
3 l , ,, - " 

- 314 

CJ1.ra6paKOB 
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1. BaeoeHue 

B rrocne,.nHee apeMH JaMeTHO ycnnneaeTcH HHTepec 

K nccne,n:oeaHHHM BhICOKonemamnx B036ym,n:eHHbIX COCTOHHHH 

B aTOMHhIX H,n:pax. lie3 COMHeHHH, B )TOM OTHOWeHHH 

CTHMYJIHpyromHM <baKTOpOM HBnHIOTCH Bee 6onee yeennqn

BaromnecH B03MO)f(HOCTH 3KCIIepnMeHTanbHoro HJyqeHHH 

CTPYKTyp1,1 H,n:pa. 

TeopHH BhICOKOB036ym,n:eHHhIX COCTOHHHH pa3BHBaeTCH 

B Tpex HarrpaeneHHHX: nccne,n:oBaHHe YPOBHeii C HCIIOnhJO• 

BaHHeM .MeTO.D:OB CTaTHCTHKH /HaIIpHMep, /l/ /, nccne.no

BaHHe cnomHhIX H,n:epHbIX COCTOHHHH, B03HHKil.IOmnx B pe

JynhTaTe B38HMOJ:(88CTBHSI KBaJnqaCTHU C <boHOHaMH 121 , 
H HCcne,n:oeaHHe BhICOKonemamnx COCTOSIHHH, KonneKTHBHJH• 

poBaHHbIX orrpe,n:eneHHbIMH OCTaToqHbIMH BJaHMO,n:eiiCTBHH· 

MH. JlpKHMH rrpHMepaMH B )TOM OTHOWeHHH HBnHIOTCH xo

powo HJBeCTHhIH rHraHTCKHH .D:HIIOnhHhIH pe 30HaHC H H306ap

aHanorOBble COCTOHHHH. Oco6eHHO HHTepeCHbIM HBnHeTCH 

OTKphITHe H306ap• BHanorOBblX COCTOHHHH /J/, HanHqHe KO· 

T0pbIX II0KaJhIBaeT, qTo B KOHTHHYYMe BbICOKOnemamHx 

COCTOHHHH <bopMHPYIOTCH COCT0HHHH THIIa rHraHTCK0ro pe-

30HaHCa H qTo H30TOIIHqecKHH CIIHH HBnHeTCH xop0WHM 

KBaHTOBLIM qucnoM H .n:nH THmenhIX H,n:ep.-3TH o6CTOHTenL

CTBa rrocnymHnH CTHMynoM ,n:nH .n:anhHeiiwero paJBHTHH Teo

PHH CTP}'KTYPLI H,npa. 

B HacToHmeii pa6oTe MLI c.n:enaeM Kpa TKHH o6Jop 

Hccne,n:oBaHHH HJOCIIHH0BhIX H CIIHH• HJOCIIHHQBbIX BeTBeii 

KonneKTHDHLIX B036ym,n:eHHH, KOT0pble KonneKTHBHJHpoBaHLI • 

0CTaTOqHbIMH B3aHMO,n:eiicTBHHMH, HMeromHMH CHMMeTpHIO 

pa3peweHHLIX <bepMn- H raMoB·TennepoBCKHX 6eTa·pac

rra.noa. MLI orpam1qnnnc1, paccMoTpeHHeM TaKHX BJaHMO· 
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,lleHCTBHfl: H3 • 3a HX cpaBHHTenbHOH; npoCTOTbl,: TaK KaK 
onepaTOpbl pa3peweHHbIX 6eia-nepexo,llOB He 3aBHC.flT OT 
KOOp,llHHaT HYKilOHOB B .H.llpe: ff3yqeHHe COCTO.HHHH, acco
UHHpoeaHHbIX c onepaTopaMH 3anpeie7HLIX 6eTa·nepexo
.llOB, npoBO.llHTC.fl B HaCTO.Hutee epeM.H 4 • 

Ilo.HeneHHe pe30HaHCHbIX COCTO.HHHH THna qiepMH· H 
raMOB·TennepoBCKHX pe30HaHCQB nerKo IlOH.HTb npH pac
CMOTpeHHH pa3peweHHbIX nepe~O,llOB Me)K,n:y HH3Kone)Kall{HMH 
COCTO.HHH.HMH B .H,llpax. 

B )lanLHeii:weM MLI 6yneM TeCHbIM o6pa30M cne,lloBaTb 
pa6oTe /5/. 

2. 1Id-:ti.J1pu3a1,1uo11uble 3¢¢e1afl&1 e pa3pewe1111b1x 
. !. • 6ema- nepexooax . 

' . 

KaK .H3BeCTHO, ·npHBe,lleHHa.H BepO.HTHOCTb pa3peWel:(HblX 
qiepMHeBCKHX /$/ nepexoµqe . 3a)laeTC.fl cneiyIOU{HM Bblpa-

i ·' /6/ ,' ' ✓ ' ' • • 

)KeHHeM : :l 
g 

B(fl>,TMT ➔ 1MT±1)_= 4:l<TMT±ll·1±l™r>t, /l/, 
. '. . . : '~ " . 

r)le <?,nepa•fop <f>'-~~Ii~iol.q~. r± _~ r '± (i>,~,, 
· lfa /1/ ·eumio, qTo MaTpHqHLiii JJieMeHT c'P-.nepexo,lloe 

•• ~ - ) - f ' • ; - , • ; •• ; • ' ' • • • 

3aBmmT :ro~~-KO_ ?T ~?O~nHHOBb.IX KBaH!.~~bIX quce.rp1,o:rnH;. 
qeH OT ayn.H JIHWb ,n:n.H ne_p~xo,n:oe. ¥e)K~y qneHaM,H ,o.n:Horo 
H3o6apa'oro ':ilyJiLT,HIIJieTa. .• ·_ -

Ilpn:ee,n:eHiia» eepo»TIIOCTh rat,rn:e- TenrrepoecKux,.Jf'.-: T / 
nepexoj:(oe - B - cqiep~qecKHX, ,.H,llpax C N >: Z - Bbipamae.TC.fl 
e' 0.llHO~acniqiJ:oii Moii:enn cne,n:yIOµ_tHM' o6pa30M,, / 6/: , . '. 

