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CHUHTWLISIIAOHHEI TETEKTOP

Ilenv pabompi: viccienoBaHnue XapaKTEPUCTHK CIUHTHIUISAIIM-
OHHOTO JIeTeKTOpa (KOHBepCHOHHAas 3PPEKTUBHOCTh CLUHTHILIS-
TOpa, 3PPEKTUBHOCTh PETUCTPAIMN HOHU3UPYIOIIETO U3TY4ICHHS,
paspelieHre no SHEPrUn), MPOBEPKa MPONOPLUOHATBHOCTH CLUH-
THUISIIMOHHOTO JIETEKTOpa, N3YUYCHHE BIUSHUS YACIbHBIX TOTEPh
DHEPIUU UOHUBUPYIOLIEr0 U3JIYYEHUS Ha 3HAYEHHE KOHBEPCUOH-
HOH 3()(heKTHBHOCTH CHUHTUILISTOPOB.

BBEJEHUE

CUMHTUIUIALMOHHBIA METOJ] OCHOBAH Ha PErHCTPalldd KOpPOT-
KHMX BCIIBIIIEK CBETa — CHUHTWUISILIMMA, BOSHUKAIOIIUX B HEKOTO-
PBIX BEIIECTBaX B Pe3yjIbTaTe MPOXOXKIAEHHS Yepe3 HUX 3apsiKeH-
HbIX yactull. Kaxnas Takas BCIbIILIKAa BbI3BaHA OTIEIBHOM 3apsi-
KEHHOM dYacTuled U COCTOMT U3 OOJBIIOr0 KOJIMYECTBA
(10° — 10°%) (oToHOB ¢ SHEprueil B HECKOIBKO SIEKTPOHBOJIBT.
CUMHTHIUIALUY OTJIMYAIOTCA OT APYIMX BUAOB CBEUCHMs, oOpa-
3YIOLIETOCs MPU B3aUMOJEHCTBUU YAaCTHIl C BELIECTBOM (Hampu-
Mep, cBeueHus BaBunoBa—YepeHkoBa) TeM, YTO OHM BO3HMKAIOT
BCJIE/ICTBHE DJIEKTPOHHBIX MEPEX0J0B BHYTPU LIEHTPOB CBEUECHHUS.
LleHTpOoM cBedeHHUsI MOKET ObITh aTOM, MOJIEKYJIa, HOH WK Ooee
CJIO)KHOE 00pa30BaHHUE.

CUMHTHIUTALMOHHBIA MPOLIECC MOXHO pa30UTh Ha TPHU dTama:
1 — Bo3OyXJ1eHUE 3apsKEHHBIMHM YacTHIIAMH OCHOBHOT'O BEIIECT-
Ba, HaXOJAIIErocst B TBEPJOH, JKUAKOW WM razoodpasHoil ¢aze
(reHepallMOHHBIN 3Tal); 2 — NEPEHOC YHEPTUH, TOTEPSHHON 3apsi-
’KEHHOM yacTHlell B BELECTBE K IIEHTPAM CBEYEHUs (MUTPALMOH-
HBIH 3Tan); 3 — BO30y»KAeHHE U BbICBEUUBAHUE IIEHTPOB CBEUECHUS
(BHYTpHLIEHTPOBOH Tar).

Jlyig perucTpany BO3HUKAIOUIUX MOJ JAEHCTBUEM OTIENIbHBIX
MOHM3UPYIOUIMX YacTUL CHUHTWUIALIUA OOBIYHO HCHOJIb3YIOTCS
(dboTosnekTponHbie yMHOXUTEH — POV, puc.l. ®oToHBI ClIUH-
TWUTSILIMOHHOM BCIBIIIKHM ToMNaaaiT Ha ¢orokaron OOV, obpa-
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3ya B pe3ynbrare ¢otodddexra GoTodnekTpoHbl. DOTOIIEKTPO-
HBI ABWOKYTCS MO/ JACUCTBUEM DJIEKTPHUYECKOTO MO U MOMaaaroT
Ha quHOAEl DDV,
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Puc.1. anHHHl’I Z[eﬁCTBPIH 1 CXE€Ma BKIIIOYCHUS CUUHTUIIIAIUOHHOIO AE€TEKTOpa

B nuHOnax B pe3ynbTare BTOPUYHOM 3JIEKTPOHHOM SMHUCCHH
qrCIo MeKTpoHoB yBenmumBaercs B 10° — 10° pas. DiextpoHsI
cobupatorcst Ha aHojie POV, B pe3yabTaTe Yero BOZHUKAET HJIEK-
TPUYECKUA HMITYJIBC, KOTOPBIA PETUCTPUPYETCSA IIEKTPOHHBIMU
CXEMaMH.

[Ipr neTekTHpOBaHWHM HMOHHM3HMPYIOUIETO W3ITyYeHHsI C TOMO-
IIbI0 CHMHTHWJUIAIMOHHOTO JETEKTOpa HEOOXOAWMO MPUMEHSThH
TOT THUII CHUHTHUIIATOPA, OCHOBHBIC ITapaMETPbl KOTOPOIr'o IIO3BO-
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JSFOT HauOoJiee ONTHMAIBHO PEIIaTh MMOCTaBJICHHYIO 3amady. K
OCHOBHBIM TapaMeTpaM CIHUHTWUIATOPAa MOXXHO OTHECTH: KOH-
BEPCUOHHYIO 3()(hEeKTUBHOCTE T\, CPEAHIOI0 YHEPTHIO, PacXoaye-
MYI0 Ha 00pa3oBaHHe OJHOTrO (POTOHA Mg, BPEMsI BBICBEUMBAHMUA T,
3G PEKTUBHOCTh PETUCTPALIMA HOHU3UPYIOIIETO H3IyYCHHS M.
3HaveHHs THX MapaMeTpoB UIl HanOoyiee MIMPOKO HCIONIb3Yye-
MBIX CUUHTHJUIATOPOB IPHUBEICHBI B Ta0I. 1.

Tabnuya 1
OCHOBHbBIE XapaKTEPUCTUKH HEKOTOPBIX CIMHTHILIATOPOB

Odpdex- Bpems
[Tnor- TUBHBIH Nk
CHuHTHILIS- t BbICBE- | hvg,, O, /
TOPEI 1;(/)((::;1;, aTOMHBIM | uyypanms | 5B :3;2; sB o/p
Homep Z T, HC P
Heopranm-
YyecKue:
Nal(TI) 3,67 50 250 3 0,153 196 | 05
CsI(TI) 4,51 54 700 2,2 0,06 36,6 | 0,5
ZnS(AQ) 4,09 27 1000 2,7 0,1 27 1
Bi,Ge;01 7,13 72 300 2,6 0,02 1635 | 0,2
Opranu-
yecKue
AHTpaleH
1,25 ~6 25-30 2,77 | 0,034 814 | 0,1
(C1Hyp)
Hadramun
1,45 ~6 70-80 3,6 0,017 |176,4 | 0,1
(CyoHg)
Crunn0en
1,16 ~6 4-8 35 0,03 116,6 | 0,1
(CuHyy)
Tonan
1,18 ~6 4-7 3,16 | 0,032 98 0,1
(C14Hi)
IInactmac-
cosbie (tep- 1 ~6 5 31 | 0015 | 210 | 01
¢uHMI B 110-
JIMCTHPOJIE)




DuU3HYeCKO KOHBEPCHOHHON 3(P(PeKTHUBHOCTBHIO CIUHTHII-
nsATopa (MM SHEPreTHUYECKUM BBIXOJOM) HA3bIBAETCS OTHOILICHUE
SHEPTUU CBETOBOM BCIBIIKH Eg; K MOTIONIEHHON B 00beMe CLIUH-
TWUIATOPA SHEPTUU 3aPSDKEHHOM 4acTULbL £y

E hv
" = CB —_ N CB , l
M= 7 " E 1)

jut

rae Ng — nonHoe unciao GoToHOB, 0Opa30BaHHBIX B 00bEME CLIUH-
THIUIATOpA 3apsHKEHHON YacTulieit; hve, — cpeaHss sHeprus oHO-
ro (hOTOHA CIUHTHIUISIIIAH.

