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IlpH paCCMOTpeHHH CJia6oBos6yllU{eHlll,IX COCTOJIHml aTOMIWX R~ep 

MO.lltHO BR'Ae~TI, o~oqacTlNll'.Oe ~IDKeHRe H MHOroqacTll'IHUe ROMeR

THBHlle ~IDlteHM, npe'ACTaBJ.UilOII!He corJiacoBrumoe RSMeHeHHe COCTOJIHHli 

6onmoro qHcm. CMl>HO CMSaHHllX JtYRJIOHOB. KoMeRTRBI!Ue aqxl>eKTU 

o6ycJIOBJieHll B38XMO'AeiiCTBHeM KBaswraCT~, npmeM RB.lK,lJ;OMY BW 

BSaHMO'AelCTBHli COOTBeTCTByeT onpe'AeJieHHllli TmI.ROMeKTHBHllX aip

q>BRTOB. B .nnccepTauHH pacCMOTpeHll RO~eRTRBHll8 Bos6yllU{eHM nap

Horo TRna /I/, OCHOBHlle CBOiCTBa ROTOpllX o6ycJIOM8Hll napHHMH 

Roppe~ 12 , 31 HYRJIOHOB. KorepeHTHlle aqxl>eRTH, cMSaHHlle c 

8Tm.m Roppe~. 3aR.1IViaJJTCR B -yBe~eHHH CKOpOCTH d.. - pac

lla,I(a Ha ocHOBHHe cocTosnrn!i ~ep 14/; YBeJiwreHo ceqeHM peaKnRH 
~ i" 

.InJYXHyMOHHOI nepe'Aaqz (P.JJ,HII) ·:11exjzy _- J • = 0 - COCTOJIHHRMH 

napHoro TRna / 5/ H T.n~ 3i<cnep:11MeHTM1>HHe 'Aamriie no P.JJ,HII /Bl 
. o•-cB~eTencTBYJJT O TOM,·'lfTO 'ABHCTBHTMl>HO CYJll8CTByeT ~ 

- COCTMHHI ~ep, ROTOpHe B P.JJ,HII BOSC!yz.zr,amCR SHa'CfHTeJil>HO cwir,

Hee OCHOBHOii Ma.Cell R.ItepHHX YPOBHett, lJTO roBOpHT O BOSMOJtHOCTH 

o6~ehRHeHM HX B OT'ABJil>Hyl) ROMeRTHBHyJ) BeTBI> BOSC!y~eHM, c~o 

CBJISaHHyll C ,lij)yl'HMH CTenewn.m CB060~ R,!ij)a. TaRHe COCTORHM no~

~ HasBaHRe "napHlle", .IVIJi rue on.HCaHM 6um cif>OPMY~poBaHa q,euo-· 

MeHoJiorn'lfecP:M Mo'AeJI1> /I, 71, ROTOpaR 0RasaJiac1> oqeHJ, noJiesaoii 

np.11 8.llaJI.Hse cne1<TPOB BosC!~eHHli H ce'IJeHHli P.llHII. O~aRo oC!ocHo

BaTI> q>eHOMeHOJIOrli'IBCRml cnoco6 pacCMOTpeHIDI JI106oro ROMeRTRBHoro 

~DeHKI! H OTBeTRTI> Ha Bonpoc O npe'AeJiaX ero npHMeHHMOCTR MO.lltHO 

TOJILRO. aa ·ocHoBe M.Hl(pOcKonH'lfecRoro no,nxo~. 

BonpocaM OnHCaHM napHoro ROMeRTHBHOrO ~ID!teHM Ha 6ase 

MHKpOCRoi:m'lfecRoro llO.ItXO'Aa H IlOCBJmi8HO 'AaHHOe HCCJie'AOBaHRe. 
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B rrepBOli rJiaBe /S-IO/ H3JIOlKeH ~OpMaJIRSM, pa3BHTHli .lmlI orrnca

HIDI KOJIJI8KTHBHUX napHUX B036yi,meHRH a,n:ep Ha OCHOBe MeTo,n:a KOHetnmx 

6osommx npe,n:CTaBJI8Hllli qJepMl'IOHimX orrepaTopoB. tfu HCXO,I(HM HS MHKpo

CKOIIWieCKOli Mo,n:emr SI.npa C rrapHUMH ll30llHBapHaHTHHMl'I OCTaTO'tJHHMH 

CliJiaMl'! ( o6osHa"Iemm CTaH.n;apTHile) : 

. ~ ) Al -.;- 112. 1/2. A+ A H = f (Es - ). /Vs - G-/=o.:U fs,.n.., .n..s;, sr s·,-. • (I) 

Ba6op rrum.m,ToHMaIIa B !pOpMe (I) c.n:eJiaH no cJie.JJYIO!l(llM coo6_pa,KeHMRM: 

a) rrapm1e CUJill SIBMIOTCJI orrpe.n;eM!Oll(UMH ~ ,n:aHHOI'O mma KOJIJieKTHB

HOI'O ,n:BIDKeHIDI /I, 5/; 6) H30HHBapuaHTHllli BH,n: r~bTOHHaHa CBSI3aH 

C TeM, 'ITO OCHOBHOe BHl1MaJrn:e 6y,n:eT y,n:eJieHO aH~sy P.llHII ·Ha .impax 

cpe,n:Hero aToMuoro Beca ( A !I< 40 + 70), r.n:e :mcrrepHMeHTMl>HHe 

.l(aHHHe CBH,n:eTeJibCTBYIOT O Heo6XO.l(UMOCTH Y"JeTa U30CITHHOBHX CTerreHeii 

CB060JJ;H / 6/; B) ~6'beKTOM H3Y"J8HIDI 6y-,:ryT TOJibKO · 0+ -COCTOSIHHSI 

napHoro THrra; r) B~HHe .n:pyrnx BH.n:OB BSaHMo,n:eucTBIDI He~sa one

HlfTb 6es .n:orro~HTe~HHX rrpn6JIIDKeHRH, Il03TOMY BHa'tJa.,re HylltHO rrpoBec

TM BIJ"IllCJieHIDI c rrpoCT8liillHMII CHJiaMH rrpn MHHHMaJILHOM 'tJHCJie rrpK6JIH

lKeHin1. 

