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1 BBe.n;eHMe 

JI.uepHble peaRUIIII C y-qacTneM peJIJITIIBIICTCRIIX ,lleliTpOHOB CJ_IYJKaT BruRHhiM JICTO'IHII-

ROM nn<lJopMaunn o cTpyRType .ueliTpona na Manhlx paccTOHHHHX MelK.llY nyRnonaMn. 

3To o6ycnoaneno TeM o6cTOHTem>CTBOM, 'ITO, narrpn:Mep, B cnytiae perncTpannn rrpo

.llJRTOB peaRunn rro.u 0° B na6opaTopno:il: cncTeMe Roop,llllnaT .UH!Jl<Pepenunanbnoe ce-
,' 

qenne rrpouecca <lJparMeHTauJin .ue:il:Tpona B pa~max nMrrynbcnoro rrpn61IJIJHeHRH _(HIT) 

rrponopunonanbHO nMrrymcnoMy pacrrpe.uenempo :S:YRJIOHOB B .ueliTpone (nnn Raa.upaTy 

ero aonnoao:il: <lJYHRUIIH, <I>2 (k)); ,llii!J!<lJepenunanb~oe cetienne yrrpyroro dp- pacceH

HIIJI Ha 180° B CIICTe:Me UeHTpa Mace, Bhi'IIICJieHHOe B rrpn61IJIJKeHIIII O,lliiOHYRJIOHHOfO 

o6Mei_Ia (OHO), rrponopuiioHa~bHO RBa.upaTy IIMnynbcnoro pacnpe.uenenRH. IToiDipn-

3au.uonnhle na6mo.uaeMhle .u~. 3THX peaRun:il:, TaRIIe, nanpiiMep, RaR TeH30pHaJI ananii-

3HpyioiUaJI cnoco6nocTb T20 ll R03!Jl<PnunenT rrepe.uatin rroiDipii3al\IIH "o oT BeRTopno 

TI01IJipll30BaHHOfO ,llefiTpOHa R IIpOTOHY, B paMRaX YRa3aHHhiX IIO,llXO,llOB TaRJKe ,llOCTa

TO'IHO npocTo BhlpaJKaioTcH tiepe3 S- II D- ROMnonenThl Bonnoaoli <lJynRnnn .ueliTpona 

(B<l>.LJ:). ITo3TOMY llCCJie,llOBaHIIe ynoMJIHYThiX peaRURli BHHHe:MaTRtieCRRX ycnOBRHX, . ' ' . . 
oTBeti'awmnx 6onbiUIIM 3HatieHRJIM anyTpn.ue,fiTpoHI_IhiX nMrrynbcOB nyRnonoa, II03BO-

nJino na.ueHTbCJI na na nonytienne cae.ueniifi o noae.ueniin Bonnoaofi <l>YHRI\IIR .ueliTpona 
' ' ,' . .. . 

Ha MaJihiX paCCTOJIHHJI?C· 

MMTIYJibCHble cneRTphl npoTOHOB, IICTIYCRaeMhiX, TIO,ll 0° B pe3yJibTaTe <lJpar:MeHTa-. " ·-' . ,. 
1\llll .ueil.TpOHOB na H,llpax, 6hi,1Ill ll3M~peHbl npii p~31III'IHhiX Hatia1IbHhiX IIMTiy1Ibcax, OT 

2.5 .uo 17.8 f3B/c [1]-[6]. B nenoM, 3TH _nMnymcnhle pacnpe.uenennJI MoJKHo y.uoane

TBopnTeJibHO aocnpoll3BeCTII B paMRax peJIJITHBHCTRoro MIT c ncnom3oBanneM Bonno

BhiX <lJyHRUIIH ,lleil.TpOHa, OTBetiaiOIUIIX CTaH,llapTHhiX IIOTeHI\HanaMHyRn(m7HyR1IOHHOfO 

pacceJIHIIH. 

McRJIIO'leHne COCTaBJIJieT o6JiaCTb B cneRTpe,npOTOHOB, II3MepeHHOM rrpn 9 f3Bjc 

no.u 0° [2, 4], rrp.u nMnynbce ~poTOHOB k"' 0.35f3B/c, onpe.uenennoM B cncTeMe 6e

cRonetinoro nMrrynbca [7]-[9]. B }lannofi o6nacTn na6nw.uaeTCJI xapaRTe_PHhlil npnnnB, 

r.ue R3Mepennoe .un<lJ<lJepennnanbnoe eetienne peaRnnn 
1 H( d, p )X: npeBhlrnaeT pe3ym

TaThl pactieToB, BblnonneHHhiX B paMRax peJIJITnBncTcRoro MIT, 6onee tieM B ,llBa pa3a. \ . . ., . . . 

IToxoJKee rrpeBbl111eHne na6nw.uaeTcH TaRJKe B ,llii!J!<lJepennnanbHhiX cetieHnHx peaRI\nfi 

A( d, p )X npn 2.5 n 3.5 f3B / c [5]. Bhi,Z~Jmra1IIICb pa31III'1Hhle rn~oTe3hl .UJIJI o6'bH

cnennH yRMannoli oco6ennocTn. Cppnq, _nnx rrpe,llllonoJKeHRH o na1IIItinn npn-Mecn 

rneCTRRBapROBOJi ROMIIOHeHThl B BOJIHOBO~ <lJyHRI\llll ,lleliTpo~a [2, 4], 0 BRJia}le IIpO

uecCOB MHoroRpaTnoro pacceHHRH nyRnonoB n neyrrpyroro 3RpannpoBanRH [10, 11], o 
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BKJia~e IIpOD;CCCOB C pOJR,l(CHHCM IIpOMC.lKYTO'IHJ:dX IIHOHOB II IIOCJIC~IQID;IIM HX TIOrJIO

ID;CHHCM HJIH rrepepaccennneM HYKJIOHOM-crreKTaTopoM [12, 13, 14], o neo~nHaHoBLIX 

orpaHII'ICHIIHX Ha <j!MOBOC HpOCTpaHCTBO B6JIH3ll .HHHeMaTH'ICCKOH rpaHHU:J:d CTICHTpa 

· npoTOHOB ~JIH ynpyroro n neynpyrnx KaHaJIOB peaHU:IIII [15]u' T.~. 

,L(onoJIHHTemnan rrpo6neMa, CBH3arrnan c ~aHHhlMH o <jlparMenTan;nn peJIHTHBIICT

cKHx ~efiTpOHOB B npOTOHJ:d no~ 0°, COCTOIIT B TOM, 'ITO IIHBapnaHTHJ:de ~II<jl<jlepenn;n

aill.HhlC CC'ICHHJI peaHD;HII, IIOJIY'ICHHJ:de npn Ha'!aJibHOM HMnyJihCC 5.75 .(3ju 9 f3Bic 

[2, 4], nocTpoeHHJ:dC B 3aBHCHMOCTII OT HMnyJihCa npOTOHa B CIICTCMC noHOJI ,n;efiTpona, 
.v' 

BOnpeKH O.lKH~aHIIHM paCXOMTCH no a6COJIIOTHOH BCJIH'IHHe: ~JIH COBMCID;CHHJI CIICH-

TpOB ~pyr c ~pyroM ~aHHJ:de npii 5.75 T3Bic rreo6xo~nMo yMHO.lKHTh Iia IW3<jl<jlmurenT 

1.4. B pa6oTe [16] npnae~eHJ:d apryMeHThl B rroJib:iy T~ro, 'ITO y'IeT Hone<moro ymoaoro 

paapenreHHJI ycTaHQBHII, c IIOMOID;blO Hi>Topofi BhlnOJIHCHJ:d H3MepenHJI npn 9 r3B I c, CBJI-

3aHHaH C 3THM rrepenopMHpOBHa CllCRTpa II, HaKOHCD;, ~OITOJIHHTCJibHJ:dH y'IeT BJUJa~a 

npon;ec~OB paCCCJIHIIJI HYKJIOHOB ~efiTpOHa Ha npOTOHC-Mlll!ICHH (u ero HHTep<jlepeHrriiH 

c npnMofi <jlparMeHTarruefi) Moryr o6'bHCHHTh TaR na3J:dBaeMoe anoMaJihnoe ITOBe~enue 

cneHTpa npoTOHOB OT peaHD;IIII 1 H(d,p~0°))X npii 9 f3Bic H O~HOBpeMCHHO cornaco

BaTb 3HcrrepuMeHTaJihHhle ~annlde irpu 5.75 u 9 f3Bic. 

M3MepenuJI ynpyroro pd- (nnu dp-) pacceJIHII~ Ha3a~ B c.n;.M. TaH}J(e 6J:dJIH MoTn

aupoaanJ:d .lKCJiaHUCM noJiy'IIITb CBC~CHUJI 0 BJ:dCOHOIIMnyJihCHOH HOMITOHCHTe BOJIHOBOH 

<jlynHn;nn ~efiTpona. Cym;ecTBYIDIIIIIe 3HcrrepiiMeHTaJihHJ:de ~annhle ITo ~n<jl<jlepenrrii

anhnoMy CC'ICHHIO 3TOH peaHD;llll [17] o6Jia~aiOT; CJIC~loiD;HMll oco6eHHOCTJIMU: (i) B 

ymoBoM pacnpe~enenuu ~II<jl<jlepenn;IIaJibHoe ce'!eHne no Mepe npu6nmuenun u yrJiy 

180° B cncTeMe n:enTpa Mace B03pacTaer; ~n<jl<jlepemynaJihHoe ce'!eHue ~JIJI <jlnKcH

poaannoro yrJia 6J:dcTpo rra~aeT ITO Mepe yaeJIH'ICHIIJI 3Hepnm ITa~awm;ero ITpoTona 

(~efiTpona) j (iii) B 3TOH 3RepreTH'ICCHOH 3aBUCHMOCTII IIMCCTCJI ITJiaTO npu RUHCTH'IC

CHOH 3Heprnl! rrpoTona Tp oT 0.3 ~o 0. 7 f3B. IlpocTefinriiM Mexann3MOM, HoTopbiil: 

MO.lKCT fiJ:dTb OTBCTCTBCH 3a HaJIII'Il!C nl!Ka JJO~ ymoM 180°, HBJIHCTCH MeXaHU3M O~IIO

IIYKJIOHHOI'O o6Mena ( 0 H 0). O.liHaHo o~noro 3Toro Mexamr3Ma ne~ocTaTo'!no, 'IT06J.J 

. Ofi'hJICHl!Tb BCCb BJ:dXO~ npOTOHOB, ll npJIXO~HTCJI npliBJieHaTb IIpe~CTaBJICHIIJI 0 HaJIH

'Iliii B BOJIHOBofi <jlyHKU:llll ~efiTpona N N*- HOMIToJJeHTJ:d [18, 19]: ',L(JIJI o6'bJICHCIIHJI 

oco6ennocTJI npll Tp "' 0.6 f3B B 3HepreTH'IecHofi 3aBHCHMOCTH ~n<jl<jlepenn:uanhlmro 

ce'!eHHH ynpyroro pd- pacceJIHIIH na3a~ 6J:dJIII npoae,n;enhl pac'!eTJ:d B MO~eJiu, r~e ce<Je

Hlle pd- paCCeJIHIIJI B TCpMHHaX TpeyroJibHO:fi MarpaMMJ:d BI:dpa.lKaJJOCb 'lepe3 CC'ICIIIIP 

npon;ecca N N -+ d1r [20, 21]. Y'Ier D- BOJIHJ:d B ~e:il:Tpone u peJIHTHBIICTcimx 3<jlqJeH

TOB no3BOJIIIJI YJIY'IlliHTh cornacJie pac'!eTOB [22] c 3HCITepuMenTaJihiihlMII · ~aiiHhlMl!. B 
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pa6oTe [23] ~orronHnTeJJhHO Y'IllTJ:dBanacL crrnHOBaH CTPYHTypa 3JieMeHT.apnofi aMITJIH

