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KIBEPHETUKA CYBERNETICS

VK 004.855:519.216 .
CTPYKTYPHO JETEPMUHWPOBAHHBIE HEPABEHCTBA JIJISI KOPPEJSINMMA B I[UKJIE
JIMHEMHBIX 3ABUCUMOCTE / A.C. Bana6anos // Kubepueruxa u cucremubrii anamms. 2018. Tom 54,
Ne 2. C. 3-16.

In.: 4. Tabn. 1. Bibmiorp.: 18 Ha3B.

Annotanus. ChopMyIHpOBaHEI U JOKA3aHbI OIPAHUYCHUSI (THUIIA HEPABEHCTBO) ISl KOPPEIISLHIA, BBITE-
KaIOIIHe U3 JINHCHHOCTH U MAapKOBCKUX CBOMCTB MOJIEIH C POMOOBHAHOM CTPYKTYpOi (LUK ¢ OJHUM KOJUIaii-
nepom). [IpencraBnenHble HepaBeHCTBA CHEMU(IYHBL AT 6a30BOM MOJEIH U HEKOPPEKTHBI AT albTePHATHB-
HBIX MOjIeJIed, OTINYAIOMINXCS MAPKOBCKMMU CBOWCTBAMHU HM3-3a MPUCYTCTBHSI JONOIHUTEIBbHON cBsi3u. [IpaB-
JI0IOI00HOCTh HApyIIEHUs JTUX HEPAaBEHCTB B AJbTEPHATUBHBIX MOJEISIX OICHMBACTCS CTOXACTHYECKOM
cumyssinueit. ITokasaHo, 4TO NpeCTaBICHHBIE HEPABEHCTRA TOJIE3HBI JUIs BaIUAALMU MOJIEIN B CUTYalLMH He-
TIOJTHOM HaOIII0/1aeMOCTH.

KuroueBble cj10Ba: KOPpEIsIUs, OrPAHUUCHHUE TUITA HEPABEHCTBO, CUCTEMA JIMHEHHBIX CTPYKTYpaJbHBIX ypaB-
HEeHul, poMOOBH/IHAS CTPYKTypa MOJIENIM, MapKOBCKUE CBOMCTBA.

CTPYKTYPHO JAETEPMIHOBAHI HEPIBHOCTI JJIsI KOPEJIAMIA Y [UKJI JIHIMHAX
3AJIEZKHOCTEM / O.C. Banadanos // KibepHerrka Ta cucremunii anaiis. 2018. Tom 54, Ne 2. C. 3-16.

Amnotauist. CHopMyIb0BaHO 1 I0BEICHO JCKiIbKa 00MEXEHb (THITy HEPIBHICTD) ISl KOPEJISLIH, SKi BUILTH-
BAIOTH 3 JIIHIFHOCTI Ta MapKOBCHKHX BIACTHBOCTEH MOJEII 3 pPOMOOBHIHOIO CTPYKTYPOIO (LUK C OJJHUM KOJIi30-
pom). IIpe3eHToBaHi HEPIiBHOCTI € crierupiuHrMHU JiTst 6a30BOT MOJIEII i HEKOPEKTHUMH IS aIbTEPHATHBHUX MO-
Jieel, sKi BIAPI3HAIOTHCS MApKOBCBKHMH BIACTHBOCTSIMH depe3 HAsBHICTh JOJATKOBOrO 3B’si3Ky. IIpaBro-
MOAIOHICTh NOPYIICHHS IIMX HEPIBHOCTEH B QJIIbTEPHATUBHUX MOJEISX OLIHIOETHCS CTOXACTHYHOK CHUMYJIALIENO.
IToka3aHo, 1110 BCTAaHOBJICHI HEPIBHOCTI KOPUCHI JUIst BaJliJallii MOJIeNi B CUTYyallii HEMOBHOT CIIOCTEPEKYBAHOCTI.

KurouoBi ci1oBa: xopemsiis, 0OMEKEHHs TUITy HEPiBHICTb, CHCTEMa JIIHIHHUX CTPYKTYPaJbHUX PiBHSIHB, POM-
OOBHUIIHA CTPYKTypa MOJENi, MapKOBCHKi BJIaCTHBOCTI.

