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Pl3-4848 
ronoBHH E.M., HHKSHOpOB B.VI., nacapes A.ct>. 

0 perHCTpSUHH TpeKOB aapsDKeHHhiX 'ISCTHU B ruenO'IHO-ranOHllHhiX 

KpHcTannax 

,UnH pei'HCTpSUHH TpeKOB 3SpH}!{eHHhiX 'ISCTHU B rueno'IHO-ranOHllHbiX 

KpHCTannax npeanaraeTCSI B036y}!{,!lSTb H 3STeM perHCTpHpOBSTb 

moMHHecueHUHIO F -ueHTpos, o6paaosaHHhiX 'ISCTHUSMH saon& ax cneaos. 

Coo6.8BK8 06•eAKB8BBOI'O KBCTKTJTB 8A8PBWX KCC•eAOBBBKI 

JVCiaa, 1969 

Golovin B.M., Nikanorov V.I., Pisarev A.F. P13-4848 

On the Recording Charged Particle Tracks in the 
Alkali-Halide Crystals 

For the recording -of charged particle tracks in the alkali-ha
lide crystals it is suggested to excite and then to detect the 
luminescence of F-centers, produced by particles along their 
tracks. 

Co•m.aaleatloat of the Joiat lattitate for Naelear Reeeareh. 

lhabaa. 1969 



Ot:tHHM H3 pa3BHBBJOII1HXCSI B nocnet:tHHe rot:thr HanpaBneHHl% Sit:tepHoclJH3H

'IeCKOil: MeTOt:lHKH SIBnSIJOTCSI CllOC05bi perHCTpaUHH TpeKOB 3apSI)I{eHHblX 'I8CTHU 

B TBept:thlX Tenax. TaK, Hcnonb30BaHHe CUHHTHnnSITOpOB H sneKTpOHHO-OllTH

'IeCKHX npeo5pa30BaTeneif llpHBeno K C03}:{8HHJO CUHHTHnnSIUHOHHbiX KaMep C 

pa60'IHM o5~eMOM H3 Ot:lHOpOt:lHOI'O CUHHTHnnSITOpa /1,2,31 HnH H3 nnaCTM8CCO

BbiX CUHHTHnnHpyJOIIlHX BOnOKOH 14•5! • 3H8'IHTenbHOe p83BHTHe nony'IHnH T8K)I{e 

MeTOt:lbl pei'HCTpaUHH cnet:tOB TSI)I{enbiX 38pSI)I{eHHb!X 'I8CTHU B TBept:tbiX BemecT

BaX1 OCHOBaHHhie Ha t:teKOpHpOBaHHH 16,7 I H TpaBneHHH IB,el • 

B HaCTOSIIIleii: pa5oTe paccMoTpeH HOBbril: cnoco5 o5Hapy)l{eHHSI cnet:toB 

3apSI)I{eHHblX 'IaCTHU B TBept:tOM Tene - OllTH'IeCKHH MeTOt:l Bh!SIBneHHSI npoCT

paHCTBeHHOI'O pacnpet:teneHHSI B meno'IHo-ranoHt:tHhiX KpHCTannax F -ueHTpoB, 

o5pa30B8HHb!X 38pS!)I{eHHbiMH 'I8CTHU8MH. 

I13BeCTH01 'ITO, npoXO}:{SI 'Iepe3 HOHHble KpHCTannhi 1 3apSI)I{eHHhie 'I8CTH

Ubl o5pa3yJOT Bt:tonb CBoero nyTH ueHTpbr oKpacKH, B 'IaCTHOCTH F -ueHTphr. 

TaK, HanpHMep, npoTOHhr c SHeprHeii: 350-400 MsB C03t:taJOT Ha 1 eM CBoero 

nyTH OKOno 3000 F -UeHTpOB B KpHCTanne Na a 110,11 I. TipH TeX )l{e yc-

noBHSIX B KpHcTanne KO o5pa3yeTCSI oKono 1000 F -ueHTpoB. YcTOH'IH-

BOCTb F -ueHTpoB npH not:txot:tSIIIlHX ycnoBHSIX no3BOnSieT paccMaTpHBBTb TaKoii: 

KpHCTann KaK yCTpOHCTB0 1 38llOMHH8JOIIlee HHclJOpMaUHJO 0 npollle}:{IIIHX Sl}:{epHb!X 

'IacTHuax. 

