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AKTJaJibHOCTb npo6JieMbl 

ITpou,eccbI rJiy6oKoneynpyroro pacce.11nn.11 (fHP) JienT0H0B na nyKJioHax l + N _. 
l' + X CbirpaJIII II nrpaIOT ,11,0 CHX nop KJIIO<JeByIO p0Jib B J)a3BllTIIII nanmx rrpe,11,

CTaBJieHHH 0 CTPYKType 3JieMeHTapHbIX <JaCTHlJ. TaK, 3KCrrepnMeHTaJibH0e IT0,IJ,TBep

)K,11,eHne aBT0M0,IJ,eJibH0ro TIOBe,11,eHH.H CTPYKTYPHbIX q>yHKlJHH (Ha3hIBaeMoro TaK)Ke 

CKeiiJIHHroM), npe,IJ,CKa3aHH0e (Ka'leCTBemio) MapKOBbIM eII.J,e B 1963 ro,IJ,Y II ,11,eTaJibH0 

06ocn0Bannoe B pa6oTax ,n)K. ,n BbepKena, a TaK)Ke H.H. Boromo6oBa, B.C. 8Jia,IJ,1I

M1IpoBa, B.A. MaTBeeBa, P.M. Mypa,11,.11na II A.H. TaBxeJI11,11,3e ,IJ,aJIO orrpe,11,eJI.HIOII.J,nii 

BKJia,IJ, B II0HliMaHne Toro, 'ITO a,11,p0Hbl C0CT0.HT Il3 TO'le'IHOTIO,IJ,06Hb!X C0CTaBJI.HIOII.J,HX 

- napT0H0B. ,Il;aJiee rrpou,ecCbl rHP CblrpaJIII Ba)KHeiimyIO p0Jib B ycTaH0BJieHI!ll co-

0TBeTCTBll.H Me)K,IJ,y napT0HaMH 11 KBapKaMH II HaX0)K,11,eHIIII H0BblX C0CTaBJI.HIOII.J,HX 

3JieMeHTapHbIX <JaCTHlJ - rJIIO0H0B, 'ITO B K0HI.J,e K0HlJ0B rrplIBeJI0 K C03,IJ,aHHIO caM0-

corJiacoBaHH0ii ,11,IIHaMH<JeCK0H TeopuII KBapKOB II rJIIO0H0B - KBaHTOB0ii Xp0M0,11,HHa

MIIKU. ,Il;pymM B~HeiiIIIIIM 3q>q>eKTOM, o6napy)KeHHblM B 3KCrrepuMeHTax no fHP, 

6bIJIO napymenI1e cKeiimrnra, T.e. o6napy)KeHile cJia6oil: 3aBUCIIM0CTII ce<Jennii OT 

KBa,IJ,paTa nepe,11,annoro UMTIYJibCa Q2 ( aCIIMTIT0Til'IeCKU IIC'le3aIOII.J,eil: B 6bepKeHOB

CKOM npe,11,eJie Q2 _. oo). 803MO)KH0CTb KaK Ka<JeCTBeHnoro, TaK II K0JIU<JeCTBennoro 

0TIIICaHU.H 3Toro 3q>q>eKTa .HBIIJI0Cb TpilyMq>OM II np.HMblM TI0,IJ,TBep)K,11,eHileM KBaH

T0B0il: xp0M0,)],UHaMIIKII. KaK Il3BeCTH0, Q2 3aBIICIIM0CTb .HBJI.HeTC.H He0T'beMJieMbIM 

aTpI16yToM KX,IJ; II onucbrnaeTC.H ypaBneHII.HMII KX,Il; 3B0JIIOlJUU. 

IToMIIMO o6hI'IHhIX (nenoJI.HpII30Bannhrx) npou,eccoB fHP Ba)Kneil:IIIIIM IICT0'IHII

K0M IIHq>OpMalJIIII 0 BHyTpenneii CTpyKType HYKJI0Ha .HBJI.HIOTC.H rrpou,eCCbl TI0JI.HpU30-

Bannoro rJiy6oKoneynpyroro pacce5Imrn - npou,eccbI c npo,11,oJibH0 noJI5IpI130BannhIM 

JieTIT0HHblM ny'IK0M II rrp0,11,0JibH0 (JII160 rronepe'IHO) TI0JI5IpI130BaHH0ii HYKJI0HH0il: . 

MIIIIIeHbIO. 8 TO BpeM.H KaK HeIT0JI.HpU30BaHHbie rrp011ecCbl fHP TI0CTaBJI5IIOT naM 

IIHq>OpMaIJIIIO 0 TIJI0TH0CT.HX pacrrpe,11,eJieHII.H napT0H0B B HYKJIOIIe C ,11,0Jieii l!MITYJibCa 

X OT IIMTIYJibCa Bcero HYKJI0Ha, npou,eCCbl IT0JI5IpU30Bannoro fHP TI03B0JI.HIOT Il3y

<JaTb BHyTpeHHIOIO CTIIIH0BYIO CTPYKTYPY HJKJI0Ha, T.e. I10H5ITb, KaK crnrn HJKJI0Ha 

na6IIpaeTC5I U3 CITIIH0B C0CTaBJI.HIOII.J,IIX ero KBapK0B II rJIIO0H0B. AnaJill3 ,11,aHHbIX no 

TI0JI5IpI130BaHH0MY IIHKJII03IIBH0MY fHP II03B0JI51eT naM Il3BJieKaTb TaKne Ba)KHbie 

BeJIIl'lUHbI, KaK CIIHrJieTHbie II HeCI1HrJieTHhie KOM6unaIJIUi TI0JI.Hp1130BaHHb!X nap

T0HHbIX pacrrpe,11,eJieHI1ii. KpoMe Toro, I1ccJie,11,0BanI1e TaKIIX rrpou,eccoB no3B0JI.HeT 

rrpoBepHTh · Ba)Kneil:mI1e npe,n,cKa3aHII.H KX,IJ; - npaBHJia cyMM. 

8 TO )Ke BpeM5I CJie,IJ,YeT 0TMeTHTb, 'ITO ,11,0 Tex nop, IT0Ka ne IT0CTpoena HeiiTpllH

na.H ¢a6pHKa HJIII ne C03,D,aHa CBepXTIJI0THa51 II0JI.HpH30BaHHa.H Ml!IlJeHh, ~!hi HeM M0-

)KeM H3y<JaTb npoIJeCCbl fHP C neiiTpIIHHb!M ny<JK0M, K0T0pble I103B0JIJVIII 6hJ nailTII 

BaJieHTHbie t!.qv H M0pCKile t!.q IT0JI.HpI130BaHHbie KBapK0Bble pacnpe,!],e.1e1111H no 0T

,11,eJibH0CTII. O6bl<JHO IICCJie,IJ,YeMble npou,ecCbl HHKJII031IBH0ro rHP C ~IIO0HHbIM 11.'III 

3JieKTp0HHbIM (n03HTpOHHbIM) rry<JK0M ne MoryT IT0M0'lh HaM ll pernemm ::rrm1 :m

,11,a<JII, TaK KaK ce<JeHII.H (cTpyKTYPHhie q>yHKIJI!H) 3TIIX npo1wrrou C0,2],ep:,i;:aT T0.'lbK0 

cyMMbl t!.q + t!.q (t!.q = t!.qv + -~_ij_}. ----------
HAY1IH0-1;EXHH11ECKAJI 

,~ BP.IBJIHOTEICA . 
~~- OH OTX ·;.,;:; . ..l'J:.l'J. ·;"' ,, 



TaKJIM o6pa30M, Ha cerO,L\H5IIIIHJlll ,L\eHb e,l].JIHCTBeHHhlll npou,eccoM, KOTOpblll M0-

)KeT n0M0'lh HaM peIIIJITh Ba)KHeiiIIIyIO 3a,l].a'ly pa3,L\eJieHirn BaJieHTHh!X JI M0pCKJIX 

noJI5IpJl30BaHHhIX pacnpe.n.eJieHJiii, 5IBJI5IeTC5I npou,ecc noJiyJ1HKJII03IIBHoro fHP 

(IIfHP) f + N _. l' + h + X, TO ecTh npou,ecc fHP, r,n.e n0MJIMO pacce5IHHoro 

.'lenT0Ha perHCTpJ1pyeTC5I TaK)Ke 0,L\JIH ll3 a,n.poHOB B K0He'IH0M COCT0HHJIH. B TaKHX 

npou,eccax nmpopMau,1151 06 apm,rnTe B3am,10,n.eiicTBYI01D,ero KBapKa nepeHocnTc5I B 

perncTpJ1pyeMblll a,n:poH, JI 3T0T npou,ecc onJICbIBaeTC5I cpyHKil,Jl5IMH cpparMeHTaU,JIJI 

D~(z), IIMeIOlll,JIMII CMh!CJI Bep05ITH0CTJI KBapKy apoMaTa q cpparMeHTJlpOBaTb B a,n:

pOH h c .n.aHHhIM 3Ha'!eHHeM z = Eh/ E-y (Jia6. CIICT.). 

B TO BpeM5I KaK B 3KCnep1IMeHTaX no IIHKJ!l031IBHOMY rHP II3BJieKaIOTC5I aCJIM

MeTplIJI A1 ~ gif F1, r.n.e g1 II F1 COOTBeTCTBeHH0 n0JI5Ip1I30BaHHa5I JI Hen0JI5IpJl30-

BaHHa5I JIHKJ!l03JIBHbie CTpyKTYPHhie cpyHKil,IIJI, B 3KCnep1IMeHTax no II0JIYIIHKJ!l03JIB

HOMY rHP Jl3BJieKaIOTC5I aCJIMMeTpJIII T1Ina 

A1 ~ g~/Ff, (1) 

r,n.e g? JI F1h C0OTBeTCTBeHHO n0JIHp1I30BaHHa5I JI HeII0JI5IpJl30BaHHa5I II0JIYHHKJII03JIB

Hble CTPYKTYPHbie cpyHKil,Jlll. IlplIHU,JIIIIIaJibHYIO pa3Hllll,Y Me)K.n.y JIHKJ!l031IBHh!MJI II 

nOJIYJIHKJ!l03IIBHhlMJl npou,eccaMII rHP JierKO BJI,L\eTb y)Ke B JIII,L\J1py101D,eM nop5I,n:

Ke KX.IJ: pa3JI0)KeHJl5I • .IJ:eiiCTBIITeJibHO, B TO BpeM5I KaK IIHKJ!l03IIBHa5I CTPYKTypHa5I 

cpyHKil,Jl5I g1 B JIJl,ll.J1py101D,eM nop5I,ll.Ke co,n.ep)KJIT TOJ!bK0 cyMMbl IIOJI5IpII30BaHHhlX 

KBapKOBhIX pacnpe,L\eJieHJlll !:,.q + l:,.q: 

1 
g1 (x, Q2) = 2 L e~[!:,.q(x, Q2) + !:,.q,x, Q2)], (2) 

q 

C00TBeTCTBYIOlll,ee Bb!pa)KeHJle ,L\Jl5l IIOJIYUHKJII03JIBHO:ii CTPYKTYPHOH cpyHKU,IIU g? 
co.n.ep)KJIT <I><I> KaK K03q>q>IIU,JleHThl npH II0JI5IpH30BaHHb!X KBapK0Bb!X II aHTIIKBap

KOBhIX pacnpe.n.eJieHJl5IX: 

g?(x, Q2
, zh) = ~ L e~!:,.q(x, Q2 )D;(zh, Q2

). (3) 
q,ij 

3a C'leT Toro, 'ITO B 3TOM Bbipa)KeHIIU K03q>q>JIU,JleHTbl (<I><I>) npH !:,.q = !:,.qy + !:,.q JI 

!:,.q pa3Hble, rrrHP, B 0TJIJl'IIIII OT 'IHCT0 IIHKJII03IIBHOro rHP, II03BOJIHeT pa:3,n.eJIIITb 

BaJieHTHhie l:,.qy = !:,.q - !:,.q II M0pCKUe !:,.q II0JI5IpH30BaHHhie KBapK0Bbie pacnpe

,n.eJieHil5I. KpoMe Toro, IIfHP ,I1,aeT HaM ,n.onoJIHI1TeJibHb1e ypaBHeHII5I (cooTBeTCTBY-

101D,I1e aCIIMMeTpH5IM, IIOCTpoeHHb!M ,l],Jl5I pa3JIJl'IHbIX MJIIIIeHeii: JI perIICTpHpyeMhIX 

a,n.poHoB), II03B0JI5I!Olll,Ile II0JIH0CTb!O peIIIHTb 3a,n,a'ly pa3,n.eJieHU5I KBapK0Bb!X pac

npe,n.eJieHIIH no apoMaTaM. 

K CQ)KaJieHJIIO, HeCM0Tp5I Ha np0CT0TY JI y,n.o6CTBO B JICII0J!h30BaHJIJI ypaBHeHJl5I 

(3) ,L\Jl5I IIOJIYIIHKJII03HBH0H CTPYKTypH0ii: cpyHKU,IIJI g? B JIIl,ll.I1py101D,eM nop5I,n.Ke, XO

porno ll3BeCTH0, 'ITO npII cpaBHIITeJihH0 He60JibllIJIX 3Ha<1emrnx Q2
) ,L\0CTJl)KllMblX B 

2 

C0BpeMeHHhIX 3KCnepnMeHTax no rrrHP, aHaJIH3 B JIJl,ll.IIpy101D,eM nop5I,l].Ke KX.IJ: 5IB

JI5IeTC5I He,l],0CTaT0'IHbIM, II Heo6XO,L\IIM y'leT CJie.n.y101D,ero 3a JIH,L\HPYIOlll,IIM nop5I,l].Ka 

KX.IJ: pa3JI0)KeHirn. BMecTe c TeM, Bhlpa)KeHH5I ,n..1rn noJiynHKJIJ03IIBHoii: cTpyKTypHoii: 

cpyHKU,HII B cJie.n.y101D,eM 3a JIH,L\npy101D,I1M nop5I,L\Ke KX.IJ: H3-3a HaJIH'lll5I ,n.BoiiHhIX 

CBepTOK 

[t:,.q@oC@ D](x, z) = ·--l:,.q - C(x', z')D .::_ . J J dx' dz' ( x ) ( ~ ) 
x' z' x' z' 

(4) 

V 

0Ka3bIBaIOTC5I Cylll,eCTBeHH0 CJIQ)KHee 'leM C00TBeTCTBY!Olll,He Bb!pa)KeHU5I (3) B JIIl

,ll.Ilpy!Olll,eM II0p5I,l].Ke: 

2gi/h 

+ 

~ 2 [ O'.s h L.t eqt:,.q l + @
2

71" oCqq@]Dq 
q.q 
~ 2 O'.s h (L.,; eq!:,.q) @ 

2
71" oC9q@ D 9 

q,ij 

O'.s - (~ 2 h) + t:,.g@ 
2

71" 6Cq9 @ L.t eqDq . 
q,ij 

(5) 

1fa-3a 3Toro aHaJIIl3 B CJie.n.yIOlll,eM 3a JIIl,L\IIPY!Olll,HM nop5I,l].Ke cylll,eCTBeHH0 ycJI0)K

HeH II Ha nepBb!H B3rJI5I,l]. He npe,L\CTaBJI5IeTCH B03MQ)KHb!M H3BJieKaTb !:,.q Hanp5IMyJO. 

