JIABOPATOPHASA PABOTA Ne2
ONPEJAEJIEHUME DOPEKTUBHOCTHU PETUCTPALIUUN
IF'AMMA-U3JIYYEHU CHUHTHIAOUOHHBIM JETEKTOPOM

Llenv pabomer - W3ydyeHUE TPHUHIUINA JEHCTBHUS W YCTPOMCTBA CHMHTHIUIAIIMOHHBIX
JIETEKTOPOB, DKCIIEPUMEHTAJIbHOE ompeaeiicHre 3(PGEeKTUBHOCTH PETHCTPAllMM TaMMa-
U3IIy4eHUS  CUMHTWUISIUOHHBIMU  JCTEKTOpaMH,  ONpENENIEHHEe  3aBUCHUMOCTU
3¢ (PEeKTUBHOCTH PETUCTPAIIUU OT Pa3MEPOB KPUCTAIIA U SHEPTUHU TaMMa-U3ITydCHUSI.

TeopeTrnueckas 4acTh

Ipunyun oeticmsus u ycmpoucmeo CyuHmuLIsAIYUOHHBIX 0emMeKmopos

CUMHTWUIALIMOHHBIM METOJ| SIBJIIETCS B HACTOsIEEe BpeMs OJHUM U3 Hambosee
pPacIpoOCTPAHEHHBIX CIIOCOOOB PErUCTpallid W CIEKTPOMETPUU HOHUZUPYIOIINX
n3nydeHud. CUUHTWIUIAIMOHHBIE ACTEKTOPHl IIUPOKO HCIOJB3YIOTCS B MPHUKIATHON
anepHOr (U3MKE JJIS PEerUCTpalliid TaMMa-U3Iy4YeHHs, U3y4eHHUs! CIEKTPOB W3Iy4YEeHUU
PaIMOHYKIIHIOB, U3MEPEHHSI BPEMEHH JKU3HU BO30YKJIEHHBIX COCTOSHUN aTOMHBIX sIIep
u 1ap. CUMHTWUISIIMOHHAA TEXHUKA HalUla IIHPOKOE MPUMEHEHHE U B MPOU3BOJICTBE:
raMma-1e()eKTOCKOIUs,  Pa3jIM4YHOrO BHUJA OCCKOHTAKTHBIE  TOJNIIUHOMEPHI U
IJIOTHOMEPHI, CUTHAJIBHBIE YCTPOUCTBA U T.1I.

JelicTBre CUHUHTWUISIIIMOHHBIX JETEKTOPOB OCHOBAaHO Ha COBEPIIEHHO JIPYTUX
MIPUHIUIIAX, HEXENIN TEeUCTBUE Ta30pa3psiAHBIX AETEKTOPOB. Pa3nmudyHbl XapaKTepuCTUKU
U CBOWCTBA ATUX JETEKTOPOB. B razopa3psIHbIX AETEKTOpaxX MEpBUYHAS MOHU3ALMS
YCUWJIMBAETCAd MPOIECCaMU Ta30BOr0 pa3psla, a B CHUHTWULILUOHHBIX JAETEKTOpax
HCIIOJIB3YETCS SIBJICHHUE JIIOMUHECLICHIINH, BO3HUKAIOIIEE B MPO3PAUHBIX TBEPABIX TEIaXx,
KUJKOCTSAX WM Ta3ax NpU MPOXOKICHUU YEPE3 HUX MOHUUPYIOLIUX U3TyUYECHUM.

[Mupokass 061acTh MPUMEHEHUS CIUHTUUSIIIMOHHBIX JETEKTOPOB OCHOBBIBACTCS B
3HAYUTEJIbHOW MEpe Ha KOMIUIEKCE CIEAYIOIIMX IMOJOKHUTEIbHBIX CBOWCTB: BBICOKOH
3¢ (deKTUBHOCTU peructpauuu (HOTOHOB, 3aPSKEHHBIX YaCTHUIl U HEUTPOHOB (HAIpUMeED,
1Utst GOTOHOB U HEUTPOHOB AP (HEKTUBHOCTH PETUCTpaliii MOXKHO JtoBecTH A0 50 - 100%,
YTO JJIsI Ta30pa3psAlHbIX JIETEKTOPOB NPAKTUYECKH CHIENaTh HEBO3MOXKHO); BBICOKOM
BPEMEHHOW pa3pelaronieil crnocoOHOCTH, MO3BOJISIIOIIEH MPOBOAUTH H3MEpPEHHUs 0
JIECATHIX J0JIe HAHOCEKYHbl; BO3MOXKHOCTU pa3iMyaTh BUJ U3JIYyUYEHUS U ONPEHCISITh
€ro JHEPreTHYECKHH CIEeKTP; BO3MOXKHOCTH CO3/IaBaTh IETEKTOPHI JOObIX (opMm u
pa3MepoB B 3aBUCUMOCTH OT TPEOOBAaHUN IKCTIEPUMEHTA.

B mpocreiiniem cinydyae CHMHTWUISALMOHHBIA JIETEKTOP COCTOUT M3 CUUHTHUILISATOPA,
doToanekTponHoro ymMmHoxkuress (POY) u anekTpoHHOTO OJI0KA IS YCHIICHHS, aHaIu3a
¥ cueTa UMnynbcoB (puc.3.1).