,UnSI C'IHThiBaHHSI HaKonneHHOH HHclJopMaUHH MO)I{eT 5b!Tb HCllOnb30BaHa 

CllOC05HOCTb 3THX UeHTpOB OKpaCKH BO MHOI'HX KpHCTannax nJOMHHeCUHpOB8Tb 

llpH OCBellleHHH CBeTOM C t:tnHHBMH BOnH, COQTBeTCTBYJOIIlHMH nonoce norno-
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meHHSI F -ueHTpOB. ToT $aKT, 'ITO MO.lKHO Bbi5paTb TaKHe ycnoBHSI, npH KOTo

pbiX B npouecce B035y.lKAeHHSI H ITOCJleAfiOlllero JliOMHHeCUeHTHOI'O Bb!CBe'IH

BaHHSI F -ueHTpbi He paapylllaiOTCSI, noaBOJISieT MHoroKpaTHO noBTOpSITb UHKJI 

B035y.lKAeHHSI H Bb!CBe'IHBaHHSI OAHHX H TeX .lKe UeHTpOB H T8KHM o5pa30M 

yBeJIH'IHTb HHTerpaJibHb!H Bb!XOA perHCTpHpyeMOI'O H3Jiy'IeHHSI. 

B HHTepecyiOIIlHX HaC yCJIOBHSIX OCHOBHbiM npouecCOM, KOHKypHpyiOIIlHM 

c JIIOMHHecueHTHbiM BbiCBe'IHBaHHeM Boa6y.lKAeHHbiX F -ueHTPOB, SIBJISieTcsr 

HX TepMOHOHH38UHSI. nonsr (11 ) B036y.lKAeHHbiX F -UeHTPOB, nepeXOASllllHX 
l. 

Ha OCHOBHOH ypOBeHb nocpeACTBOM Jl!OMHHecueHUHH 1 Bbipa.lKaeTCSl CJleAyiOIIleil: 

$opMynoil:: 

1 
11 

L T -~E /kT 
1+--R-e 

(1) 

To 

a HX AOJISI ( 11! ) 1 paapylll8IOIU8SICSI nocpeACTBOM TepMH'IeCKOH HOHH38UHH 1 

onpeAensreTcsr Bbipa.lKeHHeM 

1 
11! 

1 + 
(2) 

3AeCb TR -paAHaUHOHHOe BpeMSI .lKH3HH B036y.lKAeHHOI'O COCTOSIHHSI0 
7

0 -'IaC

TOTHb!H $aKTop, ~E - rny5HHa B035y.lKAeHHoro ypoBHSI F -ueHTpa OTHOCH

TeJibHO AHa aoHbi npoBOAHMOCTH, k -nocToSIHHaSI EonbUMaHa, T -a5coniOT-

HaSI TeMnepa Typa. 

l13 $opMyJI ( 1), (2) CJieAyeT, 'ITO C OXJla.lKAeHHeM KpHCT8JIJia Bb!XOA 

JIIOMHHecueHUHH BoapacTaeT, a npouecc TepMOHOHH3aUHH Boa5y.lKAeHHbiX F -

UeHTpOB CTaHOBHTCSI MeHee HHTeHCHBHbiMe 

0TMeTHM, 'ITO AJISI npeAOTBpameHHSI noTepb F -ueHTpoB sa C'IeT $oTo

HOHH3aUHH C OCHOBHOI'O COCTOSIHHSI, :3HeprHH ( h v) B036y.lKA8IOIUHX tPOTOHOB 

AOJI.lKHbi YAOBJieTBOpSITb ycnOBHIO hv < E + ~ E 
M 

, rAe EM - paaHOCTb aHep-

rHil: B036y.lKAeHHoro H OCHOBHoro ypoBHeil: F -ueHTpa. 

OpeAnaraeMbiH MeToA perHcTpauHH cneAOB sapSI.lKeHHbiX 'IaCTHU HJIJIIOCT

pHpyeTcSI CXeMOH pHC. 1. 

OoA Aeil:CTBHeM CBeTa HMnyJlbcHoro HCTO'IHHKa 'IaCTb F -ueHTpoB B 

KpHCTanne B036y.lKAaeTCSI H 3aTeM HCITYCKaeT JliOMHHecueHTHOe H3Jiy'IeHHe. 
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TiocneaHee pei'HCTpHpyeTCSI CHCTeMoA, COCTOSUUeA H3 IIpOeKTHp~IOll{ei'O OObeK

THBa, sneKTpOHHO-OIITHqeCKOI'O IIpeot5pa30BaTenH H ~OTOaiiiiapaTa. 

