
12 Kon. 

00lleAMHeHHbiM 
MHCTMT YT 
RAepHb11 

MCCleAOl8HMM 

AYOHa 

PeAaKTOp M.H. 3apy6HHa. HaKeT H.A.iCHceneBoll. 

nOAnHCaHO • ne4aT .. 26.CJ6.85. 

QlopMaT 60)(90/16. OQlceTHa" ne4an . Y4.- ... sA.n... cToB 0,82. 


P2-85-463 

II II ('KCllJKOB, l1 .J1 .COJlOBLl.OB*, O.KUUeBlJeHKO 

I\AJIl1BPOBOlfHO-HE3ABl1Cl1MblH CPOPMAJ1l13M 

l1 KOIlCPAHHMEHT KBAPKOB B KX~2 

I HanpaBl1eHO B "Zeitchrift fur Physik" 

* rOMel1bcKH~ n0l1HTexHH4ecKHH HHCTHTYT 

T... pa* 510. 3aKal 36397. 
M3AaTenbcK... H OTAen 06~eA"'HeHHoro ... HCT... TYTa "AepHW)( ... ccneAbBaHHH. 1985 

~y6Ha HoCKOBCKoH 06naCT .... 

http:l1.J1.COJlOBLl.OB
http:26.CJ6.85


I. BBe,neHllle 

Ha'UIHaH c padO·/ I- 31 
J .ItByr.rePHaH KBaH'l.'OBM XPOMO.mmaMHKa (KX.lI.2 ) 

paCCMaTPBB8Jl8Cl> 11 paMK8X IIII - Up l16..1.IH:JKe ffilR M1!orHMlII aBTopaMH. TeM He 

MeBee B .nwmol CTSTbe MY CHOBa B03Bpa!UaeMCJr R 3T0:2 TeMe. 'ITO CBJlSaHO 

CO CJIe.ll:YDlI1UAIII OdCTO$lTeJIbCT~. 

B tnlOHepcKoi1 pa60Te / 1 T J XooiPT , ,noonpe,neJUUi y paBHelllie .L\Jl.H KBap
ROBOro nponarsTOpa B KarrH6poBKe CBeToBoro KOHyca . HcrrO~L30Ban B HH

4lP8KpacnoR 06J18CTl'I pef'YJL'{.PHsall)JlO B BH.lIe &(K_ - J) • r.ne J - ns
paMeTp IUlrIip a.Kp a CHOro o6pesauRII ( J - 0 B n pe.neJle CHIITWI p ery.1L'lpz

SS1.ijm). HPJ! 9TOM OKaSMOCb. 'ITO n OJIllc KBapROBoro rrponarsTopa OTO,nBB

r8EsTCil as 6 e CKOHe'UlOCTb B rrp e,neJIe ) - 0 ."'!'I'O C cfmsR'lecKo A TO'ffiH 

SpeHWl BCTOJIROBIlB8JIOCb I<aR ROR~lbi:MeRT OTlleJIbHOro KBapKa. 

HRo2 CIToc06 ~paKpaCUOa peryJIHp H38URH o6cy~CJr B pa60Te 12/. 
11 ROTOpol ~paKpacHan oco6eHHOCTb r~HHoro nponaraTOpa TIOHKManaCb 

B CMIOCJIe rJI8..BHoro SHa'leHRII . 11.PH aTOM OK8SWlOCb . '!TO nOJlHllit KBapROBliA 

nponarSTOp B TOI xe RaJIH6POBRe CBeToBoro ~poHTa HMe eT n M mc 11 KOHe'l

HOlt TO'lKe n p:iI I'.l. :. /ft..t- j"#;7z: 
l1H<lJpaxpaCHM. peryJIHpH38UHJi J n pe.lIJIozeHHall 11 pa60Te 14/ 1'1 OC

HOBaHHaH Ha HCTIOJIb30BaKllH nOBopoT8 DIDta H nOCJIe.J(YDl!ero Cl!t.NeTpwrnoro 

BHTerpl'lpoBaHllJl: J I!PHllO.n:RT R HOBOMy' BBPlfSHTY KBaPROBOro nponaraTOpa. 
1 

o6JI~ammero paspe 30M B ROMnneKCHOA f ~nJIOCKO CTH. nO~epKReM. ~o 

npR paccWO'l'peHllll KaJIH6poB01ffiO-HHBapzaHTHliX 8MItlIWr.Y.n TaKv.e ReOlniO

Sl:l8'IHOCTIl B TpaKTOBRe He BCTpe'UlllTCJf. Bee 9TH p e SY.7Il.T8TbI RaBOMT HS 

M1icru.. 'ITO K8JIB6POBO'lHO-SaBK CBMaJI KBaPKOBrul ~ I'pmia JIBIlJIeTCR 

HenoJO{O,lJ.lllIlHM OCheltTOM .lIM HCCJleJl,OBaHID!: npodJIeMli KOH4laaJIMeHT8 KBaPKa • 

