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HymHa TaKaR cMTya4HR, 4T06w ~H3HK 

nOHRn, 4TO eMY "AeBaTbCH HeKYAa l l 
, 

H 4TO OH caM AonmeH 3aHHMaTbCH 
4HcneHH~M 3KcnepHMeHTOM 

A.A.CaMapCKH~/ll 

B TeopeTH4eCKO~ ~H3HKe B~COKHX ~HeprH~ I~HTya4HR CaMapCKord' 
HacTynHna C Ha4ana 80-x rOAOB. B 3KcnepMMeHTanbHO~ ~H3HKe - e~e 
paHbwe. 

1. O BbI4~Cm1TEJ1bH0t1 ~~3~KE* 

OCHOBO~ MaTeMaTH4eCKoro onHcaHHR Boo6~e H B eCTeCTBeHH~X Hay
Kax B 4aCTHOCTH RBnReTCR MOAenbHbl~ nOAxoA. Hac HHTepeCY~T MOAe
nH KBaHTOBO~ TeopHH nonR /KTn/ 121 H HX HccneAoBaHHe MeToAaMH 
4HcneHHoro 3KcnepHMeHTa /43/. 

Ilposeneuae 4·3 noennonar ee r npemAe Bcero Bw60p MaTeMaTM4eCKo~ 

MOAenH. AnFl aroro H3 oeansuux RBneHH~ a6CTparHpY~T OCHOBHwe xá
pVKTepHwe 4epTW H ~opMynHPY~T ynpo~eHHY~ HAeanH3HpoBaHHY~ M He
npoTHBope4HBY~ MaTeMaTH4eCKY~ MOAenb, KOTopaR nOAAaeTCR KonH4eCT
BeHHOMY aHanH3Y. 

B ~H3HKe BcerAa HMeeM Aeno C npH6nH*eHHHMH. OT6paCWBaeM Ka
KHe-TO ~aKT~, npeHe6peraeM KaKHMH-TO CHnaMH H Bw6HpaeM OCHOBH~e, 

xo r opue onpenenmo r HccneAyeMoe HBneHHe. 4>H3H4ecKoe npH6nH)f{eHHe 
~opMynHPyeM B MaTeMaTH4eCKHX TepMHHax, nHweM xpaBHeHHH, cTaBHM 
Bce AononHHTenbH~e YCnOBHH, Heo6xoAHM~e AnR peweHHR MaTeMaTH
4eCKO~ 3aAa4H. Ao npOBeAeHHR 43 MaTeMaTH4eCKY~ MqAenb H3Y4aeM . 
MeTOAaMH MaTeMaTH4ecKo~ ~H3HKH, AOKa3WBaeM TeopeMW cy~ecTBoBa

HHH H KoppeKTHOCTb nOCTaHOBKH; 04eHHBaeM nPH6nH)f{eHHR H Tpe6ye
Mble BbI4Hcn.1TCJ'1bHble pe c ypcu ; npoBoAHM pa3MepHbl~ aHanH3, H3Y4aeM 

;>
CBo~cTBa aBToMoAenbHOCTH H nHHeapH30BaHH~e ypaBHeHHR; npHMeHHeM 
MeTOAw TeopHH B03My~eHH~. B pe3ynbTaTe nonY4aeM nepBH4HY~ HH~QP

Ma4H~ O xapax r epe. H3Y4aeMoro RBneHHR. 
B BW4HcnHTenbHO~ ~H3HKe /B4>/ pa3nH4a~T ABa THna HccneAoBaHH~. 

K OAHOMY H3 HHX OTHOCHTCH Te, B KOTOpWX aHanH3HpY~TCH cy~ecTBy~

"'\ 

* OCHOBY AaH110H pa60TbI COCTaBH:JUf MaTepHaJIbI AOKJIaga rra Y'lJeHOM 

CoBeTe no lÍlH3H:Ke BbICO~~P.'~.~":~~e:~~HaBTopa Ha' WKOJIe MOJIO

)J;bIX yq:eHblx üIDU1. l @(:31i1Cn... i'".;, ,~.'iI1>\h ~; 1,.,ltt'Y1 , 
~1~~:aM~ 3CC ll1e:icuauutl 1 ~ 1 



~~e MoAen~ TeOp~~ c 4enb~ CpaBHeH~R c pe3ynbTaTaM~ $~3~4eCKOrO 

3~nep~MeHTa AnR onpeAeneH~R rpaH~4 np~MeH~MOCT~ MOAen~, ~n~ 

B TOM CnY4ae, KOrAa $~3~4eCK~~ 3KCnep~MeHT TPYAHO ~n~ HeB03MOm
HO npOBeCT~. Hanp~Mep, B~4~CnR~T CneKTp MaCC aAPOHOB B paMKaX 
KBaHTOBO~ XPOMOA~HaM~K~ /KXA/ 13/. 

K APyrOMY T~ny OTHOCRTCR ~ccneAoBaH~R c 4enb~ B~RBneH~R HO
B~X 3aKOHOMepHOCTe~, Hanp~Mep, nO~CK MHOrOKBapKoB~x CBR3aHH~X 

COCTORH~~ 141 ~ YCTaHOBneH~e cy~ecTBoBaH~R Ka4eCTBeHHO HOBO~ $a
3~ Be~eCTBa - KBapK-rn~OHHO~ nna3M~ np~ BWCOK~X TeMnepaTypax ~ 

nnOTHOCTRX RAepHO~ MaTep~~ 151 • 3AeCb $~3~4ecK~e 3Kcnep~MeHT~ 
XOTR ~ npOBOARTCR, HO OH~ Aoporo CTORT, ~ K TOMY me HymAa~TcR 

B AOCToBepHO~ npeABap~TenbHO~ ~H$OpMa4~~ 06 ycnoB~RX npoBeAeH~R 

3Kcnep~MeHTa, 04eH04H~X 3Ha4eH~RX Kp~T~4ecKo~ TeMnepaTYP~ ~ 

nnOTHocT~ RAepHoro Be~ecTBa. Apyr~M np~MepOM RBnReTCR MOAen~po
BaH~e paHHe~ $a3~ 3Bon~4~~ BceneHHo~/6/. 

