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3.,ll. ra3a3siH COBeTa, AOKTOp cjllll3.-MaT. HayK 

06mcm xapaKmepucmuKa pa6om&1 

AKTyaJibHOCTL pafioTbI. 

Ilpouecc B3aHMO,lJ;eHCTBIUI 3apx:>KeHHblX qacrn:u BbICOKHX 3Hepni:ii c 

semecTBOM H 3JieK1'pOMarHHTHbIMH IlOJIHMH y:>Ke MHOro neT HaXO,lJ;HTCH B 

ueH1'pe BHHMaHHH MHOrHX HayqHO-HCCJie,lJ;OBaTeJibCKHX ueH1'pOB MHpa. 

HHTepec K npo6neMe B nepsyro oqepe.n:n o6ycnosneH reHepHpyeMbIM npH 

3TOM H3JiyqeHHeM. J13nyqeHHe H CBH3aHHble c HHM pa3JIHqHbie 3cpcpeKTbl 

npe.n:cTaBJIHIOT HHTepec KaK c qffCTO HayqHOH TOqKH 3peHHH, TaK H ,lJ;JIH 

nonyqeHHH cpOTOHHbIX nyqKoB, He06XO,lJ;HMblX ,lJ;JIH npaKTHqecKoro 

npHMeHeHHH B cpH3HKe, Me,lJ;HUHHe, reHeTHKe, HaUHOHanbHOH 6e3onaCHOCTH 

H .n:pyrnx o6nacrnx. KaK 6omo noKa3aHo B px.n:e pa6oT, BJIHHHHe cpe.n:nr 

HrpaeT cymecTBeHHyIO pOJib B o6pa30BaHHH H3JiyqeHHH OCUHJIJIHTOpa. 

CpasHeHHe TeopeTHqecKHX cneK1'panbHhlX pacnpe.n:eneHHii H3JiyqeHHH c 

3KcnepHMeTHanbHblMH .D:aHHbIMH He npHBO.D:HT K y.n:osneTBopHTeJibHOMY 

cornacHro 6e3 yqeTa BJIHHHHH nonxpH3aUHH cpe.n:o1. 

~aHHaH pa6oTa IlOCBHIIl;eHa HCCJie,lJ;OBaHHIO BJIHHHHe nonxpH3aUHH 

cpe,l1;bl Ha cpopMHpOBaHHe H3JiyqeHHH KaHanHpoBaHHoro Il03H1'pOHHOro 

crycTKa. B pa6oTe Hccne.n:yeTcx cneK1'panbHoe pacnpe.n:eneHHe H3nyqeHHH 

penHTHBHCTCKoro 0,lJ;HOMepHoro OCUHJIJIHTOpa, a TaK:>Ke Il03H1'pOHa npH 

nnocKOCTHOM KaHanHposaHHH, c yqeToM nonxpH3aUHH cpe.n:o1. C03.D:aHa 

KnaccHqeCKaH TeopHH H3nyqeHHH crycTKa Il03H1'pOHOB npH npOH3BOJibHOM 

yrne BJieTa B IlJIOCKOCTHOH KaHan KpHCTanna c paBHOMepHbIM H 

HepasHoMepHbIM pacnpe.n:eneHHHMH nonxpH3aUHH. B nocne.n:tteM cnyqae 

nonyqeHHOe cneK1'panbHOe pacnpe.n:eneHHe qffcna H3nyqeHHbIX cpoTOHOB 

xoporno cornacyeTcH c 3KcnepHMeHTanbHbIMH .n:aHHhlMH. BnrnBneHbI TaK:>Ke 

HOBbie 3cpcpeKTbI, o6ycnOBJieHHbie IlOJIHpH3a[(HeH cpe,l1;bI. 

IJ.eJib )J;HCCepTaQHOHHOH pafiOTbl. 

1. 

2. 

Hccne.n:osaHHe cpopMbI cneK1'pa qHcna cpoTOHOB, H3nyqeHHbIX 

peJIHTHBHCTCKHM 0,lJ;HOMepHblM OCUHJinHTOpOM, a TaK:>Ke 

Il03H1'pOHOM npH IlJIOCKOCTHOM KaHanHpOBaHHH B 

.D:Hcneprnpyrow:eii cpe.n:e. 

IlocTpOeHHe TeopHH H3JiyqeHHH Il03H1'pOHHOrO cryCTKa npH 

npOH3BOJibHOM yrne BJieTa B IlJIOCKOCTHOH KaHan KpHCTaJma c 

paBHOMepHbIM pacnpe.n:eneHHeM noJrnpH3aUHH. 
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3. BhrnBJieHHe onTHMaJihHoro 3Ha'leHHll yrJia BJieTa no3H'fPOHHoro 

crycTKa B KaHaJI. 

4. IloJiyqeHHe cpopMyJihl .!l;JIJI pac'leTa <:OeK-rpa 'IHCJia cpOTOHOB BO 

sceM .11;11ana30He H3JiyqaeMhIX qacToT. HccJie.11;osaHHe 

3aBHCHMOCTH 'IHCJia H3Jiy'leHHhIX cpOTOHOB OT 3HeprHH H yrna 

BJieTa Il03H'fPOHHOro cryCTKa B IlJIOCKOCTHOH KaHaJI. 

5. Iloc-rpoeHHe TeOpHH H3Jiy'leHHll Il03H'fPOHHOro cryCTKa c yqeTOM 

HepaBHOMepHoro pacnpe.11;eJieHHll 3JieK'rpOHHOH IlJIOTHOCTH B 

IlJIOCKOCTHOM KaHaJie KpHCTaJIJia. 

6. CpasHeHue co3.11;aeeoii Teopnn c 3KcnepuMeHTaJihHMH .11;aHHhIMH. 

Hay11uasr uosu3ua. 

• 

• 

• 

• 

• 

BhillBJieHhI oco6eeHocTu cneK-rpa 'IHCJia cpoToHoB, H3JiyqeHHhIX 

O.!l;HOMepHbIM OCD;HJIJillTOpOM, a TaKJKe Il03HTpOHOM npH 

IlJIOCKOCTHOM KaHaJIHpOBaHHH B .!l;HCITeprupyww;eii cpe.11;e. 

IlocTpOeHa TeopHll H3Jiy'leHHll IT03H'fPOHHOro crycTKa npH 

IlJIOCKOCTHOM KaearrwposaHHH c yqeTOM ITOJillpH3aI.~HH cpe,ll;bl. 

Ilorry'leHhI cpopMyrrbl .!l;Jill cneK'rpaJihHbIX pacrrpe.11;eJieeuM: 'IHCJia 

<t>oTOHOB H 3Hepruu H3JIY'leHHll KaHaJIHpOBaHHOro Il03H'fPOHHOro 

crycTKa npH paBHOMepHOM H HepaBHOMepHOM pacnpe.11;eJieHHH 

3JieKTpOHHOH IlJIOTHOCTH B IlJIOCKOCTHOM KaHaJie. 

Bb!llBJieHhI HOBbie 3cpcpeKTbI, o6ycJIOBJieHHbie noJillpu3an:ueii 

cpe.!1;b1. 

IlOKa3aHO, 'ITO cpopMa cneKTpa qucrra H3JIY'leHHhIX cpOTOHOB npu 

IlJIOCKOCTHOM KaHaJIHpOBaHHH Il03H'fPOHHOro crycTKa 

cornacyeTCll c 3KCnepuMeHTaJibHhIMH ,ll;aHHblMH, eCJIH yqeCTb 

HeO,ll;HOpO.!l;HOe pacrrpe.11;eJieHHe 3JieKTpOHHOH IlJIOTHOCTH B KaHaJie. 

Hay11uasr u npaKTu11ecKasr u;euuocTb. 

