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HacToR~aR pa6oTa e~nonHeHa c ~enb~ ~KcnepHMeHTanbHoro H3y4e
HHR A03HMeTpH4eCKHX xapaKTepHCTHK TepMon~MHHeC~eHTH~X AeTeKTO
poe Ha ocHoee n~MHHo<!Jopoe li F: Mg, T i; Caso4 : Dy H CaF 2 : Mn 
e Te<!JnoHe 11 •2•31 • · 

B pa6oTe npeACTaeneH~ pe3ynbTaT~ H3MepeHHR <!JoHoe~x cee4eHH~ 
ceemeoTommeHH~x AeTeKTopoe, 4YBCTBHTenbHOCTH K raMMa-H3ny4eHH~ 
KOfianbTa-60, <!JeAHHra o6ny4eHH~X AeTeKTOPOB OT epeMe~H xpaHeHHR 
HX B na6opaTOPH~X ycnOBHRX H nHHe~HOCTH noKa3aHH~ B 3aBHCH
MOCTH OT norno~eHHO~ A03~ B HHTepeane /1.10-4 ~ 1,101/ fp. npH 
3TOM e Ka4ecTee o6pa3~oe~x Hcnonb3oeanHCb TLD-100 H TLD-700 
<IJHPM~ Harshaw 141 • 

~ccneAyeM~e TepMon~MHHec~eHTH~e AeTeKTOP~ /TnA/ npeACTaenR~T 
co6o~ Ta6neTKM a <!JopMe AMCKa Maceo~ oKono 30 Mr IAMaMeTp 6 MM, 
TOn~HHa 1 MM/, npM 3TOM MaCCOBOe COOTHOWeHHe n~MHHO<IJOpa H Te<IJ
noHa 1:1 /50%: 50%/ 3a HCKn~4eHMeM AeTeKTOpOB C 'TOPMCT~M nM
TMeM, rAe 3TO COOTHOWeHMe paBH01:2,5/30% : 70%/ 13 

• I . 

nepeA o6ny4eHHeM a none HOHH3Mpy~ero H3ny4eHMR see TAn npo-
XOAMnH TepMM4ecKy~ o6pa6oTKy. PemMM TepMM4ecKo~ o6pa6oTKM Ae
TeKTopoe nOA6HpanCR 3KCnepMMeHTanbHO H AMKTyeTCR KaK CBO~CTBaMM 
caMMX n~MMHo<!Jopoe, TaK M Te<~JnoHa, Bee TAn oTmMranM e Te4eHMe 
OAHoro 4aca a KacceTe M3 TMTaHa npM TeMnepaType Tl =/300 ± 3!°C. 
nocne 3Toro KacceTy c AeTeKTopaMM H3BneKanM M3 TepMocTaTa, no
Me~anH B paAMaTOP H oxnamAanM AO , KOMHaTHO~ TeMnepaTypbl. T nA 
H3 n~MMHo<!Jopa LiF a Te<!JnoHe AononHHTenbHO oTmHranH a Te4eHMe 
2 4acoe npH TeMnepaType T2 = /100 ± 2/ °C c nocneAY~~MM oxnamAe
HMeM AO KOMHaTHO~ TeMnepaTyp~. nocne TaKO~ TepMH4eCKO~ o6pa-
60TKH B TOT me AeHb npOBOAMnH o6ny4eHMe AeTeKTOPOB B none raM
Ma-M3ny4eHHR KofianbTa-60 Ha CTaHAapTHO~ noeep04HO~ ycTaHOBKe, 
npH 3TOM AeTeKTOp~ HaXOAHnMCb B KaCCeTe H3 opraHM4eCKOrO CTeK
na C TOn~HHO~ CTeHOK 3 MM, 

