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KIBEPHETHKA CYBERNETICS

YK 004.274
OnrumMusanusi cxeMbl coBMelleHHOro aBromaa B Gasmce ASIC / A.A. Bapkanos, JI.A. TurapeHko,
A.B. BaeB, A.B. MartBuenko // KubGepuernka u cuctemubiii anamus. 2020. Tom 56, Ne 6. C. 3-11

In.: 6. Tabn.: 1. BiGmiorp.: 26 Ha3B.

AHHoTanus. [IpeaioxkeH MeTo yMEHbIICHUS IJIOMA 1 KpPUCTa/LIA, 3aHUMAaeMOH CXEMOI COBMEIIEHHO-
ro aBTomMara. MeroJi OCHOBaH Ha KOJMPOBAHUM KJIACCOB IICEB/IOIKBUBAJIEHTHBIX COCTOSHMI aBTOMaTa Mypa
JIOIIOJIHUTEJIBHBIMHU NIEPEMEHHBIMH. JTOT ITOX0J IIOPOKAAET YETHIPEXYPOBHEBYIO CXEMY, PEan3yeMyIo B BHIE
nByx HaHo-I1JIM, u mo3BOMISET yMEHBIINTH IUIoMmaab HaHO-IIJIM, dopMupyromeil MUKpoorepauy aBToMara
Mypa 1 JOnoJIHUTEIbHBIEC IepeMeHHbIe. PacCMOTpeH mpHMep CHHTE3a CXEMBbI C UCHOJIB30BAHHEM IIPEI0KEH-
HOro Meroza. [IpuBeeHb! pe3ybTaThl HecaeaoBaHuil 3 (HEKTHBHOCTH METO/Ia C HCIIOIB30BAaHUEM OHOINOTEKH
CTaHAAPTHBIX TECTOBBIX ABTOMATOB.

KioueBble ¢jioBa: COBMEIICHHBII MUKPOIIPOrPAMMHBIN aBTOMAT, cuHTe3, HaHO-I1JIM, ASIC, nceBnoskBuBa-
JICHTHBIC COCTOSTHHMSL.

OnTumizanist cxemu cymingenoro apromara B 6asuci ASIC / 0.0. bapkadnos, JI.O. Titapenko, A.B. Baes,
O.B. Marsienko // Kibepuernka ta cuctemunii anamis. 2020. Tom 56, Ne 6. C. 3-11.

AHoTanis. 3apornoHOBaHO METO/I 3MEHIICHHSI IUIOL KPUCTaa, Ky 3aiiMae cxema CyMIIIEHOr0 aBTOMa-
Ta. Meron 0a3yeTbcsi Ha KOJIYBaHHI KJIaciB ICEBJOCKBIBAJCHTHHX CTaHIB aBromata Mypa J0JaTKOBHMH
3MiHHEMH. Lleif miaxig nopomKye YOTUPHPIBHEBY CXEMy, sSKa pealizyeTbes y BUMILLL ABox Hauo-IIJIM, i nae
3MOry 3MeHIIHTH oy Hauo-IIJIM, ska ¢opmye Mmikpoomneparii aBromata Mypa Ta 10oaTkoBi 3MminHi. Po3-
[ISHYTO TPHKIAJ CHHTE3y CXEMH i3 3aCTOCYBaHHSM 3alpONOHOBAHOrO Meroxy. HaBemeHo pesynbrati
JIOCHI/KEHb €(PEKTUBHOCTI METOJY 3 BUKOPHCTaHHSM Oi0JIOTEKM CTaHIAPTHUX TECTOBMX aBTOMATiB.

KarouoBi ciioBa: cymimieHuii MikponporpaMHuii aBTomaTt, cuHTe3, HaHO-IIJIM, ASIC, nceBaoekBiBaJeHTHI
CTaHwu.

Optimizing the scheme of a combined automaton in the asic basis / A.A. Barkalov, L.A. Titarenko,
A.V. Baiev, A.V. Matviienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 3-11.

Abstract. A method is proposed for decreasing the area of the ASIC occupied by the scheme of a
combined automaton. The method is based on encoding of the classes of pseudoequivalent states of Moore
automaton by additional variables. This approach leads to a four-level scheme implemented as two nano-PLAs
and decreases the area of nano-PLA generating microoperations of the Moore automaton and additional
variables. An example of synthesis with the use of the proposed scheme is considered. The results of the
efficiency analysis of the proposed method with the use of a library of benchmarks are presented.

Keywords: combined microprogrammed automaton, synthesis, nano-PLA, ASIC, pseudo-equivalent states.

UDC 519. 72
lenepaumsi (2,3)-konoB / A.B. AuucumoB // KubepHernka u cuctemubiii aHamu3. 2020. Tom 56, Ne 6.
C. 12-18.

In.: 0. Tabm.: 2. bi6miorp.: 8 Ha3s.

Annoranus. B (2,3)-mpejcraBieHnn HEMbIX YHUCEN WCMONB30BAaHA CMEIIAHHAS CHCTEMa CUHMCICHUS O
OCHOBAHMIO 2 ¥ BCIIOMOTaTEJIbHOMY OCHOBAHHUIO 3. DTO MPEJCTaBICHUE MOPOKAACT YHUBEPCAIBbHOE MPepUK-
CHO-CBOOOJIHOE JIBOMYHOE KOAMPOBAHHE BCEX HATYPAIBHBIX YHCEN, KOTOPOE MMEET MHOTO MOJIC3HBIX CBOHCTB:
PpO6acTHOCTD (CAMOCHHXPOHH3ALIHS), JIOKAJIbHBIC HCIIPABICHUS OIIHOOK, CTATHCTHYESCKHE 3aKOHOMEPHOCTH I1a-
pameTpoB Koza u T. 1. OnucaHa npouexypa MOHOTOHHOM reHepannt (2,3)-KOJI0BEIX CIIOB B IIOPSKE BO3pacTa-
HHSL MX JUIMH.

KuroueBble cjioBa: cucrema CUMCJICHMA, OCHOBAHHUE, LIEJIOYHCIICHHOC KOAUPOBAHUE, npe(bm(cuoe KOMpOBaHUE.

I'enepyBanns (2,3)-xoaiB / A.B. AnicimoB // Kibepretnka Ta cucremumii anami3. 2020. Tom 56, Ne 6.
C. 12-18.

AwuoTanis. Y (2,3)-nogaHHi HiIMX YHCENT BUKOPUCTAHO 3MillIaHy CHCTEMY YHMCICHHS 3a 6a3ucoM 2 Ta J10-
noMickHuM GasucoMm 3. Lle mpescTaBieHHs MOPOKye yHiBepcaiabHe GesnpedikcHe JBiKOBE KOJyBaHHs YCixX
HaTypaJIbHUX YUCeJI 3 0araTbMa KOPHCHUMH BIACTUBOCTSIMH: POOACTHICT (CAMOCHHXPOHI3ALis), JTIOKAJIBHI BUII-
PaBJICHHS IOMHJIOK, CTATUCTHYHI 3aKOHOMIPHOCTI HapaMeTpiB KoAy Tomo. OmucaHo Iporeaypy MOHOTOHHOTO
reHepyBaHHs (2,3)-KOJOBUX CIIB y MOPSJIKY 3POCTaHHS IXHIX JOBYKHH.

KuiouoBi cioBa: cucrema 4mcieHHs, 6a3uc, IIJIOYHCENbHE KOJIYBAaHHS, Npe(iKCHE KOTyBaHHS.
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Generating (2,3)-codes / A.V. Anisimov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 12—-18.

Abstract. The (2,3)-representation of integers utilizes the mixed numeration base of the radix-2 and the auxillary
radix-3. This representation yields a universal prefix-free binary encoding of all natural numbers with a variety of
useful properties: robustness (self-synchronization), local error corrections, statistic regularities of code parameters, etc.
The paper describes a procedure of monotonic generation of (2,3)-codewords in ascending order of their lengths.

Keywords: numeration system, radix, integer encoding, prefix encoding.

VK 004.415.2:621.337.1
Kubepdusndeckne cucrempl: JuHrBucTHyeckuii acnekr / A.b. T'ognesckmii, M.K. Mopoxosen // Kubep-
Hetrka W cucreMubii anamu3. 2020. Tom 56, Ne 6. C. 19-37.

In.: 0. Tabn.: 0. Bibmiorp.: 20 Ha3B.

Annoranus. [IpenoxeH MoaXoa K MPOSKTUPOBAHUIO CUCTEM YIPABICHUS TEXHHYECKUMH 00BEKTaMH,
0COOCHHOCTBIO KOTOPOTO SIBIISICTCS JIMHIBUCTHYECKH yIpaBisieMoe mpoekTuposanue. [IpesicraBiena paspabo-
TaHHAs1 Ha OCHOBE ATOI'O ITOJX0/a METOANKA IIPOSKTUPOBAHKS CHCTEM YIPABIICHHS, IPEeAHA3HAYCHHAS IS HC-
MOJIB30BAHMSl HA CTAJUH HPOCKTHPOBAHMS, KOTOpasl NPEAIISCTBYET ITOCTPOCHHIO (hOPMAIBHON MOJIEIH.

KurodeBble cj10Ba: cucteMa YINpaBJeHHUs, IMHIBUCTUUCCKU YIPABIIEMOE MPOCKTUPOBAHNE, METOANKA MPOCK-
THPOBAaHHs CHUCTEM YNpaBlieHus, kKuOepdusnueckass cucrema.

Kibep¢iznuni cucremn: ginrBicrnunuii acnekt / O.B. IN'opnescbknii, M.K. Mopoxosens // Kibeprernxka ta
cucremunii amami3. 2020. Tom 56, Ne 6. C. 19-37.

