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1. B 6 
I 1,2,3,4,5/ 

HeKoTopwx pa oTax paccMaTpHBanocb pacceHHHe 

HyKnOHOB llpH BbiCOKHX 9H9pi"HHX B paMKaX KB83HllOT9HUHanbHOI"6 llO,IlXO/l8 

noi"yHoBa-TaBxennaae. B HHX nayqanacb npocTaH Moaenb qncTo yrrpyi"OI"O 

pacceHHHH HB nQKBnbHOM 1 I"nB/lKOM KB83HilOT9HUHane I"BYCCOBCKOI"O THna. 

B HacToHmefi pa6oTe rrpnMeHHeTcH KBasnrroTeHunanbHbiil non~on B ~opMynn-

_poBKe J.1. TonopoBa anR paccMoTpeHHH pacceHHHH HyKnoHoB Ha Manbie 

yi"nhi npn BbiCOKHX aHepi"HHX. AMnnnTyaa pacceHHHH cTpOHTCH B BHae pHaa 

6opHOBCKHX npH6nH)I(9HIIH ITyTeM HTepaUHH KB83HilOT9HUHanbHOI"O ypaBH9HHH. 

Bbi6paH cny_qafi pacceRHHH_ Ha Manhie. yi"nhi, anR KoTopoi"o rrpeanai"aeTcH. rrpn-

6nn)l(eHI!aH ~OpMyna CTpyKTypbl 6opHOBCKOI"O pHaa. 

2. KBasnnoTeHunanbHoe ypaBHel!ne Bbi6HpaeTCH B BHae, rrpeano)l(eH

/6,7/ 
110M ToaopOBbiM B • DpeHe6pei"aH crrnHoBoil saBHCHMocTbJ01 anH 

aMrrnHTY!lhi pacceHHHH T w ('p 1 q} uMeeM ypaBaeane 

.... 1 .... ..... 3 .... 
-> -> J V w( P 1 J T w ( k 1. q } d k 

T (p 1 q} + V (p1 q} + -- J-~----,.-----
w . , w 112 W -oo . k 2 - .p 2 - j f 

"" 0 I (1) 

.... .... . 
I"l19 p H q -HMITynbC O!lHOfi H3 qacTHU B HaqanbHOM H B KOHeqHOM COCTOHIIHH 

COO~BeTCTB9HH0 1 W .. 2 y p2 + m2 = 2y q'4 m.Z: rronHaH aRepi"HH 
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paCCM8TpHBaeMOil: CHCTeMbl H3 llBYX CKamipHhiX IIYKIIOHOB B C,U,M,
1 

->2 .... 2 ->2 v ( .... .... . ) . 
p .. p .. q , w p 1 q - KBa3HiloTeuunan. 

· PaccMaTpnnaSI rrpocTeil:myJO MOllenb, rro coo6pa)KeHHSIM, auanorH'IHhiM 
/1-5/ . . 

1IpHB9ll9HHhlM B pa50T8X . 1 Bbi6epeM KB83HIIOT9HUH81I B rayCCOBCKOM 

BHae, KOTOphlil: SIBIIS19TCSI riiBllKOil: IIOK81IbHOil: ~YHKUHOil: BHaa 

, (->-> ) , Dl Vw p 1 q "'-1sg 0 e ( 2) 

C aByMSI ~eHOM9HOIIOrH1.J9CKHMH IIOIIO)KHTenbHhiMH KOH.CT811T8MH g
0 H a 

·s .. w2 '7' 4 (p2 +.m2) .. 4(ifl + ;J2) I t - -(; - q .... ) 2 • 

ITpn TaKriM Bhi5ope KBa3HiloTeuuuana pemeaue (1) B rrepBoM 6opu~a

CKOM llpH61IH)K9JIHH HMeeT BHll 

T(~J(p 1 q) .. ;sg 0 
e ot 

(3) 

C rrpaBHIIbiiO Bhi6paHHOil: IIOIIO)KHTellbHOil: MHHMOil: 1.J8CTb!O, ITonHyJO aMIIIIHTylly 

p8CC9SIHHSI MO)KJIO 1IpeaCT8BHTb B BHll9 6opHOBCKOrO pSiaa: 

00 

T(n}( ........ ) 
W P1 q I (4) T,.; (pi q) = ~ 

"""' rae · 

T(n+lf (is ) n+l 
w plq) .. · . 9o 

(rr 2 w)" 

[ 
........ 2 .... .... 2 ....... 2, 

-o (p -ld) +(lq-lcn}+ ... +(lcn-'ll J 
e d 3 r, c/ 3 k2 , , d 3 kn . 

n ->2 2 
'TI[k, -p -il ,._, 

f ... I .· 
( 5) 

. ( n .. 11 2, . • .oo ) 

