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Kapa/llKOB .U., MiuafinoB 11.H.; HaaJKaKoB E. P4-6104 

Crrapnaaane B pOTOHHofi Teopnn 

ITpoB.0/lllTClI lIBHh!H y'leT cnn crrapnBaamr B PDTOHHOH Teopnn. BbmeaeHbl 
ypaaaeHnlI amr poTOHHbIX orrepaTopoa B cny'lae TpexMepaofi poTaunn rrpn 
aann'lnn crrapnaaHlllI n rronlipH3aunoHHhIX acpcpeKTOB. ITony'leHa cpopMyna /lnlI 
MOMeHTa naepunn, KDTopalI B rrpn6nnJKeHnn 11arnnca oueanaanacb '!ncneaao. 

Coo6~eHH• O6~8AHH8HH~ro HHCTHTyTa •AepHWX HCC~8A0B8HHA 

,lly&la, 1 9 71 

Karadzhov D., Mikhailov I.N., Nadjakov E. P4-6104 

Coupling in the Roton Theory 

The coupling forces in the roton theory are taken 
into account. The equations are derived for the roton 
operators for the case of three-dimensional rotation in 
the presence of the coupling and polarization effects. 
The formulae for the inertia moment is obtained which 
was estimated numerically in the Inglis approximation. 
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11111 

1.BaeaeHne 

8 H8CTOlimee BpeMH BplI/l nn H8H/leTClI TeopeTnK, IlbITa10mnfiClI ITOCTpo

HTb MHKpOCKOITH'!eCKylO Teopn10 lI/lepHoro KonneKTHBHOro /lBHJKeHHlI, He rrpn

HHM8lI BO BHHMaHne OCT8TO'!Hble B38HMO/leHCTBHlI MelK/ly "ireaaBHCHMbIMH .. 

HyKnOH8MH. 3Ta rrpo6neMa /laBHO Bowna npo'IHO H B noBeCTKY /lHlI TeopHH 

lI/lepaott poTaUHH. ITpeano'!TeHHe rrpH aToM aaeTclI cnapnBaTenbHOMy 

B38HMO/lettcTBHIO, KOTopoe, KaK C'IHTaeTClI / I-4 /, nrpaeT rnaBHYIO ponb npn 

onncaHHH BpameHHlI aecpopMIIPOBaHHbIX SI/lep. Ha II3BeCTHb!X yJKe ITO/lXO/lOB 

/lnlI yqeTa 3Toro B38HMOlleficTBHlI MO)KHO BbI/lenHTb /lBa. ITepBb!H H3 HHX 

onepnpyeT B_ paMKax ~naccn'lecKofi cpopMynnpoBKH 11Hrnnca, y'IHThIBalI cna

pHBaHne cTaTn'leCKHM crroco6oM I 1,21 • .llpyrofi - 6onee · rrocneaoBaTenhHbifi -

nonb3yeTClI MeTO/lOM o6o6meHHOfi K8HOHH'!eCKOH TpaaccpopMaUl!II (nn11 MeTO -

/lOM cpyHKUIIH fp11Ha) /5,6/. B o6onx cny'IBlIX, 0/lHaKo, HMeeM aeno C llBYX-

MepHofi ( KBaa11Knacc11qecKott) KapTl!Hofi apama10merocH lI/lpa. 

B pa6oTax /7-9/ 6b1na ccpopMynnpoBaHa TeopnlI RllepHofi p0Taun11 B 

TepMHHax pOTOHHblX onepaTOpOB, KOTOpalI yJKe He BhIHylK/laeT lI/lpa BpamaTb

ClI a rrnoCKOCTH. 3aecb .Mb! IlOITbITaeMClI BbllICHl!Tb, K '!eMy npl!BO/lHT lIBHbIH 

yqeT crrapnBaHHlI npn onpeaeneHllll CTpyKTypb! poTOHHbIX onepaTopoB n MO

MeHTa l!Hepunn aecpopM11pOB8HHbIX lI/lep. 
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2. PoTOHbl n MOMeHT llHepunn 
'II 

a) <t>opMynnpoBKa poTOHHoll Teopnn 
• 

TTpllA9PlKllB8lICb B OCHOBHOM cxeMbl, cq>opMymipoBBHHOl! B /7,8/, Mb! 

