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)].. P. KapaxaHllH 

OEII.J;MI XAPAKTEPHCTHKA PAEOThl 

B .n;aaHoit pa6oTe npe.n;CTaBJieH&I 3KcnepHMHTaJI&H&1e pe3yrr&TaT&1 rro H3MepeHmo 

a3HMYTaJI&H&IX yrJJOB&IX aCHMeTpHH B rrpoueccax fJiy60KO-BHPTYaJI&Horo KOMIITOHOBCKOro 

paccel!HH» (fBKP) (Deeply Virtual Compton Scattering (DVCS)) eneKTpoHoB/no3mpoHoB Ha 

npOTOHe, .n;ei!:TpoHe H Ha 6oJiee T}i)l(eJI&IX ll.n;pax, r.n;e BHPTYaJI&H&IH clJoTOH, HCnycKaeM&IH 

HaJieT3!01IlHM JienTOHOM, rromomaeTCJI 0.n;HHM H3 KBapKOB HyKJIOHa (ll.n;pa) MHWeHH , KOTOp&!H B 

CBOIO O'lepe.n;& H3JIY'laeT peaJI&H&IH 4JOTOH, OCTaBJI»ll MHWeH& QeJIOCTHOi!: eN--+eN'y 

(eA--+eA'y). Pa60T&1 B&moJIHeH&I Ha 3KcrrepHMeHTaJI&Hoit ycraaoBKe HERMES Ha nemoHHOM 

nyqKe ycKopHTeJIJI HERA B 1996-2007 r. B paMKax Epct>H:-DESY coTpy.n;HH'leCTBa. 

Aicryani.eocri. pa6oT&I: TeopeTH'lecKHe H 3KcrrepuMeHTaJI&H&Ie 11ccne.n;oBaHH» crpys:rypi.1 

HYKJIOHOB (rrpoTOHOB H Hei!:TpOHOB), oco6eHHO HX CilHHOBM CTpYKTYPa. JIBJ!lllOTCJI 0.n;HOi!: H3 

QeHTpaJILH&IX H llKryaJI&H&IX 3a.D;a'I $H3HKH BLICOKHX 3Heprnii H 3JieMeHTapHLIX qacmu. Ha 

npOTJllKeHHH IIOCJie.n;Hero IIJITll.n;eCJITHJ!eTHll 3KCilepHMeHTbl no JienTOH-HyKJIOHHLIM 

pacceJ1HHJ1M CJJY:lKffJJH Ba:lKH&IM HCTO'IHHKOM HH$opMaQHH o CTpys:rype HYKJJOHOB. ,l(o 

He.n;aBHero speMeHH .n;Jlll OIIHCaHH» CTPYKTYP&I HYKJJOHOB IlOJIL30BaJIHCL COOTBeTCTBeHHO .!l:BYMJI 

KaTeropHl!MH KBaHTOBO-XpOMOJlHHaMH'leCKHX 06-&eKTOB - ynpymMH $opM-4JllKTOpaMH H 

napTOHHLIMH $yHKQHl!MH pacrrpe.n;eJieHHJI. HYKJIOHH&Ie yrrpyrne <!>opM-4JaKTopi.1 H3Mepgn11c& s 

ynpyrHX JienTOH-HyKJIOHHLIX pacceJIHHJIX. OHM OIIHC&IBaIOT pa3JJH'IHe 3JJeKTpOMarHHTHOH 

CTPYKTYP&I HYKJIOHa OT TO'le'IHOii 'laCTHQLI u npe.n;craBJ!llJOT nonepe'IH&1e crreUHaJI&HLie 

pacrrpeJI;eJieHH» 3apgJI;a H HaMarHH'leHHOCTH B HYKJIOHe. B CBOIO oqepe.n;&, napmHH&le <l>YHKUHH 

pacnpe.n;eJieHHJI, H3MeplleM&le B HHKJll03HBH&IX H IIOJJy-HHKJII03HBH&IX rny60KOHeynpyrHX 

pacceJ1HHJ1X, rrpe.n;CTaBJ!llJOT co6oii pacnpe.n;eJieHH» .n;onu rrpo.n;on&Horo HMrryJJ&ca HYKJIOHa 

HeCYIIlHM rrapTOHOM. ct>opM-4JaKTOp&! H rrapTOHH&Ie $YHKUHH pacrrpe.n;erreHH», 

HHTerpHpOBaHH&le IIO rrorrepeqH&IM HMIIYJILCaM, rrpe.n;CTaBJilIIOT co6oii O.n;HOMepH&Ie 

crreQHaJILH&le (npOCTpaHCTBeHH&Ie) H HMrryJILCH&Ie pacnpe.n;eJJeHHJI napTOHOB COOTBeTCTBeHHO. 

0.n;H8KO, $opM-$aKTop&l H II3PTOHH&le <llYHKUHH pacnpe.n;eJieHHJI OT.n;eJI&HO He MOfYT 

npeCTaBHT& IlOJIHYIO KapmHy CTpyKTypLI HYKJIOHa. 0HH 6&IJJH o6o6meH&I B KOHTeKCTe 

HOBOBBe.n;eHHoro 4JopMaJIH3Ma 0606meHH&1x ITapTOHHLIX Pacrrpe.n;eJieHHii (OITP), 

no3BOJillJOWHX 6onee oxBaT&rnaromee orrucaa11e CTPYKTYP&I HYKJIOHa. TaKHM o6pmoM, OITP 

BKJIIO'laJOT B ce6J1 ynpyme l),>opM-4JaKTopi.1 H rrapTOHH&Ie pacnpeJI;eJJeHH», KOTop&1e llBJJJIJOTcg 

cooTBeTCTBeHHO MOMeHTaMH H rrpe.n;eJI&HLIMH CJJyttMMH OITP, TeM caM&IM rrpeJI;OCTaBJIJIJI 

CKOppenHpOBaHHYJO HH<!>OpMaQHIO 06 O.n;HOMepHOM pacnpe.n;eJieHHH IIPOJI:OJILHOH 

COCTaBJJJllOIIJeH HMilYJJLCa KBapKa c JlBYMepH&IM rrpOCTpaHCTBeHH&IM pacrrpe.n;eJJeHHeM B 

rrorrepe'IHOH rr11ocKOCTH. TaKoe "TpexMepHoe" npeCTaBJieHue HYKJIOHa '!aero Ha3LIB3IOT 
"TOMOrpa<!>ueii HYKJIOHa". 

OITP 6&mu BnepB&Ie paccMoTpeH&I B pa60Tax rpynrr&1 TeopeTHKOB B KOHQe 

soc&MH.n;ecJ1T&1x. HHTepec K OITP 3Ha'IHTeJJ&Ho B03poc rroc11e OTKp&ITHll npaBHJJa cyMM X. ,[(lKu, 
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CBll3HB3IOW.HH no11H&d! yrnosoA MOMCIIT KBapKOB H rJIIOOHOB c Henoill!pH30BaHHbIH OTIP. 

CornacHo noc11e,1:1H11M 3KcnepHMCHTan&H&IM H3MepeHHl!M, BK118.z:I co6CTBCHH&IX yrnoBblX 

MOMCIITOB KBapKOB ll.E B p83110lKCHllH Z-KOMnOHCHThl CIIllHa ffYKilOHa Ha COCT8Bl1ll!OW.HC OT 

co6CTBeHHblX yrl10BblX MOMCHTOB KBapKOB II rJIIOOHOB ll.g H COOTBCTCTBCHHO HX op6HTan&HblX 

yr110BbIX MOMCHTOB L,q H L,8 

1 1 
s = -ti.E + Lq + L9 = - (1) z 2 z z 2 

COCTaBillleT nopll,l:IKa 30% (T8K H83bIBaCMblH "spin-crysis"). liCXO,llR H3 3TOfO, 

3KCIIepHMCHT8IlbHOC H3MepeHHC OT,l:ICl1bHblX COCTaBilll!Olll.HX CilHHa HYKilOHa llBl1l!CTCll O,l:IHOi'! H3 

BalKHCAWHX H aKTYMbHbIX 38,l:laq CnHHOBOH <l.JH3HKH. 

OTIP Moryr 6&1Th 3KCnep11MeHTan&Ho ,1:10CTy1IH&1 B H3MepeHHl!x rny6oKOHeynpyrnx 

3KCKl1!03HBHblX npoueccoB, B KOTOpblX MHWCHb OCTaeTCll HeTpOHyTOR (UCJIOCTHOR). B 

rrOCl1C,llHCC BpCMll fBKP llBillleTCll TCOpCTH'ICCKH, a TaKlKC 3KCnepHMCHTMbHO HaH6011ee 'laCTO 

HCCl1C.z:IYCMblM 3KCKnl03HBHblM npoueccoM. Hapll.llY c rBKP WHpOKO HCil011b3yIOTCll TaKlKC 

npoueCCbl 3KCKnl03HBHOfO r.ny6oKOHeynpyroro 11CilTOpOlK,l:ICHHll MC30HOB. 8 coupeMCHHblX 

3KcnepHMeHTax Ha <l.JnKCHpOBaHHblX MHWCHllX, T8KHX KaK HERMES, JLAB, npllMOe H3MepeHHll 

CC'ICHHll rBKP 3aTpy.lUICHbl BBffAY cyw.cCTBOBaHHl! conpOBOlK,l:laIOmero rrpouecca ECTe -

fai!rnepa (Er), KOHC'IHOC COCTOllHHC KOTOporo 'lKCrrCpHMCllT8JlbHO He p8311H'IHMO OT fBKP H 

ceqeHllC KOTOporo B OCHOBHOM HDMHOro npCBbIWaCT CC'ICHHe rBKP. HecMOTPll Ha MaJlblH 

BKna,l:I npouecca fBKP B Il011HOC CC'ICHllC, rrpl!MOR .llOCTyll K aMililffTY.llllM fBKP 

06ecne'l11BaeTca 'ICpC3 mrrcpct>cpe11u1110 BblmeyKmaa11&1MH ABYMll rrpoueccaMH, H3Mepllll 

8311MYf8JlbllblC DCllMMCTPHll 110 OTllOWCllHIO K 3apll.lly HIHnH IlOilllPH38UHll 11CilTOHHOfO nyqKa, a 

TaKlKC Il0Illlp113llll,Hll MllWCHH. 3TH 8CHMMCTPHH npmIBillllOTCa B pacnpe.11e11eHHH BbIXO,lla 

1{lOTOllOB OTllOCHTCllbllO 81HMyran&Horo yrna <P BOKpyr HanpaB11CHHll BHpTYMbHOfO <1.JoroHa, 

OTllOCHTCllbllO IlllOCKOCTH paCCCllHHll 11CilTOH8, H yr11a </Js, COCTaBilll!OW.CfO MC)K.z:IY IlllOCKOCTb!O 

paCCCllllHll llCilTOHa II KOMilOHCHTOH Il0Illlp1138UHH MHWCHH oproroHanbHOi! K HMrry11&cy 

DllPTYMbHOro <t>oroHa. 

H3MepeHl!ll 83HMyran&HblX aCHMMeTpHH ,l:lllll npouecca rBKP Ha ll,llpax npH3H8Hbl B 

Ka'ICCTC Il011C3HOro HCTO'IHHKa HHC{lopM8UHH OTHOCHTCl1bHO napTOHHOro nOBC;tCHHll B ll,llpax II 

Cllll CBll3blB3!0111HX ll,l:lpa. B c11yqae rBKP Ha ll,llpe MOJKHO paCCMOTPeTb ABB rnna paccel!Hllll -

KorepeHTHoe H aeKorepeHTHoe. Ilpouecc KorepeHTHoro paccel!HllC (KOf.llll ll.llPO 11oc11e 

paccel!HHll OCTaeTCll ue110CTHblM) ,llaeT BKl18,l:I B OCllODHOM npH MMblX HMllYl1bCllX 11epe.11aq 

MllWCHH. 0Hn nHTepecH&I nocKOl1&KY npe.110CTaBilllIOT .110CTyn K 11Mn111n-y1tc OPTI ll.llpa. B 

c11yqae HeKorepeHTHoro paccel!HHll, Kor.11a ll.llpo pacna,a:aCTCll, eo1Mo>Km1 ncc111:,itosa11Hll OTIP 

Ha aei!TPoHe, xoTll acHMMCTpHll OT HeKorepeHTHblX npoucccon BKJI1<1•111CT n oc11oe110M lKCCTKoe 

3KCKnI03HBHOe 11eITTopolK.lleHHe <t>oToHa Ha np0To11c. BKJIRJl m 11clhpo11a o acHMMeTpHIO 

THrrH'IHo MaJI H3-3a Manoii: aMrrllffTYA&I npouccca Er. H 1111:111nc111, 11cnH·11o OrIP Heo6xo.11HM&1 
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.llilll OnHCaHHll fBKP Ha611IO,ll8MblX .llilll .llCHTPOHa, B TO BpCMll K8K .llJlll HYKllOHa TPC6yeTCll 

scero qeT&1pe. 

