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ABTOMaThI Ha KoHeYHbIX T-kBa3zurpynnax / B.B. Cxoéenes, B.I'. CkodeseB // KubepHerrnka 1 CHCTEMHbIN
anamm3. 2018. Tom 54, Ne 3. C. 3-16.

In.: 0. Tabn. 0. bibmiorp.: 8 Ha3B.

AHHoTauus. VccnenoBanbl ceMeicTBa aBTOMAaToB 0e3 BBIXO/A, a TAKXKE CeMeicTBa 0OpaTHUMBIX aBTOMa-
ToB Munu 1 Mypa, 3aJlaHHbIC PEKYPPEHTHBIME COOTHOIICHUSMH HaJl KOHeUHbIMU T-kBasurpymnmamu. Ha ocHO-
BE Pa3JIokKeHHs a0eNIeBO TPYIIBI B MPSIMYIO CYMMY IPUMAPHBIX [UKINYECKUX TPYIII MPEUTOKEH YHHDHITHPO-
BaHHBIH MOJXOJ K alllapaTHOMy U IPOTPAMMHOMY CHHTE3aM PaCcCMAaTPHBACMbBIX aBTOMATOB. HaiiieHbI OleHKH
BPEMEHHON M €MKOCTHOH CII0’KHOCTEH BBIYMCIIEHUH, OCYLIECTBIISIEMBIX STUMU aBTOMATaMH Ha OJTHOM TaKTEe aB-
TOMATHOI'O BPEMEHH.

KiroueBble ciioBa: KoHeuHble T-KBa3Urpymmbl, aBTOMaTsl 0e3 BBIXO#A, aBToMaTsl Mumm u Mypa.

ABtomaTu Ha ckinyenHux T-kBasirpymax / B.B. Cko6exneB, B.I'. CkobeseB // KibepHeTrka Ta CHCTEMHUA
anaiisz. 2018. Tom 54, Ne 3. C. 3-16.

Amnorauis. [locnipkeHo ciM’i aBToMaTiB 0€3 BUXOAY, a TaKoX ciM’i 060poTHUX aBTOMAaTiB Mini Ta
Mypa, fiKi BUSHAYEHO PEKYPEHTHUMH CIIIBBITHOIIEHHAMH Ha CKiHueHHUX T-kBazirpynax. Ha ocHoBi
po3kianaHHs abesneBoi rpynu B MpsIMy CyMy NMpiMapHHUX LHUKIIYHHX TPYI 3alpONOHOBAaHO yHiikoBa-
HUH MiIXiZ D0 amapaTHOro Ta HPOrPaMHOrO CHHTE31B LUX aBTOMATiB. 3HAiIEHO OLIHKU 4acoBOi Ta
€MHICHOI CKIamHOCTeil 00YNCIIeHD, SIKI BUKOHYIOTHCS IHMMH aBTOMAaTaMH 3a OJUH TaKT aBTOMAaTHOTO
qacy.

Karouosi caosa: ckinuenni T-kBasirpymu, aBromatn 6e3 Buxoay, aBromatd Mini Ta Mypa.
Automata over finite T-quasigroups / V.V. Skobelev, V.G. Skobelev // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 3. P. 3-16.

Abstract. This paper investigates families of automata without outputs and also families of reversible
Mealy and Moore automata specified by recurrence relations over finite T-quasigroups. Based on the
decomposition of an Abelian group into the direct sum of primary cyclic groups, a unified approach is proposed
to the hardware and software synthesis of such automata. Estimates are found for the time and space
complexities of computations executed by these automata during one clock cycle.

Keywords: finite T-quasigroup, automaton without outputs, Mealy automaton, Moore automaton

YIK 517.977
OnrumaibHOe yIpaBjieHHe NepeHocoM JekaperB u3 cucrem mukpourJl / C.U. Jsko, JI.A. Kiomun,
B.B. Onouxkwuii, H.H. JIsmko // Kubeprnernka n cucremusiii anamms. 2018. Tom 54, Ne 3. C. 17-26.

Im.: 2. Tabn. 2. Bibmiorp.: 19 Has3s.

AuHoOTanusi. PaccMOTPEHbI MOJIEIMPOBAHIE W ONTUMH3ALKMS TPAHCICPMAIBHOTO TPAHCIIOPTA JIEKapCTB
U3 PacTBOPUMBIX MUKDOWIII. Periena aByMepHas 3aja49a BEPTHKAIBHOTO MEPEHOCa PACTBOPHMBIX MPENAPATOB
4yepe3 MOPUCTYIO CPEy C TOUYCYHBIMH MCTOYHUKAMH, HMHTHPYIOIIUMHI PACTBOPUMBIC MHKPOHTIIbL. [loka3aHo,
4TO, YIPaBJIsAs UHTEHCUBHOCTHIO U 3a/1aBasi KOOPAMHATHI UCTOYHUKOB, MOKHO PEIIUTH 3371a4y ONTHMAJIBLHOTO
YIIPaBJIEHHs TPAHCAEPMAJILHBIM IEPEHOCOM JIEKAPCTB U J0CTUYb HEOOXOMMON KOHIIEHTPALMH B STIUIEPMUCE C
pUEeMIIEMON TOYHOCTBIO. JlJIst peleHns HaualbHO-KPAeBbIX 3a/1a4 MCIOJIb30BaHbl KOHEUHOPA3HOCTHBIE METO-
JIbl W JIBYXIIArOBBIH CHMMETPH30BAHHBIA aIrOPHTM.

KiroueBble ciioBa: TpancaepmansHas 1uddysus, cucTeMa MUKPOHTI, MOACIHPOBAHNE, ONTUMU3ALIS, TOUCU-
HBIH HCTOYHMK, Pa3HOCTHAs CXeMa.

OnTumajibHe KepyBaHHsI IepeHeceHHsM JikiB i3 cucrem mikporosok / C.I. Jlsamko, J.A. Kiromus,
B.B. Onouskuii, H.I. JIsmko // Kibepuernka Ta cucremuuii anamiz. 2018. Tom 54, Ne 3. C. 17-26.

AHoTanis. Po3risHyTO MOJCIIOBAaHHA Ta ONTHMI3allil0 TPAHCACPMAIBHOIO TPAHCIIOPTYBAHHS JIKIB 3
PO3YMHHUX MIKpPOroJok. Po3B’si3aHO IBOBUMIPHY 3a[ady BEPTHKAJIBHOTO NEPEHECCHHS PO3YMHHUX IIpErapariB
yepe3 IMOPUCTE CePEIOBUIIE 3 TOUKOBHMH JKEPEIIaMH, L0 IMITYIOTh PO3YMHHI Mikporoikd. [Tokasano, mo, ke-
PYHOYH IHTCHCHBHICTIO 1 3a1aF04M KOOPAMHATH JDKEPET, MOXKHA PO3B’SI3aTH 3aady ONTHMAIbHOTO KEPYBaHHS
TPAHCIEPMATIBbHUM TIEPEHECEHHIM JIIKIB 1 JIOCATHYTH HEOOXIJHOI KOHIEHTpALil B emijiepMici 3 MpUHHATHOIO
TouHicTio. [l po3B’s3aHHS [IOYATKOBO-KPAHOBHX 3a1a" BUKOPUCTAHO CKIHYCHHOPI3HHUIEBI METOAM 1 ABOKPO-
KOBUH CHUMETPH30BaHUM aIrOpUTM.

KuirouoBi ciioBa: TpancaepmanbHa 1udysis, cucteMa MIKpOToJIOK, MOJICIIOBAHHS, ONTHMI3allis, TOYKOBE JKe-
perno, pi3HHUIEBa CXeMa.
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Optimal control of drug delivery from microneedles systems / S.I. Lyashko, D.A. Klyushin,
V.V. Onotskyi, N.I. Lyashko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 17-26.

Abstract. We consider simulation and optimal control of transdermal drug transport from systems of solvable
microneedles. We solve a two-dimensional problem of vertical transport of solvable drugs through a porous medium
with point sources simulating solvable microneedles. It is shown that, by controlling the intensity and specifying the
coordinates of the sources, the problem of optimal control of transdermal drug transport can be solved and a desired
distribution of drugs in epidermis can be achieved with acceptable accuracy. To solve initial-boundary value
problems, finite-difference methods and a two-step symmetrizable algorithm are used.

Keywords: transdermal diffusion, microneedle system, simulation, optimization, point source, microneedle.

VJK: 004.2

Omnpenenenne 06.1acT 3¢pPeKTHBHOr0 NPHMEHEHHs] MHKPONIPOrPAMMHOI0 aBTOMATA € ONEPAIMOHHBIM
aBTomatrom nepexonos / P.M. BadakoB, A.A. Bapkajos // KubGepHernka u cucremublidi aHaaus. 2018.
Tom 54, Ne 3. C. 27-37.

In.: 3. Taba. 6. Bi6bmiorp.: 10 Ha3s.