0THOCHT8JibHO MeTOJJ;OB Ml'IKpOCKOTilflieCKoro "OilHCaHIDI KOJIJieKTHBHb!X 

B036ylli.l(emtii: OTMeTHM, 'ITO: a) TO'tJHUe TeopeTHKO-rpyrrnOBIJe pacYeTH 

/II-I3/ Il03BOJISIIOT Y'tJ8CTb CJIHIDKOM MaJIOe "IHCJIO O.l(HOTJaCTHTJlWX ypoB

Hett; .6) rrpH6JIIDKeHHe c.n:yqaHHoii qas1J ( R. PA ) ~ onepaTopoB nap 

"IaCTHq /l4/ WIH KBaSlitJaCTHq /l5/ B006me HeTipHMeHHMO IlpK 3HaTJeHH

SIX napHOll KOHCTaJITIJ, 6JIH3KOii K"KpllTHTJeCKOH" ( G~ GK ),KDr.n:a 

B CllCTeMe npOHCXO.l(llT qasoBIJli nepexo.n: OT HOpMa.JII,Horo COCTOHHIDI 

K CBepXT8KY'tJ8MY; B) HHTeHri~kc/pasBHBaeMIDi B IlOCJie,n:Hee BpeMSI Me

TO.l( o6o6meHHOH MaTpHnU TIJIOTHOCTH /l6/ IlOCJie,n:OBaT8JI8H H BeCbMa 

nepcneKTHBeH. 0.n;HaKO OCHOBHile ycwnm B 3TllX pa6oTax 6HJIH HanpaB-
t'Li 

4 

. I 

·l 
I 
I 

1 
I 
i 

i 

\ 

I JieHH_Ba COSMJme mntpOCKOillitJeCKOll TeOpHH Bpa!U8HIDI. ,lJ,rui KOJIJI8KTHB

HHX B?s6yi,memlft rrapuoro Tmia TIOKB: He no.n:yqeHo KaRHX-~60 cymecT~ 

BeHHHX pesyJil>TaTOB. 

MH HCilOJibSOBaJm MeTO.l( TOTJHHX 6p30HlWX npe,n:CTaBJieHRH wepMl'!OH

HllX orrepaTOpOB H rrocTpowm: KOJIJieKTHBHIJH raMWil>TOHuaH, c.n:eJiaB e.n:HH

CTBeHH08 npe,n:rrOJIOJlt8HR8 0 CJia6oii CBSISH KOJIJI8KTHBHHX rrapHHX.CTerre

Heii_CB060,ll;IJ C HeKOJIJI8KTmlHHMH,. onpe,n:eJieHHHMII'. B paMKax aHaJIOra Me

TO,n:a, R. PA . , HO c y,re~oM Bcex nepeHopMHpOBOK, BHSBaHHUX BJIHSIHR

eM alll'apMOHil'.'tJ8CKOii 'tJaCTH. MeTo):t npHM8HHM rrp11: Jlll61JX SHaTJeHRSIX nap

HOii ROHCTaHTH. HlmaKHX OI'paHil'.'tJeBd Ha pasMepa 0.l(HO'tJaCTH'rnOI'O 6a

s11:ca npn 8TOM He BOSHHRa8T. 3aKoHH COxpaH8HIDI KOppeRTHO yqnmBa

ll'l'CJI, no.n:yqemmit ROJIJI8RTHBmnl raMHJII,TOlil'!8.H.l!M88T SaMKHYTHil Ir 

y,n:o6JWii ]t)lfI IlpaRTil'.'tJ8CRRX pac"IeTOB BH,n:. 

A+ - ◄1'2. + 
,lJ,rui onepaTopoB }JS • sr, As,-. , 'st4::: - (i) ~[a.s~ Uswil114, 

o6pasymtHX a.,rre6py R 5 , rro.n:yqeHo 6osoHHoe npe,n:cTaBJieH11:e /d/ 
(aBJIJUllleeca o6o6~eHReM npe.n:cTaBJieHIDI .IT,!uicoHa /I7/ ,nJill R3 , RCITOJib-

syeMoro B Teop:im Cllll'.HOBHX BOJIH): . . ... 
r. + \ b+ 9 '{~,i. ,f/2.. 4}~t.T+-t' + + 
lA$,.h>'" s~ - .n$ t ~2. ~2. { -3- [[bs h,]T bJ1r > Vist4~ :a b.sr4~ 

(~):,"',if b;r hst1; (l;r~: .Jil [b~ hsl,r; [ bst4, b:,ra~~s· b"r414'. (2.) 

Ilpe,n:CTaBJieHne (2) COXpaHHeT TO"IHO Bee KOMMYTawrOHHIJe COOTHOilleHIDI 

Meir,ny o6pasaMl'! qJepMROHHHX onepaTopoB, ~TO llOSBOMeT npoBeCTH KOP

peKTHHll pac~eT MaTpRllllllX 8JieMeHTOB Jlll6ofi c}lyHlaUm wepMHOHimX one

paTOpOB Ha asaKe onepaTopoB 6osoHOB b;" b5 • 0.n;HaKO 6osoHHHe 
. I > r 

o6paSH onepaTOpOB A:r , Asp nepeCTall'l' 6HTb 8pMHTOBCK~ COIIpSI-

JlteHHHMR B o6H'tJHOft 6osOHHOff MeTpHRe. qT06H 60SOHH!Je o6pasH onepa

TOpOB, 9pMRTOBCKR COnpl!JlteHHHX B wepMHOHHOM llpOCTpaHCTBe, OCTaJIHCb 

apMHTOBCKR COIIpSIZ8HHHMH, B 8TOtt M8TpHKe He06XO,n:HMO BBeCTII'. cneqa-
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aJibHHii MeTpIItieeRIBi: orrepaTop. C rr0Mom1,D atoro MeTpu:qeeRoro orrepa

