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BalllaKRA3e W.l1., Maraeea B.A. P2 - 11697 

J1ccneAOB8HHe 38Jl.8'1JH 0 38XB8T6 M8CCHBHOfi 'lJ:8CTRllbi KBBHTOBbiM 

noneM. 11. J1ay'lJeHH6 ypaBH6HHH .OliSI !flyHKUHfi fpHHa 

l1ayqaeTCSI 38Jl8'lJ8 0 38XB8Te M8CCHBHOH '48CTHUbi CKBliSipHbiM KBBHTQ

BbiM ITOlleM H8 OCHOBe M6TOA8 KOlll16KTHBHbiX KOOPAHHBT Eoro,mo6oaa. l1 C

Cl16AYIDTCSI ypaBH6HHSI AliSI ¢YHKUHfi fpuaa B npeaene CHnhHOfi CBSI3H B nep

BOM HeHC'tJ63810lU6M npu6liH)K6HHH ITO o6paTHOi1 KOHCT8HTe CBH3H. TI OK838HO, 

"'TO JlnH 8JleMeHTOB MBTpU:Ubi paCCeSIHHH, CB<;J38HHbiX C HenpepbiBHOii 'q8CThiO 

CIIeKTpa B036y>K.ll8HHfi B CHCTeMe "'BCTHUa-no.ne, BbiDOJlHSieTCSI YCJlOBHe ynpy

r'Oii YHHT8pHOCTH. 

Pa6ora Bbmonaeaa e J1a6oparopu:a Teoperu:qecKoii ¢lH3HKH 011HI1. 

Coo6meHHe 06bellHHeHHoro HHCTHTyTa l!llepHhiX HccneAOBaHal!, Jly6Ha 1978 

© 1878 06t.BilBHBHHhllt BHC1'BryT llllBPHhllC HCCOB/10BBHB/t Jly6HB 

B rrpe~e~ paOoTe/I/ HaMH oana paccMOTpeHa sa~a~ o saxsaTe 

MaCCHBHOH ~CTHUH CKanHpHHM KB8HTOBaHHHM ITO~eM, ilpHMeHRR KeTO~ 

rrpeoOpa30BaHHR R RO~~eRTKBHHM ROOp~HaTaM H.H.Eoro~OBa/2/, a 

TaKXe npe~nonaraR TO, ~TO OO~nillaff MaCCa ~8CTHUH ITO~OCTniD 

"c'l>e.n;aeTC.!I" B38HMO.IJ:6HCTBH6M C KB8HTOBaHHHM no~m/3/, JlH 

nonyqHnH pas~oxeHHe ra~TOHHaHa cHcTeMH no oOpaTHHM cTerreH.!IM 

ROHCT8HTH CBR3H,a TaKXe HCCne~OB8nH CITeRTp BOSOy~eH~ B ORPeCT

HOCTH BH.n;e~eHHOrO OCHOBHOrO COCTO.!IHHR, 

RaR XOpomo HSBeCTHO/I-5/, rrpH HCnO~SOBaHHH MeTo.n;a RO~eK
THBHHX KOOp~aT Eoro~oBa B sa.n;a~X ~aOaT~eCKO:fi H CR~HOH 

