
OE'bE.iU1HEHHblM 
YfHCTYfTYT 
51.ilEPHbiX 

Yf CCflE.il OBAH Yf H 

.ily6Ha 

'( ~a Lf~;: aan~- j 
... 

P2-2949 

IO.H. TIOXTHea, P .H. <l>aycToB 

BbiCIIH1E nonPABKI1 
K PAClllEnflEHI1IO. OCHOBHGrO YPOBH.H 

n03l1TPOHI1.H. I 

1966 



.. · 

,;J-. 

\ 

\ 

P2-2949 

· IO.H. TroxTReB, P.H • .PaycTOB 

Bb!ClllYIE nonPABKH 
K PACIUEnnEHHIO OCHOBHOfO YPOBHH 

. . no3HTPOHHH. I 

... 

\.. 



.J 

;,, 

Ill 
B· nocne~t~~ee BpeMSI JCBa3anOTeHIUIBJibHhlil MeTOA, pa3BHThlil B pa60Te , 6&m ycnem-

ao npHMeHeH K pBC'IeTy CBSI3SHHbiX COCTOSIHHH JCBaHTOBOMeXSHH'IeCKHX CHCTeM /lBYX 38pSI-

lKeHHhiX 'IBCTHII/
2

•
31 • · : 

KaK xopomo H3BeCTHO, npH Bbi'IHCneHHSIX CBepXTOHKOI"O CllBHI"B B aTOMe BOAOPOAa 

Y'IHThiBanacb AHarpaMMbt BhiCOKoro nopMKa ciTaocaTeJibao nocTOSIHaoJl TOHKoil CTpyKTyp&t a 
m• 

H BenH'IHHbl -;;;-;- 1 XBp8KTepH3YIOII!eli s<jJ<jJeKTbl OT/18'1H ( m 0 II mp MBCCbl sneKTpOHa 

H npOTOHS COOTBeTCTBeHHO). 

' ' 

0AHBKO Cyii!eCTBeHHBSI HeonpeAeneHHOCTb nonp8BOK1 CBSI38HHhiX C KOlle'IHOCTbiO MBCCbl 

H CTpyKTypol! npOTOHa1 He AaeT BOaMOlKHOCTH _011H03Ha'IHOI"O CpBBHeHHSI TeOpHH H 3KCnepH-

/4/ ' ' 
MenTa • 11nTepecao 6&tno 6&t nosTOMY o6paTHTbCSI K BbtCWHM. nopMKaM pacwenneHHSI 

OCHOBHOI"O COCTOSIHHSI ll03HTpOHHSI1 nOCJCOJibKy OR npeACTaBnSieT COOOH 'IHCTO sneKTpOilHHa-

MH'IeCKYIO CHCTeMY. 

fiOA06Hbl9 Bhi'IHCneHHSI, AanH 6bl B03MOlKHOCTb npoBepHTb MeTO/lhi TeOpHH B03Mywe

HHSI C Bb!COKOli CTeneHbiO TO'IHOCTHo 

H3BeCTHo TaKlKe, 'ITO B 6nalKailweM 6y11yweu npe11nonaraeTCSI nocTaBHTb SKC.nepa-

. MeHT no 6onee HaAelKHOMY onpe11eneaaro Bena'IHHbt pacwenneHHSI TpnnneTnoro a cnarneTnoro 
· /5/ e 
ypoBHeli ll03HTpOHHSI o C TO'IHOCTbiO /10 a BKniO'IHTeJibHO C/lBHI" Bhi'IHCneH B pa6o

/6 2/ ' ,'' ' 
Tax ' • BKnaA B snepreTH'IeCKHe nonp,aBKH c TO'IHOCTbiO 110 a8 BHOCSIT KBK ARarpaM-

Mhl 6-I"01 TaK' H llH,ai"pSMMbl HH3DIHX llOPHAKOBo 

KaK .cTaneT HCHO H3 nocneAyrowero, pa60Ta- c AaarpaMMBMH 6-ro nopMKa cywecTBea

ao o6nerqaeTCSI npocTOToll ynOTpe6nHeMoil npa STOM BonnoBoil ¢yHKIIHH. B aacToSIWeil 

CTaTbe Mbl OopaTHMCSI K Bhi'IHCneBHIO BKJl8/10B OT llBBI"paMM 2:_I"O H 4-ro nopMKOB B pac

wenneaae OCBOBHOI"O COCTOSIHHSI no3aTpOBHSI C TO'IHOCTbiO AO 6-ro nopSIAK8 no a BKniO'IH-

Ten& no. 

