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"--·· l.BBE):1EHHE 

B nocne~nue ro~hl Mnorue.na6opaTopuu MHpa npoBo~.aT 
ilccne~OBanHH 3neKTponnbiX MeTO~OB perHCTpaUHH 1-IaCTHU 
B Kon~encupoBaHnhlx 6naropo~nhiX ra3ax 11- 10/. Co3~anue 
~eTeKTOpOB na ocnoBe TaKHX cpe~ C BbiCOKHM npocTpancT· 
BennhiM. H BpeMennhiM pa3pewenueM ueo6xo~HMO ~n.a pewenu.a 
p.a~a riJH3HqeCKHX 3a~aq, nanpHMep, ~n.a 6biCTpOH perHCTpa
UHH neiiTpanbnhiX H3nyqenHH H, B oco6ennOCTH, neiiTpH
no/1,4/. B 6onhWHnCTBe uccne~oBanuii B KaqecTBe pa6oqux 
cpe~ ucnonh30Bannch >KH~KHe apron H Kcenon. B p.a.n.e pa6oT 
npOBO~HnOCb H3yqenHe ~eTeKTOpOB na ocnoBe TBep,ZJ.~IX 

aprona H Kcenona 12•5•11 •12/. •· 
B pa6oTe /5/ coo6wanocb o na6mo~enuu pa3MHO>Kenux 

3neKTponoB /Ko3r!Jr!JuuuenT ycunenu.a B nponopuuonan6uoii 
o6naCTH ~0 150/ B6nH3H nHTH B cqeTqHKe, 3anonHeHnOM 
KpucTannuqecKHM apronoM, a TaK>Ke KcellonoM. B'HacTo.aweii 
cTaTbe npuBo~.aTc.a pe3ynhTaTbi 6onee·~eTanbnoro uccne~o-

/5/ 
Banu.a xapaKTepHCTHK cqeTquKa, onucannoro B pa6oTe 
B KaqecTBe pa6oqeii cpe~hi ucnonh30Banilch >KH.D.KHH H 

KpHcTannuqecKHH apron. 

2. 3KCIIEPHMEHTAJibHA.JI YCTAHOBKA 

3KcnepuMenTanhna.a ycTanoBKa BKmoqana B ce6.a cqeT
quK, CHCTeMy oqHCTKH ra3a, CHCTeMy TepMOCTaTHpOBaHHH 
H perucTpupyrowyro 3neKTponuKy. Onucanue npuuuunnanhHOH 
cxeMbl ycTanOBKH H KOnCTpyKUHH cqeTqHKa npHBe~eno B 
pa6oTax /5/ . HanoMnHM, qTo cqeTqHK HMen uunun~puqe

CKHH KaTo~ ~HaMeTpoM 6 MM, a ano.n.oM cny>Knna no3ono
qeilna.K BOnhr!JpaMOBaH nHTb ~HaMeTpOM 10 M KM. 
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liJIOK- CXeMa 3JieKTpOHHOH arrrrapaTypLI, HC,IIOJIL3yeMOH 

B ,ZJ;aHHLIX uccne,ZJ;oBaHHHX, rrpuae,ZJ;eHa Ha puc. 1. CurHaJI 

Puc. 1. EAoK- cxeMa 3/leKmpoHHoii annapamypbl. 

C aHO,ZJ;a C'leT'IHKa IIOCTyiiaJI ,Ha 3apH,Zl;O'IYBCTBHTeJILHLIH 

rrpe,ZJ;ycHJIHn!nL IITY I /l3/ I K03cP4llmHeHT rrepe,ZJ;a'iH 

7·10 12 B·K-1 1 • .D;anee - H:a nHHeiiHLI-ii ycHnHTen~:. IYI 
IMaKCHMaJILHLIH K03cPcPimHeHT YCHJieHHJI, 20001, r,ZJ;e O,ZJ;HO

BpeMeH~O C YCHJieHHeM IIpOBO,ZJ;HJIOCL cPOPMHpOBaHHe CHrHana 

IIIOCTOJIHHLie HHTerpHpOBaHHJI H ,ZJ;HcPcPepeHD;HpOBaHJiJI COC

TaBJIJIJIH T MHT = T .QMqxp = 1 M KCI. ilOCJie YCHJIHTeJIJI CHr;HaJI, 

pa3BeTBJIJIJICJI: O,ZJ;HH HMIIYJILC IIOCTyiiaJI Herrocpe,ZJ;CTBeHHO 

Ha BXO.D; aMIIJIHTY.D;Horo aHaJIH3aTopa. AH -128, a ,ZJ;pyroii -

qepeJ JIHHeHHhlH clJa30HHBepTop lei> HI, ,ZJ;HCKpHMHHa TOp IJJ.j 
H ycHJIHTenL-cPOPMHpoaaTenL lct>l - Ha 3arrycK aHaJIH3aTopa. 

