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PaccMaTPBBaH ABB)KeBBe aapg)KeBBbiX 'laCTBil B ny'lxe a pHAe coapeMeltiih!X· 

ycTallOBOK1 BanpBMep, B ltaxonHTenHX BeOtlXOABMO Y'lBTb!BaTb BnBHBIIe nona CaMOro ny'llta 

(npu AOCTaTO'lUO tlOnbWOH nnOTUOCTB 3apSllla B Toxa). 

B nacTOHWeA patloTe abl>mcnaeTcH anexTpoMarHBTBoe none ny'lxa, AeAcTayrowee Ita 

aapg)KeHHYIO 'laCTBny 1 ABB~WyiOCSI BHYTpll Hero, B nepBOM H BO BTOpOM JIPBtliiH)KGHJIB' no 

aana3Ab!BaHHIO. PeaynnTaT cnpaneAnun a npa penHTBBHcTCKBX ana YnhTIJ&penuTBBBCTeXBx 

3Ha'lGHBSIX CXOpOCTB ABR)KGHBSI 'laCTHil BAOnh ny'lKa, ny'lOK npeAnonaraeTCa,caepayTbiM B 

3aMKHYTOe 83BMyTanbltO-OAHOpOAHOe KOnbllOo 

B nepnoM npu()na)KeHHa a onpeAeneHHbiX yenoaaSix (eM. Tell:CT) none_ a:any'leHHH B03HB­

xaeT nBWb npu nepeMGWGHBB ny'lKa KaK nenoro B He BIIHSIGT Ha OTHOCBTenbHOG ABB)KeHBG 

'laCTBU ny'lKa, 'IaeTb nonSI1 BnllSIIOWYIO Ita OTHOCBTenbBOe ABB)KGHBG 'laeTBil1 eCTeCTBGHHO 

Ha3BaTb KBa3B'laCTB'lHOA1 Tall: KaK OHa nOA'lllHHeTCH ypaaHeHBIO nyaCCOHa1 a BpeMH BXOABT 

nHWb KaK napaMeTp B 3apHA B TOK, 0TM9TBM1 'lTD XOTH AnSI CnpaBGAnBBOCTB nepaoro npa­

tlnB)KGIIBSI (KaK a paano)KeHBH nonSI no aana3Ab!Bauuro noo5we) Tpe5yeTCH onpeAeneHHaSI 

MeAneHIIOCTb B3MGBeHIIH napaMeTIJOB ny'lKa1 ABB)KeHile 'laeTHil npB 9TOM Be OtlS138HO tlb!Tb 

Ill 
aARatlaTH'leCKHM (eM. peweaue caMocornacoaauaofi aaAa'lll a patloTe , rAe ucnonbayeTCH 

nepsoe npRoniiJKGlllle}. BTopoe npu5mt)Keuue cneAyeT uenonbao~aTb, uay'lau BliiiHHBe uany'le­

HBH Ha OTHOCHTenbHOG ABB)KGHBG 'laCTBil1 a TaK)KO AnSI OllGBKII rpaHBil npHMGHBMOCTB nepao­

ro npu6naJKeiiaH. 

EyAeM HCXOAliTb us ll3neeTHbiX BbrpaJKeHHA A.fiH aanaaAwaaromux noTeanuanos (eM., 

HanpaMep/
21 ) 

«P <t, ;> = r ..:.!..J: d v'. 
R 

-+ .. 
A ( t, r) = 

(1) 

t' = t.:.. R, -+ -+ 
R=lr-r'), 

3necb II B93A9 Aanee npliHHTO: CKOpOCTb CBeTa C=} , nnSI HaWHX UeneA GCTeCTBGHHO UC-. 

nonb30BaTb UHnHHApH'lGCKYIO CHCTGMY KOOpAHHaT ( r,O,z), rAe 0 - a3HMYT KOnbita, oopa-

30BaHHOrO ny'lK0°Mo Y'lHTbiBBSI a311MYTaJibHyiO Olll!Oj)OAliOCTb. oyJ:teM D pacnpeA•~neJJHH nnoT-
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BOCTH 38pSI.Il8 H TOK8 OTC'IBTbll38Tb ltOOpnHHBTbl OT Bell: aero D:eBTp8 Ce'leBH!I ny'llt8 (rJt), zit)), 

Ta:~:nM ofipaaoM, aToT neuTp ~oll<eT ttnHraTbCst a nnocJtoCTH (r,z) 0 'ITO COOTBeTCTaye.T 

nepeMenteHHJO ny'IK8 Jtalt nenoro, ecnu CIOAB BKnJO'IRTb u H3Meaeuue ero fionbmoro pilii11YC8 

r 
0
(t) , llpBMepOM TSKOrO ABHJKeHB!I gan!IIOTCSI KonefiaHB!I ny'!Jt8 OTHOCHTenbHO BBKOTOporo 

nonoJKeuus panuoaecus, HTaK1 aanumeM: 

... ... 
it r j ( t', x'

1 
, x' 

2 
) , Pt, = p ( t', x'

1 
, x '

2
) (2) 

rtte 

x'
1
= r'·- r • (t' ) 

(2a) 

x•2 = z'.- z.(t'). 