CTaH,n.apTHb!M MeT0,L\0M H3BJie'leHII5I IIOJI5IpU30BaHHbIX KBapK0Bb!X pacnpe.n.eneHnii: B 

CJie.n.y101D,eM 3a JIH,L\HPY!Olll,HM nop5I,n;Ke 5IBJI5IeTC5I npoBe,L\eHHe npou,e.n.ypbl q>HTHpOBa

HJl5I, B KOT0p0M npe,n;noJiaraeTC5I onpe,n;eJJeHHb!H cpyHKU,IIOHaJibHblll Bll,L\ ,L\Jl5I KBapK0-

BbIX pacnpe,n;eJieHHH npn KaKOM-JIH6o BbI6paHHOM q>HKCIIpOBaHHOM Q5. B pe3yJihTaTe 

3a,n;a'la CB0,L\HTC5I K HaxQ)K,L\eHJIIO onTHMaJibHb!X 3Ha'!eHIIH HeH3BeCTHbIX napaMeTp0B 

B cpyHKU,HOHaJibHbIX cpopMax. O.n.HaKo, TaKa5I npou,e.n.ypa rD,L\HTC5I TOJ!bK0 B CJ'ly'lae 

HaJIH'IIl5I 6oJiblllOro K0JIJl'leCTBa T0'leK c MaJiblMll ornn6KaMH (nMeHHO TaKaH CJITya

Il,HH HMeeT MeCT0 B CJiy'lae 'IHCTO HHKJII03HBH0ro rHP - CM. rJiaBy 2 .n.nccepTal\llH), 

'ITO II03B0JI5IeT onpe,n;eJIHTh 5IBHbIH cpyHKU,IIOHaJibHb!H Bil,L\ KBapK0BbIX pacnpe,n;eJie

HHH (T.e • .n.aHHbie HaCT0J!bK0 T0'IHhl II nx TaK MHoro, 'ITO B pe3yJibTaTe aHaJIH3a 

MQ)KHO II0HHTb, 'ITO 0,L\Ha napaMeTpH3aU,U5I JIY'lllle napaMeTpH3au,nn .n.pyroro cpyHK

Il,II0HaJibH0ro Bn,n;a, T.e. MQ)KHQ no,u,o6paTh 0IITIIMaJihHYIO <pyHKU,HOHaJihHYIO cpopMy 

napaMeTpH3aU,nH). C .n.pyroii: CTOp0HbI, B HaCT0Hlll,ee BpeM5I Ka'!eCTB0 .n.aHHb!X 110 

II0JI5IpH30BaHHhIM II0JIYHHKJII03HBHbIM rrpou,eccaM rHP TaK0B0, 'ITO CHJ!bH0 0TJ!ll

'!a!Olll,HeC5I cpyHKU,llOHaJibHO napaMeTpI13aU,Illl MoryT .n.aBaTb 0,L\HHaK0B0e KaqecTB0 

om1cann£ ,n;aHHhIX ( o,n;nnaK0Bhie 3Haqenn£ x2 /ND F). Ilo3TOMY B 3T0M cJiyqae 6hIJIO 

6hI Kpaii:ne )KeJiaTeJibH0 Jl36e)KaTb npou,e.n.ypbl q>IITIIpOBaHH5I II II0IIbITaTbCH pa3pa-

6oTaTh aJihTepnaTIIBHbIH MeT0,L\ npm.,mro aHaJIH3a. 

PerneHIIIO 3TIIX aKTYaJibHblX 3a,L\a'l II II0CB5Illl,eHa npe,L\CTaBJI5IeMa5I ,n;nccepTal\II5I. 
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IJ;e.rrb pa60Tbl 

• KX,D; aHaJIII3 HOBeii:mIIX 3KCnepIIMeHTaJiblibIX ,n,aHHbIX no npou_eccaM IIHKJII0-

3IIBH0ro nom1pII30BaHH0ro fHP, 'ITO BKJIIO'laeT B cefo1: 

IlpoBe,n,eHIIe KJiaccII'lecKoii: npou_e,rryphI KX,IJ; aHaJIII3a Bcex cylll,eCTBYIO

lll,IIX IIHKJII03IIBHbIX ,n,aHHb!X. l13BJie'leHIIe B CJie,rryIOIIl,eM 3a JIII,ZJ,IIPY!Olll,IIM 

nopH,n,Ke KX,D; BeJIII'IHH .6.E(x), .6.G(x), .6.q3(x), 
.6.qs(x). 

HcCJie,ZJ,OBaHIIe pa3JIII'IHbIX cu_eHapIIeB ,Zl,Jl51 n0JI51pII30BaHH0rO rJIIO0HH0r0 

pacnpe,n,e.rreHHH (.6.G > 0 II .6.G < 0) . 

IlpHMOe II3BJie'leHHe aKCHaJlbH0ro 3ap51,n;a II nepB0ro M0MeHTa II0JI51pII-

30BaHHOfi CTpaHH0CTII B HYKJI0He II3 HOBeii:mHX ,n;aHHbIX KOJIJia6opall,HII 

COMPASS 

• Pa3pa60TKa H0Boro MeTo,n;a aHaJIII3a noJiynHKJI103IIBHbIX II0JI51pH30BaHHbIX ,n;att

HbIX no fHP B cJie,rryIOIIl,eM 3a JIII,n;npyIOIIl,HM nopH,n,Ke KX,D;, 'ITO BKJIIO'laeT B 

ce6H pernemrn cJie,rryIOIIl,IIX 3a,IJ,a'I: 

- KpHTII'lecKaH peBH3HH cylll,eCTBYIOIIl,HX KJiaCCH'leCKIIX MeTO,ll;0B KX,D; aHa

mBa II0JIYIIHKJII03IIBHhIX ,lJ;aHHbIX, 0ll,eHKa q>H3H'leCKIIX pe3yJibTaT0B, no

Jiy'leHHbIX npII HX II0M0IIl,II. 

Pa3pa6oTKa MeTo,n;a rrpHM0r0 II3BJie'leHII51 11epBbIX II Bb!CilllIX MeJIJIIIH0B

CKIIX M0MeHT0B KBapK0BbIX pacnpe,n;eJieHIIll (rrepBblll ,JTan). 

Pa3pa6oTKa MeTo,n;a B0CCTaH0BJieHII51 JI0KaJlbHbIX KBapK0BhIX pacnpe,IJ,e

JieHIIll II3 II3BJie'leHilbIX Ha nepB0M 3Tane MeJIJIIIH0BCKIIX M0MeHT0B. 

TecTIIpOBaHHe MeT0,IJ,a. IlpIIMeHeHIIe MeTo,n;a K cylll,eCTBY!Olll,IIM 3KCrrepn

MeHTaJibHbIM ,n;aHHbIM. 

Hay'IHhie pe3yJibTaThl II H0BH3Ha pa60Tbl 

IlpoBe,n;eH KJiaCCH'leCKIIil aHaJIH3 MHp0BblX ,n;aHHblX 110 noJI51pII30BaHH0MY HHKJII0-

3HBH0MY fHP B cJie,rryIOIIl,eM 3a JIH,IJ,HPYIOIIl,HM rropH,n;Ke KX,D;, H3BJie'leHbI cnHrJieT

Hoe, HeCHHrJieTHbie II rJIIO0HH0e pacrrpe,n;eJieHH51. )];JIH 3T0ll u_eJIH pa3pa6oTaH HOBblll 

rraKeT rrporpaMM pemeHH51 ypaBHeHHll f JIAI1 B rrpocTpaHCTBe MeJIJIHH0BCKHX MO

MeHT0B. BrrepBbie nccJie,IJ,oBaHbI pa3JIH'1Hhre cu,eHapu11 (.6.G > 0 11 .6.G < 0) ,u,.rrn 

II0JI51pI130BaHH0ro rJIIO0HH0ro pacrrpe,n;eJieHI!51. AKCIIaJihHblil 3ap51,ll; II rrepBblll M0-

MeHT rroJI51pH30BaHHoii: CTpaHH0CTH u3BJie'leHbI 113 rrocJie,IJ,HHX ,n;aHHhIX COMPASS B 

MaKCI!MaJlbH0 ,IJ,0CTYIIH0M Ha cero/\HHIIIHI!il ,n,eHh rropH,n;Ke KX,D; pa3JI0:lKeHI!51. 

Pa3pa6oTaH HOBblll MeT0,ll; aHaJIH3a 3KCIIep11MeHTaJihHbIX ,n;aHHblX 110 II0JIYIIHKJII0-

3HBH0MY fHP B cJie,rry101Il,eM 3a m1,n;upy10lll,HM rrop£,n;Ke KX,D;. OcHOBHhIM ,IJ,0CT0HH

cTB0M pa3pa6oTaHHOrO MeTo,n:a 51BJI5IeTCH TO, 'ITO OH II03B0JI5IeT (Ha nepB0M 3Tane) 
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ll3BJie'lb MeJIJIIIH0BCKHe M0MeHTbl II0JI51pI!30BaHHbIX KBapK0BbIX pacnpe,n;eJieHHll B 

CJie,rryIOIIl,eM 3a JI11,n;11py10lll,HM nopH,IJ,Ke KX,D; Hanp£MYIO, Henocpe,n;cTBeHHO 113 H3Me

peHHhIX noJiyHHKJII03IIBHbIX acl!MMeTpHfi, 6e3 l!Cn0Jib30BaHirn 6oJibIIIOro K0JIH'leCTBa 

,n;onoJIHI!Te.ilhHbIX npe,n;nO.'I0:lKeHI1ii:, xapaKTepHblX ,ll;Jl51 cTaH,n;apTHbIX MeT0,Zl,0B. Jio
KaJibHhie :lKe nom!pI130BaHHbie KBapK0Bbie pacnpe,n;eJiemrn H3BJieKaIOTC51 Ha BT0p0M 

,JTane, I!Cn0Jih3Y51 I!3BJie'leHHbie Ha nepB0M ,lTane M0MeHTbl KaK y:iKe ll3BeCTHhie K0-

3q>q>llll,l!eHTbl B pa3pa6oTaHHOii: MO,ll;llq>HKall,IIII CTaH,n;apTH0ro MeTo,n,a pa3JI0:lKeHI!51 

no noJIHH0MaM 5IKo6II. B cBoro oqepe,n;h, 3TO MO,IJ,Hq>Hll,HpoBaHHOe pa3JI0:iKeHne 5IB

JI5IeTcH '1pe3BbI'laiiH0 Ba:lKHblM H noJie3HblM IIHCTpyMeHT0M, n0CK0JlhKY n03B0JI51eT 

l!Cn0Jib30BaTh He n0JIHh!e (He,n;ocTynHbie ,ll.Jl51 Il3MepeHI151) MeJIJIHH0BCKI!e M0MeHThI, 

a M0MeHThI, yce'!eHHhie K HHTepBaJIY no 6bepKeHOBCKOll nepeMe1rnoii: x, pea.ilbHO 

,Il,0CTynH0MY B 3KCnepHMeHTe (nMeHHO II T0JlbK0 TaKne M0MeHTbl MoryT 6bITb 113BJie

'leHbl 113 3Kcnep11MeHTaJihHblX ,n;aHHblX Ha nepB0M 3Tane). 

I1paKTII'leCKa51 u_eHH0CTb pa6oThl 

I1paKTII'leCKa51 Il,eHH0CTb pa3pa6oTaHHOro H0B0ro MeT0,IJ,a KX,D; aHaJIII3a noJiyl!H

KJII03IIBHbIX ,n;aHHbIX 3aKJIIO'laeTC51 B TOM, 'ITO'_0H n03B0JI51eT Il3BJieKaTh Il3 3KCne

p11MeHTaJibHblX ,IJ,aHHhIX no IlfHP noJI5IpH30BaHHhie KBapK0Bhre pacnpe,n;e.rreHHH 6e3 

60JibIIIOro K0JII!'leCTBa npe,n;n0JI0:lKeHHii: (xapaKiepHbIX ,IJ,JI51 o6bI'IHblX MeTO,D;OB). 9To 

oco6eHHO Ba:lKH0 B CBeTe Toro, 'ITO KOJIH'leCTB0 u T0'IH0CTb ,n;aHHbIX no IlfHP B 

HaCT0HIIl,ee BpeM51 TaK0Bhl, 'ITO np11MeHeHne CTaH,n;apTHblX MeT0,ll;0B KX,D; aHa.,1n3a 

npl!B0,ll;HT K 60JiblIII!M HeK0HTpOJIHpyeMbIM P.:eonpe,n;eJieHH0CTHM. Pa3pa6oTaHHblil Me

T0,IJ, y:iKe ycnernHo npnMeHeH K aHaJill3Y ,IJ,aHHhIX KOJIJia6opau_un HERMES. BnepBhie 

6b!JIH Hanp51MYIO 113BJie'leHbl n0JI51pH30BaHHhie BaJieHTHhie pacnpe;.1,eJieHirn B CJie,rry

IOIIl,eM 3a Jin,n;npyrolll,UM nop51,IJ,Ke KX,D; pa3JI0:iKemrn. B HaCT0HIIl,ee BpeMH TaKoii: aHa

JIH3 npoB0,IJ,IITC51 B KOJIJia6opau,nII COMPASS u pa6oTa 6y,n;eT 3aBepmeHa no Mepe 

HaKonJieHH51 ,ZJ,0CTaTO'IH0ro K0JIH'leCTBa ,n;aHHblX 3T0ll KOJIJia6opau_11eii:. I1poBO,ll;IITC51 

pa6oTa no npuMeHeHHIO MeTO,n;a K Ka0HHhIM ,n;aHHhIM KOJIJia6opau,nii: HERMES n 

COMPASS c u_eJibIO 113BJie'leHuH noJIHp1130BaHHoii: cTpaHH0CTH B nyKJioHe B CJie,rry

IOIIl,eM 3a JIIl,ll;llpyIOIIl,IIM nopH)l,Ke KX,D;. B nepCIIeKTI!Be MeTo,n; 6y,n;eT npuMeHeH K 

aHaJIH3Y ,n;aHHhIX sKcnepuMeHTa no noJIHp1130BaHnoMy IlfHP, nJia1111pyeMoro B Jia-

6opaTop1111 HM. ,D;:iKe¢¢epcoHa. 

IlpoBe,n,eHHblll aHaJIIl3 Mllp0BbIX ,n;aHHbIX no IIHKJII03IIBHbIM CTPYKTypHbIM q>yHK

Il,IISIM n03BO.rillJI C BbIC0K0ii: T0'IH0CTh!O onpe,n;eJII!Tb CIIHrJieTHblll BKJia,n, B cnuH npo

T0Ha II IICCJie,n;oBaTb B03M0:lKH0CTb peaJIU3all,llll ,ll;BYX npHHil,llIII!aJibH0 pa3JIIl'IHbIX 

Cll,eHapHeB ,ll.Jl51 n0JI5Ip1130BaHH0ro rJIIO0HH0ro pacnpe,n;e.rreHH51. 

