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NCCJEJOBAHUE ®OHOBOI'O U3JTYYEHUSA
1 BO3MOKXHOCTHU EI'O OT'PAHUYEHU S
B IOJIYITPOBOJHUKOBON NOHU3AIIMOHHOM CUCTEME

X. T. Wynpames, III. C. Axmenos, V. C. Pycramos, K. M. Dprames
Depeanckull NOTUMEXHUYECKUN UHCIUmMYM,
2. @epeana, Y3o6exucman
[Toctynuna B penakuuto 15.05.2017

B crarbse npuBOaATCS Pe3ynbTaThl SKCIIEPUMEHTANIBHBIX UCCIIEIOBAHUIM SIBIEHUS B IUIOCKOM ra3opaspsii-
HOI sTYeiKe ¢ MOMYTPOBOHUKOBBIM IEKTPoIoM. [TokazaHa BOSMOKHOCTh OrpaHUYeHHs (POHa, KOTOPBIT
SIBJISIETCS IPEISITCTBUEM 15 IIOBBILIEHHS] KOHTPACTHOCTH BBIXOIHOTO N300PaKEHUS.

KiroueBble ci1oBa: npeodpas3oBareinb U300pa>keHUH, IOTYIPOBOAHUKOBBIN JIEKTPO, HOHU3ALMOH-
Hasl KaMepa, ra30pa3psiaHblil IPOMEKYTOK, HOTYU30IUPYIOIINN apCeHN ] rajlius, (GOTONPUEMHUK,
BOJIbTAMIIEPHAsl XapaKTEePUCTUKA, (POTOTOK, AJIUTEIBHOCTD UMITYJIbCA, UMITYJIbCHOE HAIIPSKECHUE.

JOCIIIKEHHA ®OHOBOI'O BUITPOMIHIOBAHHSA
TA MOXKJIMBOCTI HOI'O OBMEKEHHSI
B HAMIBIIPOBIJJTHUKOBIN IOHI3ALIIMHIA CUCTEMI
X. T. ﬁynnamen, HI. C. Axmenos, VY. C. Pycramos, K. M. Epramesn

VY cTarTi HABOMATBCS PE3yNBTATH EKCIIEPUMEHTAIBHHUX JOCIIKEHb SIBUIIA B IUIOCKIH ra30po3psiIHii
KOMIpIIi 3 HaIiBIPOBIIHUKOBAM eJeKTporoM. [loka3aHa MOXIHMBICTE 0OMexkeHHs (OHY, IKUH € Tepe-
KOO0 JUTS ITiIBUINIEHHS! KOHTPACTHOCTI BHX1THOTO 300payKeHHS.

Kuro4oBi cioBa: nepeTBoproBay 300pakeHb, HAITIBIIPOBITHUKOBHIA €NIEKTPOJI, 10HI3aIliiiHa Kamepa,
ra30po3psAIHUI TPOMIKOK, HAMIBI3OMIOIOYHIA apceHis rajito, GpoTonpuiiMad, BOJIETaMIIEpHa XapakK-
TEPUCTUKA, POTOCTPYM, TPUBANICTh IMITYIIBbCY, IMITYJIbCHA HAIPYTa.

STUDY OF BACKGROUND RADIATION AND
ITS POSSIBILITY LIMITATIONS IN THE
SEMICONDUCTOR IONIZATION SYSTEM
Kh. T. Yuldasheyv, Sh. S. Akhmedov, U. S. Rustamov, K. M. Ergashev
Results of experimental exploration phenomenon in plane gas discharge cell with semiconductor
electrode reduces in the article. Possibility of limitation of background, which appears the hindrance
for raising of contrast gratuity representation was shown.
Keywords: image converter, semiconductor electrode, ionization chamber, gas-discharge gap, semi-
insulating gallium arsenide, photodetector, volt-ampere characteristic, photocurrent, pulse duration,

impulse voltage.

