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3aunrra COCTOHTCJI ~ . OKmt'ip.S: 2001 r. I 14.00 'WIOB Ha 3ace.ztBHHH 
crreI01aJIH3Iq>OBau.Horo cOBeTa. 024 Bpe11Hc1COro (>DH'IOCJCoro HHCTHTYfS 
{Epemm:-36, YJJ.. Jipan.eB AJm::xalmH 2) 

c .zmc.cepTall.Heil: MOEHO OSHalCOMJl'DOJI a 5H8mroreICe Epc:I>H. 

ABTope<Pepa-r pa30C1IaH "7" ceHTJ1et>11 2001 r. 

YqeHb11f ceKpeTa.pJ> cneu. coMTa j Mi:~ /~'f. Mlprapss r· . 

O:SmAH XAPAKTEPHCTIIKA PABOThl 

.AK:ryanhBOCTh paOOThl. 3a IIOCJieJJ,HHe .necHTRJieTHH 3JieICTpOMaI'HHTHhle 

B3a:HMO.ZJ;eHCTBI!IH 3apIDI<:eHHbIX qacmu H <I:>oTOHOB BbICOKHX 3Hepm:tt B 

Iq>HCTaJIJilf'IeCKHX cpe,llax HHTeHCHBHO H3ytlaJIHCb KaK TeopCTJ!IqecKH, 

TaK H 3KCIIepHMeHTaJibHO. 3TOT HHrepec o6ycJIOBJieH TeM, 'ITO Ha 

3JICKTPOHHhlX rryqKax KPYIIHCHWHX YCKOPHTCJibHhIX ueH'rpOB (CERN, 

SLAC) c rrOMOIUbIO KpHCTaJIJIOB rronyqeHbI rro;rnp:u3oBaHH.bie rryqm 

<l:>OTOHOB c 3HeprHSIMH B .necHTKH H COTHH faB, c IIOMOll.U>IO KOTOphlX 

3a.IIJiaHHpoBaHbl H Be,llyi'CSI SKcnepI!IMCHTbI Ka.K AJIH HCCJIC,llOBaHHH 

xapa:rcrepa sneKTpoManrnTHhlX rrpoueccoB B :tq>HCTaJIJIHqecKHx cpe,llax 

npH BhICOKHX SHeprmrx, TaK H AJIH rrpoBepKH <l:>yan;aMeHTa.JlbHhIX 

npo6JieM Teop1m 3JieMeHTapHhlX qacTHU, TaKHX Ka.I( <I:>oTOpO)K)leHHe 

qapMOBaHHbIX qacTHU H CIIHHOBa.sI cpyicrypa HYKJIOHa. 

KorepeHTHOe TopM03HOe H3Jlyqenne (KTI1) B KpHCTaJIJiax 

HBJIHCTCH y.no6HbIM HHCTpYMeHTOM .AJIH nonyqeHIDI mrHeHHO 

IIOJI.sipH30BaHHbIX <l:>OTOHHbIX nyqKOB BbICOKHX SHepm:tt. OHO 

II03BOJIHeT IIO.JiytIHTb JIHHCHHO IIOJIHpH30BaHHble <l:>OTOHHble rryqKH c 

BbICOKO:H CTCIICHbIO IIOJl.sipH3auirn: (rropH,llKa 40-80%) H 

MOHOXpOMarn:qHQCTH. l13MeIDIH Haqa.JibHbie yrJihl BJICTa 3JieKTpOHOB 

B KPHCTaJIJI MO)l(HO BapbHPOBaTb SHeprHIO <l:>OTOHOB H BCJI11q1rny 

MaKcHMYMOB B crieKTpe KTH, TeM caMhlM I!I3MeHHTb BbIXO.ll <l:>OToHoB 

pa.3JIHtJHhIX SHepndi: H IIOJIHpI!I3aUHIO. 

B CBH3H c aI<TyaJibHOCTIO npo6JieMhl CIIHHOBOH CTpyicryphI 

HYKJIOHa(TaK Ha3bIBaeMbIH "cmIHOBhI:ti. KpH3HC") B03pOC I!IHrepec K 

noJiyqeHMIO uHpicynsi:pHo rroJISipM30Ba.HHbIX <I:>oTOHHhIX rryqKoB. B 
npe,llcTOID.IJJIX 3Kcrrep11MeHTax B SLAC-e (CIIIA) UHpI<:ymq>Ho 

IlOJI5IPH30BaHHble <I:>oTOHHbie rryqKH 6y,nyr IIOJiyqaTbCH c IlOMOIUbIO 

KTH B :tq>HcTa.n:Jie aJIMa3a npo.uoJibHO rroJIHpH30BaHHhIMH 
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3JICKTpOHaMH. Jfa,..3a coxpaHeHIUI cm1paJibHOCTbH CTeneHh 

UHpKyJISIPHOH IIOIDijJlf3aUMH BbICOK03Heprern:qHoti: qacnr ¢oTOHHOro 

cneICTpa 6JIH3Ka K CTeneHH npo.llOJlbHOH nOIDIP.H3aUH.H Hat{a.JlbHbIX 

3JieICTpOHOB. 

IlpH CBepXBb!COKHX 3Hepmmc .llOC'fYIIHbl He nom1pH30BaHHble 

3JieKTpOHHbie rryqKH Ha npoToHHbIX ycKOPHTeJI»X, TO nepcneKTHBeH 

MCTO.ll rrpe.llJIO)l(CHHblii Ka6H66o no IlOJIY':ICHHIO UHpKymipHO 

nom1pH30BaHHbIX ¢oTOHOB. MeTO.ll OCHOBaH Ha B03MO)l(HOCTM 

npeBparn;eHH» JIHHHeiiHO:ti: IIOJIRp.H3aUHM ¢oTOHOB B UHPKyJIRpttyIO, c 

nOMOIUbIO MOHOKpHCTaJIJIOB COOTBCTCTByIOIUeH TOJIIUIDil>I, 

aHa.JIQr.Ht{HO OIITH'ieCKHM IIJiaCTl'IHKaM B "qeTBep!b .llJIHHHbI BOJIHbl". 

B 3KcrrepHMeHTax c rronapH30BaHHbIMH ¢oToHaMH tteo6xomrno 

H3MepHTb CTeneHb no;rnpl·13aUmi rryqKa c Tpe6yeMOH TOt{HOCTbIO 3a 

B03MO)l(H0 KOPOTKOe BpeMR. IlpH BbICOKHX MeTO.ll OCHOBaHHbIH Ha 

H3Mepemrn acHMMeTplU'I 1rnrerpa.rrbHoro BhlXO.JI.a nap B KPHCTaJIJie 

npe.ncTaBJUleTCR Ha.H6oJiee y.no6HhIM, IlOCKOJlbKy 3TOT MeTO,ll. He . 