~ S'iBH8!1 38BDCHMOCTb p t' B 
.i t' oT apeMeHB y'IHTbiBaeT B03MOli<HOe nepepacnpeneneuue 

nnoTHOCTH 38pSIA8 H TOKB no Ce'leHHIO B nponecce ABBJKeHHSI, 

3am!Cb!B8Sl ( 1) B l!BnHHnpH'IOCKOil CHCTeMe KOOpnHHST d V' ~ r'·dO' dr' dz' 

uo nepei!TH ua nnocKOCTH ( r,z) K HHTerpBpOB8HHIO no x' , x' • 
I 2 

Y'IHThiBBll, 'ITO t'~ t- R 
1 

BMeeM nn11 !IKofiuaua nepexona 

a ( r' z') [ 

a ( x' ,x'·) = 
I 2 

,_1 

ci (x'1 ', x' 2 ~ 
a ( r' • z' >J 1- ih~· 

R'· 
rne no onpeneneuuro 

... 
p' =fJ (t') 

... ') ') ~=I r .(t')' 0 • 7. J. t . 

... 
R' = \1 

d t 

aR 2 

--=+"1 .. , a r 1' e: oonet 
• R'= I R' I . 

• YAOfi-

(3) 

(3a) 

3necb u nanee Mhl cHcTeMaT~'IeCKH ucnonbayeM aimapaT aeKTopuoro auanuaa. nocKonbKY 

npHH!IT8 KpnaonuuellHSSI (nunuunpH'IeCKB!I) CHCT9M8 ltOOpABHaT, HeOOXOABMO cnenHTb, 'ITOOhl 

BOKTOpbl
0 

y'!BCTBYIOntHB B BOKTOpHbiX onepanH!IX, fipBDHCb B onuoA TO'IIte, B CBSI3H C BTHM 

uyli<Ho c;0enaTb HeJtoTophle noscuenH!I. 

1. nott ;o(t) nouHMaeTcst none neKTopon, BMeromux B nrofioA TO'IKB (r, O,z) B liB-

DHHApH'IeCKOil. CHCTOMB KOopnHHBT KOMnOHOHTbl lr 
0 

(t), z 0(t) j. , To lKB OTHOCBTCSI K npOB3-

BOAHbiM r (t) no apryMeHTy, J13 (2a) onpenelr.IM AJI>l Jta:K,10ll TO'IKH ( r,O,z) BeKTOp ; . 
C KOM110H8HT8MH ( r - r 0 (t), 0, z - z 0 (t)) • 

2, nanee. B BOKTOpHblX onepaUIISIX Y'IBCTBYIOT DOKTOpbl; nepBOH8'18DbHO onpetteneHHble KBK 

... 
nns TO'IK!i uafimotteuusr r = ( r, 0, z) ; ' = ( r',O,z') • llpB BTOM B 38-, T81t H ADSI TO'IKB 

4 

f\ 

I: 

l 

/ 

BHCHMOCT!i OT Taro, B KBKOi! TO'IKB fiepeTCSI peayflbTBT (a OCHOBHOM B TO'IKB H80DJOneHHS1), 

cnettyeT nepeHOCBTb BOKTOp, B3HTblil B Apyrol! TO'IKe, u' COOTBBTCTBBHHO y'IHTbiBBTb H3MB­

HOHB9 ero KOMnoueuT. TaK, B 'IBCTHOCTB, no onpetteneHHJO R' a (Sa) KBK rpattueuT cJta­

ngpuon ¢yHKUHH BBDSIOTCSI BOKTOpOM H OTHeCeH K TO'IKB HafinJOnCHHSI ; , CnenOB8T9DbH01 ... . 
non BeKTOpOM fJ' B (3) CDettyeT nOHUM8Tb COOTBOTCTByJOntUi! BBKTOp, napaanenbHO nepe-

... 
ueceHHbiA ua r' a , llpB BTOM CJI:8llHpHOO 11p01!3B9llOHHe (~'R') Be 38BlfCHT1 KOHe'l-

HO, OT TOro
1 

B K8KOi! BMeHHO TO'IItO ( 
... ..., 
r , r H T,n,) OHO Bbi'IHCneuo, 'ITO OblnO ylKe HCnOnb-

30BBHO B (3). nel!CTBHTenbHO, no Bhi'IHCneHHJO BMeCTO (~'R?-nonlKBO Ob!Tb -~ti' ~I .. 
ar ... ' r = oonst 

rne J• B3HTo TBKJKe a ;• , T,e. s nunuunpuqecKol! cucTeMe S'=l~. 0, ~ l 
2 dt , d t , 

u coo·r3eTCTaeutto ---.!. ~ = 1-r' + r cos (0- O'), ,.. r sin (0 -0'!, z-z1 • HeTpynow, OAHaKo, 
a R 2 z a;.. ... ... 

