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CMemiaHHoe  KOJIMpPOBaHHMEe HA0OpPOB MHKpOONepanuii B  MHKPONPOrpaMMHOM  aBTomare /
A.A. Bapkainos, JL.A. Tutapenxo, A.B. baes, A.B. MarBuenxo // Kubepueruka u cucreMusiii anamms. 2020.
Tom 56, Ne 3. C. 3-16.

In.: 8. Tab6n.: 9. Bibmiorp.: 27 Ha3zs.

Annoranus. [Ipeioxken Meros ymeHblieHus KoiaudecTsa LUT B cxeMe MUKPOIIPOrpaMMHOI'0 aBToMara
Mumn, peanusyemoro B 6asuce FPGA. Mero/ ocHOBaH Ha y/ajieHHN U3 HAOOPOB MHKPOOIEpaIHii HEKOTOPhIX
9JIEMEHTOB IS peanu3anuu Ha 61oke mamsata EMB. Takoli moaxo/ mo3BosseT yMEHBIINTE YHCIIO YPOBHEH J10-
THKH U MEKCOCAUHEHUH B cxeMme, peann3yeMoil Ha snementax LUT. IIpemnoxkeH alroputM pa30HeHUs] MHO-
JKeCTBa MUKpoomepanuil. [IpuBenen npumep cuHTe3a U MOKa3aHbI Pe3yIbTAThI IPOBEACHHBIX HCCIICIOBAHHI.

KarueBble ciaoBa: aBromar Mwim, cure3, FPGA, LUT, EMB, koxupoBaHue HaOOpPOB MHKPOOIEPALHH.

3mimane koayBaHHsi Ha0opiB Mikpoomnepauiii y mikponporpamuomy astomarti / O.0. Bbapkaiios,
JL.O. Tirapenxo, A.B. Baes, O.B. MatBienko // Kibeprernka ta cuctemuuii anamiz. 2020. Tom 56, Ne 3.
C. 3-16.

AHoTanis. 3anporoHOBAaHO METOJ 3MEHIICHHS KimbkocTi LUT y cXeMi MIKpOIpPOrpaMHOTO aBTOMAaTa
Mini, sikuit peanizyerbes B 6azuci FPGA. Meton hpyHTyeTbest Ha BHITy4€HHI 3 HA0OOPiB MiKpoomepariii JesKux
€JIEMEHTIB 1yt peasntizauii Ha Onoui mam’sati EMB. Takuii migxin 1ae 3Mory 3MEHIINTH KUIBKICTh PiBHIB JIOTIKH i
MDK3’€IHAaHb y CXeMi, sIka peanizyeTbcs Ha eneMenTax LUT. 3ampornoHOBaHO alrOPHTM PO3OHTTS MHOXKHUHU
Mikpoonepauiii. HaBeeHO NpHKiIan CHHTE3y 1 pe3ysibTaTH IPOBEACHUX IOCIHIIKEHb.

Kuarouosi cioBa: asromar Mini, cunre3, FPGA, LUT, EMB, koxyBaHHs HaOOpiB Mikpoomepaiiii.

Mixed encoding of collections of microoperations for microprogrammed automata / A.A. Barkalov,
L.A. Titarenko, A.V. Baiev, A.V. Matviienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 3—16.

Abstract. A method is proposed for reducing the number of LUTs in the circuit of a microprogrammed
Mealy FSM. The method is based on elimination of some elements from the sets of microoperations for their
implementation by EMB. This approach reduces logic levels and interconnections for a circuit implemented
with LUTs. An algorithm is proposed for searching a partition of the set of micro-operations. An example of
synthesis is given as well as results of the investigations.

Keywords: Mealy FSM, synthesis, FPGA, LUT, EMB, encoding of collections of micro-operations.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

VK 519.7
IIpodaema MmaTemaTH4yeckoii HHTepnperauuu AaHHbIX. II. CucTemMBbl ¢ pacnpeeieHHbIMY apaMeTpamMu
/ B.®. I'ybapes // Kubeprueruka u cucremublii ananus. 2020. Tom 56, Ne 3. C. 17-29.

In.: 0. Tabn.: 0. Bi6umiorp.: 16 Ha3s.

AnnoTtanus. Paccmorpena mpoGieMa MaTeMaTHYSCKON HMHTEPIPETalUH JKCIICPHMEHTAIBHBIX JaHHBIX
B CHCTEMAaX C pacHpeieICHHBIMU APAMETPAMH € UCIOJIBb30BAHUEM MOJIEINH, KOTOPask MPEINONAaracTcs aaeKpaT-
HOU HccleryeMbIM 00beKkTaM. J{J1st IMHEeHHbIX cucTeM Ha ocHOBe (yHKIMiA ['puHa pa3paboTaHbl TeOpETHYECKHE
OCHOBBI, MO3BOJIAIONINE OCYIIECTBIIATH IIOCTAHOBKY Pa3HOOOPA3HBIX OOpPATHBHIX 3aad, K KOTOPBHIM CBOIMUTCS
npobiieMa HHTepIpeTainuy. PeKOMEHI0BaHbI M ONUCAHbBI MPOLEAYPhl PEryJISIPU3ALNH, T03BOJISIOMINE HAX0IHTh
NPUOJIIIKEHHBIC PELICHNUS, COITACOBAHHBIC I10 TOYHOCTH C IIOTPELIHOCTSIMH JAHHBIX. BaxkHas poib OTBOAMTCS
IIPEeJICTABICHUIO KJIacca MOJENICH B BHIE Pa3JIOKCHUH, ACHMIITOTUYESCKH MPHOIIIDKAIONIUXCS K TOYHOMY OITHCa-
Huto. IIpuBeeHbl KOHCTPYKTUBHBIE alITOPUTMBlI PELIEHHs 3aJad MHTEPIPETALUH.

KuroueBbie cioBa: 3aa4u UHTEpHpEeTalui, aCCUMUIIALNUSA TaHHBIX, OGpaTHBIC 3a7ja4u, pacrpeaACICHHbIC CUC-
TEMBI, peryisipusanuvs, PII[eHTHdJI/IKaHI/IH, ACUMIITOTHYCCKHE MOJICIIH.

Ipobdaema maremMaTH4yHOI MHTepnperanii JaHuX. ii. cucreMM 3 po3nojiieHMMH napamerpamu /
B.®. I'y6apes // Kibepuernxa ta cucremuuil anamis. 2020. Tom 56, Ne 3. C. 17-29.

AmnoTanisi. Po3risinyTo npobieMy MaTeMaTHYHOI IHTEpIpeTaLii eKCIepUMEHTAIBHIX JJAHUX Y CHCTEMax
3 PO3MOIUICHHMH IapaMeTpaMH 3 BHKOPHUCTaHHIM MOJEN, SKy BBaXKAlOTh aJeKBaTHOIO JOCIIDKYBaHHM
o0’exraM. Jlns miniifHEX cucTeM Ha 0a3i ¢yHKHiN ['pina po3poOIeHO TEOpPEeTHYHI OCHOBH, IO JAIOTh 3MOTY
3IIIICHIOBATH TIOCTAHOBKY PI3HOMaHITHHX OOEpPHEHHMX 3aJady, 0 SIKMX 3BOJHUThCA Mpodiema iHteprnperarii. Pe-
KOMEH/IOBAHO 1 OIMCAHO MPOLEAYPH PEryspH3alil, MO yMOMKIUBIOKOTE MOMIYK HAOIMKEHUX PO3B’S3KiB,
Y3TO/DKEHHUX 32 TOYHICTIO 3 MOXHOKaMH JaHuX. BaxkinBe 3HaYeHHs Mae NPEJICTABICHHS Kiacy MOJIENeH y BUT-
TSIl PO3BHHEHB, [0 ACHMITOTHYHO HAOIMKYIOTBCS 10 TOYHOrO Oonucy. HaBeneHo KOHCTPYKTHBHI allrOPUTMH
PO3B’s3aHHS 3amad IHTEepIIpeTarii.
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KurouoBi ciioBa: 3a7a4i iHTeprperanii, aCUMIJISILISA J1aHUX, OOCPHEHI 3aJa4i, pO3NOAITICHI CUCTEMH, PEryJIsipu-
3auis, iaeHTHdikamis, aCUMITOTUYHI MOJEII.

Problems of mathematical data interpretation. ii. distributed parameter systems / V.F. Gubarev //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 17-29.

Abstract. The problem of mathematical interpretation of experimental data is considered for distributed
parameter system with the use of models supposed to be adequate to the objects under study. For linear systems,
on the basis of Green functions, theoretical foundations are developed, which allow setting different inverse
problems associated with the interpretation problem. Many of them are treated as ill-posed. So, regularized
procedures that make it possible to find approximate solutiond consistent with errors in available data are
recommended and described. In this connection, representation of the model class in the form of expansionsthat
asymptotically approach the exact description is important. Constructive algorithms to solve interpretation
problem are given.