B noc11e,l:IHee BpCMll, TCOpeTHKll craparoTca <l.JllTllpOBaTb B npe,n;e11ax C.!UIHOH MO,ZIC11H Bee 

6011&mee Kan11qeCTBo Ha6J1I0,1:1aeM&IX fBKP, HanpHMep ce'ICHHll, H3MepeHH&Ie Ha HI 11 ZEUS B 

DESY 11 B 11a6op8TClpHH ToMaca ,l:llKecI>cI>epcoHa JLAB, p83H&Ie O.llHHOqHble HJill ABOHHble 

acHMMCTp1111, H3MepeHH&1e e HERMES 11 JLAB. 3To rr03BOJlller BblT81ll.11Tb OTIP (e HaCTOllme 

speMll noKa OTIP H) 113 11MeIOW.HXCll .n;aHHHX. TaKHM o6p830M, HMe10m11ecl! Ha HERMES 

YHllKanbH&Ie pe3yl1&TaTbI no fBKP Ha npOTOHe, .llCHTPOHe II Ha TlllKC11blX ll,llpax COBMCCTllO c 

pe3y11&TBTaMH, nonyqeHHblMll a TaKJKe npe,llllOlKCHH&IMH .llllll 6y.11yw.eii: 12 GeV-oi! nporpaMM&I 

B JLAB 11 nporpllMMbl Ha COMPASS Moryr CllY*ffT& ,l:lllll pemeHHl! npo611eMbl "spin-crysis" a 

TaKJKe npe.110CTaBHTb 3HaqHTe11&Hy10 11a<l.JopMlll.lHIO o M0.1U1cl>HKauH11 OTIP cso60.11Horo ffYKilOHa 

B ll.llCpHoi! cpe.11e. 

llMblO 1mccepTBUHOHHOH paliOTbl HBJIHeTCH: 

3KCil.JIY8T81.lHll, KOffTPOl1b II KanH6pOBKa npO,Z1011bHO- 111111 nonepe'IHO- noJlllpll30B8HHblX 

BO.llOPO.z:lffblX MHillCHeii, np0,!1;011bHO-Il011llpH3088HHOH ,!l;CHTepHCBOii MllillCHll, 8HMH3 H 

01.\CHKa CTeneHH U011llp113auHH rmosoii MHIUeHH, a TaKJKe o6ecne'leHHe HCUOJlllp1130B8HHbIX 

r830BblX MHWeHei'! (B TOM 'IHC11C MllillCHeii TlllKCl1ee .11eli'repHl1) c IlOMOlll.bIO CilCQH8JlbHOi'! 

f830BOH CHCTCMbl no.z:1aqH; 

onpe,1:1e11eH11e H3 3Kcnep11MeHTan&H&IX .D;BHH&IX s&16opKH co6&rr11i! no 11emopolK,lleHHIO 

pean&HblX ct>oTOHOB Ha p83HblX MHilleHllX; 

H3Y'JCHllC pacnpe,L1e11eHHl1 HC,ll0CT3IOW.ei! Macchi pean&HblX ct>oTOHOB H onpe.11e11eH11e 

3KCKl1!03HBHOH 0611aCT11,l:IIlll fBKP; 

onpe.11e11eH11e He06XO.!UIMbIX KHHeMaTH'leCKHX orpaHll'ICHllH, cnoco6cTByI01I1HX CHlllKCHllIO 

l{loHOBbIX CllfH8JIOB B 3KCK11!03HBHOi'! 0611aCTH .llilll fBKP; 

11cc11e.110BaHHe 83HMyran&HblX aCHMMeTpHi'I OTHOCHTCl1bHO nonllp11381.lHH 11CilTOHHOro 

nyqKa, ero 3apll,l:la 111111 HX KOM6HH8Uffii Ha BCex HCil011llp1130B8HHblX MHWCHllX, 

np0,!:1011bHOii 111111 nonepeqaoii UOJlllpH3aQHH Ha BO,l:IOpO,llHOH MHWCHll, npo.11011&HOi'! 

Il0JlllPH38UllH Ha .11eli'rep11eseii MllWCHH, a TaKJKe OTHOCHTel1bHO BCCB03MOlKHbIM 

CMCillaHHbIM KOM6HHlll.lHllM c 38pll,lloM/noJlllpH381.\Heii nyqKa B c11yqae Il0JlllpH30B8HHOi! 

MHIUCHH; 

HCCl1C,l:IOB8HHe B03MOlKHblX CllCTeMaTll'ICCKllX 3<1.J<l>eKTOB H 01.\CHKa cyMMapHoii 

CHCTCM8TH'ICCKOi! OillHfiKll ll3MepeH11ii; 
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B&UIBJ1eH11e o6JJacm KorepeHTHoro pacce11H11ll 11 oueHKa Ha6moAaeM&IX ac11MMerp11ii .!Ulll 

KOrepeHTHOfO fBKP Ha AeiiTpoHe H Ha TJD1CeJ1&1X ll,11p3X. 

Hal"!H&H HOBH3Ha: 

pa3pa60TaHa MeTO.!IHKa H3BJJeqeHllll co6&ITHH JiemopolK)J;eHllll peaJJbHOfO <!JOTOHa 113 

3KC11ep11MeHTaJJbHhlX AaHHblX 11 yCTaHOBJJeHHll 06JJaCTll .!Ulll fBKP Ha pa3HblX MllllleHllX; 

s11eps&1e 6i.m nposeAeH "110J1H&1ii" aHaJJH3 npouecca JJenropolK)J;eHMll peaJJ&Horo <!JoToHa B 

fBKP Ha llOllepeqHO 110Jlllp1130BaHHOM llpOTOHe; 

s11epsi.1e 3KC11ep11MeHTaJJ&Ho 6i.m H3yqeH npouecc JJemopolKJJ:eHHll peaJJ&Horo <!JoToHa B 

fBKP Ha HCllOJl11pH30BaHHOM H llPOAOJlbHO llOJJllpH30BaHHOM )leiiTpoHe; 

BllCpB&Ie 3KC11ep11MeHTaJJbHO 6blJI H3yqeH npouecc JJellTOpOlKJJ:eHIUI peaJJ&Horo <!JoTOHa B 

fBKP Ha TllllCeJlbIX ll,llpax; 

BnepB&Ie H3MepeHbl -t, XB II Q2 3aBllCllMOCTH a3HMyraJJLHb!X yrJJOBb!X acllMMe'rpllH 

OTHOCHreJlbHO llOJJllp113aQHH nyqKa, ero 3apll.!la HJIH llX KOM611HlllUIH Ha 

HenOJJllpH30BaHHOM npOTOHe, AeiiTpoHe II Ha TlllKCJlb!X ll,llpax, OTHOCHTeJl&HO nonepeqHOH 

110JlllpH3aUHM BOJIOPOAHOH MllWeHH, OTHOCHieJl&HO npOJIOJlbHOH llOJlllpH311UHH 

Aeifrep11eBOH MllllleHll, a TaKl!Ce OTHOCHTeJlbHO CMeWaHHbIM KOM611HauHllM C 

3ap11AOWllOJlllPH381UleH nyqKa B CJIYqae llOJlllpH30BaHHOH MllllleHll. 

IlpaKT1111ecicaH ueHHOCTb: Pe3yJJ&Tlm>I, 110J1yqeHH&1e B JlllCCepTauHOHHOH pa60Te 

Henocpeti:CTBeHHO 11c110J1L30BaH&I AJlll nposepKH pa3J111qH&IX reopeTHqecKHX MOti:eJJeii OTIP. 

TioJJyqeHH&Ie pe3yJILTaThl aMllJlHIYJI aCHMMe'rpHH Moryr 6&1Tb llCllOJlb30BaHbl B KaqecTBe 

llCXO.!IHblX ,llaHHhlX AJlll ocymeCTBJleHllll rrro6aJJ&HOfO <!JHTHp08aHllll MllpOBblX 

3Kcnep11MeHTaJJ&H&IX .llaHH&IX c uerri.10 113BJJeqeHllll OTIP (e OCHOBHOM OTIP H), a TaKl!Ce Mll 

pa3BHillll Teope"r11qeCKllX MO,lleJJeH. 

0CHOBHble DOJIOlKeHllH, BblHOCllMble Ha 38WHTy: 

Pa3pa6oTKa Me"IOAOB KaJJ116p08KH M11111eHHoro yerpollcTBa. Co1J1a1111c Me"IOAOB AJ1ll 

8HaJJH3a naHHhlX, npeAHa3HaqeHHble AJ1ll KOHTpollll noncpc•1110-110J111p1130BaHHOH 

80,llOpOAHOH MllllleHll, a TaKl!Ce nponorr&HO-llOJ111pll10881111<lll BOAOPOAHOH llJlll 

ii:eifrep11eBOH MllWeHeit c 8hlCOKOH CTeneHblO llOJ1Rpll'IBUilll. 1'11"1pU60TKa MeT0,1\08 II 

llHCTPYMeHTOB Mll aHaJJll3a c UCJlbJO H3BJlcqeHllJI llMlllllfTYll llCllMMC"I p11A II AJ1ll oueHKll 

c11CTeMamqecKHX oum6oK 113Mepem1ll. 
B 

' 

0AHOBpeMeHHble H3MepeHllll aMilJlHTYA 0,1\llHllqHLIX- II ,llBOHHhlX-Cill!HOBb!X acl!MMeTpllH B 

npouecce 3KCKJll0311BHoro JJemopolK)J;eHllll peaJJLHO&IX <i>OTOHOB Ha no11epeqHo­

noJlllpH30BauHoi1: sonopoAHOH M11weH11 B ycJJOBllJIX KHHeMBTllKll HERMES. CpasHeHMe 

UOJJyqeHHhlX pe3yJJ&TaTOB c npenCKa3aHlllIMll llMe!Ow;HXCll TeOpe'fllqeCKHX MOnerreil. 

lliMepeH11e aMDJIHTYA aCllMMeTpllH OTHOCHTeJlbHO 3ap11na HJlll llOJlllPH311Ullll nyqKa B 

npouecce 3KCKJJJ0311BHoro J1emopolK)J;eH1111 peaJJ&HO&IX <!JoroHOB Ha HenoJ1llp113osaHHoil 

nemep11e80H MllWeHH 8 ycJJOBlllIX Kl!HeMaTllKll HERMES. CpaBHeH11e llOJJyqeHHb!X 

aMllJIHIYJI aCllMMerpllil Ha neiiTpoHe c aHaJJOfllqH&IMll pe3yJJ&TaTaMll, noJJyqeHHb!Mll 8 

HERMES Ha npornHe. OnpeneJJeHHe aMilJlHTYA ac11MMerp11il OTHOCHTeJJ&Ho 3ap11na HJ111 

noJlllp11381Ulll nyqKa AJlll KorepeHTHoro paccel!Hllll Ha ,lleiiTpoHe 11cxoAH lf3 lf3MepeHH&1x 8 

HERMES AaHH&IX Ha npOToHe H J1eiiTpoHe. 

lliMepeH11e aMllJJHIYA acllMMerpllil OT,lleJI&HO OTHOCHieJl&HO Il0Jlllpll381Ulll MllWeHll, a 

TaKl!Ce OTHOCHTeJI&HO Il0J1Jlp11381Ullf MHWeHll 8 KOM61!HlllUlll c IlOJillPH381UleH WlfJlll c 

3ap11AOM nyqKa Ha neiiTpoHe 8 ycJJ081111X KHHeMaTHKH HERMES. CpasHeH11e noJ1yqeHH&1x 

aMilJlHTYA aCHMMerpllil Ha neiiTpoHe c aHaJJOfllqHbJMll pe3yJJ&TaTaMll, llOJJyqeHHb!Mll B 

HERMES Ha npOToHe. H3MepeH11e UMDJJHTYA TeH30pHoi1: acHMMe"rpllH. 

H3MepeH11e aMilJlHTYA aCllMMerpHil OTHOCHTeJl&HO 3UPllAU llJ!lf Il0JlllPH3auHH nyqKa B 

npouecce 3KCKJJI03118HOro JJemopolK)J;eHllll peaJJ&HOb!X <!JoroH08 Ha Hen0Jlllp11308aHHoil 

ll.!lepH&1x MllWeHllX 8 ycJJOBlfllX KHHeMaTMKM HERMES. H3yqeH11e 3aBHC11MoCT11 3TlfX 

aCHMMerpllil OT aTOMHOro HOMepa ll.!lpa. 

CTpympa II o6beM pa60Tbl: ,ll;11ccepnu110HHUll pa6oTa (Ha aHfJllfHCKOM) COCTOHT H3 

88e,1\eHlfll, IllITlf mas, 3aKJJIOqeHllll, Cill!CKa UHTllP08aHHOH JJHTepaTYPbl II npHJJOlKeHHll. 

ConeplKaH11e 113JJOlKeHo Ha 322 CTpau11uax neqarnoro TeKCTa, 8KJ110qU11 98 pHCYHKa, 34 
Ta6JlllUhl II 263 6H6J1110rpa<t>11qecKHXe CCb!JIKlf. 

Anpo6au1111 nOJiy'leHHbIX pe1yJibTaTOB: Pa60T&1 noJ1olKeHH&1e 8 OCH08Y J111Ccepnu11H, 

MHoroKpirmo J10KJ13JILI8UJ111c& Ha HayqH&1x ceM11Hapax EpeeaucKoro <l>H31fqecKoro Hm:rnryra, 

o6cylK)J;aJJllC& Ha MllTl!Hrax KOJ1J1a6oplllUl11 HERMES, a TaKl!Ce B Be.llymHX 3apy6elKH&1x 

ueHTpax, TaKHX KaK DESY (Hamburg), e yH11eepc11Tere UCLA (Loss-Angeles, California) e 

CEA (Saclay, France) If .lip. OH11 TUKlKe npeCTasJJeH&I 11 011y6J111K0Bau&1 B Tpy,llax 

MHOfOqHCJleHHhlX KOH<i>epHUl!il, KUK, Hanp11Mep: 

7 



• X Advanced Research Workshop on High Energy Spin Physics (NATO ARW 

DUBNA- SPIN-03), Dubna, Russia, Sep. 16-20, 2003. 

• 16th International Spin Physics Symposium and Workshop on Polarized Electron 

Sources and Polarimeters, Trieste, Italy, 10-16 October 2004. 

• STORI'OS, 6th International Conference on Nuclear Physics at Storage Rings, 23-26 

May 2005, Julich-Bonn. 

• 13th International QCD Conference (QCD 06), Montpelier, France, Jul. 3-7 2006. 

• Caucasian-German School and Workshop on Hadron Physics (CGSWHP06), Tbilisi, 

Georgia, Sep. 4-8 2006. 

• 18th International Spin Physics Symposium (SPIN 2008), Charlottsville, VA, USA, 

Oct. 6-11, 2008. 

• European Nuclear Physics Conference (ENPC09). Bochum, Germany. March 16-20, 

2009. 

• XVIII International Workshop on Deep-Inelastic Scattering and Related Subjects (DIS 

2010), Florence, Italy, April 19-23, 2010. 

