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KywunpyK B.<l>. 13 - 11889 

PeKoM6nnaunoHHble norepn 3apsuta B noBepxffocrno -6apb"P""'x 
aeTeKTOpAX npH perHCTp8UHU Cll.'lbHOHOlllt3HpyKH.i1HX 1.J:HCTIIU 

npoauanH31!pOB8Hbl norepn 3Bpstna npn perucrpaUIIII CHnbHOIIOHID!!py!OLUIL. 
qacrnu noeepxnocruo-6apbepHL!MI! nereKropa~tH. f1oKa3aHo, 'lro ocuoBHLIM I 
MeXBHH3MOM norepb 3ap"iJa ""n"erCSI peKOM6HH8UII>l, KOropaS! xapaKTepll3yer
CH 3tjJ<jleKTHBHbiM epeMeHeM )!oii!3HH ''>q.q,:: !00 HC. Pacxo;.<oeuuSI B E>en":'""e 
norepb 3BpS!;t8 itnSI BbtCOKOOMHbiX II H113KOOMHbll< aereKrOpOB ycrpa!HilOrCSI 
npH y'lere HanpsnKeHuocrn 3neKrpu'leCKoro non51. Benu'lHHa nnrepb 3apmta 
CnOlKHbiM o6pa30M 38BHCHr Or napa"erpOB 'laCrHU H cna60 3aBIICHr or 

napaMerpoB KOHKperuoro aereKropa. 

Pa6ora Bblnonueua a Jla6oparopHH HuepHbiX peaKuHli 0115H1. 

Coo6meune 061>ellHHeHnoro HHCTI1TyTa smepHLIX 11ccneaosau11ii. lly6na 1978 

Kushniruk V.F. 13 - 11889 

Recombination Charge Losses in surface-Barrier 
Detectors at the Registration of Heavily Ionizing 
Particles 

The charge losses were analyzed at registration of 
heavily ionizing particles by silicon surface-bar 
rier detectors. It is shown that the principal mechanism 
of charge losses is the recombination, which can be 
characterized by the effective lifetime rpff = 100 ns. The 
disagreement between the value of charge losses for low 
and high resistivity detectors is eliminated by taking 
into account the electric field tension. The value of 
charge losses has a complex dependence on particle para
meters and a weak dependence on the parameters of a given 
detector. 

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

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

© 1978 06'bellKHeHHb/JI HHCTHTyT H!IepHbiJC HCCRellOBBHHH 0.y6Ha 

llpH perHCTpaUHH llOBepXHOCTHO-fiapLepHMMH ~eTeKTO

paMH HOHOB 136 Xe c 3Heprueii: - 1 M:JB/HYKAOH fiLmo 

OfiHapy)KeHO/ l/, 'ITO ~On11 COfipaHHOrO 3apJI~a CHnLHO 3aBH

CHT OT HallpJI)KeHHJI CMeiUeHHJI H H3MeHJieTCJI OT ~eTeKTOpa 

K ~eTeKTopy I puc. 1/. llonLITaeMcJI BMJICHHTL ocHOBHLie 

8 
0 --0 

1.0~------ -------------

u1121081t2 
CM 

5 15 

Puc. 1. AoAR co6paHHozo 3apROa e 3aeucuMoCIIIU 0111 Ha
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3aKOHOMepHOCTH, onpe,IJ,enJIIOI.QHe Ha6mo,IJ,aeMyiO BenH'IHHY 

OCTaTO'IHOrO aMnnHTY,IJ,HOrO ,IJ,e4JeKTa. 

1. Hau6onee BepoJITHbiM MexaHH3MOM noTepb 3apJI,IJ,a 

npu perHcTpauuu CHnbHOHOHH3HPYIOI.QHX 'laCTHU I a -qacTHU, 

TJI*enbiX HOHOB, OCKOnKOB ,IJ,eneHHJII BBnHeTCJI peKOM6H

HaUHB 3neKTpOHHO- ,Il,blpO'IHbiX nap /2-4/. llOCKOnbKY B pa-

6oqeif o6naCTH ,IJ,eTeKTOpa KOHUeHTpaUHB CB060,IJ,HbiX HO

CHTeneif Mana, peKOM6HHaUHB Cyi.QeCTBeHHa TOnbKO B Tpe

Ke HOHH3HPYIOI.QeH 'laCTHUbl, T .e. OHa HMeeT MeCTO nHWb 

B Te'leHHe BpeMeHH pa3,IJ,eneHHJI 3neKTpOHOB H ,Il,blpOK. 