1. BBEAEHUE

[TomympoBoaauKoBas doTorpaduueckas cucre-
Ma MOHHU3AIMOHHOTO THIIa, B KOTOPOU OIMH U3
AJEKTPOIOB — 3TO IJIACTHUHA U3 BHICOKOOMHOIO
1 GOTOUYBCTBUTEIBHOTO MOJYIPOBOAHHKA,
HaIIUIa B MOCJEIHNUE TOJIbI TPAKTUYECKOE MPUME-
HeHue. Ha ee 0CHOBE CO37jaHbBI TaK Ha3bIBaCMbIC
(hOTOMOHHU3AIIMOHHBIE CUCTEMBI, KOTOPHIE HC-
NoJb3yI0TCs A7si ckopoctHoi UK-dororpaduun
[1-2], 6eccepebpsinoit poTorpadum, xak MK-
npeoOpaszoBarenu nzobdpaxenuit [3—4], kak
YCTPOMCTBA JUIsl BU3yaJIU3aL[UU 3JIEKTPUUECKUX
U CTPYKTYPHBIX 1e(EKTOB B BHICOKOOMHBIX
MOJYyIPOBOJHUKAX, KAK UCTOYHUK paBHOMEP-
HOTO 10 OonbiIoi muomaau YP-usnyyeHus,

KaK CHCTeMa, Tie 00pa3yloTcsl JUCCUTIaTUBHBIC
CTPYKTYpBI B ra30Boi miasme [5].

[TonynpoBoAHUKOBas MOHU3AIMOHHAs
cucreMa [6] paboTaeT B IByX peKuMax: KIy-
meM u cTpooupytomeM. B sxxaymem pexnme
B OCHOBHOM HCIIOJIB3YIOTCSI BBICOKOOMHBIE
noJIynpoBoaAHUKU ¢ p > 10" Om'cM npwu
MOCTOSIHHOM TOKe. B cTpoOupyrmem
peXrMe MPUMEHSIOTCS, B TOM YUCJIE U OTHO-
CUTEJIbHO HU3KOOMHBIE (POTOMPUEMHHKHU TPU
UMIYIIECHOM pexume. Bo BropoM cirydae Tem-
HOBOH TOK U TeéM CaMbIM (DOHOBOE H3IIyUYEHUE
Ha BBIXOAHOM JKpaHe MOJYNPOBOJHHUKOBON
WOHHM3AIMOHHON KaMepbl 3HAYUTEIHHO
Oosblie.
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NccnenoBanre 3aBUCMMOCTEN CPEJTHETO TOKA
OT Pa3IUYHBIX BeTUYUH (POTOTOK, JAIUTEIh-
HOCTb MMITYJIbCa, UMITYJIbCHOE HaIpsKEHHE,
JIaBJICHUE Ta3a U T. JI.) B CUCTEME IIPECTaBIISET
3HAUUTEIbHBIA UHTEPEC HE TOJBKO JJIs IOHU-
MaHusl (U3NUECKOTO MEXaHU3Ma SIBIICHHH, HO
Y UMEET MPUKJIIATHOE 3HAYCHHE.

[IpoBeneHHbie B mociieIHEE BpEMs UCCIie-
JIOBAHMSI BCEJISIOT HAZEKIY HA TO, YTO HOBBIU
MOAXO0J K MIOCKOW razopas3psaaHOiN siueiike
C TIOTYTIPOBOAHUKOBBIM ()OTOUYBCTBUTEIILHBIM
AJIEKTPOJIOM MIPHUBENIET K HOBOMY KJlaccy Mpuodo-
poB. B Hammx cneayromux paborax moKaxxkeM,
YTO U3MEHEHUE KOH(DUTYpaIKi U PacIookKe-
HUSI DJIEMEHTOB SIYCHKH, a TaKKe TPUMEHEHUE
HOBBIX (POTONPUEMHHUKOB MO3BOJISIET CO3AaTh
YHUKQJIbHYI0 (OTOrpaduuecKyro CUCTEMY,
a TOYHEEe COBPEMEHHBIN BUJI MPUOOPOB HOUHOTO
BHJICHHUSL.

B Hacrosmeil pabote mpuBOASITCS pe-
3yJIBTAThl HKCIIEPUMEHTAIBHBIX UCCIEAOBAaHUN
SABJICHUS B IJIOCKOM ra3opaspsiiHOMN siueiike
C MOJIYNPOBOIHUKOBBIM 3JIEKTPOIOM. B pamkax
ATOM pabOoTHI MOKa3aHbl BO3MOXKHOCTH OTPaHU-
yeHusl (poHa, KOTOPBIL ABIISETCS NPENATCTBUEM
JUJIs TIOBBIIEHUSI KOHTPACTHOCTH BBIXOJIHOTO
M300paKeHUsI, a B 1IEJIOM YIIYUIIICHUS XapaKTe-
PUCTUK CUCTEMBI.