Topa MOlKHO rrpeo6pa30BaTb rrpe.n;eTaBJieHIIe (2) Tille, 'IT06H o6paau orre

paTopoB A;r , Asr eTa.Jilf ap.MHTOBeRII eOIIplIJ!teHHllMH B o6H'IHOii 6030HHOii 

rr.eTpIIRe. B peayJinTaTe MH rro~HM 11,JIH. R., o6o6meHHoe npe.n;eTaMe

HIIe XoJieTefiua-IlpHMaROBa /IS/. Ho Tenep1, 6oaoHlllie o6paau MHorwc 

qJepMIIOHHHX onepaTopoB 6y'JJYT ,mmaTbCJI 6eeROHff1JHHMII pimru.m 11 npoBee

TlI RIUCHe-JIH60 IlplllCTII'leeKHe BH'IUCJiemm 6e3 IIOTepH TO'IHOeTH HeB03MOJlt

HO. OROH'laTeJibHO, Bee enoeo6u noeTpoeHJUI 6030HHHX npe.n;eTaBJieimiii ORa-

3HBaJOTCJI B3aHMOeB/I3aHHHMH, HOB MeTo,n;e .lfruicoHa Bee BHpruKemm no

JIY'laJOTCJI B aar.nmyTOM II y.n;o6HOM 11,JIH. IlpaKTH'iee1wro HeIIOJI1,30BaHHR: 

BH,Ue. 

&r,n;eJieHHe ROMeKTHBHHX napHHX BeTBefi B036yJt,IteHHR: npoHaBe,n;eHO 

e IIOMOml,D mmeiiHoro RaHOHH'leeKoro npeo6pa30BaHHR: 6030HHHX onepaTO-

pOB .b ~ t' , b s fl R HOBHM 6oae-onepaTopar1. ,: r • f3;c 14 • 

Tor.n;a raMMbTOHHaH (I) aanmneTCJI B BH,IJ.e: 1-1:::. !;. WI<. f!r4 r .. 1-4 + Hl\ttr. 
r.n;e HAHr - tJeTupex6oaoHHM qaeT1, raMMbTOH~a, aanneaHHM B 

HOpMaJil,HOM OTHOeHTeJIJ,HQ onepaTopoB fa !14,/31<t4 BH,IJ;e • .Il.rul onpe.n;e

JieHHR: KOacMJ~eHTOB npeo6pa30BaHHR: lI 'laeTOT WK 6u.na no.nyqeHa 

eHCTeMa eB/I3aHHHX HeRHHeiiHHX ypaBHeHilii. 

Ma :eeex 6030HHUX onepaTopoB .P: 14 ' p "-ft MH COxpaHHM B 

.IJ;aJII,HeiillleM TOJIJ,RO onepaTOp.bl .P f:,.,cp :-.. f4 ) , Pf,._ f4 ( f3 f- f4 ) 

onneHBaKl!llie B rapMOHH'seeROM npHC!JIIDKeHJill ROppeJIHpOBaHHe napR qae

Tl!U (~poR) H OTmitJaIOO!HeCJI OT oeTaJII,HHX TeM, 'ITO COOTBeTeTBynilHe 

HM 6030HHHe coeTOHHJUI HMeIOT HaHMeHbl!IUe 8HeprIIH B036y.lKJ{eHJUI H Ha

HC!OJIJ,llfile eneKTpOeROIIH'leeRHe qaKTOpH P.IUID. BeTBH BOaC!ylK,l{eHJrli, onn

CHBaeMHe 3Tl001 onepaTOpa.MlI, II Ha3BaHH KOMeKTHBHHMH. IlpH BH'IUe.neHHH 

aHrapMOHH'seeKIDC KOHeTaHT IIOJIYtiaeM, 'ITO B3aHMo.n;eilCTBIIe ROMeRTHBHHX 

6030HOB ~yr e ~yroM .FIBHO npeBoexo~T B3aHMO,n;eiicTBHe KOMeKTHBHHX 
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6030HOB C HeROJL7JeRTIIBHHMH ll, TeM C!oJiee~ HeKoMeKTlffiHHX Mei!JJY eo

C!oii. Ilo3TOMY npn aHaJIJrne oeHOBHHX CBOHCTB HH3ROJielKa!UHX eoeTO.FIHllH 

napHoro T:mia .n;ocTaTOmlO paeeMaTpIIBaTJ, TOJil,RO IWMeKTIIBHYJ(l qaeTJ, 

IIOJIHOro raM111IbTOHuaHa: 

{

,4/-z. 4/7.. '} 
Ho1.o.t.l ... 2,(w.,.r:trP1+r-t-W,.ft.rr-1.14} + :92 .f/2. 4/2. ,f /.. r T -1. i T 

,,.,'A-~+ ♦'~ (G-{i)[rp~ r,~ ... ]T~ ..... 1 .. 1'1 + G-('1)[~;_[~4-Ft-h1-1~ + 

+G-(4} np:..rr.JT~:_J.r4 + G-csi.) r~1 ... rp ... p .. .J1Lr + <3> 

+ ,. 6- cnrr rt .. r .. _JT P:J1r .-t- 1 G-(l) rep: ... P1.-]T pl+]1f4) )( 

l' ( P4+r -+ (-f}f-~ rt-,J: • 

AHaJIIi3 H 1(.0-t..c : 

A. B Bue!paunoHHOM u poTaUHOHHOM npe,neJiax no.7IYtreH11 ana.n11Tnqeem:e 

perneHIUI ,n;Jil! co6eTBeHHHX qJYHKumi ll eoC!eTBemmx 3HaqeHHii 1:-f 1c. O.l.,( • 

E. ).J.na naplillx BoaC!ylK,Il,emrli noeTpoeH aHa.nor rru,urJibTOHlmIIa fopa 

060611leHHofi .Mo,neJIH .~pa, noJiemrnii 11,JIH. Ka•rneTBeHHoro ru1aJIHaa aRene

pHMeHTaJibHHX ,ll;8.HHHX no P)]HII. IlpoBe,neHO ,n;eTaJIJ,HOe epaBHeHHe e <£)c110-

M8HOJIOl'K"!eeRZM no.n.xo.n;oM npH rroeTpoemrn: H ,c.o..u. • IlOJm3aHo npea

t'1Yll{eeTBO pa3BlITOro MeTo,na, Il03BOJI.FIIOO.lero IIOJIY'lv!Tl, He TOJII,ItO :KeeT-

mrn orpaHH'lemu:r 1-1a eTPYK'l'Y'PY H 1<.o..t.1 , 110 11 paceqv,raTb Bee ero 

napaMeTp11. 