3. BylleM ncxaTb acnMnToTH'IecKoe rrpeacTaBneane 6opuoBCKRX 

rrpu6nH)K9HHil: T ~n+l 1 (p, q ) rrpn BhiCOKHX aueprHSix, T.e. rrpn 6onbmnx p 

Bocrronb3yeMcSI . cymecTnonaaneM SKCTpeMyMa B aKcrroueauuanbHOM MH_D)KHTene 

B ( 5) lliiSI TOro, 1.JT06b! Jlail:TH HCKOM09 npencTaBneHne C IIOMOIIlb!O MIIOrOMep

/4/ aoti acnMIITOTH'IecKoil: ~opMynhi narrnaca. CoaepmaH B ( 5) 8H81IOrH1.JHO 

CllBHr 9KCTp9M81IbiiOH TO'IKH 

4 

J 

l 

...o 
k. 

(n+1-s)p +s 

n + 1 

B Hyllb .H llepeXOllSI K 5a3HC 
... 

IIlHX ~/ 1 llpOHHTerpHpye 

flarrnaca, B pe3yllbT8T9 1.J9I' 

T(n+l )( ...... ) · Us. 
w p·,q .. -.-

( rr a~ 

rlle 

. +oo (n+'l ... ... J I I I p, q .. .. • w 
-oo 

Bxnan IIOIIIOCOB B ( 8) 

3118M9H8T91Ib B BHll9 

(p + ;;op_p2-it 
I I 

aC 

( +} 
rae lliiSI IIOIIIOCOB a ,- ·. HME 

( +} (} 
a -= y p2 cos2-·_ +4 

I 2 

3aecb (} - yron pacceSIHHSI, 

6yayT 'ManhiMn; a' a r,+·J 

iuieu, Y'IHTb!BB!OlUHil: BKII8ll 'I 

'ITO B cny'lae ManbiX yrn6n 

/4/ 
KHe llpH61Il.J)K9JIHSI ( CM, · ) 



rDHOB B C,U,Mo 1 

:a<eHHSIM 1 aHanorn'IHbiM 

IUHBII . B rayCCOBCKOM 

( 2) 

H.CT8HT8MH g0 . H a 

.( p - q-+ )2 •. 

(1) B nepBOM 6opH~B-

(3) 

Tb!Oo nonHyiO aMIIIIHTYllY 

,-i£ ]. 

i.IIS~me OOpHOBCKRX' 

T,e, npn 6onhlllHX · p 

(4) 

( 5) 

me C IIOMOIJlbiO MHOrOMep

/4/ 
B ( 5) , aHanorn'IHO 

- l 
' i 

1 

\. 
i 
J 

(n+l-s)p +Sq 

n + J 
(s=1,2, .•. n) 

... 

( 6) 

a Hyllh n nepexonH K 6a3ncy npononbHbiX pi . H nonepe'l!Hb!X COCT8BIIHIO-
' . 

-> ... 

lllHX !'1 1 , nponHTerpnpyeM ( 5) rro n 0 !'1 1 C IIOMOillbiO ¢opMyllhl 

nannaca, B pe3ynhTaTe qero nony'llnM: 

at 

e -;-+T-
( 7) T ( n+ 7 I ( _, ... 1 

w p, q, = l (n+l)(-o-o)-
----- w p, q , 

(rraw)" n + J 

rne 

[ 2 2 2 2 
-a PJ+(PJ-P21+ ... +(pn-1-Pn I +Pn 

. +oo clp'l cJ P2 cJp n I (n+lf-> ->) f f e w p, q "' • •• --n,----_ _..,.---_.~0:__2 __ ;:.2 ____ _::.. __ _ 

_, n [ (p 1 +k
1 

J -p -.ic 
,..7 . 

• ( 8) 

BKnan non10coa B ( 8) y'l!TeM o6bi'l!HbiM o6pa3oM, npencTaansrH KBN(llbiti 

3HaMeHaTenb B anne 

J 

(~ + kiOJ2-p2- i£ a(-)+ 
I 

a(+) 
I PI 

-a(-1_;£ 
I 

( +) 
r.qe ll.IIH IIOIIIOCOB a -

I nMeeM 

(+) 0 
+ 4p 2 a -= y p2 cos2-·_ 

I 2 
(n+l-i)i s·2 0 

- In -
(n+1) 2 2· 

3nech 0 - yron paccesrHnsr..Unsr ManhiX 3Ha'l!eHnti 0 

-l, 
+ a(+l+; £ 

PI I 

co~....§_ ± p 
2 

IIOIIIOC8 
( -1 

a I 

( 9) 

( 10) 

