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1. BBe.ueirn:e 

B H8CTOSIIUee BpeMSI ycTaHOBlleHo, 'ITO D.llSI. MHOrliX sr.uep B036y:>K.ue_HHbie co

CTOSIHIHI MO:>KHO npn6m1:>KeHHO pas.uennTh Ha OD.HOHYKllOHHbie B036y:>K.D.9HHSI, COOTBeT

C_TBYIOIUHe ll3MeHeHHIO COCTOSIHHSI OT .o.ellhHbIX HYKllOHOB sr.o.pa, ll KOnneKTHBHbie B03-

6y)K.o.eansr, COOTBeTCTBYIOIUJie OD.HOBpeMeHHOMY H3MeHeHHIO COCTOSIHHil: .D.BH>K9HHSI 

MHOrnx HYKllOHOB B sr.o.pe. Ecnn yqecTh O'leHh ManyIO C:>KHMa9MOCTh SI.o.epHoro Be

ruecTBa, KOlllleKTHBHbie .D.BH:>KeHHSI He O'leHb OOllhWHX SHeprHil MO)KHO B pSI.ue cny

qaeB no.o.pas.uenHTh Ha Bos6y>K.o.eHHSI, CBSI3aHHbie C KOne6aHHSIMH noBepXHOCTH Sia

pa OKOllO HeKoToporo paBHOBecHoro nono:>KeHHSI, · H B_os6y:>KaeHHSI, o6~ClIOBlleHHbie 

H3MeHeHHeM ·opHeHTaunn 51.D.pa B npocTpaHCTBe - Bpar.ueHHe Siapa. 

B HeKOTOpOM CMbIClle pas.uenemie D.BH:>KeHHil B Siape Ha KOnneKTHBHbie H 

OllHOHyKllOHHbie D.BH:>KeHHSI HanoMirnaeT ·pasaeneHHe B036y:>KaeHHil: B l\,iOlleKynax Ha 

l:llleKTpOHHbie _ H SID. epH bie. llBH)K eHHSI, M Horne CBOil:CTBa KonneKTHBHbIX llBH)K eHHil: 

HYKllOHOB 6bmH · BnepBbie B!:>ISICHeHbI B pa6oTax O.Bopa H MoTTenhCOHa [1], KOTo-

. CTporo roBopSI, KOlllleKTHBHbie H O.lJ.HO'laCTH'lHbie Bos6y:>Kll8HHSI Siaep B3aHMHO 

CBSI38Hhl H HX pasaerreHHe cpaBHHTellbHO xopowo BhlilOllHSieTcSI TOllhKO y qeTHO

qeTHbIX. Siaep, rae MHHHMallbH8SI aHeprnSI OllHOHYKllOHHbI.lt B036_y>KaeHHil nopSiaKa 

1,5 - 2 MaB, a aHeprHSI KonneKTHBHbIX B030Y:>Kll9HHil: 3Ha'lHTellhHO H_H:>Ke. B aTOM 

o6sope MbI paCCMOTpHM KOlllleKTHBHbie .D.BH:>KeHHSI HYKllOHOB TOllhKO B 'l9THbIX SI.o.

pax, r.ue BbillelleHne KOlllleKTHBHbIX D.BH:>KeHnil: He BbI3bIBaeT COMJI9HHSI. 

KpoMe Manoi!: 3HeprHH KOlllleKTHBHbie B030Y:>K.D. eHHSI xapaKTepnsyIOTCSI er.ue 

OOllbWHMH BepoSITHOCTSIMH KBaapynOllhHbIX aneKTpnqecKHX nepexo.o.oB, npoSIBllSIIOI..UH

MHCSI npH HSlly'leHHH raMMa-KBaHTOB H KYllOHOBCKOM Bos6y>KD.8HHH Siaep. B 6onb

l!-IHHCTBe cnyqaeB BepoSITHOCTH KBaapynonbHbIX aneKTpH'leCKHX nepexoaoB C KOnneK~ 

THBHbIX B_os6y:>K.ueHHbIX COCTOSIHHil: B ae~SITKH n COTHH pas npeBOCXO.lJ.SIT COOTBeT-.,, 

CTBYIOI..UH9 BepoSITHOCTH nepexoaoB C OllHOHYKllOHHbIX BOSOY:>KlleHHbIX COCTOSIHHil, 

TaKne 6orrhwHe BepoSITHOCTH nepexoaoB ecTeCTBeHHO CBSI38HbI C KonneKTHBHbIM 

D.BH:>KeHHeM OOllbWOro 'lHClla HYKllOH<;>B. 

nonroe BpeMSI cyr.uecTBoBano MHeHne, qTo cpopMa Bcex SID.ep o6naaaeT ccpe

pH.'lecKoil cnMMeTpneil:. OaHaKo HanH'lne _6onhWHX KBaapynonbHbIX aneKTpHqecKnx 

MOM8H.TOB H Bpar.uaTellhHbIX B030Y>K.D.eHHbIX COCTOSIHHil SI.D.ep C HeCOMHeHHOCThIO ' 
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. YK83bIB8JIO Ha .To, 'ITO cpopMa 1.rnorm;: SI.a.ep MO)KeT 3H8'IlIT8JlhHO OTJilI'IaTbCSI OT 

ccpepHttecKofi. 

TeopeTH~eCKOe o6~SICH8HlI8 3H8'IlIT8JihHOro OTKJIOH8HlISI cpopMhl. H8KOTOphlX 

SI.a.ep OT ccpeplI'I8CKOfi .BnepBbie 6bIJIO .a.aHO B pa6oTe PeilHBOTepar
2J. OH noK~3an, 

'ITO q>OpMa 51.a.pa onpe.a.eJISieTcsi KOHKypeHUHeii: M8)K.ll.Y HYKJI0H8MlI, BXO,ll.SIIlllIMlI B 

cocTaB 3anonHeHHhIX · o6onotJeK, c;peMSI.IUHXCSI npH.a.aTh SI.a.py ccpepH'IecKyIO crop My, 

lI HYKJIOH8MlI I BXO,ll.SIIUlIMlI B COCT8B H838IlOJIH8HHbIX' o6oJIO'I8K, KOTOpbie CTp8MSITCSI 

IlOJIS1plI30B8Tb SI.a.po lI npH.a.aTb eMy HeccpeplI'I8CKYIO cpopMy. 

Jlaa)K,ll.bI MaT'll'I8CKlie SI.a.pa ll,MeIOT O'I8Hh ycTOH'IlIBYIO ccpeprrqecKyIO cpopMy • 

. LJ:acTOT:hl KOJIJI8KTlIBHbI:X> ,ll.BH:ll{eHllfi ·'aTlIX SI.a.ep COOTB8TCTBYIOT KOTie6aHlISIM noaepx-
, • < ' • ' '~ , , ; • ; • • , - • • • ' 

HOCTll 0KOJIO paBHOB8CHOii: ccpeplI'I8CKOfi cpopMbI. 3HeprlISI 9TlIX KOJie6aHlIH Mano 

OTJllltJaeTCSI OT .9HeprlllI 0,ll.HOHYKJIOHHbIX ,ll.BlI)K8HITH, n pH H8JilI'IlilI H8KOToporo 'IlIC

na HYKJIOHOB B HesanoJIH8HHbI?( o60JIO'IKax. tJaCTOTbI KOJIJI8KTllBHbIX ,ll.Bll)K.8HITH 3Ha

'IllT8JlhHO YM8HhllHlIOTCSI, paBHOB8CHaSI q>OpMa Sinpa .a.enaeTCSI HeccpeplI'I8CKOii: ll 

paa.d.eneHll8 SI.a.epHbIX B036y)K,ll.8Hllil: Ha KOJIJieKTllBHbie ll 0,ll.HO'IaCTll'IHbie CTaHOBlIT

CSI onpaa.a.aHHbIM. 

KaK y)Ke yKa3bIBaJIOCh Bbiwe, KOJIJI8KTllBHbI8 ,ll.Bll)K8HlISI HeccpeplI'I8CKlIX Sinep 

MO)KHO pas.a.eJillTh Ha BHyTpll51nepHbie aoa6y:lK.ueHHSI, COOTBeTCTBYIOilllie KOJie6aHH

SIM IIOBepXHOCTll stnpa 1 ll BpaIUaT8JlhHbie ,ll.Bll;>K8HllSl SlLtp~ 6e3 CyIUeCTB8HHOrO lI3-

M8H8HlISI ero BHyTp8HHero COCTOSIHlrn. HaJill'Ille apamaTeJihHbIX B036Y)KLl8HilH MaJioii: 

9Heprllll SlBJISl8TCSl XapaKT8pHbIM CBOii:CTBOM H9Cq>8pll'I8CKllX stnep. 

. 
Jlo nocn~nHero BpeMeHll 6bIJIO npllHSITO C'IllTaTh, 'ITO apamaT8JihHbie cneKT-

pbI llM.8IOTCSl TOJihKO y stnep, Jie)KaIUllX B Tpex o6nacTSIX nepll0Llll'I8CK0:1i: CHCT8MbI: 

' 
B o6nacTlI A "' 24, 

B o6nacTR 150 -" A "- 190, 

a· o6nacTn A ? 220. 

11,1/ 

xi 
B CBS13H C 9THM yTB8p)K,ll.aJIOCh 1 'ITO. SI.a.pa, Macc_OBbie 'IllCJia KOTOpbIX He ynoa~ 

neTBOpSIIOT HepaBeHCTB8M 11~11, llM8IOT ccpepll'I8CKYIO cpop~y. HH2Ke 6yneT noKa~ 

38HO, 'ITO o6naCTl:t 51,ll.ep, llMeIOIUllX apamaTeJihHbie cneKTpbI lllllpe 11 ,1 /. no-aH-

xi C . . . ·n C [3] . 
M., HanpRMep, npe.a.HCJI0Blle •. JlllBa K KHHre • 
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.Z:U!MOMY, cne.uyeT OTK838TbCSI OT npe,ucTaBneli1rn, 'ITO _si.upa BHe o5nacTefi /1,1 / 

o5si_aaTeJlbHO HMe!OT cq)epH'leCKYJ? cpopMy. B Il0Jlb3Y 8TOI'O 38KJl!O'leHHSI .I'OBOpSIT If 

Henocpe,ucTBeHHbie onpe.ueneHHSI 3H8'leHHfi KBa,upynOJlbHbIX 8J18KTpli'!ecxnx MOMeH-

T_OB si,uep li3 .ll8HHbIX O BepOS!THOCT~X K_YJTOHOBCKOI'O Boa6ym:.ueHHSI - . .llJlSI .'J:eT-

HbIX st.uep, li BepOCTHOCTett xyi;roHOBCKOt'O Boa5ym:,ueHHST, CBepXTOHirntt C.TpyKTypbI 

. cneKTpOB aTOMOB, Monexyn If TBep,llbIX Ten - ,llJlSI HeqeTHbIX si,uep. JJ.irn liJlJl!OCTpa

Ulili B03MO:>KHhlX 3H8'leHHtt Heccpepli'lHOCTli_Sl.ll8P B Ta5JTHUe l npHBe.ueHhl 3H8'l8HliSI 

nepBOI'O B035ym.u~HHOI'O ypoBHfl H8KOTOpbIX 'l9THO-'l8THbIX st.crap If 3H8'!8HliSI na

paMeTpa J3 /y<1liTbIB8!0IU8I'() OT~'.!!OH8Hli8 cpopMbI sr.z:ipa OT ccpepI1<1ecxott/, BbI'!li.:.. -

CJleHHhle H3 li3MepeHHbIX' 3H8'!8Hlifi KBa,upynom,HbIX_ MOMeHTOB. 3xcnepliM8HT8JlbHbie 

· · · [4 5J .. 
Lt8HHbie BasTi,1 Ha pa6oT • <. -

vi 3 Ta6nHUbI 1 cne.uyeT, '!TO cpOpMa MHOI'liX sr.uep, H8 Jl8:>K8IUliX 6Jlli3KO K 

,uBam,ubr MaI'H'!eCKHM si.upaM, H_e stBnHeTcst ccpepI1<1ecKoil. EcnH. cpopMy sr.upa anpoK-:

CHMHpoBaTb 81IJlliITCOH_qoM, TO npli Heli3M8HHOM o5'b8Me H,upa 81:'0 cpOpMa 6y,ueT 

onpe.uenHTbCH .llBYMH napaMeTpaMli J!J · If r, KOTOpbre ·cBsiaaHbI cooTaowearHIMH 

. Cf~ = Q,_.t -::: ,k· J" -Jin r 
/1,2/ 

c napaMeTpaMH 7 , onpe.uenH!OIUHMH· cpopMy sr.opa 

fl (irY') = Ro [ i+ t-~ a-/'_½/ (2"ff') J 
B CliCTeMe KOOP.llliHaT, CBSl38HH011 C I'Jl8BHbIMH, OCHMli sr.upa. 

via /1 ,2/ cne.uyeT, 'ITO 
. - I R.. .e . .e"' j = V a.o + a:..e + a._£ ~ O · 

_ onpe,uemieT o5wee OTKJ10H0Hlle· cpopMbI si.upa OT ccpepli'l8CK011 CHMM8Tplin. npli 

38,ll8HHOM 3H8'!0Hlili Jb li3M0H9Hli0 napaMeTpa "aeaKCli8JlbHOCTli" d B HH-

TepB8J10 OT QO ,llO 60° COilpOBO:>KA88TCSI li3M8H8Hli8M cpOpMbI H_,upa OT BbITHHyTOrO 

.llO CITJl!OCHyToro 8J1JlliITCOli.ll8 BparueHHH. 3Ha'leHH!O r O . 
= 30 COOTBeTcTeyeT 

npoMemyTO'!HaH_ cpOpMa H,upa M8:>K.llY BbITSIHYTbIM If CITJl!OCHyTbIM SJTJlliITCOli.llOM 

BpaweHHH. 

BparuaTeJTbHbiil cneKTp qeTao-qeTHbIX si.uep oco6eaao npocT, ecnH cpopMa 

sr.upa o6naaaeT aKcuanb-HOil CHMMeTpHeil. B 8TOM cnyirne saepr-Hst BpaweHHH srapa 

onpeaensieTcH npocToil cpopMynoil 

C :: A J(J+i), 
J . 

j:: o, £, f I 
/I ,3/ 



I 
- 6 -

Taonnna-I-
.. 

.H,ll;pO A E(KaB) J H,ll;po . A ·. E(K:3B) j3 
: .. 

S'e · , 74 635 0,21 Sm.., I48 562 . 0 t2· 
' ,S'e 76 ·' 567 . 0,J0 ,Sm- I50 · 337 0,I6 

Se. 78 615 . O,27 Sm.. I52 . I22. . 0,28 
rS e. 80 654 , 0,21 sm 154 83 0,33 
Se 82 880 0 II ·Ge/ 154 123 0,30 

. ' 
/'lo .. 94 874 0"17 .Ge{ .. 156 89 0,41 ' Gal" /'lo 96 775 O,I8 158. . 79 O,46 
110. 98 · 780 o, 17, G-ol 160 - 76 0,47 
.Mo 100 530 . 0,25 Dy 160 · 86 0,35 
R.u 96 840 0,16. ])y 162 82 0,36 -
fl lt 98 654 0,21 'Dy 164 73 0,41 
flu 100 540 · 0,23 c't. 164 90 0,33 
R.l.f. 102 . 475 0,25 gg 170 84 0,30 
R.u 104 358 0,28 Hf 176 89 0,29 

· Pd 104 555 0,21- . Hf 178 91 0,31 
Pel 106 513 0,23 Hf 180 93 0,27 
Pd 108 433 0,24 w 182 100 0 26 

' PJ lIO 374 0,26 ·w 184 112 0,24 
cd . 

