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Jis uccitenoBaHHbBIX 00pasIoB 1o npoBenaeaus TO Ko-
a¢¢punueHT omuaHocTH cocTaBistl 1,0097, mocie TO
— 1,0041. Takum oOpazom, TepMooOpadoTKa yaydia-
€T OMHYECKHE CBOMCTBA KOHTAKTOB.

BriBoabI

W3 npuBeeHHBIX BBIIIE SKCIIEPUMEHTAIBHBIX JAHHBIX
BUJIHO, YTO TepMOOOPabOTKa Ha BO3IyXe MOCIIE XUMH-
YEeCKOTO OCaKAEHHS 30JI0THIX KOHTAKTOB MPUBOAUT K
3HaYUTEIBHOMY U3MEHEHHUIO IEKTPOPU3NIECKHIX XapaK-
TEPUCTHUK JICTEKTOPOB Y-H3ITyueHHs Ha ocHoBe CdZnTe
p-tuna. [lokasano, 4To 3TH H3MEHEHHS 00YCIIOBIIEHHI B
OorblIeil creneHn Mo UKAIMEH TPaHUITBI pasaena "Me-
TaJUI—IIOTYIIPOBOAHUK", 4eM H3MEHEHHEM CBOHCTB 00-
KOBOI1 TOBEPXHOCTH I€TEKTOPA.

W3meHeHMe 3MeKTPOPU3HMUIECKIX CBOICTB IETEKTOPOB
3aBUCHT OT PEXKHUMOB TepMO0OpaboTKkU. ONTUMATBHBIM
pexumoM TO A7t HOTyYeHUsT HAMTYYIINX JIEKTPOhH-
3WYECKHUX XapaKTEePUCTHK AETEKTOPOB ABJIACTCS TEMITe-
patypa 140°C, Bpemst 06paboTku | 4; nanpHeiiee yBe-
JTUYEHHUE BPEMEHU TepMOOOPaOOTKH (10 5 1) yxKe He BIIU-
SeT Ha U3MEHEHHE MEeKTPOPU3HIECKIX XapaKTePHCTHK
nerekropa. OnTumansHeIi pexxuM TO Mo3BOISET MOBHI-
CHUTh pabouee HanpsHKeHHUE AETEKTOPa, B PE3yNbTaTe 4ero

MPOUCXOINT YITyUIICHUE CIIEKTPOMETPHIECKUX XapaKTe-
PHCTHK JIETEKTOPOB.

[NoyueHHbIE pe3yabTaThl AEMOHCTPUPYIOT BBICOKYIO
TeMIepaTypHyto ctoikocTs CdZnTe-neTekTopoB: Harpes
J0 160°C He IPUBOIUT K HEOOPATUMOMY HU3MCHCHHIO
AIEKTPOPH3UIECKUX XaPAKTEPUCTHK, YTO MO3BOJISIET JIe-
TEKTOPY HOPMaJIbHO ()YHKIMOHHPOBATH ITOCIIE BOCCTa-
HOBJIEHUS pabouei TeMIepaTypsl.
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BJIOK JETEKTUPOBAHUA TAMMA-U3JIYUEHUSA
HA OCHOBE CdZnTe JISI CUCTEM

PAJUALTMOHHOI'O KOHTPOJIA

IIponopyuonanvhslii UMRYILCHBLIL PENCUM
pabomwur CdZnTe-0emexmopa noszsonsem
CYUIeCmBeHHO NOBLICUMb KAYECmEo UMe-
PeHuUll, KOMIEHCUPOBAMb IHEPSEMUUECKYI0
3A6UCUMOCTb YYBCHBUMETbHOCHIU.

Broku nerexrnupoBaHwsL, IpeaHa3HAYCHHBIE U M3Me-
PEHIST MOLITHOCTH JT03bI TAMMa-H3JTy4eHHs B BO3IYXE, BXO-
IT B COCTAB amIapaTypbl KOHTPOJIS PaIualiioHHOH Oe3-
omacHoctr (AKPB) aromHbIX amekTpocTanmmiil. Haxomsm-
€csl B HACTOSIIIIEE BPEMSI B SKCIUTyaTAIIHH OJIOKH JIETEKTH-
posanus cuctembl AKPB-03 BrIpaGoTtamu cBol pecypc, a
caMa cuctema, paspabotanHas Oonee 20 JieT Hazaja, MO-
paibHO ycTapena. OueBHIHO, 9TO HOBBIE OJOKU JeTeKTH-
POBaHMS TOJDKHBI 0071a1aTh O0J1e€ BEICOKIMH METPOJIOTH-
YEeCKUMH U SKCILTyaTaIllMOHHBIMH ITOKA3aTEISIMH, YeM MO/
nexanrie 3aMmeHe. CyIecTBEHHBIH IPOPHIB B YITyUIIICHUH
METPOJIOTHIECKHX 1 YKCILTYaTAIIMOHHBIX XapaKTEPUCTHK Jic-
TEKTOPOB MOXKET OBITH TIOJTYYeH TOJBKO Ha OCHOBE IIPHAMe-
HEHHSI HOBBIX MaTE€PHAajoB, B YACTHOCTH, ITHPOKO30HHBIX
MOTYTIPOBOHUKOB, Takux kak CdZnTe [1].

