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.1. Beenenne 

Hsyqenne cTpoenHH Hnpa naqanocb 6onee TpHnnaTH neT nasan nocne OTKPhiTHH nefi

Tpona H ycTaHOBil9HHH HefiTpOHHo-npoTOHHOI'O COCT6Ba Hnpa. nocTpOeHBe TeopBH Hnpa Ha

T61lKBB6i!.OCb Ha nBe OCHOBHble TpynHOCTBo .~o-nepBblX1 CBilbi, nefiCTBYIOWHe MelKily HyKilOHjl

"' MB e unpe, nenocTaToqno xopowo usyqenbt a uMeroT eeCbMa cnoJKHhtfi Bun. Bo

BTOpbtX, A'alKe np11 npocToM BBne cun BosnBKaroT eecbMa 6onbWBe TpynnocTB npu usyqenuu 

0 ceollcTB cuc~·~Mhl, cocTosrmell as 6onhworo, no Koneqnoro qucna qacTun. B cestsH c aTBMH 
:_/ 

JlBYMSI TpynHOC'l"HMH B llOCTpoeHBH TeopBH stnpa ycHilBSl cPB3HKOB 6blllH HanpaeneHbl na llOBCKH 

llpOCTbiX MOnenel!\. llpB llOMOWH KOTOpblX ynanocb llOHHTb B OllHCaTb OCHOBHbie 3aKOHOMep-

HOCTB B CBOHCTBaX aTOMHOI'O stnpa. 

. 0 ' 
Bonbmofi ycnex B o6'bHCneHBH KOnneKTHBHbiX B036ylKI!eHHbiX.COCTOHHBfi 6blll cnenan 

0. BopoM H B. MoTTenbCOHOM B paMKax npennoJKeHnoll HMH o6o6mennoll Monenu srnpa. B 

! ' OCHOBe STOll MOnellH ll9lKHT nBH npennOilOll(eHBSio nepeoe - qTO pHBHOBeCl!Oll cjlopMOll Slllep 1 

ynane.HHhiX oT MarnqecKHlt, uensreTc.sr annnnconn epawennu. BTopbiM srensreTcsr ycnoene anna-

6aTB'tHOCTH1 KOTOpOe CBOnBTCSl K TOMY1 qTo 'tHCTOTbl BpameHHSl stnpa KHK nenoro {<) 
r 

1 CBSI3aHHhlX C KOne6aHBSlMH stnepHOl! llOB9pXHOCTB 1 llpB'!OM 

nocnenHBe nOilli(Hbi • 6biTb MHOI'O MeHbWO 1 T.e. qacTOT, CBSI3aHHhiX C B036ylKil9HdeM 

e~Tpe~l!Bx cTenen~~~~ ceo6onhl. TaKBM o6pasoM, ycnoeue anua6aTnquoc'!H «>, <<we« wiD 
:.:}no3BOilH9T paCCMHTpBB6Tb He3aBHCHMO TpH BHna nBBli(9HBSI: BpamenHe 1 KOne(l'anB~ stnpa B 

,.,_. ,..~Meueaue ero anyTpeHHRX cTeneueA cao6o.abl. · STa Mo.aenb nana otteHb xoporuee onucaHBe 

B0~6y,lKileHHblX COCTOSIHHI!1 CBSI3aHHblX C BpameHHOM stnpa .KHK nenOI'Oo 

BpaMxax o6o6mennol! Monenu nonyqenbi onpenenennhte ycnexu B onncanBH nepoTa

-<i!OHHbiX KonneKTHBHblX cocTo>IHBI!, TpaKTyeMbiX KaK Kone6anusr noeepxnocTB llnpa. TaK, ,_. 
aaeneuo

6 
JlBa THna KBanpynonHhlX ~one6aHHA .anst qeTHbiX netjlopMIIpOBBHHhiX srnep. Bo36ym-

neHHbl9 COCTOliHBllt CBll3aHHbte C KOne6aHBliMB 1 COXpaHliiOWBMB aKCBHilb Hyro CHMM9TpB101 . ~.· 

" · BM910T npoeKilBIO MOM9HT~ na Ocb CBMMeTpBB stnpa K 1 paenyro Hynro, B ll01l0li(BT91lbHYIO 

qe')'HOCTb (onB nonyqunu naseanue 6eTa-BB6panuoHHbiX cocTostHBI!). 'A KBanpynonbHbte Kone-

6anBll, npHBOnSIWBe K HHpymeHBIO aKCBHilbHOI! CB'dM9TpBB1 CBli36HI;>i C B036ylKil9HHblMB COC- . 

TO!IHB!IMB1 KOTOpble HMO~ Kl1 a. 2+. B H63blB610TCSl I'aMMH-BB6panBOHHblMB COCTO!IHHHMBo 

HMeeTcsr ·qeTbtpe TBna oKTynnonbHhiX Kone6anBI! 'teTnblx necjlopMnpoeau';;i.tx..srnep, eos6yJK-
(. j 

Kw .. 0-, 1-, 2-, 3-. OnnaKo B3 OKTynonbHbiX coc.:. 
. •J 

TOHHBA ne~opMBpoeaanhlx unep usy'teHbl TonbKO cocTosrnusr c 
• • ,_;. d 

K11 

\. 

0 
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KIT = 2-, Ebmo noKa3aao, 'ITO npnaeneHHbie aepoHTHOCTH sneKTpoMarHHTHbiX nepexonoa c 

KOne6aT91lbHbiX COCTOHHHl! Ha OCHOBHbl9 B H9CKOilbKO pa3 60ilbW9 npHB91l9HHbiX B9pOHTHOCTel!
1 

nony'I9HHbiX Ha OCHOBe OllHO'IBCTH'IHOl! MOilellH, 3TOT ¢axT HaXOilHTCH B cornaCHH C COOTBeT

CTBYIOIIlHMH sxcnepnMeHTanbHbiMH llaHHbiMH, On nonTaepnnn npaBHilbHOCTb '!'paxTOBKB STHX 

COCTOHIIHil XaK KOilll9KTHBHbiX, 0TMeTHM, 'ITO Han6onee nonaoe onncaane Hll9pHbiX KOilll9KTHB

HbiX llBHlKeHnll B TepMHHax ¢eaoMeaonornqecxnx napaMeTpoa nano a o63opH<ill cTaTbe 0. Ha

TaHa H C, .HHilbCCOHa/
1/, 

nanbHel!wnM pa3BHTH9M nnen HllepHbiX KOilll9KTHBIIbiX CBOl!CTB HBHilHCb pa60Tbl A.c.na..:::-

BblllO~a H ero COTpyllHHXOB, KOT0pbi9 paCCMOTpenn 6~nee o6wnl! cnyqaJ! axcnanbHO-HeCH~eT- 1 1 
pH'IHbiX .1IIl9p H nony'IHilH pHil HHTepeCHbiX pe3yllbTaTOB, 

.) 

Onnaxo cnenyeT oTMeTnTb, 'ITo ¢enoMeaonornqecxoe onncanne a paMxax'o~o6mennol! 

MOil91lH KOilll9KTHBHbiX aepoTaUHOHHbiX COCTOHHHJ! '19THbiX lle¢opMnpoBaH~biX !bllep .11BilH9TC.II , I 

aecbMa rpy6biM, Ono coneplKHT 6onbWOe 'lncno· napaMeTpoa, ne B cocTo;<Hnn onncaTr. P.llll . 

caollcTB, CB.II3BHHbiX c xonnexTnBHbiMn Bo36ylKnenn.IIMH, B paMxax ¢en,)•enonornqecB:oro !'<.,;.'.·., i~·· 
Tona O'leHb Tpynno onncaTb aurapMOHH'Iecxne qneHbi n T,ll, KpoMe T· •. tlo, ycnoane a.l(na6a.:. ·-' \ 

., 
TH'IHOCTn, xoTopoe 'rpe6yeT, 'IT06bi w

0
. <<r.J1n , He BbiiTOilHHeTc.II B 'leTHbix· Lle¢opMnpoaan- ' 

HbiX Hllpax, Tax, .llllH srnep B o6nacTn 150 < A < 186 nnH. xaanpynonbHbiX cocTosrnnl! 

W 0 = 0, 7 + 1,4 Msa, a Hanan3mne 3Ha;enn.!l "'-\.: = 1,0 + 1, 7 Msa, 

Ecnn XBBilpynonbHbie H OKTynOilbHbie B036ylKJleHHble COCTOHHHH CBH3aHbl C KOne6aHHSIMH 

Sl,llepHoll noaepXHOCTH, TO nocnellOBaTellbHOCTb STHX COCTOHHHl! (Han6onee HH3KHe COCTOHHHH 

COOTBeTCTBYIOT 6eTa-Kone6aHBSIM1 '.l(anee - rBMMa-xone6aHHHM1 H BbiWe nelKaT COCTOHHBH, 

CBH3aHHbie ·c OKTynonbHbiMB xone6annH Mn), xasanocb 6bi, .l!OillKHa 6biTh onnnaxoaol! ao ace_x ___ .. j 
Hnpax, a aenn'IBHbi sneprnll nx Mornn 6br nnwb cna6o MeHHTbC.!I oT Hllpa K Hllpy, 3xcnepn- ., 

M9HTBilbllbie .llaHHble no SHeprH.IIM XOillleXTHBHb!X HepoTaUHOHHbiX COCTO.I!Hnl! He YllOBileTBOJ1!';" -, 

JOT sToMy oqeannnoMy Tpe6oaannro, Tax, B o6nacTn H30Tonoa Topnsr,, ypana n nnyTOI.B·s· 

SHeprnn OKTynOilbHblX COCTOHHHll KIT~· 0-• MeHbWe SHeprnl! 6eTa- H raMMB-I\.up}~~OH'-
HbiX COCTOSIHHil,. 8 H30TOnax llBCnp03HH H Sp6nst raMMa-BH6paunOHHbie COCTOHHH{' onimeHbl 

HHlKe 6eTa-Bn6paUHOHHbiX H Tollo 3aeprnn KBallpynonbHbiX H oco6eHHO OXTynOilbllbU COCTOH

liHl! 3HB'IKTenbno MensrroTc.II oT Hnpa x nnpy, Tax,. nanpnMep, sneprnn nepab.rx c~~;ocunl! 
18< ~ 164 • ·'. • 188-· 

c .. tf ,.,.···· 

K" ~-2+· paBHbi B Dy - O,t10 Msa, B Er - 0,861 Msa, a Yb -

0,944 Msa, a B 
172 

Yb - 1,468 Msa H Tollo 

Ha ocnoae o6o6mennoll Monenn aenb3H pacc'lnTaTb sneprnn xonnexTnBHbiX nepoTaun

OHHhiX COCTOHHHil, He ynaeTC.II nony'IHTb npaBBilbHb!X 3Ha'leHHl! MOM9HTOB HHepUHH OCHOBHhlX 

H B036ylKileHHbiX COCTOHHHll H Tollo CoBOKynHOCTb STHX ¢aKTOB yKa3biBaeT Ha He06XOilHMOCTb 

HBXOlK,lleliHH HO~Oro nollXOila llllH onHCBHHH KOilll9KTH BHbiX CBOl!CTB BTOMHbiX Hllep, 

Kax B3B9CTHO, nari6onee npasnnbHO onncbrBaeT cTpyxTypy Hllpa Monenb neaaancnMhiX 

'IBCTHU C Y'I9TOM OCTaTO'IHbiX B38HMOilefiCTBHll, 0CTBTO'Illble B3BHMOileficTBHH sTo Taxne 

4 

B3Bl!MO!lel!CTBHH1 XOT0pbl9 no CB09ll CTpyXType He MoryT 6b!Tb BKili0'19Hbl B Cpenaee none 

Bllpa. Opn yqeTe ocTaTO'IHbiX B3BHMOilel!cTBIIll MelKilY uyxnouaMn B Hllpe 6onbwyro ponb cbl

rpann MaTeMaTn'lecxne MeTOilbi, pa3BHTbte BapllHHbiM, KynepoM, Illpn¢¢epoM n ae3aancnMo 

OT Hl!X Eoronro60BbiM npn nocTpoennn Teopnn caepxnpoBOilHMOCTH, non HX Blll!HHI!9M 

6blna npellllOlKeHa HOBBS! MOil91lb Hllpa, I!:OTOpyro HB3biBaiOT CBepxTeKy'lefi MOil91lbiO, B. STOll 

MOil91lH n:CnOilb30BaHbl ace ll0CTHJK9HHH MOil91lH He3aBHCHMbiX 'IBCTllll, B nee BXIlJO'IeHbl B38-

l!MOil9fiCTBliH, npliBOilHIIlll9 X KOppenHUHHM TBKoro JKe Tl!na, KBK ll B Teopnn CBepxnpoBOilli

MOCTll,· KpoMe Taro, B sTall Monenn Y'<liTbiBaJOTCH MynbTBnonh-MynbTimonbHbie aaaBMollel!cT

BIHI, XOTOpble n03BOilHIOT onliCBTb TBXlle COCTOHHI!H H/l9p1 KOTOpbie paaee CB,g3biBBilHCb C 

xone6aHBHMll Hnepnol! rroaepxnocTB, 

TaXliM o6pa30M, Ha OCHOBe CBepxTexyqel! MOU!lllll SIUpa CTano B03MOlKHbiM Ml!XpOCKOnll

'leCK09 orrBcanne xonneKTliBHhiX uepoTaUBOIIUbiX aos6ylK·neHUbiX ·cocTOHHBl!. Ono ne caHaano 

ycllOBli9M Blll!a6aTli'IHOCTll ll HBilH9TCH elll!Hb!M KBK llllSI XOilll9KTliBHblX ,TaK H llll.II OllliO'IBCTH'I

llbiX ( nnn, npaBHilbH99
1 

KB83H'IBCTH'IHbiX) B036ylK.ll911HblX COCTOHHHfi, B OCHOBe nccnellOBBHHll 

MHKpOCKOITl!'leCKOil ·npnpOilbl XOilll9KTHBHblX COCTOHIIHll ll9lKHT MeTOi:t npn6nBlK9HHOrO BTOpH'I-
. /2/ 

nora KBaHToaannsr, npennolKeUHbill H.H. Eoronro6oBbiM B Hl47 rony , n MaTeMaTB'Iecxiie . ~/ 

M9TOilbl
0 

pa3BHTbie npH nocTpOeHHH TeOpliH CBepxnpOBOilHMOCTH 

OepBOHB'IBilbHO M9TOll MHKpOCKOITH'I9CKOrO onncaHHSI KOillleKTHBHbiX COCTOSIHHil 6blll npn

M9H9H K c¢epnqecxnM srnpaM, pesynbTaTbi STnx nccnenoaaunl! ll31lOlKeHbi B pa6oTax
14

-
71

, 

8 o6naCTH ClilllbliOlle¢opMHpOBBHHbiX Hnep HCCil91lOBBIIHH KOnneKTHBlihlX COCTOHHHll1 Bbl!101lH9H-

1963 
/8,91 . . 

Hb!O llO rona , orpaHH'IHBaJOTCSI npnaeneHli9M OCIIOBHbiX ypaBH9HHfi H nayqeaneM 

aonpoca o5 ncxnroqeunn nyxoaoro cocTOHHnsr, Onuaxo B 1963-64 ronax 6bmn Bbmonneubi ne

TanbHbie pacqeTbl SH9prnl! KOnneKTHBHbiX uepOTBUHOHHblX COCTOHHHll H npnBelleHHbiX BepOHT-

HOCTefi nepeXOilOB B qeTHO-'IeTHbiX CHilbHOne¢opM!ilpOBBHHbiX Slllpax B o6naCTH 150 "-·A $., 186 

n 228 $., A "- 254. 

f.layqeUHIO KOilll9KTHBHbiX COCTOHHHfi llOCBHIIl9HO 60ilbWOe 'IHCilO SKCUepnMeHTBilbllblX pa-

6oT, a pesynbTaTe qero aaxonneH 6onbwol! MaTepBan no sneprnHM xonneKTHBHbiX cocToH

nnll H no npnaeneHHblM BepOHTHOCTHM sneKTpOMBrHHTHbiX nepexollOB B c¢epnqecKHX H ne

¢opMHpOBBllllbiX qeTH0-'19THbiX H/lpBXo 

HaCTOHIIlHfi o630p nOCBHIIl9li onnCaHHIO KOilll9KTHBHbiX HepoTBUHOHHbiX COCTOHHHll B 

:reTao-'leTHbiX ne¢opMnpoaaHHbiX HApax. B o6sope npnBOilHTCB ocnoauble nonolKeHnH caepx

Texyqefi Monenn Hllpa n nonpo6uo nsnaraeTC.II MeToll npn6nnlKennoro BTopnqaoro xaanToBa

ung, CncTeMaTn3npyroTCH sxcnepnMeuTallbHbie naHHbie no sneprnHM xaanpyrro~bHbiX 

(K,. ~· 0+: 2+:) H OKTyTIOilbHbiX ( K11 ~-0-,1-,2- H 3:_) B036ylK.lleHH:>IX COCTO!IHHi!o 

CyMMnpyJOTc!I aKcnepBMeHTallbHble nanHbie no rrpnaeneHHbiM aepoHTHOCT!IM aneKTpoMaranT

HbiX nepeXOilOB C KOnneKTI!BHb!X COCTOHHHi! H no 6eTa-pacrranaM HB KOnneKTliBHbl9 COCTO!IHIIH, 

OpnBOilHTcsr pe3ynbTaTbl pacqeToB rrpnaeneHHbiX aepoHTHOCTel! nepexonoa n sneprnl! nepBbiX 

5 
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! . 

llBYX KBallpynonbHhiX H OKTynonbHhiX COCTOSJHHI!, HccneAyeTCSJ CTpyKTypa 9THX COCTOSIHHil, 

BbmonaSJeTCSJ cpaanenHe Teopnn c axcnepnMeHTOM n AenaiOTc>I BhiBOilhl o npaannbHOCTH 

onncaHH>I KOnneKTHBHhiX nepOTHilHOHHhiX COCTOSJHHil 'leTHO-'IBTHbiX .ite<jlopMHpOBaHHbiX >Ii19p B 

paMxax caepxTexyqeil MOAerrn >IApa. 

n. CaepxTexyqag MOAerrb >IIlpa 

1, 0 c n o a n hi e n o n o 2K e n n 5I MOAerrn 

CaepxTexyqeil aa3biBaiOT Taxyro MoAerrb, xoTopa>I 11aeT MHKpocxonnqecxoe onncanne 

CTpyKTyphl >IIlpa H B KOTOpOil Y'IHThiB810TC>I OCT8TO'IHbie B38HMOAeilc TBII>I HyKIIOHOB, npHBO

Il>IIIlHe K8K K napHbiM KOpperr>IIlHSJM CB9pXnpOBOil>IIIl9ro Tnna, TaK H K KOIIII.BKTHBHhiM a<jl<jlex

T8Mo Cne11yeT OTM9THTb1 'ITO 9Ta MOI19IIb ae HBn>IeTC>I nOCIIBilOBaTerrbHO MHKpOCKOnH'I9CKOil0 

Tax xax a neil ncnonb3yeTC>I p>IIl <jlenoMenonorn'lecxnx. napaMeTpoB, CaMo aa3aaane 'caepx

Texy'la>I MOAerrb' CBHileTerrbCTByeT 00 orpaHH'IeHHOCTH II npHonH:lKeHHOM xapaKTepe STOrO 
. . . /10 11/ . 

MBTOila H3Y'IBHHSJ cTpyxTypbi Hnpa. CaepxTexyqag Monerrb snpa ' SJBrrHeTCSJ nanbneilwnM 

pa3BHTHeM MO):leneil He3BBHCHMhiX 'laCTIIIl1 a TaK2K9 TaKOi! <jlopMynHpOBKOil nepBOHa'lanbHOrO 

/12,13/ 
MBTOila H3y'leHHH napHbiX KOpperrHUHil 1 KOTOpaH npHrOnHa He TOIIbKO lliiH Ka'leCTBeHHO~ 

ro OO'bHCHBHHH CBOi!CTB aTOMHhiX SJilep, HO H lliiH KOIIH'IeCTB~HHOrO H3y'leHHH CTpyKTypbl KOH

KpBTHhiX HllBP ( B TOM 'IHCrre nn>I H3y'leHH>I KOnneKTHBHbiX CBOilCTB),. 

B caepxTexyqeil MOilenn B3aHMOileilcTnne Me2KilY nyxnonaMH B Hllpe pa31leneno na 

TpH 'laCTH: 

H -=· Hav +:Hpalr, +: Hooll (2.1) 

Bbmeneno cpellnee (ann caMocornacoaannoe) none .>IIlpa Hav • · OcTaTO'IHhle B3aHMOileil-

CTBHH MB~y HyKIIOBaMH llaiOTCH 'IIIBHaMH Hpmr n H..,n , npn'leM Hpmr >IBnHeT-

Clt B3aHMOileilcTBH9M0 npHBOilSIIIlHM K napHbiM KOpperrHilHHM CBepxnpOBOilH mero Tnna, a 

H..,11 collep2KHT MyrrbTnnonb-MYIIbTimonbaoe aaanMolleilcTBne, OTBBTCTBenaoe 38 pHil 
. /10/ ' 

xonneKTHBHhiX cnoilcTB Hllep. Kax noxa3ano B , M02KHO cTporo BhlllennTb cpellnee none 

>IIlpa · n BSanMolleilcTBne, npnBOilHmee K napHhlM xoppen>IUHHM caepxnpoBOil>IIIlero Tnna, 113 

CaMOrO OOWero Bllll8 raMHIIbTOHHaHa B3aHMOileilCTBHH, 

TIOIIHhlil raMHnbTOHHBH COilep:lKHT T8K2K9 KHHeTH'IeCKYIO aaeprHIO BpameHHH II 'lnea, 

OnHCbiBaiOIIlHil CB513b BHyTpeaaero llBHl!CeHIISJ C BpameHneM, TioaTOMY ( 2, J.) CIIBilyeT 110non-

HIITb eme llByM>I 'lneHBMII: 

(2.2) 

6 

rile T .,. -xnaeTH'I:ecxas aneprnSJ apameanSJ, H 
0 

-xopnon11coao BSaHMolleilcrnne, 'xoTo-

poe l!MeBT BIIIl: 
c'· ...... 

•· 2j- (IJ).' (2~) H 
0 

rile J - MOMeHT HHepUHll0 I -nOIIHblil MOMBHT KOJlii'IBCTBa llBli2KeHli>I 0 j -MO-

MBHT BHyTpeHBero llBH2K9HII51o TaKHM o6pa3oM, nonnhlil raMHnbTOHl!aH B3aHMOileilcTBH>I l!MeeT 

BHil: 

•·H.,. +Homr +H..,11 +:T.,, ;~-: H0 • 
, 

(2;2) H 

CnellyeT OTMBTIITb, 'ITO STOT raMl!IIbTOHl!aB MO:lKeT ObiTb B3HT B caMOil oomeil <jlopMe, BKniO

qa>I 
1 

aanpHMep, T9H30pHbie CHIIhlo B HaCTOHIIlBil CTaThe Mbl ae oylleM paccMaTpHBBTb poTa-. 

UHOBHbiX B030y~eHBhlX COCTO>IHHil ll He oylleM Y'lliTbiBaTb a<jl<jleKThl, Bbi3Ba.HHhle CB513bl0 Bpa

weHHSI H BHTypenaero llBH2K9.HH511 noaTOMY Mhl fiyllBM paooTaTb C raMHIIbTOHl!aHOM B Bllll9 

(2.1). 

Hauo cxaaaTh , 'ITO pa36naxa raMHrrhTOHHana, onnchlBBIOmero B3aliMOileilcTBne 

Me~y ayxnonaMH B SJilpe, SJBnseTCH necxonbKO ycnonnoil, nocxonbKY C'IHTaeTcSJ, 'ITO B H.,. 
COilep2KIITC>I nonaoe cpellH99 none 511lpa, BKniO'IBH COOTBBTCTBYIOIIlHe 'IBCTll H3 H ll H , -, C. pair aoil / 

B cnoro oqepellh, xoncTanThl n Hos!• nepenopMHpoBaHhl B yqeToM B3BliMOileilcTBllil 

H .. n Taxoe BbmenenHe cpellnero nonH l:!llpa 11 B3BHMOileilcTBllil, npnBOilSIIIlHX x napHbiM 

Kopperrl:!llHl:!M, <jlaKT~'IeCKII npOBOilHTCl:! He B onepaTope 

no HeKOTOPOMY COCTOHHHIO, T,e, 

<H>' D· <;'H>. +!<H>, +<II>: 
av palr mll 

H , a B cpellHeM 3Ha'leHHH H 

(2;8) 

nane;, OCHOBHhl9 ypaBHBHIIH HBXOill:!TCH c noMOIIlbiO napnanHOHHOrO npHHUllna Eoronro

oona, HBnHIOWeroCl:! oooomenneM 113B9CTIIOrO MeTOila XapTpn-<l>oxa. TipH peweHl!H IIX liCIIOJlb-

3YBTCl:! MeTOil npllonH2K9HHOrO BTOpli'IHOrO KBaHTOBBHH>I,'3aMeTliM0 'ITO 8TH ypaBHeHlll:! M02KHO 

TaKme nony'll!Tb MeTOilOM <jlyHKilHil fpliHa, 

B cnepxTeKy'leil Mollerrll 3alla'la HccnelloBaHIIl:! CTPYKTYPhl Hllpa c caMoro aaqana <jlop

MYnnpyeTcl:! KaK 3alla'la MHOrliX Ten, raMHnbTOHllaH 0 OllliCbiBaiOIIlllil B3aiiMOileilCTBIIl:! HyKnO

HOB B 511lpe,He CBl:!3aH aenocpellCTBeHHO C noTeHilllanoM a,3aiiMOileilCTBH>I CBOOOilHhiX HyK~O

HOB, neilCTBHTenbHO, nocne BhllleneHlll:! CpBAHero nonH H'y'leTa napHhlX KOpperrl:!llHil CBepxnpo

BOilHIIlero THila paCCMaTpHBaiOTCl:! B38liMOileilCTBliH KBa3H'IaCTIIIlo CBOi!CTBa KOTOpbiX Hll B Ka

KOil Mepe Heiib3l:! OT6~eCTBIITb CO CBOilCTBaMH CBOOOilHhlX ayKnOHOB, 

OocyllHM BHil BSaHMoAellcTBHll n .... 11 H .. n ,· Hawe IICCnellOBaHH9 OTHOCHTC>I 

/10/ 
B 1 OTCYTCTByiOT naplibie KOp-K cpellHIIM ll T512KenbiM l:!llpaM, B KOTOphlX1 KBK noxaaaHO 

7 



11 
PGliRQRH C~epxrrpOBOARmero THna Me~y aettTpOHaMH H npoTOHaMH, noaToMy 
meM a c.neayromeM anae; pair 

HPalr 
+· +: t 

b·-<lN .I a..,:. a a , .a '+ -<lz I afv+.a.,-a.,. a,'+· 
...... -r . ..,._ •-· • w~.. . -- .... 

(2.4) 
+: 

3aecb a.,.. 

'lncen ( su· 
a.. - onepaTOpb! po~eHnR n nornomeang aei!Tpoaa, na5opoM KaanToBnrx 

onnmeM COCTO>IHne nei!Tpoaa, a ( vu· ) - cocTo>Iane npoTo~a. Ha na5opa 
rmanTOBhiX 'IHcen Bb!AennM 'lncno 

U· b ± J TaK, 'IT05bl COCTO>iHH>I, OTliH'IaiOmnecg 3HaKOM 

u· , cTann conp>IJKeanwMH OTaocnTenbno onepannn oTpaJKennn epeMemr; nanpnMep, a· 

MOlK9T 5biTb 3llaKoM ITpo9KIIHH MOMenTa Ha OCb CHMM9Tpnn !I.l1pa, 

faMBllbTOHBan ( 2;4) CO.l19p)I{RT .Cll9IIB<jlnqecKyiO 'IaCTb OCTB.TO'fHb!X B38.HMOA91lCTDHfi 

G(s+:.s-;s'-·,s'+:) • 3To CB>Iaaao c TaM, 'ITO cnnbabre xoppen>Il.HIII M9JK.l1y nyxnonaMn ocy-

IIl9CTBliHIOTC>i TOllbKO B TOM cnyqae, KOr.l1a OHn HaXOA>iTC!I B COCTO!IIUISIX C OAHIIaKOBQi{ aaep-

rne!l H OABHaKOBhiMH' KB8HTOBhl.MH 'IHCnaMn ( KpoMe a 
) , npupo,t{a OCTaTO'IHhiX KOpOTKO,tlat{-

CTBYIOIIlHX CUll TaKODa, 'ITO OHa Be,t{eT K 3Ha'IHT9llbHQ OOllee CHllbiiOMy D3aHMO,t{eficTBHIO B 

COCTO>iHH>iX C MOM9HTOM1 paBHhiM nynro, '19M B Apyrnx COCTO>iHH>IX, 3neprnn CB>i3H llOCll9,t{

II9rO nell:Tpona B nerxax RApax, r.11e HMeioTcg nell:Tpon-npoTonabre xoppeJmunn cnepxnpoeons:r

mero TUlia, YKa3hiBaiOT1 'ITO B COCT05!HH5!X ( S+:, •s-•) H (v +:, V-•) KOppen5!UHH >iBliHIOTCSI 

CHllbiib!MH• a B APJTHX . COCTO>IHHSIX OHH II93aM9THhl, llellcTBHT9llbH0
1 

B TeX Clly'Iagx, KOr,t{a 

aeqeTnhrll nell:Tpon n aeqeTahrll: upoToa naxo.!laTcg a cocTosrnn>rx c oannaxoawMa xaanTOBbtMn 
22 26 so u 38 

'IHCllaMn (Na , AI. , P , Cl K ) , aaeprng Cagan nocneaaero aell:Tpoaa rrop>Ia-

Ka 11-12 Mae, T,e, · Taxan JKe, xax B 5!.l1pax c 'IBTHb!MH 'lHcnou nei!Tponoe ( Ne 22 , , 

AI 

27 

, .p 

81 

, , CI as n ap , ) • r.11e • ana aaemanx nell:Tpoaa cnapeaLr, B Tax cnyqagx, 

Koraa He'IeTHh19 aell:TpOH H IlpOTOH HaXOARTCg B COCTOSIHHRX C pa3llH'IHhiMH KBSHTOBbiMH 'IHC-
1 

24 lll 82ae«J 

naMn ( Na , AI , P ,C! K ) ~aa:epr:ug CB>Ian nocneaa:ero a:ell:Tpona nopl:I):{Ka 7-8 Mae, 
21 2S 81 88 

T,e, TaKa>I JKe, Kll!t B l:!Apax Ne , Mg , Si , ' S n ,tlpyr:ux, B KOTOphix nocnemmll 

a:yxnon a:e yqacTeyeT B napnb!X Koppenl:IH:I!SIX, .llanee, nocxonbxy Cgllhr, np:I!BO.l15!mne x uap

HhiM Koppen>IUHSIM caepxnpoaonsmtero Tuna 5!BrurroTcg xopoTxoaell:cTByrom:uM:u, TO nx rpyoo 
MOJKHO IIpenCTaanTb K~ 

G .. 8 (r 1 -· r 
2 

). 

3To ana'IBT, 'ITo B npocTpancTae :I!Mrrynbcoa G ·'I liBli>IeTC,I\I liOCTO>iHHOfi,. noSToMy B OOOllO•. 

'le'laoll: Monen:u n B MO.l1ena Ham.ccona Mo)I{Ro ,upnolllrJKenao C'IHTaTb, 'ITO G (s+:, ,...,, s'-·, ·s'+:) 
He 3aBHC:I!T OT S a s"'· , T.a. 

G •· Const. 

- /14/ PacqeThi napahrx aaeprnll: lle¢OPMI£poeaanblx >Iaep noxaaann , 'ITO np:u6nnJKenne G•-Const 
RBIISieTcg AOCTSTO'IHO 'XOpomnM, 

Mym.Tirllonb-Myllb',l":l!nonbaoe BaanMonell:cTsne omrchieaeTcn raMHm.ToanaaoM H oon 
ltOTOpbiJ!: lrM99T Bll.tl: 

; ·. 
8 

H.,.,n 
(,\,) +: (,\,) +' 

~ I I_ I ~en Q.\j< (n) Q.\j< (n)+ KP Q.\j< (p)Q.\j< (p )+ 
,\p~a r.<?!P 

(,\,) +: + 
+ K np (QAil(n)Q~ (p) + Q~ (p)Q.\j< (n))l. 

(2,5) 

3Ta 'IaCTb raMBIIbTOHHaaa Hap5!,t~y C HBI!TpOH-Hei!TpOHHhlM H llpOTOH-llpOTOHHhlM CO,tlepJKBT 
(,\,) (,\,) cAl 

TaKJKe Hell:Tpoa-npOTOHHbie B3aHMOAell:CTBB>I1 l<n 1 l<p B l<np - KOHCTSIIThi 

uynbTBllOllb-MYIIbTBllOllbHOrO B3aRMOAell:CTBH5!, Hanoonbmyro ponb nrparoT xaanpynonh-KBaapy-

llOllbHOe (A •· 2) R OKTyllOIIb-oKTyliOllbHhie (A •· 3) eaanuoaell:cTBnn, 'inenbt c >. ~-0 
OCHOBHOI!: BK.nan AaiOT B Cpeaaee I!Oile ( KOneoaHH>i lliiOTIIOCTB Mallbl) 

1 
AIIIIOIIb-,t{BllOllbHbi9 

B3aHMOA91l:CTBB>I c A •. 1 OllBCbiBaiOT KOlle 6aang llpOTOHOB OTHOCHT91IbHO Hell:TpOHOB, Oan 

ne oxaaLrBaroT cymecTeeaaoro 

TORHBI!: aTOMHhiX Slllep1 !tpOMe 

CTBBl:I c A>l3 OKa3biBaiOT 

BIIB>IIIBR Ha CBOI!:CTBa OCHOBHhiX B cnat50B030YJKA9HHbiX COC

p>Illa E 1-nepexoaoe, MyllbTBnonh-MynbTnnonhabre eaanMo):{ell:

eechMa cnaooe BIIB>IIIB9 aa aaeprnn COOTB9TCTBYIOIIlBX COCTOSI-

ani!:, oauaxo naaecTnhr cnyqan ycnnenn>I E 4-nepexonoe, 'ITo CBl!aaao c A =· 4 • B OOllhlllBHCT-
ae cnyqaea BaanMonell:cTBH>IMH c · A> 3. MOJKHo upeae6peqb, 

TaxnM o6pasoM, 

llOllbH09 B3aHMOlX91l:CTBH5!, 

H.,.,11 CO.l19pJKHT KBaApynonb-KBB.Apynonbaoe n oxTynonb-OKTy

.Qna xaaapynonbaoro aaanMoaell:cTBB>I A •·2 ·, a npoexl!Hll ll 

DpRIIBMaeT 3Ha'IeHBll 0 H 2, All5! OKTyiiOnb-oKTyiiOIIbHOro B3aBMOll91l:CTBB5! 

112 H 3 

rne 

llpR'l9M 

.Qanee 

-'~< 
Ql,. (n) •· I, <'sal f I s·,..~->:a!a- a •'a'?' 

",]r sa • 

~-o 
f 

au' 

+: _, + 
~ I f(ss'~a..,.. a •• .,. +:f(ss'~a"". a•'-u· I , .. , .. 

{£ I.M"""'· 

I A Au"" 1 A 
•· r y .\o ·, f .. --• (Y~ +(-1) p 

-'~< ~ 
rcss·~ •. <s +l f Is'·+:>: ~- <s- If Is'-·>: • , 

- A,.. .\jL 
f(ss·~ ... < s +l f Is'·-·>:~--· <s' +:If Is->: , , 

f(ss' ~ =· f(s' s), f(ss'~ ~-·f(s',s 

9 

f.! 

y A-IL ), 

A •· 3 , a ll ~- 0, 

(2.5') 

7 



( 11Hll9KCbl AJL B f(ss'~ 11 fcss'~ ):IHH npOCTOTbl onymeHbi), nnH KalKJloro A 

11 fL MaTp11'IHbl9 aneMeHTbl f(ss') 11 f(ss' ) 11M9IOT COOTB9TCTBYIOlll119 npaBnna OTOO-

pa, TaK11M ot5paaoM, np11 11ayqeH11H cocTOHH11il c p..f· 0 nap<Iny c MaTp11'IHbiMII aneMeHTa-

M11 

. l\fL ) = f (p t • p 2 ) 

.f.a.<PtP2 ~ ( p )ef(p
1

,p2) a, f p ' 

K t ;t; fL a· Ka . y'Il!Tb!BaiOTCH MaTp11'I-

3necb K 1 u 
, rne 

c K
1

+K
2

c-±;P. 
u;-u· Hhie aneMeHThi 

-npOeKUHH MOM9HTOB Ha OCb CIIMM9Tp1I11 l!llpa j 3):19Cb 11 B nanbHeilmeM qepea pI II 

ot5oaaa'I11M I{BaHTOBbte '!11cna, xapaKTepuayrom11e ypoBHH cpennero nonH unu· npoToH-
K2 

p2. 
Hoi!, 11H11 aei!TpOHHOil C11CTeM. CnenyeT OTM9T11Tb, 'ITO BbtpalKeHlle (2.6) ne HBHH9TCH Ha1IOO

nee OOlll11M, TaK KaK np11 pa3UOlK9H1111 B3a11MOJ:I9i!CTBliH no MYHbTHllH9TaM J:IOnlKHbl B03H11K~ 

HyTb OOM9,HHbl9 'IH9Hbl, KOT0pbi9 H9 coneplKaTCH B ( 2,6), • 

0 2. IT a p H bi e K .o p p e n g ,u u n H y K n o n o B 

caepxnpoaongmero Tuna 

IlpuaeneM • ocaoBHbte peaynbTaTbl pac'IeTOB c raMliHbTOHUanoM Hav +: H pair 

B npUOHUlK9HUll aeaaBUCHMbiX KBa3U'IaCTllll, T,e, B MOJ:I9Ull1 y'!liTb!BaiOmeil OCTaTO'IHbl9 B3aH-

MO):I9i!CTBIIH HyKnOHOB
1 

npUBOllHmH9 K napnb!M KOppenHllliHM CBepxnpOBOllHmero TUna, 

PaccMoTpuM aaa11Monei!CTBUH MelKJly ayxnoaaMu ·a gnpe, onuchtBaeMble raMHnbTOHUaHoM 

Ho a· Hav +: Hpalr C• Ho (n)+:Ho (p),' ( 2~'6) 

rne 
+: +: ..... 

H
0

(n) a· !. (E
0 

(s) -·A Ia a.a:-' GN !.,a.+_a 8 \.1'.'-·a•f+· , 
au· . n EIJ• as . . . . (2.6') 

+: +: +: 
H

0 
(p) a- !. l E

0 
(v )-•AP I avu·ava·-·G z !.,av+:av-• av•-,Bv'+: •: 

vu· 1W 

(2.6") 

" •' 

3necb E
0

(s) E
0
(v) - onaoqacTli"'Hbte (ae nonaoCTbiO nepenopMHpoaanHbte) aaepru11 

GN H Gz -KOHCTaHTbl napnoro B3aUMO-
B COCTOSIHIISIX. S II v cpenaero nonH, 

A 11 ·A p 
neilcTBUll B aei!TpOHHOil u npOTOHHOil CllCTeMax. XHMH'I9CKU9 noTeHU11aHbl 

onpenenHroTCR ua ycnoauil coxpaaenuR B cpenneM 'IUcna nei!TpoHOB u npoTOHOB, T.e. ua 

ypaanenuil 

N a !. 
sa· 

··"'· 

+: 
<·a. 0 .aau· >i . ' .., . +: . ' z -· .w < avu· ava· >; 'l 

va· 

10 ·~ 

(2.7) 

.:;. . 
-.···! r ,,, 

·' \, 

rne <· .. ;~:;>: 03BaqaeT ycpenuenue no paCCMaTpUBaeMOMY COCTOHHUIO,· IloCKOHbKY B cpen

HUX ll THlK9HbiX snpax OTCYTCTBYIOT H9i!TpOB-npOTOHHbl9 napnble KOppenHUHll CBepxnpOBOllB

mero TUna, TO nei!TpOBHaB U npOTOHHSH CUCT9Mbl paCCMaTpBBaiOTCH nppo3Hbo Ilony'IBM OC

HOBHbl9 ojlopMyHbl, nanpuMep1 llUH nei!TpOHHOil CUCT9Mblo 

Co~epmnM nnae~aoe KanonuqecKoe npeot5paaoaanne ¢epMU-aMnnBTYll 

+: 
aaa···u. a.-a+: uv. a.a· ( 2,8) 

MB TOrO, 'ITOObl ORO ne napymano KOMMYTSllBOHHbiX CBOiiCTB BX, H900XOJ:IHMO, 'ITOOhl Bbl-

nonn<Inocb ycnoane 
2 2 

1]
8

•·u. +:v
8 

-1-- O. 
(2.9) 

-·I'' •. 
OnpenenuM OCHOBBOe COCTOBHlle C11CT9Mbl B3 ycnoBBH • 

'\ \< .\..' 

a ou· 'l' o •· 0 • -" ( 2.10) 

HailneM cpennee aaaqeune 110 (n) no COCT.OHHll 10. 1p 0 

<H 0 (n) >~-· 2!. l E 0 (s) -·An I v 2 
-·GN :E,u 8 v u •.V •.-·GN :E v ,· . . .. .. . . . . . 

