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VK 004.896
IIpoGaeMbl MOCTpOeHHSI HMHTENIEKTYadbHbIX cHcTeM. IlpencraBienue 3nanmii / B.JO. Meiitye //
Kubepuernka u cucremubiii anamms. 2019. Tom 55, Ne 4. C. 3-14.

In.: 1. Tabn. 0. bibmiorp.: 8 Ha3s.

AunHoTanus. PaccMoTpeHo noctpoeHne GopManbHON MOJEITH IPEAMETHON 00IACTH TSl HHTEIUICKTYalb-
HOI1 CHCTEMBI, HCIIOJb3YOIIeH HHTEIUIEKT C IECKPUMIIMOHHON JIornkoil. Co31aHbl TPH B3aMMOCBsI3aHHbIE KaTe-
TOpPHAJILHBIC MOJICIIH. B 4acTHOCTH OIpe/iesIeHO NpeICTaBIeHHe 3HAHUN O IIPEIMETHOH 001acTH B BUE KaTero-
puu 3HaHUH. PaccMOTpeHBI OT/IeIbHBIE CBOMCTBA BBEICHHBIX KATCTOPHIl H CBA3b KATETOPHU 3HAHUII C BO3MOXK-
HOCTBIO PEIICHMS 33/1ad B MOJCIHPYEMOil MPEAMETHOH 0OmacTy.

KuroueBble cjioBa: HHTCEIICKT, HHTCJUICKTYyallbHasA CUCTEMA, IIPECAMETHAs 06J'[aCTI>, JACCKpUIIIMOHHAsI JIOTHKa,
MOICIb HpeHMeTHOﬁ 06.TIB.CTI/I, 3HAaHUE, UHTCHCHUOHAJI, OHTOJIOTHUsI, KaTEropus 3HAHWM.

Ipo6Giaemu noGyaoBu iHTedexkTyanbHux cucreM. Iogaunsi 3uans / B.JO. Meiitye / KiGepueruka ta
cucremuuii amaniz. 2019. Tom 55, Ne 4. C. 3-14.

AuoTauis. Po3risinyTo mobynoBy hopmMaabHOT MO IPEAMETHOT 00IaCTi IS IHTENEeKTYa bHOI CHCTe-
MH, 1[0 BUKOPHCTOBYE IHTEJIEKT 3 JeCKPIMLIHHOIO J0rikor. CTBOPEHO TPH B3a€EMOIIOB’sI3aHi MOJEINI y BUIIISII
KaTeropii. 30kpema, BU3HAUCHO MOJaHHS 3HaHb PO MPEAMETHY 00JIacTh y BUIJIAl KaTeropii 3HaHb. Po3risny-
TO OKpEMi BIIACTHBOCTI BBEIEHHMX KaTEropiif i 3B’s30K KaTeropii 3HaHb 3 MOXJIMBICTIO PO3B’sI3aHHA 3a1ad y
MPeAMETHIM 00J7acTi, 10 MOJCIIOETHCS.

KurouoBi ci10Ba: iHTeNEeKT, iHTENEKTya bHA CUCTEMA, ITPEIMETHA 001acTh, ACCKpiMLiiiHa JIorika, MOJeIb Ipea-
METHOI 00J1acTi, 3HAHHS, IHTEHCIOHAJ, OHTOJIOTIS, KAaTeropis 3HaHb.

Problems of constructing intelligent systems. Knowledge representation / V. Meytus // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 4. P. 3-14.

Abstract. Construction of a formal domain model for an intelligent system using intelligence with
descriptive logic is considered. Three interrelated category models are created. In particular, the representation
of knowledge about the subject area is defined as a category of knowledge. The individual properties of the
introduced categories and the relationship of the category of knowledge with the ability to solve problems in the
modeled subject area are considered.

Keywords: intelligence, inteligent system, subject domain, description logic, domain model, knowledge,
intensional, ontology, category of knowledge.

VK 517.9
¢ deKTHBHBIN METO] HCC/IEOBAHNS YCTOHYHBOCTH CYyHIECTBEHHO HeJMHEHBIX THHAMUYECKUX CHCTeM /
9.P. CmoabsakoB // Kubepuernka m cucremusiii anamms. 2019. Tom 55, Ne 4. C. 15-23.

In.: 0. Tabn. 0. Bibmiorp.: 5 Hazs.

Annorauus. [IpuBeneH nmpoctoil U OBICTPBI METOJ OLIEHKM aCMMITOTHYECKOH YCTOWYMBOCTHU CyILEC-
TBEHHO HEJIMHEHHBIX JIMHAMHYECKUX CHCTEM, B YACTHOCTU CHCTEM OOJIBILON PA3MEPHOCTH, ISl KOTOPBIX Psbl
Teiinopa pa3noXeHus MpaBbIX vactell udPepeHIHaTbHBIX YPABHCHHN CXOATCS MEIICHHO U CyMMa 4YJICHOB
BBIIIIE BTOPOT'O MOPSI/IKA MAJIOCTH MOKET 3HAUHTEIBHO NPEBBILIATh BEJIUYHHY JIIOOOT0 4eHa BTOPOrO MOPsIIKa.
B TakoM ciyuae MeToa GyHKUui JISyHOBa HE MOXET rapaHTHPOBATh KOPPEKTHYIO OLICHKY YCTOWYHMBOCTH. B
OCHOBE TIPEUI0KEHHOTO METOa — MPOIEAypa MAaKCUMHU3ALUH CKOPOCTH M3MEHEHHSI METPUKH MPOCTPAHCTBA
BO3MYILIEHHOT'O COCTOSTHHSI, KOTOpasi TOJIBKO B YACTHBIX CIy4asiX MOKET OKa3aThCsl OJJHOBPEMEHHO U (yHKIHUEH
JlanmynoBa. OnucanHas METOJMKAa HE PACCYMTAHA HA OLCHKY YCTOWYMBOCTH JMHEHHBIX CHCTEM.

KiroueBbie cioBa: yCTOfI‘{PIBOCTI; JBWKCHUA, HEJIMHEIHBIC JUHAMHWYECCKUE CHCTECMBI.

EdexruBHuii MeTox gociaixKenns crikocti icrorHo HeniHiiiHux AuHamMivynux cucrem / E.P. CMoubsikoB
/I KibGepHeruka Ta cucreMuumii anami3z. 2019. Tom 55, Ne 4. C. 15-23.

AHorauis. HaBeneHo mnpocTuil i IBUAKMHA METOJ OLIHIOBAHHS ACHMITOTHYHOI CTIHKOCTI iCTOTHO
HEJIHIHHUX JUHAMIYHUX CHCTEM, 30KpeMa CHCTeM BEJIMKOi pO3MIpHOCTI, Uit sikux psan Teiisopa po3BHHEHHS
IPaBUX YacTUH JU(EPeHLiaNbHUX PiBHAHD 30iraloThCs MOBIIBHO i CyMa WICHIB BHILE APYroro MOPsIKy Ma-
JIOCTI MOXE CyTTEBO IIEPEBUIIYBATH BEINIUHY OyIb-sIKOT0 WICHA JPYrOro MOPSAKY. Y TaKOMY BHIIANKY METOJ
¢ynxuiit JIsmyHnoBa He MOke rapaHTYBaTH KOPEKTHOI OLIHKU CTIHKOCTi. B 0CHOBI 3ampornoHOBaHOTO METOLy —
mporeypa MaKCuMi3alii MIBUAKOCTI 3MiHM METPUKH ITPOCTOPY 30ypPEHOT0 CTaHy, sSKa JIUIIE B OKPEMUX BUIIA]-
Kax Moxe Oyt onHodacHO 1 ¢yHkuieto JlsmyHoBa. OmucaHa METOAMKA HE pPO3pPAaxoOBaHA HAa OLIHIOBAHHSA
CTIMKOCTI JIHIHHNX CHCTEM.

KurouoBi cjioBa: CTiHKICTh, HENiHIMHI AMHAMIYHI CHCTEMH.
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An efficient method of stability analysis for highly nonlinear dynamic systems / E.R. Smol’yakov //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 15-23.

Abstract. A simple and quick method is proposed for estimation of the asymptotic stability of highly
nonlinear dynamic systems, in particular, of the high-dimensional systems for which Tailor series of the
right-hand sides of the differential equations converge very slowly. In this case, the sum of terms of the order of
smallness higher than two can substantially exceed the value of any term of second order. In this case, Lyapunov’s
method cannot guarantee correct stability estimate. The new method is based on the procedure of maximization of
the velocity of variation in metrics of the perturbed state space. This metrics can at the same time also be a
Lyapunov function. The proposed new method is not intended for the stability estimate of linear systems.

Keywords: motion stability, nonlinear dynamic systems.

YIK 514.01

AxkcuoMbl HeotHOpoaHO# reomerpun / FO.I'. I'puropesin / KuGepHetuka u cucremHsblii anamus. 2019.
Tom 55, Ne 4. C. 24-32.

In.: 4. Tabn. 0. bibmiorp.: 6 Ha3Bs.

AnHoTanus. Pabora ocHoBana Ha runorese JI06aueBCKOro, YTO MPOCTPAHCTBO HA PA3IMYHBIX YYACTKaX
YZIOBJICTBOPSICT Pa3IMYHBIM F€OMETPHSM: €BKIMIOBOM, HEeBKIMIOBOU, MpoeKkTHBHOIL. Ha 6ase Teopun apudme-
THYECKUX IPpad)OB MOCTPOCHBI TPU CHCTEMBI alIreOpandecKnx ypaBHEHHIL, BIIOXKCHHBIX B JUCKPETHOE METPHYEC-
KOC TPOCTPAHCTBO, B KOTOPOM TOYKa — I€JI0€ YHCIIO, MO3BOJISIONICE OMPEACIUTh MPSAMYIO, ILIOCKOCTD U JIPY-
THe BJIEMEHTHI, MCKIIoueHHueM sisiercst 0.

KiroueBble ciioBa: HeEKJacCHUecKast TE€OMETpHs, MOICIb, I'€OMETPUs, ITPOCTAHCTBO.

Axciomu HeoaHopinnoi reomerpii / FO.I'. I'purop’sin // Kibeprernka Ta cucremunii anamiz. 2019. Tom 55,
Ne 4. C. 24-32.

AHorauis. PoboTa rpyHTyeThCs Ha TinoTesi JIo0aueBChKOro, 110 MPOCTIP Ha PI3HUX JUISTHKAX 33JJ0BOJIb-
Hsi€ pi3HIl reoMeTpii: eBKIIiI0BiM, HeeBKIIIOBIH, MpoekTuBHIA. Ha 6a3i Teopii apupmernynux rpadis nodymo-
BAHO TPH CHCTEMH aireOpaidHuX PiBHSAHb, YKIAACHUX Y JUCKPETHUH METPHYHHMIT IIPOCTIP, B AKOMY TOUKA — Iie
I[iJIe YKMCIIO, IO JO3BOJSE BU3HAYUTH MPSIMY, IUIOMIMHY Ta iHII €JIEMCHTH, BUHATKOM € 0.

KiiouoBi cjoBa: HekIacH4YHAa TeOMETpis, MOAENb, T€OMETpis, HPOCTip.

