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1. BBE.QEHI1E 

P • 6o /1-3/ 
a3BHT~H B pa Tax MeTOA MOMeHTOB np~MeHReTCR 3AeCb 

A11R H3y4eHHR KonneKTHBHbiX 1 +_, 2+-, 3+- H 4+-aoa6yH<AeHH~ aToM
H~X AAep. npH 3TOM KPOMe 04eBHAHOrO HaMepeHHR OnHCaTb CBOHCT
sa rHraHTCKHX peaoHaHcoe 6onee s~coKoH MYllbTHnonbHOCTH npe
cneAY~TcR e~e no MeHbweH Mepe ABe 4e11H. 

Bo-nepB~X, on~T pac4eTa KBaAPYOOllbHbiX H OKTYOOJlbHbiX B036ym
AeHHH noKaablsaeT, 4TO 

1
no Mepe ysenH4eHHR paHra TeHaopos, npH

sneKaeMbiX A11R pac4eToe, ypaBHeHHA MeTOAa HaPRAY c r~raHTCKHMH 
peaoHaHcaMH Aa~T H HH3Konema~He MOAbl. B aToH pa6oTe Mbl pewaeM 
ypaBHeHHR AflR TeH30PQB 4~ro paHra,n03TOMY HMe~TCR Bee OCHOBa
HHR Q}f(HAaTb nORBJleHHR HH3KOJleH<a~x 2+-COCTORHHH. HaeecTHO, 4TO 
TaKHe COCTOAHHR He nony4a~TCA 8 MeTOAe ~a30BOrO npoCTpaHCTBa 
/M~nh, no KpaHHeH Mepe 6ea cne~HanbH~X ero ycosepweHcTsosa-
H~H •-s/, HO AaBHO y>Ke HaaecTHbl a RPA-pac4eTaxl7.8/ ~ a TK<t>C 191• 
TeM 6onee HHTepecHa 3Ta npo6neMa c T04KH apeHHA Hawero MeTOAa, 
~Me~~ero MHoro o6~ero KaK c Mct>n, TaK H c RPA. 

3aMeTHM B 3TOH CBA3H, 4TO npeAnonaraeMoe B AallbHeHweM HC
cneAOBaHHe ypasHeHHH AilA TeHaopos eute 6onee BbiCOKoro paHra 
HHTepeCHO npemAe ecero HMeHHO B CBA3H C B03MOmHOCTb~ H3y4eHHA 
HH3KOilemautHX MOA, nOCKOilbKY HaAemH~X 3KcnepHMeHTallbH~X CBeAe
HHH o rHraHTCKHX pesoHaHcax a~cwHx MYilbTHnonbHocTeH noKa HeT. 

BTopaR 4en• HMeeT MeTOAH4eCKHi1 xapaKTep. Pe4b HAeT o IKP ., 
PaHbwe /l,2/ AllR ero onHcaHHR Mbf orpaHH4&.1Bal1HCb TeHsopaM&-1 BTO
poro paHra. Tenepb me 5yAeT pewaTbCA cHcTeMa ypaeHeHH~, coAep
mautaR TeHaopbl KaK 2-ro, TaK H 4-ro paHra, TaK 4TO, a npHH~Hne, 
CBOHCTBa rKP MoryT H3MeHHTbCA. HHTepeCHO 3HaTb - HaCKOilbK07 
~aKTH4eCKH, 3TO eonpoc ycTOH4HBOCTH MeToAa. 

2. OCHOBHbiE YPABHEHI1~ 

¢>opMym1POBKa MeTOAa AOCTaT04HO nOJlHO H31lO>l<eHa B /S/. ClleAYR 
3T0H pa6oTe, cpaay BblnHWeM Heo6XOAHMble nRTb /H3 6eCKOHe4HOH 
4en04KH/ ypaaHeHHH AnR MOMeHTOB 4>YHK4~>1 BHrHepa r(i', p. t) : 

0, /1/ 
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_iL_ (pu. ) at , 
aw 3 

+ n""'-- + ~ ax; J ~ 1 

a -P .. 
3 au. 

+ L (P ---'-1 
·k a 11 at 'l 

a . 
--P at !Jk 

k ~ 1 J xk 

3 

+ L 
e ~ 1 

_L(pu. u + P .l ax. l j IJ 
J 

a < P -- uk t· ax J 
k 

1 a · 
- --P -Pi£ 

p jk axe . 

0, 

a --P at !Jk£ 

3 

+ L ( P e ..l..u - l. P e _ji_ P l . + 
8 ~ 1 jk s a x

8 
i p J k a X 

8 
is !Jkf 

3 

+ L 
s == 1 

a 
-(u Pi.kf ax s J 

s 
+ P. "k' ) lJ [. s 

~ -t ~-+ -+ 
p(r,t) ~mn(r,t) ~mf!(r,p,t)dp, 

o .. 

-+ -+ -+ -+ -+ -+ -+ -+ -+ -+ 

u(r,t) ~fpC(r,p,t)dp/p(r, t) ~ J(r, t)/n(r, t), 

o, 

a3w -----, 
ax I ax j axk 

( ~ ) 1-nr ( ) ( ~ ~ ~ 
P1 1 r,t ~ m . p 1 -mu 1 ... p 1 -mu 1 )r(r,p,t)dp, 

t···n 1 1 n n 

W(t) ~ U(r) + ~ C(r), 
A 

/2/ 

/3/ 

/4/ 

/51 

U(t) - noTeHI..IHan R,qepHbiX CHil, C(f) - KynoHoacKHH noTeHI..\Han, 

e - aaps=t,q npoTOHa, Z - '-U1CI10 npoToHoa, A - '-B1CI1o HYKilOHOB, m -

Macca HyKilOHa •. CHMBOJl ( •• •) i. .. j 03Ha4aeT CIIIMMeTpHsat.V"IIO no HH-

AeKCaM i , ... J , Hanp~Mep, (A1J,kf ]!Jkf A 1J,kf + Akf,!J + AkJ,i£+ 

Afj,ki + Aik,j£ +A if,kl ' /S/ 
CornacHo pe4enT~M pa6oT~ ,qnR onHcaHHR KOnneKTHBH~x soa-

6y>t<AeH~r~H nono>KI-1TeilbHOH 4eTHOCTH c MYilbTHnOilbHOCTb\0 A ~4 Tpe-

6yiOTC.R ,qae Clo1CT8Mbl BVIplllailbHbiX ypaBHeH~-tH. nepBaR H3 HHX ,QJlR T8H-

30POB BToporo paHra Hccne,qoaanacb a pa6oTax 11
•
21 

• 0Ha nonY4aeT-
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CR ~HTerp~poBaH~eM no r ypaBHeH~~ 11 I -131 c BecaM~ xi "i' XJ 

~ 1 COOTBeTCTBeHHO: 

a ~ 

a\Jii- [ Ju 1xipdr] 1i ~ 0, 161 

a . ...,. . -+ aw ...,. 
--fpu1 xidr-fpu 1u.dr-Il 1J + fnxi-dr ~ 0, /71 
at J axi 

181 

rAe 

J 1iCt) ~Jx 1 xip(t,t)dr, n 1JCtl~ JP1ic;,t)dr. 