0,24 106 630 0,19 w 186 124 
col· 108 630 0,19 ·OJ I86 137 0,20 
cd lIO 656 0,19 o.s 188 I55 0,18 
Cc/ 112 610 0,I9 O;S 190 188 0,I4 
cd 114 555 0,20 Pt 194 330_ . 0,I5 
Co/ II6 517 0,20 Pt. 196 358 0, 13 
V'.e... I20 560 0,17 Pt 198 403 0,13 
Te I22 · 570 0,16 Hg .198 . 4II 0,II re. 124 608 0,14 HJ 200 370 0,09 
Te 126 673 · 0,16 H9 202 439 0,08 
re 128 750 0,14 rh. 232 -52 0,25 
Te. 130 850 0,13 ll 238 44 0,28 
ild 146 455 .0,09 
t4/o( 148 300 0,15 
/VJ 150 l 130 O,25 
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A B a.z:uraoaT.li'IeCKOM npn:omi::m:emrn II0CT0SIHH8SI BenH'IHHa, 38BHCSILUaSI OT 

M0MeHTa HHepun:n: Hapa, 0TH0CHTenhH0 ocn:, nepneHan:KynSipHott aKcn:anbHOtt OCH 

CHMMeTpHH • 

J.13 11,31 cneayeT, 'ITO nono:m:eHn:SI ypoBHett aHeprn:n: aon:m:Hbl yaoBneTBopHTh 

npaBn:ny HHTepBanoB 

.::; ll .41 

KnaccntJeCKJ::IM npliME!pOM Hapa c, SipK0 Bblpam;eHHblM Bpar.uaTenhHblM cneK-

H .. 1 ao,. 
Tp0M SIBnSieTCSI Hapo 7 cXeMa yp0BHett K0T0poro li300pa:m:eHa Ha pnc.la. 

TToKa eme Mano naBecTHo siaep, y K0TopblX Haonroaann:ch :Obi ypoBHH Boa

oy)Kaemrn C 3HatJeHHSIMli CIIHHOB 2, 4, 6, 8. OaHaKo, HMeeTCSI cpaBHHTenhHO MHo

ro Haep. y K0T0pb!X HaonroaaroTCSI nepBble aBa B030y)KaeHHbIX COCT0SIHHSI co 

cnn:HaMn: 2, 4 c. npaBn:noM HHTepBanoB, onn:aKHM ~ /1,'1/. Boaoy)KaeHHhie cocToSI

HHSI TaKHX Haep paccMaTpHB8IOT KaK C0CT0SIHHSI, C00TBeTCTBYIOLUlie Bpar.ueHHIO 

Hapa oea H3MeHeHHSI ero BHyTpeHHero C0CT0SIHHSI. Bonee T0ro,wn:p0K0 pacnpo

CTpaHeH0 MHeHn:e, 'ITO K BpaIIlaTenhHblM C0CT0SIHliSIM cneayeT 0TH0CliTh T0nbK0 

TaKn:e B03oy:m:aeHHble C0C1:0SIHHSI tJeTHo-tJeTHbIX Haep, K0T0pbre xapaKTepnayroT

CSI nocneaoBaTenhH0CThIO CIIliH0B o, 2, 4, ..• liMeI0T oan:HaK0BYIO tJeTH0CTh n: 

yaoBneTB0pSIIOT npaBnny •HHTepBanoa /1, 4/, nonytJeHH0MY ansi siaep aKcnanhHott 

cpopMbl. TT pH 9T0M IIpH0Jut)KeHHOe cornacHe OTH.OlUeHI:J:tt 9HeprHtt C npaBn:noM 

• HHTepBanoB /I~/ paccMaTpHBaeTCSI K8K 9KCIIepHMeHTanhH0e aoKa3aTenhCTB0 

Toro, 'ITO cpopMa Hapa oonaaaeT aKcHanhH0ti: CHMMeTpHett. TaK, HanpHMep, B 
. . [5] 

ooaopHott cTaThe Anhaepa, Bopa, Xyca, MoTTenhcoHa H BHHTepa /cTp. 529,· 
[3] . . ' 

pycCKHtt nepeBoa c·rp. 187 / YTBep)Ka aeTcSI: "OcHOBHblM 9KCIIepHMeHTanh-

HbIM aoKa3aTenhCTB0M ~ceBo-tt CHMMe~pHH SIBnSieTCSI HaonroaaeMblil 3aK0H J { J+ 1) 
anSI Bpar.uaTenhHblX cneKTpoB". B paooTe Bopa H M OTTenhcoHaLIJ /cM. pyccKntt 

uep. CTp. 76/ 0TMetJaeTcSI: "To O0CTOSITenhCTBo, 'ITO CIIHH BT0poro Boaoy:m:aeH

H0I'0 Bpar.uaTenhHoro cocToSIHHSI paBeH qeTbrpeM H 0THowemi:e . E't : E2 HaxoanT

cH B C00TBeTCTBHH C o:m:HaaeMblM 3HatJeHHeM B npeaenhH0M cnyqae CHnhHOtt 

CBSI3H, cny:m:HT noaTBep)KLteHI:J:eM Hawero npeanono:m:eHHSI 00 aKCHanhHOtt CHMMeT-

PHH aecpopMaUHH siapa. Bpar.uaTenhHbitt cneKTp .1taep C acHMMeTpH'IHOtt paBH0Bec-

J ~-
HOH aecpopMauHett coaep:m:an obr Bero nocneaoBaTenbH0CTh aHatJeHHtt 

Howemi:e aHeprHtt oTnHtJanoch obi oT /1,4/. 



9-
g+ 

5+ 

4+ 

2+ 
o+ 

~1SO'" 

72 f 
,· 

J 'I, \ 

I/ 

·~ 0,093 

Pnc. la. 

R190. 

2
-75 e . 

.;,,s,, 

ji,69 

6,90 

3;S2 

.1.,0 

E-L -
E1 . 

- 8 -

0'9om 
!o- 16 $ 

g+· . f 

.J;+ .. 
"1 -----•-
6+ 

'2+ · I ' l -11 

o+ - " 

Pnc. 16.· 

Ii9o . 
3- it r 

4_ 
1

1 OO f III Ill/I/I/Iii 
1,66 

· 1.12.6 6,06 
1,046 5162 

·o~586 3)1~ 
o,546 2,93 

. Q,186 1,0 
0 E-C. -

Ei 



- 9 

TaKile YTB9p)l{,D.0HIHI HaM Ka)l{yTcfl Mano o60CHOB8HHbIMH. B C8MOM .z:qme, 

K BpamaTenbHbIM Boa6y)i{,ll9HHHM. fl.llep OTHOCfIT TOnbKO Te B036Y*.ll9HHb're COCToH

HHfl, KOTOpbI9 y .ll OBneTBOpHIOT rrpaBHny HHT9pBanoB / 1,4 /' a a a Te M 9TO cornacHe 

paccMaTpHBaeTCfl KaK .llOKaaaTenbCTBO Toro, qTo g.z:rpa o6na.z:raIOT 8KCH8nbH0:1i 

CHMM9TpHe:1i. 

KaK 6y.a.eT IIOK838HO B .9TOfi CTaTbe, rrpe.z:rrronO)l{9HH9 06 aKCHanbHO:ii CHMMeT

pHH BC9X g.z:rep H9 cne.z:ryE;T H3 9KCII9pHM9HT8nbHbIX .ll8HHbIX 0 MHOfH9 HBJ19HHfl 1 OT

HOCHIUH9Cfl K ManbIM BOa6y)i{.z:I9HHbIM COCTOHHHHM qeTHo-qeTHbIX H.z:repJ H8XO.ll5IT 

xopowee o,6-&fICHeHHe, ecnH rrpe.z:rrroncpK.HTh, qTo cpopMa. H.z:rpa · MO*eT 6brTb arrpoK

CHMHpoBaHa TpexoCHbIM annHIICOH.ll.OM. 

[7 B] B paa.z:rene 2 6y.z:ryT H_3nO)i{9HbI OCHO.BHbre· peaynbT8TbI pa6oT ' ' BbIIIOn-

H9HHbIX B 1958 ro.z:ry ct>an~rrrroBbIM~ PocTOBCKHM H aBTopoM o6aopa, B KoTopbIX 

Hccne.z:ryroTCH BpamaTenbHbI9 COCTOHHHfl qeTHo-qeTHbIX H98KCHanbHbIX g.z:rep Ii II~o

BO.llHTCH cpaBH9HH9 ·c 9KCIIepHM9HTanbHbIMH .z:raHHbIM_H. B paa.z:rene 3 HanaraIOTCH 

peaynbT8TbI, rronyqeHHbie B TeX )i{9 pa6oTax, OTHOCfllllHXCH K BepoHTHOCTfIM 

aneKTpOMaI"HHTHbIX rrepexo.z:roB M9)!{.llY BpamaTenbHbIMH COCTOfIHHfIMH HeaKCHanb-

[9] . 
HbIX 51.z:rep. B paa.z:rene 4 aanaraIOTCfl peaynbT8TbI. pa60TbI ' OTHOCfllllH9Cfl 

K BepOfITHOCTfIM , -pacrra.z:roB Ha paanHqHbI9 BpamaTenbHbI9 COCTo'fIHHH HeaKcH

HbIX H.z:rep. B .paa.z:rene 5 aanararoTcH peaynhT8TbI TeopeTnqecKHX pa6oT rapcKo-

[IO 11] l12J . [13] . [14] 
ro ' 1 rettnHKMaHa , 3aHKHHa , ct>HnHIIIIOBa H aBTopa o6aopa , B. 

KOTOpbIX IIOK83bIBaeTcH, qTo paBHOB9CHaH cpopMa g.z:rpa MO)l{9T He HM9Tb 8KCHanb

H0:1i OCH CH!-1MeTpHH. 

2 • BparuaTenbHbI9 JOOBHH 8H90I"HH H98KCHanbHOt'O flnpa 

nepBaH IIOIIbITKa Hccne.z:roBaHHH BpamaTenbHbIX SHepreTnqecKHX COCTOfIHH:ii 

raJ 
H98KCHanbHbIX g.ziep 6brna ocymecTBneHa MapTH • OH pewan aa.z:raqy M9TO.z:IOM 

TeOpHH B03MYill9HH:1i, IIOSTOMY .rrporrycTHn ypoBHH BOa6y)i{.z:I9HHfl, COOTB9TCTByIO

IllH9 HeqeTHhlM 3HaqeHHfIM rronHoro MOM9HTa H He c.z:renan IIOIIhlTKH COIIOCTaBHTb 

peaynbTaTbI TeOpHH C 8KCIIepHM9HTOM. B pa6oTax ct>HnHIIIIOBa, POCTOBCKOI"O H 

[1 Bl . 
aBTOpa . 1 Ha:ii.z:reHbI ToqHbie peweHHH ypaBH9HHfl Wpe.z:rHHrepa, orrpe.z:renfIIOill9I'O 

9H9pI"HIO BpameHHfl HeaKCHanbHoro g.z:rpa 6ea H3M9H9HHH 91"'0 BHYTP9HH9I"O COCTOfl

HHfl. BblJlH BbiqHcneHbI 9H9pI"HH ypoBHe:ii, o6na.z:raIOillHX CIIHHaMH: 2, 3, 4, 5, 6 H 
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8 .UJISI° BCeX B03M02KHbIX 3HatJeHIIH rrapaMeTpa r I orrpe.uenmom:ero BenIItJHHY 

"HeaKcuanbHOCTII" qeTHo-qeTHOI'O H.upa. 

OTHOll.leHHe 8Heprmi YP0BHH, IIMeIOm:ero' MOMeHT. J K'8HeprIIII rrepB0I'0 

B036Y2K.ll~HHOI'O yp0B_HH /crrIIH 2/ li306pa2KeHO Ha pHC. 2 anH 3HatJeHHH d B 

0 
IIHTepBane 0 - 30. Bee 8HepreTII'IeCKIIe ypOBHH qeTHO-tJ9THOI'O H.upa HBnHIOTCH 

(l)YHK~IIHMH T0nbK0 . Si.n ,e ay., II08T0MY 8HepreTHtJeCKHe yp0BHII .unH 3HatJeHIIH 

if B IIHTepBane 30-60° M0:>KH0 IIonytJHTb IIyTeM CIIMMeTpII'IH0I'0 /oTHOCIITenbHO 

J = 30° / rrpo.uon2KeHHH KpHBbIX B STY o6naCTb 3HatJeHHH ·r ·. TTpII r = 0 II 

60° rrocne.uoBaTenbH0CTb CIIllH0B II rrpaBIIna IIHTepBanoB C0Brra.uaIOT IKaK 8T0I'0 

II cne.D;OBano 02KII.U8Tbl C cnyqaeM aKCHanbHbIX H.uep. 

YpOBHII 1 Ha6mo.uaeMbI~. · B cnyqae 1 K0I'.llB_ r-,. 0, H830BeM ypoBHHMII 

OCHOBHOH Bpaw:arenbHOfi rronocbr. 8aeprIIIO Bpaw:aTenbHbIX COCTOHHIIfi 

6cHOBHOfi Bpaw:aTen~HOfi rronochl 6y.D;eM KpaTK0 o603HB'I8Tb E.t (J} , r.D;e J 
CIIHH yp0BHH. CaMII Bpaw:aTenbHbie C0CT0HHllH 6y.uyT 0003H8'!8TbCH .UBYMH UIIqlpa

MII J 1 . aarrpIIMep, 21, 41, · ..• KpoMe Bpam:aTenbHbIX C0CT0HHIIH 0CHOBHOH Bpa-

w:aTenbaofi rronocbr rrpu 
'( 

IIMeIOTCH Bpam:aTenbHbie C0CT0HHIIH ~o CIIHHa-

Mll 2, 3, 4, 5, 6 II T • .ll. 8aeprnH 9TIIX Bpaw:aTenbHbIX COCTOHHllii rrpu r- 0 
. 0 
IInH 60 CTpeMHTCH K 6eCKOHetJHOCTH. TaKue B036y2K.D;eHHbie C0CT0HHIIH 6y.D;eM 

H83bIB8Tb n BHOManbHbIMH" Bpa w:a TenbHbIMII C0CT0HHIIH MII. 

