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1. BBEAEHHE 

Am'! BbiCOKOpa3pewaiOU1ei1 cneKTpoMeTpHH xapaKTepHCTH4eCKoro peHT
reHoscKoro H3ny4eHH~ oco6eHHO YA06H~ H3MepHTenbH~e cMcTeM~, 
KOTOp~e npeo6pa3yiOT I-13Mep~eM~e cneKTp~ 3HeprHH 8 yrnOAHCnepCHOH
H~e pacnpeAeneHI-1~ nnOTHOCTI-1 HMnynbCOB. np1-160p~ TaKoro THna, 
KaK, HanpMMep, KpHCTann-AH¢paK41-10HH~.::i cneKTpOMeTp np3rra, 4aCTO 
HCnOnb3yiOT An~ yny4WeHM~ pa6041-1X xapaKTepHCTMK cneKTpOMeTpa, 
npHMeH~eMoro An~ perHcTpa41-11-1 pacce~HHoro KBaHTosoro H3ny4eHH~. 
An~ AOCTHmeHH~ onTHManbHoro pa6o4ero pemHMa paccMaTpHsaeMoro 
cneKTpoMeTpa Heo6XOAHMa TU1aTenbHa~ onTHMH3a4H~ scex ero napa
MeTpos, TaK KaK B~6op KPMCTann-aHanH3aTopoB, 3HeprOAHCnepCMOH
H~X CMCTeM AeTeKTHpOBaHM~ 1-1 reoMeTpHM np1-16opa BnM~eT Ha TaKHe 
samH~e napaMeTpbl, KaK cneKTpanbHa~ 3¢¢eKTMBHOCTb perMCTpa41-11-1 
M AOCTMraeMoe OTHOWeHHe CHrHana K ¢oHy, KOTOpoe M onpeAen~eT 
npeAen perHCTPa4HM KBaHTOBOro H3ny4eHH~. 

B AaHHO.::i pa6oTe onTMMH3a4H~ npoBOAHTC~ An~ peHTreHoscKoro 
KpHCTann-AH¢paK4HOHHoro cneKTpoMeTpa 6p3rra np1-1 Hcnonb3osaHHM 
3HeprOAHcnepcMOHHoro AeTeKTopa An~ perHcTpa41-11-1 M3ny4eHH~ 1-1 ¢op
MynHPYIOTc~ o6t111-1e s~BOA~ no npHMeHeHHIO noA06H~x AeTeKTopos. Pac
CMaTpHBaiOTC~ 3HeproAHCnepcHOHH~e AeTeKTop~: 

- nponOP4HOHanbH~e C4eT41-1KH, 
- C41-1HTHnn~41-10HH~e C4eT4MKH, 
- nponOP4HOHanbHO-C4MHTMnn~4MOHH~e C4eT4HKH, 
- nonynpoBOAHHKOB~e AeTeKTOp~,· 

- 6MHapH~e nonynpoBOAHHKOBble AeTeKTOP~, 
cpasHHBaiOTC~ Me~AY co6oi1 pa3nM4H~e AeTeKTop~ 1-1 AaiOTC~ peKoMeH
Aa4HH no MX npHMeHeHHIO s AM¢paK4MOHH~x cneKTpoMeTpax. 

2. 06l!.li1E TPE60BAHI1fl, nPE,Ilbfl BnfiEMbiE K 113MEPI1TEnbHOI1 CHCTEME 

An~ cneKTpoMeTpHM KBaHTosoro H3ny4eHM~ npM HaHMeHbWeM npe-
Aene perHCTPa4MM M3ny4eHH~ OT M3MepHTenbHOi1 CMCTeM~ Tpe6yeTC~: 

- s~coKoe cneKTpanbHoe pa3peweHMe, 
- B~COKOe OTHOWeHMe CMrHana K ¢oHy, 
- B~COKa~ 3¢¢eKTMBHOCTb perMCTpa4MI-1 M3ny4eHH~ 80 BCeM 

AMana30He H3MepeHH~, 
- B03MOmHOCTb MCCneAOBaTb MaKCHManbHO 6onbWO.::i AHana30H 3Hep

rHM 6e3 nepecTpo.::iKH cneKTpoMeTpa M 6e3 3aMeH~ AeTeKTopa HnM 
KpMCTanna COOTBeTCTBeHHO. 

YAosneTsopMTb 3TMM Tpe6osaHM~M MOmHo c noMOU1biO ABYX pa3nH4-
H~x TMnOB cneKTpOMeTpos: 

', ,,._ .. •4-!f ... 'l, 
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- 3Hepr'OA1-1CnepCI-10HHbiX cneKTPOMeTpOB, 
- A1-1cnepci-10HHo-yrnos~x cneKTpoMeTpos. 

3HeprOAHCnepCHOHH~e cneKTpOMeTp~, B KOTOp~X I-13MepReM~~ CneKTp 
3HeprHI-1 npRMO npeo6paayeTcR B aMnnHTYAH~~ cneKTp, I-1Me~T no cpas
HeHH~ c A1-1cnepci-10HHo-yrnoBbiMI-1 cHcTeMaMH 6onee npocTy~ annapaTyp
HYD KOH$Hrypa~MD 6e3 MeXaHI-14eCKMX nOABI-1mH~X yanOB. 3TO npeHMy
~eCTBO o6ycnoBnMBaeT Wl-1pOKOe npHMeHeHI-1e COOTBeTCTBy~~HX cneKTpo
MeTpOB B na6opaTOpMRX 1-1 B npOM~WneHHOCTI-1, rAe HeT 04eHb B~co

KMX Tpe6oBaHM~ K cneKTpanbHOMY paapeweHM~. EcnM me Tpe6yeTCR 
B~COKOe 3HepreTM4eCKOe paapeWeHHe, cneAyeT OTAaTb npeAn04TeHHe 
AHCnepCHOHHo-yrnoB~M cneKTpOMeTpaM, Y 3TI-1X np1-160p0B nepBI-14H~~ 

3HepreTM4eCKI-1~ cneKTp npeo6paayeTCR KPMCTann-aHanH3aTOpOM BO 
BTOpM4HOe none 3HepreTI-14eCKI-1X cneKTpOB, KOTOp~e M3MepR~TCR 

nOAXOAR~e~ B AaHHOM cny4ae I-13MepMTenbHO~ CHCTeMO~. 3TOT cnoco6 
H3MepeHMR XapaKTepH3yeTCR TeM, 4TO paanomeHHe nepBM4HOrO 3Hep
reTM4eCKOrO cneKTpa Ha ABYXMepHoe none 3HeprHR-yron noasonReT 
ynpOCTMTb 3HepreTM4eCKM~ cneKTp, KOTOp~~ I-13MepneTCR npl-1 $MKCM
poBaHHOM yrne. AnR M3MepeHHR 3TMx 3HepreTM4eCKHX cneKTpos, 
3aBHCR~MX OT Al-1$paK~MOHHOrO yrna @, MOmHO npMMeHRTb HeAMCnep
CHOHH~e MeTOA~ /¢OT03MynbCHI-1, C4eT4HKI-1 re~repa-M~nnepa H AP./ 
MnH 3HeprOAMCnepCMOHH~e AeTeKTop~. AnR AOCTHmeHMR 6onbworo oT
HOWeHMR CMrHan-$oH, KaK npaBHnO, npeHMy~eCTBeHHO HCnOnb3y~TCR 

3HeprOAMCnepCHOHH~e AeTeKTOp~. npl-1 3TOM B KamAOM KOHKpeTHOM cny-
4ae B~6MpaeTCR OAMH M3 AeTeKTOpOB, ynOMRHYT~X BO BBeAeHMM. 

CoeAMHeHMe AMCnepcMOHHo-yrnosoro cneKTooMeToa c 3HeoronHcneo

CMOHH~M AeTeKTOpOM n03BOnReT npM COOTBeTCTBy~~e~ HaCTpO~Ke 3THX 
ABYX CMCTeM YAOBneTBOPMTb Ha3BaHH~M BWWe Tpe6osaHMflM CaM~M 
ny4WHM o6pa30M, npH 3TOM HaAO MCXOAMTb M3 onTI-1ManbHOrO B~6opa 
KPMCTann-aHanM3aTopa. 

3. BU60P AHCnEPCHOHHO-YrflOBOrO Y3flA CnEKTPOMETPA 

PaanomeHMe 3HepreTM4ecKoro cneKTpa KPHCTann-aHanM3aTopo~1 
npOMCXOAMT no 3aKOHy 6p3rra 

nA = 2d sine, /1/ 

rAe A - AnHHa oonHbl aHanHaHpyeMoro KBaHTosoro M3ny4eHHR, d -
MemnnOCKOCTHOe paCCTORHMe, n - nOpRAOK OTpa~eHHR H 8 - yron 
6p3rra. 

4To6~ AOCTH4b B~COKO~ 3$$eKTHBHOCTM perHCTpa4HM l-13ny4eHHR 1 

npMMeHR~TCR KpHCTannbl C nnOCKOCTRMI-1, HMe~~HMH 60nbWY~ OTpama-
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TeJlbHY~ cnoco6HOCTb H onpeAeneHHY~ KPHBM3Hy H3rH6a AI1R yBeJ1H4e
HHR CBeTOCMJlbl BCJ1eACTBHe $OKYCMpOBKH AM$parMpyeMoro H3J1y4eHMR. 
WMpoKoe npMMeHeHHe B peHTreHOBCKHX KpHcTann-AH$paK4HOHH~x cneKT
poMeTpax HaWJ1H H30rHyTble KpMCTaJ1J1bl (no reoMeTpHH HoraHHa /1! 