TPe6yeT H3MepeHHR yrJIOB JiICIIYCKaHHR qaCTHU nap H 06ecneq11naeT 

TOt{HOCTb M3MepeHHR sa pasyMHOe BpeMSI. 

KaK rroKa3hIBaroT 3KcnepHMeHTa.rrhHhle Mccne.llonaHHSI (NA43; 

CERN) pac1:1eThI no reop1rn KTl1 H KorepeHTHOro o6paaonaHHR e + e -

nap (KOII) npH 3Hepnrnx 3JieKTPOHOB H ¢oTOHOB nopRJJ.Ka .necRTKH 

H COTHH f3B pacXO.llHTCR c .naHHhlMM 3KCnepHMeHTa. 

3KcrrepHMeHTa.JihHbie 11ccJie.llOBaHHS1 KOJIJia6opauM11 NA43 

o6Hapyxot:JIH npH TaKHx 60JiblllHX 3Hepnu1x HOBbie 3¢cl>eKTbl 

B3aHMO)leti:CTBHH sapR)l(eHHbIX qacTHU H <l>oTOHOB BblCOKHX 3Hepm:H c 

CHJlbHbIMH noJI.sIMH KpHCTaJIJIW.feCKllIX ocei1 H IlJIOCKOCTe:H, 

OilHCbIBaeMbie KBa3HKJiaccqecKoi1 TCOpHeH M3JI)"-IeHml H o6pa30BaHHSI 

nap. 

i 
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IJ;eJiblO ,zntccepTaIJ,HOHHOH pa60Thl JIBJIJieTCJI: 

• MoHTe KapJio Mo.ne;rnponamrn: rrpoueccon npoxo)l(Jlemrn 

3JieKTpOHOB H cPOTOHOB qepe3 KpHCTa.JIJihl, c yqeTOM peaJibHbIX 

napaMeTpOB KpMCTa.JIJia H 3JieKTpOHHOro HJIH <l>oTOHHOfo'' II)"i'Ka. 

• 

• 

• 

• 

TeopeTuqecKoe HCcJie.llOBaHMe B03MO)l(HOCTH co3)laHH.sI .iI11ttei1:Ho H 

l!JiPKYJIRpHO IIOJIRpH30BaHHhIX <l>oTOHHbIX nyqKOB. ·BblC<'iKHX 

3Heprn:H - 100 f9B c nOMOIUbIO MOHOKpHCTa.JIJIOB. 

YcoseprneHCTBOBaHMe MeTO.lla H3MepeHHR cTerreHH JIHHeti:Ho:H 

TIOJIHPM3aUMH cPOTOHOB BhICOKHX 3Hepn1i1, OCHOBaHHoro Ha 

H3MepeHHH aCHMMeTpHH BbIXO)la IlOJIHOfO qucJia . nap B 

KpMCTaJIJiax. 

3KcrrepwMeHTaJihHoe MCCJie]loBaHHe cneKTpaJlhHoro 

pacnpe.n:eJIHHH H noJIHOfO ':IHCJia BblXO.lla e + e- -nap ¢oTOHaMH 

BbICOKMX 3HepmH B MOHOKpHCTaJIJiax. 

3Kcnep11MeHTaJihHOe HCCJie)lOBaHHe pa3IlHTMR 

3JieKTpOMarHMTHOro JIHBHR B MOHOKPHCTa.JIJie. 

Ha)"IHa.H uosu3ua. 

• BnepBhie BhinOJIHeHhI 3KcnepHMeHTaJibHhie HCCJie.noBaHJrn 

o6pa30BaHMR e + e - - nap np11 npoxo)l(JleHHH rryqKa <Poto HOB c 

3Heprne:H 20-150 faB qepe3 MOHOKPHCTa.JIJI B HarrpaBJieHHM 

CHJibHhlX TIOJieti KpHCTa.JIJIOrpa¢M'leCKMX oce:H M ITJIOCKOCTeli. . 

• 3KcnepHMeHTaJihHO o6HapyxeHo yc11neHHe BhIXO)l;a nonHoro 

qHcJia nap no OTHOIIIeHHIO K BbIXO.ll.Y OT aMOPcPHOH cpeJl.pi:. 

Ha6JIIO.lleHa aaBHCHMOCTh yc11neHHH BbIXO.lla oT 3Heprn11 .¢oToHa 

TIPf'I Ma.JlbIX yrnax BJieTa OTHOCHTeJibHO KPHCTa.JIJIOrpaqmq~CKHX 

oce~ M nJIOCKOCTeH. 

: .. · .,i 
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• IlpoBe,lleHbI 3KCnepHMeHTaJibHbie . HCCJie,llOBaHlUI pa3BHTHH 

3JieKTpoMarHHTHoro JIHBHH, HHMUHPOBaHHoro nyqKaMM cpoTOHOB 

c 3HeprHHMH 20-180 faB, B TOJICTOM Op1ieHTHpOBaHHOM H B 

HeopHeHTHPOBaHHOM Kp1:1cTa.n:ne Ge. 

• Pa3BHT MeTOJJ. H3MepeHJUI JIHHeitHoit nrurnp:n3aUHH cpoTOHHhIX 

nyqKOB BbICOKHX 3Hepndt c TIOMOJ.UblO KPHCTaJIJIOB. IlOKa3a1m, 

qTQ npH OilTHMaJibHOM no.n6ope o6JiaCTH 3Hepru:H qacTHU napbI 

yseJIH':IHBaeTc.si: accHMeTpH.si: po:>K,l.leHHH e+e- - nap B KpHcTarrJie, 

'ITO cyJ.UeCTBeHHO yMeHbIJJaeT BpeMH H3MepeHHH CTeneHH 

JIOJIHPH3au1rn. 

• Hccne.uoBaHa B03MO.>KHOCTh rronyqemu1 UMPKYJIHpHo 

JIOJIHPH30BaHHblX cpoTOHHblX nyqKOB c IlOMOJ.UbIO H3Jiyqemrn. 

KaHa.n:MpOBaHHbIMH rrpo,llOJibHO rromipM30BaHHbIMH 3JieKTpoHaMM 

B KPHCTaJIJiax. IloKa3aHo, ':ITO no cpasHeHHIO co CJiyqaeM 

aMopcjJHOH MHIJJeHM MO:>KHO yBeJIHqHTb HHTeHCHBHOCTb 

cjJOTOHHOFO nylJKa B cpe.nHe:H o6JiaCTH crreKTpa, He3Ha'IMTeJibHO 

H3MeH.R:H CTerreHb UMPKYJIHpHOH IIOJIHPH3au1rn. 