.B R8CTOHIIleA paOOTe MIi noCTPOHM HOBlie KaJIHOpoBO'lRo-mmaPHaH'I'HHe 

rJl])()HH1i8 H KB8pROBue n OM. H8 OCHOBe ROTOPIlX BBe.neM IWJIBl1poBO'lRQ-lIH

BSPH8JiTH.!dI KBapKOBIil npon araTOp . ypaBHeHlle JtIlJ1 l<OTOPOro B II#' -IlPH-

6.lIHlKeHIW He 6y.n;eT co.n;e pasTb BHTerpaJIOB . HY:..u.8.DlIHXCIl B HHcI>paKpaCROA 
peryJUIPlI38UHl1. KoH~eHT srnaPI<a B RameN CJIy'i8e BOSHllR8eT B npe;O;eJIe 

Bl)CCTSHOBJI8Hll11 RaJIB6posO'IHOA B TpaHCMItHOHHOA mrB8PKaHTHOC'l'H (nep1lO

H8'lCUlDRO MbI pa60TaeM C o &l.eKT8MH, He o6JIa.llllDItmGI y R838BHIDdK CHI6IeTp1J

JDIH). T8KHM 0 6paaOM. 11 HsweM nO.IIXO;o;e " peryJUlpiJsYUJnd!" flapaNeTp - aTO 

TSKOI nap8.MeTp. npeJl,eJIbHOe 3Ha'leHl'le KOTOPOro OTBe'l8eT K8Jl]IOpoBO'Blo

l!HB8PHaHTWDot nOJIRM H TpaHCJIJlIUJOHHO KHBBPI!8HTHOM,Y 1CB8pROBOIofY nponaraTO

py. 

U' 
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2. Kamf6 00oo'iHO-mmaQl!8liTHHe II0Jl8Bli8 nepeMeHHHe 

lloCTpoemm RaJm6pooo 'U:!0-BHBapaaHTHllX IIOJIeBbiX IIepeioe~ It BWlC

HeHRIJ HX CBOitcTB nOCBlIlIleH PfIJ.I. cTsTeA (CM • • HanpHMep, 6- 9. ). an;ecb 

Mhl Ol'prun!I'iHMOH Heo6xo~ .IVlfl ,Jt81Ib HeIbimx no c 'l'poe.lIll1\ Kp8TKHM HSJIa.6

KHaM o606~e~ Ha Hea6e~eB ~~ ~H6poBO'U:!O-HHBSpaaHTHHX TIOJIeit 

KJlacca <I>oKa 15/, ltaHHHM B pa60T6 19/. 
IIyCTb A~(.x) - Haa6eJleBO K8Jll'I6poBO'lRoe IIOJIe, a fj.y(x)- T9H30P 

Hanp,lmBHHOCTH 

(;;(;x) '" d;A.J«x) -~ I!; (X)- tj [Il.l' (x),IIJxj (2. I ) 

I1plt JIOK8JIbHIiX RBJIB6poBO'IHbIX rrpe06pasoB8.ImJIX cd!x) IIOJf.li 11.1' (x) 
H ;:;11 Ix) ilp so6p B.3YJOTCSl CJ1e;nyDlOOl! 06paSOM ; 

'/" ( 't) __"- lIjAuJ (x) :. td(X)Il.l" (X)u) -!..t'),I.j' (&3- tJ(xYu/ ,(2.2) 

l5,y (x) --- ;;:(x ) ; W(~'l.)!j.J;(x) (.i~x) . 
(2. 3) 

~KcHpyeM Terrepb HeKOTOp~ TO~KY UPOCTpaHCTBa H onpeltBJIml;f
J? - yuopsmO'leHHYIJ aKcnOHeHTY 

:r 

Vlx/!) '" P~~ [-tjjC/Z'ily (l)) 
(2. 4). J 

I1PH KanH6poBO'lHHX rrpeo6ps3oBaHHRX YHHTapHSH Ma'l'PHDa (2. 4 ) npeo6

pasyeTCR no SaKORY 

Vi i '!}) ~V 7x/}! :: W(~) j/(x /)) t,J -'II). 
(2.5) 

B .IlM1>HelmeM B Ka'leCTBe KOHTYpa HHTer papoB8.HIDl B (2.4) 6Y.lleM 6paTb 

oTpe30K IIJlJD&)I , COe,IOIIDm Jleit TO'lKH! 11 .r . B aTOM CJ1Y'l8 

z~ -=-}l f<i- (X -f)" () ~ d.. ~ 

OrrpelteJ!J!M n OJIe 
j 

!J.r (:X:/J) = Ill' (X) - d~~ jJd, (x-))~; (/ +dv (xI» 
• J ) . 0 . . (2.6) 

