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PemeTo~~ no~xo~ oKaaanca BeCbMa nno~oTaopHNM ~H Mo~enHposa

HHR e rroMOmb~ 3~~ MHpa ~HOB Ha OeHOBe KB8HTOBO~ XpOMOAMH8MHKH/I-I~/ 
OTH Hecrre~OBaHHR BNITO~H~TCfl Ha 4-MepHOO pemeTKe H Tpe6yroT 60flbillOA 

BbltiHe~HTeJibHO~ pa60TN, floSTOMY "pemeToqHaR T6XHOflOr'HH" ~O!IJKH8 e'I'pO

HThefl Ha 6ase MaKeHManbHO ~KTHBHNX M6TO~OB, OilTMMH3HpOBaHH~ aHPO

pHTMOB M nporpaMM ,IV!fl oBM. )VIR npKMepa yKaJKeM, qTQ H~eJKHaR t<KeflOHH8H 

046HK8 ~K4KOHaHbHNX MHTerpaHOB, BNilO~HReMaH rrpK pemeTQqHQM MO~enK

pOBaHWK KaHH6pOBO«HNX TOOpHH, 6~a 6N Bp~ nw B03MO~Ha 6es HCITO~b30-

BaHHfl MeTo~a MoHTe-l\a~o c "ab16oprwti no BaJKHOeTK" (eM., HanpHMep, 

o6sov'12f) , Klno'leBHM BOnpocOM Ilp.l! Bl:l'mCJI9HIDI Ha pemeTKe 

CneKTpa M&CC ~HOB flBnfl6TCR H8XO~eHHe nponaraTOpoB KB&pKOB npK 

s~SHHOM pacnpe~eneHKK Ha pe6pax pemeTKK KanH6poao~oro nona,onpe~e-

JmeMoro MB.'rpKQaMK aea6enesoA rpymw su c < 3 l • Tpy~ocTK B03HKKMT 

npK H&X0~6HHK nponara'I'OpoB JlerKHX KBapKOB ( u, d ) , K CBR3&Hbl 

OHK C TeM, qTQ npK yY6HbmeHHH M&CCbl KB&pKa m B CneKTpe C06CTBeHH~ 

3HaqeHH~ "~pMKOHHO~ MaTpKQH" (SJleMeHTbl o6paTHOA ~epMHOHHO~ MaTpH4bi 

t:C'l'b liiJOll!:ll'a'i'Upbi !pepMMOHOB-IU18.pKOB M8lii,IJ,Y ys~aMYI pemeTKK) llORBJI~TeH 

sHaqeHHR, CKO~h yro~o 6AK3KKe K HyniD. 

ilpK pemeTOqHoA annpOKC~H ~eAeTBKR KB8HTOBOA XpOMO~HHaMKKH 

SQCD = SG + SF (G - rJIIOOHbl, F - cpepMYIOHbl B ilO~e r'JIJOOHOB) OCHOB

Hhle Tpy~OCTK CBR3aHbl C qneHOM S,. • B pa6oTaX/l-II/ ,IVIR s, 6~0 
weno~b30BBHO KaK np,e~cTaBHeHKe BRrrbCOHa, TaK w KoryTa-CaceKH~a 
(eM., HanpHMep,/I27 K QKTKpOBaHHYID TaM JlHTepaTypy); H~&BHO ~eKo6-
eoM npe,rvro~eHa HoBaR HHTepecH8Jl amrpoKeKMaJ..iHR sF 713 • B ~aHHO~ 
pa6oTe KcnonhsyeTCH ~~nKpoBKa BYinbcoHa. B Hefl ~KcKpeTHOMJ aaanory 

KaJlM6poaoqHO-KHBRpK8HTHOr'O onepaTopa ~paKa ( D(U) + m ) COOTB6TCT

ByeT ~pMHOHHM MB.TpKUB. 

F =6 0 5 -kH XDtA,,yBB xy d.B AB -A,yBB (I) 

Hxo<A, yBB= ( l +f-'")"'-B (Uxp) AB0x, y-fi+ ( l-fP)ol-B {U:-}J.JI) ABOx,y+f. 

