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AKTyaJILHOCTL, 

B TetieHHe MHornx JieT pa3pa6aTLIBaJOTClI Te0peTHtieCKHe H 

3KCIIepHMeHTaJibHbie B0IIp0ChI cpopMHpOBaHlflI IIJI0THI,IX peJilITHBHCTCKIIX 3JieKTp0H

H0HHhIX cryCTK0B ,nJilI QeJieii: H0BI,IX MeT0.l(0B ycKopeHlflI C II0BbIIIIeHHhIM TeMII0M 

Ha6opa 3HeprnH, HCT0'IHHK0B MH0r03apH,nHI,IX H0H0B, HaKOIIHTeJieii: H0H0B, 

HCT0'IHHK0B CHHXp0TJ)0HH0ro H3JiytieHlflI C BhlCOK0ii: llpK0CTLIO. B pa3BHTHH 3THX 

HaYtJHhIX HaIIpaBJieHIIii: BIDKH0e 3HatieHHe npHo6peTaIOT MeT0.l(hl mMepeHlflI 

0CH0BHhIX rrapaMeTp0B ,nByxKOMII0HeHTHhIX cryCTK0B Ha Bcex CTa,nIUIX ero 

qiopMHpOBaHlflI. O.l(HO H3 0CH0BHI,IX Tpe60BaHHll, npe.l(MIBJilleMbIX K IIO.l(06HbIM 

MeTo,naM - He BH0CJITL IICKIDKeHHfi B H~MepHeMblll o6beKT. Ilo3ToMy 

npHBJieKaTeJihHbIM lIBJilleTCH HanpaBJieHHe,. CBH3aHH0e C H3MepeHHeM 

3JieKTp0MarHHTH0r0 H3Jiy'leHlflI 2-"I<OMIIOHeHTHhlX 3JieKTp0H-H0HHhlX cryCTK0B B 

umpOKOll o6JiaCTH cueKTpa: OT .l(aJibHero HH<ppaKpacHOro .l(0 )I(eCTK0ro 

peHTreH0BCK0ro lf3JiytieHHlI. KpoMe ,nliarH0CTHtieCKIIX QeJieii: co6cTBeHHOe 

H3JiytieHHe peJilITHBHCTCKIIX IIJI0THhIX 3JieKTp0HHhlX K0JieQ M0)I(eT CJIJ)I(HTL OCHOBOll 

,nJilI C03.l(aHlflI Ha ero 0CH0Be crreKTp0MeTp0B ,nJilI HaYtJHhlX rrpIIJIO)I(eHHfi. O,nHo H3 

TaKIIX rrpHJIO)I(eHHll 3TO HCCJie.l(0BaHHe oIITIIqecKHx CBOHCTB 

BbIC0K0TeMrrepaTypHbIX CBepxrrp0B0,nHIIUIX MeTaJIJI00KCII,n0B (BTCTI). C HX 

II0lIBJieHHeM HHcppaKpacHM crreKTp0CK0IIlflI CTaJia 0.l(HHM H3 OCH0BHhIX MeTO.l(0B 

HCCJie.l(0BaHlflI 3JieKTp0HHhIX If cpOHOHHI,IX CBOHCTB, TaK KaK H3-3a MaJIOH ,nJIHHhl 

KOrepeHTHOCTH .l(Jlll BTCTI IIO CpaBHeHHIO C KJiaCCH'leCKHMH CBepxrrpOBO,nHHKaMH 

OYJ:eHb 3aTpy,nHeHa HHTeprrpeTaQlflI MeTO.l(OB ryHHeJihHOll crreKTpOCKOIIHH. 

Heo6hltIHbie qJH3HKO-XlfMHYJ:eCKHe CBOHCTBa HOBhlX MaTepHaJIOB IIpHB0,nHJIH I< 

rrpOTHBOpetIHBbIM pe3yJibTaTaM B HCCJie.l(OBaHHH OIITIIYJ:eCKIIX CBOHCTB, rrpe)I(.l(e Bcero 

3TO CBH3aHO C 60JibIIIHM rrornorn;eHHeM HX H3Jiy'leHlflI B MeTaJIJIOOKCII,nHbIX KJIIpaTax 

H BJilflIHHeM II0BepXHOCTHhlX CBOHCTB Ha crreKTphl OTpIDKeHlflI. l13-3a 3TOro 

IIOJiytieHHbie pe3yJihTaThl no H3MepeHHIO BeJIH'IHHhl 3HepreTIIYJ:eCKOll meJIH 

KOJie6aJIHCI, B IIIHpOKOM rrpe.neJie 2,1/J(Tc - OT ], 7 .l(O 7. IlpHMhle H3MepeHlflI 

: Hay11so-Te1xouqecKaa 

f
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OWIH 



cneKTpoB nponycKaamr BTCII nneHOK 6bIJIH 3a1py.nHeHbI TeM, 'ITO OIJ>a.HIIqeHa 

HpKOCTb cyrnecTByroIIIIIX IICTOqfflIKOB CI1 B o6naCTII ,nnlIHHOBOnHOBOro 

IIH!ppaKpacHoro .l{IIaIIa30Ha. B CBH31I C 3THM 6onbIIJOe 3HaqeHIIe IIMeeT propa6oTKa 

HOBblX, 6onee HpKHX IICTOqfflIKOB ll3nyqeHHH B IIH!ppaKpacHOM ,n1Ianro0He. 

i. ! -
1.2 TeopeT1IqecK1Ie pacqeTbl ceqeHIIH TOpM03HOro If3rryqeHIIH C yqeTOM 

ll3MeHeHIIH KpaTHOCTII IIOHOB, MeTO.l{ ll3MepeHIIH cpe,nHero IIOHHOro 3apH,na no 

0.l{HOBpeMeHHOMY lI3MepeHIIIO IIHTeHCHBHOCTII TOpM03HOrD II 

xapaKTep1ICT1IqecKoro ll3nyqeHIIH; 

OCHOBHLie n;eJIH pa6oTLI. 1.3 MeTO.l{IIKa ll3MepeHIIH a6comoTHOH llHTeHCIIBHOCTII 3neKTpOHOB Ha HaqarrbHOM 

OcHOBHblMII n;eJIHMII pa60Tbl HBIIJIIICb: 3Tarre qiopMHpOBa.HIIH 3neKTpOHHOro KOnbn;a. 

1. I1ccne,noBa.Hlle 3neKTpOMarHIITHOro II3nyqeHHH 3neKTpOH-IIOHHblX KOne11, 

propa6oTKa Ha 3TOH OCHOBe HOBblX MeTO.l{OB II ycTpOHCTB .l{JIH ueneii: 

Hepropyrnruo111eii: .l{IIarHOCTIIKII 2·XKOMnoHeHTHblX nnOTHbIX peJIHTIIBIICTCKHX 

3neKTpOH-IIOHHblX Konen:, npoBe.l{eHIIe C lIX nOMOIIIbIO 3Kcnep1IMeHTOB no 

KOJIJieKTIIBHOMY ycKopeHIIIO IIOHOB. 

2. <PII31IqecKoe o6ocHOBa.HIIe MeTO,na II C03.l{a.HIIH ycTa.HOBKII .l{JIH IICCne,nOBa.HIIH B 

o6nacrn IIH!ppaKpaCHOH cneKTpOCKOnlIII c BbICOKOH IIMrrynbCHOH HpKOCTbIO. 

3. IIpoBe,neHHe II3MepeHIIH OIIT1IqecK1IX CBOHCTB BTCII B IIIIIpOKoii: o6naCTII 

cneKTpa. 

,[{nccepTaUIIOHHaH pa6oTa COCTOIIT II3 BBe,neHIIH, nHTH rJiaB II 3aKJIJOqeHIIH. 

OHa ll3JIO)KeHa Ha 239 CTpa.HIIUax MaIIJIIHOnlICHoro TeKCTa II BKJIJOqaeT B ce6H 198 

plICYffKOB, CnlICOK pa6oT aBTOpa no TeMe .l{IICCepTaIJIIII II CnlICOK mITepaTYPbI II3 180 

HaHMeHOBa.HIIH. 

· Ha 3a~II1)' BhIH0CHTCH 0CH0BHbie D0JI0:IKCHHH, 

COCTaBJIHIOIIIIIe HayqHyro HOBII3HY II npaKTHqecKyro IJeHHOCTb .l{IICCepTaIIIIH 

1.1 3Kcnep1IMeHTaJibHbJe IICCJie,nOBa.HIIH TOpM03HOro II3nyqeHHH 3neKTpOHOB Ha 

aTOMax OCTaToqHoro rroa II IIOHax, HaxO,nHIIJllXCH B 3neKTpOHHOM KOnbIJe, 

MeTO.l{HKII ll3MepeHHH rrapaMCTpOB IIOHOB, ll3MepeHHH 3aBIICIIMOCTeii: 

HaKOnJieHIIH IIOHOB II3 OCTaToqHoro rroa II IIMnynbCHOH CTpYff HeHTpaJIOB; 

j------~.----,,.,~· .. ---···-~ 

I ......... ..,,.,,.,.,_ ~2-~..,..,, - ,.r,_ ,_. _:., ·.,;," 
111. U•r J~LJ: ;,1,."7:S .. -i"'> ;;, 1 ._, .\.., ... '~ }.,J 

iDl:, TO JU'._ ihi lj 
I HR.NO 

2.1 MeTO.l{bl II YCTpOHCTBa .l{JIH ll3MepeHHH rrpocTpaHCTBeHHblX pa3MepoB 

cna6ocBeTHIIIHXCH ofo,eKTOB Ha ypOBHe MOIIIHOCTeii .no I o·IO-;. J 0·11 Bm!cAt1; 

2.2 3Kcrrep1IMeHTaJibHbie pe3ynbTaTbl no onTHMH3aIJIIH MarHHTHOH CHCTeMbl 

ycTaHOBKII .l{JIH nonyqeHIIH 3neKTpOHHbIX Konen: C MaKCIIMaJibHOH 

HanpH)KeHHOCTbIO 3neKTp1IqecKoro nonH, .noc:rarnqHoii ,nJIH ycKopeHIIH HOHOB; 

2.3 3Kcnep1IMeHTaJibHbie pe3yJibTaTbl no H3MepeHHIO npOCTpaHCTBeHHOro 

pacnpe.neneHIIH qepeHKOBCKoro mnyqeHIIH npOTOHOB B MIIKpo6aaqe 3a BpeMH 

L1t:=40MKC, C q1ICJIOM npOTOHOB B 6aHqe ~107
; 

2.4 BaKYYMHbiii MOHoxpoMaTOp no cxeMe Ceii:a-HoMIIOKa ,nrrH 1Iccne,noBaH1IH 

II3nyqeHHH B036~eHHblX IIOHOB B 3neKTpOHHOM KOnbn;e, 

3KCnep1IMeHTaJibHbie IICCne,noBa.HHH HaKOnJieHIIH IIOHOB. 

3.1 3Kcnep1IMeHTaJibHb1e pe3ynbTaTh1 no II3MepeHIIIO yrnoBoro pacnpe.neneHHH 

CIIHXpOTpOHHoro mnyqeHIIH B 3JieKTpOH-IIOHHOM KOnbIJe; 

3.2 MeTO.l{bl ll3MepeHIIH qacTOT 6eTaTpOHHbIX KOJie6aHHH H pacnpe.neneHIIH 

3neKTp1IqecK1IX noneii IIOHHOH KOMnOHeHTbl no ceqeHHIO 3neKTpOHHoro 

KOJibn;a; 

3.3 Mern,nbI II 3Kcnep1IMeHTaJibHbie pe3yJibTaTbl II3MepeHHH .l{HHaMHKH 

HaKonneHIIH IIOHOB B 3neKTpOHHOe KOnbn;o; 

3.4 YcTpOHCTBa MH H3MepeHHH npOCTpaHCTBeHHblX proMepoB ceqeHHH 

3neKTpOHHOrO KOnbn;a B Clf B IIIIIpOKOH. o6nacrn BpeMeH (]0"9
-;.J(J

2ceK) C 

BbICOKIIM npoCTpa.HCTBeHHbIM pa3perneHIIeM .no 20MKM. 3KcnepHMeHTaJibHbie 

pe3ynbTaTbI no onrnMH3amm 3neKTpOH-IIOHHblX KOne11 no MaKCHMaJibHOH 
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4.l 

4.2 

4.3 

4.4 

5.l 

5.2 

HaITpHiKeHHOCTII :mercrpIIqecKoro IIOJUI .LUU! ycKopeHIIH THiKeJibIX IIOHOB B 

3JieKTpOHHbIX KOJihU:ax. 

3KcITepIIMeHTaITbHhie IIccne.noBaHIIH cITeKTpanhHoro pacITpe.neneHIIH 
CH 

ITJIOTHOro 3JieKTpOH-IIOHHOro KOJihIIa B IIIIIpOKOH 

(0,4+300MKM); 
o6nacTII CITeKrpa 

Pe3ynhTan,1 3KCITepIIMeHTanhHhIX IIccne.noBaHIIu: MOIIIHOCTII CH B HK 

~aIIa30He 3JieKTpOH-IIOHHOro KOJihIIa; 

Mew.n HK CITeKTpOCKOIIIIII, Hcnonh3YJOIIIIIH c11uxporpouuoe II3nyqeuIIe OT 

3nercrpoH-IIOHHOro KOJihIIa; 

CIToco6 HK CITeKrpocKOnIIII c IIMITYJihCHou: ITepecrpou:Kou: ITO .nnIIHaM Bonn Ja 

CqeT 3BOIDOIIIIII cneKrpa CH, B03HIIKaIOIIIero npII CiKaTIIII 3JieKTpOHHOro 

Kom,11a. OmIIqecKIIH KaHan .LUU! peanII3aIIIItt .nauuoro MeTO.na, .neTeKTop .nIDI 

MIIHHOBOJIHOBoro .nIIaIIaJOHa; C OITpe.neneuuou: 
CITeKTpanbuou: 

xapaKTepIICTIIKOH. 