Teope ruve cxae 3aAa4~ B$ CBoARTCR K peure aao /He/n~He~Hblx ypaa
HeH~~ B 06~KHoBeHH~x ~ B 4aCTH~X npo~3BoAHWX, a TaK.e K B~4~cne
H~IO ~HTerpa~OB Ha $YHK4~oHanbHblx npocTpaHcTBax. 3Kcnep~MeHTanb

Hble 3aAa4~ B$ CBOARTCR K npeABap~TenbHOMY MOAen~pOBaH~~ ~ccneAY

eMoro RBneH~R, nnaH~pOBaH~1O ~ Kan~6pOBK~ 3Kcnep~MeHTanbHO~ YCTa
HOBK~. 3Ta 4aCTb paõoru 6n~3Ka K TeopeT~4eCK~M 3aAa4aM B$. Apy
raR 4aCTb COCTo~T B ynpaBneH~~ $~3~4eCK~M 3Kcnep~MeHTOM ~ B 06
pa60TKe nonY4eHH~X AaHHWX. 

60nbw~HcTBO npor pa-w B$ Han~caHbl Ha s ssnce ooprpaa . Bonee 
n03AH~e R3bIK~ /Anron, Ilacxans , C ~ AP./ YA06Hee, 4eM ooorpaa , 
AOCTO~HCTBOM KOToporo ocTa~TCR 60nbw~e 6~6n~oTeK~ CTaHAapTHWX 
nporpaMM. 