3~eeh ~HeKpeTHble ~eKCbl x,y B~enHIDT ysn~ Ha pemeTKe B 

qeTblpeXMepHOM ( D=4) 8BKHHAOBOM npOCTpaHCTBe, c(, B - ~8KCHM8T-

pHL\ ~paKa \o')J(o(,B,}'=l ,2,3,4), A, B - 4B6TOBble H~eKehl MR'l'pKLj U , 
I X}' 

npMHa,IVIEllltruqHX Kwm6poaot<HoR rpynne sue ( 3) • 06osHaqeHHe u 
Xjl 
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noKaa~aaeT, ~To MaTpKQa a~a Ha pe6pe c Ha~anoM B yane x , opv.eH

Tl!!poaaHHOM B nOJIOJIGiiTMbHOM HanpaBJISHKK OCK C HOMepoM Jf 1 _t - S,JJ,K

HK~~~ B6KTOp no OCR jUi pe6py, npOXO~HMOMY H3 TO~KK x B OTpH~8TMb-
+ 

HOM HanpaBJI6HKH, COOTB6TCTBY6T 3pMHTOBO-COITp~eHHaH MaTpKQa U x-)J,p• 
IlapaMeTp k=(8+2rna} - 1 (ero Ha3biBaiOT "xorrmrnr-rrapaMeTpoM"), rna -

6eapaaMepHaR Macca KaapKa, a - ~JIHHa pe6pa pemeTKH. Bw6paHa cne~

U\a.FI HyMepaUHR y3HOB H pe6ep pemeTKH: nyCTb yaM 3B,II8H ~6Tblp6XB6KTO-

poM x=( x 1 , x
2

,x
3

,x
4
}, x_p=1,2, ..• ,N_,u , r~e N)' - ~HCJIO Y3JIOB 

pemeTKH no HanpaBJieHIDO c HOMepow )J <)1 =1, 2, 3, 4) • Tor~a HoMep 

yaJra 

n(x}=1+(x 1-1}+(x2-1}N 1+(x
3

-1}N 1N2+(x
4

-1}N1N2N
3 

(2) 

a HOMep pe6pa Lxy 

HanpaBJI6HHH OCH }.1 , 

, BbiXO~SI'O H3 3TOI'O y3JI8 B nOJIOJIGiiTMbHOM 

L =n(x}+(U -1)n 
x~ r· max 

(3) 

nrnax = N1N2N3N4. 
MaTpKQa F KM66T nop~OK P=12N1N2N3N4 , I'~e ~ -~HCJIO 

y3JIOB pemeTKH no ocH )1 • B 6oJihWKHCTBe pa6oT/I, 2.~• I ~R o6pa

~eHUR 3TOfi M8TpilUbl 6un HCnOJib30BaH M6TO~ raycca-3e~eng (r3), ~OCTa

TOllHO a~eKTHBH~ii npu k~ O,I. O~aKo no Mepe pocTa napaMeTpa k , 

COOTBSTCTBYD~S!'O yMeHbillSHKID rn , MSTO~ r3 Tpe6yeT CHa~ana BC8 60Jib-

mP.Pn UTAf'>lTt:l TA'rn~;_'?~~~!!, :_ :::-:::;;._: :: :::~.:;:, ~~;;..::.~:LQ~:L \.tAVti·\I'U;D\,;n .t) nttrH)UJl~t: 

HHTepeCHOii ~R ~il3KKK ~OHOB o6JiaCTH napaMeTpa k , onpe~eJIR6MOR 

MaCCaMH JISI'KHX KB8pKOB rnu t rnd 

~R nocTpoSHKR YHHBepCaJibHO-CXO~eroaJ KTep~OHHOI'O npoqecca 
MN BblnOJIHKJIH nepBYD TpaHc~pM~~ raycca/I (T.e, BM8CTO ypaBH6HHR 

FX=e paCCMOTp6JIH ypaBH6HH6 F+FX=F+ e , !'~6 F+ - 3pMH-

TOBO-COITprotteHHaH MaTpKQa, e -e~~~R B6KTOp 1 COOTB6TCTBYKJIIIHR HO

Mepy CTOJI6~a X ) H npHM6HHJIH K npeo6pa30B8HHOR CHCTeMe M6TO~ r3. 

