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1. BBEAEHUE

[Tpupona TeMHOIT MaTepuu SIBJSIETCS UHTPUTYIO-
1Leii 3aragkoil coBpeMeHHoCTU. MHTpura 3akioya-
€TCS B TOM, UTO IO MacCe€ — 3TO OCHOBHOI KOMIIO-
HEHT MaTepyH, 3aIONHSAOIIEeH Beenennyto, ee macca
MIPUMEPHO B IISITh pa3 MPEBHIIIAeT MacCy BUIUMOM
Marepuu, HO, HECMOTPSI Ha 3TO, 10 CUX TIOp HE BhISIC-
HEHO, U3 Yero COCTOUT TeMHasl MaTepus.

[IpennpuHATH 3HAUYUTEIbHBIE 3KCIEPUMEH-
TaJIbHbIC YCWIS IUISI PACKPBITHUS IIPUPOIBI TEMHOM
MaTepuU, CO3IaHbl YCTAHOBKU C MAaCCOM HECKOIBKO
TOHH, HO OTBET Ha 3TOT BOMIPOC BCe ellle He MoJy-
yeH. B aT0i1 cBSI3M mpemiaraeTcs pacIiMpUTh Ieo-
rpacuio rmoucka, B TOM YucClie TIyTeM BKJIIOUEHUS
B IporpaMMmy IOMCKa HOBBIX YaCTHUIl, HallpuUMep
CKPBITBIX (POTOHOB, MPEMIOXKEHHBIX ele B 80-¢
TOJIIBI TIPOIIIOTO cTojieTus [1—3].

I moncka TeMHBIX (DOTOHOB MBI TTPEIIOKUIIN
HCIIOJIb30BaTh METOJI PETUCTPALIMU OMMHOUYHBIX SJIEK-
TPOHOB, SMUTUPYEMbBIX C TTOBEPXHOCTU METaJIUJe-
CKOIo KaToja MpOIIOPIMOHAIBHOIO CUeTUMKa MpPHU
KOHBEpPCHH CKPBITOTO (DOTOHA ¢ Heprueit (Maccoii)
Oosbllle pabOTHI BBIXOHAA 3JCKTPOHOB M3 MeTajlia,
KOTOpas i OOJBbITMHCTBA METAJIJIOB COCTaBJSIET
BeMUYMHY npumMepHo 4 3B. Tlpu a3ToOM camMu TeMHbIe
¢oToHbI B psige padot [4, 5] paccMaTprBaIOTCS B BUIE
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TPYOUAaTHIX CTPYKTYP C 3JEKTPUUECKIM U MATHUTHBIM
TOJIEM CJIOXKHOM KOH(DUTYypaIiu.

Hdust perucTpallud OOMHOYHBIX 3JIEKTPOHOB,
SMUTHUPYEMBIX C TIOBEPXHOCTHU MeTaJsljia IMpu KOHBEp-
CHUU TEMHBIX (POTOHOB, MBI pa3padoTaIu CIlelIUaIb-
HYI0 KOHCTPYKIIMIO Ta30BOI0 MPOMOPLIMOHAIBLHOTO
cueT4ymnKa ¢ Tpems katomamu. Ilpengaraemplii HaMu
MeToq 00J1agaeT BEICOKOI UyBCTBUTEIbHOCTBIO IS
Macchl CKpbIThIX (potoHOB OT 10 mo 40 »B. 3aech
MPUBOIUTCS MTOAPOOHOE OMMCAHUE TOU KOHCTPYK-
LIMU MYJILTUKATOAHOTO CUETUMKA U OOOOIIEH OIBIT,
MpUOOPETEHHBINT HAMU B TeYEHHUE MOCIETHUX § JIeT
HCCJIeNOBaHUI, TIPOBEASHHBIX C MOMOIIbIO 3TOrO
CUYCTIMKA.

CornacHo pabGote [6], ecau TeMHass MaTepus
COCTOUT U3 CKPBITBIX (DOTOHOB, MOIITHOCTh, MOTJI0-
1aeMasl KaToaoM IMpu KOHBEPCUU CKPBIThIX (hOTO-
HOB, OITMCHIBAETCSI BhIpaXKEHUEM

P= 20~2X29CDMAcath' (1)

3nech o’ = cos’ 0, rue 6 — yroy MexIy BEKTOPOM
ajeKTprudecKkoro mnojist E ckpeitoro ¢otoHa u HOp-
MaJjblo K MTOBEPXHOCTH; O = 2/3, ecly HaIpabie-
HHE PacIpOCTPaHEHUs U30TPOITHO; X — KOHCTAHTa
KMHETUYECKOIO CMELINBAHUS, KBaapaT 3TOM BEJIM-
YUHBI OMpENEISeT BEIUNYNHY TTPUMECH OOBIYHBIX