AHoTauis. 3anponoHoOBaHO MiJXiJ 0 NPOEKTYBAHHS CHCTEM KEpyBaHHS TEXHIYHHUMHU 00’ €KTaMH, 0CO0-
JIMBICTIO SIKOTO € JIHTBICTHYHO KepoBaHe MpoekTyBanHs. [logano po3pobieny Ha 6a3i bOTO MigX01y METOAH-
Ky NPOEKTYBAHHs CUCTEM KEPyBaHHs, IPH3HAYCHY JUIs 3aCTOCYBAHHS Ha CTaJil MPOEKTYBAHH, 110 EPE/ye Mo-
OymoBi (opmanbHOI MOJIEII.

Kuro4oBi ciioBa: cuctema KepyBaHHs, JIIHFBICTUYHO KEPOBAHE NMPOEKTYBAHHS, METO/MKA NMPOEKTYBAHHS CHC-
TeM KepyBaHHs, Kibepdizuuna cucrema.

Cyber-physical systems: Linguistic aspect / A.B. Godlevsky, M.K. Morokhovets // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 19-37.

Abstract. An approach to the design of control systems for engineering objects is proposed. Its
peculiarity is a linguistically driven design. The methodology for control systems design developed on the base
of this approach is given. It is intended for use at the design stage preceding the construction of a formal model.

Keywords: control system, linguistically-driven design, methodology for control systems design,
cyber-physical system.

VK 004.83

OneHKa KOrepeHTHOCTH TEeKCTa ¢ NMOMOINBIO MOCTPOeHHs rpadaceMaHTHYECKOl M JIeKCHKO-TPaMMaTH-
YecKoil corsiacoBaHHocTUCI0BOcoYeTaHuii npenao:xennii / C./J1. Iloropeusrii, A.A. Kpamos // Kubepueru-
ka u cucreMmubiii anaau3. 2020. Tom 56, Ne 6. C. 38-45.

In.: 2. Ta6n.: 1. bibmiorp.: 18 Ha3B.

Annortanus. IIpeuioxeH METO/| OLICHKH KOTCPEHTHOCTH TEKCTOB C MOMOIIIBIO TOCTPOCHHUS rpada ceman-
THYECKOH M JIEKCHKO-TPAMMATHYECKOW COIIACOBAHHOCTH CJIOBOCOYETAHUH npe/yioxkeHuid. OcyliecTBieHa 3Kc-
NepUMEeHTalIbHas HpoBepka 3(D(PEKTHBHOCTH METOJa Ha AHIJIOSN3BIMHOM Kopiyce. IlomydeHHbIE pe3yibTaThl
PAaCCYHTAHHBIX METPUK HPEIOKEHHOT0 METO/A HMPEBEIIAIOT COOTBETCTBYIOIINE 3HAYCHHS IPYTHX COBPEMEH-
HBIX ITOJXOAO0B. MeTox MOXeT OBITh IPUMEHEH K TeKCTaM APYTHX S3bIKOB IIyTEM 3aMCHBI JIMHTBHCTHYCCKOU
MOJIEIH B COOTBETCTBHH C OCOOCHHOCTSIMH KOHKPETHOTO SI3BIKA.

KuroueBble c10Ba: 06paboTKa €CTECTBEHHOTO SI3bIKA, OLIGHKA KOTEPEHTHOCTH TEKCTa, JBYIOJIBHBIN rpad ciio-
BOCOYETAHUIA, METOJ] pacuera KOTePEHTHOCTH TEKCTOB HA OCHOBE rpada, JIEKCHKO-IPaMMaTHYeCKasi COTJIACO-
BAHHOCTH TIPE/UIOKEHUIL.

OuiHIOBAHHS KOTePeHTHOCTI TEKCTY 32 J0MOMOrol0 MmodyaoBH rpady ceMaHTHYHOI Ta JIEKCHKO-TpamMa-
THYHOI Y3roJ’KeHOCTi ciioBocniosyueHb pedens / C.J1. Iloropiamii, A.A. Kpamos // KiGepuernka ta cucrem-
Huii anamiz. 2020. Tom 56, Ne 6. C. 38-45.

AHoTaujst. 3anpONOHOBAHO METO/I OLiHIOBAHHS KOI€PEHTHOCTI TEKCTIB 3a JIONOMOroro 1o0ynosu rpady ce-
MaHTHYHOI Ta JICKCHKO-TPAMATHYHOI Y3TODKEHOCTI CIIOBOCIONYYCHb PEYCHb. BUKOHAHO CKCIICPHMEHTAIIBHY ITe-
PEeBipKy e(heKTHBHOCTI METOY Ha aHINIOMOBHOMY Kopityci. OTpiMaHi pe3ysIbTaTH Po3paxoBaHUX METPUK HPOMOHO-
BAHOT'0 METO/Iy TIEPEBHUIIYIOTh BiJIIOBI/HI 3HAYCHHS 1HIIMX Cy4acHHX ITiJIXO/iB. MeToji Moxe OyTH 3aCTOCOBaHMIt
10 1HIIIOMOBHMX TEKCTIB IIJISIXOM 3aMiHH JIHIBICTUYHMX MOJENEHN BiIOBIIHO 10 OCOOIMBOCTEN IIEBHOI MOBH.

KuiouoBi ciioBa: 06po0Oka npupoaHOT MOBH, OLIHIOBAHHSI KOIEPEHTHOCTI TEKCTY, IBOYACTKOBHIT rpad) cioBoc-

OJIyYeHb, METOJl PO3PaxyHKY KOTEpPEeHTHOCTI TEKCTiB Ha OCHOBI rpady, JISKCHKO-IrpaMaTH4Ha y3rODKeHICTh
peUCHB.
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Assessment of text coherence by constructing the graph of semantic, lexical and grammatical consistency
of phrases of sentences / S.D. Pogorilyy, A.A. Kramov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6.
P. 38-45.

Abstract. The graph-based method of coherence evaluation of texts based on the analysis of semantic,
grammatical, and lexical consistency of sentence phrases has been suggested. The experimental verification of
the efficiency of the method has been performed on the English-language corpus. The metrics obtained can
indicate that the suggested method outperforms other state-of-the-art approaches. The method can be applied to
other languages by replacing the linguistic models according to the features of a certain language.

Keywords: natural language processing, evaluation of text coherence, bipartite graph of phrases, graph-based
method of coherence assessment of texts, lexical and grammatical consistency of sentences.

CHUCTEMHHUIA AHAJII3 SYSTEMS ANALYSIS

VK 517.95:519.63

Bapuanuonnbie MOCTAHOBKH M JUCKPETH3AIMS KPAaeBOil 3aa4H TeOPHH YNPYIOCTH IPHU 3aJaHHBIX HA
rpannne oéaactu Hanpstkenusix / H.A. Bapeniok, E.®. I'an6a, U.B. Cepruenko / KuGepHerrka u cucrem-
wenii ananmus. 2020. Tom 56, Ne 6. C. 46-60.

In.: 0. Tabn.: 0. Bibmiorp.: 37 Hazs.

AuHOTanus. PaccMOTpeHbI ypaBHEHNUsE YIIPYroro pPaBHOBECHS TEJI B IEPEMEIICHHUSX C 3aJaHHBIMU Ha 110~
BEPXHOCTH Tella HanpspkeHussMu. Takas 3a1aua He NMEET CAMHCTBEHHOTO PEIICHHS Ha BCEM HPOCTPAHCTBE BEK-
TOpP-DYHKIMH, TIe OHO CyIIeCTBYeT. B paboTe mpemiokeHbl U HCCIIeI0BaHbl JIBE BapHALMOHHBIC 3aJauH JUISL
paccMaTpHBaeMOil CTATHYHOM 3aJa4i TEOPUH YIPYTOCTH C AMHCTBEHHBIM PEIICHHEM Ha BCEM IIPOCTPAHCTBE.
MaTeMaTH4YeCKUM alapaToM HCCIIEOBAHUS CIIY)KUT OJHH M3 BapUAHTOB HepaBeHCTBa KopHa, T0Ka3aHHOTO B
crathe. PaccMOTpEH BONPOC ANCKPETH3AMNN ITHX BAPHALIMOHHBIX 331a4 METOJIOM KOHEYHBIX 3JICMEHTOB U CXO-
JIIMOCTH IUCKPETHBIX PELICHHUH.

KiroueBble cjioBa: 3aJla4a TCOpUHU YHPYTroCTH, BapUAllMOHHBIC ITOCTAHOBKH, CYIIECCTBOBAHUE CAMHCTBECHHOT'O
peuieHus B (l)yHKLII/IOHﬁJ'ILHLIX TMIPOCTPAHCTBAX, AUCKPETHBIC 3a/1a4i, METO/AbI PCIICHUS NTUCKPETHBIX 3a1a4.

Bapiauiiini noctaHoBKH Ta JMCKpeTH3aNisi KpaioBoi 3a1a4i Teopii NpPy:KHOCTI i3 3aIaHUMU HA rpaHULi
obmacti Hanpyramu / H.A. Bapeniok, €.®. I'an6a, I.B. Ceprienko // KibepHeTnka Ta CHCTEMHHH aHai3.
2020. Tom 56, Ne 6. C. 46-60.

AnoTanis. Po3riasHyTO pIBHSHHS NPYXKHOI PIBHOBAard Tl y HEpeMIIIeHHSX i3 3aJaHHMH Ha IIOBEpXHI
TiJa Hampyramu. 3a3HaueHa 3ajada He MA€ €IMHOTO PO3B’S3Ky Ha BCHOMY IIPOCTOPi BEKTOP-(QYHKIIH, Je BiH
icHye. B po0oTi 3ampornoHOBaHO 1 JOCHIKEHO JBI BapialliiiHi 3a1a4i sl po3risayBaHOi CTaTHMYHOI 3ajadi
TeOopii MPYKHOCTI 3 €MHUM PO3B’SI3KOM Ha BChOMY MPOCTOPi. MaTeMaTUYHUM anapaTtoM JOCIIJDKEHHS CIyTye
omuH i3 BapiaHTiB HepiBHocTi Kopna, noBereHoi y crarri. PO3risHyTO NHTaHHS JUCKPETH3AL[i MHX
BapialifHUX 33724 METOJOM CKIHYCHHHX CJIEMEHTIB 1 301KHOCTI JMCKPETHHX PO3B’SI3KIB.