(+I 
6ynyT 'Ma.llb!MH1 a' a I - 6onhlllnMn, Hn)Ke 6yneT paccMoTpeH rnaBHbiti 

iuieH 1 y'IHTb!BBIOillHfi BKII8ll TOIIbKO M81Ib!X IIO.IIIOCOB. a (j) , nanny Toro, 

'ITO B Clly'l!ae M8.1IblX yrnoB pacceSIHHH OH naeT OCHOBHOfi BKII8ll B 6opHOBC

/4/ . 
Kne IlpHO.IIHN(9HHSI ( CM, ) , 
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4. 11cnonh3YH cneKTpanhHoe npe.llcTanneane raycconcKnx MHO>,Kn-· 

Tenefi 

2 --"'--e 4a 
.. 2 +oo . , 

e-ap ... J e 1P"'<j>(z)clz 
..,00 

<j>(z) • (11) 
2yarr 

A T8K)Ke <i>opMyny 

+oo lap cl f e p 
""""p-a-it 

- ~ Ia a 2 TT i 8 (a ) ( 12) 

llnH rnanaoro ~neaa na (8) nony~aeM 

(nf.l )(-+ -+) 
lw: p,q • 

(2rr i )" K~) (p 1 q ) 
'(13) 

. (2yg;-)n+l 'TI [a(~)+a(i)] 
I,.,J 

r.lle 

.1 ) ... . ... +oo ~-:(p,q) •f ... f8(z 1-z 2) (} (z 2 -z 3 ) ... (J(zn-Zn+l) x 
-.oo 

[ 
(-1 (-) (-) ] I · 2 2 ) 

I a1 f:r1-:r2)+a2 (:r2-"'J)+ ... +an(:rn-zn+l) -"'"'i'ii("'a';+ ... +:r.n+l x e e z 1 ••• d z n+l 

(14) 

HeTpyllHD ynn.lleTh, ~To nonaoe 6opaoncKoe npn6nn)KeHne 
..!n+O(-+ -+) . 
T w P1 q 

npn. ahiCOKHX aaeprnHX Bhtpa)KaeTCSI B BH.Ile cyMMhi HHTerpanon, noXO)KHX 

H8 ( 14) 
1 

CO)l9p)K8lUliX KOMOHH8UHH H3 fiOniOC.OB a(,-=) H a~+) • 113 :3TOfi 

cTpyKTypht Bht.lleneH nay~aeMhtfi HaMn rnaBHhtfi ~neH.· 

BnH/lY ManocTH nomocon a(;J npn _ManhiX yrnax; pacceHHHSI n Ka~ecT-

ae nepnoro npn6nn)KeHHH Mbt paccMoTpHM KCnl ( p 1 q ) 
w 

B nnaeapll30B8HHOM 

OTHOCHTenhHO _a(;) BH/l9 1 ~TO :3KBHBaneHTHO nnHeapH38UHH KOMnneKCHOft 

• aKcnoHeHThi B ( 14). TaKHM o6pa3oM, nMeeM 

n 

K
(n)(-+-+) B(n) , ~- (-)[A(n)_A(n)] 

w P 1 q .. + 1 "" a s s s+l ... , (15) 

6 

~.1. lt 

r-. 

!J. 
:t\ 
'• 

r.lle 

(n) +oo 
A s • f .. •- f 8( zl-

..,00 

B (n) • f +oo J 8 ( ZJ -

..,oo 

u s' (n) . 
. nHTerpan HMeeT. 3H81 

8 (n) .. 
(2ya TT )"n+l 

( n+ J)! 

. . (n) 
11HTerpanuiA s - llOfiyCKa~· 

AC"J. 2a [ uCnl_- U c. 
• • s-

r)le 

u(:'-J.-+:':f 8(z,-l 
-oo 

npn nononuwrenhHhiX ycno1 

U (nl • U (n) "'0 
0 n+l 

nonb:Jy~tCb H3BeCTHDfi Tel 

CBO/IIfM K Dll!IDKp8THOMy: 

u(nJ_ ~- (y-;;; 
s Vrr (s-J)!(• 

2 X t' 
rile <II ( x ) .. - f e-v" o. 



!Rile rayCCOBCKHX MHO>,KH-. 

l. 
_2._ 
e 4o ( 11) 

(12) 

-·- . (13) 
_,] -

( 14) 

Koe rrpH6nmKeHHe 
. ..ln+l 1( .... .... ) 
T w p, q · 

yMMbl HHTerpanOB1 IIOXO>I<HX 

,B a _(,..;I H a (+I u ... , 1 • n3 · 3TOn 

IhlX yrna~ pacceSIHHSI B Ka~ecT-

;1 (p, q J , B mmeapH30BaHHO~ 

nHHeapn3aUHH KOMIIneKCHOft 

(n I] 
'•+I ' 

. ( 15) 

, ·'I' 
. I ... 