- t j j r/d.. rJ., (X}) '[lifO +ri (x -Ij , /I ;;() 1-d.. (X-;}J. 
o 

2 

BeKTop!loe rrOJIC 8.J< (xiI) COBIIa,naeT C llOJIeM Il.r (x) , 38J{ru~ B 

<lK>KOBCKO! KaJIH6poBRe*, 

( x -!).J</ljt(X) ;0. 	 (2.7) 
I1psB,YD qaCTh B (2.6) HeTpy~o BapaSp.Th ~epes TCRSOP HarrpR3eHHOCTH 

(2.1 ) 
f 

8~ (xIJ) =Jtlo<.rL (X-!)Yry.!' (!"' ''- (X-p). (2 . 8) 
o 

STo COTh ~3BCCTH8H 4oPMY~a 06pameHHH ~ rrOJIeA B 4oKOBCKOA KanB6POB

Ke /5/. OTMBTm.t, 'ITO . KaR CJICmrST 8S (2.8) H 3aKOH8 rrpeo6p8so

D8JOUt (2 . 3) 1!pJ! JIOKa'lhllHX KaJIH6poBO'lHWt rrpe06pasoBamISiX H8.It ITOJIJIMlII 

11),(x), IIOJIJI 8,1< Ix/J) rrp e06pa3Y1lTCR JIOK81IhHliM OOJl!l30M. 

CoBeIJlllUol KaJIHopoBO'lHOe rrpe06pa30BaHHe C tJf.xJ::. V (x/f) 
H8.It UOJUOO! /1.1' (x) , I'lte vf:rlj) orrpe.neJleHO, COI'JlaCHO (2.4) . 
I1plt 8'1'ON 'l'eKSOp HalJpaeHHOCTH Ij. y Ix) rrepel!.neT B 

;Z;~(;r/J):c V '(xlJ) fr;(X) V(xIJ) , (2.9 ) 

a nOlle 8.1' (x IJ) - 11 TIMe .13.1' (xII) . KOTopoe CBR:SaHO C 

, ; (xI f ) COOTHomeHllleM .r (/ f 

J3.Jl(x/f)=JtlcI.~(X-f))~(J+!I.(x-f!J. ( 2 .ra) 
() 

" S saROHO» rrpe06paaoBaRHA (2.3) s (2.5) cne.nyeT , ~o nps JIORanhHHX 

K81lH6poBO'IlWX npe06pasoBaHllHlC 1'eH90p (2.9) npeo6pasyeTCR JllIIl!b I'JIO

69.)[bHO I 

'y;Y(Xlf) ~y;~Wlxlj) = ttJfJ)Y;(xIJ)tJ~). (2.II) 

IIpli J - - K8JlH6poBO'UI9Jt mmap:e8HTHOCTh:J;; BO CCTaHaMHBaeT-

CR , T8.K KaK IIfIi rrOJIaraeN , rno 4JI/-- J-f. H3 (2.10) OIIe.nyeT , 'ITO 

IIp!! JlOK8JllJiHX KBJr:e6poBO'lHHX rrpeo6pasoB8HJ!J!X lIOJlel 11.1' Ix) TIM e 

fJ)4 (X/f) , Tal( lKB , KSK H g:;y(xIJ), rrpe06pasye'l'CJI JDlIJlD l'JI06M hHO. 

.It 	 Ka1116P.QBO'lRoe YOIIoBHe (2.7) nepeO'l'RpHB8JIOCb II03Jn{ee » plUte pa60T 

( CM. 710/). 381'eM B /11/ OHO npHMeHRXOCb ~ naxyqeHHX ~ecKBX 
YPflBBeRlll AIUI KEWt6poBO'lH0-mmapl!8HTHOA BOJIHOBOI iIlYHKIUDl ltByx'l8c

'rH'lH01 CII!CTellH . 

:l 
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Br (~j!) -- B: (x,f) = w(/) I3r (x,f) lJFYf ) . (2 . 12) 
Ka1m6poBO'IH8Jt mmapB8HTHOCTJ> BOCCTaHaWIBBaeTCR 11 npe~6JIa J -+.a 

AlU1 cmmopmiX nOAeA nepexo,n Jt HOBIDol nepeMBHlWM OoyJl\6C'l'BmIeTOSl 

CJfe.IlYlllllDl 06paaOM: 

(1(X//) '" r(vrX/j!) 9(x) , (2 .13) 

r,ne r , .KaK o61fT1HO, YCTtuIa:BmlBaeT CBli'3J> Me~ npHcoemmSHHliM. npe,n
C'J'8BJleBBeM B npe;nCTaBJteHBeM, COOTJj8TCTsyDIlHM .Jt8HHOMY npe,nCT8.BJIeHBll 

cmmopHHX aOAeit • .B .J(8JIT>Hei!meM. HMeR 8TO B Bl!.DY. r 6y,n8M onyCKa'l'l>. 
B npe~eJIe { _ 0<> cmmop liH8 nOJIR , TaR X8,1<aK R B8KTOPHli8, CTaHOBHTOH 