B. ]1;m e.7IY'IM npoueJKyTO'lHOI! eB.F13H, 1<or,1:1a He y,n;aeTC.FI IlOJIY'llITl, 

aHa.JIHTU'leeRtie B!,!palKeHH.FI ,ll;JI.FI eodCTBCJ-llillX 3Ha'lemrii. n eo6eTIJeHiillX 

qiyHRUHi1 H 1<.o-..1..1 , 61.:JIE f.a3BHTH npoue,nyp11, rroanoJI.FtIO::itte e.n;eJiaTh 

:no qncJieHHO, nyTeM ,1:1v.aro1-mJii!&'lI_(JIH HK o--1,..1 B 60JI1,wor.r, 6a3lree 60-

aouHHX eoeTOfilHL;. 
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r. Jl.,'I!I npoBepKII MeTo,na omra pemeHa Mo,neJII>HM 3a,na-qa c ~y

MJI o,nHO'IaCTH'!JiillMii ypoBHJIMll, PesyJII>TaTH pac'!JeTa cneKTpOB HHlltruilllHX 

COCTOJIHIDi H rrpllBe,neHiillX MaTpll'IHUX 3JieMeHTOB OT onepaTopa rrepe,na-

'IJU .nBYX HyKJIOHOB COBIIa.mI ~ TO'IJlll,IM pememrnM /I2/, . 

Bo BTopou rJiaBe / 9,r9-2r/ paaBHTh!H B rrepB~tt rJiaBe <p0pMaJill3M 
• • • - ••• , ~ I + . . ~ 

IIpHMeHeH .nJIR aHamrna CBOHCTB rrapiillX KOJIJieKTllBiillX O - COCTOJIHim 

B JI,npax c MaccoBHM 'IJllCJIOM _ A = 46 * 64. 

IlOJIYlJeiill CJie.ny!OOllle OCHOBiille pesyJII>TaTH: 

I) HccJie,noBaHa saB116~ocTI> aHeprd rrapHRX' · 0 + - cocToJIHIDi 

OT BeJIH'!JllHhl KOHCTalIThl mipHoro B3aHMO~eiiCTBllJI G- / 9/. IloKa3aHO, 
. .. 

'IJTO JIY'!Jrnee OilllCaHHe crreKTpOB B03Oy~eHIDi_B paccMaTpHBaeMoft OOJI~C-

TH JI,nep IIO.TJlJaeTCJI rrpn 3Ha'IJeHllllX rrapHOH ROHCTaHThl, OJill3KllX K 

"KpI1TH'IJeCKOMY" ( G, ~ G-K ) ' Kor.na HeIIpRMeHliMO OIIllCaHHe HM B BllO-

paLUIOHHOM, HH B poTautIOHHOM rrpe,neJiax. IlpH 3TOM BOJIHOBh!e qiymcrurn 

npe,ncTaBJI/IlOT COOOH CJIOlltHyD cyrrepnoaiuruo OO3OHHlilX COCTOJIHIDi. 

2) 3aBHCHJVJoc'iI> aHeprd rrapHRx o+ ...;cocTomiIDi oT naocrrwra/9, I9, 

Ha pHc. I .nJIR JI,nep c A = 54, 56, 58 B rrepBoii xoJioHP:e ( n } 
rrp11Be,neHH pesyJII>TaTH paclJeTOB C napiillMll OCTaTO'IJlll,IMll CHJiaMH, BO 

BTOpott ·c 3 ) - 3KCrrepHMeHTaJII,Hl,18 3HeprHH napHHX OT - COCTO_. 

JIHID1. Bn,wm, 'IJTO H3OIDIBapHaHTHHX rrapHHX OCTaTO'IJlll,IX CllJI He,nocTa

TO'IJHO ,nJIR OOMCHeHHJI HaOJID.zr,aeaoro pac~enJieHHJI B H3OMYJII,THilJieTax. 

ZTo yKa3HBaeT Ha BaJKHOCTI, y-qeTa ~OilOJJHHTe~I>lillX B3a~~o,neftCTBllll 

.nJIJI orrncamm ROJ!,lleKTHBlillX rrapHHX COCTOJIHIDi. Cpe,nH mm, rrpHBO,WI..:. 

HIHX K CMI>HOMY pacn1errJieHmo no H3OCilIDiy H He BRJI!OlJeHHlilX B raMllJII,

TOHiffi:II (I), B rrepBYJO O'1Jepe,n1, cJie.nyeT OTMeTnTI> CHJn,!, OTBeTCTBeH

HHe sa IlOJIBJI8HHe noTeHumura CHMM8Tplm B llOJJHOM O,nHO'IJaCTR'IJHOM no

TeHIUraJie. PesyJII>TaTH, ITOJIYlJeHHHe C Y'IJ8TOM 3TOro 'IJJieHa, npHBe,neHH 

Ha pHC. I B TpeTbeH KOJIOHRe ( n + C } . CorJiacHe C axcrrepHMeHTOM 

C~8CTB8HHO YJIY'IJ[IJHJIOCI>. 