STopa~ CHCTeMa, AnR TeHsopos 4eTeepToro paHra, nony4aeTcR 

~HTerp~pOBaH~eM nor ypaBHeH~~ 111-151 C BeCaM~ XlXJXkXr,XJXkXr, 

Xk Xf , X f Ill 1 COOTBeTCTBeHHO: 

}
1 

J1i~ -[Jpu 1 xJxkxedrl 1J~ ~o, 191 

a . ~ kr .., aw ~ 
-.-.fpu1 xJxkxrdr -[TI 1 .+.fpu 1 uJxkxedrJJ~+Jnx.xkxr-dr ~ o, 1101 
at J J ax 1 

= 0, I 11 I 

1121 

~ o. 1131 

3AeCb seeAeHbl cneAytOw,He o6oaHa4eHH.A: 

kf -+ -+ f f (~ ) df 
n1J (t) ~JP1J (r,t)xkxrdr, II iJk(t) ~ PiJk r,t "r , 
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Tenepb HY}f(HO npoaapblr1posaTb Bbln!r1caHHble C!r1CT€Mbl BHp~ttanbHbiX 

ypaaHeHitl~ 8 COOT8€TCT8ltlltl C npaBHnaMitl BapHa~ltlltl lt!HTerpanbHbiX se

n~ttylt!H/lO/. 3Titl aap1r1a~HH onHCbiBa~T Mance OTKnoHeHH€ CHCT€Mbl 

OT paBHOBeCHR /OCHOBHOrO COCTORHHR/ H n03BOnR~T nocne H€KOTO

pbiX npH6JlH}f(eHHa:1 /eM. HH}f(e/ Haa::ITH ee co6cTaeHHble 4aCTOTbl MYJlbTH

nonbHOCT~ A.~ 4. np~ 8apb~Po8aH~YI ypa8HeHH<i /6/-/13/ 80 MHo
rHx nOAbiHTerpailbHbiX Bblpa}KeHHRX nORBRTCfl CI1€AY~IltH€ aapHa~HH: 

on, OU; ' oPij' oPijk. /1nR 8apl<a~YIYI on c noMOIJlbiO ypa8HeHYIR 
Henpepb18HOCTYI /1/ MOlKHO 8bl8eCTYI !P<>pMyny/ll/ 

on~ -div(n?'), /14/ 

CAe 8BeAeHO 6ecKoHe~HO Manoe CMeiJleHY!e ~! = U; dt • 0HO o~e8HA
HbiM o6pasoM/11/ CBR3aHo c Bu

1 
: 

a~~ 
- ~ OU;· /15/ at 

~ 

CMeiJleH~e ~~ "' 8ap~<a~YI~ oP ij' oP ijk - HeYI38eCTHble ¢YHK~YI~ r 
H t. B COOTB€TCTBH!r1 ciS/ nP€AilaraeTCR HCKaTb HX 8 CileAY~~eM 
BHAe: 

~ (t, t) 
i 

3 

L (t) + L L
1 
.(t)x. 

i j = 1 ,J J 

3 

3 

+ L Li,jk (I)XjXk+ 
j,k=l 

+ L Li,Jkf (t)XjXkXf. 
j,k,f= 1 

3 
o ~ ~ [ L P

1
i (r,t) ~ n(r,t) D1i (t) + 

k~1 

3 

D1~(t)Xk+ ~ 
k,f= 1 

3 

oPn (r,t) =n(r, t)[Nn (t) + ~ 
J J e = 1 

/16/ 

/18/ 

3To Hawe rnaBHO€ npH6IIH}K€HHe. 0HO n03BOJ1ReT n011Y4HTb 3aMKHYT~ 

cHcTeMy ypaaHeHHH AilR pasnH4Hblx MYilbTHnonbHbiX MOMeHToa. Apry-

MeHTbl a era nonb3Y y>Ke npHBOAHJlHCb a /2, 3, 11/ • B AOnOilH€Hir1e 

K Hlr1M OTM€THM, 4TO 8 CIIY4ae reKCaAeKanOilbHbiX Kone6aHir1~ I!>OPMY-

na /16/ 3K8H8aneHTHa aH3a~y TaceY! 112; a 8 cny~ae K8aApynonb-
HbiX Kone6aH!r1H npeAcTaBnReT co6oH era o6o6~eHHe. KpoMe Taro, 
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npl< A= 4 (j)opMYJlbl /16/-/18/ RBJlRIOTCR B onpeAeJleHHOM CMbiCJle 
11AJU1HHosont-iosbiM npH6Jn1meHHeM 11 , a npH A = 2 3TO y>Ke BbiXOA 

sa era paMKH. 
~flfl ynpo~eHHR paC4eTOB C~enaeM e~e H€CKOJ1bKO AOCT8T04HO 04€

BHAHbiX /HO, 8 npHHUHne, He o6R38T€JlbHbiX/ npH611H>KeHH~ H AOny~e
HHa:i. 

0YA€M C4HT8Tb, 4TO B COCTORHHH paBHOBeCHR RAPO HMeeT C~epH-
4eCKYIO lt>OPMY, A11R pasHoaecHbiX sHa4eHHC1 u ,. " P 1Jk npHMeM u (O) =0, 
~ - 0 I 

pljk - • (0) . (0) 
PaBHOBeCHbl€ 3Ha4eHHR T€H30POB pij H ll1jkf CBR38Hbl COOTHo

weHHeM, CJleAYIO~I<M 1<3 ypasHeHI<R /12/: 

/19/ 

8 c$epH4ecKoM RAPe TeHsog ~~O) , 04eBHAHo, AonmeH 6b1Tb AHaro-
HailbHbiM " ~<3oTponHbiM: ljj > = ll 1J p(O). AnR pac4eTa p(O) Mbl soc-

nonbsyeMcR npH5nHmeHHeM ToMaca - lt>epMH: 

p<O> = _!{_( 3"
2

)2/3 n5/3 

5m 2 

4epea KOTOPble HaH6onee npocTo Bblpama~TCR aapHaUHH TeHsopos 
HHep~"" Jlj 1< JIJkf llJ1j=(V1,j l;j llJtjkl' =(Vt,jkf ]tjkf. 
OH~< n~<He~Ho CBR3aHbl c L i,J " L I,Jkf 

35 (7R2'v . 
-mA-R-,4.-( 4-9-,-_-4-5-71,-2) I,J 

L 105 IV 
t,Jkf = 2Am{R6 i,Jkf -

21 81 <r 6 > 
'I=-

25 
-----, 
125 <t 2>3 

6 

3 

- 9 71 :£ vt,J••l. 
8 = 1 

2 5 2 R = -.<r >, 
3 

/20/ 

/21/ 



--Jo ·+ ' -1 ~ --Jo -> ...,. -+ -+ 

<¢(r,p) >=A J!(r,p,t) ¢(r, p)dpdr. 

