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Ea3Hal' M.l1,, HrHaTIOK A.B., nsnos H.l1. P4 - 12048 

CaMocornaconaHHast reopnst ruraHTCKoro ;umonbHoro pe30Hanca 

B HarpeTbJX H.:lpax 

Meroa caMocornacosaHnoro onncaHIIH nuno:IbHbJX so36Y"'!lBHifll, I!CIIO:Ib-

3yJOmuR npltHUHfl rpaHC~SIUHOHUOfi UHBapi!BHT'HOCTU D~SI TIOCTpCeUUR ~~¢eKTUB

f!biX B3aJt~>.:onel1crsuf~. o6o6wen ua c.'Iy'!af! uarpeTbiX Hilep. B repMo.::tunaM!r

'leCKO:-.t npnonJt>KBHH<I ~terona cny'lafiHbJX ¢aa nocrpoeua reopaH raranrcKoro 

ll!lHOJibHOr'O pe30li8HCa, fiB coaepH(8W85! HI!KBK!!X !lOHOJIHHTeJibHbiX KOHCTBHT, 

Kpo~re napaMerpos cpe.:~nero nonS!, ..Jna norenuual!a o6ono'IB'iH011 ~roaenH 

npOBeOeHb! p8C'IBT'b! TeMneparypHbiX ll3MBHBHI!ii KOHCT8HT 1!30CK8JI51pHblX 

H H30BeKT0pHb!X CHJI, a TBK>KB nu¢¢•epeHUI!BJlbf!biX f! UHTerpa."ibHHX xapaKTe

pHCTllK rlif'8HTCK0r'O pe30H8HC8, noK838H8 B8iKH8H pOJlb C8MOCQr.'IBCOB8HH51 

B OfiHC8HHH HHTerpa~bHOlr lUiipHHhl pB30H8HC8 H cneKTpBJibHOlr HliTBHCf!BHOCTI! 

• HJ13K03Heprern"'eC!(UX" raMMa-nepexonoa. 

p 8001'8 BblfiOJIHBH8 B naoopa TOpHI! T'BOpBTII 'IBCKOlr ¢H311KI! 01151!1, 

npellp!!HT 06belli!HBHHOr'O f!fiCTI!Tyra S!llBpHbiX I!CCJIBllOB8HIIii, lly5Ha 1978 

Baznat M.I., Ignatyuk A,V,, Pyatov N.J. P4 - 12048 
::?elfconsistent Theor:y of the Giant Dipole Resonance 
in Excited Nuclei 

The selfconsistent description of the dipole excitations 
which uses the translationul invariance principle for constructing 
the effective residual forces is generalized to the case of excited 
nuclei. The giant dipole resonance theory is developed in the 
thermodynamical random phase approximation. The theory doE;>s not 
contain any a.dditional parameters besides those in the shell model 
potentia.!. The temperature dependence of the strength pa.rameters 
for the isoscalar and isovector forces, as well as of the differen
tial and integrated characteristics of the giant dipole resonance 
is studied, The importance of the selfconsistency is shown for the 
description of the integral \ddth of the resonance and for the 
spectral distribution of the "low-energy" gamma transitions. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR, 
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BBE,l{EHHE 

Ha6mo)laeMbie cneKTpbi 3neKrpoMarHHTHblX nepexo)lOB npu :JHep

rHHX B036y))(,lleHHH, cpaBHHMbiX C 3HeprHeH CBH3H HeHTpoHa HnH 

npeBbllllaiOlliHX ee, onpe,llenHIOTCH ycpe,llHeHHblM BKna,llOM 6onbllloro 

qucna COCTOHHHH H,llpa. ,lJ,nH OITHCaHHH TaKHX CITeKTpOB lliHpOKO HC

ITOnbJyeTCH CTaTHCTHqecKHH ITO,llXO)lll~ CneKTpanbHaH HHTeHCHB

HOCTb raMMa- nepeXO)lOB B paMKaX 3TOrO ITO,llXO,lla OITpe,llenHeTCH 

npOHJBe,lleHHeM ycpe,llHeHHOrO MaTpHqHoro 3neMeHTa Ha ITnOTHOCTb 

KOHe'!HbiX COCTOHHHH. PaJHOrnaCHH Me))(,lly pa3nHqHblMH BapHaHTaMH 

CTaTHCTHqeCKOrO OITHCaHHH o6ycnoBneHbl rnaBHblM 06pa30M paCXO))(

)leHHHMH OlleHOK BenHqHHbl H 3HepreTHqeCKOH JaBHCHMOCTH ycpe.n;

HeHHblX MaTpHqHblX 3neMeHTOB, HnH, KaK HX 06bJqHO Ha3b!BaiOT, 

pa.n;Hal{HOHHbiX CHnOBbiX lPYHKllHH .'2,:l/ IlpHMaH 3KcnepHMeHTanbHaH 

HH$OpMal{HJI 0 pa.n;HallHOHHbiX CHnOBblX lPYHKllHHX orpaHHqeHa cpaB

HHTenbHO YJKHM ,LIHanaJOHOM 3HeprHH B036y))(,LieHHH H,Lipa H 3HeprHH 

raMMa- KBaHTOB, 6nH3KHX K 3HeprHH CBH3H HeHTpOHa ·'2,3'. fi03-

TOMY ,LinH OITHCaHHH CHnOBblX lPYHKllHH B 6onee lliHpOKOM ,LIHanaJOHe 

3HeprHH raMMa- KBaHTOB ITpHBneKaiOTCH 3KCITepHMeHTanbHble ,LiaHHble 

HnH reoperHqecKHe pacqerbi ceqeHHii: o6paTHoii: peaKllHH /llJoro

nornoll{eHHH/. 

AHanHJ cneKTpanbHOH HHTeHCHBHOCTH pa.n;HallHOHHblX nepexo.n;oB, 

npOBe,lleHHblH Ha OCHOBe MHKpOCKOITHqeCKOrO pacCMOTpeHHH KOre

peHTHbiX B036y))(,lleHHH JI,Liep /4/, ITOKaJan, qTo ceqeHHe o6paTHOH 

peaKllHH OITpe.n;enJieTCH He TOnbKO 3HeprHeH raMMa- KBaHTOB, HO 

MO))(eT JaBHCeTb onpe.n;eneHHblM o6pa30M H OT 3HeprHH B036y))(,LieHHJI 

H.n;pa. TaK KaK 3Ta JaBHCHMOCTb HBnJieTCH Cyll{eCTBeHHOB ,LinH HHTep

npeTal{HH OCHOBHblX OC06eHHOCTeH raMMa- nepeXO,LIOB B Bb!COKO-
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BOJ6y)I(,D;eHHbiX /HarpeTbiX/ H.D;pax, TO npe.D;CTaBJIHIOT JHaqHTeJibHbiH 

HHTepec KaK 60Jiee CTpOrHe OIJ;eHKH BeJIHqHHbl O)I(H,D;aeMbiX 3<lJ$eK

TOB, TaK H 60Jiee .D;eTaJibHbJe HCCJie.D;OBaHHH ee llpHpO).I,hl. 

B .n;aHHOH pa6oTe paccMoTpeH caMocorJiacosaHHbiH no.n;xo).l, K onH

caHHIO KOJIJieKTHBHbiX B036y)l().l,eHHH HarpeTbiX H).l,ep, HCllOJib3YIOlliHH 

llpHHIJ;Hllbl HHBapHaHTHOCTH .D;JIH llOCTpOeHHH 3¢¢eKTHBHbiX OC TaT Ol.!HbiX 

BJaHMO.D;eHCTBHH HYKJIOHOB. Ilpe).I.JIO)I(eHHbiH llO.D;XO.ll HBJIHeTCH ec

TeCTBeHHbiM paJBHTHeM MeTO.D;OB MO.D;eJIHpOBaHHH 3cP¢eKTHBHblX CHJI, 

ycneWHO HCllOJibJyeMbiX npH aHaJIHJe KOJIJieKTHBHbiX B036y)l(,lleHHH 

XOJIO,llHbiX H,llep .'5-7/ • Ha OCHOBe 3TOrO llO,llXO,lla llOCTpOeHa CaMO

corJiacoBaHHaH TeopHH rHraHTCKoro .n;HnOJihHoro pe JOHaHca sHarpe

Tb!X H,llpax H HJyqeHa JaBHCHMOCTb ceqeHHH ,llHllOJibHOro ¢oTono

rnoweHHH OT :meprHH BOJ6y)l(,lleHHH H.D;pa. 