8 

) 

~ 

I 

,' 

\ 

E 
M.& 

30 

20 

10 

A•54 

f T T 
___ 3 

T
l 

_2 

- f 

---, . ___ j 

Ol _t 
n 

_, _, 
3 n,c 

T 

A=56 

T T 
~~ 

~

_t ___ : ---~ 
---o ---0 ---0 

2 

no _o _o 
3 n•c 

E 

"'' 

A•58 Bo 

T T T 
__ 3 

!20 

T
3 

2 

I JIO 

---1 .---' 

_, -' 
n 3 

_,JO 
n-c 
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B cBoro O'lepe,n1,, o,ItHoro tJJieHa crumaeTplm He,nocTaTo~o ,nJilI 06~

SICHCHHfI Ha6~,naeMoro pacmeIIJiemm B HsoMyJinTimJieTax. Jrnm1, o,ItHoBpe

MeHHH:11 y'leT 'lJiemi CHMMeTpmr 11 napirnX H30HHBapHaHTHHX OCTaTO'lHhlX 

ClUI IT03BOJI!IeT onucaTl> 3aBHCHMOCTI, aHeprn:11 COCTOSIHn:11 OT l'!30Clli!Ha. 

3) BJIHSIHHe tJempenacTirnrnX Roppe.7Ilinml /I9/. 

IIpH aHaJIHse aHeprd HID!tailmPIX .zvm R~oro A cocTommii 61,1JI0 

OTMC'ICHO pe3ROe OTKJIOHCHHe pe3yJII,T8TOB TeopeTll'l'CCRHX pactJeTOB,OT 

8I{CnepHMCI!TaJihlihlX BCJI~H B TCX CJJY'Iru!X, ROr,na paccMaTpHBaJIHCI, 

COCTOSIHUfI JI,nep, OTIDl'IaJOOtliXCSI Ha aJII,(!)9.-tJacT:mzy. ::)To HaBO~T Ha 

MHCJ!b, 'lTO npIItJl'!Ha paCXOll\ll;CHl'!fl - OTCYTCTBHC B raMHJil>TOHl'!aHe (I) 

'lJICHOB, npHBOMUlliX R cl.. - 'laCTK~M ~oppe~. Hanpm.mp, CM, 

,neil:cTBynruo:: B cocTOSIHMX c HetJeTHHM MoMeRToM H PiaocnmroM · T~ 0 • 

rpy6rur onemm TaRliX B3aHMo,neficTBm1 IlORaaana, 'ITO C Ill IlOMOl{ll>ID 

MOlltHO YJJY'l□HTI, corJiaCHe TeopeTll'l'CCRliX npe,ncKaaarnd, C 8RCnepHMeH

TaJ!bHI1Mli ,naHHRMH. TaRHM o6pa30M, eCTI, OCHOBaHWI YTBCp,K,IJ,aTb, 'lTO ,nJilI 
+ 

noJIHoro: onHCaHIDI O - cocTOSIHn:11 B JI.Iijl8X c A ~ 56 Heo6xo.ItHM yqeT 

He TOJil>RO napiillX, HO H d.. - tJaCTll'l'HIJX ROppe~. 

4) B.lIHSIHHe napHI,JX ClUI Ha pa.ztHYCI,J SI,nep 1201. 
Ycpe,ItHeHHru!,3aBliCHMOCU cpe,ItHeKBa,ztpaTHtiHHX pa.ItMYCOB (CKP) 

a,nep OT Ma.ccoBoro 'lHCJia HMeeT BH.zt ~ A 413 I 4/. Mew TeM, a1<cnepH-

MCHTMl>HaJI l'!HqJOpMan1m YJ<83I,JBaeT Ha HaJIHqHe pJI.D;a OTKJIOHeHmi OT TB.KOi 

aaBHCID.mCTH: Ha6.mo,naeTCSI CHCTCMaTll'l'CCROe yMeHl>meHHe CKP npH 

no,nxo,ne R MarINecRHM SI,npaM. IIpoBe,nemme pac'leT1,1 B paMKax o6oJio

'Ie'lHOil: MO,zte~ H B paMRax Teopim q>epMH-CHCTCM He CMOrJIH 06'hllCHHTI, 

XO.It CKP no R30TOnaM. POJII, napIIlJX KOppeJI!Inml B 8TliX pac'leTax BO

o6me ue BI,JJICHJIJiaCl>. B ~ccepTanim nayqeHo Bmunrne HsomrBapPiaHTHo

ro cnapHBaHHSI Ha CKP SI,Itep. ll.neSI PlC'lCTOB COCTOJIJia B TOM, 'lTO 
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napHHe ROppeJIRI(Illi, pa3MllBM rpaH:mzy .Z.eplvlli, IlJlHBO,ItfIT R yBeJil'!'leHHID 

CKP. IIocROfilRy poJin napIIlJX CM yMeH1>maeTCSI no Mepe npu6mmemm 

R 3aMRJIYTllM 060JIO'lKaM, ecTCCTBCHHO npn 3TOM Ol!tn,ztaTl> YMCH1>111emm 

CKP SI,nep. IIpoBe,neHiille pac'lCTbl no1<aaamr; 'lTO ,nelCTBl'!TCJII,HO Ha6Jll)

,naeTCJI HCROTOpoe YMCHl>meHHe pocTa CKP npn no,nxo,ne R MarH'lCCKUM 

'll'!CJiaM,HaxOMUleeCSI D Ra'leCTBCHHOM COrJiaCHH C 8RcnepI!MCI!TMhHblMU 

;I\8.HHHMH, O)U{aRO B I{OJill'JCCTBeHHOM OTHomemrl'! naplille ROppeJif!Wm He 

MO:ryT 06'hllCHl'!TI, 3TOT 8cpcpeRT. 

5. AHMH3 3RCnepHMeHTaJipHI,JX .I(aHiillX no ~eqemmM P.llllll 1211. 
TeopeTl'!'lec1<d pac'IeT ceqeHmi 61m npoBe,neH B par.max MeTo.n;a 

HcruuteHIIlJX BOJIH (Mlffi) B npn6.muteHHPI ffYJieBoro pa.zu1yca Baa1mo.rien

CTBM. 