(bOTOHOB B aMIIUTYAE CKPBITOrO GOTOHA; Prpy —
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IUIOTHOCTh SHEPTUHU XOJIOAHOM TEMHON MaTepuu,
KOTopas 31ech IpuHUMaiach paBHoii 0.4 [3B/cm?;
A, — Tlowmanb karopa. Ecim sHeprus (Macca)
CKPBITOTO (pOTOHA MTPEBBIIIIAET PAOOTY BbIXO/IA DJIEK-
TPOHOB M3 MeTajlJla KaToja, KOHBEPCHUSI CKPBITOTO
(oTroHa Oyner BbI3BIBATH YMUCCHUIO OJMHOYHOTO
3JIEKTPOHA C OTpeIeSIeHHON KBaHTOBOM 3(h(EeKTUB-
HOCTbI0 1. B 3TOM cilyyae MOILIIHOCTb, MOIoNiaeMast
KaToIO0M, MOXET ObITh HalifieHa 10 CKOPOCTHU cyeTa
OMHOYHBIX 2JIEKTPOHOB, SMUTUPYEMBbIX KATOIOM:

P=m, Rycc /M. (2)
3mech m, — Macca (9Heprus) CKphIToro (HoroHa;
R)cc — CKOpPOCTB cYeTa OQUHOYHBIX 3JIEKTPOHOB;
NPUHUMAETCSI, YTO 3Ta CKOPOCTb OMNpeaessieTcs
HUCKJIIOYUTENIbHO KOHBEpPCHUelt CKPbIThIX (DOTOHOB B
OOBIYHBIN (POTOH C MOCENYIOIIUM UCTTyCKaHUEM
2JIEKTPOHA; 1| — KBaHTOBasA 3(pOEeKTUBHOCTD IS
nmpoiecca MCIYCKaHUs OAMHOYHOTO 3JIEKTPOHA,
KOTOpas 3[eCh MPUHUMAETCSI PaBHOM KBAaHTOBOM
3(pHeKTUBHOCTHU AJ151 peaibHOTrO (pOTOHA C SHEPrueii
m.,,. O0benuHsist BbipaxeHus (1) u (2), monyyaem

1/2 172

Yy =2.9-1072 [ e} | 1
sens n-1T 1B
0.3TaB/er® ) [ 1m2 ) [ 2/3
Pcom Ayce a

W3 3T0TO BBHIpaXX€HUS CICOYET, YTO OCHOBHBIM
orpaHUYECHUEM METO/Ia SIBIISICTCSI (DOHOBASI CKOPOCTh
cyeTa OMMHOYHBIX BJIEKTPOHOB, KOTOpAasl JJIsl CTaH-
JApTHBIX JETEKTOPOB (POTOHOB, Takux Kak DY,
B3OY, cueTunkoB ¢h0TOHOB Ha OCHOBE Ta30BbIX JIEK-
TPOHHBIX YMHOXMUTEJIEH COCTaBJIsSIET JOBOJILHO 3HA-
YUTETBHYIO BeIMUMHY, opsaka 10~ Ti/cm? 1 Bbiie.

B pazpabotaHHOM HaMHM METOAE M3MEPEHUS C
MOMOIIbIO CIEeIUATbHOTO AETEKTOpa — MYJbTH-
KaTOAHOTO cYeTYMKa — (hOHOBasi CKOPOCTh cyeTa
ONMHOYHBIX 3JIEKTPOHOB IO pe3yJbraTaM IpoBe-
JNEHHBIX HaMM U3MepeHuil [7—9] cocTaBuiia Beau-
upHy MeHble 10~* I1/cM? 118 cueTdrKa ¢ MEIHBIM
KatonoM M MeHble 107> Ti/cm? aas cueTymka c
aJlOMUHUEBBIM KaTomoM. [TockonbKy KBaHTOBasI
3G HEKTUBHOCTh METAJIJIOB, MCITOJb3yeMbIX HaMU
JUUIS1 CIUIOIIHOTO KaToda cueTuyMKa, MaKCcuMaibHa B
nuamnasoHe oT 10 mo 40 »B, nmpenyoxkeHHBIIT HAaMU
METOJI TOMCKA TEeMHBIX ()OTOHOB 00JIamaeT HanboJiee
BBICOKOM YYBCTBUTEIIBHOCTBIO IIJIST MACCHI CKPBITOTO
¢otoHa B aToM auanazoHe. Ilpu aToM pacueTHas
TUTOTHOCTD YaCTUIL TEMHBIX (DOTOHOB COCTAaBJISIET OT
10 1o 40 MUITMOHOBYACTUIIHA KyOUUECKUI CaHTH-
METp, €CJIM UCXOAUTDh U3 MPUHSITOM HAMU BEIMIMHBI
Ocpm = 0.4 ToB/cM’. g cpaBHEHUS TIOTHOCTB

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1

PENMKTOBBIX HEUTPUHO M PEIUKTOBBIX (DOTOHOB
COCTaBJsIeT COOTBETCTBEHHO mpumMmepHo 150 H u
500 yacTuil Ha KyOM4YeCKUi CAHTUMETP.