Orrpe.ueneHHOMY BHyTpeHHeMy C0CT0HHIIIO H.Up~ C00TBeTcTnyeT T0nbK0 .uBa 

npaw:aTenbHbIX C0CT0HHIIH co CIIllH8MII 2. O.UHO C0CT0HHIIe co CIIIIH0M 3. TPII 

C0CT0HHIIH co CIIIIH0M 4, .D;B8 C0CT0HHIIH co CIIIIH0M 5, tJeThlpe C0CT0HUIIH co 

CIIIIH0M 6 II T • .u. l-13 .UBYX COCTOHHllii, llMerom:IIX CIIllH 2, 0DH0 C0CT0HHlle 0TH0CHT· 

CH K OCHOBHOH Bpam:aTenbHOfi rronoce, BTopoe - K 8HOM8.1lbHOH. OTHO ll!eHIIe 9Hep

I'Hfi 9TllX .llBYX ypOBHeii orrpe.uen~eTCH q)OpMynofi 

TTpII naMeHeHnII 

t + Vt- 4/2 .5i.11. ii! Yy 

1 - ✓ 1 - 3/g S,n.t. 3J" /2.1 / 

OT 0 .D;O 30° 8T0 0TH0ll!eHne ll3MeHHeTCH OT r.>O .D;O 2. 

I-1aMepHH Ha 0IIbITe 0TH0ll!9Hlle 8Heprnfi Bpaw:aTenbHbIX ypOBH9H cmrna 2, 

M0:>KH0 C II0M0W:b!O /2,1 / BbI'IllC.11HTb 3HaqeHHe y ll orrpe,D;e.11IITb C II0M0W:b!O 
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pKc.2 nono)KeHKe Ii CilliHbI Bcex_ 0CTanhHbIX Bparn:aTenbHbIX C0CTOSIHKH OCHOBHOH Bpa

rn:aTenbHOH non0CbI Ii aH0MBnbHbIX ypOBHefi. 

Ma pKc. 2 BKnHo, qTo' oTKnoHeHKe cpopMbI srnpa OT aKcKanhHOfi CKMMeTpKH 

npKB0nKT K_ HapyweHKIO B OCH0BHOH Bparn:aTenbH0tt nonoce ·npaBKna KHTepBanoB 

/1,4/' Ha6nron_aeMOI"O. BO Bparn:aTenbHOH nonoce 8KCHanbHo-cKMMeTpliqffbIX Hnep. 

TTpK Manh.IX 3~aqeHHSIX r OTHO~eHKe 9HeprHfl ypomiefi cpa;HKTenbHO Mano 0TnK

qaeTCSI OT /1 ,4/ ~ OnHaKo, IIpli B03paCT8HHK r H8CTyrraeT Bee 6onhwee OT~no-

HeHKe OT /1,4/, oco6eHHO nnH ypOBHefi C 6onbWHM CilliH0M~ TaK, HanpKMep, 

Ilpli d = 30° yp0BHli OCHOBHOli: Bparn:aTenbH0H non0CbI non)KHbI YU0BneTB0pSITb 

npaBKny KHTepBanoB 1 : 2, 67: 5: 8. 

Ha .plic. 2 qepHbIMli Kpy)KK8MH 0TMeqeHbl 9KCnepKMeHTanbHbie 0TH0WeHKH 
/!/0 11 _ t.9£ t~o £J£ ,23,9 CI. 5' J 

aHeprKtt Boa6y)KneHKSI srnep (}-j . , v:, , JJy , 1../ , Pl./ , 
£34C1Gl 1~, l4'J'[/'1J £ tGt: £ IGJ'C~l'J . 

t.l , 0-J 1 0:J 1 ?: , 2: • KaK BHnHo H3 pKcyHKa, Teoprrn 

xopowo nepenaeT nocnenoBaTenbH0CTb CilliH0B Ii 9KcnepKMeHT8nbHbie 0TH0WeHKSI 

9HeprKfi. He6onhwoe 0TKnoHeHHe 9KcnepKMeHT8nbHhlX ToqeK OT TeopeTKqecKKX 

3HaqeHKH M0)KeT 6hlTb yqTeHo BBeneHKeM nonpaBoqH0I"0 qneHa 

- a. J2 ( J+i)~ /2,2/ 

yqKTbIB8IOW:ero CBH3b aparn:eHKSI C BHyTpeHHHM B036y)KneHHeM srnpa, rpy6o. 

I"0B0pst, /2,2/yqKTbIBaeT yBenKqeHKe M0MeHTa KHepuKH srnpa Ka-aa nefiCTBIISI ueHTpo-

6e)KHbIX cKn. Tpe6yeMast BenKqKHa nonpaBoqHoro qneHa /2,2/ nnsr cornacoBaHKSI 

TeopKK C 9KcnepKMeHT0M M0)KeT cny)KHTb KpHTepHeM npHI"0llH0CTli anHaoaTHqe

CK0I"0 npK6nH)KeHHSI. CnenyeT 0TMeTKTb, qTo npli aHanH3e Bparn:aTenbHbIX cneKT

poB C ToqKli apeHKSI npennono)KeHHSI 06 8KCH8nbH0H cpopMe srnpa 0TKn0HeHKe 9K

cnepHMeHT8nhHbIX 0TH0WeHKH 0_T npaBHna HHTepBanoB 1 : 3,3 : 7 : 12 uenHK0M 

0TH0CHn0Cb 38 cqeT HapyweHKSI anKa6aTHqHQCTK. TeM C8MbIM 3HaqKTenbH0 npey

BenHqHBanacb ponh nonpaBoqHoro qneHa, yqKThIBarow:ero HapyweHHSI anna6aTH

qecKKX ycnoBH:lt. Ha C8M0M )Ke nene 0TKnoHeHKe OT npaBKna HHTepBanoB 11,41, 

HafineHH0I"0 B anHaoaTKqecKOM npK6nK)KeHHli nnsr 8KCH8nbHbIX Hnep, CBSI38H0 B 

3HaqHTenbHOH CTeneHH C 0TKn0HeHHeM cpOpMbl sinpa OT aKCKanhHOH CHMMeTpKH. 

B 9T0M 0TH0WeHHH oco6eHH0 HHTepeCHhl 9KCnepKMeHT8nbHhle naHHhle 06 

yp0BHSIX co CIIKH8MH 2, 4, 6, 8 stnpa ~-~ /cM.pHc. 16 H 2/, nono)KeHHe 

j 
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KOTOpbIX onpeaeneHo a pa6oTax illapq,-ronh.z:u•a6ep, Anh6ypreHa, Xap6oTna Ir 
[19] [20J · . 

MaKKeoyHa Ii ATeH. Ii .llP• :. npli Rccne,llOBaHRii KaCKa,llHbIX raMMa-nepeXO,llOB. 
. O 190 . - . 

npH pacna,lle 10-:MHHYTHOI'O H30Mepa . :S ' HMeromero cnRH JO • KaK OTMeqaIOT 
· ·~ -Cl9 20] . . · 

aBTOpbI pa6oT ' ' _.Ha6nIO,llaeMast B 8KcnepHM8HTe nocne,llOBaTeJibHOCTb cnR-
. · .• . .· 11'0 

HOB xopowo cooTBeTcTayeT nocne.llOBaTeJibHOCTH cnRHOB ·ypoaHeil stupa Hf 
/cM. pac. 1/, HMeromero stpKo Bbrpa:meHabril apamaTeJibH_brti cneKTp. OuHaKo) Ha-

6nro.llaeMbre OTHOllI9HiiSl 8H9pl:'Iifi OK!l3aJIH_Cb CYIU9CTB9HHO OTnR'laIOIUiiMiiCSI OT T90pe

Tii'l9CKiiX OTHOllieHHll unst aKCHanbH.bIX stuep~ B 8THX :me pa6oTax OTMe'l:aeTcSI, '!:TO 

8KCnepHM9HTanbHO. aa6nrouaeMbI9 O.THOllI9HHSI 1 : 2,93: 6,62: 8,93 HeJib3SI nony'IHTb 

BbI6opoM 3Ha'l:9HH~ .llBYX napaMeTpOB B !pOpMyne. . 

· - E. = A J'( J"+t)- a. J.e ( J+t}.e 
J" ·· /l~l.90 

Ka"rc BH.llHO H3 pirc. 2, y11eT HeaKcHaJibHOti cpopMbI st.llpa V'J 

,llae'I' OTHOllISHHSI saeprHti 6nH3KHe K Ha6nrouaeMbIM 8KcnepHM8HTanbHO / ,lla:>Ke 6e3 

BB8,ll8HHSI nonpaBOK Ha Hea,llHa6aTH'IHOCTbl. 

KpoMe K3M9H9HHSI npaBHna HHTepaanoB .Z:XJISI ypoBHeti OCHOBHO!I: BpamaTenbHOi!: 

nonochl HapyweHRe·aKcHanbHOll CHMMeTpiiH SI,llpa npHBO.Z:XIiT K nostsneHRIO HOBhlX. 

BpamaTenbHbIX ypOBHeti /aHOMallbHbIXI. .TaKOBbI, HanpHMep, BTOpbie ypOBHii co cnH-
1.90 . · ·. . 

HaMH 2 H 4 B SI,q:pe o.s . /pHc. 16/. 3TH YPOBHH H8 npostsnstIOTCSI npH pacna,lle 
. . ,i\., 1$0-

10. MHHYTHOI'O H30Mepa V;) ' O,llHaKo, OHH npostBnstIOTCSI npH K-saxsaTHOM pac-
. 190 

na,lle J~ lcM.pasnen 4/. BTopoft aos6y:>K.ll8HHbI!I: yposeab cnHHa 2 npostanst-

li.e.1'.90 
eTCSI TaK:me npH KYJIOHOBCKOM B036Y:>K.ll9HHH H npH fJ - pacna.lle SI,llpa 

/'). 1.90 
0co6eHHOCTH SI,llpa V;) CBH3aHbI C 6onbllIHM 3Ha'l:9HH8M r = '21,4°, COOT-

C1, (.e¼, (~) :::.- 3,15'. B9TCTBYIOIUHM 8KcnepHM8HTanbHOMY OTHOW9HHIO aHeprHft 

K BHOMaJibHbIM BpamaTenbHbIM ypOBHHM cneuyeT OTH9CTH ypOBHH 8HeprH!I: 

co cnHHaMH 3 B st.z:rpax ])y IG1 £1/"~ p(./.t~,i' /cM.pHc. 3/, BTOpbie 

.,..,u /Go, c-.., lti,P ..,.,....., 1.e,e 
ypOBHH B036y:m.z:reHHH co cnHHaMH 2 B H,llpax ..v.., '- - , I(.. 

/ cM.pHc.S / H MHOI'HX .llPYI'HX srnpax. 

I1HTepecHo, '!:TO TeopHSI HeaKCHBllbHbIX st.z:rep npHBO.Z:XHT K 3a1_rn1011.eHHIO, '!:TO 

aaeprirn ypoBHSI co cnHHOM 3 ,llOn:>KHa paBHSITbCSI /aesaBHCHMO OT 3Ha'l:eHHSI ;t' I 

CYMM8 SHeprH:li .llBYX ypOBHeft, HMSIOIUHX CIIHH 2, T.e. 

12,3/ 

• I 
/ I 
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Toti:HOCTb BbmonHeHirSI COOTHOllleHHSI /2,3/ lie 38BHCHT OT KOHKpeTH_OI"O BbI-

6opa 3Hati:eHHH ~oMeHTOB HHepuHH sinpa, a onpenensteTc~ TOnbKO ycnOBHSIMH 

npHMeHHMOCTH anHa6aTHti:eCKOI"O npH6nH.>K.eHHSI. n 08TOMY. Bb!IlOnHeHHe paBeHCTBa. 

/2,3 / MO.>K.eT cny.>K.HTb KpHTepHeM npHMeHHMOCTH anHa6aTHti:eCKOI"O IlpH6nH.>K.e-

HHSI. KaK noKaaaHo B C7 J cooTHOllleHHe /2,3/ xopowo BbmonmIeTcSI /no 1%/ 

nnsi MHOI"HX sinep, y KOTOpb!X H3BeCTHO nono.m.eHHe ypoBnett co CilHHBMH 2, 2, 3, 

-:,:i- ;._,., .·:·.·:,/:>. -.· ··•- ·o·, .. · .. - . 
CornacHO' jrnc. 2 "nnsi sinep c J" ,>. 21,5 ypoBeHb CilHHa 4 OCHOBHOH 

Bpai:uaTenbHOi1 nonoc bl . ne.m.HT Bbl We BTOpOI"O ypOBHSI co CilHHOM 2, njrn, J" < 21 ,5°, 

Hao6opoT, ypoBeHb 4 ne.>K.HT HH.>K.e ypOBHSI co CilHHOM 2. YpoBeHb CilHHa 3 pacno-

no.m.eH Bcerna Bb1we nepBoro"ypoBHSI CilHHa 4. 3TH Kati:eCTBeHHhle aaKOHOMep-

HOCTH non.>K.Hbl BbinOnHSITbCSI nnsi Bcex BpawaTenbHb!X ypOBHefi ti:eTHo-qeTHb!X 

Hnep, 

KonneKTHBHbie Boa6y.m.neHHbJe COCTOSIHHSI ti:eTHo-ti:eTHb!X SJnep, KOTOpbie B 

pstne pa60T OTHOCHnH ,K T8K H83bIB8eMbIM r -: KOnefiaHHSIM C KB8HTOBbIM 'IHCnOM 

K =2 H npOll3BOnbHO npHnHCb!Bana HM 8Heprmo Kone5aHHH t ~ I corn a CHO 

HOBOi\ HHTepnpeTaumi, SIBnSIIOTCSI 8"HOManbHb!MH BpawaTenbHb!MH ypoBHSIMH HeaKcH-
. · ._ - /GO 

anbHb!X sinep. TaKHe 8HepreTHti:eCKHe ypOBHH HMeIOT, HanpHMep, sinpa ])y /964 
IGI' 23,J> 

H 1047 KaB/, £?. /822, 897, 996 Kae/, . Pµ /1030 H 1076 KaB/ 
_ 1'GG 

/cM,pHc,3/, £'t. /787, 861 H 958 KaB/ H psin npyrHx sinep. 

Y Sinep, 6nH3KHX K 8KCH8nbHO-CHMMeTpHti:Hb!M / r< 15
9 

/ 8HOM8nbHbie 

BpawaTenbHbie ypOBHH ne.m.aT cpaBHHTenbHO Bb!COKO, KaK 6yneT IlOKaaano HH)Ke, 

B paanene 3, T8KHM B036y.m.neHHSIM nefiCTBHTenbHO B HeKOTOpOM npH6nH.m.eHHH 

MO.>K.HO conocTaBHTb 3Hati:eHHe KB8HTOBOI"O ti:acna K =2, KOTOpoe yKaaaHO Ha 

pHC, 3, 

06biti:HaSI TpaKTOBKa Boa6y.m.neHHbIX COCTOSIHHfi· C K =2 KaK O - Kone-

6aHHi1 c aneprHei1 E;- = ;tli} Tpe6yeT BBeneHHSI aMnHpHti:ecKoro napaMeTpa 

u)f , n ocnenoBaTenbH8SI TeOpHSI I - KOne6aHHH , yti:HTb!B8IOIU8SI Tpe6oBa

HHSI HHBapHaHTHOCTH BOnHOBbIX ·cpyHKUHH .. OTHOCHTenbHO npeo6paaoBaHHH 

r, o/.L£.fi: ,yr --1/ . - ---• 
'= q r T J o :::::- (} , H SIBHbifi BHn onepaTopa KHHeTHti:ecKofi aaep-

I"HH TaKHX Kone6aHHi1 [I] 

Jtt, f j (s· .3Y ~) 
- £ a f'~ s ,n, 3Y c:;, r ,n,. u 9 r 

I 



15 -

Il0K83bIB8eT 1 . 'IT_() r . - KOneoaH:IHJ B HeK0T0p0M CMbICne SKBHBaneHTHbI BpaIUeHmo. 

