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§I.BB e A e H He-

Cpemt p83JIHtIHliX no;zoco,llOB K peJIHTHBHCTCKOiit npo6neue ~yx" 

T8JI KB83HTIOT8HUR8JII,Hlil-\ MeToiI-4/+/ o6na;AaeT PH.llOM npemo1y111ecTB. 

OAHHM M3 rJIOBHliX AOCTOHHCTB 3TOro WOPM8JIH3Ma HBJIH8TCH, Ha Ham 

B3rJIHA, TpexuepHOCTI, KB83HITOT8HUH8JII,HHX ypaBHeHHI-\, tITO Il03-

BOJIH8T HCITOJII,3QB8TI, npHBlitIHli8 npeACT8BJI8HHH H MeTOA!i HepeJIH

THBHCTCKOI-\ KB8HTOBO£i M8X8HHKH. 

B MMTIYJII>CHOM rrpocTpaHcTBe TpexuepH!ie p8JIHTHBHCTCKHe,ypaB

H8HHH AJIH aMilJIHTYAli paCC8HHHH ~yx CKBJIHPHliX qacTHU C paBHIDIH 

118CCBMH fl (p,t/fa AJIH BOJIHO~oi,1 WYHKUHH OTHOCHTeJII,HOro )!:Bl'l?.:8HlUI 

~ (j!), IlOJJYtI8HHH8 B paMK8X·raMHJil>TOHOB8 ~OpM8JIH3Ma KBBHTOBOH 

TeopHH non8'2/, Hll81DT BH,ll ++/: 

llr;t~fJ=- ,{~ ~c; ➔)+ _j_ fV(p~1tJ_!./_(~;cl)d.~ 
· . ~p P,9- . (21rf') £~ -,£~ rl.E.. , (I.I) 

IP,; G1=(twf /1 + p' l,(p J+.L f VW) 'f, (1tJ~ 
. '/, p 1 '(2,rJ' ,} ~ -~ Ep-1-L E_ 

(I.2) 

,/3K 
9Aec1, c/Jl1:. -= v' I+ t<:s 11opemi;-HHBBJ>M8HTH!iiit ane11eHT 

06'belia
1 

V { p', if) -KBaaHnoTeHUHan, aaBHC111JlHtt, Bo06Dle 

ronopa:,, OT aueprHH '1 = ✓1 + e~· Bo;nHOBBH WYHY.URH CBH38Ha C pe-

+/B o6aopa:x/3 ,4/ HMeeTCH Il0Ap06Hliiit CilHCOK JIHTepaTypli no 
KB83HIIOTeHUH8JlI,HOMy no;nxo;u.y.B KBBHTOBOiit TeopHH IlOJIH. 

· ++IB MHHo« pa6oTe BCID;lJ.Y 1,cnon1,ayeTcn tatcTeua e)lMHHU, B 
KOTopolt t = C = m = I, r;ne tn -Macca qacTHUli • 

... 
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JIHTHBVJCTCKOiii 8MilJIHTY,7J,Oiit pacceHHHH BH8 aHepreTVJqecKott noBepx

HOCTH . ~ t= 4 COOTHomeHHeM 

~{)l}.::.{J<J1j3/1+p2J°(p➔-f)- _f.Yl':14.-)9+ll:. ll~f). (I.3) 

AMITJIVJTy,7J,a Ji r,~ f) _y,n;9.BJJ8~B;opi:i_eT ~epeJrnTHBHCTCKOllY IIO BH,n;y 

ycJIOBJ/1!0 yHHTapHOC Ti5/: . . . . 

:Im llf;o~f)= t/ffl(p~K)/l(x~f) clw1<, (I.-4) 

r,7J,~ clc<f.-YrJioBaH qa?~I> TpexuepHor~ aneM~HTa o6'beMa. 

Att<J>ipepeHUVJ8JII,HOe ceqeHVJe paCC8HH'//JH Blip8lK88TCH qepea 8MITJIVJ

Ty,7J,y p~cceHH~f! Ha aHepreTVJqe~Kol( ~o~~PXIJ~CTVJ £;-t;, T8Kllt8 

uepeJrnTHBVJCTC_~HM COOTHOmeHHeM 

do:::: I fir ➔ ➔;;z .·dw . /J,1/,, • (I.5) 
\ 

YpaBHeHHH (I.2) VJ (I.3) C0,7l,8plK8T HHTerpHpOB8HHe no Tpex

MepHoMy liMilyJI:&CHOMy npocTp8HCTBy Jlo6aqeBCKOro. OHVJ HOCHT a6co

JIIOTH!iiii xapaKTep no OTHOmeHHIO K reoMeTpHH VJMnyn:r,caoro npocT-
. . . . . . . . : ' \.' 

paHCTB8, T.e •. uoryT 6liTI, nonyqeH!i R8 CBOHX aepeJIHTliBHCTCimX 

aHanoroB (ypaBHeHRtt JlHnrrMaHa-lllmrnrepa H lllpeMHrepa) nyTeM aa-
. . 

M8H!i HepeJIHTHBl1CTCKHX (eBKJIH,7),0Bb!X) KVJH8M8TH'll8CKHX CBH88tt (Bbl-

pallCeHirn MH 3JI8M8HT8 06'beMa, CBfl3l, MellCp;y SHeprHei:t VJ HMnyJibCOM) 

Ha HX peJIHTHBHCTCKHe (H88BKJIH,7J,0Bll) aHaJiorVJ 

. ·--~ 

·Ei=--f-. 
·; 

d.i/ZK=d3K 

~ . ~ = ✓1-1-fj.' ) 

~~ cliR,._,. .:.. d 3
1< 

-i/ :i. + ~~ . 

4 . 

(1.6) 

I 
l 
~ 
( 
I 

I 
I 

: ~ 
. . l 

I 

,1 

·l 
11 
.\ 

I 
l 
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Enaro,7J,apa TOMy,qxo BypaBH8HHflX (I.I) VJ (I.2) liHTerpHpo-. . 

B8HH8 Be~eTCH IIO rrpocTpaHCTBY Jlo6aqeBCKoro, OK888JIOCI> BO8-

UOJ[HliM rrpHMeHHTI> arrnapaT ~ypI>e-aHaJIVJaa ua rpynrre JlopeHua (rrpe-

06paaOBau11e manHpo) H BB8CTH peJIHTHBHCTCKOe KOH~ttrypaUHOHHOe 

rrpocTpaHCTB0/5/. YpaBHeHHe lllpe,n;HHrepa B 8TOM IIpOCTpaHCTBe 

HBJIH8TCH ,1J,H<I41epeHUH8JII>Ho-pa8HOCTHIDl ypaBH8HH8M C maroM, npo

IlOPUliOHBJII>HIDl KOMIITOHOBCKott ,n;JIVJHe BOJIH!i qacTHU!i ..i\ (B ucnonI>

ayeuott CHCT8M8 8MHHU A= I): 

[ Ho --tE7, + V(iL(/~ (£) = () . (I.7) 

8,n;ec:r, ii =-t ft - peJIHTHBHCTCKHiii aHaJior OTHOCHT8JI:&Horo 

pa,7J,uyc-BeKTopaf 5/, VJ CBo6oMBti raMHJI:&TOHHaH H0 . HMeeT BH'A: 

H =ldlr._ +£isfLL _Ae,'t' e'f-r 
o o'Z 'Z a~ :z:t: ' 

(I.8) 

r,n;e f1o;<I' : yrn'oBaa qacn orrepaTopa Jlannaca. B ypaBHemm 

(I.7) H ,7J,8JI88 B H8CTOHmett pa6oTe paccMaTpHB88TCH cnyqaj;t JIOK8JII,

HOro VJ He saBHcnmero oT aaeprHH E'f KBaaVJnoTeHuuana. 3To 

nO3BOJIH8T HCCJI8,7J,OB8TI, B "qVJCTOM11 BH,7),8 sqxJleKTli peJIHTHBHCTCKOtt 

KHHeMaTHKH B 88,7J,8'll8 ,7J,ByX Ten. 

Ha OCHOB8 ,7J,H~epeHUH8JII,HO-p83HOCTHOro ypaBHeHHH (I.7) 

MOlDJO IIOCTpOHTI, arrrrapaT, BO MHoroM noBTOPH!Om'//Jtt qepTli KBaHTO

BOti MexaHHKH/4/. 

ECT8CTB8HHO IlO3TOMY IlOCT8BH~I, B paMKax KOH8'llHO-pa8HOCT

HOro ypaBH8HHH lllpe,7J,VJHrepa aa,n;aqy o peJIHTHBHCTCKOM o6o6meHHH 

H8B8C~Horo M8TO,7J,8 ~83OBliX ~yHKUHtt/7- 9/, ycnemHO npHM8H88Moro 

5 



B ~:aaHTOBOtt MBXBHHK~*I. PacrrpocTpaHBHHB MBTO.l!a i;paBOBl:JX i;pyHK

u11n Ha cny-qaJ.1 B88HMO.l!BMCTBl1H peJJHTHBHCTCKHX qacTHU rrpB,llCT8B-

JIH8T oco61:Ji1 HHTBPBC B CBH8l1 C 8KTY8JII,HOCTI,JO P8JIHTl1Bl1CTCKOro 

pacCMOTpeHl1H PH.Ila 88,ll8'1 8,ll8pHOi1 i;pH8HKl1, B qaCTHOCTH,rrpo6JIB

Mbl HYKJIOH-HyKJIOHHoro B38HMO.l!Bl.1CTBHafIO/. IlpH aToM OTJta,llaeT 

HB06XO.l{l1MOCTI, H8XOJK.ziBHl1H B 3a,lla'lax pacceHirnH npdM8lltyTO'IHOrO 

pB3JJII,T8T8, K8KHM HBJIHBTCH, H8Jtpl1MBp, BOJIHOB8H i;pyHKUHH. 

IlpHM8H H H8rJIH.l!H8H CBH3l> rrapaMeTpOB paCCBHHHH C JtOT8H..;_ . 