BHOCllM 3A9Cb nnwb He6onbwoe o6o6menne B onpeAeneHne poTOHHhIX onepa-

Topoa. PoTOH8Mll - R{m - Mb! H83b!B89M onepaTopbI, cneAYIOlllllM o6pa30M 

AeficTBYIOllllle Ha co6cTaeHHb1e cocToSIHlllI lIApa I l MK> , npnHaAneJKamne 

OAHOll poTaUllOHHOfi nonoce: 

e 
Rem I l1M1 > =I [(211+1}(212+1)]½ ( 0 

12 M 2 

11 12 e 
}( 

K -K m 
11 l2)(-l/:r[jJl2 > 
M1 -M2 ( 1) 

<POpMyna ( 1) AOnlKHa BbmOnHlITbClI AnlI acex e =OJ,2 ••• : 1, = K , 

K + 1, K + 2,... -e:: m ::: e -11 ::: M1 ~ 11 (i=l,2} 

K onpeAenSieT MllHllManbHoe SHa'leHne I a nonoce. TaKnM o6paaoM, Rtm' 

MOlKHO. paccMaTpllB8Tb K8K cq>epH'l9CKll9 q>yHKUHll OT H9KOTOpbIX KonneKTHBHbIX 

yrnoa ( 0 ' <p ) • Cne.Qy!Ollllle OCHOBHbJe CBOl!CTBa pOTOHOB Bb!T9K8IOT ll3 HX 

onpe.QeneHnSI: 

} m + 
Re-m = (-l R fm 

f 1 e 2 
Re RE =:£(2£+1) ( 

l ml. 2 m 2 em 0 0 

:£ R+ 
Rem = 1 ' R + = 1 

m em 

[ I+ ' R+ f,. 

. + 1o•Rem 

I , R{m 

] 

e= 0 m=O 

e + = a m+l Re m+l 

= m Rem ' 

= aem Re m-1 

( ~) 

e e 1 e 2 e ( 3) 
) ( ) Re,. ' 

0 m1 m2 m 

(4) 

(5) 

3A9Cb a!;, = y re +m) (e-m+l);lo=lz l=l,,-t:ily -KOMIJOH9HTblOll8paTopa 

nonaoro yrnoaoro MOMeHTa lIApa. H aaKoaeu, nMeeM: 

,+i . + 
[ H -h(I ) , Rem] I lMK > = 0 ( 6)• 

AnlI acex cocTOSIHlll! I 1 M K 1> , npnHaAneJKamnx nonoce, ecnn TOnbKO 

h(l ([+1 )) = EKI ( EKI - co6cTB9HHble 3H8'18HllH aaeprnn COOTB8TCTBy-
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IOIIIero COCTOHHlll!). B ( 6) H - MHoro'!aCTli',IHblll ( "'MHKpOCKOnH'!eCKHli') 

➔1 2 - 1: + 1: raMHnhTOHHaH H)lpa, a - ~ , 

Bee R°f m npencTaBnHIOT KOM61maum1 113 CTeneHeli KOMMYTHPYIOIIIHX '"6a-

3HCHblX' pOTOHOB R /m ( m = 0' ± I ) • nocnenHHe MoryT 6b!Tb napaMeTpH3O

BaHbl cnenyroIIIHM o6pa3oM: 

( 7) 

rne c u 1/ naroT Manb1li BKnan ( no cpaBHeHHIO c 1), Korna 

ByIOT Ha COCTOHHHe ·1 
BXO/lHIIIHX B Rim 

- > • B KOTOpOM O/lHH H3 KonneKTHBHblX yrnoB ( 0 ) • 

1 6.nH30K K Hynro (OCb CHMMeTpHH - Oz ) 17,81 xi. 8 

nanhHeliweM Mb! nonaraeM, '!To 
➔2 -

E IK = EK + I I 25 1 (I + I ) , u noaToMy B ( 6) 

• E K + -ir- , a cocTOHHHe I - > T8KOBO 1 '!TO 

(H -EK - 12/25)\->=0• 

nepe'!HcneHHb1e cBol!GTBa onepaTopoB Rtm HCnonb3YIOTCH nnH OTblCKa-

HHS! HX MHKPOCKOnH'!eCKOli CTpyKTypbl ( T.e. HX pa3nOJKeHHll no onepaTopaM po>1<-

11eHHH H yHH'ITO>l<eHHH), .UnH H8XOJKlleHHH KoacfxpHUHeHTOB aToro pa3noJKeHHH 

pewaeTcH cnenyromaH cucTeMa ypaBHeHHl!: 

<-l[Q,[H l l I - > - < - I [Q, [ h, n+ ll I - > , 
Im 

(8) 

xi Ha caMOM nene, 'IT06b! y'!eCTb CBOliCTBa R; no OTHOWeHHIO . 