Puc. 3.1. Cxema yCTaHOBKM [UIsl pEruUCTpallld M3Iy4YEHUS CLUHTHWIISLUOHHBIM
netekTopoM: 1 - xopmyc OJloKa JeTeKTopa; 2 — CUMHTHIUIATOP; 3 - CBETONpOBOA; 4 -



(OTOAIEKTPOHHBI YMHOXKHTENb, 5 - COTJIACYIOIIee JIIEKTPOHHOE YCTPOWCTBO; 6 -
YCHIIUTEIh UMITYJIBCOB; 7 - CYUETHOE YCTPOHCTBO; 8 - ICTOYHHUK BHICOKOT'O HATIPSKEHHUS.

B cuuHTHIISITOpE YacTh SHEPTUM UCCIIEAYEMOTr0 U3ITYYeHHS MPeoOpa3yeTcsi B KBAaHTHI
cBeTta. BenmmunHa mpeoOpa3oBaHHOW HSHEPTHHM 3aBHCUT OT THIIA YaCTUIl MU Marepuasa
CIMHTWUIATOpa. YacTh KBaHTOB cBeTa jocTturaer Qorokaroga ®IY. Drta dacTh
OMpeNeNsieTCsI, B OCHOBHOM, MPO3PAYHOCThIO CIUHTUIUISTOPA U ONTHYECKUM KOHTAKTOM
MEXIy CIHUHTWUIATOpoM u ¢doTokarogom DIY. Ilepemada JIIOMUHECHCHIIMU OT
CIMHTWIIATOpa Ha ¢oTtokaTton DPDY wuHOTIA OCYIIECTBIACTCS TMPH IMOMOIIHM TaK
Ha3bIBAEMBIX CBETOBOJOB (CBETONMpOBOJIOB). bmaromapst 3ToMy B  HEKOTOPBIX
AKCIIEPUMEHTAaX YJAeTCSd OTIACIUTh CUUHTHILIATOP OT (POTOYMHOXKHUTEIS W BBIBECTH
(hOTOYMHOXHUTEIh M3 00JACTH ICUCTBUS CHIIBHBIX 3JIEKTPOMATrHUTHBIX IMOJIEH, BBICOKOTO
JaBJICHUS, TEMIIepaTypbl, paJualui U T.0. B psage ciydaeB st oOecriedeHus JTydIinei
PaBHOMEPHOCTH OCBEIIeHUsI (DOTOKATOa M BO3ZMOXKHOCTH HCIIOJIb30BAHUS IETEKTOPOB C
pa3IMYHON YYBCTBUTEIBHOW TIOBEPXHOCTHIO TakkKe I€JeCO00pa3sHO TMPUMEHSTH
cBeToBOJbl. DoTOHBI, momagaromuye Ha ¢Gorokaroq DOV, BHIOWBAIOT U3 HETO
dboToanmekTpoHbl. [IOTOK 3JIEKTPOHOB MOCHE SIEKTPOHHO-ONTHYECKON (HOKYCHPOBKH
nomnagacT B JUHOJHYIO CHUCTEMY M YCHJIMBAETCS HA HECKOJBKO MOPSIKOB. BBIXOIHBIE
UMITYJIbChI, CHUMaeMble ¢ aHojga DDV, momaroTcs Ha PErUCTPHUPYIOIINE YCTPOMCTRBA,
KOTOpBIC, B 3aBUCUMOCTH OT TPeOYyeMBIX 3aja4, MOTYT OBITh MpeaHa3HAYCHBI JIS cUYeTa
YACTHUIl U aHAJIN3a aMIUTUTY/IbI, JOPMBI U JJIUTEIILHOCTA UMITYJIHCOB.

CuuHmquﬂmopbl, UxX OCHOBHblE XapaxkmepucmuKku

CUMHTWUIITOPOM HAa3bIBAETCS YacTh JICTCKTOPA, /i€ MPOUCXOIUT B3aUMOJCHUCTBHE
U3JYyYCHHUS C BEIIECTBOM M 4YacTh IMOTEPSHHOW DJHEPTMU W3IYYCHHS HWICT Ha
BO30YXKIEHUE JTIOMUHO(OPOB, KOTOpPBIE, BO3BpAIIasiCh U3 BO3OYKICHHOTO COCTOSIHHS B
OCHOBHOE€, H3Jy4aloT CBETOBbIC KBaHThl. (OCHOBHBIM YCIOBHEM ISl PErHCTPAIlUH
CIMHTWUISLIMU ~ SIBJSICTCS.  CABHTI  CIIEKTpa TMOTJIONMICHUS OTHOCHTEIBHO —CIIEKTPa
UCITyCKaHUs B CTOpPOHY Ooyiee KOPOTKHX BOJH. B KadecTBE CHUHTHIUIATOPOB
UCIIOJIb3YETCs JIOBOJIBHO MIMPOKUT KJIACC BEIIECTB TBEPBIX, HKHUIKUX, Ta3000pa3HbIx. [1o
XMMUYECKOW TMPHPOJE OHU MOTYT OBITh OPraHMYECKUMH W HEOPraHHYCCKHMHU.
YHHBEpCaIbHBIX CHUHTHUIATOPOB HET, JUTSI KaXXIOTO BUAA U3TYYEHUS HEOOXOIUM CBOIi
CIMHTHIUISTOP.

