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~eHTpoB KBaHTOBOH MeXaHHKH H B 3aAaqe Tpex Te.JJ C KyJIOHOBCKHM B3aHMO
ACHCTBHCM [3 1. B CJiyqae v = 1, p = 0 ypaBueuue 0.16) c noMOIU;biO 3aMeHbl 

x =shu,!= 'x~'(x2 + 1) U nepeXOAHT B ypaBueuue, npeAJIO)Keuuoe A.T.CI>u
JinnnOBbiM B MOAe.JJH cOCTaBHbiX Me30HOB [ 4 ]. B CJiyqae p = 0 ypaBueuu.ll ( 1.1) 

. CBOA51TC51 K ypaBHCHH.IIM AJI51 DOJIHC!f>epoUAaJibHbiX nepHOAUqecKHX lf>YHK~HH 
(51, KOTOpble npHMCH5110TC51 BO MHOrHX !f>H3HqeCKHX 3aAaqax H, B qaCTHOCTH, 
npu v. = 0, 1, 2 ••• cooTBeTCTBYIOT peweHH.IIM 3aAa qu ua co6crBeuuble KOJie6auu51 . 
ucnoJib3yeMbiX 8 Jia3epax OTKpbiTbiX pe3ouaTopoB [ 6-8 1. 

YpaBHCHHe BUAa (l.1a) np~:_p2 :=~:is'r2 <0 (qTo COOTBCTCTBYCT CJiyqaJO 
ypaBHCHH51 IllpeAHHrepa AJI51 penyJibCHBHOro OC~HJIJI.IITOpa) 6biJIO .DOJiyqeuo 
TaK)Ke B pa6oTe [9 1 c noMom;biO KilanTosoro Mel-(wi 06pailn:lii 3'ariaq'u:·nepuo
A"qecKne c nepHOAO~ n peweuu.11 (l.1a) B 3TOM ~yqae na3~aHbl TaM o6o6w;eu-
Hb1MH DOJIHC!f>epoUAaJibHblMH !f>yHK~H.IIMH.•· ·;·.::·~ ' 1 

0TMCTHM TaKi<e;~ tiio B enytiae it ; v' q' = <fypaBHe~~'sl (l J) nepeXOA.IIT B 
ypaBueuu.ll AJI.II c!f>epoUAaJibHblx !f>ynKL~;uii [3,10,11 1, B CJiyqae v = 1, A.= 
=:-:-4(/t +.1)- 2q HJIH,U = i,A._= :-::'~(v.+. 1) + 2q- B ypaBHCHHC AJI51 BblpO)K-

~ t • t / . { ., .. . . . • ' ,. ,,'· ' '·' \ ~· . . " . . ., . 
Aenuoii mnepreoMeTpuqeci(oii !f>ynK~nu. ECJin B (l.l) nepeiiTu K nepeMeHHbiM 
X = 2iq COS V, y = 2vq ch U, 'p, = q p, T~ DOJiyq~f!H~e ypaB,HCHH5J npu q =. 0, 

l€;f·J'·~'·;'~,···;,. ;,: -~~-' .' ',f ,.\., ~. ,~.:.:-"f.~ i") ,,/ ~ .. ,·\ ;:;. • .,_' '-~ :· •. ..' .. -,., '< -~t· 

{3 ~ 0 TaK)KC CBOA51TC51 K ypaBHCHHIO AJI51 Bblpo)KACHHOH runepreoMeTpuqeCKOH 
!f>yuK~HH, a npu q = 0, {3 = 0- K ypaBHCHHIO AJI.II lf>YHKU.HH 6eCCe.JJ51. 

llpu q :;t: 0, p2>0 H DpoH3BOJibHbiX 3HaqeHU51X V, ,U pemeHU51 ypaBHCHHH 
<L 1) s JinTepaType 1i'e pat~M.a.fpli~~~·cif<li"acKonl,~~ H3Be~uo aBropy). . 

.li:JI.II CJiyqag ACHCTBHTe.JJbHbiX 0 ~;~· < oo, 0 ~ p2 < C:O: v '> -1, ,u > -1 B pa-

6oTe HaUACHbl orpauuqeHHbiC npH BCCX ACHCTBHTe.JibHbiX V H nepHOAHqeCKHC C 
m!pnoAoM ·n peweuuSi ypa~ueuu.~~:··<L1a); ·a TaK)Ke ~orpauuqeuuhle ua Jiyqe 
(0, oo) peWCHH51 ypaBHCHH51 '(1.16), KOTOpble Ha3BaHbl COOTBCTCTBCHHO OCU.HJI
JI.IITOpHbiMH DOJIUC!f>ej>OifAaribHbiMH nepHOAnqecKHMH:!f>yHKL\H.IIMH <Onn <I>r H 
OCU.HJIJI.siTOpHbiMH 5 HOJIHC!f>epoUAaJibHbiMH MOAH!f>UIJ.HpoBaHHhlMH · lf>yuKJiH.IIMH 

' ( 0 n M <I>) •• ··.n:JIS.' 0 n ll<l> noJiyqeubl pa3JIO)KeHiiSi B l Bifil;e' PMOB' no HOJIHHO~a'M. 
51Ko6u;.a AJI.II,OllM<l> - pa3JIO)Keuue; ·auanomquoe:pa3JIO)Keuui0:51qxpe AJI.II 

· KyJioHoBcKn~: c!f>epoUAaJibHblx: !f>yuKu.nii • [ 12 k u · .h;oKa3aua icxoAHMOCTh" 3Tnx 
pa3JIO)KCHHH; ·, <' .:•>-' ·.,,, ·.:•'; f'''l'•·i' :•:">·· ,. ;·;··".: ··:'t··.•c·, · .,,,,,.,. :: 

·· .. · (:COOcrBCHHble 3HaqeHU51 A.; f;·.cooTBeTCTBYIOID;He onn<I>·u OllM<l>, ilaxo.:. 
A51TC51 DOCPCACTBOM MHHHMH3aiJ.HH /. H n·:pa3:o6epHyTbiXt~CDHbiX~Apo6eii,: Bbl
; qnCJieuue KOTOpbiX npou3BOAHTC51 C BbiCOKOH uanepeA 3aAaHHOH OTHOcHTMbHOH 
TOqHOCTbiO e. ·:npu 3TOM [ paBHO quCJiy:uy.rieii Ollllel> Ha HHTepBaJie (O;n/2 1, 
an....::..: qJiCJiy uy.iieii OllM<l> Ha Jiyqe [O;'w):"- '·~' .,,.. :~ :; ,, "' . '" "• ' .;; . 

