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1 BBe,n:eHn:e 

Ommii H3 Ha.H60Jiee aKT}'aJibHbiX npo6neM !I>HJHIGI npoMeJKYTO"'m.:rx 3HeprnH HB

JIReTCH yCTaliOBJieHHe Tex CTeneneft CBo60Jlhl, B TepMlUJax KOTOPhiX MO)KHQ COliep

JKaTenbBO aH3JIH3HpOB3Tb npon;eCChl, IIpOTeKa.IOI.llHe Ha OTHOCHTenbHO Be6oJiblllHX 

( I"V 0, 3 - 0, 6 ipM) paccroxHHfi Me>K.IIy a.npoHaMH. Hy}KHO JIH Ha Ta.KKX paccrmr

HHKX nepexO.llHTb K tlJYH.Il:aMeHTaJlbHbiM KBapK-TJllOOHHl:dM CTeiieH5lM CBo60.ztbi RJIH 

BCe eiile MOiKHO Orpa.BH'I:J:HBaTbCSI: J¢qJeKTHBH:biMH a,npOHHhiMH, KOTOphle lliHpOKO HC

IIOllb3yJOTC.st1 HanpHMep, .llmr OIIHCaHlHr N N~B38.HMO.ne:HcrBH:H, KaKoBa JlHHaMnxa rex 

HJIH HH~ CTene.HeH CB06o.llbi Ha 3TKX paCCTOKHHfi ~ BOT HeKOTOprue H3 BOIIpOCOB, 

KOTOpLie BecbMa Ba)KHbi .zm.sr pa.JBHTlHi Q>M3MKH npOMIDKyT~HhiX ::meprHH. 

Q-qeBH,IIH01 'tJTO OTBeThi Ha 3TM H .npyrHe JierKO ¢opMynnpy€Mble BOIIpOChl He 

MOTJT 6hiTb IIOJly"tieHbi 6hiCTpO - JIOCTaTO'tJHO BCIIOMHHTb .lWHTeJJ.bHbill IIJTl> pa3-

BliTHX ¢113:9KH N N-paccexH:nsr H aToMHoro x.n:pa. B :aacToKilleH pa6oTe MI:.I IIhlTaeMcx 

IIpOXCHHTb 3TOT BOIIpoc, aHaJIH3Hpy.sr BJIHIDiHe IIpHMecH 6apHOHHbiX pe30Ha.HCOB B 

.nei!TpoHe aa xapaxTepHCTHKH ynp}TOro dp-pacce.sm:n.sr aaJa.n. 

IIpo6neMa H306apHhiX cocTOliHHH B .n:e:HTpo:ae o6cyJiQ!aeTc.sr y:lKe n Te"<IeHHe 6onee 

'q€M .nnyx .necxTHJlCTnH. E:H IIOCBID..UeHo HeCKOJihKO o63opon [1, 2] H 6onMnoe "<Ill:CJIO 

opHrHBaJihHbiX pa6oT. K33aJIOCb 6ru, aa.n6onee onpe.n.eneH:abie CBe.ae:aHx o cTpyK

Type JlcifTpOH& H& MaJlbiX p&CCTOXHHID:: MOE:HO IIOJIJ'iHTb IIpH 30H,!!HpOBaHHH ero 

C IIOMOWblO 3Jl€KTpOM&rHHTHhiX npofiHHKOB. 11 neJ1CTBHTe.'!bH0
1 

B p€3JJibT&Te T&

IGIX liCCJie.IlOB&HHii 6b!JIO YCT&HOBJl€HO cywecTBOBaHH€ Me30HHbiX o6M€HHbiX TOKOB 

[3], orrpe.nene:a:able JaKJIJO"<Ietnut 6hiJHI c.nena.Hbl o :aeo6xO.ZJJIMOCTH yt:JeTa B npoueccax 

Taxoro 30H.llHponrunix HJo6apHbiX cocToXHHH Hyxnoaon [4], H T.n. CTa.no srcHo, on

Ha.xo, l.J:TO npo6neMa pe30Ha.HCOB B .II€HTpOH€ .siBJisteTCX .llOCT&TO"iHO CJIO:IKHOH, H OH& 

MO:>KeT 6biTb peweHa JlHtUJ,. B p€3JJlbTaTe HaKOIIJ1€Hll5i .D.OIIOJ1Hl'IT€1IbHOJ1 3KCTI€pH

MeHTa.JlbHOii liHQJOpM&UHH, II0JlJ"<I€HHOif C HCTIOJlh30BaJUl:€M Ka.K 3Jl€KTpOMariU:'!THbiX
1 

Tax H a.npOHHDIX npo6HHKOB. Peaxuusr pd·paccenm.sr B 3anH!010 non:yc¢lepy (n c.u.M.) 

SI:BJIX€TCX O.llHO:H H3 HaH60nee J.D:06HbiX peaKUHH .nnsr aH'aJIH3a CTpyKTJ"pbi .ueHTpOHa 

Ha Ma.Jlb!X paCCTO.si:HHID::. 

YiM€lOIUnecsr 3KCTI€pHM€HT<lJ,hHbl€ .UaHHhle no JUHP$epeHUl1aJlhHOMy C€'4€Hl-UO 3TOH 

peaKUHH [5] - [12) Xapa.KT€pH3YlOTCSi CJie,nylOllll-IMH OC06€HHOCT.SU.n~: (i) B yrJIOBOM 

pacnpe.zreneHHH no Mepe npM6JIHE:eHHsr K yrny 180° B c.u.M . .nH$rilepeHttHanhHoe ce

'tJ€HHe B03pacT&€Tj (ii) TIO,!l QlHKCHpOBa.HHbiM yrnoM 3TO C€'tJ€HHe 6bJCTp0 nartaeT IIO 

Mepe yaenH"tJeHn.sr 3Hepn:m na.n:aromero npoToHa (.neihpoHa); (iii) B 3HeprerH"tJec

xoH 33.BliCHMOCTH ce"tJeHH.Ii nMeeTcx nnaTo npH KHHeTM'tJecxoH 3HeprHH npOTOHOB B 

liHT€pBane 0,3-0,7 f3B ('4TO .llJIS! ynpyroro dp•pacce.srHJBI Ha3an COOTBeTCTBYeT 3Ha

'l€HH.SiM Ha'lanbHOro MMIIYJibCa lleihpOHOB......, 1, 6-2,6 foBjc). 3nJ OC06€HHOCTM B 

3H&'tJHTeJibHOif CTeiieHn :H CTHMynHpOBa.JIH nepBOHa'tJa.IJbHO€ o6cy)KJleHH€ li306apHbiX 

COCTOKHHH B .n:eHTpOHe. 

Honhlif CJW€CTB€HHhi:H war B H3J1i€HHH dp-paCC€.siHH.!i CBS3aH C HCCJle.riOBa.HHeM 

IIOJI.SipH38JUIOHBbiX xapaxTepHCTHK 3TOH pea.xuHn:. B "tJaCTHOCTH, 6hm:H BhinonHeHhi 

H3M8peJuix TeHJOpHoH aHaJIH3Hpyromeii crroco6HocTH T2o B ynpyroM dp·pacces!HHH 

H33a.Jl IIpH Ha'taJlbHbiX HMTIYJibCax .ll€HTpOH0B OT 1,1 .!tO 3,9 13!3/c B CaKne [13, 14] 
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ll OT 3,5 ;rt.O 6,5 faB/c B llyfiHe [15], a Ta!OKe K03<Ji<jlWlJ<eHTa nepena'll!l llOJUIPll33.IliD! 

~0 (aT B€KT0pHO·TIOJI.Sipli30BaHHOro .neihpoaa K BhlJieTa.IOUleMY BIIepe;n npOTOHY) B 

peruamJ!X 1 H(dp)X npH 3,5 faB/c [16] " 12C(dji)X B o6nacn< mmyJibCoB neiiTpoHOB 

OT 6 ;rt.O 9 faB/c [17]- [19]. 

TeopeTH'I:!ecKIDi aH8JIR3 dp-pacce.sm11x Ha3a.ll B o6cylK.llaeMoH o6nacTH ::tHep

rHH .s!:BJI£l€TCSI )lOCTaTOt,!HO CJIQ})llibiM ll CB513a.H C psr.n;OM aepemeHHI.IX .D:HHa.Ml1J't!eCKHX 

npo6neM pen.SiTRBHCTcxoH uep:aoii $H3RKH. B Hacro.Si!.Uee BpeMSI B 3TBX BOnpocax 

ReT IIOJIHO:ii 51CHOCTH R np:HXOJlHTC51 OrpamJ-qnBaThC.st pa3Jilflllli:,IM1 60Jiee rum Me

aee paJyMHhiMH, npM6mnK.eHl'LSIMH. Ey.lleM HCXOJrHTh R3 Taro, 'qTQ B pd·paccennm 

OCHOBHy>O ponb HrparoT a.P<JieKTHBHhle anpOHHhle CTe!lem< CBOOO)lhl. Tor:rr.a Ha:u6o

nee IIpOCTbiM ll eCT€CTB€BHbiM Mexa.HH3MOM pd-pacCrurHH.si Ba.Ja.u llpe,llCT3J3JI.IteTC51 

nonrocH&IH: Mexa.HR3M B u-xaHane, B paMKax xoroporo ocymeCTBIDreTCJI nepe.na'lla 

ayxnoHa (B o6meM CJIY'lae 6apHOHa) OT J!eiiTpoHa K npoTOey (CM. pRe. 1). KoBapR

a.HTHM TpaKTOBKa TaKOH .n:Harpa.MMDI, ocaoBaBHaJI aa ypaBHeiDIH Bere-Comm.Tepa 

[20, 21], llpHBO.UHT K pe3ynhT&TaM1 KOTOpbie He O'tleHb Cl!JihBO OTJilfl:l8lOTC.Si OT no

JI}'1.J:alOI.UHXC51: B , CTapOMO.UHbiX" TIO.D;XOJlax, OCHOBa.mn.IX Ha npsrMOM BCTI0Jlh30Bamm: 

sonnoaoil <PJHKUHH .nei!Tpoaa. IIpR 3TOM o"!eHh BIDKHhiM: OK3.3hiBa.eTCJI nQUCTaHOBKa 

B BOJIHOBYJO ¢yHirn.Juo "npaBHJihHoro" ( T .e. c yqeTOM pe.Jl51THBHCTCKO:ii KHHeMaTWOI) 

JHa'leHHx k --·- BHyTpeanero ltMIIYJThCa HyKJIOHa. 06IIDIM .zmx Taxoro nma pac'l:!eTOB 

pd-paccesnm:g Ba.Ja.Jl XBJIK€TCX CynleCTBeBHOO K0Jllf',]ecTB€HBOO, a B cnyqae a.Hami:m:

pyroiileii ciioco6aoCTH T 20 - B xa"<IeCTBeBHoe pacxo)K.Uemre c 3KCnepHMenTam.:m.n.m: 

.namn.n.m. Bbll[CmiJIOCb Ta.K)l(e, l.lTO npa:snm.noe noBe,nemie T20 MOJKeT 6h!Tb no

nyqeno 3a Cl.leT npHMeCH P-BOJIID:,I B OCHOBHOM COCT051IDm .UeftTpoHa [22). flpa.B.Ua, 

aBTOMaTH'lecKn B03ID'IKaJOIIlM npH pememm ypa:sneiDlS£ Be-re-CommTepa a.HTmJYK

JIOHHM p-BOJIRa 0Ka3biBaeTC51 CID.U!IKOM Man: Oft, "qT06hl 06'h51CHllTb Ha6JllO.UaeMyiO 