IlpaKT1111eCKaJ1 UCHHOCTL pa60'r1>1. 

IloJiyqeHbI 3KCnepn:MeHTaJibHbie .llaHHble no o6paJoBaHHIO e + e- -

nap cjJOTOHaMH BblCOKHX 3HeprHit B CHJibHblX IIOJIHX 

:KpHCTaJIJIOrpacjJH'IeCKHX ocei1 H IlJIOCKOCTeit. npose.n;eHbI cpaBHeHIUI 

npe.n;sapMTeJibHbIX TeopeTMqecKHx rrpe,ucKaJaHHti ;1;u1 n01rnoro H 

.llHc)JcpepeHUHaJihHOro ce1.1eHHH 06po3osamrn e + e - - nap B pa3HLIX 

KpHCTaJIJIMl.leCKHX cpe.uax H OpHeHTaUMHX KpMCTaJIJIOB. 

3KcnepHMeHTaJibHbJe pe3yJibTaTbI no pa3BHTHIO 

3JieKTpOMarHHTHOro JIHBHH B KPHCTaJIJie, HHHUMPOBaHHoro 

cjJOTOHaMH, MOryT 6bITb HCilOJlb30BaHbl npH paCCMOTpeHHH BOIIpOCOB 

I 
I 

I 
I 
' 

t 
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rrpHMeHeHHH KPHCTaJIJIOB KaK J].eTeKTOpa cjJOTOHOB BbICOKHX 

3HeprHHH, cnoco6Horo orrpe.n:eJIHTh MecroHaxo:>K,l.leHHe HCToqau:Ka 

cjJOTOHOB BbICOKHX 3Hepndi:. 

Co3,uaH1>1 MoHTe-Kapno (MK) nporpaMMbl MO.lleJrnpoBaHHH 

rrpoxo}l{,!leHlrn 3JleKTpOHHbIX H cjJOTOHHblX nyqKOB qepe3 

KpMcTa.n:JIH'IeCKHe H aMopcjJHbJe cpe.uhl. IIporpaMMbl onTMMH3HposaHbl 

H I103BOJIHIOT 3a pa3yMHO KOPOTKOe BpeMH BbJqJiICJIHTb 

3HepreTH'IeCKHe H yrnos1>1e rrapaMeTPbl rryqKoB nocne u:x 

rrpoxo:>K,l.leH1u1 qepe3 nnacTHHKH KoHelfHO:H TOJIJ.UHHbl. Pe3yJibTaTbI 

pac'IeTOB, IIOJiyqeHHbie c TIOMOlllblO 3THX nporpaMM, HCIIOJib30BaJIHCb 

IlPH IIJiaHHposamrn 3KCrrepHMeHTOB c nomipH30BaHHblMH nyqKaMH 

3JieKTPOHOB H cpoTOHOB (CERN, SLAC). 

Pac1.1eTbI no rrpespameHHIO JIHHe:HHoi1 non.HpHJaUHH cpoToHoB B 

UHPKYJIHPHYIO MeTO,D;OM Ka6H66o ,llaJIH peKOMeH,llaUHH .zurn Bbl6opa 

THna, opHeHTauHH H OIITHMaJibHOH TOJIJ.UMHbl KpHCTaJIJia B qeTBepTb 

)J.JIHHbl BOJIHbl .wrn IlJiaHHpyeMblX 3KCnepHMCHTOB (CERN). 

PacqeTbI no rronyqeH:HIO UHPKYIIHpHo nonHpH30BaHHblX rryqKOB 

cjJOTOHOB, rrpH rrpoxo}l{,!leHHH npo.n;OJibHO IlOJIHPH30BaHHblX 

3JieKTpOHOB qepe3 KPHCTaJIJI B pe)l(HMC KaHaJIHPOBaHHH IIOKa3aJIH, 'ITO 

B cpe.n;tteM: qacrn: cneKTpa cpoTOHOB MO:>KHO nonyqHTb UHPKYJIHpHo 

IIOJIHPH30BaHHbii1 rryqoK cjJOTOHOB c HHTeHCHBHOCTIO B HeCKOJibKO pa3 

rrpeBbllllaIOJ.UeH HHTeHCHBHOCTb B cnyqae aMopcjJHOH MHIIIeHH. 

IIpeMO:>KeH MeTo.n; H3MepeHHH JIHHeiiHo:H rronHp:H3aQHH 

cjJOTOHHOrO rrylfKa, KOTOpbIM rrpH Tpe6yeMOH TO'fHOCTH H3MepeHHH 

CTerreHH IIOJIHpH3aUHH, yMeHbUiaeT BpCMH H3MepeHHH, qTo oco6eHHO 

Ba)l(HO npH rrpoBe.D;eHHH H3MepeHHH rraparrJieJibHO c . OCHOBHbIM 

3KCrrepHMeHTOM. 

-
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Hayt111hle noJ10:.1KeHHB BblHOCHMble ea aai:nnT)'. 

1. PacqeTHble MeTO,LU1KM H pe3yJILTaTLI MK Mo.n;e1mpoBaHHH 

rrapaMeTpOB IIOJIHPH30BaHHbIX nyqKOB cl>oTOHOB BblCOKMX 3HeprnH:, 

rroJiyqaeMbIX c TIOMOlUblO KpHCTaJIJIHqecKHX MHilleHeti: KOHeqoi{ 

T9'1IlllHH&I B 3KcrrepHMeHTax B FNL (ClIIA) H B CERN 

(1Ueeti:uap1ni:). 

2. PacqeTHHbie xapaKTepHCTHKM .n:m1 orrpe.n;eJieHHH THrra, 

QpHeHTau1rn H OIITHMaJibHOH TOJilUHHbl KPHCTaJIJia B '!eTBepTb .n;JIHHbJ 

BOJIHbl. 

3. YcoBepmeHCTBQBaHHaH MeTO.n;HKa HJMepeHHH mrnei1:ttoi1: 

rroJIHpHaar.wm cl>oTOHH&Ix rryqKoB c rroMOlUbIO KPHCTaJIJIOB. 

4. .[I.eTaJibHble pac'!eTbI xapaKTepHCTHK UHPKYJIHpHo 

IlOJIHPH30BaHHbIX cl>oTOHHbIX rryqKOB, rronyqaeMbIX rrpH H3JiyqeHHH 

rrpo.n;OJibHO IlOJIHpH30BaHHbIX 3JieKTPOHOB B pe)l{HMe KaHaJIHpOBaHirn. 

