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l , 
B pa6oTax /1-5/ rrpeJlJIO)K9Hbi IIOJlXOJlbi K HSy'IeHHIO MOJleJibHbiX 

38Jl8'I KaK C IIOll0)KHT91lbHbiM, TaK H C OTpHU8T91lbHbiM rrapHbiM B38HMOAeikT-

BHeM. BbiJIH HSy'IeHbi rny6oKHe CBH3H Me*AY arrrrpoKCHMHpyiOmHMH raMHllb-

TOHH8H8MH, CB060AHblMH :3H9Pl'HHMH, KOppellHUHOHHblMH cpyHKUHHMH H cpyHKUHH-

MH fpHHa. DpH sTOM BbiHCHeHbi cymecTBeHHbie OTllH'IHH Me*AY MeTOAaMH 

peiiieHHH 38):18'! C 1101!0)KHTellbHbiM B38HMOA9HCTBHeM H 38):18'! C OTpHUaTeJib-

Hb!M B38HMOAeHCTBHeM. 

0TMeTHM, 'ITO B rrepBOM cnyqae ( 38):18'IH C ITOllO)KHTellbHbiM B38HMOAeH-

CTBHeM) KOHCTaHThl C , IlXO):IHll{He B arrrrpOKCHMHpyiOmHH !'8MHJlbTOHH8H 

, orrpeJleJIHJIHCb H3 ycJIOBHH MaKCHMyMa CB060AHOH 3Hep!'HH, 110-

CTpOeHHOH Ha OCHOBe • Bo BTopoM cnyqae ( aaaa'IH c oTpHuaTellh-

Hb!M B38HMOAeHCTBHeM) KOHCTaHTbl S , BXOAHmHe B arrrrpOKCHMHpyiOll{HH 

!'8MHJibTOHH8H , orrpeAellHllHCb H3 yCllOBHH a6C01l!OTHOI'O MHHHMY-

·' Ma CB060AHOH 3H9pl'HH, ITOCTpOeHHOH Ha OCHOBe }{0 ( S), 

B pa6oTax /2,4 / rrpeano*eHbi MeTOAbi AllH rrony'IeHHH acHMITTOTH'!eCKH 

TO'!Hb!X peay llbT8TOB ):lllH KOppeJIHUHOHHbiX cpyHKIUiH CB060AHbiX :3Hepl'HH KaK 

AllH 38):18'! rrepBOI'O, T8K H AJIH 38):18'! BTOporo THITa. 0AH8KO HH O):IHH H3 pas-

BHB89Mb!X TaM MeTO):IOB He MOT' 6biTb 11pHMeHeH K MO):IellbHbiM 38):18'!8M 6onee 

o6mero BHA8
1 

COA9p)K8ll{HM cpa3y '!lleHbl C 110JIO)KHT9JlbHbiM H OTpHUaTeJibHbiM 

IIapHbiM '!9TbipexljlepMHOHHbiM B38HMOAeHCTBH9M, 

D OSTOMY 3JleCb Mbl rrpeAllO)KHM MeTOAHKY AJIH HCCJieAOBBHH H" :3TOH 1'0-

pasJlo 6onee CJIO)KHOH rrpo6neMbi. 
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Mbl TIOKa>KeM, 'iTO TBKBSI MOJ]enbHBl'l CHCTeMa TBK>Ke npHHBJ]ne)I{HT K 

'iHCny TO'iHO peiJl8eMh!X MOJ]enbHblX 38)]8'1 H H8RJleM JJnH Hee Bblpa>KeHHe J]nl'! 

CB060JlHOR SHepr,HH. 

VlccneJJyeM8SI MOJ]enbH8SI CHCTeMa C nonO>KHTenbHbiM H OTpHU8TenbHb!M 

'ieTbipex4JepMHOHHbiM TI8pHb!M B38HMOJ]eRCTBHeM X8p8KTepHayeTCSI I'8MHnbTQ

HH8HOM: 

}{ .. T+2V IZZ 
a..t a a 

r -t-

-2V I~ ~ 
a=t a a' ( 1 ) 

I'Jle T • I T a+ a - onep8T~p XKHeTH'ieCKOR SHepi'HH 1 

r r 

1 a + + 
~ -..-L a+ + 

za "'-I.\ a a , I 0 t a r a -r 
2 v <o r r -r a 2V (f) 

T·r 
PJ 

on~p8TOpbl B38HMOJ]eRCTBHl'l "'--IL . IL - XHMH'ieCKHR no-
2m 

TeHUH8n, at , a r - onep8TOpbi 1 J]nSI KOTOpbiX CTip8BeJ]nHBbi 06bi'iHbie KOM

MYT8UHOHHbie COOTHOIJleHHSI CTBTHCTHKH <l>epMH, f • ( p, s ) , -fa ( -p, -s ) -

COBOKYTIHOCTb HMTiynhC8 p H CTIHH8 s • VIMnynbC p npHHHMB

eT o6hi'iHbie KB83HJlHCKpeTHbie 3Ha'ieHHSI npH 4JHKCHpOB8HHOM 3H8'ieHHH o6'be-

M8 CHCTeMbi V • Y CnOBH.SI1 H8Kn8J]biB8eMhie H8 4JyHKUHH 
.\a 

r H oa 
r • 

6yJJyT T8KHMH >Ke, K8K H B p860TBX /1-3/, 
BKnaJJ B sHeprHJO I'8MHnhTOHH8ll8 J{ ( 1) OT B38HMOJ]eRCTBHH 4Jep-

