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VK 004.89; 004.93
IIpuHUMIBI OPraHU3ALMN CETYATKHU 171232 YeJI0BEKA M UX HCIO0Jb30BAHHEB CHCTEMAX KOMIbIOTEPHOIO

3penus / B.I1. Boion, JI.A. Bo3nenko, U.®. Mankym // KubepHeruka u cucremusiii ananus. 2019. Tom 55,
Ne 5. C. 3-17.

In.: 8. Ta6n. 0. Bibmiorp.: 20 Ha3B.

AnnHotanus. [IpuBeneH KpaTkuii 0030p NMPUHIMIIOB OPraHU3ALMU CETUYATKH I71a3a yejaoBeka. PaccmoTpe-
HBI TIPUHIHIIBI JIOKAJIBHOCTH IIPU B3aUMOJCHCTBUY HEHPOHOB, KOJIBIEBON OpraHN3alli PELeNTHBHEIX MOJICH ¢
on- i off-nmeHTpamu, crenuaaH3aluy CJIOEeB HEHPOHOB, OpPraHU3alUK OOPATHBIX CBsI3el, aJalTallH K YPOBHIO
OCBEIICHMUSI U KOHTPACTY, COKPAICHUsT 00bEMa JTaHHBIX B BUJCOMOTOKE. [10Ka3aHO, 4TO COBEPIIICHHAS OPraHHU-
3l CETYaTKM IJIa3a YeNIOBEKA ITO3BOJISICT 3HAUMTENIBHO YIyUIINTh TEXHUYCCKUE XapPAKTCPUCTHKH CHCTEM
KOMITbIOTEPHOT'O 3PCHHs IIPH HCIIOJIB30BAHUM CETYATKH B KaueCTBE MPOTOTHIIA. Pe3yIbTaThl paboThl HCIIOIB30-
BaHbI IIPU CO3/IaHUH CEMEHCTBA HHTEIUICKTYalIbHBIX BUICOKAMEP U PsiJia CHCTEM Ha MX OCHOBE, @ TaKXKe HPH I10-
CTPOCHHH CHELHAIM3UPOBAHHBIX HeWpoceTel JUlsl IepBUYHOI 00paboTKN MH(pOPMALNH HEMOCPEACTBEHHO Ha
CEHCOPHOH MarpHIe.

KimoueBble ciioBa: ceTyarka, HalOYKHd U KOJIOOUYKH, TOPU3OHTANIbHBIC, OUIIOISIPHBIC, AMAKPHHOBBIC M AHTIIH-
O3HbIE KJIETKH, On- 1 Off-[ieHTpbl, HeWpPOCEeTh, BUICOCEHCOP, YIIPaBJICHHE apaMeTpaMy CYUThIBaHUs HH(OpMa-
[[MH, WHTEIUIEKTYaJIbHbIE BHICOKAMEPHI, MHOTOCIONHBIE MATPUYHBIE CTPYKTYPHI.

Hpusumnm opranizauii ciTKiBKY 0Ka JIIAMHYU Ta IXHE BAKOPUCTAHHSA B CHCTEMAX KOMII’IOTEPHOIO 30py /
B.I1. BowH, JI.O. Bo3uenko, I.®. Mankym // KibepHernka ta cucremuuii anamiz. 2019. Tom 55, Ne 5.
C. 3-17.

AwnoTanisi. HaBeneHo KOPOTKHIl OIS NPUHLMIIIB OpraHi3awii CITKIBKH OKa JIOJUHH. PO3risHyTO HpH-
HIMITH JIOKAJIBHOCTI I1iJ1 Yac B3a€MOJIii HEWPOHIB, KIJIbIIEBOI OpraHi3allii pelenTHBHUX 1OJIiB 3 on- i off-rienTpa-
MH, creliatizanii mapis HelpoHiB, opraHizamnii 3BOPOTHUX 3B’S3KiB, aJanTamii 10 piBHI OCBITJICHHS i KOHTpac-
Ty, CTUCHEHHS J]aHUX Yy Bigeomnoroui. [Toka3aHo, 110 JTOCKOHAlIa OpraHi3allis CITKIBKH OKa JIFOJUHU JIa€ 3MOTY
3HAYHO TOJIIIIUTH TEXHIYHI XapaKTEPUCTHUKM CHCTEM KOMIT FOTEPHOTO 30pY B Pa3i 3aCTOCYBAHHS CITKIBKH SIK
npoToTuIy. Pe3ynbrati TOCITiKeHb BHKOPHCTAHO Y MPOIIEC CTBOPEHHS CiM’1 IHTEIEKTyalbHUX Bifeokamep i
HH3KH CHCTEM Ha IXHill OCHOBI, @ TAKOX MiJ] Yac MOOYIOBH CHELiali30BaHUX HEHPOHHNUX MEPEXk IS IIEPBHHHO-
ro obpobnenHs iHdopMmanii Ge3nocepesHbO Ha CEHCOPHIH MaTpHII.

Ku1ro4oBi cjioBa: CiTKiBKa; MaJMYKH i KOJOOUYKH; TOPHU30HTANIBHI, OIMONISPHI, AMAKPHHOBI 1 FAHTIII03HI KIITHHHU;
on- i off-ueHTpy; Helipomeperka; BileoOCeHCOp, KepyBaHHs MapaMeTpaMy 34HTYBaHHs iHGOpPMALIi; iHTEIeKTy-
albHI Bificokamepy; GaraToIapoBi MaTpH4HI CTPYKTYpH.

The principles of human retina organization and their use in computer vision / V.P. Boyun,
L.O. Voznenko, I.LF. Malkush // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 3—-17.

Abstract. The paper provides a summary of the principles of human retina’s organization. The paper
explores the principles of: locality in the interaction of neurons; receptive fields ring organization with on- and
off-centers (center-surround organization); neuron layers specialization; feedbacks organization; adaptation to
light and contrast levels; data reduction in a video stream. The perfect organization of the human retina makes it
possible to significantly improve the technical characteristics of computer vision systems when using the retina
as a prototype. The results of this research were used in creation of a family of intelligent video cameras and
systems based on them, as well as in building a number of specialized neural networks for primary information
processing directly on the sensor matrix.

Keywords: retina, rods and cones, horizontal, bipolar, amacrine and ganglion cells, on- and off-centers, neural
network, video sensor, information reading parameters control, intelligent video cameras, multilayer matrix
structures.

VK 51.681.3
YuciieHHbIEe MeTOJbl pelleHusi 3aJa4u o MatemaTtu4yeckom ceiie / C.JI. KpoiBblii / Kubepueruka u
cucreMubid ananms. 2019. Tom 55, Ne 5. C. 18-34.

In.: 2. Tabn. 6. Bibmiorp.: 5 Ha3zs.

AHHOTALHUS. HpHBeI{eHBI YUCJICHHBIC METO/bI PCLICHUA 3a/1a4i O MATEMATUICCKOM ceix’[(be C IIPOHU3BOJIb-
HBIM KOHECYHBIM YHCJIOM IO3UIUH 3aMKOB. MeToIbl 633I/Ipy}0TCH Ha TSS—aIII‘OpI/[TMaX IIOCTPOCHUSI MHOXKECTBA
0Ga3UCHBIX peIl[eHI/Iﬁ CHCTEM JIMHEHHBIX Z[I/IO(baHTOBBIX ypaBHeHI/Iﬁ B KOHCYHBIX IIOJIAX W KOJIbIax.

KuroueBble c1oBa: 110(haHTOBbIC YPaBHEHHUs, KOHEUHbIC MOJIs, KOHEYHbIE KOJIbIA, CUCTEMBbI JINHEHHBIX ypaB-
HEeHHH, 0a3uc penIeHui.
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YuceabHi MeToan po3B’si3aHHs 3aaa4yi nmpo maremarunynuii ceiidp / C.JI. Kpusuii // KiGepHernka Ta
cucreMunii ananiz. 2019. Tom 55, Ne 5. C. 18-34.

Anortanis. HapeseHo umcenbHi METOAM PO3B’A3aHHS 3ajadi NPO MaTeMaTH4YHHIl celd) 3 TOBLIBHHM
CKIHUEHHHM YHCIIOM MO3MIiif 3acyBiB. MeToay IpyHTyrOThCS Ha T.SS-anroputMax 1mo0ya0BH MHOXKHHK 6a3uc-
HHUX PO3B’SI3KIB CHCTEM JIHIHHUX Hi0O(AHTOBHX DIBHAHb B CKIHYCHHUX IIOAX 1 KiJNBIIAX.

KumiouoBi ciioBa: giodanToBi piBHSHHSI, CKIHYCHHI MMOJIs1, CKIHUSHHI KIbLIS, CHCTEMH JIIHIHHUX PiBHSHb, 0a3uc
PO3B’SI3KIB.

