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06maJI xapaKTepHCTHKa pa60TliI 

,[(IIccepTaD;IIJI IIOCBJIIB;eHa II3yqeHIIIO pa3H006pa3HhlX 3<pq>eKTOB, 

CBJI3aHHhlX c pa.n;IIaD;IIOHHhlMII nonpaBKaMII (PIT) B pJI.Ue npon;ec

coB B3aIIMO.n;eikTBIIJI 3JieMeHTapHhlX qacTIID;. TeopeTIIqecKIIe pacqeTI:,I 

npoBo.n;II.JrnCI> B paMKax CTaH.n;apTHoii Mo.n;e.Jrn. ITpIIHIIMa.Jrnci, BO BHII

MaHIIe KOHKpeTHhle 3KcnepIIMeHTa~Hhle ycJIOBIIJI. PIT BhlqIICJIJI.JrnCI, 

aHa.JrnTIIqecKII B nepBOM II BTOpOM nopJI.n;Kax TeOpIIII B03Mym;eHIIH. 

Haii.n;eH p11.n; 3<pq>eKTOB, IIMeIOm;II'x HeTpIIBIIaJII,HI:,Ie CJie.n;cTBIIJI ,Zl;JIJI Ha-

6mo.n;aeMhlX Be.JrnqIIH. 

AKTyaJibHOCTb rrpo6JieMhl. ITpII II3BJieqeHIIII q>II3IIqecKoii 

IIHq>OpMaD;IIII O B3aIIMO):(eiiCTBIIII 3JieMeHTapHhlX qacTIID; Heo6xo.n;IIMO 

3HaHIIe pa.n;IIaD;IIOHHhlX nonpaBOK (PIT). B HacT011mee BpeMJI 3TO 

oco6eHHO aKTyam,Ho B CBJI3II C KOJIOCCaJII,HI,IM pOCTOM TO~OCTII 3KC:

nepIIMeHTaJII,HOH TeXHmrn:. KpoMe Toro, nyT1, pacnm:peHIIJI Hanmx 

3HaHIIH, OCHOBaHHI:,IH Ha 6oJiee TOqHoM aHa.Jrn3e ,ll;OCTYIIHI:,IX Ha cy

m;eCTBYIOIB;IIX ycTaH<>BKax Ha6mo.n;aeMhlX npon;eccon, BI:,IXO.n;IIT ceiiqac 

· Ha nepBI:,Ili IIJiaH no cpaBHeHIIIO C nyTeM 3KCTeHCIIBHOro pa3BIITIIJI -

IIOBI,IllleHIIJI 3HeprIIII II CTpOIITeJII,CTBa HOBI:,IX ycTaHOBOK. 

IToMIIMO cnoeii 0CH0BH0H poJIII - K0~eCTBeHHoro II3MeHeHIIJI 3Ha

qeHIIH Ha6mo.n;aeMmc Be.Jrn~, PIT IIpIIB0.n;JIT K HOBLIM 3cpcpeKTaM, OT

cyTCTBYIOmIIM B 6opHOBCKOM npII6JIIDReH:ma:. ,[(nccepTaD;IIJI IIOCBJIIB;eHa 

IICCJie,Zl;OBaHIIIO TaKIIX 3q><peKTOB B p11.n;e npon;eccoB, II3yqaeMmc Ha 

COBpeMemn.IX ycTaH0BKaX. ITpII'tleM BLI6o_p 3a,Zl;a'tl B nepByIO oqepe.n;i, 

onpe.n;eJIJIJICJI K0HKpeTHLIMII 3anpocaMII 3KCIIepIIMeHTaTOpOB II p~3ym,

TaTLI naxo.n;JIT npIIMeHeHIIe B p11.n;e npaKT~ecKIIX IICCJie,Zl;OBaHIIR. 

ITp01ie.n;eHHoe IIccJie.n;onaHIIe IIMeJio cne,nyromHe n;eJIH: 

• C T0't!KII 3peHIIJI C0BpeMeHHmc npe.n;cTaBJieHnii rrpoaHaJIII3IIp0BaTI, 

KB<lHTOB03JieKTpO,mma~ecKIIe (K8,[(), 3JieKTpOCJia61,1e II CBJI3aH

HI:,Ie c CIIJII,HLIM B38:IIMo.n;ettcTBIIeM pa.n;IIaIJlioHHLie rrorrpaBKII i< nm

pIIHe 6eTa-pacna.n;a 3apJDReHH0ro IIII0Ha. 

