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I. BBEJ(EHHE 

~TerpanbHHe XapaKT8pHCTHRH ~8p (HarrpHM8p, 9~8KTpoMarHHTHHe 

MOM8HTbl) RBJIRJOTCR O'tl8Hll Ba.JKHblMli 9JIeMeHTBMH reopaa .H,IlJ)a. Ey.n;ytU1 lf}HSH
'tleOKHMR Ha6~~aeMblMM He TO~RO B WOPManbHOM CMHC~8 RBaHTOBO~ M8XaHH

KR j HO H KaK 06'b8KTH, Orrpe.n;8JI.fIlOIItHe BeJm'llHHY 08'tleHHH pa3JIHlJ.HHX H,Il;ep

HYX peaKUn~ R BepORTHOCTH MHOrHX rrpO~8CCOB, TaRR8 H,Il;epHH8 XapaKT~~C
THKR WHpOKO HCnO~SYIDTCR npH nOCTPQ8HHH KO~eRTHBHblXMO.n;erre~ ~a 1,2/. 

MOmHbla MeTO.n; H3yqeHKH .n;HH8MHKR HHT8rpanBHHx xapaKTepHcTHK Mo~eT 

6blTll IIocTpoeH Ha 6ase BapH8lJ;HOHHOa TeopHH XapTpH-~oKa c BpeMeHHot\ 3a

BHCHMOCTlllO (X'1>B3). Peneaae ypaBH81lldt X~B3 orrpenenaer .n;HHaMHKY scex 
H,Il;8pHHX KOJIJI8KTHBHlU nepeM8HHHx. O,nHaKO Bp8M8HHYIO 3BOJIIOIJ;HD MHorHX 
H,Il;epHHX HHTerpanllHHx Xap8KTepHCTHK MO~HO OIIHcaTll SHa~Te~HO rrpome, 
H8 pemaR Ha CaMOM .n;e~e ypaBHeHHR X~B3, a rrpeo6paSOBaB HX cooTBeTcTBY

~ o6pasoM. 

n, ~PMYmOBKA MO.IlFJ[H 

Ilocrpoeaae Mo.n;e~ Ko~eKTHBHOa R,I(epHO~ ,lUIH8MRK.K Ha'lHeM c YPaB
HeImR MR O.n;HOqaCTH'lHOa Ma'l'pRUli MOTHOCTH .J(i, i; t) =J ~ 

j .. A] (I)i,f; ~t =[H,.1 , 
rne H- O)J,HO'tlaCTH'Ufl:,I~ raMWIl,TOHHaR, S8.BHCflll\H~, B 'CBOD Ollepe.n;D,OT MaT
pHl.l;ll IIJIOTHOCTH. Yp8.BH8HHe (I) nO.R:BJIR:8TCR B T80pHH XapTpH-~OKa; ORO 

Hcno~3yeTcR T~e B T8K HaSblBaeMOM M8To.n;e WJ~~OHana 9HeprHH/3/ . 

~ .n;anbHe~erO H~OEe~;:.n;o6HO IIepeqoPMy~pOBaTD yp8BHeHHe (I), 
BBe~ ttpeo6paSOB8HHe BHrHepa 4 : 

· 1 (! -i.p. s/t - 
f(~f t) = (J.1f~l / e /(i + t )i- i ) t) J,g • (2) 

ITpeo6paSOBaHR8 BHrHepa onepATopOB HopMMpyeM c~e.n;ymmHM 06paSOM/5/ : 
\. 

'.. f: -ifs/1 - s .. S ""9 (3)o.~,t'tI1J-/e (t.+;;;IO/~-"i)Js. 
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IIpoH3Be~eHHe ~BYX oneparopcs ê = ti· i rrpaoopaayarca K B11~y 

- - t) .pn~! "A ( i7a. ri' -a,. -I)) IJC,~J't,fJ := --7 J.T Y'l' V, - r, .~ a,~l~fJ· 6W f i ) ") . 
(4 ) 

PaCCMOTpHM raMI1~TOHHaH, KOTOpHH RBnHeTCJI CYMMOfi KI1HeT11~8CKOfi 

3HeprHH 11 ~ORanbHOrO nOTe~arra l!(~) . Ero np80dpaSOBaH118 BHrHepa 

- KITaCCFI~8CKaJI B8pCFIJI TOrO ~8 raM~TOHHaHa: 

H = fj!un .,. lIr-r).w (5) 

Tor~a RMeeM!.5-7/ 

(6);f + !.fI = : :JiIl(-f: ~u. ~1·[J(~ /(~j;t). 
KBaSFIKITaCCXPleCKoe JUlFIdJIillKeIme, B xoropox OoTa:BJIeH TO~I<.O nepB1:lH 

'tlJI8H pa3~OJKeHHJI -:}in B PR,Il;, CBO,URTCR IC IWHeTH~eOItOMY ypaBHe~ rJI 

~yH~FI pacnpe~e~eHFIR FI C~T OCHOBOU MHorMX RnepHHX Mo~e~eH 5-10 • 

rrp8~araeMaJI HaMFI TeXHHKi n03BO~fleT ~ecTb Bce ~eH~ paanOJKeHHR B 

ypaBHeHHH (6) (CM. TaKiKe 11/). 

C~8.llYIDllU'IH mar na nYTl1 H. OIlliOaHMIO ItOJLJIeKTHBHhIX XapaRT8pFICTFIIt 

BBe~elille MOM8HTOB qJyHK~l1. Barnepa: 

ri(~ t) =/ (f~~ t ) olf ). /(~ t) =m·!l(~ t) , 

(7)
jJ,(~ i) =/ 11(~" i) c>tf/ .I(~ t) , 

1 11P . = m - ' Ir" -mUi ).(p' -mU;)·" (/1 -mUi ) f(~f; t) ol?.....
b.1'''~n 1(, '"L J. 'fi I, 

3~eCD' n , ~ -MOTHOCTFI tUICJIa -qaCTHIJ; li MaCCH, iZ - KOM8RTRBHaJI 

CKOpOCTD, a 4 - KOMnOHeHTH T8H30pa ~8Im~ (HaTRmeHH~). 

IlpoFIHT8rplfPyeM ypaBHeHH8 (6) no 1'IMIIY.7IDCaM c BeCaMFI I, ft Im J 

~ f) /m 2. FI T.n. Ta.KIDJI oopaaoa , nOJI~ Yl)aBHeHHe HeIIpepHBHocTH 

~.J0t + dutr(JiZ) = O J , (8) 

ypanaenae ;IU3ueHIDI (0606meIme WaBHeHIDl 3tt1Iepa) 

la. .....lI ,R. (9) 
-~- ' +n!:- + 2..J 

-'I =0J g[ t ~ z; 1=1 '"Ix., 

li T .~. 3~eCb rrpHHRTO ooosnaveaae J,/J,t = ~t + l. 
~ 

UI< '%x. , a TaIOlte 

cxaraarca, 'qTO @rHKIJ;JiiJI Bxraepa /- o npn Jfil- 00 o 

YpaBHeHH8, conepsaaee BpeMeHHYJO rrpOH3BO~HYID. TeH30pa ~ ... , 
1 n 

o n~ ~ RH,UeItC8M11, :HMeeT BH~ 
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"'li ... i /tit + P. ... i" JiAr il + f.. '311 ..., I( + 
, h ._1 t"., 

+f i. {dU,i,/-;x" .J~"%";:K - ~F;.h::r." '~'"')Ç"'i~ '.I-' J := 
(=1 ••, ~ , l ti ~ 

=[r) f-f/, 11.)ZK1. ~ . P; . ~:l.IlHlI/~x '" )x (IO)
L /(JK'ff)I)J.(h-;'/(~f)1 (t/1l. In tJj~1"'hj t. ~.tJ,/H1''''/I 
.af • • F / t,...t" +1 

3~ecll ~"';/... i" - TeH30p c n-1 FIH,IJ;eKC8MH, OCT8.lOllmMlICJI nOOJIe 
/t. .. 

