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PaOora :awnonaesa B !aOoparopMH reoperMqecKol w•a•Kx 

00be~~H8BHOrO MBCfKfyra R,llepBWX MCCn8AOB8BHI. 

O~MUMB~bHWe onnoaearw: 

aKa,llellliK AH CCCP 

,liOKTOp ~M3HK0-118feM8fHlleCKHX HSYK npo~ccop 

,liOKTOp ~H3JIK0-118Teii8TMll8CKMX BBYK 

• 
C.T.Ee.nae:a, 

H.A.CIIOPO~HHCKHI, 

r.~.~HJIKnnOB. 

Be,11y~ee aayllHo-accne,llo:aarenbCKoe yqpeaAeHHe: 

lt1acrMry!' RAepawx accne,lloBaBJdl AH CCCP, r.UOCKBB. · 

A:arope~epar paaoc.naH n II .. r. 

38JIIIr8.~HCCepraUBH COCTOMTCR n 11 !977 r. 

H8 aace~BBHM cnenaa.naaMpOB8RROro CoBeTa n-56/I 

J!aOoparopHH reopernecxoA ~MSHKH OO'be~uenoro ncr11ryra 

R,llepHWX HCCJie,llOBBHMil, r.nyo~a, MoCKOBCKOII00JJ8C!'IIo 

C A~CCepranaeA IIOBHO 03BQKOIIIIfbCR B 0B0XIO!eKe 

00'be,liMHeHHOro MHCTBryra H,llepHWX BCCJle~OB8RBI. 

YqeawA ceKperapL Co:aera 

KBHAH,ll8f ~M3HKO-Marell8fMlleCKIIX HBYK 

P.A.AcaKOB 

llpJi reoperHll6Clt011 paCCIIOrpeRJIH l30npOCOl3, CBH38BHWX.CO crpyK

rypol cnoaHHx a.nep, l3 np•anxne, aecioxo,llHMo yllHrw:BarL orpoxaoe~ 
llHCJIO l33811110CBH38HHWX creneBe! CBOOO,llW R,llpa. ·B !8KliX yCJ!OllHHX 

ecrecnesuo caaqana n6ArH no nyrH lll>l,lle.nemm KBKHx-.fo · oO••x KHoro

qacrBllBWX 38KOBOWepuocreA, 8H8J!li3HPYR· SKcnepalleB!B~LBWe ~BBKWe 

0 R,llepHWX B030YB.li6HKHX. Ha 3!011 nyra· BOSBHKJIB 0000.eBH8H M0~6XL 

HlJ.pa/1/, ~a ocuoB~ Koiropol y.na.noc1o BI>IHBHn HHrepecawe aaKoBoMep

uocr• l3 c:aolcr:aax HllBKoneaa~x :BoaOya,lleHHWX cocroHBilA·aroxHWx 

a.nep/21. 
07J.B8KO UOCJJe,llyD.KA poe! 3KCnepHII6H!8JlbHOI KH~Opii&UKM 0 

CBOIIC!ll8XCJI800B030ya;neHHWX'cocroRHHI H,llpa npO,ll6110BC!pi!pOl38Jl 

ae,llocraroqaocrL ~eao•eaoJiorHllec~ax hpe,llcraBJieHHI~ BoaHHKJia aeoo-
- . ' .. 

XO~BMOC!L B 00'bHCB8HBH CBOIC!B R,llep C nOMOJIILD npe.liC!8BJI8HHlrt 0 
. ' 

:aaaHM07J.elcrBHII qacr•n, cocra:anHDIIIHX cHcreMy~ 

llPI116H6HHe K R~py Be!07J.Ol3 KBBH!OBOI reopHH IIHOrHX !eJI H8ll8-

JIOCL UOCJie C03,ll8HM !eOpMI CBep:i:npoBO;ztHIIOC!H B paOO!SX b8p,llliH8-

Kynepa~IDpH~epaf3/ H H.H~Eoro.nDOoBa c corpy;nuaxaMx/41. B !958 ro,lly 

H.H.Eoro.nmOOB ·yK838Jl HS npBBntnHa~LHYD B03110BBOC!b cy•ecrBOBBHHH 

CBepx!eKylleC!H H,llepaol 118!epHB~5/: O.Eop, E.Morre~LCOH H n.TialHc/6/ 

nOC!SBKXB BOnpoc 0 C].eCTBOBSBHH'cBepxreKyllHX.COC~OHBill l3 S!OMHWX 

H~pax. TeopHH napHWX KOppe.nH~HA CEepxnpOBO,llH.ero !Kna E B!OMBWX. 

H~pax OWJia C03,l1SBa l3 '!958-!959 rO,l18X H638BHCHIIO B.r.Co~OBLeBI>IM/7 , 8/ 
a C.T.EenaeBww/9/. TeopHH napawx Koppe.nHUHA no~ozx~a uaqa~o mKpo

KOMy BayqeuBD H,llepaol C!PYKtypl>l Ba OCBO:Be MHKPOCKOnHqecxorO nO.ll-

- XO,lla. 

06-&e,J:.HllOU:m;st\ tEmtTJ'I' · 
uepBYX ~ct·neAOBiBd 

&MGflHOTEKA 



PaaBmrHew z~e~ TeopzH ~epwm-zH~Kocrz ]aa~ayiiO/ B npzweHe~RH 
K a~OYH~Y H~pey HBH~8Cb reopRH,KOHBll~X ~epwH-CHCTBU MHr~a~a/II/. 
B arou no~xo~e oonLmoe BBHuauze o~~o y~e~euo a~eKTHBB~w cz~au,, 

~e~CTBYDmHM uez~y Hy~OH8MR B H~pe. B ~anLHe~meu Bonpoc~, CBH-

38H~·e ·C. H8XOZ~BHHBM S~B~THBH~X .. CH~, ~CC~e~OB8~HCb B/!2-IS/ • 

B ~oc~·e~uee Bpeun B PHAe paoor/IG,I?/ paapaOaT~Bamrcn uero~~. 
npauoro pemeHHH_ypaBBBHHH llipBAHHrepa ~H CHCTBK, COCTOH~X·H3 A 
B38HM0~61CTBYDmHX HyKnOBOBo 0AB8KO B npHKBHBBHH K THX6nHU H~paw . 

31'01' UOAXO~ TO~LKO H8llHH86T paaBHB8TbCH. ~. ,_. 

JlpH wa~~X SH6prRHX B030YXABBHH B HAPBX OCYIIl6CTB~HDTCH TO~LKO 

cpaBBHTB~LHO UPOCTW6 !HUH ABHX6HRI. Cpe~H HHX up6a~e BC6rO ByXBO 

OTMBTHTb O~HOll8CTHllBOe. npyrzM THUOM ~BHXBHRH, CYIIl6CTBeHBWK oopa

aou onpe~6~HDDIHU CBOICTB8 HH3Konezaiii,R~ HA6PHWX COCTOHHHI, HMH6TCH 

KO~n6K!RBHOB ~BHX6HRB 1 npR KOTOPOK cornaCOB8HHWK Q0pasou K6HHDTCH 

COCTOHHHH KHOrHX Hy~OHOBo 0CHOBOH AJIH OURCSHRH HH3KOJIBX811lRX 

KO~~BKTHBH~X COCTOHHHI HBHJICH 1 no CYIIl6CTBY 1 M6TOA npR0JIHE6HHOrO 

~ropHllHoro ~BaHT.oBaHzH, ~PBAJioaeHH~I Boro~~OOBl.III/IB/. Cylllecnyer " 
. . . - -•' 

CO~LWOB llHCJIO SKCnepHMBHTBJlLHWX lt8HHWX1 npz paCCJIOTpeHHH KOTOPWX 

HBOOXO~HKO YllHTl.IBSU H KOUBKTHB~e, H OltHOll8CTHllHii6 CT6UBHH 

CBOCO~W. C STOI.~eJILD B/I9/ O~JI C~OPIIYJIRPOBSH.UOl{XOA, .B KOTOPOM 

HBH!ill 00p830U YllHTWBSJISCL CBHSL OAHOllSC!Hll~X H KO~JI6KTHBH!iX 

n6p6K6HHilX. 

HHT6HCHBH06 H3YllBHHB CBOlCTB HH3KOJI6Z8mHX KO~JI6KTHBHWX 

COCTOHHHI/20/ U6PBOH8ll8~L~O orpaHRllHB8JIOCL. pacc~OTP6HH6K OAHO~ 
~HOHH!iX B030YXABHHI. 0AB8KO K Ol{HO~OHOH~M COCTOHHHHK OTHOCHTCH 

•, .. 