llnH ynyqmeHHSI OTHomeHHSI CHI'Han/myM ·~o3MO*HO HCIIOnb30B8HHe KOM

MYTHpyromeii: CHCTeMhl 1 "aaKpblB8IOll{eit .. ycHnHTenb HpKOCTH H8 BpeMH BKniO

qeHHH HCTOqHHKa caeTa 11 "oqyacTanHromeA" el:'o Ha apeMH BhiCaeqHaaHHSI F
UeHTpOB B IIpOMe)kyTKaX Me*llY BOSOY*llSIOlllHMH CBeTOBb!MH HMIIynhC8MH. 

llHKnhi aoat5y*lleHHSI F -neHTpOB H HX BhiCaeqHB8HHSI MHOI'OKpaTHO rroa

TOpHIOTCSI H IIpeKpamaiOTCSI IIOCne TOI'01 KSK pei'HCTpyromee ycTpOitCTBO HSKQ

IIHT JlOCTaTQqHo IIOnHyiO HH~OpMaUHIO 0 qaCTHUSX, IIpome)llliHX qepes KpHCTann. 

Y cToii:q~~:aocTb F -ueHTpoa B KpHcTanne ot5ecrreqHaaeTCH TeM, qTo a rrpo

uecce ot5nyqeHHSI H rrp11 rrocneayromeM xpaHeHHH KPHCTann saTeMHHeTCH H 

ace BpeMH HaXOJlHTCSI IIpH TSKOA TeMIIepaType, KOI'Jl8 IIpOUeCCbl TepMOHOHHSa-

UHH C B030Y*lleHHOI'O ypOBHSI F -ueHTpa rroaaaneHhi. 

llorrycTHMoe q~~:cno UHKnoa aoat5y*lleHHSI /K I MO*Ho oneHHTh , rroTpet5oaaa, 

qTQObl q~~:cno lliYMOBbiX sneKTpOHOB, HCIIyll!eHHhiX ~OTOK8TOJlOM 30TI' a Sa CyM

MapHOe BpeMg, B TeqeHHe KOTOpOI'O 30TI OTKpbiT, OhinO MeHbllle HeKOTOpoA 

S8Jl8HHOH BenHqHHhl o • TaK, rronai'aH, qTo rrocne KB*llOI'O aost5y*ll8IOll!ei'o 

HMIIYnbC8 30TI OTKpb!T B TeqeHHe BpeMeHH T R K lliYMOBOA TOK C 4JoTO

K8TOJl8 COOTBeTCTByeT HCIIYCK8HHIO fl ~ sneKTpOHOB• CM-2•C9K-1, rronyqHM JlnSI 

K oueHKY 

K < 
T 

R 

(3) 

flonai'aH )lnH IIpOCTOThi, qTo HCIIOnbayeTCH MOHOXpOM8THqecKHH B0SOY*

Jl8IOWHA CBeT C anHHOH BOnHhi, COOTBeTCTBYIOWeA M8KCHMYMY IIOI'nOW9HHH 

F -rronochi, Kon~~:qecTao ( nL ) sapei'HCTpHpOBaHHhiX KBaHTOB nroMHHecueHT

HOF'O HSnyqeHHSI ( B pacqeTe Ha 1 CM )lnHHbl TpeKa B KpHCTanne) MO*eT Oh!Tb 

OUeHeHO IIO ~OpMyne 

a 

= a 
m 

n n 
0 

n 
4rr 

II K 

-s~eKTHBHOe ceqeHHe IIOI'nomeHHH BOSOY*ll8IOll!ei'O CBeTa, 

(4) 

n 
·0 

qHCno BOSOY*ll8IOll!HX CBeTOBb!X KB8HTOB, II8Jl8IOWHX H8 1 C~ KpHCTanna sa 

BpeMH, COOTB9TCTBYIOWee )lnHHe OJlHOI'O CBeTOBOI'O HMIIynhC81 fl -qHcno 
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F -ueHTpOB aa 1 CM llnHHbi TpeKa B KpHcTanne, OTHOCHTenbHbiH 

TeneCHbiH yron 06'beKTHBa, I1pOeKTHpyiOIU9I"' TpeK Ha ¢loTOKaTOil 30ll' a, 71 

KBaHTOBbiii: BbiXOil ¢loTOKaTolla 30ll'a llnsr niOMHHecueHTHoro asny"ieHHSI F 

ueHTpoB, v -KBaHTOBbiH BbiXOil niOMHHecueHUHH, K -"iacno UHKnOB B036yJKJle

HHSI-H3ny"ieHHSI F -ueaTpOB. ( <llopMyna ( 4) aarracaHa B rrpellrronoJKeHHH, "iTO 

llnHTenbHOCTb HMIIyllbCa B036yJKilaiOIU9I"O CBeTa 3Ha"iHTenbHO MeHbiUe T ). 
R 

3¢l¢leKTHBH09 C9"i9HH9 am 

sq,¢lauaeHTa rrornomeHHSI 

a 
m 

a 

N 
0 

a 
m 

MOJKHO OIIpeJlenHTb, HCIIOnb3ySI 3Ha"ieHHSl KQ

B MaKCHMyMe F -nonocbi! 