MHOHOB C npOTHBOTIOnO>KHhiMH HMTiynbC8MH H CTIHH8MH, o6ycn8BnHB810IJlei'O 

npHTSI>KeHHe 4JepMHOHOB B CHCTeMe, onpeJJenSieTCSI onep8TOpOM 

r + 
-2 v I ~ ~ 

a-t a a 

AH8nOI'H'iHO STOMY OTTanKHB8HHe 4JepMHOHOB B CHCTeMe xapaKTepH3yeTCSI 

onepaTopoM: 
m + 

2V I · Za Za 
a-1 

3aDHW9M Tenepb I'8MHnbTOHH8H J{ (1) 

r + 
}{ .. T'-2V I~~. 

a.l a a 

4 

_. 

B BHJ]9 

{1-8) 

·.; -

.... 

rne 

m + 
T'=T+2V~·ZZ 

a=t a a 

VIa ycnoBHH, HaKnaJJhiBaeMhiX Ha 4JYHKUHH 
A a 

r H oa 
r 

4JopMbi onepaTopoB ~ a•Za cneJJyeT, 'iTO onepaTophi T 
+ 
~ y JlOBneTBOpSilOT 06hi'iHbiM KOMMyTaUHOHHblM COOTHOIJl 

a 

I ~a I ~ K1 I T' ~ f3 - ~ f3T' I 5 K 2 

+ + K 
I~ ~ - ~ ~ I < -

3 

af3 {3a-v 
~ ~ -~ ~ =0 

a {3 f3 a 

(I<a<rl, (l$_{3,Srl, 

x) 

rae K 
1 

, K 
2 

, K 
3 

- HeKOTOpb!e TIOCTOSIHHhie TipH V -> oo 

DeoeLI TeM K8K Mbl HeTIOCP9LICTB9HHO TIPHCTYTIHM K LIOKa: 

30CTH CB060L1Hh!X SH9pi'HH 1 TIOCTpOeHHb!X H8 OCHOBe MoaenbHOI 

Ha ( 1) H COOTB9TCTBYIOIJlei'O annpOKCHMHpyiOIJlero, pacCMO 

I'aTenbHYlO 38J]B'iY C I'8MHnbTOHH8HOM 

}{(S)=T +2V ~ Za 
I s_a $_ m 

't' 
c;r 
"'a 

+ 
- 2 v ~ ( s ~ .. + 

a a 
I~ a~ 

* 
S ~ )+2V 

a a 
~ 

t.S: a 

3aecb sa (a .. 1,2,3,.,,r) - H9KOTOphle TIOCTOSIHHhle 

s .. o 
a 

J{(O)=T' , 3TOT I'8MHnbTOHHBH TO>K):I9CTI 

nepenHmeM B BHLie 

}{ (S) 
m 

,}{ (C,S)+2V ~ ( Z -C 
o a=t a a 

't' * 
)( Za-Ca ), 

x) 0TMeTI!M T8KlKe
1 

'ITO 113 Bbllllellpi!BeJ]eHHbiX J]OIIOnHHTenbHblX yc< 

ayeT, 'ITO CB060JlH8!1 3Hepr11ll, Bbl'II!CneHFI8!1 Ha e)]IIHHUY 06'beMa )]1 

TOHHaHa T' (2), KOHe'IHa, T,e. T' 
(} -7J 

-- t'n Sp e <oo. 1 T' 
v 

5 



*eM, ~TO TBKBH MOUenbHBH CHCTeMa TBK*e IIpHHBUnemHT K 

waeMbiX MouenbHbiX aaua~ H HaAueM unH see Bbipa*eHHe unH 

I",HH. 

MBH MOUenbHBH CHCTeMa C nonO*HTenbHbiM H OTpHUBTenbHbiM 

HHbiM IIapHbiM B3BHMOUeftCTBHeM XapaKTepHayeTCH I"BMHnbTo-

r + 
-2V ~ ~ ~ 

a=I a a' 
2V lZZ 

(lact a a (1) 

a+ a - orrepaTOp KKHeTK~eCKOA :3Hepi"HH, 

a+ + 
~ - .....L a+ + I A a a , I 0 r a r a -r co r r -r a 2V co 

P' 
MOUefiCTBHH T, =----fl 

2m . fl - XHMH~eCKHA no-

a - orrepaTOpbi, unH KOTOpbiX cnpaseunHBbi o6bi~Hbie KOM-

OOTHOWeHHH CTBTHCTHKH $epMH, f '"' ( p, s ) , -fa ( -p, -s ) -

MIIynhCB p H CIIHHB !!! • J1MnynbC p IIpHHHMa-

83HUHCKpeTHbie 3Ha~eHHH IIpH <lJHKCHpOBBHHOM 3HB'IeHHH' 06'be-

• Y CnOBH·H, HBKnBJlbiBBeMbie 

e, KBK H B pa60TBX /1-3/. 

