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1'11l11nblt ~pq}lltUIJlt }lbnm}lmnnn 

bphwb 1992 

lleHTpaAbHWii Hay 'tHO-MCCJ1eJJ,OB3TeJlbCKMii llHCTMTYJ' HHtoPMaU.MM 

M TeXHHKO-a~OttOMM'tecKMX MCCJleJJ,OR3HMii no aTOMHOii aayae 

M TexHHKe ( llHH HarOMHH.opM) l991 r. 

I.BBe.Il8H11Ie 

~OHbl w.3 TfllREMhlX KBapKOB HBJIRJOTCH CBOeo6pa3HblM CBH3.Y!O!l.U1M 

3BeHOM MelJUi.Y KXU Ha MaJlhtX paccTOHHllIHX 11! "HopMa.'!bHOli" a.Lq)OHHOR 

¢w.311IKOtrl 60Jiblill'lX ( B M,:JCWTa6ax p.a~ca KOH(!Jaa:HM8HT.a) paCCTOHHIDl:. c 
O,D,HOH CTOpORhl. 60.J!bW3H Macca TH:Ke.'!Oro KBapKa m~ Tl\, >> AKXU 

.flB.J!.fl8TCH ecTeCTBeHHblM naraMeTpOM ' KOTOpbli'l onpe.n.e.'!HeT WKBJJY 

3CW'!'IIITOTWi8CK11I CBOOO,D,HblX npoueccoB' rrpo11ICXO.IlHlll,11IX Ha ' M3.'lb!X 

paCCTO.flHllI.HX. B 'l:BCTHOCTIJI, KOPpe.7!HTOpbl TOKOB, COCT3BJl8HHblX JJI3 

THlK8JlhlX KBapKOB. R3.Il8lKHO Bbl'illIC.'!HlOTCH c TIOMOUJ,b!O onepaTOpHoro 

pa3JIO:«eH11I.fl KXU. Be.n.ym11:e H8TiePTVp'.53T11IBH&le BKJl.3..llbl B 3TI1 

KOppe.'1.RTOphl' KaK npaBJ1.,1J.O' xopowo ODpe,I(e.'!eHbl B oaMKax MeTOll,.'3 

rrp.3BMJ! CYMM KXU [I J. 

c .Lq).YTOH CTOpOHbl' paccM.::rrplIBaH TRme.'lble a.n.pOHbl H.'.1 M3CCOBc:a 

TIOBepxHOCT'A: 11! np01,i8CChl. rrpoWCXO.Il.fllll,11Ie c MX .Y'J:3CT11!8M' Mbl 11MeeM .n.e.110 

c "HOpM3JlbHblM11I" 3.Lq)OHHhlMllI B33VIMO.JJ.8RCTB11IHM11I H3 00.'!b!llllIX 

paCCTOHHllI.flX' ,1Vl.fl KGTOpblX B rrpim:mme MOJKeT OhlTb p33BIIT3 BCH 

06bl'l:H3H ¢eHOM8HOJIOrllIR "CViJlbHGro" 8331™0.Il.ff~CTBllI.fl, B l!3CTHOCT?L, 

no.nxo.n.. OCHOB BHEhlR H3 TIOJIJOC3X .Pe.mre 11! CB.fl33HHhle c 3TVlM no,nxOll,OM 

MO.Il8JI11!, TBKllle Ka~ .n.yaJibHO-TOTI0.}TOnfll8CKaH .vmrrap11!33Ul/Ul }1 6.'lw.3K3H K 

HeR MO.Il8Jlb KBapK-rJl!OOHHblX CTj:i.YH [2,3] . TaK, R~npv!Mep , C8l!8H11I.fl 11! 

11IHKJll031ffiHhie cneK'I'pbl a.upopom,nemrn THme.'!h1x 3.Lq)OHOB, co.n.ep:1c'llll,11IX c 11!.'IM 

b-KB3pK11I . xopowo BOCDp011!3BO.Il.flTCR Mo.n.e.Jib!O KBapK-I'Jl!OOHHblX CTp.yH 

[4J. BMecre c TeM pe3,YJibT.3T mPmcJiemm B 3TOR 1110.n.eJrn cym.ecTBeHHO 
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38BHC'HT OT mrrepcerrra P3.mireBcKcn TPaeKTopWri. cc·lUJJll bb Me30HCB 

°'ip(O) rum COOTReTCTOOHHO dy(O}- n::lPaMeTPOB, KOTCpb1.n TpY.IUI 

Onp9.UCJI.11Tb B P3M1\3X GT3H.Il3pTHOR pe,mKeBCKOR ¢eHOMSHOJ!OIVrn:. oueHKH 

no TE::'.:lpHH B03MymeHHn .Il8!0T d'P(O) -=C • B TO BpeMfl. K3R CT3H.Il3pTHhl 

npf!Mhte TP3eKTopHH c ymmepca.'IbHhlM Rf.ltc..'!'.:.'!l:OM npe.ncK<i3hrna10T °'ip<O! 

(2+4}.[b).5Jill3R"He 3H'lqeHHfl npe.IICK33blB8IOTCfl H3 ~W!8BCKOR 

napaMeT1JH3amm ¢YHKWIB ¢parMeHTamm TmKeJlblX KB.'-ll.JKOB (8 J. Em,e 

60.J!bllflm -:-ia36I QC ..... ')JIY -l3E'1Cfl ;'.1.Jlfl B03MOllG!O~ R('_lJWU!Hl,i d,,(O): OT 0 .no 

_·a. 
l..IeJib .Il'lHHOH P300Tbl HCITOJ!b30B3Tb CBfl3 em.rzy qenIµ>XTCIWBblM 

Koppe.JIITTOpOM T.H:~8J!b!X KB.3pKOB 1-f nOJffihlM cetteHJt'.£'M pacce.RHI1fl ¢OTOHa 

da THlreJ!OM 3.IlPOHe. Bh!TeK3lO!llYIO H3 .IIHCrrepcHOHHhlX COOTHOllleHHn nma 

Wl3BHJ! C.YMM KXJl. f'3CCCM3TPHB8fl CTeTISHHb!e MOMeHTbl 3THX 

COOTHOIIleHJm. MOlKHO nOJI.Y'iHTb orpaHWl.eHHe H<J Be.Il.YlllYIO CTeneHHylO (TO 

0CTb -p9.IDK8BCKYlO) 3CHMTITOTHKY ce'!eHHfl. KOTOpafl o'mmunro, 

~npe.ne.JI.ReTc.R cc rum bb TP3eKTopH.RMH (BBM.Il.Y 06MeHa 1™8HHO 

ypoBHflNIH T.RlKeJioro KB3pKOHH.R B t--K3HaJie paccM3TµHB3eMoro rrpouecc::i 

p3ccef!HHfl ) . c_ymecTBeHHo. '!TO KOHTPOJib 33 TO'!HOCTbJO 

.IIHCTiepCHOHHblX ITp3BHJI C.YMM oc_ylll,eCTBJJReTCf! Bbl'IHC.,'!f!eMOR BeJ!Wll!!HOR 

HerreµTyp63THBHOR norrp3BKM. 

Onep3TOpHh!e p33.7!0JKeHHfl H .IIHCnepcHOHHble COOTHO!IleHH.R. KOTOphle 

Mb! 6y.neM HCITOJ!b30l33Tb, TIOJIY'l8Hbl B npe,ll,hl.Il.Ylll,HX pa60T3X l'7 , 8 J r .ne c 

me TIOMOlll,blO 6 b!JIH Bbl'IHCJ!8Hhl p3cnpe.neJieHH.R TfllK8JlblX KB3pKOB B T f!lKeJlblX 

~wnax H BK.7!3.Il Tf!lKeJlbIX KB3pKOB B CTPYKTYPH.Yto tll.YHKU>m ttioToHa. 

lliI3H .Il,8.J!bHeR!Ilero H3J!Ol!leHH.R CJie.Il.YlOmHR. B p33.Il. 2 6Y.II.YT 

noJI.y'leHbI orp3HI![qeHHfl. cJ!e.IlYJOlll.Me H3 p3ccMoTpeHH.R p3cce.RHHfl 

p:l3J!bHOro ¢oTOH3 Ha Jjtp -M830He. B p33.Il. 3 '!T06bl 

rrp0.Il9MOHCTµHpOB3Tb ymmepC3J!bHOCTb TIOJIY'I8HHOro orpaHWiefilllfl, 6yllf;IT 

II8JWl3HpOB3HO -p3cceRHHS Bl-fPTY3J!bHoro ¢oTOH3 Ha Jr-Me3 oHe . B 

4 

3T OR 3a.IJ,a'l:e KOppeJI.RTOT) ycT;:::C"''l C:OBeplll8HW :C'-1-.npyroMy n 

HeneµTy jX53TIIBHble BK..'13,ll,hl Cf!P8ll8.!IR!CTCR KB3pKObblMZ v! :m3pK-r.'TIOOHHblM1" 

KOH.ll8HC3T3MH. TeM He ~eHee . ].Je3y.'lbTaTbl 13 CJCCVDC no;::xc.nax 

n oJI.y'l3lOTCH 6JIH3KW!IH. 