3Ta 'laCTL 3JieKTpOHHKH ~pe,D;Ha3Ha'laJiaCL ,ZJ;JIJiyMeHLWeHHJI 

3arpy3KH rrepBLIX KaHaJIOB aHaJIH3aTopa WYMOBLIMH HMIIYJIL

caMH H HMrryn~:.caMH MaJILix aMrrnuTy.D;. HMrryn~:.cLI c BLixo,ZJ;a 

,ZJ;HCKpHMHHaTopa IIO,ZJ;aBaJIHCL Ha rrepecqeTHLIH IIpH6op /ITITI. 
Ha6mo,ZJ;eHHe cPOPMLI CHrHaJIOB IIpOBO,ZJ;HJIOCL C IIOMOID;LIO 

oc:u;unnorpaclJa lOco;./. Pe3yJILTaTLI c aMIIJIHTY,ZJ;Horo aHa

nil3aTopa' 'BLIBO,ZJ;HJIHCL Ha D;HcPPOIIe'laTaiOID;ee ycTpOHCTBO 

IU:ITYI. 
. AMIIJIHTY.D;HaJI KanH6poBKa 3JieKTpOHHoro TpaKTa rrpoao

,ZJ;HnacL qepe3 ,ZJ;03HPYJOID;}?O eMKOCTL rrpe,ZJ;yCHJIHTeJIJI OT 

reHepa Topa 1r I. CKB03H~H . HeJIHHeiiHocTL TpaKTa lrrpH / , 

H3MeHeHHH cHrHana 'Ha axo,ZJ;e aHaJIH3aTopa B rrpe,ZJ;enax 

1+15 Bl He rrpeaLiwana ±1~. 3HepreTH'IecKHii 3KBHBaneHT 

WYMOB ITO aproHy IIpH CYMMapHOH BXO,ZJ;HOH eMKOCTH 30 ntP 
COCTaBJIHJI OKOJIO 50 K3B lnOJIHaH WHpHHa Ha IIOJIYBLICOTe/. 
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Oxna:>K,ZJ;eHHe C'leT'IHKa rrpoH3BO,ZJ;HJIOCL rryTeM perynupo

BaHHJI CKOpOCTH IIOTOKa rrapo-:>KH,ZJ;KOCTHOH a30THOH CMeCH 

qepe3 TepMocTaT. KoHTponL TeMrrepaTypLI ocymecTBJIHJicH·, 

C IIOMOID;LIO TepMOIIapHLIX H ,ZJ;HO,Zl;HhlX ,ZJ;aT'IHKOB, a TaK:>Ke 

C IIOMOID;LIO IIpOBOJIO'IHOrO COIIpOTHBJieHHJI, paCIIOJIO:>KeHHOrO 

BHYTPH c'leT'IHKa~ llpo:u;e,D;ypa rronyqeHHH KpHcTanJIHqecKoro 

aproHa aHaJIOrH'IHa . OIIHCaHHOH ~ B pa6oTe /S/ ,' O,ZJ;HaKO B 

OT,ZJ;eJILHhlX 3KCIIepHMeHTaX, .C. D;eJILIO nony..feHHJI 6onee Ka

qeCTBeHHOrO KpHCTaJIJia, CKOpOCTL. OXJla:>K,ZJ;eHHJI 6LIJia yMeHL

weHa .D;O 0,2 rpa,D;yca B qac • 

3. 3KCIIEPHMEHTAJibHbiE PE3YJibTATbl 

Hccne.D;oBaHHJI _ rrpoao,Zl;HiiHCL rrpH · o6ny'leHHH c'leT'IHKa 

raMMa-'KaaHTaMH oT pa3JIH'IHLIX HCTO'IHHKOB: 6° Co ,6 5 Zn , 
54Mn , .'137Cs , 113Sn . CKopOCTL C'leTa COCTaBJIJIJia;.. 1+. 

