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B 6onbWHHCTBe COBpeMeHHb!X Monenefi Hnpa, paccMaTpirnaIOllUIX Hnpo 

KaK CHCTeMy MHOrHx Ten, B8lKHbl nBa MoMeHTa: 1) BhI6op B Ka'IeCTBe 6a3H

ca ypoBHefi cpenaero rronSI n COOTB0TCTBY!OWHX BOnHOBb!X tpyHKUHfi H 2) BBe

aemre KoppenHTHBHhIX cun MelKAY HyKnoHaMn. ilalKe ecnn y'I~T aTnx crrn rrpo.:. 

H3B0!(0H O'IeHb KoppeKTHo, TO TO'IHOCTb aaann3a CBOHCTB SIJ:(ep 3aBnCHT OT 

Toro, HaCKOnbKO YAOBneTBopHTenbHO Bb!6paH 0/lHO'IaCTH'IHbIM 6a3HC. CneaoBa

TenbHO, rrpo6neMa ITOCTpOeHHSI rrpaBHnbHoro OllHO'I8CTll'IHOro 6a3HCa 3aHHMaeT 

ueHTpanbHOe M0CTO B -reopiiiI HJ:(pa H Sl/l0pHb!X peaKunfi. 

I-fa y'IeHH!O 0/lHO'IaCTH'IHb!X COCTOSIHHH CHnbHO/l0tpopMnpoBaHHb!X sinep 

rrocBSIWeHbI pa6oTbI Maornx aaTopoa. Cpenrr aux aan6onee yno6Hb1Mn ansi 

rrp1mo1Keaufi 6hmH pa6oTbI Hnnhccoaa111, rne a · Ka'IeCTBe cpenaero Hnepaoro 

rrom1 Bb16paa aHH30TpOITHb!ll: ocunnmnopHblll- ITOTeaunan. OnHaKO TaKOfi ITOTeH

uuan Henb3H c'InTaTh ynoBneTBopnTenhHhIM. Hcrronb30Baane 6ecKoaeqaoro no 

rny5uae aan30Tporraoro rroTeaunana u ae 3aBncHmero OT ae<popMauun rrocToHH

aoro no BC0MY o6~eMy Hnpa crru~-op6nTanbHOro B3allMO/l0ll:CTBHSI rrpnBO/lllT K 

UCKalK0HHOll: acHMIITOTHKe MonenbHb!X ocunnnHTOpHb!X BOnHOBb!X <pyHKUHfi B 06-

naCTll pe3Koro rreperrana rrnoTaocTn Hnepaoro BemecTaa. 3To cymecTBeHHo 

rrpu orrncaauu rrpoueccoB, nnH KOTOpbIX BalKHYIO ponb nrpaeT o6nacTb rpaau

UhI Hnpa n, cnenoaaTenbHO, panrranbHaSI 38BllCHMOCTb BOnHOBOfi <pyHKUllll B 

STOil: o6naCTH ( HaIIpHMep, rrpHMbl0 Sl/l0pHbie peaKUHH, aneKTpoMarHHTHb!e rrepe

XO/lbl H Telle)• 

TeM ae Meaee B HeKoTophIX cny'IaHx rrpn orrncaanu cBoll:cTB Hnep pen

K03eMenbaoll: o6nacTu cxeMa HnnhccoHa naeT cornacy10mnecH c aKcrrepnMeH

. TOM pe3ynbT8ThI. qTO )1(0 KacaeTCSI TpaHcypaHoBofi o6naCTH, TO 3/l0Cb rrpo-
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6neMa co3naHn11 onHoqacTIIqHOH cxeMhI 3HaqIITenhHO ycno)KHSieTCII cneuIIcpII

qecKIIMII oco6eHHOCTSIMII 11nep 9TOH o6naCTII. 3To CBSI3aHo, Bo-nepBbIX, C 

HenocTaTOqHbIM KOnIIqecTBOM SKCnepIIMeHTanhHbIX naHH~IX ( npaBna, B nocnen

Hee BpeMSI nosrnIInCII p11n IIHTepeCHhIX pe3ynhTaToB/2/) M, BO-BTOpbIX, C 6onh

lIIOH nnOTHOCTh!O ypoBHen, KOTOpaSI cymecTBeHHO 6onbrne nnoTHOCTII COCTOSIHlfll 

11nep penKo3eMenhHOll o6naCTIIo HanpnMep, B CXeMe HIInhCCOHa TeopeTIIqecKaSI 

nnoTHOCTh ypoBHen ·B naa pa3a 6onbllie aKcnepIIMeHTanhHon. 