The numerical methods to solve problems of mathematical safe / S.L. Kryvyi // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 5. P. 18-34.

Abstract. The numerical metods to solve problems of mathematical safe with an arbitrary finite number
of position of bolts is presented. The basis of the methods are TSS-algorithms for solving systems of linear
Diophantine equations in finite fields and rings.

Keywords: Diophantine equations, finite fields, finite rings, systems of linear equations, basis of solutions.

VK 621.391.15 : 519.7

CynepcuHry/Isipuble CKpy4YeHHble KpuBble JaBapiaca Haj mpoctbiM mojem. II. CymepcuurynsipHbie
CKpyYeHHble KpPHBble JBap/ica C j-HHBAPHAHTOM, PABHBIM 66> / A.B. Beccanos, JL.B. Kopanbuyk //
Kubepueruka u cuctemubiii anammus. 2019. Tom 55, Ne 5. C. 35-46.

In.: 0. Tabn. 3. Bibmiorp.: 16 Ha3B.

Annotanus. CHopMyIIpoOBaHBI U JOKAa3aHbI TEOPEMBI 00 YCIOBHSAX CYIIECTBOBAHUS CYIEPCHHIYIIIPHBIX
KPHBBIX DJIBap/ica HaJl IPOCTHIM MOJIEM C j-WHBAPHAHTOM, PABHBIM 66° , M C IPyTMMH 3HAaYECHHUSMHU j-MHBapHaH-
TOB. [IprBeeHO 00001IEHNE MTOTYUYEHHBIX PaHee Pe3yIIbTaTOB, HCIOJIB3YIoIIee n30MOp(U3M KpUBBIX B hopmax
Jlexxannpa u DnBapica.

KiioueBble cl10Ba: CyIepCHHTYJISIpHAs KpHBas, IIOJHAs KpuBas DABapica, CKpyYeHHAas KpHBas OABaprca,
KBaJpaTUYHAs KpuBas DIBapica, Iapa KBaJpaTUIHOTO KPYUCHUs, IOPATOK TOUKH, CUMBOI JIexkanapa, KBagpa-
TUYHBIA BBIYET, KBAJPAaTUYHBIA HEBBIUET.

Cynepcinryaspui ckpy4deni kpusi Exsapaca naa npoctum nogem. II. Cynepcinryasipui ckpydeni kpusi
EnBapaca 3 j-inBapianTtom, sikuii J10piBHIOE 66> / AB. Beccanos, JI.B. KoBaabuyk // KibepHetnka Ta
cucremunit amami3. 2019. Tom 55, Ne 5. C. 35-46.

Amnoranisi. CHopMyITbOBaHO 1 IOBECHO TEOPEMH IIPO YMOBH iCHYBAHHSI CYNEPCIHIYIApHUX KpuBux EnBapaca
HaJT IPOCTHM IIOJIEM 3 j-IHBApiaHTOM, SIKHIl TOPIBHIOE 66°, 1 3 iHIIAMY 3HAYCHHSMHU Jj-inBapianTiB. HaBeneHo y3aranb-
HEHHsI OTPHMAaHHUX PaHillle Pe3yJIbTaTiB, 1110 BAKOPHCTOBYE i30Mopdi3m kpruBux y (opmax Jlexannpa i Exsapaca.

KurouoBi cioBa: cynepcinrynspHa kpusa, noBHa kpuBa Ensapica, ckpydena kpusa ExBapica, kBagpatuuna
xpuBa ExBaprca, mapa KBagpaTHYHOTO KPYUCHHs, HOPSIOK TOUKH, CHMBOI JIexkaHapa, KBaApaTUIHUI JIHIIOK,
KBaJPaTUYHUH HEJIMILIOK.

Supersingular twisted Edwards curves over a simple field. II. supersingular twisted Edwards curves with
an j-invariant equal to 66° / A.V. Bessalov, L.V. Kovalchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55,
N 5. P. 35-46.

Abstract. Theorems on the existence conditions for Edwards super singular curves over a simple field

with an j-invariant equal to 66> and with other values of the invariants were formulated and proved.
A generalization of the previously obtained results using the isomorphism of curves in the Legendre and
Edwards forms is given.

Keywords: supersingular curve, complete Edwards curve, twisted Edwards curve, quadratic Edwards curve,
torsion pair, point order, Legendre symbol, quadratic residue, quadratic non-deduction.

VIK 519.713.1
OmnpeneseHne GUKTHBHBIX COCTOSIHMIA B Z-aBTOMAaTe, CHHTe3HPOBAHHOM 10 cnenuduKanuu B si3bike LP
/ A.H. Yeborapes // Kubepruernxka n cucreMuslii anamms. 2019. Tom 55, Ne 5. C. 47-57.

In.: 3. Ta6n. 0. bibmiorp.: 7 Ha3s.

Annorannsi. CHHTE3 JI€TEpMHHUPOBAHHOTO X-aBTOMATa, CIeNH(HUIMPOBAHHOTO B s3bike LP, cocrout
B IIOCJIE/IOBATEIIBHOM BBIIOJIHEHUH JBYX Ipoueayp. [lepBast CTpouT aBTOMAT, HMEIOIIHH [10AaBTOMAT, COBIIaJ(a-
10U CO crienu(UIIPOBAHHBIM aBTOMATOM, a BTOpas yJalseT COCTOSHHUS, He IPUHAUICIKAIINE ITOMY HOIaB-
ToMmary. Takue COCTOSHUS HA3BIBAIOTCS (PUKTUBHBIMU. PaccMOTpeH crocod ompenencHus GUKTHBHBIX COCTOS-
nuil. ITomyueHHble pe3yabTaThl HO3BOJIIOT COOTBETCTBYIOMIMH IPOLECC CBECTU K HAXOXKJICHHIO TaK Ha3bIBae-
MBIX OCHOBHBIX IIMKJIOB B aBTOMAaTeé M, B KOHEUYHOM CYeTe, K IPOBEpKEe MPUHAUIEKHOCTU MEPUONYECKOTO
00paTHOTO CBEPXCIIOBA HEKOTOPOMY —(-PETYIIPHOMY MHOXECTBY.
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KuroueBble ciioBa: X-aBromMar, GUKTUBHOE COCTOSHUE, HAYAJIbHBIN CUIIBHO CBSA3HBII MOaBTOMAT, HOPMAJIbHAS
(hopma, —@-peryisipHOe MHOXECTBO, OCHOBHOW IIHKII.

BusHayeHHsi (QIiKTHBHUX CTaHiB B X-aBTOMAaTi, 10 CHHTe30BaHWi 3a cnenudikauiero y mosi LP /
A.M. YeborapboB // Kibepuernka ta cucremuumii amamis. 2019. Tom 55, Ne 5. C. 47-57.

Anoranis. CuHTe3 1eTepMiHOBAHOTO X-aBTOMaTa, crenudikoBaHoro Moot LP, mossirae y mocinigoBHo-
My BUKOHaHHI J1BOX mpoueayp. [lepiia Oyaye aBTomMaT, kUit MiCTUTB y 001 IiaBTOMAT, 110 30irieThes 31 crie-
1 (iKOBaHMM aBTOMATOM, a Apyra BHAAISLE CTaHM, SIKi HE HAJEXKaTh [[bOMY ITiaBTomMaTy. Taki cTaHH Ha3uBa-
10ThCs (QiKTUBHUMHU. Po3risiHyTO crioci6 Bu3HaueHHs (IKTUBHMX cTaHiB. OTpuUMaHi pe3ynbTaTH J03BOJISIOTH
BIJITIOBI{HMUIA TTPOIIEC 3BECTH 10 3HAXOJDKCHHS TaK 3BAaHMX OCHOBHUX LIMKIIIB B aBTOMATI i, BPEIITi-pEINT, 10 Ie-
PEBIPKH HAJISKHOCTI MEPiOJUYHOTO 3BOPOTHOTO HAJCIOBA JCAKIll —@-peryspHill MHOMKHHI.

KumiouoBi ciioBa: -aBromar, (iKTHBHHI CTaH, MOYATKOBUIl CHJIBHO 3B’SI3HHUI MiJaBTOMAT, HOPMalbHa (opma,
—@-peryisipHa MHOXXHHA, OCHOBHHII I[HKII.

Detecting fictitious states in a X-automaton synthesized from the specification in the language LP /
A.N. Chebotarev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 47-57.

Abstract. Synthesis of a deterministic X-automaton specified in the language LP consists in the execution
of two consecutive procedures. The first one constructs the automaton that has a subautomaton, which is
identical to the specified automaton, and the other deletes the states that do not belong to this subautomaton.
Such states are called fictitious. The method for detecting fictitious states is considered. The obtained results
allow reducing detection of fictitious states to finding so-called basic cycles and eventually to checking the
membership of a periodic —w-word in some —w-regular set.

Keywords: —w-automaton, fictitious state, initial strongly connected subautomaton, normal form, —w-regular
set, basic cycle.