CBR3€H, 8~6RT BSaRMo.n;e:fiCTBRff ~CTHUH C KB8HTOBHM ITO~eM B Be.n;ymeM 

nopa.n;Ke pa3~0XeHHR r~nTOHHaHa B P.!I.IJ: ITO OO~illOH KOHCT8HTe CBR3H 

BHpaxBeTC.!I B ITO.!I~eHHH OO~aCTH no~pH3aqRH no~ BORPyr ~CTHUH, 

~acc~eCKOe ITO~e, COOTB6TCTBYIDmee 8TOH no~H38UHH, rrpe.n;cTa~eTC.!I 

KaK H€Kaff ITOTeHUH~nHaff .liMa BOKpyr ~aCTHUH, BH3HB8Dmaff ee KO~e

OaTe~nHOe .D:BHXeHHe OTHOCHTe~nHO neHTpa CHCTeMH C H6KOTOpo:fi 8~eR

THBHO:fi MaCCOH, 

AH~OrH~He CBOHCTBa coxpaH.!IIDTC.!I R B pacCMaTpHBaeMO:fi HaMR 

sa.n;a~e. o.n;HaRo s.n;ecn .n;ocTHraeTc.!I yc~OBHe no~on ROMITeHcanHR MaccH 

THZe~o:!t ~CT:HnH ee BsaRMo~eHCTBHeM c ~acc~ecRHM rro~eM oo~aKa 

rro~H3anHH. IlpH aToM ~acT:Hna KaR OH •pacTBOPfl&'l'C.!I" B OKPYJKaXII1eM 

ee RBaHTOBOM ITO~e, T6PR.!l CBOID ~BH.n;y~HOCTn, B pesy~TaTe nony

qaeTCR RO~eRTHBHOe OOpaSOBaHHe - ~8CTRn8-ITO~e , B6KTOp COCTO.!IHHR 

KOTOporo RMeeT npeHMymeCTBeHHo KorepeHTHYID IIpHPO.IJ:Y• 

B pa6oTaxf
2-3/ ou~ onpe.n;e~eHH ~cTOTH HOpMaRDHHX Ro~eOaH:HH 

CRCTeMH ~CT:Hna-rro~e, T,e, 8HepreT~eCRHR CITeKTp BOSO~eHHH 
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B~SH B~e~eHHOro OCHOBHOro COCTOHHHR. 0Ka3aHOCb, ~TO CRCTeMa 

xapaKTepHSyeTCH ~YMff B8TBHMH cneKTpa B036y~eHRtt, COOTBeTCTBYDmRX 

KaK CB060~ CTO~ BO~aM,TaK H ~0~30BaHHHM COCTOHHRHM, 

OTBe~aD~HY 38XBaTy KBaHTOB no~ 06~CTbD nO~HSanHR. 

B H8CTOJnllel 3aM8TKe MH HCCJie.n:yeM ypaBH8HHR ~ qiyHmurli. I'pHHa, 

CBH3aHHUX C KOXX8KTHBHIDoiH KOOp,IIHHaTalolH CHCT8U:U QaCTHUa-none,npoaepHM 

yc~oBHe yrrpyro! yHHTapHOCTH ~ ~TY~ pacceRHHH acRMIITOT~ecKH 

CB060.n;HHX COCTOHHHI. 

raMHJIDTOHH8H, OIIRCUBanmHI Hamy aa.n;a~ 1 BUOJipaeu: B BH.n;e CYMMJ:l 

CB060.n;HHX 3HeprRtt ~CTHUH MaCCH ~ , KBaHTOBaHHOrO no~ H 3HeprKH 

B3aHMO,IJ;etiCTBHH ~CTHUH C no~eM 

H =~ M"-~4 + 1Lw;(g;t{+g~()+~2LJl-~e·:r~l.;+~:).<r> 
KoHcTaHTa BaaHMO.n;eicTBRH S 6epeTcH o~eHb 6o~mol (~;>:>~) H 

rrpe.n;rro~araeTCH, ~TO Macca ~CTHUH M - IIOPH.IJ:Ka s'J. 
1 M =~ rn. 

~ee nepeXO.n;RM K HOBHM RaHOH~eCKH conpRXeHHHM KOOp.n;HHaTaM H 

HMIIY~CaM no~ 

q = ~ tj + R: 
s IT 

P =-" L = l~ - ~: 
~ d~ IT 

~ 
~e~aeM npeo6paaoBaHHe Eoro~60Ba R HOBHM nepeMeHHHM ~CTHUH H - -no~ A, ~ H Q~ 

-- .... ~ \ "('-q+.g" 
-iii\( l Q) q! = e 'U~ + j -\- ' 

~RCJdPYH ~e CTerreHH CBo60~ yc~OBHeM 

L.. 5 '15:~ = 0, r.u;e 

'\5~ - HeKHe C -'tJl'ICJI8, y.n;oMeTBOJlJiDII}Ie yc~OBHD BellleCTBeHHOCTH 
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(2) 

(3) 

(4) 

(5) 

.c* = 't5 • 
u-5- -~ 

(6) 

IlepeMeHHaH 9' B (4) ~eTCH rrepeMeHHoli, oimcHBaD!Iel no~olleHRe 

U8HTpa CHCTeMH ~aCTH~a-none, T.e. TpaHC~OHHHe CTeiieHH CB060~ 

CHCTeMH. IlepeMeHHHe Q~ OIIHCHBalOT KBaHTOBOe IIO~e, a C -'tJl'IC~a 

tj~ orrpe.n;e~ ~COR'I8CKHe SHa~eHHR no~, C03,11aB88U:OrO KBaHTOBIDol 

noxeY BOKpyr ~aCTHUU.0QeBB,IIH0 1 QTO npH TaKOiol BU0ope nepeu:eHHUX -A H Q~ OIIpe.n;e~eHH TpaHMHUHOHHQ-HHBapHaHTHHM o6pa30M. 