B np1116m.,>t<eHf1-1 pesKoro Kpafl Tf = ( = 1. AHanori-14Ho aaplllal...\1-11-1 

on ij Ill on~j MoryT 6brTb CBfl3aHbl c ¢YHKL\t.1flMJ..1 Dij J..1 oif: 
3 

35 5 
<--ryoiJ .. 

A ( 25ry - 21 ) 7 'l /22/ 

35 k£ =----tsn. 
2AryR4 iJ 

1 23/ 

cpyHKL\1-1~-"~ L, D 1-1 N c He4eTHbrM 41-1CnoM IIIHAeKcoa He ao~AYT 

8 OKOH4aTenbHbre ypaaHeHJ..1.A 1113-3a Tpt.1nnaHapHO~ Ct.1MMeTpl-11.1 RApa, 

B ~Tore eap~a4~~ e~p~an•H~X ypaeHeH~~ /6/-/13/ np~H~Ma~T B~A 

35 . 
_.,-c.c;__ ___ [ (9ry - 70 vi . -
49 ' - 45, 2 ,J 

/24/ 

9(7-5ry) . ] 
----- l: vi. iJ• 5R2 s ,JSS /25/ 

/26/ 

9ry
2-7s 

----[s,vk + 
49 )' 45 2 jt i, •• 

~- ry /27/ 
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+ /28/ 

SB 

-o on l 
kf !j !jk 

/29/ 

3AeCb 
2 . 3 

fi a w ~ 
X -- 81 n"f ----- dr. 

!Jk,f 4m2 ax ax ax 
! j k 

OnpeAeileH~R TeH30POB KYJ10HOBCKJ.1X CHfl c ij Ill ci,jk£ MO}f(HQ Hae1-
Tio1 a nPHilO>KeHHH 1. TeH30Pbl RAePHbiX CHJl TaK M<e, KaK 3TO Aena

.nocb B pa00Tax 11 • 2• 31 , pa3AeJleHb1 Ha noeepXHOCTHYIO 1-1 06beMHYIO 

4aCTJ.1: 

au ~ 
(nx -dr=2" -U , 

Jax
1 

ti ti 

2" =- (x U 
!j J 

an .. 
--dr, 
ax! 

au .. 
(nx x x,-dr-:t , 

J k <ax. t.ik< 
1 

- 'lJ • 
!,jk£ 

an .. 
2" , -- (x x x,U --dr, 'lJ1 ·kf = [ 81. 'lJk£Lkf, 'lJkf= (nUxkxfdr. 

ij, k< j k L a X ,J J J 
! 

C 4e11b10 Aai1bHeC1wero ynpo~eHHR pac4eToa 6yAeM C4HTaTb RAep
Hoe ae~ecTao HeC}f(I-1MaeM~M, KpaC1 RAPa - peaKHM. Hs ypaaHeHHR He
npepbiBHOCTH npH 3TOM B03HHKaeT YCllOBHe div( = 0. 0HO npHBOAHT 

K COOTHOWeHHRM 

3 
l: v -0, 

ss 

3 2 
lV =RV, 

ij s s ij 
s =11 

/30/ 
S==l 

V -V + V 
ij i,j j,i 

V =[V ] • 
!Jkf i,jkf ijkf 
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B cny1.1ae peaKoro KpaR R,qpa cpe,qHee none Ha era noaepxHocT~ 
HMeeT CMbiCJl annpoKCHMVIPOBaTb noaepXHOCTHbiM HaTR>KeHHeM '/$~!3/Tor
,Qa ,QJ1R TeH30POB 0.. VI 001j_ nOJlyl.laiOTCR Bblpa>KeHHR, npHBe,QeHH.bJe 

8 lll,13/ , a Allfl Te
1

~aopa Oki,Jkf HMeeM 

24"T R
2 

8 ~i.jke ~ "";;;;\ lvi,jke- 9 l aik v;e l jkfl. /31/ 

2 
r,qe T = bl4rrr 0 - K03$$HU.VIeHT nosepxHOCTHoro HaTf!>KeHHR, b = 
~ 17 M38, r 0 ~ 1 , 2 $M, tl>OPMYnbl gnR TeH30POB KYnOHOBCKHX CHil 

111 AHA VIX aapVlaU.H~ MO>KHO Haa:1n1 a pa6oTax 110• 141• nocne,QHt-111 

4JleH /KBaHTOBaR nonpaBKa/ B ypaaHeHHH /28/ 8~4HCJ1ReTCR TaK me, 
KaK B OKTYnOilbHOI7! 3a,Qa4e/3, 15/ 

3 

s :
1 

(Vk,£ ss + V e.kssl IJ iik£ 

3. PAC4ET 3HEPIH~ 8035Ym~EHH~ 

Y4VITb1BaR, 4TO HH,qeKCbl i, j , k, f: npHHio1MaiOT 3Ha4eHHR 1 ,2 ,3, 
HeTpygHO nOAC4HTaTb, 4TO CHCTeMa /24/-/29/ COgepmHT 126 ypaa

HeHa.-111. nepeKOM6HHHpyeM lo1X TaK, 1-IT06bl nOI1Y41o1Jl\IICb ypaBHeHHR ,QJlR 

TeHaopoa, HenpHBO.QHMbiX no rpynne apaw,eHt.-1~. nocKollbKY a c¢ept.-1-

4eCKOM FlAPe MY1lbTt.-1nOJlbHbl~ MOMeHT .\. FlBJlfleTCFl XOPOWt.-1M KBaHTOBbiM 

4t.-1CJlOM, Ct.-1CTeMa ypaBHeH~~ AOJlmHa pacnaCTbCR Ha nRTb He3aBt.-1CH

MbiX 6noKos, cooTseTCTBYIOW.t-1X .\. = 4,3,2, 1 ,0. AeKapToBbl TeHaopbl 

pa31lt.-14HO~ Ct-1MMeTpt.-1t.-1 pa36t-1BaiOTCR Ha Henpt.-1BOAt-1Mble CJleAYIOW.t.-1M o6-

pa30M 
1161 : 

Ti,j ~> 'J oo + 'Jt;< +~I" T;i ~> 'Joo + 'J2;<• 

T i,jk£ ~> 'Joo + 'Jl;< + 2'J 2;< + 'J 3;< + 'J 4/L ' 

T ij,ke ~> 2'Joo + 'Jl" + 3'J 2;< + 'J 3;< + 'J 41" 

T!Jk£ ~> 'Joo+ 'J21' + 'J4;<' 