Ha pPic.2 H B Ta6JI.I npHBe,zteiill peayJI1>TaTbl pac'leTOB ,ItM@.iepeH

UHaJII,HI,JX ceqeHlfii HCROTop1,1x ( t., P ) peaRn:im H 8KCnepHMeHTMl>HHe 

,naHHI,Je 161. Pac-qem npoBe.I(eHH c TpeMR: Ha6opaMir cne1<Tpoc1<onn-qec

RHX qaKTOpOB: I) O)U{a 060JIO'le~M ROHiJl'.rypaUHSI (TI); 2) rapMOHH

'lCCROe npH6JIHllteHl'!e (T2); 3) pac'IeT c y'leTOM aHrapMOHINHOCTH n 

· paMKax MeTo,na, PiaJioxeHHoro B nepBott rJiaBe (T3). 

ITOJIY'lCiill CJie,IzylI!tHe OCHOBIIlJe p83YJil>TaT1,1: 

a) pac'leT cneRTpOCKOill'!'ICCKHX qaKTOpoBP,lllIII 1211 H 'IHCeJI sa

IlOJIHCHHSI O,ItHO'l8CTHtiIIlJX COCTORHmi /19/ YJ<a3tlBaeT Ha BruKHOCTI, y.'leTa 

60JII,WOro 'lHCJia ypOBHel cpe,ItHero IlOM, 'ITO JierRO ocymecTBJITI, B 

paMKax pa3BHTOro MeTo.na, HO HeB03MO.!tHO C.I(CJiaTI, H3-3a Tpy,n;rIOcTefi 

Bbl'll'!CJIHTCJll>HDrO xapaKTepa B TO'IHHX pacqeTax /II-I3/; 

6) pactJeT HHTeHCHBHOCTel P.llHII (Ta6JI.I} nO.I(TBeplK,IJ;ieT DlrnO,I!Jl, 

nOJIY'lCHHI,JC paHee npn aHaJnr3e cneR'l'pOB napHHX D036ylK,ll;emm, 0 TOM, 

'ITO napH08 ,ItBID!tCHiiC B paccMaTpl'!Baer,lOli o6JiaCTH SI,nep He OIIHCUBaCTCSI 

HR B BH6panROHHOM, HH B pOTal{l!OHHOM npe,lleJiax; 

II 
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N 

.01 

d.Lf~•] 
dn l sr . 

75 

cr54(t,p1C,r56 

Et -11.99MeV 
Q - 6.00MeV 
E·- o.00MeV 

100 

1. 

.1 

.01 

gf["1%r] 

2s ·so 

Elc,.{deg l 

Fe54(t, p1Fi6 

Et= 12. 00MeV 
Q •12.02MeV 
E"- 0.00MeV 

75 100 125 

Plic,2 • .J0:cM;epeHUl:!aJibHHe ce"tJeHIDI ( t 2 p ) peaKUIDi. 

- pac'ieT B pm.max MMB. 

o)-- SRcnepnMeHTaJibHHe MHHHe. 



Tao~ I. Ju,J:@leP.em~a.111,iwe cetJeHIDI ( tJ p .. ) peam~ 

·. 

H.npo E,t -E* dO-- (H% 0u,M= 12.5~ N. Y..X/ 
cJ.n crnep ,· 0 

-MHIIISHJ., (M3B) (MSB) 
3KCilX/ TI T2 T3 TI T2 T3 

·. 

4,Cq. II.96 o.o I.48 ,040 • 37 .• 64 . 37,· 4.0 2,3 
~'c. Q. II,96 5,46 3.00 .II2 .45 .IS 27. 6.7 16,8 
"'ca.. II.97 o~o 3.24 .095 ,38 .47 34: 8,5 6,8 
"'Tl :13,0 o.o I.IO .055 · .57 · ,54 · 20. I a · 2.0 . ., 
"'T~ 13.0 4.97 •.4+ .134 .53 .20 3. 0,8 2.0 
"'n 13,0 o.o .96 .34 .29 .51 28. 3.1 I.9 
i,,Ti. 13.0 3.88 1.24 .120 • 48 .19 ID • 2,6 6.6 
soTi. 13,0 o.o 2.38 ,099 .39 .48 24.· 6.I 5,1 
soc-c I3,0 o.o ,57 ,03I • 25 .44 rn • 2.2 I,3 
30 C. 't 13.0 2.66 ,57 .I22 .49 .I9 5, I.2 2.9 
,.2c't I3.0 o.o I.44 .IOB .43 .5I I3. 3.3 2.8 
si, I3.0 0,0· 3,I3 .083 .65 .46 38, 4.8 6,7 s,,Ct 

Fe I3.0 o.o I.I2 .I07 .42 .48 IO. 2.6 2.3 
5 'Fe 13.0 o.o I.70 .090 .70 .49 IS. 2.4 3,5 
sr Fe I3,0 o.o. 2.5I .DI3 .84 .40 193. 3,0 6,3 
SlNi. I2,I5 o.o - .096 .75 .5I .- - -
6oN~ I2.I2 o.o - .OI4 ,96 .45 - - -
62. w~ 12.05 o.o -:- .OI6 I.OB .29 - --

x/ CMOTpH 0030pN / 5/, 

xx/ No=:. (dc:r/d.n.) · /(d'J'/r1n) HOpMB.Jll13auHOHH11H q:aKTOp 
lKcn M118' 

npH6JIWKeH:wi: ay~eBoro pa,neyca, 
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B) eeJm npe,nnoJIOl!tl1Tb, q'l'O B eeqeHHe peaRuim ,naeT BK.Jia;n 

TOJlbKO O.I(Ha o6onoqe'!HM KOH!pHI'YpaIUUI {Ta6n.I, TI)~ TO paccqHTaH

HOe eeqeHl1e no.nyqaeTCR 3HaqaTeJII,HO MeHbll!e 8KenepHMeHTMbHOro H 

oqeHb MOXO BOenpol13BO,IIJITCR OTHOWeHM.li eeqeHHii. IlpH yqeTe napHlilX 

oeTaToqflliX eHJI yrnoBoe paenpe~eneHHe npo,JzyKTOB pea.KUHR (pae.2) 