Annoranusi. [Iposeznens! uccneoBanus 3pGpeKTHBHOCTH MUKPOIIPOIPAMMHOIO aBTOMAra C OIepariioH-
HBIM aBTOMATOM [EPEXO0/I0B B CPABHECHNUH C KAHOHMYECKHM aBTOMATOM [0 KPUTEPHIO aIlllapaTypHbIX 3aTpaT B
JIOTUYECKOH cxeme aBromara. Jlist HCCIIeIOBaHHBIX CTPYKTYp OIpesieneHa 00mactb ux 3hPeKTUBHOro mpume-
HEHUsI, BbIpakaeMasi COBOKYITHOCTBIO JIHAIA30HOB 3HAYCHHIl MapamMeTpoB aBTOMATA.

KioueBble cJI0Ba: MUKPOIIPOrPAMMHBIN aBTOMAT, OTIEPAIIMOHHBII aBTOMAT MEPEX0I0B, ONTHMH3ALHS arapa-
TYpHBIX 3aTpar, 00nacth 3()(HEKTUBHOTO MPUMEHEHHMSI.

BusHayeHHsi o0JsacTi eeKTMBHOIO 3aCTOCYBaHHSI MIiKpPONPOrpaMHOI0 aBTOMaTa 3 onepauniiiHum
aBTomMartoMm nepexojis / P.M. Badakos, O.0. Bapkasos // Kibepueruka ta cucremuuii anaiiz. 2018. Tom 54,
Ne 3. C. 27-37.

Amnotaunisi. [IposeneHo nociimkeHHs: epeKTUBHOCTI MIKPOIPOrpaMHOIO aBTOMATa 3 OIepaLiiiHiuM aBTO-
MAaToM HepexoiB y MOPIBHIHHI 3 KAHOHIYHAM aBTOMATOM 3a KPUTEPieM anapaTypHUX BUTPAT y JIOTIUHII cXxeMi
aBToMarta. JIIst OCHIIUKEHUX CTPYKTYpP BH3HAUEHO 00JIACTh IXHBOTO €(pEeKTUBHOIO 3aCTOCYBAHHS, BUPAKEHY CY-
KYIHICTIO [iana3oHiB 3Ha4YE€Hb IapaMeTpiB aBTOMATa.

KuarouoBi ciioBa: MikponporpaMHuii aBToMaT, ONEepaliiHMil aBTOMAT IEPEeXOJiB, ONTHMI3ALisl armapaTypHUX
BUTpAT, 00JaCTh €()EKTUBHOTO 3aCTOCYBAHHI.

Determination of the field of efficient application of a microprogrammed finite-state machine with
datapath of transitions / R.M. Babakov, A.A. Barkalov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3.
P. 27-37.

Abstract. Investigations of the efficiency of a microprogrammed finite-state machine with datapath of
transitions in comparison with a canonical finite -state machine by the criterion of hardware expenses in the
logical circuit of the finite-state machine are carried out. For the structures studied, the area of their efficient
application is determined, which is expressed by a set of value ranges of finite-state machine parameters.

Keywords: microprogrammed finite-state machine, datapath of transitions, optimization of hardware expenses,
area of efficient application.

VIK 519-7/339.9

MaremaTnyeckoe MoaeaupoBanue J3((dexkTa «BBLILICCKHBAHHMS» M ONTHMHU3ALUS  YIPABJIEHHS
0aHKOBCKOI M IKOHOMHYECKOIi cHCTeMaMH B yC/I0BHAX riodann3amuu / B.B. Xunenko // Kubeprernka u
cucremublii apanmm3. 2018. Tom 54, Ne 3. C. 38-50.

In.: 0. Tabn. 0. Bi6miorp.: 12 nass.

Annoranusi. PaccMoTrpena npo6iemMa MaTeMaTHYeCKOr0 MOJCTHPOBaHUS d(P(HEKTa «BBILICCKUBAHUSD),
OTMCYEHHOTO MPAKTUKAMH, BBIHYXKIACHHBIMU IPUHUMATh YNPABISIONMEC PCIICHHS, BIUSIOMNC HA JUHAMHUKY
GaHKOBCKON M DKOHOMHYECKOW CHCTEM, U SIBISIIOLIETOCS OJHUM U3 BOKHBIX 2P (EKTOB, KOTOPBIH HEOOXOUMO
YUYHUTBIBATh B CHCTEMAaX MOAICPIKKU HPHHSATHS PEIICHUH HOBOro rnokoseHusi. CHopMyIMpoBaHO MaTeMaTHdec-
Koe ompeneneHne kodpduuueHTa riaodaan3anii MHPOBONH OAaHKOBCKOH CHCTEMEL.

KuroueBble €j10Ba: MaTeMaTHYECKOE MOJICIUPOBAHHUE, YIPaBiIcHUEC OAHKOBCKONH M 9KOHOMUYECKHMH CHCTeE-
MaMH, CHCTEMbI MOAJCPKKH NPUHATHS PEIICHHH, UCKYCCTBECHHBIH HHTEIICKT

MaremMaTu4yHe MOJETIOBAHHA e(eKTy «BHUXJIONYBAHHS» i ONTHMIi3auus ynpasJiHHA 0aHKIBCKOI0 Ta
€KOHOMIYHOI0 CHCTeMaMH B yMoBax rJiodasizanii / B.B. Xunenko // KibepHernka Ta CHCTeMHHI aHai3.
2018. Tom 54, Ne 3. C. 38-50.

AHorauis. Po3risHyTo npobieMy MaTeMaTH4HOTO MOJICIIOBAHHS €(EeKTy «BHUXJIIOIYBAaHHS», BiI3HAYE-
HOT'O NPAKTUKaMH, BUMYILICHUMH TIPUAMATH YIIPABJIIHCHKI PIllIEHHS, 1110 BIUIMBAIOTh HA JIMHAMIKy OaHKiBCHKOI 1
EKOHOMIYHOT CHCTeM, 1 SIKHI € OTHUM 3 BOXKIMBUX e)eKTiB, 1[0 Mae OyTH BPaXOBaHHN B CHCTEMaX IiATPUMKU
HPUITHATTS pilieHb HOBOro nokoiiHHs. ChopMyIpoBaHO MaTeMaTHYHE BU3HA4YCHHs KoedilieHTiB riuobaizarii
CBITOBOI 0aHKIBCHKOI CHCTEMH.
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KurouoBi cj10Ba: MaTeMaTHYHE MOZEIIIOBAHHS, YIPABIiHHS OAHKIBCHKOIO T4 €KOHOMIYHOIO CHCTEMaMH, CUCTeE-
MH MiITPUMKH HOPHUHATTS pillleHb, IITYYHUH IHTENEKT

Mathematical modeling of the effect of “splashing out” and optimization of management of banking and
economic systems under globalization conditions / V.V. Khilenko // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 3. P. 38-50.

Abstract. The problem of mathematical modeling of the “splashing out” effect is considered. The
existence of this phenomenon was observed some time ago by specialists (practitioners) who were forced to
make management decisions affecting the dynamics of banking and economic systems. The influence of this
effect as one of important new phenomena must be taken into account in decision support systems of new
generation. Mathematical definitions of the coefficient of globalization of the world banking system is
formulated.

Keywords: mathematical modeling, management of banking and economic systems, decision support systems,
artificial intelligence

V]IK 519.176
O mnoJHBIX H KBAa3HIOJHBIX [BYXKPHTePHAJIBHBIX 3agadax Ha rpadax / B.A. Ilepemeinuna,
9.B. Tepemenko // Kubeprernxka u cucremusiii anamms. 2018. Tom 54, Ne 3. C. 51-57.

In.: 0. Tabn. 0. bibmiorp.: 8 Hazb.

Annoranusi. M3ydaroTcss JOCTaTOYHBIC YCJIOBHS HAJIW4YMS CBOIMCTBA IIOJHOTHI WM KBA3UIIOIHOTHI
B JIByXKPHUTEPHAIBHBIX 33/[a4aX JUCKPETHON ONTUMHU3ALUK C OJMHAKOBBIMH M PA3IMYHBIMU KPUTCPHUSIMH BECO-
BOr0 BH/ia. BeIUKCIICHA OI[CHKA MOIIHOCTEH MHOXKECTB JOITYCTUMBIX PEILICHHH, TaPETOBCKOI0 MHOKECTBA M I10-
JIHOTO MHOKECTBA aJIbTEPHATHB U Psiga 3a4ad C JBYMs KPHTCPHSIMH.

KutoueBbie ciioBa: MHOTOKpHUTEpUajbHaA ONTUMHU3AINA, ITAPDETOBCKOC MHOXKECTBO, IMOJHOEC MHOXECTBO ajib-
TCpHATUB, IIOJIHAA 3aJada, KBA3WIIOJHAsA 3aaada.

IIpo moBHi i kBa3inoBHi JBOKpuUTepiiiHi 3agaui Ha rpadax / B.O. Ilepenenunsi, E.B. Tepemenko //
KibepHetnka Ta cucremHmii anamiz. 2018. Tom 54, Ne 3. C. 51-57.