PaccMoTPt-1M oTAenbHO soa6ymAeHt.-1R KamAo~ MY1lbTt-1nOnbHocTH /MOHo

nonbHble B036YmAeHHR QTCYTCTBYIOT Ha-aa npH611HmeHHR HeCmHMaeMo

CTH/. 
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+ 
3 0 1 0 reKCaAeKanOilbHble B036Y>KAeHHR 14 I 

CHcTeMa ypaeHeHHH A11R TeHsopoe MynbTHnonbHOCTH A 
eT BHA 

oo (1) (1) (2) 
r4~' + 13r4 , -2r4 ~' ~ o, 

0 (2) 
r 41' + 

27 4i(1) 
10 y 41' 

3AeCb 
• 

i3~(27-10X)32,T/9mA, y 2 ~1l2 (9rr/A)213 /2m
2
r\ 

0 

4 HMe-

/321 

(1) 
X- napaM.eTp AellHMOCTI-1' r 4u - saplo1aU,HR 3IleKTPH4eCKoro reKCaAe-

,.. ,...4 -+ 
KanollbHoro MoMeHTa RAPa Q41' ~ (eZ/A) fn(r) r Y4,(0,</>)dr o TeHao-
Pbl r!~ RB.nRIOTCR JlHHeiiiHbiMH KOM6HHa U,HRMH nepeMeHHbiX V i,jkf , 

srf{: • 8Iliejk "' 8Ilt.kf I CMonPHilO>KeHHe lllo nocJleAHee ypaeHeHHe 
j l 27 4 1 

CHCTeMbl 1321 AaeT, 04eB"'AHO, HHT.erpall ABH>KeHHR - y f
4
( ) + 

2 (2) ( 4) 10 I' 
+ y r

4 
+ 6r 

4 
= CODSt , a H3 nepBbiX Tpex nOJ1y4aeTCR xapaKTepH-

CTH4e8koe yp~HeHHe 

4 2 58 2 y 2 2 
w -w (-y +f3) + -(54y +31{3) ~oo 1331 

5 5 

Ero peweH1o1e ~aeT ABa AeBRTHKpaTHO BbtpomAeHHbiX ypoBHA aHeprHH: 
E~)~ 70 A-11 't1aB H E<;>~ 212 I\113MaBo 0HH Hao6pa>KeHbl Ha pHco1 
cnJ10WHbiMH JlHHHRMH IAilR RAeP c AOPO>KKH {3-cTa6HJlbHOCTHio TaM >Ke 
nPeACTaeneHbt aKcnepHMeHTallbHble AaHHble no rHraHTCKI-1M reKcaAeKa
nonbHbiM pe30HaHCaM- trrP/ H3 /17-21/ • KaK BHAHO, peweHHe C MeHb

weH 3HeprHeH Hennoxo c HHMH cornacyeTCR. PacxomAeHHe a nerKHx 
RAPaX AOflmHO yMeHbWHTbCR npH y4eTe paaM~TOCT~ KPaR RAPa ~ cmH
MaeMOCT~. 3TOT pe30HaHC npH6nH3HTenbHO COOTBeTCTByeT OmHAaeMO
MY nepexoAY c M< ~ 2 "' o6bJ4HO eocnpoH3BOAHTCR e RPA-pac<~eTax 
paanH4HO~ cTeneHH cnomHOCTH/7,8, 2l, 221 

0 Oea y4eTa KynoHOBCKHX 
"' noeepxHOCTHbiX CHil E~) onycKaeTCR K 65 A-113 MaBo 

BTopoi1 4+-peaoHaHc lc aHeprHei1- 212 A-118 MaBI 11e>KHT RBHO Bbl
we omHAaeMoro eoa6ymAeHHR c ~ = 4, KOTopoe, KaK npaeHno, ~ no
ny4aeTCR e RPA-pac4eTax 18 · 21 • 221 

0 ~cK~4eHHe cocTaBnReT n~wb 
pa6oTa17/ , npeACKa3biBaiO~aR nonomeHHe BToporo 4+ -ypoBHR B TOM 
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OL-~~~~~~~~~ 
50 100 150 200 A 

PHc. 1 • reKCa,UeKanonbHbie 

Bo36YJKAeHHH. CnnolllHbte KpH

Bbie - TO'liHblli paC'lleT, lllTpHX

nyHKTHpHble - Y'tiTeHbi KBap;-

pynonbHaH H OKTynonbHaR 

nrr~, nyHKTHpHaR - y'liTeHa 

TOnbKO KBaApynonbHaR ~IT¢. 

KpecTHKH - 3KCnepHMeHTanb

Hbie ,UaHHble H3/l 7 - 2l/. 3KC

nepHMeHTanbHbte rpaHH~bi .unH 

BepxHero 4 +-B036YJKAeHHH 

H3 pa6oTbi / 201 • 

me pa~oHe, 4TO ~ M~. ~Me~

~eecR OAHO 3KCnep~MeHT8Ilb
Hoe YKa3aH~e 12ry cornacyeT

CR C HaW~M paC4eTOM /eM. 

p~c.l/. 

Ecn~ He np~H~MaTb BO BH~

MaH~e nepeMeHHble 5TI1Jki 

/T. e. r1~) I ~' COOTBeTCT

aeHHO, OT6pOC~Tb nOCileAHee ypaaHeH~e B /32/ /4TO 3KB~BaneHTHO 

npeHe6pemeHH~ reKCaAeKanonbHO~ Ae¢opMa~~e~ noaepxHoCTH ¢epMH 

/An¢//,To peweHHR omyT~MO CMe~a~TCR, YAailRRCb OT 3KCnepHMeHTa 

/wTp~xnyHKT~pHble Kf~Bble/. Ecn~tt me npeHe6pe4b e~e ~ oKTynonbHOH 

An¢ /nepeMeHHble ani "k. I' To OCTaeTCR TOilbKO OAHO peweH~e 

/nYHKT~pHaR KP~BaR{, KOTOpoe He ~MeeT H~4ero 06~ero C 3KCne

p~MeHTOM, Ho coanaAaeT /ecn~ npeHe6pe4b TaKme KynoHOBCKHMH 

H nosepxHoCTHb1MH c~naMH/ c pe3YilbTan)M pa6oTbl 1231 : E 4 =:~. 

~ 150 A-lis M3B. 

nnR TeH30pa MYilbTHnOilbHOCT~ A = 3 nony4aeTCR cneAY~~R CH

CTeMa ypasHeH~~: 

·(i) (2) 

F 3 ~ -2F3 ~ =0, 

"(3) 

10F3~ 

/34/ 
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3AeCb F~1 ) - Bapl-1aU,I-1R MarHJ.1THoro OKTYnOilbHOro MOMeHTa RAPa 
ll -+-+3 -+-+-+ 

)R 3 ~ =(eZ/4Ac) fn(r) 1;7 (r Ya~) · ( l x u] dr , C - CKOPOCTb CBeTa. TeH-

30P~ F~~ rBilRIOTCR J1J.1Hei1Hb1MVI KoM6J.1HaU.I-1RMJ.1 TeH30POB v i.jkf ' 

8IJ1. H BII !Jk /cM.nPHilO>KeHHe II/. 
nocneAHee ypaeHeHHe CI-1CTeMbl /34/ AaeT, 04eBJ.1AHO, J.1HTerpan 

ABH>KeHH" 10F£;;} -7y 2F&~ = const, -a nepBble ABa - OAHH ceMHKpaT-
HO Bblpo>KAeHHbll-1 ypOBeHb C 3Heprl-1eJ.1 

4 -h/3 
E =- y ~ 116A M3B. 