BaqepKRB8HHR HH,IJ;eKOa ~ ; .CYMMHpoBaHHe B rrpaBO~ ~aCTH H~eT no K 

R no BceM nepeCTaHOBRaM ~eKCOB 4... ~ 

SaMeTl'IM, ~TO B YPaBH8ImJIX,I(JlH J' ' iZ , 4· HeT KOHCTaHTH 

IIJI8HRa, TaK 'tlTO IDe <I>o:PMa ae lI3MeHHTCJI FI B KBaSHI<JIaCCH'leCKOM npadna
lteHHH ( Ii...o). 3TO osaaaaer , 'qTO HHTerp8Jlli ,IJ;BIDKeImJI ~JThC, yrJIO

Bofi MOMeHT, 3HeprHJI) cOBn~aroT o IIO~eHHHMM B pa60Te Ia KoHOTaHTao 

I1JIaHKa TIpHOYTCTByeT B ypaBHeHHJIX ~ TeH30pOB fi • ••~ c IJ ~3. 
f /I 

J1ro60e as ypaBHeHHR (8 )-( Ia) CO~epJKHT 'tLJIeH, OBJI3HB8IOIIUiH ero c 

ypaBHeHH8M ,I(JlH TeH30pa 60JIee BHCOKoro panra. 'IJIeH, 1I3a.u;eIIJI~HII 

ypaBHeHHe ,Il)IJI TeH30pa Pt: •• i. co CJIe.IlYI01l{HM y-paBHeHHeM B uerroxxe , 
oo~e:PJKRT TeH30p Pio, -L t. , ,/I KOTOpHH :HMeeT non 3H8.KOM RHTerpaJIa

t ,.-n.f 

~06aBO~Ha MHOJIUIT8JTh ( f - m U )""+1. IlpaKTWlecIrn sce <J)H3H~eCIrn8 

rrpMOJKeHHJI reopaa R,IJ;8pHOro KOMeKTHBHoro ;nBHJKeHHJI T8.KOBH, ~TO :,lHep

rRJI, HyJIeBoro ~IDKeHHR HyKITOHOB (.; 7;. ~ 21 M3B) MHoro 60JThme IGlHeTH~e

CRO~ 3HeprHH KOJIJIeKT~Horo nOTORa, T.e. 3au;eTIJIRIDmHH 'tLJIeH He RMeeT 

O~eBMnHOR M~OCTR/I2 • HneJI 3BMHKaHHR 3TOn ~erro~ y:paBHe~ 6HJIa 

npennozeaa B Ia/ H B 06IItHX ~epTax OnlIC8Ha ;B 13/. JIerKo BMneTIl, ~TO 
sau;eIIJI.RIDmIJIe 'VIeHbl BXO,IUIT B y:paEHeHIDI B BFI~e rrpOH3BO,IUI0.tt no x, . TaR 
~TO enHH npoHHTerpxpoBaTIl ~D6oe ypaBHeHHe no 06~eMY, TO HHTerpaJI OT 

3au;e~ero 'VIeHa rrpeBpamaeTCJI B HHTerpaJI no 6eCKOHe~0 y,naJIeHHOn 

rrOBepXHOCTR, rne ~yHKI.J;RJI Baraepa r ' a BMeOTe c He~ j> , U~ '!t.... I" 
pBBHH HyJIID. MMeHHO 8TOT ~T H MomeT dUTó lICnOnb30BaH ~ 3BMHK~ 
Od?~a8MO~ 6eCROHe~OR CHCTeMH ypaBHeHHH. 

llPH R3~eHHH ItO~8RTHBHOro ~~eHRfl B ~ax OKa3HBaeTCR o~eHD 

y;n06lrnM MeTO~ BHPH8JIOB/
I4/ , B03Hl'IKaIOnmX,KOr~a ,I(RH8MH~eOIrne ypaBHeHHJI 

RHTerpHPY10TCJI no i' c pa3JIH'UIl:lMM BeCaMn x.. , x .I . . . x. . 

IlpoRHTerpHpyeM (9) no i c e,IJllHH-q]{HM BeCOM. Y'tUlTHBaJI COOTHomeHHe 

ftlt(~)(J(~Jt.= Itr:;;)1{(0 ie, (11) 

ónpaseaaaaoe ,IT,JIJI JII060R XapaRTepHCTlIKM JK.R,IU\OCTH tl(~) /14/, nOJIYllaeM 
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ypa.BHeHHe, OnnOblBaRlU88 HaM8H8lille co BI'8M8H8M ItOOJ),1WH8Tbt U8HTpa TE

JKeCTH HYlOIOHOB I ajj:tce , 

J.,'/,_ (n"[/o/,:t ==0. (12) 
ett~ j I ?x. 

I1I'OOJI8Ma 3BMblltaRM anecs p8lIIHJIaCl> cpasy JKe, T. K. HHTerpaJI OT aanen
JImOIn8rO ~8Ha $'1ô h~. tl-z, utx.l.et~J I'aBeH HYJllO. 

VIHT8rpHpOB8Jlli8 (9) no t c BecOM ~. nae'r 

j; '7#.of,-t + fl,f - f7V = o) (13) 

rne U~. aJX/h 'Ilf,x, o/,~ - reasop nOT8HIU1aJThHOH BHeI':rnH. TeHaoI' 

n~ nO.flBHJIoa B (I3) nOOJIe RHT8rpHpOBaHHE nOCJIe,nHero (a~enJI.flIDmero) 

1JJIéHa B ( 9) : 

J':C. t ~~. ott: - -/~, se E - n, . (14)'/C•., -li If fi 

PaccMaTI'RBM JIHHe~Hhle ltOMOHHsmm y'pB.BHeHlm( 13), HeTI'Y,nHO YCTB.HO

BHTl>, ,lUiHBM1'Ilty I(aItllX KOJIJI8I(TRBHblX nepeM8HHI::lX OHH OIIHCI::lB8.IOT. ~eHcTBH

TeJThHO, TIpHOB..BJIJUI 1t (13) ranoe me BllpaJKeIDte c nepeCTaBJIeHHHMH aanex
CSMH, HaxO.u;HM 

tllV/J,tL 
- ~ Xv -t':U" -t n~. -O J (15) 

rne I~':'!Jx.; 'X-; ~~ - T8H30p HHeplJ,Rn, KlJ·11u. U; J,.~ - retiaop 
KHHeTH~ecKoH BHeI'rHH ~a. Cy,nH no ~eHY o BpeMeHHott aB.BHCHMOCTl>ID, 

yp8.BH8HHe (15) onacssaer )UlliaMRI(Y renaopa HHep~ aápa. O,nHaKO B (15) 

BXO,nHT euie O,IUla ,lUiH8MHli8CKaJI nepeM8HHBJl - or8H80p n.j • ,llHHBMH'tleCKOe 

ypB.BH8HHe ,II;JIJI H88 .rrerKO noxysaerca HHTerpH:PQBaHHeM ypB.BHeIDUi (10)(TIpH 

n = 2) no i: 

J,flv'+ ~ !t'/f? ~Ui + P.. 'JU. + R. '~) J~ ra O (16)
J,t t, l',~ ~~ll i fl ~'%.. li ~::e. • 

llifTerpa.rr OT sanennrmuero 'V[eHa f )~'It /~x" ooparanca B UYJTh. TaKHM oõpa

aOM, nI'OH30meJI eCTeCTBeHHH.H OOI'I::lB ~8rrO'tlKH BRpHBJILIrnX ypaBHeHH.tt ,H MH 

nO~JIH CHCT8MY.CBE3aHHH.X ,nHH8MHli8CKHX ypaBHeIm1t (15),(I6) ,U)ISI TeH

30I'OB ;~. H 17".. .,lI.1I.H Toro 'tlTo6I::l OHa OWIa 3aMKHYTOn, HeoOxo.n;m.!o Bll 