BHneTb
0 

'ITO -~ __ eCTb BeKTOp R' B3 (3), nepeHeCeHHblil B TO'IKY r~ , '19M H on-

ai' 
pasnblsaeTcst aanucb (3). B nanbueAweM Mbl fiytteM mupoKo noJib30BaTbcst TaKoro pons 

npoCThiMH cnol!CTBBMH fiea cnenuanbBhiX oronopoK. 

HTaK, HMeeM ( R' - B TO'IKe -; 

R' ='? -r
0
(t')-;'=l r-[r

0
(t'!+x'] cos(0-0'), [r 0 (t')+x] sin(0-0'), z-z 0 (t'!-x'·l, 

I I 2 

2 -- 2 

R'~r;_[r+x'1 ] -2r[r 0+x]cos(O-O'J+[z-zo-x'], 
o 1 2 

-;t,R ... ' dro[ ,.. '] dz 0 [ ;:; =-- rcos(O-O,-r 0-x +---·z-z 0 
dt' dt' 

- x']' 
2 

(4) 

t'=t-R' 

BeKTOp R' llOMe'lell WTpHXOM C TeM, 'ITOOhl non'lepKuyTb ero BBJIYIO 3aBHCHMOCTb O'r t~1 
T,e, B KOIIB'IHOM C'leTe OT Bp9M9HH t, 

... ..... 
B aRne (4) R', R' u fJ' R' nottcTannstJOTCSI so see nocnenyromue BhlpaJKeHHll nns nonei!, 

TaK, nnst UOTBHD:HBDOB Tenepb HM99M 

211 

¢ = f dO' 

.. 
P ( t', x') r' 

(5) 

211 

A= f dO' f 
0 31' 0 

... 
j ( t', x') r' 

31' 
2 , 

d X ' 
d 2x' 

... ... 

31'= R'- fJ' R' 

Bhlpa>KeHHSI (5} yno6uhl TeM, 'ITO n03DOI1li!OT np.ii nepenHTHBHCTCKOM ana'leHHH cKopocTu 

D:eHTpa B nnOCKOCTH (r,z) (T,e, (3'<<1 ), H938BHCIIMO OT TOrO,K8KOB8 CKOpOCTb ABHlKe-

HHSI 'IBCTHil BAOJib fiY'IKB, nerKO llp0139CTH p83110JI[9HH9 nong no 3Bn83Ab!B8HHIO (eM, cnenyJ.O­

ntHH paanen), Orc10na nenocpenCTBOHHO cnetty!OT BblpBJKOHIISI nnst UOTellllHSnOB nbenapa--Bn­

xepTa OOCKOHO'IHO TOHKOrO KOflbD:B, llonarag 

z ... 
0 = __ ._ a ( r- r Ct> >a ( z- z (t) >, i =I r pt, {:j (t)p , z P l, 

t 21Tr 0 0 • 0 0 t 0 t 

l:"Ae Z a - nOnHhlil 38pSlll, UOlly'IHM 
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z 217 dO' 
¢ =--·r ~· 

:Z,. e I 

z- 217 ~ 0(t 1) cos (0-0") 
A=--'( ::Ji 

, 217 • 
.Ill' • 

z. 
A=--

0 217 

217 13 0 <t ~cos <11-0'> dO' 
( - . 217 • 

A=~ (~dO' 
o :S! I a 217 0 :S! I 

rAe B3 (4) 
.. .. 
R 1= R'·l ~,-= 0 c y11eToM 

.. 
'!I( I= R 1- f3 (t ~ R I ' t=t-R , 

I I 

.~. 1 

Ha (5) nonyqiiM BblpaJKeHHB llAB aanpsJKeHBOCTeA sneJ:TpoMarHHTHoro nons 

E V<P- aA.= 
at 

217 .. 

( dO' ( d 2x'·l pr' V R'- kLl. Vt' + 
!R' 

7 ~'.. a<Jr") 
:51'2 ~ 

at' 
__iii__ I 

:S!' 0 :51' 2 at' 

H=[V A]= 7 dll' ( /x• l[(jr') V:S!'J 
0 :5!'2 

1 
:S!' 

Bb!qucnealle v t'. .1 t' 11 np. npoBOllHTCs auanorxqHo 

at .. 
R' 

vt'=- ~· ;! t' 

at 
R' 

~ 

~ ~ ~ R, ~ 
V:S!'=( 1-/3'~/3' R') ---f3' 

:51' 

/2/ 

, 2 -+ ... .... .... 
aR /3'-{Y R' fj'R' 
--= ·---R'- --at.. :s~· :s~• 

.... 
!I!'=R'-fj'R'-

6 

.. 
a (j r') vt'l 1. 
at' 

B pe3yn&TaTe HMeeM 

(6) 
1 

(7) 

·n 

JI 

(7a) 

Pa3noJKeHHe nong no 3ana3AbiBBHHK> B nepnoM npHI5nHJKeHHH 

ByneM paccMaTpHeaib cnyqai! aepenSITHbHCTCKHX ABHJKeHHA nyqxa xax nenoro 
~ 

1~'1«~. 
.. x) 