Keywords: interpretation problem, assimilation data, inverse problems, distributed systems, regularization,
identification, asymptotic models.

VK 519.85

Teopusi M MeTOAbI eBKJIHAOBOIl KOMOWHATOPHOH ONTHMH3ALMHM: COBPEMEHHOE COCTOsSIHHE H
nepcnextuBbl / FO.I'. Crosn, C.B. SIkoBaes // Kubeprueruxa n cucremusiid anamus. 2020. Tom 56, Ne 3.
C. 30-46.

In.: 0. Tabn.: 0. Bibmiorp.: 119 Ha3B.

AnnoTtanus. PaccMOTpeH KiIace 3a71ad eBKINIOBOI KOMOMHATOPHOM ONTHMH3AIUH KaK 3a1ad JHCKPET-
HOW ONTHMH3ALMK Ha MHOXKECTBE KOMOMHATOPHBIX KOH(UTYpALHid, OTOOPaKEHHOM B apU(pMETHYECKOE CBKIIU-
JIOBO HPOCTPAHCTBO. JlaH 0030p COBPEMEHHBIX METO/I0B CBKIIHI0BOI KOMOMHATOPHON onTUMH3aii. OnucaHbl
CBOICTBA COOTBETCTBYIOIINX 00pa30B KOMOMHATOPHBIX MHOXECTB. IIpe/ioxkena Teopust HENpephIBHBIX (HyHK-
IMOHAJIBHBIX MPECTABICHNH U BBITYKJIBIX IPOJOJDKCHUH UL peLICHNs YKa3aHHOTO Kiacca 3a1ad. OTMeueHsl
00JIaCTH HPAKTHYIECKOTO IPHIIOKEHUS M IMEePCHEeKTHBHBIC HAIPABICHUSI HCCIIEIOBaHUM.

KurodeBble c10Ba: KOMOMHATOPHAsT KOH(UIYpalHs, eBKINJ0BO KOMOMHATOPHOE MHOXECTBO, CBKIMIOBBI MO-
JIeJH, ONTHMU3ALHMSL.

Teopis i meToau eBKJIi10BOI KOMOiHATOPHOI onTuMi3anii: cyyacHuii craH i nepcnexktusu / F0.I'. Crosin,
C.B. slxoBieB // Kibepuernka Ta cucremuuii anamiz. 2020. Tom 56, Ne 3. C. 30-46..

AHoTanis. Po3msiHyTO Kiac 3aad eBKIIOBOI KOMOIHATOPHOI ONTHMI3alii sK 3agad AMCKPETHOL
onTHMi3allii Ha MHOHMHI KOMOIHaTOPHUX KOH(QIrypauiii, BinoOpaxeHii B apupMeTHUHMI EBKIIAIB IPOCTIp.
HaBeneHO OrJIsig Cy4acHHX METOMIB eBKIIJOBOI KoMOiHaTtopHOI omruMmizamii. OmmcaHo BIACTHBOCTI
BIANOBITHUX 00pa3iB KOMOIHATOPHUX MHOXHUH. 3aIIpOIIOHOBAHO TEOPil0 HeNepepBHUX (YHKIIOHAIBHUX Hpel-
CTaBJICHb 1 OMYKJIMX MPOJOBKEHb JUIS PO3B’sI3aHHs 3a3HAUCHOTO Kiacy 3a1ad. BusHaueHo 001acTi MpakTHYHO-
TO 3aCTOCYBAaHHS Ta IMEPCICKTHBHI HANPSIMKH JOCIIKEHb.

KiouoBi ciaoBa: xomOiHaTopHa KOH(Irypamis, €BKJIiZ0Ba KOMOIHATOpDHA MHOXHHA, €BKJIIOBI MOJe,
ONTHMI3alis.

Theory and methods of euclidian combinatorial optimization: current state and prospects / Yu.G. Stoyan,
S.V. Yakovlev // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 30-46..

Abstract. Euclidean combinatorial optimization problems are considered as discrete optimization
problems on a set of combinatorial configurations mapped into an arithmetic Euclidean space. Modern methods
of Euclidean combinatorial optimization are overviewed. The properties of the corresponding images of
combinatorial sets are described. A theory of continuous functional representations and convex extensions is
proposed for solving this class of problems. Areas of practical application and promising research areas are
indicated.

Keywords: combinatorial configuration, Euclidean combinatorial set, Euclidean models, optimization.

YK 519.626.6
CuHTe3 ynpabjieHHsl NPOLECCOM MOMAEP/KAHMS TeMIEpPaTypbl B OJHOI 3aJade TemaocHadxeHus /
K.P. Aiina-3ane, B.M. Aoay.uiaeB // Kubepuernka u cucremustii ananus. 2020. Tom 56, Ne 3. C. 47-59.

In.: 2. Tabn.: 4. Bibmiorp.: 24 HazBu.

AnnoTanusi. PaccMOTpPeHO pelieHre 3a4a4i ONTUMAIBHOTO YIPABICHUS IIPOLECCOM HArpeBa TCILIOHO-
CHTEIIs, UPKYJIHUPYIOLIETro B CUCTEME TeriocHabkeHns. OObeM 1mojiaBaeMoro Teria JUist HarpeBa TeIUIOHOCH-
TEJIsl B [1€YHU OIPEIEIIACTCS JIMHEHHOM 3aBUCMMOCTbBIO OT TEMIIEPATyphl, U3MEPAEMOH B TOUKaX 3amepa. 3ajgaya
3aKJII0YAeTCs] B ONTHMH3ALUK APaMETPOB JIMHEHHON 00paTHOM CBSI3H, MECT PACIIOIOKECHHS U YHUCIIa TOYCK 3a-
Mepa. [lomydeHsl GopMyIIs! JuIst TpalHeHTa ONTUMH3HPYEMOTo (DYHKIHOHAIIA, KOTOPbIE HCIOJIB3YIOTCS B METO-
Jlax ONTHMH3AIlUH INePBOro Hopsaka. IIpuBeqeHbl pe3yabTaThl YHCICHHBIX DKCIEPHMEHTOB.
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KiroueBble cj10Ba: ynpasieHue HArpeBOM TEILIOHOCUTEIIS, TOUKA 3aMepa, 00paTHAs CBA3b, IPAIUEHT QYHKIH-
OHama.

CuHTe3 KepyBaHHSI NPOLECOM MiITPHUMAHHS TeMIepaTypH B OJHiH 3axaui TemiomocravyaHust /
K.P. Aiina-3ane, B.M. Aoaynaes // Kibeprernka ta cucremunii ananis. 2020. Tom 56, Ne 3. C. 47-59.

AHoTauisi. Po3risiHyTo po3B’s3yBaHHS 3a/1a4i KepyBaHHS IPOLIECOM HArPiBaHHS TEIUIOHOCIS, IO LUPKY-
o€ B cucTeMi TerionoctadyanHs. O0’eM Teruia, 10 TMONAEThCs Ul HArpiBaHHS TEIUIOHOCIS B Ieyi, BH3HA-
YA€ThCSl JIHIHHOIO 3aeKHICTIO BiJ 3aMipiB TeMmIepaTypd y TOYKaxX 3aMipioBaHHsi. 3agada MOisirae B
onTHUMi3alii mapamMeTpiB JiHIHHOrO 3BOPOTHOrO 3B’5I3KY, MiCIb PO3TALyBAaHHS Ta KUIBKOCTI TOYOK 3aMiproBaH-
Hi. Otpumano (opmyanm s TpajieHTa ONTHUMi30BHOTO (YHKIliOHANA, sKi 3aCTOCOBYIOTBCS Yy METOJAX
omnTHMi3alii mepuioro nopsiaky. HaBeneHO pe3ysbraT YHCIOBHX CKCIICPUMEHTIB.

KumiouoBi cioBa: kepyBaHHs HarpiBaHHsIM TCIUIOHOCIS, TOYKA 3aMipIOBAaHHS, 3BOPOTHHIl 3B’S30K, Ipaji€HT
(dyHKIIOHANA.

Control synthesis for temperature maintaining process in a heat supply problem K.R. Aida-zade,
V.M. Abdullayev // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 47-59.

Abstract. We consider the solution to the problem of optimal control of the heating process of a heat
carrier circulating in the heating system. The amount of heat supplied to the heat carrier in the furnace is
determined by a linear dependence on temperature measurements at some measuring points. The problem is to
optimize the linear feedback parameters, the locations and the number of measuring points. We have obtained
formulas for the gradient of the optimized functional, which are used to apply first-order optimization methods.
The results of numerical experiments are given.