"~- '"'' ! 

IlocKonbKY·.,neu G; v: 
MUpoBKY 

naeT BKnan B caMocornacoaannoe none, np~aeneM nepeuop

GN 2 
E(s) •· E 0 (s) -· -- v 2 • 

n nonyqliM 

• 2 
<H 0 (n)>0 --.2!. l E(s) -•An lv . . 2 

GN(!. u
0 

V 8 ) •' ( 2.11) 

OnpenennM u. H v. U3 yCUOBH.II: MHHHMyMa -'(2,'tJ), KOTOpoe 38UHW9M TaK: 

B(<H 0 (n)>~ :+:!.fla'lal. a- O,. ( 2.12) 
• 

\;, 

rna ._!·. -MHOlKHTenb narpaHlKa. B peaynbTHT9 llOII}"IHM 

2 2' . 
2IE(s) -·An lu.v. -·GN (u

8 
-v. )~· u 8 •.v.•.•· 0.: .. (2.13) 

... 
BaeneM Koppens~oHByro ~ynXUHIO 

c D -- G N ~ u. v • (2.14) 

11 

,:.-. 



~-\. 

11 onpene/IIJM 

u . ~ I 1 +: E(s) -•An 1 , , 
ds) 

2 
v . ~ 11· -· 

2 . 2 

f(s) = I/C
0 

+:I E(s) -•A n I 

E(s)-•An 

f(s) 
I'. 

(2.15) 

BonaoByiO ljlyHKilH_IO, ypaBH9HIHI l!IT>I onpenenen11>1 C n n A.. n aneprHIO ocnoBnoro 

COCTO>IHII>I CIICTeMhl, COCTO>IU!eli 113 'l9THOI"O 'lHCna He!iTpOHO,B1 ITOITY'liiM B. CIT91lYIOU!9M Bllll9! 

rne 

'Po = 
+: +: (O) 

ll(u 8 +:v.a•+:a._)'P0 •' . 
v 2 =-l: 

G N • 1-c: +:I E(s) -·A.n 12 •' 

--\) 

I 
[\} 

N =· l: I 1 .... 
E(s) -• A0 

- V:c! +:I E(s) -..\~ 2 

2 
2 • c .. 

@0 •·!. 2E(s)v
8 

-· -.-, 

• G N. 

'll 

a .... '~'o 0 •. 

(2.16) . 

(2.'t7) 

I , , (2,17 ') 

( 2.18) 

BonHOBbl9 ljlyHKiliJH, SHeprllll ll OCHOBHbiG ypaBHGHIJ>I 1!11>1 .llBYXKBa311'l8CTH'lHbiX B036YJK-
. . JW 

1!9HHbtX COCTO!IHII!i 'l9THO!i CIICT9Mbl liMe lOT Bllll (npll S l .f.• S 2 ) ! 

:'1 

+:· +~ +: +: 0 
'P 0 ( s I' s 2 ) =· a .. a Uo n I u (sl 82) +:v (sIs 2 )a +a I '~'o • ' 8

1 1 8
2 wz•F•t•2 • • 8 

• •-

2 

GN 
=· E 1 ·"·t· 8 2 . 2 . - 2 y c .. (s1 s 2 ) +:I E (s) -• A

0 
(s 1 s 2 )I 

N =· 2 +: E I 
· E(s) -,\ n (s 1 s 2 ) 

·"··1' 112 2 2 
1/C .. ( s 1 s 2 ) +1 E(s) -.\., (s

1 
s

2
)1 

12 

(2~19) 

'·· 

(2.20) 

(2.20') 

\''-' 

l 
. I 

1, 

{i; ( s, • 82 2 )=·E(s 1 )+:E(s 2 )+: E 2E(s)v
8

(s
1

s
2

) 

·"~~ •• • 2 

2 
C., (s 1 s 2 ) 

GN 
. ; (2,21) 

lln>I onpeneneHH>I c H A ypaBHeBH>I (2,17) 11 (2,20) 6»mH pemenbl aa aneKTpoaao-

cqeTHOfi MSIIIHHe. 

B MonenH napnbtX wppen>~ollli Bo36yiK.lleBabre cocTo>Iang 'l9THbiX ne¢opMHpoBaHHhiX 

>lllep >!BIT>! IOTC>I llBYXKB83H'l8CTH'lHbiMH, 3TO B9pHO lln51 TGX COCTO>!HIIli
1 

1!11>1 KOTOpbiX H 
· /14-16/ · ooll 

He nrpaeT onpenerr>IIOU!ell ponu, B pal5oTax o»mll B»I'lHcneHbt saepruu llBYXKBH311'lac-

TH'lHhiX ypoBHell 'l9THhiX >111ep B oonacT>IX 150 ~. A ~- 188 H 228 ~. A ~. 254 11 cpaBneHbl 

c cooTBeTCTBYIOU!IIMH sxcnepzMeuTallhHbiMH .tiHHHbiMH, CpaBueune pacc'lHTaUubtX 3HH'leuuil 

sueprHll ypoBueil 'leTuo-'leTUbiX >I.tlep c sxcnepuMenTanhHbiMH .tiHHHhiMH noKa3ano, 'ITO liall

.tleuo aa onbtTe 6on»UIHHCTBO pacc'liiTBHHbiX HII3KHX .tiBYXKBH3H'lHCTH'lHbiX ypoBneil, KOTOphle 

nonJKabt ob!cTpo 3Hcen>IThC>I np11 COOTBeTCTBYIOU!HX 6eTa-pacnanax. Cornacue pac'leToB, Bbi

nonaennbiX HH OCHOBG MO.ti9ITII H938BIICIIMbiX KB8311JIHCTII!l 1 C SKCIT9piiM9HT8ITbHblMII .tiHHHbiMH 

B OTHOID9HHII 9Beprllll B030YlKil9HHbiX COCTO>!HIIil II B9pO>ITHOCTe!i oeTa-nepeXO.tiOB ITO.tiTB9plK

Il89T .tiBYXKBa3H'l8CTII'lHyiO CTpyKTypy MHOI"IIX B030YiKJl9HHbiX COCTO>IHHll neljlopMIIpOBHHHbiX 

'l9THO-'l9THb!X >I.tlep, 

l-13 STOll MO.tl91111 CII9.tlyeT, 'ITO OCHOBHOe H P>lll B030YiKJl9HHbiX COCTO>IHH!i H9'l9THOI"O 

A- >!llpa HM9IOT O.tiHOKB8311'18CTH'lHYIO CTpyKTypy, oonee BbiCOKIIe B035YlK.ti9HHbl9 COCTO>IHH>I 

Tp9XKBa311'l8CTH'lHYIO CTpyKTypy II T,.tl, Cornacao STOll MO.ti91IH
1 

ITOB9.ti9HIIe Ol!HOKBa3H'laCTR'l

HbiX ypoBaell He'leTHhiX CHIIhHO.tle¢opM11poBaHHbiX A - >I.tlep onpenen>IeTc>I B ocaoBHOM 

cpel!HIIM noneM >IIlpa,' 3TIIM o5ycnoBnea ycnex noTeaouana Hllnhccoaa KHK B oob>Icaeaull 

noBeneaug ypoBaeil ne'!eTHhiX A- >IIlep, TaK H B BhmonaeniiH npaBHII OT5opa .1111>1 5eTa- 11 

117/ I"aMMa-nepeXOI!OB, OCHOBaHHbiX Ba 8CIIMITTOTH'l9CKIIX KBaHTOBbiX 'lHCnax 

TaKHM o5pa30M, MO.ti9ITb H93aBIICIIMbiX KBa3H'l8CTHil 0TITII'l89TC>I He TOIIbKO CBOell ncic-

119l!OBaTellbHOCTbiO II CHMOCOI"IlaCOBaHHOCThiO, HO H ITpOCTOTOli BbiBO.tiOB 0 CTpyKType OCHOB

/18/ Hh!X H B035YiK.ll9HHbiX COCTO>IHHll aTOMHbiX >11!9p .. 
• .,_§ 3, n p e o 6 p a 3 o B a n 11 e 

I" a M H IT b T 0 H H a H a 

B3811MO.tlellcTBH>! 

faMHITbTOHHaH ( 2,1), OITHCbiBaiOU!H!i B38HMO.tlellcTBHe M9iKJly HYKIIOHaMH B !!.tlpe, 38ITH

•U!eM B BH.tle 

H =· H 0 (n) +:H
0

(p) +H..,
11 

.(2.1) 

... 
13 
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npoaeneM_KSHOHH~eCKOe npeo6p830B8HHe ( 2,8) H npeofipaayeM 

mepaTopbi: 

H , · BaeneM cnenyroilme 

! 

A(pp'~ •· -
1

- I. a a , a •. A(p'p) . ..;-T a· pr1· p-u· • 
(2,22) 

-A(fl?'~ c - 1- t a • a.# -'~) ..- '""' '~l' rl ')} v:r u pr f'C1" /'~· .- r 1 ~ 

, ) '<' a-f\: a • B(w- =;: pu-pr:r 

+: 
B (pp'~ •. }: au n-u· a P'"- ' ' 

rr .-
(2.23) 

npn~eM 

+: 
B(pp'~ •· B(p' p ), • 

-· +" 
B(pp'·) . •· -· B(p' p ) •• 

(2,23) 

+: 

KoMMYTIIIIHOHRbie cocTOSliiHS1 MelKJly onepaTopaMH A(pp'~ n A(p2 p'i) HMeiOT BH.tl 

• ,,+: I li li , • +·li • li • -· [A(pp ~. A(p2 P27 ,... f¥'2 P Pi PP :i P P2 

(2,24) 

~·~ill B(p';p') +:li , , B(p p) +:li , B(p. ,p') +:li , B(p';•P )} • · 
PP2 P P 2· 2 PP i • P P 2 

nocKOnbKY KOMMYTaiiHOBHble COOTBOmeHH!I MelKJly _onepaTopaMH (2,22) H (2,23) !IBn!IIOTCII 

cnOlKBbiMH
0 

TO IIpHBe.tleM "HX B npnnolKeBHHo. 

nonhayiiCb onepaTopaMH (2,22) n (2,23), raMnnbToUHau H0 (n) aannmeM TaK: 

H
0 

(n) •· H~{n) +:H~(n) +: H~~(n), • (2.25) 

lj,"(n) •· I. 21 E 
0 

(s) -•A n I v: -·G
0

N t, U 8 v
0

n
8 

•• v ••. +:I.r(s)B(ss), • .. . . - . 

H;:·(n) 
GNO 

2 

(2,25') 

2 +: 2 2 2. +: 
:£ (u. A(ss) -·v. A(ss))(u •. A(s's'}-·v.•.A(s's'~ ),• 

•• •. • ( 2;25") 

oCTanhUble ~neubl BltJI~eubl B H7"(n) • Auanorn~uoe BblpaJKeuae aMeeTc!I nn!I · lfo (p) • 

nanee, H..,u sallHllleM B anne: 

'· 
14 

'<!' 

'I 

:\ 
J 
\ .; 

r,~:~e 

r11e 

H0011 •· H00u (n) +: H
00

u (p) +:II
00

u (np), · 

<AJ All All 
(n)•--·~ I. K IH

1 
(n)+:H

2 )..v..?;o . 
H.,.n 

All 
(n)+H 8 (n)l.: 

All +: _, -· -· +: 2 
H 1 (n) =·lH:S,If(ss'l(A(ss')+:A(ss') )+:f(ss')(A(ss')+:A(ss') )I) , · ... 

All . -· _, 2 ·2 

H 2 (n) •( I.) v ••'~f(ss') B(ss') +:f (ss')B ( ss'~)+:2li88•J(ss) v • t) ... 

u_pp'. •·u p v p'· +: u p'·vp . ' 
• < 

vpp•.•· up up·--· vp vp'·· · 
·j" 

(2.26) 

(2.26') 

(2.27) 

(2.27') 

( 2.27") 

. All 
OcTanbHble ~neubi BKnro~eHbi B H 8 (n) • CXOABbie BbiP8lKOHHII HMeiOT H ooll (p) 

n H0011 (np).; 

rne 

BaeneM onepaTopbi <jlouoa Q 
1 cnenyron:mM o6paaoM: 

I I . ' +: _,1 _, _,1 _, +: 
Q1 •· ~I I,ll/I •• •.A(ss') -·¢ ••• A(ss') + rfJ~.·!t-(ss'~-¢ •••• A(ss') )o~-: ... 

I 1 +: -· -• . -·1 -• +: 
+: ~ [rpw~.A(w') -• </>w'· A(w~ +: r/lw•.A(w')--<ftwr.A (w~) II , • 
W• 

I I: 

"'pp·--· "'p'p 
I. I 

, ' ¢ • •·¢. 
PP · PP 

-•t: -rf· 

"' • •· -·!/J. PP • PP 

-·1 _,1 
'' ¢ ' a-:¢ , 

PP • PP 

( 2.28) 

nmr KlllKJlOro cny~aSI (All) KOnn~eCTBO COCTO!IBHli (pp') paBHO ~Hcny COCTO!IHHli I~ 
· I I' - -1 

TaK ~TO 1{1 1 1 <{> , 1 !/J 1
, 1 <{> ,.,.,• . IIBniiiOTCH KBa.tlp!ITHbiMH M8TpHI{aMH, pp • PP • PP • ocr • _._. · 

KoMMyTannouubie coOTuomeung onepaTopoa Q 1 . n Q 
1
' · MelKJly co6oli n c onepaTopa-

MH (2,22) H (2.23) BMeiOT rpOM03,[1KHli BH.tl, II09TOMy IIPHBe,[leM IDe B npnnolKeunn, 

OnepaTopbi .A(pp'l n A(i>-p') MOlKBo npn6nn:>Kenuo BblpaanTb ~epea onepaTopbi 

<lloaoa Q 1 : n Q ;= cne,~:~yromnM o6paaoM: 

• I. +: 
A(pp') •· :£ ( '(11{1 ~· Q +:<{>I • Q ) ' , 

I pp • I. pp • I 
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-· -·1 -· . +: 
A (pp'~ •· l: (t/J ;.Q I +:¢ I, Q ) •: 

I pp • pp • I. 

(2.29) 

nocKOllbKY onepaTopbl A(pp'~ 

meHn:!!M (2;24), (n,l) u (n,5), 

1!: A(pp'~ yAoBneTBOpnroT KOMMyTannoHHbiM co'oTuo

HanaraeT )l01lOnHUTenbHb19 COOTHOil1e1!Hl:l Ha ¢yHKilml TO 3TO 
-I I I -1 

"'pp'. • </> pp'. • "'pp'. 1!: ¢ pp'· 

npn:Be)l9M 3TH COOTHOil19HHH B npnno~eHHU, 
+: 

B raMUnbTOHHaHe (2 •. 1') sannmeM onepaTopbl A 1!: A qepes Ql H Ql .• 

npo'BeaeM nepeHopMupoBKY 3Ha"'eHHI! sHeprnl! cpeaHero nons:! E 
0 

(p) H KOHCTaHT. nap-

BOI'O B3aHMO)l91!CTBHH 
\ 

G ON u G 0 z , nepeu'OpMn:pOBaHBble BenU"'HBbl o6osaa"DDM qepes 

E(p) , '.GN H G z • B pesynhTaTe raMUnbTonuaa ( 2.1') nonyqn:M B cnea:yiQIIleM 

BU.[le: 
H •· H0 (o) +:H 0 (p) +: Hcon . ' 

H0 (n)- H'{n) +:H~{n) +: H6~{n),' 
. 2 

H~·(n)c·l: 2{E(s)-•A }v
2

-•GN(l:u v ) +:l:f(s)B(ss),• 
.1!1 D 8 B 8 8 II 

GN 2 I . 2 1 · ~ 1
1

• 2 1'· 
H~(n) c·-• __ :t l: {(u t/1 ,-•v ¢ )(u •rft • "':" •¢ ,) +: 

0 2 
11

.# ... ".. a ~!I .. 8 88 II 8 • 8 • ·a a .. 

2 t. 2 I. ~ t':· 2 t'"• +: 
+: (u. ¢ •• -~v • t/J

08
)(u

0
,_ ¢.•.·-::·v ,.•!P.•.~)I Q 1 . Q1•. •' 

~ Afl. Afl. 
H 

11 
•· -·!& l: (H 1 + H 2 + H a ) , • 

co A,f'~b . 

AIL· (A) I I -· .:.'t -•1 
H 

1 
•· l: I K :t l: u ,u , (f{ss'){¢ , +: ¢ , ) +·f{ss'){t/J ,+·¢ , )).I<; 

ll ~ • D as' •828; • a a • 8282"' 88 • 84 .. 88 • 118 • 

t':· t'"· - -.':... ·•'" 
•x (f{s

2
s ;· ){t/1 , +:¢ · , ) +:f{s 2 s;·){t/1 , +:'f ·, )) +: 

8 28 2. 8 2 11 2 8 2 8
2.. 

8 2 8 ~ 

CAl .; -•1 : -•1 
+:K l: l: uw•U ,(f(w'~(t/1 ,+:¢. ,)+:l(vv')(t/1 ,+:¢ ,)).!( 

PW~.Y2 V;• ·v
2

v
2

· W•·W• W·• W• 

t'· t':· · - -·t':· ,1'.· 
x (f(v 2v;/·)(tfi11_.v•.+=<Pv ·~~·) +: f(v2v:{~(tfivv•7='fv ..,~.))+: 

.... 2 22 22 .22 

.(A) I I -•1: -·I· I'· 1':· 
+:K~P ~ :t, u •• 'llw~_[(f(ss')(tfi .. ~.+:¢••'· )+:f(ss'Xr/r ... _+:¢ •• •))(f(w'HIPw~.+:.<f>w~.) +: 

aa •W • 

_, 'I( .,. ., 'I -1 •• ~. I 

+: t<w'><rl...;·. +:<~>~>.>> +:<r<ss'~<"'!:~1 +:r,;:;~.> += t<ss'Hif;~.~.+: ~~-)) x 

I I - -1· . -1. +: 
x (f(w~Ht/Jw~.+.Pw~) +:f(w~(t/Jw~ +:cf>w,_))) I Q 1 Q 1•. • · 
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(2.1) 

(2.28) 

(2,80) 

(2.80') 

( 2,3 I') 

(2.32) 

.t 

~ CA> - - 2 
H 2 •· K·n {!., V00,_[f{ss'~B(ss'·) +:f{ss'~B(ss')]) + . .. 

CA> - - - 2 
+· "P (!., vw•Jf(w')B(w') +f(w'~B(w'~] ~ +· w. 

~ -
f.::Z.:J., .~. v ••• J l(ss')B(ss'~ +:f(ss')B(ss'~] ;;:,_vw•J f(w')B(w') + f(w') B(w'H •+: 

cAl c 2 2 2 c A> 2 2 
2 +: 2K n ~ v .•.(u • -v • )f(ss)f(s's')B(ss) +: :Z.:P w4.v

11
,_ (u

11 
-v

11 
)£6-v)f(vt.')B(w )+: ... 

CAl 2 • 2 2 2 2 
+:2K 11P I f(w)f(ss)l v11 (u.-v. )B(ss) +:v • (u

11 
-vv )B(w)} +: 

•v 

CA> 2 -· -· 
+:4K n !. v. f(s 2 s 2 ) I, V00•.(f(ss')B(ss") +:f(ss'~B(ss'H +: •a 2 • .;. •• 

CAJ . · 2 -· -·· clo 2 
+·4cl>' I 11,. f(v2 v 2 ) I, v , (f~.,/~B(w')+:f(w')B6-v'))+:4K 1 !If(ss)v I v , (f(w')B(w'} + 

. v 2 2 vp!:j... . w · np 
11 

"v,6v'.w · -

Ho(p) 

If~I:(p) 

- - 2 _, -· 
+f(w')B(w'))+:; f(w) v·v.}.•.v./f(ss')B(ss') +:f(ss'}B(ss'))} • : 

!!:MeeT TaKOI! }Ke BH/1 0 KaK 
A fl. 

Ha 

Ha (n) III 
, OcTanbBhie qneBhi BKnro'!eBhi B H { n ) , 

2 . n • Onu co11ep*aT, KpoMe 

conep~amue ueqeTaoe '!Reno onepaTopoB 
+: +· 

Q I Ql'· 

Ql 

Bhipa~enniJ: _, G N ( I u 0 v • B (ss)) f qnenhi, 
+: 1!1 

Q 1 , a TaK}Ke onepaTopbi nnu 

Ql Ql'· 1!: Bbipa}KeBU.II Bll:l1a B(pp'} -·< B(pp'·) >: , B (pp'~ -·< B (pp'·) > • · 
:Ohu "'neubt ue MoryT nrpaTb saMeTnol! ponu B npoBOI1RMhiX 11anee uccneAoBaHHl:lx. 

III • · MeToA npuonu~eunoro BTopnqaoro KBanToBanun 

§ 1, n 0 C T a H 0 B K a s a A a q n 

+" _, ..,., +: KoM1.fyTannonnbie cooTaomeang Me~y onepaTopaMH A(pp'~, A(pp'~ , A(pp'~, A(pp'~ 
HMeroT cnolKHhii! BH11 u conep~aT qneBbi, nponopnuoaanbBhie B(pp'~ n B(pp'}. , Cpe11-

nee anaqenne OT onepaTopoB 'B(pp'~ B(pp'·) H 

! 

paBno 
no KBa3H"!aCTH"'HOMY BaKVVMY ( 2,10) 

. . . ') 
nynro. HsBecTno, ~"'TO qn:cno KBasuqacTnn, nonBn:Bmuxcg B pesynhTaTe yqeTa BsanMo-

11eficTBHH Me~y HI!:MR B OCHOBHOM COCTOl:IBI!:H "19THO-"'eTHOI'O H11pa HeBenUKO, nosToMy I10CTa

TO"'HO X0pOil1JIM HBnS!eTCg npuonH}Kenue, B KOTOpOM B nepecTaHOBO"'HbiX COOTHOil19BH.IIX 11ns:1 

onepaTopoB A(pp'~ u A{pp'·) 

H B(pp'~ 
npeHe6per'!roT qneuaMn, COAep~amnMH onepaTopbl B(pp'~ 

,' B sToM npu6nn~eHHH onepaTopbt A ( pp'} 
H A(pp'~ paccMaTpn:BaroTcg 

KaK onepaTopbi 6osoaoB, TaK Mbl npuxo11HM i MeToAy npu6nu~enaoro BTopnqnoro KBaHTo

Banun nnu K KBasu6osonHoMy npn6nu~eanro nnu ( KaK ero nnorna nasbiBaroT) K npn6nu~ennro 
xaoTH"'HbiX .Pas, MeTon npn6nH:Keanoro BTopuqnoro KBaHTOBanun Dhin BIIepBbie npe11no*en 

. H H , 121 . • 
•• Eoronro6oBEIM B Hl47 rony. 
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B paMxax MeToAa npn6naJKeaaoro BTopaqaoro KBaHTOBaHHSI KOMMyTaunoHH&le cooTHO

meHHH HMeiOT cneAyJOlllHii BHA! 

+: 
[A(pp'), A(p2p~·) ], •. lJPP2llp'p;-+"llpp'~ llp'p2 • ( 3,1) , 

r• , -· , +:] • ll 8 , , -·ll , ll , 
[A(pp·),A(p2p2) '. PP2PP2 PP~ PP2 (3,1') 

- +" _, +: 
[A(pp'·), A(p2 p'i) I ·-·[A(pp'),A(p2p;·> ] .. 0. (3,1") 

BonHOBaSI ¢yHKUHSI OCHOBHOrO COCTOSIHHH 'leTHO-'IeTHOrO HApa OUpeAenHeTCSI KaK 6ec¢OHOH-

aasr, T.e. 

Q I '!' a. 0, (3,2) 

rAe onepaTop Q1 
AaeTCSI ( 2.28). Bo36yJKAeHHbre KonneKTHBHbie cocTOHHHH onpeAenSIJOTCSI 

KaK OJ1HO¢OHOHHhle C BOITHOBOii ¢yHKUHeli 

Q~ 'P (3.3) 

MHoro¢oHoHHble cocTOHHHH B nacTonmeli pa6oTe paccMaTpnaaThCH He 6yAyT • B aTOM npn-

6nHJKeHHH 
+: 

[Q
1 

,Q 1•. ],a.lJ 11 •. , · (3.4) 

+: +: 
[ Q I ' Q I I .J oa [ Q I ' Q I I J oa 0 (3.4') 

'ITO o6ecne'IHBaeT BblllOnHeHile ycnOBHii OpTOHOpMHpOBKH BOITHOBbiX ¢YHKUHii OCHOBHOrO ll 

B036yJKAeHHblX COCTOHHHiio 

I 

"'pp'· 

113 COBMeCTHOCTH 
-I 

KOMMyTaUHOHHblX COOTHOllleHHii (3,1)-(3,4) cneAyeT, 'ITO ¢yHKUHH 

" 

"'pp'· 
I 

¢pp'· 
-I 

H cp pp'· CBH3aHhl MeJKAy C060ii COOTHOllleHHSIMH 

f t'· 1 t"· _,1 -=•'"· -f t'· 
~.(tfr ,tfr •• ·.-·¢ .¢ ,+:t/1 ·"' ,-•¢ ,¢ ,) +: 

1!1!1 • 1!11!1 .. •• .. •• • 88 .. •• • •• .. 1!118 .. 
(3.5) 

i . , i i, -·· . , -:i J., .. 
+ ~ (t/1 ;./11 ; -·9 , ¢ ·, + "'1 , "'1 ; -·¢ , ¢ • ) -· 2811' • ' 

Vll W·W· W• W· IIV• W· W• W•• · 

I t'· l~· I -d -=t'· -•!"· -=1 
~ ("' , ¢ , -4 , ¢ • +:t/1 • A. , -··'· • A. ) +· 

811 ". aa • aa • •• • aa • aa -~•• • 'flaa .. ~••"· · 

I t'· t'· I -I -t'· -=t'· -:1. 

+:.!'r.<tfrw•.¢w•-:-·tfrw,rf>w•.+:I/Jw'·""w·.-·tfrwr.¢w'·) •· 0 •' 
(3,5~.) 

~ ( 1/J i' , r/J i ,-4/, cj; I , ) 
1 as· s 2 a 2 - as· a 2 a1 8:· aa.2 s ..... ;. +:8••':r a.".2,' (3.6) 

·~·:" 
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1''' 

'! 

~ ( ;.I ,.7. I , -.A-I ,:J: I . , ) 
tjl•• 't'a a · ~ •• 'fa a · . 2 2 2 2 

ll ll , , -·ll , ll , 
•• 2 • •a· aa2· a •2 . (S..6'). 

B 3TOM npa6naJKeHnn cpeAHee 3Ha'leHne OT onepaTopoa ll(pp') 
s(pp'·> H llO OCHOBHO-

MY COCTOHHHIO 'leTHO-'IeTHOro HApa C'IHTaeTCH paBHhlM HyiTIO 

< B (pp'·) >. •· < B (pp'·) >: a. 0 , , 
(3,7) 

XOTSI OCHOBHOe COCTOllHHe ll He llBUlleTCSI KBa3H'IaCTil'IHhlM BaKyyMOM, I 

8 MeToAe llpH6nHJKeHHOro BTOpH'IHOrO KBaHTOBaHHll llpllHHMaiOTCll BO BHHMaHHe TOITbKO 

Te qneHbl raMHnbTOHHaHa B3allMOAelicTBHH, KO~Opbie Aa lOT KOrepeUTHbiJi 3¢¢eKT, T,e, .¢aK

Til'leCKH cyMMnpyroTcn AHarpaMMaMn BHAa a) H .6) pnc, 1. B 3TOM MeToAe ncnon&3yroTcg 

cne11yromae rrpn6nnJKeunn: 

1, faMHnbTOHHaU B3aHMOAeJicTBHll 6epeTCll _B BHAe 

).~, 
H 2 ~- H~·(n) +:H~{n) +:H;{p) +: II;i{p) -·~ ~ . H

1 ).,lt~D 

ocTan&Hbie 'lneHbi ue Y'IHTbiBaJOTCH npn H3yqeunn 'leTnO-'IeTubrx HAep, 

2. KOMMyTaUHOHHb!e COOTHOllleHHH llMeJOT BHJ1! (3,1) H (3,4), 

3. nonJKHO BhlllOnHHTbCSI ycnOBHe (3, 7); 

(3.8) 

4, BonHOBaSI ¢YHKUHSI OCHOBHOrO COCTOSIHHH onpeAenHeTCSI (3_,2), B036YJKAeHHOro -

ca.s). 

CneAyeT OTMeTHTb, 'ITO a paMKax MeToAa npn6nnJKeunoro aTopnquoro KBanToBaliHH 

B OCIIOBIIOM COCTOlll!Hil Y'IHTbiBaiOTCll B3aHMOJ1elicTBHSI KBa3H'IaCTHU H ll03TOMy BOnHOBaSI 

¢YHKnnn ue'nanHeTcn 6ecKBa3H'IaCTH'IHOJi, B cnyqae f(pp'·) •· 0 

.HOBHOro COCTOlllillll HMeeT CneAYIOntHJi BHJ1: 
aonuoaan ¢YHKUHH oc- ') 

'P =· D exp I l4 +· +· 
:£ ~ (1/1"

1 
)
1 

,¢1 
, A (pp') A '(p p'.) l 'Po , 

pp'. PP . P2P 2. 2 2 

~P;· 
(S..9) 

D = exp f-.\~ ~ ~ (t/J"I )1 ¢1'· (t/J" 1 (· ¢1 j 
II'. pp'. pp'· pp'· ~ r;'· ~ p

2
'· 

(3.9') 

3Aec& 
'Po onpeAenneTcn (2.16); a 

r/1"
1 

03Ua'la~T o6paTUy10 MaTpHUy, Ha (3_,9) BHAHO, 

'ITO BOnHoBag ¢YIIKUilll OCHOBHoro COCTOHHHH COAep:>i<aT 6ecKBa3H'IaCTH'IHYIO 'laCTb, 'leTbrpex

KBa3ll'ISCTH'IHblli, BOCbMHKBa31l'lacTH'IHhlJi n Apyrne 'lnenbl, CneAyeT OTMeTHTb, 'ITO BKnaA 

Ml!OrOKBa3H'IaCTH'IHbiX COCTOHIIHJi HeaenHK; 

B PHAe pa6oT, sanpaMep a
1191

, KonneKTHBlibie Bo36YJKAenubre cocTonHnH paccMaTpn-

5810Tcg B llpllfiiTHJKeHHH, B KOTOpOM BOnHOBag ¢YHKUHSI OCHOBHoro COCTOHIIHH 'leTuoro·nApa 
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-) aamteTca 6ecKaa~nqacTH'IHOI1 n cyMMnpyiOTCH TOnbKO nnarpaMMbl anna a) pnc, L_ STaT Me

TOll nvnyqnn nasaaane npn6nnJKean~ TaMMa-.naaKoaa1 onepaTop cj>oaoaa snecb HMeeT cneny

IOII!Bll ann: 

I • -1 -
0 1 •· % ~ ( r/J •A (ss'} +:r/1 , A(ss'}) +: .. . .. . . ... 

I -1 - (3.10) 
+:% ~.<.Pw•.A(w'·) +: .Pw•.A(IIII'·)) 1 , 

W• 

B3aHMOil9l!CTaHH M9lKilY Kaa3H'IaCTBUaMH Y'IHTblaaiOTC!l TOilbKO a ao36ylKil9HHblX COCTOHHHHX, 

3aM9THM1 ~TO cj>opMynW STOrO M9TOila UOny'laiOTC!l OT cj>opMyn M9TOila npn6nHlK9HHOrO aTO-

pH'IHOrO KaaHTOaaHB!l nyTeM npnpaaaaaaHH!l HYiliO cj>yHKUHll cp pp'· H cf~p'· 
'cnenyeT OTM9THTb 1 'ITO MeTon TaMMa-.naaxoaa acnonhayeTca npa H3Y'I9HHH nerxax a 

/20/ 
MarH'I9CKHX Hllep llll!l y'leTa B3aHMOilel!CTBHl! 'laCTHUa-nwpKa 1 0/lHaKO 6e3 paCCMOTp9HH!l 

/211 
napawx xoppenaual! caepxnpoaonamero Tans. HecxonbKO nosnaee 6wn npennoJKeH M9TOil1 

CXOilHWil C MQTOilOM npaf5nHlK9HHOrO BTOpH'IHOrO KBBHTOaBHH!l1 HO 6e3 y'leTa CUBpHBBHHSI1 KO

TOpWJI nony'IHn aaaaaaae 38BHCSIII!9il OT apeMeHH pacwapeaaoll Teopan XapTpa-4>oKa, 

0CHOBHWe ypaaH9HHSI MeTOila npaf5nHlK9HHOrO BTOpH'IHOrO KBBHTOBaHHSI Uony'IHM C UO-

MOII!b!O aapaanaciaaoro npaauana, BaeneM HOBbie o6oaaaqeaag g 1 ·, •· .P 1 , +: .p 1 , , . 
PP • pp • pp · 

-•I -•1 -•I I I I -~ _,, -1. 
gpp'':''"' pp'· +·cf> pp'· :' w pp'· •· "'pp'· cp pp'; ' w pp'- •·r/1 pp'· -· <P. pp'· a aanameM raMHnb-

Toaaaa H 2 B cnenyiOmeM anne: 

2 
2 c 

H. •· ~ 2IE(s) -•An lv _,_n_ +: ~ r(s)B(ss) +: 
• - • GN 

2 
2 CP 

+: l: 21 E(11)- A I v11 -· -- +: l: t (11) B(w) 
11 P Gz 11 

-·14I IG I[(u
2

-·v
2

)(u
2
,-v 2,\g 1 

, N , a a a .. a • aa 
I I_.. •• • 

I"· 1 
g ,. ,+:w . . . .. I~-

W, ,I•+: . .. 
(3.8') 

2 2 2 2 I 1'- I 1'· +:· 
+: Gz S ,(Cull -•vii )(uii•--•VII•)gw gll'll'·+:ww wii'II'·IIQI.QI,·-· 

W• 

-· y, l: ¥a;o 
l: 
u'· 

(A) 1 - - j 
I Kn ~ u .u • (f(ss'}g 88•+:f(ss'}g , ) x: 

••"; ••. •:a•:a· .. • ... 
•:a•:i 

·~- -· - t'· x (f(s 2 s;·)g •. +: f(s 2 s'2 )g ,_> +· 
a:a•:a •:a•:a 

(A) / I - 1 1'· -• -·1'· 
+· ~b I u;;.,•.Uv 11 •.(£(1111'~ g1111

._+:f(w'}g1111 .)(f(11 2 11;·h: :~ +f(112 11;-)g .) +:. 
. 2 2 ,2..,2" 112 11 2 
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rr 

(A) I - - 1 11 • -• 11 • 

+:Kap I l:, u .u1111,[(f(ss'~g •+:f(ss'}g , )(f(w'-)g
11 

•+:f(w'·)gw' ,) + ••'w.. •• · · •• · •• · - v · .. 

I'·- -1'· I - -~t +: +·(f(ss'~g••'· +:f(ss'}g .. ·)(f(vll'·)gw•.+f(w'} g
1111 

•• )) -1 Q
1 

Q 
1

._.: 

HailneM cpenaee suaqeaae "2 no OllHOcj>oaoHHOMy B036YlKil9HHOMy COCTOSIHHIO 
KOTOpoe COOTD9TCTBY9T OUpeneneHHWM 3HatteHHSIM A H p. 

1 

T,e, 

+: 
Q I 'P '. 

+: 
<QI H2Q1 >: •. 

c2 . 12 12 -2 -2 
_n +: 14l:, (t(s) +: <(s'))(g , +:w ,+g1 ,.._ wl .)+ 
GN •• •• • •• • sa 1!1111 

I 2 I E (s) -·A n I v 2 

• • 
2 

2 Cp 12 2-2 
+: l: 2 I E(11)- API v11 -·- +: 14 I, (r (11) +: f (11'))(2 , + w 1 ;l-21 ,+ 

II G 1111· 'VII· 1-'II"VII ·z 
-2 
wl

1111
,)-(3.11) 

G 2 2 1 .....!!. I(I (u• -·v • )g•• 4 • 
2 

) +: (I 
I 

w •• 
2 G 2 212 

1
2 

) I -· 4z I(I(u 11 -v11 )g
1111

) +:(I w
1111

) I-
II II 

<A> 
Kn I , - l - ,. 2 -• --(I u 00 •[g ,f(ss} +:g ,f(ss )D -• 
2 aa' · •• •• 

<A> 
K I 1 - 2 _,_P_ (I uw•[g , f(w'.)+·g , f(w'~)) 
2 1111 1 w w 

(A) 1 - -1 
-·K~P I, I u '!'w•! f( ss'~ g , +:f( ss '} g •) x 

•• w~.. •• •• .. aa 

I - -I 
x (f(w~-) gw~.+:f(w'.) gw'.) • 

4>ymuum g pp'- , g pp'· , w pp'- 1 w pp'· a saepra10 Boa5ylKJleuaoro cocTog-

HHg HUOIIHM H3 YCUOBHSI MIII!HMYMB Cpenaero 3HB'I9HHSI H 2 no 91lHOcj>oaoHHOMy B036yJK.-

+: /22/ ll9HHOMy COCTOSIHHIO Q I 'P • BapHSUHOHHbli! npauuan ccj>opMynapyeM TaK: 

{;I +: . "'I [... : I -I - I ) ' 
<QI H2QI.>.-· r .; .. <& ... _w ••• +·g •• ,w •••• +: 

+: I ( g I. ,w I • +: g I·.; I , ) -2 II •· 0 • 
JIJI~. W· • W · W • VV • ~ (3.12) 
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3necb BBeneu MHOlKHTeiih flarpaHlKB 
I 

"'i yqHTbiBBIOIUHll BblllOIIHeHHe YCIIOBHli (3,5), 

llnli TOrO, qT06bi BBPHBUHH I'J gpp' I'Jg;p' ' I'Jwp~'· II I'Jw~r'· MOlKHO 6b!IIO pac-

CM8TpHB8Tb K8K He38BHCHMbie. npu H3yqeHIIH KOnneKTHBHbiX B036yJKUeUHb!X COCTOliHIIll C Oll• 

peneneHHbiM auaqeurreM >. ytiHTbiB89TCSI TOJlhKO qneH 
>. 

n. C COOTBeTCTBYIOIUHMH 3Ha-

r 7 qeHIHIMH A II p. J _npnqeM K e. fl H 1T e· ( -1 ) 0 CnenyeT aaMeTIITh, qTo nn<I 

K8lKilbiX auaqeHHll (Afl ) 
.\fl 

orrpenemreTCli CBOll OIIepaTOp Q I , CBOII <jlyHKUIIII 
Afl , ->.fl , I I 

"'rr·f"'fl) u <Prr'·(>.JL·) H MaTpuquh!e aneMeHTbi f ( pp l H f ( pp ·) • Onua-

KO B BbiiiieiipHBeneHHb!X <jlopMynaX Mbl OIIYCTHIIH 3HaqKH A!',. 

nonyqeHIIe II IICcnenOBBHHe CeKynHpHbiX ypaBHeHIIII rrpoaeneM OTileiibHO lliiH llBYX CITY-. 

qaea: rrepBblll - Korna oTcyTcTByroT nuarouanhHhre MaTpiiqubre aneMenThi f(pp'l II f(pp'j 

orrepaTopa MYIIhTHIIOIIhf!Oro MOMenTa, H BTopoll - Korna KpOMe nell!<arouanhHbiX TBKJKe HMe-

IOTCH nnaroaanhHbie MaTpHqHbie aneMeHTbi f(pp) aToro onepaTopa. 

§ 2. C e K y n !I p n h! e y p a B H e H H li H BOIIHO&b!e 

<jl y H K U II II n n li raMM8-BU6paUIIOHHb!X II 0 K T y ll 0 II b-

H bl X B036yJKUef!HblX C 0 C T 0 R H H ft 

PaccMOTpHM KorrneKTIIBHbie cocTOliHHli, y KOTOpbiX orrepaTop ¢ououa Q1 ue conep-

)KHT .[lHarOHBJlbHbiX MaTpHqHbiX 3Jl9M9HTOB. K HHM OTHOCHTCSI BC9 COCTOs:IHHH, KpOM9 

+ >. 
( K 1T e· 0 ) -COCTOijHIIll c fl e· 0 II ( -·1) =· 1 • B H8CTO!IIIIell pa6oTe Mbl pac-

CMOTpHM KBB.QpyrroJlbHbi9 COCTOHHlHI C KTTe2+: (.\e2,fle2) , KOTOf!bie 06brql!O 

H83biB8IOTCH raMMB-BH6paUHOHHbiMH COCTOHHHSIMH, H BC9 OKTYIIOJlbHbi9 (,\e. 3) -COCTOli-

l!IIli C K11 e·O-, 1-,2- H 3-

nonhay<Ich sapiiaUIIOllllbiM rrpiiHUIIIIOM B BIIne ( 3.12), ( 3,11), nonyqnM crrenyJOIIIIIe 

I -
ypaaaeann anSI onpeaeneaJHI g 88 '. , wl , H wt , 

PP · PP 

I 
(f( s) + r ( s') -· W ) g , e 

r(s) +: r(s'·) · ••· 

c.\> c>.> 
f(ss')u

88
•.(K n D1 (o):""np D, (p)), 

I w , I:· 

pp . 

w 
I 

< (p) + r(p') &pp'· ' 

II ananornqubre (3,.13) ypasneHHli nrr<I 

w , -=· 
PP • 

-i 
g11a'· 

22 

CUI -I 

r(p) +:<(p') gpp'· 

i 
gw'· II 

-i 
gw'· 

(3.13) 

(3~14) 

• 3necb 

iO 

... 

