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Annomayusn. Obvekmom ucciedo8anus AGIAIOMC NPOYeccsl, NPOMeKalowue 8 CReYUAIU3UPOBAHHBIX KOMNbIOMeED-
noix cucmemax (CKC) obpabomku yughpogvix 0anuwlx, KOmopuvle npe0Cmasietvl HenO3UYUOHHOU CUCMEMOU CHUCTIe-
nust 8 ocmamounwix kiaccax (COK). Paccmompenvt 603M0icHOCMU NOGbIUEHUE HAOENCHOCTIU 8bICOKONPOU3B00U-
menbHblX npoyeccopos, komopuie Gyuxyuonupyrom na base COK, 3a cuém pewienus 3a0a4u onmumaibHO20 pe3ep-
BUPOBAHUs UX cmpYKmypbl. sk 00Cmudicenusi ROCMAaGNIeHHOU Yeiu, 8 Cmamve QopMyIupyiomes u peuarmcst npsi-
Masi u 06pamuas 3a0a¥u ONMUManbLHo2o pesepsuposanus cmpykmypul 6 COK. Peuwenue 3a0ay onmuMaibHo20 pe-
3ePUPOBAHUSI OCYUWECMBIISLEMCsl NYMEM NPUMEHEHUsL MemOoOd HAUCKOPEUe20 NOKOOPOUHAMHO20 CHYCKA, KOMOPbIil
567151emcsi 00CMAMOYHO MOYHBIM OJisl NPOGEOCHUsL UHICEHEPHBIX pacuémos. [Ipedcmasienvl pe3yibmamvl pacyémos
U CPABHUMENbHO20 aHAIU3a HAdExcHOCmU (N0 6epOAMHOCIU Ge30MKA3HOU Pabombl) 0I5k MPEXKAHALLHOU MANCOPU-
mapnoil cucmemvl 06pabomku uHGopmayuu 6 NOFUYUOHHOU cucmeme CHUCTeHUs U Ol Pe3ePEUPOSAHHOU CIMPYKIMY-
put ¢ COK.

Knrouesvie cnosa. HﬂaéJICHOCmb, cucmema CHUCiIeHuA, cucmema ocmanovdHblx Kiaccos, cucmema o6pa6oml<u UH-
(ﬁop/vzauuu, Cneyualu3uposanHoble KOMnvromepHsie cucmemaol.

1 BBeaenue

OnHUM M3 OCHOBHBIX TpeOOBaHUH, MPEIbSBIAEMBIX K COBPEMEHHBIM CUCTEMaM 00pabOTKU HH-
dbopmaruu (COU), koTopbie paboOTalOT B pealbHOM BPEMEHH, SBIISIIOTCS OOECredeHue 3aIaHHOTO
YPOBHS HaI€KXHOCTU. JTO CBA3aHO, IPEXKAE BCErO, C TEM, YTO BBIXOJ U3 CTPOS WU JaXKE KpaTKo-
BpEMEHHBIN COOM B paboTe Takux cCleUHaIn3upoBaHHBIX KoMmmbioTepHbIX cucteM (CKC) moxer
MIPUBECTH K aBapHsIM WJIM HAHECTH CEPhEe3HbIN SKOHOMUYECKUH yI1iepo.

Lenbto cTaThu SIBIISIETCS, PACCMOTPEHHE BO3MOXHOCTEH IMOBBIILIEHUS HAAEKHOCTH BBICOKOIIPO-
M3BOUTENIbHBIX MPOLIECCOPOB B cucTeMe ocTaTouHbIX KiaccoB (COK) 3a cuér perenus 3ajauu on-
TUMaJIbHOTO PE3EPBUPOBAHUS UX CTPYKTYPHI.