JIHDIL K8JI8H ll8CTL SKCU6pH116HT8JILHOl HH~OPKB~HH 0 HH3KO~BX811U!X KOJI-

~BKTHB~X B030yli:~6HHHX H,llep. JlOCll6;1lyDIIU!l poeT 3KCUBPHK6H1'8l!LHOiit 

HH~opuanHH 0 KOJIJI6KTHBHiiX B030YXABHHHX B C~epHll6CKHX H U6pBXO;Il~X 

,fl;l(pax UOK838JI, llTO H600XO;IlHK T60PBTHll6CKHI KBTO;Il, KOTOpiilit B npRH-
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nzne U03BO~fl~ OW OUHCHB8Tb nep6XOA OT c~epRll6CKHX H;llep K ~6~0p-
. -, -~- . . 

KHPOBSBHUU, llTO rpeOoBa~o ;1(8JILBelitm61it paspaoorun uareuarzllecKoro 

annapara reop1m. Kpou6 roro, uaqaBmRecn lmreiiczBBU6 ncc~6AOBaaza 

nap~x o+ BosOyll;ll6HH1t B HApax cpeAH6ro arouaoro B6c~. ~·oKaaanH ~ 
llro ~eoperzqecxoe paccuorp6HHe TaKnx cocTOBHHiit ue~~aH npoBOARTb 

HR B rapJ.rOHHllBCKOU npzO~HliCHUH, HH B np6;1lDOJIOll6HHR 0 CTB!HllBCKOU 

xapaKr6p6 napawx aopp6~H~HA. · 

TaKHJ.r oopaaou, noHB~HercH B6oOxo~zuocTL B J.r6TOAe, noaBo

~m~eu onHCWB8TL EO~JI6KTHBH06 l{BHli6HHC 063" np6;1lnOnOXBHHit 0 rapuo

HHllHOCTH K0~608HHA H~H cy~6CTBOB8HHH"CTBTHllCCKOft ;1(6~0pll8~HH RnH 

C!f8'rHll6CKHX napHHX Kopp6~H~H1f. ,lJ,l!CC6pra~HH DOCBH1i16H8 pem6HHD 

STOia 381{8llHo 

C STOlt n6JILD B ;I(HCC6p!B~HH paapa68TUB8CTCH ll8TCH8THllBCKHil 

annapar UCT01t8 00BOHHHX DP6ACTaEn6BHiit ~epHHOHHUX oneparopOB H 

p83B~Ul86'rCH DOAXOA K DOCfpOBHHil KHKPOCKODHll6CK~It TBOPHH HH3KO

ne:a~IX KOl!n6KTHBHUX E030YX1t6HHft, OCHOB8HHUit H8 npHU6HBHRH BTOro . 
HBT01t8o 

UetoA 6oaouuoro npeACTBB~6HRH ~6pJ.raouuux oneparopoB, paa-

BHB86MHft B H8CTOB11i6A ;I(IICC6pt8UHH, ~aex OOJiiYil ~puy-

BBPOBKY npo0n6KW KHOrHX TC~ ~BH CHCT61l 1 COCTOH_.X HB ll6THOrO llHC~a 

r!lepwzoaoB •. B to :~:e EpewH aror wero;ll noaBo~aer EH:Il~JIHn aa o0116ro 

ll11CJI8 AHHBKHllCCKHX n6p6K6HHHX 1 ODHCHBBDI!(HX HAP0 1 ·KOBJI6KTHBHWB 
.·· . . . ;, ' 

nepeKBHHHB. fiep6X01t K 0030HBOKY ODHCBHHil 1{861' BOBIIOXHOC'rL 663 
' . . 

npuJIBllBHJIH DP61tDOliOXBHHH 0 rapllOHHllHOCTH Ko~eOaHHA nocrpOHfL 

KOli~6KfHBHHJa rBIIIIl!LTOHHBB, OCHOBHBBHCL H8 IIHKpOCKOUHll6CKOK ra

KKJIL!OBRBH6 H1tP8o 

J.let01l o0o6J;BHHOA KBTPHnli IIJIOTHO£~R(~I/ 1 B' npHHiinne, 1101:61' 

OHU IICDOJID30BBH ~H DOCTpOBHIIH EO~li6K'rliBHWX r~MML'rOHH8HOi22f. 
0AH8KO OCHOBH06 BHHKBHIIC B pa6otaX, HCDO~L3~11iHX ~'rOT 116!0;1( 1 
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OUHO y~eneHO MHKpOCKOnH~BCKOMY onHCBHHD Bpa~eaaaf23f. UHKpOCKo

nH~BCKHI no~XO~ K OnHCS~D Bpa~BTBX~KYX B030yz~eHHA H~ep paapa-
- /24/ • 

08TWB8BTCH TSKXB B • 

.ITepBBH rnaBa ~HCCBPTBUHH nOCBH~eHa BWBO~Y ~ 0030HKYX 

npe~CTBBXBHHA ~epMHOHHUX oneparopoB ~nH CHCTeM, COCTOH~HX H3 

~eruoro ~Rena ~~puHoHOB/251. B a~epuy~ ~H3HKY 6oa~uKYe ~pe~cTaB
neHHH ~epuHoHKYX oneparopoB BnepBHe ownH BBe~eKY B/261. O~uaxo 
npe~nozeHHHA MBTO~ no3BOHHH CTPOHT~ 0030HHHB npe~CTBBXBHHH TOX~KO 

B BH~e pa~oB no creneuau OoaoHHHX oneparopoB, ~ro cpaay ze nocTa

BHno H8 paCCMOTpeHHe Bonpoc 0 CXO~HKOCTH TSKHX pa~Oll. 

B ~HccepTaUHH nony~euo cne~yn~ee To~uoe Ooaonuoe npe~craB-

neuze: 
-f-~ t' ttg A A. ~A. 

au.afS-+(6,~.p- fs~/p6 r.s)P, afl~~~~p' a;~~~~t~tP, (I) 

A -

r~e P - oneparop npoeKTHPOBBHRH ua ~Han~ecHoe no~npocTpau-

crBo noJinoro ooaonuoro npocrpaucrBa. BeKropa ~zan~ecKoro no~

npocrpaucTBa H8XO~'l'CH BO B38HKHOOliH03H8~HOJl COO'l'BBTC'l'BHH 0 -

~epl.IHOHHHKH BBKTOp8KH COC'l'OHHHA. COOTH~meHHH (I) npe~C'1'8BJIHDT 

cooon oooo~enne npeliC'l'aBJienna ]J.aAcona liXH cnHHOBLIX oneparopoB 

ua cJiy~aa Oonee oO~en axre6pu ~epunoHHHX oneparopoB. 
II 

ECJIH HCKXD~HT~ oneparop npoeK'l'HPOBBHHH f> , '1'0 npHBBliBHHOe 

.ooaouuoe npeliCTBBJieHH~ HBJIHerca Houe~uwu. EoaouHHA oOpaa ~epunou

uoro raunx~rounaaa 0YABT conepxaT~ ~xeuw ue BHme mecroro nopanKa 

no creneHH Ooaouawx oneparopoB. B ~ncceprauHH noKaaano, ~ro KaK 

'l'Ot!li06 pemeHHe ypaBHBHHH DJpeliHHrepa C 0030HHHK raJIHJIL'l'OHHBHOJI 

B npellcTaBJieHHH (I), raK H uarpn~nwe aJieKenrw xmooro wuazt~ecxoro 
A-

.006p8T0P8 UOXHO HBATH, TIOJiaraH ~ paBHHM CliHHHU6. 