B pa6oTax1 4,5/ noKa3aHo, 'ITO B cnyqae ManbiX noTepb 

,IJ,OmO noTepBHHOrO 3apB,Il,a A MO*HO onpe,IJ,enHTb H3 COOT

HOWeHHJI: 

A = 
T 111 

r,IJ,e T - BpeMB pa3,IJ,eneHHB 3neKTPH'IeCKHM noneM 3neKT

poHHo- ,IJ,blpO'IHbiX nap, r - ycpe,IJ,HeHHoe no pa6o'leMy 

06'beMy ,IJ,eTeKTOpa BpeMB *H3HH HepaBHOBeCHbiX HOCHTe

neif. 3aBHCHMOCTb 111 O'leHb npOCTa H Y.D.06Ha ,IJ,nB HH

TepnpeTaUHH 3KCnepHMeHTanbHbiX ,IJ,aHHbiX. 0Ha n03BOnBeT 

OT,IJ,enHTb cnyqaif noKanH3aUHH HOCHTeneil Ha noBywKax oT 

peKOM6HHaUHH, nOCKOnbKY npH noKanH3aUHH ,IJ,O~Ha Ha6niO

,IJ,aTbCJI 6onee CnO*HaB 3aBHCHMOCTI/6 , 7/, 

BpeMB pa3,IJ,eneHHJI 3neKTPOHOB H .D.biPOK B HennoTHOM 

TpeKe npH ero ,IJ,nHHe ,2Q MKM H HanpB*eHHOCTJIX 3neKTpH

'IeCKOrO nong ;:: 10 
3 

B/cM, ,IJ,On*HO cocTaBnBTb :::: 1 HC. 

O,IJ,HaKo B nnoTHbiX TpeKax 3KcnepHMeHTanbHO Ha6niO,IJ,ae

Mble BpeMeHa HapacTaHHJI HMnynbCOB Ha nopJI~OK, a HHOr

,IJ,a H 6onee, npeBbiWaiOT yKa3aHHYIO BenH'IHHY 8/, ll03TOMy 

no,IJ, speMeHeM pa3,IJ,eneHHB o6bi'IHO no,IJ,pa3yMeBaiOT TaK 

Ha3blsaeMoe nna3MeHHoe BpeMJI T nJI, T. e. HHTepsan ape

MeHH, B Te'leHHe KOTOpOrO npoHCXO,Il,HT paccaCbiBaHHe o6-

naCTH C BbiCOKOH nnOTHOCTbiO 3neKTpOHHO-,IJ,blpO'IHbiX nap. 

llpH perHCTpaUHH TaKHX CHnbHOHOHH3HpyiOI.QHX 'laCTHU, KaK 

HOHbl 136 Xe c 3Heprueil = 150 M:JB, nnoTHOCTb reHe

puposaHHoro 3apB,IJ,a B Ha'lanbHblil MOMeHT MO*eT npesbl

waTb 1018 CM- 3 • 

BenH'IHHa T nJI He 3aBHCHT or KOHKpeTHbiX napaMeT

poB ,IJ,eTeKTopa. 0Ha nonHOCTbiD onpe,IJ,enJieTCB xapaKTepu-

4 

CTHKaMH perucTpHpyeMoil qacTHUbi IMaccoBbiM 'IHcnoM A, 
3apJI,IJ,OM Z, 3Heprueil E H y,IJ,enbHbiMH noTepJIMH 3HeprHH 

dE/dx/, a TaK*e BenH'IHHOH HanpJI*eHHOCTH 3neKTpH

'IeCKOrO nonJI F. 3aBHCHMOCTb T nn OT F HMeeT npocToil 

xapaKTep/8/: • 

T = kF- 1 
nJI 121 

BTopaB BenH'IHHa r B 4JopMyne I 11 ,D;nB ,IJ,aHHoro ,IJ,eTeKTO

pa H ,IJ,aHHOrO ypOBHJI B036Y*.D.eHHJI HepaBHOBeCHbiX HOCHTe

neil noCTOJIHHa. ll03TOMY, ecnH onpe,IJ,enJIIOI.QHM 4JaKTOpOM 

noTepb BBnBeTCJI peKOM6HHaUHJI 3neKTpOHHO· ,Il,blpO'IHbiX nap 

B TpeKe, TO ,IJ,nB ,IJ,aHHOrO ,IJ,eTeKTOpa 3KCnepHMeHTanbHO 

,IJ,on*Ha Ha6mo,IJ,aTbCB nHHeiiHaB 3aBHCHMOCTb ~ E = f(F) . 