2. KOHCTPYKLHA
MVJIBTUKATOIHOT'O CHETUMKA

Ha puc. 1 npeacraBiieH MyJIbTUKATOIHBIM CUET-
YUK. 32 OCHOBY KOHCTPYKIIUM OBLI B3SIT IIPOIOP-
LOHAJIILHBIN CYETUMK C Ta30BBIM HAIIOJHEHUEM.
B kauectBe pabouero raza B HeM MCIOJIb30BATUCH
cmecu Ar + 10% CH, u Ne + 10% CH,. B ominuue ot
0OBIYHOTO MPOMOPLUMOHATBLHOTO CYETUMKA OH UMEET
He oiuH, a Tpu Kartona. [IpuHIUNMaIbHAs cxeMa
MYJIBTUKATOTHOTO CYeTYMKa ObLIa HAMU IIPEICTaB-
JieHa B pabore [7]. IToaydyeHbl BepXHUE OrpaHuye-
HUSI Ha KOHCTaHTY KUHETMYEeCKOT'O CMEIIMBAHUSI JIJIsI
Macchl TeMHBIX (poToHOB OT 10 10 40 3B [8].

3aech Mbl PUBOAUM 00Jiee MOAPOOHOE OIUCaHue
YCTPOICTBA, ONMUPASICh HA OIBIT paOOThI U PE3YiIb-
TaThl IIPOBEIEHHBIX HAMM HcClenoBaHuii. Baem-
HUi1 KaTon 4 B BUIE CIUIOLIHOTO METaJUIMYeCKOTo
LWJIMHIPA SIBISETCS NICTOYHUKOM OTMHOYHBIX 3JICK-
TPOHOB, KOTOpPHIE MPEANOJIOXUTEIBHO 3MUTHUPY -
I0TCSI C TIOBEPXHOCTH KaTojaa NPy KOHBEPCUM CKPBI-
TBIX (poTOHOB. Kak ciemyeT n3 BeipaxkeHus (3), yeM
0oJIBIIIe TOBEPXHOCTH 3TOTO KaToAa, TEM BBIIIIE YyB-
CTBUTEJIBHOCTbD IeTeKTOpa. B pasHBIX cueTIMKaxX MbI
HCITOJIb30BAI METAJNIMICCKUN KaTOd TUaMETPOM
o1 140 no 200 MM u ymuHOM ipumepHo S00 MM, TIpr
5TOM IOk KaTosia cocTassia ot 0.2 1o 0.3 m2.

DNEeKTPOHbI, SMUTUPYEMbI€ C BHEIIIHETO KaToja,
IpeiidyIoT Mo HaIlpaBIEHMIO K IIEHTPaJIbHOMY CUeT-
YUKy, TOe 00pa3yloT 3JIeKTPOHHbIC JTJaBUHbBI BOJIU3KN
TMOBEPXHOCTHU aHOMA 5. AHOI U3TOTOBJIEH U3 MO30J10-
YEeHHOI HUTHU CIUIaBa BOJbGpaM-peHMil THaMeTpOM