§1. METOJI. MOJ/,EJIHPOBAHH.R 3f/KPEKTHBHh/X CHJI 

reoMeTpHqeCKHe H .D;HHaMHqecKHe npHHIJ;Hllbl HHBapHaHTHOCTH 

H BbiTeKaiOll.IHe H3 HHX JaKOHbl COXpaHeHHH H npaBHJia OT6opa Ha

KJia.D;biBaiOT onpe.n;eJieHHble OrpaHHqeHHH Ha Bbl60p raMHJibTOHHaHOB, 

HCTIOJibJyeMbiX .D;JIJI OllHCaHHJI MHOroqacTliqHbiX CHCTeM. PaJJIHqHble 

¢opMyJIHpOBKH COOTBeTCTBYIOlliHX YCJIOBHH COrJiaCOBaHHH paccMa T

pHBaJIHCb MHOrHMH aBTOpaMH ·'5-·12 1• IloKa)I(CM, qTo npHHIJ;Hllbl 

CHMMCTpHH MO)I(HO ycneWHO HCllOJibJOBaTb .D;JIH MO.D;CJIHpOBaHHH 3¢

¢eKTHBHbiX CHJI, onpe.n;eJIHIOlliHX ycpe.n;HeHHbiC CTaTHCTHqeCKHe xa

paKTepHCTHKH BbiCOKOB036y)I(,D;eHHbiX COCTOHHHB H.D;ep. 

HaqHeM paccMoTpeHHe c HaH6onee npocToro npHMepa. IlycTb 

HMeeTCH O.D;HoqaCTHqHbiH TaMHJibTOHHaH 

H = l£ a+ a 
0 v v v v /1/ 

OTIHCbiBalOll.IHB .D;BH)I(eHHe HeBJaHMO.D;eHCTBYIOlliHX qaCTHIJ; B CaMo

COrJiaCOBaHHOM TIOJie, H HeKOTOpb!H a,D;.D;HTHBHbiH HHTerpaJI .D;BH)I(eHHH 

F,lf ,aa• , v~· J/ v ' /2/ 
Vl' 

onpe.n;eneHHbiB B 6aJHCe C06CTBeHHbiX COCTOJIHHH raMHJIJ.TOHHaHa 

/1/. QqeBH.D;HO, qTo KOMMyTaTOp 

[H
0

• F] ~ l (, ~ £ , ) f ,a' a , 
, l/ v 1'1-' v J/ 

l'J) 
/3/ 

4 

OT JIHqeH OT HY JIH, eCJIH on epa TOp F He.D;HaroHaJieH B paccMa TpHBae

MOM npe.D;CTaBJieHHH. )J.pyrHMH CJIOBaMH, MO)I(HO CKaJaTb, qTO ra

MHJibTOHHaH H
0 

HMeeT B ,llaHHOM CJiyqae HapyweHHYIO CHMMeTpHIO 

OTHOCHTeJibHO rpynnbl YHHTapHb!X npeo6pa30BaHHH, reHepHpyeMbiX 

onepaTopoM F. 

CnOHTaHHO HapyWeHHYIO CHMMeTpHIO MO)I(HO BOCCTaHOBHTb C no

MO!llbiO OCTaToqHbiX BJaHMO.D;eHCTBHH h. llOCKOJibKY HCXO.D;HbiH llOJI· 

HbiH raMHJibTOHHaH MHOroqaCTHqHQH CHCTeMbl, H3 KOTOporo Bbl,lleJieH 

O,llHoqaCTHqHbiH raMHJibTOHHaH 1-! , .D;OJI)I(eH 6biTb HHBapHaHTHbiM 
0 

OTHOCHTeJibHO rpynnbl npeo6paJOBaHHH, COOTBeTCTBYIO!liCH HHTer-

pany .D;BH)I(eHHH F. 3aMCTHM, qTo Tpe6oBaHHe HHBapHaHTHOCTH MO

.n;eJibHOrO raMHJibTOHHaHa H 
0 

,_ h OTHOCHTeJibHO TOR HJIH HHOH 

rpynnbl YHHTapHbiX npeo6pa30BaHHH He ll03BOJIHeT O.D;HOJHaqHo 

BOCCTaHOBHTb ¢opM4JaKTOpbi OCTaTOqHbiX BJaHMO.D;eHCTBHH, TaK KaK 

COBOKYllHOCTb HeHJBeCTHbiX .D;ByxqacTHqHbJX MaTpHqHbiX JJieMeHTOB 

h B o6weM CJiyqae npeBbiWaeT Ha6op HJBCCTHbiX O~HOqacTHqHbiX 

MaTpHqHbiX JJieMeHTOB MaTpHIJ;bl llJIOTHOCTH. IlOJTOMY He06XO.D;HMbl 

HeKOTOpble CTpyKTypHble npe.n;noJIO)I(eHHH 0 ¢opMe h. Jiy.n;eM HC

KaTb OCTaToqHbiC BJaHMO.D;eHCTBHJI B cenapa6eJibHOM BH.D;e, npe

He6peraH o6MeHHbiMH J¢¢eKTaMH. B JTOM cnyqae .n;syxqacTHqHble 

MaTpHqHble 3JieMeHTbl Bhlpa)l(aJOTCH qepe3 O.D;HoqaCTHqHble H HX 

MQ)I(HO HaUTH H3 CHCTeMbl ypaBHeHHH, onpe.n;enHeMbiX yCJIOBHHMH 

HHBapHaHTHOCTH. 

B o6cy)l(.n;aeMOM HaMH npHMepe MO)I(HO npHHHTb 

h , - - 1--[H
0

. F I, [H 
0 

, F] 
2y 

H llOTpe60BaTb BblllOJIHeHHJI YCJIOBHH 

[H 0 ' h. F j - 0. 

/4/ 

/5/ 

IlO.D;CTaBJIJIH /4/ B ypaBHeHHe /5/ H HMeH B BH.D;Y, qTO F - 3pMHTOB 

onepaTop, nonyqHM 

[H -t h, F] ~ [H ,F]·- _! __ I[H ,F],LF, [H . F]]! 
0 0 2y 0 0 -t 

/6/ 

r.n;e l I,_ o6oJuaqaeT aHTHJCOMMyTaTop. Jlerxo BH.n;eTJ., qTo yc-

nosae /5/ 6y.n;eT Bblnonueuo, ecna .n;aoiuoii JCOMMyTaTop 

[F, (H
0

, FJJ = c-- qftCJIO coy. /7/ 

5 



B o6meM cnyqae ~BOHHOH KOMMyTaTOp He RBJIReTCR C -•·IHCJIOM. 

TeM He MeHee MO:lKHO noTpe6oBaTb, 'IT06bl ycnOBHe /5/ BblnOJIHR

JIOCb npH6JIH:lKeHHO, B npe~enax TO'IHOCTH MeTO~OB, TipHBJieKaeMbiX 

npu nocne~yJOmeii ~uarouanuJa.UHH raMHJibTOHHaHa H 0 r h. B xa

'leCTBe TaKOrO npH6JIH:lKeHHR MO:lKHO HCnOJib30BaTb 3aMeHy ~BOH

HOrO KOMMyTa Topa /7 I ero cpe~HHM 3Ha'leHHeM 

y .• ·.IF.IH
0

• F]] >, /8/ 

'ITO npe~CTaBJIJieT C060H THnH'IHOe npH6JIH:lKeHHe Me"!"O~a CJiy'laHHOH 

lila3bl /C<fJ/ H eMy no~o6Hb1X. 

llpoBe~eHHOe paCCMOTpeHHe nO'ITH nOBTOpJieT MeTO~ npH6JIH· 

:lKeHHOrO BOCCTaHOBJieHHR cnOHTaHHO HapyweHHOH CHMMeTpHH MO

~eJibHOrO raMHJlbTOHHaHa, c!llopMyJIHpOBaHHbiH ~JIJI XOJIO~HbiX Jl~ep 

B pa6oTaX "5··? 1- B 3TOM cnyqae B COOTHOWeHHH /8/ TIO~pa3yMe
BaeTCJI ycpe~HeHHe no OCHOBHOMY COCTORHHJO HeHHBapHaHTHOrO 

BaKyyMa. llpH !llopMyJIHpOBKe 3KBHBaJieHTHOrO MeTO~a ~JIJI Harpe

TbiX R~ep Heo6xo~HMO, O~HaKO, Y'IHTbiBaTb ~Ba 06CTORTeJibCTBa: 

a/ o~HO'IaCTH'IHhiH raMHJibTOHHaH /1/ B 3TOM cnyqae ~OJI:lKeH 

COOTBeTCTBOBaTb TepMO~HHaMH'IeCKH ycpe~HeHHOMY CaMOCOrJia

COBaHHOMy nOJIJO /T.e. TeMnepaTypHOMY npH6JIH:lKeHHJO XapTpH

<fJOKa/; 6/ B Ka'leCTBe npH6JIH:lKeHHOrO 3Ha'leHHJI ~BOHHOrO KOMMy

TaTopa /8/ TaK:lKe ~OJI)KHO HCnOJib30BaTbCJI ero TepMO~HHaMH'IeCKH 

ycpe~HeHHaJI BeJIH'IHHa, COOTBeTCTBYJOUlaJI TeMnepaTypHOMY npH-

6JlH:lKeHHJO MeTo~a C<tJ-'4'. 