B GonpmuHCTBE citydaeB ucnonb3oBanue CdZnTe-
JETEKTOPOB SIBJIIETCSI O0JIee MPEAIOUTUTEIIEHBIM TT0 CPaB-
HEHUIO C TPAJUIAOHHBIMHU Ta30pa3psAHBIME JETEKTOpa-

MU U HOBBIMH HOJYNPOBOIHUKOBBIMH KPEMHHUEBBIMU
netekropamu. Hanpumep, mpumenenne CdZnTe no3so-
nsieT (6e3 MPUMEHEHUs KaKOTO-TH00 JOMOTHUTEIBHOTO
OXJIXKICHHUS ) PETUCTPHPOBATH Y-U3ITyI€HUE SHEPTUH OKO-
10 10 k3B — B oTiIMuMe OT AETEKTOPOB Ha OCHOBE Si,
00€eCTIeUMBAIOIINX H3MEPEHHIE MOIITHOCTH JI03BI IS DHEP-
ruii Beime 50—60 x3B. JIpyrum nmpeumyniecTBOM
CdZnTe-neTeKTOpPOB 1O CPABHEHHIO C YKa3aHHBIMH SIB-
JSIETCsI CYIIECTBEHHO Oouiee BhICOKast 9 (eKTUBHOCTD pe-
TUCTPALMi raMMa-13ITy4eHus1, 00y CIOBIEHHAs! BEICOKUM
ATOMHBIM HOMEPOM.

I[Ipumenenne CdZnTe nis u3MepeHUs MOIIHOCTH
JI03bl OTPAHUYHMBACTCS TEM, YTO UyBCTBUTEIHHOCTH JIe-
TEKTOpa B quamna3zoHe sHepruil y-uznmydenus 10 koB—
3 M»aB usmensetcs 6onee ueM B 10 pa3. [y CHIKEHHS
HOTPEIIHOCTH, 00y CIOBIEHHON 3aBHCUMOCTBIO UyBCTBU-
tenpHOCTH CdZnTe-neTekTopa 0T SHEPTUH Y-U3ITy4eHHU,
IpeIaraeTcs ICIOb30BaTh U(POBYIO KOPPEKIIHIO BHI-
XomHOTO curHama [2, 3].

B craTbe paccmarpuBaeTcs OIMH U3 BAPHAHTOB MPaK-
THYECKOTO PELICHUS 3aJja4d CO3/IaHUSI COBPEMEHHOTO
0JIOKa TETCKTHPOBAHUS C MCIOIH30BAHHEM HOBBIX JIe-
TEKTOPHBIX MAaTEPHAJIOB 32 CYET MPUMEHEHUs I (DPOBOIA
KOPPEKIIMU BBIXOJJHOTO CUTHAJIA.
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Koppexum OCYIIECTBIISIETCA ITyT€M U3MEHEHHUS Ya-
CTOTHI IMITYJIbCOB Ha BBIXOJIE OJI0Ka JETEKTUPO-
BaHUs B 3aBUCHMOCTH OT SHEPIUU 3aPETUCTPUPOBAHHO-
T'0 U3IIy4YEHUs EY:

oyt = ninpK(x) 5 ( 1)

e nom — 4acCToTa UMITYJIbCOB Ha BBIXOJC Oi0Ka JACTECKTUPOBAHUSA,
}’lm — 4acTOoTa UMITYJIbCOB Ha BbIXOC MPEAYCUIIUTEIIS ACTCKTOPA,
K(XS —_— KO3(1)(1)I/II_II/I€HT HU3MEHCHHS 4aCTOThI UMITYJILCOB Ha BbIXOC

