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AK6apoe A.,~ AP· P4 - 12772 
KonneKT~BH~e eoa6y~AeHHR 6~cTpoepa~a~~xcR RAeP 

B npOCTOH MOAenH 

B npH6nH*eHHH cny4a~H~x $aa HccneAoBaHo anHRHHe apa~eHHR Ha 3Hep 
rHH rHraHTCKHX KBaApynonbH~X pe3oHaHCOB B MOAenH RApa, B KOTOpOH cpeA 
Hee none npeACTaBnReTCR TpexMepH~M rapMOHH4eCKHM OC~HnnRTOPOM. 0oKa-
3aHo, 4TO eamHyo ponb npH 3TOM HrpaoT ycnoBHR caMocornacoeaHHR. CneKT~ 

HyTa~HOHH~X B036Y*AeHHH 6~CTpoepa~a~erOCR RApa, paCC4HTaHH~H B paM­
Kax MOAenH, cy~eCTBeHHO OTnH4aeTCR OT 04eHOK, OCHOBaH~X Ha MOAenH 
meCTKOro poTaTopa. Ha OCHOBaHHH npoBeAeHH~X pac4eTOB MO*HO TaK*e 
CAenaTb npeAnOnO*eHHe 0 TOM, 4TO B o6naCTH CnHHOB, 6nH3KHX K KPHTH-
4eCKHM AnR AeneHHR, OAHa H3 BeTBeH rHraHTCKOrO KBaApynonbHOrO pe30HaH 
Ca HMeeT aHoManbHO HH3Ky~ 3HeprH~ B036Y*AeHHR. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH ~3HK~ OH~H. 

Coo6weHHe 015&eOHHeHHoro HHCrHryra MepHbiX HCcnenoeaHHA. Jly15Ha 1979 

Akbarov A. et al. 

Collective Excitations of Fast-Rotating 
Nuclei in a Simple Model 

P4 - 12772 

The effects of rotation on the spectrum of the giant quadrupole 
resonance is studied using the model with the average field generated 
by the cranking three-axial harmonic oscillator potential.The role of 
the selfconsistency conditions is shown. The energy of wobbling sta­
tes turns out to be noticeably different from the estimates obtained 
using the rigid-body formula. The results imply that one of the modes 
of the giant resonance states has anomalously low excitation energy 
when rotational frequency approaches the critical for fission value. 

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

Communication of the Joint Institute for Nuclear Research . Dubno 1979 

© 1979 06b811HH8HHbl/l HHCTHTYT Hl18pHbiX HCCR8110BBHBR /ly6HS • 

§ I. BBe.neHHe 

lfay<reHHe CTPYKTYJl!i R,nep ITO ,Ua.HHUM 0 COCTMHIDIX C OOJI:bliiOH 3Hep­
rKe~ B030~eHHJI R OGnbliiHMH yr~OBUMH MOM8HT8MH IIp8,UCTaBnii8TCii B8Cb~ 
Ma nepcneKTHBHHM, B nocne~e ro,nu paaBHTIX MeTo,nu, noaBo~DmHe pac­
c~TaTb CTPYKTYJlHHe napaMeTpu oucTpoBpamaromHXCJI R.UeP. B p~ax 
MRRPOCR0~8CROH TeopHH Ha OCHOBaHHH 8,UHHO~ MO,Ue~ /1, 2 ,3 , 

O,UHaxo rrpaRT~ecRaJI pearrHa~ TeopHK co~Ha c BecbMa 
Tpy,noeMRHMH pac~eTaMH H C BBe,neHHeM OnnbliiODO ~cna ,UOIIGnHHTe~bHHX 
ynpomelllrl! H rrpe.nnonoJKeHHH. 

HHze MY npHBO,UKM pesy~T8TH ~sa R0~8RTKBHHX CBOICTB 
CHCT6MY C ~TOHHaHOM 

H t_ 
.J .. 1 

2 p..., + 
z.,.., 

2.A 
h1 Wo ') 2. ~ ") Q Z Z L r-v- Z (- iK• (I. I) 

-J=oi t.lo( 
r.ne 

A ~ J ~ 
Qi": L_ Qi.K(v),; Qt:~tv)=3xix~<-oc:l(~:.<r. 2 ) 

~-=4 

llpoCTOT8 raMKnbTOHHBHa MO,Ue~ II03Banff8T 8HarrHT~8CRH P.emKTb 
ypaBHeHHJI ~ caMOcor~acoBa.HHoro rranR BPamaiDU~eifCJI cHcTeMH 14 •5 •61, 
a TaDe IIOJIY'IHTb 8HaJIHT~8CRH BHpalKeHHJI ~ 3~8M8HTOB ceey~pHHX 
ypaBHeHH!, OIIp8,lleJillllilKX CII8KTp B030Ylt,ll;elllrl! C y<IeTOM ROJLII8KTKBHUX 
a~RTOB. TaRHM oepasoM, peay~bTaTu, rr~eHHHe B paMRaX paccMaTpH­
BaeMOif MO,UenH, CBOOO,UHH OT TPYAHOROHTpo~pyeMHX rrpH6~eHHI, CBR-
38H1WX C B!lOOpoM Cpe,UHero IIanR, ~cna Y'fiiTHB88MiiX ypOBHeif H T.II., 
C ROTOpHMH IlpHXO,UHTCH BCTpe~aTbCH B OMee peanHCTH~eCRHX MO,UeniiX, 
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!!osTOMY aHanH3 ITpOCTon MO~e~ , HCcne~eMOH 3~8Cb, HHTepeceH B M8TO­