CornacHO 3THM yCJIOBHRM COOTHOWeHHe /8/ MO:lKHO nepenucaTb 

B 3KBHBaJieHTHOM BH~e: 

r~e 

H -,\N H - .\N 
y = Splexp(- -~----)[F,[H0 ,F]JI/~!el!p(- --~---~)! ~ 

t 

= L (( 
' v vv 

- ( ' v 
)(n , - n ) · if , 

V V VI' 

f -,\ v -1 
n = [1 + exp-----)] 

v t 

12 , /9/ 

cpe~HHe 'IHCJia 3anOJIHeHHJI O~HO'IaCTH'IHbiX COCTOJIHHH, t - TeM· 

nepaTypa so36y:lK~euuoro /uarpeToro/ Jl~pa H ,\ - cooTBeTCTByJO

muii XBMnOTeHUHaJI. CBJ13b TeMnepaTypbl H XHMnOTeHUHaJIOB /npo-

6 

TOHHOrO H HeHTpOHHOro/ C 3HeprHeH B036y:lK~eHHR R~pa H 'IHCJIOM 

HyKJIOHOB onpe~eJIReTCR ypaBHeHHRMH COCTORHHJI /14.', 

ConocTaBJIJIJI paCCMOTpeHHble BblWe COOTHOWeHHJI C auaJIOrHl.f· 

HblMH COOTHOWeHHJIMH pa60T !f.-7/, noCBJIUleHHblX BOCCTaHOBJieHHJO 

HHBapHaHTHOCTH MO~eJibHOrO raMHJlbTOHHaHa B XOJIO~HOM Jl~pe, 

MO:lKHO BH~eTb, 'ITO pa3JIH'1Hll Me:lK~Y HHMH CBJI3aHbl TOJlbKO C 3aMe

HOH cpe~HHX no OCHOBHOMY COCTOJIHHIO CHCTeMbl TepMO~HHaMH'IeCKH 

ycpe~HeHHblMH senH'IHHaMH. Hcnonh3YR TaKyJO JaMeHy, nerxo pac

npocTpaHHTb ua uarpeTble Jl~pa see pe3yJibTaThl, nony'leHHble B pa-

6oTax /'5-?! ~JIJI 3cWleKTHBHblX CHJI, BOCCTaHaBJIHBaJOJUHX uapy

WeHHYJO B MO~eJibHOM raMHJibTOHHaHe CHMMeTpHIO no OTHOWeHHIO 

K TpaHCJIJIUHllM, a TaK:lKe BpameHHllM B KOH!l~Hrypa.UHOHHOM H H30-

cnHHOBOM npOCTpaHCTBaX. 

§2. OCHOBHb/E COOTHOHIEHHJI CAMOCOTJIACOBAHHOR 

T PAHCJIJiaHOHHO- HHBAPHAHTHOR MOAEJIH 

C npHHUHnOM TpaHCJIJIUHOHHOH HHBapHaHTHOCTH CBJI3aH JaKOB 

COXpaHeHHR HMnynbca, KOTOpbiH MO:lKHO 3aTIHCaTb B BH~e yCJIOBHJI 

KOMMyTaTHBHOCTH nOJIHOrO raMHJlbTOHHaHa CHCTeMbl H onepaTOpa 

HMnyJibCa 

IH. P] o. /10/ 

ECJIH raMHJlbTOHHaH CHCTeMbl o6na~aeT CBOHCTBOM TpaHCJIJIUHOHHOB 

HHBapHaHTHOCTH, TO B cneKTpe KOJIJieKTHBHblX B036y:lK~eHHB CHC

TeMbl ~OJI)KHO 6b1Tb COCTOJIHHe C HyJieBOB 3HeprHeB, COOTBeTcT

BYJOUlee cso6o~HOMY ~BH:lKeHHJO ueuTpa Mace cucTeMhl /ron~
cToyHoBcKaJI BeTBb B036y~eHHB /1!}/ I. nJ060B o6oJIO'Ie'IHblB no

TeHUHaJI, CO~ep:lKaUlHBCJI B H, HapywaeT TpaHCJIJIUHOHHYIO HHBa

pHaHTHOCTb, eCJIH OH 3a~aH B na6opaTOpHOB CHCTeMe KOOp~BHaT. 

0cTaTO'IHble B3aHMO~eBCTBHJI ~OJI)I(Hbl BOCCTaHaBJIHBaTb uapywen

HYJO CHMMeTpHIO. B03MO:lKHOCTb HCnOJib30BaHBJI 3TOrO Tpe6oBaHBJI 

~R caMocornacosaunoro Bbl6opa ocTaTO'IHhlX B3aBMO~eiicTBBH 
B nocTpoeHBJI TpaHCJIJIUHOHHO-HHBapBaHTHOH MO~eJIB ruraHTCKOrO 

pe30HaHCa B XOJIO~HblX Jl~pax 6blJia npo~eMOHCTpHpOBaHa B pa6o

TaX M,7/, Mbl XOTHM o6o6UlBTb 3TY MO~eJib Ha narpeTble Jl~pa. 

CooTuoweHHJI npe~bl~ymero naparpalila noKa3blBaJOT, KaKBM cno

C060M 3TO MOJKHO C~eJiaTb. 
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llyCTb 3a,!l.aHbl O,!J.HO'IaCTH'IHble c<tJepH'IeCKH- CHMMeTpH'IHbie UO

TeHJ.(HaJibl ,!J.JIH HeihpOHOB H llpOTOHOB: 

U (r) -. U (r)- U (r), 
n 0 1 

U ( r) ~ U (r) • U 
1 

( r) + U ( r). 
p 0 c 

/111 

r.n.e U0 , U l H U e - COOTBeTCTBCHHO H30CKaJIHpHbiH, H30BCKTOpHbiH 

H KYJIOHOBCKHH llOTeHJ.(HaJibl. liy,!l.CM HCKaTb BOCCTaHaBJIHBaiO[l(HC 

CHMMeTpHIO CHJlbl ,!J.JIH Ka)I(,!J.Oro llOTeHJ.(HaJia OT,II,CJlbHO. B COOTBCT

CTBHH C COOTHOWeHHeM 141 IIOJIY'IHM 3<P<l!eKTHBHbie H30CKaJIHpHble, 

H30BeKTOpHble H KYJIOHOBCKHC B3aHMO,!l.CHCTBHH B BH,!l.e 

1 A 
h = - ----- [ 2. U (r ), P] 

o 2yo k ~ 1 o k 

A • 
'r ~ ITO(rk)' pI. 
k~ 1 

1 ~. -4 --) -+ ~ ~ l> 

h 1 = -----[ 2. U 1 (r k)r k ,P] · [ 2. IT 
1 

(r k)r k, P ]. 
2y1 k= 1 k 1 /12/ 

he 
1 z ~ z ~ 

=----[ 2. Uc(rk), P]*. [ 2. Uc (rk), P]. 
2yc k=l k~l 

3.n.ecb 1 - BeKTop H30TOTIH'IecKoro cnHHa I r z · 1 .D.JI.II HeiiT-

pOHOB H -1 ,!J.JIH IIpOTOHOBI. B COOTBCTCTBHH C /81 BeJIH'IHHbl y i 

paBHbl: 

1 _, A ~ 
y 0 = ·3 <[P, [ 2. U

0
(rk)' P]J >, 

k. 1 

1 ., A _, 

y 1 = 3 < [P' [ k:: 1 U 1 ( r k )(r z )k ' p ]] .., , 

1 -~ z _, 
y =--<[P,[ l U (r ),P])>. 
c 3 k-1 c k 

1131 

B 1121, 1131 3HaKH Bbl6paHbl TaK, 'IT06bl see BCJIH'IHHbi Yi 6blJIH 

IIOJIO)I(HTCJlbHblMH. HaiiOMHHM, 'ITO B OTJIH'IHe OT 7 B COOTHOWe

HHJIX 1131 llO,!J.pa3yMeBaeTCJI TepMO,!l.HHaMH'ICCKOe ycpC,!J.HeHHe 191 
H He.IIBHO IIpC,!l.IIOJiaraeTCH, 'ITO IIOTeHJ.(HaJibl 1111 OIIpe,!J.CJIJIIOT 

caMocornacosaHHoe none HarpeTblX n.n.ep. 