2 AHAJIN3 MOCJIEeAHUX HCCTIeT0BAHNI

CymecTByeT /1Ba OCHOBHBIX MeToja moBblmieHUs HajaexHocTd CKC, (pyHKUMOHUpPYIOUIMX B
[1ICC [1-3]: moBbIlIEeHUE HAIEKHOCTU OTAETBHBIX JIOTUYECKUX DIEMEHTOB (MCIOIB30BaHNE HOBOU
AJIEMEHTHOM 0a3bl) U BBEJIEHUE PA3IMUHBIX TUIIOB U30BITOYHOCTU (IPUMEHEHUS PA3JIIMYHBIX BUJIOB
pe3epBUPOBaHUS, BIMAIONIMX KaK HAa KOHCTPYKTHUBHYIO, TaK U Ha (DYHKIMOHAJIBHYIO HAJEKHOCTh
CKC). Ilockonbky HanmexHocTh jormdyeckux siaemeHToB CKC ompenensieTcs ypoBHEM pa3BUTHS
TEXHOJIOTUH, TO OYEBU/IHO, YTO BBEJICHHE M30BITOUHOCTHU MPH UCIIOIb30BaHUH JTI000H 31IEMEHTHON
0a3bl gBisgercs HaubOosee 3ppexTuBHbIM myTeM noBbieHus HaaexxHocTH CKC. Oaun u3 adpdek-
THUBHBIX NMPAKTUYECKUX METOAO0B NoBbIIIeHUs HanexHocTu CKC sBiseTcs CTpYKTypHOE pe3epBU-
pOBaHUeE, HAaIlpUMEpP, Ha YPOBHE TPOUPOBAHHON Ma)KOPUTAPHOU CTPYKTYyphl. OJTHAKO NMPUMEHEHHE
cTpykTypHOro pezepBupoBanus B [ICC ycrnoxxHsSET CTpyKTypy BBIUMCIHUTEIBHOIO KOMILIEKCA, 10-
BBIIIAET €r0 YHEPronoTpedieHne, yBeInuuBaeT MaccorabapuTHble U JPyTrue XapakKTepUCTUKH, YTO
B KOHEYHOM MTOT€ IOBBIIIAET CTOUMOCTb €r0 CO3JaHUS M JKCIUIyaTallld, a TaKKE OTPAHUYUBAET
cdepy ero npuMEHEHHUs B pa3IMYHbIX TEXHUUECKUX CUCTeMax. B CBA3M ¢ 3TUMU 00CTOSTETHCTBAMU
BO3HUKAET HEOOXOJMMOCTh NMPHUMEHEHHs] HOBBIX MeTO/A0B mNoBblmieHus HaaexxHoctu CKC, u, B
YaCTHOCTH, METO/IOB OCHOBAaHHBIX Ha mNpuMeHeHuu kojoB B COK. Bo3MOXXHOCTH MOBBIIIEHUS
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HA/IKHOCTH MPH 3TOM o0yciaBnuBaercs cBoiictBamu COK (ManopaspsAHOCTh, paBHOIPABHOCTD U
HE3aBHUCHUMOCTh OCTaTKOB), YTO MO3BOJISIET Oosiee 3(HEKTUBHO NMPUMEHATH CTPYKTYPHOE pe3epBH-
poBaHue 1o cpaBHeHuIo ¢ kojgamu B I1ICC.

3 OcHoBHBIE MaTepuaJibl HccjaeI0BaHuH

[Tpu mpuMeHEeHNH pe3epBUPOBAHUS BO3MOXKHA (POPMYIUPOBKA 3a/1a4l ONTUMAIBHOTO PE3EPBU-
pOBaHUs B IBYX BapuaHTax [4-6].

1) Ilpamas 3adaua onmumanivHo2o pesepsuposanus. Tpebyercs o0ecneyuTh BEPOATHOCTH
6e3oTkazHoi pabotel COU He MeHee 3aaHHON MPY MUHUMAJIBHBIX 3aTpaTax.