.. B ; ·pa&:>Te~ paCCMOTpeui;l TaKi<e' OCHOBHhie CBOHCTB'a, ~mcrub.e:. cny<lau 
onn<I>; OllM<l> ·u iijniBeAeH anropHTti HX BbltiuCJieu8iua3BM: ,, i:•. :, ' ;. : .. ' . 
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( 

4 
\ 

\;~- i -~ ·r ~ · i'PiilliE:f-iiiE YPABHEHHA tt.l>. 
'; :' ~' 

·! ,,.,, 1.:'. '.l· j·_.;_ ..... ' '; •• 

.' YpasueJue <[fa>' npeticraBJisi~l- ~o&lu' it~~~urfbg·~;uoix;Aifo'e Aif<i$~peu~ 
1\UaJibHoe ypaBHeHHe BTOporo • nopSIJiKa C K03$PHU.HCHT3MU, SillJISJJOUiifM:uc.si 
MepoMOp!f>HblMH riepHOAJiqeCKHMH !f>yHKIJ.H.IIMH c o6iu.HM riep~OAOM 1r •. Teoj:m.11 
TaKoro' 1'una y~a~~e~i:ti\ 6~Jia J)a38uia a paoofe cb.iJoke i 13 J u ~cnt;Jib3o8aua s · 
[51 npu petiJeunu ypaBHCHHH .lVJ51 noJiuclf>epoit.naJibHblX nepHOAH~eCKHX QJYHK
U.HH. llpnMeHsi.ll;,icaK Us j5 );'auanu3 paooi-bi i 131 K ypaBueuulo0.1a)' noJiy
qaeM, qro peweinte v 3-roro ypallifenH:Si MO"'HO npe,AcraBHTb B llH,Ae 

'~ ·~.,.. ~.<~ 4> ·!· ·· v·~ eovS(v),. 
' • .-- ~ ' .~ : • • ocJ; ' ,_,· .. ,. 

rAe S(v) '.;.;...;; nepHOAifqeci<ast $yHi<iJ.HSI C nepHOAOM :Tr, C7 ~ KOMMeKCHOe qnCJIO, 
na3hl8aet.toe xapaKfepuciutiecKnM noKa3aie.iJeM: Be.JJuituubl a; v, ,u; q; p,). CB51-
3aHbi Me)I(Ay co6oli <i>ynKu.uouanbuoii 3a81fcui.tocfbiO~ B CJiyqae, KorAa a -
qucro t.tuut.toe llcTuoe! qubJc)(ci = 2ii, i ~ 0, 1; :L.), ·peuieunSJ v orJ)atilfqeubl 
npu scex AeiiciiniTen&Hblx v u nepltioAnqlfbl c riepno.zioM' i. 06o3naliitif iaiclie 

pemeHHSI qepe3 iJ's~v,J')(V, q, p)H Ha~OBCM OCU.~JIJJSITOpHYMH D~lJIHC<f)epoiir(anj,~ 
.- ' • • : .. . • . :: • .: ~ ' '" . .• . r ~' - , ~. . 

HblMH nepnoAn'qecKHMH <l)ynKU.HSJMH; . . ' · . . . . .. · . . ..· .. . . 
ECJIII q = 0, p = 0; v >;,;.. 1, ,u > ....:.f, orj)auuqeuiihle ripll 8cex Aeiiciau'Tbr&..; · 

HblX _v H. riepu'oAuqecKue c nepHOAOM i· &)euieuuJ{ ( t .I a) cyUiecisym Jl'lfwb npu 
onpeAeJieHublx JuaqeuuSJx'i(ouciatlibl A. : 

·,,. 

.· .. (v•l') .:.~. .... . . ,:·. ·, ·.• .. ·.~.. ·' , .. ,., .... , 
A. = A.1 (~,9) 7' 41(1 + v + ,u + .. l); 1:= 0, I ;2~ ~. 

' . . 

TaKue peweuu.11 Bbl~~aiOic~'~epe3.hoiiutioMhiSlKoou 

. (v,l') , · •'''·~·; . '. ··(v,l') .... : •. 
+ ·::os1 '·' ~ (v;O,O) ::::;: ~onst • P1 ' (-cos 2v)~ ' · (2.1) 

<l>yuKu.usi (2~o~·u~e;-;i-·~;~~~-u{~uTepsaiil[O,<A/2 ). llpu q·~ 0, p :;t: 0 

qnCJIO uy~~H Of~~·.~:?(v, q, P)Ha ~?'(}M HH~ep~aJie~~. ~eHSJm.II:''ECJIH 6bl TaKoe.: 

qnCJio.iteti'H.rloc~· c H;r.teueitue~·~.~ l'· 'ro MO~uo 6N.no 6hl. uaiiTH TaKue' q~ 0, 

p :;t: o; npu KOTOJlblX os~v: 1'\v; q, p) HMe.JJa 6bl ABOHHOH HY{IbB HCKOTopoH TQqKe 

v = v0 e io, n/2 ]. H~-;~~M··~y~ae:npon3~~~~;SJ:.'(i.~s~v,l')(v, q, p)) v=v · · 

. ' . . . . ,' . ' . ·., .,. : . . ' '.. . ' . ,o 

TaiOI<e. 6biJia6~ paBua'u~~~·~.-~~o~~e:nbub, c·-YqeroM·<I:~a~, os~v·l')(~. q, p) 
' - . ' · - · · · • ':· 1 .~ , "'.· ··: r · · , i, . - ·· • · 0:. r 1 • . ~ • \ • 

6biJia 6bl TO)I(AecTBCHHO PaBHa HYJIJo; . 

3' 



ECJiu q ;e 0, p ;e 0, v > -:: 1, ,u ?> -1, Be.nnlfHHbl ..t,:npu KoTophlx 0.1a> uMeeT 
;' ?~,~ ' : [', •,' . ';·,•:! • J• , ':• ; ,;i ( ,·.;.. •, ,_! I ; : ·,,' ' ~ < ,, 

orpaHHlfeHHble H nepHO.ll.HlfeCKHe C nepHOAOM lC peweHHSI, TaKX<e He SIBJISIIOTCSI 
npou3BOJibHhiMH, a aaBHCSIT :OT v, ,u, I, q, p. · 06oaHalfHM 3TH 3HalfeHHSI llepea 
..t~~·'/~)(~!J;);. <;,:., \ ·~,~T·' ''_, ·"' .:,,· .. ; ... ,, l ' .,·· ': , •. ;:." .· 

OpeACT~niuP.f ij>y'nKU,ino os~v·l')(v,·q, p)npu q ~.9:).:¥§·:~~M~· ',· .. , . 
···~.'··~··. ~ · • ·· .. T: ~rr· -.--:r.>.· .. t.:~~..;,.-t:t-~, ... ;:•,. ·.'·~-~-·-~ .•... 

<·· -.,;_. ~--. . ... :· . '''!00"~: .. ·>~·..,<~~.;.y;::y. ,', _·k"; .•. 
(v,Jt) · · • ·. -pcos2v·L .· (v,Jt) (v,Jt) · · . 

os1 ··.:(v,q,p)=N1e · '-''··.·· ··-B • •.P. · .·,(-cos2v), ··•···.(2;2) · ·· · • m m 
. ·: · . .Jt11=.0 ''> '·· 

rne P~;.·l')( -:cos 2v) ~ noJIHHOMbl SIKo6~, N1- HOpMupoBOlfHbiH MHOX<HTeJib. 

00ACTaBHM pa3JIOX<eHHe (2.2) B ypaBHe~ue (1.1a). C ylfeTOM peKyppeHTHbiX 
cooTHOWeHHH AJISI noJIHHOMOB SIKo6u noJiylfaeM ' ... 

,.··-:.;':. •·;·. . /': ~-- :· .. 