INEQUALITY CONSTRAINTS ON CORRELATIONS, STRUCTURALLY IMPLIED BY CYCLE
OF LINEAR DEPENDENCIES / O.S. Balabanov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 3-16.

Abstract. We state and prove several simple inequality constraints on correlations, which are entailed by
linearity and Markov properties of rhombus-like causal model (structured as cycle with one collider). The
inequalities are specific for the basic model and are likely to be violated in alternative models, which differ in
Markov properties due to existence of additional edge (connection). Plausibility of violation of the inequalities
in alternative models is evaluated via simulation. We outline some ways by which the inequalities can assist in
the model verification under partial observability.

Keywords: correlation, inequality constraint, system of linear structural equations, rhombus-like structure,
Markov properties.

CACTEMHHI AHAJI3 SYSTEMS ANALYSIS

VK 512.61

NPEACTABJIEHUE B3BEIIEHHBIX IICEBJOOBPATHBIX MATPHUL] CO CMEIIAHHBIMH
BECAMM YEPE3 JIPYTHE IICEBJIOOBPATHBIE MATPUIIbI / E.®. I'an6a, H.A. Bapeniok //
Kubeprernka u cucreMublii anamus. 2018. Tom 54, Ne 2. C. 17-25.

In.: 0. Tabn. 0. bibmiorp.: 10 Ha3B.

AnnoTtanus. PaccMmarprBaeTcst B3BeIIeHHAs IICEBI000OPATHASI MATPHIA, KOTIa 00e BECOBBIC MATPHIIBI CHM-
METPUYHBIE, IPUYEM OJIHA U3 HUX I0JI0KHTEIBHO-OIPEICIICHHAs, a BTOpas — HEBBIPOXKICHHAS 3HAKOHEOIIPE/ie-
nenHast. [TomydeHs! hopMyITsl UL MPEACTABICHUS YTHX MAaTPHUIl Yepe3 IceBRoodpaTHyo MaTpuny Mypa—Ilenpo-
y3a U uepe3 JApyrHe B3BEIICHHBIC ICEBIOOOPATHBIC MATPHUIIBL

KumroueBble ¢JI0Ba: B3BCIICHHBIC HCeBL[OOGpaTHI;Ie MaTpulbl CO 3HAKOHCONIPEACIICHHBIMU BECaMHU, HCCBI[006paT-
HBIE MaTpUIbl Mypa—Heroysa, B3BCIUICHHBIC HCeBHOOGpaTHLIC MaTpulbl CO CMCHIAHHBIMH BE€CaMU.

MHNPEACTABJEHHS 3BAJKEHUX IICEBJOOBEPHEHUX MATPHUIILD I3 3SMIIIAHUMU BAT'AMHU
YEPE3 THHII IICEBJOOBEPHEHI MATPHUIII / €.®. I'an6a, H.A. Bapenwk // KiGepHetnka Ta
cucremuuii anamis. 2018. Tom 54, Ne 2. C. 17-25.

AHoTauisi. Po3risHyTO 3BaXKeHy MCeBI000CPHEHY MATPHIIO, KOJIM OOW/IBI BaroBi MaTpuili CUMETPHYHI,
HPUYOMY OJIHA i3 HHX JI0JIATHO-O3HAYCHA, a JPyra — HEBHPOJPKEHA 3HaKOHeBU3Ha4YeHA. OTpUMaHO (HopMyITH
JUISL TIPEACTABIICHHS LMX MAaTPHUIb 4epe3 IceBroodepHeHy martpuio Mypa-Ilenpoysa i yepe3 iHmI 3BaxkeHi
NICEBIO00OEPHEH] MaTpHIIi.
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KuiouoBi ci10Ba: 3BaKeHi NCEBIOOOCPHEHI MATpHIL i3 3HAKOHCBH3HAUYCHUMH BaraMu, NCEBJOOOCPHEHI MaT-
puui Mypa—Ilenpoy3sa, 3BaXkeHi NCEBAOOOEPHEHI MATpHI i3 3MIlIAHUMH Baramu.