Axioms of heterogeneous geometry / Yu. Grigoryan // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4.
P. 24-32.

Abstract. The study is based on Lobachevski’s hypothesis that the space at different areas satisfies
various geometries: Euclidean, non-Euclidean, projective. On the basis of the arithmetic graph theory, three
systems of algebraic equations were constructed. The systems are embedded in a discrete metric space in which
point is an integer that allows defining a straight line, a plane, and other elements, except for 0.

Keywords: nonclassical geometry, model, geometry, space.

VK 681.322.012
HoBplii ObICTpPBIN peKypcHBHBI ajaroputM ymHoxenusi Mmatpuy / JI.JI. Endumosa // Kubepuernka u
cucteMublii ananmu3. 2019. Tom 55, Ne 4. C. 33-38.

In.: 0. Taba. 0. bibmiorp.: 7 Ha3s.

ARHOTAaUMsA. 3apoONOHOBAHO HOBUil PEKYPCHBHHMI alrOpPMTM MHOKEHHS MaTpuib mopsaky n =29
(g >1), B sikoMy sik 6a30BHii 3aCTOCOBYETBHCS LIBUAKHNA TiOPHIHUI aIrOpPUTM MHOXCHHSI MATPHIb HOPSIKY
n=4u, xonu u = 2471 (¢>0). IlopiBHSIHO 3 BiTOMUMH peKypcuBHUME anropurMmamu llltpacena ta Bunorpa-
na— Illtpacena 1ei anroput™ J03BOJIsi€ MiHiMi3yBaTH Ha 7% MyJbTHILTIKATHBHY CKJIAJHICTh, SIKA JOPIBHIOE
Wy = 0.932,%807 onepariiif MHOKEHHs Ha TIMOUHI pekypcii d = log, 7 — 3, Ta CKOPOTUTH BEKTOP OGUHCIIEHD Ha

TPH PEKYPCHUBHUX KpOKH. HaBeleHO OL[iHKY MyJ/IbTHILTIKATUBHOI CKJIAIHOCTI IPEICTAaBICHOIO aIrOPUTMY.

KiroueBble coBa: nuHeliHas anreOpa, 0104HO-peKypcHBHEIE anroputMsl llITpaccena n Bunorpaga—Ilitpac-
CeHa, CEMEHCTBO OBICTPHIX T'MOPUAHBIX AITOPHTMOB YMHOMKCHHS MAaTpHIL.

HoBuii mBHAKHI peKypcHBHHII aiaroputM MHoxeHHs matpuus / JLJI. €xdimosa // Kibeprernka Ta
cucremuunii anamis. 2019. Tom 55, Ne 4. C. 33-38.

Amnotauisi. [Tpe/UIosKkeH HOBBIN PeKyPCUBHBII ArOpUTM YMHOMKeHUs MaTpui iopsaka 1 = 29 (¢ >1), B koTo-
POM B KadecTBe 0a30BOro IPUMEHSETCs] OBICTPBIH MMOPHIHBIA AITOPHTM YMHOXKCHHSI MATpHI] TOpsiaka 44 mpu
u= 24-1 (¢ >0). Io cpaBHEHMIO ¢ U3BECTHEIMU peKypcHBHBIMU anroputMamu IlItpaccena n Bunorpama—Ilitpac-
CeHa JIaHHBIA AJrOpUTM I03BOJIAET MMHUMM3HPOBaTh Ha 7% MyJBTUIUIMKATUBHYIO CJIOKHOCTb, PaBHYIO
Wy =0. 93272807 oneparyii yMHOKEHHs Ha [lyOuHe pekypcun d = log, 7 — 3, M COKpaTHTh BEKTOP BBIYUCIICHUH

Ha TPM PEKypCUBHBIX Iiara. JlaHa OLCHKAa MYJIBTHUILUTMKATUBHON CIOXHOCTH HPE/CTAaBICHHOTO alrOpHTMA.
KoouoBi cioBa: mimiiiHa anreOpa, 61ouno-pexypcuBHi amroputMu llltpacena ta Bunorpaga-IliTpacena,
CIMEUCTBO MIBHIKUX TiOPHIHMX aIrOPUTMIB MHOXKEHHS MaTPHIb.
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A new fast recursive matrix multiplication algorithm / L.D. Jelfimova // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 4. P. 33-38.

Abstract. A new recursive algorithm is proposed for multiplying matrices of order n =29 (g >1). This
algorithm is based on fast hybrid algorithm for multiplying matrices of order n = 4u for u= 2471 (g>0). As
compared with the well-known recursive Strassen’s and Winograd—Strassen’s algorithms, the new algorithm
minimizes by 7% the multiplicative complexity equal to W, ~0.932,>807 multiplication operations at

recursive level d = log, n — 3 and reduces the computation vector by three recursive steps. The multiplicative
complexity of the algorithm is estimated.

Keywords: linear algebra, Strassen’s and Winograd-Strassen’s block-recursive matrix multiplication
algorithms, family of fast hybrid matrix multiplication algorithms.

CUCTEMHHU AHAJII3 SYSTEMS ANALYSIS

YK 517.9

KavecTBeHHBIIl M KOJUYeCTBEHHBIl aHAIN3 CJIa0bIX pellieHuil YHeProdalIaHCHbIX KJIMMATOJOTHYEeCKHX
monenaeii / M.3. 3ryposckuii, I1.O. KacbsinoB, H.B. T'op6ans, JI.C. IMaamiiuyk // KubGepHernka u
cuctemubnii anamms. 2019. Tom 55, Ne 4. C. 39-49.

In.: 1. Ta6n. 0. Bibmiorp.: 30 Ha3B.

AnHoTanus. [IpoBesieH KaueCTBEHHbIH aHAIH3 JMHAMHKU PEIICHHUI KIMMATOJIOIHIECKOH MOJIECIH YHEp-
retndeckoro O6ananca byusiko—Ceruiepca, pacCMOTPEHHON Ha PHMaHOBOM MHOTr000pasuu 0e3 kpas. YCTaHOB-
JICHO TJI00AIbHOE CYIIECTBOBAHHE CIA0Or0 PEIICHUs HCCIETyeMOH 3aaudl ¢ IMPOM3BOJIBHBIMU HAaYaIbHBIMH
JTaHHBIMH U3 ()a30BOT0 MPOCTPAHCTBA, H3YUCHBI €T0 CBOICTBA H PETyIIPHOCTH. JJ0Ka3aHbI TEOPEMBI CyIIECTBO-
BaHUS I00aTbHOTO M TPAGKTOPHOTO ATTPAKTOPOB I MHOTO3HAYHOTO MOJYIOTOKA, IMOPOXKACHHOTO BCEMU
cabbIMU PeIeHHAMHU 3ajaud. V3yueHbl cBOMCTBa aTTPaKTOPOB, YCTAHOBJICHA B3aUMOCBS3b MEXKIYy HUMU U
MIPOCTPAHCTBOM IOJHBIX TPACKTOPHi 3a1aun. VcciaenoBaHbl XapakTep NPUTSDKEHHS PEIICHUH K ITI00aIbHOMY U
TPaeKTOPHOMY aTTPAaKTOPaM U CTPYKTypa aTTPAaKTOPOB. Y CTAHOBJICHA KOHEYHOMEPHOCTh C TOYHOCTBIO 1O Ma-
JIOTO IIapameTpa JUHAMHKU PEUICHHH 3amadi.

KimioueBble cjoBa: KIMMATOJOTHYECKash MOJENb dHepreTudyeckoro Oamanca Byasiko—Cemnepea, rio0anbHbIH
aTTPaKTOpP, TPACKTOPHBIM aTTPAKTOP, KOHEYHOMEPHOCTh ¢ TOYHOCTBIO JI0 MaJloro IapameTpa, MHOIO3HAYHBIN
MOJIYIIOTOK, Ccllaboe pelleHNe, ypaBHEHHE peakuuu—auddy3um.

SAxicHuii i KinbKicHUI aHadi3 c1a0KUX PO3B’A3KIB eHeprodaJaHCHUX KJIIMATOJOriYHUX Moaeeii / M.3.
3ryposcobkuii, I1.0. Kacssanos, H.B. I'op6ans, JI.C. Ianiiiuyk // KiGepHeTnka ta cucreMuuii ananis. 2019.
Tom 55, Ne 4. C. 39-49.

Awnoranis. [IpoBeneHo sSKICHUI aHaNi3 THHAMIKH PO3B’SI3KiB KJIIMATOJIOTIYHOT MOJIEIi €HepreTHYHOro Oa-
nancy byanko—Cennepca, sika po3risiHyTa Ha piMaHOBOMY MHOToBuji 0e3 Kpato. BcraHoBieHo riofaibHe icHY-
BaHHs CJaOKOro PO3B’sI3KY IOCIIKYBAHOI 3a7a4i 3 AOBUIBHHUMH MOYaTKOBHMH JAQHHUMH 3 (ha30BOTO HPOCTOPY,
BUBYCHO I{Or0 BJIACTHBOCTI Ta PEryJIpHICTb. JIOBEIEHO TEOpEMHU iCHYBAaHHS INIOOAIBHOTO Ta TPAEKTOPHOIO aT-
PaKTOpiB [T 6araTo3HAYHOr0 HAIMIBIOTOKY, IIOPOKEHOTO BCiMa CIIAOKMMH PO3B’s3KaMH 3a1adi. Busueno Biac-
THBOCTI aTPAaKTOPiB, BCTAaHOBJICHO B3a€MO3B’S30K MDK HHMHU Ta IIPOCTOPOM IIOBHUX TPAEcKTOpili 3amadi.
JlocniukeHo XxapakTep IPUTSATHEHHS PO3B’3KIiB /10 IJI00aIBHOTO 1 TPAEKTOPHOTO aTPaKTOPIB Ta TXHIO CTPYKTYPY.
BcTaHOBIEGHO CKIHYEHHOBUMIPHICTD 3 TOYHICTIO J0 MAJIOTO TapaMeTpa IMHAMIKM PO3B’S3KIB 3a1adi.

KurouoBi cioBa: kiMaronoridyaa Mozens eHepreTHaHoro 6anancy bynnko—Cemnepca, rmo6aabHHI aTpakTop,
TPAEKTOPHHUN aTPAKTOP, CKIHYCHHOBHMIPHICT 3 TOYHICTIO JI0 MAJIOTO MapaMeTpa, 0araTo3HauHUN HAIiBIIOTIK,
c1abKuil PO3B’ 30K, PIBHAHHA peakuii—andysii.

Qualitative and quantitative analysis of weak solutions of energy-balance climatological models /
M.Z. Zgurovsky, P.O Kasyanov, N.V. Gorban, L.S. Paliichuk // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 4. P. 39-49.

Abstract. A qualitative analysis of the solutions behavior for the Budyko—Sellers energy balance climate
model, considered on the Riemannian manifold without boundary is carried out. The global existence of the
weak solution for the investigated problem with arbitrary initial data from the phase space is established.
Solutions’ properties and regularity are analyzed. The theorems on the existence of global and trajectory
attractors for multi-valued semi-flow generated by all weak solutions of the problem are proved. The properties of
attractors are analyzed. The relationship between attractors and the space of complete trajectories for the problem
is established. The character of attraction of solutions to global and trajectory attractors and their structure are
investigated. The finite-dimensionality up to a small parameter of the solutions dynamics is obtained.