B TOM cnyqae, xorna /J' nocTaToqao nnaBHO MeHBeTCB 3a npeMeHa nopBuxa 

B03MOJKHO pa3nOJKeHBe iJ• B psm Tefinopa. OrpaauqueaBCh nepBbiMH ·neyMB qneHaMH, 

HMeeM 

(S) 

R; 

ji• =ii (t') =,S(t) _; (t) R
0

, 

(Sa) 

rne 
R

0
=IR

0
I, R<f;>_;Jt)-x 

npoeons pa::.<!olKeHHe nons no aanaaAbiBSHHIO, napaMeTpOM Manoc'Tu 15yueM cquTaT& mo15oe 
xx) 

11a neyx cnaraeMbiX (Sa) , a TaxJKe norapH<jJMBqecxyro npoHaeonayro npyrax eenaqHH, 

exoumn11x e p 11 l (npHHHMHSI TaxJKe , qTo xaJKuoe eoanei!cTelle onepaTopa RL , 
at 

HCKnroqag (8a), He npeBOCXOAIIT no noplUlKY BenuqHHbi YMHOlKeHHSI Ha napaMeTp ManOCTH). 

Tax KaK Mbi HHTepecyeMcs nHWh noneM eayTpH nyqKa, TO 

R = 2 r • 
0 0 

Danee B nepeoM npHonHJKeHBH, HMeeM .. 
R' = 

:. 
R0 +BRo-Y,0 R 

R '= R 
0
+ {j R 0 - Y, ( ;3'- R 0 ) R o' 

(9) 

(86) 

HanpsJKeHHOCTH E H H 113 (7) B nepBOM npHI5niiJKeHHH cooTeeTCTByiOT noTeHuHanaM 

¢ = ( G
1 

p ( t, ;• ) r' d 2 x' , At f G.) 
0
( t, :• ) r' d 

2
x' 

(10) 

A = f G j ( t, ;') r' d 2x' , 
r 2 r 

A = f G j ( t, x' ) r' d 
2 
x'- 211 __!!__ ( j r' d x', 

z - l. at z 

rne 
217 

1 - y, cii R o> d 0'. 
217 .. 

G = f 1 - Y, ( $ R 0dos (0- 0') d 0 
2 R 

G 

R o 

x) , , 
0THOCHT9nhHO OCUIInnBUIIH BenllqHH C nepiiO)lOM, M91IblliHM R , CM, KOHeU STOro 

pa3nena. 

xx) ' 
nocKonhKY none H3nyqeHIIB caSI3aHo c ycxopeHHeM, cnenyeT cqBTaT&, qTo eTopoe 

cnaraeMoe a (Sa) MOJKeT l5b!Th ue TOn&KO nopsmxa nepeoro, ao 11 MHoro 15ollhrne ero. _ 
HanOMHIIM TSKJKe, qTo KSK ol5 STOM rOBOpiiUOCh paHee, pa3UOJK9HIIe B03MOlKHO II' An!l peng­
THBIICTCKOfi CKOpOCTII ABHlKeHHB qacTHU BUOnh nyqxa, 

7 
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3)1eCb )lnll npocTOTY npeae6peraeTCll aana3)1YBaiJIIeu B B03MOlKBOil peaxoll rpaBllne nnOT-

BOCTB 38plll18o 

licnom,ayeu Aanee u Ansi TO'IXH aa6moAeB~ll nepeueaable Billa (2a) 

x = r' - r (t), 
I 0 

" = z - z (t). 
2 0 

liHTerpanbl 'G 
1
B G 

2 
B ( 10) nerxo BblpSlKBJOTCSI 'lepea sneueaTapawe cpyBIUOIB H 

snnunTB'Iecxue HBTerpaJibl. PaccuaTpHBBll TOBXBA ny'lott 

a 

rn 
« 1, (11) 

r-ile a - xapattTepBblll paauep ce'leHBll ny'ltta, MOlKBO BOCDOJib30BBTbCil paanolKeBBeu annun­

TB'IeCttux DHTerpanon no ~ • Jlan&aellwue peayn&TSTbl Ubi npHBOBHM, orpaBll'IDBSliCb nep-
a x) r o ~ ) 

BbiM DOPllllltOU DO - H l1Dll CDettHSJibHOrO Bll.ll8 p H J (cu. /1/ • 
r 

0 

(11) 

.. eN IS 
p ( t,x ) = ~ I G I u ( 1 - G x x ) , 

271 '( lk I It 

i O = f3 o(t) P j I = ( {3 I+ O lit X It ) p 

(f3
1
=r

0
(t), f3 2= zo(t)) 

( i,k = 1 ,2 1 3)1eCb D )18Dee npeJ1DonaraeTCll CYMMDpOB8f[J(e DO BCeM )1B8lK)lbl BCTpe'l810-

DlDMCll DB)lettCSM). 

