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B 1.1en1-1 pa6oTbl BXO,QI-!no nony4eHI-1e TepMOiliOMI-!Hecl.leHTHbiX ,QeTeKTo
poe C nOBbiWeHHO~ 4YBCTBI-1TeJlbHOCTbiO K M~rKOMy raMMa-H3Jly4eHH~ 
1-1 H3y4eHHe 3HepreTH4eCKO~ 3aBHCHMOCTH 3TO~ 4YBCTBHTeJlbHOCTH. 
noTpe6HOCTb B TaKHX ,QeTeKTOpax BbiCKa3biBaJlaCb /11 B CB~31-1 C noHc
KaMH Ha6opa TepMOiliOMI-!HeCI.IeHTHbiX ,QeTeKTOPOB C nornOTHTellRMI-1 1-1 6e3 

HI-IX C TaKHMI-1 $yHK1.1HRMH 4YBCTBHTeJlbHOCTH, KOTOpble 6bl no3BOJ11-1Jll-1 
HCnOJlb30BaTb I-IX ,[Ill~ BOCCTaHOBneHHR 3HepreTH4eCKHX pacnpe,QeJleHH~ 
raMMa- 1-1 TOpM03HOrO I-13Jly4eHH~. noBbiWeHHO~ 4YBCTBHTellbHOCTbiO 
K $OTOHaM C 3HeprHRMH OT ,QeC~TKOB ,QO COTeH K38 06Jla,Qa~T TepMO
JliOMHHO$Opbl c 6onbWHM cpe,QHHM aTOMHbiM HOMepoM. B /11 e Ka4ecTee 

nepcneKTHBHbiX ,QeTeKTopoe Ha3BaHbl CaS04 (Dy) 1-1 He,QaBHO CHHTe3H
poeaHHbl~ BaS0 4 (Eu)l2/: 

HaMH 6bln CHHTe3HpoeaH TepMOiliOMHHo$op CaSO 4 (Dy). TexHonorHR 
H3rOTOBileHHR erO He OTJlH4aJlaCb OT TeXHOilOrHH npHrOTOBJleHHR Tep
MOJ110MHHO$Opa CaS04 (Dy), onHcaHHO~ e /3/ · 

1-13 nopowKoo6pa3Horo TepMOiliOMHHO$opa BaSO 'l(Dy) 6blllH HaroToe
neHbl ,QeTeKTOpbl nyTeM CKJleHBaHHR ero TepMOCTOHKHM CI-1111-!KOHOBbiM 

naKOM MapKH NH2007 npoH3BO.QCTBa VEB Chemiewerk Nlinchritz /rAP/. 
nopOWOK, CMeWaHHbiM C JlaKOM, nOMe~allCR B 4aWe4KH 1-13 100-MHKPOH-
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Te4eHHe 4 4 1-1 3aTeM np~-1 250° s Te4eHHe 2 4. AeTeKTOpbl HMellH 
$OPMY ,QHCKa ,QHaMeTpOM 5 MM 1-1 TOJl~HHO~ OKOJlO 1 MM /0, 16+0,01 r/cM2/. 

l{poMe H3roToeneHHoro ,QeTeKTopa BaSO 4 (Dy), Mbl T aK>Ke Hccne,Qo-

eanH ceo~cTsa no,Qo6Horo ,QeTeKTopa CaSO 4 (Dy) 141 • 

Ha pHC.1 npHBe,QeHbl OCHOBHble TepMOnHKI-1 KpHBbiX TepMH4eCKOrO 

BbiCBe4HBaHH~ ,QeTeKTopoe BaSO 4(Dy) , CaSO 4 (Dy) 1-1 7LiF / TLD-700 
"HARSHAW" I, CHRTble Ha np1-16ope 2000 A+B $HPMbl "HARSHAW"nocne o6-

ny4eHHR ,QeTeKTOPOB B none raMMa
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I-13Ily4eHH~ 8°Co .Q03o~ 300; 50 1-1 
450 MP cooTBeTcTBeHHO. MaKcHMYM oc-

HOBHOrO TepMOnHKa ,QeTeKTOpa 
BaS0 4 (Dy) Haxo,QHTC~ e pa~oHe 145~. 

