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I. BBe.neHHe 

B ~eTH0-~8THhlX ,najlopr.mpoBaHHHX smpax HM8DTCR KOJLJI8KTHBHH8 

K 'Jr =2+ raMMa-BH6parnrnHHHe , K :rr =0+ 6eTa-BH6p'au,iOHHl,18 H 

K :rr =□-, r H 2- OKTynom,HHe BH6pau,iOHHHe COCTORIIBR. 3Hepnm 

H B(E~ )-B8JIH"tJEHl,I ,ll.lIH 8THX COCTORimtt xopomo OimC!iBaDTCR B 

paMKax R PA KBK o~ocpOHOHHHe COCTORHHR/I/. BOJIH0Bhl8 ipymunm 

O~O!pOHOHHHX COCTORHHtt npe,ncTaBJIIDOT co6ott cynepIT03Hrnra .IUlyx

KBa 3~aCTH'IHhlX KOMIIOH8HT. 3KCITepHM8HTaJI1,Hh18 MHHHe/2/ ITO,ll;TBep

JK,naDT npaBHJll,HOCTb OITHCaHHR HaH60JI1,mHX KOMIIOH8HT BOJIHOBhlX !pyttK

rmtt IT8pBhlX o~ocpOHOHHhlX COCTORlllitt. Cor~aCHO MO,ll;8JIH rapMOHH~ec

KHX KO~e6aHHtt ITpH Y.IUIOeHHhlX aHeprHRX o~ocpoHOHHWC COCTORHHtt 

,ll;OJill'.Hhl HaXO~TbCR ,IUIY)O!)OHOHHH8 COCTORHHR. n ettCTBHT8Jll,HO, B 

C!pep~eCKHX ~eTHO-~eTHhlX smpax 06Hapyi,;eHO 6om,moe "'IEC~O KBa.n

pynOJll,HhlX ,IUIY)O!)OHOHHHX COCTORimtt. ~8,ll;OBa~O Ol!tH,D;aTb o6Hapyi,;e

Hl1Lll .IUIY)O!)OHOHHHX COCTORHHtt B CHJll,HO ,najlopMHpOBaHHhlX smpax, B 

KOTOphlX MOllHO OT,ll;8JIHTb BH6paUHOHHHe COCTORIIBR OT poTaUIJOHHhlX. 

B I968-I970 ro,nax IlORBHJIHCb 8KCITepHM8HTaJll,HH8 YKa3aHHR/3-S/ 
Ha .D;Byxq>OHOHHHe COCTORIIBR B '

54 Gd , 168 
[ r H 2.1t-o Pu 

CHTyaUHR C ,IUIY)O!)OHOHHHMH COCTORHH.FIMH B ,naj)opr.mpoBaHHhlX 

smpax o6cyi,;.na~acb B/6/. B/ 6/ oTMe~a~ocb, ~To Ha6~xmeHHe Ha

HHH3mHX ,IUIY)O!)OHOHHHX COCTORlllitt B ,ll;eqlOpMHpoBaHHHX R,D;paX 3aTpy,ll;

H8HO ITO cpaBH8HHD co C!pepnecKHMH smpaMH T8M, ~TO OHH paCITO

~Ollt8Hl,I B 06.Jiacni aHeprHtt,r.ne KpoMe 6om,moro 'Ill'.~ ponu.J,ROHHblX 

ypOBHett Haxo~TCR MHOro ,IUlyxKBasnacTH'IHhlX H o~ocpOHOHHHX 

COCTORHHtt. B/61 YKa3hlBa~OCb Ha B03MOllHOCTb Ha6~eHHR .IUIJ'$

HOHHhlX COCTORlllitt IlJlH _fa ..:.pacna,n;e.AHaJIH8 8RCITepHM8HTam,ma: MH

HhlX ITO BWIBJI8HHD ,ll;BY)O!}OHOHHHX COCTORHHtt BhlITOJIH8H B/?,B/. B/g/ 
,.,sr =□+, 2+, H3~8Ha aHrapMO~OCTb BH6paUHOHHHX COCTORimtt C "' 



o-, r- B 2-. ITOK838HO, ~TO B psme ~eTHo-~eTHHX 'AElq)OPMHl>OBBH

HllX JI,Il;ep BTOpHe o+ -COCTOJUIWi 'AOJDltHll CO'A8pll8TI, 6om,ume 'AByxqJO

HOHHHe KOMIIOH8HTll. Y~eT B30B8KTOPHHX MYJII,TlfflOJII,HllX CB~ Hapst

'JIY C B30CK8JIJII)HHMH, BWIOJIHeHH!lli B/IO/, He H3MemJJI 8THX pe3ym,

TaTOB. Paspa6aTimaDTCH HOBHe M8TO~ OimCSHlISi 8HI'8pMOIDI'iHOCTH 

B BH6panaoHHHX Cll8KTpaX 'AElq)OpMHpoBammx JI,Il;ep C BBe'AeIDieM MHO

roq>OHOHHHX KOMIIoHeHT (cM./II/). 

31tcnepHMeHTam,mrn pa6orn, BWIOJIHeHHHe B noMe~e IO ~eT, 

He npoSICHlIJm CHTYSnHD C KO~eKTHJ3lmMR 'AByxqJOHOHHHMH COCTOSIHHSi

MH B ,ne<popMHpOBSHBlll .rr.npax. HOBll8 a1tcnepHM8HT8JII,HHe 'ABHHHe 

/ 12 ,13/ He IlO'ATBep~Jm CY111eCTBOB8HlI8 'AByxq>OHOHHWC COCTO.innrl!: 

B 
154 

Gd :a 
168 Er • B/14/ B paMKax ~~ecxott MO'AMH cnap:a

BBHHe ILIIlDC KBB~yno;m pacc~TBHH 8HeprHH B B(E2)-B~HH ,IVIJI 

154 6-d O~O-,'ABYX- :a Tpexqx>HOHHHX COCTOmmii B • 3Hepru 'ABy:Jq)O-

HOHHWC COCTO.innrl!: 6naKH K CYMfJI8 8Hepr:wtt 'AByx COOTBeTCTBYJ(llllfX 

O.IOloqlOHOHHWC COCTOSIHlI:lt. B 8THX pac~eTaX He YM8TCSI corMCOBBTI, 

8KCllepHM8HT8JII,HHe MHHH8 no 8HeprBSIM H BepOSITHOCTSIM / -nepe-
. 1~ 

XO'AOB HCXO,IUI H3 TpaKTOBKH H8CKOJII,KHX COCTOSIHlI:lt Gel KBR 'AByx-

qlOHOHHHX. 

H:3-aa OTCYTCTBHSI 'AByxqJOHOHHHX o+-cocTo,mm:ii np:a Y'ABOeHHOli 

9Hepru 0.IOlOqlOHOHHllX ~OCTOSIHlI:lt B/I5/ CTSBHTCSI IlO'A COMH8HR8 

TpaKTOBKS nepBHX K .'.Ir =0- cocTo.innrl!: B :aaoTonax Ra :a Th 

K8K 0.IOlOqlOHOHHllX COCTOSIHlitt. 

Ha OCHOB8 ~HaJm98 9KCneplIM8HT8Jll,HllX MHHHX B/IG/ C'AMSH 

BHBO'A 06 OTCYTCTBHH 'AByxqlOHOHHllX COCTOJililrl!: B 'AElq)OpM:apOBSHHHX 

.rr.npax. 3TOT BHBO'A npoTHBOpe~T CYlll8CTBYXJll8MY OimCSHRRl 'AByx

qlOHOHHHX COCTOSIHR:lt 6ea ~eTa llpHHnallS Ilay;m. 