Keywords: heat carrier control, measuring point, feedback, gradient of functional.

YIK 519.21+62

ACUMNOTOTHYECKAS] JUCCHIATHBHOCTD /I YKPYNHEHHBIX CTOXaCTHYECKHX HBOJIOIMOHHBIX CHCTEM C
MAaPKOBCKMMM IePeKJIYeHHUIMH ¥ HMITYJIbCHBIMHM BO3MYILEHUSIMH B YCJIOBUSAX anmpokcumauuu Jlesu /
N.B. Camoiisienko, A.B. Hukurun, 5.B. JloBraii / Kubepuetuka u cucremusiii ananus. 2020. Tom 56, Ne 3.
C. 60-69.

In.: 0. Ta6n.: 0. Bibmiorp.: 9 Ha3s.

Aunortanusi. Jyisi yKpyHHEHHOI CHCTEMBI CTOXaCTHYCCKHX AN(D(EPCHIMAIBHBIX YPABHCHUH ¢ MapKOB-
CKMMH HEPEKITIOUCHUSIMH U HMITYJIbCHBIM BO3MYIICHHUEM B YCJIOBUSIX arllIPOKCUMAIUH JICBH IOy 4CHBI yCIOBHUS
ACHMIITOTHYECKOIl TUCCHIIATUBHOCTH. B 4acTHOCTH, H3ydeH BOIPOC O TOM, KaK MOBEACHHE MPEJEILHOTO MpPo-
1iecca 3aBUCHT OT JIONPEAEIbHON HOPMUPOBKH CTOXACTHYECKON 3BOJIFOLIMOHHOM CUCTEMBI B 9PrOJIMYECKON Map-
KOBCKOIl cpesie B YCIOBHSX ammnpokcumannu Jlesw.

KiroueBble ciioBa: cny'{aﬁﬂaﬂ OBOJIOIMA, ANIPOKCUMAIINA HGBI/I, ACUMIOTOTHYCCKAsA AUCCUIIATUBHOCTbD.

ACHMIOTOTHYHA JHCHINATHBHICTL /IS YKPYNHEHHX CTOXACTHYHHX eBOJIOLIfiHMX cHcTeM 3
MApPKOBCHLKUMH MEPeMHMKAHHAMH Ta iMIYJbCHUMM 30ypeHHsiIMM B yMmoBax anpokcumauii Jlesi /
L.B. Camoiisienko, A.B. Hikirin, B.B. /loBraii / KibepHeruka ta cucremuuii anamiz. 2020. Tom 56, Ne 3.
C. 60-69.

AwnoTanisi. {11 yKpyIHEHO! CHCTeMH CTOXACTHYHUX AU(EPCHIaIbHUAX PIBHAHDb 3 MAPKOBCHKUMH IIepe-
MHKaHHSIMH Ta IMITyJIbCHUM 30ypeHHsIM y cxeMi anpokcumartii JIei BCTaHOBICHO YMOBH aCHMITTOTHYHOI IUCH-
MaTUBHOCTI. 30KpeMa, JOCIIPKEHO MUTaHHS, SK MOBEJIHKAa IPAHUYHOTO MPOLECY 3ICKUTH BiJl JOTPAHUYHOTO
HOPMYBAHHS CTOXaCTHYHOI €BOJIOLIHOT CHCTEMH B €pProJJMYHOMY MapKOBCBKOMY CEpPEIOBHILI B yMOBax ar-
poxcumarii Jlesi.

KuarouoBi csioBa: BHIIagKoBa €BOJNIOLIS, anmpokcumaris JIeBi, acCHMOTOTHYHA TMCHUIIATHBHICTS.

Asymptotic dissipativity for merged stochastic evolutionary systems with markov switchings and impulse
perturbations under conditions of Levy aproximations / I.V. Samoilenko, A.V. Nikitin, B.V. Dovhai //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 60-69.

Abstract. Conditions for asymptotic dissipativity are established for the merged system of stochastic
differential equations with Markov switchings and impulse perturbations under conditions of Levi
approximation. In particular, it is analyzed how the behavior of the boundary process depends on the
pre-limiting normalization of a stochastic evolution system in the ergodic Markovian environment under the
conditions of Levi approximation.

Keywords: random evolution, Levi approximation, asymptotic dissipativity.
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YK 517. 95

HuTerpajibHbie 0MepaTopbl, ONpeaeIsAONIe PelleHHe HTEPHPOBAHHOI0 YPABHEHUsI THIIEPOOIUIECKOr0
tuna / W.H. Anexcanaposuu, E.C. Bonpaps, C.U. Jlamko, H.H. JIsmxo, H.B.-C. Cumopos //
Kubepuetuka u cuctemusiii anaimms. 2020. Tom 56, Ne 3. C. 70-79.

In.: 0. Tabn.: 0. BiGmiorp.: 14 Ha3s.

AnnoTtanus. [TocTpoeHs! HHTErPATIbHBIC ONEPATOPBI, HEPEBOAAIINE IIPOU3BOJIBHbIC (QYHKIUU B PEryJIsip-
HBIE PELIEHHs YPaBHEHUs I'MIepOOIMYEecKOro TUIa BTOPOro M BbICHIMX HopsiakoB. Pemena 3anava Komm juis
YypaBHEHHs THIIEPOOIMYECKOro THIIA YETBEPTOro Hopsiika. Vcronabp30oBaHne anmapara CHelHaIbHbIX (QyHKInH
TIO3BOJIMJIO TIOTYYHTH MPEICTABICHUE PEIICHHN YpaBHEHHI B YACTHBIX IIPOU3BOIHEIX B yIOOHOM IS HCCIEN0-
BaHui BuAe. [lomyTHO pelIeHb MHTErpalbHBIC YPABHEHHS THUIA CBEPTKH CO CHEHHAIbHBIMU (QYHKIUSIMH B
sape.

KiioueBble c10Ba: HHTETPAIBHBII OIEPaTOP, HTEPUPOBAHHBIC YPABHEHHUS THIIEPOOIIYECKOTO THIIA, PEryIsp-
HBIE PEIICHUs, MaTeMAaTH4eCKas HHIYKIIHS.

InTerpaibHi omeparopu, 10 BH3HAYAKOTh PO3B’SI30K iTEPOBAHOI0 PiBHSHHA rinepOoJiyHoro Tumy /
LM. Anexcanaposuy, O.C. Bonpap, H.I. JIsmko, C.I. JIamxo, M.B.-C. CugopoB // Kibepuernka Ta
cucremuuii anamis. 2020. Tom 56, Ne 3. C. 70-79.

AHorauis. [ToOy10BaHO iHTErpaibHi ONEPaTOPH, IO MEPEBOAATH JOBUIBHI (DYHKINT B PEryJIsIpHI PO3B’s3-
KM PIBHSIHHS TinepOOoIiYHOrO THITYy JPYTOro 1 BUIIMX HOpsaKiB. Po3B’s3aH0 3amauy Ko st piBHSHHS rinep-
0O0JIIYHOTO THITYy YETBEPTOro NOPsAAKY. Bukopucranus anapary crneniadbHuX (YHKIINH Haaain0 3MOry OJIep)KaTh
300pa)KeHHS PO3B’SA3KIB PIBHAHB Y YACTUHHHX MOXITHUX Y 3pYYHOMY IJIs AOCHiKEHHs BUrIsiai. [lomyTHO po3-
B’A3aHO IHTErpaibHi PIBHSAHHSA THITy 3TOPTKH 3i CHEIialbHUMM (YHKIISMH B SIpi.

KuouoBi ci1oBa: iHTerpanpHuil oneparop, iTepoBaHi PiBHSAHHS TinepOOIIYHOTO THILy, PETYJISPHI PO3B’SI3KH,
MaTeMaTH4YHa 1HIyKILis.

Integral operators that determine the solution of an iterated hyperbolic-type equation /
I.M. Alexandrovich, O.S. Bondar, S.I. Lyashko, N.I. Lyashko, M.V.-S. Sydorov // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 3. P. 70-79.

Abstract. Integral operators that translate arbitrary functions into regular solutions of the hyperbolic
equation of the second and higher orders are constructed. The Cauchy problem for the fourth-order hyperbolic
equation is solved. The use of the theory of special functions helped us to obtain the image of solutions of
partial derivative equations in a form convenient for the analysis. Along the way, solvable integral equations
with special functions in the kernel are solved.

Keywords: integral operator, hyperbolic type iterated equations, regular solutions, mathematical induction.