H HoraHcceHa 12 ~. nonHaR $oKycMpoaKa AOCTHraeTCR a reoMeTpMH 
HoraHcceHa. CpaaHeHHe nonH~x oTpa~aTenbH~x cnoco6HOCTe~ nnocKHX 
M H30rHyT~X KpHCTaJ1J10B AaeTCR B Ta6J1M4e 1 Ha OCHOBe pe3yJ1bTa

TOB, nony4eHHbiX no nporpaMMe PBRAGG 131 

Pa3pewa~~aR cnoco6HOCTb KPMCTann-AH$paK4HOHHoro cneKTpoMeTpa 
3aBHCHT OT M03aM4HO~ CTpyKTyp~ KPMCTanna, OT Me~nJlOCKOCTHOrO 

paCCTORHHR H OT BeJ1H4HH~ reoMeTpH4eCKHX a6eppa4H~. 

Pac4eT~ anHRHHR reoMeTpH4eCKHX a6eppa4H~ Ha no3H4MH H $OPM~ 
H3MepReM~X J1HHM~ npoBeAeH~ AI1R cneKTPOMeTpOB 5p3rra mopHaKOM 

H AP. 14 •51 , 1-13 3TH X pac4eToB cneAyeT, 4TO H3MepeHHR npH yr nax 

8 ;;;: 1 0° yCJ10~HeHbl H3-3a 60J1bWO~ Ae$OpMa4MH J1HHMM H ee OTKJ10HeHHR 
OT no3H4HM, COOTBeTCTBY~~e~ HCTHHHOMy yrny 8. npM yrnax 

e ~ 80° KOHe4H~e pa3Mep~ nepBM4HO~ AHa¢parM~ MOryT orpaHH4H
BaTb AHana30H H3MepeHHR. 

CTaTHCTH4eCKHe nepeKaWHBaHHR M03aH4H~X KPHCTaJ1J1HTOB OTHOCHTenb

HO OpMeHTa4MM KPMCTaJ1J1M4eCKO~ nnOCKOCTH BeAYT K YWMpeHH~ AH
$paK4MOHHOrO nHKa, T.e. nonywHpMHa KPMBO~ PoKMHra, KOTopaH 

xapaKTepM3yeT pa3pewa~~Y~ cnoco6HOCTb KPMCTanna, yaenH4HBaeTcR, 
npM 3TOM HAeanbH~e MOHOKpHCTannw o6naAa~T HaHB~CWe~ pa3pewa~-
~e~ cnoco6HocTb~. KpoMe Toro, AI1R a~6opa npMMeHReMoro KpMcTann

aHanH3aTopa AOnOJ1HHTeJ1bHO HaAO y4HTWBaTb TO, 4TO HeT HAeanb-
HWX MOHOKPMCTaJ1J10B M MAeanbH~X M03aH4H~X KPHCTaJ1J10B, a peanbHW~ 

KPMCTann 3aHHMaeT npoMe~yT04HY~ n03M4M~ MC~AY 060HMH CJ1y4aRMH, 
nonH~e OTpa~aTCJlbHWe CnOC06HOCTH CHJlbHO 3aBHCRT OT 3HeprMH 
KBaHToeoro H3I1Y4CHHR. Pa3nM4HWe KPHCTannw o6naAa~T a 3aBHCHMoc
TH OT 3HeprHM M3J1Y4CHHR RPKO B~pa*eHHWMH MaKCHMyMaMH nOJ1HO~ 

OTpa~aTCJlbHO~ cnoco6HOCTH, T.e. Cy~eCTBy~T xapaKTCPHCTH4CCKMe 

AHana30H~ 3HeprMH, rAe MO~HO npoBeCTH H3MepeHHR npH OTHOCHTenb
HO 60J1bWO~ CBeTOCHJle cneKTPOMCTpa. 

Heo6XOAHMO TaK~e Y4MTWBaTb, 4TO noaeAeHHe peanbHoro KpMcTan
na no cpaBHCHH~ C MACaJlbHWM MOHOKpHCTaJ1J10M HJ1H HACaJlbHWM 
M03aM4H~M KpHCTaJlnOM B 60J1bWO~ CTeneHM 3aBMCHT OT 3HeprHH 
aHaJ1H3HpyeMoro KBaHTOBOrO M3J1y4eHHR. 3TOT $aKT nOATBCP~AaCTCR 
Ha OCHOBe ~KCnepMMeHTOB B pa6oTe/B/ AI1R LiF /200/ M B/?/ AI1R 

KBap4a /1011/. B o6eHx pa6oTax npM4HHO~ TaKoro noaeAeHMR C4M
TaeTCR 3aBMCHMOCTb OTpa~eHHR OT rny6HHW npOHMKHOBCHHR M3J1y4e
HHR B peanbHy~ CTPYKTYPY KPHCTanna.no-BMAHMOMy,scneACTBHe Mexa
HH4eCKO~ o6pa60TKM noaepXHOCTH H BCJ1CACTBHC H3rH6a KpHCTanna 
ero o6nacTH, 6m-13KO pacnono~eHHble K noaepxHOCH1, HMe~T Mo3aH4-

Hy~ CTpyKTypy, a o6naCTH B rny6HHe KpMCTallJla npH6J1H~a~TCR no 
CTPYKType K HAeanbHOMy MOHOKPMCTanny. 0TC~Aa CJ1CAyeT, 4TO 
peanbHW~ KpHCTann AI1R 3HeprMH KBaHTOBOrO M3J1y4eHMR >1Q K3B 
6onbwe noxo* Ha HAeanbHW~ MOHOKPHCTann, a ero noBeAeHHC npM 

E $ 5 K3B npH6nM~aeTCR K nOBeAeHHn HgeanbHOrO M03aM4HOrO KpM-

4 

Me:>!UIJ10CKOCTHble IIOCTO.IIHHbl€ d H MHHHMaJlbHble 3HeprHH E
0

(d) 
AJ1.11 pa3J1HqHblX KPHCTanJlOB 

IlJ10CKOCTb KpHCTanna d /HM Eo(d) /pB 

rprupHT ( 002) 

KBap~ 

.LiF 

Si 

Ge 

NaCl 

PET 

EDDT 

ADP 

KAP 

(IOO) 
(IOI) 
(IIO) 
(!30) 

(200) 
(220) 
(420) 
(420) 

(III) 
l~U) 

(400) 

(III) 
(220) 
(400) 

(200) 
(220) 

(002) 

(020) 

(I01) 

CTeapaT CBHHL\a 

0,3358 1,846 

0,4246 1,460 
0,3336 1,658 
0,2458 2,522 
O,I1?8 5,263 

0,2009 3,086 
0,1421 4,363 

0,3135 I,CJ7? 
O,H~20 J,G29 
O,I358 4,565 

0,3266 1,898 
0,2000 3,IOO 
O,I4I4 4,384 

0,2821 2,H18 
0,1995 3,10? 

0,43?5 1,4!? 

0,4404 !,408 

0,5324 I,I64 

1,385 0,448 

5,065 0,122 
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PHc.I. 3aBHCHMOCTh 3HeprHH En 
HCCJlegyeMOrO KBaHTOBOrO H31ly
qeHHH OT yrna Ep3rra e H rro
PHAKa oTpa.JKeHHH n · CMbiCn ae
nHqHHbi E o(d) o6'bflCHeH 3a ¢opMy
noH.I 3 I, a t\E - rrocne ¢oPMY1lbi I 4 I. 

cTanna. To4H~A xoA nonHo~ oTpa~aTenbHoA cnoco6HOCT~ 3aa~c~T oT 
npo~ecca ~3roTosneH~H Kp~cTanna ~ HBnHeTcH ~3-3a 3Toro 3aa~CH~~M 
OT KOHKpeTHOrO 3K3eMnnHpa. 