~~eCKOM llnaHe. Cne~eT OTM8THTb, ~TO H3yqaeMaR MO~e~b CO~ep~T 

MHODO CXO~HX ~epT C OO~ee pe~CTH~8CKHMH MO~enRMH R~a B OTHOill8-

HHH TODO, KaK M8HRKYJ'CR OOIUHe CBOHCTBa CHCT8MI:l ITpH J'B8~~eHHH yr~o­

BOro MOM8HTa H SHeprHH B030~8HHR H~ RpaCT-~HHHeit / 5/. B ~ae 
~erKHX R~ep, HarrpHMep 20Ne, Mo~e~b ~aeT rrpaBWibHoe rrpe~cKasaHHe 
OO~aCTH CUt - otf , ~TO CBR3aHO C OTCYTCTBH8M B ~erKHX R~ax 

e ~ -CM H crrapHBaHHR, liTO 0Tpall8HO B MO~e~. 0Ha l103-

B0~8T Ta~e rrpoaH~3HPOBaTb OCHOBHHe xap,KTepHCTHKH rHraHTCKHX 

MY~bTHITMbHHX pesoHaHCOB rrpH MaJIIDC ciTHHax 7 I. OTcJO.na cne~eT rrpHH­

UHITHanbHaR B03MOJKHOCTb ITpOrH03RpOBaHHR ScfqleKTOB Ha OCHOBe TaKOit 

MO~e~. 

§ 2. Oomaa dJopM;y~WBKa M08e~ 

CJre~R 12 •31, Ml:l rrpHMeHHM rrpoue~y TeMITepaTypHoro BapHaHTa 

rrpH~~eHHR ~aitaoit ~3~ (TIC~) K raMKnbTOHHaHY 

rJ H L 2 ,,. 2. L 2 
~ = -rx · ~- f'IJ...# + 2 ), (2.I) 

r~e H - orrepaTop (I.I), (I.2), a ~OITMHHTe~bHHe qneHH, co~ep­
~e rrpoeKUHH yr~OBODO MOM8HTa Ji , BBe~eHH ,Will TOro, 'ITOOH 

ooecrre'IHTD B~MeHHe BHYTPeHHHX (HepoTarmoHHHX) oos6YJK,neHHil: rrpH 

ITpOH3B"bHOM 3Ha~eHHH yr~OBOil: CKOpoCTH Bpall!eHHR S2. • Ka!t IIOKa-

3aHO B 
3/, 3Ha~eHHR rrapaMeTpOB .r Jt. H r paBHH 

A -1 
Zf = S'i/<. .Q IL" I .n.)::. '1)( ' (2.2) 

2rl{ =- c1 f2 /d c. JU {x I fl ) 
(2.3) 

B ~PMYJiax ( 2. 2) , ( 2 . 3) cpe.rome onpe,ne~eHH IIO MHODO'IaCTH'iHOil: BM­

HOBOH WYHKUHH, y~oBJieTBOpRIOOieil: BapHaUHOHHOMY ypaBHeHIDO 

8 < ~~~> = 6<.nl H- n.[~ln > =0 ~ <2.4) 

PellleHHe (2.4) MR KOHKJl8THOro ~aR, pacCMaTPHBaeMOIP. 3~8Cb, C 

.raMKJibTOHHaHOM (I.I), (I.2) rro;ryqeHo B pa6oTax /4,5/. ITpKBe~eM 
B~e .wm ~anbae~mero xapaKTepHcTHKH sToro pellleHHR, cne~ ooos­

Ha'leHHRM paOOTH/5/. 

4 

• 

raMKJibTOHHaH cpe~ero IT~ B ITpH~eHHH XapTpH MO~eT OHTb sa-
IIHCaH B BH,IJ;e 

A HI= L ~(vl 
V:1 

W(")= i:twxCC\x + 'Yz)+i;w+(~+·1fz) + <2 .5) 

• i\ w_ ( ~ _-+ -tfz) • 
r.ne 

w; ~ '1:2(/A- :f: Jf1~-4«') r-=- trg(1+~)-J~-~t~]<~.6) 
a 'laCTOT~ Wi. Y~OBJI8TBOpRKYl' ycnOBHRM CB.MOCOrJiaCOBaHKil 

2 2 6ce "' w~ ::. Wo - ~ < Q.l Qu I Sl.) . 

OnepaTopHaa cTpyKTypa H(v)B (2.5) orrpe.nenaeTCR ~PMY~aMH 
(2.7) 

h,-= utQl [Q; ,ctj]= s~J 
(2.8) 

(i.,j "X,-+,-) ' 
rrp~eM onepaTopH OO:'!OHOB a · , at RBJIRIOTCR ~eil:HHMH KOMOHHa~ 

( +) t + 
UHRMH x, P>< all I ax. H HI z, fw, p2 (a-t, a 1 ). cooTBeTcTBYI<>-

IIlHe BHp~eHHR orrpe.ne~eHH B paooTe • OrrepaTopH aJ(. ' a: 
HHBapHaHTHH ITO OTHOllleHIDO K ITOBOpOTY Ha $' BOKIJyr OCH :t. , B 

TO BpeMI! KaK orrepaTop~ a± , Q ~ MeHRIOT 3HaK ITpH aHanom-

HOM rrpeo6pa30BaHHH, 

Cne~R pa6oTe 151, BBe,neM oespasMepHHe ooosHa~eHHR 

'J = wt ·'V · = wt \_ re· . _ 18~C 
± ..• 2., l w2, 11- w2 , a_ .., 4 (2.9) 