Ha <lJYHKUHH 
,\a 

r H oa 
r ' 

Hepi"HlO I"BMHnbTOHHBHa J{ ( l) OT B38HMOUeACTBHH <lJep-

HBOIIOnO*HbiMH HMnynbCBMH H CIIHHBMH, o6ycnaBnHB8lOIUei"O 

pMHOHOB B CHCTeMe, orrpenenHeTCH onepaTopoM 

r + 
-2 v I ~ ~ 

a.t a a 

OMy OTTanKHBBHHe 4JepMHOHOB B CHCTeMe XapaKTepH3Y9TCH 

m + 
2V I . Z 

aat a za 

b I"BMHnbTOHHaH J{ (I) B BHlle 

r + 
J<=T'-2V ~ ~ ~ . 0-a) 

azt a a 

4 

..-
·.; 

..... 

I"Jle 

m + 
T'~T+2Vl:·ZZ 

a=l a a 

J13 ycnOBHft, HBKnBJlbiBaeMbiX HB <lJyHKUHH ,\a 
r H oa 

r , a TBK*e H3 

!ll~Mbi onepaTopos ~ a•Za cnenyeT, 'ITO onepaTOpbt T' , ~a 
~ YUOBneTBOpS!lOT 06bi'IHbiM KOMMyTBUHOHHbiM COOTHOWeHHHM: a 

I Sal !>K, 

+ + 
IS g - S S I < 

a ,B ,B a 

IT' S,a- S,aT'I ~ K2 

Ka 
v 

g g -S g =o 
a ,B ,B a 

(l<a<rl, (IS.,85,rl, 

rue K 
1 

, K 
2 

, K 
3 

- HeKOTOpbie IIOCTOSIHHble IIpH V -. oo 

(3) 

x) 

Oeoeu TeM KBK Mbl HeiiOCPeUCTBeHHO IIPHCTYIIHM K UOKaaaTenbCTBY 6nH-

30CTH CB060UHblX :3Hepi"Hft, IIOCTpOeHHbiX H8 OCHOBe MOUenbHOI"O I"8MHnbTOHHa-

HB ( 1 ) H COOTBeTCTBYlOIUei"O annpOKCHMHPYlOIUei"O, paCCMOTpHM BCIIOMO

I"BTenbHYlO 3BJlB'IY C I"BMHnbTOHHBHOM 

}{(Sl=T+2V l:Za 
I s_a S. m 

+ 
Cj' 
..,a 

+ 
- 2 v l: ( s g . '+ 

l_$a~a a 

* 
S g l+2V 

a a ~ s 
a 

t.$a:S> 

* s 
a 

3uecb Sa (a=l,2,3,.,.r) HeKO~Opbie IIOCTOSIHHbie. HCHO, 'ITO IIpH 

s = 0 a 
J{(O)=T' , 3TOT I"BMHnbTOHHBH TO*J(eCTBeHHbiM o6pa30M 

nepeiiHWeM B BHUe 

m 

=}( (C,Sl+2V l: ( Z 
o a=l a 

J( ( s) + * - c )( Cj' - c ) 
a "-'a a ' (4) 

x) 0TMeTHM T8KJKe 1 'ITO 113 BbiWeiipHBeJleHHbiX JlOIIOnHHTenhHbiX ycnOBHH cne
JlyeT, 'ITO CB060JlH8H SHepi"HH, Bbi'IHCneH!l8H H8 eJlHHHUY 06'beMa )lnH I"8MHnh-

TOHH8H8 T' (2), KOHe'IHa, T,e, T' 

() -?J 
- - l'n Sp e < oo • j' T, 

v 

~ 
5 



I'll9 annpOKCHMHpyiOlllHA I'8MHnbTOHH8H 

m + * H
0 

( C , s ) .. T + 2 V I. ( C Z 
a>al a a 

+ c z a a ) -

m * r + * r * 
- 2V I. C C 

a>al a a 
-2VI.(S ~ +S~ )+2VI.S S 

a=rt a a a a=l a a 

0'19&11/lHO, 'ITO 

}{ (S) ~J<.,<c.s>. 

TSK K8K 

m + * 
2vi.<z -c ><z -c 

a a a a 
""'I 

> o. 

0TCIOI.ta cneAyeT 

~ > ~ 
He s > ~(C,S) 

(5) 

(6 J 

3TO HepaBeHCTBO nOK83b!B89T, 'ITO CB060JlHaSI 3Hepi'HSI1 Bbl'IHCneHHaSI Ha 9JlH

HHUY 06'beMa }lnSl BCHOMOI'aTenbHOJ:i MO,t:lenbHOJ:i CH:CTeMbl ( 4), 6onbwe HnH 

pasHa cso6o.aHoJ:i aaeprHH Ha eJlHHHUY o6oeMa, nocTpoeHHOH Ha ocaose an

npoKCHMHpyiOwero I'8MHnbTOHHaHa ( 5), 

"l{To6bi c.aenaTb annpoKCHMaUHIO B03MO}I{HO 16onee xopoweJ:i, s Hepasea-

CTB9 (6) cneLtyeT Bbt6paTD HSH60n&wee 3H8'19HH9 ~ J{ ( c s) 
0 • 

aoaMolKH&tx. 3To aau6on&wee aaaqeaue cjlyHKUHH ~ }{
0 

<c. 8 > 

CHpOBSKHbiX 3H8'19KHHX fiOCTOSIKKbiX S I , • • • S r 

max ~ 
(C) Ho<C,sl. 

B TO'IK9 M8KCHI\.\YM8 <jlyHKUHH ~~(C,S 
a ~Ho<c. s > 

ac 
a 

6 

;a 

0. 