Eoaonuoe npeoopaaoBanze (I) B oow~noa Ooaounoa KaTPHKe 

He coxpaHHer -cBoacrB apuH'l'OBo'l conpsxeuuocTn oneparopoB. Uoxno, 
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o~HaRo,nocrponn Ooaoiiiioe npe~craBneHHe, KOTopoe o6na~aer arnu 

CBOt!CTBOM, -HO -]J· OTJIHQite OT (I) Hl!eer Cionee CHOJtHyll Ci030HHYD 

crpyKrypy n, no cy~~cT~y, ~aercfi OecKoue~uwu pfi~ou no creneHHu 

OoaouliH£'onepaTopoB~- B ~licceprauiiH nony~euo· aallltuyToe BHpaxeune 
-·· 

~nH TSKOrO npe~CT8BJI6HHH! 
--·:-.- ':'-

a:a; ~ P\(Vt-f{p, ~a,;.~ l/i1 C)o(P P 
rlle p -::: '!: f~ B,u . 

ft.t. r <7.( ro 

1\ 

q;aP .. fjuP 1 
' (2) 

]J.anee B ~Hccepraunn_noKaaauo,_•no ypaBueune ~JIH BecoBoii 

~YHKUHn, noJiy~aeuo~_ B uero~e ,reueparopa HOOPliRHar: 

}Ult;/'J -E) <~J-t> wttJ dl'= o, 
UOZ6T 0HT~ npRBe~eHO K BHliY ypaBH6HHH illpeliHHrepa 0 raMHJI~TO

HH8HOII MI. h) 
{ KU.1Ji- E) J d!'<iJP> wU'J ~a. 

raunnUOHHBH ft lf,~) T0Zli8CTB~H6H raHHJIUOHHBHY HliPB B DP6li

CT8BJIBHHH (I) H (2) (B 38BHCHUOCTH 0'1' BH0opa reueparoplioA ~yHKl\HH), 

eCJIH oneparopu f,;._p -H ~~o><fl _ Hli6H!l!g)HUHPOB8'rb C , g;J3 ; fc~.p • 
CoorBercrByD~nu BHCiopou uerpHHH B ~ -npeliCTBBJienzn uoxno nony~ 

'iH'l'b TB xe, ~TO H B"npeliCT8BJICHHHX (IJ RJIH (2), ypaBH8HHH liJIH 

uarpR'iHLIX aneueuro;s nponaBOJIHoro (bepuz-oneparopa. 

EcJIH aauenzr~ Ooaouuue oneparopu C-llHCJiaUH H,c~nraa zx 
" Bapl18Ul10HHHMH napauerpauz, HHHHJIH3HPOB8T~ rauRJI~TOHHBH, TO B pe-

3yJI~'l'8'1'6 nox;Y'qamrcH ypaBHenna f!PH6linxenus XaJlTPH-~oKa-BoroJID

OoB/27-29/. 

'Hc'noJi~ays Ooaonnoe npeliCTaBxenze {2) nna ~ep!mounux- onepa

TOPOB B CO'lC'l'aHHH 0 loleTOliOU EoroJIDOOBB B reopHH C~Jx~Holt CBHauf30/~ 
. - . ' . 

HOXHO pei!ST~ Bonpoc 0 llHliCX6HHH liHHSUH~CCKHX nepeueuHHX, HBJIH-

Dlli,HXCH napaHaTpaHH rpynnH CHJlUC'l'Plllll raUHJIUOHUBHa/28129/_-
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OcHoBHHe pe3ynLraTH nepBol rnaBH ~Hccepra~HK cne~yD~He. 

llonyqeas Toqase Ooaoaase npe;~tcraBneHHH ~epwHOHHHX onePa

ropoB ~m1 cHcrew, coctOHI!IHX HS qerHoro >iHcxa ~epiiHOHOB. Halbleao 

Koaeqaoe Oo30HHoe npe~craBneaze ~epwHoaaux oneparopoB, taKoe, 

qro llOCTpoetlHHI C ero llOKOII!LID Ci030HH!ll oOpas ~epMHOHHoro raiiH1lL

TOHHBH8 CO~epEHT qneH!l M8KCH!.f81ILHO meCTOrO nopH;!tK8 no creneHH!.f 
... 

0030-HH!lX onepaTOPOB. 

YcTBHOB1leHa CBH3L M6TO~a reaepatopa ROOPAHHBT C UetO~OM 

0030-HHOrO npe~CTBB1l6HHH ~6pMHOHHHX onepaTOpOBo 

Ha OCHOBaHHH Ci030HHOro npe~CTaBneHHH ~epMHOHHOrO raMHRL

TOHHBHB H~pa B npHOnHaeaHH, aor~a CioaoHHHe oneparops aaueHHDTCH 

C-qHC1l8WH, paccuaTpHB86UH!.fH KSK llBPHBUHOHH!le napauerpll,_ll01lyqeHil 

ypaBHeHHH -ueTo~a XapTpH-~oKa-EoronmCioBa. 

Bo nopol rnaBe ~HccepTBUHH pemaeTcH 3a~aqa nocTpoeHKH KOJI-. 

neKTHBHOro raMH1lLTOHHBH8, OllHCilBBDII!ero KB8~pyn01lLHHe l!OBCiyz~eHHH 

qeTHo-qeTHilX H~ep. -llpoCineua COCTOHT B TOU, q!fQ UHKPOCKOnHqecKHA 

raMH1lLTOHHBH, HCfi01lL3Y6MilA ~1IH OfiHCSHHH HH3KOJieaa~X COCTOHBHA 

H~ep, 3BBHCHT OT Ci01lLWOrO qJ4C1l8 ~HHB!.fHqeCRRX nepeueHH!lX, cpe~H 

KOTOP!lX K01l1l6KTHBH!l6 KB8~pyn01lLHHe nepeueHH!le HHKSK He BH~eneHH. 

llonyqeaH!le B nepBoA rnaBe Toqa!le Oo30HHHe npe~cTaBneBHH 

~epUHOHH!lX onepBTOpOB (XOTH HX H He1IL3H HCfi01lL30BBTL Henocpe~CT

B6HH00 TaR KaK OBH co~epaar, B npHHUHne, Bee THnH Cioae-oneparopoB) 

H Ueto~, XOTOpHe Ci!lJIH pa3pa0oraBH npH HX l!!lB0~6, ~8DT BOBMOEHOCTL 

nonyqHTL npHCinHaeaaue Oo30HH!le oopa3!l ~epuHOHB!lX onepaTopoB B 

TepUHHBX K01l1l6KTHBHilX 0030-BOBo 

B § I Btopol r1IBB!l BH81lH3HpyDTCH KOUUYTBUHOHH!le COOTHOW6HHH 

napH!lX-~ep!.IHOHH!lX onepaTOPOB, cpe~H KOTOpllX UOEHO npH01lHXeBHO 

B!l;lte1lli!TL H KOJIJie~THBHH6o Pe3y1IUBTH TBKOro 8HBJIH38 fiOK83!lBBDt/3l-34{ 
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qro napaue ~epWHOHHHe.oneparops, reaepHpym~e KonxeKrHBHHe 

COCTOHHHH, npH0XHX6HHO ~PWHPYDT 38WKHyrym anreOpy, COBna~aiD~ID 

c SUlGL. 1{m! oneparopoB, oOpaaymll(HX anreOpy SUlG) '"cyll(ecr-
. - ' 

Byer npe;~tCTBll1leHHe llT6PWHH8X onepaTO-pOB KBB~pyn01lLHHX Ci030HOB 
+ . -

/J2j< 
1 
tz./' , -KOTOpoe np~BO;ltH!f K C1l6~yDI!IH!.f l!llpazeHHHW ;!11tH K01l1l6K-

THllHOrO raiiHnnoaHaaa H oneparopa KBa~pynoiiiiioro 110-welira: 

H = IL :r: et e.2,., + f. r. t-n~'{ t F if. f ; t c) t-
• /' I / 2 ~ 2/' 21' . . 

. I" + " + ) 
+ l 3 fl~O .. (C1' F lCzCJ2 _1' t- kc. + 

(3) 

M t +-
+ L. AiL t-n u2- t.~~M (C2- £)L.-M r 
~.M . 

( 
t "' A /" Q -= w1 S F t F t-t) 0 ) 2f z.p O.z.-j' 

" 
-r' ~ u./ 1)2.1' 

3~ecL F - onepaTop, ~HBt:OHBJILHilA B OaaHCe .O'OBOHHilX COCTOHHHH 

C ~HKCHPOBBHHWH aaaqeHHHUH qH,C1l8 Ci03,0HOB, ceHLOpHTH H yrJIOBoro 

uoueata. EcnH napH!le ~epuHoaawe onepaTopll, onHcllBBDII!He KonneK

THBH!le KB8~pyn01lLH!l6 l!OaOya;~teHBH, oOpaayDT anreOpy SU(b) , TO 
A . 