8 

)l.JI.Il l(eHTpaJibHblX IIOTeHJ.(HaJIOB 

[U(r). ~1--- i11VU(r) ._ ih !~ _a_{].{r)_ 
r ar 1141 

TaKHM o6pa30M, B3aHMo.n.eiicTBHH I 121 rrpe.n.cTaBJIJIIOT co6oii .D.HIIOJIL

Hble CHJlbl, pa,!l.HaJibHaH 3aBHCHMOCTb KOTOpblX OIIpe,!l.eJIJleTCH rpa

,!J.HeHTOM llOTCHJ.(HaJia, H ,!J.JIJI JII06blX KOHe'IHblX IIOTeHJ.(HaJIOB 3TH 

B3aHMO,!l.eHCTBHJI HMeiOT llOBepXHOCTHblH xapaKTep :
51

. 

B npe,!l.CTaBJieHHH BTOpH'IHOrO KBaHTOBaHHH paCCMOTpeHHble 

BblWe orrepaTOpbl HMllYJibCa MO)I(HO 3aiiHCaTb B BH,!J.e pa3JIO)I(eHHJI 

IIO l(HKJIH'IeCKHM KOMllOHeHTaM 

~ 

p 2. e~* p 
11 • 0 ,± 1 11 11 • 

1151 

~L = -_!_-::_- 2. P ' ( B , (11) -d-1f B ~ (-fl)], 
2y3 jj' J J J J J J 

r,!J.e BBe,!l.eHbl onepaTOpbl 

-------
B ( ) 3 ._.. ( . 1 ' . ' ') + . , . 11 ~ v ------ ...... J m 11 ! J m a . , , a . , 

J J 2j' T 1 mm' J m Jffi 

1161 
+ j'-j+fl 

B.'· (11) = (-1) B .. , (-IL) 
J J JJ 

H npHBe,!l.eHHblC MaTpH'IHble 3JICMCHTbl 

\ 2j', 1(jm111 :j•m')-
1
(j'm'!pll !jm). 1171 

p.,. 
J J 

AHaJIOrH'IHO 3aiiHWCM KOMMyTaTop /141: 

f (i) o:c [U. (r), P l = 
f1 I /1 

1 (i) 1L + 2. f., [B., (IL)-(-1) B .•. (-fl)]. 
, J J J J J J 

1181 

2,_ 3 JJ 

)l.JIH BeJIH'IHH )' i B 3THX 0603Ha'leHHJIX UOJIY'IHM COOTHOWe-

HHH 

y " _!_ 2 ~ (r) * f (O) n -o 
3 

-:- P '· '· ( . -n., ), 
r=n,p JJ l l l l J J 
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y1 
1 '-' .,) T) * f' ( 1) -

..:.. r 2 ..:.., p .•. ·'·(II. -n .• ), 
3 r

2 
ii J J J J J J 

/19/ 
~--~ 2(p) * f(C) ll -II 

y c 3 ' p i 'j j 'j ( j J ' ). 
JJ . 

llepeB,LICM Tenepb K ,LIHarOHaDH3aUHH B MCTO,LIC C~ TIOCTpOeH· 

HOrO TpaHCDHUHOHHO"HHBapHaHTHOrO raMHDbTOHHaHa 

H H 0 h 0 h 1 1 he /20/ 

MeTO,Libl peweHHH TaKOB 3a,Lia'IH B XODO,LIHbiX .II,Lipax 06Cy)I(,LianHCb 

MHOrHMH aBTOpaMH /5-8,151, H lPOPMYDHpOBKa 3KBHBaneHTHhlX 

MCTO,LIOB .LIDH Harpe TwX H,LICp B TipHMCHCHHH K poTaUHOHHOMY ,LIBH)I(C

HHID paccMaTpHBanacb B pa6oTe do/. flpoBe,LieM npeo6pa3oBaHHe 

raMHJibTOHHaHa /20/ K BH.LIY HOpMaJibHbiX KOJie6aHHB 

li·(jJ 
1 i 2 4 

2 l l l~\. <11rP <1£1 · ,,J,)-')Illi' J (,1l!. 
I' J1 ·Q,±! V I 

/21/ 

r,LIC :P1, H .S:'Il - ITOJIHhlB Ha6op 0606lllCHHblX KaHOHH'ICCKHX rrepe-

MCHHhlX, llO,LI'IHHHIDlllHXCH KOMMyTaUHOHHhlM COOTHOWCHHHM 

+ 
l i' , <11l, :P

1
,, <11 'll i o a 

' fl{l 1'1 1 

I 5:' . i' . l ~ CP . :P • l - ... - o. 
l/ JJ Jl l) 

/22/ 

CrrexTp co6cTBCHHbiX qacToT xone6aHHB wv orrpe,LieJIHCTCH ypaB

HCHHHMH ,LIBH)I(CHHH 

[H, Pv (11)] co i 1,J~ 5:' I! ( 11). 

/23/ 
[H. i'v <11l] = - i P1, <11l. 

B MCTO,LIC C~ 6y,LICM HCKaTb OrrepaTOphl ~11 , H l', .. B BH,LIC cyrrep· 

IT03HUHH 'laCTH'IHO • ,LiblpO'IHhlX nap 

0 i , ( T) ( 1/) ) ( 11 + ( )) 
J (Jl)=- }; 2 tf·' [B •. (It+ -1) B 'i -11, 

v 2 r= n,p jj' J J J J J · 

/24/ 

)=_!_ 2 
i'v (11 2 r= n,p 

(rl (v) 11 + 
2 ¢ '· [B.'· (11)- (-1) B •. (-11)]. 
jj) J J J .J J J 

10 

llO,LICTaBJUUI /24/ B ypaBHCHHH ,LIBH)I(CHHH /23/ H HCTI0Db3YH npH 

Bhl'IHCJICHHH KOMMyTaTOpOB TCMTICpaTypHhlC KBa3H6030HHhlC KOM" 

MyTaUHOHHblC COOTHOlllCHHH '1!'3,16 '. 

lllHBaHHH CDC.LIYJOlllHC Bwpa)I(CHHH: 

nony'IHM ,LIDH aMITJIHTY.LI CMC • 

r.r~e 

(0 (~) ) 
. J J n 

p 

(t) j 'J 

(J2 -(;)2 

j 'j v 

{--~-f. ~0\..;- (I,). e (u)):; 
3y J J . On Op 

0 

- _} ___ f (,1) <e (u)_ t (,) J- o --~- f (,C) - (v) ! . 
3y

1 
JJ 1n lp r,p 3 Yc JJ .f;c 

c,6 ~) 
J j 

-·1 (v) 
:::..- (!) . , . r.j,r . , . 

J J J J 

(I.) . 1'. - f . , - f 
J 1 .J 

"(,,) ,,.(r)f(il*- - ) 1 (v) 
<., ..:.. ·'· (II. -11, lj.l .•.• 
. iT jj' ] ] ] J ] .1 

/25/ 

/26/ 

llO.LICTaBJIHH /25/ B /26/, llOJIY'IHM CHCTCMY O;J.HOpO,LIHhlX JIHHCB· 

HblX ypaBHCHHB, OITpC,LICDHIDlllHX HC06XO,LIHMhlC KOMfiHHaUHH BCJlH'IHH 
c (1.) 

<;., lT . 

(J) 
· . .;· n" 

(r•l" 1 (n) (P) 
/.; II 1 - -- ( S ~ S ) ] 
·or 3y

0 
oo oo 

(/' (u) __ 1.; (u) ) x 
~ 1n · 1p 

._l_ (S(nJ -- S (p) )"' ~ e(r•)_~-- S* -· 0, 
., . 0 1 0 1 c 3 0 c 
~} 1 y c 

.. •.( (v).,. E,(v)) _ _! __ (S(n)- S (P)) + <e (v)- e (I,)) x 
On · Op 3y

0 
01 01 1n 1p 

1 (n) ([J) (v) 1 * 
• I 1 ~ ---- ( S ~ S ) ] - /.; · ---- S = 0 

' ~v 11 11 -c 3y lc ' 
~. 1 c 

(E,(v) _I; (vl) _} __ S _ (l.;(v)_l.; (v)) --~- S 
·On Op 3y Oc 1n 1p 3y 1c 

0 1 

(u) 1 
+ e l 1 .,. ----s 1 = o. 

c 3yc cc 

/27a/ 

/276/ 

/27B/ 
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)J;JIJI COKpaiQeHHJI 3aiTHCH 3.IJ;eCb HCITOJib30BaHbl 0603Ha'!CHHJI 

r <il* (i, > 

s ~~)- = ~ (,) _ _i~--~~~ w .i .i <ii 
jj' 

(u. ~
J J 

- w2 
z; 