6ylteM H83biB8Tb 

HM99M 

1!3 acex 

npll <jlHK-

.,I: ~~ ) /, 

,. ''li ..:.:~.~~J.·:'' :' 
~ ~:~·~·\~·I 

''" ~I •.,·~.' '!· 
: ~ {I ' i) 

·.~. ;;( 
'\' ~,.1/ .·. \ 
;;. ' ' 

.,; •. ;.1,: 
•i )J! 
'1. 't 
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·~ J,, . ~~ 
li 

'• 1 
, I' 

I' 
' lj, 

~ (\', 

~~. 
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1 
I 
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, I 
l 

\ 
~~ 
r 
)!I 

{· 

~\ 
~,~· 

I, ,, 
II 
,,i 
v I, I , .. 

0TciO.aa nonyqaeM m ypasHeHHA .anSI Onpe.aeneHHH HOCTOHHHhlX 

BXO.t:ISIWHX B annpOKCHMHpyiOWHA raMHnbTOHH8H 

< Z > • C , ( l <a< m ), 
a ~(C,S) a - -

11 TaK, B OTnH'IH9 OT XOpOWO H3BeCTHOI'O npHeMa /3/ 1 HOCTOSUl 

BXO.t:ISIWH9 B annpOKCHMHpyiOWHJ:i I'aMHnbTOHHaH ( 5) BCHOMOI'aTem 

onpe.aenHIOTCH H3 ycnOBHH a6coniOTHOI'O MaKCHMyMa CB060.t:IHOJ:i S 

cTpoeaaoA aa ocaose (5). noKa}l{eM Tenepb, 'ITO nonO}I{HTenba. 

csot5o.aHbiX aaeprHA aa e.aHHHUY o6'beMa 

~ - ~ 
Hcs > Ho<c,s > 

Orp8KH'I9H8 CBepxy KOppenHUHOHHOA <jly~KUHeA 

m + 
2 I. < ( Z -C )( Z 

a..t a a a 
* -c 

a ) >J{ (C,S) • 
0 

• 
Llnsr 9TOI'O BB9ll9M npOM9lKYTO'IHbiA raMHnbTOHHSK 

H, ( S) 
m + * 

• }{0 (C,S) + t·2V•I. ( z -C ) ( z -C 
a.ol a a a a 

), 

KOTOpbiA npH t • 0 COBfl8ll89T C J{ 
0

( C , S ) 

J{'(S) /tml 
t -

.. }{( s). 

PaCCMOTpHM KOH<jlHrypaUHOHHbtA HHTerpan 

H,~s> 
Q

1 
• Sp e 

, a np11 t • 

H CB060llHYIO SHeprHIO LtnSI npOM9lKYTO'IHOI'O I'8MHnbTOHH8H8 

5 J{ (S) 
t 

() 
.. --fnQ, 

v 
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IOWHJI I"'BMHilbTOHHBH 

m + * T+2VI.(C Z 
a=t a a 

+ c z a a 
) -

* c 
+ * r * 

a 
-2VI. (S B +5) l+2VI.S s 

a=t a a a a=t a a 

J{ (S) ~ J<.,(C,Sl, 

m + * 
2 v ~ < z - c )( z -c 

a a a a 
UJ:ol 

> o. 

1 
He s > 

> ~ 
~(C,S} 

(5) 

(6) 

0 ITOKa3biBaeT, 'ITO CB060!li!8SI 3Hepi'HSI1 Bblt{lfCJleHH8SI H8 e!lH-

1151 BCHOMOI'aTellbHOH MO.t:lellbHOH ClfCTeMhl ( 4) 1 60ilbUie lfillf 

H 3Hepi'IfH Ha e!lHHHUY o6oeMa, ITOCTpOeHHOH Ha OCHOBe an

I'O I'8MifllbTOHR8Ha (5), 

enaTb arrnpoKCHMaUHIO B03MO>KHO Gonee xopoUieii, B HEijlaBeH-

Bbt6paTb HBH60ilbWee 3H8'!9HHe 1 J{ ( C S) 
0 • 

o HaH6onbwee aaa'!eHHe cjlyHKUHH 1 }{
0 

< c, 8 > 

HHRX ITOCTOSIHHbiX S I , • • • S r 

max 1 
<c> J(o< c. s > 

MB cpyHKUHK 1}\,cc,s 

o1J<o(C,S) 

ac 
a 

6 

..,. 

0. 

6yJteM H83biB8Tb 

KM99M 

H3 ecex 

npH (j!HK-

... ~I .,.. '1, 

:.:',l,'l( 
<.··.:,,:'.•' 

• '·!~!·(' 
.,~'·;,JI~(/1· 

.

·; ·j· ..•. : .. '\.:;(·· 
:~~ I~· :; ~,li 
'~ \ \ 
.1~~ 
i~·l 
;~~Jl.! .. ~ .) . , 

·~ 
~· 

• ],1 
~. 
I' 

. 'I ··I 
··l'l 

'lj! 
I(\. 

I 

~~I 

( 
' / 
I 

( 
'I 
\· ~· 

!\' 
'i' 
/(I 

}~ 
1
11' 

'I 
..... 