Ha OIIhiTe 3aBHCHMOCTb T20 OT BHyTpenaero HMnym.ca k . .Ua.m.aemnee yCJio>KHemre 

Mexa:s:HJMa pd-paccenm:g B paMKax xoBapHaHTHOro noneBoro annapaTa npe.ucTaa

nxeTcx Ben;enecoo6pa3HhiM1 IIOCKOJlbKY npJi!XO.ImTCg BBOJll'ITh HOBble Tpy,llHO Onpe,ne

JI51eMhle ¢lopM¢laxTophi. 

llo3TOMY a rrocne.u;Hne ro.nhl nonymrpHhiM cTan a.Hann3 pd-nponeccoB B ¢opMa

JIHJMe peJijiTBBHCTCKO:ii KBaHTOBO:ii Mexa.ImKl! (PKM), B qaCTHOCTH1 B BapHa:HTe Jll'I· 

Ha.MHirn CBeTOBOro ¢lpOHTa (.UC<f>), B paMKax KOTOpO:ii OCynlecTBJI51eTC.Si pea.JIR38.I(IDI. 

rpyniibi ilya:Hxape Ha fia.JHCe HeCKOJlbKHX qa.cTBU1 "npsnm" B3aHM®eiiCTByiOII.ll!X 

(T.e. qepe3 MrBoBeHHl:.I:M 
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II0TeHUH8.JI") ,npyr C .n;pyrOM (23, 24} . .UOCTOHHCTBaMH Ta

KOro IIO,llXQJla HBJIIDOTCK ero ¢l0pMam..Hasi 6Jin30CTb K HepemrTHBHCTCKOii TeGpRH, 

BCIIOJib30Ba.HHe BOJIHOBOii Q?yHKIJ;H:I'I H B03MO:>KHOCTb KOHTpOIDi 3a TQqHQCThlO peme

RIDl 3aJl&"lli pacce51Hl:151. Pacl:leThl B paMKax PKM c yCJIO)KHemreM Mex.a.HH3Ma -

yqeTOM 06Mena pe30HaHCa.MH1 B036yxJreHR51 .6.-HJo6apbi, IIepepacCejiiDU H T .,U. -

He llpi!BO;rt.J!T, 0Jll!a.KO, K pa3yMHOM)' COrllacniO C 3KCllepHMeHTOM [25]. 

B aacTosnileft pa6oTe .uen:aeTcx IIOIIbiTKa B pa.MKax llCcP "pea.HRMBpoBan.'' u

KaHaJibHJlO nomoceyro ,IUiarpa.MMJ .niDi a.Hamoa dp-paccesriDU~: H33a,u;. OcnoBHhle 

C006paJK€BIDl B IIOJlb3Y Hameii IIom.ITirn COCT051T B CJII!!lY10IUeM. Bo-nepBhiX1 Ka.K 

Mhi y>Ke OTMeqar.rn:, pacc"tiHThiBaeMDie xapaxTepHCTmoi 3TOii peaKWUJ pemaroiJ.UIM 

o6p830M 3aBHC51T OT Tex BHJTpeHRIDC HMDyJlhCOB, KOTOphle nQJlCTaBJl5110TC5!: B BOJI

HOB:ble ¢lYHKililll .neiiTpOHa. llHHa.MHKa CBeTOBOro q,pOHTa C03.l(aeT 3,ll€Cb, KaK Mbi . 
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YBHlll!M HIDKe, .nono.mm:Tem.Hl:.Ie B03MOJKHOCTH. Bo-BTOphlX, npHMenenHe PKM c 

yrJIOBhiM yCJIOBl'I€M1 HecMOTp.s! Ha 6oJI:&IDylO IIpHBJieKaTeJI:bHOCTh BCeii CXeMhi, CBSI-

3a.HO c O"qem,. CHJThHbiMl'I rHIIOTeTIP:IeCKl'IMH yTBep)KJleiDUIMH. B caMoM .nene, HaM 

IIpe,IlCTa.BJI.sieTCSI .MaJIOBepO.SITHbiM, l.JTO TO'f.JH8JI HenepTyp6aTHBHaJI TOOpH.s£ MO)KeT 

CBecTHc:b 3¢HPeKT:HBHO K PKM-cxeMe, B xoTopoii onepaTop emma CHCTeMI::J nepe

CTaeT 3aBHceTh oT B38JIMo.n:eHcTBH.s£ [26]. Haxoneu, B-TpeThHX, npe.zu.necTByroi..UMe 

paCT.JeThl pOJIH pe30Ha.HCOB OCHOBh!BaJIHC:b Ha Ta.JrnX 3Hat.IemtHX HX IIpHMeceii K .ueii

Tpoey, KOTOphle, TIO Haiii€My MHeHHIO, H€Jlh3.SI Cl.JHTaTb XOpOIIIO ofiOCHOBa.HHhiMH. 

lleiiCTIDIT€JihHO, B H3CT051lllee BpeMg o6cy>K.llaiOTC.SI ){Ba MexaBH3Ma "naxaqJCH" .nei:i

TpOHa nyxnoHHl>IMR pe30Ha.HCaMH. O.nHn H3 HHX .s£BJISieTc.sr Me3oHHhiM [2], .npyro:H --

KBapKOBhiM, 3a C'l:leT <J?OpMHpOBaHIDI B .ne:fl:TpOH€ W€CTHKBapKOBOii KOH¢lHrypaUHH 

S 4p2 [27, 28]. HH O.IlliH H3 3THX Mexa.HH3MOB HeJI:b3.sl Cl.IHTaTb KOJIH'I:I€CTB€HHO TOl.IHO 

OTipelleJieHHhiM. 3TO OCofieHHO Ba>KHO IIO,llt.IepKHyTI:. B CB.si3H C TeM, 'I:ITO 3a IIOCJIEmHH€ 

ro.llhl Bhi.SI:CHHJiacb onpe.n:eJieHHa.st orpa.HlPieHHOCTh Me30HHoH npHpO.llhl N N-B3aHMo

.neiicTBIDl ,IlaJK€ B o6JiacTH MaJlhiX 3HeprHif [29). lb CKa3aHHOro CJieJzyeT OCHOBHrut 

Ue.r.u. 3TOi pa50Thl. 0na COCTOHT, BQ-II€pBbiX, B pacl.leTe rJia.BHbiM o6p330M CTIHHG

BI:JX CBOiiCTB pd·paccemnur H833Jl B paMKax llCtl> C HecKOJlhKO MQJlH¢miM:pOBaHHblM 

annapaTOM. Bo-BTOphiX, Mh1 ne npHB.H3h!BaeM(:jl K MnKpocxonffqeCKHM pac1:1eTaM Be

JUPUIBhl rrpHMecH pe30HaHCOB K .n;eii:TpOHY, a BbU!CHgeM, B03MO)KH0 JIH B IIpHHlllme 

IIpH p33yMBhlX, HO ¢leHOMeHOJIOrlf'IeCKHX 3Ha'l:leHJII.siX BenH'l.JHHl:.I 3TOH IIpHMeCH )lQ-

6HTbCX XQTj!: 6hl Ka'l:leCTB€HHOrO COrJiaCH.s£ pac1::1eTOB C H3MepeHHOI1: a.HaJIH3RpyroiUei1: 

crroco6nocThiO T20 ynpyroro dp-pacce.HHHH H83a,u. He.smna.sr rHnoTe3a COCTOHT B TOM, 

'ITO 3TO pacce.HHPie H JlOJDKBO fii:.IT:b OCHOBHhlM HCTQ'qHHKOM HHQ;>OpMauHH 0 llpHMeCH, 

HanpHMep, P-BOJIHhl x .neHTpony. 

2 <PopMaJThHhlH anrrapaT 

2.1 BapHOHHhrii: ooMeH B .n;HHaMHKe CBeTOBoro «lJpOHTa 

B cOOTBeTCTBIDI co c.nena.HHhiMH BO BBe.neaHH 3aMe'l:la.HIDIMH Mhi 6y.ueM pa6oTaTh B 

annapaTe KBaHTOBOif TeOp:IDI TIOJI.H H HCXO,IIHTh H3 TOrO, l.JTO B ynpyrOM dpo-paCCeJIHHH 

H838.)l rrpH HMliYJI:bCax naneTaiOI.UHX .ueHTpOBOB f"V 5 r3B I c JlOMHHHpyeT o6MeHHbl:M: 

MexaHE:3M1 ITOK33a.HHbill Ha pHC. 1. fipH 3TOM 06MeH ocymeCTBJI.SieTC.H He TOJihKO 

:HyXJIOHaMH, HO H eyKJIOHHhlMH pe30Ha.HCaMH. 

KoBapHaHTHa.st 3aTIHCh a.MIIJIHTY.llhl, coOTBeTCTByromeH npHBe.IleHHOH .IIHarpaM

Me, npe.zr;n:onaraeT BBe.IleHHe 60JThillOrO 'I:IHCJia H€M3BeCTHhiX <lJOpMQ;>aKTOpOB B .ll€11:

TpOHBhiX BepmHHax [30], a TaK)Ke HeTpHBHaJihBhiX nponaraTOpOB ,llJijl 't:JaCTHU CO 

CllliHaM>! S = 3/2,5/2, ... [31]. Il03TOMy )laJKe B CJlyqae ECDOJih30BaHH~ TOJlbKO O)l

HOif ,UHarpaMMhi neo6xo.zu!Mhl cep:&eJai:.Ie ynpomeaM.sr B OIDICaHHH npou;ecca. O.nnHM 

H3 Ba>KHeihiiHX Tpe60Bamtii K ¢opMaJIH3MY SIBJl.s£eTCjl Tpe60BaHHe pemiTHBHCTCKOH 

mmapHa.HTHOCTH, TaK KaK .llaJKe nepezxaBaeMhle 'qaCTHUhl B pacCMaTpHBaeMhiX KHHe

MaTH'!JecKHX ycnonmrx .sr:emiiOTC.sr cymecTBenao penXTHBHCTCKl'1MH. Ha nam B3rmr.n:, 

HaH60Jiee ecTecTBeBHO MO:IKHO COBMeCTHTh Tpe60BaH:Hjl IIpOCTOThi OIIlJCa.HH.sl M pe

JIKTHBHCTCKOH: HBBapHaHTHOCTH B pru.max JlHHaMHKH CBeTOBOro 4Jp0BTa [32]. 
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Pnc. 1. llnarpaMMa O.ItHD-

6apnoBHoro o6Mena .nmt ynpy

roro dp-paccemm:.sr Ba3a.rl-

B .UC<t> nBBapHanTnyro aMIIJIHTYJlY M fi, cooTBeTCTByrouzylO .IIHarpaMMe pHC. 1, 
MOlKHO IIpH6nJ-J)KeHHO 33.IillCaTh B BH.lle CYMMJ:>l TIO TIOJIIOcaM, 0TBe1:18lOIDl!M 06-Meay 

HYKJIOBOM H ero B036y)K,IIeHHhiMH COCTO.HHHm.m: 

Mt< = 2:; M(d-+ p'R)M(pR-+ d') 
R 2R+(R-- R00) ' 

(1) 

r;lle M(d-+ p' R) n M(pR-+ d!) - aMnm<TYJlhl paoBana n o6pa30B3lfiD! ;lleiiTpoaa, 
R- HH.nexc pe3onanca (n TOM -rncne H aytm:ona), R+ H R- ~ "IIJIIOC"- z "MHHyc"

xoMTioneHThl qempexm.myn:bca pe3oHaHca: 

R± = 2_(R0 ± Ii') .j2 , 
(2) 

fl!J n R3 - nyneBax C' 3Hepr:rur") H TpeTh.H xoMnonenThl KMIIYm.ca RP., R;., -

"MHeyc"-KOMll0H€HTa Ha MacCOBOif TIOBepxHOCTll 

w _M'f.+i4 
on- 2R+ 

(3) 

