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AHHOTAIU

B pabote omumcaHbsl OCHOBHBIE OCOOCHHOCTH PabOTHI MOITYIMPOBOJIHUKOBBIX IETEKTOPOB.
[IpoBeneHo MozenupoBaHHME Mpollecca H3MEPEHHUS CHEKTPOB MOHOXPOMATHYECKHX IOTOKOB
ramma-kBaHToB ¢ 3Heprueid 0.5-3.0 M»sB nerektopom u3 cepxuuctoro repmanusi Canberra
GC3019. UccnenoBaHa CBsS3b BEIWYMHBI (DOTONMHMKA W TIOJTHOW BEJIMYMHBI KOMITTOHOBCKOM
MOJIOKKH, a TaKXKe€ BEJIMYMHBI MUKOB OAMHOYHOTO M JBOWHOro BbUIeTa. [IpoaHanu3upoBaHbI
pa3iauyYHble BapHaHTBl pealu3alMi CXEeMbl COBMNAJCHUN W HX BIMsSHHE Ha 3()PEeKTUBHOCTH
M3MEPEHUS CIIEKTPA FaMMa-KBAHTOB JIETEKTOPOM.

S.Y. Troschiev

EFFICIENCY OF GAMMA-QUANTA WITH ENERGY OF 0.5-3.0 MEV
REGISTRATION BY THE HPGe DETECTOR CANBERRA GC3019.

Preprint MSU SINP N 2009-8/852

Abstract

Main features of semiconductor detectors are outlined. Measurement of monochromatic
gamma-quanta streams with energy of 0.5-3.0 MeV spectra by the HPGe detector Canberra
GC3019 was simulated. Interrelation of fotopeak, Compton plateau and single and double escape
peaks sizes was investigated. Different projects of coincidence circuit and their effect on the
efficiency of gamma-quanta spectrum measurements were analyzed.
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["aMMa-aKTHBALIMOHHBIA SKCIIEPUMEHT — ATO KCIIEPUMEHT, B X0JIe€ KOTOPOro obpaser u3
UCCIIEyeMOr0 BeIecTBa O00JIydaeTcsi MOTOKOM ramMMma-kKBaHToB ¢ sHepruedd 10-100 Mb»B,
BCJIEJICTBHE 4Yero B o0pasle NpOTEeKaoT (OTOSAEpPHbIE PEAKIMH C BBUIETOM OJHOTO WU
HECKOJIbKMX HYKJIOHOB. B pesynbTaTe Takux peakiuid B 00pas3ile MOTYT O0Opa3oBBIBATHCSA [3-
pPaZOaKTUBHBIE M30TOIbI, MEPUObI MOIYpacHagoB KOTOPHIX JiekaT B LIMPOKUX Mpenenax (ot
HECKOJIBKUX MUWJUIACEKYHI 10 10*-10° ner). Yacro npu [B-pacmagax oOpasyroTcs s[apa B
BO30YKJICHHBIX COCTOSIHUSIX. DTO BO30YXKJIEHHE spa CHUMAETCsS 3a CYET MCIYCKaHUs ramma-
KBAaHTOB C JHEprusiMu a0 2-3 M»bB, cnekTp KOTOpBIX YHMKAJIEH Ui Kaxaoro szapa. Ilocie
oOnmydeHust oOpaslia CIEeKTp TaMMa-KBaHTOB, OOpa3ymoIIUMXCs TpH [-pacnagax, HU3MEpseTcs
JETEKTOPOM. AHAIN3 U3MEPEHHOTO CIIEKTPa MO3BOJISET MOIYYUTh HH(OPMAIIHIO O HECTAOUIIBHBIX
M30TONax, 00pa3oBaBIIUXCA B 00pa3lle, M UX MEePUO/Iax Moiypacmaja.

Takue sKcrepUMEHTHl BaXKHBI A (PyHAAMEHTAIbHBIX HCCIIENOBaHUM, T.K. MO3BOJISIOT
MPOaHAIM3UPOBATh PE3yNbTAaT B3aUMOJICHCTBUS raMMa-KBaHTOB C BemlecTBOM. Kpome Toro,
raMMa-akTHBAaIlMOHHAsS METOJWKAa WMEeT M[IMPOKOE NPUKIATHOE TPUMEHEHHE, HaIlpuMep,
MO3BOJISIET KOHTPOJIUPOBATh IPUMECH B 00pasiie Ha YpOBHE 10°-10" or COZIepKaHUsl OCHOBHOTO
M30TOIA.