IloJiyqeHHM cpopMyJia Mll cneKTpaJibHoro pacnpe.11;eJieH1rn qucJia 

H3Jiy'leHHbIX cpOTOHOB npu IlJIOCKOCTHOM KaHaJIHpOBaHHH Il03HTpOHHOro 

crycTKa c yqeTOM HeO.ll;HOpO.!l;HOH IlOJillpH3au;uu cpe,ll;hl KpHCTaJIJia xopowo 

OilHChIBalOT H3BeCTHbie 3KCnepuMeHTaJihHbie ,ll;aHHhie H MOJKeT 6b!Th 

HCilOJih30BaHa rrpu IlOCTaHOBKe HOBbIX 3KCepuMeHOB. BhrnBJieHHbIH 3cpcpeKT 

yseJIH'leHHll 'IHCJia H3JiyqeHHhIX cpOTOHOB npH B03pacTaHHH 3HeprHH 

crycTKa .11;aeT B03MOJKHOCTb noJiyqaTh .!l;OCTaTO'IHO HHTeHCHBHhie JKeCTKHe H 

MllrKHe cpoTOHHhie ny'IKH. ~ml npOH3Be,ll;eHHJI 'IHCJieHHhIX pacqeTOB MOJKeT 

npMMeHJITbCll pa3pa6oTaHHall nporpaMMa, B KOTOpOH CMO.!l;eJIHpOBaH 

npou;ecc cpopMHpoBaHHll H3Jiy'leHHll B IlJIOCKOCTHOM KaHaJie c 

npOH3BOJihHhIM pacnpe.11;eJieHHeM IlOJillpmau;HH cpe,ll;bl. 

Hay11nL1e noJio:meuusr, BbIHOCHMLie ua 3aru;uTy • 

1. B O.!l;HOpO.!l;HOH .11;ucneprupyww;eil: cpe.11;e, B OTJIH'IHe OT CJIY'IM 

BaKYYMa, cneK'rpaJibHOe pacnpe.11;eJieHue 'IHCJia cpOTOHOB H3JiyqeHHbIX 

O.!l;HOMepHbIM pemITHBHCTCKHM OCU:HJIJillTOpOM HMeeT ,ll;Ba MHHHMyMa, 

ecJiu 3Heprnll ocn:uJIJillTOpa BbIWe y.11;soeHHOH noporosoil. Ilpn 

IlJIOCKOCTHOM KaHaJIHpOBaHHH Il03H'fPOHa, KaK qacTOTHbIH HHTepBaJI 

H3JiyqeHHJI TaK H qacTOTbl, Ha KOTOpbIX cneK-rp HMeeT MaKCHMYM H ,ll;Ba 

MHHHMyMa, 3aBHCHT OT Ha'laJibHbIX KOOpAHHaT Il03H'fPOHa. 

2. IloJiyqeHa cpopMyJia MH cneK-rparrbHoro pacnpe.11;eJieHuJ1 qucJia 

cpOTOHOB BO BCeM .11;uana30He H3JiyqaeMbIX qacTOT npM rrpOH3BOJibHOM 

yrne BJieTa crycTKa B IlJIOCKOCTHOH KaHaJI. IlpH 3TOM pacrrpe.11;eJieHue 

IlOJillpH3aU:HH cpe,ll;bI B KaHaJie npe.11;noJiaraeTCll paBHOMepHbIM. 

Pa3JIH'IHe qacTOTHbIX .11;11ana30HOB H3JiyqeHHll no3H'fPOHOB yqTeHo 

qepe3 BeCOBYIO <l>YHKU:HIO. 

3. IloJiy'leHHoe cneK-rpaJibHOe pacnpe.11;eJieHHe 'IHCJia <J.ioTOHOB 

cyw;eCTBeHHO OTJIH'laeTCll OT aHaJIOrH'IHOro pacrrpe.11;eJieHHll 

H3Jiy'leHHll e,ll;HHH'IHOro Il03HTPOHa: Ha KpallX 'laCTOTHOro HHTepsaJia 

cneKTp ITO,ll;aBJilleTCll H o6pa3yIOTCll IlHKH. 

4. Y'leT Heo.11;Hopo.11;eocTu nOJillpmau:uu cpe.11;h1 B nrrocKOCTHOM KaHaJie 

KpHCTaJIJia rrpuBO.!l;HT K cneKTpar:IhHOMY pacnpe.11;eJieHHIO 'IHCJia 

H3JiyqeHHbIX <J.ioTOHOB c O.!l;HHM MHHHMYMOM, 'ITO corrracyeTCll c 

3KCnepHMeHTaJlbHblMH ,ll;aHHbIMH. 

5. OnTHMaJlbHbIH yroJI BJieTa, npu KOTOpOM HHTeHCHBHOCTb H3rryqeHHll 

KaHaJIHpOBaHHOro Il03HTpOHHoro crycTKa MaKCHMaJibHa, MeHhIIIe yrrra 
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6. 

JIHH,!1,Xap,!1,a B .J2 . C ysen0qeHHeM 3HeprHH crycTKa q0cno 

H3rryqeHHbIX lf>oTOHOB B03pacTaeT KaK .fE. 
IlpH IlITOCKOCTHOM KaHarrHpOBaHHH Il03HrpOHHOrO crycTKa 

reHepHpyeTC.ll TaIOKe HanpasneHHblH KBa3HMOHOXpOMaTHqecKHH 

HHTeHCHBHbIH nyqoK MXrKMX lf>oTOHOB. 

Anpo6au:uH pa6oTLI. Pe3ynhTaThI ,!l,Hcceprnu;uoHHOH pa6oTbI 

,!l,OKITa,!l,bIBaITHCb Ha ceMHHapax H 6bIITH npe,!!,CTaBrreHbl Ha Me:>K,!l,yHap0,!1,HOH 

KOHlf>epeHIJ,HH Charged and Neutral Particles Channeling Phenomena II, 
2006. 

Ily6J1mrnu:uu. Ilo TeMe ,!l,HccepTau;m1 ony6m1KOBaHbI rpH CTaThH. 

06LeM H CTpyKTypa J!HCcepTau:uu. ,[J;HccepTaQH.ll COCTOHT H3 BBe,!1,eHIDI, 

Il.l!TH rnaB H 3aKIT10qeHIDI; co.nep:>KHT 106 crpaHHU neqaTHOrO TeKCTa, 

BKITIOqax 18 pHCYHKOB H CilHCOK ITHTepaTYPhI H3 89 HaHMeHOBaHHH. 

BBeJleHue co.nep:>KHT KpaTKHH ofoop o pa3BHTHH TeopHH H3nyqeHH.ll 

pemITHBHCTKOro OCQHJIJI.l!TOpa H 06 3cpcpeKTaX, CBH3aHHblX c 3THM 

.llBJieHHeM. HaqHHa.ll c TeopHH ff3rryqeHIDI ocu;HrrrrHpyiow;0x 

perrHTHBHCTCKHX 3rreKrpOHOB, pa3pa6oTaHHoii B.rHH36yproM, H nepBbIMH 

3KCnepHMeHTaITbHblMH pa6oTaMH no o6Hapy:>KeHHIO OH,!l,YJl.l!TOpHoro 

H3rryqeHH.ll IlpOBe,!l,eHHblMH r.MOTI.J;OM H K.JlaH;:i;eKepoM, B ofoope TaK:>Ke 

npHBO)J;.l!TC.ll 6onee Il03,!l,HHe pa60Tbl, B KOTOpbIX rro,nqepKeyTa porr:r, 

BITH.l!HH.ll nompH3au;HH cpe;:i;:r,1 Ha lf>opMHpOBaHHe H3rryqeHH.ll. B pa6oTax 

JI.reBoprnHa H H.KopxMaJHHa 6bmo noKaJaHo, qTo yqeT norrxpH3aI.J;HH 

cpe,!!,bI BhIHBll.lleT HarrffqHe HH:>KHero nopora Ha 3Heprmo ocu;HJIITHTopa: 

H3rryqeHHe lf>opMHpyeTc.ll TOJibKO npH 3Heprnxx BbIUie noporosoM:. B6nH3H 

3TOro HH:>KHero nopora qacTOTHblH cneKrp cy:>KaeTCH BOKpyr IlOITOBHHbl 

MaKCHMaITbHOH qacTOTbl H3rryqeHH.ll. IlpH 3TOM CY:>KaeTCH TaIOKe yrrroBoe 

pacnpe,!!,erreHHe H3rryqeHIDI BOKpyr Hyrresoro yrna. B pe3yn:r,TaTe 

cyw;ecTBeHHO ysenHqHsaeTCH IlITOTHOCTb HanpaBrreHHOro H3rryqeHH.ll, 

cneKrp CTaHOBHTCH 6onee MOHoxpoMaTHqHbIM. 3TH .llBJieHIDI HMeIOT MeCTO 

H npH KaHarrupoBaHHH perrHTHBHCTCKHX 3ap.11:>KeHHbIX qacTHI.J;. 

