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KaK l13BOCTHO, 06paTHOtf 30;l(8'C!Oti TeOpl1l1 paCCOHHMfl H831.lB86TCfl 30;l(a't!a BOCCTaHOBJIOHHfl nOTCH

I.J,MaJI:OHOll <DYHKI.J,MM B ypaBHeHMM l!Ipe,1{Imrepa no cneKTpaJI:&HblM CBOtiCTBaM oro pemeuuti. MaTeMaTM't!ecrm 

CTporoe pemeHI!O STOti 38,1!a't!I! ,1!Jifl CJIY't!8fl I.J,OHTpaJI:&I!O-CHMMeTpM't!HOrO TIOJifl clb!JIO ,ll8HO B 1113BOCTHblX 

,pa6oTax L'I.M.reJI:&i,[JaH,1{a 11 B.M.JieBMTaHa/I, 2/, M.'r.K~cllHa/3/, B.A .. Mapt!OHK0/4/111 .llP• 

'0,1!HaKo, Bee sTM pa6oTu ocHOBbiBaJIMC:& ua TOM, 't!TO McnoJI:oayeMaH cneKTpaJI:&HaH xapaKTeplllCTIIIKa 

( cneKTpaJI:&HaH. WYHKI.iMH MJIM S - r:PynKD:MH) ~:3necTHa ,llJIH ncex , aua~eHIIlti napaMeTpa t< , BXO.llflll\ero 

B ypaBHOmie Illpe.1{MHrepa. ~l1311l'C!OCKIIJ STO 03H8't!86T He06XO,lll1MOCT:O 3H8T:& peayJI:&TaTbl SKCnepHMOHTa no 

pacceHHMro ,llJIH ncex sueprMn.· 

Ha C8MOM ,ll6JI6 Mbl ·MOJ!tOM STO 3H8TD TOJI:&KO ,llJiff KOHOtlHOro HHTepBaJJa ::meprMfii, a TOT cpaKT, 't!TO 

.TIPM cpaBHMTOJI:&HO H060JI:&llil1X SHeprHHX ypaBHOHH6 Illpe,llHHrepa CTaHOBIIITCff HenpHr0,1{HblM ,1{Jiff onucaHHR 

i,[JH3l1tlOCKOrO HBJIOHMH, HO n03BOJIHOT H8,1{6HT:&Cff ,1{8Jlt6 Ha TO, tlTO STOT MHTOpBaJI MOJ!tOT 6b!T:& C,1{6JiaH KaK 

yro~HO donb~HM. ilosTOMY ,1{JIH TOr9, tlT06bl MOJ!tHO 6WIO.Henocpe,llCTBOHHO TIPHM6HIIIT:O poayJI:&TaTbl pa• 

60T/I-'}/, H006X0,1{I'!MO K8KHM-TO o6pa30M SKCTpano~np0BaT:& I'!CTIOJI:&ayeMyro CTIOKTpaJI:&HyiO xapaKT6Pl1CTl1-

KY Sa npe,llOJibl l13BOCTHOro HHTepBaJia SHeprMti. 0,llHaiW, BCTp6tl8!{)ll\l10Cff MHO!';lla TIOllblTKH anaJIHTl1tl6CK0!1 

SltC~panOJIHI~l111 npe,1{0JI:&~IOii rfl~3bl (11JI11 S -(JlyHK~H) ffBJiff!{)TCfl KpafiHO · H6Y,llOBJI6TBOplllTOJI:&HL!Ml1 1 BB11.1{Y J 
TOrO, 't!TO CKOJI:& yro,1{HO MaJib!MH B03MYli\OHHHlflll npe,1{6JI:&HOti clia3bl (HJIH s -IIJYHKI.J,HU) ,· TIPOH3B0,1{0HHhl1111 . 

np11 ,1{0CT8TOtlHO 60JI:&molii .SHeprMH, MOJKHO CKOJI:& yrO,llHO CHJI:&HO B03t:YTHT:& nOTOHI.J,HaJI. 8TOT QJ8KT 3.8CTaB

T.flOT MCKaT:& ,llpyroll nyT:o ,1{JIH pemeHHH aa,1{atzH. 
I ~· ---

B H8CT0flll\Olt paeiOTO, OCHOB8HIIOti Ha npMMeHeHMH MOT0,1{a ciiyp:oe, ,llaOTCfl CTIOC06 ,1{Jifl BOCCTaHOBJIO-

Hl1fl Hl13KO't!8CTOTHblX rapMOHMK n~TOHI.J,MaJia ~·noJIHOBblX WYH!ti.J,Hti no npe,llOJI:&HOti cpaae s -paccenHHH, 

l13BOCTHOiii ',z{JIH KOHOtlHOro MHTOpBaJia SHeprHil'H TIOKa3b!BaOTCff yCTOtitlMBOCT:& STOro npo~occa • 
. ilOJI:&ayroc:& CJiytzaeM Bb!pa311T:& CBOro npl13H8TOJI:&HOCT:O C.B.~OMMHy, JI.A~qy,llOBY n·H.A.CMOpO,lll1HCK0-

MY aa noJieauue o6cyJK.1{0HHH 11 ROHCYJI:&Tai.J,MH. 

KaK nanecTHO, pa,llMaJI:&HaH cocTaBJIHroman BOJIHO:aoti cpyHK!.iHM .S -BOJIHbl B I.J,O!tTpaJI:&uo-cHMMOTPYl't

noM noJie Y.llOBJieTBopneT ypanneu11ro: 

f,"' cP·R("0 E) 
-2m ol~~ 

c' YCJIOBHOM B HYJIO: R ( 0 I E ) = 0 . 

C,1{eJiaeM 3a!.!OHy: 'Z- = X n ~ . 

+ V(z) R(7.~£J == £/Z(~,E) 

v (?. ) ~ cL V( X ) ' E :;:: rJ,. t<?. R ('-~ E) = 
• 

<; ( x 1 1<. ) ( ot.. > o - npoHaBOJI:&Ho) 11 6y,lleM npe;~~noJiara'l':o, '!!To R ( ?., E ) . 
nopMnponaH!r TaK, . tzTo 'f ' ( o 1 K) = t<. • Tor;~~a 'f (X 

1 
IG ) Ciy,lle'l' Y.llOBJIOTBopnn ypaBHOI!HIO: 

(I) 
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c ua'l!aJI:OHHMH ycJIOBHHMH: 
'f(o, K) == o , y;'(o, x;) = 1(.. (I') 

KaK noitaaaHo nf2/, TaK onpe;lleJieHHHe ':f (X 1 IC ) . .nonycKaiOT npe;~~cTaBJISHHe . X . . . . . . 

y;(x, K.) = sivu~x + J R(x, t.) sin ~-etoft, 
(2) 

r;11e R (X 
1 
t )y:zlOBJieTBOpHeT npH · o ~ t ~ x ypaBHeHHIO: 

R;~ (x, t) - R;~ (xlt) .= V(x) R (x, t) 
(3) 

c ycJIOBNtmm: 
(4) 

R(X I 0) -:::::. 0 
f . 