KuarouoBi cioBa: 3amaga Teopii NpyXKHOCTI, BapialiliHi [OCTAHOBKM, ICHYBaHHS €IUHOTO DPO3B’S3KY Y
(YHKIIOHAIBHUX MPOCTOPAX, AMCKPETHI 3a[adi, METOAM PO3B’S3yBaHHs AMCKPETHHX 3ajad.

Variational statements and discretization of the boundary-value problem of the elasticity theory when
tension on the boundary of the domain is known / N.A. Vareniuk, E.F. Galba, 1.V. Sergienko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 46-60.

Abstract. The equations of elastic equilibrium of bodies in displacements with the stresses set on the
surface of the body are considered. Under the conditions that ensure the solution of this boundary-value
problem, its solution will be unique in the whole space of vector functions where it exists. Two variational
problems for the considered static problem of the theory of elasticity with a unique solution in the whole space
are proposed and investigated. The mathematical apparatus of the study is one of the variants of the Korn
inequality that is proved in the article. Discretization of these variational problems by the finite-element method
and convergence of discrete solutions is considered.

Keywords: elasticity theory problem, variational statements, existence of a unique solution in function spaces,
discrete problems, methods for solving discrete problems.

YIK 519.6

TMapanienbHbIH AJrOPUTM pelieHHs] YaCTHYHON MPodieMbl cOOCTBEHHBIX 3HAYEHHI VISl OJ10YHO-THATO-
HAJIBHBIX MaTpuIl ¢ okaiimiaenneM / A.H. Xumuu, A.B. Ilonos, A.B. Yucrsikos, B.A. Cunopyk // Kubep-
HeThka W cucreMHbld aHanmm3. 2020. Tom 56, Ne 6. C. 61-74.

Im.: 3. Ta6n.: 1. Bibmiorp.: 25 Hazs.

Annoranusi. IIpe/uiokeH THOPUIHBII alrOPUTM METO/A HTEPALHil Ha MOJIPOCTPAHCTBE PELICHHS 4ac-
THYHOH 0000IIEHHOH MPOOIeMbl COOCTBCHHBIX 3HAYCHHUHN [JIi CHMMETPHYHBIX MOJIOXHTEIBHO-OMPEACICHHBIX
Pa3peKEHHBIX MATPULL OJIOUHO-MATOHATIBFHON CTPYKTYPhI C OKAiMJICHHEM Ha THOPU/IHBIX KOMIIBIOTEpAX C rpa-
¢duueckumu mporeccopamu. Iomydensl koadduumeHts dddexTuBHOCTH anroputMa. IlpoBeseHa arnpodarys
pa3paboTaHHOrO alropuTMa Ha TECTOBBIX M NPAKTHYECKUX 3ajlayax.
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KioueBble cioBa: anredpandeckast mpodieMa COOCTBCHHBIX 3HAYCHHI, KOMIIBIOTEP THOPHIHOIN apXUTEKTY-
PBL, THOPUIHBINA aATOPUTM, METOJ HTEpalHil Ha MOANPOCTPAHCTBE, d(P(HEKTUBHOCTH MapaIeIbHBIX aITOPHT-
MOB, MEIKOIIUTOYHBIH aarOPHTM.

IMapaneabHuii aJropuTM po3B’sI3yBaHHSI YaCTKOBOI NMpPo0JieMH BJACHUX 3HAYeHb ISl 0J10YHO-Jiaro-
HAJILHUX MATPULb 3 o6pamiieHHsM / O.M. Ximiy, O.B. ITonos, O.B. YUucrskos, B.A. Cunopyk // Kibephe-
THKa Ta cucteMHuii anamiz. 2020. Tom 56, Ne 6. C. 61-74.

AHoTauis. 3anporoHOBaHO TIOPUIHUIT AATOPUTM METOJY iTepaliil Ha MiANPOCTOPi PO3B’S3aHHS YaCTKO-
BOI y3araJbHEHOI MPOOJIEMH BJIACHUX 3HAYCHb JUIS CUMETPUYHHX JOJATHO O3HAYCHUX PO3PILKCHUX MaTpPHIlb
0JI0YHO-/1iarOHaIbHOI CTPYKTYPU 3 0OpaMJICHHSIM Ha TiOPMAHMX KOMIT'IOTepax 3 rpadiyHMMM HPOLECOPAMH.
Hageneno xoeginieHTH epeKTUBHOCTI alropuT™My. BrkoHaHO anpodamnito po3poOJIEHOro ajaropuTMy Ha TeCTo-
BUX Ta MPAaKTUYHHUX 3aJadax.

KurrouoBi ciioBa: anreOpaiduna npodiema BIACHUX 3HAYCHb, KOMIT'IOTep TIOpHIHOT apXiTeKTypH, TiOpHIHHI aj-
TOPUTM, METOJI iTepaliii Ha MmiAIpocTopi, epeKTUBHICTh NapaeIbHAX aJTOPUTMIB, APIOHOIUINTKOBHIA AT OPHTM.

A parallel algorithm for solving the partial eigenvalue problemfor block-diagonal bordered matrices /
O.M. Khimich, O.V. Popov, O.V. Chistyakov, V.A. Sidoruk // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 6. P. 61-74.

Abstract. A hybrid algorithm of the iteration method for the subspace of solution of a partial generalized
eigenvalue problem for symmetric positive definite sparse matrices of block-diagonal structure with bordering
on hybrid computers with graphic processors is proposed, efficiency coefficients of the algorithm are obtained,
and the algorithm is tested against test and practical problems.

Keywords: algebraic eigenvalue problem, computer of hybrid architecture, hybrid algorithm, subspace iteration
method, efficiency of parallel algorithm.

VIK 517.9
O 1eKoMIO3UIHH JeCKPHNTOPHBIX cucTeM ynpasienust / JL.A. Biacenko, A.I'. Pyrkac, B.B. Cemenen,
A.A. Ynkpnii // Kubepuernka u cucremubiii aHamus. 2020. Tom 56, Ne 6. C. 75-85.

Im.: 3. Ta6n.: 0. Bibmiorp.: 26 Hazs.

AHHOTaNusA. YCTaHOBIICHBI YCIOBUS, IIPH KOTOPBIX CIOXKHAs AECKPUIITOPHASI CHCTEMa YIPABICHUS J10-
IyCKaeT pasiokeHne Ha Oosee mpocThie mopcucteMbl. COCTOSHHE M BBIXOJ CHCTEMbI OIMCAHBI JTMHCHHBIME
YPaBHEHUSIMH, HE Pa3pEIICHHBIMH OTHOCHTEIBHO MPOM3BOIHOI COCTOSHUSA. PaccMOTpEHBI [jBa THIIA pasioxke-
HHUIT pEeryJIsipHON CHCTEMbI — HOC/IE0BaTEeIbHAS ACKOMIIO3HIUS U Hapasljle/ibHas ACKOMITO3UIHs. Y CIIOBHS [UIs
JICKOMIIO3HIIMU C(HOPMYITUPOBAHBI B TEPMHHAX CYLICCTBOBAHMS MHBAPHAHTHBIX IIAp IOJNPOCTPAHCTB OIepa-
TOPHBIX ITy9KOB, COCTOSIINX U3 KOI(P(OUIUEHTOB CUCTEMBI. Pe3yIbTaThl IPOMILIIOCTPUPOBAHBI Ha IIPHMEpE Jec-
KPUITOPHOH CHCTEMBI, KOTOpPasi OIUCHIBACT IIEPEXOAHBIC MPOIECCH B paguoTeXHHueckoM ¢mibTpe. Ocyme-
CTBJICHA KAaCKa/[HO-MIApaLIe/IbHas ICKOMIO3HIMS (DUIBTPa YCTBEPTOrO MOPSIIKA HA MPOCTEHIINE (PUIIBTPBI IEp-
BOTO MOpPS/KA, COJACPXKAIIKE 110 OAHOMY HHEPILHMOHHOMY 3JICMCHTY.

KaioueBble c¢j0Ba: JECKPUNTOPHAs CHCTEMa YIPABIECHUs, XapaKTEPHUCTHYECKUH IIydyOK OIEpaTopoB,
MHBapHAHTHAs Mapa MOANPOCTPAHCTB, MOCICAOBATEIbHAS AEKOMIIO3UINS, apajlenbHast AeKOMIO3HINS, Kac-
KaJIHO-IIapalieNibHasl JCKOMIIO3UINS PaJHOTEXHHYECCKOTO (DHIBTPa.

ITpo nexoMno3uLi0 AeCKPUNTOPHUX cucTeM KepyBaHHs / JILA. Biracenko, A.I'. Pytkac, B.B. Cemenens,
A.O. Ynukpiit // Kibepueruka Ta cucremuuii anamiz. 2020. Tom 56, Ne 6. C. 75-85.

AmnoTanisi. BctaHoBIeHO yMOBH, 32 SKUX CKJIAJHA JJECKPUIITOPHA CUCTEMa KePYBAaHHS IOIyCKAE PO3KIA
Ha OubI pocti mizcucremu. CTaH Ta BUX1JI CUCTEMH OIMCAHO JIHIHHUMH PIBHSAHHSMH, 11O € HE PO3B’SI3aHUMHU
BIIHOCHO TIOXIIHOT cTaHy. PO3risiHyTO /1Ba THIN PO3KIAIB PEryJIsipHO CHCTEMH — MOCIIIOBHA AEKOMITO3HILis
Ta HapajelbHa JEKOMIIO3HLIS. YMOBH Ul AEKOMIIO3ULII c(OpMyJIbOBAaHO y TEpMiHAX IHBapiaHTHHX IIap
MAMPOCTOPIB ONEPATOPHUX KMYTKIB, IO CKIAAAIOTHCS 13 KOe]IilEHTIB cucTeMu. Pe3ynbraTti mpoiirocTpoBaHO
TIPUKIIAZIOM JECKPHIITOPHOI CUCTEMH, IO OMKCYE MEepexXiJHi NpoLecH y paaioTexHidvHoMy (inbTpi. 31ilicHeHO
KacKaJHO-IapaJelIbHy JIeKOMIIO3HIII0 (iIbTpa YeTBEPTOro MOPSAKY Ha HAHIpocTimi GUIBTPpU MEpIIoro mopsa-
Ky, IO MICTATh 10 OJAHOMY IHEpPIIHOMY EJIEMEHTY.