AHoTanis. BuBuarThes 10CTaTHI YMOBH HAasBHOCTI BJIACTHBOCTI MOBHOTH a0 KBa3ilOBHOTH Y JABOKpH-
TepifHMUX 3a/a4ax JUCKPETHOI ONTUMI3alil 3 OJTHAKOBIMH 1 PI3HUMH KpUTEpisiMH BaroBoro BUrisiry. Oouucie-
HO OLHKY ITOTYXXHOCTEIl MHOKHH JJOIYCTHMHX PO3B’S3KiB, IAPETOBCHKOT MHOMKUHH 1 TOBHOT MHO)KHHH aJIbTEp-
HATHB Ul HU3KH 3a1a4 3 JBOMa KPUTEPiSIMH.

KurouoBi ciioBa: GaratokputepiiiHa onTuMi3allis, MapeTOBChKa MHOKHHA, TOBHA MHOXHHA alIbTEPHATHUB, T10-
BHa 3ajaya, KBa3ilOBHA 3ajadva.

On complete and quasi-complete two-criteria optimization problems on graphs / V.A. Perepelitsa,
E.V. Tereschenko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 51-57.

Abstract. This article is devoted to the study of sufficient conditions for using the completeness or
quasicompleteness properties in two-criteria discrete optimization problems with the same and different
weight-type criteria. The authors evaluated the cardinalities of sets of acceptable solutions, the Pareto set, and a
complete set of alternatives for several two-criteria problems.

Keywords: vector optimization, Pareto set, complete set of alternatives, complete problem, quasi-complete
problem.

VJIK 681.513.6
HNuBapuanTHOe YynpaBjieHHe BO3IYIIHBIM CYJAHOM IIPH BO3JelCTBHH BETPOBBIX BO3MYINEHHiT /
C.B. IlaBioBa, H.H. Komap // KuGeprernka u cucremusii anamm3. 2018. Tom 54, Ne 3. C. 58-64.

In.: 10. Tabx. 0. Bi6miorp.: 12 Ha3s.

AnnoTtanus. Pa3paboTan MeTO KOMIICHCALMN HOCIEACTBUH BO3JCHCTBHS BHEIIHUX BO3MYIICHUM, BO3-
HHKAIONIMX BO BpeMs mnoiera. OOCYyIIECTBICHO €ro KOMIIBIOTEPHOE MOjeiInpoBaHne. B cratbe paccMoTpeH
MO/IXOJ], OCHOBAHHBIN Ha METO/AX TCOPHUH aOCOTIOTHON HENMHEHHOH HHBapHaHTHOCTH. [IpuBeaeHbI pe3ynbTa-
Thl KOMIIBIOTEPHOTO MOJICTMPOBAHUS Pa3pabOTaAHHOIO0 METO/1a KOMIICHCALIMH BIMSIHUS TypOyIeHTHOU atMocde-
PBI Ha [OJIET CaMoJIeTa IS €ro CpaBHEHUs 110 3(P(HEKTUBHOCTH C HMCIOIINMCS METOJIOM KOMIICHCAIINY BIIUSHUS
TypOyneHTHOI aTMochepsl. Vcrnonb30BaHie KOHICIIUN YIPABICHUS ABIKCHHEM JICTATC/IBHOTO alapara Ha
OCHOBE TEOPHH aOCONIOTHON HEJIMHEIHOM WHBapUAHTHOCTH B HPOCKTUPOBAHMM CHCTEM aBTOMATHYECKOTO
YIPaBIICHUS MO3BOJIUT Peann30BaTh dP(PEKTUBHBIII METO yIIPaBICHHS IIOJIETOM B yCIOBHAX HEONPEIeICHHOC-
TH W BHEUIHHX BO3MYIICHHH, 00Ia1aroMuil IPenMyIeCTBAME 10 CPABHEHHUIO C CYIIECTBYIOIIUMHI METONaMH,
KOTOpBI obecriednt KOM(MOPT MaccakMpoB M OE30ITACHOCTH II0JIETOB.

KiroueBbie cioBa: BO3MYIICHUA, KOMIICHCANUsA, YIIPaBJICHUE, CaMOJIET, UHBAPHUAHTHOCTbD.
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InBapiaHTHe KepyBaHHsI MOBITPSIHUM CYIHOMB yMoBax BiTpoBux 30ypens / C.B. [1aBnosa, M.M. Komap
/I KibepHetnka Ta cuctemHumii anamis. 2018. Tom 54, Ne 3. C. 58-64.

AmnoTanisi. Po3po6iieHo MeTo KOMIIeHcamil HaC/IiAKIB BIUIMBY 30BHIIIHIX 30ypeHb, sIKi BHHHKAIOTH ITiJ
9ac TMOJBOTY. 3iHCHEHO HOTO KOMIT IOTepHE MOJIEIIOBAaHHA. PO3TIAHYTO MiAXiA, B OCHOBY SKOTO TIOKJIAJCHO
METOJIM Teopii abCOMOTHOI HeMiHIHOI iHBapiaHTHOCTI. HaBeieHO pe3yIbTaT KOMIT FOTEPHOTO MOJICTIOBAHHS
PO3pO0IEHOr0 METOly KOMIIEHCALIl BIUIUBY TypOyJIeHTHOI aTMOc(epH Ha IMOJIT JIiTaka [yl HOro MOpPIBHAHHS
3a e)eKTHBHICTIO 3 HAsBHUM METOJOM KOMIICHCALil BIUIMBY TypOYJICHTHOI aTMoc(epH. 3acTOCYBaHHsS KOH-
Lenii KepyBaHHs PyXOM JITAIBHOTO arapara Ha 3acajax Teopii aOCOIFOTHOT HeNiHiifHOT iIHBapiaHTHOCTI Y Ipo-
eKTYBaHHI CHCTEM aBTOMaTHYHOTO KEPYBAHHS J1a€ 3MOTY peailizyBaTH e()eKTUBHHII METO/I iIHBapiaHTHOTO Kepy-
BaHHS [OJILOTOM B YMOBaX HEBH3HAUCHOCTEIl Ta 30BHINIHIX 30ypeHb. 3alpOIOHOBAHUN METOJ Maec IepeBaru
MOPIBHSHO 3 HASBHUMM MeETOJaMu Ta 3abesrnedye Kom(opT macaxupiB i Oe3neKy IOJIbOTIB.

Kuarodosi cioBa: 30ypeHHs, KOMIICHCallis, KepyBaHHs, JiTaK, iHBapiaHTHICTb.
Invariant aircraft control under the influence of wind disturbances / S.V. Pavlova, M.M. Komar //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 58-64.

Abstract. A method is developed for compensating the effect of wind disturbances on the flight path of
an aircraft. Computer simulation of the method is performed. An approach is considered based on methods of
the theory of absolute nonlinear invariance. The results of computer simulation of the developed method for
compensating the influence of turbulent atmosphere on the flight of an aircraft are presented with a view to
comparing its efficiency with an available method for compensating the influence of turbulent atmosphere. The
use of the conception of aircraft control based on the theory of absolute nonlinear invariance in designing
automatic control systems will make it possible to implement an efficient method for flight control under
uncertainty and external disturbances that has advantages over existing methods and will provide the comfort of
passengers and safeness of flights.

Keywords: disturbance, compensation, control, aircraft, invariance.

CUCTEMHUI AHAJII3 SYSTEMS ANALYSIS

VIK 519.61

MeToabl BBIYHMCICHHS] B3BEUIEHHBIX ICEBI00OPATHBHIX MATPHIl M B3BeUIEHHBIX HOPMAJIBbHBIX
TceB0peNIeHuii ¢ BbIpoxKIeHHbIMH Becamu / E.®. T'anoa, U.B. Cepruenko // KubepHeTnka U CHCTEMHBII
ananu3. 2018. Tom 54, Ne 3. C. 65-93.

In.: 0. Tabn. 0. Bibmiorp.: 51 Ha3zga.

Annoranus. Crartbs HOCBsIIEHa 0030py paboT, B KOTOPBIX IOCTPOCHBI M MCCIICAOBAHbI TIPSMBIC U HTE-
paLIOHHbIE METOIbI BBIUHCIICHHUS B3BEIICHHBIX IICEBI00OPATHBIX MATPHI] U B3BEIICHHBIX HOPMAJIBHBIX IICEB/IO-
pELICHNUI C BRIPOXKICHHBIMU BecaMi. PaccMOTpeHHBIe METOIbI IOCTPOCHBI INIaBHBIM 00pa30M Ha OCHOBE CTaTe
aBTOPOB, IIOCBSIICHHBIX PA3BUTHIO TEOPHM B3BEIICHHOW IICEBIOMHBEPCHH B HANPABICHHH HCCIICIOBAHHS
CBOWCTB B3BCIICHHBIX IICEBA00OPATHBIX MaTPHI] U B3BEIICHHBIX HOPMAIBHBIX [ICEBIOPECIICHUH C BEIPOXKICHHBI-
MU BecaMH. VICIoIb30BaHbI MOy YEHHbIC U HCCIIEI0BAHHBIC aBTOPAMH Pa3I0kKEHHs B3BELICHHBIX TICEB1000paT-
HBIX MaTPUIl B MAaTPUUHBIC CTCIICHHBIC PSIbl M IPOU3BEICHMS, IPEJC/IbHbIC MPEICTABICHHUS THX MAaTpUIL,
OIIpe/IeTICHHsT PA3JIOKCHUH B3BEIIEHHBIX MICEBIOOOPATHBIX MAaTPHIl HA OCHOBE B3BELICHHBIX CHHIYJISIPHBIX pa3-
JIOXKCHUH MAaTPHI] C BBIPOXKICHHBIMH BECaMU.