Y CTpOHCTBa ua ITyqKe CM .LUU! OITTIIqecKIIX II3MepeHIIll BbICOKOTeMITeparypHbIX 

CBepxnpOBO~IIIIIX nneHoK, BKJIIOqaIOIIIIIe ITpOKaqy1ou: OITTIIqecKIIH KpIIOCTaT C 

o6nacn,IO TeMneparyp 4, 7+300K, Kourponnep 
.LUU! yITpaBneumi:, ua6op 

KpIIoreuu1,ix .neTeKTopoB .D;JUI ,nam;uero MK ,nIIarraJoHa; 

3KcnepIIMeHTan1,u1,1e pe3yJihTaTbI no II3MepenIIIO 3HeprernqecKou: meJI1I 2L1 II 

ee TeMITeparypHou: 3aBIICIIMocrn .nIDI BTCII nJieHKII YBa
2
Cu

3
O

7
.
0

• 

6. 3Kcnep11MeHTaITbHble IICcne.noBaHIIH OITrnqeCKIIX xapaKTeplICTIIK BTCII nneHOK 

TIIIIa YBa2Cu3O7.5 B IllIIpOKOM CITeKTpaITbHOM IIHTepBane; 

IlpaKTU'ICCKaH U:CHHOCTL. 

1. Pe3yJihTaTbI IICCJie.noBaHIIH TOpM03HOro ll3JiyqeHIIH 31IeKTpoH-IIOHHoro KOJihIIa 

IT03BOJIHIOT B HllKOIIIITeJIHX 3JieKTpoHObI II3Mep11Tb KOJillqecTBo HaKOIIJieHHbIX 

IlOHOB II llX BJIIIHHile Ha HpKOCTHbie xapaKTepIICTIIKil CM. 

4 
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2. PeJyJihTaTbI ITO C03.naHIIIO KOMIIJieKca arrITaparyphl ITO Il3MepeuHIO 

ITpocrpancTBeHHOro pacITpe.neJieHIIH cJia6ocBeTHIIIHXCH ofo,eKTOB IT03BOJIHIOT 

ou;eHIITb pa3Mepb1 3JieKTpOHHblX II IIOHHblX ITyqKOB ITO CBeqeJIIIIO OCTaTOqJIOro 

raJa B pa3JiqJiblX ycKOplITeJihHbIX ycTpOHCTBax. 

3. 3KcITepIIMeHTanhHbie o6ocHOBaHIIH MeTO.na MK-cnercrpocKOIIIllI Ha ITyqKe CM 

IIMITYJibCHoro HaKOITIITeJUI 3JieKTpOHOB Il03BOJIHIOT co3.naTh HOBOe IIOKOJieHIIe 

IIcToqnIIKOB CM ITOBblllieHuou: HpKOCTII .nIDI MK-~arra3oua, a TaKiKe co3.naTh 

CTaHU:IIIO .LUU! MK-cITercrpocKOIIIllI ua ITyqKe rpa.nIIU:IIouuoro 1ICTOqJI1IKa CM. 

4. O6HapymenHhrn q>oToxpoMHhrn 3q>q>eKT B BTCII MaTepIIanax co3.naeT ocuoBy 

.LUU! 6eCKOHTaKTHbIX MeTo.noB II3MepeHIIH KaqecTBa CBepxITpOBO~ IIJieHOK. 

Anpo6au;nu AHccepTau;uu u ny6JinKau;uu. 

Pe3yJibTaThl ~ccepTaU:lIH ITpe,nCTaBJIHJI~Cb Il .noKJia,nbIBalIHCb ua X 

BcecoI03HOM COBeIIIaHilll ITO YCKOpHTeJIHM . 3apHiKeHHbIX qacTHU: 1987, Ha 

COBeIIIaHIIHX ITO ITpo61IeMaM KOJIJieKTUBHOro MeTO,na ycKopeHIIH 1982 r., ua III 

MeiK,D;YHapo.nHOH KOHq>epeHu;Hll no KOJIJieKTHBHbIM MeTO.naM ycKopeHHH Laguna 

Beach 1978, Ha MeiK,D;YHapo,nHon Kouqiepeuu;nn CM-95 B HoBocn6npcKe 1995 r., ua 

Me~yuapo,nHon Kouqiepeuu;nn SPIE Riga-1995, Ha Me~yuapo~on KonqiepeHU:Illl 

B IloJibme ISSRNS-96, 1996, ua MeiK,D;YHapo~on KOHq>epeHu;nn SPIE San-Diego 

1998, USA, Ha XXX KOHq>epeHU:IIH no q>II3nKe HH3KHX TeMITeparyp, ,!l;y6Ha ,1995 r. 

Pe3yJibTaThI TaKiKe ,noKJI~alIHCh ua ua~bIX ceMnuapax B OHMY OM5IM, Ha 

COBMeCTHOM pyccKo-q>paHU:Y3CKOM ceMHHape 1991 r. OcHOBHhle pe3yJibTaTbI, 

BOme.nmne B ~ccepTau;HIO, OTpIDKeHhl B 29 ITy61IHKau;HHX Il 5 II306peTeHHHX. 

Pa6oTbI ony6JIHKOBaHhl B coo6meHHHX OM5IM, mypHanax TeXHWieCKOH q>H3HKil, 

mypHane 3KCITepHMeHTanouon H TeopeTHqecKon q>Il31IKH, Nuclear Instruments and 

Methods, Acta Phisica Polonica. 

CoAepiKauue pa6on.1. 

BBe.1IeH1Ie. Bo BBe.neHIIII pacKpbITa OCHOBHaH TeMa pa60TbI, 

cqiopMyJIIIPOBaHbI u;eJIII II 3a.naqu ~cceprau;IIII, KpaTKo II3JIOiKeuo co,nepiKaHIIe 

pa6oTbI no rJiaBaM. 
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B nepBon rnaBe npe,ncTaBnem,1 pe3ynLTan,1 no Hccne,nommmo TOpMO3Horo 

li3JI)"IeHnx (TM) 2-x KOMnoHeHrnoro :meKTpoH-HOHHoro KOJILUa [l]. Ha OCHOBe 

Teopenl'!ecKoro paCCMOTPeHHX 3BOJIIOUIIH 3apx,nHOCTen IIOHOB B KOJILUe npHBe,neH 

pactJeT ceqemrn TOPM03Horo mnyqeHlij{ 3JieKTpoHoB [2]. B nepBOM naparpaqie 

npe,D;CTaBJieHLI 3TH pactJeTLI, KOTOpLie onpe,[(eAAIOT 4>YHKUIIOHaJILHYJO 3aBIICHMOCTb 

CetJeHlij{ TOpM03HOro li3JI)"IeHIIX OT 3apx,na HOHOB [l]. Ha pHc.l nOKa3aH pactJeT 

<lm(ZJ )];AA HOHOB a30Ta )];AA pa3HLIX 3Heprnn y-KBaHTOB. 

3 dO-w 
dua-roM 

Z= 7 

,,, 
# 

Er=.2 

bhillli BBe,UeHLI 

<PYHKUIIII pacnpe,neneHIIX 

E-2 
~,<= y-. 

HOHOB II 3JieKTpoHOB no 

nonepetJHLIM 

KOOp,D;IIHaTaM a;, ae C 

YtJeTOM li3MeHXIOJUerocx 

CetJeHIIX TOpMO3HOro 

li3JI)"IeHIIX npII 3BOJIIOUIIH 

2 4 
Z-N 

_6 

3apx,na IIOHOB npH 

nocne.n;oBaTeJILHOll 

PIIc. l. PactJeT cetJeHlij{ TOpMO3Horo mnyqeHHx Ha C IIX I liOHII3aUIIH. 

nOMOJULIO IIOHax aJOTa .nAA 3HeprnII 0,2M::JB H 2M::JB. nonyqeHLI 

reoM~IItJeCKHX q>aKTOpOB G, KOTOpLie HCnOJib3YJOTCX )];AA Dhl'IIICJieHIIX 

a6coJIIOTHLIX 3HatJeHHll Ne·N;, r.ne Ne - .'IIICJIO 3JieKTPOHOB, N; - 'IHCJIO HOHOB B 

3HatJeHIIX 

KOJILUe. 

61,mo nonyqeHo BLipIDKeHIIe )];AA onpe,neJieHHX a6COJIIOTHOll HHTeHCHBHOCTH • 

liOHOB B KOJILUe [2] 

Ne·Ni = Nr _!__{i,' do'r(Erz;)P(E)iEr, c, G I (1-1) 

r,ne N1 - nJMepxeMax HHTeHCIIBHOCTL (TM), P(E1) - cneKTpanLHM tJYBCTBIITeJILHOCTL 

.n;eTeKTopa, , - BpeMX H3MepeHttx; do"r(E,Z;) - cetJeHIIe TOpMO3Horo H3JiytJeHIIx c 

yqeToM 3apx,na IIOHOB. 

6 
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Bo BTOpOM naparpaq>e npe,nCTaBJieHLI 3KcnepIIMeHTaJihHLie pe3yJILTaTLI no 

BLI,l1eJieHIIIO TOpMO3Horo H3JiyqeHIIX OT OCTaTOtJHOro raJa, OT q>OHOBLIX 3q>q>eKTOB, 

CBX3aHHhIX C TOpMO3HbIM II3JiyqeHHeM co CTeHOK BaKyyMHOii KaMepLI. 61,mo 

IIOKa3aHO, 'ITO npII Ha,nJie)KaJUeM BL16ope reOM~liH y,naeTCX BLI,l1eJIIITb TI1 OT 

OCTaTOtJHOro raJa IlpIIBO,D;IITCX onncrurne 3KcnepHMeHTaJILHOll annapaTYPLI )];AA 

li3MepeHIIX. HHTeHCIIBHOCTII TOpMO3HOro •II3JI)"IeHlij{ BO BpeMeHII B 3a,D;aHHOM 

3HepreTIItJeCKOM liHTepBane. IlpHBO)];j{TCX pe3yJILTaThI no H3MepeHHIO 

crreKTPaJILHOll qyBCTBIITeJILHOCTII ,D;eTeKTopoB B 3aBIICIIMOCTH OT BLI6paHHOrO 

3HepreTHtJeCKOro noBopoTa. 

B TPeTheM naparpaqie npIIBO)];j{TCX 

3KCnepHMeHTaJihHLie pe3yJILTaTLI no 

li3MepeHIIIO .IIHTeHCIIBHOCTli 3JieKTpOHOB 

Ha . HatJaJIJ,HOM · 3Tane qiopMHp0)3aHlijl 

3JieKTpOHHOro KOJILUa, Kor.na TM B 

OCHOBHOM II,D;eT Ha aTOMax OCTaTOtJHoro 

raJa. M3MepxeMoe tJHCJIO 3JieKTpOHOB 

COCTaBAAJIO Ne;:::(J+J0)-J012 
B 

3aBIICHMOCTH OT HaCTPOllKH KOJILua. 

NjNr' 1024 

2.0 I 

~4 

1.7 1.9 2.1 

N 

tms 
23 25 2.1 

CpaBHeHIIe pa3HLIX MeTo,noB II3MepeHlij{ IPIIc.2. 3aBIICIIMOCTL q>aKTopa N,Ni 

,naeT a6comoTHYJO norpeIIIHOCTJ, B 
,D;AA HaKonrreHlij{ IIOHOB a3OTa li3 

OCTaTOtJHOro raJa: 

onpe,nerreHIIII tJHcrra 3JieKTpOHOB ,nrurnLIM 1_ P=2.10-1mop; 2- P=J0-1mop; 

MeTO,noM He 6orree 50%. 3-P=5· 10·8mop 
L-----------------' 

BnepBLie 6LIDII IICCJie,D;OBaHhI npouecCLI HaKonrreHifj{ HOHOB B 3JieKTpOHHOe 

KOJILUO KOJIJieKTIIBHoro ycKOpIITeAA TX)KeJILIX IIOHOB no onHCaHHOll BLIIIIe 

MeTO,n;IIKe. Ilo q>OpMyrre (1-1) onpe,neAAJiac1, 3arpY3Ka liOHaMII 3JieKTpOHHOro 

KOJILUa •. Ha pIIc.2 nOKa3aHO noBe,neHIIe q>aKTopa Ne·N; npII HaKonrreHHII IIOHOB m 

ocmTotJHoro raJa. MaKcIIMaJILHoe 3HatJeHIIe q>aKTopa Ne·N; . .n;AA HaKOIIJieHifj{ II3 

ocTaTotJHoro raJa Ne·Ntz(l,5±0,2)·1024 
• npII IIMrryJILCHOM HanycKe aJOTa 3Ta 

BeJIHtJHHa COCTaBAAeT (6·1024
), npH HaKonrreHIIII II3 CTPYH KCeHoHaNe·Ntz3·1024 • 

bhIDO liCCJie,D;OBaHO HaKOnJieHIIe IIOHOB B ,n;Byx pe)I(IfMax H3 OCTaTOtJHOro raJa 

H li3 CTPYH- Ha OCHOBaHlili 3TIIX liCCJie,D;OBaHllll 61,m BLI6paH onrnMaJihHblli npouecc 
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3arp)'3KH :meKTpOHHOro · Kom,ua IIOHaMII, 

np11 KOTOpOM Ha6monaJIOCb KOJIJieKTHBHOe 

ycKopeHlle IIOHOB B CnMarorueM MarHIITHOM 

none. 

Ha OCHOBaHIIII TeopeTIIqeCKIIX 

pacqeToB, KOTOpbie nOKa3aJIII, ~o ceqeHIIe 

TOpM03HOfO II3nyqeHIIH 3aBIICIIT OT 3apMa 

110Ha, 6hm npeMO)KeH cnoco6 · II3MepeHIIH 

3apMa IIOHOB no noBeneHlliO BO BpeMeHII 

ornomeHIIH IIHTeHCIIBHOCTII TI1 K 

xapaKTepIIcmqecKoMy [3].3TOT cnoco6 

3aruIIIUeH aBTOpCKIIM CB11neTeJJbCTBOM. 

Pa3pa6oTaHHbie ~ KOJJbUeBblX 

nyqKOB MeTOnHKII 113MepeHIIH IIOHHOii I Pttc.3 <l>oTOrpaqim1 Bai<yyMHoro 

KOMnOHeHTbl MOryT 6b1Tb np11MeHHMbl K 

JJIIHeHHbIM 2·XKOMnOHeHTHbIM CIICTeMaM 

MOHOXpOMaTOpa C neTeKTopoM Ha 

MIIKpOKaHaJibHblX nJJaCTIIHaX 

TaKHM, KaK 3JJeKTpOHHO-JJyqeBoii IICTOqHIIK IIOHOB, IICTOqHIIK, OCHOBaHHblll Ha 

3JJeKTpOHHOM UIIKJJOTPOHHOM pe30HaHCe (3QP). 