KElJIB6poBO.mo-mmaPRaHTlmMH • 

Bamo OTMElTHTlJ, liTO ne,I(eHHH6 ROBBe 1IeRTOPH08 B CilllHopaoe uo.n.a: 
JJJ4(xlJ) B (j(x/f) B cpol<OBcml HBJlH6POBKa (2.7) co~am C 

o6H'UIYMH U()JfJ[MI! JI,JJ!:x.) B y, (X) . TaKHY 06paSOM, iWBKItKH !'pB

HS, onpe,neJ.IeHHHe 11 TepMHHaxRoBHX nOAel, CWIBaH!l, H8Ilpmtep, B 866JIe
BOM OJIY'lse 0 MaTpl('UIllMH 8JIeMeHTaYH fl.MIlJIlIU'Ylt paooemnm 061i'1HUM1! 
pem'KD;KoBmIMH q,oPr.ryJIIiMB. 881IBoaHHHM1t 11 q,oROBCROA KaJD!'6poBRe. B STOM 

OTJIH'me HBlDeI'O KBJIH6POBO'lHo--BHB8plU1HTHol q,oPUY.1mpOBIGI ,,or0,na 0'1' 

npe~araewa B 6 . 

3. KaJtH600B9lffiO-mmaPBaHTJnle rroon8.I'!lTOp!l 

CT8H,It8pr.BH.l! KBJIH6POBO'lHO-38BBolDollll KBapro:BW!: npouaraTop 

/(tJ/r1(x) 1(!I)/D), 
KaJt O'l'Me'll8JIOC:b 130 BBe,ll;ewm, KBJlfIeTM Heno;JtXO.JUDItHM o61.eRToM ,n.ruJ H3Y

'leHIDl npo6JIeMH .KOHiflall:mdeHTs ItBap!(8. OrMeTBM TaRae, 'ITO N8cCOBidt 
onepaToP. O'l'Be'Ullll1HA TaKOMY npolTsraTopy, RB.llR6POBO'iHO-SamICmr . 

PSCCWTpmI 11 TepYHHaX BBe,ne1IHHX ROBla cmmopBllX nepeMeHHHlt 

~(:cl!) RBaPR01IYIl ~ I'pmIa 
/\ . 
G(XJY/!) :: t (IJ/T{J(xlj)(f (!llf)/f) • (3.1) 

O'loBB.ltBo. 'ITO nponaraTop (3.1) JIlWIeTCSl KBmJ6poBO'IIHHM mmap:l'l8H'l'OM. 

O~ruw B CIlY'l8e KOH8tmO! TO'lKZ f ipyHI<I.tWl (3.1) He 06JI1Wi6T CBOI

OTBOM TpaROJ1IDlHOHRoI DBaJDIaHTH6oTH. IIOaToMY B OROH'IIaTeJIlolIWr IIHpB

l:em!SIX 6y,neM lIanaraTl> 

III :AZJu A ----=-, (3.2) 
r,ne Z ~ aeKoTOPHI BeKTOp. BHJle.nJlllllH.l H81IpaBJIelme. llJDI aTOM B pe

*Kamt6POBO'lH0--mIB8PBaH'l'ImI nponaraTOp 0 TO'llDt SpeBHIl ~POJO'lHo
He88B110BJ0«)1'O onpe;nB.IIeBBR MaCOH KBaPKa paCCM8TpHB8JlO$l B FJ:l.1 • 

.1

sy~bTaTe rrpe,n~bHoro rrepexo~a ;? ~ ~ Ma BOCCTaHaBnHBaeM RarrH6

POBO'lliy1l RHBSPHWlTHOCTl> nOJIell 8J'(xlf) H ()(xIJ) • a Ta~e TpaH

cnRUHOHHYIl HHBaPHaHTHOCTb KBaPKOBOro nponaraTopa (3.1). 
B OTapwc nepeMeHHUX IfJyHKUWI I'pHHa (3. I) SanmneTCJI B BH,il;e 

y 

Grx' Y/J) = t·<IJ/Tj(x).Pexp/i,j!rll~Y(l)J f(!J}/IJ~ (3.3) 

r .lle HRTerPHpoB8HRe BImOJIHffeTCJI no ROHTYPY. Hs06paJ1[eHHOMj' H8 pHcYHKe . 

:x:. ~ 

PliC. 1. 
KOHTYP KHTerpHpoBaHRR B xanH6poBO~0-HKBapHaHTROM 

cm1RopHOM nponaraTope (3 .3). 