Ul18JIOM IT03BOJIHBT JtOJiy'IBTI, B paMKax MBTO,l{a i;pa80Bl:JX i;pyHKUHil 

l18B8CTHl:J8 06UU1e TBopeMl:J H rrpH6RHJK0HHR KB8HTOBOtl MexaHHKH 60-

JIBB BCTBCTBBHHl:JM H npOCTl:JM, 'IBM 061:J'IHO, o6paaoM. · BeCI>Ma y.l!0-

6eH 3TOT MBTO.l! T8Kllte B rrpaKTH'l8CKHX Bl:Jq~cJIBHHHX Ha 3JI8KTpOH

HO-C'IBTHblX M8illHHax, JtOCKOJII>Ky pernBHHH i;p880Bl:JX ypaBHeHHJ.1 o6-

Jl8;!!8IOT 60J1Be MOHOTOHHblM IIOB B.l!BHHBM, 'IBM OCUHJlJIHPJIDUU1B BOJIHO

BblB ~YHKUHH, H anropHTMl:J pernBHHH ypaBHen11n rrBpBOro rropH.l!Ka 

rrpome, qe1.1 anrop11TMhll pBrnBH11H ypaBHeHHH lllpBMHrBpa. 

B H8CTOHme.n pa6oTe Kp8TKO qiopuynnpyIOTCR HCXO,l(Hble KOH0l!HO

pa3HOCTHbl0 · ypaBHeHHH MH paMBJII,HbIX BOJIHOBbl.X \PYHUIJtt ( § :2) . 
H BblBO.l!HTCH .. _H8Jll1Heli\Hl:le KOH8l!HO-p88HOC TH!ie yp8BHBHHH rrepBoro 

Jt0PH.l!K8 ;!!JlH p88JIH'IHblX rrapaMeTpOB pa_CCBH_HHH: rrapuHaJII>HO!i\ 8MJt

JlHTY.l!li pacceHHHH (§ 3), T8HreHca i;p880BO!i\ i;pyHKUHH (§ 4), .rrap

Ul18JII,HOtl q>88bl pacceHHl1H {§ 5). B U8RHX HJlJlXJCTpBUl111 arrrrapaTa 

IIU'111CJICHHH KOH_8'1HliX p88HOCTeli\ K8lK;!!Oe H,3 _ypaBH8HHtt BliBO)UIT-

CH HeaaB11cnMo 11 pa8Jil1l!HbIMl1 crroco6aun. B rrocne;ziHeM rraparpa-

i;pe ;!!8Hl:J H8KOTOpl:le 0606~BHl1H W830BblX ypaBH8HHtt. 

. · *IE, Mo~orpa\IJ~HX/7,B/ 11 o.6aopHoi1 cTaTI>e/9/ 11Me.eTc~ BeCI>
ua 110JlH8H 6116JIHorpa~ll1H no M8TO;!!y q>880BliX qiyHKUl1t1 • . · 
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§ 2. KoHBqHo-paaHOCTHOe ypaBHBHH6 llipeg11ttrepa 

PBJIHTHBHCTCKOB KOHBqHo-p88HOCTH08 ypaBHBHl1B lllpe,nnur_epa ,l(Rii 

p8;!!118JII,HOtt BOJIHOBOtl i;pyHKUl1H 1 e ( Z) HM66T BH;zif G/ 

{ /-(" -,t ~ + V/'l-)] ~e ( z)= 0 , (2.I) 

~ . . 

r;zie H
0 

-pa;zi11aJII>H8H 'IBCTI> cBo6o;ziHoro raMHJII>TOHnatta (op. (I .8)) 

Htz =iehl d + er~+:i} el·¾i. 
0 - dit" t('i+-t.) 

c2:2> 

BBe;!!eM onepaTOpli KOHeqHo-paaHOCTHOro ;zinWepettu11poBaH11H 

L1 H_Ai'r . 
. ·cl 

Ll ·= e-liW_- ::L 
-L. 

I 

, cl 
L1 ~ =· e '-all" -1=. - , l, 

(2.3) 

" H CBH88HH!ie C HHllH orrBraTOPli 

-l J . , * 2 cl • V-== e clJi == (-1-L A), V :: e -af" _ l +-L LJ.* • (2.4) 

OrrepaTOP Ho'! B TBpM11H8X V H v* 88Jtl1CliB8BTCH B BH.l!B 

HI(_ * 
o -:: V + We {'l) V 

) 
(2.5) 

I'.l!B 

We (2) ~ 1 + e (€+1) 
. . ~(t~l) 

(2.6) 
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B ;nan1;HeHmeM H8M noH8.Zl06HTCH npaBHna ROHeqHo-paSHOCTHoro 

,ZltttMJepeHUHPOB8HHH npoHSB8.Zl8HHH H qaCTHOro 

L1 (1 (2JJ(?.ij = (/Jd.(2))j(2) +-d.(2J(/Jf fi))-1-f(Llr1riJ1fi pr2y(2. ?a) 

= (A cl (2)) /3(2) +{Vdf2J )fAf fiJ)-; (lJ r:1{2))0f3M) +J.{2) 1J j3(i), 

/\ r:J.{2) _. {Arx.{2)){3(7.}-d_{2} (/Jfl{2}) • 
fi (?.) - ft (2){'v 13(2)) ; 

(2.76) 

PenHTHBHCTCKyID sHeprHID Fi B HenpepHBHOM cneKTpe y;no6-

HO napaMeTpHSOB8Th cne.ZlyIDmHM o6paSOM 

E'l, = dXi, (2.8) 

PemeHHe CB060;zUJOrO ypa.BH8HHR_(2.I), perynapHOB B Hyne, 

sanHCNBaeTCR B BH,Zl8 

X. h ~~ ~~ , ~ ' ( ·-' j ,\ -~-:t.. 
Se {'21 Xr;}=- t sh Xi (-1.J (-2 Cf .,.12" ( d ,;), (2.9) 

(~) I I r;ne I'( -o6o6meHH8H cTeneH1; 4 

/y (J..) • ). F'(-t"t+>.) ( ) 
L -= l . , 2.10 r (-i. 2.J 

P !/J.J}- ipyHKUIHI ReimH.Zlpa nepBoro po;na • <l>yHRUHH r-S"e (21 X) 
y;noBneTBOPHIDT cne,ZlyIDDUiM ycnoBHHM opTOrOH8nI;HOCTH H nonHOTH 

.:IC . 

·;_S ck ~e (2, X} g/F(z, x') ~ itx-x'), (2.IIa) 
C 

8 

. I 

'I 
.I 

.I 

I
i 
\ 

:1 
1, 

. \J 

1 
I 

1 
j 
'1 

00 

;. f J:X Se (2,X) s/ (2~ x)· = t>r2-2') 
0 

Pemeuue, ueperynapuoe B uyne, T8Rll8 BHpa:araeTCH qepes 

~yBRUHn Aell8B,Zlpa 

(2.II6) 

.L--1,£ 
A e { , {-eJ ~ ~ P . 
c.;e (2/X) =(-1.J S-e-.1 (2) X)= fsAX C-2J 4 +i/d.JJ.<2.r2> 

, 

Hcnon1;syeTCH TaRze ;npyraa napa nHue«uo-HeSaBHc.mnnc peme-

BH«, BHp8JraDIIUiXCH qepes ~yHKUHH RezaH;npa BTOporo po;na 

ee{-t,i) (z/X)= 4-/-fc- sAX fl)e+~Z) {e+-,/Q) -f-e {eA'x).<2~I3) 
L t. _J.. t= L1:. 

. ~ 

PaccuotpHu npoue;nypy nepexo;na K HepenRTHBHCTCKOMy npe,Zleny. 

~nH STOro cne;nyeT B8PHYTI;CH K p8SM8pHWI B8nHqHH811 H npoHSB8C-. 

TH 88118By • A 

/y ~ ~/nC - L ' (., •* - ,A I 

Xi-~ rbt.Sll ~ =- cvull ).q,, , (2.I4) 

r;ne . Cf,, -BOJIHOBO8 qHcno. AerKO BH,Zl8TI;, qTQ ~OpMSnI;HH« Hepenn

THBHCTCKHit npe;nen C ➔ O<:>COOTBBTCTBYBT nepexo;ny BO BC8X ~op-· 

uynax K 8CHUilTOTHq8CKHU Blipall8HHHM npH 

t~ 00 
7 X➔o) t.X ➔ t~ (2.I5) 
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(T ~ /. . p {-1,:l) V" ) 

<PyHKU1111._)_('2,XtJ,c..cL<',~)11 '--e (21/li B HepeJIHTHB11CT-
. € 

CROM rrpe.nene rrepeXOMT B COOTBCTCTBYIO!lll1e pememrn ypaBHCHl1H lllpe-

.nmrrepa*I 

,~€ {'~,Xq) ➔✓5I_clt '.;;;_,_t(91:) --"Je lft), (2.I6a) 

Ce ("t, X,) ~ -~ M-1-1; (rel= -11e(yc) , (2.I66) 

{f;:i) fiirn (-1_,t} . 

ee. f-t, ~ )➔ ± L~ V i?l-fle+ f {pt,)=- ± ,:Ile {-t;rrl. (2.I6B) 

B peJiflT11Bl1CTCKOti Teop1111 pacceHHl1H 3TH qiyHKUHH HrpaIOT TY 

lite pOJih, qTo 11 11X HepeJIHTl1Bl1CTCKHe aHaJior11. B ITpHJIOlECHHH I .na

Ha CBO.ZJ;Ka BalKHettw11x COOTHOWCHHU MH peweHHtt CB060.nHOro KOHeqHo

pa3HOCTHOrO ypaBHeHHH lllpe,nttHrepa. ITp11Be.neM Terreph B8J1Hettw11e 
1/.1 {+) /, 

q>OpMyJIU TeopHH pacceHHHH. BOJIHOBBfl 4JYHKU11~ '11je c2) HBJifleTCH 

peweHHeM 11HTerpaJihHOro ypaBHCHHH 

<f7/+J(? I-~ S'e ( ?, "X9}-1 f ~{0 (2
1 

2 ~-x9j V (z 1 Yf/t-k'Jd2 '= 
=- s e(0 Xct) - stxi ro1v ~<:f e./tt, Xp)ll<; (p) <j,,) (2.I7) 