• Bfil't!IICJIIITI, PIT rrepnoro rropJI.n;Ka K .n;IIq>q>epenIJliam,noMY ce'tle-
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HllIO rrpo:u;ecca 3Jiem:poH-II03llTpOHHOH aHHllrllJIJID;llll B TH}ReJiyIO 

q>epMllOHHYIO rrapy C TO"tJHLIM y"tJeTOM Mace po}R,Z];aIOm;llXCH "tlaCTllD;. 

• 11ccJie,D;OBaTb O,ll;HOCIIllHOBLie ROppeJIHD;llll B rrpo:u;eccax o6pa30Ba

HllH rrapLI D;llpRyJIHpHO IIOJIHpll30BaHHLIM q>OTOHOM II TOpM03Horo 

ll3JIY"tleHllH rrpO,ll;OJil,HO IIOJIHpll30BaHHLIM 3JieRTpOHOM IIpII B3aIIMO

,zi;eHCTBllll C 3apHllieHHOH MllIIIeHbIO. ITpe,zi;JIO}RllTI, HOBLie MeTO,ll;LI 

orrpe.zi;eJieHllH CTeIIeHll IIOJIHpll3aD;IIll ,ll;JIH COBpeMeHHLIX ycROpllTe

Jieii: BLICORllX 3Heprllii:. 

• ITpoBeCTll IIOCJie,D;OBaTeJII,HOe BLI"tlllCJieHlle B Be,zi;ym;eM ll CJie,zi;yIO

m;eM 3a Be,D;ym;llM JIOrapllq>Mll"tJecmx IIpII6JIII)I{eHllHX BRJia,zi;a rrpo

:u;ecca o6pa3oBaHllH nap B ce"tJeH1re Ba6a-pacceHHllH Ha MaJILie 1r 

6ofilIIIlle yrJILI. 

HayqHaa HOBH3Ha pa60Thl 3aRJIIO"tJaeTcH B cJie,zi;y10m;eM: 

1. B paMRax CTaH,zi;apTHOH MO,D;eJill aJieRTpocJia6oro B3allMo.zi;eii:cTBllH 

ll peaJillCTll"tJeCROH MO,D;eJill RllpaJII,HLIX JiarpaHllillaHOB rrpoBe,zi;eH 

aHaJill3 BRJia,zi;oB PIT B 6eTa-pacrra,zi; rr1r0Ha. Haii:,zi;eHo HOBoe 3Ha

"tJeH1re rrorrpaBRll R IIIllpllHe pacrra,zi;a c TO"tJHOCTbIO Heo6XO,ll;llMOH 

,zi;JIH IIJiaH1rpyeMoro aRcrrepnMeHTa. 

2. BrrepBLie rroey"tleHLI aHaJillTll"tJecme q>opMyJILI ,zi;JIH rrorrpaBoR rro

pH,ll;Ra O(a) I{ ROHe"tJHOMY COCTOJIHIIIO peaRD;llll e+e- - Jf(,) C 

·TO"t!HLIM y"tJeTOM Mace po}R,Z];aIOm;llXCH "tJaCTllD;. 

3. ITpe,D;JIO)I{eHLI HOBLie MeTO,ll;Ll orrpe,zi;eJieHIIH D;llpRyJIHpHOH IIOJIHpll-

3aD;llll q>OTOHa ll IIpO,ll;OJil,HOH IIOJIHpll3aD;llll 3JieRTpOHa B conpe

MeHHLIX 3RCIIep1rMeHTaX IIpll BLICORllX 3HeprllHX. 

4. ITpOBe,zi;eHo aRTyafilHOe ,zi;JIH ROJIJiaii:,zi;epa JI8IT 1 ll cTpoHm;1rxcH 

Me30HHLIX q>a6pllR BLI"tlllCJieHlle BRJia,D;OB pa,ll;llaD;llOHHLIX rrorrpa

BOR, CBH3aHHLIX C o6pa30BaHlleM 3JieRTpOH-II03llTpOHHLIX nap, I{ 

rrpo:u;eccy Ba6a-pacceHHllH Ha MaJILie ll 6ofilIIIIIe yrJILI. 
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5. 'Pa3BllT HOBLIH MeTO,zi; BLI"tlllCJieHllH HeJill,ll;llpyIOm;llX JIOrapllq>Mll"tle

CRllX rrorrpaDOR BO BTOpOM IIOpH,ll;Re TeOpllll B03Mym;eHllH, OCHOBaH

HLIH Ha pa36IIeHllII q>a30Boro ofo,eMa ROHe"tJHLIX -qacTllD; Ha l{OJIJill

HeapHyIO II IIOJIYROJIJillHeapHyIO o6JiaCTII. 