I - -1 
D1 (n) e. 2 I, u ••'! f( ss') g .. '.+: f( ss'·) g••'· ) ... (3.15) 

II auanornquoe Bb!paJKeune nn<I D1 (p) • Ha (3.13) HB/COilHM 

I 

& •• 
f( ss')u ;..'. 

c (s) + r ( s') -· 
w• 

I 

r(s) +:r{s'l 

CAl CAl 
( K n D I ( n ) +: K np D I ( p ) ) 

H, llOilCTBBIIlili B ( 3,15), nonyqHM 

rAe 

I 
xn 

I (i\) (A) 

D1 (n) e 2Xn (Kn D
1
(n) +:Knp D

1 
(p)), 

I (A) (A) 

D 1 (p) e·2XP (KP D
1 

(p) +:Knp D
1 
(n)), 

,2- ,2 2 
(f(ss l +:f(ss ·) ) u••'· 

I,----------------~ 
•• ·c(s) +:ds')-• --"'-1 

r(s) +: c(s'·) 

(3.13) 

(3.15') 

(3.16) 

lln<I Toro, qTo6br ypasuenii<I (3.15') IIMenii OTIIII'IIIe OT uymr peiiieHII!I Ansr 

Heo6xon~MO!'IT06M £h!nonHsrnocb ycnoaiie 

D 1 (n) n·D.(p); 

,, 
2 K n X n -• 1 

(A) I I 
(A) I 

2Knp X P .. 
(A) I 

21C xn a) I 

2" • X • -• 1 

o. (3.17) 

TaKIIM o6paaoM~Mbr nonyqiiiill ceKyn<Ipuoe ypa~ueHIIe, /23/ 
KOTOpoe nepeOIIIIIeM B S!BHOM Bll~e: 

'-:a2 2_ 22 
<A> {f(ss'} •+:f(ss'·Ya •• '.(t(s)+:r(s')) CAl {f(w'l +:f(w') h

1111
l!(v)+r(p)) 

~. 2 K I . +' 2K I +: 
n u' (r{s) +: r(s'})

2 
-• w." . P wr. (t (v) +:r(v'))2 -·cu 2 

2 2 2 
(f(ss'l

2

+f(ss') )n l!(.s)+r(s')) ((w') 2+:i(w'}\, ,(r(v)+r(v')) 
):t •• ·:t 'w. 
.. '. ( ( ) ( '))2 2 w'. (c(v) +·<(v'·))2 -·w2 l s +: l s . _, "'t . f 

(Al 2 <A> 
+: 4((1CI ) -·K 

np n 
(.\) 

K. 

• 23 
,. 

1;:.' 



,· .. 

B cnyqae 
(,\) 

Kn 

(,\) 

= K p 

cA> 
K 

np 

CAl 
=· K 

ypaanenne ( 3, .17') npnnnMaeT 6onee npocToil ana, a nMenno: 

\ 

2 - 2 2 
(f(ss'} +:f(ss'~ )u •• •.(r(s) +<(s'n 

2 ~ 2 7i0 .. '. (r (s) +·r (s'n -·w1 

2 - 2 2 
(f(w'} + f(w'~ )uw•!r (v) +: r(v'}) 

+:2:E 
vv'· (r(v)+:r(v'))2_,.,12 

+: 

"' F(w).: 

( 3.17") 

I 

finsr HaXOlKJleHHR gp , 
- CAl P. 

-I 
H g , 

CAl PP. 
BOCHOJib3yeMCR yCJIOBHeM (3,5) H B peayJibTaTe 

HOJIY'IRM ( npn K n =· KC>J p Knp ) : 

I -/2 f( pp'~ u pp'. 

g '· 1:::1! I t 
pp ,. v:v. +: y p "'I 

r(p) +: • (p')-· r(p) +:r{p'~ 

B Bb!paJKeHHH JlJIR 

_,. 
g pp'· 

f(pp'} f ( pp'~ saMeneno na 

I 
Yn -==· 

- 2 2 
(f(ss'}

2 
+f(ss') )u••'·"'l (E(s)+: r(s') 

:E --------~--~~~ 
••'·[{E(s)+:r(s')) 

2 
-· w: l • 

Ha aTnx ¢opMyn n ns (3,14) nai!JleM BbipaJKennsr ansr 

I 

"'pp'·=· 
1/V2 

I 1/'1/2 
<Ppp~- .tyl +:\"I 

V· n ' P 

f(pp')upp'· 

f(p) +:t(p'~-wl 

f( pp'hoo'· 

r(p) +: r(p')+:rul 

I 

"'pp'· 

. ' 

3neprHH B036ylKJleHHbiX • COCTORHHil C BOJIHOBbiMH <jlyHKUHRMH 

+: 
<QI H2 Ql >:-•< H2>:=- "'1 .. 

'-·. 

, a.oecb 

H 

+: 
Q Ill 

I • 

I 

<Ppp'· I 

... 

' 

paBHbl: 

(3;is) 

(3.i!l) 

(3,20) 

(3,20') 

,.. 

(3,21) 

npnqeM npHHHMaeT 3Ha'leHHR 1, 20 3 H T,Jl, B HOpRJlKe B03paCTaHHR 3HepriiH B036yJK-

neHHH. 

TaKHM o6paaoM pewna ceKynHpHoe ypaan_eniie (3.17') nnn (3,17"), nai!JleM anepriiii 

w! '. "'2 WI .,, II BOIIHOBbie <jlyHKUHH COOTBeTCTBYIOliiHX COCTORHHII, 

24. 

) 

IJpn'leM JlJIR KalKJlb!X 3Ha'leHni! Ap. HMeiOTCH CBOH MaTpii'IHbie 31IeMel!Tbi f(pp'·) 11: 

{(pp'·) , a cnenoaaTenhno,n caon ce~tynHpHbie ypaanel!nH, 

06cyJliiM oco6ennocTn pewennl! ce~tynHpnoro ypaanennH ( 3.17"). finH 3Toro na pnc, ·2 

F(ru) KaK ¢YHKUIIH CU li1IH COCTOHHHI! C KIT ~- 2+: llmr 
npnBel!eHbl 3Ha'leHHH 

C'" 166 172 
<;>r . H Yb 

• To'IKH nepeceqennH npHMoil 1/K 
{o6osnaqen-F(ru) C KPHBOI! 

Hble qepea --D-) HBJIHIOTCH nepBbi~, BTOpbiM H T,n, KOpHHMH cexymrpnoro ypaBHeHHH, 

no nepaoro non roc a { 3.17") MolKeT 6hiTb Tonhxo oann Kopenh aToro ypaanennsr, BTopoil 

Kopenb {3.17") pacnonoJKen MeJKay sna'leHHHMH nepaoro n BToporo nonrocoa n T,Jl, "'inen 2 
·U , 

PP • onpeaensreT npenMymecraennoe snaqenne nepexoaoa 'lacTnua-llb!pKa no cpaaneniiro 
c nepexollaMn 'facTnaa-qacTnua, JlhlpKa-Jlhlpxa, 

B nacTosrmeil TpaxToaxe KonneKTHBHble nepoTaunonnble aos6ylKilennhie cocTosrnnH pac-

. CMaTpnBaiOTCH Hapg lly C JlBYXKBa3H'IaCTH'fHhiMH B036yJKJleHIIHMH, UpnqeM KaK Te, Tax H 

llpyrne CBH3aHhi _c H3MenenneM BHYTpennel{ CTpyx-i-ypbi Hllpa, Bonnoable ·¢ynxunn KOJIJieKTna

HhiX B036YlKJleHI!biX COCTORHHi! HBJIHIOTCH cynepn03HUHeli JlBYXKBa3H'faOTH'fHbiX COCTOHHHi!, B 

paccMaTpnaaeMoli TpaxToaxe neT unxaxoro ycnoan,. aana6aTH'fHOcTn liJIH xonneKTBBHbiX aoa-

6yJKaenithiX COCTOHUHli, B. HaCTOHliieli pa6oTe He paccMaTpHBaeTCH CBSI3b BHyTpennero JlBH-

JKennh c apamenneM, KoTopasr a psrae cnyqaea nrpaeT 6onhmyro ponL. 

II 24/ 
Kax naaecTtw, ' 6eTa,- raMMa- n OKTynonLnhle COCTOHHP.H a o6onoqeqnoli Moae-

nn HJlpa paCCMaTpHBaiOTCH KaK KOl!e6aHHH <jlopMbi Hllpa B .aJlna6aTH'feCKOM npn6JIH)!{elJHH 

·-· 

{xoTopoe He BhmonnHeTcH a ae¢opMHpoaaHJ.rhiX Hllpax). lfacTOTbi Kone6annil "'Ap. 
JleJIHIOTCH KaK onpe-

rae 
BAp. 

"'Ap..=·'l/~ 
BAf< 

-MaCCOBbii! napaMeTp H c>v-< -KOa<jl<!JnUHeHT JKeCTKOCTH, 

IJepei!JleM K aana6aTH'feCKOMy Upeaeny B Hamel! TpaKTOBKe, IJyCTb 

ru 1 « min(r(p) H (p'~ ); ' 

YPaBnenne { 3, 17") nepenmueM a anae 

2 - 2 2 
. liK' =· 2~ (f(ifJ'~ +:f(pp'})uee'· 

PP • t(p) +:t(p'} 

n, Bocnonb3oaaamncL { 3,23), nonyqnM 

ru2 
1 -· ----.:.1. 

,. 
f{:~¥-t 

25~:· 

(r (p) +:. (p'~) 2 

{3.22) 

{ 3,23) 

(3, I7"') 



t 

1/lc •· 2 ~ 
pp'-

2 - , 2 2 
(£(. pp'·) +f(pp) )upp'· 

'r(p) u (p') 

2 

+""t ~. 
pp. 

2 2 

+:f(pp'~ )upp•- +'··• 

0Terona aneprnro KonueKTHBnoro eoeTonnnn B annaoaTnqeeKoM npnou~~ennn HaaneM a an-

ne: 

rne 

c 
CUI a . .j:B I, 

C a· 1/rc! -· 2 ~ 
pp'· 

2 - 2 2 

( f(pp'~ +: f(pp') )u pp'-

r(p) +:r (p'~ 

2 - 2 2 
(f(pp'~ +:f(pp') )upp' 

B D• 2-~ • 
· pp'· (r (p) n (p'n' 

(3.24) 

, ' 

<3.24') 

TaKnM oopa30M, 

annaoaTnqeeKOM 

B naHHOA TpaKTOBKe, B KaqeeTae qaeTHOro enyqan Mo~o nouyqnTh B 

npnoun~eann aHaqeHHn aHeprnn cu 1 n MaeeoBOro KO~~nnneHTa B 

n KO~~nnneHT -~eeTKOeTn 
/6,25/ 

c 1 
KOTOpble eoananaroT e ·paHee nonyqeHHhiMn Bbtpa~eHnn-

MH 

§·3, C e K y n n pH o e y p a B H e H n e n 

~ y H K U H H • Q U H G e T a BnopannOHHblX 

BOUHOBble 

B030y~neHHbl 

e o e T o n H n a 

PaeeMOTpnM'KonueKTHBHble 

TOpbiX Hapn:ny e HennaroHanhHbiMn 

B030y~eHHbie eoeTOHHHH 1 , B eeKynnpHbie ypaBHeHHH nnn 

BxonnT TaK~e nnaroHanhHble MaTpnqHbie aueMeHTbi, a 

aee f (pp'} 0 ; K TaKnM KonneKTHBHhlM aoaoy~nennnM OTHOeHTeH KOneoaHHH 

e ..\ D• 2 n JLa-0 , T.e. COCTOHHlUl C Krr. -=· Q+ ,., HB3Wlle na KOTOpbix oobiqHo 

Ha3biBaiDT oeTa-BnopannOHHblMn eoeTOHlQ1HMn, 

Eeun-euenoaaTh nponenype, nano~eHnoa B § 2, To Mo~o nouyqnTh nnn eoeTonnna 

e KIT a· 0 +: ee~<:ynnpHoe ypaBHenne·. anna (3,17'), TaK, nnn eneTeMbi, eoeTonmea na 

onHoro eopTa qaeTnn, TaKoe eeKynnpHoe ypaBHenne Mo~o aanneaTh B anne: 

(2) 

J/(2K 

, 2 2 
-· ~ f(ss ) u00•!r(s) H (s')) 

s.,J:s' , 2 2 
(r ( s) +: r (s ·» -·cu1 

+: ~ 

26 

2 2 
f(ss) C 

'(4ds)2 -cu
1
2 )r (s) 

, . (3,25) 

/26/ 
npnqeM, KaK noKaabiBaroT paeqeThi , BKnan nnaroHanhHhiX qnenoB noxonnT no 70% n 

Gone e. 

IToKa~eM, qTO nnaronanbHbie quenbl He non~Hbl nrpaTb eTOUb OOUhlilyro POUb, neaeT

BHTenhHO, paeeMOTpnM euyqaa, Korna Bee nnaronanhHbie queBhi paBHhi MelK.!Iy eoooa, T,e, 

f( ss) - f0 , Tor.,!l eooTBeTeTayroman qaeTb H..,
11 nMeeT ann: 

I( 2 2 

-~ f 0 N , · f.\.\l '2. r•! 
rne N -onepaTop qaeua qaeTnn, IToeKonhKY qneuo qaeTnn B oenoanoM n Boaoy~neHHOM 

eoeTOHHnnx onnHaKOBO, TO OTerona enenyeT, qTo 3TOT qneH He nou~eH B9eTn K H3MeHeHHID 

pa3HOeTH 3Heprni! Me~y OeTa-BnopaUHOHHbiMn H OeHOBHblMH eoeTOHHHHMH, B eeKyUHpHOM 

ypaaneHnn ( '3,25) nnaroHanhHhie qneHbi e f(ss) a fo npnaonnT K yMeHbmeHnro cu
1

, 

Ha aTnx paeey~neHna enenyeT, qTo KorepeHTHhlA ~~eKT, npnaonnmna K noHHJKeHnro aHep

rna aoaoyJKneHHbiX coeTonHni! e KIT-· 0 +: ·OTHoenTenhHo onnJKaamero nonroea eeKynnpHo

ro ypaBHeHHH, eBH3aH . B OCHOBHOM e HenaaroHanhHbiMH MaTpnqHblMH 3UeMeHTaMn onepaTO-

pa KBanpynoU.hHOro MOMeHTa, a BbiqneneHnH CU 1 na ypaBHeHni! THUS (3,25) HBUHIDTeH • 

BeChMa rpyObiMH, 

KaK H3BeCTHO, epenn COeTOHHHA e KIT a-0+· HMeeTen onHo· nHWHee eOCTOHHHe, KOT0-

/5/ poe nouyqnno HaaaaHne nyxoaoro. N\eTon ncKuroqeHnn nyxoaoro cocTOnHnn npennoJKeH B , 

/8,9/ npn nayqennn ne~opMnpoBaHHhiX nnep on Ohtn npnMenen B , 3ToT MeTon noaaonHeT He 

TOnhKO HeKnroqHTb nyXOBOe eoCTOH&ne, HO OH UpHBOnHT TaK~e K 3HaqnTenhHO oonee TOqHo-

My ceKynnpHoMy ypaBHeHnro, 

nnn HCKnroqeHHH nyXOBOro COeTOHHHH n nony~eHHH oonee TOqHoro CeKynnpHOrO ypaB-
/26/ ·~. .. 

Hennn, cnenyn paooTe , BocnonhayeMcn qneHaMn H
0 

(n) n flo"(p) (cM,(2,30')) 

raMnnbTOHnana B3anMoneAeTBnn, Ha ~~HOBe aapnaunoHHoro npnHunna B Bnne (3,12} Hcnonh

ayn ( 3,11), nonyqnM enenyromne ypaBHennn: 

1 . 2 2 . 2 2 I 
(r(s)+r(s'))g , a-cu w , +.S • GN(u

0 
-v

0 
)~(u , -v .. )g, ,+: 

•• ~ I •• ~ •• a a'!~ • ... a .. a ·• .. 

( 3,26) 
(2) (~ 

+:f(ss'~u ••'· (rc 
0 

D 1 (n) +:rcnp D 
1 

(p )) , ' 

I 1 • I 
(r (s) +:r (s')) w.~·. -· cu 1 g••'· +:.S••'·GN~,w .... ~ ... ·~. 

• •• I (3.26') 

H alianornqlihte ypaBHelinn nnn I I 

g,...~. · H w,...• • Iloene noBonhHo rpoMo3nKnx Bbtqncnelini! 
Iia,aneM eeKynnplioe ypaBHeHHe B cnenyromeM Bane: 
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(2) 

K n 

I 
X 

( 2) I 

K 0 P XP 

( 2) VI 
K n n 

~2) I 

Knp V P 

( 2) I 

Kn Wn 

( 2) I 
K W np P 

-· ~ 

rne 

I 

x. 

(2) I 

K np Xn 

K<2lx 1 -~ 
p p 

( 2) I 
K V np n 

(2) I 
K V 

p p 

( 2) I 

Knp Wn 

( 2) I 

K p WP 

f(ss'.) 
2 

~· 

••';(s) 

I 
v. 

0 

~ ~r(s)" 1 

• 4 ( )2 2 f S -=CUI 

0 

2 
u - v 

L-L-r!L-2 
"4f(s) -·"'• 

0 

v• 
" 

0 

-I 
~ ~f (v) 

v 4r (v)2 -u}l 

0 

2 2 

I 

w. 

0 

2 2 
~ u,-v • 
• 4r(s )'Leu; 

0 

2 2 

0 

I 
w. 

0 

2 2 
~ u,-•Vv 
v 4r (v 'ji -'41: 

~ "'• -4c. 
• 2f(,s)(4<(s)"-<>J:) 

0 

2 2 
cu -4C 

0 ~ u.., -·v.., 
v 4r (v )2 -·cu( 

0 ~ I p 

"2•(v X4r(v:f-J:> 

U a a'· 

w~ ~· ~ 

~ 
f(ss) C n I 

v. 
<(s)(4r (s)

2
-· "':) 

f(ss) 2 C n ( E (s) -·An ) 

2 2 
r(s)(4i.(s) -• ~ 1 

( 2) ( 2) (2) 
K11 •· 0 +: B cnyqa.e Kn -- K •· rc: =: p •• 

BonaoBbie ~yaKnnn nn>~ cocTOSIHHSI c 

nerKO IIOirY'liiTh 1 IIOirh3Yf!Ch cne,nyJOIIliiMII BhlpB.lK9HHf!MH Jlirll 
I g , ... w I : , . .. 

y2 
I f(ss') u ••' r 1

( s) 
n 

K 

g •• ,.=· ~=;====;,p-
vz. +: z. "' "'• 

(3.28) 

<(s) +: r(s') -· <(s) +r(s'} 

w ,_ ... y:2 

vz 1
· +: z• 

n P 

"'I C n 

o •.-----;;--T 
•• ~(s)(4<(s) 2 -•cu 

1
) 

f(ss') u •• '."'l 
2 2 

(<(s) +:<(s')) -·cu 1 

r I (s) 
n 

C I 

- 0, n {n .. ~-w-:- _y_l_ 
I n 

--~-· 
Yn 

28 

(3.28') 

=0 

3.27) 

II aaanorH'lHbl9 Bblp8lK9HHSI JlirSI IIpOTOHHol! CHCT9Mbl, rne 

I I CU C 2 
Z =·Y +: 2_1 __ • 

n n (y~) 2 

I 2 
~ cr. (s)) 

• r(s )( 4r ( s) 
2 -·w:f 

2 I 
"'I c. f(ss) r (s) 

-: 4--- .S n 2 2 2 r: • f(s)(4r(s)- "'•) 

I f( s 2 s 2 ) 
r. (s) ~ ~- . 2 :2 

(3.29). 

·" 

'll"2"•(s 2X4r(s 2 ) -•cu
1

) " 

2 2 4(E(s;.) -·>.. )(E(s 2 )-·An )-4(E(s)- A 0 )(E(s 2 )-•An )+:4{E(s)-A. )(E{s')-A.)+4c.- "'

1

) 

2 2 
r(s;. ){ 4<(s'~) - "'1 ) 

I 
Y£ 

I 

~ n 

( ( 
, 2 2 

'4(E(s) -·A 0 ) E s ·)-·A 0 ) +4 c.-· "'• =· ~ 
·' . 2 , , 2 2 

•• · r( s)( 4<( s) -·cu 1 )f( s )( 4<(s ·) -·"' 
1 

) 

2 2 

4c. -· cu 1 +:4(E(s)-.\. )(E(s')-.\
0

) 

f (s')( 4<(s') -· cu 1 ) 

f(ss) 

a;'. ~ 
<(s)(4<(s) -cu 

1
) 

(3,29") 

(3,29'") 

• (3.29' 

T:-KnM o5paaoM, Mbi rronyqnnn ceKynSipHbie ypaBHSHIIll, rrepBbie, BTOpbie 11 T • .n. KOpHII 

STIIX YPB.BH9HIIl! .OB.IOT aaepr1111 II9pBbiX1 BTOpbiX H T,Jl, B035yJK.QeHHbiX COCTOliHIIl! C JlBHHbiM 
ana.qeHHeM K rr 

• 3aag "'• 
HeTpyAHO HBfiTII BOirHOBbie ~YHKIIIIH B035YJKAeHHbiX 

COCTOSIHIIl! H TeM C8Mb!M Bbl'liiCirHTh BepOllTHOCTII COOTBeTCTBYIOIIliiX 8Irh~a,- 5eTa- II raM-. . 

Ma- IrepeXOJlOB Ha B035yJK.QeHHbie COCTOliHIISI C ABHHblM K17 • 

•Hccne.nyeM YPBBHeHIIe (3,27), AirS! 3Toro pacKpOeM A9TepMHH8HT II B cnyqae 
(2) . (2) (2) . , /22/ 

I< =· I< p =· l<np " K CeKynlipHOe ypaBHeH!Ie 38IIHW9M B BHAe 

I< p ( CU L ) - L ("' 1 ) =· 0 1 • 

rAe L(cu 1 ) (3.30) 
He 38BIICHT OT 

rc a HMeeT cne.nyrom11l! BHA: 

l ' I 
L(cu 1 ) =· M Y n YP 

(3.30') 
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" 

¢>ynKUH!I P(cu 1 ) 3aBHCHT OT HeJ1HarOHaiibHblX f(pp'·) H 11HaroHaiibHbiX f(pp ) 

MaTpli'IHblX arreMeHTOB onepaTopa KBaApyiiOIIbHOrO MOMeHTa H HMeeT IIOniOCa nepaoro IIOp!ll:t-

Ka KaK IIpH CU •· f (p) +: ( (p'·) TaK II IIpH CU ~- 2t(p) • ¢>yHKUH!I L(cu) HMeeT 

nomoca TOIIbKO npn cu •- 2r (p) J:1ccrreJ10BaHH!I ypaBHeHII!I (3,30) UOKa3biBaiOT 1 'ITO 

npocTa!l cTpyKTypa pemeHnil, KaK y ypaaHeHH!I (3,17"), B AaHHOM crry'lae oKa3biBaeTC!I Ha-

pymeHHOil, TaK, npn AaHHOM I{ MelKJJy 11BYM!I UOIIIOCaMII Tnna CU =· 2r(p) MOlKeT 

IIIIH He 6b!Tb HI! Ol:tHOrO KOpH!I (3,30), HIIH MOlKeT fib!Tb HeCKOIIbKO KOpHeil (3,30), 

IlocTpoHM cjJyHKUIIIO F(w ) 1 
aHarrorii'IHYIO TOil, KOTOpa!l OUHCbiBaeT npaByiO 'laCTb 

ypaBHeHH!I ( 3,1711 ): 

F(cu) = 
d'!') 

P(w ) 

L( cu) 
•! ( 3.31) 

¢>yHKUII!I F(cu) peryn!lpHa B TO'IKaX W •· '2r(p) (TaK KaK UOIIIOCa B 'll!C1lHTene H 3Ha-

MeHaTerre COKparuaiOTC!!) H nMeeT IIOIIIOCa IIpH W =· ( (p) +:r (p'1 

T,e, np11 
I 

Yn 

yl 
p 

0. 

0. 

n B cny'lae L(cu) =-0, . 

(3,32) 

MelKJJy 11BYMII norriOCaMn F(w) acer11a I!MeeTC!I OAIIH 'KopeHb CeKyn!lpHOrO ypaBHeHHH 
178 

(3,27), Ha pnc. 3 nao6paanM F(cu) KaK cjJyHKUHIO w Ann H f , B3!1Toro a Ka-

'leCTBe npnMepa. Ha pnc. 3 aepTnKanbHbiMH nnHnnMII o6oaHa'IHM norr10ca F(cu ) , nBII!IIO-

ruHeC!I pemeHnnMn ypaaHeHHil ( 3,32). BepTnKanbHbiMII nnHnnMH mTpnxoaaHHbiMH o6oaHa'leHbi 

CU =· 2r(p) 1 T,e, TIIIIa 

K(2} =· 10 A4/8 
hcu0 

0 

HeilTpOHHbie, a liiTpHXllYHKTIIpHblMII - npoTOHHbie IIOIIIOCa IIpH 

1 ~- • · To'IKH nepece'leHnn np!IMOil 1/K npn 
4r (p) -· w 

C KpiiBOil F(cu) !IB1IHIOTC!I KOpHHMII. (3,30), 1:13 piiCo 3 BIIJ1H0 1 'ITO MelKJJy pemeHHHMH 

(3,32) acer11a nMeeTCH KOpeHb (3,30), B TO JKe BpeMH F(cu) nepeceKaeT npnMbie, cooT-

BeTCTBYIOliiHe U01IIOC8M npn CU •· 2t{p) npaKTH'IeCKH IIpll ni06biX 3Ha'leHIIHX F(cu) I H 

MelKAY aHa'leHnnMn ABYXKBaan'laCTH'IHbiX non10coa cu =· 2r(p) 

(3,30), nrrn 6biTb .HecxorrbKO ~axnx xopHel!, B cnyqa.e Hf 
178 

MOlKeT H1lll He 6b1Tb KOpHH I# • 

OKa3aiiOCb ):(alKe, 'ITO 

nepBblil KOpeHb ( 3,30) HMeeT 3Ha'leHne HeCKOilbKO 6orrbruee nepaoro II01liOCa CU. ,.. 2r (p I ), 

/27/ 
1 KOTOpbii! paHee HCCIIe):(OBaiiCH B PemeHHH (3,32) COOTBeTCTBYIOT CIIy'laiO K =· 0 

'<r; 
B aToM cnyqae npoTOHHan n HeilTpOHHa!l cncTeMbi paccMaTpnBaiOTCn HeaaBHCHMO. YpaaHeHne 

(3,32) ):(IIH HeilTpOHHOi! CHCTeMbl MOlKHO aanncaTb TaK: 
2 !l 

;:Jcu 1 -•4C
0 

-·21E(s)-.•A 0 

=· 0'' (3,32) s 
2 2 

r(s)(4r (s) -· w 1 ) 

II nMeeTCH aHanorH'IHOe ypaBHeHne AIIH npOTOHHOi! CHCTeMblo BoiiHOBbie cjJyHKUHH AIIH COCTOH-

30 

111111 c K,. •· 0+: npn Ki•· 0 nerxo HaliTII, 3Han r/J I H ¢> :. 
cneayiOmnll anA: 

r11e 

Ln 

•• 

2 ~ 

r(s)../cu 1 -•4Cn -•cu 1 I E(s) .;.,An I 1/11 .. 
Ln 

r(s) V.cus"-•4C: (2r(s) -·cu 1 ) 

2 ~ 

r(s)ycul -·4Cn -• cu1 IE(s) -• An 4•.1. 
_Ln . ~ 

r(s) v'cu1 -•4C n ( 2r(s) +:cu
1 

) 

2 2 2 
:S (v'cu 1 -•4Cn -·21 E(s) -·An I) 

r (s) ( 4r (s)
2 

-·cu 
1
2 )

2 
"'I 

cu ( 2 4C 2 
I wl -~ n 

li 
) 

1 XOTOpble IIMGIOT 

(3,33) 

(3.33') 

0TCIOII8 BH):(H0 1 'ITO BOIIHOBbiG cjJyHKUHH COCTOHHHI! C K" 0+· npn K =· 0 He HBIIHIOTCH 
llBYXKB83H'I8CTH'IHbiMH1 a 06rra):(aiOT CIIOlKHOI! CTpyKTypol!, 

PaccMoTpnM cny'lail, xorAa ace AnaroHarrbHbie MaTpH'IHble aneMeHTbi onepaTopa KBBA-

pynorrbHoro MoMeHTa paBHbi MelKJJy co6oll, T,e, f(p, p) •· f 
0 

• 1:1a (3,27) cneAyeT, 

'ITO· B 9TOM Crry'lae 9Heprnn B036ylKJJeHHbiX COCTO!IHIIII C KIT m- 0 + 
a 

I I 

r n (s) •· f 0 )' n ' ' 
I I 

~n=·foyn,-

2 2 
1 cu 1 (r(s)+:r(s'))f(ss') u••'· 

zn -- s. 'J 2 2 
• loa '[(r (s) +: r(s')) -• cu 

1 
I • 

Cex~n~Hoe ypaaHeHne (3,30) npnHnMaeT BHil: 

2 2 

f(pp'1 u pp'· -

I :E cul2 

fJ.Iop'·. (p) +:. (p'·) -• r (p) +:r{p'~ 
1 1 I 

-· --lrn YP· 
2K 

o,. 

He 3aBHC!IT OT f O , 

( 3,30") 

H Mbl IlOrryqaeM ltaK BOa6ylKJ1eHHbie COCTOHHH!I C K11 •· 0+: 

IOTC!I HeAnaronarrbHbiMH 'laCT!IMH onepaTopa KBBApynonbaoro 
, aHeprnn KdTopbiX onpeAerrH-

COCTO!!HH!! C 

-. KIT ... 0+ 
MOMenTa, Tam n Boa6ylKJ1eHHble 

PYIIOIIbHbiX 
1 CBOilCTBa KOTOpbiX He 3aBHC!IT Bf06rue OT KB8ApyiiOIIb-KBaA-

B38HMOJ1eilcTBBI! n onpeAeiiHIOTC!I Hpalr • TaxnM o6paaoM, B aToM cny'lae 

Mbt II:MeeM Aeno c llBYM!I THIIaMn HeaaancnMbiX xonneKTH:BHbiX llBII:lKeanl!. To o6~TonTeilb-
CTao, 'ITo B BTOMHbiX Hltpax AnaroHarrbHble MaTpll'IHble aneMenThi f(pp ) 

He paBHbi 
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MelKJly COOOI! 11ns1 pa3Hb!X 3Ha'!9HHI! p 1 UpHBOI1HT K 00~011HHOHHID STHX 11BYX THUOB KOO-

neKTHBHhlX 11BHlK9HHil, B peaynbTaTe HM9IDTC51 COCTOSIHHR C Krr •· 0 +.: 1 B KOTOpbiX B0911HHO 

CBi!3aHbl KaK 11BHJK9HHR, llpOHCX01151n!H9 OT KBaApynOnb-KBanpynOHbHblX .B31lHMOI10i!CTBHI!1 TaK 

H 11BH.lK9HHR1 CBR3aHHb!O C Hpalr 

§ 4. Monn¢nKanuu MOTo.tia npuonuJKeaaoro 

BTOpH'IHOro K B a H T 0 B a H H H 

1101 
KaK nasecTao , TO'IHOCTb pac'!eToB B Monenn, y'IIITb!Baimnel! napable Koppengnun 

/28/ csepxnposongmero. Tnna, aaMeTao noBbicnnacb nocne y'leTa slj>ljJeKTa onoKnpoBKH, B obmo 

noKaaaao, 'ITO TO'IHOCTb pec'!eToB B SToll Monenn orpaan'!eaa nnoxnM aaaaneM noseneann 

ypOBHOil cpenaero 00051, llOCKOObKY TO'IHOCTb HCUOOb30BaHHOrO MllTOMaTH'IOCKOrO MOTOAa 

SIBOSIOTCSI 110CTaTO'IHO XOpomell, nosTOMy nepBb!M marOM B yny'IWOHHH TO'IHOCTH paC'!OTOB
1 

npoBOI1HMb!X.Ha OCHOBO MOTOAa UpHOHHlKOHHOrO BTOpH'IHOrO KBaHTOBilHHSI, SIBHSIOTCSI Y'IOT sljJ

IjJeKTa OOOKHpOBKH, 

nocnenosaTenbao y'leCTb slj>ljJeKT onoxnpOBKH secbua Tpynao, nosToMy cnenaao sTo 
1221 

cnenyromnM ynpomeaHbiM cnocoooM : XHMH'!ecKne noTeannanhi >. .. H >. 
p 0 

' neHbl na .ycnoanl! coxpaaeHHSI B cpenaeM '!Rena npoTonos H aellTpoaos B soaoylKJleHHblX 
+" . . 

• CTORHHHX Q I 1[1 , 3TH ycnOBHH HMOIOT Bl'l/1: 

+: +' 
N c- < Q I a a Q >. 

I au~ •u· au· 1 

·{3,34) 

z =· < Q1 I 
vu 

+: + 
aw_a.,".QI >: • 

Benn'IHHhl r (p) +:r(p')· aaMeneHbi aa &(pp')-•&o, onpenen>!eMbie {2,21) n {2,18).' T,e, 

na pa3HOCTH SH3prHJl 11BYXKBa3H'IaCTH'IHbiX H OCHOBHblX COCTOSIHHi!, Bbi'IHC09HHbl9 C y'leTOM 

. ' 
•. ~, ' gpljJeKTa OOOKHpOBKH, 

r' /22/ 
Hccnenosanng, nposenenable B , noxaaann, 'ITO a oonbWHHCTBe cny'!aea oTxnoneang. 

'lncna nel!Tponos !'J. N H npOTOHOB !'J. Z s soaoylKJleHablX cocTonnnnx gnep c nannhiMH 

N H Z MHoro Meabme nsyx { ecnn ne y'IHTbiBaTb na·Meneang .\,. H .\P ), 

TOMY yqeT H3Meaennll .\ n H .\p UpHBOART K H03Ha'IHTOObHOMy H3MOHOHHID SHeprHJ! 

onnoljJoaonahlX aoaoyJKnenabiX cocTouanl!, OnaaKo B oTnenbHbiX cnyqagx ney'!eT H3Menennl1 

>. .. H .\ 
p B B030YlKJlOHHbiX COCTOSIHHHX MOJKOT llOBOCTH K OOObWHM OWHOKaM Bbi'IHC00-1 

HHJi."qTO KaCaOTCSI 3aMOHbl <(p) +:<(p') a a &(pp'~ -·&o , To ee snngane aa saeprHn 

H BOOHOBbiO ljJyHKUI'lH B030YlKJlOHHbiX COCTOSIHHH OKil3aOOCb 'I10BOObHO cymecTBOHHbiM
1 

.OCOOOH

HO B TOX cny'laSIX1 rne cTpyKTypa 011HOijJOHOHHOrO COCTOSIHHSI OOI'l3Ka K 11BYXXBa3H'IaCTH'IHOHo 

B nenoM yqeT slj>ljJeKTa onoKHpOBKH npH pac'!eTax sneprnll KBanpynonbHhiX 11 oKTynonhHhiX 

B030YlKJlOHHhiX COCTOHHHH HpHBOO K 3aMOTHOMY yny'IWOHHID cornacnn TOOpHH C 3KCnepHM0H'"' 

TOM. 
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Shin npennpHHSIT P"l1 nonbiTOK yny'!meaHa MeTana npnonHJKeanoro BTopn'lnoro KBaHTo
/29-32/ .. 

sauna , Onn caonBnn:cb xax K y'leTy aHrapMoHn:'!HblX 'lneHoB, Tax K yTO'IHOHHID nepe-

cTaHOBO'IHblX COOTHOWOBU:I!;- TpyAHOCTH yny'IWOHHli STOro MOTOAa CBSI3aHbi1 HanpHMep, C TOM, 

'ITO naJKe npn y'leTe no Teopn:n: B03MYweHnl! OTopomenublx 'lnenon raMBObTOUBaaa ( 2, 1') 

aeooxonn:Mo aHaTb see xopaB ceKyn>~pHbiX ypasaennll. B oonbmHacTBe cny'laes npB ynyqwe

HI!B MOTOAa npHOOHlKOHHOro BTOpK'IBOrO KBaHTOBa!IKSI Y'IHTbiBaroT nepBhli! KOpOHb CeKyn>!pHo

ro ypaBliOHBSI, 'ITO SIBOSIOTCSI HeyoOAI!TOObHbiM, 

Ynyqwean:e MeTana npn:onn:JKeaaoro BTopn:'laoro KBaHToBaHBSI ocooeaao naJKao nn>~ 

Bayqenna c<j>epH'IOCKHx >~nep. Kax n~necTno, BMeroTcn sxcnepn:MeHTanbHbie naanble o nayx

lj>oaoanblx KBaApyllOObHbiX COCTOliHKSIX B STI!X HApax, 3nepriiH STHX COCTOSIHI!I! C 

Irr •· 0+: , 2+: 4+: SlliJISIIDTC>I neonnnaKOBhiMH, KpoMe Toro,aaonronaroTCSI raMMa-nepe

xonbl C AByXIjJOHOHHblX COCTOSIHKJ! Ha OOCijJOHOHHb!e OCHOBHbiO COCTOSIHKSI, 3TH SKCnepKMOHTanb

HbiO ljJaKTbl ae MoryT Ob!Tb · ~o~gcaeabl s paMxax MeTol:ta npn:onn:JKeaaoro BTopH'!Horo KBaHTo

BilHBH, II ann: CTHMynBposann: uccnenosanHg no yny'lmenHro SToro MeTona, 

CnenyeT OTMOTHTb, '!TO KapTBHa KOOOOKTHBHbiX H OCOOOHHO KBa3K'IaCTK'IHblX COCTOSIHKI! 

s neljJopMnpoaaHHhlX >~npax ropaano oora'!e no cpa'saeHnro co cljJepn:qecKnMn: >!11paMu, TaK, 

ecnH a clj>epn:qecxn:x >~npax naa Tuna xonneKTHBHbiX noaoylKJleHHil c >. •· 2 , I' ... 2 .. 
,\ •· 3 1 1' •· 3 1 TO B neljJOpMHpOBaHHb!X HApax WOCTb THUOB, .nanee, B neljJopMn:poaan--

Hb!X'S111pax yJKe npn sneprnS!x 1,4 -. 2,0 Msa naxon>ITCSI BTOpble Kopan ceKyn>lpllbiX ypaaae

nnl!, OTHOCHTOObHO KOTOpb!X HMOOTCSI P>ll1 3KCnepnMOBTanbHbiX naBHblX, OnnaKo HOT liHKaKBX, 

CBenenBl! 0 nayxljJoaonnblX COCTOliBHSIX, TaKBM oopa30M, B oonacTu 'IOTHbiX neljJopMI!pOBaBHbiX 

>111ep BeT sxcnepnMeHTanbBhiX ljJaKTOB, KOTOpble Obi nenbaH ObinO oo~SICHHTb a paMKax Me1'o-

H 

All UpHOOI!JKOHBOro BTOpH'IB~rO KBaBTOBilHHSI, 

B § 1 nacTogmero paanena oblnn naBbi ocaoBnble caenennSI o MeTo.lle TaMMa-nanxoaa. 

nonbayHc~ onpenenenneM lj>onona (3,19) n npnMeHSISI aapuannonablll npunnnn, neTpynno no

ny'IHTb ceKynnpnoe ypaaaenne, Ono HMeeT cnenyromal! ann: 

2 - 2 2 
(.\) (i(ss') +f(ss') )u , 

1 ... a:J I, ••. 
•• • r(s) +: r{s') -· "' 

2 - 2 2 
(.\) {f(w~) +f{w') )~~w•. 

+:JC~ I + 
w~- r(v) +:t(v')-•cu

1 

(.\) 2 (.\) (.\) 
+:((JCnp ) -·K,. I(P' 

. 2 - 2 2 
I I f(ss') +i(ss') )n••'· 

••'· rfs) +:r(s')-cu
1 

2 - 2 2. 
(f(w') +f(w') )uw•. 

