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B HaeTOJI~ee BpeMJI e'IHTaeTeJI o6~enpH3HaHHhiM, 'ITO 
eoeTOJIHHJI 4JH3H'IeeKoro H MaTeMaTH'IeeKoro BaKyyMOB 8 
KBaHToBoii TeopHH nomr opToroHanhHhi. 0.D.HaKo :no MHeHHe 
oeHOBaHO Ha paeeMOTpeHHH pa3HOrO po,LJ,a TPHBHanhHhiX 
npuMepos /1 • 2 I . B HaeTOJI~eii pa6oTe Mhl BoenonHJieM 
3TOT npo6en H ,LJ,aeM ,LJ,OKaJaTenbeTBO OpTOrOHanhHOeTH 
MaTeMaTH'IeeKoro H 4JH3H'IeeKoro BaKYYMOB B MO,LJ,enH KBaH· 
Tosoii Teopuu eKanRpHoro HeiiTpanhHoro nonJI e eaMo,LJ,eii
eTBHeM g f/1 4 B enyqae O,LJ,HOH npoeTpaHeTBeHHOH H O,LJ,HOH 
BpeMeHHOH eTeneHeii eso6o,LJ,hl. 3Ta MO,LJ,enb JIBnJieTeJI npo
CTeiiweii HeTpHBHanhHOH MO,LJ,enhJO KBaHTOBOH TeOpHH nonJI: 
B Heii HeT paeXO,LJ,HMOeTeii /Ja HeKnJO'IeHHeM e,LJ,BHra 3HeprHH 
BaKyyMa/ H eeTb Bee qepThl, esoiieTBeHHhle Ka)f(,LJ,OH "Ha· 
eTOJI~ei{" MO,LJ,enH KBaHTOBOH TeOpHH nonJI: eeTh B;JaHMO· 
,LJ,eHeTBHe, eeTb penJITHBHeTeKaJI HHBapHaHTHOeTb /?/, ,LJ,nJI 

Hee, Ha,LJ,o nonaraTh, enpaBe,LJ,nHBhi Bee aKeHOMhl, npe,LJ,no
naraeMhle B aKeHOMaTH'IeeKOM llO,LJ,XO,LJ,e K KBaHTOBOH TeopHH 
nonJI. 

1. Mhl 6y.lleM nonh30BaTbeJI npe,LJ,eTasneHHeM, B KoTo-
poM onepaTop nonJI ¢(k) ,LJ,HaroHaneH. PaJHOBH.LJ.HOeTh 
«lJYHKUHOHanLHOrO llO,LJ,XO,LJ,a K KBaHTOBOH TeopHH nonJI, eBJI· 

JaHHaJI C HCfiOnh30BaHHeM 3~ro llPJ:l.D.CTaBneHHJI, CHeTeMa· 
TH'IeeKH pa3BHTa B pa6oTaX 3

• 
4

-
6 1. 

CocToJIHHe 4JH3H'IecKoro BaKyyMa onpe,LJ,enJieTCJI «ilYHK

UHOHanoM 0 0 (~): 

lnfl0 (g) =- -ilfa(k)fjJ(k)¢(-k)dk + 
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+ JC,~r"~·"2·"3·"4J n (¢(ki)dki)~(I.ki) + /I/ 
i= 1 

6 
+JC6(k1 , ... ,k 6 )i=ll1 (¢(ki)dk)~(I.ki) + ... J, 
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COCTOJIHHe MaTeMaTH'IeCKOrO BaKyyMa onpe.D;enJieTCJI cPYHK· 

UHOHanOM no (0): 

J I 
ln no (0) = -2 fw(k) ¢(k) ¢(-k)Jk, /2/ 

2 2 
3.D;eCb w(k) = ..j k + m . 

