
OT3hIB 

O«!>HUHaJIbHOrO OnnOHeHTa Ha )1.HCCepTaUHIO 

KOpOTICOBa BJIa)1.HCJIaBa AJIeKCaH)1.pOBHQa 

«II3YQeHHe a3HMYTaJIbHblX aCHMMeTpHH B npOueccax 

rJIy6oKoHeynpyroro paCCeHHHH 3JIeKTpOHOB (n03HTpOHOB) Ha npOTOHaX H 

)1.eHTpOHaX B 3KCnepHMeHTe rEPMEC H CnHHOBaH CTpyKTypa HYKJIOHa», 

npe)1.CTaBJIeHHYIO Ha COHCKaHHe yqCHOH CTCnCHH 

)1.0KTOpa «!>H3HKO-MaTCMaTHQeCKHX HayK 

no CneUHaJIbHOCTH 01.04.23 «!>H3HKa BblCOKHX 3HepruH 

gHccepTalll'lOHHa5l pa60Ta B.AKopoTKoBa nOCBJImeHa IIepBOMY H H3ycreHHIO 

H HCCJIe.Ll.OBamUO 3<p<peKTOB, CBJI3aHHblX co CTPYKTYPOH 

H3Y'IeHHeM 3<p<peKToB, CBJI3aHHbIX C IIOnepe'4HO 

nOJIJIpH30BaHHOM HYKJIOHe. 

H HOBH3Ha B He 

BbI3hIBaIOT COMHeHH5L HanpaBJIeHHe HCCJIe.Ll.OBaHHJI nOJIJIpH3aUHOHHhIX JIBJIeHHH COCTaBJI.sIeT 

Ba:lKHYIO <pH3HKH BhICOKHX :meprHM. HCCJIe.Ll.OBaHH.sI B :nOH 

MHoro HHTepeCHbIX pe3YJIhTaTOB B Te'4emm HeCKOJIhKHX nOCJIe.Ll.HHX 

cnHHa HYKJIOHa cnHHaMH KBapKOB TOJIhKO Ha Tpefh, 

H .Ll.aIOT HH<p0pMaUHIO, KOTopmI IIOJIe3Ha .Ll.JI.sI 

perneHH.sI 3TOM np06JIeMhI. lti3Y'4eHHe O.Ll.HOCIIHHOBhIX aCHMMeTpHM B a.Ll.pOHHhIX 

MHoro 

IIOIlepe'lIHO KBapKOB B IIOJI.sIpH30BaHHOM HYKJIOHe, OTCYTCTBOBMH 

eme HeCKOJIhKO JIeT Ha3a.Ll.. bOJIhrnyro POJIh B H3Y'4eHHH :noro H MHOrHX .Ll.pymx BonpOCOB 

HCCJIe.Ll.OBaHH.sI B.A rEPMEc. 

KOpOTKOBa COCTOHT H3 BBe.Ll.eHH.sI, rneCTH rJIaB, 3aKJIIO'4eHH.sI H 

BBe.Ll.eHHH 060CHOBaHa aKTYMhHOCTh, C<P0PMYJIHpOBaHhI 

ueJIH pa6oTbI, 060CHOBaHa aKTYMhHOCTh, IIOKa3aHa HOBH3Ha H IIpaKTH'4eCKa5l ueHHOCTh 

B f1epBoM maBe .Ll.HCCepTaUHH H UlvHvmelf10JlOrM'4,eCll:He 

IIO.Ll.XO)J,hI K B .Ll.HCCepTaUHH IIpo6JIeMaM. OIIHCblBaIOTC.sI 

OIIHcallHe BKJIa.Ll.a .Ll.BYX<POTOHHoro 06MeHa B rJIy6oKoHeynpyroro 

<PYHKUHH H <pparMeHTauHH KBapKOB B 3aBHCHMocrn OT 

HMnYJIhca. PaCCMOTpeHhI IIpoueCCbI 06pa30BaHH.sI 3ap.sI:lKeHHhIX IIHOHOB B 

rpy6oKoHeynpyroM paCCe.sIHHH 3JIeKTpOHOB Ha nOIIepe'tIHO IIOJI.sIpH30BaHIlhIX 
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B03MO)KHOCT11 fEPMEC nonpoToHax. TaK)Ke 

3KCnep11MeHTOB C 

BTOPa5I rJIaBa nOCB5IlUeHa On11CaH111O 

5IP:1d3()B!:lHflbIl\111 nyqKaM11cxeMa 3KCnep11MeHTa c 

nOJI5Ip11MeTpOB. ITp11BeneHbI 

ITonpo6HO 

npenJIYIBHeBOfO 

n03BOJI5IJIa 

COCTaBJI5IJIa MeHee 1 
11 C11CTeMbI HaKOnJIeH115I naHHbIX. ITonpo6Ho 113JIO)I<eHbI 

fEPMEC. 