K.o'o o o d h,"'Wo • 

Tax ae RaK B paooTe/5/, MY npHHKMaeM, qTo 

'vJi.Wi.. =- c-=:. co+ U/3 ' (2.IO) 

r~e 3 Co - HaHMeHbillee co6cTBeHHoe sHa'leHHe W 
1 

;ri.Jm sa,rr.aHHoro 

<mcna ~acTRU A H yr~oBoil: ~acToTu BP8111em JL H U - sHep­

rHR cTaTHCT~ecKOro B036~eHHR. B pa6oTe 6 paccMaTPKB~Cb ~yrHe 
YMOBHR, qmKCRpyYCIIIHe CBR3b MelK,lly CJ'MMaMH 'IHCeJI KBaHTOB B 3ari~eH-
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HlllC COCTOHHIDIX 

'vJ~.: < !LI 2.. (~i(v)+ Vz) In> 
v 

n qacTOTaMR cpe~ero nOJiil wi.. . O~aKO npH npaKTH'ieCKOM aHallll3e 

BeJIHtrn:Hbl 'v.J t Ctrn:TallliCb 3~aHIWMR H He 3aBHCffiiiHMR OT yrJIOBOit 

cKOpocTH Q . TipH TaKoM Bbl6ope Wt. B MO~eJIH He HMeer uecTa 

nepece'ieHHe ypoBHeit. 

YCJIOBWI caMocorJiaco.BaHWI (2.7) BMecre c yCJioBReM (2.10) 
llpHBO.JVIT B o6meM CJIY'iae K cymeCTBOBaHmO peweHHI ]J;ByY. THIIOB: 

a) peweHHe C aKCHMbHO-CHMMeTpwrnoit {flopMoit, BblpoJt,JJ;aDIIeitCR B 

cq,epy npH n = o :· 

r~e 

q)(x = -1 q~~ =- -1 qzz. / 0 , 

q iL (Sf= 0) =. 0 ' \)~ = \) z = v ' 
qu : < Sl I Q.:i I n. > 

(2.II) 

6) peweHHe c rpexocHolit !l>oPMOlit, BblpolK,ll;aJ<Illeitca B axcii8Jil>H<>-

BHTJlHYTYil npH Jl, :: 0 

~ = \)+ ).)_ , (2.12) 

n n(-tl 
H cymecTByromee JIHIUb B OrpaHH'ieHHOH o6JiaCTH 'iaCTOT BpameHRH )t()(c• 

B CHJIY HHBapHaHTHOCTH H no orHoweimiO K noBopory cHcTeMbl 

KOOp,ItHHaT Ha yrOJI $' BO.<pyr OCH '/-. C06CTBeHHble tPYH~ 
06JI~aiOT llpOCTbiMH TPaHcnRUHOHHbiMH CBOitCTBaMR no OTHOIUeHmO R npe-

o6pa30BBJOOO R. )I ( '1Y '>: 
'tf 

R;>( (1fT') f.SL > = e l I Sl > • <2.13) 

B ~MI>HeHweM nOJiaraeM, 'ITO rpasa tp ,n1Ul COCTOHH:Hit HPSC'l'-JIKHIDI 

paBHa HYJIIO ( CJIY'iaH 'ieTHO-'ieTHIDC smep c o~oBpeMeHHI:lM sanOJIHeHHeM 

~BY? B03MOmHHX COCTORHRit). B CHJIY apryMeHTOB, npHBe~eHHHX B pa6o­

Te 8/, yrJIOBOH MOMeHT COCTOHHHH HPSCT-JIKHIDI npH 3TOM npHHHMaeT 

JIHIUb '!eTHble 3Ha'ieHEH. B0.1H0Bble ifJYHI<I.Um COCTORHRH H~ llpaCT-JUlHilel 

O~O<fx:>HOHHOro nma MOryT 6h1Tb anrrpoRCHMRpoBaHbl BblpallteHKIIMR 

cb+>-IS1>, (2.14) 
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• 

~ 

r~e oneparop po~eHEH . 6osoHa ~;BHpamaerca qepes o6o6meHHRe 
KOop.rtmraTbl X_x R RMIIyJII>Cbl P.>. : 

CZ); :::- k (X).+ i. PA)' (2.15) 

,IT,7IJI Haxo~eHEH oneparopoB C/) j.. (X .X P.x) Heo6xo,nRMo pelliHTI> ypaBHe'-
HEH ~mtteHEH ' 

[ p, 'H ]= -iw>-X>- ; [XA)r]::: t:w>.P>-,· [X>- R~]= l~ ·I • 
~~ } A ~2.16) 

3ra s~aqa pewaerca cr~apTHbiMH MeTo~ru.m TIC~. ITpn 3TOM cymecrBeK­

HYIO poJII> Hrpaer HaJIH'iHe CHMMerpmr (2.13). En:aro~apil (2.13), pewe­

HEH ypaBHeHHit TIC~ pacn~amca Ha ~ THna, {fx:>HOHHlle oneparopbl KO­
TOpbiX Y~OBJieTBOpiiiDT COOTHOWeHEHM 

R,._ ('lr')cn; R~\rrr) = ± <b~ . (2. 17) 

COCTOHHEH (2.14), OTBe'iaiDmHe peweHEHM C nOJIO*HTeJibHOH CHrHaTypoit 

C/J! !.Q.) , HMeiDT, KaK H :HPacr-cocroSIHRII > qerHble 3Ha'ieHEH I , a 

cocrOR:HEH ct>: I Q) cymecTBYJOT npH HeqeTHIDC I . PeweHEH TIC~ 
B paMKax o6c~aeMOH MO~eJIH HMeiDT ITOJidXRTe.IIbJiYIO llpOCTpaHCTBeHJiYIO 