F aaBHCHT roJILKO OT qMcna OoaoHoB. HcnonLayH_ npHOJIBaeaH!ll BBPHSHT 

UeTO~B reaeparopa KOOp;ltHHST, paapaCiOTBBB!ll l!/35/, MOEHO ynyqmHTL 

" STOT peay1ILT8t, BKJIDqHB B JC 38BHCHUOCTL H OT C6HLOPKTH. 

nanee B ;ltHCCeptaQHH paaBHT W6T0~/36 • 37f, KOTOplll fi03B01lft6T 

paccqH!f!lBBTL 3BBBCHUOCU ~KT.opa'' -; ot" B.CeX KB8HfOBHX qHC61l, 

xapaxrepHaymaiHx KonneKTIIBH!le ~epuHoHH!le coc~oHHHH, nocrpoeaa!le 

Ha KBa,npynonLHilX ~epxHOHBilX oneparopoB, Ciea KBKHX-JIH6o npe~no

noaeaHR o- cnaOocTB aroA aaBHCHuocTH. 9ror ue~OA ~aer BoaxoaaoctD 

BHqKC1lHTL uarpHqHile B~eueBTH KHKpOCKOnKqecKoro raUHBLTOBH8H8 

H;!tp8 xea~y K01lll6KTHBHilKH COC~OHHHHKH, Toe~ noc~pOHT:6.KOJ11IeKTHBH!ll! 

raUHBL!rOHHBH, He BCfiOllLSyH HBHilK oOpaaOK npe~CT8B1l6H2H ~epMBOBHilX 
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oneparopoB qepea oneparopu KEa~pynoJJDHI>IX CioaoHOB. llpH.STOII 

aecKoJII>Ko npocTeRmHx uarpHqaux sneMeHTOB uuKpocxonHqecxoro ra

MHJII>TOHIIBHa uex~y COCTOl!HHHilH C He00JlDWHIIH.qHCJI81lH KBBSHqacTHU 

(OOSOHOB) BHqiiCJIHilTCH roqao, 8 OCTBH!>HI>Ie npHOJIHEeHHO. 

ITonyqeHHH£1 B ~HccepTaUHH KOnneKTHBHI>Ilt KBa~pynOJI!>HI>Ilt rallHJib

TOH118H HMeeT 3811KHyTHlt BH~, HO ecJIH ero paaJIOEHTb B pH~ no CTe

neHHII ooaoHaux oneparopoB, oH oy~eT npe~craBJIHT!> cooo« cyuuy 

OOJibWOrO qHC1I8 qJieHOB. 0CHOBHOe OTJIHqHe OT peayJibTaTOB padOT ~pyrHX 
~ 

BBTOpOB CEH38HO C nOHBJieHHell onepaTOPOB ~ , yqHTHB8DillHX 1l1IHH-

HHe npHHUHna ITayna. 9THII onepaTopau OTEeqaiJT CJIOEHHe \llYHKUHH 

oT KBBHTOBHX qHcen, xapaKTepHSYillllHX xonneKTHBHlile cocTOHHHH. Hx 

HenbSH npe~CTBBHT!> KOHeqHN¥11 pH~BMH no CTeneHHil KB8~pynoJibHliiX 

. CioaoHoB. 

ITonyqeaaoe BHpaseHHe ~na KonneKTHBHoro rawHni>roHHaaa -

npHOJat:itea.aoe~ B Kas~ou nopa~ite no cre~eH~ . t;,t2/' yqreau He 

· Bee HS CYI!l6Ci'BYillllltiX B npHHIUme· qJieHOBo CoxpaHeHH TOJIDKO Te HS HHX, 

Koaw~HUHBHTN npH KOTopux co~epsar KorepeHTHHe cywwu no o~aoqacTHq- · 

auw KBaHTOBNM qHcnau. Mosao cKaaaTI>, q'fo coOpaHH qneau, uwellmHe 

EHA npOHSBe~eHH£1 HBKOTOpHX npOCTHX \{lyHKUH£1 OT CiOSOHHHX onepaTOpOB 

f, (g_:t:Jco J u:i.tt)cc>.~ ,((c:e;)t:. U.z.C)L)oo 
H IIX . 3pMHTOBOCOnpliE6HHHX H8 npOH::lBOJibHHB \{lyHKUHH OT onepaTOpOB, 

, . ~ • • .I • 

~llaroHaJibHHX B Ciaa11ce 0030HHHX COCTOHHH£1 C \{lHKCHPOB8HHHIIH aaaqe-

HHHIUI. qHCJI8 00SOHOB, C6H!>OPHTH, yrnoBoro 110116HT8 H ero npoeKUHH. 

EcJIH npH paano:~:eHHH ~epllHOHHHX onepaTopoB no c.Ten.eHHII KOJI~. 

JieKTIIBHHX 00SOHOB yqHTHB8Tb BCe qneHH, TO npHXO~HTCH _orpaHHqH

B8TDCH B rawMuoaHaHe aeOoJIDmHII qllcnow qneaoB. ITpH pacqeTax 

Ha OCHOBe T8KHX rallHJI!>TOHH8HOB/3S/ CBO£!CTB KOJIJJBKTHBHHX COCTOHHH£1 . . 
B C\{lepuqecKHX H~pax G SSIIBTHHIIH aarapllOHHqecKHIIH ag)qieKT811HCXO-:o 

AIIIIOCT!> AOCTHraeTCH npH He\{lHaHqecKH OOJI!>WHX SHaqeHHHX qHceJI 0030HOB. 

8 
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B rallHJI!>TOHHaHe (3) onepatop ~ oOecneqHBaer ~ocTaToqao OucTPYil 

CXO~HIIOCT!> peayJI!>T8TOB. 

B xaqecTBe npHwepa npHMeHeHHH paaBHToro no~xo~a npHBe~eau 

peayJI!>T8TH pacqeTa SHBprz£1 ypoBHB£1 OCHOBHHX KB83HpOTBUHOHHUX .. 

nonoc B pa~e HaoronoB. Se H Ba 
.0CHOBHUe peayn!>T8T,H BTOpolt rnaBH ~HCCBpT8IlHH cne~ylliiiHEl! ·. 

ITonyqeHo aaMKHyroe BNpaseaHe ~H KOJJJJBKTIIBHoro KBa~pynoni>Horo 

rauHn!>TOHHBHa a~pa. 9To BHpaxeaHe co~epEHT aeOoni>moe qHcno ~oH

craHT, B KOTOpHX cocpe~OTOqeHa BCH HH\{lOpiiBUHH 00 O~HoqaCTIIqHNX 

COCTOHHHHX H 118TpHqHHX SJIBIIBHTBX B38HIIO~B£1CTBHH. 0CHOBHHII OTJJH

qnell OT peayn!>TBTOB paOOT ~pyrHX aBTOpOB l!BJIH6TCll noHBJI6HHe 

~aKTopoB, yqHTNBaDI!lHX BJIHHHHB npHHUHna ITaynH. 

ITOK838HO, q'fO KOJineKTHBHHit KBB~pynOJI!>HHlt raiiHH!>TOHIIBH npHOJIH

XeHHO IIOEBT O!iTD BNpazeB TOn!>KO .t~epea reaepaTOPH anreOpN 5 Ul€) 

H,CJJB~OB8TBn!>HO,BOJIHOBHB \{lyHKUHH KOJIJIBKTIIBHHX COCTOHHHA_ Oy~y'f 

npHHa~nesati> aenpHBO~HuHII npe~ctaBJIBHHHII arott anreeipu. TaKHII 

o0p83011, .~JIH npHOnHXBHHOrO om.icaHZH. HHSKOJieE81!lHX KOnJIBKTHBHHX 

KBa~pynOJI.!>HI>IX C OCTOHBHi! npe~no:iteHa HO~en!>, OCHOB8HH8H Ha 

anreOpe S Ul6). 

B ~HccepranHH noKaaaHo, qTo nocrpoeHHHK KonneKTHBHNtt rauHJI!>

TOHHaH OIIHCHBBeT, B npHHUHne, KBK c\{lepzqecKHe H~pa C HX BH0pa

UHOHHHIIH IIYJI!>THnnaT811H, T8K H ~e\{lopuHpOB8HHNB H~pa C pOTBUHOH

HHMH nOJIOC811H, nOCTpoeHHI>IIIH•HB ·~HyrpeHBHX COCTOHHHHX/39/. 

