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CamocuuxponHasi cxemorexuuka (CCC) siBisieTcsi anbTepHATUBON CHHXPOHHOW M o0ecrieunBaeT
(UKcaIyIo 3aBepIlIeHNE TIEPEXOAHOrO MPOIIECca, YTO MOBHIIIAET OBICTPOICHCTBHIE, ITO3BOJISET pa-
00TaTh Ha CBEPXHU3KUX HAINPSHKCHUSIX NMUTAHUS W BBHIIOIHATH CAMOKOHTPONIb. OCHOBOIOIOXKHH-
koM CCC sBausercs . Mamnep. B nHacrosmee Bpems CCC akTUBHO NMPOJBUTAETCS HE TOJIBKO Ha
"3enEHOM" BOJTHE SHEProcOEPEraroNiX TEXHOJIOTHIA, HO M B PYCJIC MOBBIIICHHS CTEIICHH HHTErpa-
LMK TUQPOBBIX YHUIIOB O HAHOYPOBHS, KOTJAa YK€ HAUMHAIOT CKa3bIBAThCS KBAHTOBBIE 3(D(EKTHI.
B Uncruryre npodnem unpopmariku — MU PAH akruBHO padoraer rpymma 10.A. CrenueHko-
Ba, KOTOpasi, IpoaoIkas Jeino rpymmsl B.J. Bapmasckoro, pa3paborana oOmmpHyo OuOiInorexy
CaMOCHHXPOHHBIX 3JieMeHTOB. B BemukoOpuranun paboraer B HanpaieHnn CCC mpod. A.
SIkoBineB, paHee pabotaBmmii ¢ B. Bapmasckum. OmgHAKO BOMPOCH OTKa30yCTOHYHUBOCTH CaMo-
CHHXPOHHBIX CXEM [0 CHUX IIOp HCCIEIOBaHbl HEIOCTATOYHO. ABTOpaMH CTaTbU MPEIJIOKEHO
KOMOMHHUPOBaHHOE pe3epBUpOBaHUE caMoCcHHXpOHHOH cxemorexunku (CCC) Ha OcHOBE pacyer-
BepeHusi (o TepmuHonorun knaccupukaropa GUIIC) tpansucropos. B cratee mpemaraercs u
OLIEHMBAETCSl KOMOMHUPOBAHHOE PE3EPBUPOBAHHE TPUITEPOB CAMOCHHXPOHHOI'O PETHCTpPa, BBI-
MOJHSIOIIEr0 (PYHKINH IIpHEeMoIiepelaTYiKa TECTOBOr0 CAMOCHHXPOHHOTO Iporieccopa. [Toka3bl-
Baetcs 3 (HPEeKTUBHOCTH TAKOTO PE3EPBUPOBAHMS 110 CPABHEHHUIO C TPOUPOBAHUEM.
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BBenenune