VK 517.9:519.6

HexoTopble KpaeBble 3aJauu ApoOHO-IU(pdepeHINATbHOH MOOHIBHO-HEMOOHIBHOH MUTPaLMOHHOI
IUHAMMKH B npodpuibHoM ¢uibTpanmonHom mnoroke / B.M. bynasaunkuii, B.A. Boraenko //
Kubepreruka u cucreMublii anamus. 2020. Tom 56, Ne 3. C. 80-96.

In.: 5. Ta6n.: 1. Bibmiorp.: 29 Hazs.

Annoranus. /lna npo6Ho-nudpepeHnnaibHOi MaTeEMaTHYECKOI MOJIEN BBIIIOJIHEHA OCTAaHOBKA Kpae-
BBIX 32J1a4 KOHBEKTUBHOH JH(P(y3nn pacTBOPHUMBIX BEIIECTB C y4eTOM MMMOOMIN3AIMH B YCIOBHAX yCTaHO-
BUBIIEHCS MPOQUIBHON (UIBTPAINK TPYHTOBBIX BOJI M3 BOJOEMa K ApeHaky. B ciydae ocpenHeHns cKkopocTH
¢$uabTpanuy Mo 061aCTH KOMILIEKCHOTO NMOTEHINAIA OIyYeHBI 3aMKHYThIC PEIICHHUS KPAaeBLIX 33a1ad, COOTBE-
TCTBYIOIIMX BapHaHTaM KJIACCHYECKUX U HEIOKAIbHBIX I'PAHMYHBIX YCIOBHH. B obmiem ciydyae mepeMeHHOH
(UIBTPALIMOHHOI CKOPOCTH pa3paboTaHa METOJHMKAa YHCICHHOTO PEIICHHS KPacBOH 3ajayd KOHBEKTUBHOM
muddysun B 1po6HO-AM(dEepeHINaNbHOIT TOCTAHOBKE, OCBEIICHBI BOIIPOCHI paciiapauleMBaH s BEIYUCIICHHI
M U3JI0KEHBI PE3YJIbTaThl KOMIIBIOTEPHBIX SKCIEPUMEHTOB.

KirodeBble €J10Ba: MaTreMaTHYECKOE MOJICIHPOBAHHE, HEKIACCHYECKHE MOJCIH, KOHBEKTHBHO-IH(p(y3HOH-
HBII MpoLecc, MOOMIBHO-HEMOOMIIBHBIC MOJICIIM MUTPALIU B MOPUCTBIX Cpelax, ypaBHeHue anddysuu 1pod-
HOro IOpsi/Ka, KPaeBbIe 3aJadd, NMPUOIIDKCHHBIC PELICHUS.

Jesiki kpaiioBi 3anaui apoOoBo-audepenuiiinoi MoGiIbHO-HEMOOIILHOI Mirpauniiinoi AMHaMiku B
npodiaeHOMy (inbTpaniiinomy moroui / B.M. BynaBaubkmii, B.O. Boraemko // Kibeprnernka Ta
cucremunii amami3. 2020. Tom 56, Ne 3. C. 80-96.

Awnorauist. /{1 1po6oBo-audepenuiiiHol MaTeMaTHIHOT MOJies i BUKOHAHO ITOCTAHOBKY KPaiOBHX 3a1a4 KOH-
BEKTHUBHOI Ju(y3il PO3YNHHUX PEUOBUH 3 ypaxyBaHHSIM IMOOLTI3awii 3a yMOB ycTaieHol npodiirsHoi (iasTparii
IPYHTOBHX BOJ 3 BOJOUMH JI0 IpeHaXKy. Y BHIIQAKY OCEPeIHEHH IBUIKOCTI (inbTparii mo 061acTi KOMILIEKCHOTO
MOTEHIiAly OTPUMAHO 3aMKHYTI PO3B’SI3KM KPAOBUX 3a/1ady, 1110 Bi/IIOBIJAIOTh BapiaHTaM KIIACHYHUX Ta HEJIOKANb-
HHUX TPAHUYHHX YMOB. Y 3arajlbHOMy BHIAJKy 3MIHHOI (DUIBTpaLiifHOT IIBUAKOCTI PO3POOICHO METOIUKY YHCENb-
HOTO PO3B’sI3aHHs KPaoBoi 3a1a4i KOHBEKTHBHOI udy3il B 1po6oBo-audepeHiiiHiii mocTaHOBI, BUCBITICHO MH-
TaHHs PO3MAapaselOBaHHs OOYMCIICHb Ta HABEICHO PE3yJbTaTH KOMII'IOTEPHUX EKCIEPUMEHTIB.
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KaiouoBi ciioBa: MaTeMaTHYHE MOJCIIOBAHHS, HEKJIACHYHI MOJEINi, KOHBEKTHBHO-IHQY3iiHHII mpouec,
MOOUTbHO-HEMOOMIIBHI MOJIeIi Mirpalii B MOPUCTUX CepeloBHUILNAX, piBHAHHA Au(y3ii APOOOBOTO MOPSIKY,
KpaloBi 3ajayi, HAONIMKEHI PO3B’S3KH.

Some boundary-value problems of fractional-differential mobile-immobile migration dynamics in a
profile filtration flow / V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 3. P. 80-96.

Abstract. Within the framework of the fractional differential mathematical model, the formulation of
boundary-value problems of convective diffusion of soluble substances with regard to immobilization under the
conditions of stationary filtration of groundwater from the reservoir to drainage is performed. In the case of
averaging the filtration rate over the complex potential region, closed solutions of boundary value problems
corresponding to classical and nonlocal boundary conditions are obtained. In the general case of a variable
filtration velocity, a technique is developed for the numerical solution of a boundary-value problem of
convective diffusion in a fractional-differential formulation, the problems of parallelizing computations are
covered, and the results of computer experiments are presented.

Keywords: mathematical modeling, nonclassical models, convective-diffusion process, mobile-immobile
porous media migration models, fractional diffusion equation, boundary-value problems, approximation
solutions.

VK 519.233.5
Ipu6an:KeHHbIi METOX INOCTPOCHHS PErpeccHd ¢ MepPeKJIOYeHHSIMH € HEH3BeCTHBIMH TOYKAMM
nepexatouenns / A.C. Kopxun // Kubepuernka n cucremusiii anann3. 2020. Tom 56, Ne 3. C. 97-110.

In.: 6. Tabn.: 3. Bibmiorp.: 7 Ha3B.

AHHOTanus. MeroJ| IPUMEHUM K PErpeccHsM, IEPEMEHHbIE KOTOPbIX — BPEMEHHbIE psijibl. MeTo] ore-
HHUBAHUS OCHOBAH HA TOM, YTO 3TH PSIbl PACCMATPHBAIOTCS KAaK HAONIONAeMble 3HAUCHHSI HENPEPBIBHBIX CIIYy-
YJaifHBIX (QyHKIMI BpeMEHU. DTO CBOHCTBO MO3BOJISICT IIOIYYHTh PEIICHHE 3a1aull OLCHHBAHW, HCIIONb3Ys Ipa-
JIEHTHBIE METOJbI PeIIeH s 3aad ONTUMU3auu. [IpuBeieHb! IPUMephl HCIIOIb30BaHUS IIPEUIOKEHHOTO Me-
TOZA.

KiroueBbie cjioBa: perpeccus, TOYKH IEPEKIIOYCHU, IapaMEeTpbl PETPECCHUU, HEINPEPBIBHOE BpPEMS,
JUCKPETHOEC BpPEMs, OLCHHUBAHUEC.

Ha0au:xennii Mmeron mo0yaoBu perpecii 3 nmepeMHKaHHSAMH 3 HEBiIOMMMH TOYKaMM NepeMHKAHHA /
A.C. Kopxin // Kibepuernka ta cuctemuuid anamis. 2020. Tom 56, Ne 3. C. 97-110.

AmnoTanisi. MeTox MOJKHa 3aCTOCOBYBATH JI0 PErpeciii, 3MiHHI SKUX — 4acoBi psau. MeTo OIiHIOBaHHS
6a3yeThCs Ha TOMY, IO TaKi PN PO3MIISLAAIOTHCS SIK CIIOCTEPE)KYBaHI 3HAUCHHS HEMCPCPBHHUX BHIIAJKOBHX
(dynkuii yacy. Ll BnacTuBICTH J1a€ 3MOTy OTPUMATH PO3B’S30K 3a]ayl OLIHIOBAHHS, BUKOPHCTOBYIOYM
IpajlieHTHI METO/M PO3B’sI3aHHs 3a1a4 onTuUMi3alii. HaBeseHo npukiagu BUKOPUCTAHHS 3alIPOIIOHOBAHOTO Me-
TOLLY.

KuouoBi ciioBa: perpecis, TOYKH NEpeMHUKaHHS, MapaMeTpu perpecii, HeNepepBHUI 4ac, AUCKPETHUI dac,
OLIIHIOBAHHS.