B nonyqeBHOII KOHJIBKTHBHOII raiiM!>TOHilaHB C~BepmeH nepeXO~ BO 

"BHyTpeHHDJJ" CHCTelly KOOp~IIH8T H BBA~eHN EHpazeHHH ~JIH fiO'feH

UHBJI!>HOlt BHeprHH, llBCCOBlil~ KOB~BUHBHTOB H IIOIIeHTOB HHepUHII/
32

•
40

/. ,, 
B rpene£1 rna:oe ~BCCepT8UHH • . Ha OCHOBB K01IJI8KTHBHOrO 

rBllHJlbTOHHaHa, nonyqeHHOro BO BTOpoR rnaBe~ aHanHSHpyllTCH CBOl!CTBB 
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HH3KOJie:at8llll'IX KOJIJieKTl'IBHUX KBa~pynOJil>HU~:BOS_Ciy:at~eHl'!~ B pH~e 

c~epnqecKux u nepexo~aux H~ep. PaccworpeHU raK:ate KO~JieKTHBHue 

Bosoy:at~eHI!H B Cl'IJI:&HO,lle~opuupoBaHHUX H~pax1391, qro ~aer.Cio~ee 
llOJIHOe npe,llCT8BJieHHe 0 BOSL!OlltHOCTHX paspaCioTaHHOrO uero~a. 

B KOJIJieKTl'IBHOU raul'!~l>TOHl'!aHe (3) HH~Opua~l'IH 0 cneKTpe KB8~ 

sHqacrHqHux BosCiy:at~eHH~ .1'1 warpuqaux anewearax ocraroqaux CHJI . J . . . 

. cocpe~oroqeaa_B aeCioJI:&mow qHcJie Koacraar. TaK KaK HX sawerao 

wea:&me, qeM BKcnepHIIearaJI:&Hux ~aaaux o.H~pax, paccwarpHBaeMux 

B ~Hccepra~HH, ro npex~e Bcero npoBepaercH npHH~l'lnHaJI:&HaH B03-

wo:atHocT:& OnHC8Hl'IH KOJIJieKTHBHUX KB8~pynOJil>HUX COCTOHHH! C nOMOilll>D 

raMHJil>TOHl'l8H8·(3). 

B aaqane rpene~ rnaB!i noxasaHo, KBKHe no xapaKTepy nepexo~u 

OT c~epuqeCKl'IX H~ep K ~e~opuHpOB8HBUII MOryT CiUTl> Onl'IC8HU B 

npuH~une c nowom:&m aroro rawHJI:&TOHMaaa. 

ITp08H8Jil'l8HpOB8HU BepoHTHOCTH E2-nepexo~OB wez~y COCTOHHHHMl'l 
f(J8n 

~BYX~OHOHHOrO Tpl'lnJieTa B r,>j • 06bHCHeH BKCnepHMeHT8Jil>HO OCiHa-

py:aeHHU~ sanper ~JIH E2-nepexo~a 4r .... 2~. B ro :ate Bpewa noKasaao, 

qro B OTJIH•me or nepexo~a 4 j ~ 2~ nepexo~ 0~ ~ 2~ uo:aer Ciuu 

-Cl'IJ!l>HUM. 

PaccuorpeHU cBO~CTBa nepexo~aux MsoronoB Mo 1421, Marepec

He~me~ OCOCieHHOCTl>D KOTOpUX HBJIHeTCH LI8JIBH BHeprHH BOSOyz~eHl'!H 

0+ z-COCTOHHl'l~. B 93M 0 BTOT ypoBeH:& onycKaercH ~a :ate Hl'lllie n~pBoro 
z+-COCTOHHHH. BUHBJieHU B03NO~HUe npHqHHN onycKBHHH D2-cocTOHHH~ 
B BTHX H,llpax. K Hl'ILI OTHOCHTCH, BO~nepBUX, OTHOCHTeJI:&HO CiOJil>W8H 

BeJIHqHaa aHrapwoHl'!qecxoro q~eaa rper:&ero nopH,l!Ka no cpaBaeHHD 

c aHrapwoHHqecxuw qneaow qeneproro nopH,l!Ka; BO-BTopux -·cBH3L 

KBB~pynoJILHUX ~OJieCiaHH~ C napHUMH/43•44/. ITpl'l npBBH~l>HOM OllHC8Hi!H 

BHeprHfi 0~ COCTOHHl'l~ ,ll~H OTHOmeHl'!H 

<o:r .W'lo> / ,o;t P~lott> 
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nonyqeao saaqeaHe nopH~Ka.e,lll'!Hl'l~, qro aaxo~l'!TCH B cor~acuH c 

BKCnepHNeHTOLI H B npOTHBopeqzH C ~eJIBBmHLICH B pa~e paCiOT npe~

noJIOllteHHeL! 0 ~e~opMHPOB8HHOCTH 0~-COCTOHHH~. 

KaqecrBeHao oCi~Hcaeao ycHJiea~e ceqeaH~ peaK~H~ ~Byxayxnoa-

aofi nepe~aqH c BosCiyz~eHHell 0~-cocroHHH~ aa . nepexo~aux Haoronax Mo. 

CBO~CTB8 KOJIJieKTHBHliX COCTOHHH~ nepeXO~H!iX H30TOllOB Sr.n 1'1 

GJ aaxo~HTCH B pesKow npoTHBopeqHH c npe~craBJieHHHLIH o nocreaea

aow l'l3LI8H8HHH xapaKTepHCTl'IK BTHX COCTOflHH~ npH nepeXO~e OT C~e

pHqecKHX H~ep R ~e~OPL!HpOBBHHUM. B l'ISOTOllBX 150Sm. H ····
152

Gc/ 

BHeprHH O~H 4j-coCTOHHl'l~ CiJIH3KH K npe~CKB3BHHHN BHCipa~HOHHOfi 

NO~eJIH, TOr~a KBK OTHOW8HH8 E(2~)/E(2j) pe3KO npOTHBOpeqHT e~. 

B 
152Gd :ileJIHqHHB B(E2; 22 ~ 4r)/B(E2; 22 -> 2]), PBBHaH 2,0, 

xopomo cor~acyerca.c npe~cxasaaHew pora~HOHHO~ wo~eJIH. B ro :ate 

BpeuH saaqeaMe OTHOmeHHH B(E2; 22 .... 2f)/B(E2; 2~ - Di> = 52 . . 
THnHqao ~JIH c~epHqecKHX H~ep. AH8JIH3, npoBe~eHHU~ HB OCHOBe ra-

NHJil>TOHHBHB (3)/45/, noKa3aJit ttTO OTHOCHT8Jll>HO CiO~l>WBH B8JIHqHH8 

~aarapwoaHqecxoro qJieaa rper:&ero nopH~Ka oCi~HCHHer cocymecrBoBaHHe 

B nepexo~HNX H80TOll8X Sm . H (jc( . CBO~CTB~ xapaK~epHNX KBK 

~JIH C~epHqecKHX, TBK H ~JIH ~e~opuHpOB8HHNX H~ep. 

B nepexo~Hux a~pax :B orJIHqHe or cHJI:&Ho~ewopwHpoBaaaux Bpa

mareJI:&Hoe ,l!BH:ateaae ae or~eJIHerca or :BayrpeaHero. T~w ae weaee 

BKcnepHUeHT8Jil>HNe ,ll8HHUe noK88UB8DT, qro H ·B BTHX H~pax YPOBHH 

MOlltHO rpynnHpOB8Tl> B KB83HPOTBnHOHHUe nO~OCU, BepOHTHOCTH E2-

nepexo~OB BHYTPH ROTopux·npeBOCXO~HT BepoHTHOCTH E2-nepeXO,llOB 

wez~y cocTOHHHHMH pasHUx noJioc. Ha pHc. I npHBe,lleHU woaoaaue 

CTPYKTypU COCTOHHH~ paSJIHqHUX RB83HPOT8~HOHHUX no~·OC B fSOSnz • 

BH~HO, qro WOHOHHUe CTPYKTypu COCTOHHHa O,l!HO~ H TOA :ate,nOHOCN 

llO~OCiH!i ~pyr ~py~y H npHOJIH:ateHHO onHC~BaDTCH O~Hoa KPHBOfi, KOTO

paH AHWl> C,llBHraeTCH B~OAl> WKBJI!i qHceH ~OHOHOB Ha 6,l!HHH~Y npH 
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nepexo;zxe OT O;ztHOrO ypOBHH KBB3HPOTB~HOHHOii TIOJIOCU K COCe;ztHeMy, 

~TO OOecne~HBBBT OOJIDillj'D B6JIH~HHY BBPOHTHOCTH E2-nepeXO;ztOB WeE;ztj' 

ypOBHHWH O;ztHOR TIOJIOCUo ECJIH cpaBHHTh qJOHOHHUB CTPYKTypu COCTOH

HHR paaJIH~HUX llOJ!OC, TO OHH peaKO OTJIHtiBDTCH ;npyr OT ;ztpyra •- 3TO 

H OO~HCHHBT OTHOCHT6JIDH06 j'M6HDillBHHB BBPOHTHOC're~ E2-nepeXO;ztOB 

MBZ:l!Y ypOBHHWH paaJIHtiHUX llOJIOCo 

B ;ztHccepTBUHH noKaaaHo, ~TO B nepexo;zxHux H;ztpax, noTeHUHBJID

HBH 3HeprHH ;neqJOpWBUHH KOTOpUX CJIBCiO 3BBHCHT OT O (HanpHMBp,. 