Kui04oBi cj10Ba: NecKpUNTOpHa CUCTEMa KEpYBAHHS, XapaKTEPUCTHYHHUI )KMYTOK OIEPATOpiB, iHBapiaHTHA
mapa IiJIpocTopiB, IMOCIiJOBHA JAEKOMIIO3HILISA, MapajieibHa JEKOMIIO3UIIS, KaCKaJHO-TapanelbHa JEKOMIIO-
3UILIS PafIOTEXHIYHOTO (inbTpa.

On the decomposition of descriptor control systems / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets,
A.A. Chikrii // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 75-85.

Abstract. We establish the conditions to decompose a complicated descriptor control system into simpler
subsystems. The system state and input are described by equations not solved with respect to the derivative of
the state. We consider two types of decompositions: sequential and parallel decompositions. The decomposition
conditions are formulated in terms of the existence of invariant pairs of subspaces for operator pencils
consisting of system coefficients. The results are illustrated on an example of a descriptor system that describes
transient states in a radio-engineering filter. We carry out the cascade parallel decomposition of forth-order
filter into the simplest first-order filters, each containing one inertial element.
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Keywords: descriptor control system, characteristic operator pencil, sequential decomposition, parallel
decomposition, cascade-parallel decomposition of radio-engineering filter.

VK 517.9

ACHMITOTHYECKHE PellieHHsI CTYIIeHYaToro Tuna s ypapuennsi Kopresera—ne ®@pusa ¢ nepeMeHHbIMH
K03 dpuumeHTaMH M MAJIBLIM apaMeTpoM npu crapueii npoussoauoii / C.1. Jsmko, B.I'. Camoiiienko,
10.1. Camoiinenxo, H.W. JIsmko / Kubepueruka u cucremusii ananus. 2020. Tom 56, Ne 6. C. 86-95.

Im.: 0. Tabn.: 0. Bibmiorp.: 21 Ha3pa.

Annotanus. Paccmorpeno ypasuenne Kopresera—ne ®pusa ¢ nepeMeHHBIMH KOdDGHUIIMSHTAMH H Ma-
JIBIM [TapaMEeTPOM IEPBON CTENEHU IPH CTapliel Mpou3BOJHON. BBeneHO MOHATHE aCMMIOTOTUYECKOTO perie-
HUs cTyneH4yaroro tuna. Ha ocHoBe HenmuueitHoro metona BKB paspa®oran anroputm mocTpoeHust Takux pe-
LICHUH U JaHO ero 000CHOBaHUE. Y CTAHOBJICH MOPSIOK O MAJIOMY [apaMeTpy aCHMITOTHYECKOW TOYHOCTH, C
KOTOPOU IOCTPOCHHOE HPHOIMKEHHOE PEIICHHE yJOBIETBOPSET HCXOZHOMY YpPaBHEHHIO.

KiroueBbie cjioBa: YpaBHEHUE KopTeBeraﬂ[e Cl)pma C NIEPEMEHHBIMU K03Cl)CbI/IHI/[eHTaMI/I, CO.TII/ITOHOI'IOI[O6HI)IB
pemeHusA, aCUMITOTUYCCKUEC PCUICHUA, CUHTYJIAPHBIC BO3MYIICHUA.

ACHMMNTOTHYHI PO3B’A3KH THIYy CXOJAMHKH /s piBHAHHA KopTrepera-ne ®pisa 3i sminHuMHU KoedinienTa-
MM i MaJMM napaMerpoM npu crapuwiii noxiguii / C.I. JIsimko, B.I'. Camoiiienko, 10.1. Camoiisienko,
H.I. JIamko // Kibepueruka Ta cucremuuii anami3. 2020. Tom 56, Ne 6. C. 86-95.

Amnorauis. Posrisnyto piBHsHHA KopTeBera-ne ®piza 31 3MiHHUMHU KOe(]illieHTAMH 1 MaJIUM MapaMer-
POM IEPIIOro CTEIEHS MPU CTapIliil MOXiqHii. 3aIPOIIOHOBAHO MOHATTS ACUMIITOTUYHOTO PO3B’S3KY THITY CXO-
nuHkd. Ha ocHoBi HeminiiiHoro merony BKB po3po6iieno anroputm moOynoBH TaKUX PO3B’S3KIB i HABEICHO
Hioro oOrpyHTyBaHHs. BCTaHOBJICHO MOPSIIOK 32 MaJMM IapaMETPOM aCHMITOTHYHOI TOYHOCTI, 3 SKOIO MO0y-
JIOBaHHH HaOJIMKEHWH PO3B’S30K 3a0BOJIBHSE BHXITHOMY DIBHSHHIO.

Kuarouosi cioBa: piBusnus Kopresera-ne ®piza 3i 3MiHHMMHE KoedillieHTaMH, CONITOHOMOIOHI PO3B’S3KH,
ACHMIITOTHYHI PO3B’SI3KH, CHUHTYJSIPHI 30ypeHHSI.

Asymptotic step-like solutions to the Korteweg-de Vries equation with variable coefficients and a small
parameter at the highest derivative / S.I. Lyashko, V.H. Samoilenko, Yu.l. Samoilenko, N.I. Lyashko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 86-95.

Abstract. The paper deals with the Korteweg-de Vries equation with variable coefficients and a small
parameter of the first degree at the highest derivative. The notion of an asymptotic solution of a step type is
proposed. By means of the non-linear WKB technique, an algorithm for constructing such solutions is proposed
and justified. The order, on the small parameter, of the asymptotic accuracy with which the constructed
approximate solution satisfies the given equation is established.

Keywords: Korteweg-de Vries equation with variable coefficients, soliton-like solutions, asymptotic solutions,
singular pertubation.

VK 519.233.5

CraTHcTHYEeCKHMI aHAIM3 TMHAMUKHHHQUIMPOBAHUS KOPOHABHPYCOM € NMOMOIIBLIO IOLIAT0BOii perpec-
cun ¢ nepexarodenusivu / I1.C. Knonos, A.C. Kopxun / Kubepreruka u cucremusiii anamus. 2020. Tom 56,
Ne 6. C. 96-106.

In.: 4. Tabm.: 1. Bi6miorp.: 18 mass.

AnHOTanus1. PaccMOTpeHO MOJCIMPOBaHKE AMHAMUKH HHOHUIMPOBAHUS KOPOHABUPYCOM C HCIIOIb30BAHH-
€M PErpeccHy C MEPEKIIOYCHHAMH, TOYKH MEPEKIIIOUCHNs. KOTOPOH Hen3BecTHbI. OINMCaH MOIIAroBbIi Iporecc
MIOCTPOCHHSI PErPEeCcCH BO BpeMeHH. lccrienoBaHa JuHAMHKa HH(OHIMPOBAHHS KOPOHABUPYCOM B YKpauWHE.

KuioueBble ci10Ba: perpeccusi, TOYKN MEPEKIIOUCHHS, TapaMeTPhl PErPECCHH, MOIIAroBOe OLCHUBAaHNE, HHU-
LIUPOBAHKE, KOPOHABUPYC.

CraTHCTHYHMIA aHAJI3 IMHAMIKH iHQiKyBaHHSI KOPOHABIpPYCOM 32 J0NMOMOI0I0 MOKPOKOBOI perpecii 3 me-
pemuxannsvu / II.C. Knonos, A.C. Kopxin // KiGepHetnka Ta cucremunii anamiz. 2020. Tom 56, Ne 6.
C. 96-106.

AHoTanis. 3apornoHOBaHO MOJCTIOBATH JUHAMIKY 1H(IKyBaHHS KOPOHABIPYCOM 3 BUKOPHCTAHHSIM Per-
pecii 3 HepeMUKaHHIMH, TOUYKU TIEPEMHUKAHHA 5SKOi HeBiZoMi. ONMCcaHO MOKPOKOBHHU MPOIEC 00y J0BU perpecii
y 4aci. JlocmipkeHo numHaMiky iHQiKyBaHHS KOpOHaBipycoM B YKpaiHi.

KumiouoBi citoBa: perpecisi, TOUKH EepeMHKaHH, MapaMeTpH perpecii, MOKPOKOBE OLIHIOBAHHS, 1H(IKyBaHHS,
KOpOHaBipyc.

Statistical analysis of the coronavirus infection dynamics using stepwise switching regression /
P.S. Knopov, A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 96-106.

Abstract. It is proposed to model the coronavirus infection dynamics using switching regression whose
switching points are unknown. The step-by-step process of constructing the regression in time is described. The
dynamics of the coronavirus infection in Ukraine is analyzed.

Keywords: regression, switch points, regression parameters, stepwise estimation, infection, coronavirus.
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VJK 519.8

MHorokpHTepHATIbHAS 321242 ONTHMH3ALMUHN: YCTOHYHBOCTh K BO3MYLIEHHSIM BXOJHBIX JAHHBIX BeK-
TopHoro kpurtepusi / T.T. Jle6enesa, H.B. Cemenona, T.U. Cepruenxo // KubepHernka u cucTeMHbIi aHa-
3. 2020. Tom 56, Ne 6. C. 107-114.

In.: 0. Tabm.: 0. bi6miorp.: 14 Hazs.

AHHoTanud. s BEKTOPHOH 3ajaud ONTUMM3ALMM C HENPEPbIBHBIMM YaCTHBIMH KPUTEPUAIbHBIMU
(QYHKIUSIME U MHOJKECTBOM JOITYCTHMBIX PEIICHHII IPOU3BOJILHON CTPYKTYPHI H3yUEHBI YCIOBUS yCTOHINBOC-
TH OTHOCHTEIBHO BO3MYIICHHI BXOJHBIX JaHHBIX BEKTOPHOTO KpHTepus. IlomydeHsl mocTaTouHbBIe H HEOOXO-
JMMBIC YCJIOBUS YCTOMYMBOCTH TpeX THUIOB JUIi 3afadyu mHoucka [lapeTo-ONTUManbHBIX DPEIICHHIL.