Bo BBe,neHHH TaIOKe OTMeqaIOTC.ll pa6oTbI, nocs.11w;eHHbie 

o6Hapy:>KeHHIO H o6'h.l!CHeHHIO .l!BJieHH.ll KaHarrHpoBaHH.ll 3ap.11:>KeHHbIX 

qacTHU B KpHCTarrrrax H reHepHpyMOM npH 3TOM H3JiyqeHHH. 
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rJlaBa I "IloJie H3JIY'ICHHH TO'IC'IHOrO 3apH)la B cpe)le" HBJI.lleTCH 

ofoopttoM:. On0paHCb Ha ypaBHeHH.ll MaKcsenrra npHBe,!l,eHbI BOJIHOBbie 

ypaBHeHH.ll )J;IT.ll CKaIT.llpHoro H BeKTOpHoro IlOTeHQHaITOB 

3JieKTpoMarHHTHbIX norreii Toqe•rnoro 3ap.11;:i;a B 0,!1,Hopo,!!,HOH cpe.ne. 

IlOCTpOeHa 3aila3,!l,b!BaIOiu;a.ll lf>YHKUH.ll rpHHa ,!!,ITH BOJIHOBOro ypaBHeHH.ll. 

IlpHBe,!l,eHbI 3aIIa3,!1,bIBaIOiu;He IlOTeHI.J;HaITbl JlHettapa-BHxepTa ,!l,ll.ll 

ToqeqHoro 3apx;:i;a H none H3JiyqeHH.ll B O,!l,HOpO,!!,HOH H30TpOIIHOH cpe.ne. 

Ilone H3JiyqeHH.ll peJI.l!THBHCTCKOro 3ap.ll,!!,a B cpe,!!,e MO:lKHO nonyqHTb, eCJIH 

npOH3BeCTH crre;:i;y10w;He 3aMeHbl B aHarrornqHOM Bbipa:>KeHHH, 

norryqeHHOro )J;JI.ll CB060,!l,HOro IIpOCTpaHCTBa: 

fJ~fJJi, e~e!./i, E~JiE ( rp~.[irp ), 

r.ne fJ - CKOpOCTb 3ap.11.na B e,nHHHu;ax CKOpOCTH CBeTa B BaKyyMe, e -

)J;H3JieKrp0qecKa.11 npoHHu;aeMoCTh cpe,!!,hI, e - 3ap.11,!1,, E - Hanp»::>KeHHOCTb 

3JieKrpHqecKoro IlOJI.ll H3JiyqeHH.ll, </J- CKli:ruipHblH IlOTeHQHarr. 

rJlaBa ll "CneKTpaJibHLie xapaKTepHCTHKH H3JIY'leHHH OJ!HOMepaoro 

peJIHTHBHCTCKOro OCU:HJIJIHTOpa B ,IJ;HCneprupy10meii cpe)le" noCBRUJeHa 
mytteHu10 6JlURHUJl noJU1.pU3alfuu oucnep2upy10UJeii cpeobz Ha 
cneKmpaJtbHoe pacnpeoe!leHue uHmeHcueHocmu mllytteHUR ooHoMepHow 
pe!lamueucmcK020 OCZfWlllRmopa. Ilpueooumca BblBOO <jJopMyll OJUI. 
ttacmomHo-ymoeow pacnpeoe!leHUR uHmeHCUBHocmu mllytteHUJl 
ycKopeHHOW 3apaoa e cpeoe. PaccMampueaemca c!lyttaii, Ko2oa mnytteHue 
ooHoMepHow peJU1.mueucmcK020 OClfWlllRmopa o6pmyemca B o6Jlacmu 
ttacmom, HaMHOW npeBblUWIOUJUX rma3Memry10 'lacmomy cpeob1. 
Hcc!leoyemca </JopMa 'lacmomH020 pacnpeoe!leHUR uHmeHcueHocmu 
mlly'leHUR B 3aeucUMocmu om 3Hep2uu OCZfwummopa. 

O;:i;HOMepHbIH OCIJ,HJIJI.llTOp c 3HeprneM: E=moc2y (r» 1), r,!l,e r -
Jlopettu;-lf>aKTOp, moc

2 
- 3HeprH.ll IIOKO.ll, COBepUiaeT n OCQHITIT.l!QHH c 

qacTOTOH D.=2;rf7iifl, r.ne Vi1-IIPO,!l,OJibHa.ll CKOpOCTb, /-npocTpaHCTBeHHbIH 

nepHo;:i; IIOIIepeqHhIX Kone6aHHH. B ,!l,Hcneprnpyiow;eM: cpe.ne 

,!l,H3JieKrpHqecKa.ll npOHHQaeMOCTb IIpe,!l,CTaBJIHeTCH B BH)J;e 

c( co) = 1 - co; I co2 

r;:i;e co - qacToTa H3rryqeHH.ll, c:o0 = .J4:;rene Im - rrnmMeHHa.ll qacTOTa cpe;:i;:r,1 

c IIJIOTHOCTblO 3JieKTpOHOB n •. 
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Ilp0,!1,0JibHaJI 3Heprm1 OCllHJIJIHTOpa yMeHblllaeTCH B cpe,!1,HeM B 

Q = 1 + q2 /2 pa3, r,!l,e napaMeTP OCllHJIJIHllHH q = y.9max, a .9max -
MaKCHMaJibHblH yroJI OTKJIOHeHHH OCllHJIJIHTOpa OT npo,!1,0JibHOro 

HanpaBJieHHH. 

Kor,!l,a napaMeTP oc1111JIJIHI1HH He 60Jib111e e,!l,HHHllbI, TOr,!1,a 

OCHOBHOH BKJia,!I, B H3Jiy<IeHHe BHOCHT nepBaH rapMOHHKa. 

McnoJib3YH BbipruiceHHe noJIH H3Jiy<ieHHH TOqeqttoro ycKopeHHoro 

3apH,!1,a B cpe,!1,e, nonyqaeM <J:>opMyny ,!l,JIH qacToTHo-yrnoBoro 

pacnpe,!1,eJieHHH HHTeHCHBHOCTH OCHOBHOH rapMOHHKH H3JiyqeHHH 

O,!l,HOMepHoro OCllHJIJIHTOpa: 

dW 
2 

= 21Z'anhQy2q2x[ 2x204 -2x02 +1 ]6 (82 -¢ (x)) 
dxde 

r,!l,e a - ITOCTOHHHaJI TOHKOH CTPYKTYPbl, .9 = BI r - ITOJIHpHblH yroJI 

H3Jiy<IeHHH, x - 6e3pa3MepHaH qacTOTa. <l>yHKllHH </J(x) HMeeT CJie,!l,)'lOmHli 

BH,!I, 

1 R 
¢ (x)=--Q--4 z' 

x x R=(~ J, Wo ro=-n, 
w 

X= 2Qy2. 