OCHOBHBIMH ~ XapaKTCPUCTHKAMHU  CIUHTHWJUIITOPOB  SIBJISIFOTCS:  CHEKTpaTbHAs
XapaKTepPUCTUKA,  BpeMs  BBICBCUHMBAHUS,  KOHBEPCHOHHas  3(QEKTUBHOCTS,
3¢ (HEeKTHBHOCTD PETUCTPAIIUH H3ITYyUEHHS, JHEPTETUUECKOE pa3pelieHue.

[To MexaHHM3My BBICBCUMBAHHS CIHHTHLISATOPHI MOXKHO Pa3[eliiTh HA TPU TPYIIIbL:
HCOPraHWYEeCKUE CIUHTHUIATOPBI, OPTraHUYECKUE CIUHTHILIATOPBI;, Tra3000pa3HbIe
CIHHTHIUISTOPBI.

Cpenu HEOpraHMYECKUX CIUHTHLIATOPOB yaie Bcero nmpumensercs Nal(Tl) B Bume
MOHOKpHUCTaIOB. OH UMEET BBICOKYIO TUIOTHOCTh M XOPOIIYI0 MPO3PaYHOCTb, CIIEKTP
JIFOMHUHECIICHIIUH UMEET MAaKCUMyM MpUMEpHO TpHu 450 HM, Y4TO XOPOIIIO COTJIACYETCs CO
CHCKTpaJIbHON XapakTepucTukoil o0buHBIX DDY. Bpems BoeicBeunBanus Nal(Tl)
oTHOcUTENbHO Benuko ~ 0,2 - 0,3 mkc. brnarogapst BRICOKOM TUIOTHOCTH U OOJBIIOMY
atomHomy Becy kpuctamiel Nal(Tl) ¢ ycmexom wucnonb3yroTcss Mpu perucTpanvd H
CTIIEKTPOMETPHUH raMMa-H3ITydeHHS.

[Mpumenstorcs Taxke Heopranudeckue cuuHTHLIATOPB! CSI(TI) u Lil(Eu). Kprcramist
HOMCTOrO JINTHS TIO3BOJISIIOT CO3/IaTh MPOCTHIC IETEKTOPHI ISl PETUCTPALIMN TEILIOBBIX
HEUTPOHOB.



K opraHmyeckuM CUUHTWJUIATOpPAM OTHOCSTCSI MOHOKPHUCTAJIBl  aHTpaleHa,
CTWIbOEHa, TojaHAa MW HaQTaluHA, a TaKKe IJJACTUYECKUE CIMHTUUIATOPHI.
OTnuuuTeNnbHOW OCOOEHHOCTBIO OPraHWYECKUX CHUHTUJUIATOPOB IO CPaBHEHHIO C
HEOPraHWYECKMMHU SBJISETCS Majoe Bpems BeicBeumpamus (~10° - 108 ¢). Us
IUTACTUYECKUX CHMHTUIUIATOPOB MOKHO H3IOTOBUTH JETEKTOPHI OOJBIINX pa3MepoB U
CJIO’KHOM KOH(pUrypaLuu. O¢ddekTUBHOCT  perucTparuu OpraHU4eCKUMHU
CUMHTWINATOPAMH (OTOHOB HHKE, YEM Yy HEOPraHWYECKUX, U IO3TOMY OHHM Yalle
UCTOJb3YIOTCA Il PETUCTPALIUH 3apsKEHHBIX YaCTHULL.

K TperbeMy THIly CHMHTUIUIATOPOB OTHOCSTCS OJaropoJiHble ra3bl - KCEHOH, KPUIITOH,
aprod. CHekTp JIOMUHECHUEHUMHM Yy OTHX Ta30B HaxoAuTrca B  00JacTu
yIbTpauOoJIETOBOTO CBETA, KOTOPBIM IJIOXO peructpupyercsd oObiuHbIMH DPIY. D10
OrpaHUYMBAET BO3MOKHOCTb UX IPUMEHEHUS.

D pexmusrnocmov pecucmpayuu 2amma-u3ny4eHus
CYUHMUNTAYUOHHBIM 0eMeKMOopoM

["amma-uznydeHne HEMOCPEACTBEHHO HE MOHHU3UPYET BEIIECTBO, a €r0 PEeTHCTpalus
MPOUCXOAUT C TIOMOIIBIO BTOPHUYHBIX DJIEKTPOHOB, CO3JaBAaE€MbIX HW3JIYYCHHEM B
CIMHTHUIATOpe. B B3 ¢ 3TUM o0co0oe 3HaueHHWE HMEeT OJIHA W3 OCHOBHBIX
XapaKTEPUCTHUK JIeTeKTopa- 3((PEKTUBHOCTH PETUCTPAIIUH.

duznueckuit CMBICI s dexTuBHOCTH perucTpanuu raMmMa-u3ay4eHus
CUMHTWUISIIUOHHBIM JIETEKTOPOM COCTOMUT B CleAyromieM. ['aMMma-u3inydeHue, npoxos
gyepe3 CHUHTHIUIATOP, IMOTJIONIAETCS BCIEICTBHE PA3TUYHBIX (DH3UUYECKHX IPOIECCOB.
NHTEeHCUBHOCTH MIPOIIEIIIETO U3TYYCHUS

I =loexp(—x-X), 31)
r7ie X - MyTh, MPOUJACHHBIN M3IydYeHUEM B CHUHTUIUIATOPE; 4 -TUHEWHBIA KOA(DPHUITUEHT
MOTJIOIICHUSI.