TY~hl peaun:un pp-+ d1r+. B ~w~enu, pa3BHTO:il:. B pa6ore (24], aMIIJIHTy~a ynpyroro 

pd- pacceJIHIIJI ua3a~ 6J:dna BMpamena 'Iepe3 aMIIJIHTY~hl npon:ecca N N -'-+ N tl. Ehlno 

noHa3aHo, 'ITO y'IeT nnTep<jlepenn:mr ao36y.lK~eHHJI tl-n3o6aphl II OHO IIpliBO~HT K 

xoporneMy onucanniO 3Heprenrqecuofi 3aBnCHMOCTll ce<Jenun peaun:uu ynpyroro pd~ 

pacceJIIIIIH Ha3a~ npn Tp ~ 1.0 f3B . .(\nanorli'IHJ:d:il: pe3yJihTaT 6J:dJI nony'Ien TaiGKe B 

pa6ore (25], r~e paccMaTpiiBanuch OHO u Mexanu3Mhl pacceHHIIJI tl- H3o6aphl. ,L(an

HJ.Je, IIOJIY'ICHHbiC ITpll 3HCpi'HflX BI.JIIIC o6JiaCTII B036yH{~CHIIJI Ll-II306aphl, Ha'ICCTBCHHO 

aociTpou:lBOMTCJI B pa~max OHO B ~IIHaMHHe na cBeTOBOM <jlponre [26]. 
HoBble 3HCITepnMenTaJJhHJ.Je ~aHIIJ.Je o ITOJJ11pH3arruonnhlx na6JIIO~aeMJ.JX B UHH.1II03II

BHOM pa3BaJJe ~e:il:rpoua na 11~pax Bo~opo~a n ~pyrux 3JieMeHTOB c uciTycHanueM npo

TOHOB ITO~ uyneBLIM ymoM [5],[27]-[32]II B ynpyro~r dp- pacceJinuu na3a~ [33, 34. :3.5] 

6J.Jnu ne~aano ITOJIY'IeHJ.J B ,L(y6ne II Canne. Pe3yJihTaTJ:d 3THX 3HcnepnMeHTOB cau~e

TeJihCTBYIOT B ITOJih3Y Toro, 'ITO Tpa~IIrrnonnoe ITpe~cTaaneniie o ~efirpone Han o can-

3annoM cocTOJIHHII nefirpona II ITporona na MaJIJ.JX paccTonHIIJIX Me.lK~Y Ill!MH neciTpa-

BC~JIIIBO. 

Ten3opnan anaJJH3Hpywm;an cnoco6nocTh T20 peaHrriiii <jlparMeHTarrnn ~efiTpona c 

nciTycuauneM nporona ITO~ 0° 6J:dJia U3Mepena BITJIOTh ~o BHyTpennero nMITj'Jibca liy

HJioHa k "' 1 f3B I c (28]-[29], oiTpe~eJiennoro B cncTeMe 6ecHone<moro HMITj'Jibca [7]- [9]. 
Cym;ecTBeHHJ.Je OTHJIOHeHHJI 3HCITepnMenTaJJhllhlX ~anHMX or pe3yJihTaTOB Bhl'IIICJiemiii. 

BhliTOJIHennMx B pal<max pennTliBHCTCRoro MIT [36] c. nciTOJib30BanneM cTaH~a pnmx 

BOJIHOBMX <jlynRrrnii ~eiirpona, Ha'InHaiOTCJI yme ITpli k "' 200 M3Bic. B Mo~ennx. 

Y'IIITJ:dBaiOm;nx ~OITOJIHHTeJihHJ.Je H MIT MexaHH3Mhl [12, 37], pa3yMHoe comacHe c ~an

IILIMH nony<IeHo TOJihRO ~o k ;..., 600 M3B I c. Y<IeT ~OITOJIHHTeJihHMX IWMIToneHT BoJI

uoao:il: <jlynRD;liil ~e:firpoHa, CBJI3aHI!hlX C peJIJITIIBIICTCRHMil 3<jl<jleifTal\ll! [38, 39, ·10]. 

TaJ(}HC IIC IT03BOJIHCT yny'IillliTh COrJiaCIIC C 3RCITepliMCIITaJibllhlMil ~aHIII.JMU. JlaniiLl<' 

0 'J2o B peaRrrliH yiTpyroro dp H•a3a~ [33, 34, .35J TaJ(}HC CYIIICCTBCIIIIO OTJIII'JaiOTCJI 

HaR oT npe~cRa3aHnii, noJiy'IeHHLIX B paMRax MexaHH3l\la. OHO [41] c IICITOJib:JOBa

mreM CTaH~apTHI.JX BOJIHOBI.JX tjJyHRU:HH ~e:fiTpOHa, TaR II OT Bhl'IUCJICI!IIfi. OCIIOBallllhiX 

Ha penrennn ypaBIIeiiHJI Gere-CommTepa (42]. Y<leT MeXaHII3MOB, ~onoJIIII!TeJihHIJX Ii 

OHO, ne yny'lrnaeT onucanne ~a!IHJ.JX [23, 25]. ,L(amme o Ro3cjJ<j!JntHeuTe uqw;tatm 

rron11pu3arrnn oT BeRTopHo nonnpu3oBannoro ~efiTpona I{ nporony t;0 , noJI)"Il'llllhl<' JlJUI 

o6enx peaRI!Illl BIIJIOTb ~0 k"' 0.55 f3Bic [30]-[33], TaJOI{C HaXOJ{JITCJI B CIIJ!b!IOM ll(JO

TliBOpe'IIIH C pac'IeTaMH, BLIIIOJIHCIIIILIMU C IICJ10Jib30BaiiUCM CTall~apTHMX BOJIHOHhiX 

tjJynmtnii ~eltTpoua. 
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HaH6onee HHTepeCJihlM cBoficTBOM IIOBMX rronnpn3aUIIOHHhlX ·.naHHhlX RBJinercn TO, 

•no reH30pHan aHaJIII3npyiOIII;aJI crroco6nocTb T20 B o6enx peaKUHRX IIOI<a3MBaeT npn 

6oJibiiiUX BHJTpemmx Hli!IIJJibcax oTpnuaTeJibnoe 3IIa•IeJIIIe "' -0.3 7 -0.5 [28, 29. 

:J4], qTO II3XO.ll:HTCJl B CUJibiiOM IIpOIIIBOpeqnn CO BCe~m pacqeTaMH, liCIIOJlb3JIOIUHMll 

BOJIIIOBble tPJHKllllll .neiiTpOHa, COOTBeTCTBJIOIUIIe ~I3BeCTHb!M peaJIUCTII'IHb!M HYKJIOII

IIJKJIOHHbiM rroreHnnanaM. C ,npyroii cropoiibl, yqeT nenyHJIOIIHb!X cTerreHefi cBo6o.nhl 

B .neiiTpoHe .naeT Hennoxoe cornacne pacqeTOB c .nanHhl.MII n npe,ncTaBJIHeTcn nepcnei<-

TIIBHhlJ\1. .,! 

Bee .naHHhle, HOTopbte o6cyJK,naJIHCb Bhliiie, 6b!JIII nonyqeiihl B HIIifCMaTU'JeCHIIX 

ycnoBnnx, Kor.na perucTp1IpoBanncb rrporoHbl, ncrryci<aeMble rro.n yrnoM 0°. B 3TOM 

cnyqae Bb!XO.ll: npOTOHOB OT pa3BaJia ,neiiTpOHOB o6ycJIOBJieH rrpeiiMJIUeCTBeHHO IIpo-

, ueccoM npn.Moii <iJparMeJITaunn. Ilo .Mepe yBennqeJinn yrna perncrpauuu Bee B03-

pacTaiOIUYIO poJib urpaeT nponecc }Kecnwro pacceHHnn, B KOTopoM IIJHJIOH .neiiTpoiia 

HCnhlTbiBaeT coy.napeHUe C HYKJIOIIO.M MIIIIIeiiH. IJpn onpe,neJieHHhlX ycJIOBHJlX BKJI3.l{bl 

o6onx nponeccoB MoryT 6MTb BnoJIJie cpaBHUMhl no BenuqnHe. 8Ta KaqecTBeHHan Hap

rnHa HaiiiJia CBOe BOIIJIOIUeHHe B peJIHTHBllCTCKOii MO.l{eJIII JKeCTKOrO pacCeJlHIIH [43, 44]. 
B paMKax noi1 Mo,nenu y.noBJieTBopuTeJibHO onucMBaiOrcn [45] HMnyJihCHble crreHTpb! 

nporoHoB, ncnycHaeMMX no.n 0° B pe3JJibTaTe pa3BaJia .neiiTpoaoB npn 3.5 f::~B I c [5], 

5.75 f::~Bic [3ju 9 f::~Bic [2], C HCnOJib30B3HUeM o6menpHHJlTbiX BOJIHOBbiX tPYHHUIIH 

.neiiTpoaa. Hey,naqa rroiiMTOK oniicaTb B paMKax ::~~oro no.nxo.na noJIHpu3anuoJIHMe Ha-

6mo,naeli!Me B pa3BaJie .ne:itrpoHa no.n 0° [28]-[29] MOJRHO paccMaTp1IB3Tb RaK yRa3aHne 

Ha npollBJieHue HeHyKJIOHHhlX cTeneHeii cBo6o.nM B .nei!:Tpone. B CBR3II c 3THM OTMeTHM, 

:'fTO orpnnaTeJibHOe acHMnToTnqecHoe 3Ha'leJine T20 6biJIO nonyqeHo B paMHax rro.nxo.na, 

MOTIIBnpoBaJIHoro IIepTyp6aTHBHoi!: KX.LJ: [46] n ocJioBanHoro Ha MeTo,ne pe.nynHpoBaH

IIMXn,nepHhlX aMilJIHTY.ll: [47] . .LJ:aHHMe no T20 u Ko B peaHUHH 12C(d,p)X rro.n oo 6biJIH 

OnUC3Ilbl B pa11max MO.l{eJIH, yqnThlB310III;ei1 npiiH[,{llll IJayJIH Ha KBapROBOM ypoBJie II 

MHOfOI<paTHoe paccenJine [48] . .LJ:oiiOJIHHTeJibHhli1 R OHO yqeT o6MeHoB pe3oJiaiicaMII 

c oTpnuareJibHoii qeTHOCTbiO ynyqiiiaeT cornaciie Bhl'liiCJieJinll: c 3KcrrepnMeHTaJibiihlli!II 

.naHHb!MII no T20 B yiipyroM dp- paccenHHII Ha3a.n [49]. 
l13MepeHHH .nn<P<lJepeHu;IIaJibHhlX ceqeJini1 pa3BaJia .neli:TpoHoB Ha pa3JIHlJHhlX MH

IIIeHnx C IICIIJCH3IllleM IIJlOTOHOB C 60JibiiiHMll IIOnepe'lHIJMH IIMnJJibC3MII 6biJIH Bhl

nOJIHellbi i:Jpii 5.75 f::~Bic [3] II 9 f::~Bic [50]. Pe3JJibTaTM II3MepeHnll: nMrryJihCHhlX 

cneKTpOB IIpOTOHOB, llCIIJCHaeMhlX JIO.l{ yrnali!II 1Q3, 130 II 157 Mpa.n B Jia6. CIICTeMe 

B pe3JJibTaTe pa3BaJia .neli:TpoHoB c IIMIIJJibCOM 9 f::~Bic Ha n.npax Bo.nopo.na, .nefiTe

PHil H yrnepo.na [50), IIOK333JIH, qTo <lJopMa BhlCO~OHMnyJibCHbiX qacTeii CIIeKTpOB He 

,/ 
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3aBncnT oT aTOJ\!Horo HoMepa H,npa MnmeHn, A, II onpe,neJIHeTCH TOJibRO cTpyRTypoii 

,nefiTpOHa II J\IeXaHH31\IOJ\I ,nefiTpOH-HJRJIOHHOrO B33IIJ\IO.l{eficTBIIH. 3aMeTIIM, 'ITO IIO.l{06-

HOe 3aRJIIO'leHIIe 6Mno c.nenam) nB CBH3II c pa3BaJI<)M .neiiTpoHCiB'no.n 0° {2, 4]. AH~JIH3 
[50] :mcnepn.MeHT3JlbHhlX .l{3HHhlX, BbiiiOJIHeHHhlfi B pa.MRaX peJIHTHBIICTCROll .MO.l{eJIH 

JReCTROfO pacceHHHH [43, 44], OCHOB3HHOfi Ha .ll:RH3111HRe CBeTOBOro<lJpOHTa [7]-[9], IID