~HTeHc~BHw~ nyTb pa3B~T~R B$ 3aKnlO4aeTCR B pa3pa60TKe cne4~
ans aux R3blKOB AnR Han~CaH~R nporpaMM, Ha~60nee aAeKBaTHO orpaxa
~~~X 3aAa4H B$ 171 ; HOB~X $opMyn~poBoK, Hanp~Mep, KOHTYPHO~B~xpe
BO~ $opMyn~poBK~ B KBaHToBo~ Teop~~ nonR ~ r~APoA~HaM~K~ 181 ; 
HOB~X, B TOM 4~cne napannenbH~X, anrop~TMOB 191 ; B C03AaH~~ cne
4~anbH~x c~cTeM AnR peweH~R onpeAeneHHoro Knacca 3aAa4. 3TH CHC
TeM~ CTORT HeAoporo, a no npO~3BoA~TenbHocT~ nY4we cynepKoMnblO
TepOB1101 • 

( 

2. BW4HCn~TEnbHAR KBAHTOBAR TEOP~R nOnR	 f· 

" B ocHoBe TeopeT~4ecKo~ $~3~K~ B~COK~X 3Hepr~~ nemaT MOAen~ 

r eopua KBaHTOBblX none ã 121 • B nocnenuee BpeMR B B$ 06pa30BanOCb 
HOBoe HanpaBneH~e: B~4~cn~TenbHaR KBaHTOBaR Teop~R nonR /BKTn/~ 

3BM B KBaHTOBO~ Teop~~ nonR /KTn/ np~MeHRn~Cb ~ paHbwe 1111 /B 
OCHOB'HOM AnR aHan~T~4ecK~x npe06pa30BaH~1~ ~ AanbHe~wero BbI4~cne I 

H~R ~HTerpanOB COOTB~CTBYIO~~X AI'larpaMM $e~HMaHa/. HOBbIM~ MeTO
AaM~ BKTn RBnRI()TCR MeToAbl MOHTe-Kapno ~ n~He~Hoi:1 anreôpu AnR B~
4~cneH~R ~HTerpanOB ~ 06p3~eH~R MàTP~4 c pa3MepaM~, 3Ha4~TenbHO 

npeBocxoAR~HMH pa3Mep~ paCCMaTp~BaeM~X paHee 3aAa4 1121 

2 

B $opMyn~poBKe $e~HMaHa KBaHTOBaR Teop~R /nonR/ CTPO~TCR Ha
/ 141 

ocHOBe $YHK4~OHanbHWX ~HTerpanoa/13/. HMeeTCR $OPMan~HaR CBR3b 
MemAY npO~3BOAR~~M $YHK4~OHanOM AnR $YHK4~~ rp~Ha 121 KBaHTOBO~ 
Teop~~ /nonR/ 

ii ... -~tEn
-'ii tH 

2. <x C \ n» <n Ix i >eZn <XC [e Ix i > 
n 

/1/i t '2 _ J dt ( mx 
x(t) =Xr dx e -ti	 o '""2 - v(x) ) 

f 
x(O) = Xi 

~ cTaTcYMMo~ 

-{3(E n - T S( E n ) ) 
~ -{3E

Z = tr e -{3H	 k e n ~ e
 
n E
n /2/ 

(3 mi2 - f dr(-- + v(x» 
oJ dx e 

2 

x(O) = x ({3) 

Ta6JIH~a 

KBaHToBa~ TeopH~	 CTaT. MexaHHKa 

KnaccH~eCKoe geHcTBHe, Se 3HeprH~, E 

KBaHToBoe geHcTBHe, Sq CBo6ogHa~ 3HeprH~, F 

KOHCTaHTa llrraHKa, ~; TeMrrepaTypa, T
 
g2 _ KaJIH6pOBO~HaH KOHçTaHTa
 

~BH3H 

F = E - TSSq = S c -1í S q 

B cTaT~4ecKO~	 MexaH~Ke 4acTO 04eHb 06~~e ~ BamHwe pe3ynbTaTw 
nonY4alOT, ~cnonb3YR TonbKO TepMOA~HaM~4eCK~e np~H4~n~. 

• 
AnR KBaHToBOIll	 Teop~~ /Kan~6poBo4H~X/ none~~ 

_I 
- - 1 f dx0 2 - S 

Z = f dAdcP e g2 v IlV .<jJ e-F/ T , 

.~ 

3 



- -

rAe A~ - Kan~6pOB04H~~ nOTeH~~an, ~ - MaTep~anbH~e non~; F = 
= E - TS.; T = g 2; ·E - axc rpeaans aoe 3Ha4eH~e Ae~cTB~~. Yc.no aae 
coxpaHeH~~ 3KcTpeManbHocT~ cB060AHO~ 3Hepr~~, dF = O, np~ ~3Me

HeH~~ 06beMa ~ nOCTO~HHOM 4~cne BHYTpeHH~x cTeneHe~ cB060A~, 

AaeT/ 15! 

dT P 
éJ=-s' 
YcnoB~e cTa6~nbHocT~, P = ~ np~BoA~T K 

dT d 
- - a - g(a) = 'I' (g) = O• 
dV da 

CneAOBaTenbHo,CTa6~nbHble Teop~~ ~Bn~~TC~ OAHOBpeMeHHO MacwTa6Ho
~HBap~aHTH~M~.KoHe4H~e Teop~~/16,17/ cTa6~nbH~ np~ Bcex 3Ha4eH~~X 
g. Ecrua '" >O , TO KOHCTaHTa pacr e r c paCCTO~H~eM /KXA/, P < O, T. e. 
~MeeT MeCTO KOMnaKT~$~Ka4~~.AHanor~4Hoe paCCMOTpeH~e An~ Teop~~ 

pen~T~B~CTCKO~ CTPYH~ BO BHeWH~X non~x np~BOA~T K ycnoB~~ KOHe4
HOCT~ COOTBeTcTBy~~e~ a-MOAen~ ~ K $opMyne An~ pa3MepHOCT~ npo
CTpaHCTBa-BpeMeH~. 

AHanor~~ CO CTaT~CT~4eCKO~ m~3~KO~ ~Bn~eTC~ OCHOBO~ np~MeHe

H~~ 41-1CneHHblX MeTOAOB BKTn /18,12/. Ilpn ~ccneAOBaH~~ CnO>KHO~ Hen~
He~HO~ Teop~~, Hanp~Mep, KXA Ha aAPOHH~X MaCWTa6ax, He06xoA~MO 
nepe~T~ K $opMyn~poBKe Teop~~, B KOTOPO~ B paMKax KOHTpOn~pyeMwx 

np~6n~>KeH~~ ~ AocTynH~x B~4~cn~TenbH~X peCYPCOB B03MO>KHÓ npOBO