REPRESENTING WEIGHTED PSEUDOINVERSE MATRICES WITH MIXED WEIGHTS IN
TERMS OF OTHER PSEUDOINVERSE MATRICES / E.F. Galba, N.A. Vareniuk // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 2. P. 17-25.

Abstract. The paper considers weighted pseudoinverse matrix, when both weighted matrices are symmetric and
one of them is positive definite matrix and the other is nonsingular and indefinite. Formulas are obtained for representing
these matrices in terms of the pseudoinverse Moore—Penrose matrix and other weighted pseudoinverse matrices.

Keywords: weighted pseudoinverse matrices with indefinite weights, Moore— Penrose pseudoinverse matrices,
weighted pseudoinverse matrices with mixed weights.

VK 517.9: 519.6

YACJIEHHOE MOJEJUPOBAHUE I[POBHO-I[I/I¢®EPEH[II§AJILHOI71 OUJBTPALIMOHHO-
KOHCOJMJAIUMOHHOU JTMHAMUKHU B PAMKAX MOJIEJIEWM C HECUHI'YJIAPHBIM S/IPOM
/ B.M. Byaasaukmii, B.A. Boraenko // Kubeprernka n cucremnsiii anamms. 2018. Tom 54, Ne 2. C. 26-37.

In.: 13. Ta6n. 0. bibmiorp.: 23 Ha3Bu.

AnnoTanus. [TocTpoeHs! HEKJIACCHYECKUE MAaTEMAaTHYECKHE MOJCIH JUIsl OIHCaHus ApoOHO-1uddepen-
[UAJIBHON (DHIIBTPALIMOHHO-KOHCOJINJAIIOHHON TNHAMUKH HACBHIICHHBIX COJIEBBIMH PACTBOPAMH I'PYHTOBBIX
cpell, OCHOBAaHHBIC HA IOHATHH ApoOHOU mpom3Bognoil Kamyto—®abpuimo. ITocTaBieHs! COOTBETCTBYIOINIME
KpaeBbI€ 3aJa4M Ul CUCTEMbI APOOHO-IuddepeHInanbHbIX ypaBHeHUI GUIBTpALMU U cojenepenoca. Paspa-
60TaHa METO/JMKA UX YHCICHHOTO PELICHHs, U3JI0KEH IOJXO0/ K pacrapajuielnBaHui0 BeranciaeHui. [Ipusene-
HbI PE3YJIbTAaThl YUCICHHBIX SKCIICPUMEHTOB 110 MOJCIMPOBAHHIO JMHAMUKH HM3y4aeMOro Iporecca.

KiroueBble cjl0Ba: MaTeMaTHUECKOS MOJCIUPOBAHHE, JHHAMHKA (DHIBTPAMOHHO-KOHCONUIAMOHHEIX TIPO-
1IeccoB, IpoOHO-auddepeHnnanbHbple MaTeMaTHISCKHe MOJETH, MOJCIU C HECHHTYJLIPHBIM SIIPOM, KpaeBble
3a/1aul, KOHEYHO-PAa3HOCTHBIE DELICHHUS, paclapajyieiIuBaHUEe BBHIYMCICHHM.

YUCEJIBHE _ MOJEJIIOBAHHSI I[POBOBO-)II/ItDE?EHIIIfIHOi ®LIBTPALIAHO-
KOHCOJIIJAUIMHOI TMHAMIKHM B PAMKAX MOJEJIEU 3 HECUHI'YJISIPHUM S1POM /
B.M. ByaaBauskuii, B.O. Boraenko // Kibepuetuka ta cucremunii ananiz. 2018. Tom 54, Ne 2. C. 26-37.