Bnepab1e 3anaqy o HaxollineHMII onHoqacTIIqHoro_cneKTpa a neqiopMMpo

BaHHOM KOHeqHQM noTeHuIIane C pa3MbITbIM KpaeM pellIIInII IT.3. HeMHpOBCKIIll 

II B.A. qenypHoa131• 01rn IIcnonh3oBanII MeTon qIIcneHHoro IIHTerpIIpoBaHIIII 

ClfCTeMbI nIIcpcpepeHuIIanhHbIX ypaBHeHIIH II nonyqIInII cneKTp HeHTpOHHhIX II 

npoTOHHhIX ypoBHell nn1111nep penKo3eMenhHOll o6naCTlfo OnHaKo lfCKn10qlfTenh

HaS1 cnO)KHOCT_h pacqeTOB II Heo6xonIIMOCTh 6onhllIOro BpeMeHII Ha 3BM, a 

TaK)Ke TO o6cTOSITenhcTBO, qTo co6cTBeHHbie cpyHKUlfII naHbI B .BHne rpoMo3n

KIIX Ta6nIIu, saTpynHHeT npIIMeHeHIIe sToro MeTona. 3aMeTIIM, qTo MeTon 

IT.3. HeMIIpoBcKoro II B.A. t.fenypHoBa 11Bn11eTc11 HaII6onee ToqHhIM II3 Bcex 

MeTonoB pellieHIISI ypaBHeHHSI WpenIIHrepa,. KOTOpbie 6bmII pa3pa6oTaHbI no3n

Hee14-61. 

Pa3pa6oTaHHhlll B111 npII6nIIllieHHhlll MeTon perneHIISI ypaaHeHHSI WpenHH

repa c noTeHuHanoM CaKCOHa-Bynca nn11 ccpepHqecKMX II necpopMHpoaaHHhlX 11nep 

ycnellIHO npIIMetteH nn11 onIIcaHII11 CBoncTB 11nep penKo3eMenhHon o6nacTII/81. 

3TOT MeTon, 06nana11 nocTaToqHo 6onhllIOH TQqHOCTh!O II coxpaHIISI npeIIMy

mecTBa npII6nIIlli0HIISI HIInhCCOHa, CBSI3aHHhle C yno6cTBOM B npaKTIIqecKOM 

npIIMeHeHIIII, IIcnpaan11eT HenocTaTKII cxeMhI HHnhccoHa. ilaHaa11 pa6oTa onn

ChIBaeT onHoqaCTIIqHyJO cxeMy YPOBHeH nn11 11nep TpaHcypaHoBOll o6naCTII II 

II3yqaeT CBOHCTBa nonyqeHHhIX onHoqacTIIqHh!X COCTOSIHIIH. 

l-''3no)KIIM MeTon · pe1II0HIIII. 

§ I. MeTo.u pernemrn ypaBHemrn lllpemmrepa 

l1cxonIIM H3 npennono)KeHn11 o TOM, qTo cpopMa 11npa onHChIBaeTc11 cpup

Mynon: 

R (0) = R0 (1 + {30 + ! f3 Y ( 0, cp)). 
V=2 vµ vµ 

( 1) 

JL=-v 

4 

I ; 

t 

rne Ro panHyc paBH?BennKoro ccpepHqecKoro 11npa, {3 0 

n.rrn BbmonneHirn ycnoBHSI c oxpane111rn o6beMa ( cM. 1110Ke), a 

MeTpb! necpopMaUHH. YpaaneaHe Wpennnrepa MOlKHO 38IllfC8Th: 

2 

1i t:i. [-2M ✓ +V +V +V -E]'l'=O, 
11n. crr.op6. Kyn. 

rne 

V 
v~ 

1111. 1 + exp [( r-R) R( 0))/a] 

BBonHTCSI 

f3 - napa-
v µ 

( 2). 

(3) 

iln11 cmm-op6HTanhHOro B3aHMO/leHCTBilll B o6meM cnyqae HCIIOnh3yeTCSI Bbipa

)KeHHe 

V - [ ...... 
cn.op6.-- K P a- 1 grad V Sin. (4) 

iln11 cnyqa11 ccpepHqecKn-cHMMeTpHqHoro 11npa Vlln. - cpyHKUIISI _TOnbKO r 

II V 6 6yneT IIM0Th BIIn: 
en.op. 