B pa6oTe /3/ BblnHcaHLI ypasHeHHJI, onpe.D;enJIIOII{He Ko-

3cPcPHUHeHTHble cPYHKIJ;HH a (k), C 4, C 6 • 

HaM, O,ll;HaKO, 3TH ypaBHeHHJI He IIOHa.D;06JITCJI; ,ll;flJI HaC 

CymeCTBeHHO TOflbKO, 'ITO a/ cPYHKUHH a(k), C4 , ... MOryT 

6LITL pa3no>KeHhi a /acHMnTOTH'IeCKHe/ pJI.D;LI no cTene-

H · g, 6/ 
2 

a{k) = w( k) + ga1 (k) + g a/k) + ... , /3/ 

a/ pa3no>KeHHe cPYHKUHH C4 Ha'IHHaeTCJI c qneHa, 

nHHeiiHoro no g, aHanorH1.fHLie pa3no>KeHHBcPYHKUHH C0 ,C8 , ... 

Ha1.fHHaiOTCJI C 'lfleHOB KBa.D;paTH1.fHOrO, Ky6H1.feCKOrO H TaK 

.D;anee: 

C4 =or g) 
2 

C
6

= O(g ) 
/4/ 

2. ,[(nJI ,ll;OKa3aTeflbCTBa OpTOrOHaflbHOCTH cPYHKUHOHaflOB 

MaTeMaTH'IeCKOrO H cPH3H1.feCKOrO BaKyyMa HaM npH,ll;eTCJI 

IIO,ll;C1.fHTaTb HHTerpanbi BH,ll;a 

( g l ' g 2 ) = f no ( g 1) 0 0 ( g 2) 8 ¢ ' /5/ 

r.D;e g,,g2 DpHHHMaiOT 3Ha1.feHHH 0 HflH g. )J;nJI IIO,ll;C1.feTa 

HHTerpanoB Mbl 3aMeHHM Hawy CHCTeMy C KOHTHHYYMOM 

CTerreHeH CB060.D;bl Ha CHCTeMy C ,ll;HCKpeTHbiM Ha6opoM 

CTerreHeii CB060.D;bl, pa3peWHB nepeMeHHOH k npHHHMaTb 

3Ha1.feHHH 

k = hj' j=O,±l, ... ; 
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npH 3TOM HHTerpanbl B /1/, /2/ 3aMeHJIIOTCJI Ha CYMMbl: 

f dk f(k) = h ~ f(k.). 
j 1 

a B HHTerpane /5/ JneMeHT o6oeMa 8¢ cne.D;ye~ noHHMaTL 

KaK 

n d¢(k1 J. 

TexHHKa, Heo6xo.D;H¥aJI .D;nJI no.D;c1.feTa HHTerpana /5/, 
HaMe1.feHa B pa6oTe /31: no.D;HHTerpanLHoe Bblpa>KeHHe 

HMeeT BH,ll; e -K; B 3KCIIOHeHTe Cne.D;yeT y.D;ep>KaTb TOflbKO 

KBa,ll;paTH1.fHbiH DO ¢ 1.ffleH, a OCTaflLHLie pa3nO>KHTb B 

CTerreHHble pB,ll;bi; B03HHKaiOII{He IIpH 3TOM HHTerpanbl Bbi· 

1.fHCflJIIOTCJI aHanHTH1.feCKH, TaKHM o6pa30M, HHTerpan /5/ 
npe.D;CTaBHTCH B BH,ll;e CYMMbl npOH3Be.D;eHHH CBH3HbiX ,ll;Har

paMM; CYMMHPOBaHHe HBHO Bl>IIIOflHHeTCH H DpHBO,ll;HT K 

npe.D;cTasneHHro 

ln ( g 1 ' g 2 ) = -
t(gl'~) 

h 
+' 0(1). /6/ 

3.D;eCb BeflH1.fHHa 

CBJI3HbiX ,ll;HarpaMM. 

onpe.D;enJieTCJI a,ll;,ll;HTHBHbiMH BKfla.D;aMH 

CymeCTBeHHO, 1.fTO Be1rH1.fHHa t(g 1,g2 ) B /6/ CO,ll;ep-

>KHT HHTerpanLI, a He ,CYMMbl, II03TOMY Bbipa>KeHHe /6/ 
HeorpaHH1.feHHO pacTeT npu A,.. 0: 3THM H onpe.a;enseTcJI 

opTorOHanLHOCTb COCTOJIHHH 0 O (0) , 0 o (g) · 

3. Henocpe.D;CTBeH:ilo 'HHTepecyromeii Hac senH1.fHHoii JIB· 

nH:eTCH: OTHOWeHHe CKaJIH:pHQrO npOH3Be.D;eHHH: COCTOJIHHH 

0 0 (0), Oo (g) K npoH3Be.D;eHHIO KopHeii ax HopM; cornacHo 

/5/, /6/, 3Ta senH1.fHHa MO>KeT 6LITL npe.D;cTasneHa B BH.D;e 

(O,g) 
= e 

..j (O,O)(g,g) 