IloJIO:lKeHHSI, BbIH0CIIMbie ua 3alll,HTY 

• IlpoBe,n;eH KX,D; aHaJIII3 MnpoBhIX ,n;aHHhIX no 1rnKJII0311BHhIM cTp)'KTYPHhIM 

q>YfiKil,ll5IM B CJie,rryIOIIl,eM 3a Jlll,ll;llpy!Olll,IIM nop51,IJ,Ke. II3B.1e•1eHhl CIIHr.'leTHbie 
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~I:(x) II HeCIIHrJieTHbie ~q3(x), ~qs(x) KOM61IHaU,1III nom1p1I30BaHHbIX KBapKO

BblX pacnpe,n,eJieHIIii. 11ccJie.n,oBaHhI .n,Ba cu,eHapm1 .n,Jrn nom1p1I30BaHHoro rmo

OHHoro pacnpe.n,eJieHirn (~G > 0 II ~G•< 0). ITpOBe.n,eHo npHMoe II3BJie'!eHIIe 

aKCIIaJibHOro 3apH.n,a II nepBoro MOMeHTa noJIHplI30BaHHOH CTpaHHOCTII B HYK

JIOHe II3 HOBefinrnx .n,aHHhIX KOJIJia6opau,1I1I COMPASS. 

• Pa3pa6oTaH HOBblll MeTO,l], aHaJIII3a 3KCnep1IMeHTaJibHblX .n,aHHblX no noJiylIH

KJII031IBHOMY fHP B cJie.n,y10111,eM 3a JIH,l],1Ipy10111,1IM rropH,l],Ke KX,l(. OcHoB

HhIM ,l],OCTOIIHCTBOM pa3pa60TaHHOro MeTo,n,a HBJIHeTCH TO, 'ITO OH no3BOJIH

eT (Ha nepBOM 3Tane) H3BJieKaTb MeJIJIIIHOBCKIIe MO.MeHTbl nOJIHp1I30BaHHbIX 

KBapKOBhIX pacnpe,n,eJieHIIH B CJie.n,y10111,eM 3a JIII,l],HpyIOlll,IIM nopH,l],Ke KX,l( Ha

npHMYIO, Henocpe.n,cTBeHHO Il3 Il3MepeHHbIX IIOJIYIIHKJII031IBHbIX acnMMeTplIH, 

6e3 ncnOJih30BaHil5l 6oJibIIIOro KOJIII'leCTBa ,l],OIIOJIHIITeJihHbIX npe.n,noJIO)KeHIIll, 

xapaKTepHbIX ,ll,JIH CTaH.n,apTHbIX MeTO,l],OB. JioKaJihHhie )Ke nOJI5IplI30BaHHhie 

KBapKOBbie pacnpe.n,eJieHIIH II3BJieKaIOTCH Ha BTOpOM 3Tane, IICIIOJ!b3YH II3BJie

'!eHHhie MOMeHTbl KaK y)Ke II3BeCTHhie K03q>qmu,1IeHTbl B pa3pa6oTaHHOH MO

,l],IIq>IIKaU,IIII CTaH.n,apTHOro MeTO,l],a pa3JIO)KeHil5l no nOJIIIHOMaM 5IK061I. Ba)K

HellIIIIIM CBOHCTBOM MO,l],IIq>IIU,IIpOBaHHOro pa3JIO)KeHIIH HBJIHeTCH B03M0)KHOCTb 

ncnOJih30BaTb He noJIHhie (He,l],OCTynHhie ,l],JIH Il3MepeHIIH) MeJIJIIIHOBCKHe MO

MeHThI, a MOMeHThI, yce'!eHHbie K IIHTepBaJIY no 6hepKeHOBCKOH nepeMeHHOH 

x, peaJibHO ,ll,OCTynHOMY B 3KCnep1IMeHTe {IIMemio II TOJibKO TaKIIe MOMeHTbl 

MOryT 6h1Th H3BJie'!eHhl II3 3KCnep1IMeHTaJibHblX .n,aHHbIX Ha nepBOM 3Tane). 

• Pa3pa6oTaHHblll MeTO,l], nplIMeHeH K aHaJIII3Y 3KCnep1IMeHTaJibHblX ,l],aHHhlX KOJI

Jia6opau,1III HERMES. IToJiy'leHHhie B JI1I,ll,1Ipy10111,eM nopH.n,Ke KX,l( pe3yJih

TaThI corJiacyIOTCH c cooTBeTCTBy10111,1IMII .n,aHHhIM KOJIJia6opau,1Iii: HERMES II 

SMC. Pe3yJihTaThI B CJie.n,y10111,eM 3a JIH,l],1Ipy10111,1IM nopH.n,Ke KX,l( corJiacy10TcH 

C II3BeCTHhlMII napaMeTp1I3aU,IIHMII IIOJI5Ip1I30BaHHhIX KBapKOBhIX pacnpe.n,eJie

HIIH 

Anpo6aU,IIH pa60Tbl II ny6JIIIKaU,IIII 

OcHOBHbie noJIO)KeHIIH pa6oTbI .n,oKJia,l],bIBaJIIICh Ha KOH<pepeHU,IIHX SPIN04 (TplI

ecT, 11TaJIIIH, 10-16 OKrn6pH 2004ro.n,a) , SPIN05 (,l(y6Ha, Pocc1IH, 27 CeHrn6pH - 1 

OKrn6pH 2005 ro.n,a), XVII Me)K,ll,YHapo.n,Hhiii: BaJI,l],IIHCKIIii: ceMIIHap no peJIHTIIBIICT

cKoii: H.n,epHoii: q>II31IKe II KBaHTOBOii: xpoMo.n,nHaMIIKe (,l(y6Ha, PocclIH, 27 CeHTH6pH-2 

OKrn6pH 2004 ro,n,a), 12 JloMOHOCOBCKaH KOH<pepeHU,IIH no q>II31IKe 3JieMeHTapHblX 

'!aCTIIU,, (MocKBa, PocclIH, 25-31 ABrycTa 2005 ro.n,a), X KOH<pepeHU,IIH MOJIO,l],bIX 

y'leHbIX II cneU,IIaJIIlCTOB 0115!11 (,l(y6Ha, PocCIIH, q>eBpaJib 2006 ro.n,a); Ha pa60'IIIX 

coBe111,aH1IHX KOJIJia6opau,1Iii: HERMES (,ll,E311, fepMaHIIH) II COMPASS (IJ,EPH, 

IIIBeii:u,aplIH). 

B HaCTO.HIU,ee BpeMH Be,l],eTCH aKTIIBHaH pa6oTa no aHaJIII3Y 3KCnep1IMeHTaJibHhlX 

.n,aHHbIX KOJIJia6opau,1Iii: HERMES II COMPASS. He.n,aBHO 6bw npOBe.n,eH KX,l( aHa

JIII3 .n,aHHbIX KOJIJia6opa1~1III COMPASS no IIHKJII031IBHOMY rHP. 3ToT aHa.JIII3 Jier 
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B OCHOBY nocJie,l],Heii: CTaThlI KOJIJia6opau,u1I no 3TOil: TeMaTIIKe. Pa3pa6oTaHHhlll Me

TO,l], II3BJie'!eHIIH KBapKOBbIX pacnpe,n,eJieHIIH II3 noJiylIHKJII03IIBHh!X npou,eccoB fHP 

B CJie.n,y10111,eM 3a JIII,l],1Ipy10111,HM nopH,II,Ke KX,l( 6b!JI ycnenrno npHMeHeH K .n,aHHbIM 

KOJIJia6opau,1rn HERMES (B TecHoM coTpy,II,HII'!ecTBe c 'IJieHaMII KOJIJia6opau,1I1I). B 

HacToH111,ee BpeMH TaKoii: aHaJIIl3 npoBO,ll,IITCH B KOJIJia6opau,1I1I COMPASS (B TecHoM 

COTPY,II,HH'leCTBe C 'IJieHaMII KOJIJia6opau,u1I, pa6oTa 6y,II,eT 3aBepIIIeHa no Mepe HaKon

JieHIIH ,II,OCTaTO'IHOro KOJIH'leCTBa )],aHHbl~ 3TOH KOJIJia6opau,1Ieil:. ITpOBO,l],IITCH pa6oTa 

no np1IMeHeH1IIO MeTO.n,a K KaOHHhIM ,n,aHHbIM KOJIJia6opau,1Iii HERMES II COMPASS 

C U,eJibIO Il3BJie'!eHHH nOJIHp1I30BaHHOll CTpaHHOCTH B HyKJIOHe B CJie,n_y10111,eM 3a JIII

,l],1Ipy10111,HM nopH.n,Ke KX,l(. 

OcHOBHbie pe3yJibTaThl IICCJie,l],OBaHIIH, H3JIO)KeHHOro B ,Il,IlCCepTaU,IIII, ony6JIIIKO

BaHhl B )KypHaJiax: "IT1IcbMa B )K3T<I>", Physical Review D, Physics Letters B, a 

TaK)Ke B c6opHUKax pa3JIII'IHhIX KOH<pepeHU,Hll. ITo MaTep1IaJiaM ,Il,IICCepTaU,HII orry6-

JIIIKOBaHO 10 pa6oT. 

O6'beM II CTPYKTypa pa60Tbl 

,ll,1IccepTaU,HH COCTOIIT ll3 '!eTbipex rJiaB, Be,l],eHIIH II 3aK,'IIO'leHIIH, co,n,ep)KIIT 151 CTpa

HIIIl,Y MaIIIIIHOnlICHOro TeKCTa, BKJIIO'laH 38 p1ICYHKOB, 26 Ta6JIIIU, H 61I6JI1IOrpaq>1IIO 

II3 115 HalIMeHOBaHIIH Ha 6 CTpaHIIU,ax. 

Co,II,ep)KaH1Ie .n,nccepTaU,IIII 

B nepBOH rJiaBe paCCMOTpeHbl IIHKJII031IBHbie npou,ecCbl rJiy6oKOHeyrrpyroro pacceH

HIIH C npO,ll,OJlbHO noJIHpll30BaHHhIMil JienTOHHbIM IIY'IKOM II HYKJIOHHOH MIIIIIeHbIO. 

,l(aeTCH KpaTKIIii: TeopeTn'leCKIIH o63op pe3yJibTaToB no IIHKJII031IBHOMY fHP, Heo6-

xo,IJ,1IMb1ii: ,ll,JIH nOHIIMaHirn OCHOBHbIX pe3yJihTaTOB 3TOH rJiaBhl. ITpoBO,l],IITCH KX,l( 

aHaJIII3 MIIpOBbIX .n,aHHbIX no IIHKJII031IBHhlM CTpyKTYPHhIM q>yHKU,IIHM C u,eJibIO II3-

BJie'!eHIIH CIIHrJieTHblX II HeCIIHrJieTHhlX KOM61IHau,nfi nOJIHpH30BaHHbIX KBapKOBbIX 

pacnpe,n,eJieHIIll B CJie,n_y10111,eM 3a JIH,l],IIpyIOlll,IIM rropH,l],Ke. HccJieAfIOTCH ,II,Ba (npHH

Il,IITIIIaJihHO pa3JIII'IHbIX) cu,enapnH )],JIB nOJIHpH30BaHHOro rJIIOOHHOro pacnpe.n,eJie

HIIH (~G > 0 II ~G < 0). ITpoBO)],IITCH npaMoe H3BJie'!eHIIe aKCHaJihHOro 3apa,II,a 

II nepBoro MOMeHTa noJIHpU30BaHHOll CTpaHHOCTII B HyKJIOHe H3 HOBeii:IIIIIX .n,aHHblX 

KOJIJia6opau,un COMPASS. 

AHaJIH3 IIHKJII031IBHhIX ,II,aHHhIX COMPASS npoBO)],HJICH no cJie,n_y10111,eii: cxeMe. 

Ha nepBOM 3Tane II3 II3MepeHHoii: ac1IMMeTpun Aid cTpon,,ach cTpyKTypHaH q>yHKU,IIH 

F2d A F A - -=---~~',\ ld, g1d = Id Id - 2x(l + R) (6) 

r,II,e )],JIH BbI'IHCJieHIIH OTHOIIIeHirn R = 0'£/ O'r n CTPYKTypHoii cpyHKU,mI F2d 6b1Jin 

HCnOJib30BaHbl lI3BeCTHble napaMeTpH3aU,HH. 1..JTo6bJ H3BJie'lh nepBblll MOMeHT noJIH

pH30BaHHOH cTpyKTypHoii: q>yHKU,HH f 1d(Q
2

) = f0
1 

dxg1d(x, Q 2
) n, KaK cJie,II,CTBHe, 

II3BJie'lb nepBblll MOMeHT nOJIHplI30BaHHOH CTpaHHOCTII ~1s, a TaK)Ke aKcnaJJbHblll 
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3ap5I,n; ao = I:,1 f0
1 dx[.6.q1(x) + .6.q1(x)], Heo6xo,n;nMo npoaBoJuou,noHnpOBaTh aKcne

pnMeHTaJihHhie ,n;aHHhie no g1d K e,n;HHOMY Q5 ll ou,eHIITh BKJia,D;hl OT HeII3MepeHHOii: 

o6JiaCTII no X. ,IT..rr5I 3B0JI!Oll,llll ,n;aHHhlX 6bIJIO llCITJ:)Jlh3OBaHO nmpOKO nplll\ieHSieMoe 

npe,n;no,,o:>KeHne 

g1(x, Q~) '.:::'. g1(x, Q2)2 + [g{it(x, Q~) - g{it(x, Q2)], (7) 

r,n;e g(it HaXO,ll;IITC5I C n:cnOJih3OBaHn:eM pe3JJihTaTOB aHaJIH3a MllpOBhIX ,n;aHHhIX. ,IJ..rrg 

Q5 6h!JIO Bhr6paHo 3Ha'leHn:e 3GeV2. Ha nepBOM aTane BeJIH'IHHa g{it BhI'!HCJI5IJiach c 
n:cnoJih3OBaHIIeM Tpex H3BeCTHhIX napaMeTpn:3au,nii:: BB, GRSV2OOO n: LSSO5. O,n;rrn

KO, OKa3aJIOCh, '!TO ycpe,n;HeHHa5I no TpeM napaMeTpn:3aU,II5IM KpIIBa5I nJIOXO OnHChI

BaeT HOBhie ,n;aHHhie COMPASS B o6JiaCTII MaJihIX x. ,Il;eii:cTBIITeJihHO, ecJIH CTaph!e 

pe3JJihTaThI (6e3 yqeTa ,n;aHHhIX COMPASS) no aHaJIII3Y g1d ,n;aBaJIH 60Jihnme oTpII

u,aTeJihHhie 3Ha'!eHIISI g1d npII x < 0.025, TO HOBhie ,n;aHHhie COMPASS noKa3hIBaJOT, 