• New trends in high-energy physics (Crimean), Alushta, Crimea, Ukraine, Sep 3 

- 10, 2011. 
Ily6JIHK8UHH: Ilo TeMe L!llCCepTaulrn ony6JillKOBaHLI 29 CTaThll B BeJzyIUllX MHpOBLIX 

xcypHaJiax - Phys. Rev. Lett., JHEP, Nucl. Phys., Phys. Rev., Eur. Phys. J., Nucl. Instr. and 

Meth., IJMPA, JMP, Armenian J. Phys. H a TPYL!ax MaTepHaJIOB Mell\LIYffapo.!lH&Ix 

KOHcl>epeHullil:. CnllCOK orry6JillKOB8HHblX CTa'relt npHBO,!lllTCll B KOHue aerope<i>epirra 

CoAepJKaH11e pa6oTbl 

BeeneHHe COL!eplKHT KpaTKOe OilllCaHlle 3BOJllOUllll 3KCnepHMeHTOB no pacceJ!HlllO II llX 

pOJib B IlOHHMaHllH <i>YffL!aMeHTaJibHblX CBOHCTB MaTep1111 Ha ll3b!Ke 3JleMeHTapHL1X 'laCTl!u H llX 

B3aHMOAeltCTB11il:, yK83aHa Hay'IHal! aKcyaJI&HOCTL H3Y'feH11Hl! cn11Hoaolt CTPYKTYP&I HYKJIOHOB, 

np11ee,!leHO COCTOllHHe TeOpeTH'leCKllX H 3KCnep11MeHTaJihHblX llCCJieL!OBaHlllt BKJISL!a B 061U11lt 

CIIllH HYKJIOHa OT OTL!eJI&HblX COCTaBJilllOIUllX cn11Ha KBapKOB H rJIIOOHOB H llX op61!TaJibHblX 

yrnOBblX MOMeHTOB, a TaKJKe npeL!CTaBJieHa HaY'fHal! OCHOBa <l>11311'1eCKOil: MOTllB8UllH 

HccneL!OBaHHll OITP a 3KCKJll0311BH&1x peaKQHJIX, oco6eHHO a npoueccax IBKP Ha npoTOHe 11 Ha 

llL!pax. 

B nepeoii: maee paccMaTP11eaeTCll <t>opMaJill3M OITP B 06IU11X 'lepTax. ,LVlll Ha'lana 

np11ae,!leHbl onpe,!leJieHHll OCHOBHLIX Kl!HeMaTH'leCKllX nepeMeHHLIX, llCUOJJL3yeMblX L!Jlll 

on11caHHl! rny6oKoHeynpyroro nemoH (3JieKTPQHlno3flTPOH) - HYKJIOHHOro paccel!Hllll (fHP) H 

nepe•mcneHLJ OCHOBHLle pe3yJJLTaTbl 3KCnepMeHT8JlbHblX H3MCpCHllll no rHP, npoBeL!eHHLIX Ha 

npOTlllKeHHll UOCJie,!lHl!X ,!leCllTl!JleTl!H. rHP OilHCLIBaCTCll c IIOMOll.\bKl OfITll'ICCKOH TeopeM&l, 

KOTOpal! CBll3blBaeT a,u.pOHffYIO qaCTL ceqeHHl! llHKJll0311Bll0f0 n IP cp-+eX c MHllMOlt qacn,10 

L!llaroHaJI&Holt KoMmoHoBcKofi aMrrJil!TyL!&l 11n11 npouccca y*p-+y*p. Enaro,!lapll 
8 

I 

cl>aKTopmau110HHoil: TeopeMLI npouecc y*p->y*p MOlKeT 6Lm p83AeneH Ha nepzyp6aTllBHyro H 

HenePTYp6aTl!BHYIO '18CTH. IlePTYP68Tl!BHal! 'laCTh (B3allMOL!eliCTBHll Ha MaJILIX paCCTO.llHHllX) 

MOlKeT 6LITb BLl'IHCJieHa B paMKax nepzyp6aTHBHOH KX,L(, B TO apeMll KaK HenePTYP6irrnBHal! 

'laCTh (B3811MOL!eil:CTBHl! Ha 60JILWllX paCCTOJ!HHllX) MOlKCT 6Lm napaMeTpH30B8Ha c UOMOJUblO 

napTOHHLIX <i>YHKUHli pacnpeL!eJieHHl! (Il<l>P). 

B cepeL!llHe 90-LIX 6LIJIO L!OK83aHO, 'ITO caoltCTBoM <i>aKTOp113au11H o6namu<>T TaKJKe 

He'Al!aroHan&HLie KoMUTOHOBCKl!e aMUJil!TyL!LI y <•> p14<•> P2, rL!e pean&HOCT& HJill 

BllPTYaJibHOCTh Ha'laJihHOro llJlll KOHe'IHOro <l>oTOHa He TPe6yeTCJ!. B 3TOM CJIY'fae 

HeUePTYP6aTl!BHal! 'laCTh napaMeTpH3yeTCll c UOMOJULIO <i>YHKUl!il: o6o6meHHblX naproHHhIX 
pacnpeL!eJieHHil: (OITP). 

0 IlP 3aBllCllT OT Kl!HeMaTll'leCKllX nepeMeHHLIX x H ~. KOTOpLle npeL!CTaBJllllOT 

COOTBeTCTBeHHO cpe,!lHIOIO II p83HOCTh L!OJlll npO.l(OJlbHOro llMIIYJILCa, HeCYJUllM 

B3allMO.l(eiicTBYIOIUllM napTOHOM B Ha'laJibHOM II KOHe'IHOM COCTOJ!HHllX. OITP 3aBllCllT TaKJKe 

OT KBSL!paTa 'leTblpexMepHoro llMUYJI&Ca, nepe.l(aHHoro MllWeHll t=(p1-P2)2, II KBSL!paTa 

'!en.1pexMepHoro llMnyn&ca, nepe.l(aHHoro BllPTYM&HOMY <t>oroey Q2. He'Al!arOHan&Hal! 

KoMUTOHoBcKal! aMUJil!TyL!a L!JJll 'laCT11u&1 co cn11HoM 1/2 ODHCLIBaeTCll 'len.1p&Mll OITP Hq, Eq, 

fiq 11 Eq (e ceKTOpe Jill.1(11py10111ero TBllCTa, T.e. TBllCT-2), coxpaHlllOIIlllMll cn11panLHOCTh 

KBapKOB L!Jlll KIDKL!OfO KBapKOBoro apoMaTa. 8 CJIY'f3e 'laCTllUbl co CUllHOM I He06XO'AHMbl 

coOTBeTCTBeHHO L!eBllT& OITP H1 q, ... H5q, H1 q ... fi4 q. lli BaJKHeltwHX caofiCTB OITP cne.l(yeT 

OTMeTIITb llX B3811MOCBll3b c o6&1'1HblMll napTOHHLIMll pacnpe,!leJieHHl!Mll II ynpyrllMll <t>opM­

<t>aKTOpaMll. IlaPTOHH&Ie pacnpeL!eJieHHl! nonyqaIOTCll OT OTIP np11 npe.l(en&HOM nepexoL!e t->0, 

~ -+O, a <t>opM-¢aKTop&1 CBll38H&I c nepe&IMll x MOMeHTaMll OITP. BaJKHoil: oco6eHHocn.10 OITP 

llBJllleTCll TaKJKe non11HoM118JILHOe caoltCTBo 11X MeJillHOBCKllX MOMeHTOe. MHTepec K OITP 11 llX 

3KCnep11MeHTaJJ&HOMY BLlllBJieHlllO 3Ha'll!T\eJI&HO B03poc IIOCJie o6HapylKeHHll llX B3311MOCBll311 

c UOJIHLIM yrnOBLIM MOMeHTOM UaPTOHOB B HyKJIOHe. KaK 6r.mo IIOK838HO x. ,L(JK11, HMeeT MeCTo 

CJie.l(yroJUee COOTHOWeH11e, CBll3blBalOJUee OITP Hq II Eq c IIOJIHLIM yrJIOBblM MOMeHTOM KBapKa 
Jq 

1imL
1

dxx(Hq<x.(,t) +Eq<x.(,t)) = r. (2) 
t~o 

0 

c 3KCnepHMeHTaJJLHOlt TO'IKll 3peHllJ! C3Mal! rrpOCTal! peaKUHll, B KOTOpofi MOlKHO UOJJY'll!Th 

L!OCTyn K OTIP, JIBJllleTCll rBKP. KpoMe rBKP cymecTByeT 'Apyrolt npouecc - Eere-ranrnepa, 

B KOTOpOM Ha'laJibHbJe II KOHe'IHble COCTOllHHll OL!llHaKOBbl c Ha'laJILHblMll II KOHe'IHb!Mll 

COCTOJ!HHl!Mll fBKP. 3T11 L!B3 npouecca 3KC1Iep11MeHTanLHO Hep83JJll'IHMLI 11, BBl!'AY 

B&1mecKa3aHHoro, llHTep<t>epHpyioT. TeM CaM&IM cyMMapHoe ceqeH11e nemopolK,!leHHl! 

peaJILHOro <i>OToHa Ha MHWeHll c aTOMHblM HOMepoM A npe~CTaBJilleTCll KaK 
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dsq «2
XAY 2iry [l•aHl 2 + l•ovcsl2 + /] 

16ir2Q2"1 + e2 'QZ · e6 
(3) 

dxAdQ 2dltld<fid<fis 

3.D.eCb "' yroJI MelK,ll.y WIOCKOCTblO pacceJIHHll JiellTOHa H nJIOCKOCTblO pO)K,ll.eHHll peaJILHOfO 

ctioTOHa, B TO epeMJI KaK <fis npeCTaBJIJleT co6oii yroJI MelK.lJ.Y IlJIOCKOCThIO pacceJIHHll JienTOHa H 

nonepeqHOH npoeKJ.U1eii BeJITopa noJIJ1pH3amtH MHIIleHH. B COOTHOIIleHHH (3) KBa,ll.paTHall 

aMilllHTY.D.a Eere-faiirnepa 3aBHCHT OT ynpyrux :meIITpoMarHHTHblX ctiopM-<[>aIITopoe H MO)KeT 

6LITL paccqHTaHa reoperuqecKH B npe.D.eJiax JIHJlHPYIDIIlero nopllJlKa B KEJJ:. 

HHTepcl>epeHQHOHHhlii qJieH JIHHeiiHo 3aBHCHT OT KoMnTOHOBCKHX ct>opM-<[>aIITopoB (K<l><I> ), 

KOTOphle JIBJIJllOTCJI csepTKaMH OIIP c nepTYP6aTHBHhlMH )KeCTKHMH aMilllHTYJlaMH pacceJIHHll. 

Ksa,ll.paTHall aMWIHTY.ll.a IBKP Cl•ovcsl2) TaK)Ke npeJlCTaBJllleTCJI qepe3 K<l><I>, HO B JTOM ceyqae 

3aBHCHMOCTh OT K<l><I> KB8,ll.paT11qHaJ1. B 6oJILIIIHHCTBe JKcnep11MeHTOB Ha cl>11KcupoBaHHLIX 

MHmeHJ1x BKJ18.D. OT npouecca Eere-faiirnepa B ceqeHue JlOMHHHpyer H8.D. IBKP, HO 6Jiaro.11;apJ1 

CylI(eCTBOBaHHIO HHTepiJ.>epHUHOHHOfO qJieHa CTaHOBH.TCJI B03M0)KHblM H3MepHTL aMnJIHTYJlY 

rBKP. 3TO MO)KHO C)leJiaTh nocpe)lCTBOM H3MepeHHii aCHMMeTpHii, KOTOpb!e nOJIBJIJIIOTCJI B 

a3HMyraJILHLix pacnpe.11;eJieHHl!X peanLHLIX iJ.>oTOHOB. PacCMOTpeHHLie B JlHCCe~HOHHOii 

pa6ore acHMMeTpHH MO)KHO pa3.11;eJIHTL Ha qerb1pe rpynnL1. ITepBall rpynna acHMMeTpHii 6b1Jia 

H3BJieqeHa H3 )laHHhlX, co6paHHblX Ha HenoJIJlpH30BaHHhlX MHIIleHJIX. B 3TOM cnyqae 

COOTHOmeHHe (3) HHTerpHpyerca no a3HMyraJILHOMY yrJiy <fis· AcHMMeTpHH no OTHOmeHHIO K 

3apJ1.11;y nyqKa, a TaK)Ke ee nOJillpH3~HH onpe)leJieHLI B ypaeHeHHl!X (4) - (6). HaJI11qHJ1 scex 

qeTL1pex B03M0)KHhlX KOMOHH~HH H3MepeHHhlX BblXOJlOB OTHOCHTeJILHO 3apll,ll.a H 

noJIJ1pH3~HH nyqKa n03BOJIJleT pa3)leJieHHe nocJie,ll.Hero Ha .11;ee OT.!J;eJILHhle aCHMMeTpHH: O)lHa 

CYMMHpoBaHHall no 3apllJlY nyqKa a BTOpall onpe)leJIJ1eMaJ1 no HX pa3HOCTH. B 3THX ypaeHeHHJIX 

+ H - o603HaqaJOT 3HaK 3apll.D.a nenTOHHOfO nyqKa, a OJlHHOqHhle crpeJIKH - HanpaeneHHe 

noJIJ1pH3~HH JienTOHHOfO nyqKa no OTHOIIleHHIO K HX HMnyJILCy: 

(u""'+ + u<-+) - (u""'- + u---) 
(4) A - ' c - (u""'+ + u'"+) + (u""'- + u'"-) 

(u""'+ - u<-+) + (u""'- - u'"-) 
(5) ADVCS _ 

' LU - (q->+ + q<-+) + (u""'- + q'"-) 

(u""'+ - q'"+) - (u""'- - u'"-) 
(6) AI -

LU - (q->+ + q'"+) + (q->- + q'"-) 

B o6o3HaqeHHllX acHMMeTpHii C YKa3b1eaer Ha 3apJ1.11;, L - Ha npo.11;0JibHYJO nom1pu3aQH10 nyqKa 

(MumeHH}, U - Ha HenoJIJ1pH30BaHHLiii nyqoK (MuweHb). Mo>1mo onpe)leJIHTb TaK)Ke 

aCHMMeTpHIO OTHOCHTeJILHO nonllpH3amtH nyqKa npH HaJIHqHH Jl8HllbIX TOJlbKO c O)lHHM 

3HaKOM 3apl!JJ.a nyqKa (B HameM cnyqae B OCHOBHOM )J.aHHbIC c II03HTp01111blM IIY'IKOM) KaK 
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t .. 

a-++ - a+-+ 
ALu = q-++ + q'"+ (7) 

BTOpall rpynna aCHMMeTpHii onpe,ll.eJieHa OTHOCHTeJILHO noJIJ1pH3aI(HH nyqKa H 

npO,ll.OJILHOM nOJillplt3a~ )J.eiiTepuesoii MHWeHH (H HX KOM6HHamtH) .ll.JlJI no3m:pOHHOf0 

nyqKa. OnpeJJ.eJieH11e 3THX acHMMeTpHii .ll.aHO e ypaeHeHHJIX (8)- (10): 

(u;;;+ + u;;:+)- (u:;+ + u:=+) 
(8) AL<l;t= = -+ - - - I "" (u-+ + u-+) + (q .. + + u-+) 

(u;;;+ + q:;+)- (u;!+ + u:::+) 
(9) AuL = ( - - ) ( - - ) , u•+ + u-+ + u-+ + q.-+ 