3 /5 
/35/ 

no CMbiCilY nepeMeHHbiX, BXOARW.I-1X B /34/, 3TO MarHJ.1THbli1 OKTYnOJlb

HbiH peaoHaHc. KynoHOBCKV1e 1-1 noeepxHOCTHble CHilbl, KaK BHAHO 

1-13 /35/, He Billo1RIOT Ha era nonomeHI-1e, KOTopoe nonHoCTbiO onpeAe

nReTcR KBaAPYnOilbHOii 1-1 OKTynOilbHOii an¢. ECill-1 npeHe6pe4b OKTy-

- 3 8 -1/3 . 
nollbHO~ lln<!>, yposeHb onycKaeTCR K E 3 = -:o- y = 7 A M3B. 

v'5 

+ 3. 3. KsagpynonbHble soa6y>KgeHHR 2 

TeH30Pbl MYilbTJ..inOilbHOCTI-1 A = 2 onHCbiBaiOTCR cneAYIOw.eH CHCTeM· 

MOi1 ypaBHeHJ.1i:1: 

jj<IJ 7 2( 9 B(3) _ B(IJ) B(ll _ O 
2~ + 2 Y 5 2~ , 2~ +a 2~ -

·(2) 7 2 ·(3) ·(I) 
B 2~ +- y ( 9 B2~ - 5 B21l ) = 0 

20 

B(3) (!.- 2)B(l) ~B(3 ) !_(2B(4)-3B(5)-5B(6l)=0 
2~ + 7 a Y 2Jl + 5 2~ + 7 2~ 2~ 2~ ' 

'(5) '(4) '(6) 
B2~- B2~ - B 2~ = 0 

s< 6l + ~ l (21 s<
2
3) -13 s<2

1
)) - 2B(:) = 0, 

~ 20 ~ ~ ~ 

/36/ 

'(7) 7 2 2 5 (k) (3) 4 (4) (6) (9) 
B2 + - y I y [ (5 + - x) B 2"- (9 + x) B2 ] -- (B + 6B 2 ) ! - 2B 2" = 0, 

~ 8 7 ~ ~ 5 2~ ~ ~ 

'(8) 7 2 2 31;'.5 (1) (3) (6) (9) 
B2~- 400 

y iy [(55--7--x)B2~-(99-25x)B2~]-WOB 2~ 1-B 2~=0, 

•(9) y4 •(I) ·(I) •(3) 
2

·(5) 
2B ---[lOOB 2 +7-17(5B2 -9B2, )]+y B21' =0. 

2~200 ~ ~ ~ 

12 



3AeCb x~20,T!i2 /Am3 R 4 y 4 , a~(1'-X)32,T/3mA, 8~~) - sapHa4HR 
KBaApynoilbHOCO MOMeHTa RApa Qff = (eZ/A) (n(r) r 2 Y21'(0, ¢) dr 
Onpe,qeneH(.1fl acexkpepeMerHbiX B~lL s TePMI-1Hax TeHaopos Vt.j , 
vi,Jkf '8IItj' 8IItj' oiiijk' olltJkf npHBeAeHbl B npHilO>KeHHH II. 11KsaHTOB.UR nonpaBKa'' co,qep>KHTCR a aenH4HHe x z 0,032 A-1

• KaK 
BHAHO, OHa HC4e3a~~e Mana. npH B~Bo,qe 3THX ypasHeHHH 6~11(.1 (.1C
nOilb30BaHbl COOTHOWeHI-1R /30/. 8Topoe, m:noe H ,qeBRTOe ypaBHeHio1R 

AaiOT HHTerpailbl ABH>K6HHR 8(2
) + ..2_ ~(9 8(3) - 5 8(l)) ~ COOSt 

21' 20 21' 21' . ' 

8(4)- 8(5)+ 8<6l ~ const 28<9l - "[.!.. 8(l) + 7• 17 (58(l) -98(3) ) J 
21' 2!' 21' • 21' y 2 21' 200 21' 21' + 

+ y 
2 8~5 ) = CODSt • 113 OCTailbHbiX nOI1Y4aeTCR XapaKTepHCTH4eCKoe 

ypaaHeil'He 

4 3 2 x + c
3

x + c 
2
x + c

1 
x + c

0 
= 0, 

2 2 r,qe x = w I y , 
7. 9 2 c ~--(3+6,9a/y ), 

0 100 

c
1 
~-17,123 -16,07a/y2, 

c
2 
~ 24,29 + 9,3a/y 2, 

c3 = -10,3 - a/y 2• 

50 

CD 
"'30 
:E. 
w 

20 

10 

' 

50 100 150 200 A 

1371 

Ero peweHHe ,qaeT 4eT~pe 
nRTHKpaTHO B~po>K,qeHHWX 
ypoBHR 3HeprHH. Hx aaaHC(.1-
MOCTb OT A nOKaaaHa Ha 
pHc.2.Eci1H npeHe6pe4b no
aepxHoCTHWMH H KYITOHOBCKH
MH CHITaMH, 3HeprHH (.13Me
HR~TCR He3Ha4HTeiTbHO H MO
ryT 6~Tb npH6Il(.1>KeHHO aanH
caHbl KaK E (l)= 23,7 A-111M:.B, 
E\2) = 65,9lJ\-113M:.B,E~3) ~ 
~287 ,3 A-113M:>B, E(,4) = 
~ 1 7 4, 7 lt"l/3 M:>B • Y'poseH b 

PHc. 2. KBa,o;pyrrorr:&Hbie Bos-
6Y*AeHHH. B CKo6Kax yKasaH 
rrpo~eHT HcqepnbmaHHa Hso
CKarrapaoro npaBana cyMM. 
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E~) eCTb He 4TO HHOe, K8K rHraHTCKH~ KB8APYnOnbH~~ pesoHaHC 

/rKP/. HanOMHHM, 4TO s pa6oTax 11 •21 oH paccL.IHTbiBanc~ c noMOI14biO 

CHCTeMbl ypasHeHH~ TOnbKO AnR TeH30poB BTOporo paHra, H TOrAa 

nony4anocb 64,7 A-113r'I3B. KaK BHAHO, pacwHpeHHe cxeMbl pac4eTa 

AO 1eH30poB 4eTBepTOrO paHra npaKTH4eCKH He nOBilH~IlO Ha 3Hep

rHIO rKP, 4TO rosopHT o6 YCTOH4HBOCTH MeToAa. 