R333JI, 'ITO OCHOBHOfi BRJia.l{ B BbiXO.l{ IIpOTOHOB .l{310T llpH.MaJI ,4Jpari\IeHT3D;HH II JKeCTROe 

pacceHHHe HYRJIOHOB .neiiTpoHa Ha HyRnoirax MnmeHn. BRJI3.lJ:bl .nnarpa.M.M, c, .nnyRp~n~ 
Hhl.M nepepaccenHIIeM II c poJK.neHIIeJ\1 BnpTyanbHhlX IIIIOHOB ('ITO BaJKHO no.n 0~ [12]) 

Hrpa!OT JIHIIIb BTOpii'IHJIO pOJib. 0THOIIIeHIIe BKJI3.l{OB CIIeKT3TOpHbiX npoTOHOB ll npo

TOJIOB, HCIIbiT3BIIIHX JReCTKOe coy.napeHne, 33BHCIIT OT J:rJI3 Ha6JIIO.l{eHHH II II.MllJ'!lbC3 

periicTpnpyeMhlX npoToHoB. Hanpii.Mep, npn II.Mnym.~e HaJieTaiOIII;IIX·.neiiTpoHoB 

9 f::~Bic n yrne periicTpan;IIn 103 . .Mpa.n BKna.n cneKTaTopHbiX npoTOHOB c u.Mnym.ca.Mn, 

6oJibiiiHMII, '!e.M 5.3 r::~B I c, npeBbiiiiaeT BKJia.n JKeCTKO paccenHHbiX npOTOHOB [50]: 

B HacToHmeii pa6oTe II3.MepeHIIR TeH30pHoii ·aHaJIII3npyiOmeii cnoco6HocTII. Ayy 

B IIHKJI103HBH0ll peaKD;IIH 4Jpar.MeHT3D;llll ,nefiTpoHa IIpOBO.nHJIHCb B JCJIOBHRX, KOr,na 

.neTeKTnpye.Mhlfi npoToH IIcnycKaeTcn no.n yrno.M 85 .Mpa.n B na6opaTopHoil cnc,Te.Me 

KOO.ll:IIHaT, 'ITO cooTBeTCTByeT o6~acTn yrnoB B6JIH3II 90° B cncTe.Me noKon .nefiTpoHa. B 

T3KO.M CJiy'!ae B 3TOfi CHCTe.Me HMITJJibC npOTOHa B OCHOBHO.M llOIIepe'IeH liO OTHOIIIeHH~ 

K nMnyJihcy rra.naiOmero .neiiTpoHa. Ilpii 3TO.M.Ha 3Kcnepn.MeHTe .MOJKHO .nocTII'lb 6onee 

BbiCOKHX BHJTpeHHIIX IIMIIJJibCOB HJKJIOHOB B ,nefiTpOHe, .'lei\! B CJIJ'!ae ,neTeKTIIpOBaHHJl 

rrpoToHa rro.n 0°. 
B HacTonmefi pa6oTe npe.nc'raBJieHhl nepBhle .naHHble o TeH30pHofi Ayy n BeRrop

Hofi Av aHaJIH3IIpyiomnx cnoco6HOCTRX peaRD;IIH <iJpar.MeHTan;nn .nefiTpoHOB Ha yrne

po.ne, JIOJiy'leHHble rrpn Ha'laJibHO.M H.M~JJibCe .l{eRTpOlHt 9 f::~Bic II yrne liC!lJCK3HIIJl 

rrpoTOHOB 85 .Mpa.n. Kpo.Me Toro, nony'leHhl TaKJKe IIHBapiiaHTHhle ce'!eHIIR npon;ec

coB 12C(d,p)X n 12C(d,d)X. CTaThR opraHII30Bana cJie.lJ:YIOIII;II.M o6pa3o.M. B rnaBe 2 

OIIHCbiB310TCJl xapimTepiiCTIIKII IIJ'!Ha IIOJIHpii30B3HHbiX ,llefiTpOHOB, JCTaHOBKa II CXe.Ma 

3Kcnepn.MeJITa, .neraJIII o6pa6oTKII .naHHhlX. B rnaBe 3 npiiBO.lJ:RTCH II o6cylK.l{aiOTCH pe-

3JJibTaThl H3.Mepeniifi. B nociie.nneii rnaBe c<iJop.MyJIHpoBaHhl ocnoBHhle BhlBO.ll:hl • 
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2 8«crrepHMeHT 

2.1 llyqoK IIOnRpH30BaHHLIX ,n;ei.fTpOHOB . 

8RcnepiiMCHT 6bln· npoae.i\en na CIIHxpocpa3oTpone Jla6opaTOpHI1 Bblcounx 3Heprnfi 

OMJHf II ycTaHOBRe C<PEPA, noRa3annoil: na pi1c.l. .ll:JIJI II3MepeniiJI IICIIOJibaoaancn 

TIJ'IOR TIOJIJipi130BaHHbi}(" /J;efiTpOHOB, llOJIY'lCHHblX C IIOMOIUbiO IIOHHOrO HCTO'lHIIKa 

IIOJIJIPMC [51]. 3naR Tenaopnofi noJIJipnaauiiii nyqKa naMennncn oT unRJia K unKny 

RaR (0,-,+), r,ne "0" 03Ha'laeT OTCJTCTBIIC ll0911PII3aUIIH, a"-" II"+" COOTBCTCTBJCT 

anaRy Pzz· MaMepeHIIe noJIJipiiaauiiii ny'lRa 6b!JIO ripoae.neno c noMOllibiO noJIJipnMeTpa 

AJib<PA (52], II3Mepnarnero aciiMMeTpiiiO B yi:rpyroM paccennnii ,nefiTponoB na ao.no

po.ne na yroJI 7.[5°' npnnaqaJibliOM IIMllJJibCC .nefiTpona 3 r3Bic. Tenaopnan II BCHTOp

HaH noJIJipHaauHH nyqRa oRaaaJIIICb paBHblMH P1"z = 0.624 ± 0.029( stat) ± 0.025( sys ), 

p;z = ~0.722 ± 0.022(stat) ± 0.029(sys) II P1" = 0.162 ± 0.017(stat)"± 0.003(sys), 

p; = 0.209 ± 0.013(stat) ± 0.004(sys), cooTBeTCTBCHHo •• BenH'liiHbl anannaiipyw

rnHX cnoco6nocTefi Ayy II Ay, neo6xo,niiMble ,nJIJI nonyqeniiR nonnpiiaaunii nepBII'lHOro 

J:ryqRa, B3JITbi H3 pa6oTbi [35]. CIIcTeMaTni]:ecRne ornii6Rn B aennqnne nonnpnaauiin can

aanbl c neonpe.nenennocTJIMII B anaJIII3IIPYJOlliiiX cnoco6nocTRX Ayy n Ay .n;nn ynpyroro 

dp-'paccenl!nn. 

CTa6HJibHocTb BeRTopnofi cocTaBJIJIIOrnefi noJIJipnaauHn .n;efiTponoa ROHTponnpoaa

nacb B npouecce na6opa .n;anHblX on-line noJIJipnMeTpoM, H3MepRBIIIIIM acnMMeTpnro a 

RBaaHynpyroM pp- paccennnn (53], naxo.n;IIBIUeMCR B cpoRyce F4 MarHIITHoro Ranana 

VPl. AcnMMeTpnn 

il 
A±= ntln; .:_ n?ln~ 

nfln;+n?ln~' 
(1) 

r.n;e nt;O - 'lliCJia OTC'leTOB JICBOrO (l) ll npaBoro (r) IIJIC'l IlOJIJipliMCTpa, IIOJIY'lCH

HblC .l(JIJI pa3Jili'lHblX COCTOHHJitl: llOJIJip1I3aUHII llY'lRa .l(CfiTpOHOB (±, 0) ll HOpMIIpoBaH

HblC Ha COOTBCTCTBJIOIUIIC 3Ha'lCHIIH MOHIITOpa (noHa3aHJIH IIOHII3aUHOIIHOtl: HaMCpbi B 

cpoRyce F4 .. uauana VPl), npHBe.n;eHbl.Ha p11c.2. CaeTJible n TeMHble CIIMBOJibl cooT

BCTCTBJIOT auaqennHM acnMMeTpntl: A±, nonyqennb!M ao apeMH .KOHTpOJibHblX H3Mepe

un.i!: llOJIJipll3aUlili II ua6opa 3KCIICp1IMCHTaJibHblX .n;aHHblX, COOTBCTCTBCIIHO. Cpe.n.nne 

3Ha'ICHUH aCHMMCTpH.i!:, IIOJIJ'lCHHblX BO BpCMH HOHTpOJibllblX II3MCpCHllfi, COCTaBllJill 

0.033±0.004 ll 0.035±0.004 ,llJIJI "+"II"-" COCTORI!lltl: IIOJIJip1I3aUJili, COOTBCTCTBCHHO. 

CooTBeTCTBJIOIUHC cpe.n:une 3Ha'ICHIIH acnMMeTpHtl:, nony'leHHble ao apeMRna6opa .n;au

Hblx, ouaaanncb paBHbiMri 0.029 ± 0.004 n 0.031 ± 0.004. Cornacue pe3JJibTaToB o6onx 
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l!3Mepennii . aCHMMCTpHll CB:IIJlCTCJibCTBJCT 0 CTafiHJibHOCTH BCKTOpHOll COCTaBJIH!OIUCH 

IIOJIHJlll3aiV!ll Il)"lKa B TC'ICHHC 3KCIICpHMCHTa. 

Tenaopnan nonnpnaaunn ny'lKa B xo.ne na6opa .naHHblX KOHTponnpoaanacb ne

cKOJibHO pa3 IIJTCM H3MepeHHJI Bb!XO,Z1a IIpOTOHOB C l!MIIJJibCOM 6 r3Bic IIO.Z1 yr.1m1 

0° a peaKunn 12C(d,p)X, r.ne Tenaopnan anannanpywrnan crroco6nocTb T20 xoporno. 

naaecTna. PeayJibTaTbl HOHTpoJibHblX H3lrepennfi ,naJIH anaqeHne T20 = -0.87 ± 0.02. 

IWTOpOe HaXO,Z1HTCJI B XOIJOIIICM COrJiaCHH C MHpOBb!Mll ,naHHb!Mll [27, 28]. 

2.2 MsMepeHHR 

Bb!Be,neHHblfi ll3 ycKopHTCJIJI IIY'IOH .neiiTpOHOB c IIMIIJJibCOM 9 r3B I c u' Tllllll'IHOJ:I 

JIHTCHCUBIIOCTbiO ~ 2 • 109 'laCTHU 3a UHHJI HanpaHJIRJICJI Ha yrnepo,nnyiO MIIIIIC!Ib, !Ia

XO.l(HBIIIJIOCR B (llOuyce F5 nan ana VP 1 (or. pnc.l). l1cnoJib30BaJIHCb MnrneHn .n;mmoli 

6.5 r I cM2 n 27.2 r I cM2 • l1nTeHCHBHOCTb ny'ma Momnopnpoaanacb noHII3aunoHnoii 

HaMepofi I C, naxo,niiBIUeiicJI nepe.n; MHIIICHbiO. 

.ll:annble 6b!JIII nony'rellbl npii 6 nacTpoiiKax ManmTHblX 3JieMenToB, o6ecm'•maa

BIUIIX Bbl,Z1CJICIIIIC BTOpll'IllblX qaCTHU C llMIIJJibCa~in 4.57, 5.40, 5.88 6.11, .6.63 II 

7.04 n'IBic. BTopii'IHblC qacTHUbl, ncrrymeHHble II3 MHIUCHH no.n yrnoM 85.Mpa.n. !JPil 

llOMOIUH 3 OTHJIOHHIOIUHX MarHHTOB .(MarHHT Jl./0 6LJJI BblKJIIO'lCII) II 3 ,ny6neTOB mma 

TpaHcnopTnpoaanncb B cpoKyc F6. AKcenTanc 3HCnepnMeHTaJILHoi1 ynauoBKII 6LJJI 

Bbl'liiCJICH nyTeM Mo.n;emrpoaaHIIJI MCTo,noM MonTe-Kapno (54]. Yrnoaofi aHcernanc . ' . 