MeH.fleTCJI oqeHL e.na6o, O.I(HaRo a6eoJlIOTHOe sHaqeHHe eeqemrii {Ta6n.I, 

T2, T3) yBeJllltJHBaeTCJI. Cornael!e e 8KenepmieHTMbHHMH ~MH ey-

111ecTBeHHO ynytJwaeTCR. 0.I(Haito BoenponsBeeTH COOTHOll!eHM HHTeHCHB

HOCTeH BO Beefi 06.naeTH H)J.ep He Y.1¥i0TCR. IlpHqHHa paeXmK.&eHH/i -

eJIHlllliOM rpyoue npe~OJIOJKeHHli, 06hltJHO HeilOJib3yeMUe B KRHeMaTli'Jee

KOii qaeTn pae...-eTa ,IU'i.ilf>epeHIUiaJll>HOro eetfeHH/i P,lllIII: npa6JIHJ1teHHe 

HYJieBoro ~eyea BsaHMo,neileTBl'IJI, npoue,eypa no'ArOHKH r.ny6mrn 

RMH l1 T.Il. 

fio.D,BO,Il)I llTOfi1, OTMeTHM, 'iTO np11Be.n;eHHHe B ~oil rJiaBe pae

qeTli npo,neMOHeTplipOBaJili IlJIO,ll;OTBOpHoeTb OilUcaHHII eaMblX pasHoo6-

pa3HHX eBoiieTB nupHHX O+ .. - eoeTO.lIH.llli B paMKaJC MeTO,D;a, Y'i11Thl-

BalOlllero He60J1blilOe ,meno KOJ1J1eKTHBHhlX napHHX eTeneHefi eBo6o,D;H. 

B TpeTbeil rnaBe 122, 231 IlOKasaHO,KaR, HeilOJib3YJI MeTO,ll; 

KOHeqm,ix 6030HHhlX npe,neTaBJieHHii qiepMHOHHHX onepaTopoB 11 .MeTO,ll; 

H.H.Eoromo6oBa B TeOpHU Cl!JII,HOH eBJI311 / 24/, peWHTI, 3a,D;a'iy o 

napHHX BU6parumx /I5/, l!eKJIIO'il1B "Heq>H3HtfeeKHe" eoeTOJIHHII, IlO.f!B

JIJIIOOllleCR us-sa HeTOtfHoro ytreTa 3aKOHa eoxpaHeHM 'iHena qaeTHU, 

ECJlH pewan aTy sa,naqy o6u'!HhlMH MeTo.n;aMH { u-zr_ npeoopasonamrn 

n R. PA ·,ll;JlJI onepaTopoB nap KBas11'iaeT11u), TO Bo'.mronhle qiyHKI.Ul11 

OKaShlBa.DTeJI HeHopupyeMhlMll If, Kpo.Me Toro, paeXO,IIJITCR epe.I(HHe 

aHa_tJeHlili paaJm'iHhlX o,IJ;HoqaeT11qfllix onepaTopoB. iileTo,n H.H.EoroJIIO-

14 

6oBa Il03BOJIJieT IlOJIHOeTblO eoXpaHHTb eHMMeTpHD 3a,D;atJl1 *>. K eoJKa

JieHHD, pa3Bl1TM MeTO,nHKa KaHOHH'l:eeKKX npeo6pasoBaHJtii ,ll;JlJI OT,nene

HHJI IlapaMeTpOB rpynnu eHMMeTpl1l1 raMWibTOHHaHa Hi MOJKeT 6hlTI, np11-

MeHeHa Henoepe,neTBeHHO B enytJae eHeTeMll q>epMHOHOB, PaMW!bTOHHaH 

KOTOpoil aanHeaH BO BTOpHtfHO-KBaHTOBOM BH,ne. 0.n;HaKo aa,na-qa MOJKeT 

6h1Tl, pemeHa, eeJlH HeilOJI1,30BaTb MeTo,n KOHe'iHlilX 6030HHhlX npe.n;eTaB

JieHHil q>epMHOHHlilX onepaTopoB 122•23/ • .llnJI: npoeTOThl paeeMOTpeHne 

6uno orpaH11tJeHo CnytJaeM TJIJKe;mx Mep, r.ne MOlKHO npeue6pe'ib eBJisl>JO 

HeilTpomrux l1 npOTOHHHX no.neaeTeM. B 8TOM e.nyqae raMHJII,TOHHaH aa-

,ll;a"iH HMeeT BH,n (o6oaHa"leHH/i eTaH.napTHNe ): 
•h. •1z. + A H "" ~ E Ne - G- ~ -"l~ ..sis, As s. 1 • s ~ S s.s• 

I. .llnJI: onepaTopoB k's ~ At , As , o6paayD!lHX anre6py R 3 , 

aenon1,aoBaHo CJie.DYJll{ee TOtfHoe 6oaoHHoe npe,neTaBJieHne /I7/: 

N - 2. 1 L A - 2- A+ - f. ( 1 fs ~ ) s - :rs"' .L , s - <of ,. s - s - :::n:- 'vf • . ., .TS S S S 

2. IlpH IlOMOll{H npeo6pa30BaHHJI nepeMeHHNX 'ts.., ex.p (~i~)·~ 

Bu,neJIJieTCR yron 1f ,' RaHOHH"leeKH conpruKeH~~ onepaTopy qJ1ena 
A L ~ . 

qaeTU-U N = I A{ = ~ ~ J, 'vf = - ,· 'ii!£ • HoB1i:x nepeMeHHHx Ha 
£ £ s 

O,D;HY 60Jiblll8, qeM eTapHX,H Il08TOMY Ha Fs HaKJia,D;HBaeTCR yeno-

0BHe: l.J_j-( Fs)::: cot,! t. TaR KaR [H ~NJ= 0 , TO raMMbTOH.11aH 

He saBHeHT OT '£ H eo6eTB8HHlle cpyHruum: raMWibTOHHaHa sanneu

BaDTCR B q>aRTOpHaoBaHHoM BH,ne: 4',v""' 01J = exp Ci: Al<.f) • ~;(F.d . 
( /V - ~eJIO qaeTHU, of. - ,ll;Oil0JlHHT8JII,Hl,le KBaHTOBhle "iHeJia). 