YIK 519.7

Bepxnue OLIEHKH Hec0aJaHCHPOBAHHOCTH JAHCKPETHBIX ynxuuii, peanusyeMbIx
TOCJIeI0BATEILHOCTSIMU KOHeUHbIX aBTOMaToB / A.H. Anekceituyk, C.H. Kontomox, M.B. ITopemckuii //
Kubeprernxa n cucremusiii anamms. 2019. Tom 55, Ne 5. C. 58-66.

In.: 0. Tabn. 0. Bibmiorp.: 19 Ha3s.

AnHoTanus. [TomydeHsl MaTpHYHOE NPEACTABICHHE U BEPXHUE OLEHKH HecOalaHCHPOBAHHOCTH IIPOU3-
BOJIBHOM JUCKPETHOH (YHKLHH, peaau3yeMol MOC/IeJOBATEIbHOCTRIO KOHEUHBIX aBToMaroB. [IpuBeneHHbIC
pe3yibTaThl, 0000MAIONIMe PsII U3BECTHBIX PaHEe YTBEPXKICHHI O MaTPUYHBIX (JIMHEHHBIX) MPEeICTaBICHUSIX
HecOaIaHCHPOBAaHHOCTH (DYHKIMH CHEIHAIBHOTO BHIA, MOXKHO IIPUMEHSATH K PEIICHHIO 3aJad 00O0CHOBAHMS
CTOMKOCTH ITIOTOYHBIX MM OJOYHBIX MIH(POB OTHOCUTENBHO PAfa CTATHCTHYECKUX aTak.

KiroueBble ¢10Ba: KOPPEISIMHOHHBIA KPUIITOAHAIN3, HeCOATaHCUPOBAHHOCTD AUCKPETHOH (DYHKIMH, KOHEU-
HBI aBTOMAT, omepauus cioxenus mo Moaymo 2”7, SNOW 2.0, «Ctpymok».

BepxHi omiHKH He30271aHCOBAHOCTI JHCKPeTHMX (YHKUi, MmO peanisyloTbcsi NOCTIIOBHOCTAMH
ckinueHnnx aBroMmatiB / A.M. Ouekciiiuyk, C.M. Konwomok, M.B. Ilopemcbkuii / Kibepuernka ta
cucremuuii ananiz. 2019. Tom 55, Ne 5. C. 58-66.

Anoranisa. OTpuMaHO MaTpUYHE MPEACTABICHHS 1 BEPXHI OIHKM HEe30allaHCOBAHOCTI JIOBIIBHOI JIUC-
KpeTHOT (yHKIi, 10 peai3yeThCst MOCIITOBHICTIO CKIHYEHHUX aBTOMATiB. HaBeaeHo pe3yibraTy, 10 y3araib-
HIOIOTh HHU3KY BIJIOMHX paHillle TBEp/UKCHb NPO MaTpuyHi (JiHINHI) NpeACTaBiICHHS He30anaHCOBAHOCTI
(yHKLI crieniaibHOTO BUIIISALY, SKi MOJKHA 3aCTOCYBATH I PO3B’sI3aHHs 3a/1a4 O0IPYHTYBaHHS CTIHKOCTI I10-
TOKOBUX 4YH OJIOKOBHX INH(PIB BIJTHOCHO HU3KH CTATUCTHYHHUX aTak.

KumiouoBi ciioBa: KopessLiiHUIl KpUITOAHAIN3, HE30aTaHCOBAHICTh TUCKPETHOT (yHKIi, CKIHUCHHHUIT aBTO-
mar, omepaiis jgonasands 3a moxyiem 2”7, SNOW 2.0, «Ctpymox».

Upper bounds for imbalance of discrete functions realized by sequences of finite-state machines /
A.N. Alekseychuk, S.M. Koniushok, M.V. Poremskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5.
P. 58-66.

Abstact. A matrix representation and upper bounds of the imbalance of an arbitrary discrete function
realized by a sequence of finite-state machines are obtained. The obtained results generalize a number of
previously known assertions about matrix (linear) representations of the imbalance of the special form functions
and can be used to solve the problems of security proofs of stream or block ciphers against a number of
statistical attacks.

Keywords: correlation cryptanalysis, imbalance of discrete function, finite-state machine, addition modulo 2"
operation, SNOW 2.0, «Strumok.
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CHUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS

VJK 512.61 : 519.61

Paziio:keHne B3BelIEHHBIX IICEBJ000OPATHBIX MATPHIL CO CMENIAHHBIMH BECAMH B MATPUYHbIE CTENIEHHbIE
psasl u npoussenenus / E.®. I'anéa, H.A. Bapeniok // Kubepreruxa un cucreMuslii ananus. 2019. Towm 55,
Ne 5. C. 67-80.

In.: 0. Tabn. 0. Bi6umiorp.: 32 Ha3zs.

AnHoTanus. ITomydeHsl U MCCIENO0BAHBI PA3JIOKEHUS B3BEIICHHBIX IICEBIOOOPATHBIX MATPHI[ CO CMe-
HIaHHBIMHU BecaMu (0/1Ha BECOBAsk MAaTPHULA MOJIOXKUTEJIbHO-OIIPEIe/IEHHAs], a Ipyras — HEBBIPOXKEHHAs 3HAKO-
HEOoIpeJIe/IeHHas) B MaTPUYHBIE CTENEHHBIE PsJIbl U MIPOU3BEAEHUS C OTPULIATENILHBIMU [10KA3aTEISIMHU CTeTle-
Heil. TlomydeHbl MHOTOWIEHHBIE IpE/ieNIbHbIE TPEICTaBIeHUs ITUX Marpull. ITocTpoeHsl perynspu3oBaHHbIE
UTEPalOHHBIE METOIbI IS BEYHUCICHHS B3BEIICHHBIX IICEBI000PATHBIX MATPHI] CO CMEIIAHHBIMU BECaAMH.

KuroueBble cjI0Ba: B3BEIICHHBIC l'ICeBZ[OOﬁpaTHLIe MaTpuIlbl CO CMEIIAHHBIMU BECaMH, MATPUIHBIE CTCIICHHBIC
pAABl U IPOU3BEACHUSA, NPEACIIBHBIE IMTPEACTABIICHUS B3BCIICHHBIX HCeBZ[OOGpaTHBIX MaTpul, perysipu3oBaH-
HBIC UTEPAlITUOHHBIC METOBI.

Po3BuHeHHs 3BaKeHMX ICeB1000ePHEHUX MATPHIb i3 3MIlIAHUMH BaraMy B MaTPH4Hi cTeneHeBi psau i
nooyTku / €.®. I'anda, H.A. Bapenwok // KibepHeruka ta cuctemuuit anamnis. 2019. Tom 55, Ne 5. C.67-80.

AwnoTanis. OTpEMaHO 1 AOCIIIHKEHO PO3BUHEHHS 3BAKCHHX IMCEBI00OCPHEHHX MATPHIb i3 3MilIAHUMHU
Baramu (0JjHa BaroBa MaTpPHILI JOJATHO-O3HAYEHA, a JIPyra — HEBHPOJKCHA 3HAKOHCBH3HAYCHA) B MAaTPHUHI
CTEIeHEeBI psiiM 1 JOOYTKH 3 BiJI'€MHHMH ITOKa3HUKaMU CTereHiB. OTpUMaHO MHOTOWICHHI I'PaHUYHI [Ipe/ICTaB-
JICHHS X MaTpHib. [100y10BaHO perysipu3oBaHi iTepariini MeToIu Jist 00YHCIICHHS 3BaXKEHHX IICEBI000ep-
HEHHX MaTpHIb i3 3MIMIAHUMH Baramd.

Kurodosi ci1oBa: 3BaxeHi rcepjoo0epHeHI MaTpPHILi i3 3MIillIaHUMK BaraMu, MaTpU4Hi CTEIIEHEBI PsM 1 100yT-
KU, TPaHWYHI 300paKCHHS 3BA)KCHUX IICCBJOOOCPHEHNMX MATPHIb, PETYIIPH30BaHI iTepariiiHi MeTOau.

Expansion of weighted pseudoinverse matrices with mixed weights into matrix power series and power
products / E.F. Galba, N.A. Vareniuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 67-80.

Abstract. Expansions of weighted pseudoinverse matrices with mixed weights into matrix power series
or power products with negative exponents are defined and analyzed. One of these matrices is a positive
definite matrix and another is nonsingular and indefinite. Limited polynomial representations of these matrices
are obtained. Iterative methods for evaluating weighted pseudoinverse matrices with mixed weights are
constructed.