JCTaHOBHII COCTaBJIJIJI b.,()~ ±8 Mpa.n;, a HMIIJJibCHblJ:I aKCCUTaHC b..plp, B 3aBUCIIMOCTH 

OT n~myJibca, MeHJIJICJI OT ±0.02 .no ±0.03. Pe3JJibT~Tbl Mo.n;ennpoaamln .. nMITY-!Ibcnwx 

aHCeiiTaHCOB JCTaHOBHII IIpii BCCX 6-TH HaCTpOfiHaX MarHHTHWX 3JieM~HTOB npnBe.ll.ellbl 

Ha pnc.3. YHa3aHHblC Bb!IUC 3lla'ICIIHH IIMllJJibCOB BTOIJl!1IHblX '!aCTHU, H HOTOpbiM, OTIIP

CC!Ibl pe3JJibTaTbl l!3MCpeHHtl:, COOTBCTCTBJIOT cpe.n;HIIM 3Ha1ICHIIHM IIMriYJILCHblX aHCPll

Ta!ICOB, llOJIJ'lCHIIblX IIJTCM MO.l(CJII!pOBalll!Jl. 

B rm•recTBe TpHrrepa IICIIOJib3oBanucb coaua.n.eHIIH .cnrHaJioB co cunHTIIJI.1RIUIOII

IIbiX c•reT'IllltOB F6r, F 62 II F63 • • Hapn.ny c npoToHaMII oT (ppanrenTann~ .n.eliTpono~ 

annapaTypa perncTpnpoaaJia n .n;etl:TpOHbl, ncnb!Taarnne neynpyroe p~n;ennn<' 11 HMI'

wmne TOT JHe JIMIIYJibc, •rTo n Bbl.n;enenl!ble npoToH~- ITo .Mepe yaemrqennn nMny.%ca 

periiCTpHpyeMI.IX •raCTIIU OTHOCIITCJibHbllt BIWa.l( 3TIIX .ll.CllTpOIIOB .Bo.~pacTaC'T. l{To~h~ 

llO.l(aBHTb 1IHCJIO 3aiiJCKOB JCTaHOBHII OT cpoHOBblX .n;etl:Tp,OIIOB, ·npn MaHCnMaJILIIOM IIM

llYJibCC .n.eTeHTnpoaaHJIR BTOPII'IHblX •racTnn B Tpurrepe .n;onoJIHIITCJibJIO ucnoJib30Ba,1cH 

cnrHaJI c a3poreJibHoro •repenHoBcRoro c•IeT•mna (\ c pa.n.naTopoM, JIMCIOIIlliM noHa3a· 
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TeJib npenoMJieHIIR 1.033. Ilopor cpopMHpoBaTeJIR CHrHana c qepeHKOBCKoro cqePmKa 

6hiJI Bh!6paH TaKHM o6pa3oM, qTo6h! noTepH npoTOHOB npH noM He npoHcxo.n;Hno. Ko-

3cpcpHnHeHT OT6opa TpHrrepa B 3TOM cnyqae COCTaBJIRJI "-' 2. 8cp(peKT UCnOJib30BaHIIR 

qepeHKOBCKoro cqeTqHKa B Tpurrepe npoHJimocTpHpoaau Ha p.Hc.4. 3.n;ec& npuae.n;eJibi 

cneKTphl BTOpiiqHhiX qacTHU no apeMeHf! nponeTa, nonyqennhle 6e3 BHmoqemiR (puc. 

4a) II c BHmoqeHf!eM (pHc. 46) CIIrHana c 'IepeHKOBCKoro cqeTqiiKa B TpHrrep. 8n1 }J{e 

cneKTphl xapaKTepH3YIOT II Ha,ll;e}J{HOe pa3,ll;eJieHHe BTOpH'IHhiX .n;eii:TpOHOB II npOTOIIOB 

IIpii HaCTpOii:Ke MarHHTHOrO KaHaJia Ha MaiiCili.IaJibHOM llMIIYJibCe 7.04 f3Bjc. 

2.3 06pa60TKa ,ZJ;aHHLIX 

M.n;eHTncpnKannR perncTpnpyeMb!X qacTnn; IIpoii3Bo.n;Hnacb no fi3BecTHOMY nx nMnyn~>cy 

II apeMeHII nponeTa MeJR.n;y cqeTqnKaMn F561 - F.'562 , F563 - F564 n cn;nHTIIJIJIRUnon

HbiM ro.n;ocHonoM HT' c O,ll;HOH CTOpOHbl, fl cqeTqiiJ(OM F61' c .n;pyroii:, pa3HeceHHLIMII 

na paccTomme oRono 28 MeTpoa. CTapTOBhiM IIMIIYJihCOM cnylRIIJI cnrnan co C'IeT

•mHa F61, pacnoJio}J{eHnoro B cpoKyce F6. Pa3peruenf!e apeMRnponeTnoti: cHcTeMbi 

crroF 6Lrno nyqrue qeM 0.2 nc. B npon;ece o6pa6oTHH B HaqecTBe none3Hh!X oT6H

panHCh TOnbHO Te C061ITHR, ,ll;JIR HOTOphiX no Kpaitneti Mepe ,ll;Ba fi3MepeHIIR BpeMeHII 

rrponeTa 6h!JIIl CHoppennpoBaHh!. Bnaro.n;apR 3TOMY cpon OT cnyqafiHhiX cpa6aTLIBa

Hilll apeMR-rrponeTHLIX cqeTqiiHOB rrpaKTnqecKH rronnocTbiO IICHJIIOqancR. KoppeJIRUUR 

BpeMeH npoJieTa qacTUD; ,ll;JIR HaCTpOHKU MarHIITHbiX 3JleMeHTOB ycTaHOBHU Ha UMliYJibC 

7.04 f3B/c rrpo.n;eMoncTpnpoaana ua puc.5. 

·, J13MepeHHR 6e3 MHIIIeHII fih!JIII ilpOBe,ll;eHLI ilpH HaCTpOitKe MarHIITHbiX 3JieMeHTOB 

ycTaHOBHU Iia f!MliYJibC 6.11 raB/c. B 3TOM cnyqae OTHOIIIenne Bh!XO.n;a BTOPII'IIlh!X 

qaCTHD; B. fi3MepeHIIRX 6e3 MIIIIIeHII H BLIXO.ll:Y B II3MepeHf!RX C Mf!IIieHb!O 27.2 rjcM2 

COCTaBHJIO MeHbiiie qeM 0.006. 

,ll;nR orrpe.n;enennR HHBap!laHTHoro .n;ucpcpepeun;HaJibHOro ceqeHf!R peaJ{UIIU 
12C(d,p)X C ucnycHaHIIeM rrpoTOHOB liO,ll; yrJIOM 85 Mpa.n; B .n;aHHOM :OlRCITepi!MeHTe 

6b!n crren;HaJrbHo U3Mepen Bhlxo.n; npoTOHOB c f!MITYJihCOM 6 faB / c no.n; · yrnoM 0°. 113 

COliOCTaBJieHlfR pe3yJibTaTa 3TOrO ll3MepeiiUR C onyfiJIIIHOBaHHh!Mil B [2, ·4] .n;aHHbiMII 0 

.nncpcpepenn;nanbHOM ceqeniiH aToti peaKUIIII c BhiJieTOM npoTonoa no.n; 0° 6h!na oiipe.n;e

:Iena HaJIHfipoaoqHaR HOHCTaHTa Ccal, KOTOpaR 11 il03BOJIUJia BhlqiiCJIIITb UHTepecyiOID;ee 

Hac IIHBapHaiiTHOe ,ll;1IcpcpepeHD;IIaJibHOe ceqeHIIe Ha OCHOBaHHll COOTHOIIIeHIIR 

E ~cr E n° 
p2 dpdO = Ccal . p2 . tl.ptl.O (2) 

/ 
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3.n;ecb n°- qiiCJIO. OTOfipaHHhiX llpOTOHOB (IIJIH .n;eii:TpOHOB), II3MepeHHOe npii,OTCJT-
•.,.< . ', 

CTBHH IIOJIRp1I3aD;IIII nyqKa II HOpMHpOBaHHOe Ha COOTBeTCTBYIOID;ee 3HaqeHIIe MOHHTOpa 

(noKa3aHnR uoun3aD;IIOHHoii: KaMephl IC). /:l.p n /:l.O- nMnynhCHhlii n yrnoaoti: aRcen

TaHchl ycTaHOBRH, COOTBeTCTBeHHO, nonyqeHHble B pe3yJI&TaTe MO,ll;eJIHpOBaHHR. p H 

E = Jm2 + p2 - cpe.n;Hnti: nMnyJThc n cooTBeTCTBYIOID;aReMy 3HeprHR BTopnqHoii: 

<JaCTHD;bl C MaCCOfi m. 0TMeTIIM, qTO .n;aHHble, llpHBe,ll;eHHbleB [2] II [4], npn HMnJ~Ce . ' ' 

IIpOTOHa ""6 f3B/c pa3JIIIqaiOTCR npiifiJIH31ITeJibHO Ha 30%, qTQ, llO-BII,ll;HMOMJ, 06'b-

RCHReTCR MeTo.n;nqecKnMH npiiqiiHaMII. ,ll;JIR nonyqeHIIR 3HaqeHHR Ccal IICIIOJTh30Ba

JIIICb .n;aHHble pa6oTbl [4]. Bo3MOJRHaR cncTeMaTIIqecKaR onm6Ka B onpe.n;enemin ROH

cTaHTbl Ccal, o6ycnoaneHHaR mnn6Roii: RaJIII6poaoqHbJX H3MepeHIIti: [55] II cTaTIICTIIqe

cKoil: onm6Koii: .n;ncpcpepeHn;IIaJThHoro ceqeHIIR cpparMeHTaD;IIII npii nMnyJThce npoToHa 6 

faBjc, COCTaBJIReT"" 15%. KpoMe TOro, cne.n;yeT IIM~b B B,II.ll:Y HaJIIIqiie B03MO}J{HOro 

cpaKTopa 1.4, Ha ROTOpb!ii: nuaapiiaHTHOe .n;Hcpcpepeun;IIaJibHOe ceqeniie, nonyqeHHOe 

B [2, 4], npeBb!IIiaeT .n;aHHble, npiiBe.n;eHHble B [3]. Ilpii BblqiicneHIIH Ccal Ha .n;aHHOM 

aTane aHaJIII3a, o.n;HaKo, 3TOT cpaRTop uaMn He yqrrTb!Ba~cR. 

.[l;ncpcpepeiiu;nanbHOe ceqeHIIe peaKn;IIn .n;JIR pa3Hb!X cocToRnnil: noJIRpii3aD;IIII nyqKa 

.n;eii:TpOHOB MO}J{eT fib!Tb 3aiTIICaHI) B CJie,ll;JIOID;eM OfiiD;eM BH,ll;e: 

o( 3+ 1+A) cr+ = cr 1· + 2Pz Av + 2Pzz , vv ' 

. o( 3_A 1_A) cr- = cr 1 + 2Pz y + 2Pzz · YY ' (3) 

r.n;e cr0 - .n;ncpcpepeHniiaJibHoe ceqeuiie peaKn;IIII .n;JIR HenoJIRpii30BaHHoro ny•ma, Ayy 

II Ay - TeH30pHaR II BeHTOpHaR ,aHaJIH3IIpyiOID;IIe cnoco6uocTII, COOTB.eTCTBenno, · P;z 

II p; -TeH30pHaR II BeKTOpHaR ilOJIRp1I3aD;IIR nyqKa .n;efiTpOHOB ,ll;JIR COCTORH!Ifi " + " II 
" " Benii'IIIHbl Ayy II Av MoryT 6h!Th uaii.n;eHhl II3 cne.n;yiOID;HX cooTHorueHIIil:: 

[ 
p; • (n+ ) . p; 

Avv=2 -+ +- 0 ,-1- -+ + 
Pz Pzz - Pz Pzz n Pz Pzz - Pz Pzz (:: -1)]' 

A = __ Pzz • ~ _ 1 _ · Pzz ~ _ 1 2 [ - ( + ) ' + ( - )] 
y -+ +- 0 -+ +- 0 ' 3 PzPzz- PzPzz n _PzPzz- PzPzz n 