•+100 c-l B 3aBHCHMOCTH OT aKTHBHOCTH HCTOqHHKOB H 

reoMeTpHH o~!IY'IeHH,H. Ha _puc. 2 H 3 rrpHae,ZJ;eliLI THIIH':IIt~I·e 
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Puc. 2;- AMnAumyOHble pacnpeoeAeHU.R uMnYAbCOB om-zaMMa
KBaHmoe 60 Co, 0/l.R C'lem'IUKa, 3DnOAHeHHOZO, JICUOKUM U 
meepObiM t;zPZOHOM /Hanp.RJtCeHI-4e Ha l.(amooe U =4 KB/. · 
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Puc. 3. AMnAumyoHble pacnpeoeAeHUJI uMnyAbcoe om zaMMa_
KeaHmoe 137 Cs OAJI ct~emt~uKa, 3anoAHeHHozo xuoKUM u meep
OblM apzoHOM /HanpJIJICeHue Ha Kamooe U = 4 KB/. 

aMnJIHTYJJ;Hble pacnpe.u;eneHHH, nonyqeHHLie npH o6nyqeHHH 
cqerqHKa, 3aiTOJIHeHHOrO :>KH,IJ;KHM H TBep,IJ;biM aprOHOM, 
raMMa·KBaHTaMH OT HCTOqHHKOB 6°Co H 137Cs /HaiTpH:>KeHHe 
ua Karo.ne cocraBJIHJIO U ::::: 4 KB/. KaK BH,u;Ho H3 pHcyHKOB, 
aMITJIHTY,IJ;HOe pacnpe,neJieHHe, COOTBeTCTBYIOIUee :>KH,!J;KOMY 
aproHy, HMeeT xapaKTepHYJO CTyneuqa TYIO CTpyKTypy, npH
CYIUYIO CITeKTpy KOMITTOHOBCKHX 3JieKTpOHOB, npOH3BO,IJ;HMbiX 
raMMa-KBaHTaMH B o6'beMe cqerqHKa. )J;ns TBep.u;oro aproHa 
OCHOBHaH qaCTb pacnpe,neJieHHH HMeeT TaKOH :>Ke BH.u;, OJJ;HaKO 
B CITeKTpe orqeTJIHBO BH,IJ;eH npOTH:>KeHHhiH "XBOCT" HMITYJibCOB 
6oJILWHX aMnnHry.u;. CrpenKaMH Ha pHCYHKax noKa3aHLI 
TOtiKH CITeKTpOB /roqKH neperHfia/, 3HaqeHHH aMITJIHTY,IJ; ,IJ;JIH 
KOTOpbiX Mbl npHHHMaJIH·' 3a HaHfionee BepOHTHble 3HaqeHHH 

aMITJIHTy,n, COOTBe_TCTBYJOIUHX KpaHM CITeKTpOB KOMITTOHOB
CKHX 3JieKTpOHOB. Ha. puc. 4 npe,ncTaBJieHbl 3aBHCHMOCTH 

- , 
3THX aMITJIHTy,n or HanpH:>KeHHH Ha cqerqHKe I aMnJIHTY,IJ;Hhie 
xapaKTepHCTHKH/, ITOJiyqeHHhie B pe3Y-!JbTaTe ofipafiOTKH 
cneKrpoB, CHHTLIX npH pa3JIHqHhiX Hanps~eHHHX. · AMniiHry.n
Hhle xapaKrepHCTHKH, coorBercrByrollul~ :>KH,nKoMy H TBep-
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,noMy a'proHy, npaKTHqecKH coBna.naror. H3 aHaJIH3a puc. 4 
cne.u;yer, qro KaK .nns :>KH,u;Koii, raK H .nns TBep.u;oB: <}Ja3 
xapaK'fepeH HOHH3a:UHOHHbiH pe:>KHM pafiOTbl. )J;JIH HanpH:>KeHHH 
6onLwe 4 KB aMrinHry.u;a HOHH3a:UHOHiihix HMITYJILCOB cna6o 
3aBHCHT OT BeJIHqHHbl HanpH:>KeHHH /npaKTHqeCKH KpHBaH 
BbiXO,IJ;HT Ha HaCbiJUeHHe/. IlpH HaiTpH:>KeHHH OKOJIO 6 KB 

· B ' :>KH,IJ;KOM aproHe npOHCXOJJ;HJI,-.np~fiOH, a ,!J;JIH TBep,noro 
aproHa npo6o:H He Ha6JIIO,nancs BnJIOTh .no 10 KB. 
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Puc. 4. AA«n/rumyoHbH? xapaKmepucmuKu ct~emi.tuKa, ·- 3anoA.: 
HeHHOZO JICUOKUM U meepOblM apZOHOM, .no/ly'leHHble npu 
o6Ay'leHUU Zl;JMMa- KBaJJIIIaMu 60 Co ul37Cs.. .. · . _ 