IlpaRTHqecRaa u;eHHOCTb ,ll;llcceprn:u;1r1r orrpe,zi;eJIHeTcH n 

rrepByIO O"tlepe,ll;I, TeM, "9:TO llCCJie,D;oBaHllH Bcex rrpo:u;eccoB oplleHTllpO

BaHLI Ha ROHRpeTHLie COBpeMeHHLie 3Rcrrep1rMeHTaJI1,HL1e rrporpaMMLI. 

3HaHlle rrorrpaBRll R IIIllpllHe 6eTa-pacrra,zi;a IlllOHa Heo6XO,ll;llMO ,ll;JIH 

II3BJie"tleHllH II3 3RCIIepllMeHTaJibHLIX ,zi;aHHLIX 3Ha"tJeHllH MaTpll"tIHOro 

aJieMeHTa Vud MaTpll:u;LI Ka61r660-Ko6aHIIIll-MocRaBa. Y"tleT _TO"t!HOH 

3aBllCllMOCTII OT Mace po}R,Z];aIOm;llXCH "tJaCTllD; B rrpo:u;ecce e+e- - f 1 
6y,n;eT Ba)I{eH ,ll;JIH CTpOHIIl;llXCH Me30HHLIX q>a6pllR, r,zi;e 6y,n;eT llCCJie,zi;o

BaTbCH o6JiaCTI, aHeprllii:, 6Jlll3KaH I{ rropory peaRD;llll. IToey"tJeHHM 

rrorrpaBKa K nrrepe,zi;-Ha3a,zi; acllMMeTpllll B 3TOH peaRD;llll llCIIOJil,3y

eTCH IIpll aHaJill3e .zi;aHHLIX ITO po}R,Z];eHIIIO b-RBapROB Ha ycKop1rTeJie 

JI8IT 1. Pacc"tJllTaHHLie BKJia,ll;Ll rrorrpaBOK BToporo rropH,ll;Ra R Ba6a

pacceHHllIO Ha MaJILie yrJILI rrpllMCHHIOTCH Ha JI8IT 1 IIpll rrpe:u;ll3ll

OHHOM ll3MepeHllH CBeTllMOCTll ycTaHOBOR, "9:TO II03BOJIHeT yMeHbllillTb 

OIIIll6Ry ll3MepeHllH 6ofilIIIllHCTBa ll3BJieRaeMLIX ll3 OIILITa q>ll3ll"tJecmx 

rrapaMeTpOB. HoBLie MeTO,ll;Ll ll IIO,ll;XO,ll;Ll, pa3BllTLie B ,ll;llCCepTaD;llll, 

MoryT 6LITI. llCIIOfil30BaHLI B BLI"tlllCJieHllHX PIT R ,zi;pyr1rM rrpo:u;eccaM 

B3allMO,D;eHCTBllH "tJaCTllD;. 

Anpo6au;HJI pa6oThl. 
OcHOBHLie pe3yfilTaTLI ,ll;llCcepTa:u;llll .zi;oRJia,ll;LlBaJillCb ll 06cy

}R,Z];aJillc1, Ha . ceMllHapax Jla6opaTOpllll TeopeTll"tlecRoii: q>ll3llRll 

llM. H.H. BoroJiro6ona O11Rl1, Ha BTOpOM pa6o"tleM conem;aHllll "<I>1r-

3llRa Ha BJI8ITIT" (ITpoTBllHo, 1992), Ha pa6o"tJeM conem;aHllll "CIIll

HOBLie HBJICHllH B llieCTRllX CTOJil{HOBeHllH" (raT"tlllHa, 1994) ll Ha Ce

MllHape q>ll3ll"tJecRoro oT,zi;eJieHllH yH1rnepc1rTeTa r. ITapMa (11TaJillH). 