Keywords: Budyko—Sellers energy balance climate model, global attractor, trajectory attractor,
finite-dimensionality up to a small parameter, multi-valued semi-flow, weak solution, reaction—diffusion
equation.
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VK 519.168
3ajaua BbIOOPA NPONYCKHBIX CHOCOOHOCTEH JYr ¢ OrpaHM4YeHHEM Ha BpeMsi 3a/lePiKKH IOTOKOB /
A.H. Tpopumuyk, B.A. Bacsinun // KuGepuerrka u cucremuslii anamu3s. 2019. Tom 55, Ne 4. C. 50-60.

In.: 4. Tabn. 1. Bi6miorp.: 20 Ha3B.

AnnoTanus. PaccMoTpeHa 3a1ada BEIOOpa IPOITYCKHEIX CIIOCOOHOCTEH IyT M3 3a1aHHOTO Habopa, aKTy-
aJlbHAs] IPH PACTIPEIeICHHU TOTOKOB B MHOTOIPOIYKTOBBIX KOMMYHUKAIOHHBEIX CETSX C OTPAaHHYCHHEM Ha
BpeMsl 3aJiep>KKM MOTOKOB. Jloka3aHo, 4To Takas 3anada sBisercss NP-tpyanoil. IlpuBeieHs! aaropuT™sl mpu-
OJIMKEHHOTO PElLICHHs 3a/[a4l M Pe3yJIbTaThl X SKCIEPUMEHTAIBHOTO CPABHEHHS C TOUHBIM MEPEeOOPHBIM all-
TOPUTMOM Ha OCHOBE I'€HEpaLMH I10CIIEeJ0BATEIbHOCTH JIBOMYHO-OTPaKeHHbIX KOJI0B I'pest. OTMedeHo, uTo 11o-
JIy4EeHHE TOYHOTO PEIIEHUs] BO3MOKHO C UCIIOIb30BAHUEM IICEBIONOIMHOMHANIBHBIX anroputmos s 0—1 3ana-
YM O PaHIEe C MYJIBTUBBIOOPOM.

KiroueBble cj10Ba: MMOTOKU B CETAX, BpEMs 3aJCPKKH IIOTOKOB, 3aJaqu KOM6HHaT0pHOﬁ ONTUMHU3ALHH.

3agaya BHOOPY NPONYCKHHX CIIPOMOKHOCTell AYr 3 OOMeKeHHAM Ha 4Yac 3aTPUMKH MOTOKIiB /
O.M. Tpodpumuyk, B.O. Bacsinin // Kibepueruka ta cucremuuii ananiz. 2019. Tom 55, Ne 4. C. 50-60.

Awnoranis. Po3risiHyTo 3a1auy BUOOPY MPOIyCKHUX CHPOMOKHOCTEH JAYT i3 3a1laHOr0 Habopy, aKTyalbHy
JUIS PO3MOJIUTY TIOTOKIB B 0araTomnpoJyKTOBHX KOMYHIKAI[IHHUX Mepekax 3 OOMEKCHHSIM Ha 4yac 3aTPHUMKH I10-
TokiB. JloBesieHo, 1o Taka 3amaua € NP-ckiagHoro. HaBeeHo anroputMu HaOMIKEHOro PO3B’sI3aHHS 3a1adi Ta
pe3ysbTaTH IXHBOI'O EKCIIEPUMEHTAIBHOTO HOPIBHSHHS 3 TOYHHM NEPeOOPHUM aJITOPUTMOM Ha OCHOBI reHepariii
MOCITIIOBHOCTI JIBIKOBO-BiI0OpakeHnX KoAiB I'pesi. BifizHaueHO, 1110 OTPUMAaHHS TOYHOTO PO3B’ 3Ky MOXKJIIMBO 3
BUKOPHCTAHHSM IICEBIONOMIHOMIaNPHUX anroputMiB mat 0-1 3amadi mpo paHenb 3 MyJIBTHBHOOPOM.

KurouoBi cjoBa: moToku y Mepexkax, yac 3aTPUMKH IOTOKIB, 337adi KOMOIHATOPHOI OnTHMi3amil.

Choosing the capacity of arcs with constraint on flow delay time / O.M. Trofymchuk, V.A. Vasyanin //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 50-60.

Abstract. The authors consider the problem of choosing the capacity arcs from a given set, which is
important in flow distribution in multicommodity communication networks with constraint on flow delay time.
It is proved that such problem is NP-hard. The algorithms for the approximate solution of the problem and
results of heir experimental comparison with exact algorithm based on generating a sequence of binary reflected
Gray codes are given. It is noted that obtaining an exact solution is possible with the use of pseudopolynomial
algorithms for the 0-1 Multiple-choice Knapsack Problem.

Keywords: flows in networks, flow delay time, combinatorial optimization problems

V]IK 519.63
JluckpeTHblii crnekTp omeparopa Jlamiaca ¢ pa3sHbIMH YCJIOBHAMH Ha TpaHHLE HPOU3BOJbLHOIO
Tpeyroabunka / B.I'. Ilpuka3zunkoB // Kubepuerrka u cucremublii ananus. 2019. Tom 55, Ne 4. C. 61-70.

In.: 0. Tabn. 0. Bibmiorp.: 2 Ha3zs.

AnHoTanus. HaiineHs! B ssBHOM Buie HOPMYJIIBI JUIsl MHOYKECTBA COOCTBEHHBIX (DYHKIHMH H COOCTBEHHBIX
qucen oneparopa Jlamiaca ¢ pa3HbIMH KPaeBEIMH YCJIOBHSMH Ha CTOPOHAX IIPOU3BOJIBHOIO TpeyroibHuKa. ITo-
JIy4CHBI HOBBIC PE3YJIbTAThl B CIICKTPAIBHON TEOPHH, KOTOPbIE HMEIOT IPAKTHYSCKUH HHTEpeC NPU U3YICHUH
4acToT ¥ (GopM BUOpAIMU TPEYTOJIbHBIX MEMOpaH MPOU3BOJIBHON (HOPMBI.

KuroueBbie cioBa: criektp, oreparop Jlamiaca, TpeyroibHHK, KpaeBbie ycnoBus Jlupuxiie u Heiimana.

Juckpernmii cnekTp omepartopa Jlamiaca 3 pi3HMMHM yMOBaMHM HAa MeKi J0BiIbHOr0O TPHUKYTHHKA /
B.I'. Ilpuka3uukos // Kibepueruka ta cuctemuuii anamis. 2019. Tom 55, Ne 4. C. 61-70.

AHoTauis. 3HalizIeHO B SBHOMY BUIIIAAL (OPMYJIM JUIi MHOXHH BIAaCHUX (YHKIIH Ta BIACHUX 3HAYCHb
onepatopa Jlamaca 3 pisHUMH KpailoBUMH YMOBAaMH Ha CTOPOHAX JIOBLILHOIO TPHKYTHHKA. OTPUMaHO HOBI pe-
3yJIbTaTH B CIIEKTpasIbHiil TeOpil, sIKi CTAHOBJIATH NPAKTUYHUI iHTEpPEC Yy BUBYEHHI 4acToT i popM Bibparii Tpu-
KyTHAX MeMOpaH HOBLNBEHOI (opMH.

KumouoBi cioBa: crektp, omeparop Jlammaca, TpUKYTHHK, KpaiioBi ymoBu Jlipixie Ta Heifimana.

Discrete spectrum of the Laplace operator for an arbitrary triangle with different boundary conditions /
V.G. Prikazchikov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 61-70.

Abstract. In the paper, we obtain the explicit formulas for a set of eigenvalues and eigenfunctions of the
Laplace operator in an arbitrary triangle with different boundary conditions. The paper presents new results in
the spectral theory, which are of practical interest in the analysis of the vibrations of triangular membranes.

Keywords: spectrum, Laplace operator, triangle, Dirichlet’s and Neumann’s boundary conditions.
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VK 519.85
®opmann3aius 32124 ONTHMH3ALHA MPOCTPAHCTBEHHBIX KOH(PUIYPALHIi ¢ HCIIOIH30BAHMEM CHELHATLHOTO
Kkiacca ¢pynknmii / C.B. SIkoBneB // Kubepuerrka u cucremusiii anamus. 2019. Tom 55, Ne 4. C. 71-80.

In.: 0. Tabn. 0. bi6bmiorp.: 41 Ha3s.

Annoranus. [IpeioxeH MOIX0/ K HCCICIOBAHUIO 33aad ONTHMH3ALMH POCTPAHCTBEHHBIX KOHMHTY-
paruii Ha ocHOBe (POPMUPOBAHUS KOH(PUTYPALMOHHBIX IPOCTPAHCTB FeOMETPHYECKHX 00BbEKTOB. B 3aBHCHMOC-
TH OT BbIOOpa 0OOOLICHHBIX MEPEMEHHBIX MCCIICIOBAHBI Pa3IMUHbIe KIACCHI IPOCTPAHCTBEHHBIX KOH(Urypa-
uit. Beenen xiace QyHKIn B KOHQUTYpaIHOHHOM HPOCTPAHCTBE FEOMETPUUECKHX 00BEKTOB, TI03BOJISIONIHI
IPEUIOKUTh HOBBIE M PA3BUTh CYHIECTBYIONIME MOAXOIBI Ul (hopMallM3alMy 3a7ad ONTUMU3ALMN IPOCTpa-
HCTBEHHBIX KOHGHTypamuil. PaccMoTpena 3amaua pa3MeneHus: KpyroBbIX 0OBEKTOB B OTPaHHYCHHON 001IacTU
[0 KPUTEPHI0 MMHMMM3AIUM CYyMMAapHOU IIOLIAAM HX IIOMAPHBIX HEPeceueHUi.

KiroueBble ciioBa: FeOMeTpI/I‘IeCKI/[ﬁ O6’I)CKT, KOH(bI/II‘ypaLIPIOHHOG IIPOCTPAHCTBO, 0606]J_IGHHI>I€ TIEPEMECHHBIEC,
onTuMu3anus, pasMEIICHUE, MOKPBLITHUE.

@opmadizanis 3a1a4 onTUMizalii NPOcTOPOBUX KOH(pirypamiii 3 BUKOPUCTAHHAM CHeliaJIbHOIO Kjacy
¢yuxkniii / C.B. SIxoBaeB // Kibepueruka Ta cucremuumii amamis. 2019. Tom 55, Ne 4. C.71-80.