BTopaH rnaaa nOCBHIUt:Ha 11ccnenoBaHlllO cneKTpOB 113JJyqeHml IIOHHOrii 

KOMnoHeHThl 3JJeKTpOH-IIOHHOro KOJJbUa [4]. 

" 
3.~ 

"' "' 
,,, 

120S "" nssJJ,. 

PIIc.4. CneKTpbI BY<l> II3nyqeHIIH 

B nepBOM naparpaqie on11caH C03naHHblll B 

na6opaTOp1111 BaKYYMHhlll MOHOXpOMaTOp no 

cxeMe CeiiH-HaMIIOKII ~ perHCTPa!lIIII 

cneKTpoB II3nyqeHIIH c neTeKTopoM nnx 

perIICTPa!lIIII II3JJyqeHIIH, COCTOHIUIIM 113 

meBpOHHOll c6opKH 2-x MIIKpOKaHaJibHbIX 

nnaCTIIH (MKTI). 

Ha p11c.3 qJOTO MOHOXpOMaTOpa. B 

3JJeKTPOH-IIOHHoro KOJJbUa MH I cneKTpOM~e npIIMeHHJiaCb 6e3MaCJJHHaH 

naaneHIIH P-zJ0-8mop 6e3 pa3HbIX pe)KIIMOB. OTKaqKa no 

nporpeBa y3Jia,, BKJIIOqaroruero B ce6x 6noK nIIqipaKUIIOHHOii pemeTKII. IlocnenHHH 

8 
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I 
I 

HBJIHJiaCb nIIcneprnpyioIUIIM II qJOKYCIIpyioIUIIM :meMeHTOM C PMIIYCOM Kp11BII3Hbl 

noBepXHOCTII R=500MM II C noKpbITIIeM noBepxHOCTII COCTaBOM 113 aJIIOMIIHIIH II 

BOJihqJpaMa IIJJII aJIIOMIIHHH II OKIICII MarnIIH. Pa6oqttii nHaIIa30H MIIH BOJJH 

100A<).<2000A, MOHoxpoMaTOp cHa6)KeH YCTPOHCTBOM noBoporn pemeTKII c 

TOqHOCTbIO ycTaHOBKII nnIIH BOJJH tU=±lA. KaJIII6poBKa ocyruecTBJJHJJacb c 

nOMOIUbIO Ha6opa cneKTPaJibHblX . JiaMn. MeMeHHO perHCTPIIpyeMblll nOTOK 

mJiyqeHIIH B pe)KIIMe cqern qioTOHOB cocTaBJJHeT -lrf-c-J04<jJomlce1< MH ).=1750A. 

MoHOXpOMaTOp Mor B «O» nopMKe qJOKYCIIpOBaTb nMaroruee Ha Hero H3JJyqeHIIe II 

HanpaBJJHTb Bee mJiyqeHIIe Ha MKil neTeKTOp. 

Bo BTOpOM naparpaqie npencTaBJieHbl pe3yJibTaTbl no IICCJJenoBaHIIIO 

mnyqeHIIH :meKTpoH-IIOHHoro KOllbUa B o6nacTII BaKYYMHOro YJJbTPaqJIIOJJeTa. 

Ha pIIc.4 npencTaBJJeH II3MepeHHblll MOHOXpOMaTOpOM cneKTp H3JJyqeHIIH 

IIOHOB. B o6nacTII BY<l> 6brnII BbmeneHbI cneKTPaJibHbie IIHTepBa.ribI m11pttHoii l00A 

B paiioHe MIIH BOJJH 500A, 860A, 1750A, B KOTOpbIX mnyqaroT IIOHhl ocTaTOqHoro 

ra3a (a3oT, yrnepon, aproH) OT nepBoii no TPeTbeii 3apMHocm. 

60f Ucl~BI 100 I u,j,\B) 

'· 
• 

"° 

20 

50 r 

A • 
• • • • u, 

0 
1 2 3 4 

I 
pIIc.5 3aBIICIIMOCTb aMnJIIITYnbI p11c.6 3aBIICIIMOCTb aMilJJIITYnhl CIIrHaJIOB 

cIIrnaJia c MKil neTeKTopa OT c · MKil neTeKTopa oT oTHOCIITeJJhHoro 

OTHOCIITeJJbHOro qIIcJJa 3JieKTPOHOB. qIIcJJa :meKTPOHOB B KOJibUe; onHo 

Ne-zU
1
i
2 

onso neneHIIe paaHo neneHIIe paBHO 1,5·10
12

:meKTpOHOB, 

1,5·10 3J1e1<mpoH06, ).=J750A ).=500A 

IlpII 3TOM 3aBIICIIMOCTII MOIUHOCTII H3JJyqeHIIH onHo3apMHbIX IIOHOB OT 

qIIcJia 3JieKTpOHOB B KOJJbUe 6JJH3KII K napa6oJJIIqecKoil:, qTo IIJIJJIOCTpHpyeTCH Ha 

pIIc.5. 3TOT q>aKT CBIIneTeJihCTByeT O HaKOIIJieHHII onH03ap»nHbIX IIOHOB B 
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3JieKTJ)OHHOe KOJibUO, B TO )Ke BpeMH B 6orree )KeCTKOll o6rraCTlf .wiirn BOJIH 

).=400--;-600A, COOTBeTCTBYJOIUeii lf3JI}"IeHlfIO 3-x3apH,nHhIX lfOHOB, Ha6JI!,(>,llaJIOCh 

pe3KOe )'MeHbIIIeHlfe ClfrHaJia C ,neTeKTopa C yBeJIIfqeHlfeM qifCJia 3JieKTJ)OHOB, pllc.6. 
. . 

o6'hHCHeHlfe 3TOMY 3cpcpeKTy 6blJIO Haii,neHo nplf lfCCJie,nbBaIIlflf lfHTerp_aJibHOrO 

lf3rryqeHMH .. B BY<l>-o6rracTM. B 3TlfX 3KCJiepMMeHTax C uerrhIO yBeJIIfqeHlfH 

aMJIJilfTY.llhI cMrnarra MKIT .neTeKTopa ycTaIIaBJilfBaJICH 6e3 MOHoxpoMarnpa B 

Henocpe,nCTBeHHOll 6Jilf30CTlf OT 3JieKTJ)OH-lfOHHOro KOJihl{a. 

IlpoBe,neHHble lfCCJie,nOBaillfH JIOKaJaJIII, qTo IIOHOB C 60JibIIIeii 3apH,nHOCTbIO 

B03HlfKaIOT ycJIOBIIH · ,nJIH B03HlfKHOB~HIIH HeycTofiqIIBOCTeii, . np_II KOTOpbIX 

npoIICXO,nHT JIOTepII BbICOK03apH,nHhIX IIOHOB; DbIJIO BblHCHeHo, qTO yBeJIIfqeHIIe 

JIOKaJaTeJIH cna.na MarHIITHOro JIOJIH npIIBO,lllfT K )'MeHbIIIeHIIIO JIOTepb IIOHOB [5]. 

3TII q>aKThI JIOJBOJIHIOT npe.nnoJIO)KlfTh, ~o B 3rreKTJ)oH~IIOHHOM KoJibiie Ha 

pa,nIIyce Rk=6cM pa3BIIBaeTCH pa,nIIaJibHaH ,llIIJIOJibHaH · HeycTofiqIIBOCTh, YCJIOBIIe 

B036y)K,neHIIH KOTopoii onpe,neJIHIOTCH ypaBHeHIIeM . Q;, + ,J1 - n + Q~ = I ' r.ne 

Q! = Q¼ , Q! - qacrnm Korre6rui:IIii lfOHOB B norre 3JieKTPOHOB, ? - cpaKTop 

3arpy3KII KOJibUa IIOHaMII, onpe,neJIHIOIUIIll OTHOIIIeHJi:e C)'MMapHOll MaCCbl HOHOB II 

3JieKTPOHOB B KOJibl{e. 

C pOCTOM qH:CJia 3JieKTJ)OHOB II COOTBeTCTBeHHO 

qifcJia HOHOB B KOJihUe ll BeJIIIqH:Ha BpeMeHII 

HeycTOllqH:BOCTII ,nOJI)KHa C,llBIIraThCH B CTOpOHY 

yBeJIIIqeHlfH JIOKaJaTeJIH cna.na B,llOJih Il~TPaeKTOpllII, ~o 

coorneTcrnyeT 3KcnepIIMeHTaJihHOMY cpaKry. PaJBlfTlfe 

HeycrnfiqIIBOCTII MO)KeT 601Tb cymecTBeHHO )'MeHbIIIeHO 

no,n6opoM Il-TPaeKTOpIIII. B 3TOM pe)KlfMecymecTBeHHO 

)'MeHhIIlaIOTCH JIOTepII lfOHOB, B03pacTaeT HHTeHClfBHOCTb 

Pttc. 7 0CUIIJIJIOrpaMMa 

HJJiyqeHHH · Pbll; 

2=2170A, r=5J11Kc!KJ1 

lf3JiyqeHlfll JIOCJie JIIIKa JIOTepb. IlpII 3!0M napaMeTPhl 3JieKTJ)OHHOll KOMJIOHeHTbl 

Ha Rk=4cM He yxy,nmaroTCH. CepllH 3KcnepIIMeHTOB no IIJMepeHMIO BY<l> 

lf3JiyqeHlfH CThIKYeTCH C II3MepeHIIHMII KOJie6aHIIll 3JieKTJ)OHHOll KOMJIOHeHTbl no 

ClfHXpOTpOHHOMY IIJJiyqeHIIIO II eme pa3 no.nrnep)K,naeT_BhIBO,n O CIIJihHOM BJIIIHHIIII 

cnoco6a ~arpy3KII KOJihUa IIOHaMII Ha ,nlfHaMIIKY pa3BIITIIH 3JieKTJ)OH-IIOHHOll 

10 

l -

j 
1 

,llIIJIOJibHOll HeycTofiqIIBOCTII II npaKTIIqeCKlf 0,llH03HaqHo CBII,neTeJibCTByeT O 

Heo6XO,nIIMOCTII yqem HeJIIIHellHOCTII CIIJI. 

B TPeTbeM naparpacpe npIIBO,llIITCH OJIIICaHIIe MeTO,na [6] onpe.nerreHlfH 

napaMeTpOB IIOHHOll KOMJIOHeHTbl TIO II3MepeHIIIO TepHeMbIX 3JieKTJ)OHHhIM KOJibUOM 

3JieKTJ)OHOB 3a cqeT MHOroKpaTHOro pac.ceIIBaHIIH. IlpIIBO,nHTCH cpopMyJibl no 

onpe,neJieHIIIO 3apH,na IIOHOB 3a cqeT MHOroKpaTHOro pacceHHIIH. 

3KcnepIIMeHTaJibHO JIOKaJaHo JIOHBJieHIIe "noTepHHHbIX" 3JieKTJ)OHOB II3 

KOJlhl.la Ilpll ero 3arpY3Ke IIOHaMII KaK II3 aTOMOB OCTaTOqHoro raJa, TaK II II3 

IIMJIYJihCHoii CTPYII HeiiTPaJIOB · II3 JiaJepHoro IICTOqHIIKa HeiiTPaJihHhIX aTOMOB. 

DhlJIO TaK)Ke Jaq>IIKCIIpOBaIIO lf3JI}"IeHIIe O,nH03apH,nHhIX IIOHOB CBIIHUa Pb II, pIIc.7, 

B MOMeHT HaqaJihHoro HaKOJIJieHIIH II3 JiaJepHoro IICTOqHIIKa HeHTPaJibHbIX aTOMOB. 

DbIJia norryqeHa oueHKa cpe.nHero 3apH,na IIOHOB a30Ta B 3JieKTPOHHOM KOJibl{e. IlpII 

HaKOJIJieHIIII II3 OCTaToqHoro raJa OHa COCTaBJIHeT Z; = 3 npII qlfcJie 3JieKTJ)OHOB B 

KOJihUe Ne=(4-i--5) · I 012 
• 

21 

2' 

20 

16 

12 

2 • 6 I ~,Ii 12 14 16 II 20 ,2 11(8 

t 2 3 • S I ;,'!,.,~ 
P1Ic.8 3aBIICIIMOCTb JIOJIYIIIIIpIIHbl yrnoBoro 

aKCIIaJibHOro pacnpe.nerreHIIH IIHTeHCIIBHOCTII CM OT 

qIIcJia 3JieKTJ)OHOB B KOJihl{e. ToqKII 

3KCnepIIMeHTaJibHhie ,llaIIHbie, (a,6) - pacqeTbl ,nJIH 

,nByx MO,nerreii JIOBe,neHlfH 3JieKTJ)OHOB B KOJihl{e. 

B TOeTheii rJiaBe 

,llIICCepTal{IIII IlplIBe,neHbl 

pe3yJihTaTbl TIO 

IICCJie,noBaIIIIIO 

CIIHXPOTPOHHoro mrryqeHlfH 

2-xKOMJIOHeHTHOro 

3JieKTJ)OH-IIOHHOro KOJihUa 

[7,8]. 

B naparpacpe 

npIIBO,nHTCH TeopeTIIqecKIIe 

pacqeTI.1 yrnoBoro 

pacnpe.nerreHIIH CM B 2-x 

KOMJIOHeHTHOM 3JieKTJ)OH-IIOHHOM KOJihUe C }"IeTOM cpoKyc1IpyromIIx CBOHCTB 

BHeIIIHero MarHIITHOro JIOJIH II IIOHHOll KOMJIOHeHTbI. 

J];JIH O KOMJIOHeHThl JIOJIHplI3aUIIII norryqeHO BblpIDKeHIIe yrnoBoro 

pacnpe.nerreHIIH 1C II O KOMJIOHeHT 
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le . 
r.ne q=T• 

Iu(0)= Io(q)N, { 02 } 
1 
exp-----

2&(0; + '¥;)2 2(0; + '¥;) ' 

J _ 4,2R 
C - - • r3 , A - .IUIHHa BOJIHhI Ha6mo.neHm1; 

E, 
r=--2 

m0c 

• 2 I 
peJUITHBHCTCKilll qirucrop :meKTpOHOB, '-P,i = --2 - co6cTBeHHM umpHHa yrnoBoro 

6qy 

pacnpe,neJieHIUI CI1; 

0J = !~ (n + LiV~), r.ne LiV}; - ,no6aBKa K qacTpTe 6erarpoHHhlX KOJie6aHnii 

:meKTpOHOB 3a Ct:JeT HaKOnJieHHhIX HOHOB. 