:JC J ( ,-,..p , , 
. ~Xi - Gi.Xp -f-l~ 

r.ne fie {pJ 9-)-rrapu11anhHBH aMIIJIHTy,na pacceHHHH BHe aHe:i;>reT11qec

Kol.t IIOBepxHOC TH 

- / /) (~1.J 
*/ qJyHKU11H Je l <JH:._}, /1.R. ('J!C) , rlR (9-f:) HB3UBBIOT q>yHKUH-

HMH PHKKBTH-EecceJIH H PHKKaT11-faHKCJlfl COOTBeTCTBeHHO(CM.,HaIIpH-
Mep,/7/). -

10 

----l 

1 

r 

j 
i 

r 
I 

oC' 

/4 (p, 'J) = - -~ x f d't p/'(,r,~) V(2J '1//+-J("t). - <2.rn) 
~IL 'J,, 0 I 

CBH3h naputtaJihHUX 8MIIJIHTyA C JIOJIHOti ar,!IIJIHTy.noti ,1/1/->~ 7➔) aa.naeT

Cfl paSJIOlltCHHeM 

l>O 

A-(/, f)= lrxi f;Jtr•J)/4(p,?,) P, (/-/7. (2.I9) 

ITapunaJihH8H {pyHKU11H fpHHa, y,noBJieTBOpHIOlllBH ypaBHCHl1IO 

/1 /z . (+) ...._/, 
lne -iclz.JiJC-e (~1 'lJ X~)== -t✓ (c-r1, (2.20) 

11MeeT BH,ZJ; 

~ 

C /'}-'t/tj x,) = it- .J . Se( 1', x~J Se* rz-: x~) ,d Xt:: = 
. _ · c: d li - d x,:_ + tl::. 

---- [eA(_ 11 (,)/. . (~¥. i ) - w[e/'1/-r;JiJet'lr.;x
1
,,; i-"l 1ee ((,XjJf'c ,r,ir1 + 

(2.2I) 

fi :;/c /. I J (,) /_ t x.J (2._) I,, · ) ~ /,'. 11 {t 'i-: ) {,) ; J 
-1- c,- t t - r ee r z , . 'I ee 11; X7 - v,r-1 r J~, t ?; Nf fe f,t, ~ -

A*( t/ (V( ) (~I/. i ·; 0 - "r--"r; ~€ ~ X<j e~ t t J Xj,j_ _ 

KaK 11 B KBBHTOBOU MeXBHHKe, BblpallteHlrn (2 .21) npe.ncTaBJIH

eT co6o« KOM611H8Ul1ID peweHH~ CB060.ZJ;Horo ypaBHeHHH Upe~HHrepa 

c TeM cymecTBCHHUM OTJil1ql1~M, qTo BMCCTO o6uqHO" CTyneHqaToti· 

q>yHKUHH e ( It.) B Hero BXO.ZJ;HT ee KOHeqHO-p83HQCTHhin 8HBJIOr 

tJ {~) (cM.Ilp11noJKeH11e IT). 

II 



. Ill (.;.) 
t'.13 ypaBHBHHH (2.17) H8XO;ztHM, 'IJTO IlpH i➔ Oo tye ('1:.) 

HM88T cne;ztyromyro' aCIDlllTOTHKy/6/ 

1/1(+-) , . l../-cr,,.-Yltj 
,9e ('t) ~ SLt1-(,y_'Xt, - ~1-1- rllefp,t;)e I' '7 :L • (2.22) 

B ITORHOH aHanorHH C KB8HTOBOtt M8X8HHKO" BBB;zteu qJ83hl pacceH

HHH H ;ztH8rOH8RI,Hhl8 aneMeHThl $ -M8TpHUhl 

w c+> ✓, i!e , /,. · xe {\- · 
J9a c'C) ~ e St.n- ,~Xt - 7 ·-1-oe)

1 (2.23) 

$el9,) = eiit!;. l+11/4{f,j) , (2.24) 

YcnoBHe yHHTapHOCTH (I.4) rrpHBO;ztHT K cne;zt,vm~euy COOTHO

meHHID MR napUH8RI,HhlX aunmtTY:zt 

';/m-dfe /7/f) = / Ae(cj;tj)/1, (2.25) 

H M8TPHUhl pacceHHHH 

~e (9,J•Se*~) ==:I.. J (2.26) 

'IJTO paBHOCHRI,HO Tpe60B8HHK) B8~BCTB8HHOCTH (J?as. 

§ 3. YpaBHBHHe ~nH TaHreuca waaoBott WYHKUHH 

B HepenHTHBHCTCKOM MeTo;zte qJ830BliX qiyHKUHtt T8HI'BHC qiaao

BOlt cpyHKUHH 

te (tt) := ~ de ("I:) (3.I) 

y;ztOBR8TBOpH8T yp8BH8HHD 
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I 

. ·!I 

' 
I . I 

j, 
'I 

( 
•1 

ix ie {'t) = -f V('t) [je(r;,r.} - fe('t)ilefr J] l~ 

-1:e (o) == 0, 
(3.2) 

BhlBB;ztBM penHTHBHCTCKHlt aHanor (3.2). C UBRI,ID nony'IJeHHH 

KOHB'IJHO-p83HOCTHOro ypaBHBHHH ;ztnH TaHrBHC8 cpa3hl 38ITHWB!A pa.mrnn1,
l/.J (+- j I', . 

HyD BORHOBYD cpyHKUHKl T CjR ( 't} B BH;zte: 

'-fo/+>[-r;::: 1:-eff, z)$e(1'; k) +Ve(?J 'lj ~ (r,X<>,) ) I • l r J (3.3 . 

I';zt8 Ee (rJ "r./ H JDc { f/1 'r) -HBH8BBCTHhl8 ITOK8 {J?yHRUHH. t'.13 

cpOJJIYR (2.17) H (2.21) HeTpy;ztHo rrony'IIHTI, cne;ztyromHe Bhlpaxef 

HHH ;ztnH Fe (9) '2) H 2'e (91 --r): 
.>O 

Fe (r;, ~) = :L- ~, {~tS~(2: x1),-r[ 0/2-d- 0(?+tiJ}Ce(z; tY" 
1< 'f1f+)fr') V(2') oh_ I .-~i.4) 

We{ "t 1
1 X1,} 
' oC 

S?Je (9, "t)== f -{ d. -Bfi-11- 0(7.+t')J Se(r~X9} x 
0 (3.5) 

I( Yql.,.'6'J V<2 'I cb/. 
We {'r.', X1,) 

nHqxp8p8HUHPYH pa3HOCTHhlU o6p830M COOTHOW8HHH (3.4) H 

(3.5) H y'IJHThlB8H TOT ~8KT, 'IJTO ;zt8RI,T8-qJYHRUHH ;v(t+ y') He 

;ztaeT BKna:zta,nony'IIHM 

I I. . C. , Ju,{+) 
A ce cff/'t)== - el 'l'J Xi rqe {zJV(,d 

We(z., Xi) , (3.6) 

13 



a'\ rl (+) 

~ -x.Je (<J/c./ = ,:>e(z;Xtt,) ~eh) V(2) 
We (rz, Xep) (3.7) 

YMHOlltMM (3.6) Ha 'lJe{i)"C), (3.7) Ha Ee(<J, t) H BHll

TeM nonyqHBlllHeCR BlipruKeHHR ~pyr HS ~pyra. IlOJII>8YffCI, COOTHO

meHH6M (2.76), npH'AeM K CJI6AYIOmeMy paBeHCTBY 

11 f e ( ff i''I ~ Fe(fpJ · V (~ /f:e(,, Xi}+ tdij, ,x;._ /1,XrJJ'o Oa) 
f7Ee(t;, 2) We 2/1.t; 1 . 

r'Ae 

·e(tj./d 
t:e(c;Jt)= ~ I (3.9) 

MHOlltl1TeJII> 

q>opMynoli\ (3.6). 

Fe(9, ~) 
'vEe ('f, t) MOllCHO 11c1m10qHTI>, BOCil_OJII>80B8BlliHCI, 

'1 Ee. ( i, ,y,J -= Ee { 9/t/- ~ Ll Ee ( <t /'t) = 

= Ee (9, rJ [ i + i...te (~!1) 1/(z) [ S'e{'i,X?)4-fe(q -r.)a(z, vjl<3
.IO) 

· We{'r, ltJ) 1 ~JJ · 

0KOHt18 TBJII>HO nonyti:aeM KOHeqHm-paattoc THOe ypaBHeHHe .1UIR -fe fi, 'l) 
B BH'Ae 

-V{2) [ s;(lj Xq,) + t(9, t) ~ (t, xi>JL (3.II) 
t~rr)=-" 17 

A e r, We (-r, 1) f-r- L Cc (r,!t) V (2) [ge r~ X, )+ ~, 2) a ( t, "i,h 
· Wd-z,Xi) .. 

. -fe (f/JO)=O. C HaqanLHUM yCJIOBHeM 

14 

--------• I 

I . 

\ 
( 
' ! 

YpaBH6HHe (3.II) B HepeJI.llTHBHCTCKOU npe;qene nepexo'AHT 

B (3.2). 