, ,. ,, - / - [ 21] I 
YJX .SHeprHSJ npHunH:>KeHH0 Bbipa:>KaeTCSJ CM. B BH.LJ.e CYMMbI .LJ.BYX 'lneH0B 

/2,4/ 

rae nepBoe cnaraeMoe npeacTaBnSJeT cooott 9-KpaTHoe_sHa'!eHHe sHeprHH nepBo

ro BpamaTenbHoro cocT0SJHHSJ 1 a V (;,;°- noTeHuHanbHaSJ SHeprHSJ SI.LJ.pa KaK • 

r. · [21] 
cpyHKUHSJ napaMeTpa , OueHKH, npoBeaeHHbie B. ) noxa3bIB8IOT, 'ITO 

/2,4/ no. nopSii:tKY BenH'lHHbI paBH0 SHeprHH -0.lJ.HOHyKnoirnbIX B030Y:>K.LJ.eHHii, a Be-_ 

p0SITH0CTb B03oy:>K.LJ.eH;liSI d - KOneoaTellbHblX ypOBHeii 98 HeCK0nbK0 nopSI.LJ.K0B 

MeHbWe Bep0SITH0CTH KBai:tpynonbHbIX B030Y)!{.LJ.eHHA BpamaTenbHbIX yp0BHeii. 3TH 

pesynbT8TbI Taxme n0.LJ.TBepmaaIOT 38KllIO'!eHHe- 0 TOM, 'IT0 ysa:,,aHHbie BbIWe . 

ypoBHH c K :=2 c_neayeT paccMaTpHBaTb KaK BpamaTenbHbie yp0BHH HeaKcHanb

HbIX SI.LJ.ep. 3T0 38KlTTO'IeHHe aenaeTCSJ eme 6onee y6e.LJ.HTen&HbIM. ecnH yqecTb 

xopo wee cornacHe HaonroaaeMbIX BepoSITHocTett KBaapynonbHbIX nepexoaoB c 

npei:tCK838HHSJMH TeopHH H88KCHanbHbIX SJ.LJ.ep lcM. pasaen 3/, 

npH 20
0 

BH0ManbHbie BpamaTenbHbie ypoBHH 3H8'1HTenbH0 onycxaroT-

CSJ /cM. pHc.2/, npH 
0 -y = 30 .LJ.Ba 8H0M8nbHbIX BpamaTenbHbIX ypoBHSJ co 

CllHH8MH 2 H 3 BM8CTe C nepBbIM B03oy:>K.LJ.eHHbIM ypoBHeM /cnHH 2/ o6pasyIOT 
. 0 

TpH SKBHllHCT8HTHbIX yp0BHSJ C nocneaoBaTenbH0CTblO CllHH0B 2,2,3. npH r~ 27 

0TH0WeHHe ~ (.f¼ (.t} 6nH3KO K 2 /cM. pHC, 1, cxeMa yp0BHett 7c l.t.t I. Bosoy:>K

.LJ.eHHSJ SJ_i:tpa C 0THoweHH8M ~('½f,(.e)~ 2 B pSI.LJ.e pa6oT 0TH0CHnH K p - Kone6a~ 

HHSJM noBepxH0CTH SI.LJ.pa H H83hlBanH 6 KOne6aHHSJMH 6nH3KHMH i rapMOHH'le~K~M', 

TaK KaK Taxoe 0THoweHHe .llBYX SHepreTH'leCKHX YP0BHett aon:>KH0 Haonio.LJ.aTbCSJ 

H .LJ.nSJ KOneoaTenbHbIX yp0BHett rapM0HH'leCK0ro ocxmnnSJT0pa, a B03M0>KH0CTb 

BpamaTellbHbIX B036y:>K . .LJ.eHHii C TaKHM 0THoweHHeM sHeprHii eme H8 0bma H3.BecT-

npH 0T0:>K.LJ.eCTBn8HHH B030Y>K.LJ.eHH11 CO CllHH8MH_ 2 H 3 C , - KOn808HHSJ-

MH SHepreTH'leCKHe yp0BHH cneayeT paccMaTpHBaTb KaK 

,1lByx- H Tpex-cpOHOHHbie KOneoaTenbHbie B030Y:>K.LJ.eHHSJ noBepXH0CTH H.LJ.pa, K0T0pbie 

.LJ.0ll:>KHbI 0bITb TpeXKpaTH0 H nSJTHKpaTH0 Bbip0>K.LJ.8HHbIMH C0CT0SJHHSJMH co CnHH8MH 0,2,4 

ans f:.t. (~) H_ 0, 2, 3, 4, 6 ans 1:(3) • Ha6nroaaeMoe oTKnoHeHHe OTHoweHHSJ 

S~Ji) /E, {R.) oT sHa11eHHSJ 2, cneayeMoro HS rapMoH1111ecKoro npHonH>K8HHH,. 
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IlhlTanHCb o6~gCHHTb HanHqHeM B raMHnbT0HHaHe K0nneKTHBHoro nBHMeHHg qneHOB 

6onee BbICOKoro nopg.ZJ.Ka /yqeT aiirapM.OHH3Ma/. T aKag HHTepnpeTaung Tpe6oBana 

BBeLI.eHHg aononHHTenbHbIX napaMeTpoB, yqHTbIBa!OlllHX ponb HerapMOHHqecKHX 

. . . £. (.e')/4 
qrreHoB. OHa Morna o6~gCHHT1>, Ha6nJOnaeMoe oTHoweHne .e, t:; (£} nng He-

K0Topbrx SILI.0P,· HO He Morna o6~gCHHTb nonoMeHHe aH0ManbHbIX KOnneKTHBHbIX 

ypOBHei!:, HMe!OlllHX cnHHbI 3' H 4. EcnH Me paccMaTpHBaTb Bee 8TH ypoBHH KaK 

BpamaTenbHbie, TO H3 0LI.HOro 8Kcnepil'MeHTanbHO onpenenHeMoro OTHOWeHHSI 

Et/I!} /4 (£) . 
' '. M0MH0 Teope_THqecKH npencKaaaTb nonoMeHHe Bcex OCTanbHhIX 

apamaTenbHhIX. ypOBHei!:. O.ZJ.HOBpeMeHHO 8TO Me OTHOWeHHe 8Heprnft, KaK 6yneT 

noKa3aHO B 3, .. onH03HaqHo onpenenSieT H OTHOCHTeJibHbie B~JIHqHHbI aneKTpOMarHnT

HhIX nepexonoB MeMny BCeMH BpamaTenbHhIMH ypOBHSIMH, H He Tpe6yeT BBeneHHSI 

LI.OnonHHTenbHbIX r~noTe3, K0TOpbie Heo6xonHMbI npH OTOMnecTBneHHH qacTH Ta-

KHX B036yMLI.eHHH C r -Korre6aHHgMH 1 qaCTH-C .J3 - KOne6aHHSIMH 0 8 qacTH-

C 06bJqHbIMH BpamaTenbHbIMH ypoBHSIMH. 

Ma BbIWeHanoMeHHOro He ciienyeT aenaTb Bbrnon, qTO Bee KonneKTHBHbie 

B036yMLI.eHHhie COCT0gHHSI H8,ll0 0TOMnecTBngTb C BpamaTenbHhlMH nBirMeHHSIMH. 

pg.ll B036yM,lleHHhIX COCTO~HHi!: He MOMeT OTHOCHTbCSI K BpamaTenbHhIM ,llBHMeHH-

SIM. TaKOBhI, HaIIpHMep, ypOBHH 8HeprHH OTpHuaTenbHOi!: qeTHOCTH /605 H 656 KaB/ 
tJ8 . 

y napa Pl.I lcM. pnc.3 / H y HeKoTophrx apyrnx qeTHo-qeTHbIX naep. 8TH 

ypoBHH a HaCTogmee BpeMg paCCMaTpHBaJOTCSI KaK OKTynonbHbie Kone6aHHSI noBepx-

.dOCTH gapa.··TaKOBbI, aanee, B036yM,lleHHbie ypOBHH cnHHa O H 2 /935 H 986 KaB/ 
·· · L.54 · ·. E~~ 

y gapa Pl.I /c?J.pnc. 3/ , ypoBeHb cnnHa O /810 KaB/ y gapa LI , . ' . llf 
ypoBHH co cnnaaMH 4, 0., 3 /1286 1 13081 1368/ y nnpa Cc/ ll -HeKOTOpbre 

B036yM,lleHHbie COCTOSIHlHI apyrnx qeTHo-qeTHbIX gaep, KOTOpbre, no-BHLI.HMOMY, 

cneayeT 0THOCHTb K fa -Kone~aHHgM_ noBepxHOCTll aTOMHOro SI.llpa. HaKOHeu, 

B036YM.lleHHbie COCTOgHHSI s:iaep, cpopMa KOTOpbIX Mano_ OTnHqaeTCSI OT ccpepnqe

CKOi!:, BOOOille He1Jb3g paaaenHTb Ha KonneKTHBHbie H 0LI.HO'I8CTHqHbre; B 8TOM 

cnyqae ecTeCTBeHHO Henb3SI BhI,lle1IHTb H BpamaTenbHbie COCTOSIHHSI, 

3. s·rreKTpOMarHHTHhie nepeX0,llbI MeMny BpamaTenbHhIMH 

COCT0gHHSIMH HeaKCHa1IbHhlX Hnep 

Bee BpamaTe1IbHbie C0CT0SIHHg HeaKCHanbHhIX SI,llep /KpOMe COCTOSIHHH co 

cnHHOM 3 / ae HMeJOT onpe.n..eneHHoro 3HaqeaHSI KBaHTOBO['O qncna K. U08TOMY 

J 
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BOnHOBbie CJ)YHKUHH STHX COCTOSIHHil: HMSIOT BH.ll 

/ 3.1/ 

. 
r.ne t.. onpe.uenSieT HOMep YPOBHSI .ll8HHOI'O CIIHHa J ;_ :::: J. 

COOTBSTCTBy-

eT COCTOSIHHSIM OCHOBHOil: BpamaTenbHOil: non'ocbI. 
- _, t.. = 2 3 

- . ••• - 8HOManhHbIM 

BpamaTenhHbIM YPOBHHM. CyMMHpoBaHne B /3. f / BbinOnHSISTCSI TOnhKO no tJ:8THbIM 

nonO.lKHTenbH bIM K, 

~ f ~ ec,41..1 -K-t--o 
~Ko Z i, e<!.11~ k=O 

j -

Dm,t; - o6o5meHHbie ccpepntJ:ecKne cpyHKUHH, aaBncsimne OT yrnoB 81!:nepa, onpe

_.n enSIIOlllHX opHeHTaun IO H.npa B npocTpaHCTBe. 

BonHOBaSI cpyHKUHSI COCTOSIHHil:, COOTBSTCTBy!OlllRX CIIHHY 3, Bbipa.lKaeTCSI 

KoacpcpnuneHTbI A Ki; onpe.uensiIOmne BonHOBbre cpyHKilHH /3,1 / .npyrnx Bpama

TenhHbIX cocToHHnil:, BbI?J:ncneHbI a pa60Taxf7 ,BJ. B KatJ:ecTBe npnMepa rrpnBe.neM 

°-1 l.90_ {)':;- £{f'/: BOnHOBhle CJ)YHKUHH rrepShlX Bpam~TenhHhlX COCTOSIHHil: H.npa 

</-;.1. ::: q g.9b ~o + q O<f 9' 'P~£ , 
~i =: O, 9S 95fo + 0, 3 P-r.e + q 02 s5f4' _, 

== -qoJ';t ~ 0 + q 9.9G 

'P3fl, , 
~.t.e ' 

~f == - 0, .3 9i0 r q 9., 'P4-:t. + q o £ ':?~¥ 

~1 = °'JS So'°" i- 46"£ ~~ +qOG SD4-f +qt:?oZ_ ~ ... G 

061.e,;:_v.11e11nwii l!Hcrnry.
ll~epnux IICCJltJJ.OB-aHHAi 

6J.16JU'10TEHA 

/3.3 / 
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!7 sJ · 1:. {£)/ 
KaK _noKasaHo B ' nm1 stnep c oTHowem1eM aHeprnil: .t /t=;(£) > 6,9, 'ITO 

COOTBeTCTByeT 7 < 15°' BOnHOBbie cpyHKUHH BpamaTenbHhIX COCTOHHHM'. MQ)KHQ 

anpoKCHMHpOBaTb Bbipa)KeHHHMH, conep)KalUHMH TOnbKO 0.llHO 3Ha'leHHe K. TaK, 

BOnHOBbie cpyHKUHH COCTOHHHA, HMeIOlUHX _CilHH 2,. SaMeHHIOTCH IB nopHnKe B03pacTa

HHH aaepr:11:11/ npnonH)KeHHhIMH cpyHKUHHMH 

" . . rF' 
l/-1.ei. -= ~" = V ~ 

J! 

])mo 
/ 3,4/ 

0- rF-. 
9-' u == r.u. -- . r;::-1 . (·· R.. IJ J! 

V "ici-1.. · l)mL + m,-.e ). 

BOJ11HOBhre cpyHKUHH cocTOSIHHii, o6nanaromnx cnHHOM 4, anpoKCHMHpyroTcH Bhrpa)Ke-

HHHMH 

H T • .ll. 

. o· fg' f 

'flt1 = V "jji'.t. Dn", , 

tr-;,;= ~ ( JJ;., + ]);_J' 
~j~ 

[T1 v~£ ( .D;1/ + .l)ll?f-y) 

/3.5/ 

B Tex cnyqastx, Korn.a. I 
t:efe),,-

/«=; {i:) > 6,9 / BpamaTenbHbIB .llBH)KeHHH MQ)KHQ npn-

onH)KeHHO onncaTb cpyHKUllSIMH Tllna /3,4/ /3,5/, BpamaTenbHhie Bosoy)Knemrn 

MQ)KHO xapaKTepH30BaTb .llBYMH KBaHTOBbIMH •rncnaMH J H K • B 8TOM 

.npnonH)KeHHH ypOBHHM OCHOBHOM'. BpamaTeITbHOM'. nonOCbI COOTBeTCTByeT 3H8'1eHHe 

K = o. AHOManbHbI0 BpamaTenbHbie ypOBHH Torna MO)KHO nonpasnenHTb Ha 

' 
CHCTeMbI ypOBHeil: co 3H8'1eHH~MH K =2, 4, 6, ••• 

Ha pHC. 3 npHBeneHhI CX0MbI aaepreTH'leCKHX ypOBHeii 
,e34 · . 

Hnep Dyt6o c't:.P 
• {;;;:;?.. 

n , Pl.I , Ha KOTophrx yKasaabI saaqemrn j n k 1 npHHHMaeMhle B H8CTOH-

mee BpeM5t. 