- n') 
J 

/281 

)J;eTepMHHaHT cHcTeMbi ypasHeHHii /27 I orrpe.n;enJieT crreKTp 

co6cTBeHHbiX 3Ha'!eHuii 'uv. CeKynJipHoe ypasHeHHe y.n;o6Ho 3arru

caTb B ciJopMe C JIBHO Bbi.IJ;eJieHHb!M peWCHHeM '''z. 0, COOTBCT

CTBYIOIQHM TOJI,IJ;CTOYHOBCKOH BeTBH KOJIJieKTHBHbiX B036y~,n;eHHH JI,!J;

pa. OrrycKaJI rpoMo3.IJ;KHe, Ho He co.n;ep~amue rrpuHu;HrrHaJibHbiX 

Tpy,IJ;HOCTeB BbiKJia,IJ;KH, IlpHBe,IJ;eM OKOH'IaTeJibHbiH BH,!J; CCKYJI.IIpHoro 

ypaBHeHHJI: 

C(n) · C (P) -C (n) C (P) C S (n) -S (P) 
SOc 00 -r 00 01 ,_ 01 ,_ oc 01 01 

C(n) -C;p) --C(n) -C (P)_C 
01 01 11 11 lC 

S(n) +S (p)+ 3 
11 11 . Y1 --S 

1c 

COc + C lc -rCcc -· S tc sect 3y c 

r,n;e B ,!J;OIIOJIHeHHe K /281 BBe,IJ;eHbl 3aBHCJIIQHe OT wu 

f(i)* (i') - -
c(r) - ~(r) j'j fj, (n -n ,) 

ii, - __________ _J ____ _J _____ ~ 
jj w.,. 