An approximate method of constructing a switching regression with unknown switching points /
A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 97-110.

Abstract. The method is applicable to regressions whose variables are time series. The estimation method
is based on the fact that these series are considered as observed values of continuous random functions of time.
This property makes it possible to solve the estimation problem using gradient methods for optimization
problems. Examples of using the proposed method are given.

Keywords: regression, switching points, regression parameters, continuous time, discrete time, estimation.

VK 519.86
OO ocobeHHOCTSIX cTaHOBJeHHs YkoHoMukHn Ykpaunbl / H.C. I'onuap, A.C. XKoxun, B.I'. Ko3sipckwnii //
Kubepueruka u cucremubii anamus. 2020. Tom 56, Ne 3. C. 111-121.

In.: 3. Tab6n.: 1. Bi6miorp.: 11 Ha3s.

Annoranus. IIpencraBieH HOBBIH MeTOJ HCCICHOBAHUS PABHOBECHBIX COCTOSHHN SKOHOMUKH. [laHa
KIaccU(UKAIMs PaBHOBECHBIX cocTosHUH. CopMynupoBaH OCHOBHOW NPUHIHUII PABHOBECHS JKOHOMUKH C
OKpY’KeHHEeM, KOTOPbIH NPHMEHEH JUIS NOJTy4YeHHs ypaBHEeHHs oOpalleHus aeHer. Ha aToii ocHOBe ompeeneHoO
MOHATHE YCTOMYMBOIO SKOHOMMYECKOro pa3BuTHiA. IIpoaHanu3oBaHa JMHAMHUKA YKPAaMHCKOH SKOHOMHKH.
IIpenyiokeH NPUHIUII aJeKBATHOCTH OOMEHHOIO Kypca M TeMIla MHQIIIHHM ONpPEASLIIOIIM (aKTopaM.

KuroueBble cj10Ba: OOMEHHBIH Kypc, IPOTHO3, YCTOHYMBOE SKOHOMHYECKOE PA3BUTHE, PELECCHUSL.
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IIpo ocoéamBocTi cranoBenns exonoMiku Ykpainu / M.C. I'onuap, A.C. XKoxin, B.I'. Ko3upcbkuii //
Kibepuetuka ta cucremuuii anamiz. 2020. Tom 56, Ne 3. C. 111-121.

Amnotanis. [IpencraBieHO HOBHH METOZ JOCIHI/UKCHHS PIBHOBR)XKHHMX CTaHIB eKOHOMIikH. JlaHO Kia-
cudikanito piBHOBaXHHX cTaHiB. CopMyIb0BaHO OCHOBHMII NPHHIUII PIBHOBArH SKOHOMIKH 3 JOBKULISIM,
SIKAH 3aCTOCOBAHO JUISL OTPUMAHHS PIBHSHHA 00iry rpomei. O3HaUCHO HMOHATTS CTAIOrO €KOHOMIYHOTO PO3-
BUTKY. [IpoaHasnizoBaHo AMHAMIKY YKpPaiHChKOT €eKOHOMIKH. 3alpOIIOHOBAHO MPUHLMUIT BiZINOBITHOCTI OOMIHHO-
ro Kypcy i temmy iHGusALii BU3HAYaIbHUM YMHHUKAM.

KrouoBi ciaoBa: oOMiHHUI Kypc, IPOTHO3, CTAIHH CKOHOMIUHUH PO3BHUTOK, PEILECis.

On the peculiarities of establishing the Ukrainian economy / N.S. Gonchar, A.S. Zhokhin, W.H. Kozyrski
/I Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 111-121.

Abstract. We have proposed a new method to analyze equilibrium states of the economy and classified
them. Also, we introduced the main principle of the economy-environment equilibrium and used it to obtain the
money circulation equation. On this basis, we have defined the notion of sustainable economic development
and analyzed the dynamics of the Ukrainian economy. We have proposed the principle of adequacy of
exchange rate and rate of inflation to the critical factors.

Keywords: exchange rate, forecast, sustainable economic development, recession.

VK 519.816

MHoOroKpHTEepHAIbHAS ONTHMH3AIMsSI NPH OJBOJIONHOHHOM TOHCKe ¢ OMHAPHBIMH OTHOLIEHHSIMH
BbIGopa / B.®. Uponos, P.B. Bapcyk, I'.Sl. Uepnomopen // KuGepHetnka u cucreMHbiii anamu3. 2020.
Tom 56, Ne 3. C. 122-128.

In.: 1. Tabm.: 0. Bi6umiorp.: 11 Ha3s.

AHHoTanus. Paccmorpena 3a/1aya MHOIOKPUTEPHAILHONW ONTUMHU3ALMU, B KOTOPOH BMECTO ONTUMU3HUPYE-
MBIX (DYHKIMIT HCIIOTB30BaHbl OMHAPHbIC OTHOIICHHS BBIOOpaA. [IJIs pereH s Takol 3a/1a4i MPe/IoKEH arOPHTM
9BOJIIOLMOHHOTO CITy4aifHOro IIOUCKa, B KOTOPOM BMECTO (hyHKIHMH BBEIOOpA B BHJIE MPEANIOYTEHUS UCIIOIB3YeTCs
¢yHKIus BeIOOpa B Buje OIOKMPOBKH. IIpoaHanm3upoBaHa CXOAMMOCTH IPEUIaracMbIX HBOJIFOLMOHHBIX aJro-
PUTMOB U U1 Hee chOPMYITHPOBAaHbl 0CTaTOYHbIC ycioBust. COMOCTAaBICHBI PE3yIbTaThl PEUIOKEHHOTO 9BO-
JIIOIIMOHHOTO TOMCKA M M3BECTHBIX ABOJIIOLMOHHBIX AITOPUTMOB JUIs OJIHOI TECTOBOI 3aJauM.

KuroueBble ciioBa: 3BOHIOHHOHHLIﬁ TIONCK, MHOTOKpUTEpHAJIbHAS OIITUMU3ANs, 6I/IHapHI>Ie OTHOMICHUS BLIGOpa.

Baratoxpurepiiina ontumizanisi 1151 eBOIOLIHOro MouIyky 3 OiHAapHMMH BiiHOLIeHHSIMH BHOOpY /
B.®. Iponos, P.B. Bapcyk, I'.5SI. Yopnomopens // Kibepueruka ta cucremuuii anaiisz. 2020. Tom 56, Ne 3.
C. 122-128.

AwuoTauisi. Po3risHyTo 3a1avy GaraToKpUTepiiiHOI onTHMI3amil, B sIKili 3aMiCTh ONTUMI30BHUX (DYHKIIii
BUKOPHCTAaHO OiHapHi BimHOLICHHS BUOOpY. Jlyist po3B’si3yBaHHs Takol 3a7adi 3alpOINOHOBAHO AITOPUTM €BO-
JIOLIHHOTO BHIIAJKOBOTO MOLIYKY, B SIKOMY 3aMicTh (yHKIii BHOOpY y BHIVISJII IlepeBarn BHKOPHUCTAHO
¢dyHKuito BHOOpY y BHUrIAi OnokyBaHHs. [IpoanHanizoBaHO 301KHICTH 3aIPONOHOBAHHX EBOIIOLIMHMX airo-
PHUTMIB 1 171 Hel copMyIbOBAaHO TOCTATHI yMOBHU. ITOpIBHSHO pe3yabTaTH 3alpONOHOBAHOTO €BOIIOLIHHOTO
MOUIYKY i BIJOMHMX EBOJIIOIIWHMX ajJrOPUTMIB Ul OJHI€l TECTOBOI 3aiadi.

KarouoBi ciioBa: eBOOLIHHKUI TOIIYK, OaraToOKpuTepiiiHa onThMiszailis, OiHAPHI BiJHOLICHHS BHOODPY.

Multi-objective optimization at evolutionary search with binary choice relations / V.F. Irodov,
R.V. Barsuk, H.Ya. Chornomorets // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 122-128.

Abstract. A multi-objective optimization problem is considered, in which binary choice relations are
used instead of optimized functions. To solve this problem, it is proposed to use an evolutionary random search
algorithm, in which instead of the choice function in the form of preference, the function of choice in the form
of a lock is used. The convergence of the proposed evolutionary algorithms is analyzed, and sufficient
conditions for convergence are formulated. The results of the proposed evolutionary search are compared with
the results of well-known evolutionary algorithms for one test problem.

Keywords: evolutionary search, multi-objective optimization, binary choice relations.

VK 519.85

Pemienuss koMOMHATOPHOH 3agauMm ¢ JpPOOHO-KBaJApaTHYHONH (QYHKIMeH NeJH Ha MHOXKeCTBe
nepecranoBok / JL.LH. Koieuknna, A.H. Haropuas // KuGeprernka u cucremusiii anaiau3. 2020. Tom 56,
Ne 2. C. 129-140.