Ily6JIHRau;HH. ITo MaTep1raJiaM ,ll;llcceprn:u;1r1r orry6JlllROBaHo 

,zi;eBHTI, pa6oT [1-9]. 
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CTpyKTypa H o6'beM pa60Thl. .D:nccepTa:u:1rn cocTOHT H3 

Bne.n;emrn, IDITH rJian H 3aRJIIO"CieHHJI. Pa6oTa co.n;ep»rn:T 134 cTpaHH:U:, 

BRJIID"CiaJI 26 pncyHROB H 6n6JIHOrpaq>H"CieCRHii cnHCOR JIHTepaTyphl H3 

122 HaHMeHoBaHHii. 

Co.n;epmaHHe pa6oTLI 

Bo BBe,n;eHHH o-qep"CieH Rpyr nccJie.n;yeMhlX npo6JieM, RpaTRo 

Cq>OpMyJIHponaHhl HcnOJII,3yeMhle MeTO.n;hl. Ilpnne,n;eHhl OCHOBHhle no

JIOllieHHJI, BhlHOCHMhle Ha 3am:HTy. H3JIOllieHa CTpyRTypa .n;nccepTa

:U:HH. 

B rrepBOH rJiaBe .n;nccepTa:u:nn nccJie.n;yIOTCJI pa.n;na:u:nonn11e 

nonpaBRH R 6eTa-pacna.n;y 3apJillieHHOro nHOHa. AHaJIH3HpyIOTCJI 

BRJia.n;11 cnmn11x, 3JieRTpocJia611x H R8.D: nonpanoR. Ilpn anaJIH3e 

BRJia.n;on CHJII,HOro B3aHMO,n;eiiCTBHJI Hcnom3yeTCJI peaJIHCTH"CieCRaJI MO

,n;eJII, RHpaJII,HhlX JiarpaHlliHaHOB B3aHMo.n;eiiCTBH:U: Me3OHOB B o6JiaCTH 

HH3RHX 3Heprnii. IloRa3aHO, "CITO 3q>q>eRTHBHhlM HMnyJil,COM o6pe3a

HHJI HMnymca BHpTyamnoro q>OTOHa B pacXO,lVI:W:HXCJI neTJieBhlX .n;H

arpaMMax cJiy.iKHT Macca p-Me3oHa, onpe.n;eJIJIIO:W:aJI MacIIITa6 CHJII,

Horo B3aHMO,n;eiiCTBHJI nnoHa H q>OTOHa . .D:JIJI pe3yJII,THpyiorn;eii nonpa

BRH 61r, onpe.n;eJieHHOii -qepe3 OTHOIIIeHHe IIIHpHH 6eTa-pacna.n;a nHOHa 

H pacna.n;a MIOOHa 

_ r( 7r+ -t 1r
0
e+ve) = 1Vudl2192 ( ~) 5 ( 1 + ~( 11"2 _ 25)) 

r(µ+ -t iiµe+ve) 30 mµ 21r 4 

3~ 5m; 
x(l + 81r)(l - 2m1r - ~2 ), (1) 

noeyqeno 3Iiaqenne 61r = -0.015. C,n;eJiaHa o:u:enKa DKJia,n;a D na6Jiro

.n;aeMhle Ha 3KcnepHMeHTe co6hlTHJI q>OHonoro npo:u:ecca 1r+ -t e+ve,'Y, 
Kor.n;a HHBapHaH~HaJI Macca .n;nyx q>OTOHOD 6JIH3Ka K Macce 1r0-Me3OHa. 

<Don Haii.n;en npeHe6pemHMO MaJihlM. 

Co.n;ep.iKaHHe 3TOii rJiaDhl ony6JIHKOBaHO D pa6oTaX [1,2]. 
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Bo BTopoii rJiaBe .n;nccepTa:U:HH pacnrnTpnnaIOTCJI 3q>q>eRThl 

pa.n;Ha:U:HOHHhlX nonpaDOK K KOHC"CIHOMY COCTOJIHHIO peaK:U:HH 

e+(k2) + e-(k1) - (,,Z0) - j+(p2) +!-(pi)+ (,(p)). (2) 