BnHHHHe ~n~ BbiCWHX MYilbTHnOnbHOCTe~ HeTPYAHo o~eHHTb, ony

CTHB nepeMeHHble B ~~ , B ~~ H B~~) /H TPH nocneAHHX ypaBH!:\HHR 

CHCTeMbl /36//. B pe3yJlbTaTe OCTa~TCR TOJlbKO ABa ypoBHR: E~) ~ 

~ 54,3 A-113 H E~4 l ~ 141,7 A-113. TaKHM o6pasoM, npeHe6pel!<eHHe 

,lln~ C .\ > 2 npHBOAHT He TOJlbKO K 3aMeTHbiM 4HCJ1eHHbiM OWir16KaM 

npH pac4eTe 3HeprH~ eos6YmAeHH~, Ho H /4TO 6onee samHo/ npocTo 

K noTepe HeKOTOPbiX MoA! CneAosaTeilbHO, Heilb3~ HMH npeHe6pe4b! 

3. 4. AHnOJlbHble Bo36Yli<AeHHR 1+ 

H3 nepeMeHHbiX, <!>HrypHpy~wHX B CHCTeMe ypaBHeHHH /24/-/29/, 

MOmHO nOCTPOHTb 4eTblpe BeKTopa: 

3 

:l: 'IJk vk,J ' 
J. k=1 

3 

'IJk :l: 
B=l 

(2) 3 
I = :l: 

I 
j,k=l 

3 

' :l: 
ljk 8 = 1 

3 
:l: 

J.k=l 

v 
k,jss ' 

1381 

rAe E"ijk - CHMBOil nesH - 4HBHTa. nepBbl~ aeKTOP CyTb BapHa~H.~ 

yrnosoro MOMeHTa ~Apa. 0Ha, 04eBHAHO, CoxpaHReTCR. ~IlR OCTailb

HbiX SeKTOPOB cnpaseAnHBa CileAY~a~ CHCTeMa ypaBHeHH~: 

i~ 2)- 2!~3 ) = 0, 

• (3) 63 2 I (2) 
II +-y I 

20 
I 

( 4) 
- I 

i(4) _.?l,y2j<~ =0. 
I 20 I 

1391 

nocneAHee ypaeHeHHe AaeT e114e OAHH HHTerpan ABHmeHH~ I
1
(4:) -

- ~ y 2!i2
) =COOSt , a nepBble ABa Aa~T OAHH TpexKpaTHO BbiPOli<AeH-

20 
Hbl<i ypoeeHb c 3HeprHe<1 El = 132,6 A-113 

M3B. nAeHe6pel!<eHHe oK

TYnOJlbHOH An<!> noAHHMaeT era AD En = 162,4 A-1 3 , T. e. MeHReT 

pe3yilbTaT no4n1 Ha 25%, 4TO ew,e pa3 nOA4epKHBaeT He06XOAHMOCTb 

y4eTa ~n~ BbiCWHX MYilbTHnOilbHOcTe~. 0 lt>HSH4ecKoM CMblCile 3Toro 

B036Yli<AeHHR - B CJleAY~we<i pa6oTe. 

14 



,llnR paC4eTa np~t~BeAeHHbiX aepORTHOCTei1 nepeXOAOB HCnOilb3yeM 
TeOpHIO J11-1Hei1Horo OTKilHKa CHCTeMbl Ha B03My~eHHe BHeWHHM nOJleM 

MaTpH4Hbre 3neMeHTbl onepaTopa 0 cornacHo nei:iHy/ 241 YAOBileTaopR
IOT COOTHOWeHI-110 

• 2 
I< .P I o I o/1 >I a 0 I 41 I 

rAe 1/10 1-1 t/Ja - HeB03My~eHHble BOilHOBble <lJYHKLtHH OCHOBHOro Ill B03-
6y}f(AeHHOro CTaU,VIOHapHbiX COCTORH14i1; cv& = (Ea - E0 ) /fl. - C06cTaeH
Hble 4aCTOTbl; 4epTa oaHa4aeT ycpeAHeHHe no HHTepaany apeMeHH 
60JlbWeMy, ~eM 1/~, ~ - 4aCTOTa BHewHero nOilR. 

+ 4. 1. 4 -COCTORH~R 
noAP06HOCT~ np<1Cnoco6neH<1R <!>OPMYnbl 1411 K MeTOAY MOMeHTOB 

6blllH V13JlO}f(eHbl a131 , n03TOMY 3AeCb npoMe}f(yTo~Hble BbiKilaAKVI 
He npvtBOAATCA. 

BoaMy~eHvre RAPa BHeWHHM noneM 

"' eZ 4 
0 = q4f' = A r y 4f< 

AenaeT HeOAHOPOAHbiM nepsoe ypasHeH<1e C<1CTeMbl 1321: 

,llJlR MaTpH4HOrO 3JleMeHTa HMeeM 

(l) 
<.P'Iq I.P'>=r. 

0 4f' 0 4f' 

PewaR HeOAHOPOAHYIO C<1CTeMy 1321 OTHOC<1TenbHO r(l) 
141 I 41' c noMO~biO 

+ • 2 3 
B(E4, 4 ~ gr) = I <.P I 0 I o/1 >I= -2 I 4+ 0 

• i,ij. 
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+ 
B(E4, 4 ~ gr) 

2 

~ 
B(E4, 4 ~ gr) 

1 

z2 
-57,3-- B 

A 4/3 w 
208 

(- 320,2 B A11R Pb), 
w 

06a YPOBH.A A310T npV'IMepHO OAVIHaKOBbl~ BKnaA B 3HepreTI.14eCKlt1 B3Be

weHHOe npaBV1!10 CYMM ltf nOilHOCTbiO era J..1C4epnbiB310T. 

4.2. 2+-cOCTO.AHV'I.A 

Bo3My~eHHe RAPa BHeWHV'IM noneM 

O=q -~r2Y 
2p. A 2p. 

