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raarpCKKi! IO.n .. Munnep M.S., YTeHKOB B.K. 

ToHKonneHO'lHbie TsepJlOTellbHbie KOHlleHCaTOpbi 

llnH lleTeKTHpOB8HHH OCKOnKOB JleneHHSI 

13 - 12035 

Hccneaosanucb JleTeKTOpbi OCKOnKOB nenennll, npuuunn aeiicTBKll KOTo

pbiX OCHOB8H H8 B03HKKHOB9HHH HCKpOBO!"O Dp060SI B TOHKODneHO'lHOM 

TBepllOT9llbiiOM KOHll9HC8TOpe B MOM911T DpOXOlKll9HHSI 'lepe3 lle!"O TS!lKenbiX 

38p5UKeHHbiX 'l8CTHU. nony'leHHble B pa6oTe ll9T9KT0pbl HMeiOT nnOW8Jlb 

'lYBCTBKTenbHOli nosepxuocTn 6onee oauoro CM 2_ Hay'leHbi csol!crsa 

Cna)lOB OCKOnKOB B JleTeKTOp8X, npHBell9flbl Jl8HHble 0 speMeHHblX H nopOl"OBbl 

CBOi!CTB8X DpH60pOB • .llOK838H8 He'lyBCTBKTenbHOCTb JleTaKTOpOB K a -'l8C

TKU8M, y- KB8HT8M H H9liTpOH8M. 0TMa'leHbl npenMyWeCTB8 llaTeKTOpOB 

ODKC8HHO!"O TKD8, 38KniO'l810LUKeCSI B CO'laT8HKK CBOilCTB, npnCyLUKX 

sneKTpOHHblM MaTOJl8M K TsepaoTenbHblM cneaOBbiM aeTaKTOpaM. 

Pa6oTa Bbmonueua B na6opaTOPKK HaepHbiX peaKUKil OHfiH. 

npenpHHT 06ballHHeHHO!"O KHCTHTyT8 SlllapHblX HCCnellOB8HHil. Lly6na 1978 

Gangrsky Yu.P., Miller M.B., Utenkov V.K. 13 - 12035 
Thin-Film Capacitors for Detection of Fission Fragments 

Solid-state fission fragment detectors based on initiating of 
electrical breakdowns in thin-film capacitors are investigated. The 
detectors with sensitive surface area more than 1 em 2 have beeri 
produced. The properties of fission fragment tracks on surface 
of detectors were studied as well as time and selective perfor
mances of the detectors. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

~JIJI .D;eTeKTHpOBaHHJI OCKOJIKOB .D;eJieHHJI JI.D;ep WHpOKOe 

pacnpocTpaHeHHe nony'IHJIH TBep.D;oTeJibHWe cne.D;oawe .D;eTeK

Topw 3apJI)I(eHHbiX 'laCTHD; /CM., HanpHMep, 0630pHylO pa6o· 

Tyl 11 I. Bnaro.D;apJI awcoKHM ceneKTHBHWM caoiicTBaM 3THX 

.D;eTeKTOpOB C HX nOMOID;blO y.D;aeTCJI Ha.D;e)I(HO perHCTpHpo

BaTb KpaiiHe pe.D;KHe co6wTHJI .D;eJieHHJI B ycJIOBHJIX 6on~omoro 
woHa .D;pyrHx HOHH3HpyroiD;Hx H3Jiy'leHHii c MeH~omeii HOHH3a

D;HOHHOii cnoco6HOCTblO. B pJI.D;e 3KcnepHMeHTOB TBep.D;oTen~o

Hwe .D;eTeKTOpbl OKa3aJIHCb He3aMeHHMLl, HanpHMep, B onw· 

Tax no CHHTe3y HOBblX TJI)I(eJIWX 3JieMeHTOB, OCHOBHOH BH.D; 

pacna.D;a KOTOpbiX • CnOHTaHHOe .D;eJieHHe. 