B § 2 npHBO,[VITC.H 3KCnepHMeHTaJihHhie pe3yJihTaThl no 

3KcnepHMeHTaJihHOMY HCCJie,noBaHHIO yrnoBoro pacnpe,neJieHH.H CIIHXpOTpOHHOro 

H3JIYt:JeHIUI cr II 1t KOMnoHeHT B BH,nHMOll o6JiaCTH cneKrpa [7]. 

BnepBhie 6bIJIO 06Hapy)KeHO 3Hat:JHTeJibHOe YIIIHpeHHe yrnoBoro 

pacnpe,neJieHIUI 1t II <J KOMnOHeHT B npHCYTCTBHH IIOHOB B 3JieKTpOHHOM KOJih:U:e. Ha 

pnc.8 npe,nCTaBJieHbl pe3yJihTaThl no H3MepeHHIO IIIIIpHHhl yrJIOBOro pacnpe,neJieHII.H 

<J KOMnOHeHTbl B 3aBIICIIMOCTII OT 'IHCJia IIOHOB B .. KOJib:U:e, KOTOpoe 

nponop:U:HOHaJihHO 'IIICJIY 3JieKTpOHOB Ne . 

,\ 

" \ 
O.~ 

\ 
\~ 

\ocf 
n2 \. 

a. e MM 

20 I 30 
, I I 

0 JO 40 50 60 

Pnc.9. AKcliaJibHoe pacnpe,neJieHne CI1 11:

KOMnoHeHTa npn MaJIOM 'IHCJie 3JieKTpOHOB 

N.,:::;8· 1011
: a- 3KcnepnMeHT; 6-- pacqer 
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l 
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• I 

XapaKTep yrnoBoro pacnpe,neJieHIUI 71: KOMnOHeHThl ,nJI.H 3JieKTpOHOB C 

MHHHMaJihHhIM 3Hat:JeHHeM 0z«'F). 6y,ner HMeTh BH,n ,nByrop6oii KpHBOll, pnc.9, 

KOTOpoe c YBeJIHt:JeHHeM KOJIHt:Jecrna HOHOB npH 0z» 'F). nepexo,nnT B rayccoBCKOe, 

pnc.10. 

Ha OCHOBaHHH npoBe,neHHhlX HCCJie,noBaHHll BnepBhie npe,IUIO)KeH H 

peaJIH30BaH cnoco6 II3MepeHIUI t:JaCTOT • 6eTaTpOHHhIX KOJie6aHHll KOJih:U:eBblX 

:meKTpOHHhlX nyqKOB C 60JihIIIHM yrJIOBhIM pa36pocoM [9] 0z> 'F)., B COOTBeTCTBHII C 

KOTOpbIM npOH3BO./llITC.H O,nHOBpeMeHHOe II3MepeHIIe yrJIOBOro pacnpe,neJieHHe CI1 H 

napaMeTpOB KOJih:U:a y, R, be . qacTOTa 6erarpoHHhIX KOJie6aH1Iii onpe,neJI.HeTC.H no 

q>OpMyJie: 

. 2 2 2 R2 

0z = (0,u - '¥.t )-2, 
b, 

0.2 

-20_____:lQ 0 !O 
! MM 

20 

P1Ic.IO. YrnoBoe pacnpe,neneHne CI1 ,nJI.H 

71:-KOMITOHeHTbl, N.,:::;4+5·]O12 
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Ha p1Ic. 11 Tip~,ncTrumeHa 6noK

cxeMa OTITII'IeCKIIX II3MepeHIIil: 

TiapaMeTpOB 

Koneu TIO 

II3ny'IeHlllO. 

:meKTpOH-IIOHHbIX 

CIIHXPOTPOHHOMY 

B TPeTbeM Tiaparpacpe 

TIPIIBO,nlITCH 3KCTiep1IMeHTanbHbie 

peJyn1,TaThl TIO 1Iccne,n0Bamno 

TipoueccoB HaKOTineHHH IIOHOB KaK 

II3 OCTaTO'IHOro raJa, TaK II II3 

naJepHoro IICTO'IHIIKa. lliMepeHHH 

BpeMeHHOll 3aBIICIIMOCTII 0z 

,n1IcTiepc1I1I 

pac11pe,neneHHH 

II3ny'IeHHH 

yrJIOBOro 

CIIHXPOTPOHHoro 

BO BpeMeHII 

TipOBOAIIJIOCb C TIOMOJUl,IO ,nByx 

<I>3Y, pernCTPnpyroiunx 

IIHTeHCIIBHOCTb II3ny'leHHH TIOA 

AByMH 3Ha'leHIIHMII aJIIMYTanbHOro 

yrJiaMII 0=01, 0=02, l=h l=h 

Ha p1Ic. 12 Tipe,ncTrumeHhl 

BpeMeHHbie 3aBIICIIMOCTII 3HaqeHIIH 

~~ ., ,' \ 
f ~ 

,~ 
f2 3 4 

!JI ,CJ 
6 

<fO 
- > • 

P1Ic.l l EnoK-cXel\ta 3KCTiep1IMeHTanbHOH 

ycTaHOBKII ,nnH OTITH'lecKoii ,n1IarnocT1IKII 

TiapaMeTPOB 3JieKTpOHHOro KOJibUa: 1-

KaMepa ycKOplITeJIH; 2- 3JieKTPOH-IIOHHOe 

KOn1,uo; 3- CUIIHTIIJIJIHUIIOHHaH cpon1,ra; 4----'
,neTeKTop xapaKTep1IcrnqecKoro IIJny'leHIIH, 

5- CBeTOBO,nLI; 6- !pOT03JieKTpOHHbie 

YMHOX<IITeJIII; 7- OTITII'leCKIIe OKHa; 8-
TI0nyIIp03pa'IHOe 3epKano; 9- 061,eKTIIBbl; 

10,11- AIICCeKTop1,1; 12- KOHII'leCKIIe 

3epKana 

HaKOTineHHOro IIOHHOro 3apx,na TIO II3MepeHIDIM BeJIII'IIIH 0z II TeopeTII'leCKIIX 

JHa'leHIIH II3 pa6on,1 [*]. 

TiplI IICCJie,nOBaHIIII HaKOIIJieHIIH IIOHOB II3 IIMTIYJibCHoro IICTO'IHIIKa 

Heil:TPanbHhlX aTOMOB TiplI HeKOTopoil: KplITII'leCKOll TIJIOTHOCTII HeiiTPanoB 

o6Hap)')KeHa pe3KaH TIOTepH IIOHOB II OTPbIB qacrn 3JieKTpOHOB KOJibUa. 

• H.IO.Ka3apHHOB, 3.A.IlepeJJLWTCliH,r.,n.lllnpKOB «MeTOJ) MOMCIITOB a JIHHaMHKe KOJILQCBLIX ny'IKOB 

3apllllCCHHLIX 'laCTHQ, )I(T<I>, CT.549-556, 1980. 
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1 

Q\• 1012 
1/Ne = 4•1012,P = 5•10-BTOP 

2/Ne = }•1012,P = 5-10-
8

ToP 

}/ Ne = 2-1012, P ~ 5·10-BTOP 

Ha p1Ic. 13 TIOKaJaHhl 

ocu1InorpaMMbI, 

IInIOCTPIIPYIOIUIIe TIOBe,neH1Ie 

C1IrHanOB c <I>3Y, TIO KOTOpbIM 

OTipe,neJIHeTCH BpeMeHHOe 

TIOBe,neHIIe BeJIII'IIIHbl 

AUCTiepclIII yrnoBoro 

pacTipe,neneHHH TIPII, 

1IMTiyn1,cHoii 3arpy3Ke. 

EbIJI BTiepBhle 

t NC I\ Tipe_nno)KeH II peannJOBaH 

2.1 2.2 ~3 2!, 2.5 2.6 2] MeTO,n 011pe,neneHIIH 

PIIc.12 3aBIICIIMOCTh HaKOTineHHoro IIOHHoro 

· co6cTBeHHOro 3neKTp1I'lecKoro 

TIOJIH IIOHOB TIO II3MepeHIIIO 
3apx.na OT BpeMeHII 
(TOqKH - SKCnepHMeHTanbHhle ~aHHhle) 

paCIIpe,neneHIIH CII TIO Ce'leHIIIO 

3JieKTpOHHOro KOJibUa [1 O]. 

B §4 paccMaTPIIBalOTCH BOTipOCbl 

C03AaHIIH aIITiaparyp1,1 ,nnH II3MepeHIIH 

TIOTiepe'IHbpC paJMepoB 3JieKTPOHHoro 

KOJibUa. 

,LvUI IICCJieAOBaHIIH TipouecCOB 

KOJIJieKTIIBHOrO ycKopeHHH IIOHOB ' 

co6CTBeHHbIM TIOlleM 3neKTpOHHOH 

KO~TioHeHTbI Heo6xo~o B 11pouecce 

cpopM1IpOBaHIIH 3neKTpoHHoro KOllbUa 

KOHTPOJIIIpOBaTh ero TIOTiepe'IHble pa3Mepbl: 

R, a,, b,. Tio3TOMY. coJAaHIIe MeTOAHK ,nnx 

3TIIX II3MepeHIIll HBJIHeTCH OAffOH II3 

BruKHeil:mlIX 3a_naq, KOTOpaH paCCMOTPeHa B 

pa6oTe [11,12]. 
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AUCTiepc1I1I yrnoBoro 

I J l I II · 1 I I IS 

2) 
PIIc.13 OcunnnorpaMMbI 

MOU\HOCTH CII no.n pa3HbIMH 

aKcttanbHblMil yrJJaMH, 200MKc!Kll.; 
2- · OIITillJeCKOe HJnyqeHHe, 

ttJMepeHHOe. . <I>3Y 
nepneHAHKYJIHpHO nnOCKOCTil 

op6HTbl 



Ha ocHoBe aHaJIII3a C)'llleCTByrouurx q>oTo3neK1J)OHHhlX nplieMHIIK0B c 

Y1IeTOM rpe60BaHIIH, npem,HBJUleMI,IX co CTOpOHI,I CH 3lleK1J)OHHOro Komn:a, a 

IIMeHHO, BI,ICOKOe npOCTpaHCTBeHHOe II BpeMeHHOe pa3perneHIIe, 6on1,rnoii 

.ZUiHaMIIqecKII:ii .!UfaTia30H, 6on1,rnax IlOMex03arnmn:eHHOCTI,, BhICOKOe 

npOCTpaHCTBeHHOe pa3perneHIIe, BbI6paH ~IICCeKTop - np1I6op, np_e~CTaBJUIIOIL(IIli 

KOM61IHan;IIIO :meK'IJ)OHHOro onrnqecKoro npeo6pa3oBaTeJUI C 3neKTpOMarHIITHhIM 

CKaHIIpOBaHIIeM 3lleK1J)OHHOro II306pIDKeHIIH II B3Y ,wIJI yc1IneH1IH 3lleK1J)OHHOro 

CIIrnana. 

,l(mI II3MepeHIIH npOCTpaHCTBeHHOro pacnpe~eneHIIH CH pa3pa60TaHI,I 

np1I6op1,1 C ~IICCeKTOpaMII C pa3HI,IMII CIICTeMaMII pa3BepTKII. 

I - TIIIl C pa3BepTKOH MarHIITHI,~ noneM, 

2 - rnn c pa3BepTKoii 3neK1p1IqecK1IM noneM: 

bl,InlI C03~aHI,I reHepaTop1,1, OC)'llleCTBJUIIOIL(IIe CKaHIIpOBaHIIe 3lleK1J)OHHOro 
1 

II306pIDKeHIIH ceqeHIIH Komn:a co CKOpOCTI,IO, cymecTBeHHO npeBbIIIIaIOIL(e:ii 

CKOpOCTI, CiKarnx :meK1pOHHoro Komn:a, II CKOpOCTI, ero npo~OllhHOro ~BIIiKeHIIH Ha 

3Tane.. ycKopeHIIH. ,l(mI Bh16opa· peiKIIM0B rilITaHIIH ,zurcceKTopoB npoBe~eHhI 

Kru:m6pOBO'IH~ie . II3MepeH~ ·. co CBeTOBI,IMII IlOTOKaMII B IIllipOKOM ,!UfaTia30He 
:·- . . 

OCBeme:iIH0CTeH, npOCTpaHCTBeHHOe pa3perneHIIe Ilp1I60p0B B pa60~X ycnOBIIHX B 

peiKHMe ~emcip~IIII · IItdilYfilCHoro CBeTOBoro TI OTO Ka TOH )Ke MIITe~LHOCTII, qro ii: 

CH. cocTaBIIno 1 Ozu~plitM,: .. · MmicIIMaJILHaH pa6oqax anneprypa np1I6opa ~ 
II3~epeHllilpa3Mep0B CiK~lTOro_ KOllLL(a COCTaBIIna 80MM. 

a·Mac111Ta6 
1,2.i.lMIKJI. ~ 

Ne"'S·.10 11 

J,5.M.JltfKJI., 
Ne"'8 • 1012 

PIIc.14 Ocn:1InnorpaMMhI aKCIIaJihHoro npoqmnx 

nnOTHOCTII.' 3neKTpOH0B B . '3aBHCHMOCTH OT 

IIHTeHCIIBHOCTH 3neKTPOHOB 
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Ha plic.14 IlOKa3aHI,I 

II3MepeHHLie npo4>11n1I ceqeHII~ 

3lleK1J)OHHoro KOnLn:a B 

aKCIIaJll,HOM HanpaBneHIIII nplI 

pa3HOM qlicne 3neKTpOHOB B

KOllLL(e. 