In.: 1. Ta6n.: 0. Bibmiorp.: 26 Ha3zs.

Annotanusi. PaccmatpuBaercs HopMyIHpoOBKa 3a1a4i ¢ APOOHO-KBAPATHIHON (DYHKIUEH 11 Ha MHO-
XKECTBE IEPECTAHOBOK. IIpecTaBliecH alroput™ ee pelicHus, KOTOPbIi 3aKiI04aeTcs B IpeoOpa3oBaHUH ApoO-
HO-KBaJpaTUYHOH (QYHKIMH B CHCTEMy IBYX (DYHKIMOHAJIOB. PemeHne MaHHBIX (YHKIMOHAIOB 00ECIICUHBACT
HaXOJKJICHHE ONTHUMAIIBHOTO pelIeHUs 3aiadd. [IpuBefeHBl pe3yNbTaThl BEIYUCIUTENBHBIX HKCIEPUMEHTOB.
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KuaroueBble ciioBa: yCiOBHas ONTHMH3ALUA, Z[p06HO—KBaI[paTI/I'-IHaﬂ q)yHKLIH;I, MHOKECTBO MNEPECTAaHOBOK,
TPaHCIIO3UIUA DJIEMEHTOB, IPUPOCT beHKHI/II/I, HPpUPOCT OrpaHUYCHUSA, MHOXKECTBO HOIYCTHUMBIX peH.IeHHﬁ,
MHOJKECTBO OIIOPHBIX peIlIeHPIfI, ONTUMAJIBHOE PEHICHHUE.

Po3p’si3yBanHa KoMmOiHaTOpPHOI 3amaui 3 JApPOGOBO-KBAAPATHYHOI0 (YHKIi€I0 IiTi HA MHOXKHHI
nepecranoBok / JI.M. Koseukina, A.M. Haripuna // KiGepueruka ta cucremuuii anaiiz. 2020. Tom 56, Ne 3.
C. 129-140.

AwuoTanisi. PosrisinyTo (GopmyroBaHHs 3a/1a4i 3 IpOOOBO-KBAAPATHIHOK (YHKIHEO LIl HA MHOKHHI
nepecraHoBok. IIpencrasiieHo anroputy ii po3s’s3aHHs, 1O TOJSATae y NEPETBOPEHHI IPoOOBO-KBAPATHUHOT
¢dyHKLii B cucTeMy aBOX (yHKIiOHATIB. Po3B’A3yBaHHs 1MX (yHKIIOHAIIB 3a0e3leuye 3HAXO/UKEHHS OITH-
MaJbHOTO PO3B’s3Ky 3amadi. HaBesneHo pesymbraTé OOYMCIIIOBAIBHHMX EKCIICPUMEHTIB.

KuiouoBi ciioBa: yMOBHA onTHMi3aliis, JpoOOBO-KBaApaTHiHa (HYHKIS, MHOKHHA MEPECTAHOBOK, TPAHCIIO-
3UILIs €JTEMEHTIB, TIPUPICT (PyHKILT, MPUpPICT 0OMEKEHHS, MHOKMHA JOIMYCTUMHUX PO3B’s3KiB, MHOKHMHA OIOP-
HUX PO3B’SI3,KiB ONTHMAJBHUN PO3B’S30K.

Solutions of the combinatorial problem with a fractional-quadratic objective function on the set of
permutations / L. Koliechkina, A. Nahirna // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 129-140.

Abstract. The statement of the problem with fractional-quadratic objective function on the set of
permutations is considered. An algorithm for its solution is presented, which converts the fractional-quadratic
function into a system of two functionals. The solution of these functionals ensures finding the optimal solution
to the problem. The results of computational experiments are presented.

Keywords: conditional optimization, fractional-quadratic function, many permutations, transposition of
elements, function growth, constraint growth, set of feasible solutions, set of support solutions, optimal
solution.

VIK 512.61
CymeCTBOBaHl/le U €JUHCTBEHHOCTH B3BEIIEHHbIX HCeB)]OOﬁpaTHbIX Manl/lll C HeB]:IpO)ICHEHHI)lMl/l

unfepunnTHeiME Becamu / H.A. Bapeniok, H.H. TykaneBckasi / KubGepHeTHKa M CHCTEMHBIH aHAIIH3.
2020. Tom 56, Ne 3. C. 141-151.

In.: 0. Tabn.: 0. Bibmiorp.: 29 Hazs.

AnnoTtanus. JIyist IpOU3BOIBHBIX KOMIUICKCHBIX MAaTpPHI ITOTyYEeHB! HEOOXOAUMBIE U IOCTATOYHBIE YCIIO-
BUSI CYIIECTBOBAHNUS U €IUHCTBEHHOCTHU B3BEIICHHEIX IICEBI00OPATHBIX MAaTPHI] C HEBBIPOXKICHHBIMH 3HAKOHE-
omnpeeIeHHBIMU BecaMu. [1omydensl mpecTaBlIeHus STHX MAaTPHI] B TePMUHAX KOI(D(PUINEHTOB XapaKTepuc-
THYECKHX MHOTOYIEHOB JPMUTE3yeMBIX MATpHIL.

KioueBble cjI0Ba: B3BEIICHHBIC HCCBZ[OO6paTHI>Ie MaTpUIBI CO 3HAKOHEOIIPEACIICHHBIMU BECAMHU, DPMUTE3YyEC-
MBIC MaTpHIIbL.

IcHyBaHHSI Ta €IUHICTH 3BAa’KEHUX ICEBJO00EPHEHUX MATPULbL 3 HEBUPOMKEHHUMU iHAediHiTHUMHU
Baramu / H.A. Bapeniok, H.I. TykaneBcbka // Kibepuernka ta cucremuuii anamiz. 2020. Tom 56, Ne 3.
C. 141-151.

AnoTanisi. /{51 TOBUIBHUX KOMIUIEKCHHX MaTPUIb OTPUMAHO HEOOXIiJHI 1 JOCTAaTHI yMOBH iCHYBaHHS i
€IMHOCTI 3B)KCHUX ICEBJOOOCPHEHNX MATPULb 3 HEBHPODKEHHMH 3HAKOHEBH3HaYCHUMH BaraMu. OTpHMaHO
BUIIISJ IIUX MAaTpHUIb B TEPMiHAX KOe(ili€HTIB XapaKTePHCTUYHUX MHOTOWICHIB EPMITH30BHUX MAaTPHIb.

KurouoBi ci1oBa: 3Ba)keHi nceB1oo0epHEHI MaTPHLI 31 3HAKOHEBH3HAYCHUMH BaraMu, epMiTH30BHI MaTPHILIL.

Existence and uniqueness of weighted pseudoinverse matrices with nonsingular indefinite weights /
N.A. Vareniuk, N.I. Tukalevska // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 141-151.

Abstract. For arbitrary complex matrices, necessary and sufficient conditions for the existence and
uniqueness of weighted pseudoinverses with nonsingular indefinite weights are obtained. The representations of
these matrices are obtained in terms of the coefficients of characteristic polynomials of the Hermitizable
matrices.

Keywords: weighted pseudoinverse matrices with indefinite weights, Hermitizable matrix.

VK 519.9
Ipuvenenne OydepHoii BepOSTHOCTH NpeBbINIEHHS] B 32Ja4aX ONTHMH3AIUH HAJEKHOCTH /

I'.M. 3pa:xeBcknuii, A.H. I'onoguukos, C.II. Ypscees, A.I'. 3paxeBckuii / KubepHeTnka U CHCTEMHBIN
anamm3. 2020. Tom 56, Ne 3. C. 152-162.

In.: 5. Tabn.: 0. Bi6miorp.: 13 Ha3s.
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Annortanus. IIpeuioxeH HoIX0/] K PEIICHUIO 3a/1a4k ONTUMHU3AINK HAaJIeKHOCTH CIIOXKHBIX CHCTEM C HC-
nosp3oBanueM OydepHoii BepositHoctH npesbinieHnst bPOE. B kauecTBe 00beKTa HCCIIEI0BaHHS PAaCCMOTPEHA
MOJIeJIb ONTHMAJIBHOTO YIIPABICHHS KOJICOAHUSIMH IAPHUPHO 3aKPEIUICHHOH Oaku co ciydaillHbIMH JedexTa-
mu. [Toka3zano, uro muaHEMu3anus bPOE B 3aauax ONTHMH3AIMU HAJEKHOCTH OoJiee NPeIIIOYTUTEINIbHA, YeM
MHHHMH3AIUS KJIACCHYECKOU BEPOSTHOCTH IPEBBIMICHUS KPUTEpHUs OE30MIacHOCTH.