Ysen~4eH~e ~3MepeHHOro A~ana3oHa 3Hepr~A s cTopoHy 6onee 
s~coK~x 3Hepr~A AnH s~6paHHOro Kp~cTanna ~ onpeAeneHHoro d 
B03MO~HO, ecn~ BKn~4a~TCH OTpa~eH~H 6onee BbiCOK~X nopHAKOB. 
3TO B~nonH~MO np~ ycnOB~~, 4TO nepeXOA K B~COK~M nopHAKaM OT
pa~eH~H no3aOnAeT nposecT~ ~3MeoeH~H no~ ewe noc:T.::.Tnu~-tn nnn"'"IA" 
3Ha4eH~HX nonHoA oTpa~aTenbHoA cnoco6HocT~. CooTBeTCTBy~~~e 
pe3ynbTaT~ ~3MepeH~H ~ pac4eTa 3aa~c~MOCT~ nonHoA oTpa~aTenbHoA 
cnoco6HoCT~ oT nopAAKa oTpa~eH~H nony4eHbl asTopaM~ s 13 •81 • 

BepXH~A npeAen 3HepreT~4eCKOrO A~ana30Ha, KOTOp~A MO~HO 
~ccneAOBaTb AnA onpeAeneHHoro n onpeAeilHeTcH ycnos~eM 

En -1 
- = n • (sinO) , 

E
0 

(d) 
/2/ 

rAe E 0 (d)= (1,239852 H Ml2d) K~)B. /3/ 

Ben~4~Ha Eo(d) ABilHeTcH Ha~MeHbweA 3Hepr~eA, AnH KoTopoA np~ 
AaHHOM d e~e MO~Ho nposecT~ ~3MepeH~H /Ta6n.2/. Ha p~c. 1 npeA
CTasneHa 3aB~C~MOCTb En = En(O). 113 p~c. 1 cneAyeT, 4TO AnH e z 60° 
A~ana3oH ~cn01lb3yeMoA 3Hepr~~ y~e HeB03MO~Ho cy~ecTaeHHo ysen~-
4~Tb. B~6op sepxHero npeAena A~~paK~~OHHoro yrna ~3-aa 3Toro 
He HBnHeTcA onpeAenH~~~M. HanpoT~s, Aa~e He6onbw~e ~3MeHeH~A 

H~~Hero yrnosoro npeAena eMWH cy~ecTBeHHO pacw~pH~T A~ana30H 
~3MepAeMOA 3Hepr~~. no3TOMY cneAyeT Op~eHT~pOBaTbCH Ha TaKOe 
KOHCTpyKT~BHOe nOCTpoeH~e CneKTPOMeTpa, KOTopoe TO~e n03BOnHeT 
pa6oTaTb np~ Man~x yrnax. 0AHaKo s 3TOM cny4ae cy~ecTaeHHO 
Bn~HH~e reoMeTp~4eCK~X a6epa~~A 14 •51 , KOTOpoe HaAO Y4~T~BaTb. 
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4. TPEEiOBAHHR CO CTOPOHbl KPHCTAJ1Jl-AHAJ1113ATOPA 
K 3HEPrOAI1CnEPCI10HHOMY AETEKTOPY 

3HeprOA~Cnepc~OHHbiA AeTeKTOp AOn~eH npeo6pa30BaTb OTpa~eH
HOe Kp~CTanilOM ~3ny4eH~e B aMnil~TYAHbiA cneKTp, KOTOPbiA per~cT

p~pyeTCH 3neKTpoH~KoA. AocT~raeMoe np~ 3TOM OTHoweH~e c~r

Han/~oH TeM s~we,4eM ny4we 3HepreT~4eCKoe pa3peweH~e AeTeKTopa. 
M~H~ManbH~M Tpe6osaH~eM np~ per~cTpa~~~ A~~paK~~OHHoro ~3ny-

4eH~H HBilHeTCH pa3AeileH~e n~KOB, COOTBeTCTBY~~~X COCeAH~M no
PHAKaM OTpa~eH~H. 

113 p~c.1 B~AHO, 4TO M~H~MailbHOe 3HepreT~4eCKOe paCCTOHH~e 
Me~AY COCeAH~M~ nopHAKaM~ OTpa~eH~H Ha6n~AaeTCH AnH yrnos 
e ->90° ~ COCTaBnHeT B npeAenbHOM cny4ae Eo (d) ./lnH scex yrnos 
0 > 60° OTKnOHeH~e OT 3TOrO 3Ha4eH~A MeHbWe 14%. 

TaK KaK AnA n~6~x yrnos pa3HOCT~ no 3Hepr~~ coceAH~x nopHA
KOB OTpa~eH~H scerAa ~Me~T OA~HaKOBy~ Bei1~4~Hy, ~enecoo6pa3HO 

ycTaHOB~Tb npeAeil per~CTPa4~~ COCeAH~X nopAAKOB OTpa~eH~H 
nocepeA~He cooTaeTcTsy~~ero A~ana3oHa 3Hepr~~. ~~p~Ha 3Hepre
T~4ecKoro A~ana30Ha t\E HBilHeTCA np~ nOCTOHHHOM yrne 0 KOHCTaH
TOA ~ COCTaBnAeT 

/4/ 

OTHoc~TeilbHaH w~p~Ha 3HepreT~4ecKoro ~HTepsana oaaHAeTcH a sa
s~c~MOCT~ OT nOPHAKa OTpa~eH~H /B npo~eHTaX/ 

( t\E )o; =...!.. 100°;, 
E o n n 

/51 

~ 6onbwe He aas~c~T OT yrna 0. Ecn~ AnA ~opM~ n~Ka np~H~MaeTcH 
pacnpeAeneH~e rayCC!'!, TO M~H~ManbHO'e OTHOC~TenbHOe 3HepreT~4e

IDill 
cKoe pa3peweH~e Rrel 3HeproA~cnepc~OHHoro AeTeKTopa pacc4~T~-
saeTcA AnH nopAAKa oTpa~eH~A n no ~opMyne 

min 
R = 

rei 

rAe Xs = 0,60102 AilA pa3AeneH~A COCeAH~X nopAAKOB OTpa~eH~H, 

S = 95 °0 • 

x
8 

= 0,45730 L\1151 S = ggo;,. 

Rmin AaH~ B Ta6n.3 B aaB~C~MOCT~ OT nopHAKa OTpa~erel 
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Bbl6opoM K'pi-1CTann-aHanl-13aTopa Ha ocHose pe3ynbTaTos, npeACTas
neHH~X Ha p1-1c.1 1-1 s Ta6n.2, onpeAen~eTc~ A1-1ana3oH 3Heprl-11-1, 
B KOTOpOM 3$$eKTJ..1BHOCTb perJ..1cTpa41-11-1 KBaHTOBOro l-13ny4eHJ..1~ Ae
TeKTOpa AOnmHa 6~Tb MaKCJ..1ManbHOA. 

noA OTHOCJ..1TenbHOA 3$$eKTJ..1BHOCTb~ per1-1CTpa41-11-1 l-13ny4eHJ..1~ ry 
nOHI-1MaeTC~ OTHOWeHI-1e peri-1CTpJ..1pyeMoA AOnl-1 l-13ny4eHJ..1~ IDet 1-1 naAa~
~ero Ha AeTeKTop l-13ny4eHI-1~ 10 : 

171 

AnR cny4aR nepneHAHKynRpHoro naAeHI-1R H3ny4eHHR Ha 
ecnH npeHe6pe4b Kpaee~MI-1 3¢¢eKTaMH B AeTeKTope, 
/7/ 3anHWeTC~ B B~Ae 

AeTeKTop, 
ypasHeHHe 

ry = exp ( - '£ 11 . p . d . ) • [ 1 - e xp (- '£ 11 . p . d . ) ], 
j I 1 1 j J J J 

!8! 

rAe l1 - MaCCOBbiA K03$$H4HeHT ocna6neHH~ KBaHTOBOro H3ny4eHHR, 
p- nnoTHOCTb MaTepHana, d- Ton~~Ha paccMaTpHsaeMoro cnoR, 
i - HHAeKC All~ o603Ha4eHHR CilOR MemAY nosepXHOCTb~ OKHa H 
4YBCTBHTenbH~M cnoeM AeTeKTopa, j- HHAeKc AnR o6o3Ha4eHHR cnoes 
Hn~ 4acTeA 4YBCTB~TenbHOA o6nacTH AeTeKTopa. 

nepe~A 4neH B ypaBHeHH~ /8/ OTHOCJ..1TCR K OCna6neH~~ H3ily4e
HHR Ha nyTH MemAY nosepXHOCTb~ AeTeKTOpHOrO OKHa ~ 4YBCTB~Tenb

H~M cnoeM AeTeKTopa, a BTopoA 4neH onpeAenReTcR ocna6neHHeM 
s 4YBCTBHTenbHOM cnoe AeTeKTopa. TaK~M o6pa3oM, neps~A 4ileH 
OnHC~BaeT cnaA 3Q$eKT~BHOCTH per~cTpa41-1~ npH Man~X 3HeprHRX, 
a sTopoA 4neH - cnaA np~-1 s~cOKHX 3HeprHRX. CHnbH~e noKanbH~e 

M~HHMYM~ 3$$eKTHBHOCTH per~CTpa4~~ H3ily4eH~R B03HHKa~T np~ 
3HeprHRX ~3ny4eHHR s6n1-131-1 KpaR norno~eH~R s MaTepHane AeTeKTopa. 

Ha pHc. 2 noKa3aHbl 3¢¢eKTHBHOCTH perHcTpa41-11-1 pa3n~4HbiX 

nonynpOBOAH~KOB~X AeTeKTOPOB H Ha pHC.3 - 3$$eKTHBHOCTH nponop-
4HOHanbH~X C4eT4HKOB, C4HHT~nnR4HOHH~X C4eT41-1KOB H nponOP4HO
HanbHO-C41-1HTHilnR4HOHHbiX C4eT4HKOB KaK ¢yHK4~H 3HeprHH naAa~~ero 
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PHc.2. 3aBHCHMOCTb 3¢¢eKTHBHo
CTH perHCTpa~HH llOJIYIIPOBO,ll;HH
KOBbiX p;eTeKTOpOB ry OT 3HeprHH 
KBaHTOBoro H3JiyqeHHfl E. Ha pH
cym<e yKa3aHbi THnbl rronynpoBop;
HHKOBbiX p;eTeKTOpOB, TOnlll,HHbl 
p;eTeKTOpOB H ,ll;JIH HH3KHX 3HeprHH 
npe,u;enbl H3MepeHHH 3HeprHH, orr
pep;enHeMbie rrornomeHHeM H3nyqe
HHH B Be OKHaX p;eTeKTOPOB 
pa3nH4HOn TOJilliHHbl. 