T( g) 
---+0(1) 

h 
/7/ 

llocne 3Toro .D;nJI .D;OKa3aTenLCTBa opToroHanLHOCTH cPH3H

qecKoro H MaTeMaTH1.fecKoro aaKyyMos/npu h ... 0 I ocTaeT

CH: TOflbKO y6e.D;HTbCH: .B TOM, 1.fTO cPYHKI{HH: r( g) DOflO>KHTenb-
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I 

Ha /nocxonbKY senH'IHHa r(g) no onpe,D;eneHHIO HeoTpH-

u;aTenbHa, e,D;HHCTBeHHaJI anbTepHaTHBHaJI B03MO>KHOCTb CO· 

CTOHT B TOM, 'ITO r (g) MO>KeT TO>K,D;eCTBeHHO paBHJITbCJI 

Hyn10; npasaJI 'laCTb /7/ B 3TOM cny'lae onpe,D;enJieTCJI He 

BbiDHCaHHbiMH B Heft KOHe'IHbiMH DpH h .... O 'lneHaMH/. 

Mbl paccMoTpHM liJYHKUHIO r (g) npH g .... 0 H noKa>KeM, 

'ITO 

2 r(g) = g r+ ... , /8/ 

r.Ae 

r > 0; /8a/ 

3TO 3aBepwaeT ,D;OKa3aTenbCTBO YTBep>K,D;eHHJI HaCTOJimei 

pa6oTbl. 

4. DpHMeHJIJI TeXHHKY pa6oTbi /3< nony'laeM, c y'leToM 

/6/, /1/, /2/: 

t(g,g) =-i-flna(k)dk+3fdk dq C (k,-k,q,-q) 
2 a(k) 2 a( q) 

c (k,-k, q,-q,p,-p) 
....:_~-~-;-:-- + + 15 fdlc dq dp 2a(k)2a(q)2a(p) 

/9/ 
c:rk,q,p,s) 

_.!.!. f die dq dp ds ~( k+ q + P + s) 2 a(k)2f(q} 2a(p) 2a(s} 2! 

4·4·3·3 

2! 2 

C4(k, -k, q, -q) C /q. -q, p, -p) dk dq dp+ O(g3); 

f 2 a (k)(2 a( q)) 2 2 a(p) 

1 3 C4(k,-k,q,-q) 
t(O, g) = T f ln b(k) dk + ""1" f dk d q 2 b(k) 2 b( q) 

6 

J 

I A 

C4 (k,-k,q,-q,p,-p) 

+ ;s fdk dq dp 2b(k) 2b(q)2b(p) 

c!rk, q,p, s) 

/10/ 

_ ~ f dq dk dp ds B(k + q + P + s) 
2

b(k)2b(q)2b(p)2b(s) 2!4 

Cik, -k, q, -q) Ci q, -q, p, -p) 
----- f dk dq dp -----.,....--

2!4·2 2b(k)(2b(q)) 2 2b(p) 

4·4·3·3 

3 + 0( g ) . 

3.AeCb 

2 bfk) = a(k) + w(k) ; /ll/ 

HaKoHeu;, 

1 
t(O,O) = - fln c.r)rk)dk. 

2 /12/ 

CornacHo /6/, /1/, /3/, /4/, nony'laeM 

1 1 r(6) = t(O,q)- -y t(g,g)- 2 t(O,O) 

2b(k) 
+ 1 f dkln 

= 2 ..j2a(k)2w(k} 

(-)1 
+ {fdk dq C/k,-k,q,-q) [ 2b(k)2b(q) 

1 
+ ] 

2a(k)2 a(q) 

2 
4! c 4 ( k ' q, p ' s ) 

___ f dk dq dp ds B(k + q+p + s) 2 w'rk) 2w(q)2w(p)2w(s) + '4 2. 
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+ 9 I dk dq dp 
c 4 ( k' -k ' q' - q) c 4 ( q, - q' p ' ..:. p ) 

2cu(k) [2cu(q}] 2 2cu(p) 

3 + 0( g ) . 