BJmSIHHe llpHHnana IIay;m HS 'AByxqJOHOHHHe KOfJIIIOH8HTH BOJIHO

BllX 4lYHKna:lt B 'AElq)OpMHpOBSHHHX.JI,Il;paX H3~8~0CL ~I?,IB/ B p8M

K8X KB83~8CT~O-ql0HOHHO:lt MO'A8n .rr.npa. Ewro ll0Ka98HO, ~TO 

'ABYJDPOHOHHHe noJIJOCa B ceKyJIJipHOM ypaBHeHHH c:am,Ho C'ABHHYTH 

Hs-aa~~eTa llpHHnana Ilay.,m, e~ o6a qlOHOHS ~TOSI KO~eK-

2 

THBJillMH. HeHCHO, HM8IDTCSI Jm y pemeHHil ceKyJIJipHllX ypaBH8HHH 

T8KH8 xe 6om,nme C'ABlirH, KSK y llOJIIOCOB. IToaTOMy Heo6xo;mmo 

MJII,Hefuuee H3~8HHe 'AByxqlOHOHHllX COCTOSIHHH 'AElq)OpMHpOBSHHIIX 

JI,Il;ep B paMKaX RB83li~8CTH~HO-<p0HOHHOH MO'AeJm .imps.. 

HaCTOJI1118H pa6oTa CTSBHT CBOett uem,R> HSHTH OTBeT HS BOll

poc, MoryT Jm CY1118CTBOB8TI, KO~eRTHBHH8 'AByxqJOHOHHHe COCTOH

HHH B ~eTHO-~eTHllX 'AElq)OpMHpOBSHHIIX .rr.npax. 

2. Mo;nem, 

OcHOBHHe qlOpMy~ RB83H~acTH~O-qlOHOHHOH MO'A8Jm .rr.npa ,IVIJI 

~eTHO-~eTHHX 'AeqlOpMHpOBaHHHX JI,Il;ep.c ~eTOM npHHnarra IIay;m npH

B8'A8HH ~IS/, r'Ae paccMOTpeH 06lllHH c~att HSOCRSMPHllX H B30-

BeKT0pHllX MYJII,TlffiOJII,-MyJII,TlmOJII,HllX CH~. B/IO/ ITOR838HO, ~TO 

H30BeRTOpHaH ~SCTI, MYJII,THllOJII,-MyJII,THITOJII,HHX CH~ OR83HB88T c~a-

6oe BnSIHHe Ha BOa6~eHHHe COCTOHHHH ~eTHO-~eTHHX JI,Il;ep C 9Hep

rnett MeHee 3 MaB. IT08TOMY, Orpalm'CIHMCl'l ~eTOM H30CKBMpHO:lt ~ac

TH MYJII,THITOJII,-MyJII,THllOJII,HHX CH~. IlpHBe'AeM raMHJII,TOHHSH MO'A8Jm 

H OCHOBHHe ypaBH8HlISI. EMee no~o6HO KB83H~8CTH~O-ql0HOHHBH 

MO'A8Jll, OlllicaHa. ~!9 ' 2□/. 

Hcnom,3yH ceKyJIJipHoe ypaBHeHHe .IVIR onpe'Ae~eHRR anepr:att 

O'AHoqlOHOHHllX COCTOHHHtt H BHllO~ rrpeo6paBOB8HRSI, np:aBe'AeH

HHe B/I/, raMHJII,TOHHSH MO'A8Jm 38ITHill8M B BH'A8 

I-{ M -= H v + H vq , 
(I) 

• ,f .,, 0-i-Q H ~ I eCaJ Bfoci,)- 4-2... . ~o.i ~Y ...,, 
1 

~ tr'' 
v r r ,=Ap, ~ 3 13 

'v 3'-=,\j<i.' 

(2) 

Hvci=-¼~~~~ f'{n'JflQ; +G,)8(V,:J+8~J~~o,l}p> 
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r.I{e onepaTop po~eHll.fI 4JOHOHa 

Q~ =- f I,{t~,A\9,<y')- ':f~,.ACci,CJ,'>}, 
't~ 

.j.( 4 + + 
A CJ,q '.)= "2 ~ (T' d.ci,-o- d..'t(;" H~ 

B Cq tt' J ~; ol;<S" d.'j,'<S" , 

y ::: I. U~9:9:'J1.1!l<1' )~so/i'}wi 
q 'Vt' ( E.2.('t<l,' l - w~ )t. 

.... + 
..1.. E oL:o- olq'<r ' {£_ 6' r r 

(4) 

3.n;ecn (q, <:r) - KBBHT0B!le tmc~a 0.ln{0'iaCTZ'ra0ro C0CT0.fIHll.fI, 

5=-'±-1 ; EC<J,) --KBB3RqacTH'iHa.fI 3HeprH.fI, £(<y<f1= c(~) ➔ E.(<t'J 

~;A) - Hsocxa~Ha.fI ItoHcTaHTa My~THllO~llllX cH~. OcTa~HHe 

O6osHaqeID1.fI MHH B /IB/. 

Mu lICll0~3Y8M TOlffilie ItOMMyTaUHOHHNe COOTHOmeHll.fI ~ ~OHO

HOB, ll08TOMy cpe,IJ;Hee no BO~OBOtt ~YHKUHH OCHOBHoro COCTO.fIHH.fI 

qeTHO-qeTHOro .fI,Il;pa . 4-to paBHO 

< lflo I Qj{ Q11 a;, a;2. I Lf.lo) :~,8/9zg;+89,IJ,'.~;iK(~;9:9,~), <5> 

r.n;e 

Q/ I a a_l t KC 1 , _ _ j_, ('r."' 'fi• -::e'li ':f.8')(t,·• \f..QJ. -+~/12. ~Si) (6) 
CJ;. ~1 <J,<a.) - 2 L 'i-1'11.. '1•"h 'M1 irta. 'Jt'/-f 'l,;'l,, <t,'1,~ ~' 'J,'h 

'l,a'}zt 

llpll'ieM 

Q~ lJ..l0 ::0. 

B/I? • IB/ noxasaHo, 'iTo a6coJIIOTHHe sHaqeHll.fI K ( i 9-,' 'iJ, 'i/2.) 

MaJlll, e~ g/q;F~i.~ . IIoaTOMy TBM, r,D;e STO BO3MOlltHO,Mll 

6y,n;eM OCTBBJUITn TO~KO .I{HaroHa~HHe q~eHH K ('J-,_ <31 q._ 'h) 

4 

Bo~HOByJO ~ymtUHJO B036y3,neHHoro COCTO.fIHll.fI qeTHO-qeTHOro 

,l{eg/OpMlipOBaHHoro .fI,I];pa BO3nMeM B Bli.I{e 

4'"-= 2 t R;C>.r)Q; + ½f.~i/1+03,~ P~~C>-r)a.;;Q; 11t1a. <
7> 

YMOBlie HOpMHpOBIW B ,D;HaroHa~nHOM ,nJl.fI K(~~ .. ~~) IIPHMli-

lK8HlIH TaKOBO: 

<ftlri 141,. > = '5;..(Rt°'(~1)2-+ 2.(P~:'h C>-r)/{1 +f K(~Jii•~•~)j== 1.(8) 
... '}, ~9:t. 