0J10Ka IETEKTUPOBAHUS;
X — HOMEp KaHala, COOTBETCTBYIOLIEr0 YHEPrun £, .
YucnenHoe 3HaueHHEe Kod(durimeHTa u3MeHeHus Ja-
CTOTBI UMITYJIbCOB Ha BBIXOJE OJIOKA JETEKTUPOBAHHS
ompesenseTcs Ha OCHOBaHHH aHATUTHYECKOM 3aBUCUMO-
CTH OTHOLLEHUS YyBCTBUTEIBHOCTH I€TEKTOPA K PErUCT-
pUpyeMOMY Y-U3ITy9EeHHUIO S(Ey, X) ¥ 9yBCTBUTEIHHOCTH
K Y-U3IY4YEHHIO C dHEPruei, Ha KOTOpoi MpoBOAMIIACH
rpagyupoBKa AETEKTOPa, S(Ey ,X):

max “\max

§(E,) = J.S(EY,x)~K(x)dx J.S(Erk,x)dx,

X,

2

min Xmin
e S(EY) —3aZlaHHas OTHOCHUTENIbHAS 3aBUCUMOCTb 4yBCTBUTEIIb-
HOCTH JETEKTOpa OT YHEPTHUH;

X . — HOMEP KaHajla, COOTBETCTBYIOLICTO YPOBHIO IIyMa.

min

Jns mpakTrdeckon peann3auuy KOPPEKIUHA BBIXOI-
HOTO CUTHaJa 0JI0Ka AETEKTUPOBAHUS MIPEIaraeTCcs uc-
IIOJIb30BaTh KyCO‘IHO—HHHCﬁHyIO HWHTEPNOJIALINIO aHaJIN-
THUYECKOM 3aBUCUMOCTH 3aJJaHHOM OTHOCHUTEILHOI 3aBHU-
CHMOCTH YyBCTBUTENBHOCTH JIETEKTOPA OT YHepru# (2) B

Buze [2]

S(E, . w)K(x)
S (Eyl 9xl)K (XCL) +8 (EY2 axZ)K (xZ)

&(E)= X

Y

S(Ey K (a) +S(Ey,, x)K (5p)+...+ S(E, x)K(x,)

Xy~ (3)
.[S(EY x)dr
Nmin
3necy N, (N,;,) TPUMEHSIOTCSA IS TOTO, YTOOBI

MOIYEPKHYTh Pa30HeHUE SHEPIeTHIECKOTO ANana3oHa Ha
HOBOE, CYIECTBEHHO MEHbIIIEE, YHUCIIO0 HHTEPBAJIOB.

Takum 00pa3oM, 3a1a4a KOPPEKITUH SHEPTeTUIESCKOH
3aBHCUMOCTH YyBCTBUTEIBEHOCTH 3aKIIIOYaeTCs B OIpe-
JieNIeHUH 3HaueHus K(x) U1 OTIpeAeIeHHOTO SHEPTeTH-
YECKOTO JINANa30Ha 3aPETUCTPUPOBAHHBIX (YOTOHOB £y,

Ha mepBoMm starre, mpu co31aHIH anropuTMa Hudpo-
BOU KOPPEKIIHH YHEPTeTHIECKON 3aBUCHMOCTH TyBCTBH-
TENLHOCTH, UCTIONB30BAHCH JaHHBIE 0 Kod(duImenTe
K(x), npuBeneHnsle B [2]:

40...80 |80...170|170...350| 350...450(450...1100 1100...1500

AX, k3B

K(x) |0015625| 0,039 | 0,625 3,875 45 2

HpI/I 9TOM OTHOCUTECJIbHAA 3aBUCUMOCTDb 1yBCTBUTECIIb-
HOCTH AETEKTOpPA OT SHCPTUU paBHA!

E, xoB 59 | 122 | 166 | 279 | 392 | 662 | 835 | 1250

103| 100| 1,05(099| 1,04 | 1,02| 093 | 1,00

&(E)

Taxum 00pa3oM, MOTPEIIHOCTH, BEI3BAHHAS 3aBUCH-
MocThl0 uyBcTBUTENbHOCTH CdZnTe-neTexropa oT sHep-
TUH Y-u3nydeHus (X0l ¢ dKEeCTKOCThI0 ), cocTaBisieT 7%.

OKCHEpUMEHTAIFHO OIpe/Ie/IeHHAs MaKCHMaIbHas
MOIITHOCTH JI03bl, IPU KOTOPOH MMEEeTCs MpaKTH4ecKas
BO3MOXHOCTh PEeaJIn30BaTh YKa3aHHBIA aJlFOPUTM KOp-
PEKIHHU ¢ AONOIHUTENBHON orpemmHocThio 10%, cocta-
Buia 1 I'p/qa [4].

a puc. 1 npuBesieHa CTpyKTypHas cxeMa JI031-

METpHYECKOro OITOKa IeTEKTUPOBAHUS ¢ IIH(PO-
BOM KOPPEKTHPOBKOII “xo0fa ¢ xkecTKocThI0”. (Pa3pabo-
TaHHBIN AETEKTOP IO rabapuTaM U BEIXOTHBIM CHTHAJIAM
COBMECTHUM ¢ OJokoM JeTektupoBanust BIIMI'-41.)