Iloc~e IIO,IJ;CT8HOBKH (4) B BHpalleHHe r~TOHHaHa (I) no~aeM, 

~0 ra~TOHHaH He 38BHCHT HBHO OT rrepeMeHHOI q , ~TO CBR:SaHO 

C Tp8HCAHUHOHHOft HHBapHaHTHOCTbD ra~TOHH8Ha, H CT8HOBHTCH 

BOSMOllHHM pa8~0Jl8HH8 no~eHHOro BUpaK8HHH IIO CTeneHRM o6paTHOI 

KOHCT8HTH CBR:SH. 

3TH B~a.n;KH no.n:po6HO 6HnH npo.n;e~HH B pa6oTe/2/ H 6~0 
no~~eHo paa~oxeHHe no~oro ra~TOHHaHa B pa.n: no napaMeTpy ~ 

H = t 1--1.~, +~HI + He. + . . . (?) 

Yc~OBHe cymecTBOBaHRH pemeHRH aa.n;a'tJl'l Tpe6yeT oOp~eHHH 

B HO~, KOTOpHI ~eeH ITO nepeMeHHHM no~. He BHIIHCHBaH HBHOro 

BH.n;8 onepaTopa 1-l, , IIpHBe.n;eM TO~KO OKOH~Te~Hoe ypaBHeHHe, 

no~~eHHOe Ha aToro Tpe6oBaHHH (eM. pa6oTyii/) 

Ji:~ +w..lj-u; =o. 
3To ypaBHeHHe onpe.n:e~eT ~cc~ecKHe aHa~eHRH no~ -~ • 

Tpe6yH o0p8J118HHH ~1. B HO~b, MU no~~eM YCJIOBHe 38XB8T8 

~CTHUH IIOJieM: 

m.- i .L. ~ \At.; 11 = 0. (8) 

TaRKM o6pa30M, OCHOBayD ~PMBURD 0 CHCTeMe HeceT ~eH 

HY~eBOrO IIO~Ra pa3~0Jl8HRH raMH~TOHHaHa ITO ~~J , KOTOplil HMeeT 

BH.n; 
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H., ·= w., + n + I (9) 

r.n:/1/ 
.... :I. ,. l. 

rnc ~ -~ I I w = - + - ) . w d.,< 
c; i .tL-.. t • ) 

4 / - 9 )1 
. ~ ")' r "' "' Q 'J L 

J) -= l~ L.L. 5 U~ai -t- I L...t l 0/~~ -'da~ 0 a) wf, (10) 

{ 17-) . •*l 9 
y( =1: u~uc. - tWfol-t J'da~. 

IIepeMeHHlle Qfr .IIBJUWTCJI KOJIJieKTRBIHlNIR rrepeMeHHHMR tracT~bl 
R IIOJIJI R BllpaJKalOTCJI trepe3 CT8plle KOOp,n:RHaTbl ( 4) CJie.n:yi<l!1MM 06pa30M; 

Q~ = Q~ + i. tl~(J~ J~ 
r;; . -ll-")'(72t)o' I'd 15 la~~) =-1.;.~ + 'l,.\5.t.L-"-~~ u-t''~Q - ~ £v~ . 
c.dl .f c/ ~I 

.2_ 
- t'd a~ (II) 

B (10) BBe,n:eHH o6osHatreHRJI 

, ,f*c---- -~ o<.. .,.,.. S + i u.. 5 L. J - me 
~ s "' ) (12) 

r.n:e S.., R c. - HeKoToplle C-'IRcJia KaHOHRtJeCitoro npeo6pasoBaHM - ~ 
BOJIHOBOH cpyHKr(lm CHCTeMH, a S J = P - 3Hatremre I!OJIHOro 

HMIIyJIDCa J .... _ • ~SA • {"'!' -~) 
i.(! ~ + 't. 2-. ..;IS,f + tIll~ .II)(£) 

1f =e 1. (13) 

IIpH IIOJIY'IeHHR STHX peay~:&TaTOB npe.n:no~araJiocL, 'ITO y,n:oB

JieTBOPHJOTcsr ycJioBRJI 

.E.. s~ u~ r = 0, s = s* 
f -~ ' 

L 1 ... ~t 15-f* '11-f = ~J.J. 