,l(mI 1Iccne~oBaHIIH 

.!UfHaM~ecKIIx npon:eccoB B 

3lleK1J)OHHOM Kon1,n:e Ha 

KOHeqHoii CTa,!UflI C)Karnx II 

HaKonneHIIH IIOHOB 

6Lm1I npoBe~eHLI 

II3MepeliHH C 

BpeMeHHI,IM 

pa3perneHIIeM 

r900nceK c IlOMOIL(hIO 

q>oToxpoHorpaq>a 

«AraT CP» [13], 

KOTop1,1e IlOKa3aJIH 

HaJIIIqlie KorepeHTHhIX 

Pttc.15 <l>OToxpoHorpaMMa BpeMeHHOH 3aBHCHMOCTH p~HaJII,HI,IX 

. p~mlJlhHOrO pa3Mepa; pa3BepTKa 20HceKICJ\1 KOne6aHHH 
' 

nplIBO~IL(IIX K yBen1IqeH1IIO ~4>4>eKT1IBHOro pa3Mepa ceqeHHH Kon1,n:a II K 

yMeHLIIIeHIIIO co6cTBeHHoro 3neK1p1IqecKoro noJIH. 

Ha p1Ic. I 5 noKa3aHa q>oToxpoHorpaMM~· rioBe~eHIIH_ p~IIaJihHoro · pa3Mepa 

KOllbL(a. BhICOKOCKOpOCTHaH CoeMKa ···, Il03BOlllina B~ep;~:; ··3aq>IIKC
0

~p013aTh · 

o6pa30BaHIIH KepHa B ceqeHIIII 3'neK1J)OH}JOro 

Kon1,n:a 3a cqeT IIOHHOH q>OKYCIIpOBKII, p1Ic.l 6, 

BpeMH II3MepeHIIH r:=2HCeK. 

,l(mI 1Iccne~0Batt1I:ii· IlOBe~eHIIH 

3neK1pOHHOro Kon1,n:a Ha Haqan1,HoM 3Tane 61,mo 

pa3pa60TaHO ycTpOHCTBO [14], 3aIL(IIIL(eHHOe 

aBTOpCKIIM CB~eTenLCTBOM, KOTOpoe Il03B0llHnO 

cne~IITL 3a pa3MepaMII ceqeHIIH Kon1,n:a BnnoTL ~o 

Z=6cM, ~o roqKII CHHTII HMI,I. C ero noMOIL(LIO 

61,mo BnepBI,Ie o6HapYiKeHo, qro ·nplI Haqane 

ycKopeHII.11 3neK1J)OHLI cxo~ B peiKIIM ycKopeHII.11 

C pa3HI,IX p~IIYCOB no qaCT.IIM II lllIIIII, IIHOr~a 

CTapTyroT KaK e~IIHOe n:enoe.. ,l(mI pe)KIIMOB 

ycKopenIIH n:enoro Kon1,n:a 61,m1I o6Hapy)KeHhI 

BpeMeHa nponera HarpYiKeHHoro IIOHaMII Kon1,n:a [15]. 
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21NA -
Pnc.16 Pacnpe~eneHIIe 

nnoTHOCTII 3neK1pOHOB 



:l 

B npon;ecce OilTHMH3aD;HH .CHCTeMbl HH)KeKn;HH Ha HaqaJibHOM :nane q>OpMHpOBaHml 
,,,.. .. .. ·,• , 

:meKTpOHHbIX Konen: IlOTPe6oaarrocb· C~3,!IaHHe CBepxqyacTBIITenhHOH- arrrrapaTypbI 

JUUi H3MepeHn:ii norrepeqHbIX. pa3Mepoa :meKTpOHHOro KOnhn;a no caeq.eHmo 

ocTarnqn:oro raJa. KaK IIOKaJ_aJIH H3Mepemill c <1>3Y, a6conJ?THaJI n:meH{n:aHOCTb 

mnyqeHml COCTaBmma -,.,Jlf106mlc_1:12
• ·:, _n1rn 3THX H3MepeHHii,, 6bm . C03,!IaH 

H~Mepn:TenhHbIH npn:6op P 1] Ha.: OCHQBe. t{HCCeI<TOpa C IIpjl:MbIM orrrnqecKHM 

KOHTaKTOM - BOnOKO~HOH maii6oii'(~IlI,IT~~IH\K3eMIIID1p), K KOTOpOMY orrrnqecKH 
. - : . ·'. "· . . . 

CTblKOBaJICH ycn:nn:Tenb HpKOCTH Ha MHKpOKaHaJibHblX rrnaCTHHax. 3ToT ·rrjm6op 

o6ecrreqn:aan rrpe,nem,H~ qyac;BHTem,HOCTb npH OCBein;eHHOCTH, 10·126mlcM·2, 

II03Bonn:n OIITHMH3HpoBaTb 'qiopMn:poBaHHH 3neKTpOHHbIX KC>nen; Ha Ha1ii:UibH0M 

:narre. C ero IIOMOID;bIO .. BiiepBbie 6binH rrpoBe,neHbl . H3Mepeiiirn KOHyca 

qepeHKOBCKoro H3nyqeHHH rrpOTOHOB Ha CHHXpOD;HKilOTPOHe JUiri B
0

MHKpo6an:qe 

npoTOHOB c ,nnHTenbHOCTbIO -r=40MK~ n: HHTe~CHBHOCTbIO j D7 npomlw.m [16]. 

i 
' r _,..-. .. 

Ha _ pn:c.17 IIOKa3aH npoq>n:nb 

ceqeHHH ,nyrn: KOnbn;a qepeHKOBCKoro 

H3nyqeHHH. BpeMH H3MepeHHH -

4MKc. · TaKn:M o6pa30M 6bma arrepBhie 

3KCrrepn:MeHTaJibHO IlOKa3aHa 
PHc.17. Ocn;HmmrpaMMa c rrpH6opa, . 

B03MO)KHOCTb 
cooTBeT<:rayromero pemcTPan:Im rrpHMoro · orrepaTHBHoro 

. ' 
KOHyca J1Bq OT IIpOTOHOB H3MepeHHH (6e3 qJOTOIIneHKH) 

npOCTPaHCTBeHHOro pacnpe,neneHHH (lfBq). 

B IV rnaae paccMaTPHBaIOTCH. aonpocb1 n:ccne,noBaHHH crreKTpaJihHoii 

HpKocTH cn:HxpoTPOHHoro mnyqeHHH ~ n:eneii HHq>paKpacHoii crreKTpocKonn:n: 

KOH,!IeHCHpOBaHHblX Ten. B nepBOM napaq,aqie npHBO,njlTCH CpaBHeHHH HpKOCTHbIX 

xapaKTepHCTHK HCTOqn:HKOB CH. B HaCTOHID;ee BpeMH aKTHBHO pa3BHBaeTCH 

HarrpaaneHn:e HK-cneKTpOCKonn:n: c n:cnollb30BaHHeM CH Ha cTan:,napTHbIX 

HaKOilHTenHX [*]. 

.3Kcnepn:MeHTaJlbHO IlOKa3aHO, ~o HpKOCTb HCTOqffHKa B HK ,nllalla30He JUUi 

,llllllff BOilH X?::J 00MKM 6onee qeM B IO pa3 6ollbme, qeM npn: n:cnonb30BaHHH 

• Carr.G, Hanfland M, Williams G, Rev Sci.Instum, 6~.1643.(1995) 
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HerrpepbIBHhIX n:crnqHn:KoB (A qT), rno6ap, naMrra HaKaJIHBaHHH, PTYTHaJi naMna 

[17]. 5IpKOCTh n:cToqHHKa CH 

B(l) P(l) P(l) . 

Srn't'cu Scu'f'(l)' 
(IV- I) 

r,ne P(l) - MOin;HOCTh cn:HXPOTPOHHoro • mnyqeHHH 3neKTPOHuoro KOnhn;a c 

::meKTpOHHbIM TOKOM J,(A); SCH - norrepeqHaJI II!IOin;a,z:t;b ceqeHHH ::ineKTP0HHo.ro 

KOnbn;a 't' CH (1)- nonyumpHHa yrnoaoro pacrrpe,neneHHH CH JUUi ,ll!lHHbl BOnHbl J a 

aKCHaJibHOM HarrpaaneHHH. 

Morn;HOCTb mnyqeHHH B HHq>paKpaCHOM ,!IHalla30He JUUi ,llllHH BOnH A.:: 

1))1c = 4,2 J~3 
I 

4,2R (1 )3 LU r,ne le =-
3
-; P(l)""I,(A) _..E... -; 

Y 1 1 

Tionyumpn:na yrnoaoro pacrrpe,neneHIIH ,nnH 1))1c: 

I 

't' cu =cons{~ Y 
JUUi Tn:rrn:qHbIX rrapaMeTPOB 3neKTpOHHbIX Konen: R--4cM n: )..=100MKM. 

(1)½ 't'(pao) = 1,66 R = 225Mpao; 

TaKHM o6pa30M HpKOCTb CH B HHq>paKpaCHOM ,nllaIIa30He 3neKTpOHHOro KOnbn;a C 

pa,nHycoM R 

B(1))1J"" J,(~J~ (IV2) 

KaK rroK33hlBaJOT on;eHKH, HpKOCTb CH 3JieKTpOHHoro KOJihn;a B ycKopn:Tene KYTH-

20 6once qeM B 100 pa3 rrpeBOCXO,!IHT B ,ll,"IHHHOBOJIHQBOM ,nn:aIIa30HC, ,!IJIH 

l=J00MKM H3BeCTHhiii HCTOqHHK CH B EepKnH NSLS (I,=JA, R=200c.u), KOTOphiii 

HMeer B CBOeM COCTaBe CTaHJlHIO ,llllH HHq>paKpacHOH cneKTpOCKOHHH. 

Ornn:qHTeJibHoii oco6eHHOCTbIO CH, KOTopoe reHepHpyeTcH B ycTaHOBKe KYTl1-20, 

HBJIHeTCH TO, ~o OHO o6na,naeT B COOTBeTCTBHH C q>OpMynoii (IV-2) 60JibillOH 
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IIMnyJihCHOH .11:pKOCThIO, ,!VIIITeJibHOCTh IIMnyn1,ca ll3JiyqeHII.ll: COCTatlJI.11:eT OT 2 .n;o 

J OMceK B 3aBIICIIMOCTII OT pe)KJIMa MarHIITHOH CIICTeMhI. 

Bo BTOpOM naparpaqie npe.n;cTaBJieHbI 3KCnep1IMeHTaJihHhle pe3yJihTaThI no 

II3MepeHIIIO cneKTpoB CH 3JieKTpOH-IIOHHoro Kon1,11a [I 8]. KaK noKa3aJIH 

npoBe.n;eHHhie 1Iccne.n;oBaHII.ll: B ycKoplITene KYTH-20, cymecTByeT pa36poc 

napaMeTpOB OT IIIIKJia K IIIIKJIY, BJIIIHIOmlix Ha a6coJIIOTHYIO MOmHOCTb CH. _3TOT 

pa36poc B qJICJie 3JieKTpOHOB Ne, KOTOpbIH .ZJ;OCTIIraeT 50+60%, a TaK>Ke OTKJIOHeHIIe 

B cpe.n;Heii 3Heprn1I 3JieKTpOHOB Ha 2+3% OT 1IMnyn1,ca K 1IMnyn1,cy. B CB.ll:31I C TeM, 

~o ~ IICnOJih30BilHH.ll: CH .ZJ;JI.ll: cneKTpOCKOn1IqeCKIIX 11eneii Heo6xo.n;IIMO 

o6ecneqHTh a6COJIIOTHOe MOHIITOp1IpOBaHHe IIHTeHCHBHOCTII c TOqHOCThIO He xy)l(e 

1%, 61,m pa3pa60TaH MeTO.ZJ; onpe.n;eneHII.11: 3Heprn1I 3JieKTpOHOB B C)l(aTOM KOJihIIe B 

60 P,·30corH.e.Q.) 

~ 

llJ 

~ 

¥ 

f- ...._ . · RK aJcM 

fKt, 1 

r-.._N 
"10 

./LHKM 

Q6 Q? QB Q9 \0 \1 \2 \'3 14 
P1Ic. I 8 CneKTp CH B B~IIMOM II 6JIII)l(IleM HK .n;IIana3oHe 

K~OM IIIIKJie C)KaTII.11: no cneKTpy CH. 

3TOT MeTO.n; OCHOBaH Ha O.ZJ;HOBpeMeHHOM II3MepeHIIH IIHTeHCIIBHOCTII CH ua 

.n;Byx ,!VIIIHax BOJIH P().J) II P().i) ~ A.J II A.] 3HaqJITeJihHO MeHhIIIe A.c, Ben1Iq1Iua 

peMTIIBIICTCKOro q>aKTopa l' HaxO.ZJ;IITC.11: no qiopMyne: 
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I 
,_"I 

\, 
l). :1 
!. 

f 

I 
i 
I 
I 

r3 4,2R 

A1A2 ln!P(A1) (~)½} 
LU P(A2 ) A2 

{IV3). 

ohmlI npoBe.n;eHbI II3MepeHII.ll: cneiqpOB CH B BII.ZJ;IIMOM II 6JIH)l(IleM HK

.n;IIana30He C nOMOIUbIO cneKTporpacpa II MOHOXpOMaTOpa, KOTOphle .ZJ;aIOT 

coBn~aIOIUHe pe3ynnTaThI. Ha p1Ic.l 8 npe.n;cTaBJieH cneKTp CH 3JieKTpoHnoro. 

KOJibIIa. DbIJI pa3pa60TaH MeTO.n; MOHIITOp1IpOBaHII.ll: a6COJIIOTIIOH MOIUHOCTH CH, B 

KOTOpOM O.ZJ;HOBpeMeHHO npOIICXO~T O~OBpeMenuoe II3Mepeu1Ie qJICJia 3JieKTpOHOB 

Ne II 3Haqeu1Ie 3Heprn1I 3JieKTpOHOB B KOHIIe IIIIKJia C)l(aTII.ll: y. IlplI TaKOM no~o.n;e 

y.n;aeTc.11: onpe.n;eJI.11:Th a6coJIIOTHYIO MomHocTh CH Ha ypoBHe J+l,5%, ~o Bnonue 

.ZJ;OCTaTOqHO ~ nplIJIO)l(eHIIH. 

B TpeTheM naparpaqie onlICaHhI pe3yn1,TaT1,1, KOTop1,1e 6hIJIII oqeHh Ba)KllbI 

.ZJ;JI.ll: KOJIJieKTIIBHOrO MeTo.n;a ycKopeHII.ll: - 3TO noBbIIIIeH1Ie TOquocrn B onpe.n;eneHHII 

qlJCJia 3JieKTpOHOB B KOJibIIe no II3MepeHIIIO a6coJIIOTHOH MOIUHOCTII CH [ I 8]. 