_sL R,(x,x) -:::::.2: V(x). · (4') 

llyCT:O \l(x) ;l!OC~~Ol!HO 6b!CTPO. CTpeMHTCfl It HYJIJO rrpH x~ oo • Tor;11a ITPH 60JI:OiliHX X ~(x,~) HMSST 
------·----...,.......--.-~-. ---------.:--:-- __ ____.-.....,___ 

acmmTOTH'tiSCKHH Bli;ll: 

. . <f(X,K) ~ .f/(~e)si n (K.X·~ r(vv)), (
5

) 

r.l(e ~ (K ), :raK Haab!BaeMHe, npe;lleJI:r:.Hbie !IJaaH ( .!/-( te) MmrteT · 6HTJ:.. Dhl'tiHCJieHo no fc~e) ) 11 Hama aa,l(a'l!a 

COCT011T B TOM, 1!T06bl HafiT11 'v(x) 11 'f(X,IV} no f(x;) • llO;llCT8BHJ3 (4
1

) B (3), noJiy1!11M ypal3-

H6HH6 R" t. 11 ' ·£· ( t 0
/ R . x,_-(x, ) -:- lit.t (x, ) = 2. R. x, . ) olx . (x,x) (6) 

c ycJIOB11eM R. (X, o ). = o , . KOTopoe Mhl NtcnoJIJ:.ayeM .l\~H He't!eTHoro rrpo,l\OJillteH11H R ( x 1 t) Ha oT

P11UaTeJIJ:.HHe t (-X~ t<o). TaK11M o6paaoM, Hama aa,l(a'l!a cnemicJ:. !t_HaXOllt.l\SHHJO pememm ypanHeH11H 

(6) Taitoro,:l!T06U J?(X11C) .t onpe;z:(eJieHHOe no !IJopMyJie (2), .liM6JIO ac11MITTOT111!e~md1 DH.l\_(5). Hafi.l(H 

Taitoe R (X, t) , Mbl c _noMoDU>JO cooTHOil!eH11H ( 4') Hafi.l(eM H V (x) • PemeH~eM aT ott aa;lla'l!lil Mbl !II aaiii

MeMcH. BCIO.l\Y D ,l(aJIJ:.HeiiimeM, ecm1 He. oronopeao npoTHDHoe, 6y.l(eM Cl!HTan, l!TO V (x) Henpepb!BHa. 

... .., ... ,..,..~H,.•J.::-.t.t::itt tJt.~!:~FYitO 

2. CJIIS~!:Ufl!:!!!!!I!!Q£2-l!QI~!!!!!:!S.H!~ , , 
, #~a;~_u.t~'l:•.t.h:t·~~'JUGJI t: {·~HHt;~··~::IV!Jl)O tti!iit:f:~,:on .Gf.~ 

ITycTJ:. nplil X>....- ><o V(x)==.o •. Tor,l(a corJiaCHO (3) · R (x ,t) Y.l\OBJieTBOpHeT np11 x ;;;- x. ypanHeH11io 

R;~ rx, t) ~ R;}n;s'i/9=?)}lr1~~';2n ·1 
(7) 

· Iii, cJie,ztonarfeJIJ:.HO, rrplil x ::>....- X., 
(k }flTrr==. ~ (.xr-.:t·~x) !f<>;{X'x:,:rtr)~.<;;::.m)n:,-r.)o~; ncn,:ii.fl''iY''!l 1 ontuN:sH IJF;j; 

lila yCJIOB~ff. (4) CJieiyeT, qTO ? (x) =-A rx;' ' T.e. :r:rliWl:iliO(l\'; :::orqorr:i'i:J)~DC)\'\; GIWfi !.~()ll 

R lx {) = J . . _._(.X::- • ).<-! L(x'+<:t) -~\\! -·· ~~~·· .. :.::..:.~· ;::; t\_ (8) 
. /' f' 't. •.. ~~~ ~''> '\ -~''-

.<~' . . -~ ~ ·~--~ \r~,\ . ..'..J ~ \,' ., , ~ --- -~- ... 

r.zle /rxJ = ;~trxJ .. lila ycJioBim (4') cJie)lyeT, "tiTo ~Piil f-?.2:·_-:5.~~T:~.~(~~Piil x+t ~ .zx., Mlil 

X- t ~ . .Z ~., ( ':j) ; \ {(('!;") '"":'"~ 0,_-, ~! J193IDSYHCI>,·nOCJie;llHHM aaMeqaH'Jiei~\ ·1m ''no~y't!aei!'f\:·.qTO rrpJifl'x':f;t ~ ftXo 
-, ·· ,, J/'f,? , _ _. t·'.;IJ t... ~- ! ')\\i .>-;· \< '" •. 

·I?~ {x, t) ~ ~ )-(/(x, t} ... ',, ~:;!?J \'.>< "' .y :'(.iWi!m~ 

c~:; , iVi:fJ'I.Gl~or::F'iflll n I .:m 1JJ;t•u::;ioq;( N v < .. ;~ ) ( .;\ 1·:-t:.·; 'V •. 

a npH .. x ...,, t" ~" :t. .. x 0 , ~.···"';·•d····q· . ' . I .. 
11 "'' n•.•d'~ n·.l~· ',\..t.~h;t.n:l._.i,..,,t~•.l-"'r;._'.\, ~ .:-~ i. ~~ ~ :7\ ~-;.; \ )\ \ \) ") 

:·, R~(x,t) = R~ (x, i) · · -
T~~nM o6paaou, onpe~~~B ><) R)i:X, ~:;f.)' -~' \i~ ~~}k'b Iiaxb~M;\~~o~ 

(_J\ 

:I-

f) ::}~7 

(9)_ . 