2. MIPUHLIUITMAJIBHASA CXEMA
CUCTEMbI

[IpyHMnuanbHas cxema noJaynpoOBOJHUKOBON
MOHU3aIUOHHON (OTOrpaduuecKor CHCTEMBI
npuBesieHa Ha puc. 1. CBETOUYBCTBUTEIbHBIM
(doTonpueMHUKOM (2) CIY’KUT MOIYHU30IUPY-
IOIIMNA apCeHU]T rajuus (p = 1080M-CM) , Ha
OJIHY U3 IOBEPXHOCTEH KOTOPOTO HAaIbLIECH
MOJIyTIPO3padYHblii HUKeIeBbIH KOHTAKT (1).
BHyTpeHHsIs1 TOBEPXHOCTH IUIACTUHBI OT/AEIIE-
Ha OT IMOBEPXHOCTH PETUCTPUPYIOMIETO CJ10st (4)
ra3oBbIM 3a30poM (3).

Peructrpupyrommuii cioit (4) pacnonaraercs
Ha [IPO3PAYHOM ITPOBOJSAIIEM KOHTPAIIEKTPOIE
(5), BHIOJTHEHHOM, HaNpUMED, U3 CTEKIITHHON
IJTACTUHKH, ITIOKPBITOW IPOBOASLIEN TUIEHKON
SnO, . Ilpu MOAKIIIOYEHUH K CHCTEME Hampsi-
KEHHUS IPOUCXOAUT MPoOoii razoBoro paspsaa,
OTJIMYAIOIIMICS TEM, YTO B Pa3psAIHOU A4EH-
K€ NPUCYTCTBYET PACHPEAECICHHOE CONPOTHU-
BJICHHE IOJYNIPOBOAHHUKA, CIIOCOOCTBYIOLIEE
IeMII(UPOBAHUIO TOKOBBIX HEYCTOMYUBOCTEH.

ConpoTuBiieHHE, TOTYNPOBOJHUKA TTOTHOC-
THIO OTNIpEAessieT BEIUYNHY INIOTHOCTU TOKa
10 TUIOMIAN CEYCHUS U TIPU OCBEIICHHUH I10-
JYTIPOBOAHUKA MOXKET yIPaBIATh BEIUUYNHON
U paclpesieIeHMeM TOKa B Ta30BOM 3a3ope [7].

Jlns u3MepeHuid UCImoib30BaHa OObIYHAS
cXeMa MOHHU3AIMOHHON CHUCTEMBI C IIO-
TYNIPOBOJHUKOBBIM (POTOMPUEMHUKOM W3
KOMIICHCUPOBAHHOTO apCeHUAa Trajlus
C TEMHOBBIM YJACJIbHBIM COMPOTUBICHUEM
p = 108 Om-cM, 0OecreynBaONIUM BBIXOIHbBIC
UMIYJIbChl HANPSIKEHUS TIUTEIbHOCTHIO
0,5-30 mkc, 10 1,6 kB. MI3MepeHust BbINMOIHEHBI
MIPU IBYX 3HAYCHUSX BEIMYHHBI Ta30pa3psiIHOTO
3a3opa — 40 MxM u 100 MKM — U J1aBICHUU
Bo3ayxa (0,2 arM.

1. 2 3 4 5
N | AL
Y
o
J Y
e

W

-+
III
1y

Puc. 1. Cxemarnueckn — HOHHM3ALMOHHAsS cucTeMa. 1 —
TIOJTYTIPO3PAYHBIN JIEKTPOA, 2 — HOIYTPOBOIHUKOBBIHA
(doronpreMHUK, 3 — ra3opa3psaHbBIN 3a30p, 4 — peru-
CTPUPYIOIIUN CJIOH, 5 — IpO3payHblid KOHTPIIEKTPOL