Uem BbIlIe KOHBEpCHOHHAS 3(P(HEKTUBHOCTh CLUUHTUILIATOPA,
TeM OOJbIIast AOJIA SHEPTUU 3apsDKEHHON JacTHIBI Tpeodpasyer-
Csl B CBETOBYIO BCIIBIIIKY, T€M, CJEI0BATEIbHO, OOJBIIE aMILTH-
TyAa CHUTHaja NpHU OAHOW M TOW K€ IOTEPSHHOM B JETEKTOPE
SHEPTUH.

Konsepcuonnas 3¢(GeKTHBHOCTh CIMHTHILIATOPA CIYXHT Me-
poii ero crnekTpoMeTpudeckux kauecTB. CHMHTULIATOPHI MOKHO
KOJIMYECTBEHHO CPaBHUBATH JIPYT C APYrOM IO OTHOIICHUIO MX
KOHBEPCHOHHBIX 3 dextuBHOCcTel. [Ipn 3TOM 00BIUHO KOHBEPCH-
onnyto 3¢dexruBrocts Nal(Tl) monaratot ycioBHO paBHOI eau-
Huie. TakuM o0Opa3om, OTHOCHUTENbHAsE KOHBEpCUOHHas (P ¢ek-
tuBHOCTH CSI(TI) cocraBnsier ~ 0,4 (cm. Tabm.1).

Cpennsisi JHeprus Mg, pacxoayeMas 3apsHKEHHOM 4YacTHIEH
Ha oOpa3oBaHME OJHOrO (POTOHA CHMHTWILISALMHU, ONpPENesieTcs
COOTHOIIIEHUEM

E E_-hv hv
— i} B _ CB (2)
n]( : El'[ TIK

k=2

3HavyeHHs hve U ®¢ AT HEKOTOPBHIX TUIOB CLHUHTUIIIATOPOB
npuBeaeHbl B Ta0n.1. Hapsiny ¢ monstuem ¢usnueckoil KoHBep-
CHOHHON 3(()EKTUBHOCTH BBOJAUTCS BEIMYMHA TEeXHUYECKOi
KOHBEPCHOHHOM 3¢ peKTUBHOCTH:
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Nkr = f Nk » (3)

rae f — ko3 GuuueHT, yuuThBarOIMi 100 (HOTOHOB, KOTOPHIC
nonanu Ha gorokarog POV, ot nonnoro yucia GoroHoB Ny, 00-
pa30BaHHBIX YacTULEH B cuuHTWILIATOPE. C y4eTOM 3allMCaHHBIX
COOTHOILIEHUI aMIUIMTYy/1a UMITyJbca Ha Bbixoge POV, BbIpaxeH-
Hasl B YUCJIE DJIEKTPOHOB, COCTABIISACT:

a=g, o (4)
hv

CB

rae M — koaddunuent ycunenuss ®IVY; y - kBaHToBast 3pPpexTus-
HOCTh (poTokaToma @DV, paBHas BepOSATHOCTH (POTOHY BHIPBATH
AIEKTPOH U3 ¢orokarona. Eciau mpeanonaokurs, 4To Bce KO3(P-
¢unmentsr B dopmyne (4), CBA3BIBAIONICH aMIUTUTYAY C IOTJIO-
IIICHHOM SHEepruii, He 3aBHCAT OT SHEPIUU U OT YAENbHBIX HOHU-
3allMOHHBIX MOTEPh HEPIMM YaCTULIbI, TO aMIUIUTYJla UMITYJbCca
Ha Bbixoge ®PDOY npomnopuHoOHAIbHA MOMIOIEHHONM SHEPrHH.
JlpyrumMu ClIOBaMH — CHUHTWUIAIUOHHBIA JIETEKTOp oO0iajgaer
CBOMCTBOM IIPONOPILMOHATIBHOCTH.

OpnHako oka3bIBaeTcs, 4TO (hU3MUecKas KOHBEPCHOHHAs 3(-
(EKTUBHOCTb, CTPOTrO TOBOPS, HE SIBJISIETCS MOCTOSSHHOW M 3aBH-
CUT OT YZAEIBHBIX HOHU3ALMOHHBIX IOTEPh DHEPIMM YACTHLIBI.
Tak, manpumep, B kpuctauie Nal(Tl) ammmrtyna curhama ot
JIEKTpOHA MPUOIM3UTEIBHO B JBa pa3a BbIIIE aMIUIUTYAbl OT
anb(a-yacTULIbl TOW K€ SHEPTrUuu. 3aBUCUMOCTh CUTHaja OT HOHU-
3alMOHHBIX MOTEPb PHEPIUU XapakTepusyercs Kod(h(UIMEHTOM
o/B (cm. tabma. 1). OroT kod3dduIMeHT npencraBaser codoi oT-
HOILIEHHE (PU3MUECKUX KOHBEPCHOHHBIX 3(dekTuBHOCTEN mpU
O0Jy4eHUHM CUMUHTWUIATOpA alb(a-yacTULIaMU U DJIEKTPOHAMHU
OJINHAKOBOI 3HEPIMM WJIM, YTO TO YK€ CaMO€ B 3TOM Cllydae, OT-
HOIIEHHWE aMIUTUTY/l CUTHAJIOB Ha Bbixojae OOV:

/P = AulAp )
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Takum 00pa3oMm, CIHUHTHIUISAIHOHHBIA JETEKTOP SIBISIETCS
MPOTOPIIHOHATBHBIM JIJIsI YaCTHI[ OAHOTO THIA, a KOA(PQPHUIIUCHT
MPOIOPIHOHAIBHOCTH 3aBHCHT OT THIIA PETHCTPHPYEMBIX YaCTHII.

BpeMeHeM BbICBeYHBAHHMA CIUHTHUIATOPA T OOBIYHO HAa3bl-
BAETCsl BPEMs, B TCUYCHHWE KOTOPOTO HHTEHCHBHOCTH CBEUYCHUS
dng/dt, T.e. unca0 (OTOHOB B CHMHTWUIAIMOHHON BCIIBIIIKE B
CIIMHUILY BPEMEHH, YMeHbIIaeTcs B € pa3. Eciu, Hanpumep, MOJI-
HOE 4YHCJIO0 (POTOHOB BO BCIBIIKE PaBHO Ng, U MHTCHCUBHOCTB
BCIIBIIIKA YMEHBINAETCS [0 3KCIOHEHIIHAILHOMY 3aKOHY, TO

@ ®

Hox 3¢)(peKTHBHOCTHIO PerucTpalUM U3JIy4YCHUS 1) IIOHUMa-
10T BEPOSITHOCTh, C KOTOPOH YacTHIla MOXKET ObITh 3apEeruCcTPUPO-
BaHA JETEKTOPOM, T.€. 3TO €CTh OTHOLICHHUE YHCIIA 3aPETUCTPUPO-
BAHHBIX YACTHUI] K YUCITYy YACTHULI, TONABIIUX B CHUHTUILIATOD:

n zl. Jlist 3apsbkeHHBIX 9acThll ()(PEKTUBHOCTh PETUCTPAINH
0
MPAaKTUYECKH paBHA €IUHUIIE.