CaMOCHHXPOHHAsI CXEMOTEXHHKA, BIICPBBIE
MpeUIoKeHHas B paboTax Masepa [1] B KoHIle
1950-x rr. XX B. u pa3sutas B CCCP nenun-
rpaackoi rpymmoit B. Bapmasckoro [2, 3] B
MOCTCOBETCKHI TEepHO]] TIPOIOJKAET Pa3BHBATh-
csl Onmaronapsi TpyAaM ero OBIBIIMX YYEHHUKOB U
rocuenoBaTeneii, HanpuMmep Alekca SIKoBieBa
[3], paboTaroiiero Tenepb B yHuBepcurere Hero-
Kacna (BenmukoOpuranus). B Poccum akTuBHO
paboraer uccnenoBarenbckas Tpynna HHCTHTYTa
npobsieM wuHpopmatukn PAH, Bosriabisemas
10. CrenueHkoBbIM, pa3paboTaBiias U MPOIOI-
JKarolas COBEPIICHCTBOBATh OMOIMOTEKY camo-
CHHXPOHHBIX 3J1eMeHTOB [5]. FIMeroTcss mpumepsl
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KOMMEPYECKOT'0 HCIOJB30BAaHUS CAMOCHHXPOH-
HOW TEXHOJOruH [6]. DTO HallpaBlIeHUE B HaIlEi
CTpaHe MOYKET BHECTH BKIJIAJl B CO3JaHHE OTeye-
CTBCHHOM 3JIEKTPOHHON KOMIIOHEHTHOH 0as3bl [7],
CTeleHb aKTyaJbHOCTH KOTOPOH MOAOIIIA YKe K
KPUTHYECKOW OTMeTKe. B 3ToM rutane Gonmbiime
HAJEKIBl BO3JIATAlOTCS Ha 0a30BbIe MAaTPHYHBIC
Kpuctayuisl [8—11], ucrnonb3oBaHue KOTOPBIX, B
TOM 4YHCIE Ui peaju3alliid CaMOCHHXPOHHBIX
IUQPOBBIX PEUICHUH, B KaKOW-TO Mepe MOXKeET
KOMIIEHCHPOBATh TEXHOJOTHYECKOE OTCTaBaHUE
B KPUTHYECKUX OOJIACTSIX, OCOOCHHO B 00OPOH-
HOIi, XOTA HEKOTOphIE MOABIKKH Ha "MHTErpaib-
HOM" TONpHUIIE W BHYHIAIOT OMpereNeHHbINH OI-
tuMu3M [12—14]. B 31X 00nacTsix mpUMEHEHUs
BeCbMa BOCTpPeOOBaHbI HAJCKHBIE, OTKAa30yCTOM-
YHBbBIC IUPPOBEIE YCTPOCTBA, OCOOCHHO pajiua-
unoHHO-cTorkue [15—-17]. OnHako Bompockl Ha-
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JEKHOCTA CaMOCHHXPOHHBIX CXEM IO OOJbIIeH
YacTH paccMaTpHUBAIOTCA B paKypce aKTUBHOM
OTKa30yCTOHYMBOCTH, MyTeM ayOIHpOBaHUs, B
MIPEANOIOKEHUH O TOM, YTO MMEIOTCSI COOTBET-
CTBYIOIIIME CPEJICTBA KOHTPOJIS, KOTOPBIE 3apHK-
cupytot otka3 [18-20], a cpencrBa pekoHUTY-
panyy OTKJIIOYAT HEHMCIPaBHBIA KaHall U TOA-
KJII0YaT UCIPaBHbIA. [ psiia BaxXHBIX o0nacTeit
HEOOXOoJMMa TACCHBHAs OTKa30yCTOWYHBOCTh
[21], xorma oTka3 WK OMMUOKa (3TOT TEPMHUH TI0
AQHAJIOTUU C aHTJIMHCKUM "error" Temepb MCIOIb-
3oBad B ['OCT [18] BmecTo TepmuHa "cOoii") He
3aMEyYaercs, MACKUPYETCs YCTPOWCTBOM WIIU
CHUCTEMOM, 4TO TpeOyeT 3HAYUTEIbHO OOJbIICH
M30BITOYHOCTH, HO 3aTO HE TpeOyeT BpEeMEHHBIX
3aTpaT Ha BOccTaHOBIeHHe. TeM He MeHee, UC-
CIIe/IOBaHMS B OOJNACTH TTACCHBHO OTKA30YCTOM-
YHBBIX CAMOCHHXPOHHBIX CXEM OCBEIICHBI B JTU-
TepaType HEeAOCTaTOYHO, B OCHOBHOM DP€Yb HJET
0 KOMOMHAIMOHHBIX cxemax [22-23].

B craTtbe mpeanpuHATa MONBITKA TOCTPO-
UTh MAaCCUBHO OTKa30yCTOMYUBYIO PETHUCTPOBYIO
CaMOCHHXPOHHYIO CXEMY, HCIIOJIb3yeMyI0 B Ka-
YEeCTBE IpHEMO-TIepealoliero mopra [5] Ha oc-
HOBE TIOTPA3HCTOPHOTO pe3epBUpoBaHus [24].
AHanmm3 cI0KHOCTH U BEPOSITHOCTH O€30TKa3HOM
paboThl Hepe3epBUPOBAHHOTO CAMOCHHXPOHHOTO
MpHEMO-TIEpPEIAIOIeT0 IOpTa, COCTOSILIEro W3
Tpex THUIIOB TPUTTEPOB U OMHUCAHHOTO B [5], mpu
9KCMOHEHIINANBHON MOJIENTH OTKa30B TPAH3UCTO-
POB TO3BOJISIET MOIYYHUTH BEIPAKEHUEM

