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Annomayus. PaccMoTpeHbl MeTOIbl obecriedeHus WHGOOPMALMOHHONW 0€30MacHOCTH, KOTOpbIE
OCHOBaHbI Ha MPUMEHEHUHU (PYHKIHOHAIBHO-IOTUYECKOT'0 MOJCIUPOBAHUS OONBIINX ITU(PPOBBIX
uHTerpaibHbIX cxeM (CBUC) mpu Bo3meHCTBHM MOHM3UPYIOMIETO M3mydeHus. [lokazaHo, 4To
KPaTHOCTh y3Jla ¥ MOIIHOCTh CIEKTpa 00jee TOUHO ONMMCHIBAETCS MPH MCIOJIb30BAHNUN MOHATHUS
HEYETKOM  KpaTHOCTH. [IpemiokeHbl  METOIbl  MPOTHO3UPOBAHUS  WHOOPMAITMOHHOM
6e3onacHoct BMC mpu BO3MEWCTBUM MOHHU3UPYIOIIETO H3JIy4YEHHS, KOTOpbIEe OCHOBAHBI Ha
MOJIEIM HEYETKOr0 HU(POBOIO M BEPOSITHOCTHOIO HAJAEKHOCTHOTO aBTOMaroB. [Ipuuem
XapakTep HMX HM3MEHEHUs Npu OOIYYEeHMHM 3aBHUCUT OT MHOTUX (DaKTOpOB, BKJIIOYAs THII
U3ITyYEHUsl, €r0 UHTEHCUBHOCTD M CHEKTP, BUJl KPUTEPHAIILHOTO MapaMeTpa XapakTepu3yIouero
pamuanmonHyto croiikocth UC, pexum paboTbl mukpocxeM. [loaTomy B pa3HBIX auama3oHax
YPOBHEW WJIM MHTEHCUBHOCTEW Bo3aehcTBUsA Moaenb MC MOXeT HOCUTh KaKk HEYETKHH, Tak U
BEPOATHOCTHBIA XapakTep. [IpoBeneHHs Takoro COMOCTaBJICHHS SBISETCS HEOOXOAUMbBIM
ATanom oOIel mpoleIyphl aHaIu3a paarnauonHon croitkoctu UC.
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CMOS VLSI at impact of the radiation
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Abstract. The methods of information security, which are based on the use of functional-logical
modeling of very large digital integrated circuits (VLSI) under the influence of ionizing radiation
are considered. It is shown that the multiplicity of the node and the power of the spectrum are
more accurately described when using the concept of fuzzy multiplicity. Methods are proposed
for predicting LSI failures when exposed to ionizing radiation, which are based on the model of
fuzzy digital and probabilistic reliability automata. Moreover, the nature of their changes during
irradiation depends on many factors, including the type of radiation, its intensity and range, type
a criteria parameter characterizing the radiation resistance of ICs and work mode. Therefore, in
different ranges of levels or intensities of the impact of the IC model can be either of fuzzy or
probabilistic nature. Carrying out such a comparison is an essential step in the overall analysis of
the IC radiation resistance.
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BBenenue