Puc. 1. U300pakeHne MyJIBTUKATOTHOTO cYeTYMKaA: [ —

KBapleBOe CTEKJIO, 2 — OKHa JIJis KaTMOpOBKU, 3 — KOp-

yc, 4 — BHEIIHWI KaTo, 5 — aHO, 6 — MePBbIil KaToI,
7 — BTOpOI KaTol, & — MpeayCUInTeNb.
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25 MKM. JIag peructpauuu OAUHOYHBIX 3JEKTPO-
HOB HeoOxonuM 60Jb110it (6onee 10°) koadhduim-
€HT ra30BOr0 YCWIEHMSs, CIeI0BaTeIbHO, OOJIbIION
rpagueHT moJjst Boau3u aHona. st obecrieueHus
TpeOyeMOoro IpaareHTa I10JIsI IIepBhIil KaTomd 6 LieH-
TPaJIbHOTO CUETYMKA MMEET CPAaBHUTEJIBHO HeOOJIb-
moit (okojo 40 MM) nuaMeTp. DTOT KaTOA BbITIOI-
HEH M3 HUXPOMOBBIX HUTe auameTpoM 50 MKM,
HATSHYTBIX Ha PACCTOSIHUU IIPUMEPHO 6.5 MM Apyr
OT Jpyra Mo OKpYy>XHOCTU BOKpyr aHoma. Ha pac-
CTOSTHUM TIOpsiAKA 5 MM OT BHEIIHETO KaToma HaXxo-
IUTCS BTOPOU KaToHd 7, M3TOTOBJIEHHBIN TakKxXKe U3
HUXPOMOBBIX HUTEl nuameTpoM 50 MKM, HaTsSIHY-
ThIX HA PAacCTOSTHUU Topsiaka 4.8 MM Ipyr oT Apyra
110 OKPY>KHOCTHU BOJIM3M BHEIIHETO KaTona. Paccto-
SIHME MEXY HUTSIMU ObLJIO BLIOPAHO B OCHOBHOM U3
TEXHOJIOTUYECKUX cooOpaxkeHuii. [1pu aToM pesyib-
TaThl KAJIMOPOBKU CUeTYMKA ITOKA3aJIH, YTO HEOTHO-
POTHOCTD ITOJIST TIPY 3TOM He TOBJIMSIJIA 3aMETHO Ha
XapaKTEepUCTUKHU eTeKTopa. Bua Ha BHyTpeHHUE
3JIEMEHTHI CUETUYMKa C TOpIla IPEACTaBIeH Ha pucC. 2.

Puc. 2. Bua Ha BHyTpeHHUME 3JIEMEHTBI CUeTYMKA C TOPIIA.
Hutun Ha MajioM nuameTpe — MepBbIit KaToM, Ha 60IbIIOM
IMaMeTpe — BTOPOWA KaTox.

CbOopka cueTyrKka OblJIa HETPUBUAIBLHOM 3ama-
4yeil, B OCHOBHOM M3-3a CJIOKHOCTHU MYJIBTMKATOI -
HOI KOHCTpyKUMU. JIIs1 HaTSKeHUSI KOoaKCHallb-
HOM CUCTEMBI TTPOBOJIOYHBIX DJIEKTPOIOB (HUTEIH)
HCIIOJIb30BaJIach CIIeLMaibHAsI OCHACTKA C TpeMs
HanpapBJISIONIMMU ITAaHTAMU, KaK 9TO U300paXeHo
Ha puc. 3. Ilo 3aBepllleHUN HATSDKEHUSI HUTEU BCs
cucTeMa rnmomenianach BHYTPb BHEIITHETO METaJUIM -
YEeCKOro KaTo/ia, TOPLEBbIC U30JIMPYIOIINE TUCKU U3
AKpPUJIOBOTO CTEKJIA 3aKPEIUIsIM Ha TOpLiaX MeTaj-
JINYECKOTO KaToma, ¥ HaIlpaBJIsIolIe IITaHTHY yaa-

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

Puc. 3. MynbrukarogHasi cuctTeMa ¢ OCHacTKoOM: [ —

TOPIIEBbIE TUCKU U3 OPTCTEKIIA (TTOIMMETUIMETaAKPH-

nar), 2 — (pOKyCHUpYOIIre KOJbIEBBIE SJIEKTPOIbI, 3 —

HaIpaBIsolIne ITaHru, 4 — HUTU BTOPOIO KaToaa,

5 — HUTHU TIEpBOTO Karoaa, 6 — HATh aHoda, 7 — KOH-
TaKTHBIC TUTOIIAIKK UTSI HUTEH.

Jnuch. s yMeHblIeHUsT KpaeBoro agdexra ¢
BHYTPEHHENW CTOPOHBI aKPUJIOBBIX TUCKOB pa3Mme-
LIAJIA KOJIbLEBbIE (POKYCUPYIOIIUE DJICKTPOIbI, Ha
KOTOpHbIE IMOAABAJICS ITOTEHIIMA BTOPOTO KaToaa.
CueTunK paboTaeT B IBYX KOH(PUTYpaLUSIX, pa3Jiv-
YAIOIIMXCS PAa3HOCTBIO TIOTEHIINAIOB MEXIY BTOPHIM
¥ BHEIITHUM KaTolaMU, KaK 3TO ITOKa3aHO Ha puc. 4.
B xoHpurypauuu / moteHIMan Ha BHELIHEM
KaTone HMXe MOTeHIIMajla Ha BTOPOM KaTole Ipu-
MepHo Ha 20 B, Tak 4TO 37€KTPOHEBI, UCITyCKaeMbIe
C TMTOBEPXHOCTHU BHEIIHEr0 KaToaa, MOTYT CBOOOIHO

Hanpsixexve, B

—2225

—2246

—2278

—2298

—2320

Puc. 4. IMoreHnuansl B KoHburypauusax I/ u 2.