i\ ~ \,".J .... 
T .,, • .--~~j1f~Hqn;1 

UP·" ·j.(hf.·:.v).,, (9 ) 
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R_(x.,tJ- R(txo, x.+t) :..::.R(.2-x., x-.~t> 
'· 

. R; (~., t) = ~ d~. { R(u., x.+ t )+ R(u., x.T J. 
. · k1 Hama aa;na~a CB0,11;HTCH K pemeHHIO aa;n;atrn KOilll1 ,11;3IH ypaBH8HHH (6) B TpeyrrJI:&Hl1Re, 

.. ··-·~·--··npHMb!Ml1 _>(== t 1 X==..- t l1_ >( = X o •. __ · 

3. Qu~~§~§lill~-~{:_~-~~-~-li-22~g~g-~Qillll 

(IO) 

cro') 
\ 
QrpaHHti8HHOM 
i -· o.-

llycT:& npl1 X~ Xo V(X) = 0 •. Tor;na npl1 X ~X o acl1MTITOTIItiecKoe paBeHCTBO (5) nepe~l;neT B 

TOtiHOC 1 T.e. npn ·X>,..... X., 

' ·fX D (X t) J i VI tC tcft = .fl(K-) J j VI(~ l( -t: b(k:.}), 
StvtJO( + 1\. I' 

0 
,ZlwlJc:Depenu;npyH (2) no X l1 non:oayHc:& ( 9), Mbl JierKo no;rry-qaeM, tiTO npu x 9 2x.,. · 

X 

<f'(x, JC) == K. ( eos ~x 1: j R{x1 t) eos K- toft). 
o. 

H3 (5) l1MeeM npl! X >;.-Xo: 

'f''(x,k) = ~ .1/{~e) eos{Kx+fr~eJ), 

(II) 

(I2) 

T.e. npl1· x >...- ~x. ;< .. . 

cos ~ex -rfR(x
1
t)cosK-tdt·== Jf(K.)cos(K-x-th(K)). (I3) 

Tarmu oc5pa30M
1 

cj)OpMyJibl (;I) l1 (I3) ;naiOT HaM B03MOJKHOCT:&, 3HaH. dcK) 1 onpe;n;eJil1T:& npeoc5pa30BUHI18 

cl>yp~e oT R (x, f) npll x:;;:2 Xo ·• 0Tcro;na, noir:oayHc:& cooTHOl!IeHl1HMl1 (IO) It (IQ_'), Haxo;nuM, tiTO 
11' 

,11;3IH Kn =. 11 Xo , r;n;e n - u;enoe, 

{R (x., 
1 
t ) s i 11 t< n t oft =: (- i) n 2 Jl- ( ICn_) S i h b ( K 1'\ ) , 

-x. . 

·x. t J R(x,
1
t) cost<,. Jt == o , . 

-X. . .. - ---

1' R/x.,t) ';" 11.t cit= H)~" 2 K. (.1!(<.) cos~<"· l - i) ~ . 
-~ . 

)(, . . . 

J R;(x.,i) cos K"tdt::: o. 

(I4) 

(I4
1

) 

(I5) · 

(I5
1

) 

- x. 
T~KllM oc5pa30M no [( r< ) Mbl MOllteM BbltillC3Il1T:& R~BcJ)clll1IJ;HeHTbl <liyp:&e OT Ha~aJI:&Hllc ·,1\aHHb!X Ha OTpeaKe 

,_-Xo ~ t-::; X .. npHMOi1 x~><o• llpo;n;oJIJKH~ Hamn ;n;aHnble nepuo~utiecKu.c nepno;n;oM ~Xo Ha BCIO npmlyro 

)( ::= Xo It npHM0Hl1M K pemeHll!O ypaBHeHllH ( 6) C HatiaJI:&Hb!MH ;n;aHHh!Ml1 (14,) 1 (I4') 1 (15) l1 (I5 
1 

) Me-

To;n cl>yp:oe. llpe;nBapnTeJI:&HO c~enaeM aaMeHy: 

. ~ = 7( X 'C== .JI_ t R ('fJ'C) :::: #- R (K It). 
1 Xo 1 Xo ) · 

HeTpy~Ho npoBep~T:&, tiTO R ( 'f, 'C ) y;n;o]meTBopHeT ypaBHeHniO: . · . · 

Ry:.Cf,r:)- ~;:..('f;1:) _::= 2_R.('f/C)~ RC'f,1) (I6) 
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C HatraJILHb!MM .iWHHb!MM Ha npfli.!OLi r"' T( : 

D(-;r z- 1 ::::: 3.!- R (x., t J n.,. rr , 
' ' .t· ' 

Rf(rr;-c)'= ::-~ R;(x"t t). 
J3y,lleM MCI\aTL /( (5, 7:) B BU:z\6: . 

• C>O 

R(r, 1:) :::: ~ a.Jy) J/M nr. 
ITpo.z~H(f}Q!epeHL\Mponan (IS) c])opMaJILHO H iTo.z~cTaBHB B (I6), noJiytrHM ,ZJ;JIR onpel(eJieHHR a., ('f) 

ypaBH6HHH: 

ct~'('f) + n2crrt('f} == 2an('fJj f t1;(f) siYJF~. r f=' - -
!10JIL3YRCL (I4), (I5),(I7) H (I7'), HaXO,ZJ;MM, tiTO 

' 11 

1 J ' Clnfrr) =rr R,(rr,-r:)sihn-r:olr=. 
. . -r . 

· Xo 

:.!..jR(x ·t·) SiVl~ tdt =(-t)n_?:..fl(Kn)SiV1$"(Kn) 
7T . o I . "' 1T .· . 

-Xo . • . . . 

H 

3aM6HllR I{ n Ha 

7( 

Cl~ (rr) = /,.jR (t1r, c;J siVJ n7: d~.;, 
-7T 

Xo 

= ;d R~ (X,, t) s;" ~. tolt "' (-t)"'' 2 ~:· ( j/ (K,) Cos 3(K,)- i) 
1(-)(o . •. 

nx.; , noJiytraeM: . 

ct,., ('If} = (-J.)n 3:.-fl(n 11
X ) SiVl b(n2!:.) 

II 0 . Xo 

Cl~ (rr) = (-i)n+t __!.!:!._ {Ji(n;) cos ~(nE-) ...:. 1} 
7T 0 \ x. 