-.;\' -· ~·;. \"}, ~ 
. ' (v,Jt)' . (V,Jt) (V,Jt). 

0 .a·B +PB +yB• 1;=' m m+ I 111 111 111 m~ ' 

~~.' '. ;; r:··. 

(2;3)' 
/;: •• ;.',": ;r·~-· :' .' 

'c B(v,Jt) = 0 :iJ(v,Jt),:,'L;.,n -~ r,:£,3.; .. 
-I , 0 . '·~: ;;<, ' 

. ~ ~ ~' ' •""'.• 

. ~ : .. (~:·:")(;;:;;} q (u -, ~; ;;) .;B(v,Jt) ~-: 
.. 4 + 2(v -t: .u.:+}) :;,. ~ :.· · · ' 

-. ~ · .. 
"""~ t 

'f· r~·" 

2(1i + lf(,U:+ t)·:(i+ fJCv':f:ji + i) )'>; <~·~> _ 
0 

+ .(v+,u+2)(v+,u.t~) ~1,,.,-,.,' ,, 
;.-'·./ ___ , .. :_ '··t·->:· ,;•"';-~~"- ;., ... "'·'···---~~---··--··\ 

2(m{v,+:t)(m +,u +:1) •(i4:pp~~+·~,+,u +2) 
·a -
m~ (2!11. +y +,u + 2) {217!, +,V,; "t ,u,+,3) i 

'-·. , A~V,Jt)(q,p) . : ' ... ·, ' ' .;c; 'iCY'. , , . 2~';;;_(V:_;'it) :n' 
·p = - m(m + v + ,u + 1)- pf" - v) + . + 

m . 4 · ~, : .<.',. . . ",:,":::,<:·.··, .. ;·,(2m . .+.v.+·,u)> '''· ( ' ) ' . . . q . . . ' . . 2·:. 2' :·· 
. ". ·· --:-:- p(v + ,u + 2"+ 2m) :(Jl .:... v .) '' · 

+ '2· ... ·. . . . .·. . ' .. ·. , 
<;:\(2m+ v + ,u) (2m+ v+ ,u +2) ·. · 

\~ 

' 
; .:..~. 2m(m +v + ,u) (i_~ p(~ +.ll.+.. ~171)~ 

·Y,.,, -· (2m+ v + ,u- 1) (2m+ v +,u) · · 
·, '.< 

: ~ ' 

4: 

I 

., 

" ; ECJIH q/2 = p(v + ,u + 2m), rne m ·;: 1 ,2, •• ·i PM (2.2) ot5PhiBaeTC51. B OOJiee 
~IiieMCJiytJae,Kornaq/2;t;p(v:±p'+2m),BBeAe~ :.. .·.·:·. . · 

''. 

-;; '= s<V;Jt) I s<V,Jt)' 
m til m-l. 

' ~~ 

11cn<?Jib3YSI (2.3) ,' HaXOAHM . 

Y /w +a w = -p m = 1 2 t11 t11 m m+l m' ' , ••• (2.4) 

__ E,~u ~-~ oo: ~]ml~111+ ~t11wm+l-+ CX>.~' ~el\oB.c;t:r,~~Ho, ~~Ho,ua p~me
""" ·yi>a8_lieliiis. <2.4> .. 1'.1>~· :n :+. oo crpeMuTc~-'K HYJIIO,·a .D,pyro~-:- ~ 6ecKoHelJ
Hocru:EC:n:~(Bhi6pa~~--"ei>Boe peweHHe, TO H3(2.4) H ·aCHMDTOTHlJeCKH~.3~a-
lJeHHii A~.sl ~OJI~H~~~~ /~if~)( ~~OS 2~) ~~~·~·;;~ [14) ~~~yeT:.\tTO; ·': ] .. ~; 

•- · · ,,, ·· · -' · ·-·· · ·Ill · . .: · :t · ' ' , · · 1 

' /:. ,.. :;:,~; · :i rt~: .xr~~ :~:t. 

, 
1 

~ ' ~r ><·· • ' • t '_,,f:.. . ·, -.!!~~..:::; ~ < .' 11 

(v,J~) .. (v,Jt) I !l._ { 2 ) I . B. ·P .(-:-cos2v) . 2 , pv+,u,+. m, '·"·"'':•···· 
~._ t 1~ ,,, ~i. ···'". ~-- ~ ~~.. • ''t.f , ~ o·:~ :..A-.!'-~ •• _. 

B~:~1 P~'!{< -cos2v) m-+oe 2m
2 

0 ~-· ;·. 
'L··~!F':;··· ~,.(,;~' ~ '· "'' ._,..·; "'-" -~·'1;~ )'_""~}·:"" /,.:>'J ·t'".:"~-; 

TaKHM o6paaoM, PM (2.2) a6coJIIOTI,!O cxo.D,UTCSI npu Bcex 0 :S v :S n, 
2 2 . . ,;. .. .: .. ' . ' '·'' 

0 s q , p < oo, v > -1, ,u > - L Opu 3ro .. v, ,u Heo6.s~aaTeJibHO ~eJihle tJHCJia ... : 

.lJ.JISI HaXOX<.D,eHH.siAY,ol')(q, p); iiP~·KOTOphlx PAA(2.2) CXOAHTC.si, BBe.D,eM. • 

. , -~ . (v,Jt) (~ • .U) . .: ' . 
J.!1 =~-:-(B1 (B1_1 )a1_l'l= 1,2 ... <2 . .5)•' 

C XtifTOM (2~3) HMeeM 
' ~ ' ~ • >.\~ ~ 

'~. ?u! 

.. ,'' ..,_ , ..... ~... . ~. ~ .. :':·{· ;_·•.\. 

. M1+r~-.a1 r1;/@;: 1 .-:- M1+~)-;'•t_.~o,i,~c~.\ (2.6a), 
.,., ·. 

·: ~ ::;· • - 1 • ; ·7~:"';_··r-· ~ .·. , 

l 0 · · · , eCJiu l = 0, 
: < . . .Ml~l =PI- ~ia1~1J_M1, ~dm l ~: 1,l,~ . .' (2.66> 

Bb.tJuia.s~ (2.66) · ua (2.6a), nOJiylfaeM :rpaHCI\eH.D.eHTHoe ypaBHeHHe AJI5l 

Co6CTBeHHbiX 3HatJeHHHA~v,J')(q, p): .. 

s 



r: •• -

a1 r[~l·:· ,;;\ 
,•i ·'(2.7) 

:- rial~ I 
__ , .. > ·-

' ' =o.··:· . U= -fll+ -~:. '. 

flt+l ~ al+l Yt+2 .. 
.· ~· . 

R· y a 
f'[.C:I- l-1 l-2 

flt~2- a/+2 Yt+3 flt-2- Yl-2al-3 

-ylao 

. ,J . flo 
Bhipa)KeHHe (2: 7)' npe~CTaM.IIeT co6ou I' paa 'ooepHyTyiO u.enHyiO ~pOOh. 