~3MepeHHR o6ny4eHH~X AeTeKTOPOB npOBOAHnH Ha cneAY~~Me CYTKH 
Ha npH6ope <IJHPM~ Harshaw MOAene~ 2000 /A+ B/. B npo~ecce H3Me
peHMR M3MepHTenbHaR KaMepa 6noKa MOAenM 2000A npOAYBanacb Tex
HH4eCKHM a30TOM CO CKOpOCTb~ HCTe4eHMR /3 ~4/ . n/MMH. 06ny4eHH~e 
AeTeKTOPbl L iF + Te<!lnoH nepeA M3MepeHHeM nOABepranH CTa6HnH3H
PY~~eMy nporpeey a an~MHHHeeo~ KacceTe npM TeMnepaType T= 
= I 100 ± 2/ °C e Te4eHHe 20 MHH. · . 

no 3anHCaHH~M KpHB~M TepMH4eCKOrO B~CBe4HBaHMR /K.T,B,/ 
/pHc.1/ e~6paH~ pemHM Harpeea nnaHweTa npH6opa M nepHOA HHTerpH
poeaHHR Tn-cHrHana AeTeKTOpoe. B AanbHe~weM ece AeTeKTOPbl H3Me
pRnH a OAHOM M TOM me pemHMe, a HMeHHO AnR TnA CaS04: Dy {50%) + 
+ PTFE : 
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a/ TeMnepaTypa npeAaapHTenbHoro 6YcTporo Harpeaa rnpeA = 
1 ooOc; 
6/ Ha4anbHaR TeMnepaTypa HHTerpHpoBaHHR rn-c~~ana r1=1]0°C; 

0 . 
a/ ·MaKCHManbHaR TeMnepaTypa Harpeaa rMaKc = 250 C; 
r/ CKOPOCTb nHHe~Horo Harpeaa OT rnp~D AO rMaKC g = 10°C/c ; 
p./ npOAOJllKHTenbHOCTb H3MepeHHR tM3 M =jU C. 
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PHc. I . KpHBbJe TepMHtlecKoro BbiCBe
QHBaHHH AeTeKTopos LiF(30%) + 
PTFE, CaS0 4:Dy(SO%) + PTFE - H 
CaF2 :Mn(SO%) + PTFE /o6nyqeHHe 
B none raMMa-HsnyqeHH~ Ko6anbTa-
60/. 

AnR rnA CaF2 : Mn (50%)+ PTFE npHMeHRnCR TOT IKe pelt<HM, sa HCKni0-
4eHHeM no3H4HH a/, MaKCHManbHaR TeMnepaTypa Harpeaa rMaKc = 
= 300°C. 

npH H3MepeHHH rnA Li F /30%/ + PTFE npHMeHRnCR cneAYIOIIIH~ pe-
lKHM: 

a/ TeMnepaTypa npeABapHTenbHoro 6~cTporo Harpeaa rnpeA= 100°C; 
6/ Ha4anbHa.R TeMnepaTypa HHTerpHpoaaHHR T1=100 ° C; 
a/ MaKCHManbHaR TeMnepaTypa Harpeaa rMaKc =230 ° C ; 
r/ cKopocTb nHHe~Horo Harpeaa OT rnpeA AO rMaKc g =10° C/c; 
AI npoAOnlKHTenbHOCTb H3MepeHHRtM3M= 30 c . 
3a 8peMR 3KCnepHMeHTanbH~X HCCneAOBaHH~ 6~no np08eAeHO OKOno 

50 4HKn08 H3MepeHH~ C 4enb10 onpeAeneHHR 4y8CT8HTenbHOCTH K raMMa
H3ny4eHHIO K06anbTa-60, nHHe~HOCTH noKa3aHH~ AeTeKTOP.08 B 3a8HCH
MOCTH OT A03~, MHHHManbHO H3Mep.ReM~X A03, ~eAHHra H CTa6HnbHOCTH 
C80;,CT8 . npH 3TOM 4epe3 KalKA~e 10 4HKn08 np080AHnHCb H3MepeHHR 
~OH08~x noKa3aHH~ TnA cpa3y nocne TepMH4ecKo~ o6pa6oTKH npH 8~e
onHcaHHbiX pelKHMax. 