Ha puc. 5 npHBe,neHa 3aBHCHMOCTh aMnnHTy,nLI HOHH3a
:UHOHHLIX _ HMnynLcoB .nns :>KH,IJ;Koro H TBep.noro aproua or 

· 3H~'j)ruH .ra~ld:a-KBa}lroB_, _ nonyqeHHa.ft: n8H o6nyqeHHH cqer~ 
qHKa- raMMa- KBaHTaMH or licroqHHKOB6 Co -, 65 Zn ; 54 Mn , 

137cs • Hll3Sn /IianpH:>KeHHe ~a cqerqHKe 'u ·= 4 KB/. BH.u;Ho, 

qro c xopowe:H creiieHLro roqJiocrH 3Ta 3aBHCHMOCTh nH-
ueB:Ha.' -· 
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Puc. 5; 3aeUCUMOCmb aMnAumyObl UOHU3aliUOHHbiX UMnyAbCoa· 
OAJI xuoKozo u meepoozo apzoHii om 3Hepzuu zaMMa- Keaw 
moe,· noAy<~euuaJI npu o6Ay<~eHuu c<~em<~uKa zaMMa- KlJaHmaMu 
om ucmO'IHUKOe 60 Co, 65 zn , 54Mn , 137 Cs! 13Sn /HanpJIJtCeHue 
Ha .Kamooe U.::::- 4 KB/ •. · . · · 

PaccMOTPHM 6onee nop;po6Ho aMnnHTYAHLie pacnpep;e
neHH.H cilrHanoa··/cM. puc: 2 H 3/. Kax MLI y:>Ke oTMe'lanH, 
B OTnH'IHe OT :>KH)J;KOrO aproHa, ,IJ;n.H TBep,ll;oro aproHa Hap.HAY 
co cnexTpoM HOHH3an;H.OHHLIX HMnynLcoa Ha6mop;aeTc.H npo:
T.H:>KeHHLIH "xaocT'' HMnynLCOB 6onLWHX aMnnHTyp;; HMnynL,. 
Cbl, COOTBeTCTBYJOID;He "XBOCTOBOH" 'laCTH . cneKTpa, llO.HB
n.HIOTC.H npH Hanp.H:>KeHHil Ha c'leT'IHKe oxono 1 KB. · IlpH 
,IJ;~I.JiLHeHWeM yaenH'IeHHH Hanp.H:>KeHH.H 'aMUJIHTy,IJ;a H ~HTel{,:" 
cHaHocTL. :nHX. HMrrynLcoa 3aMeTHo ao3pacnuoT. Ma:Kcii
ManLHa.H aMnnHTy,i:(a H~llf.RbCOB, Ha6~~aeMa.H npH' ca:M~IX 
BLICOKHX Hanp.H:>KeHH.HX, p;ocTHrana 10 1 KA. BxnaA "xaoc
ToaoH:'' qacTH cneKTpa :B aMnnHTyp;Hoe pacnpep;eneHHe He-
6onLwoH:, 3aBHCHT OT'YCnOBHH OllbiTa /eM. HmKe/ H He npe
BbiWaeT 30o/o. HHTeHCHBHOCTL HMnynLCOB, npeBLIWaiOID;HX 
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HOHH3an;HoHHLie, H Hx· aMnnHTyp;a ·. c ie'leHHeM: apeMeHH 
3aMeTHO yMeHLwanHCL~ B TO apeM.H icaic ocHOBHOH cneKTp ·. 
HOHH3aD;HOHHbiX. HMnynLCOB; He npeTepneBan HHKaKHx H3Me..; 
HeHHH: 3a apeM.H o6ny'leHH.H c'leT'ifHKa,: Haxo,ti.HID;eroc.H noA 
onpe,ll;eneHHLIM Hanp.H:>KeiiHeM B Te'leHHe Hecxoni>KHX qacoa. 

Ha puc. 6 npHaei:leHLI c>ieTiiLie xapaxTepHCTHKH, nony
'leHHble . npH o6ny'leHHH C'leT'IHKa, ·3a:0onHeHHOrO *ap;KHM 
H TBepp;biM aproHoM, raMMa-xaaiiTaMH oT Hc.To'lliHKa60 Co • 
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m~IIIU 'fJIOH (nfJU. ~HUHreHUU HDnptiNreHl/11) . 

