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np1!6fli!}KeHHbie. MeTO):lbl peweHII51 pen51TIIBIICTCKIIX ljla30BbiX 

ypaBHeHI!Ii 

PenHTI!BIICTCKI!e ljlaaoBLie ypanneHI!51 ucnonb3YIOTC51 np11 nony'leHI!II 

pa3HOCTHbl;, ypaBHeHI!H ):lfl51 J:lfli!Hbl pacCe51H1151 H. 31jlljleKTIIBHOI'O paal!yCa. 

PaccMoTpeHbl HeKOTOpbie cny'lal! TO'IHOI"O peweHI!51 T8KIIX ypaBHeHI!ll. npea

nmKeH nocneaoBaTenhHbiii MeTOJ:l Bbi'lncnennH penHTI!BIICTCKIIX nonpaBOK 11 

pa3BI!Ta Teopn51 B03Mywennli. 

:l; 

fipenpHHT 06be,UHHeHHOrO HHCTHTyTa H,UepHbiX .HCCJie,UOBaHHH. 

)J,y6H!i, 1972 

Babikov v.v_ .. , Grusha G.v.·, Mir-Kasimov R~M., . 
Shulgina N. B. P2 - 6829 

Approximate Methods for Solution of Relativistic 
Phase Equations 

Relativistic phase equations are used for obtaining 
difference equations for the scattering length and the 
effective radius.· Some cases are considered when such 
equations are exactly soluble •. The successive method 
is suggested for calculation of relatfvistic corrections 
and the perturbation theory is deve~oped. 

Preprint. Joint Institute . for Nuclear Research. 

· Dubna, 1972 
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§ !. B11e)ieaHe 

itaK .' noKa3aHo ~ p~·6ofe ;/I/, ua11~~T~~H KllaHTOll 

KeTO~ waaOllliX WYHKI.Vdf 1241 ;y~ae~Cfl J)acnpocrpaHHT:E 

. . nflUliiiC~cKoro ~~~~noTeH~~~~:&HO~~ /S-6/ pac.ceflHHfl 

. , qacTH~ :a· B·ro KOH~qHo-paaHoc~~oi ifJOpKynHpo~OK~ /7-91 

..; :_ ·ntHe -Y~~:aHeHHH ~n~ .~aso~oit WYHK~HH, Ta~reH~a .waa~Bc 
n~p~Han~HOI ~imnH~y~H pac.ce~Hfl~~ ··aneKe~~Oll: ~Har~E 
op6}{t8.11:&HO~cy/~o~eH~J ~- ·: .;.y~T~HtiH ~~m;'Tcfl ~~~e~~~ 
.YPBliH~HHmui nep11oro nop~·Ka, · o6o6ntall~~~H ~Hw~epeliu 

.- . . .·. . ·• . .. "• ~ '. -.. . . . i .~ . .. ~ . ·. ' . 

; ·:'.< ·• . .-;ypaliH8HIUl.HepenHTBBHCfCKOit ~eopHH. . ... 
' . - ._. ' . ' ~ 

i 
j 
\i q 

'1 

{' 

I 

I 
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• . . . . . Dp~~c~~ll1lfle~ ~·~~-q~·~e~~~·~H; T~~~eTHli6CKHH H npa 

. pee H~ilrB ~ Hccnedolla~:& ··~fl-.penH~HliHC·;c~~ ·pas~oc2 
•• ·, • " • • • ' •• _- • • • \,. .. • " :. _,. .... • •• ' ··""."':"'~ '- ' -; ~ • .. • • • .,_.: < • • ~. ;.~ .. ,?. '. : 

.. : ·:;· .: ypaBHeHBit cny-qa_H TOliHoro .' mt ~peweHHfl, a TaKJte · paam 
• •• ~ •• , •• ~-~ ,-_~ "• ·":~.~- .~ ;._ ..... -••• :-·,·-.·:·:.:.,..:·~·.,_~··~.··· 4". 1~ ,._-._ ~ •• < .::-~; . 

. . ' &8HHH8 KeTO~~~ JianpHKep 1\,~eOpHil ll031l;71lt6HHH~. Miallec~ 

:.,, . .. KeTo~· ips so~~ wy~~u~l ;H:aiaeT~H .o~~H~> ~~o6H~ ~~n·,·~ 
annapBTOK, · nocKoniKy . era. y~a:aHeHHfl WOPK;~Hpyll;~~; ·E 

~1lfl ~ex ~enHqBH ,· KOTO~~~ :flBliHIIT~~ 0671eKTO~ HCCJl~~C 
.. · 

.. ~: 

·:_.,•.' .· 
··,· 

• • t • .... •' 

.... \" 

. ... ' .• . .· ... 

qax_ pacceHHHfl. . . . . . . . 

B HSCTOfllltelt pa60T~ ·nonyq~HHH8 paHee·;/I/ pe~H~ 
:&He ypaliHeHHfl HCU01l:&3Yil~Cfl npH noJiylieHHH pa3HOCTH~ 

napaKeTpOll pacce~Hfl. HS KOpo~KO~eltCTliYillltHX noTe~~~ 

oq.epe~:& ;~H·~ pa~c~·HHH~ H. ;WeKTH:&Hor~· p~~Hyca·, ~~ 
penHrHBHC~c~ol KBHeKa T~~H ( §2.): . B. '§: 3 . H~n·~~~a~llTCf 
cnyliaH ro-qHoro pemeH~H penfl~HliHcTcKwe'waaoB'Wc ypa1 

'.. ~HilntHe onpe~eneH·H~H~~~szqecKBI HHT~pec •. nepexo~ K 

, .. 
r 

~. 3 
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Ita~: nOK83BHO ~ padore '/I/, l:I3B6CTHUH KB8HTOBOY6X8HHII6CKHit 

·11ero;~t l))aaoBwc l))YHK~Hi! /2.-4/ y;~taeTcfl pacnpoci-paHHT:& Ha cnyt~atl pe- · 

. : : ... '. JIHUBHCTCKOrO. ~~~HnoreH~~a~:&Horo /S-G/ pac.ceHHHfl ;ltBYX CKSJiflpHLlX 

.. ::. :: .,: ~80TH~ B. ~ro KOH:611HO-p88HOCT~OI c»<>PIIYJIHpOBK~ /?-9/. COOTB6TCTBYil-' 
' . -' . ~ . . . . ~ . ', . . ' . ' ·. ' . . . . . ' 

.. , ·'>111He ypaBHeHHH ;ltJifl .wasonol l))yHK~HH, TaHreHca l))aaono«:. <J!YHKI\HH, . 
;. ~ . 

. n~pl\H8Jl~HO~ ~~nJIH~Y;lt~ PBC?'Ce~~fl-~. 8~~~~e~~OB{'~.H~r~H~~:&HO.it no . 

opriJIT8.11LHO~y .llO~eH~1 ~ •. ~M~TPHUU HB~HD;TCH . KO~e~~~~-paaHOC~H~H· v·: 

. ; '~~ ~' 

,~PSBH~HHHIIH ~epBor~ ~opH,lt~a, · o6oe51118lllii~IIH ;&H~~e~e,HU_H~nf~ue ~830Bbl6 
. · ypaBH6Hirffl 'HepeJiflTHBHCTCKOit. reo pHH • . . . ' - ".).. . . . 

. . . . flp~;!tCTSBJiflef ~·~~~~~;e~~~fdl~ T~OpeTHll6CKHli H npaKTHII6CKHH HHTe-

c: pee . H~ltTH H lrfCCJieA~BB~:& .·AJIH. p61lfl!HBHC~Cm;~ ~B3~0C~HHX 1))~3~BLlX 
··· ~.:y~a~~e~HI 'cnyqau roqH~r~-;~ pe~·eH~H,··~ ·~a~~·:·~aa~li~~He np~cSnH-

.. ·~ ·; .. •· ~eHH~e u~r~~u, · ~anp~a~ep·:<:~~~p~c· B~a~~y~~HHi~·:··ia~e·cr~o /24/, ~~~o 
:.,, • , lie To~· wa~o~~ l))y~~u~~ 'HBiHer~R o~~H:& y~oe5H~ ~~H ·~;~it. uenH .. · 
'. . ;..-

.·.•· 

annapaTOII, nocKoniKy ero ypaBHeHHfl c»opuynHpymrcfl Henocpe;~tcrneHHO .. . . . . . " ' . - -. . . ~ .. 

. ;!tJifl T6J( B6Jl~tJHH.t KOT~pue :HB11HilTCH 0671eKTOM HCCn6;ltOB8HHH .B 38;lt8-

ll8X, pacceHHHH •. · . . •. 

B H8CTOHIII6B pa6ore no.nytteHHUe paHee /I/ p6JIHTHBHCTCKH6 1))830-
. . . 

BU6 ypaBH6HHll HCnon:&ayllTCfl npH nOJ(ytJ6HRH paaHOCTHLlX ypa:BHeHHH ;ltJIH 

. . . D8p8116TpOB pacceHHHH H8 KOpOTKO;&eiCTBYil~HX nOT6HUHanax, B nepByll 
.· .~., ','.' .. -~ ...... ·. ' . :•·.'·.· .. ~: . ···'-.··~· ... " ... ~)· \' .. . ~ - ,, -~ ' 

... ~' .... oqepe;!tl>;ltJIHHU pacceHHHH H al))l))eKTHBHOrO pa;&Hyca, npH TOIIHOY yqere 
. . ~~. . . . . 0>.. . J • ~ . . '·.. ·. · ... ' ' • . :. ' •. 

