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TipouecCbl B381IMOJlellCTBIISI '18CTIIU IIPII Bb!COKIIX aHeprlISIX 

SIBnSIIOTCSI B HaCTOSilllee BpeMSI rrpellM0TOM IIHTeHCIIBHoro TeopeTII

'le,cKoro II 3KCIIeplIM0HTanbHOro IICCneJlOBaHIISI. 

CoaJlaHIIe II JlanhHefilllee pa3BIITIIe cymecTBy10mero anrrapaTa 

TeOplIII CIInbHbIX B381IMOJleHCTBIIH T0CHO C·BSI38HO C pa3pa60TKOH , 

- - /1/ 
MeTOJla JllICIIepCIIOHHbIX COOTHOllleHIIII B KBaHTOBOII TeOplIII nonsi • 

B .pa6oTax H.H. Eoron1060Ba no TeoplIII JlHcrrepcHoHHbIX cooTHo

llleH1I:ii 6bmO BB0Jl0HO cpyHJl8M0HTanbHOe IIOHSITIIe 06 aMIInHTyJle pac::

CeSIHHSI' KaK O 0JllIHOil: aHanlITH'l0CKOH cpyHKUIIII, Bblpa)KaIOlllee B8)KHYIO 
,"' 

, !plI31I'l0CKYIO IIJleIO B38IIMOCBSI31I pa3nlI'IHbIX !plI31I'l0CKIIX npoueccoB, 

II Jl8HO CTpc:iroe JlOKa3aTenhCTBO JllICIIepCIIOHHbIX COOTHOllleHIIH B 

- /2/ "" KBaHTOBOH TeOplIII rronsi • vTa KOHUeIIUIISI B381IMOCB~31I Cb!rpana 

cymeCTBeHHyIO ponb B pa3BIITIIII TeOplIH, a B HaCTOSilllee BpeMSI 

IIO3BOnsieT B3rnSIHYTb C 0JllIHOil: TO'IKII apeHIISI Ha cymeCTBYIOllllie 

cpeHOMeHonor1I'1eCK1Ie IIOJlXOJlbl KaK BO3MO)KHbie anrrpoKCIIMaUIIII K 

TeOplIII CIInbHb!X B381IMOJl0llCTBIIH. 

TipeJlIIOnO)KeHIIe 06 aHanHTII'IHOCTII aMIInlITYJlbl pac·ceSIHIISI KaK 

cpyHKUIIII CBOIIX IIHBapHaHTHbIX rrepeMeHHbIX C IIPHBne'leHHeM ycnOBIIll 

yHIITapHOCTII IIO3BOnSieT rrc:iny'IIITb psm CTporHX orpaHII'l0HIIll Ha !pH-
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. . ~, 
3Ii"IeCKH ·H~6monaeMbl8 aenH'IHHbI (CM., HanpHMep, o6aopbi ) • 

ITpnMeHeim"e nncnepCHOHHbIX COOTHOllleHHii: nocny,1mno OCHOBOii: nns1 

<iJYHAaMeffTBnbHbIX paooT no aCHMnTOTH'leCKOMy nOAXOAY B KBBHTOBOii: 

TeOpHH nonsi. Ha OCHOBe CBOHCTB aHanHTH'IHOCTH aMnnHTY/lbI pac

ceSIHHSI ObIJl nonytJeH PSI/l HHTepeCHbIX COOTHOllleHnii:, JlOCTynHbIX 

9KCnepH_MeH:TanbHOii: npoaepKe. OTMeTHM cpenn HHX aCHMnTOTHtJeCKOe 

paBeHCT;BO ,nonHbIX Ce'leHHii: B3aHMOAeii:CTBHSI tJaCTHUbl H aHTH'laCTH-
/4/ . 

IlbI , · orpaHH'leHne pocTa aMnnHTYAbI pacceSIHHSI H nonHoro cetJeHHSI 
. /5/ . ' 

B oonaCTH Bb!COKHX aHeprnii: . , HH,KHIOIO rpaHHUY YObIBaHHSI aMnnn-
u /6 7 / 

TY/lb! pacc~rnHHSI Ha ¢nKCHPOBaHHblH yron npn Bb!COKHX aHeprHSIX ; 

psm acn~t"nToTH'leCKHX paaeHCTB · Me*llY nn¢¢epeHunanbHbIMll cetJe-
. /8/ 

HHSIMH H. nonsipnaauHSIMH npn Bb!COKHX 9HeprHSIX 

C;esi3b Me*i:tY KopoTKoneii:cTBYIOIUHM xapaKTepoM MepHbIX 

cnn H CBOHCTBOM aHanHTH'IHOCTH aMnnHTY/lbl KaK ¢YHKUHH KBanpaTa 

nepenaHnoro HMnynbca npHaena K KaaanonTutJecKoii: KapTnHe npo-

ueccoa · pacceSIHHSI npn BbICOKHX aHeprnsix. 