V& min;
Pee ()= P

3a0

(t) [t=const]. ()

2)  Obpamuas 3a0aua onmumanbHo20 pesepsupoganus. Tpebyercs 00ecreunTh MaKCUMAIbHO
BO3MOKHYIO BEpOSITHOCTH 06€30TKa3HOM padoTel COM npu 3a1aHHbBIX 3aTpaTax:

P (t) [t =const] — max;
v <y ® ()

SRC — %3a0 *

|
rje: PS(R)C (t) — BEpOSATHOCTH 0e30TKa3HOU paboTsl p-0aiitoBoit COU B COK;

Pmd (t) — 3aaHHOC 3HAUYCHUC BECPOATHOCTH 0e30TKa3HOHI paGOTLI;

VC(BM — KosinuecTBO 00opynoBanus («croumocts 3arpar») COU B COK;

|
V},,g (t) — 3a/IaHHOE KOJIMYECTBO 000PY/I0BAHUS.

[Iepeuncium HEKOTOPBIE U3 U3BECTHBIX METOJOB PELICHUS 3aa4i ONTUMAIbHOIO PE3€pBUPOBA-
uust [7-10]:
1. Meron AMHAMUYECKOTO MpOrpam-
1IJ |>_| zu ) I -;ﬁ‘ 7, |7 iy MHPOBAHUS, 3
2. MoauduinupoBaHHblii METOJl JUHA-
MHYECKOTO IIPOTPaMMHUPOBAHNS,

L 4 h g 3. Meron HanCKOpEMIIEro MOKOOpAM-
HATHOTO CITYCKa;
2, i — 1, 4. MeTtox 4YacTHOW ONTHMU3AINU C

KOHTPOJIEM OI'PAHUYEHUN;
5. Meton «0TpaKkarolero KpaHay;
6. MeTon BeIOOpa Hambosee «WKECTKO-
r0» OrpaHUYECHUSI.
Puc. 1 — Hagéxuoctrag cxema COU B COK Kaxpiii u3 nmepeyrcieHHbIX METOJ0B
HMEET CBOM JOCTOMHCTBA M HEIOCTATKH.
[TosTomMy paccMoTpuM Haubosiee yIOOHBIM M CPAaBHUTEIBHO MPOCTOW ISl TIPOBEACHHS WHXKEHEP-
HBIX pacy€TOB METOJI HAUCKOPEUIIEro MOKOOPJIAMHATHOIO CIYCKa. DTO MHOIOIIArOBBIM MpOIECC,
KOTOPBIN MIpeACTaBiIeH Ha puc. 1.
1. PaccmarpuBaeMasi cuctTeMa, COCTOUT U3  y4acTKOB. JIJist Kax1oro i-ro yuactka HeoO0X0IuMOo

onpenenuTh (MpH Pa3INYHBIX KPAaTHOCTAX PE3€PBHPOBAHHUSA m, ) 3HAYCHHS BEPOSTHOCTU OE30TKa3-

L____

|
|
|
|
L4 1

HOU paboTel P (t, mi) JUISL HEKOTOPOTo (PUKCUPOBAHHOTO WHTEpBaJla BPEMEHU MPHU COOTBETCTBYIO-
IIEM CII0cO0€ pe3epBUPOBAHUS, KOTOPBI BO3MOXKEH JJIsl JAHHOTO YYaCTKa CUCTEMBI.
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2. CocraBnsieTcs cBoaHas Tabnuma (cm. Tabm. 1) 3HaueHwmit Pi(t,mi) JUIST BCEX TMPAKTHUECKH

BO3MOXKHBIX Mj U pasnuuHbIX =1 2,... n (0142 pasnuunvix yuacmkos cucmemst), IOITYyICHHBIX 110
yKa3aHHBIM (OpPMYIIaM.