(u;;;+ + u:::+)- (u;;:+ + u:;+) 
. (10) ALL= - - ( - - ) (u•+ + u-+) + u-+ + u-+ 

B JTHX ypaeHeHHl!X .D.BOiiHLie crpenKH o6o3Ha'laJOT npo.D.OJibHYIO noJIJ1pH3a~ JJ.eiiTepuesoii 

MHWeHH OTHOCHTeJILHO HMnyJibCa JiellTOHHOfO nyqKa. B8)KHO OTMeTHTL, qTQ "HenoJIHall" 

cnHHOBaJI aCHMMeTpHJI, onpe)J.eJieHHall B ypaeHeHHH (8) OTJIHqaercJI OT aHaJIOfHqffbIX 

aCHMMeTpHii Ha HenOJillpH30BaHHOH MHWeHH TeM, ~o B ee 3HaMeHaTeJie ceqeHHl! ycpe)J.HJllOTCJI 

TOJlbKO no npo.n;OJibHLIM npoeKUHllM nOJIJlpH311QHH .D.eiiTepHeBoii MHWeHH (A=±l}, 6e3 BKJ18.!J;a 

TeH30pHoii KOMnoHeHTLI ceqeHHJI (A=O). AcHMMeTpHH TpeTLeii rpynnLI onpe)leJieHbI 

OTHOCH.TeJILHO 3apJl)la nyqKa H npOJlOJILHOH noJIJ1pH3amtH MHllleHH. Ho BBlf.ll.Y Toro, ~o 

JlaHHbie Ha nOJlllpH30BaHHOM .n;eiiTpoHe H c :meIITpOHHbIM nyqKOM 6LIJIH co6paHLI TOJILKO c 

OTpHUaTeJILHOM non11pmauueii nyqKa (npu 1103H"rp0HHOM nyqKe o6e noJIJ1pH3aI(HH 6LIJIH 

.ll.OCTyilHLI), aCHMMeTpHH JTOii rpynnLI 6y.n;yr onpe.n;eneHhl .ll.JlJI OTpHUaTeJibHOii noJIJ1pH3aI(HH 

nyqKa. Hx onpe,!leJieH11e JlaHO B ypaeHeHHJIX (11) - (13): 

(u:;+ + q:;;;+) - (u:;;;- + u:;-) 
' (11) Ac~= _ ...._ - -

..... (u-+ + u•+) + (u-- + u--) 

(u:;+ + u:;-) - (u:;;;+ + u:;;;-) 
' (12) A •L = - - ) ( - - ) - (u-+ + u·- + u-+ + u--

(u:O+ + u:;;;-) - (u:;;;+ + u:;-) 
. (13) A CL= - - ( - - ) - (u-+ + u--) + u-+ + q ... -

I1 HaKOHeu, qernepTaa rpynna acHMMeTpHii onpe)leJIJleTCJI B cnyqae paccMOTpeHHJI 

npouecca fBKP Ha nonepeqHo-nom1pH30BaHHOH 11pOTOHHOii MHWeHH. KaK OTMeqanocb BbIWe, 
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B 3TOM CJiyqae ce11eHHe 3aBHCllT OT ,IIByx a3HMyraJILHblX yrnoB, CJie,IIOBaTeJILHO Cl>ypLe 

pa3JIOlKeHHe no CHffYCOH,IlaJILHblM H KOCHHYCOH,IlaJILHblM MOMeHTaM 3THX yrJIOB 

npe,IICTaBJIJieTCJI nocpe,IICTBOM 6orree CJIOlKHLIX COOTHOwemrn. 

B 3aKJIIO'leHHH nepBoii: fJiaBLI npe,IICTaBJieH o63op TeOpeTH'leCKHX nonLITOK H3BJie'leHWI 

OITP (B ocHOBHOM OCTP H) npu noMow;u OAHOBpeMeHHoro <l>HTHPOBaHHJI HMerow;uxcJI AaHHLIX 

no H3MepeHHJIM ce11eHHii: npol.\ecca rBKP H HX acHMMeTpHii:. 

B maee 2 AaHLI ocHOBHLie xapanepuCTHKH yCTaHOBKH HERMES. B 3KcnepuMeHTe 

HERMES HcnoJIL30BaJICJI TOJILKO 3JieKipOHHLiii: HJIH n03HTpOHHblii: nyqoK nemoHHoro 

HaKOnHTeJIJI ycKopHTeJIJI HERA c 3Heprueii: 27.6 fJB. THnH'IHLili TOK neIITOHHoro nyqKa 

MeHJIJICll OT 10 ,!10 40 MA. y CKOpl!TeJIL pa60TaJI B OCHOBHOM Ha no3HTpOHHOM nyq:Ke. 

3JieKipOHHLili nyqoK 6LIJI AOCTYUeH TOJILKO B 1998, 2005 H 2006 ro,Ilax. B Ka'leCTBe 

<l>HKCHpOBaHHLIX MHWeHeli OLIJIH HCilOJIL30BaHLI ra3oo6pa3HLili HeOOJillpH30BaHHLiii:, 

npO,IIOJILHO- HJIH nonepe'IHO-noJIJipH30BaHHLili BOAOPOA, a TaKlKe HenoJIJipH30BaHHLili HJIH 

npO,IIOJILHO-IlOJillpH30BaHHLIH ,IleliTpoH. THnH'IHall UJIOTHOCTL noJIJipH30BaHHOii: MHWeHH 

COCTaBJillJia 10
14 

HYKJIOHOBICM
2

' a HenoJIJipH30BaHHOli MHweHH - 1016 
HYKJIOHOB/CM

2 
B KOHl.\e 

KalK,IIOro "fill"-a AJIHBwerocJI B cpe,IIHeM 12-14 'laCOB, KOr,Ila TOK nyqKa COCTaBJillJI OKOJIO 12 

MA, MHweHL HanOJIHllJiaCL HenoJillpH30BaHHLIM ra30M, B TOM 'IHCJie fa3aMH CO,IleplKawHMH 

aTOMLI TlllKeJILIX ll,Ilep BilJIOTL AO ll,Ilep KCeHOHa. CTo,I1pOOHO npe,IICTaBJieH npHHl.\Hn paOOTLI ecex 

'laCTeii: H KOMnOHeHTOB CJIOlKHOii: CHCTeMLI yCTaHOBKH MHWeHH, HX KaJIHOpOBKa, a TaKlKe 

HeOOXO,IIHMLie MoHTe-KapJIO paC'leTLI, KOTOpL!e o6ecne'IHBaJIH H3MepeHHe IlOJIJipH3al.\HH 

npOTOHOB H ,IleliTpOHOB (70-85%) c BLICOKOii: TO'IHOCLIO. B Ka'leCTBe IlOK03aTeJIJI ycroli'IHBOCTH 

H CTaOHJibHOCTH pa60TLI 3TOii: CJIOlKHOii: yCTaHOBKH, a TaKlKe KOHTpOJill ecex IlpOl.\eCCOB 

npOHCXO.Illllll;HX BHyrpH ll'leii:KH MHweHH, npHBe,IleHLI pe3yJILTaTLI H3MepeHHJI ce11eHHJI CilHH­

OOMeHHOro npol.\ecca Ha npoToHe npH HH3KHX TeMnepaTypax 40-80 K, npoeeAeHHLIX c 

nOMOlll;LIO 3TOH MHWeHH. 

YCTaHOBKa HERMES llBJillJiacL THDH'IHLIM .!lllll 3KcnepHMeHToe Ha <l>HKcupoeaHHoii: 

MHWeHH nepe,IIHHM cneKipOMeTpOM. 0Ha COCTOllJia H3 AByx CHMMeTpH'IHblX noJIOBHH, 

pacnoJIOlKeHHLIX BbIWe H HHlKe nyqKonpoBO,Ila ycKOpHTeJill, KaK UOKa3aHO Ha pHC. 1. 

CneKipOMeTp BKJIIO'laJI e ce6ll AeTeKTopL1 peKOHCTpYHPOBaHHll TpeKoe, ,IIHnOJILHLiii: MarHHT H 

,IleTeKTOpLI H,IleHTH<l>HKal.\HH 'laCTHI.\. 11.u.eHTH<l>HKaIJ,HJI 11aCTHI.\ ocyw;eCTBJillJiaCL c IlOMOlll;LIO 

aHarrH3a CHrnanoe OT ,IleTeKTopoe nepexoAHOro H3JiyqeHHJI, JIHBHeeoro KOHBepTepa, 

3JieKipOMarHHTHoro KarropHMeTpa u RICH ,IleTeKTopa, '!TO ,Ilana B03MOlKHOCTL .IIOCTH'IL 

3<l><l>eKTHBHOCTH pa3,IleJieHHJI JieUTOHOB OT MPOHOB He HHlKe 98% . PeKOHCTPYKl.\Hll TpeKOB 

3apl1lKeHHLIX 'laCTHI.\ ocyw;eCTBJillJiaCb c OOMOIIILIO HeCKOJILKHX CHCTeM ,Ilpeii:ctioebIX KaMep, 

pacnoJIOlKeHHLIX cnepe,IIH H C3a,IIH MarHHTa, a TaKlKe c IlOMOlll;LIO MHOronpOBOJIO'IHbIX 

nponopl.\HOHaJILHLIX KaMep, pacnonolKeHHLIX e nonoCTH MarHHTa. Yrnosoii: 3axeaT 

cneKipoMeTpa coCTaBJillJI +/- 170 MPM no ropH30HTaJIH H 40-140 MPM no eepTHKaJIH. 

JiemoHHLIH TpHrrep cj_JopMHpOBaJICll COBOMeHHeM CHrHaJIOB OT AByx Cl.\HHTHJIJ!lll.\HOHHbIX 
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rO,IIOCKOnOB Hl H H2 (CM. PHC. 1), JIHBHesoro KOHBepTepa H 3HeprOBLI,IleJieHHeM JieIITOHa B 

KaJIOpHMeTpe OOJiee 3.5 f3B HJIH 1.4 f3B B 3aBHCHMOCTH OT 3aDOJIHeHHOCTH MHWeHH 

HenOJIJipH30BaHHLIM HJIH nOJillpH30BaHHLIM fa30M. 

f .... NLDCl.AMN····-_ T~lllffOCOICCllM! 
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PHc. 1: CneKipOMeTp HERMES. 

B maee 3 npHBO.IIHTCll .IleTaJILHoe OnHCaHHe npOl.\e.IIYPLI o6pa60TKH 3KcnepHMeHTaJILHLIX 

,IlaHHLIX H ctiopMaJIH3Ma H3BJie'leHHJI aCHMMeTpHH. lliMepeHHe 3KCKJll03HBHLIX npol.\eCCOB 

Tpe6yeT TO'IHOrO onpe,IleJieHHJI KOHe•moro COCTOllHHJI peaKl.\HH, '!TO B CJI}"lae fBKP COCTOllT H3 

Tpex 'laCTHI.\. OcHOBHL1e AaHHLie Hl.\DOJIL3yeMLie B .IIHCCepTal.\HH 6LIJIH HaKonneHLI s 

3KcnepHMeHTe HERMES, .IIO Toro KaK s 2006 r. BOKpyr MHweHH 6i.m yCTaHOBJieH AeTeKTOp 

OT.!{a'IH. M3-3a MaJIOii: BeJIH'IHHLI KBMpaTa 'leTLipexMepHOro HMnyJILCa nepe,IlaHHOro MHIIleHH 

(-t < 1 res), 11aCTHl.\a OTAa'IH He pernCTpHposanaci. nepeAHHM cneKipOMeTpoM. TeM He MeHee, 

nyreM ,IleTeKTHpOBaHHJI TOJILKO .IIByx 'laCTHI.\, a HMeHHO paccellHHOro JiemoHa H H3JiyqeHHOro 

cl>OTOHa MOlKHO AOCTH'IL 3KCKJII03HBHOCTH. 3To ocyw;eCTBJllleTCll no.!{OOpOM COOTBeTCTBYIQIIIHX 

KHHeMaTH'leCKHX orpaHH'leHHH H BLI,IleJieHHeM COOTBeTCTBYIQweii: OOJiaCTH B pacnpe,IleJieHHH 

He,!IOCTaIOweii: MaCCLI. 

CT0.I16op co6LITHii: 6LIJI ocyw;eCTBJieH B TpH 3Tana. B nepBYIQ 011epe,I1L OLIJIH BLIAeJieHLI 

co6i.ITHJI YAOBJieTBOplllOWHe ycnoBHJIM rny6oKoHeynpyroro pacceJIHHll. CpeAH scex co6i.rrHii: 

OLIJIH BLl.IleJieHbl Te, B KOTOpLIX cyw;eCTBOBaJia TO'IHO OAHa 'laCTHl.\a, H,IleHTHcl>Hl.\HpOBaHHall KaK 

pacel!HHLIH JieIITOH H Y.!IOBJleTBOplllOlll;all CJ!e.IIYIOWHM KHHeMaTH11eCKHM orpaHH'leHHJIM: 

• 1 f3B
2 

< Q2 
< 10 f3B2 

• W2
>9f3B2 

• v<22f3B 

0 0.03 < XN < 0.35. 

HecMOTpJI Ha TO, 'ITO aHaJIH3HpyeMLie .!laHHLie 6LIJIH co6paHLI KaK Ha npOToHe TaK H Ha 

,IleliTpoHe HJIH Ha TJilKeJILIX ll,Ilpax, B paCC'IHTaHHLIX KHHeMaTH'leCKHX nepeMeHHblX OLIJia 

HCilOJIL30BaHa Macca npOTOHa. 

L(anee H3 scex COOLITHii: rny60KOHeynpyroro pacceJIHHJI BLI,IleJillJIHCL Te, B KOTOpbIX KpOMe 
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rrernoHa Cyn(eCTBOBaJI TO'IHO 0.llHH cjJOTOH, T.e. He3aplllKeHHIUI '!aCTHL~a, OCT8BJllllOU(IUI CHrHaJI B 

KarropHMeTpe H He accou1mpyeMi.1ii: c 3apJ1lKeHHldMH TpeKaMH c 3HeproBld.lleJieHHeM E1 > 5 f3B. 

HHlKHHii: npe.2:1err .lllill yrna MelK.lly pearri.HbIM H BffPTY8llbHbIM cjJOTOHOM 6blll Bld6p8H 0yy• > 5 

MP8.ll H3-3a orpaHH'!eHHoro yrrrouoro pmpemeHHll ycraHOBKH, a uepxHHii: npe.2:1err 6i.m Bld6paH 

0yy• < 45 MP8.ll .llJlll cymecTBeHHOro YMeHi.meHHll cjloHa. 