IloCKOJihKY KOJIJieKTIIBHOe ycKopeHIIe IIOHOB co6CTBeHHbIM 3JieKqmqecKIIM noneM 

3JieKTpOHHOH KOMIIOHeHThI .11:BJI.ll:eTC.ll: noporOBhIM 3q>q>eKTOM, TO Heo6xo.n;IIMO 6hIJIO 

Toqno onpe.n;eJI.11:Th BeJIHquuy N,, Heo6xo~MYIO ~ uaqana npo11ecca ycKopeHII.ll: 

IIOHOB. 

KaK 61,mo y)l(e CKa3aHO BhIIIIe, ua onpe.n;eneHne a6coJIIOTHOH MomuocTII CH 

BJIII.ll:JI pa36poc 3Heprn1I 3JieKTpOHOB OT IIIIKJia K IIIIKJIY, KOTOpbIH H~O 6hIJIO 

onpe.n;e~Th OT OTKJIOHeHII.ll: qJICJia 3JieKTpOHOB OT IIIIKJia K IIIIKJIY- .[{M K~oro 

11m0a C)l(aTII.ll: npo1IJBo.n;1IJioc1, II3Mepeu1Ie 3Heprn1I y. C 11en1,10 nonyqeHII.ll: 6onee 

.ZJ;OCTOBepHbIX .ZJ;aHHhIX II3MepeHHe MOmHocrn CH npoBO.ZJ;IIJIOCb pa3HhIMII 

.ZJ;eTeKTOpaMII B pa3HbIX cneKTpaJihHhIX IIHTepBanax. A6cOJIIOTHM 

qyBCTBIITeJihHOCTh .n;eTeKTOpOB KaJIII6poBanac1, no 113nyqeHIIIO KaJIII6pOBaHHOro . 

II3JiyqaTM, BaJibq>paMOBOH naMn1,1 c II3BeCTHoii TeMnepa-rypoii T. Onpe.n;eneHIIe 

qlJCJia 3JieKTpOHOB npoBO.ZJ;IIJIOCh no qiopMyne: 

N = U CH P(A;T) 4(LcH )orn (A,,,) (IV 4) 
. • u.QJI Pclf(A;) L= 
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r.ne UcH, U"an - 8MIIJIIIT)'.na CI1mana c .nereKTopa rrpII H3MepeHIIII MOIUHOCTII CH II 

npII KaJII16pOBKe IICTO'IHIIKOM H3JIY1ieHWI Ha .n;JIIIHe BOJIHbl A.;, onpe.n;eJU!eMoii: 

Y3KOnOJIOCTHbIMII <pIIJibTp8MII. P(,lT), Prn - paCC'llITaHHruI MOIUHOCTb Il3JI)'tJeHil}I 

KaJII16poBO'lHOro IICToqHIIKa c TeMrreparypoii: T, . II MOIUHOCTI, CH )];JI}! .n;aHHOro 

3HaqeHWI peIDITIIBIICTCKoro <paKTopa y. 

pacnpe.nerreHWI CH B aKCilaJII.HOM HanpaBrreHI1I1. 

0cH - norrynmpI1Ha yrrroBoro 

Ta6n.1 

CneKTpanbH~i11 HHTepsan 

A. [MK.M] 0,2+0,8 2+12 20+100 100+100 

0 

Tun .ueTeKTopa <t>3Y Ge:Au Ge:Ga InSb 

BpeMeHHoe paspewettue 

[-r·J06ceK] 0,01 JO 1 1 

Paooqaa TeMnepaTypa [K] 3OOK 77K 4,7K 4,7K 

3HaqeHI1e Bz )];JUI onpe.nerreHWI 'llICJia 3JieKTpOHOB 6panoc1, 

3KCnepI1MeHTanbHOe, OHO 6I.IJIO mI1pe Il3-3a 3<p<peKTOB HaKOIIJieHil}I HOHOB. 

MaKCIIMaJibHO Il3MepeHHOe KOJIIlqecTBO 3JieKTpOHOB B KOJII.Ue COCTaBIIJIO 

(8+10)1012
• _nmi o6ecneqeHWI KOHTpOIDI 3a npoueccoM ycKopeHil}I IIOHOB 6J:,1f!I1 

pa3pa6oTaHbl pa3JIIl'Illble MOHHTOpbI, KOTOpbie KOHTpOJIIlpOBaJIII IIHTeHCIIBHOCTb 

3JieKTpOHOB KaK B pe)l(HMe C)KaTH}I, TaK II npII ycKopeHIIII 3JieKTpOHHoro KOJII.Qa. 

Ta6n.2 

vlcToqHHK ,ny6H8HCKHH PTyTHa.s:I UVSOR, NSLS, 

usnyqeHHH HaKOilHTenb naMna 5J:TTOHHH CJIIA 

reoMeTpuqecKui11 10-~ 10•;. 10·'- l(J'-

scpcpeKT 

MOlllHOCTb 1O·~+4-J(J~ JO"" 10·' 4·10"' 

usnyqeHHH P().) [Bm] 

B 'leTBepTOM naparpaqie npIIBO)];}ITC}I pe3yJII.TaTbl no Il3MepeHillO 

a6coJIIOrnoii MOIUHocrn CH B cpe.n;HeM II .n;anI.HeM 11K .n;IlanaJoHe [19,20]. B Ta6rr.1 

npIIBO)];}ITC}I OCHOBHble nap8MeTpbl .nereKTopoB, IICIIOJib30BaBIDIIXC}I )];JUI 3TIIX uerreii:. 

22 

B Ta6rr.2 npIIBO)];}ITC}I )l;aHHble no cpaBHeHillO pe3yJII.TaTOB H3MepeHIIH 

a6COJilOTHOll MOIUHOCTII B 3JieKTpOHHOM KOJII.Ue H cpaBH_eHillO C H3BeCTHbIMII 

IICTOqHIIK8MII, r.ne YCTaHOBJieHbl CTaHUIIII )];JUI HK cneKTpOCKOIIHH TBep.n;bIX TeJI. 

Crre.nYIOIUIIM o6CT0}1TeJibCTBOM, KOTOpoe orrpe.n;eJU!er B03MO)KHOCTh 

C03.l];aHil}I CIIeKTpOCKOnilqecKoii: CTaHUIIII Ha KOJIJieKTHBHOM YCKOpIITerre, }IBJUle'fC.K 

Ha.l];Jie)Kamilii: Bbl60p OIITil'leCKOro KaHana, COfJiaCOBaHile C HIIM 3KCnepHMeHTaJibHOii: 

ycTaHOBKII: MOHOXpOMaTopa, cneKTporpaqia, KpIIOCTaTOB H T • .n;. 

0CHOBHruI 3a.z:i;a-qa KaHarra: HMeTI. KaK MO)KHO 60JibillIIH aKUenTaHC, 

onpe.n;eJU!eMblll )l;Il8MeTpOM BXO.n;HOro OKHa II HMeTI. H306pa)KeHHe CBe'f.KIUeiicg 

IIOBepxHOCTII KOJibUa c. MIIHHMaJibHbIMII IICKa)KeHWIMII. AKueIITaHC KaHana Ha 

IICTO'lHIIKe CH NSLS COCTaBJU!e'f ex=9OMpao. 

B §5 npIIBe,neHbl onHCaHil}I .n;Byx orrrnqecKIIX KaHaJIOB, KOTOpble 6I.IJIII 

IICIIbITaHI.I )];JUI qiopMHpOBaHWI ny-q:Ka CH OT 3JieKTpOHHoro KOJII.Ua KYTH-20. 

TiepBblll KaHa.JI ·. COCTO.KJI Il3 Ha6opa BHyTpeH.HIIX 3epKarr C HailbIJieHHeM, 

ycTaHOBJieHHbIX BHyTpII K8Mepb1 ycKOpIITeJUI, PMIIYCbI KpIIBI13Hbl 3epKan 

paC'llITbIBaJIIICI, 110 pa6oTe [ * ]. BTOpoii: KaHarr COCTO.KJI. H3 3-x cqiepH'leCKIIX 3epKarr. 

Pe3yJII.TaThl IICnbITaHilii: OilTil'leCKIIX KaHaJIOB IIpIIBe.n;eHbl B Ta6rr.3. ~ TO'IKII 3peHWI 

gpKOCTHI.IX xapaKTepI1CTIIK 6orree npe.nno'lTIITeJII.Ha 3•x3epKaJibHruI cucTeMa, 

)l;aIOIUruI H306pa)KeHHe ceqeHWI 3JieKTpOHHOro KOJII.Ua 6e3 IICKa)KeHHii:, B TO BpeM.K 

KaK B MHOr03pKaJibHOii: CIICTeMe He y.n;aercg norryqnTh H306pa)Keirne. 

Ta6rr.3 

Curttan C reoMeTpHH Pe:>KHM C:>KaTHH IlpuMeqaHue 

.Il8T8KTOpa OnTuqeCKOH 

[MB] CHCTe~ 

ToqeqH~i1! y=22; R=8cM; 
Uo=lOO .Il8T8KTOp .A.Kpirr,=3]MK.M .A.83M=7MK.M 

OnTuqecKaH 3-x 

U1=8·UY sepKanbttaa .A.Kpirr. = J] MK.M .A.83M=7MK.M 
CHCTeMa 

* R, Lopes-Delgado, H.Szwarc. Optic communications, Vl9, .N'22 p.286-291, 1976. 
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C IICnOJib30BaHIIeM 3•x3epKam.Horo KaHaJia 6LIJIII npoBe.n:eHhI H3MepeHHX 

cneICTpOB · nponycKaHIIX BbICOKOTeMnepaTypHoro cBepxnpoBo.n;xmero 

MeTaJIJIOOKCIIJ(a YBa2Cu3O7.i; Ha noJ(JIO)Kl(e II3 KpeMHIDI. O6p83eII HaxOJ(HJICX Ha 

onru'!eCKOM KplIOCTaTe C II3MeHHeMOll TeMneparypoii. 

Ha IICTO'IHIIKe CHHXpDTPOHHOro H3JIY'IeHIIX KOJIJieKTHBHoro ycKOplITeJIH 6bm 

1 

Pnc.19 bJIOK-CXeMa J(ByxKaH8JibHOro cneICTpOM~a. 

1-3JieICTpOHHoe KOJILIIO, 2- BaKYYMHM KaMepa, 3- nY<IOK CH, 4- • 
KOHII'!eCKHll CBeTOBOJ(, 5- nY<IOK JI83epa, 6- cqiep1I'IeCKOe 3epK8JIO, 7-

. KplIOCTaT c o6p83IIOM, 8,9- HK .n;eTeKTOpbI 

3epK8JIO, 7- KpHOCTaT C o6p83IIOM, 8,9- HK J(eTeKTOphl 

npe.n:no)KeH II pe8JIII30BaH MeTOJ( IIMnyJibCHOll IIHq>paxpaCHOll cneICTpOCKOHIIII, 

KOTOpblli OCHOBaH Ha TOM 06CTOXTeJibCTBe, 'ITO B npoIIecce C)KaTIDI 3JieICTpOHHOrO 

KOJibIIa BO BpeMeHII, npOHCXOJ(HT «nepeMeIIIeHIIe» no J(JIHHaM BOJIH cneICTpa CH 

[21,22]. 

B naparpaqie 6 npe.n;CTaBJieHhl . pe3yJILTaTbI no o6ocHOBaHHIO MeTO.n:a 

IIMnyJibCHOll cneICTpOCKOIIIIII C nepeCTPOllKOii no J(JIIIHaM BOJIH. 

Ha p1IC.l9 npe.n:cTaBJieHa reoM~IIX 3KCrrep1IMeHT8JibHOll YCTaHOBKII: BbIBOJ( 

CM C KaMepbl ycKOPIITeJIH ocymeCTBJIHeTCX KOHII'!eCKHM MeJ(HbIM CBeTOBOJ(OM, OJ(HH 

KOHeII KOTOporo BXOJ(HT B OIITH'IeCKHll KplIOCTaT, Ha BhlXOJ(e KOTOporo CTOHT 
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.n:eTeKTOp Ge:Ga .11:JIH perHCTP8IIIIH rrporne.n:rnero' II3JIY<IeHHX CKB03b BTCII rrJieHKY, 

ycTa!fOBJieHHYIO B OIITII'IeCKOM Kp_lIOCTaTe. Ha plic.20 rrpe.n:cTaBJie:ttbI crreKTPbI CH B 

p83Hble MOMeHThl C)KaTIIX 3JieICTpOHHOro KOJibIIa. TaKHM o6p830M B Ka)KJ(blll MOMeHT 

BpeMeHII CKB03b IIJieHKY o6p83IIa IIpOIICXOJ(HT p83Hblll crreICTpam.Hblll COCTaB. 

BpeMeHHM 3aBHCHMOCTb /(t) CHrH8Jia C .n:eTeKTopa 6y.n:eT CBX3aHa C 
; 

MrHOBeHHhIM cneICTpOM CH, P(A) qiyHKIIIIeii rrporrycKaHIIX o6p83IIa T(}Ji 

crreKTP8JibHOll 'IYBCTBIITeJibHOCTbIO J(eTeKTOpa D(A) COOTHOIIIeHHeM:· 

~~ a> E 
~ a..~ 

I(t) =JP('; )o(~)T(2)d2 

100 11,[µm] mo 

PIIc.20 MrnoBeHHLie crreICTpa CH .11:JlH. 
p83HbIX MOMeHTOB BpeMeHII: 1-1, 7Mc; 2-

l,9Mc; 3- 2, lMc; 4- 2,3Mc; 5- 2,5Mc 

(IVS) 

BepxHHll rrpe.n:en IIHTerp1IpOBaHHX 

A1(+) 38BIICIIT OT BpeMeHH C)KaTHx. 