Ne | 2025



KOHCTPYKUHMA MYJIIBTUKATOJHOI'O CHETUUKA JJ11 TIOUCKA TEMHBIX ®OTOHOB 13

IpeiidoBaTh IO HAIPaBICHMUIO K LIEHTPaJIbHOMY
CUETYUKY. B 2Toii KoHpUrypaluuu uaMepsieTcs
addexr mmoc hoH. DPdeKT onpenenseTcss CKopo-
CThIO0 SMMCCHHU OIMHOYHBIX 3JIEKTPOHOB C IOBEPX-
HOCTU BHEIIHEro MeTaJImuecKoro kKaroma. ®oH
ornpenenseTcs OByMS IPOLIECCAMU: DMUCCUEH C
MOBEPXHOCTU HUTEHM U COOBITHSI OT MOHU3UPYIOIINX
YacTUll, IepeceKarolnX CYETIYMK MO KOPOTKUM Tpe-
KaM Ha ero 000uX Toplax.

B xouHdwurypanum 2 moreHOMana Ha BTOPOM
KaToje HIbKe ITOTeHIIMala Ha BHEITHEM KaTOIe TPy -
MepHo Ha 40 B. B aToit KoH(puUrypauuu 31eKTPOHBI,
HCITyCKaeMbI€ C TTOBEPXHOCTH BHEIITHETO KaToaa, He
MOTYT IpeiipoBaTh K LIEHTPAILHOMY CUETUUKY, TaK
KaK BTOPOI1 KaTo[I 31€Ch CIIYXKUT OapbepOoM, Ha KOTO-
pOM 3JIEKTPOHBI pacCerBaIOTCSI Ha3al B CTOPOHY
BHEIIIHETro KaTona. B aToil KoHpUTypalunn cueTInK
n3MepsieT TOJIbKO (pOoH, OOSI3aHHBIM MOCICTHUM
JIIBYM KaHallaM.

s ompeneiaeHus] ONTUMaJbHONH pPa3sHOCTU
MOTEHIIMAIOB MEXIY BTOPHIM U BHEIIHUM KaTO-
JaMu B KOHUTYypauugx / M 2 ObUIW TTPOBEICHBI
M3MEPEHUSI CKOPOCTH cueTa P OOJIyUeHUU CUET-
yuka Y®O-uszjaydeHneM PTYTHOM JIaMIIbI, pe3yb-
TaThl KOTOPBIX MPEICTABICHBI HA PUC. 5, B3ITOM U3
pa6ortsl [9]. Kak cienyer u3 3Toro pucyHka, onTu-
MaJIbHOM pa3HOCThIO TTIOTeHIIUANOB sBJsieTcsa +20 B
g Kouurypaunu 1 u —40 B g kongurypamum 2.
ITpu pazHoctu noteHuuanos 6ojee +20 B yactb
3JIEKTPOHOB, SMUTHUPYEMbIX 13 BHEIIHETO KaToxa,
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PasHocTb noTteHuuanos, B

Puc. 5. CxopocTth cuerta npu KaauOpoOBKe CUETUYMKA

B 3aBUCUMOCTU OT Pa3HOCTU IIOTEHLIMAJIOB HA I1€PBOM

u BTOopoM Karonax AU = U, — U,. Ctpenkamu 1oKa3aHbl

ONTUMaJIbHAsl PA3HOCTb NOTEHLIUAJIOB IJIs1 KOH(MUTY-
pauuii /v 2.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1

3aXBaThIBAETCS BTOPHIM KaTOMOM, UYTO IMPUBOIUT K
MoTepe YaCTU COOBITHIA.

Pasnocts moreHuuanos —40 B nng kongury-
panuu 2 Oba BEIOpaHA KaK BeJIWYMHA, HAJIEXKHO
obecreuynBaloIas IMOJIHOE MOJaBIeHNE COOBITHI OT
3JIEKTPOHOB OT BHEIIHETO KaToaa B 3TOM KOH(UTY-
parun. Cineayer OTMETUTD, YTO 3Ta pa3HOCTh ITOTEH-
1IMaJIOB MHOTO MEHbIII€ BEJIMYUH CaMUX IMOTEHIIU-
aJloB, KOTOpbIe COCTaBASOT TpuMepHo 2300 B,
M TIO3TOMY MOXHO OXHAATh, YTO Majloe U3MEHECHUE
MOTEHIIMAaJIa Ha BHEIIHEM KaToe IIpH IePEKIIoUe-
HUM C OTHOM KOH(PUTYpallMM Ha APYTYIO HE BIUSET
Ha CYETHYIO XapaKTEPUCTUKY CUETUMKA. DTO OBLIO
MOATBEPXKIEHO pe3yJbTaTaMU, MOJYyYEHHBIMU MpU
KaanOpoOBKe CUeTuymrKa.