P(t), = e—(22+52+54»6+54»8»(b—1)+16»2“"g28b}')l»t‘

> (D)
r7ie A — UHTEHCHBHOCTh OTKa30B OJHOTO TPaH3H-
cropa; b — uncno GaiiT, MPUHUMAEMBIX PErucT-
poM; 22 — CIOKHOCTh B TPaH3MCTOpax MEPBOTO
TpHUTTEpa, UMEHYEMOT0 B OHOIHOTEKE DIIEMEHTOB
abopemarypoit RIRE11l; 52 — mocnennero
RI1IRE22; 54 — mnpoMexyTOYHBIX TPHUITEPOB
SIRRE2; 16-2"2™" - cnoxmocts rHcrepesuc-
HBIX TPHUITEPOB, OCTalbHAs anmapaTrypa oOpam-
JICHUs] UMEET HE3HAUYHUTENBHYIO CIIOKHOCTh U HE
yuutbiBaercs. [IpeanoxuM MOTpaH3UCTOPHOE
pe3epBUPOBAHHE C YUETOM OIpAaHUYCHHI Ha YHC-

JIO0 TIOCIIEIOBATEIbHO BKIIFOYCHHBIX TPAH3HCTO-
poB (He Gostee 4) [25].

1.PacyeTBepeHue TPAH3UCTOPOB
TPUITEPOB CAMOCHHXPOHHOI'0
perucrpa c yueroMm b 6aiir

[epeeiii Tpurrep — RIRE11 — uzobpaxen
Ha puc. 1.
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Puc. 1. Ilepswviti mpuceep RIREI 1

[lepBorit Tpurrep peructpa — RIRE11 —
COIEpXHUT 22 TpaH3UCTOpa, NMPH 3TOM BO BCEX
Hero4yKkax He Oonee 2 TPaH3HCTOPOB, MO3TOMY
MIpH pPe3epBUPOBAHUU IYTEM pPACUETBEPEHUS Or-
panudeHus [25] BeimonusAorcs [24], monydaem:

PO piren =[P +4-e 7 (1-e)]7.(2)

[Ipu yBenuyeHun 4uciaa OalT He U3MEHs-
ercsa. 3atpathl — 88 Tpamsuctopos. Ilocmemamit
Tpurrep peructpa — R1IRE22 — npencraBnen Ha
puc. 2.
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Puc. 2. Ilocreonuii mpueeep RIRE22

Tpurrep R1RE22 conepxutr 28 TpaH3u-
CTOPOB B CaMOM JBYXCTYIIEHYaTOW IaMSATH, HO
umeer uaaukarop AOAI7 (16 TpaH3UCTOPOB), B
KOTOPOM YHCIJIO TPAH3UCTOPOB B MOCIETOBATENb-
HOM TIeTTOYKe MPEBBINIACT OTPAHUYCHUS, TIOITOMY
npeanaraercs MOBTOPHUTH €ro 4 pas3a, y4UTHIBas
ook NAN2, T. e. moiydaem Gopmyiy:

PO s rirer = [67(4)%'t +4- eim't(l - e—l»}t»t)]ZS

z[ o (OVRt g o 480t (1- e—l6/1»t)]‘ o (1641 (

)
3atpaTthl (112+ 64+16) TpaH3UCTOPOB.

OcuoBnoii tpurrep SIRRE2 mns ymosme-
TBOpEHHS OrpaHudeHus [25] Tpebyer AeKoMIIo-
3ULMK (JeTaJbHOE pacCMOTPEHUE KOTOpOM, Ha-
3BaHHOW KOMOMHHPOBAaHHBIM PaCUETBEPCHUEM,
MIpEAroaraeTcs B OTICIBHONW CTaThe) BTOPOU
crynean A310I1, A310I1 u pesepBupoBaHus
nnnukaropa OAOA1 (puc. 3).
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Puc. 3. Ocnosnoii mpueeep SIRRE2

ITociie nexkoMIIO3ULIMM BTOPOW CTYIIEHU
A310I1 nomyunm (puc. 4).
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Puc. 4. Ocnosnoii mpueeep SIRRE?2 ¢ dexomno-
3uyuetl 6Mopotl CmyneHu

To ecTh moy4aem mociae TeKOMITO3HITHH:

P(V)s_s.sirrE2 = {[67(4)»/14 +4.e7M (1- e )]44
[e—(SO)»/l»t + 4 . e760'/1't (1 _ e720'/1't )] . e7(16)'/1't ]}6
B ciydae b GaiT
Py psirre = ‘{[67(4)%t +4.e7M (1- eimt)]44
[e—(SO)»l»t 4. 6760%‘(1 _ efzo»m)] . e—(lé)»l»t]}é )
A {[67(4)%1 +4. 673%1 (l _ efl'}ut )]44 (5)

[67(80)%1 +4. 6760%1 (1 _ 6720%1 )] . 67(16)%1 ]}S(bfl)‘

“4)

3arpatet — (44*4+80+16) B cremneHu
6+(44*4+80+16) B crenenu 8*(b-1) TpaH3KCTOPOB.
K nmononHuTENbHON anmaparype OTHOCSTCS
I'-Tpurrepsl, KOIMYECTBO KOTOPHIX MPH YCIOBHH
HAJIMYMsS Y HUX JBYX BXOJOB MOYKHO OIICHHTH YHC-
JIOM Y3JI0B IO YPOBHSIM COOTBETCTBYIOIIETO JIepeBa

Juist ofHoro Gaiita 4, 2, 1 Beero 7, Te. 2° —1, na

eIMHUIly MeHble Oaiita. Ecim umeercs b Oaiir,

[log, 8b|

noaydaem 2 —1. To ectb, momyunm:

P(t)ﬂ-l" = [e—(4)-l.1 14. e-}.&.[ . (1 _ e_l_l_t )]28-(2“"22“’7.1) (6)

4. OneHka TPOMPOBAHUS aANNAPATYPhI
perucrpa npu Haauuuu b 6aiiT nopra

B crygae Ma)XOpUTHPOBaHUSI C OJTHAM MaXko-
puTapom (CIOKHOCTH KOTOporo — 12 TpaH3ucTO-
poB), RIREll(cnoxnocts — 22 TpaH3HUCTOpa),
HMMEIOIIMA TP BBIXOJA, OMUCHIBACTCS (HOPMYJIOW

():
P(t)S-RlREn = [3 . 672'(22)']“'t -2. efS-(22)A.t] .
(7)

o (312:46+6)At

Tpurrep R1RE22 (cmoxHnocts — 52 TpaHn-
3UCTOpa), UMEIONNii 4 BBIXOAA, OIKCHIBACTCS
bopmysoii (8):

_ -2.(52)-A-t “3.(52) At
P(O); rige2 =[3-€ —-2-¢ I ®)
o (H12+6+6) 2t

Tpurrep SIRRE2 (cnoxnocts — 54 Tpan-
3UCTOpa), UMEIONNii 4 BBIXOAA, OIKCHIBACTCS

dhopmyioii (9).

_ _2.(54) At J3.(54) At
P(t)_sirre =[3-€ -2-e IE ©)
o (412646121

[ToCKONBKY st OIHOrO 0aiiTa TAKUX TPHUI-
repoB 6, MOIy4YnuM

6

. (10)

[3 . efz»(54)»m —D. e—S'(54)M],
P(D)3 6s1rRE2 = o412

[Mpu Hanmuuuum b GalT MoOpTa BEPOSTHOCTH
0e30TKa3HOIN pabOThl UMEET BH]T

P(t); pxs1rrE2 =

_ ([3 Lo 20t g e—S»(54)}vt] Lo H12 At )6 N

([3 Lo 2HAt g e—3»(54)}vt].e—4»12%»t )S(bfﬂ‘(l N
3atpatsl (162+48) B crenenu 6+(162+48) B cTe-
niean 8(b-1).