OnHUM W3 OCHOBHBIX MPEUMYUIECTB CUMHTUIUISIUOHHBIX J€-
TEKTOPOB TIEpe] JETEKTOPaMH JPYTUX THUIOB SIBJISETCS BBICOKAs
3(G(HEeKTUBHOCTh PETUCTPAIIMU HMMH HEUTPAbHBIX HW3IYYCHHI
(raMMa-KBaHTOB M HEUTpoHOB). Kak M3BecTHO, B3auMMOECTBHE
ATOTO M3IYYEHHUS C BEUIECTBOM MPUBOJIUT K 0Opa30oBaHUIO 3apsi-
KEHHBIX YaCTHUL, KOTOPbIE 3aT€M PETUCTPUPYIOTCS IETEKTOPOM.
Takum 06pazom, 3pGEeKTUBHOCTh PETUCTPAIIMM TAMMa-KBaHTOB U
HEHUTPOHOB Oy/IeT ONMpeAeNsiThCsS BEPOATHOCTHIO B3aUMOACHCTBUS
WX C BEHIECTBOM JeTekTopa. Jjis ramma-KBaHTOB 3(h(PEKTUBHOCTD
PEruCTpaliKi B TEOMETPUH Y3KOTO ITyUyKa MOKHO OLICHUTh KaK:

n=1-e", (7)
re | - THOJHBIN JTUHEHHBIH KO3()PUIMEHT MOTJIOIEeH!sT raMma-
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KBaHTOB; X — TOJIIIMHA CHUHTWILIATOpA. BenmmunHa ¢ dexTuBHO-
CTH PETUCTpAIMH 3aBUCUT OT 3(PPEKTHUBHOTO aTOMHOTO HOMeEpa

nornotutens Z (pacTer ¢ yBeJluueHHeM Z ), IOITOMY JUIS TOJTy-
yeHus: Oonbiield 3(pPEeKTUBHOCTH pErucTpanuy raMMa-KBaHTOB
ucnonb3ytores cuuHTHuaTopsl Tina Nal(Tl) wmm CsI(TI) (cm.
Taoum. 1).

Kraccudukaiuio CIUHTHUIATOPOB MOKHO TMPOBOIUTH 110 pas-
JUYHBIM Tpu3Hakam. Hawmbosee 4eTKo Mo CBOMM XapaKTEePUCTHU-
KaM BBIJICIISIOTCS [1BE OOJIBIINE TPYIIbI: OPraHMYECKUE U HEOop-
raHHYECKHeE.

Oprannyeckue CIMHTHUIATOPBI XapaKTEPH3YIOTCS CpPaBHU-

TEJIbHO MaJIbIMU aTOMHBIMU HOMepaMu (Z ~ 6) 1 MaJioil IJIOTHO-
ctbio (p ~ 1 + 2 r/em®). Oprasudeckre CHUHTHIIIATOPBI 0071a/[a10T
xopoummM BpeMenHsM paspemmernem (10° — 107 ¢). Dddexrus-
HOCTB )K€ PErHMCTpaldy TaMMa-u3J1ydyeHHusl TAKUMHU CLHUHTHILISTO-
paMu Maja, TO3TOMY OHH Yallle BCErO MPUMEHSIOTCS ISl PETUCT-
pauuu 3apspkeHHbIX 4acTull. K opraHndyeckuM CHUHTUIUISTOpaM
OTHOCATCSl OPTaHWYECKHE KPHUCTAIUIBI, KHUJKWE U TBEpAbIC pac-
TBOPBI CLHUHTUUIUPYIOIMX BELIECTB B MOHOMEpAX U MOJIMMEpax,
a TaK)Ke OPraHMYECKHE Ta3bl.

Heoprannueckue CIUHTWUIATOPBl XapaKTEpU3YIOTCA OO0Jb-

IMMHU aTOMHBIMH HOMepamu (Z ~ 25 + 50) u BBICOKO# TUIOTHO-
cteio (p ~ 4 r/em). O¢ddeKkTuBHOCT, perucTpanuyd raMma-
U3IY4YEeHUs] TaKUMM JIeTEKTOpaMH BeluKka. BpemeHHoe paszpele-
HUE XYK€ 0 CPAaBHEHHIO C OPTaHUYECKUMH CIHHTHILISTOPAMHU
(~107 - 10°).

K HeopraHm4eckuM CHUHTHIUIATOPAM OTHOCSTCS IIEIOYHO-
raJIoOuJIHbIE, IMHKO-CYIb(UAHbIE U OKCHJIHbIE CIIMHTHIIISATOPHI, a
TaKXKe CHUHTHJUIATOPHI HA OCHOBE OJIATOPOIHBIX Ta30B (KUIKHE,
TBEp/bIE U ra3000pa3HbIe).

B ¢usndeckom sKcriepuMeHTe CIIMHTIILIISIIMOHHBIE JIETEKTOPHI
MPUMEHSIOTCS Yallle BCEro Ui CIEKTPOMETPUU HOHM3HPYIOLINX
W3IYyYCHUH, B YACTHOCTH TamMa-m3nydeHus. CHeKTpoMeTpHs
raMMa-KBaHTOB OCYIIECTBIISIETCS HM3MEPEHHEM SHEPrMHM BTOPHUY-
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HBIX 3JIEKTPOHOB, 00pa3yroUIMXcs MPU B3aUMOACHCTBUM TaMMa-
KBAHTOB C BEIIECTBOM CIIMHTHIUISITOPA.

Kak wu3BecTHO, raMMa-KBaHTBI, IPOXOS dYepe3 BEIIeCTBO,
B3aMMOJICHCTBYIOT C HUM 3a CYET OJHOTO M3 TpeX MPOIEeccoB: (o-
toaddexra, komnToH-3pdekxra u 06pazoBanus nap. BeposTHOCTH
3THX TPOLIECCOB CYIIECTBEHHO 3aBUCHT KaK OT DHEPIUU TaMma-
KBaHTOB, TaK M OT CBOMCTB BEIECTBA, C KOTOPBIMU ATH ramma-
KBaHTBI B3aUMOJICHCTBYIOT.

B mponecce GpoToaddexra raMma-KBaHT C 3Hepruei £, BBIPBI-
BaeT U3 aroma ojauH M3 BHyTpeHHuX (K, L, M, ...) anexTpoHOB,
3aTpaduBasi IPU 3TOM SHEPTHUI0, PaBHYIO SHEPTUU CBSI3U COOTBET-
CTBYIOLIETO IEKTpOHA, (Ex, E| E)s...), KOTOpas COCTaBIseT He-
CKOJIBKO JECATKOB KHIIO3JEKTPOHBONBT. OcTajabHas SHEprus Ime-
PEXOAUT B KHHETUYECKYIO SHEPIHIO (HOTODIEKTPOHA Egy,:

Eq)a = EY - EK (EL . ) (8)

[Ipr KOMOTOHOBCKOM pacCesiHUA raMMa-KBAaHT MEPENAET AJIEK-
TPOHY aroMa TOJIbKO 4acThb cBoed sHepruu. llpu stom sHeprus
KOMIITOH-DJIEKTpOHa FE\, CBsA3aHa C DHEPrMed ramMma-kKpaHra £,
COOTHOIICHHUEM:

E
Ee= r )
m,C

+7
E,(1-cos6)

rae 0 — yrois BbuIeTa PacCesHHOIO raMMa-KBaHTa MO0 OTHOLIEHUIO
K HATPABICHHMIO JBHKGHHS IEPBHYHOrO TaMMa-KBaHTa; MoC? =
=0,511 MaB — macca nokos 3JeKTpoHa.

B mpouecce poxaeHus mapsl CO3AAI0TCS IBE€ YaCTHUIbI — DJIEK-
TPOH U MO3UTPOH, Ul 00pa30BaHUs KOTOPHIX HEOOXOAUMO 3aTpa-
TUTb DHEPIUIO 2 moc® = 1,022 MaB. OcranbHas JHEpIus ramma-
KBaHTOB NEPEXOAUT B KHHETUYECKYIO DHEPIUIO0 3JIEKTPOHA U I0-
3UTPOHA, a TaKXKe MepefaeTcs SApy OoTJauu, JU0O0 3JIEKTPOHY OT-
Jlauy, B MOJIE KOTOPBIX MOXKET MPOUCXOAUTH Ipolecc oOpa3oBa-
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HUS MapBbl.

Ha puc.2 B kauecTBe npuMepa NpUBEACHO paclpeeieHHe UM-
IyJAbCOB 0 aMIUIUTYAaM OT BTOPHYHBIX 3JIEKTPOHOB B CLUHTHUJI-
msiumonHoM gerektope tuma Nal(Tl) npu perucrparuu B Hem mo-
HOSHEPreTUYECKUX KBaHTOB ¢ sHepruei 0,5 M»aB.