(4) 

r.n;e n+, n- II n° - qiicna 3aperiiCTpiipoBaHHb!X qacTIIU: .n;JIR pa3Hh!X 3HaRoB noJIRpii-,., .. 
3aljiiii nepimq~oro nyqKa .n;efiTpOHOB, HOpMIIpOB.aHHble Ha COOTBeTCTBYIOiiJ;YIO IIHTeH-

CIIBHOCTb nyqRa (noHa3aHHR UOHII3an;IIoHHOii RaMephl IC) . .. 
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3 · PesyJI:&TaTLI 

3.1 MMIIYJILCHLIH crreRTp rrpoToHoB 

MnBapnanTnoe .n.n<P<PepeHrriiaJibHoe ceqeuue peaRnnn ncnycRaHIIH npoToHoB no.n. yrnoM 

85 Mpa~ B pe3JJibTaTe <PparM~HTarriiii .n.efiTpoHoB c IIMIIJJibcoM 9 r:~B/c ~a n.n.pax yrne

po.n.a; npnBe.D.eHO B Ta6JIIIIIC 1 II llORa3aHO Ha piic.6 B 3aBIICIIMOCTII OT IIMITYJibCa npo

TOHa B na6opaTopnofi cncTeMe. Ha ~TOM llie piicyuRe noRa3aHbl pe3JJibTaTbl pac<JeToB, 

BbiiTOJIHeHHhlX .ll.JIJI peaRrriiii 1 H(d,p)X B paM~~ax Mo.n.enii mecTRHX coy.n.apeHnfi [45] 
c IICITOJib30BaHIIeM BOJIHOBbiX <i>YHRIIIIfi, COOTBeTCTBYIOIIIHX pa3JIII'!Hb!M IIOTeilrriiaJiaM 

N N- ~3aiiMo.n.eficTBIIH. Pac<JeTbl npoBO.D.IIJIIICb c y<JeToM IIH~ep<Pepnpywmefi cyMMbl 

~Rna.n.oB .n.narpaMM, noRaJannhlx na piic.7. Ha aTOM pucyHRe d o6o3Ha<JaeT HaJieTa

romiiit' .n.efiTpOH, p- npoTOH MllilleHII, PI - perucTpiipyeMblfi IIpOTOH, q}, q2, q3 -

BIIpTyaJibHble HYRJIOHhl, P2 II P3 - He.n.eRTIIpyeMble uyRJIOHbl • .ll.IIarpaMMa a) cooTBeT

CTByeT nponeccy npHMofi <PparMeHTarriiii .n.efiTpoHa, a .D.IIarpaMMbl 6) II B) oTBe<JaJOT 

CIITyarriiii, ROr.D.a .D.eTCRTIIpyeTCH IIpOTOH, IICIIb!TaBIIIIIfi .D.OIIOJIHHTCJibHOe pacceJIHIIe. 

TaR RaR aRcnepiiMeHTaJibHble .n.aHHhle nony<JeHbl Ha yrnepo.n.Hofi MIImenu, To .D.JIJI 

Ra<JeCTBeHnoro conocTaBJiennJI pe3JJibTaTbl pac<JeToB·6biJIII yMHOllieHbl na 12213• Kpii

Bble COOTBCTCTBJIOT Bbi<JllCJieHIIIIM C BOJIHOBbiMII <l>JHRIIIIIIMII .n.efiTpona .ll.JIJI napUlli· 

CKOfO IIOTeHrriiaJia [57] ( CIIJIOIIIHaJI RpHBaJI), IIOTeHrriiaJia Pelt.n.a C MllfRIIM ROpOM [58] 

(IIITpiiXOBaJI Rp!IBaJI), 60HHCR0f0 llOTeHrriiaJia '[59] (nyHRTIIpHClH RpiiBaH), MOCROBCROfO 

. noTennnana [60] (IIITpnxnyuRTIIpHaH RpiiBaH). BII.n.no, Bo-nepBhlx, <JTo pe3JJibTaThl 

pac<JeTOB ,tiJIJI pa3Hb!X BOJIHOBbiX <l>JHRIIIIli 3aMeTHO pa3JIII<JaiOTCIIj nyqmee COrJiaCIIe 

C 3RCnepiiMeHTanbHbiMH .D.aHHb!Mll .D.OCTIIraeTCJI B CJIJ<Jae IICIIOJib30BaHUII napiilliCROH 

BOJIHOBOfi <l>YHRIIIIII [57]. Auanorn<JHoe 3aRJIIO<Jeniie 6biJio c.n.enaHo II .n.nn IIMITJJib· 

CHhlX cneRTpoa npoTonoB, li3MepeHnhlx paHee no.n; yrnaMII Hi3, 139 II 157 Mpa.n; [50]. 

Bo-BTOphlx, RaR n paHee [50], HOBble .n.aHHble npii 6oJibiiiiiX IIMIIJJibcax npoTOHOB co

OTBeTCTBJIOT cTeneHHoli 3aBIICIIMOCTII ~T aTOMHoro HOMepa MIImeHn A c noRa3aTeJieM 

"' 2/3. 8To 3aRJIIO<JCHIIe CJie.n;yeT ll3 TOro, 'ITO pe3JJibTaTbl pac<JeTOB, BbiiiOJIHeHHbiX 

.li.JIJI n.n.pa Bo.n.opo.n;a, yMHomeHHble Ha <PaRTop 12213, xopomo cornacyiOTCII c . HOBbiMII 

.n;aHHhlMn, nony<JeHHhlMH Ha yrnepo.n;e. 

TaRIIM o6pa3oM, .n.aHHble no .n.n<P<PepeHrriiaJibH~MY ce<JeHIIIO B peaRrriiH 1 H(d,p)X 
. ' . 

no.n. yrJioM 85 Mpa.n; Ra<JecTBeHHo cornacyioTcH c Pe3YJibTaTaMU npeJRHIIX II3MepeHuli JIM· 

llYJibCHbiX CIIeRTpOB llpOTOHOB ITO)]; 60JibiiiiiMII yrJiaMJI [50], II IIX TaRme MOlRHO OlliiCaTb 

B paMRaX peJIJITIIBIICTCROrO llMITYJibCHOrO llpH6JIH)l{eHIIJI C IICITOJib30BaiiiieM CTaH.n.ap

THbiX BcJ>.LJ., T.e. Ha OCHOBe yqera B .n.eliTpOHe TOJibRO HYRJIOHHbiX CTeneHefi CB060.D.bi. 

/ 
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3.2 AHaJIH3HpyromHe 
12C(d,p)X. 

crroco6HOCTH Ayy H Ay peaRUHH 

Pe3JJibTaThi II3Mepemm TeH3opHofi Ayy II BeRTOpHofi Ay aHaJIII3HPYIOIIIIIX crroco6HocTefi 

npe.D.CTaBJieHbl B Ta6JIUIIe 1 B 3aBIICIIMOCTir OT llMIIJJibCa IIpOTOHa p B Jia6opaTOpHOfi 

CIICTeMe ROOp.D.II~aT II IIMIIYJibCa q B CIICTeMe IIOROJI .n.efiTpOHa. TeH30pHaJI aHaJII!3llpy

IOlllaJI cnoco6HoCTb Ayy nonmRnTeJibHa npli 6oJibiiiiiX IIMIIYJibcax rrpoToHa n cocTaBJIJieT 

IIpU6JIII3l!TCJibHO 0.1 IIO a6COJIIOTHOll: BeJII!<IIIHC. 

.LJ.aHHble no Ayy noRa3aHbl Ha pnc.8. 3.n.ecb llie npnBe.n.eHbl pe3JJibTaTbl pac<JeToB, 

BbiiiOJIHeUHbiX co macHo MO.D.eJII! mecTRIIX coy.n.apennit [56] .D.JIJI peaRrriiii 1 H ( d, p )X 

npn 6oJibiiiiix nonepe'IHhlX nMnynhcax npoTonoa c Y'IeToM .n.IIarpaMM, npe.n.cTaBJieHHhlX 

ua pnc. 7. AuaJIH3IIpywman cnoco6HOCTb Tkq peaJ{IIHII onpe.n.eJIJieTCJI cTau.n.apTHbiM 

COOTIIOIIIeUUeM: 

L, J Sp( MtkqMt)dr 
Tkq = --~-......_!...._ 

L,f Sp(MMt)dr , 
(5) 

r.n.e M- nonHan aMnmiTy.n;a peaRnnn c y<JeToM Bcex paccMaTpiiBaeMbiX Mexaun3MOB (eM. 

puc. 7). dr - aJieMeHT <Pa3oBoro npocTpaHCTBa, no RoTopoMy n.n.eT cyMMupoBanne 

(B cny<me IIHRJII03IIBHoro onncaHnn peaRnnn), tkq· cniin-TeH3opHbie onepaTopbi paHra 

k )];Jill Ha•JaJibHOrO COCTOJIHIIJI. 

0ROH<JaTeJibHOe BbipaJReHue )];Jill Te~3opHofi aHaJIU3upyiomeit cnoco6uocTn T2q • 

Y'IHTb!Baromee BKJia.D.bl oT npJIMofi <PparMeHTarrnii (.n.uarpaMMa puc. 7 a) u lliecmoro 

pacceJIHIIJI (.n.uarpaMMbl puc. 7 6, a), nMeeT Bn.n; 

3.n.ecb 

T
2

q (Ptoda) . = 
dpl 0 

2v'3 ( l(n,p) 1 , 
= (211')3 F(x, Ptr) l(d,p) (1- x)2·a(np-+ p.\) + 

JF( ) l(N,p) 1 p10da(Np-+ PtX) d,d . 
+ 'y,qT-l(d) (1- )· . d. y qr+ Y , P Y Y Pt 

+ (intn·fercuce' term))· 

F(x,p1r) = ;fi-Y2q(k) (u(k)tv(k)- 2~w2(k)), 
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(G) 



(p10da / dp1 ) 0 - nnaapnanTnoe .un<P<!JepeHIUiaJJbHoe ce<Jeune ¢pari>~eHTaunn neno

mrpH30Bai!HbiX ,lleiiTpOI!OBj /( n, p ),1( d, p) - lii!BapnaHTHLie IIOTOKH ,CTammBa!OlUl!XCR 

qacTnu; x n y - .uonn npo.uonhHoro IIMnynbca .ueil:Tpona, ynocm.toro B CBI1 cnetnaro

poM II BTOpb!M ¢parMeHTOM, COOTBeTCTBeHHOj k - e,llHHli'IHblll BeKTOp. B uanpaH:tellllll 

nMnynbca nyxnoua (x, kr) B noHoHmeMcJI .ueitrpone. CBJI3b Mem.uy Hl\IIIYJI~co~!·k n nM

HYJibCOM .uerexrnpyel\!OfO nporona Pt B .unnaMnHe CBeTOBoro cppOHTa ycratiaBmiBaeTCII 

Ha OCHOBe COOTHOlUeHHH 

Pto + Pt3 
x= =--

. do+ d3 2ko 
ko + k3 

Pt~ = kr, x + y = 1, (7) 

orxy.ua cJie.uyer 

k
2 k2 m2 +'k2 
0 = +mJv = N T 

4x(l-x)" 
(8) 

Hanoe Bb!pallienue .UJIH nnrepcjJepenuuonnoro 'IJiena (inter J erence term) cmimRoM 

rpoM03.UHO, 11 no3TOMY 3,llecb He npiiBO.UIITCHj ero BHJia.u B BeJIII'IHHY T2q He npeHblmaer 

.HeCHOJibHIIX npoUeHTOB. 