(5) 

Kona"ieCTBO F -ueHTpoB B 1 CM3 KpHcTanna. 

llpejlnOJKeHHbii!: OIIb!T MOlKeT 6b!Tb BHilOH3MeHeH TaKHM o6pa30M, "iT06bi 

B036yJKilaiOIUee o6ny"ieHHe I1pOH3BOilHnOCb He KOpOTKHMH HMIIynbCBMH, a Henpe

pb!BHO. B aTOM cny"iae rrepell ¢loToKaTOilOM 30ll'a cnellyeT ycTaHOBHTb CBeTo

¢lanbTp, 3all9PlKHB8IOIUHi!: B036YlKilaiOIUHH CBeT, HO I1p03pa"iHbii!: llnSI niOMHHeCUeH

UHH F -ueaTpoB. llollo6paTb TaKoii: ¢lHnhTp Brronae B03MOJKHo, T.K. rrornome

HHe H niOMHHecueHTHOe HcnycKaHHe F -ueHTpOB neJKaT B pasHbiX cneKTpanb

HbiX o6naCTSIX. 

0TMeTHM OllHY OC06eHHOCTb IlpellnaraeMOI"O M9T0Jl8! o6ny"ieHHe KpHCTanna 

Slll9pHbiMH "iaCTHUaMH MOlKeT I1pOH3BOilHTbCSl BllanH OT CHCT9Mbl C"iHTb!BaHHSl. 

3TO JlaeT B03.MOlKHOCTb OllHY CHCTeMy C"iHTbiBaHHSl HCIIOnb30BaTb llnSl IIOCne

llOBaTenbHOI"O npocMOTpa pSllla o6ny"ieHHbiX KpHCTannoB. 

B Ka"ieCTBe npHMepa paccMoTpHM ycnoBHSI perHcTpaUHH cnellOB "iaCTHU 

B KpHcTanne K 0 • MaKCHMYM 

IlpH OOK COOTBeTCTByeT 2 ,3 9B (A 

F -rronocbi rrornomeHHSI aToro KPHCTanna. 

0 
5400 A ) H CllBHraeTcsr B llnHHHOBonao-

BYIO o6naCTb IlpH B03pacTaHHH TeMIIepaTypb1 0 llOCTHI"aSI 2,21 :3B IlpH 3000J<. 

0 
MaKCHMYM crreKTpa niOMHHecueHUHH pacrronoJKeH OKano 1,2 aB (A "' 1 OOOOA) 

H TaK JKe, KaK H cneKTp rrornomeHHSI, o6aapylKHBaeT HeKoTopyiO TeMrrepaTyp

HYIO saBHCHMOCTb. KBaHTOBaSI s4K!JeKTHBHOCTb niOMHHecueHUHH KCI BbiCOKa H 

llnSI llOCTBTO"iHO "iHCTbiX o6pa3UOB llOCTHI"aeT BenH"iHHbl 0,5-0,8 112!. lla-

paMeTpbl r , r ~ E , BXOilSIIUHe B ¢lopMynbi (1), (2), llnsr aToro KpHc-
o R 

KpHCTanna MOlKHO npHHSITb paBHb!M 113 •
141

: l =4,03·1012 Cel(""1 j 
T 0 
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r R =0,577 MKCeK; ~E=0,15 9B, 'ITO IIpHBOAHT IIpH T=60°K K OTHOIIIeHHIO "/L/"1 1 
= 1,7•10

6
, 3Ta OUeHKa CBHAeTenbCTByeT 0 T0'1• 'ITO IIpH AOCTBTO'IHO HH3KHX 

TeMnepaTypax npoueccoM TepMOHOHH3aUHH F -ueHTpoB B B036yMAeHHOM coc

TOHHHH MOMHO npeHe6pe'lb, 

npHHHB cornacHo /12/ nnH KCl B paccMaTpHBaeMbiX HaMH ycnoBHHX 

K09~~HUHeHT IIOI"'nOIIIeHHH paBHbiM 

11 f N 
a 

m 
= 9,26 10 ( -...