IIpu B3auMoaelicTBUY HOHU3UPYIOIUX U3ITYyYEHUN C
MaTepHraioM JeTeKTOpa Ha ero BBIXOE MOSIBIISIOTCS UM-
ITYJIbChI OTpHHaTeHLHOﬁ TMOJIAPHOCTH C aMHJII/ITy}lOﬁ CHUI'-
HaJjia, IpONOPLUMOHATBHON NOMIOMIEHHOW B KPUCTAJIe
sHepruu. CUrxal, CHUMaeMblil ¢ KpucTauia IeTeKTopa,
MIOCTYTIAET Ha IPe/IBAPUTENIbHBIN 3aps1 101y BCTBUTEIIbHBIN
ycwutens. Jlanee curHai yCUINBaeTcsl B OCHOBHOM YCH-
JIUTENE 10 HAMPSHKEHUH, JO0CTaTOYHBIX 11 padoTsl ALITT
Y HOpMaJu3aropa UMITyIbcoB. OTHOKpUCTAIbHAS MHK-
po3BM (O3BM) n ALIIT 06pa3yroT aHAIM3aTOP CIIEKTpa
(B ,A€pHOI CIEKTPOMETPHHU Yallle IPUMEHSETCS TEPMHUH
“MHOTOKaHaJHLHBIN aHATH3aTOp UMITYTbCOB”). [locnemy-
fom1ast 00padoTKa CIEKTpa C IEIbI0 ONpeAeTIeHHs KO3 -
(I)I/IHI/ICHTa H3MCHCHUA YaCTOThI UMITYJIbCOB Ha BbIXOAEC o110-
Ka JE€TCKTUPOBAHUA MPOXOAUT B COOTBETCTBUU C aJITO-
puTMOM, orcaHHBIM BbIte. Takke Ha OOBM noctymna-

Ip CABApH- OcHnosHo#t | 1 AL ODBM
TEJBHBIN > > >
YCUIIUTENb -
YCUIINTENb
k4 ha
Cuerunk ¢ nepe-
Hopmanuszatop |2 P 3 . 4
= MCHHBIM KO3 du- = UWurepodeiic
HUMILYJIbCOB
I[EHTOM JICJICHUS
F
Puc. 1. CtpykTypHas cxema 0J0Ka ICTCKTUPOBAHUS HAa OCHOBE YeTpoHcTEO _|
CdZnTe yIpaBICHHS
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10T UMITYJIBCHI C HOPMAJIM3aTOPa JUIs ONPEAETICHUS CKO-
poctu cueta. OOBM, B cBOIO 0ouepe b, yIpaBisis CUET-
YHKOM C MEPEMEHHBIM KO(P(PUIIUEHTOM AETICHUS, KOp-
PEKTHPYET SHEPTETUIECKYIO 3aBUCHMOCTD TyBCTBUTEIb-
Hoctu CdZnTe-netekropa.

C BBIXO/1a CYETINKA CKOPPEKTHPOBAHHBIE HMITYIHCHI
CTaHJapTHOU aMILIUTY/bl, COOTBETCTBYIOIIEH YPOBHAM
soruueckoro “0” u “1” ucrnomnb3yeMoil AeMeHTHOM 6a3Hl,
MOCTYMAIOT Ha y3el uaTepdeiica. Y3en untepdeiica npe-
o0pa3yeT yKa3aHHbIE IMITYJIbCHI ITO [UTUTEIEHOCTH H aM-
TUIATYZE, HeoOXoaumoit i pabotsl kaHaia AKPB. Ta-
KO€ JIOTIOJTHUTENbHOE (hOPMUPOBAHNE CHUTHAIA HE00XO0-
JMMO U3-3a TOTO, YTO KaHau nepenayn naHHbeix AKPD He
COOTBETCTBYET COBPEMEHHBIM CTaH/IapTaM Iiepeaadn UH-
dhopmanum.