AHoTanis. 3amponoHOBaHO MiIXiA 0 AOCTI/LKCHHS 3a/ad ONTHMI3alii MPOCTOPOBHX KOHGIrypamiit Ha
0CHOBI (hopMyBaHHS KOH(DIrypaIiiHIX NPOCTOPIB FEOMETPUYHHUX 00’ €KTIB. 3aJIeXkKHO BiJl BUOOPY y3arajibHEeHHX
3MIHHHX JOCIHIJKEHO Pi3HI KJIaCH IPOCTOPOBHX KOHQirypawiil. YBeneHo kiac ¢yHKuiil B koH(irypauiitnomy
IIPOCTOPI T€OMETPHYHUX 00’€KTiB, IO JO3BOJISIE 3aIPOIIOHYBATH HOBI 1 PO3BHHYTH HasBHI miaxoau mo ¢op-
Mati3anii 3a71a4 onTuMizanii npocTopoBux KoHpirypauiid. Po3risiHyTo 3a1a4y po3MillleHHs KPYTOBHX 00 €KTiB
B OOMeKeHil oOmacti 3a KpuTepiem MiHimi3aulii cymapHOl IUIOMIi TXHIX MONApHUX HEPETHHIB.

KmiouoBi ciaoBa: reomerpuuHuii 00°€kT, KOH(DIrypamiiHWMi HpoCTip, y3araJbHeHi 3MiHHI, ONTHMI3allid,
PO3MILIEHHSI, TOKPHTTSL.

Formalization of spatial configuration optimization problems with a special function class /
S.V. Yakovlev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 71-80.

Abstract. An approach to the study of optimization problems of spatial configurations based on the
formation of configuration spaces of geometric objects is proposed. Depending on the choice of generalized
variables, various classes of spatial configurations are investigated. A class of functions in the configuration
space of geometric objects is introduced, which allows us to propose new and develop available approaches for
the formalization of optimization problems for spatial configurations. The problem of placing circular objects in
a limited area by the criterion of minimizing the total area of their pairwise intersections is considered.

Keywords: geometric object, configuration space, generalized variables, optimization, placement, coverage.

UDC 519.2
CraTHcTHYecKHH BBIBOJ [JIi MHOrOKpPATHO IEH3YPHPOBAHHOIH cjeBa BbIOOpKHM THHA 1 A8

pacnpenenenns Beii6yana / M. ®dycek, 5SI. Muxanek // KubepHernka u cucremuslii anamms. 2019. Towm 55,
Ne 4. C. 81-96.

In.: 4. Tabn. 6. Bibmiorp.: 35 Ha3B.

AnHoTanus. Bo MHOTHX 00IacTsX HayKU YacTO BCTPEUAIOTCS 3a7aull C [IEH3yPHPOBAHHBIMH CIICBA JaH-
HBIMH C OJHOH MM HECKOJIBKHMH TpaHHIIAMU OOHapyXeHus. B maHHOl paboTe mpeanoxeHa mpoueaypa s
BBIUHCIICHUS OLCHOK MaKCHMAJIbHOM IPaBIONOA00HOCTH [TAPAMETPOB MHOTOKPATHOTO LIEH3YPUPOBAHUS ClICBa
tuna | st pacnpenenenus BeitOymia ¢ yueToMm pasHoro 4mcia rpanui ooHapyxkerus. Oxugaemast HHGpopma-
uoHHas Matpuia duiepa onpeseseHa aHAJIUTHYECKH H €€ BHJ] CpPaBHEH C BHIOOPOYHOIT (HabIr01aeMoi) HH-
dopmarmonHoil Matpuneit @umepa. MoaennpoBaHue 0OCHOBaHO, INIABHBIM 00pa3oM, Ha CBOHCTBAX OLEHOK BbI-
060OpOK ManbIX pa3MepoB. IIpuMeps! NPOMLIIOCTPUPOBAHBI HAa PEaNbHBIX AAHHBIX.

KiroueBble c10Ba: MHOTOKPaTHO LEH3YPHPOBAaHHAs CJICBAa BHIOOPKA, OLCHKA MaKCHMAalbHOI MpaBIONon00-
HOCTH, pacnpeneneHue BeiiOymia, nndopmanuonnas matpuna dumepa, neH3ypupoBanue tuma .

CTraTHCTHYHe BHBeJeHHsl sl 0araTopa3oBo LeH3ypoBaHoi 3iiBa BHOIpKH THmy i aas1 po3moaity
BeiiGynna / M. dycek, 5I. Mixanexk // Kibeprernka ta cucremunii anainis. 2019. Tom 55, Ne 4. C. 81-96.

AHoranisi. Y 6aratb0x ragy3sx HayKd 4acTo 3yCTpIdarOThCs 3a/adi 3 [CH3ypPOBaHHMH 3JiBa JAHHMH 3
OJIHI€I0 a00 KIIbKOMa MeXaMH BHUSABJIECHHA. Y 1il poOOTI 3apOIOHOBAHO MPOLELYPY Ak OOYMCIICHHS OLIHOK
MaKCHMAaJIbHOI MPaBIONOAIOHOCTI MapaMeTpiB Oaratopa3soBoro LEH3ypyBaHHs 31iBa Tumy | 3 posnoainy Beii-
OyJ1a 3 ypaxyBaHHSAM Pi3HOT KiIbKOCTI Mex BUsBIIeHHS. OuikyBaHy iHdopmaniiiHy MaTpuiito dimepa Bu3Have-
HO aHAJITUYHO Ta il BUIJIAA TOPIBHSHO 3 BHOIPKOBOIO (CIIOCTEPEKYBAHOK) iH(HOPMAIIMHOW MaTpUICO
®imepa. MozenroBanHs 31e01IBIIOr0 IPYHTY€ETHCS HA BIACTHBOCTSX OLIHOK BHOIpOK Manux posmipis. ITpuk-
JIaJd TPOLTIOCTPOBAHO HA PEATBHUX [aHHUX.

Karouosi ciioBa: 6araTopa3oBo LeH3ypoBaHa 3iiBa BHOIpKa, OIiHKAa MaKCHMaJIbHOI MPaBIONOAiOHOCTI, po3-
noxin BeiiOymna, indopmaniiina marpuns dimepa, neHsypyBaHHs Tuiry .

ISSN 1019-5262. Kubepuetrka u cuctemHbIii ananus, 2019, Tom 55, Ne 4 5



Statistical inference for type I multiply left-censored samples from Weibull distribution / M. Fusek,
J. Michalek // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 81-96.

Abstract. Left-censored data with one or more detection limits occur frequently in many application
areas. In this paper, the computational procedure for calculation of maximum likelihood estimates of the
parameters for type I multiply left-censored data from underlying Weibull distribution is suggested and used
considering various numbers of detection limits. The expected Fisher information matrix is analytically
determined and its performance is compared with sample (observed) Fisher information matrix using
simulations. Simulations are focused primarily on the properties of estimators for small sample sizes. Real data
illustration is included.

Keywords: Fisher information matrix, maximum likelihood estimator, multiply left-censored sample, type I
censoring, Weibull distribution.

VK 519.622

OnTuMu3anusi pa3sMelleHHsl COCPeIO0TOYEHHBIX WCTOYHHKOB M TOYEK KOHTPOJISI Npouecca HarpeBa
miacrunbl / K.P. Aiina-3ane, B.A. I'amumos // Kubepuernka u cucremusblii ananus. 2019. Tom 55, Ne 4.
C. 97-108.

In.: 1. Tabn. 1. Bibmiorp.: 15 Ha3B.

Annotanus. Ha npumMepe ynpasieHus NPOLECCOM HAarpeBa TOHKOH IUIACTUHBI MPEUIOKEH MMOAXO0J IS
CHHTE3a COCPEIOTOUCHHBIX YIPABICHUH 00BEKTaMH C paclpeleleHHbIMY napaMeTpaMi. OJHOBPEMEHHO OITH-
MH3UPYIOTCSI MECTa PACIIONOKEHUS KaK yIMPaBIIAIOIINX COCPELOTOUCHHBIX BO3ACHCTBHUI, TaK U TOUSK KOHTPOJIA.
ITomy4ens! popMyIbl 7151 KOMIIOHEHT IpafiueHTa (yHKIMOHANA 110 ONTUMHU3UPYEMbIM ITapaMeTpaM, MO3BOJISIIO-
1€ HCIIONB30BATh METO/bl ONTHMM3AlUM IMEPBOr0 MOpsKa Ui YMCIEHHOIO pELICHMs 3aJauu.

KiroueBble cj10Ba: mporece HarpeBa, TOHKAs IUIACTHHA, CHHTE3 YIPABICHHSA, TOUCUHBIH UCTOYHHK, TOUKA 3a-
Mepa, HEeJIOKaJbHOE YCIOBHE, METOJ HPOSKLIHUM IPaiUueHTa.

Onrumizanisi po3MilleHHs 30cepeKeHHX JKepeJl | TOYOK KOHTPOJIIO 32 MPOLecOM HArPiBaHHS IVIACTHHHU
/ K.P. Aiina-3ane, B.A. l'amumos // KibepueTtuka ta cucremuuii ananis. 2019. Tom 55, Ne 4. C. 97-108.

Amnoranis. Ha npuxiazai KepyBaHHs HPOLECOM HAarpiBaHHS TOHKOI IUIACTHHY 3alPOIOHOBAHO IMiAXiA 10
CHHTE3Y 30CEPe/KCHHX KepyBaHb 00’€KTaMM 3 PO3MOJIICHUMHU mapameTpaMu. OJHOYACHO ONTHMI3YHOThCS
MiCLIsl PO3MILLCHHS SIK KEPYBAJIBHUX 30CEPE/DKEHUX BIUIMBIB, TaK 1 TOUOK KOHTpoIt0. Otpumano Gopmyiu s
KOMIIOHEHTIB IpajieHTa (YHKLIOHAIY 32 ONTHMI30BHHMH MapaMeTpaMH, 10 Jal0Th 3MOTY BHKOPHCTOBYBATH
METOAM ONTHMI3awLil MEepIIOro MOPsAKY [JIsi YHCEIBHOTO PO3B’SI3aHHS 3ajadi.

Kuro4oBi ci1oBa: mporiec HarpiBaHHs, TOHKA IUIACTHHA, CHHTE3 KEPYBaHHS, TOUYKOBE JDKEPEIIO, TOUYKA BUMIpIO-
BaHHS, HEIOKaJbHA YMOBA, METOJ IIPOCKIil rpajieHTa.

Optimizing the arrangement of lumped sources and measurement points of plate heating process /
K.R. Aida-zade, V.A. Hashimov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 97-108.

Abstract. Using the example of control of the heating process of a thin plate, the authors propose an
approach for the synthesis of lumped controls of objects with distributed parameters. At the same time, the
locations of both lumped controls and control points are optimized. Formulas for the components of the
functional gradient are obtained for the optimized parameters. They allow using first-order optimization
methods for numerical solution of the problem.

Keywords: heating, thin plate, synthesis of control, point source, measurement point, non-local condition,
gradient projection method.

VJIK 533.6.013.42

YucieHHoe pelieHHe ABYXTOYEYHBIX 32124 CTATHKH PacHpefie]eHHbIX MPOTSKEHHBIX CHCTEM
¢ nomombio Meroaa Hempepa—Muna / 10.U. Kamox, A.H. Tpopumuyk, A.I'. Jledbeap // KuGepueruka u
cucreMubid ananms. 2019. Tom 55, Ne 4. C. 109-118.

In.: 7. Tabn. 0. Bibmiorp.: 17 Ha3s.