~rreICTp CH B Ka)KJ(hlii MOMeHT 

BpeMeHII I; paC'!HTbIBaeTCX C 

BbICOKOll TO'IHOCTbIO, 3HM 

1 4,2R 
BeJIIIlJHHY Ac = --3-; IIplIBOJ(XTCX 

r 
pe3yJibTaThl IIO orrpe.n:eneHHIO 

38BHCIIMOCTII Ac BO BpeMeHII C)KaTIIX 

IIO 38BIICIIMOCTII BeJIH'IIIH R II y OT 

BeJIII'IIIHhl MarHIITHoro IIOJIH, a 

TaK)Ke IIO He3aBHCHMbIM 

II3MepeHIIXM AC IIO H3MepeHIIIO 

"HaKJioHa" cneICTpa CH B IIHTepBaJie 

J(JIIIH BOJIH AJA2«Ac. AMrrnnry.n:a 

HaKJIOHa H3Mepxnacb IIO 

OTHOIIIeHIIIO IIHTeHCHBHOCTeii Ha 

.n;Byx .11:JllIHax B0JIH P(A1), P(A,} 

2c =~In P(2,) ~ , 
( )

½ 
21 - 22 P(22 ) 2 2 

. HCIIOJib30B8JIIICb J(JIX H3MepeHIIll IIHTeHCHBHOCTeii CH J(Ba .n:eTeKTopa C cl>IIJibTpaMII: 

25 



l. 

,nrui 

A.1=12MKM 

A.2=6..ttKM 

L1J..=2MKM 

LJJ..=2MKM. 

H3Mepemrii BpeMeHHOro OTKJIHKa c1mxpo-rpOHHOro H3Jiy<IeHH.11 B 

cpe.n:HeM u ,n:aJibHeM HK ,n:HanaJoHe 6bIJI BbI6paH npnMeCHbIH npneMHHK Ge:Ga, y 

KOToporo 'I)'BCTBHTeJibHOCTI, Haxo.n:nnacb B .n:nanaJoHe 20MKM«A.« 100MKM. 

BpeMeHHOe pa3pe~eHne COCTaBJI.lleT r-J(J6ceK. ,[{eTeKTOp Haxo,n:HJIC.11 B KpHOCTaTe C 

pa6oqeii TeMnepaTypoii T=4,2K0
• ,[{JI.II BOCCTaHOBJieHH.11 qiyHKIJHH nponycKaHH.11 

ncxo,n:a u3 HHTerpanLHoro ypaBHeHu.11 Ha,n:o c BLicoKoii TO'IHOCTLIO 3HaTL qiyHKIJUIO 

cneK-rpaJibHOH 'I)'BCTBHTeJibHOCTH D()J, KOTOpa.11 H3Mep.11JiaCb ,n:JI.11 ,n:aHHoro 

,n:eTeKTopa Ha <l>yp1,e-cneK-rpoMe-rpe "Brucker". 

3aBUCUMOCTb D KaK qJYHKIJU.11 ,n:JIUHbl BOJIHbl. -... r 
18,8 

e., 
388 

CnenpanbHaH xapaKTepMcmka <J)OT03tpeKTa 
Ge:Ga 

250 2H 150 
lf~V£Nl.:"18U5 Ot- J 

Ha puc.21 npe,n:cTaBJieHa 

1•• 

B n.11Toii rnase 

npe,n:CTaBJieHbI 

pe3yJILTaTbl no 

. H3MepeHUIO 

OilTU'leCKHX 

CBOHCTB 

BbICOKi:>TeMnej> 

aTYPHhlX 

CBepxnpoBO.D:.11 

mnx 

OKCU,n:HbIX 

nJieHOK B 

Puc.21 CneK-rpaJILHM qyBcTBHTeJILHOCTb OT HH<ppaKpacHoro I wupoKoii 

,n:eTeKTopa Ge:Ga npu pa6oqeil: TeMnepaTYPe T=4, 7K o6nacrn 

cneK-rpa. 

B nepBOM naparpaqie npUBO,n:HTC.11 IlOCTaHOBKa 3a,n:aqn no H3MepeHUIO 

onrnqecKHX cBoiicrn BTCII. O.D:Hoii H3 ocHOBHhlX 3a,n:aq cneK-rpOCKOilH'lecKHX 

HCCJie,n:oBaHHH .IIBJI.lleTC.11 .D:OKa3aTeJibCTBO cymecTBOBaHH.11 3HeprernqeCKOH menu B 

CBepxnpoBo,n:.llmeM COCTO.IIHUU. BbillOJIHeHHble pa60Tbl no o6Hapy)KeHHIO 

3HepreTH'leCKOH menu, HanpaMep~ Ha HCTO'IHUKe CH, 6bIJIU H3-3a He,n:oCTaTO'IHOH 

26 

.llpKOCTU npoBe,n:eHbl B pe)KUMe U3MepeHU.II cneK-rpOB 0-rpa)KeHH.II U .n:ann 

OTPUIJaTeJibHblH pe3yJILTaT. MHorue 3KCnepuMeHTbl, ,n:oKa3hlBaIOmHe npo.llBJieHue 

3HepreTU'leCKOH menu B cneK-rpax 0-rpa)KeHU.II B CBepxnpoBo,n:.llmeM COCTO.IIHUU, 

6bIJIU BblIIOJIHeHbl C UCilOJib30BaHUeM <l>ypbe-cneKT{lOMe-rpa C UCTO'IHUKOM 

H3Jiy<IeHU.11 Tuna PTYTHOH JiaMilhl, y KOTOpoii MOmHOCTb H3Jiy<IeHU.II B 

,n:JIUHHOBOJIHOBOM ,n:uanaJoHe cocTaBJI.lleT ~J(J7Bm B nonocy AAJJ..-::::,J0-
2
. Ilo3TOMY 

npoBe,n:eHue U3MepeHuii 3HepreTu'lecKoii menu B cxeMe Ha nponycKaHne .11BJI.11eTc.11 

6onee 3<p<peKTUBHbIM MeTO,n:OM no CpaBHeHUIO co cxeMOH Ha o-rpa)KeHUe, r.n:e 

BeJIU'IUHa H3MeHeHU.II OT{la)KeHU.11 COCTaBJI.lleT HeCKOJibKO np~IJeHTOB. 

O,n:HaKO, ,n:JI.11 3THX UCCJie,n:OBaHUH -rpe6yeTC.II 60JibWM .11pKOCTb UCTO'IHUKa 

u3nyqeHu.11 B cuny Toro, 'ITO rmeHKa BTCII .11Bn.11eTc.11 cuJILHO nornoma10meii. 

Ilo3TOMY co3,n:aHHL1ii HaMU MeTO.D: nccne,n:oBaHuii Ha· nyqKe CH ycKopuTeJILHoro 

KoMnJieKca KYTH-20 [19,20], ucnon1,3yeTc.11 6naro,n:ap.11 6on1,woii uMnynLCHoii 

.11pKOCTU .D:JI.11 mMepeHuii cneK-rpOB nponycKaHu.11 BTCII nneHoK. 

IIpe,n:cTaBJieHHLiii B rnase IV nepec-rpauBaeMLiii cneK-rpoMe-rp o6na,n:aeT 

6oJibWOH UMilYJibCHOH .11pKOCTbIO u cne.n:yiomuMH xapaKTepucTHKaMU: 

nepeCTpOHKOH no ,n:JIHHaM BOJIH B UHTepBane (20+100MKM), BpeM.11 nepec-rpoiiKU 

L1T,:::,2+ 3MceK. OH no3BOJI.lleT BOCCTaHOBUTb qiyHKIJUIO nponycKaHU.11 061,eKTa C 

pa3peweHueM no ,n:JIUHaM BOJIH L1V~(2+30)cM-I . 

. 0 

1.5 
~ r 1 2 

1 

11 1.9 2.1 23 2.5 2.7 t [Mee•] 

0 
Puc.22 BpeMeHHM 3asucuMOCTh + 

UN 
curnanoB c ,n:eTeKTopa, pernc-rpupYJOmero 

npowe,n:wee CKB03h YBa2Cu3O1-s 

u3nyqeHn.11, ½JJM.=20K 
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Puc.23 3aBHCUMOCTb 

3HepreTU'leCKOH menu OT 

TeMneparypbI 



j' 
lfaMepeHmI 61,um npoBe,l{eHbl Ha noJIIIKpIICTaJIJIII'IeCKIIX 06pa:n1ax 

YBa2Cu3O7•0 Ha no.l{JIO,KKax 113 MgO c TeMnepaTypoii rrepexo.l{B Tc=82+84K". 

Mccne.1{0Baum1 onrn'leCKIIX cBoiicrn BTCII npoBo.1{11Jioc1, B . cne1111aJibHO 

pa3pa60TaHHOM npoKa'IHOM OIITII'leCKOM KpIIOCTaTe, B OTOpOM ,l{llaITaJOH IIJMeHeHmI 

TeMneparyp T=(4,8+300)K~ TO'IHOCTb noMep,KaH11.11 TeMrreparyp1,1 .tJT=0,lK~ 

EhlJIII rrpoBe.l{eH1,111ccne.1{0BaHIIH 60JI0MeTpII'leCKIIX xapaKTepIICTIIK BTCII 

rrJieHOK c 11eJibIO Y'leTa BJIIIHHII.11 IIX HarpeBa nornomeHHOll 'laCTbIO crreKTpa CM. 

MaKCIIMaJibHO BOJMO)KHOe 113MeHeHIIe TeMrreparyp1,1 COCTaBIIJIO .t1T=2K° [23,24] rrp11 

:mepm11 113JIY'leHHH, 6JIII3Koii: K IICTO'IHIIKY CM. E1,m11 npoBe.l{eH1,1 IIJMepeHIIH 

cneKTpOB nponycKaHIIH nneHoK YBa2Cu3O7.0 np11 T=20K [25]. Ha p11c.22 

npe.l{cTaBJieH1,1 cneKTpbl nponycKau11.11 np11 T=20K. BpeMeHHoii: llIKaJie 

COOTBeTCTByeT llIKaJia no ,l{JIIIHaM BOJIH cneKTpa BO BpeMeHII no MIIHaM BOJIH, 

KOTOpaH 61,ma nOJIY'leHa cnoco6oM, 113JIO)KeHHbIM B IV rnaBe. MJMepeHHa.11 

BeJIII'IIIHa 3HepreTII'leCKOll 111en11 COCTaBJIHeT 2.t1(I'=2K)~20M3B . 

. E1,m11 np11Be,l{eHbl IIJMepeHII.11 3aBIICIIMOCTII . :mepreTII'leCKOll meJIII OT 

TeMneparyp1,1, KOTopa.11 6JIII3Ka K TOH, KOTOPYIO ,l{aeT Teop11.11 EKIII, p11c.23. 

[26,27,22]. 

400000 
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P11c.24 Onrn'leCKa.11 npOBO,l{HMOCTh (J' B 3aBIICIIMOCTII OT 'laCTOTbl 
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B TpeTbeM rraparpaqie npIIBO,l{HTC.11 3KCnpIIMeHTaJibHble pe3yJibTaTbl 

[28,29,30,31] no IIJMepeHIIIO om1111ecK11x xapaKTep11crnK BTCII MaTep11anoB B 

cpe.l{He- II .l{JIIIHHOBOJIHOBOM MK ,l{IIarraJoHe C IIOMOIIIbIO . <I>yp1,e-crreKTpOMeTpa 

JIA<I>C-1000 11 MKC-31. 

Ta6n.4 - -·- --

YBa2Cu3O1.i; 
t1acT0Ta I BosMo:>ICHaR MO.Ila 

[CM- 1 ] 

155 VJ 
325 V2 
573 V3 
606 V4. 
621 
632 2v2 
641 ' 
700 
709 v1+v2 
724 

. , YBa2Cu3O6+0 

180 
220 
250 
606 
653 

Ha 

3aBIICIIMOCTb 

p11c.24 npe.l{CTaBJieHa 

o6pa60TKH 

3KCrrep11MeHTaJII,HI,IX pe3yJibTaTOB II 

nOJIY'leHII.11 3aBIICIIMOCTII 

npoBO.l{IIMOCTII OT .IlJIIIHbl BOJIHbl ,l{JIH 

IlJieHKII YBa2Cu3O7-o c TeMrreparypoii 

nepexo.l{a Tc=82K~ IloJIY'leHHhie 

peJyJibTaTbl xopolllo COBna.l{aIOT C 

113Mepeimm.rn, BbIIIOJIHeHHbIMII 

.l{pyni:MII rpyrrnaMII, II HBJIHIOTC.11 

xapaKTepHbIMH .l{JIH OpTOpoM6H'leCKOH 

cBepxnpoBO.l{HIIIeii: q>aJbl YBa2Cu3O7.i; . 

EbIJIH npoBe,l{eHbl HJMepemrn B 

cpe.l{Heii: o6JiaCTII ID{ cneKTpa 

(2+15)MKM c MonoxpoMarnpoM MKC-

31 [29]. Ha o6paJIIax, cocTOHIIIIIX HJ o.l{Horo npoIIeHTa YBa2Cu3O7.i; B MaTp1111e 113 

KBr, o6napy)KeHbl B cneKTpax nponycKaHil.11 CBepxnpOBO,l{HIIIeii q>aJbl JIIIHHH 

nornomeHHH, KOTOpble 6JIH3KH K cyMMOBbIM 'laCTOTaM OCHOBHbIX q>OHOHHbIX MO.II, 

T.e. B Ta6n.4 npe.l{cTrumeHhl HJMepeHHbie n11H1111 nornomenHH. 

E1,m11 o6Hapy,KeHbl JIIIHHH rrornomeHH.11 B cBepxnpoBO.l{HIIIeM COCTOHHIIH, 

IIHTeHCHBHOCTh nornomenHH KOTOpbIX 3aBHCeJia OT TeMrreparyp1,1, 21=4,26MKM, 

22=5,26MKM. Han6onee o6meii JaKOHOMepHOCThIO B. rrornmenn:11 B 6JI11,KHeM ID{ 

.l{HarraJone - 3TO Ha6JIIO.l{enne neceneKTnBnoro rrornomenrui:, KOTopoe .!{JI.II BTCII c 

PaJHoii TeMneparypoii nepexo.11a HMeeT paJHbrn xapaKTep nornomenHH. 
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ii 

qeM Bblille TeMnepaT)'Pa nepexo,na, TeM Mem,me HJMeHemi:e nornomeHmr c 

HJMeHeHneM TeMnepaTYJJhI. 