B(r:-:i;in'T '=: To:+- :112 .; j'pr.;. 10:± 1/2), = , 
. ' ( r: .l · ._ ~e_CJIH ypoee~b 

3aH»T HeiiTpo- ,T =" T -N2; 
0 naMH 

-;=B (r-Tj -.➔ j )x 
sp , n P_ ,, 

2 To , ecmi"-ypoeem, 
,_ • . u .. 

2T + 1. He 3aHHT Heu~ 1·~-1 ·-1/2; 
o 1·- Tp0 1HaMH I O;, 1 _ 

T= 1 + 1/2. 
2T i . ,9 . , 

-0 + ; ,. ·' ', ·•. . "' . , ~ ' . ' 

/2/ 
4:·· 

.• 

j +1 ±1 
j =i =£±1/2; ( p ) ' 
n P 

3necL 2 I 
/3/ 

gA 
B (r-~jn ➔ jp)= ~x 

2· + 1 
t..j = 1 • 1 p ' 

i!p 

e + i12 

06bJqHO B 3KCnepHMeHTax H3MepHIOTCH 3Ha'-leHirn ft' KOTO· 
pwe ce»JaHw c B(r-TJ H B(c'P) npocTwM cooTHoweHiieM 

ft=---- ~--
B('1>)/(4rrr1 g;+ (gA / gv) 2 B(r-TJ/(4rr)-

1
gl 

D 
/4/ 

Ecrru npeHe6peqh nepeHopMHPOBKOH crra6oro B3attMo,n:eu
CTBHH OT nHOHHoro norrH, TO D HBJIHeTCH KOHCTaHTOll 
/ D = 6260/, a HJ H3MepeHHH eepo»THOCTH /3-pacna.n:a e 3ep
KaJibHbIX H,llpax H3BeCTHO, '-ITO g]/ g i "'1,51 / 6 ~ B 0,llHO'-lac
TH'-lHOll MO,lleJIH HHJILCCOHa 3Ha'-leHtte ft )lJIH r-T nepe

XO,llOB Ii Ki ➔ I f K t pamrn: 

4180 
ft = 

4j<I.K. !Kf-K. IIfKf> 'I an J.a~ J.1 2 /5/ 
1 1 1 f tK-112 iK-112 

r.n:e am - K03{}i{}immeHTbI pa3JIO)KeHHH COCTOHHHH IK> .n;e
(}iopMHpoea1rnoro »npa no ocuHnrr»TopHLIM cocTOHHHHM !NfiA>. 

lieTa-pacria.n: HCCJie,!IOBaJICH BO MHOrHX c(}iepuqecKHX 
H .n:e(}iopMHpoeaHHLIX H,!Ipax. KaK npaBHJIO' paCC'-lHTaHHbie 
no /4/ n /5/ 3naqeHHH ft naMHoro MeHbIIIe 3KcnepttMeH· 
TaJibHbIX 3Haqe1rnii. TaK, nanpuMep, r-T MaTpH'-lHbie 3rre
MeHTbl OKa3hIBaIOTCH Ha omrn - nea nop»,n:Ka MeHLWe 
0.llHO'-laCTH'-lHbIX oueHOK 17- 1 o/ • Ilpuquuy 3TOfO paCXO;K)le -
UH.fl MO;KHO HCKaTb B JlBYX uanpaBJieHHHX:' 

a/ onepaTop pa3pewemrnro 6eTa-nepexo.n:a MO)KeT 
HMeTb 6onee CJIO)KffblH BH.!I: 

6/ ».n:epHbie BOITHOBbie (}iyHKUHH 3HaquTeJibHO CJIO)KHe,e, 
qeM BOJIHOBLJe (}iynKUHH O,!IHO''-laCTH'-lHOH MO,IJ;eJIH. 

,ll;eHCTBHTeJibHO, MO)KHO npe.nnoJIO)KHTb' qTo eepoHTHOCTb 

6eTa-pacnana HYKJIOHOB 3aBHCUT O't _BHY,Tpenneu .llHHaMHKH, 
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T.e. B3aHMo.neiicTBHJI C Me30HaMH 1121. KpoMe Toro, Ha.no 

BBeCTH HeKOTOpbie pa,nHaUHOHHble rronpaBKH, KOTOpbie yqn

ThIBaJOT B3aHMo,neiicTBHJI aneKTpoa-ne'1TpHHHoro I rrom1 c 

H·yKJIOHaMH, po»c,naromHe 3apH»ceHHbie qacTHUhI. Ilo.no6Hble 

rrorrpaBKH B03HHKalOT rrpH .no,6aBJieH_HH K Jl,nepHoMy noTeH· 

unany 3apJ1,noB0•3aancHmero qneHa, T.e. yqHThIBaromero, 

qTo IlOTeHUHaJibl B3aHMo.neiicTBHJI n-p H p-p(n-n) pa3JIHqHbl, 

HO 3TO pa3JIHqne He. KyJIOHOBCKOH npnpo,nhI. 3TH norrpaBirn 

IIPHBODJIT K H3MeHeHHIO 3HaqeHHJI h nopH,nKa HeCKOJlbKHX 

rrpou;eHTOB 111 I H oTHJO.llh He MoryT 06bJ1CHHTh cymecTay10-

mero pacxo»c,nemrn Me»c,ny 3KCIIepHMeHTaJibHbIMH ,naHHbIMH 

H rrpoCThIMH TeopeTIJqecKHMH pacqeTaMH. DJIJI cpe,nHHX H 

TJl»ceJihlX Jl,nep. OcTaeTCJI paCCMOTpeTb BTopyro B03MO)K• 

HOCTb: ycJIO)KHHTb BH.ll BOJIHOBhIX cl>YHKUHH. B 3TOM Harrpaa

JieHHH rrepBbIH mar 6bIJI c.nenaH npn HCCJie,noBaHHH poJIH 

cnapnBaHHJI. C IlOMOlllblO crrapHBaTeJibHOH Mo,nenn y,naJIOCh 

ycnellIHO o6bJICHHTb H30TOIIHqecKyJO 3aBHCHMOCTb h KaK 
B ccl>epn11eCKIIX /8,13~ TaK H B .necl>opMHpoBaHHblX H,npax/14, 15~ 
IlapHbie KoppeJIJIUHH caepxrrpoao.nJIIUero THna "pa3MbIBaJOT" 

o,nHoqacTHqHhie COCTOJIHHJI. Bcne.ncTBHe 3Toro H3Mem1eTCJI 

eepoJITHOCTb 3aIIOJIHeHHJI o.nHoqacTHqHhIX YPOBHeii, II 3TO 

CKa3blBaeTCJI Ha aennqnHe MaTpHqHbJX 3JleMeHTOB. O,nHaKo 

BbiqHcJieHHbie C yl.{eTOM napHbIX KoppeJIJIUHH 3JiaqeHHJl(ft) 