Kak, mpaBuio, B yclIOBHUSX BO3ACUCTBHS paJMallid HCIOJb3YyEeTCsl MOJENb HU(pPOBOTro
aBTOMarTa C MPUBJICYCHUEM alIapaTra TEOpUH BeposiTHOCTU. B ciydae, korma HeoOXoauMm yder
buszndeckux mexann3aMoB otkaza CBUC, To moctpoenne (QpyHKIIMOHAIBHO-TOTHYECKON MOAETH
TAaKOro Kjacca IMpEAINoyiaracT HCIOJIb30BaHMUS HedeTkoro uudposoro aBromara bpayspa u
NEepexXo]l OT AKCMOMAaTUKH OYJIeBOM pelIeTKd K aKCHOMAaTUKe BEKTOPHOM pelIeTKH i KaxXa0ro
xe X[1, 2]. Peanpnbiii xapaktep pamuanumonHoro mnoseaeHus CBUC onpexpensercs
COOTHOILIEHUEM PaIallMOHHO-UyBCTBUTENIBHBIX IAPAMETPOB €€ 3JIEMEHTOB C YYETOM KPaTHOCTHU
y3na u momHoctu crnektpa CBUC. B stom cimyuae Oosiee TOYHAash OILIEHKAa BO3MOXKHA IIPH
WCIIOJIb30BAHUM  TIOHATHSA  HEYeTKOM  KpaTHOocTH. CoOOTHOIIEHHE MeXay  GyHKIHEH
pacripeiesieHust TUIOTHOCTH BEPOSITHOCTH M KpUTepualbHON (pyHKIMelH mpuHaaiexxHoctu (KDIT)
omnpezenseT, B KOHEYHOM MWTOre, IeJecO00pa3HOCTh HCHOJB30BaHUA (YHKIMOHAIBHO-
JOTUYECKUX Mojened paauanuoHHoro mnoBeneHuss CBUC npuMEHHUTENbHO K  KaXIOMy
KOHKPETHOMY cCilydaro. Takoe COIOCTaBJIEHUE SIBIISIETCS HEOOXOJMMBIM 3TaloM IpU aHaIu3e
panuanonHou crorikoctu CBUC.

JepeBo Tomosiornu MoaeJupyoueid cpeabl

Hns omenkn momHocTH cnektpa aepeBa tonosnorun KMOII CBUC ¢ npumeHeHunem
HEYETKUX YHCENl MPU paJUallMOHHOM BO3JEHCTBUM B pabore [2] ObutM JaHBl ONpeneacHUs
KpaTHOCTH y37a M MomHocTu cnekrpa aepeBa CBUC. B stom cinydae Gosiee TouHasl OIEHKA
crorikoct BC Bo3MOKHA NpU UCTIOJI30BAHUU MTOHSATHSI HEYETKOM KPaTHOCTH.

Kak mpaBuio, ¢ yBeIWYeHHEM MOTJIOMIEHHON JI03bl HMOHU3UPYIOIIETO HW3ITyYeHUs
aMIUTHTYJa WMITYJIbCA JIOTHYECKOTrO JJIeMeHTa [ € [0,1] ymenbmaercs [3, 4], u coOCTBEHHas
BEPOATHOCTh TEPEKIIOYCHHS DJIEMEHTa TOXE YMEHBIIAeTcs. JTO YMEHbBIIEHUE BEPOSTHOCTU
MOXHO HHTEPIPETUPOBATH KaK OBl YBEIWYEHUEM IOpora cpadaTeiBanus [, € [0,1].

B kauectBe mpumepa Ha puc. | mpuBeIeHBI IKCHEPUMEHTalbHBIE Pe3yJIbTaThl pa3dpoca
U%%x unmoB KMOII nm@poBbIX MHTErpadbHBIX MHKPOCXEM OIIEPATUBHOIO 3aIlOMHHAIOMIETO
yctporictea (HIUMC O3VY) cepun 1617PY6 u uX TpaH3UCTOPHBIX CTPYKTYP, KOTOpPBIC
COOTBETCTBYIOT HOpPMaIbHOMY pacmpenenenus I'aycca. ITockonbKy mucrepcus o 3aBHCAT OT