Ten3opnaH anaJI.II3RpyiOru;aJI cnoco6nocTb Ayy onpe.ueJIHeTcH HaH IWM6mraurrH 120 

n T22: 

Ayy = -h [ ~T2o + Jirn] (9) 

Kat< yllie OTMe'IaJiocy,, crreHTpb! rrpoTonoa c nonepe'IHbiMII IIMnyJibccaMn 

0.5 - 1 f'lB/c, o6pa3y10ru;rrxcH B peaxunrr 1 H( d, p)X nprr na'IaJibHOM nMnyJibce 

,lleiiTpona 9 f'lBjc, Y.llOBJieTBOpiiTeJibHO onnCb!BaiOTCH B MO,lleJIH llieCTHIIX coy.uapeHUH 

[4.5, 50] c yqeroM TOJibHO HYHJIOHHbiX cTeneuefi cao6o.ubl B .ueiiTpoue. Tauott }!{e Bb!BO.ll 

MOlKHO C,lleJiaTb II OTHOCIITeJibHO ,llaHHLIX no .UHcjJ~epeHUHaJibHOMY Ce'Ie!~HIO peaHUHH 
12

C(d,p)X no.u ymoM 85 Mpa.u, noJiy'IeHHbiX B 3TOM 3HCnepJIMeHTe. C .Upyroii CTO

pO!Ihl, 3HcnepnMeHTaJibHble .uanHble no Ayy, oco6eauo npn 6oJibmn:x nMnyJibcax npo

TOHa, He y.uaeTCH BOCnp0113BeCTU B paMHaX 3T0f0 me nO,llXO,lla [56] C IICIIOJib30BaHHeM 

cTaH.uapnmx BOJIHOBbiX cpynuunii .ueil:rpoHa [57]-[60]. Pe3yJII>TaTbl BLI'IHCJienrrii o'IeHb 

'IYBCTBIITeJibHbl H Bb16opy .ueii:Tponnoii BOJIHoaoil: cjlynuunn. KpnBble, noHa3aHnble na 

Jlllc.8, IIOJIY'IeHbl C y'IeTOl\1 HOHe'IHOfO aucenTanca ycTaHOBHH MeTO,llOM, OIIHCaHHbiM B 

pa6ore [.56]. l13MeHeHIIe a noae.uenrrrr Ayy, o6ycJIOBJiennoe uone'IHbiM axcerrTancoM, 

MO}HeT OHa3aTbCH ,llOCTaTO'IHO cyru;eCTBeHHbiM, HO npHHUHITllaJibHO He MeHHeT IIOJIY

'leHHyiO 3aBHCIIMOCTb Ayy· 
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OnncLiaaeMLie :mcnepnMenTaJihHble. ~aHHble IIoJiy'IeHbl na yrJiepo,llHofi MHmeHH. 

Kax oTMe'IaJIOCb Bblme, BbiCOHOHMIIYJibCHble qacTH ciieRTpoB npoTOHOB, H3MepeHHbiX 

no.u nenyJieBbiMIIyrJiaMn, lie 3aBHCJIT oT A [3, 50]. 8To c;>3Ha'IaeT, 'ITO IIOIIpaaxn ua 

MHOfOHpaTHOe pacceHHlle B ,llaHHbiX RHHeMaTH'IeCHRX yCJIOBliHX HecymecTBeHHbl. ,[{aH-
, ' "' ·. ' - . 

Hble no TeH30pHOH aHaJ!ll3HpyiOIUeii CIIOC06HOCTll no.u HYJI~B~l\1 ymol\1 [5] nOHa3b!Ba!OT 

rrpn6JIH3HTeJibHYIO He3.aancnMocT~ T20 oT A .UJIJI JI.Uep TJimeJiee 4 He. CncTeMaTn"!ecxaJI· 

pa3nnua Melli.uy 3Ha'IeHIIHMU T20 .UJIJI ao.uopo.uuofi n yrJiepo~~ii Mnmenefi cocTaBJIJieT 

acero JIHmh IIpnMepuo 20% [5, 28, 29]. ,Uauuble o ~~3cjJcjJnunenTe IIepe.uaqn noJIJipn3a

unn Ko [30, 31, 32] Taxme cJia6o 3aBIICJIT OT A. T~HIIM o6pa3oM, 3HcnepHMeHTaJThHble 

,llaHHble, noJiy'IeHHble IIpii pa3JIII'IHbiX naqaJibHbiX ~HeJ?rHHX II nonep,e'IHb!X IIMnyJThcax, 

nOHa3b!BaiOT, 'ITO MHOfOHpaTHOe pacceHHIIe, no-,B'!I.lliiiiiOMy, IIrpaeT MaJIY~ poJib. 11o-

3TOMY H.Uepnb!e MnmeHII TaHllie npnro,llH~ .UJIJI IIoJiyq:eun~ IIHcjJopMaunn o. CTPYitType 

.ueiirpoua. TeM ue Menee, H3Mepeniie Ayy B peaxunH pa3BiLJia . .uefiTpo:s:oa ua. ao.uo

po.unofi MHlUeHJI C ncnycRaHJieM IIpOTOHOB C 6oJiblUHMII nonepe'IHbll\lll HMnyJibC~MH, 

HeCOMHeHHO, npe.UCTaBJIJIJIO fib! llHTepec. 

Pac'IeTbl noHa3b!BaiOT, 'ITO no.u ymoM 85 Mpa.u.aa'IIIHaJI c JIMnyJihCOB npoTonoa, 

npeBblmaiOIUIIX 5.3 f3B / c, n~HMaJI cjJparMeHTauiiJI .ueiiTpona (pn~. 7 a) ace 6oJibme, .uo

MJIHIIpyeT na.u mecTHUM pacceJinneM uyxJiona .ueiiTpona na HY!Uic;>He MIImeHII (pRe. 7 6, a). 

C .upyrofi CTOpOHbl, npoTOHbl, perii~TpnpyeMble no.zi 0°, ~aR:JKe B OCHOBHOM o6ycJIOBiieHbl 

npHMOii cjJparMeHTauneii. l1o3TOMY IIHTepecno cpaBHIITb uamii .uannble no Ayy c .uan

Hb!MJI no T20 no.u 0°. Ha pRc.9 .uaHHble no Ayy, noeyqennble B STOM 3HcnepiiMeHTe, 

npe.ucTaBJieHbl B:l:iecTe c .uanHb!MII o TeH3opuofi auaJin3npyiOru;eii cnoco6nocTII T2o, co

OTBeTCTBYIOlUIIM~ IIcnycHaHIIIO IIpOTOHa IIO.ll 0° (no.U HyJieBbiM ymoM T2o = ,-;-J2Ayy) 

Ha ymepo.UHOH MlllUeHII [27, 28, 29] B 3aBIIClll\IOCTII OT .IIMnyJibCa IIpOTOHa Jl CIICTeMe 

noROJI ):(eHTpOHa 

~ 
q = V'lll T 'l.L•· (10) 

r.ue qli II q.L - UpO,llOJibHaJI II ITOUepe'IHaJI HOMIIOHeHTbl IIMITYllbCa q. 0TMeTIIM1 'ITO eCJIII 

B CJiy"!ae IICITYCHaHIIH' UpOTOHa 'ITO,ll 0° IIMITYJThC q UOJIHOCTblO IIpO,llOJibHblfi, · TO B ycJIO

BliHX HaCTOHru;ero 3HCnepiiMeHTa BeCb IIMITYJibC ITO'ITII IIOJIIIOCTb!O onpe,lleJIJieTCJI ero 

nonepe'Inofi HOMIIOHeHToil:. BeJIII'InHa Ayy .UJIJI acex na6opoB .uannhlx npii 6on~>mnx 

3Ha'IeHIIJIX q IIOJIO}HliTeJibHa. 11oXO}!{aJI 3aBIICIIMOCTb TeH30pHofi anammnpy10ru;eii CIIO

COfiHOCTII B peaHI(llll 12C' ( d, p( 0° ))X IIOJiy"'eHa B MO.UeJin, Y'IIITb!BaiOru;efi RBapROBble 

cTenenJI cao6o.ubl II MHoroupaTnoe pacceHHJie [48j. Taxoe'me noae.uenJie Tensoimofi 

anaJIJI31IpyiOru;ett cnoco6nocTJI B peaHI(JIJI ynpyroro dp- pacceHHJIH na3a.U OlliJl.llaeTCH 
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B Mo.n;eJIII, yqnTIJBarom;eil:, nap11.n;y ·c OHO, TaKme o6Men 6apHOHHLIMn · pe3onaiicaMII c 

OTpiii~an!m.noil: 'IeTHOCTl>IO [49]. 
KaR Bn.n;no, :mcnepnMenTam.naH CHTyal(IIH .n;JIH peaKI(IIJI pa3BaJia ;ieiiTpona c IIC

nyc:Rami:eM npOTOHOB C 60Jil>lliiiMII nonepe'IHIJMII IIMIIYJil>CaMU BhlfJIH,ZJ;HT TaR me, KaH IJ 

B cnyqae BIJJieTa rrpoTona no.n; nyneBIJM yrnm.e B TO BpeMH KaK nMnynncnue crrernphi 

rrpOTOHOB Y.ZJ:OBJieTBOpHTeJThHO OIIIICIJBaiOTCJI B paMKaX Tpa,Zl;III(IIOHHhiX IIO,ZJ;XO,ZJ;OB C IJC

noJTh30BaHHeM cTaH.n;apTnux BOJIHOBIJX cpyHKI\Jitt .n;ettTpoHa [12]-[16], [20]-[25], .n;anHhie 

o noJIHpn3al(IIOHHLIX Ha6nio.n;aeMIJX cym;ecTBenno rrponmopeqin rrpe.n;cKaJaHUHM 3THX 
v' 

Mo.n;enefi. B Han6om.IIIefi cTerreHn 3TO OTHOCIITCH K TeH3opHofi aHaJIH3IIpyromeit cnoco6-

HOCTn, KOTopaH 'IYBCTBHTeJil>na K.OTHOIIIeHIIIO D- n S-KOMIIoHeHT BOJIHOBoit cpynnl(nu 

.n;efiTpoHa II II3MepeHa .n;o 6oJil>IIIIIX BHyTpenHnx IIMIIYJil>COB. · 0TMe'lennoe rroBe}leHne 

HaKOIIJieHHhlX 3KCIIepnMeHTaJil>HhlX ,ZJ;aHHIJX, nO-BII,ZJ;lll\101\IY, 1\IOJHHO paCCMaTpHBaTb HaK 

ynaJaHne na B03MOJKHoe rrpoHBJienne HenyKJIOHHLix cTerreneit cBo6o.n;u B BOJIHOBoii: 

cpyHKI(IIH .n;efiTpOHa Ha MaJIIJX paCCTORHIIJIX (HarrpnMep, me_CTilKBapKOBIJX KOHcpnry

pal(Jill n11n nx rrpoeRI(Jiit na 6apnoH-6apnonnue ROMIIOHeHTLI). Bo BCHKOM cnyqae, 

oqeBn.n;Ho, qTo Haiiin 'npe.n;cTaBJieHnH o cTpyRType .n;eiiTpona B o6nacTn, r.n;e HYRJIOHM 

cnirnno rrepe:KpuBaiOTCH, HyJK.n;aeTCH B peBnJrin, II· naRarrJinBarom;aHcH nHcpopMal(HH o 

IIOJIHp1I3al(IIOHHIJX Ha6JIIO,ZJ;aeMIJX 'B JI,nepHhlX B3aiiMO,ZJ;efiCTBIIJIX peJIHTIIBIICTCKIIX ,nefi-
1 

TpOHOB n · ee aHaJIH3 rroMoryT pemnTl> 3TY rrpo6JieMy. 

llpn Bhl'IJICJieHnn reH30pHoii aHaJin3npyrom;eii: crroco6HOCTn Ayy [56] rrpe.nrrona-

ranocl>, <Iio aMIIJinTy.n;a nyRJIOH-HYRJIOHHoro pacceJIHIIH He 3aBnci:IT or crrnHa, 'ITO 

rrpe,ZJ;CTaBJIHeTCJI ,ZJ;OCTaTO'IHO pa3yMHhll\l B 06JiaCTII I:IMIIYJil>COB IIpOTOHOB "-' 5 f3B/c. 