3 ~ 5 s 7 a g · ·to 
JlanpiiJKeHUa {xl) 

Puc. 6. · C<~emHble xapaKmepucmuKu c<~em<~uKa;· 3anoAHeHHOZO 
JtCUOKUM. U .meepObJ!l' apZOHOM, noAy'leHHblec npu. 06Ay'leHUU 
zaMMa- KflaHmaMu . . Co/eM. meKcm/. '··. , . ~ 

- , '> •. _, :.: ·. ' ' • ·" . • ........ 

Kax BHAHO H3 :noro pHcyHxa, c'leTHLie · KPHBLie p;n.H TBepp;oro 
aproHa· HMeiOT· p.Hp; oco6eHHOCTeH:. B''laCTHOCTH·, npH'noai.I
weHHH Hallp.H:>KeHH.H Ha C'leT'IHKe CKOpOCTb. C'leTa npH Ka:>K,IJ;OM 
3Ha'leHHH Hanp.H:>KeHH.H nap;aeT· co apeMeHeM. !ax,- Ha puc. 6 
Ka:>K,IJ;~.H. napa BepTHKa~bHI;>IX. TO'IeK~ OTHOC.HID;HXC.H K BepxHeH 
KpHBOH, nony'leHa · C HHTepaanoM· BpeMeHH OKOnO MHHYTbl 
~~~a~, ~~H11g TO'IJ<a ciJ.HTa ll03:>Ke BepXHeH/ ~· _Jj:p·H.·C~~e
HHH ·Hanp.H:>KeHH.H .C'IeTHa.H · KpHBa.H npOXO,IJ;HT HIDI{e- KpHBOH, · 
nony'leHHOH"npH llO~hlWeHHH HaiTp.H:>KeHH.H /Ka:>K;:i.a.H,. Bep.XH.H.H 
TO'IKa cHsia no3:>Ke HIDKHeH:/. IlyHKTHpHoii nH~IieH: noxa3aHLI 

~-~: -~~ 
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I<pHBLie, CHHTbie npH yBeJIH'I_eHHH Hanp.fl)KeHHH OT-0,5~0 6. KB 
/aepxH1iH KPHBaH/ H nocne-~yro~HM ero yMeHLWeHH_eM oT 6 
~o 0,5 KB /HJ;I?J<HHH I<pHaa.H/. Hecoana~eHHe 3THX ~pHBLix, 
I<ai< MLI .06Hap)')KHJIH, .CBH3aHO C TeM, 'ITO npH yMeHbWeHHH 
Hanp.H>KeHHH J{a C'leT'IHI<e HHTeHCHBHO.CTh HMnyJILCOB -"XBOC-
TOBOB'~ qac:rH c_nei<TP~ .pe3I<O n_a~aeT, a·Ta:IOi<e Ha6Jil()~aerrc.H 
Hei<OTopoe_ CMe~eJIHe cnei<Tpa HOHH3a~HOHHLIX HMnyJILCOBB 
cTopol'iy :MeHLwHx aMnnHTy~.- CHcTe.MaTH'IecJ<Hii c~aHr To'lei< 
BO BpeMeHH ~JIJI I<a>K~OrO 3Ha1JeHHJI Hanp.fl)KeHHJI ~JIJI BepxHeB 
I<pHBOB CBJI3aH C yMeHbWeHHeM HHTeHCHBHOCTH HMnyJihCOB 
"XBOCTOBOB", qacT.H cnei<Tpa, a ~JIJI HH>KHeB I<pHBOB - C He.:. 
I<OTOPhiM aoccTaiioaneHHeM cnei<Tpa HOHH3auiloHHLIX HM
nynLcoa. 

cl>pOHThl HOHH3aUHOHHLIX HMnyJihCOB, H3MepeHHLie 6e3 
«iJopMHpOBaHHJI HHTerpo- ~H«iJ4JepeHUHp}'19~eii uenLIO, COCTaB- · 
JIJIJIH -. 0,5 MKC ~JIJI >K:imi<oro aproHa _H ...; 0,25 MKC - ~JIJI 
TBep~oro, 'ITO cormicyeTCJI C H3BeCTHLIMH ~aHHhiMH 0 no~
BH>KHOCTH 3Jiei<TpOHOB/16/.4»poHT HMnyJihCOB, COOTBeTCTBYIO~. 
~HX "XBOCTy" cnei<Tpa ~JIJI TBep~oro aproHa, HMeJI~JIHTeJib
HOCTh - 0,5 MKC. Cna~ HMnynLca onpe~eJIJIJICJI riocTOJIHHOB · 