B CBSl3H C TeM, 'lTO BOnHOBbI0 cpyHKUHH BpamaTenbHhIX COCTOHHR:il: 0.llH03Haq• 

e (~JL -
HO anpeneneHbI, eczm H3B0CTHO ;r hmn OTHowemi:e ~ /f:t{~)I, B03HHKB0T 

B03MQ)KHQCTb Bhl'lHCneHHSI. npHBeneHHbIX BepoHTHOCTeil: a.rreKTpOM8I'HHTHblX nepexo-
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.QOB Me:m:.o;y BpamaTenhHblMII ypoBHl'IMII. 

TaK. Harrpn Mep, rrpnne.o; eHHbie Bepol'ITHOCTII aneKTpl!'IeCKIIX KBa.upyrronhHblX 

rrepexo.o.oB Me:m:.o.y BpamaTenbHbIMII COCTOl'IHl!l'IMII nerKO Bbl'll!Cnl'IIOTCl'l,ecnn y'leCTf:\ 

'ITO 

Q o - BHyTpeHHIIll KBa.o.pyrronhHblfi aneKTpl!'leCKIIfi MQMeHT i:r.o.pa. 

npnne.o.eHHbie Bepol'ITHO~TII aneKTpl!'leCKIIX KBa.o.pyrronhHblX rrepexo.a.oB, Bblpa,,,..., 
. ~~e . 

:m:eHHbie B e.unHl!UaX eil:;. ' COOTBeTCTBYIOlUIIX rrpnBe.o.eHHblM nepolITHOCTl'IM· 

aneKTpn:'leCKIIX KBa.o.pyrronhHbIX rrepeX(?.llOB Ha rrepBblfi YPOB9Hh Boa6y:m:.aeHl!l'I aK

cnanhHOI'O l'l.llpa. IIp1IB9.0.eHbl B Ta6111IUe 2 .o.ns:r HeCKOnhKIIX 3H8'19Hl!fi r 
Ta6nnua 2 

r 0 IO 20 25 35 

_g (ti'2; £t- O) I,O 0,97 0,93. 0,96 I,O 
16.(tr.t; :z.e- oJ 0 0,028 0,067 0,042 0 
-8 (tr£; ££--;,JZf) 0 O, OSI 0,36 0,86 I,43 
t'(ci'.e i ..3 -;» 2 .f.} 0 O,OIJ 0,12 0,079 0 

f1 ( E' 2: i 3 - £ £) I,78 I,77 .I,67 I,70 I,78 
(.i' (E.£ i .3 ~ f ~) 0 0,034 0,4I 0,82 I,O 
g (£2.; ff-;,£.(} I,43 I,.39 I,37 I,.36 I,39 
g (6£; ltf-,,,_f!t,} 0 0,002 0,0.3 0,04 0 
g (~.e i f.t-£1) 0,59 0,57 0,1648, 0,4.3 ·o,59 
-t(cfl; 4'fl~3') I,33 I,28 0,98 0,45 0 
g ( Ei.; 4' £-,,ftf} 0 0,06 0,.31 0,31 0,27 
f(Sfl; (;f-p,41) · I,57 I,55 I,62 I,70 I,73 
i(E2; ~L~4'2) 0 '- o, 008 0,05 O,OI 0 
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TTpHB0.!l0HHhie BepOSITHOCTH rrepe_xonoB M0)K.!lY BparuaTenbHh!MH ypoBHSIMH 

'10TH0-'10THOI'O Sl.!lpa Y.!lOBneTBOpSIIOT H0KOTOpbIM npaBHnaM cyMM. HarrpHMep, 
. . eA!Q..e . 

CYMMa IIpHB0.!l0HHhIX BepoSITHOCTeit IB 0.!l. 
0 I C o60HX ypOBH0H,, HMeIO-

L~5!:" 
lllHX CII~H 2, B OCHOBH00 COCTO~HHe paBHa 0.!lHHH~e: 

nanee 

G ( E' £ ,· £, ~ o J + € ( e .e ; .e e -i> o } :::: :t. 

C { E:.e ; 3 ~ 2 2 ) + f ( e .e j 3 _,,. ,i .t):::: ..!£ 
:tf 

/3.6/ 

/3,7/ 

via Ta6nHUhl 2· cne.!lyeT, 'ITO rrpHB0.!leHHbie BepoSITHOCTH sneKTpa'leCKHX 

KBa,npyrronbHhIX rrepexoaoB Me)Kay BparuaTenbHhIMH COCTOSIHHSIMH 'leTao-'leTHhIX 

SI.!lep MO)KHO paa6HTb mi TpH THna: 

a/ nepeXO!lhI, npHBeaeHHhie BepoSITHOCTH KOTOPhIX no IIOpSI,uKy BenH'IHHhI 

paBHhI e.ttHHHUe. K STHM nepexoaaM OTHOCHTCSI KacKa,llHhie rrepe~O!lhl Me)Kay 

ypoBHSIMH OCHOBHOll BparuaTenbHOll nonoChI H rrepeXO,llhI Me)Kay aHOManbHhIMH 

BparuaTenbHhIMH · ypoBHSIMH pa 3HOI'O CIIHHa. HanpHMep, nepeXO!lhI: 

3 -,,; 22, 42 · - 3, 42 --,.. 22. 

6/ nepexoa bl Me)K,uy ypOBHSIMH OCHOBHOH BparuaTenbHOH rronochI H aHOManb· 

HhIMH BparuaTenbHhIMH ypOBHSIMH LlPYI'OI'O CIIHHa. HarrpHMep, nepeXO,llhI: 3 - 21, 

41 - 22, 42 - 21, 61 -> 42 H .np. TTpHBeaeHHhie BepOSITHOCTH TaKHX nepe

XO.!lOB paBHhI ayn10 npH J" = 0, HnH 30° H ManoBepOftTHhI .!lnSI apyrHx aaa'leHHH 

r 
Bl nepeXO.!lbI Me)K.!lY YPOBHSIMH 0.!lHHaKOBOI'O 3Ha'leHHSI CIIHHa. HarrpHMep, 

nepeXO.!lhI: 22 - 21, 42 - 41 H LlP, TTpHBe.!leHHhie BepoSITHoCTn TaKHx nepexo

.!lOB paBHhI Hyn10 npH d = O, a aaTeM, aaatJHTenbHO BoapacTaIOT rrpH yBenHqe

HHH , d 1 .!lOCTHraSI MaKCHMAnbHhIX 3Ha'leHHll /rropSI,uKa ea_HHHUhI/ IIpH r =30° • 

K sToMy )Ke THIIY nepexoaoB OTHOCHTcn H nepexoa 3 _.,.. • 41. 

B TeX cny'lastx, KOI'.!la BparuaTenbHOe ,llBH)KeHHe MO)KHO OIIHCaTb npH6nH

)KeHHhIMH cbyHKU~SIMH, COOTBeTCTBYIOlllHMH orrpeaeneHHOMY 3Ha'leHHIO KBaHTOBOI'O 

'IHOia K, OTnH'IHhie OT Hynst rrpHBe.!leHHhI~ BepOSITHOCTH KBa.!lpynonbHhIX nepe:xo-

.!lOB Me)K.!lY BpamaTenbHhIMH ypoBHSIMH .!l8HHOI'O J H K OIIHChIBSIOTCSI npo-

. , 

j 
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CTbIMH cpOpMynaMH: 

t ( ££; JI( - .TI( } ...:. s { .e .TOK I JI( ).e C-<Jj .e ;r, 
l {s.erJK~>J'K+.e} ·. '¾ (1+~0 ){.f.J,el( }J'K+.e).e.s,IZ..e ;r, 
G' ( E.e; ~ TK~> J 

1
K-~):::; ¾ (1 + ~~)(-e.r-.e" / rk-.e}.e.rh/y. 

TaKHM o6pa30M, rrpH r < ·15° HaH6onee BepoHTHbre E2 rrepexo.ubr ocyruecTBnH- · ✓' 
IOTCH rrpH ycnOBHH BhlITOnHeHHH paBeHCTBa: 

/3,8/ 

n epeXO,llbI, rrpoHCXO.llHI.UHe rrpH HapyweHHH ycnoBHH /3,8/ rrpHHHTO H83bIB8Tb 

K-3arrperueHHbIMH rrepeX!).ll8MH. TTpH t > 10° cne.uyeT rronb30B8TbCH TO'IHbIMH 

cpyHKIIHHMH, T8K K8K .ll/IH T8KHX H,ll9p K yMe He HBnHeTCH XOpOWHM KB8HTOBbIM 
' . 

'IHCJ_IOM. HBHbIH BH.ll rrpHBe.ueiIHhIX Bepo?THOCTefi rrepexo.uoB MeM.uy pa3nH'IHbIMH 

YPOBHHMH ci:rnHa 2 H ypOBHeM co CITHHOM O ·yK838HbI ~HMe: 

' ) f ( .3- ,£ s,:n 3/.3r) ') ' ' C (£~; £t...., o = a 1. + '1 . . . . 
,v . 9 - a .s!i..n 1y.3 o:J 

C ( £ 2; 22 ~ o) ==- .1. ( t - 3- 2 s,/1 !i?{.3oJ .. ) . 
£ V 9- 8 Sin-f(iJJ) 

·( , , 10 s,-,,x.(3~) .g ££; £2--?Zt; =. -
~ ( fl- 5' $i.n.e{30J) 

I1TaK, pa3BHT8H B pa6oTaX (
7 ,8 1,TeopHH BparuaTem,HbIX COCTOHHHii HeaK

CHam,HbIX H.uep IT03BOnHeT BbI'IHCnHTb BepoHTHOCTH KB8.llpyrronbHbIX rrepexo.uoB 

Me)K.uy BCeMH BparuaTenbHbIMH COCTOHHHHMH H,llpa. Bee 8TH BepOHTHOCTH rrpo

rroprrHOHanbHhl KBa.upaTy BHyTpeHHero KBa.upyrronbHOro sneKTpH'lecKoro MOMeHTa 

H,llpa. nosTOMY OTHOWeHHH rrpHBe.ueHHbIX BepOHTHOCTeR: rrepex9.uoB 6y.uyT 38BH

ceTb TOn:hKO OT 3Ha'lemrn y ' T.e. OT OTHOWeHHH SHeprHii ypoBHeil: CITHH8 2. 

TaKHM o6pa30M, T,eopHH IT03BOJIHeT CBH38Tb OTHOCHTeJibHbre. rrpHBe.ueHHbte BepOHT

H OCTH rrepexo.uoB M9M.llY pa3nH'IHbIMH BparuaTenbHbIMH ypoBHHMH H.upa C OTHO

UJeHH9M 8Heprm1 .llBYX ero BparuaTenbHbIX ypoBHeil:, HM9IOUlHX CllHH 2. 

'E. (£)/ 
B Ta6nHrre 3 npHBe.ueHbI OTHoweHHH sHeprHil: ~ /E, (i}, cooTBeTcTayromHe 

' ,. 
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., 

T a 6 n H u a 3 

-----·---
fz(2) i(E2;22--.21) .i{E2; 22-21) 

Ill.PO £i(2) 't~ ,8(e2_;22-o) lrc2j2.1.-.o) 
'T'eop. i)l(cn. reop. 3kcn. 

pJ31 23,4 8.,1. t2 f,3--J,S 
77,.231. 15,4 t0,3 ~7 1,8 Q,052 _ 0.,0J4 w1s2 12,1. Jf,6 1,7 J,6 D..J60 11.0 12,2 1,9 2A .s,l,U ,9 J~S t.,9. J., 7. 
G.tS'f 8,f t't.,o 2,6· t,94 
wtlllt 8,0 14,J 3, 0 2,~ 0,:18 o_, !2 Os'" lf,1 1!?,3 4..,5 2, 7- l?,32 0,19 o/90 3.,0 21,4 7, 1 9.,.7 0,50 (),52. H/9' 2.,7 23,2 :f.3 25-
O.s192. 2,'t 25,'1 21 9, 1 ·o,9o 0,68 rem 2,2 26,3 4o 30 1.,29 2..,8 
CJ."" 2,17 26,8 78 77,9 -
Te12, 2._,14 21,S 1. 04 200 
Pt196 1,97 30 00 >2500 

li M 3Ha~eHliS r.: _ s TeOp8Tli'I8CKli8 li 8KCil8pliM8HTanbHhI8 OT_HOW8HHS /cchtnKli 

Ha pa60Thl CM. B [ 
7 •81) np;BeaeHHbn{ eepoHTHOCTeii KacKaaHoro H npSIMOI'O 

-- :._ . - -- - B{e.e;.e£-,uJ. 
nepexoaoa co BTOpo~o ypoBHS CilliHa 2 li OTHOll.19Hli8 nepexoaoa L>(. '\ • 

.., s:e; £:f-.>O/ 

vI a Ta6nHUhI -a~a-~o, · qTo Teopns xopowo nepeaaeT. aKcnepHMeHTanhHhie OT Ho-

. y 0 
W8HliS npliBeaeHHhIX aepOSTHOCTeA. TaK, HanpHMep, H3M9H8Hli!O d OT 8,1 

0 -ao 27 ,5 COOTB8TCTByeT B corn_aCHH. C 8KcnepHM9HTOM yBenli'I8Hli9 TeopeTH'Ie-

. B (£,t; ££-£:t J 
CKOI'O 3Ha'I8HliS OTHOUI8HHS ,2 (~ ) IlpHM8pHO Ha aBa IlOpS,llKa. 

, - g c.~; ££--o 

TTpeacTaBnSeTCS liHTepeCHhIM paccMOTp8Tb OTHOW8HliS npHBeaeHHhIX aepOSTHo-

CTett nepex_oaoa C OCHOBHOI'O COCTOSHliS Ha aBa ypOBHS, liM8IOIUliX CilliHhl 2: 

~-(~,e j O ~.e,e) 

g{E£; O~Rt} 
,J ~ - 8 Sl;/ .3<Y 

1 

- 3 +- 2 .5 ,I'/· .3J" 
'1 g-J's,'n.t.Jf + 3-£ Sh/~ og 

/3,9/ 

3HaHlie 8TOI'O OTHOW8HliS cymecTB9HHO ans Bh!BCH8HHS B03MO)KHOCTli B036y:m:ue-. 
HHS ypOBHS 22 KynoHOBCKHM n_oneM sapsMeHHhIX qacTn:u. 