IlOMHMO TIOJI.yqeRRblX BHCMCl:8.~hHl:lM C6Da30:-'. .JI";J3H!f'i8HJ.ffi • B 

p a 3.IJ,. 4 6Y.II.YT rrpvrne.neRbl CC(eff!Gt! Cl,p H '.1y , :-:r·T<Jpb;e C.'18.Il.YlOT }!3 

cp3BHeHH.R MOMeHTm. n3µTCHHblX p.::i :"TfJ?..ne.'!8HVffi -:-mr.e.'ll:!X KBi:JDKOB. 

TIOJIY'!eRHl:IX B KXJl. c ¢opiv.c a -v.x pacnpe;:ro.,'!eHIDI B Mo.rre.m 

KBapK- r.JllCOHHbIX CTPYH· 

2. P3ccef!HHe ¢oTOH3 H.J .Jf'P .,, r:rne. 

P3ccMOTPHM qen1pexToKOBhm :·.~ D;x;.u1Top 

tq<'x-v; 1 i:. 
D = -i J dx dy dz e -

µv>.p '' <Ol TUP«J1 5µ<x> ~, (y)j)_(zHI U~· (I) 

r .ne 5µ =-c1
11

c - BeKTOpHbl"R c-l<EiJ ~:''. 

Jjlp- M830H. 

TOK, p o:K.ll3!0Ul.WJ M3 B':KYYM 1 

flpVI t=-0 MHHMafl '!aCTb ( I ) : •.-~ "' r.pv. s .:'.: 4m
2 

Im, Djll'AP=- (l/2i"i( f)jll' >.p(q2 .p' ·' t- ,.- ' -- Dj1l·'),p(q2 .p2 ,o•-iE lt (.~) 

CBfl33H3' corJtaCRO orrrmecKO'.I ·:e'1:..eMe c :lOJ!HblM C8'l.8HVl:eM ~- :1;::eHH.R 

cc-COCTOflHID!: rrpH CT0.1!1UIOBeHID! JJ:BYX -r: ::-CJH CB c mn:rrya .,'!bHOCTf!M il q~ Ill 

p
2

• KoppeJIRTOp (I) MOlKeT OHTb Bb!'lW::JieR c TIOMOU:blO onep2TOpR'.'!.'O 

p33.lIOl!leHHfl KX}l rrpH t:=O VI 
2 7 

q , 1' tJ • 'l.TO ooecne'l:tIBaeTcn t? ,8J 

60.JlblllOil M3CCOR c-KBapK:l . 1:1 '! ·. C '. . v :jJH3H'ieCime COCT' ·"' '.:R B 

t-K3H3.,'!e .Il0CT8TO'!HO .Il,3JI8KO OT CTcrr; ·'"'" ·:'C"UCV! t = O • 

,lJ,Jlfl JierKIDC KBapKOB 3T:J Br ' \lOlKHOCT b OTCYTCTB.yeT !" K~K 

TIOK333HO B [ 9 ] • onep 3TODHOe P·"~ r·:Ke_ xe :TDIA t =O cnr;·~,,,- ;1 .. :.;mn ,•J-:: :1 :, 

)J,}III MHW\o!Oil 'l:3CTH (I) TIO fl ITPIA cc· ;· l'O 'lHO 6 0.,'!blfil!X q" µ Ill 

~· 



npH npoMeJK.YTO'IllblX 3Ha'!eHVJIX c5bepKSHOBCKOll nepeMeHHolt x= -q
2 
J 2V 

He CJIWllKOM 6JIH3IrnX K 0 wrn: I.. B -qacTHOCTii npe.neJI s-> 00 • rrpH 

tlmKCHpOBaHHOM q
2 

B CJzy'lae JierKHX KBapKOB H9,I(OC'I1!JlrnM B paMKax 

onepaTopHoro pa3J!OlR9HIDI • 

11.T06bl yrrpoc~b BbltfHCJieHIDI. Mbl c C3MOTO H3'l3Jl3. TIOJ!OllrnM B 

(I) H (2) p
2
=0 ( O.n;mi H3 ¢0TOHOB peaJibHblit) H ycpe.InIBM TIO 

TIOJIRpH3acyrnM o6omc ¢0TOHOB. Pe3yJ!hTaT 3Toro YMHOlR9HWI, KaK JierKO 

y6e,nITTbCfl. eCTb IIpOCT3fl KOM6Wl31.UIB W>yx CTpYKTYPHblX qi~ 

¢0TOH3 • 

ilnsD(s,q
2

} = <6µ11/2X6>..p/2}iln9 Dµv>..p = 
.+: 2 2if 2 =1t{ 31.' 

1
{q ,V,) + (V / q) 

2
(q ,V)} (3) 

OIIpe,I(eJieHHblX CT3H,I(3pTHblM CIIOC060M: 

-t6.Ap/2)Im9 Dµv>..p = zn{( -6µv 
2 ... 2 2 2 

+ <lµ~fq )F"i(g ,V,p ,me ) 

2 2..;:; 2 2 2} +(pµ - qµ(V/g )][:p
11 

- ~(V/g )JI.' 
2

(q ,V,p ,me )/V (4) 

IDl,neKC c 03Ha'laeT. 'ITO pe'Ib li,lJ,eT 0 BKJia,ne c-KBapKOB B 3Tii 

CTpYKTYPHhle IPYHKQID'I. 

CTpyKTypm1e 4.JYHKQID'I if i H if 2 ClblJJH BbltfHCJJeHbl B KXJl [8] B 

B:r,me C,YMMhl BKJ!3,I(3 e~oro OTiepaTOpa. COOT'B9TCTBJJ)Wero IIeTJJeBOll 

,rzyiarpaMMe pHc.Ia H J!H.IiHPYJJ~ro HenePTJPClaTHBHoro BKJia,na. 

COOTBeTCTBYJJJnEffO B3~:1!'1MO,I(ellCTBWO c-KBapKOB c B3KYYMHblM TJ!IOOHHblM 

KOH,I(eHC3TOM. ( ,rzyiarpaMMa TiiII3 H300p3lR9HHOll Ha pHC. 16 ) • 

TaK:l!'IM oc5paaoM, MLI mieeM B pacTiopflll<0mm BhitruCJieHHbiirl B KXJl 

KOppeMITOp (I) • KOTOpblll IIpl'I t=O MOl!leT c5b!Tb npe,nCT3BJTeR B . B~ 

,rzyicnepcMoHHoro mrrerpaJia (nocJJa ycpe,nHemm TIO TIOJIHPlll33IWIBM M 

TO'lHOCTblO ll.0 Bbl'll'IT3Blm) : 

6 

c 

D(s,c/) = J d;; 
8 - 8 

00 

J 
4m2 B 

c 

r.ne x= Q
2 
/(s+Q

2
) 

tlMKCHpOB3HHOM Q2 

. 2 -
{ Im tl(s.q )}aco -

ds 

- 0 

- 2 .+ 2 
3F-1 (x,g ) - (1/2x)r 

2
(x,g )}a co 

Q2=-g2. B 'l3CTHOCTii npH s-::0> 

CTpYKTypm1e ¢YHI<UHH, 
TIO,DPIIrrerpaJibHOO Bb!pameHHe ( 5) paBHbl [8 J: 

{ F2 c(x)} aco = 2x { Flc(x.l}aco = 

= (3o!Q '/lt)( ln(s/m 2
) x (1 - 2x + 21<.2 ! + c c 

+ (2/3~ x(9 - 50x + 54..~2 - 16x~)J I 

(5) 

x->0 IIpH 

BXO,I(RIQHe . B 

(6) 

r.ne t> = (4rt
2 

/9)<:<11,.J'Tt>G"µvG"µv> 1<4mc
2 r- cTaH,napTHb1a TiapaMeTp, 

OI1pe,Il9JU19Mbll!: ILJIOTHOCTblO r J!IOOHHoro KOH,I(eHCara. HenepTyp'.)anrnHafl 

nonpaBKa B 3TOM npe.neJie. K3K HeTpY.nHO yde,I(ITTbCfl. 'lHC,.'IeHHo MaJia. 