RT - neprreB',I(Hxymrpna.sr OCH z KOMTIOHeHTa HMIIym.ca RP., MR- Macca pe30BaH

ca. B t;pefurM:anoBCKoii TexJmKe Bhl"lliCJieRIDl ,IlHarpa.MM, xoropax B .rca.mroM cnyqae 

COBD3JlaeT C ynOpjl)l01:JeBBOH DO BpeMeHH, 

R-=a-p'-. (4) 

IlpH6JIIDK€mn..r.ii xapaKTep Bhlp8JKeHH.s£ (1) COCTOHT B TOM, liTO CIIHBOBa.H "tJaCTb npo

naraTOpa pe30HaHCa B3.s1Ta, B COOTB€TCTBHR C o6hl"lHOif npa.KTHKOii [33], Ha MaCCOBOH 

DOBepXHOCTH. C OJlH<ili CTOp0Hhl1 3T0 U03BOml:eT nepeiiTH OT Bepunm K BOJIHOBbiM: 

4:lymaiBIDJl:, c JlPYrDii, - nenaeT nponaraTop nexoBap:aaHTHbiM :a, cne.uo:saTeJThHO, 

TipHBO,I[HT K HapymeHHlO pemiTHBliCTCKOif HBBapHa.HTBOCTH. lthB&THO [34], 'tJTO .llJUl 

BOCCTaHOBJieHU KOBap:ma.BTHOCTII He06XO,Ill!MO .rco6aBHT:b KOBTaKTnyiO "tJ:aCTh npOIIa

raTOpa, 'l.JTO npHBOJlHT K 'l"OMJI', 'tJTO B 'llliCJiliTeJib IIpoiiar&TOpa TaiOKe BOii.n;eT KOM

IIOBeHTa R-, a ne R~. Ml>I c-rnTaeM, 1::1To B n:crroJih3yeMOM Ha.MH npH6moKeHHH 3TH 

BapymeHID£ pem!:THBHCTCKOii RHBapHaBTHOCTK SiBJ!SUOTC.H MmmMam.HhiMH. 
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C TIOMOlllbiD nepeMCHHOM 

X= p'+ 
d+ 

c}?OpMyJiy ( 1) MOJKHO npe.zrCTaBHTb B BH.Ite 

r;JJ£ 

1 M(d--+ p'R)M(pR--+ d') 

M,, = 1- X it MJ- M'f,Tfx Mfu./(1 x)' 

2 - 2 ' -2 
MNT- MN-,- ~' M2-M'·ii' 

Kr- n•J.vr· 

a MN H Md Maccbl HyxnoHa H .neMTpoHa, cooTBeTCTBeHHo, 

B llC<t> BeJIH'H!Ha 

M(d--+ Rp') 

M]- M'(x,Rr) 
NR -

= 'Pd (x, kn:r, Jl., Jl.n) 

(5) 

(6) 

(7) 

HrpaeT ponb BOJIHOBoM ¢YHKUHH B KaHane N R: 31leCh J1. 11 Jl.n npoexn1111 crrnHoB 

liYKJIOHa H pe30HaHCa Ha och KBaHTosamHr. B npe.ubl.U}'llleM ipopMyne (7) Mhl BBeJIH 

HOBYlO nepeMeHHYlO 'flU', Onpe.zu~JUICMYlO C00THOWCHH€M 

knr = (1 - x)fr- xRr, (8) 

rne HH.U€KC "T" 0603Ha"tJaeT IIOIIepClJHYIO OTHOCHTCJlbHO OCH Z KOMITOH€HTY HMnYJib

Ca. 

BonHoBasr c}?yHKUHji (7) HOpMHpOBaHa ycnoBHeM 

"f· NR!2 L !IPd , drn = 1, 
R 

(9) 

rne MCpa liHTerpHpOBaHHH dTn HMCCT BK.l! 

dxdkRT 
d-rn = (2n)32x(1 X). (10) 

B TepMHHax BOJIHOBbiX $YHKUHH llC<t> ~.p'JR(x, kRT) aMnmny.n:a (6) nepenHCbiBaeTcji 

B BH.lle 

M 1 '"' NR( k- ' ) NR•( ' k•' ) 
ji=--L'Pd :r.,RT,Jl.,Jl.ncpd X,Ja'~Jl.,ILRX 

1-x n 

r.ne BenH"tJHHa 

M2 k·2 M2 k·2 
(MJ _ N + RT _ R + :n:r) 

p+ 
'-

X- d'+ 

x' 1-x' ' 

(11) 

(12) 

COOTBCTCTB.YBT KHHeMaTHKe }leMTpOHi:11 HCTIJCKaCMOro 1'13 HlOKHeM BCplllHHhl .IUia

rpa.M.Mbl pnc. 1. 
6 

Tenepb .UJIH y.uo6cTBa or nepeMeHllhlX x~ kn:r nepe:H.neM x HMnynhCHhiM nepeMeHHbiM 

kn = (kRT· kh). r.ne k~ onpP.neJJ5~eTCSI C00THOII1€HHSI:MH 

EN(kn) + kk 
J: = 

EN(kn) + En(kn)' 

~~·;\" .R = J ,"nvfl; .R ~ f~. 

B HOBhiX nepeMeHHhiX aMn.JIMTY.IIa M fi npHHHMaeT BH.I!. 

r.ue 

M,, = 
1 
~ x it 'P~n(kn, p,', p,n)'P~R· (k~, p,, J"n)tJ.M2 (k~), 

tJ.M2 (k~) = MJ- M2(k~), 

M 2 (k'n) = M"f. + k'fa. + Mj, + kk = (EN(k~) + En(k~))'. 
:r' 1- x' 

HopMHposxa ¢yHxmn1 <plju B HOBbiX nepeMeHHhiX HMeeT Bltn. 

d3 kn 

I NR - )\2 = 1. 
I: l'fd (kn,P,,JLR (2r.)32JLNn(kn) 

RILILJI 

rne 
EN(kn)En(kn) . 

I"Nn(kn) = EN(kn) + En(kn) 

(13) 

(14) 

(15) 

(16) 

flOCKOJibKY Mbl COfiHpaeMC.s! aHaJUi3HpOBaTb IIOJISI:pH3allHOHHble HafiJllO.llaCMbl€1 Bbi

paJKaiDIUHeC.H 'Iepe3 s- H D-KOMIIOHeHTbl BOJIHOBQ11: ¢lYHKUllYI neHTpOHa~ Heo6xo

.UHMO fiy.ueT paCCMaTp:riBaTb opfiHTaJibHhle 1'1 C.TIHHOBhie MOMeHTbi KOJl:H'tJ.eCTBa )lBH

JK€H'HSI. B IIC<D np:H pa6oTe s LS-npe..ncTasneHHH B03HHKaiDT onpeneneHBhle Tpy.n:

HOCTH, TaK KaK onepaTop emma, BOOfiUle roBOp.sl, 3aBHCHT OT B3aHMO.D:eiiCTBHji. llOJ

TOMY C.ilell_YKllUee Hau:Ie IIpHfiJUDKeHHe COCTOHT B TOM, qTQ Hallla BOJIHOBM q>yHKllH$1 

B xa)K)loM H3 KaHa..nos N R fiy.ueT OTo>K.UecTBJISlTbCSI c .n:ByxTeJJhHOH BOJIHOBOii ¢ymc

nHell B PKM eBeTOBoru rppoBTa l24. 35. 36]. B :noM TeOpHM s xa'-IeCTBe CIIHHOBoro 

onepaTopa S GepeTC.sl CIIYIHOBhi:i1: onepaTOp CBOfiO.UHhiX 'tJaCTHU. H BOJIHOBM ¢iYHKIIHSl 

cp[fR(kn,fL. JLR) 3aTIHCbiBaeTCSI B BHlle 

NR - 'C"'"' NR 1 
'Pd (kn. JL.Jtu) = L., rp,__ (kn) < ? v sn vnls rn, > x 

l.< -

< lmsrn,I1M > [R+(fn)]""[R+(-kn)]""""Y,,.(iln), (17) 

r.ne iin HanpaBneHne BbiJieTa npoTOHa, a MaTpHUbl ME"JJOilla R+(kn) [37] SI:BJISIJOT

C$1 D-q>yHKUll.siMH npocTpaHeTBeHHoro noBOpoTa Ha yron Menollla, KOTOpblfl: MO)KHO 

naftTI'l 1'13 Hnnoro nn,na Ma.TpVIUhi Menorna n N N -KaHane: 

R" (kT) = MN + EN(k) + k3
- iEr>kTca, 

J2(EN(k) + MN )(EN(k) + k3 ) 
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3JieCh tJ6 -- MaTpHilhl llaynH, T, s = 1, 2, €rs 

T€H30p, €12 = -€21 = 1. 
e.IIHHH'l!Hiill! aHTHCHMM€TpH't1:Hhlft 

C HOMOillb!O qJOpMyll (15), (16) II (17) 33Jlaqa Bhi'IIICJieHJI~ aMHJIIITY.Ub! .UIIarpaM

Mhi pnc. I -qepe3 BOJIHOBhie <PYHKilHH JieiiTpoHa B p83HbiX KBJHlJlax, B rrpHHUHne, 

pemaeTcx. Cne.zrosaTenhHO, pemae-rcx Ha MOJI€JibHOM ypoBHe H Ja.n;a-qa orrpe.zreneHHX 

CIIHHOBbiX xapaKTepHCTHK nponecca ynpyroro dp-paccemHx Ha3a.n. 

llo cmc nop Harne paccMoTpeHHe 6Lmo .nocTaTO'tf:HO o6IUHM. KonKpeTH3RpyeM Te

nepb Bbi6op Hanpa.BJI€HHX OCH Z. ilOCKOJibKY 3¢fl:l€KTHBHiill! ,Jiarp<UUKHaH. paCCMaT

plJBaeMhlJoi: CTeneHeH CB060lU>I JIOn>KeH 6LITh JIOpeHII-HHBapHa.HTHbiM (B 'tf:aCTHOCTH 1 

Bp3J..UaTeJihHO HHBapHaHTHbiM), TO B 06IUeM CJiy-qae OCh Z MQ)K€T 6biTb Bbi6paHa npo

H3BOJibHO. 0JIHaKO HCIIOJib30BaHHe BM€CTO KOBapHaHTHbiX BepliiHH BOJIHOBbiX ¢IYHK

UHH PKM CBeTOBOro ¢poHTa c yrnoBbiM ycnoBHeM M npeHe6peJKeHHe KOHTaKTHh!MM 

JIH3rpa.MM8.MH IIpHB0JIHT1 B006IU€ fOB0pX1 K Hapylii€HHIO Bp8l.UaT€JlbHOft HHBapH

a.HTHOCTH1 H Bbl50p HaiipaBJieHH.si OCH Z CTa.HOBHTC5I cyutecTB€HHhiM. 06mee oficy>K

Jleml€ 3Toro Bonpoca BbiXOJJ:HT 3a paMKM HacTOXI.Ueii pa6oTbi. Ilo3TOMJ Mbl orpa

HH"tJHMC.sl TOJihKO CCbiJIKOft Ha TO, lJTO o6bl1JHO IIpHHSITO HaiipaBJll[Th OCb Z BJIOJib 

nyqxa. Tax,aanpHMep, nocTyna.IOT B TeopHH my6oKoHeynpyroro: pacceJIHHX [38]. 
Mbi 6yJieM cne.zroBaTh 3TOH TPaJlHUHH. CpasneHHe c 3KCnepHM€HTOM MO>KeT crJ.y

)KHTb H€KOTOpbiM KpHTepHeM IIpa.BHJibHOCTH Bbl60pa JKa3a.HH0f0 HaiipaBJieHHSI [39]. 
Ham Bbl5op npHBOJIHT x TOMJ ,'tf:TO x =f:. x', n, cnenoBaTeJibHO, kR # k~. B cny-qae 

ynpyroro dp-paccemnx Ha33.JI 

x·x' = (~:t- {I9) 

IlpH TaKOM Bbl6ope HaiipaBJieHHX OCH Z Mb1 TaK>Ke H36a.BJISI€MCX OT He06XO.I(HMOC

TH yq:eTa MaTpHu Menoma: npH pacce.srHHX Ha3a.n: Bee nonepe"tJHbie COCTaBJIXJOIUHe 

HMIIYJILCOB pa.BHbi nymo H nOBOpDTbi Men om a OTCJTCTBYJOT. 