Puc. 2 unmoctpupyer o0paboTKy cursana B 0J0ke
JETEKTUPOBaHMs [IPU U3MEPEHUU OIMHAKOBON MOIIHOCTH
JO3BI JUTS1 TAMMAa-U3ITydeHHUs pa3InaHoi sHeprun (Iud-
poBbIe 0003HaUeHHUs COrNIacHO puc. 1). BBuay BricOKOTO
a¢dexruBHOTrO atomMmHOoro Homepa CdZnTe Ha BbIxozIE OC-
HoBHOTO ycrmymrtes (coorBercTBeHHO CdZnTe-nerekropa
U TPEJIBAPUTEIBHOTO YCUIIUTEIIS) YHCIIO 3apETHCTPHPO-
BaHHBIX FTaMMa-KBaHTOB OOJIbIIIE JJI1 MCHBIIINUX 3HAYCHUM
sHepruu (cM. [ puc. 2).

a) 0)

! ANA

Puc. 2. Bpemennas nuarpamma paboThl 0JIOKa JAETEKTHPO-
BaHUd Ha ocHOBe CdZnTe mpu u3MepeHUH OJUHAKOBOM
MOIIHOCTH J103bl Ul FaMMa-H3JIyueHHs pa3IuyHOU dHep-
THH (71 6 SHEeprHs raMMa-H3IIyd9eHns MEHbIIE, 9eM JUIS a)

HenocrarkoM mpuBeAEHHOIO TEXHUYECKOTO PELLIEHHS
SIBIISIETCS HEOOMBIION JMHAMIYECKHI IMana3oH u3Mepsi-
€MBbIX 3HaY€HH MOITHOCTH 1036l [IoaTOMY B pazButHe
€ro MPeNIoKEeH BapHaHT OJIOKA JIETCKTUPOBAHUS, B KO-
TOPOM QJITOPUTM KOPPEKITUK CUTHAJIA Ha BBIXOJIE OJI0Ka
peanu3yeTcsl MpU MOMOIIM CUTHAJIIBHOTO MPOIECCOopa.

IIpu 3TOM Ha BXOJl CUTHAJIBHOTO MPOLIECCOPA MOAACTCS
1(POBOH KO, POIOPLIHOHATHHBIN AMILTUTY/IE UMITYIbCA
Ipyu perucTpalyu raMmMa-KBaHTa, HOJ'Iy‘IeHHbIﬁ B pE3YyJib-
TaTe mpeoOpa3oBaHus BeICOKOCKOpoCcTHBIM ALII, ycra-
HOBJICHHBIM HEIOCPEACTBEHHO IMOCIE BBIXOAA 3apsmo-
YYBCTBUTEJILHOIO IPEABAPUTENBHOIO YCHIIUTENA. DTOT
MOAXO0. OB IETaIbHO pa3paboTaH MNP CO3AAHUH CTICKT-
POMETpPOB TaMMa-nU3ITydeHus [S].

Amnanu3 nokasai, 4To Tpebyemoe 3HaueHue Iorpel-
HOCTH 3a CHET IHEPreTUUECKOH 3aBUCUMOCTH YyBCTBU-
TEITLHOCTH MOYKET OBIThH JAOCTUTHYTO IIPHU UCTIOJIb30BAHUU
10-paspsanabix ALIIT AD9411 Analog Devices ¢ yacTo-
Toil nuckperuzauuu 170 MI'u. Ilpu 3tom KonuuyecTBo
YpOBHEH KBaHTOBAaHHS ONPEAEISIETCS TpeOOBaHNEM U3~
MEPATHb MOIITHOCTL JO3bl raMMa-U3JTyUCHUSA C 3Heprneﬁ
He MeHee 10 k3B; Takoit MUHIMAaTEHOM YHEPTHH U COOT-
BeTcTBYeT npuMeHenue 10-pa3psaanbix AIIIL

skesksk

Taxum 00pazom, IpUMEHEHHE COBPEMEHHBIX METO-
JIOB U TEXHUYECKUX CPEJICTB LU POBOIt 00paboTKU cUr-
HAaJIOB [TO3BOJIMIIO pa3padoTaTh OJIOK AETEKTHPOBAHUS IS
W3MEPEHHUs1 MOIIHOCTH J03bl TaMMa-U3y4eHHs Ha OC-
HoBe CdZnTe. [IpuMeneHue MUPPOBON KOPPEKITUH BbI-
XOJIHOTO CUTHAJIa TIO3BOJIAET MPEOI0IETh TIIABHOE Orpa-
HyeHne npumeHenns CdZnTe-neTekTopoB B cocTaBe CH-
CTEM pPalMalliOHHOTO KOHTPOJISL.

YcneurHple UCTIBITAaHUS OMBITHBIX 00Pa3IoB OJIOKOB
JETeKTUPOBaHUs Ha JeiicTBytomux ADC moaATBepAnIH
MPaBUIIBHOCTH IPEATIOKEHHBIX PEIICHH.
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