H30TOllU Pt ), woryT llOHBHTDCH llOJIOCU ~HCTO cwepHt!BCKHX COCTOH

HHn/46/. B peayJIDTBTe, peryJ!HpHoe H3W6HBHHB CBO~CTB COCTOHHHR, 

npHH8~BEBIUHX HpBCT-JIHHHH, MOXBT OUTD HapymeHO npH HBKOTOpOM 

;ztOCTBTOtiHO OOJIDillOM 3HB~BHHH yrJIOBOrO MOMBHTB. Kpowe TOrO, pactleTU 

llOKB3UB8DT, ~TO 0~-COCTOHHHB MOXBT HMBTD CBHDOPHTH ]r =3, a He 

v- =O,KaK npe;ztcKaaNBB~OcD B/47/. EOJIDillBH ~eJIHtiHHB ceHDOPHTH coc

TOHHHM 0~ KBB3HpOTBUHOHHOn llOJIOCU npiiiBO;ztHT K pe3KOMY YMBHDillBHHil 

BepOHTHOCTen E2-nepeXO;ztOB,H3 3TOI llOJIOCN B OCROBHYD noJiocy. 3TOT 

a\P\PeKT oCiaapyzeH aKcnepiiiL!ein~aJil>HO. OTHOillBHIIIe B(E2; 2~ - Ot)/ 
/B(E2; 2~ -~ oz) B H30TOnax IYO, 

192Pt paBHO 2.10-
4 , Tor;zxa KBK 

tSO rs2~J J8M 
B TBKHX nepexo;ttHNX H;ttpaX,KBK .• Snz 1 b- H 0 , OHO COCTBB-

JIHBT 0,4-0,5. 

OcHOBHUe peayJIDTaTu TpeTl>eR rJIBB~ ;ttlllccepTaUIIIH cJie;uyromHe. 

11CCJIB;ztOBBHll BoawoxHUe wopMu cneKTPOB KOJIJIBKTHBHUX Boa-
;' 

ayz;zxeHun nepexo;nuux H;ztep. 

PaccL!oTpeHu HHTerpaJIDHUe xapaKTepHCTHKH BepOHTHOCTeR E2-

nepexo;ztoB LIBX;zty KOJIJIBKTHBHUMH COCTOHHHHWH B tlBTH0-46THilX H;ztpax. 

llp08H8JIH3HPOBBHN BBPOHTHOCTH E2-nepeXO;ztOB·~ex;zxy COCTOHHHHWH 
108 ·. 

;ztByX!lJOHOHHOrO TpHnJieTB B 'Pc/ •· IlOKB38HO, ~TO .B. OTJIHtiHB OT 

· nepexo;zxa 41 ~ 2~ nepexo;zx 0~ ~ 2~ woxeT aun CHJIDBNL!. 
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B~HEHBH~ EOSKOXH~e ~pH~HHH onyoKSHHH 02-COCTOHHH~ E HSO

TOUBX f1 C • Bo-nepE~X, 81'0 OTHOCHTBJILHO 00JILID8H BBHH~HH8 aarap

WOHH~ecKoro qneaa rperLero nopa~Ka no cpaEHeHHD c aarapwoaa

qecKHK qneaou'qerBeproro nopH~Ka,Bo-BTopux -CBHSL KBa~pynonL

H~X KOHB08HHM C napHHMH. 

fiOK838HO, qTO OTHOCHTBJILHO 00JILID8H EBJIJtlqHHS SHrapMOHH~ec-. ~ 

Koro qJleHa rpeTLero nopH~Ka B KOJIJIBKTHBHOM raMit!JIUOHHSHB HBJIH-

BTCH npaqHaoa cocymecrBoBaHHH B nepexo~H~X Hsoronax Sm · H G~ 

·cEO~CTE, XSpSKTBpH~X KSK ~HR C~pltlqecKHX, T8K H ~HH ~e~opwHpO

ESHH~X H~ep. 

.00HapyEBHO CXO~CTBO ~OHOH~X CTPYKTyp KOJIHBKTHEH~X COCTOHHHR, 

npHH8~HBK811lHX O~HOR KB83HPOT8UHOHHOM ITOJIOCB, qro OO~HCHHBT OTHO

CHTBJILHOe YCHHBHHe nepexo~OB EHYTPH ITOJIOC~. 

llpe~HOlKBHO_ OO~HCHBHHB pesKoro HSMBHBHit!H npH . SHaqeHHilX yrJIO

Boro L!OL!BHTaJ = IO,I2 CBORCTE KOHJIBKTHBH~X COCTOHHHM, npH-
, . 

Ha~nexamHx HpacT-JlHHHH, a ocnaOneHHH E2-nepexo~a wex~y 2~-, 

COCTOHHHBL! 0~ KE83HPOT8UHOHHOR ITOJIOCH H OCHOEHHL! COCTOHHHBL! E 

Hsoronax. Pt • 

·. I10K838HO, qro nonyqeHH~R KOJIHeKTHBHHM raMHHLTOHHBH · onacu

BBBT, E npHHUHne, CEOMCTBS KOJIJIBKTHBHNX KES~pynOJibHHX COCTOHHHR 

E CHJlLHO~e~opwapOBSHHHX H~pax. 

B qeuepro« rna Be ~accepranaz paccwarpHBBeTcH. BJIHHHHe. aHr ap

woaaqecKax 3~~BKTOE E KOJIB08HHHX ~BTHo-qeTHNX ll~ep HS CBOMCTES 

HH3KOJIBK811llt!X COCTOHHHI\ B COCB~HHX aeqeTHHX. H~pax/48 t.lf 9/ • 

OcaoEHue pesynnaru ~euepro« rnaEu ~acceprauHH cne~ylliiUie. 

· IloKasaao, ~To no xapaKrepy pacmenneaaa ypoEaea, npHHa~Jie
xamax O~HO~OHOHHOWY WYJlLTHITHBTy B He~BTHOM.H~pe, MOXHO onpe~e-. 

JIHTL 3HSK KES~pynOJILHOrO MOL!BHTS zt-COCTOHHHH COCB~Hero qeTHO

qeTHOro H~pa. 

14 

1 

l 
! ,. 
I 

'! 

A 
. ~ 

I 

AHrapMOHHqecKHe a~eKTH B KOJie0aHHHX ~BTHO-qeTHHX H~ep 

CYillBCTBBHHHL! o0p83011 EJIHHDT Ha BBJ!Hq~IHY pacmenneHHH OllHO~OHOfiHNX 

MYJILTHITJIBTOB B HB~BTHHX H~pax. 

BBxaww a~eKrow, Koropwa H~ooxo~auo yqHTHEBTL npH paccwor

peaaa HeqeTHHX nepeXO~HHX H,llep, HBJIHilTCH ,llOnOJIHHTBJILHHB Koppe

JlHUHH E OCTOEe, BHSESHHHB CBH3LD C HB~BTHOM qacraueR. Yqer KOp

peJIHUHR B OCTOEB 08HaqaeT yqer HSIIBHBHHH qaceJI aanonHeHHH O~HO

qacraq~x COCTOHHHR, T.e. yqer H3MBHBHMH,K03~HUHeHTOB ~~lr

npeoOpaaoESHHH EoroJIDOOES. fipa 8TOM HSIIBHBHHH pasnaqau ~HR p83HHX 

. COCTOHHHM OCTOBS • 

B ITHTOR rJISBB ,llHCCBpTSUHH HCCJiejyllTCH CEORCTES napH~X KOJI

HBKTREHHX 0+ -COCTOHHHR H]tep. 8KCIIBPHMBHT8JILHNe ~SHHiie yOe~HTBHL

HO CEH~eTeHLCTEYilT 0 HSHHVHB HBHO EH,llBHBHHHX CHHLHHX nepeXO~OE 

weX.llY ocaoBHHWH H onpe~eneHHHIIH EoaOyz~e~Hwwa o+-cocroBHafiua 

H,llep,. ITO,llTBepz~aH CYIIlBCTEOBSHHB KOHJleKTHEHO'R napHOM llBrBH B03-

0Yllt.llBH~f/SO/. 