Tabmuma 1 — CBogHas Tabauia nepeMeHHbIX 3HAYCHHU I

m | B(t) P(t) | = | P(t) | - | P(t)
0 | B(t,0) | P(t,0) | - | P(t,0) | -~ | P,(t,0)
1 | B(t1) | P(t1) R(tY) | - | R(t1)
2 | B(t2) | B(t2) | - | R(t2) | - | P(t2)
n | Rtm) | B(tm) p(tm) | . | BEM)

3. Ha ocHOBaHMU NOIy4eHHbIX 3HaueHui P (t, m, ) , CBEZICHHBIX B Tabnuily 1, 1 M3BECTHBIX 3HA-

YEHUH "CTOMMOCTH" DJIEMEHTOB (), PACCUMTHIBAETCS (mi) o ¢opmyiie (3) I BCex 3HAYCHUH | U
Pa3IMYHBIX 3HAYEHUM M;, MTOCJIE Yero COCTaBsieTcs Tabuia 2.

7 (m +1) =1 (t’”c‘j);il()t";f)(t’mi). ()

4. Bce 3Hauenus y, (mi) TaOIUIBI 2 TIEPEHYMEPOBBIBAIOTCS B KAKIAOM M3 CTOJOIOB B MOPSIKE
yObIBaHUs, a TaKXKe Jajiee HyMEepyeM BCce 3HAUCHUS y'(k) B MOPsIJIKE X yObIBAaHUS, U UCCIEAYETCs

CHEAYIOIMK MHOTOIIArOBBIN ITPOLIECC.

Tabnuna 2 — CBoHas TabIuUIa MOTYYSHHBIX JaHHBIX

rgi 1 V2 i Y

1 n@) | 7 = 7 (1) 7, (1)
2 7n(2) | 72 7(2) 7.(2)
m n(m) | 7(m) 7. (m) 7, (m)

Ha nepBom mare:

® BrIOHpaeTcs y ¢ HOMepoM | (MakcHMaibHas U3 BEIHYUH ; (1));

e 110 TabnuIie 1 OTBICKMBAETCsS COOTBETCTBYIOIIAs BenudyuHa P (t,1);

[ ] BBIYHCIIACTCS 3HAYCHUC!

(4)

e p©

n
e (1) :H R(t9) _ pavanenoe sHauerue BEPOSITHOCTH 0€30TKa3HOW pabOThl HCXOIHOM CHCTE-
MBI (0€3 pe3epBUPOBAHHUS );
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® BBIYHCIACTCS 3HAYCHHUC!:

WO WO 4 g (%)

c c |

rae. - WC<°) — Ha4albHas "CTOMMOCTE" CHCTEMEL; - @ — "CTOMMOCTB" 1-r0 371€MenTa, KOTOPKIA Ipe-
Ha3HA4EeH JIJIsl Pe3€PBUPOBAHUS I-TO ydacTKa.

Ha BTopowm miare:

®  BhIOUpaAETCs ¥ ¢ HOMEPOM 2 (MAX CPEM OCTABIIMXCSA y, (1) WIS k 1 MIH 7, (2) );

e 10 Tabnuie 1 OTHICKMBAETCS COOTBETCTBYIOIAs BEIMYMHA P, (t,1) (umm P (t,2), eciu HOMep

2 umeet y,(2));
® BBHIYHCIISCTCS 3HAUCHUE:

PO (1) = P(tY) pw (t),
R (t.0) 6)
VITH
P2 (1) = R(t2) oo (t),
P (t.1) %
ecli HoMep 2 uMeer y;(2);
®  BBIUHCIICTCS 3HAYCHHUE:
W =W+ e, (8)
WIH AMeeM
WC(Z) :Wc(l) +a, 9)

eciu HoMep 2 UMeeT ;(2). 3aTeM 3TOT MHOTOIIArOBbIH MPOLECC MPOJOIKAETCS IIPU UCIIONB30Ba-
HUH BBIPAKEHUIN

PCM (t): Pl(t’ml) PM—l;

(t,m; —1) (10)
NN

WM =wMD 4 g (11)

C C 1

npu m >0; M=0.
ITonmy4yeHHble JaHHbBIE CBOATCS B TaONMUIy 3. YKa3aHHBIH Mpolece MpeKpalaeTcs Ha mare