B cnyyae maxkoputupoBaHus ¢ TpeMs Ma-
JKopuTapaMu (CIOXHOCTh KOTOporo — 12 TpaH3u-
ctopoB), RIRE11 (cnoxxHocts — 22 TpaH3UCTO-
pa), UMEIOIIUI TPH BBIXO/AA, ONMUCHIBaeTCs (Hop-
MYJION

P(t),%.}RIREH:
R, . 2QDAt A 320t
=[3-e 2-e ] (12)

) [3 . e,z.(]z).l.t _9. e—3-(12)l-t ]3

B cnyuae MaxopuTHpOBaHHS C TpeMs Ma-
xoputapamu Tpurrep R1RE22 (crnoxnocts — 52
TPaH3UCTOpa), UMEIOUINI 6 BBIXOIOB, ONHUCHIBA-
ercs popmynoit
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P(t)s.}leEzzz
~[3- e 2OVAt _ 5 o 3(DA 1

. [3 . e_z.(u).l.[ _ 2 X e—3-(12)l-t ]6

Tpurrep SIRRE2 (cnoxknocts — 54 TpaHn-
3UCTOpa), UMEIONNii 4 BBIXOAA, OIKCHIBACTCS

dhopmyioi

P(t)S.S-IXSIRRE2 =
Rl a2t Ay 3(5HA].
=[3-e 2-e ] (14)

) [3 . e,z.(]z).l.t _9. e—3-(12)l-t ]4‘

[MockonbKy Ast OTHOTO OaiiTa TaKUX TPHT-
repoB 6, MOTyYuM:

6

. (15)

[3 A e—2~(54)~l~[ -9. e—3~(54)l~[] A

P(t)l}éxisREZ - [3 . e—2~(12)~/1~1 9. e—3~(12)/1~1]4

4. CpaBHeHHe BepOSITHOCTEMH
0e30TKa3HOI padoThl BADHAHTOB CXeM
CaMOCHUHXPOHHOTI'0 perucTpa

Ioctpoum 8 CKM MATKA]J] rpaduku us-
MEHEHHUSI BEPOATHOCTH Oe30TKa3HOW paboThl WC-
XOJIHOM CXEMbI CaMOCHHXPOHHOTO perucrpa 0e3
pesepupoBanusi P(t) , BepostHOCTH Ge30TKA3HOM
paboThI pe3epPBUPOBAHHON CXEMbI — C KOMOMHUPO-
BaHHBIM pacuerBeperrem P(t),., BeposTtHOCTH
0e30TKa3HO! PabOTHl PE3CPBUPOBAHHON — TPOHPO-
BAaHHOM CXeMBI ¢ OiHUM Maxkoputapom P; u tpown-

POBaHHOM CXeMbI C Tpemsi Maxkoputapamu Pj,

MpH 3aIaHHONM MHTEHCUBHOCTH OTKA30B ISl 3a]1aH-
HOr'0 Yrciia OalToB.

Bo3bMeM MHTEHCHBHOCTBH OTKa3oB A =107,
OJIVH AT, MOMY4InM pHC. 5.

- \N‘\
09 \ ~
P(t) 1085 \
— AN
—
P33(1)
—
07
PO

— .65

0.75

N\
N

09

Pam®w

0 500 1000 1500
0 t 17:10°

6)

Puc. 5. I'paghuru usmenenus eeposmmocmu b6ezomrazmou
pabomel a) — 6 ouanazorne om 1 0o 0,5; 6) 6 ouanazone
om 1 0o 0 — cxemvl bes pesepeuposanus P(t) , 6eposim-

HOCMU OE30MKA3HOU PAbOMbl Pe3ePEUPOBAHHOU CXEMbL —
¢ KOMOUHUPOGAHHbIM PACHEMEEPEHUEM p(y) , 6EPOSM-
tm

Hocmu  Oe30MKa3HOU  pabomvl  pe3epsupoSanHoll —
MPOUPOGAHHOU CXeMbL C OOHUM MAXCOpUmapom P, u

MPOUPOBAHHOTL  CXeMbl C  MpeMsi  MadICOPUMapamu

P,, IPU UHMEHCUSHOCIU 0MKA306 (cO0es) =107

1/uac ons oonozo baiima

3amauM TIpU TOM K€ MHTEHCUBHOCTH OT-
ka30B A =10~ 1pa Gaiita, moixyunum puc. 6.
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Puc. 6. I'paguxu usmenenus eeposammocmu bOezom-
KaszHoul pabomwl a) @ ouanazone om 1 oo 0,5; 6) 6
Oouanasone om 1 00 0 — cxemvl b6e3 pezepsuposanus
P(t), 6eposmnocmu 6esomxasnoi pabomol pesepsu-

POBANHOU cXeMbl — ¢ KOMOUHUPOBAHHLIM paciemee-
penuem P(t), . 6eposmnocmu 6esomkasnol pabome

Pe3epeupoBanHOll — MPOUPOBAHHOU CXeMbl C OOHUM
MadCopumapom P, u mpouposanHol cxemvl ¢ mpems

masicopumapamu P33 npu UHMEHCUBHOCMU OMKA308

(cboes) L =107 1/uac ora deyx b6aiimos
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3amaauM TpH TeX JK€ YCIOBHAX BOCEMb
0aiiT, MoIy4nM puc. 7.