KurodeBble €/10Ba: B3BCIICHHBIC NCEBJOOOPATHBIC MATPHIIBI C BBIPOJKICHHBIMH BECAMH, B3BCIICHHBIC HOP-
MajlbHE IICEBJOPCIICHHS C BBIPOXKACHHBIMU BECAMH, HTEPALMOHHBIC METOJbI, PEryJIIpU30BaHHBIC 3aJaduu.
MeToau 004MC/IEHHS 3BasKEHUX ICEBJ000EPHEHUX MATPHIb i 3BaKEHUX HOPMAJILHUX ICEBI0PO3B’f3KiB
3 Bupoa:keHnMu Baramu / €.®. I'anéa, I.B. Ceprienxo // Kibepuernka ta cucremuuii anamiz. 2018. Tom 54,
Ne 3. C. 65-93.

Anorauis. CTaTTa NpUCBSYCHA OISy POOIT, B AKUX MOOYJOBAHO i JOCII/DKEHO MpsMI Ta iTepamiiiHi Me-
TOJIM OOYMCIICHHS 3BAXKEHHUX MCEBIOOOEPHEHNX MATPHIb i 3BAKEHUX HOPMAJIbHUX IICEBJIOPO3B’SA3KIB 3 BUPOJI-
KEHHUMH Baramu. Po3risiHyTi MeTozu 1moOya0BaHO rOJOBHUM YMHOM Ha OCHOBI CTaTeil aBTOPIB, MPHCBAYCHHUX
PO3BHUTKY Teopii 3BaxkeHOI IICeBIOIHBEPCil B HANPSMKY JOCII/UKCHHS BIACTUBOCTEH 3BAKCHHX IICEBIOOOCpHE-
HHUX MaTpULb 1 3Ba)KEHHX HOPMAJIBHUX IICEBIOPO3B’S3KIB 3 BUPOKEHHMH BaraMu. Bukopucrano oxepikaHi Ta
JIOCIII/KEeH] aBTOpaMH PO3KIAIN 3BaXKEHUX ICEBJOOOSPHEHNX MATPHIb B MATPHIHI CTEIECHEB] PsIH 1 JOOYTKH,
IPAaHNYHI HPEACTaBICHHS ILMX MAaTPHIlb, BU3HAUCHHS PO3KJIAAy 3BAXKCHHX IICCBIOOOCPHEHHX MATpHIb Ha
OCHOBI 3B@)KCHMX CHHTYISIDHHX PO3KJIAJiB MaTPUIlb 3 BHPOKEHUMH Baramu.

Kiao4oBi ci10Ba: 3BakeHi NCEBJOOOCPHEHI MATPHIII 3 BUPOPKCHUMHU BaraM, 3BaKCHI HOPMaJIbHI MICEBIOPO3-
B’SI3KM 3 BUPO/DKCHHMHM BaraMu, iTepamiifHi METOJH, PeryJspu30BaHi 3ajadi.
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Methods for computing weighted pseudoinverse matrices and weighted normal pseudosolutions with
singular weights / E.F. Galba, 1.V. Sergienko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 65-93.

Abstract. This paper surveys articles in which direct and iterative methods are constructed and
investigated for computing weighted pseudoinverse matrices and weighted normal pseudosolutions with
singular weights. The considered methods are mainly constructed based on the authors’ articles devoted to the
development of the theory of weighted pseudoinversion in the direction of investigating the characteristics of
both weighted pseudoinverse matrices and weighted normal pseudosolutions with singular weights. This article
uses the following results obtained and investigated by the authors: expansions of weighted pseudoinverse
matrices into matrix power series and products, limit representations of such matrices, and determination of
decompositions of weighted pseudoinverse matrices based on weighted singular decompositions of matrices
with singular weights.

Keywords: weighted pseudoinverse matrix with singular weights, weighted normal pseudosolution with
singular weights, iterative method, regularized problem.

VK 519.21
HosnmdapanbHbie KOrepeHTHbIE Mephbl PHCKA NPH HETOYHBIX clieHapHbIX ouenkax / B.C. Kupumok //
Kubeprernka u cucremubiii aHamus. 2018. Tom 54, Ne 3. C. 94-105.

Inm.: 0. Tabn. 0. bibmiorp.: 10 Ha3Bm.

Annotanus. [IpuMenenne moandapanbHbIX KOTEPEHTHBIX MEp PHUCKA PACIIMPEHO Ha CIydail HeTOUHBIX
CLICHAPHBIX OLCHOK CIy4ailHbIX BEJIMYMH. PacCMOTPEHBI MPOOJIEMBbI ONTHMH3ALMH IPU HEOIPEACICHHOCTH,
OXBaTHIBAIOIINE MIMPOKUI KIIACC 3a/1a4 CTOXACTHYECKOT0 MPOrpaMMUPOBAHHUS H poOACTHO# onTumu3armu. I1o-
Ka3aHO, KaK B JINHEIHOM ClIy4ae OHH CBOASATCS K 3a/iadaM JIMHEITHOTO mporpaMMipoBanusi. PaccMoTpeHs! 3a1a-
4P ONTHUMH3ALUU NOPT(QENS 10 COOTHOLICHHIO BO3HAIPAXKICHUE—PHUCK.

KuioueBble ci10Ba: mojmsapanbHas KOTepeHTHas Mepa pucka, conditional value-at-risk, cnekrpanbHas kore-
pCHTHAs Mepa PHCKA, HETOYHBIC OLCHKHM, JIMHEHHOE HPOrpaMMHUPOBAHKE, ONTHMH3ALMS TOPTdEs, COOTHOIIe-
HHE BO3HArpa)kJICHUC—PHCK.

HonieapanbHi KorepeHTHi MipH pH3MKY 3 HeTOYHUMH cueHapHumu ouninkamu / B.C. Kupuiaok //
KiGepuetnka Ta cuctemuuii axamiz. 2018. Tom 54, Ne 3. C. 94-105.

AHoTanis. 3acToCyBaHHS MOJIieApaIbHUX KOTEPEHTHUX Mip PU3HKY PO3IOBCIO/PKCHO Ha BUIAI0K HETOY-
HUX CIICHAPHUX OLIHIOBAHb BHUIAJKOBHUX BEIMYMH. PO3MIIssHYTO mpoOsieMu onTuMi3alii 3 HEBU3HAYEHOCTIO, 1110
OXOIUTIOIOTH IMPOKMIT KJIac 3a/1a4 CTOXaCTHYHOTO IpOorpaMyBaHHS Ta pobacTHoi onTuMisaii. [Tokasano, sk B
JHIITHOMY BHIQJKy BOHH 3BOUITHCS 10 3a1a4 JiHIHHOro mporpamyBaHHs. Po3risiHyTO 3aadi onTuMizanii no-
pTdens 3a CHIBBIIHOMECHHSIM BHHAropoja—pH3UK.

KurouoBi ciioBa: nomiespanbHa KorepeHTHa Mipa pusuky, conditional value-at-risk, criekTpanbHa KOrepeHTHa
Mipa pU3HKYy, HETOUHI OLIHKH, JiHIiHE NMporpaMyBaHHs, ONTHMI3aLlis MOPTdess, CriBBiJHOLICHHS BUHATOPO-
Jla—pU3HK.

Polyhedral coherent risk measures in the case of imprecise scenario estimates / V.S. Kirilyuk //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 94-105.

Abstract. Polyhedral coherent risk measures are extended to the case of imprecise scenario estimates of
random variables. Optimization problems under uncertainty are considered that cover a wide class of stochastic
programming and robust optimization problems. It is shown how they are reduced to linear programming
problems in the linear case. Problems of portfolio optimization by the reward-to-risk ratio are considered.

Keywords: polyhedral coherent risk measure, conditional value-at-risk, spectral coherent risk measure,
imprecise estimate, linear programming, portfolio optimization, reward-to-risk ratio.

VJK 539.3
PasBurtue n npuioxenue merona Komun—Ilyaccona B dacrogunamuxke ciiosi 4 ypapuenue Tumomienko /
N.T. Cene3oB // Kubeprnernka u cucremubiii anammus. 2018. Tom 54, Ne 3. C. 106-115.

In.: 2. Tabn. 0. Bibmiorp.: 25 Ha3s.