B11qHc.liliM cpe,nHee sHaqeHHe HM rro cocTO.fIHHJO (7) H c 

IIOMOIIU,10 BapliaUHOHHOro IIPliHUHIIa HaH.n;eM ypaBH8HH.fI ,nJl.fI orrpe,D;e~e

llli.fI aHeprHH B036YJK,D;eHHllX COCTO.fIHHli "1,n lI (l)ymtUHit R.7 (Jy,i) 

H P ~: CJ,. (Ar) • 3TH ypaBH8HH.fI rrpHBe.I{eHll B/IB/. IIepeimeM B 

j{ ( ~ <t ,' 'a• q..) K ,ll;liaroHa~nHOMy rrpH6~lK8HH10 lI IIO.nyql!M CHCTe-

MY ypaBH8Hlili B c~e,D;y1(ll!eM BH,l{e: 

(wi - -ri,..) Rt"(~J<) - I. ~ {1¾,iCAJ<iJ +VS'i{.\J<.)} ~i;p14 )=O, <9) 
~•~ 1Nn . 

(1-+ ½ K<11'h'h!h)) i2~
1
~}1,.) P;-9. (AJ<) -

(IO) 

- ...,,.--- r. 'U. . , ~ ~ { v 1 + a9<'b i' 2,q. C>-.J'- • J + v'i-r"Jt. c"Y':. ', J Ri., c~.,..) == o. 

r.I{e 

_ ~ IjK(q.~)',•J~19)+ K(g.~:~} (II) 
.!29,'h ( 1,") = W'i,<h -'7_,"' 4(1 + 8-~~)•3 ~~•

1frg, Y>-,p.1.J ~.'i VY'Jt. Y~,,-. l
3 

' 
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U~•'h (1114.) ,._ < 4-'o I Q"J'• H ir'l Q;, o;_ I 41
0 
> , (I2) 

.IIBHl:lii BH.D: cp~ii u3,~u.;~) H V9,~(>-J4,) ,naH B /IB/. Ms ypaB-. ,. 
Hemm (IO) Haii,neM cp~ro P~19,. (>-)<) , rro,ncTaBHM B ypaBHeHHe 
(IO) H IJOJiy'mM 

r.ne 

(w~ - "1._) R.~ (;>ii.) - L WH' q.; (>.r) = 0 
l, \. ' ~ / .. ,. 

vV·/ "L. (Us,'Ja_0.)11)~ lly,9,.(,yt,:1){tt~?L(-!Jt,·J+v,_Slr,Y,,~) 

a g, ~~ (~ + J}1c;..J(:t.+ f K{y$~9z.JLJ) ~~:1/z .. J . 

(I3) 

(I4) 

OrpaHHtrnMC.II B vffe?, ~ f riJ ,IJ;HaroHaJU,Hl:lMH IJO k (~ ~.9'.di,) 
'V!eHaMH, HeCROJU,IW YIJPOCTHM ypaBHeHH.11 ( 9) , (IO) H IIOJiy'mM 

(wL·-'1'),,JR/{~)-L ~l/4Q.[¥ilPa.:r~)=-O, (I5) 
(,, 9,~~ '!•9-- qf,-.. ,,,,,.. 

..QJ,'Jz (2,.) 'J1; {y) -~ f ~7/-!fai 'J ~~ {,yJ =o. (I6) 

B 3TOM IlpHOJIHEeHHH 

wii' ~ L.. 1l~vJ1/f,J ~r,,r1ft,.'J 
J,~9,.. C:/..+~Cj2) .fl91<Ji.{1,,..) 

(I7) 

BRJia,n 0,Il;HO<pOHOHHoro COCTO.IIHH.II L B HOpMHpOBRY BOJIHOBOH 

<IiYHitnmr (7) paBeH ( R.~ (,y,>f , BRJia,n ,Il;ByxipOHOHHOro COCTO.IIHH.II 

~
1 '}1_ orrpe,neJIHeTc.11 l :L-+ f K (~9,.9-,9..) }(f::>$~{,y.lt. IlpH 

I{ (q;_CJ-{ 'i, g~) = 0 <pOPMYJIH (8)-(II), (I5), (I6) H .npyrne 

6, 

rrepeXO,Il;HT B <pOPMYJIH, IJO ROTOPHM rrpOBO,Il;HTC.II pac-qeTu B RB83H'IaC

T~O-qJOHOHHOH MO,nemr .11.npa/I9/, He ~TUBaKIIU{e IIpHHIJ;HIJ Ilaymr 

B ,Il;BYJCIPOHOHHl:lX ROMIIOHeHTax BOJIHOBOH <pyttRIJ;HH (7). 

3. neTaJIH BWIHCJieHHii H 06µ.me pe3yJU,T8Tli 

,lL1.t.lI Hs~eHH.11 BJIH.IIHH.II rrpHmiima Ilaymr Ha aHeprHH .D:ByxqJO

HOHHHX COCTO.IIHHH pemeHB CHCTeMa ypaBHeHHii (9), (IO) H orrpe.ne

JieHl:l R03cpcpHUHeHTU BOJIHOBOH <pyttRIJ;HH (7)
0

,IJ.JUI p.lI,Il;a ,necpopMHpOBSH

Hl:lX .II,Il;ep. B pac'IeTax HCllOJII,80B8JiliCJ, 0,Il;HO'!ffi.CTH'llllle 3HepI'lm H BOJI

HOBUe cpYHRIJ;HH IJOTeHIJ;HaJia CaRCOHa-By,nca C rrapaMeTPSMH, ,naHHUMH 

B1201. KOHCT8HTU crrapHBSHH.II ~N H Gi orrpe,neJieHl:l H3 3RCIJe-

pHMeHT8JU,HUX ,naHHUX no rrapHl:lM aHeprn.lIM. HalllH pac-qem orpaHlI'ie

Hl:l COCTO.IIHH.IIMH C 3HeprH.IIMH MeHee 4 MaB, IJ03T0My B8.IITO orpaHH

'IeHHoe <pOHOHHOe IIpOCTPSHCTBO. YtmTUBSJIHCJ, <pOHOHl:l c ~ =20, 

22, 30, 3I, 32, 44,H ,llJUI R8.ll,Il;Oro 3H8'18HHJI ~ 6paJIOCJ, no IO 

<pOHOHOB. 3Hepr:ira H BOJIHOBUe <p]HR$m O,Il;HOq>OHOHIWX COCTOJIHHH BH

'WCJDIJIHCJ, MeTo,noM R PA , ytmTUBaJICJI aq>cpeRT OJIOKHJ)OBKH ,IJ.JUI 

nep:eHX ,Il;ByxKB83H'I8CTHtJHHX noJIJJCo:e ( CM. /I/).· KOHOT8HTU MyJII,-
(A) 

THIJOJIJ,~JU,THnOJIJ,HOro H80CK8JIJIPHOrO B38BMO,Il;8HCTBHJI ~o orrpe-

,neJIJIJIHCJ, no :rneprH.IIM nep:ewt cocTo.lIHID1 c I<~ =0+, , 2+, o-, · I-, 

r. Ilpn BHtmcJieHHn B (EA) -BeJIH'IHH aq>cpeRTH:BHld sap.lI,Il; noJia

raJicJI paBHHM 0,2. 