BepostHOCTh (hOTOHY TPOWTH B CIMHTHIUIATOPE MyTh X 0€3 B3aWMOJICHCTBHS paBHA
exp(—u-x) . Torma BeposITHOCTh B3aUMOJCHCTBUS (POTOHA C BEIIECTBOM CIUHTUILISTOPA
U, CJIIOBATEIILHO, BEPOSTHOCTh PETUCTPALINH

p=1—exp(—x-X) (3.2)

Tak kak TyTH X, MpoiaeHHbIe (OTOHAMH B CIUHTHUIATOPE, B 3aBUCHUMOCTH OT
TEOMETPUH OSKCIEPUMEHTA PA3JIMYHBI, TO pazindHa M d(PPEKTUBHOCTH PETUCTPAIUU.
Hampumep, nis mapaiienbHOTO MOHOIHEPTeTHYECKOTO Mydka (POTOHOB, IMaaroIIero
HOpPMaJbHO HAa TIOBEPXHOCTh NHUIUHAPUYECKOTO CHUHTUILIATOPA, 3()PEKTUBHOCTH
perucTpanuu

n=1-exp(-u-d) (3.3)
rae d - TonmmHa KpucTaia.

B cnydae Ttoweunoit reomerpuu (puc. 3.2 ), 3(QQPEKTUBHOCTH perucTpauu
ompenensercs mo Gopmye

I (1—exp(—x- x)dQ

= 3.4
n Q. (3.4)

rac (o — TeNeCHBIN YroJj, moJa KOTOpbIM BUJICH KPUCTAJIT U3 UCTOYHUKA.

[Tepexons ot tenecHoro yria Qo K MIOCKOMY 6, TIOTYYUM CIEIYIOIIee BhIPAKCHHE
1151 9 (HEKTUBHOCTU perucTpanuu ( 6e3 yueta KpaeB KpucTasia ):




n:éi(l—exp(—y-x))sinede, (3.5)

G — reomerpudeckuii pakrop,

4
G:1-_[sin6U6?:1(1—cos€1):1 L ; (3.6)
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Puc. 3.2. K ompenenenuto 3QGEKTUBHOCTH PETUCTPALUU JJIi TOYEHUHONH TE€OMETpUU
MCTOYHUK-KpUCTAII (X -IIyTh, MPOXOAUMBIN (DOTOHAMH B KPUCTAILIE).

Domos1eKmpoOHHbIL YMHONCUMETD

HNmnynbe cBeTa, BO3HHUKAIOUMN B CHUHTUWUISATOPE NPU MPOXOKIECHUU Yepe3 HEro
WOHM3UPYIOIIEH  YacTHUIbl, pPETHUCTPUPYETCS C  TMOMOUIbI0  (POTOIIEKTPOHHOTO
YMHOXKUTEJSI, COCTOsIIEro u3 (oTokaToa, aHoaa u AuHo0B (puc. 3.3). [lonagas ckBo3b
mpo3pauHoe OkHO Ha  ¢ortokaroq DDY, KBaHTBI CBeTa BBHIPHIBAIOT U3
CBETOUYBCTBUTEIBHOTO CJI0S HEKOTOPOE KOJMUYECTBO SJIEKTPOHOB. DOTO3IEKTPOHBI
YCKOPAIOTCSL  3JEKTPUYECKMM IIOJIEM M yAapsAlOT O CHELHUAIBHBIE  3JIEKTPOIBL,
Has3bplBaeMble JuHOAaMu. Ha TWHOIAaX MPOUCXOMUT YMHOKEHUE IIEKTPOHOB. [locnenHuii
JUHO/T SIBJISIETCSL aHOJIOM.

HaunbGonee Baxknoit yacteto @Y sBisercs (HOTOKATO, KOTOPHIN M3TOTaBIMBAIOT M3
MIEJIOYHBIX METAJIOB € Majio paboToil BbIxoga. OCHOBHBIMHM TpPEeOOBAHUSAMHU K
dboToKaToAy SABISIOTCS: BBICOKAsi CIIEKTpajbHAas YYBCTBUTEJIBHOCTh, pPaBHOMEpHas IO
BCel MOBEPXHOCTH KaTO/a, COOTBETCTBUE CIEKTPAIIbHON YyBCTBUTEIBHOCTH (HOTOKATO 1A
CHEKTPaJIbHOMY  COCTaBy  JIIOMMHECLUEHIMM  CUMHTWUIATOPA;  MUHUMAaJbHas
TepMOAMHUCCUSL TIpH paboueill Temneparype (MHHMMAaJIbHBIA IIyM), CTaOWIBHOCTH B
paboTte (MHHUMAaILHOE “yTOMJIEHHE ).