C 

naHO on11Camle 

peKoHcTpYKII1111 

C11CTeMbl, 

11neHT11qniKaII1111 qaCT11II 11 aHaJI113a 3KCnep11MeHTaJIhHbIX naHHbIX. 

113MepeH115I a311MYTaJIhHbIX 

npOTOHax 11 BhII10JIHeH 

B TpeTbeH fJIaBe 

aC11MMeTp11H paCCe5IH115I 

n011CK B03MO)KHOrO 

HenOJI5Ip1130BaHHhIX 

aC11MMeTp1111. B 

npenCTaBJIeHbI 

Ha nOnepeqHO 

o6MeHa B rpy6oKoHeynpyroro 

113MeOeH115I OnHOCn11HOBOH 

EhVI11 

ITOJIyqeHHble 

aC11MMeTp1111 06HapY)KeHO He 

lfeTBepTa5I rJIaBa cO.11.eIP)K11T 113MepeH11H 

nOJIYHHKJII0311BHbIX 

Ha npOnOJIhHO MHlllemI). B qaCTHOCT11 

npenCTaBJIeHbI pe3YJIbTaTbI 113MepeH11H aC11MMeTp11H B nOJIY11HKJII0311BHOM 3JIeKTpmI<neH11H 

anpOHOB npH paCCe5IHHH HenOJI5IpH30BaHHbIX Ha npOnOJIhHO nOJI5IpH30BaHHhIX 

MHllleH5IX B 3KCnep11MeHTe EhVIO nOJIyqeHO, qTO AVr0 

n110HOB conOCTaB11Ma C 

IJVJCl'-"""'-' 

3HaqeHHeM, a aCHMMeTpH11 nOJIO)l<HTeJIhHhIX H 

npenCTaBJIeHhI H3MepeHHH OnHOCn11HOBhIX 

a3HMYTaJIhHhIX aC11MMeTpHH B 3JIeKTpOpO)KJl:eHH5I nHOHOB 11 nOJIO)KHTeJIhHhIX KaOHOB Ha 

npOnOJIhHO n0JI5IpH30BaHHOH MHllleHH. 

maBa nOCB5IlUeHa OnHocnHHOBhIX anpOHOB, pO)l(neHHhIX 

nOJI5IpH30BaHHhIX rr?>l/'T'1'VH:rAU Ha HenOJI5IpH30BaHHhIX MHllleH5IX. EhVIO nOJIyqeHO, qTO 

Bemrc!I1Ha aCHMMeTp11H nJI5I nOJIO)KHTeJIbHhIX nHOHOB 

neTaJIhHO paCCMaTp11BaIOTC5I naHHhle 

C 

COrJIaCYIOTC5I C 

H OTJIHqHa OT HyJI5I H 

conOCTaBHMa C HYJIeM nJI5I OTpHlJ,aTeJIhHhIX nHOHOB. 

3KcnepHMeHTa CLAS H npOBOnHTC5I cpaBHeHHe naHHOH pa60ThI. 

nOJIyqeHO, qTO OnHOCnHHOBa5I aCHMMeTpH5I cJIa60 3aBHCHT OT HaJIeTalOlUHX JIenTOHOB H 

OT nepeMeHHOH X. 11 BnOJIHe MYJIhTHnJIHKaTHBHoro 

KHHeMaTHqeCKOrO cpaKTopa. 

Hen0JI5Ip1130BaHHbIX 

KBapKOB B 

ynaJIOCh 

C11BepCa, 

nOJI5IpH30BaHHOM HYKJIOHe, H 
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BhI3hIBaIDII(HH aCHMMeTpHID 6JIaro,Uap5I CPYHKUHH 

H CPYHKUHeH pacnpe,UeJIeHH5I KBapKOB 

nOJIyqeHO, qTO BeJIHqHHa CHMMeTPH5I KOJIJIHH3a,UJ15I K + CYII(eCTBeHHO 

,UJI5I nOJIQ)IUITem,HhIX nHOHOB, qTO B03MO)KHO YKa3hIBaeT Ha 

B 3aKJIIDqemm ,UHCCepTaUHH rm:)OBaHl"I OCHOBHhle 

H ,UeHTepHeBOH MHllIeH5IX. 