K o6pameHHIO BpeMeHH ( T), Hano B c!>opMynb1 ( 7) BBeCTH ewe onepaTop it, , 
He'leTHblli no OTHo~eHHIO K aTol! onepauHH: [,£. T ]+ = 0 • Ero MOJKHO BbJ6-

paTb TaK, 'IT06b1 "r. I -•> = I - >, 11 noaTOMY Mb! He y'IHTbJBaeM ero B nanh

Hel!weM 38 HCKnro'leHHeM H3MeHeHHll T-'!eTHOCTH Rtm • YcnOJKHeHHll no

ny'!aIOTCH B cny'!ae nonOCbl K = 0 • Torna HYlKHO HnH nepel!TH K !!.tm 
poToHaM, HnH pa3BHTb on11caa11e llBYX CBH38HHblX ( nyTeM onepaTopa t; ) 
nonoc, 
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rJ:te Q - nponaBonhHbiil nnaeiiHb1il onepaTop, a ·KOMMyTaTop [ h , 

6epeTCH B BllJ:te . ._ 
R+ 

lm 

J:tnH 

➔ 

R1 

➔ 

[ h , R; m ] = ! / 2,1 ( f R
1 

} m (9) 

.:: 
h = 12 I 2 .1 • MaTpnua 

(

Rj1 ) 

J onpeaeneaa B /7 / ( CM, cpopMyny ( 2,5)), 

R1 = R;o • 
R1-1 

3J:teCb Mb! 6yJ:teM nonh30B8TbCH J:l8K8pT0BCKllMll K0Mfl0H8HT8Mll B8KT0pa 

R; .. Rl = -l/y'2 (Rt1--RL1J, 

R+ = R = i/.../2 (R+l + R+l ), 
2 2 1 1-

R+ 
3 R3 R+ 

0 
( X, J, Z ) ;e ( 1, 2, 3) , 

( 10) 

Ha HHX neI'KO nepeHOCHTCH BCe _C00TH0WeHnH, BbiflllC8HHbie BbIWe J:tnH 
➔+ 

ccpepnqecKnx. KoMnoaeHT poToaa R 1 , aanpnMep: 

+ + 
[ IP , Rµ ] .. i £ P/l 1r. R 1r. 

( _, 
il, -•1; • t)"I ➔ 

i = -il3 ci 2 R+J .. 2rK ;+ J • -1 il1 ;Rt= R/. ' /l 1 /l ' 

ii 2 -ii 1 . -1 R; 

ll T,J:l, B 'i8CTH0CT_n, BMe,CT0 :<7) 6yJ:teM llM8Tb: 

R+ .;. 8 + r 
• '/1- ' µ3 /l ( 12) 

(J:tnH- le:_, p· .,': µ , npnanMaromnx aaaqeifm1 1;2, .n 3), 
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6) Peannaau1u1 pOTOHHblX onepaTopoB B KB83ll'18CTll'I

HOM 6aance 

MeToa XapTpn-<l>oKa- Eoromo6oaa ( X<l>E) 121 aaeT ecTecTBeHHbilt 6a-

anc am1 r1eTa napHbIX Koppem1untt B l!Apax. B sTott JKe cxeMe sneMeHTapHbre 

(oaHo'!acTll'!Hhle) aoa6yJKJ:1eH1IS1 B l!Apax reHepnpyroTcSI onepaTopaMH KBaan'!ac

THu, aaaaromHMHCll KaHOHH'!ecKott TpaaccpopMauHett Eoronro6oaa-BanaTnHa: 

a+ = u a+ 
I' I' I' 

V a -
I' I' 

(13) 

rae a: ( a I' ) - o6bI'IHbie onepaTOpbl poJKneHllll ( YHll'ITOJKeHllll) '18CTHUi 

1 ) - KoscpcpnuneHTbI TpaHc<popMaUHH ( 13); 

v - cocTol!HHe, o6pameHHOe no apeMeHn no cpaBHeHnro c v ( a "t = - a: ) . 
I' 

BaKyyM onepaTopoB a11 onpenenSieTCl! KaK 

<\> 1 ( 14) 

a S1nepHb1tt raMHnbTDHllaH B X<l>E - 6aance naeTcSI cnenyromnM ·ab1paJKeHn -

eM/2/: 

(15) 

ilanbwe Mb! Bb!paJKaeM ace BenH'!llHbl, BXOJ:lllmlle a ypaBHeHllll ( 8), cooT

BeTCTBeHHO a Bb!paJKeHHe ( 12), '!epea onepaTOpbl pOJK):leHHll n yHH'ITOJKeHllll 

KB83ll'l8CTIIU. fipH 3TOM npeanonaraeTCll, '!To: 

a) paanoJKeHne aenH'lllH rµ 

TopaM KB83ll'18CTHU KOM6H1!8UHH; 

6) KOM6HH8UHH THna a+ a 

BKnro'!aeT TonhKo 6nnnHeltHbie no onepa-

MoryT 6b!Tb aeHyneBbie, onHaKo llX MOJKHO 

ycTpaHllTb na ypaaHeHHlt ( 8), nonxoaSimHM o6paaoM Bb16HpaS1 Q ( CM. ( 17)). 