BMecTe c TeM TBep.D;oTeJibHWe cne.D;OBble .D;eTeKTopw o6-

na.D;alOT cepbe3HWM He.D;OCTaTKOM: H306pa)l(eHHJI CJie.D;OB B Ma· 

TepHane .D;eTeKTopa He co.D;ep)l(aT HHWOPMau;HH o apeMeHH 

HX o6pa3oBaHHJI. He cyiD;ecTayeT TaK)I(e MeTO.D;OB ynpaane

HHJI 'IYBCTBHTeJibHOCTblO CJie.D;OBbiX .D;eTeKTOpOB B npou;ecce 

perHcTpau;HH. B CBJI3H c 3THM npe.D;cTaBJIJieTCJI aecbMa 3a

MaH'IHBWM C03.D;aHHe .D;eTeKTOpOB OCKOJIKOB .D;eJieHHJI, KOTOpble, 

He ycTynaJI TBep.D;oTeJibHWM cne.D;OBblM .D;eTeKTopaM no nopo

roawM caoiicTBaM, o6na.D;aJIH 6w Ka'leCTBaMH, xapaKTepHw

MH .D;JIJI 3JieKTpOHHLlX MeTO.D;OB perHCTpaD;HH 'laCTHD;, H no· 

3BOJIJIJIH 6w npOH3BO.D;HTb H3MepeHHJI B peaJibHOM MaCWTa6e 

BpeMeHH. 

0 B03MO)I(HOCTH noJiy'leHHJI .D;eTeKTOpOB C yKa3aHHblMH 

caoiicTBaMH coo6ID;aJIH aaTopw pa6oT/2,3/. IIpHHD;Hn .D;eii

CTBHJI npe.D;JIO>KeHHOrO HMH .D;eTeKTOpa OCHOBaH Ha B03HHKHO • 

BeHHH 3JieKTpH'IeCKOrO npo60JI B TOHKOnJieHO'IHOM KOH.D;eH· 

CaTope B MOMeHT npOXO)I(.D;eHHJI 'lepe3 .D;H3JieKTpH'IeCKHH CJIOH 

KOH.D;eHCaTopa TaKHX nJIOTHO HOHH3HPYIOID;HX 'laCTHD;, KaK OC· 

KOJIKH .D;eJieHHJI. ~eTeKTOp 'IYBCTBHTeJieH K OCKOJIKaM, KOr.D;a 

K ero nJiaCTHHaM npHJIO)I(eHO HanpJI>KeHHe, 6JIH3KOe K Ha· 

npJI)I(eHHIO npo60JI .D;JIJI .D;aHHOrO CJIOJI .D;H3JieKTpHKa, HO eiD;e 
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HeAOCTaToqHoe ARB B03HHKHOBeHBB CaMonpOB3BORLHWX npo-
60eB. BoccTaHosneHBe csoicTB KOHAeHcaTopa nocne npo6os 
o6ecneqBsaeTCB 3a cqeT BcnapeHBB MeTanna c yqacTxa 

nnaCTBHW KOHAeHCaTopa B MeCTe B03HBKHOBeHBB npo60B. 
)VIB 3TOro no I<paiHeB Mepe OABH B3 3Rei<TPOAOB AenaeTCB 

0 
TOHI<BM. TonliJ;BHa ero He AOJDKHa npeswmaTL 500 A. 

B pa6oTax12,3/ AeTeKTopw yi<a3aHHoro TBna 6wnB no
nyqeHw Ha OCHOBe I<peMHBeBLIX nnaCTBH. H3rOTOBneHHWe 
o6pa3IJ;LI BMenB nnoliJ;aAL qyBCTBBTenLHOB nosepXHOCTB Me
Hee 0,1 CM~ 06 B3rOTOBneHBB AeTei<TOpOB nnoliJ;aALIO AO 
0,5 c..w2coo6liJ;anocL B pa6oTe 141. 