TaK KaK :Ko3Q><Piiu.HeHihl . B~·1') coo:rsemsyiOT 'Miiuindan&HoMy;''cxd~.~~uie-
MYc.ll :npH,'m :... i~ 'p~hl~H~IO KOH~liiici~p~3H'ocrHoro ypaa~eH~~ (2.3) ,·TO cm·.riac~ 
HO [15] ~pOOh (2;7) CXOAHTC.II. MHHHMH3Hpy51 Ha 3BM a6co.ril(m!oe 3Ha4eHHe 

3TOH Apo6H, HaXO~HM~CKOMble BeJIHliHHblA~v,l')(q, p). llpH 3TOM B KalleCTBe Ha

'IaJihHbiX npH6JIH)KeHHif s o6nacrn MaJihlx q = izK,'p =a R, R- 0 ncnonhay-

eM nonyqe~Hbl~' '11_ Jl6]. acnMn!~Tli'I~CK~e :auatieu~~ ~t.'\2Zfi, aR) npH 

R- 0. ... . . " . . . . . .. : . , ·. ·. , .. ":\ ; 
qTOOhl Ha6e)KaTh OOJihiUHX npoMe)KyTOliHhlX liHCeJI npH BblliHc.ileHHH u.en

Hoif ~po6H (2. 7), npeo6pa3yeM ee K BH~y 

1::, 
r~e 

:;. Tit~;: oo +·~~- ~o:· 

c,' . .., 
- ;:: 

b +a2 ·; 
I ;:..:.._ : 

b2 + a3 

~- '• ... _. ',. 

:.. b3 + ·:· '··· 

YfZ(-l·::. 
b - -fl + 
0- ·

1 
·· p· - Yt-1 al-2 

/-~ ., ,,• . 
:'r •. "" « 

{~ 

flt-2- Yt-2al-3 

--·-

... •:'\. 
-~-. 

-ylaO 

alyl+l 
al=~, 

6 

flo' 'fl~+; , 
b =--, 

I 01+1 

}::£·~ ~~: 

i..:..1 

;· 

,._,, i_;. 

(2.8) 

.} 

... ' ..... " ~ 

., 

;:-: 

. , -ar+l-lrl+r flt+r 
·.: ... 'ar= o··o ·•, br=~;. · 

.. l+r .l+r-1 l+r 
">:'"\·. ' ,•' ,o~..-,<. ;:.•:> l 

' ··"'' 

·~.- . :: .. , ~ :-:· ':r~ ·. 

ol+r = 4(/+ r + 2) (/ + r+ v +p +.' 3),; f := ~· 3 ... ~ 

:j.···:; j~"\.- ;.• .. ~:: ' .,) •' ~~.·, ,I • ,_, ' ., . ·.-. • • • 

(,:. i Bse~eHH·e MHO)KU'~M~ ~0 I+; B (2.8)'He MeHSieT BeJI}ili~IJW U H,COOTBeTCTBYeT 

OCHOBHOMY TO~eCTBeHIIriMy npeo6pa30BaHHIO 3TOH IJ,enHOH ;pOOH (17 ). llpH 
ee npaKTHlleCKOM BblliHCJieHHH HCllOJih3yeM QJoPMYJibl (17, 18 ): ., ~ ·.. .. . - . ·.. . . ·-· . . . . ' - .. ~. . . .. ,· . ' . 

u~ li~f u~. '(2.9) 
i ··k-+oo .<. 

r~C U k - llOAXO~.IIll.l,a.ll ~pOOh l.l,~~~b~ ~p'(x)H (iin,. 
~ f '; : -~ .• ·:~~:.:: 

I 

' ' ' k' ', ·" ',, 
uk = uk_ 1- (Bk~;iik)- 1 (~t)k fr~;• u0 = b0, k = c~... <2.10> 

. ,;._ . '~. ·. -" :~~~ ! / .• ·. ' ·.. . '.i~} ~·_':."~' . · .. ·. ,_' :: --· ---· . 
3~ec& B k ....; k-u auaMeHaTeJih ~po6H U k' HanoMHHM, liTO (17, 18 ] , · . : 

., . c.-.:,,uk=AJiik'; k= !·,2~ .. •· 
...... ·'' ,. ' , ,;· h; 

.. •• f 

'• 

r~e 
·••t',; 

'·• 

":; .: ·r 'A::.I=;r;:}.o =bo, Ak = bkAk:...:i+aiAi-2• ~· ..-::. (2.11a) 
~ ,.•:" ~~ ,. '· l' " '"' ~ 

. :0"' :'> .' ~ ~ :: ~ <5 

·,·.~ii..:.~=otii0 ~'1,'Bk=JJlB{:_f+akBk_2,k'=l,i;.; :.·. <2;ll6> 
. . " " ' .. : .. , ·:.~ ··,.:1 ~¥ ~ ;;~ : . :.· ',- Jj_• ,__:; . ~'.!!'!.. •. :~ :~:.i:·.::·~. \,:). 

BblliHC!J.IIeM llOCJie~ollaTeJib,H~ B, ~~SIMO.~ Ha';JP~IIJI~.~~~' B~7.Bk.C.~'?~~~~~ 
(2;ll6) H B~e Uk C.llOMOll.l,biO (2.10),· HaliHHaSI.C k = l J;f ~OTaKOJ:Y;k::::: k:., ~P.H 
KOTOpoM I Uk'- Uk,:_l( S e!(fUk;( /3.U.ecbe:~ Tpe6ye,MaSI'OTHOCHTeJihHaSI TO'I-

HOCTh BblliHCJieHH.IIIJ,enHou ApOOH'U.' , ' . 

TaKoii cnoco6 BhlliHene.HHSI-:U.,. auanorHlleH anrolnt:TMY 2, H3JIO)KeHHOMY 
s (15 1 H npHMeHeHHciMy.~' ., 1'9 1. np~' 8hi4H(:tieuuit_:_cooTBeTcrsyiOIQHx u.enHhlx 
~po6eif B TeOpHH ll<lJIHC!f>epoHAaJib~hlX ;nt!pu'oJiHqecK~X lPYHKIJ,HH. <l>opMyJia 
(2.10) ll03BOJISieT BblliHCJISITh U npaKTHlleCKH, C .TiroOOH Hanepe~ 3a~aHHOH OTHO-
~HTMh~Oi% :~-ro.t80Cii.~ (o~pa~lille~Ji>~ ·~olt~I(o 1'Bo3'Mo)Kiloc.rs.~·~~"·3a~n ··6ea 
60ni;IUHx nPri~e~y1-o4H;;.~ liHcen ~~ 60nh'Ui8xcniiH60K'o~pyr.iieuHsC • 1 '··· r · 

. .. · ll~e ~(l~O~e~H.II COOcrBeHHbiX ·aHalleHHH J.~t.'·~')(q, p) Bbl~~~;e~ .K~3<P-

.... -"-_. •'·····:o .·-.• •, '-~- ·~·';-j~;;.:z_ ... ·• ; ~·,··> :.~- ~;· ,• \. 

lPHI.I,HeHTbl B(v,lt) Cll~OOoM, H3JIO)KeintblM,B (19 ). C;M~H~Y.II3aTCM (2.2) C He-
. , ' :- v Ill i ' , , , (;.:1')': .·· ' ' ·., ..•. ; . :'>' { 
o6xo~HMOH TOliHOCThiO, n~yllaeM os1 ,(v, q, P):,. 