,D;arree .llJlll ui.16opa 3KCKJII03HBHbIX co6bITHii: paccMarpHuarroci. pacnpe.2:1erreHHe KB8.llpara 

He.llOCT810meii Macchi M 2x=(q+PN·q')2 c PJF(MN,0,0,0), r.2:1e MN Macca nporoHa, a q (q') 

'leTldpexMepHi.Iii: HMnyrri.c BHPTYaJii.Horo (pearri.Horo) cjloToHa. Pacnpeii;eneHHe KB8.llplITa 

He,llOCT810ll(eii MaCCld H HX cpauHeHHe c MoHTe-Kaprro pac'leTaMH npHBe,lleHbl Ha pHC. 3. 

3KCKJII03HBH8JI o6rracri. .llllll rBKP onpe.2:1errJ1rraci. KaK -2.25 fJB
2 < M

2
x < 2.89 f3B

2
. H3-3a 

orpaHH'leHHOCTH :mepreTH'leCKOfO pmpemeHHJI KaJIOpHMeTPa, M
2
x MOlKeT HMeTb TaKlKe 

OTPHUaTeJibHlde 3Ha'!eHHll. Ilo TOH lKe npH'IHHe, B 3KCKJII03HBHOH o6JiaCTH HMeeTCll 6orri.moii: 

cjJOH OT accoQHaTHBHblX npoueccou pe30HaHCHOf0 npOH3B0.llCTBa, KOTOpbIH HeB03MOlKHO 

pa3ii;errHTh 6e3 HCilOJib30BaHHll HHcjlopMaQHH c .lleTeKTOpa OT.lla'IH, Il03TOMY OCTaeTCJI 'laCTblO 

CHrHaJia B KOHe'IHbIX pe3yllbT8TaX. ,IJ;pyroii: cjloH OT IlOJIY-HHKJII03HBHOfO npOH3BO.llCTB8 

Heii:TParrbHbIX Me30HOB (B OCHOBHOM it0) HJIH OT 3KCKJII03HBHOrO 7[
0 

- Me30HOB (B cnyqae .llaHHbIX 

Ha npoTOHe) MOryT 6i.m, paCC'IHT8Hbl BBe)(eHl!eM COOTBeTCTBYJOmeii: KOppeKQHH Ha 

pe3yJii.TaTld. Ha pHc. 2 noKmaHo TaKlKe pacnpe.2:1eneHHe 3KcnepHMeHTarr&HbIX .llaHHbIX B 

38BHCHMOTH OT -t B cpauHeHHH c Mome-Kaprro pacqeTaMH .llJill p83JIH'IHLIX npoueccou, 

BHOCllmHX BKJI8.ll B 3KCKJII03HBHYJO o6JiaCTb. 

Ilocrre npHMeHeHHll BbIIDeYK838HHldX orpaHH'leHHii:, 3KCKJII03HBH!de co61dTHJI 

HCilOJIL3YJOTCJI .llllll cjJHTHpOBaHHll 83HMYT8llbHblX acHMMeTPHH. <l>HTHpOBaHHe npoue.2:1eHO 

MeTO.llOM pacmHpeHHero MaKCHMaJibHOfO npau.2:1ono.2:106Hll. IlpHMeHeHHeM COOTBeTCTBYJOmeii: 

HOpMHpOBKH 6bllIH yqTeHbl BCeB03MOlKHLie CTaTHCTH'leCKHe )(HC68JI8HC!d B pa,cnpe.2:1erreHHJ1X no 

3apJ1)l;Y JienTOHHOfO nyqKa, no HX IlOJ!llpH38QHH HJ!li IlOJillpH38QliH MHIDeHli. ACHMM~HH 6bIJIH 

cjJHTHpOB8Hld TpHrOHOMeTPH'leCKHMH cJ>YHKUHJIMH, B OCHOBHOM comaCHO TeM, KOTOplde 

0.11 

i 0.1•· 

.;. -.... 

.... 
-MCsur!! 

···COh&:'ent 

30 

~(Gev"J 
oa .... •• 

-1,,(Gev') 

PHc. 2: Pacnpe.2:1eneHHJ1 He.llOCT810meii: Macci.1 H qeTi.1pexMepHoro nepe.llaHHoro HMnyrri.ca. 

npOl!Blll!IOTCll no TeOpHli B <l>ypi.e pa3lIOlKeHHH ce'!eHHll, B pe3yllbT!ITe qero 6bllIH H3BJie'leHld 

TpHfOHOMeTpHqeCKHe MOMeHTbl (aMnJiffTY)l;bl) COOTBeTCTBYIOU(HX aCliMMeTpHii:. 
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IIorryqeHHlde aMilllffTY.llld aCHMM~Hii 6hlJIH no.2:1ueprffYTld HeKOTOPLIM KOppeKUHJIM. B 

nepBYJO oqepem. 6i.mo o6HapYlKeHo HecoOTBeTCTBHe MelK.lly pacnpe)(eJieHHllMH He.llOCT810IUeii 

MaCCbl (C.llBHr n031iUHH 3KCKJII03HBH0f0 nHKa) .llJlll .llaHHbIX, co6paHHblX B pa3Hlde fO.llld. 3To 

6blllo yqTeHo npHMeHeHHeM COOTBeTCTBYJOll1ero C.llBHra .llJlll 3KCKJII03HBHOH o6rraCTH M
2
x HJIH 

npHMeHeHHeM COOTBeTCTBYJOmell: KOppeKUHH Ha 3HeprHIO cjJOTOHOB, H3MeplleMYJO 

KarropHM~OM, OCHOBaHHOH Ha aHarrH3e OTHOWeHHll 3HeprnH K HMilYJibcy EIP .llJlll JienTOHOB. 

KpoMe Toro, 6i.m yqTeH BKllaA nony-HHKJII03HBHOro polK)l;eHHll ii:
0 

-Me3oHa B 3KCKJII03HBHYJO 

o6nacri. rBKP. ,ll;Jlll noro cneuHarri.Ho 6i.m paccMOTPeH npouecc nony-HHKJII03HBHoro 

polK)l;eHHll 7t
0
-Me30Ha, H 6LllIH H3'bl!Tld COOTBeTCTBYJOU(He aMIIllffTY.llld aCHMM~HH .lllill 

lIH.llHPYJOmero cjJOTOHa, T.e. cjloTOHa OT pacna)(a it
0 

-Me30Hac Ha11:60JibIDell: 3Heprnell:, Ha OCHOBe 

8H8JIH3a ,llByx-cjloTTOHHldX 3KcnepHMeHTallbHldX .llaHHbIX. 3TH pe3yJI&TaTld B .ll8llbHell:meM 6bIJIH 

HcnoJii.30BaHld .llllll KOppeKQHll: aMilJIHTY.ll acHMM~Hll: IBKP. 

B .llHCCePTaUHOHHOll: pa6ore oco6oe 3Ha'leHHe npH,llauarroci. oueHKe uceuo3MOlKHbIX 

CHCTeMaTH'leCKHX 31}lcjleKTOB. ,ll;OMHHHpYJOmHll: BKllaA B o6mYJO CHCTeMaIH'!eCKYJO OIDH6Ky 

BHOCl!T 31}ll}leKTbl, CBJ138HHbie c orpaHH'leHHldM aKCellTaHCOM cneKTPOM~a H 31}lcjleKT 

KOHe'IHOH IDHpHHbl KHHeM!ITH'leCKOro HHTepuarra (6HHa). IIocrre,llHHll: B03HHKaeT H3-3a 

p83HHUbl aMnJIHTY.ll, npOHHTerpI!pOBaHHblX B O,llHOM 6HHe no cpauHeHHIO c aMilllffTY.llaMH, 

paCC'II!TaHHblMH B cpe.llHell: KHHeMaTH'leCKOH TO'IKe .llaHHOfO 6HHa. CoBMeCTHblH BKJI8)1; B 

CHCTeM8TH'leCKYJO Heonpe.2:1erreHHOCTh OT 31}lcjleKTOB OrpaHH'leHHOfO aKcernaHca cneKTpOMerpa, 

KOHe'IHOH IDffPHHbl 6HHa H MaJiblX CMemeHHH I! nouopOTOB 3JieMeHTOB cneKTPOM~a no 

oTHomeHHJO K nyqKy 6i.m onpeii;eJieH c noMOU(IO MoHTe-Kapno pacruera. CraTHCTH'!eCK8JI 

Bbl6opKa MoHTe-Kapno .llaHHblX 6Lma aHaJIH3HpouaHa TeM lKe MeTO.llOM, '!TO H 

3KcnepHMeHTarr&Hlde .llaHHble. Moim:-Kapno .ll8HHble 6LmH cjJHTHpOBaHbl pacmHpeHHbIM 

MeTO.llOM MaKCl!MaJibHOfO npauii;ono.2:106HJ1 H 6i.mo npoBe.lleHO cpaBHeHHe H3BJieKaeMblX 

aMilJIHTY.ll aCHMMeTPHH, TaK H83b1BaeMbie peKOHCTpYffPOBaHHbie 8Millll!TY.llbl c 

COOTBeTCTBYJOU(HMI! aMilllffTY.llaMH, reHepHpOBaHHblMH B ueffTPaJibHbIX KHHeMaTB'!eCKHX 

TO'!Kax KalK,llOfO 6HHa. P83HOCTb MelK)l;Y peKOHCTpyHpoBaHHbIX H reHepHpOBaHHblX aMOJlffTY.!l 

6i.ma npHnHCaHa K!IK CHCTeMaTH'leCKIUI omH6Ka. ,ll;pyrne HCTO'IHHKH CHCTeMaTH'leCKHX 

omH60K, yqreHHbie B OKOH'llfieJibHbIX pe3yJibTIITax CBll38Hbl c KOppeKQHeii: aMilllffTY.!l Ha C,!lBHf 

3KCJll03HBHOfO IIHKa I! c KOppeKuHeii: Ha cjloH OT IIOJiy-HHKJII03HBHOfO palK,lleHHJI 7t
0
-Me30Ha . 

B r Jiase 4 npHBe.lleHbl OKOH'laTeJibHble 3KcnepHMeHT8llbHble pe3yJILTIITbl H3MepeHHH 

p83HbIX acHMM~HH, nonyqeHHble Ha HenollllpH30B8HHOM H IlpO.llOJibHO-IIOJillpH30B8HHOM 

.lleii:TpOHe, B TOM 'IHClle .llBOHHble-cnHHOBble aCHMMeTpHH B IlOCJie,llHeM CJiyqae, a TaKlKe 

0.llHHO'IHble- H .llBOHHlde-cnHHOBbie acHMMeTpi!H Ha nonepe'IHO-IIOllllpH30BaHHOM npOTOHe. 

BblllBJieHHlde aMilllffTY.llbl acHMMeTPHH Ha ii;eii:TepHeBOH MHWeHH cpauHeHbl c pe3YJibT8TaMH 

aHaJIOfH'IHblX H3MepeHHH Ha BO.llOPO.lle, a TaKlKe c rrpe,llCK838HHllMH p83lIH'IHblX TeopeTH'leCKHX 

MO.lleJieli. Pe3yJI&TaTbl .lllill 3apll,llOBOH acHMMeTPHH Ha HenOllllpH30BOHHOM ,!leifrpoHe 

npHBe,lleHld Ha pHC. 3, B meCTH 6HHax no -t, XN, I! Q2
. 
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P11c. 3: AMnJIHTy.L\hI 3apJI.L\OBoil: ac11MMeTpm1 Ha HenoJ1Jipl!30BaHHOM .L(eil:TpoHe. 

Ha p11c. 3 pe3yJILTaThl .L\aHHOil: pa60Tbl npe.L\CTaBJieHhI Kea.upaTHhlMll TO'IKaMll. CnrroIIIHh1e 

eepTl!KaJihHhle (rop1130HTaJihHhle) IlOJIOChl npe.L(CTaBJIJllOT CTaTllCTll'leCKHe (Cl!CTeM!mf'leCKHe) 

on1116K11. MeJIKO 11 KpynHo 3aWTpHXOBaHHhIMll noJiocaM11 npe.llCTaBJieHhl paC'leThI 

TeopeTH'leCKOit MO.L\eJI11 "VGG" c Pe,WKeoscKoil: 11 $aKTop1130BaHHOil: t 3aBllCllMOCThIO 

COOTBeTCTBeHHO. HlllKHJIJI IlaHem. IlOKa3hlBaeT MO.L(eJI11pOBaHHbie li>PaKLUfll OT KorepeHTHOro 

npouecca 11 Er npouecca c o6pa30BaHlleM pe30HaHCOB. B nesoM eepTl!KaJihHOM PJl.L\Y 

npe.L\CTasJieHh! pe3ynhTaThI OTHOCllLUlleCll K 11HTerparrbHOit Kl!HeMaTllKH HERMES. I10Jiocb1 

TeOpeTll'leCKHX npe.L(CKa3aHllH 6blJlll nonyqeHbl eapbllpOBaHlleM CB060.L(Hh!X napaMeTpOB 

MO.L(eJieil: II npe.L(CTaBJIJllOT KOM61!HllpDBaHffYIO HeKorepeHTHyIO cyMMY npe.L(CKa3aHllH Ha 

npOTOHe II HeitTpoHe. Oco6blil: llHTepec Bhl3hlBaeT aMilJIHry.L(a Ac cosq, ·, KOTOpall 'IYBCTBHTeJI&Ha 

K K<l><l> JC 1 (:ff) .L\!lll KorepeHTHoro (HeKorepeHTHoro) npouecca. HacrollIIIl!e .L\aHHhie 

Il0Ka3hIBaIOT, 'ITO 3Ta aMil!IHry.L(a yseJill'lllBaeTCll c pOCTOM -t. AMilJIHry.L(a Ac cos(O"'» KOTOpall, 

KaK OiKll.L(aeTCJI OTHOCllTCll K TOH iKe KOM611Hau1111 K<l><l> KaK 11 Ac cosq,, Il0Ka3hIBaeT CXOJKee 

noee.L(e1111e, HO c o6paTHhlM 3HaKOM, KaK 11 OlKll.L\aJIOCh. OcraemttecJI aMnJIHTy.L\hI Ac cosczq,i tt 

Accosc
3
q,> , KOTOphie OTHOCllTCll K OITP 6oJiee BhlCIIIHX TBllCTOB (TBllCT-3), B np11Be.L(eHHOil: 

KllHeMaTH'leCKOH 06naCT11 cpaBHllMhl c HyneM. 
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P11c. 4 AMil!IHTy.L\hI ac11MMe-rp11il: Aw.1 11 Aw.ovcs Ha HenoJillp1!30B3HHOM .L(eil:TpoHe . 