OaHMM U3 OCHOBHBIX JJIEMEHTOB B METOJUKE AaKTUBAIMOHHOIO aHaju3a SIBIISETCS
JETEKTOp, C TOMOIIbI0 KOTOPOTO HM3MEPSETCsl OCTaTOYHAs I'aMMa-aKTHBHOCTH 0O0pa3yromuxcs
NpoAyKTOB pacnana. HambGonee >QQekTHBHBIMM AETEKTOpaMH Ui HM3MEpPEHHs] HaBEICHHOU
raMMa-aKTUBHOCTH SIBJIAIOTCA JETEKTOpbl M3 cBepxuucTtoro repmanus (HpGe-gerekTopsl).
DHEPreTUYecKOe pa3pelIeHre TakuX JETeKTOpoB MoxkeT aocturath 0.1%, 4to B JecITKH pa3
Jydlle, YeM pa3pelieHne CHMHTWUIAIMOHHBIX raMMa-CIIeKTpOMETpoB. BpemenHoe paszpemnieHue
HpGe-nerexropos cocrasisier 10°-107 cexyHpl.

[Ipu u3MepeHHM CIEKTpa B XOJ€ SKCIEPUMEHTa MO raMMa-aKTHUBAI[MOHHON METOJuKe
OOBIYHO PETUCTPUPYIOTCS TaMMma-kBaHTHI ¢ sHeprusimu 0.1-3.0 M»aB. Ilpu perucrparum ramma-
KBAaHTOB C TaKHUMHM SHEprusiMu B kpuctaiuie HpGe-neTekTopa MOTYT MPOMCXOJHUTDH CIIEAYIOIINE
nporecchl: (HoTod(h(PEeKT, KOMITOHOBCKOE paccessHUE U POXKACHUE Tap (ecau SHeprus raMma-
KBaHTa BBIIIE MOpPOTra POXKICHUS 3JIEKTPOH-TIO3UTPOHHOW Mapkl, paBHoro 1.022 M»B). Bo Bcex
ATHUX Mpolleccax IHEPrusi raMMa-KBaHTa WM YacTh €r0 SHEPTUU MepeIaeTcs AIEKTPOHY BELECTBa
JETEKTOPa, SHEPTHsI KOTOPOT'O U3MEPSETCS B IETEKTOPE.

Paccmorpum Gonee moapoOHO Bce TpU Ipolecca B3aMMOJEHCTBHS TaMMa-KBaHTOB C
BeiecTBoM [1], Bnusitomue Ha 3QPEKTUBHOCTh U CHEKTP I'AMMa-KBaHTOB, 3apErUCTPUPOBAHHBIX
JETEKTOPOM.

®oto3¢ ekt — BHIOMBAHUE DJEKTPOHA C ATOMHOW O0OJIOUKU. DHEPrHsi CBA3H BHEUIHHX



JJIEKTPOHOB C sapoM E

cass COCTABIISICT JECATKH 5B, Tornma kak sHeprus ramma-ksanra K, B
DKCIIEpUMEHTE He MeHee Jecath KdB. @DyHknua OTKIMKa JeTeKTopa, 0O0yCIIOBICHHAsA

(orosdpdpexrom, umeer Bua Makcumyma Ha suepruu £, —E, = E .

consu

Dddext KomnToHa — paccesiHre raMMa-KBaHTa Ha 3JIeKTpoHe BemlecTa. [Ipu aTom ramma-
KBaHT MEPEAeT MEKTPOHY TOJIBKO YacTh CBOCH SHEPruu. 3a CUET JAHHOTO Mpoiecca B QyHKIUN
OTKJIMKA JIETeKTOopa 00pa3yeTcs KOMITOHOBCKas MOJI0OKKA — IIIaTo B oOnactu 3Hepruit ot 0 MaB

bife} E7.