Anoranis. IToOynoBaHO HEKIACHM4YHI MaTeMaTH4HI MoOJeNi Juid omucy JpoOoBo-mudepeHuiinHol
(iTpTpaLifHO-KOHCOMIAANIHHOI THHAMIKH HACHYCHUX COJILOBHMH PO3YMHAMHU IPYHTOBHX CEPEIOBHII, sKi Oa-
3yI0ThCS Ha TIOHATTI JipoboBoi noxinaHoi Kamyro—@abpirio. ITocraBieHo BiANoBinHI KpaifoBi 3a1adi uis cucTe-
MH 1po00BO-IupepeHIiifHIX piBHIHb (GinbTpauii Ta conenepenocy. Po3po0iieHo MeTOANKY IXHBOTO YHCEIBHO-
TO PO3B’sI3aHHS, ONICAHO TIiXiI 10 po3mapaenoBaHHs o04ncienb. HaBeseHo pe3yabTaTH YHCeIbHUX eKCIIe-
PHUMEHTIB 3 MOJEJIFOBaHHS JMHAMIKH TOCII/DKYBAaHOTO MPOLECY.

Kurodosi cioBa:  mMaTemMaTH4He MOJEIIOBAHHSA, JAWHAaMiKa  (inbTpaliliHO-KOHCOMIALIMHNX — TIPOIECiB,
npo6oBo-audepeHIiiiHI MaTeMaTHIHI MOJEJI, MOJENI 3 HECHHTYJSIPHUM SApPOM, KpaioBi 3ajadi, CKiHYEH-
HO-PI3HHULEBI PO3B’SI3KH, PO3MAPAICIIOBAHHS OOYNCICHb.

NUMERICAL SIMULATION OF FRACTIONAL-DIFFERENTIAL FILTRATION-CONSOLIDATION
DYNAMICS WITHIN THE FRAMEWORK OF MODELS WITH NON-SINGULAR KERNEL /
V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 26-37.

Abstract. Non-classical mathematical models to describe the fractional-differential filtration-consolidation
dynamics of soil media saturated with saline solutions are constructed based on the concept of the fractional
derivative of Caputo—Fabrizio. The corresponding boundary-value problems for the system of fractional-
differential equations of filtration and salt transfer are posed, the technique for their numerical solution is
developed, an approach to the parallelization of computations is presented and the results of numerical
experiments on modeling the dynamics of the process are given.

Keywords: mathematical modeling, dynamics of filtration-consolidation processes, fractional-differential
mathematical models, models with non-singular kernel, boundary-value problems, finite difference solutions,
parallelization of computations.

YK 519.21+62

ACUMIITOTUYECKASI TUCCUTTATUBHOCTH CJ“IYIIAI?'IHI)IX MMPOLECCOB C UMITYJbCHBIM
BOSMYUIIEHUEM B CXEME IIYACCOHOBOU AINMPOKCUMAILIMU / HU.B. CamoiijieHko,
.M. Yadanwok, A.B. Hukurtun // Kubepuernka u cucremusiii ananus. 2018. Tom 54, Ne 2. C. 38—44.

Im.: 0. Tabn. 0. bibmiorp.: 8 Ha3B.

AnHoTanus. MccneqoBaHa acCHMITOTHYECKAs! AUCCHIIATHBHOCTD TOIPaHUYHOM HOPMHPOBAHHOII cToXac-
TUYECKOIl SBOJIOIIMOHHOI CHCTEMBI B 3ProJMYECKOil MapKOBCKOU CpeJie, CYIECTBEHHO BIIMSIONICH Ha ITOBeJIe-
HHE TPaHUYHOrO IpoIecca.

KuroueBble cj10Ba: IMCCHIIATUBHOCTh, MapKOBCKHUIA TpPOIECC, FEHEPaTop, MyacCOHOBA AaMMPOKCHMAIINSL.
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ACUMIITOTUYHA TUCHUITIATUBHICTb BHITAJKOBHUX MPOLECIB 3 IMITYJIbCHUM
3BYPEHHSIM Y CXEMI IYACCOHOBOI AITPOKCHUMALII / 1.B. Camoiiienko,
SI.M. Yabaniok, A.B. Hikitin // Kibepuernka ta cucremuuii anami3. 2018. Tom 54, Ne 2. C. 38-44.