K CO~aJI8HH~, CXO~OCTb T8KOI'O npo~ecca OK83aJI8Cb 0~6Hb M8~6HH0Rj 

ITpH~HHa COCTOHT B TOM, ~TO qHCJIO o6yCJIOBJI6HHOCTH MaTpH~H F+F 

OK83~B86TCR 1 KaK npaBHJIO, 0~6Hb 60JibmHM: 6!'0 M03HO O~eHHTb KaK 

!(B~aT T8IWI'O ~e llHCJia ~R M8TpHljii F • 

/¥Vee Mbl o6paTHJIHCb K MeTo~ conpmteHHhiX rp~eHTOB (MCr) 
(CM. 4 ), KOTOpuR o6ecne~HBaeT nOJI~eHHe pemeHHR ~H ITOJIO~HTeJibHO 
orrpe~eJieHHOR MaTpHUbl sa P ~U~Q,. ~R o6p~eHHR ~pMHOHHOR MaTp~ 
Heaaav.cuMo ~BYMR rpyrrnB.MH/I;:;,w 6biJI npnMeHeH MCr nocJie nepaoR 

Tp8HC~pMaqHH raycca (B 3THX pa60TaX paCCMaTpHBaJIHCb ~epMHO~ KoryTa

CaOCIUIH,I{a). BbiJio oTMet~eHo noablU!eHHe a~KTHBHOCTH rrpu nepexo~e OT 

MeTo~a r3 K Mer. O~aKO ~R ~3Hl.I6CKH KHTepecHbiX paCll8TOB llHCJIO Bao6-

2 

.. 

XO,ltHMHX HTep~ti 8CTb N-•·100+200. Mbi UCnOJib30BaJiil ~yroti B8pilaHT [,jCr, 

0Ka38BiliHfiCR, K8K nOKa3b1BaiOT,n¥~,BapHTMbH~e pacqeT~, 6oJiee 3~6KTI1B
HbiM, ll6M HCllOJib30B8.H~ii B/I0 , 0 • 

-1 
lJT06bl HB.~TH 3JieMeHTbl 06paTHOfi M8TpHUbl F x y 

" It 0 MH~eRCOM x
0 

H 6e!'J"U!>H•l ilH,IJ.8KCOM y=y , y , ... , y 

C qJHKCHpOBaHHbL\1 

(a HMeHHO 
1 2 nmax 

3TO Tpe6yeTCH ~R BblllHCJI8llli.H M8CC a,J:ipOHOB \ npl1 38-AB.h"H~ >1H~8KCB.X 

OC., B,A B , y~06HO BblllHCJI.HTb 3.116M6HTbl c- 1 =F- 1 =X ' yx xyxy 
, onpe~eJI8HHOfi paB8HCTBOM 0 0 0 

MaTp~n_;hl 

c 
C = F XdA,yBB y~A,xBB 

T. e. MaTpHUbl, ITOJiytl8.9MOit H3 F T:paHCllOH.HpOB8.HH9M TO}IbKO ITO 11H~6KC8M 

yaJIOB pemeTKu. AHaJIOl'Hl.IHo BBe,n;eM MaTputzy N TaKYD, '<To x,y 

NyotA,xBB = H xd.A,yBB " 

Tor~a ~o pemHTb ypaBHeHue CX=e , r~e x= { xyoLA. x
0

a8 } 

e=OY.X[;d.. SAB. 
Tipe4~apHT6JibHO rrpeo6paayeM ypSBH8Hil6 K Bil,IJ;Y 

(E+kN}CX = (E+kN}e (4) 

H npuMeHHM K (4) MCr noCJie BTopoti TpaHc~pM~HH faycca. lrocne HeKo

Top~ npeo6paaoBaHHfi no;ryquM pac-qeTH~e ~PMYJI~ HTepa~Ho!IHoro npo~ecca: 

R =e-CX 
0 0 

P
0

=C+(E+kN+)CR
0

, 

Ri+1=Ri- aiCPi 
+ + 

Pi+l=C (E+kN }CRi+1 + biPi , 

ai= / (E+kN)Rd21Pil-2 

bi= I (E+kN}Ri+112 I (E+kN)Ri,-2 

xi+1=Xi+aiPi 

i=0,1 ,2, •..• 
3~eCb X0 - H8.l.laJibH08 npH6JIHJK8HHe, W Bhi6HpanH X,=e 

(5) 

~Cn0.1Ib3Yfl COOTHOM8HHJt ( 5) 1 MH JlliiiOJIHHJIH npo6HHe p8Cll8'1'H Ra pe

meTKe 34 c nepHoAHqecKKKH rpaH~ ycnoBHRMH ~R acex noneA. B 
CJiytrae "CB060~IIIX" c}iepMHOHOB (see U =U ) npoqecc CXOAHJICR H 