- K ... ... d V11n. 
V 6 = - - (e a ) ---en.op • 

r d r 
( 5) 

Mb! orpaHHquaaeMCSI paCCMOTpeHHeM CIInbHOnecpopMHpoBaHHblX 11nep, nn11 

KOTOPbIX cTaTnqecKall necpopM8UHSI THna {32 ,2 ( f32; _ 2 ) paBHa Hyn10
181 

• 

PacqeThI paBHoaecHon OKTynonbHOH neqiopMaunnl IO/ naroT ·nmi m::iep o6cylli

naeMoif o6nacTH ayneBoe 3HaqeHne. Torna coxpaH11eM f3 20 - KBanpyrronh-

Hall 11ecpopMauH11, 

HO CHMMeTplfqHo. 

{3
40 

- reKcaneKarronhHa11; B sTOM cnyqae 11npo aKcnanb-

V 6epeTc11 B Bnne: 
Kyn. 

VKyn. ({3 v' r') = 3( Z-l) c2 
-1 rr Ra 

0 

I _!!J.f3 ... V ~!-2.. cl r' ', 
I r - r"' I 

( 6) 

a n ({3 v, r ', 0 ' ) 

cpepMIIeBCKOro Tnna. 

nnoTHOCTh pacnpeneneHHII 3ap11na B 1111pe - cpyHKUIISI 

n ( f3 , r ' , 0 ' ) = I l + exp [ -----
r '-R(0') -1 

1 I ( 7) 

v a 
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TipoBeAeM B ypaBHemrn ( 2) TO)KAeCTBeHHoe npeo5p830B8HIIe, KOTopoe 

Il03BOnIIT H8M Bb!llemITh OTKnoae:me B38IIMOAefiCTBIISI OT ccpeplPieCKII CIIM

MeTpll'IHOI'O. TorAa ( 2) IIMeeT BIIA: 

~2 = 
[ -

2 
M L'1 + V ( f3 v = 0, r ) + V ( f3 v , r) - E ] 'I' = O , ( 8) 

I'Ae 

~ 

V(f3 ,r)=V(f3 ,r)-V({3 =O,r). 
V V V 

( 9) 

TioA V 110Apa3yMeBaeTCSI cyMM8 SI AepHoro, KynOHOBCKOI'O II Cl1IIH-op5II-

TanbHOro B38IIMoAeHCTBIIH. ilnSI peweHIISI 38A8'1II YA05HO rrpoBeCTII paano)Ke

HIIe V ( {3 V, r) B pSIA 110 ccpepH'leCKIIM rapMOHHKBM. TorAa, HarrpnMep, AnSI 

SIAepHOll '18CTII rroTeHuHana. rrony'IHM 

V =2 C~(f3 ,r)Y,\ (0,¢,). 
SIA. ,\µ V µ 

( 10) 

c!>yHKUHII C ~ H8XOASITCSI 'll!CneHHO. BcneACTBlle Toro,· 'ITO Mb! pa·c-

CM8TpHBaeM 8KCH8nhHO-CIIMMeTpll'IHOe S!Apo, µ = 0 • BbIAenIIM ccpepII'leCKII-

CHMM0TpH'IHYIO '18CTb B ( 7) 

n(f3 ,r',0')=n(R =O,r')+n(R,r',0' v f-'v f-'v · 

11 paann)l{HM n B PSIA.aHanorH'IHO ( 10) 

- -o 
ii({3v, r: 0 ')=2 C,\ Y,\ 0(0 ). 

co 
,\ oTnH'laJOTC51 OT 

TorAa 

co,\ TOnhKO •mcneHHbIM K09<pqmu1rnHTOM, 

V ({3 ,r)=l u 0
, ({3 ,r)Y, (0 ), 

Kyn. V ,\ ~ V ~o 

6 

( 11) 

( 12} 

\ 

' 

I'Ae 
2 

0 3 2 
D,\ = (7!..-- 1) e 

411 Ra 

4 17 • - , , ,\ 
( __ )[ f c'). <f3v,r ')..E... (!'..-) <lr, + 

2,\ + 1 6 r r 
0 

- ,\ 
+f c~ <f3v,r')r'(_;) <lr' ]. 

r 

.-11, ·aaKOHeu, V crr.op5, rrpeACT8BnSieTCSI B BII.Qe: 

v 
crr,opo. 