'ieTHOCTb, a COOTBeTCTB~e 6030HHble onepaTOpbl 3anHCb1BaiOTCR B BH­
~e 

It _ ") "l±.) p . 2__ px (±.) 
X,>.(:t)- ~ Xs Cts , X(±) =-l s s Ps • <

2
•
18

) 
~ A + 

r~e Cf.s 1 p5 -onepa::~~· co~eplK811tlle onpe~eJieHHble KOM6HHarnm a (, 
a i ' a X >t-)' ~ - aMn.IIHTY~' KOTOpble MOJKHO nOJiytrn:Tb H3 

ypaBHeHHlit (2. 16). B npH6JimtteHHH TIC~ HMeiDT Mecro KOMMYTa.I.U'IOHHble 
COOTHOWeHEH 

L q s , q s' J = [ Ps J>s 'J = 0 

[qs, Ps'J == v~ 8ss' . 
(2.19) 

TipH'ieM Vs PaBHbl cpe~ no MHoroqacTH'IHOMY cocroRimiO I Q. > or 

COOTBeTCTBYIDmRX TO'IHHX SHS'ieHH~ KOMMJTaTOpoB H nOJIHOCTbD orrpe~e­

MlOTCR W i • B COOTBeTCTBHH CO CRa3aHHI:lM Bblllie 0 CYJileCTBOBaHHH 

pemeHHI C pa3HHMH CHrHSTyp&m OCTSTO'iHble CHnH paS~enf!DTCR Ha 

~e KOMMYTHP~e MelK,lly co6olit 'ISCTH 1-f.'*) H tJ(-l , TaK qro 

nOJIIIHit raMHJII>TOimaH npiDmMaer B~ 
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H =- H' - ~~+) - H(-) 
• 

(2.20) 

H<~,= J~ (Q;+G;)-t~ Qffz-r;v.,_L,..z • 

~8 = a?. Q ;~+a: Q)(.~ + r (L j 2 ... Lt2'> . 

Oo=Qn 'Qz= 3CQxJC.-Q~~), (2.21) 

r~e BO Bcex onepaTopax ocTaBneHH ~eftHue no 6osoHaM ~acTH, T.e. 
. ~ ~ 

oHH HBJIIIIOTCH ~efuruMH KoM6HHai.U1iiMH onepaTopoB q g H Ps . 
ITpHBe.zteM B~ Bcex onepaTopoB, BXOwrutiDC B ~h-I : 

q~ = L. a! (v)Q~(v) + a~(v)C4(v\, P-1..,_ l~~(v)a:!"(v) -QJvl ~.Jvl, 
.A + " +- \ J\ v 9:t = ~a_( V) a_ (v\-t-Q (" a_( v) , P:t = z_ a:c .J)~:c v)- Cl_(v) ct.( vl • 

v 
q3 =- 2a~(v)a~(v)tGl'l.(v)atCv), ?~ = L Q~(v\a~(v)-l3.x(v)ax(v) , 

q-4 =- 2_a:t(v)a~(v\+CU~)QJv), fJ, = 2._ct(-.~)a~(v)-Q_(v)ct+(v), 
q; = .iattv)Q..(v)+a:ftv)a+(v), Pr= 2..a!tv)a-lv\-C[~"('v)C4(vJ, 

~ v 

gc gc \} _ (.i + ..1_ \ 
\}1:::. W:t, • \j3:: W,t • ~- 2,( t-L- 1...4-) ' (2.22) 

" - " _.,.,. 1 "' L-2-exqA 
Q 0.~~ {q~zqs, Q~z.=L 1;-qgp~, x- ~ s s, 

'f~.~ = 2 z!,-+~~~-. q~=-- 2
1
vnw,: qi,. =44Z_-±2~ ... y-, 

2 - J3 :1. 2 - .[3 .e. .r:: 9M.- ~+,-, ~.3- z.,w}l ·~t--= -t..Zv3~+~-, 
q~~~=-3~+,-Z+,-, Cf3

1 =0, q}= ~3(CJ-Z+t:J+Z_), 
c ::-!. Q(wt-~2) t·=.o ex= +~l-w;t')({;;;ffl:;/~ 

M. 2~AJ.t,-(w}-w3)' 3 
• i - .&vW+c..i.(wl·-w_2 ) • 

VIs YJlaBHemm MIDK8HH.ff (2.15) HeTpy.n;HO ITOJIY'lliT:& P~ , y_>. : 
.s .s 

p~ = E:-~ { ~ Es(q~[ot q~ C.t) +.Z ~ ~1 Cj~, <2.23) 

8 

• 

)(~ : E:-w~ { ~ k>>.( q~ Co+ q~C2) + 2 ts qi C11 , 
r~e 

E 1,~=2W~1 -, £3 =-Gc..Jx, E4,s=l.J+±w_ 
A }., ] ~ " 

Co,~= i. [ P>., Glo,2 , ( =i. [X>., Q~z] · (2.24) 

VIs yCJIOBHH CYJ!IeCTBOBaHH.ff HeHYJieBIDC perneHHH (2 . 24) nOJIY'IaeTCH ceey­
JI.ffpHoe ypaBH8HH8 ~ C06CTB8HHHX ~aCTOT BOS6~8ijMH C ITOJIO~TeJI:&­
HOit CHrHaTypoH 

GOi.- ~3!. ~Ol £'01 

So.z, s-2:t- t. c;-1.2. 1 = o. (2.25) 

S.o1 s-\Q.. 
£-j_ 

{1 ~ 
r~e 

sl =-Iqiq~~Vs . _ . _ 
I( .s. E2 2 npz 1., I(- O,Z wrn t=l<.- { 

s-w 
H S. - "'> qiql: V!. rrpz i wrn 1<. = 1 

tt.- L S 
.s ts•t_wz. 