AwnoTanisi. J{ocnipkeHO acCHMMITOTHYHY AMCHIIATHBHICTH JOTPAHHYHOI HOPMOBAHOI CTOXACTHYHOI €BO-
JIFOLIIHOT CHCTEMH B €proANYHOMY MapKOBCHKOMY CEPEIOBHILI, sSKa CYTTEBO BIUIMBAE Ha ITOBEIIHKY IPaHUIHO-
ro Ipomecy.

KurodoBi cioBa: JucunaTHBHICTH, MapKOBCHKHH IIPOIEC, TE€HEPATOp, IyacCOHOBA aNpOKCHMALlis.

ASYMPTOTIC DISSIPATION FOR RANDOM PROCESSES WITH IMPULSE PERTURBATION
IN THE POISSON APPROXIMATION SCHEME / LV. Samoilenko, Y.M. Chabanyuk, A.V.
Nikitin // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 38-44.

Abstract. On the basis of the results on the asymptotic behavior of the generator of a normalized
stochastic evolution system in the Poisson approximation scheme, conditions for the asymptotic dissipation of
the limiting stochastic evolution system are obtained in the article. The limiting process consists of two parts:
deterministic drift and Poisson jumps. The conditions are imposed on the characteristics of the pre-limit system,
which allows one to draw conclusions about the properties of the limiting process, on the basis of information
about the initial normalized process.

Keywords: dissipativity, Markov process, stochastic approximation procedure,

VJK 519.21

JAUHAMUNYECKOE YIIPABJIJEHUE PUCKOM B MHOT'OMEPHbBIX MAPKOBCKUX MOAEJIAX /
AunLA. Boiina, An.A. Boiina // KuGepueruka u cucremubiii anamus. 2018. Tom 54, Ne 2. C. 45-54.

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

AnHoTanus. PaccmoTpeHa THIIMYHAS JUIT MHOTHX OOJIACTEeH IPHKJIAJHOW MaTeMaTHKH MOJENb BBIOOpa
ONTHUMAJIbHBIX PEIICHUI B CTOXaCTMYECKUX CHCTEMax. YIPaBIseMblil Ha IPOMEKYTKE CIydailHON JJIMHBI MHO-
TOMEPHBII IpoIecc THOETH, KOTOPBIH H3y4JaeTcs B CTaThe, MOJKET OMUCHIBATH SBICHHS, BOSHUKAIOMINE B OKOHO-
MHYECKHX, OMOIOrMYeCKUX, MECAUIUHCKHX, TeXHHUECKHX H APYTHX MNPUIOKEHUX. IIpennoikeHo HecKoIbKO
TOJIXOJIOB K OINPE/ICICHUIO KPUTEPHUSI ONTUMAIBHOCTH M M3YYCHBI CBOMCTBA COOTBETCTBYIONIMX (DYHKIHMH pHC-
Ka, a TAKoKe pa3paboTaH KOHCTPYKTHUBHBIH BBIYHCINTEIIBHBII QITOPUTM ITOCTPOCHHS ONTHMAIBHBIX CTAL[HOHAP-
HBIX CTpaTeruil.

KimoueBble ¢j10Ba: ONTHMAIbHBIC CTAIIMOHAPHBIC CTPATETHH, YIPABISIEMbIC POIIECCHI, MAPKOBCKHE TIPOLIECCHI
NPUHATUSL PEIICHUH, (YHKIMS pHCKA, MPOLECCHl T'MOCIM U POXKIACHUS, UTCPALHOHHBIC AITOPUTMBIL.
JANHAMIYHE KEPYBAHHS PU3UKOM Y BATATOBUMIPHUX MAPKOBCBKHUX MOJEJISX /
O.A. Boiina, A.O. Boiina // Kibepuernka ta cucremunii amami3. 2018. Tom 54, Ne 2. C. 45-54.