. . ·•· penflTHBHC~CKOI KHHellaTHKH (fl). B §'3 Hcnon:oaymTCH H6KOTOpU6 

, ·:· ,, c.nyqaH TOtJHOrO pemeH~~.penHTHBHCTCKHX \paSOBboc ypaB~eHHH, npe;&CTSB-

... . , .·. . \. JI!IIl~He onpe;&e.neHHuB ~~HaHqecKHB HHTepec •. nepexo;~t K Hepe.nHTHBHCTCK0)6' • . 

,· 
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' -... : 
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npe~eny H BU~HcneH~e nepBUX peRHfHBHCTCKHX nonpaBOK K ~H3H~ec-·. 

1\HM DeRH~HIIaM npOBO~HTCH B § 4. B § 5 pa3BHB8IO~CH TeOpHH BO~MY:

ll(811Hit H MeTO~ RHHeapH38I.lHH (MO;l(H~HllHPOB8HH8H.TeOpHJI BOSMYJ!leHHit).· 

§ 2. ·PacceHHHe penHTHBHCTCKHX ~aCTHq Ha KOpOTKO;l(BitCTBYIOll\8M 

noTeHqnane 

B HepenHTHBHCTCKOii :Kll811TOBo"tt M8X8HHKe TaHreHC cJ1aabi pacceH

HHH na KopoTRo~ellcTBYIO!lleM noTeHI.l~ane ·(pa~Hyc ~eiicTBHfi' R ) · ·-
. MOllteT ·,c5uTi, paanolKeH B pH;!( no CTerieHHM. 6eapa3Mepm)ro napaMeTpa~ 

~R/t . Orpan~~eHHe ~BYMH riep:awH ~nenaMH aToro · paanoJJte~nH 
- . . ., ', '·_,_ -· . ' .( · .. 

npn:ao;l(HT K uaBecTHOMy npuc5nHJKeHHIO a~t})eKTHBHoropa;l(Hyca. B 
.. , 

peRHTl1Bl1CTCKOil aa~a~e HMeeTCH ~onoriHHTen:&H8fi li8RH~HH8 1 .o6na~aiO~ 

lll8H ·paaMepHOCTLIO ~RHHbl,~ KOMflTOHOBCK8H ~mma· liORHU ~aCTH,llU * :. * hnf!. • Boo6ll(e, D TeOpH.H pacceHHHfi penHTHBl1CTCKIDc ~8CTHI.l 1 
<5aanpyiO!ll8HCH H,a pa3HOCTHOM ypa:aHeHHH ~pe~HHI'~pa, ~YH~8M6HT8JILHYIO 
pORh '·urpaeT peRHTHBHCTCKHii Macm';ae5 ~JIHHU ~JiH ~8HHOii, ~aCTM.llU -

KOMflTOHOliCK8fl ~JIHHa ee BORHil!. I!Oo.TOMY 3~60:& paaJio~eHHe HOCHT 

HeCKOHLKO. HHOii xapaKTe.p 1 XOTH, 6CT8CT:BeHHO 1 .HM66T .·npailnniHuii 

HepeJIHTHDHCTCRHii npe~en. 

B ,naJI:&HeltmeM y~Oe5HO BB8CTH B peJIHTHBHCTCitOii aa~a~e neim~H-

HY · Q t COOTB6TCTBYIOlllYIO oHepi'HH OTHOCHT6JIL~OI'O ·~BHlK8HHli B 

HepeRflTHBHCTOKOM c;nyqae 

Q = J. ( F7 ._ 1.} = {£rd } )~ , ; ,· (2.1) ... 

r~e n.cn9n:&ayeTcH oe5u~Han ~JIH ~annoro IPOPMa1HaMa n~paMeTpna~4~H 
nonno£1 ::meprHH ~:ayx B38HMO~eUOI'BYIOUlHx lJaCTHU ·. 

t!l. F't =.i d. Xtp-. (2.2) . 
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;. 

. ' ... 

' 
· ··· TaKHM. o6paaoli:~aiiaxor0J 

~ "' t. : r 

]tBD8HliH JUIJIH6TC~ 3]t8· 

· . B Hepenii:TBBBorcitl 

..• : .·• B.· PHJt n~ creneHHM IDID: 

:.· .. ··:.· .k (~7l=~ JJr~ 
~ . . . ' ~ 

.,· 

.._-I c 

~ ~ ··.~··. 

~ -~ . 

-· .. , ., 

"-.' 

. B pen~THBHCTCKOlol · onyt~1 

l:.lr. Xf) = -(;J;,)!!/; 

T?T ~ItT, .uo B paa~ol 

CT6U6HI 000TB8TCTBYDll\l 

~83 lt8It B HepeJIHTHBHC~ 

· KOlol onyqa e Oi /2J -ll);-
JlJIB KOpOTKO;zt6~0~ 

06HHJIH Brp&D!' COCTOHHl 

· 01 d.', ,t • IlepBwe Ito a~ 

IBJ80!'Hlolloll ~H3Hti80KHloll 

'e:::: 0 ' :BeJIH1JHH8 Occ { 
p8006fiHHH 1 8 J6XB1JHH8 ... 
ll(8HH8U BWW8KTHBHOI'O ~ 

.. · ~~8! cullicn 00~81 
JIH~HliHCTOKOlol: cJ!yqae . ICC 

. · cna~Silll(Hit npH f_, DO I 
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lp8BOK K ~H3Hqec~· 

O~Cfl TeOpHH B03M~~ 

reopHH B03M~6HHtt).· 

~reHc.waaN pacceH

AelicTBH~· R.. ) . , 
' j; -. 

epHoro napaMeTpa 
,. 

TOrO pa31IOllteHHfl 

o _pa:ztHyca.' B 

B611HqHH8 1 061!8;l{8~~ 

B01!Hbl qacT~·~bl 
flTHBHCTCKHX qacTH~ 1 

pa , . ~yH;LtaMeH1Ta1l:&HY~ 
;Lt8HHOit qacTH~bl -

831!0llt6HHe HOCHT 

MeeT .npaB.H1ILHblit 

cTdltoW aa:ztaqe ~eiiHqH
:oro_ ABHllteHHH B 

. (2.!). 

. (2.2) . 

'1 ... .. 
l· .. ' ,· _,. ;. . 

· .. • 

. . 

>> ~aKHU: oC>.Pa ao11 ,aHaxor~JI uepe.JUlTHBHoorcxoro HYnyn:&ca o THO cHTc:m:&Horo 

.. : :ztllne~KH RlinHeToH al{eo:r:. · li8U'IHHa · rt3'i KJ:_ • 
:. ..:··. · .... ,, . L 

· _. · ·· B aepenHTBBBOTCKoit aal{aTJ.e cJ1YHK~H TaHreaca ~au paanaraeTcn 

.. , :. · B · pftit no cteneHfDI onyn:&ca cxe:ztyllllllU4 o6pa aou ./
2-4/ 

. . . . ' Oc .f!n~:lffi. 

I . ' ·. ,, .. k (r. Q) = ../;.. J'/(t llj:.- ,f L ~(2) Cl . 
: · •' · :· · . .1 r . '1 · · Jr (£1+1)//{fll-1)/! n•o P • <2

•
3> 

v 
l 

r l . 

I 

T?T ~KT, 'ITO B p831IOZ6HHH. (2.3)· H (2.4) BXO;ltHT T01ILKO HeqeTHI:l6 .. . 
CTeneHJf COO'fli6TC!rBYiliiUIJX mmy1!:&00B ~ 0Tp8llt86T CBOitCTBO ueqeTHOCTH · 

. . ~83 KBK ll Bep:61lflTH:BHCTCKOY ~ (21-~):=. -de("~), T8K H B pe1!HTMBHCTC-

. :.· .· ·· xo11 cxyqae 5f{2/lti=-Jf(z1r,) .. /I/ 

''•:, 

~JIH.KOpOTKO;lt6itCTBYillll6rO llOT8H~H81!8_ OCHOBHYil poJI:& B pac-

06HHJUI HrpallT COCTOHHHH C · YBJII:lJIH op6HT81lliHI:lJIH YOJI6HT8YH ~;:: 
.{), i',i,. • fiepJHB K08cJ1cJ1H~H6HTH ~ ("t) p83JIOZ6HJ/Ul (2.4) 0BH38Hbl C ·.· 

IIBJBC'fHI:lJIB cJ1H3HTJ.ecKHMH napaJieTpailu pacceHHHH. B qacTHOCTH, npH· 

l= 0. BeJIHqHH8 Cleo {zj Hli11H8TCH peJIHTHBHCTCKHJI 06061I{eHM6Y ;ll11HHI:l 

pSCC6HHHH, 8 B8U.lJ.HB8.fJ0 {'t}: ftl~,{vfi,,~('r) COO'lBBTCTBYillllMY 0606- . . 

JiteaaeJI a~exTiuuioro paliHyoa. 

·Mblen cuwon ooTaHoBHnos Ha .aToM Bonpoce no:ztpo6aee. B Hepe-
. , . . . 

JIHTHBHCTCKOJI cnyqae KOpO!KOl{8lCTBYil~HJI cqHTS6TCH Jlll60U noTeH~H8JI 1 
. Cll8lt81lii{Hit npH r~ ~no KpalHeit Jlepe 8KCfiOH6H~H8JILHI:lY o6pa30JI . 

" . 

. ....~ ( 

> :. 

·,._a~ .• 
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' -:~. 