'!TO g1d CTpeMIITC5I K HJJIIO B 3TOii: o6JiaCTII. TaKIIM o6pa30M, Bee cyru.ecTBOBaBnIIIe 

,n;o CIIX nop napaMeTpII3aU,IIII nJIOXO nO,D;XO,1J;5IT ,ll;JI5I uaXO:>K,D;eHII5I g{~t, BXO,ll;SII.II,eii: B 

ypaBueuIIe (7). 
TaKIIM o6pa30M, BMeCTO IICnOJib3OBaHII5I cTan,n;apTHhlX napaMeTpII3aU,IIii: 6hIJI 3a

HOBO npoBe,n;eu aHaJIII3 BCex cyI.II,eCTBYIOIIl,llX (MIIpOBbIX) IIHKJI103HBHbIX ,n;aHHbIX B 

CJie,n;yJOI.II,eM 3a JIII,1J;IIpy101II,IIM nop5I,D;Ke KX,II; C BKJIJO'!eHHeM B aHaJIII3 nocJie,ll;HHX 

,n;aHHhIX KOJIJia6opaU,IIII COMPASS. Ilpn npoBe,n;eHnII aToro aHaJIII3a napaMeTpn:3o

BaJIHCh KOM6IIHaU,Hll KBapKOBbIX pacnpe,n;eJieHHii .6.I:, .6.q3 II .6.qs, a TaK:>Ke rJIIOOHHOe 

pacnpe,n;eJieHIIe .6.G. TiapaMeTpII3au,m1 3a,n;aBaJIIICh npn Q5 = 3GeV
2 

cooTBeTCTByI.II,e

MY cpe,n;ueMy Q2 no ,n;auuhIM COMPASS, II qiyuKu,noHaJihHhiii: BUA napaMeTpn3au,nii: 

6bIJI BbI6paH B BII,n;e 

.6.F = T/ x"(l - x)13(l + -yx) 
fo1 x"(l - x)i3(l +-yx)dx 

(8) 

0'-!eBII,ll;HO, '!TO npn TaKOM BbI6ope napaMeTpH3aU,UII napaMeTp T/ COBna,n;aeT C nep

Bb!M MeJIJIHHOBCKIIM MOMeHTOM napaMeTpn3yeMoii: q>yHKll,IIH .6.F. Tipn npoBe,n;eHHII 

BbI'IUCJieHnii: napaMeTpbl T/q3 II T/gs 6hIJIII q>IIKCHpOBaHbI npn IIOMOI.II,H COOTBeTCTBYIO

I.II,llX npaBIIJI CJMM: 

T/g3 = a3 = F + D, 

T/qs = as = 3F - D. 

(9) 

(10) 

rt BbI'IIICJieHHbie 3Ha'!eHirn q>yHKll,Hll gl 1 (x;, Ql) ,D;JI5I Ka:>K,n;oro U3MepeHH5I CTpyKTpy-

uoii: q>JHKU,HU g~XP(x;, Q;) (Bcero 230 3KCnepnMeHTaJihHbIX TO'!eK, H3 HHX 43 co

OTBeTCTBJIOT nocJie,n;nnM ,n;aHHhIM KOJIJia6opau,nn COMPASS) ucnoJih3OBaJIIICh ,D;JI5I 

nocTpOeHirn q>yHKll,HH x2 c noCJie,n;y10ru.eii: ee MHHHMH3au,ueii:. ,Il;JI5I He3aBncnMoii: npo

BepKn pe3JJ"'IbTaTOB II ,ll;JI5I npoBe,D;eHUSI ou,eHKll CHCTel\taTII'!eCKOii: onm6Kn q>HTHpO

BaHH5I 6bIJill ncnOJih3OBaHhl ,D;Ba pa3JIH'!Hh!X naKeTa KOMnbJOTepHble nporpaMM, KO

TOpbre 3BOJIIOU,HOHHPYIOT KBapKOBble pacnpe,n;eJieHirn H Bbl'IHCJI5IIOT CTpyKTYPHbie 
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q>JHKU,Hll ,ll,BYM5I pa3,"'IH'!Hb!Mll MeTO,D;aMll. IIepBa5I nporpaMMa 6bIJia pa3pa6oTaHa 

em,e KOJIJia6opau,ueii: SMC. ,IJ..rr5I perneHirn ypaBHeHnii: fJIAII B Heii: ncnOJih3yeTC5I Mo

,n;nq>uu,npoBaHHhiii: MeTO,ll; KOHe'!HbIX pa3HOCTeii:. BTopasi nporpaMMa 5IB.11SleTC5I opu

rIIHaJlhHOii: H nepBOHa'IaJihHO 6bIJia pa3pa6oTaHa Ii ucnOJib3OBaHa (ou,eHKa KOppeK

u,uii: Ha Q2 9BOJIIOU,HIO IIOJIYIIHKJII031IBHblX aCHMMeTpnii:) ,ll;JI5I HOBOro MeTo,n;a KX,II; 
aHaJIII3a ,n;aHHhrx no IlfHP (rJiaBa 3 ,n:ucceprnu,uu). ,Il;aHHa5I nporpaMMa ncnoJih3yeT 

aHaJIIITU'leCKOe perneHue ypaBHeHnii r JIAII B npoCTpaHCTBe MOMeHTOB MeJimrna C 

noCJie,n;y101II,nM npnMeHeHneM o6paTHoro ·npeo6pa3oBaHII5I MeJimrna )];J,5! HHBepcuu 

npO3BOJIIOll,HOHIIpOBaHHb!X MOMeHTOB B x-npOCTpaHCTBO. K ,l];OCTOHHCTBaM 9TOii: npo

rpaMMbI CJie,n;yeT OTHeCTll Bb!COKJIO TO'!HOCTb perneHII5I ypaBHeHIIii: rJIAII a TaK:>Ke 

BO3MO)Kl!OCTb npoBe,n;eHII5I COBMeCTHoro aHaJIH3a llHKJII03lIBHhIX II IIOJIJHHKJII03HB

HblX ,n;aHHh!X. 

TionyqeHHbie npn IIOMOI.II,ll ,D;BYX nporpaMM pe3JJibTaTbI, npe,n;cTaBJieHHbie Ta6-

JIHU,eii: 1, HaXO,1J;5ITC5I B OTJIU'IHOM cornacnn ,n;pyr C ,n;pyroM, '!TO IIO,ll;TBep:>K,n;aeT npa

Bl!JlbHOCTh npoBe,n;eHH5I aHaJIII3a. 

B npou,ecce BbIIIOJIHeHII5I aHaJIH3a ,n;aHHbIX 6bIJIII HCCJie,n;oBaHbI ,D;Ba np1rnu,mm

aJlbHO pa3Jill'!HbIX cu,eHapu5I: .6.G > 0 II .6.G < 0. O'IeHb l!HTepecHO TO, cu,eHapnii: c 

OTpnu,aTeJihHb!M .6.G OKa3bIBaeTC5I ,n;a)Ke 6onee npe,n;nO'!Tl!TeJibHbIM, '!eM cu,enapnii: 

.6.G > 0, ,n;JI5I onncann5I HOBeii:nmx ,n;aHHbrx· COMPASS B 06Jiacn1 MaJihIX x. Bo Bcex 

npe,D;bl,ll;YI.II,HX pe3yJibTaTax aHaJIII3a (cTan,n;apTHbIX napaMeTpH3aU,U5IX), npOBO,ll,l!Mb!X 

6e3 BKJIJO'!eHH5I ,n;aHHhIX COMPASS, peaJIH3OBaJIC5I cu,enapuii: noJIO)KHTeJibHoro .6.G. 
B TO )Ke BpeM5I Heo6XO,ll,HMO OTMeTIITh, '!TO ,n;a:>Ke HeCMOT5I Ha Bb!COKYIO TO'IHOCTb 

Ta6nnu,a 1: Pe3JJibTaThI aHaJIH3a llHKJII03HBHb!X ,n;aHHhIX, noJiy'!eHHbie C ncnOJih3O

BaHHeM nporpaMM SMC n opnrnnaJihnoii: pa3pa6oTanHoii: nporpaMMhr . 

.6.G > 0 .6.G < 0 

Ilporp. SMC OpHr. nporp. ilporp. SMC Opnr. nporp. 

T/E 0.270±0.014 0 234+0.0l6 
· -0.014 T/E 0.32±0.009 0.328±0.009 

O:r. 0 303+0.074 
- · -0.079 -O.226~ti2i 0:E 1.38!2:i~ 1.38!6:g 

PE 3.60!2:~~ 3.69!2:~~ !3r. 4.08!2:~~ 4.O5!g:~~ 

'YE -16.O!ti -15.s!U /'E 

T/G 0 335+0.049 
· -0.070 0.233!g:g~g T/G -O.309!g:~~~ -0 192+0.064 

· -0.109 
aa 2.91!g::~ 3.11!g:1~ aa O.39O!g:~i O.23!8:~i 

!3a lO(fixed) lO(fixed) (Jc 13.9!~:1 13.s!t~ 

O:q3 -0.226±0.027 -0.226~g:g~~ O:q3 -0.212±0.027 -0.209±0.027 

/Jq3 2.43ri.?oll 2.38!g:i6 /Jq3 2.44!2:i6 2.4O!2:i6 

O:qs o.35!Ki~ 0 45+0.13 
O:qs 0.43!g:f~ 0 333+0.oso 

· -0.43 · -0.121 
/Jqs 3.36!?:g~ 3.5o!g:t~ /Jqs 3.54!g:~~ 3.39!2:~~ 

x2/NDF 233/219 232/219 x2 /NDF 247/220 247/220 

nocJie,n;Hnx ,n;annhrx COMPASS, na cero,n:ngrnnuii: ,n:enh cTaTHCTIIKa ne,n;ocTaTO'IHa, 
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'-IT06b1 C II0JIH0fi yBepeHH0CTbIO 0T,11,aTb rrpe,11,rro'!TeHirn cu.eHapIIIO D..G < 0. O,11,HaKO, 

eCTb 0CH0BaHIIH II0JiaraTb, 'ITO B 6mrnmfirnee BpeMH CIITyau;1rn rrpoHCHIITCH, TaK KaK 

o:arn,11,aeTcH, '!To COMPASS Ha6epeT 6oJibrnoe K0JIIl'!ecTB0 HHKJII03HBHbIX ,11,aHHhIX Ha 

rrp0TOHHOfi MIIIIIeHII (KOTOpaH paHee OTCYTCTBOB~a), oco6eHHO B o6JiaCTII MaJiblX x. 
KoHe'IHO 2Ke, 0CH0BHbIMH BeJIIl'IIIHaMH, rrpe,11,cTaBJIHIOIIl,IIMH HaH60JibIIIIlll <plI3lI

'!eCKilfi IIHTepec, HBJIHIOTCH rrepBbie M0MeHTbI, TaK KaK IIMeHH0 H3 HHX Ha6npaeTCH 

CIIHH HYKJI0Ha. IToJiy'leHHbie a6COJIIOTHbie 3Ha'leHHH M0MeHT0B D..G ,11,JIH o6onx cu.e

HapneB 0Ka3aJIHCh rropsi:,11,Ka l77cl ~ 0.2 - 0.3. lfro 2Ke KacaeTCH c1rnrneTHofi KOM6n

Hau;nn KBapK0BbIX MOMeHT0B .D..E = agn ( aKCHaJlbH0ro 3apsi:,11,a B cxeMe A1 s - CM. 

06cy2K,11,eHne HI12Ke)' TO Mb! HMeeM CJie,l],yIOIIl,lie pe3yJibTaTbI: 

D..E(Q
2 = 3GeV

2
) = 0.27± 0.0l(stat)(.D..G > 0), 

D..E(Q
2 = 3GeV

2
) = 0.32 ± 0.0l(stat)(D..G < 0). 

(11) 
(12) 

,I(a,1ee, pe3yJihTaTbl KX,l]; aHaJilI3a Milp0BblX ,11,aHHblX ,ll,JIH g{~\x) IICII0Jib30BaJilICb 

,11,.1rn Bbl'IHCJieHIIH II0JIHOro M0MeHTa CTPYKTypHOfi cpyHKIJ,HH f ld H3 3KCIIepI1MeHTaJib

HblX ,11,aHHhIX COMPASS (rrpoBO,ll,IIJIIICb rrpou;e,11,YpbI CBe,ll,eHIIH K e,11,HH0MY Q5 c rro

M0IIl,bIO (7) II 3KCTparrOJIHLI;HII B Heil3MepI1MbJe o6JiaCTII II0 X C II0CJie,11,YIOIIl,IIM ycpe,11,

HeHileM II0 060I1M CIJ,eHapnHM): 

f 1d(3GeV
2

) = 0.0457 ± 0.0274(stat) ± 0.0027(evol) + 0.0046(syst). (13) 

BbIJIO rrpoBe,ll,eH0 cpaBHeHIIe II0JIY'leHHbIX pe3yJibTaT0B C pe3yJibTaTaMII KOJIJia6opa

U.HH SMC, r,ll,e KHHeMaTnKa (B 'laCTH0CTH, ,ll,0CTYIIHhifi IIHTepBaJI no x) rrpaKTil'le

CKII He OTJIIl'laeTcH OT KIIHeMaTIIKH COMPASS. CpaBHeH11e II0Ka3aJI0, 'ITO T0'IH0CTb 

H3MepeHilfi COMPASS 3Ha'IHTeJibHO rrpeBhIIIIaeT T0'IH0CTb ,ll,aHHbIX SMC. Ba2KHO 

TaK2Ke II0,11,'lepKHYTb, 'ITO rrpoBe,ll,eHHblll KX,IJ; aHaJIH3 o6Jia,ll,aeT TpeMH 6oJibIIIlIMII 

npe11Mylll,eCTBaMH rro cpaBHeHHIO c cooTBeTcTBYIOIIl,HM aHaJIH30M SMC: Bo-rrepBbIX, 

lICCJie,l],0BaHbl ,ll,Ba rrpHHLI;IIIIHaJlbH0 pa3JilI'IHbIX cu;eHapHH ,ll,JIH D..G; B0-BT0pbIX, B03-

pocJia T0'IH0CTb perneHIIH ypaBHeHHH 3B0JIIOLI;HH; B-TpeTblIX, ,11,Be He3aBHCHMble rrpo

rpaMMbl, lICII0Jib3YeMbie B aHaJIH3e, ,ll,aIOT ropa3,11,0 JIY'IIIIee corJiaC0BaHne pe3yJibTa

T0B Me2K,11,Y co6ofi, '!eM pe3yJihTaTbl ,11,BYX rrporpaMM, rrpHMeHHeMbIX B KX,IJ; aHaJIH3e 

KOJIJia6opau;Hefi SMC (oIIIH6Ka Ha 3B0JIIOU.HIO B ceMb pa3 MeHhrne). 