B paccMaTpHBaeMOM cnyqae KBB3HnOTeHIUlaJibaoe ypaBnenae HMeeT BH/1! 
;--r--v ' ' 

2 2 2 4..jp +m · _., _., -+ ... 
(E -4p -4m )r/J(p) =---8 - fV(p ,q) t/1 (q)dq. 

' (277) ' (I) 
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nOTeHitHan V(; ,q) CTpOHTCSI IITCpa!lBOHHLIM'MeTOAOM Ha OCHOB9·lUIBrpaMM TeopliH 

. /1 3/ ' 8 
B03MyiileHIIH ' , :3aepreTH'lCCKlle nonpaBKll C TO'lHOCTblO AO a OnpeAenSIJOTCSI Bblp8)1(9-

liB eM: 

U> C~> (4) . (~) C~> . C~> C~> 
~E •.<~V4 +V >'+<V >+.<~V4· +V )F(~V 4 +V ·)>'+ 

nona. • · • e 

cis> c~> c~> co C4> c~> c~> 
+<V >+<(~V4 +V

0 
)FV >+<V 4 F(~V 4 ~+V 0 )>'+ 

. ...1 c~> u> u> u> u> 6n 
+<CLl.Vd +V

0 
)F(~V 4 +V

0 
)F(~V 4 +V

0 
)>. 

(2) 

(~) 

3AeCb Vd H 
(2) 

v • BKnaALI B nOTCHitHBn V ( ; , ~) . OT npSIMOl! II OOMeHHOl! nOnJOCHLIX 
(4) (8) . 

V H V - aaanorB'IHbl9 BKllBALI OT AHB-AHarpaMM BTOpOrO IIOp>UIKB COOTBeTCTBCHHO, 

rpaMM 4-ro a 6-ro nopSIAKOB. 
. (~) 

~vd 

rAe C -xynoHOBCKHll nOTeanaan, -

(2) 

vd tl 

4yp 2 + m 2 

F- a 2 2 
(21T) (E -4p -4m·) 

(3) 

(4) 

CaMBon .< ::: :> ·o3aaqaeT MaTpH'lHLill sneMeHT no BOllHOBLIM lj>yHKUHBM ypaBHeiiHB ( 1) c 

KynouosCKHM nOTeunuanoM, 

KaK ylKe roBopunoc& Bbtme, Mbt 3al!MeMCSI Bhl'IHCneaaeM BenH'IHIILI: 

(2) (2) (4) 
~ E a.<~ V> • <~ V d + V 

8 
> + < V > + 

(2) (2) U> (2) 
+<(~V4 + V

0 
)F(~V4 + V

8 
)>'• 

(2) (4) (2) (2) ' 

=<~Vd >+<T 4 >-<tlF~Vd>-.<~VdFtl>-<tlFtl> 

(2) (4) • (2) (2) 

+<V. >+.<T
0

>-<tlFV
8

>.-<V
0 

Ftl> 

(5) 

T (; ·, q) - MaTpana nepexc);la OT COOTBeTCTByJOIIlHX (jlel!HMBHOBCKHX AaarpaMM, 

noApOOHBSI 3anacb paBeHCTBa (5) ABeT cneAyJOIIlee 
:I 

Bb!pBlKCHHe AnSI Bbl'lHCneHRH 

3HepreTH'IeCKHX CABHros: 

~E 
. 1 ... ... .... ' .... 
~ ft/J*(p)~ V(p,q)t/J (q)dq. 
(2 IT) 

(a) 

npaMeueaae (jlopMynLI (6) K pac<ieTy npocTel!wel! npHMol! ABBrpaMMbl 2-ro nop>UIKS noKa-
. (Q 

3LIBBeT, 'ITO OHB B COBOKYIIHOCTH C 'llleHBMH THIIB .< Q F ~ V d > He ABeT BKllBAa B CBepx-

TOHKHl! CABBr n03BTpOHBB 6-ro nopBAKB no a 

4 

i 

l 
I 
·""" \I 
~~ ;· 

BKnaA OT OOMeHHOll:. nonJOCHOlt lUISrpaMMLI nerKO ~E 

saeprua OCHOBHOrO ypOBHSI 1103HTpOHIIH. 

~ 
a m 

E •·2m- -.-·· 

nocno pa3llOlKeHIISI no a BblpBlKCIIBSI .AnSI ~E. HMeew: 
. ~ . 