Ha AeTeKTop l-13ny4eHJ..1~. 04eBI-1AHo, 4TO I-13MepeHJ..1e M~rKoro l-13ny-
4eHJ..1R c E $ 1 K3B RBnReTcR oco6eHHO cnomH~M, TaK KaK AnR 3Toro 
Tpe6y~TCR 04eHb TOHKJ..1e AeTeKTOpHble OKHa C BbiCOKJ..1M K03cl>¢1-141-1eH
TOM npoxomAeHJ..1R 1-1 oco6eHHHO TOHK~e MepTs~e cno~-1 AeTeKTopa. 
H3 Ta6n.2 TaKme BI-1AHO, 4TO npoBOAI-1Tb ~3MepeHJ..1R c noMO~b~ 
I-1Me~~J..1XCR KP~CTannos B 3TOM Al-1ana30He 3HeprH~ AOBOnbHO cnomHO. 
TonbKO MaTepHan~ c o4eHb s~coKoA MemnnocKOCTHoA nocTORHHoA, 
TaKHe, KaK KAP HnH cTeapaT cs~H4a, MOmHo np~MeHRTb e o6nacTH 
E ::: 1 K3B. 
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H3nyqeHHfl NaHnapoM TOnlll,HHOH 
'leHHH Maicl:napOM C t = 5 MKM; 
Ct = 5 MKM. 

PHc.3. 3~eKTHBHOCTb perHcTpa~HH 
~ B 3aBHCHMOCTH OT 3HeprHH 
KBaHT~Boro H3nyqeHHfl E : I -
c~HHTHnnH~HOHHbiH cqeT4HK NaJ(Tl) 
TOnlll,HHOH 10 MH; 2 - nponop~H
OHanbHbii1 C'<leT4HK (flq) C Hanon
HeHHeM Xe/CH 4 c ,u;asneHHeM 

p = 760 Topp; 3 - flq c Hanon
HeHHeM Xe/CH4 c p = 500 Topp; 
4 - flq c HarronHeHHeM Xe/CH

4 
c p = 300 Topp; 5 - rrorno~eHHe 

= I MKM; 6 - norno~eHHe H3ny-
7 ~ norno~eHHe H3nyqeHHH cnhlp;oill 

Ta6nH~a 3 . 
mm MliHHManbHOe oTHOCHTeJibHoe 3HepreTH4ecKoe pa3pemeHHe Rrel 

n 

KaK ¢YHKIJ,Hfl IIOpflp;Ka OTpaJKeHHfl 

s =95% 

Rmin 
rel 

------·---------------------------------------

2 

3 

4 

5 

6 

60, I 

30, I 

20,0 

15,0 

12,0 

10,0 

s =99% 

45,7 

22,9 

15,2 

! I ,4 

9,1 

7,6 

r 
('"" ) ,_, 
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5. Bbi60P 3HEPIOAHCnEPCHOHHOIO AETEKTOPA 

5.1. TexH~4eCK~e Tpe6osaH~R 

HapRAY C Tpe6osaH~RM~, KOTOp~e CBR3aH~ C oco6eHHOCTRM~ np~
MeHReMoro Kp~cTann-aHan~aaTopa, Heo6xoA~Mo y4~T~BaTb e~e APYr~e 

Tpe6osaH~R, KOTOp~e onpeAenR~TCR KOHCTPYK~~e~ cneKTPOMeTpOB 
6p3rra. 

4To6~ ~a6e~aTb noTep~ ~HTeHc~BHOCT~ ~ccneAyeMoro ~any4eH~R 

~a-aa norno~eH~R ~ pacceRH~R, 4aCTO Heo6xoA~Mo saKyyM~posaTb 
KaHan. KpoMe 3Toro o6cTORTenbCTBa, np~ paapa6oTKe np~BOAa ~ APY
r~x MexaH~4eCK~x AeTane~ cneKTPOMeTpa HY~Ho y4~T~BaTb, 4TO ge
TeKTop OTpa~eHHOrO Kp~CTannOM ~3ny4eH~R gon~eH 6~Tb yCT0~4~8 
8 BaKyyMe ~ K ~3MeHeH~~ gasneH~R 8 cneKTpOMeTpe. 

,[\eTeKTOPbl, Tpe6y~~~e npoToKa raaa ~ pa6oTa~~~e np~ TeMnepa
Typax ~~AKOro aaoTa, Tpe6y~T, KaK npas~no, np~sne4eH~R gononH~

TenbH~x 3aTpaT, TaK KaK geTeKTOp 8 npo~ecce ~3MepeH~R AB~~eTCR 
no 0- 20 - aaKOHY ~ ero nepegs~~eH~e np~ noMa~~ MexaH~-
4ecKoro y3na, KaK npas~no, CBR3aHo c onpeAeneHH~M orpaH~4eH~eM 
Beca AeTeKTOpa, onpeAenReMoro KOHCTpyK~~e~ ~ T04HOCTb~ gaHHOrO 
cneKTPOMeTpa. 

5.2. 0THOC~TenbHOe 3HepreT~4ecKoe paapeweH~e 
3HeproA~cnepc~OHH~x geTeKTopos 

B HacToR~ee speMR AnR per~cTpa~~~ KBaHT08oro ~3ny4eH~R ~Me~T-
CR cnegy~~~e geTeKTop~: 

- nponop~~oHanbH~e C4eT4~K~, 

- C~~HT~nnR~~OHH~e C4eT4~K~, 

- nponop~~OHanbHO-C~~HT~nnR~~OHH~e C4eT4~K~, 

- nonynpo80AH~K08~e AeTeKTop~. 

HapRAY c 3¢¢eKT~BHOCTb~ per~cTpa~~~ np~ s~6ope nogxogR~e~ 
c~cTeM~ oco6eHHO Hago y4~T~8aTb 3HepreT~4eCKoe pa3peweH~e AaH
Horo AeTeKTOpa. nog nOHRT~eM 11 3HepreT~4eCKOe pa3peweH~e" noH~

MaeTCR nonyw~p~Ha FWHM aMnn~TYAHoro cneKTpa, KoTopaR nony4aeT
CR np~ ~3MepeH~~ geTeKTOpOM MOH03HepreT~4H~X K8aHTOB 3Hepr~~ E. 
CooTHoweH~e Me~AY nonyw~p~Ho~ ~ 3Hepr~e~ ~3MepReMoro ~3ny4eH~R 
Ha3~8aeTCR OTHOC~TenbH~M 3HepreT~4eCK~M pa3peweH~eM: 

R = FWHM • 100°0 • 191 
rei E 

,[\nR nponop~~oHanbH~X C4eT4~KOB nonyw~p~Ha pacc4~T~saeTcR no 
¢opMyne 

FWHM=2,855[£. E. (F'+ VA)]t/
2 1101 

10 

rge c - cpeAHRR 3Hepr~R o6paaosaH~R ~OHHO~ nap~, F' - ¢aKTOp 
¢aHo 191 loTHOC~TenbHaR A~cnepc~R nep8~4H~x npo~ecco81, VA
OTHOC~TenbHaR A~Cnepc~R npo~eCCOB YMHO~eH~R 3apRA08. 

3Kcnep~MeHTanbH~e 3Ha4eH~R OTHOC~TenbHO~ A~Cnepc~~ ga~TCR 

8 1101
• He3a8~C~Mo aT copTa raaa ~ reoMeTp~~ 81101 nony4eHo AnR 

VA 3Ha4eH~e 0,68. 6onee co8epweHH~e pac4eT~ noKaaan~ cna6y~ 
aa8~C~MOCTb VA oT ga8neH~R raaa, reoMeTp~~ geTeKTopa ~ copTa 
ra3a ~ ~Me~T 3Ha4eH~R OT 0,6 AO 0,8 1111

• 

¢aKTOp ¢aHO F' c~nbHO 3aB~C~T OT COpTa raaa ~n~ COCTaBa 
cMec~ ra3o8 8 geTeKTope. TeopeT~4eCK~e 3Ha4eH~R gnR HecKonbK~x 
POA08 CMece~ Aa~TCR 8/12/, OH~ ne~aT 8 g~ana30He OT 0,05 AO 
0,2. 4To6~ nony4~Tb 8en~4~Hy, KOTopy~ YA06Hee cpasH~Tb 

c ¢aKTopaM~ ~aHo AnR APYr~x AeTeKTopo8, ~enecoo6pa3HO ssecT~ 

3¢¢eKT~8H~~ ¢aKTOp ¢aHO 

111 I 

3Ha4eH~R gnR F' ~ -; ga~TCR 8 Ta6n.4. 
4To6~ nony4~Tb 6onee 8~COK~e ¢aKTop~ yc~neH~A s raae, ~c

nonb3Y~TCR HanonHeH~R ~3 cMec~ 6naropogHbiX ra308 nog AasneH~eM 
c opraH~4eCK~M~ coeg~HeH~RM~ I CH 4 , C2H2 ~ AP· I. BcnegcTs~e 
3TOrO 8peMR ~~3H~ C4eT4~Ka yMeHbWaeTCA. nocne 1 0 B 7 1 0 12 ~M
nynbC08 Ha6n~AaeTCR 3aMeTHoe yxyAweH~e pa3pewa~~e~ cnoco6HOCT~ 
c4eT4~Ka, KOTopoe onpegenReTcR paano~eH~eM opraH~4ecK~x coeA~
HeH~~ ~ HaKonneH~eM npogyKT08 pa3no~eH~R Ha aHoge/ 13 ' Heo6xo-

nynbca np~ Han~4~~ MOH03HepreT~4eCKoro ~any4eH~A A8nReTcR 
¢yHK~~e~ 4~cna oTc4eT08 geTeKTopa. H3-3a Mano~ nog8~~HOCT~ 
nono~~TenbH~x ~OH08 np~ HapacTa~~eM 4~cne OTC4eT08 see 6onbwee 
4~cno KaT~OH08 He oTcac~8aeTCR, 4TO 8egeT K o6paao8aH~~ 8~pTy
anbHoro aHOAa ~ np~80A~T K yMeHbWeH~~ 3$¢eKT~8HOrO 3neKTp~4e