'no a6cOJIIOTHOH BeJIJiqHHe OKa3bIBaJOTCJI MeHbllie 3KCIIepH· 

MeHTaJILHLIX .naHHhlX B cpe.nHeM B 10 pa3. B IIpHHUHIIe, 

3TO pa3JIHqne MO»cHO o6bJICHHTL rrepeHopMHPOBKOH KOHCTaH· 

TLI cna6oro B3aHMo,neiicTBHJI g aHanornqHo rrepeHopMH· 
A 

pOBKe CIIHHODOro rnpoMarHHTHoro cl>aKTopa gs B MarHHTHLIX 

MOMeHTax JI,nep /cM., HanpHMep, /I//. O,nHaKo g ~11 oKa· 

3LIBaeTCJI pa3JIHqHLIM ,UJIJI rrepexo.noa Me»c,ny pa3JIHqHLIMH 

H,nepHLIMH COCTOJIHHJIMH. H, ~ne.noBaTeJILH_O, BXODHT B Teo

PHIO KaK ·,noIIOJIHHTeJILHLIH napaMeTp. 

. B 3T0~
0

'~THOll1e·HHH 6onee yc~eWHblM oKa3a'JIOCL o6bJtC:-· I · 
HeHHe r-T rrepexo.noe B 'TepMHHaX 'IIOJIJtpH3aUH0HHhlX 34><l>eK· ' 

TOD. B TeopHH IIOJIJlpH38.UH0HHbIX' JlBJieHHH JlBH0 p~ccMaTpH· 
1 

BaJOTCH CJIO)KHLie rrpHMeCH K o.nHoqac-ruqHblM COCT0HHHHM, 

B03HllKaromu·e . 113-•3a' '0CTaTuqHl,IX ·--B3'aHMo.neiic·TBHH Me»c,ny 
HYKnoiraMH •. B ne11e THhIX 'JI,npax· m'> J1BhJ110TcH'.TpexKea3uqac'"' 

THqHLie npHMe CH /unu · 'i<aa:mtuiCTHUa' IlJIIOC; tl>oHOH' :KOTOphIH 

.HBRlleTCJl cynepn03HUHeH ·.nayxKBa3Hqac:TH11HhIX· co9;r9.1u1~it/ 

~~ 

:.. 

., 

l. 

K O,nHoqacTHqHLIM COCTOJIHHJIM. . B qeTHo-qeTHbIX H,n:pax 

B03HHKaJOT qeTbipexKBa3HqacTHqHhie /HJIH .D:BYXqJOHOHHble/ 

IlpHMeCH K OCHOBHOMy· /HJIH O,llHOqJOHOHHOMy/ COCTOJIHHIO 

H T.,n. B 3aBHCHMOCTH OT CHMMeTpHH OCTaToqnoro B3aHMO· 

.neHCTBHH H ,naHnoro orrepa Topa, KOTOPhlH OilHCbIBaeT He Ko· 

Topyro qJH3HqecKyJO BeJIHqHHY /cTaTHqecKHe MOMeHThl, ne

pexo,nhI H T.,n./, MaJibie rrpHMecn MoryT npHBeCTH K Kore

peHTHbIM MaKpOCKOnHqecKHM KoppeJIJIUHJIM. B KaqecTBe 

rrpHMepa Mo»cHo ynoMHHYTh rrepenopMnpoBKY / -qiaKTopa, 

nxo.nn:mero B ,UHIIOJlhHhIH MarHHTHblH MOMeHT /~ .-~ 

Mccne.noeaHHJI pa3pemennh1x 6eTa·nepexo~oe c yqeT0M 

IlOJIJIPH3aUHOHHblX 3qi¢eKTOB OCTaToqnbJX B3aHMO,neHCTBHH 

KBa3HqacTHU rrpoBO,llHJIHCb MHOrHMH aBTOpaMH. B paMKax 

Mo.nenn co crrapnaaHneM TpexKaa3nqacTnqnhie npHMecn 

K o,nHoqacTHqHbIM COC'l'OJIHHJIM, B03HHKalOUlHe H3· 3a OCTa· 

T0'IHLIX (n-p) ·KoppeJIJIUHH, B ccpepnqecKHX JI,npax HCCJie• 

.noeaJI~Cb B pa6oTe XaMaMOTO. / 16~ OcTaTO'IHOe B3aHMO,neii

CTBHe 6paJIOCb KOPOTKO.[leHCTBYIOlllHM, 

. V11 = [ V
0 

+ V1 a
1 

a
1 

]o( r1 - r1 ), /6/ 

H aMIIJIHTY.Uhl npHMeceii Bhl'IHCJIJIJIHCb B nepBOM rrop.11,n:Ke 

Teopm1 B03MymenHii. 

B . .neqiopMHPOBaHHLIX JI,npax pei:tK03eMenbH0il o6JiaCTH 

aHanorHttHble pacqeTbl rrpoBO.llHJIHCb JioxHaUKH H Ora3a / l? /. 

l1Mn HCIIOJib3oaanocb 3qi¢eKTHBHoe .nam,Ho,n:eiicTnyromee 

crrn11•113ocrrHHOBOe B3aHMonencTane · 

v, . ➔ ➔ ➔ ➔ . 

~2 = A(rtr2)(a,o2), /7/ 

r.ne A - Maccoaoe 11ucno, a V1 oueunaanocb H3 pac11e·Ta 

:rneprirn pacmenneHHJI ,n:eyxKaa3u11acTH'IHhIX ,ny6neToB. 

B 0TJIH'IHe OT pa6oThl XaMaMOTO /Id/ 3,necb npoBO,UHJICJI 

:Jcl>qieKTHBHLiii ytJeT BbICllIHx nopJI,n:KOB Teopnu BOJMYIUeHuH, 

'ITO npuaeJIO K . ocna6nemi10 3aBHCHMO.CT.H Bbl~IHCJieHHhlX 

3Ha11emie: ft · OT· B&16~pa cunoeoro napaMeTpa ·ocTaT011uoro 

B3aHMODeHCTBH.R. B&i'IHCJieHHhie ·3uaqemin:. ft y,noBJieTBO• 

pHT.eJibHO COrJiaCyIOTCJI C 3KCriepmweHTaJibHblMH ,naHHbIMH. 

O,n:naKo H B 3TOH. pa6oTe He HCCJie,noBaJIHCb HeK0TOpbie 

''rpocc" - 3qi¢eKThl f3 • pacria.ria, TaKne, KaK pacnpe,neneune • 
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f3 -nepexo.noa no cneKTPY :rneprilii, paJnI11-me cKopoCTII 

{J+II µ- -nepeXO.I(OB II T . .rr. 