~nB npai<TBqecKBX .u;enei perBCTpa.D;BB peAI<BX C06WTBB 
ysenBqeHBe nnoliJ;aAB AeTeKTOpOB npeACTaBnBeT 6onLWOB BH· 
Tepee. B HaCTOBliJ;eB pa6oTe MW CTaBBRB 3aAaqy OCBOeHBB 
TeXHOROrBB B3rOTOBneHBB AeTei<TOpOB npo60BHOrO TBna C nno
ll.\aALIO nopBAKa OAHOrO BRB 6onee I<BaApaTHWX CaHTBMeT
poB, B3yqeHBe CBOBCTB cneAOB OCKORKOB B AeTei<TOpax 
B B3yqeHBe BpeMeHHWX xapaKTepBCTBK AeTei<TOpOB. 

~nB B3rOTOBneHBB AeTei<TOpOB HaMB BCnORL30BancJI MOHO· 
I<pBcTannBqeci<Bi I<peMHBB c npoBOABMOCTLIO P-TBna B YAenL
HLIM conpoTBBneHBeM 2,2 OM· CM. H3 cnBTKOB xpeMHBB 
6LinB B3rOTOBReHLI nnaCTBHLI TORll.\BHOB 0,3 MM, ABaMeTpOM 
40 MM. ITnaCTBHLI nOABepranBCL MeXaHBqeCI<OB B XBMB· 
qeci<oi nonBpOBI<e, nocne qero Ha BX nosepxHOCTB B To~e 
I<BcnopoAa BLipall.\BBancJI cnoi Si02 TORll.\BHoi -1000 A. 
ITosepxHOCTL nnacTBH, cny)I(BBmaJI B AanLHeimeM B I<aqecT
Be TLIRLHOrO 3ReKTPOAa, nyTeM TpaB.neHBB B nnaBBKOBOB 
I<BcnoTe oqBIIJ;anacL oT enos Si0

2 
B noi<pLisanacL /ny-

TeM Bai<yyMHOro HanLJneHBB/ cnoeM A1 TORll.\BHOB 
-50 M KZ/ CM ~ ITepeA HanLineHBeM TOHI<OrO BepxHero 3ReKTpO
Aa Ha HeoqBIIJ;eHHOB OT Si02 CTOpOHe nnaCTBH C03AaBaROCL 
nepB4JepBqeci<oe yToniiJ;eHHe enos AB3neKTPBI<a nyTeM sa
I<YYMHoro HanLineHBB MOHOOKBCB Si0. Ha3HaqeHBe nepB4JepB
qecxoro ycBneHBB AB3nei<TpBqecxoro enos cocToBT B ocna6-
neHBB HanpJI)I(eHHOCTB 3nei<TpBqeci<oro nons B o6nacTB npB
coeABHeHBB KOHTaKTHLIX npOBOAHBKOB I< 3ReKTPOAaM KOHAeH
CaTOpa. linaroAapB 3TOMY npeAOTBpaiiJ;aiOTCJI npo6oB KOH
AeHCaTopa B o6naCTB KOHTai<TOB, KOTOpwe npBBOABnB 6w 
I< 3ai<OpaqBBaHBIO nnaCTBH, nOCKORLI<Y HB OABH B3 3Rei<Tpo
AOB B 3TOB o6naCTB HeAOCTaToqHo TOHOK ARB BCnapeHBB 
MeTannBqeci<oro noi<p!>ITBB. ITo cpasHeHBIO co cpeAHei Ton-

4 
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Puc. 1. Yc111pOUC11160 oe1/leK1110pa. 1 - KpeMHUeea.R nAQCIIUHa, 
2 - U30A.RfiUOHHbiU c11ou oeyoKucu KpeMHU.R, 3 - nepu(Jepu
t~ecKoe ycuAeHue U3011.R(#UOHHOZO CIIO.R CIIOeM MOHOOKUCU 
KpeMHU.R, 4 - IIU(#e60U Me1/laii/IU'leCKUU 3/leKIIpoo, 5 - llblllbHbiU 
3/leKIIpOO, 6 U 7 - KOH1/IQK111Hble np0600HUKU. 

ll.\BHOB AB3nei<TpBqecxoro npoMe)l(yTI<a cnoi B o6nacTBI<OH
Tai<TOB ycBnBBancs B nonTopa-ABa pa3a. 