I'a3HTl> ace TeHloI'I::l (K~. , 'lJ,f ), BXO,n.mI(H8 B Y1;>aBHeImfl, B TepM1max Iv' 
H n~ . CI'B.BHHT8JIDHO rrpOCTO BTa rrpoO.rr8Ma pemaarca TIpH H3y-qemm HeOOJID

lliHX OTK.ITOHeHR~ ~a OT COCTORHHfl I'aBHOB8CH.fl (Ko.rreOaHH.fl M8JIO~ 8MTIJIHTY
~)/IO/. '
 

IIpoHHTerpHPyeM (9) no ~ c BeCOM ::ell::e,
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; )ia, ~':Clf rt~ -K~~ft -/(11..;' +u,,;/,< -~; - ~~ = e, (17) 

3,necl> K~~IC =f;;u,."" xI( d~ , U~i" =Jn~. ~c ~U/~X.i rJ,r: • TeH30I' n; 
rrpOH30lli8~, o~eBH,nHo, OT MHTerpHI'OBaHHE rroc~e~Hero ~AeHa B (9): 

3 P. " 
!X.cX . L. ~.e Jr = - f(Rx" +R z.JJ-r =-r( -11~~. (18) 

{(Cf ~~, j ( 'I 'Ill. ~ 

)J.m:r BIDICHeHZR npMI'O~ Ko.rr.rreKTHBHhIX rre~eMeHHHX. ,nHHaMHIty KOTOI'hlX 

orrHCHBaeT CHCTeMa ypaBHeHHH (17), 3aMeTHMI 51, ~TO rrI'OH3BO.ITDRHH TeH

30I' TI'eTl>erO paHra Mo~eT OI::lTD rrpe,ncT~eH B BH,ne cYMMH o~oro rrceB~O

TeH30pa HY.rreBoro I'aHra, TI'ex TeH30I'oB rreI'Boro I'aHra, ~BYX. HenpMBo

,nKMHX TeH30I'oB BTOI'Oro I'aHra H o,nHoro HerrpMBo~oro TeH30I'a TI'eTl>erO 

·I'B.Hra: ~i,/( =:> Z + J.5Ç +.!..ç + h;. . CHMMeTI'H'tlllhl:H no .nBYM HIqI;eKCSM 

TeH30p. KaKOBI::lM H .fffiJIfIeTCE ;/u.. ~. %ll' J,:r, I'aaOHBaeTCR na MeHl>lliee 

~c.rro HerrpHBo,nHMI::lX TeH30I'OB: ~JJ'1t. =;;. J. ~ +~ +.t. IIo.rrHOCTl>IO CllMM8T

I'H'tlHll:H TeH30I' (B ~aCTHOCTH, Ir" ) IIpHBO,lUiTCE c.rre,nyIOmHM oOI'a30M: 
T or: or: '167"'
'i:ft ~ 7~ +.7,,.,..,. YpaBHeHHE,1J,JI.fl ~"" zerxo nOJIytlHTl>, COCTaBJIAA COOT-


B~TCTByro~e KOMOHH8.UHH H3 ypaBHeHHH (17).
 

YI'8.BHeHH.fl,1J,JI.fl rro~a.zoTcE HHTerpHI'oBaHHeM ypaBHeHHJI (10) cn; 
BeCOM XII (IIpH n = 2): 

J, nft . r 1- ~If'D ~/J." D;) u. 1> ')l(,.t) 1'E ~. -j~ UI( ",,'to + e~ (~l ,~ t lãt ,~~ + I" ')X %1C4~ - f7~'1< = o. e (19) 

ROBM KOJIJIeKTHBHaJI nepeaeaaaa !7i;'" B03lillKJIa anecs B I'e3YJIDTaTe HHTer

I'HpOBaHHE 3~en.rr.flIDm8rO 1JJIeHa: 

J;Ctt f.. ?AI ot~ = - J'VIC J,~ ..=- f1~ic • (20).t., ~':t.t 

~H8MHlieCKOe ypaBHeHHe ~ Hee MOJKeT OI::lTl> rro.rry-qeHo HHTerpHI'OBB.HHeM 

ypaBHeHHJI (10) (npz n = 3): 

in.. + i I/P: ~. + e.. )~. ~ D ~ltt+ D 
,/,t '1 ft &",/ l ,,,e ~~, ,"c, '%.e f{il ')'Z., + T'I1t ~Xt 

(21) 
1.

_.L/e. "l!'+R!.!:" +P '~t)}ult .»: In ~ 
'lI ze ,

f (~;It. ~:et :It n l f ~z, 'tm L j' '~,' ,~. ,:ejll 

Ha ,na.HHOM srans nenoxxa BHI'H8JIõHhlX ypaBHeHHH OOOI'BaJIaCl>, H MI::l OCTa

JIHCl> c KOHe'tlHOH CHcTeMoít .n;HHaMIflleCKHX ypaBHeHHH (17), (19), (21) ,II;JIJI 

KOJIJIeKTHBIlllX nepeaeaasx pU;~":t:1t llÍi , n; H fi"". 3TH ypB.BHe-

HHE OKa3I::lB8.IOTCE Otl8Hl> B@leKTHBHliMl:I ,II;JIJI H3yq.eHHE ,n:BHJKeHHH M8JIOM aMn

JIHTY.n;bI, KB.K Oy,n;eT nOKa3aHO B CJIe,nyroII(8H nnaae , 
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TIoRa ~e nO~Be~eM HTOr. C nOMOmbID.OnHCaHHOM rrpO~e~ypH MO~O no

JIY1laTb ypaBHeIrníl .wm TeH30poB 'ti, .... "~o .o JIp6UM 'tiMCJ!OM HH,I(eRcoB. 
Q 1 n tr-: IDIIpM 8TOM B yp8BHemmX B03HMRaIOT HHTerparrH . . n = í: .. .l:.. ...~. ~i: .,... ~.	 "..... ·"~f 'h ., 

HrpaIOmHe PO~b HOBHX RO~eRTHBHHX nepeMeHHHX. M3 rrpO~e~H c~e~yeT, 

1iTO rrpaaaasaoe OTIHCaHMe ,IJ;I1:HaMHIg1 TeH30pa 1," .. .,i." B03MO~O JilllIIb 
" .... 1. 1 

COBMeCTHO CO BCeMH reasopaaa fl.. 1.
f. '", 3TO)Ke Ha6~~e!me MO~O Ccpop

1..'" 'I< 
MYRHpOBaTb HHa-qe: 1iT06H OnnCaTb 8BO~~ MOMeHTa CHCTeMH MY~THnO~

HOCTH .À, HyJKHO yqecTb ~e<Ix:>PMa.u;HM nOBepXHOCTH wep.rn (.!U1çtJ) ECeX MYJTh-

THITOJThHOCTeM ETIJIQTD ,I(O À • 

li. B03B~ OTPY1UATEIffiHOtl lIETHOCTIi 

YpaBHeHHíl ~ ~epHHX KOJIJIeKTHEHHX rrepeMeHHHX (EHPHanDHHe TeO

peMl:l), nO~eHHHe.E rrpe,I(H,I(ymeM pasnexe , OCHOB8.HhI. na ypaBHeHH.HX (8)
(Iü) ~ TaKHX BeJIR~H, RaR IJJIOTHOCTb, none CKOpOCTeM R .n:p. Y:paBHe

!me HerrpepHBHOCTR ~eJIaeT B03MO~HaM aHaAM3 BMpManh~HX TeopeM 

Ha íl3HKe CMemeHHll arreMeHTOE ~,I(ROCTR E RnepHOM MaTepRH. 3TOT H3HR 

o~eHb y,n06eH ,I(XH R3y-qe!míl MaJIHX B03MymeHRM paBHOBecHoro COCTOíIHHR. 