2.2 .Il:n:.p.pepeHn:Ha.JibHOe ce'!eH:He yrrpyroro dp-pacce>IHH>I 
Ha3a.Q. 

.Un<t>¢epenn:-HanbHoe ce"tJeHHe du j dO ynpyroro dp-pacce.smHx Ha.Ja.n; naeTcx B c.u.M. 

<flopMynoH 
dn 1 
dfl = 6(81r}2s Sp{MJ;Mj;}, (20) 

rne s- KBaJlpaT nonaoH 3Hepr:m~ B c.n;.M., Mfi- aMIIJIHTy.n;a npon:ecca, a nHJiexc 

Sp 03Ha'lJaeT CJMMHpOBa:HH€ IIO CIIHHOBbiM nepeM€HRblM Ha't!aJibHOrO H KOHe"tJHOrD 

COCTO.SIHHH. HeCJI02KHI:J€1 HO rpOM03.llKH€ BbP:UICJieHJU IIpHBO,IUIT K Bb!p3.)K€HHIO 

Sp{M,,Mj;} = ( ~ )2 I.: B::''(kR,kR·) X 
1 X ~~RR! 

B~·(k'n, k'n, )LlM~(k'n)LlM~(k'n,), (2I) 

8 

·r 

l 

rJle 

B::'' (kR, kR') 

bRR' (ls·l' s') •. , 

{ 
l S I } { SR S I/2 } 
$ l' tl.s 81 SR• K'.s • 

L b~' (Is; l' s')rf>z,(kR)rf>i·,(kR' ), {22) 
lsl'il 

= (-1)'•·+112 2-if• ss' < zoz'o[,.,o > x 
411" 

(23) 

-'""'{lsi} 3.necb t1.
8 

= s + s', l = v 2Z + 1, 
8

, l' f'i-s - 6j-CHMBOJihl BRraepa, a 

< l 0 l' 0[~<, 0 > - K03<j><)JmmeaThi Kne5ma-ropJla:aa. IIpn Bb!BO.Ue <)JopM)'llhi (21) 

Mbi BOCIIOJib30BaJIHCb COOTBOW€HHeM 

L 'PM(k, J.', J.'R)'Pu(k, J.', J.'R') = 
Mp 

a ••••. I.;(-I)'"'-""' < SRJ.'RSR• -!'R'[",q• > B~(kR,kR·), (24) 
•• 

r.n;e M - npoeKUIDI cnnaa .neHTpoaa na OCb KBaBTOBaBID£ (s .namiOM cnyqae 3TO 

OCb z). 
Ecnn orpaHH"'lliTbC.sr TOJibKO nyxnoHBl>IM xaaanoM, TO H3 t!>OPMYJihi (20) nony

lJaeTCX H3BOCTHDe BbipaJKeHHe JIJIX .zm<t>¢JepeHUH8JibHOrD C€'t!€HHSI B npH6JllDKe:mrH 

O,UHOeyKliOHHOrD o6MeHa (ORO) [40]: 

dn 3 (MJ- M'(k].))2 2 2 )][ 2 , 2( , ] dfl = (
64

1r2)2s 
1

_ x [rf>o(k) + r/>2(k r/>0 (k) + r/>2 k) . (25) 

1fHTepeCHO OTM€THTb
1 

'lJTO 3TO Bb!pa.JKeHHe CHMMeTp:wmO OTHOCHTeJihHO 38.M€

Hbi mTpHXOBaHHbiX x H k na HemTpiDCOBa.HHbie H uao6opoT. GTo 03Ba"tJaeT, "~ITO 
liii¢¢epeHilllaJibHoe ceqeHJ!e ynpyroro dp-paccelll!IIJ! HMaJl, .ua:aaeMoe Bb!PruKeHIIeM 

(25), H€ 33.BHCHT OT Bbl60pa Hanpa:BJiemt:X OCH Z BII€p€JI HJIH H833Jl. 

2.3 TeH30pHaJI a.HaJl1'I3Hpyro:r.n:aJI cnocotlHOCTb B ~yroM 

dp-pacce>rHHH H33an; 

TeH3opHrut a.Ha.JIH3npyrowax cnoco6aOCTb T2o onpezi.eiDI:eTCX BbiPaJKeiDieM 

Sp{Mt:.oM+} 
T2o = Sp{MM+} , 

r.ue B Ka'!ecTBe CHIIBOBOfO onepaTOpa T20 Bb!OpaH CTaHI(apTHJ>til CHIIB-TeH30p 

(26) 

< 1M I t20 II M' >= ( -I)l-M' < I M I - M [2 0 > . (27) 

IIo.ucTaHOBKa B {26) a.MIIImTYlihi (15) c y'leTOM (17) npi!BQ!lHT K CJieztY!Ol!leMY Bhi-

pall<eHHIO: 

T- = L: •• RR'LlM2 (k',)~M'(k'no)A,,(kR,kn·)B:.(k',,k',.) (2S) 
20 I:. RR' .6.M2(k'n) Ll.M"(k'n,) B,,(kR, kn•) B~ (k',, k'n,)' 
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r.ne 

A •• (ka, kg) = .L; a:;:' (ls; l' s') ¢,,(ka)t/Ji,,.(kg ), 
lsl's' 

aRR!(ls·l's') = (-1)''+•.+•-•w+'l22.ss'fr{ 5
R 

5 

tt.. ' 411" s' sR 
1/2 } X 

"• 

{ 
l "' L < IOI'Oit<tO >< ~<t0~<,0 120 > i<, 1 2 

1t1q1 S K-
8 

l' } 
1 ' 
s' 

(29) 

(30) 

{

!t<,!'} 
3.nech "'' = l + l', 1 2 1 - 9j-CHMBOJihl BHrnepa, a B,, (kn, kR') .naHo 

s f\,8 s' 
Bhlll!e Bhlpa.lKeBReM (22). 

<!>opM)Tna (28) onpe,nengeT KOMJIOHeBThl TeB3opnoii aH3JII!:3HP)'lOIIIeii cnoco6noc

TH T 20 B Bhi6paHHOH Ba.Mll CHCTeMC XOOp,llHHaT C OChiO z, nanpaBJieHHO:ii BllOm~ II~Ka. 

Bo MHOrmc axcnepnMeHTax, o.zumxo, IIOJI.st:pH3a.UHX nyqxa .n;eihponon Ja..D:aeTc.sr oT

HOCHTem.no OCH y, HanpaBJieanoH nepne:w:uncymipHO IIyqicy. Jlerxo y6e,li;JoiThCX1 >:ITO 

TeH30pBrui a.HaJm3HpJKH.IlM CIIOC06HOCTb 72~ IIO OTHOlllCHIDO K 3TOii: OCH y IIpOCTO 

CB.SOa.Ba c nafuleano:H naMH nemPnmoid: T20 • {Y TeHJopno- no.nsrpH30BaHHoro .ueH

TpOHHoro nyqxa OTJll!lma OT HYIDI TOJibKO "20"-KOMnOHeHTa MaTpHUhl IIJIOTHOCTB.) 

.1leHCTBHTeJn,.H0 1 CUHH-TeH30pbi t~, Ja.rtaHHbiC IIO OTHOIIIeimiO K OCH y, H t 2q 1 OIIpe

.lleJiemn.Ie OTHOCHTeJrbHO OCH z, CBX3a.m:.I COOTBOWCHHCM 

~ = Rt2,R-1 = .L;D~,(R)t2q'. 
q' 

(31) 

3.uech R- llOBOpOT OT OCR Z K OCII y BOxpyr OCD X, a Dq'q(R) ·- MaTpi!Uhl HenpH

BOllHMOro npe.nCTaBJieimS£ rpyniThi Bparue~mH. B TepMHHax yrnoB 3Mnepa 

11" 
R = (2, 0, 0). (32) 

lh (31), (32) RaxD.ZmM, 'ITO 
R 1 

T2o = 2T20. 

ECJm B Bhlpaxemm (28) orpa:sHt:IHTLCSJ: TOJ'IhKO nyxnOHHhiM xa:sanoM H nono

lKl!Tb k = k', TO DOJI)"lliTCg H3BeCTHM <j>OpMYJia (eM., HaiTpi!Mep, [41]) 

r. _ VB u(k) w(k)- w2 (k) 
20- ,/2[u2(k) + w2(k)] ' 

(33) 

r.ue u(k)" w(k) - panHaJihRhle BOJIHOBhle lj>YJ<KlU!H, cooTBeTCTBYIDIIIHe S-" D-

COCTOSI:HHKM ,lleiiTpoHa. 
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2.4 Ko3¢>¢>:<r~KeHT rrepe.zta"<IK rron>~pK3aD:KK B yrrpyroM dp

pacce><HKK Ha3a.zt 

Ko3¢¢HuHeHT nepe.ria'-m nomrpH3aiUm, aT BeKTOpHo-nonS1pH30Brunioro neiiTpoHa K 

npOTOHY Ko onpe..nemieTC:Sl BbipaJKeHHeM [42] 

Sp{2.JP M .J' M+} 
,.., - y y 

0 - Sp{MM•} ' 
(34) 

rne .JC H .1: onepaTOpbi CTIHHOB npOTOHa l1 ,ne:ihpOHa., COOTBeTCTBeHBO! B,llOJ'Ih OCH 

y. llnSl HaxmK.UeHHSI lio Bbl'-IHCJ1HM _CHat:Iana B€Jll1'-!HHY 

Sp{tj,, M tf,M+} 

Sp{MM+} 
(35) 

r.lle ttq H ttq CTrumapTHbie CTIHH-T€H30pbl .llJ'ISl KOH€'-!HOrO llpOTOHa Jil Hat:IaJihHOrQ 

.ncihpOHa. COOTBeTCTBeHHO. HcnOJlhJYSl TipOCTO€, XOTS[ Jil rpOM03llKOe COOTHOWeHH€ 

L 'PM(kn.J<.J<n)(-1) 1
-M' < 1M1- M'l~<q > 'i'M•(kn•,JL',JLR•) = 

MM' 
~ 2::(-1)1'fii<, J<,, ,q s' ii' < l Ol' Olt<t 0 > x 

v47r 9 

{ 

1/2 "•' 1/2 } { l "' I' } 
<K!Cfl!J'fll!l:]q><K,;1 Cj,;'H·sQ.~ign~!l> .'i Y S

1 
11 1

1 
X 

sn K.s sn• s g s 

< Jtit,.,,)JL' >< JLnlt,,,,lJ<n• > Y,,.,(ii)<p,,(kn)'Pi•,,(kn•), 

B CJIY'-Ial:' pacct>SI:HlUI HaJ<til Ha.M.ueM 

Sp{ tj,, M t~, M'} _ J L,RR' P,~~ (kn, kn') B!:,R' (k'n, k\,.) 