A~Tb peanac ruveckae BbI4~cneH~~. \.1HbIM~ c noaaau, He06xoA~MO C$Op
Myn~poBaTb pewaeMY~ MOAenb, annpOKC~M~PY~~Y~ ~CXOAHY~ Teop~~ B 
npeAenax Tpe6yeMo~ T04HOCT~. ·B cooTBeTcTB~~ C 3T~M B KBaHTOBO~ 

Teop~~ /Kan~6pOB04H~X/ none~ C$opMyn~poBaHa MOAenb PKTn /pewe
T04Ha~ KTn/ /19~ 

B ~OAen~ PKTn Henpep~BHoe npocTpa8cTBO-BpeM~ 3aMeH~eTc~ Ha60
POM Y3nOB r~nepKy6~4ecKO~ peweTK~ B eBKn~AoBOM npOCTpaHCTBe, TeM 
caMblM $YHK~~OHanbHble ~HTerpanbl /1, 2/ tBoA~TC~ K 06blKHOBeHHblM MHO
rOKpaTH~M ~~TerpanaM. $YHK4~~ rp~Ha B PKTn ~Me~T B~A/12/ 

- N(Q) 1. 
<Q(V, 'I' , '1') > == _.- = ---:--- J TI dV~ (n) d'l'(u) d'l'(n) x 

N(l) N(l) n ,~ /3/ 
x exp(-,BS(V, '1', '1')) Q(V. '1', '1'), 

rAe Ae~cTB~e S YAOBneTBop~eT ycnoB~~M:
 

, - nOKaJlbHOCT~, S = ! S(n), rAe Seu) 3aB~C~T OT 3Ha'-leHL.-1~ no

ne~ B OKpeCTHoCT~ ysna n n; 

- S(n) lIIHBap~aHTHO OTHoC~TenbHO Kan~l?poBO'-lHbIX npe06p,~30BaH~~ 

~ npe06pa30BaH~~ C~MMeTp~~ d-MepHoro Ky6a; 
- S C YMeHbUJeH~eM wara 'peweTK~ nepexonn r B Ae~CTBl1e HenpepblB

HO~ ,.eop~~. 

Ae~CTB~e COCTo~T ~3 Kan~6pOBO'-lHOrO ~ $epM~OHHoro cnaraeMblX 

S = S v + g2 S g 2 = (3 -1 , 

4 

rAe An~ xan~6pOB04H~X none~ 

+ 
-Sv = 2 -Re-tr(1 - c ) = 2 ! Retr( 1 - V/iV (n) Vv~ -Cn) ), 

o ~<v,n 

BKnaA ~epM~oHoB /~ ~x B3a~MoAe~cTBHe c Kan~6poB04H~M~ non~M~/ 

}:, 'I'(n) (J - M(V)) nm 'I'(rn) • S'I' = 
rr.m 

g _ KOHCTaHTa CB~3~, n ~ m 3aAa~T Y3n~ peweTK~; Kan~6poB04H~e 

CTene~~ cB060A~ npeAcTaBn~~Tc~ B B~Ae 

+
 
V"" (n) = VII (n) VII (n + ~ ), V (n) = V " (n - ~ ) ,

rp-2 r1 r2 1 -~ r 

»;» = e iagAC
IJ. T C + o(a 2) 

, (n+~) =(nv+av~' v =J, ...,d ) • 

Te _ reHepaTopbl Kan~6pOBO'-lHO~ r-pynnbl G. no nepeMeHH~M V~ (n) 
6epeTc~ ~HTerpan no ~HBap~aHTHo~ Mepe Xaapa 

I dV F(V) = f d(VU) F(V) = J d(UV) F(V) • 

u - np0113BO;/lbHbl~ 3neMeHT paccMaTP~BaeMo~ r pynnu , $epM~OHHble
 
c r eneua CB060Abl on~CbIBaK)TC~ rpaCCMaHoBblM~ nepeMeHHblM~ q;,. 'I' ,
 

An~ KOTOPblX 
_ _ _ _ - -1 /4/I d'l' d'l' exp (-'I' A 'I' + 7? 'I' + 'I' 17) = exp (17 A 71 + tr InA) • 

MaTp~~a M ~MeeT B~A 

M nm = k 2 P~ V~(n) an+~ , m ' 
±~ = 1,2, ... ,d 

r-rie P~ = J+yw y_~=_.y~ , lylJ. ,Yv\ =2a~v' a-.~,v=-a~v ,'Y~
MaTp~~bl ll~paKa c pa3MepoM 2 d!2 x 2 d!2; k -1 = 2d + 2ma , ma == 

___1 -~__ ~ m - Macca coo6oAHoro ~epM~oHa. CnY'-la~2dk Kan~6pOBO'-l-

HO~ rpynnbl G = U(l) ~ on-roro T~na $epM~OHoB COOTBeTcTByeT KBa8TO
BO~ 3neKTpoA~HaM~Ke. np~ G = SU(3) ~ n r T~noB $epM~OHOB, 'l'f , f = ( 

= 1,2, ... , nr, nonY'-laeM PKXA.
EA~Hble Teop~~ nona, KPOMe BeKTOPHblX ~ cn~HOPHbIX noneü , conep

>KaT TaK>Ke cKan~pH~e non~. CKan~pHoe none ~3 $YH~aMeHTanbHoro 
npeAcTaBReH~~ Kan~6pOBO'-lHO~ rpynnbl BBOA~TC~ A06aBneH~eM B Ae~cT

B~e cnaraeMoro 
-a ab b a a 2 

S,m = 2'<lJ (a) ( 1 - m) '<lJ (m) + À 2 ('<lJ '<11 (n) ) • 
-... . nm 

5 



rAe ~ - IKOMnneKCHOel CKan~pHOe none ICKan~PH~H KBapK B pacw~
peHHOH KX,a /20/1; 

~ nm =K	 }; Vp. (n) Ôn + u , rn '
 
±/l
 

K -1 = 2d + m 2a 2 , m2 a 2 = (1 - 2dK) 1K 

m - Macca cB060AHoro CKan~pHoro non~. 

C nOMo~b~ BcnOMoraTenbHoro non~ a Hen~HeHHY~ 3aB~C~MOCTb OT 
~ MomHO CBeCT~ K KBaAPaTHOH, nocne 4ero COOTHoweH~e 141 ~ aHa
nor~4Ha~ eMY $opMyna 

--	 - - - - 1J d <IJ d<l> exp (-~ A ~ + J cIJ + ~J) = exp (J A- J - tr In A) ,	 15/ 

n03Bon~~T B3~Tb HHTerpan no $epM~OHHb'M H c Kan~pHbJM non~M /12/ 