TeM He MeHee. IIpH M3JILIX s BKJia,n r JIIOOHHoro 
KOH,I(eHCaTa 

C~CTBeHeH. B 'ieM MOlKHO YCle.n;ITTbCfl. paCCM3TpHBafl Bhl'U!CJ!eHHbie B 

l8J MOMeHThl CTpYKTYPHhlX ¢YHKL(Ha: ff F
1
c(x,Q2 )}

0
c

0
xn-lr..lx.Ha'lllliaR c 

HSKOTOpblX 3H3'l9HIDl HOMepa MOMEHITa n BKJia,n r JIIOOHHoro KOH,I(SHCaTa 

,I(OMIDIHpyeT Ha,n BKJia,noM IIeTJJH,'lTO ¢aKTH'leCKH RBJ!JleTCR IIpORBJ!eirneM 

HapymeHRR onepaTopHoro p33J!OlKeHHH B OOJI3CTii M3J!b!X 

s- 4m
2

( x- 1 ) TO ecTb B peaoHaHCHOirl 06JiaCTii YPOBHeR -qapMOHRR. c 

T.fro6bl IIpO.ItBlffi.YTbCfl ,I(3JlbIDe • I1pe,I(CT3BHM HCXO.nHbJl!: KOpp:l.'!RTOp 

(I ) B B:ime CYMMhl TIO ¢l'I3H'ieCKIDd COCTORHIDIM • A HMSHHO • 33IrnllJeM AJlR 

MHMMOll 'l3CTii Im [l(s,q
2

) ,nHCnepcMOHHoe npe~cTaBJieirn:e TIO TISp:lMeHHOk!: . . 
q
2

• Ilpe,I(IIOJ!OlKHB. KaK OClhl'lHO. 'ITO CYMMa TIO ¢H3wi:ecKHM COCTORHRRM B 

KaHaJie q
2 

COCTOHT H3 O.I(Horo IDramero pe30H3HCa ( B ~3HHQM CJIY'iae -

B CKJ!y Bhldopa BeKTOpHoro cc-TOKa 3TO J/lp -Me30H ) H H3 KOHTimyyMa 

1 



COCTOflHJ.fill, H3'fl.llf.3l0Ulerocfl c HeKOTOpor:, nopora 
2 2 

q > qo Ilo.no6Hoe 

npe.JJ.cTm~.neaHe Mcnc Jib30BaJiocb ['7 IO 1 B Bbt'l11c.JieHHf!X c-rpYKTYPHhIX 

¢YHKUID'! 3.IJ:;JOHOB 11 qJOTOH3 c noMOillblO onepaTOpHOrD pa3JIOlRSHMfl 11 

MMeGT CJie.Jl.Yl0!$IB OClllJ.fill BM,ll: 
( s -t.f ' G'(s '• 

.flm n ~·.::::~;1\\p r ,_..,·s = . s 

00 ~ .. 2 
}' 'l 

2 
.sl aq 

+ f 2 2 

2 
q - q 

r/>• s\ 
+ + 2 ? 

CJ - t1 \ q2 - H2~)2 

00 2 \)) 4;2 
,:q ·-·-::..2 

+ f _2 __ t 2 J - .. -2- 2 

2 
q - q 2 q - q 

go q·) 

~~2 2 
~( q•,q

2
.s) + 6(s) (7) 

q(I 
3TO BKJI8.l1. B 

CTepB08 c.i:.;i:::-aeM09 B :'JTOM npe,nCTaBJieHMM 

KOppeJIHTOp (1) p3cCeflHMH ¢oTOH3 H3 Jjlp -Me3oHe Bnepe.n. (.llJilarpaMM3 

p11c. 2a)' rrponopUMOHaJlbHbllil B CIUY OITIWJeCKOH TeOpeMbt TIOJIHOM.Y 

ce'leIDl!O (j,r/si. B (7) Boo.neRO OC03Ha'leH11e G'(s) = !?~ t~ G'y~s)/ 
4rt""<:ll., r.ne g_<P - KOHCTaHTa CBR311 .}!Ip - Me30H3 C TOKOM c}'µ"• 3 .-., 

t•.,,,-ero M3CC3. 

BTopoe H TpeTbe cJiaraeMb\e OTOO'!a!OT BKJI3.l1.Y He.llJll3TOH3JlbHblX 

;iepexo.noB (.lllllarpaMMa p11c. 26) ' Kor.na TOK f- polK.llaeT 113 BaKy_yMa J t'1' 

- Me30R, KOTOpblR noc.11e B33MMO,Ue1i!CTBIDI c qJOTOHOM nepeXO.lllilT B 

B036YlRJleHHOe COCTORHMe Bb\Ule nopora KOHTI!HYYM3. HaKOHeU, -qeTBepTOe 

cx:iraeMoe co cneK-rpaJibHOlil JJJIOTHOCTblO ~ - ecTb BKJia.n nepexo.noB 

!lleIB.IT.Y COCTORllliRMM KOHTMHYYM3. C.nraeMOe 6 OTp3IB3eT Tiplt!CYTCTB11e 

B03MOlKHbTX BhJ'IlITaTeJibHblX '!JleHOB B .llJllCTiepcMOH1lOM npeJlCT3BJI9HMM (7). 

rrpo~WKeHlt!e OCHOBaHO H3 P3BeHCTB9 ~.YX 
ll.aJibHm'!ruee 

;Ill!Cnepclt!OHHblX npe.ncTaBJieHID! U,ll;llOTO 11 TOTO me KOpp?JIRTOpa [l(s.q

2

l: 

ds 

f s - s 

2 ds 
Irr• D(s.q )} = f p 'hvs. 

5 - 8 

. ., 
t im [>t's.g"'-)}acn (8\ 

B '!cCTHOCTM, B npe.neJie s-><D ( B,naJIH OT nopora) )lO.l])l{Hbl Wl!eTb 

".llJilHaKOBOe nooo.neHMe MHMMble 'l3CTM OOOMX npe,UCT3Bv'l8HW\. 0Tc10.na yme 

8 

MOlKHO c,neJiaTb 3aKJ110'!emre o nooo.neHMM ce'l:eH11H 6yvi<s>: rrpo11300,neHMe 

eCfyip<s> KaK 11 JI106oe .np.yroe C.JiaraeMOe B npe,nCTaBJieHMM (7) ,Il.MI { Im 

D(;,q2 )}. He MOll<eT paCT11 6blCTpee, '!eM 
0 s ., con.st. ne-acTBMTeJlbHO, 

PnY9-

lt!MeRHO TaKOB3 creneHH3fl aclt!MTITOTlt!K3 { Im 1'(;,q

2 

)}QCD 

onpe.neJiooMaH (5) 11 (6) rrplt! s-::m (x->O npl'I qJMKC;!pOBaHROM Q

2

). 

Ha R3b!Ke 
pe,WKeBCKIDC -rp3eKTOp111il ,IJJl.f! aMTWITY,lUil p3c:::ef!HWl 

d -1 
G'yip<s>- s vi ) na.nem<l.e _ G'yip<s> 

Ha JJIP-Me30He 
Bnere.n ¢oTOHa 

6bICTp9e' -qeM l/B OTB9'!3eT orpaHWieRMlO Ha MHTepcem cc- -rpaeKTOpMM 

(9) 
ei,p<O) < 0 

3aMeTMM, 'ITO B peaJibHOCTlt! B npoueccax paccemrnR Bnepe.n 

¢oToHa Ha TffiK9JlblX Me30Hax, KaK H B .inodoM .npyroM ynpyro~ rrpouecce, 

,ll,OMMH11p0B3Tb nplt! BblCOKIDC 3HeprnRX ,UOJDKH3 , O'l8Blt!,IJ;ll0, noMepoHH3ll 

-rpaeKTOpHR. O,IJ;llaKO. nocKOJ!bKY Mbl c caMoro HaqaJia Bbld;!p38M 

KOppe.llflTOp C c-KBapKaM11 B . npOMe:i<.YTO'lRCM COCTOflHMM, TO O'l9B:V.JlR , 

'ITO ce'leHlt!e (j. qiwypMpYlOID.ee B qJM3M'!eCKO'PI 'l3CTM qacTM ('7). 'JTO 

MMeRHO T3 '!aCTb noJIHoro ce'leHMR "{Jf'IJ pacceRHHR, KOTOp3R OTBO'!:.cT 

BKJiall.Y c;c--rpaeKTOp1111. BKJia.n rroMepcua H3 KB3pK-rJ!lOORHOM ll3hlKC 

OTB9'l3Jl dbl npoMelK.YTO'lRblM COCTOHHMflM c .JieTKMMJ..i KB3pK3MM Li 

rJI100HaM11, TO eCTb B RaUJeM no.nxo.ne OTB8'l3Jl dbl p.3CCM0Tpett"'\JO 

KOppe.llRTOp3 ~yx TOKOB 113 Tffil!S-'lblX lt! ~yx TOKOB 1'13 JlerKMX KB3PK ,,, 

( CM. pl'IC. 3. , r.ne npvrno.llJllTCR npw.iep COOTBeTCTBYJOID.e:0 .llJll3rp3MM~I • 

KOTopaR O,ll;ll3KO He MOlKeT 6b1Tb paCCMOTfXJH3 B p'1MKaX onepaTOpHC:-( 

pa3JIOIBeHl'IR TipH t=-0 11 s-> oo ) . 

• 3H3qeHM8 dV'(O) =O OTB8'l3CT ec '! paeK1" '\.Jlrn B Te op:.'!,~ 

B03MYU\8H1IB., 'lTO BTIO.J!Re JIQI"W{HO. 1.:m K1K ::n:o V1ME'HRO :JCli!MITTOTAE 

nepTY1-D:1THBHOH neTJieBO'll .llJilarp.3MMb' . 

3:=JM8TilM, O,IIR3KO, 'l.TO pe,ICK8BCK'lfl ] ~ m.im·u·r 'a~ J. OTBCq.:;'()ill 

oopxHeMY npe.n.eJlY (9). cKoree B('0.'0 HO OTIC'I:" en pe3.~bHI l 
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M' l8FtM;l u( B) }' ,J/<f' ..3.~ l1AMC ;~ f't;TBV.:H 9 I:s '19~ ~rJ}'ff 

""',..., JIVTL':..A )~.' 'tll.,1-· ' 'EAYKJ'~ID: 1alX P~·~«t'.'H-...if!. Pa ... C'W'TPW!I 

y' l10Hh ~'..:T '1bJlC'l!l1 1~Tif1 MH1IMC"1. \I • .., KB.'1.ll[ldTII'l'il neT JIB n 

r:, ·~.n: ~w--i.r,nW-i8._'K. ¥. 1'YHK!I'.r.'I q~ ~3 KJ..ffitlM"fhffi•: 'lT ,i;i JJJil..3H,3MMbl 

q,_yF, ( lW p' O) 

Im • Im I:J(s,gl l b(s ·q".P' p.) 