Sp{M M+} - "' L,,,nn' B[Z;R' (kn, kn') Bf;!'''(k'n, k'n, )' 

r.ne B€JUI'lJHHbi B!f.R' nruoTCSI cpopMynoM (22), a 

P::::(kn,kn·) = 3:: L (-1)1'fji<,ss'fi' <!O!'Oit<tO>< ~<t0gql1q> x 
ll's~'y~t~K.J 

(36) 

(37) 

{ 

1/2 

< 1 q "• Olg q > s 
sn 

I 1/2 } { l "' l' } 
:, ,;~, ~ -~ ~' q,,,(kn)¢i,,,(kR•). (38) 

3.uech q = ±1,0 c<PepwleCKH€ HHJleKChl B€KTOpa TIOJI51pH3aUltH 

px = 
1 

.JZ(p-1- p+'), 

I'" = 
i ,_/2(/'·1 + p+1 ), 

pz ;;;;; I'' , 
11 



fl = -v'29TI, DpH'tleM g npHHHMaeT Ha.HMeHbillHe 3Ha'tieHH51 H3 HHTepBallOB ls-s'l 5 
g :S s + s', 11- ~<,J :S g :S 1 + "" i"'- ~<I :S 9 :S "' + "· 

BoJBpa.IIlaJ!Ch 1< onpen:eneHI!IO xo:l<j>ljJIIIIIIeHTa "o (34), 3aMeTIIM, 'ITO 

i 
-': = 2(ti, + tf_,), 

J; = i(t',', + tf_,). 

Tor)la c noMOIUbiO (37) Haii.l!eM, 'iTO 

< 2J';, .M Jf..M+ > = -~ { < ti,.M tf,.M+ > + < tf_,.M tf_,.M+ >}. (39) 

<.M.M+> 2 <.M.M+> <.M.M+> 

ECJIH CHOBa Orpa:HH'qHTbCSI TOJibKO 06MeHOM HJ'KJIOHOM H llOJIO)KHTb k = k', TO 

nOJIY'WM ljlop><yny 

< 2.J;; .M J; .M+ > 1 u2(k)- w2(k)- u(k)w(k)f../2 

<.M.M+> =3 u'(k)+w'(k) 
(40) 

KOTOpaJl OTJIH'tlaeTCK OT o6LNHO HCllOJib3JeMOii TOJibKO TpHBH3Jibm.IM HOpMHpOBO'tJ

HLIM MHOJKHTeneM. 

3 Pe3yJihTaThi pac"<IeTOB H oocy::lK.u;eHHe 

06cy)K.l(eRHe pe3JJibTaTOB Ha'lffieM C a.Ha.Jm3a B03M0)KHQCTeii DOJIIOCHOH JlHarpaMMhi 

pH C. 1 B uameM BapHa.BTe .llCcP, HO C yq:eTOM TOJibKO HJKliOHHhlX CTeneHe:ii CBofiOJIJ;,I 

(T.e. B npH6n~~JKeHim OHO). 

Ha pHc. 2a npHBe.zieHhi 33.BHCHMOCTH .llH¢l¢lepeHD.Ham.Horo ce'tieHHK ynpyroro 

dp-pacCeJ<HHJ< Ha3a)l (do-(180°)/dfl),.,.~. OT nMnym,ca Ha.JieTaromero ;oeiiTpoHa B 
Jia6opaTOpHOii CHCTeMe, BLNHCJieHHble C BOJIHOBbiMH <f>JHKllHKMH ,neiiTpoHa .liliK na

piDKCKOrO TI0TeHilH3Jia [43], ITOTeHIUiaJia Pe:iizta C M51I'IGIM KOpOM [44), BapHa.HTOB 

A n B 60HHCKOro noTeHIIlla.Jia [45] " MOCKOBCKoro noTeH!Illana [46], ~ KpHBble 
1, 2, 3, 4- H 5, COOTBeTCTBeHHO. fiOKa3aHbl TaJC:Hre 3KCllepHMeHTam.Hble .D;aHHhle 

l!J pa6oT [5] - [12] (yrnoBhle pacnpen:eneHHJ<, nonyqeHHble B [5, 9] B6llHJH yrna 

Oc.u.x.. = 180°, 6hiJIH np03KCTpanmm:pOBa.Hl>I K 3TOMJ yrny ua OCHOBe 3a.BHCHMOC

TH (du(B)/dl!), .•. ~. = l:r=o a;icosBI' ). 

't-fJ PHC. 2a BH,llHO, HaCKOJibKO pa3JIHl.!a.IOTCSI pe3JJibTaThi pact.IeTOB, COOTBeTCTBy

IOU:W:e Pa3HhiM BOJIHOBhiM <PYJiKiliDIM. BWlno Tax~, liTO nOJIIOCHa.sr JIHarpaMMa ue 

0IIHChiBaeT nJiaTo npH Pd ,...._, 2 - 2, 5 f3Bjc. 3Ty oco6eHHOCTb B 3HepreTH'tlecKOH 

3aBHCHMOCTH .nH¢cllepeuu:aa.n:buoro ce-qeHJtlst ynpyroro dp-paccesmH.sr ynanoch o6t..src

HHTb c noMOIIlbiO Mexami3Ma TpeyroJihHoii JlHarpaMMhi, r.ne ce'tleHHe dp .. paccemiDI 

BbipaJKaeTC.sr -qepe3 ce'tleHue npouecca N N -+ d-rr, HMe10mee pe30Ha.HCHhlli xapaxTep 

B 3TOii o6nacTn 3HeprHii [47] - [49]. Y'leT penRTHBHCTCKnx •<l><!>eKTOB " D-BOJJHhi 

,neHTpOHa D03BOJIH1! ynyt.IInHTb ODHCaHHe 3KCnepRMeHTaJlbHbiX .l{a.HHhiX [50]. 
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P~<c. 2. 3aBHCHMOCTn nntjltjlepeH!Illam.Horo ce'leHHJ< (du/dl!),.m .•. , TeHJOpHoii 

aHaJIH3l!pyromeH cnoco6uocTH T 20 H K03¢4»nlHeHTa nepe.nat.IH non.srpH38.Illfi! ~ yn

pyroro dp-pacceXHHK Ha33Jl OT Ha'tlaJibHOrQ m.myiibCa .neiiTpOHOB Pd, B:r:,.:rtnicneHHh!e B 

npH6mDKemm OHO c BOJIHOBhiMH <PJliKIU!SlMH .neiiTpoaa .una napWKCKoro noTeHUH

a.Jia [43] (KpnBaJ! 1), noTOH!Illana Peii.na c MJJTKHM KOpoM [44] (J<PHBaJ! 2), BapnaHTOB 

A (KpHBaJ! 3) "B (KpHBaJ! 4) 6ormcKoro nOTeHIIHa.Jia [45] n MOCKoBcKoro TIOTeH!Illa
na [46] (xpHBaJ! 5). 3Kcnep11MeHTa.JibHble llaHHbie no m<ljlljlepeHIInam.Ho>cy ce'!eHHJO 

113 pa6oT [5] (CBeTJlble JBeJJJO'iKn), [6] ('!epHhle TpeyroJibHHKH), [7] ('!epw.ti! xpy
JKOK), [8) (CBeTJlble KpYJKKll), (9) ('<epHhle 3Be3)l0'<KH), (10) (CBeTJJhle TpeyroJlbHliKH), 

[ll] (pOM6HKH), [12] (CBeTJlble KBa;opamn), TIO T20 l'l3 pa60T [14] (TeMHbie KpYJKKll) 

n [15] (cBeTJlble KpylKKn), no "o "' pa6oTbi [14]. 

Ha pnc.26 " 2B npHBezteHbi pe3yJJhTaTb1 Bhi'II!CJleHIIii napaMeTpOB r •• l'l "O ,l1JJJ< 

J'K333.Hm.IX BhUile BOJIHOBblX cllJHK!llrli .lieihpOHa. 3,n;eCJ,. BaJKHO n~epKHYTb, 'tiTO B 

paMKax MO,lleJIJ<I OJlHOHJKJJOHBOro o6MeHa ycrpa.HHTb pacXO:lK,IleRHe Me)!OlJ pac-qera

!.m H 3KCnepBMeHTOM HeB03M0)KHO, nOTOMy 'tiT01 Ka.K 6hiJIO OTMeqeHO B (14], B 3TOii 

MO.Uemi KOppeJIHUIDI MeJK.ZJ:Y 3Ba"G:e.a:Hnm T20 Z X:ol OTHOCHIIll!MHCH K O,llHHM J.I TeM 

lire k, JlOJJ>KHa npeztCTa.BIDrrb C06oH OKpy>KHOCTb Ha DJJOCKOCTH T20 - K.Q, TOr,lla Ka.K 

B 3KCnepHMCHTC 3Ta KOpperuiTOIK 3a.MeTH0 OTml'tiaeTCH OT OKpyJKHOCTH l'I HMeeT 

mm cnHpamL B peJyJibTaTe BbiDOJIHeHHoro uen:anHo $eHoMeaonorB"'ecKoro aHaJll!-
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3a 6hiJlO DOKa3a.HO, "ttTO C TIOMOJ.IlhlO JlOTIOJIBJ.ITeJihHOro JlJeTa 3<lJ¢eKTOB nOrJIOIUeHHX 

MO:aaiO BeCK0JlhK0 ynyqttiHTh ODHCa.HHe 3KCTiepHMeHTaJihBbiX Jla.HHbiX [51]. 

JlliJ! nenocpe.l(CTBennoro pac'leTa aHaJil!3l!pyromeii cnoco6nocTl! T 20 I! K03<!><jll!

UHeHTa nepe.na'llf nomrpH3allHH ~o B nameM nQZlXOJle neo6XOJlHMO JHaTh BHJl nyxnon

noH BOJIHOBOii ipymaum .neHTpOHa, BOJIHOBble q>yHKilHH t/JZs(kR), COOTHOIIIeHHe M~Y 

$y:HKitrurMH t/JZs(kR)) OTHOc.silllHMHCX K O,llHOMJ H TOMJ )Ke pe30HaHCJ, HO OTBelJalO

lllHM pa.JHhiM S, Ha.KOH8Il, BeJUfllliBY IIpHMeCH 6apHOBHhiX peJOHa.HCOB K BOJIHOBOH 

4>JHK:mm: D:eHTpona. 06cy.ImM Bhi6op 3THX napaMeTpon n0Jlpo6nee. 

a). Bo.tt1<0Bb!e rPY"",."'" r/>1,(kR). 
B WJ:eanhHOM cny"tJae 3TH ¢yn:xmm cne.nonano 6hi nonyqHTh B pe3JJihTaTe peiiieHHX 

,Z:OIHaMJ!tiecxoH 33Jlal:IH o npHMeCH peJOHa.HCOB B .neHTpone. B .uyxe nocTannemn.rx: 

H3.Ml! neneH, He npeTeB.ZlJlOJ.IIHX na TO'I:IHOe OIWCaHHe 3XCTiepHMeHTaJlbHbiX lla.HHhiX, 

Ml>I n:bi6panH B xaqecTne t/Jzs(kR) ocmmJlllTOpHhie ¢yn:xmrn, KOTOphie xopomo Japexo

MeB.z;J;OBaJIH ce6sr IIpH paClJeTe JIOK3JIH30BaHHhiX B IlpOCTpa.HCTBe SlllepHhiX a,n;pOHHbiX 

CHCTeM: 

q,,,(kR) = CRkkExp(-aRk~). (41) 

3.z;J;ecb Cn - BOpMHpOBOlJHhlii MHOJKHTem.; a an - napa.MeTp, xapaxTepH3JIOI.I:UI:H 

flPOCTpa.BCTBeHHYJO JI0K8JIH3amno p€30HaHCa. IlpeJlCTaBJI.SieTCJI eCTecTBeHHbiM C'liH

TaTb1 'liTO pa.n:eyc pacnpe.nenenHx pe30Ha.Hcon B N R-xa.Hanax non)KeH 6hiTh MeHhme 

pa.ueyca JleftTpona, T.e. pa.nHyca NN-xa:I:Iana. 3To MO:>KHO BWJ:eTh, Hanp~o~Mep, H3 

COOTHOmemHI Heonpezr.e.rreHHOCTeH: B03HHKHJB B UeHTpanbBOH 06JiaCTH .D:e:HTpOHa, 

peJona:ec He MO)KeT yHT:a na paccTOSlHHx, 6onhm:ae 1/AMR, r.lle t::..Mn = Mn- MN. 