B pa6oTe /lS/ npoae11eHo 6onee .neTanhHoe 'llccne.noaa

Hile pa3pemeHHhIX {3 -nepeXO.lIOB B qeTHhIX II HeqeTHbIX H.I(pax 

Sb !:; Sn. HcnonhJoaanach Mo11enb c napHhIMII Koppenm.(IIHMH 

II paccMaTpI1BanI1Ch pa3nilqHbie TilnbI (n-p)-B3aIIMO.I(eHCTBIIH: 

0 - CilnhI II .nanhHO.I(eHCTBYIOIIIHe. O.lIHOBpeMeHHO c HeqeTHhIMII 

H.I(paMII a '.HOH pa6oTe IIJyqanacb CTPYKTypa KonneKTIIBHhIX 

COCTOHHIIH C [' =l+B HeqeTHO·HeqeTHbIX Il30TOnax. Hx Bon

HOBhie <PYHKUIIII CTPOHTCH KaK nIIHeHHbre KOM6I1HaUI1II .!IBYX -

KBaJI1qacTI1qHhIX (n-p) -nap C MOMeHTOM 1 + • _OKa3anoch, 

qTo npII IICnonh30BaHIIII o- Ciln <paKTOp 3aMe.nneHIIH CKOpOCTII 

r-T nepexo.na CilnhHO JaBIICIIT OT cI1noaoro napaMeTpa 

(n-p)·B3aIIMO.I(eHCTBIIH, XOTH 3KcnepIIMeHTanbHbie .I(aHHbie 

no fJ -nepexo.naM a HeqeTHbIX H.npax MoryT o6'bHCHHThCH 

Teopile_ii. O.nHaKO nnSI nepeXO.lIOB B qeTHO·MaCCOBbIX H.I(pax 

cornaCIIH pacqeTOB C 3KCnepIIMeHTOM He nonyiiaeTCH • .[{nH 

nonyqeHIIH CilnhHOro JaMe11neHI1H f3 -nepexo.noa Tuna 1 +!:;o+ 

Me)K.I(y Hil3Kone)KaIIIIIMII COCTOHHIIHMII He06XO.I(IIMO npe.nno

no)KIITh cy111ecTBOBaHI1e KonneKTIIBHbIX (n-p) ·KoppenHUIIH, 

npIIBO.!IHIIIIIX K o6pa30BaHIIIO KonneKTIIBHoroJ+-coCTOHHIIH 

B o6naCTII BhICOKIIX 3HeprIIH. 3To COCTOHHile OT6I1paeT 

6onbIIIYIO <JaCTh CilnhI f3 -pacna11a. 

.[{anbHeiimee pa3BIITile Il.lieH KonneKTHBHbIX(n-p)·Koppe

nHUIIH nonyqI1na B pa6oTe /191, B KOTOpoii 3TH KOppenHUIIII 

yqIITbIBanIICh B Mo.rrenII co cnapIIBaTenhHbIMII II. KBa.npy

nonhHhIMII cI1naMI1. · B 3TOH pa6oTe 6brna TaK)Ke pa3BIITa 

MO.I(enh C yqeTOM (n-p) ·K0ppenHUIIH B MeTO.I(e cnyqaiiHhIX 

qia3. YqIIThIBanIICh TOnhKO cnapI1BaHI1e· Il(n-p)·KoppenHUIIII. 

Ilocne.nime onIICbIBanIICh Mo.rrenhHbIM raMilnhTOHilaHOM 

- + V = 2K f3 f3 , 
GT 

+ 

/8/ 

r.ne K - CilnOBOH napaMeJp B3aIIMO.lieHCTBIIH, a {3 --onepa-

TOpbl r-T nepexo.rra .I(nH TI03IITPOHHOro /3neKTpOHHOro/ 

pacna.na. TaKaH cpopMa (n-p) -a3aI1Mo.neiicTBIIH oco6eHHO 

nO.I(XO.I(IIT npII paCCMOTpeHIIII f3 -nepexo:noa Me·)K.!IY COCTOH· 

HHHMII, npI1Ha.n:ne)KaI11I1MII cmrn-op6uTanbHbIM (n-pJ·napTHe

paM, T.e. Me)K.IJ:Y COCTOHHHHMII C jp= f + 1/2 II j
0 

=e ..:.1/2 B 

cqiepuqecKHX H.n:pax II Me)K.n:y COCTOHHHHMII C O)lHHaKOBbIMII 

·a 

J.. 

,. 

... 

aCHMTITOT~qe CKHMII KBaHTOBhIMII qI1cnaMII [Nn; A] B Mo.n:enII 

Hnni.ccoHa .n:mI .n:~qiopMIIPOBaHHbIX H.n:ep. O6hJqHO V GT 3a

nHCbIBaeTCH · B KBaJnqacTnqHoM npe.n:cTaaneHIIII, II npn pac

cMoTpeHHH f3 -nepeXO.I(OB TI1na 1. +! ~ o+ Il3 VGT Bbl)lenHeTCH 

qacTh, KOTOpaH C0OTBeTCTByeT pacceHHHIO .!IBYXKBaJuqac-
- TT + + 

THqHbIX (n-P) nap c MOMeHTOM · I ~ 1 • KonneKTHBHbiell -

COCTOHHHH B HeqeTHO ·HeqeTHhIX H.n:pax HIUYTCH B BH)le 

nHHeHHOH cynepn03HUIIH TaKHX nap, a HX 3HeprHH nonyqa

eTCH H3 .n:ncnepCHOHHOro ypaBHeHHH. IlpH ManhlX 3HaqeHHHX 

K ace peJynhTaThI aHanorHqHbI nonyqaeMhIM npH .I(HaroHa· 

nnJai:inu V GT a npocTpaHCTBe .n:ayxKaaJI1qacTHqHhIX cocToH· 

HHH. TI pH 6onhIIIHX JHaqeHHHX K rrpoHCXO)lHT: OT.I(eneHHe 

KonneKTHBHOrO 1+-coCTOHHHH, 3HeprHH KOTOpOrO pacTeT 

nHHeHHO C K • 3TO COCTOHHHe CBH3aHO CHflhHbIM {3 ·nepe

XO.!IOM C OCHOBHhIM o+ ·COCTOHHHeM qeTHo--qeTHOrO H.n:pa. 

lieTa-nepeXO.I(hl Ha .n:pyrHe 1+ ·COCTOHH_HH "npH 3TOM oKa· 

3bIBaIOTCH CHflbHO JaMe.rrrteHHhIMII. 
B HeqeTHhIX H.I(pax B3aHMO.!IeHCTBHe KBaJHqacT~U C 