IToCKOnbKY OHH He BXOJ:ll!T B Bb!paJKeHHe nnll MOMeHTa HHepunH, Mb! llX anecb 

paCCMaTpllB8Tb ue 6yneM, XOTSI OHH MoryT OKa38TbCSI HeooxonHMb!Mll nnll Bbl-

nonHeHllll apyrHx ycnoantt: HanpHMep, Tnna ( 4) x/. 11 TaK, nnll r µ llMeeM: 

x/ n . . nll yaoaneTBopeHHll 3TOl"'O ycnoBllll nocTaTO'IHO C'IHT8Tb, '!TO r3 

He SIBnl!eTCH HeaaancnMott nepeMeHHott, onpenenSieMott Ha cncTeMbI ( 8), a nony-
qaeTCH npn naaecTHbIX yJKe r 1 H r2 KaK r3 - ,J 1 - rf r~ 



r µ • l: I (rµ h.v'la"J: at ·+ (rµ )Xv av aA ·I , 

( 16) 

(rµ )Av --(rµ ~VA, (rµ J-;,; =(rµ)Xv ,(µ -l,2u3), 

I"Ae y"ITeHa HX apMHTOBOCTh H T-"IeTHOCTb ( nocne BbIAeneHHlI He"IeTHOI"O 
,. 

onepaTopa 't , CM, npnMe"IaHne K cTp, 3), 8TH KoacpcpnuHeHTbt 6yAeM onpe-

AenlITh nyTeM peweHHlI ypaBHeHHfi (8), B nocneAHHX ncnonhayeTClI (15) AnlI 

H , a BaKyyM I > - (14) 6epeTClI B Ka"IeCTBe annpoKCHMSUHH ~nlI 

- > (BaKyyM 3AeCb onpeJ:tenlieTClI COOTBeTCTBy!OlllHM o6pa30M Ami ASHHOfi 

nonOCbI, XOTSI 8TO MOJKeT H He 6b!Tb OCHOBHOe COCTOSIHHe SI/:lpa). OnepaTop Q 

!pHKCHpyeTCSI B BH}:le 

Q • al a I ( 17) 

Teneph cncTeMa (8) onpeAenSieT non11ocTh10 R - onepaTopb1, nocKonh-

Ky oHa SIBnSieTCSI HeOAHOP0AIIOfi H HMeeT peweHHSI AnSI npOH3BOnhHblX 3Ha"IeHHfi 

napaMeTpa ~ ' Mb! Bbl6HpaeM TO 31!a"Iel!He ~ 'AnSI KOTOpOl"O YAOBneTBO-

pSI!OTCSI ypaBl!eHHSI (5), ycpeAl!el!Hbie no COCTOSIHH!O ( 14), 

B) YpaBHel!HlI pOTOl!l!Ofi Teopuu, cf>opMyna AnSI MOMeHTa 

H II e p UH H, 

YpaBl!el!HSI CHCTeMbl ( 8) t npH CAena1111bIX B npeAblAYill8M naparpacpe 

npeJ:tnonoJKel!HS!X (cM, ( 10-12, 14-17), npHo6peTalOT cneAyJOmHfi SIBHblfi BHA: 

1 -
(El+ El) (rI· )fl+ 2 !'v [~i.AV ufl UAV +2Vfv,iA vii VAV] (rI )AV 

= i/j I J (12 )Ii ~I -7(r1 )fl+(:£ (13 )mm ti~ ) (r2 )fl+ (l8 ) 

+:£ [(13J;A uiA (r2h1-(/3 )IAuiA (rz)Af-(12)/AUIA(r3htf' 

+ 02 )IA UIA (r3 h1] I . 
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AHanOl'll'IHb!0 ypaBH0HlllI .QnlI MaTpll'IHb!X aneMeHTOB r2 ll T3 MOlKHO 

nonyqnTb llHKnll'leCKOfi aaMeHofi { J ➔ 2 ➔ 3 ) HH.Qexcoa onepaTopoB r ll 

I : COOTB0TCTB0HHO nepBb!H qneH B npaBb!X 'laCTlIX 5y.QeT paBeH: 