J-:lJ 3THX JKe C006pa.>KeRHii: CJie.zlyeT, 't:!TO "t.JeM TJDKenee pe30HaHC1 TeM B M€Hhme:ii 

o6JiaCTH DpDCTpaHCTBa OH .UOJDKeH 6hiTh JlOKaJIH30BaB. qT06I:.I He yBeJIH'I:;JHBa.Th 

lJl!CJIO napaMeTpOB1 Mhi annpOKCHMHpOBaJIH 3aBHCHMOCTh OCUHJIJISITOpHOTO pa.,n;Hyca 

TR; = 1/ ,;aiij C TIOMOII1bl0 <!>opM)'Jihi 

/

MRl-MN 
TR;j =ro M M , 

Rj- N 
(42) 

r.ne Mn1 - Macca pe3oHaHCa N*{1440), a r 0 - o6n:llr.a ,IJ;Jisr Bcex pe30Ha.Bcon napa

MeTp. 

6) . . Be.n,u<ttuna npu.uecu pe:Jo'H.a'H.coa. 

Kax Mhl yJK.e JllOMHHa.JIH, B Jla:I:IHO:ii pa6oTe He o6cyJKJlaroTcx Mexa.HHJMhl npHMe

IIDIBamiH pe30H&HCHbiX COCTOSlHHH K .rteihpOHY. 06a JK33aHHhlX BO BBe1leHHH Me

:xa.HH3Ma B03IDIKHOB€HHX llpHM€CH1 KOTOpi:.Ie MO>KHO Ce6e npe.IlCTaBHTh, Tipezi.CKa3hi

BalOT BeJIH"q:mzy npHMeCH OT HeCKOJihKIDC .D:€CSITbiX .noneH npouenTa .llO HeCKOJlhKHX 

npon:eHTOB. BHaqane, Ha aTane B:&I6opa Jlpyrn:x napa.MeTpOB, Mhi Ja,¢HxCHpoBanH 

CJMMapHyiD BeJIHl.IHHY npHMeCH na ypoBHe 2%. Kax Mhi YBHJIHM .nanee, 3TO 3Ha

-qeHHe He HB!ISI:eTCX KpHTH'liecKHM, H xaqeCTBeHHOe OTIHCa.H11e .lla.HHhiX MO)KeT 6hiTh 

.l(OCTHTHYTO H C MeHhilleH BeJUI'till.HOH IIpHM€CH, "' 1%, HJIH .naJKe MeHbiii€. 

B). Coom><owe><ue .Me:HCay (/iy><~wr.Mu q,,,(kR), coomoemcmeywuru.uu pa31ibl.r< s. 
B o6meM CJiyc::Iae o6MeHa 6apHonoM co cnHHOM SR B N R-xa:ea.ne BOJHHKaiOT JlBa co

CTOXHHSI CO CIWHa.MH S R- ~ H S R + ~. B03MO:>KHhle 3Ha"t.JeHHX Op6HTaJihHhiX MOMeHTOB 

l onpe.uerunoTcx 'tleTHOCThlO 5ap:Honnoro peJonanca. IIocxOtfbKY namB cl>YHKUHH tPf: n 
. "14 

He B03HHK3.10T B pe3JllbTaTe peWeHHX JlHHaMJflJeCKOH Ja.z:ta'lJH, COOTHOIIIeHrut M~y 

4?YHXIlH.srMH, ODHChlB3.101JlHMH NR-cocTOSlHHX.c p33HhiMH s, npHX0.11HTCX BI:.I6:opaTb, 

OpHeHTHpy.SICh Ha Ka'lJeCTBO OilHCa.HHX Jla.HHbiX. 

r). Bo.n:uoeas {/iy'H.'I~V/U.H NN-Ka'H.a.aa. 
PeJyJihTaTbi paC'lieTOB B npH6mnxeHHH OHO~ Ka.K 6h!no nox33ano Bbliiie, JaBHc.srT oT 

BWJ:a nonnonoH ¢ynxnHH N N -xanana. B nponecce Bhi6opa napaMeTpOB B xa"t.JecTBe 

nonnonoH q>ynxu1u:! N N-xanana HCIIOJih30Banacb BOJIHOBaJI ¢1JHKUHX .lleiixpoaa JlJIH 

6onncxoro B noTeHIW.ana [45J. OxoH'I:;JaTeJihHI:.Ie pe3yJihTaTl>I 6I:.IJIH nony"t.JeHhi nnx 

BCex BOJlHOBhiX <!>JHKUHH, C KOTOphiMH Bhiiiie npOBO.lUi:nHCh Bhl'lJHCJieHHH B paMKax 

OHO. 

Ka.x BWJ:HO H3 pnc. 2, nu6onee xapaxTepHhiM HMTiyJihCHhlM none.nenHeM o6na-

1Ia.JOT .l(aHHhle 0 TeH30pHOH aHa.JlH3HpylOWeM Cfl0C06HOCTH T2o, K TOMy :>Ke OHH 113-

MepeHhl Ce}i-qac liO CaMbiX 60JibiiiHX 3HRlJeHH:ii BHJTpeHHero HMilYJJbca k. Il03TOMJ 

a.HaJIH3 BKJI8Jl0B 6apHOHHhiX pe30HaHCOB npOH3BOliHJIC.Sl TJiaBHhiM 06p830M Ha OCBOBe 

Cpa.BHeHHH pe3yJihTaTOB paclieTQB HMeHHO C 3THMJI JlaHHhiMH. 

Ha pHc.3a~ B xaqecTne THTIH'liHhiX, npe.ncTannenhi Bhi'liHCJieHHhle 3a.BHCHMOCTH 

T2o OT Ha'liaJihHOro HMnyn1:.ca .ueHxpona Pd .nnx CJIY"t.Jaen, xor.ua B .neHTpone c~ 
.D:ep:JKHTcsr 2%-Ha.sr npHMeCh TOJihKO o.nnoro H3 6apnoHHbiX peJoHa.Hcon N(1520, ~-), 

N(1535, ~ -), N(1675, rJ, N(1680, ~+); 3.1!0Ch B CKo6Kax npHBeliOHhi Macca 5apno

na, era cm:m H 'lJeTHOCTb. B o6weM CJIY"t.Jae np:n q>HKCHpoBaHHOii np:HMecH nonezr.eHHe 

BKJI8Jla KaJKJIOTO p€30HaHCa 38.BHCHT TaiOKe OT napaMeTpa To, COOTHOIIIeHHX BeJIH

'liHH H ¢18.3 ¢YHKilHH tj>f:R C p8.3HhL\1H CDHHa.MH S = Sn ± 1/2. fipe.ncTaBJieHHhie na 

pHC. 5 KpHBhie BhNHCJieHhi npH 3Ha'lieHHH To = 0, 4 ¢1M H B npe.D:flOJIO:>KeHHH, liTO 

HeHyJieBOfl BKJia.D: .llaeT TOJlhKO <flJHKUH.sl C MeHhiiiHM H3 ,llBJX B03MO:>KHbiX 3Ha'I:;JeHHii 

CDHHa KaHana. 

Kax BH.UHO H3 3TOro pHcynxa, 3¢<flexx yqeTa BKJia.IlOB pe3oHaHCOB c KBaHTOBhiMn 

'!HCJia.MH ~- (T.e. N(1535) H N(1650)) npol!BllxeTcx B 1!3MeBe!mn 3HaKa anannsH

PYJOllleii cnoco6nocTn T20 B o6nacTH Pd 2 0, 4 r3Bjc. Y"lier nxna.na peJOnancon c 

KBaHTOBbiM:H 'liHCJiaMH ~- npHBO,llHT K HeKOTOpOMJ JanOJIHeHHIO MHHHMJMa B BeJI:H

"illHe T2o, Bhf'.IMCJieHHo.H B npH6nH:>KeHHH OHO c nonnoBoH <PYHKilHe:H .zreiiTpona .ansr 
6oHHcxoro B noTeHIDiaJia ( wTpHXonasr xpHBM), M x noHH)KeHHIO JnaqenHH T 20 B 

o6JiacTH Pd 2: 0, 4 r3Bjc. Bxna.nbl 6apHOHOB c IlOJIO)KHTeJibHO:ii 'lieTHOCT:hiO Ca.MH no 

ce6e MeiDUOT nonen:eJme T20 B MeHhwe:H cTenenH. OTMeTHM Trooxe, "tiTO yqeT nxna.n:a 

peJOHaHCOB c KBa.BTOBI:.IMH 'I:;JHCJIB.MH HyxnoHa N1440) H N(1710), xax. H OJKHliaJIOCh, 

ne npHBOJIHT x HJMeHeHHIO ¢opMhi T2o(pd)· 

Ha pHc.3B Ha npHMepe J.aBHCHMOCTH 12o(pd) TIOK833.Hhl pe3yJihTaTh.I y'lleTa CJM

MapBOTO BKJia,na 2o/~HO:ii npHMeCH K BOJIHOBOH ¢YHKilHH .zreftTpOHa pe30HaHCOB C 

OTpnnaTOJIJ>Hoii 'leTHOCTh!O N(l520), N(1535), N(l650) " N(l675) npH Pa.JHhiX 

3Ha'lieHIDIX r 0, CHOBa B IIpe.D:IIOJIOJKeHHH, 't:!TO HeHyJieBI:.Ie BKJia.Ilhl Jl3.10T TOJlhKO $JHK

UID:I tf>f: R C MeHbWHM H3 JlByx B03MO)KHhiX 3Ha'lieHHii CilHHa KaHana. Ka.x BH,llHO HJ 

3TOro pHcynxa, yqer .nonoJIHHTeJihHoro BKna.n:a pe30H8.HCOB c OTPHUaTenhno:H 'leT

HOCThJO pa:mTem.no MeHj[eT xapTHHY, nony'lieHHylO B npH6JIH)KeHHH OHO TOJJbKO c 

oonnono:H ¢YHKilHeii N N -KaHana JlJI& 6onHcxoro B noTeHnBana. Kone-qno, TPY.llBO 

0)KH.llaTb .neT8JlbHOrO BOCnpOH3Be,neH:HSI CTPJKTJphi B 3KCnepHMeHTanhH0 H3MepeH-
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uoii -3aBHCHMOCTH T 20 (pd), yqMTLIBasr BKna.rt TOnhKO o.n::uoii noJUOCHoii .IJ.Harpa.MMI:.I H 
HCTIOnh3YSI IIpH 3TOM ,llOBOJU,.HO IIpHMHTHBHbtii BHll cfly:HKIUiii f/lf: R, OJlHa.KO BH,llHO, lJTO 

,llaJKe C 3THMH !pyHKllHSIMH IIpH 3HatJeHHSIX napa.MeTpa To B o6:naCTH IIpHMepHO OT 

0,3 11.0 0,5 £PM JJ.OCTHTaeTCSI nyqmee OIIHCaHHe JJ.aHHIJX, 'lJeM B CJiyl.Jae npu6mnKeHHK 

OHO. 

0 
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0.5- ... ·;·~~;c5:t.;<r ... ········. 

1520(3/2i-. 