i 
;~.t 

r.ne 

u B (nl 
r•HTerpan HMeeT ~~~a~eHHe 

B (nl .. (18) 
(n+ l)! 

u . .t. (nl 
nHTerpanhiK s ,norryCK810T rrpe,ncTaBneHHSI 

( 19) 

r.ne 

I [ 2 2 2 - -:r.; :rl + · • • + 2 :r s +J. • • + :r n 

Uc." 1-f.-too •.•. f 0( ) ·o( ) Jz Jz z · z I- z 2 • • • Zn-1 - Zn e I 2 •· • • n (20) 

Ilpll /lOIIOnllliTenbHbiX ycnOBHSIX 

U (nl - U (nl ""0 
~ 0 n+l 

(21) 

/8/ /20/ 
nonb:JYIICb li3B8CTHOii T8XHHKOfi ( CM. ) 1 MIIOr'OKpaTHLifi HHTerpan 

CBOnliM K Oll~OKpaTHOMy: 

r.ne 

ulnt_ 2 (.;-;;; )" 
• yrr ( s-l)! (n-s)! 

ll>(x) .. _2_j.-'2Jt 
...;;ro 

+oo s-1 -2x 2 n-s 
J[l-11> (x)] e ll+ll>(x) 1 Jx, (22) 

..,00 

- ~YHKUHSI OlliH6oK. 
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C llOMOIUb!O ljlopMy/1 ( 22,19, ~5,13, 7). nerKO nony'IIITb. npii6nii/KeHHYJO 

_ T (n+l) (-+ -+ ) 
ljlopMyny rnaBHoro qneHa 6opHoBcKoro npn6nii>KeHIISI w p 1 q 

B cnyqae ManhiX yrnoB e 
1 KOTOpaSI Bbipa>KaeT ero 'Iepe3 oaHOKpaTHhiH 

IIHTerpan. 

5, TpyaHOCTb 1 CBSI3aHHyJO C nocneaHMM OCTaBIUMMCSI MHTerpnpoBaHIIeM, 

MOIKHO npeoaoneTh, ecnn anSI y'IIIThiBaarunxcSI nonrocoa ncnonh30BaTb np11-

6nM>KeHHhle 3Ha'IeHIISI, .113 ( 10) anSI nonJOCOB 

llOpSiaKe no yrny 0: 

(-) p 
0 I --z- J.!'..+ J-; J _!_ e2 

(n+l) 2 

0 (-) 
I 

MMeeM B Hli3IUeM 

.. 
( 23) 

flpll T8KOM Bbi6ope a (l) B CyMMe( 15) ljlyHKUHSI OIUM60K COKparuaeTCSI, 1-1 

K (n) ( .... .... 
anSI w p 1 q 

(n) ........ 
K w (PI q ) 

nonyqaeM npocToe Bhipa>KeHne 

(2y~-;;) n+l 

(n+lJ! l 
+ ; 

yap ---
yo-;-

n 

n + J 

2 
e l 

(n+ I ) -+ -+ 
a TaK>Ke cooTBeTCTByroruee npocToe Bhipa>KeHne anSI T w ( P 1 q ) · 

( 24) 

KaK 3aech, TaK. n BhiiUe, npn6nn>KeHHaSI ljlopMyna 'aaoaiiT nonpaBKY, 
- • . /5/ . 

rroao6HyJO BBeaeHHOfi B pa6oTe , B 8MllnMTyay pacceSIHHSI1 KOTOpaSI SIBnSieT-

CSI Manofi anSI ManhiX yrnoB pacceSIHMSI 1 a TaK'/Ke 'IMCTO aefiCTBMTenbHOfi, 

floao6HbiM o6pa3~M MO/KHO II3y'I8Tb ll nonpaBKM 6onee Bb!COKOI'O no
(-) 

pSiaKa no nonrocaM a 
1 

I nnii no yrny e /, flpn aToM qeTHhle nopSia-

KH 6yayT aaBaTb nonpaBKH K MHJIMOH 'I8CTM1 a He'IeTHhie - K BeiUeCTBeHHOH 

'IBCTM aMnnnTyahi pacceSIHMSI 1 'ITO BMaHO H3 ljlopMynhi ( .}4) , 

AaTop Bhipa>KaeT cBo!O 6naroaapHOCTh 11, Toaopoay, B. Pn3oBy n 

10. flonro · 3a none3Hhie o6cy~~<aeHMSI, 
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T (n+l} ( ... ... ) 
W pI q 
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3illHMCH nnTerpnponanneM, 
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nMeeM B HH31UeM 

( 23) 

::>illH60K COKpamaeTCH 1 H 

2 . 

e l I • 

T (n+ I }(... ... ) . • 
W pI q 

( 24) 
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