Annoranusi. OnncaH YHCICHHBIH AITOPUTM CBEJICHUS OOPATHBIX 3aa4 CTATHKH PACIPEACICHHBIX IIPO-
TSDKEHHBIX CHCTEM B I10JIE MACCOBBIX M IIOBEPXHOCTHBIX CHJI K 33j1a4e HEIMHEHHOTO MPOrpaMMHPOBAHHS, /UL
peLICHUS] KOTOPBIX anpoOHPOBAHbI YHCICHHbIC METO/BL. M3MeHEHHE Pa3MEpPHOCTH perraeMoil (HH3uUecKOi 3a-
JIaYM HE MPUBOJHUT K MOJU(MHUKALIMH BCEr0 YNCICHHOTO aJIrOPUTMA, a JIMIIb K 3aMEHE HEKOTOPBIX ero 6JiokoB. B
KayecTBe NPUMEPOB UHCICHHOIO PEIICHUs 3aJad HEJIMHEHHOIo NpOrpaMMUPOBAHMS HCCIEIOBAHBI 3a1aqd
OIIpeJIeTICHHs] CHIIOBBIX U T€OMETPHIECKHX XapaKTepPUCTHK ITyOHHHOTr0 Bogo3abopa ADC, koaddunuenra xec-
TKOCTH SIKOPHOH CBSI3H MOJYNOTPYXCHHOH OypoBOil miatdOpMbl M OLCHKHM Ka4ecTBa OTBOIHMTEIS.

KiioueBble ciioBa: AByXTOYCUHAs 3a]a4a, KBaApaTHUECKasi (QyHKIMS, MPOTSDKEHHAsS] CHCTEMa, YUCICHHOE MO-
nenupoBanue, Meroq Hennepa—Muna.
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YuceabHe po3B’si3aHHs ABOTOYKOBUX 32/1a4 CTATHKH PO3MOXITEHHX MPOTSKHUX CHCTEM 32 JONOMOI0I0
merony Heanepa—Mina / FO.1. Kamox, O.M. Tpopumuyk, O.I'. Jlediap // KiGepHeTnka Ta CUCTEMHUI
ananiz. 2019. Tom 55, Ne 4. C. 109-118.

AwnoTtanis. ONicaHo YUCENTbHUIT aNTOPUTM 3BEICHHs OOCPHEHUX 3a/ad CTATHKU PO3MOALICHUX HPOTSIK-
HHUX CHCTEM Y IOJIi MAaCOBHX 1 HOBEPXHEBUX CHJI [0 33jadi HEIHIHHOro mporpamyBaHHsI, JUISL PO3B’SI3yBaHHS
SIKUX alpoOOBaHO YMCEINIbHI METOH. 3MiHa PO3MIPHOCTI O3B’ s3yBaHol (hi3HUHOI 3a1a4i HE IIPU3BOIUTE JI0 MO-
nuikamii BCbOro 4HCEIbHOTO alrOPUTMY, a JHIIE 0 3aMiHH JeIKUX Horo OJIOKIB. SIK IpHKIagH YHCETEHOTO
PO3B’si3aHHS 3a/1a4 HENiHIFHOTO MPOrpaMyBaHHs JOCTIPKEHO 3a1a4ul BU3HAUCHHS CUJIOBUX i TEOMETPUYHUX Xa-
pakTepucTuk riaubuHHoro Bogo3zadopy AEC, koediuieHTa )OPCTKOCTI SKIPHOTO 3B’3Ky HamiB3aHYpEeHOT Oypo-
BOi IatopMu Ta OLIHIOBAHHS SKOCTI BiJgBigHHUKA.

Kuio4oBi c;10Ba: 10TOYKOBE 3aBIaHHS, KBaApaTHIHA (YHKILSL, MPOTSHKHA CHCTEMA, YHUCEIBbHE MOJICIIOBAHHS,
meron Hennepa—Mina.

Numerical solution of two-point static problems for distributed extended systems by means of the
Nelder-Mead method / Iu. Kaliukh, O. Trofymchuk, O. Lebid // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 4. P. 109-118.

Abstract. A numerical algorithm is described for reducing two-point static problems of distributed
extended systems in the field of mass and surface forces to a nonlinear programming problem that can be solved
by numerical methods. A change in the dimension of the physical problem being solved does not change the
entire numerical algorithm, but only leads to the replacement of some of its blocks. Numerical examples
illustrating the described algorithm are given. The problems of determining the power and geometric
characteristics of the deep water intake of nuclear power plants, assessing the quality of the diverter and
determining the stiffness coefficient of the anchor coupling of the semi-submersible drilling platform are
considered as examples of the non-linear programming problems

Keywords: two-point problem, quadratic functions, extended system, numerical modeling, Nelder—Mead method.

YK 602.1:519.85:53.082.9:616-07

Hcnoab3zoBanue auddepeHUMANbHBIX YPABHEHHH ¢ 3ama3JblBaHHEM HA TIeKCArOHAJbHOW pelleTke
IS MoJeJMpoBaHusi MMMYyHoceHcopoB / B.II. Mapueniok, A.C. Ceepcriok, U.C. I'Boznenxass //
Kubeprernka n cucreMusiii anamus. 2019. Tom 55, Ne 4. C. 119-132.

In.: 4. Taba. 0. Bi6miorp.: 21 Ha3B.

Annoranus. IIpemioxena Moaens> HMMYHOCCHCOpPA, OCHOBaHHAS Ha CHCTeMe IU((epeHINaIbHBIX ypaB-
HEHMH ¢ 3ama3bpIBaHUEM Ha FeKcaroHajabHOM pemieTke. [IpuBeneH pe3yabTaT — yCIOBUS JIOKAJIBHON aCHMIITO-
THYECKOI CTOMKOCTH IHIEMHYECKOr0 COCTOsHUs. [lpumeneH metox GyHKIHOHANOB JIAmyHOBa, COYCTAIOMINI
00K MOAXOA K MX MOCTPOCHUIO JUISi MOJCJICH XMIHHMK—KEPTBA C HMCIIONb30BaHHEM AU (epeHIHaIbHbIX
YpaBHEHHMIA ¢ 3ara3iblBaHMEM Ha I'eKCaroHaJIbHON pelieTke. YUCIEHHBIM NPUMEPOM IOKAa3aHO MX BIMSHUE Ha
YCTOIYHMBOCTG BEJIMYMHEI 3aM1a3/(bIBAHMS, @ IMEHHO EPEX0] OT yCTOHIMBOTro (okyca depe3 oudpypkanuro Xorm-
(da x mpenenbHOMY LHUKILY.

KutioueBsble c10Ba: GHOCEHCOP, MIMMYHOCEHCOD, A depeHIaIbHble YpaBHEHHSI Ha TeKCarOHAIBHOI pelIeTKe,
i depeHnaIbHbIe YPaBHEHYS ¢ 3alla3/(bIBAHAEM, aCHMIITOTUYECKAs yCTOHYNBOCTD, (yHKIMOHAN JIsmyHoBa.

BuxopucranHs audepeHuiaaibHUX PpiBHSAHBb i3 3ami3HEHHSAM Ha TeKCaroHaJbHiii pewmiTui aus
MojeaoBanHs iMyHocencopiB / B.II. Mapueniok, A.C. CBepcriok, I.C. I'Bo3aenska // Kibepuernka Ta
cucremunii amami3. 2019. Tom 55, Ne 4. C. 119-132.

AHoTanis. 3anpoNOHOBAHO MOJENb IMyHOCEHCOpA, SIKa IPYHTYEThCS Ha CHCTEMi JU(epeHLialbHUX
PIBHSIHB i3 3alli3HEHHSAM Ha TeKCaroHalbHiH pemiTui. HaBeaeHo pe3ynbTaT — yMOBH JIOKAJIBHOI aCHMITOTHY-
HOI CTIMKOCTI €HJIeMIYHOr0 cTaHy. Bukopucrano meroj ¢yHKUioHaNiB JIAmyHOBa, SKHMl MOEJHY€E 3arajibHH
miaxig go modynoBu GyHkiionanis JlsmyHoBa MoJeNell XWKaKk—KEepPTBa 3 BUKOPHCTAHHSIM ANU(EpeHIaIbHUX
PIBHSHB 13 3aMi3HEHHSIM Ha FeKCaroHaIbHIH penritii. YuceabHuil NpUKiIaja MoKa3as BIUIUB HA CTIHKICTh BEJTHYHU-
HH 3alli3HEHHs, a caMe, Iepexin Bix crilikoro dokyca uepe3 Oipypkauito Xonda 10 TPaHUYHOTO IUKIY.

KurouoBi csoBa: GioceHcop, iMyHOCEHCOp, AuM(EepeHIiaabHi PIBHAHHS Ha IeKCArOHAIBHIA pemnitii, aude-
peHIabHI PIBHSHHS i3 3ami3HEHHSIM, aCHMITOTHYHA CTifKicTh, (QyHKIioHan JlsmyHoBa.

Application of differential equations with time delay on a hexagonal lattice for immunosensor modeling / V.
Martsenyuk, A. Sverstiuk, I.S. Gvozdetska // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 119-132.

Abstract. A model of immunosensor is proposed, which is based on the system of differential equations
with time delay on a hexagonal lattice. The main result is conditions of local asymptotic stability of endemic
state. To this end, the method of Lyapunov functionals is used. It combines the general approach to construction
of Lyapunov functionals for the predator-prey models and differential equations with time delay on a hexagonal
lattice. A numerical example shows the influence of time delay on stability, namely, we have transition from
stable focus to the limit cycle through the Hopf bifurcation.

Keywords: biosensor, immunosensor, differential equations on a hexagonal lattice, differential equations with
delay, asymptotic stability, Lyapunov functional.
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YIK 004.93.1; 681.142

IMoaxon k oLeHKe HEHHOCTH M KOJIHMYECTBA MH(OPMALUH B CHCTEMaX MACCOBOI0 OOCJIY:KHBAaHHS Ha
OCHOBAHMM TeOPHH PACNO3HABaHUSI 00pa30B M HeyeTKUX MHoxkecTB / B.M. 3asupb, O.M. Pbi0bIinbKa,
M.M. 3asiup // KuGepretuka u cuctemublii anamus. 2019. Tom 55, Ne 4. C. 133-144.

In.: 4. Tabn. 1. bi6bmiorp.: 17 nHa3s.

Annoranusi. IIpeaoxken HOBBIIT OX0 Ha OCHOBE TCOPHH HCYCTKHX MHOXECTB, KOTOPBIH MO3BONISCT
KOJIMYECTBEHHO OLICHUTH L[EHHOCTh MH(OpManun. PaccMOTpEHbI pasiudHbIe MOAXO/BI K ONPE/ICICHHIO U BbI-
YHCIICHUIO OCHOBHBIX MOHSTHIT TCOPHH MH()OPMALNK, B YACTHOCTH, KOJIMYECTBA MH(POPMALINH U OLCHKHU €€ LICH-
HOCTH, MCXOJs M3 CTaTUCTHYECKHX COOOpasKeHHH (KJIACCHYECKHIl MOAXO0[), TEOPHU AITOPHTMOB (QJITOPUTMU-
YeCKHIl IT0JIX0/1) ¥ TEOPHU paclo3HaBaHHs 00pa3oB (00pa3HbIi moxxox). IIpemtoxkeHsl moaxons! kK 00paboTke
HEYCeTKOH MH(OPMAUNK B YCIOBUSIX HEIOJHOTO ONPEACICHUS BEKTOPA BXOJHBIX NMPH3HAKOB, OCHOBAHHBIC HA
TEOPUH PaCIO3HaBaHUs 00PA30B U HEUYCTKUX MHOXKECTB. [IpoBesicH MX aHali3, OTMEUYEHBI IPE/ICIIBI X UCIIOIb-
30BaHUsl M 007aCTH 3(PPEKTUBHOIO MPUMEHEHUS.