' 11: nama sa,ZJ;atra cneJiac:o K 'pememuo CHCTeMh! (I9) c HatraJILHbiMH ,ZJ;aHHb!MI1 (20) n (20 ) • 
A ',. ' ' 

(I7) 

(I7') 

(IS) 

CMCT6MY 

. (I9) 

(20) 

(20') 

8aMeTMM cpasy, trTO paneHCTBO (9) npn x= 2Xo n t > o cnpane,ZJ;JIIiBO TaKllte n B cJiytrae, Kor.z~a 

V (x) = o npn X~ x. , a B TO tiRe x. HMeeT paspb!B nepnor~ po,ZJ;a (nanpnMep, rrpf!MoyroJI:omiH . 

. IIOTeH~liaJI:oHaf! liMa). CJie,ZJ;OBaTeJI:OHO,' H. :a STOM CJiytrae coxpaHf!6T CBOIO cmry pa136HCTBO (I3). HeTpy,ZJ;IIO 

nponepMT:&, tzTo coxpaumoT cno1o CMJIY :a STOM cJiytzae li paneucTna (IO) M · (IO'). CJie,ZJ;oBaTeJI:ono, 11 B. 

STOM cJiyqae Mbi MOllteM npMM6Hl!T:& M6T0.1l ~yp:oe l'I cnecTn sa:z~atzy K perueHHIO CHCT6Mbl (I9) c natza_JILHbiMH 

,ZJ;al!Hb!MH (20) H (20'). 0C066Hl!OCTL STOrO CJIYtzaH ,Zl;OJilltHa HaMTH CB06 OTpalltSHll6 B aCHMIITOTHI\6 ,Zl;Jifi 

S'(J<) IlpH .60JILlllliX K. • 

4. Q~li2~~M~!~~ vrx) l!.: r(~J----------------------
KaR ItsnecTHo, pemeHMe ypannennH (I) c·HatzaJILHb!Mll ,ZJ;aHHb!Mll (I') Y.1l:OBJieTBOpHeT cJie~yro~eMy 

HHTerpaJI:OHOMY ypaBH6HHIO: 
)(c 

!f(XJ!C) = sini(X +-~- jv(~)sint<.-(X-1") lf('f,x:) cl'f. 
,(2I) 

0' 

>,·· 

.:_ft ,, 
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sTore ypaBHemm nMeeT. Bvm: 
' 00 

l}l(X,K) = sihKX+ L :IJ(>?n(x,t<) 
n~t 

(22)' 
Peruem·Ie 

r~e . X Xt >In-< . . . 

fln (x, K) =. r) ... J V(x1.) ... V(X.,) siVl K(x-xd . .. Jil1 K(X.,-t- x.,) sinK 'i., dx1. ... olx.,. 
0 0 0 

l'l, cJie~onaTeJI:&Ho, pn;~~ (22) npn JII06oM 

llte AOITOJil!11TeJI:&HO r IV(~) I olr < 00 

K. f o c)CO;IIIITCfl paBHOMepHo na JIIOClOM oTpesRe [o, X] • EcJIM 

, TO npn JII06oi.! 1< 1 o PH:zl (22) cxo;~~uTc.H paBHOMepno na nee it 
0 

noJiynpHMOli [ q 1 oo ) 

ITycT:& npH X > Xo V(x) = 0 • Tor~a corJiacio (22) npH x 9 Xo 

(23) 

·- . Xo xl x .. -L . \ . . 
<Pn(IC} = J.J ... r V(Xt) ... v(xn)co.SKl(i.SinK(XcX'.~J ... si11K(Xn-t-Xn)si~~ex.,dx, ... dx... (2lt) 

0 0 0 ' 

a 

CpaBHMBafi' (23) c (5), ROTOpoe B cJiyqae V(x):.o npM x >Xo nepexo~n·T npn X>..-Xo B Toqnoe 

paB6!1CTB0 1 MMeeM: 

. ITOCJI6;IIHM6 ~OpMyJIU 6y;~~yT cnpaB6;IIJIIIBU M B TOM CJiyqae, 6CJI11 X,~ oO 

B STOM CJiyqae ~(X1 ~) ;IIOllyCRaeT npe;IICTaBJI6HHe: 

' a 

(26) 

(27) 

'f(X~ K) ~ J/(K
1 

X) Sl¥1 ( K X+ 5'(1(, xJ). 
'!10JIOlltHM jl(t<)= {lrn .f/{~x) H 5"(K) = ..tirn {(IC,X) • .EC1IM 

x-"" ·· X-?>oo 

00 ' 

f I V('f) I ofy ~co , TO 3TH npe;~~eJiu cy-
o 

, Mb! noJiyqnM ·Tarme <Pnc~) n. Y.. (K-} , t!TO 
ll\6CTBYIOT .' !1oJiarafi B clJOpMyJiax (24) H (25) X. c oO . .;> . 

paBeHCTna (26) n (27) coxpaHHIOT CBOIO cnJiy. EcJin npe;~~noJIOl!tHT:& ;~~onoJIHRTeJI:&Ho, tiTO J~ I V('f) I ely~= 
0 

JierRo noRaaaT:&, t!TO npu MaJIUX K 

I crn(.c)J~ nK'ncn - (/ I fnCJV)\~ t<n:r> c", 
r:z~e c -H6ROTOpa.H llOCTOfiHH~fi 1 a O;K}~ 0 .ripn K-0 ll He aaBMCMT OT n • 0TCIO;IIa CJie;ztyeT 1 'I!TO 

npaBafl qaCT:O paBeHCTBa (27) CTp6M11TC.H R HYJIIO npn 1<.-?> o 1 a npaBa!l tiaCT:O paBeHCTBa (26) orpaHH

tieHa B 0Rp6CTHOCTI1 TOl!Rll /(. = 0. JierRO MOlltHO llORa3aTJ; 1 t!TO npH t<.~o npaBa.H tiaCT:O paB6HCTBa (26) 

CTpeMHTCfl R H6ROTOpOMY npe:zteJiy. 0TCIO;IIa JierRO CJie~yeT, l!TO Jt(K) H ~(~) 6CT:O Henpepb!BHU6 