. Ha·. KBaanonTH'leCKHfi xapaKTep pacceSIHHSI tJacTHU BbICOKHX aHep

rnii: yKa3hIB8.IOT H OCHOBHbie 9KCnepHMeHTanbHbie aaKOHOMepHOCTH, 

Ha KOTC>pb!X Mb! KOPOTKO OCTaHOBHMCSI. AHanna naHHbIX, nony'leHHbIX 

Ha coapeMeHHbIX ycKOpHTensix, noKa3bIBaeT TeH]leHUHIO nonHbIX ce

tJeHHii: OCT8.B~TbCSI noCTOSIHHbIMH . npn Bb!COKHX aHeprHSIX. .Un¢¢e

peHunanbHhI0 CetJeHHSI B oonaCTH ManbIX nepe]laBaeMbIX HMnynbCOB 

HMeIOT : SipKO Bb1pa*eHHb1ii: llH¢paKUH<>HHh1ii: xapaKTep c xapaKTepHbIM 

nHKOM pacceSIHHSI anepe]l H nocne]lyIOIUHM 'lepenoaaHHeM MHHHMyMOB 

H MaKCHMyMOBo 

l1JleSI O KBaanonTH'leCKOM xapaKTepe pacceSIHHSI tJaCTHU Bb!CO

KHX aHeprnii: oKaaanacb aeCbMa nnonoTBOpHoii:, n B nocneJ:tHee ape

MSI ee pa3BHTHIO y]lensieTCSI oonbllIQe BHHMaHne. 8 9TOM nonxone 
/9/ 

ncnonbayeTCSI noHSITHe a¢¢eKTHBHOro KOMnneKCHoro noTeHUHana 

' 4 
\ 

0TMeTHM, 'ITO 9TO noHSITHe HMeeT CBOii: aHanor B onTH'leCKOii: M~ 

minn sinpa, rne pacceSIHHe qacTnu BbICOKHX aHeprnii: SI/lpaMH pac

CMaTpnaae_TCSI no THny pacceSIHHSI CBeTa nonynpoapa'IHOii: onTII'IeCKOii: 

cpeJ:toii:. 

B ocHoae KBaanonTntJecKoro nonxona ne,KHT npennono*eHne o 

cnpaaennnaocTn aii:KoHanbHoro npencTaaneHHSI nnSI aMnnnTyllbI pac

ceSIHHSI JlBYX 'laCTHU npn Bb!COKHX 9HeprHSIX_ Ha Manbie yrnbI: 

T (s, t) ip -..fs f d2p ei:P ~l, e 21 X(E ;p) -I (1) 

rne il = ( p➔ :- k >r n~yMepHaSI nonepe'IHaSI COCTaBnSIIOIUaSI nepe-

Aa'IH HMnynbca, p - npnuenbHhiii: napaMeTp, x -TaK Ha-

3bIBaeMaSI aii:KoHanbHaSI ¢aaa. 

l1nesi KBaanonTH'leCKoro pacceSIHHSI anpOHOB nony'laeT CBOIO 

fanoonee nocnenoaaTenbHYIO ¢opMynnpoBKY B paMKax KaaannoTeH-

unanbHoro_nonxona a KBaHToaoii: Teopnn nonSI, npenno,KeHHoro no~ 
. /1011/ 

ryHOBbIM n Taaxennnae · ' • 

B OCHOBe KBaannoTeHunanbHOr'O no]lxona ne,KaT ypaBHeHHSI 

nns aMnnHTYAbI pacceSIHHSI n aonHoaoii: ¢yHKUHH nayx aaanMoneii:cT

ay10mnx 'IBCTHU. 3TH ypaBHeHHSI SIB.nSIIOTCSI o6o6meHHSIMH ypaBHeHHii: 

flnnnMaHa-IIJanarepa n IIJpennHrepa Ha cnyqaii: KBaHToaoii: Teopnn 

nonSI. 

Ba,KHOii: ocooeHHOCTbIO ypaBHeHHii: SIBnSieTCSI HX TpexMepHOCTb, 

'ITO Bb1ronHo oTnntJaeT nx OT ypaaaeHnii: BeTe-ConnnTepa a CMbIC

ne B03MO)KHOCTH KBaHTOBOMeXaHH'leCKOii: aepoSITHOCTHOii: HHTepnpeTa

UHH H OTCYTCTBHSI He¢nantJeCKoro napaMeTpa OTHOCHTenhHoro ape

MeHH. 