J J (tu 2,.- w 2 
J J 1/ 

(O 

2 
••0, 

v 

1291 

BeJIH'IHHbl 

1301 

(l/) 
Mbl He 6y.n;eM IIpHBO,!J;HTb JIBHbiH BH,!J; COOTHOWeHHH ,!J;JIJI (, i r , 

Koropble nerKo HaiiTH H3 ypaBHeHuii 121 I H cooTBeTCTBYIOIQero co

OTHOWCHHIO 122/ YCJIOBH.II OpTOHOpMHpOBKH K03<WlHllHCHTOB rrpe

o6pa3oBaHHJI 

(r) (F)* (v ') - -
~ ~ tjJ , ¢ , (n . - n . , 
T jj, J J J J J J 

-- 0 
~~~~ 1311 

3aMeTHM, 'ITO TaK KaK IlpHBe,IJ;eHHble MaTpH'!Hble 3JieMeHTbl 1171 
JIBJIJIIOTCJI 'IHCTO MHHMbiMH BCJIH'IHHaMH, TO K03<WlHI.lHeHTbl rrpeo6-

pa30BaHHJI 6y,n;yT ,IJ;eHCTBHTeJibHbiMH. 

12 

).I.JHI peweHHH c 'I) ,. 0 MO~HO rrepeiiTH OT orrepaTOpOB /24/ 
K orrepaTOpaM ciJOHOHOB 

Q ~(I,) 
-i 

'J\.(u) 
cu,, 

-~''.(ILl. /32/ 
\ 2(c~,. 

\ :2 

aMITJ1HTY ,LJ.a KOTOpb!X orrpe;J.eJIJICT CBOHCTBa KOJIJieKTHBHbiX B036y~

,L\CHHH l!,L\ep. 3aceneHHOCTb COOTBeTCTBYlOlliHX COCTOl!HHH xapaKTe

pH3YCTCli B HarpeThlX li,Lipax 'IHCJiaMH 3aiTOJIHeHHJI 

Q Q 
' l 

h,., .. [exp(u
1 

-1 
t) - 1] . /33/ 

Crre~Tp&JihHYlO HHTeHCHBHOCTb 3JieKTpOMarHHTHbiX rrepeXO,!J;OB 

B HarpeTbiX JI,IJ;pax MO~HO Bblpa3HTb qepe3 rrpHBe,IJ;CHHYIO BepO.IIT" 

HOCTh HJIH CC'ICHHC rrorJIOIQeHHJI raMMa- KBaHTOB ·4 , B03HHKalOIQHe 

rrpH 3TOM COOTHOWeHHJI OTJIH'!alOTCJI OT aHaJIOrH'!HblX COOTHOWeHHH 

B XOJIO,IJ;Hb!X .II,IJ;pax ;, -7 TOJibKO Y'ICTOM COOTBeTCTBYIOIQHX yc

pe,n;HeHHbiX /TepMO,!J;HHaMH'!eCKHX/ O,!J;HO'!aCTH'!HbiX /9/ H ciJOHOHHbiX 

/33/ "'HCeJI 3aiTOJIHCHHJI. 

KaK H B XOJIO,!J;Hb!X .II,IJ;pax 'C>-7 rrpH paCCMOTpeHHH TCMIIepa-

TypHhiX H3MeHCHHH OCHOBHhiX xapaKTepHCTHK pa,n;Hal.lHOHHbiX rrepe

XO,!J;OB y,n;o6HO aHaJIH3HpOBaTb HHTerpaJibHble Ce'!eHHJI clJoTOB03-

6y~.IJ;CHHJI 

u 
11 

(1
11 <7(, )d( 
y y y 

_l_6_11~ I w 11,' 1 Bv (El. 0 , 1), 
g-t c " l 

n 0. ±1. ±2 ..... 

/34/ 

r.n;e B 
1 

(El. 0 1) - rrpuse,n;eHHaH Bepo.IITHOCTb rrornomeHH.II 

.IJ;HIIOJibHbiX raMMa- KBaHTOB. B qacTHOCTH, BeJIH'IHHa a 0 orrpe.n;e

JIJICT "MO.IJ;eJibHO- He 3aBHCHMOe" rrpaBHJIO CYMM 

ao 
811 °e ~ 

glic 

211 2 e2-fi 
me 

,[)i( *(E1), [H- P 2." 2mA, Jli(E1)]] > -c 

NZ 
A 

/35/ 
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~• 

3,neCb e - 3apH,n npOTOHa, m (El) - nonHbiH ,nHnOnbHbiH on epa-

Top. COOTHOWeHHe 1351 y,no6HO HCnOnb30BaTb ,nnH KOHTpOnH pacqe

TOB, TaK KaK TepMO.!(HHaMH'ieCKOe cpe,nHee OT .!(BOHHOrO KOMMy

TaTOpa He .!(OJDKHO 3aBHCeTb OT TeMnepaTypbi. B TO )l(e BpeMH an 

C ll i' 0 MOryT 3aBHCeTb OT TeMnepaTypbl, H 3Ta 3aBHCHMOCTb 

6y,neT OTpa)l(aTb TeMnepaTypHble H3MeHeHHH cneKTpanbHOH HHTeH

CHBHOCTH raMMa- nepeXO.!(OB. 

§3. PE3YJihTATh/ PACf.JETOB H HX OliCY)l(AEHHE 

PaCCMOTpHM CHaqana OU.eHKH BeJIH'iHH yO H y 
1 

, KOTOpble 

MO)I(HO c.nena Tb ,nnH noTeHu.Hana By,nca- CaxcoHa c HaH6onee npo

cToil napaMeTpHJau.Heii 

N-- Z 
U(r) ~ -- V (1- r TJ -------)/(1 + expa(r- R )) = o z A o 

0' U
0 

(r) -~ r
2
U

1 
(r). 

llepaoe H3 cooTHOWeHHii I 131 MO)I(HO nepenHca Tb B BH,ne 

1i2 A 
~ --- < ~ 

yo-3 k=1 

(-~- _a__ r 2_au 2(r) 

r 2 ar ar 

~2 
~rrn 

3 
""' { p(r)-<!_-r2 aU 0 (1·) 

ar ---;;i"- dr. 
0 

k 

1361 

/371 

llpe,nnonaraH, 'iTO pacnpe,neneHHe nnoTHOCTH HyKnOHOB B H,npe 

onpe,nenJieTCJI TeM )l(e WOPMWaKTOpOM, 'iTO H O.!(HO'iaCTH'fHbiH no

TeHU.Han 1361, H HcnonbJYJI .nnH Bbl'iHcneHHJI HHTerpana 137 I 
MeTO.!( nepeBana, nony'iHM 

v2;;a V0 t 2A 

Yo 
16Ro 

AHanorH'iHbiM o6pa30M, nonaraJI 

N- Z 2 
y "" TJ (------) y 

1 A o 

14 

p - p 
11 p 

N-Z 
--' p 

A o 

1381 

Hail.neM 

139/ 

1 
\ 

J 
l 

)l,nJI KynOHOBCKOrO noTeHU.Hana, COOTBeTCTBYIOlU.ero O.!(HOpO,!l.HO Ja

pJI)I(eHHOH ccl>epH'ieCKOH Kanne, nony'iHM B paMKax 3KBHBaneHTHbiX 

npH6nH)I(eHHH 

Yc 
~( ~-::-__!)e2 fi 2 

1401 
4rr R 3 

0 
BenH'iHHbl, o6paTHble Yi , onpe,nenJIIDT CHnOBble KOHCTaHTbl HJO-

CKanJipHbiX, H30BeKTOpHbiX H KynOHOBCKHX ,nHnOnbHbiX CHn, corna

COBaHHbiX CO cpe,nHHM noneM 1361. 0THOWeHHe KOHCTaHT H30BeK

TOpHbiX H H30CKanJipHbiX CHn B COOTBeTCTBHH C COOTHOWeHHJIMH 

136-391 paBHO 

N- Z. 2 Yo 
X 'X = (TJ-------) ~ 11· 

1 o A y 
1 

1411 

T. e. Onpe,nenJieTCJI BenH'fHHOH H30BeKTOpHOrO noTeHU.Hana. 

llpe,!l.CTaBneHHble HH)I(e paC'feTbl 6blnH BblnOnHeHbl ,nnJI noTeH

u.Hana cpe.nHero nonJI 1361 c Ha6opoM napaMeTpoB, pexoMeH,no

BaHHbiM B pafioTe /17,' 

V 0 = 53,3 M:JB, 11 = 0,63, 

R 0 = 1, 24 A 
1

'
3 <PM, a - 1.587 <PM -1. 

1421 

0,nHO'faCTH'iHbiH 6a3HC H COOTBeTCTBYIDIII.He MaTpH'fHble 3neMeHTbl 

Bbl'fHCnJinHCb C nOMOIII.hiD MeTO.!(OB, pa3BHTbiX B pa6oTaX /18/. H non

ROTa 6a3HCa KOHTponHpoaanacb no npaBHny CYMM. Bo BCeX pac

'feTaX o6ecne'fHBanOCb BblnOnHeHHe ycnOBHJI 1351 C TO'fHOCTbiD 

.!(0 HeCKOnbKHX npou.eHTOB. llapaMeTp 11, onpe,nenJIIDIII.HH BenH'fHHy 

H30BeKTOpHOH KOMnOHeHTbl cpe,nHero nOnH, B pa3nH'fHbiX BapHaHTaX 

paC'feTOB HeCKOnbKO BapbHpOBanCJI, 'fT06bl B onpe,neneHHOH Mepe 

KOMneHCHpOBaTb HeTO'fHOCTH npOCTeiiweii annpOKCHMaU.HH CaMo

cornaCOBaHHOrO noTeHU.Hana. 

PeJynbTaTbl pacqeTOB HHTerpanbHbiX xapaxTepHCTHK rHraHT

cxoro ,nHnonbHoro peJoHaHca ,nnJI pJI,na Jl,nep npe,ncTaaneHbl B •a6-
AUije. llpHBe,neHHble B Ta6nHU.e napaMeTpbl ")l(eCTKOCTH" H30CKanJip

HOrO 1'0 H H30BeKTOpHoro f' 
1 

, noTeHU.HanoB CBJI3aHbl C BenH'IH-

HaMH }' O H y 1 COOTHOWeHHeM 

3 h 2 r. -~- (..,...,.) Y· • 1431 
1 4rr m 1 
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11CIIOJIL3YJI COOTHOWeHHe /38/, ,I:\JIJI napaMeTpa r O IIOJIY'IHM OUeH

KH: 664 M:JB D H 1556 M:JB 8 ,I:\JIJI Jl,nep " 8Ni H 208 Pb COOTBeT· 

CTBeHHO. CpaBHHBaJI 3TH UH~pw c pe3yJILTaTaMH 'IHCJieHHWX pac

'leTOB J~. MO)KHO BH,neTL, 'ITO rrpOCTaJI KBa3HKJiaCCH'IeCKaJI OUeH

Ka XOpOWO OIIHCWBaeT BeJIH'IHHy rrapaMeTpa )KeCTKOCTH H30CKa· 