Keywords: weighted pseudoinverse matrices with mixed weights, matrix power series and power products,
limited polynomials representations of weighted pseudoinverse matrices, iterative methodsto

YIK 519.21

O 00/IbIIMX YK/JIOHEHUSIX IMIIHPHYECKHX OLEHOK B 3aJaye CTOXACTHYECKOro IPOrpaMMHpPOBAHUS NPH
HECTAIIHOHAPHBIX Ha0MI0AeHHsAX ¢ HempepbIBHBIM BpemeneM / II.C. Kuomos, E.W. Kacunxas //
Kubepuetnka u cuctemubii anamms. 2019. Tom 55, Ne 5. C. 81-86.

In.: 0. Tabn. 0. Bibmiorp.: 4 HazBu.

AnHoTanusi. PaccMOTpeHa 3agada CTOXACTHYECKOrO MPOrPAaMMHPOBAHUS, B KOTOPOH SMIHPHYECKast
(YHKIHMST CTPOUTCS 10 HECTAL[MOHAPHBIM HAOIIOICHUSAM C HEMpPEPhIBHBIM BpeMeHeM. VccenoBan craiuoHap-
HBII B Y3KOM CMBICJIE CIIy4alHbIH MPOLECC, YAOBIETBOPSIOUIMI YCIOBHIO CHIBHOTO nepeMerunsanus. [Ipuse-
JICHBI YCIIOBHS, IPU KOTOPBIX SMINPHYECKask OLEHKA SBIIACTCS COCTOSTEIBHOMN, U OLICHEHBI ¢¢ OOJBIINE YKIIO-
HEHUS.

KuiroueBble ciioBa: 33j1a4a CTOXaCTMYECKOTO MPOTPAMMUPOBAHMS, CTAIIMOHAPHBIA APrOJUYECKUN CITyqalHbIH
IPOLIECC, YCIOBHE CHIIBHOTO MEPEeMELINBAHKSA, OOJBIINE YKIOHCHHMS.

IIpo Beauki BigXujieHHs eMOIpHYHHX OWIHOK B 3aJa4yi CTOXaCTHYHOr0 NpPOrpamMyBaHHs 3a
HeCTALIOHAPHHUX cHocTepe:keHb 3 HenepepBHUM 4YacoM / I1.C. Knonos, €.U. Kaciubka // KibepaeTtnka Ta
cucremuuii ananiz. 2019. Tom 55, Ne 5. C. 81-86.

AHoTauis. Po3risHyTo 33724y CTOXAaCTUYHOIO MPOrpamMyBaHHs, B sKii emmipudHa QyHKIis OyayeTbes
3a HECTALlIOHAPHHMHM CHOCTEPEKCHHAMH 3 HEHEPEpPBHUM YacoM. JIOCHIKEHO CTalliOHApHHUN y BY3bKOMY pO-
3yMiHHI BHIIQJIKOBHI IPOIIEC, IO 33/0BOJILHSAE YMOBI CHJIBHOTO IepeMilryBaHHs. HaBeieHO yMOBH, 3a SKHX
eMITipHYHA OLIHKA € KOHCHCTEHTHOIO, Ta OLIHEHO ii BEeNMKI BiIXWJICHHS.

KuarouoBi ciioBa: 3ajaya CTOXaCTHYHOIO NPOrpaMyBaHHS, CTalliOHAPHUI €ProJIMYHUN BHIIAJKOBUI IpoLEC,
YMOBa CHJIBHOTO IEPEMILIyBaHHS, BEIUKI BIIXHUICHHS.
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On large deviations of empirical estimates in a stochastic programming problem with nonstationary
observations and continuous time / P.S. Knopov, E.J. Kasitskaya // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 5. P. 81-86.

Abstract. The paper considers a stochastic programming problem with the empirical function constructed
on nonstationary observations and continuous time. A stationary in a strict sense random process satisfying the
strong mixing condition is investigated in the problem. The conditions under which the empirical estimate is
consistent are given and large deviations of the estimate are considered.

Keywords: stochastic programming problem, stationary ergodic random process, strong mixing condition, large
deviations.

VK 532.59
Ooparnasi AudpaknuoHHasi 3a1aya onpelejeHHsl CBOMCTB miasMenHoro oonexra / U.T. CenesoB //
Kubeprernxa u cucreMuslii anamms. 2019. Tom 55, Ne 5. C. 87-94.

In.: 0. Tabn. 0. Bibmiorp.: 18 Ha3B.

AnHoTanus. PaccMoTpeHa HEKOppeKTHAsI 3a1a4a JUlsl IIa3MEHHON HEOTHOPOIHOCTH, AUArHOCTHPYEMOit
110 OTPOKEHHOMY JH(PAKIHOHHOMY IIOJI0 — OOpaTHOMY PaCCEsHUIO OT 00IydaeMoro oonekra. B atom ciy-
Jae He TpeOyeTcss 0c000 TOYHOTO BOCCTAHOBIICHUS 00BEKTa UCCIICOBAHHS HA OCHOBE IceBaoo0pamenus. [Toc-
TPOCHO AHAJIUTHYECKOE PELICHHE 0OPATHOMN 3aJa4u Ul HMIMHAPUYECKON IIa3Mbl Ha OCHOBE 0000IIEHNMs pe-
IIeHHHT U1 chepruecKoi mIa3Mbl 1 MOKa3aHbl BOSMOXKHOCTHU €€ JUarHOCTHKH 110 U3MEPCHHBIM BEJIMYHHAM.

KiroueBbie cjioBa: 06paTHaﬂ 3a/1a4a, HCeBI[OOGpaIJ.IeHI/IC, I[PICl:)paKHI/Iﬂ BOJIH, 06paTHOC paccesHue, THarHoCTu-
Ka TIUI1a3Mbl.

OoepHena audpaxuiiina 3aJaya BU3HAYEHHS BJacTUBOCTell miasMoBoro o6’exkra / LT. Ceneson //
KibepHernka Ta cucremHumii anamiz. 2019. Tom 55, Ne 5. C. 87-94.

AnoTanis. Po3rIsHyTO HEKOpeKTHy 3ajady IS IUIa3MOBOi HEOAHOPITHOCTI, IIO MiarHOCTYETHCS 3a
BiIOMTUM TU(PaKLIHHAM T10JIeM — 3BOPOTHUM PO3CIIOBAHHAM BiJl 00 €KTa, 110 ONMPOMIHIOETHCS. Y LOMY BH-
MaJIKy He TOTPiOHO OiIbII TOYHE BiJHOBJICHHS 00’ €KTa JOCIIUKEHHS Ha OCHOBI nceBaoodepHeHHs. [1o0ynoBa-
HO aHATITHYHHN PO3B 30K OOCPHEHOI 3a1adui Uil LITIHAPUYHOL IIa3MH Ha OCHOBI y3arajJbHEHHs PO3B’s3KiB
Uit chepuvHOl IUIa3MM 1 MOKa3aHO MOMJIMBOCTI il JIarHOCTHKH 33 BHUMIPSHUMHU BEIHYMHAMH.

KurouoBi ciioBa: obepHeHa 3a1a4a, 11ceB1000epHEHHs, TU(PAKIis XBUIIb, 3BOPOTHE PO3CIIOBaHHS, J1IarHOCTH-
Ka IUIa3MH.

Inverse diffraction problem of determining the properties of a plasma object / I.T. Selezov // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 87-94.

Abstract. We consider the ill-posed problem for a plasma inhomogeneity, which is diagnosed by the
reflected diffraction field — backscattering from the irradiated object. In this case, there is no need for a more
accurate restoration of the research object based on pseudo-inversion. An analytic solution of the inverse
problem for a cylindrical plasma is constructed based on generalization of solutions for a spherical plasma. The
possibilities of plasma diagnostics from measured values are shown.

Keywords: ill-posed problem, pseudoinversion, wave diffraction, backscattering, plasma diagnostics.

VJK 517.9
IIpnéamkeHHble TapaHTHPOBAHHBIE CPeAHEKBAAPATHYHbIE OIEHKH (YHKIHOHATOB OT pelIeHui
napa6oJIM4ecKuX 3a1a4 ¢ ObICTPO KOJIeOMIOMUMIC Ko3(PUINEeHTAMI NPH HeJIMHEHbIX HA0II0JeHUsIX

/ A.I'. Hakoneunsblii, E.A. Kanycrsin, A.A. Ynkpuii / Kubeprernka u cucremusiit anamus. 2019. Tom 55,
Ne 5. C. 95-105.

In.: 0. Tabn. 0. Bi6miorp.: 14 Ha3s.