0 't' ·/ ,. 
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~ ~ ~ 
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~' t f ., 0. / ··... / 

~ ~:3(._ 4.: :·.~.-·~ - ~/1 \. 
. - .. ~,.. . ... ~ : , .... ,.:;.-::. ... 

l !. . 

o.3tm 
-0.5 

-1 
/ i v / ! 

r-~-- t\i ' ,, ... · . · .... · J 
2.5 5 7.5 2.5 5 7.5 

pd, GeV/c pd, GeV/c 
PHc. 3. 3a:snCHMOCTB TeHJopuo:H a.Ha.Jlli3Hpyrow;eii cnoco6HOCTB T20 ynpy:roro 

dp-pacCexHIDl H333Jl OT Ha'"tla.m..HOrQ H:MIIy.m.ca JleiiTpOHOB1 B:b.Il:IHCDeHmJe C ytleTOM 
2%-uoH npHMecH x .ne:HTpouy: a) QJlHOro H3 6apBOHHI:.IX peJOHaHCOB N(1520, ~-), 
N(1535, ~ -), N(1675, rJ, N(1680, tl IIpH 3Ha'leHHH To = 0, 4 ,PM; 6) 6apHOHHbiX 
peoOHaHCOB c oTpHUaTem.HOH 'leTHOCT»JO N(1520), N(1535), N(1650) " N(1675) 
npH pa3HbiX 3Hallemnrx r 0, ll0Ka3a.HHhlX Ha pHCYHKej B) :ecex: H3J3ecTm>IX pe30Ha.HCOB1 

OT N(l520) JlO N(2600), rrpn paoHbiX 3Ha"leHHJ!X To, noKaJaHHhiX Ha pHcym:e, n B 

npe.n;IIOJIOJKeHHH, 'l:ITO ueuyneBOii BXJia.It JlaeT TOJII:.KO Q:>y:HK.UHjl ¢{'; R C MeHblllHM H3 
JJ.Byx B03MOJKHhiX 3Hal.IeHHii CllHHa KaHana; r) pe30HaHCOB C OTplmaTem.HOi '"tleTHOC

TblO N(1520), N(1535), N(1650) H N(1675) npH 3Ha'!eHHH To = O, 4 <PM " pa3HbiX 

OTHOineHrutX ¢lyHIO:Uri!l: f/:llsrnin/f/llsmaxl IIOKa3a.HHbiX Ha pHcy:HKe. 3xcnepHMeHTa.JII,.Hbie 

.lla.HHbie Te JKe, "!JTO H Ha pHC. 2. 
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IIocxonhKY cefrqac ue BH.llHO npHlJHH, no KOTOphiM a priori cnen:yeT yqHThiBaTh 
TOJlhKO IIpHMeCb pe30Ha.HCOB C OTpHU:aTeJibHOii lJeTHOCThl01 HHTepecHO Bl:.UICHHTh1 K 

lJeMy npHBe.ueT y-qeT BKJla.z:ta OT 06MeHa 6apHOHaMH Ka.K C OTpHilaTenhHOii, TaK H 

c nono»aiTeni:.uo:H "l3:eTHOCTI:.lO. Ha pMc.3s ua npHMepe napa.MeTpa T20 , npHBe.ueHhi 
pe:Jym.TaThi y-qeTa cyMMapuoro Bxnana 2%-uo:H npHMecH K BOJIBOBoii <Pymcmm .n:eii

TpoHa BCex H3BecTHbiX pe30HaHCOB, OT N(1520) JlO N(2600), rrpH pa3HhiX 3Ha'leHHJ!X 

r 0 • CuoBa HCIIOJII:.JOBa.JIOCh npe.n.nonoJKeHHe, lJTO ueuyneBhie BKJia.zn,, .naroT TOJThKO 

<PYHKilHM f/Jfs R c MeHI:.IIIHM M3 JIByx BOJMOJKHI:.IX 3Ba'lleumi emma xauana. Kax BHJJ.HO 
H3 pHc.3s, . yqeT 05MeHa BCeMH pe30HaHCaMH CHOBa npHBO.lOIT K Jiyq:WeMJ OIIHC8JmiO 

3KcnepHMeHTaJII:.HI:.IX Jla.HHI:.IX o T20 no cpa.BueuHIO c onHcam:J:eM B pa.MKax OHO c 
BOJIHOBOii Q:>y:Hx:u:m~H JleiiTpoua Jlmr 6ouucxoro B noTeuiUiana. BI:J6paTh .rryqmee H3 

HCIIOJII:.JOBa.HHbiX B pac1.1eTax Jua-qeuH:H napaMeTpa r 0 rroxa JaTpy.nm~Tem.uo. 

PMc.3r- HJIDIOCTpHpyeT BJIHsrHHe Ha peJyni:.TaTI:J pac-.::reTOB OTHOIIIeHrut Q:>yuKillrif 

t:plsm;n/¢lsmax· B pac-.::reTax YlJHThiBaDHCh BKJla.II:bi pe30HaHCOB C OTpHilaTem.Ho:H 'lleT
HOCThlO N(1520), N(1535), N(1650) H N(1675), a 3Ha'leHne napa.MeTpa To COCTaB

JIHJIO 0,4 ¢>M. Kax BH.IlHO HJ pMc.3r, nyqmee cornacHe c .naHHhlMH no T2o JlOCTRraeTCx 
B CJiyqae, KOr.zra BKJiaJl ipyHKUHii, COOTBeTCTBJIOllUIX MeHhiiieMy lO .llByx B03M0lK

HhiX 3Ha"!JeiiHft CIIHHa Ka.Ha.Jia, npeo6na.naeT H3Jl BKJia,n;OM 4>YHKIUI:ii, OTBeqaroumx 

6om.meMJ 3HalJeHHIO emma. B OIIHCaHHIJJC .n;o cJ.IX nop pacqeTax 3BaK Q:>yma:um: 

¢zsmax BCer.na Bhl6Hpanc.sr TeM JKe CaMI:JM, 'liTO H 3HaK ¢YHKilHH ifJlsm;n· IIou.srTHO, "!JTO 

B cny-.::rae, xor.lla BKJiaJl ¢J'IiKlllrlf, OTBe-.::rarol..IlHX Mem.meMY JHa'lJeHHIO emma xaua

na, npeBaJIHpyeT HaJl BKJiaJIOM <fJy:HKilH:H, COOTBeTCTByroiUHX 6om.IDeMy 3HalleHJiiiO 
CIIHHa, H3MeBeHHe OTHOCHTeJThHOTO 3Ha.Ka Be ,llOJDKHO CymeCTBeHHO CKa.JaThCK Ha 

peJym.TaTax pacl!eTOB. 

Ha pnc. 4 noK8.3aHO, xax na KatJeCTBO mmcaHlill: Jla.HHhlX no T 20 BJIJii.sreT H3MeHe

HHe BeJIH"l3:HHhi npHMecn 6apHOHHhiX pe3onaucoB x BOJIHOBOii q,ymaum .neiiTpona. B 
pactJerax YlJHThma .. m-ICI:. BKJia.rt:w: peJOHaHCOB c OTpHilaTem:.uoii 'lJeTHOCTI:.IO N(l520), 

N (1535), N ( 1650) " N (1675), oTHomeHHe ¢J'HXll'Iii </>1,_,./ </>1,_ 6wm Bhlfipa.Ho paB
HhlM 3/1, a JHalJemie napa:t..1eTpa r0 COCTaBIDUIO 0,4 q,M. BH.llHo, 'liTO Ka'llecTBeHHoe 

cornacHe c .Z:CaB.HbiMIII npn 6om:.mnx JHal.Ienruoc. Pd MOJKeT 5b1Th .llOCTnrnyro npH OT
uocHTeJI.bHO HefiOJihl.llOM 3Ha-.::reHl'U! BeJIH"l3:HHI:.I IlpHMecH, HanpHMep, J)Ke npR ,......, 0, 5%. 

Hax.ouen, na pRe. 5 npHBe.n.eubl peJym.TaThi BI:.:["tlHCJieHIDI B pa.Mxax p8.3BHTOro 

nozocQZXa HMIIYJihCHhiX 3aBHCnMOCTeii :zm¢¢epemmam.Horo ce'leHH_. (dcr(180")/ dfl),.,.~., 
TeH30puoii aHa.JIH3HJ>YIOIUcii cnoco6nocTH T2o H Ko3¢1Q:>m:m:eu.Ta nepe.n:a-.:m nomrpH-
3a!liDI K:Q. Pac-.::reTI:.I npoBO.UHJIHCI:. c Hcnom.JOBa.HHeM BOJIHOBI:.IX ¢ymmHii neiirpoua 

.nrur napH)J(CKoro noTeuuHana [43], noTeHIUiana Pe:ii.na c MKrKHM KOpOM [44], Ba

pHaHTOB A " B 6oHHCKoro noTeHnna.Jia [45], n MOCXOBCKoro rroTeHilHa.Jia [46], -
KpHBhie 1, 2, 3, 4 H 5, COOTBeTCTBeHHO. IloKa3aHbi TaJOKe cymeCTB)'IOI.UHe 3KCnepn

MeHTa.JlJ::,HI:.Ie Jla.HHI:.Ie. B paclJeTax y-qHTI:.IBaJIC51: CJMM&pm.t:l'i BKJia,n: lo/o-uo:H npnMecH 

K BOJIHOBoii ¢ynxi.um: JleiiTpoua peJouaucoB c OTPHJlaTem.uoii tJeTHOCThlO N(1520), 
N(1535), N(l650) "N(1675). KpHBhle 6wm Bhf<mCJJeHhi rrpn 3Ha'leHHH To = 0, 4 ,PM 

B npe.n;IIOJIOJKeHlm, lJTO nenyneBOii BKJia,ll JlalOT TOJThKO £PJHKIUIH f/:Jf: R C MeHLWHM 

HJ .llByx BOJMOJKHI:JX JHa'lleHHii emma xaua.na. Cpa:sueJme noJly"'Iemn:.:rx pe3ym.Ta
TOB c KpHBhlMH, Bb!lJHCJieHHh!Mll B rrpH6.n:IDKeHIDI OHO B npHBe.n;eHHhiMH ua pnc. 2, 

noxa:n.rBaeT, "l3:TO .nonoJIHBTem.m:.rii x OHO yq:e-r o6Mena 6apBOHHhiME peJouaucaMH 
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PHc. 4. 3a.BHCHMOCTH TenJop

aoH a.HanH:mpyromeH cnoco6nocTH 

T20 ynpyrorO dp-paccel!Jillg Ha3aJI OT 
Ha't!3JlbHOrD HMnJJlbCa JleiiTpOHOB, 

Bhi"lllCJieHHhle npM pa3HhiX 3Ba"tJeHM

KX Cy:M:MapHOii npHMeCH K BOJIHOBOi 

!pyma::um ,n;eiTpOHa pe30HaHCOB C OT

piDlaT<llibHOH "'eTHOCTI>IO N(1520), 
N(l535), N(1650) " N(1675) npa 
ro = 0, 4 <PM H B npe.nnono~HHH, 

'tlTO HeHJJieBble BKJiaJlbl JlalOT TOJib

KO <)?ynKJlHH f/Jf: R C MeHhlilliM H3 JlBJX 

B03MO}KHhiX 3Ha'tleH~ emma xana.Jia. 

3Ha'tleHIDI npnMeCH pe30HaHCOB npH

Be.D;eHbl Ha pHCyHKe. 