~yHR~nH. K • EcJIH npe;~~noJio~MT:& :ztOIIOJIHHTen:oHo, liTO 
00 

Ire/ vrr 1 I "'f <oo 
rno 

0 
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Jierito norcaaaT:o, qTo npH 1< >,...o · J/-(K.J cos fc.c J H .:f/(K.) sin ~(I<) HMOIDT HenpephlBHhlO 

npmi3BO.ztHLie .zto nopH.ztRa m • Bb!palltemm .zt3IH moe naxo.ztHTCH c noMOIJU>IO cooTBeTCTBYJOII\IiX npe.i{eJI:OHbiX 

nepeXO,llOB B npaBb!X qaCTHX paBeHCTB (26) H (27). 
Ha!1.1(eM acnMnToT~qecitoe Bbtpal!teHH~ .ztJIH 'ir~e) npn c5oJI:omHx K. , npe.ztnoJiaraa, ~To 'Ji V(~ > tofy < t";<) 

·• 0 

IJ3 cj)OpMyJI (24) H (25) BH,llH0 1 tiTO cpn(K) H lf;,(te) npH clJHRClipOBaHliOM VI OCTI> orpaHHtiOHHblO 

!JJYHRr.um I{ • IIoaTotcy nepBble rr.neHhi acuMnToTnRH b(~J ··6ylJ,yT onpe;n;e.iiaTicfi IlepBhu.iii-·<P..,f~<:.r 11! 'f,(K.)-; 

HaihteM ;ZJ;JIH HHX RBH~e BLipa:nteHne. Ey;n;eM cqnTaT:o, trTo V(x) HeripepblBHa m."!ecTe co CBOHMH nponaBO;ZJ;HLIMH 
. - -fiV'(J()je/x..:.~ 11 [IV"(l(J/dx..:.e>a. ;ZJ;O BTOporo llOPH;ZJ;Ra BRJIIDtiliTOJI:OHO, VfxJ- 0 npn· X--> c><> 1 

Paa;n;eJIHB Bb!pa:ntOHHe (25) Ha (26); llOJ!yqHM1 tiTO 

1 
(" f !n ~{I<) . 
() (I() = n• c<> . • 

. . 1. + L .1n cr ... <~<) 
n:t I{ 

0TCIO;ZJ;a l!aXO~l!M 1 qTO npH . ClOJI:OlliiX K. 

r . . Ct + CJ, 
o(t<) :::- m1T+- . f<3 

b ·. . /{ 

0 (~) 
+K3 

p 0 

(28) 

(29) 

· · OQ · . V'roJ 
r;n;e c~. = - t f V(xJclx J t; = -_ T ) m- neJioe,. a 0 (;)--';> 0 npn /(--> ~ • ECJIH lite V(x) .. 

HJIU V'(X) nMeoT ROHerrnoe rrncJio paapb!Bo:B nepBoro po;n;a, To B acHMnTOTlme ;n;JIH fr~J noaBHTCH .zto....: 

llOJIHHTOJI:OHO ROHOtiHU.fl CYUMa t!JIOHOB Tima 

fl 5 s/n ~~X 
f(%. . s 

V(x) , a · x5' - V'(x} 

f3s . " 
HJIH ~ Cos .Z~Xs' K . 

Koaci)(IJHnHeHT lis. nponopnHoHaJieli 

, .r.ztE) _ Xs - ecn TOtiKa pa3pb!Ba 

V(l<s+o}- V(Xs-o) • , a Bs -

V'(x5'+o) ..,.v'(xs'-o). 

5. Bb!tiHCHOHHe ~ ------------------
IloJI:oayHC:O COOTHomenueM ( 4

1
)' naxo;n;uM, tiTO cl.. = - ttin R (x, )(). B03:0MOM npoHaBOJI:OHOe X.> 0 • .. \ ~~ 

Tor;n;a Mbl Mol!teM HamwaT:o, qTo 

R (u., t>. ~ - .ff;,(J(o) + i f. { Jln (X.) cos n -rr t + B., (x.) si11 n;::, t } , 
Xo n=t Xo .. 

·:u:. 

B .. (x. ) ·= r R (.t Xo ,t ) s i VI >1 ~0 t Jt . 
" 

r.zte 
~x. 

.fln(Xo) '- ]R(zXo,t)eosn;toft 
. ".. .. . • 0 

l!aBeCTHo, tiTO B TOtiRe paapb!Ba nepBoro po;n;a pa.n; ~yp:r>e cxo)(liTCH K noJiycyMMe anatreHHl1 cJlYHRnnn 

crrpaBa l1 CJieBa oT TO tiltH paapb!Ba. B Ham eM c;rryqae no;rryqaeTcH, tiTO 
' . 00 

R(~X., ~x.) ==: [ jl-~(x.) 
0 n=o 

_:_ .1.. B.Cxo) x. (30) 

Tmt rtarc R(~Xo,o)===o. 

YcTpeMJIHl1 Xo R c5ecKoHetiHOCTH, .Mhl JierRo noJiyrraeM, · tiTO cyMMa, CTOH~aH B npaBol1 tiaCTH paBeH-. 

CTi30 (30) qlOpMaJI:OHO CTpeMHTCH K Bblpal!tOHHIO 

~ Ji J1(~) eosa'(~e) - 'i} ,jl(.. 
11 0 

HeTpy;n;no noitaaaT:o, tiTO aToT npe;n;eJI:onu!1 nepexo.zt HBJIHeTCH onpaB;n;aHHIDd. TaRliM oc5paaoM, Mbl noJiytrnJIH 
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cne~yromee nupa~eHHe ~nH C1 : 
' ' D'Q. •' .. ' . 

. ci = ;_· ;. . f{Ji-(~e) eoS ~(IC)- f Jd ~. (3I) 
0 

L1CTIOJI:&3YH,paBeHCTBO (26), JierRO Y9TaHaBJIHBaeM 1 liTO HHTerpan B npa:Bott-"liaCTII paBeHCTBa (3I) 
HBJIH6TCH ~OCTaTOliHO xopomo CXO~fll!\IIMCH. 1(,..,., 

ITycT:& J/-(~J 11 f(~e) :vmnecTHhl ~o I~aKoro~To ~e ... ~~< • IToJiaraii C1 =- !} {.llf .. )e.oSc~~:J-i}dK-
Mhl COBepmiiM omii6Ry B onpe~eJiemm Ct .. paBHYID :.. ¥r j{.n(~)eos S(K") -1} dll •

0

• KaK 6y~eT BII~HO H3 

~aJI:&~ettmero, ~mH6Ra B _onpe~eJieHHH · V(x) ·. H f(x,~e) 6y~e"T imen nopH~OK BeJIHqHHhl 

..&. j{li(K)eosfi"J-1}dl(... noaToMy ~JIH Tore, liT06h! omH6Ran onpe~eJienHii V{xJ 11 yrx,~<-) 6h!Jia Ma-
~ ~ . 