1+ ·tpOHOHaMH paccMaTpHBaeTCH KaK B03MYIUeHne, npHBO.IJ:H· 

111ee K noHBneHHIO B HH3KOfle)KaIIIIIX COCTOHHHHX npHMeceii: 

KBaJHqacTHUa + qJOHOH. XoTH 3TH npHMeCH H ManhI, 0.I(HaKO, 

CKn8J:tbIB8SICb KOrepeHTHO, OHH npHBO.!IHT K _c;nnhHOMY 3a-

Me.n:neHHIO r-T nepexo.rroa. . · 
,[(nH paCCMOTpeHHH r-T 6eTa • nepeXO.I(OB <l>y)KHTa, HKe - -

.I(a II .!IP• /lo,2o/ npe,rrflO)KllflH MeTOil KOMMyTaTOpOB. lf·.n:eH 

3Toro MeTo.n:a TeCHO CBH3aHa C OTKPhITHeM B peaKUHH (p, n) 

H3o6ap-aHanoroBhIX cocTOHHHH T~l'lli>, r.rr:e l'l\> ~Ha~ 

qanhHOe COCTOHHHe_ H.I(pa·MHIIIeHH. TaK KaK onepaTOP T -
coana.rr:aeT c one pa TopoM f3 F ,rr:nH qiepMHeBCKHX nepexo.rr:oa, 

TO qiepMHeBCKHe nepeXO.I(hl, - KaK y)Ke 6hrnO ynoMHHYTO, 

pa3pemeHhl TOflbKO Me)K.!IY COCTOHHHHMH o,rr:Horo H306apHoro 

·MynhTHnneTa (L\T=O),- a nenHqnHa paJpemeHHoro MaTpHqHoro 

3neMenTa 121 I paBHa · - · 

2 IMF!.= (T+ Tz J(T- Tz+ 1) = N-Z, 191 

r.rr:e T = 1/2(N-Z).M3 /9/ BH.II:HO, qTO B H,rr:pax c 6onhIIIOH 

pa3HOCThlO N-Z nepexo.rr: Me)K,rr:y H306apHbIMH COCTOHHHHMH 

_ HOCHT KonneKTHBHhIH xapaKTep, a nepexo,rr:hI Me)K.!IY .n:pyrHMH 

COCTOHH~HMH 06ycnoBnI1BalOTCH npHMe ChlO aHanoroaoro c·o -
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CTOSIHHSI K HHM. 3TH npHMe CH B03 HHKaIOT H3 • 3a Kyn0H0BCK0ro 
B3aHMO.IleHCTBHH H pa3H0CTH Mace HeHTpOHOB H npoTOH0B. 
O6b1qHo 3TH npHMecH oqeHh ManbI, H npaKTHqecKH BCH cHna 
cbepMHeBCKHX nepeX0,ll0B C0Cpe.Il0T0qeHa B6nH3H aHanoroBOr0 
C0CT0HHHH. 

cf>y:>KHTa H MKe,na npe.nnono:>KHnH cyme CTB0BaHHe a6nH3H 
aaanoroaoro pe3oHaHca cocToHHHH npyron npHponhl, a HMeH
H0, COCTOHHHH, reHepHp0BaHHhIX onepaTopaMH r-T nepexo.na 

Y - l'l'o> =- ~ (,_)1-;,1 l'Po>· 
I 

/IO/ 

CymecTBOBaHHe r-T pe 30HaHca CBH3aH0 C BHrHepOBCKOH 
cynepMynhTHnn~THoii CHMMeTpHett B Hnpax. B cnyqae; Kor.na 
cynepM:ynbTHnneTHaR CHMMeTpHH BbIIT0nHHeTCH ' r-T ne
peXO.Ilhl pa3perneHhl TOnhKO Me:>K.IlY YP0BHHMH 0.IlHOro H Toro 
:>Ke cynepMynhTHnneTa. O.nHaKO cynepMynhTHIIneTHaH CHM· 
MeTpHH B H,npe HapyrnaeTCH cnHHOBbIMH H 3apHJlOB0 • 3aBH· 
CHI.QHMH B3aHMO,lleHCTBHHMH, KOTOpble npHB0.IlHT K "pa3MhI· 
TRIO" cocTOHHHH /IO/ no cneKTPY B036y:»<.IleHHH. cf>y:>KHTa 
H MKe.na npe.nnonararoT, qTo cHna r-T f3 -nepexo,na, TeM 
He MeHee, cocpe.noToqeHa a6nH3H attanoroaoro cocTOHHHH. 
3To npe,nnonomeHue ecTeCTBeHHhIM o6pa3oM o6'bHCHHeT 
3aTOPMO)KeHHOCTb r-T nepexonoB Me:>K,ny HH3Kone:>1<a1.QHMH 
cocTOHHHHMH B H.Ilpax c N> Z/pHc. I/. 

MeTO.Il KOMMyTaTopoB HBnHeTCH npH6nH:»<eHHhIM MeTO.IlOM 
Bbl'IHCneHHSI MaTpHqHhlX 3neMeHT0B npH npe,nnono:»<eHHH, qTo 
CYI.QeCTByeT BhICOKone:>KaI.Qee KonneKTHBHOe COCTOHHHe /22/. 
B qacTHOCTH, 3TOT 'MeT0.n '6bm npHMeHeH .nnH onucaHHH f3· 
nepeXO.IlOB THna n:Vr[5"3.l.!=tp7/2-[523]- B PH.Ile P.e.IlK03eMenhHbIX 
iI,nep /2 3 /u JanpemeHHhix: 7J -nepexonoa 1241. . 

BepOHTHOCTH fJ -nepexo.noa 6bmH pacCMOTpeHbl H a 
TeopHH KOHeqHbIX cbepMH·CHCTeM /CM.:, HanpHMep, /~sf;. 
B 3TOM cnyqae'ponh BHernHero non11 HrpaeT 3neKTpOHHO· 
HeliTpHHHOe I none, YMHO:>KeHHOe Ha· H30TOnHqecKyIO MaTpHUY 
r ±,,a 3cbcbeKTHBHoe none, coo-iaeTcTByrome~ one pa Topy µ , 
HMeeT BH.Il 

V GT[µ] ,,.. r± w
0 

(f). .1111· 

B /ll/ 

10 

w 
n HaXO.IlHTCH H3 HHTerpanhHoro ypaBHeHHH ;/25/ 
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Puc. I. Ilono:>KeHue cbepMHeacKoro H rT peJoHaHcoa. 