CxeMaTBqecxoe B3o6pa)l(eHBe roTosoro AeTexTopa AaHo 
Ha puc. 1. BLicoi<oe HanpB)I(eHBe Ha AeTeKTop noAaeTcJI qepe3 
orpaHBqBTenLHoe conpoTBBneHBe R ~ 15 KOM, I<OTopoe npeA
Ha3HaqeHo ARB orpaHBqeHBB TOKa qepe3 AeTeKTOp BO BpeMB 
npo6oes. Ha puc. 2 noKa3aHw cqeTHLie xapai<TepBCTBKB Ae
Tei<Topa C nnoliJ;aALIO qyBCTBBTeRLHOB nosepXHOCTB 1,0 CM~ 
nonyqeHHLie nocne lnexTpBqecxoro OT)I(Bra MexaHBqecxBx 

MBKPOAe4Jei<TOB nosepXHOCTB B B30RBIJ;BOHHOrO CROB, B36e
)l(aTL B03HBKHOBeHBB I<OTOPLIX npB B3rOTOBneHBB AeTei<TOpOB 
He YAaeTCB. KpBBaB a CHBTa so speMB o6nyqeHBJI AeTex

Topa OCKORKaMB AeneHBJI BAep ypaHa B3 TOHKOB MBWeHB nOA 
AeicTBBeM HeiTpOHOB 3HeprBei 14 M3B. ITpB HanpB)I(eHBB 
90 B AeTeKTop HaqBHaeT "qyscTBOBaTL" oci<onKB. ITo Mepe 
nOBWWeHBB HanpB)I(eHBB qyBCTBBTenLHOCTL ysenBqBBaeTCB, 
B B paBOHe 115 B KpBBaB BLIXOABT Ha nnaTO. ITpB HanpB)I(eHBB 
BLime 130 B HaqBHaiOTCB caMonpOB3BOnLHLie npo6oB, a B 
AanLHeimeM cqeTHaB xapai<TepBCTBKa cnBsaeTcB c npoAon
)l(eHBeM I<PBBOB 6, nonyqeHHOB npB BWKnJOqeHHOM nyqxe He iT
pOHOB, I<OrAa AeTei<TOp He nOABepraeTCJI o6nyqeHBIOOCI<On
I<aMB. 34>4JeKTHBHOCTL B paioHe nnaTO cqeTHOB xapaKTepBCTB
KB onpeAenJinacL nyTeM cpasHeHBB qBcna BMnynLcos, pe
rBCTpBpyeMLIX AeTeKTOpOM, C qBCROM Tpei<OB Ha CniOABHOM 
TBepAOTeRLHOM AeTei<TOpe. 34>4Jei<TBBHOCTL AeTeKTOpOB no 
OTHOWeHBIO K OCKOnKaM, naAaiOliJ;BM Ha nosepXHOCTL qyBCTBB· 
TenLHoro enos, oxa3anacL 6nB3Ka K 100,. 
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Puc. 2. CKopocR& c'leRa e 3aeucuMoc•u o• HanpJIJICeHUJI Ha 
OeReKRope: a - npu HaAU'lUU OCKOAK06 OeAeHUJI, naoaiOfiiUX 
Ha Oe•eKROp, 6- 6e3 OCKOAK06 OeAeHUJI. 

llpB 06Jiy'leHBB AeTeKTOpOB B CMeWaHHOM raMMa- HeiiTpOH

HOM none OT reHepaTopa HeHTpOHOB Ha 3HeprBIO 14 M3B 
C BHTeHCBBHOCTbiO 108 • 109 H/C•CM ~a TaK)I(e a ·qaCTBD;aMB 
241Am C Bl{TeHCBBHOCTbiO OKOJIO 105 'lQCR./C•CM 2, 'IYBCTBB· 