MOTJIONICHHOW JI03bI OOJIydeHHWs, TO 110 BepxHEW OIleHKH (6) MOXXHO YCTaHOBUTh H
MaKCHUMAaJIbHYIO JI03y OOJTydeHHUSI.
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Puc. 1. Pacnpedenenus ycpeonennwix no naacmune U’y yunos KMOII IJTUMC O3Y 1617PY6 om
003bi (1), Unop n- u p- kanansuvix MOII mpansucmopog (2, 3), nonyuenusie na yckopumene 31eKmpoHO8
cEe=130
(Fig. 1. Distributions of averaged over the chip logical zero output voltage CMOS VSLI RAM
1617RUG from the dose (1), threshold voltage of n-channel and p-channel MOS transistors (2, 3)
obtained at an electron accelerator with Ee = 130 keV)
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Ilyctb W3 y3/1a COECOMHEHUH JIOTMYECKHX OJJIIEMEHTOB BBIXOAUT 7 BETBEU. Y3el
BBIOMPAETCS] C MaKCUMaJIbHBIM KOJIHMYECTBOM CBs3eH (KpuTuyeckuii y3en). KpaTtHocTh y3na B

cllydae m =n pealu3yercs INpu HOpMalnbHOW pabore. Ilpm sTOoM, ecmu [, HaymHaer

npUOIMKaThCS K /, BOSHUKAET 30HA HEYCTOMYMBOCTH, B KOTOPOW 3JIEMEHTHI MEPEKIIOYAIOTCS
CIydyallHBIM 00pa3oM M KpPaTHOCTb y3Jla CTAHOBUTCSA HeompeaeneHHOW. Ee BenmumHa, Kak
W3BECTHO [5 - 7], MOXXET OBITh BBIpaKE€HA HEUETKUM YHCIIOM. JIJIsl yIpOIIeHHs OIIEHOK B JAHHOM

paboTe UCTIONIB3YIOTCS TPEYTOJIbHBIE (L - R) HEYETKHE YHUCIIA.
B Toke Bpemsl BeNWYMHBI MOPOTrOB [/, paclpeiesieHbl 10 HEKOTOPOMY 3aKOHY f (x)

TakoMy, 4To f (x)—) 0 (Puc. 2). Tak kak MareMaTu4deckoe oxupaHue & =/[,, TO yBeIUUCHUE
x—0

x—1

03Bl 00ydeHus: & — [ U pacnpejielieHue cMeIaeTcs BiupaBo (myHKTup Ha Puc. 2).
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Puc. 2. @ynxyus pacnpedenenus nopo2o6o2o HANPA}CEHUA NEPEKIOUeHUs. T0SUYECKUX dTIeMEHMO08
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~ X
(Fig. 2. Logic threshold switching threshold function - f(x) = f( ))

Moz[a HCYCTKOI'o 4yuciia, O4€BUIHO, 3aBUCUT OT BCIIMYUHBI:
[
S = I £(x)ax,
0

a pa3MbITHE OT MUHUMAaJIbHON Pa3HOCTH BBIPAXKAETCS COOTHOIIEHUEM [8]:
min{($(¢)-S@)), (S, (£)- Q).
rae S, - MaKCUMallbHOE 3HAUCHUE S.

B sTOoM ciywae paccMOTpUM HEYETKHE 4YHCla KpaTHOCTU Y3J0B A JABYX (yHKUMN
pacnpenenenust [, - 'aycca u Jlamnaca.
Jly11 HopManbHOTO 3aKOHA pacnpezeneHus ["aycca crpaBeaIuBO paBeHCTBO:

S, =— e 7 dx=@ = |+

rue (D(z) - UHTErpal BEpOsSTHOCTEH.

Crpasa B (1) pyHKIHS cHMMETpUYHAsi OTHOCUTENILHO & = 5 Y TIPU COOTHOIICHUH — > 4B
o

. . . /
9TON TOYKE UMEEeTCs CIalblii MAKCUMYM, paBHbIN 2D —.