[Tux B o6sactu 1, KOTOPBII OOBIYHO HA3BIBAIOT TUKOM ITOJTHOTO
HIOTJIOIIEHUs, OOYCIIOBJIEH JIByMs IpoOlLleccaMM B3auMOJEHCTBUsA
raMMa-KBaHTOB C BELIECTBOM CLHUHTHIUIATOPA.

CkopocTh cyeTa

AMIUIUTYa UMITYJIbCA

Puc.2. Pacripenenenre UMIyIbCOB 110 aMIUTATYJaM MIPH PETHCTPAIN TaMMa-
kBaHTOB ¢ £, = 0,5 MbB

Bo-nepBbix, B 0071aCTh THKa MONAAAI0T COOBITHS, CBSI3aHHBIE C
MOTJIOLIEHNEM T'aMMa-KBaHTOB 3a cueT (oro3addexra. M3BecTHo,
970 POTOIPPEKT COMPOBOXKIACTCS XAPAKTEPUCTUUESCKUM U3TyUe-
HUEM, BOSHHUKAIONIUM IPH TIEPEX0/aX IEKTPOHOB HA BAaKaHTHBIC
MecTa B DJIEKTPOHHBIX obonoukax aroma (K, L, M,...), unu obpa-
30BaHUEM OXE-3JICKTPOHOB B PE3yJIbTATe MepeIadd SHEPTUH BO3-
OyKIEHHOTO aToMa OJTHOMY M3 DJIEKTPOHOB BHEITHEW 000TI0UYKH.
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Kunetnueckast sHeprust 0>ke-3J€KTPOHOB IPU 3TOM MPAKTHYE-
CKM paBHa SHEPIHH CBS3U JIEKTPOHA, 00pPa30BaHHOTO MpHU (POTO-
addexre.

XapaKTepuCcTUIEeCKOe M3JIyuYeHHE B CBOIO O4Yepeab C OOJIBIIOH
BEPOSATHOCTBIO IOIVIOMIAETCS B 00BbEME CLUUHTHIUIATOpPA 3a CYET
¢doroaddexra Ha GoJiee BEICOKUX IIEKTPOHHBIX 000JI0UKAX.

Taxkum oOpa3zoM, HE3aBUCHMO OT TOrO, Ha KaKOM aTOMe€ U Ka-
KOH AJIEKTPOHHON 000JI0YKE B CHMHTWILISATOPE MOTJOTHIICS ram-
Ma-KBaHT B pe3ynbrare (poTosddexra cymMmapHas SHEprusi BTO-
PUYHBIX SJIEKTPOHOB OKAa3bIBACTCS paBHA DHEPTUM raMMa-KBaHTa
E,.

BropeiM mporeccoM, KOTOPBIN aeT BKIIAA B MUK MOJIHOTO IO-
TJIOLEHMS], SBJISIETCSA TaK HAa3bIBAEMOE MHOT'OKPAaTHOE KOMITOHOB-
CKO€ paccesiHUe, Korja B pe3yibTare KOMOTOH-3((eKTa paccesH-
HBI TraMMa-KBaHT TepsIeT MOJHOCTHIO CBOIO YHEPIUI0 B CLIUHTHUJI-
JSATOPE 32 CUET HECKOJIBKUX MOCIEIYIONINX paccessHuil wim (oTo-
s dexrta. B 3TOM cityuae cymmapHas SHeprus BTOPUYHBIX JJIEK-
TPOHOB TaKXe OKa3bIBACTCS paBHA YHEPIHH F'aMMa-KBaHTA.

[TosTOMYy MO NMUKY HOJIHOTO MOTJIOIIEHHUS MOXHO ONpEAEIUTh
HETIOCPEICTBEHHO YHEPTHIO0 raMMa-KBaHTA.

OO0nacTe HENpephIBHOTO CHEKTpa, JeKalllas JieBee MUKa IoJ-
HOTO TOTJIONIEHUs, CBsi3aHa ¢ A((PEKTOM KOMITOHOBCKOTO pac-
CEesIHHS TaMMa-KBaHTOB B 00beMe CLIUHTHIUIATOPA.

N3 (9) BugHO, 4yTO MakcUMasbHas SHEPTHUs] KOMITOHOBCKUX
3JIEKTPOHOB BCEr/la MEHBIIIE YHEPTUY T'aMMa-KBaHTa U paBHa:

E
max __ Y
E. = (10)
m,C
1+ E
Y
B cBA3M ¢ 3TUM CylIeCTBYeT NPUHUMIIMAIBHAS BO3MOXKHOCTh
BBIJICTIUTh MUK IOJHOTO TMOTJIONIEHUS, MOJIOKEHHE MaKCHUMyMa
KOTOpPOI'0 COOTBETCTBYET DHEPIUM raMMa-KBaHTA.
YacTto B HU3KOIHEPreTUYECKOM YAaCTH KOMITOHOBCKOTO pac-

NpeaACIICHUA BBIIACIAIOT LHI/IPOKI/Iﬁ ITUK, OGyCJ’IOBJ’ICHHBIfI paccesi-
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°
HHUEM TaMMa-KBaHTOB Ha yribl, 6mu3kue k 180 ot okHa poTroym-
HOXKHUTEJISI, CTEHOK 3alIUTHOTO KOXYyXa M CTEKJIITHHOTO OKHA KOH-
TelHepa, B KOTOPbIM YIAKOBAaH CLUHTUWUIATOP. DTOT MUK Ha3bl-
BAIOT NMHUKOM OOpaTHOTO paccesHus (061acTh 2 Ha puc.2).

Heo0OxomuMo oTMeTUTH, YTO (popMa peallbHOTO aMILTUTYTHOTO
pacmpesenieHrs B KOMITOHOBCKON YacTH CIIEKTPa OOBIYHO CHIILHO
OTJIMYAIOTCS OT pacyeTHoro. PacueTHoe pacnpeneneHue KOMIITO-
HOBCKHX D3JICKTPOHOB IO JHEPTHH MOXKET OBITh TONYyYEHO U3
dbopmynsr Kneitna—Hummasi—Tamma [1, c.43-44]. Ha puc.2 mus
CpaBHEHUS IMOKA3aHO MYHKTUPHOW JIMHUEH TaKOe pacueTHOE pac-
npeJesieHMe KOMITOHOBCKUX 3J1€KTPOHOB i £, = 0,5 MaB.

Ob6nacTh 3 crekTpa Ha puc.2 cBsi3aHa C perucTpanueil mymo-
BBIX UMITYJIbCOB DDV, IMEIOMIKNX MATyI0 aMIUTUTYTY.

Bun pacnpenenenuss UMIyJabCOB IO aMIUIUTYAAM IIPU PErUCT-
palyy raMMa-KBaHTOB CIUHTUJUISIIIMOHHBIM JIETEKTOPOM CYIIECT-
BEHHO 3aBHCHT OT THIA CHUHTWUIATOPA (HEOPraHUYECKHH WM
OpPraHUYECKHUI), €r0 TEOMETPUUECKHX Pa3MEpPOB, a TaKkKe OT yC-
noBuil obmyuyenus. Hampumep, B Kpuctaiie OONBIIMX pa3MepoB
32 CYET MHOTOKPAaTHOTO KOMIITOHOBCKOTO paccesHHsl HalJroa-
IOTCSl 3HAYUTEIBHOE IIOJIABJIEHUE HENPEPBIBHOIO CIEKTpa KOM-
MITOHOBCKUX JJICKTPOHOB U COOTBETCTBYIOIIEE YBEJIMYECHUE WH-
TEHCUBHOCTH IHKa, OTBEYAIOLIEr0 MOJHOMY IOIJIOLIEHUIO SHEp-
TUU TaMMa-KBaHTA.