"nuu'~'~ aCHMMeTpHH B nOJIYHHKJIID3HBHOM 

nOJI5IpH30BaHHh~ 3JIeKTpOHOB Ha 

MHllIeIDIX. B.A. KOPOTKOB 

C HCnOJIh30BaHHe nOnepeqHO nOJI5I1DH:301~aF[HCrfi 

K 3aMeqaHH5IM pa60TbI MO)KHO OTHeCTH cJIC'uYIDII(He. 1. COBCCM nOH5ITHa 

,UaHHh~ K Pa3J1I-rqHhIM TeOpeTHqeCKHM Mo,UeJI5IM. Ha 

nepTyp6aTHBHaH 

nOKa3bIBaID o,UHHaKoBYID 3aBHCHMOCTh aCI!1MMCTPHH OT x. 

aCHMMeTpH5I AUr0 
He n03BOJI5IeT C}J,eJIaTh KaKoro JIH60 BhI60pa 

Me)K,UY 3THMH Mo,UeJI5IMH ,Ua)Ke npH cYII(eCTBCHHOM CTaTHCTHqCCKHX H 

CHCTeMaTHqeCKHX B03HHKaeT Bonpoc, KaKYID 3HaqHMYID HHcpopMaumo 

MO)KHO H3 3THX H3MepeHHM? B TO)Ke BpeM5I Ha 12 ,UJI5I aCHMMeTpHH Aur20 

nOKa3aHhI TOJIhKO ,UJI5I KBapK-COJIHTOHHOM Mo,UeJIH. Mo,UeJIeM 

nOqeMY-TO He 2. CTp. 182-184 npHBO,U5ITC5I 3HaqeHH5I 

nOJIQ)KHTeJIhHhIX H 0TPHuaTeJIbHhIX nHOHOB. YKa3aHhI TOJlhKO BeJIHqHHhI CTaTHCTHqeCKHX 

01lIH60K. TaK)Ke OTCYTCTBYIDT CHCTeMaTHqeCKHe H B TeKCTe He 

HX BeJIHqHHhI, a TaK)Ke HX B03MQ)KHaH 3aBHCHMOCTh x H Z, 

o ,UOKa3aTeJIbCTBe CYII(eCTBOBaHHH pacIIpe,UeJIeHH5I 

c,UeJIaHHOe Ha OCHOBe BeJ1I-rqHHhI aCHMMeTPHH \"'l:!Be~Pca 184, Ka){(eTC5I He OqeHb 

CHCTeMaTHqeCKHX 0llIH60K COCTaBJI5ICT BeJIHqHHa 

yqCTa CHCTeMaTHqeCKHX onlTnru' OTKpbIThIM. 

5IBJUreTC5I TO, qTO H 0pWHmaJIhHRsr fEPMEC 
(2005) 012002) He npHBO,UHT cTp.208, 

pHc.6.14 nOKa3aH HHBapwaHTHbIX Macc n+-n- B H pe3YJIhTaT 

m~M~".nl""H''''''''CCLf' C HCIIOJIb30BaHHeM PYTHIA6. B 3Kc:neOH1\1elfTe nHK pacna,Ua 

KaOHa Ha ,UBa IIHOHa, a B HL~'.u.""L npHCYTCTByeT. 

3TO He II05ICHeHO B TeKCTe ,UHccepTaIlHH. 4. BhIIIOJIHeHbI B ,UOBOJIhHO 

qTO 3aTpY,UH5IeT nOHHMaHHe nOKa3aHHbIX HanpHMep, PHCYHKH 

5.10 H 5.11, XOT5I OHH H B35IThI H3 )KypHaJIbHhIX YBeJIHqHTb. CeMqaC 

KpHBhle Ha 3THX pHCYHKax, COOTBeTCTBYIDII(He Pa3JIHqHhIM HeOTJIHqHMhI. 

BhUlle He,UOCTaTKH He MorYT H3MeHHTh o6II(ero nOJIO)KHTeJIbHOrO 

H CYII(eCTBeHHhIM 06Pa30M nOBJIH5ITh Ha HToroBYID oueHKY 
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.UHccepTaUHH. KOTOPaJI rrpe,UCTaBJUleT C060H JIOrHqeCKH 3aKOHqeHHOe HCCJIe,UOBaHHe, KOTOpOe 

rrpOBO,UHJIOCh Ha rrpOT5DKeHHH MHOrHX JIeT H rrpHBeJIO K Ba){<HhIM pe3YJIbTaTaM. KaqeCTBO 

pa60ThI, ypOBeHh H 06beM HCCJIe,UOBaHHH, BhIIIOJIHeHHbIH B.AKopOTKOBhIM, OCTaBJUIlOT B ueJIOM 

XOpOllIee BrreqaTJIeHHe. ,[(OCTOBepHOCTh rrOJIyqeHHhIX pe3YJIhTaTOB He BhI3hIBaeT COMHemIH. 