20
Takast 0cOOCHHOCTh (YHKIMH MO3BOJISIET HCIONB30BaTh MPOCTYIO TpamelenIaIbHYO
~ /
anmpokcumanyio S (Puc. 3) [9], tne o =—, x = é, a>4, 0<x<a.
o o
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Puc. 3. Tpaneyeudanoras annpoxcumayus 6enudunsl S ; O HOPMAIbHO0 3aKOHA PACHPEOeNeHU

(Fig. 3. Trapezoidal fitting of SIE )}Zi(iihe normal Gaussian distribution law)
B sTom ciyyae Moly HEUETKOTO YMCIIa MOKHO 3aIiCaTh B BUJIE BbIPaKEHHUS:
Mg =[n-S6(x)l, )
[Tomyuyennas pa3mbiTas GyHKIHS (2) ©UMEET CIeIYIONTUN BU/I:
A =2[n-min{S, (x)-0.5) (1-5,(x))). 3)
rae o — \/m <x<«.

B Beipakenusx (2) u (3) [Z ] - Tenas 4acTh [Z ]
Torna u3z popmy (2) u (3) momyqnm, (L — R) HEYETKOE YHCIIO, KOTOPOE MPEICTABIISICTCS B

BHJIE paBHOOEApeHHO! (yHKIMH ¢ ocHoBanueM A, (Puc. 4).

0

12 Mz-05A Mg M, +05A n
Puc. 4. Heuemroe uucio kpamuocmu y3na cOeOUHEHUsL I02UYECKUX INEMEHINO08
(Fig. 4. Multiplicity fuzzy number of the node connecting the logical elements)

1 |x
Ecnu x<a—§ EX TO pa3MbITHE HE BKJIIOYACT #.MAapaMETPOB M COOTBETCTBYIOIIAsS

3TOMY CITy4alo, MOTJIOIIEHHAs /10332 HOHU3UPYIOLIETO U3JTy4YEHHUsI CUUTACTCS KaTacTPO(hUUIECKOM.
B sTom cnyuae, npezenbHas NOTJIOMIEHHAS 1032 OMpeeNsieTcs CaeIyIOINM PaBeHCTBAMU:

xmax:a_l\/g WA é:max:l_g\/gzl_0636. (4)
2\ 2 2V2

[TomryuenHbie BoIpaskeHus (4) cipaBeUIUBHI AJIsl OTHOTO Y3Ja.
Jlis GonpIIoro KoJIM4YeCTBa y3J10B JiepeBa pacnpezaeneHue Jlamnaca umeer:
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I |r=¢| x—a —x
e +e
S, e Par=1-C e 5
L 2ﬁ-([ 2 %)

& !

rae x=-—, a:E’ a>x, a>4.

Oynkumst pacnpenenenus Jlammaca (5) anamormuno pacnpeneneHuto I'aycca (1) m ee

MOKHO allPOKCUMHUPOBATh TakXke TpaneuenganbHoi gpyukuuein S, (Puc. 5).

~

SL’SL §L
1

0,5

01 05¢ g-1¢ Xx
Puc. 5. Tpaneyeuoanvras annpokcumayusi S, 015 pacnpedenenus Jlaniaca

(Fig.5. Trapezoidal fitting S, for Laplace distribution)

HpI/I OTOM MOJa W PasMBITHC HCYCTKOI'O 4YHCJIa COOTBETCTBEHHO PaBHO COOTHOIICHUAM
[10]:

M, =[n-S,(x)], (6)
A, =2[n-min{(S, (x)- 05} (1-5,(x))]. (7)

rae [Z] - uenasyacth Z, a—1<x<a.

Hcnonw3oBanue pacnpenenenve ¢yHkinuu Jlammaca mnpeamodturenbHee, TaKk Kak B
o0acTv MaTeMaTUYECKOTr0 OKUIaHHUS UIMEET 3HaYMTeNIbHO MEHbIIUI pa3opoc.

Jlnsi HeCUMMETPHWYHBIX 3aKOHOB pacmpenencHuss ¢opmynsl (2) — (7) ocramTcs
CIOpaBeUIMBBIMKM, HO C JPYTUMH TpeaeiaMd H3MeHeHHs O0OOOLIEHHOro mapameTrpa Xx.
HopmupoBka x ocCylIecTBisieTcss 1O HEKOTOPOMY XapaKTEpHOMY MapaMeTpy pa3MbITUs
pacnpenenenus [11].