Kurouesble cioBa: Oydepras BeposTHOCTh npesbiienus bPOE, ontumusanus HajexHOCTH, (hopMa Koeda-
HUH, AedeKThl, ommoOKa anmpoKCHMAIUH.

3acTtocyBaHHst OydepHoi iMoBipHOCTI mepeBHINeHHsi B 3ajayax onTuMizauii HapgiiiHocTi /
I'.M. 3paxeBcbkuii, O.M. I'osoanikos, C.II. Ypsicbes, O.I'. 3pa:keBcbkuii / KibepHeTrka Ta CUCTEMHUIA
anaiiz. 2020. Tom 56, Ne 3. C. 152-162.

AHoTauis. 3anponoHOBaHO MiAXIiJ J0 PO3B’sI3aHHs 3a7a4i ONTHMI3allii HaIIHOCTI CKIaIHUX CHCTEM 3
BUKOpHUCTaHHAM OydepHoi iimoBipHocTi nepesuineHHs bPOE. SIk 00’€KT IOCHIIKEHHS PO3IJISIHYTO MOJENIb
OITHMAJILHOTO KePyBaHHS KOJIMBAHHAMU IIAPHIPHO 3aKpimieHol 6anku 3 BuaakoBumu aedexramu. [Tokasano,
mo MiHimizanis bPOE B 3anauax onTuMisalii HaaiifHOCTI € Kpaloro, HiX MiHiMi3allis KJIacCH4HOi HMOBipHOCTI
MIEPEBUIICHHS KPUTEPII0 OE3IEKH.

KurouoBi ciioBa: Oydepna iimoBipHicTs nepesunierns bPOE, ontumizanis HagiiHOCTI, GOpMa KOIHBaHb, Je-
(hexTH, MOMMIIKA ampPOKCHMAILLT.

Application of the buffered probability of exceedance in reliability optimization problems /
G.M. Zrazhevsky, A.N. Golodnikov, S.P. Uryasev, A.G. Zrazhevsky // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 3. P. 152-162.

Abstract. We propose an approach to solving the problem of optimizing the reliability of complex
systems using Buffered Probability of Exceedance (bPOE). As a research subject, we consider the model of
optimal control of oscillations of a hinged beam with random defects. This example shows that minimizing
bPOE in reliability optimization problems is more preferable than minimizing the classical probability of
exceedance.

Keywords: bPOE, reliability optimization, waveform, defects, approximation error.

VK 519.85
Jluneiinblii ki1accupukaTop u npoekuusi Ha noauton / H.I'. J)Kyp6enko // KubepHetnka U CHCTEMHBIH
anamm3. 2020. Tom 56, Ne 3. C. 163-170.

In.: 0. Tabn.: 0. Bibmiorp.: 13 Hazs.

AnHOTanusi. PaccMOTpeH alaropuT™M MOCTPOCHMS JIMHEHHBIX OMHAPHBIX KiaccH(pUKaTopoB. OOBEKTHI
PacIo3HaBaHUs MIPEICTABIAIOTCS TOYKAMU N-MEPHOTO €BKJIMI0BA NPOCTPAHCTBA. AJITOPUTM OCHOBAH HA pelle-
HHH 33]1a9¥ TPOEKTHPOBAHMS HyJIs HAa BBIMYKIYI0 000J0YKy KOHEYHOTO YHCIIa TOUEK €BKJIMI0BA IIPOCTPAHCTBA.

KiioueBble ci10Ba: JHHEHHBIN KiacCH(HKATOP, BBINYKIAs 000J0YKa, NMPOCKIHMS Ha IOJMTOIN, IITpadHbIe
yHKIHH.

Jlinifinmii kaacudikarop i npoexuist Ha noJiton / M.I'. )Kyp6enxo // KiGepHerrnka Ta cHCTeMHHMIT aHAII3.
2020. Tom 56, Ne 3. C. 163-170.

AHoTanis. 3anporoHOBaHO AaIrOpUTM MNOOYAOBU JiHIMHHX OiHapHHX KiacudikatopiB. OO6’ekTH
Ppo3Mi3HaBaHHs PEJCTABICHO TOYKaMH -BUMIPHOTO €BKJIJOBOTO MPOCTOPY. AJITOPUTM IPYHTYETHCS Ha PO3B’si-
3aHHI 3aJa4i IPOEKTYBAaHHs HyJsI Ha OIyKITy OOOJOHKY KIiHIIEBOrO 9YHMCIIAa TOYOK EBKIIJOBOTO IIPOCTOPY.

KimouoBi cioBa: niniiinuii knacudikarop, omykia 0OOJTOHKA, MPOEKIis Ha MOJITOMN, WTpadHi GYyHKIIL.

Linear classifier and projection onto a polytope / N.G. Zhurbenko // Kibernetika i sistemny;j analiz. 2020.
Vol. 56, N 3. P. 163-170.

Abstract. An algorithm for constructing linear binary classifiers is proposed. Recognition objects are
represented by points of n-dimensional Euclidean space. The algorithm is based on solving the problem of
projecting zero onto the convex hull of a finite number of points of Euclidean space.

Keywords: linear classifier, convex hull, projection on polytope, penalty functions.

VK 519.6
Cynep3KcnoHeHIMAIbHAS CKOPOCTh CXOJMMOCTH MeToAa mpeoGpasoBanust Kdam ans aGerpakTHoro
nupdepenuuanbroro ypapuenusi / H.B. Maiiko // Kubepneruka u cucremusiii ananus. 2020. Tom 56, Ne 3.
C. 171-183.

In.: 0. Tabn.: 0. Bibumiorp.: 14 Ha3s.
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Annoranus. PaccmoTpena kpaeBas 3aa4a s a0CTPakTHOroO i (GepeHIHalbHOr0 ypaBHEH S 2-T0 110~
psizika ¢ onepaTopHbIM KO PUIMEHTOM B rib0epToBOM mpoctpancTBe. C moMouipto npeodpaszoanus Kamu
orepatopHoro ko3 duinrenTa 4 u MoIMHOMOB Tuna MaliKcHepa OT apryMeHTa X PelIeHHE 3a1a4un Mpe/icTaBiIe-
HO B BHJIe OECKOHEYHOro psja. B kadecTBe MpUOIMKEHHOTO PEIICHMS B3siTa KOHEYHas cymma N cllaraeMblxX
9TOro psiga. JlokasaHbl OLEHKH (C BECOM) TOYHOCTHU TaKOH alMpOKCHMAIIMH B 3aBUCHMOCTH HE TOJBKO OT Iapa-
MeTpa JUCKPeTH3auu N, HO ¥ OT PAacCTOSIHHS OT apryMEeHTa X J0 IPaHHYHBIX TOYeK oTpeska. [IpenioskeHHbIi
ITOPUTM HMEET CYyHEPIKCIOHEHIMATIBHYI CKOPOCTh CXOJHMOCTH.

KuroueBble ciioBa: kpaeBast 3aj1auya, THILOEPTOBO IIPOCTPAHCTBO, OIEPATOPHBINA KO3 (GHUIHEHT, Ipeodpa3oBa-
Hue Kaiu, OLEHKH C BECOM, CYIEpPIKCIIOHEHLHalbHAs CKOPOCTh CXOAMMOCTH.

CynepekcrnoHeHIiaJibHA MBUHAKICTL 30ixkHOCTI MeToay mneperBopeHHss Keni mas aberpakTHoro
audepennianbaoro piBusuus / H.B. Maiiko // Kibeprernxa ta cucremumii anamis. 2020. Tom 56, Ne 3.
C. 171-183.

AHorauis. Po3risHyTo KpaiioBy 3a7ady [uis abCTpakTHOTO Ju()epeHLIIaIbHOTO PIBHSIHHS 2-T0 TOPSIKY 3
onepaTopHUM KoedillieHTOM y TibOepToBOMY HpOCTOpi. 3a JONOMOrow mneperBopeHHs Keni onepatopHoro
koediuienTa A Ta moaiHOMIB THITY MaikcHepa BiJ apryMEHTY X PO3B’sI30K 3a1aqi 300pa)KeHO y BUIIIS PAIY.
3a HaGIIKEHUIT PO3B’SI30K Y35TO CKIHUCHHY CyMy N JOJaHKIB LBOro psity. J{OBeIeHO OLIHKH (3 Baror) To4Y-
HOCTI IIi€] arpoKCHMAaLil 3aJIe)KHO He TUIBKU BiJ IapameTpa AucKpeTH3auii N, ajie it BiJ BiicTaHi apryMeHTy x
JI0 MEKOBHX TOYOK MPOMIXKKY. 3alIpONOHOBAHUH aITOPUTM Ma€ CyNePEeKCIIOHCHIIaJIbHY IIBHAKICT 3013KHOCTI.