ITa • I~ ~ . a ~E 0 • -;T' I t/1 
0 

(0) .. < s > ( 1 + 4 ) , 

rAe t/1:(0) KynoHOBCKBSI BOllHOBaSI ¢yHKnHSI ·s r - III 

HBSI AHarpaMMa, OnHCLIBBJOIIlBSI BKll8A OT s(jl(jleKTB ·nonstpH3i 

BnHSIHHSI'HB CABHr caurneTa OTHOCHTCllbHO TpanneTa HC OJ 

/2/ 
BLipBlKeHHSI : 

~ ~ 

( .... ) e [d(E ) -1] .-::+(->) I' -+ 
Th p,_q. • E~ LUtPY .Cu~ 

3Aec& npoacxoAHT pa3nolKeHBe no ~ena'laue, nponopnaouaz 

f 
HMeeT nop>IAOK a • 

MaTpH'IHLie .sneMCHTLI Tana .<OF v(Q > 
v<2> . 

H3 Bb!pBlK< 

BeTC TBYIOIIlHMH qneHaMH BblpBlKCHISI < e > TBKlKe He A 

nop>IAOK no a • BLI'lucneuSI BKllBAOB OT OCTan&HLIX AH 

C nOMOIIlblO (jlopMjnLI (6) npHBOAHT K BLipalKeHRSIM, COAep: 
· nt 

CBoliCTBa B:OTopol! nepeqacneaLI B • TaM JKe oua c 6oz 

npa paC'leTe BKllaAB OT AHBrpaMM Ita pac, 1 Mbt, Kl 

npHOnHlKeiiHYJO ¢yHKnllJO B BHAC: 

rAe 

.. a/~ • .. 
t/1

0
(p)=(21T) .t/1

0
(0l[8(p)+-

2 

• "'0 (0) 
_1_ (am a/~ 
YIT -2-) 

11cnon&3ySI ¢yHKURJO (10) B. HRTerpanax THna (6), Mbi, c1 

B TO'IKe p = 0 • 0AHaKO 3TO npOHCXOAHT H3 pa3nOlKeHH' 

30BaHBa TO<Juol! Kynouoscxol! (jlyuB:naa nonyqanac&.oLI 'lneJ 

KOTOpbte .ABBanu 6LI BKnaA :8 HB3wae nopSIAKH pacmenneua' 

CK838HHOe, CyMMy BLI'lHCneHHLIX 3HepreTH'leCKHX nonpBBOE 

lKeHHCM:. 

(8) a a IT ; ~ ~ 
~E • --~-li/lo(Oll <s >[•.+•t+•~+ 

m . 

HuAeKc e coOTBCTCTByeT o6Meaaol! ABarpaM:Me 2-ro nop' 

BOMy HOMepy AaarpaMMLI pHC, 1. 
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MeTOAOM Ha ocaose·AKarpaMM Teopsa 

C TO'IHOCTLJO AO a 
8 

onpeAenSIJOTcSI BblpA>Ke -

. caJ ca> ca> ca> 
Vci +V

0 
)F(~V 4 + V

0 
)> + 

C4l (4l C2l ca> 
)FV >+<V 4 F(~V 4 ~+V 0 )>.+ 

ca> ca> cil> 
+ V • · ) F (~ V 4 + V 

0 
) > • 

·._.; 
(2) 

OT npSIMoft n ooMeauoft nonJOCHMX 
(8) . 

V - aaanorH'IHble BKnAAM OT AHS-

(2) 

= v d n 

4yp2+m2 

(2rr) (E -4p 2 -4m~) 

(3) 

(4) 

no· BOnHOBbiM ljlyHKnRSIM ypaBH9HRSI ( 1) C 

BMqacneHR9M senR'IRHM: 

(4) .. 
<V > + 

ca> 
+ v ) >' . 

ca> (2) 

~V 4 >-<~V 4 F{h-<0F0> 

· ca> ca> 
<0Fv.>·-<v. F0> 

opefiHMauoscKHX Af!arpaMM. 