BpeMeHH uenH C'leT'IHI<a H npe~yCHJIHTeJIJI H 6LIJI. paBeH 
-300 MKC . 

B cneuHanbHOM om.ne npoaepJinacL 3iWJei<THBHOCTh pe
rHcTpaUHH raMMa-I<BaHTOB pa3JIH'IHhiMH yqacTI<aMH HHTH. 
KoJIJIHMHpoBaHHLIM ny'II<QM raMMa-I<BaHTOB 60 Co o6nyqa
JIHCb o6naCTH HHTH pa3MepoM - 5 MM no ~JIHHe. MLI He 
06Hapy>KHJIH. .H3MeHeHHJI 34J4Jei<THBHOCTH perHCTpaUHH npH 
nepeMe~eHHH ny'II<a raMMa-J<BaHTOB B~OJih C'leT'IHI<a. 

Cne.z(yeT OTMeTHTh,.'ITO B ·pa3JIH'IHhiX onLITax B 3aBHcH
MOCTH OT BpeMeHH 3aMOpa>KHBaHHJI >KH~I<OI~O ·aproHa noriy
qaJICJI I<pHCTaJIJIH'IeCI<HB aproH pa3JIH'IHOB CTeneHH npo3paq
HOCTH: - OT .. O'leHb ,. np03pa'IHOrO /BpeMH I<pHCTaJIJIH3aUHH 
- 30 .'1/, ~0 COBepweHHO Henpo3pa'IHOrO /BpeMJI I<pHCTaJIJIH-
3aUHH .;.. 1 ti/. llpH 3TOM cy~eC.TBeHHhiX pa3JIH'IHB B. xapai<-. 
TepHCTHI<ax C'leT'IHI<a 8 3THX OQhiTax He 6Lmo 3aMe'leHo. 

B 3ai<.m01feHHe paccM.oTpHM aa)i(awii aonpoc oueHI<H 'IHc..: 
TOThl HcnoiiL3yeMoro aaMH. aproHa. Kai< a~Iio H3'puc.' 4~- ~n.il 
>KH~I<or·o · ··aproaa · Mai<cHManLawii 3apH~, co6iipaeMwii' 8a· 
aHO~e~· :npH'' 06Jiy'IEiHHH C'leT'IHI<a r<lMMa-J<BaHTaMH 60 Co:\; 
paae:H:·-:.:7/ro ;...;15 K11,· :'11.-o ·cocTaa'.nJieT ·oxo·no 90°~loT o)Ku:. 

-~ .. -~.:. ~~-""i:::-~i-~ ·,_,. . .--.. < 

10 
,· 

~aeMo.ii BeJIH'IHHLI, pacc'IHThiBaeMoii ·no «iJopMyne Q =· _g_ · 
. . . ·.· .· .. u 

r~e -E :. -3HeprHH raMMa-I<BaHTa, norno~aeMoro B C'leTqH
·I<e E ( 60 Co)· = ·1,25 ·M3B,· U - cpe~HHH 3HeprHH o6pa3o
BaHHJI napLI' 3Jiei<TpOH- HOH, pa:BHa.H AJIJI ; )i{H~I<oro ; aproHa 
-25 3B; HenonHLiii ·c6op o6y.cnoaneH, no-a~HMoMy,·npHnH
miHHeM- 3Jie~TpOHOB I< .. 3Jiei<TpOOTPHUaTeJibHhiM . npHM:ecJiM 
/B OCHOBHOM,·. MOJiei<yJiaM I<HCJIOpo~a/. 

B pa6oTax /14,15/ H3y'lanacL 3aBHCHMOCTh I<o34J«lJH-
UHeHTa npHnHnaHHJI OT JianpH>KeiiHOCTH 3Jiei<TpH'IeCI<OrO nOJIH. 
ELmo Haii~eHo, 'ITo I<o34J«l!HuHeHi npHnHnaHHH 11 eM -1 pa-

~- . - . 

BeH· A Po 
E 

, r~e E - HanpJi>KeHHOCTh··.nonHB B/c..w, Po-
·, 

. I<OHU(mTpaUHJI npHMeceii B e~HHHUaX I<OHUEiHTPaUHH, paBHhiX 
1cr6oTH:ocaTeJILHhlx: qacTeii, ·A - nocToJIHHaJI, paimaH AJIJI 
)KH.ni<oro iiproHa . 8 .10 3 . ,!J;OJIJI 3Jiei<TpOHOB; ' Tep.HeMhi:i( 3a 