JIJipHOrO IIOTeHUHaJia H ero 3aBHCHMOCTL OT MaCCOBOrO 'IHCJia. 

0TKJIOHeHHJI OT 3TOH OUeHKH o6yCJIOBJieHW rJiaBHWM o6pa30M BKJia· 

.L\OM CIIHH·op6HTaJibHOH KOMIIOHeHTW O,I:\HO'IaCTH'IHOrO IIOTeHUHaJia, 

He Y'IHTLIBaeMOH IIpH BbiBO,ne COOTHOWeHHJI /38/. TeMrrepaTypHLie 

H3MeHeHHJI rrapaMeTpa r O BeCLMa MaJibi, H B paCCMaTpHsaeMOM 

,I:\Haiia30He TeMrrepaTyp OHH He OTpa)KaiOTCJI CKOJlL"HH6y,nL CyiUeCT· 

BeHHWM 06pa30M Ha HHTerpaJILHWX XapaKTepHCTHKaX rHraHTCKOrO 

pe3oHaHca. B To )Ke speMJI OTJIH'IHJI pe3yJILTaToB 'IHCJieHHwx 

paC'IeTOB rrapaMeTpa f' l H OTHOWeHHJI KOHCTaHT X l' X O OT 

IIpOCTWX OUeHOK /39/ H /41/ IIpOJIBJIJIIOTCJI JHa'IHTeJibHO CHJILHee, 

oco6eHHo ,nJIJI 6onee nerKHX Jl,nep. 0THOWeHHe x 
1 

x 
0 

.L\JIJI 

TaKHX Jl,nep MO)KeT CyiUeCTBeHHO H3MeHJITLCJI C TeMrrepaTypoii: 

/CM. ma611Uijyj. 0TMeTHM, 'ITO ,I:\JIJI paCCMaTpHBaeMWX Jl,nep TeMrre· 

paTypa 1 M:JB IIPHMepHO COOTBeTCTByeT 3HeprHH B036y)K,neHHJI, 

paBHOH 3HeprHH CBJI3H HeHTpOHa. 

llpHse,neHHwe a ma611Uije pac'leTHLie 3HaiJ:eHHJI 3HeprHH Emax 

H HHTerpaJibHOH WHpHHW W rHraHTCKOrO pe30HaHca OIIpe,neJieHLI 

Ha OCHOBe COOTHOWeHHH 

E - ( Vz 
max-aJ.2:a 0 l 

[ ' ( ' ) 2] '12 W= a+ 2 1a0 - a+ 1 ia0 • 

/44/ 

CpaBHHBaJI pe3yJILTaTLI pacqeTOB E max c 3KcrrepHMeHTaJILHLIMH 

,naHHWMH 0 IIOJIO)KeHHH MaKCHMyMa El·pe30HaHca'20,; MO)KHO BH· 

,neTb, 'ITO B TJI)KeJIWX JI,I:\pax OJIHCaHHe Ha6JIIO,naeMLIX BeJIH'IHH 

,I:\OCTHraeTCJI IIpH 3Ha'leHHJIX napaMeTpa T/• 6JIH3KHX K Tpa,nH· 

UHOHHO HCIIOJIL3yeMLIM /42/. HeKOTOpOe yBeJIH'IeHHe rrapaMeTpa 1/, 

KOTOpoe He06XO,I:\HMO ,I:\JIJI OIIHCaHHJI 3KCIIepHMeHTaJILHWX 3Ha'le • 

HHB Emax B 6onee nerKHx Jl,npax, rro-BH.L\BMOMY, 03Ha'laeT, 'ITO 

arrrrpOKCHMaUHJI /36/ B nerKHX Jl,npax JIBJIJieTCJI CJIHWKOM rpy6oii: 

H H30BeKTOpHWB IIOTeHUHaJI B HHX y6wsaeT Me,nJieHHee C yMeHLWe

HHeM N - Z. C ,npyroii: CTOpOHW, llOJIO)KeHHe MaKCHMyMa E2 -pe30· 

HaHCa MO)KeT H3MeHHTbCJI IIpH BKJIIO'IeHHH ,ll;pyrHX OCTaTO'IHLIX 
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B3aHMO,ll,eHCTBHH, HanpHMep 3aBHC.Rll.IHX OT CITHHa, KOTOphie B ,ll,aHHOH 

pa6ore He yqHTh!BanHch. 

Ha puc. 1 H 2 noKa3aHh! pe3ynhTaThi pacqeroB crrexrpanbHoro 

pacnpe,ll,eneHH.R npHBe,ll,eHHOH Bepo.RTHOCTH El·rrepexo,li,OB B .R,ll,pax 
58N· 208 

1 H Pb ,ll,n.R pa3nHqHhlx reMneparyp. MO)KHO BH,ll,eTh, qro 

HarpeB npHBO,li,HT K HeCKOnhKO 6onee paBHOMepHOMY pacnpe,ll,ene

HHID HHTeHCHBHOCTH nepeXO,li,OB B o6naCTH rHraHTCKOrO pe30HaHCa, 

HO 3TOT 3~eKT MO)KeT qacrHqHO KOMITeHCHpOBaThC.R TeMneparyp

HhiMH H3MeHeHH.IIMH KOHCTaHThl H30BeKTOpHhiX CHn /eM. ma6AUt#Y/ 

H COOTBeTCTBYIDll.IHM C,li,BHrOM rHraHTCKOrO pe30HaHca. Cne,ll,yeT 

OTMeTHTh, qro TeMneparypHhle H3MeHeHH.R OTHOilleHH.R KOHCTaHT 

~ 

l::: 
a ~ 0,5 
<lJ 

~ ...-..... ,......,_ 
~ 

a 
""'-
l!.J ......_ 
CQ 

o.s 

s8Ni 

t = 0 5 

0 

t = 1 i 5 

04r• I Ill\ •• IIIIJ It, I II tr10 
5 fO f~ 

Puc. 1. CneKmpaAbHoe 
zaMMa- K8aHIII08 8 ROpe 
lliKaAa opounam cAe8a 
t~eM cnpa8a. 
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E~, M 3B 
pacnpeoeAenue eepoRmnocmu nozAoUjeHUR 
58Ni npu meMnepamype t~o u t = 1 M:JB. 

0111 AUHUU pa3pe3a ( __...) 8 10 pa3 MeHbUie, 

w 

t. 0 

5 

fO 
D Lt ' '" ··' ,, •. , •• ,,~L I !rill I I I II 5 • 15 

t.'t. M3B 

Puc. 2. CneKmpaAbHoe pacnpeoeAenue eepoRIIIHocmu nozAOUieHuR 
zaMMa- K8anmoe e ROpe 20s Pb npu pa3AU'IHblX meMnepamypax. 
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B3aHMO.D;eiieTBHii x 1 I x 
0 

He HMeJOT o.D;H03Ha'!Horo xapaxTepa 

H 3aBHeHT OT eTeneHH 3allOJIHeHHH o6onoqeK B pa3JIH'IH~X H.D;pax. 

B pe3yn&TaTe TeMnepaTypH~e e.D;BHrH JHeprHH MaxeHMyMa El -
pe30HaHea, HanpHMep B 58 Ni H 

208 Pb, OKa3biBaJOTeH npOTHBO" 

nono)I{Horo 3Haxa. B uenoM TeMnepaTypHble J<JxileKTbi a nnKen&Ix 

H.D;pax MeHee JaMeTHbl, '!eM B nerKHX /eM. puc. 1 H 2/. 
Bbi'!HeJieHHble 3Ha'ieHHH HHTerpanbHbiX WHpHH pe30HaHea OKa-

3biBaJOTeH nopH.D;Ka 2-4 M3B /eM. ma6AU!JY/, T.e. y)l(e B npu6nu

)l(eHHH Cell eaMoeornaeoBaHHa.R MO.D;en& .D;aeT paJyMHYJO oeHooy .D;JI.R 

06'b.ReHeHH.R Ha6JIJO,D;aeMOH WHPHHbl rHraHTeKoro peJOHaHea. B qaeT

HOeTH, .IJ;JI.R 208pb TeopeTH'!eeKOe 3Ha'!eHHe W O'ieHb 6JIH3KO 

K JKenepHMeHTaJibHOMy. 0TMeTHM npH 3TOM Ba)I(HYIO pOJib eaMO

eornaeoBaHHH. ~eiieTBHTeJibHO, eeJIH He llpOBO.D;HTb eaMoeorna

eoBaHH.R H30BeKTOpHbiX H KYJIOHOBeKHX eHJI, a HellOJib30BaTb JIHWb 

TpaHeJI.RUHOHHO"HHBapHaHTHYJO MO.D;eJib /6,19/, TO paeqeTHble 3Ha

qeHHH HHTerpaJibHOH WHpHH~ OKa3biBaJOTe.R Ha 40-50~ MeHbWe 

/HanpuMep, 1,56 M3B a 66 Zn, 1,66 M3B a 90 Zr H 2,37 M3B 
a 208 Pb/. TaKHM o6pa3oM, npH uenonbJoBaHHH .D;OcTaTo'IHO 

peaJIHCTH'ieeKHX J(jJqJeKTHBHbiX CHJI Ha6nJO,D;aeMble WHpHHbl .D;HllOJlb" 

HbiX rHraHTeKHX pe 30HaHeOB nonyqaJOT 06'b.RCHeHHe y)l(e B paM

xax rapMoHH'ieexoro npu6JIH)I(eHH.R. Mo)I(HO O)I(H.D;aTb, 'ITO ooc

eTaHooneHHe TpaHCJI.RUHOHHOH HHBapHaHTHOeTH enHH·op6HTaJibHOH 

KOMllOHeHTbl llOTeHUHaJia, a TaK)I(e yqeT raJIHJieeoo-HHBapHaHTH~X 

napHbiX xoppen.auuii 181 npuoe.D;yT K ynyqweHHJO eornaeHH paeqeT

HbiX WHpHH C 3KCnepHMeHTOM H .D;JI.R T .R)I(eJibiX HeMarH'ieeKHX 

Jl.D;ep. Paexo)I(.IJ;eHHe pac'ieTHbiX JHa'ieHHii wHpHHbl W e JKenepu

MeHTanbHbiMH .D;aHHbiMH /eM. ma6AUIJY! ~n.R 6onee nerxux .R.D;ep 

OTpa)l(aeT He06XO.D;HMOCTb yqeTa WHpHHbl 6aJHeHbiX O.D;HO'iaeTH'i" 

HbiX eoeTO.RHHH, Jie)l(all.IHX B HenpepbiBHOM eneKTpe. lfMeHHO 3TOT 

MeXaHH3M B03HHKHOBeHH.R WHpHHbl rHraHTeKoro pe30HaHCa .RB" 

JIJleTe.R onpe.D;eJI.RJOll.IBM B Hau6onee nerxux .R.D;pax /22!. 

IlpH aHaJIH3e 3KCnepHMeHTaJibHbiX .D;aHHbiX flO pa.D;HaUHOHHbiM 

eHJIOBbiM cPYHKUH.RM H eneKTpaM pa.D;HaUHOHHbiX nepeXO.D;OB B Bbl