/13/ 

0603HatfHB T1 (g) H r2 (g) rrepBbiH H BTOpOH tfJieH /13/, 
COOTBeTCTBeHHO, H BOCIIOJib30BaBWHCb pa3JIO*eHHeM /3/, 
IIOJIYtfHM 

2 
T (g) - g I [ a 1 (k) 2 
1 - T6 ,. ' ] dk 

3g 
-r2(g) = T6Idkdq C4 (k,-k, q,-q) 

a
1 

(k) 

cu(k) 

al (q) 
+-

cu{q) 

cu(k) cu(q) 

0603HatfHB 

g a 1 (k) 
X(k) = 4 ( -;;;r;;J ) 

3 
y (k) = 4 fdq 

c ( k' -k' q' - q) 

cu(k)cu(q) 

6y,IJ;eM HMeTb, 

T (g)+ T (g) = I dk (X 
2 + 2 XY) > 

1 2 

C (k,-k,q,-q)C4 {q,-q,p,-p) 
> - I y 2 d k = - 9 I d k d q d p _2:~!_(:_::k):_(_2 _:cu~( q~) )-:-;2;...2::-cu.:.(;-p )~----

j 

0TCIDJJ;a BMeCTe C /13/, /4/, 0\feBH,Il;HO, CJie,IJ;yeT /8a/. 

5. TaKHM o6pa3oM, c)IH3HtfecKuii u MaTeMaTHtfecKuii 

BaKyyMbl B paccMaTpHBaeMOH MO,IJ;eJIH KBaHTOBOH TeOpHH 

IIOJIH OpTOrOHaJibHbi; HeCJIO*HO JJ;OKa3a Tb H OpTOrOHaJibHOCTb 

IIOPO*,IJ;aeMbiX COCTOHHHHMH Oo (0 i H 0 0 (g) . rHJib6epTO • 

BbiX rrpocTpaHCTB G(O} u G(g}. 
HaM Ka*eTc.a, OJJ;HaKo, tfTO 3TOMy o6cTOHTeJibCTBY 

rrpuJJ;aeTca B HacToamee BpeMa qpe3MepHoe 3HatfeHue: 

B ,IJ;eHCTBHTeJibHOCTH CHTyan;HH B paCCMaTpHBaeMOH MOJJ;eJIH 

8 

IIOJIHOCTbiD OIIpe,IJ;eJIHeTCH TeM c)laKTOM, tfTO TeOpHH B03My· 

meHHH B Heii KOHetfHa /He COJJ;ep*HT paCXOJJ;HMOCTeii/; 

IIOJib30BaHHe 3TOH Teopueii B03MymeHHH He IIpHBOJJ;HT, no· 

BHJJ;HMOMY, HH K KaKHM OWH6KaM HJIH IIpOTHBOpetfHHM * · 

OpToroHaJibHOCTb *e runb6epTOBbiX rrpocTpaHCTB G(O} u 

G(g} cneJJ;yeT paccMaTpHBaTb JIHWb KaK nro6orrbiTHoe o6-

CTOHTeJibCTBO, He HMeromee, BepOHTHO, cymeCTBeHHOrO 

3HatfeHHH. 

B 3aKnrotfeHue aBTop 6naroJJ;apuT M.H.IIIupoKoBa 3a 

HHTepec K pa6oTe u ueHHoe o6cy*AeHue. 
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* Mbi HMeeM B BHAY rrpeJJ;cTaBJieHHH B BHJJ;e paJJ;oB Teopuu 
B03MymeHHH JJ;JIH c)lyHKJ.J;HH rpuHa HJIH JJ;JIH K03c)lc)IHu;HeHTHbiX 
IPYHKUHii pa3JIO*eHHH /1/. 
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