B qeTBepTOM naparpaqie npHBO.!l;lITCX nccne,noBaHHX OilTHqecKHX CBOHCTB 

BTCII nneHOK B BH,nHMoii o6nacru cneKTPa (32,33,34]. BnepBhie HaMH 6nm 

o6Hap)')KeH q>oTon:nzzyuHpoBaHHhiii 3q>q>eKT B BTCII nneHKax, KOTOpo1ii Bhipa)R:ancx 

B TOM, ~o no.n ,neiicTBHeM na,nruomero BH,nHMoro n:JnyqeHHX, npeBblmruomero 

onpe,neneHHblli nopor Ha ypOBHe P~J(J4em, npOHCXO.D;HT BOJHHKHOBeHHe 

nornomeHHX Ha ,nnn:Hax BOilH ).;::O, 6MKM. 

Eoma C03,n~a 2-KaHMbHM YCTaHOBKa ,nng Hccne,noBaHHH onruqeCKHX 

npoueccoB B BH,nn:Moii o6nacru cneKTPa, B KOTopoe B036~eHHe BTCII nneHKH 

ocymeCTBnxnoch IIIHpoKHM cneKTPanhHhIM pacnpe,neneHneM, a nornomeHHe 

HJMepxnoch Ha ,nnHHe BOilHhI HeNe naJepa ).=O, 63MKM. 

Dblnll H3MepeHbI BpeMeHa HapaCTaHHX ll penaKCal(llll HH.D;YQHpOBaHHOro 

nornomeHHX,a TaK)R:e HX 3aBHCHMOCTh . OT TeMnepaT)'PbI. Ha pHc.25 npe.ncTaBneHa 

BpeMeHHM 3aBHCHMOCTh q>OTOHH.D;YQHpOBaHHOro nornomeHHX B BTCII nneHKe 

(TBCCO). EomH npoBe,neHbI cneKTPMhHble nccne,noBaHHX q>oToHH.D;YQHpOBattHoro 

150% :- -·;-Ptioioi)iulllpllerslg~al 
. . -TBCCO, . 

1100% 

50% 

0% 
10 20 30 -<10 50 60 70 80 90 

10 V l:w.Jari,p r 
5 

II 0 
0 10 20 30 40 50 60 70 90 90 mlnutiloo 

Pnc.25 <l>oTOHH,nYQHpOBaHHhlii 3q>q>eKT B TBCCO 

nornomeHHX, KOTOpbie IlOKaJanH, ~o OHO 3aBHCHT OT TeMnepaT)'Pbl. B ll3MepeHHH 

onruqecKoro nornomeHHX ,nnx YBa2Cu3O7-11 B ,nnanaJoHe (0,4-;-J)MKM 6omo 

no,nTBep~eHO HanHqHe KOPOTKOBOilHOBOH rpattynhl nornomeHHX, KOTOpax 
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OTO?KJ):eCTBnxeTCX C OilTHqeCKOH menbIO Me~ BMeHTHOH 30HOH ll 30HOH 

npoBo,nHMOCTH, BenHqHHa_ onruqecKoii menH Eg cocTaBAAeT no_ peJynoTaTaM 

HJMepeHHii Eg=2,053B. IlpH mMepeHmrx npH T<l 50K 6omo o6Hap)')KeHO 

noxBneHHe IlllHHH nornomeHHX B6Illl3ll OITTHqeCKOH menH Ha ).=O, 67MKM [31 ]. 

IIonO)R:eHHe 3TOH IlllHllll nornomeHHX ll . 3aBHCHMOCTb BenHqn:HI,I 

nornomeHHX OT TeMnepaTyphI noJBOAAIOT c.nenaTh npe,nnono)R:eHne o HanHqn:H 

3KCHTOHH0H IlllHHH nornomeHHX. O6Hap)')KeHHe 3KCHTOHHbIX MO.!I; MO)R:eT 

Il03BOilll'rb _B 661,xcHeHHH MeXaHH3MOB BbICOKOTeMnepaTYJJHOH CBepxnpoBO.!l;HMOCTH, 

npHBneqI, . · MeXaHH3MbI IlOBbillleHHX TeMnepaTYJJhI nepexo.na, BbICKaJaHHbie 

B.fl.fHH36yproM. 

OcHOBHLIC pe3yJILT3TLI JJ.HCCCpTaU:HH 

1. BnepB.bie npoBe,neHo 3KCnepHMeHTanhHoe nccne,noBaHHe TOpM03Horo 

HJnyqeHHX 3IleKTPOHOB Ha ·HOHax B 2-x KOMilOHeHTHOM 3IleKTPOH-H0HHOM 

KOilbQe. 

2. BnepBhie npoBe,l(eH TeoperuqecKHii pacqey ceqeHHX TOpMOJHoro mnyqeHHX 

3neKTPOHOB B 2""KoMITOHeHmOM peIDITilBHCTCKOM 3neK1J)OH-HOHHOM KOilbUe C 

yqeTOM HJMeHeHHX 3apX.l(a HOH0B, Ha 3TOH OCHOBe 6nm npe,nno)R:eH ll 

peanHJ0BaH MeTO,l( HJMepeHHX cpe,l(Hero 3apX.l(a HOHOB B 3IleK1J)OH-HOHHOM 

KOilbQe. 

3. IlpoBe,l(eHbI Hccne,l(OBaHHX npouecca HaKOnneHHX HOHO_B B 3neK1J)OH-HOHHOM 

KOilbI(e. IlpH pa3HbIX cnoco6ax 3arpYJKH KOilbUa HOHaMH H3 OCTaTOqHoro ra3a 

ll H_3 aTOMH0ii C1J)ytt. C TOqKff 3peHJIX IIOBblWeHHX 3apX.l(HOCTH HOHOB 

npe,l(IlO~HTeneH I cnoco6 HaKOIIneHHX HOHOB HJ OCTaToqn:oro raJa. 

4. BnepBbie C03,l(aHbl npn6opbI ,nng H3Mepemui npOCTpaHCTBeHHbIX xapaKTepHCTHK 

cna6o CBeTXIIl;HXCX, Ha ypOBHe ~J(Jll-;-J(J12[BmlcM2
], 061,eKTOB. Ha OCHOBe 

C03,l(aHHbIX npn6opoB npoBe,l(eHa OIITHMH3aQHX MarHHTHOH cn:CTeMhI, B 
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KOT0poii npoHCX0):IHJIO <pOpMnpomurne :meKTp0H-II0HHhIX Konen i1n11 

K0JIJieKTHBH0ro ycKopeHH11. IlOJIY1IeHbl :meKTp0HHhie K0nona C qncnoM 

:meKTp0H0B N,zl013
, a;::-0,15+0,2cM. BnepBhie C n0MOIUhIO C03):laHHOll 

CHCTeMbl 6hIJIO npoBe):leH0 Il3MepeHHe np0CTpaHCTBeHH0ro pacnpei1eneHH1I 

qepeHK0BCK0ro ll3nyqeHH11 np0T0H0B C :meprneii Ep=660[M3e] B MHKpo6aHqe C 

qncnoM np0T0H0B ~107
• 

5. ,lvui: nccne):I0BaHII11 ll3nyqeHH11 3neKTp0H-H0HHoro K0nona B o6naCTH 

BaKYYMH0ro ynoTpacpnonem 6om pa3pa60TaH H ll3roT0BneH BaKyyMHhlll 

M0H0Xp0MaTOp no cxeMe Ceiii1a-HaMHOKa. Ha ero 0CH0Be 6omn npoBe):leHhl 

H3MepeHH11 cneKTp0B Il3.II)'1IeHH11, B036y)I():leHHhIX HellTpOHOB H H0H0B Il3 

K0JihUa. BnepBhie 6olJIII o6Hap)')KeHbl orpaHnqeHH11 no 3ap11i1y H0H0B, 

HaK0nneHHhIX B 3neKTp0HH0M K0none, H3-3a KorepeHTHhIX HeycTofiqHBOCTeii, 

npHB0MIUHX K noTepe II0H0B. 

6. IIpoBe):leHbl 3KCnepHMeHTaJihHhie Hccnei10BaHH1I yrnoBoro pacnpei1eneHH1I 

CHHXp0Tp0HHoro Il3nyqeHH11 B BH):IHMOH o6nacTH cneKTpa ):(ByxKoMn0HeHTH0ro 

3neKTp0H-II0HH0ro K0nona B pe3ynoTaTe KOT0pbIX: 

BnepBhie o6Hap)')KeH 3<p<peKT 3HaqnTenoHoro ynmpeHH11 yrnoBoro 

pacnpei1eneHH11 en 3a cqeT HaKonneHHhIX H0H0B; Ha 0CH0Be 3T0ro 

3<p<peKTa npe):IJI0)I(eHbl H peann30BaHhl. MeTO):lhl · H3MepeHH11 qacT0T 

6eTaTpOHHhIX Kone6aHnii H npocTpaHCTBeHHoro pacnpei1eneHn11 

3neKTpnqecKoro noJI11 H0HH0ro K0MnoHeHTa. 

7. IIpoBe):leHO 3KCnepnMeHTaJihH0e HCCne):I0BaHHe ):IHHaMHKH HaKonneHH11 H0H0B B 

3neKTp0HH0e K0nono, npoBe):leHo cpru3HeHHe C pacqeToM. 

8. C03):laHbl H BHe):lpeHbl YCTpOHCTBa ):IJI1I H3MepeHH11 np0CTpaHCTBeHHhlX 

pa3MepoB 3neKTp0HHOll K0Mn0HeHThI no CHHXp0HH0MY H3nyqeHHIO B 

IIHTepBanax BpeMeH I 0-9
-',-I 0-2 

CeK C 6onhlllHM ):IIIHaMHqecKHM ):(HaIIaJ0H0M. Ha 

3Tanax .C)I(am11 H nonepeqHoro BhIB0):la 3neKTp0H-H0HH0ro K0nona.. C HX 
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noM0IUhIO 61,mo npoBe):leHo <pOpMHpOBatme 3neKTp0H-H0HHhIX Konen C 

napaMeTpaMII, Heo6XO):IHMhlMH ):IJI1I KonneKTHBH0ro ycKopeHH11 H0H0B, a TaK)I(e 

npoBeaeHo ycKopeHHe HOHOB aJ0Ta i10 3Heprnn MIL= 2,5M3e/ . , IL /HyKJl.•M 

9. BnepBbie npoBe):leHbl 3KCnepHMeHTaJI_!,Hble Hccnei10BaHH1! cneKTpaJihHOll 

M0IUH0CTH CH B nn0THhlX 3neKTp0H-H0HHhIX K0nonax B lllHpOKOll o6naCTH 

cneKTpa 0,4+300MKM, noKaJaH0, ~o B ):IJIHHH0B0nH0B0M ):(HanaJ0He ).>J00MKM 

M0IUH0CTh H3nyqeHH11 nHHeiiHO 3aBHCHT OT qncna 3neKTp0H0B, Bnn0Th ):10 

N,-::::;J0/3. 

10. DhlJIO noKaJaHo, q:ro M0IUH0CTh CH B HH<ppaKpaCHOM ):(HaIIaJ0He Ha ):(Ba 

nop11i1Ka npeB0CX0):IHT ll3BeCTHbie cneUHaJill3Hp0BaHHble HCToqmIKH CH, 

C03):laHHbie i1n11 HK:cnt;K_TpOCKOIIHH. 

11. BrrepBbie pa3pa60TaH MeT0):I HK-crreKTpOCKOnHH Ha OCHOBe BpeMeHHOll 

nepeCTpOllKH cneKTpa CH npH C)I(aTHH 3neKTp0HH0ro K0nona B KaMepe 

ycKopttTen11. 

12. BrrepBhie 

11.1 Ha 3TOll 0CH0Be C03):laH . HMrrynhCHhlll crreKTp0MeTp co 

CKaHHp0BaHtteM cneKTpa 3a BpeM11 HeCK0nhKHX MHnnuceKyH):I C 

qacT0THhIM pa3pellleHtteM B MHHH0B0nH0B0ii (vzJ00cM·1
, 

L1vz5cM·1
) o6Jiacm; 

11.2 . Co3):laH K0MnneKc arrrrapaTYPhI Ha nyqKe CH i1n11 orrmqecKHX 

HCCne):IOBaHHll B HHTepBane 4, 7+300K. 

6oIJIH npoBe):leHhI H3MepeHH11 crreKTp0B npo11ycKaHH11 

rronttKpttcTannnqecKHX rrneH0K YBa2Cu3O1.6 Ha no):IJI0)I(Ke ll3 MgO Ha 

IIMIIynhCH0M CIIeKTp0MeTpe Ha rryqKe CH B lllHp0K0M HHTepBane TeMrreparypol 

4, 7+300K. O6Hapy)I(eHo 11po11BneHtte 3HepremqecKoii menu. IIonyqeHo 

a6comoTHOe 3HaqeHHe ee BenlfqlfHhl 2L1(T=0)=20[M38], a TaK)I(e 3aBHCHM0CTh 

OT TeMrreparyphl, KOT0pa11 6JIH3Ka K 3aBHCHM0CTH Eap):IHHa-Kyrrepa-lllpncpepa. 

33 



I 

13. IlpoBe,neHbl IIccne,nOBillUUI crreKTpOB OTPa)KeHII.H II rrporrycKaHII.H BTCIT 

rrneHKaMII B rrmpOKOM IIHTepBaJie MIIH, BOllH II T~Mrreparyp. · Ilony'feHbI 

OIITJllfeCKIIe IIOCTO.HHHbie .nnx 3TIIX MaTepIIaJIOB Ree; lme·KaK cpyHKIIII.H 'faCTOT, 

rronyqeHHbie «pOHOHHbie MO.I(bl COBIIa.Z(illOT C pe3YllbTaTaMII .npyrnx aBTOpOB. 

BrrepBbie o6Hapy,KeHbI B crreKTpax rrporrycKaHII.H rrneHOK YBa2Cu307•0 qacTOTbI, 

COOTBeTCTB}'IOIIIIIe KOM6IIHaIIIIII OCHOBHbIX «pOHOHHbIX MO.I(. 

14. BrrepBbie o6Hapy,KeH II IIccne,noBatt rrpo11ecc cporn1rn.ny11IIpoBaHHoro 

rrorno111eHII.H B BII,nHMOH o6nacTII crreKTpa B BTCIT rrneHKax, rroKaJaHa 

KOppeAAIIII.H CBepxrrpoBO,n.HIIIIIX CBOHCTB MaTepIIaJIOB C BenII'fIIHOH 

«pOTOIIH.I(YIIIIPOBaHHOro rrorno111eHII.H. 
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