W!i• .. 
(3,35) 

t{v J +r(v')-cu
1 

<l>ynxnau I 

. "'pp'. 
I 

1/i pp'· H 
OTOH'IaiDTCSI OT (3,20) TOObKO IIOpMHpOBKOA, 
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§ 

IV , Saeprnn xeanpynonbHblX u oxTynonhHb!X eoat5ylKJleHHbiX cocToanuA 

1. Ypoeau 

H bl X 

c p e n a e r o no n a u KOHCTBHTbl 

U M y H b T H ll 0 n b-M y n b T U U 0 n b H bl X 

B3aUMoneficTBUA 

n a p-

B nannoM paanene npocyMMnpyeM axcnepuMeaTanbHbie naHHble no aneprunM KB8Jlpy

nonbHblX U OKTynonbHblX B03t5ylKJleHHbiX COCTOaHUI! U CpaBHHM BX C paC'IeTaMH COI'naCHO 

ceepxTexy>rel! Monenu anpa, Mbr orpaHH'IHMca >reTno->reTHb!MU ne¢opMnpoeanHb!MH nnpaMU 

a ot5nacTnx 150 !>., A ~. 186 u 228 ::;, A ::;, 254, Onaaxo npelKJle 'Je¥ npncTy

nnTb K BbinOnHeHHIO STOll 3aJla'IH Ot5CyJlHM OCHOBHble npennOCbinKH, pacqeTQB
1 

T,e, CXeMbl 

OllHO>raCTH'Illb!X ypoaael! cpennero nonn u cooTeeTcTayiOmne eonnoebre ¢ynxnun, a TaK>Ke 
(2) (3) 

Benn'IHHbl KOHCT8HT KBanpynonbHb!X K U OKTynanbHb!X K B38HMOJleAC:TBUA, 

,a xa>recTee onepaTopa aneprnn cpenaero (unn caMocornacoeaaaoro) nona aaaT no-
/17/ /33/ 

Teunnan Hnnbccona c napaMeTpaMn eecbMa t5nnaxnMn x naHHb!M B , B nanbHeA-

w~_M ncnonhayiOTcg co6cTaenHbre ana>reang E(p) u eonaoebre ¢ynxnnu SToro noTeanua-

na. Kax naeecTno, ace n':paMe1'Pbl noTeanuana Hnnbccoaa ¢nxcupoeaabl npn cornacoeanuu 

p8CC'IUTaHHblX 3Ha'I8HHI! 9Heprul! H8'18THblX Mace ll)lep C 9KCll8pHM8HTSnbl!'blMH
1 

nOSTOMy 

npu nay>renuu >reTno->reTHb!X gnep HeT HH onaoro ceo6onnoro napaMeTpa, ITpaeunbHOCTb no-

no>Kenug ypoenel! cpennero nang a ot5nacTgx 61 -s:., Z -s:., 79, 89.!>.,N S, 115 u 

87 !>., Z ~. 99, 137 -">., N .:>:,, 155 llOJlTaeplK}leHa HMeiODlHMHCg axcnepnMeHTanbHb!MH JlSH!Ibl

MU no onnoxaaan>raCTB'IHb!M ypoeagM ne>reTHblX gnep. KpoMe BblmeyxaaaHHhlX, npunuManncb 

ao BHUMaHue ace ypOBHH Tex nonot5ono>reK, y KOTOpb!X nono>Keane XQTg 6bl OJlHOro OJlHO

KBa3H'ISCTH'IliOI'O COCTQgann t5blno no)lTBeplK}leHo Ha Onb!Te, B OTHOmeuun llOB~eHUa OCTa~

Hb!X ypoauel! cpenuero nang HMeeTcg uexoTopol! nponaeon, cesaauHbll! c Bbl6opoM napa

MeTpoa cxeMbl Hunbccoaa, 

B npoaonnMb!X pac>reTax UMeeTcg TSK>Ke npouaeon, cenaauubll! c >rncnoM .cocTonuuA, 

npnunMaeMb!X eo BHHMSHKe a.cexynnpHblX ypaeuealinx. B paannTJHbllt pat5oTax y'li!:Tb!Banocb 

paanK>rHoe qucno ypoeael! cpennero nang, T,e, npnHKManocb BO BHUMaHKe paauoe >rncno 
- /28/ 

>rneuoe a cexyngpabrx ypaeneuugx (3.17)·n (3,27). Tax, a y"'HThlaanncb no>rTn ace 

a03MO>KHbl8 COCTQgHgg Cp8JlH8I'O nang, OJlHaKO 6panncb aCHMllTOTH'I8CKHe BOnHOBbl8 
/34/ 

llllll noTeHnKana Hnnbccona. B npn pac"!eTax sneprKI! t5eTa-en6pannoul!biX 

npKHnManocb BO eunMauKe no 45 ypoeuel! cpenuero nona xax a uel!Tpouuol!, Tax n 
/36/ 

TOHHol! cucTeMax, a B npn pac"!eTax aneprul! raMMa-ent5pannoHHb!X cocTonnuA 

ypoeuel! ana"'nTenbHO yeenn"'neanocb: cpenu 60 ypoenel! -B uei!TpouuoA (npoTounol!) 
- I 

Me 6pani!:Cb BCe B03MO>KHble MaTpH'IHble sneMeHTbl, a Jlng OCTanbHblX ypOBHel! - SCHMnT0-

/23/ I Tn>recxKe aaaqeuna cooTeeTCTBYIODlHX MSTpii'IHblX sneMeHTOB, HanpoTne, a Y"'HTbiBB-
/22,26,36/ . 

nocb TonbKO no 22 ypoaun cpeauero nona, B nanbael!meM nx >rncno t5blno yee-
nH"'eHo JlO 30-46 a KSlKJlOI! CHCTeMe, 

34 

,.> 

CneayeT OTMeTHTb, 'ITO yeenn>reune nnn yMeubmeane >rncna y>rnTb!BaeMbrx ypoau?fi 

~peJluero nona, ecnn nx 6epeTcg ue cnnwxoM Mana n ue cnnwxoM MHoro, ae oxaaLmaeT 

ennaHH!I ua peaynbTaTbl pac>reToB, a CBO)lHTCg B OCHOBHOM K nepeaopMHpOBKe KOHCTaHT 
(8) 

K (2) u K , O~aaxo ecnn y>rHTb!BaTb t5onee 45-50 cocTo!IHHI!, To, eo-nepabrx, 

TO"'HOCTb pac>reToe, no-enanMoMy, necxonbxo yxyawnTca na-sa MeHbmeit TO'IHOCTn pac>reToa 

nepexonoe c sneprnel! t5onee 10 .;.16 Mae. Bo-BTOphlx, nepenopMnpoexa xoncTaHT K 6y-

aeT pasnn>rnol! xax nna paaHblX aaa>reunl! P. , Tax n nna paann"!Hb!X gaep, HanpnMep, 

nepeuopMnpoexa K
12

l CTaHoenTca paann>raol! ang p. .c- 0 n p. c. 2 , Kax naeecT-

no/281, aenn>rHHbl u • v • , pacc>rnTaHHbre cornacao ¢opMynaM § 2 paanena n yt5br-

eaeT necxonbKO Meaneaaee c pocToM I l!:(s) -·>. I , >reM cooTeeTcTayiOmee TO>ruoe 

Bblpa>Kenne, STo npneoanT K yeenn"!eHniO ponn aanexnx nnaronanbHblX >rneaoe, Ecnn a 
/22 26/ 

pac>reTax ' nony"'eno xopomee onncaune OTHocnTenbnoro noeeneann aaeprnl! 6eTa- n 

( 
2

' /34/ /35/ raMMa-Bn6pai!HOHHb!X COCTOaHUJ! llpH OJlHHaKQBb!X K , TO B B B3!1Tbl paa-

IIH"'Hbl8 ana>renna K(2J ang onncaung sneprnl! STHX cocTognnfi. B nccneaoeaungx134•351 

npoaeMOHCTpnpoeano, 'ITO npn y"!eTe 6onee >reM 60 ypoeael! cpeanero nang peuopMannaa

nn!l 1Cf2) OKa3b!Ba8TCg paanH'IHOI! He TOnbKO Jlng /l •· 0 H _p. c- 2 , HO H npH 

OJlHOM 3Ha'I8HHH I'· , HO Jlng pa3HbiX g)lep, IT09TOMy Jln!l TOI'O, 'IT06bi He BBOJlHTb 
- ( 2) (3) 

pa:;!Hble 3Ha"'8HHg KOHCTaHT K H K Jlng pa3Hb!X I' H pa3Hb!X gaep cneayeT 

Y"'HTb!BaTb no 30 -45 ypOBHel! B H8l!TpOHHOJ! H llpOTOHHOJ! CHCTeMax, 

' 0 
Sueprnn oauo>raCTH'IHblX ypoeuefi cpeauero nonn ( a ea. hcu

0 
) , xoppengnnou-

Hbre ¢yHKUBH H XBMH'I8CKIIe noTeunnanbl OCHOBHblX COCTQgllHl! H3y"'aeMb!X "'8TH0-'18THblX 

H.!lep npneeneHbl B Ta6nnnax 1-4, KoppengnHOHHble ¢yuxnnn c. H cp H XHMH>rec-
/14 16/ 

KHe nOT8HUHanbl ,).• H ,).p abl"'HCneHbl B 1 CO CneayiODlHMH 3Ha'I8HHgMH KOHC-

TaHT napuoro B3aHMOJl8i!CTBHg, 

26 :., 'Zl 
Mae, G C-

A 
N 

(4,1) 
28;..29 

Mae. G a-z 
A 

B Ta6nnuax 1-2 npneeaeubl cxeMbr ypoeuel! nnH gaep a o6nacTn 150 ~. A $, 186 upn 

auaqeunn Koa¢¢nuneuTa paanoeecaol! ne¢opMaunn 8 = 9,3, B Ta6nnuax 3 n 4 npnae

Jlellbl cxeMbl ypoeael! nna gnep a o6nacTa 228 ,.;., A !>., 254 npn aHa"'ennn 8 - 0,2, 

Jlng o6oallaqeunn cocTogunl! cpeauero nang ncnonbaoeaubl acnMnToTn>recxne xaanTOBbre 

"'Hcna llOTeR!lnana Hnnbccouax/. B aanbHel!meM ~bl 6yaeM roaopHTb o cxeMe 1, ecnn ue 
1 1111 

X 06oauaqeung Taxne >Ke, Kax B pa6oTe 1 OCHOB8Hbl Ha 8CHMnTOTH"'8CKBX KBaH-
TOBb!X "'Hcnax; N -nonuoe '<Hcno ocnnnmtTOpHb!X xaauToa; n z ->rncno ocnnnm<Topubrx 
RaauToe aaonb ocn, nepneunnB:yngpuol! x ocn cnMMeTpnn gnpa; A -xoMnoueuTa yrno
Boro MOMenTa "'aCTBnbl ua OCb CHMMeTpnn gnpa; ~ -npoexnug cnuua >raCTB!lbl ua sTy 
OCb i K --A tl: ; - n ->reTuocT.b,- CocTonune aanncblaaeTcg xax KIT [ Nn z A J • 
nnn, 6'onee RpaTB:o, N n zA f I , ecnn K •- A + I n N n A l ecnn K • 0 •I 3 ' Z . • •·a-.~ ; hcu

0
•-41A Mae. 
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6y!leM npiiHHMaTb BO BHHMaHII8 B Taf5UIIllaX 1-4 COCTOSIHIII!, nOM8"18HHblX 3Be3ll0"1KOI!, II 0 

CXeMe II , B KOTOpOI! Y"'IITb!BaiOTCSI BCe COCTOSIHIISI B Taf5nHIIaX 1-4, 3aMeTII~, "'TO 
/22,37,38/ /36/ 

a npoaolliiUIICb pacqeTbi no cxeMe 1, a a - no cxeMe aeCbMa 6nH3KOll K Hell, 

B npoBe!leHHhiX pac"'eTax, "'T06bl CllenaTb ux Ha116onee OllH03Ha"'HhiMII, He y"'IITbiBa

nllcb 113MeHeHIISI )le<jlopMaUIIIl SI!lep, T,e, 6btnl! HCnOUb30BaHbl BOUHOBbl8 <jlyHKlll!ll np11 OllHOJl 

II TOll >Ke )le<jlopMaUIIII II OlliiH Ha6op E(p) llnSI acex SI!lep a Ka>KllOil o6nacTII; B o6-

nacTH 150 ~. A ~. 186 pacqeThi BhmonHeHbi np11 8 ~ 0,3, a a o6nacTII 228 ~.A ~.254-.. 

npll 8 a. 0,2. nocKOUbKY B pacqeTax ue Y"'IITbiBaUIICb 113MeHeHHSI )le<jlopMaUIII! SI!lep, 

n03TOMY TO"'HOCTb pacqeTOB llUSI SIAep Bf5UII311 rpaHIIll Of5UaCTell CllllbHOne<jlopMIIpOBaHHbiX 

SI!lep 3BMeTHO yxyllllliiUBCb, TBK KaK 113M8HIIll8Cb paBHOBeCHaSI iJ.e<jlopMaUIISI SI!lep, a HS 6binO 

npoBe!leHo 113Meueulle noaeneHIISI OllHO"'aCTI!"'HhiX ypoauell cpe!luero nonSI, KaK noKaaaHo 
/34 35/ 

B ' , ocof5eHHO Ba>KeH yqeT '113M8HSHI!SI paBHOBSCHOI! )le<jlopMB!lllll C 8 = 0,3 llO 

8 = 0,2 npll pacqeTaX KonneKTIIBHhiX COCTOS!HIIll SI!lep B of5naCTII 180 <;.A <;.., 186, 

/12/ 
KoacTaHThi KBa!lpynonb-KBB!lpynonbHoro aaaHMO!lellcTBHSI, cne!lySI , aannmeM a 

anile: 

(2) (2) 
npuqeM K D·K 

n P 
... I( 

(2) 
I( 

(2) 

k 0 

f!TB hw0 

(2) 
l(np 

(2) 
qK 

k '. 

PfT8 
Maa 

(4,2) 

, KoucTaHTa K< 2> f5bma Bblf5paHa TaK, 

"'T06br nony"'l!Tb uannyqmee cornacue pacc"'nTaHHbiX anaqeuni! a'ueprllll nepBbiX aoa6y>K!leH

HhiX cocTOSIHHi! c K 17. = 2 + c cooTBeTCTByromnMII sKcnepiiMeHTanbHhiMII !laHHhiMI!, B pac-

qeTax no cxeMe C yqeTOM a<jJ<jleKTa 6nOK11pOBKI! IICIIOllb.30BaniiCb 3Ha"'8HIISI k 10 npll 

q ~ 1; k a 8,5 npll q = 1,3 II k = 11,5 npn q = 0, 7 a o6e11x o6nacTSIX 

lle¢opMnpoaaHHhiX SI!lep; O!lHaKo Hannyqmee cornac11e Teopllll c onbiTOM llOCTIIrHyTo B o6-

nacTn 150 <., A <;.., 186 np11 

o6nacTH 228 :5, A .S, 254 np11 

k a 9,5, 

k a 11, 

q=111np11 

q 1 II 

k - 8,2, 

k • 8,5 II 

q = 1,3, a a 

q 1,3. B 

pacqeTax no cxeMe II 

k 8,4, q 

uaunyqmee cornac11e nonyqeuo B o6nacTII 150 ~. A 

1, a B o6naCTII 228<:.,A ~. 254 np11 k a 9,4 q 

< 186 np11 
-~. 8 1221 

6binll npoBell8Hbl paC'I8Tbl SHeprHJ! COCTOSIHIIJ! C K17 • 0+ II K17 -2+ KaK np11 .. q >:1, 

TaK I! npn q < 1 , npoB8ll8HHbli! a
1221 

3TIIX COCTOSIHHI! YM8HbW8HI!e K (2) 
np 

aHan11a noKaaan, "'TO npn Bhi"'ncneann aaeprnl! 

no cpaaHeHIIIO C ~(2) MO>KHO KOMneHCIIpOBaTb 

yaennqeuneM ~f 21 
, a yaenll"'eHHe 

(2) (2) 
~ no CpaBHeHIIIO C K - COOTBSTCTBY-

np 
(2) 

IOWIIM yMeHbW8HIIeM K 

(2) 
Cne!lyeT OTMeTI!Tb, "'TO y6hrBaHne rc c pocTOM A SIBnSieTCSI uecKOUbKO 6onee 

•• 

-6/ a (2! 
Me!lneHHhiM, qeM no aaKoHy A cornacao ( 4,2). KoucTaHTa ", npBHnMaeT cne-

. (2) 
!lyromne a6col1IOTHbie auaqeHIISI_: a o6nacTB 150 ::;, A :;;, 186 rc · • 0,06 - 0,09 Maa, a 

(2) 

np11 A • 236 - 240 ~1 " 0,05 Maa, 
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/36/ KoucTaHTa oKTynonb-OKTynonbHoro aaaiiMOllellcTBnSI a 6hma Bbi6paHa TaKol!, "'T06bl 

nonyqnTb uann_yqmee cornacne pacC"!IITaHHhiX auaqeunll aaeprnl! cocTOSIHIII! c K 17 a 0 _ c 

COOTB8TCTBYIOWIIMII 9KCnepnM8HTaUbHbiMll llaHIIblMII, CocTOSIHIISI c K 17 = 0 
Han6onee CHUb-

HO KOUUeKTI!Bll3llpOBaHbl 113 BCeX OKTynonbHblX COCTOS!HIIi!, II nosTOMy SHeprHH IIX Halloonee 
(3) (3) qyBCTBIIT8UbHbl K BSUII"'IIHe K • 0ll11HaKOBbl8 3HaqeHIISI K 

(8) (8) (8) (~) 
II paBeHCTBO 

IC •IC· •·K E! IC 
n p np 

T.e. COCTOHH.Hii C K11 

HCnOUb30BaUHCb llpll pacqeTaX Bcex 

~ 0-, 1-, 2- P 3-. Benii"'IIHa KOHCTaHTbi 

OKTynoUbHblX COCTOSIHBJ!, 
(3) 

K rrp11 pacqeTax_no 

~ (8) 0 
K = 0,00 102 hw

0 
cxeMe 1 nonaranacb a o6nacTII 150 

' a 
a o6nacTn 228 ~. A ::;, 254 -· K (3) 

!lOll o6naCTII ae rrpoao!lnnocb, Ecnn no 

A ::; 186 paaaoll 

= 0,00057hw~. H3MeHeHIII! KCI!! BHyTpll Ka>K-

"'TO 

TO 
(8) 

k 

(8) 

K 

aaanor11u c 

k' 81 
0 

--rl-=- hw 
A"' • o 

KBallpyllOUbHblMII COCTOSIHIISIMII C"'IITaTb
1 

, . 

npiiHIIMaeT 3Ha"!eHHSI, p8BHbl8 0,8 - 1,0. 

/36/ 
TaKIIM o6paaoM, llccne!loBaHIISI, rrpoae!leHHhie a , rroKaaan11, "'TO KOHCTaHTa OKTy-

non'!>-oKTyrronbHOro B3ai!MO!lellcTBIISI npiiMepHO B 10 pa3 M8HbWe KOHCTaHTbl KBallpyllOUb

KBB!lpynonbHOro B3aHMO!lei!CTBI!Si (npll OlliiHaKOBbiX CIICTSMaX ypOBHei! Cpe)luero nong), 

§ 2. 3Heprllll KBallpynonbHblX B036ylK.IleHHbiX COCTOSIHI!I! 

06cy!l11M nOB8ll8HII9 9Heprnl! B036y>Kll8HHbiX COCTOS!HIIll C h·K =2+2110+0a 
"18THO-'I8THbiX llS<jlOpMIIpOBaHHbiX Si!lpax B of5naCTSIX 

150 <;.,A ~. 186 n 228 <£, A ~. 254, ' 

rolla aa6nro!lancg auaquTenbHhill nporpecc a SKcrrepnMeHTanbHOM 

II3Y"'8HIIII KOUU8KTIIBHbiX HepoTaUHOHHhiX COCTOSIHIII! 3TIIX Sillep, Qg CBSI3aH C TSM, "'TO Hapg

llY C IIHT8HCIIBHbiM 113Y"'8HII8M KOUU8KTIIBHh!X HepoTaUHOHHbiX COCTOSIHIII! M8TOll8MII anb<jla, -

6eTa- II raMMa-cneKTpOCKOnll110 6onbWOJ! ycnex Bbtnan Ha llO~IO M8TOllOB KyllOHOBCKOrO B03-

6ylK.IleHIISI STIIX ypoaaell 11 113Y'ISHHSI 11x c noMowbro npSIMhlX SI!lepHhiX p~aKunll, B pe3ynbTa-• 
Te KOUI!'IeCTBO HaKonneHHblX 3KCnepnMeHTaUbHbiX llaHHh!X no KOUUSKTIIBHblM HepoTanHOHHblM 

B rrocne!lnne llBa - Tpll 

., . 
yPOBHSIM B 3TliX Sillpax B03p0CUO 

llpoaecTII pacqeThr aaepr1111 m-nx 

HeHng Te0p1111 C 3KCllepBM9HTOM, 

HaCTOUbKO, 'ITO CTano B03MO>KHblM CIICTe~aTII311pOBaTb IIX
0 

ypoaHei! Ha ocnoae caepxTeKyqel! MO!lenH SI!lpa n cpaa-

150 
PaCCMOTpiiM nepBble B036Y>Kll8HHb18 COCTOSIHIISI f 

~-, _ A :;;; 186 113MepeHHb19 Ha OllbiTe SHeprlln STIIX COCTOSIHIII! IIMSIOT BeUB"'IIHbl llO-

•l11K • 2+2, B o6nacTn 

PHllKa 
Maa _llnSI Nd

1110 

11 H30Tonoa caMapug 11 ra!lonHHIISI, B 1130Tonax llHcnpoaug 11 
3

P6ng aneprnu - K77 = 2+ COCTOS!HIIll onycKaiOTCSI llO 0,8 Maa. nanee, B 1130Tonax IITTep-

fil!g II ra¢HBg 3Hepruu STIIX COCTOSIHI!ll llO!lHHMaiOTCSI llO ( 1 - 1,5) Maa, a nOTOM B 1130-

Tonax BOUb<jlpaMa II OCMIISI CHOBa OllYCKaiOTCH, TaKIIM o6pa3oM, Ha6UIOlla9TCH llBa noll1>-9Ma 

(B Haqa~e o6nacTn cnnbRO!le<jlopMHpoaanuhlx Hllep n ao BTopoll ee nonoanae) 11 llBa 

MnanMyMa (a cepellnae I! a Kanne aToll o6nacTII cnnbnolleljlopMnpoaanahrx Hllep), 
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B Ha'!ane o5nacTII CIIIIbHa:te¢opM1IpOBaHHbiX stAep c A ~ 228 II3MepeHHhi~ Ha onbJTe 

9Hepr1III Ku 2+ cocTostHIIil MeAneHHO pacTyT c pocToM A, npii A = 238 OHII llOCTIIra-

roT 1 Maa, Jlrrst A > 240 IIaaecTHhl TOrrhKO aHepriist K" = 2+ cocTostHIIli Arrst Cf 26~ 
254 

paaHast 1,032 Maa,II Ami Fm - paaHast 0,692 Maa, BbiCKH3biBarriiCh npeAnonox<eHim, 

'ITO noHIIJKeHIIe aHepriiii K rr = 2+ COCTOHHIIH B Fm
26

' CBH38HO C npii5UIIlK9HII9M K o5-

rraCTII HeyCTOH'IIIBOCTII H/lep, IlOCKOITbKY HeT 9KCnepiiMeHT8UbHb!X llHHHb!X no 9Hepr1IHM 

Ku = 2+ COCTOIIHHH B H30TOnax K!OpHII II B npyrnx H30Tonax Kann<J>opHHH II <J>epMIIH, noa

TOMy TpyAHO roBopiiTb 0 38KOHOMepHOCTIIX IIOB91l9HIIH 9Hepr1Iil 9THX COCTOHHIIH B HApax C 

A > 240, 

3KcnepnMenTanhHb!9 nanHhre no aHepriiHM nepBhrx aoa5yJKneHHhiX cocToHHIIil c K rr = 2+ 

IIpiiBeneHbl B Ta5rriiiiaX 5,6 H Ha p1ICYHKaX 4 II 5 ( rne OHH o5oaHa'leHbl qepe3 2-), Jlrrg 

aKcnepiiMeHTarrhHhrx naHHhiX yKa3aHJ,I ccbinKII B 5orrbWHHCTBe cnyqaea Ha o5aopHbre cTaTbH, 

II TOIThKO B pRne cnyqaea - Ha opiiriinarrhHbre pa5oTbi, Jlarree B Ta5n1Inax 5 II 6 npiiaene

Hhi 3H8'19HII!t nepBbiX nOJIIOCOB CeKyJIHpHb!X ypaBHeHIIH ( 3,17') ( Bbl'IIICUeHHb!X C yqeTOM a.p..: 
' 

<J>eKTa 5UOKIIpOBKli), KOTOpbie paBHbl aneprHHM HHIIM9HbWIIX llBYXKBH3H'IaCTII'IHb!X COCTOH-

Hnfi c Krr = 2+. 

Jlng onpeneneHnst aHeprnil nepahrx K.,. = 2+ cocTostHnfi 5bmii peweHbi Ha aneKTpon..: 

Hoil cqeTHoil MawnHe ceKyrrnpnhre ypaaneHnH (3.I7') n (3.I7"). PeayrrhTaTbi pac'!eToB, 

. /22,37/ ""'"' I ' npoaeneHHhiX B c yqeToM "'*''*'eKTa 5rroKnpoBKII no cxeMe , npencTaaneHbi Ha piic, 

n 5 II B Ta5rrnnax 5 n 6. Ha pnc. 4 n 5 npnaenenbr pacqeThr, KoTopbre B o5enx o5nacTHX 
(S) ·4/S 0 (2) (2) 

ne<J>opMIIpOBHHHbiX Hll9p BbinOrrHeHbl rrpn K =· 10 A hc.J0 II Kbp =· K. 

(2) 0 
( T,e, q = I), B Ta5nnue 5 AaHbi aHeprnn, pacc'!HTaHHhre npn K = 9,5 bc.J

0 
(2) - </s o 

•· 8,2 A h"'o 
(.2) -</s o 

" •· 9 A h "'o paCC'IHTaHHb!9. npii 

q n npn I( 

q 

q = I,3. B Ta5rrnne 
(2) 

.= I n npn K 

6 3anncaHbl 9Heprnn, 
-4/a o 

9 A hc.J 0 ,, 

q • 1,3. B Ta5nnne 

I no cxeMe II 

C2l -</a o 
5 IIp1IB9)leHbl 9Hepr1III1 paCC'IHTaHHb!9 nl?H K =· 8,4 h c.J 0 1 • 

(2) -4/a o 
, a B Ta5rr1Ine 6 - npn K = lOA hc.J 0 q q 

Me II, 

Ha a~·nx Ta6nnn annHo, 'ITO nonyqeHo nocTaTO'IHO xopowee cornacne Teopnn c 

pnMeHTOM.Oco6eHHO xopownM oHo HBITHeTcst nrrst Hnep B cepeAnne o5rracTell ·Ae¢opMannn, 

/liTH KOTOpbiX Bhr5paHhl napaMeTpbi cxeMbi H1Inbccona, XyJKe corrracne no KpaHM aTn'x o6-' 

nacTell na-aa HeyqeTa· yMeHbwennH paBHoaecllbiX ne<J>opManiiil s:mep ·npn pac'!eTax. Ilocne 

npOB9Jl9HH5! paC'!9TOB CTarrn nOHHTHbl npii'IIIHbl II3M9H9HII5! 9Heprnil Krr = 2+ COCTOltHIIi! 

a O/lHIIX HApax OTHocnTerrhHO Apyriix. TaK, onycKanHe aHeprnll aTnx cocTOHHHll B 

/lHCnp03HH H ap61IH CBH 3aHO C T9M 0 'ITO Hai!HH3WH9 npOTOHHb!9 /lByxKBa3l!'!aCTH'IHbl9 

TOltHliH 4IIf + 4II f II 4I3f- 4II t liMe lOT 6orrbWlle MaTpii'1Hbl9 9UeM9HTbl 

Aa!OT 6orrbWOfi BKrrall B npaayro '!aCTh (3,I7). B Apyrnx JKe naoTonax porrh aTnx 

cymeCTBeHHO ocna6rrena KHK H3-38 BeJIH'IIIHhl u:.V•. t TaK II B CBH3H C pOCTOM 

naTenefi a cooTaeTcTayrownx 'lrrenax (3,I7'), Jlanee, npaanrrhno onncano onycKaHne aHep-

38 

. F 2u 
rnn Ku .,; 2+ COCTOHHIIH B m no CpaBHeHIIIO c 

pacTaHHeM· aKrrallOB neilTponHoro cocTOHHHH 622t + 620+ 
2U 260 

Cf 21Kl 
• Ono ca.Haauo c B03-

II npOTOHHOro COCTOHHIIH 

62H + 52lt B Fm no cpaBHeHIIIO c Cf , TaKIIM o5paaoM, aTo onycKaHIIe o6~Rc-

eTcst·-oco6eHHOCTHMH IIOB9)l9HII!l YPOBHefi Cpennero IIOU!l1 II JliT!l ero IIOHIIMaHII!l He CII9/lyeT HH U4 

npHBJieKaTb cnenu<J>rrKII Fm , CBH3aHHOl! C 6nH30CTbiO K b6naCTII HeyCTOii'IIIBOCTII THJKe-

UblX stl(ep, 

IlpoBei(9HHbl9 paC'!9Tbl II Cp8BH9HHH HX C 9KCrrepnMeHTaiibHb!MII llHHHblMH UOKaaann, 

'ITO KBHApynorrb-KBHApynonbHOe B3aiiMO/leJ!cTBIIe OKa3,biBaeT CHUbHOe BIIIIHHHe na nOJIOlK9Hlle 

COCTOliHHfi C Krr = 2+, 3Hepr1IH 9THX COCTOHHHHOIIYIII9Hbl OTHOCIITeiibHO rrepBb!X nomOCOB Ha 

0,5-.Maa, a B pRne crryqaea na I Maa, 

. /22/ 
IlpiiBeneHHb!e B Ta6nnnax 5 II 6 paC'!eTbi, BbinOrrHeHHb!e B , OTIIII'IHIOTCH cymeCTBel!-

. /26/ 
HO OT paC'!eTOB B , 3To OTUII'Ille CBII3ai!0 0 BO-nepBbiX, C p83IIII'IIIb!M Bbi50pOM KOHCTHHT 

/25/ KBllltpynOIIb-KBanpynonbHOro B3aiiMOA9J!CTBHH II, BO-BTOpbiX, C TeM, 'ITO B , HCnOJib30Ba-

/22/ Ul!Cb acnMnTOTII'IeCKIIe BOIIIIOBb!e <J>yHKIIHH IIOTennnarra HHUbCCOHa, TOrlla KaK B 6panncb 

TO'!Hbi~ aonnc)abre <I>YHKUHII, Paarrii'!IIe B pac'!eTax CBR3ano ne CTOIIhKO c TeM, '!To' MaTpnq

llbre 9lr9M9HTb! OT OIIepaTOpa KBanpyiiOITbHOro MOMenTa Bb!'!IICIIHIOTCH HellOCTHTO'll!O TO'!HO, 

a rrraBH;;;M·. 06pa30.M TeM, '!TO npn IIOIIb30BaHHII HCHMIITOTH'!eCKHMII BOUHOBblMH <J>yHKUII!lMH 

ne 6brim · yqTenbl oTAenhnhre qnenbr a ( 3. I7'), 
KOTOpbre a oTnerrhHhiX crryqagx 6nnaKnx nonro

coa llH!OT ana'!nTeJihHbil! BKrran, IInnaenenHhle a Ta5nnuax aneprnn Krr 2+ COCTOHl!Hi! 
/35/ 

cornacyroTCH c pacqeTaMn, npoaenennbrMn B , rne noKaaal!o, 'ITO npn pac'!eTax 

9l!eprHfi iu1n II30TOIIOB 
BOJib<j>paMa0- OCMHH II H9KOTOpb!X H30TOIIOB ra<j>HIIH CII9JlyeT 5paTb paa

llOB9CHy10 ne<jlopManiiro ll · = 0,2. 

Kax naaecTno, B'l'Opbre Kopnn ceKyrrRpHbiX ypaaaennl! ( 3, I 7) pacnonoJKeHbi MeJKAy 3lla

'leHnHM!I U9pBb!X U BTOpbiX IIOU!OCOB 9Tl!X ypaBH9HHJ!,. IlOCKOIIbKy B 60IIbWl!HCTB9 crry'!aea . 
paCC'rOIIHHII MelK)ly 9Tl!Ml! IIOIIIOCaMH H9B9ITHKH

0 
TO 3Ha'!eHIIH 9Heprnl! CU 

2 

Mepe OUpe)lerrHioTCSI IIOUOlK9HHHMII COOTB9TCTBYIOWHX IIOITIOCOB, B Ta6nnue 7 IIPIIB91l9Hbl 3HO-
. ._ , ... -, .. _,., :. (2) • .;a o 

'19lll!H paCC'Il!TaHHb!X npu K a lOA hcu
0 

H 

B 3l!O'!l!T9IIbHOl! 

3KcnepiiMeHT~rr~'no' ,Ha6nroneno TOUbKO JlBa BTOph!X COCTOHHHH C Krr 

c al!eprnel!, paal!oa-I,987 Maa, KOTopaH 

q • I aneprnl! "'2 nnll PHna Hnep, 

= 2+, OJlHO - B Dyi6C 

"'2 '" 2 Maa; BTopoe-- a Yb 
172 

llaJOT I, 7 Maa. 

xopowo cornacyeTcH c pacqeTl!b!M anaqenneM 

c aneprnel!, paanol! I,669 Maa, Torna KaK pacqeTbi 

PaCCMOTpl!M nepBLie B035YlKil9llllbi9 COCTOSIHH!l C •,- '-.- '·"t· :··' . 

llhiX Aaanh!X-na' '9T'nM: cocToHanRM Menhme, '!eM no cocToliHHHM c 
l~rK 0 +·a. 3KcmipnMe'aTanb

K rr = 2+; B o6nacTn 
I 50 ~. A'·~.' ISS -~aM'epennbre na-orrbiTe aneprnn cocToHnnl! paanbr 0, 7 Maa 'a' aaqane o5-

rracTn ne<jlopMnpoaanahrx 51/lep, Aarree aneprnn noAHnMa!OTCH AO I Maa n Bhrnie;· llOCTnrag, 
. 166 

llan6orrhmero anaqennennH a- &r , paa11oro I,46 Maa, B ocTarrbHhiX HApax aua'!t!HHH 

aaeprnn KKrr a 0+ COCTOliHHJ! Kone6rrroTcg a npeAerrax (0,8-I,2) Maa, B o6rraCTII 

39 



228 ~. A ~. 240 aHeprnn K rr 0+ eoeTOliHnfi MOHoToano paeryT e A oT 0,6 Mae ao 
2~ 

Pu 0,94 Mae n 'IYTb yMeHbmaiOTell e 

nop He HafiaeHo HH oaHoro Krr 

ao 0,87 Mae, B llapax e A > 240 ao enx 

0+ eoeTOliHHll, 

3KenepnMeHTaiTblihle ilBHHble no aHeprHliM nepBbiX B03DYJKQeHHbiX HepoTa!lHOHHbiX eoe

TOliHHfi e Krr = 0+ npneeaeHoi B Ta6nnnax 8,9 n Ha pneyHKilx 4 n 5 (rne oan o6oaHa'IPHb! 
/37/ 

qepea 0-4. Ha pneyHKax 4 n 6 npneeaeHoi 3Ha'!eHnll aaeprnfi nepBDIX Krr =· 2 + 

n K" = 0+ eoeTOHHnfi, paee'!IITaHHble B Ooenx OonaeTSIX aecjlOpMnpoBaHHbiX SIQep npn OQ-

HOff II TOfi ~e KOHeTaHTe KBanpynonb-KBaQpynonbHOro B3aHMOQefieTBHH, paBHOfi 
(2) ·f/3 0 (2) f2l 

K •· lOA hcu0 , K•P --~ • B Ta6nnnax 9 n 10 npneeaeHoi 3Ha'!eHnsr nepeDix 

non10eoe ypaeHeHnsr (3.31), HafiaeHHbie n3 {3,32), a TaKJKe paee'!nTaHHbie ~ 1221 

1 aHeprnn nepebiX K 7T = 0+ eOeTOHHHfi npn k 9,6, q = 1 n k 8,6, 

e o6naeTn 160 S, A < 188 n npn k = 11, q e o6naeTn 228 $_, A ::; 
exeMe II npn k - 8,4, q = 1 B o6naeTn 160 < A < 188 n npn k 10, 

e o6naeTn 228 s: A s; 264. 

no cxeMe 

q =1,3 

264 n no 

q - 1 

H3 Ta6nnn 9 n 10 enaHo, 'ITo eornaene pe3ynhTaToe paeqeToB e eooTeeTeTBYIOmnMH 

aKenepnMeHTanbHbiMn aaHHhiMn HBnlleTesr aoeTaTO'IHO xopomnM. CneayeT OTMeTl!Tb, 'ITO 

noene Toro, KaK BoimenpneeaeHHoie paeqeTDI 6Dirrn BhmonHeHoi, nosrennneb HOBbie aKenepn-
/44/ <: IU . 

MeHTarrbHoie aaHHoie ( e 6omo nafiaeno K" = 0+ c;oeTosrnne e <or e aaepruefi 
/67/ IT6 • 

1,248 Mae n e - B Hf e anepruefi 1,260 Mae), KOTopbie noaTeepJKaaiOT npaenrrh-

HOeTb norry'leHHblX pae'!eTHblX pe3yllbTaToe, 3aeprl!l! nepBbiX K7T = 0+ eoeTOHHHfi ony-

meHoi OTHoenTerrbHO HanHn3mnx norr10eoe e 6orrbWHHeTee sraep Ha 0,1 Mae, e psrae sr.ttep 

eeebMa enrrbHO, a e H30TOnax HTTep6nsr, ramnnsr , eOilb~paMa, Karrn~opHHSI H HeKOTOjJbiX 

apyrnx aHeprnn nepeoiX K7r = 0+ eoeTOliHHfi_ BeebMa OllH3KH K 3Ha'!eHHSIM IIepebiX IIOITIO-

COB. 

. Boi'lneneHBe aHeprl!fi eoeToliHnfi e 

yqeTa ~~eKTa OllOKl!pOeKH II TOilbKO IIpl! 
/34/ . 

B , 6rrn3KH K aHeprl!HM, 

Krr = 0+ 

K(2) •K~2) 
D i> 

npoeeaeHo 
,(2) 

=· K 
np 
/22/ 

paeqnTaHHbiM B 

/34/ 
TaKJKe B , OQHaKO 6e3 

• 3Heprnu, nony'leHHbie 

HeKoTopoe pa3ITH'lne eesr-

3aHo c OTrrn'!BeM exeM oaHO'!aeTH'IHDIX ypoeHefi epea~ero norrll arrll A > 240. 

Oco6eHHOCTHMn npn n3y'leHBn K" = 0+ eocTOHHnfi HBJiliiOTCsr,eo-nepBbiX, Harrnqne 

nepBbiX norriOeOB C aHeprnHMH, OllH3KHMH K BellH'IHHe merrn 2C, n, BO-BTOpbiX, TO OOCTOH

' TellbCTBO, 'ITO 3Ha'leHHH BerrH'IHH IIepBbiX H BTOjJblX nOJIIOCOB BeebMa OllH3KH, a Heanaro

HaJibHhle non10ea, KaK npaenno, pacnonoJKeHoi aoeorrbHO aaneKo. TaK 'ITO aHeprnn "'
2 

BTOpb!X K 7T = 0+ COeTOHHHfi O!IpeaerrHIOTeSI B OeHOBHOM pemeHHSIMH ( 3,32) • B Taonnne 

npneeaeHbi paeeqnTaHHbie 3Ha'!eHnsr aHeprnfi ansr psrna BTOpbiX K" 

TOpbie eorrraeyiOTeH C aKeiiepnMeHTaiibHbiMH QaHHbiMH, 

0+ eoeTOHHnfi, KO-

CrreayeT OTMeTHTb0 'ITO HCKiliO'leHne ll~XOBOro COeTOliHHH B erryqae K.i =· 0+ 

yny'lmaeT TO'IHOeTb paeqeToB n noaToMy eornaene Teopnn c aKenepnMeHTOM. 
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Eenn aHeprnn nepBbiX B03oyJKQeHHDix· eoeTosrHnl! e K 'IT = 0+ paec'lnTaTb no ~OpMyne 
(3.25), Koraa He neKrriO'leHo ayxoeoe eoeTOHHne, To aaJKe ansr nony'!eHnsr rpy6oro eorna

c 2) eHH e aKenepnMeHTallbHblMH QaHHblMH eneayeT BBeeTn apyroe ;'lHa'!eHne K , OTilH'IHOe 

oT Toro, KOTopoe ynoTpeonsreTesr npn paeqeTax aHeprnfi K" 
= 2+ eoeTOHHHfi, 

Han6onee HHTepeeHbiM pe3yrrhTaToM paeqeToe, npneeaeHHhiX 
8

122; 26•371 
HBrrlleTeg 

onneaHne OTHoenTerrbHoro norroJKeHnsr aHeprnl! K" 2+n K 'IT = 0+ eoeTOliHHfi. 
pile, 4 H 5 ei!QHO, 'ITO paee'li!TaHHble 3Ha'!eHHSI 3Heprnfi eoeTOHHHi! e 

K" 
BI!JibHO onneoJeaiOT OTHOCHTellbHOe nOJIOJKeHne aHeprnl! aTI!X eoeTOHHllfi, 0QHHM 113 Han6orree 

eaJKHDix pe3yrrhTaToe liBJIHeTest npaenrrhHoe onneaHne onyeKaHnsr 3Heprnfi K 'IT = 2+ 

HIII! HI!JKe aHepriii! K" =0+ eoeTosrHnfi e 1130Tonax ancnpo3nsr n ap61Isr. CneayeT OTMe-

"THTh, 'ITO npn yeenii'!eHnn qnena Y'IHToieaeMoiX ypoeHel! epeaHero nonsr ( T.e. npn nepexoae 

oT exeMoi 1 K exeMe II ) yxyamaeTcsr onneaHIIe OTHOeiiTerrbHoro noeeaeHnll aHeprnfi 

( 2) K.. = 2+ II 0+ eOCTOHHHfi npn OQHOM II TOM JKe 3Ha'leHHH K 

e 

§ 3, 3 H.e p r II II 
0 K T y n 0 IT b H bi X B 0 3 6 y lK Q e H H bi X 

e 0 C T 0 H H II fi 

06eyanM noeeaeHHe aHeprnfi eo36yJKaeHHhiX eoeTOHHnfi e K" = 0-, 1-, 2-, 3-, T.e. 