DddeKT HaXoOUTCd KaK pa3HOCTh cueTa B IBYX
koHburypauugax R, — R,. Kakosa 10714 Kaxn0ro us
STHUX IBYX KaHAJIOB B reHepaluu (poHa, HaM HEeM3-
BECTHO. DTa HEONPEACIECHHOCTh SIBIISICTCS OCHOB-
HBIM MCTOYHUKOM CHCTeMAaTUUYECKON OIIMOKHU
U3MEpPEHUsI.

JeiicTBUTENHHO, TIPY BEIYUTAHUU (DOHA, 00SI3aH-
HOI'O 3JIEKTPOHAM, MCITyCKaeMbIM C IIOBEPXHOCTH
HUTEeil BTOPOro Karoda, CJAeayeT YIeCTb, YTO JIeK-
TPOHBI, UCITYCKAaeMble B CTOPOHY BHEIITHETO KaTo/a,
He OyAyT JOCTUIaTh LIEHTPAJIbHOIO CUeTYMKa, TaK
Kak OymyT 3aIepThl B IIPOCTPAHCTBE MEXIY BHEIII-
HUM U BTOPHIM KaTomamu. BenwmuwmHa ¢oHa 3aBU-
CUT OT MaTepuaja, U3 KOTOPOTO U3rOTOBIEHBI HUTU
KaTtonoB. Ecnu yuyecTh 06a kaHaia ¢poHa: U OT 2JIeK-
TPOHOB, SMUTHUPYEMBIX C TTOBEPXHOCTU HUTEH a U OT
KpaeBoro addexra b, MoJlyuuM CUCTEMY IBYX ypaB-
HEHMI JUIST ABYX Pa3HbIX KOH(UTYpalUii MyJIbTHKA-
TOIHOTIO CYETUMKA!

a+b=R, 4)
IUTSL TIEPBOIA KOH(UTYpaIlUK U
a+kb=R, &)

1151 BTOpOii KoHdurypauuu. 3aecs k = (n, +n,/2) /
/ (n, + n,), tae n, U n, — KOJIMYECTBO HUTEH COOT-
BETCTBEHHO MIEPBOTO M BTOPOTO KaTonoB. Perras oty
CUCTEMY YpaBHEHUIA, HAXOIUM

b=(R —Ry)/(1—k)

1, COOTBETCTBEHHO,
a=R,—b. @)
YT00OBI JOCTHUYL BHICOKOM YYBCTBUTEIBLHOCTH
N3MepeHUit, HEOOXOIMMO, UTOOBI BKJIA HUTE B (DOH
ObLI TIpeHeOpexknuMo MaJl. I1pu BBITIOJHEHUUN 3TOTO
yciaoBusI (pOH B IIEPBOM M BTOPOil KOH(PUTYpALIUSIX

OyIeT IPUMEPHO PaBHBIM, U MTPOLEAYPA BEIYUTAHUS
(oHa, U3MEepPEHHOTO BO BTOPOil KOH(MUIYypaluu,

(6)
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14 KOITbIJIOB u mp.

13 CyMMapHOM CKOpPOCTU cyeTa, U3MEpPEeHHOI B
nepBoil KoHdUrypauuu, oynet KoppektHoit. Cie-
NOBaTeJIbHO, HYXKHO IOI00paTh TaKO Matepuai
JIJISI HUTe cueTuyuKa, KOTOPBI JaBajl Obl IIpeHe-
OpexuMo Manblii poH oT HuTeil. C 3TOI Lieablo
HaMu ObUIM TTPOBEACHBI U3MEPEHUSI CKOPOCTU CYeTa
CO CUETYMKAMU OJMHAKOBOW KOHCTPYKLIUU, HO C
HUTSIMM U3 pa3HbIX MaTepuasioB. B mepBom ciyyae
MbI UCIOJIb30BaI HUTU U3 HUXpOMa, BO BTOPOM —
13 MO30J0YEHHOrO CIUIaBa BoJb(dpaMma ¢ peHUEM.
B 060ux ciyyasix ToMHa HuUTei obl1a 50 MUKPOH.