" 
\IU) 

T ii-JP. 60.":blliIDC ~F 6FflX H 
a BKJl3Jl B MHWllY10 

MVI ('". .1M.~ • 

(?;) _.,,1eT '"E'9HV!E:' 

"!MM s-· q,, , '>''1 eCTb I>l<J!3.Il)i 

4' a:i Fl e;r 

3Cy-l{)leHHol X nr 

Rd/.HX (' Cir1J1blliw.'.V 

nra B '!r111.3Winc'<r,s 

;:JE •.IJ.CT.3B-~8Hll1.E: \ 7) (,II11'J: i:. ;MM bi f #'IC. >Xl, B) t.CJM '1YlW.JJlbH'l lo/W!lff'Ul."':b 

··-clHJ\'lV.JYlO MoiJ.eJ!b KB"lr.~ '1I(j:OHHlli ,J.yaJit-,Ht;CTVl, ('J JI3C'll'l wnopoli 

n"eHHME' H3 J/<f' Il.Y';.JlbH•J BK..~"lJW 118TJ!Vl Tlpl' q < <\, , TO B CV.JI.Y (IC) 

. l 

'8"l:8Hl18 u(B) ITiJO".'TC' oOpb:B ~PTC H np11 s > <to O"l:f!BIUJ.Hf • ": (' •, HCl.A 

~y6.3P MO]\eJ!b !WB8Pln' l]\H3K n :-':p"lBJ.VlbR 

nTlM 3Hepn-rn, 

BOi-'l ;mar;;aMMbl • 

~E: T '!J."ll{'T C 

• cTpe1 c, naneFMf' l"""-IE:'P:vtf' a1V' c 

3CMM!TfOTVlKvM neyrvp:5"JHIBHCI'! ne 

P. )' JUIB"1' Y GT'' H 

T 3KMM o6pa30M, L. i "lH!-1:'J.E'RMe { IJ) H<i l1HrepcN 

RBJ!H8TCfl BeCbM-3 •.'Jkl6',\M. 

cc : µ;,f'l\.GpWA 

V!CTIOJ!b3Y8M TOT q;nKT, qT') b Ri:JU,L'M :Ja"rlO]JffiK~ HJol.lo' EV, , b C"BTIE'l' .o 

3<Jblt.Cv.:MO;:TLIO OT m:"iVo.1 h•.~"rM 
CBR3aHR3H 

q . 

CR060Jlbl, 

ro.ro$t€peiru;l~pyeM l"J68 'I 'l/. • -;OCTB'3 (8) n '1..., q 

;1pv. 3TOM y,no6HO c car.i' )~0 ,;. l'l yrmc :KIITb r:A' TV1 

:l M2. Torna noc ""' JlWMlE 1.;~pOB3HIDl Bbl c.,.p0 

Bb~ :nrraTeJibHblR -qJieH. Hr> v. BTl']'µf E. c JI31 aeMC8 
Q],'<3Vl 

·1a~TM (7). OcTaBm,~oci BK..~::im1 nepexonoa Vl3 ,Jf'IJ B 

. ~ORHMR V. M811UJ,y Bt131'i}':t:.UG Hb1MJ,.~ (<1r'TO?R:V.HMH l'\yny 

Vl. q? 0 . 

t ytr'r' 
-1,.- ... H.• 

"· 

~ MtL~Vir t•· 

y:J!,,1"HH 

BHeHWO C BKJ!3UOM 
}l,,l ,J /Ii' ¢:.ii- M!ll \t{ /q',J' <'-1 

,.. C-1CTOR1t'JlbCTB·' 138 .• c;~~!?~~ ,, , "l{ ~lLKY f,li\ '1 rr 'I\ 

'Tl0Jlb30B3Hli\O rpyc5 M.'JJ,.:...;m. '.;;lfl2l.P" ~1:vrJC ·~7' ·I H, -

)(} 

1~"":.bJ!.~ i 

z 
q. 

flOJJ.Y'i38M08 B 1rrore COOTR0lli3Hl1e w.1eeT C-':.8.JlYIOlUV.a BVL.1 . 

ds 
ds 

l) ,.{' ) + T(s,n)] == J I• <:'!' 
QC:D f [ 0(6) ( R 

B - S 
B - S 

r;n,e: 
7 _;i . 2 - 2 

FQCD<s) = Dnlq ,M ){ :H"",(x,q') - (1/2xJF2(x,q )}QCD' 

<ln 
2 .;l { 2n+l - 2 .;l } D (q ,n. )= ('Tt/n!l'! -2n tq - n. 2_ n q -o 

dq 

H HaK0He11. T(s,n) - pe3y.'lbT.3T npw.1eHellliR onepaTopa D K TpeTbH''Y li\ 

-qeTOOpTOMY CJiaraeMblM B ('7) - BK..'13.U-3M "KOHTMHYYM3" B rt],.mwwc.tv;o 

-qaCTb (8). 

B Kx,r\-"l:3CTl1 COOTR01ll8HMR (8) .ro$t€p:3Rr.mp0KlHl18 I1Cl q
2 

npltlBr,;IM~ 
K Jrn.D;11pYKJUJ,82 CT6TI8VHOR acW!lnTOTIIB8: B qJVl3W{8CKOM rri.-.enc~;)LJIAC.rna 

F <s> 
t"-:tt.'I 

8
-n+l ( .; ) 

BMecw :; TeM o'leBvv.~.H...,, "l:TO _ce1 i:.rn:m oo(s) C ~QC, "II. R HG _.,~~~r 

nanaTb :-:.0.:.:.i:em1ee, 'l8M TIG.Il)i!HTerp.J.'lbH'/ bb!prJ!Y.e '~~·!S B ,nJ:- b~ ·?. 

KX.U-'iacTlil: o~;. T3Kl1.Y. .op:-130M. 11crr;1:..,:wR n~·: 1 , "'·(':·Ho 
.- .. 1'/ 1!".!~rL 

MOJ18.'lbHO H0'3.<:fJlllCl'11'1!b '?. HM:llH!rlli npeneJI P..3 ·-'6(' JUUTH' 

rne "o 

JO!:pl ?;: n., 

M9.KCJAM3JlbHOC 3H"1"C''JHV..8, JI:)i'! "' o~;n•~ 

eme Bb!TIOJl l.HUTCfl. 

3]10 :·•. r·yUJ,E'C'TBI' Hl ''T'lITT'P 'Fl 

P:3CT8T He' 
~p 

(Il). !lJ.-E~"8ClV ,T 
";." 

K'IH q . r "Th •VI 

;rMKTYE'lT H .~ T i ·m . ff ti • 

na • OTH C1U!E"t'I'i y 

i8 e ~"l 

11 

·3H·:~ 1 !8H~E> '.;!'/' 

'l.._· I 

'f'!:,'..,11~~8 "; ~ 

.... [I 

'i 



• 

np11.6JIWKeHIB1 (neTJifl runoc KOH,Il8HCaT) • 

'-!MCJI0HHb1H 8H3.Jrn3 npaBO~ 'I3CTH (II)• npoBe)J.0Hl:Ib!R c 

lllCTIOJlb30B3ID'l.0M p:l3YJibT3TOB [ 8] ,Il,Jlfl { Jf i.,z(x,gz) }acn• npH 

< (d/ll)G"µ,<f'µ, > = (l.012 GeV
4

, m_= 1.25-1.35 GeV 
I· I· c 

CBru(0TeJlbCTBeyT, 'ITO npH sc · 4mc
2 

( B OOJI3CTH nplllMemmocTH (II) ) 

BKJia.IJ; r JI!OOHHOro KOH)J.0HC3T3 CT3HOBITTCH rroparurn 20-30% OT BKJia.n;a 

neT.'IH nplll Tl 4 b 

I d'l'(O)I :<: 

'ITO 

3 ~ 4 

COOTBeTCTByeT npe .n.eJJY 

(14) 

flplll 3TOM B HHTepBaJie 3< n <5 Jl\MeeT M8CTO CTa6RJIH3au;Hfl Bce:a npaBOR 

1'.!'::lCTlll (Il) no n, 'ITO cll!rHa.Jrn31i!pY8T 0 rro)J.aBJISID'Il.f BKJI.'3)).3 