AnHoTanus. B cratee paccMoTpeHa 3aladya MHHIMAaKCHOTO OLCHHBAHUS (DYHKIHOHANA OT PEIICHHs Ia-
pabonndeckoi 3agaun ¢ ObICTPO KoeOIronmMucs kodddunmentamu. K pemeHnto 5Toit 3a1a4u NpuMeHeH Tpa-
JUILHOHHBIA MUHUMAKCHBIH IIOJXOM M3-3a HAIMYMA HEM3BECTHBIX (QYHKIHI B IPABOH 4aCTH ypaBHEHUS U B Ha-
YaJIbHOM yCJIOBHU. J[0Ka3aHO CyLIeCTBOBAaHUE TapaHTUPOBAHHOW JIMHEHHOW CPEHEKBaIPATUYHON OLICHKH HC-
xoJHOM 3amaun. HaiijeHo npuoimkeHHoe peleHie HCXOJHON 3219l C HCIIO0JIb30BaHUEM TEOPUH YCPEIHECHHS
1 METOJOB MOCTPOCHUSI IPHOIMKEHHOTO CHHTE3a JUIsl PacIpeaesICHHBIX cHcTeM. Jloka3aHo, 4To OLeHKa 3a1aun
C yCPeIHEHHBIMU MapaMeTPaMH SBIACTCS NMPUOIIDKEHHON IapaHTHPOBAHHOH CpPeIHEKBAJPAaTUYHON OLECHKOU
HMCXOMIHON 3ajauu.

KuroueBrble cjioBa: TapaHTUPOBAHHBIE CPEAHEKBAAPATUIHBIC OLICHKH, YPAaBHCHUE napa6om/mec1<oro THIIA, OBICT-
po KOJ'ICGJ'IIOIJ_II/IQCSI KO3¢]CI)I/IHI/ICHTLI, Ha6J'IIO[IeHI/Ie, HpI/IGHI/[)KeHHI)IC OLEHKH, OIIEpaToOp THUIla CYIEPIO3UIINH.
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HaOnuKeni rapaHToBaHi cepeIHbLOKBAJPATHYHI OMiHKH (yHKUiOHATIB BiJ PO3B’A3KiB mapadoJivHux
3a/1a4 3i WBHMAKO KOJUBHUMH Koedimienramu npu Hediniiinux cnocrepexennsix / O.I'. Hakoneunuid,
O.A. Kanycran, A.O. Yukpiii / KiGepHernka ta cucremumii anams. 2019. Tom 55, Ne 5. C. 95-105.

AHoTanis. Y crarTi po3risHyTO 3aady MiHIMAKCHOTO OLIHIOBAaHHS ()YHKIiOHAIa Bix Po3B’sI3Ky Hapa-
OouigHOT 3a/1a4i 31 IBUJIKO KOJMBHUMU KoedinieHTaMu. Jlo po3B’si3aHHs 1i€i 3a/1a4i 3aCTOCOBAHO TPAAUIIIHHIN
MIHIMaKCHUI MiAXi/1 Yepe3 HasABHICTh HEBIOMUX (YHKIIN y MpaBiii 4aCTHHI PIBHSHHS Ta y TOYATKOBIH yMOBI.
JloBeneHO iCHYBaHHSI TapaHTOBAHOI JIHIIHOI CepeHbOKBAIPATHYHOI OLIHKM BHXIiJHOI 3amadi. 3HaiiaeHO Ha-
OJIMKCHMI PO3B’A30K BHXIJHOI 33/1a4i 3 BUKOPUCTAHHSAM TEOPil yCepeAHEHHs Ta METOJIiB MOOYI0BH HaOIMKe-
HOTO CHHTE3y ULl PO3MOALICHNX chucteM. J[oBeeHo, 0 OIiHKa 3a/adi 3 yCepeAHEHHMH IapaMeTpaMy € Ha-
OIIKEHOI0 TapaHTOBAHOIO CEPEeIHBOKBAAPATHYHOIO OLIHKOIO BHXiIHOI 3amadi.

KuiouoBi ci10Ba: rapaHToBaHi cepeHbOKBAAPATHYHI OLIHKH, PIBHSHHS NapaboidHOrO THILY, IIBUAKO KOJUBHI
KOe(ILiEHTH, CIOCTEPE)KCHHs, HAOIMKEHI OLIHKH, ONEepaTop THUITYy CYHEpIO3HLil.

Approximate guaranteed mean square estimates of functionals on solutions of parabolic problems with
fast oscillating coefficients under nonlinear observations / O.G. Nakonechnyi, O.A. Kapustian,
A.O. Chikrii // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 95-105.

Abstract. The paper deals with the problem of minimax estimation of a functional on the solution of
parabolic problem with rapidly oscillating coefficients. To solve this problem, the traditional minimax approach is
used because of the presence of unknown functions on the right-hand side of the equation and in the initial
condition. The existence of a guaranteed linear mean square estimate of the original problem is proved. An
approximate solution of the original problem is found with the use of the averaging theory and the approximate
synthesis methods for distributed systems. The main result of the work is to prove that the estimation of the
problem with averaged parameters is an approximate guaranteed mean square estimation of the original problem.

Keywords: guaranteed mean-square estimates, parabolic equations, fast oscillating coefficients, observations,
approximate estimates, superposition type operator.

VJK 5179 : 519.6

HexoTtopble HeJl0Ka/IbHbIE KPaeBbie 3aJa4H /Il GMNapadoH4ecKoro BOJTIOIHOHHOI0 YPABHEHHUS H €ro
apodHo-mupdepennuaabnoro ananora / B.M. Byaapaukmnii / KuGepuetuka u cucremuslii anammus. 2019.
Tom 55, Ne 5. C. 106-114.

In.: 0. Tabn. 0. Bibmiorp.: 29 Ha3B.

Annoranus. Jlias OunapaGoIM4ecKoro 3BOJIONHOHHOIO YPABHEHHS B YAaCTHBIX IIPOU3BOAHBIX M €rO
npoOHO-ad hepeHIanbHOro 0000IIEHNS BBIIOJIHEHBI TOCTAHOBKH Y MOJIyYEHbI 3AMKHYTBIE PEIICHUS] HEKOTO-
PBIX KPAaeBBIX 33/1a4 C HEJIOKAIBbHBIMU I'PAHUYHBIMU YCIOBUAMH. PacCMOTpPEHBI BApUAHTHI NIPSMOIT 1 00paTHOH
MIOCTaHOBOK 3aja4. MaTemMaTH4eckas MOCTaHOBKAa OOPAaTHOM 3aJ[auyl MPEJIIoiaracT MOMCK BMECTE C PElICHHEM
HCXOJHOr0 MHTErpo-1udepeHIHaIbHOr0 YpaBHEH s JPOOHOT0 MOPsIIKa TaKKe ero HeM3BECTHO! IpaBoif yac-
TH, (QYHKIHOHAIBHO 3aBHCSIICH TOIBKO OT TeOMETPUUYECKON NEePEeMEHHOH.

KitroueBble ci10Ba: GHnapaboIueckoe IBONIIOLMOHHOE YpaBHEHHe, IPoOHO- b GepeHIHaIb b aHator Oumapado-
JIMYECKOTO YPABHEHHsI, HEJIOKalbHAs KpaeBasi 3ajada, oOparHasi 3ajada, OHOPTOTOHAJBHBIC CHCTEMbI (DYHKLIMI.

Hesiki HesokanbHi KpaiioBi 3amaui s OimapaGosiuHoro eposiouliiiHOro piBHAHHA Ta Horo
npo6oBo-nudepenuiiinoro ananora / B.M. BynaBaubkuii // KibepHernka Ta cuctemuuii anamis. 2019.
Tom 55, Ne 5. C. 106-114.

Anoraunis. [{ns 0inapaGosiiyHOro €BONIOLIMHOIO PIBHSAHHS 3 YACTMHHUMHM IOXiJTHUMH Ta ioro npobo-
BO-JAM(EPCHIINHOr0 y3arajlbHEHHsI BUKOHAHO TOCTAHOBKH Ta OJCPKaHO 3aMKHEHI PO3B’SI3KU JCSKNX KPaHOBHX
33714 3 HEJIOKAILHUMH MPAHHYHIMH yMOBaMH. PO3IIIsiHyTO BapiaHTH IpsMOi Ta 00EPHEHOT ITOCTAaHOBOK 3a/ad.
MatemaTH4Ha ITOCTaHOBKA OOEpHEHOI 3a1adi nepeabdadac MONIyK Pa3oM 3 PO3B’SI3KOM BHXIJHOTO IHTETpo-IH-
(hepeHniiiHOrO PiBHSAHHS JPOOOBOrO MOPSAKY TaKOXK HOro HEBiTOMOI paBoi YaCTUHHY, sika (yHKIIOHATIBHO 3a-
JICKUTH JIMIIE BiJ T€OMETPUYHOI 3MIiHHOI.

KurouoBi cioBa: Ginapa0ostidHe 3BOJIOLINHHE PIBHSHHS, ApoOOBO-An(epeHiiHuil aHanor GinapaboaiyHoro
PIBHSIHHS, HeJlOKaJbHA KpalioBa 3ajada, 3BOPOTHS 3ajada, OlOPTOTOHAIBHI CHCTEMH (DyHKIIH.