M(M =Zmi]. (12)
i=1
Korna i1 nepBoii 3a1a4u BBIIIOJIHSAETCS YCIOBHE:
RMP (1) <R, ()<P" (), (13)
JInst BTOpO# 3a/1a4n BBIMOJIHSIETCS YCIOBUE:
wM<w, <w ™ (14)

W3 ananm3a MaHHBIX TaOMMIBI 4 (pewtenus 3a0auu ONMUMATbHOSO Pe3epeuposaHusl) CIeayer,
YTO HE3aBUCUMO OT TOTO, Kakas 3ajaya pelraeTcsi, KakoB MPOLECC PEIIECHUs, a TAK)KE YCIOBUS BbI-
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Oopa » , Ha KaXJOM IIare aBTOMAaTHYECKU 00eCTeuynBaeTCs] MUHUMAIIbHAS ""CTOMMOCTB" CUCTEMBI
pu pemeHnu 1-# 3aaun 1 Max BO3MOXKHasi BEPOSITHOCTh 0€30TKa3HOM PabOThI CUCTEMBI TIPH Pe
[ICHUH 2-1 3a]Ia4H.

Tabnuua 3 — COBOKYITHOCTh MPOMEXYTOUYHBIX 3HAYCHUN B COOTBETCTBHM ¢ TPHBEASHHON

M m m m p(M) (t) W METOJIMKON B Tabyuile 5 mpeacTas-
1 2 n i c JICHBI pacYETHBIC 3HAYCHUS BEPOST-
0 0 0 0 F’i(o) (t) w,© HocTH Ge30TKa3HoM paborel PM (t)
1 1 0 0 R () w u "croumoctn" cucrempr WM, fist
'2 € 0JTHOOAMTOBOTO BBIYHCIUTEIBHOTO
2 1 0 0 Pi( )(t) WC(Z) ycrpoiictBa B COK npu nHTEHCUB-
3 1 1 0 3) ) HOCTH OTKa30B j_10® U BPEMCHH
R (t) We pabotsl t=1 [gac].
4 1 2 0 P (t) w® BeposTHOCTL 6€30TKa3HOHl pa-
5 1 3 0 P (t) e 6otbl pesepBupoBanHori COU B
' = COK PM)(t) ompenensierca mns
6 2 3 1 Fg(e) (t) Wc(e) KaKI0ro (UKCHUPOBAHHOIO HHTEp-
1 o BaJia BPEMEHU €€ Pa0OTHI.
Tabnuma 4 — Tabnwuia pemeHui A P(t)
1,000000 ~
M P™M (1) w™) I /m
0 pi(o) (t) WC(O) 0,999995 1 ".I
=
1 PO (t) W Y
' < 0,009000 —
2 R (1) w,? i
3 pi(3) (t) WC(3) 0,999985 :F ‘..
I
4 P (1) " I ] et
5 pi(s) (t) W(5) u,ggggsu_m 1.0 00 1.0 20 30 4.UI 50 >
6 P (t) AR Puc. 2 — I'paduxu pynkunn y=P(t)
(05 £=1, 2,=10")

JlarHbIe Ta0JI. 6 TIPEICTABISIFOT PE3YJIbTAThI Pacu€Ta BEPOSITHOCTEH 0€30TKa3HOW pabOTHI OJHO-
OantoBoit COU pu 5 — 108 AIs: — HEpEe3epBUPOBAHHOM OflHOKaHaNbHOU cTpyKTypbl CON B IICC
(I); — TpexkananpHoOi MaxoputapHoit cTpykTypsl COU B TICC (11); — pesepBupoBannoii COU B
COK (Ill). B cooTBeTCTBHH C JAaHHBIMHU TAOJUIIBI 5 HA PUC. 2 TIPUBECHBI 3aBUCUMOCTH BEPOSITHO-
cTu 0e30TKa3HOM paboTHI OT BpeMenu P(t) mis kaxmoit paccMoTpeHHo# cTpykTypsl COU.