,~ 'I 

V(zJ_~tr(e...;fJ, r~~ /' >r; -np~uan~n:o~a,nD_eJ"li~Ha, T.e. noTeHI~~an, 
HM610lllHH KOH6liHbiH pa;nuyc ;nelic TBHH A'= jl . . , : ;llel1CTllHT6~~HO 1 .:~
;na K08ijJqlHUH6HTbl aen ( 't} paanoJKeHHfl (2 .3). HM6IOT. nop~;nOK jl 1 . . ~ )t 
T8K liTO qeapaaMepHbiM M8JlbiM napaMeTpOM flllllfl6TCH B6JIHlii1H8 l fJ-1-' • 

MOJKHO llOJiyimTD TOT JK6. C8Mblf.1 pn;n, 6CJIH ll <lJOpMyne (2 .4) 

B0CllOn:030B8TDCH pa3JIOJK6HH6M B6JIHliHHbl rtil. ~- · no CTeneHHM 

tj, X . H orpaHHliHTDCH nepBbiMH ero lln6H8MH 1 liTO paBHOCHJI:OHO 
. . 

nepexo;ny K HepeJIHTHBHCTOKOMY npe;neny. EcJIH JKe Mhl XOTHM YliHThl-
•• - • ' • j 

B8TD peliHTHBHCTCl\J'IO KHH6M8THKY TOliHW4 o6p830M 1 TO He CJie;nyeT 
. . w_J X. 

orpaHHIII1B8T:OCH ll (2 .4) ManbiMH 3H8li6HHHMH ll6JIHliHHbl c:{.01t * 1 a 

Heo6xo;nHMO nona ran ManoU BeimliHHY R /~ , r;ne R -pa;nuyc 

B38llMO;neiiCTBl1H·o Tor;na K08ifJWl1l\l16HTbl Clen (oo) HM6IOT nopn;n;~ 
(o/;:) Jn. H. HCTl111HbiM napa Me TpOM p~31IOJK6HHH HB1Ifl6TOH ll61IHliHH8: 

. fl~ ~ < :L (2.5) 

II08TOMY npH coxpaHeHHH TOliHOH peJIHTHBHCTCKOli KHH6M8THKH ;n1IR CXO

;nHMOCTH pn;na (2.4) Mbl ;noJIJKHbl noTpedOB8T:O llblll01IH6HHH ycnOBHH 

M8JIOCTH pa;nHyca ;neliCTlll1H nOT6HUHana no cpaBH6HHIO C KOMllTOHOB -

CKOtt ~JIMH011 1lOJIHhl 

_g_ <d. 
7-

(2.6) 

U~R noT6Hl.ll181IOB THna nOTCHI.ll18ll8 DK8Bbl 1 HrpaiOlllero oco6yiO 

p01I:O ll TeOpH~ B38HMO;n6l1CTBl1H S1I6M6HT~pHbiX li8CTHI.l 1 ~a;n~yc ero 

~el10TBHH Henocpe;nCTB6HHO CBH38H C M8CC0!1 06M6HHB86MOH tiaCTHUbl 

/4 : R = 7ilp c!. 

,. 
6 

Oli6Bl1;l{HO I liT( 
. . . 

B03HHK8IOlllH6 aa Clll 

pacceHBaeMbiX llacTJ 

1J1, ' : 
-< 
/"·. 

ITpw nonytieHHH ncKI 

pa31IOlK6Hl1H (2 .4) I 

pa3HOCTHOrO ypaBHI 

tJ. fe("' X9) ~ V(t. 
.. · We{i 

Mbl B Bl1;!{6 ·CTBnBHli 

,ge (7:1• X7)~ fl. 
=I'd x,_) -r·. 

ll.: .,... . I 

Ce {Y,X7)== Vf 
=-(d !;-) fl- d 

r;l{e 

r1 · :_ fi r-lfe + 
t::Jen -.-JAA 



qnHa, T.e. noTeHu~an, 

• J{etiCT:BI:ITen:r.H0 1 TOI'-
" . . . . · .• .;..f)z 

.· HMeiOT. nopH~OK jl· 1 

TCH :aen~:~qnHa {'Jf' )~ 
:a ~opiyne (2.4) 

~- no cTeneHHM 

1:1 1 IJTO pa:BHOCI:Inl>HO 

llte Mbl XOTHM ytJI:ITbl-

OM1 TO He cne~yeT 

nHIJI:IHbl l:8h ~ 1 8 

1 r~e .R -pa~1:1yc 
') li!MeiOT nopH~OK 

r. i=l:anHeTcH :aen1:1q1:1Ha: 

. (2. 5) 

Ill KI:IHeMaTI:IKI:I ~nH CXO

incinHeH~H ycnOliHH 

IHeHI:IIO C KOMnTOHOB -

(2.6) 

. . 
l 1 nrpaiOIItero ocoeiyiO 

qacTHU 1 pa~11yc era 
' . 

5MeHI:I:BaeMOH 'qaCTI:IUH 

0tJe:Bl1~H0 1 IJTO ycnOIIl110 (2.6) y~o:aneT:BOpHilT noTeHU1181lbl 1 

:B03Hl1K8!01!\l1e 38 CtleT 06MeHa lJaCTI:IUBMll C M8CCOit 1 6on:r,mei1 MBCCbl 

pacceH:BaeMhlX 'll8CTl1U 

llpl1 nonyqeHI:Il1 l1CKOMbiX ypa:aHeHl1ll ~Rfl KO~~~I:IUI:IeHTOD 

(2.7) 

Clen. (?:/ 

paanollteHliH (2 .4) 6y~eM I:ICXO~I:IT:b 113 nonyqeHHOI'O D /l/ 1\0IICIJIIO-

pa3HOCTHOI'O ypa:BHeHI:Ifl ~nH ~l'8Hreuca ~830I10ll Q/Y11Kl\11H 

Llfe(~x9)== V{'zJ .[.se(2,X1/+fe(z,X1)c?t('z,X9)]2
x ·. · 

We(2 1 X'} J · . -j_ ( 2 .B) 

x [1 + t vhJ ~ C1, Xql [~ (~x1)+ ie(t,x~)a (-z,x1i]?; 
We(z,~) . • 

~YHKUl1H Se(z, Xtj,), ~ {2, Xtt) H HX :BpoHcKnaH We (?. 1 ~) npe;l\CTann-

Mbl II IIH~e ·CTBDBHHb!X pH~OB · 

,CJ e ( r,x1) ~ .j J:td.x1 {c-t/'' flJ U+~J i_~;: rdx,) = 
. ,_ (2.9) 

= (e1 X~) ~(i-c gb1(r) {id ¥- }f(nr!l£r:i' 

e. (. /Jl__l ·.I (~{') (o~-f .. 
e 't, xq):::::. v .2 81· Xr; r-2) p I I /- j v I-t r -- -fltY { BltNi -

2. /"< 

{d!;-Jfu!;;, t"'M(id.. ~t)tn-1, 
. (2.JO) 

( 2 .II) 

7 



.. 

.-1 .. · . 
'l' 

~ .. 

. -~. 

., 

·,.;. ~; 

.... .... . ~ 

'. 

' ., 

-;' ~ .. ·~ . 

.... · .. 

n r. ,. - .fft (-z/-t) fo- I) (~tJ l .. :z+ i.J (h) 
~f IL( 'l - 2- (~ £/ 

~ ~--e rr )1. -1+-11-) n! , 
(2.I2) · 

B ~OpMynax (2 .9)-(2 .I2) l!Cll0JII>3YCTCH CJICitY!OlltCC OCl03H81!CHHC OOOdDteH~ 

noti cTene~H. / 7 I . . . 

(h.J ~ n F1(-lt+n) • . 
t = t r r-t.I(I . c2~r3) 

B ~an:&HeilmeM noTpe6yeTcfl TamKe paanoxteHHe 

q_ ()o l'l) h /,(- ~ ) 

e~ !&.. - L c- :z -tn (J.d ~ ):tn-
. ~ - h=-0 rr-;)~ !!n.nt . ~ • 

(2.I4) 

B 1!8CTHOCTH, )tJlfl.BpOHCKH8II8 w~ (t, X~) HMeeM 

f(. {e~r) oo {.JJht(-.1..-i-h) fc. ·. · .. · . ih+-1.· . 
\Ve('Z.,X'fJ = (-1) ~~t"+t) i?o n! q ~ ~f-!-1 ~~ ~), (2.I5) 

' 
llO)tCT8BJIHH paaJIOECilHH (2.4), (2.9), (2,10), (2.!4), (2.!5) B . 

ypaDHeHHe (2.8) u'npupaBHHBaH R03~~HUHCHT~.npH,O)tHHBHODHX CTene

HHX. <frdt._ ·:t- , noJiyqaeM peKyppeHTHYIO CHCTCMY R~HCI!HO-p83HOCTHHX 
ypaDHCIIHt:l ~JIH KOSW<I!HUHCHTOD {/.en /'f) • llpHBC)tCM 3)tCCI> ypaBHeHHe 

~tnH Itoa~@nuueHTa O.Cc {t) . , onpe~teJIHIODtero o~HODHOt1 tiJieH paaJioJKe

HHH (2.4) 

4 {ftc{>)~ ;!'j ?J/'~;::,IJ,Jf"J~Zc{U(--'l/-t]i;. (2.16) 

x {1. +- ~V(t) C-oe+-'yre+'t2/-~Jrrl)r-t~-~J ·[; , ,\c-tJJ J-:1. 
:2£+-.i (-'l)Ce+:J.J . lt- +~ 2) r::-2.) J:; . 

8 

· .... 

·. 

:·· .. 

rpaHHI!HuM YCJIODHCM f 
r ·_.---- >' 

.. ' 

·/let;/0) ... . l 

. B Hepen:HTHBHcTc 

HCJIHHCilHOe· ~tH!Mepe~~ 

i {lj.(7.) = ~ 

J{JI!l ciiyl!aH t~o;' . D 

paanoxeHHfl (2.4 ). Be 

~nHHO« p8CCCHHH~.H ~ 

/l a{z) '=" v ('z.) . -
. 1-

-
BenHl!HHa ~ {'t} onpe 

~ otlloi(~) H HBJIHCTC 
~ ('2) ... 