K ocHoBHbIM xapakrepuctukaMm Qorokatoga DOV OTHOCHTCA CHEKTpalbHas
XapaKTEepUCTUKA, KBAaHTOBBIM BBIXOJ WM HHTErpajgbHas 4yBCTBUTEIBHOCTb. KBaHTOBBIN
BBIXOJ #(4) - O3TO BEIMYMHA, KOTOpas OIpeaesieT KOIMYecTBO (HOTOIIEKTPOHOB,
BBIOUTHIX M3 (DOTOKATOJAa OAHUM KBAHTOM CBeTa ¢ JyIMHOW A . Jlydmme ¢GhoTOoKaTodbI
UMEIOT KBaHTOBBIN BbIX0A OT 10 10 25% .MHTerpanbHas 4yBCTBHTEIBHOCTH (POTOKATOIA
®3Y S - 310 OTHOHIeHHE (POTOTOKA KaToda K CBETOBOMY IMOTOKY H3JTy4€HHUS OT
HMCTOYHHMKA CBETA C ompenesieHHoN Temmnepatypoi. Benuuuna S = 20 + 200 [MxA/JIM] B



3aBUCHMOCTH OT Marepuana ¢otokaronga. [[ns cypbMsHO-1I€3UEBBIX (HOTOKATOIOB S
nexuT B ipeaenax 20 - 80 MkA/aM ¢ MakcuMyMoM Tipu 450 HM.
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Puc. 3.3. YcrpoiictBo 1 cxema Bkitouenuss ®IY: 1 - porokaron; 2 - nuadparma, 3 -
JIMHOMBI, 4 - aHOJI

CrnektpanbHas xapaktepuctuka (otokatoga ®DY — 3TO 3aBUCHUMOCTH KBAHTOBOTO
BBIXOJIa OT JJTMHBI BOJTHBI (pHC. 3.4).

JIMHOIbI M3rOTaBIMBAIOTCS U3 METAJUIOB C MaJloll pabOoTON BBIXO/a, CIIOCOOHBIX MpHU
0amMOapAUpOBKE AJIEKTPOHAMHU HCIYCKaTh BTOPHYHBIE SJEKTPOHBI B KOJWUYECTBE,
MPEBBIIAIONIEM YHCIO TMEPBUYHBIX B HECKONbKO pa3. Eciam Ne - 4ucio »1meKTpOHOB,
coOpaHHBIX ¢ OoTOKATOAA HA |- AMHO/I, TO YMCIIO JIEKTPOHOB, TOCTUTIIINX aHO/A,

N,=N,-m", (3.7)
rae M — ko3 PUIMEHT BTOPUUHON SIMUCCUH AJIEKTPOHOB; N — YHCIIO TUHO/IOB.

e A
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Puc. 3.4. CnexrpanbHast xapakTepucTuka GoTokarogoB OIVY:
1 - ¢porokarox u3 Sb Cs O (S = 60 MxA/JIm);
2 — potokaroa u3z Sh Cs K Na O (S =150 mxA/JIm)

Ecnu 310 paBeHcTBO BhIMONMHSAETCS , To @OV paboTaer B TUHEHHOM pexuMe, U
aMIUTUTy/la WMITYyJbCa Ha €ro BBIXOJE MPOMOPIIMOHAIbHA YHUCTY (POTOIIECKTPOHOB,
BBIOUTHIX C KaTO/a, CJIEI0BATEIbHO, U HHTEHCUBHOCTH CBEUEHUS CIUHTUILIATOpA. Ynciio
JTUHOJIOB B (POTOYMHOXHUTENEe O0O0bIdHO paBHO 10 - 12. J[ns WM3TrOTOBIIEHUS ITWHOMOB
ucnoib3yrtes ciiaBbl Al-Mg-Si unun Cu-Al-Mg. Marepuainbl TUHOIOB JAOJDKHBI UMETh



BBICOKUN KOX(P(UIIMEHT BTOPUYHON 3SIEKTPOHHON 3MHCCHH, MAIYI0 TEPMOIMHCCHUIO U
dboToIMHCCHIO.
Kosdppuuuent ymuoxenus @OV paseH:

U n
M=qg-m"=q-| A-U,-exp ——24 ||, (3.8)
UO
rae A u Up - KOHCTaHTBI, 3aBUCAILIME OT MaTepuaia JUHOAOB; ( - KoadduimeHt coopa
3JeKTpoHOB Ha 1-i munox. Ilpu U, =100-150 B m=2+7. 13 npuBenaeHHONH (HOPMYIIbI

caenyer, uro kodpdunueHT ycuieHuss @Y u, ciaeaoBaTeNbHO, aMIUIUTYy/1a UMITYJIbCA,
BBI3BAHHOTO CIUHTHJUISIIMCH KPUCTAIIA, CHIILHO 3aBUCST OT HANPSDKEHUS, IIOJAaHHOTO Ha
DOY.

Kpome mone3nsix curHaigoB Ha Beixoge POV, CymecTBYIOT NIYMOBBIE WMITYJIBCHI,
KOTOpbIE 00pa3yloT TEeMHOBOW TOK. (OCHOBHBIC TPUYMHBI IIIYMOBBIX HMITYJIBCOB
CIIeIyIoIIe: TEpMOIMUCCHs ¢ PoTokaTona u ¢ meporo auHoAa DY aBTOANEKTPOHHAS
OMHUCCHS; MOHHAs M OINTHYECKas OOpaTHas CBs3b; TOKM YTEYKH UYepe3 H3OJAIUI0 U
PaJIMOAKTUBHOCTh CTEKJIA.