§ 4. I£8BH6HH8 'AJiff napUHBJII>HOli\ ©88li pacceRHHfl 

B 'A8HHOM naparpa4>e npH BliBO,lJ;e ypaBH6HHH lUIH ~a8li pacceH

HHH Mli HCilOJII,ByeM ;qpyrol,\ SKBHB8JI8HTHlili\ MeTO'A - KOHeqHo-paBHOCT

Hlili\ M8TO'A B8pH8UHH IlOCTOHHHliX (cp/6/). c, aTOii U,8JII,IO BBe'AeM B 

paCCMOTpeHHe 'ABB HOBlie qiyHKUHH &(1:) H ~ (-c-J ' IlOJIOlltHB 

W,/0(-r) =flt(?/[ ~te(-rJ/4 (1:/Y-jJ+gitz o~6Ja (2,Yi}J • (4.I) 

(CJ 

IlocKOJII>KY Mli BM8CTO O'AHOI,\ H8118BeCTHOli\ qiynKUHH Y'qe (zJ BBeJIH 

ne qiyHKUHH J; [i) H Ke (4 , oqeBH'AHO, qTO Mli ,lJ;OJilmli Ha

JIOltlfTI, HeKOTOpoe 'AOilOJIHHT8JII>HOe ycJIOBHe. IloTpe6yeM BliilOJIHeHHfl 

STOI'O ycnopHH B BH'A6 (cp./
7
/) 

' A (te{'z.)ClJ1 rfe[2J}Se(?.1NJ,J + !J(Ke (2Js&zot('l.l} <1.(?-,X9)= 0,(4•2) 

HJIH, SKBHB8JI6HTH0 

At (k'e(z)u/oe /2p1/st(~ t,)+l(ke(z}Sllld;(lJ)fl~(r, Xjj == Q. ( 4.3) 

C yqeToM 'AOilOJIHV.TeJII>HOI'O ycnoBHH A -npo11aBo'AHaH BOJIHOBOli\ 

~yHKijHM HMeeT BH'A 

15 



A Y:;/cJ(r.J== P'(k'e(zjCl)1. Oef,tJ)ASe(t
1
Xi,)+ 

+ 17 ( te(rJslnae(-tJ) L1 Ce(r,x,J, (4.4) 

J).aJiee t HCIIOJII,3Jff ( 4.2) 11 ypaBHett11e lllpe]!IfHrepa co CBOClO]lHm! 

raMHJil>TOtt11attoM H~~ B B11]le (2.5), c5y]leM 11MeT1, 

V ~t) (d = [ A {Ke{z)Cv:!Oe (v) VS'e{t;Xi)+ frl(~e(z)rt'nd/zl),,(4.5) 

. I< fol . (ol 
~ VCe(t,X1,) -We {1")'7 '/ref-tJ+:<11-'ljtfr} 

1 

* . (o)/. - ( ;/ * V Y9€ c -r) == { ke (z/t:,c,Jd€ 2); V 'if e (z 1 "Xi,) + 

+ { kr (?.) sl.n oe {21) ii 1 tR ('t, Xtt,) = 0, 
(4.6) 

flo;nCT8BJiffff (4.5) H (4.6) B ypaBHeHHe (2.I), IIOJiyqHM: 

ll ( K'e {c.) (U).JJ;,(21) r/£e(?, X7) + ty, ( Ke{z)s/n cJ:,(~J)f1te(z,1,p(4. ?) 

, V( . foJ 
::: - l 't.)lf <jf' ("t j • 

113 (4.2) H (4. ?) B~TeRaeT CHCTeMa p83HOCTH~ ypaBHeHHtt ]lJIH 

ke('t) H tie fz): 

A ('/ 1 1 ,,~ ~ 1. J) = _ V/i) 'lq/°)/2Ja/t1 X9J 
LJ ,:.e ' LV-d .e,2 We (2, X9) , (4.8) 

11 ( k:c. (2) sb, ti~(lJ) = 
. (a) ) V(i) "rq~ {z/$e(Ar

1 
X9 

We (1:, Xiyj 
(4.9) 

McRnroqaa us (4.8) H (4.9) :een11qutty ke {?..) , nonyquu cne,lty!O

~ee ypaBHeHHe ]lJIH waaoBo« ~YHRUHH 
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I 

t:a[L/J.oeftl]= ;_ V(z) ) [~e(r,X7}co1~:{i)+-~(?Xr)s;_n4~{,)j~ 
'ii We{1.,~ 

x{1 +l V(iJ [~e(z,Y.r)C81de{z)+-~ ('t1'f9)sl.11/e(~JJ" 
We{2,X1) 

" [ Se (r, X1) rin fe{-tJ - &. (r, x1) tt>.J J'~(v] '!; ~1. 

rpaHHqHHM ycJIOBHeM ]lJiff 3Toro ypaBHeHHff flBRHeTCR 

re {o) ==O • 

(4.IO) 

(4.II) 

B HepeJIHTHBHCTCROM npe]teJie. ypaBH8Hl1e (4.IO) nepexo]!HT B 113-

BeCTHOe W830BOe ypaBH8HHe RB8HTOBOtt M8X8HHRl1 

J de (·c) = -1:) [Jefrµ)wd~(l/- flt(rrJslnrJ(v]:- (4
•
12> 

J!JIH WYHRUlflf k'e (z) IIOJiyqaeM ypaBH8Hlfe 
. 

· A Ke fr) + ';_ ~ ( 'C) I: e (1.) = 0, (4.I3) 

r.lle BeJrnqHHa ~ (7:.) Hll88T Blf]l 

~ (~) = .1-[d+ ~~i
9
) [se(2,X,)C61o~(zJ+ d(2,x,}sm&kJ} 

i< [ Se (z, X<J,)SUtde{v- ~{i, X9)CGJde[uJ - (4.I4) 

- v1[2) [. ) ""' . "" 
We_'-(z., 'X,) . s>e{,1 'Xq Ct!Joe(iJ+ &(21 X1)sln. oe(u]~" 

y. 
1t [Sr/· ( 2, x,) + (i l( 21 Xii,)] j ~ 

17 



B OTJUfti:116 OT q>830BOro ypaBHeHHH ( 4. IO) ypaBHeHHe ( 4. 13) 

JIHHefiHO. BeJIHtiHHa !/1 (z} 38BHCHT OT q>830BOfi qiyHKUHH Oe("t-) • 
B cJiyti:ae, Kor;na H3B6CTHO pemeHHe ypaBH6HHH (4.IO) ~("lj , 
MH Ac ('t) noJIYti:aeTCH 3aMKHyToe Bl:lpalltemrn 

~ 

I/ · L][§f,z-2'}-f(-z'J}&z[i-i!f(,-r')/cl/. 
f\e(--tJ=e· o (4.IS) 

BupallteHHe (4.15) HMeeT npaBHJILHl:lfi HepeJIHTHBHCTCKHfi npe

,lleJI/7/. 

§ s. YpaBHeHHe AJIH napgH8JII,HOfi aMnJIHTy:nl:l pacceaHHH 

B HepeJIHTHBHCTCKOfi TeopHH pacceHHHH q>a30Bl:le ypaBHeHHH 

(3.2), (4.12) MoryT 61:lTL nonyti:eHl:l TaKllte nyTeM ·BapLHpOBaHHH 

COOTBBTCTBy~m11xnapaueTpOB pacceaHHH no pa;nHycy o6pe38HHH 

IlOT6HUHaJia/?,S/ 

lf (-r ~ ~1 == 71/l ') G (-r: --i '), (S.I) 

tlTO Il03BOJIH6T npH,ll8TL q>830BW q>yHKUHHM HCHl:lfi q>H3HqecKHfi CMl:lCJI 

napaMeTpoB pacceHHHH Ha onpe;neneHHOfi qacTH noTeHUHana. 

HHllte IlOK831:lB86TCH, qTO B peJIHTHBHCTCKOll KB83HilOT6HUH8JII>

HOit TeopHH pacceHHHH cymecTByeT cpopMaJILHoe 0606mett11e "o6peaa

HHH11 IlOT6HUHaJia (S. l), npHBO;llHmee K TeM ze peJIJiTHBHCTCKHM. qia-

30Bl:lM ypaBH6HHflll, KOTOpl:le TTOJIYq6Hl:l B npe;nl:l;l\yll\HX naparpawax. 

8TO 6y;neT npo;neMOHCTpHpOB8HO Ha npHMepe ypaBH6HHH ;l\JIH napuHaJI!r

HOll aMTTJIHTy:nl:l pacceHHHH. 
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PaccMoTpHM 06m11it cnyqatt noTeHUHaJia Y(z.~ t}, aaBHcHmero OT 

HeKOToporo napaMeTpa -t., B 3TOM cnyqae BOJIHOB8fl WYHKl\Mlfl efe7t t) 
H rrapu11aJil>H8fl aMilJIHTy,lla pacceHHHH fi-f? (p, f J 't) TaKJKe 38BHCHT 

OT :nattHoro napaMeTpa. 

Ilpo,llHq>~epeHUHpyeM pa3HOCTHl:lM o6pa30M no rrapaMeTpy i:, 

cooTHomeHHe (2.18) H ypaBHeHHe (2.17). C yqeTOM npaBHJI Ll 
,llHq>qiepeHUHPOB8HHH (2.?a) Hatt;neM 

"'° 
L.\ cl/e ~<ht)=:. -kxi [<:e,c6: ·f)lA V (z:,C) 'lf/+-(2~2) 1- (5.2) 

+ vv (2.j?:) 4 W;r•·) {z~ 'r.) Job<~ 
;ij {r)/.; . Jae (+-) [ . (f-J/ 

"1 ..,,Cf- c-r,r)= te (2~'l'1X7) 4Ub'/t)1£ 11.'~t)+ (5.3) 
0 

it ) U· (f-)( " )} I r/ + V 1r { i ' 'l. 4 r 1 c -z. ' 2 a 't • 

(+)/ I .I 
~HTerpHpyH COOTHOW6Hl16 (5.3) OTHOCHTeJILHO L1 Y'fe f 21 lf, IlO-

JIY'lllfM PH.ll 

A•'~ (+->it)' r,,,(+-)/.. 1 ''•v; ,r1.11; (r)/l LJ''' 
L1ToR cz,2. = J lre ('21 21 MLlvr2, f,;.- cz1/?,ca + 

I I I '/t' I 

t> 

f-/(/• J(, '.,: ;,.,) fl 7J'fz J,Jt/'/,; 2 'J Li V(, ;' 'Yj 'ft(/•JJ,}J,_t 

nocne no,ncTaHOBK.11 pn.na (5.4) B (5. J) non~qnM 

A A r(p, 9, 'l):: - ~fx, { f d·/ f S./: (z ~~) -f. 