!J. t2o:L ('z)+ X ( 
Clo:L (o) =01 

r~te BB6~CHbl 0603H8t 

X('t) ~ ~ V{l){ 
, 1_..:U 

"i (rt}{ i-tV(~)[~-~ 
+i.V(t)[aJ'z.)tt 2 ~ f 
- V(2) [ ~rz~L +t~ 



•. J 

. ~ '. . ... ' 

. (2 .I2) 

- (2.I3). 

(2.!4) 

.. . ilz.r.1.. 
l~) (2.!5) . 

; . 

.I4), (2.!5) ll 

Ottl'IH8KOlliDC. CTene-. 

:oHeqHO-p83HOCTHb!X. 

attec:& ypaBHeHHe 

moLt qJieH paanollte-

2}{-~z: 
(2.I6) I 

c-!.1·1-:i f-v . . . . 

~ ·. . . . . ' .. 

. ~ I 

···I 
.. j 

: .;11·. 
·• . 

.1 
... ..1 . . 

.· I 

'•:.· 

' ·~ ·. 

fleo/0)=0, 
(2.!7) 

B HepeJIHTHBHCTCKOK npettene (2.!6) nepeXOttHT ll H3ll6CTH06 

H6JIHHeL1HOe ~HI}jq)epe!IUH8JI:&H06 ypallH6H,ll6. 

(2.IB) 

J{JIH c~yqaH l=-0: .. npHB6~6K ypallH6HHH ~JIH ~BYX nep:BIDC KOS<I/cj)HUH6HTOB 

paanollteHHH (2.4). BenHqHHa ao.o(zj;;d/l}HBnHeTcH penHTHBHc~cKoll 
MHHolt. pacceHHHH. 11 yttoBnenopHeT cpaBHHTen:&HO npocToMy ypaBHeHHIO . 

~J,a(z)::. V(z) · [~~a.(2J]i_ 
. · 1-l V('t)[tt-a.(zJ] 

(2.I9) 

BenHqHHa ~ {'t} onpettenHeT penHTHliHCTCKHlt al})l})eKTHBHbllt pattHycfl('Z)= 

:0:. £lloi('t} H HBJIH6TCH pemeHH6K ypaBH6HHH 

~ (tz} . ' 

L1 Ck:1. (-z}+ X (rr) tlo:i (r) ·. Y (7:) (2.20) 

fk:1. (o) =07 
r~e BBetteHu o6oaHaqeHHH 

~('d~ :t V{l~[[Q(1)-~] -~JlQ{2) LV(2) ~ 
1..- L V(z.J [1t-a.. ('z.l] ,.· . (2 .2!) 

~ {rtl-{i-t V(~) ['L:-Q('L)] ~ =A ct(2)"[ t + 
+l.V(t) [ a.(-z.>"C 2 + fa("l) -ijg "t- ~tr 3] J - (2.22) 

- v (2) [ i'l'~ +t ia. 2{2)- f ?:~fv+ l~ "(2J- fclfz.)-j-tlllzfl • 

. ·9 
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-..... . ~ . 

. ' .. ~ 

i"' 

.. 
I .. ~ ·~ ' ·. " 

·. ~ .... '·r 

YpallH6Hl16 (2.20) MMeeT l13ll6CTHblti HepeJIHTHllMCTCKHJ1 n~e;u.en'/2-4/. 
·saMeTHM, "'TO 11 non11oii aHanorMII! c HepenHTHBMCTCKHM cnyt~aeM He Ton:r.Iio-

npM /!,:. 0 11 'fL = d , HO H npH llC6X .t M n :;;;:,.:f_ ·ypaBH6HHH 

;!lJIH K03clJ~HllH6HTOll ae~~. ('l/ 'JIH~eliHbi, M MOryT <5b!T:D npOHHTerp.Hpo-. ' 

llOHbl ll Oc5llleM llH;z:te npH .H3ll6CTHWC pemeHMHX at.t' fl'). B "18CTHOCTII!, 

~CJIH 11!3ll6CTHa ;!J.Jlii!Ha pacceHIUUl a(!-} '' TO peweHHe YP~llH6HHH (2.20) 

HMUCT 1111;!1. . 
. Oof.~ . . A if V . 

· (oJ J l&h-l'J-e(-lf . .L (2.') rk 1 . 

a01 ('~)= aCi ('l) C .ae~D)(z'f !1-+ L X,(2')/ · '(2-;23) 

{r;) ' ' ' v 
r,i(e flc-t ("f) flDJIHE:iTCP. peweHHeM ypanHeHli!H (2~20) np11 .J.(z)='0: 

.· tcJ i!r~(z-z')-B(-2')](}L{I-1-X(-z')]oVc 1 
• 

{{0J {-l) -=- e o . , • (2.24) 

~YH1tlll1fl ace {2)::= Q (2/ HM66T CMbiCJI ;!lJIHHbl pacceHH.HH .Ha 11oc5pesaHHOM 

ll TOIJK6 t' 11 TIO T6Hllli!8Jl6 

V{ 1' ~ r/ = V{-t'/GR-l'}Gft+-2~ [1-fJ (-2-2';), 
(2.25) 

B pac>oTe /I/ c5b!JIO yKa3aHo, liTO waaOllble <I/YHKllHH npH KOHellHbiX aHalle

Hli!HX apryMeHTa t HDJIHIOTCH 113-38 H8Jlll!lll!H Mllli!MOH-ll8CTH ll !J!yHKllHH 
~ 

7) (?..} KOMTIJI6KCHh!Ml1 ;z:talKe ;!J.Jlfl peaJJ:bHbiX TIOT6l!l.\l'l8JIOB V (2 ) 
HO CTaHOllHTCH , O,iJ;HaKO, aCll!l.!llTOT~tl6CKH. B61!16CTB6~HiiMH. npJII r ~· 6o • 

'1'0 JKe C8M06 OTHOCHTCH K paCCUOTpeHHI& B H8CTOHl:\6M naparpal])e napaMeT-
•· 

paM pacceHHH!l Ha nopoT!io;u.ei-icTBYJOllleM 'noTeHllMane. B cne';u.yJOI!IeM naparpa-

10 
•.··.' 

' -~· 

{'~ .. ' 

' ' 
~-

,·.· 

; , ... 
,' 

·'· 

!'; 

·- ..... 

.;. . .. ····,· 
" ~: 

.. 

(pe llblllO;!lHTCH c>_o_nee ; 

•Hb16 ypallH6HHH ;!J.Jl!l.~m 
., 

lOT ycJIOllHIO yHHTapHOC 

§ 3. HeKoTopi 

KaK· H ll Hepenfl~ 

(p~30llb!X ypaBH6HHti )II 

;!l~ ;!lJIH HeKOTOpbiX np• 

· HanpHMep; npHMo~roJI 

· pa;!lHyca R ·-. 
llpez;z:te, O;ltHBK 

HHH, oc>na;z:tam~He yHH 

. · y;noc5HLI ;nnH nonyt~eHH 

HOllbiX «1YHK~I1rot l;( 
TeUH se BCKMllTOTHKB 

HL16 llLIJD6 :B6JIHqHHLI i 
OTJIK'l!Hb!MH OT HHX HH 

.3BU6TKM, "'TO BHBJIOr 

XHnH« «1B30:BLIX (pyHKQ 

;!lJIH nOT6HltHBJIO:B 1 38 

llOJIOKHY 

~(2, x):::{-te {z,x) + J 
. [ 'V('W . 

x -i. -I w ~:tl (<) ~ 
~ 

.0-e (~X)=/ Ar(-z(J 

11 
{ .1 _ ~ V(z)e/Y~. 
~ ~We · 



cmHi1 npe;l{eJI · /2-4/. 

CKHM ·cJiyqaeM He TOJILKO .· . 

n ~ :i 'ypaimeHHH 

T Clb!TL npOHHTerpHpO~ ... 

•ftj • B IIBCTHOCTH, . . 
lll6HH6 ypaBH6HHfl (2,20) 

(2.') k I 

: ~(2')/ '(2'~23) 

) np~ :f {zj:: 0: 

(?.')]~' 
' (2.24} . 

C6flHHfl HB 110Cipe3aHHOM 

ij, (2.25) 

H npH KOH611HhiX 3HB'Ie.-· 

HMOH IIBCTH D cJ!YHK~HH 
H~HBJIOB V(2) ' ' 
:rliw.m· ripH. r ~ 6o , 

' 
ml(eu naparpawe napaMeT-

e.·B CJie;l{y~~eM ~ap~rpa-

J 
I L : . 

::·· . 

. . '. 

_:.1 

.,., ·.~ : 

•· 

. · .. 1 ' .. '·. 

. . ' ' 

,·:.• 
.. 

llJe BbiBO;I{flTCfl CioJiee y;l{OClHb16 B npaKT!t1118CKHXPBCII6TBX MO;l{HqJH~HpOBBH-

' . , Hbl6 ypaBH6Hit1fl ;l{Jlfl napaMeTpOB pacceHHHfl 1 pemeHHfl KOTOphiX y;I{OBJI6TBOpfl-

llT ycJIOBHil yHHTBpHOCTH npH npO!t13BOJILHbiX 3HB116HHflX ~ 

. '· .. 