1 
" ; ; , , •• , 

7 



·. 
0003H3liHM OrpaHHlleHHhle~ ·DpH V >~~·i; ,U >-I, 0 :S q, p < _oo, 0 :S U < oo 

perueHHSI ypasueHHSI (l.I6>- 'qepe3 Os~~i;>(u·:-~. p). D,nSI BhlliHCJieHHSI 3THX 

<flyHKU,HH HCDOJih3yeM pa3JIOX<euHe -,... j~ ' ' ~·, 

__ . (v,Jl) _, .. · ·- - 2a- - ch2u 
00 

-1 ·• Os
11 

·(u,q,p)-=N;
1
(chu) .. ef, :L·A;(thu)

2
r·;:. (2.12) 

:••, · r=O 

r.n.e a~ 4;~ - I ~ Vt.; v) ,:~-'~
1

~(;;~~po-~:lJH~H-,MH~;HTeJI~h-> '' 
~ . ~-~ ~. • .l 

},"." 

p 11 

flOACT3BJISISI (2.12) B ( I.I6), DOJiylJaeM1 

~. . r ( 

a A+! +{3-A_ + y-A_ .-, .
1 
= 0, r = 1,2 ••• 

. ·.rr rr rr-
,;.. '· ~~~:_~~~.;:: 

(2.13) 
3~"~' - . 

_A_ 1 = O.,.J10 =I, 

. . a = (r,t I).(r + ,u+ I),-. -~ , . ·x-: - r , . ·.' . . . ·: : j' ·.. . 

fir= - 4 + ,(p + I) a-:. ~r(rt2P- a)+ r(v:-: ,u) -+_2/J ,a,+ p(v- ,u~, 

Y,. = (q + 1.-.r) (a+ 1 - r + v). 
f' ~ < ' • ~ 

B ~ylJae; KOrJJ,a a= r uno~+ v' =- r, .. rAe r = 0: 1, 2 •••• , PSIA (2.12) oophlsa-

eTCSI. PaccMoTpHM 6onee OOUI,HH CJiyllaii; KOrJJ,a 3TOT PM ue ycelleH. · 
{,.! : Pa3Jio.x<euHe (2~ ~ 2) npH v, ~ ,u = m =;=, 0,1 ,2: •.. cosnaJJ,aeT c TOliHOCThiO JJ.O 

• • ,• ' ,. • ; ' t . : 

MHO.x<HTeJISI c pa3JIO.x<eHHeM SI<fJ<Pe I 12 I J).JISI <flyuKU,HH n (.;) = (shm2u) X 

·.xos(m,in)(u,q,p), rJJ,e.; .:= ch 2u, ,ri (.;).~ n (p, q/2, .;) - paJJ.HaJibH3SI KYJIO-n ·. .·· ... ~ . IIIII , · .. . .. . 

_HOBCK~SI c<fle~HA3JlbH3SI <flyHKU,H~ p-THna (~ ). llOCKOJibKY rJiaBHhle liJleHhl B 
(2.13) 8e~)rr'ce6Si'npu/t ,.t'v;·;. ~ ;x, TaK'i<e~ KaK u'npu,u = v, r _. oo, TO JJ.OKa3a

. TenhcrBO CXOJJ.HMOCTH pa3JIO.x<eHHSI' (2:12) DOJIHOCTbiO co~naJJ,aeT c JJ.OK333TeJih-:-
CTBOM CXOJJ,HMOCTH pa3JIO.x<eHHSI SJ:<fJ<Pe. KaK ~ Bj 1} ), , ; 

. .::· 

'£>U: 

A+ I 
··A~-· 

i"',·"j, 

;~ 1 ::__ 2 v 1!.. ' (f!_) ' 
,:_::·.;.;,, , - . '' r ;t 0 r ! 

! 

- '-~·_:). .<. ~ :.;- -·~:.~:. ;~_~·-:··· : '::- __ ,.,,_,.,,- ... _._, :·· .. \· : -·, . -.-·· .·. ~ ' '" /:··-

liTO npHBOAHT- K-CXOJJ.HMOCTH PRA~i'(2.l2) 8 OOJI<lCTH 0 ':s; u< oo·,',u > ;_: 1~ v> .;.;.1. 
· s CJiytiae, "~~;~ -::~.< J,'<o, ·a.<IX>i>My~ax ·(2.12> ·• <2.13> ~eh)rih cAe.TiaT6 3a-

.· ~ .. , ' . :_- .. •" . {L~ . :.'~• ~· -] , . . "- '.' ,. ..'!~-\)," -- ;:· ~-

MeHy p _. -p. ,, ' 

. Bl>lliHCJieHHe co&rseHHbiX ~H~~eu~h- f ;,·lv,Jl)(q, p),. COO;BeTcTB~ioll.I,HX 
II . 

pa3no.x<~"";;; '(2.'12>. ~~aJI~~ .. uo 8~~~~e""~ ;.~V·I')(q, ~). cooTBeidjsyiOll.l,llx 

pa3Jlo)l(eHHIO (2.2). MHHHMH3HpyeM Ha 3BM n pa3 ooepHyTyiO il,enuyiO JJ.pOOb, 

8 

i 

t 

\0 

~ 

v 
J 
t 

t 
I 
\ 
;1 

DOJiylleHHYIO C DOMOllJ,biO peKyppeHTHhiX COOTHOUieHHH (2.13) ,n BhlliHCJieHHYIO 
H3JIO.x<CHHbiM . s'hlme·:· :cnoco6oM~ • H ··. 'm)nyqaeM: ' ~eMXOAHMhle BeJIHlJHHbl 
lv,Jl) . . - ' ' · ··· 
A11 (q, p). B,hlli~CJISISI3aTeM KO~Hu,He!biArnpeAJIO.x<~HHhiMB [19] ~e'T()JJ.OM 

"cyMMH~yS!·~5m·.a.l2),cTpe6;~~oii ioli~OCThiO, ~aio~~~ oiv:f'>(u, q;'p). 
. ._ ."'.,. {_~ , . . .-:: -, :~ :- ~-·: .. _\ ., __ ,. ·- .- .; .. ·. .· . . . .. . , .-· n .· .. , .._ . 

::_:·.;-: ~-~ .. ~~·::.::~;:)._ .. _f',?"t~:-· !-_~)'"_~ .. ;:· .. ·-~) ,_\/~.: _l ·-~~--\ 
n " · ilr .. '(v,Jl) · (v,Jl) . · · .. _ 

3. CBOYlCTBA Cl>YHKU.Hv1 · os1 · (v, q, p), 9sn' .(u, q, p) ... ·.• . • 

l. ct>yuKu,~SI ·;:Js~v;l;)(v, 'q, p) orpa~Hlleua 8.'oco6b.x -~~~Kax v = m/2, rne 

r = 0,1,2::., n.u~~t;;._:s-3THX TOlJt<;~ko~panH'IeHHhle nj>oH3BOJJ.Hble. TaK KaK s . 
'i .. ;';· .••. ,.,.,< ;;,: :~ .'t·\f~;l..1i'<"".:• ~'/U:. .. ~:• • ... 1. -~';.-.1·· ·.·:·. _. ;)··~ ~ 4

.'-.,;: -~-·;. " ,. 

cHJiy ypasueHHSI (l.,la> AJ)yrnx oco6hlx TOlleK, KpoMe y =.'.± ioo, 3Ta <flyuK~HSI 
ue HMeeT, oua Sis.risu!Tc~ u,eJioii <t}yuK~Heii nepeMeuuoii' v~' .. 