5. PeJyJibTaThI sKcrrepHMeHTaJibHbIX HJMepeHHH no 

o6pa30BaHMIO e+e- -nap B pa3HbIX KpHCTaJIJIHqecKMX cpe.n;ax (Ge, w, 
Ir) npH sttepnui:x cl>oTOHOB 20-150 faB. 

6. Pe3yJibTaThI 3KcnepMMeHTaJibHOro 11cc11e.noBaHHH pa3BMTMH 

3JieKTpOMarHMTHOf0 JIMBHH, MHMUHPOBaHHOH cl>OTOHaMH BbICOKHX 

3Heprni1: (20-180 faB) B KpHCTaJIJie (Ge). 

Anpo6au:us pa60Tb1. 

Pa60TbI, rroJIO)l{eHH&Ie B ocHoBy .llMCceprnu1m, Heo.n;HoKpaTHO 

,n:oKJia,llhIBaJIHCh H o6cy:>K.nanMcb Ha Hay'!HbIX ceMMHapax EpeBaHcKoro 

<l>11311qecKoro HHCTMTYTa, B CERN-e (llleeih..1apHH), B ISA (.[I.aHHH). 

OcHOBHbie pe3yJihTaThI ,ll}iccepTaUMOHHOH pa6oT&I 

.l.l:OKJla,llhlBaJIMCb M o6cy)l{.l(aJIMCb Ha Me)KJlyHapo.n;HOH KOH¢epeHUHH 

RREPS (ToMCK, Pocc11H). 

-
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fly6JIHKau:uH. 

,i:. 

IIo TeMe .uwccepTaUMOHHOH: pa6oTLI ony6JIHKOBaHhl · 6 HayqHbIX 

CTaTLe:H, cnMCOK KOTOpbIX rrpHBO,llMTCH B KOHUe aBTOpe<l>epaTa. 

CTpyKT)'Pa ,zn1ccepTau:uu. 

.D.11ccepTaUHH COCTOMT .113 BBeD.eHHH, Tpex. rJiaB, 3aKJIJQqeHMH Ji[ 

CITHCKa JIMTepaTypbl BKJIJOqaroiue:H 205 CCbIJIOK Ha op0:rMHaJihHbie 

pa60TbI, o630pbl H . D.OKJia,llbI Ha KOH<l>epeHUHHX. 06beM pa60TbI 

COCTaBmieT 110 CTJ>aHHU rreqaTHOfO TeKCTa, BKJIJOqaSJ 34 pMCyttKa 11. 1 . 

Ta6JIHUy. 

CO.[I.EP)l(AHHE PABOThI 

Bo BBeD.eHHH o6octtoeaHa aKTyaJibHOCTb TeMhl, H3JIO)l{eH&I 

rrpaKTMqecKaH ueHHOCTb M KpaTKOe co.uep)J(aHHe pa60TbI. 

B nepeoii rnaee .uenaeTCH o63op Teop11:H KTI1"'11 KOI1, 

npHBO,ll,}ITCH Heo6xo.n;HMbie cPOPMYJihI, KOTOpble HCIIOJib30BaJIHCb nptf 

TeopeTnqecKHX pacqeTax · H B nporpaMMax MK Mo.n;eJ111po:BamH1 ': 

npouecca npoxo}l()leHMH !3JieKTPOHOB H ct>oTOHOB qepe3 KpHCTaJIJlbl. . 

IlpOH3BO.llH He06XO.llHMbie MaTeMaTHqecKHe npeo6pa3oBaHHH y.naJroc:b 

rrpMBeCTH <l>OPMYJibl B y,uo6HOH <PopMe MH KOMIIIOTepHbiX ... 

BblqHcJieHHH. 

§ 1.1 noceHmeH H3JIO)l{eHHIO ocHOBHblX · pe3yJibTaTOB KTH 11 

KOII. IIp11se.n;eHbI Bblpa)J(eHHH MH .UH<l><l>epeHUHaJILHoro ceqemrn ·' 

KTH c yqeTOM nom1p113auMH 113JiyqeHHoro <PoToHa, ycpe.zitteHttoro 11,' 

rrpocyMMHPOBaHHOro no c1urnaM . .HaqaJibHOfO . ,H . KOHeqHoro 

!3JieKTpOH?B, COOTB<'.TCTBeHHO, H . _rrpo~HTerp11po~~I-JRfO: . i;i:9, y:q~~· 1 



8 

BbIJieTa 3JieK.TpOHa H H3JiyqeHHOro $OTOHa. 06cY>R;D,aIOTCH pa3Hhle 

opHeHTaUHH 3JieKTpOHHOro nyqKa OTHOCHTeJibHO 

KpHCTaJIJiorpa$HqecKHX oce:li H nJIOCKOCTe:li. TaIOKe npHBO.ll.HTCH 

JlH$$epeHUHaJibHoe ceqemre KOII c yqeroM rrom1pH3aUHH 

HaqaJibHOro $OTOHa, npocyMMHpOBaHHOe no CilHHaM H 

npoHHTerpHpoBaHHoe no yrnaM BbIJleTa qacTHU napbI. B KOHI(e 

naparpa<t>a rrpHBe}leHbl BblpIDKeHHH ,l(JIH pa3JIHqffbJX TJllilOB HaH60Jiee 

HCilOJib3yeMbIX aTOMHbIX <PopM$aKTOpOB. 

B § 1.2 o6cY>R;D,aeTCH yrJIOBble pacrrpe.n;eneHHH TOpM03Horo 

H3.Jlyqemm H tiaCTHU B npouecce o6pa3oBaHHH napbI B KpHCTaJIJiax. 

IlpHBe.neHbl .nHcpcpepeHIJJ-IaJibHbie ceqeH1u1 KTH H KOil B 

3aBHCHMOCTH OT TIOJIHPHbIX yrJIOB BbIJieTa H3JiyqeHHblX cpoTOHOB H 

o6pa30BaHHblX qacTHU napbl. 0TMeTHM, qTo JIOJIHpHbie yrnbl 

HCilYCKaHHH HeKorepeHTHO H3JiyqeHHblX cpoTOHOB pacnpe.n;eJieHbl no 

3aKOHY faycca c yrnoM pacTBopa m/e1 , r.n.e m - Macca rroKOH 

sJieKTpotta, a e, - 3Hepnrn HatiaJibHoro sJieKTpoHa. ff3 BhipIDKeHHH 

. .ll.M<l>cpepeHUHaJibHOro ceqeHHH KOrepeHTHO H3JiyqeHHhIX cpoTOHOB 

CJie}lyeT, qi'O }lJIH KroK,llOro orrpe,lleJieHHOfO BeKTopa o6paTHOH 

peweTKH KpHCTaJIJia yrnoaoe pacnpe.n:eJieHHe HMeeT o - o6pa3HbIH 

xapaKTep. Bcne.ncTBHe HHTepcpepeHUHOHHblx HBJieHHH cneKTp 

TOPM03HOro H3JiyqeHHH B KPHCTaJIJie npeBpamaeTCH B cneKTp c qeTKO 

BblpIDKeHHblMH cpOTOHHbIMH JIHHMHMH. IlpH 3TOM cqHTaeTCH, qto 

paccnpe.n:eJieHHe no a3HMytaJibHOMY yrny 0.ll.HOPO.LlHO. 