XJ.! 
pemeaHD !!pH BC8X 3HaqeHHRX ITapaMeTpa !{ :S 0,3 C OTHOCHTeJibHOR norpem-

HOCTbiO 0 < Io-12 38. 5-6 HTep~£t, npv.~eM C YK83WlliOti TOllHOCTb~ OT

BeTbl COBna,IIaJOT C T80peTHll6CKH BblllHCJI6HHbiMH 3Ha~eHHRMH ~R "CB060~0I'O" 

rrponaraTOpa KBapKOB. TaKaR xe CXO~OCTb K pemeHHID Ha6Jlhl~aJI8.Cb H npu 

HeCKOJibKHX ilpOH3BOJibHO Bbl6p8HHbiX 3H8.~6HilHX k ,TB.KHX, l.ITO 0,3 < k <: 1 • 
O~a uTep~HR 3Toro aapHaHTa r.tcr Tpe6yeT npuMepHo a 4 paaa 6onbmero 
KOJIHlleCTBB. onep~A no cpaBHSHiliD C MSTO~OM f3, HO HSCMOTpR H8 3TO 

3 



Ham aapHaHT MCr OKaaHBaeTCH B HeCKO~bKO pa3 3~KTHBHee MeTo~a rs, 

~8llte B CaMblX rrpocTbiX c~yqamr (HanpKMep npH k =0, I), 3a CtleT aHat~H

TMbHO MeHbmero tiHCJia H806xOAJDIHX ,I{,Jia CXO,I!;HMOCTH HTe~.JiamH paC'I8-

TH DOK83~H, QTO B CJiyt~ae 11 CB060AHHX" KBapKOB tiHCJIO He06XO~ 

HTepaqa~ MCr He yBMHtiHBaeTCH ~e npa k-+kcr =(2Dl-1=0,125 H 

~~ee npH nepexo~e B 38J(pHTH!lecicyJJ ( k >kcr ) o6~acTb (r~e HTepa

I.UiH MeTO~ r3 paCXO~TCH). 

Do BTOpOR cepHK pact~eTOB Ha pe6pax C HOMepaMH L=1,2, •.. ,L 
_ 4 max 

( Lmax =4 N1 N z'1 3N 4 = 4 · 3 ) 6WIH 38,1\aml SU ( 3) - IW.TpHQbl BH,qa 

U(L)=1l·exp(2TtiL/Lmax> ~ PactleTH npoao~HCb npH kE [0.1,0.11]. 

D Tp6Tbe~ cepHH Ha pe6pax pemeTKH C DOMO~b~ MeTO~ 11Te~OBOI'O 

peaepayary" _, ;e~H30BBHHoro c acnonbaOBamleM [su (2l]l. < f=1, 2, 3) 

nowpynn I • reHepHpoB~Cb CJiyqa«HHe Ha6opti { U(L). L=1,2, ... Lmaxl-
11XO~" :ttaJIH6poBO'IHHX no~eA ( BepORTHOCTb DOHM6HKfi KOH4JHI'y

paQKH nponopQKOHanbHa exp(-SG)). 

HH B O~OM H3 paet~eTOB BTOpol\ H TpeTbe~ cepKH He DOTP660BaHOCb 

6onbme 29 HT6p8I.UiA AXH H8X~eHHfi nponaraTopa C OTHOCHTe~bHOA norpem

HOCTb~ b ( I0-3• B 60JibmHHCTBe CJiyqaes 6WIO ~OCT&TOtiHO I2 HTepaQHR. 

Ta.KKM o6pa30M, OCHOBHbiMH AOCTOHHCTBSKK paapa60Ta.HHOI'O HaMH Me

TOAa o6~eHHfi MaTpHQb! (l) HMnDTCfi BHCOKaR ~KTHBHOCTb H 6eayCJIOB

Haft CXO~CTb. 0co6o OTMeTKM, liTO MeTOA ecTecTBeHHHM 06pa30M B6KTO

pH3yeTCH. 3To AeJiaeT peam.HSM pact~eTH; H8.npKMep, wacc ocHOBHHX coc

'l'UHtutH .M.tJ"unuD n Ve1.iJnunvD no. .u.v'""-~g,.~.v~U ~V~UW.4A ~~:-=~= ::;::: ::.:..:::! 
tiHK KOMllbDTepoB C 60JibiDO~ onep&THBHOA naMfiTbD H B03MOEHOCTb~ Opi'aHH-