JIOll~4Heo6xo~HMo, qTo6u nenllqHHa ;. j ~ .R(~<Jeos fr,o - 1.} ol K- 6h!Jia MaJiott. 
1-t,... .. JC .• • . - ~ • 

PaCCMOTpllM CHaqaJia CJiyliati clJHIIllTHOro IIOTeH~HaJia.·YMHOl!tHM·(II) na L,II C1IOl!tHM C (I3). iloJiyqiiM1 

qTo rrpH X >--- Z Xo II K ~efiCTBIITeJI:&HOM 
. X· . 

eiK-~i +. j R_(x,t) eil<.toft · Jl-(
.)·. ii<.X··if(K) 
~ e e · 

0 

0Tcro~a H6IIOCpe~CTB6HHO IIM6eM: 
. J( . • 

.1 +]R(x,t)e~K.(t-xJjt _ J/-(K)eiJ(,o· (32) 
0 

np11 )( >;.. Z X a II t<.. ~el1cTBI1TeJI:&HoM. 

llycT:& G (~e) = ·1 f JR (~xo, i) e i ~<. (t-~~~) eft~- . HeTpy~H~ BII~eT~, liTO G (~e) aHaniiTI1trila 
' 1 0 " ~ - v vuDcdthO rti-l':JOJFJ01U11{;r:.on florr;~rzH cr. ;:nr:rr:·,·.:);: r 

B Hl1l!tHeti nonyiiJIOCROCTll ROMII1I6KCHOro rrepe~t6HHOr9.! 113 TOro, qTQ I . . . . .......... ~ \ 
.· '··'·"');; s ...... , '-'·'::!) \;) -- ('""'·-) !.) -=::: \i\11'$: 

;; .0~.·. ' () Gl( "')'''' {'-' -t .. )(--· ~.). . . Y' (~X.,IC) J· -iJ.JC)(, . . , K· '..I-· 'L' (0 to~(;' o'J ~F r:.v+·'"f' e " 0 ' 

· .- T · 'I • · "' c''"" l \i(.'! J;cJ;: .',L ~i/:U 0 02:'r'.!E0ffHJ :JO!lHill'V'"riH 

-x~~~1o :1g~:~:~~e;, :.~~:g:.:~nmhmJi 1Jii&rrHol!&3c~·~r" G! ( .£ ~-,, YIMeeT'' ~o11:&1to :ftoHe1:1Hoe- liYIC1I()r'~;~~;JA ~. :zre.ticTBI1TeJI:o

. H~, ncHKo~;:1~Ymo ( 1L ml~jll~fiU~ 1
(; 

1(1£,')"8, 03feliaiiieil~K~ iiM~~efi;rnonynJio~Id)cTI1,"-"0TB~qaeT. c:~~~;;;,~m~~n 
~YHK~l1H ypaBHeHRH (I), l1Mero~afl rrpH X~ Pco:'J3L'i~ :?.~~ ") f -l (. . , ") __ 1 • ·) 

• • \ ;)i + z 'lf. l I ;;;.; ) 'L · .. \ -'' 

-.UJ(x,.IG .J .. = c e- t_Ko ,X I ' . ~"2. . . ,_ . • 
tl2nt'{;I! tr Uo!-I E I.,.,.,(- .... - · 

II 1 C1Ie~OBaTe1I:&HO, ~PH~~1'frC~ifi.~m.~~ H £;:-(o'J~Ob')T{.rr.o·Tarf'ita.'iti B'I c]Iy-qaeT!IJHHM'flio'rq: no.TeH~H~:O:~.rYP.!i.~~~.\~~-~d 
(I) YIMeeT T01I:&RO KOHeliHOe qiiC1I9 -~,o,~c:nemupc tPYHK~H~,_· ~P~H~~1Iel!tam~~ L~, (o, oo J 1•u'J;'q;)I.~meJ~T?~IP!t.Z~e
H~~' }!~,~~~a~o.~, ~3 ~~~oconpHl!teHH~CTH"'1yp~~~~~II~- mJ~~~~J~e~i~\cJie~y~T) -"~TO :~~f: .( ec·T~ ~efiCTBRTeJI:&Hoe 

. ,, ~n~<i~·~.~~~i~~ .~-~~ 'npHlr:~~;.r~ Jugg-(56~~~U~kl' 1~ylik!firi'fife'- 1 o·c>ira.'ilakiT:;li~!erpl1pyeMh!M .. lKBa~pa,T_oM, 1 t.'~.R· ·if.:~ p • 
1

-J ..... '.J '<_.~ '-~ J~..l;L·f!PDJ!. iiTI)r ·.,otirt:IT.~J~rr.Fcnrrrn~:: .· ·r:·r-~tlf•· .,, ...... ,.. ... ;, ,.\ _ .,..... . .. ) " • ''""", · · ... 

. . CJI~G~~n~, t:~l~F~;,::;i'i~S~Ll~H~:Je~(~,~~~~ \~\~~~~~H :~:;~:.~:.~:" :~ .. T:~~~e-T' .. ocp~~ro \ pac~M:oTpeHIIH ;:r Ta.~. c~aK_)~, ~,~9M 
C1Iyliae CKOJI:& yro~HO Ma1IUM ll3M6H6HII6M llOT6H~HaJia' MOlltH0.~'~06HT:bCH iTIOHB1I6Hl1fi<.HOBOrQ ~II.CKP,~.~J;Ipr:q!l() 

YPOBHH. ilpe~e1I:&Hafl W83a B ~~8J ggy~~;~:rfa~i~ 0Be~eT { ce6f OC06blMY66pa30M.'LTaRnM Q6paaOM1 HCRJIIDqJ.1B f.; .. \"'.:) ~~;;:. " . . ....... ""'-.~'-4,.. •. ,_: \./}\ 

----------------------- -·-···----.7,~.:.:. \· -~. "' I! '\ \ . '{. 
*) llpH HarriicaHIII1 aT oro. nyHKTa cymecTBe~Hyro ~Ql~'?~:O ~~~;~JI ~lf~\ JI •. LT.J.y;u.~~ ;~..:; ero pa6oTa/5/ • . { .. ·-. ") ._.., ., · . 