ECJIl1 E03MYmeHHe Be~~T R JIarpaHJKeBHM CMemeIrnRM. };f~ t) =t1 ':%t 8J!6MeHTOE 

H,1l;epHOM MaTePRH/
14 , RHTerpaJIDHHe xapaKTepRCTRKR !fi" , ~~ R nlj" H3

MeHRIOTCH na 'h'" ' In; , / fI~it • Coornoureaaa MeJKJlY ImMIi ~nO.rryq.a.IOTCR 

BapDHPOE~e, ypaBHelillfi (17),(19),(21) B COOTBeTCTBRR c ITpaBM8MR, 

~B.HHHMH B 14 • Coxpanaa TO~RO Jm:HeMHH8 no E03MYUt~lUWM lIJIeHH:, MMeeM. 

,r' - J	 i(1.
')t):I 1. ~. x. ol't- 'f:: %~i" - o'í'lf - /~Il = o, 

~/n; -/Py leI-" + t.j(~ ;~ + Pu ~)x.,tí - /nv' «o, 
(22) 

2. In.. -L:"is: t1 P. ~P;e + ~'t + . ~F:e -;;: 1..~}n·A'~ se. 
)t r .I l,,, ~~e ~ ~Ze ~';;l~] /'1- 'Im" ~:li' ;)7 ,~ .e-, 

llpn BHBO,I(e (22) MH no~o~, ~T~ B COCTOíIHRH paBHOEeCBfi HeT RO~

JIeRTRBHHX TOROE (á, = O), a raxae f?:'1( = o. 1JJm yrrpomeHRíI EHKJIa,nOR 

H,lI,6pHBJI MaTepHR CllliTa:eTCH HeCJK.EMaeMo~: cLvtr1= o. 
YpaBH6HIDI (22) MO~O sanacars B Tepwmax '/V'lc , Irr ' Jn~:1C ,

o~eJIB.B napy eCTeCTBeHHHX ITpRÓJmJKeHHM. ~ 
I. B o6meM c~ae M8JIHe CMemeHIDI 3JIeMeHTOB ~OCTH MOJií.HO rrpe,n-

CT8.BHTb	 B BMe pana J J'
 

., (:t t) • L fi) 2.. Li .(i) ~o + r. Ln,,(t) z,.:e" + ...
 f'	 (23)1~ I	 l ;'-1" ';,11.( '" 

6 

Be,nymYID pOJID B OnRCaHHH nepe~cJ!eHHHX BMille MYJIDTRnOJIDHHX MOMeHTOB Rr

paer 'tlJIeH c 'OCTaJIDHhIe 'tlJIeHH PMa OTBeTCTBeHHH, B OCHOBHOM, aaL,,,;,., 
Ko~e6aHRR ooxee BbICOROH MYJThTRITOJIDHOCTll:, -qeM ~ = 3. TIpeHe6peÍ'M RX 

BJIHmrneM,orpaHH'tlIDJICíl TOJThRO BHnRCaHHhlMR 'UIeHaMn. 

2. C,neJIaeM TO~O TaROe ae rrpH6~jKeHHe R ,IT,JIíI .narpaaseaoâ Bapmuum 

TeH30pa ~aBJIeHRt1: 

Ilf..rit)	 = f)..[t) + L. 
J 

~j,lt (i) xI( . 
~ I ~ fCaf o	 (24) 

IIpocToTH p~ paBHOBecHyID qoPMY ~a C1iRTaeM cwepR~ecKoll (c pa

,nnYCOM R:> ZjJ Afl.J ). Tor,na 3aHYJIHTCR' ace RHTerpaJIH c L'i II l>f!' 

Y~06HO nepefiTR R RHTerpaJIDHHM xapaKTepRCTRKaM CMemeHRM: 

(25)~if( =/;1.' ~ ~. ti i . 

lIT06bI RCRJIID1iRTb ,n:BHJKeHHe ~eHTpa T.HJKeCTR, ,I(OCTaTO~O nOJ!OJ1UlT~ 

/1./ J,l := o, OTI<y~a B03!mRaeT ~HellHaH CBR3D Me}!{)J;Y L. R L~i". IIo,I( 

CTaBJIIDI cnna ll: B (25) BHpaJKe'rrne ,I(JI.fI 'I. , HaxO,UMM coornoaenaa Me~~ 

L.~ilC R ~;""It • OHR co~e~T RHTerp8JIH I~..t~.l.l(tj /;t . B paõore I /. 
r~e ~aHH TaRRe COOTHOIlIelillR, aTH RHTerpaJIH Baqn:c~eHH B rrpR6~eHRR o,n

HOpO,I(HOrO pacrrpe,neJ!eHHH c pe3KHM KpaeM, ~TO ORa3HBaeTCíl C~~ ~Y

6hIM ,I(XH nerxax R.Il.~p. 1108TOMY Ml:l MO.IinWIDU'IPOB8Jlli qo~Y~H pa60TH 16/ ,BBe-

M B HRX WaRToP ? =j'l~(?')'/'~/././~~ot't. 
naJIee, nO~CTaBJIíIR (24) B orrpe~eJIeHHe 

In; =jrx• ·A4·+ 4· 'A~~) ,(,~) 
HaxO)UlM COOTHOIlIeHRe j)~~" = In; .1s/ItITR~ 

P8BHOBeCHoe 3Ha-qeHRe TeH30pa ,naBJIeHRfi Mo~eT 6HTD BH1iRCJIeHO B MO~ 

,I(eJIH !I>epMYf-ra3a: 4=.r: J;.. = jfi 'u;2./. (.v; - CKOpOCTD HYKJIOHa na rro-

BepXHOCTll: ~epMH)~ ~ r 
TIoTeHIJ;t{aJI li B CBMOCOr~aCOBB.HHOM r8MHJThTOIrnaHe rrpencraanaer CYM

MY rrOTeH~arrOB l\yJIOHOBCKRX R MepHHX CRJ!. COOTBeTCTBeHHO B ~aJIDHeM~ 

IlIeM MhI 6Y,I(eM ITRCaTb BMeCTO TeH30pa' Jti~'H ,ILBa renaopa. J'~"" + IU;.,/" 
BH,qeJIHH ílBHO ITOTeHIUlaJI an:eRTpOMaI'ImTHHX cu: 

fi _ ( 'i ~ \1.!. ... . L f n (-rj -Iti _. 
(,\)01( - AJ j n(7,)~ -;e,. ~;e. / i~- et J't e . 

.narree ,RHTerpRpYR no -qaCT.HM, rrpe,I(CTaBIDJI f(;ifl B EI1,ne 

U~~'fl :: -/ U~. ~Il é)hh~l "li -~ U" - of" ~.. 
06rneMHHe RHTerpaJIhI 't/.", c /n'X!.; Uuti: rrpa TIOCTOílHHOli IJJIOTHOCT"H B C~ 
KOpOTKQ,I(eMCTEl1ff anepasx CM ne BJmmoT na ,IUiHaM:-1KY KOJIe6alllüí. IA.HTerpaJI 
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~i,il( == -j{l~.z.A' 'o/ólZ, ti 'i CO,ne~RT cPYHKWIlO ~o/í}~., :IDJleIOlI\yro mm na no
BepXHOCTM nnpa, n08TOMY c xopornell TOqHOCThIO ero MO~O CqJ.iTaTh nOBepx

HOCTHhIM o B r.Jlyg.ae anpa c pe SKl1M KpaeM HaxO,nIDJI 

2 .. /C =/n .Z'~/lJ~.:r.ft)di = n, /~/lI~.Zrt)"i :::n./lJxi~1.I,S, 
~. v ~ 

rne /o3HaQaeT MHTerpMpOBaHMe no 06'I>eMY anpa V ,. a ~.' -KOMfiOHeHTa 
eMHM'lHOrO BeKTopa BHelllHen HOpMa.IDi K MepHoH nOBepXHOCTR S o Ilapaae r l
PM31eM HnepHHH nOTeHuaan Ha nOBepXHOCTR a.npa TIOBepXHOCTHHM RaT~eHH
eMI 6/: nUl = TM·:r . K08cI$IuaeHT nOBepXHocTHOrO HaTmKeID'lfl T :Js 
CBfl3aH c rrapaMeTpOM nOBepXHocTHOH 8HeprRR B WOPMy~e BaH~3eKepa COOTHO

rneHReM T=f/lf7Tr.J. (1= 17 M8B, t D = 1,2 <IM). 