"° . , 
+ f c/, 11 S. * ( 2 // .M)

0 

r7 v-(?. '1 ?). C ( /-.) /2, ,, 'r I X, ) + 
c, 2 e , , v , c.-e < • ., .1 9 
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oO 

+ J J./'d2. JI/ j1 j(l_ i Xp) V \[(2 1
;' 't)(;/'"){2 i~1'tj' -x,,)v V(2;2)x 

0 (5.5) 

(+),. I/ i ). ] Ir/. I _ju.,, (-1-J/:_/ ,I 2 
x(;e (2 1 't;X7+, •• Av121 c;17~ c21 "rJJ. 

PaccMOTplfM TenepD ypaBH8Hl1e 
rv oc 
ti~ (+-) o '/C/. I -X...) j.'); fr)( ;1 :) 11/. n . l l"(i-) ,-., II I J L · Tqpe = ~e2 l"l-,-7 + T7pe i,r v(2/2;t,e , 2,2/.X;i q2 ;~ 

0 
(5.6) 

Ha 3HepreTl1'118CROti llOBepXHOCTH p = ff ypaBHeH11e (5 .6) 

3KBl1BaneHTHO ypaBH8Hl1ID (2.17). netiCTBHTenDHO, yMHOXaH (2.17) 

Ha Ben11tJ11Hy Ye {'l) (cM.(II.I.IO)) H ytJHTHBaH cooTHomeHHH 

:1e *("L, Xi,)= Ye(z) ~e(2
1 

Af) 
1 

Cr:('-J/2. y''Af>)=- Ve{2 1
) (}. (r)'211", ::r,) 

) J Ve r~J e t z1 / '/J , 

nonytJHM 

°" 

(5.7) 

,J:'{+-)1, l,J r-~ I ) 1..f':..-1,,{f-,}_ij )llf.1/) /l(f-) II I .J / I/ 
'qi. (l:1 "l/::; ~e ( "l/'1 ~ ~p ( 2 1 '2 V ('Z J 2' fre (z 1 'J' A7Jt:r2 I (5.8) 

"-(+J 
rAe qepea c/;e (2 j ~J o6oaHaqeHa BenH'IIHHa 

;'):(+)/.. ,J 1J1/J{I-) I ,')-;cr)/.l,J 
T9e c2~2) =ve(7.;~ '/2,?J=- '1P ,21 -r;. (5.9) 

~erRO Bl1A8TD, qTQ BblpaxeHHe B .KB8Ap8THblX CKOC>Kax B (5.5) 
. "'"'(f-) 

ec TD He tJTO HHOe RaK HTepau110HHblti pHA MH BenH'IIHHbl V ti, 1e ( z/1}, 

20 

ynoBneTBOPHDme« ypaBHeHHD 

11 tt c+~, 1 * ,_, r. ;1:{tJr ,, . v-1. ,, ]ft~) ti , J " 
J 7p<f l 2, I -= S'e ci;Xp) +,_JV ~t 2, 2) f l 2/2/{:-& {z, l:/~ dt . (5.IO) 

TaKHM o6pa80M, np11xon11M K cneAJDmeMy npeACTaBneHHID ARR BSRH'IIH-

Hbl fi~e (pJ{y/t) .' 

.pc ,I,, 

L1 Ae(P19/l) =-,Jx,, f (l~~)(i,'2).aV(z;yJ~(rh.-~vA '. (5.II) 
. 0 ft. 1 o 

-IlOA'llepKHeM, 'IITO COOTHomeHHe (5.II) cnpaBeARHBO TaKme 

BHe aHepreTH'lleCKOil IIOBepXHOCTH /J =- ff . OHO aanaeT CBoeo6paa

Hblil cnoco6 BblXOAa 88 noBepxHOCTD aHeprHH. 

B ABnDHetnneu Ubl 6yneu liHTepeCOB8TDCH TORDKO BenH'IIHHBMH 

Ha noBepXHOCTH aHeprHH. ~OpMyna (5.II) rrpHHHMaeT B 8TOM cny

qae BHA 
llt1 ,1, (+-Jr: i · I rv/01'. / · _1, I 

A 1. ) J V 'f'qe c 2 /l)A 1Y(21 2) r9, c 21 2Jwc 
Atftet92:::: - '1 

ti • o · We (t~ X'I) (5.I2) ,. 

Je (r, rr} = cAe(f/11/,,i~J. 

BH6epeu "06peaau11e" noTeHu1iiana t/'{z: 2:JB cneAJDme1,1 BHAe, 

l;{z ~ '"lj = V-(zJ & /2-2')&/?t-2) {j.-&
1

(-2-2')} 1 (5.I3) 

HUeIDmeu npaBHJIDHblti HepenHTHBHCTCKHLi npeAen (5.I). TaKHM o6pa

aoulr(t~O)= 01 lr{2~oo)=uf$1.nH noTeHn11ana (5.I3) c ytJeTou (II2.6) 

HSXOilUDI HS (5.II) 
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. (+) y ,I "'\/ ,\ltb (t-) 
Li Jc (r;/r.)-= I V'k,e r2J t) V(2.J0(9.,r) [-l-0c-k1 r1e (2/J.(5 14) 

~~e{?, 'Xf) I • 
"! '==--r 

TI0111,ayHc1, TO~~ecTBOM (TI2.6), MOlltHO rroKasaT1,, q-TO waKTop 
A ~ ] ()(k) {{-{) (-P,t} HB1IH8TCH aecymecTBeHHliM MH w11s11qecKHx -

B81111ql1H, 11 ero MOlltHO orryCTl1Tl,. 

~3 ypaBH8Hl1H (2.17) , C 11CITOJIJ,80B8Hl18M (2.18), (IT2.8), 

(TI2.6) 11 yqeTOM 38B11Cl1MOCTl1 BOJIHOBOK WYHKUH11 H 8Mil1IHTy.1W pac

C8HHHH OT rrapaMeTpa o6pe88HHH CJie~yeT 

c/lqf +Y2~ 2) = Bef9, 'e~ 't)[se(2~X1}+cAef?; '2.j-r)ee(l)fz:x,J] ,(5.15) 

rrp11qeM 

4 ( C//'t/d = i. 1 vie (9/t/t.}= vie( 9.1 r). (5.16) 

PaspemaH Terrep1, ypaBH8HHH (5.14) OTHOCHT81!l,HO Av1e(r,2), 
rronyq11M KOffeqHo-pa8HOCTH08 ypaBH8HH8 MH aMilJIHTy;zw pacceHHHH 

B BH~e 

i1A-d7, rJ-= rfr~x1J [~e < 2, ~J+J-~tr/c)e(f'½, x1Jl11( 
c > J. (5.17) 

x {1 + i.11.) ee' (~ xr) [ fe (t, X7}-1-v1e(q
1
1/ ef J {z, X,) ]7.-

~ ~ ~ J, 

c Haqan1,HWi1 ycnoB11eM eA-c (q, O)::: 0, 
B HepenHTHBHCTCKOM rrpe~ene (5.17) rrepeXO]UiT B H3B8CTH08 

~H~epeHUH81!l,HOe ypaBH8Hl18 AJIH rrapnv.aJIJ,HOU 8MITJIHTY.1W pacceH

Hl1/7-9/: 

22 

:Jx J,(9, 1-)= - '4t-[Jl'f'I+ ivl,(?,di/"(r,J r (5.18) 

RerKo rrpoBepHTJ,, qTO 118 ycJIOBMtt CBH811 rrapaMeTp~B pacceHHl1H 

&'/-e(9,r)-= --l:e(9/'cJ l:e(r;/c)=- ::fe(~,z) 
1-i -1-e(ff/l} 7 1-1-lAf'(?/tJ 

etf-e(r;'l)-:= el rfe(z.1_nJ;(2)} -1:e (9/ 2/ = --a; er; ('J, y), (5.19) 

CJieeyeT 8KB11B8JI8HTHOCTl, ypaBH8HH" (5.17),(4.IO) 11 (3,II)~ 

Yql1Tb!B8H WOPMYJIY 

Ae (q, 
1 
t) = ~e('h_ ~-J. , - (5.?0) 

IlOJIYq8eM T8KZ8 ypaBH8Hl18 ~HH ]U18rOH81!1,HOrO aneueHT8 M8TPHUU 

pacceHHl1H $e (th t): 
O f ,( V{i) r (f> ~ /. : (t) 172 

L1 ~e lfj,1P=- ff W'tfr,Xq}Lee (r,11)-M:(7/'l)ee fr,X,,h-,(. 