IToJiy'leHHOe 3Ha'leHHe (13) M0MeHTa CTpyKTypHofi cpyHKLI;lIH f1d II03B0JIHeT TaK

)Ke lI3BJie'lb TaKHe Ba2KHefirnHe BeJIII'llIHbI, KaK aKCHaJibHbiii 3apH,11, ao II rrepBbI:ii 

M0MeHT II0JIHpH30BaHH0H CTpaHH0CTII D..1s HarrpHMYIO, 6e3 IICII0Jib30BaHHH rrpou;e,11,Y

pbl <plITHpOBaHHH. YMeCTHO HaII0MHHTb, 'ITO HMeHH0 3TII BeJIH'llIHbl (BMeCTe C D..G) 

HBJIHIOTCH KJIIO'leBb!MlI B pa3peIIIeHJm rrpo6JieMbl "cIIHHOBOro KpH3Hca". 3,ll,eCh Ba2K

H0 TO, 'ITO cylll,eCTByeT TaKo:ii KJiacc cxeM Bbl'IHTaHllfi, r,ll,e B OTJIH'!Ile OT o6bi'IHO:ii 

A1 s cxeMbl Bbl'IIITaHHfi aKCHaJlbHhlfi 3apH,11, D..1:E coxpaHHeTCH, T.e. He 3aBHCIIT OT Q2
• 

ITo C0BpeMeHHbIM rrpe,11,cTaBJieHIIHM HMeHH0 3Ta coxpaHHIOIIl,aHcH BeJIH'IIIHa BX0,ll,IIT 

B rrpaBHJI0 CYMM, onpe,ll,eJJHIOIIl,ee CIIIIH HYKJJ0Ha. O,ll,HaKo, Mb! He M02KeM 113BJie'lb 

D..1:E HanpHMYIO, TaK KaK IIMeHH0 B cxeMe A1 s Bbipa2KeH11e ,ll,JI51 rrepBoro M0MeHTa 
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CTpyKTypH0fi <pyHKLI;IIH 

r (Q2) lCs on l CNS 
ld = 9 1 ao + 36 1 as 

i (1- as~Q
2

) +O(a;)) (agn(Q
2
)+~as) (14) 

He C0,ll,ep2KI1T D..G. I1MeHHO II03T0MY Mb! H3BJJeKaeM 113 ,ll,aHHblX D..1E = ao(Q2 ), B TO 

Bpel\rn KaK BeJIH'IIIHbl D..1:E II ao( Q2
) CB513aHbl ypaBHenneM ao( Q 2) = D..1:E- f 'f;D..1 G. 

ITpsi:Moe n3BJie'!eHiie ao(Q
2

) n3 ,11,anttbIX COMPASS B cJie,11,YIOIIl,eM 3a Jill,ll,npyIO

Ill,eM rropH,ll,Ke KX,l]; c rroM0IIl,bIO cpopMyJibI (14) ,LI,aeT 3Ha'leHiie 

a 0 (3GeV
2

) = 0.35 ± 0.03(stat) ± 0.05(syst). (15) 

Ono HaX0,11,IITCH B 0TJIIl'IH0M corJiacmI C ycpe,11,neHHbIM pe3yJibTaT0M rno6aJibHOro 

aHaJIH3a (11), (12) (TaK2Ke rroJiy'leHHhIM B cxeMe A1S B cJie,11,YIOIIl,eM 3a JIII,ll,IIPYIOIIl,HM 

IIOpH,11,Ke): 

77E(3GeV
2

) = 0.30 ± 0.0l(stat) ± 0.02(evol), 

'ITO II0,l],TBep2K,11,aeT K0ppeKTHOCTb npoBe,ll,eHII51 aHaJIH3a. 

K HaCT051Ill,eMy BpeMeHII BeJill'IIIHa cf ( CM .. ypaBHeHJie (14)) Bbl'IIICJieHa BIIJIOTh 

,11,0 BTOporo rrop51,ll,Ka KX,IJ; pa3JI02KeHJrn BKJJIO'IUTeJibHO (C{"8 ll3BeCTHa BIIJIOTb ,11,0 

'!eTBepToro rropH,ll,Ka BKJIIO'IHTeJibHO). 9To ,ll,aeT HaM B03M02KHOCTb 113B.'le'lb aKCll

aJibHblfi 3apH,ll, D.. 1E = a0 

a0 (3GeV 2
) = 0.37 ± 0.03l(stat) ± 0.060(syst) 

II rrepBbifi M0MeHT IIOJI5IpH30BaHHOfi CTpaHH0CTil 

(D..1s + .D..1s)(3GeV
2

) 
1 
-(ao - as) 
3 
-0.072 ± 0.Ol3(stat) ± 0.022(syst) 

BO BTopoM rropH,ll,Ke KX,l]; pa3JI02KeHHH. 

(16) 

(17) 

Hap51,l],y C D..1:E 60JibIIIOH IIHTepec Bbl3bIBaeT elll,e 0,ll,Ha coxpaHHIOIIl,aHC.51 BeJIII'IIIHa: 

( l•a,(Q
2

) 'Ys(a')) 
ao = exp - . da: (3(a[) a 0 (Q

2
) 

JierKO BU,ll,eTb, 'ITO 0Ha .5IBJJ.5IeTCH aKCIIaJlhHbIM 3ap.51,ll,0M ao(Q2 ) B rrpe,ll,eJie Q2 -> 00 

(6bepKeHOBCKOM rrpe,ll,eJie) II CB.513aHa C KOHCTaHTOfi D..1:f: C0OTH0IIIeHneM 

D..1f: = iio + 2N1D..r(o), (18) 

r,ll,e 

as D..G = D..f = D..f(O) + as D..f(l) + ... 
4n 4n (19) 
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TaKIIM o6pa3oM, KOHcTaHThr li1E II a0 OTJintiaIOTCH TOJihKO rmooHHhIM BKJia,n.oM, 

BhDKIIBaroru;IIM B npe,n.eJie Q2 
- oo (B 3TOM npe.n,eJie li1G Be.n,eT ce6H KaK 1/a.). 

Ba)f<HO TO, 'ITO BeJIII'IIIHY iio MO)KHO II3BJie'Ih 113 .n,aHHbIX no r ld C 6oJiee BhICOKOll 

TO'IHOCTh!O (B TpeTbeM nopH.n,Ke pa3JIO)Kelflrn no a.), 'IeM caM aKCIIaJihHblll 3ap51,ll, 

ao(Q2
) (Bo BTOpOM nopH,n.Ke). TaKIIM o6pa30M, BeJIII'IIIHa iio Ha cerO,ll.HHIIIHIIii .n,eHh 

5IBJIHeTC51 HaII6onee TO'IHO 113BJieKaeMhIM CIIHrJieTHbIM ofrheKTOM II3 .n,aHHbIX no IIH

KJII03IIBHOMY fHP. CooTBeTcTByroru;IIii aHaJIII3 noCJie,n.mrx .n,aHHhIX COMPASS ,n.aeT 

a0 = 0.33 ± 0.03(stat) ± 0.05(syst). (20) 

I1cnOJib3Y51 nony'IeHHOe 3Ha'IeHIIe iio II npaBIIJIO CYMM (10), TaK)Ke MO)KHO noJiy'IIITh 

nepBblll MOMeHT noJIHpII30BaHHOii CTpaHHOCTII B npe,n.eJie Q2 - oo: 

(li1s + li1s)Q2_00 = ~(a0 - a8 ) = -0.08 ± 0.0l(stat) ± 0.02(syst). (21) 

9TOT pe3yJibTaT 51BJI5Ie~C51 Ha1I60Jiee TO'IHblM Ha cero.n,HHIIIHIIll ,n.eHb, nOCKOJibKY 3,ll,eCh 

ucnoJih30BaHhl Hau6onee TO'IHhie nocJie,ll.HHe .n,aHHhie COMPASS, a II3BJie'IeHne npo

BO,ll,IIJIOCh B MaKCIIMaJibHO ,ll,OCTynHOM Ha cero.n,mlIIIHIIll .n,eHh TpeTbeM nopH,n.Ke K:x,IJ; 

pa3JIO)KeHII51. 

Bo BTOpoii rJiaBe paCCMOTpeHhl npou;ecCbI noJiylIHKJII03IIBHOro rny6oKOHeynpy

roro pacce5IHII51 - npou;eCChI, r,n.e B ,n.onoJIHeHIIe K pacceHHHOMY nenTOHY 11,ll,eHTil

qmu;upyeTCH TaK)Ke O,l].IIH 113 a.n,poHOB B KOHe'IHOM COCTOHHIIII, B pe3yJihTaTe 'Iero 

n05IBJI5IeTC51 B03MO)KHOCTb pa3,n.eJieHII51 BaJieHTHbIX II MOpCKIIX KBapKOBh!X pacnpe.n,e

Jiel!IIH. ,I(aeTC5I KpaTKIIH TeopeTII'IeCKIIll o63op pe3yJihTaTOB no nOJIYIIHKJII031IBHOMY 

rHP, He06XO,l].IIMblll )].JIH nOHIIMaHIIH OCHOBHbIX pe3yJihTaTOB 3TOll II nocJie.n,yroru;nx 

rJiaB ,n.nccepTau;nn. IlpOBO,ll.IITC5I KpIITII'IeCKilll aHaJill3 cyru;ecTByroru;nx pe3yJihTaTOB 

no 113BJie'IeHIIIO nOJI5IpII30BaHHbIX KBapKOBbIX pacnpe.n,eJieHIIii 113 noJiyIIHKJII031IBHbIX 

,n.aHHb!X. 

B rJiaBe 3 pa3pa6aTbIBaeTC5I HOBbIH MeTO)]. aHaJIII3a nonynHKJII03IIBHhIX .n,aHHbIX 

B cJie.n,yroru;eM 3a Jin,n.npyroru;HM nopB.n,Ke KX,I(. OcHOBHhIM ,n.ocTOIIHCTBOM pa3pa6o

TaHHoro MeTo,n.a 5IBJI5IeTC5I TO, 'ITO OH II03BOJI5IeT (Ha nepBOM 3Tane) 113BJie'Ib MeJI

JIIIHOBCKIIe MOMeHTbl nOJI5Ipll30BaHHbIX KBapKOBhIX pacnpe,n.eJieHIIH B CJie.n,yroru;eM 

3a JIIl)].IIpyroru;nM nop5I,ll,Ke KX)]; Hanp5IMYIO, Henocpe,l].CTBeHHO II3 II3MepeHHbIX no

JIYIIHKJII03IIBHhIX aCIIMMeTpnii, 6e3 ncnOJih30BaHII5I 6oJihIIIOro KOJIII'IeCTBa .n,onOJIHII

TeJibHhIX npe,n.nOJIO)KeHnii, xapaKTepHblX )].JI5I CTaH,n.apTHhIX MeTO)].OB,. JloKaJihHbie 

)Ke nOJI5Ipll30BaHHbie KBapKOBhie pacnpe.n,eJieHII5I 113BJieKaIOTC5I Ha BTOpOM 3Tane, IIC

nOJib3Y5I II3BJie'IeHHhie MOMeHTbl KaK y)Ke II3BeCTHbie K03q>q>IID;IIeHTbl B npe.n,JIO)KeH

HOM aBTOpaMII MO,ll.Ilq>IID;IlpOBaHHOM MeTo.n,e pa3JIO)KeHII5I no nOJIIIHOMaM 51Ko6u. B 

CBOIO O'Iepe,n.h, 3TO MO,l].Ilq>IIIJ;IIpOBaHHOe pa3JIO)KeHne 5IBJI5leTC5I qpe3BhI'IaiiHO Ba)K

Hb!M II noJie3HbIM IIHCTpyMeHTOM, IIOCKOJihKY II03BOJI5leT ncnOJib30BaTh He nOJIHbre 

(He)].OCTYIIHhie ,ll,JI5I II3MepeHII51) MeJIJIIIHOBCKIIe MOMeHThI, a MOMeHThl, yce'IeHHbie K 

IIHTepBaJIY no 6bepKeHOBCKOii nepeMeHHOH x, peaJihHO ,ll.OCTYIIHOMY B 3KCnepIIMeHTe 

(nMeHHO II TOJibKO TaKIIe MOMeHTbl MOryT 6b!Th II3BJie'IeHhl II3 3KCIIepnMeHTaJibHhIX 

.n,aHHbIX Ha nepBOM 3Tane). 
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Bo3M0)KHOCTb IIp5IMOro II3BJie'IeHll51 MOMeHTOB IIOJI5IpII30BaHHhIX KBapKOBhlX pac

npe.n,eJieHIIii 113 3KCnepIIMeHTcl.,"IhHbIX ,n.aHHhIX OCHOBaHa Ha 3aMe'IaTeJibHOM CBOllCTBe 

MOMeHTOB MeJIJIIIHa J,.,fn (J) = fo1 
dx xn-l j ( X) pacru;eIIJI51Th KOHBOJIIOD;IIIO ( CM. ypaB

HeHIIe (5)) B npocTOe npOII3Be.n,eHne COOTBeTCTByroru;ux MeJIJIHHOBCKIIX MOMeHTOB: 

Mn[A@ B] = [1 dxxn- 111 

dy A(:.) B(y) = Mn(A)Jo.r(B). (22) 
lo x Y • Y 

B pe3yJihTaTe CJIO)KHbie IIHTerpo,n.ucpcpepeHD;IIaJibHble ypaBHeHII5I (1), (5) (Ky.n,a 113-

MepHeMbie aCIIMMeTpHII A;,d, BIIJibCOHOBCKIIe K03q>q>IID;IIeHThI, q>yHKD;IIII q>parMeH

Tau;nn II HeIIOJI5Ip1130BaHHb!e KBapKOBbie pacnpe.n,eJieHIIH BXO,l].5IT KaK y)Ke 113BeCT

Hhie BeJIH'IIIHbI) ,ll,JI5I nOJI5Ip1I30BaHHhIX KBapKOBhIX IIJIOTHOCTeif liq(x) npeBparu;a

lOTC5I B npOCThie aJire6pan'IeCKHe ypaBHeHIIH )].JIH MeJIJIIIHOBCKlIX MOMeHTOB linq = 
f0

1 
dxxn- 1liq(x). 9Ta npou;e.n,ypa HBJIBeTCH a6comoTHO o6ru;eii n ro,n.HTCH )].JIH mo-

6hrx TllIIOB 113Mep5IeMbIX acnMM~Tpnii, O)].HaKO B ,n.nccepTau;nn paccMaTpnBaIOTC5I TaK 

Ha3hIBaeMbie "pa3HOCTHhre" aCIIMMeTpnn. ,I(eno B TOM, 'ITO npII aHaJIH3e 6bIJIO 6bi 

KpaiiHe )KeJiaTeJibHO II36e)f(aTb r,n.e TOJihKO 3TO B03M0)KH0 IICIIOJib30BaHII5I <PYHKD;Illl 

q>parMeHTau;IIn, KOTOpb!e ,l.1.0 CIIX nop eru;e . He,ll,OCTaTO'IHO II3y'IeHbl ( oco6eHHO 3TO 