KaJm6POBO'lH0 -RHBSPHaHTHH! rJIooHHJII nponaraTOp B TepMBRax llQ./leBI:iX 

nOAe) .!J.J' plf) B cB06o,IUiOM CJIY'lae HMeeT BlI,Il; If 

J 

£).I'Y(~J!I/f):: J?.I'; (X, !J) of..LJ' Jr:/l "':lJri.~(Z , !J) f 


J xl J 
f v r ,fl tl'l ;: / ) d

d
J, 
X 

j (3.4)
J !I } JtlW oU.I') ( eX, W; 1- J'J ~ til. "'j;wJlJ).I.} (I, W) , 

!I f)X !:I x .y 
r .ne :lJ/'~ (x,.Y) rJIDOliHlrll: nponaraTop B npoR3BOJIbHoit KWm6poBRe . 

~,YHKllKfI fpHHS (3.4) 06JIa.na eT aJIe.nYDIlHM cBOitcTBOM 

£Jj'Y (x, yll) =iJ.f ~ ( X-I, !I--J). (3.5) 

11: TPBBB8JIJ>HI:le IIBeTOBHe IDl,I(eRcll MI:l onycKaeM. 

5 
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TaK ~e RaK ~ ~ CllllHOpHOrO npOnaraTOpa , TPaH~RUHOHHaH HHBaPRaHTHOCT~ 

BOOCTaHaBJIHBaeTCSI B npe.neJIe / -. ...0 . 
IIo.rry'mM mmoe BblpaJll.eHHe wm rJIOOHHo1'O nporraraTOpa • .lI.ruI 3T01'O B 

np8BYIO '1aCTb ( 3 . 4) C1le.uyeT rrO,ltCTaBHTb :lJ,l'i1 (x, y) B rrpoH3BOJlbHOA Ka

Jl1I6poBKB. HarrpHMep , B raMHJt:bTOHOBCKOI KaJm6POBKB II 0 :. tJ B .nBYMepHOM 

rrpocTpaHCTBe BpeMeHH nponaraTop HMeBT ~ 

tlJ.I'Y(.r ,y) ;; - j J'l j Yi S(X1- ~h)[1/Xo-~o /+ B(x. - ~.) -A] . 
(3. 6) 

IIPOHSBOJIhHblB nOCTOSlHHli8 IJ H 8 B (3. 6) OTpwmm oCTaTo'DlH1t 

KWm6pOBO'lHllA npoH3BOJ1 . 06bl'lHO l!IX BbI6HpaDT paBHHMH HYJIJO, IIPR6er M It 

HeKOTOpbIM .nonOJIHRTeJIbHHM apryMeHTaM. B HameM CJIY'lae rrPR TIO,nCTaHOB

KB (3. 6 ) H (3.4) SaBHCHMJCTb OT A H B rrpolIa,naeT . TaKI!M 06paSOM, 

r J[J)()HHlliJ rrporraraTOp ( 3 . 4) He HMeeT HeO,ltH03H8'IHOCTeit , xapaKTepHHX wm 
KalU'I6poBO'lHO-HemmaI lHaHTHOI qx,PMYJll!POBKH . 1l>YJiKUl'f.iI ( 3 . 4) rrpH rro.nCTa

HOBKe B Hee (3. 6 ) rrpHHHMBeT Blm 

$fV/x , Y/j) = f f(!- ~~ (j-:i)" +(!- 0.1' if- X);;). 

.1'((j- x) .( F- i) .f.Lo ~ :lo .t9 /j!> - X • . -.i)-/
/ ;/ / f~ xo (Jo - !la 

-I- h -Xo. G/./0 -!lo - / ) 7 (3.7) 


fo-Yo (fp-x o /~ . 


3.neCb .lVlii .Ill)(\o1'o 2- BeKTOpa BBe.neHO 060SHa'leHller.J' 

~ » (.Z.J' =- EJ' 2 1> =- 1 1, 2 0). (3.8) 

CB06o.ztHb(l nporrsra'lXJp (3. 7) HMaeT HeCKOJIhKO Heo61l'iHb1it BHJl lIO cpaBHe

RED C H8B60Jlee '18CTO IIpHMeHlla~ IIporraraTOpaMH B K8JlH6poBK8 CBeTOBO

1'0 cI>poHTa 11_ = 0 HJm B aKCI1aJU,HOH K8JlH6poBKe ilL = 0, lIIS BH

pazeHHI! ~ KOTOPHX JIerKO BHJl8H RYJIOHOBcKHIl Ba RCH BS8XMO.nellcTBHS 

SSpIl.IJ;OB B .ltBYMBPHOM rrpocTpaHcTBe BpBMeHlll . OJtHSKO HeTPYJtHO y6e.ltJlTbCJi , 

'ITO Bblp8Z8HHe wm K8Jl1!6poBO'lHo-mmaplUlHTHOIl BHe·pI'Hlll B3am&:lJJ;eICTBlIIJI 

SBplUOB . aaIll'lCaHHoe 'Iapes nponaraTOp ( 3 .7) . MOltHO npeo6pasOBa'fb K 

cT8H.ItaPTHoM;y Bl'f.ItY C o6ll'mliM JIlIRelJio pacTyIllIIM pa ccToSIHHeM rrOTeHlll!8JIOM 

BSaHMO.nelcTBlIIJI 98p1l.1J;OB. 