Annorauus. Paccmorpeno o6o0mmenue metosa Komn—Ilyaccona Ha n-MepHOE €BKIIMIOBO MPOCTPAHCTBO
U ero MPHIOKEHHE K ITOCTPOCHHIO TUMEPOOINUECKHX alPOKCHMALIHiT BBICOKOTO MOPsiaKa. B eBKiInI0BOM mpo-
CTPAHCTBE BBE/ICHBI OTPAHMYCHMS HA MPOM3BOAHBIC. PACCMOTPEHO THIEPOOINYECKOE BBIPOXKICHUE IO Mapa-
METpaM M NPHUBEJCHA €ro peajn3alys B BUJAC HEOOXOAMMBIX M JOCTATOYHBIX YCIOBHH. B kayecTBe 4acTHOro
Cllydasi 4eThIPeXMEPHOTO EBKJIMJIOBA TIPOCTPAHCTBA C COXPAHEHHEM OIEPaToOpPOB JI0 MIECTOrO TOPsJIKA HOTyde-
HO 0000IeHHOE 'HIIePOOIHIECKOe ypaBHEHHE ITONIEPEUHbIX KOIeOaHuil IIIACTHH ¢ KOd(dUIIeHTaMH, 3aBHCS-
MK TOJBKO OT 4ncia IlyaccoHa. D10 ypaBHEHHE BKIIOYACT KaK YAaCTHBIC CIIydad BCC M3BECTHBIC YPaBHCHUS
Bepnynnmu—Diinepa, Kupxroda, Penes, Tumomnienko. OTMEYEHO HETPUBUAIBHOE IOCTPOCHUE TUMOIIIECHKO ypaB-
HEHUS! M3TMOHBIX KonebaHui Oalku M cooTBeTCTBHE ¢ Teopuel Koccepa kak pa3BuTHs McclieoBaHUN Mak-
cBe/ula ¥ DUHIITEHHA O pPaclpOCTPAaHEHUH BO3MYILICHUH C KOHEYHOW CKOPOCTBIO B CIUIOLIHOW Cpeje.

KiroueBbie cioBa: meron Komun—Ilyaccona, eBKIMIOBO MPOCTPAHCTBO, 27IACTOJMHAMHUKA, YNPYTHi CIOM.

ISSN 1019-5262. Kubepuerrka u cuctemHbiii ananus, 2018, Tom 54, Ne 3 5



Po3BuTok Ta 3acrocyBannsa Meroay Kowmi—ITyacona 1o eslacroqunaMiky mapy Ta piBHaHHA TuMolIeHKa
/ L.T. Cene3oB // Kibepueruka Ta cucremuuii anaimiz. 2018. Tom 54, Ne 3. C. 106-115.

Amnotanisi. PosrisiHyTo y3aransHenHs meroxy Komri-Ilyacona Ha n-BUMIpHHIT eBKIIIIIB IpOCTIp i Horo
3aCTOCYBAaHHs IO MOOYIOBHU TinepOONiYHUX allpOKCHMAII BUCOKOrO MOPSAKY. B eBKiIimoBoMy mpocTopi BBe-
JICHO OOMEXEHHSI Ha MOXinHi. Po3risHyTO rinepOosiidHOE BUPOPKEHHS 32 IapaMeTpamMH i HaBeIeHO Ioro
peaizalito y BUIIISAI HEOOXIIHUX 1 TOCTATHIX YMOB. SIK OKpeMuil BHIIQJ0K YOTHPHUBHUMIPHOTO E€BKIIIZIOBOTO
MPOCTOPY 31 30EPEIKEHHSIM OIEPaTOPIiB O LIOCTOrO MOPSIKY OTPUMAHO y3araibHEHE rinepOonivHe piBHIHHS
MONEPIYHUX KOJIMBAHb IUTACTUH 3 KOeiliEHTaMH, 3aIeKHUMU TUIbKH Bix uncna [lyacona. e piBHSIHHS BKITIO-
vae sIK OKpeMi BHIIAJKH Bci Bizomi piBHsHHA bepnyui-Eiinepa, Kipxroga, Penes, Tumorenka. Binznaueno He-
TpUBiaNbHy TOOYOBY piBHSHHS THMOIICHKA 3TMHHHX KOJIMBAaHb OaJKM SIK PO3BHTOK JOCITiIKeHb MakcBena i
EifHmureiina nmpo mommpeHHs 30ypeHsb i3 CKIHYCHHOIO MIBUJIKICTIO B CYLIIBHOMY CEPEIOBHII Ta BiAMOBIAHICTH
o teopii Kocepa.

Karwuosi cioBa: meron Komri—ITyacona, eBKIIIIB MPOCTIp, elacToAWHAMIKA, MPYKHHUN IIap.
Development and application of the Cauchy—Poisson method to elastodynamics of layer Timoshenko’s
equation / L.T. Selezov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 106-115.

Abstract. We consider a generalization of the Cauchy—Poisson method to an n-dimensional Euclidean
space and its application to the construction of hyperbolic approximations. In Euclidean space, constraints on
derivatives are introduced. The principle of hyperbolic degeneracy in terms of parameters is formulated and its
implementation in the form of necessary and sufficient conditions is given. As a particular case of
a 4-dimensional space with preserving operators up to the 6th order and dimensioning, a generalized hyperbolic
equation is obtained for bending vibrations of plates with coefficients depending only on the Poisson number.
As special cases, this equation includes all the well-known equations of Bernoulli—Euler, Kirchhoff, Rayleigh,
and Timoshenko. As a development of Maxwell’s and Einstein’s research on the propagation of perturbations
with finite velocity in a continuous medium, the Tymoshenko’s non-trivial construction of the equation for
bending vibrations of a beam is noted.

Keywords: Cauchy—Poisson method, Euclidean space, elastodynamics, elastic layer.

VK 519.233.5
O NoCTPOEHUHU perpeccuu ¢ MepeKkJIIYeHHsIMH ¢ HEH3BECTHBIMU TOYKaM nepekrouennii / A.C. Kopxun
/| Kubepnernka n cuctemHslii anamus. 2018. Tom 54, Ne 3. C. 116-130.

In.: 6. Tabn. 5. Bi6miorp.: 11 nHass.

AuHoTanusi. PaccMoTpeHa perpeccus ¢ MEepeKIIOUeHHUsIMH, KOTla TOYKH HEPEeKIOUCHHS! HEH3BECTHBI.
Omcad 06IMiT METOJ OLICHUBAHMUSI TOYCK MEPEKIIFOUYCHHS U [apaMETPOB JIMHEHHON PerpeccHu C IepeKIoye-
HUSIME 00miero Buja. IIpuBEJEHBI NPUMEPHI €ro HCIOIB30BAHHS.

KimoueBble ciioBa: perpeccusi, NEpEeKIIOUEHHs, NapaMEeTPbl PErpeccHi, OLlEHUBAHME.
IIpo moGymoBy perpecii 3 mepeMuKaHHSIMH 3 HeBitoMHMH Toukamu nepemukanb / A.C. Kopxin //
Kibepuetnka ta cucremuuii anamiz. 2018. Tom 54, Ne 3. C. 116-130.

AHoTanis. Po3risiHyTO perpecito 3 nepeMHKaHHsIMH, SIKIIO TOYKU IePeMHUKaHHs HeBigoMi. OnucaHo 3a-
raJlbHUIl METOJ| OLIHIOBAHHS TOYOK IIEPEMHKAHHSI 1 [TapaMeTpiB JIHIMHOT perpecii 3 epeMUKaHHSIME 3arajbHO-
ro Burisiay. HaBeneHo mpukiagm #Oro BHKOPHUCTAHHS.

KurouoBi ciioBa: perpecis, NepeMHUKaHHs, MapaMeTpH perpecii, OLiHIOBAaHHS.
On constructing a switching regression with unknown switching points / A.S. Korkhin // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 3. P. 116-130.

Abstract. Regression with switching is considered. Switching points are unknown. A general method is
described for estimating switching points and parameters of linear regression with switching. Examples of its
use are given.

Keywords: regression, switching, regression parameters, evaluation.

VK [623.611:621.396]:519.876.5

MeToq  MaTeMAaTHYeCKOr0  MOAETMPOBAHHST  OOHAPY:KEHHSI  CHCTEMBI PAHOCBSI3H  CHCTEMOii
paanopasBenku nporusuuka / U.FO. Cuaa, A.Il. Boaodyes, I.A. Byxan // KuGepHeTnka u CHCTEMHBIi
anamm3. 2018. Tom 54, Ne 3. C. 131-140.

In.: 1. Taba. 0. Bi6miorp.: 15 Ha3s.

AnHoTanus. [IpeanoxxeH HOBbIH METOJ] MATEMAaTUYECKOI0 MOJICIIMPOBAHUS OOHAPYKEHUsI CUCTEMOM pa-
JIMOPa3BeIKH MPOTUBHUKA CHCTEMBI PAJANOCBSI3M BOCHHOIO HAa3HAYCHUs, pa3pabOTaHHBIN HA OCHOBE ammapara
TEH30PHOT'0 MCUHCIICHHUS C YYETOM OCOOCHHOCTEH CHCTEM pajiiopa3BeIki HOBOTO IIOKOJIEH!s. MeTo 1 mpeiHas-
HaveH U1 PelIeHHUs 3a1aul OLCHHBAHUS YPOBHS PaJIOMacKUPOBKH CHCTEMBI PaJIMOCBS3U B X0/ 0OecreyeH s
HEOOXOANMOro YPOBHSI PagHOMAaCKHPOBKH.