B crr,rqae ~HOHOB OTp~aTeJI:&HOH CHrHaTypH HMeeM: 

~ = 2 a:(v)a:(vl+a+(vJqAv) "p1:L_Q;(v)q:(-.~)-f4(vJqt(ll) 'f-t v • " • 

q
2 

= L_q;(v)Q-:(V\+CL(v)a,lv), p~= l:a~(")~~(v)-Q..(v)a"(v) , 
v ~ 

" + + ) " +- {2.26) q?> ~ 2.~(-<) QJl(")+~(v)~(v , p; =- Za+(v)~iv)-a:tvJO~lv) , 
A V ,_. V 

q4 -=- L.a:(-.J)<!t(v)+Q:Cvl~-C~) P~t= L._Q~(v}a.Av)-~:('IICL(v) 
v , • v 

Vd.,'J. -=-1C ( ~~ -r ±-\ , V~,lf ~ 2..C (~x- ~- J, 
I I I 

A J\ A 

f) -=- i. L alC!f "p Q ~ l__r-1xz ql\ L ~il_ f_'Jp" (2.2?) 
l'lll~ s 1 s :s , n s 1 s 5 , Jf g :s , 

" ;.. :: z_ez.~ z .s s-,.J, 
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2>~ ... q X!f - - __a_:_ ' 
{, !> - V.21'11W)( 

(~ ~ 
~ ~14 -= - J:li'I'I..Jx 

wz 32.. xz. 
q -1,; = - r-r:::;)( . q~,'t = 

g.± = i Yt: • 
AHMo:rwmo IIpe.Jnl.IJYllleMY CJIY'iaiO rrpH 

32 -
J.:zwrr-4 

W).i-0 HMeeM 

P>-_ ~ ( E J£zc X!!C 7_ 
s - E~-wt 'l s q s > + W>-. q s <t] ' 

r~e Tenep:o 

X>- ~;~e_ I xz.c E. x:t c 7 
S ~ E;_~-wf 1 W,>-q ~ ~ f g q s 4 J 

"" 1\ 

C3 = [ P>-, Qxz] clj = [x>- axJ. . ) 

(2.28 ) 

(2.29) 

E12=Wt--twll, £.,,_=w ... --wx.. 
I 

1 ~,.. I (2,30) 

Ha (2. 2 9), (2.28) n~ ceRY~Hoe ypaaHeHRe ~ HeHy~eBHX 
~aCTOT OTpKUaT~:OHO~ CHrH8TYPU: 

z_(qx:)~fs Y~ A 
~ E

5
2 - w~ - 4'de 

~ alCZ X:$•1 
W L ' lS qg 'liS 

s. E.t s -t..JZ 

w 2 '~'~cr~Vs 
~ F:}-J-

"' 

(q~j)~f$~ i ~::q(2.3I) 
~ Es2.-w2.-4~ 

CBo~cT:ea cHMMeTplm raMWI:oTOHRaHa H , 

[ZJ(} u]-:c [L8, ~] = [Lz~Hl ==-o. (2.32) 

IIpHBO,zr.a;T R Me.nyl!lilHM COOTHOIDeHKR:M Mel¥,!J,y MaTpiDnWMK 3~eMeHT&m one-
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paTOpoB ~ynM:OHOro H yr~OBOro M:lMeHTOB : 

E!.e:= ~{3(-f~Q~Ai)q~t. 
6z < x2- Z2>q~z = - E5 e~- Qe; 
6~ <~2- '-~> q~~ =- Es e~-.Q(~ . 

(2. 33) 

HcnM:r.ay.II (2.33), H3 (2.3I) iolKHo IIOJIY'IHTI> H3BecTHoe ypaaHeHRe 

~ HyTarniOHHIDC ~aCTo~2 ' 3 -

W.?.-=- SL-2. [1,.- ~· s- giw>][ix- t/S-1/w)j 
( ~~{w) + QS)(1_,(w}+QS) • (2.34) 

r~e BBe~eHU o6oaHa~eHKR: ~" = < L~ 'f fl. , S = 2_ f{ f l '-fs
2 J lw = z_(l'1{fVs E!. s Es - w 

~/z: ~ 5 E l _ wZ • OTMeTHM, ~To ypaBHeHRe ( 2. 3I ) co~epllil!T 
0~0 JOOIIHee p~IDeHRe W~: Q , KOTOpoe He IlOJIBJL'IeTCII, eMH 

yqecTI> YMOBHe opTOroH~l>HOCTH ~OBUX MO~ R BH6pauHOHHUM COC­

TOJIHK!iM C W~ -j. 0 / 2 •3 • B OCTMI>HOM ypaBHeHRe (2.31) 3KBH­

BaJieHTHO ypaBHemm, IIpHBe~eHHOMY B pa6oTax / 2 ' 3/. 