6 

4. KaJm6poBO'lHO- HHBaPHaHTHld KBaPKOBIi1t n porraraTop 1'1 r/IV
rrmt6.nueHHH 

}fCIIOJlbSYII TOT /frutT. 'fTO BBe.nBHHblB BbIlllB TI01J.1I J3J' (x l~) ff "(~/J) 
COBml,ltal)'l' 0 o61l'l11HMH nOJJ.ltMH A.I' (xJ it 9(r) B KSJIH6poBKe ~Ka 
(2.7), IGIHO rrOJ<asaTb, 'fTO ypaBHeHiIB .tr.1Ui HBaPKOBOro TIporraraTopa 

( 3.1) B rJ!8BllOM rroPfmRe 1/# -np:l10.muteHWi :I1Mee T BId.It 

"":(X,Y/f) ~ -tj'V.lJJ.r; (X,Y/J)[I'.J'C(rl Y/j)rJ , 
"" ..t. tV' .£ (4. I) 

r .n:, j .1,: ttj) ---i- , ~......; orrpe,neJIJleTCII COOTHomBHHeM ( 3. 7 ) 

a/7 - MSCCOBld\ onepaTOp, OTBe'l8lll!RA ¢yHKUHH !'pHHa (3. I). 
.nrur 1I0000 'lBHrul TpaHCJUUlHOHHO mmapHaHTHWC pesYJThTaTOB YCTpeMllM

J - ""'" ,COrJIaCHO ( 3. 2). IIpH 3TOM cI>YHJUJ;HR ( 3 .7) npHHHMB.eT Blm 

ciJ.J'~ (x, !I/1I2) = ; IJ~ ?~J'(;-: (x -!l) L;.OiA)""'
IV t ~ . ( 4. 2 ) 

TaKmI 06paSOM.Be.D;YUll'I~ rro A 'UIeH B :J).J'~ H1lJIJIeTCR TpaHC1lKllJfOHHO HH-

BaPRaH'rHHM. CJIe.llVeT OTMaTHTlt , 'ITO OR He ,naeT BMa.na B TBKYID qmSH'lec

KYil BeJIH'lHHY, KaK,HanpHMep, 3HepI'HJI. BMa.n B Hee orrpe.I\eJISleTCJi C1le

.ltYJlItHM 'UIeHOM pa3J1ozeHM cPYHKllIUl 2 ./',1 (ord'/ Af), rrponoPIlHOH8JIhHl:lM II 0 • 

KaK 6y,neT rrOKaSaHO HUe. wm HallIe!! ueJIl! BbIIIIlCaHHbI! HBHO nepBHl 'UIeH 

p8.3J1oaelll5R no A B (4.2) KI'paeT orrpe,neJlJIXll{yD POJlb . 
B nmyJIbCHOM npoCTpaHCTBa YpaBHeHHe (4. I) npH ;? - 0<> npHHHMa

aT BHJl 
.... . .t "" ..... 

/1A (f1)=-~!o'rfGA (P~j f r) f =
• L (>00 -1::; - J.&- id7:'17 .i . ~ (4.3) 
~ j ' t A ~ 

_00:> M /, / -) /;" I ~ v } , t 
Fi.4 (,o+;r 21: -fm - ( f.,.11Z'V- t E. 

PSCCMOTpzM TelIeplt pa3J1l11~b1e crryqae Bu60pa HarrpaBJIeHM ? 
IIPH 2.(. =~ (TO'lKll 1 CTPSM:I1TCR K 6eCKOHe'lHOCTH B.ItOJIb CBaToBOro 

KOHYCS) YpaBHeHllle (4. 3) MOKRO rr8pelIHC8Tb B ~e 

/I 

;Vf /!./ ~/ = 
<>0 

=- - 'l~l.tn jtlr/- !;1(I- ,~ +7:) + in - ffl- lj ~ (/? I- ( 4. 4 ) 

. -J - o<> 

I- r)/-}-tE} . 
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3,neCb MIl BBM}! CT8.H,IlapTlUIG rrepeMffHHlle CB8TOBOI'O if>poHTa 

~ =!x (00 ~~), t± =fz (/0 ~/t), 
(4.5)J"-l ~ // ~ 0, (r-,~) =.t 

R ITOJIOEWm MH KOHKpeTHOCT}! f = (I . I) • 

HeTPY.lV'Io BY.,IteTb, 'ITO YpaBHeHlle (4.4) HMeeT pemeHlle Bll',nB 


"" )1/ 1'-, f lo) =-.f- 11(fJ..) . 
(4.6) 

I1PB 3TOM IDITer p8JI. B rrpaBOA '{aCTl1 ( 4. 4) MOlP>eT 61lTb rrpeo6pasoBaH Tille 

t>Q 

- L~~) J~ [ t'-- H(fJ)+ m -(?-t; +(fJ++z')r-)'-I.£}-t,- = 

~r r- I !!!.! ft~.fr- (r-l1ll?-d Jr- =/(,tJl) m -I. -"tf>- ('Z"-Mf f!-!) _t'£ (4.?)_~ 
OQ I . 