C'leT npHJIHnaHH.fl ·I< npHMeCJIM, paBHa:. 

Q r 
-Q = exp 1 - J 7J(r) dr I , 

0 r 3 

r~e r a - pa~Hyc aHo~a~· r · - pa~HanLHaJI I<oopnHHaTa I<oMn-
ToH- 3JieihpoHa. ..·. ·· 

H3 3THX ~aHHhiX MO>KHo oueHHTh. cTeneHL ..:[HCTOTLI :Hc
nonL3ye:Moro HaMH aproHa, I<oTopaJI . oi<a3anacL pa:BHoii 
-10 -7 OTHOCHTeJILHhiX 'laCTeB. fioJiy'leHHOe 3HatieHHe. co
rnacyeTCJI C 3I<CnepHMeHTaJihHLIMH pe3yiiLTaTaMH pa60Thi /I/, 
r~e npHBe~eHa 3aBHCHMOCTh aMnJIHTY~LI HOHH3auHOHHLIX 
HMnynLcoa, cooTa(ncniyro~ux raMMa-I<BaHTaM 65zfi , 'oT 
I<OHUeHTpauHH np:HMeCH I<HCJiopo~a B >KH~KOM aproHe npH reo-
MeTpHH C'leT'IHI<a, CXO~HOB C Haweii. · : ~ 

4. 0Et:;Y)J(,4EHHE PE3YJibTATOB_ 

. 06Hapy:>KeHHoe. ~.ri.H TBepm>ro aproHa ycHneHHe _'lacTH 
HMnynLcoa ~o _aMnJIHTY~. ·- io -12 ··_x;, Haao~HT Ha MLICJIL 
0 cy~eCTBOBimiiH B6pH3H_ HHTH MHI<poo6mlCTeB, B I<OTOphiX 
npOHCXO.IJ;HT, pa3MHO>K_eHHe :mei<TpOHOB •. :)TO MOry-r . 6LITh 
nH6o h-IHI<poi<pacTannH'Ieci<ae o6nacTH, a I<oTopLix :Bo3Mo>Kllo - . 
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pa3MHO:>KeHHe 3neKTpOHOB, nH60 MHKpOTpell.{HHLI, a TaK:>Ke 

. MHKpony3hlpH /HX cymeCTBOBaHHe B )i{H,I\KOM aproHe npe:nno- · 

naraeTCJI B pa6oTe. (I/ /, Ky,I\a BLIXO,I\JIT 3neKTPOHhi H3 

TBep:noro :aproHa c no.cne:nyromliM pa3MHO:>KeHHeM B ra3oBoii 

clla3e. HH:>Ke npHBO.I\HTCJI Ka'leCTBeHHoe o6'hJICHeHHe onHcaH

HhiX .HaMH. JIBneHHH, npHeMnt;MOe ;nnJI mo6.oro H3 '·3THX 

npe:nnono)l(eHHii. 

· · · JIO,I\BH:>KHOCTh nono:>KHTenLHhiX_ HOHOB B KpHCTannH'leCKOM 

aprOHe B 3neKTpH'leCKHX nonJIX . HanpJI:>KeHHOCThlO ,·J\0 

10 5. B/cM He o6HapY:>KeHa/16/.Jio-BH,I\HMOMy, OH~ KpaiiHe 

Mana, n03TOMY .npH. pa3MHO:>KeHHH 3neKTpOHOB B MHKpO

o6nacnix o6pa3yeTcJI 3t<paHHpyromHii nono:>KHTenLHLiii_ npo

CTpaHCTBeHHLiii 3apJI,I\; 'ITO npHBO,I\HT K yMeHLWeHHIO HH

TeHCHBHOCTH. ycHneH.HLIX HMnynLcoa co -~peMeHeM: Ha6mo

:naeMLiii HaMH 3cPcPeKT CBOeo6pa3HOro rHcTepe 3HCa C'leTHOH 

xapaKTepHCTHKH /eM. puc . .6/ MO:>KHO · TaK:>Ke o6'hJICHHTh 

: TeM 1, ~TO;; npH CHH.:>KeHHH HanpJI:>KeHHJI Ha• C'leT'IHKe_ HanpJI

. :>KeHHOCTh 3neKTPH'leCKorO nonJI B 3apJI:>KeHHOH npOCTpaH

CTBeHHhiM 3apJI,I\OM MHKpoo6miCTH CTaHOBHTCJI He,I\OCTaTO'l