KioueBbie cjioBa: BEKTOpHas 3aJa4da ONTHUMH3AINU, BBKTOpHBIﬁ Kpn’repmﬁ, yCTOI\/II‘II/IBOCTB, HapeTO-OHTI/I-
MaJIbHBIE PEHICHUS, MHOXKECTBO CneﬁTepa, MHOXKECTBO CMeﬁHa, BO3MYUICHUSI BXOJHBIX JAaHHBIX.

Bararokpurepiiina 3agaya onTumizauii: crilikicTe 70 30ypeHb BXiIHMX JaHHX BEKTOPHOI0 KpHTepiio /
T.T. JlebeneBa, H.B. Cemenona, T.I. Ceprienxo // KiGeprernka ta cucremuuii anamniz. 2020. Tom 56, Ne 6.
C. 107-114.

AwnoTauis. /I BekTopHOI 3a1a4i onTUMi3anii 3 HeepepBHUMHU YaCTKOBUMH KPUTEPIHHIME (YHKIIAMH 1
MHOXXUHOIO JIOITYCTUMHX PO3B’S3KiB JJOBUIBHOI CTPYKTYpH BHBUCHO YMOBHM CTIHKOCTI 1100 30ypeHb BXiTHUX
JIAHUX BEKTOPHOTO KpHTepito. OTpUMaHO JJOCTATHI 1 HEOOXiIHI YMOBH CTIHKOCTI TPHOX THIIIB JUIs 3a/1a4i IOy~
Ky Ilapero-onTHManpHUX PO3B’S3KiB.

Kuio4oBi ciioBa: BeKTOpHA 33/1a4a ONTUMI3aLlil, BEKTOPHUI KPUTEPiH, CTiHKicTh, [lapeTo-onTuManbsHi po3B’si3-
ku, MHOkMHA Cueiirepa, MHOXMHA Cwmeiia, 30ypeHHs BXIJIHUX JaHHX.

Multi-objective optimization problem: stability with respect to initial data perturbations in vector
criterion / T.T. Lebedeva, N.V. Semenova, T.I. Sergienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 6. P. 107-114.

Abstract. The conditions of stability with respect to initial data perturbations in vector criterion for
multi-objective optimization problem with continuous partial criterion functions and feasible set of arbitrary
structure are established. The sufficient and necessary conditions of three types of stability for the problem of
finding Pareto-optimal solutions are proved.

Keywords: vector optimization problem, vector criterion, stability, Pareto optimal solutions, Slater set, Smale
set, perturbations of initial data.

VK 621.391

IMoaxoa Kk MOCTPOECHUI0 MATEMATHYECKON MOJeIH CUTHATYPHI onpeiejieHHs 00beKTOB MOHMTOPHHIA ¢
HCHO0JIb30BAaHHEM MH(OPMATHBHOCTH €e MOHMTOPUHIOBBIX Npu3HakoB / A.A. Hiabsimos, B.C. Komapos,
O.B. IOpuenko, A.B. /leiinera // Kubepreruka n cucremusiii anamus. 2020. Tom 56, Ne 6. C. 115-119.

Im.: 1. Ta6n.: 0. Bibmiorp.: 6 Ha3s.

AnHoTamus. B cratbe paccMoTpeHa 3a/1a4a MCIOIb30BaHUs HHPOPMATHUBHOCTH MOHUTOPUHIOBBIX HPH-
3HAKOB CHI'HATYPbl 00BEKTOB MOHUTOPHUHTA /JIsi KOHKPETHBIX YCIIOBHI PELICHMUsI IIPUKIIA/HbIX 3a/1a4 paclo3Ha-
BaHwsl. VIcciie10BaH MpeioxKeHHBI TOAX0 K OCTPOCHUIO MaTEeMaTHYECKON MOJICITH CUTHATYPBI OIPE/IeICHHUSI
00BEKTOB MOHHTOPHHIA ITyTEM y4eTa M3MEHCHHS BEJINUMHBI PA3HHUIBI MEK/y BEPOSTHOCTSIMH PACIO3HABAHHUS
00BEKTOB MOHHUTOPHHTA.

KiroueBble ciioBa: MOHHTOpHHI‘OBHﬁ IIpU3HaK, CUrHarypa, PIH(bOpMaTPIBHOCTB MOHHUTOPHUHI'OBOI'O IMMpU3HAKa.

Miaxin 10 modya0BM MaTeMATH4YHOI MOJe/Ii CHIHATYPH BM3HAYeHHs1 00’€KTiB MOHITOPMHIY i3 3actocy-
BaHHAM iHpopmaTuBHOCTI ii MoHiTOpHHrOBUX 03HaK / O.A. Libsmos, B.C. Komapos, O.B. IOpuenko,
O.B. [eiinera // Kibepuernka ta cucremunii ananisz. 2020. Tom 56, Ne 6. C. 115-119.

AHoTanis. Y cTaTTi pO3IISHYTO 3aa4y BUKOPHCTAHHS iHGOPMATHBHOCTI MOHITOPUHIOBHUX O3HAK CUTHA-
TypH 00’ €KTiB MOHITOPHHTY Ul KOHKPETHUX YMOB PO3B’SI3aHHS MPUKIIAJHKUX 3a]a4 po3mi3HaBanHs. Jlocmimke-
HO 3alPONIOHOBAHUM MiJIXi/] 10 TOOYJOBM MaTeMaTHYHOT MOJIEJ CUTHATYPU BU3HAUCHHS 00’ €KTIB MOHITOPUHTY
LUIAXOM BapilOBaHHs BEIMYUHOIO PI3HHII MDK IMOBIPHOCTSIMH DO3Ii3HABAHHSA 00’€KTIB MOHITOPHHTY.

KirouoBi cjioBa: MOHITOPUHTOBa O3HAKa, CHTHATYpa, iH(GOPMATHBHICTH MOHITOPHHIOBOI O3HAKH.

An approach to constructing a mathematical model of the signature to determine the monitoring objects
using the informativity of its monitoring features / O. Iliashov, V. Komarov, O. Yurchenko, O. Deineha //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 115-119.

Abstract. The authors consider the use of informativity of monitoring attributes of a signature of objects
of monitoring for specific conditions of solving applied recognition problems. The approach to construction of
the mathematical model of a signature of definition of objects of monitoring by varying the difference between
the probabilities of recognition of the objects of monitoring is proposed.

Keywords: monitoring sign, signature, information content of the monitoring sign.
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VK 519.85

ITocTpoenne BHEIIHEro0 KOHTYPa comjia (GPaHKIs ¢ HCIO0Jb30BAHHEMS-00Pa3HBIX KPHBBIX ¢ KBaJpaTHY-
HBIM 3aK0HOM pacnpesenenus kpusnsael / [LU. Cremiok, A.B. Tkauenko, O.H. Xomsik, O.JI. I'punaii /
Kubepreruxa n cucreMusiii anamms. 2020. Tom 56, Ne 6. C. 120-135.

In.: 6. Tabn.: 6. BiGmiorp.: 22 Ha3Bu.

Aunortanus. Pa3paborana MaTeMaTHIECKash MOJIENb, aTOPUTM H MPOrPaMMHOE 00CCIIeUeHHE TSI 3a/1a-
M OCTPOCHUSI S-00pa3HOil KPHBOH, MPOXO/IIIEH Uepe3 ABe 3aJaHHbIC TOUKH C 3aJaHHBIMH yTJIAMH HaKJIOHA
KacaTeJIbHbIX B HUX U 00ECIeUMBAIOIIEH 3a1aHHbII YT0J1 HAKJIOHA KAacaTeJIbHOM B TOUYKE € 3aJaHHOI aOCIMCCOi.
Jlnst ynpasiieHust TOukoit neperu6a S-o0pa3Hoii KpHBOW ¢ KBaAPATHYHBIM 3aKOHOM pacIpeIeICHUs] KPUBH3HBI B
HATYpaJIbHON ITapaMeTpH3aliy HCIOJb3yeTcsl Yrol HAaKJIOHAa KacaTeNbHON B TOUKE C 3aJaHHOI aOCIHCCOI.
AJITOPUTM OCHOBaH Ha MOAMGHKALMKA METOJa C PACTSHKCHHEM MPOCTPAHCTBA B HAIPABJICHUH Pa3HOCTH JIBYX
MOCIEI0BATENBHBIX 00OOIICHHBIX TPAINCHTOB. BBIUMCIHTEIbHBIE DKCIEPHMEHTHI MOKa3amu 3(Q()EKTHBHOCT
pa3paboTaHHOrO aNrOpUTMa [Uisi MPOSKTUPOBAHHS BHEIIHEr0 KOHTypa coruia DpaHKis.

KiroueBble c10Ba: BHCIIHUN KOHTYp coIl1Ia, S-06pa3Ha51 KpuBasi, HaTypalibHas IapaMeTpu3anus, KBaJapaTui-
Hasg KpUBU3HA, HETJIAJKas ONTUMHU3ALUA, r-aJITOPUTM.

Ilo6ya0Ba 30BHIIIHLOI0 KOHTYPY cOILIA (PPAHKIISA 3 BUKOPUCTAHHAM S-NOAIOHMX KPUBHUX i3 KBa/JpaTHy-
HHM 3aK0HOM po3noginy kpusuun / ILI. Cremiok, O.B. Tkauenko, O.M. Xom’sak, O.JI. I'punaii // Kiep-
Hetnka Ta cucrtemMuuii anamisz. 2020. Tom 56, Ne 6. C. 120-135.