3aqHH 6oJibmOI'O tiKCJia "na~MbHHX BeTBeA" BH'tiHCJieHHR. ilpH 3TOU 6ea

yCJIOBH8fi CXOAHUOCTb MeTo~a D03BOAHeT npoBO~HTb pact~eTH KBapKOBOI'O 

nponaraTopa Ha pemeTKe cpaay B ~aKtlecKoA o6JiacTH aHat~eHHR uacc ~er

KHX KBapKOB, H366I'aft 3KCTpallOJifiqHH 1 HeH36e&HOA npH pact~eTax ueTO~OM 

f3,H DOHBH~CH npH ee KCDOJib30BaHHH AODOHHKTMbHHX Heonp~eJieHHOC

TeA. KpoMe TOI'O, DpK pact~eTax cpaay B o6JiaCTK uacc JierKHX ( u,d ) 

XBapROB MOmHO paCCtiHTHBaTb Ha 8,1\eKBaTHoe MOAeJIHpoBaHHe KHpaJibHHX 

CBOACTB KX,lJ; Ha pemeTKS. B CBJi3H C 3THU B8liHW fiBHfl9TCJI BOnpoC 0 BH-

6ope TaKoA pemeTotiHoA annpoKCKM81.UiH ~puHOHHoA t~acTH AeAcTBHH KX,ll;, 
KOTOpafi He DpHBOAHT K "y~BOe~ ~pMHOHOB11 K COxpaHH6T KHpaHbHfD 

HHBapHaHTHOCTb Jial'paHXHaHa HenpepHBHOA KX,ll;. ~OpMY~HpoBKa, npe~o&eH

HM / 131, no-BHAMMOM,Y, YAOBHeTaopgeT 3THM Tpe6oBaHHflM. 

ABTopH 6~aroAapHH ~eHaM-KoppecnoHAeHTaM AH CCCP M.r.Me~epaKo

ay H H.H.rosopyHy, np~ccopau E.ll.!HAKosy H B.f.MaxaH&Koay aa HHTe

pec K pa6oTe H IlO,lJ,Il,ep&Ky. ABTOpli npHaHaTeJibHH n. r .AKHmHHY. H. B. Maxan
AMaHH, M.MIOJurep-flpoAcKepy, C.Il.lllMaKoay sa HHTepecHHe o6cyJI,I\eHHH H 

no~eaHJB HH~p~. 
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6oron~6CKHH H.n., 6orono6cKaR A.A. 
34J4)eKTHBHbU::t MeTOA Bb14HCJ1e.HHR nponaraTopa KBapKOB 

B peweT04HOH KSaHTOROH xpOMOAHHaMHKe 

P2-83-886 

Paapa6oTaH 3¢¢eKTHBHWH MeTOA o6pa~eHHR $epMHOHHOH MaTpH~W /Haxo*AeHHR 
nponaraTopa KBapKOB B 3aAaHHOM Ha peweTKe rniDOHHOM none/. MeTOA RBllReTCR 
fie3yCJ10BHO CXOAR~HMCR 1 TpefiyeT Manoro 4HCJ1a HTepa4HH H nerKo BeKTOpH3yeTCR . 
Hcnonb3Y~TCR $epMHOHW BHnbCOHa. 

Pa6oTa ewnonHeHa B na6opaTOPHH B~HCllHTenbHoH TeXHHKH H asTOMaTHaa
~HH OHRH . 

(oo61.Qe~·U1e Q6,.eAMHeHHOro HHCTHTyTa ltAepHWX HCCJlellOBaHHH. ,lly6Ha 1983 

Bogolubsky f.l., Bogolubskaya A.A . 
Effective Method of Quark Propaqator Calculation 
in the lattice Quantum Chromodynamics 

P2-83-886 

Arr effective method of inverse fermion matrix calculation /i.e. calc.u
lation of quark propagator in the gluon field defined on the lattice/ is 
e 1 a borated. The method suggested is unconditionally convergE;nt, requires 
rather small number of iterations and is easily vectorized. Wilson's fermi
ens are used. 

The iRvestigation has been performed at the laboratory of Comp~tting 
Techniques and Automation, JINR. 

Corrmunfcation of the Joint Institute for Nuclear Research. Dubna 1983 
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