AHoTauist. Po3risiHyTO TUIOBY /U1 OaratboX ray3eil NpUKJIaJHOT MaTEMAaTUKU MOJIETb BUOOPY ONTHMAITb-
HHX PIIICHb y CTOXaCTHYHMX cHucTeMax. KepoBaHuii Ha MPOMDKKY BUIAJKOBOI JIOBXKUHH GaraTOBUMIpHHIT mporiec
3aru0eni, 1O BHBYAETHCS Y CTAaTTi, MOXKe OYTH BHKOPHCTAHO JULS aHANII3Y SIBUIL, SIKi BUHHKAIOTH B €KOHOMIYHUX,
010JIOTIYHHX, MENYHHX, TeXHIYHUX Ta IHIIMX 3aCTOCYHKAX. 3alpONOHOBAHO IEKUIbKA MiJAXOAIB IO BH3HAYCHHS
KPUTEpil0 ONTUMAIBHOCTI 1 BUBUECHO BIACTUBOCTI BIMOBIMHUX (DYHKIIH PU3UKY, a TAKOXK PO3POOICHO KOHCTPYK-
TUBHHUI OOYMCITIOBAIBHUN AITOPUTM MOOYZOBH ONTUMAIIBHUX CTAllIOHAPHUX CTPATeriid.

KimiouoBi ciioBa: onTHManbHI CTAIliOHapHI CcTparterii, KepoBaHI HPOLECH, MApPKOBCHKI HPOLECH HPHITHSATTS
pimrens, (YHKIiS PH3UKY, IPOLECH 3aruOeli Ta HApODKEHHS, iTepaliiiHi alropuTMH.

DYNAMIC RISK CONTROL IN MULTIDIMENSIONAL MARKOV MODELS / O.A. Voina,
A.O. Voyna // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 45-54.

Abstract. Typical model used in many fields of applied mathematics regarding selection of optimal
decisions in stochastic systems is considered. The multidimensional death process controlled on an interval of
random length, which is analyzed in the paper, can be used to describe phenomena that appear in economical,
biological, medical, engineering, and other applications. Several approached are proposed to determine the of
optimality criteria, the properties of corresponding risk function are investigated, and a computing algorithm is
developed for construction of optimal stationary strategies.

Keywords: optimal stationary strategies, controlled processes, Markov decision processes, risk function,
birth-death processes, iterative algorithms.

YK 519.85

KOMBHUHATOPHBIE KOHOUTYPAIIAA B ONTUMUSALIMOHHBIX 3AJAYAX BAJTAHCHOM
KOMITIOHOBKHMH / U.B. I'peGennnxk, A.A. KoBanenko, T.E. PomanoBa, U.A. Ypusea, C.b. lllexoBuos //
Kubepuetuka u cuctemubiii anammus. 2018. Tom 54, Ne 2. C. 55-67.

Im.: 2. Ta6n. 1. Bibmiorp.: 18 Has3s.
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AnnoTtamus. PaccMoTpeHa ONTHMHM3AlMOHHAsl 3ajqada OalaHCHOW KOMIIOHOBKH 3aJJaHHOIO MHOXKECTBA
3D-00BeKTOB B KOHTEITHepe, pa3aelIeHHOM T'OPH30HTAIBHBIMU CTEIUIAXKaMH Ha MOJKOHTeHHepsl. [l aHamTHdec-
KOTO ONHCAHMS YCIIOBUI HEllepecedeHUst OOBEKTOB U Pa3MEIICHHST 0OBEKTOB B ITOIKOHTCHHEPAX HCIOIB30BaH Me-
ToA phi-yHKimil. OnpeieneHbl KOMOMHATOPHBIE KOH(PUIYpaIUK, ONHCHIBAIOIINE KOMOUHATOPHYIO CTPYKTYPY 3a-
naun. Ha ocHOBaHMM BBE/ICHHBIX KOH(MIYpalHii MOCTPOCHA MaTeMaTHIECKasi MOJIENIb, B KOTOPOIt IIPU MPOSKTUPO-
BAHUN KOMITIOHOBKH YUHTBIBAIOTCS HE TOJIBKO OIPAHNYCHHS Pa3MEILCHHS U MEXaHHYECKHE CBOWCTBA CHCTEMbI, HO
KOMOHHATOPHBIE OCOOCHHOCTH 3a/]auM, CBSI3aHHBIC ¢ TeHepalmeil pa30HeH il MHOKECTBAa 00BEKTOB, pa3MeIaeMbIX
BHYTpHU HoakoHTeitHepoB. [Ipemioskena crparerust pemrenus. [IpuBeieHb! pe3yIbTaThl YHCICHHBIX KCIIEPHMEHTOB.