! ‘ ‘
AN
09 \ \
Pty 1085 N
—
P3(t) 08 1
—
p@ 07 \ 5
-_— N
P pim(t) 0 \
0.65 T 77\
0.6
05

Puc. 7. I'paguru usmenenus eeposimmocmu 6e3-
omxasHou pabomul 6 ouanaszore om 1 do 0,5 —
cxembl 6e3 pe3epeuposanusl P(t), 6epoSMHOCHIU
be3omrazHou pabomvl pe3epeupOBanHOll Cxembl
— € KOMOUHUPOBAHHbIM PACHEMEEPEHUEM P(t) ,

m
6eposimHocmuy  6e30mKa3HOU pabomvl pe3epeu-
POBAHHOU — MPOUPOBAHHOU CXeMbl ¢ OOHUM
MAdNCOpUmapom P, u MpoupoSaHHOU CXeMbl C

mpeMs. MAdlNCOpUmMapami. p, npu UHMeHCUGHO-

cmu omkaso6 (cboes) ) =10 1/wac ona eocomu
batimos

OnHaKo OIICHUM elle W TaK Ha3blBaeMYIO
YACIbHYI0 HAJCKHOCTh — B IIEpECUeTe Ha OIUH
TPAaH3UCTOP B 3aBUCHMOCTH OT 4Hcia OalT (puc.
8) u Bpemenu (puc. 9).

Puc. 8. I'paguxu usmenenus yoenvrou eeposim-
Hocmu 0e30MmKA3HOl pabomvl pe3epeuposaHHol
cxXembl — ¢ KOMOUHUPOBAHHBIM pACYemeepeHuem
O » PE3EPBUPOBANHOU — MPOUPOBAHHOL CXEMbL

C OOHUM MAJICOPUMAPOM §, U MPOUPOGAHHOIL
CXeMbl ¢ mpeMs MANCOPUMApamu 5., Npu un-
mencusnocmu omkazos (c6oes) =107 1/uac

ons 200 yacos pabomul 6 3a8UCUMOCTIU OTH YUC-
aa baim

507

0.00005
45107°

4107 H

85107
Sl \
B P

B 5507
—

B33t 2.0
—

15107 \
IBU \
5107° !
0 L
200 400 00 300 1000

1 t 1000

Puc. 9. I'paguxu usmenenus yoenvrou eeposim-
Hocmu 0e30MmKA3HOU pabomvl pe3epeuposaHHo
cxembl — ¢ KOMOUHUPOBAHHBIM pACYemeepeHuem
O » DE3EPBUPOBAHHOL — MPOUPOBAHHOLL CXEMbl

C OOHUM MAdICOpUMapoM §, U MpoupoOGaHHON

CXeMbl ¢ Mpems. MAXCOPUMAapamu &, Npu uH-

mencusnocmu omkazos (c6oes) =107 1/uac
07151 yemvlpex 6aiim é 3a8UCUMOCU O 8DEMEHU

BrIBOABI

Takum 00pa3oM, MPETIOKEHHOE PE3ePBH-
pOBaHME MO3BOJISET CYIIECTBEHHO MOBBICUTH Be-
POSITHOCTB 0E30TKa3HON paboThl HA BCEM HHTEp-
BaJie BEPOSTHOCTEH MO CPaBHEHHIO C TPOUPOBAH-
HBIMHM BapHaHTaMH M HEpPe3epBHUPOBAHHOW CXe-
moii. [IpocToe TpoupoBaHue (MaKOpPUTHUPOBA-
HUE) He UMEET CMBICTIa — OHO yCTYyTaeT He pe3ep-
BHPOBAHHOM CXeMe TOocje ONpeleeHHOro Bpe-
MeHd. [Ipu 3TOM yzenbHasi BEpOSTHOCTh 0€30T-
Ka3HOW paboThl CXEMBI CAMOCHHXPOHHOTO PETH-
cTpa ¢ KOMOMHHPOBAHHBIM PacUETBEPEHUEM MPH
HEOOJIBIIIOM YHCIie 0alT MpeBbIIIACT YACIbHYIO
BEPOSITHOCTh 0E€30TKAa3HOW pabOThl TPOUPOBAH-
HOH CXEMBbl CAaMOCUHXPOHHOIO PETHUCTPA C Tpe-
Msl MaKOPHTapaMH, a TpH OONBIIOM YHuciie OaiT
— HE3HAYUTEIbHO YCTYIAET EH.
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CamocunxponHulil pecucmp ¢ pacyemeepeHuem mpaH3ucmopos