W1 +W2 +\Va, 

IIpl!'leM 

"" 
K a vSI.Q, 1 

WI= - ~ dr (p 0a¢,- sin0 p¢,a0 ), 

a 

W =- __ K __ _ 

2 r2 sin 0 

avg.Q, 
ae 

, K a v S!.Q, 
"=-----pa 

3 r ae r ¢,' 

p ¢,a, • 

a = (cosO 

;¢, 
sin 0c -cos0 

"'"'"-,. ae = 

7 

-sin 0 

1¢, 
cos 0 e 

cos0e -
1¢) 

sin 0 

" 

( 13) 

( 14) 



a</>=(~ i<p 
I e 

-le -1</>) 
0 • 

( 15) 

P, . • a · ti a ·ti a -•na;-, Pe= -1 •~•· p</>=-• a<f, . 

BKnaAbl 9THX Tpex 'lBCTeif pasmI'lHh/ 11 , 121 • OcHOBHhIM SlBmieTCSI qneH 

w. • OA!IaKO Heo6XOAIIMO 38MeTHTb, 'ITO w I • w 2 n w 3 no oTnenb-

HOCTII SIBnSIJOTCSI He9pMIITOBCKHMH onepaTopaMII. Tio9TOMY OT6paCbIB8HHe TOH 

nnn npyroif 'l8CTII MO:lK0T npnBeCTH K HeopToroHanbHOCTH BOnHOBh!X cjiyHKUlltt, 

KOTopasr BecbMa cymecTBeHHa nnsr srnep paccMaTpl!BaeMoif 06nacT11, oco6eHHO 

B6nII3H KB83HnepeceqeHnif. CyMMa Wt + W 2 + W 3 SlBnSleTCSl 8pMIITOBCKIIM 

onepaTopoM, a Il08TOMY nony'leHHBSI CIICTeMa BonHOBh!X cjiyHKUIIll OpToroHanb

Haxl. 

PaccMoTpHM Bonpoc o coxpatteHrrn o6ieMa Rnpa/131. 

LlnR omroponnoro pacrrpenenemrn c pesKoif rpammeif 

3 
- --3-

Po - 411 Ro 
r.S R(0) 

p ( r) = 

0 r > R(0) 

( 16) 

ll HopMllpOBKOll f p ( r) cl r = 1 ycn0B110 coxpattett11sr o6beMa nMeeT Birn: 

R (0) 

f c1 n f 
0 

2 · ,t rr 3 
r cir= - Ro. 

3 

xi 
ABTOpbI 6naroAapHbI B,A, 4errypHoBy 3a 06cyR<AeH11e 9Toro Borrpoca, 

8 

( 17) 

7 

,, 

TioncTaBmrn nmr R ( 0 ) Bhipa:lKeHIIe ( 1), IIMeeM ( npll µ = 0 

2 a 1 /3o 
f3o+f3o+...l.f3o=---[ Il/3 1

2 0+-)+ 
3 4rr v VO 3 

+ .:_ I f3 * f3 f3 I (2 v "+ 1)( 2 v ,,, +O 
3·v'v" v'o v"ov'"o 4rr(2v'+ 1) 

½ 2 

I ( v "v ,,, 00 I v 'O) ]. 

V 

CoxpaHSIR B ( 18) qneHbl AO 
2 

f3vo BK/l!O'lllTenbHO, nonyqaeM 

1 1 1 2 
f3 =--+v---Ilf3 I. 

O 2 4 4rr V VO 

2 
Ecnn I I f3 vo I < rr , To ( 19) CBOAHTCSI K nsBecTHoif cjiopMyne 

N . 2 
f3 =--Il/3 I, o 4rr vo 

rne N =l + .!. ( _1_ I I f3 o I 2) + .1.... ( _!_ I I f3 ol 2) ~ ••• 
3 rr V 12 rr V 

II N ➔ 1 npII I I f3 I 2 ➔ 0. 
VO 

( 18) 

( 19) 

( 20) 

B cnyqae pacnpeneneansr CaKcoHa-Bynca ycnoBne ( 17) npeo6pasoBhIBaeT-

cR cneny10iitHM o6pasoM: 

f cl n f n ( r') r 2 d r =4rr f n ( r) r 2 cir, 

a n(r) nMeeT BIIA ( 7). Tipeo6pasoBaB n ( ,➔) 

nepen11rneM ycnoBIIe coxpatteHIISI o6beMa 

00 0 

f C 
0

( r, {3 , I {3 ) r 2 dr = 0. 
0 0 V V 0 

( 21) 

aaanorII'lHO (10), ( 11), 

( 22) 