Jl71s oLeHKH MOIIHOCTH JiepeBa HE0OXOAMMO CYMMHPOBATh HEUETKHE YHCIia, HO CpeHee
3HAUCHMsI, KaK OmpeneieHo B pabore [3], BBIYHMCIAIOTCS 4Yepe3 CpeiHee 3HAaueHUE MO U
Pa3MBITOCTH.

B sTom cnyuae, cpeaHsis BeIMYMHaA MOl paBHA!

>
Mi
MZ = %J (8)

rae K - gucrno y3inoB B aepeBe, M, - Moa HEUETKOTO YiCaa i — 20 y3ia.

CpenHsst pa3MbITOCTb ONPEAEIAETCS U3 COOTHOLICHHUS:

>
Ai
AZ = iT, (9)

rae A, - pa3MBITOCTh HEUETKOTO YHCIIa | — 20 y3Ia.
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TakuM 00pa3zom, MOLIHOCTH JIepeBa BBIPAXKAETCS TAKKE HEUYETKHM YHCIOM, HO MOJa U
Pa3MBITOCTh KOTOpPOTO, ompeaesieMmbie o ¢opmynam (8) u (9), He obs3arenbHO 1enbie. Eaun
Pa3MBITOCTh HE 3aXBaThlBAa€T MaKCUMAaJbHbIE 3HAYEHHUS MOILIHOCTH, MpHUBEACHHBIE B [3], TO
COOTBETCTBYIOIIAsl TOIJIOIIEHHAs! J03a HW3JIy4eHUs CUYHMTAETCS KaTracTpo(UUecKoi, MpHueM
MEHbIIIE YeM JUIsl OHOTO y37a [12].

Opnako, TaHHasl OLIEHKA OCTAaeTCs 3aBBIIICHHOM, TaK KaK HE YYUTHIBaeTCa TOT (akT, 4To
JUIS Y3JI0B NPOMEXYTOYHOI'O YPOBHS JIepeBa, NMPU HE MEPEKIIOUEHUH KaKOTO-TO 3JIEMEHTa,
KpPaTHOCTh COOTBETCTBYIOIIETO y3j1a cuuTaeTcs paBHoi 0.

3akiroueHue

ObGecneuenne  uHpopmarmonHoit  6e3omacHoctn  KMOIT  CBUC B ycmoBusx
MOHU3UPYIOIIET0 U3TYUYCHHS ONPENEsieTCs] KOHKPETHBIM CIeKTpoM JepeBa Tonosoruu CbUC n
COOTHOILIEHUEM PaAJAMALMOHHO-UYYBCTBUTEIBHBIX IapaMEeTPOB: KPATHOCTH Y3JI0B, MOIIHOCTHU
CIEKTpa JiepeBa, MOJIbl HEYETKOro 4yucia. B 3ToMm ciydyae cooTHouleHHE MexXIay (pyHKuuen
pacnpeneneHusi pazdpoca M MOJbl HEYETKOTO 4YHUCIA ONpEeNeNseT, B KOHEYHOM UTOre,
1eJIeCO00Pa3HOCTh HUCIOJB30BaHUs (YHKIMOHATBHO-TOTMYECKUX MOJeNel paJualiOHHOIO
noeeneHuss CBUC mpuMEHMTENBbHO K KaKIOMY KOHKpETHOMY ciydaro. [IpoBenenuwe Takoro
COTIOCTABJICHUSI SIBJISIETCSI HEOOXOIMMBIM 3TarioM oOIIed Mpoueayphl aHajdu3a paaualuoOHHON
croiikoctn CBUC. Ilpu 3TOM ciemyeT OTMETUTh, YTO B pa3HbIX JAMANa3OoHaX YPOBHEW WU
MHTEHCUBHOCTEH BO3JEHCTBUA OIIEHKAa MOUIHOCTU crnekTpa aepeBa Tomnosnorun CBUC moxer
HOCHUTb KaK HEUETKUH, TaK U BEPOATHOCTHBIN XapakTep. [Ipu 3ToM HeueTkas KpaTHOCTh MOXKET
3aJaBaThCs B N-MEPHOM IMPOCTPAHCTBE C COXpPaHEHHEM 0a30BBIX IapaMeTpOB MOJETH, a
pamuarmonueie 3¢ dexTrr, Bo3HuKatome B CBUC, mpu pasnuyHbIX YPOBHAX OOJydeHHS,
OLICHUBAIOTCS B HEHl 1O U3MEHEHHUIO OJHOTO U TOTO K€ MapaMeTpa CUCTeMbl. Takas CTpyKTypa
MOJIETIN  SIBJSIETCSI BEPOSTHOCTHO-HEYETKOW C OMeparopaMu BEPOSITHOCTHOTO THMA, a
KpuTepuaiabHas (QYHKUMS TPHUHAUICKHOCTU SBISIETCA CYNEPHO3UIMEN CTaTUCTUYECKOM U
JNETEPMUHUPOBAHHON KpHUTEpUATbHON (QYyHKIMEH npuHamiexHocTH. [Ipu 3ToM, ompeneneHa
B3alMOCBSI3b HEUYETKOW KPATHOCTU U BEPOSTHOCTHOM JIOTHMK, MO3BOJISIIONIAs Haubosiee TOYHO
orieHuBaTh kauecTBo PpyHkmonupoBanus CbUC npu Bo3nelcTBUM paaualiiy.