KacaeTCH <PYHKD;IIH q>parMeHTau;nn D;j± lI D;). I1MeHHO (n TOJibKO) pa3HOCTHhie 

acnMMeTpnn c n.n,eHTnq>nKau;neii copTa a.n,poHa ·h 

h-h 1 (Nf1 - Nf1)Ln - (Nfr - Nfr)Lu 

A1 = PsPr f D (Nf1 - Nf1)Ln + (Nfr - Nfr )Lu 
gt- gf 
Ff- F1h 

,n.aroT HaM TaKyro YHIIKaJihHYIO B03MO)KH0CTh, TaK KaK B JIIl,ll.Hpyroru;eM IIOp51,ll.Ke KX,I( 

OHII Boo6ru;e He co,n.ep)KaT 3aBIICIIMOCTII OT q>yHKD;Illl q>parMeHTau;m1: 

A"+-"- _ 4liuv - lidv. A"+-"- _ liuv + lidv 
P - 4uv - dv ' d - uv + dv 

AK+-K
p 

liuv 

Uv 
A K+-K- -A"+_,,.-

d - d , 

a B cne.n,yroru;eM 3a Jin.n,npyroru;nM nopH.n,Ke KX,I( co.n,ep)KaT TOJihKO cna6yro 3aBn

cnMOCTh OT pa3HOCTII JIIl,ll,Hpyroru;eii II no.n,aBJieHHOii cI>cI>. 8 CJiy'Iae nnOHHhlX pa3-

HOCTHhIX acnMMeTpnii, KOTOpbre JI paccMaTpIIBa!OTC51 B ,n.nccepTau;nn, :na pa3HOCTh 

D1 - D2 xopomo 113BeCTHa, TaK 'ITO ypaBHeHIIH ,ll,JIH IIIIOHHhlX pa3HOCTHbIX aCHMMeT

pnii Ha npOTOHHOii II ,n.eii:TepneBoii MIIIIIeH5IX 

A,,.+_,,.-( Q2)1 = (4liuv-lidv)J;dzh[l+@~liCqq@](D1 -D2 ) 
p x, 1 - ' 

z ( 4uv - dv) f z dzh[l + @t Cqq@]( D1 - D2) 
(23) 

A
,,.+_,,.-( Q2 )1 _ (liuv + lidv) J; dzh[l + @tliCqq@](D1 - D 2 ) 
d X, - 1 . 

z (uv + dv) fz dzh[l + @~;Cqq@](Di - D2) 
(24) 

B npnHu;nne II03BOJI5IIOT HaM ll3BJieKaTb II0JI5IpII30BaHHhie BaJieHTHble pacrrpe,n.eJiemrn 

B CJie,n.yroru;eM 3a JIII,ll,IIpyroru;nM nop5I,l].Ke KX,I( C MIIHIIMaJihHhlMH Heorrpe.n,eJieHHO

CT5IMH ,ll,JI51 BXO,ll,Hh!X .n,aHHb!X. IlpIIMeHeHIIe onncaHHOH BbIIIIe rrpou;e.n,yph! II03BOJI5IeT 
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HaM ,'IerKO Ha:HTH pemeHHe CIICTeMbl (23), (24) B Tep:t..nmax MeJ'I,'IHHOBCKUX MOMeHTOB 

ITpOH3BOJibHOro IT0p51;I;Ka n C pe3JJibTaTOM 

A
(n) +A(n) 

1 P d • 

t.nuv = 5 L(n)l - L(n)2' 

t, d - 1 4Ad(n) - A(n) 
nv--~------'p 

5 L(n)l - L ' (n)2 
(25) 

rµ,e BeJinquHbl Ap,d CO,ll,ep)KaT TOJ!bKO II3BeCTHbie ,ll,aHHbie: II3Mep51eMhie B 3KCITepu

MeHTe pa3HOCTHbJe aCHMMeTpHH, II3BeCTHbJe HeITOJI51pH30BaHHbie KBapKOBbie pacITpe

,J,eJieHH51, q>JHKIJ,UII q>parMeHTaIJ,IIll II K03q>q>HIJ,HeHTbl BHJibCOHa. OqeHb Ba)KHO, qTo 

B peaJibHOCTU aCIIMMeTpUH MoryT 6b!Tb U3MepeHbl TOJ!bKO B orpamrqeHHOfi o6JiaCTH 

ITO x, 0 < a < X < b < 1, TaK qTo ITpu6JIH)KeHHbie ypaBHeHH51 ,ll,Jl51 yceqeHHbIX 

MOMeHTOB 

t.~q = 1b dxxn-lt,q(x) (26) 

BaJieHTHb!X pacnpe,ll,eJieHnfi HMeIOT BH,ll; (25) C 3aMeHofi noJIHblX UHTerpaJIOB no X B 

BeJiuqnttax Ap,d Ha CJMMbl no 3KCnepnMeHTaJibHb!M 6IrnaM, noKpbIBaIOIIJ,lIM 3KCne

pnMeHTaJibHO ,ll,OCTH)KHMYIO o6JiaCTb a < x < b. 
CJie,l],JeT IIO,ll,qepKHJTh, qTo y)Ke Ha 3TOM 3TaITe Mb! MO)KeM HaITp51MJIO lI3BJieqb 

nau6onee Ba)KHbJe ,ll,Jl51 ITOHHMaHH51 CillIHOBOfi CTpyKTypbl HYKJIOHa BeJiuqHHhl - nep

Bble MOMeHTbl (n = 1 B (25)). HanOMHHM, qTO HMeHHO ITepBbJe M0MeHTbl nOJI51-

pH30BaHHbIX KBapKOBbIX pacITpe,ll,eJieHHfi COCTaBJI51IOT CITHH HYKJIOHa. B qaCTHOCTH, 

ClICTeMa ypaBHeHHfi (25) ,ll,aeT HaM ,ll,OCTYIT K nepBb!M MOMeHTaM (yceqeHHh!M) IT0-

a'I51pH30BaHHblX BaJieHTHh!X pacITpe,ll,eJieHIIfi. t.~ uv II t.~ dv. '-lpe3BbJqafiHO Ba)KHbie 

caMH ITO ce6e, 3TH BeJiuqnHbl n03BOJI51IOT peIIIHTh TaK)Ke npHHIJ,HITHaJibHYIO npo6ne

MY CHMMeTpHH nOJI51pH30BaHHOro KBapKOBoro M0p51, T.e. OTBeTIITb Ha BOnpoc paBHa 

acnMMeTpH51 non51pH30BaHttoro KBapKoBoro MOp51 t.1u - t.1d HJJIIO unn HeT. ,Il;JI51 

3TOfi IJ,eJIII ,ll,OCTaToqHo BOCn0Jib30BaTbC51 KBapK-napTOHHOfi q>OpMOfi rrpamwa cyMM 

BbepKeHa 

t.1u-6..1d=- - --(t.1uv-6..1dv), _ - 1 I gA I 1 
2 gv 2 

(27) 

K0TOpa51 n03BOJI51eT Bbipa3HTb aCHMMeTpHIO nOJI51pH30BaHHOro KBapKOBOro MOp51 

6..1 u - t. 1 d qepe3 pa3HOCTh rrepBbIX MOMeHTOB BaJieHTHhIX pacnpe,ll,eJiettnfi. 

,Il;JI51 rrpoBepKH rrpnMeHHMOCTH BbIIIIeonHCaHHOfi npoIJ,e,l],Jpb! 6b!JIU rrpoBe,ll,eHbl 

CITeI~HaJibHb!e HCCJie,ll,OBaHmI, B KOTOpb!X aHaJIU3Hp0BaJIHCb pa3HOCTHbie aCHMMeT

pnu, ITOCTpoeHHble H3 IlOJIYIIHKJII03HBl!bIX IlHOl!HbIX ,ll,aHHhIX, CHMJJIHpoBaHHbIX npH 

noMoIIJ,n MottTe-Kapno rettepaTOpa PEPSI. IIpoBe,n,ettue KX,Il; a11anu3a TaKHX cu

MynupoBaHHhIX ,ll,al!Hb!X ,n,aeT YHHKaJibllYIO B03MO)KHOCTb rrpoBepKH caMoro MeTO,ll,a, 

TaK KaK pe3JJ!bTaTbl aHaJIH3a ,ll,OJl)KHbl (B U,ll,eaJie Toq110) B0CITpOII3BeCTH lI3HaqaJib

HO 3aJIO)KeHHYIO B rettepaTop napaMeTpH3all,IHO ,ll,Jl51 6..q. B pe3JJibTaTe np0Be,n,ett-

11oro aHaJ'IH3a C JJ:BJM51 napaMeTpH3aIJ,H51MH, COOTBeTCTBJIOIIJ,HMH npHHil,lfllHaJibH0 
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pa3Hb!M CIJ,ettapH51M JierKoro KBapKOBOro M0p51 ( CHMMeTpHqnoMy II HeCHMMeTpnq

HOMY), 6hIJIO ycTaH0BJieH0, qTo H3BJieqeHHbJe H3 ,ll,aHHbIX B CJie,l],JIOIIJ,eM 3a JllI,ll,H

pyIOIIJ,HM nop51,ll,Ke KX,Il; M0MeHTbl BaJieHTHb!X pacnpe,ll,eJieHnfi HaXO;I;51TC51 B OTJIIIq

HOM corJiaCHH C C00TBeTCTBYIOIIJ,lIMII MOMeHTaMH pacnpe,n,eJieHnfi, 3aJIO)KeHHhIX B re

HepaTOp. 8TO IIJIJIIOCTpHpyeTC51 Ta6JIHIJ,efi 2, r,ll,e npHBO,ll,51TC51 pe3JJibTaTbl cpaBHe

Hirn BOCCTaHOBJieHHhlX II 3aJIQ)KeHHhIX B reHepaTOp MOMeHTOB ,II:JI51 napaMeTpH3aIJ,HH 

GRSV2000(1tecuMMemputt1-we Mope) ,ll,JI51 µ,Byx KHHeMaTH"'leCKHX ,ll,Hana3oHoB, cooT

BeTCTBYIOIIJ,HX 3KcnepnMeHTaM HERMES n COMPASS. TaKoe )Ke xopoIIIee KaqecTB0 

BOCCTaHOBJieHH51 ITOJiyqaeTC51 II ,ll,Jl51 CIJ,eHapH51 CHMMeTpH"lHOro KBapKOBOfO M0p51. 

J,fa Ta6JIHIJ,bl 2 TaK)Ke BH,ll,HO, "ITO B peaJibHbIX ycJIOBH51X 3KCnepuMeHTa, Kor,n,a 

He,l],OCTH)KHMa51 o6JiaCTh MaJih!X X cpaBHHTeJibHO BeJIHKa ( oco6eHHO 3TO KacaeTC51 3KC

nepnMeHTa HERMES, r,ll,e HH)KH5151 ,n,ocTH)KHMaa rpaHHIJ,a no x cocTaBJI51eT 0.023), 
npnMeHeHne npaBHJ'Ia CJMM BhepKeHa B KBapK-napTOHHOll q>OpMe (27) ,ll,Jl51 H3BJie

qemrn acnMMeTpnn 6..1 u - t.1d oKa3brnaeTc51 ropa3,11,o 3q>q>eKTHBHee, qeM npaMoe ee 

H3BJie"leHIIe. 8TO o6'b51CH51eTC51 TeM, "ITO npn MaJib!X (He,11,0CTII)KlIMh!X B 3KCnepIIMeH

Te) 3Ha"leHH51X X M0pCKHe pacnpe,n,eneHH51 ,ll,OMHHHpyIOT Ha,11, BaJieHTHbIMII, II Hao6o

poT, BaJieHTHhJe KBapKH ,ll,OMlIHHPYIOT Ha,11, MOpCKHMH B ,11,0CTynHofi ,ll,Jl51 H3MepeHH51 

o6JiaCTH. TaKHM o6pa30M, pa3HOCTb yceqeHHhIX MOMeHTOB 6..~ uv - 6..~ dv C xopoIIIeii: 

TOqHOCThIO annpOKCHMHpyeT pa3HOCTh nOJIHhIX M0MeHTOB 6..1uv-t.1dv, BX0,11,511IJ,YIO 

B npaByro qacTb npaBnJia cyMM (27). C ,11,pyrofi ctopoHhI, Henocpe,n,cTBeHHa51 annpoK

cnMa~n51 BeJIH"lHHbI 6.. 1 u - 6.. 1 d pa3HOCThIO yce"leHHhIX MOMeHTOB 6..~ u - t.~ d 51BJI51eT

c51 nJIOXHM ITpH6JIU)KeHHeM H3-3a 3Ha"lHTeJibHOro BKJia,11,a MOpCKHX pacnpe,n,eJieHHll B 

o6JiaCTH MaJibIX He,11,0CTynHbIX x. O,11,HaKo, npoBe,11,eHHblfi B pa6oTe aHaJIH3 BJIH51HH51 

BKJ!a,11,0B OT He,11,0CTlI)KlIMOii: o6JiaCTII MaJihIX X Ha TO"lHOCTh lI3BJieqemrn aCHMMeTpIIH 

6.. 1u - 6 1d noKa3brnaeT, qTo ,n,a)Ke HecMoTp51 Ha npeuMyIIJ,eCTBO ucnoJib30BaHH51 ,ll,Jl51 

3TO IJ,eJIU KBapK-napTOHHOii: q>OpMbl npaBUJia CJMM BhepKeHa (27), KOJIJia6opaIJ,H51 

HERMES CMO)KeT yBu,D,eTb (B npe,n,enax omu6oK) 3TY acHMMeTpnro, TOJibKO ecnu 

ee BeJiuqutta 6y,n,eT ,ll,OCTaTO"lHO 6oJibIIIOi1: nop51,11,Ka 0.3 HJIH ,ZJ,a)Ke BbIIIIe. B TO )Ke 

BpeM51, B yCJI0BH51X aKcnepnMeHTa COMPASS (r,n,e ,n,ocTynHa51 o6nacTb no x ropa3,n:o 

IIInpe - 0.003 < x < 0.7) HH)KH5151 rpaHnIJ,a H3MepnMOCTn acnMMeTpun 6..1u - 6 1d 
OKa3bIBaeTc51 cyIIJ,ecTBeHHO HU)Ke (oT 0.1 n BhIIIIe). TaKHM o6pa3oM, COMPASS ,ll,a

eT HaM YHHKaJibHYIO B03MO)KH0CTh OTBeTHTb HaKOHe~ Ha BOnpoc - CHMMeTpuqHO 

nOJI51pH30BaHHOe JierKoe KBapKOBOe Mope HJIH HeT. 