8To ypaBHeHne pernaeTCSI M0TOAOM rrocneAOBaTenbHhlX npn6nH:lK0HlllI II 

38 HyneBoe npII6iIII:lK0HH0 H006XOAIIMO B351Tb BhipameHl!e '( 20) C N = 1 • Tipn 

paBHoBeCHbIX ~-:qaqeHIISIX f3 I f3 I nopRAKa ttecKonbKIIX ThICSl'lHbIX II Bcerna 
vo 0 

9 
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OTpHUaTenbHO •. 3TO lipHBO/WT K a<ficpeKTHBHOMY yMeHbllleHHJO R , BcnencT-

sne qero see ypoBHH onaoqacTnqaoro cneKTpa npnMepao onnaaKoBo nonan-
pasfJ. 

Ma!OTCH ssepx (cM. pnc. 1). OnHaKo npu /3 20 >{1 20 sseneane f3 0 cTaao-

BllTCH BeCbMa BMKHbIM, CilBHI' pa3nHqHb!X ypOBHeii aeonnaaKOB H, cneKTP on

aoqacTHqHb!X yposaeii CHnbHO MeHHeTcH. 3To H3Meaeaue aenb3H CKOMfleHCH

poBaTb Manb!Mll ll3MeHeHllSIMll napaMeTpa IIOTeH!lllana r O ( qTo 6binO B03-· 

MO)KHO nnH paBHOBeCHbIX f3 20 ) • 

EyneM llCK8Tb peweane ypaBtteHJISI (4) B Bline cynepP0311UHH 

'I' I an 'l'n 
nC l n nCJ nfi 

( 23) 

n 
¢yHKUIIH IJ' nfj s!BnHIOTCSI co6cTBeHHbIMH cpyHKUHH Mll ypaBHemrn lllpemrnrepa 

co ccpepH'!eCKII-CHMMeTpH'!HblM IIOTeHunanoM 

t2 n 
C---ti.+V(f3 =O,r)-f 0 _ ]'I' l'· 

2M II nlJ n 1 
0 ( 24) 

n n 
ll 'I' o. = R o. (r ) '!J o. 

nlJ n{J lJ 

HaH qacTb BOnHOBOH <pyHKUIIH C 

'!Ji - wapoBoli cn11aop, a pan11anb

BhlCOKoii TQqHoCTblO arrrrpoKCHMHpyeTCSI <pop-

Mynoli 

N 2 
H o.= - II [ S ( r)] exp [ -'- S ( r) / 2 ] 

nLJ r n 
( 25) 

rne II 
O 

( x ) - rronHHOM 3pMllTa. 3aBHCIIMOCTb S ( r) IIccnenoBaHa B171• 

TToncTaBnHsi ( 23) B ( 8), yMHO)Kasi aa ( 'I' O,'o,., )* II IIHTerpIIpysi, rronyqaeM 
n l I 

(£ - E)an +I a 0 <'l'n IV J'l'Q 
n' f'j' n 'f'j' nfi nf j n'f'j' n f 

·>=0 • 
( 26) 

BcnencTBIIe aKCIIanhHOH CIIMMeTpIIll rroTeHUIIana 113 CTpyKTYpb! ( 26) BIIilHO, 

qTo B pa3nO)l(eHHe ( 23) BXOilHT qneHbl C f • OilllHaKOBh!Mll no qeTHOCTll. 

Pernasi CHCTeMy ypaBHeHIIH ( 26). MO)KHO onpenenllTb 3HaqeaIIe 9Heprllll E 
n . 

II K09<p<pIIUH8HTbl a nC j B cynepno3IIUHll ( 23). T.e. BOllHOBbie <pyHKUllll. 

f1oCKOnbKY Mb! IICIIOnh3yeM anrrpOKCHMaUIIIO ( 25). TO onaoqaCTllqHbJe BOllHO

BbJe <pyHKUllll necpopMllpOB8HHoro Hnpa npencTaBnH10TCS1 B aHanllTlJqecKoM Bli

ne. 
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11 

12. 

13 

14 

~ 
~ 

O,i 

----- --- .......... 