0TCIOJla nony'!aeM m ypaBHeHHll JlllSI OrrpeJlelleHHSI DOCTOSIHHbiX C a (l~a~m ); 

BXOJlSIIUHX B arrnpOKCHMHpyiOIUHll I'8MHilbTOHH8H 

< Z > • C , ( l < a< m ), 
a J\,cc,s> a - -

(7) 

J.1 TaK, B OTilH'IHe OT XOpOUIO H3BeCTHOI'O npHeMa /3/ 1 UOCTOSIHHble C a 

BXOJlSIIUHe B anrrpOKCHMHpyiOIUHll I'8MHilbTOHH8H (5) BCUOMOI'8TellbHOll 38Jl8'1H 1 

onpeJlellHIOTCSI H3 yCilOBHSI a6COI1IOTHOI'O MaKCHMyMa CB060JlHOll auepi'HH 1 no

CTpOeHHOll Ha OCHOBe (5), TioKa>KeM Tenepb, 'ITO UOI10>KHTellbH851 pa3HOCTb 

CB060JlHbiX 9HeprHll Ha e,I:IHHHUY 06oeMa 

1 
J<cs > 

1 
J<0cc,s > 

OI"'P8HK'I9H8 ceepxy KOppellHUHOHHOll cjlyHKUHell 

m + 
2 ~ < ( Z -C )( Z 

a=t a a a 

• 

* -c 
a > J<0cc,s > • 

LlllSI 9TOI'O BB9ll9M npOMelKyTO'IHblll I'BMHilbTOHHBH 

m + * 
J(t(Sl "'J(0 (C,S) + !'2V·~ ( z -C ) ( z -C ), 

a..l a a a a 

KOTOpbtit npH t • 0 coenaaaeT c J(
0
(C ,S) 

}( ( S) /t.., I 
t -

.. }{( s). 

PaCCMOTpHM KOHcjJHrypaUHOHHblll HHTerpan 

J(t~S) 

Qt "' Sp e 

, a npa t .r, 

K CB060llHYIO 9Hepi"'HIO llllH npOMelKyToqHOI'O I'8MHilbTOHH8H8 

-
I 
·L 

' 

1 
J(t ( S) 

8 
---faQt 

v 
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Bbi'IHCnSISI BTopyJO rrpoH3BOAHYJO rro rrapaMeTpy OT Bblp8)1(eHHSI (9)~ MO)I(-

HO IIOK838Tb, ~TO 

a 
2

1 }4cs> 

a 1 
2 

B cany sTore nepeaR npoaseoaaag 

aj'J{t ( S) ,. 2 i < ( .Z a- C a 
a ... l at 

5: 0. 

+ * )( .Z -C 
a a 

yMeHbwaeTCR c yeenH~eHHeM napaMeTpa 

I a5' 

> 
}{ ( S) 

t 

Llanee 

f __&_cs> 
o a1 d I = j' J{ (S) - j' }{

0
( C, S) 

ao anR 

0 

HMeeM OUeHKY 

I 

J 
a5'J<tcs> 
---dt a 1 

I aj'J{ t (S) :.1 J a5'J<occ,S) 
J ·GJt< • dt 

m + * 
o ast - o = 2 I.<< z -c >< z -c l > 

a=l a a a a }{ (C S) 
0 • 

TaKHM o6pa3oM1 nony~aeM 

m 

j' -5' <2I.< 
}{ (S) }{ (C,S)- a... I 

0 

* + Z -c >< Z -c l >}{ 
a a a a o<cls> ( 10) 

0TMeTHM, 'ITO IIOCKOnbKY arrrrpoKCHMHpyJOmHfi raMHnbTOHHaH l5) - KB8Jlpa

TH'IH8SI «flopMa H3 clJepMH- onepaTopoB, TO ee MO)I(HO JlHarOHanH30B8Tb, H IIO 

H3BeCTHblM npaBHnaM K. Bnoxa, BHKa H c. noMHHHUHCa Bbi'IHCnHTb KOppe

nSIUHOHHYIO $yHKUH101 CTOSIIUYIO B npaBOH ~aCTH HepaBeHCTBa ( 10), 

B peaynhTaTe rrocne HecnO)I(HbiX Bbi'IHCneHHfi c y'leToM HepaseHCTB ( 6) 

H (10) HMeeM OUeHKH: 

8 

~ 

0 < j' _j' < ..JL 
- J{ (S) }{

0 
(C,S) - V 

rae j' J{ - M8KCHMBnbHOe 3HB~eHHe IlpH <jlHKCHpOB8HHblX 3HB~eHHRX S 

0
(C,S) 

HeKOTOpag IIOCTORHH8R, 

B CBSI3H C Haweii AanbHeiiweii nporpaMMOH C}lenaeM HeKOT 

'18HHSI IIO IIOBOJlY HepaBeHCTB (11), H3 ypaBHeHHH (7) 

K8K <jlyHKUHID OT S 

C • C (S) 

HnH B IIOJlpOOHOA 38IIHCH: (15;a5;m l. 

c -c<s .... s 
a a I r 

noJlCTaBnSISI HSHJleHHbie 3Ha'leHHSI c a 

CTBa ( 11), nony~HM 

B <jlyHKUHIO 

0 < j' 
}{ (S) 

- j' 
}\,cccs>, s> 

Q 
~--. 