Poxxnenne >nexkTpoH-NO3UTPOHHBIX mnap. Ilocime poxkaeHus mapbl 37€KTPOH IMOIHOCTBIO
TEpsICT DHEPIUI0 B AeTeKTOpe. II03UTPOH TakkKe TOPMO3UTCS, TEPSAA SHEPTHIO HA MOHM3ALUIO, U
IIPAKTUYECKU C HYJIEBOM SHEPrued aHHUTWIMPYET C JJIEKTPOHOM BelecTsa. B pesynbrare ux
AaHHUTHJISIUKE 0Opa3yeTcs /1Ba raMMa-kBaHTa ¢ sHeprusimu o 0.511 MaB. 3arem BO3MOXHO Tpu
BapHaHTa pa3BUTHUS COOBITHIA:

a) Oba ramMMa-KBaHTa TOTJIOIIAIOTCS B BellecTBe JeTekTopa. OOpa3yromuiicss mpu 3TOM
MaKCHUMYM B CIIEKTPE COBIMAJAET MO YHEPTUU C (POTOMUKOM.

6) OxMH raMMa-KBaHT IMIOTJIOIIAETCS B JIETEKTOpE, a BTOPOM BBUJIETACT 3a IPEAEIbI

nerekropa. [Ipu sTom oOpasyercs makcumyM npu sueprun E, —0.511M>B , Ha3piBaeMbIil TIMKOM

OJIMHOYHOTO BBLJIETA.
6) O0a aHHUTWISLIMOHHBIX TaMMa-KBaHTa BBUICTAIOT M3 JeTekTopa. B pesynbrate B

Ha0III0/1aeMOM CIIEKTpe 00pasyeTcst MakcuMyM Ha sHeprud E, —1.022M5B , Ha3blBacMblil THKOM

JIBOMHOI'O BEIJIETA.

[Ipu pacmmdpoBke U aHAIN3E CIIEKTPa CYHIECTBYET OMACHOCTh MPHUHATH MUK OJUHOYHOTO
WIM JIBOWHOTO BbUIETa, 32 (POTOMMK MPHU COOTBETCTBYIOIIEH 3Hepruu. [loaTomMy nepea aHanuzom
CIIEKTpa HEOOXOUMO OOHAPYKUTh NMUKHU OJMHOYHOIO M JIBOMHOIO BBUIETOB U UCKIIOYUThH MX M3
pPacCMOTPEHHS.

s uccnenoBanus 3¢pHEKTUBHOCTH PETUCTPAIIMM FaMMa-KBAaHTOB ¢ sHeprusmu oT 0.5 1o 3
Mb5B OblmM MpOBEZICHBI YUCIIEHHBIE 3KcrepuMeHThl s moaenu HpGe-nerekropa Canberra
GC3019 [2], ucnons3yromierocsi B Hactosimiee Bpems B HUUAD MI'Y nna uccnepgoBaHus
MHOT'OYaCTUYHBIX (POTOSIIEPHBIX PEAaKLUUH MPHU MOMOLIM WMIYJIbCHOTO Pa3pe3HOro MHKPOTPOHA
RTM-70 na »sHepruto snexktpoHoB 10 70 M»>B. HcTrouHuk ramma-KBaHTOB HaxXOAWIICS Ha
paccTossiHuM 5 MM OT Kopmyca AeTekTopa. HampaBieHus BbUIETOB raMMa-KBaHTOB M3 MCTOYHUKA
ObUIM PABHOMEPHO pacIpeieNIeHbl 10 TEJIECHOMY yIily 27 B CTOPOHY PacloJIOKEHUSI OCHOBHOT'O

nerekTopa. Bes cucteMa Haxoaunack B BO3AYIITHOM Cpefie.



CrniekTpbl ramMma-KBaHTOB, 3aperucrpupoBaHHblx HpGe-aeTekTopoM, pacCUMTBIBAINUCH C
nomoInpio nakera Oubnmmorek ans C++ GEANT4. Ilpu pacdere yuyMTHIBAIUCH BCE OMHCAHHBIC
BbIIIE (PU3UUECKUE TPOLIECCHI.

PacueTs! BBINOJIIHEHB! AJIs CIEAYIONIMX 3HAYEHUH dHEPruiM MOHOXPOMOTHUYECKUX MOTOKOB
ramMmma-kBaHToOB, mamarommx Ha gerekrop: 0.1; 0.5; 1.0; 1.5; 2.0; 2.5; 3.0 M»B. PesynbraTh

pacyera nmoka3aHbl Ha pUCYHKe 1.
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Puc. 1. OTKIHNK JeTEKTOpPA MPH perucTpamui raMMa-KBaHToB ¢ 3Heprueii 0.5-3 M»aB.