IloeKOJibKY SaBHeHMOeTI, OT yrna ~ BeIO,lly BXO,ll;l1T B BH,I(e exp(,,P}, 

TO He HYlKllli xapaRTepHNe ,ll;JlJI R PA npe~onoxeHHJI o MaJIOeTH 1£, 

l1 aBTOMaTH"leeKH BHilOJIHJI8TCR yeJIOBHe I.U1KJIH"IHOeTH 8TOil nepeMeHHOli. 

Iloene,eyllllHe np116JIHll[eHM µe He HapylllalOT eHMMeTpHD aa,naq11, 

ii) He,naBHO 6HJIH npe,IJ,1Io2KeHN TaKJKe mrne no.n;xo.n;H K pernem-uo /I6/ 
H'OI 3a,na"ll1, oeHOBaHHNe Ha M8TO,ne o6o6meHHO~ MaTpHUhl IlJIOTHOeTH 

H MeTo,nax Teop:im npe,neTaBJieHHii rpynn/25/, 
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3. Ca.Mocor.nacoBa.HHOe napHoe ll0Jl8 ~H.1{8JIH8TCH C llOMOIIII>D KaHO

HK'J8CKOrO npeo6pasoBaHRll nep~eHlruX .Fs= fs-+ f't', ~¾ = As + f3.s • 

I!0.7JY'IeHH 06Htnill8 YpaBHemm:, CB8pXTeey,:ieii M0.1{8JIH ~ 12 , 31, nplI

'l8M KOHCTaHTH rs, A.s CJ18.IJYRlllHM o6pa.90M CBJl9aHH C napaM8Tp8.MlI 

1'-lf" npeo6pasoBaHR11: As=' us Vs , rs.-=- '2J:i /U.s . 

4. fu'Aa-qa o napHHx Bos6ylK,IJ;eHIDDC pemeHa B rapMOillitieCKOM npII-

6JIIDKemnr: HA.PA = f c.utt- /3! _ /3 K , r.ne 6ose-onepaTo-

pa j3 ~., /3 K CBJl9aHH C onepaTOpaMlI 6090HOB f 1, F>.s C ll?MOl!lI>D 

• ~eiiHoro KaHOHK'I8CKOrO npeo61)8;90BaHRll. IlOJJY'I8HH o6H'lHHe YpaBHe

HIDI Ha tiaCTOTH w 1<. napHHX B~6pamm /I5/. 0,IUiaKO,. 6.naro.napl! 

TO'IHOMY Y'I8TY 9aKOHa COxpaHemm tJJ4CJia tiaCTIIU, B09HmtallT YCJIOBWI, 

nomocTI>D sanpema,Dlllie ITOJ!BJieHIIe "HecpIIaHtiecrurx:" ( u., 0 = o ) peme-

HIIH. 0KOH'IaTeJII>HO, llOJJY'Ia!lTCH BHpaJK8HWI .IIJJJl @epMROH!IllX onepaTo-

poB Ns :1 A~ ~. 
Bomoooe W-HKIUlli 

.. 
A.s tiepea N, e)( p Ci 1£ )., Pt. , /31< (k :¢OJ, - ~" 
~N,oL {-!~) =e)(p(i Nr.f)•-r,1,(Pt,~I() HopwpyIOTCH 

o6H'IHHM o6pa90M lI noeTOMY, KpOMe lI9B8CTHHX peayJII>TaTOB R. PA 
MH Ten.epI, UMeeM B09MOlKHOCTI, BH'llICMTI, Jlll6ae MaTplI'IHHe 9Jl8M8HTH 

OT onepaTopoB Ats, A! A.s , 'ITO HeBosMoXHo 6HJIO c.ne.naTI> B ~ 

Kax R PA 
TB.KHM o6pa90M, Ha 6aae M8TOWi KOH8'IHHX 6030H!IllX npe,nCTaBJle

HlIH W8pMROHHHX onepaTppOB YWiJ!OCI, llOCTpOIITI, 8.I{lIHOe OlllICaHIIe ca

MHX paaHoo6pa9HHX CBOHCTB ClICTeMH ~epMROHOB, BSallMO,l{eliCTBYJ!llllIX 

nocpe.ncTBOM napHHX OCTaTO'IHHX CWI. 

OcHOBHHe peayJII,TaTH WiHHOro lICCJ18.1{0BaHWI ony6JllIKOBaHH B 

pa6oTax /8-IO,I9-23/ II MaTep.HaJiaX XXIIl CoB. no~~ cneKTp. II 

CTPYKT, aT. ~pa (T6wmcH, I973); my CoB. no~-- cneKTp. H 

CTPYETYpe aT, ~pa (XapI>KOB, I974) II .noKJia.IJJlBaJIHCI> Ha XIll CoB. 
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.lIHTepaTypa: 

I. A Bohr,Nucl.Structure, Dubna, Symp.,1968.IAEA,Vienna,1968 

p,179, 

2. n.r.CoJIOBbeB. ~3T~. 35, 283 (I~58). 

3, S.T.Belyaev.Mat.Fys,Medd.Dan.Vid,Sesk.,31,11 (1959) 

4. B.r.CoJIOBI,eB • .UAR CCCP, I44, I28I (IS62). 

5. S.Yoshida,Nucl:Phys.,JJ, 685 (1962) 
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IO. P.Il • .Il;KOJIOC, B.r.KapTaBeHKO. Coo6meHHe OHRH,P4-6782 (I972). 

II. H.T:Chen,R.N,Richardson.Nucl.Phys.~,317 (1973) 
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