B paMKaX TeopHH KOHeqHbIX cbepMH·CHCTeM MaTpHqHbie 
3neMeHThI ,9 -nepeXO)IOB Me:>K,ny 3eJ?KanhHhIMH H,npa~H 6binH 
paccquni.Hhl a pa6oTe ranoHoaa 1261. qHcneHHhie pacqeThI ' + . ' ' ' . 
.nnH nepexonoa 1 ~ ~ + B 11npax .B o6nacTH 62 $ A~ 82 no-
KaJanu .,y,noaneTBopHTenbHoe cornacHe c 3KcnepHMeHTanL
HhIMH .naHHhIMH .. /27 / . Hena.B~O ranoHOBhIM H .Jl~TOC;aa
CKHMH . /:ZB, 29 /' HCCne.IlOBaJiaCb CTPYKTypa KOH<bHrypaUHOH· 
HhIX O ➔ -H 1+·COCTOHHHH B c<JiepHqecKHX HJlpax,KonneKTHBH· 
3HpoaaHHhIX. 3apH.IlOBo-06MeHHhIM B3aHMO.IleHCTBHeM Me)KJW 
KBa3uqacTHUaMH. 

II 



3. <PepMueec,cue u 2aMoe- meAAepoec,cue _ 
-1<0/1Ae1<mue11bie coc1110J111UR e oe(fiopMupoea1111&1x Ropax 

B HeCK0JibKHX pa6oTax rr,noBa, KynneBa H .np.' / 5, 30-32 / 

6bIJIH nccne.noBaHbl K0JIJieKTHBHbie 3(pqleKTbl npn pa3pemeH-· 

HblX · 6eTa·nepexo.nax B .neqiopMHpoBaHHbIX ,r.npax. OcTaTOl.f• 

H0e B3aHMO.IIeHCTBHe 6paJIOCb B npoCT0M BHlle' . 

·yz2= [KF+ KGT(C:1;2)]/1 ~ ' /12/ 

H BKJIIOl.faJI0Cb B MO)leJibHbIH raMHJibT0HHaH 

H = Hsp + H pair + HfJ= Hsp +IHpalr + 2K f3+fJ-: /13/ 
llepBbIH l.fJieH 0CTa T0'IH0ro B3aHMci.neiiCTBH'1 / 12/ npHB0JJ;llT 

K o6pa3oBaHHIO B036y)K.neHHbIX cocTo,rnnil: Tnna O +(K= 0) ,a 

BTopoii qneiI - K o6pa30Bann10 BOJ6y:>K.neHHbIX cocTOHHHH 

THila 1+([(=0,1). OnepaTOpbl f3 +H {3- '1BJI'1IOTC'1 onepaTopaMH 

,13±-pacna.na C00TBeTCTBeHH0. COCTOHHHH, reHepnpoBaHHbie 

H /3, nccne.noBaJIHCb B paMKax npn6JIH)KeHHH MeTona. cny
qail:HbIX qia3 H paccMaTpHBaJIHCb KaK OJJ:HOqJOHOHHbie B036y)K

.neHHH,· o6pa3oBaHHbie JIHHeHHOH KOM6HHau;neil: HeiiTpOH· 

np0T0HHbIX KBa3Hl.faCTH'IHbIX nap. BoJIHOBa,r qiyHKUHH qJOHOHa 

B Hel.feTH0·Hel.feTHbIX ,r.npax 3aITHCbIBaeTC'1 cne.nyIOIQHM o6-

pa30M: 

+ . i + i 
l'P,> = Qi I'll>= I ('Pnp Cnp -<p C )l'Po>•/14/ 0 np . np np 

r.ne Q; - onepaTop po)K.nean,r qioaona, I 'P 
0
>- qioHoHHblil: 

BaKyyM, a onepaT0PbI C =~~ an+-pa .+ 0ilHCb1Ba10T: HeiiTpoH· 
np 2 l'P · -· 

npoTOHHble .IlBYXKBa3Hl.faCTH'IHbie B036y)K.neHH'1 C MOMeHTa· 

MH O + HJIH 1+(K=O,l). )];ByXl.faCTH'IHble aMITJIHTY.[(bl 'Pnip n 

¢1,'p, a TaK)Ke 3Heprnn B036Y)KJJ:eHH'1 u) i HaXO.[(HTC.!l C no

M0IQbIO o6bltJHOH BapnaUHOHHOH npoue.nypbI. 

B Hel.feTHbIX ·,r.npax B0JIH0BaH qiyHKUHH HetJeTH0ro. HyK· 

JI0Ha B K-cciCTOHHHH 3aITHCbIBaeTC'1 KaK cynepno3HUHH H3 

o.nno- H TpexKBa3Hl.faCTH'IHbIX COCTOHHHH /3 3!: . 
Kv- + . 

I <l>K (r) >=INK (r) a~ (r) + J v;'lv Rnp (rb'Jat (r') Cnp l I 'l' 0 >, /l 5/ 

12 

' 

Kv 
r.ne NK (r) H Rnp • 0)lH0· H TpeXKBa3HtJaCTH'IHble aMITJIHTY.IJ:bl. 

C Il0M0IUbIO /14/ n /15/ M0)KH0 Bbl'IHCJIHTb MaTpH'IHbie 

3JieMeHTbl C00TBeTCTBYIOIUHX {3 -nepexo.noB: 

/ + + 
a .[(JIH O -1 B l.feTH0 - Mac C0BbIX ,r.npax 

M~ 
l 

+ 
<1J10 l[Qi'f3-]l'P 0 >, 

/16/ 

~ 
-,..., 
~ 

~ Zp=0,02 nWa 

s ~ l-r I ~ ~ I 
f 

~ f 
~ 

_,er-A 
4., A 

''6..-~-~ 
u,,. 