,Il;JI51 BOCCTaHOBJieHna JIOKaJihHhIX KBapKOBhIX pacnpe,n,eJieHUll H3 H3BJieqeHHb!X 

H3 3KCnepuMeiITa yceqeHHhIX MeJIJIHHOBCKHX MOMeHTOB 6bIJia pa3pa6oTaHa MO,ll,Hq>H

KaIJ,II51 MeTo,11,a pa3JIO)KeHH51 q>yHKIJ,Hii: no noJIHHOMaM 5IKo6n (MII5I). 3a ocHoBy 6bIJI 
B351T CTaH,n,apTHblfi MII5I, KOTOpblll npe,n,cTaBJI51eT co6oii: ,ll,BOHHOfi p51,11, no nOJIHHOMaM 

5IKo6u u IIOJ!HhlM MeJIJIHHOBCKHM MOMeHTaM q>yHKIJ,HH (T.e. MOMeHTaM, BhrqncJieH

HbIM o6JiaCTH O < x < 1): 

N k 

F(x) '.::::'. w(ct,B) L et·B\x) L ci~-B) M(j + 1), (28) 
k=O j=O 
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Ta6Jim.1,a 2: MoMeHTbl, H3BJie'leHHbie H3 CHMJJIHpOBaHHb!X ,n,aHHb!X (Bepx

H5151 'laCTb Ta6JIHI.I,b1) B cpaBHeHJrn C MOMeHTal'.m, Bbl'lHCJieHHb!MH np51Mb!M 

HHTerpHpOBaHHeM 3aJIO)KeHHOii napaMeTp'li3aI.I,m.I (HII)KH5151 '!aCTb Ta6JIHI.I,b!) 

G RSV2000 ( 1-tecuMMempu<t1t0e Mope). 3Ha'!emrn BeJIH'lUH [ .6.~ u - .6. ~ Jj BSR noJiy'leHbI 

c npnMeHeHHeM npaBima cyMM (27). 

Xs I Q;,ean / ,6.~ Uy I .6.~ dy / [.6.~u - .6.~d]ssR 
HERMES 

0.023 < x < 0.6 I 2.4 GeV2 
/ 0.585 ± 0.017 I -0.147 ± 0.037 / 0.268 ± 0.020 

COMPASS 

0.003 < x < 0.7 I 7.0 GeV2 I 0.602 ± 0.032 I -0.110 ± 0.080 I 0.278 ± 0.040 

Xs Q2 ,6.~ Uy .6.~ dv .6.~ u - .6.~ d [.6.~u - .6.~d]ssR 
0.0001 < X < 0.99 2.4 GeV2 0.605 -0.031 0.310 0.315 

0.023 < X < 0.6 2.4 GeV2 0.569 -0.114 0.170 0.292 

0.0001 < X < 0.99 7.0GeV2 0.604 -0.032 0.309 0.315 

0.003 < X < 0.7 7.0GeV2 0.598 -0.065 0.262 0.302 

r,n,e 

M[j] = 11 

dxxi- 1F(x) (29) 

eCTb MeJIJIIIHOBCKHH MOMeHT q>JHKI.I,IIU F(x), 8~"•13\x) - nOJIHHOMbl 5J:Ko6u, KOTOpbie 

HMeIOT CBOiiCTBO opTOrOHaJibHOCTH 

11 

dxw(a,/3)(x)8~"•13l(x)8~•13)(x) = 8nm, 

c BecoM w(a,,3)(x) = xP(l - x) 0
• 

(30) 

,Il;aHHblH MeTO,D, ,D,aBHO H ycnernHO I1pHMeH5IeTC51 B KJiaCCH'leCKOM KX,Il; aHaJIH3e 

HHKJII03HBHblX ,n,aHHblX, r,n,e OH ucnOJib3JeTC51 ,D,JI51 BOCCTaHOBJiemrn JIOKaJibHblX KBap

KOBb!X pacnpe,n,eJieHHii H3 np09BOJIIOI.I,HOHHpOBaHHblX noJIHblX MOMeHTOB MeJIJIHHa. 

O,n,HaKO, H3 9KCnepnMeHTa HaI1p5IMJIO MO)KHO H3BJie'lb TOJibKO yce'!eHHbie MOMeHTbI, 

TO eCTb MOMeHTbl B o6JiaCTII O < a < X < b < l. KaK OKa3aJIOCb, B 3TOM CJIJ'!ae 

CTaH,n,apTHb!H MTI5I He n03BOJI5IeT BOCCTaHaBmIBaTh JI0KaJihHbie pacnpe,n,eJieHH51 C 

npneMJieMOii TO'lHOCTh!O. qT06bI npeo,n,oJieTb 9TY npo6JieMy, 6bIJia npe,D,JIO)KeHa MO

,D,Hq>HKaI.I,H51 MTI5I (MMI15I): 

F(x) ~ FN (x) = (x -a)/3 (1 - X - a)a ~x 9(0,,B) (X - a) 
max b - a b - a L....., n b - a 

n=O 

n k kl 
~ (a,,B) 1 ~ ·. '[l ]( )k-l 

x~cnk (b-a)k+l~l!(k-l)!.1\1 +l -a .. 
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(31) 

KaK BII,Il,HO, B MO,D,Hq>HI.I,HpOBaHHYIO cpopMJJIY BX0,D,5IT y)Ke He nOJIHhie, a yce'!eHHbie 

MeJIJIIIHOBCKIIe MOMeHThI 

M'[j] = M{a,b][j] = 1b dx:J- 1 F(x), (32) 

KOTOphie MO)KH0 Hanp5IMJIO II3BJie'lh II3 9KCnepHMeHTa. IlpoBe,D,eHHhJe 'lIICJieHHhie 

TeCThl (BOCCTaHOBJieHIIe II3BeCTHOH napaMeTpII~aI.I,HII II0 'lIICJieHHO Bhl'lIICJieHHh!M ee 

yce'leHHhlM MOMeHTaM) nOKa3aJIH, 'ITO MMI15I ,n,aeT OTJIII'lH0e Ka'!eCTBO BOCCTaHOB

JieHH51 JIOKaJihHhIX KBapKOBhlX pacnpe,n,eJieHIIii ,n,a)Ke npII MaJIOM 'lIICJie M0MeHTOB B 

pa3JIO)KeHIIII. TaKIIM o6pa30M, Il05IBJI51eTC51 B03MO)KHOCTh II3BJieKaTb H3 9KCnepIIMeH

Ta He TOJlhKO MeJIJIIIH0BCKIIe MOMeHThl KBapKOBhlX pacnpe,n,eJieHIIii, HO II BOCCTaHaB

JIHBaTb II3 HIIX JIOKaJihHhie KBapK0Bhie pacnpe,n,eJieHII51. 

KpoMe Toro, 6bIJia pa3pa6oTaHa cneI.I,HaJihHaB npoI.I,e,n,ypa noucKa o6JiacTeii Hau

cKopefl:rneii cxo,n,HMOCTII pa3JIO)KeHII51 no MMI15I. CyTh ee 3aKJIIO'!aeTC51 B TOM, 'ITO B 

MMIJ5J: BXO,D,5IT ,II.Ba CB060,D,Hh!X napaMeTpa BeCOBOH q>JHKI.I,HH a II {3, no,n,6op 3Ha'!e

HIIH KOT0pbIX, TO'!Hee, HaXO)K,Il,eHIIe I.I,eJioii o6JiaCTII 3Ha'!eHHii, no3B0JI5IeT o6pbIBaTb 

p51,D, MMI15I npu MaJIOM 'IIICJie 'IJieHOB npII coxpaHeHIIII TO'IH0CTII BOCCTaHOBJieHH51. 

EcJIII B CJIJ'Iae TecTnpoBaHH51 MMTI5I Ha II3BeCTHOii napaMeTpH3aI.I,nn B Ka'IeCTBe 

penepHhlX TO'leK npH no,n,6ope a, /3 MO)KeT CJIJ)KH'J:'h ee II3BeCTHOe 3Ha'leHne, B CJIJ

'!ae aHaJIH3a 3KCnepHMeHTaJihHh!X ,n,aHHh!X Mhl He HMeeM TaKoii B03M0)KH0CTH. O,n,
HaKo, Mb! M0)KeM B0CCTaHaBJIIIBaTh II3 ,n,aHHhlX yce'leHHh!e MOMeHThl. B pe3JJibTaTe 

6bIJI npe,D,JIO)KeH KpIITepnii, B KOT0pOM a lf /3 HaxO,D,5ITC51 H3 Tpe6oBaHH51 C0Bna,n,e

HH51 H3BJie'IeHHhlX H3 3KCnepnMeHTa yce'!eHHh!X M0MeHTOB H TaKHX )Ke MOMeHTOB, 

Bhl'IHCJieHHh!X H3 BOCCTaHOBJieHHOii no MMI15I cpyHKI.I,IIII. IlpoBe,n,eHHhie IICCJie,n,o

BaHH51 nOKa3aJIH, 'ITO MOMeHT OT BOCCTaHOBJieHHOii no MMI15I cpyHKI.I,IIH no Bceii 

9KCnepnMeHTaJihHO ,D,OCTJnHoii o6JiaCTII B TO'IHOCTH C0Bna,n,aeT C M0MeHTOM, BX0,D,51-

II.I,HM B pa3JI0)KeHIIe MMI15I, T.e. He MO)KeT 6b1Th HCIIOJih30BaH ,D,JI51 no,n,6opa a H 

{3. O,n,HaKo, H3 3KCnepnMeHTa MO)KHO H3BJie'lh MOMeHT, BhI'lHCJieHHhlii B HHTepBaJie, 

MeHbllieM, 'IeM 3KcnepnMeHTaJihHO ,Il,OCTynHa51 o6JiaCTb. HMeHHO TaKHe MOMeHThl H 

HCIIOJih3JIOTC51 B KpHTepnn. 

PacCMOTpeHa TaK)Ke HHTepecHa51 oco6eHHOCTh MMI15I - CHJihHa51 3aBHCHMOCTh 

BOCCTaHOBJieHH0ii cpyHKI.I,HH OT BapbupoBaHH51 MOMeHTOB B pa3JIO)KeHHH. TaKa51 3a

BHCHMOCTh n03BOJIHJia pa3pa6oTaTb npoI.I,e,n,ypy 3KCTpanoJI5II.I,IIH cpyHKI.I,Hfi B HeII3-

MepeHHhJe o6JiaCTH no x, B pe3JJibTaTe '!ero y,n,aeTC51 BOCCTaHaBmrnaTh KaK M0MeH

ThI, Bhl'IHCJieHHhie B HeII3MepeHH0ii o6JiaCTH, TaK H JI0KaJihHbie pacnpe,n,eJieHH51 B 

Heit. Ilpe,D,JIO)KeHHhlii MeTO,D, 9KCTpanOJI5II.I,HH 6hIJI npoBepeH Ha 'IHCJieHHh!X npnMe

pax, no,n,TBep,D,HBIIIHX ero K0ppeKTH0CTh, a IIMeHHO, npoBO,D,HJiaCh 9KCTpanoJI5II.I,H51 

H3BeCTHOii napaMeTpH3aI.I,HH H3 o6JiaCTH 0.023 < X < 0.6 B o6JiaCTh 0.0001 < X < l, 
nocJie '!ero pe3JJibTaThl cpaBHHBaJIHCh C HCXO,D,H0H napaMeTpH3aI.I,neii. To'lHOCTh BOC

CTaHOBJieHH51 OKa3aJiaCb O'IeHb Bh!COKOi1, 6oJiee 90%. 

B rJiaBe 4 pa3pa6oTaHHhiii MeT0,D, KX,Il; aHaJIH3a npnMeHBeTc51 K noJIJHHKJII03JIB

HbIM mJOHHbIM ,n,aHHbJM KOJIJJa6opaI.I,mI HERMES. 
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CHa'-IaJJa 6bIJIO npoBe.n,eHO TeCTIIpOBaHirn npe.n,JIO)KeHHOro MeTo.n,a Ha CIIMYJIIIpo

BaHHb!X npn noMom.n MoHTe-KapJio reHepaTopa PEPSI .n,aHHbIX. OKa:3brnaeTcH, '-ITO 

B CJiy'-Iae, KOr.n,a H3BJieKaeMbJe H3 3Kcnepn!'.~HTa aCHMMeTpnn 3a,l],aIOTCH KOHe'-IHbIM 

Ha6opoM T0'-IeK, II3MepeHHbIX B orpaHH'-IeHHbIX HHTepBaJJax (6irnax), pa3pa6oTaHHbIH 

MeT0,D, TaK:iKe II03B0JIHeT B0CCTaHaBJIHBaTb 3a.'I0)KeHHYIO B CIIMy.'IHll,IIII napaMeTpII3a

u.mo C BblC0KOll TO'-IH0CTbIO. 

O,n,HaKo, OKa3aJJ0Cb, '-ITO B CJiy'-Iae aHaJJH3a peaJJbHblX ,l],aHHbIX Tpe6yeTCH M0,D,II

qmKall,IIH rrpou.e,II;ypbl noncKa onTIIMaJJbHbIX 3Ha'-IeHIIH rrapaMeTp0B BeCOBOH q>YHK

ll,IIII a II (3. Ba:iKHbIM MOMeHTOM ,D,JIH noHcKa onTIIMaJlbHbIX 3Ha'-IeHIIii a II /J HBJIHIOTCH 

HX CTapTOBbie 3Ha'-IeHHH B npon.e,rrype MHHIIMH3all,IIII. OnbIT II0Ka3bIBaeT, '-ITO eCJIII 

3TH 3Ha'-IeHIIH 6y,rryT HaXO,ll,IITbCH ,ll,aJJeKO OT OnTIIM8.i,bHbIX, aJJrOpHTM MIIHIIMII3a

Il,HII MO:iKeT "cBaJJIITbCH" B HenpaBIIJibHblH JIOKaJJbHbIH MHIUIMYM, '-ITO npnBO,D,IIT K 

HeBepHbIM 3Ha'-IeHIIHM O'.opt II /Jopt• O,n,HaKo, K C'-IaCTbIO, npn aHaJJII3e B JIH,D,IIpy10m.eM 

nopH.n,Ke Mb! Bcer,n,a MO)KeM cpaBHHTb BOCCTaHOBJieHHbie no MMII51 KpHBbie C HX 3Ha

'-IeHIIHMH, H3BJie'-IeHHblMH HarrpHMYIO, II TO'-IHO HaiiTII OnTHMaJJbHbie 3Ha'-IeHIIH O'.opt 

H /Jopt· ,JJ:aJJee 3TH 3Ha'-IeHHH HCnOJib3YIOTCH KaK CTapT0Bbie npn rrpoBe.n,eHHH aHaJJH-

3a B cJie,rry10m.eM 3a Jin,n,upyIOIIl,HM nopH,n,Ke KX,n. B pe3yJibTaTe, BoccTaHOBJieHHbie 

no MMII51 KpIIBbie Haxo,D,HTCH B OTJIH'-IHOM corJiacnn c 3aJJo:iKeHHOii napaMeTpn-

3a11,neii, '-ITO .n,eMOHCTpIIpyeTCH Puc. , r.n,e rrpe,n,cTaBJieHbl pe3yJibTaTbl BOCCTaHOBJie

HHH BaJJeHTHblX pacnpe,n,eJieHnii H3 CHMYJIHpOBaHHbIX ,n,aHHbIX ,ll,JIH napaMeTpn3a11,un 

GRSV2000. He6oJibIIIHe 0TJIH'-IHH BoccTaHOBJieHHbIX u 3aJJo:iKeHHbIX pacnpe,n,eJieHnii 

o6'bHCHHIOTCH pa60TOH reHepaTopa - CHMYJIIIp0BaHHbie aCIIMMeTpnu ,ll,OJl)KHbl COBIIa

.n..aTb C 3aJJO:iKeHHOH napaMeTpH3au,ueii T0JibKO B rrpe,n,eJiax OIIIII60K. 