U3 pucynka 1 BunHo, yto Ha sHepruu 0.5 MsB u 1.0 MaB HabmoiaeMblii CIEKTP COCTOUT
13 GOTONMKAa M KOMITOHOBCKON TomioXku. [Ipu sneprusix 1.5 MaB u 6onee BBICOKHX Kpome
¢doTonMKa 1 KOMITOHOBCKOM MOJIJIOKKH HAOJIOIAl0TCS MUK OJMHOYHOTO U UK JBOMHOIO BHUIETA,
a Taroke nmuk Ha sHepruu 0.511 MaB, 00yciioBIIeHHBIN POXKAECHUEM IIEKTPOH-TIO3UTPOHHBIX Tap €
MOCJEAYIOIEN AHHUTWIILMEH NO3UTPOHA B BO3AYXE U B KOpIyCE AETEKTOpa. 3aBUCHUMOCTH
3¢ (HEKTUBHOCTH PETUCTPALIUU AETEKTOPOM (POTOMUKA OT HHEPTUH MaAIOIIUX HA TETEKTOp raMMa-
KBAaHTOB IOKa3aHa Ha PUCYHKE 2.

belna uccnenoBana cBs3b BeIMYUHBI GOTOMUKA Nppoto 1 CYMMBI BCEX OTCYETOB JIETEKTOpA
Ncompt,  COOTBETCTBYIOIIMX  KOMITOHOBCKOM — IIOJUIOKKE, B  3aBUCHMOCTH OT  BHEPIHH
pETUCTPUPYEMBbIX TaMMa-KBaHTOB. Jlins 3Toro Oblla MOCTpOEHA 3aBUCHMOCTbh BEJIUYUHBI

Ncompt/Nphoto OT HEPrMHM ramMma-kKBaHTOB (cM. pucyHok 3). IIpu smeprumsax 0.5-3.0 MbB srta
5



3aBUCUMOCTb XOopo1mmo

6,99EY2+4,25EY3—1,23EY4+O,137EY5, rie E, — oHeprusa ramMma-KBaHTOB, DErMCTPUPYEMBIX

ACTCKTOPOM. Taxkas arrmpoKCcuMalga HUCIOJb3YCTCA IJid TOTO, YTOOBI OnpeaACIsITb BCIUYHUHY

anmnpOKCUMUPYETCS

byHKIIHEH

KOMIITOHOBCKOM IIOAJIOXKKH ITO W3BECTHOU BEIIMYHHE (bOTOHI/IKa.
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Puc. 3. 3aBucuMocTb OTHOLIEHUH BeJIMYHH (POoTOMHKA Npyhoto » KOMITOHOBCKOH MOMIOKKH Neompt, MTHKA

OJUHOYHOI'O BbLIIETA N1 H MHKa lIBOﬁHOI‘O BbLJIE€TA Nz OT JHEPIruM NaJaKIuX HA JeTEKTOP raMMa-KBaHTOB.
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AHanoruyHeIM 00pa3oM ObLIa UCCIEN0BAaHA CBSA3b BEMMYHH Nphoro POTONHMKA C BETUYUHON
NUKa OJMYHOro BbUIeTa N; M mHKa ABOHHOrO BbUIETa Nj. DTH 3aBHCHUMOCTH MOTYT OBITh
anmMpOKCUMHUPOBAHBI () YHKIUSIMU Y1=N1/Nph0m:—7,62+6,60EY—2,29EY2+0,29EY3 1 Y2=No/Nphoto=-
7,24+5,81E,-1,95E,>+0,24E,’ COOTBETCTBEHHO.