KaaannoTeHunanbHbie ypaBHeHHSI c ycnexoM obmn ncnonbaoaaHbI 

nnsi onncaHHSI CBSI3aHHbIX COCTOSIHHii: ABYX 'IBCTHU B paMKaX KBaHT0-
/12/ 

BOii: aneKTPOAHHaMHKH 
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B ·· · 6 M T 1131 
nocnei:rn.ee. · BpeMSI B pa oTax aTBeeBa H aBxenmlae 

KBa3HnOTeHUHlilnl;Hbiii MeTon ycnewHo Obin npHMeHeH K BOnpocaM 

CHllbHbIX B3aHM;OneiicTBHii. 

• u /14-21/ 
ITpennar-aE;JMbm HaMH nonxon onHcaHHSI paccestHHSI "l'.ac-

THU Bb!COKHX 9HepI'Hii SIBnsteTCSI, no ·cymeCTBY, pa?BHTHeM 9TOI'O 

MeTona B npHM~H0HHH K BbICOK09HepI'eTH"leCKOMy pacceSIHIIIO. B 

npHM0H0HHH K Bb!COK09H0pI'0TH"l0CKOMY p_aCC0SIHHIO KBa3HnOT0HUHanb

Hbiii nonxon n03BOn.steT naTb enHHOe onHCaHHe pacceSIHHSI BO BC0M 

yr-noBOM HHTepaane, onHCb!BaTb KBa3HllBYX"laCTH"IHb!0 npoueCCb! H 

r.n. 
OpHI'nHanbHbIH BapHaHT KBa3HnoTeHUHanbHor-o nonxona obln 

· .•.. ·. /22/ 
npenno;>KeH KaJ:lI,IW0BCKHM • B OCHOBHOM ypaBH0HHH 9TOI'O noa-

xona eCTeCTB0HHb!M o6pa30M B03HHKaeT HHT0I'pHpOBaHHe no I'HITep

.oonoHny 

2 
p 

2 
m (2) 

T.e. no Macco~oii 'noBepXHOCTH "laCTHllbI. fpynna llBH;>K0HHii I'Hnep-
. . 

. 6onoHna (2) ec.ib: ·r-pynna flopeHua. IToaToMy ecTeCTBeHHo, 'ITO 

1;1nnapaT pasnmkeHHfi no nonHb!M CHCTeMaM ¢YHKUHii, CBSI3aHHb!X C . . . 
YHHTapHbIMH. oeCKOH0"1HOM0PHb!MH npencTaBnemistMH I'pynnbI flopeH-

/23/ . , 
ua , xopowo. npHCnocooneH nnst· H3Y"l0HHSI CBOHCTB KBa3HnOT0H-

UHanbHOI'O ypaB.lieHHSI. 
. i24/ 

B pa6oTaX . . 9TOT annapaT 6bln npHMeHeH npH ¢opMynHpOB-

K0 penstTHBHCT,C,KOI'O KOH¢HI'ypaUHOHHOI'O npencTaBn0HHSI B npo6neMe 

. , /21/ 
llBYX Ten. B pa6oTe . Ha OCHOBe ypaBHeHHSI KanbIW0BCKOI'O C 

noMOlllhlO pa3nO)K0HHSI no YHHTapHb!M npencTaBne1mSIM r-pynnbI opH

c¢epH"l0CKHX cnBHI'OB Ha rHnep6onoHne 6hlno nony"l'.eHo o6o6meHHe 

9iiKOHallbHOI'O npencTaBneHHSI anst aMnnHTYllbl ynpyI'OI'O pacceSIHHSI 

llBYX 6eccnHHOBb!X "laCTHU: 

8 
\. 

l 

T(s,t) 

00 

i p v's f p dp Jo (·p v'- t ) I e 
0 

r-ne V ( z , ·p )- KBa3HnoTeHUHan,. 