- - 1<Q(V. 'P ,'P,.~ ;<ll) > = -- f Il dv., (n) da(n) x 
N(1) r 

x exp {- f3 Se ff (V, a) } Q (V, X (V), Y (V, a» , 

rAe 

{3 S e rr = {3S v + (31a 2 - tr InXCV) + tr In Y(V, a) , 

X-1(V) = l-M(V), y-1 (Y , a ) =. 1 - Yl(V,a) , 

2ab nrv, à):~ = iÔ n rn ô Ka(n) -t: m:~(~), f3 1 = K /4A • 

Takoe npenc r aaneuae ~Bn~eTC~ ~CXOAHbIM An~ Bb14HcneHH~ $YHKll~H 

rp~Ha C nOM~b~ MeToAa MOHTe-Kapno. CKan~pHoe none ~3 np~coeAH

HeHHoro npenc r aane aaa Kanlll6poB04HOK r pynrta SU(3) 3aAaeTC~ erra
raeMbrM 

S <IJ = I {tr q,(n) 2 + À(tr <lJ2) 2 f - K ~ tr {'~ (n) V /l (n) <li (n + /l) VI.l. (n) + L 

3AeCb rioc.ne BBeAeH~~ ecnoxor-arensuor-o nona a .... tr'<lJ2 H ~HTE;rp~po
~aH~~ no q, nOnY4aeM/ 2 l 1 B~pameHllle, COAepma~ee 

ab a b ) +) Ômnm = tr (T V /l (n) T V/l (n n + /l ,rn 

BamH~M CBO~CTBOM PKTn flBnfleTCfl T04HOe coxpaHeH~e Kan~6pOB04HOH 
CIIIMMeTp~H HenpepblBHoH r eopua . npOCTpaHCTBeHHble cHMMeTpHH Al1fl 
perynflPHo~ peWeTK~' MoryT BOCCTaHaBnHBaTbCfl TonbKO B npeAene Ma
nora wara peweTK~. npOCTpaHCTéeHH~e CHMMeTpHH np~ KOHe4HOM 4~C
ne Y3noB peweTK~ MomHO 06ecne4~Tb, ecn~ Y3n~ peweTKH cocTaBn~~T 

6 

He perynapaoe nOAMHO>KeCTBO, a Bbl6~paIOTc~ Cl1Y4a~HO 122/. C11Y4a~
HY~ peweTKY C KOHe4H~M 4~cnOM Y3110B - a6CTpaKTHblH peweT04H~H 
KOMn11eKC - MO>KHO paCCMaTplIIBaTb KaK 6011ee 06~y~ MoAe11b npOCTpaHCT24/ 
aa , 4eM eBKm1Aoao MHoro06pa3111e 1231. MeTOAbl TeopMIII rOM0110rMIII/
n03B011~IOT nlllcaTb AeHCTBIIIR ~ ypaBHeH~R ABlllmeHIIIR A11R n011eH IKOlle
neH/, onpeAe11eHH~X H~ KOMn11eKce /25/. .AaHHbIH <popMa111113M c np~B11e
4eH~eM ~AeH peHopMrpynn~ H $paKTanbHOH reOMeTplll1ll /26/ n03B011ReT 
paCCMaTp~BaTb AIIIHa~~4eCKoe 1113MeHeHllle pa3MepHOCT~ npOcTpaHcTBa 

npo611eMY KOMnaKTIII$~Kall~lII. 
B PKTn,.B OT11~4~e OT.$H3I11K~ KOHAeHClllposaHHoro COCTORHlllfl, pe

urerka HOC~T BcnOMoraTenbH~!:1 xapaKTep. npOBOAIilMble pacveru To11bKO 
TorAa cOOTBeTcTBYIOT AenpepblBHoH Teoplll~,KorAa xapaKTepH~!:1 pa3Mep
HbI~ napaMeTp pewaeMo!:1 3aAa4~ e IHanplIIMep' E= 11m , fAe m 
Macca 4aCT~L~bll \11 pasxep peurerxa , HaxoAflTCfl B COOTHOWeHI-1\.1 

a «ç«	 La. 

Anfl npoCTOTbl paccMoTP~M oAH03apRAHY~, 6e3MacCoBY~, aCIIIMnTOTIII
4eCKIII cBo60AHY~ Teop~1O - KX,a B npeHe6pe>KeHIIIIII MaccaMIII KBapKOB. 
BCl1eAcTB~e peHOpMIIIPyeMocTIII TeoplIIlII Bce pa3MepH~e Benlll411I Hbl, 06e3
pa3MepeHHble coOTBeTCTBYIO~e!:1 cTeneHblO a, flBnfl~TCR $YHKllIIIRMIII KOH
CTaHTbI CBfl31il g. HanplIIMep, AnR MacC mi 11I Me eM 

am i = f i (g) • 

<l>1II31il4eCK~e Be.nlll4l11Hbl He AOn>KHbl 3aBIIIceTb OT wara peweTKIII 

d a -mo =0.da 1 

CneAOBaTenbHO, 

a
f 1 = 'P (g) - f . ag 1 

11I1111I 
g dg
 

r i = o i exp { J -- L
 
'l'(g) 

2/
rne 'I'(g) = a~ g(a) - <l>YHKlllilfl peHOPMrpynnbl/ • Bce pa3MepHble 

.' da 
Be111114111HbI Bblpa>KalOTCfl 4epe3 YHIIIBepca11bHY~ KOHcTaHTY 

1 g dg	 16/
.A = - exp 1 r-- I m

i 
=Ot A. 

L.
 a 'I'(g)'
 

C T04HOCTb~ BToporo nopflAKa TeOPlII1II B03My~eHIIIR 

,2 2	 171 
(aA) = exp(- f3b o) (l3/b o ) b l/b o' 

7 
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11 ,102 
rne b o = -)2 ' b 1= -(--4- - K03$<!>HL{HeHTbI 'li -$YHKL{HH, 'l'(g) = OHOS/4 1/ . PaCCMOTPHM MeTOA /42/, OCHosaHHblH Ha CYMMHposaHHH pflAa(417411') 