Amnorauist. Po3po06iieHo MaTeMaTH4Hy MOJEIb, AITOPUTM Ta IIPOrpaMHe 3a0e3MeUeH s UL 3a1adi o0y I0BH
S-mozi6HO1 KpHUBOI, sIka IPOXOAUTH Yepe3 [Bi 3a1aHi TOUKH i3 3aJaHUMH KyTaMH HaXWIy JOTHYHHUX y HUX Ta 3a0e3-
revye 33aHUK KyT HaXWTy JOTHYHOI B TOYII i3 3a1aHO00 abcuucoro. [t KepyBaHHS TOUKOIO NeperuHy S-motioHoi
KpPHBOI 3 KBaJpaTHYHUM 3aKOHOM PO3IOALTY KPUBHHH B HATypasIbHiil TapaMeTpH3allii BUKOPHCTOBY€EThCS KYT HaXH-
Jy IOTHYHOI B TOUI i3 33[]aHOI0 a0CIUCOI0. AJITOPUTM IPYHTYEThCS Ha MOJM(IKALLi METOMY 3 PO3TATOM IPOCTOPY
B HAIPsMI PI3HULI JBOX HOCIIJOBHUX y3arajJbHEHHUX IpamicHTiB. OOUHCIIIOBAIBHI SKCIIEPHMEHTH MOKa3aIH edek-
THBHICTb PO3POOJICHOTO AITOPUTMY Ul IPOEKTYBAHHS 30BHINIHBOIO KOHTYpY comia DpaHkis.

KuiouoBi ci10Ba: 30BHILIHIN KOHTYp coIlUIa, S-moAiOHa KpUBa, HATYpalbHA MapaMeTpU3allisi, KBaJApaTUu4Ha KpH-
BHHA, HErJajKka ONTHUMI3aLlisi, F-aJfOPHTM.

Constructing the external contour of the frankl nozzle using s-shaped curves with quadratic distribution
of the curvature / P.I. Stetsyuk, O.V. Tkachenko, O.M. Khomyak, O.L. Gritsay // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 120-135.

Abstract. A mathematical model, algorithm, and software are developed for the problem of constructing an
S-shaped curve, which passes through two given points with given tangent inclination angles at them and provides
a given tangent inclination angle at a point with a given abscissa. To control the inflection point of the S-shaped
curve with quadratic distribution of curvature in natural parameterization, the tangent inclination angle at the point
with the known abscissa is used. The algorithm is based on a modification of the method with space dilation in the
direction of the difference of two successive generalized gradients. Computational experiments have shown the
efficiency of the developed algorithm for constructing the external contour of a Frankl-type nozzle.

Keywords: external nozzle contour, S-shaped curve, natural parameterization, quadratic curvature, nonsmooth
optimization, r-algorithm.

VK 517.988

AJanNTHBHBINA JABYXTANHBIA MPOKCHMAJIBHBI AJArOPHTM /IS 321244 0 PABHOBECHH B NMPOCTPAHCTBAX
Anamapa / SI.U. Beneas, I'.B. Cangpakos, B.B. CemenoB // Kubeprueruka u cucteMusrii aHamus. 2020.
Tom 56, Ne 6. C. 136-148.

Im.: 0. Ta6n.: 0. Bibmiorp.: 33 Ha3B.

AnHoOTanus. PaccMOTpeHb! 3a/1aul 0 PaBHOBECHHM B METPUYECKUX MpocTpaHcTBax Anamapa. s npu-
OIIIKEHHOTO PELICHHMS 3a/ad NPEUIOKeH U N3YYeH HOBBIN aJallTUBHBIN JABYXITAIHBIH MPOKCHMAIBHBINH aJro-
putM. B oTimume oT mpuMeHseMBIX paHee IPaBHJI BBIOOPA BEIMYMHEI IIara B IpeQIaraéMoM alropHTMe He
IPOBOJISATCS BBIYHCICHUS 3HAUCHUIT ON(YHKI[MH B TOMOTHUTEIBHBIX TOYKAX M HE TpeOyeTcst 3HaHus HH(OpMa-
LMK O BEJIMYHHE JIMMIIUIEBBIX KOHCTAHT OM(MYHKIMH. J{Isi ICEBAOMOHOTOHHBIX OM(YHKIMIT JIMIIINIEBOTrO
TUIA JJOKa3aHa TeopeMa O c1aboil CXOIMMOCTH IOPOXKJICHHBIX aIrOPUTMOM MocienoBaTeabHocTel. [Ipeasno-
JKEHHBIIl aJrOPUTM IPUMEHHM K IICEBIOMOHOTOHHBIM BapHAlMOHHBIM HEPaBEHCTBAM B I'MJILOCPTOBBIX IMPO-
CTpaHCTBaX.

KurodeBble cj10Ba: IPOCTPAHCTBO Azlamapa, 3a/ada O PaBHOBECHH, [ICEBIOMOHOTOHHOCTb, JABYX3TAIHbIN MPO-
KCHMAJIbHBIH aJITOPUTM, aalTHBHOCTh, CXOANMOCTb.

AanTHBHUI JBOETANHHI MPOKCHMATILHHIA AJITOPHTM /IS 3a1a4i IPo piBHOBAry B mpocTopax Axamapa /
S1.1. Beneas, I'.B. Canapaxos, B.B. CemenoB // Kibepuernka ta cucremuuii anamis. 2020. Tom 56, Ne 6.
C. 136-148.

AnoTanisi. Po3rysiHyTO 3a/a4i Ipo piBHOBAary B METPHUYHUX HpocTopax Amamapa. Jlyist HaGimkeHoro
PO3B’sI3aHHS 3aj1a4 3aIPOIIOHOBAHO Ta JOCIIPKEHO HOBUH iTepalliiiHuii ajanTHBHUN JJBOCTAITHUH TPOKCHMAIb-
Huit anroputM. Ha BinmiHy Bix npaBmin BHOOpY BENMYHHM KPOKY, IO 3aCTOCOBYBAJIMCS PaHIiIlle, B 3aIIPOIIOHO-
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BaHOMY aJTOPUTMI HE BUKOHYIOThCS OOYMCIICHHS 3Ha4YeHb Ol(YHKIIT B JOJATKOBUX TOYKAX, a TAKOXK 3HAHHS
iHpopMalii Ipo BEJMUUHY JIMIINIEBUX KOHCTAHT 0iyHKIIT He mOTpiOHO. 11t ICEBJOMOHOTOHHUX Oi()yHKIiiH
JIMIIKIEBOrO TUITY JOBEICHO TEOPEMY MPO CiabKy 301KHICTh MOPOKEHHX aITOPUTMOM MOCIiJOBHOCTEH. 3ar-
POIIOHOBAHHUH aJrOPUTM MOXKHA 3aCTOCYBATH JIO IICEBJOMOHOTOHHHX BapialliiHHX HEpiBHOCTEHl y riapdepTo-
BUX IPOCTOpAXx.

KurouoBi ciioBa: npocrip Anamapa, 3aj1a4a 1po piBHOBary, IceBJIOMOHOTOHHICTb, JABOCTAITHUN POKCHMAllb-
HHUH aJrOPUTM, aJaNTHBHICT, 301KHICTB.

An adaptive two-stage proximal algorithm for equilibrium problems in Hadamard spaces / Ya.l. Vedel,
G.V. Sandrakov, V.V. Semenov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 136-148.

Abstract. Equilibrium problems in Hadamard metric spaces are considered in the paper. For an
approximate solution of problems, a new iterative adaptive two-stage proximal algorithm is proposed and
analyzed. In contrast to the previously used rules for choosing the step size, the proposed algorithm does not
calculate bifunction values at additional points and does not require knowledge of the value of bifunction’s
Lipschitz constants. For pseudo-monotone bifunctions of Lipschitz type, the theorem on weak convergence of
the sequences generated by the algorithm is proved. It is shown that the proposed algorithm is applicable to
pseudo-monotone variational inequalities in Hilbert spaces.

Keywords: Hadamard space, equilibrium problem, pseudo-monotonicity, two-stage proximal algorithm,
adaptivity, convergence.

YK 519.816

CpaBHeHHMe MeTO/10B, HCIOJIb3yeMbIX NPH MHOTOKPUTEPHAIbHOM NPUHATHM PelleHus IS NOoJy4YeHUus
3HaYeHMil K0I()(PUIMEHTOB BaKHOCTH NOKAa3aTeseil, KOTOpble XapaKTePU3YIOT CJIOKHYIO cucremy /
M.M. oremkun, A.A. Cemusip, A.B. [leiinera, O.I1. KpaBsen // KuGepHerrka u cucremusliii ananu3. 2020.
Tom 56, Ne 6. C. 149-159.

In.: 0. Tabn.: 7. bibmiorp.: 22 na3s.

Annoranus. [TpuBeeHo o0IIee ONMUCAHUE TUMOBBIX METO/I0B, KOTOPBIE MCHOB3YIOTCA MPU MHOTOKPH-
TePHAIbHOM NPUHATHN PELICHHS ISl HOTy4eHHs! 3HaYeHHi Kod(UIMEHTOB BaXKHOCTH TI0Ka3aTeleil, xapakre-
PUBYIOMIUX CIIOKHYIO CHCTEMY: aHalM3a UEPapXMil, KPUTUYECKOrO PACCTOSHUs, NMAPHBIX CPABHEHUMH, PaHIOB,
®umbepna, CRITIC, suTponmitnoro. OnpeaeneHbl 0COOEHHOCTH 3THX METOJIOB, BBITIOJIHEHBI PacyueThl, KOTO-
Ppble MILTIOCTPUPYIOT OTIIMYHS 3HAYCHNIH K0 (HUINEHTOB BaXKHOCTH MOKAa3aTeNleH, TTOTy4aeMbIX C HX HCIOIb30-
BaHHWEM, a TAKXKE NPUBEICHBI PEKOMEH/AIMH MO MX NPAaKTHYECKOMY MPHMCHEHHIO.

KarodeBble c10Ba: METO]| aHaIM3a HEPAPXUI, METOL KPUTHUECKOTO PACCTOSHUS, METO]] IAPHbIX CPAaBHEHUH, Me-
Tox panros, Metox Gumbepna, meroq CRITIC, koapuumeHT BaKHOCTH ITOKa3aTeIeH, SHTPOIUHHBI METO.