3. AHMHa pac~eToB 

HeTpy~o B~eT:r., ~To rrpl! Sl.::. 0 CHCTew ypaaHeHIDl (2.25), 
(2.3I) ;IWI aHeprd B036YlU(eHKR: rrp:mmMaJOT Mo"UU!dt B~ , ~To 

rrosBanHeT Krraccl!~BaT:r. pemeHRII o6u~ o6paaoM no ~~ K 
( CM/

2 •3J, IIapaMeTp J , orrpe~eJiliJOOill~ IIMOllteHRe 3TIDC 3Hep-

I'H~, MOlKHO CBII3aT:O / 5 C ~e<PopMauHefi OCHOBHOro COCTO.IIHWI : 

z Q 8 ('2 
~(.Q=-0) = 1- 3°- gG • (3.I) 

IIpH JL=- 0 HMeeM 

wi ( o;,..) ) - J3- !£ <i- /1 !0 ~ 20H<'z' {/2wo(1- J8) 
.., - Wo 3 a+ + 3 CJ+ -o ,... 2 • 

W.z, ( 0~,.._) g ,.. Wo i 

w(1;d) =f2w{1/1-J;t ~kwo(1-f~).<3.2) 

w ( Z/t~.t) = {2w0 ./ 1+ ~8 'X /iwo ( 1-+ 1,8). 
B rrpe~~e Hy~eBo~ ~e<Ix>p~ rrMyqaeM Wa.v. =Ji' Wo B cor~a­
CHH C R3BeCTHHMH TeopeT~eCRHMH H 3RCnepHMeHTMI>HHMK 0~6HR8MK no-
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JIOJKeHIDI rHra.HTcKOro KBa,rwynoJI:oHoro peaoHa.Hca /IO/. CocTorurne 01 
c aHeprHel!: ~ 2 w 0 KOJIJieKTHBHWvtl'l cnol!:cTBaMK He odJia.n;aeT. Pac­
meTIJieHHe rHra.HTCKOI'O pe30Ha.HCa BCJie~CTBHe ~e~pMBUHH HMeeT MaCWTa6 
2 ~ ( [:( vJD) , TipW!eM HIDKafun8.fi BeTB:b pe30Ha.HCa HMeeT reoMeTpH-

~ecKHe xapaKTepHCTHKH ~ - KOJiedaTeJI:OHO~ MO~ . 0TMeTHM, ~TO 

HH3KOJieJKamHe KOJIJieKTHBHHe B036YJK,JJ;eHliii ( f>- H y - ITOJIOC!:l) B 
~aHHOH MO~eJIH He OIIHC!:lBaJOTCR, ITOCKOJI:Oey He Y'JTeHO crrapHBalllie, 
a CITeKTp O~O~aCTW!HHX B036YJK,JJ;eHHJ!: HMeeT ~pe3B!:l~al!:Ho ynpomeHHHH 
B~. 

J1apaMeTp a MOJKeT H3Me.HllT:OCR BMeCTe C ~aCTOTO~ BpameHIDI. B 
CJIY'Iae KOJIJieKTHBHOI'O Bpamemm BOKpyr OCH~ He HBnHIDmeHCR OC:OID CHM-
MeTpHH, H3MeHeHIDI {t MOJKHO CBH3aT:O C ITOCTORHCTBOM od~eMa HJIH 

B8JIH~ 

TaR, H3 YCJIOBHH 

( 
c \3 ~ 

<(x~>< ~~><Z2 / = mw;- 1 ~v+V_ 

.,;,.. v+ v_ = \< =- CD~s.~ 
r~e K - BeJIH~a, He aaBHCRmM oT .Q , CJie~eT 

~ (Q) = K '-Jx 

(3.3) 

(3.4) 

(3. 5) 
Ha pHc . I rroKaaaH cneKTP BoadYJK,JJ;eHH~ Ha.n; Hpacr-JIHHHel!:, ITOJIY'IeH-
H!:lH H3 ypaBHeH!iH (2.25 ), (3.31) .JWI A = I54, G'o = O,I5. 
11pH SL < .2 c..v = I ,074523 MaB pac~eT cooTBeTcTBYeT KOJIJieKTHB-
HOMY BpameHHID TpexocHoro H~a. CTIJiomHaH JIHHIDI OTBe~aeT yCJIOBHID 
( 3. 5) , IIYHKTJfPH8.fi JIHHIDI - 8 = C9Vt <;-/r • B~o, ~TO YCJIOBHe ( 3. 5) 
TipHBO~T K YMeH:OilleHHID KpHTH~eCKO~ ~aCTOT!:l, ITpH KOTOpo~ HC~eaaeT 
pemeHHe ypaBHeHHJ!: CaMOCOrJiaCOBa.HHH ~ KOJIJieKTHBHOI'O BpameHIDI. 

Y~eT 3aBHCHMOCTH ~ OT CKOpoCTH BpameHIDI OCOdeHHO B~eH 
TipH S£ '> .QC.V , ROr~a BpameHHe TepR:eT ROJIJieKTHBHHl!: xapaRTep. B 
CJIY'Iae KOJIJieKTHBHOI'O Bpamemm YCTpa.HeHHe ~OB!:lX COCTomrn~ Odec­
rre~BaeTCR Bl:l~OJIHeHHeM COOTHOilleHHit Me~ MaTp~l:lMH aJieMeHTaMH 
OITeR,aTOpoB ,{ S H q S , CJie.nyJO!.I1HX H3 . pOTB.UHOHHOH HHBapHa.HTHOCTH 

H • O~aKO HeTpy~o ~eT:o, ~To o~o Ha TaKHX cooTHomeHHit, 

oc.B ( r~Qt+ <Q~>) ~~t == Es e~ (3.6) 