Yucao perucTpupyeMbIX IIYMOBBIX HMITYJIBCOB pacTeT ¢ HampspkeHueM. [IIymoBbie
UMITYJIbCHI Yalle UMCIOT aMIUIUTYy, MEHBIIIYIO, YEM IMOJIC3HbIC UMITYJIbCHI, [IO3TOMY HX
MOKHO OTJACIUTh TUCKPUMHUHATOPOM. [IJIsi yMECHBIIICHUS IITyMa MPUMEHSIOT OXJIaK/ICHUE
dotokaroga @DV, Tak Kak TEMHOBOM TOK 3aBUCUT OT TEMIIEPATYPHI IO 3aKOHY:

i:A-TZ-exp(—k?_l_j, (3.9

r7ie ¢ - paboTa BbIXOAa 3JEKTPOHOB M3 Marepuasa ¢otokaroga ®IY; 4 — koHCTaHTA.
Kpome BbIIIEN310)KEHHOTO MeToAa OOpbOBI C IIYyMOM, HNPUMEHSIOT TaKKE€ METOJ
JIBOMHBIX WJIA TPOMHBIX COBIIA/ICHUMN.

Dopma umnynvca moka Ha gvixooe PIY

Hns  paboret DOY HeoOXomuMoO HaA JUHOABI TMOAAaBaTh IOCJIEIOBATEIbHO
BO3pacraroliee HanpsokeHue. [[pakTudeckn 3T0 OCYIIECTBIISETCS € MTOMOIUBIO JEIUTENS
Hanpspkenus (pesuctopsl R1— R7 Ha puc.3.3). [{ns 6e3onacHoctu pabot ¢ DY BIcOKOE
HanpsDKeHHE 0OBIYHO MOJAeTCs Ha (POTOKATOJ, TOTJIa Ha aHOJIE OTCYTCTBYET IMOCTOSIHHAS
COCTaBJIAIOIIAs HANpPSDKEHUS, W M3MEPACTCS TOJBKO MMIYJbCHBIA TOK. YacTto B
dKCIIEpUMEHTaX HeoOxoauMo ¢ ogHoro DY cHmMmaTh aBa curhHana. [[nsg sTtoro B menu
MOCJICTHETO AMHO/IA YCTaHaBIMBaeTcs pe3uctop R;, (cm. puc 3.3).Curnai, cHATHIN ¢ R}, ,
MMEET MOJISAPHOCTh, IPOTUBOIOJIOKHYIO aHOJTHOMY CUTHANY.

Jlns obecnieuenust pabotrsl DY B TUHEHHOM peXHME TOK Yepe3 AeNUTENb JOJIKEH B
10 - 20 pa3 npeBbIIaTh MAKCUMAJIbHBIN aHOAHBINA TOK.

®opma wuMnynbca TOKa Ha Bbixoge POV ompenensercs BEIMYMHONM BpPEMEHHU
BBICBEUMBAHUS CIMHTWUIATOPA 7o U MOCTOSIHHOM cxembl BkitoueHUs - RyCpy . Tok B
aHoaHOM e OOV iy pa3BeTBISCTCS HA IR - TOK, IPOTEKAIOMIHIA Yepe3 COMPOTUBIICHUE
HArpy3KH, U Ic -TOK, IPOTEKAIOIIHIA Yepe3 eMKOCTb, IIOATOMY

ir (t)+ic(t)=1,. (3.10)

Tok i MOYKHO TIPECTABUTH B CIIEIYIOIIEM BUJIEC:

i, =2 exp - ', (3.11)

%o Ty

rae Q — BenmuuuHa 3apsaa Ha Beixojae OOV,



Jns nHanpsbxkenus U, oOpasyrolierocst Ha CONpPOTHBIEHMHM R, momyuum cieapyrouiee

ypaBHEHHUE:
E+C.d7U=g-exp _t. (3.12)
R dt 7, 7y

Pemenue sToro YpPaBHCHUA:

u()= 8 TOFjCI:QC : [exp - t) - exp(— thn : (3.13)

To
[Tpu RC >> 70 pemenue nMeeT BUA
Q t t
Ut)==-exp| ——— |-|1-exp| ——||. 3.14
=2 p( RC ( p[ TOD (3.14)

Hccnenyst 3Ty 3aBUCUMOCTD TIPU Pa3HBIX t MOKHO yCTaHOBUTH, UTO MEpPeAHUA (PpOHT
umIyibca (Manble t) onpenensaercs 7o , 3aauuii GppoHT (0onbiue t) — RC.

[IpaBuna BeIOOpa BenmmuuHbl RC: RC > 579, 06bruHO RC=5+1070, Hampumep, mpu
pabote ¢ kpucramiom Nal(Tl), y kotoporo 7, =0,25-10°¢c, RC > 1,25-10%¢.

DKCIIepuMEHTAILHAS YaCTh

Onucanue ycmaHoeKu onst pecucmpayuu camma-u3jiy4eHuA

B nabGoparopHoii paboTe HCIONB3yeTCS YCTAaHOBKA, CTPYKTypHAash CXeMma KOTOpOi
npuBegeHa Ha puc. 3.5. VYcTaHOBKAa COCTOMT U3 3-X  CIEKTPOMETPUYECKHUX
CIMHTWUIAIHMOHHBIX aeTekTopoB ¢ kpuctautamu Nal(Tl) (ma puc.3.5. npuBencHsl 1Ba
NETeKTOpa), pazMepamu: 1-if - J25x25 mm; 2-it - F40x40 mm u 3-i1 - D150x100 mm. B
NETEKTOpax MCIOIb30BaHbl GOTOYMHOXKUTENU: B 1-M - DDY-35, Bo 2-M - DDVY-93; B 3-M
- DOVY-495b.