B § 1.3 rrp1rne.n:eHbI pe3yJihTaTbI KBa3HKJiaccHqecKo:H teop1111 

H3JiyqeHHH H o6pa30BaHHH e + e - nap. IlpH 6oJibWHX 3HeprHHX 

na.n:aIOlllHX Ha KPHCTaJIJI 3JieKTpOHOB H .ZJ;ml; MaJibIX yrJiax BJieTa B 

KPHCTaJIJI OTHOCHTeJibHO KpHCTaJIJIOrpacpHqecKHX oceH: H IlJIOCKOCTeH, 

Teop1rn KTH 11cnhITbIBaeT TPY.ll.HOCTH npH onHcaHHH rrpouecca 

! 

'· 

.. 

:f 
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H3Jlyqemrn H ee rrpe.n;cKa3amrn pacxo.n:HTcH c pe3yJibTaTaMH 

3KcrrepHMeHTOB. IIpH BhICOKHX 3Hepr:HHX }lJIHHa, Ha KOTOpo:H 

cpopMHpyeTCH H3JlyqeHHe 3JieKTpOHa (KOrepeHTHaH .ll.JIHHa), HMeeT 

MaKpoCKon11qecI<H:li pa3Mep. B npe.n.enax KorepeHTHo:H .ll.JIHHbI 

3JieKTpoH MoxeT CTOJIKHYThCH c uenoqKoH: N aTOMOB, 

pacrronoxeHHhIX B.ll.OJib MMITYJILca rra.n:a10wero sneKTpoHa. IIpH 3TOM 

ycJIOBHe IIPHMeHHMOCTH 6opHOBCKOro rrpH6JIH)l(eHHH npHHHMaeT BH,ll: 

N z a « I ( n = c = 1 ) H npH 60JiblIIHX N 3TO YCJIOBHe HapywaeTCH. 

3.n:ecb z aTOMHbIH HOMep, a IIOCTOHHHaH TOHKOH CTpYJCTYPbl. 

Pe3yJibTaThl KBa3HKJiac11qecKo:li Teop1111 H3JiyqeHm1 · 11 

o6pa30Bamrn e·e- nap B o6JiaCTH yrJIOB BJieTa qaCTHU B KPHCTaJIJI 

00 >> 0u cosrra.n:a10T c pe3yJihTataMH KTH H KOII, r.n;e 0
0 

yroJI 

BJieTa 'laCTHUbI OTHOCHTeJibHO KpHCTaJIJiorpacpHqecKHX oce:li H 

IIJIOCKOCTeJ!i:, 08 = u./m' a Uo -rJiy6HHa noTeHUHaJibHOH HMhl OCH 

HJIH IIJIOCKOCTH. IlpH yrnax 00 :S 08 pe3yJihTaTbl KBa3HKJiaCHqeCKOH 

TeopHH c xopoIIIeH ToqHOCTbIO COBITa,llaIOT c pe3yJibTaTaMH 

3KcnepHMeHTa. HHTeHCHBHOCTb H IIOJIHPH3aUHH npH TOpM03HOM 

l13JiyqeHHM 3JieKTpoHa c 3Heprne:H 500 f 3B B KpHCTaJIJie aKJIMa3a ( OCb 

<001>, 00 =0.3 Mpa.n;, <lo =O, l pa.n:, paccq11raHHhle no 

KBa3MKJiaccMtiecKoi1: (crrJIOIIIHaH JIHHHH) H KTH (nYKTHPHaH JIHHHH) 

TeOpHH, rrpHBe)J.eHbI Ha HHXeCJie.n;y10meM PHCYHKe: 
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B § 1.4 rrp1rne.u.eHbl omrcaHJile OCHOBHbIX a.rrropHTMOB, KOTOpbie 

BoUIJIJil B nporpaMMbl MK Mo.nemrpoBaHHH rrpoxo)l{,lleHHH 3.TteKTpOHOB 

H cpoTOHOB qepe3 KpHcTa.rrJrnqecme 'H · aMopcpHhle cpe.u.bl. TaIOKe .uaHo 

KOPOTI~:oe onHcam1e THllOB CJiyqaHHbIX qJi!CeJI, KOTOpbie HrpaIOT 

ocHOBHYIO poJib B npouecce MK Mo.u.enHpoBamrn. 

Bo &Topo:H rnase np1rne.neHbI pe3yJihTaTbI TeopeTHqecmx H MK 

BblqHcJieHHH no C03,llaHMIO noJIHPM30BaHHhIX cpOTOHHbIX nyqKOB 

BhICoKMX' ·' ''sttepr11:i1, a TaIOKe Teopen1qecKMe paccqeTbI no 

npeBpameHHIO JIHHeM:Ho:i1 noJIHpH3a1.1:im cpOTOHOB B UHPKYJISIPHYIO 

MeTO,!l;OM Ka611660 H pacqeTbl no ycoBeprneHCTBOBaHHIO MeTo,n;a 

H3MepeHlUI CTeneHH JIHHeHHOH nomrp113au;mi: cpOTOHHOro nyqKa, 

OCHOBaHHOfO Ha H3MepeHMH acHMMeTpHH BbIXO.ll.a nap 113 KPHCTa.JIJia. 

§2.1 nocmuueH MK Mo,neJIHpoBaHHIO JJ.JIH rr011y'leHm1 

HHTeHCHBHbIX rromqm30BaHHbIX cpOTOHHbIX nyqKOB BbICOKMX 3HepmH: 

~- --, 

t 

f .. 

11 

JJ.JIH 3KcnepHMeHTOB B FNL H B CERN c noMOI.UhIO KTM: B · 

KPHCTaJIJiax. MK nporpaMMhI Mo.nenHpy10m11e rrpouecc npoxo)l{,lleHHH 

3JieKTPOHOB qepe3 opI-feHTHPOBaHHbie KpMCTaJIJihI BKJIIoqaIOT TaIOKe 

oco6eHHOCTM ::iJieKTPOHHhIX ny<IKOB 3TMX ycKop11TeneM: 11 pea.rrbHbie 

rrapaMeTpbI KPHCTa.rrJioB. 