PHc. I . KpHBble TepMOBbiCBe•mBaHH.H Tep

MOJIJOMHHecu;eHTHbiX p;eTeKTopoB 7 LiF 
TLD-700, CaS04 (Dy), BaS04 (Dy) • 
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PHc.2. fpa~HK 3aBHCHMOCTH TeM

nepaTypbi rmaHIIIeTa npH6opa OT 

BpeMeHH TipH H3MepeHHH TepHO

niDMHHeC~eH~HH AeTeKTopa 

BaS0
4 

(Dy). 

t(c ) 

OT>KHr ,qeTeKTopa BaSO iDY) 
npOH3BO,(IHnCR B Te4eHHe 
20 MHH npH TeMnepaType 
300~. Pe>KHM Harpeaa nnaHwe
Ta npH60pa npH CHRTHH no
Ka3aHH~ C ,qeTeKTOpa: 6~CTp~~ 
npeAaapHTenbH~~ Harpea ,qo 
100~ H Aanee paaHoMepH~~ 
Harpea CO CKOpOCTb~ 10~/c 
AO 200 ~, apeMR Harpeaa -
20 c /pHc.2/. CHrHan HHTer-
pHpoaancR Ha4HHaR c TeMne
paTypbl 1 00 ~ ,(10 OKOH4aHHR 
4HKna 4epe3 20 c nocne BKn~-
4eHHR Harpeaa. CnaA 3ana
ceHHO~ HH<)JOpMa4HH B ,qeTeK
TOpe Ba80

4 
(Dy) COCTaBHn 

OKano 10% 3a He,qen~ npH 
TeMnepaType OKano 25 ~. 

C 4enb~ OnpeAeneHHR 3HepreTH4eCKO~ 3aBHCHMOCTH 4YBCTBHTenb
HOCTH ,qeTeKTopoa BaS04 (Dy) H CaS04 (Dy) OHH 6blnH o6ny4eHbl 
B none raMMa-H3ny4eHHJ'I H30TOnHbiX HCT04HHKOB 109Qd , 241 Am, 203Hg, 
137cs H soco. 

AeTeKTop~ HaXOAHnHcb a Te¢noHoao~ KacceTe Ton~HHO~ 2,5 MM, 
KOrAa o6ny4anHCb raMMa-KBaHTaMH 137Qs H 60Qo; npH o6ny4eHHH Ha 
,qpyrHX HCT04HHKaX - a OTKD~ToA rAOMPTOHH H nTwnwTn~ ~~rr~Ta 

¢yHK4HH 4YBCTBHTenbHOCTH ,qeTeKTOpOB OT 3HeprHH TaK>Ke 6~nH pac
C4HTaH~ AnR A03~ H nOTOKa raMMa-H3ny4eHHR COOTBeTCTBeHHO: 

T -~~- (E)• X 
k1 f E·IJ.a(E)·e a dx 

d(E) = -
0
--- , /1/ 

E • llas (E) 

T -~J, (E)·x 
f(E) = k2 f E •IJ. a (E) • e a dx , /2/ 

0 

rAe lla (E) H 11 aaCE) - K03<)J¢H4HeHTbl norno~eHHR 3HeprHH raMMa
KBaHTOB Anl'l Be~eCTBa AeTeKTopa H B03AYXa, COOTBeTCTBeHHO lSI; T -
TOn~HHa TepMon~MHHO<)Jopa B ,qeTeKTOpe; k1 , k 2 - K03<)J<!JH4HeHTbl HOp
MHpOBKH H nponOP4HOHanbHOCTH. 