PE3YnbTATbl 3KCnEPHMEHTA 

B Ta6n. 1 npH8eAeHbl cpeAHHe 8enH4HHbl ~OH08oro C8e4eHHR H cpeA
HRR 4y8CT8HTenbHOCTb AeTeKTOp08 K raMMa-H3ny4eHHIO K06anbTa-60. 
3AeCb lt<e npH8eAeHbl MHHHManbHaR 8enH4HHa H3MepeHHA A03bl OT raM~ 
Ma-H3ny4eHHR Ko6anbTa-60. 8 Ta6nH4e yKa3aH~ rpaHH4~ cny4a~HoA 
norpeWHOCTH pe3ynbTaT08 H3MepeHHA npH A08epHTenbHOA 8epORTHOCTH 
p = 0, 95. 
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Ta6n1-14a 1 
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JleTeKTOpH CpenHSR Bena~Ha Cpe~ ~B- MHHHManLHaH Benz-
qoHOBOrO CBeqeHHH, CTBHTenLHOCTL liHHB H3MepeHHOA 

HKJl K raMMa-HSny- .noSH, I'p 
11.eH.HJO Koclm-
Ta-60,HKJ1 

'l'LD-100 0,003±Q,001 . 89,5zi,I (1,0±,0,2) ro-4 

Li:P(J~)+P'l'PE 0,101±0,017 30,1±1,3 (I ,0±0,3) ro-3 
Caso4 :Dy(~~)+ O,OI0±0,001 837±,37 (2+1) ro-5 

'l'PB 
0,108±,0,040 !450±,40 o70±o,G3) ro-4 

Ca:P2 (5~)+P'l'PE 
0, 003j:o', OOI 90,5zi,2 0,0±,0,2) ro-4 TLD-700 

B Ta6nH4e 2 npH8eAeH~ apeAHHe aenH4HH~ noKa3aHH~ rnA B ~aeH
CHMOCTH OT A03~ raMMa-H3ny4eHHR/8 HKn/. Ha PHC, 2 npHBeAeH~ aa
BHCHMOCTH noKa3aHH~. o6ny4eHH~X Tnn OT speMeHH xpaHeHHR HX 8 
na6opaTOPHbiX ycnoBHRX . Ha pHc . 1 noKaaaH~ KPH8~e TepMH4ecKoro 
B~CBe4HBaHHR HCCneAyeM~X AeTeKTOpOB npH o6ny4eHHH HX 8 none 
raMMa-Hany4eHHR Ko6anbTa-60. 

TaoJIHua 2 
) 

I ro-4 5 ro-4 r ro-3 . 5 ro-3 I ro-2 5 ro-2 r ro-1 5 IO-I I ro0 5 ro0 I ro1 

0,041 0,158 0,301 1,497 2,976 !5,0 30,! !53 3!0 

flJl-100 10,012 0,049 0,097 0,469 0,905 .4,45 9,0 44,8 89,5 463 945 

0,397 0,?84 3,985 7,934 37,3 80,6 380 837 3925 8100 

0,743 1,391 6,931 14,48 70,1 145 720 !460 7100 !4800 

1'1J)..700 lo,on 0,050 0,096 0,466 0,9!5 4,52 9,1 45,9 90,5 462· 950 

-4 1 . 
06nyqeHHe B AHana30He AOS /1·10 7 I· 10 /fp npOBOAHfiH Ha 

CTaHAapTHOll npoBepOQHOH yCTaHOBKe B none raMMa-HsnyqeHHH K0-
6anbTa-60. 