HaPJl'AY c ypa:eHeHH.IIMH (9), (IO) pemaJIHc1> 6oJiee rrpocme 

ypa:eHeHH.II (I5), (I6). PaC'I8TH IJOK838JIH, 'ITO ,llJUI COCTOJIHHtt C 

,Il;OMHHHpYJllleii O,Il;HO<pOHOHHOH KOMIIOH8HTOH OTJIH'WJI pemeHHtt ypa:e

HeHHtt (I5), (I6) no cpa:BH8HHD c pemeHH.IIMH CHCTeMH (9), (IO) 

IIpHBO,Il;HT K H3M8H8HH.IIM 1,n. ~a (5-25) K8B H :e :B8JIH'IHH8X CR~ c,y.1f.: 
HS (0,I-0,2)%. ,lL1.tJI COCTO.IIHID1 C ,Il;OMHliHpYD!l8H ,Il;Byxg}OHOHHOH KOM

noHeHTOH pemeHHJI ypamrem (I5), (I6) _no cpaBHeHHD c ypaBHe

HH.IIMH (9), (IO) IIpHBO,nrIT K H8M8H8HHD 4t,., Ha (IO-IOO) K3B 

H B Be.mmmax (P9-r;J,yd )2:. Ha (I-IO)%. Il03TOMy pemaeTC.II :B 

,naJIJ,HettmeM cncTeMB ypaBHeHHR ( I5) , ( I6) • IlpR pememm yprume-

7 



Imtt (15), (16) B Sl..3-t,,._(7) CYMMHJ)OBaime no ¼ npOBO,Il;HTCSI 

no .n;ecnTH /p<>HOHBM. Y'IeT 66m,wero 'IHCJia o.n;Hoip<>Hommx cocTorumtt 

B fl.g,'}t.('7,) He Be.n;eT K aaM8THOMy HSM8H8Im!O aHepl'IDI 1 .... 
TaK, YB8Jm'Ieime CYMMHJ)OBBimR iJ ,no 15 COCTorumtt npHBO,Il;HT K 

HSMeHemm '7,... Ha (1+20) KaB no cpaBH8ImXl C CYM!,ml)OBaimeM no 

IO COCTOmnIRM. 

B peaym,TaTe peme.HIDI ypaBHeHHtt (15), (16) c Y'J8TOM YCJIO-

BRII (8) HaXO,Il;HM ,Il;JIJI COCTOrumtt C ,ItaHHID.m l<,r HJIH .'3/' 8Hep-
.... 2. ( ... 2. 

l'IDI '?,,,,, H q>yJOOlH}J , (~i, 0}'-)) , P31 <)i. (,Y.)) • IIepBHe He-

CKOJII,RO COCTORJm:lt C ,ItaHHHM 3Ha'I8HH8M ~:Ji JIBJifWTCR O,Il;HOqlOHOH

HliMR lt1m ,ItByxKBaSR'tJaCTH'IlWMH. PaC'tJ8Tli C BOJIHOBO:lt q>ylJltQ:Hett (?} 

6ea Y'J8Ta np:amnma IlayJIH npHBO.IUIT no cpaBHemm c R PA -pac

'!eTaMH R YM8HI,memm 8HeprRtt nepBWC KOJIJI8RTHBHWC COCTORH:Htt Ha 

(0,2-0,?) MaB HR YM8HI,W8HHXl JIH,ItHpYJ]Ilett O,Il;HOqlOHOHHOtt ROMllOHeH

Tli .no ( R~ (A;.) )'l. =0, ?5-0,90. Y'IeT npmm;mra IlayJIR B MYllPO
HOHHWC ROMIIOH8HTaX BOJIHOBOit q>YHR~ (?) npHBO,IOJT K YM8HI,W8Imll 

onycxaHIDI 8Heprztt nepBwc ROJIJI8KTHBHWC COCTORH:Htt HK pOCTY .no

MHimpymtett ROMllOH8HTli, T.e. K onyCRBHHXl Ha 0,1-0,4 MaB no 

cpaBH8Imll c R PA ~pac'!eTBMH H R C R.: Ot) / =0, 85-0, 95. 

I!O8TOMy ,Il;JIJI nOJ!Y'tJ8HHR corJiaCymtRXCR C 8KcnepHM8HTOM SHB'tJeHHtt 

W)._µ,i H - B(EA) npH paC'tJ8Tax C BOJIHOBO:lt qiymmaett (?} 6e

PYTCR H8CROJU,KO M8HI,mHe 3Ha'I8HHR ~(>.) no cpaBH8HHll C J'.< f>A -

pac'!eTaMH. 'B peayJII,TaTe B pac'!eTax 6ea Y'J8Ta IIPHmntna IlayJIH 

8H8pl'IDJ ,ItBYJO:POHOHHliX COCTORimtt OKBSliBalDTCR H8CKOJII,KO 6OJII,IIIHMlI 

Cj'l,!MI,I 8HeprRH O,Il;HOqJOHOHHllX COCTORH:Htt. ,lJ.1m CJI86OKOJIJI8KTHBHWC 

g)OHOHOB H8B8JIHKO BJIRrume ,ItBYJO:POHOHHliX KOMIIOH8HT B (?) H, RaK 

IIpaBHJIO, MaJI a@JeKT npRHIJ;Hna IlayJIH. 

B peayJII,TBT8 Y'Jera npHHintlla IlayJIH B ,ItBYJO:POHOHHHX KO~mo-

HeHTaX BOJIHOBO:lt q>YHRIJ;HH {?) 3H8Pl'IDI KOJIJI8KTHBHl:lX ,ItBYJO:POHOHHIDt 

COCTOrumtt '18THO-'!8THWC ,Il;eg)OpMHpOBBHHWC R,JJ;ep noBHCHJ!HCb Ha 1-2 

MaB H OitaaaJIRCb B o6JiaCTH 3HeprnH B036YJK,Il;8HHR 3-4 MaB. IlpH 

aHeprHRX 3-4 MaB B ,Il;eg)OpMRpoBaHHWC R.llJ)aX ,ItBYJO:POHOHHHe ROJLJI8K-

8 

THBHlie COCTOmmR qiparMeHTHpOBBHli no MHOrHM ypOBHRM. HaCTOmIUl'e 

pac'I8Tli orpaHH'I8Hli Bli'IllCJI8HH8M aHeprRil neHTPOB Tmt8CTH ,ItByx

q>OHOHHliX COCTORHH:lt. Mu He Bli'IRCJIR8M qiparMeHTaIJ;HIO ,I];BYJO:POHOHHWC 

COCTORH:Htt. )J.IDI Bli'IRCJI8ImR qiparMeHTaIJ;HH ,Il;BYJO:POHOHHHX COCTORH:Hil 

HYJlUIO, Bo-nepBl:lX, B BOJIHOByxJ q>ymmHIO (7) BKJilO'IRTb TpeXJpOHOH

Hli8 KOMllOH8HTli H, BO-BTOpliX, Y'tJ8CTb 6OJU,WO8 'IRCJIO O,Il;HoqiOHOH

HliX COCTORH:Htt, ,Il;OXO;zunI\liX ,Il;O !02-!□3 . To, 'ITO ,ItBYJO:POHOHHHe 

COCTORHHR IIPH 3HeprHR 3-4 MaB B ,Il;eg)OpMHpOBaHHHX n.npax CHJ!bHO 

q>parMeHTHpOBaHH,H8 BHSHBaeT COMHeHHtt. B H8WRX pac'tJeTax ,nByx

q>OHOHHHe COCTORHHR CHJ!bHO qiparMeHTHpOB8Hli TOr,na, KOr,na B6JIRSH 

HX 8Hepr:att HM8!0TCR O,Il;HOqlOHOHHli8 COCTOJIIIBR. CHm,HaR qiparMeHTa-. 

IJ;HR O,Il;HOq>OHOHHllX COCTORHHH ITOJ!Y'tJ8H8 / 211 rrpH HSY'J8HHH rHraHT

CKHX ,Il;HITOJll,HliX pesoHaHCOB B .ne4)opMHpOB8HHliX R.llJ)BX. 