Some nonlocal boundary-value problems for biparabolic evolution equation and its fractional differential
analogue / V.M. Bulavatsky // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 106-114.

Abstract. For biparabolic evolution partial differential equation and its fractional differential
generalization, statements are made and closed form solutions of some boundary-value problems with nonlocal
boundary conditions are obtained. Variants of direct and inverse problem statements are considered. The
mathematical formulation of the inverse problem involves the search together with the solution of the original
integro-differential equation of fractional order also its unknown right-hand side that depends functionally only
on the geometric variable.

Keywords: biparabolic evolution equation, fractional-differential analogue of biparabolic equation, nonlocal
boundary value problem, inverse problem, biorthogonal systems of functions.
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VK 519.6

K nocrpoeHunio HHTErpaabHbIX MaTeMAaTHYECKUX MOJIeJIeil ABYX KJIACCOB HEJTHHEHHBIX MPOCTPAHCTBEHHO
pacnpenesneHHbix cucteM. I. Corydail quckpeTHO ompeae/ieHHBIX BHEUIHEIHHAMHUYECKHX BO3MYIIEHHUI /
B.A. Crosin // Kubeprneruka u cucremubiii anamus. 2019. Tom 55, Ne 5. C. 115-127.

In.: 0. Ta6n. 0. Bibmiorp.: 9 Haszs.

AunHoTauus. Pemens 3amaun nceBroo0panieHns HeIMHEHHBIX b GepeHIHATBHBIX MOCICH MPOCTpa-
HCTBEHHO PaCIpEIeICHHbIX AUHAMUYECKUX CHCTEM. PaccMaTpUBAIOTCsI CHCTEMBI, HEIMHEHHOCTD KOTOPBIX 00-
pa3zoBaHa IPOHM3BEJCHHEM JHMHEHHBIX MH(P(EepeHIHAIbHBIX NPeoOpa3oBaHnil (GyHKIUH COCTOSHHS CHCTEMBI
WM IIyTeM 3aMEHbI THMH IIPeoOpa3oBaHUAMU KOI(PPUINEHTOB ITHHEHHOro NpuOImkeHus Moaenu. CtposTest
QHAIMTUYECKNE 3aBUCHMOCTH (DYHKI[MH COCTOSIHUSI CHCTEMbI OT JIUCKPETHO ONMPEICHHBIX 3HAYCHHI BHEIIHC/IH-
HAMUYECKHX BO3MYIIAIOMUX (DAKTOPOB.

KuaroueBbie cioBa: r[ceB):[oo6pameHne, HEJTMHCHHBIC THHAMUYCCKUC CHUCTEMBI, CUCTEMBI C PaCIIPEACIICHHBIMI
napamMeTrpamu, pacnopeACI€HHBIE NMPOCTPAHCTBEHHO-BPEMEHHBIE CHUCTEMBI.

Jlo noOynoBu iHTerpadbHHX MATEMaTHYHHMX MoJe/deidl JABOX KJjaciB HediHiiiHMX MNpPoCTOpPOBO
po3nojijieHux cucreM. I. BUIIAJOK AMCKPETHO BU3ZHAYEHHX 30BHIIHbOAMHAMIYHMX 30ypeHb / B.A. CTosin
/I KibepHernka Ta cucreMHmii anamiz. 2019. Tom 55, Ne 5. C. 115-127.

AwnoTtauisi. Po3B’s3aH0 3a1a4i MCeBIOOOCPHEHHS HENMHIMHUX AU(EPeHIaIbHUX MOJEICH MPOCTOPOBO
PO3MOAUICHUX AWHAMIYHUX CHCTEM. PO3IVISIHYTO CHCTEMH, HENiHIHICTh SIKHX YTBOPEHO JIOOYTKOM JIHIHHHX
udepeHniabHIX TIePeTBOPeHb (YHKLIT CTaHy CHCTEMH a00 LUIIXOM 3aMiHH LHMH IEPETBOPCHHIMH
Koe(iLieHTIB JTiHIHHOrO HAOMIKEHHS MOJeNi. ByyloThCsl aHamiTHYHI 3a1eXKHOCTI (QYHKIIT cTaHy CHCTeMH Bif
JIUCKPETHO BU3HAYECHHUX 3HAYCHBb 30BHIMIHBOJAWHAMIUYHHMX 30ypOBaJbHUX (DAKTOPIB.

Kuro4dosi c1oBa: ricepioo0epHeHHs, HETiHINHHI JUHAMIYHI CHCTEMH, CUCTEMH 3 PO3MOAUICHUMH MapaMeTpaMH,
PO3IOIJICHI TPOCTOPOBO-YaCOBI CHCTEMHU.

On construction of integral mathematical models of two classes of nonlinear spatially distributed systems.
1. The case of discretely defined outward-dynamical perturbations / V.A. Stoyan // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 5. P. 115-127.

Abstract. Problems of pseudoinversion of nonlinear differential models of spatially distributed
dynamical system are solved. Systems whose nonlinearity is formed by the product of linear differential
transformations of system functional state or by replacing the coefficients of linear approximation by these
transformations are considered. Analytic dependencies of system functional state on discretely defined values of
outward-dynamical factors are constructed.

Keywords: pseudoinversion, nonlinear dynamical systems, spatially distributed dynamical systems.

YIK 519.21
MartemaTH4ecKHe MOJEeJIH yIpaBJieHHe PHCKOM /ISl MAaPKOBCKHUX MPOLECCOB pereHepupyomero Tuma /
AunLA. Boiina, An.A. Boiina // KuGepuernka n cucremusiii ananmu3. 2019. Tom 55, Ne 5. C. 128-142.

In.: 0. Tabn. 0. Bi6miorp.: 15 Ha3zs.

AnHotanusi. B pamMkax mMareMaTHYecKOH MOJIeNIM, YCIOBHO HAa3BaHHOW «IapaliesIbHON MapKOBCKON
CTPYKTYpPOi», (hOpMaNn30BaH psiji MPAKTHYECKUX MOCTAHOBOK 3aJa4 ONTHUMAJBHOIO YIpaBlicHUs. M3ydeHsl
CBOWCTBA MOJIENICH M MCIIOIBb30BAHHBIX JJISI UX MOCTPOCHHUS CIYYaiHBIX MpoIeccoB. PazpaboTaHbl KOHCTPYK-
THUBHBIC AJITOPUTMbI BBIUYMCICHHUS 3HAYCHUH COOTBETCTBYIONMX (DYHKLMH PUCKA U MOCTPOCHHS ONTUMAIbHBIX
CTpaTeruii ynpapicHUsL.

KiioueBble ¢j10Ba: pereHepHpyOLHid IPOLECC, NapaiielbHas CTPYKTYPa, ONTUMAJIbHBIE CTALIOHAPHBIE CTpa-
TETHH, MapKOBCKUE IIPOIECCHl HMPHHATHA PEIICHUH, (yHKINS PHCKA, UTCPALHOHHBIC AITOPUTMEL

MartemaTH4Hi Mojedi KepyBaHHS PH3HKOM [JIsi MapKOBCHKHX IpoleciB pereHepauiiiHoro tumy /
O.A. Boiina, A.O. Boiina // Kibepueruka ta cucremuuii anamis. 2019. Tom 55, Ne 5. C. 128-142.

AHoTauis. B pamkax mMaTeMaTHuHOT MOJIEJi, YMOBHO Ha3BaHOI «IapajieIbHOI0 MAPKOBCHKOIO CTPYKTY-
poro», (hopMatizoBaHO HU3KY HPAKTUYHHX TIOCTAHOBOK 3a/1a4 ONTUMAJIbHOrO KepyBaHHs. BuBueHo BiacTHBOCTI
MoJjieliell i BUKOPHCTAHHUX JI0 IXHBOI 1OOYJIOBHM BUIIAJKOBUX IIpoleciB. Po3po6ieHo anroputMu oGUHMCICHHS
BapTOCTi BIiANOBIMHMX (YHKLIH PHU3NKY Ta IOOYZOBH ONTHMAIBHHX CTpAaTeriii KepyBaHHHS.

KiiouoBi ciioBa: perenepaniiinuii mpouecc, napasuenbHa CTpyKTypa, ONTHMAaJbHI CTallioHApHi cTpaTerii, Map-
KOBCBKI MPOLIECH MPUHHATTS pillleHb, QYHKIIS PH3MKY, iTepawiiiHi aaropuT™u.

Dynamic risk control in multidimensional Markov models / O.A. Voina, A.O. Voyna // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 128-142.

Abstract. Within the framework of a mathematical model called conventionally “parallel Markov
structure,” a number of practical set ups of optimal control problems are formalized. The properties of the
models and of the random processes used to build them are examined. In addition, the algorithms on calculating
the cost of the corresponding risk functions and on constructing optimal control strategies are developed.
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Keywords: regenerating process, parallel structure, optimal stationary strategies, Markov decision processes,
risk function, iterative algorithms.