A fault-tolerant self-timed register

S. F. Tyurin', A. N. Kamenskih’

Perm National Research Polytechnic University; 29, Komsomolsky prospekt, Perm, 614990, Russia
'tyurinsergfeo@yandex.ru; +7 952-320-02-510
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Self-timed technology, the foundations of which were laid by D. Muller, has been actively pro-
moted in recent years not only on the "green" wave of energy saving technologies, but also in line
with the increasing integration of digital chips to the nanoscale, where quantum effects begin to af-
fect. The Institute of Informatics Problems — IPI RAN, continuing work of V.I. Warsawski's re-
search group, has developed an extensive library of self-timed elements. In the UK, A. Yakovlev,
who previously worked with V.I. Warsawski, is now engaged in this field. However, questions of
fault tolerance self-timed circuits are still investigated insufficiently. We know that to create relia-
ble, fault-tolerant and radiation-resistant electronic components, redundancy, or redundant struc-
ture, is needed. Redundant structures are necessary to design highly reliable, fault-tolerant, radia-
tion-tolerant electronic components. Triplication is often used for this task: the three channels of a
discrete circuit are connected with a special major gate which implements the choice function (e.g.,
2-0f-3, >2). This redundancy is commonly used in critical computing systems with passive fault-
tolerance. As is known, such redundant structures provide reliability advantages not for the whole
time range. In this case (to reserve self-timed circuits), the basic principle of self-timed, semi-
modular, devices is violated. The authors propose another technique of using redundant transistor

structures for fault-tolerant computing systems as an alternative to triple modular redundancy.

The paper proposes and evaluates a combined backup of triggers of a self-timed register using
transistor structures. We show the effectiveness of this redundancy, compared with triple modular

redundancy.

Keywords: self-timed technology, transistor; redundancy; failure resistance; triple modular re-
dundancy; quadrupling; CMOS transistors; probability of failure-free operation,; the majority

element; transistor structure.
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Self-timed technology, which laid the foundations of D. Muller, actively promoted in recent years, not only on the "green"
wave of energy saving technologies, but also in line with the increasing degree of integration of digital chips to the nanos-
cale, where already beginning to affect the quantum effects. Institute of Informatics Problems — IPI RCA continuing the
work of the group V.I. Warsawski, has developed an extensive library of self-timed elements. In the UK, he is now working
in this direction Yakovlev, who previously worked with V.I. Warsawski. However, questions of fault tolerance self-timed
circuits are still insufficiently investigated. We know that to create a reliable, fault-tolerant and radiation-resistant electronic
components needed redundancy - redundant structure. The redundant structures is need for designing of high reliable, fault-
tolerant, radiation-tolerant electronic components. Triplication is often uses for this task, the three channels of discrete cir-
cuit is connected with special major gate which implement choice function (for example 2-0f-3, >2). This redundancy is
commonly used in critical computing systems with passive fault-tolerance. It is known that such redundant structures pro-
vides advantages for reliability not for all time range. In this case (to reserve self-timed circuits) violated the basic principle
of self-timed devices- semi-modular. The authors proposed another technique using redundant transistor structures for fault-

tolerant computing systems as an alternative to tripling redundancy.

The paper proposes and evaluates a combined backup triggers self-timed register using transistor structures. We show the

effectiveness of this redundancy, compared with a triple redundancy.

Keywords: Self-timed technology; transistor; redundancy; failure resistance; triple redundancy; quadrupling; CMOS

transistors, probability of failure-free operation; the majority element, transistor structure.
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