CKOrO nOnA 8 geTeKTOpe I 141 . 3TO 06CTOATenbCT80 4aCTO 8egeT K To
My, 4TO He803MO~Ho ~cnonb308aTb nonHoe paapeweH~e c4eT4~Ka. 

nonyw~p~Ha C~~HT~nnR~~OHH~X C4eT4~K08 paCC4~T~8aeTCR no 
¢opMyne I 11 I 

( E 1 y 112 
FWHM

8
Z = 2,3551- (1 +- ( 1 + ---))+I I , 

f Oaf3 y 1(y-1) 
1121 

rge ( - cpeAHAR 3Hepr~A so36y~geH~R c~~HT~nnRTopa I= 3 381, 
~- 8~XOA C8eTa 8 C~~HT~nnRTOpe 10,0]-0,21, 0 - K03¢¢~~~eHT 
c6opa C8eTa 10,5-1,01, a- K03¢¢~~~eHT KOHBepc~~ ¢0TOHOB 8 ¢o
T03neKTpOH~ 10,08-1,01, f3- K03¢¢~~~eHT nepeHoca ¢oTo3neKTpo-
HOB 10,9-1 , 01, Y1 • Y - K03¢¢~~~eHT BTOP~4HO~ 3M~CC~~ lnepsorol 
A~HOAa 13-61. 

YKa3aHH~e 8 cKo6Kax 3Ha4eH~R Aa~T op~eHT~poso4H~e sen~4~H~ 
oTgenbH~x BKnago8. Ben~4~Ha I y4~T~saeT noKanbH~e HeOAHOPOA-
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Ta6JIHI..\a 4 

Cpep;HHe 31WprHH B036YJKAeHHH £ H 3qxpeKTHBHhle clJaKTOPbi 

<l>aHo F p;JUI ::JHeprop;HcnepcHoHHbiX ,o;eTeKTopoa 

,lleTeKTOp 

TIPOTIOPI..\HOHaiTbHblli 

C'IeT'IHK 

CI..\HHTHnfl.III..\HOHHhlH 

C'IeT'IHK 

nponOpi..\HOHaiTbHO

CQHHTHnflHI..\HOHHblli 

C'IeT'IHK 

nonynpOBO,!l;HHKOBbie 

p;eTeKTOpb! 

CocTaB 

Ar 
Kr 
Xe 

Nai(Tl) 

Xe 

Si 
Ge 
Hgl2 
CdTe 

( F 

2n,2 
24,3 0,6571,00 
21,9 

3 60 7 200 

21 '9 0,21 

3,82 0,09 7 o, 14 
2,98 0,1070,15 
4,22 0,46 
4,43 0,4 7 0,5 

HOCT~. nocKOflbKY ~X, KaK noaB~nO, KOn~4eCTBeHHO TnvnHn VUPrTh, 

B 6onbW~HCTBe pac4eTOB ~X He Y4~T~Ba~T.4To6~ AOCT~4b M~H~Manb
H~X WYMOB, Hap;o B~6paTb Y 1 >y.Y4~T~BaH np~aep;eHH~e B~We 3Ha-
4eH~H AnH () ~ f3 ~ np~H~MaH Y1 "'y. ynpocT~M ypaaHeH~e I 121: 

FWHM sz 2,355!£E. _!(1 + _! _Y_) lt12 
e a y-1 

1131 

8 ypaaHeH~~ 1131 MomHo aHanor~4HO cny4a~ nponop4~oHanbHoro 
C4eT4~Ka BBeCT~ 3$$eKTHBH~~ $aKTOp $aHO: 

1 1 y 
F =-(1+---). 

sz e a }' - 1 1141 

AnH ~ccnep;oaaHH~ KBaHToaoro ~any4eH~H e 3Hepr~e~ MeHbwe 
100 K38 B 60nbW~HeTBe cny4aea npMMeHHDTCH e4~HTMflflHTOp~ M3 
N~(Tl), nOCKOflbKY OHM ~Me~T epaBHMTenbHO 6onbWO~ B~XOA eseTa 
~ BpeMH 3aTyXaHMH MMnynbCOB t "'250 HC. no epaBHeHM~ C nponop-
4MOHanbH~M~ C4eT4MKaM~ e4MHT~flflH4MOHH~e C4eT4MKM o6nap;a~T 6onee 
e~coKo~ 3$$eKTMBHocTb~ KaaHToaoro M3ny4eHMH I = 100%/ p;nH seer~ 
paccMaTpMaaeMoro AMana3oHa 3Hepr~~. Op;HaKo Ma-aa MHomecTBa 

12 

np04eeeoa npeo6pa30BaHMH e4MHT~flflH4MOHH~e C4eT4~K~ ~Me~T no 
epaBHeHM~ e npon0p4~0HaflbH~MM e4eT4~KaM~ OTHOC~TenbHO nnoxoe 
3HepreT~4eCKOe paapeweH~e /eM. Ta6n.41. 

HoBbl~ nyTb yny4weH~H paapewa~llle~ enoeo6HoeT~ a HacTOHll\ee 
apeMH OTKP~BaeTCH B CBH3~ C np~MeHeH~eM npOnOP4MOHaflbHO-e4~H
T~flflH4~0HHbiX p;eTeKTopos 115-21/. Hx napaMeTPbl noaeonH~T om~p;aTb 
w~poKoro np~MeHeH~H 3T~x p;eTeKTopos, M~ ap;ecb o6eyp;~M MX 
eao~eTBa, XOTH 3TH npH60p~ noKa ell\e H He B~nycKa~TeH npOM~W

neHHOCTb~. 

nponop4~0HaflbH~~ C4HHTMflflH4MOHH~~ p;eTeKTOp HBnHeTCH rM6PMAOM 
nponOP4MOHanbHOro M e4MHTMflflH4MOHHOrO p;eTeKTOPOB, nepBM4H~~ 

np04eec perMCTPa4MH M3fly4eHMH npOMCXOAMT aHanorM4HO np04eecaM 
B nponOp4MOHaflbHOM C4eT4MKe: nponOp4MOHanbHO 3HeprMM HaneTa~
~~X KBaHTOB o6pa3y~TeH B ra3e MOHHo-3neKTpOHH~e nap~, npM4eM 
3neKTPOH~ ABMmyTeH B HanpasneHMM aHop;a. 86nM3~ MeCTa B03HMKHO
BeHMH nepBM4Horo npo4eeca cyllleeTsyeT o6naeTb yeMneHMH eaeTa, 
B KOTOpO~ 3neKTPOH~ TepH~T 3HeprM~ npM $nyopec4eHTHOM B036ym
AeHMH raaa, He conpoaomp;aeMOM yMHOmeHHeM HOCMTene~ aapHp;a. 
fl~MHHMC4eH4~H raaa perMCTpMpyeTCH npM nOMOli\M OAHOrO MflM HeCKOnb
KHX e4MHTMnnH4MOHH~x AeTeKTopoa. Oco6oe 3Ha4eHMe npM 3TOM 
MMeeT C4eTHOe npoeTpaHCTBeHHOe OTAeneHMe MOHM3a4MOHHO~ o6naCTM 
OT o6nacTM n~MMHMC4eH4HM, 4TO AOCTMraeTCH C$epM4eCKMM 3fleKTpM-
4eCKMM noneM MflM npMMeHeHMeM npOMemyT04HOH CeTKM, Ha KOTOpy~ 

nop;aeTCH HanpHmeHMe a HeCKOnbKO eoTeH aonbT. AocTMmMMOe paa
peweHMe pacc4~T~saeTcH no $opMyne 116/ 

IO'IUUU '>'><::t::IO'Iu f< V\fF'+Vp 1 1.!~-~~-~1/2 /Jc;/ 
..... "'PSZD ···----· 'T' ,~. '1''' - -- ---

N Np NpT 
rp;e VT - OTHOCMTenbHaH AMCnepcMH np04ecca TpaHenopTHpOBKM 
eBeTa /oTpamaTeflbHaH cnoco6HOCTb BHyTpeHHero 06beMa AeTeKTOpHO~ 
KaMepbl, OAHOPOAHOCTb $OTOKaTOAa, BepOHTHOCTb nepeAa4M o6paaye
Mb1X Ha $OTOKaTOAe 3fleKTPOHOB Ha nepa~~ AMHOA $OTOYMHOmMTenHI, 
Vp - OT~OCMTeflbHOe OTKflOHeHMe AMCnepCMM np04ecca ycMneHMH 
eeeTa, N - epeAHee 4Hcno o6paayeM~x nepaM4H~x 3neKTpoHoa, 
~ - cpep;Hee 4MCfl0 $OTOHOB, o6pa3yeM~X_nepBM4H~M 3neKTpOHOM, 
F'- $aKTOP $aHo McnonbayeMoro raaa, T- aeponTHoeTb npeo6pa

aoaaHMH $OTOHOB B $OT03fleKTp0Hbl, VM - OTHOCMTenbHaH AHCnepCMH 
npo4ecca YCHneHMH B $OTOYMHOmMTene. 