KOHTIIHYYM3 • 

flap.3M8TPH'18CKH, BKJia)J. KOH)J.8HCaTa pacTeT OTHOCITTeJlbHO BKJia)J.a 

rreTJ]}! nporropu;HoHaJibHO n2 / m!. 3To 03Ha'IaeT. 'lTO c pocTOM Maccbl 

KBapK3 HWKIUffi npe.JJ.eJI Ha HHTepcem 

nporYJpUl10H3.'lbHO 
2 

m 
c 

ld
00

(0)1 6y)J!3T pacTH 

El 'IaCTHOCTlll, ,IJ,JI.R b-KBapKa 3TO )J.aeT '!HCJieHHO I dy(O)I <= 20. Ha 

C3MOM )l8Jle npe.neJI 3aBb1UlBR' T K npH n - IO cylUeCTBeRHblR BKJia)J. B 

KXll -'laCTb KOpp:lJIHTopa 6y.JJ.YT .naBaTh KYJIOHOBCKllle nonpaBKH , 6e3 

y'IeT'::l KOTOpblX COOTHOIDeHHe ( Il) 3aBe)J.OMO RapylllHTCH. Bb11'.!HC.'l8Hlll6 

3Tl.fX nonpaBOK BhlXO.D;IIT 3a paMKH ,UaHHOH pa60Thl' TaK 'ITO rpy6o:a 

oueHKOR CJIO)J.yeT C'lHTaTb Id~ (0)1 > 10 -

.~. PacceHHHe rpoToHa Ha I>--Me3oHe 

OOMeH THIB8Jlb!MH KBapK-aHTHKBapKOBblMH COCTOHHID'!Mlll B t-KaRaJie 

:::iMo>Ken H R .rrpyroM TI1110TeTH'IeCKOM npouecce : pacceHHIB1 ¢oToHa Ha 

DK0 l!OM M 30HO, COJ~pll<allleM c- HJ]}! b-KBapK. T.{TOOhl OTBJie'IbCH OT 

MC'lKYTO'IHhlX COCTOHHHR c JierKHMH KBapKaMlll, MOllffiO BBeCTH 

H8KOTOpOM QlllKTHBHOM cjJJTOHG, B3.'::JlllMO,Il,0RCTB.Y!OlU0M 

12 

JOO!lb c THIBeJlb1MH KBapKaMH. Tor)J.a HHT8p:icy10mee Rae ce'leID'l.e c cc-

RJlllI bb-06MeHaMH 6y,n.eT BXO.n;£ffb B lPM3H'!BCKOe ,n;£1:CITepcHOHJ:IOe 

COOTHOmemre. aHaJIOIWIBOe (7), ,IJ,Jifl CJI8)].y!Olllero KOpp:lJiflTOpa: 

Dµv(p,p,g)= -i f dx dy dz eiqx-iqy-,pz 

x <OIT{ c)'!;u(O) c)'µc(x) cr
11

c(y) u}'!;c(z)}IO> (15) 

r.n.e ,Il,JIR Onp9)1.e.JJeHHOCTH Bbl6paH TOK itj' !; u, pol!{)J.a10uum M3 BaKyyMa 

IlC9B)J.QCK3.1IRpRblR D-Me30R. 3,n.ecb M )].a.nee B Ka'l'.eCTBe JierKoro KBapKa 

Bb16paH u-KBapK H no.npa3YM8BaeTCH pacceflHlll:e lPOTORa c 

BHpTya.JibHOCTblO ""= - q
2 

Ha D--Me30Re c l1'.Ml1yJibCOM p. ~OpM.YJlhl ,IJ,Jifl 

B.:.KBapKOBblX TOKOB M M930ROB IlOJIHOCTblO aHaJIOI"Wl.Hbl M OTJilll'I3lOTCfl 

3aMeHO'l!: c->b. 

2 2 
P1.2'q1 .2'8 IlpM t;=O H B 06.JiaCTH < 0 p2 -q2>>A 2 

QCD 

KOpp:l.JI.RTOp (14) Bhl'IMCJIOOTCfl [7 ] • c IlOMOlUblO onepaTopRoro 

pa3JIOJReHMH KX):{ B B~e CYf!!Mbl neTJieso:a .n;£1:arpaMMbl M BK.JI3)J.OB 

KBapKoBoro H KBapK-TJJIOOHHOTO KOH)J.eHCaTa (pHC.4) 

c .np.yro:a CTOpOHbl. 3arrn:caB ,Il,JIH KOpp:l.JI.RTOpa ( 15) JJ:BOaHoe 

.I\ll\CITepClllOHHOO COOTHOill9HM.e no TI6p:lM9HRb1M p: M p: H np9.I\CT3BHB 

MHMMYJO 'I3CTb no p: (H p:) KaK CYf!IMY D--Me30Ha H KOHTHH.YyMa (npH 

2 2 
P1 •2 > B 0 , T,IT.e B 0 = 6 Gev - IlOpOr KOHTimyyMa), IlOJJY'IMM npM t=O 

2 .r 2 2 Bi, "n T{s,q ) 

D (s,q ,p, , 2 )Phys 

(~ - p: )(~-p=) + 

00 -2 2 2 

J 
dp1 }'(pf,2,q ,B) 

+ 
-2 2 ~ 2 

so 
(pf - pf)( -p2) 

00 2 2 2 
dp1,2-'(P1,2'q ,B) 

+ J -2 2 ~ 2 
( p2 -p2 )( -p.) 

so 

Q'.) ~2 00 ~2 

+ J J 

J 
2 

2 2 
(ff>) -2 2 -2 2 {j( p 1 • 2 •9:, ,B ) 

so 
pf- pf 

so 
p2- p2 
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r;n,e D(p
2
.q

2
.s) :Ill T(q

2
.s) - K03cW>KUVleHTb! IIp:lll J111 

B KoppeJIRTO:p3 

( 15) M aITh'!JilIT.y;n,e paccemrn.A ¢otoHa Ha D-Me30He. cooTBeTCTBeHHo, ~ 

- KOHCTaHTa CB.Fl3:11! D - Me30H3 C TOKOM c}' .,,c, BTOpOi'! M TpsTl'Ii'! tLJieHbl 

B ¢opMyJ!e (16) COOTB8TCTBYIOT H8,$'!3I'OHaJibHb!M nepexo,naM MelK,IJ.Y 

D-Me30HOM M KOHTilH.YYMOM. 1{8~pThli'! 'IJieH COOTBeTCTBY8T nepexo,na M 

MelK,Uy COCTOffilli.F!Ml'I KOHTIIB.YYM3. ,UwWlepeHU;HpYH no e: M p: k p a3 

no-OT,UeJ!bHOCTH Mb! MOlKeM no,naBHTb BKJI-3,U He,$'IaI'OH3JlbHb!X 

nepeXO,I(OB :Ill KOHTIIB.YYM3. nocJ!e 11ero llJI.FI IIpOCTOTbl noJIOl!IBM p: M p~ 

paBHblM:lll, P~ =p: =1.2 OTMeTHM, 'ITO He3aBMC:ll!MOe ,nwt$3peHuvi:poBaHHe n o 

KBa.upaTaM Ha'laJibHOI'O M KOHe'IHOI'O HMIIYJ!bCOB D-Me30Ha c nocJie.I(y!Om;ID!I 

:lllX rrpvi:paBHHBaHMeM Il03BOJI.AeT cpa3y H36aBITTbCH OT '1J!8HOB ' TIO,U06HblX 

BTOpOM.Y 11.'IeHy qJOpMyJibl (7). 

Y 2 .i2 2 2 
'IlITh!Ba.A, 'ITO Im

5 
T(q,s)::-{s-,b) 6}'D (q ,B)/{811 d) BCJ!e,UCTB:llle 

OilTH'leCKOl'l TeOpeMbl :Ill rrpvi:paBH.HB IIp:lll p
2 

,e<O :p33.YJ!bT3Tbl KX.U pac'1.eTa 

,I!WlrpaMM pMC • 4 ' COOTBeTCTBY!Om;:ll!X KOppe.'l.FITOpy ( 15) K ero 

¢:11!3:11!1feCKOMY ilpe.UCTaBJieIDl!O (16). noJzy'l:lllM IIp:lll -q
2

=Q
2
« ~ (TaK KaK 

qJOTOH He ,UOJIJReH 6b!Tb CJOOllKOM B:lllpTYaJ!bHblM' '1T06bi MOlKHO 6b!J!O 

rrp:ll!MeH.ATb ilpe.UCTaBJ!eH:llle 0 pe.umeBCKOl'l aC:ll!MTITOTHKe pacceHffi/I.A) 

ds 

J 
(B - B) 

{ 

6(;,Q2 ) ... (; - ~ ) 

cH"-F->2i.2 
+ T(;,k)} 

2 2 4 2 2 
r.ne: 6(a,QO ) = ~ M,, 6yl, a,Q )/ 8'Tt ot, 

J 

r (a,.k,) - rrpo,UHcWlepeHUHPOBaHHa.A no p~:lll p: 

1rroporo. TpeTbero n '18TBeJITOI'O '1Jl8HOB B (IS) 

14 -
.ii'" ' 

da 
---<'f <8' 

QCD 
B - B 

(17) 

~a.A 11acTb no e 

[ 

(e/m~ 1)2 

(s-rf)2k+2 •[ -2 + 

3m4 
c 

fQCD ( B) = -ail * 

m m
2 <Yi IP ,,.. 6(m

2 
-s) 

c. 0 c 

2* (m2 -p2 )2k +2 
c 

+ ~(Q2 / m2 ) 
c 

l+m2 /s 
c 

1-m
2 

/B 
c 

tna/m:>]] 

(18) 

m =I.25 Gev Macca c-KBapKa B TO'IK8 HOpMHpOBKM p
2
=-m:, 

c 

063Ha'taeT 'l'.J!eHb! • :ll!Me!OlJJ,:llle MaJ!OCTb He MeH_billY!O ' '!eM ~( "/1112) 
c 

Q2 /m2 
c 

(B 'l'.3CTHOCTH, C!O,D.a BXO,$'IT M BKJ!3,IJ. KBapKoBoro KOH,U8HCaTa) M, 

H3KOH9IJ., m~ *<Yi VS> - BKJra,IJ. KBapK -r.'l!OOHHOTO KOH,UeHCaTa' 
2 

m
0

=0.8 

Gev2 
M <Yi IP> = - (0_24Gev>3. 