. ~~ 0 0 
OTHOlll8Hli8 /3,9/ MaKCHManbHO ans 2,4 ~ t:,{.e) < 6,28 IT.e. 25 ;>q7 15 / 

E. (.e}/_ £ (~) . . 
Ii o'Ielib Mano npn .t /Ct(~) > 64 li -t ¼ {ll} < 2,01. TeopeTH'IeCKHe li 

j 
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9KcnepHMeHTaJibHbie 3HatJ:eHHH OTHOWeHHil: /3,9/ /nonytJ:eHHbie ll'.3 .uaHHbIX O KYJIOHOB-

22 
CKOM BOa6y.:>K,ueHHH CM, / npHBe,ueHbI B Ta6nHue 4. 

,Unn ycTpaHeHHH Heonpe.ueneHHOCTH, CBH3aHHOil: C paaHoil: aaceneHHOCTbID Bpa

waTeJibHbIX ypoBHeil:, Heo6XO,llHMO cpaBHHBaTb nepeXO,llbI, npoHCXO.llHIUHe · c O,llHOI'O 

HatJ:aJibHOI'O COCTOHHHH B pa3Hbre KOHetJ:Hbre. K CO.:>KaJieHHID, HMeeTCH ewe Mano 9K

cnepHMeHTaJibHbIX .uaHHbIX, OTHOCHIUHXCH K nepexo.uaM T8KOI'O THna. B pa6oTe 

[23] 
HaTaH ll BaI'OHHp npHBe.ueHbI SKcnepHMeHT8JibHbie 3H8tJ:eHHH OTHOWeHHH HHTeH-

. 14"£ . 
cHBHocTeil: E2 nepexo.uoB 3-+ 41 H 3~21 B n.upe S,n . 3To OTHowemrn -. - f tff(.!:'~; ~...,,,;,/Jl 
COOTBeTCTByeT OTHOWeHHID npHBe,ueHHbIX BepoHTHOCTett "° ($~ 

9 
~ ),A= 1,88. 

£. (.e) /- « 14'",f ~ J ...., 'I tM:t:n 0 
vJ3 OTHOWeHHH .t /£ (ij = 8,9 ,llJIH H,upa vh7 CJie,uyeT, 'ITO r = 13,5 t 

:t [ ilfe.e; _a--9-f/ 7_ 
TOI'.lla TeopHn npHBO.llHT K aHatJ:em1ID ~(G.t; !J-s>.,f/ Jrc:;, 1,37, tJ:To y,uoBneTBOpHTenh-

HO COI'JiacyeTCH C 9KcnepHMeHT8JibHbIM OTHowem1eM. 

Ta 6 n Hu a 4. 

s:F,upo 
s. (£} r 

g ( ti' ft i O-,. .e.e) 
G'($ll; 0-?Zf.) 

EtU!.) 
re.op. 3KCl'l.. 

(h f$0 
2,9 20 o, 072 0 04 

100 ' fl L.{ 2,55 23,7 0,057 0,024 
fl l./ tor - 2,56 24 0,055 O,OI'.3 
Gdtro 

2,35 25 0,044 0,021 
R.t.t 

10£, 

2,24 25,I o, 04.3 0,0I5 
pJ10& 2,20 26,5 0,027 0,017 
Pel 10s 2,I8 27 0,02 0,0I 
cd 1,/ 2,17 27 0,02 0,02 

l1a pa6oTbI Ba.u.uenn H EHceHa [ 
241 

cne,uyeT, 'ITO B. n.upe K ~ J.2 
6'(sz ~ 3-,.,u J · · 
€(£'2-; .3 -1>£;!) = 0,016 • 3To OTHOWeHHe COOTBeTCTByeT n.upy, y KOTOpOI'O-;]" 

d.0M.HOrHM OOJibWe 29° • 3HatJ:eHH0 29°( r < 30° COI'JI8CyeTCH C H80JIIDi:t:aeMbIM 
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OTHOW9HH9M E.t {~) /E.t (.e) = 1,9 ecnn yqecTh, qTo B aTOM nape aana6aTnqe-

CKHe ycnOBHSI BbIIIOnHSIIOTCSI He oqeHb xopowo. 

B aaKnIOqeHH9 9TOro paaaena OCTaHOBHMCSI Ha HHTepnpeTaUHH BToporo BOa6y>K

LI9HHOro ypoBHSI co CilHHOM 2 B H30Tonax BOnbcppaMa. B HeaaBHO ony6nHKOBaHHOli 

pa6oTe AnxaaoBa, rpHH6epra, rycHHCKoro, EpoXHHOH H neM6epra C 25 J BbICKa3bIBa-

9TCSI npeanono:>KeHHe, qTO ypoBHH 1222,891 ·H 730 KaB BTOpbIX Boa6y:>KLI9HHbIX coc-

w 1B,t ·w 1,ff . 11'6 
TOSIHHit CO CilHHOM 2 SILiep . t t W SIBnSIIOTCSI r -BH6paUHOHHbIMH 

ypOBHSIMH. npH 9TOM B KaqecTBe OCHOBHOro LIOBOLia B nonbay TaKoro aaKnroqeHHSI 

aBTOpbI HCilOnhayIOT peaynhT8Tbf COilOCTaBne_HHSI 9KCnepHM0HTanhHbIX OTHOW0HHH npn

BeaeHHbIX BepoSITHOCTett aneKTpHqecKHX KBaapynonhHbIX nepexoaoB Ha. OCHOBHOH H 

nepBbiit B036Y:>KLI9HHbIH ypoBHH 9THX staep. lB HaWHX o6oaHaqeHHSIX 9TO OTHOW0HHe 

MO:>KHO aanHCaTb B BHLI9 
C(s.e; .ell- o) 
Ii( 4'.2; ££.-fU) 

/3,10/. Ecnn npeanono:>KHTh, 

qTO BTopott Boa6y:>KLI0HHbiil ypOB0Hb HMeeT xapaKTepHCTHKH J = K = 2, a y 

BpamaTenhHbIX ypOBHeit K = 0, TO cornaCHO TeOpHH An~ra H ap.r 
26 J 9TO OTHOwe

HHe aon:>KHO paBHSIThCH 0,7 ann Bcex HaoTonoB BonbcppaMa. B Ta6nuue 6 npnBeae

HbI 3KcnepHM9HTanhHbI9 3HaqeHHSI yKa3aHHbIX BbIWe OTHOW0HHil anst H30TOilOB BOnb-

- I: 25] . 
cppaMa, nonyqeHHbie B • OTH.OW0HHe 9HeprHtt ypoBHett cmrna 2, COOTB0TCTByIO-

IU99 9TOMY OTHOW9HHIO 3HaqeHHe d •. H TeopeTHqecKHe OTHOW0HHSI /3,10/ cornac-

. [1 8} · 
HO Teop1m HeaKcnanhHbIX staep ' • B npeanocneaHeM cTon6ue yKaaaHbI aKcnepn-

MeHTanhHbie OTHOW9HHSI, nonyqeHHbie B pa6oTax, CCbinKH Ha KOTOpbre LI8HbI B' nocne.a

H9M ciTon6ue Ta6nnuhl. 

.ffapo 
I E" (R-) 

£.,_{£} r 

WI82 I2,I II,6 
W I84 a,p 14,I 
W 186 6 15,2 

Ta6nHua 5 

C (e2.; £S?.-o) 
€(£t.;£S!.➔~i} 

Teop. 8Kcn. Teop. 

Anara Anxaaoa HeaKc. 

H LIP• H LIP• staep 

0,7 I,2 0,59 
0,7 0,69 0,42 
0,7 0,53 0,37 

I aKcn. 

0,62 
0,55 
0,42 

JlnT. 

27,28 
29 
29 

j 
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[25] · 
Ecm1 ytieCTb, q70 ,ZlaHHhle pa60TbI · , OTHOCHU.U10CSI K 

-ri.e 
W. ,nMe!OT ManyIO 

ToqHOCTb /KaK OTMeqaIOT aBTOpbI peaynbT.aTbI rronyqeHbI rrpH ycpe,ZlHeHHH TOnbKO 

qeTbipex OIIbITOB/' TO H3 Ta6nHUbI 5 cne.nyeT, qTo TeOpHSI, yqHTbIB8!0Ill8H HeaKcn

anbHY!O cpopMy H,Zlep, xopowo rrepe,ZlaeT SKCIIepHMeHTanbHO Ha6nI0,1laeMbie OTHOWeHHSI 

HHTeHCHBHOCTel IIPHBe,ZleHHhlX BepoSITHOCTel KBa,ZlpyrronbHhlX sneKTpnqecKHX rrepe

XO,ZlOB H HX H3MeHeHHe IIpH rrepexo,Zle OT 0,ZlHOro H30TOIIa K ,ZlpyroMy. 81-crrepHMeH

TanbHbie ,1l8HHbie OTm1qaioTCH OTo 3HaqeHHH 0,7 TeopHH £2aJ H IIO,ZlTBep:m.,!la!OT BbIBO

,Zl bl TeOpHH HeaKcHanbHbIX H,!lep O TOM, qTo K He HBnSieTCSI xopOWHM KBaHTOBbIM 

06cy:m.,1laeMbie ypoBHH H30TOIIOB BOnbcppaMa He MOryT OTHOCHTbCSI H K 0,ZlHOH,YK

nOHHbIM Boa6y:m.,1leHHHM 0 .[{nH 0,ZlHOHYKnOHHbIX Boa6y:m.,1leHHfi IIpH rrepeXO,Zle 22-- 21 

OTHOll!eHHe KOHKypnpy!OlUHX -MarHHTHOro ,ZlHIIOnbHoro H sneKTpnqecKoro KB8.1lPYIIOnb

HOro rrepexo,ZlOB 6bmo 6bI 6onbIIIe e,1lHHHIIbI 0 B ,ZlelcTBHTenbHOCTH :m.e STOT rrepe-

XO.!l rroqTn uennKOM KBa.!lpyrronbHhll, qTo cornacyeTcSI c rrpe,Zlc~aBneHneM o Bpama

TenbHOI rrpHpO,Zl e T8KHX ypoBHel / CM. [
3o] I. 

M O)KHO Ha,Zl eHTbCH, 'ITO HOBbie. SKcrrepnMeHTanbHbie ,1l8HHbI0 0 Bepo HTHOCTHX 

rrepexO,ZlOB B_ qeTHo-qeTHbIX H,Zlpax II03BOnSIT rrpoBeCTH 6onee rronHoe cpaBHeHHe C 

rrpe,1lCK838HHSIMH, cne,!lyIOUlHMII H3 TeOpHH BpamaTenbHbIX COCTOHHHfi HeaKcHanbHbIX 

SI,!l ep. 

4. npaBHna HHTenCHBHOCTel ,ZlnH 6eTa-rrepeX0,1lOB Ha. paannqHbI0 

BpamaTenbHbie COCTOHHHSI ,ZloqepHero qeTHo-qeTHoro H,!lpa 

3HaHHe BOnHOBbIX cpyHKUHI BpamaTenbHbIX. COCTOHHHI qeTHo-qeTHbIX aTOMHbIX 

SI,!lep II03BOnHeT B neKOTOpbIX cnyqasrx BhlqHCnHTb OTHOCHTenbHhle HHTeHCHBHOCTH • 

.f' -rrepeXO,ZlOB 113 O,ZlHOro HaqanbHoro SI,!lepHoro COCTOSIHHSI MaTepHHCKoro ueqeT-. 

Ho-HeqeTHoro SI,!lpa Ha paannqHbie BpamaTenbHbie COCTOSIHHSI ,ZloqepHero SI,!lpa. 8TH 

OTHOCHTenbHbie HHTeHcHBHOCTH IIO,ZlqHHSl!OTCSI npaBHnaM , auanornqHbIM ItpaannaM 

HHTeHCHBHOCTe:I ,ZlllSI TOH KOi H CBepxTOHKOI CTPYKTypbI aTOMHbIX crreKTpoB • .[{ nSI 

cnyqaSI 8KCH81lbHbIX SI,!lep T8KHe rrpaBHlla paccMaTpHB81lHCb Anara H ilP• (
261 • il.nsr 

cnyqaSI HeaKCH81lbHbIX SI,Zlep 9TH rrpaBHna HCC1l0,1lOB8HbI. B pa6oTe [
3lJ. 

BonHOBaH q:iyHKUHSI aaqanbHOrO COCTOSIHHSI .MaTepHHCKOro SI,!lpa, HMe10mero 
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cmrn 1, B a,n:11a6aTH"I9CKOM. IIpH6nH:>KeHHH ·:. ·Mo:>«:eT 6bITb npe,n:cTaBneHa Bbipa:>KeHH9M 

~,¥~ 

EcnH npouecc .P 

r 
% r~J ·Ea,._ ])Mk -

k 

-pacna,n:a xapaKTepHayeTCH MOM9HTOM. ~ 

aneKTpOHOM H H9il:TpHHO, TO OTHOllI9HHH npHBe,n:eHHbIX BepoHTHOCTeil: 

14.11 

1 YHOCHMbIM 

.J3 -nepexo-

,n:oB H3 onpe.n:eneHHoro HaqanbHOro COCTOHHHH /4,1/ MaTepHHCKOro H,n:pa B paa

nH"IHbI9 BpamaTenbHbre cocTOHHHH /3,1 /, cooTBeTCTByromHe o.n:HoMy BHyTpeHHeMy 

COCTOHHHIO ,n:O"I9pHero H,n:pa 1 6yn.yT onpe,n:enHTbCH !pOpMynofi 

8 (t,; J~j~? 
8 ( 4; I-,.J" l. '} 

ecnH 

l ~ 

I~, a.,.. A::.,{JlKK-~ I'K')/£ ' 
- Kl< " ._ 

- I ~,,al( A;,;,,, (Jll<K(!_K/J""K") /.2 

r 
i 

. 
m1.17 

min 
( K+K), 
( l(+K'1), 

9./lR 

i./17/ 

K '=/:o 
;<. 1*0 

•")", 

~l 

7./ 

/4,2 I 

K:I: o 
l{:/:O. 

.jJ,tIH 8KCH81IbHO-cHMMeTpH"IHOro H,n:pa, Kor.n:a KB8HTOBOe "IHCtIO K HBtIHeTCH xopo

llIHM KBaHTOBbIM 'IHCtIOM, /4.,2/ nepexo,n:HT B COOTHOllI9HHe, Haii,n:eHHOe B r20 J ,n:tIH 

BpamaTenbHOtt nonocbr ,n:o-qepHero H,n:pa c onpe,n: eneHHbIM aHa"IeHHeM K 1 

8 (b; Jlf-,.JJ(; 
8 ( Lt i ]'I(-,,. J 1'/,1} 

_ ( It 1-(/((1, / J 
11() 2 

- ( ltKK!.../( I J 11K 1)fl. 

,[lnH paapellI9HHbIX j3 -nepexo,n:oB, OTHOCHlllHXCH nH6o K npaBHtiaM OT-

·6opa ¢,epMH, tIH6o npaBHtiaM OT6opa raMOBa-Tennepa, IIpHBe,n:eHHaH BepOHTHOCTb 

nepexo.n:a o6paTHO nponopunoHatibHa 2:' fo •• r.n:e CZ: -nepno.n: nonypacna.n:a, a 

Jo - cpyHKUHSI ¢,epMK, npe,n:cTaBJlHIOlllaSI HHTerpan OT cpyHKUHH pacnpe,n:eneHHSI 

8tl9KTpOHOB IIO 8HeprHH. 

B o6meM cny-qae ,n:tISI aanpemeHHbIX nepexo,n:OB TaKaSI CBSI3b QTCYTCTBy.eT, 

TaK KaK, 110-BHAHMOMY, B TaKHX nepexo,n:ax cymecTB9HHa KOM6HH8UHSI B38HMo-

.n:ettcTBHil: paaHoro THna, OTHOCHTetibHbiil: BKna.n: KOTOpbIX Tpy,n:HO oueHHTb. 11cKtilO-· 

"I9HHe COCTaBnHlOT, T8K H.83bIB89Mbie, 8 YHHK8nbHbie fl -nepexo,n:br" /cM.,Han:pHMep, 

j 
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[341 § 38/. 