2 rn . (V,Jl)( ) v • • • '~'YHKU.HSI os 1 v, q_, p orpaHHlleua' npu scex · JJ,eHCTBHTeJihHhiX v, 

peaJii>ua li nepuo;u4ua cnepuoJJ.bM ir. ', ;' 

3. Cl>yHKU,HSI ostl')(v, q, p) HMet:-r.lllyJie~·.~~··HHT:p~ane 0 ;V~~/2 H ~e 
pasua HYJIIO B TOliKaX V = ~/'!., rJJ,~ i'=. 0~1',2.}.;Ec;;~ (5;,. oua pa-~HSIJI3Cb HYJIIO 

. B K3KOH;-JIHOO H3 H33B3HHhiX TOlJeK, TO B CHJIY ypasHeHHSI ,(1 ;}a) ee nepBaSI npo;
H3BOJJ,H3SI DO V H BCe DOCJieJJ,yiO~He T3K~e 6hiJIH 6i.J paBIIbl Hynro B 3THX TOliK3X 

~·;~,~~~~a;eJI~1"9·.C~~aost;'?<~·~·P)_"~o~e~~~~~~,~~-~~6~p(lB~~'uyn~··,_·. 
A· <i>'yu·~~lfs_I ps~v,~)(v~_q; p) sisn~~TCSI ~-~T~?~ ~Y~Ku,ueii ne~e_11e~u~ii· v:· 

5. Cl>yHKU,HH VI= os~v·l')(v, q, p) SIBJISIIOTCsipeu'Je:Hu'HMH'3aAa1m Illiy~~a'2:. 
JI 

. '· - " . 
HYBHJIJISI' '; .· . " ; . ~ '.-!·· 1 

[ 
d d ...: · ,(v~l') ·· ]' ' ·0 dv':dv +a ~~~l ' (q, p) v, = '· 

' ', ' . \ • . .· i_ - ~- - ~ ~ •• 

~- ' 

,', 

( 
d ) . ', (. : 'd )' ' 

pVLdv v, _ = pv, dvvl _ = 0• 

· ~ + · .•. + ;c• •' , .. ~3~t '
2 rnep=(cosv) .. v 1 (sinv)~ 1

; a=-2qpcos2v-~lpsin2v. 
·: ~ ·~-- ' 

J~4eA_O~~T~bHO [10 ], <flyuK~~~~ ?.S~~~\~~~·.9~ p) ~P,<!,3~~T n~JI~Y,IO, opTOro-. . - . . . -- . ' . . .. ~.;; 

HaJihHYIO CHCTCMy,B KJI3CCe KB3JJ,p3T!iliHO-:-HHTefpHpyeMhi:X <flYHJ.C~""' C BeCOBbiM 

Muo.x<nTeJieMp 8a uuTepsane [0, :n/i.]:Coocr8e,Iiilbl:e ~ii~qeuli'R..l.~v;l')(q;'p) npu 

3TOM 00p33YIOT B03p3CT310ID;YIO DOCJieJ).OB3TeJibH~b ·; :•;;;~'~"·; '' :: "' . 

9': 



._,-_ 

:A.(v,,u)( , ·)· ~j.<v·l')(.':·•·:.-): <·:·~:.~ l(v;lt)(' -.,·:·)· ·~~·. · 
0 ··· · q, p I' · q, p . ' l · . q, p ·' · ··· - ,. -~~t,,- ... _"··-' '~.-. ---~·:· l~ •.• • . 1:..-eo·-·_· ···.· 

\' 
,.,, ,,.... 

; · .. r:: ~ .. :' 

'6:113 (2.2), (2;3),"(2.7) CJieJ:(yeT; 'ITO; <:r\"';·;~:· .. ~~~ ~fq, 

.:A.~v~f')( "-:"q;· ;_p) =A.~'; v)(q, p), B~;;:l')(;;_::q; -p) ;;::'(f.l )mB~:t)({j;'p). .... ~ f' 

TaK KaK P~;;·'')(-c9s.2v) = (-1)111P?,;·v)(cos 2v), TO c y'leToM :nux paseHCTB u 
pa3JIOX<eHn.sJ (2.2) np.lJyqaeM ·.,.· ;.. .· .. ·7 . 3·.~. ,f'::<,~., 

(v,1i) ' ·· _.;I (u, v) 
, os1. '" (v,, -::;9·.~P) =;=,J:-;- ~) 9sJ., ( - 1v +.J~/2 •. q, p) .. 

. ; :. ' ,~· .- .. ' : } . : ~ .. ·- . ,_. .. ! .. ,.~ , . ' < \.... . <- ~. \ ·. 

7. <l>yHK~lHl oi'•l') (u/q: p) siBJI.sJeTC~ ~tleTuoif Q>yiiK·IJ.ifeii r nepeMe~Ii~ik 'u:· . 
. -i z, ~.~:.~ --~ n.~~: ·; ~~,-//"<f <~··> .-..,,·<:,_ .. >;~~ ·.t._~,r'{t~;- (,.;,l.i' ~ d"'i~;(-. ": .- ,._ .-:·~· 

8. <l>yHK~H.sJ Os~·!')(u, q,'p) orpaHn'leHa u nMeeT.orpaHn'leHHhle npon3BOA-

Hhle npu scex J:(eiiCTBHTeJibHhiX u. . . . .. ; 
9. ECJin nepeiiTu B ypasHeHuu ( 1 .16) K nepeMeHHqii z =:: 2p ( ch 2u + I) u K 

QJYHK~HH lp C OOMO~blO 3aMeHhl . . .v • ' • ' . • , . • • 

~"·: I' 

... '" (v,/t) ' .... · · · -pch2~ · 
;: Os,1;: (u,q~p)~,e ,.~, 

\ 

TO noJiy_'laeM:'ypasueHue;>·KoTopoe npu 'q/(2p) = const,p -+'.ooi~osnal(ae'i' c 

ypa~HeH~e~~ AJI~ ~dn:UH'o~o8.na~epa £<v)(~)·. 3i8 noJinHoMI:I kMe~Ttz.Hyne~ 
- . ,- -~' . ~ ',.' ... --. ' ... ~_. f ,·· .. ,,_ .~. ;'~. '. .... ·.·_ . ~·- ' ~·"' •:-·'"":·~· .,:·~- :--·-~---·· ·'' 

Ha JI'yqe [O,'oo). Tipu H3MeHeH:uu'p 4HCJIO ny.iieii Y·QJYHKii,uu'\llu y~cpyui<'ii,H:ll 

oiv:l')(u, q; p) He Me~.sJeTc51; H;iciJeJ:(o~aTeJibHO,'K~X<J:(a~'~·~·3:r~J. Q>Y~KI{~~ TaK-
n. .: . . . . .. ·.. . i . ' . 