3)1eCb 

u($ = I 
e ~ o 

0 e<o 
IGI = Det G lk 

G lit - CDMMeTpD'IBasr uaTpHna c nonoJKDTeJibBblMD co6cTBeBBhiMH aaa'leBHBMH, 

eN - DODBblll 38plll1 D {3 
0 1 'G lit 1 fl lk MoryT 6b1Tb npOH3BOJibBYMD cpyBXItHliMD npeueBB 

('G lk+ G 1f fl h + G kf O f1 = O ) • 

B peaym,TaTe aecnoJKBYx no cymecTny, so aecltOJibtto rpoM03l1ttHX Bbl'IDCDeHHll (cu. 

T8ttJKe flpDDOJK,eBDe) 1 DODy'IHM: 

¢ eN 

:rr 
0 

I L - ¢ 
0 

X 

--~ (L 
2r 

0 

_:_-<I: )+IS _ _!_I 
2 o · 2r 

0 

- IS (r X + ;; X \( L + * - <II ) + IS (; ¢ + ;; ell ) + .... ( r + ...! X ) I 
0 I ~ 2 0 0 I 02 0 0 4 I 

x) 
Y'leT 'IDeaon 6onee Bblcoxoro noplllltta TaltlKe npocT D MOJKeT 6blTb nerxo 

Bblnonuea. 

8 

I· 
\) 
',I 

'{ 
f 
I. 

I 

t 
'} 

I· 
! 
\. 
;;: 

Ao=f3o ¢ + f3 _!!!.__ 1- 2 + ~ +;'ox + ~o" 0 

"' 0 2r o 1 
-'~'r" (r + !:r) I 

3 ° 8 I 

A ceN {r0 [L--~·-<Il 0- ... :.I(L-2-<ll
0
)]+0 <I: (1-~'-0 <llkl+ 

0
11b....!l 

r "r ~ 2 2 r o lk It 2 r o lit 2 r o r o (12) 

A =~~{z [L+IS-<1: -~(L-~-<llo)]+O <ll (1-~)-
• IT r o o o 2 r o 2 2k It 2r o 

3Aec& 

IS 2 
L+IS-<Il(t,x) 

0 I 
I'GI (G 

- 0 
d x' 

1T 

<ll ( t, " ) 
t_ I 

IGIIS 
- r 

" u 

u 

x'
1

-G
0

d 2x' 

IS 
¢ (t X ) = ~ r x' x' G d

0
x' 

lk • l 1t t k 0 
u 

bl(t' IG I IS ", 2 d ~, 
= -- r I 

1T 
(no 

u 

u - DnOW8)11t81 orpaBD'IeHB8ll snnHDCOM ·G lk (t) X I X It = 1 I 

r11e 

Go to 8 r 0 

v ( x - x' ) "+(x - x' ) 2 
I I 2 2 

KoattpeTBblll BHll L a <I: 
0 

(cu. flpunolKeBHe) 

L to 
16 r

0 

Sp ·G-~ 

IS 

<llo(t.xl) 
·Gik (t) xI Xk 

Sp ·G ·~ 

9 

-I 

0 <ll 0 b 
~u_+ 22 • 1. 

2r 0 r 0 

(12a) 

Be CyMMDpOB8Tb) 1 

(13) 



G~B -~ G onpeueneHbl B3 ycnoaxl! rue uaTpHUbl 

~ I< ~ ~ 
G G = G , ( G = G *, 

!0 
Sp G > 0) 

G -~ G ~ = 1. 

0co6eHHO npOCTOI! BHA (12)' npHHBMSeT Ami Cny'ISSI 

2 • 2 a~ '2 
{J,({j2r). _L«1-{J. 

Torus aueeu unst 

mel! HS 'ISCTauy, 

0 r fl2 o 
nOTeHuuanoa, onpeuenmomnx CTapmxe 'lneHbl B cane nopeHUS, uei!CTByiO-

c/. = ~ [. L - ¢ - ~L 
11 r 0 2 r 

0 0 

A = {J ¢ e o 

A = eN • ~- r L 
17f 0" 

0 

A=~ z L. 
11 r 0 

0 

(14) 

/1 I x) · 
06cyJKAeHHe sToro cny'la!l npaaeueHo B pa6oTe • 3uecb Mhl Tom.xo nou'lepx:HeM, 

'ITO B (14) 'lneH ¢ O , BnHRmHll .HS OTHOCHTen"'HOe ABH>KeHHe 'IBCTJIU B ny'IKe, nOA'IaH<I­

eTC<I ypSBHeHHIO nyaCCOHS (npanoJKeHHe) a, CneAOBSTenbHO, MOlKeT fihiTb H83BBH KB83HCT8-

TH'IeCKaM, TaK KSK An<I ¢ aana3AhiBSHBeM nonaoCTbiO npeae6peraeTC<I. H3ny'leHBe y'IH-
o tl/ 

TbiBSeTC<I nHWb npH ABHlKeHHH llY'IKS KSK Uenoro (CM, ), 

Cuenaeu 3SMe'laHae no noao11y B03MO>KHbiX ocuunn<ITopHbtX uo6aaox x aenH'IaHaM no11 

HHTerpanaMH B (5) H (7), Kax: BaAHO 113 (7), Hanp<I>KeHHOCTH nong BKniO'IBIOT 'lneHbl 

. ..J..... H - _ 1_ :O:nH _ 1_ (x nocneAHHM OTHOCaTCg B '18CTHOCTa ¢ O), npa HHTerpHpOB8HH11 
R R 2 R 3 

no 0' BX1l811 B HHTerpan AnSI 'lneHOB - -k- ASeT BC<I 061l8CTb HHTerpHpOBSHH<I, 8 An <I 

upyrux - o6nacTL pauuyca a aoxpyr ~O'IxH aa6nro11eHH<I. TaxHM o6pa3ou, acerua 38 

HCXniO'IeHHeN: pe30H8HCabiX An<I 'ISCTOTbl xone6aHHI! 