CIIMCOK JIMTEPATYVYPGLI:

1 Frank M.J. Associativity in a class of operations on spaces of distribution functions. Aeguationes Math 12
(1975), 121-144.

2 V.M. Barbashov, N.S. Trushkin Evaluation performance of digital integrated circuits while exposed to radiation.
2016 1IOP Conf. Ser.: Mater. Sci. Eng. 151 012011.

3 B.M. Bap6amos, b.U. Iogneneuxuii, H.C. Tpymkun MonenupoBaHue pajialdioOHHON HaJEKHOCTH PPOBBIX
YCTPOMCTB Ha PYHKIMOHAIBHO-JIOTHYeCKOM ypoBHe. Jlatunku u cuctembl. — 2016.— Ned, c. 54-57.

4 Tpetuep I'. Obmias Teopus pemerokx. M.: Mup, 1982. 456 c.

5 Heuetkue mHOXecTBa 1 Teopust BozmoxkHocTer. [log pen. P.P. fArepa. M.: Pagno u cBs3p, 1986. 408 c.

6 HeueTkne MHOXECTBa B MOJIEISIX YIpaBleHUS U UCKyccTBeHHOro nHtemwiekTa. [lox pen. J.A.ITocnemosa. M.:
Hayxka, 1986. 312 c.

7 Henucenko B.B. Komnaktasie mogenun MOII — tpanzuctopoB mist SPICE B MHKpO- M HaHORJIEKTpOHHUKE.M.:
OUBMATIINT, 2010. — 408 c.

8 bap6amos B.M., Tpymxkun H.C. OyHKIHOHAIBHO-IOTHYECKOE MOJICIMPOBaHNE KauecTBa (YHKIIMOHUPOBAHHUSI
WC npu Bo3zeiicTBUM paJHallMOHHBIX U AJICKTPOMArHUTHBIX M3My4eHuil. Mukpoanekrporuka. 2009, tom 38, No
1, c. 34-47.

9 A.V. Sogoyan, A.l. Chumakov, A.Yu. Nikiforov Method for Predicting CMOS Parameter Degradation Due to
Ionizing Radiation with Regard to Operating Time and Conditions. Russian Microelectronics. 1999. V. 28. Ne 4.
P. 224-235.