TTpnHlITbl o503H8"10HlllI: 

KaK yJKe oTMe'!anocb Bbime, aaaqeane MoMeHTa naepunn !J 
eTClI 113 Tpe5oBaHlllI, 'IT05b! BbIITOnHSinHCb B cpe.QH0M IIO COCTOlIHllIO 

orrpe.QenSI-

> COOT-

HOWeHlllI { 5). TaKHM o5pa30M, ncrronb3YlI, HarrpnMep, KOMMyTaTop [ / I , R~ ] • 

nonyqaeM cne.Qyromyro «jlopMyny .QnlI MDMeHTa naepunn: 

(19) 

B aTofi «jlopMyne Y'IT0Hbl rrapHbI0 KoppenlIUllli, rronSipH3aUHOHHble acli<l>eKTbl 

{ ll3M0H0HlllI X<l>B - IIOnSI H3-38 Bpameam1 nnn yqeTa OCT8TO'!Hb!X B3allMO

.QefiCTBHli) n a«jJ«jleKTb! TpeXMepHOCTll SI.QepHOH poTaunn. ITpn oTCyTCTBHll rrapHb!X 

xoppenSIUHli oaa rrepexo.QHT B rronyqeaayro paaee «jlopMyny 181, yqnT1'.1aa10my10 

TOnbKO a«jl«jleKTbl TpexMepHOCTH ll rrom1pnaaunoHHble a«jJ«jleKTbI. <l>opMyna ( 19). 

KBK 5y.QeT JIOK838HO B cne.QyIOIIIeM paa.Qene, HBnHeTCH o5o5meaHeM HeCKOm.KHX 

ll3BeCTHb!X «jlopMyn, T8KHX, KaK rrony11eHHaH BenHeBb!M/al, cjlopMYna 

Tayneca 161, n, xoae11ao, Harnnca l11. 

3. HeKoTopwe rrpHMeHeJIHH TeopHH 

a) MoMeHT naepunn B ABYXMepaoM rrpn5nHJKeHH ll C 

y'leTOM OCT8TO'lll01'0 B38HMOAeliCTBHH 

ITony'leHH8H CHCTeMa ypaBHeHHfi (18) SIBnSieTCSI CBH38HHOH no OTHomeHHIO 

K ll • CocTaBnlIIOIIIHe ee ypaBHeHHH CT8HOBHTCH He38BHCH-

Mb!Mll B cny11ae, KOI'Aa Mb! He IIpllHHMaeM BO BHHMaHne ace qneHbl, KpoMe 

nepaoro, B rrpaBb!X '18CTHX ypaBHeHHli, 'ITO IIpllBOAllT K .l]el'KO HCTonKOBb!Bae -

Mb!M «jlnan11ecKHM peaynhTaTaM. 
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TipOCTb!Mll npeo6pa30B8HllHMll TOrAa ypaBHeHllH npllBOAHTCH K BRAY 

( HanpnMep, AnH r 2 "' 

. -
(E;+E 1 } (r2 } 11 +f'v [V/i;v>..U;,U>..v+V/;,;;; V11 V>..vl(r2 }>..v 

( 20) 

= i 125 01 }1; l't1 

rne vi/,ltf = v,;,1,;f - vi;,f1t • 

HeTpyAHO y6eAllTbCH, qTo IlOACTSHOBKa 

25 ( } f -l -y-- '2 11 .. fl w ( 21) 

npnBOAllT ( 20) K TOJK,[leCTBeHHOMy COOTBeTCTBlllO c ypaBHeHllHMn, nr,nyqeHHbIMll 