KOJIJIBKTHBHHR napauR raL!HJILTOHHSH CTPOHTCH .E ~accepTSUHH H8 

OCHOBB WHKpOCKOnHqecKoro .. rawHJILTOHHSHS H~pa C napHHMH HSOTOn-

HHESpHSHTmlMH OCTSTQqHUIIH CHHBIIH H C ITOMOIIlLD 0080HHOro' npe~CTSE

JieHHH (I) ~HH ~epiiHOHHHX oneparopoE. E~HHCTEBHHO, qro npH_ STOll 

npe~nonarae!'CH ,- BTO CH808H CBHSL KOJIJIBKTHBHHX napHHX CTBllElHeR 

cBoOo~u, onpe~eneaawx c nowomLD HeJIHHeMaoro oooomeHHH KBBSHOo

soasoro npHOJIHSeHHH/SI/, c aeKonneKTHBHHIIH. PaspaOoraaaua were~ 
ITOSBOJIHBT OUBHH'tlt BeJIHliHHY STOR CBII8H_- B J{~pax~nepeXO~HHX no 

' . ~· . . 
CBOHII CBOROTBSII.IIex~y 11 0BepXTBKY~HIIH 11 H HBCBBPXTBKyqHIIH 11

1 8T8 

cBHaL oKaawBaeTcR onaOol. B nporzBonoJioaaocrL KBasH6oaoHHowy 

npHOHHEeHHil KBTo~·npHIIBHHII npH JIDOHX 8Ha~eHHHX KOHOTBHTH napaoro 

BSaHIIO)lBIC'l'BHH. 
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llonyqeHHY~ KOXX8KTHBHY~ r8MHXDTOHH8H HMeer 38MKHyTHA H 

yno6HYn itmi npaKTH'l8CKHX pacqeTOB BYJ,/5!/: 
, 1+ 1J Jf d ) ·[::;::/

12 J~ 1} ~fl..Lt=J . II = Ltl Z:: ( of., "' 0l"/' t- 0t-/' bt-t t- J · r t'.z ~ 1 J' 3 J( 
I' lj I , ' f 1 T 

x~(Gm(.U;,e;.),f1.\,. + Gt~J(8;_(8t_t,Jr)t!' + 

.J 

t G ltJ ( ( Bt: t;.Jr t~~ )If' f-

(4) 

tr(2)(t,. Lt,_·t,J,)0 t-

1-2 G tl) cu:. t,_;T tf:J'I' -12 G(2) ( ttf: 8f_)T t,.)J u,.,f' r (-t/1" !,~ _!') l ' 
rne KonneKTI4BHHe OosoHHYe onepaTopu 6'1:,;,' ( 6'1~/') ·orBe'laDT 

COCTOHHHHW, CBH38HHYM C lt068BX8H148M (YJ!8X8HYJeM) nap 'l8CTI4~. 

Ecnl4 cpaBHHBBTD (4) c KonneKrYIBHYM rawi4XDTOHH8How, KoropuA 

MOJ!tHO nocTpOH!I.'D C nOMOII!Dil npH0XYJlE8HHIU 6030HHYX p83XOJEeHHtl qiep

MHOHHYX onep8TOPOB H B KOTOpOM, K8K np8BI4X0 1 Y'lHTNB81lTCH 'lX8HH 

no t~eTBepToro nopHJ!Ka no creneHI4 OoaoHHHX onepaTopoB, '1'0 ocHoB

Hoe O'l'X14'1HC COCTOHT B '1'01.1 1 'ITO HeSpi.IHTOBNA B 06H'IHOA 0030HHOI 
>'?-. 

Me'l'pHKe r8MI4XDTOHH8H (4) npH !rp8HCqlOpU8~14YI ero C nOMOII!Dil H8XH-

He1Horo HeyHHT8pHoro npeo6p830B8HHH K Spi.IYJTOBOMy BYIJ!Y npH pasno~ 

xeHHH no creneHHM OosoHHNX onepaTopoB Oyner npencraBneu 6ecKo

He'IHYM PHnou. TaKHW oopasou, nepexon K rawHXDTOHHaHy, Hl.lellm.euy 

HeSpi.IHTOEYA B 06Y'IHOA 00SOHHOA MerpHKe BI4J!, ecu1 no cym.ecny, 

cnocoo cyvuHpoBaHHH. PHna no creneRHu 6osoHHYX oneparopoB. Cnenyer 

· OTM8TI4TD 1 'lTO 'IHCXO H838BHCHMO p8CC'l14THB86J.IYX KOHCT8HT B raMYIXD

TOHI48He (4) M8HDme, '181.1 'IHCXO T8KHX KOHCT8HT B raMHXDTOHHBHe 

'lenepToro nopHJ!K8 1 nonyqeHHOJ.I C HCnOXD30B8HHeM ll6TOJ!8 1 B KOTOPOII 

OOSOHHHe o6pasu qiepllHOHHNX oneparopoB CTPOHTCH B BHJ!8 PHJ!OB no 

cTeneHHM Oosouuux oneparopoB. 
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•. B J!llCCepT8QI4H HCCX6l!OB8HY/5I-53/ '18CTHHC peDleHHH ypaBH8H14H 

IDpenHHrepa c rawHXLToHHaHou (4) B npenenDHNX cnyqaHx cnaOoro 

14 CI4XDHOrO qlOHOHHOrO B38HMOJ!CtlCTBHH. B cny'lae cnae5oro B38HI.IOJ!etlcT

BHH STO r8pMOHH'l8CKHe KOX868HHH C SKBI4J!HCT8HTIIYJ.I cneKTpOM 

KOXX6KTHBHYX B030YXJ!8HHA. B cnyqae CHXDHOrO B38HI.IOJ!etlcTBHH llOHB

JJHDTCH 11p0'1'8JiHOHHN811 ·nOXOCY ,· CBH38HH!ie C 11 BP81I!8HHeM 11 B 1430TOnH.

'16CKOil 14 ql8.30BOII npocTp8HCTB8X. 9TH llOJIOCY OCHOBYB81lTCH H8 KOXC-

08T6JIDHYX B036Yli:J!8HHHX, OTB6'18l011!14X 4JJIJJKTY8llHIIM KOppeXHQHOHHNX 

qiyHKQHtl. llpl4 STOM OK83NB86TCH YJ!06HiiM BM8CT0-6030HHNX onepaTOpOB 
p+ ;;+-
{Jf•,t 

1 
~i-,f BBeCTH KOXX8KT14BHNe KOOPJ!HH8Tii! 

Ltl +-t-~/-;'t/ )=Jtif'{~~ {~~)cosfi+-'-(~, 1t~J,.2~~t~J).s<nBj 
'(i. \b{r1t f; -r !'0 iJ I 1 /, f J 

rne nepeweHHaH ~-BeJI14'1HHa,KaHOHH'IeCKH conpHxeHHail oneparopy 'IHCJia 

'18CTHQ; yrJIN "tJ OllHChiB81lT 11 Bp811!6HJ46 11 B 1430TOni4'18CKOll npocTp8HCT-
, .. ~ ' 

Be; nepeMeHHNe 4 H 8 OmfCYBBDT nap HUe BI!Clp8Q14H. • B. STOM 

npeACT8BX6HHH raUYJXDTOHH8H ( 4) 38UHCNB86TCH B BHJ!6 CYMMN Kl1He- . 
. . . 