(5) 

BblpS>KeHRe AnSI BM'IRCneHRSI 

no a 

4 

<6> 

np>IMoft AHarpSMMbl 2-ro nopmlKS noKa
(a) 

.< Q F ~ V d > He ABeT BKnSAS B Csepx-

') . i 

l. 
:p· 

If 
~~ 

BxnaA OT o6Meuaoft · nomocaoll AKarpaMMhl nerxo yqecTL, .a:cnom.ayS! sblpa>KellKe ·AnSI 

9Hepl'HH OCHOBHOI'O ypOBBSI n03HTpOilKH. 

nocne 

rAe 

a 
a m 

E •· 2m -· - 4-·· 

paano)KeJlKB no ·a Bblpa)l{eHHH Aim ~E. RMee:w: 
. JTCl 1 ~ 2 ·. a 2 · 

~E. - -;a I"' 0 (0) I .. < 8 > ( 1 +. -.- ) • 
• Yt
0 

(0) - KynOHOBCKSH BDnHOBaS! opyHKAHSI ·s r - npOCTpSHCTBe npR 

(7) 

(8) 

r· a 0. 0fiMeH-

Hast AH8l'p8MM81 OnHCMBaJOUlSSI BKnSA OT 9opopeKT8 ·nonstpR38llRR BSKyyMa, · H8 9TOT paa 

BnRHHRS! HS CABRI' CHHrneTa OTHOCRTenbHO TpRnneTa He OK83MBaeT. 3TO cneAyeT R3 ee 

121 
BMp8)1{eBRS! . : 

-+-+ ea[d(E
2
)-l] 'f--+ /.1 -+ -.•--+ + /.1-

Th (p,q) • Ea [U 1(p)y Cua(-pl][u 2 (-q)C y u 1 Cri}]. (9) 

3AeCb npOHCXOABT paano>KeHRe no ~91IH'IHHe, nponopnHOHSnbHOH 

7 

a 
2 

B cneAyJOmHA qneH 

RMeeT llOpSIAOK a 

MaTpH'IHbie aneMeHTM Tans .< 0 F v<
2
> > 

<2J 
seTc TBYJODlRMB qneHaMK BblpS>KellKst < V 

0 
> 

R3 Bblp8>K9HHH (5) B COBOKynHOCTB C COOT

T8K>K9 He ASIOT BKnSAa- B paCCMSTpHBSeMMH 

nopstnOK no a • BM'iHCnelll!H BKnSAOB OT OCTSnbHbiX ARSrpaMM 4-ro nOpmlKS (CM. puc.1) 

C noMOUlbiO opOpMynM (6) DpRBOAHT K BMpa>KeHHSIM1 COAep>KBlllRM H~KOTOpyJO f -opyHKilRJO, 
· nt · 

csollcTsa KOTopoft nepeqacneHM B • TaM >Ke oHa c oollbmoll TO'IHOCTLJO npOTa6ynuposaaa. 

/8/ 
npa pac'!eTe BKnaAS OT AHSrpaMM U:a pRe. 1 MM1 KSK H npe>KAe , HCnOilb30BSnR 

npHOnH>KeHHYJO opyHKIOIJO B BRAe: 

l'Ae 

l{t (p) = (2rr)8 /~l/t' (Ol[cHpl + ~ l 
o o · 2 IT2p 4 

"': (0) 
1 (am s/2 
~-2-) 

(10) 

Hcnollbayst opyHKIIHJO (10) B HHTerpanax Tnna (6), Mhl, CTporo rosopst, HMee!l.t ocooeHHOCTb 

B TO'!Ke p a 0 • 0AH8KO 9T,O npOHCXOAHT B3 pa3nO>KeHHSI Yt 
0

' ( p) no IZ • npB HCnOnb-

30B8HBB TO'IHOll Kynonoscxoll ~YHKIIBB nonyqanuc&. Obi 'lnenM, o6paTHO nponopnROHSnbHMe a , 

KOTOpbie .Aasann fiM sxnaA ~ nuawue nopSIAKB pacmennenuSI. ocuosaoro yposan. Y'IBTMBast 

cB:aaanHoe, CYMMY BM'IBCneHHMX auepreTH'IeCKBX nonpasox 6~ro nopstnxa npencTaBBM Bb~a

)l{eHBeM:. 

CGl a 8 rr ; 2 2 ] 
~E = --2-li/1 0 (0)1 <s >[a 0 +a 1+a2 +.a8 +• 4 +a5 +] •a • 

m . • (11) 

11HAexc • coOTseTCTByeT o6MeHHoft naarpaMMe 2-ro nopstnKa, a HHAeKCM 1-6 - nopSIAKD

BOMY HOMepy AHarpaMMM puc. 1. 
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a 
I 20 - I 

e • T' al = s· a.:a=6' a,=-t, 

3I I 
a,= 6 . 85=-2-i. a 8 = - I,088 • 

(12) 

llOllCTBBHM ( 12) B ( 11) , UOJIY'IHM OKOH'IBTellbBO: , 

. a 
. (8) a f1 . • I I 
~E • -;;;r I 1ft a (OJ I .< s > • -9,662. (13) 

nm1 .yllOOCTBB ll#~nenyroruHX CpaBHeHHli C 9KCnepaMeHTOM Mbl BBelleM B9flH'IHHy ~ W th 

·xapaKTepH3YIOlliYIO pacmenneHHe OCHOBHOI'O COCTOSIHHH ll03HTpOBIIH: 

(8) 

~w th 
a 1 . 