8 pa6oTax119,22/ noKa3aHo, 4TO npM onTMMM3a4MM AeTeKTopa 

OTHOCMTenbHO 
- nonHOH nepeAa4M 3HeprMM B036YmAeHHH B ra3 AeTeKTOpa, 
- AOCTMmeHMH 6onbWMX BbiXOAOB n~MMHMC4eH4MH OnTMMaflbHbiM 

npeo6pa30BaHMeM 3HeprHM B036ymAeHHH B OnTH4eCKOe M3ny4eHMe, 
- e~6opa reoMeTpMM AeTeKTopa, o6eene4MBa~lllero nonHy~ nepe

Aa4y OnTM4eCKOro H3ny4eHHH Ha $OTOKaTOA, 
- B~COKOrO K03$$M4MeHTa nepeHOCa ())OT03neKTPOHOB Ha nepBbli:i 

AMHOA $oTOYMHONMTenH 
ypasHeHMe 1151 ynpolllaeTcH: 
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1161 

3To ypaaHeH~e AaeT TeopeT~4eCK~~ npeAen 3HepreT~4ecKoro paape
weHI-'tR /FWHM(MnKa) =390 381. 3ToT TeopeT~4eCK~~ npeAen Ha npaK
TI-1Ke AOCT~raeT np~MepHO 530 38 B 1221 1-1 500 38 B/19/, np~ 3TOM 
3HepreTI-14ecKoe paapeweH~e He aaa~c~T OT 3¢¢eKTI-1BHO~ nno~aAI-1 

AeTeKTOpa ~ AnR 3Hepr~~ KBaHTOB MeHbWe 3 K38 paapeweH~e MO~eT 
cTaTb ny4we, 4eM a a~coKopaapewa~~~x nonynpoBOAHI-1KOB~x Ge-
1-1 Si -AeTeKTopax 120•221. nponOPLI~OHanbHO-CLI~HT!-1nnRI..I~OHHble C4eT-
4~K~ noKa e~e He 04eHb pacnpOCTpaHeHbl, nOTOMy 4TO OH~ RBnR~TCR 
o4eHb 4YBCTBI-1TenbH~M~ K np~MeCRM a raae. Ma-aa 3Toro 3T~ AeTeK
TOPbl, KaK npa8~no, pa6oTa~T c npoToKoM ra3a ~n~-1 c ra3oao~ 
LI~PKynRLI~e~ C 04~CTKO~ ra3a 1 161, 

AnR 8~coKopa3pewa~~e~ cneKTPOMeTp~~ K8aHT08oro H3ny4eHHR 8 
WHpOKOM MaCWTa6e HCnOnb3y~TCR nonynpOBOAH~KOB~e Ge - H & -
AeTeKTop~. 3TI-1 AeTeKTop~ a~rOAHO coeAHHR~T 8~CoKoe 3HepreTH-
4ecKoe pa3peweHHe C B~COKO~ 3¢¢eKTH8HOCTb~ perHCTpal.IHH K8aHT0-
80rO l-13ny4eHHR 8 HHTepecy~~eM Hac AHanaaoHe 3HeprH~ lpHc.2-41. 

04eHb XOpOWHe pe3ynbTaT~ AOCTI-'tra~TCR npl-1 KOMneHCI-1p08aHH~ nH
THeM Ge-H &-AeTeKTopoa.OAHaKo 3TI-1 AeTeKTop~ Tpe6y~T nocTORH
Horo oxna~AeH~R AO TeMnepaTyp ~~AKOro a3oTa, H Aa~e HarpeaaHI-'te 
npH B~Kn~4eHHOM B~COKOM HanpR~eHH~ BeAeT K H3MeHeHI-1RM B Ae
TeKTOpe IHanpHMep, K y8enH4eHH~ ero MePT8oro cnoRI. npHMeHeHHe 
caepx4HCTbiX AeTeKTopo8 H3 Ge ;"" 1 

, p-Si I p '!:!0 KOM cMI /~4/ 
1-1n1-1 1-13 o6ny4eHHoro He~TpoHaMH Si 

1
25,26/ no3aonReT xpaHHTb Ae

TeKTOP np~ KOMHaTHO~ TeMnepaType, HO Ha apeMR pa60T~ ero 
Heo6xOAHMo oxnaAHTb AO TeMnepaTyp~ ~1-'tAKoro a30Ta AnR yMeHbwe
HHR C06CT8eHH~X WYMOB, Bee H 06beM AeTeKTOpa OrpaHH4HBa~T 
npHMeHeHHR npOMbiWneHHbiX Ge- H Si- nonynpo80AHHK08biX AeTeKTOP08 
8 AHcnepcHOHHo-yrnoBbiX cneKTpoMeTpax. M3aecTH~ peweHHR, KOrAa 

PHc,4. 3HepreTHqecKHe pa3peweHHH 

~E pa3JIHqHbiX )J;eTeKTOpOB B 3aBH

CHMOCTH OT 3HeprHH KBaHTOBOrO 

H3JiyqeHHH E: SZ - c~HHTHJ1J1H~HoH- 10 

HbiH cqeTqHK; PZR - rrponop~HoHanb

HhlH cqeTqHK; PSZD - nponop~Ho
HaJibHo-c~HHTHJ1J1H~HOHHblli cqeTqHK; 

Si(Li)l.l?. - npaKTHqecKHH AHana30H 
pa~peweHHH Si(Li) -AeTeKTopa; 

~E e! - BKJia)J; lliYMa 3J1eKTpOHHKH 
B pa3perneHHe, 
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Kpi-10CTaT 1-1 AeTeKTOp CBR3aH~ C ABYXCTeHH~M npOBOAOM, BO BHyTpeH
He~ 4aCTI-1 KOTOporo HaXOA~TCR a30T AnR oxna~AeHHR AeTeKTOpa, 
a BHeWHRR 4aCTb C a30TOM , TeKy~l-'tM B o6paTHOM HanpaaneH~H, 
8~nonHReT ¢yHKLIH~ Tennoao~ H30nRLIHH, 

4To6~ y~TH OT npo6neM oxna~AeHHR ~1-'tAKHM a30TOM, B HaCTOR~ee 
apeMR npHMeHR~TCR ABa cnoco6a: 

1, 3aMeHa ~HAKOrO a30Ta APYrHMH CHCTeMaMH oxna~AeHHR, TaKHMI-1, 
127 28/ Hanp1-1Mep, KaK TepMo3neKTpH4ecKoe oxna~AeHHe • . 

2. Pa38HTHe AeTeKTopoa Ha ocHo8e 6HHapHbiX nonynpoaOAHHK08, 
HanpHMep TaKI-'tX, KaK Hgi 2 , CdTl , GaAs , KOTOPble MoryT pa6oTaTb 
npH KOMHaTHO~ TeMnepaType /29·35/, 

HeCMOTpR Ha TO, 4TO AO C~X nop He AOCTHrHyTO TaKoe ~e 3Hepre
TH4eCKOe pa3peweHHe, KaK AITR oxna~AaeMblX ~HAKHM a30TOM Ge- H 

Si -AeTeKTopo8 IHanpHMep, AITR TepMo3neKT,.PH4ecKoro oxna~AaeMoro 
Si(Li) -AeTeKTopa FWHM(MnKa) = 252 38 127 H AnR Hgl2 -AeTeKTopa 

FWHM(MnK )=295 38 1291 I, 3TH AeTeKTOpbl R8nR~TCR noAXOAR~HMH a 
AnR npHMeHeHHR a cneKTPOMeTpax 6p3rra, noToMy 4TO 3AeCb 8 co-
OTBeTCT81-11-1 C 8~CKa3aHH~M~ B pa3Aene 4 Tpe6o8aHHRMH K 3HepreTI-14ec
KOMY pa3peweHH~ AeTeKTopa oHo He AOnMHO 6~Tb a~coKHM, W~poKoe 
npHMeHeHHe Ha3BaHH~X cnoco60B noKa e~e 3aTPYAHeHO TeXHH4eCKHMH 
npo6neMaMI-1, 803HI-1Ka~~HM~ npH C03AaHH~ TepM03neKTpH4eCKH oxna~Aae
M~X Ge-H & -AeTeKTopo8 H npH npoH380ACT8e 6~HapH~X nonynpo-
80AHHKOB~X AeTeKTopoa. 