TOYHOCTh U3MEpPEHHUs CIIEKTPAIBHOIO COCTaBa MOHU3UPYIOIIIE-
T'0 U3JIYYCHHS] U BO3MOXXHOCTh Pa3IeIbHOM perucTparuu OJu3Ko-
PACIOJIOKEHHBIX 3HEPreTHUYECKUX JIMHUI OMNpeNesieTcsl dHepre-
TUYECKUM pa3perieHueM CHUUHTWIISIMOHHOTO neTekTopa. OTHO-
CUTEJBHOE SHEPreTHYECKOE pa3pelieHnue CHUHTHUILIALMOHHOTO

AE
JETEeKTOpa O paBHO O :?, rae E — sHeprus yacTuIlel, mOTIIO-

ImieHHas B CHUHTWUIATOpe, AE — abCOMOTHOE SHEPreTHYecKoe
paspelleHnue JeTeKTopa, paBHOE HIMPUHE Ha TOJIOBUHE BBICOTHI
aAMIUTATYTHOTO PAaCIpe/IeICHHS, MOTYYCHHOTO TIPH PETHCTPAINH
MOHOPHEPTEeTHYECKUX YaCTHUI] U BBIPAKEHHOE B €IUHUIIAX dHEP-

14



THH.

[Ipu peructpanyuu CUUHTHUIUIALIMOHHBIM JI€TEKTOPOM TaMma-
KBaHTOB B o0iactu sHepruit 1o 1,5 + 2 M»B 3aBucuMocTb OTHO-
CUTEJIBHOTO SHEPreTUYECKOro pa3pelieHUs OT SHEPruu KBaHTa
MOJKET OBITh TOCTATOYHO TOYHO OIMCAHA COOTHOILIEHUEM

2

s2=| 2B | _g2 & (11)
E E

Y Y

Bennuuna B cymiecTBeHHO 3aBHCUT OT KaueCTBa M3TOTOBJICHHUS
(OTOYMHOXKHTENS,, OCOOEHHO OT TOr0, HACKOJBKO OJMHAKOBBI
cBOMcTBa ()OTOKATO/A B PA3JIMYHBIX TOYKAX, HACKOJIBKO 3 (dek-
TUBEH cOOp JIEKTPOHOB Ha IEPBBIM JTMHOJ, KAKOBO KayeCTBO U
OJTHOPOJHOCTH CBETOCOOpa B CHMHTHILUISATOPE, ONTHYECKOTO KOH-
TakTa ¢ GOToOyMHOXUTENeM U T.1. Bennuuna Cp onpexaensiercs, B
OCHOBHOM, YHCJIOM 00pa30BaHHBIX ()OTOHOB CUMHTWILISLUU U UX
NOTEPSIMU B CAaMOM CLMHTWILIATOpPE, Ha (oToKarone, mpu codu-
paHMU Ha TMEPBBIA AMHOA (HOTOYMHOXKUTENS. [ mydmmx cruH-
THUIIHOHHBIX aeTekTopoB ¢ kKpuctauiom Nal(Tl) Benmnunna Ci
moxer pocrurats 1,5-10° MaB, a Bemmunna B® ~ 2-10™. TIpu Ta-
KiX 3HaueHusX Cy M B? OTHOCHTENBHOE SHEPreTHUecKoe paspe-
1IeHue O JUIsi raMMa-KBaHTOB ¢ 3Hepruei 1 MaB npubausurensHo
paBHO 4,5 %.

B obOnactu Gonpmnx 3Ha4Y€HWH PHEPrHil raMMma-KBAaHTOB CTa-
HOBMTCSl CYIIECTBEHHOM yTeuka W3JIy4eHUs M3 KpuUcCTallia, T.e.
BBIXOJI 32 TpeAesbl CIMHTHILUIATOPA 3JIEKTPOHOB, 00pa30BaHHBIX
BOJIN3M TOBEPXHOCTH KpHCTalia. JTO MPUBOJIUT K TOSBJICHUIO
WUMIYJIBCOB MEHBIIUX aMIUTUTY/ M YXYIIICHUIO SHEPTeTUIECKOTO
pasperieHusl.

[Ipu mCHoONb30BaHUM OPraHUYECKUX CLUUHTHIUIATOPOB, UMEIO-

X OOBIYHO HEOOJBINON CpeTHUN aTOMHBINH HOMED (Z ~ 6), ¢o-
TOMHK MPAKTUYECKH OTCYTCTBYET, TaK Kak ceueHue hotodddexra
O ISl TaMMa-KBaHTOB 3aBUCHT OT Z, KaK © ~ z°.
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KOHTPOJIBHOE 3AIAHUE

[Ipu moxaroroBke K jabopaTOpHOl pabOTEe BBITOJHUTH Clie-
JyIOIUe 3aJaHusl.
1) HapucoBarh OXHIaeMble anmaparypHbie (GpOpMbI JTHHUN TPU
perucrpauuu ramma-kBaHToB ¢ 3Heprueit 0,662 u 0,835 M»>B He-
opranudeckuM cuuaTHIsITopoM Nal(Tl).
2) HapucoBarh 0OXkujaeMyro ammnapaTypHytoo Gopmy JuHUHU (pac-
npeesieHue UMITYJIbCOB 110 aMIUIMTYIaM) IIPU PErucTpaluy ram-
Ma-KBaHTOB ¢ 3Heprueit 0,662 M»sB HeopraHuyeCcKuM CIUHTUILIIA-
topom Nal(Tl) u opranrueckum — aHTpPaLIEHOM.
3) Paccuurtare cpemHee uuciao (OTOHOB B CIUHTHIUISIIMOHHOM
BCIBIIIKE, OOPa3yIOMIMXCSI TPU TOJHOM TIOTJIONCHHHA TaMMa-
kBaHTOB ¢ E, = 0,662 M5B B cumutmuisrope Nal(Tl) u E, =
= 0,662 M»B B CUMHTWLIATOpPE aHTpaleH [UIsi MaKCUMaJbHOU
SHEPTUU KOMIITOHOBCKUX AJIEKTPOHOB.

[Ipu BBHINOTHEHUHU 3aJlaHUI BOCIOJIB30BAThCS HEOOXOAMMBIMU
JAaHHBIMU, PUBEICHHBIMU B Ta0J. 1, U CBEIEHUSMU, U3JI0KEHHBI-
MU BBIIIIE.

JIABOPATOPHAS YCTAHOBKA

OyHKIIMOHATBHAS cXeMa JabopaTOPHON YCTAaHOBKH MPUBEICHA
Ha puc.3. CuuHTWIIATOP 1 U (POTOPNEKTPOHHBIM YMHOXUTEINb
(DY) pasmeniensl B 6moke nerexktuposanus b/IbC3-1eM («Bo-
psi»). B BepxHeil yacTu cBETO3aIIUTHOIO KOXKyxa 2 OJloKa JIeTeK-
TUPOBAHMS HAXOAUTCS ChEMHAs KPBIIIKAa 3 C Jep)KaTelieM HCTOY-
HUKOB 4. JIns1 yMEeHbIICHUs BIUSHUS BHELUIHET0 (JOHOBOIO M3IIY-
YeHMs] Ha pe3yJIbTaThl U3MEPEHUN OJIOK MMEeT CBUHLIOBBIA AKpaH
5. IIpu OTKpBIBaHMM BEpXHEH 4aCcTH dKpaHa MOSABISAETCS JOCTYII K
KPBIIIKE CBETO3AIUTHOrO KOoXyxa. JlJis mpoBeAeHUs] M3MEpPEHUI
OJIOK JIETEKTUPOBAHUS KOMIUIEKTYEeTCS HAaOOpOM CMEHHBIX CIMH-
TUJUIATOPOB.
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ananu3zarop [IK

Puc.3. ®yHkimoHaabHas cXeMa yCTaHOBKH

HpI/I pa60Te COUHTUUIAUOHHOI'O ACTCKTOpPA HAIPAKCHHUEC Ha
@DV momaercss OT BBHICOKOBOJBTHOTO CTaOMIM3HPOBAHHOTO WC-
tounuka nutanus BHB3-09. Mmnynscel ¢ aHoga ®OY yepes
AMUTTEPHBIN oBTOpHUTENS (DII) M ycunuTenb moxarTcs Ha BXOJ
MHOTOKaHAJIbHOTO aMIUIMTYIHOTO aHaJINu3aTopa WMITYJIHCOB, KO-
TOPBINA HCIONB3YETCS ISl U3MEPEHUS aMIUIMTYJ UMITYJIbCOB, I1O-
CTYMNAIOLIUX B CIIy4aiiHbIe MOMEHTHI BPEMEHH, XpaHEHHUs U 00pa-
00TkH nHGOpMAIUU. AHATU3ATOP BHIMIOJIHEH HA 0a3e MepcoHaTb-
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HOT'O KOMIIBIOTEPA, B CUCTEMHBIN OJIOK KOTOPOro BCTPOEHA IJIaTa,
cojiepKamiasi aMIUTUTYIHO-IIM(PPOBOI Mpeodpa3zoBaTeb UMITYIIb-
coB (AIIIT) u mamsaTh A XpaHeHus: JaHHBIX. C TOMOIIBIO OCIIHII-
norpaga C1-112A ocymecTisieTcsi KOHTPOIb (GOPMBI HMITYJIECOB
U U3MEpPEHHE UX aMIUIUTYAbI.