KuroueBble cJI0Ba: MaTeMaTHICCKOC MOJCIIMPOBAHUE, CUCTEMA PAJUOCBA3U BOCHHOI'O Ha3HA4YCHUS, paaguopas-
BEJIKa, paauOMacKUpPOBKaA, TEH30P DJJIEKTPOMAarHMTHOI'O IIOJIA.
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MeToa MaTeMaTHYHOr0 MO/EJIIOBAHHS BHSIBJEHHS CHCTEMH Palio3B’si3Ky CHCTEMOI0 Paliopo3BiIku
nporuBHuka / LIO. Ceuaa, A.IL BouoGyes, JI.A. Byxan // KiGepreruka Ta cucremnuii anamis. 2018.
Tom 54, Ne 3. C. 131-140.

AHoTanis. 3anpornoHOBAaHO HOBHH METOJ MAaTEMaTHYHOTO MOJCIIOBAHHS BHUSIBICHHS CHCTEMOIO
Paniopo3BiIKM CHCTEMH Pajiio3B’ 3Ky BIHCHKOBOT'O MPU3HAYCHHS, PO3POOJICHUI HA OCHOBI arapary TeH30pHOTO
YHCJICHHS 3 YPaXxyBaHHIM OCOOJIMBOCTEI CHCTEM PaiopO3BiJKHM HOBOTO MOKOJIHHSA. METO/ MpU3HAYCHUH JUis
PO3B’s3aHHs 3aBAAHHs OLIHIOBAHHs PIiBHS pagiOMacKyBaHHS CHCTEMH Pazio3B’si3Ky MiJ 4ac 3abe3reuceHHs
MOTPIOGHOrO PIBHS pagioMacKyBaHHsL.

KaiouoBi ciioBa: mareMaTHYHE MOJENIOBAHHS, CHCTEMa pajio3B’si3Ky BIHCBKOBOTO NpPU3HAYCHHS,
paniopo3Bijika, pajioMacKyBaHHs, TEH30p EJIEKTPOMArHiTHOTO IOJIS.

Method of mathematical modeling of tactical radio finding by adversary signal intelligence / 1.Y. Svida,
A.P. Volobuiev, D.A. Bukhal // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 131-140.

Abstract. This article proposes a new method for mathematical modeling of tactical radio finding by
adversary signal intelligence systems. The method was developed based on the apparatus of tensor calculus
taking into account the features of the new generation of signal intelligence systems. The method is destined for
evaluating the tactical radio system radiodisguise level in providing the required radiodisguise level.

Keywords: mathematical modeling, tactical radio, signal intelligence, radiodisguise, electromagnetic field
tensor.

V]K 519.6
O0600mennas uHTepcTpunanus Gpynkuuii 1Byx nepemensix / O.H. JIuteun, O.0. JIuteun, A.B. CiaBuk
// Kubepueruka u cucremHblii anamus. 2018. Tom 54, Ne 3. C. 141-150.

In.: 5. Tabn. 0. Bi6bmiorp.: 29 Ha3s.

Amnnoranus. [IpescraBicH 0030p CyLIECTBYIONIMX METOI0B BOCCTAHOBIICHHUS IIOBPEKACHHBIX H300pakKe-
Huit. [IpuBeeHbI OnepaTopbl MHTEPCTPHUIALIMH JUIs BOCCTAHOBICHHS N300pakeHHil B ciiydae, ecinu HH(opma-
11l U3BECTHA JIMIIb HA CUCTEME I0JIOC, MAapaJUICIbHBIX OCSIM KOOPAMHAT, ¢ KPUBOJIMHEHHBIMH IPaHHUI[AMH, Pac-
TI0JIOYKEHHBIX 0] IPOM3BOJIBLHBIM YIJIOM, C YYETOM IIyMa Ha M3BECTHBIX Hoyiocax. [IpoBeeH aKCiepuMEeHT Juist
CpaBHEHUs PabOTBHl METOJOB C M3BECTHBIMU aHAJIOTaMH.

KiroueBble ciioBa: u300pakeHUE, ABYMEPHBIH CHI'HANI, BOCCTAaHOBJICHUE H300paKEHUH, MHTEPCTPUIIALMS.
V3aransHena inrepcrpinmaumis ¢pynkuiii aBox 3mimamx / O.M. JlutBun, O.0. Jluteun, O.B. Caasik //
KibGepuetruka ta cucremuuii anamiz. 2018. Tom 54, Ne 3. C. 141-150.

AmnoTanisi. HaBeneHo orysi HassBHUX METOJIB BiJHOBIICHHS ITOIIKODKEHHX 300paxeHs. OnucaHo onepa-
TOPH IHTEPCTPINALil VISl BIIHOBJICHHS 300paKeHb y pa3i, SK1o iHYOPMAIlis € BiJOMOIO JIUIIE HA CUCTEMi CMYT,
napaieIbHuX OCSM KOOPAMHAT, 3 KPUBOJIHIHHUMH TPAaHUISIMU, PO3TAIIOBAHUMH IIiJ] IOBIIBHUM KyTOM, 3 Bpa-
XyBaHHAM IIYMy Ha BIIOMHX cMyrax. [IpoBeseHO eKCHepHMEHT JUist OPIBHSAHHSA POOOTH METOMIB 3 BiIOMUMH
aHAJIOTaMH.

KarouoBi ciioBa: 300paykeHHsI, JBOBUMIPHHUI CHUTHAJ, BiIHOBICHHS 300pake€Hb, IHTEPCTpIMArlis.

A generalized interstripation of functions of two variables / O.M. Lytvyn, O.0. Lytvyn, O.V. Slavik //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 141-150.

Abstract. An overview of existing inpainting methods for recovering damaged images is given. The
interstripation operators for image restoration are given for the case when information is known only on a
system of strips that are parallel to the coordinate axes, have curvilinear boundaries, are arranged at arbitrary
angles, and take into account noise in known strips. An experiment was conducted to compare the operation of
epy methods with world analogues.

Keywords: image, two-dimensional signal, inpainting, interstripation.

VK 519.21
PexyppeHTHBIE COOTHOLIEHUS LISl IBYKAHAJIBHBIX CHCTEM C JPJIAHTOBCKHM BpeMeHeM 00CTy:KHBaHUs /
10.B. Kepuossiii / Kubepnernka u cuctemublii ananmus. 2018. Tom 54, Ne 3. C. 151-159.

In.: 0. Tabm. 3. Bi6miorp.: 13 Ha3Bu.

Annoranus. IIpeoxken MeTo Uccie10BaHus cucTeM obcmyxusanus M / Eg/2/m , M /| E;/2/ o,
B TOM YHCJIE CHCTEM C HPHMEHEHHEM CIy4allHOro oTOpachIBaHUs 3asBOK. [10IydeHbI peKyppeHTHBIE COOTHO-
LICHUS JIUIS. BBIYMCIICHHUS CTALIOHAPHOTO PACIPE/ICIICHNS YKCIIa 3assBOK B CHCTEME U CTAllMOHAPHBIX XapaKTe-
puctHk. ITocTpOCHHBIEC aIrOPUTMBI IIPOBEPEHBI HA HMHUTAIIMOHHBIX MOJENSAX, CO3AHHBIX C TIOMOIIBIO HHCTPY-
MeHTanbHeIX cpencts GPSS World.

KuroueBble ciioBa: JBYKaHaJIbHasl CUCTEMaA OGCJ'Iy)KI/IBaHI/Iﬂ, JPJIAHI'OBCKOE BpEMs 06CJ'Iy)KI/IBaHI/I$[, cnyqaﬁHoe
0T6paCBIBaHI/Ie 3asBOK, METOQ Ct]I/IKTI/[BHLIX cpa3, PEKYPPEHTHBIC COOTHOILICHUS, CTAIITMOHAPHBIC XapaKTEPUCTUKH.
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PexypeHTHi cniBBiJHOLIEHHsI 1Sl IBOKAHAJBbHUX CHCTEM C ePJAHTIBCBKHM 4acoMm 00CJyroByBaHHs /
1O.B. Kepnosuii / Kibepneruka ta cucremuuid anamiz. 2018. Tom 54, Ne 3. C. 151-159.

AHoTanisi. 3ampoNOHOBAHO  METOJ  JOCHIDKEHHS — cucteM — oOciayroByBamHs M/ Eg/2/m,

M/ Eg/2/ o0, B TOMy YHCIi CHCTEM i3 3aCTOCYBAHHAM BUIAKOBOTO BiKMJaHHA 3aMOBIeHb. OTPHMAHO PEKy-
PEeHTHI CITiBBIZHOIIEHHS ISl OOYMCIICHHS CTALlIOHAPHOTO PO3MOALTY KiJIBKOCTI 3aMOBJIEHb Y CHCTEMi Ta
CTAIlIOHAPHUX XapakTepucTHk. [100ya0BaHi airopuT™MH HEPEeBipeHO Ha IMITAIHUX MOJENAX, CTBOPEHUX 3a
JIOTNIOMOTO0 IHCTpYMeHTalbHUX 3acobiB GPSS World.