Ka~ · cne.n;cTBne 3Toro, BeKTOpHaH aHaJIJI3npyrom;aH cnoco6HOCTl> Ay .n;onmna o6pa

m;aTl>CH B HYJil>. BennqnHa Ay, rronyqennaH B .n;aHHOM 3Rcrrepnll!eHTe II rroRaJaHnan 

Ha piic.10, .n;efiCTBIITeJil>HO, HeBeJIIIRa, HO Bee JKe OTJIII'IHa OT HyJIH. 810 1\IOmHO IIH

TeprrpeTJipOBaTb RaR TO, qTo rrpn 3TIIX 3HeprJIJIX 3aBIICJilll;aH. OT CniiHa qacTb aMIIJIH

TY.n;LI.NN- pacceHHIIH OTJIII'IHa OT Hyllir. TaR KaK cneRTaropHLiii: MeXaHII3M (pnc.7a) 

HaqnHaeT npeo6na.n;aTl> npn IIMnynncax npoTonoB, rrpeBLIIIIarom;IIx 5.3 f3B/c, liiiTe

pecno · cpaBUIITl> nonyqeHHIJe pe3yJil>TaTIJ no Ay c anaJIJI3I1pyrom;IIMn cnoco6HocTJIMII 

Heii:Tpon-npoToHnoro 11 HefiTpon-neiiTponHoro yrrpyroro pacceHHIIH. Ha piic.lO no

nyqeimue .n;anHIJe no Ay cpaBHHBaiOTCH c pe3yJil>TaTaMn cpa3oBoro anaml3a N - N 

pacceRHJIR [61] •. B KaqecTBe naqaJil>nofi 3Hepri1n .zi;JIH naneTaromero HYHJIOHa 6panacl> 

3HeprllJI HYHJIOHa C IIMnyJihCOl\1 q1 ( CM. pile. 7 a). lliTpliXOBaH KpiiBaH Ha pnc. 10 IIOJiy

qeua KaK nonycyMMa ycpe.n;nenHLIX aHaJIII3Hpyrom;nx crroco6nocTeii ynpyriiX np- II ]>]J

paccemmfi (npe.n;nonaraeTCH, qTo B ,rrpene6pemennn HYJIOHOBCHHMn 3cpq>eHTaMH ana-

14 

0 

JIIJ3IJpyroume crroco6HOCTH pp- u nn- pacceHHIJfi paBHLI). Ha 3ToM me pucynHe rrpuBe

.n;euu .n;annue o cpeJlneit anami3IJpyromeii cnoco6nocTn B nonynHH1II03IJBHofi. peaKI\Illl 

pC-+ (one charged)X c pemcTpal(IJett TOJihHO o.n:noit 3ap11mennofi qacTIII\hl [62, 63]. 

ITOKa3aHHIJe CIIJIOlliHOit JIIIHlleii. ilOMIIMO yrrpyroro pacceJIHIIJI Ha KBa3liCB060,ZJ;HhlX H)"

liJIOHaX HJlpa yrnepo.n;a, BKJia.n; B 3TY peaKI(liiO 111oryT .n;aBaTl> II neyrrpyrne Kananu. 

B ToM •mcne II c BoJ6ym.neniieM 11.n;pa KaK .I(enoro. llo.no6nue 3cpcpeKTIJ MoryT IIMeer 

MecTo II B nameM cnyqae. KaK Bn.n;no II3 p1Ic. 10, rrpn Menl>miix uMrrynncax 3Hami 

anaJIU3IIpyromnx cnoco6nocTefi coBna.naror, a npii MaKcuMaJil>HOM IIMIIYJihce - npoTII

BononomnM. CMena 3HaKa BeKTopnofi anaJIII3IIpyromeii cnoco6nocTu Ay B peaKI(IIH 

cppanwnTauun .neii.Tpona MOJKeT 6IJTl> ynaJanneM na TO, •no rroJIHpn3al(nH H)'HJiona B 

.n;eil.Tpoue TaKJHe MeHHeT 3HaH rrpu 6oJihiiiiiX BH)'TpenHIIX HMITYJil>cax. B nro6oM cny

•rae rrpe.n;cTaBJIHeTcR IIHTepecHIJM BIJIIOJIHHTh II3MepennH rrepe.n;aqn nonHpnJaunn or 

BenTopno rroJIHp1I30BanHoro .nefiTpona H rrpoTony. 

3.3 PeaKIJ;HJI Heyrrpyroro. pacceJIHHJI ~eiiTpoHOB 

O.nnoBpeMenno c .n;anHLIMII rro cpparMeHTaUHI:I .neii:Tpona B rrpoTOHIJ 6biJIII rrony.'leHIJ 

.n;aHnhle o peaKunu neyrrpyroro pacceHHIIH .n;eii:TpoHoB Ha yr.iJ:epo.ne 12C( d, d) X. 

.lJ.annue o .n;IIcpcpepeHI(IIaJil>HOM ceqeHnll, Ten3opnoii Ayy n BeKTopnoti Ay mwmr-

3IIpyromux crroco6nocTHX B peaKI(IIli 12C ( d, d)X rrpii Ha<raJil>HOI\l IIMIIYJihre .n;eiirpoHOB 

9 f3B / c rro.n ymoM 85 .Mpa.n rrpnBe.n;eHIJ B Ta6nm~e 2 B JaBIICIIMOCTn or nMrrynhca 

BTOPII'IHoro .n;eiiTpona n ne.n;ocTaromeit Maccu Mx, 3HaqeHHe HOTopoii Bhl'lliCJieHo B 

rrpe.n;rronomennu, 'ITO peaKI(liH n.n;eT Ha Mniiienn c r.raccoii.nyKJIOHa. 

8TH me .nanHIJe rrpe.n;cTaBJieHhi Ha pnc.ll B 3aBIICIIMOCTII oT ne.nocTaromeii hiaccM 

Alx. llpll MeHl>IIIIIX 3Ha•reHJIHX Alx ren3opHaR aHaJIH3IIpyromaH cnoco6HorTl> Ayy no

JIOJKnTeJil>na, I<al{ u Ayy, II3MepeHHaH B 3Tofi me peaHI(Illi rro.n uyneBhlM yrJioM [6-1]. 
llenn•maa BeKTopaoii aHaJIII3HpyiOm;efi crroco6Hocru Ay TaKJHe rroJioJHnTeJihHa npu oT

HOCHTeJihHO MaJibJX 3Ha'!eHIIRX He,ZJ;OCTaromefi MaCChl Afx. 06e Ha6JIIO,ZJ;at:'l\lhlt' IIMl;IOT 

611n31me R nymo 3na•1eH1IH rrpu Mx "' 2.2 f3B/ c2
• HenyneBaH Benn•mna Beiaopnoii 

aHaJIH3IIpyromeii: ciioco6nocrn Ay MOJKeT cBn.n;eTeJihCTBOBaTl>- o 3aMeTnoii pmm :mHII· 

cnUieii: or crriina •racTn aMIIJinTy.n;u peaHI(Illi N N -+ N N* B· o6nacTn Ho:J6ynut<'II n IJX 

Mace Mx "'2.2 f3B/c2
• 

0TMeTnM, 'ITo HOBhle .n;aHHIJe o TeH3opnoii anami3npyromelt CIIoco6nocrn Ayy II<JJIY

'H~Im npu cymecrBenno 6oJil>IIIIIX 3Ha•reHIIJIX 4-uMrrynhca Ill, •reM .nannue o T<'II3opnoll 

auaJIU31Ipyrom,eti cnoco6nocTII no.n nyneBhiM yrnoM [64]. CoBM<'CTHhlii.anaJIII3 nannLix. 
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IIOJiy~eHHhiX B pa3JIHtiHhiX RHHeMaTHtieCHHX YCJIOBIIHX, MOmeT IIOMO'Ib B IIOHHMaHim 

MeXaHII3Ma B036y~JleHIIH fiapn:OHHhiX pe30HaHCOB II IIX CBOllCTB. 
,,, < 

4 3aHJIIO'tJeHMe 

OcnoBHhle pe3yJibTaTh! pa6oTh! MoryT 6h!Tb ccpopMymipoBaHh! cneeyiOIQIIM o6pa3oM: 

• BrrepBhle rronyqeuh! ]laHuh!e o JlHcpcpepeu~n:anbHOM ceqeiiiiii, Teu3opuoti .41111 n f1 
BeHToprroti A 11 aHaJin3n:pywmnx crro~o6rrocTHX B peaR~HII cpparMeHTa~HII ]leti- {} 

TpOHOB Ha HJlpax yrnepo]la IIpii naqaJibHOM HMIIYJibCe ]letiTpOHOB 9 r3B/c II 

yrne peruCTpa~IIH BTOplltiHhiX IIpOTOHOB 85 Mpa]l. 06JiaCTb li3Mepenn:ti COOT

BeTCTByeT IIOIIepetiHhiM IIMIIYJibCaM IIpOTOHOB B IIHTepBaJie OT 390 JlO 600 J'vbBjc, 

IIJIII me UMIIYJibCY rrpoTOHa B cn:cTeMe rroHoH JleiiTporra BIIJIOTb JlO ;.._, 730 M3B /c. 

• Toma HaH II3Meperrrroe JlHcpcpepen~IIaJibHOe ceqeHIIe YllOBJieTBopn:TeJibHo orrii

Ch!BaeTCH B paMHaX MO]leJIII meCTRHX COyJlapeHIIll [45] C llCIIOJib30BaHIIeM BOJIIIO

BOll cpyHH~lliiJletiTpOHa JlJIH rrapiimCHOrO IIOTeH~UaJia [57], IIOBe!leiiHe TeH30pHOll 

, arraJIII3npywmett crroco6nocTu A 1111 rrpoTIIBopeqnT rrpe!lCHa3aHIIHMII 3Tott MOJleJin 

JlJIH CTaH]lapTHhiX BOJIHOBhiX cpy!IH~IIJl. ]lell.TpOHa [57]-[60]. 

· • HoBble JlaHHhle o6 .41111 , nonyqenHh!e rrpn 6oJibiiiHX rronepetiHhiX HMITYJibcax, rro

JIOmiiTeJibHhl rrpii 6onbiiiiiX q, TaR me, HaH II .nanHhle o6 .41111 B IIHHJII03HBHoil: 

peaR~HII cpparMeHTa~IIII ]leil:Tporra [28, 29] II o6 yrrpyroM dp- pacceHHHII ua-

3all [34]. Cxo.ncTBo rroBe]leHIIH .41111 B yHa3aHHhiX rrpo~eccax MomeT 03Ha'IaTb, 

'ITO pe3yJibTaTh! 3HCIIepiiMeHTOB XapaHTepH3YIOT BIIyTpeHHHe CBOllCTBa .neJl.TpoHa 

rra MaJih!X paccToHHHHX. IIoBe.neniie A 1111 rrpn 6onbiiiHX q HaqecTBerrrro cornacy

eTcH C M~!leJIHMH, YtiiiTh!BaiOIQIIMII HeHyHJIOHHhle CTeiieHII CBOfiO!lhl B .neil:TpOHe 

[46, 48, 49]. 

• 0TJIII'IHoe OT rryJIH 3Haqerriie BeHTopHoil: arranii3IIpywmett crroco6rrocTII .411 B pe

an~IIII cpparMeHTa~IIII .netiTpOHa MOmeT CBII!leTeJibCTBOBaTb 0 cyiQeCTBeHHOil: pOJIII 

3aBIICHIQeil: oT cniirra qacTII aMrrJIIITY!lhl N N- paccenrrnn. 

• · IIonyqerrhl .narrrrhle o !liicpcpeperr~naJibHOM ceqerriiii, TeH3oprrott A
1111 

II BeHToprron 

A 11 arraJIII3Hpywmux crroco6rrocTnx pean~IIII rreynpyroro paccenniiH .nettiporroB 

rra yrnepo.ne . .Uanrrh!·e o .41111 rronyqeuh! rrpn 3HatiHTeJibHo 6oJibiiiHX 4-nMrrynbcax, 

. 'ICM B npe!lh!JlYIQIIX 3HCIIepHMeiiTaX, BhiiiOJIHeHHhiX C perncTpa~nett qacTII~ IIO!l 

HyJieBh!M yrnoM (64]. 
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ABTophl BhlpamaiOT CBOIO rrpn3HaTeJibHOCTb rrepconany ycHopnTeJIH .II IICTO'I

HIIHa rronnpu3oBaHHhiX .neitTporroB IIOJIHPMC. Onii 6naro.napnhl 3a. noMO!Qb 

JI.B.By.nnuny, E.A.KonecuunoBoil:, II.II.KopoBIIny, B.r.IIepeBo3tiiiHoBy, E.B.PhlmoBy 

u A.M.lllupoHoBy. Mccne.noBamm 6h!JIH qacTH'IHo rroMepmarrh! PocciiilcHIIM cpon.noM 

<i>YH!laMeHTaJibHhiX nccne.noBaRIIil: (rpaHThl N N° 95-02-05070, 96-02-17207 II 96-02-

17208), .Uatinoy cpon.noM, RrrorrcHHM .o6mecTBOM rr·oMepmnn nayRII (JSPS) II ToitoTa 

cpOH.ZJ:Ol\1. 