IIpaBRna BHqJ.iC~eHHfl BapM~H Te,30poB nOBepXHocTHOM M KY~OHOBC~Oll 

8HeprRH /X~'1t M/e';i/l ,naIlli B paoorax 14,161. B npMIDITux TaM 0603Ha'tle-

HMflX ~lll/( 51 L(rfW' -t ~.Ji) , e~/1l S! 1lJv.- '+1Jj'·1I.11 • 3TM BapMa:r.um JIBJImOTCfl Jrn-

HeHHHMR KOM6MH~RMM .L~//l • 

IIoc~e Bcex yxa3aHHUX yrrpolI\eHMll noxyqaeM 

o Y...jll - JC;'j" - In; -/n.~ + /U~/1l ,.o , 

• " J. l( . . (IJfl~ -t hmA,;; K (,/I( + Li,".) - ti '!lij/( ::: () , 

/~i/( -l~ (~/I{: +J;" /~: t{ J~~) -In; -1ft: -1/7,,:}1{/,f& : 
(2B) 

I 

"JtT~/t [J;.(iLJ;tri~tJ t {(lL.,u • yL/(IJ ~ ~(fL~1t -fLi,t) ] - TL~'I( J 
rne LV)!l L.,i " -t L,~lIi '* L~ii ... llJIeH B npasoâ .t1aCTYf nocnenaero ypaBHeHMR 
HC'tle saer B kBaSH~CCM'tleCKOM npHÓJOOKeID'lR ( ~ -O). Ha 8TOM OCHOBa.Hlm B 

pa.6oTe/ 111 OH 6WI HaSBaH "RBaHTOBOH nonpaaxoã", 

YpaBHeHHfl (26) nepeKOM6HHMPyeM TaK, 'tlTo6u OHM 

HeHHfl ~ HerrpMBO~X TeHsopOB paHra À = 3,2 li 

Mfl À = 3 lIMeeM 

JÕ'J4 + /()~.Jf '(p/P - '- !F,.... == IQ 

J~'.Jf .(fllil)) + J~.I' - ~ tlG~~ ;: o I 

J~~ + sJ'/~ +.t.I(;J.I' = Q, 

rrposparaxacs :B ypaB

lo 

(27) 

r,n:e .t,'Cf'lfrA'lA~~J) fi =(1/I(-X)ftP"T/1tnA ) r = 'tJ;'lsA'L, ~ ..t(,.v)~/.tm1.." tX == 0,0206 liA - napaaerp ,n:eJrnMOCTHo 1'&'/4 -aapaanaa OKTynOJThHO
ro 3apR;IJ;OBOrO MOMeHTa (lI,/' :::(e.llA)/h't~Yfl#("'IJ,t! (-3 t;,/I' 3, , €-sa

pfl.Il: rrpOTOHa). IIepeMeHHUe /F~ H /GJ.I' CYTb HerrpHBO,JJ;RMHe TeHSOpu, rro- , í J
\ 
'I 

CTpoeHHHe HS KOMnOHeHT ,neKapTOBHX TeHsopOB d'~; li ffl~K • B c~ae
 
À = 2 rro~aeTcfl
 

linL,14 + !~V4 = () I 

(28)

IX!/, - ltrtlJ4'(1(1;) = o.
 

3,nech !/lZ1r/I -BapR~H MarHllTHoro KBa.n;pynOJI1>HOrO MOMeHTa /rl,1,/4 =
 
=(e Z/JAc)In r(r})f,.,.)-["lll.úJ J,{ , a- Ilt:.L~ - mmeí1:HHe KOM6liHaIUiM /n;.
 
JJ,7m. .Á =1 nOJIyqaeM


Ir..«se.. = o ~l - Ir. ,(uJ'/;) -Jlt ::(}) 
. (29) 

q.• sfilt.. ::o ". - fi· :::. (J •~' .. ,li, r" )
 
rne Ir, =- [.l, t. ~ llIt - aapzauaa TOpOII,IJ;HOro ,nHnO~hHoro MOMeHT~I71 r

".t , JJ It' 

=(f!.l/fdAc.)/nI-t("C·iZ).-J.t~tZ]ol~, ~~-.t,.L (J/~, -/~:) fi =tt, 1:. 1'n/O(. l ... 
• . "af) . "'.f "I 

=~! I~~, ~1.el/n~A~, i:~~~Hcc~e,n:yeM nep~oAHQecRlle pemeHMR ypaBHe-
HRll (27) - (29) C' 3aBlIPl1MOCTI>ID OT BpeMeHH e' vto Hopsansnue llaCTOT~ Ha-

I o

XO,nflTCfl ITpH perneHHR 90oTBeTcTByromMX xapaKTeplICTR'tleCRRX ypaBHeHHlio 

a) Hs (27) no~eTcR ypaBHeHlle 

y" - y1.{(J' +,-V/)I) -t {Sr 1 + (-ISjJt + ,,,)/j = a, (30) 

OHO onHCUBaeT ~a CeMllKpaTHO B~po~eHHHx 3- -ypOBHR: 

(!) .. { [ L J~}'4.t~_ =ff fjtlft)1; + {51:!: ((J+J8f)/j +15'r) .- 1J.(5)Jf+V.)/) . 

B~coKo~e~B036~eHMe HaxO,IJ;HTCfl rrpR 8HeprMH 

I ~ "1-fj
h~_ ~ t~ (1S"+J.FI))jR ~ ((~/+15'))/"Jl) . fJ()A 11'J8. (31) 

·HHSKo~~~ee B036~eHMe HaxO.TI:IITCfl npR 8HeprllH 

rr: J~ ~~ \:~
t~.H ;! i fS(! -X)flPlfT; lmA(J.K+1S"1) =flfJ( /-X)/(U+(>IJ . J~'t A /1~B. (32)I 

KaK BH,IJ;HO, 8HeprRJ! B036~eHHfl BUCOKo~e~~ero 3--COCTOflHHfl onpe.n:e~fl
eTCfl r~aBHHM o6pa30M Be~H'tlHHOH CKOpOCTH ~epMH, Tor,na KaK 8HeprlIR HH3
Rá~e~amero 3--COCTOflHHfl SaBHClIT B OCHOBHOM OT K08~~eHTa rrOBepXHOCT

acro HaTmKeHMfl T II napaMe:ffii ,n:eJIMMOCTM X o POJIh KBaHTOBOti norrpaaxa 
B (30) HH'llTOJKHa (CPaBHll cl ). 