.00 

1ffn£'1- V(z,'p1 · 
...:00 ·--

2
-P~ dz 

-11(3) 

Ba)KHb!M BonpoQOM npH pacCMOTpeHHH BbICOK09HepI'eTH'l0CKOI'O 

pacceSIHHSI aapOHOB SIBnsteTCSI H3Y"l0HHe BblllOnHHMOCTH ycnoBHSI 

. /25/ 
yHHTapHOCTH. IT. Eor-on1060BbIM 6bmo noKa3aHO • 'ITO npH 

ycnoBHH nonO;>KHTenhHOii onpeneneHHOCTH MHHMOii "laCTH KBa3HnoTeH

UHana, MaTpHua pacceSIHHSI nByx "laCTHU Y~OBneTBOpneT TaK Ha3bIBae

MOMY ycnOBHIO "HenoyHHTapHOCTH": 

ss+ < 1 (4) 

B c.iJyqae "IHCTO B0IU0CTB0HHOI'O KBa3HnOT0HUHana, nanpHMep, HMeeT

CSI penHTHBHCTCKOe llBYX"laCTH"IHOe ycnOBHe YHHTapHOCTH. 

CneayeT OTM0THTh, 'ITO B nocnenHee BpeMSI penHTHBHCTCKHM 

llBYX"laCTH"IHb!M ypaBH0HHSIM ynennnocb 6onhwoe BHHMaHHe B CBSl3H 

C nocTpoe1meM COCTaBHb!X Moneneii sneMeHTapHbIX "laCTHll (cM. pa-
. /28/ 

6oTbI IT. Eor-on1060Ba H Ill enecTa ) • 

nHccepTaUHSI COCTOHT H3 nstTH I'naB, 3aKnIO"l0HHSI H,llBYX npH

nO;>KElHHii. 

B nepBoii r-naBe, HOCSIIUeii BBOllHb!H xapaKTep, nan KpaTKHii 

o6sop Moneneii B3aHMoneiiCTBHSI anpoHOB npH Bb!COKHX 9H0pI'HHX. 

0CHOBHOe BHHMaHHe yneneno KBa3HOnTH"leCKOii KapTHHe pacceSIHHSI. 

B 9TOM nonxone aapOHbl B Bb!COK09HepI'eTH"l0CKHX CTOnKHOBeHHSIX 

paccMaTpHBaIOTCSI KaK npoTSI)K0HHbJ0 o6'beKTbi C KOH0"1HbIMH pa3Me

paMH. 

Bo BTOpoii I'naBe paccMaTpHBaeTCSI paccenHHe npH BbICOKHX 

9H0pI'HSIX Ha M8Jlbl0 yr-nhl. B npeanono;>KeHHH I'n1HlKOCTII noKanhHOI'O 

/27/ 
KBa3HIIOTeHUHana npH BbICOKIIX 9H0PI'IISIX rronyqeHo pewemre KBa3HIIO-
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TeHunanbHoro ypaBHeHHR B o6naCTH H3MeHeHHR KHHeMaTHqecKHX 

HHBapHaHTOB s H , orpaHuqeHHoii: ycnoBHeM I t /. s I << I , 

H noKa3aHo, qTo nonyqeHHOe pellleHue MO)KeT 6b1Tb sanucaHo B 

9HKOHanbHOH ¢opMe, C ·¢YHKUHeii: 3HKOHana 

KBa3HilOTeHuHanoM COOTHOllleHHeM 

X 1 CBR3aHHOH C 

I ·°" 
X = - f V (E 

'S -00 

r➔) dz -; = (p 'z ) . (5) 

B o6naCTH cpaBHHTenbHO 6onbll!HX nepe,naq nonyqeHHoe pellle

HHe .nn!il aMnnHTYAbl pacceRHHR 06Hapy:11mBaeT OpHpOBCKOe IIOBe.ne

HHe. 

O6ocHOBaHHIO 9HKOHanbHOro npe.ncTaBneHHR B paMKaX KBaHTO-
• . . /28/ 

BOH TeOpHH non!il JIOCBRmeH PR.A pa6oT ( CM., HanpHMep, ) • 

B aToii: )Ke rnaBe paccMaTpHBaeTCR no.nxo.n K pacceRHHIO qac-

THU Bb!COKHX SHeprHii:, OCHOBaHHbIH Ha pellleHHH ypaBHeHH!il YHHTap-

HOCTH npn BblCOKHX SHeprHRX H o6cy)K.naeTCR ero CB!il3b C. KBa3H- , 

IlOTeHuHanbHblM no,nxo.noM. 