X<e HM~fT n I{Ym~iiHa,Jiy'leJQ, .oo ):;. .. .. . ,· ''·. 
- . (v f.l) , 

10. <l>yHK~HH U
11 

=0s
11

: · (u,q; p) .sJBJI.sJlOTC.sJ pemeHH.sJMH 3al(a'IH .lllTyp-

Ma _:_ JlnyBHJIJI.sJ 
'-i ! '~ 'i ~ .• ~': 

[
d - i =:: -lv,ll) ]··:._ 

du p du .+a\~ pA.,~ (q, P) Un = 0, 

(~- :;ir;_ :) . :F ·, ·(~ d ·-·) .. · · . 
u-u .-- u-u -· p n du ·. n ' ·- P n du · n - O, 

·· . u=O u=oo 
,?.-\ {.· ~~' .. ~~ -~·i":: .. \·.:-,. .. 7 ::> ;- :~-~·::: .. ). 

· rii.e1~'(ch u)2v+ 1 (sh.u)~+ 1 ,1. ~.~'~q~~li 211 ~4p2jjsh~2~;·il,;cneJ:(osa1-~hHo, 
o6pa3yJOT riOJIHyJOoproroHaJibHYlO cucreMy B KJiacce KBaJ:(paTH'IHO:..HHTerpupy:.. 
eMbiX Q>yHK~J:i!Lf secqshiM f..:lJ:IO)I<:U!t!JieM·,O Ha Jiy'le; [0, oo )~ C~seHHhle 3Ha-

'leHu.s~~:1')(q,·p)o6pa3yJOTnpu 3TOM B03paCTalO~YlO nOCJieJ:(OBaTeJibHOCTb :; : 

10 

lr· ~V~Jt) ' · :;(v'·l') ·" '" :·::;(v;/,)· · ·' .·. :·. 
. '" ~0 . (q, p) <A. I ' (q, p) ~ •.. ;'A./I . (q, p) ..... c:t; •• 

ll~?O <. - { } -1 \ ~ ··: 
(l',JI) ' 

II. 8 p.sJAe npHJIOX<eH~~;,: Hap SlAY. C cl>YHK~H.siMH OS/ (v, q, p), 
' • ~ • -' '> •• .-' 

os<v·l')(u, q, P) YAOOHO paccMaTpH.~aTI;·~YHK~H~ 'f', <1>, onpeJ:(eJISieMhle CJieJ:(y-
11 •· .• '• ·," '<"•:·.,· . · .• ,· >. ·i .. 

lOUI,HM OOpa30M . . ' • .. . . .. 
. . I' • I' (V.JI) ) 

'f' = (cosv) (stn v) os1 · {v, q, p , 

<1> = (cti,u)v(sh'u)'1' os<v.it)(u, q:~). 
, . . ·'. . . , II 

3TJt Q>yHK~uu YAOBJieTBop.siJOT ypasHeHHSIM :,: .·:. . : .: .. 2 . :t·, . ·.: .,. :{·' .... 2· 

[ 

2 d d v !l 
(l-, 7J ) d7J2 ~: 277 d1J - 2(1 ~rj) .- -

~- . }" 

q 2< 1 2 , ".,-] . .0 1 -27J ~p. -1J)+A ~~· •') 

[ 

2 . . ' ''2" 2 

«
2

- l) ~2 +: ~~~ 2~~;"1)'- il- 1).+ 

+ g_~ -.p2(~2 _:_I;·_~ <I>= ·o.' 
'.,,2_~·~·;''.;\):.;.'1:' l--~-- ;,::;~:J .. · .. ~.~ , .. : 

~ ~ 

(3.1a) 

,A>'•" 
~-~. 

t (3.16) 
-~ ... 

. : . ' ' . ' lV,JI)( ) . i ·. ·.. ··_:. ; \~,Jl) . 

rAe 7J =·cos 2.v. ~ =· ch 2~; ~:= 1 
4 

q, ~ + (U+v) @.+v+1),:~ =A. .. , 
4
(:,p) + 

· . , 1; ~ ~ :' ~ · · ·--;• <'' '''' o' ' ' 

(fl +v) (fl + v + 1). · .. ,:< '-· · . ·,; 

Ka)I(Aoe. i13 ypas8e_HJiifJ3~ o: nMeeT ~Bf? P~!'YflSIPHhle ~o6hl.e TO'I,KH (±. I)u 
OAHY HeperyJI.s~pHyJO (~ ); 8 CJiy~mev,; 'it ·=·m ·,;; o: I ,2:.:ypa's'HeHuSi (3.1) riepe.:' 
XOJ:t.siT s ypasHeHHSI AJI~ KYJIOHOBCKHX ccjJepoUAaJihJ;IhiX Q>yHK~uif, a Q>yHK~uu 
'f', <1> nepeXO.l\.siT COOTBeTCTBeHHO. B yrJIOBYJO::KyJIOHOBCKyJO<cQ>e'po~MbHYlO 
Q>yHK~HJO P:-Tnna .u paJ:tHaJibHYJO KYJIOHOBCKYJO cQ>epoHJ:(aJihHYJO Q>yHK~HJO 

:~~.:-. ·;~:-·-. ··<- ~-~. :;\~:~~-~{:_~;: :_~ \., .... -. ..-·L ~ ~-- .· 1U~::;:· ::.-~_:: --:;.~ \><r~~--;~~~ ~: ~~: ~~~··1,~. ~ , , . .: : ~.- .. ,·· . ~·-~ ~~r·": ·-~ . 

p-Tuna ,[3 ). Benn'IHHhl A., A. ·cooTBeTCTBYJOT npu 3TOM co6CTseHHhiM 3Ha:-. 
,_ • ~ v ' . f~ ~ : 

'leHH.sJ_M 3THX QJYHK~HH. '''1 ; ,. ,, ·. ·.•: ... : ,,,; .. ' .; •.~. • 

,_,•··~,:c: ECJI~~~r:~?·~·~t;:,~i::~\~~~~~ft.~!\,~ .~~;::~·~;~ff£ ... ~~)·:,~;~~~~-~ 
os~v;''~('v, q, P)· BhlpaX<aeTcSI ~epe3 . BhlpoX<A~HHYJO · riinepreoMeTp~~ecKyJO· 
Q>yuK!iu:'K> :; :': :; • .. 

Mb .!: (1p.cos2y) . 
• •• ' :·. ' • • • < • .. 2 "·. '· .. J' . ~. 
(v .• l)(·v· ·4pb·J)). = const. ·. )v+l

1 

·n2v • · osf. . • • (cos v s 

1-;, 

(3.2) 

n 



TaK KaK cflyuicu.u51 (3.2) AOJDKHa 6b1Tb KOHelJHa npuv, :=:= 0, n/2 u AOmtcua 
uMeTb 1 uyJieH ·Ha HHTeps;we' 0 <:v < n/2; T~ ~eiH'lHHa Ap, O'leB~HO, AOJI.>I<Ha 
paBH51TbCSI (1 + l )-My KOpHIO ypaBHeliHSI 

., ·,. ,M ....... < .. ) o· ., •• · 
~l' ~ ... -.,.-__ .. h':·!. a;~-_,~~--~~. 

2 . . . 