KuoueBblie cjioBa: TEOpUsL I/IH(i)OpMaLIPII/I, TEOpHs pacIIO3HABaAHUSL 06p830B, KOJIMYCCTBO PIH(i)OpMaLII/II/I, HUECHHOCTh
I/IH(I)OpMaHI/II/I, BEPOATHOCTh, HCUYCTKUC MHOKECTBA, pasMbITad JIOTUKA, CHCTEMbI MacCCOBOTO 06CJ'Iy)KPIBaHI/I$I.

Iinxin 1o ouiHoBaHHA WiHHOCTI Ta KiabkocTi iHpopmanii B cucTeMax MacoBoro 00CIyroByBaHHSI Ha

OCHOBI Teopii po3ni3HaBaHHsA 00pa3iB Ta HewiTkUX MHOxkHUH / B.M. 3asub, O.M. Puduuska, M.M. 3asub
/| Kibepretnka Ta cuctemHnmii anamiz. 2019. Tom 55, Ne 4. C. 133-144.

AHoTauis. 3anpONOHOBaHO HOBUH MiJXi/, 110 IPYHTYETHCSA Ha TEOPIl HEUITKMX MHOXKHUH, SIKMH J1a€ 3MOTy
KITBKICHO OLIHUTH WiHHICTH iH(OpMarii. PO3riasHyTO pi3Hi MiAX0AM 10 BH3HAYCHHS Ta PO3PAXYHKY OCHOBHHUX
HOHSATH Teopil iHpopMaIii, 30kpema, KibKocTi iHpopMallii Ta OiHIOBAHHS il [[IHHOCTI, BUXOJSYH 31 CTATUCTHY-
HHX MipKyBaHb (KJIACHYHUH ITi/IXi}), Teopil alropuT™iB (aIrOPUTMIYHUH ITiXix) Ta Teopii po3mi3HaBaHHS 00-
pasiB (oOpaszuuii minxin). [IpencraBneHo miaxoan A0 oOpoOIeHHs HewiTkol iHpopMmalii B yMOBaxX HEINOBHOTO
BHU3HAYCHHS BEKTOpa BXIAHUX O3HAK, LIO IPYHTYIOTHCS Ha TEOpii HE4iTKMX MHOKHUH. [IpoBeneHo TxHill aHami3,
3a3Ha4YCHO MEXI BUKOPHUCTaHHS Ta cdepu eheKTHBHOrO 3aCTOCYBAHHS.

KurouoBi cioBa: Teopis indopmanii, Teopis posmi3HaBaHHS 00pa3iB, KUIbKICTh iH(poOpMamii, ninHicTs iH OP-
Marlii, HMOBIPHICTh, HEUITKI MHOXXHMHH, PO3MHTA JIOTiKa, CUCTEMH MacOBOTO OOCIyrOBYBaHHSI.

An approach to evaluating the values and quantity of information in queueing systems based on pattern
recognition and fuzzy sets theories / V.M. Zaiats, O.M. Rybytska, M.M. Zaiats // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 4. P. 133-144.

Abstract. A new approach based on the pattern recognition theory is proposed, which allows one to
quantify the value of information. Different approaches to definition and calculation of basic concepts of
information theory are considered, in particular, the amount of information and its evaluation, based on
statistical considerations (the classical approach), theory of algorithms (algorithmic approach), and theory of
pattern recognition (image approach). Approaches to processing of fuzzy information under incomplete
definition of the vector of input attributes based on the theory of fuzzy sets and measures are proposed. Their
analysis is carried out, the limits of their use and the fields of efficient application are established.

Keywords: information theory, information quantity, information value, probability, fuzzy set, fuzzy logic,
queueing systems.

V]IK 004.93
AJTOPUTM CerMEHTAIIMH CHMBOJIOB HOMEPHOr0 3Haka TpaHcmoprtHoro cpeacrsa / P.X. Xamaamos,
X.9. PaxmanoB // KubGeprernka n cucremuslii anamms. 2019. Tom 55, Ne 4. C. 145-151.

In.: 9. Tabn. 1. Bibmiorp.: 11 Ha3B.

Annotanus. PaccmarpuBaercs 3((EKTHBHEIN BEIMUCIUTENBHBI METO CETMEHTAINH OTACIBHBIX CHM-
BOJIOB HOMEPHOTO 3HaKa. Pa3buenue obnacTi Ha OJI0KU IPOBOJUTCSA B MIPEITIOI0KEHHHU, YTO CUMBOJIBI JIOKAIH-
30BaHbl B KOHKPETHBIX 001acTsX. 300paxkeHne HOMEPHOro 3HaKa JEIUTCS Ha N YacTeH, I/ie N — YHUCIO CHM-
B0JI0B. OIHCaH aIrOPUTM CErMEHTalllH CHMBOJIOB HOMEPHOH ILTACTHHBI, Ha Oa3e KOTOPOro pa3paboTaH MOIH-
(uIUpoBaHHBII BapUaHT AAHHOTO aArOpHTMa. B KauecTBe MaTeMaTHUECKOTo ammapaTa ULl PelleHHs JaHHOU
3aJ[a4y UCIIOJIb30BaH KOHTYPHbIN aHanu3. [Ipe/u1oxKeHHbIH aJIrOPUTM CErMEHTAllMU CHMBOJIOB I103BOJISIET HC-
[0JIB30BAaTh €r0 B CHCTEMAX PACIIO3HABAHUS ABTOMOOMIBHBIX HOMEPOB.

KioueBble ¢JI0Ba: KpacBble TOUKH, aHAIN3 U300PAKECHUsI, CETMEHTALIUSI CHMBOJIOB, KOHTYPHBIN aHAJIN3, Iy Th
C HaMMEHbIEH CTOMMOCTHIO.

AJropuTM cerMeHTalii CHMBOJIIB HOMEPHOro 3Haka TpaHcmopTHoro 3acody / P.X. Xamaamos,
X.E. PaxmanoB // Kibepueruka ta cucremunii anamiz. 2019. Tom 55, Ne 4. C. 145-151.

Anoranis. PosrisHyTo edekTHBHUI 00UMCITIOBAIBHII METO/] CETMEHTAIlii OKPEMUX CHMBOJIIB HOMEPHO-
ro 3HaKa. Po3ONTTS DUIAHKM HA OJIOKH BiOYBA€THCS 3QJIKHO BiJ TOTO, K CHMBOJIHM JIOKATi30BaHO B IIEBHUX
KOHKPETHHX JIUITHKaX. 300paKeHHS HOMEPHOTO 3HaKa MOJUISIOTh Ha /1 4aCTHH, /1€ 1 — KiIbKICTh CUMBOJIB.
OrnycaHo aJrOPUTM CErMEeHTallii CUMBOJIIB HOMEPHOI IUIACTHHHM, Ha 0a3i AKOro po3polieHo MoandikoBaHMi
BapiaHT IPOIOHOBAHOT'O aIrOPUTMY. Sk MaTeMaTHUYHUIA anapat Ul po3B’si3aHHs Liel 3aJa4i BAKOPUCTAHO KOH-
TypHMH aHai3. 3ampornoHOBaHUN AJITOPUTM CErMEHTallii CUMBOJIIB J03BOJII€ BUKOPUCTOBYBATU HOTO B CHUCTE-
Max pO3Mi3HaBaHHS ABTOMOOIIBHHX HOMEIB.

KuiouoBi ciioBa: kpaiioBi TOuKH, aHasi3 300paKeHHs, CEIMEHTALlis CHMBOJIIB, KOHTYPHHUIT aHaIi3, LUIIX 3 Haii-
MEHIIOK BapTICTO.
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An algorithm for segmentation of symbols of a vehicle license plate / R.Kh. Khamdamoyv,
H.E. Rakhmanov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 145-151.

Abstract. An efficient computational method of segmentation of individual symbols at a license plate is
considered. Division into blocks is carried out on the assumption that the symbols are localized in certain
specific areas. The license plate image is divided into n parts, where 7 is the number of characters. The paper
also describes a segmentation algorithm that underlies a modified version of this algorithm. Contour analysis
was used as a mathematical apparatus for the solution of this problem. The proposed symbol segmentation
algorithm allows its use it in systems of recognition of vehicle license plates.

Keywords: edge points, image analysis, symbol segmentation, contour analysis, path with the lowest cost.

VIK 519.622; 517.5

AHajqu3 0000INeHHBIX HHTErpajbHBIX MoOJeJell ¢ ympaBiseMoOll NAMATBIO HA OCHOBe a-MeTOJa
B.K. 3aabika / B.A. Bunenxo, E.B. Boxonok, C.IO. B3saasik, H.I'. Kupnnaxa // KuGepneruka u
cuctemusii ananm3. 2019. Tom 55, Ne 4. C. 152-157.

In.: 1. Tabn. 0. Bibmiorp.: 21 Ha3B.

AuHoTanus. PaccMOTPEHBI BOIPOCH! KOHCTPYHPOBAHHS U TECOPETHYECCKOTO 0OOCHOBAHUS BHIYMCITHTEIb-
HBIX aJTOPUTMOB [UTS aHAIN3a 0000IICHHBIX HHTETPaIbHBIX MO/eeil [ylKoBa Ha OCHOBE ammpOKCHMAIIHOH-
woro merona B.K. [I3sabika.

KiioueBble ¢J10Ba: KyCOYHO-NOJIMHOMHAIbHAS aIPOKCUMANNS, HEHACHIIIAeMOCTh, HAaWIydIlee IPHOIMKe-
HHe, anreOpandecKu-HeINHeHbIe yPaBHEHUS, ONTUMAIbHbIC AITOPUTMBI, ONTUMU3ALMS BHIUHCICHHN, HHTET-
pajibHbIe MOJEIH C YHPABIAEMOH MaMATHIO.

AHani3 y3arajgbHeHUX IHTerpaJbHUX Moje/eil 3 KepoBaHOI MNaM’AATTIO HAa OCHOBi a-MeToxy
B.K. 3simuka / B.1. Binenko, K.B. Boxonok, C.FO. [3aauk, H.I'. Kupuniaxa // KibepHetrka ta CHCTEMHUI
anaiiz. 2019. Tom 55, Ne 4. C. 152-157.

AHoTtanis. Po3risiHyTO NMHUTaHHS KOHCTPYIOBAHHS Ta TEOPETUYHOTrO OOIPYHTYBaHHS OOYMCIFOBATIBHUX
AITOPUTMIB [UTS aHAMI3Y y3araJbHEHHX IHTErpaabHUX MOeae [IylKoBa Ha OCHOBI alPOKCUMALIITHOTO METO-
ny B.K. I3snuka.