B03MOlKHO Bbi'IHCneHBe HHTerpanOB, npx 9TOM, ecna 

BXOII!JmHX B 'lneHbl - _J , cneuyeT 6p8Tb apryMeHT 
R 3 

OCUlinnSITOpHb!MH II068Blt8MH, 

wo o6nacTell w
0
--L. B w 0-..!. 

a 
..l.«w«.l. . 

r o a 
f , a qneHax 

' r o 
TO B aenH'IJJIHax, 

-..!. - npeHe6peraTb 
R 

x) 11/ B pa3no>KeHBe no a/r 0 npOBelleHO AO BTOporo nop<IAXS, 'ITO ABeT B03MO>K!iOCTb 
Y'leCTL IIOnOnHHTenbHbie no Cp8BHeHaiO C np<IMbiM ny'IKOM CHnhl ·PBCTSnKHBSHH<I, BliHHromHe 

Ha OTHOCi!TenbHoe IIBH>KeHHe 'ISCTHU, CB!I38HHbte C KpHBH3HOll ny'IXS H o6ycnoaneHHbte pa3-

nH'IHOii KOII<)inrypauneil snexTpH'Iecxoro H uarHHTHoro non<I (cu. /31). Pe3ynbTaTb/11 

cnpaaeammbr TaKJKe n a cnyqae 
2 2 

_a_L > 1- fj • 
r 2 == o 

0 

10 

- f··. 

3, none BO BTOpOM npH61lHlKeH11R no 3ana3Ab1B4HRIO 

Pa3.nolKeKHe nonst AO aToporo nopSIAxa no 3ana3AhiB8KHIO npoaouaTCB anonHe aHanorH'I­

ao TOJoiY 0 XSK 9TO AenanOCb B nepBOM npa61lHlKeHJIH H CBB38HO C 6onee rpOM03AXBMH BhlltnSA­

XSMa, Ouycxast Bbi'IHCneHHB, ASeM OXOH'IaTellbHblll pe3ylibT8T B BRAe A068BOK X nepBOMY 

npa6nxlKeHRro, 

A 02 = {J o ¢2 
N ~ ~ 2 ~ :. 2 

-f3
0
--e-12p -(2fj r) -2{3 {J r _,.1' r 2 + !H 2r' r) 
2TTr o o oo oo 

0 

/32 - 2 2 
- 4 p- ~ [- + ll ( 2{3 r ) - !.( 2 ·; r ) + -lL'r' r 2 - 4 r 2 ] 

o r 2 o 8 oo 3 oo o 

A 

x2 
r 

0 

r2 

0 

[- 6 

eN 

1Tf 

i z 
0 0 

+4r'z r 2 -~-;· r2] 
000 3 oo 

2u• 2 • " 3 •• • ¢ ( 2'' ) 2 - - r r - r r r + -- r r r __ 1+ _1!_ r r + 
3oo ooo 2 onor 8 oo 

0 0 

!1 
+ -~1k [ 2 z r ¢ + 2 

4 r o o k2 
+ zo 1o1 o ¢2 + _1.o_r~ •; r ¢ ] 

0 0 k 1 
(1' -2 r r 

0 0 

' • " X 1 ••• ~ 
+ okt [ z ocl\2+ r 0 <Ilk!]- _r_t r 3 r or 0 + 

.+ 

0 

3 n 'r' r • 2"2 2 
- i r r ( L + 1 - ¢ ) + ~ ell +'ll · .r r ¢ - ~o] 
2 0 0 0 0 2 k tk 0 0 k 2 

.. 
~2 [ ~ i ( L - 2. - ell ) + 'i r ~ ( L - .1. 

r 2 o 2 o ooo 2 
0 

+ ll ( 0 tk·; o+ Hltki J ro¢~<1 I 

11 

¢ ) + 
0 



A =~l-2z r2-(Z r' r +2Z'; r X1+ ~ )-ITZ r + 
z2 11 r o e o o o o o o 2 r o o 

0 0 

+...!!._'i rO'r-_l_;~)+lHr'r!l +2i0 r)b-
2 0 0 0 0 ~ 0 0 0 21 0 21 0 1 

~ r o 

n 2k r 0 •• ., 
- ( ¢ r + ¢ z )+ ...!!._ {} .~ r b - !l ;, ¢ 

k I o k 2 o 2 2k k o k 2k I kJ 

- ....::_; [·;• r 2 + r ( Y, z ;• + r z )( L - 1 - ¢ )- ( l'> !l ·; + 0 r ) ¢ 
r o o o o o o o o 2k o 2k o k 

0 

~(!l ~· +20; )b l+ 
21 0 21 0 1 

_:_a r _1_ z. 
r o 2 o 

zr(L+Y,-<b) 
0 0 0 

- ( y, !l 2k ;" 0 + n 2k z o> <bk - ~ ( ~· 0 r 0) 
21 

4 
l . 