IopiBHsiHAST MeTONIB, BUKOPHCTOBYBAHHX NI Yac NPHIHATTS pillleHHs] JUIsi OTPUMaHHs 3Ha4YeHb
KoedilieHTIB BaKJIMBOCTI NMOKA3HUKIB, 10 XapaKTepu3ywTh ckiaaaHy cucrtemy / M.M. IloTbomKiH,
A.A. Cenasip, O.B. [leiinera, O.I1. KpaBens // KibepHernka ta cucremuuid aHamiz. 2020. Tom 56, Ne 6.
C. 149-159.

AwnoTanisi. HaBeneHo 3araipHuii ONMKMC THIOBUX METOIB, BUKOPUCTOBYBAHHX ITiJT Yac MPUIHATTS pillieH-
HS JUI1 OTPUMAHHS 3HAa4eHb KOe(illi€HTIB BaXKIMBOCTI MOKA3HHKIB, IO XapaKTEPU3YIOTh CKJIAJHY CHCTEMY:
aHaJi3y iepapxiif, KpUTUYHOI BiACTaHi, TAPHUX MOPIBHSHB, paHriB, ®imbepna, CRITIC, entponiitHoro. Busna-
YEeHO OCOOJIHMBOCTI IIMX METOJIB, BUKOHAHO PO3PAXYHKH, SIKi 1LIIOCTPYIOTH BiAMIHHOCTI 3Ha4YeHb KOe(ilicHTIB
B@XJIMBOCTI, OTPUMYBAHHX 32 HHMH, @ TAKOX HABEJCHO PEKOMCH/ALII 10J10 iXHOTO MPAKTUYHOI'O BHKOPHC-
TaHHS.

KorouoBi cimoBa: meron aHamisy iepapxidf, MeTOJ KPUTHYHOI BiICTaHi, METOJ NAapHUX HOPIBHSIHB, METOJ
pauriB, meron ®imbepna, meron CRITIC, koedilieHT BaXJIMBOCTI MOKa3HMKIB, SHTPOMIHHUI METOJ.

Comparison of the methods used in multicriteria decision making to determine the values of the
coefficients of importance of indicators that characterize a composite system / M.M. Potomkin,
A.A. Sedlyar, O.V. Deineha, O.P. Kravets // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 149—-159.

Abstract. The paper provides a general description of typical methods that are used in multi-criteria
decision making to determine the values of the coefficients of importance of indicators that characterize a
composite system: analytic hierarchy process, critical distance, pairwise comparisons, ranks, Fishburn, CRITIC,
entropy. The features of these methods are determined and calculations are carried out that illustrate the
differences in the values of the coefficients of importance of the obtained indicators with their use. The
recommendations on the practical application of these methods are provided.

Keywords: analytic hierarchy process, critical distance method, pair wise comparison method, rank method,
Fishburn method, CRITIC method, coefficients of importance of indicators, entropy method.
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YIK 519.9
MHorokpHuTepHaIbHasl ONTUMHU3ANUsA: cHcTeMHbIi moaxon / A.H. Bopouun, A.C. CaBuenko // Kubepue-
THKa B cucTeMHbli aHamu3. 2020. Tom 56, Ne 6. C. 160-174.

In.: 0. Ta6n.: 0. Bibmiorp.: 13 Ha3s.

Annotanus. IIpemnoxeH CHCTEMHBIH HOAXOA K PEIICHHIO 33aa4 MHOTOKPHTEPHUATbHOH ONTHMU3ALUH.
Takoit moaxoA MO3BOISET 00BEAUHUTH MOJEIU OTAENBHBIX CXeM KOMIIPOMHCCOB B €IHHYIO IIEIOCTHYIO CTPYK-
Typy, aJanTUPYIONIYIOCS K CHUTyallUd IPHUHATHA MHOTOKPUTEPUATBLHOIO pelleHus. [IpenmyniecTBoM KOHIEN-
MM HEJIMHEHHOM CXeMbl KOMIPOMHUCCOB SIBJISIETCS BO3MOKHOCTh IPUHATHS MHOTOKPUTEPHAIBLHOTO PEIICHHs
(hopmabHO 6e3 HeNOCPEACTBEHHOIO YYacTHs YelIoBeKa. ANNapar HeJIMHEHHOI cXeMbl KOMIPOMHUCCOB, pa3pa-
OOTaHHBIH Kak (hOPMaIN30BAHHBII HHCTPYMEHT JUIS HCCIIEHOBAHUS CHCTEM YIPABICHUS C IPOTUBOPESUUBBIMU
KPUTEPUSIMH, HO3BO/SIET NMPAaKTUYECKH PelIaTh MHOTOKPHTEpHATbHBIC 3aJaull MIMPOKOTO KIIacca.

KimroueBble ciioBa: cucTeMa, ONTHMH3ALNUS, MHOTOKPHTEPUATBHOCTD, (QyHKIHUS ITOJIE3HOCTH, CKaJIsIpHAas CBEp-
TKa, HEJIMHEHHas cXema KOMIIPOMHCCOB.

Baratoxpurepiiina ontumizauisi: cucremunii minxin / A.M. Boponin, A.C. CaBuenko // Kibeprernka Ta
cucremuuii anamis. 2020. Tom 56, Ne 6. C. 160-174.

AHoTAais. 3apONOHOBAHO CHCTEMHHMI IMJXiJ [0 PO3B’A3aHHA 3a[ad OaraTOKpUTEpiHHOI onTHMIsallii.
Takuii miaxizg 103BONUB 00’ €IHATH MOJENI OKPEMUX CXEM KOMIIPOMICIB B €JIHHY LINTICHY CTPYKTYPY, SKa ajar-
TYEThCS 0 CUTYyawii NPUHHATTS OaraTokpuTepiiHoro pimenHs. [lepeBaroro KOHUeNIil HeNMHIIHOT CXeMH KOM-
IIPOMICIB € MOKJIMBICTh IIPUHHSATTS 0araTOKpUTEPiiHOTO pimeHHs hopMantbHO 6e3 6e3rnocepeHboi yaacTi Jiro-
JIMHU. Aniapat HeliHiiHOT cXeMH KOMIIPOMICIB, po3po0iieHuit sk Gpopmati3oBaHUIi IHCTPYMEHT IS TOCIIIKESH-
HSl CHCTEM KEpYBaHHS 3 CYNEPEWIMBUMH KPUTEPISIMH, JO3BOJISE MPAKTUYHO PO3B’S3yBaTH OaraTOKpHUTEpiiiHi
3aj1a4i IIHPOKOTO KIacy.

KiouoBi cioBa: cucTeMa, ONTHMi3allis, OaraTOKPHTEpiiHICTb, (YHKIIsI KOPUCHOCTI, CKaJIsIpHAa CBEPTKa,
HeTiHilHa cXeMa KOMIIPOMICIB.

A systematic approach to multiobjective optimization / A.N. Voronin, A.S. Savchenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 6. P. 160-174.

Abstract. A systematic approach to solving multiobjective optimization problems is proposed. The
system approach allows combining the models of individual schemes of compromises into an integrated
structure that adapts to the situation of making multiobjective decisions. An advantage of the concept of
non-linear scheme of compromises is the possibility of making a multiobjective decision formally, without a
direct human participation. The apparatus of the non-linear scheme of compromises, developed as a formalized
tool for the analysis of control systems with conflicting criteria, makes it possible to solve practically
multicriteria problems of a broad class.

Keywords: system, optimization, multicriteria, utility function, scalar convolution, nonlinear scheme of
compromises.

HOBI 3ACOBH KIBEPHETHUKH, ) NEW TOOLS IN CYBERNETICS,
ITHOOPMATHKH, OBYMCJIIOBAJILHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKM I CHCTEMHOI'O AHAJI3Y ANALYSIS
VK 516.813

Jloruyeckue onepanuu HAJ HEYeTKUMH MHOKeCTBAMH U OTHOLIEHUSIMH B ABTOMATHOM MHTepnpeTanuu /
C.JI. KpeiBblii, B.H. Onanacenko, C.b. 3aBpsiioB / Kubepuernka u cuctemuslii ananus. 2020. Tom 56,
No 6. C. 175-183.

In.: 8. Tabn.: 5. Bibmiorp.: 11 Hazs.
AnHoTanus. PaccMaTpHUBalOTCs JIOTHYECKUE ONEpAlny HaJl HeUSTKHMMH MHOXKECTBAMU U OTHOLICHUSIMU
B aBTOMATHOW MHTEPIPETalU CPEACTBAMH JIOTHUECKHUX CETEH ¢ BO3MOXKHOCTBIO aJanTanud. [IpuBeneHs! npu-

MEpPBI CUHTE3a cerel ¢ TIOMOIIBIO PACCMOTPEHHBIX aBTOMATOB HAa OCHOBE CTPYKTYpP BLIpa)KeHI/Iﬁ JUIA 3aJTaHHBIX
HEUYETKUX MHOXKECTB M OTHOIICHHM.

KiroueBble ciioBa: HEYCTKHC MHOJKECTBA, OTHOLICHHUSA, JIOTUYCCKUE OICpaluu.

Jloriuni onepauii Hax HeYiTKHMH MHOKHHAMH i BiTHOIIEHHSIMUB aBToMaTHiii inTepnperauii / C.JI. Kpu-
Buii, B.M. Onanacenxo, C.b. 3aB’sioB // KiGepHetnka ta cucremunii anamis. 2020. Tom 56, Ne 6.
C. 175-183.

AHorauis. Po3risgHyTo noriyHi omeparii Haj HEYITKUMM MHOKMHAMH 1 BIJHOUICHHSMH B ABTOMAaTHIi
iHTeprpeTarii 3ac06amMu JIOTIKOBUX Mepex 31 31aTHICTIO afanTanii. HaBeqeHO MpUKIa M CHHTE3y MEpEeK 3a J10-
[IOMOT'OKO PO3IJIIHYTHX aBTOMATIB Ha OCHOBI CTPYKTYp BUPA3iB lsl 3/laHUX HEYITKUX MHOKHH 1 BiIHOIICHB.