2. PaccMoTpHM 3KcnepHMeHTanbHYIO 3aBHCHMOCTb aM

nnHTY.D.Horo ,IJ,e4JeKTa OT HanpB*eHHOCTH 3neKTpH'IeCKOrO 

nonB. ,[l.n• 3Toro Heo6xo,IJ,HMO onpe,IJ,enHTb 3HeprHIO, 3aTpa

'IHBaeMyiO Ha HOHH3aUHIO H COOTBeTCTBYIOI.QYIO BenH'IHHe 

Q"" Ha puc. 1 I Q"" - 3apB.D., co6paHHblil Ha 3neKTPO.D.ax 

npH 6eCKOHe'IHO 6onbWOH HanpB*eHHOCTH 3neKTpH'IeCKOrO 

nonBI. 
3HeprHB HCiHOB 136 Xe + 9 Ha BbiXO.D.e UHKnoTpoHa Y- 300 

cocTaBnJieT = 149 M:JB. Heo6xo,D;HMO yqecTb yMeHbweHHe 

3TOH 3HeprHH npH pacceJIHHH HOHOB, nornoi.QeHHH B pacceH

BaTene IToni.QHHa pacceHBaTenB ""200 MKZ/CM 
2 Au I H BO 

BXO,Il,HOM OKHe ,IJ,eTeKTOpa, TOni.QHHa KOTOpOrO npHHHManacb 

paBHOil 50 MKz/cM 2 Au. Cne,IJ,yeT TaK*e HMeTb B BH.D.Y, 

'ITO 'laCTb 3HeprHH 6y,IJ,eT TepJITbCJI 3a C'leT ynpyrHX 

JI,D;epHbiX CTOnKHOBeHHH, npH KOTOpbiX 3HeprHJI HOHa nepe

,IJ,aeTCJI aTOMaM Bei.QeCTBa ,IJ,eTeKTOpa 6e3 HOHH3aUHH. llpH 

pac'leTe noTepb 3HeprHH B nornoTHTenJix ucnonb30BanHcb 

3Ha'leHHJI 3neKTpOHHOH TOpM03HOH cnoco6HOCTH H3 Ta6-

nHU/9/ C nonpaBKaMH Ha aTOMHOe 'IHCnO HOHOB. fioTepg 

3HeprHH 3a C'leT JI,D;epHOrO/ T?pMO*eHHJI paCC'IHTbiBanaCb 

B COOTBeTCTBHH C pa60TOH 10 no 4JopMyne, npHBe,IJ,eHHOH 

B pa6oTe YHnKHHca H .D.P/ II/, llocne Bcex nonpaBoK 3Hep

rHB, KOTOpaJI TpaTHTCJI Ha reHepaUHIO HepaBHOBeCHbiX 

3neKTpoHHO-,IJ,blpO'IHbiX nap, 6blna npHHBTa paBHOH 136 M:JB. 
Ha puc. 2 noKa3aHbl noTepH 3HeprHH ~E B 3aBHCHMo

CTH OT MaKCHManbHOH HanpJI*eHHOCTH 3neKTpH'IeCKOrO no-
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I 

m1 F max B nosepxHOCTHo-6apLepHOM .n.eTeKTOpe. BLI6op 
F max B Ka'leCTBe 3HaqeHHX .n.nx F OCHOBaH Ha TOM, 
'ITO .n.nx scex HCcne.n.osaHHLIX .n.eTeKTopos senH'IHHa F B 
TO'IKe, HaXOJ].X~eHCX Ha paCCTOXHHH OT nosepXHOCTH .n.e
TeKTOpa, paBHOM nonOBHHe J].nHHLI TpeKa, COCTaBnXna OT 
0,83 .n.o 0,96 F max npH 25 H 225 B COOTBeTCTBeHHO. 
IlpH pacqeTe F cpe.n.Hee 3Ha'leHHe y.n.enLHoro conpoTHB
neHHX npHHHManocL paBHLIM 500 OM· CM. 

H3 puc. 2 BHJJ.HO, 'ITO .n.nx scex 6e3 HCKmoqeHHX .n.eTeK-
Topos 3aBHCHMOCTL _ .0. E "" f( F- 1 ) B Hccne.n.osaHHOM HH-max 
Tepsane F max HMeeT nHHeHHLIH xapaKTep. IlpH'IeM .n.nx 
BCeX .D.eTeKTOpOB npH 3KCTpanonXUHH K 6eCKOHe'IHO 6onL
WOMY nomo (F-m~x-> 0) aMnnHTYJJ.HLIH .n.e<i>eKT .\ E .... 0. 

0TCYTCTBHe OTKnOHeHHX OT nHHeHHOH 3aBHCHMOCTH .LJ.a)l(e 
npH nonxx - 25 KB/cM .n.oKa3LIBaeT, 'ITO noTe pH 3apx.n.a 
B OCHOBHOM npOHCXOJ].XT B nna3MeHHOH KOnOHKe 3a C'leT 

m~--------------~--~ 

50 

40 

~30 
2:: 
w- 20 
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10 
/ 

//// 

/-' / /://: 
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a L# ~b2' -obt. ' o~ ' a.bs ' a.1o ' a.J2 • o14 ' 0.1
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5 

F~ax {kB/cMt1 
Puc. 2. Ilomepu 3Hepzuu a 3aeucuMocmu om o6pamHoii ae
AU'lUHbl MQKCUMQAbHOU Hanp.RJICeHHOCl/IU 3AeK1!1pU'leCK020 no
A.R. l(ufPpbl OKOAO np.RMbiX C001/16e1/IC1116YI0111 HOMepaM Oe1/leK-
1110p06. 