CTa.HOBHTCR TO~eCTBOM B CJIY'Iae HeKO~eKTRBHOI'O BPa!li8HIDI BOKpyr 
OCR aKCHBJI:OHOH CRMMeTpRH. B 3TOM CJIY'!Se B ITC~ 6030HHHH o6pa3 one-
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paTopa L~ odpamaeTCR B HYJI:O H ~ ycTpaHeHRH ~oBoro pememm 
H3 ypaBHeHIDI (2. 25) CJie~eT BBeCTH ~OITOJIHHT8JI:OHOe YCJIOBHe Ha BeJIH­
'lliHY fj · ., noTpedoBaB, 'IIT06!:l pemeHRe w ::. 0 y~oBJieTBOPflJIO aTorzy 
ypaBHeHHID. TaKoe YCJIOBHe ~aeT 

~ = (v- ~)2, 

CaMOCOrJISCOBa.HRH / 5/ TIOJIHOCT:OID onpe~eJIHeT 
(3.7) 

H BM8CTe C YCJIOBRHMH 

tPYHKUHID ~ ( Q) • 
Ha pHc. I MOJKHO yB~eT:o peayJI:oTaT!:l pac~eTa ~ ~yx HIDKarnmrx 

pemeHHit ypaBHeHIDI (2.25) TipH 8 =GD~A~f Ha H8ROJIJieKTHBHOH BeTBH. 
06mee ~CJio TaKHX pemeHHl!: paBHo 5, ~To Ha e~ rrpeB!:lillaeT ~c­
JIO BHyTpemm:x B036YJK,JJ;eHHH. llpH (Q-S2c.-) / Qc:.r cd 0~0 H3 pemeHHH 
HMeeT 3H8prHID, dJIH3I\VIO K HyJIID

1
H MOJKeT paccMaTpHBaT:OCR KaR JIOJKHOe. 

llpR YBeJIWieHHH Jl aHeprRH, OTBe~aromaH aTOMY pemeHHID, YBeJIWIH­
BaeTCR, H TipH HeKOTOpoM 3Ha~eHHH ~aCTOT!:l Bpa!lleHIDI ( J2. =I, !:)9 MaB) 

~e HHZalmne BeTBH pemeHH! ypaBHeHHH (2.25) CJIHBaDTCR~ ITpH 
eme dOJI:OillHX aHa~eHHHX Q aTH BeTBH oTcyTcTBYIDT. OcTBJI:OHb!e peme-
mm ypaBHeHHti (2.25), (2 .3I), pacc~Ta.HHb!e npH g , CJW>sT , 
OKa3l:lBaiDTCR 6JIH3KHMH R H~eHH!:lM npH HCIIOJI:030Ba.HHH ~PMYJI!:l (3.7). 

ITOJIH!:lit cneKTp B036YJK,JJ;8HHH, pacc~Ta.HHHH C HCITOJI:b30BaHH8M 

~PMYJI!:l (3. 7), rrpe~cTaBJieH Ha pHC. I. HaHMeH:OmyiD aHeprHID HMeeT 
BeTB:O B036YJK,JJ;e~ c oTpHUaTeJI:oHotl cirHaT~H. Ma Ra~ecTBeH­
Horo a.HaJIRaa ypaBHeHHit (2.3I) H3BecTHO 2 •3 • I, ~To rrpn 60JI:o-
illHX _Q 8T8 B8TB:b HMeeT CXO~CTBO C B036YJK,JJ;eHliiiMH HYTau;HOHH!:lX 
ROJie6aHHH. Ha pHc. 2 peayJI:OTaT!:l pac~eTa ~ 3TOH BeTBH B03~e­
HHil: CpaBHHBaJOTCR C OUeHKaMH ~ ~aCTOT IzyTau;HOHHOI'O B036YJK,JJ;8HIDI 

TBep~oro TeJia, ~pMB H pa3Mep ~OTOporo COBna.n;aDT C TSKODSMa 
~ ~a TipH ~OM 3Ha~eHHH JL , a TaKJKe C IIOJIOJK8HH8M HHJKaH­
mero nOJIIDca ( w.- -Wx.) • Ma pHCYHRa ~o. 'ITO peayJI:oTaT!:l, IIOJIY­
tieHHHe B ITC<I>, JieJKaT Me~ OU8HKaMH MO~eJIH He3aBHCHM!:lX 'ISCTHU R 
MO~eJIH TBep~oro poTaTopa. 0TJIHqH8 pesyALTaTOB, no~aeMHX B MH­
KpOCKOITH'II8CKOI T80pHH, OT OU8HKH B MO~enM TBep~oro TeJia CBH38HO 
C Hea,wm6aTH'IIHOCT:Oil HyTBUHOHHHX BOS6yJQteHH!. llpH _{(._. 0 BCe Tp.l! 

BeJIWmHbl r W+ -c..Jx , w~ , W T.T., OKa3l:lBaJOTCR 0~0!'0 
nopR:~. PeayJI:oTaT ,KP.OCKOI!H'lecKO~ TeopRH KatiecTBeHHo corJiacyeT­
CR C Bl:lBO~OM padOT!:l S7 0 TOM, ~TO cneKTp HYTSUHOHHOI'O B036YJK­
~eHRH ~ep onpe~eJIHeTCR KnaCCH'leCRO~ ~PMYJIOH ~ ~aCTOT!:l HyTa­

rnm, HO C MOMeHTaMH HH8PUHH '1:t , 1-~ , 3aBRCRmliMH OT ~e~p­
Mau;HR B COOTBeTCTBRR C ~PMYJiaMH ~~aMH'IIeCKO~ MO~eJIH. 0TM8-
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THM, ~TO pac~eTH HyT~OHHHX ~aCTOT, BHITonHeHHHe B P.aMKaX 
ITC~ C RCITQnD30BaHHeM peanRCT~ecrooro ITOTeHURana /!2/, Ta~e rrpR­
BeJlli R CXOmruM pacxo~eHWIM Melii,!IY MRRpOCRO~eCROH TeOpReil: R 
MO,ll;eJTh!O liteCTKOrQ poTaTopa, 