8
---"a'--- (6) 

rne f -cHna ocuHnnHTopa, H 0,193, H nonaraH f = 1 nony'IHM B co-

OTBeTCTBHH C (5) OUeHKy 9~~eKTHBHOI"'O Ce'leHHH IIOI"'nOIIIeHHH: 

a 
m 

4,8. 10-16 2 
CM, (7) 

3anaAHMCH 'lHCneHHbiMH 3Ha'leHHHMH OCTanbHhiX BenH'IHH, BXOASIIIIHX B 

( 4): 1 n -3 
= 10 CM- , -.r;-= 10 

3 
n = J) ' II = (),5 /13/ 

' TJ 
w-3 H BOC-

IIOnb3yeMCH 9TOH ~OpMynoil:, 'IT06b! HaHTH Heo6XOAHMYIO ll.nH BbinOnHeHHH OIIbi

Ta HHTeHCHBHOCTb B036yMIJ.aiOIIIel"'O CBeTa B HMnynbce: 

a n 

n 
L ----

K 

2 ,5 •1 0 14 _ _,dJ"-'20;..:T:..;:O""'H:..-_ 

CM HMnynbC 

(8) 

UnH THIIH'lHoro ~oToKaTona sneKTpOHHo-onTH'lecKoro npeobpaaoBaTenH 

TeMHOBOH TOK MOMHO C'lHTaTb paBHbiM 0 <jJ = 10 sneKTpOH/cM2•CeK, npHHHB 

B ~OpMyne (3) 0 = 1 sneKTpOH/cM
2

•CeK, HaifneM ll.OIIyCTHMOe 'lHCnO IIOBTo

peHHH Boa6yMneHHH-Hany'leHHH F -ueHTpoB: 

K < 17 10 4 
(9) 

0'leBHIJ.HO, 'ITO IIpH Bhi6paHHOM 3Ha'leHHH 'lHCna UHKnOB B036yMIJ.eHHH cyMMap

HOe 'lHCno B036YMil.aiOIUHX KBaHTOB, IIpOIIIeAIIIHX qepe3 1 CM2 IIOBepXHOCTH 

KpHCTanna aa BpeMH C'lHTbi'BaHHH HH~OpMaUHH, 6yneT paBHO 

N =K n
0 ( 10) 

7 

f 
I 
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TipH BbiiTOnHeHHH BapH8HT8 OIIbiTa C HeiipepbiBHbiM • B036y:lKJl810IIIHM o6-

ny~eHHeM )lnH rrony~eHHH OUeHKH HHTeHC?BHOCTH B036y:lKJl8IOIIIero CBeTa MO:lK

HO BOCIIOnb30B8TbCH rrony~eHHblM Bblllle peaynbT8TOM (10). TipHHHB, ~TO IIpo

)lOn:lKHTenbHOCTb H8KOIIneHHH HH<jJOpM8UHH 1 K8K H paHbllle, paBH8 t = 0,1 CeK, 

rrony~HM cneJJ.yJOIIIYIO OUeHKY He06XOJlHMOH HHTeHCHBHOCTH J B036y:lKJl8!0IIIero 

F -ueHTpbi cBeTa: 

J = K n I t 
0 

4,25-10
20 !bOTOH (11) 

2 
CM • CeK 

TipH TeXHH~eCKOH peanH38UHH paCCMOTpeHHOrO Bb!llle TpeKOBOrO IIpH60-

pa, HecoMHeHHO, B03HHKHeT pHJl TpynHocTeii:, CBH3aHHbiX, HaiipHMep, c coana

HHeM CBeTOBblX rry~KOB Bb!COKOH HHTeHCHBHOCTH 1 oxna:lK)leHHeM aneMeHTOB 

ycTaHOBKH H T.II., OJlH8KO BCe OHH He Ka:lKyTCH HeiipeononHMblMH H MO:lKHO Hane-

HTbCH
1 
~TO perHCTp8UHH TpeKOB ~aCTHU B menO~Ho-ranOHJlHbiX KpHCTannaX 

6yJJ.eT rrpaKTH~ecKH ocymecTBneHa. 
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CXeMS per'HCTpSUHH TpeKOB 38plllK9HHbiX 'ISCTHU B HOHHbiX KpHCTannax. 

1 - HMnynbCHblll HCT.O'IHHK CB9T8l 2 - o6ny'leHHbllt SI.Q9pHbiMB 'ISCT'H

USMH HOHHblll KpHCTann; S - cne.Q 'ISCTBUbl B KpBCTanne, COCTOlllllHA 

H3 o6paaoaaHHblX e10 F -ueHTpol!l; 4 - npoexTHpyiOWHll o6'beKTBI!Il 

5 - cjlOTOKSTO,Q 300'a; 6 - sxpaH 300'a; 1 - cjlOTO&nnapaT. 
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