; " ; ~ ~ J: . ' .i: 

. ~h., . ~~~~- / '_.-. ~{:1: '·: ·-'· ---·' ·:::H!·~; " .. ~- ~ -~., 

rAe i = l ,2 •• • 1 + l ;' 0 <a I < a2 ••• <a I+ I. CJie,llOBaTe.JibHO, H!'feeM 

(v,l)(':''·. . .al+l) . ·•. Mi,,'i(al+lcos2v) 
os1 y,a1+lb; T = const. • . +I . 2 . 

· . , (cos v)v stn v 

Auanom'lHO AJISI cnyqagy 5·1 ,i ~ 1 ;)i)(q, p) ; .:_41}/t l) ':.;,,'2~,q ;:: 4~b, no-
:. ';- ~( ;:._ \- ~ 

nyqaeM 
''5 •.'#' /\., 

' 2 Mb ~ (/J1+1sin v) 
• 2• (l,J~)( .. - • ·{31+1) 

osl . v,{3l~lb'l:,4 . . • 2 ' = const ~-. ·· Vl+l cos v · (sm v, {L! 

" r,lle {3 I +I paBHO ( 1 + 1 )-M.Y KOJ~HID ~P,,!lBHeHH_SI· 
: ·; • c·; .\ -: •?-. -~..~) -'. 

-.... ,.-. 

Mb,!(fJ{~)=,Q, i=:~,2, ... 1+ l. 
"" ' ~ ' .-· ' .. _ -.' ; ~. _-., ;; ·. -~ .. 

Z • ECJIH}l = 1, i(v,l)(q, p);,:, 'f4(~ +'1) +'2q, q ·~ 4pb, fo' 
. n . 

. - h2 ) - W v(a +I c ~u .· .. : ' .. :[ ~ :i ;•;·~a,i+t .. ., b,-.,n .. 
Os(v,l)(u, ba I' -4-) = const ( h )v+l sh2u J ' . n ·· n+ c u 

. :<i 

··'· \ 

.;., ; ~-~- ~~"-. :· • r ! ; ' ~· " · · •. • •· ., • ~ "f• · .• ·I" . •. ~ ·"I ~ r''1" ; .. · •" .. " • ' _. 

r,lle;a·.;:, ~ (ii+.1r=u .<opeu&,Ypa~u~uuSi·-- .. 
<:<;--/t .. -\~.~:::i·v::·.:_.f-;- - _.J = \.. . .... '<· ·1 

::-;· , .. :,.f 

>!~ -- ...... .-•. ,.,,. .. ,, w · ·(_)_. o· ,. 1 2 ·+· · t· · 
,,, .,_.". • ~ L ~-:') .. , ·: : <y a' .. = ,- ~z-= ,. , ... , n • ·· _ 

·:;:,"·' 'T''' ;··:.) ;·::· ... ,,_b,l''~;·• ·.>:'· .· .. , .. , ; . : ·,·;>;-··. .. .... ~:::.· .··· ' 

:,~-~?'"-'";;<··~ < ,· - .; .... __ -~ .·• ;···~·····:::·- _., •• ('., .... ,·,. ,. ':-'1.';, - " . _. , •. 1,~1':,·;-·~{1. ::-,,, ~~{f~t 

· · · · «t>yuKu)isl 'w ~(z) coo.f8e.fcrsye:r-· 8"iopciM)i peweuuio ypas8eml51 Y uTTeKe-

t>a'Tio).-;.··:::·"/:'2 . . . ,, ·::;,·:. ·:;- ·; · ;~:·::'~--~;:,.:., ;::•:;·;· 
. Ecn~ v = l, i(l;,u)(q, pj := ;-:-4(u 1: 1) .:.:.. iii, To orp~~u~e~~~~- ua,.ny'le 

• .,. ••• , , .. ~ • -. t"" _ .~_-··i"> - n__ ··~- p" ,.:· ,_ ... l t .-~ \. .·- :::::: t "J. _- . :: .... ~ '~ . ,.{ • •. J .• ._ ·- , ._ t 

[o;·~)' H HMeioniul{ Ha ilci.i "n 8y.iteii peweHH~· ypaBHeH~SI 0 .16) cy~.qeCTBYJOT 
JIHI:Ub B CJiy'lae, .Ko.rii.a q = 2p(2n + ,Ul+ 1 ), men = o; 1 ;2.-;; TaKHe peweHH51 B!>f:.. 
pa)i(aJOTCSI'lepe3 nOJIHHOMbl Jlarrepa . ,. 

· · · i:- .. -.... , ... ·.·.~: · ' ' ' ..:.pch2~L'")(·4 h2) '· '·' ·;· -~ ·. · e . v- p s u 
0 (l,,u)( 2 (2 + +'t)·· )·- t· .. _· .. n sn u, . p n-. f..l , p ;~ cons . , . . 2 . 

. 1 ·, •::· 't·. ch u 
12 

AcuMnTOTH'leCKHe CBOHCTBa cPYHKU.HH os~V,·f')('v,>'q,'p); Os~·-">(u;'q,':~):~P~ 
~ ·, " '. ·-''·'t " - .... ,,_,,,-; -~-- ' .: ......... ~ -.. ~::'"', ........ __ # i p-+0up-+OOH3JIOX<'eHbi'B(161; ... ·,. .. ,,,,,.. . . . :.·~; 

-·.·.}"'- ~.~ .:: ._;,,.,· .:.:: '. ·:f,·! >·;_ ~ ·' ;_~ i'J 

::,,, ,_ . . : ~' ~) 
.. 4. JAKJIJOliE,AH·E·~ . 

,. ' # •• ; ,: .... !. -' ,.. • ' "~·> .. f/. tt.::--}>i.-~-->:~·_r >~~~-"· ·~ 

~: :t·-~f ·-. <r:~:·· ~-·- ,'- .. ,• --~ ~-'>"' '''~':-~ ::{~··,~:~ -~ .. -~ • 

. PaccMo.fp~~'u&le s pa60Te. ocu.wRropuble. nonuccflepoUAan&uble {pyuKu.uu · 
. OO&e,ll~HSI~T uji~!P~~~aJI!>Hbl~ o6pa30M o6o6~aJOT. H3BeCTHble cPYHKU.HH <<,ccfle
poUAaJibHOro Tuna»: • ccflepoUAaJibHble . [ 3; 11 k mnepccflepoUAaJibHble · [ 6 1; .o6o6- • 
~.qeHHble mnepccflePoHA~bHble ·. [7,8 ), KYJI~HOBCKHe ccflepoUAaJibHble [3 ], BOJI
HOBble OOJIHCcflepoUAaJibHble (5,19 1 H CBO,l\SITCSI K HHM npH 'laCTHbiX 3Ha'leHHSIX 

, napaMeTpoB. Hapsmy c 3THMcPYHKU.HH os~v,p)(v, q, p), Os~·-">(u, q, p) o6na,lla

' JOT HOBbiMH, TOJlbKO.UM. npucyi.qHMH CBOHCTBaMH CllMMeTpHH, 'ITO npHBO,llHT 
' K Ba)KHbiM CJie,llCTBHSIM ,l\JISI BCeX cPYHKU.HH 3TOro THna. 

-- .. _._ . ' 
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