AttanH3 apryMeHTa 8 -<J:>yttKllHH npHBO,!l,HT K cne,!l,)'lOmHM 

BbIBO,!l,aM [1]: 

1. Ilo,!1, ,!1,aHHblM yrnoM .9 = BI r H3Jiy<IalOTCH ,!l,Ba cpOTOHa: MHrKHH H 

){{eCTKHH (P11c. l): 

1 ~1 R .9(x)=- --Q--' 
r x 4x2 x=i= 

I+)I-(Q+B2)R 

2(Q+B2
) 

(1) 

2. BbIHBJieH noporoBbIH xapaKTep mnyqeHHH B ,!l,Hcneprn:pyiomeli cpe,!1,e: 

Y~Yth =yojQ. (2) 

3. MttTepsan mnyqaeMbIX qacToT orpaH11qeH ycnoBHeM 82 = </J 1 ( x) ~ 0 : 

1-~1-QR 1+~1-QR 
x1 = :s;x:s; x2 2Q 2Q (3) 
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y8(X) , 
5,0 

4,5 

4,0 

3,5 

3,01 I 2 
2,5 

2,0 

1,5 

1,0 

0,5 

0,0 

·0,5 
0,0 0,1 

5 _,, .. ,......, 
6 

0,2 0,3 0,4 

x=t1J12ny2 

Puc. I 

0,5 

1. R=0.04 
2. R=0.05 
3. R=0.33 
4. R=0.5 
5. R=0.65 
6. R=0.665 

0,6 0,7 x 

3aeucUMocmb yZlla U3J1y11eHUJ1 nepeoii zapMOHUKU pe.!lRmueucmcKozo OClfWIJIRmopa 

om 11acmomb1 npu onmUMaJlbHOM 3Ha'leHuu napaMempa OClfWIJIRlfUii q=l, OJIR 

pa3HblX 3Ha'leHuii napaMempa R = ro~ / Q 2y2 = y~ / y2 . IlpueeoeHHblM Ha pucyHKe 

3Ha'leHURM R, coomeemcmey10m cJ1eoy10U{ue 3Ha'le11ua 311epzuu OClfWIJIRmopa: 

1.) 4,08 E,h; 2.) 3,65 E,h; 3.) 1,42 E,h; 4.) 1,15 E,h; 5.) 1,0E,h1; 6.) Erh· 

,[(JIH cneKTPaJibHOro pacnpe,!1,eJieHHH 3Heprn:H 1pnyqeHHH 

nonyqaeM cne,!J,yIOmee Bbipa){{eHHe: 

dW 
- = nanh0.y2q2xF(x,R), (4) 
dx 

r,!l,e npHCYTCTBHe cpe,!1,bI B <l>YHKllHH F(x,R) OTPa){{eHo nocpe,!1,CTBOM 

napaMeTPa R: 

F(x,R) = l+G2 (x,R), 

9 

R 
G(x,R)=2Qx-I+-. 

2x 
(5) 



<l>ynKIJ;HH G(x,R) H, cne~oBaTeJibHO, cne:icrp 'IHCJia cpoTOHOB, npH ycJIOBHH 

4QR < l, HMeeT TPH 3KCTpeMyMa, COOTBeTCTBYIOll(HX qacTOTaM [I]: 

X(I) 
mm 

t-F4QR.' 
4Q 

x<ZJ 
mm Xext=~~· 1+.Jt-4QR 

----''------=---' 
4Q 

(6) 

Kor~a 3neprHH 6onbl11e mm nop»:,n;Ka noporosoif, cneKTP qucna 

cpoTonos HMeeT MHHHMYM B cepe.n;Hue Y3Koro qacTOTnoro HnTepBana. C 
yBemi:qenHeM 3neprHH cneKTp, yrny6JIHHCb, pacumpHeTCH, H npH 3HeprHHX 

60JibIIIe y.n;BoeHHOH noporoBOH 3HeprnH B TO'IKe MHHHMYMa l10HBnHeTCH 

MaKCHMyM: B cneKTPe o6pa3yIOTCH ,n;Ba HOBbIX MHnHMyMa (PHc.2). 

F(x,R) 

2,0 

\ 
1,8 

1,6 

1,4 \ 1. R=0.05 
2. R=0.12 
3. R=0.33 

1,2 

1,0 

-··--~ ~ 
// -............... , ------

~ 

/ 

4. R=0.5 
5. R=0.6 
6. R=0.65 
7. R=0.665 / 

.. / .. ""' 

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 x 

Puc.2 

CneKmpmbHbze pacnpeoe!leHUR 'IUC!la ifJomoHoe U3llY'leHuR npu cJ1eoy10UJux 
3Ha'leHwvc :mepzuu OClJWl!lRmopa: 

1) y=3,65y,h; 2) y=2,36y,h; 3) y=l,42y,h; 4) y=l,15y,h; 5) y=l,05y,h; 6) y=l,Oly,h; 
7) FYth· 
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r JiaBa III "CneicrpaJILHOe pacnpe~eJieuue HHTeHCHBHOCTH H3Jiyqeuua 

KaHaJiuposannLIX D03HTpOHOB c y'leTOM DOJIHpH38~HH 
cpe~LI". 

PaccMampueaemc.R 3aiJa'la 06 U3lly'leHuu no3umpoH06 npu mzocKocmHoM 
KaHanupoeaHuu 6 MOHOKJJUCmaJllle c y'lemoM no.!UlpU3alfuu cpeObl. 
JfcclleiJyemc.R oeuxeHue no3ump0Ha c npOU360llbHoii Ha'lanbHoii 
KoopiJuHamoii u y2110M naiJeHUH. 6 KaHan, u BblBoiJumc.R <jJopMylla 
'lacmomH020 pacnpeiJe!leHUH. uHmeHCU6Hocmu U3lly'leHUH.. JfccJ1eiJy10mc.R 
cneKmpanbHbze xapaKmepucmuKu pacnpeiJeJleHUH. 'lUCJla U3lly'leHHblX 
<fJomoHoB. 

KaK H3BeCTHo, B 3a,naqax nnocKOCTHoro KananupoBanHH 
no3HTpOHOB 0cnon1>3yeTCH ycpe.nnenuoe nenpepLIBHoe none B Kanane, 

KOTOpoe ,D;OCTaToquo xopOIIIO OilHCbIBaeTCH napa6onuqecKHM 

noTeHn;HanoM. B TaKOM none 1103HTPOH 6y.n;eT cosepIIIaTb cuuycoH~aJILHbie 
KOne6anHH c qacTOTOH: 

no' 
QCh = .JY n _ 2c$ o- __ , 

d 

uo 
v=~-2 • 

me 
(7) 

3,n;ecL no - co6cTBenuaH qacTOTa Kanana, Uo - rny6uua 110TeHn;HaJibHOH 

HMbl, d - MeJKnnOCKOCTnoe paCCTOHnHe. 3aMeTHM, 'ITO qacTOTa KOJie6anHH 
yMeHLIIIaeTCH (npOCTPaHCTBenHbIH rrepuo,n; yBenuqusaeTCH), c 

B03pacTanHeM 3HeprHH Il03HTPOna KaK .JY . 
y ,n;o6Ho BBeCTH 6e3pa3Mepnbie KOOp.n;Hnazy s H yron rra,n;eHHH \jl: 

2yo .90 
s=d' \jf=a· 

L 

r,n;e y0 - HaqanbnaH norrepeqna»: Koop,n;unaTa Il03HTpona, .9u - yron na,n;eHHH 

B Kanan, .9L - yron Jlun,n;xap,n;a. AMnmrzy,n;a Kone6anuii II03HTPOHa c 
npomsonbnOH naqanbHOH norrepeqHoH KOOp,n;unaTOH H npOH3BOJibnbIM 
yrnoM rra,n;enMH B Kattan HMeeT BH,ll; 

d.J2 2 d a(s, \jf) = -s + \jJ ::;;; - . 
2 2 

(8) 

IlpH yrne na,n;enHH \jl 3axBaTLIBaIOTCH B Kanan JIHIIIb Te 1103HTJ)Onbl 
cryCTKa, naqani,ni,1e KOOp,n;HHaTbl KOTOpb!X YAOBneTBOpHIOT ycnOBHJO: 

s 5, ~1- \j/
2 

• (9) 