~ 
~ 
~ 

~ 

/ 

/ 
/ 

_ / __ _ 
..-r--
/ --------

/ n- . KeurPOHbl 

// A=239 

MaB ----~---------------------/ 
1/ 

~ 

A :PO 
--:---fo =Q 

PIIc. I. 
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§2. CxeMhl oaHoqaCTHqHhlX ypoBHeA aetopMHp0B8HHhlX 

Haep TpaHcypaHOBhlX aneMeHTOB 

C IlOMOI!IblO M0Tona, H3ll0)1{0HHOI'O BbIWe, 6bm npoaeneH pac'leT onHo'lac

TH'IHblX ypOBH0H nm1 Sinpa C A;,= 239 • Korna B cyMMe 'i/3 vo coxpaHSinH 

TOllbKO KBanpynonbHYIO neq>opMaUHIO ( V = 2) • TaKaSI cxeMa ypoBH0H nnSI 

rrapaMeTpoB, rrpHBeneHHblX B Ta6n. 1, ITpH /340 = 0 ITOK838H8 ·Ha pHc. 2,3. 

Taoirnua I 

HetlTpOHl:i 

J\ ¼ v~ 1: d.. ~40 Vo r 0 

npOTOHl:i 

X ,i-. ~'( 0 

23? 46,? I,26 0,43 I,45 0,08 61,0 I,24 0,3? I,55 0,08 

24? 46,0 1,26 0,43 I,38 0,06 62,0 I,24 0,3? I,55 0,06 

B11nuo, 'ITO TllKl!e cXeMbl ue OIIIICblB8IOT 3KCI10pl!M0HTallbHblH nopSl/10.K 3anon

H0HlHI OCHOBHblX COC.TOHHHH H0'1€THbIX SI)lep II HM0IOT cnmIJKOM 6onblllYIO 

ITllOTHOCTb ypoBHei1 B61111311 ITOBepXHOCTH ~epMllo PasyMHoe 1!3M0H0HH0 napa

M0TPOB ITOT0HUHana He Jl80T cymecTB0HHOI'O yny'llll0HHSI 3THX cxeM. 

B nocnenttee BpeMSI llOSIBllllCSI Pl·In 3KCil0pllM0HT81lbHblX pa6oT/ 14/. yKa-

3blB8IOIUHX ua ueo6xo/lHMOCTb BKlll0'10HHSI B p83/lQ)K0Hll0 ( 1) qneHa C /3 40 

TeopeTH'lecKoe nccnea0Batt11e an11S1HHS1 reKcane~anonbHoi1 neqiopMaunn Ha on

HO'laCTH'IHUe CBOHCTBa SIJlep 61,1110 npOB0Jl0HO HnnbCCOHOM Il ero COTPYJlHH

KaMII/ 
1.51 

JlllSI OCUHllllHTOpHOro ITOT0HUH8118 H HaMH/ 131 - JlllSl ITOT0HUHana 

CaKCOHa-Bynca. B 3THX pa6oTaX ITOKa3aHo, 'ITO BB0Jl0HHe /3 40 M0HSI0T 

llOKllllbHYIO flllOTHOCTb ypoBHett B611H3H ITOBepXHOCTll ~epMH. TeopeTH'l0CKHH 

paC'leT paBHOB0CHbIX 3H8'10Hllii /3 40 JlllSl SIJlep p0JlK030M01lbHOH o6nac-

TH / 
15, 161 

H3XOJlHTCSl B xopoweM cornacHH C 3KcnepHM0HT81lbHLIMH aaHHblMllo 

ilnsi 11aep Tpa11cypa1IOBOH o6nacTH 3KCnepHM0HT8llbHbl0 Jl8HHbI0 OTCyTCTBYIOT, 

onHaKo, peaynbT8Tbl pacqeTOB· C pas HbIMH cxeMaMH/ 15, 16/ COBnanaIOT M0)K-

JlY co6ofi ll Jla!OT (3
40 

f,O • IToaToMy Mb! rrpOB01lll paC'leT OJlHO'lac-

TH'llibIX cxeM sinep TpaucypaHoBoii o6naCTll rrpH p33HhIX 3H8'10HIHIX /3 40 o 
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Ha pnc. 4-7 npnaeneHbl cpparMeHThl cxeM HeliTpOHllhlX H rrpOTOHHblX ypoBHeli 

c A= 239 , A= 247 rrpn cnenyJOmnx 3Haqemrnx nap>!~1eTpoB ( cM. Ta6n. I). 