§ 3. HeKOTOpble TOIIHble pemeHHH waaOBbiX ypaBH6HH" 

KBK H B HepeJIHTilBHCTCKO~ T60p!t1!t1 TOIIHbl6 pell!eiH1H peJIHTHBHCTCitHX 

qJB30BbiX ypaBHeHH~ uoryT ClbiTL HB~;l{6Hbl B 3BMKHYTOM BHBJIHTH'IeCKOM BH

;l{e ;I{JIH HeKoTophiX npocTbiX noTeH~HaJIOB. TaKHMH noTeH~HaJiaMH HBJI~Tcn, 

·uanpuuep, npHMO~rOJILHbl" llOTeH~HBJILHbl" Ciap:&epHJIH HMa KOH611HOrO 

pa;l{Hyca R 
llpellt;l{6

1 
O;l{H8K0

1 
lrlbl npHBe~eM IIO;l{HqJH~UpOBBHHbl6 iJ!830Bbl6 ypaB~e-

HHH, OClJIB;l{BIOl!lH6 YHHTBpHbiMH npH BC6X 1:: pell!61111HIIH 1 KOTOpble Cionee 

y;l{OClHH ;l{JIH nonyqeHHH TO'lHla pemeHH"· !lJBKT!t1116CK!t1 peq:& Ciy;l{eT H;l{TH 0 

HOBbiX qJyHK~IUIX l-;(z1X)J :J:(z,X), Cl:l't{'l) H T.;l{. 1 OOJIB;l{BillllHX 

TeiiH ll6 8CHMllTOTHKBIIH npH '{ ~ Oo H 't-+ 0 '· UO H paCCIIOTpeH

HH6 Bbllll6 li6JIH'l!t1HH -/;e(z1X)
1
vfe(21X4t:f.tli. {rz.) !t1 T,~,, HO HliJl~li\HMHCH 

. OTJIH'lHbWH OT HHX HHTepnoJIH~HHIIH npu KOHe'IHbiX :3Ha'II6HHHX -t. . , 
.38116THM, liTO BH8JIOrHtlHBH CIII!YBLtHH C li03110ZHOCTLI> p83JIHtlHbiX JIIHTepno

JIRUHH cJ)830libiX iJ!YHKilH" oeeT 146CTO .T810l8 li HepenRTHliHCTCKOH TeOpHH 

: ;l{JIH noTeH~HBJIOli, 38liHCHiltHX OT HllfiYJILCB V (2 Jl)/2/ • 

ll01IOXHII 

fef2, X)={-l:e {z,x) + 1~~~-! xJ Se{2,X)[M(~ X)+fe(~x)ft(~xJJ]JC. 
I. (3.1) 

x [ 1.- i.~P-{ ,, ~ (1,X)[Se.(z,x)+ie(z,x)re(2,XJ]1.-~. 
.! ' < ?t'<J . • J 1 ' 

); (1.. X)::: {Af(21}-+ !Y(z)Te(l)C) [~{21 xfi-Ae(z,xJf;}fz,XJ}?"b.2) 
· ~ . .LWe '2 1X) ' 

" { d- ~VJ:/{i~~) [~('l,:A.) + Ae{l,x)p€r'
1
(21 X) l?-:1. 

·.··• 

·' 

. ' 



d r2 X):::. f rl,. (:2 X)_ VhJ~/tJfz/X) [- f'e(.V6;xJ 4 Se (?,xJf'/'~X)}jx 
~et'' ltlJ.:-_, ·- 11~2,XJ · ··· ·· 

~ ·{1.. - V(?.) f/'>(z1x) [- fJeafz X}+$,_ e(z;x)ee(lfz,X/]l-1. ( 3 ~ 3 ) 
!/. We (z X) ·. 1 ' · . ) ' 

I '"''-' rv "-' 

3aueTHM, 'liTO <lJYHK!lHH "te, Ae., $.{!.. c:aa3aHbl uez].'(y coCioi'! TeMH lite 

cooTHowenHHMn, 'liTo H <lJYHK!lHH -l::e., A-e 
1 

Se • 
1\ait HeTpy,llHO llOK83aTD, HMeiOT MeCTO CJie].'(yiOIIlHe ypallH6HHH ,llJIH 

tlJYH.K!lHH t'e (~~X) ,' . 
A~ 17. X\{d .f.. t V(?..JGlr,x) rge(z x)+ 'Fe_6,X)&_(2 xJ1+lvfU1z(Q V(z)1)f 

• -1. I '/ ~ We(Z 1X) L; I . . I 'J !2 [' We(2
1 
XJ1 . 

x {iJSd~ 1 X)+~ (?.,X) fl~Cz,xJ1- ,? V{tlV[Vfz) &(2N] fse(~X)+i;(~X)~(7)<>]'1 = 
'· . .. . , -' , Wel1 1X) L' (3 .4) J 

. · :: YtJL ... [ .sdtJxJ+l6.,~Jtlt2,xfl~v [ ¥~~z.xJ}[v St(z, xJ+f:fo, NV Q{l, xJJ t. 

- t}y(zJV[$J{;1xJ] [Se(-z,X)+~(z,x)C}.(l1XJ][vse.(1 1 X)+- ~(.?, x)V Q(2,x.l] • 
AHaJiorH'I!Hble ypanHeHHH noHy'llaiOTCH .It1IH ci!~HKUHM .Jf:.(z.,x), S; (2/X), 
PaaJiaraH :;;;_ (1-/X) ll PH].'( no CTeneHHll £d.X/2 , 8H61IOrH'I!HO 

p831IOl!teHl1IO (2.4), ll01Iy'llaeM ;llJIH KOS<lJ<lll!IlMeHTOB ~ ('z.j CHCTeMy 

ypaDHeHHi'!, HCXO,llH H3 ypaDHeHHH (3.4). llpHDe,lleM 3,lleCh 1IHWh ypaDHe~ 

n'ie .Il1IH ].'(1IHHbl pacceHHHH /&, (zj; ct'(2): , . 

~,,_.1 ) • q_lv(z-lJ/ff/TJ-~~7rqrzJ-r-ri-W(afz.J-"t)7 . ·. 
Ll,Q['Z.)-t =llJ Jl l' { 4 )Jl' ~ '../ 

J+i1"t)(aM-t) +l V6_;Z>(l"'"-21-i -v_;zJ(t27zJ---d]·~,3 •.5 > 

. _ tllyHKUHH Q (z) H a{zj CDH38HH COO~HOW6HHeM 
. ""' 

a{-cJ- t =- ar~;- ~ · 
. ..f-~ V(2)[ Cl~(2)- 't] {3.6) 

12 

·; 

" 

1 

; 

'. 

. ~ \ : 

., 

fiO].'('II6pKHeM E 

a{'l) H a(z.J 

llh 
PaocMOTPHK•~ 

. TeHUHBJI:&Hyll HMY ·I 

'V(Ii) '""7-~ 
He~PYAHO Hati~H pE 

Coo~BeTc~BeHHO Ml 

Q.('l) -= t1{ • 

""\.- ~. 

a{'lJ = 1'-

8A60:& BBe]leHO 06C 

o :::.a 

B o6nao~H .y > R 

a(?.)= a{rc 
BupazeHHe (~ 

ZeHHe AJIH ].'(JIHHH l 



Mez~y cooo~ TeMH ze 

7+lv f(L{z(Q V(z) 7" 
.2 L"we(21'XJJ . 

Se(L,X)+t(~X)(i("z;x)]~= 
• f'\.; . (3.4) 

xJ+-ti[2,7JV Q{l1XjJ-L 

t(~1 x)V Q.(1,.XJ] • 
~(z,x), S;_ (z,x). 

/2 , aHanorHllHO 

~ f!j CHCT6Ky 

11 a~ec:o JIHlllh ypanHe~ 

lfafz;-~·tJ] 
•t•)!: ..... /... :>]. (3 .5_ ) 
f'tOcz}-1' · •. 

neHHell 

(3.6) 

. ; 

. · .. • 

I 
·I 

I. 

. ~· 
~ ·~ . ' 

l
i,,, .. 

--

~ .. ' . 

fiO,ltll6pKH6M 61116 paa, liTO 8CHYDIOTHKPI npH 1:' ~ 0o B6JIHllHH 

a.{z) H a(2.) COBn&,ltBilT 

/i(oo) = a{oo). (3.?) 

PaCCKOTpHM Tenep:r, KOHBJeTHNI flOT6HUH8X, a HM6HHO, no-

T6HI(H8X:DHYil filly rnyc5HHO" Vo , maeiOl!lYIO pa,nHyc R : 

'V(rt.) :-.- Vo tt(R-rt) , Vo >o. (3.8) 

H6Tpy,nHO H8~TPI peweHH6 ypaBH6HHn (2.19) H (3.5) B Oc5JI8CTH ~~)? 
COOTB6TCTB6HHO HK68M 

irJo~ 
a(z) . ~ -. &lt.o-i(clz.c>..:.:f.) i'jo't' 1 'r<R (3.9) 

""" +9. 0~ a{-z.J = 1'- . w, ()" J ~~R. (3.10) 

S,nec:r, BB6,lt6HO Oc505H8ll6HH8 

(3.II) 

B o6nacTH 't' > R , r.ne noTeHI(Han HClleaaeT, HY66K 

(3.12) 

BupazeHH6 (3.12) nepeXO,ltHT B H5B8CTH08 HepeJIHTHBHCTCK06 BUpa

S8HH8 ,ltXH ,ltXHHY p&CC8HHHH Ha noTeHI(H8JI:DHOI Hu6, ecnH rnyc5HH8 HYY 

13 
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. . . ·~. 4 
MHOrO MeH:OWe SHeprHH TIOKOH li8CTHUhl .m_;;: _,. 0 H 0 ~ ~ . 

t {R.fVo) 
CL(R) = R - .ITI. • (3.I3) 