B /6/ EenHeBblM (cM, TaM ypaBHeHllH (17)). B (21) f,1- KoSlj)cpmmeHTbl 

o6o6meHHoii KaHoHnqecKoii TpaHccjJopMaunn, a w - yrnoBaH cKopoCTh ( BBene

HhI B CT8Tbe Ben He Ba), 

TaK KaK Hawa cjJopMyna AnH MoMeHTa nHepunn (19) (B o6oaHaqeHnHx 

(21)) nonHOCTblO COOTBeTCTByeT nonyqeHHOii B 161 , TO MOlKHO aaKn!OqllTb, 

qTo pOTOHHaH TeopmD, ccpopMynnpoBaHHag B X4>E - 6aance, BocnpOll3BOAllT B 

cBoeM npocTeiiweM npn6nnJKeHnn cpopMynh1 pa6oTbI /6/, KOTOphrn conepJKaT Bee, 

qTo 6bmO naBeCTHO AO cnx nop n qTo ABIOT ABYXMepHbie Teopnn. Tipn OTCYTCT

Bllll napHblX KoppenHUllii cpopMynhI /6/ nepeXOAHT B cpopMynhI Tayneca 121 , 

yqnTb1Ba10mne TonhKO nonHpnaaunoHHbie Slj)cpeKThI, 

6) MOM e HT n Hep unn B np n 6n n )I{ e Hllll CB O 6 OAH bl X 

KBaanqacTnu 

l1ccnenoBaHne cnyqag, Korna onepaTopbI poToHoB KOMMyTnpylOT c qne-

HaMn ocTaToqHoro B38llMOAel!CTBlrn, · naeTCSI nerKo, IlOTOMY qTo 

qneHhI, conepl!<amne V, f, 1,;f , He yqacTBylOT B ypaBHeHllSIX (20). 3necb 

peweHnH nm1 - onepaTopoB nonyqa!OTCSI B anannTnqecKOM Bnne: 

. (11} fl V/i 
- i ---,, (r 2 };1 •23 E

1
+E1 

H T.ll., ( 22) 

10 
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11 rroncTaBmrn 11x B ( 19), rronY'IaeM xoporno aaaK0Mhill peaynbTaT: 

[(IiJµv [ 2 
2 

Vµv ( 23) 

3Ta cpopMyna rrpencTaBnHeT co6oll 11aBeCTHyro cpopMyny Marn11ca nnH 

M0MSHTa l!Hepu1rn BpamarolUIIXCH necpopM!!pOBaHHbIX HASP / I ,21 IIpll HBH0M y'le

Te c11n ·crrapl!B8HIIH. Bo3MOJKHOCTII ¢0,pMynhI ( 23) 6bmll o6cnenoBaHbl neTanbH0 

( CM., aarrp11Mep, /IOI)• MMeH B pacrropHlKSHIII! OAH0'laCTll'IHbill II0TSHUl!an 

Bynca-CaKCOHa, 6onee C0BeprneHHbill, 'ISM IICII0nb30BaHHblll paHee lI0TSHUl!an 

HllnbCCOHa, Mb! cnenanl! HSK0T0pbie 11nnrocTpaTl!BHbie paC'ISTbI, 'IT06bi aal!TII 

acpcpeKT BmrnHl!H 1!3M8H8Hl!H 0AH0'l8CTll'IHOll CX8Mbl Ha peaynbT8Tbl, naBaSMbie 

cpopMynoll Marn11ca. Op!! 3T0M IICIIOnb30BancH 6onee CTpor11ll Kp!!TepHll nnH 

orrpeneneHHH KoHcTaHT rrapaoro Baa11MonellcTBl!H ( G N H G z ) I 'ISM B 

Ul!TllpyeMoll pa6oTe, a HMSHH0! HCKanl!Cb Te 3H8'18HIIH rrapHbIX_ napaMeTpoB, 

K0T0PbIS IIpHB0AHT K ny'lllIIIM peaynbTaTaM nnH napaoll 3HeprHH HccnenyeMoro 

Hnpa. Xo;i:H nony'leHHbie peaynbTaTbl aecyT orpaHl!'ISHHbil\, HnnrocTpaTHBHbill 

xapaKTep, Bee JKe K8JK8TCH, 'ITO B 3THX -ycn0BHHX HHrnl!C0BCK8H cpopMyna naeT 

eme 6onee 38HHlK8HH0e no cpaBHeHIIID C IIpHB0AHMbIMI! o6bi'IHO TeopeTl!'ISCKHMH 

oueHKaMH aHa'leHHe MoMeHTa HHepunn. HarrpHMep, nnH Hnep 
168 

Yb , 170 Yb 

l 
72Y b 6bmH nony'leHbl ( npH 3H8'18HIIII napaMeTpa necpopMaUHH {3 20 = 0,300, 

/340 = O 

Hnpo 

I68fb 

no Yb 

172 Yb 

) cnenyromne peaynhTBTh1: 

HacTOHIUBH 
pa6oTa 

21,69 

24,46 

27,39 

Pa6oTa. I IOI 

31,5 

30,0 

32,8 

3KcnepHM8HT 

34, 19 

35,60 

38, 12 

PeaynbTaThI Opnopa H np/ IQ/ xoporno, BocnpoH3B0AHTCH B cny'lae, Korna 

HCII0nb3yeTCH !IX MeT0Al!Ka nnH Bb16opa napHbIX napaMeTpoB. 
Ill. 
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B) Y'leT pOT8UllOIIIIOH 3Heprnn B OCHOBHOM COCTOHIIllll 