HanoMHHM o6oana'l:eHHsr ... 
P =I {3 , o, /:J l =I i , o, ; l 

I 2 0 0 

BLipa>KeHHSI AnSI ¢ 
2 He HpHBOADM1 TSK KSK B niD60M cnyqae {B TOM 'IHCne R yn&Tpa-

pensrruancTcxoi! (:i 0 ) BKnaA 9Toro qnena a cuny flopenna, AeilcTayiDmyiD na 'l:acTnny, 

RMeeT B~OpOi! HOpRAOK ManOCTH HO Cp8BHeHRID C BKnSAOM KB83HCT8TR'IeCKOi! 'ISCTH B {14) 

qero HeDb351 cKa3aTb o Apyrnx qnenax, 

ABTOpbl 6naroAapHbl x.n. XypeHHTOBy 38 HPMOIUb B pa6oTe, a TaK>Ke COTPYAHHKaM 

TeopeTH'IecKoi! rpynnLI RB3 38 o6cyJKAeHHll. 

12 

nPHflO)I(EHHE 

npoBOASI HHTerpHpOBSBHO HO 0' 1 {10) MOJKHO 38HBC8Tb B~ BRAe: 

¢ 
. 2 

( pr'l G ¢-Y,[r
0
(x-x')+z

0
(x -x'>l G _,+Y,r 0(r 0+x )(G -G ) l d x' 

I I 2 2 'I' I , </> A 

A o= ( /:1 .,P r'l G - Y, [ "; 
0

( x - x')+ z 0( x - x' )] G + Y, •; 0 ( r 0+ X )( G - G ) -
A· II 22 A I cf.A 
t 

2 
-Y, ·; ( r + x ) G l d x' 

o 0 1 B 

2 

A,= ( ( ro+ !ltk x'k ) pr' GAd X 
, 

A = ( (z +!l x' ) pr' G¢d
2x' , 

z 0 2k k 

<n.1) 

rAe 4JyHKUHB 

nhl E(k) H 

G ..t 1 G A H ·Q MoryT 6b1Tb Bblpa>KeHLI 'lepe3 nonnLie annHHTH'IeCKHe HHTerpa-
v- /4/ B 

3AeCb 

G¢ 

G 
A 

G = 
B 

K(k) {eM, ) 

__!.. K(k) 
s 

4 2 k'2 2 
[ ( 1 + --- ) K (k ) - - E (k) ] 

k 2 k 2 s 

~ f ( 4 k 
2
- 2) E (k) - ( k' 2. 3k' 4) K ( k ) ]. • 

3sk 4 

2 2 
s 2= ( 2 r + x + x' ) + ( x - x' ) 

0 I I 2 2 

2 +z Xro~ k = 

2 2 

, 2 2 (x -x' H-(z -x' ) 
k =1-k = I 1 2 2 

2 
a << 1. 

= ---;2 
0 

s 2 
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BocnonbaoBaBwncb (cM.'
41

) paanoJKenneM K(k) n E(k) , npn uanbiX ana'leHHSIX k 

nMeeM B nepBOM nop'RAxe no a/r 

rAe 

G¢=-=--
r o 

x + x' 
[ G o - --'--

1 
( G 0 - 1 ) ] 

2r 

4 X + y' 
G =G ,--(1- __L__l) 

A '1- r _ 4r 
0 

G = _4_( G "- G ) , 
B 3 <;. A 

Go=fn 8ro 

,/ ( x - x ') 2+ (x - x' ) 2 
1 I 2 2 

(n.16) 

00ACT8BJlSHI (0.46) B (0.1), BRAHM, 'ITO Aeno CBOAHTCH It Bbi'IHCJleHHIO HHTerpanoB 

(12a). Bbi'IHCJlHM nepBbli! H3 HHX (c TO'lHOCTb!OAO Koa¢¢nnneHTa) 

a -

2 
</J = ....!._ ( G d x' 

1T 0 
a ITJlOW8AK8 0 orpaHH'leHH8H 3JlJlHITCOM, 

G tk (t) x~ 1 x' k= 1 

(0.2) 

cn.a> 

Bbr6epeM BMeCTO ( x , x ) 
I 2 

CHCTeMy KOOpAHH8T ( y , y 
2

) (COOTBeTCTBQHHO (y' 

(

...1. I 1 

T.e. HMeeT BHA a? Ol ) ,KaJt H3BeCTH00 3~0 A0-

,y' 2) 
rAe MaTpnua G tk AnaroaanhHa, 

CTIIraeTCH 
1) -2 

ITOBOpOTOM ocei! KOOpllHHaT. (ll.3) 38ITHCb!B89TC~ 2Tenepb B BHAe 

2 2 

~ + ----L.- = 1 • 
a 2 a 2 (ll.3a) 