Hs ypaBHeHHH (3.!2)' BH.J(Ho, liTO B-penHTHBHCTCKOM cnyliae .J(RHHa pac

ceHHHH TaKme MOmeT npH onpe~eneHHHX 3H8li8HHHX rny6HHH H WHpHHbl HMhl 

~6pamaT:OCH B OeCKOHeliHOCT:O, liTO COOTB8TCTByeT ll0HBR8HHID B HM8 

ypOBHetl C HyneBOtl SHeprHetl CB.fiSU. YcnOBH8M aToro HBRH6TCH COOTHO

weHHe · 

Rn. o == {~-~-:L) ~ ? n..= q :i J";" ;· (3.!4) 
""'., 

PeweHHe ypaBHeHHH (3.4) TaKme uomeT ONT:O Hatl~eHo B cnyliae noTeHuHa

na (3.8) B HBHOM BH~e. COOTB8TCTBYID~8H W838 pacceHHHH paBH8 

i (~,X)= X"(;-a'lRX#-(.J/i~~Oi-t), 'l~R_. (3.!5) 

JlnH rrpiiMOyroJILHoro noTeHuHan:oHoro Ciap:oepa ( Vo. > o) 

V(1.) == Vc e { R-'2.). (5.!6) 

CJie.J(yeT pas~enHTD sHalieHHH Vo <:::'I mtt.H Vc > !1 mel9oOTBeTCTBeHHO 

napaMeTpH38UHH·HMeeT BH~ 

~o~d-·~ Vo <!f. ' ' (3.!7) --
. ~ ' I' ' 

ch 0= Vc- d.. 
~ ' 

Vc?!l.,, 
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l. 

H ,l(JIHHH pacceHHM 

tl{z.) = fl{zJ; 

. Q.(1) = a-(z. ) ~ 

B npe~en:oHOM .en-:~ 

I ~RHH8 paCC8flHHH, 

a('l.) = ~. 

a. (z.) = a:-c 
CooTBeTCTBeHHO Tl 

·.fe ( rr1 X)::: ~ 
B 38KRIOli8HHe OTI 

pacceHHHH lf' (-z.) 
~H@@epeHuHan:oHo! 

r1 "" ;w a(7.)= (I 

~I000llb!THO, liTO ; 

TOtiHOCTH Bkl~ He] 

HHH, ecnH BBeCTl 

't.-'t· 

a{z)-z = f1 

YpaBHeHHe HMeeT 

k CL{i") 



{3.13) 

)M cnyqae ,n;nHHa pac

rny6HH!:l H illHpHH~ HMW 

TIOHBR6HHIO ll HM6 

oro HBRH6TCH COOTHO-

{3.I4) 

eHo B cnyqae noTeuuHa

acceHHHH panHa 

.. 1' ~I( . • {3.I5) 

lo >o) 

(5.16) 

1 
~j qoDTB6TC Tli6HHO 

' . ' ,• 

{3.I7) 1 
I 
.) 

H ,n;JIHH!:l pacceHHHH paBH!:l ("t. ~ R) 
-1-n 6'R. v, c. !L 

tL(l) = a{z) == R- '::1 si.n 0 c .; 
(3.18) 

· Q.(z) = Q ( '"L ) = R ~ if/ : 0 ' Vo > !L , 
•"- ' ~. - - .. ', 

B npe,n;eJI:&HDM CJiyqae TB6p,D;D!l DTT8JIK!tlll8T6JI:&H0!1 cep,D;l{~BitlH~ (~:::: ~) 
,JJ;Rit1H8 paCC6flH!tlfl 1 KSK H BHepeJIHT!tlBHCTCKOM CJiyqae, paBHa 

a(7.) :~ . '1' ~e, 

a_(t)=c't(-z.)=R; 11(>-R.. 
CoOTB6TCTB6HHD TaHreuc ¢a,3!:l B oOJiaCTH r ~ R paBeH 

'"'-' S (R X) · 
·.f:.e ('r1 X)=- ic 6,x) = - c: c R1

, X) • 

(3.I9) 

(3.20) 

B aaKmoqeHHe OTMeTHM 1 tiTD 1Kar< MDlKHo.nerKo yeie,n;ltlT:&cH 1 ,nnltlua 

pacceHHHH lr('Z-) ,nnH. noTeuunana (3;8) y,noBneTBopfieT cne,nyroll\eMy 

;ztHcj)<lJepeuunan:&HOMY ypaBH6llH1<! 

(3.21) 

]l!OelOTI~THO 
1 

\ITO ypaBH6HI16 (3 ;21) MOlKHO 38TI!t1C8T:& B •BI1;zte 1 11M61011\6M B 
' 

TOtiHOCTH BH;zt HepeJIHT11BitlCTCKDrO <lJ830BOrO ypaBH8HI1H:;ztJifl ;ztJI11H~ paccefl-

HHH1 6CJIIrl BB6CTirl nepeHOpMirlpOB8HH!l8 B6JII1411Hh! 1', .. lt ('tJ] V ,' ' 
't. - 't fr6='1 

a(£)-2 = a("CJ-'Y 7 

- \1,~ 
V=Vc+-t 

Ypanuel!He HMeeT Bn.n: /k- a_{"') =- V [ ii:(i"}- fJl, a_ {o) = O, 
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§ 4. PenHTHBHOTOKHe nonpaBKH 

PaaHooTHoe ypa~HeHHe Jllpe,ItHHrepa /I/ omwW!aeT penHTHB1IOToKoe . 

,l(BH~eHHe qaoTH~u B KBaaHnoTeHuHanbHOY none. B npe,Itene £?~. ~ 
aTo ypaBHai!He nepexo,l(HT B ypaBHeHHe Jllpe,ItHHrepa. PemeHHa paaHOOT

Horo ypaBHeHHH nepeXO,l(HT B perueHHH ypaBH6HHH Jllpe,ItHHrepa lr1 T.,l(. 

EoTeOTD6HHO HOK8Tb penHTHBHOTOKir16·nOnpaBKH.K paanHqHUM KB8H

TOBOM6X811HqeoKHM B9JIHqHH8M, HOXO,l(H HM9HHO lr13 paaHOQTHOI'O ypaBH8HHH 

Jllpe,l(HHrepa lr1 OOOTB8TOTDYID~HX maaOBUX ypa:BH8HH~. 

PaoouoTpHM oHaqana ,l(JIHHY paooeHHHH. Paano~eHHe no oTeneHHK 

' KOLmT~HOBOKOti ,ItJIHHbl .?\ ( 7\ = ~--') 0 npH C ~ ceo ) HMeeT. :BH,l(: 

/t(-cJ= a_ro>('t) +}.ao>("r)+J\9.8:_(t>c-d + (}(~~). (4.I) 

B onyqae noTeH~Ir18JIOB V ("t} , He 38:BHO~HX OT ~ , nony-

qaeTOH OJie,ItyiD~ee ypa:BH6Hir18 ,l(JIH nep:BO~ peJIHTH:BHCTOKO~ nonpaBKH a (rl('r) K ,l(Jllr1H6 .pacoeHHHH Q (o) ( "!) : . 

iH (il•>r~)=J.V('t)a{l)(·d[ a_ro)(rcJ-~]. · (4.2) 

r;y{oJ /. · "-' (tJ /.) 
IlpH RaqaJibHUX ycJIOBHflX U tO) = 0 H (l . { 0 :.. 0 ypa:BH6Hir16 

(4.2) He HM86T H8TpHBH8JlbHbiX perueHH~. 

]{nH nonpaBKH. nopfl,l(Ka ~ 1- nonyqaeTcH ypa:BHeHue 

t a(2.){-z_) -~V(·t)Q(2.)(t) [ Q(o)(7.)-"C] '= . . 

_ W _ V~(u [tilo>(-?J-~·]'1L-L.o1 V(7.) [Q{o>(t)-
== G 1~ 1 ;~. "''t.'- (4.3) 

_ 't]i+ :1_ ()V(7.) [ Q'fo)(d-'t.] • 
0 '()"t ' 

a:(i)(o)= 0 . 

16 ~· 
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! 

·,• 

i 

"' 

.lf'". i '· ....... 
I . : 

,....., ~ 
··.j~ 

' •· . .-L· 

.,.'•'' 

": _,. ~ 

\ 

... 
' 

B O?IYq~e no 

""'(:l.)1 ) ~ Vo't 
a. ("'! - .t!l t!tJJ" 

]{ocTaToqHo npooT1 

K T8Hl'6HCy maau ·: 

·ro (rr,~) = loro)f-r 

YpaBHeHue ~m1 neJ 
_{{(l>c .. v·· 
~o"t,?) =--w. [ 

t,co)(o)-=-0 > 

nerKo HRTerpHpye! 

""(1) -bo ( "r ,j 
YpallReHHe ,l(JIH ::nc 

,£ l(!) frJ- --
.dlt -

1',1{6 

Y/9/d= !£HI 

_ f- V('t)q/z 1--1 

+ v.t(z.r H ft0 ~ 
} fll' 



leT pemlTHEliCTCKOe 

~e~e~e d~ oo 

PemeHRII paaHocT- . 

e~IIIHrepa 111 T.~. 