' 4" .. A '~ 
-- --- --- ---- - - ---

[523]f=[523JJ [ 514]1=[5M]l 
I 

3 

I 
I I I Irr, ' 'f}' 'fj-L-f'' I ... . J J ) 

IJ 163 165 161 169 159 f6I 163 165 16 7 161 175 179 
...0 :::, C, 

Ho .::6y- Ho-LJy !:fb-Tm '"f 1 7 
1:l ..0 ~ 
~ ::n 

Pnc. 2. CpaBHeHHe TeopeTHl.feCKHX H 3KCnepnMeHTaJibHblX 
3Hal.feHHii Jog ft. HcnoJib3oBaHbl cne.nyiorune o6o3Hal.feHHH: 
IlYHKTHpHa.!l JIHHHH - O.IJ:H0tJaCTH'IHa,r Mo.nenb, TpeyroJibHH· 
KH - 0.IJ:H0l.faCTH'IHa.!l M0,[(eJib C ytJeTOM cnapHBaHHH, BepTH· 
KaJibHble IlPHMbie - 3KCnepHMeHTaJibHble 3Hal.feHH.!l C omn6-
KaMH, TO'IKH - Hamn pactJeTbl. CTaTHCTH'leCKHH <liaKTOp . I 2 s~;(f;M;IMt-M; ltMtJ, 
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6/ ,IlmI HeqeTHhrx ,uep npn nepexo,n:e Ki • ➔ K 1 .· 

M± cc-<<l>K(r}l/3±1<1> (r')>. 
Ki ➔ Kf f Ki 

/17/ 

IlepaoHaqanhHhie pacqeThI 6hinH c,n:enaHhl c o,n:HoqacTHqHhI
MH BOilHOBhIMH cpyHKUHJIMH MO,n:enn HnnhCCOHa. Ha pnc. 2 
cpaBHHBaIOTCJI TeopeTnqecKHe H 3KcnepHMe/T~hHhie 3Ha-· 
qenn.11 toa ft .n:n.11 r-T nepeXO.IlOB C 111 = ±1 33 • BH.IlHO, qTO 
xopomee coana,n:eHHe c -1YrnepHMeHTOM nonyqaeTCJI, Kor,n:a 
K_ ,., 0,02h(J)0/ h<,)0 == 41A M:rn/. 

PacqeThI, npoae.uenHhie .un.11 qeTno-MaccoBhIX .11,n:ep, 
IlOKaJann, qTo B o6nacTH BhICOKHX 3Heprnii B036y)K,n:eHJIJI 
cpopMHPYIOTCJI COOTBeTCTBYIOI.QHe cpepMH- H raMOB-Tenne
p0BCKHe peJOHaHChl, KOTOphu{ a6iipaIOT noqTH BCIO cnny 6e
Ta-nepexo.ua. O.unaKo 3TH peweHHH nan.11nnch nocne,n:HHMH 
KOPHHMH ceKyn.11pHoro ypaBHeHirn: B MeTO,Ile cnyqaiiHhIX 
diaJ. 

PacqeThl / 31~ BhmonHeHHhie C HCilOJih30BaHHeM o.uuo
qacTnqnoii cxeMhI ypoaHeii MO,n:enn CaKcoHa- By.u.ca n na
paMeT_paMH napHhIX B3aHMO.U.eiiCTBHH, npHBe,n:eHHhIMH B pa-
6oTe / 341, noKa3bIBaIOT, qTo BMe CTO o,n:koro CHilhHO KOnneK
THBH 3HP0BaHHoro COCTOJIHHff IlOHBnHeTCJI _HeCKOJihKO COCTo
SIHRH. C 6onhlllHMH MaTpnqHhIMH :meMeHTaMH. Ilpn 3TOM HH 
0.IlHO 113 3THX COCTOJIHHH. He COOTBeTCTByeT nocnemieMy 
pemeHHIO ceKyn11pHoro ypaaHeH11.11. Mx nono:»<eHHff no 3Hep
rnH Mano qyaCTBHTeJihHhl K o6pe3aHHIO qucna ypOBHeii. 
3To pa3nnqne CBJI3aHO C TeM, qTo B IlOTeHI,i:Hane CaKCOHa
By.IlCa yqHThIBaIOTCJI H B3aHMO.rteiicTBHJI Me:>K.ny o6onoqKaMn 

c ~Jii N~2 ~· 
Oco6oro BHHMaHHff 3acriymuaaeT o6cy:>K,IteHHe BOilpoca 1 

0 non0)KeHHH 3THX pe30HaHCOB no 3HeprHH. B cnyqae . + . 
4>epMHeBCKoro pe30Hanca O ' KOTOphIH H.IleHTH!pHl.(HpyeTCJI 
KaK H3o6ap-aHanoroaoe cocTOHHHe /puc. 3/, OH .IlOn:>KeH 
6hITL pacnono)KeH Ha BhICOTe !!..Ee -~mnp OT OCHOBH0rO 
COCTOJIHHJI MaTepHHCK0rO .11,Itpa. ,lJ;n.11 onpe,IteneH'JI Ii Ee HMe.- . 
.IOTCJI HCCKOnhKO 3MilHpnqecKHX cpopMyn / 3 5-36 , CpaBHHBa.11 . . . . + ' . 
nonyqeHHoe KonneKTHBHoe cocTo.11m1e O c aenmmuoii 
11 EC -l'lmnp ±-Q, r.ue Q ._ 3HeprHH pacna,n:a, MO~HO no'ny~HTL 
3HaqeHHe Kj;,, B CHJIY OCTaToquoii cynepMyJihTHn.ileT.HOH 
CHMMCTPHH MO)KHO npe.unono:»<HTh, qTo raMOB-TennepOBCKHe 

i,14 __ 
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pe3oHaHChl 1+ (K = 0,1) HaXOJUITCH B6ntt31I qiepMIIeBCKoro 
pe3oHaHca. IIo HameMy MHeHIIIO, Ha 3TO eCTh II .n;pyroe 
yKa3aHIIe, KOTOpoe rronyimeTCH II3 IICCne,n;oBaHIIH CIIIIHOBOH _ 
II II30CIIIIHOBOH _3aBIICHMOCTII 0.IlHO•IaCTIIqHoro IIOTeHIJ;Hana 
B H,D;epHOH MaTeplIII / 37(IIp11 cpaBHeHIIH 3HeprlIII_pe30HaHC· 
HhIX COCTOHHHH nrna (ur) II (r) C 0.IllIHaKOBOH MynhTIIIIOnb-

E (ur, n) 
HOCThlO rronyqeHO ____ ,,, 1, 1. IIo 3TOMY MO)KHO orrpe.n;enlITh 

E(r,n) 

KOHCTaHTy Kar(K= 0), ecnlI II3Becnm KOHCTaHTa K F· 
IIo_-BII.IllIMOMY, KOHCTaHTY K GT (K = 1) Ha,n;o orrpe.n;enHTh II3 
6eTa-rrepexo.n;oB Me)K.IIY HH3KOne)KaW:IIMII COCTOHHIIHMII. 