3. PE3VJIBTATBI U UX OBCYKJAEHUSA
[Ipu nogave npsIMOYTOIBHOTO UMITYJIbCA HATIPS-
KEHUS Ha SYEHKY, COCTOSIILYIO U3 ra3opa3psl-
HOT'O MPOMEXYTKa KOHTAaKTHPYIOLIETO, C OHON
CTOPOHBI C MOJYIPOBOHUKOBBIM JIEKTPOIOM,
a ¢ Ipyroil — ¢ KOHTPAIEKTPOIOM, IPOUCXOIUT
1po0Ooii rasza. IlosiBIeHNE TOKOBBIX UMITYJIBCOB
XapaKkTepu3yeT HaJTUYHue JETKO PErUCTPUPYEMO-
T'0 BPEMEHH 3a/JIep>KKU 0 OTHOCUTETTbHO MOMEHTA
BKJTIOUEHHSI HarpspkeHus. J[pyras ocoOeHHOCTh
TOKOBBIX UMITYJIbCOB — HAJIMYUE CTAaTUCTHYEC-
KOTro pa3z0dpoca BETUUMHBI 3aJePHKKU MPoOos y
OTHOCHUTEJIbHO HEKOTOPOI'0 €0 3HAYECHHUS.

Ha puc. 2 npuBenena cxema oCUWIIIOTPaMM
MIOCJIE0BATENBHBIX UMITYJIBCOB TOKA, UILTFOCTPH-
pylo1as XxapakTep MpOsIBICHUS CTATUCTUUECKOTO

48

JKDITT XKOUIT JSPE, 2017, 1. 2, Ne 1, vol. 2, No. 1



X. T. AVJITALIEB, III. C. AXMEJIOB, V. C. PYCTAMOB, K. M. 3PTAIIIEB

Puc. 2. Cxema ocrmuiorpaMm Toka j ipo0ost Ipy mociie-
JIOBATEJILHO T10JJaBa€MbIX HMITYJILCAX HANPSDKEHUS V

pazbpoca MOMEHTa 3aKUraHus paspsaa. B momy-
IPOBOTHMKOBOM MOHHU3AIIOHHON KaMepe CHSATHI
OCLIJUIOrPaMMBI TIOCIIEIOBATEIbHBIX UMITYJIECOB
TOKA, MJUTIOCTPUPYIOIIAst XapaKTep MPOsIBICHUS
CTaTUCTHYECKOTO Pa3zdpoca MOMEHTA 3a)KUTaHUsI
paspsiza.

[Nockonbky poTorpadurueckoe qelCTBUE Ha pe-
TUCTPHPYIOIILYIO CPELY OIPE/IeNseTCs BETNIHHOM
CpPEIHET0 KOJINYECTBa JIEKTPUUECTBA, HAC UHTE-
pECOBaIM HE TOJIBKO 3HAYCHUS 3apsi/ia B KaXKIOM
VHAMBH/yaJIbHOM UMITYJIbCE TOKA, HO M CPEHUE
3HA4YeHHUA 3apsijia U Toka 3a nepuof. [loaromy
HiepBasi HKCIIEPIMEHTAJIbHAs 3a/1a4a COCTOsIa B
OTPEJICICHNH CPEHETO TOKa, YCPEIHEHHOTO IS
Ka)KZ0T0 MOMEHTA BPEMEHH I10 00ILeMy KOJInye-
CTBY UMIIYJICOB 3a BpEMs DKCIIOHUPOBAHMSL.

Cnoco0 mony4yeHHs: KHHETUKU CpeJHe-
ro TOKa U3 JEHCUTOMETPUPOBAHUS OCLMIIIO-
rpaMM CXeMaTHYeCKH MOsICHEH Ha puc. 3a, T1e

ONTHYECKas] MIOTHOCTh Ha OCHUJIIOTpaMMe
YCJIOBHO M300pakeHa JINHUSIMH PA3HOM TOJIIMHBI,
a IJIaBHAasl KpUBasi Ha puC. 30 MOKa3bIBAET MOJY-
YEHHYI0 KUHETHUKY CPEIHEro TOKa.