KuouoBi ciioBa: 1BOKaHajdbHA cUCTEMa OOCIYyrOBYBaHHs, €PJIAaHTIBCHKMN 4Yac OOCIYrOBYBaHHS, BHIIAJIKOBE
BiJIKH/IaHHS 3aMOBIICHB, METO]] QDIKTUBHUX (ha3, peKypPEHTHI CITiBBiJHOIICHHSI, CTAI[IOHAPHI XapaKTEPUCTHKH.
Recurrence relations for two-channel queuing systems with Erlangian service times / Yu.V. Zhernovyi //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 151-159.

Abstract. We propose a method of studying M / E;/2/m, M/ E; /2 /o queueing systems including

the case of random dropping of customers. Recurrence relations are obtained for computing the stationary
distribution of the number of customers in a system and its steady-state characteristics. The developed
algorithms are tested on examples using simulation models constructed with the help of the GPSS World tools.

Keywords: two-channel queueing systems, Erlangian service times, random dropping of customers, fictitious
phase method, recurrence relations, steady-state characteristics.

YIK 519.217
Hennneiinoe HopMHpoBaHHe cJIy4aiiHOil 3BoJIonMH B cxeMe anmpoxkcuManuu Jlesn / O.A. SIposas //
KubGepuetnka u cuctemubii anamus. 2018. Tom 54, Ne 3. C. 160-165.

Im.: 0. Tabn. 0. bibmiorp.: 7 Ha3B.

AHHOTanus. PacCMOTpeHbI cilyyaiHble 3BOJIIOLMU B CXeMe annpokcuManuu JIeBu. DBOIOLMHU Onpesie-
JICHBI HEMIPEPBIBHBIM CIIPaBa MapKOBCKHM IIpoLieccoM. IIpeioxeHo HopMupoBaHue mporecca 66CKOHEYHO Ma-
JI0M HenuHelHoi (yHkimeil. [TokasaHa ciabas CXOAMMOCTh TeHepaTopa CIIy4ailHOM IBONIOIMHU K MPEICTBHOMY
reHeparopy. HalifeHs! (yHKIMH HOPMHPOBAHHS.

KurodeBble c1oBa: cirydaiiHas 3BOJIOLHS, alpoKcHUManus JIeBH, mpolece ¢ He3aBUCUMBIMH MPHPAILICHUAMH,
nporecc Mapkosa.

Heuniniiine HOpMyBaHHsI BUNIAIKOBOI eBoJionii y cxemi anpoxcumauii Jlesi / O.A. SIpoBa // KiGepuernka
Ta cucremHuii anamiz. 2018. Tom 54, Ne 3. C. 160-165.

AmnoTauis. Po3risHyTo BHIagkoBi eBomrowii y cxemi anpokcumarii JIesi. EBoutonii Bu3HaueHo Henepep-
BHAM CIpaBa MAapKOBCHKHM MPOLECOM. 3alpONOHOBAHO HOPMYBAHHsS IIPOLECY HECKIHYCHHO MAJIOH0
HelniHiliHO (yHKuie. [TokazaHo cnabKy 301KHICTb TeéHepaTopa BUIAJAKOBOT €BOJIIOLIT 10 TPAHUYHOrO r'eHepa-
Topa. 3HaiieHo (YHKIIi HOpPMyBaHHS.

Kuro4oBi cj10Ba: BUITaIKOBa €BOIIOLIS, apoKcuMaltist JIeBi, mporiec 3 He3alleXKHUMH IIPUPOCTaMH, TIporiec Mapkoga.
Nonlinear normalization of random evolution in the scheme of Levy approximation / O.A. Yarova //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 160-165.

Abstract. Random evolutions in the Levy approximation scheme are considered. The evolutions are
determined by a continuous Markov process. The normalization of the process by an infinitely small nonlinear
function is proposed. The weak convergence of the random evolution generator to the limit generator is shown.
Founding functions are found.

Keywords: random evolution, Levi approximation, process with independent increments, Markov process.

MNPOTPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 681.391, 681.3, 621.372.397

IIpocToe mesouNCIeHHOe KOCHHYCHOe NMPeodpa3oBaHHe BHICOKOTO MOPSAKA /UISI BHIEOKOTHPOBAHHUS C
BbicOKHM pa3pemenneM / JLA. 'natuB // KuGepHernka u cuctemubiii aHamu3. 2018. Tom 54, Ne 3.
C. 166-177.

In.: 0. Tabn. 7. Bi6miorp.: 17 Has3s.

Annoranus. [IpenoxeH MaTPHYHBI METO/ HOCTPOCHHUS IIPOCTOrO LEIOYHCICHHOTO KOCHHYCHOTO IIpe-
00pa3oBaHust BEICOKOTO Mopsiika. Ha ero ocHOBe MOCTPOCHO OJHOHOPMOBOE MPOCTOE LETOYUCICHHOE TIPeoo-
pasoBaHue nopsaka 32 u pa3padoTaHbl ero ObICTPbIE AJITOPUTMbI HU3KOW BBIYUCIUTEIIBLHON CIIOKHOCTH, KOTO-
past MeHbIue B 4,9 paza, 4eM B H3BECTHBIX alrOpuTMax, U B 21,6 pa3za — ueM B cranaapte H.265. Ouu tpedyrot
TOJILKO IIEJIOYMCIICHHBIX ONepalnii. ITo npeodpasoBaHue OIN3KO K IMCKPETHOMY KOCHHYCHOMY IpeoOpa3oBa-
HHIO U HMEET XOPOIIHE XapaKTePUCTHKH KOIUPOBAHUS.

KurodeBble c10Ba: MCKPETHOE KOCHHYCHOE IPE0Opa3oBaHue, 1EJIOYHUCICHHOE KOCHHYCHOE peoOpa3oBaHie,

MaciTabupoBaHHOE IpeodpazoBaHue, (akTopusalus, OblcTpoe mpeodpasoBaHue, dPHEKTUBHOCTH KOAUPOBA-
HUSI, BBIYMCIIUTEIbHAS CIOKHOCTh, KOA(QQUIMEHT cxaTus, BUIeokoaupoBanue, H.264, H.265, AVS.

8 ISSN 1019-5262. Kubepuerrka u cuctemMHblid ananus, 2018, Tom 54, Ne 3



IIpocre nijioumncebHe KOCHHYCHE IEepPEeTBOPEHHsI BHCOKOr0 MOPSAKY /JIsl BieOKOIYBaHHSI BHCOKOI
po3ainbHoi 31aTHocTi / JI.O. T'nariB // KibepHeruka Ta cuctremunii anamis. 2018. Tom 54, Ne 3. C. 166-177.

AHoTauis. 3anpoNOHOBaHO MATPUYHUIT METO]] TOOYIOBH IIPOCTOTO HIJIOYUCENFHOIO KOCUHYCHOTO Hepe-
TBOPCHHS BUCOKOTO mopsiaky. Ha #ioro ocHOBi o0y 10BaHO OJJHOHOPMOBE IIPOCTE LIIOYHCEIIbHE EPETBOPCHHS
nopsiiky 32 1 po3poOiieHo {oro MIBHAKI alrOPUTMH HH3bKOI OOUYHCIIOBAIBHOI CKIAIHOCTI, sKa MEHIIA
B 4,9 pasy, HDK y BIIOMHX airoputmax, Ta B 21,6 pasu, HDX y cranmapti H.265. Bon norpe0yroTs Tiibkn
LiIounCceNbHIX omepariil. Lle neperBopeHHs OM3bKe 1O JUCKPETHOIO KOCHHYCHOIO IIEPETBOPEHHS 1 Mae 100pi
XapaKTEPHCTUKN KOJyBaHHS.

KutrouoBi ciioBa: quckpeTHe KOCHHYCHE IEPETBOPEHHS, LIJIOYNCEIbHE KOCHHYCHE IIEPEeTBOPEHHS, MacIiTabo-
BaHE IEPETBOPEHHS, (DaxTopm3amis, MIBUJIKE IIEPETBOPCHHS, C()EKTUBHICTh KOMYBAHHS, OOUHCIIIOBAIbHA
CKJIJIHICTh, KOe(ILi€HT CTHCHEHHs, BijeokoayBaHHs, H.264, H.265, AVS.

Simple high-order integer cosine transform for high-resolution video coding / L.O. Hnativ // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 3. P. 166-177.

Abstract. A matrix method is proposed for constructing a simple order-32 integer cosine transform.
Based on the method proposed, a one-norm simple order-32 integer transform is constructed and its fast
algorithms of low computational complexity are developed that require only integer operations and whose
computational complexity is 4.9 times less than those of the well-known algorithms and is 21.6 times less than
that of the standard H.2 65. This transform is close to the discrete cosine transform and has good coding
performance.