VJK 517.977
JlocTaTouHble YCJIOBHSI COJIMKEHHSI YNPaBJsieMbIX 00BbeKTOB B HWIPOBBIX 3ajJayax auHamuku. 1 /
N.C. Pannonopr // KubepHernka u cucremusli anamm3. 2019. Tom 55, Ne 5. C. 143-155.

In.: 0. Tabn. 0. Bi6umiorp.: 22 Ha3zB.

AHHoTanus. Pemena 3amaya cOMMXKEHUs yNpPaBiIsAeMbIX OOBEKTOB Ha OCHOBE METOJA Pa3pelIAOIIUX
ynxnuid. [IpeuioxkeHs! J0CTaTOUHbIC YCIOBHS OKOHYAHHS HIPHI 32 KOHEYHOE TapaHTUPOBAHHOE BPEMs B CIIy-
Jae, korja yciosue IIoHTpsruHa He BBIIOIHSETCS. BBeIeHBI BepXHIE U HIDKHHE pa3pelaomue GyHKIHN pa3-
HBIX TUNOB. Ha MX ocHOBe pa3paboTaHBl JBE CXEMBI METOAA pa3pemaomux (QyHKnui, o6ecIeunBaronux 3a-
BepureHre U HepeHIaNbHON UTPhl B KJIACCE KBA3UCTPATEIMH M KOHTPYHPABICHUIA.

KuroueBble coBa: kBaswinHelHas auddepeHnnanbHas Hrpa, MHOTO3HAYHOE OTOOpa)XKEHHE, H3MEPUMBIH ce-
JIEKTOp, CTPOOOCKOIMYECKasl CTpaTerHs, pasperaromas (QyHKIH.

JlocTaTHi yMOBH 36/IMKeHHSI KePOBAHHX 06’€KTiB B irpoBHX 3agauax aunamiku. I / M.C. Panmonopt //
KiGepnernka ta cucremuuii anams. 2019. Tom 55, Ne 5. C. 143-155.

AmnoTtanis. Po3B’s3aH0 3amauy 3071MKEHHS KEPOBAaHUX 00’€KTIB Ha OCHOBI METOIY PO3B’S3yBalIbHHX
(yHKIii. 3amponoHOBaHO JOCTATHI YMOBH 3aKiHUCHHS I'PH 3a CKIHYEHHHUH rapaHTOBaHUM Yac y BHIAJKY, KON
ymoBa [ToHTpsiriHa He BUKOHYETHCS. BBEI€HO BEpXHIi 1 HIKHI po3B’si3yBalibHI (GyHKLIT pisHUX THmiB. Ha ixHiit
OCHOBI PO3pOOJIEHO JIBI CXEMH METOAY pPO3B’s3yBajbHUX (yHKLIH, 10 3a0e3nedyloTh 3aBeplueHHs aude-
PCHIianbHOT I'PH B KJIAci KBasicTpareriii i KOHTPKEpYBaHb.

KurouoBi cioBa: kBasininiiina qudepennianbia rpa, 6araTo3HauHe BioOpakeHHs, BUMIPHUI CEIEKTOp, CTPO-
OOCKOMIYHA CTpaTteris, po3B’s3yBajbHa (QYHKIIis.

Sufficient approaching conditions for controlled objects in the game dynamic problems. I /
L.S. Rappoport // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 143-155.

Abstract. The problem of approach of control objects is solved on the basis of the method of resolving
functions. Sufficient conditions for game ending in a final guaranteed time are proposed in the case when the
Pontryagin condition is not satisfied. The upper and lower resolving functions of different types are introduced
and used to develop two schemes of the method of resolving functions that ensure the completion of the
differential game in the class of quasi-strategies and counter-controls.

Keywords: quasilinear differential game, multivalued mapping, measurable selector, stroboscopic strategy,
resolving function.

MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

YIIK 004.05, 004.4[2+9], 004.94, 519.7

O030p COBpeMEHHBIX METO/[0B 3aIIMIIEHHOCTH M  0€e30HaCHOCTH NPOrpaMMHBIX  cucTeM /
A.A. JletnyeBckuii, B.C. Ilecuanenko, f1.B. I'puniok, B.FO. Paguenko, B.M. fIxoBiieB // KubepHerrka u
cucremubrii anamms. 2019. Tom 55, Ne 5. C. 156-169.

In.: 1. Tabn. 2. Bibmiorp.: 28 Ha3B.

Annotanus. [Tokazano, 4To B HacTosmee BpeMs 6e30MacHOCTb U 3aLHUIICHHOCTD IPOrPaMMHBIX pecyp-
COB SIBIIICTCSI OJJHOU M3 HanboJiee akTyalbHBIX pobiieM B M T-oTpaciy, MOCKONIbKY JEHCTBHS 3JI0yMBIIIICHHU-
KOB CTaHOBSATCS Bce 00Jee H30MIPEHHBIMY, a YOBITKH OT KHOepaTak pacTyT. TpaIuIHOHHbIE METOIb! OOPLOBI ¢
KkubepaTakaMu TEpsIFOT CBOIO 3(QPEKTHBHOCTD, MOITOMY pa3pabOTKa HOBBIX METOIOB U CPEICTB 3aLIUTHI MPO-
IpaMMHBIX PECYPCOB SIBISIETCS HACYIHOM MOTPEOHOCThI0. OCOOCHHO MHTEPECHBIMHU U TEPCIEKTUBHBIMU SIBIISI-
10TCsl pa3paboTkH, 6asupyonuecs Ha (pOPMaIbHBIX METOJAX C MCIIONB30BAaHHEM COBPEMEHHBIX alredpanyec-
KHMX TEOpHH.

KuiioueBble ciioBa: anrebpandeckoe MOJACIUPOBaHKE, anredpa rnoBeaeHut, kubepOe30nacHoCTh, HHCEPLUOH-
HOC IPOrpaMMHpOBaHKe, (OpMaIbHBIC METO/BI, CHMBOJIBHBIC METO/BI, CHMBOJIBHOE MOJICIMPOBAHUE, MOUCK
YA3BUMOCTEH.

Orasl cy4yacHMX MeTOMIB 3axuIneHOcTi Ta Oe3mekn mnporpamHux cucrem / 0.0. JlermyeBcbKuii,
B.C. Ilecuanenko, 51.B. I'puniok, B.IO. Paguenko, B.M. SIkoBaes // KibepHeTnka Ta CHCTEMHHH aHai3.
2019. Tom 55, Ne 5. C. 156-169.

AmnoTauis. IToka3ano, mo 0e3eka Ta 3aXHUIIEHICTs MPOIPAMHUX PECYPCIB HHUHI € OJHICI0 3 HAHOIIbII ak-
TyasibHUX 1podiem B IT-ramysi, OCKiNbKH [1iT 37I0BMUCHUKIB CTAlOTh JIe/lalli OLIBII 3arPO3IMBUMH, A 30UTKH Bif
kibeparak 30inblIyroThesi. Tpaauiiiini Meroau 00poThOM 3 KibepaTakamy BTPAYarOTh CBOI €(EKTHUBHICTb,
TOMY PO3pOOJICHHSI HOBHX METO/IB 1 3aC00IB 3aXHMCTy NPOrpaMHHX PECYPCIB € HarajabHOIO MoTpedcor. Ocobnu-
BO L[IKABMMH 1 IEPCIIEKTUBHUMU € PO3POOKH, SIKi IPYHTYIOThCS Ha (POPMAIBHUX METOJAX 3 BUKOPHCTAHHSIM CY-
YaCHUX alreOpaidHHUX TEOpii.
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KurouoBi cioBa: anredpaiune MoJeIIOBaHHs, anreOpa NOBeAiHOK, KibepOesmeka, iHCepLiliHe IporpaMyBaHHs,
(hopManbHI METOIM, CHMBOJIBHI METOZHM, CHMBOJIBHE MOJCIIOBAHHS, IOLIYK BPa3IMBOCTCH.

Overview of the modern methods of protection and security of software systems / O.A. Letychevskii,
V.S. Peschanenko, Y.V. Hryniuk, V.Yu. Radchenko, V.M. Yakovlev // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 5. P. 156-169.

Abstract. Security and protection of software resources are one of the most important problems in the IT
industry since attackers’ actions become increasingly sophisticated and losses caused by cyberattacks are
growing. Traditional methods of cyberattack prevention become inefficient; therefore, development of new
methods and tools to secure software resources becomes of essential need. The studies that are based on formal
methods with the use of modern algebraic theories are especially interesting and promising.

Keywords: algebraic modeling, behavior algebra, cybersecurity, formal methods, insertion programming,
symbolic methods, symbolic modeling, vulnerability detection.