T14'l6CKOA SHeprHH 14 llOT6H~H8XLHOA 3Hepri4H napHNX Bl46paQH~. ~XH 

nOT6HUH8XDHOtl SHe,prHIII llOJIY'lB8.TCff CJI8J!YIOII!ee B!ipallteHHe: 

V= -c 112 t- f A L;4 (~- c~rs_-?e). 
CpaBHeHHe peaynDTBTOB, nony'leHHux B npe~enLHiiX cJiyqanx 

CHXDHOro 14 cna6oro B3814J.IO~e«cTBHH1 C SKCnepiiiM8HT8XDHiiM14 J!SHHUMH 

J!Xff HJ!ep_cpeAHero STOJ.IHOrO Beca ll0K83NB86T 1 'ITO B STHX ffJ!~8X 

peanHsyeTCff npowe:ayTOliHNA CJiyqaA, p'accMOTpeHHe KOTOporo _Tpe6yeT . . .• 

TO'IHO~ J!H8rOH8XH38UYIH raMHJIDTOHH8H8 (4) •. 9TO 03H8'186T, 'lTO 0+-.. - -~ ,. '· . . 
COCTOHHHH B: cpenHHX ~J!p8X .HBJIHIOTCH COC'l'OHHHHJ.IH 8HrapMOHI4'18CKOrO 

BH6paTopa. 

Pac'leT SHeprH~ napHHX o+-COCTOHH14A B Hnpax c A=46-64 noKa

san/54·55/, 'ITO·YI30TOOHHB8pi48HTHUX napHNX OCT8TO~HYX CHX HeJ!OCTa

- TO'IHO·J!~ff 06~HCHeHI4H HS6JIJOJ!Sel.loro p8CI!l8UX6H14H B HSOI.!YXUHnneTaX. 
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Yqer BKna~a can, ornercrneaaux 38 noaBneaze noreauzana czwwerpzz 

B cpe~Hew a~epaow noreauaane,aaaqHrenLHO ynyqmaer cornacze c· · 

SKCnepHMBHTOM H n03BOHHBT Y~OBnGTBOPHTenLHO.OnHCBTL pac~enneHHe 

B H30MynLTHnneTBX, OCTBB8HCL B p8MKBX KO~enz KonneKTHBHHX nap

HUX noaoyx~esan. 

Bonaonue WYHKUHH, aan~eaHUe np~·~zaroaanHaaUHH rawHnLTo-

HHBHB (4),~8DT B03KOEHOCTL OUBHHTL BnHHHHe napHNX KoppenHUHt! 

HB paanaqHHB CBOt!CTB8 H~ep. PacCKOTPBHO BHHHHHe napHUX OCT8-

TOqHHX can aa cpe~HeKBa~paraqHue pa~aycu a~ep/56/. 
Aaanna ceqea!.lt! peaKuan ~nyxayKnoHHot! nepe~aqa noKaaanl57/, 

qTo KOHHBKTHBHHB 3~BKTN cymeCTBBHHNM 00p830M BHHHDT HB B0COHDT

HNB aaaqesaa ceqesan. 

OcHoBHNe peaynLraru nHroa rJlaBN ~acceprauaa CJIB.l{YD!llRe. 

C nOMOillLD MBTO~B KOHeqHNX 0030HHHX npe~C'l.'BBJIBHHt! W6PMHOH

HNX onepaTOpOB HB OCHOBe MHKpOCKOnHqecKot! MO~BH1rl H~pa nOCTpoeH 

raMHHhTOH1riBH, OllHCNBBillllRt! KOHHtlK'l.'HBHNB "napHNe" o+-B030Y:I~BHHH 

H~ep. 

PacCWOTpeHN cnyqaa cnaOot!, ·npoue:ayroqHot! 1r1 CHHLHOI CBH3H. 

JlJIH OnHCBHHH "napHHX" KOHHBKTHBHUX B030yX~BHHi! nonyqeH rSIIHHL

TOHHBH, HB.HHillllRt!CH 8Hanorou rBMHHb'l.'OHH8H8 Eopa OOOO~BHHOt! llO~BHM 

a~pa. 

llpo8HBHH3HPOBBHU CBOi!CTBB KOHJIBK'J.'HBHNX "napHUX11 o+-COC'l.'OH!Wi! 

B H~pax C A=46-64o Hsyqeao BHHHHHB napHNX OC'l.'S'J.'OqHUX CHH HB SHep

rMH _STMX COCTOHHMI!, cneKTpOCKOnHqecKMB.WBKTOpN H ~H~epeHUHBHL

HHe ceqeHMH peaKUJ.li! ~ByXHYKHOHHOi! nepe~aqM, cpe~HBKB8~p8THqHHe 

PB~!.!YCll H~ep. 

KpaTKO CWOPUYHHpyew OCHOBHHB peaynLTB'l.'ll ~HccepTSUHJ.l. 

·Pa3BHT HOBlli! no~XO~ K paCCWOTPBHHD CBOICTB KOHH6K'l.'HBHNX 

COCTOHHHI B clf!epHqecKJ.!X H~pax, B H~pax;nepeXO~HHX no WOPIIB MBE~Y 
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clf!epHqecKHllH H ~etopllH.POB8HHHllH, H B H~pax~nepeXO~HHX no CBOMM 

. CBOI!CTBBW MBX]ly 11 HBCBepxreKyqJ4MH11 H 11CBepXTeKytUlMH 1;. no~xo~ 

OCHOBBH H8 npHUBHBHHH .0030HHUX npe~C'l.'BBHBHHi! lf!epMHOHHUX onepa

TOPOB. B ]lHcceprauHH paapaooraa w~reuarH~ecKnl! annapaT ilero~a 
ooaoHHllX npe~cTaBneHHi!. Haa~eau ToqHHe ooaoaaue npe~cranneana 

lf!epMM-OnepaTopol!. llOCTpOeHH KOHHBKTHBHHB rBMliHLTOHHBHN .I!Hfl OllH

C8HHH KBK KBB,npynonLHHX 1 TBK 14 "napHHX11 KOHHBKTHBHUX B030yl!~eHnt!. 

KaK npn0HH:18HHNI! peaynuar,nOK838HO, tlTO 1!HH OllHCBHHH KOHJIBK

THBHNX KDB~pynoJ!LHUX BOSOyE~BHHi! MOlleT Olln HCnOJIL30BBH8 MO~enL·, 

OCHOBBHHBH HB anreOpe 5U{6) • Hccne,nOBBHll CBOi!CTBB KOHHBKTMD

HUX COCTOHHHI! B OOHLIDOU qncne H~ep. 

PeaynLTBTH ]lliCCeprauHH ,I!OKHB~BBJIHCL HB xn-XIY ConemaHHHX 

no a.nepaoa cneKrpocHonaH H reopHH H~pa (Jlyoaa, 1971, !973, !975 rr) 

Ha XXIY-XXY e:aero~HNX cone~aaaax no a~epaott cneHTpocKonaM 11 

CTpyKType ·a~pa (1974, !975 r.r.), Ha ue:a~yHapo~HOU CMUnOBHYMB 

"KoppeJIHUHH B H~pax" (BeHrpHH 1 •!973), HB Mex.l{yHapO.l{HOA .KOH!JlepeH

UHM no cnot!crnau clf!epHqecKMX a~ep (IDrocnaBMH, BarpeO, !974 r.), 

HB Mex.l{yHapO.l{HOM COBBillBHHH no UB'J.'O~BW HCCJIB]lOBBHMff KOJIHBKTMDHHX 

B030yE]l6HHi! B H~pax (JlyOHa, !974 r.), Ha Mell.l{yHapO.l{HOM CMYno-

3HyWe no MaOpaHHHY nonpocau crpyKrypu a~pa (Jlyolia, !976 r.), a 

TBKEB 1r13HBrBHHCL B HBKUHHX H8 MeX.l{yHapO.l{HOH IDHOne no H~epao« 

qiaaaKe (llpe]lea.ir, Pywuaaa, !973 r.) H aa Mell.l{yHapo.l{HOA mKone no 

lf!H3MKe ( <f>HHHHH~HH, !975 r •). • 

0CHOBHHB peaynLTB'l.'ll ~Hccep'l.'BUHH ony0nHKOB8Hll B pa00T8X: 

I. F.Donau, D.Janssen, S.Fraue~dorf and R. V.J~los •.... 

Nucl.Phys., A172, 145, 1971. 

2. P.B.Jl~onoc, B.PNoapcKa. sqAH, 1, 739, 1972. 

3. P.B.Jlxonoc.·TM<l>, £, 403, !97!; llpenpaar OHHH, P4-4775, JlyOaa, 

!969. 
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