.\ = 3- n IL = 0, 1, 2 ~ 3. Konn'leeTeo SKenepnMeHTarrhHhiX aaHHbiX no TaKnM 

TOHHIIHM e o6naeTn 160 S, A < 186 Heeennno, noaToMy Herrb3H roeopnTb o 3aKoHoMep

HoeTliX nx noeeaeHnll. BeebMa ceoeo6pa3HbiM llerrlleTeg noeeaeHIIll aHeprnfi K" = 0- • 

eoeToHHnfi e H30Tonax Topng, ypaHa n nnyTOHHll. B aTnx liQpax aHeprnn K" = 0- eoe-

K" = 0+ 
<2 n 2+ eocToliHnfi n B pnae enyqaee. 3Ha'lnTenb

J aHeprng I'ITK = 1-0 eoeToHHHH pasHa 0,664 Mae, a 
228 

2c., = 1,5 Mae, 2C P = 1,7 Mae, e Th aHeprnn I'ITK = 1-0 eoeToHHIIll paeHa 

0,328 Mae, a 2 c.. = 1,6 Mae, 2 cp = 1,9 Mae. CTonb HH3Koe nonoJKeHne HepoTa-

IlHOHHoro ypoeHsr B 'leTHO-'leTHOM sr.Qpe, KaK aTo l!MeeT MeeTo e erryqasrx Tb 228 -0,328 226 

Th - 0,230 Mae 11 B psr.11e H3oTonoe pa.11nsr, HBJIHeTcsr eeebMa Heo6oi'IHhiM n n11rae 

6onee e 'leTno-'leTHbiX HQpax He BeTpeqaeTCg, flOaTOMy .QOJiroe BpeMSI eTpyKTypa 9THX 

Ypoenel! eqnTanaeb Heo6oi'IHoll, a aTo onycnaHne - 3araao'!HhiM, 

05ey.QIIM oeo6enHoeTn cenynllpHoro ypaBHeHnsr ( 3,17)" Msr paann'IHhiX 3Ha'!ennfi C e /36/ 

Jl llYH J Ha pne, 6 e KaqeeTBe npl!Mepa IIpnBeneHbl 3Ha'!eHHll F KaK ~YHKIIIIII C<J 
llJig eoeTOHIU!i! U 

2
3< e I( .. = 0-,1-,2- H 3-( T.e, 

HHH KPIIBbiX F(cu) e npS!MOfi 1/K(a) AnSI KaJKQoro .Jl 

KopliliMa eooTBeTeTBYIOruero 

IL • 0,1,2,3). To'IKII nepeeeqe-

HBJIHIOTeg nepBblMII II BTOpbiMll 
eeKyn.srpaoro YPaeneHng, 

BTop"IX nomocoa .lln.sr IL 

MonelleTBae ~~eKTIIBao, 
Ha pile, 6 naabl 3Haqenll.sr nepBDIX n 

= 0, I, 2 11 3. B Tex Hapax, rne OKTynonb-oKTynonbnoe eaa11-

oao IIPIIBOniiT K TOMy, 'ITo eePII'IIIHa nepeoro KopaH eymeeTBeaHo 
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M9HbW9 nepaoro nonroca, 'ITO HM99T MSCTO IVUI " - o; Ecnn OKTynonb - OKTyno;IbH09 
( 3) 

B3aHMO/lSI!CTBH9 npn llaHHOM ' IC: He sclxPeKTBBH0 0 TO 0) I npaXTH'IGCKH coanallaeT CO 

, aaaqeuneM nepBOI"O nomoca, 'ITO HM99T M9CTO llnll jt • 3,. fipOMGJKYTO'IHblMB gMSl!OTCH 

cny'IHH I' • 1 H I' • 2. fpyoo I"OBOpll, S<j><jleKTBBHOCTb OKTynon&-oKTynonb B3aBM01leii

CTBBII, a 3Ha'IBT, B KonneXTBBB3BUBSl COOTB9TCTBYKnnHX COCTOSlBBII, yoblBaGT c· pOCTOM ~ • 

lJToObl nporum!OCTpBpOBaTb STO 1npBB91l9M CyMMbl KBallpaTOB llC9X MaTp~'IBblX .aneMeHTOB nfB 

pacq.eTax no cxeMe, 6nnaxoll K cxeMe 1, !lnH oonaCTII 150 ~. A ~. 186 8Tli cyMMbl paaabl: 

,. - o- 287; ,. • 1- 165; I' • 2- 17311 I' • 3- l43.n=·o6nacTn 228 ~. 

A ~. 254 CyMMbl KBallpaTOB MHTpB'IBblX sneM9BTOil pallBbl: flo - 0- 427, ,.,. - 1 

230, fl. = 2 - 249 n I' • 3 - 173. PoCT STIIX cyMM a o6nacTH 228 ~. A ~. 254 
•G/a 

no cpaBH9HHIO C o6naCTbiO 150 ~. A ;S, 186 KOMneacnpyaTCSl ll OCBOeBOM y6blll8HB9M IC '"A • 

B Taonnuax 11 n 12 npnaellaBbl sxcnepnMeBTBnbBbla llaHHble no sueprnHM nepebiX 

B036ylKJl9HHblX COCTOHHBII C l11K 1-0, 1-f H 2-2, 3H8'19BBH nepBbiX nonrocoe B paCC'IB-

THHHbta aenn'IBHbl aueprnll. Benn'll!Ba 0) I MH COCTOHBBll C K 11 • 3 - npaKTB'IeCKll 

COBn81lH9T CO 3H8'19HBHMB nepebiX nOJIIOCOe, B noaTOMy HX cnellyeT paCCMH'I'pBeaTb HapHilY 
/14-16/ . 

c llpyrnMB llByxxeaanqacTB'IHbiMB COCTOHHIIHMB, . xax e • HaH15onee HHTepecabla cnyqan 
/38/ 

npBB91l9Hbl Ha puc, 7 B 8, 3ueprBB nepebiX OKTynon&HblX COCTOHBBII, paCC'IHTaHHbl9 ll c 

yqeTOM S<j><jleKTH 6nOKBpOBKB, nyqwe COI"JIHCYIOTCH C COOTB9TCTeyromBMB .3KCnapBM9HTHnbHbiMB 
/23,36/. ' . 

llaHHbiMB, qeM aaeprnn, Bbi'IncneBable B 6ea yqeTa s<jl<jlex-.a 6noxnpoaxn. Y'leT S<j><jlex-

Ta onOKBpOeKH OC009HHO Ba*eH llnH T9X OKTynonbHblX COCTOHHBI!, CTpyKTypa KOTOpblX 6nB3Ka 

K neyxxea3B'IHCTB'IHOI!. 

. /38/ 
Ha pnc. 7, 8 n Taonnu 11, 12 ennuo, 'ITO peayn&TaTbl p~c.cqeToe, npoaelleHHbiX B 

nocTaTO'IHO xopowo cornacyroTCH c cooTBeTCTBYIO!llBMB axcnepnMeHTaMn. Tax, npaann&uo ne

penaaa TGHilSHUBH K ,noun*eanro aueprnll K 11 • 0- coCTOHHBll e nerxnx naoTonax ·.·Topng n 

ypaaa. OnycxaHBe aueprn:ll K 11= 0 -cocToHHHA e nerxn:x nsoTOnax TOPHB n ypaaa ceH3auo c noHBne-

uneM 6on&woro xonnqecTea 6nnaxnx nonrocoe c 6on&mnMn MaTpB'IBblMB aneMeaTaMB. Bec&Ma 

ea*HbiM pesyn&TaTOM Hen.HeTCH T0 1 'ITO paCC'IHT8HHbl9 3HH'ISHHH aaeprnl! K f1 - 0- COCTO.H-

ani! a cornacnn c axcnepnMeHTan&HbiMB llaHBblMH ne:lKHT HHJKe coCTOHHBII c K 11 • 0+ n 

2+ B B30TOnax TOpB.Ho ·ypaua B nnyTOHB.Ho CnenyeT OTMeTBTb1 'ITO H3M9H9HBH KOnB'I9CTea 
. /36 38/ /23/ 

y'IHTbieaeMblX ypoeael! e 1 no cpaeHeHHIO C nollTBSpllHnH HHil9*HOCTb nonyqeHHblX 

peayn&TaTOe. 

TaKBM o6paaoM, peaynl>TaTbi pacqeTOB noxaaann, 'ITO anaxona*Hmne K11 • 0- coCToll-

HHH e H30TOnax TOpHSl B ypaHa Slenll!OTCH OKTynonbBblMH KOnneKTHeHblMH COCTOHBB.HMH H HX 

onycxaane cegaaao c noeen~aneM ypoBaell cpallaero nonH e oxpecTHOCTB aaeprHB noaepx

aoCTn <t>epMB Mll yxaaaHHblX . .Hnep. 
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3aeprnn K 11 • 0 -coCTOllHBI! onymeabl OTHocnTen&uo nepebiX nonrocoa aa 

0;5 -1,0 Mae, a e OTilenhHbiX cnyqagx naJKe 6onhwe. 3aeprnn nepabiX cocTOllHBII c K 11 •1-

n 2- onymeHbl OTHOCBTenbHO nepBbiX nonrocoa e OCHOBHOM Ba (0,1-0,3) Mae, PaCC'IHTaH

HblS aaeprnn K 11 • 1- n 2- cocTOSlHHI! nocTaToqao xopowo cornacyroTCH c axcnepnMea

Tan&HbiMB llHHHblMB, 

HeooxonnMo oTMeTHTh, 'ITO npaenn&aocTb peayn&TaToe pacqeToe nollTeeplK/laeTCll ae 

TOnbKO HMSIOWHMHCll 9KCnapBM9HTan&HblMH naHHhlMB no OKTynOnbHblM COCTOllHHllM
1 

HO TaKJKe 

axcnepnMeHTanbBbiMH yxaaaHHllMH aa To, 'ITO no onpelleneHHbiX aueprnll e pHne Hllep OKTy

non&HbiX COCTOHHHI! c llHHHbiMH !( 11 BeT •. PaCCMOTpBM, aanpnMep, COCTOHHHll c K 11 •2-

e oonacTn 160 < A < 186. B naoTonax Dy H W COCTOHHHH C I{ f1 • 2- HBnf!IOTCH 

HaHHH3WHMII npOTOHHbiMB llBYXKea3H'IaCTH'IHbiMH COCTOllHIIllMH
1 

OKTynOJib-oKTynOnhHbiS e3811-

MOilSI!CTeBH aecxon&Ko onycxaroT aaepr11ro KOTOpbiX, B aanoonee xopowo nsyqeaabtx axcne-
160 164 182 

pnMeHTanhao Hllpax Dy , Dy H W cocTOllHIISJ c I{ 11 • 2 - Balllleubl. 

3Tl! nauuble uaxonHTCll a xopoweM cornacnn c pacqeTaMH. C npyrol! CTOpoubi, HMeromnecg 
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axcnepnMeuTan&ubte naHHbte yxasbiBaroT aa To, 'ITO e Yb , aanpnMep, neT ypoeaell 

c K 11 • 2- HIIJKe (I, 7.;. 1,8) Mae, 'ITO cornacyeTc.H Tax*e c pacqeTaMn,, npoeeneuubiMH 
/38/ 

e 

§ 1. 

V , BPpOHTHOCTH nepexoqos HB KonnexTHBRbie 

Bepo.HTHOCTB 

COCTOS!Hl!H 

9 n e K T p 0 M a I" B H T H bl X 

ll 0 e 
n e p e x o-

Hayqeanro npneeneuublx aepo.HTBOcTeA snexTpoMarHHTBbiX 'nepexonoe aa xonnexTHBBble 

uepoTBUBOHHbiS COCTOllHH.H B C HHX e '19TH0-'19THbiX S!llpax noceHWSHO O'ISHb OOilbWOe 'IBCJIO 
17,8,23,25,26,34,35,58/ 13{\51,69/ 

Tet>peTnqecxnx paooT n PS!Il axcnepaMeuTan&HbiX nccnelloBaHHII • 

3To oocTO.HTenl>CTBo CB.Hsaao c TeM, 'ITO nauubte no np11aene¥Hb1M aepo.HTHOCT.HM anexTpo.,. 

MarHBTHbiX nepexonoe llBIOT uHI!oonee np.HMble caeneuB.H o CTpyxType naauoro soa6ylK/lea

uor~ COCTOSIHB.H, Tax, KpBTepneM KOilil9KTBBHOCTB OnpeneneHHOI"O COCTOSIHB.H .HBn.HeTC.H yee

nB'ISHBe npneeneauoll eepo.HTBOCTB snexTpoMaranTaoro nepexona no cpaBHeunro co aaaqe-

/58/ aneM, cooTeeTCTeyromHM OllHO'IaCTII'IHOMy nepexolly. B naauoM naparpa<jle, cneny.H , nc-

cnellyeM npneeneHHbte eepoHTHOCTB anexTpoMaranTHbiX nepexonoe c KeBilpynon&HbiX n oxTy

non&HbiX B030YlK/l9HHblX COCTOSIHBII '19TH0-'19THbiX. ne¢opMBpoeaHHb1X .HilGp, 

fipneeneaaan eeponTHOCTb snexTpnqecxoro nepexolla MYJlbTnnonhHOcTn A 
OCHOeHbiM . 'l' H OllHO<jlOHOHHblM Q ~ lp COCTOSIHHHMB BM99T BHil: 

MelK/ly 

2 2 
B ( EA, 11 -+ 11 ) -· < 11 , A, K , -· K I 11 0 >. M , · 

(6.1) 
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f! 
I 

rne M -MaTpH'IHbii! aneMeHT nepexona 

, (A) 1 
f(w'~ p(w ~uw•.(f(v )+:r(v')) 1 -2 K n Xn 

~I c· e P :£, , 2 (A~ 1 2 1 (A) 1 · > I 10 
Jill. ((f(v) +:f(V n -·WI [(1-2Kn \) yp +:4Knp (Xp ) yn I' 

+: 

(5.2) 

(A) I '-'·'·"VI 

1-2Kp Xp -~~? 
2 

f(ss'~p (ss'h••' .(< (s) + :r (s'~) 

(r(s)+r(s'H -·w1 

+:en :S [(1-2KlAJX I )2 yl +:4K(A)-;J(X )2Y--I )K 
P P n np n P • 

(A) lA> 
B paccMaTpnsaeMOM nanee enyqae K,. ~-~-~ 

.<A> 
•· K' 

\A> 
Kbp M8Tpll'1Hb!l! 

aneMeHT M npnanMaeT 6onee npoeToil slUt: 

. 2 

M C• 

e :S f(w'h(w'~~·.(•(v)+r(v'}) +: 

..;:vnl +:Y~ 
p , 2 

w · (r(v)+:r (v'}) _, w
1 

+: en I, ...... 
2 

f(ss'·)p(ss'·>u •• •.(r(s) +:r(s'}) 
~~--~7.7~~.-----1 .1 

(r(s)+:r(s'n -'"'• · 

(5,3) 

3neeb p ( pp'~ -QJlH0'18eTH'IHblH M8Tpll'1Hbll! aneMeHT eOOTBeTeTSYIOWero aneKTpnqeeKoro 

nepexona, oeTanhHbie o6oaaa'!eHHSI TaKne lKe, KaK s paanene III • .Un11 aneKTpoMaranT-

HI>IX nepeXOllOS e K 1T ~ 0+ coeTOSIHHli Sb!pBJKeHHe llnSI M8TpH'IHOrO aneMeHTH yenOlKHSieTeSI 

(na-sa neKniO'IeHHSI llYXOSOrO eoeTOSIHHSI) H HMeeT SHll: 

I 
rne g#~ 

I y I ' 
M ~- e 0 v~- g vv'·p(w~~uw~- +:en :S, g 08,_p(ss'~u •• •., ... 
onpenenSJeTeSI <jlopMYnoi! ( 3.28). 

(5.4) 

Aaanna nonyqeaHI>IX sblpaJKeanl! noKa31>IBaeT, 'ITO npn w 1 .. 0. sepOSITHOeTb sneKT-

poMaranTaoro 

• HI>IM. ,~npn w1 

nepeXOll8 ysenH'IHSaeTeH, THK KHK eoeTOSIHHe eT8HOBHTeSI 6onee KOnneKTHS

.. <(p
1

) +:r(p
2

) nonyqaeM OllHO'!HeTH'IHOe 3H8'1eHne M8TpH'IHOrO aneMeHTa 

E2-nepexonos na Ksanpyno1lbHI>IX eoeTosani! n E3 na OKTyrronbHI>IX M ~- f( pp'·) u pp': • .ll= 

eoeTOSIHHJ! p(pp'~ ~- f(pp'~ H S ( 5.2), ( 5,3) see enaraeMble SIBJIHIOTeSI II01lOJKHTe1lb-

Hb!MH, H Mbl II01lY'I8eM KOrepeHTHOe yenneane sepOSITHOeTeli :9THX rrepeXOllOS, nosTOMy TO'I

HOeTb paeqeTa E2~- E3-rrepexonos THKBSI JKe, KaK TO'IHOCTb paeqeTa aaeprnl! Ksanpyrronb

HI>IX n OKTyrronhHbi x eoeTosanl!, Torna KaK MSI' E 1-:n EG-nepexonos TO'IHOeTh pae'leTos 
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I 

YXYllWSeTeSI, noeii:OnbK)" B811H'IHHLI gl 
pp'· ,ll11S! K f1 • 0+ eoeTO.IlHIII! eoneplK8T 'ln8HI>1 0 

nponopnHOH!l1lbH1>18 f(pp'·) , TO B ·pH.tle eny'I88B B8pOBTHOeTH E2-nepeXOllOS C eoeTOBHHI! 

lrrK • 2 + 0 TBKlKe•eymeeTaeaao yennnsaiOTell, B <jlopMynax (5,2)-(5.4) 

CBH3biO spaweans n Kone6aan11, noeKOJihKy own6Kn s onpenenean11 a6eoniDTaol! seposTaoeTn 

nepeXOlla, eSSI38HHI>Ie e y'leTOM 9TOrO a<jl<jleKTa, nopSillK8 ( 20-30)%, 'ITO epaSHHMO e TO'!-

aoCTbiO eaMoro MeTona. 

B <jlopMynax (5.2), (5,3) n (5,4) senn'!HHI>I en n e 0 SptpaJKaJOTcs qepea a<jl<jleK-

THSHI>Ie 38pS!llbl e elf 38BHeSIWHe OT KOIIH'!eCTS8 OJIH0'18eTH'IHblX yposael! epenaero ·nonS!, 

, Y'IIITb!BaeMoiX npn paeqeTax. TaKnM o6pasoM, llnH KBlKllOro Tnna rrepexona nMeJOTeSI nsa 

esoD,pnnoiX rrapaMeTpa - a<jl<jleXTHBHble aapSI.tii>I npoToaa n aei!Tpoaa • .Um1 yMeabwenns •mena 

eso6ollHhlX napaMeTpos o61>I'!HO nonaraJOT e 
0 

~- e +: e elf 

onpell8JISIIOT H3 CpaBaeUHSI paeqeTOB e SKenepHMeHTOM, 

e -=· e n ert D e eft 

3KcnepnMeHTanhHble naani>Ie no npnseneHHI>IM seposTaoCTHM E2-n E3-nepe'xo.t~os llSHbi 

B Ta6nnnax 13 n 14 n aa pnc. 9 c yKBaaaneM omn6oK, Bee aaaqeans B(EA) S 

OllH8'18CTH'IHbiX elll!HHil8X 

1 3 A 2 2 2A 
B(EA) ~- (2A +:1)_( __ R

0 
) e eM 

1 •o 4rr 3 +:A ~ (5.5) 

rne R 0 -pannye S!llpa. BonhwnaeTso aKenepnMeaTanbHI>IX naHHhlX oTaocnTes K B ( E 2 ) -

rrepeXOll8M MeJKllY OeHOSHblM H raMMa-sn6p8UHOHHb!M eoeTOSIHHSIMH, Bo scex cny'ISSIX senn-

'IHHS B(E2) s aecKonbKO pas npesbtwaeT OllHO'!aeTH'IHOe aaaqeane B(E2)
80 

, 'qTO 

IIOllTSepJKll8eT K01!1!eKTHSHYIO npnpolly :9THX eoeTOSIHHJ!, EnnaeTseaBI>IM neKJIIO'IeHHeM HSnHeT-
17 2 ' 

eSI nepsoe K 1T • 2+ eoeTOSIHHe S Yb , rne, no npensapnTe1!bHblM llSHHblM 3n6eKa, 

B(E2) < 1.. 

Pac'!eT aaa'!eanl! 
/58/ 

nposenea B rrpn B(E2) 

H npn .e
0

1f ~ 0,7e s o6naeTH 228 ..:;,. A ~' 

e elf "' e s o6naeTH 150 ..:;,, A 

254, npn'!eM yMeahweaHe e
011 

s· Tpaaeypaaosol! o6nacTn cssaaao e 6onbWHM Konn'leeTsoM y'IHTbiBaeMbiX yposael! epenae

.$, 186 pae'leTbl ro nons B SToi! o6naeTn, 'ITO snnao as Ta6JIHn 1-4. B o6naeTn 150 ..:;,, A 
(2) -~/s o 

K c9,5A hw
0 

nposeneHbi no cxeMe 1 KBK npn q ~- TaK n npn 

3H8'18HHSIX 
( 2) 

K COOTSeTCTS)"IOWHX 3KCnepnMeHT8nbHblM 3H8'1eHHSIM WI j S o6n8CTI! 
(2) -~s 0 

228 ~. A ~' 254 pac'!eTbi nposeneHbl npn K ~-11 A hw 0 n q • I. 11a epasaeans 

pesynhT8TOS pae'!eTOS C COOTBeTeTSYIOWHMH 3KCnepnMeHT8nhHblMH llSHHblMH enenyeT, 'ITO 

Sb!'llleneHHSI, nposeneHHbl e HH OCHOSe csepxTeKy'!el! MOllenn Hllpa, npasHnbHO onnebiB810T 

npHaeneHHI>Ie sepbSITHOCTH B(E2) - rrepeXOllOS M8lKllY OeHOSHb!MH H raMM8-SH6paUHOH-
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HhlMH coeTOHHHHMH, Cne.t~yeT OTMeTnTh, 'ITO s Yb TpeThe soa6yl!<lleaaoe K rr =· 2 + 

eoeTOSIHHe c aaeprnei! 1,9 Mas ll01llKHO 6o!Tb xonneKTHSHblM n llJISI aero B(E2) .. 2,5 • 

.. 
B rroenenaee speMH nossHnoeh aecxonhKO sKenepnMeaTanbHbiX naaabiX no B ( E 2) -
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rrepeXOIIBM Me)!(Jly OCHOBHbiM H BH6paUHOHHb!M C liT!( 2 + 0 COCTOSIHJBIMH, KOTOpbie 

"'" YKB3b!BBIOT HB ycnrrerrne 9THX rrepeXOJlOB IIO Cp8BH9HHIO C OIIHO'IBCTH'IHb!MH 3H8'19HHSIMH, 

' (~ 
Pac'!eThi, rrpnBeJleHHbie c Bhi6paHHhiMH BhiWe e.

11 
B 1< , cornacyJOTCSI c sxcrrepn-

MerrTarrbHhiMH JlBHHb!MH IIO B ( E 2) ..- IIepeXOJlaM MeJKily OCHOBHbiM H 6eTB-BH6panHOHHb!M 
/58/ 

cocToSI HHSIMH, Kax rroxasano B , B OTJlerrbHhiX crry'laSix arra'!errng B ( E 2) - rrepexolloB 

MoryT 6b!Tb Marrbl ( ~ 0,1), KOrJla rraprrbie CHrrhi rrpeo6rraJlaJOT, a nrrorlla OHH cywecTBerr-

HO ycHn~Hhi. 

/25,34,35/ OpnBelleHrrhie sepoSITHOCTH B ( E 2) - nepexolloB TaKJKe pacc'!nTaHbi B , npu-
/25/ 

'19M B pacqeTbi rrpoBOilHrrBcb no <jJopMyrre, crreAyJOwel! na <!>erroMerronorB'!ecKol! Teopnrr, 
/34 35/ . 

B ' IIOilpo6rro rrpoarrannanpoBaHhi sepoSITHOCTB srreKTpoMaraBTHb!X rrepexoAoB u nony-

'lerro YllOBrreTBOpHTerrbrroe cornacne Teoprrn c 3KCrrepHM9HTarrhHbiMB AaHBb!MH, 

nng npBBe)leHHb!X BepOSITHOCTel! B ( E 3) - nepexOAOB Mexmy OCHOBHb!M H IITK C• 3-0 
COCTOSIHHSIMH HM99TCSI TOIIbKO 

2H 
U B B(E3)= 12 ArrSI 

/51/ ABB 3KCII9pBM9HT81IbHb!X 3Ha'I9HBSI 

Th 2a2 
B(E3}= 21 ltiiSI 

, Orrn CBHileTerrbCTByJOT o6 ycnnerrnn B ( E 3)-

rrepexoJloB B 9THX Rllpax no cpaarrerrnJO c 
B(E2)-rrepeXOAaMH, 'ITO IIOATBep)!(JlaeT CHIIbHYK 

KOIIII9KTHBH38UHIO COCTOSIHHJ! C KIT 0-, Pac'!eTbi B(E3) 
(3) 

/58/ 
npoBelleHhi a c e•tt ~:~:e 

3Ha'l9l!BSIMH I< B C Bb!6paHHb!MH B p83)lerre IV 
, Ha pac'!eToB crreJlyeT, 'ITo Berrn'ln-

Hh! B( E 3) 
JlliS! H30TOIIOB T90pHSI B yparra 38M9THO 6orrbWe, '19M JliiSI SIAep C A > 240 

n B o6nacTB 150 '$., A :5 186. 

/58/ 
B 6b!IIH Bbl'IBCII9Hbl B( E 1) .... 3H8'19HHSI N 

e -=·-e npn 
-2 

rry'!erro,. 'ITO B( E 1) c( 4-8) 10 • A 
( B OJlHO'IllCTB'IHb!X '9JlHHBnBX) 

1 

HMerownMcSI sxcnepnMeaTanbHhiM yKaaaHHSIM, 

z 
•-:-e 

A ' e,. rr no-

'ITO l!e IIpOTHBOpe'!HT 

TaKBM o6paaoM, pac'!eThi, rrpoBellel!rrble aa ocrrose csepxTe,s:y'leli MOJlenn SIIlpa~ABIOT 
cornacyJOWH<"CSI c OIIbiTOM arra'!eang rrpnBeAeHHb!X sepoSITHOCTel! B(E2).;. B B(E3)• nepe

XOAOB, Orrn noxaabiBSJOT, 'ITO npasnrrhHb!e peayrrbTaTb! nony'!aJOTCSI BO 11eex crry'laSix, Kor

llB Y'IHTbiBBeTCSI TOIIbKO KOrepeHTHb!l! BKrraA, T,e, KOrlla MOJKHO 1IpOB9CTH p8C'19Tb! He Bb!

XOilSI 38 pSMKB M9TOil8 1IpH6rrHJK9HHoro BTOpH'IHOrO KBaHTOBaHHSI, 

§ 2. E e T a - p a c n a A ·a a K 0 II II e K T H B H b! e 

C 0 C T 0 SI H B H 

OpocyMMHpyeM sxcnepnMeHTanbHbie ABHHb!e no 6eTa-nepexoAaM ·l!a KBallpyrrOIIbl!hie u 

OKTYIIOIIbHbie COCTOSIHHSI '19TH0-'19THb!X lle<jJopMHpDBaHHb!X SIAep, KOIIH'19CTBO KOTOpbiX, K CO-

JK8II9HBIO, HeBerrBKO, 3Ha'I9HHSI log ft 
llrrSI paapeweaHbiX u nepsoro aarrpemerrng rrepexo-

AOB HB B036y>KJleHHbie COCTOSIHBSI C K IT c 2+ 1IpBB9Jl9Hbl B Ta6rrurre 15, a Ha B036YJK-

A9HHh!e COCTOSIHHH C KIT = 0- B Ta6.nnne 16. 3Ha'!eHBSI log ft ArrSI paapew.errrrbiX 

nepexo11oB rre:lKaT B BHTepsane 5,8 - 8,4, rrpB'IeM rronosnna :Ha nux 6onl,me 7. B To :lKe spa-
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MSI B91IH'IHHb! log ft AIISI paspeWeHHbiX rrepeXOilOB M9:lKAY KB83B'I8CTH'IHbiMB COCTOSIHHSI-

" /17 10/ MH B '19THhiX B He'I9THhiX Ae<jJopMHpOBaHHh!X Slllpax rreJKaT B HHTepsarre 4,5 - 7,5 ' , 

3Ha'I9HHH logft AIISI 6eTa-rrepeXOilOB rrepBoro aanpeweHHSI HaXOASITCSI B rrpe)lerrax 

6,3 - I 1,6, rrpH'!eM rronoanrra na rrnx 6orrbwe 8,5, 0Jlrraxo llrrSI nepexoAoB nepBOro aarrpe

weHB.Il Me:lKAy KB83H'I8CTH'IHbiMH COCTO.I!HHS!MB B '!eTHbiX B He'!eTHbiX HApax 

/17,10/ 
npnnnMaeT 3Ha'leHnll B npe11enax 5,5 - 8,5 , CrreAyeT OTMeTHTb, 'ITO 
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log ft 
/15/ 

B COCTO.Il-
HBec K1Tc·2+ n srreprnl! 1,468 B Yb TpaKTOBarrOCb KBK llBYXKBa3H'I8CTH'IHOe B 

paCC'IBTaHHOe 3HB'Ierrne log ft = 6,6 xopowo corrracosarrocb c sKcrrepnMerrTarrhHbiM srra-

'!eHBeM logft = 6,8, 

TaKBM o6paaoM, Berrn'IHHhi log ft ArrSI paapewerrHhiX n nepsoro aanpemerrn.ll. 6eTa-

nepexolloB Ha KOIIll9KTBBHbie HepoTaUBOHHhie COCTO.I!HHll C KIT • 2+ B 0- B' cpellHeM 

cyweCTB9HHO 60rrhWe 3Ha'leHHfi log ft Jlll.ll 6eTa-rrepeXOAOB Me)!(Jly KB83H'IBCTH'IHbiMH 

COCTO.I!HHHMB B 'leT!Ib!X B He'!eTHb!X Ae<jJopMHpOBBHHb!X S!Jlpax. 

/22/ 
Hai!AeM, crrellySI , BbipaJKerrne llrr!! MaTpB'IHoro srreMerrTa Arr.ll 6eTa-pacrraJla na 

JlBYXKBa3H'IaCTB'IHOro COCTO.I!HH.Il He'leTHOro .llllpa (c IIpOTOHOM B COCTO.I!HHB v
1 n rret!T-

pOHOM - B s 1 ) B KOlllleKTBBHOe COCTOS!Hne '!eTrroro l!Jlpa, BorrHOByiO <J>yHKUBIO HB'IBllb-

Horo ABYXKBa3H'I8CTB'IHOro COCTOSIHBSI 3aiiBweM B BB)le: 

1 
--=-(a. a + ·'2 •,+: v+ "• a )'P V I . 1- VI- ~ ecnn +:K •· K -· K 

-• n P 

_1_(a . .r>r .,+.a., +a a ) 1{1 v"" ll+ .,_ "!-· d ecnn .±;K M· K,. +:K • 

+: a BOIIHOBYIO <jJyHKUBIO KOHe'!Horo OllHO<jJOHOHHOro COCTOSIHB.Il 3allBWeM KBK Q
1 

'¥
1 Opn 

• aaxo)!(JleHBn MaTpB'Irroro srreMeHTa cAenaeM crreJlyJOwee npn6nnJKerrne: 

< w;. w d > C· 1 , 
(5,6) 

T,e, He 6yAeM Y'IBTb!BBTb B3Merrerrne CBepxTeKy'IHX CBOJlCTB B pOJlBTerrbCKOM SlApe IIO cpaB

HeHBIO c JlO'IepHBM. B 3TOM npn6rrnJKeHBn S!Brr.I!IOTC.Il OAHBMB n TeMH JKe All!! pOilBTerrbCKoro 
+: 

n IIO'Iepnero .I!Aep KaK onepaTopb! a . pu· a . pu· , TaK B OrrepaTOpb! 

Q 1 ( N , Z) c • Q 1 ( N ;t; 1 , Z +' 1) Q I (5.6') 

rum 

Q I lp I QI'Pd=O. 
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+' 
Ql 'l' a npnonn-

na onno~oHHoe cocTognne 
MaTpn'IHbll! aneMeHT oeTa-pacnana 

lKennn (5.6) nMeeT qnenbt anna: 

+ + + 

rne 

r =· 

!.1 a· ('I' I ( Q I r raV T a "t Uj j1l' d J 

+ 
:£ l<vr 1r1su·> a

11
r a 817.+ < su lr\vr>·a:17 a11 r I , 

au· 
VT 

(5.7) 

(5,7') 

f!necb <llr I r I su· > 
onHO'IaCTn'IHbiH MaTpH'IHbtl! SJieMeHT oeTa-nepexona, Oocne npoc

sneMeHTbl nng oeTa-pacnanoa a .cnyqae t,:,K = Kn -· K p 
TbtX npepopaaoaannl\ MaTpn'IHbie 

nonyqnM a cnenyromeM anne: 

Z-·1-+ Z 
!.I(N+:1-+N) 

I -1 

:£I< s
1 

+: 1r1·v +: >¢w +: < s 1 -lrlv +:>t/l'v.,. lu11 u +: v I I 
8

1 

I -
+·:£1<s+lrlv

1
+:>t/l -·<s-·lrlv·1 +:>:¢

1 

lv.v ss
1 

as 1 v 1 
(5,8) 

Z+·1 .. Z 
M( N -·1 .. Z) 

I -• I 

!.l<s
1

+:1r\v+:>lt/lw +<s 1 -·\rlv+:>.t/lw lv 11 v. v I I I 

I - I 

!. I< s +:lrlv + >lt/1 -·<s -·lrlv 1 +:>i/1 lu11 u. • 1 lUll BBt 1 

(5,8') 

B cnyqae 
;t;K =·Kn +:Kp 

MaTpn'IHbte sneMellTbi nMetoT cnenyromnl! ann: 

M(z-1 .. z, 
N +:1 -+ N 

I -1 

:£ t<s
1

-· 1r111 +:>:¢w.-·<s 1 +:lrlv +:>:¢vv'·lu 11 u. 1 + 
II I 

(5.9) 
I -I 

+:!. l<s-·lrlv
1 

+:>·t/1 ,+:<s +:\rlv 1 +:>:¢ lv v11 
, as• . ,

88
1 

8 
t 

I -I 

~I(Z+:1-+ Z)=·!. l<s -·\r\v+:>·t/1 -·<s 1 +:lr\v+:>t/lw lvj,v.-
N -1 .. N v I w, I I ( 5.9') 

I -1 

_,:£\<s-•lr\il
1

+:>:w +:<s+:trlv 1 +:>:¢ lu 11 u. ••t ••t 1 
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3J:teCb z n N npnHnMatoT 'IElTHble 3Haqennn, a up H Vp OTHOCHTCB K OC-

HOaHOMY COCTOBHH!O AO'IepHero BJ:tpa, 

Ha (5,8) U (5,9) BHJ:lHOr 'ITO, KSK npaBHJIO, aepOBTHOCTB oeTa-nepeXOAOa HS KOJilleKTHB

Hbie COCTOBHHB J:lOlllKHbl DbiTb MeHbiDe aepoBTHOCTel\ nepeXOJ:lOB MelKJ:ty KB83B'IaCTH'IHbiMB COC

TOBHHBMB, 3To CBB38HO C TeM, 'ITO BOJIHOaan ~YHKUBB OJ:lHO~HOHHOrO COCTOBHBH nanneTCB 

cynepnoanunel\ J:tayxKaaanqacTn'IHblX cocTonnnl! n B nponecce 6eTa-pacnaJ:ta npnnnMaeT yqac-

+ THe TOllbKO 'laCTb H3 STBX COCTOHHHl\, Ecnn y'leCTb HOpMnpOBKy aOJIHOBOI\ ~YHKJIHH Q I 'l' 
1 

TO aeponTHOCTb 6eTa-nepexona na STo cocTonnne Menbme nan6onbmen aeponTaocTn na 

+" 
nayxKaa3H'I8CTH'IHOe COCTOB HUe, COJ:teplKameecn a Q I 'l' , 

/63 64/ 
KaK naaecTHo ' , pacc'lnTaanbie a6contoTHble anaqenng logft J:tng 6eTa-nepe-

xonoa a ne~opMnpoaaHHbiX nnpax B 10 + 100 paa MeHbiD9 COOTBeTCTaytomHX 9KCnepnMeHT8Jlb .. 

/11/ 
HblX 3HS'IeHHli, B TO :lKe Bpe~, KaK JlOKa3aHO a 1 OTHOCHTenbHbi9 3Ha'leHBn Jogft 

(Korna aennqnna MaTpnqaoro sneMenTa onpenenneTcn ua OAHoro 6eTa-nepexona MelKJ:ty ne-

'leTHbiMH gnpaMH H HCJIOJib3YeTCB AJIB Bbl'iHCJI9HBH COOTB9TCTaytomnX nepexonoB B npyrnx 

'leTHbiX H H9'1eTHblX nnpax) XOpOmO cornacytoTCH C 9KCJiepHM9HT8JibHbiMH !UlHHhiMH, 3TO 

cornacne nonTBeplK):taeT npaBHJibHOCTb Tp8KTOBKH COOTBeTCTaytomHX COCTOHHB!! KaK KB83H

'IaCTU'IHhiX, fipn BCCnenoBaHBll 09Ta-pacnanoB Ha KOJIJieKTliBHbi9 COCTOHHliH H~ .. Yll89TCH Bbl-

'IHCJIHTb OTHOCHT9JibHbte 3Ha'leHHB log ft , TaK KaK a npouecce pacnana yqaCTayeT 

MHOrO JlBYXKB83H'ISCTH'IHbiX 'COCTOSIHH!!, JIOSTOMy HeOOXOJlHMO 3H8Tb aenH'IHHbi OJl'HO'ISCTll'l-

Hb!X M8TpH'IHbiX sneMeHTOa < v I r I s > 1 JlJIH Onpenenennn KOTOpbiX HeT COOTaeTCTBy-

romnx sKcnepnM9HT8JlbHhtX naaahtX no 6eTa-pacnany a ne'leTHbiX nnpax. 

c 

1221 
PacCMOTpHM, cnenyn 1 6eTa-:-nepeXOJlbi HB aoaoylKJ:t9HHble H9pOTaUHOHHbte COCTOHHrui 

K :r = 0+. MaTpH'IHbtl! sneMeHT B STOM cnyqae aann:meM a anne; 

M(Z-1-.Z) 
N+:1-+ N ~ -·-1 I 

1/2 1/Zn +: Z P 

.<s 1 +: lr! v +:>lf(wi )'\-'i 
1-·!. · Al

11
,u

81
+ 

v/.v
1 

r(v) +:t(111 )-•0J 1 

(5.10) 

+: !. <s +:lrlv 1 +:>f(ss 1 )u •• 
1 

s,.. •
1 

t(s) +:r(s ) _,.,
1 

I 
v.v11 1-·<s1 +trlv+>i<lu11 u. t/1.,.. -·v v

11
,t/1

8 
),. 

I ! t 1 11 t• 1 •t I r•t 

rne 

I 

"'·· 
r 1

(s) 
f(ss) -• -::-r

Yn 
I 2 2 -==r-1•1 4t (s) _,.,i 

1 
~I. 