B cnyqae yHHKBDhHhlX 

qeTHOCTh M9HH9TC~ opH 

r/. -KpBTHO 3an:peIU9HHbIX oepexonoB / L, ~ /Z.. + i , 

6yneT ,:;;:-_1n. HTHOCTH oepexona ~ T, , rne -HHTenpan OT ¢YHKUHH pacopene-

neHHH npH naHHOM THDe pacoana. EcnH opeHe6peqh BDHHHH9M KYDOHOBCKOI'O DODH, 

To, KBK DOKaaan D,9BHncoHr
32J' MO)KHO ripH6DII)K9HHO HBDHCBTh 

/4,3 / 

rne C n,, - BenHqHHa, aaBHCHIUaH OT 9HeprHH oepexona / £'0 /, paBHaH B 

rpy6oM npH6Dlf)K9HHH 

l-1TaK, B cnyqae paapeweHHbIX oepexonoB raMoBa-·Tennepa / 11., 

YHHKBDhHhlX oepexonoB HMBBT M9CTO paBBHCTBO 

~In. ( I -- J ~ ') 
'l: Jn. (I-> J ", ') 

13 (l ; I- J";_ ") 

13 {it; J--,,. J'i. ') 

/4,4/ 

0/ HDH 

/4,5/ 

rne l -= n+ 1 ' a OTHOillBHHB DpHBeneHHbIX BBpOHTHOCTBll oopenenHBTCH 

/4,1/. npH cpaBHBHHH /4,5/ C 9KCDepHMBHTOM cnenyeT HMBTh B BHny, qTo 06b1q-

HO opHBOnHMbie B pat5oTax 9KcoepHMBHTBDhHb!9 3HaqeHHH 'l: f COOTBBTCTBYIOT 

, TBK KBK DpH f HCDODh3YIOT ¢opMyny ct:>epMH nnH pa.a-

pewBHHbIX oepexonoB, DO9TOMY nnH YHHKBDhHbIX aaopemBHHb!X oepex6nc>B' cnenyeT 

BBonHTh ooopaBKY COI'DBCHO /4,3/. 

D,nH HDDIOCTpBUHH 'BbIWBH3DO)KBHHOI'O BbiqlfCDHM OTH.oweHHH DpHBen BHHbIX 
o ,r, . 

BepoHTHOCTBll pacoana a. e c Boa6y)KnBHHeM BpBIUBTBDhHblX1 ypOBHBll Hnpa 
14'6 

(}j ' HMBIOIUHX CDHH 2 H 9HBPI'HIO 764 H 137 KaB COOTB9TCTBBHHO. Cornacno 

[33) o. e.116 
pat5oTe ' J OCHOBHOB COCTOHHHe fl. HMeeT nyneBOll CDHH H OTpHuaTeDhHY!O 

qeTHOCTh 0 

fa pacoan Ha oepBbIM B036y)KneHHblli ypoBeHh IMBKCHMBDhHB.!I 9HeprH.!I 

anexTpOHOB 934 KaB, ~ 10 z-:/4 ::: 8,0 I cooTBeTCTByeT l = 2, oepexon coopo-
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BO:lK,llaeTCSI H3MeHeHHeM 'I0THOCTH. TaKHM o6paaoM, 9TOT nepeXO,ll OTHOCHTCSI K 

0,llHOKpaTHo-aanpemeHHbIM YHHK8JibHbIM nepeXO,llaM. 8TO aaKJIIO'I0HHe IIO,llTBep:lK,uaeT

CSI 60JibillHM '3H8'I0HH0M rz: f H cpopMo'tt KpHBO:it ' J?> -cneKTpa, KOTOpaSI IIpH 
(34) · · . 

y'IeTe "MHO:lK_.HT0,7ISI cpopMbI
0 lcM. . § 38/ IIpHBO,UHT K IIpSIMOJIHHe:itHOMY rpacpHKy 

KIOpH. 

t.16 
Y'IHTbIBaSI, 'ITO B .OCHOBHOM cocTOSIHHH fle. a B0.7IHOBbI0 

cpyHKUHH· .llBYX BpamaTenbHbIX COCTOSIHH:it Sl,llpa . 0., 

J~!f:::,,O , 
146 I 4 = 

18
0

1 
e r1J 

nprr -&__ = 
li',(J?) 

= 5,56/ HMeIOT BH,U 

r,ue 

4-'.e, = 0 1901 ~
0 

+ 0,065 P!l..e _ , 

~.2 = -o,oa5 ~" + 0,091 P1./i , 

~O H pJi.f - B0.7IHOBbie cpyHKUHH COOTBeTCTBeHHO i:i,nSI K =O H K =2, 

C IIOMOII.{bIO /4 1 1 / H8XO,UHM ( B (£ ; o- .ii j .:::; i 3. 
c5 (£; 0-P 2£ Teo;:, ' 

8KcnepHM0HT8.7IbH00 OTHOWeHHe 
Z'fo {o-.-:u) 

CZ- f .. ( () -?.2i) = 7_,94. M 8KCIIM8.7IbH8SI 9HeprHSI 

aneKTpoaoB npH fl -:-pacnaae aa 

vf CII0.7Ib3YSI /4,3/ H /4 14/, H8XO,llHM 

TeopeTH'I0CKHM OTHOWeHHeM. 

BTopo:it BOa6y:lK,U0HHbI:it ypOB0Hb paaaa 307 Kaa. 

zfi (o~.t.t) 
· i ( ) = 1,47, 'ITO cornacyeTcSI c 

'Z'f,. 0-2~ ' 

PaccMoTpHM ,uanee aoa6y:lK,ueaHe 
1.90 

BpamaT0JibH bIX YPOBH0:it SI,upa (}.;S IIpH 
1$0 

fa -pacnaae Ile. H K-aaxBaTHOM pacna.ue 
l.90 

/?: . CxeMa pacnanoB :rrao-. 

/), 1.90 
BpamaTe.nbHbIX COCTOSIHll:it SI,upa v., 

. 1.90 1$0 
OCHOBHbie COCTOSIHllSI R,e, lI J'?:. 

~ .3 

6pa:lKeHa Ha pHc. 16, B0.7IHOBbI0 cpyHKUHH 

6brnH yKa3a.ILbI /3,3/. npeanonaraB_1 'ITO 

MoryT · 6bITb npii:6.nH:lK ~liHO. OIIH~aHbI B0.7IHOBbIMll cp~HKUIISIMll ({J :1)1112. lI {f 2)/7/3 • 

MO>Irno, llCII0.7Ib3YSI /4,5/, BbI'IHC.7IHTh OTHOWeH:rre II:f)HB0,U0HHbIX BepOSITHOCTe~ fa -
. I ~-~ 

pacna.o:a / u = 1-/ :rr• K-aaxaaTa Ha p_aanll'IHbie apamaTe.nbHbJe ypoBH:rr v::,- •. 

PeaynhTaTbI 8THX BbI'IHCneHH:it I9 J npllB0,ll0HbI B Ta6n:rrue 6, rae B Ka'IeCTBe 0,UllHll· 

Ubl H3M0p0HlfSI IIPHHHTa IIpHB0,ll0HHaSI B0pOSITHOCTb pacna.o:a Ha BTopoii Boa6y)K,ll0H

HbI:it ypoBeHb, HM0IOII.{H:it CIIllH, paBHbI:it 2 • 

Ta6.n:rrua 6 aaeT Ka'I0CTB0HHOe 06'bSICHeHH0 SKCII0pllM0HTa.nbHO Ha6_.nIO,uaeMOMY IIpH 
• 1$0 C 

fa -pacna:ne Re Boa6y:lK,ll0HHIO T0.7IbKO Bpama-renbHOI'O YPOBHSI 22 ll Boa6y)K-
J'$0 

aeHHSI apamaTe.nbHbIX ypoBHe:it 22 H 42 npH K-aaxBaTHOM pacna.o:e I "l:. • 

_.J 
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Ta6nHua 6 

B{t; t-j) .ao 1.!l(J B(t;J-..j) .t.90 .t:I . 
, · fie -0:J. Ii __,. o.s J 8(t; .3-~2) 

, 
13(1; ,e_.2 £) 

0 

4I 0 6.ro-4 

2I 7,6. ro-3 8. ro-4 

6I 0 0 

42 'O 7,4.I0-2 

K C0*aneHHID,K0nHqecTB8HHhl8 cpaBH8HHR peaynhTaT0B T80pHH C 9KcnepHMeH

T0M B pnae cnyqaeB aaTpyaH8Hbl Ha-aa H83HaHHR K03cpcpHUH8HTOB Q. K, . , onpep:e

n-RIDIUHX B0l!H0BbI8 cpyHKUHH /4,1 / MaTepHHCKHX HeqeTuo-ueqeTHbIX naep. npH HanH-

~ f,. qHH 9KCnepHM8HTanhHhlX aaHHhlX 0 3HaqeHHRX ·-

X0.[l0B Ha pa3HbJe BpamaTenhHbJe yp0BHH aoqepHero napa, cpopMynbI /4,5/ H /4,2/ 

M0*H0 HCil0nb30BaTb ann BbJqHcneHHR K09cpcpHUH8HTOB Q. 1' , onpeaenmomHX Bon

H0BbI8 cpyHKUHH /4,1 /' qTo M0*8T 0KaaaTbCR noneaHblM ann Il0HHMaHHR CBOHCTB 

5. 0 paBH0B9CH0ii: d:JopMe qeTHo-qeTHbIX nnep. 

KaK 0TMeqanocb B npe,l:lblLlYIUHX paaaenax, MH0!'He CBOii:CTBa nepBbIX Boa6y*

.[l9HHblX COCTORHHH qeTHo-qeTHbIX si:aep - nocnenoBaTenbH0CTb CilHH0B, 3Ha'IE!HHH 

9HeprHii: H BeponTH0CTH aneKTp0MarHHTHblX nepexonoB M8*llY HHMH - HaxonnT 

xopowee o6'bRCHeHHe, ecnH nonycTHTh, qTo p_aBH0BecHan cpopMa nnpa, He HMeeT 

aKc1rnnbHOi!: CHMM8TpHH. npH 9T0M nnn o6'bRCH8HHR 9KCnepHM8HTaf!bHbIX naHHbIX 

npHxonHTCSI nonjCTlfTh, qTo,y H8K0T0phlX naep paBH0B8CH08 aHaqeHHe 

OTKl!OH8HH8 cpOpMbl nnep OT aKCHanhHo-CHMMeTpHqHoH cpopMbl Tpe6yeT o6'bnc

H8HHR. B nHTepaType HHorna BCTpeqaIDTCR HenocTaToqH0 KpHTHqecKne YTB8P*ne

HHR, qTo "npennono* 8Hlle 06 oceBoi!: CllMMeTpllll IlQllTBep*naeTCR TeopeTnqecKHMll 

0U8HKaMll nnn paBH0B8CHOi!: cpopMbI, cnenaHHb!Mll Ha 0CH0Be o6onoqeqHoH Monenn" 
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/cM,, Hal1:prrMep, nprrMe'IaHrre.· Ha cTp, 187 pa60Th1 Anhaepa rr ap. f3J /, Bo Bcex 

cnyqaHX, KOI',lla TeopeTH'IeCKlill MliHHMyM SHeprHH COOTBeTCTBoBan aKCHanbHOfi ¢op-

. ·. . . c21 · l 1J [35] · 
Me Hapa, aBTOphI pa5oT /PenHBopTep , Bop rr M oTTenhcoH , cf)opa , Hrrnb-

(361 · · . 
COH li ap.l BBO.[llinli aKcHanbHYIO CHMMeTpHIO y)Ke B liCXO,llHb!X nono)KeHHHX, Ha 

KOTOphlX CTporrnacb TeOpHH. cf)opManbHO 9TO CBO.[llinOCb K TOMY, 'ITO OT6pachlBanHCb 

qacTH raMHnhTOHliaHa t HearraroHanbHhle no KBaHTOBhlM 'IHcnaM npoeKUHH-MOMeHTOB 

HyKnOHOB Ha OCb 3 'SI,llpa • TaKHM o6pa30M, ycpeaHeHrre SHeprHH B3aHMO.ll eficTBHH 

BHelliHHX HyKnOHOB C ae¢opMaurreil noBepxHOCTH H,llpa ¢aKTH'IeCKH npOli3BO.lllinocb 

no C'OCTOSIHHSIM HYKi:tOHOB, HMe!OIUliM onpeaeneHHbie 3Ha'IeHHH npoeKUlili MOMeHTa 

Ha STY ocb, -r~e. npeanonaranocb, 'ITO 

E J~;,~ o. '/5,1/ 
L 

EcTeCTBeHHO, 'ITO B pa6oTax, B KOTOpb!X rrccneaoBanHCb COCTOHHHSI BHelllHHX HyKno

HOB, Y.llOBneTBOpH!OIUHe ,llOnOnHHTenbHOMY ycnOBHIO /5,1 / paBHOBecHaSI ¢opMa H.llpa 

Bceraa nonyqaeTCH aKCHanbHO-cHMMeTpli'IHOllo 

BnepBb!8 Ha B03MO)KHOCTb HapyllieHHH aKcrranhHOH CliMMeTpHli paBHOB8CHOH 

' [101 
¢opMbl SI,llpa yKasanrr pacqeTbl rapCKOI'O , pesynbT8Tbl KOTOpb!X npHBei:t.8Hbl 

' [11] . 
B pa6oTe BrrneTca rr )KaHa • 8TH Bbl'IlicneHHH noKasan:n, 'ITO MHHHManbHaH 

9H8pI'HH CHCT8Mhl HyKnOHOB, COCTOHIUeil li3 55 npoTOHOB li 91 HeilTpOHOB, ,llBHraro

IUHXCSI B none TpexocHOI'O annrrncorraa, COOTBeTCTByeT 3H8'I8HHIO j3 = 0,04 li 

r = 7;5° • · HesaBHCHMO B TOM )Ke nprr6nH)KeHHli aHanOI'li'IHbie Bb!'IHCneHHH 6binli 

[12 J · 
npoaenaHhl reanrriMaHOM anH TpexMepHoro ocurrnnSITOpHoro noTeHuuana n 

3aHKHHbJM (l 3
]_.[lnH noTeHurrana npSIMoyronbHOfi ¢opMblo B STHX pa6oTax T8K)Ke 

6bmo noKa3aHo, 'ITO B PH.Ile cnyqaeB MHHHMYM SHeprHH CHCTeMbl HyKnOHOB COOTBeT

CTByeT HeaKCHanhHOH ¢opMe H,llpa. HecMOTpH Ha OTCY~CTBHe yqeTa cnuH-op6uTanb

HOI'O BsarrMoaeitcTmH rr cneurranhHhIH Bb16op ¢opMhI noTeHurrana, KaqecTBeHHhie 

3l:IKnIO'IeHHH aBTOpOB ynOMHHYTb!X Bblllie pa6oT O B03MO)KHOCTH paBHOB8CHOfi HeaK

crranhH08 ¢opMbl 8TOMHOI'O H,llpa, no-Bli.llliMOMYt H8 Bbl3b!BaIOT COMHeHHH. 