Ta6muma 5 — IIpenBapuTtenbHbIe pe3yaIbTaThl BEIYUCICHUN

OcnoBanusa COK IIpoussenenne W(M)

m, =3 m, =4 m,=5 m, =7 P& (t) Iy.e. |
0,9999999800000 0,9999999800000 0,9999999700000 0,9999999700000 0,9999999000000 10
0,9999999800000 0,9999999800000 0,9999999999999 0,9999999700000 0,9999999300000 13
0,9999999800000 0,9999999800000 0,9999999999999 0,9999999999999 0,9999999599999 16
1,0000000000000 0,9999999800000 0,9999999999999 0,9999999999999 0,9999999799999 18
1,0000000000000 1,0000000000000 0,9999999999999 0,9999999999999 0,9999999999999 20
1,0000000000000 1,0000000000000 1,0000000000000 0,9999999999999 0,9999999999999 23
1,0000000000000 1,0000000000000 1,0000000000000 1,0000000000000 0,9999999999999 26
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Tabnuua 6 — BepositHOoCTH 6€30TKa3HOM paboTs! ogHoOalToBOI COU

ncc
Bpeggll/)la(ﬁt)o e Igt Oonokananvnas COH Macho‘chrf:l;fg;az’ ol coK
| 11 11
0,01 -2 0,9999999992 1,0000000000 1,0000000000
0,1 -1 0,9999999920 1,0000000000 1,0000000000
1 0 0,9999999200 0,9999999999 0,9999999999
10 1 0,9999992000 0,9999999999 0,9999999999
100 2 0,9999920000 0,9999999998 0,9999999999
1000 3 0,9999200032 0,9999999808 0,9999999983
10000 4 0,9992003199 0,9999980826 0,9999998300
100000 5 0,9920319148 0,9998105407 0,9999830161
5 BrIBOABI

[IpencraBneHHble pe3ynbTaThl pacuéTa U cpaBHUTEIBHOTO aHain3a HaaéxHoctu COU B COK un
[1CC, nomyuyeHsl MyTEM pellIeHUs 3a/Jauy ONTUMAIBHOIO PE3EPBUPOBAHUS METOIOM HauCKOpeHIe-
ro MOKOOPAWHATHOTO CITyCKa, CBUAETEILCTBYIOT O TOM, YTO HMCIIOJIb30BAHUE HEMO3UIIMOHHOTO KO-
IMPOBAHUS TO3BOJISIET AOCTHYL TPEOyeMOro YpOBHSI HAAEKHOCTH MPU MEHBIIEM KOJIHYECTBE JI0-
MOJIHUTENBHOTO 000pyAOBaHusA, YeM MUpoKo u3BecTHhIN B [ICC MeTon MaKOpUTapHOTO TPOHUPO-
BaHMS.

CceblIKH

[1] . Ya. Akushskii and D. I. Yuditskii, Machine Arithmetic in Residual Classes [in Russian]. Moscow: Sov. Radio, 1968.

[21 V. Krasnobayev, A. Yanko and S. Koshman, “A Method for arithmetic comparison of data represented in a residue number
system”, Cybernetics and Systems Analysis, vol. 52, Issue 1, pp. 145-150, 2016.

[3]1 O. Karpenko, A. Kuznetsov, V. Sai and Yu. Stasev, “Discrete Signals with Multi-Level Correlation Function”, Telecommunica-
tions and Radio Engineering, vol. 71, Issue 1, pp. 91-98, 2012.

[4] V. Krasnobayev, S. Koshman and M. Mavrina, “A method for increasing the reliability of verification of data represented in a
residue number system”, Cybernetics and Systems Analysis, vol. 50, Issue 6, pp. 969-976, 2014.

[5] S. Kavun, A. Zamula and 1. Mikheev, “Calculation of expense for local computer networks”, 4th International Scientific-
Practical Conference Problems of Infocommunications. Science and Technology (PIC S&T), Kharkov, pp. 146-151, 2017.

