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BBE.llEHtiE 

nospe,:,nemrn 9neKTpoHHOA annapaTypu s pe3ynbTaTe 003-
.neAcTBHR KOCMHqecKoro H3nyqeHHR HnH pa,nHaUHOHHOro oony
qeHHR B0nH3H ,neACTBYDWHX g,nepHblX OOaeKTOB MOJ:eT npHBO
,llHTb K OTKa3aM HnH K asapHRM, 3aqacTYD C cepbe3HblMH noc
ne,llCTBHRMH. Il09TOMY He ocnaoesaeT HHTepec K naoopaTOP
HblM Hccne.nosaHHRM pa,nHaUHOHHOA CTOAKOCTH KOMilOHeHTOB 
9neKTpOHHblX cxeM C uenbD onpe,neneHHg H ysenHqeHHR HX pa
OoqHx pecypcoB B ycnoBHRX noBblmeHHOA pa,llHaUHH. 

,B H3BeCTHOA paOOTe BaTTHCTH H ,llp.11/onpe,lleneHbl HH
TerpanbHble ~nDeHCbl OblCTPblX HeATPOHOB H raMMa~KBaHTOB, 
KOTOpble Bbl3blBanH 3HaqHTenbHOe YXY.llill8HHe. OCHOBHblX. napa
MeTpOB nonynpoBO,llHHKOBblX npHOopoB H HHTerpanbHblX MHKpoc
xeM. 0,llHaKO, B oomeM cnyqae, MOJ:HO YTBepJ:,llaTb, qTo paOo
qffA pecypc cnoJ:HOA CHCT8Mbl B uenoM Hee OT,llenbHblX KOM
noHeHTOB He cosna,naDT. 

oonyqeHHe BCeA 9neKTPOHHOA CHCT8Mbl H3nyqeHHeM C 
OonbmoA.npoHHKaDmeA cnocOOHOCTbD, KOTopoe nyqmHM oopa30M 
BOCilPOH3B0,llHT peanbHYD pa.nHaUHOHHYD OOCTaHOBKY, Il03BOng-
eT npasHnbHO onpe.nenHTb paOoqHA pecypc cnoJ:HOA 
o,nHaKo He ,naeT oTBeTa Ha oqeHb saJ:HblA sonpoc: 
oonyqaeMblX O,llHOBpeMeHHO KOMilOHeHTOB CHCT8Mbl 
HaHOonee pa,nHaUHOHHO HeCTOAKHM. 

CHCT8Mbl, 
KaKOA HS 

gsnffeTcg 

B HacTogmeA paOoTe c.nenaHa nonblTKa ycTpaHHTb 9TH He
.nocTaTKH. C 9TOA uenbD npHMeHeH npHHUHn cpaBHHTenbHoro, 
HnH napannenbHoro, aHanHsa pa,nHaUHOHHblX nospeJ:,lleHHA, 
3aKnDqaDmHACR B O,llHOBpeMeHHOM Ha0nD,ll8HHH 3a nose,neHHeM 
o~nyqaeMOA H KOHTpOnbHOR 9neKTpOHHblX CHCTeM. CaMble HHTe
pecHHe pesynbTaTbl nonyqaDTCR, ecnH nocne,lloBaTenbHO H 
pas.nenbHO oonyqaeTcg KaZ,llblA-KOMilOHeHT cnoJ:HOA CHCT8Mbl. 
STOT npHHUHn npHMeHRncg paHbme ,nng HsyqeHHg cooes sano
MHHaDmHx YCTPOACTB, nyTeM no,llcqeTa KOnHqecTBa OWHOOK B 
HH~OpMaUHH, xpaHgmeAcR B oonyqaeMOA "naMgTH", no cpaBHe
HHD C HeoonyqeHHOA (9TanOHHOA) 11 naMgTbD'! 

cymecTBeHHblM 9neMeHTOM 9Toro MeTo,na asnffeTcg npHMe
HeHHe HCTQqHHKOB, ,llaDmHX YSKOHanpasneHHblR nyqoK HSnyqe
HHff, KaKOBblMH ffBnffDTCa YCKOPHTenH sapaJ:eHHblX qacTHU. 
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803MO%HOCTb MOAeJIHPOBaHH8 pa3JIHqHNX BH!OB H3JiyqeHH8 ONJia 

nposepeHa, HanpHMep, s paOoTe/ 21, s KOTopoA onpeaeneHa 

KOJIHqecTBeHHa8 xapaKTepHCTHKa HX noapex!aDmero soaneAcT

BH8 Ha napaMeTpli KpeMHHeBNX TpaH3HCTOPOB H HHTerpaJibHliX 

MHKpocxeM. 

METOnHKA SKCilEPHMEHTA H PE3YAbTATli 

CpaBHHTeJibHliA MeTO!.aHaJIH3a panHaUHOHHNX nospexne

HHA C pa3aenbHliM oonyqeHHeM KOMilOHeHTOB 3JieKTPOHHHX CHC

TeM HCil0Jlb30BaH Ha npHMepe 3JieKTPOHHHX UHtPOBliX qacos. 