E (I S 
1 

) - E (I S 0 ) • · 45 Mrn (i4) 

TeopeTH'IeCKH aaiineaaoe 3Ha'leBHe nnn pacmenneBHH ocnon·aoro. ypoaan c TO'IBOCThro 

a /2 6/ 
· llO a paBBO ' : 

' ~W - ~ • [.!..-!!... (~ + In 2)] = 2,0337.•10a (15) 
. th 2 6 f1 9 

/9/'• 
H cornacyeTCH C COOTBeTCTBYIOlliHM 9KCnepHMeBTallbBblM 3Ha'leBHeM 

. a . 
~ W exp = ( 2,0336 ± 0,0002) • IO Mrn • (16) 

"Bbi'iHCneHBBH B9flH'IHBa CBepXTOHKOI'O pacmenneHHH OCHOBHOI'O COCTOHBHH ( 14) BblXOllHT 

3a npenenbi omuoKH. Ho, KaK yJKe ronopunocb ·ablme, HaMH y-qTeBbl nonpa!3KH nHllih OT 

)lHarpaMM BTOpOI'O H 'leTnepTOI'O nopan!coB. BKnan OT nuarpaMM"meCTOI'O nopHnKa oyJleT. 

· paccMOTpea n nocneJlyromeli paoOTe. 

' ' /2 6/ . ' KaK H3BeCTHO ' , MBIIMa!I 'laCTh cnnara yponaeli_ aneprau no3HTpOHHH, .cooTaeT-

CTByro~aH )lHai'paMMBM 5 (puc. 1) 0 XapaKT9pH3yeT B9pOHTHOCTb paCna)la napaU03BTpOBHH· 

( 8 a 0) HB JlBB cj>OToBao Ha oCHOBaBHH ( 1 2) BKna)l meCTOI'O nOp!IllKa B MBHMYIO 'iaCTb 
nt · 

panea , : 

(8) a 8 .rr • 1 

lm ~E = - -,-- I 1ft a (0 Jl < 8 -2 >. (17) 
m 

l! 
2 ' 

llOJlCTaBJl!IH crona 3Ha'ieHHe 1/J: (0) H3 paaeacTaa (10) u_,nonarag <s >-=0, nony'IHM 

·llOllpaBKY K nepo!ITH~CTH pacna)la ll03HTpOBH~ Ha )lBa cj>OTOHa 

6 
(6) 

~ w = - 2lm~E my 

a m 
(18) 

ABTOP,bl f5narOJlapBb1 A.A~ noryaony. A.H. TanxenH)l3e H O.A. XpycTaneny 3a BHHMa

BHe K paoOTe u none3Hble of5cyJKJleHHH. 
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1 2=6' a,=-1., 

~ i , a ·0 = - 1,088 , 

·9. 662. 

Mbi BBeAeM B9JIH'IHHy 

COCTORHHR U03HTpOHHR! 

) - 45 Mrn • 

(12) 

(13)• 

1!!. w,h .) 

(i4) 

pacmenneHHR OCHOBHoro. ypOBHR C TO'IHOCThiD 

a 
2,0337 .• 10 (15) 

/9/• 
i:CnepHM9HTSnbHhiM 3HS'I9HHeM 

( 16) 

IPacmenneHng OCHOBHOI"O COCTORHIIR (14) BbiXOAIIT 

loPBJIOCh Bb!We, HBMH yqTeHbi . UOnp&BKH Jlllmh OT 

BKnan OT ABarpaMM ·· wecToro nopHAKa 6yAeT 

ypOBHelt. 3Hepi"HH U03HTpOHHR1 COOTBeT

nepORTHOCTh paCnaAa napaU03HTpOHIIR 

mecToro nopRAKa B MHHMyro 'laCTh 

• a a 
I t/1 o <o > l. < 8 - 2 > • 

IIBa ljJOTOHa 

8 
a m 

2 

(17) 

< 8 a >: = o , nony'IHM 

(18) 
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