6 

peKoM6HHaUHH 3neKTPOHHo-.n.LipO'IHLix nap. B cnyqae npe
o6na.n.aHHX noKanH3aUHH HOCHTeneH Ha BpeMX, cpaBHHMOe 
c .n.nHTenLHOCTLIO HMnynLca, npH npnxx - 25 KB/cM JJ.On)I(HO 
Ha6nro.n.aTLCX 3Ha'IHTenLHOe OTKnOHeHHe OT nHHeHHOH Ja· 
BHCHMOCTH H3- 3a HaCLI~eHHX J].peH<i>OBOH CKOpOCTH/t 2/ 

3. )J.nx TOrO, 'IT06LI H3 HMeiO~HXCX 3KCnepHMeHTanL
HLIX J],aHHLIX OUeHHTL BpeMX )I(H3HH HOCHTeneH, He06XOJ].HMO 
3HaTL 'IriJI • Bonpoc o senH'IHHe 'IIIJI HHTeHCHBHO o6-
cy)l(.n.ancx B px.n.e pa6oT /13-16/ Ha OCHOBe KOHUenUHH 
TOKOB,OrpaHH'IeHHLIX npOCTpaHCTBeHHLIM 3apXJ].OM, H Ha 
OCHOBe npe.n.nonO)I(eHHH 0 KBa.n.paTH'IHOH H nHHeHHOH cynep
no3HUHH nna3MeHHOrO BpeMeHH H BpeMeHH C06HpaHHX HO· 
CHTeneH, o6ycnosneHHoro .n.peH:<t>oM no.n. .n.eHCTBHeM 3neKT
pHqecKoro nonx. 06IUHM HeJ].OCTaTKOM yKa3aHHLIX BLIWe 
pa6oT XBnXeTCX OTCYTCTBHe YJJ.06HOH J].nX BLI'IHCneHHH H 
o6ecne'IHBaiO~eH J].OCTaTO'IHYIO TO'IHOCTL aHanHTH'IeCKOH Ja

BHCHMOCTH .n.nx 'I IIJI • 

B nocne.n.Hee speMx nox:BunucL pa6oTLI/l7, 18/, r.n.e npu
BOJJ.HTCX aHanHTH'IeCKaX 3aBHCHMOCTL 'I fiJI OT COBOKynHOCTH 
napaMeTpOB, OnHCLIBaiO~HX J].BH)I(eHHe cryCTKa 3neKTpOHHO· 
JJ.LIPO'IHLIX nap B none p-n nepexo.n.a. CornacHo/17/, .n.nx 
KpeMHHeBLIX J],eTeKTOpOB npH KOMHaTHOH TeMnepaType Be
nH'IHHa T nJI onpe.n.enxeTcx BLipa)l(eHHeM: 

T - 132 10-IO ( E)l/3 F-1 IIJI - , • n I , /3/ 

r.n.e n1 - nuHeiiHax nnoTHOCTL reHepuposaHHoro x.n.epHOH 
qacTHUeH 3apx.n.a B npe.n.nono)l(eHHH paBHOMepHOH BJ].OnL Tpe
Ka reHepauuu, E - 3Heprux qacTHULI, F - Hanpx)l(eHHOCTL 
3neKTpuqecKoro nonx. 

B pa6on/18/ npe.n.no)l(eHa .n.pyrax <t>opMyna .n.nx Japx.n.a, 
co6paHHoro Ha 3neKTpo.n.ax: 

Q 
2 

ill_D TO 
4L a 

+ __ 4P_) 
3vDa T ' 

/4/ 

r.n.e L - paccToxHHe Me)I(JJ.Y TpeKoM u aHo.n.oM, f - .n.nuHa 
TpeKa, T - speMx /npu Q = Q0 , T = 'InJI /, f - JJ.H3neKTpu
qecKaJI nOCTOXHHaX KpeMHHX, /1 - nOJ].BH)I(HOCTL 3neKTpOHOB, 
D a- K03<i><t>HUHeHT aM6unonxpHOH .n.u<i><t>yJHH. B 3TOH )l(e pa-
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6oTe ,IJ;aiOTCji 'laCTHble peiiieHHji ypaBHeHHji 141 ,II;il.R cnyqaeB, 

Kor,IJ;a npeo6na,IJ;aeT nH6o 6oKoaoe pacTeKaHHe TpeKa, nH6o 

co6HpaHHe H3 Topua TpeKa. 

Ha puc. 3 noKa3aHbl pacc'IHTaHHble no tiJopMynaM 131 
H 141 3aBHCHMOCTH T11JI = f(F) ,IJ;ng HOHOB 136 Xe. llpH 

pacqeTe npHHHManHCb cne,IJ;yiO~He 3Ha'leHHjJ aenH'IHH: E = 
= 140 M3B, e = 20·10-

4 CM, L = 10-
2 CM, Da = 18 CM 2/c, 

11 = 1,4-103 cM2 /B ·c. KopHH ypaaHeHHjJ 'leTaepToil cTeneHH 

141 OTHOCHTeilbHO T Bbl'IHCiljiilHCb C TO'IHOCTbiO He Xy)l(e 1 tfo. 
KaK BH,IJ;Ho H3 puc. 3, nna3MeHHhle apeMeHa, Bhl'IHcneHHhle 

no 131 H 141, OTilH'IaiOTC.R B HeCKOilbKO pa3. Bbi6op Me)I(,IJ;y 

,IJ;ByMg tiJopMynaMH MO)I(eT 6b1Tb C,IJ;enaH ilHIIIb Ha OCHOBe 

10() 