Ac:i.wrrronrn:a rrpaBol'l 'l:acTM (IS) no s , KaK Jrerno y6e,UHThC.A 

MHTerpHpOBaHHeM (I8), ecTb Van+l . T.fi.lcJreHHhll'l aHaJrn3 KX,U-'l:aCTI'i 

IIpM 
2 
p=s=-(1-

2 
4) me, ,naeT A-'l.FI c-KBapKa 6b!CTphli'! pocT 

HeneJ.rryp:'.)3T:ll!BHblX BKJ!a,I(OB BTIJIOTb ,IJ.O 100% yme IIp:lll n=3-4 ,rrpmeM 

IIp:lll 3T:ll!X 3H3'!9H:lll.FIX n ffil!K3K:ll!X IIpM3R3KOB CTa6MJibHOCTH HeT, TO ecTb 

BKJI3.U KOHTilH.YYM3 B A3BYlll '!3CTb (I6) see e~ Be.JIID<. TaK:lllM o6pa30M, 

M3BJie'l'.b K3KYJO-Jllll60 ,UOilO.JlfilITeJlbH.Ylll :ll!H¢QpM3IJ.:lll!O 06 3C:ll!MTITOTHKe }'D 

-pacce.FIH:lll.FI M3 KOp:p3.l1.FITOpa ( 15) He npe,ncTaBJlf!8TC.FI B03MOlKHblM. BMeCTe 

C TeM H9T :Ill IIpOTIIBO:p3'lllI.FI C npe.I(eJIOM (15). 

c b-KBapKOM CHTY3ll.1Ml odpaTHafl, T. K. CTeOOHHble rrorrpaBKM Ii: 

KX}{-'laCTM (IS) CYJl(9CTBeHHO MeHbIDe. TipM n B :ll!HTepBaJ!e OT 5 .no 8 

O,I(HOBpeMeHHO M3Jlbl :Ill BKJI3,I(bl KOH.neHCaTOB :Ill BKJ!a,U B036.YJR,UeHHblX 

qJ:lll3:lll'l'.eCK:ll!X COCTO.FIH:llli'! ( ecTb CT36MJ!bHOCTb no n). Mbl MOlReM c 

xopomea CTerreHbIO .uocToBepHoCTM ycTaHOBHTh npe.ueJr 

I dy(O)I ~ 7-8 (I9) 

OTMeT:ll!M. 'ITO CHTY3IJ.JMl. KOT,Ua rrpaBMJia cyMM pa60T3!0T ,Jly'l:IDe ;IJ,Jl.FI b. 

'19M ;IJ,J!H c-KBapKa, XOfo'.:lIDO :11!3BeCTHa ;IJ,Jl.FI ,IJ.B.YXTOKOBOI'O KOppeJ!HTOpa 

TOKOB M3 Tf!lKeJ!OTO :Ill JreTKOI'O KBapKOB. 

15 



B KTOre Mhl w.\eeM MO,neJihHO-H03aB:l~Cw.\b!e orpairn'!emrn Ha 0!¥'(0) H 

dy(O) ' KOTOpLie CynJ,eCTBe~O cy>KaIOT IIOJZY1i9HHL!e H3 MO,nElJieK 

mrrepBaJ!bI 3Tlll BalKHLIX ,I(IDiaM111'19CKm( xapaKTepHCTHK CHJibHOro 

B3a111Mo,ne:R.cTBID1 B ceKTope Tm!leJILIX a.npOHOB 

4. Pe.Il)KeBCKaH napaMeTPH3a~H IIap'I'OHHLIX pacnpe,neJieHW!: T.f!lKeJJh!X 

KBapKOB B T.f!lKeJJh!X a.npoHax c TO'IKH 3pemrn KX,U. 

KpoMe OIIHCaHHoro BblUJe BH0MO,neJibHOro cnoco6a' MOlKHO TIOJJY'IKTb 

H933BHCw.\b!e oueHKH HHTepc0IITOB ~(0) H Cfy(O), HCTIOJih3YH 

pe.Il)KeBCKYIO napaMeTPH3a~ CTPYKTYPHLIX ¢~ Tf!lKeJ!blx Me30HOB B 

Mo,neJIH KBapK-rJI100HHL1x CTPYH. Hanp>iMep, Tipe.IJ.JIOlHeHHYJO B paCloTe [3J 

H HCIIOJib30BaHHyio B paCloTax [2,4,5], a TaIOKe [6],r,ne B Ka'leCTBe 

napaMeTPa MO,neJIH HCIIOJih3.Y0TCR mrrepcem COOTBeTCTYIOme:lt 

TPaeKTopWI!. EepH MOMeHThI 3THX CTPYKTypm1x ¢~. KOTOpble 

3aBHCRT OT ~(0) HJIH dy(O), H cpaBHHBaR c Bbl'll'ICJieHHLIMH B KX.U 

MOMeHTaMH Tex me CTPYKTYPHLIX ¢~, (KOTOpb!e onpe,ne.Ml!OTcR 

BHeMO,nElJibHO - TOJlbKO H3 npaBHJI CYMM KX)l,). MOlKHO IlOIIb!TaTbCR 

npo¢KrHpoBaTh 0!¥'(0) H dy(D). KpaTKo IIpOKJLJl!OCTpHpyeM 3TOT MeTo.n 

Ha np>iMepe pacceHHHH $0TOHa Ha D-Me30He, CJle~R l'll 

IlpHpaBHOOM. KaK Yl!le oClc~aJIOCb B Tipe,Il,Ll~M pa3,neJie. B 

He¢H3111'19CKO:lt OClJiaCTI'! (IIpH p
2 

<0 H B <0) pe3yJihTa'I'bl KX.U pac'!eTa 
1. 2 

.:izyrarpaMM pvrc.4, · coOTBeTCTBYIOmHX KoppeJIHTopy (15). K ero 

¢H3meCKOMY npe,nCTaBJJemoo (16). 

~·t(•T(S,Q2 ) 
-!(- 2 t( ~~~=D-1( ,.;z2 2 <"""' .~ ... ( - p )( _ 2) 1 2 3 D B,'i,Pl ,p )= D-1 + o-t TT'+ o-t < T"T'' 

1 p2 2 0 

(21) 

r,l(e 0-: i ,IR~ IR3 - COOTBeTCTByur He.:izyraroHaJibHblM rrepexo~M D-M030Ha B 

COCTORHHR KOHTHHyyMa H nepexo.naM Me~ COOTOmnmMH KOHTI'!aYYMa 

(BTOpoR"' TpeTim H . 'l9TB9pThl:lt 'IJieHbl B IIpaBOlt '!aCTH (16)) ,o-tD(B, 

16 

2 2 2 
Q ,p1,p2) ~ pac'!eT .:izyrarpaMM pvrc. 4. , COOTBeTCTBYIOmHX 

KoppeJIRTopy (15) o-to ,o-t<Y"I'>' o-i<lfl(}p> BKJI.a.DPI e~oro 

onepaTopa, KBapKOBoro H KBapK-rJ!lOOHRoro KOH)Jf3HCaTOB) .HBHbl:lt B~ 
... 

Mb! He BLITIHCbIBaeM' TaK KaK OH CJOO!!KOM rpoM03~. HanoMHw.\ TaIOKe' 

'ITO Mhl paccMaTPHBaeM TOJ!hKO 'LJfSHbl npH Jlll. 
IIpe,nCTaBHB T(</.s) B B~ .:izyrcrrepcHOHHOro HHTerpaJia IIO B 

00 
2 -lJ Im T(Q ,s) 

T(</.s)=- <I&-"--
• 1t ·~ t( B - B (22) 

H Y'llfTh!BaH, 'ITO Ia T(Q
2 

,s) = - 2n•C(x,Q
2

) B CKS11JIIDITOBO:lt OClJiaCTI'I, • 
(r.ne C(x,Q

2
) - ¢~ pacnpe,neJJemrn c-KBapKa B D-Me30He, 

x = r;f-/21l-CTa~pTHaH ¢e:ltHMaHOBCKaH napeMeHHaR, 2V = s - Q2 -t(>, 
J!SrKO yCle.:izyi:TbCR' 'ITO n- KpaTHaR IIpOH3BO~aR OT T(r;f- ,B) no B B 

TO'IKS B = t( - q- paBHa n-OMY MOMeHTY C( x, q- ) 

IlOJlY'!)iM: 