KaiouoBi ciioBa: HewiTKi MHOXKHHH, BIJIHOCHHH, JIOTi4HI oreparii.
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Logical operations on fuzzy sets and relations through automatic interpretation / S.L. Kryvyi,
V.M. Opanasenko, S.B. Zavyalov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 175-183.

Abstract. Logical operations on fuzzy sets and relations are considered in the automatic interpretation by
means of logical networks with the possibility of adaptation. Examples of the synthesis of networks using the
considered automata based on expression structures for the given fuzzy sets and relations are given.

Keywords: fuzzy sets, relations, logical operations.

VK 004.8
Pacmmpenne Merasi3bika HOPMAJIBLHBIX (opMm 3HaHmii / A.®. Kypraes // KubepHeTnuka u cuCTeMHEII aHa-
3. 2020. Tom 56, Ne 6. C. 184-191.

Im.: 9. Ta6n.: 1. Bibmiorp.: 8 Ha3s.

AnHoOTanus. PaccMOTpeHbI /1Ba BApUAaHTa TEKCTOBOTO U IPpad)MYecKoro ONnucaHusi METas3blka HOpMallb-
HBIX ()OPM 3HAHHH, PACIIHPEHHOTO CTHIMCTUYESCKHMH OTHOIICHHSMH ONUCAHUS HH(POPMAIMOHHBIX CTPYKTYP.
HaGop oTHOmeHHI HOpMaIbHBIX (OpM 3HAHHMIT (anbTepHATHBA, KOHKATEHAIMs, OTPHLAHIE M UTepalis) pac-
MIUPEH ABYyMs HOBBIMH OTHOLIGHHSIMH: 00S3aTeIbHOCTH — He HYJIEBBIM YHCIIOM HOBTOpeHuil (mandatory) He-
KOTOPOH CTPYKTYpBI, He00s3aTeabHOCTH (Optional) HEKOTOPOH CTPYKTYpPBI U CTPYKTYypHBIMHU (grouped) ckoOKa-
Mu. B TexcToBoii u rpadguueckoit popmax gaHbl ONUCAHKUS HOBBIX OTHOLICHHI yepe3 0a30BbIe OTHOIICHHUSI.

KiroueBbie cjioBa: METasA3bIK, CAMOOIMUCAHNE MCTasA3bIKa, rpa(l) CaMOOITNCaHUsA METasA3bIKa, OTHOMICHUE 00s13a-
TEJIBHOCTHU, OTHOIICHUEC HeOGS{?:aTeJ'II)HOCTI/I, CTPYKTYPHBIC CKOOKH.

Po3mupennsi MmeramoBu HopmajabHux (opm 3Hanb / O.II. Kypraes // KibepHeruka Ta cuCTeMHHUI aHai3.
2020. Tom 56, Ne 6. C. 184-191.

AHoTanis. Po3rsiHYyTO Ba BapiaHTH TEKCTOBOTO i rpaivyHOro OMMcy METaMOBH HOPMAJIbHHX (HOpM
3HaHb, PO3IIMPEHO] CTHIICTHYHUMH BiTHOIICHHSAMH ONHCY iHpopMauiiHux cTpykryp. Habip BinHOmIEHb HOp-
MaJbHHX (OpPM 3HAHb (aJbTEpPHATHBA, KOHKATEHAIisd, 3allepeUeHHs Ta iTepamis) PO3IIHPEHO ABOMA HOBUMU
BiJJHOLICHHSIMH: 000B’SI3KOBOCTI — HE HYJIBOBOI KUIBKICTIO MOBTOpPeHb (mandatory) aeskoi CTpyKTypH, HEOo-
0oB’s3k0BOCTI (optional) nesikoi cTpykTypu i crpykrypHumu (grouped) myskkamu. Y TEKCTOBiH 1 rpadiunii
(opMax HaBEICHO OMWCH HOBUX BiIHOLICHb Yepe3 0a30Bi BiJHOIICHHS.

Ki04oBi cji0Ba: MeTamoBa, CaMOOITC METAMOBH, rpad) caMOONUCy METaMOBH, BiJHOLICHHS 00OB’SI3KOBOCTI,
BiJJHOLIICHHS HEOOOB’SI3KOBOCTi, CTPYKTYpPHI JY>KKH.

The extended meta-language of normal forms of knowledge / A.F. Kurgaev // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 184-191.

Abstract. Two variants of text and graphic descriptions of the meta-language of normal forms of
knowledge, extended by the stylistic relations of the information structure descriptions, are presented. The set of
the relations of normal forms of knowledge (alternative, concatenation, negation and iteration) is extended by
two new relations: commitment relation (non-zero number of repetitions of some structure) and
non-commitment relation of some structure, and structure brackets. The descriptions of new relations in text and
graphic forms are also presented through the basic relations.

Keywords: meta-language, self-description of the meta-language, self-description graph of the meta-language,
commitment relation, non-commitment relation, structure brackets.

YIK 681.04

MeTon peaTH3anuy ONEPANMH CJIOKEHHS IBYX 0CTATKOB YHCEJ N0 MOJIYJII0 CHCTEMbI OCTATOYHBIX KJac-
coB / B.A. Kpacno6aes, A.A. Ky3nenos, C.A. Kommawn, E.A. Ky3nenoa // KubepHeTtrka u CUCTEMHBII aHa-
3. 2020. Tom 56, Ne 6. C. 192-202.

Im.: 11. Ta6n.: 2. bibmiorp.: 12 Ha3B.

AnHoTanus. PaccMOTpeH MeTox peau3anny apruMETHISCKON OIEpaliy CIOKESHUS ABYX OCTaTKOB YH-
CeJl 1o MOJIYJIIO /11; B CHCTEME ocTaTouHbIX Kiaccos (COK). MeTost OCHOBaH Ha MCTONB30BAHUU CYyMMATOPOB
o mMoayio M = 2" — 1, cOCTOSIIMX U3 COBOKYMHOCTH MOCIIEI0BATENBHBIX ABONYHBIX OJHOPA3PAIHBIX CyMMa-

TOPOB, MYTEM HCIIOJIb30BAHUS JOMOJIHUTENIBLHBIX CBsi3ei. CHopMyIMpPOBaHBI TpaBUiIa BBEACHHS JIOTIOJHUTEIIb-
HBIX CBSI3€H, YTO JaeT BO3MOYKHOCTh PEaln30BaTh OIECPALUIO CIOXKEHHs 10 Mpou3BojbHOMY Monayiro COK.
PaccMOTpeHBI IPUMEPBI CHHTE3a JBOMYHBIX CyMMATOPOB M PEATH3AIliH OMCPAIHH CIOXKEHUS IBYX OCTATKOB
yucen no moxymo COK.

KiroueBbie ciioBa: KOMIIBIOTEpPHAs CUCTEMA, CUCTEMA OCTATOYHBIX KJIACCOB, MaHOpa3pHHHBIﬁ I[BOI/I‘IHLII\/'[ CyM-
MaTOp, MNO3UIHOHHASA CHUCTEMa CYUHCICHHS, MOAYyJIbHAs OIE€panus CIIOXKCHHUS.

Metoa peasizauii onepauii 101aBaHHS IBOX 3aJUIIKIB YMce] 32 MOYJIEMCHCTEMH 3aJHIIKOBUX KJaciB /
B.A. Kpacno6aes, O.0. Ky3nenos, C.0. Komman, K.O. Ky3nenosa // KibepHeTnka Ta CHCTEMHHUI aHai3.
2020. Tom 56, Ne 6. C. 192-202.
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AHorauis. PosrimsHyro Mero] peanizauii apudMeTHUHOI onepanii 1oJaBaHHS JBOX 3AJIUILIKIB YUCEN 32
MoJysieM m; y cucteMi 3anuikoBux kinacis (C3K). Meron 6asyeThcst Ha BUKOPHCTaHHI CyMaTOPIB 32 MOZLyJIEM
M =2" -1, W0 CKIafaOThCA 3 CYKYIHOCTI MOCIIAOBHUX ABIKOBHX OJHOPO3PSAHUX CYMaTOpIB, LUISXOM BH-
KOPHUCTaHHS J0/IaTKOBHX 3B’si3KiB. C(HOpPMYJIbOBAHO TpaBmila BBEACHHS JIOJATKOBUX 3B’S3KIB, IO A€ MOXK-
JIMBICTH peaji3yBaTH ONepaiiio JoAaBaHHs 3a HOBiIbHEHM MoxayiemM C3K. Po3risHyTo MpUKIagd CHHTE3Y
JBIMKOBHX CyMaTopiB Ta peaji3awii omeparii JojaBaHHS ABOX 3ayMIIKIB ymcen 3a momyiem C3K.

Ki1104o0Bi c10Ba: KOMIT' IOTEpHA CUCTEMa, CHCTEMA 3aJIMIIKOBUX KIJIACiB, MAIOPO3PSIHUIT ABIHKOBHUII cymarop,
HO3MIifHA CHCTEMa YHCIICHHS, MOJYJbHA OIEpallis J0JaBaHHS.

A method for implementing the operation of modulo addition of two numbers residues of the residual
number system / V.A. Krasnobayev, A.A. Kuznetsov, S.A. Koshman, K.O. Kuznetsova // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 6. P. 192-202.

Abstract. The paper describes a method for implementing the arithmetic operation of modulo 72; addition
of the residues of two numbers in the residual number system (RNS). The method is based on the use of modulo
M =2" —1 adders, which consist of a set of sequential binary single-digit adders, by introducing and using
additional feedbacks. The authors formulate the rules for introducing additional feedbacks, which makes it
possible to implement the addition operation for an arbitrary modulo of RNS. Examples of the synthesis of
binary adders and examples of the operation of RNS modulo addition of two numbers residues are given.

Keywords: computer system, residual number system, small-bit binary adder, positional number system,
modular addition operation.
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