,[(HccepTaUlUl rrpe,UCTaBJI}1eT C060H 06beMHYlO pa60TY C H3JIO){(eHHeM MHOrHX 

3KcrrepHMeHTaJIhHhIX ,UeTaJIeH, MeTO,UOB aHaJIH3a ,UaHHbIX H Mo,UeJIHpOBaHH5I ¢H3HqeCKHX 

rrpoueCCOB, qTO orpa){(aeT BhICOKHH 3KcrrepHMeHTaJIhHbIH ypOBeHb aBTOpa Hero rny6oKoe 

rrOHHMaHHe rrp06JIeMhI. Pe3YJIhTaThI, rrpe,UCTaBJIeHHhle B ,UHccepTaUHH, rrOJIe3HhI ,UJUI ,UaJIhHeHllIHX 

HCCJIe,UOBaHHH CTpyKTyphI HYKJIOHa H MoryT 6hITh HCrrOJIh30BaHhI rrpH rrpOBe,UeHHH 

3KcrrepHMeHTOB B Pa3JIHQHbIX JIa60paTOpH}1X, 3aHHMalOIIIHXC5I 3TOH TeMaTHKoH. Pa60Ta 

O¢OpMJIeHa ,UOBOJIhHO aKKypaTHo, XOPOllIO rrpOHJIJIlOCTpHpOBaHa, OCHOBHble rrOJIO){(eHH5I H 

rrOJIYQeHHhle pe3YJIhTaThI }1CHO H3JIO){(eHhI, BhIBO,UbI QeTKO C¢OPMYJIHpOBaHbI. OCHOBHhle 

pe3YJIhTaThI H rrOJIO){(eHH}1, BOllIe,UllIHe B ,UHccepTaUHlO, ,UOJIO){(eHhI aBTopOM Ha Me){('uYHapO,UHhIX 

KOH¢epeHUH}1X H orry6JIHKOBaHhI B pe¢epHpyeMblx ){(ypHaJIax. oH6JIHOrpa¢H}1 rrOJIHO 

rrpe,UCTaBJI}1eT HCCJIe,UOBaHH}1 B 3TOH 06JIaCTH H HaCQHTbIBaeT 358 rry6JIHKaUHH. ABTope¢epaT 

rrOJIHO H rrpaBHJIhHO OTpa)l<aeT co,Uep)KaHHe ,UHccepTaUHH. 

TIpHHHMa}1 BO BHHMaHHe BhIllIeH3JIO)l(eHHOe, CQHTalO, QTO ,UHccepTaUH}1 B.AKopoTKoBa 

«l13YQeHHe a3HMYTaJIhHhIX aCHMMeTpHH B rrpoueccax rJIy6oKoHeyrrpyroro paCCe}1HH}1 3JIeKTpOHoB 

(rro3HTpoHOB) Ha rrpoToHax H ,UeHTpoHax B 3KcrrepHMeHTe rEPMEC H crrHHOBa}1 cTpyKTypa 

HYKJIOHa» rrOJIHOCThlO y,UoBJIeTBOp}1eT BceM Tpe6oBaHH}1M BhlcllIeH aTTecTaUHoHHoH I<OMHCCHH 

rrpe,Ub}1BJI}1eMhIM K ,UOKTOPCKHM ,UHccepTaUH5IM, a ee aBTop HeCOMHeHHO 3aCJIY){(HBaeT 

rrpHcy){(,UeHH}1 YQeHOH CTerreHH ,UoKTopa ¢H3HKo-MaTeMaTHQeCKHX HayK rro CrreUHaJIhHOCTH 

01.04.23 - ¢H3HKa BhICOKHX 3HeprHH. 

,[(OKTOP ¢H3.-MaT. HayK, rrpo¢eccop 

3aBe,UYlOIIIHH OT.L(eJIOM ¢H3HKH BhICOKHX 3HeprHH 

I1HCTHTYT }1,UepHhlx HCCJIe,UoBaHHH P AH, 

A,Upec: 117312 MocKBa, rrp-KT 60-JIeTH}1 OKT}16p}1 7 A 

TeJI: +7(495)8504248 

3JI. rrOQTa: kudenko@inr.ru 

1O.r. KY.L(eHKO 

AB.<PeIIIeHKo 
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