= b Og 3 + b 1 g 5. KOHTHHyaI1bHbIH npenen C4HTaeTCfl Aoc~HrHYTbIM, eCI1H HeHMaHa 06paTHOH MaTpHLt~ 

4HCI1eHHblH pac4eT AaeT pesYI1bTaT, cosMecTHblH c noseAeHHeM /71 
lacHMnToTH4ecKH~ cKeHI1HHrl HI1H corI1acyeTcfl c 161, rAe 'P(g) onpe x = .I Ml'l 
AeI1fleTCfl He no TeopHH sosMy~eHHH, a, HanpHMep, no l/N -paSI10me n~O 

HHIO /27/, HI1H C nOMo~blO 4HCI1eHHbIX p acver oa /28/. B rI1100AHHaMHKe 

AI1fl SeI1H4HHbl A npHHflTO SHa4eHHe nopsruca 10 -2 ya,J(i.:: 420 M3B. no MeTOAY MK. 

B uac roatuee speMfl cyurec r ayer PflA nOAxOAOS K saAa4e SbI4HCI1e Ka>Í<AoMY CI1ara:MOMY s 181 (M ') ti' = I M tf ••• M.k! M ji COOTBeTcTsyeT 

HHfl $YHKL{HOHaI1bHbIX HHTerpaI10S reopau nona : MeTOA KsaAPaTYPHblX TpaeKTopHfl AI1HHOH n , coeAHHfllO~afl Ase T04K\.1 1 H f. 3TH TpaeKTo1
~,$OPMYI1/29 ,30 / ,. MeTOA MOIleKYI1flpHOH AHHaMHKH /31/, CToxaCTH4eCKoe pHH MomHO onacar s uensio AI1HHOH n 0= no + 2J, no == le - i I ,c = (x;~l" 

KsaHTosaHHe /32,33/ • MeTOA MOHTe-KapI1o' IMKI AI1fl aroro xpyr-a sa ~2 ••• ~ n) , rAe ~ i = 0, ±1, ±2, .•.±d, yxaaua aa HanpaSI1eHHe i -ro wa

Aa4 snepeue 6blI1 npHMeHeH a paõore /34/ K np06I1eMe nonapoaa /35,14/. ra rpaexropaa , 4\.1cI1o uraros a ~ -TOM HanpaSI1eHH\.1, N u » orpaHH4eHO 

npHMeHeHHe MeTOAa MK OCHOBaHO Ha $opMaI1bHOH aHaI10rHH saKYYM d 
YCI10SHeM I N 11 = J . Anfl sanauuor-o {N 11 I HMeeM
 

HblX cpeAHHX 131 co cpeAHHMH AIlH KIlaCC\.14eCKOH CHCTeMbl no KaHOHH ~= o r- r

4eCKOMY CTaTHCTH4eCKOMY aHCaM6I11O. CTaTHCTH4eCKHH sec nOI1eBO~ 
n!KOH$HrypaL{HH IV~(n), a(n) I saAaeTCfl pacnpeAeI1eHHeM 

2 +---2
(2No) ! (N1 + n o) I N l' (N 2 I ) ••• (N d !) 

1 paSI1H4HblX TpaeKTOPHH IAI1fl KOHKpeTHoCTH T04KH H f oacnonoxeau-tv. a] = exp(- - S (V, a]).
g2 eU SAOI1b nepsOH OCH/. HMeeM 

Ilpouenypa MK r eaepapyer none sue KOH$HrypaL{HH rv , a I t ' t 
1== Il == (J+d)1

1,2, ••• , N c BepOflTHOCTblOt IN =J Jt d t 

w[V, a J = p [ V, a] / f dVd a p [ V, a]. 
~ 

Ha6opos IN ~ I npl'l saAaHHoM J. et>OPMYJlY 181 neperunuex s SHAe 

Anfl OLteHKH SeI1H4HHbl 131 HMeeM 

• No+N t ~ I(2J + n ) I W(J)_ I x
1 !J. !J. == J:<Q 2> _"<Q > 2 

X n Z {N~l<Q> == - I Q t + ---, Z 2J+ n o 
N t t==No+l --IN": 

t W(J) (M ) fi 
x ~ I __1 _ 

reHepaL{Hfl OAHoro COCTOFlHHfl KaI1H6poS04Horo nOI1fl B CI1Y4ae rI1100AH ---...0-.-------- - - 2 ' 
I (2J +n ) I (2J + no) ! (2N ) I (N 1 + N o) ! N i ' (N2 1) 2••. (N dI)HaMHKH AI1fl peurerxa c 06beMOM 8 4 no aI1rOpHTMY paõoru /36/ saHHMa o o

e r npHMepHO 8 MHH Ha 3BM EC-1 060. Anfl SbI4HCI1eHHfl Ha6I1IOAaeMblx nepeCT8l-loBOK 

SeI1H4HH 06bl4HO TpaTHTCfl He MeHbwe BpeMeHH. ECI1H sanOMHHaTb V~ (n) 
rAe,s SHAe 3x} KOMnI1eKCHO~ MaTpHL{bl IMawHHHoe CI10S0 4 6aHTa/, Heo6xo

AHMa naMflTb 18x4x8 4x 4 ::. 1 ,2 M6a'HT. ECI1H aaaaaar b V~ (n) c noxoun, 10 Z == I W(J) I(J) (2J + n ),
J oJJ.BYX KOMnI1eKCHbIX rpexaepaux BeKToPoB, Tpe6yeMYIO naMflTb MomHO 

cOKpaTHTb AO 800 K6a~T. ~aI1bHeHWee COKpa~eHHe naMflT~ /Tpe6yeTcfl Pacnpeneneaue W(J) Bbl6HpaeM TaK, 4T06bl MHHHMHSHpOBaTb A\.1Cnep
MHHHMYM 8 Aei4cTBHTeI1bHbIX 4HC,eI1 Ha nepeneaayo V~ í. HeLteI1eCo96pas


CHIO 04eHKH. OLteHKa CYMMbI HMeeT SHA 
HO SCI1eACTSHe SHa4HTeI1bHorO yseI1H4eHHfl 4HCI1a apH$MeTH~eCKHX one

Z 2J + n o 
paLtH~. Anfl n0I1Y4eHHfl paSYMHoro c T04KH speHHfl CTaTHCTH4eCK~X 

N t -W (J) (M ) ti
oWH6oK peSYI1bTaTa, B SaB\.1CHMOCT\.1 OT BbI4HCI1fleMO~ BeI1H4HHbl, rpeõy