~ 
QJ 
u 
I 

<100 
1-c 

100 10 
F kB·cNI1 
' 

Puc. 3. 3aeucuMocmb nAa3MeHHozo epeMeHu om HanpJIJICeH
Hocmu 3AeK111pU'leCK020 nOAJI. J • pac'lelll OAJI UOH06 136 Xe 
no (JopMyAe /4/, 2 - pac'lem OAJI uoHoe 136xe no (Jop
MyAe /3/, 3 - pac'lem no f/JopMyAe /3/ u cpaeHeHue c :JK· 
cnepuMeHmoM OAJI uoHoe t6o I E = 42 M3B/ OAJI mpex 
Oe111eK1110p06. 
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I 

cpaaHeHH.R c 3KcnepHMeHTanbHbiMH ,IJ;aHHhiMH. KaK noKa3aHo 

a pa6oTe/17< tiJopMyna 131 ,IJ;aeT o'leHh xopornee coana,IJ;eHHe 

c 3KCnepHMeHTOM ,IJ;il.R a -qacTHU c 3HeprHeH 5,5 M3B 
1 r :.::: 20 MKMI H 8,8 M3B IE ::! so MKMI H ,IJ;n.R HoHoa 16o 

c 3HeprHeH 42 M 3B I r :.::: 20 M KMI. llp.RMa.R 3 Ha puc. 3 
,IJ;eMOHCTpHpyeT npeKpaCHOe COBna,IJ;eHHe paC'IeTa no tiJopMyne 

131 ,IJ;ng 42 M3B 16 0 c 3KcnepHMeHTanbHO H3MepeHHblMH 

3Ha'leHHjJMH T
1
u ,IJ;ng Tpex pa3HblX ,IJ;eTeKTopoa. 3To y6e)I(

,IJ;aeT HaC B TOM, 'ITO aHanHTH'IeCKOe Bblpa)l(eHHe 131, npe,IJ;· 

no)l(eHHoe B pa6oTe Cei16Ta H ,IJ;p( 17 I, c ,IJ;OCTa TO'IHOH ,IJ;n.R 

HaiiiHX OUeHOK CTeneHbiO TO'IHOCTH MO)I(eT 6h1Tb HCnOilb30-

BaHo ,IJ;ng Bhi'IHcneHHjJ T lUI a IIIHpoKOM ,IJ;Hana3oHe nnoT

HOCTeil reHepHpoaaHHblX 3apg,IJ;oB. B ,IJ;anbHeilrneM Heo6xo

,IJ;HMoe ,IJ;ilji OUeHKH BpeMeHH )I(H3HH HepaBHOBeCHbiX HOCHTe • 

neil T
1
u

1 
6y,IJ;eT Bhi'IHCil.RTbCjJ no tiJopMyne 131. 

4. 11cnonh3yg pe3yilbTaTbl pHC. 2 H COOTHOIIIeHHe 131 
,IJ;njJ pacqeni T

11
J
1 

, Bbl'IHCnHM 3tWleKTHBHoe apeMg )I(H3HH 

HepaBHOBCCHblX HOCHTeneH. JTO BpeMg onpe,IJ;en.ReT OCO· 

6eHHOCTH peKOMfiHHaUHOHHbiX noTepb Ka)I(,IJ;OrO ,IJ;eTeKTOpa, 

nocKonhKY T
11

JI He 3aBHCHT oT KOHKpeTHblX napaMeTpoa 

MaTepHana ,IJ;eTeKTOpa, a onpe,IJ;en.ReTCji TOilbKO nnOTHOCTbiO 

3ilCI<TpOHHO- ,IJ;blpO'IHbiX nap H Hanpg)l(eHHOCTbiO 3ileKTpH'ICC • 

I<oro non.R .llo,IJ; 3tP4leKTHBHblM apeMeHeM )I(H3HH cne,IJ;yeT no

HHMaTb BpeMg, I<OTOpoe xapai<TCpH3YCT pei<OMfiHHaUHIO HC 

TOilbi<O B 06'beMe 'IYBCTBHTCilbHOH o6naCTH ,IJ;CTCKTOpa, HO 

H B npHnOBepXHOCTHOM cnoe: 

1 1 1 

r 3¢¢ 
lSI + ---

r - r 
0~ IIDB 

llpH'IeM, KaK Cile,IJ;yeT H3 pafioT/ 1 •19/ , r 1108 MO)I(eT fihiTb 

npeo6na,IJ;a10~CH BeilH'IHHOH, nOCKOilbi<Y ,IJ;ng T .R)I(eilbiX HOHOB 

3KcnepHMeHTanbHO Ha6nJO,IJ;aeTcg yaenH'ICHHe noTepb 3a

p.R,IJ;a B 5+10 pa3 no cpaBHeHHIO C a-qaCTHUaMH npH na,IJ;e

HHH HOHOB no,IJ; yrnaMH K noaepXHOCTH ,II;CTeKTOpa. 