3,nech YMecTHo 6y,neT 06CY.TI:IITh O~HO o6merrpHH.ffTOe rrpHó~eHHe,óes 

ROToporo HaM y~anocI> 060~THCI>: HaC~CTBeHHoe 06pUBaHHe ~eno'tlKII f
MOMeHTOB ypaBHeHHfl (6) aa ypaBHeHMlI,IJ,Jm ~ o ECJTI1 MhI, c~e,n:Yfl 8TOii 

rrpasraxe , no~oJKHM ~./( = O H OT6pOClIM ypaaaenae (21), TO noJIY}llM TOJThKO 
O,IUfO 3--cocTomrne c ~meprneft t~J4'IC:so)=t~~/,f = fp~s)-fA '!J1f'f8 , 'tlTO 
COBna.n;aeT c'pesYnDTaTOM HMKca/81 rrpM ? ~ I, HO CnKiliKOM OT~llaeTCR OT 
(31), QTo6~ MO~HO 6HJIO rOBOpHTI> o 3~OHHOCTH o6pHBaHHR. K aHaJIOrM'llHO
MY BUBO,ny ITpHlliJIH H aBTOpU pa6oTH / 12 • 
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------

XOTH qopMYJIa (32,) WlH 8HeprID1: Hl1SKOJIe.iK8.IIlero 3--COCTOHHlUI ne co

.n;ep.1KllT napaaerpoa qJepMYl-nOBepxHocTH" ,JJJI<ll arpae-r BaJKHYIO pOJIl, B orrpe.n;e

JIeHHH ero CBOHCTB. COrJIaCHO (32) i~~ conepzar .norrOJllillTeJIbHhlH: rro 

CpaBHeHHIO c rJmpo.n;11:HaM.I1'iecKoÍi Mo.n;eJI:DIO ~TOP ,pa.:sHhIM (npz ? = 1) VIJ"/+'J. 
=0,59. Cpasnaaaa aMIT.JlliTy.n;bI BbICOKo-11: HHSHOJIe)Ka.mHX BOSOyJK.neHl1M 3-, 
MOjKHO YCTaJIOB11:T:D, l1TO oKTyrrOJIl,HaH JUI<I> O,lUiRaKOBO BaJKHa ,ILJlff OOOHX BOS·':' 

O~eHl1ll, a a~KTH KBa.n;pyrrO~HOll nll<I> rrpOHBJIHIDTCH rrpaKTRl1eCK11: TOJIE

KO B BHCOKOJIeJKB1l\eM BOSOYJK,Ium:vrn. Pacnpenenenae KOJIJIeKTHBHbIX TOKOB O.n;H-

HaKOBO .n;JIE oOeHx MO.n;. 

O) XapaKTepHCT11:11eCKOe ypanaemre C11:CTeMbl (28) naer O,IUrH IDITHKPaT

HO BhlpoJK,neHHbIH yposens 2- c ::lHeprn!'lM t~. =~Vl/,;,/'tÇIK",jJ.,3/1A·Ji /138. 

KaK BH.n;HO, h~- SaE11:CHT TOJI:DKO OT CM, BO SIrnK8.IQIIU'IX l1s-sa .n;eqop

MaqaM rrOBepXHOCTH <I>epMl1. 

B) .cl:iCT8Ma (29) onncunaer TOpOl1.n;a.JThH1:le 1--KoJIe08IDl!I7/. XaPaR.

TepHCTl111eCKOe ypaaaeuae naer O)J;11:H rpexxparno BHpOjK.n;eHHbIM ypoBeH:D c 

3Heprnei1: t~_ =X(().1)-lp)/5j/I).tP;ltf ~ ((jf!-I())lfl)f~ G5,G A·~ M'7B) 
I 9/l1TO 6JIMSKO K pesYJI:DTaTY paooThl/

1Y. WEKTP<lW'ffiIITHI:IE COOLiCTBA PEOOHAHCHl:U COCTOfIHI1Ml 

~ pacl1eTa rrpl:iBe.n;eHHhlx BepoHTHocTei1: KaKl1X-JIllOO rrepexo.n;oB ec~
 

TeCTBeHHO HcrrO~SOBaT:D TeOpl:iIO JIllHeMHOro OTKJIMKa Cl:iCTeMbl Ha B03MymeHHe
 

ee BHeillHllM rrOJIeM:
 

Oe-i vt Dft) = + ofe;~~ (33) 

Y.n;06HaR <!opMa reopan OTKJIllKa naaa JI3i1:HOM/20/ • MaTp11:11Hhle 3JIeMeHThl one
paTopa Oy.n;OBJIeTBOpHIOT cOOTHOmeIrnIO 

1<'f~JOI'f.>r-=.litn ,f{y-y",,) <y:'jOe-l.vtl t. ':> (34) 
V-)l~ , 

rne ~ 11 ~ -"HeBo3MymeHHhle BOJIHOBhle @rHKImH CTan;MOHapH1:lX COCTOHImM; 

'1;' -Bo3MYllteHHaH BOJIHOBaH q>~H OCHOBHOro COCTORHWI; V40=(E...-~)li 
'nopaaasuue qaCTOTbI CHCTeMhI; xepra osaaxaer ycpenaeaae rro HHTepBaJIy 

BpeMeIrn, MHOI'O, 6o~IlleMY, lieM r/v; V --qaCTOTa aaenmero rrOJIH O( t ). 

MaTpRliHHii aJIeMeHT <'t'JO/1/1'> senacusaerca B TepMl1Hax RHTerpaJID

HhlX xapaRTepl1CTnk CnCTeMbl npl1 nOMOmH COOTHOmeIrnH 

<'I"IO/cp'> = J,tljj,i'JJ(~ t: i) ~(t)J i) = /rJ'tjJ; (;'~)tI = (35) 

=!q(/t!"-I'-~{!C(~~~/ - ~6. ~I!J ~(~f)' ((iJ{tJ. 
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,J1JrR onacaaaa BpeM8HHoH 3BOJIIO!UBi 8THX xapaRTepMCTMK B BosMymeH

HOM COCTOmrn.M HyJKHO ,n:OOaEJlIT:D K raMJIIJI:DTOHHaRY B ypa.:sHeHHl1 (I) rrOTeHIJ;IaJI 

(33). IIpM 8TOM B rrpasoâ l1aCTM ypaBHeHHH (6) rrOHBI1TCH llJIeH 

ivt -fAAft(~~ ~( ~~.~I)} [o.,.,(~fJ/t;1> e + c«_fJ/(;j)e-ivt J. (36) 

Iípcnexan nanse Te jKe Bh1ItJIa,IJ;K11:, l1TO II npexne , rrOJIytrnM Y])aBHeHl1P.: ,II.JIH scex 
, , I 

MOMeHTOB <pyHKI.JYI:l1 Barnepa, Heo6xo,IJ;lIMhl~ npa pacnare <'I' 101'1'>. E,IJy..HCTBeH-

HhlM HOBhIM 8JIeMe:-:TOM Oy.n;eT Ha..Jlli11He 11J[eHa (36), .n;eJIaIOlI(erO ypaEHeHMH .TI:JIH 

MOMeHTOB Heo.n;Hopo.n;HHMR. 

B .n;arr:DHe~trneM Oy.n;YT npe.n;cTaBneHH pesY~TaTH TaKOrO aRaJI11:sa ~ 

Tpex oneparopon: a) orcrynonsnoro 3JIeKTpR'leCKOrO MOMeHTa 1J.1f =(el~)z:J~,tf' 
6) xaarrpynoxsnoro MarHl1THoro' MOMeHT' mJ,.r(~1J=(eZI3mcArV(r.1.Y:..I')·[itfJ, 

I 7 
B) .IUIrrO~HOro TOpOR;n:HOrO MOMeHTa/ t,ti, p)=(e.i/fd.mCA)[zr'(..p). 

,If,Jm RX MaTpl1lJHhIX 8JIeMeHTOB lIMeeM 

<t'l 'I~/'f'> =- /()J;J4 J <'f'lm~/,It'> =: II1lJr/l) <Y"I i, /'1''> =J~ . 
a) BOSMyu{8HHe rrOJIeM nepsoro rana, ae sarparaaaa ypaBHeHHH (28), 

(29), .n;8JIaeT Heo.n;Hopo,nHhlM rrepBoe RS ypaBH8RllH (27): 
ivtliJJjI +Jtls.J4jJ/r-J,/~.".. =-0; (eivt+J;o e- ) ) ,O; ='e.l/'l;/f(lfmA, 

IIo.n;cTa.:B.Ju:m peuienae RSMeHeHHhlX ypaBHeIrnll B (34), HaxO,IJ;lIM rrpRBe.n;eHHhle Be

pOHTHOCTR 8~eKTpoMarHRTHhlX OKTYTIO~HhlX rrepexo.n;OB: 

L . .\A1.
B(EJ)' 3i- -r-) s I,~/~o = ft tJ;í ~ (~ -fS/f Vy' v- fV'r- 6,t.). 
o) MarHMTHOe rrone .n;eJIaeT aeonnopomnes arcpoe RS ypaBHeHHll Cl1CTeMbl 

(28): • " ,I

Ix -Im .~yA = fJ: /e'" I.. e-,..,t) 
f' 

~ .t.l''' '1' _ :.l ( I + ~o • 

3.n;ec:D o; =(~i/:"I17A)f~~A)~·1J(J.e:ey". Paspemaa nOJITillBmyIOCH CHCTeMY OTHOCl:i-

TeJIDHO II!l4J'4' nOJIyqaeM r 

l 1 f .A)J./) t .I
I 'Lo S' 1 z. O"" e8("'J,J2--F)&./mt./4~;() avri ii(91TA2.)0 --;:s:- -1]~mt-). 