X :: -~- L -------------~---.----~-
eTCfl OT CTa IHanpHMep, AI1fl TOn0I10rH4eCKOH socnpHHM4HSOCTH saKYY ti N 2

t t=l (2N (N +n ( t) ! ... (Nd(t)!)II
Ma /37/ I Ao necarxoa TblCfl4 IAI1fl MaCCbl rI1106oI1a /38/1 KaI1H6poS04HbIX o(t»I 1(t) o)!N 1 

KOH$HrypaLt\.1H AI1fl KamAoro SHa4eH\.1fl g2 HS CKeHI1HHrOBOH 06I1aCTH. npH 3TOM TpaeKTOp\.1H Bbl6HpalOTCfl no AJlHHe c pacnpeAeI12H\.1eM
~Jlfl BbI4HCI1eHHfj. MaTpltÍl~ X(V), Y(V.a) Ofb!4HO npHMeHfllOT MeTOAbl 

IW(J)(~J+no)!/Z, a no No •...• N d H nOCI1eAOBaTeJlbHOCTH. war081l i - OA-
raycca-3eHAenfl /391, conpaxeuuux rpaAHeHToB /40/ \.1I1\.1 nceanooepaa-

HOPOAHO. I 

8 ". 
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PHC. TorronorH~ecKaH BocrrpHH~H
j(42'8a"~L

nepe~AeM K np~MeHeH~~ ~~nO*eHHWX MeTOAO~. EA~HCTBeHHO~ Ben~
4~HO~J KoTopa~ no onpeAeneH~~ Aon*Ha BbI4~cn~TbC~ B rn~OA~HaM~Ke, 

~Bn~eTC~ Tononor~4eCKa~ Bocnp~~M4~BOCrb BaKYYMa. 

1400/9/x =	 rdx 4< Q (x) Q (O) > , 

,f- 1200 
rAe 

\~ 1000 
g2 a a 

Q(x) = -- G IlV (x) f IlV fX1 a (XI • 
6417 2 800 

Ben~4~Ha /9/ oueH~BaeTC~ ~3 $eHOMeHonor~~ /43,44/	 1 
I 

600 
~ 

F 2	 400 
2 2	 /10/'" .	 2 2 _m _m ) ::. /182 M3B/ 4,x = --em , + m k:+k o2n TI 1] toar 

rne F 11;;: 95 M3B - KOHCTaHTa pacnaAa nuoua; n r = 3 - 4~cno ner-xux 
KBapKOB. ~OpMyna /10/ COCTaBnReT OCHOBY cOBpeMeHHoro peweH~~ 

U(i) A n,po6neMbl /43/ • 
nnoTHOCTb Tononor~4eCKoro 3ap~Aa Q Ha peweTKe onpeAen~eTC~ 

BOCTb gnH KanH6poBo~HOH TeopHH c 
r-pynrroü SU(3). TO~KH H KpeCTHKH 

I~ 
0609Ha~aroT ~aHHDle gnH pemeToK 4 4 

H 6 4, cooTBeTcTBeHHo, HX p~KH 
c YKa9~BaroT cpe~HeKB~paTH~Hoe oTKno

L 
HeHHe. KpHB~e A, B, H C noc-rpo eirsr 
rro cPepMyne '/12/' rrpa c 2 z: 40, x = O; 

5A4 7 ,,4... 41 ,O ·10 L; 1,5· 10 i\L- /182 M3B/ 
COOTBeTCTBeHHO 

\ 
TaTKOM onpeAeneH~~ /11/ ~Bn~eTC~ 

Han~4~e nepTyp6aT~BHoro $OHa B 
COoTHoweH~~ /12/, 4TO 3aTPYAH~eT 

onpeAeneH~e 3KcnOHeHu~anbHO CHnb~\l HO yõuaaourer-o c pOCTOM ~ HenepTYP
6aT~BHoro c~rHana. TpYAHOCTb~ 

onpeAeneH~~ 6e3 nepTyp6aT~BHoro 

$OHa /45,46/ Ran~eTc~ Han~4~e He
$~3~4eCK~x peweT04HWX TQnonor~
4eCK~X B036Y*AeH~~, KoTop~e Aa~T 

BKnaA B )( ~, B~A~MO, MorYT 6blTb 
nonaaneuu n~Ulb B r nyõoxoã aC~MnTOT"'14ecKO~ 06naCT~, HeAonYCT~MO~ 

TaK: An~ COBpeMeHHWx cpeACTB BW4~cneH~~. 

B Ka4eCTBe noyroro np~Mepa paCCMOTp~M BbI4~CneHl-1e rn~OHHbIX 
i ±4 ~	 4Q(x 5 KOHAeHcaTOB /41/Q(n) = _ __ I, tr(U(n) ;€. U(n) ) --+ a n) +O(a ) , IYT 

2 9 11 2 Ilv pa =±1 /Lv /LVr- po a .... O 
/11/ <s 3 r abc G a O b G c > <2tr(U [U ]» ,Ilv	 vp P/L IlV v p • Upll 

r ne Ú (n) Il = VIl V (n) VVIL (n) + •v «g 2 «; G~p ) 2 > ~ <4tr «U - 1) (U 1))> ,
IlV v p 

-; 1234 = - -; 2134 = - ;-1234 = ••• = 1 . 
2 a a) «g.2 r abcOP QC )2> «s 2 f a bc G b G c ) 2 ><(g	 G IlV a pu > , Ilv vp Ilv (XJ ,

Mbl paCCMaTp~Ban~ /42/ peweTK~ c pa3MepaM~ 4 4 ~ 6 4 ~ npw.\epHO 150 
Kan~6poBo4HWX ~OH$~rypau~~ A~R Ka*Aoro g2. B cKeHn~HroBo~ o6nac

T~ 

, /12/
4 _ 6 8 [ () A]4 Xa X L - c g + c2 g +... + a g -- ,

1 A4 , $OpMyno~ /7/. Pe3ynbrne 3aB~c~MOCTb a A OT g(a) onpeAenReTc~ 

TaT /42/ /CM. p~C. / 

2 d abc G h G c ) 2 > 2 d a bc G b a c ) 2 > . «	 (g uv. vp , < g IlV po
 

4
Arm	 MaTp~4HbIX 3neMeHTOB <0 > nonyuaerca c ansuoe HapyweH~e COOT
HoweH~R $aKTOp~3au~~ 

<Q 4 > _.... 10 4 <G 2 > 2, 