CooTHOIIIeHHe 111, H3 KoToporo MO)I(HO nony'IHTb r 3¢¢ 
no H3MepeHHOH noTepe 3aps,IJ;a A, cnpaBe,IJ;nHBO nHIIIb ,IJ;n.R 

Manblx noTeph. B HarneM cnyqae npH Manhlx Hanp.R)I(CHH.Rx 

cMeiUeHHjJ A ,IJ;OCTHraeT 6onhiiiHX 3Ha'leHHH. BenH'IHHa 

I\ H3MeHJieTcg oT 0,4 ,IJ;O 0,09 npH U eM= 25 B. llo3TOMY 
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npHMeHeHHe l}lopMyJibl Ill npHBO,IJ.HT K 3aMeTHbiM OWH6KaM. 

)J,JIJI HCKJIIO'IeHHJI 3THX OWH60K 3anHWeM TO'IHOe Bblpa)l(eHHe 

,IJ.JIJI A. KaK noKa3aHo B pa6oTe/ 4/, 'IHCJio noTepsHHbiX 

HOCHTeJieH N MO)I(HO HaRTH H3 l}lopMyJibl: 

TITJI N = No ( 1 - e- --) . 
T 3¢¢ 

0TCJO,IJ.a 31}11}ieKTHBHOe BpeMJI )I(H3HH: 

r.u.e 

1 -1 
r 3 <P <P = T IIJI • ( En 

1
_ A ) 

A = ~ - .u.ons noTepJIHHoro 3aps.u.a. 
No 

161 

171 

B 111a611. 1 npHBe,IJ.eHbl pe3yJILTaTbl Bbi'IHCJieHHH r
3

q:<P no 

l}lopMynaM 17 I H 131 .u.ns 9 .u.eTeKTopoB npH 4 Hanps)l(eHHo

CTJIX 3JieKTpH'IeCKOro nons. CJie,IJ.yeT OTMeTHTh MaJibiH pa3-

6poc Bhi'IHCJieHHbiX 3Ha'leHHH r 'lq~<!J ,IJ.JIJI Ka)I(,IJ.Oro ,IJ.eTeKTOpa 

B OT,IJ.eJILHOCTH npH nepeXO,IJ.e OT O,IJ.HOrO 3Ha'leHHJI nOJIJI K 

.u.pyroMy. B uenoM o6paJUaeT Ha ce6s BHHMaHHe o'leHL HH3-

KaJI BeJIH'IHHa 7 3qJ<!J• , KOTOpaJI ,ZJ.a)l(e ,IJ.JIJI ero MaKCHMaJILHO

ro 3Ha'leHHJI 7 3¢¢ = 246 He l.u.eTeKTop 7 I npHMepHo Ha 

nopJI,IJ.OK HH)I(e BpeMeHH )I(H3HH ra, KOTOpoe npOJIBJIJieTCJI npH 

perHCTpaUHH a - qaCTHU IS/. TaKoe pa3JIH'IHe MO)I(eT 6b1Th 

CBJI3aHO 'laCTH'IHO C TeM, 'ITO B paCCMaTpHBaeMOM CJIY'Iae 

ypOBeHL B036y)I(,IJ.eHHJI nO'ITH B 30 pa3 npeBbiWaeT ypoBeHL 

B036y)I(,IJ.eHHJI, COOTBeTCTBYJOIUHH a -qacTHUaM, a TaK)I(e 

'laCTH'IHO C pOCTOM BKJia,IJ.a noBepXHOCTHOH peKOM6HHa

UHH. 

5. HMeJI H3MepeHHble 3Ha'leHHJI peKoM6HHaUHOHHbiX no

Tepb 3HeprHH, HanpJI)I(eHHOCTeH 3JieKTpH'IeCKOrO nOJIJI H Bbi

'IHCJieHHble 3Ha'leHHJI r ::l<!J<!J, MO)I(HO nOCTpOHTh e,IJ.HHYIO 

,IJ.JIJI BCeX ,IJ.eTeKTOpOB 3aBHCHMOCTh noTepb 3HeprHH OT yKa-

3aHHblX napaMeTpOB. )J.eiiCTBHTeJILHO, Fmax H '3¢¢ non

HOCTLIO xapaKTepH3YIOT Ka)I(,ZJ.biH ,IJ.eTeKTOp no OTHOWeHHIO 

K peKOM6HHaUHOHHblM noTepJIM, a 3aBHCHMOCTL, o6ycJIOB

JieHHaJI napaMeTpaMH perucTpupyeMoil qacTHUbl I A , Z , 
E , dE/ dx I, ,!J.OJI)I(Ha 6hlTL O.IJ.HOH H Toil )l(e, nocKOJILKY 

pe3yJILTaTbl OTHOCJITCJI TOJILKO K HOHaM 136 Xe C 3Hep

rHeH ~ 140 M3B. 
4 -1 -I 

Ha puc. npHBe,IJ.eHa 3aBHCHMOCTh L\E = f(Fmax· r 3¢¢) • 
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Puc. 4. 3aeucuMocmb nomepb 3Hepzuu om npou3eeoeHUR 
o6pamHbiX eeAU'IUH HanpRJICf!HHOCmU 3Aekmpu¥~f.KOZO nOAR 
u 3(/H/JeKmueHozo epeMeHu JICU3HU OAR uoHoe Xe. l(uf}jpbr 
coomeemcmey10m HOMepaM oemeKmopoe. 