B~pa~eHHe AnR 3HepreT~4eCKoro pa3peweH~R nonynpoBOAH~K08~X 
AeTeKTOp08 MO~HO 3al1HCaTb 8 BHAe 

1171 

rAe AE 81 - aKnaA cTaTHCTH4ecKoro xapaKTepa oT HOCI-1Tene~ 3apRAa, 
A Eel - BKnaA, 8HOCHM~~ WyMaMH 3neKTPOHHKH, ~E C - BKnaA, 
o6ycno8neHH~~ HenonH~M c6opoM HOCI-1Tene~ 3aPRAa. 

CTaTI-1CT!-14eCKH~ BKnaA ~Est HMeeT 8HA 

~E = 2 355(£ • E. F') 112 
st ' 1181 

H no38onReT cpa8HHBaTb nonynpo80AHI-1K08~e AeTeKTop~ c APYrHMI-1. 
M3 Ta6n.4 BHAHO, 4TO a cpa8HeH~I-1 c APYrHMI-1 yKa3aHH~MI-1 AeTeKTo
paMH 8KnaA OT CTaTHCTI-'tK~ 3AeCb R8nReTCR Cpa8HHTel1bHO Man~M. 
BKnaA OT HenonHOro c6opa HOCHTene~ 3apRAa C y4eTOM HeOAHO
POAHOCTe~ AeTeKTopa o6cy~AaeTcR 8/36-38/, YAo8neT8op~TenbHaR 

1371 Ol.leHKa nony4aeTcR c noMO~b~ nony3Mnl-1pH4ecKoro ypaaHeHHR 

112 
AE c = a(l - '1) ( c E) , 1191 

KOTopoe cnpaaeAnHao a cny4ae 3¢¢eKTHBHoro c6opa 3aPRAa: 
'7 > 0,99. Ko3¢~HLIHeHT a RBITReTCR 3a8HCR~HM OT MaTepl-'tana AeTeK

TOpa H paaeH eAHHH4e AnR Si H Ge, a AnR o6cy~AaeM~x 3Aecb 
6HHapHblX nonynpOBOAHI-'tKOB ""7 ·1 0 3 , 
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/39/ 
BKnaA wyMa 3neKTPOH~K~ pacc4~T~eaercH 

1'\E 
el 

4,25.( l 0,6kT(C + C )2 
q r • ·s De t FE T + 

1 q 1'2 _,_ kT.r[-+--(1 +I ))! ' 
R 2kT Det FET ' 

p 

no CllopMyne 

/19/ 

rAe q- 3neMeHrapH~.:1 aap.RA, k - nocTO.RHHa.R 6onb4McHa, T- TeM
neparypa a K, r - nocTORHHa.R CllOPM~poeaH~.R ~Mnynbca yc~n~renR, 

Coet - eMKOCTb AeTeKropa, CFET- eMKOCTb BXOAHoro noneeoro 
rpaHa~cropa, Ioet - 6apbepH~~ TOK AeTeKTopa, IFET- T04e4H~~ 
TOK sopor noneeoro rpaHa~cropa, RP - napannenbHoe conpor~ene
H~e BXOAa npeAYC~n~ren.R, s - Kp~e~aHa xapaKTep~cT~K~ noneeoro 
TpaHa~cropa. 

Ha ypaeHeH~R /19/ B~AHO, 4TO wyM or 3neKTpoH~K~ 6yAeT M~H~
ManbH~M np~ onT~MaflbHO~ nOCTO.RHHO~ BpeMeH~ 

0,6•2kT. C 
/20/ 

s( q • 1 + 2kT I R ) 
g p 

rAe Cg ~ lg - nonHafl eMKOCTb ~ TOK. 
Ha ypaeHeH~.R /19/ cneAyer, 4TO wyM 3neKTPOH~K~ aae~c~T or 

3Cil<!leKT~BHO~ nno~aA~ AeTeKTOpa, 4TO cy~eCTBeHHO OTn~4aeT ero 
vo l-l''""""vf.>uts ~f.>Y'~'~"' '~'~"u~ • .:;,u, QJaKT HaAo Y4~TbiBaTb np~ e~t>ope 
A~a<!lparM cneKTpoMerpa 6p3rra, reM 6onee, 4To, KaK npae~no, 
~cnonb3Y~TC.R ronbKO Kpyrn~e AeTeKTOP~. KaK 6onee YA06H~e c 
T04K~ apeH~.R rexHonor~~. 

, Ha p~c.4 noKaaaH~ 3HepreT~4ecK~e paapeweH~.R o6cy~AaeM~x 
3HeproA~cnepc~oHH~x AeTeKTopoe An.R 3Hepr~~ y-KeaHroe ennoTb 
AO 100 K3B. Kp~e~e AnR nponOP4~0HanbH~x C4eT4~Koe, C4~HT~nn.R-

4~0HH~X C4eT4~KOB ~ nponOP4~0HanbHO-C4~HT~nfl.R4~0HH~X C4eT4~KOB 

Mana aae~c.RT or KOHKpeTHoro 3K3eMnn.Rpa AereKTopa. 3awrp~xoeaH
Ha.R o6naCTb Afl.R S«LD -AeTeKTOpOB ~3MeH.ReTC.R B aae~C~MOCT~ OT 
nn~aA~ AeTeKropa. lilrpHXOBbiM~ Kp~e~M~ noKa3aHo npe;4enbHoe 
3HepreT~4eCKoe paapeweH~e /150 ~ 250 38/ Afl.R MnKa -nlltH~~. 
Ge -AeTeKTOp~, KOTOp~e np~ 6onee B~COKVIX 3Hepr~.RX HMe~T no 
cpaeHeHH~ c Si -AeTeKTopaM~ 6onee e~coKoe paapeweH~e /eM. 
pHc.2/, HMe~r CXOAHY~ c Si-AeTeKTopaM~ aaeHC~MOCTb 3Heprer~-

4eCKoro paapeweH~R or 3Hepr~~. 8 rpynne 6~HapH~x nonynpoeoAHHKo
BbiX AeTeKTopoe Hgl 2 -AeTeKTOp~ o6naAa~T e Hacro.R~ee epeMf! 
Ha~ny4W~M~ napaMeTpaMH 129 •301 • J.1aeecrH~ nepe~e npoM~wneHH~e o6-
pa34~ AeTeKropoe raKoro T~na 1341• YKaaaHHa.R An.R 6~HapH~x AeTeK
ropoe Ha pHc.4 Kp~Ba.R OTHOCHTC.R K pe3yflbTaTaM 1-13/2 9 ,3 5~~ ee MO~
HO nOHHMaTb KaK COBpeMeHH~~ HH~H~~ npeAen Afl.R AOCT~raeMoro 
3HepreTV~4ecKoro pa3peweH~.R. 
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C y4eToM rpe6oeaHI-1.R ~3 pa3Aena 4 Ha pV~c.4 yKa3aH AV~ana30H 
3HeprH~, B KOTOpOM AaHH~.:1 AeTeKTOp MO~HO np~MeH.RTb B cneKTpo
MeTpax 6p3rra, o6ecne4~Ba.R rpe6yeMy~ 3HepreTH4eCKY~ pa3pewa~
~Y~ cnoco6HOCTb. YKa3aHH~e 3Ha4eH~R H~~e 1 K3B Ae~cre~renbH~ 
npH COOTBeTCTBY~~e~ 3$CileKTHBHOCTH perHCTpa4~~, KOTOpy~ MO~HO 

AOCTH4b npi-1MeHeHVteM ceepXTOHKHX OKOH ~n~, B cny4ae He06XOAH
MOCT~, B pe~VtMe ~3MepeHVt.R 6e3 OKOH, 

6. 06PA60TKA CHrHAnOB AETEKTOPA 

0AHOepeMeHHoe ~3MepeH~e A~CilpaK4HOHH~x cneKTpoe HecKOnbK~x 
nop.RAKOB noTpe6yeT Vt3MeHeH~.R OKOH aHanVt3aTOpOB B 3aBHC~MOCTH 
or yrna 6p3rra /eM. p~c.1/. Cy~ecreyer ABa ocHOBH~x cnoco6a 
pa6oTbl AeTeKHIPY~~e~ 3neKrpoHHK~: 

1 . <ll~Kc~poeaHHoe yc~neH~e cneKTpocKon~4ecKoro yc~nHTen.R 

~ H3MeHeH~e H~3KVIX npeAenoe VI w~p~H KaHanoe aHanH3aropa a aa
e~c~MOCT~ OT (), 

2. A~HaMH4ecKoe ~aMeHeH~e ycV~neH~.R cneKTpocKon~4ecKoro 

yc~n~Ten.R B 3aB~CJ.1MOCTVI OT 0 np~ CllVIKCHpOBaHH~X HVI3W~X npeAenax 
VI w~p~Hax aHanH3aTopa. 

nn~~tHUVIn D~60T~ O~T~KTOD~- OrHOR~HHW~ H~ nPn~nM rnnrn~P. ~n-

fl~CTpVIpyeTC.R pV~c.5. HH<!lopMa4VIM o6 yrne () o6pa6arweaerc.R Ha 
MVIHH-3BM VI ynpaen.ReTC.R COOTBeTCTBY~~~M~ KOM3HAaMVI Afl.R n OAHO
KaHaflbH~X aHan~3aTopoe, Ka~A~~ ~3 KOTop~x aHanH3~pyer cneKTP 
onpeAeneHHOrO nop.RAKa OTpameHMH, npM 3TOM noTpe6yeTC.R 2n KOMaHA 
ynpaeneH~.R. np~ npoBeAeHVI~ 3TVIX ll OAHOK~HanbH~X aHaflVI30B 
c noMo~b~ aHanoro-4~$poebrx aHanH3aTopoe ~3-aa coenaAeHH.R rpaHM4 
aHanV~aa 41-!Cno ynpaen.R~~VIx KOMaHA yMeHbwaerc.R Ha (n+ 1). 