OTM8THM, 'ITO Y'J8T TpeXJpOHOHHliX KOMIIOHeHT B BOJIHOBOH q>YHR

IJ;HH (?) rrpHBe.n;eT K H8KOTOpOMy orrycKaHHIO 8HeprHH neHTpOB TmKec

TH ,Il;ByX!pOHOHHliX COCTORHHH HK ,Il;BJ!bHeilwett HX qiparMeHTa~ no 

MHOrHM R.n;epHHM ypoBHRM. HecoMHeHHO, 'ITO 3TO orrycKaHHe 6y,neT 

CY1118CTB8HHO Mefilwe ITOBHWelillR SHeprHH neHTpOB TmK8CTH ,ItBYJO:PO

HOHHliX COCTORHHH, o6ycJIOBJI8HHllX Y'J8TOM rrpHHIJ;HITa IIayJIH. 

OCHOBHOH pesyJ!bT8T H8WRX BH'IRCJI8HHH MOlKHO Cq>OpMyJIHpOB8Tb 

Tax: Y'J8T rrpHmntrra IlayJIH B ,Il;ByX!pOHOHHliX KOMITOHeHTaX BOJIHOBOH 

q>YHKIJ;HH (?) rrpn pac'tJeTax B paMKaX KB83H'I8CTH'IHO-q>OHOHHOH MO

.n;eJIR R.llJ)8 llPHBO,Il;HT ,Il;JIJI KOJLJieKTHBHliX ,Il;ByX!pOHOHHliX COCTORHHil K 

CJie.nymeMy C,Il;BHry SHeprHR neHTpa TmK8CTH: 

A E ( A.~, t.1., A._ft,. i.1.) = I+2 MaB. (IS) 

B pesyJ!bTaTe aHeprHH neHTpa TmKeCTH KOJLJI8KTHBHliX ,Il;BYJO:POHOHHHX 

cocTommn .n;e4)opMHpoBaHHHX R.n;ep paBHa 

C (>i1.f 1. iL' }.~ }· '~ ) = 3+4 MaB. (!9) 

9 



3TOT OCHOBHOfi pe3y.1ll,T8T OTHOCllTCR KO BC8M 118TH0-118TlillM 

.IJ;eqJOpMHpOBaHllllMR,np8M n,He 38BHCHT OT BlielOpa napaMeTPOB MO,ne

JIH. C,IJ;Bnr ueHTpa T.IDK8CTH .IJ;BYJCl!)OHOHHHX COCTORHnfi OK83liB88TCR 

T8M ClOJll,IlllM, 11eM Cll.7ll,Hee KOJIJieKTnBll3llpOB8Hll COCT8BJIRKlllll8 nx 

q>OHOHll. Il03TOMY 38BliIIIeHne 3H8118Hnfi- ~fA) Be,neT TOJll,KO K YBe:.:. 

JIJAeHnD C.IJ;Bnra R K ycnneHnD q>paI'MeHT8Ullll ,IJ;llYJCl!)OHOHHOrO COCTO

Jllil!R. EcJIH lite B3RTI, 38HnllteHHlle ;H8118HHR ~.01 , TO C.IJ;Bnr, 

oelycnoMeHH!lil npmmmtOM IIayJIH,Cly,neT HeelOJll,llmM; HOB 3TOM 

CJiytiae .ll;BYJC!POHOHHOe.cocTORHne He Cly,neT-KOJIJieRTnBHllM. 

OTMeTnM, 11TO BOilpOC O BJIHRHnn npmnnma IlayJIH H8 .IJ;Byxqio

HOHH!le COCTORHHR B eq>eplllJecxnx R,np8X TPeelyeT na~eHHR. MOllHO 

- OD.IJ;8Tl>, 11TO _COOTB8TCTBYD!IR8 q>yHRunn I k(~'g/f!,.<;,) I L Cly.nyT 

nM8TI, MeHl>mne 3H811eHRR no cpaBHeHRD C .ll;eqJOpMHpOBBHHHMn R,npa

Ml! ll 3Heprmr .ll;BYJC!POHOHHllX KBB.npynOJll,HllX COCTORHntt B eq>epHtJec

RlIX R,npaX Cly.nyT, lt8R npaBWIO, H8X0,11,BTI,CR mtte BTOp!lX ll Clonee 

BHcoxnx 0~0q>OHOHHHX cocToRHntt. B Tex cipepHtJecxnx .!I.np8X/ y 

xoTopwc aHeprmr .IJ;ByllpOHOHHWt cocTommtt .nocTaTo'!Ho BeJilitKR, cne

.nyeT on.nan q>pal'M8HT8Ullll .IJ;ByllpOHOHHllX COCTommtt, KOTOpaR 

IlpOllJIJilOCTPJII)OB8H8 / 22/. 

4. Mf!JUJ3 JIBpd>oHOHHHX OOCTORHntt B llaj>OpMlffiOB8HHHX R,lIPBJI: 

KoJm8RTm3Hll8 .ll;BYJC!POHOHH!l8 OOOTORHR.11 0 ,n81illH,MH k ,r RJm 

Aft :z xo!$Jrypainrett i A:1.}'1. i£, .la.}'~ iL 1 xapaKTepusymc.11 ycu

neHneM !:: ,\L - nepexo,noB Ha nonocy 0~0q>OHOHHoro cocTo.llllllll 

l J.,.}I .. i-i} , £ .:\L - nepexo.noB. Ha nonocy o~Oq>OHOHHoro cocTo

JIHl!Jl {>.-t.}l,id .B o~ClneHneM Ei\.- nepexo,noB Ha poTainroHHyD 

nonocy OCHOBHOro COCTO.IUIBJI 118TH0-118THOro R,np8. KaR npaBHno, 

ltOJIJl'.8ltnmHH8 . .nB~HOHHlle COCTOJIHl!Jl oelpasymc.11 H3 nepBwt 

ltOJL118ltTl!BHllX ~HOHOB C i.i=1. , t1.=:1. • no BliIII8npl!Be,nelIHNM 

npH3H8R8M Oilp8)tM8Hli RBa.npyn0.7ll,Hli8 ~OHOHH!le OOCTO.IIHIDi BO 

MHOI'HX eq>ep:necIGIX R,npaX. 
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UeHTpH TJD!t8CTH 3HeprHfi ,IU!yxq)OHOHHHX COCTORHnfi 
CHJll,HO .IJ;eqJOpMHpOB8HHllX Jl,IJ;ep -

Jl.BYmiOHOHH!le SHeprHH' MaB • 
KOHq>nrypaunn pacc~TaHHHe 

. c ~efoM · Clea ~eTa 
. A,/1 '-1_ )..~~•,,_ , npnHUH_na IIayJIH npmnnma IIayJIH 

201 
221 
301 
321 

201 
301 

221 

201 
221 
311 

201 
301 

221 

201 
221 
301 

201 
221 
301 
321 

221 
321 

221 

201 
221 
311 

221 
321 

221 

201 
221 
301 

201 221 
301 - 321 

221 221 
321 321 

201 301 
221 321 

201 321 
221 301 

5,0 
4,5 

,; 3,8-
3,6 

3,8 
?,O 
4,5 

4,4 
4,0 
4,5 

3,4 
4,2 

4,0 

4,2 
3,0 
3,3 

2,8 
2,9 

3,0 
3,6 

4,2 
. 3,6 

3,~ 
2,6 

2,6 
2,2 
3,0 
2,5 

2,5 
2~8 

2,3 

3,0 
2,0 
2,8 

2,5 
3,5 

2,0 

2,0 
2,1 
1,3 

2,0 
-1,8 

2,0. 
2,2 

1,7 
2,1 

2,2 
1,6 

IIpoaHaD3B:pyeM, _ l!M81>TCJI D ROJL1I8KTID3Hll8_ .IJ;B~HOHHlle 

COCTORHR.li B CW!l,HO ,IJ;eqJOpMnpoB8HHllX 118TH0-118THHX Jl.IJ;paX. PesyJil,-• 
I -