v 

HepaeeHCTBa ( 12) cnpaseanHBbi npH nro6htX saa~eHHAA s 

a TSKJKe AnR Tex I s 1 , .. s, I, npH KOTOpblX cjlyHKUHR 

IIPHHHMaeT MHHHMSnbHOe 3Ha~eHH9, 

H3 HepaBeHCTB (1~), KaK HeTpyJlHO IIOK838Tb 1 

'ITO x) 

x) nocKOilbKY 

- min :fJ( < .!?.__ , 
(S) 0CC(S),S) - V 

0 .5 9' J( (S) 

c 

~J{ (C,S) 
0 

M 

I st , ••• 

j'J{ (C(S),J 
0 

6y.neT 

TO H3 STOI'O HepaBeHCTBa cneayeT (13), 8 C8MOM Aene,9'J((~ ~ +,~n5'J(~~C(S),! 
Ho cjlyHKUHSI 9' J<cs> ecerAa 6onbwe ceoero MHHHMyMa cr . 9' 
DOSTOMY JJ((s) ~mm Jts> 1 

min 9' 
(S) }((8) 

-min 9' 
(S) J(o(C(S),S) 

< Q -v-· 
AaanorH'IHbiM nyTeM MOlKHO aoKasaTb HepaeeHCTBO 

min 9'}( < min 9'}( • 
(S) 

0
(C(S),S) - (S) (S) 

9 
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npOH3BOAHYID no napaMeTpy 

2 

a J ~<s> 
at 2 

Sl IIp0113BOAHBSI 

2l:<<z-c 
a=t a a 

~ 0. 

+ * 
>< Z -c a a > 

J{ ( S) 
t 

11qeH11eM rrapaMeTpa t • Llanee 

5'J(~ j' 
- j' J( dt = at J<cs> 0< c. s) 

I aJ J< <s> 
f 

t 
dt 

0 at 

+ aj'J<o(C,S) d = 2 ~ < ( Z -c )( z ____ t 

1 

a 
a a at a= 

qaeM 

* + c ) > <(Z -Ca)(Za- a J{cf.C,S) a 

OT Bblpa)KeHHSI (9)~ MO)K-

* -c ) > 
a 

J{
0

(C,S) 

( 10) 

KOnhKY annpoKCHMHpyiDmHM I'8MHnhTOHH8H (5) - KB8Apa

cl>epMH- OnepaTopoB, TO ee MO)KHO AH8I'OH8nH30B8Th, H no 

aM K, Enoxa, BHKa H C, .UoMHHHUHCa Bhi'IHCnHTh Koppe

' CTOSIIIIYID B rrpaBOH '18CTH HepaBeHCTBa (10), 

HeCnO)I(HbiX Bhi'IHCneHHH C y'leTOM HepaBeHCTB (6) 

8 

.,.. 

0 < j' _j' < _Q_ 
- J{ (S) }(

0 
(C,S) - V 

( 11 ) 

rAe j' J( - MBKCI!ManbHOe 3HaqeHI!e rrp11 lf!IIKCI!poeaHHbiX 3HaqeHHSIX s , Q -
0
(C,S) 

HeKOTOpaSI IIOCTOSIHHBSI, 

B CBSI3H C HaiiieH A8nhH9HIIIeH nporpaMMOH CAenaeM HeKOTOpbie 38Me-

'18HHSI no nOBOAY HepaBeHCTB (11), H3 ypaBHeHHH (7) 

KBK !flyHKUHID OT S 

C • C (S) 

HnH B IIOAp06HOH 38IIHCH: (l~a~m), 

c • c < s· , ... s 
a a 1 r 

noACTaBnSISI H8HAeHHhie 3HaqeHHSI C a 

CTB8 ( 11), rronyqHM 

B ci>YHKUHID 

0 < j' 
J{ (S) 

< Q -v-· - j' 
J(o(C(S), S) 

HepaeeHCTBa ( 12) crrpaeeanHBbi np11 niD6biX aaaqeanSIX s 

a TaK:lKe anSI Tex l s 1 , .. s, I, 

IIPHHHMaeT MHHHManbHOe 3HaqeHH9, 

IIpll KOTOpb!X lflyHKUHSI 

c MO)KHO H8HTH 

j=J{
0

(C,S) aepaBeH-

( 12) 

l st ' ... s. I. 

j'J{ (C(S),S) 
0 

Ha HepaBeHCTB (12), K8K HeTpyAHO ITOK838Th 1 6yAeT cneAOB8Th, 

'ITO X) 

x) nocKOOhKY 

0 ,$ JJ{ - min JJ{ < .!L , 
(S) (S) 0CC(S), S) - V 

To ua :noro aepaeeacTea cnenyeT (13), B caMOM Jlene,JJ<csf ~ + miSlnJJ{o<c<Sl,Sl·· 

Ho lflyHKUHll J J(cs> ecerna 6onbwe ceoero MHHHMyMa cr . cr 
IT03TOMY 

min j' 
CSl J<cs> 

- minJ < ...2_, 
(S) J{0(C(S),S) - V 

AsanoraqHbiM nyTeM MOJKHO noKaaaTb aepaBeHCTBO 

min JJ{ ( c(S), S) 
(S) 0 

f 

~ 

< min JJ{( S) ' 
- (S) 

9 
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0 < :f J{ (S) 

Q 
- min :f 

(S) HJC(S),S) :5 
mi.n --. 

v (S) 

( 13) 

3aaaqy 0 I'8MHnbTOHH8He (1-a) peWHM no H3B9CTHOMY MSTOAY /3/• 

3aeCb no nOCTpOeHHID annpOKCHMHpyiDWHH I'8MHnbTOHH8H ans 38A8'1H (1-a) 