. \. I };:; ~"'\,\ \ 
· \. \\ ·~ \ I 

c;:-J> ~. "" 

eHHslt.::r:oqno SI 
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c:rrytJ:atl, ItOr~a G (c J =, o 1 Mbi ycTaHoBH.1IH1 tJ:TO B paccMaTpHBaeMoM c.nyqae G (~e) HMeeT B HlilKHeti 

ri0.1Iyri.1IOCltOCT!i ltOIIetJ:HOe tiliCJIO tiHCTO MH11MblX Hy.nefi 1.1 He o6pall\aeTCf! B HYJI:& Ha ~eitCTBHTeJI:&HOM OCH. 

C.ne~oBaTe.n:ouo, 11 J/-( K.) na ~eticTBHTe.n:&Holii ocu He o.6pamaeTCf! :B Hy.n:o. 0TCIO.zta, Hcno31:&3Yf! riJopMy.ny 

(27), HaXO.ztUM, l!TO J; 11 fc~J = 0 . I ~T.e. a(o) ItpaTHO 'T(:. !JaMeHeHHeM, ecJIH HYi!tHO, 3Haita y .fi(K) 

Mbl Bcer~a MOJKeM ~o6HT:&Cf! Taro, tiT06bl d(c) MOJKHO 6b1.1IO Bb16paT:& paBHbiM Hy.nro. Tor~a, npHMeHHf! pa

BeHCTBa (26) u (27), Haxo.ztnM, tiTO Ha ~et!CTB~Te.n:onoti ocH fc~<:J HetJ:eTHaf!, a Jf(~<)- tieTHaH IDYHK~Hf!. 
Ha .ztellCTBHTeJI:&HOlt OCH .fi{K) .i:\ei1CTBHTe.1I:&Ha. C.ne.ztoBaTe~:&H0 1 Ha .zteltCTBH~eJI:&Hoti OCU .7!1160 fic~J=/GC1 

JIU~ .lf(te) =-{G~J(. Bb!HCHII!M1 ItaKaH 113 STHX B03MOlKHOCTeiit L!MeeT MeCTO Ha CaMOM ~e.ne~ lila paBeHCTBa 

(26) RMeeM 1 tiTO 

J/(KJ eosl(~e) . .:.- 1. npR K.-oa 

TaK !(a!( cor.na.cHo (29) [(.c)-'- m'i( .npR ~- o<>. , TO .Jf(K) ~ (-.i) m npH t<.~.oo , . T .e. 

cnpaBe.ztJIRBO COOTHOmeHHe 

.· J/.(K)=(.:-J.)m ((i.(.c){, • · (33) 

. e· s"r~ > . r . </. 
r~e m = - · 'rn ~ , a Bbt6op o (K.) npoHaBe.zteH TaR, tiTO o(o)==o • Onpe.ztem!M CMb!CJI m B tl)op-

~<-- " . 
My.ne (29). BocnoJI:&ayeMCH .ztJIH aToro Teopetmtl o CBf!aH MelK~Y tiHCJIOM. HyJiet! BHYTPH aaMitHyToro ItOHTypa 

aHa.nHTRtJ:ecitoti WYIIKURH G ( K J . _ 11 RaMeHemmM ee. apryMeHTa B.zto.n:& a~ oro .KOHTypa (cM/6/, § 23). 8a .-

KOHTYP HHTerpLipoBaHRH C R npuMeM KPRByro, cocTOHJnYIO ua oTpeaita [- R, R] ~elitcTBRTe~:&Hofi 0011 

R HmitHeiit noJIOBRIIbl OKPYlltHOCTR l 1</·= R. .• Boa:oueM ~ nacToJI:&Ko 6o.n:omliM, tJ:TOc5bi BHYTP:& Hamero 

KOHTypa nona.nu Bee Hy.nu WYHI(URR G {K) , Jielltali(Re B ·HRl~Hefi no.nyn.nocrto6Tu, u nepett.zteJi K npe~e.ny 
np11 R. ~ oo • Tor~a c noMO!I\:&Io a.neMeHTapHbiX. BbltJ:Rc.neHHi.t no.nyqaeu, . tiTo tiRc.no uy.netl II \IJYHKURH · 

G (K) I Jielltall\RX B H!1lKI!elit no.nynJIOCKOCTR·, ~BHaano c. ac~e) c.ne.ztYIOII\RI! C00Tl!Oillelll1eu: 

21TN = [(-oo) -f(oo) =_:: :l, fcoa). 

CpaBHII!Baf! nO.nYlJ:euHoe paBel!CTBO c tl)opMy.not! (29)1 ri9.1IYtJ:aeu, ~Tom= IV; ; TaK I(8lt #>,.. o , TO u m>.-o~ 
06oanatiRM qepea -i.dts O<s>o, S=1.~ ..• m) HYJIIIl.\I>YHKUII!R GCK.) , Jtelltall\Re B HRlltHefi no.ny

n.nocKOCTR. Tor.zta 1<. 2. =- x; - .ztUCKpeTHble CO~CTBel!Hble· 3Hatiel!RH ypaBlleHRfl (I). IlycT:& m . . . 

n ( tIts - t<.. ) 
G-(K) iXs+t<. •. 

S:.! . , 

r- . 

G (") . (34) 
,... 

HeTpy.ztuo BII!J.teT:&, · tiTO· G(K) auaJIII!TIIltJ:Ha B. HRlltHelit noJtyn.nocKOCTR n He o6pamaeTcf! B Hefi B uy.n:r:.. 

ilOSTOMY c])yHK!Uifl ' . · · . 
r- :,....., . . -: ,......, .· • . 

. r(IG),:=. ln (;(~<) = .fvaJ l?(~<.)j -+ l a~~ Q.(IG.) 

6y~eT Tai~l!te aHaJIRTUtiHO~ BCIO~Y . B ~11lltHeii . ilOJiyriJIOCKOCT~. 1'13 onpelJ;eJieH!1fl WYHK~l!R ·g:-( IG.) c.ne~yeT I 
tiTO npll! c5on:&ml1x t<. I!<~<)(< 

1 
~f ,· r~J;e C - nocTOf!HHaH~_ GJiell;oBaTeJI:&Ho, ~JIH <l>YHK~I1R Tc~) MOllteT 

c5hiT:& uanHcaHo TaK Haab!BaeMoe ~ll!cnepcuoHHoe cociTHomem!e ( cu/7 I, § 46), cnHab!BaiO!I\ee ai!atieHII!H 
d . - . 