x =	 (1,0 ± 0,2 ).10 
5 

A
4

• 

~ 2 4,2 M3B ~MeeMArm	 3Ha4eH~R A = 10- v-;; 
X=(74±4,M3B)~ 
npeABap~TenbHble BbI4~cneH~~ Ha OCHoBe õonee ~30U\peHHbIX, 4eM. /11/ , 
onpeAeneH~~ Q(n) Aan~ 3Ha4eH~~,!45/cornacy~U\~ecRc 110/. HeAoc

lO 

4TO	 Ba*HO AnR nonxona KXA npa B~n CYMM /48/. 
B Ka4ecTBe APyr~x np~no*eH~~ OTMeT~M BW4~cneH~e 4eT~peX$epM~

OHH~X KOHAeHcaTHWx 3neMeHTOB KXA /49.12/~ ~ccneAOB~H~e $a30BO~ 
CTpYKTYPW x~rrc-Kan~6pOB04HWX MOAene~ Teop~~ non~ /50/. 

MeToAbl BKTn HaxoA~T np~MeHeH~e .~ B npyrnx oõnac r ax $~3~K~ /511; 

Hanp~Mep, An~ 06Hapy*eH~fÍ .. .connroiraux peweH~~ B 3aAa4ax $~3~K~ 

'.. 11 
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KOHAeHC\I1pOBaHHoro COC:TORH\I1R 152, 53!; A11R \I1cC11eAOBaH\I1f1 3aAa4 se-c
KOnbK\I1X Te11 KBaHTOBO~ MeXaH~\I1!54!. 

B. 3aK111O\:IeHVle OTMeT\I1M, 4TO Bbl4\o1C11\o1ie11bHaR KBaHT'ÜBaR TeOp\l1ft no
11R npeACTaBIlReT c060~ aKTya11bHOe HanpaB11eH\I1e \I1CC11eAOBaH\I1~ Bbl4\11C
n\l1Te11bHO~ $\I13~K\I1; B 3TOM HanpaB11eHH\I1 ycnewHO pa60TaIDT COTPYAH\I1K\I1 
OH~H \11 APyr\l1x \I1HCT\I1TYTOB CTpaH-Y4aCTH\I1U OT \I1X \11 oT CBoero \I1MeA 

H\I1 X04eTCR n0611arOAap\l1Tb M..r. MeLijepRKOea \11 A. B.W\I1pKOBa aa nOA- ;f 
AepmKYAaHHblX \I1CC11eAOBaH\I1~. 

i i 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

HHAeKc TeMaTHKa 

1. 3KCnep~MeHTanbHa~ $~3~Ka B~COK~X 3Hepr~H 

2. TeopeT~4ecKa~ $~3~Ka a~coK~x 3Hepr~H 

3. 3KCnep~MeHTanbHa~ HeHTpOHHa~ $~3~Ka 
4. TeopeT~4ecKa~ $~3~Ka H~3K~x 3Hepr~H 

5. MaTeMaT~Ka 

6. ~AepHa~ cneKTpOCKOn~R ~ paA~OX~M~~ 

]. $~3~Ka T~*en~X ~OHOB 

8. Kp~oreH~Ka 

.. -
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10. AaToMaT~3a~~~ o6pa6oTK~ 3Kcnep~MeHTanbH~x 
AaHH~X 

11. 8~4~Cn~TenbHa~ MaTeMaT~Ka ~ TeXH~Ka 

12. X~M~~ 

13. TexH~Ka $~3~4ecKoro 3Kcnep~MeHTa 

14. HccneAOBaH~~ TBePA~X Ten ~ *~AKOCTeH 
~AepH~M~ MeTOAaM~ 

15. 3Kcnep~MeHTanbHa~ $~3~Ka ~AePH~x peaK~~~ 
np~ H~3K~x 3Hepr~~x 

16. ~03~MeTp~~ ~ $~3~Ka 3a~~T~ 

17. Teop~~ KOHAeHC~POBaHHOrO COCTO~H~~ 

18. Hcnonb3oaaHHe pe3ynbTaTOB ~ MeTOAOB 
$YHAaMeHTanbH~X $~3H4eCKHX HCCneAOBaHH~ 

B CMe*H~X o6nacT~X HayKH ~ TeXHHK~ 

19. EiH0$~3HKa 

Maxa.JI,D;Halill H • B . 
B~HCnHTenbHaa KBaHToBaa TeopHa nona 

P2-86-849 

B~HcnHTenbHaa KBaHToBaa TeopHa nona /BKTIT/ paCCMaTpHBaeT
Ca KaK qaCTb B~HCnHTenbHOH ~H3HKH. naeTCH OnHCalille OCHOBHhlX 
MaTeMaTHqecKHX CTpYKTyp BKTIT Ha npHMepe KBaHTOBOH xpoMo~HaMH
KH. llpHMeHelille MeToAoB BKTIT npoHnnmcTpHpoBaHo Ha npHMepax Bhl
qHcnelilla TononorHqeCKOH BOCnpHH~HBOCTH H rniDOHHhlX KOHAeHCaToB 

Pa6oTa BhlnOnHeHa B na6opaTOpHH Bb~HCnHTenbHOH TeXlillKH 
H aBToMaTHsa~HH OHHH. 

Coo6weHHe Ofu.e,IUIHeHHoro HHCTHTyta JJD;epHI>IX HccneAoBaHHii • .lly6Ha 1986 

ITepeBOA O.C.BHHorpaAoBoH 

Makhaldiani N.V. 
Computational Quantum Field Theory 

P2-86-849 

The computational quantum field theory (CQFT) is considered 
as the part of the computational physics. The main mathemati
cal structures of the CQFT are described in the case of the 
quantum chromodinamics. As an examples of the application of 
the CQFT methods the calculation of the topological suscepti
bility and the gluon condensates are considered. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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