1/2 vZn+:ZP 
). 

• (5,11) 

(i) CD VD 
2Cn (1 +: __ I_)-· ---

1 2t(s) ds) Yn 0> 1 
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npenel5pelKeM nenllaronanbnbiMII MaTpll'!nbiMII sneMenTaMII f(pp'·) 11· nony'!IIM, 'ITO 

OTnomen11e Berrii'!IIHbl ( ft ) 0 MSI nepexona B OCnOBHOe COCTOSinRe It BerrR'!IIHe ( ft)
1 +. . 

1!.11SI nepeXOAa B COCTOliHRe Q I 'l' r He 3aBIICHT OT OI1HO'!aCTII'!nOrO MaTpll'!noro sneMenTa 

<s 1 +:1Piv1 .+:> n IIMeeT cneAyiOmlll! BRA: 

ri(Z-t .. z, 
N +:1-+ N 

r 1 ( Z +: 1 -+ Z ) 
-N-1 .. N 

r~ -=· 
( ft) 0 

(ft) 1 

Uvl I 
1-- r/lvlvl 

vvl 

v "I 

u.l 

I 2 

"'
0

1°1
1 

V11 I U 8 I 
( __ I '4,." _, __ 1_ r,{!

0 8 
j • 

u p 1 v 1 t 
lit ., 

(5.12) 

( 5.12) 

~ 

np1115nnlKeHHe_ ( 5.12), ( 5,12') l!BnlleTCSI xopomnM B TOM cnyqae, xorna MaTpH'!Bhlll sneMeHT 

<s1+ I f'lv1+>:xnaccmjmnnpyeTcSI xax au 1 a OCTHnbBbie MaTpii'!Hbl9 SJleMenTbl ItHK ah 

CnenyeT OTMeTIITb1 '!TO B ( 5. -12), ( 5,12') Be BXO,lll!T ItBIUITQBble lJHCna COCTOSinRI!, COOTBe~ 

CTBy~nx 15nnlKneMy nonrocy cexynllpnoro ypannennll, a nxonHT TOJlbitO sneprnSI xonneKTnn-

nora COCTOllnHSI tllj 

/15/ . 
Panee B 15bma cnenana 11011biTKa paccMaTpnnaTb nosi5YlKneHHbie cocTOSIBHSI c 

K rr • 0+ xax nnyxxna3n'laCTR'!Hbie1 11pn'leM ol5e KBa3R'IHCTHI1bi C'IRTanircb pacl1onolKennhlMR 

Ha Oll.BMX H TeX lKe ypOBHliX Cpennero 11011!1, npn TaKOI! TpaKTOBKe BepOS!TnOCTH 15eTa-11epe

X0110B H3 COCTOSIHII.ll ( V I 1 S I ) ne'leTnoro N H ne'leTnoro Z -.llll.pa ~ OCnOBHOe COCTO.li

Hl!e 110'Iepnero S!ll.pa H B 11ByxitBa3R'!aCTH'!nble COCTOS!nl!ll (vI 1 · V I ) II ( S I 
1 

S I) fli1H3ItH 

M~lK.lly col5ol! (pasnnqlle CB!I3ano TOI1bitO c nennqnnaMB cnepxTexyqnx 11011panox R ). 

B TO lKe BpeM.ll 11epeXOI1bl na npyrne COCTO.l!HIISI C Krr = 0+ SIBI1SIIOTC.ll F -sa11pe-

mennhiMH, TaxnM ol5pa3oM, RMeeTCSI necbMa cnnbnoe pa31IR1JIIe n oTnomennn nonenennSI ne-

pOS!TnOcTei! 15eTa-11epeXOJlOB B JlBYX pa3JlH'!nhlX TpaKTOBKaX COCTOSIHHII C Krr • 0+. 

B Ta15nnne 17 npnneneHbi sxc11epnMeHTarrbHbie nanHbie n pesynbTHThl pacqeToB 110 

<jlopMynaM ( 5,12), ( 5,12') Bel111'!11n log ft nn.ll 6eTa-11epexonon na B036YlKnennhie coc-

TOSinRSI C ~zrK 0 .+ 0, npn Bbi'IHCJieHRH STHX sna'leHHI! logft ncl1onb3oBanacb 

nenn'!llna log ft nnSI 15eTa-pacl1ana B ocnonnoe cocToHnll·e nannoro Sinpa. 3na'leBIISI 
(2l -4/a o (2) . (2) 

r 1 n logft 11p11nenenhl 11p11 K •-lOA h0> 0 n Kno =· K , rne 

neT sxc11epHMenTanbnhiX nannhiX 110 snepr11.11M K rr .. 0 + cocTO.IInllll 11 np11 T4KIIX sna-
(2) 

qenlll!X K , 11pH KOTOpbiX pBCC'!IITHnHaSI sneprnn nepnoro B0315ylKJleHnoro COCTO.ll-

HHSI c KIT 0+ 15rrii3Ka K 11oJiy'lennol! na Ol1biTe. B Tal5nllne .17 npnnenenhl xax Te 11e-

peXO,llhi, 0 KOTOpbiX HMeeTCH 3KC11epnMenTanbnaSI IIH<jJOpMaUR.ll1 TaK II Te, KOTOphle YllOflHbl 

lln.ll 11syqenl!ll CTPYKTYPhl cocToHHIIII c Krr • 0+. 
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CnenyeT oTMeTHTb, '!TO 11paBHJlbHOCTb nannol! TpaxTonxn cocToSinnl! c K rr • 0 + 

15yneT noATBepJKnena sxc11ep11MenTanbno, ecnH 15ynyT nal!nenbi flhiCTphie 15eTa-nepexonhl na 

TpH ~03flylKltenHbiX COCTOllnllll C I IT K - 0 + 0 n onnoM SlApe. Han15onee 15naronpnSITHhiM 
178 178 

nnll STOll uenn liB!1lleTcll 6eTa-pacnan 9,3 Mnn. Ta na yponnn Hf 

/22/ 
Kax yxa3ano B , sa>KHYIO nn¢opMaUHIO 0 CTpyKType COCTO!IHHII C KIT = 0+ 

MolKno 11ony'IHTb 11p11 H3y'leHHH 11pl!MhiX llnepnbiX peaxrmll. CnexTpocxoi1H'IecKHil <jlaxTop ll.Jlll 

nepexona 113 Ha'!HI1bHOrO llltpa C He'leTHhiM 

TOS!nne qeTnoro l!Apa n peaxunn (dp) 

neftTpOHOM B COCTO!IHHH S I 
2 

B OCHOBHOe 

panen v.
1 

, a n peaKUHH (dt) - u 01 

coc-

CnexTpocxol1n'!eCKHII <jlaxTop nnll 11epexona B -oe B0315ylKlleHHOe COCTOSIHHe C K IT =0+ 

B peaKUHH ( dp) HMeeT BH.ll! 

s.l 
a B peaxnnH <( d t ) nMeeT BR.ll: 

2 I 

u (r/1 "I "I "I 

s. =·v.2 (if' I )2 
1 1 s1s1 

(5,13) 

(5.13') 

B Ta15nnue 18 11pHBeAeHbl nnSI peaxnHil ( dp ) snaqennll Cl1eKTpocxonn'!ecxnx <jlaxTo-
c2l .vao 

pan nnll nepexonos na cocTO!IHRSI c KIT =·0 +:. Pac'!eThi BbmonneHhi npn K = 10 A h0>0 

( 2) (2) 
1< =·K 11 11p11 K 2 - tt 2'exp • 3Tn nenii'!HHbi MoryT 15hiTb noneanhi npH ananHse 

np /43/ 163 164 II 

axcnepiiMeHTaJlbHbiX naHHbiX, HanpiiMJp, B 6blna H3y'!ena peaKUHSI Dy (dp) Dy 

II Hal5nronai1CSI B Cl1eKTpe 11pOTOHOB 1111K, COOTBeTCTByiOmllil nepexony Ha OCHOBHOe COCTOSI-
164 

HIIe Dy , HO He Ha6monanHCb 1111KH, COOTBeTCTBYIOIUIIe B0315ylKlteHHbiM COCTOSIHHSIM C 

K" =·0 + , 113 Ta6nHUbi 12 BIII1HO, '!TO Cl1eKTpOCKOI1H'!eCKHe <jlaKTOpbi llJlSI nepexona na 

B0315ylKlteHHbie K 11=·0 + COCTOliHIIll MHOrO MeHbiUe, '{eM lli1SI nepexona B OCIIOBHOe, 1109TOMY 
/43/ 

B0315ylKlteHHble COCTOl!HIIll C K IT=-0 + He na15nronanHCb B 

CnenyeT oTMeTHTb, '!TO axcnepiiMenTanbnoe ol5napylKeHHe B0315ylKlteHHbiX nepoTanHon-

HbiX K 1T =·0 + COCTO!IHHil B '!eTHbiX ne<jlopM11pOBaBHbiX !Ill pax II COCTO!!Hilfi C K IT =·2 +., 

onpeneneniie sna'I?HHfi log ft nn!l 6eTa-nepexonon na HHX 11 ceqenHfi peaKnlli! ( d p) n ( dt) 

C B036ylKlteHHeM STHX COCTO!!Hilfi npeltCTHBJll!IOT BeCbMH 15onbiUOfi llHTepec C TO'IKH apeHHll 

ll3y'!eHIIll CTpyKTyphl .ne<j:JopMHpOBaHHhiX '!eTHbiX !l,llep, 

§ 3. Anb¢a-pacnan na xonnexTHBHhie cocTO!!HH!I 

liccnenyeM B011pOC 0 TOM, KHK OCOfleHHOCTH KOJlHeKTilBHbiX COCTOl!HilH npO!!BJl!IIOTCSI 

a nepO!!THOCT!IX anb<jla-pacnanos na sTH cocTO.l!Hilll, nony'!HM cnaqana <jlopMynhi, onHCbi
/65/ 

saromHe sepoliTHOCTn anb<jla-pacnanos na onno.pononHhie coCTO!IHRll, Cornacno MaT-

pii'!Hhlfi sneMeHT aJlb<jla-pacnana C OCHOBHOrO COCTOSIHH!I MHTepHHCKOrO '!eTHQ-'!eTBOrO 
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S/1pa c aonaoaoa cjJyaKnnea 
+" 

c aonaoaoil cjlyHKunei! Ql ·tp 

'JI ( N+:2, Z+:2) BB OJ1HOcjJOHOHHOe COCTOHHB9 J10'19pHero S/1pa 

( N, Z ) 3BnHCWBB9TCH a BH)1e: 

• ~ •. '!' ( N, Z ) Q1 A 'I' ( Z +:2, N. +: 2 ) , 
(5.14) 

r11e onepaTop A 

A:~:~.~~~ W, , (vv'~Ss')a a,,a 
wf 88 '.rTIW vrvr-·.sa 

rr' ar:~! · 

a 
a 'a'~ (5.15) 

¢>yHKUHH w onxcwaaeT KBK npoxo~eane 
BnbcjJB-'IBCTHUbl 'lepe3 nQT9HiiHBnbBbii! oapbep, 

TBK H B9pOHTHOCTb 99 00pB30BBHHH, 

B&t'!Hcneaxe MaTpH'IHoro sneMeHTa anbcjla-pacna11a 'ISTHo-'!eTaoro 

cocTOHHBe npoaeaeM B npu5nmKean:H (5.6), (5,6') n: nony'IHM 

HAPB Ha OaHOcjJOHOH-
HOe 

~ =-•...L :S W. .(v v•ls s )(r/1
1 

v (Z) vv (Z)-¢1 "v (Z)uv (Z)). 
Ql v'2 'J"'2s +~a+.- t 2 "'t"2 "• 2 "t"2 . 

• :v. (N+:2) u.(N ) +: 

+:~}; W++•+jv1 v2 lss)(rp
1 

.v.,(Z)vv(Z) -'tt1vuv (Z)uv (z) ). 
V 2 ~ V a• ' · '; V2 I 2 I 2 I 2 

(5.16) 

• JV • ( N +:2) u
8 

(N ) -

1 I I 
--.- :S W ~ +~·(wj s s ) ( 1/J v (N)v (N) -</> u (N) u (N)) '{.. (Z+l!)ll (Z )+: './.2 sl s2v +.I . . 1 2 sl s2 sl s2 sl s2 at s2 v 

+" 1 ·yr I 
81821/ 

W (vv I s s ) ( ifr 1 

+~;++: 1 2 8182 v (N ) v (N ) - </>1 u ( N ) u 
"~t 8

2 8 1 8 2 8 1 8 2 
( N ) ) • 

• :Vv ( Z +:2 ) uv ( Z ) • 

.Llnn cp.aaaean:n npn:aeaeM 

HBliMB 'l9THo-qeTHbiX HASp: 

MaTpB'IHbtl! lWeMeHT ·anbcjla-pacnaaa Me~y OCHOBHbiMB ,COCTOH-

~o =· I w+~;+-· < v v 1 s s > uv < ,z) v v < z +:2 > u. < N ) v. ( N +:2 ) 
vs 

B MaTpH'lHbiJ! 3H9M9HT ang anbcjla~pacnaaa HB aByXKB83B'ISCTB'lH09 COCTOHHBH 

( S I ul ; S 2 "2 ) : 

M( s1 s.) =·I .W+~·u·,-.(v vI 81 s 2 ) u (Z) v ( Z +:2) v (N+i2 ) v 
8 

(·N+:2 ) • 

(5.17) 

(5.18) 
<$ V· . t 1 2 V II 81 2 

Jlng xapaKTepn:CTHKH CKOpOCTH anhcjla-pacnaaa BBOaHTCH TBK H83biBB9Mbii! K03cjlcjJHIIB9HT 

3anpeTa. ( o5o3Ha'!eaawi! 'lepe3 H F ) , KOTOp&ti! oiipeAenHeT 3aMe)1neaxe nepexoaa 
HB 11BHHOe 

OaHHSKOBOl! 3HeprHH) Me~y OCHOBHbiMH COCTOH

KoscjlcjJHnHeHT 3aupeTa ann anhcjla-pacna~a aa 

cocTonHHe no cpaaaeaxro c nepexoaoM (qpx 

HHliMH COOTBSTCTBYIDIIIHX '19THo-'leTHbiX HJ19p, 

oaaocjJOHOHHOe COCTOHHH9 Q~'l' HMeeT ana: 
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' 

H F ( Ql ) = ( ...!:2.__) 2' 
M Ql 

a aa )1ayxKaa3H'IaCTII'lHOe cocTOHHIIe ( p
1 

p2 ) 3annc&maeTC!I TaK: 

2 
Mo ) • 

H F ( P1 P 2 ) =. ( M ( p
1 
~ ) 

(5,19) 

(5.19') 

!13 nonyqeHBbiX Bbipa)l(eHHil ai!)1H01 'ITO CKpOCTb anbcjla-pacnaaa B AayxKaa3H'l8CTH'lH09 

COCTO!IHH9 cymecTaSBHO MeHbWe CKOpOCTII pacna11a a OCHOaHOe COCTO!!HHe 1 T,e, 

H F (p p ) >; 1 • 
I 2 

/10/ 
no ooeBKBM npoaeaeHIIbJM a , H F ( P 

1 
P 

2
) = 150-500. Hs cjlopMyn ( 5.16) n 

(5.20) 

(5.17) 

aHJ1B0
1 

'ITO BepO!!TIIOCTH anh<j>a-nepeXOJ10a Ba 011BO<j>OHOHHbl9 COCTOHHII!I M9HbW9 aepOHTHO

CT9i! anb<j>a-nepeXOI10a Ha OCHOaHbi9 COCTO!IHH!I, 3TO OD'b!!CH!!eTC!I T9M 1 'ITO 113 CyMM (5,16) 

H3-38 npaann OTDOpa, Ca!I38HIIbiX C 1/J pp' 1 a&JDI!paeTC!I TOHbKO PH.tl 'lil9HOa CO CaOIIMII 

aeCOabiMII Mll0)1(1IT9II!IMII 1 KOTOpble 1 a CaOID O'l9p911h, 1 M9HbWe COOTaSTCTayiDIIliiX aenH'liiH 

B (5,17), n.osTOMY 

(5,21) HF(Q;) >:1. 

/66/ 
no B9CbMa rpyobiM 0Ii9IIKBM, npoaeAeiiHbiM a • HF(QI ) .. 10+20 11Il!l a11h<j>a-pa-cnaaoa 

HB K11 =·0+:COCTO!IIIIIH, !13 CpaaHSHH!I (5,16) H (5,18) aii/1H0 1 'ITO KOS<j><j>HUli9HTbi aanlleTa till!! 

anh<j>a-pacna11a aa 011HO<j>oHoiiiibte cocTOHHH!I /10H)I(Hbl DbiTh MeHhWe Kos<j><j>nnnenToa 3anpeTa 

/1II!I anh<j>a-pacnaaa HB 11BYXKa831I'lSCTH'lHbl9 COCTO!IHII!I1 T,e, 

H F ( Qi ) < H F ( p
1 

p 2 ) (5,22) 

3TO CB!I3BHO C TSM, 'ITO a aepO!!THOCTH anb<j>a-nepexoaa a (5,1 8) aX011HT TOHbKO 0/1IIO 

HeilTpOHHOe cocTO!IIIHe (s
1 

s
2

), a B (5.16) npoao11HTC!! cyMMHpoaaane no PH11Y aayxKaaan

qacTH'lHbiX COCTO!IHIIil, 

TaKIIM o5pa30M, xapaKTepaoi! ocooeHHOCTbiD KonneKTHaHbiX aepoTaOIIOHHbiX COCTO!!HHil 

a ~eTHo-'leTHbiX 11e,PopMnpoaaHHhiX Mpax Han!leTC!I yaenn'leHHe rrpnae11eHHbiX aepO!!THOcTeii 

anb<j>a-nep9XOI10a Ha HIIX no CpaaHSHBID C anb<j>a-rrepexoaaMH Ha aayx'laCTH'lHbie COCTO!IHH!I · 

H aaMeTaoe yMeHbwenne npnae11eBHbiX aepO!!THOCTeii no cpaanen11ro c anb<j>a-nepexoAaMH 

BB OCHOaHbl9 COCTO!IIIII!I, T,e, H F ( !4 ) 110ll)I(Hbi YAOaneTaOpHTb nepaaencTay 

1<HF (Q
1

) <,HF (p
1 

p
2

) • (5,23) 

B Taonnne 19 rrpHB911.eHbl ace naaeCTH&Ie sKcrrepnMenTanbH&Ie 11tlHHbte no <j>aKTopaM 

3anpeTa J1lt!l anh<j>a-pacnaAOB Ha KaaApynonhH&Ie n oKTyrronbH&Ie cocTO!IHH!I, Ha Taonnobl 

aHAHO, 'ITO ao acex cny'!a>IX H F ( Q I)> :t , npH'IeM H F ( Q 1 ) . rrpnnnMaeT. anaqeanll oT 3 

110 300. TaKHM o5paaoM, nMeromnecJ>l sKcnepHMSHTanbH&Ie J18HHbie UOATaep~aroT npaannh

HOCTb HepaaeHCTaa (5,2!) H He npoTHBOpe'IaT HepaaeHCTay (5,22), UOCKOHhKY 'neT SKCnepn-

MeHTSHhHbiX 11BHHbiX no aenn'lHHBM H F ( PI P 2 ) •. 
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VI , KaaanqacTH'IHBH n KonneKTHBHan CTPYKTypa cocToannft 

§ 1. CTpyKTypa KaanpynonbHbiX aoa6y:>KneHHbiX cocToannft 

npn paCCMOTpennn noa_enennH nepBbiX n BTOpbiX Kopneft ceKyngpHbiX ypaanennft ObinO 

OTM9'I9HO, 'ITO OJ:IHH ll3 Hl!X CyiUeCTB9HHO OIIYIU9Hbl OTHOCHTenbHO COOTB9TCTByiOillliX noniOCOB, 

npyrne :>Ke naxonHTCH a6nnan nonrocoa cnnryngpl'mro ypaanenna. HecoMHenno, 'ITO 'IeM 6onee 

cnnhHO onymena aneprnn nannoro cocTonnnn oTnocnTenbnoro nonroca, TeM cnnbnee KonneK

·-J THBll3llpOBBHO naHHOe COCTOHHHe, KaK li3B9CTHO, BOnliOBBH <jlyHKUHH KOnneKTliBHOI'O COCTOH-
+ 

nun Qi IJI nanaeTcn cynepnoannneft paanoro pona nayxKaaanqacTH'IHbiX cocTonnnl!, Hccne-

nyeM aonpoc o CTpyKType KaanpynonbHbiX cocTonnnft, npn'IeM paccMoTpenne npoaeneM oTnenb

no nna COCTOHHliH C K 1T = 2 + ll C K 1T =·0 + • 

11ccnenyeM CTpyKTypy COCTOHHliH C K 1T = 2t , nonaannromee oonbWHHCTBO HBl!Hli3WHX 

COCTOliHIIH C K 1T = 2t oonanaeT 'I9TKO Bblpa:>KeHHbiMH KOnneKTl!BllbiMH CBOHCTBBMB ll B BOn-

HOByiO <jlyHKUHIO Q: 'P naeT 38M9THbiH BKnan OOnhWOe 'IHCnO nBYXKBB3B'IBCTB'IHbiX COCTOli-
1 

HIIH, PaCCMOTpHM, C KBKHMH BJ;lCBMll B J:IBHHOe COCTOHHHe BXOnl!T OTJ:19nbllbl9 nayXKBB3li'IBCTH'I-

Hbl9 COCTOHHHH, llnn 3TOH nenn BOCIIOnh3yeMCH ycnoaneM HOpMBpOBKll COCTOliHllli Q'IJl , K0-
1 

Topoe aannweM B cnenyromeM anne: 

1 
yt t·YI 

rne 

tl ... Y
1 

( ss'·) t:l 
vv~ 

Y
1 

(vv'Ll 1 • 

- 2 
y (p p'.) =·{f(pp')

2
+:f (pp') l 'l>~""t (dp)+:dp'):) 

I ( ( ,(p) +:dp'): )2 _"1_2 ].2 

(6.1) 

/22/ 
feaynhTBTbi pacqeToa, npoaeneHHbiX a ,, npencTaanenbl B Taonnne 20, rne npnaenenbl 

nanoonee BB:>KHb!e nByXKBB3H'IBCTH'IHbl9 COCTOHHliH B H9HTpOHHOH B npoTOHHOl! CHCT9MBX, 

/17/ 
aemi'II!Hbl MaTpll'IHbiX aneMeHTOB f(pp'l (a 6eapa3MepHbiX ennnnnax ) n ana'Iennn (a 

11pOU9HTax)y 1 (pp') nnanepBOI'OKOpHH (i=1) H y
2 

(pp'):nnHBTOpOI'OKOpllH (i=2). 

CnenyeT OTMeTI!Th, 'ITO nonaanarowee 6onbWHHCTBO nannHawnx cocTOHHHl! c K "=·2+ 

HBnaeTCH KOnneKTliBHbiMll ll B I!X BOnHOBYIO <jlyHKUI!IO UB9T BKnan OOnbWOe 'IliCno UBYXKBB31!-
158 176 

qacTI!'IHbiX cocTonnlll!, 'ITO nponeMoncTpllpoaano ·nnn Dy n Yb a Taonmxe 20, B TaKnx 
166 

cny'IBHX, KBK BHnHO H3 pnc, 2 1nnH &r KOpeHb W 1 cymeCTB9HHO onymeH OTHOCHTenb-

no aHaqenna nepaoro nonroca, a npaMaa 11 K nepeceKaeT KpnayiO F(w) non ocTpbiM yrnoM, 

EonbWI!HCTBO BTOpbiX B030Y:>KJ:19HHbiX COCTOHHilH H Pl!n TpeThliX COCTOHHilH C K 1T =·2 + 
' 158 

o6}~qaeT KonneKTI!BHbiMH caol!CTBBMI!, 3To nponeMOHCTpnpoaano B Ta6nl!ne 20 J:InH Dy n 

Yb • Ecnn nepsblft n aTopol! nonroca o'Iellb 6nnaKn npyr K Apyry, TO aonHoaaa <jlyHKUllli 

BTOpOI'O COCTOHHllll HBnHeTCli cynepn03llUH9H nayx nayXKB83H'IBCTB'I!IbiX COCTOHHHl!, COOTBeT• 
164 

CTayrownx aTHM nayM nonrocaM, TaK, nanpnMep, B Dy 6nn3KO 

nonroc 411 t + 411' c &-&.=-0,270 h~; n nel!TpOHHbll! nonroc 523' 
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pacnono:>Kel!bl npoTOHHbll! 

521~ C & -&0=0,272h~ 0 -

r 

·; 

B aonHoayro <jlynKUHIO BToporo COCTOliHBg c K 77=2+: c aneprHel! 2 Maa ABIOT BKna11 npo

TOHHblft non roc - 36,94% B HeilTpOHHbil! non roc - 62,78%, 'ITO B CYMMe COCTaBnlleT 99,72%. 

TaKag CTPYKTypa 3Toro cocTOliHBll HBXOAHTCg a cornacnn c aKcnepnMenTanhnbiMB 

nony'IeHHbiMH a 
1431 

H3 ( dp) -peaKnnn, 

Hccne)lyeM, KaK B91!9T ceog Bonnoaag 

ceKyngpnoro ypaanenHg 
<jlyHKilllH onno<jlononnoro COCTOHHllll, KOrAa 

w 1 npn6nn:>KaeTcg K 3Ha'Iennro nonroca, 
C MBTpB'IllbiM aneMeHTOM 

ds1 lt:t(s
2

) -"\ -+ 0 

+ f ( s1 , s 2) • Hal!AeM Bblpa:>KeHHe JlnH Q
1 a npe11ene 

, T.e. 

+ Q+ 'P 
I I -.{ 1 <(sl)+<(s2)+wl A( ) 

- - sl s2 + <(s1)+r(s2)-w1 -+ 0 2 Vw
1
(c(s

1
) H(s

2
)) 

+ ~ <(s 1)t:r(s 2)-w 1 

yw1 (ds
1
l+:ds

2
l ) A ( s s ) + ( < ( S1 )+:< ( s 2 ) -w 1 ) L l 'P I i ( s )+ :r ( s ) -w

1 
.. 0 

I 2 1 2 

=·A ( s s ('P =--1- ( 
I 2 y2 

+ 
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+ + 
a + a 
·~· ·2-

a + ) 'P 
.sl+: 

(6.2) 

rAe 'IeJ:e3 L o6oaaaqenbl ocTanhHble qnenbl, EcnH nonrocy cooTBeTCTayeT MaTpli'IHbll! ane
MeHT f ( S1, s2 ) , TO Uony'{BM 

Q+:'P 1: . =·_:_(a+ a+ t:a+ a+ ) 1 !1 
1 daltd.l~w .. o j2 •+'•+ •-•-

1 ~ I V· I 2 I 2 

TaKnM o6pa3oM, aonnoaag <jlyHKilBll + 
onno<jlonolllloro COCTOHHllll Qi 'P nepexonnT a aonno-

ayro <jlyHKUBIO nBYXKBB3li'IBCTli'IHOI'O COCTOliHBll, Korna Kopellb CeKyngpHOI'O YPBBH9Hilll "'i 

-My non!Ocy • 3TO Bepno TBK:>Ke Anll BC9X OKTynOnbHb!X COCTO!IHBJ!, 
(2) 

BUnOTHyiO nonxonHT K 

npn llCHOnbsyeMbiX 3HB'I9Hil>IX K' 

<jlyHKUilll OJlHO<jJOHOHHOI'O KOnneKTliBHOI'O COCTOllliHH UepexonHT B BonnoayiO <jlyHKUBIO llBYX-

o KBB3ll'IBCTH'IHOI'O COCTOl!Hllll TOnbKO Torna, KOI"na MBTpli'IHbil! aneMeHT f(pp') l COOTB9TCTByro

WliH nepaoMy nonrocy, O'Iellb Man, B aToM cnyqae nnn nepaoe 
1
nnn BTopoe cocTO>IHBe c 

An !I HBilHB3U!BX COCTO!IHBJ! C K11 =· 2t aonnoaag 

K "=·2 + HBnl!eTcn AByXKBaanqacTH'IHb!M, CnenyeT OTMeTnTh. 'ITo 

ecnn ne C'IBTBTh o6neF.fn• nenocpencTaenno 

Ta6nnUbl 20 nng Yb 

(oKono nonroca) peryngpnoro xo11a Kpnaoft F(w) .• 

EcnH HPBMBll 
11" nepeceKaeT F(w) cna'Iana non HpliMb!M yrnoM, a noToM no11 

OCTpbiM, . TO nepaoe COCTOl!Hile oyneT llBYXKBa3B'IBCTV~HbiM, a BTopoe - KOnneKTBBHbiM, 

3ToT cny'Ial!, no-annnMoMy, ocymecTangeTcll B Yb n npoueMoncTpnpoaan na pnc, 2, 

KaK BBI!HO B3 TaonBUbl 20, BKnB)l ll9HTpOHHOI'O COCTOHHilll 512 t - 52H , Bbi'IHCneHHbll! 

1

22

1 K 11=2+: H aneprnel! 1,468 Maa 
B 

C Y'I9TOM a<jl<jleKTa onOKI!pOBKB, B COCTOHH!Ie C 
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COCTanDSIST 99,4%, a 6e3 yqeTa a<jl<jleKTa 6nOKI!pOnK11 1 COrDaCH0/
2
B/ 1 - 97,6%. nponeA9HHbl9 

/15/ 
paC'IOTbl nOATneplKAaiOT npannnbHOCTb TpaKTOnKII aToro COCTOSIHIISI n Ha OCHOne aaanH-. 

172 
3a 6eTa-pacnaAa Tm • 0KOH'IaTeDbHbiM aKCnepHMOHTaDbHbiM AOKa3aT9DbCTBOM ABYXKBa311-

'laCTH'IHOH CTpyKTypbl <!TOrO COCTOSIHHSI SIBDSIIOTCSI OnbiTbl no KYDOHOBCKOMY B036ylKA9H.Ili01 

TaK KBK paCC'IHTaHHaSI B9nii'IHHB B ( E 2) JWSI B036yJKASHIISI aTOrO COCTOSIHIISI Ha Ana nopSIAKa 

MeHhme, qeM aaanornqHaR aenirttnHa a cocenanx gnpax. 

n~7fnyqai\HOMY CT9'19HIIIO o6CTOSIT9DbCTn nTOpOMY noniOcy B CeKyngpHOM ypanHOHHH 

ADSI Yb COOTneTCTnyeT TaKJK9 Manblil MaTpii'IHbli\ aneMeHT f(vv').;,-0,11 C KOH<jlnrypauuei1 

/22/ 172 
pp 402f- 41H , CornaCHO pacqeTaM , 1 KODDOKTIInHoe COCTOSinHe C KIT~·2+ n Yb 

HM99T aHeprniO 1,9 Man. nByXKBa3H'IaCTH'IHOe npoTOHHOe COCTOSIHII9 402+ - 41lt IIMeeT 
/22/ 

aHepriii0
1 

COOTB9TCTByiOIUYIO UODIOCy aToro COCTOSIHIISI, B paC'ISTaX aTOT UODIOC pacnono-

/15/ -
JKeH npu 2,1 Man, a n pacqeTax 11 n AaDbHeilmllx pac'leTax co cxeMOII JI AnyxqacTII'I-

402f - 41H IIMeeT a11opr11fo 1,7 Man. CornacHo aKcnepnMeHTanbHbiM 

172 
nTopoe cocTosm11e n Yb c KIT~2+: nMeeT aHep r1110 1,559 Man. 

1109 COCTOSIHII9 

/45/ 
AllHHbiM , , 

E«nH 1/K nepeceKaeT · F(w): cHa'lana noA ocTpbtM yrnoM, a noTOM DOA TynbiM, TO 

nepnoe COCTOSIHII9 SlnOSISTCSI KODD9KTIInHbiM 1 a nTopoe - AnyXKna311'JaCTII'IHbiM, 3TOT cnyqai\ 

250 238 240 
ocymecTnn<~eTCSI B Cf • B U 11 Pu nonoJKeHIIe gnDSICTCSI 6once cnolKHbiM. He6onbllloe 

H3MOHOHH9 HDII nepeM9IIl9HH9 UODIOCB Hei1TpOHHOrO COCTOSIHIISI 622 t - 631~ UpiiBOAIIT K 113-
• /26'/ 

MeHeHI!IO nopMKa KonneKTIIBHoro II'ABYXKBB3H'IaCTII'IHOro
2
38'cTorumM. TaK, cornacao pac'leTaM 

6e3 yqeTa a<!J<jleKTa 6nOKI1pOBKII, nepBbl9 COCTOSIHIIll U II Pu 
240 

SIBJIRIOTCSI KODDCKTI!nHbiMII, 

11 pacc'IIITaaaall BepoS!THOCTb B ( E l) aneKTpoMariiHTHoro nepexoAa cornacyeTCSI c aKcne-

/51/ /22/ 
pHMOHTaObHbiMH ABHHbiMH, nony'leHHbiMII B • B pac'leTax, npoAenaHHbiX ' npn 

,!2la.l1AV\~ 
0 

II ,! 2) =·J 2l, nepnoe COCTOSllli9 liBDSIOTCSI ABYXKBa311'1aCTII'IHbiM 1 a nTopoe - KOD-

np ) • <.1 8 0 (2) (2) . 

neKTI!nHbiM1 OAHaKO npll' ,fP =·13A hw0 H K =K 
np 

nepBOO COCTOliHHO llnDSIOTCSI KODDOK-

THnHbiM
1 

a BTOpoe - ABYXKBa31!'1aCTH'IHbiM. 3KcnepnMeHTBJlbHbl9 AaHHble no KYDOHOBCKOMY 

238 240 
Boa6yJKACHHIO U n no 6eTa-pacnaAy Ha Pu yKa3btBaiOT Ha To, 'ITO aa6niOAaeMbte 

COCTOSIHHSI C KIT =·2 + llnDSIIOTCSI KODJieKTHBHbiMH. 

nng UOATBCplKAeHHSI npannnbHOCTH npHB9ACHHbiX UOOOJKeH.Ili1 0 COOTHOWSHHH KonneK-

TIIBHbiX H ABYXKBa311'1aCTII'IHbiX COCTOSIHHi1 CDCAyeT 3KCnep11MeHTaDbHO 113Y'IIITb CTpyKTypy 
2ll 240 250 172 

ABYX nepBbiX cocTOSIHHil c KIT= 2+: B U • Pu n Cf , a B Yb - nepBbiX 

TpeX COCTOSIHHH C !Vr=·2 +: 

CneAyll
122 1

, nccneAyeM cTpyKTYPY B036yJKAeHHbiX cocTOSIHHil c lrr K =·14-0 • B Ta6nn

ue 21 npOAOMOHCTpl!pOBBH BKDaA OTAODbHbiX ABYXKBa3H'JaCTH'IHbiX COCTOSIHHH B nepBOe H 

BTOpOe COCTOSIHHSI C K 1T = (4. • KaK BBAHO 113 3THX Tafinnu, OCHOBHOH BKDaA B BODHOBYIO 

¢yHKUHIO Qr'ql AaiOT AllaroHaDbHbie 'IJIOHbi, TOrAa KaK CYMMapHblll BKOaA HeAnaroHaJlbHbiX 

'IDSHOn He npOBbllllaOT10%. 3TO Cnll3aH0 1 Bo-nepBbiX1 C TOM 'ITO .nonB'IBHbl ABaroHaJibHbiX 

M8TpHliHbiX sneMSHTOB 6onhW9 1 'ISM H9JlH8t'OHanbHhiX t H 1 BO-BTOpbiX1 C T9M1 't!TO Cp9JlH 
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6DIIlKaiillll!X noJIIOCOB (3.17') 60Jibllli!HCTBO npHHBADelKI!T TOM, KOTOpb!O HMOIOT AHaroHaDbHbiO 

MaTpii'IHble anoMeHTbi, CneAyeT 3aMeTnTb, 'ITO B ceKyngpaoe ypaBHeane HSAHaroHaJibHbte 

MBTpH'IHbl9 aneMeHTbl Aa!OT CyiUOCTBOHHO 60Jibllllli1 BKJiaA 1 '19M B ycnonne HOpMnpOBKH BOJIHO

BOii <jlyHKUHH, n KO'!'OPOM ycnneHa ponb 6nlllKaiillll!X UOJIIOCOB. TaK, HanpnMep, B o/62 
npn 

> .va o <3> + ,p =· 10 A h W , ~I =·,(.21 BKDaA B ycnonne HOpMHpOnKII BOJIHOnOi1 <jlyHKUHH Q1 'I' '100-
o •• 

HOB1 COOTBeTCTBYIOIUIIX HeAIIaroHaJibHbiM MaTpii'IHbiM aneMeHTaM 1 He npenbllllaeT 1%, 0AHaK01 

ecnn B CeKyngpHOM ypaBHeHHII IICKJIIO'IBTb 'ID9Hbl 1 COOTB9TCTBYIOIUH9 HeAnaroHaJibHbiMH 

Hb!M aneMeHTaM, TO onycKaHne aHeprHB nepnoro COCTOSIHHSI C K 1T =· 0 + OTHOCIIT9DbHO 

Bora nomoca y'=·O n3MeHnTcll c 0,2 MaB AO 0,1 MaB, T.e, onycKaHIIe yMeHblllBTCll B AJ?a 

pa3a. 

nponeAeHHbie llCCUSAOBaHBll noxaaann, 1J:To ecnn KOpeHb ceKyngpHoro 

ypanHeHIIll WI a.2£t ~ ) 1 TO eCTb COBUaAa9T C 3Heprlleii nepBOrO UOJIIOCa 

(3.27) 1 COOTBOTCTByiOIUero AllaroHaUbHOMY MaTpii'IHOMy 3U9M9HTy 1 TO 

ypaBHeHIISI 

B aTOM 

+. 
cnyqae cTpyKTypa BOJIHonoi1 ¢yHKUIIII Q l li' OCTa9TCSI COO.lKHOi1 1 T.e. 

XOAIIT B BODHOBYIO <jlyHKUIIIO ABYXKBa311'lBCTII'IHOrO COCTOSIHI!SI, Ecnn w 1 

nomoca, COOTBeTCTBYIOIUero HSAII~rOHanbHOMY MaTpii'IHOMy aneMOHTY1 TO 

9TCSI BODI!OBOi\ <jlyHKUIIei1 ABYXKBa311'1aCTII'IHOrO COCTOSIHIIS!o Ecn11 KOpOHb 

ypaBHeHIISI HaXO!liiTCSI B6JIII311 nepnoro UOJIIOCa 
+ 

I 
y =·0 , KaK n cnyqae 

Q :'I' He nepe-

paBHO 3HB'IOHIIIO 
-1 

Q I tp SIBDSI-

"'t 

Hf 

COKYJIS!pHoro 
ns 

1 T0 1 

KaK Bll!lHO 113 TafiniiUbl 21, CTpyKTypa Q I tp SIBOS!eTCll CJIOlKHOi\1 XOTll HaiiOOJibllllli1 
. (~ 

BKJian AaiOT ABa ABYXKna311<JaCTII'IHbiX COCTOliHIIllo nalKe npn K -> 0 CTpyKTypa COC-

+· 
TOliHIIil Q I .'l' HnJili9T.Cll CJIOlKHOl!1 9CJIII TOJibKO SHeprii.SI aTOrO COCTOS!HIIll He COBnaAaeT 

CO 3Ha'leHIIeM nOJIIOCa, COOTneTcTnyiOIUero HeAIIarOHBJibHOMy MaTpii'IHOMY 3JieM9HTy, ,Hpo-

neA9HHW9 IICCJI9AOBaHIIll noKa3aJIII 1 'ITO n T9X CJiy'laliX 1 KOrAa pOJib KnaApynOJib-KBaApynOJib-
178 162 (~ . 

HbiX B3aiiMOAei1cTnlli1 HecymecTneHHa,. ·KaK B CJiyqae Hf 11 Dy (npll K = 0), 

TO nonHonall ¢yHKnnll nepnoro K " 0+ COCTOliHIIll SlnJIS!eTCll cynepnoallnHei\ Anyx ABYX-

• Kna311'1aCTII'IHbiX COCTOliHHi11 y KOTOpbiX Kna311'1aCTIIUbl pacnonolKeHbl Ha OAHO'JaCTII'IHOM 

yponHe, COOTBeTCTnyiOIUOM nonepxHOCTII <llepM11 1 II Ha ypOBH9 ,CJISAYIOIUeM 3a HIIMo :3TO Ha

XOAIITCll n CornaCIIII C nhiBOAaMn 0 CTpyKType 0+ COCTOHHIIl!, CAenaHHbiMII n/1!/ 

TaKIIM o6pa30M, HCKJIIO'IeHne Ayxonoro cocToliHIIll np11neno K ycnolKHOHIIIO CTpyKTYPbl 

COCTOliHIIil C K 1T = 0 + no cpaBHeHHIO C KOnneKTIInHbiMII COCTO!IHIISIMII 1 n o6pa30naHIIII KO

TOpb!X He npiiHHMaiOT yqaCTBe AHaroHaJibHble MaTpii'IHble 3JieMeHTbl onepaTopa KBaApynOJib

HOrO MOMeHTa. 