B) B03Myu{eIme TOpOR,Il;am.IillM nOJIeM nenacr neonaopomnea sropoe 'l1S 

ypaEHeHMM ( 3I) : 

. " ~tJe:lcl. (3 (9TTAlh ~ 
J'[ -(Ui'!)) - Del +,. ~ =I.fbj vt J tA JS - fsom c .

I oTCIO,IJ;a 

• a. YifJ .s.: zltel. {JOlfA)VJ j/.t#)1...1 
,t~ I,;, = Jf; -(O Y.i.iõ f'".Aj0 ,Js - 1 (,tmc, .I 

1. CP.ABHEmIE C 3KCIIEP~H .IIAHIillM11
',I 

.HsOCKaJIHPHhle oKTyno~Hhle BROparmOHHhle MO,D;hl B anpax RSyq.aJll'IC:D pas

JmlilWMB 8KCneplIMeHTaJI:DHHMl1 MeTo.n;aMR. MHoro naaasx H8.KOTIJIeHO no IIIDKa.MnmM.1 
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3--COCTOHHlIRM/2I/. 3KcnepI~eHTH no HeyrrpyroMY ~aCCeHHMID s~eRTpOHOB II 
~pOHOB ~~ HeKOTOpyro lIH~pMauHID o raraHTCKOM OKTynO~bHOM peSOHaHCe 
(I'OP /22 • B Te-qeHlle noczennax ,neC.ffTH ~eT CTMa noaaxarsca HHqo:PM~.ff 
06 OKTynO~bHHX BosOyJl\Il;eID1.ffX' npz saeprnax OKO~O t';; =4I/A'1J MaB. 

3Ha~Te~Ho 6e,nHee ~aHHHe o MarHllTHOM KBa.npynO~HOM peSOHaHCe 
(MKP/23/ • 

B HR*HeU -qaCTH plICYHKa I nOKaSaHH neHTpoH~ sHeprHll ID1SKO~e~x 

3-- ypoBHeti: ,1J,JIH cg)epnqecKMx anep: 

~ 

P H C. l. 3HeprHM neHT

[
-30

pOH)l;OB ID1SKo~eJK8l$1x 3-
CJ 20 Bos6~eHHM (BHHSY)H npo

í ~r r tI 1~o 
~ neHT lICqepITHBaHH.ff 3BITC 
~ 10 (BBepxy) ,nJIíI anep c	 Macw 
g COBhIMR 'tlliC~8MH 40 ~ A ~ 210. 

Pac-qeT~ .nM paarrnqHlix 
8~eMeHTOB rrpe,ncTaBHeHH 

5 OTpeSKaMM C~OlliHHX ~HHll. 

3KCnepHMeHT~~e ,naiHHe
co!. 
ro BS.ffT~ HS pa60T/ 2I-28 •::s 
Ii~ 

2
 
I
 

f lias"Il'Sn IUNclrs.n1L' 'OCo 5INi'I'lIzn 'oz~1 'I' 'U ~ 

~ "Mo "ISo "'Sm 

50 100	 1~ 200 Ao 

E,."'e =- f E/3)·8(EJJr -J~-)/.f 8(E),? ..... 3i) . 

BBepxy(pHC. I)noKasaH B~~ 8TOM ~aCTH E3-nepexo,nOB B BHepreTH~eCKH 

saséueaaoe rrpasano CyMM (3BITC): 

~H = ~.. O; (Y,,'-f5/)/(,-V/'- 1Sr - (.fl+J11)/j) . 
TeopeTHlleCKHe OneHKH rrpe,nCTaBneHH OTpeSKaMH cnnOillHHX ~H. Cor

aacae MeJK,ny TeopHeH II 8RCnepHMeHTOM aeroroxoe , 3aMeTlm, ~TO LEO~ , no
HIDlaeMblR KaK C~HM KOHIJ;eHTpaIJ;Rfl E3-CWIhl Me~y HHJKBiiurnM 3--COCTomm
eM ~ rnrB.HTCKHM OKTyrrO.7.ll>HHM peSOHB.HCOM, 06HapyxeH TOJIbKO B qac-
TR anep, nOKaSaHHHX na pHC.I. Harrpaxep, OlleHb C~HHe ,E3-rrepexo,I(H B 
~ee 3--COCTO.ffHRe 6es SaMeTHOH Ko~eHTp~ B(E3) H~ HIDl R3BeCT
~ B"°ea., 5"

INt , It'M H '-D/PI. 3TH anpa nonananr B O,nHy CRCTeMaTRKY c 
~eMHlr,ne LEO~ ,naeT 60~IIIOfl: meran B rrpasazo CyMM. Ha 8TOM OCHOBB.IDm 

MO~O c,ne~aTb BHBO,n, llTO pas,ne~eHHe 3--BOs6~eID1ll Ha ~allIIIee H 
LEOK He HMeeT oc060ro ~SHlleCKoro CMHc~a. 

P H C. 2. 3HepraH 
neHTpOH)l;OB I'OP, YMHO~eH
HHe na Af/J, (nsepxy ) H 
rrpOneHT lICllepnHBaHHfl 
3BITC (BIDISY) .nM anep 
c ,nOpO~KH j3 -cTa6Rnb

~140 
HOCTR (C~OlliHHe KpHBHe). 
3KCnepHMeHT~HHe ,n~

HHe BSflT~ HS pa60TH/22/.~~ =-------1------ --f 
~20 f I I	 I 
t::	 • " 

20 60 100 140 180 220 
Ha pRC. 2 BRCnepHMeHTanDHHe ,nB.H~e no I'Op/22/ CPaBHHBBlOTCfl c Ha

IIIHMH paClleTaMR ,nJIíI BHCOKo~e~amero 3--COCTOflHHR (CM. (31». TeopeTHlle
CKM KpRBM nnfl 8HeprHH rrpOXO,nHT llYTb BHllie 8KCnepHMeHTanDHHX TOlleK. 
ITo~eHHe IqJIIBOn B 06~acTR MaJillX A 06.ffSaHO .Imcf4lYSHOCTH nOBepXHOCTH. 
Mo,ne~ Hennoxo OITRCHBaeT H ,naHHHe no 3BITC. 

3KcnepRMeHT~bHHe ,nB.HHHe no MarHHTHOMY ~a.npyrrO~HOMy peSOHaHCY 
BMeCTe c HaillllMR TeopeTHlleCKHMH OneHR8MH C06paHH B Ta6~e. XapakTe
pHCTHKH MKP ,no~ SaBHCeTb OT CITHHa H~OHOB. TeM He MeHee OHH Ka
lleCTBeHHO onHc~BaroTCR HaIIIeH Mo,ne~ID. 

Ta6~Hna. '	 CpaBHeHHe paClleToB no MarHHTHHM KB~yrrO~HHM pe- '1 
30HaHC8M c 8KCnepHMeHTanDHHMH ,naHHHMH HS pa60TH!23/ 

E(2-) MsB	 ~ B(MR.)t lf~qM2H n p o 
TeopRJ! 8RCil. TeopHR BRcn.
 

u Si 11,33 13 + 16 124,3 340 + 40
-&toCa. 11,09 8,43 250,4 235 ± 20 
'lI Co. 10,91 8 + 9 248,0 170 ± 40 

IDZ't. 10,04 8,9 954,0 950 ±IOO 
1YfJCe. 9,29 7,5+10 2214 6000 ±900

J.Dlpl 8,56 7,65 3782 5310 ±900 

B HaCTo~ee BpeMR HeT BKCnepHMeHTarrbHoH HHqopM~ o TOpOH,n~
HHX BO s6yJK,IJ;eImHX 1-. 