6 

(14) 

C IIOMOIIII>IO rrocJie,nHero ypaBHeHM R3 (14) Mbl BllpaJKaeM A 
trepea KOJIJieKTRBHlle rrepeMeHHlle Qt R -\.'d .... 

'dG% 
'1" ..... li-"' -

.L.... s 15~ Q~ -= i }.. ' 

L 7 'Uf-i 9-)=-i"V, 
J :( C ?a >- • 

~ 

-R\j_ 

C-'IRCJia $. R C Bll6RpaeM T8KRM o6pa30lll, 'ITOClll ;{ B (IQ) 
~ 

o6paTRJICJI B HOJI:& R npH 9TOM BlliiOJIHJIJIOC:& IIepBoe ypaBHeHRe ( 14), 

IIOJiytraeM 

c~.,' = 1. tl; r f c:). 
~ w ~ 

:.f 

TaKRM o6pasoM, c TO'IHOCT:&:ro .no tJJieHOB rrop~Ka 0 Cia) cHcTeMa 

(15) 

(16) 

OIIRCllBaeTCH raMRJI:&TOHRaHOM, COCTOHmHM R3 ,n:Byx traCTeM: C-'IRCJIOBOH 

tracTR - We , OIIHCllBal!lllefi KHHeTHtrecKyJO aHeprRJO ,n:BIDiteHHH cHcTeMH 

C HeKOTOpoH ~eKTHBHOM MaCC0~3/, R orrepaTOpHOM traCTH- JD , 
OIIRCb!BaD~eA KOJIJieKTHBHlle B036yE.n;eHHH GRCTeMH traCT~a-IIOJie B6JIR3R 

Bll,n:eJieHHOro OCHOBHOrO COCTOJIHHH. 

3a,n:atra OTllCKaHM cneKTpa co6cTBeHHllX 3HatreHRM onepaTopa 1) 
yxe paccMaTPHBaJiac:& HaMK B pa6oTaxf

1
•
3/. 

B HaCTO.flllleM pa6oTe Mbl paccMOTPHM aa,n:atry HaxoE.n;eHHH qiyHKLUdt 

I'pHHa, HCXO,!Vi H3 8HaJIR3a ypaBHeffRM ,n:BIDKeHHH B npH6JIID!teHHR ( 9) • 

Onpe,n:eJIHM BeJIRtJHHli 

JI.H.m =<T (o/t)J o~, C9))>o, 

BH,UJ =lTCf\~), ~·(9))>..' 
c~.~· ~) = <T( ~lt:)> Q~,C9~~, 
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(17) 

(18) 

(19) 



c~~· ~)-= <T( Q\(!:), ~. c_o J) >~ , (20) 

r.ne 

"' . 9 ' p~ =- 'l,'dQ~ 
a cKMBo~ ~ o6oaHa~aeT o6~oe xpoHo~or.KqecRoe ynopa.no~eHRe 

( 2I) 

no BpeMeim. 

IIpoROMMYTHPQBaB raMHHDTOHHaH ~ c RaHOHH~ecRHMH rrepeMeHHHMH 

~ H q, HaXO,n;HM Me.nyDilKe ypaBHeHHR: .I{Bmtt8HHII . ....... "" 
~ p ~ -- ........ 't p 
Q~ = w~ --s- + m. tl~ ~L 5 tl~, --r 
. ........, 

~ =- w_,Q-~ . 

0Tc~ Me.nym ypaBHeHHII .I{Jill onpe,ne~eHHHX Bliiiie ff?ym!:u:d I'pHHa: 

jJH' 

BH' 

c+ 
H' 

c.~~ I 

+ ~ 'l1 ..... <-1 --~ • 

= w~ CH, + ii ~ ~ 2...:. £ v~. c_4'"f I ' 

=- w. c-
~ -H' ' 

=- W-f dlH' - ~f;(!;) ~-H' 

B ~ Q) - -- '* = w.f H' + rn u~ ~ L ~ M1l-r•' B.-f'W + t ~lt)~-r'. 