TeJibHOCTB AeTeKTOpOB K 3TBM BBAaM CJia6o BOHB3BPYIOIUBX 

B3Jiy'leHBH 3aMe'leHO He 6b1JIO. 3TO AOKa3biBaeT BbiCOKYIO 

ceneKTBBHOCTb AeTeKTopos K ocKonKaM AeneHBJI. He 6blno 

06Hapy)l(eHO TaK)I(e OCTaTO'IHOrO 3WWeKTa OT paABaD;BOHHWX 

Ae4JeKTOB, Bbi3BaHHbiX B AB3JieKTpB'IeCKOM CJIOe AeTeKTOpOB 

nOA AeHCTBBeM OCKOJIKOB, KOTOpble nonaAaJIH Ha AeTeKTOp 

npH BWKJIIO'IeHHOM HanpJI)I(eHHB. 

MaKCBMaJI&HaJI nnoiUaA& AeTeKTopos, B3rOTOBJieHHbiX Ha

MB, COCTaBJIJIJia 1,5 CM 2 • Ha OAHOH KpeMHBeBOH nnaCTHHe 

H3rOTaBJIBBaJIOCb HeCKOJibKO AeTeKTOpOB C 06IUBM TbiJibHWM 

3JieKTPOAOM. 

Oco6eHHOCTbiO pa6oTw AeTeKTopos onacaHHoro TBna JIB· 

JIJieTCJI o6pa30BaHBe Ha ero nosepXHOCTB CJieAOB OT OCKOJIKOB 
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AeJieHBJI B pe3yJI&TaTe HCnapeHBJI MeTaJIJia C TOHKOrO JIB~e

BOrO 3JieKTPOAa BO BpeMJI npo6oes, BHAY~BpOBaHHWX OCKOJI· 

KaMB. CneAW BMeiOT xapaKTepHwii BHA Kpyrnwx nJITeH B MoryT 

6WTb JierKO COC'IBTaHW BB3yaJibHO no OKOH'IaHBB 3KCnepBMeH· 

Ta C nOMOIUbiO onTB'IeCKOro MBKpocKona. HAeHTBWBKa~BJI 

Puc. 3. MuKpo(Jo•ozpa(JuJI y'lac•Ka pa6o'leii noeepxHoc•u 
Oe•eK•opa. 
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CJieAOB OT OCKOJIKOB npOH3BOAHTCJI 6e30WH60t.IHO H 3Ha'IH· 