AMnJIHTy.llhI ac11MMe-rp11il: no OTHOIIIeHlllO K noJillp1!3auHH JieITTOHHoro nyqKa Aw,ovcs'inr/J 

11 Aw/"(nr/J) , nOKa3aH&I Ha p11c. 4. AMnrrHTy.L(a Aw.ovcs sinq,, KaK 11 Aw/inczq,>, 'IYBCTBHTen&Ha 

K K<l><l> 113 ceKTopa BhICIIIllX TBllCTOB, HO no cpasHeHllIO c Aw,ovcssinq, aMilJIHTy.lla Aw/inczq,J 

llMeeT HeHynesoe 3Ha'leH11e II .L\llll llHTerparrbHOil: KllHeMaTl!KH IlOJIOlKl!TeJihHa B 1. 7 

CT3H.L\apm&IX OTKJIOHeHllll B 061.Ueit 3KCnep11MeHTaJihHOH OIIIll6Ke. AMil!IHTy.L(a Aw/""', KaK II 

Ac cosq, , 'IYBCTBl!TeJI&Ha K K<l><l> JC I (:ff), XOTJI 3TI! .L\Be aCllMMeTpllll BhlllBJIJllOT pa3!111'1Hhle 

acneKTL1 OITP, OT06paHHh1e no pa3Jlll'IHhlM csepTKaM c KOMnrreKcHoi! aMil!IHTy.llOil pacce11Hllll. 

B TO BpeMJI KaK aMilJIHTy.L(a Ac cosq, qyBCTBHTeJI&Ha K pearr&HOH '1aCT11 K<l><l> J{ 1 (:ff), 

aMilJIHTy.lla Aw/"</J 'lyeCTBl!TeJihHa K ee MHllMOH 'laCTll II IlOKa3hlBaeT cyLUeCTBeHHOe 

OTpHUaTeJI&Hoe 3Ha'leH11e. B noJiocax Teope-r11qecK11X npe.L\CKa33Hllil TaK Ha3h!BaeMoMy D -

'l!leHy 6Lmo np11n11caHo HyJiesoe 3HB'leHtte, TaK KaK paHee 6&mo ycraHOBJieHo, 'ITO BKJIIO'leH11e 

D - 'IJieHa c JII06oi! 3Ha'IHTeJihHOH BeJlll'lllHOH np11 JII060M Bb16ope CB060.L(HhlX nap3MeTpOB 

Mo.11en11 He MOiKeT on11caTh 3apll.llOByIO ac11MMe-rp11IO, 1!3MepeHHyIO B HERMES Ha eo.11opo.11Hoi! 

Mll11IeH11. TeopeTll'leCKlle npe.llCKa33Hllll, OCHOBaHHhie Ha Pe,WKeOBCKOH t 3aBllCllMOCTll 

xopOIIIO cornacyJOTCJI c t 3aBl!CllMOCTh!O 1!3MepeHHOH 3apll.!IOBOH BCllMMeTpllll, B TO epeMJI KaK 

o6a eap11aHTa MO.L(enttpOB3HHJI t 33Bl!CllMOCTH IlPMCKa3hIBaIOT CHJlhHO npeyeeJIH'leHHOe 

3Ha'leHHe .L\llll aMil!IHTy.L\ Aw/•C•<fJ>. 

Ha pnc. 5 H 6 aMil!IHTy.L\hl Ac cos(n<fJJ 11 Aw,1sinC•rfJl, 113MepeHHhie Ha Henon11pl!30BaHHOH 

.L(ei!TepHeBOH MHIIIeHll, cpaBHllBaIOTCll c 3HaJIOfll'IHhlMll pe3yJlhTaTaMH, nonyqeHHhIMll OT 

.11a1111&1x HERMES Ha 11enoJIJ1pl!30BaHHOM npoToHe. .ll:aHHhie Ha .L(eiiTpoHe BKJIIO'laIOT 

KOrepeHTHhIH II HeKorepeHTHhlH npouecCbl. B IlOCJie.11HeM HYKJIOH TaKiKe MOiKeT B036fiK,!laT&CJI 
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B pe30HaHCHOe COCTOllHHe. ,l(aHHLie Ha npOTOHe BKJIIO'laeT TOJILKO peaK[(lllO ep-+epy, a TaIOKe 

CJl}"laH c pe30HaHCHLIM B036}'lK.!leHHeM B KOHe'IHOM COCTOllHHH. Jlro6r.1e pa:mH'IHll, KOTOpLie 

nol!Bill!IOTCll npH ManLIX 3Ha'leHIUIX -t MOryT 6LITL CBll3aHLI c KOrepeHTHLIM npo11ecCOM, BKJI3.D; 

KOTOporo ,!IOMHHHpyeT npeHMYIIJeCTBeHHO B nepBOM H BO BTOPOM 6HH8X no -t (< 0.06 r:iB2). 

3To o6ycnoBneHo TeM, 'ITO BKJia.n; npoTOHa B HeKorepeHTHoii: o6naCTH npeo6na.n;aeT Han; 

BK!Ia,!IOM Heii:TpoHa npH OTHOCHTeJJLHO 6oJJLIIIHX 3Ha'leHHl!X -t. BepOllTHLie pa3Illi'IHll 

aMnnmy.!ILI Ac00'</J B nocne.z1Hr.1x .11syx 6HHax no -t Moryr 6r.ITL cne.llCTBHeM BKJia,lla Heii:TpoHa 

H COOTBeTCTBYIOIIUiX pe30HaHCOB. Pe3yJJLTaTLI aMilnffTY,!ILI Aw.i'in(
2

</J> Ha .z1eihp0He H npOTOHe 

paCXO.lll!TCa B 2.S pa3a B o6meH: 3KCnepHMeHTanLHOH OIIIH6Ke .llilll HHTerpanLHOH KHHeM!ITHKH. 

3-ro HeCOOTBeTCTBHe 6onee BLlpIDKeHO npH 60JJLIIIHX XN H Q2 H B HaCTOllIIJee speMll He HMeeT 

O'leBH,!IHOro o61JICHeHHl!. 

E­
l_, 
< 

I 0.1 

) ...... 
-11.l ·= 

= 

0.2 I 

o. : . .., 
< 

... 
I -·-·--

-11.l 

= 
t I ...... 

<-11.1 = = 
0.1 

j, 
l., 
<-11.1 

l'-·-+.o-· 

t··t·t¥··· .. ·· 
f ~ 

t 

. \.J+J~/} .. 
I 

11---~-~-li-~-r-
--' 

t··t.f+·i+lf. 

10·2 

overaU 
10·1 

·t[GeV1] 

• e°''"'d-c"yX .l C.i.p-e'"'yX 

""i"+'\~-,--f-. ii:f"ftd··~···· 
....... l:_··:. --. . 

. .t~~_ft~J . ...~~t.~t.L __ 
- r-1 

\ .. '•,, . • ·• i;....J..~ 

-4-tif *t- :_ ~tw\.\ .. L. 

. - ... ~ 

f~tht rlt.,-~-1---
10·• 1 

"" 
10 

Q2 [GeV2
] 

PHc. S: AMnnmy.ur.1 acHMMeTpHH Ac Ha HenonllpmosaHHOM .z1eil:Tp0He H npoTOHe. 
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PHc. 6: AMnnmy.11r.1 acHMMeTPHH Aw,1 Ha HenonllpH30BaHHOM .11eil:Tp0He H npoTOHe. 

Ha pHc. 7 noKa3aHHLt aMilnffTY.llhl acHMMeTPHH AL~, sr.rnsneHHLie Ha npo.11onr.Ho 

nonllpH30BaHHOM .11eii:Tp0He B 'leTLipeX 6HHax no -t, XN, H Q2. AMnnHzy,lla AL~sinq, HMeeT 

6onr.111oe OTPHIJaTeJJLHOe 3Ha'leHHe , B TO speMll KaK aMilJlffTY,lla AL~sinzq, cpaBHHMa c HyneM . 

Ha pHc. 7 TaIOKe npnse.11eHr.1 aMITJIH"fY.llLI acHMM~HH A
1
w .!IJ!ll cpasHeHHH MeiKJ.IY 

nonllpH3oBaHHLIM H Henoill!pH30BaHHLtM .z1eil:TpoHaMH. O:lKll.llaeTcll, 'ITO acHMMeTPHH AL~ H 

Aw,I MOryT pa3JJH'llm>Cll 6noro.11apl1 'IJ!eHy, co.11eplKameMy'Kcll<l> Jfs,, HO KaK BH,!IHO H3 pHC. 7, 

Jlff.llHPYIOl.IUfe aMnnmy.llLI AL~sinq, H Aw/"</J He pa3JJH'laIOTCll ,!IIDKe B o6naCTH npeo6na.n;aaHH 

KorepeHTHOro npo11ecca (B nepBOM -t 6nHe). TaKoil: He3Ha'IHTJJLHLiil: BKJia.11 OT K<l>cll Jf5 (HnH 

OIIP Hs) Ha6n10.z1aeTCll TaIOKe npH cpasHeHHH pe3ynr.Ta:ros .!IJ!ll 3apl!AOBLIX acHMMepnil: Ha 

Henom1pH30BaHHOM .11eil:Tp0He Ac H npo.11onr.Ho nonllpH30BaHHOM .11eil:Tp0He, onpe.z1eneHHOil: B 

ypaBHeHHH (11 ), r.11e TaIOKe Ha6nro.z1aeTCll nonHoe COOTBeTCTBHe peynr.TaTOB BO sceH: 

KHHeMaTH'leCKOil: o6naCTH. 
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P11c. 7: CpmmeH11e llMlllllITY.ll&I ac11MMerp11u AL~ 11 A 1w . 

Ha p11c. 8 npe.llCTaBJieHbl llMillllfIY.llbl aCl!MMeipl!ll !IO OTHOWeHmo K Il0llllPH3filllfll 

M11weH11 AuL B 'leTL1pex 611Hax no -t, XN, 11 Q2 
11 .!Jllll 11HTerparr&HOli K11HeMa-mK11. Pe3yJI&TaT&I 

Ha .11efiTpoHe cpasHHBaJOTCll c aHMOrn'IHblMI! pe3yJI&TaTaMll, noJiyqeHH&IMll lf3 .llaHHLIX 

HERMES Ha npO.llOJILHO nolillpH3oBaHHofi npOTOHHOH M11weH11. Ha p11cyHKe TaIOKe np11se.11eHo 

cpaBHeH11e pe3yJILTaTOB 3KCnepl!MeHTaJILHOfO lf3MepeHlfll c npe_llCKa3aHlflIMH TeOpeTl!'leCKOH 

MO.lleJI11. JlH.1111pyiow;aJI llMillllfIY.lla AuL•i•tj> Ha .11efiTpoHe, KOTOpaJI 'IYBCTBl!TeJILHa K K<l><I> it 1 

(lfllll K MHllMOH 'laCTH COOTBeTCTByiow;ero OI1P), l!MeeT MaJIOe OTJJlll.lllTellbHOe 3Ha'leH11e, B TO 

speMJI KaK llMIIlllfIY.llbl AuL'i"
2
t/> 11 AuL'i"

3
t/> cpasHHMbl c HyJieM. Pe3yJI&TaThI llMIIlllfIY.llbl 

AuL•i•tj> Ha npoToHe 11 .11eliTpoHe B npe.11enax 3KcnepHMeHTaJibHOfi ow116K11 xopowo 

cornacyioTCll .llpyr c .11pyroM KaK .!Illll llHTerpMLHOli Kl!HeMaTl!Kll, TaK H B ee npoeKUlflIX no -t, 

XN, II Q
2
, B TO BpeMJI KaK llMnlllfIY,!{bl AULsint/> .lllilI HHTerpa.JILHOH KHHeMaTl!Kll Pa3llll'laJOTCll Ha 

1.5 CTaHJ(apTHblX OTKJIOHeHlfll B o6meli 3Kcnep11Me1ITaJibHOli OWH6Ke. 
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3TO pa3llll'll!e o6ycnoBJieHO pa3llll'llleM B o6JiaCTH 60JILWllX -t , HO TOJILKO B 0.llHOM 6HHe no 

XN, 'ITO 6oJI&We nOXOlKe Ha CTa-Il!CTH'leCKYIO «PlIIOKryau1110. I-fa cpasHeHlfll npe.llCKa3aHHH 

TeOpeTl!'leCKOH MO.llelll! ,!{Jill npOTOHa II .11eliTpoHa MOlKHO YBH.lleTb, 'ITO MO.llellb npe.llCKa3LIBaeT 

.llOBOJ!bHO 60J!bWOli BKJ!a,n: OT HeliTpoHa. 3TOT <!>mer He MOlKeT 6&1Tb HH onposeprHYT, HI! 

YTBeplK.lleH HacTOlIIIIHMll .llaHHLIMll, nOCKOJILKY B npe.11enax 3CnepHMeHTaJibHLIX OWH60K 

TeopeTH'leCKHe npeJJ;CKa3aHlfll onHCblBaJOT 3KCnep11MeHTaJibHLie JJ;aHHLie KaK Ha .11eliTpoHe, TaK 

II Ha npOTOHe, HO c .11pyrou CTOpOHbl B npe;i;eJiax Tex lKe ow1160K pe3yJILTaTbl llMnlllfIY.ll Ha 

npoToHe H ;i;eliTpoHe cornacyroTcJI. 

Ha pnc. 9 npeJJ;CTaBJ!eHLI llMillllfIYJJ;bl acHMMeipl!H ALL onpe.11eJllleMLili no OTHOWeHl!IO K 

CMeWaHHOli KOM6HHauHH nolillpll381Ufll ny'IKa H npO.llOJILHOH nonllpl!3aUHH Ml!IIIeHH. 

IlpHBeJJ;eHO cpasHeHHe llMillllfIYJJ; lf3BJie'leHHblX ll3 .!laHHbIX Ha .aeliTpoHe c aHa.JIOrH'IHblMll 

aMnlllfIY.!lllMll, noJiyqeHHbIMll Ha npOTOHe ll c npe.aCKa3aHlflIMll TeopeTH'leCKl!X Mo.aeneli. 