IIpo.nuqxpepeJmHPOBaB ypaBHeHH!I (23) no t H nepexo,Itll x cflYP»e

npe,ncT~eHHil, Halt.n:eM 

J2 [ ~~- wt) dH' - ~ Ufl?fJ u;. ~~J ~~.(wj 
~~~ 

= t [ W-i ~-H' + ~ V~ ~~ & f) J, 
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(22) 

(23) 

(24) 

I 
J 

I 
I 

l' f( t L) ~ j_ ··u·~fTfu\"' u) J B r. ) . ~ 
~ L w -w~ oH~ - Ol ;Ln) Ll~· + ~"-t' ~ ·= t. w~ -~.,· , 
~~~ 

,.. 1- {, ) l ~ . uJ. 11 (, ) ~--~s· ~ =- w 'w -r t. · ~ JtH' ~ ' (24) 

c~~· (_w) =- 1. ~ 8~~· lw). 
f 

06oaHa'llm ,n:Mee 

(L =-i-d+ 
~-'' ·H' ) gH' =-i~H'' (25) 

nepeiDDJieM nepBHe ,ItBa R3 cooTHomemrll: (24) B 6oJiee y;o;oOHOM B>me: 

.L.r( ~ ~)~ ~ ~~I (-"__..) 1 ! ¥ f 
l' w- w~ ~{"- -;n'U~u~.,J 5" wi'Ja->"1' ·= uJt~.f' + m. tl~tlr,' 

(26) 

~ [( 2. z.) ~ j_ 1,1 ~l" frtj• J _n _ co 1_:. w- u..~ dH.- ln. ~ ~"\) J U!t t:1~"i' - W~~H' . 

PaCCMOTpHM pemeHRe BTOporo R3 ypaBH8HHll (26). 

IIpe,nnoJioJmM, 'ITO rrapaMeTp m, , onpe.ne~eHirnii lfx>PMYJIO:Ii ( 2) , 

Be~K. Tor.na ~erKo rro~~TL, '!TO 

r.ne 

D ()(p) 1 D(l) l ~ ,\ 
"b.;.;• = oH' i- ~ o-H' ·1- 0 ~r.t_) > 

fl 
w 

D C•J 
b 
~~· 

- W.; d 
- ;_;;:-:;;; l- ·HI J 

l 

r1~) (J)~ WJ' J. 
= v~ v;l5 (w"'-w_/)(v-:j'-v-·: . 

Bocno,m,aonaBil!Rci> mmoM aTnx Bupaxealrlt, nomiTaeMcsr uaitTn 

To~oe pemeHHe ypaBHeHHII ~ Be~ ~~~~ B BH,ne: 

t = c:; 
1 
~ -t- _l _ Q w+ w£' 

H' H w.t.- ().)'!- In . H'fol--w;.X 2.-cvz·) J 
-i 1.:: .-( {JJ f I 
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(27) 

(28) 

(29) 



r.n;e B8Jrn'Illli!I .fl~~~ y.IJ;OBJI8TBOpiiiOT ycJIOBHIO 11 B8l!I8CTB8HHOCT1!
11

: 

"* .Q.~f' = _Q-t--t'. 
llo.n;cTaBJIRR (29) B ypaBH8HR8 (26), HaXO.ll;l!M 

- . .i f1" -.ql* Qf"f' - u q,-~t{(fi) 
..0.-H' ln.~"! L-.. % ~- W.fw W:z.- W~ -- t U-f; \.1 • 

~ 
BBe.IJ;R ooosHa~eHHe 

- ~ t -lit ..Q.H' J = ) . J '11~ U){ 2. ,_,z. 
~~ ~ ~ W ·- uv~ 

IIOJIY'IaeM 

f __,, _,. "*( ........ , \ 
.n~~~ -- rn:- U~ ~ J1, = '!1~ U~, H J. 

(30) 

(31) 

-- * w 
YMHOJKa.JI ode ~acTR cooTHomeHRH (3I) Ha S Vr ~ 2. H cyMMKpy.ll 

- 1 w -()) 
ITO 5 , H8Tpy.n;HO HaRTH + 

- -= 11~ -.5' l.(w) 
J~, ~ ~ - fn.-~~J 

(32) 

r.ne 
~ J. w.f2. 

2~) = 3£\Uf( :z. z. 
w - w.f. 

(33) 

KaK 61IJ1o rroKasaHo B HameR npe~eR pa6oTe/1/, ycJioBRe 

l~) =~ orrpe.n;eJI.IleT COOCTB8HHH8 3Ha'I8Hl!.ll ~CTOT, COOTB8TCTBYIDl!ll'IX 

JIOKa.Jrn30BaHHHM COCTO.IlHR.IlM Cl!CT8MH ~CTKUa-TIOJie, OIIHCHBaeMHM 

raMMl>TOHRaHOM ( 9). 