11 



3aBHCHMOCTh KpHTHqecKoro yrna na.n:eHHH B KaHan OT uaqanhHOH 
nonepequoli KOOp.l(HHaThl HMeeT BH.l( [I]: 

.9o(s)=9L~l-s2. (10) 

Il03TOMY KpHTHqeCKHH yron KaHanHpOBaHHH onpe.n;enxeTCH BhlpIDKeHHeM 

8L = 9o (0) . Jlerno IlOKa3aTh, qTQ aMnnury.n:a CHffYCOH,l(anbHOH 

TPaeKTopHH no3HTPOHa npxMo nponopUHOHaJihHa MaKCHMaJihHOMY yrny 

OTKJIOHeHHH TpaeKTOpHH OT npo.n:OJihHOro HanpasneHHH." 

l 9 
a(s,lf/) = ch2;x. (11) 

Teneph ,l.IJUI napaMeTPa OCUHJIJIHUHH nonyqaeM cne;zyroll.(ee BhipIDKeHHe: 

q(s, \jl) = ySmax (s, \jl) = 2na(s, \jl)y = ~2vy(s2 + ljl2) . (12) 
/ch 

Ee3pa3MepHax qacToTa x onpe.n;enxeTcx Bh1pa1KeuueM 

m 
x=--o 

2nor312' 
(13) 

XapaKTepH3yIOll.(Hil: nonxpH3auHIO cpe,n;hI napaMeTP R 3aMeHHeTcx 

napaMeTPOM 

r 
7] =-, 

r 
-( fllDo J

2

• (14) 
r - nJJ.o 

Cl>yttKl.(HH G(x,s,lf/) c yqeTOM Q = 1 + µ(s2 +lf/2
)' HMeeT BH,!I, 

G(x,17) = g(x)+ µ(s 2 +lf/2
), µ = vy, 

g(x) = 2x-I +!L. 
2x 

(15) 

B pe3yJihTaTe .n:nx cneKTPaJihHOro pacnpe.n;eneHHH ~IHcna 

cpoTOHOB nonyqaeM cne.n:y10iuy10 cpopMyny [I]: 
H3JiyqeHHhIX 

dNph(s) c -----'-- = K-y"{ f(x,s, \jf), 
dx 

K = .fi.a.v312 L ' 
d 

f(x,s,lf/) = (s2 +lf/2 )[1 +G2 (x,s,lf/) J. 
(16) 

KaHam1posaHHhIH no3HTpOH c HaqanbHhlMH Koop,11,uHaTaMH (s,lf/) 

H3JiyqaeT <PoTOHhl c qacTOTOH x no,11, yrnoM 

12 

1~1 T/ 2 2 .9(x)=- ----(J-µ(s +If/ )) r x 4x 

B qacTOTHOM HHTepsane H3nyqeHHH X1 :s; x :s; X2 : 

X1,2 

I+ )l-TJ(J + µ(s
2 

+ ljl
2
)) 

2(l+µ(s2 +ljl2)) 

(17) 

(18) 

IIonepequax Koop.n:HHaTa s Kauanuposauuoro no3HTpoua HaxO.l(HTCH B 

HHTepsane 0 :::;; s :::;; ~l -lj/2 
. HmKHHH rpauuua 3TOH .n:onycTHMoil: 

o6nacTH onpe.n;enxeT HHJKHIOIO 

HHTepsana H3JiyqeHHH [I]: 

1-~+µljl2j 
Xo(\jl) = 2(1 + µljl2) ' 

H sepXHIOIO rpaHHl.(hl qaCTOTHOro 

I 2" i+vl-TJ<l+µljl.), (19) 
X3 (ljl) = 2(1 + µljl 2 ) 

BepXHHH rpaHHua .n;onycTHMoil: o6nacTH s onpe.n;enxeT HHTepsan qacTOT 

(Xi. X2), r.n;e BHOCHT BKJia.l( see KaHanHpOBaHHbie Il03HTPOHhl crycTKa: 

1-~1-T] (1 + µ) 1 + ~l -T] (l + µ) 
X, = , X 2 = . (20) 

2(1+µ) 2(1+µ) 

B rnase IV "CneIITpaJILHbie pacnpe,n;eJieHUH 3Hepruu H lfHCJia 
<I>oTOHOB H3JiylfeHUH D03HTpOHHOro crycnca B pe~nMe DJIOCKOCTHOro 
KauaJiuposaunH" noJty'leHo cneKmpClllbHoe pacnpeiJeJteHue U3Jty'leHua 
czycmKa no3umpoHoB B ocHOBHoii 'lacmomHoii o6Jtacmu, B Komopoii 
U3Jty'leHue <fJopMupyemca n03umpoHaMU, UMelOUfUMU Bee B03MOJICHble 
3Ha'leHUR Ha'lClllbHblX nonepe'lHblX KoopiJuHam. HccJteOoBaHa 3aBUCUMocmb 
UHmeHCUBHocmu U3Jty'leHua om yma naoemm czycmKa B l1JIOCKocmHoii 
KaHClll. HaiiiJeHo onmUMClllbHoe 3Ha'leHue yZlla naiJeHZm, npu KomopoM 
UHmeHCU6HOCmb U3Jty'leHUR MQKCUMClllbHQ. IlocmpoeHa 6eC060Jl </JyHKtfUJl, 
y'lumb1Ba10UfW1 BKJWO no3umpoHOB czycmKa BHe OCHOBHoii o6Jtacmu 
U3Jty'laeMblX 'lacmom. Iloll)l'leHa <J;opMyJta OJIJI, pac'lema cneKmpanbH020 
pacnpeiJeJteHUR U3Jty'leHua no3umpoHH02o czycmKa Bo BCeM 'lacmomHOM 
uHmepBCllle u npu npoU3BOllbHOM y2.11e (MeHbUte yCJ1a JluHiJxapoa) naiJeHUR B 
KaHClll. HccJteOoBaHo 6JlUJlHUe noJ1J1,pU3a71uu cpeiJb1 Ha cneKmpanbHble 
xapaKmepucmuKu U3Jty'leHUR KaHClllupoBaHHozo no3umpoHH020 czycmKa. 
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qacTOTHOe pacnpe,n:errem1e qucrra cpoTOHOB H 3Hepnui u3rryqeHHJ1 

no3HTPOHHoro crycTKa c N+ no3HTPOHaMH norryqaeTCH ycpe,n:HeHHeM no 

BCeM B03MO:>KHbIM HaqaJibHbIM nonepeqHbIM KOop;:i;1rnaTaM [1]: 

dNph c dW 2 
--=KN+...;Yf(x,\lf), -=2KN)i0.0y f(x,\lf) 

dx dx 

f(X,lf/) ~ !~1-lj/ 2 Q. +21j/2 ~ + g 2(X))• (21) 
3 

<l>yHKI.J,HH j{x, If/) c yBerruqeHHeM fJf B03pacTaeT H npH 

lf/;pl ::::: 0.5 npHHHMaeT CBOe MaKCHMaJibHOe 3HaqeHHe (PHc.3). 

1.-x
1 

1,0 2.-------· x.n. 
3.-··· ····· x

2 

0,8 

0,6 

1>: I 3 
;;::--

0,4 

~ 
2 

0,2 

0,0 
0,0 0,2 0,4 0,6 0,8 1,0 

IJI 

Puc. 3 
3aeucUMocm& /(If/) om y211a naoeHUR If/ no3umpoHH020 czycmKa c 3Hepzueu 

4 I'3B B 11JlOCKocmHou KGHaJl (vy=0.4) OJ/Jl <jJuKcupoBaHHblX 11acmom 

U3ny11eHUR: Xi=0.07,Xm;n=0.3, X2=0.65. IlapaMemp no.!IJlpU3atfUU rJ=0.35. 