1 dn 1 
T(</.s) = ii! - 1t dsn 

H" = fdx xn-i~,r;f-) 
n 

(Xl 

J ~ 1a T(r;f- .8> J .. = fdx xn - •ccx.Q2
) ---

t( c8 - s)n 0 

.ltwtxll9pe~yH no B oCle -qacTI'! ypaBH0HHR (22). TIOJJY'lw.\: 

ldn ~-1( ---
ct( - P:xt( - P.2) ii!dii"T(r;f- ,B) + 

2 

ddn 

ii!dii"[IR,+ IR2 + IR3 ] = 

ldn 
= Tildii" D-ID (s,r;l- ,p2 ,p2 ) 

• 2 

ld" 
= n.iae.[ o-t 0 + o-i<Y"I'> + o-i<f'()p>] 

(24) 

(23) 

MCilOJib3YR CTa~pTHoe Tipe.I(IIOJIOll!eHHe JIOKaJibHO:lt KBapK-a~HHOlt 

~aJibHOCTii, COKpaTI'IM BICJia,n KOHTHHYYMa B ~eCKOM npe.nCTaBJJeHWIJ: 

KOppeJIRTopa UITOpoit, TpeTI'IA'. H '!9TBep'I'bl"I 'IA9Hbl B ( I6)] C BK.lla,IIOM 
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oT e.n;mrn'IHOro onepaTOpa (,IzyiarpaMMbl pHc. 4a) npH P: rum: p::<::s0 .< r:n.e 

s
0 

=6 Gev2 -nopor KDHTHHYYMa ). C:n.eJiaB Ta:IOKe JJ.BOlmoe Ciope.J!8BCKoe 

npeo!'.'ipasoBamre no p
2 ''iTO TI03BOJ!R8T 3KCTIOH8Hizy!3JlbHO Il0)J.3Bfilb B 
t. 2 

¢H3w:I8CKOM npe:n.CTaBJie~ KOppeJI.f!TOpa BK.113)1.hl Bcex pe30H3HCOB •. 

KpOM8 H1'131Il8rO ( D-M830H3 ) • IlO.n,;nmM 0]: 

ld'' 
2 .. 2 

- - [ gt>•~•T(S,Q ) ldn . 
BrRz 7 t{- p~ )Ct{ _ p:J = n.odi"' Bi e2r itt0 + &{W' + [H<lpGlp >) --n 

n!ds 

( 25) 

r:n.e: 

Br.2 -2 
p -+ -00. K -+00. 

1.2 

lim .:, ;. "A ,.~,.[e: .• 1' [ - ~J l 
1.2 

- onepaTop CiopeJJ3BCKoro npeo!'.'ipasoBaHHR. 

8r B.z!H 
0 

- BKJiaJJ. ,IzyiarpaMMbl pHc • 4a ( c y'ieToM YKa3aHHoro Bhnne 

COKpam,eHHR 'iac-rn ee co BKJia)J.OM KOHTiffiYYM3), 

B B 
0 

-2 -2 f :fo {p~ if. s) . - - 3 dP -2 2 -2P 
BrRz!Ho = B1t2 I ~ . <P-.. >-~[K2- J ds - cs -s> 

2 .. s_ 

r Q2 + p 2 + B + 2111~ 4m2 ] 

.1. J.J:t -. ? -
L [ <if +J/-s)

2 
+ 4efif) 1

,,
2 cf/-+ 4Ilt"2 

s, p
2 •(l+Q2 

/ 21112 ) - 112 ± i/2-(1+4m
2 

'J"{p
2 
fuf-1) 

j~I i?,IH''P'P> BKJia)J. KBapKOBoro KOH)J.8HCaTa 

u
1 

I!.-;,()i' W • _ 

,0 /9 

m"<'PY'>* (1nC111/i\)/inf,t/A) ] • Qz • el!P(-2tr! jt(-) 

H" (m2 
-s) 

c 

18 

H, H3KOH8U: BrBzll-{!pG!p> - BKJia)J. KBapK-rJl!OOHHOro KOH)J.8HC3Ta 

2 2 2 -~ 2 2 2 
_ _ <lpGip> m"m

0
•<¥'Y':>"'Q • exp(-2ni /n) [ 2ni 4 Q +2ui BrRz!H . = - - .. - - - + ----

2- H"cm2
-s) H" t? ctr!-s)*t<' 

2m2 2 

- ~2 ] 
(m

2
-sf 3(m

2
-s) 

3)1.SCb tf';;: 3-Gev
2 

- Ciope.J!8BCiam napaMeTp, Onpe)J.8Jlfl8Mhll'I H3 ycJIOBHR 

CTaCiHJibHOCTH npaBHJI CYMM Vl(ee Mhl npWil'!MaeM o,D;miaKoBoR ,nJIR p
2

, 

TaK KaK Hae HHTSpecyeT ynpyroe paccemrne), µ - TO'!Ka HOpMHpOBKH 

rJIIOoHHoro KOH)J.8HCaTa ( BeJIH'IHH3 KBapKoBoro KOH)J.8HC3T3, 

npHBe.I\8HHOro B pa3)1.8Jle 3, COOTB8TCTBY8T TO'lKS HOpMHpOBKH µ ;;: 

o.5Gev), a T<if ,s}-aMTIJilITy)J.a ynpyroro pacccemrn.H Ha 

D-M830H8. (HaTIOMHHM. 'iTO paccMa'TpMB3IOTC.H TOJ!bKO 'lJieHhl npH J1V). 
TaKHM o!'.'ipa3oM. H3 paBeHCTBa (23 -25) IlOJIY'IHM C7l 

t{ = H"•exp<2t{/t<'> 
n 2 w' --• 

~· •. ..., • n! 
[Bi~tHO +8r~[H<lp!p> +8r~[H<lpGlf'>] 

n <ZS> 

r:n.e HH)J.8KC n 03H3'!38T n-Kp3TH08 ~peHI(HpOBafiHe B TO'!Ke 

8 = t{ - if. 3Tii npaBlua cyMM Il03BOJI.HIOT HaM MO)J.8JlbHO -H833BHCHMO 

onpe:n.eJimb MOMSHTbl ¢YHI<I.J;lom pacnpe,neJIOHH.H C-KBapKa B a:n.poRe. 

Bh16Hpa.H Tenepb napaMe'TpH33UHJO C{l{) B 06JI3CTH H860JiblllHX 

Q
2 

.corJiaCHO MO)J.8Jll'l KBapK-rJllOOHHhlX C'fPYH 12,3], B Bl~,ne 

1-x ~(O) x O!p(O) 

C(x) - [ x ] • 9(1n-x) + [ l-x ] • 8(x-u2) (27) 

r:n.e 0!(0) ;;: 0.5 HHTepcem p-M830HHOR 'Tp38KTOpIDI. Mb! MOlK8M 

onpe,I\8Jlmb Be~'!WmRY ~(0), IlOC'!ITTaB MOMSHThl t{ MR pa3Hh!X 
n 

3Ha'!eH:AA O!yi(O), H cpaBmm HX c pe3yJibT3TOM' IlOJI.Y'!eHHLIM H3 (2S). 

Y)J.06Hee. O.n;H3KO paCCM3'TpMB3Tb OTHOlli8HHe MOMeHTOB re= Hn/Hc 
n D--1 
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'ITO n03BOJlfl8T H36aBlITbCSl OT Heonpe.neJieHHOCTe:lt CBH3aHHbJX. c 

BeJJWnmm!: ~ lll y .7lJ"lli1aeT npaBRJia CYMM ( 26) • T O'IBOCTb noJJ.y'l:eHHhlX 

Ilp3BRJI CYMM ,IIJIR BeJ!WrnHbl rn OKa3blB38TCH OKOJIO IO%. B Ta6,mme 1 

np:ime.n.em1 3Ha'l:emrn .Il.JlH OTHomemrn MOMSHTOB ' . To 
nOJJY'l:SHHb!e lll3 

(26) ,[?] KpaID!HH npaBaH KOJlOHKa), a TaIOHe 3H3'l:8HHH, 

nOJJY'l:aIO~CSl nplll pac'l:eTe rn nplll noMOU(H ¢opM.YJlhl (27). Blll,lUiO. 'ITO 

B npe.n;eJiax TO'IBOCTII! eCTb corJiacYie nplll d'l'(O)S -2. Ha:irrn 6oJiee 

TO'IBO Be.JJWUmy mrrepcema He y.naeTCH, TaR KaK c YM8HhW8HHeM 

d'l'(O) MOM81ITbl CTaHOBJITCSl H8-qyBCTBlITSJibHhl K K3MeH8HH!O ee Be.JJWUmbl. 

3To CBH33HO c TeM. 'ITO OCHOBHOll: BKJia.n B MOM8HTb! .n.aeT p -M830HHaH 

rpaeR'ropHR (BTOpO:lt 'l:JleH ¢QpMYJlbl (27)). 