OCHOBHHM KOMilOHeHTOM 3JieKTPOHHOA cxeMN. qacos 8BJI8eTCR 

HHTerpaJibHa8 MHKpocxeMa (THna MC1210Nl, npeacTasngomaR 

cooon reHepaTop, cTaOHJIH3HpoaaHHHA KsapuesuM pe3oHaTopoM 

C 23 - CTyneHqaTNM neJIHTeJieM qacTOTN, KOTOpag ynpaBJIReT 

maroBNM ABHraTeJieM YCTPOACTBa BHCseqHsaHHR u~;p, coopaH

Horo Ha 3JieKTPOJIDMHHecueHTHHX AHOaax. KpoMe iToro KOMno

HeHTa oonyqeHHD noasepranacb MHKpocxeMa THna LM8560 H 

nnaHapHNA TpaH3HCTOP THna BC237. nnR OOJiyqeHHR HCilOJib-

30BaJIHCb asa HCTQqHHKa HanpasneHHOro H3JiyqeHHR: 

a) CTPOHUHeao~HTTpHeBNA H30TOilHHA HCTOqHHK, H3JiyqaomHA 

Il03HTPOHH co cpeaHeA 3HeprHeA npHMepHo 1 M38 H C HHTeH
CHBHOCTbD ·oKOJIO 3x108 qacTHU B ceKyHny C noaepxHOCTH B 1 
CM 2 . 3TOT HCTOYHHK, 3aKJIDqeHHHA B aJIDMHHHeBO-CBHHUOBHA 

Kopnyc, oonaaaeT HennoxHMH xapaKTepHCTHKaMH HanpasneH

HOCTH H He BJIHReT Ha coceaHHe KOMilOHeHTN, HaxoaRmHeCR Ha 

neqaTHOA nnaTe C onHOCTOpOHHHM MOHTaXOM; 

0) YCKopeHHlie Ha MHKPOTPOHe THna MT-25 3JieKTPOHli C 3Hep
rHeA 25 M38 KOJIJIHMHPOBaJIHCb B OKHO nnomanbD 1 CM2 , 
cpeaHRR .HTeHCHBHOCTb - 2x109 3JieKTPOHOB B ceKyHny. 

UH$POBlie TaOJIO OOOHX qacos OHJIH BNBeaeHH Ha nyJibT 

ynpasJieHHR,H HX noKa3aHHR 3anHCHBaJIHCb B TeqeHHe scero 

apeMeHH nposeaeHH8 3KCnepHMeHTa. H3Mepgnacb BeJIHqHHa OT

CTaBaHHR qacos, B KOTOPHX OOJiyqaJICR OAHH H3 HX KOMilOHeH

TOB, no cpasHeHHD C XOAOM 3TaJIOHHHX qacos. C ToqHOCTbD 

± 1 ceKyHaa pa3HOCTb noKa3aHHA OOOHX qacos H3MepRJiaCb B 

qepenyDmHXCR UHKJiax_ OOJiyqeHHR H H3MepeHHR, npHqeM Ha 

speM8 H3MepeHH8 OOJiyqeHHe npepusaJIOCb. 
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Ha PHCYHKe npHseneHH peayJibTaTH aHaJIH3a 3KcnepHMeH

TaJibHHX qacos, B KOTOPNX oonyqancg onHoBpeMeHHO TOJibKO. 

onHH H3 .KOMilOHeHTOB 3JieKTPOHHOA cxeMN. OCHOBHOA napa

MeTp, KOTOPNM 8BJI8eTC8 TOYHOCTb xona, H3M8p8JIC8 B enHHH

uax CKOPOCTH OTCTaBaHH8, paBHOA speMeHH OTCTaBaHH8 

(MHH. (OTCT.) ) , ):(eJieHHOMY Ha speM8 H3MepeHH8 (MHH. (H3MJ ) . 

ropH30HTaJihHaH ocb nporpaayHposaHa s eaHHHuax HHTer
paJibHoro tJIDeHca qacTHU (YaCTHU/CMZ). 
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3aBHCHMOCTb. yseJIHqeHHR CKOPOCTH OTCTaBaHHR 3KCnepH

MeHTaJibHNX qacos B P~3YJibTaTe OOJiyYeHHR MHKpocxeMH 

MC1210N: e - OOJiyqeHHe Il03HTPOHaMH Ha ~CTOYHHKe, o ~ 

OOJiyYeHHe 3JieKTPOHaMH Ha MT-25. HaanHCRMH OTMeYeHH 

pe3y Jib Ta TN OOJiyqeHHR JpyrHX KOMilOHeHTOB cxeMbI: TpaH3I-IC

TOpa BC237 H MHKpocxeMH LM8560 

KaK BH!HO, nocne oonyqeHH8 MHKpocxeMN MC1210N HHTer
paJibHNM tJIDeHCOM OKOJIO 2x1013 qacTHU/CM 2 IlORBJIReTCR OT

CTaBaHHe 3KcnepHMeHTaJibHNX qacos, KOTopoe 3aTeM ONCTPO 
I 

yseJIHqHsaeTCR. IlPHHUHnHaJibHHX pa3JIHqHA nospexnaomHX cno-

COOHOCTeA Il03HTPOHOB H 3JieKTPOHOB He HaOnonaeTCR. 