[losydyeHHbIE 3KCIIEPUMEHTAIBHBIE JAHHBIE CTYIEHTBI COXpa-
HAIOT B BUJIE (PaiiJIOB HAa KECTKOM JIUCKE MEPCOHAIBHOTO KOMIIb-
I0Tepa BHYTpH narnku «Studenty B cBoell mepcoHaIbHOM Narke.

IloaroroBka J1abopaTOpHOI YCTAHOBKH K padoTte

BHUMAHMUE! IlogaBath BbICOKOE HANPSKEHHE HA JJIeK-
TpoaAbl PIY MOKHO TOJBKO NPH IVIOTHO 3aKPbITOIl BepxHei
KPbIIIKe CBeTO3AIIMTHOIO KOKYXa M KPbIIIKe PaIHALMOHHO-
ro 3xkpana. Beicokoe HanpspbkeHue nojaercs Ha @OV Henocpen-
crBeHHo nocie BrmoueHust BHB3-09 tymbnepom «Cetby.

ITonroToBka 0yioKa JIETEKTHUPOBAHUSA K pabOTe MPOU3BOIUTCSA
CIIEAYIOMIUM 00pa3oM. YOeIuThCsl, YTO BHICOKOE HAIPsDKEHUE Ha
OOV He noJaHO, OTKPBITH PAJUALMOHHBIN JKpaH, PacIONIOKEH-
HBI B BepXHEH yacTu OJ0Ka aerektupoBanus. OcaaOuTh BUHTHI,
KpEIsiIIe CBETO3aLIUTHYIO KPBIIIKY K KOXYXY. YCTaHOBUTH Ha
¢dotokaron @Y ucciaenyemblii CHUHTHIILIATOP. 3aKPBITh KPBIIIKY
CBETO3AILUTHOIO KO)KyXa, TOMECTUTh B THE3J0 JEprKaTels Tpe-
OyeMblil HICTOYHMK IaMMa-KBaHTOB. 3aKpbITh paJHallMOHHBIA 3K-
paH. YcraHoButh Ha 61moke BHB3-09 nepexmodarens «kV» B mo-
noxenue 0,9 xB. Bxmtounts Bce mpubopsl, kpome BHB3-09, B
ceTb. [lopsok pabGOTHl C aMIUIUTYJHBIM aHAJIU3aTOPOM, IPO-
rpaMMoil 00paboTku cnekTpos, ociuuiorpagom Cl-112A npu-
BOJSTCS B OTAEIbHBIX MHCTPYKIHSAX.

18



PABOYEE 3A/IAHUE

ITokaszaTe npenoaaBaTeinto pe3yabTaThl, IOJIYyYEHHbIE IIPYU BbI-
IIOJIHCHUHU KOHTPOJIBHOI'O 3aJaHus, U, OTBETUB Ha JOIOJIHUTEIIb-
HBIE BOIIPOCHI, IPUCTYIIUTH K U3MEPECHUAM.

1. U3yuyeHue annapaTypHoii opMbl JMHUM CHMHTHIISIHOH-
HBIX /IETEKTOPOB

[Ipu BeikTrOYeHHOM Os10ke BHB3-09 ycranoButh Ha (oTOKa-
tox @DV nHeoprannueckuii cuuHTHLIATOP Nal(Tl) muamerpom 30
MM U BbicoTO# 30 MM. [TomecTuTh B THE3/10 AepKaTemnss HCTOUYHUK
raMMa-KBaHTOB ~>'CS (N0 yKa3aHHIO IPENOIaBaTeNs BO3MOXKHO
pa3MelieHre KMCTOYHMKA HEMOCPEICTBEHHO Ha KpHUCTallie).
Bxotounts 6510k BHB3-09. Tlonobpate nanpsixenue Ha @IV Tta-
KM 00pazoM, 4yToObl MaKCHMallbHas aMIUIUTy/la UMIYJIbCOB HE
IpeBbllIaJla Jxana3oHa paboThl 0JIOKa aMIUIMTYIHOTO aHajlIu3a,
T.e. 6pu1a MeHbIe 10,0 B. Ouenky aMIuMTyisl UMIYJIbCOB IPO-
BECTH C IMOMOIIBI0 ocIimuiorpada.

1. C momouIp10 aMIIMTYAHOIO aHAJIU3aTopa CHAThH pacrpere-
JIeHUE MMIYJIbCOB MO aMIuiuTyAaMm. [IpeaBapurenbHO U3MEHEHU-
eM HanpspkeHust Ha @OV no6uTbes, 4ToOBl MUK MOJIHOTO MOIJIo-
IICHUs] aMIUTMTYIHOTO pacrpeneneHus pacnoiaraics B 500 — 600
KaHanax. Bpems u3amepeHus BbIOpaTh TaKUM, YTOOBI OTHOCUTENb-
Hasl CTaTHCTHUYECKas olMOKa B MaKCHUMYyMe pacrpeneieHus (MUK
MIOJTHOTO TIOTJIoNIeHus1) Obuta He 6osee 3%. [lomyueHHbIe JaHHBIE
COXpaHUTh B BUE (aiiia B CBOEH MEPCOHAILHOMN Marke Ha KOM-
npioTepe. C MOMOIIBIO TPOrpaMMbl 00pabOTKU CHEKTPOB MPOU3-
BECTU NMEPBUYHYIO 00pabOTKY M3MEPEHHOI'0 aMIUIUTYIHOTO pac-
IIPEETICHMUS:

a) OIpeneluTh HOMEp KaHajla, B KOTOPOM pacrojiaraercs
MaKCHMYM IHMKa MOJIHOTO MOTJIOLIEHHUS.

0) ompenenuTh TUIOMIAAH, 3aHUMAeMbIe MMUKOM IOJIHOTO I0-
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TJIOIIEHUS U KOMITOHOBCKUM PacIpeieiCHUEM.

2. IlpoBectu aHANOTMYHBIE W3MEpPEHUS IS KPUCTAIIIOB
Nal(T1l) nuamerpom 30 MM 1 TomuHON 10 MM M OpraHUYECKOTO
CIMHTHJUISTOPA — aHTpaIleHa, He MCHSISI HAIPSHKEHUS Ha AJIEKTPO-
nax @DV, ycnoBuid pabOThl aMILIUTYIHOTO aHAJIM3aTopa U Bpe-
MEHU W3MEpeHUs, BIOpaHHOTO B m.1. 3aMeHy CHUHTHIUISTOPOB
MOKHO TPOHU3BOIHUTH TOJIBKO MPH BBIKIIFOUEHHOM BBICOKOBOJIBT-
HoMm nutanuu (6;1oxk BHB3-09).