VK 667.64:668.02

I'pannunble 3a7a4d OMpe/eseHHs] JHEPreTHYECKOr0 CIEKTPa CHIHAJOB AKyCTHYECKOH JIMHCCHH B
CONPS’KEHHBIX CIVIOMHBIX cpenax / B.B. Mapacanos, A.B. lllapko, A.A. llapko // Kubepuetuka u
cucreMubiid ananms. 2019. Tom 55, Ne 5. C. 170-179.

In.: 2. Tabn. 0. bi6miorp.: 12 Ha3zs.

AnHoTanus. PaccMoTpeHbl rpaHUYHbIE 33ja4l PACTIPOCTPAHEHHs CUTHAIOB aKyCTHYECKOH AMHCCHUH IPH
COIPSDKCHNH JIBYX CIUIOIIHBIX Cpell. B kauecTBe OCHOBHBIX MEPEMEHHBIX B HUX BHIOPAHBI CHJIA, ONPE/IeIstoIas
BO3HUKHOBEHNE aKyCTHYECKOH 3MHCCHH, M CMEIIEHHE YacTHI] CPEJIbI, ONpEJIEIISIOIIee MOSBICHHE U Pacpoc-
TpaHeHHe YIpyrux BoJH. [IpuBeneHO MeToxndeckoe 000CHOBAaHHE PELICHHS KPaeBOI 3a/ladl B CONPSIKEHHBIX
cpenax ¢ ucrons3oBanueM ¢yHkuu ['puna u npeodpasoBanuii @ypse. [Toka3aHo, 4TO YIHEPreTUUECCKUN CIEKTP
AKyCTHUYECKOI YMHUCCUH MONHOCTBIO ONpPENeIeTCs] CUIOBBIMU KOHCTAHTAMU MaTepuaia U CHIAMH, HHUIUHPY-
IOIMMH BO3HHKHOBEHHE CHIHAJIOB aKyCTHYECKOW 3MHCCHH.

KiroueBble ci10Ba: akycTHYecKas SMHUCCHs, CHTHAJBI, CIIEKTp, omeparop, ¢yHkums ['puna.

I'panuyni 3a1a4i BHU3HAYEHHS] E€HEPreTHYHOI0 CHEKTPAa CUTHAJIBAKYCTHYHOI eMicii B cIoJly4eHHMX
cyuisibHuX cepenoBumiax / B.B. Mapacaunos, O.B. Illapko, A.O. lapko // KiGepHeTnka Ta CUCTEMHUIA
anami3. 2019. Tom 55, Ne 5. C. 170-179.

AnoTanis. Po3risHyTo rpaHUYHI 3a/1a4i MONIMPEHHS CUTHANIB aKyCTHYHOI eMicCii JIs CrIoJTydeHHs IBOX
CYLIIBHHX CepefoBHUII. SIK OCHOBHI 3MiHHI OOpaHO CHIIy, SIKa BH3HAYa€ BHHHMKHEHHS aKyCTHYHOI eMmicii, i
3MIIICHHST YaCTMHOK CEPEIOBHINA, 10 BH3HAYA€ IMOSBY i MOMIMPEHHS NPYXHUX XBWIb. HaBeaeHO MeTomndHe
OOIpYHTYBaHHs PO3B’s3aHHS KPalloBOI 3a/1aui B CIIONYYEHHUX CEPEIOBHIIAX 3 BUKOpHCTaHHIM (yHkuil ['pina i
neperBoperb Oyp’e. [Tokaszano, M0 CHEPreTHIHHI CIICKTP aKyCTHYHOI eMicii MOBHICTIO BU3HAYAETHCS CUIOBH-
MM KOHCTaHTAMH MaTepiany i CHJIaMu, IO iHINiFOIOTh BMHUKHEHHS CHIHAJIB aKyCTHYHOI eMicii.

Kuo4oBi ci10oBa: akycTHuHa eMicis, CHTHaNM, CIIEKTp, omeparop, (yHkuis ['piHa.

Boundary problems of determining the energy spectrum of signals of acoustic emission in conjugated continuous
media / V.V. Marasanov, A.V. Sharko, A.A. Sharko // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 170-179.

Abstract. The boundary problems of the propagation of acoustic emission signals with the conjugation of
two continuous media are considered. The main variables in the problems are the force, which determines the
occurrence of acoustic emission, and the displacement of medium particles, which determines the occurrence
and propagation of elastic waves. The methodological substantiation of the solution of the boundary-value
problem in adjoint media using the Green function and Fourier transforms is presented. It is shown that the
energy spectrum of acoustic emission is completely determined by the force constants of the material and the
forces initiating the occurrence of acoustic emission signals.

Keywords: acoustic emission, signals, spectrum, operator, Green function.

HOBI 3ACOBU KIBEPHETHUKH, NEW TOOLS IN CYBERNETICS,
THOOPMATHUKHA, OBYNCJIIOBAJIBLHOL COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YIK 004.22+004.93°11
WnpexcHble CTPYKTYPBI AJs1 OBICTPOr0 MOMCKA CXOTHBIX CHMBOJBHBIX cTpok / JI.A. PaukoBckmii //
Kubepuernka u cucremubii anamus. 2019. Tom 55, Ne 5. C. 180-202.

In.: 0. Tabn. 0. Bi6miorp.: 80 Ha3B.

AnHorauus. /lan 0030p MHAEKCHBIX CTPYKTYP Uil OBICTPOTO MOKMCKA MO CXOACTBY OOBEKTOB, MPEACTAB-
JICHHBIX CHMBOJIbHBIMU CTPOKaMH. PacCMOTPEHBI HHICKCHBIC CTPYKTYPBI KaK Il TOYHOTO, TaK U I HPUOIIH-
XKEHHOT'O TIOMCKA 110 PACCTOSHUIO PeIaKTHpOBaHHs. IIpe/cTaBieHbl HHACGKCHBIC CTPYKTYPBI Ha OCHOBE 00Opar-
HOT0 MHIEKCHPOBAHUS, COXPAHSIOIIET0 CXOJCTBO XIIIMPOBAHMUS, APEBOBHAHBIX CTPYKTYp. U310KeHbI nen 13-
BECTHBIX U MPEITIOKECHHBIX B IOCIEIHEE BPEMsl aTOPUTMOB.
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KiioueBble cj10Ba: MOKMCK IO CXOJICTBY, PACCTOSHME PEeIaKTUPOBAHUA, ONMKalIIMil cocen, ONMwKHUM cocexn,
MHJICKCHBIC CTPYKTYpBI, 0OpaTHOE MHAEKCHPOBAHHE, A-IPAMMBI, JOKAJIbHO-4yBCTBUTEIBHOE X3LIMPOBAHUE,
JIPEBOBUJHBIC CTPYKTYPHI.

IHgekcHI CTPYKTYPH VISl IIBHAKOIO IOMIYKY CXOKMX CHMBOJBHHUX psiakiB / JI.A. PaukoBcbkuii //
KibepHernka Ta cucremHmii anamiz. 2019. Tom 55, Ne 5. C. 180-202.

AmnoTtanisi. HaBeeHO o iHASKCHHX CTPYKTYp AU LIBHAKOTO IOLIYKY 3a CXOXICTIO 00’€KTIB, IIO
IpeJCcTaBiIeHi OiIHAPHIME CHMBOJIBHBIMU PSITKAMH. PO3IIIIHYTO IHIEKCHI CTPYKTYPH SIK JUISL TOYHOTO, TaK 1 JUIst
HAOMIHKEHOr0 MOIIYKY 32 BiACTaHHIO pexaryBaHHs. OIMCaHO IHAEKCHI CTPYKTYpH Ha OCHOBI 3BOPOTHOTO
iH/IGKCYBaHHS, TEIIYBaHHS, IO 30epirae CXOXicTh, JAEPEBOBUIHHUX CTPYKTYp. BukianeHo inei anropurtwmis,
BIJIOMHX Ta HEIIO/IABHO 3aIPOIIOHOBAHMX.

KirouoBi c1oBa: momryk 3a CXOXICTIO, BIICTaHb pefaryBaHHs, HAHOMIDKIMN cycin, OnmkHIN cycin, iHTeKcHi
CTPYKTYpH, 3BOPOTHE IHAEKCYBAHHS, N-IPAMH, JIOKaJIbHO-YyTJIHBE TEIIyBaHHS, JEPEBOBHIHI CTPYKTYpH.

Index structures for fast similarity search for symbolic strings / D.A. Rachkovskij // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 180-202.

Abstract. We survey index structures for fast similarity search of objects represented by symbolic strings.
Index structures for both exact and approximate search by the edit distance are considered. Mainly, we present
index structures based on inverted indexing, similarity-preserving hashing, tree structures. The ideas of specific
algorithms, including the recently proposed ones, are outlined.

Keywords: similarity search, edit distance, nearest neighbor, near neighbor, index structures, inverted indexing,
n-grams, locality-sensitive hashing, treelike structures.
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