HOH :nnJI pa3BHTHJI 3neKTPOHHoii naaHHLI, acne:ncTBHe qero 

'IHCnO ycHneHHhiX HMnyJILCOB yMeHLWaeTCJI. 

cl>aKT pa3MHO:>KeHHJI nHWh 'laCTH nepBH'IHhiX 3neKTpOHOB 

Mo:>Ke'J" 6LITL .. CBH3aH :raK:>Ke c HanH'IHeM Ha noaepxHoCTH 

npOBOnO'IKH MHKpOOCTpHH, B OKpeCTHOCTH KOTOJ>hiX clJopMH

pyeTCJI, -BLICOKaJI Hanpjf)K(!HHOCTh 3ne.KTpH'leCKOrO nonJI, 

CHnhHO OT nH'laiOD.{aJICJI OT Cpe,I\Heii BenH'IHHhi nonJI y -no

BepXHOCTH· HHTH, MHKpOBLICTynLI oco6eHHO· CHnhHO BnHJIIOT 

Ha .. XapaKTep ;pa3~HTHJI .. pa3pJI,I\a HMeHHO. B cnyqae O'l~Hh 

_TO,HKHX . HHTeii; KOf,I\a o6naCTh .. , pa3MHO:>KeHHJI 3neKTpOHOB 

·Mana H' CTaHOBJITCJI. COH3MepHMOii_ ·C. o6naCThlO .HeO,I\HOpO,I\

Horo. nonJI y ,MHKP9BLI~Tynoa. )J;nH :naJih!le~mHx, Hccne:no

BaHHii 6y,I\eT, no- BH,I\HMOMY, uene C006pa3HO TOHKHe HHTH 

no:naepraTL cneuHanLHoii :nononHHTeJILHoii o6pa6oTKe, npu 

KOTOpOH 6y,I\yT y6HpaThCJI MHKpOBLICTynLI. . 

. Bsa:ny Taro, 'ITO ':B ·pa6(n~ /5/ H~. npoa~:n~ncJI. aM:nnu

TY.I\HLiii aHanH3 H B OllhiTe HCnOnh30BaJiaCh 3neKT_pOHHaJI 
. annapa:Typa c nopoi:oil" perHCTpaUHH B HeCKOJIM(o" p'a3 6onee 

~BhiCOKHM, lleMB H~f~ToJimeii pa6oTe, yciineHHaJI qacTL cneKT

pa HMnynLCOB B cny.;Iae TJ:iep:noro 'iipr(nia. He MOrna: 6LITh 

oT:neneHa oT HoHH.3a~HoHHoii qacTH · ciieKTpa, H pa3MHo)i(eHHe 
·.- . ··;~ ·,,_ .~ - .. ·--~~ :. ~;: .... , . _.. . :. . . ' 
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3neKTpoHoB GLino npHHJITo 3a 3cPclJeKT, OTHOCJID.{HHCJI Ko aceMy 
cneKTpy.· , 

Jipe,I\CTaBnJleTCJI HHTepeCHLIM npOBe,I\eHHe ,1\0nOnHHTeJIL

HOrO HCCne,I\OBaHHJI· pa60TLI C'leT'IHKa, 3anOnHeHHOrO TBep

,1\LIM aprOHOM npH MaKCHMaJihHO_HH3KHX . 3arpy3Kax. Bo3-

. MO:>KHO, liTO B CHny OtfeHL cna6oii llO,I\BH.:>KHOCTH nonO:>KHTeJIL-

HLIX 3apJI,I\OB B TBep,I\OM aprOHe llpH pe3KOM yMeHLllieHHH 

. 3arpy3KH C'leT'IHKa ,1\0nJI YCHnHBaeMLIX HMnyJILCOB COOTBeT
CTBeHHO B03paCTeT. · 

B 3aKmo'leHHe aaTopa~ npHJITHO no6naro:napHTL 

Ji. M .IIOHTeKopao 3a HeH3MeHJiLiii HHTepec K :naHHoii npo6neMe 

· H no.n::nep:>KKY B pa6oTe, a TaK:>Ke E~H;PycaKoBa 3a noMoll.{h . . . 
. npH MOHTa:>Ke annapaTypLI. 
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