Pacuer BpeMeHHOI 3aBUCUMOCTH HampsiKe-
HUS Ha razopaspsannom 3azope U(f) no mpobos
MOXET OBbITh BBIIOJTHEH aHAJIOTUYHO 3aj]1aye
0 3apsiJiKe ABYXCJIOWHOTO KOHjAeHcaTopa [8],
OJINH U3 CJIOEB KOTOPOTro (MOJYNPOBOJHUK)
UMEET JMDIEKTPUIECKYIO TIPOHUIAEMOCTb €,
TOJNIIMHY d,| M YIENbHYIO IIPOBOAMMOCTE G,
a BTOPOI CJI0H (Ta30BbIN MIPOMEKYTOK) — &, =
l,0,=0ud,:

U(r)=——2
po L (1 1
dnd,\ 1, T
m—1 exp(—t/tl)—
81
x b
4nor, 4noc
—| —2 1 |exp(-t/1,)— L(t, -1
ed, p( 2) e, (1 2)
e (1)
e 5. = 16752d1d2 - :i g N 1
g L1 © 7 o\ 4nd,  4nd,
4nd, 4nd,
U0 — IOoJaBaeMoe HampsiKeHue, R —

BHYTPEHHEE CONPOTHUBICHUE HUCTOUYHHUKA
HaIPSKEHUS.

100 %

7
I/_

50 %

\ Aas

0

t

v

Puc. 3. a — cxemaTudecku — pacrnpe/ielieHue ONTHYECKON IJIOTHOCTH MOYEPHEHHs Ha OCLUIUIOrpaMMe TOKOBOTO
UMIIyIIbCa, 6 — BpPEMEHHas 3aBUCUMOCTh CPEIHOTO TOKA, MOTYYCHHAs U3 OCIIIIOIPaMMEI (@)
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[Tpu npenedpexuMo Maiol BETMUYUHE BHYT-
PEHHET0 COMPOTUBIIEHUS T€HepaTopa MOAAHHOE
HaIIPs>KCHUC B HAYAJILHBEIA MOMEHT BPEMCHHU IIC-
pepacrtpenensiercs 00paTHO MPONOPIUOHATIBHO
€MKOCTSIM

U d,

Y _ 4 2
U,-U &d, @

3areM C IOCTOSHHOM BPEMEHH T, BCE Hampsi-
YKEHHE MEPEXOJIUT Ha pa3psiAHbIi 3a30p. Takum
o0Opazom, mpoOoii 3a30pa MPOUCXOAUT B YCIIO-
BUSIX BO3pACTaIOLIEro Ha HeM HanpsbkeHust. [1o-
CKOJIbKY O, 3aBUCHT OT OCBEIEHHS, BEJMYNHA
3aJIEPKKH IPOOOS ONPENENAETCA BDEMEHEM T, =
(o). lpyroii onpenensromuii 3a1epKKy Ipooost
(hakTOp — €CTEeCTBEHHBIN CTAaTHYECKUN pa30-
poc BpeMeHH Ipo0osi, SBISIOLUIMNACS eINHCTBEH-
HOW MPUYMHON 3aJepKKU NMpoOos B siueiike
C OKBUINIOTEHIIUATbHBIMU JIEKTPOJAAMHU.

Takum o6pazom, obuiee BpeMs 3a7epKKU
OTpeaesieTcsl IByMsl COCTaBIISIIOLIUMU: Bpe-
MEHEM 3aJIep’KKH €eMKOCTH Pa3psIHOTO 3a30pa
4yepe3 OCBEUIECHHBIN MOIYIIPOBOAHUK U BpEMe-
HEM CTAaTUCTHYECKOW 3aJepkKKHU Mpo0os npu
JTAHHOM HarpsKeHUH B 3a30pe€.

J1nst oripesieneHys BEJIMYMHBI CTAllMOHAPHOTO
HanpspKeHUs ObUIN CHATBHI cTaniMoHapHbie BAX
(puc. 4), U3 KOTOPBIX CIIEYET, YTO 3HAYCHUE Ha-
npsbkeHust mpo6ost coctasisier S00 B npu anune
3a3opa 100 MmxM. Bennuuna conpotusieHus npu
ocsenienun Meusercs oT 50 MOwm o 790 kOm.