OpHol U3 OCHOBHBIX MPOOJIeM IpU MPOBEACHUH SKCIIEPUMEHTA M0 TaMMa-aKTHBALIMOHHON
METOJMKE SIBJISICTCS BBIZICNICHHE U aHAIN3 BEIUYMHBI (DOTOMUKOB HU3KOAHEPTEeTHUECKUX (POTOHOB
Ha ()OHE KOMIITOHOBCKOW TOJJIOKKH OT O0Jiee BHICOKOIHEPreTHUECKUX (POTOHOB. s perieHus
JaHHOW MpPOOJIEeMbl METOJOM KOMIIBIOTEPHOTO MOJEIHUPOBaHMSI ObUIO MpPOaHAIU3UPOBAHO
HECKOJIbKO BapHaHTOB pEAM3allMMd CXEMbl COBNAJCHUM, MPU3BAHHOW YMEHBIIUTh BEIUYUHY
KOMIITOHOBCKOH MOJUIOXKKH, a TAKXKE BETUYMHY MMKOB OJAMHOYHOI'O M JBOMHOIO BbLIETA. AHAINU3
pa3IMYHBIX BapUAHTOB CXEM COBIAJACHUN IO3BOJIIET OAHOBPEMEHHO MCCIEA0BAaTh YTEUKY T'aMMa-
KBaHTOB U3 OCHOBHOTO JIETEKTOpA.

B nmepBoil cxeme HCHOJIB3YeTCS BTOPOM TE€pPMaHUEBBIM JETEKTOpP, YCTAHOBJICHHBIN
CUMMETPUYHO NEPBOMY OTHOCHUTEIBHO HccieayeMoro obOpasma. Takol JETeKTOp perucTpupyer
KOMIITOHOBCKHE TaMMa-KBaHTbI, PACCESBIINECS B OCHOBHOM JIETEKTOpE Ha3al Ha OOJBIIUE YTJIbI.

Bo Btopoit cxeme 3a paboueii oOmactero HpGe nerextopa ycranosieH Nal-geTexTop
TOJIIIMHOMN 2 CM JIJISl PETUCTPALlUU FaMMa-KBAHTOB, PACCESBIINXCS BIIEPE]] HA MAJIbIE YTJIbl.

B tperbeii cxeme HpGe-nerekTop oKpyXkeH KoJIbLEBbIM eTekTopoM u3 Nal TommuHoin 2
cM. TakoW HAETEKTOp IMO3BOJIIET PETMCTPUPOBATh IaMMa-KBaHTBI, BBUICTAIOIIME B IMIUPOKUN

JIMaIia3oH yIiioB Yepe3 OOKOBYIO TOBEPXHOCTh OCHOBHOTO JIETEKTOPA.

5

Puc. 4. Paztnunbie BAPHAHTHI CXeM COBNaJAeHN. 1 — HCTOYHHK raMMa-KBAaHTOB, 2 — OCHOBHOI1 1eTeKTOp, 3 —

JI€eTeKTOP, PErHCTPUPYIOIIMI TaMMa-KBaHTHI, paccesiBIINeCs MO 00JbIINM YriaMu, 4 — 1eTeKTop,



PerucTpUPYHLIHIl raMMa-KBaHTbI, paccesiBIINECS O MAJIBIMH YIJaMH, 5 — IeTEKTOP, perucTpupyoLIuii

YTeuKy raMMa-KBaHTOB 4epe3 60KOBy10 MOBEPXHOCTb OCHOBHOI'0 I€TEKTOPA.

Bo Bcex Tpex cxemax CUHMTAeTCsi YMCIO COOBITUHM C PETUCTpalHeil TaMMa-KBaHTOB
OJTHOBPEMEHHO Ha OCHOBHOM U JIOMIOJIHUTEIHHOM JCTEKTOpaX. 3aTeM TaKue COOBITHS BBIYUTAIOTCS
U3 CIIEKTpa, HaOII01aeMOT0 B OCHOBHOM JIETEKTOPE.