"' nony'leHHbie BbUIIe peaynbT8Tbl OCIIOBaHbl Ha npe/ll!OJIOJKeHnn, 'ITO COCTOH-

Hlle, no KOTOpOMY ycpellHHeTCH B ~ 9). MOJKeT 6b!Tb annpoKCllMllpOBaHo KBa-

an'laCTH'IHbIM BaKyyMoM I > ( 14) 1 KOTOpb!H MllHllMll3llpyeT COCTOHHHe 

cncTeMbl, OllllCbIBaeMOH raMllJibTOHllaHOM H ( 15). Ho na Teopnn /9/ cne-

AyeT, 'ITO HaM cne/loBano 6b1 onepnpoBaTb. c cocTonHneM I - > , OTBe'laro

wnM ycnOBn10 

(H - El 72 /2j J I - > 0 . 

EcTeCTBeHHO IIOCT8BllTb 3alla'ly BapnaunoHHblM cnoco6oM If HaHTll 

COCTOHHlle, MllHllMll3llpyromee cpeAHee 3Ha'leHne J{ = ff - El - /2 / 2S : 

B<OIHI0>-0, 

( 24) 

( 25) 

a noTOM annpoKcnMnpoBaT& I - > 'lepea I O > , nnn, ApyrnMn cnoBaMn, 

y'leCTb BK.118/l poTaunoHHOH aHeprnn B OCIIOBHOe COCTOHHHe. 

Mb1 CAenaeM npeitnonoJKenne,'ITO I O > nBnneTcn CHoBa KBaan'laCTH'IHbIM 

BaKyyMoM (nepeHopMHpOB8HIIb!M II8AneJK8WllM cnoco6oM) If aannweM J{ B 

BUile 

}{ = C + :£ 
1. 

+ c1 a 1 a 1 +J<, ... ( 26) 

rile }{, • 5 coAeplKHT HopMan&Hoe nponaBeAeHne 'leTbipex onepaTopoB pOlK/l9-

HHH If yHH'ITOJKeHHH. 

Tor/la B pOTOIIIIble ypaBHeHHH 6yAeT BXO/lllTb I'8Mll.1IbTOHHaH 

ff=}( +E +!2 /2j =C +:£ l a+a +:£ h'1
• 11 a+ a + :£ h'2 •

0 h+ a++ ... , (27) 
l l i i i if if i f if if i f 

I'lle 'lneHbI h (l,lJ , h (l,O) If T./l. IIO51B.1151IOTC51 na-aa ll06aBneHllH onepa-

Topa [2 If HM9!0T 0'19BlllllIYIO CTpyKTypy: 

12 
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(I, 1) 

h If ~ a'. I() > - < 0 I h I O > ) 
1 

h'
2
•••

0
'-.2.<0 h!O - a

1
. a 1 > = 

I] 2 
( 28) 

) 

Pernasi Cl!CTeMy ( 9) C HOBb!M I"8MllnbTOHll8HOM ( 27), H8)l0. l!MeTb B 

+ 
BIIJlY, 'ITO aenb3SI oT6paCb!B8Tb "!neHbl Tnrra a a B poTOHHOM orrepaTope 

ll3-38 rrpncyTCTBllSI "!neaoB h '
2

•
0

' B fl , T,e. B 9TOM cny"!ae: 

r = I {(r ) Ra+ a'ii +(r )*R aRa +(r ') Ra+aJ; (r ') R=(r ')'t • (29) 
µ µ a,-, a ,-, µ a,-, t' a µ a,-, a fj µ a,-, µ ,-,a 

TaKIIM o6pa30M, BMeCTO ypaBHeHnfi (18) 6yJleM IIMeTh: 

-h':t'(r~),K] ~ J I[~i.>,v ulfu,\v+2W;;:;i,\ vlfv,\v](rl)J/ 

(30) 

+ ( I (/3 )mm v!J (r2 )JI 
m 
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r11.e W;;,kE - MaTpll'IHbie sneMeHTbl IJ.BYX'I8CTll'IHOl'O B3811MOJJ.ellcTBIISI, 

IJ.OIIOIIHeHHbie tmeHaMII, rrponCXOAHIUl!M II OT 11.06aaneHl!S! h (cM. (27) ). 