10 V. M. Barbashov, N.S. Trushkin, and O. A. Kalashnikov “Deterministic and nondeterministic failure models of
LSI circuits exposed to radiation. Russian Microelectronics, vol. 44, no. 5, pp. 312-315, 2015.

11 A. V. Sogoyan, and V. A. Polunin, “A model for the formation of leakage currents in the dielectrics of MOS
structures under the effect of heavy charged particles. Russian Microelectronics, vol. 44, no. 1, pp. 54-59, 2015.

12 bap6amos B.M. MonenupoBanue (yHKIHOHAIBHBIX OTKAa30B LU(PPOBBIX CUCTEM IMPH BO3JCHCTBUM PajMallHu.
Jatuuku u cuctemsl. — 2011, - Ne 6. — C. 29-34.

BE30ITACHOCTb UHOOPMAILIMOHHBIX TEXHOJIOI' U = ITSecurity, Tom 25, Ne 1(2018) 39



BsiuecnaB M. bap6amos, Hukonait C. Tpymikun

OCOBEHHOCTHUMOJEJIMPOBAHMANH®OPMAILIMOHHBIX OTKA30B IU®POBBLIX

KMOII CBUC [TPUBO3JIEUCTBUM PATUALIN

REFERENCES:

Frank M.J. Associativity in a class of operations on spaces of distribution functions. Aeguationes Math 12
(1975), 121-144.

V.M. Barbashov, N.S. Trushkin Evaluation performance of digital integrated circuits while exposed to
radiation. 2016 IOP Conf. Ser.: Mater. Sci. Eng. 151 012011.

V.M. Barbashov, B.I. Podlepetsky, N.S. Trushkin Modeling the Radiation Reliability of Digital Devices at a
Functional-Logical Level. Sensors and Systems. - 2016, no. 4, pp. 54-57. (in Russian).

Gratzer G. the General theory of lattices. M.: Mir, 1982. 456 p. (in Russian).

Fuzzy sets and the theory of possibilities, Ed. R.R. Yager. M.: Radio and Communication, 1986, p.408. (in
Russian).

Fuzzy sets in control and artificial intelligence models. edited by D. A. Pospelov. M.: Nauka, 1986. 312 p. (in
Russian).

Denisenko V. V. Compact models of MOS - transistors for SPICE in micro - and nanoelectronics.M.:
FIZMATLIT, 2010. - 408 p. (in Russian).

VM Barbashov, NS Trushkin Functional-logical modeling of the quality of IS functioning under the influence
of radiation and electromagnetic radiation. Microelectronics. 2009, Vol. 38, No. 1, pp. 34-47. (in Russian).
A.V. Sogoyan, A.I. Chumakov, A.Yu. NikiforovMethod for Predicting CMOS Parameter Degradation Due to
Ionizing Radiation with Regard to Operating Time and Conditions. Russian Microelectronics. 1999. V. 28. Ne
4.P.224-235.

[10] V. M. Barbashov, N.S. Trushkin, and O. A. Kalashnikov “Deterministic and nondeterministic failure models of

LSI circuits exposed to radiation. Russian Microelectronics, vol. 44, no. 5, pp. 312-315, 2015.

[11] A. V. Sogoyan, and V. A. Polunin, “A model for the formation of leakage currents in the dielectrics of MOS

structures under the effect of heavy charged particles. Russian Microelectronics, vol. 44, no. 1, pp. 54-59,
2015.

[12] VM Barbashov Modeling of functional failures of digital systems under the influence of radiation. Sensors and

systems. - 2011. - No. 6. - pp. 29-34. (in Russian).

IHocmynuna 6 pedaxyuio — 16 Oxmsbps 2017 2. Oxonuamensuwiti apuanm — 05 gespans 2018 2.
Received — October 16, 2017. The final version — February 05, 2018.

BE30ITACHOCTb UHOOPMAILIMOHHBIX TEXHOJIOI' U = ITSecurity, Tom 25, Ne 1(2018) 40