Ki04oBi cj10Ba: KyCKOBO-TIOJIIHOMIiaNbHa anpoKCUMAallisi, HCHACHYYBaHICTh, HAWKpaIle HaOJVKeHHs, anreo-
paluHO-HeNiHIliHI PIBHAHHS, ONTHUMAJIBHI aJrOPUTMHU, ONTHUMI3allis OOYMCIICHb, IHTETPAJIbHI MOJIEN CHCTEM 3
KEPOBAHOIO IaM’SITTIO.

Analysis of generalized glushkov integral models with controllable memory on the basis of the
V.K. Dzyadyk a-method / V.I. Bilenko, K.V. Bozhonok, S.Yu. Dzyadyk, N.G. Kyrylakha // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 4. P. 152-157.

Abstract. The problems of construction and theoretical substantiation of computational algorithms for
the analysis of generalized Glushkov integral models are considered on the basis of the V.K. Dzyadyk
approximation method.

Keywords: piecewise polynomial approximation, unsaturation, the best approximation, algebraic-nonlinear
equations, optimal algorithms, computing optimization, memory controlled integral models.

VIK 519.2; 339.1
O HeKOTOPBIX MOJeJIsiX OHP:KeBOil TOProBIH HA BBICOKOPUCKOBAHHBIX (MHAHCOBBIX PBIHKAX /
O.B. CmupHnoBa, B.1O. Korasp // Knbeprernka n cucremnsiii anamms. 2019. Tom 55, Ne 4. C. 158-165.

Im.: 1. Tabn. 1. Bibmiorp.: 9 Hazs.

AnHoOTanus. PaccMOTpeHbI BBICOKOPUCKOBAHHbIE (DMHAHCOBBIC PHIHKH, Ha KOTOPBIX OCYIIECTBIISIOTCS
orepanyi ¢ pUHAHCOBBIME HHCTPyMEHTaMK 6e3 MOKpbITUsL. [IpoaHani3npoBaHsl GE3pUCKOBbBIE CTPATErHu OUp-
JKEBOW TOPTOBIIM C FapaHTUPOBAHHOW JIOXOJHOCTBIO WM YOBITKOM: CKAJbIMHT, CITy(DHHT, (JIMNINHT, CKajlb-
IIMHT ¢ XepKUpoBaHUeM. [lIsl HUX IOCTPOCHA MaTEeMaTHYECKasi MOJEIb M IIPUBE/ICHBI IIPUMEPBI PACYETOB IMOJIY-
YEHHBIX AJITOPUTMOB B MPOLECCE TOPrOBIH OMIHOHAMU.

KioueBble ciioBa: (UHAHCOBBIE HHCTPYMEHTHI, (DMHAHCOBBIE PHIHKH, CKAJIBIIUHT, CITy(DHHT, (IMIIHHT, OH-
HapHbIE ONLUOHBI, MOJEIb TOPIOB.

Ipo nesiki mogesti 6ip:koBoi TOpriBiai Ha BHCOKOpPM3MKOBAaHUX (pinaHcoBuX puHkax / O.B. CmupHoBa,
B.IO. Korusp // Kibepueruka Ta cucremumii amamis. 2019. Tom 55, Ne 4. C. 158-165.

AHoTauist. Po3risiHyTO BHCOKOPH3NKOBaHI (piHAHCOBI PUHKH, Ha SIKUX 3IHCHIOIOTHCS oreparii 3 (inaHco-
BUMH iHCTpyMeHTaMH 0e3 nokputts. IIpoanarizoBano 6e3pH3HKOBi cTpaterii 6ip»koBoi TOPriBIli 3 rapaHTOBAHOIO
IPHOYTKOBICTIO 200 30HTKOM: CKAJIBIIMHT, CITy(pUHT, (UIINIIIHT, CKAJIBIHHT 3 Xe/DKyBaHHAM. [l HUX OOY10BaHO
MaTeMaTUYHy MOJIEIIb i HABEJCHO MPUKIIAIH PO3PAXYHKIB OTPUMAHUX AITOPUTMIB Y MPOLECI TOPTiBIIi OMI[IOHAMU.

Kurodosi ciioBa: QinancoBi iHCTpyMeHTH, GpiHAHCOBI PUHKH, CKaJbIiHT, CIryQHHT, (Jrinminr, OiHapHi ONIioHH,
MO/JICTIb TOPTiB.
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Some models of exchange trading in high-risk financial markets / O.V. Smirnova, V.Yu. Kotlyar //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 158-165.

Abstract. High-risk financial markets, where transactions with non-reserved financial instruments are
conducted, are considered. The risk-free trading strategies with guaranteed profitability or loss are analyzed:
scalping, spoofing, flipping, scalping with hedging. A mathematical model is constructed for them. Examples of
calculations of the obtained algorithms in the process of option trading are given.

Keywords: financial instruments, financial markets, scalping, spoofing, flipping, binary options, trading model.

YK 519.1
Meroabl pemieHdst 3aad 0 MaTeMaTHYeCKHX ceiipax Ha MaTpuMuax ¢ pasHbIMH THIIAMH 3aMKOB /
AJL TI'ypun // Kubepuernka u cucremusiii anamu3. 2019. Tom 55, Ne 4. C. 166-175.

Im.: 0. Tabn. 0. bi6miorp.: 4 Ha3Bu.

Aunortanusi. PaccmatpuBaercst 3a1a4a 0 MaTeMaTHYECKUX cefihax Ha MAaTPUIAX C 3aMKAMH Pa3IHYHBIX
THIOB. Jl7Is1 MCCIIeI0BaHMs IPUMEHSICTCS. METO/ BBICICHHUS MOJCHCTEM, Pa3pabOTaHHbIH 1 0OOCHOBAHHBINH B
MpeapIIyIIHX padoTax aBTopa s 6osee mpocThix ceiidos. Mccnenyeres 3amada 1ust ceiihoB ¢ 3aMKaMu JBYX
TUNOB. [IpUBOMATCSI MpUMEpB! PELICHHS TaKOoi 3aaduu.

KiioueBble c10Ba: MaTpuna COCTOSHUIM, MaTpHUILA PENICHHS, ITOJCUCTEMBI IEPBOTO U BTOPOTO POJOB, 00paT-
Has MaTpHla, OAHOTHUIIHBIE CEH(bI, MPOCTOW MOJYJb, COCTAaBHOW MOJYJIb.

MeToan po3B’si3yBaHHs 3aJa4y NP0 MaTeMaTH4Hi cefipu Ha MaTpuuAX 3 Pi3SHMMM THNIAMH 3aMKiB /
AL Typin // KibepHeruka ta cucreMHuid ananiz. 2019. Tom 55, Ne 4. C. 166-175.

AHoTauisn. Po3misHyTO 33724y Hpo MareMaTH4Hi ceiipy Ha MaTpuLsX 13 3aMKaMu pi3HUX THIB. s
JIOCITIJPKEHHSI 3aCTOCOBAHO METO/] BUIJICHHS MTIICUCTEM, SIKUI pPO3pO0JICHO Ta OOTPYHTOBAHO B MOMEPEIHIX PO-
0oTax aBTopa Ais OinblI mpocTix ceidis. JocnimkeHo 3amauy s ceiidis i3 3aMkamu ABOX TumiB. HaBeneHo
MPUKIAAN PO3B’SI3aHHS TAKOI 3aJadvu.

Kaou4oBi cjioBa: MaTpuild CTaHIB, MaTpullsl pPO3B’s3Ky, MiJJICUCTEMH IEPLIOro Ta JAPYroro pojiB, oOepHEHa
MaTpHL, OJHOTHIIHI CeH(H, MPOCTHH MOAYIb, CKIAICHUI MOJIYJb.

Methods for solving the problems of mathematical safes on matrices with different types of locks /
A.L. Gurin // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 166-175.

Abstract. The paper deals with the problem of mathematical safes on matrices with locks of different
types. The method of subsystems separation is used, which was developed and substantiated in previous works
for sympler safe types. Examples of solving such problem are given.

Keywords: state matrix, solution matrix, subsystems of the first and second kind, inverse matrix, safes of the
same type, simple module.

MNPOTPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

YK 519.687.4
JddexTHBHBIE CMOCOOBI OPraHM3aNMU MAPAJIEJbHOH PadoThl ONTHMH3ALMOHHBIX AJTOPHTMOB /
B.II. Mumo, C.B. Yynos // KubepHernka u cuctemubiii ananmu3. 2019. Tom 55, Ne 4. C. 176-183.

Im.: 6. Tabn. 0. bi6bmiorp.: 12 Ha3s.

Annoranus. [Ipusenen kparkuii 0630p POrpaMMHBIX M TEXHUYECKUX CPEJICTB COBPEMEHHOMN BBIYHCIIH-
TEJIbHON TEXHUKH, MO3BOJIAIOMINX CTPOUTH SQ(EKTUBHbIC CUCTEMBI MapasIelibHbIX BbruucneHuil. I1pencranie-
HBI CTPYKTYPHbIE CXEMBI H JICTAJIbHO OIMCaHa padoTa TaKMX OO0BEANHEHUH MapasIebHbIX ONTHMH3ALUOHHBIX
JITOPUTMOB, Kak MopTdens 1 koManaa. OTMe4eHbl 0COOCHHOCTH OpraHU3aliH pabOThl allTOPUTMOB B 3THX 00-
bCJHHEHHSX, CBS3AHHBIC C CHHXPOHM3aNHell MapajienbHOl paboThl alrOPUTMOB KOMAH/bI U COTNIACOBAHHOM
00paboTKOM TMOJTY4YEHHBIX ANTOPUTMAMH JIAHHBIX.

KiroueBbie cioBa: TapaJuuI€JIbHBIE AJITOPUTMBI, l'IOpTCbeHB AJITOPUTMOB, KOMaH/1a aJITOPUTMOB, CUHXPOHU3ALU
JocTtyna K 00IHM JTaHHBIM.

EdexruBHi crnocodu oprauizanii napajensHoi podoru ontumizauiiinux ajaropurmis / B.II. Iuio,
C.B. Yynos // Kibepueruka ta cucremuuii anami3. 2019. Tom 55, Ne 4. C. 176-183.

Anoranisi. HaBeneHo KOpOTKMII OIISII HPOrpaMHUX Ta TEXHIYHMX 3acO0IB CydacHOI OOYHCIIOBAIBHOL
TEXHIKH, sIKi Jar0Th 3MOry OyayBaTi e(heKTHBHI CHCTEMH MapaieibHUX 00UHCIICHb. [IpecTaBIeHo CTpyKTypHi cxe-
MH Ta JETaIBHO OIUCAHO POOOTY 00’€HAHb TAKHUX MapaJebHUX ONTHMI3aliiHIX aJTOPHUTMIB, SIK TTOPT(ENb 1 KO-
MaHJa. BiqzHaueHo oco6mmBoCTi opraHizanii poOOTH alrOpUTMIB y IUX 00 €IHAHHSX, IOB’SI3aHi 3 CHHXPOHI3aI[€I0
apaJIeNIbHOI POOOTH AITOPUTMIB KOMAH/IH Ta 3 y3rODKEHIM OOPOOICHHSIM OTPHMAHNX aITOPUTMAMHU JaHHUX.