3TH rrapaMeTpbl HeCKOilbKO OTnII'laJOTCSI OT Tex, 'ITO 6binll npnBeneHbl 

HaMH BIBI. BnnHo, 'ITO napaMeTp nmjicpy3~ocT11 la_ y rrpoToHoB MeHbwe, 'leM 

y HeHTPOHOB. KpoM~ Toro, 'ITO B HeHTPOHHOH cxeMe OH yaenn'IHBaeTCSI C poc-

TOM r\ • TaKoe II3MeHeHIIe napa~eTpa n = !_ MO)l<HO, no-BIIilIIMOMY, 
a 

Ka'leCTBeHHO IlOHS!Tb, ecmI o6paTIITb BHIIMaHIIe Ha To, 'ITO nnsi sinep TpaHc

ypal!OBOH o6nacTn 'lllCno HeliTpOIIOB cymecTBel!HO npeBbJWaeT qncno npOTOHOBo 

Be.SI o6nacTb nccnenyeMbJX sinep 6b1na pa::i6nTa ua nae 3011hI. TaKoe 

pa36neHne cBsi3aHo, Bo-nepBhIX, c TeM, 'ITO napaMeTpbI noTeHunana cperrnero 

nonsi 38BHCSIT OT MBCCOBoro '!Hcna A • a BO-BTOpbIX, paBHOBecHa.SI reK-

caneKarronbuasi .oecpopMaun.SI {3 40 oTnnqaeTc.SI .onsi .Sinep c pa3nll'lHhJMll 

A 1161• B pe3ynbTaTe Mb) HMeeM onHo'laCTll'IHble cxeMbl, KOTOpble ,ll8IOT 

nennoxoe cornacne c aKcnepHMeHTanbHhIM no psi .OKOM 3arronHeHH.S1 ocHOBHhIX 

COCTOSIHIIH He'leTHblX .Sinep ( CM. Ta6n. 2). 
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J,b Ta6nlIUbl BIIJlHO, 'ITO rrpOTOHHaH cxeMa ynoBneTBOpHeT 3KCIIep!IMeH

TanbHDMY rropHllKY sanonHeHIIH. llnH HBiiTpOHHblX COCTOIIHIIii cymeCTByeT HeKOTO

paH HeonpeneneHHOCTb B 9KCilepuMeHT8IlbHhlX aaHHhlX. CocTOHHllH me 

l ,'2 +[631 ] II 7/2-[743] Ha 3KCIIepnMeHTe pacnono)KeHbl oqeHb 6IIH3KO 

npyr K npyry ( 8 23 5 Li paCCTOHHIIe Me:>1<nY HIIMII COCTaBnHeT ecero IIHlllb 

0,08 K3B) I a Il03TOMY yqeT ocTaTO'IHbIX B38HMOJleiiCTBlfii MO)KeT nplIBeCTll 

K Hy)KHOMY rropHJIKY ypoBHeii. lf To KacaeTCII Hnep B6IIII31f Tcip1rn C N = 137,139 I 

TO snecb Heo6XOJllfMO, IlO-BlfJllIMOMY I nan&HeiiIIJee yTO'IHeHne IICIIOIIb3yeMbIX 

rrapaMeTpOB. 

Eon&IIJaH IIIIOTHOCTb ypOBHeii cpenHero IIOIIH nplIBOJllIT K ueKOTOphlM 

oco6eHHOCTHM rrplI IlpllillIChlB8HIIII COCTOHHIIHM aclIMilTOTII'IeCKIIX KBaHTOBhlX 

1I1Icen [Nn A] • EcnlI JlIIH Hnep o6naCTII peJlKIIX aeMeIIb 6wnn B8)KHhl 

z 
TOIIbKO oTnem,Hb!B KBa.31IIlepece'IeHIIH COCTOHHIIH C ~N =2 .• TO B 06cy:>1mae-

MOM cny'Ia~ 'IIICIIO KB831IIIepece1IeH1IH cymecTBeHHO BospacTaeT. HeKOTOpbie 

ypoBHll llCIIbITbIB8!0T nea KBasnnepeceqeHllH npH II3MeHeHIIII /3 20 OT o, 1 

no -0,3. 
BbICOK8H nnoTHOCTb ypoeueii IIpllBO/:IIIT K TOMY, 'ITO B3alIMOAeiicTBHe 

Me,KJlY COCTOHHIIHMH, COOTB8TCTBYIOllllIMH pa3IIII'IHblM ccjiep1I1IeCKIIM rrono6ono'I

KaM, O'IeHb BennKo II nnH 6on&IIJHHCTBa COCTOHHIIH necjiopMIIpoeaHHOro Hnpa 

Henb3H BbIJlenlfTb onuy KOMIIOHeHTY I na10my10 rronaBIIH!OlllllH BK nan B BOIIHOBYIO 

cjiyHKUIIIO. KaK npaBH'Jio, B BOJIHOBOU -!,ynKU IIH ecTb iJeCKOIIbKO KOMIIOHeHT, IIO'I

TH paBHoueHHblX Jlpyr npyry • Bee 3TO OTpa:>1rneTCII Ha OJlHO'IaCTH'IHblX xapaKTe

plICTIIKaX COCTOHHIIH II IIplIBOJllIT K 6on&IIJOH 38BIIC!IMOCTII IIX OT rrapaMeTpOB 

cpenHero nonH. 