YpaBHeHl!S! IJ.IIS! r 2 ( coo·TaeTCTBe!IHO T3 ) rronytialOTCS! IIO on11caHHblM B 

rr. 26) rrpaa11naM. • 
YpaaHeHIIS! ( 30) pernanl!Cb a n_p116nl!li<eHIIII, r'IJ.9 BCe 'IIIeHbI, KPOMe nep-

BOl'O B npaBoll 'I8CTII, 6b!IIII oT6porneHbl II Y'IIITbIBan CS! TOIIbKO BKIIalJ. IJ.1181'0-

( l, 1) (2,0) 
h II h ; CHOBa rrpe11.nonaranocb, 'ITO BbllIOIIHSieTCSI HaIIbHb!X 'IneHOB 

[ W , R "/i ] = 0 , 'ITO aeJJ.eT K npona11.aHIIIO 'Ille HOB, co11.epJKalUIIX W 1;. k E 

B neBb!X qaCTS!X ypaBHeH11ll. TTpl!'IeM 113-38 Toro, 'ITO JJ.llaroHanbHaSI 'IaCTb 

h (2,0) - HOIIb, TO II 3JJ.ecb '!8CTII (r 11 )>..v - poTOHOB OK838IIl!Cb He-

HylKHbIMII. 

L[nsi HaXOJKJJ.eHIIS! 8Hepr11ll l I , BXOIJ.S!IUIIX B ( 26) II ( 30 ) , l!M MOlKHO 

np1111.aTb cne11.yrow11ll CMhicn. TTpe11.nonoJK11M, 'ITO I O > siansieTcsi xoporn11M 

np116n11JKea11eM K cocTosiH11ro I - > , KOTopoe npe11.cTaBnsieT co6oll n11Hel!Hyro 

rrp11Ha11.nemaw11x 11ccne11.yeMoll nonoce naHHoro KOM61!H8Ulll0 113 COCTOS!Hllll, 

+ 
sinpa, a cocTosiHl!e a 

I 
I 0 > ' co CBoell CTOpOHbI, xoporno arrnpOKCIIMII-

pyeT cocToSIHl!e l - > 1 , S!BIIS!IOIUeecsi KOM611Hau11efi 113 COCTOSIHIIS! poTa-

UllOHHOll IIOIIOCbl, BblCTpOElHHOll Ha OIJ.HOKB8311'I8CTll'IHOM ypoaHe 

HeM He'IeTHOM SIApe (qell MOMeHT 11Hepu1111 11MeeT 3Ha'!eH11e S, 
a coce11.

). Tor11.a, 

np11 caMblX npoCTblX npenrronoJKeHl!S!X O xapaKTepe poTaUIIOHHOr'O JJ.BlllKeHl!S! 

B He'!eTHOM cocene, rronyqaeM, '!To: 

( ~ E 
i I 

~ K
1 

(K. + 1) + ( _l_ 
2j ' 2j. 

' 

_l_) < 0 I a. h a: IO > 
2j ' ' 

(30) 

l'JJ.e K, - KBaHTOBOe 'IIICII0 npoeKUIIII yrnoaoro MOMeHTa Ha OCb CIIMMeTpllll 

B COCTOS!HIIII • TaKIIM o6pa30M, 8Hepr1111, ql11ryp11py10w11e B pOTOHHbIX ypaB-

HeHIIS!X, CO0TBeTCTBeHHO B <jiopMyne IJ.IIS! MoMeaTa IIHepu1111, OK83bIBalOTCS! CBS!-

38HHbIMll C OIJ.HOKB8311'I8CTll'IHb!Mll sHepr'IIS!MII II poTaUIIOHHblMII xapaKTepl!CTl!

KaMII He'IeTHOr'O coce11.a. B IITore, KaK MOJKH0 noKa3aTb 1 8TO BeJJ.eT K yMeHb

rneHIIIO napHoll 8Hepr1111 11, cneJJ.OBaTeIIbHO, napHblX napaMeTpOB. 

OueHKa s<ji<jieKTOB, npOIICX0IJ.S!IUIIX 113-38 y'IeTa BKnana poTau110HHOl! 

sHepr1111 a ocHoBHoe cocTosiH11e, 6bma rrponenaHa 11.nsi si11.ep 
170 

Yb 11 
172 

Yb 

nony'IeHHbie 3Ha'!eHIIS! MOMeHTa l!Hepu1111 npeBOCXOIJ.S!T Ha 10% Te, K0TOpbie 
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6brnH nonrieHbI HaMH paHee ( CM, Ta6nrruy), 'ITO HecKom,Ko npoaBrrraeT peaynb
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