Ha puc. 6 npuBeneHbl pe3yabTaThl U3MEPEHUIA
B TeueHue 100 cyTOK Ha CYETYMKE C HUTSIMU U3
Huxpoma. BuaHo, 4To cpeaHue CKOpPOCTU cUeTa B
MEePBOI ¥ BTOPOI KOH(MUTYpaLUsIX ObLIN IIPUMEPHO
paBHBI, 1, CJIEOOBATEIbHO, BKJIad HUTEH B (DOH ObLT
npeHedpexuMo mai. Ha puc. 7 npuBeaeHbI pe3yiib-
TaTbl UBMepEeHUIi B TeueHue 40 CyTOK Ha CUETUYMKE
C HUTSIMU U3 BoJibdpaM-peHueBoro cruiaBa. Cpen-
HHUE CKOPOCTU cueTa B ABYX KOHGUTrypauusx B
3TOM CJjIy4yae CYIIECTBEHHO pas3inyanuch. B aToii
KOHCTPYKIIUY CYETUYMKA KOJIMYECTBO HUTEH OBLIO:
n, =20, n,= 100 u k = 0.58. Otcrona, cienys BbIpa-
sxeHustM (6) 1 (7), HaxomuMm b = 0.17 Tium a = 0.10 It

CyMmapHas IJIMHa HUTEH MepBOro M BTOPOTO
KaToJOB B 000MX cjydyasix cocrasisiia 60 MeTpoB.
Takum o6pa3zoM, CKOPOCTb SMUCCUU BJIEKTPOHOB
C TIOBEPXHOCTH HHUTHU M3 MO30JIOUEHHOTO BOJb-
(dbpaM-peHHeBoro criasa coctasuia 2.8 - 1073 T
Ha MeTp HUTU. OTHOCUTENBHO BBICOKYIO CKOPOCTD
OMUCCUU MOXHO OOBSICHUTb MPUCYTCTBUEM B
penuu nonroxusyiero (7, = 4.1 - 10 ner) panmo-
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Puc. 6. CxopocTu cueTa, u3MepeHHbIE Ha CUETYUKE
C HUTSIMU U3 HUXPOMa — HVKHUI PUCYHOK, TeMIepa-
Typa cuyeTYrKa — BEPXHUIl PUCYHOK.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

aktuBHOro nzorona *’Re, conepxkaHue KOToporo B
IIPUPOIHOM peHUU paBHO 62.6%. B KauecTBe BO3-
MOXHOTO Me€XaHM3Ma MOXHO IIPEIIIOJ0XUTh HAChI-
IIEHNE METaCTaOMIbHBIX YPOBHEH METAININUYECKOTO
BoJIb(paMa GeTa-yacTuuamu ot pacnazna *’Re, cHs-
THE BO30YXXICHUS KOTOPHIX MPUBOAUT K SMUCCUU
BJIEKTPOHOB C MOBepXHOCTU HUTel. [1o pesynbra-
TaM 3TUX U3MEPEHUI Mbl BULUM, YTO HUXPOM SBJIS -
eTcsl 0oJiee TTOAXOSIIMM MaTepuaaoM s KaTOIOB
MYJIBTUKATOIHOTO CUETYMKA.

Bo BpeMms 5KCITO3MLIMKM CUETYMK ITOMEIIAJICS B
CreLalbHbIA CTalbHON OOKC ¢ TOJIIMHON CTEHKU
npumepHo 300 MM 1151 moAaBAeHUST BHEIIHETO raM-
Ma-uanydeHus. ToammHa ctaabHoM 3amuThl 300 MM
obecrneunBaeTr ociabiaeHue auHuu 1460.7 k3B
ot “K mpumepHo B 5 - 10° pa3, nunuu 1764.5 k3B
ot 2“Bi npumepHo B 3 - 10° pa3, munun 2614.5 k3B
ot 2Tl npumepHo B 10° pa3. OnHako 3hPeKTUBHbILI
KoaduuueHT ociiabjieHus (GoHa OT BHEIIHEro
raMma-usJjlydeHus1 HaMHoro MeHblie. MoH onpene-
JISIETCS NIaBHBIM 00Pa30M MHTEHCUBHOCTbIO BOIM3U
MaKCHMyMa CIIeKTpa raMMa-u3Iy4eHus IpU 3Hep-
run npuMepHo ot 100 mo 200 k3B.

Hamu ObIT M3MepeH CIIeKTp TaMMa-u3IydeHUs
CHapy>X¥ ¥ BHYTPU MACCUBHOM 3aIUTHI C TIOMOIIIBIO
HuskodoHoBoro gerekropa Nal(Tl), u o pesynsra-
TaM M3MEpPEHUsI Mbl ITOJIYIWIN, YTO B 3TOI 00JIacTU
SHEPIUil THTCHCUBHOCTH FraMMa-HU3JTyIeHUST 0Caa0-
Jisiach 3amuToil mpumepHo B 100 pas. s cuer-
YMKa ¢ MEOHBIM KaTOIOM H3MepeHHasI CKOPOCThb
cyeTa ONMHOYHBIX SJIEKTPOHOB CHAPYKU ITACCUBHOM
3allMThl OKa3aJlach BBIIIE CKOPOCTU BHYTPU 3aIIUThI
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Puc. 7. CkopocTtu cuera, U3BMEpeHHbIe Ha CYECTUYUKE C

HUTSIMU U3 BOJIb()paM-pPEHUEBOTO CILJIaBa C [MO30JI0TOI.