~l 
I 

0.5 ~ 

0~--------~--------~--

£. ~0 0.0055' ·· ... · 
;{tt'-"=o~~£s~:'c~~~:=; 

-1 r 

L ,______ __ _;_____ _____ ___; 

4 6 

p,. GeV/c 

npHBO.UHT x JIY'UlleMY mmcaHHID .llaHHhiX B o6nacTH 6onhmHX 3Ha"tJenHH Pd· I1nTe

peclil:trii JQ.>Q.>eKT yqeTa fiapHOHHOrD o6MeHa COCTOHT B TOM, 'tJTO OH C6JUJJKaeT npe.n

CKa3a.JllU[ .ll1I.sl 3KCTiepHMeHTaJlbHhlX napaMeTpOB, Bbiii01!HeHBble C pa3H:b!MH BOJIHQ

B:b!MH Q.>JBKilH.srMH .lleihpOHa. 

4 3aKJIIO"<IeHHe 

B nacTomueH pa6oTe Ha xonHtJeCTBeHHOM yponne HccnenoBano BJIHSI:HHe npHMeCH 6a

pMOHHhlX pe30HaB.COB K OCHOBHOMY COCTOSIHHIO .IleiiTpOHa Ha 3Ha'1J€BH51 QJH3HlJeCKHX 

BeJIHlUlll, Ha6JJIO,IJ;aeMhiX B ynpyrOM dp-pacCeKHIDI Ha38Jl: .zm¢<f>epeHillolaJibHOTO ce

'tleHHa, anami3HpyromeH cnoco6HOCTH T20 H xoa¢¢HUHeHTa nepen;a"t~H nomrpH3ailHH 

K0 • OcnOBHhiM MexaHM3MOM peaxuHn, Ja Hcxmo-qenHeM o6nacTH npOMeJKyTO'tiHhiX 

3Ha"tJeHnii :ru.mynhCOB Pd ""' 1, 6- 2, 6 f'3B/c, C'llHTaeTcSI MexaHH3M nepe.zr.aqn 6apH

ona (Hyxnona H HYKJIOHHhiX pesonancoB)- CI>opM8.JlhHbl:H annapaT 3Toro MexaHH3Ma 

pea.Jm30BaH B paMKa.x .nnnaMHKH CBeTOBoro ¢ponTa. B pa6oTe 

• TIOJJ)"leJru o6I!lHe <j>OpM)'Jlbi .zma do-(180°)/dfl, T2o" "o .llllX npnMeceil npOH3-

BOJihHbiX pe30HaHCOB; 

• B pa.MKa.x nony¢enoMeHononrqecxoro no.nxo.na, cocTo:sn.uero B Bhl6ope nonHo

BhiX <PyHKIUIH pa3llH't!HhiX N R-xanariOB H t}:la30BhiX cooTHOineHHii Me1K.JlY HH

MH, npOaHaJIH3HpOBaHhl npe.nCKMaHIHI .UJI.SI H&6JIIO.Il&eMhiX BemPl:HH; 

• HCCJle,llOBa.HO BJIH.HHHe Ha peJyJlhTaThl paC"tJeTOB pa3 .. ml"lJHhiX napa.MeTpOB 3a.rta-

1ffi H TIOKa3aHO, liTO y:m:e Ha ypOBH€ 1 o/o-Oii CJMMapHOii TipHMecH HyxJIOHHhiX pe-

30Ha.BCOB K BOJIHOBOH ¢YHKilHH .UeiiTpOHa COOTBeTCTBJIOI..UHM Bbi60pOM BKJia.,lla 

p3.3JIH"tJHbiX pe30Ha.HCOB MO:iKHO .U06HTbC.si nyq:mero COrnacHX C 3KCDep:HMeHTOM 

no cpaBHeHHID c npH6nH:m:enneM OHO; 
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PHc. 5. 3aBMCHMOCTM .nM¢¢epeniiHa.JihHOro ce"tJeHM.H (da jdn)c.m.s.· TeH30p

noH ananHJHpyroweii cnoco6nocTH T20 H xo3<f>¢HimenTa nepe..natJH non.srpH3a

~H Ko ynpyroro dp-pacceSIHHSI Ha.Ja,n OT HalJ8.JlbHOrO HMTIYJibCa neiiTpOHOB 

Pdl Bbl"tJHCJieHHble B npH6nn:tKeHHH o.nno6apnonnoro o6Mena c y-qeTOM 1%-Hoii 

TipHM€CH K BOJIHOBOii Q_)ynKUHH .ueiiTpOHa pe30HaHCOB C OTpHUaTE'.JihHOii tJeT

HOCTblO N(l520), N(l535), N(1650) " N(1675) rrpH JHa«eHHH r 0 = 0, 4 <j>M 

H B Dpe.llDOJIOJKeHHH, 'liTO HeHyJJeBble BKJiaJlbi .UaJOT TOJihKO ¢YHKUHH ¢{'; R C 

MeHblliHM H3 .llBJX. B03MOJKHblX 3HatJeHHii CTIHHa KaHana, C B01IH0BbiMH Q_JyHK

UHSIMH .neiiTpOHa .UJISI: napMJKCKOrO TIOTeHUHaJla [43] (xpMBasl 1), TIOTeHU:HaJia 

PeH.na c M>rKHM KopoM [44] (KpHBM 2), BapHaHTOB A (KpHBM 3)" B (KpHBM 

4) 60HHCKOrO IIOTeHUHaJia [45] H MOCKOBCKOrQ DOTeHUHa.Jia [46] (KpHBM 5). 

3xcnepMM€HT8JibHble .lla.HHble Te JKe. 'tJTO H Ha pHC. 2. 

• .Il1ISI COrJiaCOBaHHSI pactieTOB C 3KCTiep:HMeHTOM .IlOCTaTO~HO y-qeCTh BKJianhl 

Ca.MhiX JierKHX 6apHOHHhiX pe30Ha.HCOB C OTpHUaTeJibHOii 'leTHOCThlO, O.UHaKO 

Jl06aBJleHHe BKJia.rtOB OCTaJlbHhiX p€30Ha.HCOB, B TOM lJHCJl€ H C TIOJIO:iKHTeJibHOiJ: 

lJeTHOCThlO, He DpHBO.llHT K CyllleCTB€HHOMJ paCCOrJiaCOBaHHlO C .naHHbiMH; 

• Ka"tJeCTBeHHO BJCJia.rt pe30HaBCOB OTPHUaTellhHOii lJeTHOCTll cnerxa JanonHSieT 

rny6mrnii MHHHMYM B 3a.BHCHMOCTH T20(pd), B03HHKaiOI..UHii B npH6JIH:tKeHHH 
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OHO, lf CHJibHO IIOHHJKaeT 3Ha'lJeH:H51 T2o B o6naCTH 3Ha"'eHHH Pd ~ 3, 5 r3B/c, 

IIpH6JilDKaJl TeopeTH'lJeCKHe KpHBble K 3KCIIepHMeHTaJibHbiM Jla.HHbiM; 

• o6Hapy}KeHo, l.ITO Jl.leT 6apHOHHOro o6MeHa npHBO.UHT x TOMY, l.ITO pe3yJit.Ta

Tbi pac"tieTOB Ha6mo.naeMhiX BeJIH'tJHH, BbiiiOJIHeHHbie C pa3HbiMH BOJIHOBbiMH 

¢lJHXUHSIMH, MeHblUe p8.CX0.1l51TCX M~Y co6oi1:, "tJ:eM B cnyqae DpH6mnKeHHSI: 

OHO. 

ABTOpbi npH3HaTeJibHbl IO.H.Y3HXOBJ H E.A.CTpoxoBCKOMJ Ja BHHMaime x pa-

6ore H C~MYJIHpJIOI..IIHe o6cyJK.lleHH51. 
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AJKmpeil JI.C., !OliHH H.n. 
CrmHOBhle 3¢¢eKThi B pacce5Im-t:u neHTpOHOB Ha3all 
H 6apHOHHhiC CTCTICHH CB060.UD! .U.CfiTpOHa 

P1-99-157 

HccneuosaHo B.JlH5!HHe npHMecv. 6apHOHHhlX pe30HaHCOB K ,nefi-rpoHy Ha HM

nynhCHbiX 3aBHCHMOCT51:X BCJJJiqHH, Ha6mo.n.aCMhiX B ynpyrOM dp-paCCC51:HHH H33a,ll 

npH BhiCOKHX ::mepnmx: .ilHcpcjJepeHIJ;HaTihHOfO CCT.JCHJlSI, aHaJIH3Hp)'lOI!lCii: CTIOC06-

HOCTl-i T2o H Ko3¢¢HI.VICHTa rrepe~a'-:!H no.rt.9.pH3ai.UUi K0. OcHOBHhiM MCXa.HH3MOM 

pCaKUHH CtH1TaCTC5! MCXaHH3M o6MeHa HJtUWHOM H HYKJIOHHhiMH pC30HaHCa.MH. 

t:f>opMar::!hHhlfi an:napaT peanH3oBaH s pa.MKax .UHH3.MHKH cseTosoro ¢poHTa. Hc
cne.uosaHo BJIY!J!HUC Ha pe3yJII:.T3TDI pacG:eTOB pa3.'Ili'-!HhiX napaMC'fPOB 3a1la'-!H 
u rroKa3aHo, qro y)Ke Ha yposHe I% cyMMapHo:H: npHMecH HYK.JIOHHI:.IX pe30Ha.Hcos 
K BOJIHOBOH c!JJ'HKUHH .uefi:TpOHa COOTBeTCTBYIOll.UiM BI:.I60pOM BK.llalla pa3JIW·!HhiX 
pe30HaHCOB MO:JKHO .U06HThC5! JJ)'l.!!llero COrJiaCJ.HI C 3KCnepHMeHTOM, qeM B llpH-

6.TJHJKeH!Ui OllHDH}XHOHHoro o6MeHa. )l.l151. KaqecrseHHoro cor.rtacosrunrn pacqcros 
C 3KCnepHMCHTOM .llOCTaTOlJ:HO )ll-ICCTh BKJia.J.bl Ca\ihiX JICrKHX 6apHOHHhiX pC30HaH

COB c orpHUaTe.ri&HoH LieTHOCTb!O. YLieT 6apHOHHOro o6MeHa npHBOAHT K TOMy, 

qro pe3yJihTaTbl pacqeTOB :rm6mo.uaeMhiX BeJIH'lJHH, Bh!TIOJIHCHHhiX C p33Hh!MH BOJI

HOBhiMH !p)'HKUJBIMH, MeHhWC paCXOlV!TC5I MCiK.!lY co6oif, 'l!CM B CJiyqae npOCTOfO 

o6MeHa HYK.HOHa!>m. 

Pa6oTa Bbmo.TJHeHa s Jia6opaTopmi SiJJ.epHhiX npo6neM OM5111. 
npenpm-n 06be!!llHeHHOfO I!HCTP.T}'T<l suepHb!X V.CC.le.!lOSaHUfl . .[y6Ha. 1999 

Azhgirey L.S., Yudin N.P. P1-99-157 
Spin Observables in the Deuteron Backward Scattering 
and Baryon Degrees in Freedom in Deuteron 

The effect of the baryon resonance admixture to the deuteron on the momen
tum dependences of the differential cross-section. tensor analyzing power T:!O. and 
polarization transfer coefficient K 0 observed in backward elastic dp scattering at 
high energies has been investigated. The dominant mechanism of the reaction is 
assumed to be the nucleon and nucleon resonance exchanges. The formalism is de
veloped in the framework of the light-front dynamics. The action of different para
meters of the problem, on the calculation results has been examined, and it is 

shown that even at I% admixture of nucleon resonances to the deuteron wave 

function by appropriate choosing a contribution of different resonances it is possi
ble to more adequately describe the experiment than in the one nucleon exchange 
approximation. To reconcile quantitatively the calculations with experiment it is 
sufficient to take into account the contributions of the lightest odd parity baryon 
resonances. The allo\vance for the baryon exchange brings the results of the calcu
lations of observables made with different deuteron wave functions into better 
argeement in between than in the case of the one nucleon exchange approxima
tion. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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