3KcnepHMeHTanbH~e 3HaqeHHH peKOM6HHaUHOHH~X llOTepb 

,IVIH scex neTeKTopos u scex uanpx>KeHHii cMe~eHHH xopowo 

yKnaA~BaJOTCH Ha npHMYJO llHHHJO 

-I 
~E = K·<Fmax'r 3¢¢) . /8/ 

rne K = 23,2±0,2 M3B'KB·cM-I'MKCAilH uouos 
136

xec 

3Heprueii:: 140 M3B. 

Auanoruqu~e JaBHCHMOCTH MO>KHO nonyquTL nnx pxna 
npyrHX HOHOB, HCll0llb30BaB pe3yllbTaT~ pa60T/ll,20/. . 

CnenyeT oTMeTHTL, qTo B 3THX pa6oTax peJynLTaT~ no

nyqeHbl C AeTeKTOpaMH, H3rOTOBneHH~MH H3 KpeMHHH, 

ynenLH~e conpoTHBneHHA KOToporo ne>KaT B oqeub wupo

KOM HHTepsane 3HaqeHHH /290 + 23 000 0M' CM/. Ha puc. 5 

12 

I 

I 
' I 

I 
' 
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::f 12 
w- 10 
<l 8 

6 
4 
2j;~::~,' 
0 05 1.0 1.5 2.0 2.5 3.0 35 4. 0 4.5 50 

(FrnaX Teffr~ (KB / CM • MKC) -
1 

Puc. 5. 3aeucuMocmb nomepb 3Hepzuu om npou3eeoeHUR 
o6pamHbiX Of!AU'IUH HanpRJICf!HHOCmU 3AeKmpU'If!CKOZO nOAR 
u 3(/H/JeKmueHozo epeMeHu JICU3HU OAR uoHoe I, Ag , Au . 

-I -l 
llOKa3aH~ JaBHCHMOCTH ~E = f(F max · r 3q_H\;) AllH HOHOB HOAa, 

cepe6pa, 30llOTa llpH <iJHKCHpOBaHH~X 3HaqeHHHX 3HeprHH 

Ka>KAOrO HOHa. KaK BHAHO 83 pUC. 5, 3KCnepHMeHTanbHLie 

TOqKH XOpOWO llO>KaTCH Ha llpHM~e, B TOM qucne H TOqKH, 

KOTOp~e COOTBeTCTBYJOT rpynne AeTeKTOpOB, OTHeCeHHbiX 
B pa6oTax/Il ,20/ K B~COKOOMH~M. JuaqeHHH K03<ll<iJHl.I,HeHTa 

K nnx scex uouos coBMeCTHO c napaMeTpaMu, xapaKTepu

JYJOll.I,HMH qaCTHUY, npHBeAeH~ B ma6A. 2. 

Ta6Auija 2 

3uaqeuux KoJ4Kt>uuueuTa K AllH pa3nHqH~X HOHOB 

Hou E dE/dx 
z A M3B M3B/-<':Mr/cM2) K 

Xe 54 136 140 52 23,20 
1 53 127 60 40 10,50 
Ag 47 108 50 35 6,25 

Au 79 197 40 30 3,50 
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KaK BH,IJ,HO H3 ma6A. 2, ,IJ,ml .IJ.BYX HOHOB, HMelOI.l.UIX 

6nH3KHe A H Z /Xe H I I, aenH'IHHa K H3MeHHeTcJI npH-

6nH3HTenLHO nponopuHoHanLHO 3HeprHH HOHa. O,IJ,HaKo .D.JIJI 

HOHOB, HMeiOIUHX CHJihHO OTJIH'IalOI.QHeCJI A , Z , E H 

dE/dx , HeJih3JI 06HaPY*HTh KaKoi-nH60 npOCTOB CBJI3H 

c yKa3aHHhiMH napaMeTpaMH. Heo6xo.IJ.HMhl ,IJ,anLHeirnHe 3K

cnepHMeHTanLHhle Hccne,IJ,oBaHHJI noTepL 3apH.IJ.a .D.JIJI pa3-

nH'IHhiX HOHOB H aHaJIH3 3THX noTeph C uenhlO YCTaHOBJieHHJI 

3aKOHOMepHOCTH H3MeHeHHJI K03~HUHeHTa nponopUHOHanL

HOCTH B 3aBHCHMOCTH /8/. 