B qacTOTHbIX HHTepsarrax (Xo (If/)' X1) H (X2, X3 (If/)) BKJia,n: B 

H3JiyqeHHe BHOCJIT He Bee KaHarrHpOBaHHbie Il03HTPOHbl. ~H onpe.n:erreHHJI 

BKJia,n:a no3HTPOHa c HaqarrbHOH nonepeqttoli Koop,n:HHaToli s B yKasaHHbIX 

qacTOTHbIX HHTepsarrax H3rryqeHHJI, HCilOJib3YeM 3aBHCHMOCTb rpaHHqHbIX 

qacTOT OT s (18). c yqeTOM BbIIIIeCKa3aHHOro, npH ycpe,n:HeHHH <l>YHKl.J,HH 

14 

f{x, If/) 110 s, BepxHHM npe;:i;erroM HHTerparra Bb16upaeM crre.zzy1011.1,yio 
BeCOB)'IO cpyHKI.l,HIO: 

P(x,\jl)=~l-1j12 
• 

1-( X1 /x-l J2 

X1IX0-l ; Xo(1j1)::;;x::;;X1, 

l; X 1 ::;;x::;;X2 

-( X2 /x-l J2

; X
2 

::;;x::;;X3(1j1) 
1 X3/X2 -1 

Tenepb cpe.[Ufee 3HaqeHHe s2
n OTHOCHTeJibHO Bcero HHTepBarra nonepeqHbIX 

Koop,n:HHaT onpe,n:enJ1eTCJ1 cne,n:yioII.J,HM o6pasoM: 

P(x) P( )2n+l 
< s2n >= I s2n ds = x 

0 2n+l 
TaKHM o6pasoM, MH cyMMapttoro qacTOTHoro pacnpe,n:erreHHJI qJit:cna 

cj>OTOHOB lit: 3HeprnH H3JiyqeHHH BO BCeM qacTOTHOM HHTepBarre (Xo, X3.) 
HMeeM [1] 

dNh c . dW 2 ; =KN+VyF(x,ljl)> dx =2KN)i0.0y F(x,ljl)· 

F(x, \jl) = P(x){fo(x, \jl)+ J;(~, 'V) P2 (x, ljl) + J;(~, 'V) P4 (x, 'V)- J;~x) P6 (x, \jl+ 
r.n:e cpyttKI.1,HH f,, (x, If/) HMeIOT crre.zzyIOII.J,HH BH,IJ; 

fo(x, o/) = (g2(x)+ lj\j/2 + 4µ.xg(x)\j/4 +4µ2x2\j/6' 

J;(x, \jl) = g 2(x)+ 1+8µ.xg(x)\j/2+12µ2x2\j/4, 

J;(x, ljl) = 4µ.xg(x) + 12µ2x21j12, 

J;(x) = 4µ 2x2 

Ha pHc.4 noKa3aHbI cneKTPaJibHbie pacnpe,n:eneHHJI qHcna 

<l>oTOHOB H 3HeprHH H3rryqeHHJI MJI pa3Hb!X 3HaqeHHH yrrra BJieTa crycTKa 
B Kattan. 
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F(x,'I') 
1,0 

0,8 

0,6 

0,4 

0,2 

0,0 

0,0 

xF(x,'11) 

0,6 

0,5 

0,4 

0,3 

0,2 

0,1 

0,0 

1. '1'=0.71 
2. F0.5 

\~ ~ \ !: ~=~·9 
~~ 'fiF09' 

~/>y-~::_0, 
\___ _________________ -------1 ··4 

I 
5 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

x 

a 

1. F0.71 
2. F0.5 
3. F0.9 
4. '1'=0 

.~······ 5. F0.99 

ffi,\\, h1 '\ 
~ l 

1,0 

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 

x 

b 

Puc. 4 
CneKmpW1bHb1e pacnpeoeJ1eHua U3lly'leHua czycmKa c 'lUCJlOM no3ump0Hoe N+ npu 

nnocKocmHOM KaHWlupoeaHuu: a) Olla 3Hepzuu U3lly'leHua e eouHu1Jax 

2KN)iQ0 y
2

, b) Ollll 'lUClla <fJomoHoe e eOUHUlJax KN+ .JY, npu pa3HblX 3Ha'leHUJIX 

y211a 6!lema If/ = .90 / .9L. 3Ha'leHua napClMempoe: 'f/=0.354 u vy=0.4. 
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1 
~ 

Ilom1pw3aQHH cpe~bI cym;ecTBeHHO BJIHHeT Ha cneKTpanbttoe 

pacnpe~enettwe H3JiyqeHHH. Ha pwc.5 npime~eHbI cneKTpanbHbie 

pacnpe~eJieHHH qwcJia c)>oTOHOB, H3JiyqeHHI>IX npH IlJIOCKOCTHOM 

KaHanHpoBaHHH Il03HT}JOHHOro cryCTKa ~JIH pa3HbIX 3HaqeHHH napaMeTpa 

IlOJIHpH3aQHH cpe~bl 1] = r Ir . 

F(x,71) 

l 
1,0 

! ~ ~ 
:: !\ i \ r,£ -.......... .--------, :: i\ i ~ ______ __.x:._ . 

i~ 
! f j 

I 11 . . I 

0,8 

0,6 

0,4 

0,2 

0,0 
2 3 4 5 6 

0,0 0,2 0,4 

Puc.5 

0,6 

1.---ri= 0.05 
2.-------· ri=0.24 
3.-·········· ri=0.35 
4.-·-·-·--· ri=0.5 
5.--··---··- ri=0.65 
6.-·····-··- ri=0.71425 

0,8 x 

CneKmpaJ1bHb1e pacnpeoelleHUJl 'lUClla <jJomoHoe (e eOUHUlJax KN+ .JY) npu 

onmUMWlbHOM y2J1e naoeHUJl .90 = 0.71.9L no3umpOHHOzo czycmKa e nnocKocmHoii 

KaHaJl Olla pa3HblX 3Ha'leHuii noJ1llpU3a11uu cpeobz. 

rJiaBa V "CpaBHeHHe TeOpHH C 3K'.CnepHMeHTaJibHblMH ~aHHblMH" 
Jf3 ypaeHeHWl ToMaca-<PepMu, nymeM ycpeoHeHWl no npooonbHoii 

KoopouHame, no11ytteHo Mooe!lbHoe pacnpeoe11eHue rmomHocmu 

3JleKmpOHOB B amOMe. /(JUt cpaBHeHWl C 3KCnepUMeHmaJlbHblMU OaHHblMU 

paccttumb1eaemcR. cneKmpaJibHOe pacnpeoe11eHue 'luc11a U311y'leHHblX 

rjJomoHOB e xecmKoii 0611acmu ttacmom c yttemoM ycpeoHeHHOU 

wzomHocmu 3JleKmpoHoe e amoMe. IlpoeooumcR. cpaeHeHue meopuu c 

3KCnepUMeHmaJlbHblMU OaHHblMU. JfCCJleOOBaHO maK:JICe B!IUHHUe 
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HepaBHOMepH020 pacnpeiJeJleHwz no!lHpU3aZ/UU no nonepettHblM 
KoopiJuHamaM Ha cneKmpa.JlbHOe pacnpeiJeJleHue U3llytteHWl. llollytteHo 
aHa.JlumuttecKoe Bb1pa:J1CeHue OllH cneKmpa.JlbHOCO pacnpeoeJleHua 
UHmeHCUBHocmu U3JlytteHWl. llpeOJlO:JICeH OJl20pUmM 'lUCJleHH020 pacttema 

cneKmpa ttUCJla mllytteHHblX ¢omoHoB npu npomBOllbHOM pacnpeoeJleHuu 
no!lHpU3aZ/UU cpeObl no w.upuHe wwcKocmHoco KaHcma. 