= ,tJ:. f- J :~, [m - L I'- 7: - /E] - := i I'- Sjll P- • 
_ 0.0 (:t 11/ 

TaKHM 06paaoM. TO'UIOe pemmrne ypaBHeHIDl (4.4) B 3TOM CHj"i8e lIMeeT 

rum (4.6), r,ne 

I1(P-j= fa, ASjl2 P- . (4.8) 

IIPH A --- O<l rrOJIJ()O CmIHopHol (tJyHKI.om JpBHa YXO.rtBT Ha 6eCKOHB'lHOCTh . 

'ITO WllHO TpaKTOB8Tb KaK KompajlHMeH'1' OT,neJlbHOI'O KBaPKa . 

PelID!M YpaBHBHl'le (4.3) B ITPH6JImteHHH ElIoXB-Hop,ncJ!1(8 , ROTOpoe . 

KaK B3BeCTHO, B OJIytme 3JleKTpoltHRaMHKH BOCITP0113BO.rtBT TeopJm B BB4>pa
KpaCHoA , oM a c TH. Cor JlIlCHO STONY ITPH6JrDeHlUl, 3aMeHlW B (4.3)r-M8TpJ!DW H8 BeR'l'opa : J; ~- lL.I' , r,ll;e U .f. "'-..f • 
Tor,ll;a ypaBHBHHB (4.3) DpaMeT ~ 

""'.t 00 i
)f~ ('p) ; - I.·L ({U) .t f elt: [ I1A (f-rIf f t')-I- In 

'IK _ 00 

(4. 9) 
- (P· lL) -1« u) - t't):1 

YpaBH8Hl1e ( 4. 9 ) lBI8eT p ellleHHB . He SallllCB:llleB 0'1' p) 

MA (p) = /'1A =COfu t . 
(4. IO) 

.llelcTtmTeJlbHO . B STOM OJIYl!8e 

8 

""0 

11~ ~ -if (fu)"-Aj;?:[I1A +/11. - ( n t) - (/U)Z'-IEj -'; 
f' -00 

(4 . n)=.r./l/j'lL).t}e-J'(t% lilt - (fJU) - (uV2') = 
'I _-=> 

:: f j.t({lL)A . 

T!lKHM 06paSOM. 1'1.4 .'-" A. It IIpJf /I -- c:ooc;> IIOJIIlO nponararopa 

yxOlIJl.T H8 6eOROBe'IKOOTh. '1'1'0, Tax lite, XaK a IlpH f~ :: O. OneqaeT 

It'OH!fIaIHMeHTY KBSpKa. 

5. §am'leue 

HTaJt. B mumol pa6O'.L'e BBe,tteBli BOBKe BeRTOpHHe 11 cmmopmle llOJIB 

:B,rfxlj)B ()(xlf) • KO'l'Oplle ITPl! 1-....:> HHB8pl!8.HTHH O'1'Ho-

Cl!'1'eJI1>HO JlOIt8JIl>HHX B&1IB.6poBO'tHIlX Ilpeo6paso»BHllit. ~ I'pmta. 3aJlH

08HBHe B Tep.nmax STi!X DOJIel,JIBJlSIJl'l'CSI K8JI1J6poBO'lHo-mmapJf8HTHHt.U! 

o6!.eK'l'8MR. 

B paJB8X I/A/ -llpHClJnmemm IIOJIY'leHO YpaBHelme MJl !WIH6poBO'l: 

Ho-HJmSPH8.HTHOI'O KBSpROBOI'O nponararopa. 3TO YpaBHeJme B O'l'JlH1me 0'1' 

YpaBlIeHHSt NUl l<MZ6POBO'mO-HHB8plmHTHol ommoPHo! ifJ.yHK:IJ;Im I'pmm He 

Tpe6yeT ~paKpaOHOa peryJIJIpasamm. TeM He MeBee .B npe.1tIIOJt.araeIo«>M 

rrO.IOCOlte cYllleCTByex eOTeOTBElHH8JI npelt8JIhlt8fl rrpoueltYPB: /.1' ~A2.J1, 
A - oc> • B pesyJ!l>TaTe TaROI'O JIpelteJll>HOI'O nepexolta pemamCll 

,ItBe 98lta'IH • 
Bo-nepmoc. BOCCTaBaBJIlmaeTCB: I<8JDJ6poBO'IHWI mmapl1W1'l'HOOTl> IrMe! 

fi.l'(z/f/a ~(:r/f) B. BO-BTOPHlC. paCOMaTpBB8BMli8 ~ I'plma 

CTaBOBIITCSI TpaHOJ1.IUlHOHHO IIHB8PKaHTmiMH. nPK STOM ORa3J:maeTCSI, 'ITO 

MBc ooBHA OllepaTOp, OOOTBeTOTBYIJIIllA I<8JDJ6POBO'l:llO-HHB8PKaHTHO~ OIlHllOP-

R OWY nponaraTOpy, nPl! /I_coO TaKKe OTpeMHTCIl It 6eOROliequOCTIl. 