Lo 
SPHERE 

collimator 

v 

cl 

. 
50m 

Pnc.l. CxeMa ycTaHOBHII 'C«l> EPA c MarHIITHhiM HarranoM V Pl. M; II L; - Ma

rHIIThl n JIIIH3hl. I C :: IIOIIR3annonuan RaM epa; T- MHIIIerrb; · F61 , · 'F62',• F63 - Tpnrreprrh!e 

cnnHTIIJIJIHnHOHHhle C'leTtiiiHII; cl' II c2 -rroporo:Bh!e lj:efeHHOBCHIIe CtieT'IIIHII; F56~_:4 
- cnnnTIIJIJIHnnonrrhle cqeTtiiiHII II HT - cnnHTHJIJIHnnorruh!it ro.nocHorr lliDi' Bpe:MHrrpo

neTHhiX H3Meperrntt; HOXY n HOUV- ro.nocHOIIhl rrpocpnJIH rryqHa 
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Pnc.2. AcnMMerpnn A±, nonyqeHHhle na OTHOCnTeJibHOM noJIHpnMerpe [53]. Ily

CThle n 3amTpnxoBaHHhle cnMBOJihi noKa3hiBaiOT Bennqnnhl acnMMeTpnfi A±, nonyqen

HhiX BO BpeMH KOHTponi>HhiX H3Mepennfi noJIHpn3an;nn n na6opa :mcnepnMeHTaJII>HhiX 

.l{aHHhiX COOTBeTCTBeHHO 
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150 . . 

100 l 4.5 GeV/c , ,, f 5.3 GeV/c 

I . JJluJloJlJ1tl~ I rJ~~j\u.tl1! 
50 L JJ l L r ; 

I ill 1 I / ·~ : ~ l . i J I 
150 j . J \ I ) ' I 
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,. ' ~n " " 
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) \ j 
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(p- Po)/ Po 
0 0.05 0.1 

Pnc.3. Pe3yJII>TaTLr Mo.nemrpoBannn aKcenTauca ycTanoHKll .nnn 6-Tn HaCTpoeH ~•a

I'IIHTHI>rx 3JieMCHTOB. Po - Cpe.l{Hllll l!MilYJibC, Ha KOTOpLiit HaCTpaUHC\JIIICh Milr!IHTIII>I<' 

aneMCIIThi; p - nMrryni>c 3apernCTpnpouannLix 'IaCTIIll 
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TOF TOF 

Puc.4. BpeMHrrpoJieTHLie crreKTpLI, xapaKTepu3yioiUne pa3}leJieHne qacTlll\ u uc

IIOJih3oBaHue noporoaoro qepeHKOBCKoro ctJeTtJHKa B Tpnrrepe npu HacTpofiKe MarHnT

HhlX 3JieMe!ITOB ycTaHOBKll Ha,.... 7 f3Bjc: a) 6e3 cl B Tpnrrepe; 6) c Ct B Tpnrrepe 

2U 

. 

I 

'I 

600 

400 

200 

TOF2 

TOF1 

Puc.5. KoppeJIJIItHJI Mem,zzy 2-MJI He3aBIICIIMLIMH apeMeHaMH npoJieTa qacTHit rrpu 

HaCTpOfiRe MarHHTHLIX 3JieMeHTOB'RaHaJia Ha "'7 f::~Bjc. ,L(eliTpOHLI 'laCTH'lHO llO.l(a

BJieHLI UCIIOJlb30BaHUeM tiepeHROBCROrO C'leT'lURa B Tpnrrepe 
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Pnc.6. ,Un<jJ<jJepem:~namHoe ce'IeHne peaKUHH <jJparMeHraunn ,!J.eil:rpoiioB c na

'IaJibRLIM IIMllYJibCOM 9 raB I c Ha yrnepo,!J.e B IIpOTOHLI, IICnycKaeMLie llO.!J. yrnoM 

85 Mpa.~~., 12C(d,p)X. CrrnornHoii,_rnTpiixoBoil:, rryRKTIIpHoil: II rnrpiix-nyRKTnpnoii nn

RIIHMII llOKa3aRLI pe3yJibTaTLI paCC'ICTOB B MO,!J.CJIII meCTKIIX coy,!J.apeHHH [45] C llCJIOJib-

30BaRIICM IIapiilKCKOll [57], peil:,!J.OBCKOfi [58], fiORHCKOfi [59] II MOCHOBCKOii [60] B<l>.LJ., 

COOTBeTCTBCHHO. 
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B 

Puc. 7. .UnarpaMMLI HIT, orrncLIBa!OIUIH' peaKuuro lpparMenraunn . .11.eiirpona na 

llO.!J.OpOJlC llpll 60Jibllll!X llOIICpC'!HhlX liMIIYJibCaX IIpOIOHa. d- Ha'IaJibllhlii .!I.CiiTpOII. p -

nporon Mnmenu, p1- aereKTnpyeMhlii rrporon, q1• q2 n q3-. BHeMaccoBble II)'IWOHhl. p2 n 

P3 . !IYHJIOIIbl. 
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Ayy 
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··. 
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o I ·""""· · ·. ' .,. . , I 
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:,· 

-0.5 

4 5 6 7 

p, GeV/c 
Pnc.8. Ten3opHaH anann3npyiOIUaH cnoco6nocTI. Ayy B peaKUIIH 12C(d.p).Y npn 

Jia'IaJibiiOM IIMIIJJibCC .!J.Cfi;po.Ha 9 raB I c II yrne liCIIYCHaHIIJI nporona 85 M pall. Cuno

lliHOfi, lliTpnxoBoii, rrynKTnpnofi II lliTpnxrryHKTIIpHofi JIHHIIJJMII rroua:1a111d pt>:l~·m;ra n.I 

paCC'ICTOB B MO,!J.CJIII lK~CTRIIX COY.!I.~pennfi[4.5] C IICIIOJib3;B·anneM naplllHCIHifi [57]. p<'ii

.!J.OBCKOfi [58], 6onHcRoil: [59]n MOCR~BcRofi [60] B<l>,U, cooraeicTBenno 
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Pnc.9. CpanHeHJie .n;aHHIJX no Ayy, nonyqeJIHIJX B 3TOIII 3Kcnepn!lleHTe (3aniTpn-
, ' 

XOBaHHIJe TpeyroJibHHKH), C ,n;aHHIJIIIH, ITOJiyqeHHIJIIIH ITO)l HyJieBIJl\1 yrJIOl\1 Ha yrnepo-

,ll;HOit li!HllleHH [27] (nycTIJe TpeyroJibHJIKII), [28] (nyCTIJe KBa.n;paTIJ) H [29] (nycTLie 

Kpyamn) B 3aBHCJIMOCTH OT HIIIITYJibCa ITpOTOHa B C~CTel\le ITOKOR .n;eitTpOHa q. 3Be3,ll;OH 

ITOKa3a!I pe3yJILTaT H3MepeHIIR TeH30pHOH llOJIRpH3auliH nyqKa BO Bpe!IIR )laHHOfO 3KC

nep1IMeHTa. lihpHXOBaR H ITYHKTHpHaR JIHHHII Hpe,n;cTaBJIRIOT pe3yJILTaTIJ paccqeTOB 

c ncrroJib3onaHneM naprrJKcKofi BID.ll. [57] .n;JIR yrna ncnycKaHJIR npoTona 0 n 85 Mpa.n 

COOTBeTCTBeHHO 
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Pnc.lO. BeKTopnan aHaJIJI3Hpyrornan cnoco6HocT:b Ay B 'pe~Knnn q>parMenTanJIH 

.n;efiTpoHa Ha yrnepo.n;e npii Haq~JihHOM HIIIITYJILce .n;efiTpoHa 9 f3B/c n:yrne IIcny

cKaHHR npoTOHOB 85 111pa.n;. CnnomHofi JIJIHnefi noKa3aHIJ pe3yJibTaTIJ, ~o cpe)lHeit 

aHaJIH3IIpyrornei1 cnoco6HocTJI B nonynHKJII03JIBHOfi peaKnHJI pC -+ (one charged)X 

C ,ll;eTeKTHpOBaHUel\1 TOJibKO O)lHOit 3apRJKeHHOfi qaCTIIIThl [62, 63]. ffiTpHXOBaR Jlli

HIIR nonyqeHa KaK nonycyMMa ycpe)lHeHHIJX anaJI113Hpyrorniix cnoco6nocTei1 np- II pp

ynpyroro pacceRnJIR JI3 pe3YJILTaToB qla30Boro anaJIJI3a [61] 
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Pac.11. Ce'leHae, TeH30pHaa a BeKTOpHaa aHaJIIl3Rpywmae crroco6HocTR Ayy II 

Ay B peaKUilll 12C(d, d)X B 3aBHCilMOCTil OT B036ylR,ll;eHHO:il: Macchi ne,neTeKTHpyeMoil 

cacTeMM Mx 
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Ta6nnua 1. Cetienue, TeH3opnaa u BeKTopnaa anaJil!3IIpywnme crroco6nocnt Ayy 

ll Ay B peaHUIIJI !ppanrenTaunn 9 r3B/c .nel1Tp0110B na yrnepo.ne 110,!( yrJIOM 85 !>!pan. 

]J - IIMIIJJibC llpOTOJia B Jia6opaTOpHOH CI:!CTCMC C J'!CTOM IIOTepb, 3Hepnlll B MlllllCJII:!. 

.6-p - lllllpl!Ha l!HTCpBaJia UMIIJJibCOB, q - I:!MIIJJibC IIpOTOHa B CUCTCMe JIOKOJI ,neil:Tpona 

p ~p(FH'JIM) q Ed2a/jldpdf! Ayy ± dAyy Ay ± dA 11 
r.n;c fJB/c fJB/c M6 fJB "(f3B/c)-3cp-1 

'!.51 0.26 0.389 14.5.3 ± 4.4 -0.084 ± 0.030 O.Ql.5 ± 0.062 
5.40 0.30 0.488 10 . .5 ± 0.3 0.153 ± 0.023 0.1R1 ± 0.0-11 
.5.88 o.:33 0.557 4.37 ± 0.13 0.083 ± 0.031 0.122 ± 0.064 
G.ll 0.32 0.593 3 . .54 ± 0.11 0.106 ± 0.024 0.127 ± 0.041 
6.G:J 0.32 0.671 0.833 ± 0.025 0.040 ± 0.027 0.090 ± 0.055 
7.0-1 0.32 0.734 0.111 ± 0.003 0.114 ± 0.042 -0.143 ± 0.081 

Ta6mn~a 2. Ce,reune, TCII3opnaJI u BeHTopnaa anann3npywmue cnoco6nocTn .4
011 

H Ay II neyrrpyroM pacceJIHI:!II 9 r3B/c ,neliTpOI!OB ua yrnepo.Qe llO.l{ }TJIOM 85 Mpan. p 

- 1:!1\IIIYJibC BTOpH'IHOfO ,nell.Tpona B Jia6opaTopuoii CHCTCMe, 1\Jx - Macca B036y}J{L{{'IIJIOii 

CHCTCJ\Ihl , t - 4-lll\lllYJibC, IIOJIJ'ICHHhlC C Y'ICTOJ\1 JIOTC])b 3Heprnu lJaCTIIU B MHlllCHU 

p Alx t · Ed2afp2dpdf! A 11y ± dAyy Ay ± dA 11 
I'JB/c I''~ll / c2 (I'3B/c)2 M6 f3B (f3B/c)-3cp-l 
7.04 1.940 -0.654 0.5,88 ± 0.018 0.285 ± 0.026 0.21:1 ± 0.0-l:l 
6.63 2.101 -0.736 0.965 ± 0.029 0.113 ± 0.027 0.172 ± 0.0,11 
6.11 2.279 -0.888 1.091 ± 0.033 0.170±0.044 0.12·1 ± 0.011 
.5.88 2.351 -0.979 0.981 ± 0.030 0.001 ± 0.068 0.001 ± 0.114 
5.40 2.480 -1.213 0.576 ± 0.017 -0.056 ± 0.083 -:-0.0-19 ± 0.140 
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