I 2 

3aMe'laH, 'iTO 2G 
0 

eCTb ¢YHKUIIH fpnna ABYXMepnoro ypaBHeHHH llyaccoaa, 6yAeM nc-

K8Tb Y' KaK pewenne rpannqaol! aana'ln 

2 
rl t~ 
-2-2 

iJ yl 

2 

a--!!!_ + 
ii·~ 2 

I 

+ 

2 

a .;, 
a 2Y 2 

2 

a\·, 
-;]2• 

y2 

='l 

=- 2 BffYTpn annnnca (ll.3a} {ll.4a) 

BHe 3JlJlHITCa (ll.3a), (0.46) 

Cornacao (ll.2) aa annnnce {ll.3a) AonJKna 6biTb aenpepbiBHa n ee HOpM8JlbH8H npona-

BO!tH8H1 U 8CHMllTOTHKB 1\ Ha 6eCKOHe'lHOCTH aCTb 
·!-> 8 r 

f/,- I G I fn ° 
Jy2+y2 

I 2 (n.5) 
y 2+ y 2 

I 2 

14 

h 

ByAeM HCK8Tb peweHHe {ll.4a) B BRAe 

</J = B + B 
1
y : + B 

2 
y 

2
2 

cn.a> 

Ecnn YASCTCH nony'IHTb peweane (ll.46), YAOBJlaTBOpHIOwee aCHMITTOTHite (n.5) H 

noAo6paTb Jtoa4>¢nnneHTbl B , B 
1 

, B 2 Talt, 'IT06bl BbiiTOJJHH11l1Cb rpaHH'IHble ycnoBHSI aa 

3JIJIHUCe (n.3a), TO B CBny 9AHHCTBeHHOCTH pemeHHH rpaHB'lHOil 38A8'1H (n.6) .H 6yAeT 

npaauru.HbiM aaa'leaneM narerpana (n.2) BffYTpn annnnca (ll.4a). noACTaBnsm (n.6) B 

(ll.4a), nony'IHM 

B+B=-1. 
I 2 cn.7) 

nepeXOAH It annBITTH'l9CKHM KOOpAHH8T8M l'o 0 (eM. /5/ 

y 
1
= d chfL cosO d ch IL =a 

0 I 

v 
2 
= d sh IL sin 0 dshJ.L

0
=a

2 

u=11.
0

=const ypaaaeHHe annnnca (ll.3a), Ann onpeAeneanocTn a? a 
2

),nepennmeM 

(ll.6) B BHAe 

d2 
</J = - ( ( B - B )( 1 + ch 2fl cos 20 ) -2 [ ch 2fl + cos 20 ] + D l . 

4 I 2 
cn.ea) 

YpaBneane (ll.46) B annnnTB'Iecxnx KoopnnnaTax aanncblaaeTCH B Bnne 

a •.;, a 21/J 
---+---0 

a"• ao 2 - • 

BoabMeM qacTaoe pemeaRe ero, pacTymee aa 6ecxone'lHOCTH ae 6biCTpee fn(y2+y2) 
I ·2 

d2 -~ 
</J = __ l C + C IL + C e cos 20 l . 

4 I 2 

CpaBHHBaH acuunToTnKy CJ.L--) (n.S) c (ll.5), aai!AeM 

C= 2sh 2J.L fn ~ 
0 d (n.O) 

C =-2sh2J.L 
I 0 

2 ·li 
( 2d sh 21! =a a =I G I ) 

0 I 2 

YAonneTBOpiiH Aanee rpaBH'IBbiM ycnoBRliM aa annance (ll.3a), onpeAenau TaKBM o6p830M 

KOBCT8HTbl B (ll.6); B peaynbTaTe nony'IHM 

W =a a [ fn 
1 2 

16 r o 

a +a 
1 

+ ~ 
y I y~ cn.to) 

(a +a ) a 
I 2 1. 

(a+P)a 
1 2 2 
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3anHCb:BaSI (n,1Q) B KOB8pli8HTHOM OTHOCHTellbHO fiOBOpOTa. OCell BHIIe1 nony'IHM 

(13) , Bbi'!HCnsiSI TO'IHO T8K)I{e 1/J I , nony'IHM 

3 

1/J = _1_ l ( a ~ a ) 2- ~ ( a ~- a :4 ( a 2- a o )[ 1 + ( a,- a 2X 3 a ' + a .) 
1 ~ 1 2 a +a 1 2 4(a +a ) 2 

I 2 I 2 

] l y 

_ I' [ 
1 

+ ( a 1- a 2X 3a t a J V v 2 - I' [ 1 _ ( a 1- a :)< 23a + a ) 
I 2 I 2 ] V 8 • 

(a +a )2 
I 2 

naiiHM B 38KIIJO'IeHHe OlleHKy ¢ lk 

<b 4: a
2
(L +~ -<11) 

11 , 0 

<b.<a<b 
lk""' i k 

(i.,lk), 
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