B ::iKcrrep11MeHTe (FNL) i:r.<? cpoT006pa30BaHHIO' qapMOBaHHbIX 

qaCTHU tlJoTOHHhlM , riyqOK rrdnY,.arrcH .. C . n6MOI.UbIO TOpM03HOfO 

H3JIYLJeHMH 3JleKTPOHOB c 3Hepmeii: 350 f::iB Ha CBHHUOBOM MHllleHH. 

11,IJ,eSI 6bma B TOM, qTo6bI 3aMeHHTb aMopcpHyIO CBHHUOBYIO MHillt'?Hh 

Ha KpHCTaJ!JIHqecKYIO c onpe.u.eneHHOii: . opHeHTHpOBKOH }1,JIH. 

yse;mqeHHSI BbIXO.U.a cpoTOHOB' c . 3HeprmIMM 60Jibille 100 fsB. 

Pe3yJibTaTbI MK sb1q11cneHHH rroKa3a.rrH, qTo npu: npHMeHeHHH 

KPHCTa.JIJia a.JIMa3a TOJII.UHHOH 3.5 CM, BbIXO,l( BbICOK03HepreTHqHbIX 

Q:.>oToHos ysen11qu:sae'fcsi: ~o' f.7 pa3. Ha ttli)l{ecJie.u.y10meM p11cyHKe 

np11Be.n;eHbl cneKTphI noJiyqeHHble no MK Bb1q11cJieHHHM mm 

OJJ;HOcpOTOHHOfO CIIeKTPa (CITJIOillHaH JIHHHSI) Ji! JJ;JIH "pile up" cneKTpa 

(nyHKTJilpHaSI JIHHHH) . .[(.JIH cpasHeHHSI npHse.n.eH Jil3MepeHHbIH cneKTp 

("pile up") OT CBHHUOBOH MHllleHJil TOJII.UJilHOH 0.27 pa.n;. JJ.JIHHbI.. 
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)J:aJihHet!:nme HCCJie]lOBaHJUI IlOKa3aJIH, 'ITO npH yJiyqIIIeHHH 

napaMeTpoB (yrnoBoe H 3HepreTHqecKoe paccrrpe.nenett:ae) 

3JieicrpOHHoro nyqKa MO)KHO YJlBOHTh Bhlxo.n 3HepreTH'IHblX <PoTOHOB. 

)J;n.H nnaHHpoBaHH.H 3Kcnep11MeHTa CERN no nonyqemuo 

JIHHeHHO nom1pH30BaHHOf0 HHTeHCHBHOfO <l>OTOHHOro IIyqKa, 6blJIH 

npoae.ueHbI MK BhiqHcJiemrn .l(JI.H IIpe.ncKaJamrn IIapaMeTpos 

<l>oTOHHoro rryqKa. <l>oTOHHhIH rryqoK IIOJI}"IaJICH npH KTH 

3JieKTpOHOB c 3Hepmet!: 180 f3B Ha KPHCTaJIJie KpeMHH.H TOJIIII;HHOH 

1. 5 CM. Ha HH)Kecne.uyiomeM p11cyHKe noKa3aHhI MHTeHCHBHOCTH 

H3JlyqeHH.H nony<1eHHble Ha 3KcnepHMeHTe (TO'IKH) H MK pacqeTbI 

(CilJIOIIIHaSI JIHHHSI), a TaK)Ke CTeneHb O)KH:JlaeMOH JIMHeHHOH 

no;rnpH3aUHH pacctJMTaHHhiif c rroMOIII;hIO MK Mo.z:i;enMpoBaHHSI. 
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§2.2 nocBSIIUeH nonyqeHHIO UMPKYJIRpHo IIOJIRpH30BaHHhIX 

QJOTOHHbIX Il}"IKOB. 0.z:i;HHM H3 CIIOC060B nonyqeHHSI TaKHX Il}"IKOB 

JIBJIJieTc.11 H3JlyqeHHe IIpo.nonhHO noJISipH30BaHHhIX 3JieKTpoHoB B 

cpe.ne, npH 3TOM QJOTOH IIOJiyqaeT orrpe.ueJieHHYIO UHPJ<YJISipHyJO 

IIOJI.Hp113aumo 3aBHCJIIUYIO OT 3HepmH c):>oToHa. B 11acTHocrn, 

H3JlyqeHHe IIPH KaHaJIHPOBaHMH IIPO.UOJihHO IIOJIHPH30BaHHbIX 

3JieKTpOHOB B KpHcTanne MO)KeT CJI~Th HCTO'IHHKOM UMPKYJISIPHhIX 

<l>oTOHOB. TaK KaK crerreHh UHPJ<YJISipHo:H noJISJpH3aUHH He 3aBHCHT 

OT Tima H3JI}"IeHHH, TO no cpaBHeHHIO c aMop<l>Hot!: MHIIIeHbIO MO)KHO 

IIOJI}"IHTb 6onee HHTeHCHBHbIH UHPJ<YJISIPHO IIOJI.sIPH30BaHHbllf 

<PoTOHHbIH nyqoK B cpe.nttet!: l!aCTH 3HepreTHl!eCKOro cneicrpa 

H3JJylfeHlUI npH KaHaJIHpOBaHHH. 

c HayqHoi1 ToqKH 3pemrn: oco6eHHO HHTepeCHblM SIBJIHeTCH 

MeTO.ll rrpe,UJIO)KeHHbl:ti Ka6H66o no npeBpaw;eHHIO JIHHet!:Hoif 

IIOJI.HpH3aUHH c):>OTOHOB B UHPJ<YJISIPHYIO C IIOMOlil;bIO 

KpHCTaJIJUl':leCKHX IlJiaCTHHOK COOTBeTCTBYJOIII;eH TOJIIII;HHhI, 

aHanomqHo OilTHtJeCKHM IIJiaCTHHKaM B qeraepTb .l(JIHHbl B0!1Hhl. ,[(JHI 

Toro, 11T06bI KpHCTaJIJIHlJeCKa.H IIJiaCTHHKa .u;eHCTBOBaJia KaK 

IIJiaCTMHKa B qeTBepTb .l(JIHHbl BOJIHhI, Heo6xo.u;HMO lJT06.bI 

C03.l(aBanacb pa3HOCTb <Pa3 Me)J(,l(y nepneH.UHJ<YJI.llpHbIMM M 
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napanJieJibHblMH KOMilOHeHTaMM IlOJI.SIPH3aUHJi <l>oTOHOB, paBHa.R 7t/2 ' 

T. e. Re (n .L - Il1) (J) x = 7t/2' r.u.e n .L H nH K03<l><l>HUeHTbl npeJIOMJICHHH 

,ll.JIH nepITCH.ll.MKYJIHpHO M napaneJibHO IlOJIHPH30BaHHhlX <l>oTOHOB, (J) -

3Heprmr <l>oTOHOB, X-TOJIIUHHa KPHCTaJIJia CJIY)Kamero IIJiaCTHHKOH B 

qeTBepTb MHHbl BOJIHbl. 