Kurodosi ci1oBa: nmapaienbHi aroputMu, oprdenb aaropuTMiB, KOMaH/a allrOPUTMIB, CHHXPOHI3allis 10CTY-
My JIO CHITPHUX JIaHMX.
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Efficient methods for to orgnize parallel operation of optimization algorithms / V.P. Shylo, S.V. Chupov //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 176-183.

Abstract. The software and hardware of modern computers, which allow generating efficient systems of
parallel computing are briefly overviewed. Structural schemes are presented and operation of combined parallel
optimization algorithms such as a portfolio and a team is described in detail. The special features of the
organization of the operation of algorithms in these unions related to both synchronization of parallel operation
of the algorithms of the team and coherent processing of the data obtained by the algorithms are specified.

Keywords: parallel algorithms, portfolio of algorithms, command of algorithms, synchronization of access to
common data.

VYIK 681.3:574.5
MaremaTH4ecKoe MO/IeJTMPOBaHHE TOKOBBIX COCTOSIHHIT BOXHBIX 00beKTOB / A.A. Kasnenuyk-IlopxanoBa
/| Knbepuernka u cucreMHbiii anamus. 2019. Tom 55, Ne 4. C. 184-193.

In.: 4. Tabn. 0. Bi6miorp.: 17 Ha3B.

AnHotanus. CucremMa UMHTALMOHHOTO MOJICIMPOBAHUS BOJAHBIX 00BEKTOB, pazpaboranHas B MHCTHTY-
Te kubepHetuku uM. B.M. I'nmymkoBa HAH YkpauHbl, BKIIOYaeT MOJCUCTEMbI MOJCIUPOBAHHS: U3MCHCHUH
KHCJIOPOJHOTO PEXHMa U MepeHoca 3arpsi3HCHUH B BOJOTOKAX, IPOLECCOB B MOJ3EMHBIX BOJOHOCHBIX I'OpPH-
30HTaX, TOKOBBIX COCTOSIHHH B BOJOEMAaX M MHTEIUIEKTYaIN3HPOBAHHOIO CIIoco0a oOpabOTKHU, CHKATHS H BOC-
CTAaHOBJIEHUS C TAPAHTHPOBAHHON TOUHOCTHIO MACCHBOB UHCIIOBBIX JAHHBIX C HCIIOIb30BAHUEM allapaTa Hau-
JIyqiield 4eObIIIeBCKON amnmpoKCUMAaliK, TPUMEHIEeMOI BO BceX moacucTteMax. Moeny st KOHKPETHBIX BOJI-
HBIX 00BEKTOB YKpaHHBI CO31aHbl BiepBble. CucTeMa «OTKPBITA» ISl BKIIOUSHHs HOBBIX MOJieell U 00bEeKTOB.
OnucaHa MOJCHCTEMAa MOJIEJIMPOBAHHS TOKOBBIX COCTOSIHMI B BOjoeMax.

KiaioueBblie cioBa: MOJCIUPOBAHUE, MOJACUCTEMA, BOHHLIﬁ 06'I>BKT, TOKOBBIC COCTOAHHSA BOIOEMA.

MaremMaTH4YHe MOJAEJTIOBAHHS TeYiBHHX cTaHiB BoaHUX 00’¢kTiB / A.O. Kanenuyk-IlopxanoBa //
KiGepueruka ta cucremuuii amamis. 2019. Tom 55, Ne 4. C. 184-193.

Anorauisa. Cucrema iMiTalifHOro MOJEIIOBAHHS BOJHHUX 00’€KTIB, po3pobiieHa B [HCTUTYTI KibepHETH-
ku iMm. B.M.I'nymikoBa HAH Ykpainu, ckiaaeTbes 3 MiJICHCTEM MOJCIIOBAHHS: 3MiH KHCHEBOTO PEKHMY i Iie-
peHeceHHs 3a0pyIHEHb Y BOAOTOKAX, MPOLECIB y MiA3EMHHUX BOJOHOCHHX TOPU30HTAaX, TCUIBHUX CTAHIB y BO-
JIoHiMax Ta IHTEJIEKTyallbHOTO CIIOc00y 0OPOOJIECHHS, CTUCHEHHS 1 BiJIHOBJICHHS 3 TaPAaHTOBAHOIO TOYHICTIO Ma-
CHBIB UHCIIOBHX JAHHX 13 3aCTOCYBaHHSM amapaTy Haifikpamoi 4eOHMIIOBCHKOI ampoKCHMarii, —ska
BUKOPHCTOBYETHCS B YCIX HmigcucTeMax. Mozerni Jist KOHKPETHUX BOAHHX 00’€KTiB YKpaiHU CTBOPEHO BIICpIIIE.
Cucrema € «BIIKPUTOIO» Ul BKIIOYEHHS HOBHX Mojelnei i 00’ekTiB. OmucaHo MiCUCTEMY MOJICTIOBAHHS
TEYiBHMX CTaHIB y BOJOIMAax.

KaiouoBi ciioBa: MOJENOBaHHS, IMiJICKCTEMa, BOJHHUM 00’€KT, METOJ, TEYiBHI CTaHH Yy BOJOMMAX.

Simulation of flow states of water objects / A.A. Kalenchuk-Porkhanova // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 4. P. 184-193.

Abstract. The Simulation System of Water Objects software package was developed at the
V.M. Glushkov Institute of Cybernetics, National Academy of Sciences of Ukraine. It includes simulation
subsystems of oxygen rate changes in water flow, pollutions transfer by water flow, filtration processes in
underground water saturated layers, water reservoir flow states and intelligent processing, compressing and
recovery with guaranteed precision of data arrays based on best Chebyshev approximation, which is used in all
of other subsystems. All the models for some water objects of Ukraine were implemented for the first time.
Simulation System of Water Objects is extensible and provides tools for integration of new models and objects.
The simulation subsystem of water flow is described in the paper.

Keywords: modeling, subsystem, water-objects, flow states in water objects.
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HOBI 3ACObU KIBEPHETHUKHMU, NEW TOOLS IN CYBERNETICS,

TH®OPMATHUKH, OBYUCTIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
VK 681.04

Merton peanusamuu apudMeTH4ecKoil oNepanuy CJI0KEeHHsI B CHCTeMe 0CTATOYHBIX KJIACCOB HA OCHOBE
HCMOJIL30BAHHS NMPHHIMNA KojabueBoro casura / B.A. Kpacno6aes, C.A. Komman // KubGepHeruka u
cucteMubnid ananmus. 2019. Tom 55, Ne 4. C. 194-202.
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AHHoTanus. PaccMoTpeH mMeTon peanuzanuu apupMETHYECKON OIepaluy CIOKEHUS B CHCTEME OCTa-
TouHbIX kiaccoB (COK). Metos ocHOBaH Ha MCIOJIb30BaHUM NpHHIHNA KoubleBoro casura (ITIKC). Ocoben-
HOCTb JJAHHOT'O METOJIa COCTOMT B TOM, YTO PE3YJIbTaT PEaM3allii OllepaluK CIOKEHUS YMCEll MOKHO OIpeie-
JIUTH IyTEM HOCIIEI0BATEIIBHBIX [IUKIMYECKHX CIBHIOB IBOWYHBIX Pa3psioB HHGOPMALIMOHHOTO COAEPKUMOTO
0J10KOB JaHHBIX 110 cooTBeTcTBYyrOIMM Moaysiv COK. Hcmnosnb3oBanue TTKC 1mo3BoNsieT UCKITIOUYNTD BIMSHUE
MEKPa3psIHBIX CBsI3el MEXIY ClIaraéMbIMH, YTO CIIOCOOCTBYET IMOBBILICHHIO OBICTPOACHCTBHS BBIIOITHECHHS
oneparuu crnoxenus aByx uucen B COK.

KiroueBble ciioBa: cucrema CUHCIICHHUA, CHCTEMA OCTAaTOYHBIX KJIaCCOB, KOJIBIIEBOI perucTp casura, 6I>ICTp0-
JelicTBHE peanusanuu apmbMeTqucxMx onepaunﬁ, JOCTOBEPHOCTH BI)I‘{I/[CJ'IeHI/II\/'I7 KOMIBIOTEPHBIE CUCTEMBI U
KOMITOHCHTBI.

Meton peanizauii apugmeTrnyHoi omepanii 10JaBaHHSI y CHUCTeMi 3aJMIIKOBUX KJIAciB Ha OCHOBI
BUKOPHCTAHHSI NPHHUMNY Kiibuesoro 3cyBy / B.A. Kpacuo6ae, C.O. Komman // KibGepunernka Ta
cucreMuuil ananis. 2019. Tom 55, Ne 4. C. 194-202.

AnoTanisi. Po3risiHyTo MeTon peanizawii apupMeTHyHOi omepanii TOJaBaHHS Y CHCTEMI 3aJIHMIIKOBHX
xiaciB (C3K). Merox 6a3yeTbest Ha BUKOPUCTaHHI NpHHIUITY KinbreBoro 3cyBy (IIK3). OcobmuBicTs MeToxy
TOJISTa€ y TOMY, 1[0 pe3yIbTaT peaisalil oneparii 7oJaBaHHs YUCEeN MOXKHA BU3HAUUTH IIUIIXOM HOCTITOBHUX
LUKJIIYHUX 3CYBIB JBIKOBHX po3psaiB iH(GopMaIiiiHOro BMICTy OJIOKIB AaHHMX 3@ BiJIOBIJHUMH MOIYJISMSIMH
C3K. Buxopucraunns [1K3 n03Bossie mo30yTHCS BIUTMBY MIXKPO3PSIHUX 3B S3KIB MIX J0IaHKAMH, 1110 ITiJBHIILY€E
LIBUJIKO/II0 BHKOHAHHS omepawii noxaBanHst aBox umcen y C3K.

KuarouoBi ciioBa: cucrema 4MCIICHHS, CUCTEMa 3aJIMIIKOBUX KJIAciB, KUIBLEBUH pEricTp 3CyBY, LIBHIKOIS
peanizanii apupMETHYHUX OMEpaLiil, JOCTOBIPHICTh OOYMCICHb, KOMII'IOTEPHI CHCTEMH Ta KOMIIOHEHTH.

The method of operational data diagnosing represented in the residue number system /
V.A. Krasnobayev, S.A. Koshman // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 194-202.

Abstract. The method of realization of the arithmetic operation of addition in the system of residual
classes (SRC) is considered in the paper. The method is based on the use of the principle of circular shift (PCS).
The peculiarity of this method is that the result of the operation of adding the numbers can be determined by
successive cyclic shifts of the bits of the information content of the data blocks by the corresponding modules
of SRC. Using PCS allows you to get rid of the influence of inter-bit relationships between the terms, which
allows you to increase the speed of the operation of adding two numbers to SRC.

Keywords: number system, residue number system, circular shift register, speed of implementation of
arithmetic operations, reliability of calculations, computer systems and components.
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