BHUMAHMUE! Hcrounnk *'Cs KpOM€ TraMMa-KBaHTOB HC-
nyckaet Oera-yactuiiel. Nal(Tl) yrnakoBaH B aqrOMHHHEBBIH KOH-
TelHep ¢ TOJIIHUHOM CTeHKH > 1 MM, MO3TOMY OeTa-yacTHIIbI TO-
TJIONIAI0TCs B cTeHKe U He nomanatot B kpuctayutr Nal(Tl). Bepx-
HSS 4acTh KPHUCTAJUIa aHTpalleHa MOKPHITA alFOMUHUEBON (OJIb-
roif TonmuHou Becero 15 mxm. [loaTomMy mepen rnpoBeeHUEM U3-
MEpPEeHHI C aHTPALEHOM HEOOXOAMMO O00SA3aTENBHO TOJOKHUTh
CBEpXY JONOJHHUTEIBHYIO ATIOMHHHEBYIO IUIACTHHKY, KOTOpas
HaXOJUTCS B KOMILIEKTe TaMMa-uctouHukoB OCI'U.

[Ipu 06paboTKe aMIUIMTYJHOTO parpeneieHusi OT aHTpaleHa
OTpEeACNUTh IJIOAAb MOJI KOMITOHOBCKUM pacHpe/elieHueM U
HOMEp KaHajla, KOTOPBIA COOTBETCTBYET TOYKE Iepernda Kpas
KOMIITOHOBCKOTO CHEKTpa U, CJeI0BaTENIbHO, MaKCHUMAalbHOU
SHEPTUH KOMITOHOBCKHUX JIEKTPOHOB (CM. pHUC.2).

2. TlpoBepka NpoONOPUHOHAIBLHOCTH CHMHTHIIAIMOHHOT 0
JeTeKTOPA NPH PerucTpanuy raMMa-mu3Jay4eHust

VYcranosuth cimHTILISITOp Nal(Tl) nnamerpom 40 MM U BbI-
coroif 40 MM Ha porokaron @Y, npumenss s JIydlIero onTH-
YECKOr0 KOHTAaKTa ONTHUYECKYyH cMma3Ky. IlomecTuth MCTOUYHHK
ramma-kBanToB °Co B rHE310 aepxarers. 110106paTh Hampsoke-
Hue nutanuss GOV takum 00pa3oM, 4TOOBI UK MOJIHOTO MOTJIO-
menust pacnonarancs B 500 — 600 xkananax. BeiOpaTts Bpemst u3-
MEpEeHHsI TaKUM, YTOOBI CTAaTHCTUYECKas OIMMOKAa B MaKCUMyMe
pacmpeneneHus He npesbimana 3%.

1. CHATh pacmpesesieHre UMITYJIbCOB MO amruiutyaam. M3mepen-
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HbIE JaHHBIC COXpPaHUTH B Buje ¢aina B cBoel manke. C momo-
I[bI0 YCTAHOBJICHHOW MPOrpaMMbl OMPEIETUTh MOJOKEHUS MakK-
CUMYMOB TTUKOB ITOJTHOTO MOTJIONIEHUS (C OLIEHKOH MOTPEITHOCTH)
Y HIUPUHBI TMKOB HA MOJTYBBICOTE.

2. IlpoBecTr aHAJIOTWYHBIC U3MEPEHUS I IPYTHX HUCTOYHUKOB
raMma-KBaHTOB (Ta0J1.2) MPU TOM K€ HANPSHKEHUH Ha AIIEKTPOJIaX
®DY. Ecinu nUK MOJIHOTO MOIJIOMIEHUS! PACIION0XEH Ha KOMIITO-
HOBCKOM dYacTu cmekTpa (mbenecrane) oT Apyroi (Oosbiieit)
SHEPTHH raMMa-KBaHTOB, onpeeracHue AN BBITIOJHUTE BPYYHYIO,
HalJig JIEBYIO UM NPABYIO TPaHUIbl IIUPUHBI PACTIPECICHUS Ha
MTOJIOBHHE BBICOTHI C YYETOM IbeIecTaa.

Tabnuya 2
WctouHuku raMmMa-KBaHTOB
DHeprus raMma-KBaHTOB,
N3oton [lepuoxa nonypacnana
M»B
2 0,511
Na 1276 2,6 Tona
60 1,173
Co 1333 5,26 Tona
Bcs 0,662 30 ner

3. HccnenoBanue BIMSTHASA YA¢JbHBIX MOTEPb JHEPIruu Yac-
THI HA KOHBEPCUOHHYIO 3(1)(1)CKTI/IBHOCTI) CHMHTHJLJIATOpA

B nanHoil paboTe BIUsIHUE YAETbHBIX HOHU3ALUMOHHBIX IOTEPh
SHEpPIUU YacTUL[ Ha KOHBEPCHOHHYIO 3(PPEKTUBHOCTh HEOPraHU-
yeckoro cuuHTIIsITOpa CSI(Tl) M OpraHuveckoro CIUHTHILIISITO-
pa (aHTpaleH) uccieayeTcs MOCpeACTBOM U3MEpeHHs o/3—O0THO-
IICHUs, T.€. OTHOIIEHHUS KOHBEPCHOHHBIX 3(dekTuBHOCTEN mpU
O0Jy4eHUHM CUUHTWUIATOpA alb(a-yacTULIaMU U DJIEKTPOHAMHU
OJIMHAKOBOH 3Hepruu. Eciin B CHMHTWILIATOPE PETUCTPUPYIOTCS
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anb(a-gacTUIIBl U AJICKTPOHBI Pa3HBIX DHEPTUH, TO o/—OTHOIIE-
HUE BBIUUCISIETCS TI0 popmyrie:

_AE
o/p= A (12)

rae Aq U Ap - aMIUIUTY/Ibl CUTHAJIOB HA BBIXOJE CLIMHTHIUIALMOH-
HOTO JIETEKTOpa MpH OOJIyueHUH anb(a-yacTUIIAMU U JIEKTPOHA-
MU COOTBETCTBEHHO.

OO0pa3s1pl, Ha KOTOPBIX MPOBOJSATCS U3MEPEHHUSI, IPEICTABIISAIOT
co0O# CTaHJapTHBIE CLUUHTHUIATOPHI, IOMEIIEHHbIE B 3aIUTHBIC
koHreitnepol. B ciaydae CsI(TIl) anbda-vyacTuiel nonagaroT Hermo-
CPEACTBEHHO Ha KPHCTAJI Yepe3 OTBEpCTHs B BEpXHEH YacTH
KOHTeHHepa. Kpucraiun aHTpalieHa 3allyIleH OT BO3ACHCTBUS aT-
MochepHOH Biaru anoMuHUEBOU dosibroit. [{ng anbda-yactur ¢
sHeprueit 5,15 MbB motepu sHeprum B (HOJIBre COCTABISIOT ~
=3 M»sB.

1. Onpenenuts o/B-otHomenue s kpuctamwia CsI(TI). dus
3TOro0 ycTaHoBUTh Ha Qotokaton DIV cruutmwuatop CsI(TI),
BEpXHSS 4acTh KOHTEHHEpa KOTOPOTro CHaO)KeHa CIenUaTbHBIMU
otBepctusiMu. [Tomectuts Ha kpuctamwt CsI(Tl) ucrounuk anbda-
qacrur “°Pu (E¢=5,15 M»3B). 3aKkpbITh KPBIIIKY CBETO3AIIMTHOTO
Koxxyxa. CHATH pacnpefeneHre HMIYJIbCOB [0 aMIUIMTYIaM
[IpenBapuTensHO  AOOUTHCS, YTOOBI MAKCHMyM aMILIUTYIHOTO
pacripenienenust pacnosaraics B 650 — 700 xananax. OmmuOka B
MaKCUMyMe aMIUIMTYIHOTO pacIpeesieHus T0JKHa ObITh He 00-
nee (5+6%). OnpenenuTs HOMEpP KaHalda B KOTOPOM HaXOJUTCS
MakcUMyM pacnpezaeneHus. CoxpaHUTh 1aHHbIE B BUJIE (aiina.