Ha nerexktopel mnomaeTcs BbICOKOE HampspkeHue it nuranuss DOV ot
CTaOMIIM3UPOBAHHOTO MCTOYHHMKA NUTaHUs. Pabouee HampsbkeHue s netekropa Ne 1
cocrapnsier +1300 B, mus merexkropa Ne 2 + 1600 B; mnst merexkropa Ne 3 + 1700 B.
Karonet @3V - 3a3emieHsI.
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Puc. 3.5. Cxema ycTaHOBKU JUIsl pETUCTpalMy FraMMa-nu3JIy4eHus

Cornacyroniee ycTpOHCTBO JETEKTOpa - AMUTTEPHBI MOBTOPUTEINb, MHUTAETCS OT
WMCTOYHMKAa HU3KOTo HampspkeHuss 4 (£12B). DOmuttepHblii MOBTOPUTENH COTJIACyeT
BBICOKOE€ BBIXOJIHOE compoTuBieHrHe DPDY ¢ HHU3KUM BOJIHOBBIM COMPOTHUBICHHEM
Ka0eJsi, COeAMHSIIONIETO JIETEKTOP C PETHCTPUPYIOIIUM TPHUOOPOM.



Jns peructpaluv UMIYJIbCOB, MOCTYMAIOUIUX C JAETEKTOPOB, CIYXKUT MEPECUETHBIN
npudop 5 Ttmma I1CO2. Kmou “K”, pacmonokeHHBIM Ha CTOMKE, CIIYXKUT IS
MOCJIEIOBATENILHOTO TMOJIKIIIOUEHUSI BBICOKOTO HAMPSDKEHUS, HU3KOTO HANpPSHKEHUS U
PETUCTPUPYIOLIETO MPUOOpPa K KAKIOMY U3 JETEKTOPOB.

biioku 1eTEKTOPOB COCTOST U3 KOPITYCa, B KOTOPOM HaXOJATCS CUUHTHILIATOP, POV 1
AMUTTEPHBIN TMOBTOpUTENh. bJOK neTexkTopa mpencraBisieT co00il TepMETHYHYIO
HEPAa300pPHYI0 KOHCTPYKIMIO, B KOTOpOM cuuHTWLIATOp U PDOY HemnocpencTBEHHO
COENIMHEHBI MeXIy co0o#, o0pa3ys cuuMHTHONOK. B pe3ynpTaTe 3TOr0 OCTHTaercs
XOPOUINNA ONTUYECKUI KOHTAKT MEXAY CIMHTUWIIATOPOM U DY,

IIposedenue sxcnepumenma

D¢ eKTUBHOCTH perucTpanuu onpeaensercs A 3-X AeTeKTOPOB Pa3HbIX pa3MepOB U
2-X UCTOYHHUKOB M3IIyUYEHUH C pa3mMyHON YHEPrUel TaMMa-U3TydeHHS.

XapakTepUCTUKU HCTOYHUKOB M3JIy4Y€HUs, MCIOJIb3YEeMBbIX B padOTe, MPUBEACHBI B
Tabm. 3.1.

Tao6mauma 3.1.
Pamnonykun | DHeprus raMmma- ITepuon AKTHUBHOCTBH
W3Iy4deHus, k3B nojypacnajia (coobmraeT
T ,cyTKH MIPETI0/1aBaTEIh)
80Co 1173,240; 1332,504 1525,6
137Cs 661,662 11020,6
22Na 511; 1275 950,9

OKCIepUMEHTaNbHO  3()(PEKTUBHOCTh PETUCTPALMU  OMNPENENSIETCS  CIEAYIOIIHUM
oOpaszoM. {5 KaxkI0To JeTeKTopa ycTaHaBIMBAaeTCs CBOE pabouee HampspKeHHe. 3aTeM
U3MEpPSETCS CKOPOCTh CUETA (POHA Ngon, @ 3aTEM CKOPOCTU CUETA OT KAXKJIOTO UCTOYHHKA
Nusw. 3HasE aOCOJIIOTHYIO AaKTUBHOCTh HUCTOYHUKOB, 3(P(EKTUBHOCTb PETUCTpaLUU
ompenensercs mo gpopmyne:

n —-n n_—n
n=-—"_?.100% = % .100%, (3.15)
n A -G

ucm Y

rae: Nuem = Ay*G; A, -uucno @OTOHOB, HCHyCKaeMbIX HCTOYHUKOM, G -
reoMeTpuueckuii paxTop.
['eomerpuueckuii paktop G onpexnensercs usz popmyisi (3.6)

[Topsiox pa®oThI:

BHUMAHHE!!! Bkioyenne yCTAaHOBKM W  pa3MelleHHMe  HCTOYHHUKA
HOHU3UPYIOLIEr0o  HM3JIYYEHUH  OCYLUECTBJIAKTCA TOJAbKO B  NPHUCYTCTBUH
npenoaaBare/is

1. BKIIOYUTH UCTOYHUKH MUTAHUSI HU3KOTO U BBICOKOT'O HAMPSIKEHUS, TIEPECUETHBIN
npuoop. [longpHOCTh cUrHanza, CHIMaeMOro € IETEKTOPOB - OTPULIATENIbHAS.