IlocJie npoBe,D,eHIIH BCeCTOpOHHero TeCTIIpoBaHHH MeTo.n,a Ha CHMYJIIIpOBaHHblX 

.n,aHHbIX, MeTo.n, 6b1JI npnMeHeH K peaJJbHbIM ,n,aHHbIM KOJIJia6opau,1m HERMES. TaK 

KaK 3Ta KOJIJia6opau,nH He npe,n,cTaBHJia ,n,aHHbIX no pa:3H0CTHblM aCHMMeTpHHM, a 

rrpe,n,cTaBHJia ,n,aHHble T0JibKO no o6bI'-IHbIM II0JIYHHKJII03IIBHblM acIIMMeTpIIHM, ,ll,JIH 

IIX nocTpoeHHH 6bIJia IICn0Jib30BaHa CJie,rryIOIIl,aH npou.e,rrypa: Bb!pa:iKeHne ,D,JIH o6bI'-I

HOH aCIIMMeTplIII '-Iepe3 CKOpOCTII C'-IeTa 

hT7r±L N""±L 
rr± I 1 HT! TT - TT Tl 

Ap(d) z = PsPr f D Nft LTT + Nft Lr! 

ncn0Jib3yeTCH ,D,JIH II0CTp0eHIIH pa3HOCTHOH aCIIMMeTpIIII qepe3 

Arr+-.--( ) R:/- A""+( ) 1 Arr ( ) 
X; = +/- X; - +/- .,-1 X, , 

R; -1 R; -1 
(33) 

r.n,e 

R+I- = N;'r1 LTT + N;'r~ Lu 
' Nt'r1 Ln + N;'F; Lr j 
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JierKO BII,ll,eTb, '-ITO OTHOIIIeHIIe R:1- MO)KHO nepenucaTb B BII,l],e 

.-+ ( ) ,,.+ ( ) .-+ ( ) .-+ R+/- = O"T! X; + O"TT X; = O"unpol X; = N; 
' .-- ( ) ,r- ( ) ,r- ( ) N""- ' arl X; + O"TT X; aunpol X; i 

(34) 

TO eCTb OHO MO:iKeT 6b!Tb JierKO H3BJie'-IeHO II3 HenOJIHp1I30BaHHbIX ,D,aHHbIX. cha Be

JIII'-IIIHa HBJIHeTCH xopOIIIO onpe,n,eJieHHblM H II3BJieKaeMbIM C Bb!C0KOH TO'-IHOCTbIO 

o6'beKTOM. BoJiee Toro, onbIT noKa:3bJBaeT, '-ITO 3TY BeJIII'-IIIHY MO)KHO C Bb!COKOH 

CTeneHblO Ha,D,e:iKH0CTII II3BJie'-Ib II3 reuepaTopa Henom:rpII30BaHHbIX co6bITIIii, He IIC

noJib3YH npu 3TOM peaJJbHbIX ,n,aHHbIX HERMES II COMPASS. Pe3yJibTaTbI ua II3-

BJie'-IeHHYIO 3TIIM cnoco6oM BeJIII'-IHHY R:1- npaKTII'-IeCKII COBna,n,aIOT C pe3yJibTaTa

MH, II3BJie'-IeHHblMII II3 peaJJbHbIX ,n,aHHbIX. ,JJ:JIH nocTpOeHIIH aCIIMMeTplIH Mb! B3HJ11f 

BeJIII'-IIIHbl R:1- H3 pe3yJibTaTOB CIIMYJIHU,IIH Ha reHepaTope HenoJIHpH30BaHHbIX co-

6bITHH LEPTO, KOTOpbiii npH cooTBeTCTBYIOIIl,HX HacTpoiiKax (B ,n,aHHOM cJiyqae 6br

JIH ttcnoJib30BaHbI HaCTpoiiKu, ·npHMeHHBIIIIIecH KOJIJia6opau,ueii HERMES) xopoIIIo 

BOCnpOH3B0,D,HT oco6eHHOCTH npou,ecca ¢parMeHTaU,HH (TaKIIe KaK MHO:iKeCTBeHHOCTII 

a,n,pOH0B, pacnpe,n,eJieHIIH a,n,poHOB no x, Zh H Tn). 

qT06bI npoBepHTb KOppeKTHOCTb no,n,o6HOH npou,e,rrypbl, 6brn npoBe,n,eH aHaJJH3 

nocTpoeHHbIX pa:3HOCTHblX aCHMMeTpHii B JI:H,ll,Hpy10m.eM nopH,n,Ke KX,JJ:. Pe3yJibTa

Tbl Ha BaJJeHTHbJe pacnpe,n,eJieHII5I If IIX MOMeHTbl HaX0,D,5ITC5I B xopoIIIeM corJiaCIIH C 

cooTBeTCTBYIOlll.IIMII pe3yJibTaTaMH HERMES H SMC (Ta6JIIIU,a 3), '-ITO no,D,TBep.n,n° 
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Pnc. 1: O6'he,n,1rneHHbie pe3yJibTaTbl aHaJJH3a B JIU,D,HpyIOIIl,eM II CJie,rry10m.eM 3a JIH

,n,upyIOIIl,IIM nop5I,D,Ke KX,II, (BBepxy) B cpaBHeHim C 3aJIO:iKeHHOH napaMeTpH3au,neii 

(BHH3y). CnJIOIIIHa5I JIIIHH5I C00TBeTCTByeT B0CCTaH0BJieHHIO B CJie,rry10m.eM 3a JIIl,D,H

py10m.uM nop£,n,Ke KX,II,, a npepbIBIICTa5I JIHHIIH C00TBeTCTByeT B0CCTaH0BJieHIIIO B 

m1,n,npy10n\eM nopH,n,Ke KX,II,. 
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P1Ic. 2: BoccTaHOBJieHIIe II3 .n.aHHhIX KOJIJia6opan;IIII HERMES Ba.rreHTHhIX pacnpe.n.e

JieHnll: B JIII,II.IIpyIOIIl;eM ( nyHKTIIpHaH JIIIHIIH) II CJie,II.yIOIIl;eM 3a JIII,ll.IIPYIOIIl;IIM ( cnJIOIII

HaH JIIIHIIH) nopH)J;Kax KX,D;. 

JIO KOppeKTHOCTh npe,II.JIO)KeHHOH npou;e.n.yphl nOCTpOeHIIH pa3HOCTHhlX acIIMMeTpull:. 

CJie.n.yeT no.n.qepKHYTh, 'ITO pe3yJihTaThl Ha pacnpe,II.eJieHUH .6.uv II .6.dv II IIX MO-

Ta6m1u;a 3: Pe3yJihTaThl II3BJieqeHIIH MOMeHTOB BaJieHTHhIX pacnpe,II.eJieHIIH B JIII,l:i;II

pyIOIIl;eM nopH,II.Ke KX,Il; II3 nocTpoeHHhIX pa3HOCTHhlX aCIIMMeTpull: B cpaBHeHIIII C 

cooTBeTCTBYIOIIl;IIMII pe3yJihTaTaMn KOJIJia6opau;ull: HERMES u SMC • 

.6.~uv 
n 1 2 3 4 

Pa3H. acnMM. 0.510 ± 0.110 0.134±0.043 0.048 ± 0.020 0.020 ± 0.010 

HERMES 0.603 ± 0.071 0.144±0.014 -/- -/-
SMC 0.614 ± 0.082 0.152±0.016 -/- -I-

.6.~dv 
n 1 2 3 4 

Pa3H. acnMM. -0.280±0.146 -0.074± 0.058 -0.026 ± 0.026 -0.011 ± 0.013 

HERMES -0.172±0.068 -0.047± 0.012 -/- -/-
SMC -0.334±0.112 -0.056± 0.026 -/- -!-

MeHThI, noJiyqeHHhie II3 pa3HOCTHhIX aCUMMeTpnfi, npe,II.CTaBJIHIOT caMOCTOHTeJihHYIO 

u;eHHOCTh II B CBOeM po.n.e YHIIKaJlhHhl .n.a)Ke HeCMOTpH Ha TO, 'ITO OHII noJiyqeHhl B 

JIII,II.IIPYIOIIl;eM IIOpH,II.Ke. ,Il;efiCTBIITeJihHO, KaK y)Ke OTMeqaJIOCh, TOJlbKO pa3HOCTHh!e 

aCIIMMeTpnu c orrpe.n.eJieHIIeM copTa a.n.poHa (B ,II.aHHOM CJiyqae nlIOHHh!e) a6coJIIOTHO 

CB060,II.Hbl OT <I><I> B JIII,II.IIPYIOIIl;eM nopH,II.Ke. lfMeHHO 3TII aCIIMMeTplIII 6bIJIII BIIepBh!e 

rrpoaHaJIII31IpOBaHbl B HaIIIefi pa6oTe. 

IIocJie rrpoBe,II.eHnH aHaJIII3a rrocTpoeHHhIX II3 .n.aHHhIX HERMES pa3HOCTHhIX 

aCIIMMeTplIH B JIII,II.IIpyIOIIl;eM nopH,II.Ke, Mhl rrpoBeJIII aHaJIII3 B CJie,II.yIOIIl;eM 3a JIII

,II.IIpyIOIIl;IIM IIOp11,II.Ke KX,Il;. IIoJiyqeHHhie Ha rrepBOM 3Tarre pe3yJibTaThl Ha MOMeHThl 

IIOJIHp1I30BaHHbIX BaJieHTHhIX pacrrpe.n.eJieHIIH qpe3BhJqafiHO Ba)KHhl caMII no ce6e. 

Oco6eHHO 3TO KacaeTCH rrepBhlX MOMeHTOB .6.1uv II .6.1dv, TaK KaK IIMeHHO rrepBh!e 
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MOMeHTbl orrpe,II.eJIHIOT cnlIH npoTOHa. ,Il;efiCTBIITeJibHO, BO-rrepBhIX, IICilOJlh30BaHUe 

pa3pa6oTaHHOro MeTO,II.a Il03BOJIHeT npoBeCTII npHMOe (6e3 KaKOH 6hi TO HU 6hIJIO 

rrpou;e.n.yphl q>UTIIpOBaHnH) H3BJieqeHne BaJieHTHhIX pacrrpe,II.eJieHJIH B CJie,II.YIOIIl;eM 3a 

JIII,II.Upyrolll;!IM nopH,II.Ke. KaK y)Ke yrrOMIIHaJIOCb, np!I COBpeMeHHOM KaqecTBe nOJIYIIH

KJII03UBHhIX .n.aHHhIX npnMeHeHIIe CTaH,II.apTHhIX npou;e.n.yp q>IITIIpoBaHJIH HeonpaB

,II.aHHO. Bo-BTOphIX, IICilOJih30BaH!Ie IllIOHHhlX pa3HOCTHhIX acm,Il\IeTp!Iil: n03BOJIHeT 

o6ofiTIICb 6e3 nJIOXO II3BeCTHhIX q>yHKD;IIH ¢parMeHTaD;IIII (KaOHHhIX, rJIIOOHHhIX II Tn) 

- B CJie,II.yIOIIl;eM 3a JIII,II.IIpyIOIIl;IIM nopH,II.Ke KX,IJ; nHOHHaH pa3HOCTHaH aCJIMMeTpIIH 

CJia6o 3aBIICIIT TOJibKO OT xopomo !I3BeCTHOil: pa3HOCTU JIII,ll.IIpyIOIIl;ell: II no.n.aBJieHHOil: 

Il!IOHHhIX q>yHKil;IIH q>parMeHTau;1rn. 

IIoJiyqeHHhie Ha BTopoM 3Tane c npnMeHeHneM MMII5I pe3yJihTaThI BOCCTaHoB

JieHJIH JIOKaJibHhIX pacnpe,II.eJieHIIH np!IBe)J;eHhI Ha Pnc. 2. Mo)KHO BII,ll.eTh, 'ITO B3a

lIMHOe noBe,II.eHHe KpUBhIX, noJiyqeHHbIX B JIII,l:i;IIpyIOIIl;eM II CJie,II.yIOIIl;IIM 3a JIII,II.!Ipy

IOIIl;IIM nopH,II.Ke, HaXO,II.IITCH B 0'1'.JIIIqHoM cornacnn C COOTBeTCTBYIOIIl;HM IlOBe,II.eHIIeM, 

npe,II.CKa3h!BaeMhIM COBpeMeHHhIMII napaMeTpII3aD;IIHMH. 

,Il;a.rree, TaK KaK 3KCnepnMeHTaJ!bHhie .n.aHHhie no acnMMeTpIIHM rrpe.n.cTaBJieHhI B 

BII,II.e A(xi, Q;), T.e. Mhl IIMeeM pa3Hhle 3HaqeHIIH Q2 B Ka)K,ll.OM 6JIHe, TO ,LI,llH 60-

Jiee TOqHoro Bhl'IIICJieHHH MOMeHTOB CJie.n.yeT np03BOJIIOil;IIOHHpOBaTb acnMMeTpnn K 

e.n.nHoMy Q5 = (Q2
}. ,Il;JIH 3Toro 6hwa npuMeHena rrpou;e.n.ypa, aHa.rrornqHaH cooT

BeTCTBYIOIIl;efi, H3JIO)KeHHOH paHee, npou;e.n.ype 3BOJIIOD;IIOHIIpOBaHIIH IIHKJII03HBHOH 

CTPYKTYPHOil: q>yHKD;IIII g1. ,Il;JIH 3TOro npnMeHHJICH 60JihIIIOH Ha6op Han6oJiee II3-

BeCTHhIX ,ll.OCTynHhIX B JIIITepaType napaMeTpII3au;nfi Ha nOJIHpH30BaHHhie KBapKOBhie 

pacnpe,II.eJieHJrn. IIorrpaBKII Ha aCIIMMeTpun, Bhl3BaHHhie Q2 3BOJIIOI\IIeii, OKa3aJIIICh 

oqeHh MaJ!h!MII, B pe3yJibTaTe qero CKoppeKTIIpOBaHHhJe Ha Q2 3BOJIIOD;HIO MOMeHThl 

II BOCCTaHOBJieHHhie II3 HUX JIOKaJlhllhie pacnpe.n.eJieHIIH npaKTnqecKII He OTJrnqaJOT

CH OT HeCKoppeKTIIpOBaHHhIX. CooTBeTCTBYIOIIl;IIe Ma.Jihie rronpaBKII Ha 3BOJIIOD;IIIO 

rrpe.n.JiaraeTCH BKJIIOqUTh B CIICTeMaTnqecKyIO omn6Ky. 

B 3aKJIJOqeHIIII rrepeqncJieHhI OCHOBHhie pe3yJibTaThI II BbIBO,ll.hl, IlOJiy'leHHhie B 

,n;uccepTau;uu, .n.aHo nx KpaTKoe o6cy)K,II.eHne. 
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