Ha p~c.6 noKa3aHO npVIH4~nHanbHOe peweHVIe, OCHOBaHHOe Ha BTO
pOM cnoco6e o6pa6oTKH cHrHanoe. 3aeHCVIMOCTH pacnono~eHH.R OKOH 
aHanV~3aTopa or yrna () no ypaeHeH~~ /2/ e~paeHHea~TC.R H3MeHeH~eM 
yCVtfleHVI.R cneKTPOCKOnH4BCKOrO yCHflVITen.R, OnHC~BaeM~M $OpMyno.:1 

I vo I I vi=-.- sin(), 
sme0 

/21/ 

rAe v
0 

VI ()
0 

- nepeoHa4anbH~e ycV~neHV~e VI yron. 0AHOKaHanbH~e 
aHanV~3arop~ /~nVI AUn/ npH 3TOM og~H pa3 a Ha4ane ~3MepeHM.R H2-
na~Hea~Tc.R, VI VIX napaMeTp~ B Te4eH~e H3MepeHVI.R He M3MeH.R~TC.R. 

Ynpaen.R~~a.R KOMaHAa 3AeCb TOflbKO OAHa, TaK 4TO ynpaeneHMe MO~HO 
npOBOA~Tb 4epe3 38M MflH 4epe3 MeXaHH4eCKy~ CB.R3b YCMfl~Tenb

npHBOA cneKTpOMeTpa AnA ycTaHoeneH~.R o6paTHO~ CB.R3M, 
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Puc,S. 06pa6oTKa cHrHanos Ae
TeKTopa npH nOCTORHHOM K03~H
~HeHTe ycuneHHR cneKTpocKonu
qecKoro ycHnHTen.A, BH - auco
Koe HanpH~eHue; ~/ITY -
AeTeKTop/npeAYCHnHTenb; Y -
ycHnHTenb; YIT - ynpaaneHHe OA
HOKaHanbHbJM aHanH3aTopoM; OA -
OAHOKaHanbHbiH aHanH3aTop; C -
cqeTqHK! IT - naMRTh. 

7. 3AKJ1104EHHE 

Puc.6. 06pa6oTKa cHrHanoa Ae
TeKTopa npH nepeMeHHOM K03¢
¢H~HeHTe ycHneHHR cneKTpOCKO
nuqecKOro ycHnHTenn. BH -
BUCOKOe HanpH~eHue; ~/ITY -
AeTeKTop/npeAYCHnHTenb; Y -
ycHnHTenh; YIT - ynpaaneHHe 
ycHnHTeneM; OA - OAHOKaHanbHblli 
aHanH3aTop; C - cqeTqHK; 
IT - n.:IMA'T'h_ 

06cy~AeH~ npo6neM~, KOTOp~e B03HHKa~T npH HCnanb30BaHHH 
cneKTPOMeTpoa 6p3rra a caepxpaapewao~eH cneKTpoMeTpHH KBaHTo
soro H3ny4eHHR a AHanaaoHe 3HeprHH AO 100 K3B. BKn04eH~ a pac
CMOTpeHHe Bonpoc~ npHMeHeHHR AHCnepCHOHHo-yrnOBOH H 3Hepro
AHCnepCHOHHOH 4acTeH cneKTpoMeTpa, a TaK~e cornacoaaHHR o6eHx 
4acTeH MemAY co6oH. 

PaccMoTpeHHe noKaawaaeT, 4To c~HHTHnnR~HOHH~e c4eT4HKH TOnb
Ko ycnOBHO nOAXOART AnR H3MepeHHR AH~paK~HOHH~X nHKOB. nponop
~HOHanbHble C4eT4HKH npHMeHROTCR AnR H3MepeHHH B nepBOM H 8To
POM nOPRAKaX OTpa~eHHH; npH 6onee 8WCOKHX nOPRAKaX OTpa~eHHR 
H HH3KHX 3HeprHRX 3HepreTH4eCKOe pa3peweHHe CnHWKOM Mana AnR 
nonHero pa3AeneHHR OTAenbH~X CHrHano8, COOT8eTCT8y~HX 
pa3nH4HbiM nop.AAKaM oTpa~eHHR. Oco6eHHo nOAXOA.A~HMH An.A npHMe
HeHH.A 8 Ka4eCTBe 3HeproAHCnepCHOHH~x AeTeKTopoa 8 cneKTpoMeT
pe 6p3rra .A8n.A~TCR nponop~HOHanbHO-C~HHTHnn.A~HOHH~e C4eT4HKH 
H nonynpoBOAHHKoa~e AeTeKTop~ H3 Si, Ge H Hgi 2 . Ycnex Hx 
HCnOnb308aHH.A 3a8HCHT OT Taro, HaCKOnbKO XOPOWO B~nonH.A~TC.A yc
nOBH.A, C~OpMynHpOBaHH~e 8 pa3Aene 4. 
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B 3aKn~4eHHe asTopw swpa~a~T 6naroAapHOCTb npo~eccopy 
r.My3HOn~ 3a none3Hble AHCKyCCHH. 
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PyKonHCb nocTynHna s H3AaTenbCKHH OTAen 
23 H~HR 1983 roAa. 

nonepc A., lopHaK r. P13-83-437 
npHMeHeHHe 3HeprOAHCnepCHOHHWX AeTeKTOPOB AnA HaCTPQ~KH peHTreHo
AH~paK~HOHHWX cneKTPOMeTpoB 6perra 

8 pa6oTe o6CY*AaGTCR npo6neMW, KOTOpwe Heo6XOAHMO Y~HTWBaTb npH HCnOnb-
30BaHHH cneKTPQMeTpoB 6p3rra • caepxpa3pewa~e~ cneKTPOMeTpHH KBaHTOBoro 
H3ny~eHHR B AHana30He 3HeprHH AO 100 K38, 8 paCCMOTpeHHe BKn~~eHW BOnpocw 
nOCTpoeHHA AHCnepCHOHHO-yrnoBO~ H 3HeprOAHCnepCHOHHO~ ~acre~ CneKTpOMeTpa 
H o6cY*AaGTCA npo6neMW cornaco&aHHA o6eHx ~acre~ Me*AY co6o~. ~eTanbHO pac
CMOTpeHw C~HHTHnnA~HOHHWe C~eT~HKH, nponop~HOHanbHWe C~eT~HKH, nponop~Ho
HanbHO-C~HHTHnnA~HOHHwe C~eT~HKH H nonynPQBOAHHKOBWe AeTeKTOpW, a TaK*e 
B03MO*Hwe CnOCo6W o6pa60TKH CHrHanoB 3THX AeTeKTOpOB, noKa3aHO, ~TO C~HH
THnnA~HOHHWe C~eT~HKH TOnbKO ycnOBHO nOAXOART AnR H3MepeHHR AH~paK~HOHHWX 
pe~neKCOB, nponop~MOHanbHWe C~eT~HKH YAOBneTBOPR~T ycnoBHRM H3MepeHH~ 
B nep&OM H BTOPQM nopAAKaX OTpaMeHH~ n; npH 6onee BWCOKHX D H Manwx 3Hep
rHRX 3HepreTH~eCKOe pa3peweHHe HeAOCTaTO~HO AflR nonHOro pa3AeneHMR OTAenb
HWX nonoc c pa3nH~HWMH n. Oco6eHHO YA06HWMH AnR npHMeHeHHR a Ka~ecrae 

3HeprOAHCnepCHOHHWX AeTeKTOpOB B cneKTpOMeTpax op3rra RBnR~TCR nponop~HO
HanbHO-C~HHTHnnA~HOHHWe c~eT~HKH H nonynpoaOAHHKoawe AeTeKTopw H3 Si , Ge ,Hg~ 

Pa6ora awnonHeHa • 0TAene Hoawx MeTOAOB ycKopeHHR OHRH. 

Pohlers A., Z~chornack G. P13-83-437 
The Employment of Energy-Dispersive Detectors for the Set-Up of 
X-Ray Oif-fr.-ctioo Spectr.ometers 

The problems to be taken into consideration for an optimal set-up of 
Bragg-spectrometers in the high resolution spectroscopy of quantum radiation 
1n the energy range up to 100 keV are discussed. Questions of the angle
dispersive and the energy-dispersive parts of the spectrometer are included 
into consideration and the problem of correspondance of the single parts 
together is discussed. Scintillation counters, proportional counters, 
proportional scintillation counters and semiconductor detectors are dis
cussed in detail, and also, the possible methods of the signal processing 
are considered. It is shown that scintillation counters only conditional 
are applicable to the measurement of diffraction reflexes. Proportional 
counters satisfied the measurement conditions for the first and the second 
diffraction orders n;at higher nand at low energies the energy resolution 
is not sufficient for a full separation of single reflexes with differentn. 
Especially convenient for the use as energy dispersive detectors in 

Bragg-spectrometers are proportional scintillation counters and semi
conductors from 81, Ge and Hgl 2 • 

The investigation has been performed at the Department of New Methods 
of Acceleration. JINR. 
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