[6] V. Krasnobayev and S. Koshman, “A method for operational diagnosis of data represented in a residue number system”, Cyber-
netics and Systems Analysis, vol. 54, Issue 2, pp. 336-344, 2018.

[71 O. Kazymyrov, R. Oliynykov and H. Raddum, “Influence of addition modulo 2n on algebraic attacks”, Cryptography and
Communications, vol. 8, Issue 2, pp. 277-289, April 2016.

[8] D. A. Patterson , The Morgan Kaufmann Series in Computer Architecture and Design. Morgan Kaufmann, 2016.

[91 A. Yanko, S. Koshman, V. Krasnobayev, “Algorithms of data processing in the residual classes system”, 4th International Sci-
entific-Practical Conference Problems of Infocommunications. Science and Technology (PIC S&T), Kharkiv, pp. 117-121,
2017.

[10] O. Kuznetsov, Yu. Gorbenko, I. Bilozertsev, A. Andrushkevych and O. Narizhnyi, “Algebraic Immunity of Non-linear Blocks
of Symmetric Ciphers”, Telecommunications and Radio Engineering, vol. 77, Issue 4, pp. 309-325, 2018.

[11] A. Kuznetsov, I. Kolovanova and T. Kuznetsova, “Periodic characteristics of output feedback encryption mode”, 4th Interna-
tional Scientific-Practical Conference Problems of Infocommunications. Science and Technology (PIC S&T), Kharkov, pp. 193-
198, 2017.

[12] Yu.V. Stasev, A.A. Kuznetsov, A.M. Nosik, “Formation of pseudorandom sequences with improved autocorrelation properties”,
Cybernetics and Systems Analysis, vol. 43, Issue 1, pp. 1-11, January 2007.

[13] N. Naumenko, Yu. Stasev, A. Kuznetsov, “Methods of synthesis of signals with prescribed properties”, Cybernetics and Sys-
tems Analysis, vol. 43, Issue 3, pp. 321-326, May 2007.

[14] V. Ruzhentsev, R. Oliynykov, “Properties of Linear Transformations for Symmetric Block Ciphers on the basis of MDS-codes”,
Proceedings of the 6th International Conference on Network Architecture and Information System Security SAR-SSI, pp. 193-
196, 2011.

[15] O. Potii, O. Illiashenko, D. Komin, “Advanced Security Assurance Case Based on ISO/IEC 15408, Theory and Engineering of
Complex Systems and Dependability Advances in Intelligent Systems and Computing, vol. 365, pp. 391-401, 2015.

[16] A. S. Molahosseini, L.Seabra de Sousa, Ch.-H.Chang. Embedded Systems Design with Special Arithmetic and Number Systems,
Springer International Publishing, 2017.

[17] V. Dolgov, I. Lisitska, K. Lisitskyi, “The new concept of block symmetric ciphers design”, Telecommunications and Radio
Engineering, vol. 76, Issue 2, pp. 157-184, 2017.



http://www.dl.begellhouse.com/journals/0632a9d54950b268.html
http://www.dl.begellhouse.com/journals/0632a9d54950b268.html
http://www.dl.begellhouse.com/journals/0632a9d54950b268,1d6bd5216f4ffadf.html

ISSN 2519-2310 CS&CS, Issue 3(15) 2019

[18] A. Kuznetsov, A. Smirnov, D. Danilenko, A. Berezovsky, “The statistical analysis of a network traffic for the intrusion detec-
tion and prevention systems”, Telecommunications and Radio Engineering, vol. 74, Issue 1, pp. 61-78, 2015.

[19] R. Gavrylko, Yu. Gorbenko, “A physical quantum random number generator based on splitting a beam of photons”, Telecom-
munications and Radio Engineering, vol. 75, Issue 2, pp. 179-188, 2016.