JlHJJ;Hpyiow;He llMUJllfIY.!lbl ALLcos(Otj>l H ALLcost/> 'IYBCTBllTeJl&Hbl K K<l><I> ft, (lfllll K peaJILHOH 

'laCTH coOTBeTCTByiow;ero OIIP). AMUJilfIY.Z:U,I Ha npoToHe H ;i;efiTpoHe cornacyioTcJI B 

npe.aeJiax o6w;eu 3KCnepl!MeHTaJILHOH OWH6KH. B03MOlKHbie pa3JIH'1Hll B 111rrerpaJibHOH 

KllHeMaTH'leCKOH TO'IKe ll B nepBOM 6l!He no -t, MOfYT 6LITb o6ycnosneHLI KOrepeHTHblM 

pacceJIHHeM Ha ;i;eliTpoHe, TaK KaK B .llaHHOH aCHMMeTpl!H KpOMe fBKP HMeeT BKJI8.!l TaIOKe 

npouecc oeTe-falirnepa. 
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Puc. 9: AMllIIl!TY.11LI acHMMC'IpHH ALL Ha 11poTOHe H .11elfrp0He. 

B )IHccepraLUiOHHOil: pa6oTe TlllOKe paccMOTpeHLI .11pyme acHMMeTpHH, 011pe.11eneHHL1e B 

ypaBHeHHlIX (11) - (13), a TaIOKe TeH30pHlUI acHMMeTpHll Ha .11eil:'repuesoil: MHllleHH. 

Hau6onee HHTepeCHLie pe3y11LTaTLI O)IHHOqHoil:- H )IBOil:Hoil:-CIIHHOBOil: aCHMMeTpHil: Ha 

11011epeqHo-11om:1pH30BaHHOM 11poTOHe 11puse.11eHLI cooTserCTBeHHo Ha puc. IO H 11. Oco6eHHO 

HHTepecHa sin(.p - .Ps)cos(ncp) aMllIIllTY.lla aCHMMeTpHH AuT,I, KOTOPWI qyBCTBHTeIILHa K 

K<P<P G. nocne)IHJUI B CBOIO oqepe)IL CBJI3aHa c llOllHLIM yrnoBLIM MOMeHTOM KBapKOB. 

Cne.11osaTeIILHO, H3MepeHHe .11aHHOil: aMIIIIHTy.llLI, Hapll.llY c H3blITHeM H3 1Kc11epuMeHTanLHL1x 

.llaHHLIX K<P<P JC, 06ec11eqHT sepollTHoe H3B11eqeH11e op6HTanLHoro yrnosoro MOMeHTa u­

KsapKa llCllOIIL3yll llpaBHIIa CYMM ,l(lKH. 
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PHc. 10: AMllIIHTy.llLI o.1111HoqHoil:-c1111HoBoil: acuMMC'IpHH, 01111cusarom.11e 3aBHCHMOCTL 

KBll,llparuqHoro DVCS (KpyrnL1e TOqKH) 11 HHTep$epeH~HOHHOro I (KBa)lpaTHLie TOqKH) qaCTeil: 

ceqeHHll OT 11011epeqHoil: 11011llp113~HH 11p0TOHOB .1IJllI 3KCKIII03HBHLIX co6LIT11il:. 

f; l--.--t·d_:::i:__h+t~r-m 
-Ur -

. ••t t . 
f _p .~~--:.-~~~-.-- c=:~~::~--ri·t~~~=~--rtJ:·L~t'~r~=:-.:.-
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overall ~(GtV~ 

PHc. 11: AM11IIHTy.1ILI ycpe.11HeHHOil: 110 3apJI.11y .11BOil:Hoil:-c11uH0Boil: acHMMeTpHH . 

B maee 5 11pHse.11eHLI pe3yIILTaTLI H3MepeHHil: aMllIIHTY.11 ac11MMeTpl!il: 110 OTHOWeHHIO 

3apJ1.11a H 11011llpH3~Hll neIITOHHOfO 11yqKa Ha fa30BLIX JI)lepHLIX MHllleHJIX. 

KaK yiKe 6LillO OTMeqeHo )laHHLle Ha .11.11pax BKIIIOqalOT KorepeHTL!e H HeKorepeHTHLie 

11pouecCLI. ,lV!JI cpasHeHHll a11MMeTpl!il: H3BIIeqeHHLIX H3 .11aHHLIX Ha pa3HLIX ll.llpax, 6LIIII! 

BL1.11eneHLI .11se 0611acT11: KOrepeHTHo-o6orameHHWI H HeKorepeHTHo-o6oram.eHHWI 0611acT11. 

IIpu JTOM 11c11011L3osan11c& pmHLie orpaH11qeHHll Ha -t pac11pe.11e11eH11il: JKCKIII03HBHLIX 

co6Lrrl!il: c ~eIILIO )IOCTH)KeHHll O)lllHaKOBOfO 3HaqeHHll Kl!HeMaTHqecKllX 11epeMeHHLIX. 

3aBHCHMOCTL llH.11HPYIOIIl,eil: (TBHCT-2) aMIIJlffTY.llLI aCllMMeTPHH OTHOCHTeIILHO llOllllp113~1111 

neIITOHHOrO 11yqKa OT IITOMHOrO HOMepa ll)lpa A 11puse.neHa Ha p11c. 12 KaK Jl.lllI KorepeHTHO· 
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o6or~eHHLIX T3K u HeKorepeHTHo-o6or~eHHLIX C06LITH1i. Hll,llo OTMeTHTh, '!TO aMnmrry,!Ud 

aCUMMeTpuli Ha ll,llpax ,!l.IDI KOTOPLIX UMeJIUCL .a;aH111>1e H3KOnJieHHLie TOJILKO c OilHUM 3H3KOM 

JiemOHHOro nyqKa (OTKpLITLie TO'IKU), U3BJieKaJIUCL COfJlaCHO COOTHOmeHHJO (7). KaK BU.a;HO 

U3 pUCYffKa, sin¢ aMnJIHTy.a;a uMeeT 3Ha11eHHe nopll.a;Ka -0.2 ,!l.IDI o6eux o6nacreli u He 38BUCHT 

OT aTOMHOro HOMepa ll.D;pa A B npe.a;eJiax omu6oK U3MepeHuli. 
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Puc. 12: A-3asucuMocn sin¢ aMnJIHTy.a;1>1 acuMMeTpuu Aw,cr,+J tlJllI KorepeHTHo-o6orall(eHHOli 
u HeKorepeHTHo-o6or~eHHoH: o6nacreH:. 

AHanoru11Ho, 3asucuMocn nu.a;upyioll(eli (TBUCT-2) aMnJIHTy.a;LI 3apll.a;0Boli 

aCUMMeTpuu OT aTOMHOfO HOMepa ll.a;pa A npuse.n;eHa Ha puc. 13. 

KpoMe pesynLTaToB Mll KorepeHTHo-o6or~eHHOli u HeKorepeHTHo-o6orall(eHHOli 

06JiaCTeli, B .a;uccepnmuu np1mo.a;JITca TllKlKe 38BUCUMOCTH aMnJIHTy.a; 3apll.D;OBOH aCUMMeTpUH 

u aCUMMeTpuli no OTHOIIieHHIO noJIJipH3aQHu nyqKa OT nepMeHHOH -t onpe.n;eJllleMLIX B 11en1pex 

6uHax. B .a;onOJIHeHUH, npUBO.D;HTCa OTHOllieHue aMnJIHTy.a; aCUMMeTpUli U3BJie'leHHLIX Ha ll.a;pax 

K TeM KOTOpLie noJiyqeHLI Ha npOTOHe. IIonyqeHHLie pe3yJILTaTLI He no.n;.a;epiKUBaJOT Te 

TeOpeTu11ecKue MO.a;enu, KOTOpLie npe.a;CKa3LIB3!0T ycHJieHUll aCUMMeTpuu B ll.a;epHoli cpe.a;e Ha 

ocHoBe Mo.a;u<tiuKauuu OIIP no cpaBHeHUIO co cso6o.a;HLIM H}'K.1IOHOM. 
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Puc. 13: A-3asucuMOCTL cos¢ aMnJIHTy.a;LI acuMMeTpuu Ac .a;Jill KorepeHTHo-o6or~eHHOH u 

HeKorepeHTHo-o6or~eHHOli o6naCTeli. 

B 3aKJIIO'leHHH nepe11ucJieHHLI OCHOBHLie pe3yJILTaTLI, nonyqeHHLie B .a;uccepTaUHOHHOH 

pa6ore. 0Hu CBO.a;JITCa K CJie.n;yioll(eMy: 

1. Paspa6oTaHLI MeTO.a;LI Kanu6poBKH MumeHHoro ycTpoliCTBa. Co3.a;aHLI MeTO.D;LI aHanma 

.a;aHHLIX, npe,11Ha3Ha11eHH1>1e ,!l.IDI KOHTpOJill 3a pa6oroli nonepe11Ho-noJ1JipH30BaHHoli 

BO.a;opo.a;Holi MUllieH11, a TaKiKe npo.a;oJILHO-nOJIHpU30B8HHOli BO.a;opo.a;Holi UJIU .a;elirepuesoli 

MUllieHeli, UMelOII(HX BLICOKYJO CTeneHL IlOJlllpH3aum1 [4, 16, 23-29]. 

2. Paspa60TaHL1 MeTO.a;&1 Bbl.a;eneHHJI co6Lirui1: nemopoiK.a;eHHJI pean&H&IX <l.iOToHOB Ha 

MUllleHu u onpe.a;eneHHll 3KCKJII03UBHoi1: o6JiaCTH rny60KO-BUPTYaJILHOro KoMmOHOBCKoro 

paccellHHJI nocpe.a;CTBoM aHanma pacnpe.a;eneHHJI KBa.a;paTa He.a;oCTruoll(eli MaccLI [11-13, 15, 

18, 22]. Paspa6oTaHLI MeTO.a;LI u UHCTpYMeHTLI .a;Jlll aHanH3a 3KCnepHMeHTaJILHLIX )lill!HLIX c 

ueJILIO U3BJie11eHHJI aMnJIHTyil aCUMMeTpUli u .a;Jlll oueHKH CUCTeMaTH'leCKHX OIIiUOOK 

H3MepeHuli [7, 11-13, 15]. 

3. 0.a;HOBpBMeHHO U3BJie11eHbl aMnJIHTyilbl 0.'IHHO'IHblX- u !IBOHHLIX-CnUHOBLIX aCHMMeTpuli 

H3 3KCnepuMeHTaJibHbIX .D;aHHbIX, nony'leHHblX nocpe.a;CTBOM ucnOJib30BaHHll nyqKOB 

npo.n;OJibHO nOJillpU30BaHHbIX 3JieKTpOHOB u n03HTpOHOB npu JiemopolK,ll;eHUU pe8JILHblX 

<PoTOHOB B npouecce rBKP Ha nonepe11uo-nonllpH30BaHHbIX npOToHax [1-3, 7, 15] npu 

KUHeMaTU'leCKUX YCJIOBUllX HERMES (-t) = 0.12 reB2, (xs) = 0.09 (Q2> = 2.5 reB2• 
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Ilo11yqeHHLie pe3yJILTIITbl He npO"IHBopeqirr Teopen111eCKHM npe,!1CKll3llHHJIM HMelOIW!HCJI 

MO,!leJIH OIIP. AUT,I sin(.P·+sJcos+ aMilJ!Hzy.!la acHMMeTpHH CHJILHO qysCTBHTeJILHa K KoMnroH 

ctiopM «liaKTOPY '£., CJie,!IOBaTeJI'bHO, o6ecneqHBaeT orpaHuqeHHe nOJIHOrO yrnosoro MOMeHTa 

BaJieHTHLIX KBapKOB. 3HaqeHHJI 3THX aMilJ!Hzy,!1 6LIJIH HCnOJIL30BaHLI ,!IJIJI MO,!leJILH0-

3aBHCHMOro orpaHuqeHHJI Ha CYMMY ju+l\id. KpoMe Toro 3HaqeHHJI HeK0Topr.1x 0.!1HHOqH1>1x­

cnHHOBLIX aMDJIHzy,!I 6LIJIH HCnOJIL30BaHLI B KaqecTBe qaCTH BXO,!IHLIX Ha6JllO,!laeMblX B 

rno6aJILHOM «liHTHPOBaHHH H3 ,!IBa,mJ;aTHTpex He3aBHCHMLIX MOMeHTOB OT Pll3JIHqHLIX 

acHMMeTpHit, H3MepeHH!dX B HERMES. 3HaqeHHJI ,!lpyrnx aMOJIHTY.!1 O.!IHHoqHr.ix-cnHHOBLIX, a 

TaIOKe scex ,!IBOHHLIX-cnHHOBLIX acHMMCTpHH B npe,!leJiax OWH60K H3MepeHHH nopll,!IKa ffYJIJI, 

qro O)J(ff,llaJIOC'b H3-3a MaJI!dX KHHeMaTHqeCKHX npectiaKTopOB HJIH H3-3a Toro, qro OHH 

cooTBeTCTByioT qJieHaM OT BLICOKHX TBHCTOB. BcJie,!ICTBHe YffHKaJILHOCTH ycKOPHTeJIJI HERA 

pa60TaTb KaK c n03HTpOHHLIMH, TaK H c 3JleKTpOHHLIMH ny<!KaMH CTaJIO B03M0)[(HLIM H3BJleKaTh 

OT,!leJILHO ll3HMYfaJILHLie rapMOHMKH, CBJI3aHHLie c KBa,!lpaTOM aMOJIHzy,!ILI npo1.1ecca rBKP. 

4. lliBJieqeHLI aMnJIHzy,!ILI ll3HMYfaJILHLIX yrJIOBLIX aCMMMeTpHH OTHOCHTeJILHO 

noJIJ1pH3aQMM JieUTOHHOro nyqKa, ee 3apJI,!1a H HX KOM6HHaQHH Ha HenoJIJ1pH30BaHHLIX 

,!lell:TpoHax [I, 2, 12, 17, 19-21] B KMHeMirrHqecKMX yc110BHJIX HERMES. 11H.!IHPYJOIQaJI <l>ypr.e 

aMOJIHzy,!la aCHMMCTpMH OTHOCHTeJILHO noJIJ1pH3aQHH 11emoHHOro nyqKa, KOTOpaJI CBll3aHa c 

HHTepctiepeHI.\MOHH!dM qJieHOM ceqeHMJI npo1.1ecca rBKP, 3HaqHTeJILHa no BeJIHqHHe, HO He 

3aBHCHT OT nepeMeHHOH -t. JlH.!IMPYJOIQaJI aMnJIHzy,!l;a acHMMeTPHH OTHOCHTeJILHO 3apll,!1a Ily<!Ka 

3HaqmeJILHa npH BLICOKHX 3HaqeHHJIX -t, HO CTaHOBHTCJI He3HaqHTeJibHOH npu MaJILIX -t. 