HeyKasaHHhle rpaHHUhl cnyqafiHofi norpemHOCTH pesynbTaTa HSMe
peHHH He npeBbiWaiDT +10% npH AOBepHTenbHOH BepOHTHOCTH p = 0,95 
so BCeM AHanasoHe HSMepeHHfi, 
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06CYlKAEHHE PE3YJlbTATOB. BbiBOJlbl 

AaHH~e Ta6n. 1 noKa3~ea~T, 4TO cpeAHRR 4YBCTB~TenbHOCTb TllA 
LiF /30%/ + PTFE K raMMa-~3ny4eH~~ Ko6anbTa-60 e Tp~ pa3a 
H~>Ke no cpaeHeH~~ c TLD-100. 

113 p~c. 2 cneAyeT, 4TO ~eA~Hr 3T~X TllA He npee~waeT 16-18% 
3a roA np~ xpaHeH~~ o6ny4eHH~x AeTeKTopoe e na6opaTopHux ycno
B~Rx. Pa36poc 4YBCTB~TenbHOCT~ AeTeKTOPOB B napT~~ ~3 400 WT. 
np~ Bbt6paHHOM pe>K~Me TepM~4eCKOH o6pa6oTK~ He npee~waeT ± 1 0%, 
M~H~ManbHaR ~3MepeHHaR A03a- /1,0 ±0,3/·10-s rp OT Ko6anbTa-60 
np~ AOBep~TenbHOH BepORTHOCT~ P = 0, 95. , ~ 
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PHc. 2. ·3aBHCHMOCTl> noKasaHH:H 
o6nyqeHHhlX TepMoniDMHHec~eHTHbm 
AeTeKTOpOB OT BpeMeHH xpaHeHHH 
.B na6opaTOpH&m ycnOBH.!IX, 

4yBCTB~TenbHOCTb TllA CaS04: Dy /50%/+ PTFE ~ CaF 2 :Mn /50%/+ 
+ PTFE cooTBeTCTBeHHO e 9 ~ 16 pa3 e~we no cpaeHeH~~ c 4yecT
B~TenbHOCTb~ TLD-700. ~eA~Hr TllA ~3 n~M~H~opa CaS0 4 :Dy 3a 12 
MeCR~eB xpaHeH~R o6ny4eHH~X AeTeKTOPOB B na6opaTOpH~X ycnOB~RX 
He npeBbiWaeT 13-15%, a AflR CaF

2
:Mn COCTaBnReT OKOnO 20% 3a rOA 

B 3T~X >Ke ycnOB~RX xpaHeH~R, 
AnR ~ccneAyeM~x AeTeKTopoe 3ae~c~MOCTb ceeTocyMM~ Tll oi- no

rnOilleHHOH A03~ n~HeHHa BO BCeM ~HTepeane /1,10-4 + 1.10 l /rp, 
Pe3ynbTaT~ nocneAOBaH~R noKa3~Ba~T, 4TO TllA Ha ocHoee 

CaS04 :Dy /50%/+ Te~noH ~ CaF 2 : Mn /50%/+ Te~noH enonHe npw 
roAH~ AnR ~HAHB~AyanbHOH A03HMeTp~H raMMa-~3ny4eH~R c 3Hepr~eH 
6onee 0,3 M3B Hfl~ npH 6onee HH3KHX 3Hepr~RX C COOTBeTCTBY~HM 
~HnbTPOM. 4yecTBHTenbHOCTb · 3T~x . AeTeKTopoe AOCTaT04Ha AnR 
HCnOnb30BaH~R ~X TaK>Ke B ~enRX paA~a~HOHHOrO KOHTPOflR OKpy
>Ka~utei:i cpeA~· 

TJlA Ha OCHOBe LiF /30%/ + Tec!JnoH enonHe OTBe4aiOT Tpe6oBaH~RM 
aeap~HH~X A03~MeTpOB ~ MOryT ~cnonb30BaTbCR TaK>Ke B o6naCT~ 
~HA~B~Ayanb HOH A03~MeTp~~ I AMHH ,$. 1 . 1 0 -s rp; ~eA~Hr OKano 
8% 3a 3 MecR~a/. 
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