IloJiy"CieHhl aHaJIHTH"CICCKHe DhlpameHHJI ,n;JIJI DKJia.n;oB D .n;Hq>q>epeH:U:H

aJII,HOe ce-qeHHC C TO"C!HhlM Y"CICTOM Mace pom.n;aIO:W:HXCJI q>epMHOHOB 

(JienTOHOB HJIH KDapKon) D o.n;noi'ieTJieDOM npH6JIH)I{eHHH. B pa11-

KaX CTaH.n;apTHoii Mo.n;eJIH 3JieKTpocJia6oro D3am.rn.n;eikTBHJI I'JI3IIIoy

BaiiH6epra-CaJiaMa y"CITCHhl DKJia.n;hl q>oToHa H Z-6o3oHa D npoMe

.iKyTo"CIHOM COCTOJIHHH. Y"CITeHa DO31\1O)I{HOCTI, 3KcnepHMeHTaJII,HOro 

o6pe3aHHJI no 3Heprnn H3Jiy-qaeMoro q>OTOHa (nJIH rJIIOOHa). Ilo

Jiy"CieH DKJia.n; n nonpan~y K nnepe.n;-Ha3a.n; acHMMeTpHH DhlJieTa 3a

pJI.iKeHHhlX -qacTH:U:, nponop:u:noHaJII,Hhlii nepnoii CTeneHH MaCChl po

m.n;a10rn;HXCJI q>CpMHOHOD. qHCJieHHhle pe3yJII,TaThl, xapaKTepn3yIOrn;He 

npo:u:ecchl Ha cyrn:ecTDYIO:W:HX H nJiaHHpyIOrn:HXCJI e+e- -KOJIJiaii.n;epax, 

npe.n;cTaDJICHhl B DH,n;e rpaq>HKOD. 

Co.n;epmaHHe DTOpoii rJiaDhl ony6JIHKODaHO n pa6oTe [3]. 

B TpeT1>eH rJiaBe .n;ncceprn:u:nn H3y"CieHhl npo:u:ecchl o6pa3o

naHHJI nap q>OTOHOM H TOpl\103HOro H3JIY"CICHHJI 3JieKTpOHOM C TO"CIRH 

3peHHJI RX DO3MO)I{HOro HCnOJII,3ODaHHJI .n;JIJI onpc.n;eJICHHJI CTeneHH 

noJIJipH3a:U:HH Ha"CiaJII,HhlX "CiaCTH:U:. IlpH"C!Cl\1 npe.n;noJiaraJIHCI, ycJIO

DHJI perncTpa:U:HH ROHeqHI,IX qacTH:U:, xapaKTCpHhle ,n;JIJI conpeMCHHhlX 

ycKOpHTeJieii cpe,n;HHX H DhlCOKHX 3Heprnii: 

1 ~ 0i ~ me/E, (3) 

TO CCTI, YrJihl perHCTpa:U:HH cqnTaIOTCJI MaJihlMH ( ~ 10-2 pa.n;) ( 3TO 

cyrn:ecTDeHHO yneJinqnnaeT CTclTHCTHKY), HO .n;ocTynHhlMH ,ll;JIJI H3MC

peHHJI {c - 3HCprHJI Ha"CiaJII,HOii: -qacTH:U:hl). IlyTCM npJIMhlX DhlqH

CJICHHii Haii:.n;CHO, "CITO HHTepq>epCH:U:HJI O,ll;HOnCTJICDhlX .n;narpaMM <Deii:

HMaHa THna Il3clHMO,n;eii:cTDHJI D KOHC"CIHOM COCTOJIHHH C 6opHODCKHMH 

.n;narpaMMaMH npHDO,ll;HT K noJIDJICH~ a3HMyTaJII,HOH acm,IMCTpHH 

DhlJICTa npo.n;yKTOD peaK:U:HH: 

do-( n) - do-(-n) . 
do-(n) + do-(-n) = (Asm¢ (nk), 
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r)le k ecn, e)lllHII"t!HhlH ne1<Top B.llOJih m.mym,ca Ha"tJ:aJII,Horo cpoToHa 

(mm 3JieKTpoHa), ( - cTenem, ero noJUipII3a:UIIII, qf - cyn, nonepe-q

Hhle Ha"tJ:aJII,HOMY ny"tIKY COCTaBJUIIOIUIIe m.mym,con KOMnOHeHT po,llII

Bllleftc~aphl ( IIJIII pacceHHHOro 3JieKTpOHa II II3Jiy"lleHHoro <pOTOHa), 

</> = qf qf. B o60IIX npo:ueccax aCIIMMeTpIIH B03HIIKaeT IIMeHHO KaK 

3<p<peKT pa.lllla:UIIOHHhlX nonpanoK. AHaJIII3IIpy10mIIe cnoco6HocTII 

peaKUIIH A nponop:u:IIoHaJII,Hhl a ~ 1/137. O.llHaKo, KaK noKa3hlnaeT 

"t!IICJieHHhlli aHaJIII3 norry"tJ:eHHhlX BhlpameHIIH, npII onpe,lleJieHHhlX npa

BIIJiax oT6opa co6hlTIIH paccMaTpIInaeMhle npo:uecchl MoryT crrymIITI, 

)lJUI 6hlcTporo II TO"t!Horo onpe,lleJieHIIH CTeneHII npO,llOJil,HOH noJUipII-

3a:UIIII 3JieKTpOHOB IIJIII :UIIPKYJUIPHOH noJUipII3a:UIIII <pOTOHOB BhlCOKIIX 

3HeprIIH B npo:ueccax IIX B3aIIMO,lleHCTBIIH C 3apH}KeHHOli MIIIIIeHnlO. 