~ K paanHttHUM KEBH

aHOCTHOro ypaEHeHJ/Ifl 

eHHeno cTeneHHM 

(4.1) 

oT ·~ , nony

:TcKolt nonpaEKH 

(4.2) 

ypaEH9HH9 

IPBEHeHHe 

r-,"'{o)t:_ 
L Q ('t)- ( 4 .3) 

{' 
• t 

·. . ··.'1 
I ,, ' 

:: 1 
... · . l 

·. ; :· '~.I .. 
. ril>· 

, I 
.. I 

. ' ~ ' 

,, .,,,.· 

. I 

·.· 

B C~y~ae noTeHUHB~DHOlt HMU ypaEHeHHe (4.3) HMeeT pemeHH9 

(4.4) 

~OCTBTO~HO npOOTOlt EH~ MMeiDT Ta~e ypaEHeHHfl ~Jlfl HOEUX nonpaEOK 

K TBH1'9HOy <Jiaau E o.ny~ae e = Q 

""' "'(o) · .1. /6Jt. 2 <"'!v(z.) { ) *{ '?>\ fo (rr1 ~) = ~ ('r11} .f-A "'Co l"t1}) +X -f-o .'t/1 + v X .J,(4.5) 

YpaEHeHMe ~~H nepEoa. nonpaEKH ( ~ -EOJIHOEoe ~Hcno) 

ca;,c1 >(~.~) =- W sin:levr_ =f:}n(~>~) · 
cJJ.e. cy I- · } (4.6) 

t,co>(o)=-0 > :foC'J{o): 0 
~el'KO HHTerpHpyeTCfl H ~aeT 

(4.7) 

YpaEH9HH9 ~Jlfl ETOpOlt nonpBEKH·HMeeT EH~ 

(4.8) 

r~e . 

Cf(9/'tl: t H (~,)t/(zJ7- ~ /'1(2/J)IV (~ 7J e/-!f:;J ~ 

- f- V(-r)t;/'t- H (~ '} )#'/2,,'}) -1- f V(2) ~ 111 ~1 ~)f-. 

+ V£~1 H Y9/rJ+ t v;_{tj HL(Cf,'t}/ilf~~JC~HjA't-<4.9) . 
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. \:, 

l· 

l!fH' I ... J ' ~1t- v36J H3ft~J~~Q/£- Nr~2} K 
r t'!1 vSL/1..'{':/ .bt 3 · 1'1 ~ . / - . fJJ , 

· 11 ()!V(tJ _ lL V(z) c3V(iJ. t:P.!!}!f H3/o. ~ > , . 
~'c_:l.. 3 'aZ. rp~ /'JrJ';/) 

"-' 

Mftt)t}= gl.n r -1- t/0 Yzl CDJ~; 
"""(~ 

· lv(~/!J = t!tUf"' - t '(vdnyt-.. 

(4.10) 

.Pemaa ypa:aHeHHe (4.8), nonyuw nonpa:aKy nopfl,'ltKS "~ K T8HI'6HCY 

~aao:aol ~YHKUHH ~ 

. j(t)t, J . s~b ')- f(f V(z1Wt_ ¥ ';;k i I 
to l"t = T 'T''2 e l' ~ · (4.II) 

0 

llpH nonyqeHHH nonpa:aOK :a CJiyqae ~~~ OCHOBHYD !py~OC!~ 
npe~cTa:anHe! uaxo~eaae nonpa:aoqHHX qneuo:a K o:ao6o~BHM pemeBBHM 

ypa:aaeHHH lllpe~HHrepa de(z,~ tl('l,~x). MoZHo H~TH ~:aywa nyfHMH. 

fiep:alil DYT:L COCTO~T :S TOM, U06ii p83Jl8I'8T:L llo ('l) H OB060~Bli6 
perueHHH ~ {21 X) ·H U.(z, X) · no c!eneHHM X : 

Ho = H/0'+ ~ H!', + ~ <LHJ2
) + ·,' 

S " . • (I) t ll.) ( ) 
e (-z 1X} =Je(t") + ;_ Se {"t,'})i- ~ S.e -z.,ry + "' 

(4.12) 

e_(1. 1 x\ = -~(rJ + ~ ~~>cz,~)+ ~~eet1l("l1 })+ .. , 
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. ~ 

~; 

Nr ,, 

'·J 

f 
!' \ . 

:• 

·, ( ~· . •. 

l .... .. r . 
!;· 
t· 

·::-·· 

~ 

Tor~a · ~JIH nonpaJic 

nonyqaio·:a o6humo1 

38:SHCHI!OCT:L 11, - ~ 

, .H fL -1. ; HHamyD 
,•, ' 

llep:aafi nonpa 

$e(o(~fJJ:: 

T.o., f1:"{7:,tj,)~ 
BTopaa nonpa 

J.1. sWr.. J C[ii e t~'t -
:. Q'-Je{tj!t}+ .: . Y..!i , ·. 1 

-1- t(l+l) [ f ~ 

El!le 6onee rpoMoa~ 

:aoK. B:aH~y\aToro 

C:SH38HHMM C peKyp 

~e ('t1Xey}=f-1) 

l1cnom,aya pa anollte: 

d~'f}~[i~i( 
sl.tt/rx1 == ( l+ I 



_ N~12} J( 

•. _11-f-

(4.10) 

': ! 

Ka X~· K TaHreHcy 

~.-t '.-· 
· ~ (4.II) 

liHJII !pJJUIOCU 

oJo6o;zuual pemeBKHII 

,Tif ,ltliJMR DJ!HIIH • 

,('l) H Oli060,ltHii8 

·.x : 

(4~12) 

('z.,,)i- I"._ . 

'1) 
~ ( "l,})+ II I 

~ . .. . : 

' ~· 
\:' . 

.; 'J.'' 
. ' 

.• .. 

'· .. ..._ ·: 

··:. •.'·. 

( 
. ;) . 

. . . . . . . ~ :. -~ . -
•. ', .. 

) ' 

~ ~· ·. ', -/ '• ··•• . . . ' :,-
:·~·t \· .•. ;- . 

• • • ~ •f -·· 

. '.:-_:;..: ...... (·:~:. 
· .. -: ., ; . 

TorAa A1Ul nonpaBOK 4/n) (~ 'J) 1lf d"Y~ ~) K CBOCiOAHl>IM pemeHHHM 

nonyqaTOH 06biKHOBeHHHe, AH<WJepeH~H83II.Hble ypaBlie~iHH~ BHP8llt8IO~If~ , . 
38BHCHMOCTI. fL-X DODp8BOK OT CDOCiOAHbiX ·Hepe3IHTHBHCTCKHX peweHH~ 

. H IL-1.. HHamyD nonpaBKY. · . . . . . 

IlepB8H DODp8liK8 K . Jef r(.l .HMeeT BHA 

~ero r~lJJ = _ zere+tJ. ~r'ft) ~ . . (4.I3) 
,Jl •. 't. 

rl {IJ ' 
T.o., i>o (?:J'j,}:O, · 

BTopas nonpaBKa YAOB3IeTBOpHeT ypaBHeHHD: 

~ s121(~tt/- ere;:Js/2.)fz,JJ+~ 1Ser:~;ft,;,J= 

~ ~:LJe(ttJ -1- k cl'k <;rJ- t(t;l} d~~(~J + 
!1. . ~ del • ~i. dA(i. ~ (4.14) 

+ e~;J [ f ~ - oktJ ~ i;h3/'~ ?-)- i ~/'7~i[f · 
. . 

E~e Cionee rpowoaAKHe ypaBHeHHH nonyqaiOTCH A1IH nocnCAYIO~HX nonpa-
" 

BOK. BBHAY 8TOrO MH BOCD03II.SJ1eMCH CDOCOCiOM Bml1C3IeHHH nonpaBOK, 

CBHSBHHbW c peKyppeHTHHM cooTHoweHHeM ~ nonyqeHHhll.l B / 7 I,. . .. 

. ,Se('t xQ,;=f-.i) '- (ghxtt~+~ ·l!f!J )e. rht ~/c;,-: , (4.15) 
... ·I y _'l'(f+i) .. ( dt:tl_}!fj . . &'lt_J(ey . 

Hcnon:r.ayH paanollteHHH 

. ( 4 .16) 
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·I 

r 
Ciy~eM HM6T:& 

!d.· ·. )I? w. (t}$) jL)e~) · ·x£r_!i:;~IL)·t 
l d.cltx~ . ~xtt- ("Cydif· (-~ ; + L-It lf;dt; +-

+ 
eff-1) Jf-l .. , + .t_. d ~ . J'(stn ~) .. ,.,.! ~J (4.!7) 

:P- (~dey) ~-1 . 6 fFi:?. . } .. + vLif ._. . . 

)tJui $e {z.1 ~} nonyqma: 

$e(r.,XyJ =je(cytJ-itft;_!J (t)hlrcJ -
-x~{ e(t+!) £fi + ece;J) kf!::~ _,_ _, 
+ ~ [ ere;'J . _ fc J !Jt1f!:l J t u (* ,) 

Ha paanomeHHH (4.!8) H oooTHomeHHl 

Ce {2,'X'1)::. (- :L) e S -e-1 (c, X~) 7 

.· 'fLe (Cj/'J = (-i.)ertJ-t-1 (ft) 

. ·. 

nonyqaeu , 

., Ce(z,~)=-lle{Cfth- Le{;;tJ(~)~lryc-J-+ _ 
+~1 {e(et.,) [L -1- ete-HJ 7 n.e.tCVt) 

~~ . g J_7 +· 
+-~[ <f~+l) -~i~t]Jktutftlj + lY(?;">) 
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•' (4.!8) 

(4.!9) . 

(4.20) 

. 
.,:1 

~ 8aueTHM, qTo nonpa~ 

a. nonpa~KH K 1/.t. ( ft 
§ 5. TeopHH B 

I . ·- .... 

B HacTOHlJlell na 

BOSMYlll6HH~ R MeTOAe 

ayDTCH B HepeJIHTHBH 

llycT:& ~JI~IHa pa 
I 
i .. 
i l .··, 
i : 
I 
I . 
I --~ 
I 

r 
! 
f ·: '• . 
I . 
r •. 