B HH)J{ecneJJ.YJOmeH: Ta6n11ue npHBe,lleHbI pe3yJILTaTbI 

TeopenPieCKoro . paclleTa ,lJJI.SI orrpe.n.eJieHMH nma KpHcTrurna, ero 

opHCHTal{HH H OIITHMaJibHOH TOJIIUHHbI, npH KOTopo:H .l{OCTHraeTCH 

HaH60JiblliaH UHPKYJIRpHaH no11.si:pH3aUHH c HaHMeHbIIIHM rraaeHHeM 

HHTeHCHBHO.CTM. 

Crystal co FOM. . 9opt lopt I(l0
P
1 )/I(O) ~2 (lopt) 

. (GeV) (mrad) (cm) 

100 3~38 1.50 5.32 0.21 0.73 

c 200 3.56 0.75 2.76 0.22 0.75 

. 300 3.62 0.50 l.86 0.23 0.76 

100 2.21 2.29 9.43 0.17 0.54 

Si 200 2.63 l.14 5.50 0.18 0.61 

300 2.79 0.76 3.84 0.19 0.64 

100 l.83 2.38 2.25 0.16 0.46 

Ge 200 2.18 l.19 1.32 0.17 0.53 

(100°K) 300 2.32 0.79 0.93 0.17 0.56 

B rn6nm~e npHBe).l,eHbI pe3y11I>TaTbl pacclleTon .wrn Tpex .THnon 

KpHcTaJIJIOB H .n:n.SI pa3HbIX :mepm"H JIHHe:Htto no;rnpH30BaHHbIX 

<t>oTOHOB. 3TH paCC'l:eT.bl HBHJIHCb OCHOBOH .ll:JIJI nJiaHHPOBaHHH 

3KCnepHMeHTa (CERN) ITO npenpamemuo JIHHeHHOH ITOJIHPH3al.l,HH 
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cpOTOHOB c 3Hepmeif 100 f3B B UHPKYJI.SIPHYIO c IlOMOIUbIO KpHCTaJIJia 

KpeMHHH TOJIIUHHOH 10 CM. 

B §2.3 ..uaH KpaTKHH 063op cymecTBy10rn;11x MeTo.n:oB 

H3MepeHHH CTerreHH no11.si:p113aum1 <t>oToHoro nyqKa. IlpoH3Be,lleH 

,D.eTaJibHbIW aHaJIH3 ycosepmeHcTBeHHOro MeTO.n:a H3MepeHHH CTeneHH 

JIHHeiftto:H noJIHpH3aUHH <t>oToHoB c noMOIIJbIO KPHCTaJIJIOB, 

OCHOBaHHbIH Ha H3Mepemm aCHMMeTpHH BbIXO)la e+e- nap. IlpH 

BbICOKHX 3HepmHx ceqeHHH KOII Bo3pacTaIOT 11 .ll.OMHHHPYIOmHM 

npoueccoM n3aHMo.u.eifcTBHH <l>oTOHOB c noJIHMM KPHCTWIJIHqecmx 

oceif H IlJlOCKOCTeH HBJIHeTCH e + e- o6pa30BaHHe nap, qTo HBJIHeTCH 

yao6HbIM HHCTpyMeHTOM ,llJIH H3MepeHMM CTeneHH JIMHeHHOH 

no11Hp113a1.1,1111 <t>ornHHoro nyqKa. MaKCMMaJibHaH aHaJIH3Hpyroi.uaH 

crroco6HOCTb npouecca KOil COOTBeTCTByeT cnyqaIO CHMMeTpH'l:blX 

nap. Ilpe,llJiaraeTcH YllIHpHTb 3Hepren1qecKYIQ o6JiaCTb'. B 3TY 

3HepreT11qecKYIO o6nacTh rrorraaa10T riotfi:H CHMMeTplfqHble naphl, npH 

3TOM aHaJIH3Mpyrorn;aH CllOC06HOCTb yMeHblliaeTCH H:e3Haq11TeJibHO, a 

4MCJIO qacTHU nap B03pacTaeT' qTO rrpHBO.U.MT K yMeHhllleHHIO 

BpeMeHH H3MepeHHH CTeneHH JIMHCHHOH ITOJIHPH3~UMH. TaK)J{e 

yconepllleHCTBOBaHHbIH MeTO.ll. HMeeT rrpHCMYIIJCCTBO no cpaBHCHHIO 

co cnyqaeM no 113MepeHHIO IlOJlHOfO BblXO.U.a nap. 

B TJleTLeit: mane npime.u.eHbI pe3yJibTaTbI 3KcnepHMeHTa.JihHbIX 

H3MepeHHH no o6pa30BaHHIO e+e- nap <l>OTOHaMH BbICOKHX 3Heprn:H 

11 pa3BHTHIO 3Jlel<TpOMarHMTHOro JU1BHH HHHUMpoBaHHOfO <t>oTOHaMH 

B HarrpaBJieHHH KPHCTaJIJIH'lecKHX 

3KcrrepHMeHTbI BblllOJIHCHbl B paMKa.x 

(CERN). 

oceH: H IlJIOCKOCTeH. 

KoJI11a6opau11H NA-43 

B §3.1 rrp11seaeHbI 3Kcrrep11MeHTaJibHb1e pe3yJibTaTbl e+e­

o6pa3oBamrn nap <l>oToHaMH c 3Heprne"H 20-150 f3B B KPHCTaJIJie Ge; 
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OXJIIDK,ll,eHHOro .llO TeMnepaT)'PbI lOOK. Pe3yJibTaTbI BKmoqaroT noJIHble 

u .nu<t><t>epeHu1.uUibHhie ycuJieHm1 J.J;JIH ymoB BJieTa ct>oTOHOB 

OTHOCHTeJibHO OCH < 110> paBHbIX 0-4.5 Mpa,ll H naparr.n:eJibHO 

TIJIOCKOCTH (110). 