§ 2. C T p y K T y p a OKTynOnbHbiX B 0 3 6 y lK A e H H bi X 

C 0 C T 0 ll H II i1 

11ccnenyeM CTpyKTypy OKTynOJibHblX no36yJKneHHbiX COCTOliHBi\ TaK lK9, KaK aTO CAe

JiaHO n § 1 AJill K rr = 2+ cocToll Hili!, B Ta6n11uax 22 11 23 npnneAea nKnaA n nepBbte OK-

57 



Tyn01IhHbie COCTOSIHHSI C 

ung pgna gnep, 3Ha<JeHHSI 

/36/ 
1IH'IHH B , nOCK01IhKy 

K TT = 0-,1-,2- H 3- OTUe1IhHbiX UBYXKBB3H'IBCTH'IHh! X COCTOSIHH!i 

B T801IHUBX 22 H 23 HeCK01IhKO OT1IH'IBIDTCSI OT BH81IOrH'IHhlX Be

npaaeueHHb!e B Ta6nauax 22 a 23 pesynhTBThi pacc'IHTBHhi c yqe

/36/ 
TOM g¢¢eKTB 01IOKHpOBKH, a B - 6e3 yqeTa g¢¢eKTB 01IOKHpOBKH, 

fls T801III!lbl 22 BHUHO, 'ITO nepBOe B030YlKUeHHOe COCTOSIHHe C KTT = 0- B 0 2
8( SIB-

1ISieTCSI KOnneKTHBHhlM, nOCK01IhKY B B01IHOByro ¢YHKUHID TpH UBYXKB83H'IBCTH'IHhlX COCTOHHHSI 

l\BIDT BKnan 6onee 10% KaJKAoe, naa - 6onee 5%, 'IeTbrpe - 6onee 3% KaJKUoe a T,/1, 3aep

rag &roro cocTOSIHHSI MeHhWe aHepraa nepaoro nonroca Ha 0,8 ~aa, CaolicTaa nepaoro coc-
2H 

TOSIHHSI C K 1T = 0- B U He SIB1ISIIDTCSI HCK1IID'IeHHeM, nouaB1ISIID!llee 001IbWHHCTBO nep-

Bb!X COCTOSIHHI! C K TT = 0- SIB1IS!eTCSI KonneKTHBHbiM, 'ITO BHUHO H3 T801IHUbl 22 Jl1ISI Pu 240 

3aepran 6onbWHHCTBa nepBbiX cocTOSIHHl! c K 11 = 0- onyl!leHbl OTHOCHTe1IbHO nepBb!X no-

1IIDCOB 6onee '!eM aa 0,5 ~aa, B aonHOBhrx ¢YHKUHSIX BTOphrx OKTynonbHhiX cocTOSIHHl! c 

JlBHHb!M KIT 'CYMMapHhrl! BKnan nepaoro a BToporo nonrocoa cocTaBn<~eT, KBK npaanno, 

6onee 90%, B p<~Jle cnyqaea oH llOCTnraeT ( 95-98)%, 

HaHHH3WHe COCTOSIHHSI C K TT = 1- B 001IbWHHCTBe cnyqaea no CBOHM CBOHCTB8M no-
234 

B01IbHO 01IH3KH K llBYXKB83H'IBCTH'IHhlM COCTOSIHHSIM, HanpHMep, B U BK1IB!l ael!TpOHHOrO 

COCTOSIHHSI 633f - 743. , KBK BH/lHO H3 T801IHUhl 22, COCTBB1IS!eT 93,8%; B Pu
240 

BK1IB/l 
166 

Hel!TpOHHOrO COCTOSIHHH 622# - 743# paBeH 87% H T,Jl, B &r BK1IBU Hel!TpOHliOrO 

COCTOSIHHSI 633# - 523 ~ COCTBB1IS!eT 97,8%, 'ITO nOUTBepJKuaeT, B OCHOBHb!X qepTaX, 

166 /15/ 
npaBH1IbHOCTb HHTepnpeTaUHH COCTOHHHH C K II' = 1- B &r ,' llBHHOl! B , 0!1H8KO 

230 
B Th aanaaswee cocTo<~Hne c K IT = I SIB1IS!eTCSI K01IneKTHBHhlM, 3Heprl!g 8TO

ro·coCTOSIHHH onyl!leHa OTHOCHTe1IbHO nepaoro J01IIDC8 Ha 0,27~SB,3aM9THM, 'ITO B 0T/1e1Ib-

Hb!X C1JY'IBSIX BTOpb!9 COCTOHHHSI C /18l!Hb!M K 1T OD1IB!1BIDT K01I1I9KTHBHbiMH CBOHCTBBMH, 

TOr/18 KBK nepBb!e COCTOSIHHH HM9IDT CTpyKTypy, 01IH3Kyro K 11BYXKB83H'I8CTH'IHb!M, 

Hananswne cocTOHHHSI c K" = 2- B cpe!1HeM, noJKanyl!, HecxonhKO 6onee xonneK-

THBH3HpOB8Hb! no CpaBH9HHID C !IepBbiMH COCTOHHHSIMH C K" = 1-, 0!1HaKo o6~ 9TH 

COCTOHHHH C K 11 = 1- n 2- 3H8'IHTenbHO cna6ee KonneKTHBH3HpOB8Hbi no cpaaHeHnro c 

COCTOSIHHHM'I c KIT = 0-, 'ITO qeTKO npo!1eMoHcTpnpoaaHo Ha pnc, 6. B Ta6mme 23 npnae-
160 18 2 

11eaa CTpyKTypa HH3KoneJKal!lnx cocTOSIHHl! c K 11 = 2- a · Dy n W , B aTnx 

HUPBX BK1I8U OT HBH001Iee B8lKHb!X 11BYXKB83H'I8CTH'IHhlX COCTOHHHH COCTBB1IH9T COOTBeTCTBeH-
160 174 18 2 

HO 95% H 97,5%, fiH'f'epnpeTBUHH COCTOHHHl! C K TT = 2- B Dy , Yb H W 
/15/ 

ll8HH8SI B 1 KSK llBYXKB83BqaCT1Il!HbiX 
160 174 

Dy n Yb , B TO BpeMSI K8K B 

!1el!CTBHH H8 SHeprHID COCTOHIIHSI C KTT 

npnaena K HeKOTOpOMY 38Bb!WeHHID HX SHeprHl! B 
18 2 

w B1IHHHHe OKTyn01Ib-OKTyn01IbllOro B38HMO-

= 2- 110B01Ibl!O Mano. Cne11yeT 3aMeTnTb, 'ITO 

o6nacTb nsoTonoB Th n U Han6onee 6naronpHS!THa 1111<1 cyl!leCTBOBaHHH HH3Kone>Kal!lnx 

K01IneKTHBHb!X OKTyn01IbHbiX COCTOHHHI!, npa'IeM 8TO OTHOCHTCSI He T01IbKO K COCTOSIHHHM C 

I{ 'IT = 0 - 1 HO H ,a HeCKOnbKO MeHbmeii: CTeneHH_,K COCTOSIHHHM C K 1T = 1- H 2-. 
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Bee cocTOHHHH c K 11 - 3- no caoel! CTPYKType 6nnsKn K !1ByxxaasaqacTH'IHbiM, 3To 

qeTKO npo/1eMoHC1PBPOBBHO B Ta6nnue 23. 3aMeTHM, 'ITB aHepran rrepaoro n BToporo coc-

TOHHHSI C K TT • 3- COBn8118IDT C 8HeprHSIMH, COOTBeTCTBYIDIIIBMH nepBOMY H BTOpOMY rro-

1IIDC8M .. BecbMa Mana<~ ponb oKTynonb-oKTynonbHoro asaaMo!1el!CTBBSI I11IH cocTOS!Hnl! c 

KTT = 3- S!B1IS!eTCH cne/1CTBB9M KaK yMeHbWeHBH K01IB'IeCTB8 cnaraeMbiX B ( 3,17'), TBK 

H ~ OCHOBHOM yMeHbW9HB9M 'IBC1I8 C1IBP89Mb!X C 001IbWBMB M8TpB'IHb!MH 81I9MeHT8MB f(pp') 

a f(pp') • , o ·qeM yrroMnHanocb pauee, EnnsoCTb cTpyxTyphi cocToaHnl! c K 11 = 3 -· K 

nayxxaasnqaCTB'IHOli Harngnao npoueMOHCTpnpoaaHa na pnc, 6. Hs pnc, 6 annao, 'ITO ecnn 

un11 cocTO!IHBl! c K" = I - n 2- cpaBHHT91IbHO He6onbruoe yaennqeHne Kc 
3
> npnaounT K 

38M9THOMY yaenH'IeHBID K01I1I9KTBBH38UBB COCTO!IHBH, TO U1I!I COCTOHHHH C KIT 
= 3- yae-

naqeHne nonlKHO 6biTb 6onhWBM. 3aMeTnM, 'ITO B cnyqae K 11 = 3- o6nacTb sHa<JeHHl! 

(&) 
K , rue 8TH COCTOSIHHSI SIB1ISIIDTCSI K01I1I9KTHBHhlMB B rrepab!e KOpHB (3,11) Cyl!leCTBy-

IOT, - qpesabr'Ial!Ho Mana, Hs npoaeueHHhlX n;ccnenoaaHali cnenyeT, 'ITO BHTepnpeTauaa coc-

<=' 16& /14/ 
TOSIHHSI c K "· = 3 - B "'r , naHHBSI B , !IB1IS!eTcSI npaannbHol!, nocxom>xy rrpnMeca 

upyrax COCTOHHBI!, K8K BBUHO B3 T801IBllbl 23, He npBBb!W8IDT 0,2%, 

TaKuM o6pasoM, HaaHnawne cocToSIHB!I c 
K TT .. 0- B o01IbWBHCTB9 guep o6nanaroT 

gpxo BbrpaJKeHHbiMB KonneKTBBHb!MB caol!cTBaMn. HanHHsmue cocTOSIHB!I c K" = 1-;- n 2-a 

pS!U9 guep SIB1IHIOTCH K01I1IeKTBBHhlMB, OUH8KO B 001IbillHHCTB9 C1IY'IB9B 8TH COCTOSIHBSI no 

CBOHM CBOI!CTB8M UOB01IbHO 01IH3KB K UBYXKB83H'I8CTB'IHhlM COCTOSIHHHMo TaK, U1IH HHX npH.,

MeCb OCT81IbHbiX COCTOSIHBI! K UBYXKBB3H'I8CTH'IHOMY COCTOSIHHID, COOTBeTCTBYIO!li9MY nep

BOMY nomocy, cocTaBJI!IeT ( 2 - 20)%. CocToSIHHSI c K" = 3- HB1ISIIDTCSI npaKTn<Jecx·u· 

UBYXKB83H'I8CTH'IHb!MB, nOCK01IbKY npBM9Cb upyrux COCTOSIHB!i, KBK np8Bli1IO, H9 npeBb!ll8-

eT 1%. 

§ 3, F - B Q sanpeTbl 

npu HCC1I9UOB8HHB B1IHSIHHSI napHb!X Kopp91IS!Ullli Ha aepOS!THOCTH oeTa-pacnaUOB Ohl1IO 

Ill/ noxasaHo , 'ITO cTPoro sanpel!leHbl 6eTa-nepexonw, oTHeceHHbre K TpeTbeli rpynne (u 

. /15/. HasBaHHbre B F_- sanpel!leHHbiMB), Kax usaecTHO, K TpeTbel! rpynne OTHeceHb! a) 6eTa-

pa?uaub! C B3M9H9HH9M 'IHC1IB KBB3H'I8CTBU B npOTOHHOI! (Hel!TpOHHO!i) CHCT9MBX oonee 

'IBM HB enHHBUy; 6) oeTa-pacnauw, rue, H8pHUY C H3M9H9HH9M 'IHC1I8 KBB3H'I8CTHU B npo

TOHHOll fuel!TpOHHOI!) CHCTBMHX HB BUHHHUy, MBHSIBTCSI nonOlK9HHe upyrHX KB83li'I8CTHU, 

npupOUH 9THX 3enpeTOB p831IB'IH80 U08TOMY oyueM H83b!B8Tb HX Q - H 
F -sanpeTa-

/22/ 
MB 

Q -aaupeTOM H83B8H THKO!i 38UpeT, KOTOpblli B03HHK89T H3-38 001Ibill9l!, 'IBM 

nouycxaeT onepaTOp nepexona cooTBeTCTByrol!laro npouecca, pasHBuhr B qucne xaasuqacTHU 

1101 
B H8'Ia1IbHOM ll KOH9'IH-OM COCTOHHHSIX ( B OR H83B8H F q -sanpeTOM), F -aanpeT 
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caRaan c oonbWHM, 'IBM nonycxaeT onepaTop cooTBBTCTByrowero np onocca, HaMenenHeM a 

nono*BHH!IX KBS3H'l8CTHU B HH'lanbHOM II KOH9'1HOM CO~TOHHH!IX, Q 

*Hbl npOHBH!ITbCH B SHb<j>a- 09TS- H raMMa- nep9XOJlSX, 

-II F- aanpeTbi non-

CnenyeT oTMeTHTb, 'ITo a MonenH neaaancHMbiX xaaauqacTHn Q H F -.3anpeTci 

>IBH!IIOTC!I cTpornMH. F II Q aanpemennhle nepexonhl MoryT HTTH TOnbxo B TOM cny'lae, 

ecnH HS'lanbHOe HnH KOH9'1H09 COCTO!IHH!I CHCT9Mhl He !IBn!IJOTCH 'liiCTO KB83H'l8CTH'lHhlMH
1 

a K HHM HMBIOTCH H9KOTOpbi9 llp,HMBCH, 8 MOJlBnH H938BHCHMbiX KBH3H'laCTHn Y'lTOHS TOnbKO 

'laCTb cHn, nel!cTayromHx Me*Jly nyxnonaMa B Rllpe, OnpenenenHe cTenenH Q - 11 F 

'38llp0TOB ll03BOHHT BbiHCHHTb, HHCKOnbKO CHnbHhlM OK83b!B80TCH Bnll!Il!HO HOy'lTOHHbiX OCTa ... 

TO'lHhlX CHn Ha CBOi!CTBa OCHOBHbiX II B030Y*IlOHHhlX COCTO!IHHH CHnbl!OJlO<j>OpMHpoBaHHbiX 

HJlep, BenH'lHHa Q - II F - aanpeTOB xapaKTOpHayeT, C KSKOI! TO'lHOCTbiO JlSHHhle COC-

TGIHH!I MO*HO TpaKTOBSTb KSK KBS3H'lSCTH'lllbiO, 

CTenepb Q -aanpeTa MOJKOT .Ob!Tb onpenenena, aanpHMep, npH oeTa-pacnane c 

TpeXKBS3H'l8CTH'lHOro COCTO!IHH!I THna (3 P ) Hna (3 0 ) liO'lOTHOi! Cll:CTOMbl B OCHOBHOe 

COCTO!IHHO 'lOTHOJ! CHCTOMhl ana npH OOTa- pacnane 113 0JlHOKBS31l:'lSCTH'lHOrO COCTOHHil:!I 

HO'lOTHOJ! Cll:CTOMbl B 'l0TblpOXKBH31l:'lHCTH'lHOO COCTOHHil:O Tana (4 p ) ana (40 ) 'lOTHOJ! 

) 
cucTeMbi, CTenenb Q -aanpeTa MO*OT ObiTb THK*e onpeneJBna npn raMMa-nepexone 

ll:3 'l9ThlpOXKBS31l:'lSCTil:'lHOrO COCTO!IHil:H B OCHOBHOO, 

CTenenb F - aanpeTa MO*OT OhlTb onpenenena npn il:3Y'lellll:H oeTa-nepexonoa lla 

aoaoy*nenncie cocTO!IHHH 'lOTHbiX Hnep, ITepexonci, nanoonee ynooncie nnn axcnepHMOHTan,&-

/18/ noro onpenenennn cTenenH F - aanpeTa, . npnaenenci B , CTenenb F -.3anpeTa 

MO*eT OhlTb onpenenena npn nay'lennn aepoHTHOCTel! anexTpoMaranTHhlX nepexonoa. Han

oonee ynoonciMa nnR aToro RBnRroTCR raMMa-nepexonM B Hnpax c ae'leTHbiM 'lncnoM ael!-

TpOHOB a HO'lOTHbiM 'lHCnOM npOTOHOB, 

K Oopa30BHHil:IO H30MOpHhlX COCTO!IHHJ!, 

aoaanne F - aanpeTHbiX naoMepoa 
166 

oy*nennhlx cocToHnnl! Ho 

F - aanpeThl B aTnx Rnpax MoryT npnaecTn 

ITepBbie axcnepnMenTanbHhle yxaaaan!I aa cymeCT
/67/ 

nonyqenhl B npn uayqennn apeMea *ll:aan aoa-

8 CB9pXT9Ky'lei! Monena !I)lpa1 B KOTOpol! npll:Hil:MSIOTC!I BO BHliMSHne MynbTllnOnb

MynbTil:llOnbHb!B aaauMonel!cTBil:R, nono*eane c Q - a 

B cny'laHx, xorna aaauMonel!cTBU!I xnaan'laCTHil HrparoT 

F - aanpeTaMH cnnbao MeaReTcH, 

cymecTBellayro ponb, F -.3an-

peT nepecTaeT cymecTaoaaTb, Tax, oonhwuacTBO aaaanawax cocTOHHnl! 'lBTHhlX ne<j>opMnpo

aaul!biX nnep c K rr = 0+, 2+ a 0- oonanae'l' npxo Bbipa*eaab!MH xonnexTUBHbiMU caol!cT

BaMH. B anb<j>a-, oeTa- a raMMa- nepexonax aa 8TH cocTon ann F - aanpeT oyneT 

oTcyTcTBoBaTb, Onuaxo npencTaBnReT nnTepec uccnenoaaune aonpoca o TOM, aacxonbXo 

CHnbHO 8Tll nepeXOJlbi 3SMenneabl llO cpaBHBHUIO C OJlllO'lSCTH'lHb!Mll1 'lTOObl nony'll!Tb 8KC

nepll:M9HTSnbHYIO HH<j>OpM/IllliiO 0 BKnane paanH'lHbiX JlByxKBH3ll'lSCTH'lHbiX COCTOHHHJ!, Coc

TOHHil:H c K" = 1 - , 11 2 - cnaoo xonnexTnanaHpoaaabl, B nepexonax aa_ 8TH cocronaHn 
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F -.3anpeT non*eH nrpaTb 38MC!THYIO ponb, HanpuMep, oeTa-pacnan Ta 
18 2 

c K 1T ~3-- n 
xon<j>nrypaunel! p 4041 - 510t aa ypoaeab 2- B W

182 
c aaepr11el! 1,290 Man HBn<teTcH 

F -.3anpemeaHbiM, ecnn ypoaenb 2- paccMaTpnaaTb xax nayxxaaaaqacTH'lHbli! c xon<!>n
/36/ 

rypannel! pp 514f - 402t , Kax noxaaano B , oxTynonb-oKTynonbnhle aaanMonel!cT-

BHH npHBOJlHT K TOMY1 'ITO nonH COCTOHlliiH PP 514t - 402t B COCTOHHnll: c K 1T = 2-

B 
182 

w 
/61/ 

COCTBBnHOT (95 - 97)% ll HM99TCH npnMBCb JlpyrHX COCTOHHIIJ!, CornaCHO 1 

nnH STOrO oeTa -pacnana log ft a· 8,1 I T,e, 8TOT oeTa-nepexon aaMennen no cpaBHOHHIO 

c ooci'lHbiM paaperuennciM nepexonoM npnMepHo a 100 paa. 3ToT oeTa-pacnan nne'l' onaronap'l 

npHMOCll K yxaaanHOMY llBYXKB83H'lQCTH'lHOMY COCTOHHHIO llpOTOHHbiX COCTO<!HHJ! 

pp 40H - 532 J 
1 

PP 40H - 52 1} II nel!TpOHHbiX COCTOHHHfi no 642 f - 5}0 f II 

402 t - 510 t , · ITpoaeneHHbiO oneHKH cornacyroTCH c naMepennhiM na onb!Te aaMennenHeM 

8TOrO OOTa-nepOXOilAo 

CnenyeT oTMeTnTb, 'ITO F -aanpeT ocTaeTcn B cane npn nepexonax na cocTOHHil:H1 

KOTOpblO B MO)lena C y'lOTOM B3HIIMOilOi!CTBil:H KBS31l:'lACTllllo HMOIOT JlBYXKB831l:'lHCTII'lfiYIO 

cTpyxTypy. B aTOM cnyqae onpeneneHne cTenenn F -aanpeTa noaaonneT nony'liiTb cae-

neann o cnnax, xoTOpbiO ne y'lHTbiBHJOTCH B c_nepxTexyqel! Monenu nnpa aooome. 

ITepel!neM K oocy*JlOHHIO" Q -aanpeTa, B MeTone npnonn*eHnoro nTopn'lnoro xaanTo-

BSHHH BOnHOBS!I <j>yHKUIIH OCHOBHOrO COCTO!Illll:H 'lOTHOro Hllpa 
qr onpenenena KaK oec<j>o-

HOHHaH1 a BOJ!!IOBb!O <j>ynxnnn B030Y*IlOHHhlX COCTOHHHI! KSK OllHO<j>OHHb!O, Kax BH)lHO ll3 

(3,9), BOnHOBa!I <j>yHKlliiH OCHOBHOrO COCTOHHHH qr conep*ll:T oecxaaau'lSCTH'lnyro, 'lOTbipex-

'laCTH'lHYIO II T,O, 'lSCTllo 8 STOll. TpaKTOBKO CTporiil! Q -aanpeT nepecTaeT cymecTBOBHTh. 

Onnaxo B aToM cny'lae Q aanpeWOHHbiO IIOpOXOJlhl OYilYT CIInbHO OCJIHOIIOHbl no cpaBHOHHIO 

c ananorii'lllbiMII, ao Q -paapemeiiHb!Mil: nepexonaMn, Onpeneneniie cTeneHH Q -.3anpe-

Ta naeT aa*nyro IIn<j>opMa!lnro o np11Mecn MHoroxaaan'laCTH'lHbiX cocTORHIIli, · Cornacno aa

mH_M paC'lOTaM , , Q -.3anpemeniiMe rrepexonhl non*Hbi Ob!Tb cnnbao ocnaonenbl, 

Vlll, 3aKnJO'l9Hll0 

HeoOXOJliiMO OTMOTHTb
1 

'ITO cnepXTeKy'laH Monenb Hllpa HBnHOTCH llOBOJibHO rpyool!. 

Ocoool! xpiiTil:KII aacny*HaaeT xax aaeneniie MyiibTIIIIOnh-MynbTnrronbnoro aaanMonellcTBnH 

( 003 OOMeiiHbiX 'lnOHODI) 1 TaK II MOTOilbl pemeiiHH 3Hil8'11I MHOrHX Ten B 8TOM cnyqae, noc~ 

xonbKY aecbMa Tpynao cxonbxo-HIIoynb cTporo ooocaoaaTb MyHbTIInonb-MynbTIInonbnoe 

B38HMOilBilCTBH0
0 

TO MOJKHO paccy*JlHTb Tax: nocTynHpyeM1 'ITO raMIInbTOHIISH B38llMOJlOi!

CTBIISI HMOOT Dllll ( 2, i) 1 npiiOnH*OHHO pOWIIM aanaqy II BbiBOil 0 IIpll:MOHIIMOCTH MOilOnli 

cnenaeM na ocnoae cpaaaennH TeopiiH c axcrrepnMeHTOM, Bb!noniienHe aTol! nporpaMMbi 

oxaaanocb B03MO*Hbi:M no TOI! npu'lnne, 'ITO 'liiCIIO napaMeTpoa a aToll aana'le MIIoro 

. MeHbWO 'liiCna OIIIICb!BaOMhlX .KCIIOpllMOHTanbHbiX <j>aKTOB, neJ!CTBHTOnbHO, KOHCTSHTbl 
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GN II G z· onpe!lenHIOTCH II3 aaaqeaiii! napHhiX auepriii!, a npu onucaauu aaepruli KBH!l

pynonTHbiX II OKTynonbHbiX COCTOHIIII!i BCnOnb3YIOTC!! JlBB CBOOO)lHblX napaMeTpa K(
2
) II IC(S) 

l:fa cpaBHeHH!I pe3yilbTaTOB paC'IOTOB C 3KCnepHMeHTB/IbHblMH ABHHb!MII MOJKHO CAeiiBTb 

CiiOAYIOmHil Bh!BOA: cornacHe OKH3BnOCb YI!,IIBIITenbHO XOpOmiiM, 0CHOBHbie CBOilCTBB KBBA

pynonbHbiX H OKTynoilbHhiX cocTO!!HIIil oniicaaw npaBHnbHO, HII"'eM Heilb3H noCTilBHTb noll 

COMHeHH8 TBKHe peaynbTBTbl 0 KBK onycKBHIIe 3HeprHil I'BMMB-BHOpBUIIOHI!biX COCTOHHBII HIIlKe 

08TH-BH6paUHOHHbiX B H301'0nax AIICnp031Il! H 3pOHH 0 KBK onyCKBHBe OKTyno/lbHblX !{ 1T = Q -

COCTO!IHHII Hl!)Ke oeTa- H I'BMMB-BHOpaniiOHHhlX_ B H30Tonax TOpH!! 0 ypaHa H nnyTOHHH H Apy

rHe, Bee aTn <jlaKThi yKaabiBaiOT aa To, "'TO B paMKax CBepxTeKy'Iell MoAenH !!Apa yAanoCb 

npaBBnbHO onncaTb Ty 'IBCTb OCTBTO"!Hb!X B381IMO!leilCTBHi! MeJKAy HyKnOHBMH 0 KOTOpa!! HI'

paeT naH6onee cymecTBeaayro ponh B aTOMHblX HApax npH cpaBHHTeilbHo ne6onbmHx aneprli!!X 

Boa6yJKAenH!I, 

Cne!lyeT oTMeTHTb, "'TO cpe)laee none l!llpa HrpaeT pemaromyro ponb npH onpeAenennH 

CBOI!CTB HepOTBUHOHHhlX B030Y,lKA8HHbiX COCTOHHBII B 'I8TH0-"18THblX Ae<jlopMHpOBBHHhiX srnpax. 

Bo BCOX Hnpax A8i!CTBYIOT napHbJe H MYilbTHflOilb-MYilbTHflO/IbHbl8 CHnhi 0 KOTOpble OAHHBKOBbl 

B coceAHIIX !!npax n ImacTaHThi KOTOphiX MOHOTOHHO y6hiBaiOT c pocTOM A • Onycxanne H 

TOM CBMbiM KO/IneKTHBH3BUHSI COCTOHHHSI C naHHblM K 1T B OAHOM SlApe, UOAHHTII8 ero H 

npn6nHlKeHHe K ABYXKBB3H'<BCTH'IHOMY B npyroM l!llpe onpeAensreTcsr cpeAHHM noneM, TaKHM 

o6paaoM, cpeAnee none ynpann<~eT napHhiMH n MynhTHnoni.-MynbTHnonbHhiMH cnnaMn H onpe

AensreT xoaxpeTHhie oco6eaaocTH KaJKnoro srnpa. 

HeooxOAHMO OTMeTIITb, '!To B paMxax cnepxTexyqei! MoAenH srnpa nonyqeno eAHHoe 

OnHCBHH8 KBK ABYXKBB3H'IBC:rH"'Hh!X0 TBK H KOnneKTHBHbiX nepOTBUHOHHhiX COCTOHHIIli "'OTHbiX 

Ae<jlopMHpoBaHHhlX srAep. 

l:ia. xopomero cornacii!I TeopHH c axcnepHMeHTOM MOlKHO CAenaTb aaxnro'IeHHe, 'ITO 

cpenaee none !!Apa nocTaTO"!Ho npanHnbHO onHCbiBaeTcsr noTeauHanoM HHnhccoaa, 

B aaKnro"'eHHe cnenyeT OTMeTIITb 0 'ITO HCCneAOBBHHSI CilOlKHblX srnep Ha OCHOBe CBepx

TeKy'Ieil MO!lenH srnpa He pemHnn BC8X npooneM, 3TH HccneAOBBHHSI TOnbKO flOKaaann, 'ITO 

MIIKpOCKOnii'ISCKHII flOAXOA K onHCBHHIO CBOI!CTB Hllep HBnl!eTCSI MHOI'OOoemaromnM, il08TOMy 

BOCbMB BBlKHb!Mli SIBnSIIOTC!I paanH'IHble nonhiTKII BhiXOJlB 38 pBMKII MeTo)la npHO/IHlKOHHOI'O 

/29-31/ /68/ 
BTOpH"'HOI'O KBBHTOBBHIISI · t a TBKlKO pa3BHTHe HOBhiX MeTO)lOB • 0nHaKO cne~tyeT 

BM8Tb B BBAYo 'ITO TO"'HOCTb Bhi"'BCileali!I pa3/IB"!Hb!X xapaKTepBCT.iiK srnep HB OCHOBe 

cBepxTexyqeil MOAenH <tApa orpanuqena rnaBHhiM o6paaoM rpy6ocTbiO onucaHII!I cpenaero 

non!!. il03TOMy HBpllAY C pa3BHTBeM OOnee COBepmeHHhiX MeTOAOB pemeHBSI srnepHoli 3B!lB'IH 

MHOI'HX T8il HOOOXOABMO 6onee TO'IHO OnHCbiBBTb cpe):IHee none srnpa. 

B 3BKil!O'I8HHe BbipalKaiO rny6oKyro 6naroAapHOCTb H.H. Boronro6oBy II n,<l>orenro aa BHTe

peCHbie o6eylK)leHHsr II noMOmb, a A.A.KopHeliqyxy, K.M. )l(eneaHOBOH II r.IOarxnayaeH aa co

CTBBneHHe nporpaMMbi B npoBe)leHne 'IHCneHHbiX pac"!eTOB, 
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ilPHnO)I(EHl!E 

1. KoMMYTBHIIOHHble cooTaomeausr MelK!lY onepaTopaMB A(pp') 

B BX 3pMIITOBO-conpsrlKeHHblMH BM8eT cneAyiOmBI! BHn: 

A(pp'), B(pp') ,_B(pp') 

( A(pp'), A(p2 P;.(J ·~- oPP2 op'p'i-· oPP;·op'p2 -·Iii oPP2 B(p'2-p'-l +: 
(n.l) 

+oP't>;.B(p 2 p) -·opp'
2
-B(p 2 p') -·op'p

2
B(p;·p )] , 

[ B (pp'·)' B ( p 2 'p'i )) a· o p2p•'?(p p'2) -· o pp'2 B(p 2p'·) ' 

[ n'(pp'·), s'(p p'·) I·~ o p'· B(p2p'·) -·op'p B(pp;·l , 
22 p2 . 2 

[B(pp') ,A(p2,p'2)) .. oPP'a A(p'p2) -·o PP/(p'p'~ ) , 

[ B(pp').A(p p '.)] ·~· 8 A(p'·p'·) -•0 , A(p p'·) • 2 2 pp2 4 pp 2 . 2 

[B(p,p'·), A(p 2 p'2ll·=--· opp•1 A(p 2 p'·l -·opp•l<P 21>'·), 

[B(p,p'·l.·A<i>2 p'i)J .... oPP'2 A(p'p2 >-·oPP2 A(p'p':i> • 

c n.2) 

(n.2') 

(n,3) 

(n.3') 

cn.4) 

(n.4') 

-· +: -
[A(pp'·), A(p2p;·l )•=--· %1 opp'2 B(p2p'·) +· ~PP2B(p'2p'·)-

c n.6) 

-• op'p':i B(p 2 p) -•op'p
2 

B(p;·p)). 

HeTpyAllO UOily"'liTb KOMMyTBlUIOllHbie COOTHOmelliiSI, 3pMIITOBCKB COUplllK8BHbl8 K yK83BllllbiM 

Bblme. 0CTI'lnbBbie KOMM}"TBUBOllHble cooTaomeBBSI MelK)ly 3TBMII onepaTopaMII paBllbl aynro, · 

+ 
2, KoMMyTalUIOHHbl8 COOTBOmeBH!! M8JKAy OUepaTOpaMII Q1 , Q I , II B(pp') HM8IOT 

cneAyiOIIIBII BJ!A: 

+: l t'• I I'• -. -;J -rl. -~« .. 
[QI ,QI'·)a• * "i.,(t/J••'·1/J••'·-·¢ •• •.¢a•'·+:t/J••'·"'••':"'¢ao'• ¢ •• •) +: ... 

I t'· I t'· -t -•t'· -•1 _,1'· 

+: * v;'. (t/Jw•.I/Jw•. -·¢ w•.<~>vv•.+: t/Jvv'·"'w'· -· ¢w•.¢w•.> 

*:s {(t/11 "'•'·-·¢· ¢1'· +:¢'1 .;•'· 
a

1
e

2
a

3 
11 1 11 2 •t 11 a •1•a 11 1 11 2 • 1 8 2 8 1 • a 

-·, _,,,_ 
¢.

1
•

1 
¢.,_ _JB(s1 s 2)+ 
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I 

··. 

I -zt'· -• I ' -•1 t'· - t'· 
+:(¢ ¢ -9¢ ¢ 1 " -t/1. 1/J +:¢ 1 ¢ )B(s 8 s 2 )1 

8 1 8 :a 8 1 • .S 8 1 8 8 11 1 8 2 8 18 2 8 1 8 3 8 1 8 
3 

8 
1 

8 2 , 

1 1'· I , -•1 -l'· -f -t'· 
-· Y, I l(tk o/1 -¢ "- 1 • +o/1 w -·¢ ¢ )B(v v ) +: 

vv 11 "1 112 11 1 11 3 11t 11a'"'11t 11 2 111 11 2 11t"a 11t 11 a 11 1 112 
3 2 

I 2 3 

t - t'· -=1 1'. t -•'· -·1 r'· 
+:(ofrvvofrvv -<f>v.vcf>vv+·cf>vvcf>vv -ofrvv .Pvv )B(v3v2)1 • 

1213 1812 1812 1213 

(n.a) 

+. I I~· I t'· -·, -1'· -·1 -.~. +· 
[B(pp'~,QI ] ••.• ~ l(ofrp2p'·"'p2p +:cpP2P cpp2p' +:o/Jp2p'o/Jp2p+:cpp2p ¢p2p'.)Qt'+: 

2 

1 l'· I '· -ll -1' -~ -l~· 
+:(o/Jp2p•:¢p2p +:<f;p2p o/JP

1
2p'.+:o/Jp2p' <f;p~ +<f>p2p I/Jp2p•)QI'· J, 

<n.7) 

-3, KOMMIITallHOHHbi9 COOTHOW9HHII M9lKAY onepaTopaMH A(pp'·) , A(pp'~ a spMn-
1· I 

TOBO-conp>DK9HHbiMH !IaKnanbiBaiOT !Ia ljlyiiKllliU o/J pp'. 1 if> pp'. 
1 ::z•l 

oppp' II 'I' pp' 

nononHIITenbHbl9 COOTHOW9HHIIo nycTb Q 1 .I>: •· 0 1 TO rna II a 

<[ A(pp'J, A(p 2 p'2)] ;.: •· 0 

cTporo cnenyeT, qTo 

1 I I 1· 
I ( .p , ¢ , -· o/1 , ¢ , ) - 0 , 
I pp p2p2 P2Pi pp 

(n.il) 

II nanee 
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-1 -1 -I - 1 · 

~- (1/Jpp'· ¢p2p2-·.Pp2p'i"'pp'·) •. 0 ,. (n.B') 

1· - I -I 
I ( "'pp' ¢ I • -·¢ • ifi • ) •· 0 •. 
I ' • P2P :i pp • P2 p 3 <n.s .. ) 

Ha ycnoaag 

+: 1 I I I 
<[A(pp'·),A(p·2P;·> ];>] •. I (o/lpp'·"'P p•.-·if>pp'·"'P p•.> 

• 2 2 2 2 

cnenyeT, qTO 

1 I · I 1· 

I ( o/1 pp' • .p P P -· ¢ pp'. ¢ P p'. ) •· 
I 2 2 2 2 

•· 8 Bp'p' +:Bpp' Bp'p -· Y, 1 BPP < B (p;· p'·) >i +: p -p2· :i 2 2 2 

(n;'9) 

+:Bp'.n' < B(p
2

p)>i+: BP, <B(p 2 p'·)>'+:B, <B(p'2p)>ll 
r:t P1 P"P2 
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1 

TacJJillga I 
O~HoqacTnqaue ypoBHH cpe~Hero nona n xapaKTepncTn~ ocaoBHUX 

COCTOHHHli HettTpOHHOtt CHCTBWH B OClnaCTH I 50 -'A~ I86 

£% L'njA.tl, -lit Ez. ex An. 
N Kn[NnaliJ ~ N I<TT [N"z.AJ o · ~~ %.3., 
, ll I/2 - 550 o,,oo- IOB 9/2 ... 624 !,55+ 0,124 I,559 

ll 3/2 - 54I 0,06- IIO I/2 - 5I01 I ,62 + 0,135 I,6I3 

ll 5/2 - 532 0,!2- II2 3/2 - 512 !,66+ O,I42 !,660 

ll 7/2 - 523 0,3?+ II4 7/2 - 503 I, 71-" 0,!46 1,703 

ll 5/2 + 402 0,39- 9/2 - 505 I, 74-t 

I/2 - 54I 0,4I + 3/2 - 50! 1,75+ 

7/2 + 404 0,58- I/2 + 651 I,?at 

I/2 + 400 0,601- I/2 + 640 I,79+ 

9/2 - 514 0,6I.j- II/2 + 615 I,83T 

3/2 + 402 0,66 + I/2 - 770 !,97-

I/2 - 530 0,82 + lf 3/2 + 642 2,03+ 

II/2 - 505 0,85 ·t lf I/2 - 50! 2,09 +-

3/2 - 532 0,9I .\- 5/2 - 503 2,15 + 

~0 I/2 + 660 0,95 -\- 0,137 0,968 lf 3/2 - 76I 2,I6-

p2 3/2 + 651 I,oo+ 0,136 I,OI8 5j~ -t t"il -/ 

~4 3/2 - 52I !,04 +· !J,13I I,068 -~ ~· v £ J- + 
p6 5/2 + 642+ 1,08 0,120 I,I23 l ,... 

98 5/2 .:. 523 -t I ,II O,I04 I,I95 
(/C,. "-

-1-t I i~(,? 3 
~00 7/2 +. 6331- 1,26 ·O,I06 1,273 

[02.1/2 .:. 521-t' I,30 0,104 1,341 

~04 5/2 - 512-\- I ,36 0,099 I,4I9 

[06 7/2- 514+ !,48 O,III 1,497 
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Ta6Jll!BA 3 ~ 
Ta6J111ga 2 

0~HoqacTRqHHe ypOBHR cpe~Hero fiORH D xapaKTepHCTHKH OCHOBHHX COCTO~~JU npo-
Q~HoqacTRqHHe ypOBHII cpei!Hero nORH H xapaKTepiiC_TIIKH OCHOBHHX COCTOHHIIil 

TOHHOil CHCTelltl B o6naCTD 150-'. A ' 186 
Hel!TpOHHOil Cl!CTei!H B o6naCTll 228 4 A{, 254 

~ fo N £~ cfo A~ 
z Ku[Nn2 11] £~ c,% ~ z Kll[Nnxll] E(~ c~ .. "'r~o f./ Kn[Nnzll] £%. :t:... ~ Ku[Nnz/1] ~- ~ ~ .. 