Cne,qyeT 3aMeTHTb, 4To ocna6neHHe HHTeHCHBHOCTH raMMa-H3ny-
4eHHR ,qeTeKTOpOM, y4HTbiBaeMOe B /1/ H /2/, HMeeT 3Ha4eHHe nHWb 
AnR 3HeprHH MeHee 200 K3B. npH4eM ¢opMyn~ /1/ H /2/ He Y4HT~Ba~T 
Ae¢opMa4HH cneKTpa raMMa-KBaHTOB Mana~ 3HeprHH npH npoxO>KAeHHH 
HX B Tene ,(leTeKTOpa, a TaK>Ke B03MOlKHOrO HapyweHHR ycnOBH~ 3neKT
POHHOro paaHoaecHR AnR raMMa-KBaHTOB 6onbWHX 3HeprH~. B o6nacTH 
3HeprHA, r,qe npeo6naAaeT KoMnToHoacKoe pacceRHHe, HapyweHHe 
3neKTpOHHOrO paBHOBeCHFI, Ha HaW B3rnRA, HeaenHKO, nOCKOnbKY 
CpeAHRFI nnOTHOCTb 3neKTPOHOB, Ha KOTOP~X pacceHaa~TCFI KBaHT~, 
Ha rpaHH4e pa3Aena Te~nOH - AeTeKTOp pa3nH4aeTCFI Ha 5%. 
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PHc.3. 3HepreTHqecKHe sa
BHCHMOCTH qyBCTBHTenbHOC

TH ,n;eTeKTOPOB: I , 2, • • -
BaSO 4 (Dy ) ; 3 , 4 i y -
CaS04 (Dy). 

Ha pHc.3 npeAcTasneH~ 
AaHH~e H3MepeHH~ H pac4eT\\ '"-"" -;-a:e~ u•~ 
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H~e <)JyHK4HH 4YBCT8HTenb
HOCTH OTHOCHTenbHO eAH
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8 B03,qyxe H eAHHH4HOro 
nOTOKa raMMa-kaaHT08. 
KpHB~e H 3KcnepHMeHTanbHO 
nony4eHH~e 3Ha4eHHFI 4y8-
CTBHTenbHOCTeA HOPMHpo-
8aH~ Ha 1 p H3ny4eHHR 
6°Co /cpeAHRFI 3HeprHFI 
1,25 M3B/, npH 3TOM C4H-

CJ"' TbiBa~~HA npH6op Aa8an 

1 
«100 2000 

eAHHH4HOe noKa3aHHe 
nne). Xopowee cornacHe 
H3MepeHH~ H pac4eTOB Anl'l 
3HeprH~ raMMa-KBaHTOB 
H30TOnH~X HCT04HHKOB no3-

BOnl'leT HCnOnb30BaTb <)JOpMyn~ /1/ H /2/ KaK pa604He 8 WHpOKOM 
AHana3oHe 3HeprHA. 

¢opMa KpHa~x 4Y8CTBHTenbHOCTH AeTeKTopo8 CaS04 (Dy)H oco6eHHO 
BaS0 4 (Dy) cy~ecT8eHHO oTnH4aeTCFI 8 o6nacTH 3HeprH~ MeHee He
cKOnbKHX COT K3B OT ceMeACT8a <!JYHK4H~ 4YBCT8HTenbHOCTH Anl'l Ae
TeKTOpa H3 <)JTOPHCTOrO nHTHFI C pa3nH4H~MH nornOTHTenRMH H3 Ill 
TeM, 4TO OHa no8~WeHa 8 o6naCTH MFirKHX 3HeprH~ B AeCFITKH pa3, 
3TO yKa3~8aeT Ha nepcneKTHBHOCTb HCnOnb30BaHHFI HCCneA08aHH~X 
AeTeKTOp08 ,qnl'l BOCCTaHOBneHHFI 3HepreTH4eCKHX pacnpe,qeneHH~ 
raMMa- H TOpM03HOrO H3ny4eHHFI. 

B 3aKn~4eHHe a8TOP~ 8~pa>Ka~T 6naroAapHOCTb r.H.KacKaH08y 3a 
noMO~b 8 pa6oTe. 
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HET RH nPOBEROB B BAWEA BHBRHOTEKE? 

8bl MOll!.eTe OOJIY'IMTb no OO'!Te nepe'IMCJieHHble HMll!.e KHMrM, 

eCJIM OHM He 6b1JIM 38K838Hbl paHee . 
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