I< 
. r 

! 
I • 

1'· r, 
f 
I 
i .· 
t_ 

(· 
i . : 

. I . . 
l 
I. I . 
·f 
l 
I 
L , 

'•" 

.·.· ...... 

fl0T6HUH8118 11 

00 

ar'Z) = 2. 
11=-c 

.TorAa A1IH nepBoro 6 

ypaBH6HH6 

"'\.. "[ /J. a., (rr} = F 

~e~cTBHTen:&aoe peme 
' tJI .. , 

~t2J=f J[fett· 
1; \ 

B H6p6JIHTHBHCTCK014' 
. 't 

. q.,(t)= f v, 
0 .. 

~na BToporo qneHa p 

ro~ee Ae~cT~HTen:&aoe 

A ~(-z} ~-- <f(z.J l 



··· (4~I8) 

. ~ ' ' 

," .. 

(4.19) 

~)-+_ 
(4.20) 

·./'' 

( · .. 

.. : . ~ ' . ~. ...-.~ .. .. 
I ' 

, . 

SaueTHM, l:!TO nonpaBKl'l K Je (tpt) perynHpHH np11 It = 0 
a nonpaBKl'l K /l.t. ( ftl cl'IHrynHpHH npH · It =O 

§ 5. TeopHH BOSMymeHl'l~ l'l MeTon 11l'IHe8pH38UHl'l 

B HaCTOHmell naparpacpe Mill KP8TKO OC.T8HOBHMOH H8 TeOpHH 

BOSMymeHl'l~ H MeTO~e 31HH68pH38~l'll'l, KOTOpue :BeChM8 .a<P<PeKTl'IBHO HCfi011h-
. . . 

ayJOTCH B HepemiTl'IBHCTCKOM MeTO;n;e cpaSOBWC cpyHKUl'l~. 

llyCTh ;ZJ;11l'IH8 pacceHHl'IH a("&} paa;nollteHa no 11CTeneHHM 

noTeH~Hana" 

(5.1) 
"V 

.Tor;n;a ;ZJ;11H nepBOI'O 60pHOBCKOI'O npl'I631HllteHHfl -~~ {z) no;nyqaeTCH 

ypaBHeHHe ~ . 

1J. ~ (rr) = j { V/z)~ J. + V{rz.-U {'l-iJ 1 ]= V {~) c5•2) 

~e~CTBHTen»HOe pemeHHe 8TOI'O ypaBHeHHH 

~·f'zJ=.i f [fe/t-z.'l- ii-z~) vfz'l+-(8&-4-efz'J}vr~'Jdi ~s~3) 
j_ 6 . . . ·. . . 

B HepenHTHBHCTCKOM'llpe;n;ene nepeXO;ZJ;HT B Be31Hl:!HHY (cp/2/) 

(5~4) 

~nH BTOpOI'O q;neH8 p83310llteHl'IH (5.1) nony~aeTCH ypaBHeHHe, T8Kllte HMe

IOII{ee ;n;e~cTBHTen»Hoe pemeHHe. 

A~ {-zj = <f(zJ 3; (z} + \f-' ('l.j 1 
(5.5) 
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I!'· 

~ 

r~e 

Cf ('Z) =- /d.+ v) [ ¥. v ('2.) J ' 
' 1 

lfhl = - ~ (V(t)~)Y ( ~{,J~) + fft+ v)[ v(?.tA{ 3J+ 
+ ~V(,1lVlr(~J][~t(Vt.~)+(Vt)~2] • . 

(5.6) 

"-

ilpHMeHem-te TeOpHH BOoMyiqeHHii K TaHreHcy @830BOit @YHKUHH 
. ""' 0.:> """" • 

-l:o (r, Xq) = 2::. -folt (-r, Xt) 
r n=o (5. ?) ' 

npHBO~HT K yp~BHeauro ~na nepBoro qneaa paanoxeHHH (5.?) 
' . ' 

, N ~ . , -~ "- .. 

4to1 (z,X'J-)= j_ (i+v)[Vft)sin'i,~J- V(z,x~)·<5.a) Jrtlr.Xt . . , ~ . 

Be~qecTBeHHoe· pemeHHe aroro ypaBHeHHH 
Oo ~ 

. .;;;_ r~x1) ~ 1 fRe[(O(t-d-efz') v (2~ Xr;J}rA I (5.9) 
0 

nepeXO;ztHT ll COOTBeTCTByro~qee B!lpallt9HHe ~nH HepenHTHBHCTCKOii nonpaB

KH K TaHreHcy @aaoBoit WYHKUHH (cp.(2/) . 

f:.()J. ('zj = -i [ ~(2'}j/- (rc 1o/At 1, (5.IO) 

~nH BToporo qneHa paanoxeHHH (5.?) nonyqaeTcH ypaBHeHHe 

A loi-(2;Xry}= t. (7.,X~)ff21 ;<~)+ r;(tt1 X~), (5.II) 
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I 
I· 

-I 
I 

l 
l . ' 

I. 

I 
I 

I 
I 
I 

r~e 

t (~ X1J.= ~Xty 

. ~ ·(z;'X}} = fsA 
• 

+L- {1+V) 
tffi&iXt .. 

x [{slnx1r) rz(s£ 

B aaitni?_~eHue ;AaHI 
. . . 

ypaBHeHHH ;AJIH ne: 
' ''t: 

"""'!. <:: a' 'tj =<~ 
IJ: 

~ a {tJ{LJ = {~ 

- -~ (VY) v rv~ 
+ 1 (V~) V (v'4l 

A Q:(tl(-z.l=- { 

.,. VlfL~) [(ac'>t 
~[ ~trt:[J -a(''(; 

x {1 ~ kV(tJ(a(' 

- 1. V{-z) V (2-l.} 1 
'I ' 



(5.6) 

(~.7) . 

. 
-~ .,..,. .... " .. 

- V/z,X1)·(5.8) 

(5.9) 

>en~THBHCTOK0£1 nonpaB-

(S.IO) 

I ypaBHeHH~ 

X~) J (S.II) 

r~e 

B aaitnJ!)t~eHHe ;n;aHHoro naparpa\I)a npHBe;n;eM 31HHeapnsonaHHb!e paaHocTHue 

ypaBHeHHH ;n;nH nepBbiX ;n;Byx t~neHOB paanoliteHHH ;n;nHHh! paccemmH 

a: {tJ ~ ~ a:.r~'6J 
IJ=O (5.13) 

b. a_rn{LJ= {(1_+v)(V;_2-) -£a('}(2) (1+V)~f)-

- .~(VY) V(V~) + aMfr)('Pt-i}VVV }{ 1:l.f1+V')(Vi)+. 

+ 1 (V~) V {V~.t) J -:L, . (5.14 > 
. 1 . . 

A ~(1'(z.)=- [ V(I'C) ra(')("t)2+'tf-~a-cty't)J + 

+ Vl•~) [{Qf•>(1)~ + (2-iJ' - !(z-i) £'f'i (<)) - V('tl x{z-i );_ 

). [ ~ {tt-il.-a ("{rz){'J.Jt-i. ;~ar'"rzJ~-i.J +{a (i rz, J :IJ" (5.!5) 

x {1 ~ iV(r.J(a(•lf,J-trJ+ i vr2-i)(QIV{•J(t) ~ (1.-ZJJ -

- .L V{"2) V(2.-l){ a"'{IJ{i)-t)j -1.. . 
'1 . • 
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§ 6 • 3aK1IJllleHHe 

Burne paCCJl0Tp8Hll HBKOTOpLie B03ll0J:HOCTH. DpHll8H8HHJ! p8JIIITHBHCT-· 

CKOI'O MBTO~a ~30BLIX ¢YHK~il ~· npodJielte BflqHCHeHHH peJIHTHBHCT

CKOil ~JIHHll pacceHHHH.~JIH p~a DOTBHqHaJIOB,B qacTHOCTH,~JIH TOqHo 

.·· .. pewaeuoro cJiyqaa npltil:oyronLHoro ·no:reHUHauuorodapLepa CH npHMo~ 

yronLHott nMu.IIpe~nozeu :raxxe nocne~oBaTeJILHLii!.ue:ro~ iluqHcJieHHJ! 

penn:rHBHc:rcKHX nonpaBox x napaue:rpaM paccesu:e:a,pasB:e::r pn~· np:e:~ 

dJIHllt8HHLIX CDOCOdOB pemeHHJ! KOHSqHo-pa3HOCTHHX ypaBHBHHilo . . 
IIpe;ztcTaBn.FieTcH BecLua.aKTyanJ>i!oii sa:.at~a paspaooTx:e a:nropn-

MOB TO~HOI'O pememm pe1IHTHllHCTCK.HX !PaSOllllX ypaBHeHHi1 ;l{JIH 

npOH3ll011l>HhiX llOTeHxtHa1IOB •. Tor;zta pa3BHTUH ll /I/ H HacTOIIIIIBR· 

pac5oTe no;zpco;zt·MolKHO 6y;zteT 3\JitPeKTHllHO HCllOHJ>SOllSTJ> B c501ll>W0ll 

pH;zte KOHKpeTHhiX WHSHt~eCKHX sa;ztatJ. 

ABTopu npHHOCHT c5naro;ztapHocTJ> B.P.rapceBa~HWBHJIH, A~~·~oH- · 

KOBy,·E.II.~H;l{KOBy, B.r.Ka;ztUWeBCKOlly, M.~.MaTeeBy, A.H.TaBxe:nH~
se, kl.'l'. To,JtopoBy sa nonesHue o6c~euxa •. 
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