)J.eTeKTOphl, H3rOTOBJieHHble H3 BhiCOKOOMUOrO KpeMHHJI, 

He y,IJ,oaneTBopHIOT nony'leHHOB aaTopaMH pa6oT /II ,20/ 3M

nHpH'IeCKOB 3aBHCHMOCTH ,IJ,JIJI noTeph: 

1\E = K[ (dE/dx) - (dE/dx)crit ], /9/ 

r,IJ,e ( dE/dx) crit - HeKOTopoe KpHTH'IeCKOe 3Ha'leHHe 

y.D.enLHOB HOHH3aUHH, paaHoe 5,1±0,6 M3B/McCM- 2 
,a 3Ha

'leHHe K onpe,IJ,enHeTCJI COOTHOI.l.leHHeM 

K = (3,47±0,12) -10-
3 <Z-ll) 28 :S z :S 92. /10/ 

Pa3,IJ,eneHHe ,IJ,eTeKTopoB Ha BhiCOKOOMHhle H HH3Ko-

OMHhle Ha OCHOBe 3aBHCHMOCTH /9/ npe,IJ,CTaBJIJieTCJI HaM 

HCKyccTBeHHhiM. HecooTBeTcTBHe noTepL ,IJ,nH BhiCOKo-

oMHhiX ,IJ,eTeKTOpOB CBH,IJ,eTeJihCTByeT, no- BH,IJ,HMOMY, 0 He

,IJ,OCTaTO'IHOCTH npe,IJ,CTaBneHHB, pa3BHThiX B pa60TaX /II ,20/. 

Y'leT 3neKTpH'IecKoro nonJI npHBO.IJ.HT K TOMY, 'ITO ,IJ,nH acex 

paCCMOTpeHHhiX HOHOB BhiCOKOOMHble ,IJ,eTeKTOphl Y.IJ.OBJieT

BOpJIIOT 3aBHCHMOCTH /8/ HapaBHe c HH3KOOMHhiMH. Cy

mecTBeHHOe pa3JIH'IHe Me*.D.Y /8/ H /9/ 3aKniO'IaeTCH ei.Qe 

H B TOM, 'ITO ,IJ,JIJI 06'hJICHeHHJI 3KCnepHMeHTaJihHhiX pe3ynL

TaTOB B /9/ npe,IJ,nonaraeTCJI Cyi.QeCTBOBaHHe KpHTH'IeCKOB 

y,IJ,enLHOB noTepH 3HeprHH, KOTopyiO Heo6xo.D.HMO npHnH

caTL HeKOTOpOMY li>H3H'IeCKOMY npoueccy, HMeiOJ:UeMy CTpo

ro noporoBhiB xapaKTep. EcnH npe,IJ,qonaraTL peKoM6HHa

UHOHHbiB/IB,2I/, HJIH .D.H~Y3HOHHhiB/ 22 • 23/ xapaKTep no

Teph, TO TPY.IJ.HO npe.IJ.CTaBHTh cyi.QecTaoaanHe KaKoro-nH6o 

noporoaoro MexaHH3Ma. 

14 

6. lf3 paCCMOTpeHHOrO Bbll.l.le MO*HO C,IJ,enaTh CJie,IJ,yiO

l.l.Uie BhiBO,II,hl: 

a/ OCHOBHhiM MeXaHH3MOM noTeph 3apJI,IJ,a npH perHcT

paUHH CHJihHOHOHH3Hpy10IUHX 'laCTHU JIBJIJieTCJI peKOM6H

HaUHJI, KOTOpaH xapaKTepH3yeTCJI T :J¢<j:l:: 100 HC; 
6/ ,IJ,JIJI ,IJ,aHHOB 'laCTHUhl noTepH MOryT 6h1Th 3anHCaHbl 

B BH,IJ,e JIHHeBHOB 3aBHCHMOCTH OT npOH3Be,IJ,eHHJI ( T n.h.hF ):! 7 '-P'P rna x j 

B/ paCXO*.D.eHHe B BeJIH'IHHe noTeph 3apH,II,a ,IJ,JIJI BbiCOKO-

OMHhiX H HH3KOOMHhiX ,IJ,eTeKTOpOB B MO,IJ,enH, npe,IJ,JIO*eHHOB 

a pa6oTax/II ,20/, ycTpanJieTcH B paccMaTpHaaeMoi MO,IJ,enH 

noTeph 3apJI.D.a c y'leToM 3neKTPH'IeCKoro nonH; 

r/ aenH'IHHa K03~HUHeHTa K B Bhlpa*eHHH /8/ cno*

HhiM o6pa30M 3aBHCHT OT napaMeTpOB 'laCTHUbl, npOH3BO

.IJ.HI.QeH HOHH3aUHIO, H cna6o 3aBHCHT OT napaMeTpOB KOHKpeT

HOrO ,IJ,eTeKTOpa. 

ABTOp 6naro,IJ,apHT r .H.<I>nepoaa 3a nOCTOJIHHhiH HHTepec 

K pa6oTaM no nonynpoBO.D.HHKOBhiM ,IJ,eTeKTopaM, ID.ll.Xa

pHTOHOBa H A.B. PhiXniOK 3a noMOI.Qh npH BhiDOJIHeHHH pa6o

Thl. 
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