TeJILHO npo~e no cpaBHeHHlO C UAeHTHciiHKaiJ;Heii CJieAOB 

B TBepAOTeJILHLIX AeTeKTopax. TaKHM o6pa3oM AeTeKTOpLI 

CO'IeTaiDT B ce6e CBOHCTBa 3JieKTpOHHLIX MeTOAOB H CJieAO· 

BLIX AeTeKTOpOB, 'ITO n03BOJIJieT noJiy'laTL C HX nOMO~LID 

HHciiOpMaiJ;HID KaK 0 BpeMeHHOM, TaK H 0 npOCTpaHCTBeHHOM 

pacnpeAeJieHHH perucTpupyeMLIX qacTuu;. MuKpoclloTorpaciluB 

yqacTKa pafioqeii noaepxHOCTH AeTeKTopa, nOABeprHyToro 

B03AeHCTBHID OCKOJIKOB AeJieHHJI ypaHa 6LICTPLIMH HeiiTpo

HaMH, noKa3aHa ua puc. 3, nony'leHHOM npu yBeJIH'IeHHH 

B 600 pa3. KaK noKa3anu H3MepeHHJI, pa3MepLI nBTeH 3a

BHCJIT OT nJIO~aAH AeTeKTOpOB. 3TO CBJI3aHO, nO-BHAHMOMy, 

C 3aBHCHMOCTLID 3HeprHH, BLIAeJIJIIO~eHCJI B MeCTe npo60JI 

npH perHCTpaiJ;HH 'laCTHIJ;, OT eMKOCTH KOHAeHCaTopa- AeTeK

TOpa. Pa3MepLI nJITeH B03pacTaiOT npH6JIH3HTeJILHO nponop-
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Puc. 4. PacnpeoeAeHue C/leooe OCKO/IKOB oe/leHUJI no oua.Mem
py n.11meH Ha AUf.leBoM 3/leKmpooe: a - pacnpeoeAeHue 011.11 
oemeK1110pa 6e3 nOOK/IK>'IeHHOU eMKOC111U, 6 - pacnpeoe/leHUe 
011.11 mozo xe oemeKmopa, noAyt~eHHoe npu nooKAK>'IeHuu oo
noAHumeAbHozo KOHoeHcamopa eMKOC111bK> 12 HfP. 
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IJ;HOHaJILHO nJIO~aAH AeTeKTOpa. ,[(HaMeTpLI BX KOJiefiJIIDTCJI 

B npeAenax HeCKOJILKHX AeCJITKOB MKM. Ha puc. 4 npHBeAeHo 

pacnpeAeneuue nBTeH no AHaMeTpaM AJIJI AeTeKTopa c nno

~aALID pa6o'leii noBepxuocTH 1,0 eM 2 • Wupuua pacnpeAene

HHJI Ha nOJIOBHHe BLICOTLI COCTaBJIJieT npH6JIH3HTeJJLHO 10 MKM. 
KpuBaJI a nonyqeua uenocpeACTBeuuo AJIJI yKa3auuoro AeTeK

Topa. KpuBaJI 6 nonyqeua npu noAKJIID'IeHHH napanneJILHO 

AeTeKTopy KOHAeHcaTopa eMKOCTLID -10 HfP. KpHBLie HaAe>K

HO pa3pewaroTCJI. B o6nacTL nepeKpLITHJI nonaAaeT Meuee 

10% o6wero 'IHCJia 3aperHCTpHpOBaHHLIX COfiLITHH. 

Ha6JIIDAeHue HMnyJILCOB, CHHMaeMLIX c AeTeKTopoB, ua 

3Kpaue OCIJ;HJIJIOCKOna noKa3aJIO, 'ITO KPY'JH3Ha nepeAHero 

cilpOHTa COCTaBJIJieT BeJIH'IHHY He MeHee 10 He/B. 3TO yKa-

3LIBaeT Ha B03MO>KHOCTL npHMeHeHHJI AeTeKTOpOB B OnLITaX, 

rAe Tpe6yeTCJI BLICOKOe pa3peWeHHe no BpeMeHH OAHOBpe

MeHHO c BLICOKoii ceneKTHBHOCTLID perucTpau;uu octtoJIKOB. 

HToroM pa6oTLI JIBJIJieTcJI AOKa3aTeJILCTBO B03MO>KHOCTH 

H3rOTOBJieHHJI TBepAOTeJILHLIX AeTeKTOpOB npofiOHHOrO THna 

AJIJI perHCTpaiJ;HH OCKOJIKOB AeJieHHJI, KOTOpLie HMeiOT nno

waAL pafioqeii noBepXHOCTH 6onee 1 CM 2 . lfx HCnOJIL30BaHHe 

cy~eCTBeHHO paCWHpHT B03MO>KHOCTH 3KCnepHMeHTOB no HC

CJieAOBaHHID AeJieHHJI JIAep, TaK KaK n03BOJIJieT OAHOBpeMeH

HO nony'laTL npocTpaHCTBeHuoe u BpeMeHHoe pacnpeAeneuue 

OCKOJIKOB AeJieHHJI. 

ABTOPLI rny6oKO npH3HaTeJILHLI r .H.~nepoay H IO.Q.Ora

HeCJIHY 3a HHTepeC K pa6oTe H nOAAep>KKY. r .H.AKanLeBy H 

A.M.Kyqepy MLI BLipa>KaeM 6naroAapHOCTL 3a nOMO~L B pa-

6oTe H COAeHCTBHe npH H3rOTOBJieHHH AeTeKTOpOB. 
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