TaKHM o6pasoM,H3 (31) H (32) Haxo.nro~ 

.>t{-P'I\ ~ nw = 'll.(V1df; -1-__ --~,....-~- , (34) 

OTKy.IJ;a CJI8,IJ;y8T TO'IH08 pemei-me ypaBH8HR.Il (26) .n;JI.Il qJyHKUJIIl! I'p:mia 

10 

o = 8 _ ~ + _i_~r' 11fu,~ W~<k·,· . 
0H' H'w""-wl. m.-1. \t) fwJ.-w2-)(w;_ w~l + ~ + - +'J 

(35) 

IIOJIY'I8HHa.JI 1}iyH~ I'piDia HMeeT rroJIK>Ca KaK rrpn w -=- w_.: , TaR 

H IIpl! ~CTOTaX, y.IJ;OBJI8TBOpRJWlRX rrpaBl!JIY CYMM 

--~ 12 IU-1:1... w. rl. -= J 
3m.. ~ w .. - W 1 ' 

t' 

(36) 

~0 HaXO.ll;l'ITC.Il B COOTB8TCTBl!l! C pe3yJibTaTaMl! paOOTH/l/. 

TaKRM o6pa30M, Rs~eHRe qJyHKUJIIR I'piDia IIOKa3HBaeT, ~To sa.n;a'Ia 

B .n;aHHOM IIpR6JIRJKeHl!l! xapaKT8pR3Y8TC.Il .IJ;BYMH B8TBm.m CII8KTpa. llepBa.ll 

B8TBb OIIll:CHBaeT CII8KTp acRMIITOTR'l8CKR CBOOO.IJ;HIIX COCTO.IlHRR, IIpe.n;

CTaBHHDmHX COdoa CTO~e BOJIHH C ~aCTOTaMl! U)=UJt. BTopa.JI 

B8TBb- STO CII8RTp, OIIpe.n;eJieHHHH rrpaBRJIOM C~~ (37), COOTB8TCT

BYIDl!ll'IR JIORaJIH30BBHHIIM COCTO.IlHR.IIM B CRCT8M8 ~aCTKUII H KBaHTOBaHHOro 

IIOJI.Il, T.e. 3aXBaTy RBBHTOB IIOJI.Il OOJiaCTbiD IIOJI.IlPR3aUHH CRaJI.IlpHOrO 

IIOJI.Il B 0Rp8CTHOCTH TRX8JIOR ~aCTKUH, MaCCa ROTOpoft IIOJIHOCTbiD 

"c'I>e.n;aeTC.Il" B3aRMO.IJ;8RCTBHeM. 

ACKUnTOTJ!qeCKH CBOdO~HHK COCTOHHHHM MOXHO IIOCTaBHTh B COOT

B8TCTBH8 MaTpHUY paCC8HHHH, onpe~8HHB ee oduqHHM odpa30M qepe3 

<lJYHKUHD rpnHa ~ = {)lo) _ fliB)T. O(_o) 
H' &ft' ;- f>H H' flf't' ' (37) 

()l~) 
r,I(e t.ff- "CBOOO.n;HH8 11 pemeHRR: .nJI.Il qJyHI<IUUi I'piDia, orrpe.n;eJieHHHe B 

(28), BociiOJib30BaBIDRCb .llBHHM BR,I(OM t~;l (35), JierRO IIOJI~aeM 
..,.. ~ ... r-~,, 

'H' =m-~ V1U-ftH). (38) 

,1J,7m MHHMOR ~acTH ~-i' HaXO.n;HM 
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Jml;~.-= i"[~f'~+to)-~~~~-io)] _ 

=-~ u u*rsr) 
(rn- ~I" i .f'~ • 

Onpe,D;e.r1.M R3 ( 33) MHRMYJl 'tlaCTL Z 

J m z =-+ L \'U.s l.t w.f 5~S( ul- w;) 
R no,IJ;cTaBnfffl ee B (36), no~aeM 

J YT\ ~~· = L s~~~·'7·{~ 
r,IJ;e 

~ =1-w><S(w~-w~)l ·.=! cfr~(w2-w;' 
J,. (.l)>O ;.., ) 

- eeTL IIJIOTHOO T:b eOeTOSIHIDi, OIIRCHBa8MNX IIJIOCIO'!MH BOJIHaMH. 