HHTepecHHM pe3y~DTaTOM pac~eTa RBnReTCR YJKe OTMe~aBillaRCH ,EH­

ille CKnLHSH 38BKCHMOCTD OT$l B 3HeprRR HKmaiiweil: BeTBR rRraHTCROro 
RBa,IJ;pyrronDHOro pe30HaHCa C ITOHO~T~DHOH CRrHaTypoH, 

llpR ,li;OCT~HRR HeROTOpoH ~aCTOTH BpameHWI Q~~~~O peme­
HKH YPaBHeHKa rrc~ ~ BHYTPeHHRX B036~eHRH YMeHDlliaeTCR Ha e,IJ;R­
mnzy. B BapHaHTe pac~eTa, B ROTOpoM ,IJ;yXOBOe COCTOHHRe BH,IJ;e~eHO, 

3HeprRR ~eH MO,li;H Rone6aHRH C ITQHO~T~DHOH CRrHaTypoH Henpe­

pHBHO YMeHDmaeTCR c pocToM fl R o6pamaeTCR B HY~D rrpx S2 = S)~'f..~ 
= 3,20 MaB. 

o~~eHHe B HY~D ~aCTOTH Rone6aHRi1, Hail:,IJ;eHHOH B ITC@, 03Ha­
~aeT I , ~To pemeHRe BapR~oHHoil: 3a,IJ;a~H (2.4), orrpe.n~romeil: 
cpe,IJ;Hee none BPamai<XIleroCR SI,I!Jla, rrpR TaKOH ~acToTe Bpamemm 6onee 
He COOTBeTCTByeT MKHHMYMY 3HeprRR. CRCTeMa rrpH 3TOM CTaHOBRTCR 
HeYCTO~H no OTHOllieHHIO R YB~eHHIO aRCR8nDHOH C~CHYTOH ,IJ;e­
qop~. B 3TOM CMH~e paCCMaTpHBae~ MO,IJ;e~D RMeeT HeKOTOpoe 
CXO,li;CTBO C peanDHHMR R,IJ;paMR, ROTOpHe CTaHOBRTCR HeycTO~ 
no OTHOllieHHIO R ,IJ;~eHHIO rrpH ,li;OCT~HRH KPRT~eCKHX 3Ha~eHRi1 yr­
~OBoro MOMeHTa. 

· 3aKJIIO~eHRe 

Ha OCHOBaHlm RMOJKeHHOro MaTepHana MOJKHO C,IJ;e~aTD ~e.n;yiO­

l!lRe EHBO,li;H. 
B MeTo~ecKoM WIBHe BWICHReTCR: 
I. BecDMa BalltHM ponD ~eTa y~OBHH caMocor~acoBaHHR rrpR 

OTIHCaHlm xapaRTepHCTHK rRraHTCKHX RBa.npyrrOHDHHX pe30H8HCOB H 
HX 3aBHCHMOCTH OT yr~oBOro MOMeHTa. 

2. Bo3MOJKHOCTD ~eTa TaRRX y~oBd rrpR orrncrunm K~eKTHB­
Horo BpameHWI ITPH nOMOl!lR ypaBHeHKH, 3KBHB8neHTHI:lX Y~OBHRX CaMO­
cor~aCOBaHHR H orrpe,IJ;~ B ITC~ KOHCTaHTY ~ RBa.npyrrOHDHOro B3a­
HMO,IJ;eHCTBM. 

3. Heo6xo,IJ;HMOCTD BBe.neHWI .nononHRT~DHHX y~oBd, He nc~e­
.noBaHHHX B pa6oTax 12 ,31, KOTOpHe o6ecne~~ BH,IJ;e~eBHe .nyxo­
BOro COCTOHHHH C TIO~O&HT8~DHOI CKrHaT,Ypol rrpH OTIKCaHKH KO~e6aTeAL­
HHX cocTOHHHI B H,lijlax, BP~ iloxpyr OCH axc~Hol cmaMeTp.ltiid • 
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BUBO~ @~3H~BCRODO llrraHa OTHOCffTCff R cne~i OC06eHHOC­

TJIM JI,Uep: 

4) CrrertTp HYTauHOHHhlX B036YJK,IJ;eHID1 6JXcTpoBpama!OOIIDCCff JI,nep 

MOlKBT CYli1BCTBBHHO OTJIH'IaT:bCJI OT OUBHOR 1 OCHOBaHHhlX Ha MO,neJIH 

lKBCTRODO poTaTopa , HMBIOO{ero rPoPMY BPB.lllaiO!UBDOCJI JI,l!Jla , 

5 ) MMeJI B BH,ny aHanOrMID Me~ paCCMOTpeHHOM CHCTBMOM H 6JXCTpo­

BPB.lllaiD~CJI !I,l!JlaMH B OTHOlliBHHH B03MOlKHOCTH 6HCTporo pa3Bana ITpH 

.1\0CTHJKBHHH RpHT~BCRHX yr~OBhlX MOMBHTOB H pesy~:bTaTH ITpHBB.l\BHHODO 

pac'IeTa , MOJKHO rrpe.nrrMoJKHTD , 'ITO B oMaCTH I 6Jlli3KJU K 

RpHT~BCI\MM ,IWI ,ne~eHHJI , O,nHa H3 BBTBBM l'HraHTCRODO RBa,liJJYITM:bHODO 

pe30HaHCa HMBBT aHOMan:bHO HH3eyl0 ::lHeprMID B036YJK,IJ;BHHJI. 
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