Co.uepmaHIIe TpeTneft rrranhl ony6JrnKonaHo n pa6oTe [4]. 

B qeTBepTOH rJiaBe nnepnhle Bhl"tJ:IIcrreHhl no nTopoM nopH.llKe 

TeopIIII B03MymeHIIiI c y"tJ:eToM ne.JlYmIIx ( ~ ( aL / 1r) 2) II crre.n;y10mIIx 3a 

ne,n;ymIIMII ( ~ (a/ 1r )2 L) pa)llla:UIIOHHhlX nonpanoK K npo:ueccy Ba6a

pacceHHIIH Ha MaJihle yrrrhl, CB1!3aHHhlX C pom,n;eHIIeM BIIpTyaJinHhlX 

II peaJinHhlX 3JieKTpoH-n03IITpOHHhlX nap. 3,n;ecn L - TaK Ha3hlBae

Mhlli 6011:bwou ,11,oiapurpM,, L = ln( Q2 / m;), r,n;e Q2 ecTn Kna,n;paT ne

pe.n;aHHoro IIMnyJinca, L ~ 15 ,n;JUI ycJIOBIIft JI8IT 1. 3HaHIIe pac

CMaTpIInaeMhlX nonpanoK Heo6xo,n;HMO ,n;JUI npe:UH3HOHHoro onpe,n;eJie

HHH cneTHMOCTH Ha ,n;eTeKTopax KOJIJiaft,n;epa JI8IT 1. IToey"tJ:eHhl aHa

JIHTH"tlecKHe BhlpallieHHH C y"tleTOM xapaKTepHhlX .llJUI 3KCIIepHMeHTa 

yrJIOB perHCTpa:UHH -qacTH:U H B03MO}KHOro o6pe3aHHH TIO HX 3Hep

rHHM. ITpe,n;cTaBJieHHhlli "llHCJieHHhlli aHaJIH3 noKa3hlBaeT, "t!TO BKJia,n; 

npo:uecca po}K)leHH1I nap HeBeJIHK, HO ,ll;OJl}KeH Y"llHThlBaTnCH )];JUI )lO

CTH}KeHIIH TO"t!HOCTH TeopeTH"tleCKHX pac"tJ:eTOB JIY"tlllleft 0.1 %. 
Co,n;eplliaHHe "tJ:eTBepTOft rnanhl ony6JIHKonaHo n pa6oTax [5,6, 7]. 

B IT.HTOH rJiaBe HccJie,n;onaH nKrra,n; PIT 3a c"tJ:eT o6pa3onaHIIH 

nap n cJiy"tJ:ae Ba6a-pacce11HHH Ha 6oJinllIHe yrJihl. OTcyTcTnHe Ma

Jioro napaMeTpa - yrJia pacceHHHH, 06Jier-qan11Iero Bhl"llHCJieHIDI n 

npe,n;hl.JlYil(eft rJiane, npHBO)lllT R Heo6xo)lHMOCTH y"tJ:eTa .llOIIOJIHHTeJII,HO 

6om11Ioro "llHCJia )lllarpaMM <I>eiIHMaHa. ITyTeM HCIIOJib30BaHIIH II3Be-
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CTHhlX B JIHTepaType cpopM<paRTOpon, onepaTOpon noJUipH3a:UHH na