(39) 

(40) 

(41) 

TaiDIM o6pasoM, MN B JIBHOM mme npo,D;eMoHeTpnpoBaJIR YIIPYI'Jil 

yHRTapHOeT:h aMIIJIRTY,ll;H paceefn~ B paeeMaTPRBaeMOM HaMR IIpH6JIKKeHRR. 

PaeeYM,IJ;aR coBepmeHHO aHaJIOrR'tlHo, JierKo ua~R TO'lHOe pemeune 

nepnoro R3 ypaBH8HRH (26). llpRBe,IJ;eM s,IJ;ee:h OKOR'tlaTe~HHH pesyJILTaT 

J) , ~ * (-ot\ w'" 
a~~· =wJj ~ + m-z 'U+ 'Uf·\HJQ:u;_-wj)Lw"-ur~) · (42) 

Q .r;) 
KaK MH y;&e OTM8THJIR, nepeMeHHH8 ~ il \fi""' mlJIIIJJTeSI KOJI-uG.c 

JieKTHBHHMR nepeMenHHMH, nee~ nu~p~ KSK o noJie, TaR H o 

,IJ;BHEeHHH 'tlaeT~ B aToM noJ!e. BB~ cneuH~ npeo6pasoBaHRH 

nepeMeHHHX (eM. ~pMYJILI (15)) B HSy'tlaeMOi HaMR sa,IJ;a'tle OK89aJIOC1>, 

'<ITO nepeMeHHI:18 IIOJUI H 'tlaCT>'lml CH~RO CKoppeJIRPOBaHH. 3TO 06CTO

SIT8~CTBO IIOSBOJISI8T nepeuecTR IIOJIY'l8HHH8 BHill8 pesy~TaTH Ha 

KOppe.ru:IUROHllH8 qJylU<UIDl, OllRCHBaDl\H8 "KBaHTOB08 ,IIJI(DS.HRe" KOOp,JUmaTH 
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'laCT~ BOKpyr U8HTpa TSIX8CTR KO.T~eKTHBHOro o6pa30BaHHR ~aCTRUa-ITOJI~ 

Bocrro~soBannmc:& (15), uaxo,J~M, uanpHMep, rwppeJIRURonnyro 

c]iyHRI~IO 

r.ne 

Q._~(w) = F h. <T( ,\Jt), ;\~(_o))~ ·= t.L. ~j~lSfu,~aH' ·= 
(43) 

-. I L Wt uJ'l.. ld It - tL1'\I t.J, J. + t 1 d"~ w -w.t m-z ' 

d0>) ~ ... ~ = )', ~ ... ~ t>-f11; w1. _ w2. · (44) 
.f 

Conepmeuuo aHaJIOI'R'lHO nai'.,JJ;eM i'!JYHimmo Roppe.JUIIJ;HPI qacTRUa-TIOJ18 

~ == F 1-r:. <T ( ~ lt), ~CO))>o -
(45) 

-. n 11( 

S w~ u~ m. 
- ----' .t 1 

w-~F M-.i 

r.ne 
...... ·-P>.lt) =-'-\7>-. 

Hail)J.eHHHe B 3TOti pa6oTe ipyHI<UPIR Ppmm MOryT 6HTb B .l(~HefimeM 

PICIT0~30B8HI:l IIPH H3y'leHI1M MO,IJ;R@mnpoBaHHOro pH,IJ;a TeopHI'I B03My-

meHRH ITO rrapaMeTpy v~ , CBSI38flli0~ C y'leTOM qH8HOB paSJIO~eHHR 
ra~TOHRaHa, orrymeHHHX B WoPMYJI8 (7). 3THM BOIIpocaM dy.neT IIOCDH~e

Ha cne.nynman paOoTa. 

B 38RJI10'lCHHe aBTOpH C'lP!TaJOT CBOZM npHRTHI:lM ,ll;OJII'OM li06Jiaro

,napHT:& H.H.EoroJID6o:sa R A.H. TaBxe.mmse sa HRTepec K pa6oTe, cTH

MYJIRPYJlll}!e o6cy;&,IJ;eHRR. Mu npHsHaTe~HI:l O.A.lCpycTaJieBy, H.E.Tmpnuy, 

A. B .lllypraR H M.A. CMOH,ll;lllleBy sa IIJIO,IJ;OTBOpirne o6cyll\,ll;emm. 
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