{

. r, (or _ . _) (5.21) 
'JI i _ Vc'l}te Y, X1J [-e/'-'(r,'X1)- f:ie(~/r}e/'J(r,x,J] •i, 

~~~x~ . -

c aaqan1,auu yc110:s11eY $e ( 'f, o)::: :::l. 
B HepenHTl1BHCTCKOY rrpeAeJie (5.18) rrepexoMT B ypaBH8Hl18 

d - · r (JJ f) o {I) , 7z. · 
-;lit- Se {f,,)=·-j

1
V(r)L/4e '{tyi}.+,)e(r,'c) 1te lfOJ. (5.22) 

.Yq11TUB8H CBOilCTB8 Cl1MM8TpH11 (Til.5) 11 (TI!.!!), rronyq11M WOJUY-

JIU te- (t) -x1 J::: -oe {t, xi,) , (5.23) 
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rl ' -if . ~e (1:,- Xt/ = ,9e ,r, 'Xi,) 
1 

(5.24) 

ttepe31HT11Bl1CTCKH8 8H8JI0rl1 K0T0pblX xopomo l13B8CTHU. 

Ilapru.1erpu KB83l1IT0T8HU118Jll>H0ro pacceHHl1fl Yl0BJl8TBOPHIOT MH 

BemecTB8HblX IT0T8HU118JI0B ycJI0B11ID YH11T8PH0CTH (I.4). BBeleHHUe Bblme 

q>830Bbl8 ~yHKU1111 C00TB8TCTBYIDT rrapaMeTpaM pacceHHl1H Ha KOMilJl8KCHOM 

rr0Tettu1.1ane V('Z'..11 't,} (5.13), MHHMaH 11acTI> K0Toporo acHMITT0THtJeCKl1 

np11 "{ ➔ 00 oelpamaeTCH B HYJII>. IloaT0MY yCJI0Bl18 YH11T8pH0CTl1 Bblil0JI

HH8TCH T0JII>K0 MR ac11MITT0TJ1K cpa30BblX cpyHKUnt,t /e(~'-t.)1 ()e (th t) 1 

vf.dr, r.l) St. (9, t), flBJIHIDll(HXCfl cpH311'118CKl1Ml1 rrapaMeTpaMH pacceH

Hl1H: 

. .fi.JJL [-fe (c;,J l/ - fe_,ttfft 'l)j -=(' l 

t➔ = 

flm_ [ /; ('/,/(_/ - J'f. -1.f?/t)] == 0 
't ➔ Oo I 

ti.m [ ;/,n /4 ('/J r) _ ,Ae (f/4 r)vf.e "(~ r) 7 = cJ 
t ➔ uc MiXe;, J ; 

(5.25) 

(

1ni [ Sc ( 9'/d· st (CJ, -rJ] := .1. . 
't ➔ "'O 

§ 6~ 0CloelmeHHb18 K0H8'1JH0-p83H0CTHU8 ffi830Bbl8 ypsBH8Hl1H 

MolltH0 paccM0TpeTI> ,ITOl0ClH0 T0MY, K8K ST0 Cl8J18H0 B KB8HT0B0il 

M8X8Hl1K/7- 9/, Clonee 0Clm11e q>0pMl:l cpa30Bl:lX ypaBH8HHil. Ilycn B HCX0l

H0M pa3H0CTH0M ypaBtteHl111 lllpeMHrepa rroTettnHaJI V (-tj pa3Cl11BaeTCH 

Ha ~e 118CTH 
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I ; 
! 

V(tJ = lilt/+ WftJ, _ c6•1 
V f t;i.J 

T8Kl1Jl oelp830M, 'IJT0 na JIHH8llH0 H838BHCHMl:lX pemeHifH J_e {ti X;) 
yp8BH8HHH 

·J 
[ 

- 1 • ol e(tt-1.J LcW ~,7 0 1J v~2J 
"i C11A.-Jit + t(-c1-tJ e + W(tj'.fe (r, X,)-i~ Je ('t, X,) (6.2 

HSBecrHu. 

ACHllilT0TH'IJ6CKl18 BblpazeHHH MH BTHX cpyHKUHil npelCT8BJIHIDTCH B 

CTSHnapTH0M BHl8 

Y/'J(r, x,.J~ wi(t~ -r + !'e(Xi))J t~.oo; 

'i (tJ /4 'I[{ ,J 
e (t,'~) ~ e&d ,rX,,- 2 +jle(Xp;, 'i'~ <:)<7

1 

(6.3 

(6 .3 

r:zte f e (Xi} -qiaahl_ pacce1rn11a ua noTeuu11aJ1e W (I'(,}. 
By:zteM. 11cno311,aoBaTI> pemeHHH Y./'1(,r,~ 11 Yl1' (~ Xi) B Ka

-qecTBe 6aBHCHUx' cpyBKLtH'1 BM8CT0 \PYHK1tH1,l$t/~ ~t~W, 0TB8'118IO!l(l1X 

CB060:ztH0My nHzeHHI>, H npe:ztCT8BHll B0JIH0BYIO cpyHKLtHIO '-lfe ('t) B 

BHne 

1/1 (+1/.'. V (,J/".. ) V (.2),, ) ,ye err/= <le('t,'X9J ..Le ('t1 Xi + Je (t1 X7,) ..i..e ,r, ?<i _ (6.4 

lJIH ;ll8JII>Heilmero y~o6H0 BB8CTH CJie:ztyIO!l(He 0603H8'1J8Hl1H 

-tqfe(r,'Xf,}= ole(r,X1) =&le (~,Xt,), (6.s: 
(1 ·.- foe.{t1X'f) · · 

QqeBH;l!H0 t B0JIH0B8H \PYHKLtHH ~e ( t) Hllee~ 8CHUfiT0THKy 
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V(t) = if/ti+ W'(tJ, _ (6.I) 
Vf~i.J 

TBIUUl 06paa01,1, tIT0 ;llBa JUIH8tiH0 H838B11Cl1MliX pem8HHH J_e (t-, 11,) 
ypaBH8HHH 

·I 
[tdil1 + ~r::~ elclF +W(i/.le{l~:r,)-1~ .Ye~r~ ~) (6.2) 

HSBeC'l'Hli. 

AcmlnTOTHtI8CKH8 Blip8E8HHH .lUIH 8THX WYHKUHU np8JlCTaBnHIDTCH B 

CTBBJtapTH0M BHJl8 

Y./11
(r, X,,)~ wi(tX, -Jr/+ fie (Xi))1 t~.oo; 

Ye (tJ 6, x,,J ~ ee:1 frX,,- 'lff +/lefx,J), 1'-J) <»1. 

(6.3a) 

(6 .36) 

rJt8 fe. O<i} -waaa pacceamm ua noT8Hu11ane W {"l}. 
ByJt8M 11cnon:r,SoBBTI, p8W8HHH Y./'1[,r,Xtµ H Y/1) r~ Xi) B K8-

1i8CTB8 6a3HCHUX WYHKUHU BK8CT0 WYBKUHtt.s'e (~ t)/U'W, 0TB8tIBIDII\HX 

CB060JtH0MY ;llBHS8HHI), H npeJtC'l'SBHII B0nH0BYID WYHK!lHID 'lfe ('t) B 

BHJl8 

Jlna Jtan1,ttettm8ro yJto6Ho BB8C'l'H cneJtYIDII\He o6oaHatieHHH 

-I:# .f e {t, 'X1/'s ole (r:, X 1) ':=. 'le ( 't I x,_,) , ( 6. 5) 
foe.{t1Xt) ·, 

QqeBHJlH0, B0nH0BSH ~YHKJlHH ~e ( "l:j 111188'1' acmmT0THKy 
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W,J+->(r, ~)~ de(~Xj,)Y-f1- [tYi -f- +ft(Xf/,)+fi(~ Xi,}] 
1 

(6.6) 

T8K l!TO IlOJIH8R cpaaa paccenmm 118 110T6HUH8Jie (6 .l) paBHa 

de (Xi)== fe(::c,1 1'1/ + fie (X1), (6.7) 

!lo 8H8JIONUI C (2. 21) , BB6'A6M qiyHKUHIO rpttHa MR ypaBH6HIUI 

(6.2). 

C,(+J (, t~.X.) I f,,,.. ,,fv/11/. · yC2J, 
tf -r, I 7 ::: -W[i/'1/r,'x,ti/2Yr:x,JZEJ(t-t'l[J.e rt,X,)~{2,X,)-

IJ (:1.Jr.. y·(IJf.; 17 ,... rv r,J vCJ.Jr.., j. (6 .8) 
-1e f'l:,x9) e 11: 1 x9JJ -0('t+t'l .1e ~,x,J.1e (t,X? +-

v £2.>( Y-)l·ctJ1.1 )ii v(t111 J(Y.(2)/. •v(,Jf. )'2 
-t- J.e -r, '"f (! c't, xi~ + .le rr I x.9 e rr, r1J-L .1..e c 4 X7 '], 

BoJIHOB8R ~YHKUHR 7re ( "( j Y'AOBJI6TBOPR6T HHTerpaJII,HOMY 

ypaBH6HHIO 
oc • 

ff.,{+>- V {nf r F (1-J · I IT/.~ (f-)J': 1) I. I 
'fcte (t, ~ )= 1£ er., x,J + Jl-o (r/c, X,) v (ii ~e r -r,; a'-l., (6.9) 

Vicrrom,ayR (6 .8) ~IlOJIYl!HM 110 8H8JIOrHH C § 3 KOH64HO-pa8HOCTHOe 

ypaBH6!1He 'AJIR 'Le /'t, X,) ,' 
A 7e (T, x1 J= t/(rJ [ .Y/'Yr, x,/ + ?:e(r, ;.1; 1er,.1/r, .x,JJ 2 /l 

.· We(r,Xr) 

le' [ d. +i J."/11
(r,xr/ U/-zJ [Y/i(c,x9J+te/~x,;J/% X,)] J-:i 

, We(~, X9) .. ·· · ' 

(6.10) 
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j 

I 
I 

! 
Ii 
I 

,I 

C H848JII>Hh1M ycJIOBl16M . 7:;(01 XriJ=0, 
<PyHKUHR ole ('t, X,) Y'AOBJI6TBOpH6T JIHH6HHOMY ypaBH6HHIO 

A de(r, X7J+id..e{,,X7J,9e (-r) = ~ , (6.II) 