HeOAHOPOAHbiMI-1 

+ ( .]_ Y 2 - a) B(l) 
2 2p. 

nepsoe VI TpeTbe ypasHeHvt.R CVICTeMbl 

63 2B(3) 3 ( iwt 0 -!wt) 
--y =-K e +u e 

10 21' 2 p.O ' 

's'(3) ( 2 5 ) B(l) 9 2B(3) 2 (5B(6) + 3 B(25•: 
- 2p. + Y - 7a 2p. - 5 Y 2p. + 7 2p. ~ 

15 ( iwt 0 -!wt ) 
--K e +u e • 

14 p.O 

/36/: 

3AeCb •-e
2

Z
2

R
2 /rrmA. MaTp~4HbiH 3J1eMeHT <</1~1'121'1</1~>-B~~ 

a Ail.A npV1BeAeHHO~ eepo.ATHOCTV'I nepexoAa VIMeeM 

+ 
B(E2, 2

1 
~ gr) 

B(E2, 2: ~ gr) 

16 

3 93 2 37 2 123 3 
"'1 -ToY"'! + 2y "'t -2sy 

3 fu: 
4 

z2 
-10,2-- Bw 

A 4/3 

n (w. - "'.) 
j,li 1 J 



B(E2,2+~gr) ~14,7E_Bw (~80,2Bw AnR 
208

pb), 
2 A 4/3 

H~mHr.-t~ ypoaeHb E~) ~c~epn~eaeT 20% 3HepreTH4eCKH eaaeweHHoro 
npaa~na CYMM, a rKP (E~)) - 79%, OCTaanRR Ha AOn~ ABYX 6pnee 
BbiCOKHX z+-aoa6y>K.qeHH~ ecero 1% npaa1-1na CYMM. OTCJO.qa MO)f(HO c.qe
naTb BbiBOA, 4TO HH3KOJ1e>Kaw,ee 2+ -aoa6ym.qeHHe RBJlReTC.R '-'eHTpoH
.qOM acex z+-CQCTO.RHHH R.qpa, nemaw,HX HH>Ke fKP. KaK BHAHO 
H·a PHC. 3, 3KCnepV!MeHT8JlbHble .qaHHble125 - Sl/ no HH3KOJ1€)f(aUV•1M 2+
COCTORHr.-I.RM B c<t>epH4eCKHX RAP8X He npoTHBOpellaT TaKOill _HHTepnpe
T8'-'HH, XOT.R 0 xopoweM COrJlaCHH TeOpHH C 3KCnepHMeHTOM roBOPHTb 
He npHXOAHTCR /HCKil!04eHHe cocTaaJmeT 

208pb I. Cl-1Tyau,HR MomeT 
ew.e yny4wHTbC.R npH y4eTe pasMbiTOCTH Kpa.R .R.qpa, C>KHMaeMOCTH, 
cm1H-HaocniiiHOBbiX cTeneHeC1 cao6o.qbl, _a TaKme npH pacwHpeHHH cxe
Mbl pac4eTa P.O TeHsopoe wecToro paHra 1o1 Bblwe. noKa me oTMeTHM, 
4TO {J.nfl Hawero MeToAa npHH~HnHanbHO eameH caM ~aKT noflsneHHR 
Hlo13Kone>Ka~ero z+-COCTOflHHR, KOTopoe BOCnpOH3BO~HTCR 8 MHKpo-

6 

5 

mi. X .., 
:::f: 

WJ 

I 2 l ~ I 1 

0 
123 45 6 789 10 111213 ~5 1617 

20 1.0 60 80 100 120 11.0 160 180 200 A 
PHc.3. HHEHHH BeTBb KB~pynonbHhlX Bos6~eaHH. KpeCTHKaMH 
OTMeqeHN 3KCrrepHMeHTanbHNe z+-ypoBHH pasn~HhlX ftAep H3 

a6oT125 -31-l : I - 36 S 2 - 38 Ar 3 - 4° Ca , 4 - 48 Ti , 5 -~2cr , 6 - 58N! , 7 - sd Sr , 8 - 9dzr , 9 - 92zr " 92 Mo , 10 -
U2sn, 11- 124-fe 12 _ta2cs 13 _lasaa, 14 _142Nd, 
15 - 144 Sm , 16 - ~06 Pb, 17 - 2bs Pb • 
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cKom>~4eCKHx pac4eTax 17- 91 H He noily4aeTCFI a MeToAe (f)asosoro 

npocTpaHcTea 14 - 61 • 

npHPOAY no KpaHHeH Mepe OAHOro 1-13 ABYX BbiCOKOile>KautHX 2+ -sos-

5y>KAeHHH MO>KHO, nO-BHAHMOMy, CBR3aTb C AHHaMHKOH TOPOHAHOro 

KBaAPYnOilbHOrO MOMeHTa 1321 

1 -+ -+-+ 2 2 -+ 

T1J~'28Jn(r)[2(r·u)(r ll 1J +2x 1xJ)-5r (x 1uJ +Xju1 )]dr, /42/ 

nOCKOilbKY era BapHa4HR RBilReTCR IlHHe~HO~ KOM6HHa41-1e~ nepeMeH

HblX, nPBACTaBllBHHblX B CHCTBMB /36/: 

eZR
2 

28mcA 
1 2 

VIJ 
! 

s=l 
[ v 1 l. 

l,jss ij 

B 
• R I 33/ 

nollb3Y 3Toro npeAnollO>KeHHR rosopHT ynpoll.\eHHbiH PA-pac4eT , 

KOTOPbl~ npeACKa3biBaeT 2+ -yposeHb BHxpeso~ npHPOAbl npvt 3He_prvtH 

-93 A11~3B, 4TO 04BHb 611H3KO K HaweMy peaynbTaTy AI1R E':J. 

TaM me npeAcKa3b1BaeTCR V1 HV13KOile>KautHH 11 TOPOI-1AHb1H 11 2+-yposeHb' 