HaMHOro '1.YBCTIITeJlbHee K Be.JIWraHe e!,pCO) MOM8HThl CTpYR'rYPHO:lt 

ct>~ C-KBapKa B Jjlp -
0

M830He, ¢YHKI.Um pacnpe.neJieHIDl KOTOpblX 

MOlKHO npe.n.CTaBlITh B B~. aHaJIOrn'IHOM (27) 

[ 
1-x ] d,p [ x ] ~ 

C(x) - x .. 8(1/2-x) + 1-x .. ecx~/2) (28) 

Boo6me roBopsi • .Il.JlH pac'l:eTa MOMSHTOB CTpYR'rYPHO"l'I ipy~ C-KBapKOB 

B JJIP- M830He HYlKHO nOBTOplITb Bb!ID8ll!3JIO>K8HHY!O CXSMY • .Il.JlSl 

Koppe.JIJITopa (I), ycpe.n;He:imoro no no.JisipHSacyrHM Hll!lKHero ¢QTOHa 

--(6>.p.12>Dµv>.p 0,n;HaKO 3.JJ.8Cb M~lKHO CJmeCTBeHHO ynpoCTIITb 38.JJ.aqy. 

3aM8TJ/lM. 'ITO B MH1™YIO 'IBCTh no B $H3lll'l:8CKOro npe.n.CTaBJiemrn 

KOppe.JIJITopa ffiplll paBHh!X H3'13JlhHOM lll KOH8'IBOM MMil,YJihcax (CM. (7) 

lU11 (IS))}, npH ,l.\3HHOM B ?:.fe2 

c BKJia.JJ. BHOCITT, BCJie,l.\CTBl/!8 

o'l:es~oro Kll!HeMaTlll'l:ecKoro orpaHlll'l:emrn P
2 

< B + Q
2 

TOJlbKO 

JX33ouancLI c Maccoa M8Hbwe2 'l:eM B + Q2 0Tc10.na c.JIS;rzyeT, '!:TO hplll 

n-KpaTimM ~peHcyrpoBamm: no s (npH s <O) !llH3lll'l:ecKoro 

npe,ncTaBJleHW! KOpJX3JIRTopa BKJia,I.\ Bh!Cillll!X pe3oHaHCOB lll KOHTHHYYMa . . 
npH 6o~bWlllX n 6y.n.eT rro.naBJJ.eH. B 3TOM .Jl9rKO y68.Il.lll'I'bC.f!, npe.ncTaBll!B 

$H3Wl9CK09 np8,l.\C'T3BJieHlllS Koppe.JIJITopa B Blll.I(e ,l.\ll!CIJepClllOHROro 

20 

WITerpaJia nrna (23) lll 3aMEITiffi, 'ITO lll3-3a 6hICTporo pocTa 

3HaMeHaTeJISl no B OCHOBHOR BKJiaJJ; B lIBTSrpaJI .naeT o6JI3CTb a- (1 -2 

) ~_,.Y'et{). TaKWll o6pa3oM, npvi 6oJib!IMX n B ¢opMYJie (24) MOJRHO 

npeHe6pe"lb BKJ13.JJ.OM KOHTI'lHYYMa (BTOpo:a qJieH B JJeBO"l'I qac-rn: (24)) YI 

H3 ¢opMYv'! (23). (24) JierKO noJJY"!HTh (npH O'l:eBlll,lUiOR 3aMeHe 

0-:Me30H3 Ha Jjlp-Me30H 

P2 =O ) 

2 2 2 2 2 
YI IHD(B,Q, P,.P2) Ha !Hrr<e.Q) nplll P, = 

t 

H"= 
rt 

l d'' 

TI!dB' IHn (a,1;/-J/ 
B 

2 

M J ''I' 
2 

-a (29) 

r.ne H" - n-blll MOM8HT ¢YHKI.l;HM pacnpeJJ;eJieHHH C-KBapKa B Jjlp -
n 

M830He a [Hrr(B, Q
2 ) - 'l.-'!8H npH ,pv B KoppeJIITTOpe 

(I), paBHb!ll ( 4 ,5) 

IH 2 rr<s. Q ) 

00 

= J 
4m2 

c 

2 
ds ·{ if 

1 
(x,q )}oco 

5 - B 

TaKHM o6pa30M, H3 npaBHJI cyMM (29) Mb! MOll<8M H3HTil: (aHaJIOrH'IBO 

paCMO'I'peHHOMY Bbl!Jle CJJ.y'l:a!O C l}-M830HOM) BeJlWUIBY rn lll cpaBITTIIB ee 

c pe3JJlhT-3T3Mlll, IlOJlY'l:3iOUJ.HMJ/lCfl W3 (28). onpeJJ,eJILITh BSJlWUIBY 

wrrepcema d'l'(O) B3lKHO OTMSTJ/lTh, 'ffO BruIOTh .UO 

n · 7 -8 BKJI3.D. rv'!!OOHHOrri K.JH,IlSHC'"lT~ HS 11j:.XlbbT!ll38T 30%, "l:TC 

C06CTBeHHO, lll no3BOJ!fl8T H3M BOCI10Jlh.30BaTbCSl ortll!C3Hllb!M MeTOJ],(J~ 

F'e3YJihT3Thl np11IB8.JJ.8Hbl B 1 ::i6.mue 2. l{pa9!mm Ilp3Bbl"l'I 'CTOJ!r:leu 

COOTBeTCTByeT pe3JJ!hT3T':JM, rlOJJY'I6HHblM w.3 (29) Ilplll Q
2 2 - 5 

Gev
2

• Blll,lUiO, 'ITO rrp11 6 0.Jll-UMX n OTH0lll€ffl/l8 MOM8HTOB rr, O'i8Hb 

'IYBCTBJ/lTe.'!hHO K 00JI.:.~11He Wirepcerna 'ITO no3BO.'lfl8 c 

OTHOCll!TeJlhHO xopowe9! TO'iHOCTb!O onpe.ne.'!l.ITb d~O) - 2 -3. O,lUlaKo 

CdMa TO'<HOCTh npaBlllJI cyMM (29). no Ha!IIHM ouem<aM. 'JKO.l!O 50% B 

OT.11wrn:e OT npaBlllJI cyMM .IT.JI.fl (26) .IT.J!Sl l}-M830Ha. r ,u,e BKJ13.Il, BhlCilllllX 
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j:B30H."lHCOB llf KOHT'.IByyMa TIO,IF::!3.II8F H 'M1lur0 T'Y1lli88. 

B 38KJI](;t!8H1"8 OTM8TTAM. 'l.TO COBTial(ell'!e J=B3Y.'lb~aTOl3. JJ..!!H 

3JL'fleHvm irnrepcerrra JN, "''-W1l.8HHb!X pa3JIW!Hbltlll1 M8TO,IlaMV!. 

,IlOC'HlT0'1HO xopou;ee l1 TI03B0-11H8T Hdl\8.RTV'fl. 'ITO ouem<a ~~0) 2 3 .. 
HR1R8TCH .n:oc r'"JTO'!HO TOt!H811. Jl.)[fl b K5am:a BKJJ.a,n ds mrnpaBnK 

C:JIWllKOM Be il:m, TI03TOMY Il0.'l.Y1l.l1Tb ;:J,,'lfl Hl1X rrpa BV!.,'l.3 CYMM, 

no,no6Hble('.!BJ l1.lrn (29) He yuaeTCH. TaKl1tll o6p330M, MR b-KsapKa 

8,IllIBCTBeHllhiM orpaHWieJrn:eM OCT38TCP. H'J-1Y'18HHOe B pa3,Il8Jl8 ;j 

ld
1
(0)!? 7 - t\. 
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il0,Uill1CH K PHCYHKAM 

F'Mc • Ia, 6 - nplllMepbl I1pflMblX ,ll;IIBrpaMM. COOTBeTC:TBYlOIJJ.IDC BKJE:)J.Y 

e.nmrwrnoro o rrepaTopa lll BKJra)J.Y r JllOOHHoro KOH,neHcaTa, B KoppeJIRT" .· 

(I ) , B) - npW11epb1 KpOCCIDITOBbIX ,lll1arpaMM. lllTpmcoBh!e JIJAHIDl. 

COOTBeTCTBYlOT BH8JllH8MY IlOJllO, B CKOC5KaX JK3321HO 'lll!C.110 1:30 3MQ)KHblY 

rrepecTaHOBOK 3TVIX .JIVIHHa. 

Plllc. 2a ,6 - BKJI3)J.bl B KOppMITTOp (1) COOTBE'TCTBe' f, : 

a )-ynpyroro pacceflHll!fl ¢oToHa Ha J,Ap-Me3oHe, 6 ) - He,Jll1."ffOHaJI , ' ;1x. 

rrepexo,nuB M8IB.Il.Y Jf'l'-M830HOM JI! BOOOY'il{)l.8HHblMJII COCTOflHlllflMM .:u;e. 

nopora KOHTJl!HyyMa. 

Pl/le • 3 - npll!Mep ,lll1arpaMMbl , COOTOOTCTYIOID,8~ OdMellY noMepO 

Pl/le. 4a ,6 - np.-.. v e pbl ,ll;IIBrpaMM. COOTBeTCTBYlOIJJ.IDC '.. '.1.J)J.Y 

e)llIBWIFOro onep.:rropa (a 1 fl! BKJia,JJ.Y KBapKosoro lll KBapK-rJ!l!i: 11:1,To 

KOHU8HC3TOB (6) B KOppe.!!ITT0p (15) lllTpmCOBb!e JIHHIDl. COOT~;< "'BY"'T 

rJ!lOOH2M. TOHKMEJ .Jl}'J-Hl:fll JierKOMY KBapicy. 
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