[Ipu BoikIIOYeHHOM nUTaHuu POV yOpaTh anb@a-NUCTOUYHUK,
TOMECTHTh B JIepXKaTellb HCTOYHMK “>'CS M IPOBECTH aHAIOTHY-
HBIC U3MEPEHHUS MPH TEX Ke 3HAUCHUSIX HAINPSDKEHHS Ha DJIEKTPO-
nax ®OVY. Bpems u3zMepeHus BbIOpaTh TakuM 00pazoM, UTOOBI
omrOKa B MaKCHMyME€ pacIpelelieHus] TakKe He IpeBbIIaia
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(5+6%). OnpenenuTh MOIOKEHHE MAKCUMyMa IMHUKa MOJHOTO T10-
riomenus. CoXxpaHuTh IaHHBIC B BUJE daiina.

2. Omnpenenuth o/B-oTHOIIEHHE UIsI KpUCTAJlIa aHTpaleHa.
Jlst aToro yctaHOBUTH Ha porokaron @OV opraHnyeckuii CluH-
THUJUIATOP — aHTparieH. [loMecTuTh B aepKaTellb HCTOYHUK ramma-
KBAaHTOB ~'CS. CHATh PACIPE/ICICHHE MMITYIbCOB [0 AMILIHTY-
JaM. MOA00paB MpeaBapUTENbHO HampshkeHne Ha POV Tak, 4To-
Obl Kpall aMIUIMTYyJHOTO paclpeiesieHusl pacrojiaraics B
550 — 600 kananax. [Tpu 006pabOTKe aMIUTHTYIHOTO pacipeaese-
HUS ONpEAeNUTh HOMEp KaHalla, KOTOPBIH COOTBETCTBYET TOUKE
nepernda Kpasi KOMITOHOBCKOTO criekTpa. COXpaHUTh JaHHBIC B
Buje (Qaitna. YOparb raMMa-uCTOYHUK, TOMECTUTh HAa KPUCTAILIT
aHTpaleHa anb(})a-uCTOYHUK 29py. He memsist HalpsHKEHUs Ha
OBV, cHATH pacmpenesieHne UMITYIbCOB Mo amruiutyaam. Ompe-
JIeNIUTh HOMEP KaHaja, B KOTOPOM HAaXOJUTCS MAaKCUMYM pacIiipe-
nenenus. CoxpaHUTh JaHHBIE B BUJE (ailna.

OBPABOTKA PE3YJIbTATOB

1. Ilo pe3synpTaTam HM3MepeHMH 3amaHus | MOCTPOUTH U3Me-
pEeHHBIE amnmapaTypHble (OPMBI JIMHUHM JUISI CHUHTHIUIATOPOB
Nal(TIl) Tommmuoit 30 mm, 10 MM 1 aHTpareHa.

2. Omnpenenuth oTHOIIEHUE 3()(PEKTUBHOCTEH perucTpanuu
raMMa-KBaHTOB PA3JIMYHBIMU CUUHTHWUIITOpPAaMH, BEIOpPaB B Kaye-
CTBe HOpMHUpPOBOYHOTrO cruuHTHLIATOpa Kpuctamt Nal(Tl) mgua-
meTtpoM 30 MM u BbicoToi 30 MM. IlpuBecT ommoOKu MmoaydeH-
HBIX BEJTUYMH.

3. JIns xpucramwta Nal(Tl) tomumuoi 30 MM onpenenuTs OT-
HoIeHne YPPEKTHBHOCTEH TOTJIOMEHHSI TaMMa-KBaHTOB B TIPO-
neccax ¢orodddexra u komnToH-3pdexra. CpaBHUTH 3TO OTHO-
[IEHHWE ¢ aHaJoruyHOW BenuumHou i kpuctammia Nal(Tl) Ton-
mmHoi 10 MM. OOBACHUTH NOJY4YEHHBIH pe3ynbrar. IlpuBectu
OIMOKH Pe3yIbTaTOB BEIUMCIICHUH.

4. Tlo pe3ynbTataM HW3MEpeHUH 3a1aHus | omnpenenuTs OTHO-
IIeHHE TeXHUYECKUX KOHBEPCUOHHBIX 3 (eKTUBHOCTEN Hccieno-
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BaHHBIX CHUHTWUIATOPOB. [Ipu 3TOM cienyer yyecTh, YTO B CIy-
Yae OpPraHMYEeCKOro CUHUHTHIUIATOpa (POTONMUK OTCYTCTBYET, a
MaKCUMaJIbHYIO SHEPTrUI0 KOMIOTOHOBCKUX 3JIEKTPOHOB, KOTOPOM
COOTBETCTBYET Kpaif KOMIITOHOBCKOTO CHEKTpa, MOXKHO OIpejie-
JIUTh, UCTIONIB3Ys opmymy (10).

5. Ilo pe3ynpTaTaM u3MepeHu# 3a1anus 2 TOCTPOUTH IO METO-
Ny HaMMEHBIINX KBaJpPaTOB 3aBUCUMOCTb AMILIUTYJ] UMIYJIbCOB,
COOTBETCTBYIOLINX MaKCUMyMaM IHUKOB IOJIHOTO MOTJIOUICHUS OT
SHEPruu ramMma-kKBaHTOB. Crenarbh BBIBOJ O MPOMOPIHOHAIBHO-
CTH CUMHTHJUIALIMOHHOTO JIETEKTOPa B MCCJIECIOBAHHOM JHAMa30-
HE JHepruii ramMma-kBaHTOB. [lo HakJIOHy MHpsSMON OINpeneauTh
SHEPreTUYECKYI0 IUPUHY KaHaIa aMIUIMTYJHOTO aHaJH3aTopa o
(xaB/kanan).

6. OnperennTh aOCOMOTHOE M OTHOCUTEIHHOE SHEPTETUUECKOE
paspelleHue 1eTeKTopa s pa3iINdHbIX YHEPIUil TaMMa-KBaHTOB.
AbGcomoTHOE 3HepreTuueckoe paspemenue AE, =o-AN,, rae

AN; — mmpuHa MTUKa MOTHOTO MOTJIOIICHHS Ha MOJOBUHE BBICOTHI,
BhIpaKeHHas B KaHanax. OTHOCUTENBHOE YHEPreTUYECKOe paspe-
HICHUE onpeenseTcs mo Gopmyie:

AE, a-AN,
= —=— 1
E, E

yi vi

BbruncnuTh OMIMOKHM MOTYYEHHBIX BETUYHH.

7. IlocTpOUTh 3aBUCUMOCTh OTHOCUTEIBHOTIO SHEPTETHYECKOIO
pa3pelieHust OT 3HEPTUM TaMMa-KBAaHTOB B KOOPJAMHATAX [SZ,EY_I].
OT710%uUTh Ha rpaduke MOrpermHOCTH BenmuuH &°. ITo rpaduky
OLICHUTb 3HAYECHUS IapaMeTpOB B u C; B BeIpakeHun (11).
CpaBHUTH 3KCIIEPUMEHTAIIBHYIO 3aBUCUMOCTb C OKUJIAEMOU JJIs
JTYYIIUX CHUHTUUIUOHHBIX IETEKTOPOB.

8. Ouenuts o/B-otHomeHue no Gopmyse (12) mist CHUHTUIIIS-
topoB CsI(Tl) u anTparieHa. DHEPru0 KOMITOHOBCKHX 3JICKTPO-
HOB ONPEAETUTH ¢ moMolIbio popmyinsl (10). B cnyuyae kpucramia
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aHTpaIleHa y4ecTh MOTEPU PHEPTUH ajb(a-4acTHIl B aTIOMUHHE-
BOi1 (hosbre.

KoHTpoJibHbIe BONIPOCHI U 3aJaHUs

=

[lepeuncanre OCHOBHbBIE XapaKTEPUCTUKU CLIUHTHIUIATOPOB.

2. Kakue CHOUHTHIUIATOPBI HUCHONB3YIOTCS ISl PErHCTpaluu
raMMa-KBaHTOB U 1o4eMy?

HapucoBate cxemy BkitoueHuss Y.

4. CpaBHUTh YPPEKTHUBHOCTh PErUCTPALUM PA3JIUYHBIX BUIOB
U3JIy4YEHUHN CHUHTUUISILIMOHHBIM JIETEKTOPOM.

w
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