Ha H.w:>Kecne.11.yroumx p11cyttKax npHBe.n;eHbl pe3yJibTaTbl .11.JIH 

.llM<l>ct>epeHUHaJibHOro YCHJieHHH, TJ ' e + e - o6pa30BaH~ nap <t>oTOHOB 

c 3HeprHeii B HHTepBaJie . 80-100 f3B, J.(JIH TPeX YrJIOB OTHOCHTeJibHO 

OCH <110> B 3aBHCHMOCTH OT l;+ = e+/ro' rJ.J;e f,+ H (i) - 3HeprHH 

Il03HTPOHa H HaJieTaromero <l>oTOHa, COOTBeTCTBeHHO. 

...... i .. t···i. .............. .. 

...... 1 ...... if ..... + ....... . 
i jj 1 i ..... r ... Tf ··tt·· .. .. 

·:i:·f-....... ,.. ....... f ..... .. 
•: ! : T 
0.25 0.5 0.75 t 

f. O.Omrod 

~,5 

S:-12 

3 

0.25 0.5 0.75 t 
f .. 

4.0 mrod 

B §3.2 npHBe.n;eHhI pe3yJibTaTbI 3KcrrepHMCHTaJibHbIX H3MepeH.wii 

pa3BHTHH 3JieKTpOMarHHTHOro JIHBHSI B HanpaBJieHHH OCH < 110> 

KpHCTaJIJia Ge TOJIIUHHOH lOMM H 25MM. Ha HHXeCJie.nyrorueM 

p11cyHKe npHBeJ.J;eH BhlXO.ll 3apHxeHHbIX qacTHU H3 KPHCTaJIJia Ge 

TOJllUHHOH 25MM. 
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Pe3yJibTaThI noKa3aJIH 6oJibWOe yc1rneHHe ::>JieKTPOMarHHTHoro 

JIHBHH B HanpaBJieHHH OCH KPHCTaJIJia. 3TH pe3yJibTaTbl BMecre c 

rrpe.llhl.llYllUIMH ::>Kcnep11MeHTaJibHbIMH .11.aHHbIMH NA-43 MOryT 6b1Tb 

HCilOJib30BaHbl B HCCJie.n;oBaHHSIX no npHMeHeHHIO KPHCTa.JIJIOB KaK 

.llCTCKTOpOB BbICOK03HepreTHtJHbIX <l>OTOHOB. 

B 3aKJII011eHH11 rrepetJHCJieHbI OCHOBHbie pe3yJibTaTbI, 

noJiyqeHHbie B .llHCcepTaUHOHHOH pa6oTe 

1. IloJiyqeHhI 3KcnepHMeHTaJibHhie .zi;attHbie J.(JIH IIOJIHoro H 

.llMcP<t>epeHUHaJibHOro CetJeHHH o6pa30BaHHH e + e - - nap IIpH 

MaJihIX yrJiax BJieTa (0-4.5 Mpa;:i;) OTHOCHTCJibHO 

KpHCTaJIJiorpa<l>MtJeCKOH OCH <UO> H naparr.n:eJibHO IIJIOCKOCTH 

(110) KPMCTaJIJia Ge, a raIOKe .11.JIH KpHCTaJIJIOB W<lll> H 

Ir<llO>. 

2. Ilp1rne.n;eHhI 3KcnepHMeHTaJibHhle llaHHhle no paJBHTHIO 

3JieKTPOMarHHTHoro JIHBHSI B.llOJib OCH <110> KPHC'faJIJia Ge 

MHMUHPOBaHHOro cPOTOHaMH c 3Hepmeii 20-180 f3B. BI>mo 

Haii.n;eHo 6on1>woe ycwJieHHe JIHBHH B cpaBHeHMe c 

HeopeHTHPOBaHHbIM KpHCTaJIJIOM. 3TH H npe.n;bI.n;ylUMe pe3yJibTaTH 
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Ko1111a6opa1u;ur NA-43 ,llaIOT rroJIHoe rrpe.11.cTaBJiemi:e o pa3BHTHH 

3JleKTpOMarHHTHOfO JIHBHH B KpHCTaJIJiax. 

3. obIJIH C03.llaHbI MK rrporpaMMbI .llJIH MOLCeJIHpoBaHHH rrpouecca 

rrpoxmKJ(eHH.II 3JieKTPOHOB BbICOKHX 3Hepn1ti: qepe3 KpHCTaJIJibl, 

BKJIIOqa10m11e <PopM)'JibI KOrepeHTHOH H KBa3HKJiaCCH'IeCKOH 

TeopHH .UJIH H3Jiy'!eHH.II e+e- nap. c IlOMOllJ,IO 3THX nporpaMM 

IIOJiyqeHbI crreKTpbl <PoTOHOB " Hati:.11.eHbl OIITHMaJibHa.II 

opHeHTaUHH H TOJillJ,HHa KpHCTa.JIJia. 

4. IIpou3se.11.eHbI npe.11.BapHTeJibHbie Teopen1qecKHe BbI'!HCJiemrn no 

npespamemuo mrneti:HOH IIOJIHPH3au1rn <PoTOHOB B UHPJ<YJI.IIPHYIO 

c IlOMOW:IO KpHCTaJIJIH'!eCKHX nnacTHHOK B qeTBepTb .UJIHHbl 

BOJIHbI. . PaccMoTpeHbI KpHcTaJIJibI C, Si H Ge, .11.nH KoTopbIX 

HaH,lleHbl OIITHMaJibHbie opHeHTaUHH H TOJillJ,eHbl npH 3HeprHHX 

mmeti:HO IIOJIHpH30BaHHbIX nyqKOB <PoTOHOB 100, 200 H 300 f3B. 

5. 

6. 

BbI'IHCJieHbI HHTeHCHBHOCTb H UHPJ<YJUipHaH IIOJIHpH3aUH.II 

H3JiyqeHHbIX <!>OTO HOB npH KaHanMpoBaHHH IIpO.UOJibHO 

rr01rnpH30BaHHbIX 3JieKTpOHOB. 

IIpoBe.ueHbl Bbll:IHCJieHHH ITO ycoBeprneHCTBOBaHHIO MeTO.n:a 

H3MepeHHH JIHHeWHOH IIOJI.1IpH3aUHH c nOMOW:blO KPHCTaJIJIOB. 

IloKa3aHO, 'ITO aCHMMeTpHH KBa3H-CHMMeTpH'!HblX nap HaMHOro 

YBemt'IHBaeTC.H no cpaBHeHHIO c acHMMeTPHeii B cnyqae nonHoro 

BbIXO.Qa .nap, 'ITO npHBOJ(HT K yMeHbIIIeHHIO BpeMeHH H3MepeHHH 

CTerreHH rr01rnpu3aUHH <PoTOHOB. 
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