no3TOMY He vtCKI1t04eHo, 4TO Haw ypoaeHb npvt 23,7 A-113 M3B vtMeeT 

3aMeTHY~ npHMeCb BV1Xpeso~ KOMnOHeHTblo 
+ 

,lJ.IlR OKOH4aTeilbHOro BbiBOAa 0 nPHPOAe BbiCOKOile>Kai.I.\V1X 2 -soa-

6y>KAeHV1\II cn,ef'yeT Bbi4HC11V1Tb KBaApaT MaTpV14Horo 3IleMeHTa 

I<O I T1J 12+ > I , 4To 6yAeT CAellaHo e CI1BAYIOUlBi1 pa6oTe. TaM >KB 

6yAeT Bbi4HCileHa BepORTHOCTb B036Y>KAeHI-1R H APYroH TOKOBOH MO

Abl - OKTYnOilbHOrO MarHHTHOro pe30HaHCa o 

5. 3AKJ104EHHE 

noABeAeM KpaTKo vtTorvt. MeTOA MoMeHTOB snePBble npHMeHeH AilR 

onvtcaHHR KOilileKTHsHbiX sos6ymAeHHH c A ~ 40 nony4eHo Hennoxoe 

cornacHe c 3KCnepHMeHTallbHbiMH AaHHbiMH no 3HeprHFIM rrPo npeA

CKa3aHO nOilO>KeHHe OKTynOilbHOrO MarHHTHOrO pe30HaHca, a TaK>Ke 

1+-COCTORHV1R CilO>KHO~ CTPYKTYPblo 

Ha npvtMepe 2+-sos6ymAeHH~ nPOAeMOHCTpvtposaHa YCTOH4HBOCTb 

MeTOAa K pacwvtpeHH~ cxeMbl pac4eTa o A vtMeHHo, noKasaHo, 4To 

3HeprHR rK•P, paCC4HTaHHaR B CXeMe C TeH3opaMH BTOporo H 4eTsep

Toro paHra, npaKTH4eCKV1 cosnaAaeT c paCC4HTaHHoH paHee 11 • 21 

s cxeMe c TeHsopaMH TOilbKO BToporo paHrao PacwvtpeHHe cxeMbl AO 

TeH30POB. 4eTBepTOrO paHra npH pac4eTe rKP 3KBHBaJleHTHO Bbi

XOAY 3a paMKH AilHHHOBOilHOBOrO npH6IlH>KeHHR, a TaK>Ke y4eTy OKTy

nOilbHOH H reKcaAeKanonbHOH Ae¢opMa4HH nosepxHoCTV1 $epMHo Co

OTBeTCTBeHHO B03paCTaeT 4HCilO npHHHMaeMbiX 80 BHHMaHHe CTene

HeH CB060Abl, 4TO BeAeT K nORBileHH~ HOBbiX 2+-ypOBHeHo Qco6eHHO 
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~HTepeceH ¢aKT nORBJ1€H~R H~3KOJ1e~a~ero 2+-ypoaHR - OH n03BOnR

eT Ha,qeRTbCfl ace 6onee no,qpo6Ho om1CbiBaTb H~3Kone~auzyl0 4aCTb 

cneKTpa no Mepe ,qanbHe~wero yaen~t~4eH~R 4HCna cTeneHei1 cao6oAbl 

/no Mepe ~3Y4eHHR A~HaM~Kitl T€H30POB ace 6onee BbiCOKOrO paHra/. 
TeM caMbiM no,q4epKit1aaeTCR TaKme Heo6xo,qHMOCTb y4eTa .Qn¢ BbiCWHX 

MYI1bTHnOilbHOCTe~. 
noKa3aHO, 4TO 11 KBaHTOBaR nonpaaKa 11 BXO,QHT TOilbKO 8 ypaaHe

HI-1R ,QJlR z+ -B036ym,q€HV1i1, HO LIIIICI1€HHO npaKTH4€CK\.1 He CKa3biBaeT

C R Ha 3He pn1RX • 

4To6bl He yaenH4HBaTb \.lpesMepHo paaMePbl 3To~ pa6oTbl, ocaew.e

HHe HeKOTOpbiX aonpOCOB /3TO BI-1,QHO 6b1Il0 no XOAY V13110>KeHH11/ OT

JlO}I(eHO AO cne,qy~w,e~ ny6Jl\.1Ka~HV1. K HHM OTHOCRTCR ,qeTanbHOe \.1C

cne,qoaaHHe nPHPOAbl acex Bo36ym,qeHVIC1 c ,qeMOHCTpa~Hec:1 pacnpe,qene
HHR TOKOB; paC4eT B€PORTHOCTei1 B036ym,qeHI-1R 1+- H 3+-ypoBHei1; 

CHCTeMaTH3a~VIR 3KCnepHMeHTailbHbiX ,qaHHbiX no B(E)-<t>aKTopaM acex 
H38€CTHb1X z+-ypoaHei1 H\.1)!(e rKP, aHallH3 BK.na,qa KBa,qpynOilbHOro 

TOPOH,QHoro ,QBH>KeHVIFI 8 z+-B036Y)!(A€HHR. 

50ilbWOC1 HHTepec, KOH€4HO, npe,QCTaBhRIOT MO,Q~ CmaTHR, AilFI \.13y-

4eHHR KOTOpbiX Tpe6yeTCR npoBeCTH paC4eTbl C KaKHM-HI-16y,qb pea

Jli-1CTIII4€CKIIIM B3aHMo,qec:1cTBI-1eM. Ho 3To yme 3a,qa4a 6onee oT,qaneH

Horo 6YAYI!lero. 

nPMnOJI{EHME I 

TeH30pbl KYnoHoacKVIX c1-1.n: 

. ~ 

eZ -+ ::rtr' -+ eZ 2 -+ 
=-Jn(r)xJ =:.L.dr=( -) ((n(r) 

A ax 1 A 

2 
=( eZ) 

A 

(x
1
-x;) (xj -xj) 

~ ~ 8 
I r- r' I 
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nPI1Il0l!<EHI1E I I 

BapHa4HR 3neKTPH~ecKoro reKCaAeKanOilbHOro MOMeHTa nony4aeT
CR c nOMOU\biO <!>OPMYnbl /14/. Hanp~Mep, 

3 
= eZ ( n ~ a 4 ~ 

~ -(rY )dr= 

Ze 3 

rnA 16 

A s=l s ax 44 
s 

3AeCb v!jkf = [ v !,jkf l iikf . Henp~BOA~Mble TeH30Pbl r~) ' r 1~) 
Yt nt.) nony4aiOTCR H3 r,\?t) 3aM8HO~ nepeMeHHbiX V1Jkf Ha nepeMeH-

Hble (Sll;~Jijkf (Sll!~k]!jkf ~ Sll!Jkf COOTBeTCTBeHHO. 

BapHaU,VIR MarHIIITHOrO OKTYnOilbHOrO MOM8HTa R,Qpa Bbll..IHCm=teTCfl 

aHanon-11-lHO 8Q4p; • HanpvtMep: 

F(l.J=SlR -~((Sn)V (r 3Y3 ) .[;x~]d; = 
33 - 33 4Ac ~ 

3eZ 35 · · · · · 
_:=- v - [ 3 va "1 2 - v 3 222 - v 2 113 + v 2 223- 2 v 1 t23 • 
32Arnc " •• • • • • 

. . . 
+ i (3Va.122- Va.ut -2V2.123 + v1.11a- v1.22:il l. 

Henp~BOA~Mble TeH30pb1 F ~~ ~ FJ~l nony"aiOTCR ~3 Fg) 3aMeHo~ ne

peMeHHbiX V!,Jkf Ha nepeMeHHble anrf ~ all\jk COOTBeTCTBeHHO. 

BapHai...IHR 3J18KTpH48CKOrO KBa,QpynOilbHOrO MOM8HTa R,Qpa Bbl41t1C

J1R8TCR aHanorH4HO OQ 4p; • HanpHMep, 

(1) Ze Ts . 
B22 ~SQ22 =--v-(V11-V22 +2tV12). 

4Am 2rr 

HenpvtBO,QJ.1Mble T8H30Pbl sh:V 
B~V ~ B<lJ nony"aiOTCR ~3 

- 1- i sn•• 
R2 S=1 !j 

88TCTB8HHO. 
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1 3 
-:2 ~ [ V 1 js 8 l1J. 
R s=1 ' 

-1- i [Slli l 
R2 s=l sst ij 

1 

ll 
3 !j 1 
l Sll ss' -R2 

s=l 

on 
ij s. s 

B (7) 
2~ ' 

Ha nepe-

COOT-
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