TeMHble TOUKM — KOHpuUrypauust I/, CBETIble TOUKU —
KoH(purypauus 2.
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KOHCTPYKUHMA MYJIIBTUKATOJHOI'O CHETUUKA JJ11 TIOUCKA TEMHBIX ®OTOHOB 15

npuMepHo Ha 20%. Otcioma BUAHO, YTO BKJIAJ
BHEIIHEro raMMa-u3JIydeHus B CKOPOCTb CUETa O/l -
HOYHBIX 2JICKTPOHOB JUISI 3TOTO CUETYMKA COCTaBUI
MpeHeOpexkuMo Maiyio BeauuuHy MeHee 0.2%.
HanpHeiilnee COBEpLUICHCTBOBAHNUE ASTEKTOpPA C
HCIIOJIb30BaHNEM 00JIee YMCThIX MATEPHAJIOB, KAK MBI
HajieeMcs, TTO3BOJIUT JOOUThLCS 00Jee HU3KOM (hOHO-
BOIi CKOpPOCTH cyeTa. B aToM ciyyae Bkiamom ¢oHa
OT BHEIIHEIro raMMa-u3JIyueHUsl yKe Hellb3sl OyaeT
npeHeopeuyb. Bo3aMoxkHO, moTpedyeTcst TakKe AOIOJ -
HUTeJIbHAS TTAaCCHUBHASI 3allluTa U3 MaTepuaa ¢ 0ojee
HU3KUM COIEpXKaHUEM ypaHa, paaus, TOpUs. DTU
BOIIPOCHI TTOIIEKAT AaJIbHEMIIIEMY CCIIEIOBAHUIO.

3. BAKJIIOYEHUE

[IpuBeneHo ommcaHue KOHCTPYKUUU MYJIbTH-
KaTOOHOTO cueTyrMKa. CUETUYMK MCIOIb3YeTCS IS
MOMCKA TEMHBIX (DOTOHOB ITyTEM PETUCTPALIMU OIM -
HOYHBIX 3JIEKTPOHOB, SMUTHUPYEMBIX C TOBEPXHOCTU
CIUTIOIITHOTO METaJJIMYECKOIo KaToaa IMpu KOHBEp-
CHU TEMHBIX (DOTOHOB Ha eTo TToBepxHocTH [10].

CuyeTunk 00JlagaeT HaAUOOJIbIIEH YYBCTBUTEb-
HOCTBIO IS Macchl TeMHOTO poToHa oT 10 1o 40 5B.
PacueTHast INIOTHOCTB CKPBITBIX (DOTOHOB C TAKUMU
Maccamu coctapisieT oT 10 1o 40 MUJUTMOHOB YaCTHIL
B KyOMYECKOM CaHTUMETPE, €CJAU IPUHSAThH II0T-
HOCTb TEMHOII MaTepuu B oKpecTHoOCTIx CoiHIa
npumepHo 0.4 I3B Ha KyOuUYeCKMl CaHTUMETP.
I cpaBHEHMSI: INIOTHOCTD PEIMKTOBBIX HEHTPUHO
cocTaBisieT mpuMepHo 150 yacTtull Ha KyOudyeckuit
CaHTUMETp, a MJIOTHOCTh PEJUKTOBBIX (POTOHOB —
npumepHo 500 yacTuil Ha KyOMYeCKUi CAaHTUMETD.

®DoHoOBasg CKOPOCTh cUYeTa MYJIBTUKATOAHOTO
CYeTUYMKa 3aBUCUT OT MaTepuaya HUTel KaTOmOB.
M3mepeHa cCKOpoCTb SMUCCUU OTUHOYHBIX 3JICKTPO-
HOB C IOBEPXHOCTU HUTEM N3 HUXPOMA 1 13 II030J10-
YEHHOTO cIljIaBa BoJibpaM-peHuii. [TokazaHo, 4yTo
NpUMEHEHHE HUXpOoMa o0ecIieunBaeT 00J1ee HU3KUA
(boH MYJIBTMKATOOHOTO CUETUYMKA. DTOT pe3yIbIaT

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1

MOXET OBITh MCITOJIBb30BaH MPU KOHCTPYHUPOBAHUM
MHOTOIIPOBOJIOYHBIX Ta30BbIX 1€TEKTOPOB MOHU3U-
PYIOLLIEro U3ay4eHus .
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