PaccMOTp!IM nnH rrpnMepa napaMeTp pa3BH3hlB8HIIH "a" COCTOHHllH 

1/2+ [ 620 1 • flp11 (3
20 

=/3 
40 

= 0 ccjiepII'IecKne nono6ono'IKll 4 s 

2 g7/2 , 3 d a/2 paCIIOIIO)KeHbl 6nII3KO npyr OT npyra ( CM. pIIC. 2). flpII. 

BKIIIO'IeHIIII necjiopMauHII 9TII COCTOHHllH CIIIIbHO B3BHMOJleHCTBYIOT npyr C 

npyroM ll npH pean&Hh!X /320 ll /3 40 HX BKIIBA B BOIIHDBYJO cpyHKUll!O 

cymecTBe11eH. KpoMe Toro, ll3-38 6onhlllOH IIIIOTHOCTII ypoBHeii eecbMa Ba)K

Hb!MII 6ynyT n 6mi)K8Hllllle ccjiepn'IeCKHe rrono6ono'IKII COOTBeTCTBYJOllleii qeT

HOCTII. Bee 3TO IIpIIBOJlIIT K cnenyromnM 3Ha'IeHHHM KOMIIOHeHT BOIIHOBOH 

cjiyHKUlllI 1/2 +[620] II COOTBeTCTBYJOIUlIM napaMeTpaM pa3BH3bIB8HllH "a" 

COCTOHHIISI 1/2 + [620] . 

20 

Ta6mn\a 3 

/3 40 =0.08 A =9_J9 ro =I.26 K =0~43 V0 =46.? 

Cqiep~ /3 20 = 0.20 • f1 20 = 0.23 
cocT. \ d.._ 1 I.SO I~55 I.60 I~65 

3d 312 

2~ ?/2 

4S 

3ds12 

I~ U/2 

2~ 9/2 

"C\ ,, 

.3I3 .304 .295 .287 

.489 .495 .soo .sos 

.!89 .!98 -.204 .210 

.590 .590 .590 .590 

.348 T~4I T335 T329 

~364 T364 y362 T36I 

-0.03 ~02 .os .09 

I.SO l.55 I.60 !~65 

.3!4 .306 .299 .291 

.469 -473 .478 .482 

.248 .255 .260 .269 

.ss6 .~57, .ss7 ~ss, 

~350 T342 T337 T33I 

y389 T388 T386 T383 

0.09 .14 .IS 022 
Ta6nnua 3 IlOKB3bIBaeT, 'ITO 3H8'IeHl!SI nap£LvteTpa pa3BSl3bIB8HllH 

a 1 /2 + [ 620] O'IBHb 'IYBCTBllTenbHbl K Bb16opy napaMeTpa a rroTeHuIIa:ra 

cpeanero rronH. He MeHbllleii 'IYBCTBHTeIIhHOCTbJO o6na,'.l8JOT II xapaKTepIICT:f

KII KB83HIIepeceKa!OllllIXCSI ypoBHeii. llnH TaKHX COCTOHHlIH ( HarrpnMep, JlIIH 

1/2 L 501] u 1/2 "1770] ) o'IeHh Ba)KeH rrpaennhHbiii yqeT ocTaTO'IHhIX Bsan

MoneiicTBIIii. 

TaKIIM o6pasoM, BBeneHIIe reKcaneKaIIOIIbHOH necjlopMaUIIII II03BOIIIIIIO 

cosnaTb cxeMy O/:IHO'I8CTII'IHbIX ypOBHeii, OIIIICb!B8!0lllY!O OCHOBHbie COCTOHHIIII 

ue~eTHblX Hnep TpaHcypaHOBOH o6nacTII. 

B 38KIIJO'IeHHe aBTOpb! 6naronapHT 38 MHOrO'IHCneHHbie rrone3Hbie 06cy,K

ne1111H rrpocji. B.r. ConoBheBa II n.A. ManoBa. Mb1 6naronapn1,1 H.IO. llh1pnKonorr 

3a rrporpaMMY pacqeTa on1161IaCTH'I3hli COCTOHHHH. 
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