COKOB036y)I(,D;eHHbiX .R.D;pax B HaeTO.Rll.lee opeM.R WHpOKO HellOJibJy

eTe.R rHllOTe3a .6pHHKa 0 He3aBHeHMOCTH ee'ieHHH cPOTOllOrJIOII.IeHH.R 

oT JHeprHH B036Y)I(.IJ;eHHH .R.D;pa 12 •3
/. Ha B03MO)I(HoeTb cymeeT

BOBaHH.R OTKJIOHeHHH OT 3TOH rHllOTe 3bl y)l(e o6pamanoeb BHHMaHHe 

B pa6oTaX /4!, H npe.D;eTaBJieHH~e BbiWe peJyJI&TaTbl pacqeTOB 

,D;eMOHeTpHpylOT BeJIH'IHHY O)I(H.IJ;aeMbiX H3MeHeHHH 3HeprHH H WHpHHbl 
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ruraHTeKoro pe30HaHca llpH paJJIH'IHbiX TeMnepaTypax H eOOTBeT

CTBYIOII.IHX 3HeprH.RX B036y)I(.IJ;eHH.R .R.D;pa. 

Ba)I(HO oTMeTHTb, 'ITO .D;JI.R aHaJIHJa JKenepHMeHTaJihHbiX .D;aHHbiX 

MOryT 6b1Th cyweCTBeHHbl He TOJlhKO HHTerpaJihHble xapaKTepHCTH

KH ruraHTCKOro pe30HaHca, HO H eneKTpaJibHa.R HHTeHCHBHOCTb 

raMMa-nepexo.D;oB, noxanHJOBaHHaH B o6naeTH JHepruii ' <8 M3B. 
y -

XOT.R BKJia,L\ TaKHX rrepeXO,L\OB B HHTerpaJibHOe rrpaBHJIO CyMM MO)I(eT 

6b1Th BeCbMa MaJI, nO-BH,L\HMOMy, HMeHHO OHH OTBeTCTBeHHbl Ja 

aHOMaJIHH )l(eCTKOH qaCTH CfieKTPOB raMMa-nyqeii, Ha6JIJO,L\aeMble 

B OKOJIOMarH'ieCKHX .R,L\pax ' 3 •23 /. AHaJIH3, BblllOJIHeHHbiH B pa6o

Te /23,: llOKa3aJI, 'ITO .[\JI.R 06'b.RCHeHH.R 3THX aHOMaJIHH HHTeHeHBHOCTb 

"nHrMH"- pe 30HaHCa, T. e. rrepeXO.L\08, JIOKaJIH30BaHHbiX llpH 3HeprHH 

raMMa- KBaHTOB - 6 M3B, .L\OJI)I(Ha COCTaBJI.RTb 1-1 ,5o/o OT rrpaBHJia 

eyMM. PeJyJihTaThi pac'!eTOB cnexTpanbHOH HHTeHCHBHoeTH .D;H

nonhHhiX rrepexo.D;OB Ha "xBocTe" ruraHTCKoro peJoHaHea noKaJaHbl 

B yBeJIH'ieHHOM MaewTa6e .D;JI.R .R.L\pa 58Ni Ha puc. 1 H .IJ;JI.R .R.D;pa 

208Pb Ha puc. 3. TeopeTH'IeeKa.R oueHKa HHTeHCHBHOCTH "HHJKo

JHepreTH'IeCKHx" rrepeXO,L\OB, COOTBeTCTBYIOll.IBX "nHrMH" -pe30HaH

cy, oxaJbiBaeTc.R .L\OCTa TO'IHO 6nH3Koii K JKenepuMeHTan&Hoii I 1 ,2o/o 
OT a 0 .D;JI.R .R.D;pa 58Ni H 1,7o/o .D;JI.R .R.D;pa 208 Pb /, HO HX nono
)l(eHHe HeCKOJibKO C.[\BHHYTO B CTOpOHY 6onee BbiCOKHX 3HeprHii. 

Ilpe.D;CTaBJieHHbie Ha pUC. 1 H 3 pe3yJibTaThl pacqeTOB ,lleMOHeTpH

pylOT O)I(H.D;aeMbie TeMnepaTypHble H3MeHeHH.R HHTeHCHBHOCTH TaKHX 

nepexo.D;OB. Ilpu aHanuJe "xBocTa" ruraHTeKoro peJoHaHca HHTepec 

npe.D;CTaBJI.RIOT He TOJihKO nepeXO.D;bl, JIOKaJIH30BaHHble B cpaBHH

TeJibHO Y3KOM .D;HanaJOHe JHeprHii, HO H HHTerpaJibHbiH BKJia,D; 

B .D;HllOJibHOe npaBHJIO CYMM BCeX nepeXO.D;OB C 3HeprHeii HH)I(e Ja

,D;aHHOH. PeJyJibTaTbl pae'leToo TaKoro BKJia.D;a B .R.D;pe 208pb no

KaJaHbl Ha puc. 4. 0THOCHTeJibHbiH BKJia.D; raMMa-nepeXO.L\OB Ha 

CB.RJaHHble ypoBHH If Y < 7,4 M3B/ oKaJanc.a paBHhiM 0,6o/o, 

0,8o/o H 1 ,4o/o a O npH t = 0, 1 H 2 M3B eOOTBeTCTBeHHO. 3Kcnepu

MeHTaJibHble OUeHKH /24, 25/ OKa3biBaJOTC.R "' 1 ,4o/o a O. lfHTerpaJib

HbiH BKJia,L\ BCeX nepeXO.D;OB C 'y :S 8 M3B B a0 npaKTH'!eCKH He 

JaBHCHT OT TeMnepaTypbi H COCTaBJI.ReT ""3o/o, 'ITO cpaBHHMO C JK· 
u u 2(1/- /25/ 

enepHMeHTaJibHOH OUeHKOH "' -,u • 

3AKJIJO 'IEHHE 

IlocTpoeHHa.R B .D;aHHoii pa6oTe eaMocornacoBaHHa.R TeopHH 

rHraHTCKOrO .L\HllOJibHOrO pe30HaHCa ll03BOJI.ReT, KaK MHHHMYM, 
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1 L t ·0 
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::t 

t = 1 s I ... 
i Cl.J 

.. --• a 
l:j- 0 -co 

I 
t: 2 

Q 4 1 I I II I }LI .1! , I I. 11 1 0 • 

6 7 B 
E5, M 3B 

Puc. 3. Hu3K03Hepzemu'lecKaJI o6Aacmb puc. 2 6 y6eAu'leHHOM 

MOCUI111a6e. 

OTKa3aThCJI OT llpOB3BOna B Bhi60pe CBnOBhiX napaMeTpOB B3aBMO

,!J,elCTBBi. BnnOTh .0.0 HaCTOJiutero BpeMeHB BO MHOrBX pa6oTaX 

llO MBKpOCKOllB'IeCKOMY OllBCaHBIO KOn.IJ.~KTBBHhiX B036y)l(,ll.eHBH JI,!J,ep 

CBnOBhle napaMeTphl Bhi6BpaJOTCJI nyTeM llO,IJ,rOHKB K COOTBeTCTByJO-

lltBM- 3KCll~pBMeHTanJ.HhiM ,l:{aHHhiM. 3To npBBO.I:{BT K TOMY, 'ITO 
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% t n 

3,0 L Go0 ;JIC5, 
'/:I o 

2,0 ~ 20Spb 

1,0 
I 

/~".,.I 
. I 

0,5 

I I 

I I 

t =2M38 

0,2 

6 7 8 
bn M36 

Puc. 4. 3Hepzemu'lecKaJI 306UCUMOC111b omHocumeAbHozo 6KAaoa 
"Hu3K03Hepzemu'lecKux" zaMMa- nepexooo6 6 ounoAbHOe npa6UAo 
cyMM OAR pa3AU'IHbiX meMnepamyp. 

TeopBJI MO:lKeT 06'hJICHBTh nJ06hle 3KCnepBMeHTanhHhle ,l:{aHHhle, 

HO Ha.l:{e:lKHOCTb npe.I:{CKa3aHHJI eute He BCCne,I:{OBaHHhiX JIBneHHH 

aesenaxa. 3TH HeAOCTaTKH HecaMocornacosaaaoii Teopaa aaa6onee 

OCTpo OlltYutaiOTCJI ,l:{nJI BhiCOKOB036y:lK,I:{eHHhiX /HarpeThiX/ Jl.l:{ep, 

r,l:{e OTCYTCTByeT llpJIMaJI 3KCnepHMeHTanhHaJI BH~OpMaUBJI 0 Kon

neKTBBHhiX B036y:lK.I:{eHHJIX. ll03TOMy y'leT ycnOBBH cornaCOBaHBJI 

npH llOCTpOeHHH MHKpOCKOllB'IeCKOrO OllHCaHBJI CBOHCTB BhiCOKO

B036y:lK.I:{eHHhiX Jl.l:{ep JIBnJieTCJI OC06eHHO Ba:lKHhiM. 
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IIony'ieHHhie B caMocornacosaHHOM DO.llXO)le oueHKH TeMne

paTypHhlX H3MeHeHHH xapaKTepHCTHK rHraHTCKOro )lHllOJihHOrO pe-

30HaHca )leMOHCTPHPYIDT OTJIH'iHe Ce'ieHHH ~OTOllOrJiomeHHR B XO

JIO)lHOM H BhlCOKOB036y)f()leHHOM R,llpe. IlocJie)lHee Ce'ieHHe, KOTO

poe 'iaCTO Ha3hlBaiDT TaK)f(e Ce'ieHHeM o6paTHOH peaKUHH, RBJJReTCR 

O)lHOH H3 rJiaBHhlX KOMllOHeHT CTaTHCTH'ieCKOrO OITHCaHHR pa)lHa

UHOHHhlX rrepeXO)lOB B BhlCOKOB036y)f()leHHhlX R)lpax. II03TOMY 3KCITe

pHMeHTaJihHax nposepKa npe)lcKa3hlBaeMoro TeopHeH paJJIH'iHR ce

'ieHHH ITPRMOH H o6paTHOH peaKUHH rrpe)lCTaBJIRJia 6hl 3Ha'iHTeJih

HhlH HHTepec KaK )lJIR pa3BHTHR HaWHX rrpe)lCTaBJieHHH 0 KOJIJieK

THBHhlX 3~eKTaX B BhlCOKOB036y)f()leHHhiX R)lpax, TaK H )lJIR B3aHMO

COrJiaCOBaHHOrO aHaJIH3a HMewmeHCR COBOKYllHOCTH 3KCrrepHMeH

TaJihHhlX )laHHhlX 0 pa)lHaUHOHHhlX nepeXO)laX. 

B JaKJIID'ieHHe asTOphl Bhlpa)f(aiDT npH3HaTeJihHOCTh P .M.RMa

neeay Ja noMomh B npoBe)leHHH pac'ieToB. 
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