r'Ae B6JI!Jlq1111a ~ (r} . IlOJIY486TCH HS Hblp8l!C6Hl1R ( 4. 14) 3aMeHOH 

Se ('r, X9) ➔ J/'1/r, Xrt), a:rr, X9) ➔ .le{!J(r, Xtp), 

Peme1111e ypaBH6HHH (6.II) HMeeT BH'A (4.15). 

PaccMoTpttM 'AB8 qacTHbl~ cnyqan. llycn W /t) == ~ -

1tynonoBcK11il rroTeHl.\ttan. Tor'Aa Ye r'{r, X9) 1 • 1 / 2>(t, X7)
ntt11en110-neaaBttcmme peme1111R paa11ocT11oro ypaB11e1111n 

· , °' e/et--r l?li . (i,f) . r"2. [e
. I ) •4 · ) 

J,c/,J,dJt + 't(uil e + .f}Ye (z,x9J==fJ1 le (r,X7). <6 -
12 

Pementte f e (IJ fr, X9-) ypaBHeHttH (6. 12), perynRpHoe nptt 1' = 0, 

H8H'A6HO B.pa6oTe/6/; OHO HMeeT Bl1'A 

. ' 
V (1J1.. ) tli t'l Xz (t+-tJ ~t, . . rj1, -X) 

.le t 7, X7 = c;,. (x1Je • f- tJ. • F(t+J-l-ll/,-1.-t+t,.-1; if+.!; !~~(6.13 

fd fl. 
r'Ae (e/Xr) -11opM11PYIO!I\HH MHOlltl1T6JII,, ~ = -.f&lz.Xtj.. BTopoe pementte 

J/11 (Y, X7) MOlltHO l10Jlyl!l1 TI, 113 (6. 13) rryTeM 3aM6Hbl f ➔ -17-:I., 
HanoMHHM, l!TO. JIHH6HHO- He3aBl1CHMble pemeHHR CB060'AHOro ypaBH6HHH 

Se (r, Xy} tt G_(r., X7} TaKJKe cBnaa11u aToi1 aaMenon. BTopoe pe-

meH11e ttMeeT BH'A 

Ye_(t)/riX,}-::.,(/2YxyjitX'rrJ (-l) Fft-1-i.llJ -lt-0 -U; lsixe-YJ '' 
r(-u) . (6.14 
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V {l/2.J 
' AcmmTOTHK8 q>yHKUHl:i 1 e {t, X9} IlpH ~➔ DO 

: T8KOB8! 

J/°(r,X9} ,~w,{(ty-lj fn(~i/z X7}- 71f +CJe(K9J}
1 

le (t.)(r, x,)~e~/'llf-'ltu(tlaliXp)-¥ r 0erx,[i 
r;a;e 

P(f-,.,f-tll/) , 
tfe(Xi)~ fa~ r[f+i-l'l) 

PaccMoTpH~ Tenepb IlOT8HUH8JI 

(6.IS) 

(6.I6) 

(6.I7) 

V (t} -= lf (t) + f- 4 (6.IB) 

110JIH8H q>aaa pacceHHHH Ha aTOM noTeHI{ItaJie. WleeT BH;Lt 

le. =.fe (aa, X7) + 0e (X7 )- ,Z &i (tt ~X~ ). (6.I9) 

PaccuoTpHM .Terrepb B KaqecTBe. JV {t} ueHTpoc5el[Hliit rroTeH

u11an 

, cl 
m{'l)::. _ f(l-1-1) e L~ 

t('lrL/ 

Yp8BH8HH8 illpe;LtHHrepa (6.2) illl88T TOI";ita BH;it 

rf dr.{z ir )J {I, 2 
J(r, X7) = .f c-_/ .. 'Xt 1 I~ 

2
~ Xf) , 

aero pemeHHH paBHH 

28 

(6.20) 

(6.21) 

\ 
.( 

. \ 

Y {ti I. ' V (2.) /, 
(l

1 
X1 )-= Jt/1. 'c X7,, , .1. c 'l1 X7) ~ etJ:j t Xj,, 

~aaa pacceHHHH aarrHCHB88TCH CJI8'AYIDmHM o6paaoM: 

Ot· -= ,Pe (00
; Xi}+ 1!!.. , 

2 

. (6.22) 

(6.23) 

BOJIHOBYID q>yHKUHID MH flOJIHOI"O flOT8HUH8JI8 V(t) CJI8'AY8T TOI"

'A8 HCK8Tb B BH'A8 

~e(+J(z/ == //e(r:}Uh [t.7 +j)e(r1 x,J], (6.24) 

'1>aaoBaH qiyHKUMH /e (r1 Xtj,) • Y'AOBJieTBOpHeT ypaB11eH11ro: 

-&Jf lt1 JJe(ti X7JJ: lfl~ shz~fr Xj rJ.e /t; Xi)}". 

· · r [-! ~ ~l{[:~ sin~(t 'K7+jJe(r, x1JJ J ~d 
(6.25) 

d 

C rpaHHllHWd ycJIOBl18M .Pe (o, Xt)-= 0. 
B HepeJIHTHBHCTCKOM rrpe'AeJie ypaBH8HH8 (6.25) rrepeXO'AHT B H3B8CT-

HOe q>830B08 .yp8BH8HHe 

[k pe (-r,i)== - <j:J Wi-2 (t~ + JJe(,J r;,J). . (6.26) 

'§ 7. 3 a Kn ro q e H 11 e 

B ;a;aHHOl:i pac5oTe H3JIOX8H 06m11i1 flO;llXO'A K BliBO;ity H8JIHHel:iHIDC 

KOH8tlHO-p83HOCTHliX ypaBH8HHl:i rrepBOI"O rropH;itKa B paMK8X peJIHTHBHC 
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"II 

CY.Oro M8TOAa cpa.3OBb!X <PYHKUHR.STOT M8TO,l\ HBnHeTCH He~ocpe,l\CTB8H-

HUM 060611\eHHeM cooTBeTCTBYDil\ero MeTo,l\a KB8HToBott MexaHHKH• He

nHHeHHOCTL ,l\8HHhlX ypaBH8HHtt HOCHT H8CKOnLKO 6onee cnozHhltt xapaK

Tep no cpaBHeHHD C HepenHTHBHCTCKHM cnyqaeM. TeM He MeHee,OHH 

no3BOnHDT B npHHUHne BliqHcnHTL no 38,l\8HHOMY fiOT8HUH8ny B88HMO

,l\8UCTBHfI .l\BYX penRTHBHCTCKHX qacTHU H8KOTOpue napaMeTpl:l pacceR

HHR: aunnHTY.l\Y pacC8fIHHfI,qJ88hl p8CC8fIHHH, TaHreHC cpasu pacceRHHfI •. 

HeTpyAHo, HCXOM HS 3THX ypaBHeHHtt, BliB8CTH, aHanorHqHo Hepe~H

THBHCTCKOMY cnyqaJ7- 9/,T8.KX8 ypaBH8HHH ,l\nH ~pyrHX napaMeTpOB 

pacceRHHR: MHHli pacceRHHH, ~eRTHBH.oro pa,l\Hyca H T • .l\/II/. 

3aMeTHM t qTo HCITOHI,3OB8HH8H qiopMa o6pe88HHH nOTea1.urnna (5.I3) . 

BCne,l\CTBHEl (112.4) CO,l\eplll1T MHHMYD qacu. Cne,l\OB8T8nLH0 1 ,l\8ll8 

.l\nR Bell\eCTBeHHoro noTeuuHana V ("tj . , npH KOHeqHmc 't cpasoBue 

qiyHKU1111 He Y.l\OBneTBopHnT·ycnoBHD YHHT8pHOCTl1. QqeBJ1,l\HO, O,l\H8RO, 

qTo acmmTOTJ1qeCKl1 npH r➔ OO yHHT8pHOCTb BhlnOHHH8TCfI. 

B nocne,l\yDil\8tt pa6oTJII/ Hcnon1,ayeTCfI MO,l\HqJHUHpOB8HH8fI cpop

Ma o6pe88HHH noTeHuHana, npH KOTOpott ycJIOBl18 YHHTapHOCTH BliITOJI

HfI8TCH MH Bcex 3HaqeHHU "pa·Myca o6peaaHHRII. Pasn11qHue qiH3Hqe

CKHe npHnOJKeHHfI peJIRTHBHCTCKoro ll8TO,l\8 qJ83OBliX qiyHKUHU, HeKo

TOplie npH6JIHllt8HHlie M8TO,l\li H HCCJI8,l\OB8HHe penHTHBHCTCKHX ijonpa

BOK K napaMeTpaM pacceHHHfI npHB8.l\8Hhl B/II/. 

ABTOphl npHHOCHT 6narOAapHOCTL B.P. rapceBaHHWBHm1, A;,U.,UOHKOBY, 

E.n. ~AKOBY, B.r. ~uweBcKoMy, M • .n. MaTeeBy, A.H. TaBxeJIHAse, 

H.T. TOAOPOBY sa none3Hlie O6CYJ![A8HHK. 
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IIPI1JIOlKEHLIB I. 

CBoRcTBa pememtit cBoOO.nHoro ypaBHemrn ll!pe.1t1rnrepa 

AcMMrITOTMll8CKOe rroBe.D;eHMe rrp11 r ➔ ,= I ·"tX >> f 

Se (r, X) ~ ?J1-n (r X - JT/-), 
G (r,X) ~ W1 ('(X-'11/-) 1 

/.) (111.J /, x) ±i (rx- 'llf) ce ,r, ~ e 
, 

(Ill.I) 

CBR3b MeJK.ny .D;BYMH rrapaMH JlHHeHHO He3aBl'1CHMhlX pemeHH" 

TTp8BHJ18 KOll,llJ18KCHOrO COripRlK8HHR 

r.ne 

J'e.*6,XJ-== Ve(rJSef<tX):1 

a_* (r, X} = Ve (r) {:e {t,X) 1 

fe (i 
12 

)* (r, X )-=;=- Vf fr) ee ( t, i) ('t, X}, 

f+i y (f+1) 

Ye r -d = (-, J ?tJ r e+-1; 
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(III.2) 

(111.3) 

, (TTI.4) 



B HepeJIHTMBl'IC TCIWM npe.nene 

CBOttCTBa CMMMeTpl'll'I 