T8Tli p8C118TOB 8Hepntt ueHTpoB T.RaeCTH _.IJ;ByxqiOHOHHllX COCTo.mmtt 

THna t >.Lh i1- , >.if._ z.L ½ c ~eTOM B Clas ~eTa npHHUHna iiayn:z 
npnBe,neHH B Taeln. I. Hs T86.tmlni Blf~O, 11'1'0 ~eT IlpBHinlll8 IIay-
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JIB IIpHBO,IU'IT K Y13eJm'IeHl'IIO :meprnlt KOJIJieKTHBHHX ,IU3JX4)0HOHHllX 

COCTOrumlt Ha (I,5-2,5) MsB H OHlI ~ell!BT, KaK npaBH~O, Bllllle 

3 MsB. EcJm lite o6a ~OHOHa, o6pasyKl!lHe .IUlY:xqJOHOHHOe COCTOHHlie, 

fil3JIJUlTCfi c~a6o KOJIJieKTRBR8HpOBaHHHMJII, TO ~eKT npHlil4Rlla IIay

Jm Ma~ R 8HeprHR TaKRx ,IUlyxq>OHOHHHX COCTOHHlilt 6Jm8KH K Cj'MMe 

8Heprnlt COCTa~KlltHX RX ~OHOHOB. CXO,lUlafi KapTRH8 RMeeT MeCTO 

BO Bcex CRJII,HO ~~OpMHpOBaHHHX ~ax, ll08T0My He RMeeT CMllC~a 

npHBO,IU'!Th pesyJII,TaTH pactieTOB ;IJ,1llI ~yrnx Mep. 

IlpoaHaJmsHpyeM CRJII,HO ~~OpMHpOBaHHUe ~a. OTHOCHTeJII,HO 

KOTOPHX RMeJOTCfi 8KcnepRMeHTaJII,HUe yxasaHlIH Ha CYllleCTBOBaIDie 

,IUlyxq>OHOHHHX COCTOHHlilt. IlpR J3- -pacrra~e k 'JT~ 5+ COCTOrumfi 
-i6o H ~,o~ -.n- + 

o saceMeTCfi HeCKOJII,KO ypoBHelt . JJY C K =-.ti: R 8Heprnett 

OKO~O 2 MsB. ComacHo/7/, k1i:.4-+ COCTOHHllfi B 
160 

'])y C 8Hep-

rnm.m 2,096 R 2,368 MaB MOl!UIO TpaKTOBaTh KaK HMelOlltlie 60JII,IIIHe 

,IU3JX4lOHOHHHe KOMIIOHeHTH THrra l22I,22IJ. C 8THX cocToHHlllt H~T 

HHTeHCHBHHe E2-rrepexo~ Ha t -BH6paunoHHoe, COCTOHHlie, 0608-

HatiaeMoe HaMH tiepes f 221 } • Cor~acHo HalllliM pactieTaM aHeprHH 

ueHTpa TSIXeCTH k,c-=4-4- COCTOHHllfi \221,2211 ~eJKRT npn 8HeprHH 

4' 5 MsB H l<'JT ~ 4 t COCTOfiHlifi C 8Heprnm.m OKO~O 2 MsB He MoryT 

HMeTh 60JII,IIIHX ,IUlyxqioHOHHHX KOMIIOHeHT. ITOCKOJII,Ky 8KCIIepHMeHTaJII,

HO He onpe~e~eHH B(E2)-BeJIHtJRHH ;IJ.JllI rrepexo~ c IDIX Ha .r -
BH6paUHOHHOe COCTOHHHe H J'IHTHBaH, 'ITO E2-rrepexo~ MOryT H~TH 

C 'IeTupeXKBa8H'IaCTH'IHHX COCTOHHlilt, MOl!UIO YTBepx,naTh, 'ITO 8~eCh 

HeT Hecor~aCHH c pesyJII,TaTaMH HaIIIHx pactieToB. Cxo~oe no~oxe-
:it + .f64 

Hlle RMeeT MeCTO c k ::4 COCTOHHHJIMR B »t 
· + 161? I""' 

CocTOHIDie c . I,r .,,,4- n sHeprneit I, 737 MsB B c:,. 
paccMaTPHBa~och B/ 4/. KaK ,IUlyxq>OHOHHoe cocToHHlle Tnna l 221, 22IJ. 

He~BHO. B/I3/ crreKTp ~68 Er HsytieH B (rt,¥)- peaKUHR H rro

KasaHo, 'ITO ypoBeHh 1,737 MaB npHHa,[IJielltHT K poTaUHOHHOlt no~o

ce, llOCTpoeHHolt Ha ,IU3JXKBa8H'IaCTR'IHOM HeltTpOHHOM COCTOHHlIH 

5/2-[512], I/2-[521] • B/lS/ YTBepx,naeTC.fI, 'ITO B 16
;? Er HeT 

12 

K:,r-,.,4 + .IUlJ'X4lOHOHH!il cocTOH~il ~o aHeprnn 2,I MsB. Cor~cHo 

HanmM pactieTaM 8HeprRR ueHTpa TRXeCTR ,IUlyxq>OHOHHOro COCTORHH.fI 

c K.1t=4-1: Tnrra l221,221} paBHa 4 MaB. HanIDismmi ,IUlyxq>OHOHHHe 

cocTorumR c .1<.'IT"=o+ ,L201,201} n, K"'ll".,._2.+ l201,221J ~eimT Blllile 
' ~6, -

3 MsB. Cxo~oe no~oxeIDie RMeeT MeCTO ;IJ.JllI tr , ,B KOTOpOM 

BCe KOJIJieKTRBHHe ,IUlyxq>OHOHHHe COCTO.fl:HlIH RMeJOT 8HeprnJO 6o~ee 

3,5 MaB. 

. B/5/ yTBepx,naeTCR, 'ITO o6HapyxeHo B 2...t+o P-u npn aHepr:im 

I, 4II MsB .IUl~OHOHHoe OKTyrrOJII,HOe cocTomiHe THrra l 301,301 J 

C l<"JT" == c+ . YTBepx,neHHe OCHOBUBaeTCH Ha saMe,[IJieHHR E2-nepe

xo~ Ha rro~ocy OCHOBHOro COCTORHH.fl R 6Jm80CTH 8Ha'IeIDitt MO-
' kr -MeHTOB HHepUHH 8Toro H o~~OHOHHOro -= 0 COCTOrum.fI. 