TaKHM 06pasON, l<Ml!OPOBO'lHO-I!BB8PBaHTHli! KBBPKOBidt rrponaraTOp He HMe

eT 0oo6elIHOOTei B JlIl60A KOHe'mO! o6mlCTB. ~OT ~ a.nm!O TpaRTOB8TD 

RaK KOB~ OTltl:'JThHoro KBSpHB. 

BalIRo nolt'lePRHYTh, ~'O npe.IJ.lIaraBwit flO,IIXOlt CB060ltBH 0'1' lIeo,ItHo

SB8'llIOCTe!. CB1138HHHX c pa3JIl1'iHbIMR CDoco68MH ~paKPBOHOit peryJIJIPllsa

llJUI B I<8JDJ6po.BO'lH0-HemmapltaHTHOM q,opYaJD!3Me. 
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B 06~eAHHeHHOM HHCTHTYTe RAepHWX HCcneAOBaHHH Ha4an 
BWXOAHTb c6opHHK "Hpam7CUe coo61J1eHu.R OHRH" . B HeM 
6YAYT nOMelllaTbCR CTaTbH, COAeplllaii(He OpHrHHanbHWe Hay•IHWe, 
Hay4HO~TeXHH4eCKHe, MeTOAH4eCKHe H npHKnaAHWe pesynbTaTW, 
Tpe6y10111He Cpo4HOH ny6nHKa~HH. liyAY4H 4aCTbiO 11Coo611(eHHH 
OHSIW', cTaTbM, BOWeA~UHe a c6opHHK, HMeiOT, KaK H APYrHe 
HSAaHHR OHSIH, cTaTyc ~H~HanbHWX ny6nHKa~HH. 

C6opHHK "KpaTKHe coo6uteHHR OHJIH" 6yAeT BWXOAHTb 
perynRpHo. 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theqretical physics. 
Experimental techniques and methods. 
Accel erators . 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

I 
' I 
'1 1 

I 

'I 

I 

I 
f1 

~ 

CxaqxoB H.B., ConoBqOB H.n., meaqeHKO O.ID. 
KanH6posoquo-HesaBHC~ ~opManHsM 

H KOH~aAHMeHT KBapKOB B ~2 

P2-85-463 

BBOAHTCH HOB~e KanH6poaoquo-HHBapHaHTHbJe BeKTOpHOe H cnH
HOp~e nonH. B HX TepMHHax onpeAenHeTCH KanH6poaoquo-HHBapHaHT 
~ KBapKOBbm nponaraTOp, ypaBHeHHe AnH KOTOpOrO B npH6nHZeHHH 
He Tpe6yeT BBeAeHHH HH~paKpaCHOA perynHpHSaqHH."PerynHpH9~1 

napaMeTpOM B HameM llOAXOAe HBnHeTCH napaMeTp, npeAenbHOe SHa
qeHHe KOTOpOrO OTBeqaeT KanH6poaoquo-HHBapHaHTH~ nonHM H 
TpaHCnHQHOHHO-HHBapHaHTHOMy KBapKOBOMY nponaraTopy, lloKaSaHo, 
qTO npH nepeXOAe K TaKOMY npeAeny llOniDC KanH6pOBOqHo-HHBapHaHT 
HOrO nponaraTopa KBapKa yxOAHT Ha 6eCKOHeqHOCTb, qTo 06~HO 
TpaKTYeTCH KaK KOH~aAHMeHT OTAenbHOrO KBapxa. 

Pa6oTa BbmonHeHa B fla6opaTopHH TeopeTuqecKoA ~HSHKH OHHH. 

fipenpHHT O&be~HeHHOrO HHCTHTyTa HAePHWX HCcneAOBaHHA. ay6Ha 1985 

------~· 

IIepeBOA aaTopoB 

Skachkov N.B., Solovtsov I.L., Shevchenko O.Yu. P2-85-463 
Gauge-Invariant Formalism 
and Quark Confinement in QCD 

New gauge-invariant vector and spinor fields are introdu
ced. Gauge-invariant quark propagator is defined in terms 
of these new fields. · The equation for such a propagator, 
taken in 1/N approximation, does not require the introduction 
of an infrared regularization. As the regularization parameter 
in our approach there stands such a parameter which limit va
lue corresponds to the gauge-invariant fields and translatio
nally invariant quark propagator. It is shown that in this li
mit the pole of the gauge-invariant quark propagator shifts 
towards infinity what is usually treated as the confinement 
of a single quark. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1985 