Ve(r.) =:i. 

,,">"'€ (r,-XJ : (~) f-r/ ~ (r,J.) 
1 

C:. (~ -X) = (-tJ e (1 ('r, x)1 

f/1
'
1J(r, -X) = fj t Ee (t,-tJ f1°J X/ • 

(11!.S) 

PeRyppeHTHhle cooTHoweHHH ( Ze ( "r1 'X) o6osHatmIOT JII06yio 

l'l3 (JJYIIICI.\lf~ ~c(r,X)7 a{r,x), £e{/)2.J(t,X}: 

(lt-1-(} l(-1 (t;X) + ( /.c-f-1) 2-Et-t(?,X)= L d-J X (tb-1) ~t>(>'tX) 
1 

·cl it ' ., . ~,-,;:; , ., . (i l -l 
l "t+(}(LZ+f+f)t: y t!e (r, X)-tlt(t,t-i)e 2e (2', x) = (IlI.6) 

== h (l
1

Y-:i.)d.Y ~t1-1 (i,x), 

f it-t )(h- t'-iJR ',f, -h(,)- 1 K''ffF]rer~x)= -k (,'r-d}.,l.x ?-1,,1 
l~r+e) e <,i:; _(t'T-eJd.x] re (?1XJ ~fo-iJti.x 9't-1 (,, X), 

[(h~ f+ 1Jdx -t''l e-i./t;7 2-eic, x)=-t (,°?-/--t}g-£y 2-e+iftx~ 

t {h:-1) ~ .:_ lh:-/J-!)e li;J 2e/21 JJ=-t/t"t-4R/% ~f'-t (qx~ 
rJ 

[ Lr e -lzvc_ ( h:-t)d.xJ 2t(~ X) =-l{t',~t)dx l-e-1 (z, x/. 
(i :l) 

<I>yHKl\l'll'I Se , &, tt fe ' , KaK 11 11x aepenHTnn11cTcK11e aHa-

nortt (2.I6~Bblp8JKalOTCH qepe3 aneMeHT8pHble (JJJHKI.\HH. B qacTHOCTl1) 

np11 e. =0 mrneM 
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$0 {'t1 X) = ~h 'Y X J Co (t1 X)-:: f»-f /(X 1 

ec,,2>r:· J- e+itx cm. 7> e -r,x _ • 
. . 0~ 

PemeHttH c t:;: 0 BupalltaIOTCH qepea Sc , Cr> 11 ec, ,, 
npH IlOMOII\H COOTHOrneH11« . 

~e(t,XJ=f-lJ,e ~X)f1-~ £I -)·e ;?-c(71X) •· .. 
. ,y[f+,/J -l~ . Kl,,· X . 1 (ITI.8a) 

~e(rix)= ~ f.·rJ.ft+i) tf-dtd) 1-/2(z;x),,, 
(s(..x)e (h iCf ~ - . 

(ITI.86) 

, B Hcq11cneHn11 RoHeqHux pasttocTefi noKasatto, qTo .ZlBa perne-

HHH0 ~ f0(2) tt l}2J(2) .JIHHefiHo He3aBttcttMbl, ecntt onpe.ne-

JI11,T0JII, 

w rl-('1, .l-(21 =·;··?{I)(~) ·• __ ·i (2)/z) ·I 
.,; t:. 2-(J){z) , Ll l;-(2J(i.) . (ITL9) 

OTJI11qeH OT HYJIH. BpoHCRl'laHU pemeHl'lll CB060AHOro ypaBH0Hl'IH llipe

A11Hrepa 11M8IOT BHA 

W (Se G.) == w { n. 1J {l/2)) - - I,/ IL) (I) 2) {!. )-. .· , x, c e / - + yy ( t e . 7 . -e - . 

- L w(;:;. (1) ,, (2.').- .. ' $1. X ' = Wef-z X) ' - ££' . c.e 1 ce - - Ve/2) - , · • 

(III.IO) 

B HepeJIHTl'IBHCTCKOM_ npe:nene L1. _➔ c~) l'I (llI.I~}. ~epexoMT BO 

npoHCRl1aH perneH11fi cBo6o:nHoro ypanHeHHH llipe.nttttrepa Je ( tjk) tt 

. tk,[ryt) paBHbllt i • 
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OTMeTHM T8Kllte, t1To BcJieACTBHe {Ill .5) cnpaBe,AJIHBO paBeHCTBO 

JVe (~ X1) ::;: - VIie ('t,-Xi). {III.II) 

IlPUIJIOJKEHl1E Il. 

A 

CBOi.tCTB8 
e_ 

!k[HK{\HH 

KaK H B KB8HTOBOW MexaHHKe,penHTHBHCTCK8H cpyHKUHH rpHH8 

(2.21) npe;I\CT8BJlH0T co6oU KOM6HH8UHIO pemeHHH CBOClO)tttoro ypaB

H8HHH lllpeA;rnrepa. 0J.\H8KO BM0CTO o6HtIH011 CTYrI0HtI8TOti cpyHKUHH 

0M={i "t. >O J 

·"( < 0 , (Il2.I) 

A 

B 3TO Bblp8llt0Htle BXOJ.\HT BenHtIHH8 0 (7) / 4/. 8TB BenHtIHHa HBnH8T-

CH KOHe,rno-pa3HOCTffl:,[I( 060Cill\8ffl'f81( CTYil8Htl8TOH qiyHKUHH {Il2.I). 

0Ha onpe;l\8Jlf18TCfl _ HHTerp8Jil>Hblll npe)lCT8BJl8HH8M 

·,.+ ·.>c . ., . 

A . . l . f•. I? i <Pt. . I 
t - - · ov~ Bf) -hi _

00 
e~-,E__ 1- (Il2.2) 

H yJ.\OBn8TBOpaeT ypa~HeHHIO 

L\ 0/-r.) = ~(zJ. {Il2.3) 
A· . 

~ia HHTerpanl>Horo npe]lCTaBneHHH (~2.2) cne].\yeT, ,'ITO 0 {z). 
HM68T MHIDIYIO tl8CTD 

:fm. 0{zl= j 1!(2}1 .{Il2.4) 

8 T8Kllt8 crrp8B8].\JIHBO COOTHOW8HH8 

A. A* 
{} (21 + {} (-r/ =.i ., {Il2.5) 
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! 0TM8THM T8Rllte, 'IJTO BCJie.ncT1nrn (Ill .s) cnpaBe)UH1BO paBeHCTBO 

J,Ve (r, x1) = - ~Ve {'t,-Xi}. 

1Pll!JIQJ!!EH11E_I!. 

,A 

CBOi-!C~TB8 0 - tlJyHRUl!~ 

(Ill.II) 

KaK H B KB8HTOBOH uexaHHKe,peJIHTHBHCTCR8H qiyHKUHH rpHH8 

(2.21) npe;ncTaBnaeT co6oti ROM61rnaumo pemeHHti cBo6o;imoro ypaB

tteHHH lllpeA~Hrepa. O.nttaKo BMecTo o6HtJHOti CTYII8HtJ8TOti WYHRUHH 

{} {i) = ! i "t. >O 

·"r < D 

J 

, (Il2.I) 

A 

B 3TO B!ip8llt8HU8 BXO.llHT BenHtJHH8 0 (z/ /4/ • 3Ta B8nH'IJHH8. HMH8T-

CH ROHetJHO-p83HOCTH!iM o6o6meHH8M CTYII8H'IJ8TOK WYHKUHH (fi2.1). 

Otta onpe.nenHeTCH.HH~rpanhH!iM npe.ncTaBneHHeM 

·'.+·.:.a ., . 

""' I 1·· · e ,d't d 
O(-r} = ht _

00 
e.f?-iE_ 1. -;e 

(Il2.2) 

H y.noBn8TBOPH8T ypa~HeHHJO 

L\ 0 (r.} -= J'°(z} • (Il2.3) -· via 1,rnTerpan1>Horo npeP.CT8BJieHHH (Il2.2) cne.nyeT, ,qTo O (2). 

HMeeT MHHMYll 'IJ8CTI, 

:Jm · O{zI = j tf"(2) 7 
.(Il2.4) 

8 T8Rllte cnpaBe;llJIHBO COOTHOW8HHe 

§ /2) + p* (--r/ =1.. ., (Il2.5) 
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A 

1folltttO TaR orrpe.nenHTI, npmrnBe.nemte • o6o6meHH!iX tJ,yHRUHti I:}{;.), 
'IJT06!i ,,1H8JIOrUt1HO HepenHTHBHCTCKOMY cnyqaJO ,B!iIIOJIHHJIHCI, paBeHCTB8 

~ A ""f.. 0/t} 0(,,/= 0t 2/ I 
(Il2 .6) 

0 (-r.J. f/ *(-r) ~ (), 

Pa3JUf'IJH!ie~npe]J.CT8BneHHH. cpyHRUHH rpHHa 

c noMom:r.10 qiopuyn (Ill .2) H (Il2 .s) WYH~UHJO r:pHaa (2.21) MOE

Ho npe.ncTaBHTI, B BH.ne KOM6HH8UHti pa3JIWIHIDC nap tteaaBHcmu:lx pe

meHHit peJIHTHBHCTCRDrO ypaBH8HHH lllpe,1urnrepa 

11 (rJ1r l;·Xr) = ~ -I(: {Pf-z-z'l[Se(?,x7Jtif2:x?) ~ 
&-e C <, We 'l.~X} 

- Ce (21 x1 }'k (2.j xi)} - 0 {2+t') [ref 2, x1) &. fz: x1 )-t-
(Il2.7) 

.,_ ~ (2,x7J5;e_(?.',xiJJ-+ Se (i,x1J(~(2,x?)-Z Se(21x1J)]; 
,,;,i 

{+) I J 1 !" I ;) (1) 
(} € ( 'l:1 ! j X1 ==- - !-__- () 12-z ;~ 'f1, 1) Se (2 ~ x7) + 

we(z, x1J 
+ 0* ( 21-z)eer,> (zj If?)~ (z,X7) + 0 '/c(-l -i') [ !lJ. Se (7iXc,)Se(2: ~) -

. . 

- e/n (2, x1)Se (2.~x1) - ft,r,; f2:IVIJ ~ tz, x,,J J J. 
(Il2.8) 
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