Ha puc 5a u 56 npuBeneHbl 3aBUCUMOCTH
CPEJHEro TOKa B UMITYJILCE OT MHTEHCUBHOC-
TH CBETA NPHU Pa3HbIX 3HAYCHUAX JJIUTENb-
HOCTU MMIYJIbCa HANPSIKEHUs. XapaKTepHas

0,75
0,60

0,45

1, (MA)

0,30

0,15

0, 0,2 0,6 0,9 1,2 1,5
U, (xkB)
Puc. 4. Craumonapusie BAX crctembl pu pa3HBIX 3HA-
YEHUSIX OCBEIICHHOCTH IOJIyNpPOBOAHMKA. VIHTEHCHB-

HOCTH OCBEMIeHHUsS paBHa (B OTH. ex.): 1 — 100 %, 2 —
72,3 —50,4—25,5—10,6—0%

10 1
7,59
é t,= 27 MKc
501 20
N /15
0 40 80 120
J, OTH. eql.
a
10
7,5
<
=
=~ 50
2,5
0 40 80 120
J, OTH. eq.
7]

Puc. 5. @ — moxcamIiepHbIe XapaKTePUCTUKU CUCTEMBI
TIPH Pa3HBIX 3HAYCHISIX [UTUTEIIEHOCTH UMITYIIECA HATIPSI-
JKCHUS TIPU TONIIUHE 3a30pa d = 40 MKM, 6 — TO ke TIpU
TommuuHe 3a30pa d = 100 MkM

0COOCHHOCTh KPUBBIX — «IIOPOTOBBIN» BH]I
9TUX 3aBUCUMOCTEH, YTO SBISIETCSI CIEICTBUEM
a¢dexra 3anepxku nmpodos. [lpu yBennueHuun
JUTATEIIBHOCTH MMITYJIbCA HANPSIKCHUS YMCHbB-
[IIA€TCS TTOPOTOBOE 3HAUCHHE UHTEHCUBHOCTHU
OCBCHICHUS, HUXKC KOTOPOI'O TOK IMTPOBOAUMOCTH
B CHCTEME, a CJICJIOBATEILHO M CBEYCHHE pPa3-
psana, oTCyTCTBYIOT. OTMETHM TaKXke, 4TO Ha-
YuHasA ¢ IOpOroBOro 3HA4YCHHUA, TOK, a TAKKEC
MPOIIEANINHN 3apsi]l, PE3KO BO3PACTAIOT C yBe-
JTUYEeHHUEM UHTEHCUBHOCTH cBeTa. [lomydeHHbIe
«IIOPOTOBBICY 3aBUCUMOCTH CPEITHETO MPOIIE/I-
IIET0 KOJIMYECTBA AIEKTPUUYECTBA U BEITUYHHA
CpPEIHET0 TOKa C PeryJupoBaHUEM BEITUYUHBI
1opora MpeaCcTaBIAIOT 3HAYUTENIBHBIN HHTEpEC,
SIBJISISICH B TIPHHITUTIC HOBBIM METOJIOM JIUCKPH-
muHarmu ¢pona. [TonobHas BO3SMOKHOCTH JHHA-
MUYECKOM AUCKPUMHUHALIMY (POHA, HECOMHEHHO,
peanuszyeMa B HE3aBUCHUMBIX Ia30pa3psIHBIX
s4eiikax ¢ pacmpenelieHHbBIM CONPOTUBIIE-
HUEM TOJYINPOBOJIHUKOBOTO 3JEKTpPOJA
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B TIOJTyIPOBOIHUKOBOM (hOTOTpauIeCcKoi crc-
TeMe MOHU3AIMOHHOTO THIIA.

HpOBCI[eHBI HCCJICAOBAHUS PCKUMA INHAMU-
YEeCKOW TUCKpUMHHAIUH (hoHa ¢ hoTorpadudec-
KOU peructpanueit n300pakeHust IpHu pa3HbIX
3HAUCHHUSIX 3aJIEPKKU MPOOOSI U Pa3HOU OCBE-
HNIEHHOCTHIO OT/ICJIBHBIX YYaCTKOB TLJIOIIAIH
MOJIYTIPOBOJHUKOBOTO (DOTOUYBCTBUTEIBHOTO
AIIEKTPOJA.

3AK/IIOYEHUE

Taxum oOpazom, okazaHHas 3a7epKka mpooost
B ra30pa3psiIHOMN TYEHKE C MOTYTTPOBOAHUKOBBIM
AIEKTPOJIOM MPHU DIEKTPUUYECKUX U (HOTO-
AIIEKTPUUECKUX U3MEPEHUSIX B 1IEJIOM TIOATBEPIK-
JTaeT BO3MOKHOCTb peain3aliy JUHAMUYECKOrO
orpannuyeHusi GoHa HA 3aJJaHHOM YPOBHE.
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