Reviewer: Mikotaj Karpinski, Dr. of Sciences (Eng.), Full Prof., University of Bielsko-Biala, Bielsko-Biala, Poland.
E-mail: mkarpinski@ath.bielsko.pl

Received: November 2019.

Authors:

Anna Kononchenko, student of CSD, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine.

E-mail: akononpro@gmail.com

Victoria Popenko, student of CSD, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine.

E-mail: vita.popenko@gmail.com

Victor Krasnobaev, Doctor of Sciences (Eng.), Full Prof., V. N. Karazin Kharkiv National University, Kharkiv, Ukraine.
E-mail: v.a.krasnobaev@gmail.com

The formulation and solution of the task of the optimum reservation in the system of residual classes.

Abstract. Processes in specialized computer systems of the handling of the digitized data, which are representing non-positional
notation in the system of residual classes (NRC), serve as the object of research. The considered capabilities of increasing the relia-
bility of the high-performance processors, functioning on NRC's base as a result of solving the task of the optimum redundancy of
their structure. In order to achieve the goal, direct and inverse tasks of the optimum reservation of the structure in NRC are formulat-
ed and solved in the article. The solution of problems of the optimum reservation is carried out by application of a method of the
fastest coordinate descent, which is quite exact for carrying out engineering calculations. The results of calculations and comparative
analysis of reliability (on the probability of trouble-free operation) for a three-channel majority information processing system are
presented, in positional notation and for reservation of the structure in NRC are represented.
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@opMyTI0BaHHS Ta pillleHHs 3aBAaHHA ONTHMAJILHOIO Pe3epBYBAHHS B CHCTeMi 3a/IMIIKOBHX KJIACIB.

AnoTtanisg. O0'eKTOM JIOCIIPKCHHS € MPOIIECH, 1[0 TPUBAIOTH B CIIEIIai30BaHIX KOMITIOTEPHUX CHCTEMax 00pOOKH HU(PPOBHX 1a-
HUX, SIKi TPeJCTaBiIeH] HEMO3UIIHHOI CHCTEMOI0 uucieHHs B 3anumkoBux kiacax (C3K). Po3rissHyTi MOXIHMBOCTI MiABHINEHHS
HaJIIHOCTI BUCOKONPOYKTHBHHX IPOIIECOPIB, sKi (yHKIIOHYIOTH Ha 6a3i C3K, 3a paxyHOK pillleHHs 3a/1a4di ONTUMAIBHOTO pe3ep-
BYBaHHS iX CTPYKTYpu. J[Jisl JOCATHEHHS MOCTaBJICHOI METH, B CTATTi ()OPMYITIOIOTHCS 1 BUPIIIYIOTHCS MpsIMa i 3BOPOTHA 3a/1adi OIl-
TUMaNbHOTO pe3epByBaHHs CTpykTypu B C3K. PimenHs 3agad oNTHMAanbHOTO pe3epBYBaHHS 3/IHCHIOETHCS MIISIXOM 3aCTOCYBAHHS
METO/Iy HaHIIBUAIIOTO TIOKOOPMHATHOTO CITYCKY, SIKHI € JOCUTh TOYHUM JUIS TIPOBEICHHS IHKeHEePHHX po3paxyHKiB. [Ipencrasieni
pe3ylbTaT PO3paxyHKIB i MOPIBHUILHOTO aHANi3y HAAIMHOCTI (32 HMOBIPHICTIO 6€3BiAMOBHOI POOOTH) st 3-X KaHATBLHOI MaKOPH-
TapHOI cucTeMu 00poOKH iH(opMatii B MO3UIIHHIHA cHCTeMi YuCIIeHHS 1 171 pe3epBoBaHoi cTpykTypu B C3K.

KnrouoBi cioBa: HaiifHICTh; cHCTEMa YHCICHHS, CHCTEMa 3aMIIKOBUX KJIacCiB; crcTeMa OOpoOKW iH(OpMAIIl; creriami3oBaHi
KOMIT'IOTePHI CHCTEMH.
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