Cor~aCHO pactieTaM/B-IO/, He J'IHTHBaKIIU!M IIpRlil4RII IIaym B .miyx
~OHOHHHX KOHCTaHTaX (7), BTOpoe k:ir~ o+ COCTORHHe C 8Heprnett 

I, 3 MaB RMeeT 6om,myJO .IUl~OHOHHYJO KOMIIOHeHTY l 301,301 } • Ee

JIB ytieCTh IIpHlil4Ril IIaym, TO 8HeprnR ,IUl~OHOHHoro COCTOJUm.fI 

l30I,30I) paBHa 3,3 MaB n o+_cocToRIDIR c aHeprnett I,4 MsB 

He MoryT HMeTh 60JII,I11He ,IUl~OHOHHHe KOMTIOHeHTH. Cor~aCHO 

HaumM pactieTaM BTopoe R TpeThe o+ -cocTOrumR B .24op-u pacno~o

seau npn aHeprHR I,40 R I,43 MaB H oMa~aJOT c~e,Dyl[Jllett CTPYK

Typott: !202J- BO%, 12033- IS% R { 203~ - 80%, { 202} - 17%. B/IS/ 

oTMe'IeHo, 'ITO ;IJ.JllI BHRCHeHHa cTpJKTypu o+-cocTORIDIR c aHeprneit 

I,4II c~e~eT H8J'IHTh poTaUHOHHYJO no~ocy Ha HeM C IIOMOl!lI>IO 

MHOrOKpaTHOro KY~OHOBCKOro B086~eHlIH RB peaKUHHX O~OHJK

~OHHHX rrep8M'I. 

IlpoaHaJmsHpyeM 8KCilepRMeHTaJll,HH8 ~aHHHe no ,IUl~OHOHHHM 

COCTOHHlIHM B ~ax, ~8ll!BunIX Ha rpamiuax o6~acTeil ~~OpMHpOBaH

HliX M8p. Han6o~ee no~e CBe~eHlIH RMeJOTCH O ,IUl~OHOHHHX co

CTORHHHX B _.
54 

6-d / 3 • 231. Ha OCHOBaHHll 60Jil,IIIIDC BeJIHlillli EO-nepexo-

~oB Ha ~ -BR6paUHOHHYJO no~ocy {201) R np:mvrnpHo y,IUloeHHoil sHep-

rHR j3 -BR6paUHOHHoro COCTO.fl:HHH ypoBeHD C l<-rr =- o+ R 8Heprnett 
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1,296 MaB TpaKTyeTCH KaK .u;ByxipOHOHHl:lil: THila f201,201,. Eo.,u,

ruoe 3HatJeHirn EO-nepeXO.Il;OB Ha r -mr6pa!l;llOHHyIO IlOJIOCy ( 221 ! II03-

BOJIHeT, ypoBem, c k;Jt -.2-+ n: :meprneil: I, b3I MaB HHTepnpe-

THpOBaTl'> KaK .u;ayxipoHommtt THila l 201, 221 l . CocTOmmH 
154 

G-d. 

c l<.-rr,..o+ H 4+ paccMaTPHBaIDTCH KaK .u;ayxq>OHOHHHe THna L 221,221} • 

.AHaJma t -nepexo,noB lI cpaBHeHHe c peayJII,TaTaMH pactJeTOB no 

,nlIH8Mll'tJeCKOil: MO,Il;eJil'I co cnapHB8HHeM lI KBa.npynoJifIMH, BHilOJIHeH

HHe i/141, CBll,n8TeJU,CTByRJT O TOM, 'ITO ,IUlyxipOHOHHOe 06'.hffCHeHHe 

3THX cocTommn IlplIBO,Il;HT K H8KOTOpHM npoTHBOpetJHHM. B/24/ IlOKa-
454- /\ 

38HO, 'ITO B cr-J. HMeRJTCH 0+-COCTOHHHH, KOTOpHe MOXHO TpaK-

TOB8T!, R8K HMeKillHe c~eplltieCRyro ~OPMY• B/16/ BupaJEaeTCH COM-

HeHHe B Ilp8BllJII,HOCTll HHTeprrpeTa~ BHWeYK838HHHX COCTOHHlitt 

154G-d. . RaK .u;ByxipOHOHHHX·. 0,D;HH ll3 apryMeHTOB COCTOHT B TOM, 
~54 

tJTO ,n;,mi: J -nepexo,noB c Eu Ha .u;Byxq>OHOHHHe COCTOmmH 

eo~ :ft Mem,rue, lJeM fD3 _ft ,lJ,IDl nepeXO,Il;OB Ha J3 - lI r-IlOJIOCH. 

CorJI8CHO H8lllllM pactJeTaM, IlpBBe,neHHHl4 B T86JI. 2, He BMe

eTCH HH3e 4 MaB ROJIJieRTBBHHX .u;ayxipoHOHHHX cocTommtt TBna 

{201,201~ ,l201,221~ ,{221,221}. ~parMeHT8~H aTBX COCTOH

m He MOXeT npBBeCTH R TOMY, tJT06H COCTOmmH C aHeprnett 

1,2-2,1 MaB BMeJIB 60JII,IIIHe .u;ByxipOHOHHHe ROMilOHeHTH • 

11MeIDTCH 3KCilepHMeHT8JII,HH8 YK888Hll'H H8 CY111eCTBOB8HHe 

.u;ayxipoHOHHHX cocTommtt B 
151 Sni /? I H B 

15
j; .:ilv 125/. 0,nHaKo 

BO Bcex aKcnepHMeHT8JII,HHX ,naHHHX HeT ,Il;OCT8TOtJHO Ha,ne3HHX .no

R838T8JII,CTB CYllleCTBOB8HHH .u;Byxq>QHOHHHX COCTOHHHit B H,np8X C 

N =90. IToaTOMY HeT OCHOB8Hll'H YTBeP3.n8Tl'>, 'ITO BMeeTCH IlpOTH~ 

BOpe'tllie MelK,lzy' 3KCilepHM8HT8Jll,HHMH ,Il;aHHJ:lMll lI peayJII,TaTaMH Haruruc 

pactJeTOB. 

B BaoTonax R<1. , Th B U BMeRJTCH Heo6HtJHO HHaKHe KOJI

JieRTBBHHe COCTOJIHll'H c rtr K = .{" 0 /l5 • 26- 291. HatJBH8H c 1963 

ro.na/3o/ 8TH COCTOJUmH Tp8RTYJ)TCH R8K O,nH~OHOHHHe ORTynOJII,

HH8 COCTOJUmH. ITpe.nnpHHBMSJIBC!, IlOIIHTKH HaitTH .u;Byxq)OHOHHHe 

K"" = D~ COCTOHHHH THna { 301 '3011 . IlpH y.u;aoeHHHX aHeprnHX 3THX 

14 

/15 28/ t.LL,22~,w; 
ORTYflOJII,HHX COCTorumn. _B ' YTB8PJ!i,naeTCH, 'ITO B Re,, 

2.2, ~2" Th + . . 
lI ' HeT o_-COCTOmmii:, KOTOpHe HMeRJT 3Hepnm,6JmaKl'!e 

R y.u;aoeHHHM 3HeprnHM l(T = o- COCTOHHBit, B co,nepJKaT 60JII,

nme .u;ayxrpoHoHHHe KOMIIOHeHTH THna l30I,30I) • PactJeTH, BHilOJI

HeHHHe B/8-lO/ c BOJIHOBOit ~~en (7) 6ea YtJeTa np~na Ila

YJIJ'l,YK83HB8RJT Ha IlpHCYTCTBHe 60JII,IIIHX .u;Byxq>OHOHHHX KOMilOHeHT 

t30I '3011 B nepBOM HJm BTOpOM o+ - COCTOHHBHX B B30TOilaX ,h H u. 
'J.'a6Jm.!!!L2,. UeHTpH TruiteCTll aHeprnn ,Il;Byxq)OHOHHHX COCTOHHBit 