HBnHeTCH OCHOBHbiM I'8MHnbTOHH8HOM BCnOMOI'8TSnbHOH 38Jl8'1H J{( S) - ( 4) • 

B pe3ynbTaTe nony'IHM aepaseHCTBa 

0 :s min 
(S) 

~J{(S) - ~}{ < £ !. ) . 
v 

( 14) 

B STOM aepaeeHCTBe min ~}{ ( 
8 

> oaaa'laeT a6comoTHbill MHHHMYM tPYHK-
(8) 

UHH ~J{ , £ ( _1_) - MSlKOpaUHOHHOe Bblp8lK9HHe, KOTOpoe npH 
(S) V 

v ... 00 CTpeMHTCSI K Hymo, npHHHMSSI BO BHHMSHH9 HepaBeHCTBS ( 13) 

H ( 14), nony'IHM 

I ~H min ~ I< 
(S) J{

0
(C(S),S) -

min 
(S) 

+ I min ~}{ - ~ }{ I < £ ( .L l + cS, cs> - v 
Q 

~ -
J{ (S) 

-. v 

mi n ~ 
(S) J{ O(C(S),S) 

Opasas qacTb aToro HepaBeHCTBa CTpeMHTCSI K aynro npH V ... oo 

I+ 

• CneJlO-

BaTenbHO, Mbl IIOK838nH, 'ITO pa3HOCTb CBOOOllHbiX 9H9pi'HH Ha 9JlHHHUY OObe

Ma V , nOCTpOeHHbiX Ha OCHOBe MOASnbHOH CHCTSMbl ( 1) H COOTBSTCTBYID

IUSH annpOKCHMHpyiDWeH ( 5), np11 aononHHTenbHbiX KOMMYTBUIIOHHbiX COOTHO-
\ 

lUSHIISIX (3) CTpeMIITCH K HyniD npH V _, oo , 113 9TOI'O cnenyeT, 'ITO 

npM V ... oo 

j=J( - q: ... o. 
min J J{ ( C(S) ,S) 
(S) 0 

TaKHM o6pa3oM, Mhi noKa3anH, 'ITO JlnH CHCTeMhi ( 1) MO:JKHO nocTpOHTb 

8CIIMnTOTH'I9CKH TO'IliOe peweHIIe H H8HTH Bblp8lK9HHe anSI CB060AHOH 9Hep-

I'HH. 

B 3aKniD'IeHHe noaqepxHeM, 'ITO np11 nocTpoeHHH aoKa3aTenbCTBa ans 

HaXOlKAeHHH 8CHMnTOTII'I9CKU TO'IHOI'O peweHHSI anSI MOJlen~HOH CHCTeMhl (1) 

10 

,;a 
,\ 
~~ 

Mbl OCHOBbiBanHCb Ha annpOKCHMHPYIDW9M I'8MHnbTOHH8He (5). KO~ 

BHCen OT napaMeTpOB c l •••• em H s i , .•• s, . Pe 

MOI'STenbHYID 381J.8'1y, Mbl CTpOHM CB060AHYID 9Hepi'HIO ~J{o(C,B) Ha OCI 

npOKCHMHpyiOwero raMHnbTOHHaHa J( 
0 

( C ,S l - ( 5) • Ha 

a6coniOTHoro MaKCHMyMa aToll ceo6oaHoll aaeprHH no napaMeTpaM C 

npH tPHKCHpOBSHHbiX 3Ha'leHHSIX napaMeTpOB S , S , , , • S 
I 2 • 

eM m ypaBHeHHll ( 7) nnSI onpeaeneHHSI C • C ( S ) • D.anee 
nHeM 9TH 3Ha'leHHH C ( S ) B annpOKCHMHPYIDWHH raMHnbTOHH 

H 3anHCb!BaeM ero KaK 

J( ( C (S), S) • 
0 

PaCCMaTpHBaSI OCHOBHYID 3aJla'ly, CTpOHM CBOelOJlHYID 9Hepi'HIO C. 

Ha OCHOBe 9TOI'O raMHnbTOHHaHa H B OKOH'IaTenbHhlX Ma:JKOpauHOH 

BeHCTBaX 6epeM aoconiDTHbiH MHHIIMYM CBOOOAHOH 9H9Jli'HH y:JKe n< 

paM s .... s 2' I 
T.e. 

~in j= J{ ( C(S) 8) 
(S) 0 • 

TaKHM o6pa3oM,npH nocTpoeHHH aCHMnTOTH'IeCKH TO'IHoro pe 

MOnenbHOH 3aaa'IH CTaTHCTH'I9CKOH <j>H3HKH Mbl npHWnH K npHHUHny 

ca • 

nonb3YHCb cny'laeM, Bbipa:JKaiO CBOIO npH3HaTenbHOCTb H. H 

OOBY 3a UeHHbl9 3aMe'laHHSI, 

flHTeparypa 

1. H.H. BoromotJoB (Mn.). llpenpHHT HTtP 68-65, 1968, KHe 

2. H.H. BoromotJoB~(Mn,). llpenpHHT HTtP 68-67, 1968. R 
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5. N.N.Bogolubov.Jr, llpenpHHT HTtP, KHeB, HTtP-67-1, The C 

Functions in the Theory of Superconductivity. (1Q 

PyKORRCb nocTynRna B R3A8TenbCKRI OTAe~ 

S AeKa6pR 1968 roAa. 
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ln :JJ<cs> 
8) 