RyyMa n ,n;nyxneTrrenoM npH6JIHllieHHH H HHTerparron no mrpTyam

HOMY HMnyJI1,cy B 6oKc-,n;HarpaMMe noey"tJ:eHhl BKJia,n;hl ncex, 3a HC

KJIIO"tJ:eHHeM o,n;Horo, KJiaccon PIT, cn113aHHhlX c 06pa3onairneM BHpTy

aJI1,HhlX nap. ITocJie,Zl;Hllli KJiacc COOTBeTCTnyeT ,n;nyxneTJieBi.IM 60Kc

,ll;HarpaMMaM c ncTanRoft noJUipH3a:UHH naKyyMa n nponaraTop o.zurnro 

H3 BHpTyaJII,HhlX <pOTOHOB. Bhl"llHCJieirne BKJia,n;a TaKHX ,n;HarpaMM B ne

,n;ymeM H CJie,n;y10meM 3a Be.JlYil(HM JiorapH<pMH"lleCKHX npH6JIII}KeHIIHX 

6hlJIO npone.ueHO nnepBhle. B CJiy"tJ:ae po}K)leHHH peaJII,HhlX 3JieKTpOH

no3HTpOHHhlX nap cymecTBeHHhlM MOMeHTOM 6hlJI y"tJ:eT nonapHOH TO

m,n;eCTBeHHOCTH -qacTH:U B KOHe"tJ:HOM COCTOHHHH. BKJia,n;hl B pa,n;Ha:UH

OHHYIO nonpanKy 6hlJIH ~aft,n;eHhl C nOMOll.(1,IO MeTo,n;a pa36HeHIIH Ha 

KOJIJIHHeapHyIO H noJiyKOJIJIHHeapHyIO KHHeMaTH"tJ:eCKHe o6JiaCTH. B 

KOJIJIHHeapHoft o6rracTH npe,n;noJiaraJioc1,, "t!TO o6e -qacTH:Uhl H3 po)lll

BllleftcH naphl .llBHlliYTCH BHYTPH y3Koro KoHyca c yrJioM pacTBopa 200 
( 1 ~ 0o ~ me/ c) c oc1,10 n HanpanrreHHH o,n;Hoft H3 Ha"tlamHhlX HJIH 

,n;eTeKTHpyeMhlX ROHe"tJ:HhlX "tJ:aCTH:U ( c - 3HeprHH Ha"tiaJII,HhlX IIY"t!KOB). 

B nOJIYKOJIJIHHeapHOH o6JiaCTH npe,n;rroJiaraJIOCn, "t!TO TOJII,KO O,n;Ha -qa

CTH:Ua H3 po,n;1rn11IeftcH naphl ,n;BHllieTCH BHYTPH TaKoro Y3Koro KOHyca 

C OCI,IO B HanpanJieHHH O,n;HOH Il3 OCTaJil,HhlX (Ha"tJ:aJII,HhlX HJIH KOHe"tJ:

HhlX) 3apHllieHHhlX "tJ:aCTH:U. IToKa3aHo, "t!TO B 3THX o6JiaCTHX ce"tJ:eHHe 

B Be.JlYmeM Il CJie.JlYIOil(eM 3a Be.JlYil(HM JiorapH<pMH"tleCRHX np1r6JIII}Ke

HHHX MO}KeT 6hlTI, npe,n;cTaBJieHO n BH,n;e napTOHHOH KapTHHhl. B ROJI

JIHHeapHOH o6JiaCTH n Ka"tJ:eCTBe }KeCTRHX no,n;rrpo:ueccon BhlCTynaIOT 

. npo:uecchl I{8,ll THna 2 --t 2 (Ba6a-pacceHHHe, KOMnTOHOBCKOe pac

ce.HHHe, ,n;nyxRBaHTOBM aHHHrHJUI:UIIH Il npo:uecc 'Y + 'Y - e+ + e-). 

B IIOJIYKOJIJIHHeapHoft o6JiaCTH n Ka"tJ:ecTBe llieCTRHX no,n;rrpo:ueccon Bhl

cTynaIOT µpo:uecchl R8,ll THIIa 2 - 3 (H3JIY"tleHHe }KeCTKOro <pOTOHa B 

e+ e--pacc~HHHH Il npo:uecc o6pa30BaHIIH naphl B <pOTOH-3JieKTpOHHOM 

(-II03HTpOHHOM) CTOJIRHOBeHHH). B cyMMe BKJia,n;on paccMOTpeHin.tX 

KHHeMaTH"l!eCKHX o6JiacTeii BCIIOMOraTeJil,Hhlli napaMeTp 0o COKpama

eTCH. 

Co,n;eplliaHHe IIHTOH rJianhl ony6JIHKonaHo n paffoTax [8,9]. 

B 3aRJiroqeHHH no,n;po6Ho o6cy}K)laIOTCH OCHOBHhle pe3ymTaThl 
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pa6oTI.I H npHBO,IVITCH ROHRpeTHI,Ie 3RCIIepnMeHTaJil>Hhle nporpaMMhl, 

HCIIOJil>3YIOIUHe IIOJIY'CleHHhle TeopeTH'CleCRHe npe.n;cRa3aHHH. 