AHaJIH3 paaHaUHOHHNX noapexneHHA qacos ONJI npononxeH 

nocne 3aMeHN MHKpocxeMu, sumeamen H3 CTPOR. B 3TOM cny

qae oonyqanacb MHKpocxeMa LM856D. nocne ee oOnyYeHHR 
HHTerpaJibHNM ,nDeHCOM ~ 4 X 1013 qacTHU/CM 2 npOH30WJia 
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noRHaR OCTaHOBKa 3KCnepHMeHTaRbHllX qacos npH npaBHRbHOR 
paOOTe YCTPORCTBa sucseqHsaHHR speMeHH. 3TO OTMeqeHO co
OTBeTCTBYDWeR HannHCbD Ha pHCYHKe. 

3aTeM, nocne saMeHu MHKpocxeMu, oonyqeHHOR s npenu
nymeM 3KcnepHMeHTe, oonyqancR TPaHaHCTOP BC237. nocne 
HaOopa HHTerpaRbHoro $RDeHCa oonee 6Xlo13 qacTHU/CM2 Ha
qaRHCb OTKa3ll B sucseqHBaHHH OTneRbHllX UH$P Ha YCTPOACT
se sucseqHBaHHR speMeHH no nonHoro HcqesHoseHHR scex 
UH$p. npH 3TOM TOqHOCTb 3KcnepHMeHTaRbHllX qacos OCTa
sanacb BllCOKOR.· 3aMeHa oonyqeHHOro TpaH3HCTOpa BOCCTa
HaBRHBaRa TTORHYD HcnpaBHOCTb 3KcnepHMeHTaRbHllX qacos. 

3AKJID4EHHE 

npHseneHHUe sume pesynbTaTu 3KcnepHMeHTOB naneKo He 
HcqepnusaDT scex BO3MOXHOCTeR aHaRHaa panHaUHOHHoro nos
pexneHHR naHHOR cxeMll npH HCnORb30BaHHH onHcaHHoro MeTq
na. 8 qacTHOCTH, BO speMR 3KCnepHMeHTOB HaORDnaRCR 3$
~eKT HeOonbmoro ysenHqeHHR OTCTaBaHHR qacos npH TTOBTOP

HOM H3MepeHHH Oe3 oonyqeHHR. 
Ha OCHOBe sunonHeHHllX_ HCCRenosaHHR MOXHO cnenaTb BU

son O TOM, qTo,HeCMOTPR Ha npoCTOTy,onHcaHHllR sume Me
Ton npencTaBRHeTCH nepcneKTHBHllM nnR TeCTHPOBaHHH CROX
HllX 3ReKTPOHHllX YCTPOACTB C ueRbD HaxozneHHR HaHOORee 
panHaUHOHHO HeCTaOHRbHllX KOMIIOHeHTOB A.IHI ou;eHKH ' BRHHHHR 
yxynmeHHH HX napaMeTpOB Ha paOoTocnocoOHOCTb YCTPORCTBa 

s uenoM. 
npononxeHHe TaKoro pona HccnenoeaHHR npennonaraeTCH 

B naRbHeRmeM. 
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IloKa3aHbl rrpenMym,eCTBa cpaBHHTe.llbHOI"O MeTOAa HCC./le'AOBaHHSI 
paAHaIJ;HOHHblX IIOBpe~eHHH 3./leKTpOHHOH arrrrapaTyphl, KOTOpbIH 3aIUIIOqa
eTCSI B COIIOCTaB./leHHH rrapaMeTpOB 06.11yqaeMoro H KOHTPO.llhHOro o6pa3IJ;OB. 
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poHHhIX n;mppOBhIX 11acoB. 
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Analysis of Radiation Damages of Electronic Circuits 
by Separate Irradiation of Their Components 
with a Collimated Charged Particle Beam 
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Some advantages of the comparative method of studying the radiation 
damages of electronic devices which includes parameter comparison of 
irradiated and test samples are shown. The analysis of damages is performed 
at separate irradiation of the electronic circuit components while its operation 
in the main regime of the device. The purposeful irradiation is carried out by 
well-collimated charged particle beam, in this case the principle of simulation 
of different types of nuclear radiation in view of their damage abilities is used. 
Experiments have been performed with the scheme of an electronic digital 
watch. 

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