12	 13 

< I 
j I 



rr.	 3AK1Ii)1llfl'FJUilllIE 3AME1IA..HWI 

llepe'tll'IcJmM OCHOBHhIe pe SYJII,TaTIl paoora. Haaanaa c ypaBHeHlifl )J,1lff 

O,IUIO'tffiCT11'tl.HOll MaTp11I.J;bI rurOTHOCT11 noayxeaa C11CTeMa ypaBHeIDill caaxana 

~ MOMeHTOB WYHKUI1ll B11rHepa B HMIIY~DCHOM rrpOCTpaHCTBe, a rrOCJIe STO

ra - ~JIH MOMeHTOB BO BceM Wa30BOM rrpOCTpaHCTBe o TaKMe MOMeHTil ~H~ 

B11rHepa 11rparoT pOJIh KOJWeKT11BHHX rrepeM8HHHX B HarneM rro~xo~eo TeOp11H 

rrp11BO.n;HTCH K B~Y, HanOMl1HaIOlJ.{eMY r11.up0,IU1HaNIliKY, a MMeHHO: K ,nHHaM1Ute 

<P3PMl1-J:\H~KOCTH o 

Ka.K	 O,IUiH 113 B8JKHe~hJII.1x :rryHKTOB paccaa'rpasanrca npaazna 38MH:Ka.Irn.H 

IJ,erro'tlllli ypaEHeIDiR ~ MOMeHTOBo 113 8T11X TIpaBHJI CJIe,nyeT, "tlTO ,IT.JlH KOp

peRTHoro OIIl1CaHl1H ,IU1HaMl1RH MaCCOBoro (liJIli 3ap~OBoro) TeH30pa paHra). (/', ... '), =» ~I~'" ~iA J-i) aeoõxomeso yqHTIlBaTh ~eqoIMa.IJ,I1IO nosepx

HOCT11 ~epMH, QITRCHBaeMyro TeH30paMH 

ni, ,,. i = m(·eJ!(,(/'-mÜ)i, ...(p-milJ1 ~ftL~ee 
ncex panron .BIIJIOTh ~O I =).. o 

.uo CHX nop MeTO~ rrpMMeWCH ,UJIH H3yq.elillH RBa,u;pyrrOJIbHHX B036yJK

~eHlill BO Bpam~1XCH ~ax7ro , a Ta~e ~ 113Y"tleHliH RO~eRTliBHH:X 
COCTOHHl1:K OTpHIJ,aTeJIDHoí1 "tleTHOCTM; B cqJepli"tleCIlliX anpax (8Ta paõora

I 3/).113Y"tlarn1Cn
M/	 3HeprzH B036~eHl1H ROJIJIeRTliBHHX COCTOHHHll 11 HX 

3.rreRTpoMarlillTlllie XapaRTep11CTHJo Crrocoo onacanaa nrn:pHH pe30HaHCOB B 

paNIRax aamero nonxona YKa3aH B 29/ 0	 , 
B ~aHHOM paocre paccxorpeau oRTyrrOJIhHlle, MarlillTHHe RBa,n;pyrrOJIbHHe 

H li30CRanHPHHe r- (TOpOM~anDH~e) B036~~eHMR. ~OCTMrHYTO Herr~oxoe 

, COrJIaCMe c 8Kcnepl1MeHTOM. 

HacTOHlJ.{ee liCCJIe~OBaHlie rrOKa3HBaeT, qTO MOERO ~aTD Ro~eCTBeHHoe 

onncaaae CBOllCTB MepHHX BH6p~OHHHX cocroanaã, :PICrrOJIh3YH napaaerpu 

Mo~eJrn JK.H.nROll R8lIJIH, T oe o Mo~eJrn, rrpe~3HaqeHHott ,IT.JlH OIII1CaIrn:H orara

"tleCKHX CBOllCTB ~epo COrJIaCHO HamHM pe3YJIbTaTaM HMeHHO rrapaMeTpH rro

BepXHocTHOro HaT~eHRH li ~eJIHMOCTH RanHli ~ePMR ~~OCTH orrpe~eJIHIDT 

rrOJIO~eHHe 3--B036~eHHH 11 CRJIY E3-rrepexO~OB: B odnacTli 8Hepran rropM

za O,IUIOll: rJIaBHOll o6oJIo'tll\.H. Mil H8JlieeMCH, "tlTO aanra H3IlCR8.HIDl rroMoryT 

3aIIOJIImTIl meJIb MeJK,D;y MaRpocRo:rmqeCRHM (Jlm)J;KWI RaIIJI.f!) li wmpocRor.nrqe

CImM (o6oJIo"tle'llH8H MO~eJID H :rJ:l{.} rro,nxo~8MH R smepHo1d .ItRHaMBRe. XOTH li 

xopomo rrOHR:TOe RO~errTyaJIhHo730/ " C~OTHomeHHe MeB,ny 8THMJi![ nonxonaaa 

TPe6yeT ~aJIDHe:funero H3Y"tlemm. MIl Ha,neeMcH, qTO Hem nonxon 6y;neT nOJIe

3eH .IJ;JI.H ~aJIDHeIDnerO pa3BHTliR reopza B HanpaBJIemm ymI~ OrmCB.HRH 

ROJIHeRTHBHHX CBOllCTB Mep. 
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BaJIb6YQeB E. B., MHxaRrIOB H.·H• P4-87-327 
AHHaMHKa HHTerpanbHb~ xapaKTepHCTHK 
aTOMHbIX HAep 

llonyqeHbI AHHaMHqeCKHe ypaBHeHHH Ana MOMeHTOB $YHK~HH 

BHrHepa B nonHOM $a30BoM npocTpaHcTBe HYKnOHa. C~opMynHpo

BaHW npaBHna 3aMMKaHHH CHCTeMbI ypaBHeHHü AnH TaKHX MOMeH~ 

TOB.· Hgyqeuw BHÕp~HoHHwe COCTOHHHH oTpHuaTenhHoH qeTHOCTH 
IOKTynOnbHble, MarHHTHble xaanpvnonsnue H H30CK8JlHpHbIe AH
nonhHbIe/. TeopHH AaeT aAeKBaTHoe onHcaHHe BCex 9THX B09
Õy)Kp;eHHH npa Hcnonb30BaHHH B xaxec-rae BXO,D;HbIX AaHHblX 

'nHillb napaxerpoa Hp;epHOH nnOTHOCTH (fo = 1,2 $M) H nonepx-' 
,ROCTHOrO aaTHJKeHHH (T = 17/4 17 f ~ M9B / «pM2) • 

Pa60Ta BbInonHeHa B naõopaTopHH TeOpeTHqeCKOfi ~H3HKH 

OHHH. 
Ilpenpmrr 06'he.rU!HeHHOrO HHCTHTyra RnepRblX HCCJlenOB8HIdí • .lly6Ha 1987 

ITepeBop; r.r.CaHAYKoBCKOH 

Balbutsev E.B., Mikhailov I.N. P4-8~-327 

Dynamics of Nuclear Integral Characteristics 

The dynamic equations are obtained for the moments of 
the Wigner function (density matrix) in the phase space of 
a nucleon. The rules of closure of the set of equations 
for these mo~ents are formulated. The negative-parity vib
rational states (octupole, magnetic quadrupole and isosca
lar dipole-toroidal) are analysed. The theory gives an 
adequate description for alI these ~xcitations using as 
an input the values of the nuclear density (r = 1.2 Fm) 
and the surface tension (T = 17/41Tr 2 MeV/Fm2)oparameters. 

o 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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