..
1 

+(kl-l-k1l 
2 ~ .. ) • 

A 1 + (k -k1f I-I 
2 .. ... 2 

][..\1 +(~-1-kl)) 

PliA qneHOB1 DpOR3BOn&Hb!A R3 KOTOpb!X 6y.t~eT RM8Tb BR.tl 

~ ,Z, (~ (o) ff+I1
1

¢;(A I • Ill ) ciA I <¥£1 ¢;(Af+2'1'£t2)~<¥£t.. do x 
,p)- _I 

O(a) 1• 1 u
1

- o -iO 

2 2 ~ 2 ) 
8(k 1 -u 1 )8(k 2 -u 2 ) ••• u(k£+.1-uf+l (32) .. 

I ••• dk£+1 2 ~ 2 2 ~ -+ 2 2 ~ ~ 2 
[v 1 +(p'-ktl ](v2 +(k 1 -k2 ) ) .•• ['t+f+(kf+l-p) l 

,.., ana AI , npaqeM B aTOM BLipa>KeHRR sHaMeHaTenR c Ill 

A 1 - N pas. 

R Tenep& ~opMynoA <f>yfiRHR/7/ 

2 ~ ~ 
I +(p'- kl 

_ " 1 dt 1 9/.vt; -v1 -v2 >11W 
2 tl+(p'-;2)2 ..[K . 

p'2 li(v:+p'
2

+u 1 ) 
2 

li(tl +p' +•I) 

l!t.(vl2 •"22 jp'2olu2jtl >•- , .. a ,a l 
li \VI +p +ul ul !i(v: +u 1 +u 2 ) 

2 
!i(t1 +p' +u1 ) li(v2 + u

1
+u2 ) Dg 

npRMeHeHReM aToll ~OPMYDLI nonyqaeM 

(D) f+l 
lllt<•l f II ¢;(AI •Ill l~ c¥t,¢><Afwll£t2ldA£t2. <¥tt+a d 
---- u

1 
X 

O(o) I• I 01 - o -10 

dtf+l (D) 

p f(MJ, 1f+ I ; 0 ; 0 I '•••' 0 f+t ; 11 1 • ••• • Jl f+a) • 1f+l + I 

w 2 1
0fCWI'I!.I!{jll +/l2 +··· +/lM+A 1 +A 2 +···+AN) , M+N• f+2. 
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""' 

(33) 

(34) 

(35) 

'-1To6LI nonyqRTb cneKTparu.lloe npe.o;cTaBneHBe, Hy)I(Jio RHTerpan no dt f+l 
nOCT8BRTb BO 

rnaBe Bcero Bblpa)l(eHBR, HeTpy.t~Ho BB.ti&Tb, qTo TaKaR nepecTaaosxa saxoa:a:a, R MLI nony-

qaeM 

T,CD) .. dt'·l·( • l (a,t). J __ .,_• ,t ) 
t(a) • 

ot 
(36) 

r.t~e (a) (a) 
1 ol • "'10

•( 1ot cw,J · 

• Bee BLiweasnoJKeHHble paccy>K):IeHRR MO)I(HO upoBeCTR B .t~nR T't (a,t) , IlosToMy 

cneKTpan&Roe npe.t~CTasneBBe (36) cnpaB&.tlnBBO .t~nR xa>K.t~oro qneaa pasno)I(&HBR <t>pe.o;ron&

Ma OT.tl811bBO .t~nR MHRMOit B .tl&liCTBRT811bHOit qacTelt aMnDRTYAb!, J13 (36) BB.tiB0
1 

qTO npB 

~RXCIIpOB8RHOM a > 0 
K8)K):Ib!il qnes pa3DO)I(QRBSI <t>pe.t~rOn&Ma aMnDRTY.tlb! T'(a,t) RBDR-

8TCR 8R8DRTBqecxoll ~BXliR&It no I 1 peryngpaoll BO BCeil nnOCXOCTR t C pa3p830M 

2 2 2 2 
B):IOilb OTPRli8T811bBOil B811l8CTB8BBOit OCR OT -eo ):10 -~ 

1 
r.t~e Jl o • miD (A

0 
•I' o) , .llnR 

aa:anaTaqsocTB aMnnRTY.IlLI T'(a,t) 
By)I(Jio eme .t~oxasaT& paBHOMepsyiO CXO.tiBMOCTb pl!Aa 

cl>pe.t~roru.Ma .t~nR n106·oa Koaeqaoil oiSnacTB t -nnocxocTa 6es paspesa. 3To .tiOKasaTen&

/8/ CTBO npoBO.IlRTCR nyTeM npone.t~ypLI1 xsnolKellaoll B pa60Te , B pesyru.TaTe saxniOqaeM, 

qTo T'(a,t) 
RBDSieTCR aaanaTaqecKoll no t ~sxnaell BO Bcell KoMnnexcaoll t -nnocxo-

CTR 38 RCKniQqQHR&M pa3pe3a 

2 
(-eo ,-4vo) 2 2 

r.t~e v0 • miD(A0 •llo ) • (37) 

3 a K n 10 q e 11 11 e 

TaxRM 06pasoM, Mbl noxa3a.llll, qTo AMDDRTy.tla T(a,t) RBnReTCSI aaanaTaqecKoll 

~RXUR&ll 110 BO Bceil xoMnnexclloll a -DDOCXOQ,TB 38 IICKniOqeHR&M pa3p838 Rea ~ 0 

R1 B03MOlKH01 noniOCOB 118 OTpRU8T811bBOil B811l8CTB9BBOll OCR
1 

KOTOpble COOTB9TCTByiOT 

CBR38RJILIM COCTOSIIIRRM CDOJKHOll qaCTRllb! B none. 3TH 8RBDIIT11qecxae CBOiiCTB8 MO)I(BO 

Bblp83BTb C nOMOIIlbiO .tiBCnepCROIIHOro COOTHOWOHRR (20) no a 
npR ~RXCRpOB8HHOil 

nepe.t~aqe 
KpoMe Toro, .t~oxasasHLie B npe.t~LI.tiYIIl&M naparpa~ aHanBTBqecxae csoil-

CTB8 MIIRM:Oit qaCTB 8Mn.IIIITy.tlb! no nepe):laqe t D03BODSIIOT npO):IOnlKBTb .tiRCnepCIIOH-

2 Hoe COOTHOm&RBe (20), KOTOpoe .t10X838HO TOilbXO .tiDSI B911l9CTB9HIILIX I < 4v
0 

• Ha 

BCIO paspesaBayiO nnocxocT& 

Cllb!X nepeM&HIIbiX 8 B t 

R 0Dp8):18nBTb 8H8DIITBqecxyiO ~yHKURIO .tiByX XOMnnex-

1 XOTopaR ISy.t~eT peryngpaa B TononoraqecxoM npoasBe.t~e-
IIRB llBYX pa3p838HIIb!X DDOCKOCTelt 8 R , RCKniOqaR npa sToM:, XOJieqao, non10ca 

• 1 B DDOCXOCTB 8 , Il09TOMy .t~nR 8MDDRTy.tlbl paCC8SIHRR T(s,t) Mbl 6y.t~eM RM8Tb 

npe.t~cTasneHRe Maa.Qeru.cTaM:a, 
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n<icTaROBilY Bonpoca, a TalllKe npocjl. A, H. TaBxenBA3e a M.A. MeCTBapawBana 3a nonea

sl>le oficylKAQBRSI, 
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