B ,n~OpMHpOBaHHHx H,np8X 

H,npo K,,. 
,IlByxqJOHOHH!le 9HeprHH, MaB, 
KOHq)Hry1>8~H paCCtJHTaHHHe 

C YtJeTOM 6ea YtJeTa 
>.,j',t, J..t,,,. npmm1ma IlayJm npmm1ma ITayJil'I 

154Gd o+ 201 201 6,0 2,0 
221 221 4,0 2,5 
301 301 4,7 2,7 
311 311 4,8 3,0 
321 321 4,6 3,4 

2+ 201 221 4,0 3,0 
301 321 4,5 3, 1 

4+ 221 221 4,0 2,5 
321 321 4,6 3,4 

230Th o+ 201 201 5,5 2,0 
221 221 3,8 1 ,5 
301 301 4,5 1, 1 
311 311 3, 1 2, 1 
321 321 3,5 2,3 

2+ 201 221 4,0 1,7 
301 321 3,0 1,6 
311 311 3,1 2, 1 

4+ 221 221 3,7 1,6 
321 321 3,2 2,4 

o- 201 301 5,0 1,6 
221 321 3,4 2, 1 

2- 201 321 2,7 2,2 
221 301 4,0 1,4 
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0TCYTCTBHe ,IJ.ByXlf)OHOHH!lX COCTOrurnii rrpH ynBoeHHOH 3Hep

rHH OKTynOJU,HllX COCTOHHHH coanaRO TpynHOCTH B TpaKTOBKe 3THX 

COCTOHHHH, ITOTpedoBaRO BHITO~eHHH HCCRenoBaHHH/3I/, B KOTOpllX 

He yna~OCb rrpeonoReTb 3TO IIpOTHBOpetme. 
. ,U()~L 

CorRaCHO HalllHM pac~eTaM, pesyJThTaTH KOTOpllX ;D;lliI ·~ 

naHll B TadR. 2, 3HeprHH u;eHTpoB TmKeCTH )<Jt",,o+ ,IJ.ByXlf)OHOHHllX 

KOMeKTHBHllX COCTOHHHH THITa { 30I,30I1 dom,me 3 MaB. 3TOT Bll-
u.a l.l:2. TL 2.J2. U BO,n OTHOCHTCH Tarotte K ' q H • OH BepeH ;D;lliI 

,npyrHX H,nep. TaKHM odpa30M, HamH pacqeTH CirnMaIDT rrpOTHBOpe

tme B TpaKTOBKe ITepBHX I1T I< ::: 10 COCTOrurnii KaK KOMeKTHB

HHX OKTyITOJU,HHX COCTOHHHH,ITOCKOJU,KY 3HeprHH u;eHTpOB TmKeCTH 

COOTBeTCTBYKIJIHX ,IJ.BYX!pOHOHHHX COCTOHHHH pacITORO~eHll ITPH 3Hep

rHHX,dOJU,mHX 3 MaB. 3TH ,IJ.ByXlf)OHOHHHe COCTOHHHH CHJU,HO ¢par

MeHTHpoBaHH. 

0TMeTHM, qTo B H,npax ITepeXO,nHllX odRaCTeH Me Ton I< PA 

He MO~eT CRyJKHTb dasofi ;D;lliI OITHCaHHH KOMeKTHBHllX COCTOHHHH. 

B CHJU,HO ,n8¢opMHpOB8HHllX H c¢epHqeCKHX H,npax C O,nHOH saMKHY

TOH OdORO~OH H B COCe.lUillX C HilMH qeTHo-qeTHhlX .fl;I(pax tIBCJIO KB8.-

3HqacTHU B OCHOBHHX COCTOrurnHX HeBe~o/321, IT03TOMy rrpeHe

dperaeTCH KOppe~JIMH B OCHOBHHX COCTOHHHHX. B/32/ ITOKasaHO 
150 

Ha H30TOITax Sm , qTo B ITepexo,nHoM H,npe Sm MaKcHMaRbHOe 

3HaqeHHe qncRa KBasnqacTHU ,noCTHraeT 0,5, qTo yKa3HBaeT Ha 

HeITpHMeHHMOCTb MeTo,na RP{/ . 

B H,npax ITepexo,nHllX OdRaCTefi pemeHHH ypaBHeHHH (15), (16) 

;D;lliI k,r "°o-+ COCTOHHHH Tarotte ITpHBO.ll;lIT K ITpOTHBOpeqHHM. TaK, > 

ec.Jrn B 4s4- Q.d. KOHCT8HTY 
(-,) 

~o JBeRHqHTb Ha 5% ITO cpaBHe-

HHID C pacqeTaMH, rrpe,ncTaMeHHHMH B TadR. 2, TO 3HeprHH ueHT

pa TmKecTH ,nByXlf)OHOHHoro cocTOHHHH ~20I,20I} ITpeBHCHT IO MaB. 

TaKOH dORbillOH c,nBHr,B CBOID oqepe~,CBH,neTeJU,CTByeT O HeITpH

MeHHMOCTH MeTo,na RPA K ITepexo,nHHM H,npaM. HamH pacqeTH 
154 . 

ypOBHeil &d H8XO.ll;lITCH Ha ITpe,neRe B03MO}KHOCTH MO,ne.Jrn. 
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5. 3aK.1!_IO'!ElHHe 

Ha OCHOB8HHH H3yqeHHH ,IJ.ByXlf)OHOHHllX COCTOHHHH B qeTHO

qeTHUX .ne¢opMHpoB8HHllX H,np8X B paMKax KB83HqacTHqHO-qlOHOHHOH 

Mo,ne.Jrn H,npa C yqeTOM rrpHHD;HITa Ilay.Jrn B ,IJ.ByXlf)OHOHHllX KOMITOHeHT8X 

BO~OBHX ¢YHKUHfi Bosd~eHHIDC cocTOHHHH MO}KHO c,neRaTb cRe.ny

KI!IHe BHBO,nH: 

I. B .ne¢opMHpOB8HHHX H,npaX He MoryT cymeCTBOB8Tb KOMeK

THBHHe ,IJ.ByXlf)OHOHHlle COCTOHHHH. 3TOT BHBO,n OTHOCHTCH KO BCeM 

,ne¢OPMHPOB8HHHM H,np8M H He 38BHCHT OT ITapaMeTpOB Mo,ne.Jrn. 

2. CHRa ,IJ.ByXlf)OHOHHllX KOMeKTHBHllX COCTOHHHH ¢parMeHTH

poBaHa ITO MHOrHM H,nepHHM ypOBHHM rrpli 8HeprHHX 2-4 MaB. 

3. 3aMroqeHHe, c,neJiaHHoe B/I6/, od OTCYTCTBHH Ha,ne~x 

8KCITepHMeHT8Jll,HllX ,naHHHX ITO ,IJ.ByXlf)OHOHHHM COCTOrurnHM B ,n8¢op

MHpOB8HHHX H,npax H8XO,nHTCH B corRaCHH C pesym,TaTaMH HamHX 

pacqeToB. 

4. MoryT cymecTBOB8Tb qeTHpeXKB83liq8CTH~e H CRadOKOR

ReKTHBHHe ,IJ.ByXlf)OHOHHHe COCTOHHHH ITPH 8HeprHHX B03dyJK,ll;emm 

doRee 2 MaB. 

5. MeTo,n RP~ He MO~eT .c~Tb da3HCOM pacqeTOB CBOHCTB 

ITepexo,nH11x H,nep. 

B saKJIIOqeHHe dRaro,napHM ~.Me.JrneBa, B.O.HecTepeHKo H 

C.H.Cep,nIDKOBy 38 ITOMOIII!> B COCTaMeHHH rrporpaMM H IIpOBe,neHHH 

pacqeTOB. 
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