2. IlocTaBuTh mepekIOUaTENh JCTEKTOPOB B TIOJIOXKEHUE 1, MPU 3TOM K CXeMe
noaktouaercsa aerektop Ne 1. YeranoButh pabodee HanpsbkeHue, pasaoe 1300 B.

3. U3mepurth Nio 1uisa nerexropa Ne 1, amst aToro cnenarh 6e3 ucrounuka 10 uzmepeHuit
3a 10 cek. Kaxa0e, B aBBTOMaTHUYECKOM PEKHUME, 3alicaTh MOKa3aHUsl M HATH CpeIHEee
3Ha4YeHue GoHa:

4. VCTaHOBMTH Ha MOJICTABKY HCTOYHHUK m3inydenus °Co, onpenenurs N, Ui 5TOrO
caenats 10 uzmepenuii 3a 10 cek. kaxaoe, onpenenuTh cpeHee 3Hauenue. Haititu n

usm

JUISL IPYTrUX UCTOYHUKOB, PE3YJIbTATHI 3a1IMcaTh B Ta0. 3.2.



Tabmuna 3.2
1 1 1
Ucrounuk | Paccrosame no | G A, | Nuem,C m..,C Ny ,C n, %
HCcTOUHMKA N ,

60CO
137CS

5. [locTaBUTh MEPEKITIOYATEND B MTOJIOKEHUE 2. Y CTAaHOBUTH pabouee HAMPSIKEHUE Ha
nerektope Ne 2, pasHoe 1600 B. IIpoBectu usmepenus n,u n,, ansa gerekropa Ne 2,

aHajoruyHo 1.3 u 1m.4. Pe3ynpTaThl CBECTH B TAOJIHITY, aHAJTOTHYHYIO Tabi. 3.2.
6. [TocTaBuTh mepekItoyaTeNb B MOJTOKEHUE 3. YCTaHOBUTH paboyee HAMPsHKEHUE Ha
nerekrope Ne 3, papHoe 1700 B. ITpoBectn uamepenus n,u n, , 1 gerekropa Ne 3,

aHajoruyHo 1.3 u m.4. Pe3ynbTaThl CBECTH B TaOIHILy, aHAJIOTUYHYIO Tab. 3.2.
7. O6paboTaTh MONYYCHHBIC PE3YIbTATHI, TOCTPOUTH 3aBUCUMOCTH 3P(HEKTUBHOCTH
perucrtpaiuu ot £, nis Tpéx IeTeKTOPOB.
8. Teopernyeckn omnpenenutb 3PPEKTUBHOCT PETHCTPAIMH TaMMa-H3TydeHUS
CHMHTWUIAIMOHHBIM feTekTopoM ¢ kpuctautom Nal(Tl). Pacuer sddextuBHoCTH
perucTpaniii  Mpous3BoauTcs  1mo  dopmydam  (3.3)  amd mapauiebHOTO
MOHOSHEPreTUYeCKOoro mydka (OTOHOB, #1 U (3.5) And TOYEYHOTrO HUCTOYHUKA, 72.
Pe3ynbTatsl 3anectu B Tab1. 3.3.
TabOmuma 3.3
DHeprus y- ||, CM’ Hetexrop 1 Hetexrtop 2 Jlerextop 3
kBaHT, MPB | ! n, %] o, % na, % 12, % n1, % n2, %

cobllllk
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0.1
[Toctpouth rpaduku 3aBucumoctd #n=f(E,) nns Tpex KkpuctawioB. CpaBHHUTH

PE3YIIbTATHI, IMMOJIYUCHHBIC SKCIICPUMECHTAJIbHO u TCOPCTHYCCKHU. OOBACHHUTD
3aBUCHUMOCTH 3(1)(1)€KTI/IBHOCTI/I perucTpanuu ramMma-usjaIydCHUsA OT OHCPIruu, TOJIIWHBI
COUHTUIIIIATOPA U BUJld CHIUHTUILIIATOPA.

Nl el=l=l=l=]=)
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KoHTPOJIBLHBIE BOIIPOCHI

. [IprHIMN 1EHCTBUSA U yCTPOMCTBO CUMHTHILIALIMOHHBIX IETEKTOPOB.
. XapaKTEepUCTUKN CUMHTHUIALIMOHHBIX 1ETEKTOPOB.

. YcTpoicTBO U cxema BKiroueHus: POY.

. Xapakrepuctuku porokaroga OIY.

. ymbr @Y, ciocoOb! NX YMEHBIICHHUS.

. ®opma umynsca Ha Bbixoje POY.

. CBETONPOBO/IbI, UX OCHOBHBIE XapAKTEPUCTUKH.

~NNON LB W —



8. CUMHTHIUIATOPBI, UX OCHOBHBIE XapaKTEPHUCTUKH.
9. D exTUBHOCTH perucTpanu pa3iuyHbIX BUAOB M3JIYyYEHUN CHUHTUIUIALUOHHBIM
JETEKTOPOM.