Jnsa ananmuza 5(Q@EeKTUBHOCTH NPUBEIEHHBIX CXE€M ObUIM MPOBEAEHBI YHCICHHBIC
OKCIIEPUMEHTHI, pPE3ylbTaThl KOTOPHIX MpeAcTaBleHbl B Tabmume 1. Bce pesymbTaTsl
MPEACTABJICHBI B MPOIEHTaX OT MOJIHOTO YKCJIA MOMABIIUX B OCHOBHOM JETEKTOpP raMMa-KBaHTOB.
«®DOTONMUK» - BBIpA)KEHHAsl B MPOLEHTaX 3()(PEKTUBHOCTh PETUCTPALMKA OCHOBHBIM JIE€TEKTOPOM
doronmka. «Bce 3aperucTpupoBaHHBIE YACTUIIBI» — BBIPAKECHHAas B TMPOIEHTAX IOJHAs
3¢ (HEeKTHBHOCTh pErHCTpaIlMi TaMMa-KBAaHTOB OCHOBHBIM JIETEKTOpOM. «KommToHOBCKas
MOJIJIOKKa» — BRIPAKEHHOE B MPOIIEHTAX YHUCIIO OTCUETOB JIETEKTOPA MOCIE BEIUUTAHUS (DOTOIHKA,
MAKa OJTMHOYHOTO BBIJIETA, MMKA TBOWHOTO BbUIeTa U Nuka Ha 3Hepruu 0.511 M»aB.

Pe3ynbrarhl MOAeNMpOBaHMS OTPAXKAIOT OCHOBHBIE CBOMCTBA FT€PMAaHUEBBIX JIETEKTOPOB:

* D¢ (DEeKTHBHOCTh PETUCTpPAllUU TaMMa-KBaHTOB JIETEKTOPOM HMEET MaKCHMalIbHOE
3HaueHue npu 31epruu 0.1 MaB

* 3HaynuTeNbHOE (HA TOPAIOK) TajeHue A(PPEKTUBHOCTH PETUCTpAIMH TaMMa-KBaHTOB

J€TEKTOPOM MPH YBEJIMYEHUU SHEPTUU FaMMa-KBaHTOB A0 2-3 M»aB.

Ta6a. 1. Pe3yabTaThl pacueToB KOJMYECTBA COBNAJAEHUI H BeJTUYHHBI KOMITOHOBCKOI MOJJIOKKH 1JIS

Pa3/IMYHBIX CX€M COBINA/ICHHHA, BBIPAKCHHbLIC B IIPOLCHTAaX.

OHeprus ramma-kBaHTa, M»>B 0.1 0.5 1.0 1.5 2.0 2.5 3.0
dotonuk 68.06 |27.33 1556 |11.22|8.77 |7.13 |5.33
Bce 3apernctpupoBaHHbIE YaCTUIIBI 76.36 | 66.34 | 56.97 | 51.21 | 47.58 | 45.26 | 42.13
Kon-Bo coBnanenuii B cxeme 1 0.47 2.9 2.3 200 |1.98 |2.07 |2.22
Kon-Bo coBmanennii B cxeme 2 0.0019 | 3.13 |3.38 [3.32 |3.33 |341 |3.59
Koun-Bo coBnanenuii B cxeme 3 0.131 | 12.45|11.72 | 10.66 | 10.33 | 10.39 | 11.13
KoMnToHOBcKast moj1oKKa 8.24 39.01 | 41.82 | 42.19 | 39.04 | 38.35 | 35.84

KomnronoBckas MOI0KKa nocie | 7.89 36.24 | 39.60 | 40.26 | 37.23 | 36.51 | 33.88

BBEIYMTAHUS COBIAJACHUHN 110 cxeme 1

KommiroHoBckas OUIOXKKA nocie | 8.24 36.10 | 38.64 | 39.14 | 36.04 | 35.39 | 32.82

BBEIYUTAHUS COBIAACHUHN IO cXeMeE 2

KoMmnoronoBckas MOI0KKa mocie | 8.16 27.18 |1 30.70 | 32.12 | 29.62 | 29.07 | 26.53

BbIYUTAaHUA COBHa,ZleHI/Iﬁ 1o cxeme 3




500 — CNeKTp, HabngaemMblii B OCHOBHOM AeTekTope
CMEeKTP Nocne BblMUTaHUA COBNageHui
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Puc. 5. CpaBHeHHe cieKTpa, H3MePEeHHOI'0 OCHOBHBIM JeTEKTOPOM, H CIIEKTPA, MOJY4YeHHOI0 NocJIe

BbIYUTAHUA COBl'IaIleHl/lﬁ no cxeme 3.