~. ~ .. 
lf 1/2 + 440 -t 0,39_ Jj,, .. ; ,) r -t II/2 - 505-\- 2,04 138 3/2 + 631 0,7II O,II9 0,734 

lf 3/2 + 431-t 0,46_}r J·/v ~ o.s-t !! 1/2 + 660-1 2,II I40 5/2 - 752 0,72 O,II2 0,778 

5/2 + 422 -t" 0,67 3/2- 532-t 2,18 l! 5/2 - 523 -0,24 142 5/2 + 633" 0,78 0,104 0,826 

* I/2- 30I -1: 0,74 * 3/2 + 65If 2,25 
* 1/2 - 5I2 -O,I9 I44 7/2 - 743 0,85 0,099 0,880 

1/2 + 43I 4• 0,82 * I/2- 530.t- 2,32 
* 5/2 + 6~1 -O,I6 146 I/2 + 631 0,90 0,097 u,936 

I/2 - 550 + 0,98 * 5/2 + 642 + 2,39 !! 7/2 - 5I4 -0,06 I48 5/2 + 622 0,97 0,099 0,994 

7/2 + 413 + 0,99 5/2 - 523 .f 2,46 !! 5/2 + 642 -0,04 ISO 7/2+ 624 I,03 O,I07 I,048 

I/2 + 420"'"· I,06 lf 3/2- 521 + 2,53 !f I/2 - 5!0 0,03 I 52 9/2- 734 I,IO O,II7 !,094 

9/2 + 404-l 1,08 !f 7/2 + 633 2,60- 7/2 + 633 0,08 I 54 I/2 + 620 I,I7 0,126 1,133 

3/2 - 54 It I ,IO 7/2 - 514 + 2,70. * 3/2 - 5I2 O,IO 7/2 + 613 I,I9 

60 3/2 + 422-t I ,20 0,124 1,252 S/z :s-t'l + Y,sf/7 ,, lf 9/2 - 505 0,16 3/2 + 622 1,20 
c 1~, ~--

62 5/2- 532+ 1,31 0,!27 -~·325 9f2 --1•"\-...t !,of-- 9/2 +624 0,27 II/2 - 725 !,22 

64 5/2 + 4!3 '\- 1,36 0,!29 1,391 ~-/ o- s-c:)+?.13 .. / I/2 + 651 0,41 9/2 + 6!5 1,23 

66 3/2 + 4IIt 1,42 0,127 1,458 I' J /_' 3/2 - 501 0,44 I/2 - 761 1,33 

68 7/2 - 523 t 1,48 O,I23 !,528 "Y:f 5/2 - 503 0,45 1/2 - 750. I,35 

70 I/2 + 4IH I ,56 O,I2I I,60I 
. 

0,48 9/2 + 604 I,4I II/2 + 6I5 

72 9/2 - 5141: I ,66 O,I23 !,671 I/2 - .770 0,52 13/2 - 716 I,43 

74 7/2 + 404 t I,69 O,I2I I,737 I/2 + 640 0,55 3/2 + 6II 1,45 

76 5/2 + 402 + I, 76 O,II8 I,BOB I/2 - 50! 0,56 3/2 - 752 I,47 

3/2 + 402 4 1,86 3/2 + 642 0,59 II/2 + 606 1,48 

1/2 + 400 -t I ,90 13/2 + 606 0,62 5/2 + 613 1,52 

1/2 - 54I t I,97 3/2 - 751 0,66 !f 5/2 - 743 1,56 

lf 3/2 - 707 1,58 

!f 15/2 - 707 !,62 

~I/2 + 6II 1,65 
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Tai5JII!!Ja 4 

I 
Tai5Jnr!Ja 5 

0~HO'laCTH1{HUe ypOBH~ Cpe~HerO nOnH,XapaKTepHCTHKH OCHOBHUX COCTOHHV.~ npo- ::JHeprv.v. nepBux BOaoyJK~eHHliX cocTOHHH~ c KTf = 2+ ( B !AsB). PacqeTU np11 
TOHHO~ CHCTBJ.Ill B ol5naCTH 228-' A {, 254 

1e12)= k A -"!J J..w, :lr: {2)- 'f7e (.1.) 

' "I' - . 

Kn[IVnz.ll] £% ~ ){ E% ?i )%:. H~po 
OnuT uepBUil PacqeTll no cxeue I PacqeTU no cxe-

z ~- z K7T[Hnzli} CCllnKa nonroc K=9,.5 k=8,2 Me ll. 

0 ~" ~ ~ ty=i 9-=1.3 k=8,1f; 'Y =1 . 
roo 7/2 + 633 0,99 O,I04 1,045 

t.Jl (,)1 Wt (J)I. 

!! l/2 - 550 O,OI 7/2 - 5I4 1,07 Nd150 1,060 3,9 2,15 1,7 1,5 1,4 

!! 3/2 _- 541 0,07 
I' Sm152 1,086 IS 2,15 1,6 I,4 1,2 

I/2 - 521 1,I6 
5/2 - 532 0,15 9/2 + 624 1,I7 

snii54 I,44Lf 40 2,20 1,6 1,3 1,3 

!! 3/2 + 422 0,19 5/2 - 512 1,22 Gd154 0,998 IS 2,I3 ~.4 1,1 I,3 

7/2 - 523 0,23 9/2 - 505 1,33 
Gdi56 1,156 15 2,20 1,4 1,1 1,3 

• 
!! 5/2 + 4!3 0,24 .. 

II/2 + 615 
Gdi58 1,190 4I,48 2,88 1,3 1,0 1,3 

1,36 
!! 3/2 + 4II 0,25 3/2 - 512 1,48 

Gdi60 - 1,020 39 2,33 1,3 I,O I,I 

!! 1/2 + 4II 0,39 7/2 - 503 1,50 
Dy158 0,945 v42 2,05 I,O 0,95 0,95 

5/2 + 402 0,43 1/2 - SID 1,54 
Dyi60 0,966 15 2,04 0,97 0,93 0,93 

7/2 + 404 0,44 I/2•+ 651 1,59 
Dyi62 0,890 39 

' 
2,04 0,87 0,81 0,83 

9/2 - 514 0,48 13/2 + 606 I,6I Dyi64 0,770 39,43 2,03 0,82 0,75 0,76 

3/2 + 402 0,49 5/2 - 503 1,65 Er 164 0,861 39,42 1,90 0,88 0,83 0,87 

I/2 - 541 0,50 !! 3/2 - 50! 1,69 
Eri66 0,788 IS I,90 0,82 0,79 0,80 

I/2 + 660 0,55 !! I/2 - 50! 1,73 . Eri68 0,822 IS 1,89 1,0 1,0 1,0 

II/2 - 505 0,60 !! 1/2 + 640 1,77 
Eri70 0,930 39 1,40 1,2 1,2 1,2 

I/2 + 400 0,62 !! I/2 - 770 1,80 
Yb168 0,986 42 2,00 I,4 1,4 1,3 

3/2 - 532 0,65 3/2 + 642 
Ybi72 1,468 IS 1,40 1,4 1,4 1,4 

!! 1,82 Yb174 2,09 1,8 I,8 I,S 
90 3/2 + 651 0,68 0,141 0,753 !If 3/2 - 76! !,86 Ybi76 1,270 2,05 1,5 1,4 1,2 

92 I/2 - S30 0,7S 0,!30 0,803 !If 3j2 + 63! !,92 
Hfi74 1,39 1,4 1,H 1,4 

94 S/2 + 642 0,83 0,!20 0,8S9 !E S/2 - 7S2 I,9S 
Hfi76 1,343 57 2,L6 1,7 1,7 1,5 

96 S/2 - 523 0,86 O,IIO 0,92! 
Hfi78 1,480 46 2,04 1,4 1,3 1,2 
WISO 2,03 I,O 0,94 0,7 

98 3/2 - 52! 0,99 0,!09 0,987 wiS2 1,222 IS 2,10 0,7 0,6 
wiS4 0,904 IS I,BO 
wiS6 o, 730 59 1,78 
05184 1,60 
08IB6 0,768 IS 1,60 
05rss 0,633 47 1,60 
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Ta6J!li!Ja 6 'r Ta6J!llga 7--

8Hepr~~ nepBHX BOa6ym~eHHHX COCTOHHHH C fen = 2-t ( B MaB ), 
bHeprHH BTOpHX BOa6y~~eHHHX COCTOHHHM C Xn = 2-t ( B iJaB), 

IZ) k/r"'J }._ <> ?e"/'12) = lf x r~. 
Pacqer I!pH ?e1l)=I0A·~ Uo 

t 
?e (1.} (l} 

Pacqer npH ~ = w., , lop = :1e • 

OnuT liOJJIOCa PacqeT no cxeue I ll~po CcuJ!Ka nepB!Iil Bropoll )J,l\pO Oll!IT ilepB!Iil Pacqeru no cxeMe I Pacqer no cxe11e n . 
(J):J. CCHJIRa IIOJIIOC 1:= II k=9 k= 10; fJ'=' Wz 

Wt cy=i. 9-. = 1.3 
"' 

A) 

Th228 0,069 49 1,82 0,71 I,O I,O Gd!56 2,20 2,30 2,3 
Th2JO 0,780 50 1,78 0,77 I,O 1,0 . Dyi60 2,04 2,15 2,1 
Th2J2 0,788 51 !,45 O,BI I,O I·,O Dyi64 1,987 43 2,00 2,04 2,0 
Th2J4 1,46 0,99 I,I 1,2 Eri66 1,90 2,02 1,9 
u2J2 0,868 52 1,54 I,O 1,2 1,2 Ybi72 1,559 45 1,40 1,70 1,7 
u2J4 0,922 50 1,45 I,O 1,1 1,1 Hfi7S 2,04 2,05 2,o4 
u2J6 1,46 I,I 1,2 1,3 wiS2 2,10 2,II 2,1 
u2JS 1,062 51 1,05 1,05 1,05 1,05 wiS4 

1,80 2,02 1,9 
Pu235 1,45 I,I 1,2 1,2 06raa 

1,57 1,76 1,6 
Pu2J8 1,030 50 1,45 1,2 1,2 1,3 Th2J2 

1,45 1,74 1,6 
Pu240 0,942 50 1,04 1,0 1,0 1,0 u2Ja 

1,05 1,52 1,3 
Pu242 1,55 I,I 1,2 1,3 Pu~40 

1,04 1,58 I ,If 
Cm242 1,04 1,04 1,04 1,04 Cf250 

1,39 1,82 1,4 
Cm244 I,5I I,I 1,3 1>3 
Cm246 1,80 0,9 I,O I,O 
Cf!50 1,032. 53 1,39 0,6 0,9 0,8 
Cf252 1,39 0,5 0,8 0,7 
Fm252 I,II 0,5 0,8 0,7 
Fm254 0,692 54 I,II 0,3 0,7 0,6 

74 75 



Tadl!lll!a 8 I 'r 

:Jueprllll nepBHX B036y:~;~teHHHX HepoTaUI!OHHHX COCTOHHliR C Kii - 0+ ( B II3B). 
(l} 1: j(!J ~ {l) (R) 

PacqeTH np11 :11: • • , 'Je"f' -'/'lie , I Ta6Jillntl 9 

---------------r ----- I 
:JueprliH nepBHX HepOTRUIIOHHHX B036y:~;~teHHUX COCTOHHIUI C J!TT• 0+ ( B II3B) •. 

llepBUR PacqeT no cxewe I PacqeT no cxewe n (~} k. -~ i.,$ (Z) (Z} 

l1,11p0 OnHT 
CcUJIKa k-95 k-e,s 

PacqeT npl! ?C • II • , ?e"f' • 'f ::re • 
nOJIIlC k·3,lf; 'J'=f wt l}'-'1. era~.~ 

I ___ f!ti_ __ w, "dL-- OnHT CcHJIKn llepBHR PacqeTH no PacqeTH cv:~, no 
ll.~tpo noJIIlc cxelle I i. cxelle n · 

Nd150 o,690 J9 2,00 2,0 
W:~, K.•U; '/'" k. d,B ;.!t:.£_ 

- - -----------------·------------~-------

sm152 0,685 15 2,00 2,0 - - Th 228 1,28 1,27 - -
Sm154 (1,020) 40 2,10 2,0 o,8 Th2JO o,6J4 50 1,28 1,00 

Gd154 0,680 15 2,00 2,0 - - Th2J2 0,725 51 1,24 1,2J 

Gd156 1,040 J9 1,98 1,2 1,0 Th2J4 - - 1,12 1,10 0,9. 

Gd158 11 8J 1,4 1,J o,8 u2J2 o,69J 52 1,28 1,14 0,7 

Gd160 1,55 1,4 1,4 1,2 u2J4 0,810 50 1,24 1,24 1,0 

D,y158 0,991 42 1,60 1,1 . 1,2 o,9 u2J6 - - 1,11 1,11 1,0 

ni6o 1,60 1,5 1,5 1,2 u2J8 0,994 51 1,20 1,00 o,1 

D,y162 1,54 1,4 1,4 1,J Pu2J6 - - 1,19 1,12 1,0 

ni64 1,58 1,5 1,5 1,5 Pu2J8 0,940 50 1, 11 11 l0 1,0 

Er164 1,248 44 1,54 1,4 1,4 1,J Pu240 0,870 50 1,19 1 1 0J o,8 

Er166 1,460 15 1,66 1,6 1,6 1,5 Pu242 1,16 1,1J 1,0 

Eri68 1,41 1,4 1,J 1,4 Cm242 1,19 1,08 o,8 

Er170 1,48 1,4 1,4 1,2 . · Cm244 1,16 1,15 1,1 

Yb168 1,191 1,74 1,6 1,6 1,J Cm246 1,27 1,21 1,J 

Yb172 1,48 1,48 1,48 1,2 Cf256 0,92 o,92 0,92 

Yb174 1,66 1,6 1,6 1,4 Cf252 0,92 o,92 0,92 

Yb176 1,46 1,4 1,4 1,4 Fm252 1,21 1,18 1,0 

Hf174 0,827 42 1,J6 1,J 1,2 1,0 Fm254 1,27 1,15 0,9 

llf176 1,250 57 1,J6 1,J6 1,J 1,3 
Hf178 1,197 15 1,36 1,36 1,3 1,3 

w180 0,980 1,45 1,45 1,4 1,4 

w182 1,53 1,53 1,5 1,5 
w184 1,52 1~52 1,5 1,1 
w186 1,52 1,52 1,5 

08184 1,5J 1,52 1,5 1,4 

08186 1,60 1,6 1,6 

os188, 11 086 1,74 1,7 1,7 

77 
76 



Ta!lJII!Ua 10 

3Heprllll BTOp!IX B036yX,I(eHH!IX HepoTaUl!OHH!IX COCIORH;!R C kll= 0+ " (B M3B), 
. (2) - >;g J 0 (2) (~) 

Pac'!eT np11 ?e = I{ A M<J,. , ?e.,.. = ?e . 

!lOJIIJCa ?ac'!eT no 
i!)(pO OmlT 

t<)~ 
CC!IJ!Ka nepBH_ll BTOpoll · cxe1o1e I 

tVz-
162 

D;y 1,54 1,59 1,57 
. 164 
Er 1,54 1,66 1,60 
Hf178 1,440 15 1,36 1,54 1,43 

188 
Os 1,765 47 

2J2 
1,68 1,69 I,68 

Th 1,24 1,26 1,25 
u2J4 1,044 50,56 1,24 1,26 1,26 

2J8 
u 1,20 1,54 1,52 

240 
Pu 1,19 1,20 1,19 

78 

Ta!lJIIII.la I1 

3Hepr11H OKTynonLHHx coCToRHll" ( B M3B). 

Pe.c'ler np11 

?c (I}= X: (.3) = "'"' (I) •.,. (1} • (.3)= 0 00{02 Jl.3 
" p """"/' - "' > ?e ' o• 

Kii=O- kli=i- 1!11=2-
ll,llpO 

On!IT llepBilll Pacqer OnllT llepBilll 0 llepBil~p 
W_L nOJ!llC r.l.L r.l_1_ nOJillC P11£~eT ~~T nonllc ~er 

152 
1~50 Sm 0,963 1,15 1,79 1,63 - 2,15 2,,12 

sm154 0,927 1,50. 0,91 !,79 1,53 2,17 2,16 
Gd154 2,15 1,:n ... 1,3 1,82 1,64 2,02 1,81 
Gd156 2,05 1,08 1,242 1,82 1,52 2,02 1,80 
Gd158 2,01 1,01 1,82 1,59 2,02 1,79 
Dy158 2,05 1,20 1,86 1,65 1,40 1,19 

o/6o 2,0i 1,17 1,97 1,76 1,264 1,40 1,18 
oi62 1,87 1,36 2,02 1,99 1,40 1,15 

07164 ' 2,49 1,70 1,76 1,72 0,977 1,40 1,15 

~r164 1,87 1,4J 1,97 1,96 2,15 1,92 

~r166 
. 

1,66) 2,04 1,70 1,826 1,74 1,72 2,15 1,89 
!r168 2,04 1,70 1,60 1,5J 2,15 2,05 
Cb168 2,04 1,76 1,70 1,69 2,17 1,94 
Cb172 2,02 1,7J 1,605 1,56 1,48 2,15 2,24 
Cb174 2,02 1,76 2,02 1,92 1,)21 1,72 1,4J 
If174 2,16 . 1,89 1,29 1,27 1,79 1,60 
ul76 1,722 2,16 1,88 1,159 1,29 1,27 1,280 1,72 1,J8 
u17E 2,50 2,18 1,29 1,27 1,79 1,5J 

11ao 2,65 2,20 1,35 1,J4 1,J6 1,17 
1182 2,50. 2,20 1,92 1i9l 1,290 1,J6 1,22 

79 

CcllJ! Ka 

15 

40 

15 

15 

15 

55 

15 

45 

15 

57 

15 



Ta6JBIJ:(a 12 

:JHepr1111 OKT)'OOJJbHiiX COCTOliHIIR ( B 14GB). PaC'ICT npll 

.,. w- ~ (3) .,. (J)_ (J) _fJ)= 0 00052 fu$, 
~~,.,.,.. - "'-r a:: ''"'¥ = x. " ,._ _, • 

l<u=i- I<Ti=2-
---------.------------------------------------------ Clill-
J<ii = 0-

ll.n;po ------lfep!l!Tir----p-a-c-q-ef"J--unirrrrepa!Tir--p;;~-;;[---o;;-;;---n;p;~i--P";~~;;-t Ka 
OnliT nonllc nonllc . nonllc ___ _ 

-------------------·------------- ---------------------- ---------------------
228 

Th o,J28 1,670 0,120 

Th2JO 0,508 1,600 0 0 545 
2)2 

Th 1,750 0,780 

Th234 1,760 0 0 790 

u232 o,564 1,590 o,650 

u234 ,795 1,690 o,860 

02)6 1, 690 o, 875 

u238 I o,6J2 1,580 o,790 

Pu2J61 1,210 o,880 

Pu2! 8\ o,600 1,270 0,890 

Pu240 o,610 1,270 0,8JO 

Cm242 

Cm244 

Cm246 

Cf250 

Fm254 

1,560 1,060 

1,700 1,140 

1,800 1,260 

1,450 1,240 

1,JOO 1,140 

1,6JO 1,280 

0,954 1~520 1,250 

1,220 1,120 

1,410 1,220 

1,500 ,1,)20 

1,210 1,140 

1,400 1,260 

1,J40 1,220 

1,210 1 0 1JO 

1,400 1,270 

1,J40 1,220 

1,JJO 1, 210 

1, 5JO 1, 500 

1,200 1,170 

1,5JO 1 0 460 

1,580 1,540 

80 

•1,12) 1,900 1,700 

1, 770 1,560 

(1,045) 1,560 1,420 

1 089G 1,8JO 

1,560 1,510 

1,560 1,J90 

1,550 1,540 

1, 550 1, 550 

1,550 1,J90 

1,920 1,J90 

1,920 1,470 

1,7JO 1,720 

1,480 1,270 

1,480 1,250 

0,980 0,980 

1,580 1,480 

49 

50 

51 

52 

49 

51 

50 

50 

Taell!i!J:(a D 

llpHBB)\eHHiiC BepOliTHOCTII 3lleKTpOKarHHTHiiX nepeXO.I\0! ( B O~oqaCTHQH!iX 6)\IIHHUAX) 

f2J kA-rll • 1. aJ .i.:j .llllll lUCP B OClJJaCTI! I500.Akl86. PacqeT np11 ""- = A~<J,, 'J'= , ::IC. =p o, 

------ ------------r---------eJ.~l-c-e_. _" ___ _ 
B(E2) c yposaa K ii "' 2 + B(E2) c yposHl!l.vK.JO B(F3)ic_ yposH.II 

p I~J-0 
ll.n;po 

0 

acqeTk 
5 

. 
00117

. Pacqet Pac'let- Cclll!KH 

-------~-T---------- =9, ----~:~>;0 --- 3e ·~'1' p s ~J.00(02 

Nd150 

sm152 

sm154 

Gd154 

Gd156 

Gd160 

Gd160 

Dy162 

n?64 

Er164 

Er166 

• Er168 

Er170 

Y1i168 

Yb170 

Yb172 

Yb176 

Hf176 

Hf178 

w182 

w184 

.. 186 

J,6 

5,0 

7,0 

2,8 

J,4 

J,2 

J,4 

4,1 

6,8 

7,J 

5,5 

4,9 

5,5 

5,5 

1,8 

2,0 

2,J 

2,9 

J,J 

J,9 

5,2 

6,1 

6,1 

5,7 

4,8 

4,8 

2,7 

g_._.z 

2,2 

o,o2 

2,2 

2,J 

2,6 

6,6 

6,1 

J,9 

4,5 

2,9 

4,8 

4,1 

4,6 

4,J_ 

4,8 

5,8 

4,9 

4,9 

4,5 

4,2 

4,,4 

J,4 

J,J 

4,0 

5,2 

5,0 5,4 

J,4 4,5 

J,O 

4,4 5,5 

J,J 2,8 

0,50 

o,Jo 

1,0 

at 

4,0 

J,2 

5,8 

J,4 

5,5 

6,0 

5,0 

4,5 

5,0 

4,0 

4,0 

4,0 

4,J 

4,0 

J,8 

J,9 

1,7 

J,5 

4,0 -

J,O 

2,8 

2,2 

J9 

J9 

J9 

.39 

.39 

.39 

J9 

J9. 

.39 

J9 

.39 

J9 

59 

59 



Ta6Jiln~a 14 

llpHB8~8HHH8 BepOfiTHOCTH SJieKTpOKBrHHTHUX nepeXO~OB ( B-O~HoqaCTHqHUX 

e~HHHnax) .Mll l!~ep s o6nacrH 228 ~A~ 254. Pacqer np11 

?t.f•J=kA-%Jw;.,, 'f"'J_' ?C.(J)=jJ /uJ.,, 

---------------------------------·----------------------
B(EJ) c cocr.Iiik'=.S-0 

B(E2)c coer. Kil=2+ B(E) c coer. 

_hi<= 2 +0 
ll Pacqer -.npo Pacqer Onur Pacqer 

Ccun
KH 

k = 1.1. n.• Xerp. p= 0.00052 

--------~~:_ ___ e~=.ezr: _____ fw..::...t2 .. l.r:--------------~-=-~------

Th 228 

Th2Jo 

Th2J2 

ifJo 

ifJ2 

U2J4 

u2J6 

if38 

Pu2J8 

24o 
Pu 

242 
Pu 

Cm244 

Cm246 

Cf250 

Cf252 

Fm252 

Fm254 

J 

2 

6,5 

4,8 

4,0 

4,1 

J,4 

2,5 

2,0 

2,5 

1,4 

2,2 

2,5 

2,~ 

J,O 

4,8 

6,4 

5,J 

8,J 

4,7 

4,9 

J,O 

0,45 

82 

12 

21 

29,5 

15,4 

14,5 

16,0 

15,0 

11,5 

11,5 

lJ,O 

8,0 

9, 5 

9,5 

8,o 

8,5 

5,5 

6,0 

1,5 

2,2 

51 

51 

Ta6J111na 15 
3KcnepH11eHralii>HUe 3Ha'leHHR lblft ~JIR 6era-nepexo.nos Ha cocrOIIHHII c Ili'K = 2t-2 

---------------------------------------------------
COCTOliHHe 

·HaqaJII>HOe Eeta-nepexo~ 3aeprllll 

(llss) 
CCUJ!Ka .a:,flt 

--Pa3pe~~~~~~-------------------

------------.------------------------------------------· 
pU1j 

Tm168 _ Er168 
n6JJf J+ o,822 

p651l 
Ao228 - Th228 n6J1! .3+ 0,969 

p5JOf 
J+ Pa228 -Th228 

n752f 0,969 

p642f 
2+ Nl'8-Pu2JB n6.3lj 1,0.30 

p642! 
Np24o -Pu24o n624f 1+ 0,942 

------- ·--------------
nepexciAu nepsoro .aanpe~eHIIR 

- p411! ------------------------
J- Eu152 __ sm152 

1,087 n52~ 

p411f 
n521f 

- p411f 

n521f 

p411l 
n521f 

p411l 
n512j 

p404f 

n51oj 

p402l 
n510f 

p521f 

n62of 

. p6JJ! 

n725! 

J-

J-

J-

2-

J-

J-

2-

2-

Eu154 _ Gd154 0,998 

Tb156- Gd156 1,154 

Tb16o_Di6o 0,966 

Tm172-Yb172 1,468 

Ta182 __:w182 1,22 

Re184 -w184 0,904 

Bk25o _ Cf25o 1,0)2 

Es254 ·-Fm254 0,692 

83 

-8,4 1.5 

7,.3 62 

>8,o 49 

6,2 49 

6,9 56 

9,5 15 

11,6 15 

7,8 15 

8,9 15 

6,8 15 

10,2 61 

7,1 56 

6,J 5J 

6,8 54 



TaOJil!Lia 16 

:Jxcnepl!MBHtaJibHile 3naqeHllll b!ft ,JlJIJI Oeta-nepexo;xoB aa 

COCTOJIHIIJI c IliK ~ i-0 
-----------------------------------------------------

:Jueprllll 1 ilaqaJibHOe Eeta-nepexo,Jl yOCTQJIHllll ~ fr;; Ccllnxa 

:~~!~-----'-------------------Q',?_B_) ------------------

p4111 

n5211 

p52J 1 
n6JJ 1 

n5JO I 
n6Jll 

o- Eu152 _____ sm152 

o- Ho166 ___._ Er166 

o- Pa2J4 _ tf!J4 

0,96J 5,8 15 

1,66J 6,8 15 

0,790 >8,o 60 

------------------------------------------------

p651f 

n6Jlj 

p5JO! 

n752f 

p642' 

J+ 

J+ 

1+ 

Ac228 - Th228 X o,J28 >9,7 

Pa228 _ Th228 X o,J28 >8,7 

Np24o __ Pu24o 0,597 6,J 

-----n624j ---------------x-)-;~-=~:~;::: -----------

84 

62 

49 

56 

Tae5ml!!a I7 

BepoHTHOCTII C5eTa-nepexo.ztOB ua cocTOHHl!ll c Kli = Ot. 
(2) (21 z -~J 0 • 

Pac'leT npl! ~ = ?ee"i" ( II npl! :>e •lOA "4Jo, 'ft=i 
1 

r.zte HBT 

HaqanD
Hoe COCTOll

Hl!B 

p S23{ It 
n S23f • 

p S23f It 
nS23j · 

p 523, O

n 633f 

p SI41 I-t 
n SI4J ! 

p S30f 0_ 
n 63I t 

axcnepl!ueaTaJIDHUX .ztaHnux) 

Onut 
EeT~-pacna,ll 

i (J1 p,...ut 
H:.l (!fr 

''Ho16~% 162 ~ o 
I 

2 

4,7 

7i {611 ~ (I If 
- /71 -(>'Z. 9 0 .6~0 

II~& t fGG 
no -e>"t 

I I,248 

2 

3 

9 0 

I I,460 

2 

Ta t7!.__ f/j na 9 0 

I I,I97 
2 I,440 

Pa ZJ"-?J.u'f 9 0 

I 0,8II 

2 !,045 

8,I 

7,S 

4,8 

S,I 

4,7 

~ 
7,0 

6,7 

Pac'leT 

CCOVIk!<¥ ~.'8 "t t ~fl 

IS 0 

I,4 

I,6 

44 0 

44 I,23 

I,6 

I,9 

IS 
IS 

IS 

IS 

!5 

58 

58 

58 

0_. 

I,4 

I,7 

0 

I,27 

I,45 

0 

I,24 

I,26 

I 

I,S 

0,2 

!iJ2 
4,5 

S,4 

I S,O 

2,8 4,6 

0,07 6,S 

0,13 S,9 

I!h!_ 
0,4 8,S 

o,s 8,4 

I 4,8 

I,46 4,6 

0,2 s,s 

I~ 
o,r s,s 
0,33 6,0 



Ta6Jlllna I8 

CneKTpocKuUI!'IecK!Ie waKTOPhl )!Jill nepexo~oB Ha cocTO!IHilll c KTT=- Ot 

B peaK!\1111 ( dp ) ~ 
Pac'leT np11 ~t2{.~::; (11 np11 ?et

2J=IOA-i!.J.,tf•l, r~e ReT 

3KCnepl!M8HTaJlbHbiX ~aHHUX) 

PeaKUI!ll 

tt i, 

CcJ_ 1s"(dp) Gd1.r6 52I\ g 
I 

~16{{dp}'f1tl62 6421 g 
I 

2 

fn 167{dp) &z_f68 6331! 
I 

OllbiT 

Wi. 
MaC 

0 

0 

0 

2 
UJL 

0,58 

0,34 

0,45 

ftl 177(dp)Hjf78 5I4j g o 0,43 

I I,I97 

2 I,440 

86 

w;. 
11a4' 

0 

I,2 

0 

I,4 

I,6 

0 

I,35 

0 

I,27 

I,45 

Pac'leT 

'1'.1 <! 
4~-s* _v_-s_L __ 

0,42 

2,8 I,6 

0,66 

0,59 0,2 

0,86 0,3 

0,55 

0,83 0,38 

0,57 

0,03 O,OI3 

O,I7 0,073 

Ta~Jli!Ua 19 

AJIJ4>a-nepexo.llll c ocHOBHbiX cocTOJIHI!II Ha nepBhle B03~yx,JJ;eHH!le cocTOJIHI!ll c I 11 1<=2+2, 
0+0, 1-0 '!8TH0-'!8THilX ~~OpMI!pOBaHHbiX~ep 

---------------------------~OHeQHHe-COCioiHHfl:--------;~~-P----------~~-----
AJib<lla-nepexo~ K- 3Hepr11ll (MoB) sanpeTa 

II . HF 
-------------------------------------------

0234 __ Th2Jo 

Pu2J8 __ u234 

Cm242 -Pu2J8 

Cm244 __ Pu24o 

o-
0+ 

2+ 

0+ 

2+ 

0+ 

o-
0+ 

2+ 

o-
0+ 

2+ 

87 

0,510 

0,640 

0,780 

0,810 

0,922 

1,044 

o,660 

0,940 

1 1 030. 

0,610 

0,870 

0,942 

JOO 

40 

> 20 

4 

> 20 

> 10 

160 

10 

> 20 

100 

J 

100 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 



· .. 

TadJII!I.Ia 20 

BKJia,ll JIBYXKBa31!4aCTI14HilX COCTOSIHI!II B KOJIJieKTIIBHile COCTOIIHII.II C l<t7 c2 + 

np11 

KoH(j!Hry-

~~~~M~~~ 
coer OI!Hll:t 

Z} - "!J 1 " ( {2) (~} I 
-;ct =lOA h-W., 'C.,p = ?e / (B npo!leHrax). 

l(ff') 
9Jy. ($"8 

i=i i.:2 

Yl n 2 

i. = :l i. =.3 

Ylns 

i.=i i.:2 
-----------------------a~~po~~~e-~ox8HS-----------------------· 

52JI - 5211 

5121 - 5211 

5121 - not 

514j - 5l2l 

505j - 50J! 

6421 - 6601 

6JJI -651! 

5J21 + 5JOj 

521f + 521/ 

5121 + 5101 

651J + 660f 

-1,28 

+0,14 

-1,82 

-1,50 

-1,70 

-0,77 

-0,68 

-1,06 

-1,45 

-1,82 

+0,85 

1,7 

10-J 

o,o7 

o,o2 

1,0 

7,J 

1,5 

2,0 

4,1 

o,o2 

9,5 

o,o1 

10-5 

10-4 

l0-4 

o,o1 

1,4 

o,JJ 

o,o4 

o,o6 

10-4 

6,0 

o,o5 

99,4 

0,11 

o,o1 

o,o1 

10-4 

10-J 

10-4 

o,o4 

10-J 

10-4 

fipOTOHH!le COCTO.I!Hll.ll 

6,8 

0,4 

6,J 

1,6 

1,2 

o,o6 

o,6 

o,o2 

7,7 

o,5 

0,04 

0,2 

o,o2 

J6,5 

J4,0 

o,6 

o,o1 

o,oJ 

10-J 

o,J 

5,o 

o,o1 

10-5 

10-6 

o,o2 

1,0 

10-4 

10-6 

10-6 

10-7 

10_, 

10-J 

10-6 

-----------------------------------------------
41JI - 411/ 

402f - 4111 

4021 - 400f 

41JI - 411f 

4041 - 402f 

52J! - 541! 

4111+ 411t 

+1,28 25,6 40,7 

-0,11 o,o1 1o-4 

+1,86 o,2 10-J 

+1,28 1,1 o,o1 

+1,52 

-0,50 

+1,47 

1,8 

o,5 

40,0 

o,o1 

o,o1 

51,7 

88 

0,07 

10-J 

0,02 

10-J 

o,o1 

10-4 

0,16 

10,7 

9,!> 

J,9 

0,1 

1,8 

o,o6 

J4,J 

J,9 

o,2 

1,4 

o,08 

2,7 

o,o4 

9,0 

10-J 

98,9 

10-4 

10-5 

10-4 

10-5 

o,o1 

TadJIIII.IB. 21 

BKJiaJI JIBYXKBa31!qaCTl!qHilX COCTOIIHI!Il B KOI!J18KTII!~Ile C /(ff• 0+ 
( B npol.leHrax) npll :>c {:) = k A-~~ Jw;q , ~",'2) =:>c. f

2
). 

KoH(jlnrY"iiiiiiii;--------------m-----iJ-.rn---------H7mr-
JIBYXKBa31!qacr. f{ff') ~ {0 }<: (0~ K• 0 }<.(0 
COCTOSIHllll i.=L i=2 i=L i.:2 i.=i. i.=2 ·i=f . L•2 

HellTpOHH!le COCTOSIHIIR 

505f - 5051 -1,58 10,0 o,6 0,11 o,o2 o,o8 o,o2 10-4 10-J 

6604 - 6601 +2,61 27,0 2,9 1,1 o,oJ o,o1 o,oJ 10-J o,oJ 

6514 - 651! +2,11 21,5 J,o 2,2 o,o4 o,oo7 o,o5 10-J o,oJ 

521! - 521j +0,48 16,5 J,o 0,1 o,2 o,1 o,2 10-4 o,o1 

6421 - 6421 

52JI - 52Jf 

5141 - 5141 

6244 - 6241 

5411 - not 

532J - 5211 

5J2f - 5121 

6601 - 6511 

+1,45 0,8 

+0,41 4,7 

-o,;; o,1 

-0,11 0,04 

+0,07 o,o1 

+0,16 1,17 

-0,48 0,17 

+0,80 O,J4 

0,2 4J,9 J7,9 

J,6 45,0 4J,1 

o,o5 10-J o,o8 

lO-J o,o2 10-J 

o,o6 10-4 10-J 

o,22 o,oJ o,o1 

o,ooJ o,o2 10-J 

o,1J o,o7 o,oo4 

fipOTOHHile COCTOIIHIISI 

47,J J6,0 

48,9 41,0 

o,oJ 10-J 

o,o2 10-J 

10-J o,oo2 

10-J o,oo7 

10-4 10-J 

10-J o,oo5 

10-:r 

10-4· 

1,8 

1,0 

o,oo4 

l0-4 

o,ooJ 

0,02 

o,o2 

o,oJ 

10,2 

6,5 

o,o2 

10-4 

o,o1 

o,o7 

4111 - 4111 -0,22 211 40 1 5 21 2 8,6 1 1 )1 101 ) 10-J O,OJ 

4041 - 404t -1,22 1,21 o,15 o,2 o,o2 o,oo6 o,oJ 50,J J2,o 

5J21 - 5J21 +1,oo J,8 o,26 o,6 o,oJ o,o2 o,o4 o,oo5 o,o4 

52JI - 52JI +0,20 J,1 47,7 2,9 10,0 1,5 12,1 o,o2 ·o,2!> 

5141 - 5 141 

4Jlj - 411f 

420j - 411/ 

422t - 4111 

-0,67 

+0,49 

-0,17 

+0,05 

o,8 

,0,21 

o,o8 

o,o1 

0,2 

o,o1 

o,oo4 

10-J 

o,1 o,oo2 o,oo4 o,o2 

o,oJ o,oo2 o,oo1 o,oo2 

o,o1 10-J 10-4 10-J 

o,oo2 10-4 10-4 10-4 

89 

46,4 48,0 

10-4 o,oJ 

10-4 10-J 

10-5 1Q-5 



TaOili!Uil 22 

BKI!a)l; ,JJ,BYXKBa31!'1aCTI!qHilX COCTOilHI!~ B nepB!Ie OKTynoJibHile COCTOilHI!Il 

(! /(ffc0- u Kii = 1 - ( t "l'o) 

-----------------------~--------
Kii=O- Kn-=1-

"Ko";-;rypau:--------------- Kolllilllrypau. -------

AByx:KBasl!<mcT • d 23'1 ' 2'10 )I;BYXKB!l31fq, .I 231( 

cocTonnl!ll f-{!'!'1 U Pu cocroHHI!ll rf!'fl U 

----------------HeniPoHiiile-cocToJiaiil ____________ _ 

----------------------------------------
651/ - 761/ 7,21 .3,67 2,96 6Jlj - 761j 1,22 o,1o 

6421 - 761! .3,17 1,.35 1,55 6421 - 7521 -J,o9 0,08 

6Jll - 7611 -2,46 .J,J4 0,26 6J11 - 752f J,68 0,55 

6JJj - 7521 2,.34 17,59 0,88 6J.J I .:. 74.31 -2,51 93,80 

6221 - 7521 -2,10. 10,76 5,98 6221 - 74JI J,62 1,65 

6241 - 74JI 1,62 .3,92 18,01 615f - 7J4f ) 1 81 o,08 

6151 - 7251 -4,12 2,21 1,77 6JJ '·- 761f 1,72 0,12 

606f - 7161 -4,65 2,15 1,81 

6401 - 750f -5,71 J,41 2,80 

---------------------------------------
__ _EE~~~~~~~---------------· 

6601 - 5JOI -4,1J 8,60 2,27 4001 - 5211 2,61 0,14 

440f - 5JOf -1,5J 2,26 0,56 4021 - 52.31 -2,18 0,07 

4001 - 5101 .3,12 1,26 1,09 6JJI - 52Jf 1,06 o,o.J 

6511 - 5J2j -1,47 1,J9 o,n 6421 - 5211 4,17 0,56 

6511 - 521f -J 110 10 1J2 9,15 651f - 5JOj 4,J5 1,21 

6421 - 52.31 -1,25 9,69 Jl,91 6601 + 5JOI -J,15 o, 14 

6241 - 5141 -3,04 1,J8 1,1J 400f + 5211 2,51 0,05 

ao 

TaOJII!Ua 23 

BKI!a)l; ABYXKBa3HqacTI!qHilX COCTOilHI!n BnepBile OKTynOJibHile COCTOHHI!H 

c Kii ·2- II Kli ·.3- (lo/o) 

-----KTi-;;-2- ------:-~--~-----;<;;:3::---
. i{;~~r;p;u;;----------;;;--

82 
Kon<Pnr:YP";u:---::--~ -:--------

AsyxKsa31!qaT. l(ffJ l/J,, W1 
ABYXKBa31!qaT. f(J>.J''} ~f68 

COCTOHHI!ll • "(J · COCTOJ!Hl!~ 
--------------- ------------------

llellTpOHHile COCTOJ!Hl!ll 

400f - 512f -J 188 0,15 o,oo2 40~ - 50Jj 6,0J .3,10-J 

4021 - 514j -7,JJ o,o9 o,oo6 402f - 505/ 5,50 J 11o-3 

624f - 5121 4,J5 o,o2 1,04 6I5f - 512! .5,49 1,5.10-J 

6JJf - 52lj -4,24 2,Jl o,oo6 6241 - 5211 4,20 1,5.10-J 

6421 - 5JOI -J,62 0,98 o,ooo6 6.3JI- 521/ 0,877 99,82 

660j + 5211 -<>,52 o,o6 o,ooo1 6421 + 5211 014o8 2,5.10-J 

---------------------------------------
llpOTOHHile COCTOJIHI!JI 

420f - 5J2! J,42 0,06 o,oo7 42of - 52JI -2,88 2,3.10-J 

4101 - 52Jf -7,06 o,o1 0,04 4111- 52J! -0,411 1,1.10-J 

4221 -.52JI -7,77 o,o4 o,oo2 4111.- 5141 -4,17 O,lJ 

4111 - 52Jf J,76 95,06 o,o1 4021 - 505f -5,51 1,0,10-J 

41JI - 5141 0,70J o,o6 o,oo2 

402!- 5141 J,29 o,o9 97,52 

91 
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w, 
MN 

3neprBH nep:Sb!X &aa5ylK.O.QfUiblX ltBIUlpynonbBbiX COCTOii&RA C KIf /• 2+ H 

<~Krr ,:~) 0+ a o6nacTa 154 S,A ~, 182. Pacq:eT_npa K<~.:tu&4_\.(l)~, 
K•P •·K •. 06oaHa,eaHB:. ~aepr:a:a K, • 2+ coCTOBHHA: 2-axcnepHMeH

TS.nbHble, J\ -TeOpe_TB'18CltH8i 9&eprBH K• • 0+ COCTOSIBHA: 0-sxcne
pHM8RT8.1lbBb191 A - TeopeTB"18CJt&e. 
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OL-----~------------------~---------
Jh2lDflziJ2/J.lJt ua" lizu azu Pu~P,fllf11YfJ~lY~Ctnrtrqz:'rroMszr,;,zftl 
p 8 c. 6. 3aeprBB nepBbiX B03C5yJKA9HBbiX JtaaAPYIIO.IlbBhiX COCTOSIHBA C K 1r :t 2+ H 

K~ 1) 0+ B o6.naCTB 228 ~. A ~. 254. Pac:'I&T npa K<, •. tOS 
1bw~ 

"ap •· K(~. • l 06o3H8'18BBSI - CMe pHC. 4. 
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