OcHOBHhle pe3YJibTaThl ,n;HccepTaI.J;IiIH, BhlH0CHMhle 

Ha 3aru;HTY: 

1. IlpoBe,neH aHamrn CHJil>HhlX, 3JieRTpocJia61,1x H RS.LI: pa.D:Haun:oH

HhlX nonpaBOR R nrnpnHe 6eTa-pacna.n;a nnoHa n noJiyqeHHOe HOBOe 

3naqeHne ,n;JIH pe3ym,Tn:pyrom;eii nonpaBRH. C.n;eJiaHa oueHRa nrnpHHhl 

q>OHOBoro R 6eTa-pacna.n;y nnoHa pacna.n;a 7r+ -+ e+ve,'Y• 
2. BnepBhle noJiy'CleHhl aHaJIHTH'CleCRH q>OpMyJihl ,D;JIH rrorrpaBOR IIO

pH,n;Ra O(a) I{ ROHe'CIHOMY COCTOHHHIO peaRUHH e+e- - Jf(,) C TO'CI

HhlM yqeTOM Mace po)R)];aIOm;HXCJI qacTHU. Haii,neH BRJia.n; B rronpanRy 

BO Bnepe,n;-Ha3a.n; acHMMeTpnro paccMaTpHBaeMoro npouecca, rrporrop

unoHaJil>Hhlii nepBOli CTeneHH MaCChl pom.n;aIOIUHXCH q>epMHOHOB. 

3. BhlBe,n;eHhl q>opMyJihl ,n;JIH aHaJIH3npyrom;eii crroco6HocTH orrpe.n;e

JieHHH CTeneHH noJIHpH3aUHH UHpRyJIHpHO IIOJIHpH3OBaHHoro q>OTOHa 

H npo,n;OJil>HO IIOJIHpH3OBaHHoro 3JieRTpoHa BO B3aHMO,neiicTBHJIX C 3a

pJI}I{eHHOli Mmnem,IO npH BhlCOI{Oli 3HeprHH. CTerrem, noJIHpH3aUHH 

q>OTOHa rrpe.n;JiaraeTCJI onpe.n;eJIHTh no a3HMyTaJil>HOli aCHMMeTpHH B 

rrpouecce o6pa3oBaHHH nap1,1, a cTerreHh noJIHpn:3au;n:n 3JieRTpOHa -

no a3HMyTaJil>HOli aCHMMeTpHH B npouecce TOpMO3HOro H3JiyqeHHJI. 

4. C yqeToM 3RcnepnMeHTaJihHhlX ycJionn:ii Ha JI8II 1 Haii.n;eH BRJia.n; 

B ce'CleHHe Ba6a-pacceJIHHH Ha MaJihle yrJihl, CBJI3aHHhlli c 06pa3ona

HHeM nnpTyam,Hhlx H peaJil>HhlX nap. IlorrpaBRH rroeyqeHhl n ne.n;ym;eM 

H CJie.n;yrom;eM 3a Be.n;ym;HM JiorapHq>MH'CleCRHX rrpn:6JIH}I{eHHJIX. IloRa-

3aHa Heo6xo,n;HMOCTh yqeTa Hene.n;ym;nx JIOrapHq>MH'CleCRHX CJiaraeMhlX 

BO BTOpOM nopJI,n;Re TeopHH B03Mym;eHHli ,D;JIH ,D;OCTH}I{eHHJI Heo6xo,D;H

MOH TO'CIHOCTH TeopeTH'CleCRHX npe.n;cRa3aHHli. 

5. B paMRax cncTeMaTH'ClecRoro aHaJIH3a BRJia,non PIT n npouecc 

Ba6a-pacceJIHHJI Ha 6om,nrne yrJihl noeyqeHhl aHaJIHTH'CleCRHC Bhlpa

meHHH ,ll;JIH BRJia,n;oB B .n;Hq>q>epeHu;HaJil>HOe ceqeHHe, CBJI3aHHhlX C o6-

pa3OBaHHeM 3JieRTpoH-IIO3HTpOHHhlX nap B paccMaTpHnaeMOM npo

uecce. C nOMom;1,10 o6o6m;eHHoii TeopeMhl q>aRTOpH3aunn- noJiyqeHhl 
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BRJia,nhl B ne.n;ym;eM H CJie.n;yrom;eM 3a ne.n;ym:HM JIOrapHq>MH"lleCRHX rrpH-

6JIH}I{eHHJIX. 
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