B TpeTbeii: rnaBe npoBe,AeH pacqeT nonpaBOK K 9HKOHanbHOMY 

npn6nH)KeHHIO OTHOCHTenbHOro nopgaKa I / p no cpaBHeHHIO c 

rnaBHbIMH BKna.naMH npn Bb!COKHX SHepruRX. PacqeT npoBe,AeH Ha 

OCHOBe KBa3HilOTeHUHanbHOro ypaBHeHHR B KOH¢urypaUHOHHOM npe.n-

' /29/ 
CTaBneHHH, no.npo6HO npoaHanH3HPOBaHHoro XpycTaneBblM • flo-

Ka3aHo, qTo yqeT 3THX nonpaBOK npHBOAHT K qacTHqHOMY "sanon

HeHHIO MHHHMYMOB" B .nu¢¢epeHunanbHOM ceqeHHH ynpyroro pacceR

HHR, O6cy)K,naeTC!il ponb aTHX nonpaBoK npn ¢eHoMeHonornqecKoM 

aHannse .naHHblX 3KCnepHMeHTa. PacCMOTpeHa B03MO)KHaR 

MOAH¢HKaUHR KBa3HilOTeHUHana ynpyroro pacceRHHR. 

8 
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B qeTBepTOii: rnaBe .naHO pell!eHHe KBa3HilOTeHuuanbHOro 

ypaBHeHHR, OTBeqa10mee pacceRHHIO, Ha 6onhll!He ¢HKCHp0B8HHble 

yrnhI. floKa3aHO, qTo aMnnHTy.na pacceRHHR Ha 6onbll!Oli ¢uKCHpo

BaHHblH yron RBnReTCR 3KCilOHeHUHanbHO na.na10meii: ¢YHKUHeii: 

9Hepruu H HaCbimaeTCR HH)KHRR rpaHHUa y6bIBaHHR aMnnHTYAbl 

Ha ¢uKCHpOBaHHblH yron npH Bb!COKHX 3HeprHRX. 

BTopaR qaCTb 9TOH rnaBbl IlOCBRmeHa H3yqeHHIO pacceRHHR 

Ha3a,n. PelllaeTCR ABYXKaHanbHaR KBa3HilOTeHUHanhHaR sa,naqa C yqe

TOM o6MeHHbIX cun B CHCTeMe ABYX qaCTHU. flonyqeHHbie pe3ynb

TaTbl ucnonh3YIOTCR .nnR aHannsa .naHHhIX no ynpyroMy n p-pacce

RHHIO Ha3a,n npu p = 8GeV/c H :1ul<0,6(..Tu:V r130~ TeopeTuqecKHe 
L " C 

pesynbTaTbI, nonyqeHHbie B 9TOH rnaBe Ha OCHOBe KBa3HilOTeHUH-

anbHOI'O ypaBHeHHR C KBa3HilOTeHuuanoM rayccOBCKOI'O THna C He-

6onhll!HM qucnoM napaMeTpos',Haxo,nRTCR B xopollleM cornacnn 

C 3KCnepnMeHTanbHblMH .naHHblMH. 

B IlRTOii: rnaBe ,naH BblBOA KBa
0

3HilOTeHuuanbHOfO ypaBHeHHR 

.nnR cnyqaR B3aHMO.Aeii:CTBHR qaCTHU co CilHH8MH OH 1/2. B nepBOM 

naparpa¢e aToii: rnaBbI B cnyqae HeBsauMo.neii:CTBy10·mnx qacTHU 

npo,neMOHCTpHpOBaH PR.A OCHOBHbIX MOMeHTOB KBa.SHilOTeHUHanhHOro 

no,nxo.na. flonyqeHHOe BO BTOpOM naparpa¢e KBa3HilOTeHUHanbHOe 

ypaBHeHHe HMeeT cne.nyromnii: BHA: 

[E Yo +O+ ':Hi11-M)]tf,E(q) = ~ fV(E;q,q')tf,E(q')di/'. (6) 

3.necb w = y µ 2 + q2 , w = yM 2 + q2 , M u /l ..;. MaCCbI cnn-

HOpHOii: H CKanRpHOH qaCTHU COOTBeTCTBeHHO. floKa3aHo, qTo B Bbl

COKOSHepreTHqecKOM npe.nene .nnR noKanbHOI'O KBa3HilOTeHunana 
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3TO ypaBH9HHe caoaHTCH K ypaaHeHHIO .UapaKa C acpcpeKTHBHbIM 

KaaaunoTeHuaanoM - 1- V ( E; ; ) • ITpaaeaeHo pemeHHe nonytrnHHO-
P /31/ 

ro ypaaHeHHH, 0TaetJa10mee pacceHHHIO Ha Manbie yrnb1 

B npnno)KeHHHX A H 6 aaH noapo6Hblll BbJBOa OCHOBHbIX cpop-

Myn, .nony'IeHHbIX ao II H IV rnaaax. 

OcHoBHhie peaynbTaTbI anccepTaUHH aoKnaahrnanncb Ha cec
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