,U:JUI 01.(eHKH cpe,n:HeH 3JieKTpOHHOH IIJIOTHOCTH aTOMOB KpHCTaJIJia aJIMa3a 

BOCIIOJib3yeMCH ypaBHeHHeM CTaTHqecKOH MO,l(eJIH ToMaca-<PepMH H 

ypaBHeHHeM IIyaccoHa [2] MH He11pepbIBHOH 3JieKTPOHHOH IIJIOTHOCTH p(_s) 

H 17(s) = 1lr.p(s)d
2 

I 2µ, r.n:e r. - KJiaccHqecKHH pa,n:Hyc 3JieKTPOHa (PHc.6). 

71{S) 
0,0006 

1024p(S) 
3,2 

0,0005 
2,7 

0,0004 
2,2 

0,0003 
1,6 

0,0002 
1,1 

0,0001 
0,5 

0,0000 

!-
0,0 

0,0 

.-i 
1,0 0,2 0,4 0,6 o,a 

s 

Puc. 6 
3aBUCUMOCmb 3JleKmpOHHOU flllOmHocmu p(s) 6 KQHaJle (110) KpucmaJIJla 

aJIMCl3a u noJ1RpU3a'lfUU cpeo&i 17(s)=r(s)!y npu 3Hepzuu no3umpoHo6 E=4 I'3B. s -
paccmORHUe Om 'l{eHmpa KQHaJla 6 eOUHU'lfO:X d/2, zoe d - Me:JJCfl.!lOCKOCmHOe 
paccmoRHue. 

¥13-3a HepaBHOMepHoro pac11pe,n:eJieHHH 3JieKTPOHHOH IIJIOTHOCTH CIIeKTPbl 

qHcJia cpOTOHOB, H3JiyqeHHbIX II03HTPOHaMH (co cnyqaHHbIMH HaqaJibHbIMH 

IIOIIepeqHbIMH KOop,n:HHaTaMH) crycTKa, HMeIOT pa3Hble cpopMbI H pa3HbIH 
,l(HaIIa30H qacTOT (PHC. 7). 
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hm (K3B) 

Puc. 7 

1.s=1 
2. s=0.95 
3. s=0.8 
4. s=0.7 
5. s=0.5 

tfacmomHoe pacnpeoeJ1eHue 'IUCJla MRZKUX ifJomoH06 6 06J1acmu 'tacmom (X0,XJ, 
U3Jly'teHHblX no3umpOHClMU c 3Hepzueu 4 I'3B 6 flllOCKOCmHOM KQHaJle (110) 
KpucmaJIJla aJIMCl3a . EyKeoii s o6o3Ha'teH&l Ha'taJ1bH&1e KoopouHam&i no3ump0Hoe 6 
eoUHU'lfO:X d/2, omc'tUmbl6QIOUjUeCR om cepeOUHbl nJIOCKOCmHOZO KQHaJla . 

Xorn c11eKTPbI qHcJia cpoTOHOB, H3JiyqeHHbIX pa3HbIMH 

II03HTpoHaMH cryCTKa, HMeIOT .n:sa MHHHMyMa, B cyMMapHOM crreKTPe 

o6pa3yeTCH 0,l(HH MHHHMyM: MaKCHMYM H MHHHMYMbI pa3JiffqHbIX 

II03HTPOHOB o6pa3YfOTCH Ha pa3HbIX qacTOTaX H IIpH cyMMHpOBaHHH 

CIIeKTPOB crnaxrnsaIOTCH (pHC. 8). KaK BH,l(HO H3 pHCYHKa, H B Kpai1He 

MHrKOH o6JiaCTH qacTOT KaHaJIHpoBaHHbIH II03HTPOHHbIM crycTOK H3JiyqaeT 

6oJibUIOe qwcno cpOTOHOB [2,3]. 
IIonyqeHHoe c11eKTpaJibHOe pacrrpe,n:enettwe qwcna H3JiyqeHHbIX 

cpoTOHOB cpaBHHM c ,n:aHHbIMH, 11onyqeHHbIMH B H3BeCTHOM 3KCrrepHMeHTe 

(SLAC), 11pH KaHanwpoBaHHH II03HTpOHHoro crycTKa c 3Heprnei1 E=4 faB, 
11a,n:aroll(ero 11apanneJibHO IIJIOCKOCTHM (110) MOHOKpHCTaJIJia aJIMa3a c 

,l(JIHHOH 80 µM. 
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2h00 y dN,h 

0,61 KN+ dhw 

0,5 

0,4 

0,3 

0,2 
I 

0 20 

l /'\. 
0,6 

0,4 

KN+ dn© 

0,2 

0,0 

0 10 

40 

a) 

20 

6) 

Puc. 8 

60 

hw(KeV) 

80 100 

n©(MeV) 

30 40 50 

CneKmp 'lUCJla <fJomoHoe U3Jly'leHUR, npuxooR111uii Ha eOUHU'lHblii no3umpoH 

czycmKa c 3Hepzueii 4 I':OJB u N+ 'lacmut1a.Mu e KaHQJle (110) MOHOKpucmaJ1J1a 

aJIMa3a, e MRZKOii (a) u :J1CecmKoii (b) 06J1acmRX 'lacmom. 
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3Hepnur, COOTBeTCTBYIOID;aH C06CTBeHHOH qacTOTe .Q
0 

IlJIOCKOCTHOfO KaHarra (110), paBHa n.Q0 =31 3B. 

~H 3Hepnrn: <PoTOHOB, npH KOTopoH: pacnpe.nerremi:e qucrra 
<l>oTOHOB .I(OCTHraeT CBOero MaKCHMaJibHOfO 3HaqeHHH, norryqaeM: 

nmmax = 2n0.0y 312 X 2 = 2 · 31·692590 · 0.623B = 26,6M3B, 

qTQ TQqHQ COBna.naeT c 3KCnepHMeHTaJibHbIM 3HaqeHHeM (Puc. 6). 

06a cneKTpa HMeIOT pOCT B MHrKOH o6Jiacrn qaCTOT. 0.nttaKo, 

TeopeTHqeCKHH cneKTp B o6rraCTH MHHHMyMa npOXO.I(HT BbUIIe, qTo KaK 

noKa3b1BaeT pacqeT, He CBH3aHo c pacnpe.nerreHHeM norrHp1nan;HH cpe.nbr no 
nonepeqHQH KOOp.I(HHaTe B IlJIOCKOCTHOM KaHarre. 

16hQ0y dNph 

KN+ dnm 6 

5 

+ 
~! ++ r ++ 

1'_ __ _ 
++++ 

~~! _L __ .......... L .. 
a.s n e5.5 

nm (MJB) 

Puc. 6 

KpecmuKaMU o6o3Ha'leHbl 3KcnepUMeHmaJ1bHb1e oaHHble. CnJ1outHaJ1 KpueaR -
meopemu'leCKU noJ1y'leHHOe pacnpeoeJ1eHue 'lUCJla <fJomoHoe U3Jly'leHUR npu 
KaHaJ1Up06aHUU no3umpoH06 c 3Hepzueii 4 I'3B e rlJIOCKocmRX (110) KpucmaJIJla 
aJ1Ma3a npu HyAeeoM yZJZe naoeHUR. 
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B 3aI(JllO'leHHH ,n:aHbl OCHOBHble pe3yJihTaTbl pa6oTbl npe,n:cTaBJieHHOH B 
m1ccepeTa1urn: 

1. PaJBHTa Teopm1 H3JiyqeHm1 peJIHTHBHCTCKoro o,n:HoMepttoro 

OCIJ;HJIJIHTOpa B .D:HCneprnpyIOI.IJ;eH cpe.n:e H IlOKa3aHO, qTQ <t>opMa 
cneKTpaJihHoro pacrrpe,n:eneHHH qHcna $oTOHOB cyI.IJ;ecTBeHHo 
MeHHeTCH, KOr,n:a 3HepmH OCIJ;HJIJIHTOpa rrpeBbIWaeT y,n:soeHHOe 
3HaqeHHe noporoBOH 3HeprHH: B cneKTpe BMeCTO O.D:HOro -

IIOHBJIHIOTCH ,n:Ba MHHHMyMa. CrreKTp H3JiyqeHHH II03HTpOHa IIpH 
IIJIOCKOCTHOM KaHarrHpOBaHHH TaKJKe HMeeT ,n:Ba MHHHMyMa. lfacTOTbl 
MHHHMYMOB H qacTOTHblH ,n:HaIIaJOH H3JiyqeHHH 3aBHCHT OT HaqaJibHbIX 

KOOp.D:HHaT II03HTpOHa. c yseJrnqeHHeM aMnJIHTY.D:bl KOrre6aHHH 
.D:Haila30H H3JiyqaeMblX qacTOT CYJKaeTCR. 