,1\et!CTBUTeJI:&HOti H Ml!llMOt! tJ:aCTU ij)yHKURR '::J- (!C) Ha ~efiCTBRTeJI:&HOM 0011; 

0 I G.-(IC) /· = .i 100 Q t.j c ( IC') of . I . 
-t,n rr 1<.-K.' 1<. ) . . 

. -oo , 
00 - . . 

I G.fl(>/ = ext{fr f a;~;,(~<'J tl~'}. 
.. -oo 

!Jcno.n:oayf! (32), (33), (34) 1.1 onpe~eJieHue ij)yHKUII!11 (;(K.), no.nytiii!M1 tiTO Ha .ztelitcTBUTe.n:&Hoti ocu 

T.e. 

•• , ... .... ..J,, ·; •• J 

'·~ .,, . ''\ .'· 
,, . . .. .... _ .. 

·. 
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f,''rrJ + n2 ~~Js) == ~{ l,ty> -r ;;:~~~2. Cosn3 + i,- x~~c:;:~~) Sinnf}. 
(38) 

. j_ f' (I. (f) sivr f~ + c~ 1• r:_ Jivr zr-r: + d~ L f ? X}.+ f("J.O?. .. I 
I p-l . o I . -

.!.. Xt (C/·-iJ.t) J• z. ) 
1/ X.l. + 1(2. z, IYI f'r 

0 f ' ) . 

0 CIICT8!.!8 (38) HCOOXO,ZI;l1MO 3a1!8THTI> CJI8,Zi;YIOII.\88. IlpH IIOtiJI8HHOM ,ZJ;li1fjirlJ8p8H~llpOBaHI1I'I pn,ZJ;a 

~ ~XoP s· (i) \ 
L Xft-7r1.1J2. 'n i('f'f Bosmma8T pn,I\, HMCIO!Illlti :z~ne · o - o6pa3HH8 ocooemrocTu, O.ZI:HY B TOtiiW 
p~ I . T = 0, ';llpyryro B TOtiKe f::. 7r • 8To cBnsano c T6M 1 liTO pfl;ll 

00 L: ~t x. z.e ~- s ,.., z P 'f 
p=-f X., -t 11' p • .. 

flllJifleTcn Pil:.Z~OM IJ)ypi>e IIerwTopoH rJiamw!1 neptW;z(lltiecKoi1 tjiyHK~HH, nMeiO!Illlit paspb!Bbl nepnoro po;z(a l3 

TOti_KaX f::. nTr ( n - ~6JI06). Heiipepb!BHOCTI> .. C!,. (f) l! q,; (f) : B TO tiRe f = 11' 11 1 = 0 Tpe-

oyeT 1 . tiTOOhl 8T11 OCOCleHHOCTH clb!Jill !i!CKJI!Oti6I!bl. 8TO IIOKa3b!BaeT H8;z(OCTaTOtiHOCTI> QJOpMaJII>I!Oro IIO;z(XO;z(a 
. ' . ' 

IIpH BbiBO;z(6 CHCT6Mbl (I9) 1 O,I(Hai\0 1 ,11pyr11X ,116\[i8KTOB STOT BbiBO,l\ He 11MC8T. 113 paB8HCTB (37) 11 ,(37 ) 

BH;z(H0 1 liTO IIpl! ClOJII>IJIUX n 

tYI(-rr) == (!J(~:s) u f,'(rr) = @'(;,1J) 

nnn nepBLIX M ~1 Xo :WI«j 3Hati8HMH 'n . Mbl M0)1(8M onp8;z(8JI11TI> . frJ7T) ll (/r7f) ' n, IIOJIO-

l:\HB' 1, (71) =- /', (fi ): Q IIp11 n ;;- ,N\ 1 p81lil!T:O OOp83aHIIYIO CHCTm.ty. Ilpu cjiHIWHpOBaHHOM Xo OIJIHClita_ B 

OIIp6;z(8JI8Hl1!1 t 11 ('f ) OY.1\6T 3aBl!C6TI> OT JVI 11 np11 frl-+ oO ( T. 8 • I( ,...,x-- oa ) . 6y,11eT CTp6Ml1TI>C.fl K 

nyJIIO. ~ls llH,ZJ;a cl!CTeMbi (38) ncno, liTO pelli8HHe aToti .cucTeMbi sanHCl!T nenpepu:imo OT C1 H ci-t 

Cl!CTeMa (38) II03BOJifl8T 0~8HHTI> Ollll!OI\Y B OIIp8,Z1;6JI6HHH In {f) H1 _ CJI6,l!OBaT8JII>H~ 1 B OIIp6,116JI6HHH 

R (xI t ) ' CBfl3aHHYIO c norpemHOCTflMH B onpe;zteJieHHll wash!. 

Jl!!!~:Qs!:t::Qs 

. I. fll.l·.·!.reJII>c))aH,I\ l! E.M.JleBHTaH, ,Z{AH CCCP 77, 11~ 4 (I95I). 

2. li.M.reJII>tlJaH,l\ 11 E.M.JleB11TaH, L'13B •. AH CCCP, cep.MaTeM., IS, N~ 4 (I95I).' 

3. M.r.Kp8i1H, ,Z{AH CCCP. I05, 1;~ 3 (I955). 

4. B.A.MapqeHKO, ,Z{AH CCCP I04, fi~ .5 (I955). 

5. JI.A.tJy,l\OD - 06 O;z(HOM MCTO;zte BOCCTaHOBJI6H11fl KOMIIJICitCHOrO cjiHHl'ITHOro IIOTeH~l-IaJia no npe,1(eJI:OHOti 

ciJa38, npenpmrT O~rm, I958 r. 

6. M.A.JianpeHTI>eB 11 E.B.II!a6aT - l.!eTO,I(bl TeOpHH \IJYHK~l'IM KOIJIIIJICKCHOro rrepeMemroro, roci13,1(aT 

g)>m. MaT .JI11TepaTypu, !Joe Rna, I958 r. 

7. H.H.EorOJIIOClOB H' ~.B.IIT11pKOB' - BB6,1(6HU8 B TeOpHIO HBaHTOBaHHb!X IIOJieti, rocTeY..l!3,1(aT' Mocrma, I957'. 

Padora nocryn11JiaB 113,11aTeJII>CK11i! OT,IIeJI 25 HORdp.f! I958 ro,11a. 

--------~-- ------~-~~-·-- .. ---"-