IlOMHMO CBOHCTB OT.IIenhHhlX COCTOHHIIH 'IICcne.n;yeTCH 
TaK)Ke "rpocc"-cTpyKTypa 3TIIX B036y)K,n;eHIIii:, rronyqaeMaH 
rrpu ycpe.n;Hemrn IIX xapaKTepHCTIIK no orrpe.n;eneHHOMY 3Hep
reT11qecK0My IIHTepBany A E. C 3TOH uenhIO IIcrronh3yeTcH 

u ,t, /:/+ u IIOHHTHe cnnOBOH ~YHKUHH ~-pacna.Ila, orrpe.IlenneMOII KaK 

1 I - i I 2 s += _ I M+ , 
13- _ !1E (i, AEJ - /18/ 

+ + + 
r .n;e M 1 - Ma TpHqHhie 3neMeHTLI .IlnH rrepexo.n;a O - 1 • 
B 3TOM cnyqae He paccMaTpHBaeTcH Borrpoc 06 311epren1-
qecKoii: pa3pemenHOCTII /3 -rrepeXO.Ila, KOTopa.11 3aBIICHT OT 
pa3HOCTH Mace MaTepHHCKOro H ,n;oqepnero JI,D;ep H MeHJ1eTCH 
OT JI,n;pa K H.IlPY, IIpe.nrronaraeTCH, qTo Bee COCTOJIHHH .n;o
CTyIIHhl B rrpouecce /3 -rrepexo.na. B KaqecTBe II_fHMepa Ha 
pHc. 4 rroKa3aHa cnnoBan qiyHKUIIH .nn.11 r-T 1 (K=O) B03 -
6y)K,D;eHHH B l~~ Lu. Ycpe.nHeHHe IIPOBO.IlHnOCb ITO HHTep
Bany AE = l;S M3B. 

He.n;aano Haqanoch 3KcrreplIMeHTanhHoe IIccne.IlOBRHHe 
fJ ·rrepexo,llOB Ha BhlCOKOB036y)K,D;eHHhle COCTOHHHH, H .Iln.lI 
PH.Ila cq,epH•1eCI<HX H,ilep /38/ rronyqeJibI CHnOBhle qiyHKUHH 
.IlO :rneprHH B036y)K.IleHHH rropnnKa HecKonhKHX M3B. B paM· 
Kax O~lOJJoqeqHoii: MonenH C OCTaToqHblM r-T B3aHMO,n;eii:
CTDHeM CHJJOBaH <PYHKUHH OhlJIR BbJqHcneHa .IlmI HeKOTOPhlX 
c$epc;t.J:ec1mx H.Ilep /39~ a B nocne1mue ro.Ilhl .RMa.Ila H .n;p. 
pa3BHBlteTC.II CTaTIICTUt.Je CI<Hft IIO.IlXO.Il ,nn.lI HCCne,llOBaHHI{ 
CHJJOB!,JX: iiiYHKnHii, II3BeCTHhIH non HR3BaHHeM "rpocc" ·Teo
PHJI 6eTa-pacrra.Ita /22,40/. 
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·3 6 -9 12 1s 18 21 .: t,Jt(M3a) 
PHc. 4. 3aaHcHMoc-rL · cHnoeoii · 4>yiiim;11H /3 -p~cna.rta' oT 
:rnepruH eo:i6ym.rteHH.R, J+ .. ,o :.cocTo.11IiHii B .11.n;pe O Lu~ He
B03MYIQeHHaJI .IlBYXKBa3H'laCTH'IHa.ll CHJIOBaJI: 4>Y.JIKIJ;HJI ·ripe.rt· 
CTaBneHa- nyHKTHPHOH JJHHHeii. CrinomHa.11 nHHHH COOTBeT
CTByeT RPA co cxeMaTH'leCKHMH 3ap.11,It00_6MeHHLI?.hi'a3aH
MO,IteiicTBHJIMH. OTctJeT 3HeprHH Be.n;eTCJI OT_ nepaoro .z:+~o.-

. . -~ ,' ' ,,., ~ .. 
COCTOJIHH.R. +. ,· 

Pe30HaHCHOe O -cocTOHHHe .non)KJI(j · COBila,n;aTb C H30· 
6ap-aHanorOBLIM COCTOHHHeM. 0.IlHRKO IIOKa HM8IOTCH

1

'JUUllb 
ueMHorotJHcneHil:°i,ie '3KcrtepuM~HT·anhHhie · .n;a·HHhie 06 aua
noroBhIX COCTOHHH1FlC ·u_"ne_}ie'r.H~i~ neqiop.MIIP<;>BaHHI;,l:X n.aj)ax. 
qTO KacaeTCH raMOB·TenrrepoBCKOro 1~-pe30Haiica Bif.!l_)K~
nhIX H,D;pax, TO ero B03MO)KH0 HaOJIIO.IlaTh, no·BH,llHMOMY, 
C IlOMOUJ;hIO peaKUHH, aHaJJorHqJibIX peaKIJ;Hll ( p, n),· H8.IIPU· • 

Mep/ 41/ I( 3He, t), ( a, df :H mL . , 
. . . . I, 

B rrocneJ].HHe rO.Ilhl : C IIOMOW:hIO peaKUHH C TH)KeJJhIMH 
HOHaMH rionyqaimcb '.rien<i1e H.Ilpa, . B ·1<0TOpbIX Z >N, 
B TaKHX JI,n;pax.,. r~_T ,pe3_0HaHC • Hal(O.IlHTC.JI HH)Ke .3HeprHH 
CB.!13H nyKnona.,• H .e~9 MO)KHO iia6mp,naTh .. ~ ·6eTa~pac11a.n;e /~2/. 

Cne.n;yeT rro,n;qepKHYTh ;qTo B HaCTOJIW:ee BpeMH lIHTepec 
K. CHnOBhlM cp'yHKUH.!IM {3. -pacna.na 3aMeTHO ycHnHJJCJI B CBH31I 
c HCCneJ].OBaHH'HMH ·a TOMHhIX. HJJ.ep B,UaJJH OT nHHHH ·c·Ta6Hnh • 
HOCTH, A.orronHHTe_nhHy1<>

0 

n:mpopMaUHIO o cHnoa1,ix .cpyiIKUHSJX 
.rtaIOT ncc"~e.rto~~HHSI crreKTpO~ . 38Il83A~IB·aromH,'C ~pOT~H-0B 
/cM:, HaIIpHMep, / 43 /, · / H · HeiiT.pOHOB / 44/, . . . : 

B 3aKnIOqeHHe HaM XOTenOCh Obi Bhipa3HTh 6naro,nap-
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HOCTh B.r .ConoBheBy 3a HHTepec K pa6oTe, H.0.IIHTOBY · 
3a IIOCTaHOBKY TeMhI 3TOro HCCJie.[J;OBamrn H MHoroKpaTHble 
o6cy)KJJ;eHHH n A.A.KynneBy 3a Herrocpe.n;cTBeHHoe yqacTne 
B pac'-leTax. 
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