KumouoBi cioBa: kpaifoBa 3aaua, rie0epTiB IPoCTip, onepaTopHuii koediuieHt, neperBoperHs Kei, oninku
3 Barolo, CyHepeKClOHEHNIaJbHa MIBUJKICTh 30DKHOCTI.

Super-exponential rate of convergence of the Cayley transform method for an abstract differential
equation / N.V. Mayko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 171-183.

Abstract. A boundary-value problem (BVP) for an abstract differential equation with an operator
coefficient in the Hilbert space is investigated. The exact solution is presented as an infinite series by means of
the Cayley transform of the operator coefficient 4 and the Meixner type polynomials in the independent
variable x. The approximate solution is given by the truncated sum of that series with N summands. The error
estimates (with the weight function) depending not only on the discretization parameter N but also on the
distance of the point x to the boundary of the interval are proven. They demonstrate that our algorithm has the
super-exponential rate of convergence.

Keywords: boundary-value problem (BVP), Hilbert space, operator coefficient, Cayley transform, weighted
estimates, super-exponentially convergent algorithm.

HOBI 3ACObBU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OOPMATHUKHU, OBUYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
VK 004

XaoTHueckHe ApXHTEKTYpbl — HOBOe HAaNpaBjeHHe PpPa3BUTUA BbIYHCJIUTENbHOH TeXHHKH /

A.B. Ianarun, M.B. Cemotiok, C.B. Ycrenko / Kubeprernka u cucremusiii anamus. 2020. Tom 56, Ne 3.
C. 184-193.

In.: 9. Tabn.: 1. BiGmiorp.: 8 Hass.

AHHOTAUMSA. HpOBelIeH aHaJm3 I/IHq)OpMaI_II/IOHHLIX TEXHOJIOTUH W BBISIBJICHBI UX COCTABJISIONIHEC: TEXHO-
JIOTUH BUPTYaJIU3aliy, KOJUIECTBEHHBIC TEXHOJIOTUH, TEXHOJIOIMN JaHHBIX W TEXHOJIOI'NU 3HaHuii. Ha ocHOBe
aHaau3a OIIPEACIICHO, YTO q)OpMI/IpOBaHI/Ie XAa0TAUYCCKUX APXUTCKTYP BBIYHUCIUATCIIBHBIX CUCTCM SBJIACTCA HO-
BBIM HAIIPaBJICHUCM Pa3BUTHUA ITHUX CHUCTEM.

KiioueBble ¢10Ba: HHPOPMAINOHHBIE TEXHOJIOTUH, YPOBHU TEXHOJIOTHH, TEXHOJIIOTUH BUPTYaIIH3aIUH, TEXHO-
JIOTUH JAaHHBIX, TEXHOJIOTUH 3HAHUIL, Xa0C, XaOTHICCKHE apXUTEKTYpPBI, YMHBIC CUCTEMBI, KOMIIBIOTEPHI, Iapa-
IUIMa TIPOrPaMMUpPOBAHUs, MAIlMHHAS anareopa.

XaoTnyHi apxiTeKTypu — HOBHIi HanpsMOK PO3BHTKY 004Hca0BanbHOI TexHiku / O.B. IManarium,
M.B. CemoTiok, C.B. Ycrenko // Kibepuernka ta cucremunii ananiz. 2020. Tom 56, Ne 3. C. 184-193.

Amnorauis. [IpoBeneHo anaii3 iHpopManifHUX TEXHOJIOTIH Ta BUSBIICHO iXHI CKJIaJJOBI: TEXHOJIOTIT BipTy-
anizarii, KUIbKICHI TeXHOJIOTI], TEXHOJIOTIT AaHUX 1 TeXHoJIorii 3HaHb. Ha OCHOBI aHasi3y BH3HaueHO, 10 (op-
MyBaHHS XaOTHYHHMX apXiTEKTyp OOYMCIIIOBAIBHUX CHCTEM € HOBHM HAIPSIMKOM DO3BHUTKY LIHMX CHCTEM.

KuarouoBi cioBa: iHdopmaliiiHi TeXHONIOTIT, piBHI TEXHOJIOTIH, TeXHOJIOTII BipTyaiisalii, TeXHOJIOTi AaHuX,
TEXHOJIOTIT 3HaHb, XAa0C, XaOTHUYHI apXiTEeKTypH, PO3YMHI CUCTEMH, KOMII IOTEPH, IApaJUrMa MporpaMmyBaHHs,
MalllMHHa anreopa.
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Chaotic architectures: a new trend in computers / A.V. Palagin, M.V. Semotiyk, S.V. Ustenko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 184-193.

Abstract. Information technologies are analyzed and their components are identified as virtualization
technologies, quantitative technologies, data technologies, and knowledge technologies. Based on the analysis,
it is determined that chaotic architectures of computer systems are a new trend in the development of these
systems.

Keywords: information technology, technology levels, virtualization technology, data technology, knowledge
technology, chaos, chaotic architectures, smart systems, computers, programming paradigm, machine algebra.

VIK 519.212.2:681.51
IIpoBepka ciay4yaiiHOCTH pacnojoKeHHsi OMTOB B JIOKAJILHbIX yuyactkax (0, 1)-mocienoBarebHOCTH /
B.U. Macoua, C.B. Ilonepemmnsik / Ku6eprerruka u cucremuslii anamu3s. 2020. Tom 56, Ne 3. C. 194-202.

In.: 3. Tabm.: 4. bi6miorp.: 14 Ha3s.

AHHOTaUWsA. YCTaHOBJICH SIBHBIH BHJ COBMECTHOTO PAcIpe/e]ICHUs YHCIa 2-1EeMoYeK U YHCia 3-1erno-
YeK pa3iM4HbIX (UKCHPOBAHHBIX BapuaHToB B (0, 1)-1mocienoBaTeIbHOCTH JUTMHBI N, COCTOSIICH U3 HyJeH u
eaunul. [Ipeanomnaraercs, 4ro smeMeHTsI (0, 1)-1m0ciie10BaTeIbHOCTH — ATO HE3aBUCHMBIE OJIMHAKOBO pacIpe-
JIeTICHHBIC CITyJaifHble BEMMYUHEL. J[aHbl TAGIHUIBI, HWILTIOCTPUPYIOMINE IPUMEHEHIE YCTAHOBICHHBIX (pOpMyIT
g (0, 1)-mocnenoBaTenbHOCTH UIMHBL n=16.

KiroueBbie caoBa: S-ICTIOYKH, ouroBast TOCJIEI0BATCIIBHOCTD, CHy‘{aﬁHOCTL, JIOKQJIBHBIC YYaCTKH, COBMECTHOC
pacrpeaeicHue.

IepeBipka BunaakoBocTi po3miuieHHs 6iTiB y jokajabuux aiasukax (0, 1)-nocainouocti / B.I. Macou,
C.B. Ilonepemmnsk // Kibepuernka Ta cucremumii anams. 2020. Tom 56, Ne 3. C. 194-202.

AmnoTaunisi. BctraHoBIEeHO SBHUIT BUITISL CyMiCHOTO PO3MOALTY KIIBKOCTI 2-AHIIOXKKIB 1 KUIBKOCTI 3-11aH-
LIOKKIB Pi3HUX (hikcoBaHUX BapiaHTiB B (0, 1)-mOCTiJOBHOCTI JOBKHHU N, IO CKJIAAAETHCS 3 HYJIB 1 OJMHULb.
BBaxaerncs, mo enementu (0, 1)-mocaiIOBHOCTI — 11€ HE3aJISKHI OJJHAKOBO PO3IOJLICH] BUITAJAKOBI BEJINYH-
uu. HaBeneno tabuui, o UTIOCTPYIOTH 3aCTOCYBaHHs BCTaHOBICHUX (opmyi s (0, 1)-mocnizoBHOCTI T0B-
KUHA n=16.

Kui1104o0Bi c10Ba: s-1aHII0KKH, OITOBA TTOCIIIOBHICTh, BUIAAKOBICT, JIOKATIbHI JUITHKH, CyMICHUI PO3MO/LI.

Checking the randomness of bits location in local sections of the (0, 1)-sequence / V. Masol,
S. Popereshnyak // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 194-202.

Abstract. An explicit form of the joint distribution of the number of 2-chains and the number of 3-chains
of various fixed variants in a (0, 1)-sequence of length n consisting of zeros and ones is established. It is
assumed that the elements of (0, 1)-sequences are independent identically distributed random variables. Tables
illustrating the application of the established formulas for a (0, 1)-sequence of length n=16 are given.

Keywords: s-chains, bit sequence, randomness, local segments, joint distribution.
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