< - min :J }( (C(S),S) -
(S) 0 

Q --. 
v 

(13) 

aMHJibTOHHBHe (1-a) peWHM ITO H3B9CTHOMY MeToay /3/• 

HH!O arrrrpoKCHMHpyiOmHH raMHJlbTOHHaH anSI aaaa•m ( 1-a) 

,JM I'8M!WbTOHH8HOM BCITOMOI'BTeJibHO:ll: aana'!H }{( S) - ( 4) • 

e ITOJIY'!HM HepaBeHCTBB 

min 
(8) 

1}((8) - 1}( < ( !. ) . 
v ( 14) 

e min 1}( ( 8 ) 03H8'18eT a6COnJOTHblit MHHHMYM lj>yHK-
(8) 

( _I-) - M8}!<0p8UHOHHOe Bblp8lKeHue, KOTOpoe rrpu v 
TCH K Hymo, npHHHM8H BO BHHM8HHe HepaBeHCTB8 ( 13) 

I< 
J{

0
(C(S),8) -

min 
(S) 

1J(I<E(.L>+ 
- v 

Q 

1 -J( (8) 

-v· 

min 1 
(S) J( 

0
CC(8),S) 

OI'O HepaBeHCTBa CTpeMHTCH K HyJIIO ITpH V -+ oo 

I+ 

• Cneno-

aaanH, 'ITo pa3HOCTb CBOOOAHhiX 3HeprHil: Ha enHHuuy o6be

HHhiX Ha OCHOBe MOneJibHOH CHCT9Mbl ( 1 ) H COOTBeTCTBY!O

J{ -

( 5), II pH norrOJIHHTeJibHbiX KOMMyTaUHOHHhiX COOTHO

K HYJIIO rrpu V -+ oo • l1a sToro cnenyeT;1 '!To 

min 
(S) 

j=J{ ... o. 
0

( C(S),S) 

Mbl nOK838JIH, 'ITO nJISI CHCT9Mbl ( 1 ) MO)KHO ITOCTpOHTb 

TO'!HOe pemeHHe H HBHTH Bblp8)K9HHe nnH CBOOOnHOH 3Hep-

He ITOnqepKHeM, '!TO rrpu ITOCTpOeHHH noKa38T9JlbCTB8 nJISI 

iiiTOTH'I9CKH TO'IHOI'O pemeHHH nng MoneJI~HOH CHCT9Mhl ( 1) 

10 

...: ;'il' 

Mbl OCHOBb!BaJIHCb Ha arrrrpOKCHMHpyiOmeM I'aMHJibTOHHaHe (5). KOTOpb!:ll: 3a

PeW8SI acno-aucen OT napaMeTpoa c l ' ••• em H s { , ... s, . 
MOI"aTeJibHy¥J 38.!:1B'Iy, Mbl CTpOHM CB060AHY!O SHepi"HlO j=J(Jc.s> HB OCHOBe arr

rrpOKCHMHpyiOWei"O raMHJibTOHHaHa J( 0 ( C ,S ) - ( 5) • Ha ycnoau Sl 

a6COJIIOTHOI"O M8KCHMYM8 STOll: CBOelOAHOll: SHepi"HH ITO rrapaMeTp8M C I, C 
2

, .,C m 

IIpH tj>HKCHpOBBHHb!X 3HB'IeHHSIX rrapaMeTpOB S I , S 
2 

, , , , S • IIOJiy'la-

9M m ypasHeHH:ll: ( 7) nnH onpeneneHHSI C • C ( s ) • .Uanee noncTaB-

nsreM 9TH 3H8'19HHSI C ( S ) B arrrrpOKCHMHpyiOmHft I'aMHJibTOHHaH J{
0

(C,S) 

H 381IHCb!BaeM ero KaK 

J<
0

(C (S),S), 

PaccMaTpHBaSI OCHOBHYIO aana11y, cTpOHM cso6onay10 saeprHIO j= Kncc<s'>.s> 
Ha OCHOBe STOI'O I'BMHJibTOHHBHa H B OKOH'IaT9JlbHbiX Ma)KOpallHOHHbiX Hepa-

B9HCTB8X oepeM aOCOJI!OTHblft MHHHMyM CBOoonaoft SHepi'HH y>Ke ITO rrapaMeT-

paM s , ... s2, 
I 

T.e. 

~in j=J{ (C(S) 8) 
(S) 0 , 

TaKHM o6pa30M1 rrpH IIOCTpOeHHH aCHMITTOTH'!9CKH TO'IHOro pemeHHSI nng 

MOA8JibHOft aana'!H CTaTHCTH'!eCKOft $H3HKH Mbl rrpHWJIH K IIpHHUHrry MHHHMaK-

ca. 

nonb3YSICb cny'!aeM, Bbip8)K8!0 CBO!O rrpH3HaTeJ1bHOCTb H. H. Boroni0-

6osy aa ueHHbie aaMe'laHuSI. 

~· 
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3. N.N.Bogolubov. Jr. Physica 32, ~966, 933-944. 

4. H. H. Boromo6oa (Mn.). JlAH CCCP, TOM 168, M4,- 1966. 

5. N.N.Bogolubov.Jr. llpenpnHT HTtiJ, Knea, MTttJ-67-1, The Correlation 
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l ' 

Pyxonuc& nocrynuna e H3naTen&cKuA OTnen 

3 nexa6ps 1968 rona. 
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