113BJieKaeMLie 3HaqeHMJI aMDJIHzy,!1 aCHMMeTpHH, CBJI3aHHLie c KBa,!lpaTOM aMilJ!Hzy,!ILI npo1.1ecca 

rBKP, B npe,!leJiax 01IlH60K H3MepeHHH 6JIH3KH K HYJIIO. 3KCnepHMeHTaJILH!de ,!laHH&Ie 

no3BOJIJIIOT C,!leJiaTL sr.16op cpe.!IH pll311HqHr.1x MO.!le11ell: OIIP. 

IlpoBe,!leHO cpasHeHMe aMnJIHzy,!1 aCHMMeTpHH, noJiyqeHHLIX Ha HenoJIJ1pH30BaHHOll: 

,!lell:TepHeBoll: MMWeHH c aHaJiornqHLIMH pe3yJILTaTaMH, no11yqeHHLIMH Ha HenoJIJ1pH30BaHHOM 

npOTOHHOM MHWeHH [1, 2, 6, 13, I4, 18, 22]. B OCHOBHOM ,!laHHLie cornaCYIQTCll, KpOMe 

JIH,!IHpyiomell: aMDJIHzy,!ILI aCHMMeTpHH OTHOCHTeJILHO 3apll,!la nyqKa B IlOCJie,!IHHX .!IByx 6HHax 

no -t, a TaK)[(e HHTerpaJILHOfO 3HaqeHHll Aw,1 sin(
2.Pl aMilJ!Hzy,!ILI. ,l(aHHLie He BLllIBJIJllOT 

oco6eHHOCTell: JI,!lepHoll: CTpynypr.1 ,!lell:TpoHa [l, I2, 14]. 0TMCTIIM, qro cornacHe Me)[(,!ly 

,!laHHLieMH Ha HenJIJ1pH30BaHHOM ,!lell:TpoHe c HOBLIMH ,!laHHLIMH Ha HenOJillpH30HHOM npOTOHe 

[5], no11y<1eHHblMH npu o6pa6oTICe nOJIHOll: HH«tioPMaQMH 1996-2007 fO,!IOB, nocpe,!ICTBOM 

aHaJIH3a .!laHHLIX pacnpe,!leJieHMJI KBa,!lpaTa He,!IOCTalOil.lell: MaCCLI, xopowee no BCeM 

KMHeMaTHqecKHM napaMeTpaM. 

IlpHBe,!leHa OQeHKa JIH.!IMPYJOil.IMX aMnJIHzy,!1 acHMMeTpMM OTHOCHTeJILHO 3apJI.!la H 

noJIJ1pH3aQHM Ily<!Ka ,!IJilI npo1.1ecca KOrepeHTHoro pacceJIHMJI Ha ,!ICHTpOHe, HCnOJIL3Yll ,!laHHLie 

HERMES Ha npOToHe H ,!lell:TpoHe. ,l(aHH!de HCKJIJOqaJOT MO.!leJIH, B KOTopr.1x npe,!IOOJiaraeTcll 

60JILWOll: BKJ!a,!I OT MOpCKHX KBapKOB, a TaIOKe no,!l,!lep)[(HBaJOT MO,!leJIH c HeffYneBLIM BKJ!a,!IOM. 

5. llieneqeHLI aMnJIHzy,!ILI ll3HMYfaJibHLIX yrnOBLIX acHMMeTpHll: OTHOCHTeJILHO 

nOJillpH3aQHH nenTOHHOro nyqKa, ee 3apll,!1a, a TaK)[(e OTHOCHTeJILHO rrpo,!IOJibHOM nOJIJIPH3aQHH 
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,!lell:TepHeBOM MHWeHH H K HX CMelllaHHLIM KOM6HHaQHlIM [l, 2, 8, 9]. Ilpose,!leHO cpaBHeHHe 

aMilJIHzy,11; aCHMMeTpHll:, nonyqeHHLIX Ha noJIJ1pH30BaHHLIX ,!lell:TpoHax c aHaJIOfffqHLJMH 

pe3yJILTaTaMH, no11yqeHHLIMH Ha HenOJillpH30BaHHLIX ,!lell:TpoHax [12] H Ha noJlllpH30BaHHLIX 

npOTOHax [10]. B npe,!1e11ax owH6oK H3MepeHHll: cHHycoH,!lanLHLie (KOCHHyCOH,!laJILHble) 

aMOJIHTY.!ILI AL~ (Ac~) acHMMeTpHH, H3BJieqeHHLie npu 3HaqeHHH -remopHoll: nonJipH3aQHH 

MHWeHH Pzz = 0.827 (COOTBeTCTBYeT MaJIOll: nonyJIJIQHH COCTOJIHMll c A = 0), COBna,!laJOT co 

3HaqeHMJIMH aMUJIHTY.!I, H3BJieqeHHLIMH H3 ,!laHHLIX HERMES Ha HenoJlllpH30BaHHOi1 

,!lell:TepHeBOH MHWeHH. C11e,11;0BaTeJILHO, npH MaJILIX 3HaqeHMJIX -t 3<MieKTa OT TeH30pHOM 

noJlllpH3aQHH MHWeHH He Ha6JIJO,!laeTCll, B qaCTHOCTH, B nepBOM 6HHe no -t, r,!le KOrepeHTHLIM 

npo1.1ecc ,!laeT 40% BKJia,!la H r,!le O)[(H,!laeTCJI DpOlIBJieHHe TeH30pHblX 3«licl>eKTOB. 

IlpoBe,!leHHOe cpaBHeHHe aMnJIHzy,!1 aCHMMeTpHll:, nonyqeHHbIX Ha DpO,!IOJlbHO-

noJIJ1pH30BaHHOll: ,!lell:Tepuesoll: MHWeHH, c aHaJIOfHqHLJMH pe3yJILTaTaMH, nonyqeHHLIMH B 

HERMES Ha npo,!1onr.Ho-noJIJ1pH30BaHHOll: nporoHHOll: MHWeHH noKll3aJIO, ~o B npe,!lenax 

OlllH60K H3MepeHHM OHH COBna,!laJOT no Beel!: KHHeMaTHqecKOH o6naCTH, BKJIJOqaJI nepBLIM 6HH 

no -t. CTaTHCTHqecKH He3HaqHTeJibHaJI pll3HHQR Ha6JIIO.n;RTCJI TOJibKO ,!IJIJI RMnJIHzy.!I ALL sin(Z.P) H 

A cos(O.P) 
LL · 

ELIJia H3BJieqeHa TaK)[(e aMDJIHzy,!IR TeH30pHOll: acHMMeTpHH ALzz Ha .n;ell:TpOHe, KOTOpaJI 

B npe,!lenax omu6oK coBna,!laJia c HyneM no scell: KHHeMaTHqecKoll: o6naCTH no 

-t, a TaIOKe B o6nacm -t < 0.06 reB
2
. 

Bee 3TH pe3yJILTaTLI He BLllIBHJIH ,!IOKll3aTeJibCTB OTHOCHTeJibHO BJIMJIHMJI KOMDTOH 

cjlopM ctiaKTop ,!lell:TpoHa JC 5 HJIH oco6eHHOCTH JC 1 H it 1, KOTOpb!e OTJIHqaJOT BX OT 

aHaJiorHqHbJX qaCTelt JC H if ,!IJilI npoToHa. TaKHM o6pll30M npoJIBneHHe KOrepeHTHoro 

pacceJIHMJI B 3THX ,!laHHbIX He oqeBH,!IHO. IlOBe.n;eHHe KOMDTOH ctiopM cjlaKTOp ,!leifrpoHa :11'1 

CXOlKe c noBe,!leHHeM ctiopM-<!>aKTOp npOTOHa:1i'. 

IlonyqeHHble pe3ynr.TaTbl 6LIJIH cpasHeHLI c TeopeniqecKHMH npe,!1CKll3aHMJIMH, 

y<!HTLIBaJOIW!MH TOJibKO HeKorepeHTLie pacceJIHHll Ha npOToHe H Hell:TpoHe (H3-3a OTCyrCTBHll 

nporpaMMLI pacqeTa ceqeHult npo1.1ecca rBKP Ha npO.!IOJILHo-noJIJipH3osaHHLIX .!leiiTpoHax), 

OCHOBaHHbie Ha MO,ll;eJIH OIIP. Pe3yJILTaTLl BLIJIBHJIH TaKHe lKe He.n;OCTaTICH OTHOCHTeJILHO 

npe,!ICKll3aHull: 3THX Mo.n;enelt, KaKHe 6LIJIH o6HapYlKeHLI H3 HERMES ,!laHHLIX Ha npOToHe. 

6. llisneqeHbl ll3HMYTaJibHLie yrJIOBLie aCHMMCTpHH OTHOCHTeJILHO nom1pH3aQHH 

JieDTOHHOro nyqKa, ee 3apl1,!1a H HX KOM6HHaQHH Ha HenOnllpH30BaHHblX ll,!ICpHLIX MHWeHJIX [I, 

I I]. OTHOWeHHe aMllJilfTY,!1 BCHMMeTpHll:, H3MepeHHblX Ha JI,!lp3X, K RMilJilfTY,!laM, no11yqeHHLIM 

H3 .!laHHLIX HERMES Ha npoToHe, cpasHHMLI c e,!IHHHQell: KaK .!IJ!ll KorepeHTHo-o6oraweHHoll:, 

TaK H ,!IJilI HeKorepeHTHO-o6orameHHOll: BbI60pKH ,!laHHLIX H He npOJIBJIJllOT 3aBHCHMOCTH OT 

aTOMHOfO HOMepa ll,!lpa. Ilonyqe1111r.1e pe3yJir.TaTLI He nO,!l,!leplKHBaJOT MO,!ICJIH, OCHOBaHHLie Ha 

MO.!IH<!>HKBQHH OIIP ua ll,!l;pax OTHOCHTCJILHO OIIP cso60,11;HL1x HYKJIOHOB, KOTOpble 

npe,!ICKll3LIBaJOT yc11neuue acHMMCTp11lt B ll,!lepHoit cpe,!le B cnyqae KorepeHTHoro pacceJIHMJI Ha 

ll,!\Pax CO CnHHOM 0 HJIH l /2. 
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B npHJIOlKeHHH npeCTasJieHLI KOppemiuHOHHLie MaTpHl.ILI .llJill HeKOTOpldx aMIIJIHTY,!1 

ac1:1MMeTpHil:, H3BrreqeHHLie H3 ,!laHHLIX HERMES Ha HenoJillpH3osanHoM u npo,!IOJILHoil:­

noJillpH3osanHoM ,!leil:TpoHe. Ilp1:1se,!leH TaKlKe <J>opMaJIH3M H3BJieqeHIDI pa3HLIX aMllJIHTY.!ILI 

aCHMMeTpuil: Ha nepneH.!IHKyrrllpHo-noJillp1:13osannoM ,!leil:TpoHe. 
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Summary 

This dissertation is devoted to the experimental study of Deeply Virtual Compton 

Scattering (DVCS) process on a transversely polarized hydrogen target, unpolarized and 

longitudinally polarized deuterium targets and unpolarized nuclear targets. The methods to 

calibrate the experimental apparatus of the target are developed. Analysis tools are developed 

to obtain and control highly polarized transverse hydrogen target or longitudinally polarized 

hydrogen/deuterium targets. A strong interest for the DVCS process is due to the fact that 

DVCS is one of the simplest exclusive processes, both from the theory side and from 

experimental point of view, which contains information about the Generalized Partom 

Distributions (GPDs). The framework of GPDs, invented and widely extended in the last 

decade, allows presenting a more comprehensive and rich picture of the space and spin 

structure of a nucleon. This work is performed in the framework of AANL (YerPhI)­

HERMES collaboration based mainly on data collected at HERMES experiment until the 

year 2006. Before that, an additional detector for registration of recoiled target particles was 

not installed at HERMES experiment, and only the scattered lepton and emitted real photon 

among the final state particles of the DVCS process were registered in the forward 

spectrometer. Nevertheless, despite this fact, it was possible to provide the exclusivity of the 

process by means of using corresponding restrictions on missing mass, angle between the 

virtual and real photons and on some other kinematic parameters of the eA->eyX process. A 

method was developed based on the analysis of experimental data and Monte Carlo 

simulations, which allowed to separate the events of real photons emitted in a 

leptoproduction process, and separate the exclusive region of DVCS on a target in a 

spectrum of missing mass for the eA->eyX process, where the signal from DVCS 

significantly dominates over the signals related to the background processes. Note, that using 

this method in case of DVCS off nuclear targets, it becomes impossible to distinguish the 

coherent process eA-->eA'y, when the target stays intact after the interaction, from that of 

the the incoherent process eA->e(A-1)y, when the target decays. In addition, the 

accompanying incoherent processes, when one of the nucleons of the target is excited into 

the resonance state as well as the neutral mesons produced in semi-inclusive processes are 

also contributed to the measured signal. 

The processes of leptopruduction of real photons off transversely polarized hydrogen, 

unpolarized and longitudinally polarized deuterium and unpolarized nuclear targets have 

been studied for the first time. Various single- and double-spin azimuthal asymmetry 
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amplitudes are measured with respect to the charge and helicity of the beam and the target 

polarization. The results obtained on a hydrogen target have been used in theoretical 

calculations, where by means of a global fits to existing world data it was attempted to access 

the GPDs (mainly GPD H). The results obtained on a deuterium target are compared with 

those obtained from a hydrogen target at HERMES experiment as well as with the 

theoretical predictions. The asymmetry amplitudes extracted from data on nuclear targets are 

compared with various theoretical calculations, which predict an increase of the 

asymmetries according to various GPDs developed for the nucleus (particles) with different 

spins presented by modified versions of the nucleon GPDs in virtue of the interactions in 
nuclear matter. 

In addition to the results of extracted asymmetry amplitudes, estimates of systematic 

uncertainties are performed, which are due to the technical characteristics of detecting 

apparatus, as well as the contribution of background processes to the measured signal. 

Particularly, the results of the asymmetry amplitudes are corrected for the contribution of 

neutral mesons from semi-inclusive processes, and in the case of hydrogen target also for the 

contribution of exclusive processes. The systematic errors of corresponding measurement are 

estimated, and the fractions of accompanying incoherent processes in a signal are presented 

based on the Monte-Carlo simulations. 
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