Keywords: discrete cosine transform, integer cosine transform, scaled transform, factorization, fast transform,
coding gain, computational complexity, compression ratio, video coding, H.264, H.265, AVS.

HOBI 3ACOBU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKHU, OBYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YK 004.383.3

MeTo CTPYKTYPH3AILMHU JHCKPETHOT0 KOCHHYCHOr0 npeodpa3zoBanusi ®ypbe B MOAYJILHOI apupMeTHKe
TeopeTHKo-4uca0Boro  0asuca  Xaapa—Kpecrencona / SI.H. Hukonaiiuyk, H.SI. Bo3ha,
Bb.b. Kpyaukosckuii, B.S1. IIux // Kubepueruka n cucremusiii ananus. 2018. Tom 54, Ne 3. C. 178-188.

In.: 6. Tabn. 1. Bibmiorp.: 19 Hazs.

AnHoTtanus. V3noxkeHa Teopus U JAHO pPELICHHE NPUKIAJHON 3amaddl CTPYKTYPH3ALHU AUCKPETHOTO
CHEKTPAIBHOr0 KocuHycHoro mnpeobpazoBanus Dypoe (CKIID) B MonyapHON apuMETHKE TEOPETUKO-YHCIIO-
Boro Oasuca Xaapa—KpecreHcona. Pazpaboran BbicokonpousBoanuteabhblii anroputM CKII® meronom ananra-
LK OpTOroHaNbHBIX (GyHKumii 6asucoB Dypre, Pagemaxepa, Kpecrencona u Xaapa kK aCHMITOTHKE aBTOKOBa-
pHaIMU HCCleyeMbIX CUTHANIOB. Peanm3oBan Meton crpykrypusanun anroputma CKII® B MomyneHolt apud-
METHKE CHCTEMBI OCTATOYHBIX KJIAcCOB TEOpETHKO-umciaoBoro Oasmca Xaapa—Kpecrencona. Ilpusenena
cTpyKTypa cnenmnpoueccopa peanusauu CKIID, a Taxke ero MEKPOIJIEKTPOHHEIX 0a30BBIX KOMIIOHCHTOB.

KuirodeBble coBa: CreKTpbl, KOCHHYCHOE npeoOpasoBanne dypbe, MOJylbHas apudMeETHKA.

MeToa cTpyKTypu3anii AMCKPETHOT0 KOCHMHYCHOro mnepeTBopeHHst Pyp’e B MoayabHili apudmeruui
TeopeTuKo-yuciaoBoro  odasucy Xaapa—Kpecrencona / SI.M. Hukomaituyk, H.5l. Bo3na,
B.B. Kpyaikoscskuii, B.SI. ITix // KiGeprernka ta cucremuuii anaiis. 2018. Tom 54, Ne 3. C. 178-188.

Anorauis. HaBeseHo Teopito 1 JaHO PO3B’S30K NMPUKIAAHOI 33/1a4i CTPYKTYpH3allil TUCKPETHOTO CIEK-
TpasbHOTO KocuHycHoro nepersopernst @yp’e (CKIID) B MoaybHii apudMeTHIIl TEOPETHKO-UHCIOBOrO 6a3u-
cy Xaapa—KpecreHcona. Pospo6ieno Bucokonpoaykruhuii anroputm CKII® muisxom aganraiii opToroHaib-
HUX QyHKLiH 6a3uciB Pyp’e, Panemaxepa, Kpecrencona i Xaapa 1o aCHMITOTHKH aBTOKOBapiamii 1OCIipKyBa-
HHUX cHUrHamiB. PeamizoBano Merox crpykrypusauii anmroputMmy CKII® y monynmbHill apudmernni cucreMu
3QUIMIIKOBUX KJIACiB TEOPETHKO-4MCIOBOro Oasucy Xaapa—KpecreHcona. HaBeeHO cTpyKTypy Criemmporecopa
peanizauii CKII®, a takox HOro MIKpOENIEKTPOHHHUX O0a30BUX KOMIIOHEHTIB.

KarwuoBi ciioBa: criekTpy, KOCHHYCHe meperBopeHHs Dyp’e, MoaylbHa apupMeTHKa.

Method of structuring the Fourier discrete cosine transform in the modular arithmetic of the
Haar—Krestenson theoretical-numerical basis / Ya.M. Nykolaichuk, N.Ya. Vozna, B.B. Krulikovskyi,
V.Ya. Pikh // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 178-188.

Abstract. The theory and solution of the applied problem of structuring the Fourier discrete spectral
cosine transform (FDSCT) in the modular arithmetic of the Haar—Krestenson theoretical-numerical basis are
presented. A high-performance algorithm for the FDSCT was developed by adapting the orthogonal functions
of the Fourier, Rademacher, Krestenson, and Haar bases to the asymptotic autocovariance of the signals being
investigated. A method for structuring the FDSCT algorithm in the modular arithmetic of the residue number
system of the Haar—Krestenson theoretical-numerical basis was implemented. The structure of a special
processor of the FDSCT implementation and its microelectronic basic components are given.

Keywords: spectrum, Fourier cosine transform, modular arithmetic.
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JUCKYCIAHI MMOBIIOMJIEHHS DISCUSSIONS

VK 517.946+517.948+612.821.6
MojeanpoBanue 3a1a4l B3aHMO/IeHiCTBHS HEHPOHOB C y4eTOM 3ama3JIbIBaHHs MX B3auMojeiicTBus /
B.I'. ITncapenko // KuGepnernka u cuctemubii amamu3. 2018. Tom 54, Ne 3. C. 189-192.

Tn.: 0. Ta6n. 0. Bibmiorp.: 7 Ha3B.

Aunorauusi. [Ipeasioxkena u npoaHaAIM3MPOBaHa HOBask MOJE/b (DYHKIIMOHMPOBAHKS JKUBOI HelpoceTH,
KOTOpast IBHO YYMTBIBAET 3al1a3/(bIBAIOIIECE BO BPEMEHH B3aMMO/ICHCTBHIE IPYIIIbI B3aMMOCBS3aHHBIX HEHPOHOB.
IToka3aHo, YTO MMUTALMOHHYIO MOJIEIIb )KMBOM HEMPOCETH MOKHO MOCTPOMTD, HAIIPUMED, B BHJIE LIEMOYEK J10C-
TATOYHO OOJIBIIOrO YHCIA CBA3aHHBIX MEXIy CO0OM OJHOTHIHBIX TPHaj HEHPOHOB.

KuoueBble ciioBa: HelipoU3MOIOrHs, MaTeMaTH4ECKast MOJIEIIb, HEHPOCETh, (PYHKIIMOHMPOBAHUE KUBOU HEH-
POCETH, MEXaHU3M 3aIIOMHHAHUs HHQOPMAIUHY, y4eT OrPaHHYCHHOCTH CKOPOCTH Nepeiadn HHOOPMALHN MEeX-
Jly HelpoHaMu.

MojaemoBanasi 3ajadi  B3aemojii HelpoHiB 3 ypaxyBaHHSIM 3ali3HIOBaHHA iXHBOI B3aemonii /
B.I'. ITncapenko // Kibeprernka Ta cuctemuuid anamiz. 2018. Tom 54, Ne 3. C. 189-192.

AHoTanis. 3anporoHOBAaHO 1 NPOAHATI30BAaHO HOBY MOJENb (YHKIIOHYBaHHS XHBOI HeWpomepexi,
B sIKill SIBHO BPaxOBaHO HASBHICTb 3ali3HiNOI B3aeMOZii IpymH B3a€MO3B’s3aHUX HelpoHiB. Ilokazano, mo
iMITaliiiHy MOJeNb XHUBOI HEHpOMEpeKi MOXKHA MOOYAyBAaTH, HANPHKIAL, Y BHUIJISII JIAHIFOKKIB BEJIUKOL
KIJIBKOCTI 3B’S13aHUX MDK COOOK OJHOTHIHUX Tpiaj HEHPOHIB.

KurouoBi cioBa: Helipodisionoris, MaTeMaTHYHa MOJEIb, HelipoMepeka, (yHKIIOHYyBaHHS KUBOI HeHpoMe-
pexi, MexaHi3M 3amam’sITOByBaHHs iH(poOpMallii, BpaxyBaHHs 0OMEKEHHOCTI MIBUJIKOCTI TepeaaBaHHs iH(op-
Marnii MK HelpoHaMu.

Simulation of the problem of interaction of neurons taking into account the lagging of their interaction /
V.G. Pisarenko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 189-192.

Abstract. A new model of functioning a live neural network is proposed and analyzed. This model
explicitly takes into account the lagging interaction of a group of interconnected neurons. It is shown that
a simulation model of a live neural network can be constructed, for example, in the form of chains of
a sufficiently large number of interconnected triads of neurons.

Keywords: neurophysiology, mathematical model, neuronet, functioning of a live neural network, information
storage mechanism, allowance for a limited information transfer rate between neurons.
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