2. IlorryqeHa $opMyrra MH crreKTpaJibHOro pacnpe,n:eneHHH qHcna 
<tioTOHOB, mnyqeHHblX KaHarrHpOBaHHbIM Il03HTpOHHbIM crycTKOM npH 
npOH3BOJibHOM yrne BJieTa (MeHbllle yrrra JIHH,n:xap,n:a) B IlJIOCKOCTHOH 
KaHarr c 0.D:HOPO.D:HOH IIOJIHpH3au;HeH. IlpH 3TOM pacrrpe,n:eJieHHe HMeeT 
,n:Ba MHHHMyMa. 3a cqeT no,n:aBJieHHH cneKTpa Ha KpaHX qacTOTHOro 
,n:HaIIaJOHa H3JiyqeHHH o6pa3yIOTCH IIHKH. 

3. C yseJIHqeHHeM 3HeprHH E II03HTpOHHoro crycTKa, qHcno H3yqeHHhIX 

<tioTOHOB yseJIHqHsaeTCH B .fi pa3. EcTb OnTHMaJibHhIH yron srreTa 

II03HTpOHHoro crycTKa B Kattan, 3HaqeHHe KOTOporo B .Ji pal MeHbllle 

yrrra lIHH,n:xap,n:a, HO HHTeHCHBHOCTb H3JiyqeHHH npH 3TOM B .Ji pa3 
BbII.lle, qeM rrpH naparrnerrbHOM rra,n:eHHH. 

4. CrreKTpaJibHOe pacrrpe,n:eJieHHe qHcrra <tioTOHOB, mrryqeHHhIX 
KaHarrHpoBaHHblM II03HTpOHHbIM cryCTKOM, IIOJiyqeHo c yqeTOM 

MO,n:eJibHOro pacrrpe,n:eJieHHH IIOJIHpH3au;1rn cpe,n:bl, OCHOBaHHoro Ha 

ypaBHeHHH ToMaca-<l>epMH. HepaBHOMepHoe pacrrpe.n:erreHHe 
IIOID1pH3aIJ;HH cpe,n:bI CrJiaJKHBaeT cneKTp H nonyqeHHbIH crreKTp c 

OJJ:HHM MHHHMYMOM corrracyeTCH c 3KCnepHMeHTaJibHbIMH ,n:aHHblMH. 

0,n:HaKo B o6nacTH MHHHMyMa TeopeTHqecKoe pacrrpe.n:erreHHe 
rrpOXOJJ:HT HeCKOJibKO Bblllle 3KCIIepHMeHTaJibHOro. 

5. Ilpe.n:rroJKeH arrropHTM qHcJieHHoro pacqeTa cneKTpa np11 
npOH3BOJibHOH 3aBHCHMOCTH l10JIHpH3aIJ;HH cpe,n:bl KaHarra OT 
nonepeqHOH KOOp.D:HHaTbl. IlpOM3Be,n:eH qHcJieHHblH pacqeT H 
IIOKaJaHo, qTQ npH KaHarrHpOBaHHH II03HTpOHHOro crycTKa o6pa3yeTCH 
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KBa3HMOHOXpOMaTHqecKHH HHTeHCHBHblH rryqOK MHrKHX <tioTOHOB rro.n: 
HyJieBblM yrrroM. 
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s;z Pl 

<y-rOrh 
:1)1urehul)mnjnmLnmtnmpm4 tlmtlm]1md 

~ lq]1~mLnn 11 Lnql.j l.jtlql)lmflnn l)mhmtlmtlmQLlul.jl ~ lq]1Lnmpqpm4 
utlu 'oqptlm l)hubmtloul.jl hqi;i ,di;imi;izim]1Zm4 l)mp6maq11d 
aqnmpm41)m hnt.l ffqptlm l)hubmtlfful.jl iuhtlq l.jl)lU piufftnqiJ 
l)mp6maq11d aqnmpm4 l.jtlrm]1mol.jp iJp1unjZmd 1Jt.1rmnjm9m4 
i..Jtlql)IJULnucj; QmeHmbmam9 i..JelrluLIQl)meJ IJLJrml)uLILnlJbutn 
]1urmi..Jbtlq1J~ LIQLlmd Qm]1iJtlullu1u :6meJl)iJb1ub ll1Jmp6m9qp 
4rmi..Jbtlql)~ i..JelhuLIQl)meJ ~ p1u9m ll]1i..JeJ i..Jtlql)IJULnucj; 9m]1eJrmbmzim9 
11 pmbl)m y ~ Llfful.jl 6l.j1J1Ufh1Jm i..Jlltlm41Jt.Jl UIJlUfhl)m lmplJLntno 
l)mtihlJm Liu 'lq]1t1Ln ~ 5r1us :tlmpm4 l)mtihlJm IJmhmrmi;imh 
i..JelhuLIQl)meJ iJtlq1Jp1unjZmd IJL!oi..Jp 1Jt.1rmnjm9m4 LJ]1eJ i..JtlqlJIJUUlucj; 
11 4rmi..Jbt..lq1J~ 1JmrieJrmbmam57 tlmpm4 4eJrrnt1Ql)meJ 1JL1rm1JuLILnl.jbutn 
l)q lq]16mliln :6l.jlilml)l.jiJtluuh 1Jmhm1Jrm1 1Jmhm1Jdbhn lJIJuLILnl.jbutn 
l)q Qm]1nJmh 'iJtlq1JIJ1UreJ1unjm9m4 lmpqtllilnff~ l)mpnjZmd 
11m1J nqtn?l)l.j 'iJeJhutllJUl l)mpeJrmbmzim57 :oqptlm l)hubmtloul.jl iuhtlq 
lJIJlU lilZLJp l)!;llUnfZmd urm piuotnqiJ lJLlql)l)UUUllJbutn Qm]1iJtlullll1u 
]1utlq1J1J1ureJ1ueJtlm4 l.jllqt..11urd :oqptlm 1Jf1ubmtloul.jl iuhtlq 
lml)ql)iu ~ llutlmh 'l.jfftnqll lJ!;nuiuhm]1 1JiureJ1utlqdtlmLn l.j '1Jp1unJmh 
urn :6i..Jrmi..Jbtlql)~ i..Jtlummn46no 11 6l.jl)m9LjLnnm l)mp6maq11d 
Ljt1rm]1moljp .Qm]1nJmh ,uffnqLn l)mpnjZmd 1Jt.1rmnjm9m4 i..JtlqlJIJULnucj; 
.QmeJrmbmam9 i..Jt1Ulnmn46no l.jlm?ml.jp ~ lq]1i..Jnml)p1umu 
:dpmpam]1Zm4 l)mp6mziq11d 4t1rm]1moljp _iJl)mreJiunqLn 
IJmhmnmiJ l)mpeJrmbmzim9 l.jeJr1utlQl)meJ 1Jt.1rm1JULILnl.jbutn 
]1urml.jbtlq1J~ LIQtlmd 9m]1iJt1ullll1u ]1utlq1J1JlUreJ1ueJtlm4 
i..Jllqt11urd ~ 9m]1Llt.J]11J iJ1J1ureJiununjm1JqLnn 

LILjbmLj'luLj'li;in 