JlaHHbIE O KOJIMYECTBE COBNAJACHUMN B PA3IMYHBIX CXEMaX COBHAJACHUHN MO3BOJISIOT CYAUTh
00 yrJI0BOM pacmhpeleseHUH BBUICTAIOIINX U3 JCTEKTOpa ramMma-KBaHTOB. [Ipu sHeprum ramma-
kBaHTOB BbIlIe 0.5 M»B 3HaunTenbHas yacth (110 30%) paccessHHbIX U aHHUTWIAILIMOHHBIX TaMMa-
KBaHTOB PETUCTPUPYETCS OOKOBBIM AeTeKTOpoM. 7-10% paccesHHBIX W aHHUTUJISIIUOHHBIX
raMmMa-KBaHTOB PETUCTPUPYETCS JIETEKTOPOM B CXeMe 2 MOCJe paccesiHus Ha manble yribl. Eiie
MEHbIIEE KOJMYECTBO TraMMa-KBAHTOB (4-8%) peructpupyercs AETEKTOpOM B cxeMe | mocie
paccesiHust Ha Oonbimue yribl. [Ipu sneprum 0.1 M»aB, ogHako, yreuka yepe3 mepeaHio CTCHKY
JETEKTOpa MaKCMMajbHa, TOrJa Kak yTeuka I0J] MaJbIMUA yIiaMU IOJaBJIEHA 3a CUET BBICOKOU
BEJIMYMHBI CEUEHUS B3aUMOJICHCTBUS TaMMa-KBAaHTOB HU3KUX PHEPIUIl C MaTepUaIoM JIE€TEKTOpa.

Kak BugHo wu3 tabmumsl 1, Hambonee 5(QeKkTHBHOE MONABICHHE KOMITOHOBCKOM
MOJIOKKHA TIPOUCXOAUT TpH peanm3anud cxembl 3. OHa TMO3BOJSAET YMEHBIIUTH CPEIHIOO
BEJIMYMHY KOMIITOHOBCKOW MOJJIOXKKH JJIsi TaMMa-KBaHTOB ¢ 3Heprueil 2 M»B Ha 24%, a nns
raMMa-KBaHTOB ¢ 3Heprueil 3 MaB — Ha 26% 10 CpaBHEHMIO C HCXOJHBIM 3HAUEHUEM.

BbuTH BBITOTHEHBI PacyeThl, B KOTOPBIX TOJIIMHA KOJBIIEBOTO ASTEKTOpa ObUIa yBEeIHYCHA
c 2 mo 6 cMm. Ilpu 3TOM cpemHss BeIUYMHA KOMIITOHOBCKOM TIOMJIOKKH C HMCKJIIOUEHHUEM
COBIAJICHUN yMeHbInaeTcs Ha 31% s sHepruu ramma-kBaHToB 2 M»bB u 34% nnsa sHeprumn
raMmmMa-kKBaHToB 3 M»B.

[Ipu wuckmoueHMH COBHAJACHUN MO cXeMe 3 KOMIITOHOBCKas IOJUI0OKKA YMEHBIIAeTCs

PaBHOMEPHO BO BCEM JUaIa30He SHEPruid (CM. pUCYHOK ). CxeMbl 1 1 2 yMEHBIIIaIOT B OCHOBHOM
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BBICOKOIHEPreTHYECKYI0 U HU3KOOHEPreTUYECKYI0 YaCTH CIIEKTPa COOTBETCTBEHHO — 3TO CBA3aHO
C YBEIMYECHHEM IIEPEIaHHOW DJJIEKTPOHY DJHEPruel IpU KOMITOHOBCKOM pPAacCEsHUU IIpU
YBEIUYECHUU YIJIa PACCESIHUA.

ABTOp BeIpaxkaeT Omarogapaocts A.A. Ky3nenoBy u A.C. Kypunuky 3a npeaocTaBiIeHHYIO

uHpopmanuio 06 oreHeHHbIX xapakTepuctukax HpGe-nerexkropa Canberra GC3019.
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C.10. Tpoumuen

3®OEKTUBHOCTH PETUCTPAIIMA TAMMA-KBAHTOB C DQHEPTHEW OT
0.5 10 3.0 M23B IETEKTOPOM U3 CBEPXYUCTOI'O TEPMAHUSA
CANBERRA GC3019

[Tpenpuat HUMAD MI'Y Ne 2009-8/852

Pa6ota nocrynuna 8 OHTH 06.08.2009
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