B pa6oTe ct>rrnrrnnoBa H aBTopa [l4 ] rrccneaoBancg Bonpoc o paBHoBecHoil 

. ¢opMe H,upa Ha 'MO.ll em1 CliCTeMbI, COCTOHIUeil ,li3 HeKoToporo qrrcna HyKnOHOB, 

06pasy10mrrx OCTOB H,llpa, li .llBYX' 9KBHBaneHTHbIX BH8lliHHX HyKnOHOB B o6onoqKe 

C onpeaeneHHbIM 3H8'I8Hli8M MOM8HTa J ;;' BbI'IHCnSinacb SHeprHH CliCTeMbl KaK 

¢YHKURSI cyMMapHoro MOMeHTa J naphl HyKnOHOB li napaMeTpa r 
p ¢rrKcrrpoBanocb/ npR BbI6ope onepaTopa B38HMO.[l 88CTBHH M8)K.[ly 

/sHa'IeHrre 

napoa BHelll-

...,j 
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HHX HyKnOHOB H OCTOBOM Hapa B an:ae 
~ ~ ' ' 

1-(,t = j 7' [ Cb.Sr (5J/- J .f!)+fi Siny.( ~R- i 2) I·1s,21 

rae T - napaMeTp, .onpeaenmomn:il: sHeprn:10 asan:Moaeil:cTan:s;. 

[ 14 J B pa6oTe BbP:1n:cneHn:H 6bmn: npoaenaHbI anH cnyqaH, Koraa napa BHellI-
. · . [37) 

HHX HyKnoHoB HaXOfllI11acb a o6onoqKax / = 3/2 n: 5/2, n: __ a pa6oTe BaH-nn:Ha _ . 
anH J = 7/2 H 9/2. PacqeTbI IIOKa3af!H, qTo ecnn: napa HYK110HOB HaxoaHTCH Ha 

o6onoqKax c J 
CHMM9TpH l0 0 TT pH 

1 /2 H 3/2, TO paBHOB9CHaH q:wpMa Hapa HM9~T aKCHa1lbHYIO . 
J ~ 5/2' paBHOB9CH8H q:>OpMa Hapa y)Ke He COOTB9TCTByeT aK-

cn:anbHOil: CHM/v'IeTpn:n:. Ha pn:c. 4 n: 5 npn:aeaeHbI KpHBbre, nso6pa)KaJOmne saancn

MOCTb 9Heprn:H OCHOBROI"O"cocTOHHHH Hapa /a eaHHHuax 9HeprH~ nepaoro Bpama-

TenbHOI"O ypOBHHI OT 3HaqeHHH anH pa3HhlX sHaqeH~il: 6espasMepHoro 

napaMeTpa 

/5,3/ 

onpe,tie1tHIOillero BennqHHY CBH3H II8pbI HyKnOHOB C q:l aeq:>e>pM8UHeil: IIOBepXHOCTH 

Ms pnc. 4 n 5 cneayeT, qTo npif 5/2 H ' t. > 1 MHHHMYM 9HeprHH 

COOTBeTCTByeT Hapy HeaKcHanbHOil: cpopMbI. npn l.~ 10_ MHHHMYM. ~HeprHH COOT-

BeTCTByeT Ya~ 30° /HaH6011bll1aH H98KCHanbHOCTb/o TTpn:, B03p8CTB.HHH .(_. 

HeaKCH81lbHOCTb yMeHbillaeTCH H cpopMa Hapa npn:61tH)K88TCH K aKCHanbHo-cHMMeT- ' 

pn:qHOil: / do- 60/, KOraa ~-r.:,O • 

BespasMepH~il: napaMeTp /5,3/ CBH3H HYK110HOB C aecpopMauneil: noaep~HOCTH 

npqnopunoHaneH OTHOilleHHIO .PT K SHeprHH nepaoro apamaTe1tbHOro ypoBHH 

Hapa 0 Ec11H nonO)KHTb r ~ 40 MsB H B3HTb 9KCIIepHM9HT8nbHbI9 3HaqeHHH. J3 
H sHeprHH nepaoro apamaTe111:,HOI"O yp~BHH, TO MO)KHO oueHHTb 3HaqeHHe napa

MeTpa t. anH pa3HbIX Haep n caenaTb KaqecTBeHHoe conocTasnem:1e pesynbTa

Toa TeopHH C 9KCnepHMeHT8nbHbIMH 3HaqeHHHMH napaMeTpa 11eaKCH81lbHOCTH anH 

9THX Haep • 

.LlnH onpe.nenem:1.H 9KCnepI:1MeHTa1lbHbIX 3HaqeHHH Yo / C ToqHQCTb!O ao 
f 

rrpeo6pasoaaHHH Yo:;::?: GO- ;r;, /. cneayeT ncrronbaoaaTb /2,l /. Tora a MO)KHO rroKa-

aaTb, qTo HaH60Jibll18H HeaKCH81lbHOCTb /27° ~- J'o < 33° / Ha61110aaeTCH y Haep 
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P</110 P. 1106 , r·.'~'I _,I Ll1 
46 J 'i6 C( I Y8 LO_J51.. ~ J 

,z..6 
'52.7'2. J 

Pt ,12. Pt ,q6 
·r-8 .) 1-8 . 

H HeKOTOphlX ,opyrnx, y KOTOphlX qncno npOTOHOB oTnnqaeTCSI OT MarnqecKoro 
* . • 

qncna 50 HnH 82 Ha ,OB0 HnH qeTbipe e,oHHHUbI_- CTpH r:?:; 40 M8B H 3HaqeHHSlX 

fa · I BbrqncneHHbIX H3 ,oaHHbIX O KynoHOBCKOM B036y:lK,oeHHH, 6eapa3M0pHbIH napa

MeTp .um1 8THX SI,oep aaKnroqeH B HHTepBane 15- so. 

.D.nn SI,oep, C OTHOllleHHeM 
E'.,_ (1.) 
£ t (.R.) , ne:lKall[HM. B npe,oenax 20 - 2,9, qTo 

cooTBeTCTByeT 3HaqeHHSIM Oo B HHTepBane 10 ~ r.. ~ 20, HnH 50 ~ lo ~ 40°, 

napaMeTp .,e HM00T 3Ha'leH»:e 300 - 600 •. HaKoHeu, y SI,oep, 6nH3KHX K aKCHanb-

. /i (11.) · ,V · 0 · • 0 
Ho-cHMMeTpHqHbIM, ,onSI KOTOpbIX ,/" ( .fl) . > £ .3. I tJ If) < 10 , HnH Ya> 50 /, 

,C . 

napaMe':rp e .> }QQQ. 3TH qHcna yKa3bIBaIOT 1 qTo KpHBbie , H3o6pa:lKeHHbie Ha 
. . 

pnc. 4 n 5, KaqecTBeHHO o6'bSICHSIIOT Ha6nro,oaeMyK> cpopMy qeTHo-qeTHbIX SI,oep • .D.nn 

nonHbIX KOnHqecTBeHHbIX cpaBHeHHil Heo6XO,UHMO pa3BHTh -TeOpHIO, yqHTbIBaIOll[yIO 

Hannqne BHe OCTOBa HeCKOnbKHX nap HYK1IOHOB paaHoro THna, KOTOpbre yqHTbIBanHCb 

(14 37 J . · · · 
B • TOnbKO KOCBeHHo,nyTeM Bhl6opa 8KCnepHMeHTanbHOro 3HaqeHHSI napa-

MeTpa fa . CTpe,ocTaBnSieT miTepec pa3BHTH0 TeOpHH, o6'bSICHSIIOll[eii: paBHOBeCHYIO 

cpOpMy HeqeTHbIX SI,oep. 

3 a K n ro q e H H e 

BpamaTenbHbI9 COCTOSIHHSI Hec.cpepHqecKHX aTOMHbIX SI,oep npe,ocTaBnSIIOT 

0,0HH H3 HaH6onee cymecTBeHHbIX BH,OOB KOnJleKTHBHbIX Boa6y:lK,oeHHbIX COCTOSIHHM 

Manatt 8Heprm1. 3TH B036y:lK,oeHHbie COCTOSIHHSI HrpaIOT 6onbwyro ponb B pn,oe SIB

neHntt: r - H3nyqeH~H, KynoHOBCKOM B036y:lK,OeHHH SI,oep, npoueccax of_ H .13 
-pacna,ooB H .up •. B 8TOM o6aope MbI paccMoTpenn pa60Tb1, B KOTOpbIX ,unn o6'bnc

HeHHSI CBOilCTB BpamaTenbHbIX COC_TOSIHHA qeTHo-qeTHbIX SI,oep .oonycKaeTcSI, qTo 

cpOpMa 8TOMHoro SI,opa MO:lKeT oTnHttaTbCSI OT annHnCOH,08 BpameHHSI. 

TeopHSI BpamaTenbHblX Boa6y:lK.00HHbIX COCTOSIHHfi aTOMHbIX SI,oep HaXO,UHTCSI 

B HaqanbHOil cTa,oHH p83BHTHSI. CoBepweHHO OTCYTCTByeT TeOpHSI BpamaTenbHblX 

COCTOSIHHil HeaKc~anbHbIX HeqeTHblX g,oep. He Hccne,ooBaHbl TeopeT11qecKH BonpOCbl 

rpaHHU npHM9HHMOCTH a,ona6aTHqecKoro npH~nH:lKeHHSI npH paccMOTpeHHH BpamaTenb

HbIX COCTOSIHHil • .D.nn peweHHSI 8THX. BOnpocoB Heo6xo,oHMO .oarrbHettwee pa3BHTHe 

TeopHH H 8KcnepHM9HTanbHblX HCCne,oOBaHHil HHTeHCHBHOCTeil r -nepeXO,UOB 

Me:lK,oy pa3HbIMH B036y:lK,oeHHbIMH COCTOSIHHSIMH,. BepoSITHOCTett KynoHOBCKOro Boa-

_... 
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6y:>K.aeHIHI BpamaTenbHhiX ypOBHeii, BepoSITHOCTeii J. II fl -pacna.aoB c ~03-

6y:>K.ll0HII0M KonneKTIIBHhIX .llBII:>K0HHH II .aanbHeiiwee onpe.aeneH!Ie 3Ha'IeHIIH KBa.a

pynonbHhlX aneKTPII'I0CKIIX_ MOM0HTOB B OCHOBHOM II oco6eHHO B B036y)K.aeH~bIX 

COCTOSIHIISIX .H.nep. 

n po6neMa BpamaTenbHhIX Bo36y)K.aeHrrii SI.a pa TecHo CBSI3aHa c npo6neMoii 

MOM0HT~ IIHepulIII aTOMHor6 SI.npa. AKcrranbHo-.CIIMMeTplI'IHOe SI.apo BpamaeTcSI 

TOnbKO BOKpyr ocrr, nepneH llIJ:KynSipHoii ero aKcrranbHOH OCII CIIMMeTplIII., noaTOMY 

MO)KHO roBOp!ITb TOnbKO 06 0.UHOM MOM0HTe IIHepurrrr, KOTOpbIH onpe.aenSieTcH ,II3 

3Hepr!III B036Y)K.£l0HHH nepBoro BpamaTenbHOrO ypOBHH·. ilnH xapaKTep!ICTHKII Bpa

maTenbHOro COCTOSIHIIH HeaKCIIanbHOrO H.npa y)Ke Ha.no 3HaTb nono)KeHne nepBoro 

BpamaTenbHOro ypoBHH II, OTHOlll0Hli0 3Heprrrii .ll Byx ypOBHeii, ItM0IOlllHX, CillIH 2. 

· - (38) · - . • 
B· nocne.aHee BpeMSI Ka3apHOBCKIIH Bb!CKa3an liHTepecHyIO rr.aeIO O TOM, 

'ITO MOM0HT .IIHepUIIII HeccpepnqecKoro H.npa, npos;rnnSIIOllllIHCH B uanli'IH.II BpamaTenb

HhIX COCTOHH.IIH, COCTO.IIT B OCHOBHOM .II3 MOM0HTa HHepun.II, C03.llaBaeMoro BH0lllHH-
,· 

M.II HyKnOHaMII, BXO.llHlll.lIM.II B COCTaB He3anonHeHHhIX o6ono'IeK, .II Manoii .ao6aBK.II, 

o6ycnoBneHHOH npIInlIBHOH BOnHoii, B036y)K.aaeMoii BH0lllH.IIMII HyKnOHEIMII B OCTOBe 

SI.apa. Ecn.lI .IIMeeTCH 0.UHH BH0lllHIIH HyKnoH, !In.II o.aua .llhlpKa B 3anonHeHHOH 

o6onO'IKe, TO OH.II BHOCHT MOM0HT .IIH0pU.II.II, paBHbIH 11 ,'t~>' r.n€ t1 -Macca 

<. 't~ > HyKnOHa, -cpe.aHee KBa.npaT.II'IHOe paccTOSIH.IIe BHelllHero HyKnOHa OT QC.II 

BpameH.IIH. Ecn.lI IIM88TCH HeCKOnbKO BHelllH.IIX HyKnOHOB, TO 11_< ?;.e > YMHO)KaeT

CH Ha acpcpeKTIIBHFll napaMeTp, nepexo.aHlllM'.H B I, Kor.aa IIMeeTCSI 0.lllIH nIIWHIIH 

HyKnOH Hn!I o.aHa .llh!pKa, II .llOCTHraIOlllHH MaKCIIManbHOro 3Ha'I0HIIH, Kor_.na o6ono_q

Ka 3anonHeHa HanonoBM'.HY • M OM0HT IIHepUIIII OCTOBa n.apa BhI'IIICnSieTCH B rrr.apo

.lllIHaMII'I8CKOM nprr6nII)K0HIIII, np!I KOTOpOM SI.aepHOe BemecTBO paccMaTplIBaeTCSI 

KaK 6e3BIIxpeBaSI H0C)K.IIMaeMaSI )KII.llKOCTb. 

8Ta npOCTaSI Mo.aenb, no-BII.llMMOMY ' B COCTOSIH.IIII nepe,uaTb OCHOBHbie 3a

KOHOMepHOCTII B 3aBHCII MOCTII 3Ha qeHHH MOM0HTOB IIHepUIIII ~T napaMeTpOB II II Z. 

3Ha'InTenbHhl ii ycnex B o6'bHCH0HlilI MOM0HTOB IIHepurrn g,uep HaMeT!InCH B 

nocne.uHee BpeMSI TaK)Ke 6nai::-o.uapH pa6oTaM M rrr.uana, KOTopoMy y.uanocb, :ircnonb-

3YH M0TO.llhl Teopli!I cBepxnpoBO.UIIMOCTII, pa3BIITb nocne,uoBaTenbHblH MeTO,U y'IeTa 

OCTaTO'IHOro B3alIMO.aeiicTBIIH Me)K.uy HyKnoHaMH, Hey'IliTbIBaeMor6 o6bl'IHO!I: 060-

noqeqHoii Mo.uenbIO SI.npa. 
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