KumoueBble ciioBa: GanaHCHasi KOMIIOHOBKA, KOMOHHATOpHBIC KOHGUTYpauH, 3D-00beKThI, MeTO phi-hyHK-
HHﬁ, MaTeéMaTH4deCKass MOJICIIb, OINTHUMHU3AIUA.

KOMBIHATOPHI KOH®IT'YPAILIII B ONTUMDBBALIIMHUX 3AJIAYAX BAJAHCHOI
KOMITOHOBKH / 1.B. I'peGennik, I'.A. KoBanenko, T.€. PomanoBa, I.A. YpusieBa, C.B. IllexoBuos //
KiGepuetnka ta cuctemuuii anamiz. 2018. Tom 54, Ne 2. C. 55-67.

AwuoTanis. Po3risiHyTo onTuMizaiiiiy 3axady 6agaHCHOT KOMIIOHOBKH 33/1aHOi MHOKHHH 3D-00’€KTiB y
KOHTEIfHepi, PO3/iJICHOMY TOPU3OHTAIBHIUME CTENKaMH Ha MiAKOHTEiHepH. sl aHAIITHYHOTO ONHUCY YMOB
HelepeTHHAaHHA 00’ €KTiB 1 po3MilllyBaHHS 00 €KTIB y MiIKOHTEHHEPaX BUKOPHCTAHO METOA phi-yHKiil. Bus-
Ha4yeHO KOMOIHAaTOpHI KOH]Irypamii, o omucyoTh KOMOIHATOPHY CTPYKTYpY 3ajadi. BiqmnoBinHo 10 BBeICHUX
koH(irypariit mo0yI0BaHO MaTEeMAaTHYHy MOJCIIb, B SIKiil JUIs MIPOCKTYBAHHS KOMIIOHYBAaHHS BPaXOBYIOThCS HE
TiJIbKM OOMEXKEHHS PO3MILICHHS i MEXaHiYHI BIACTUBOCTI CUCTEMH, a i KOMOIHATOPHI 0COOJIMBOCTI 3a7adi, MO-
B’s13aHi 3 TeHEPYBAHHAM PO3OUTTSI MHOYKHHHU 00’ €KTIB, M0 PO3MIIIYIOTHCS BCEPEANHI MiIKOHTEHHEpIB. 3ampo-
MIOHOBAHO CTpaTerilo po3B’si3aHHs. HaBeleHO pe3ynbTaTW YHCEIbHUX EKCHEPHMCHTIB.

KuaiouoBi ciioBa: GanaHcHa KOMIIOHOBKa, KOMOiHAaTOpHI KOHGirypauii, 3D-00’ektn, meton phi-pyHkuii, marte-
MaTH4YHa MOJENb, ONTHMI3allis.

COMBINATORIAL CONFIGURATIONS IN BALANCE LAYOUT OPTIMIZATION PROBLEMS /
LV. Grebennik, A.A. Kovalenko, T.E. Romanova, I.A. Urniaieva, S.B. Shekhovtsov // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 2. P. 55-67.

Abstract. The balance layout optimization problem for a given set of 3D-objects in a container divided by
horizontal shelves into subcontainers is considered. For analytical description of non-overlapping and containment
constraints, the phi-function technique is used. Combinatorial configurations describing the combinatorial
structure of the problem are defined. Based on the introduced configurations, a mathematical model is constructed
that takes into account not only the placement constraints and mechanical properties of the system but also the
combinatorial features of the problem associated with generation of partitions of the set of objects placed inside
the subcontainers. A solution strategy is proposed. The results of numerical experiments are provided.

Keywords: balance layout, combinatorial configurations, 3D-objects, phi-function method, mathematical
model, optimization.

YK 517.95:419.86:539.3

O TPEXMEPHBIX HMHTEIPAJIBHBIX MATEMATUYECKUX MOJEJAX JAWHAMUKHA
TOJICTBIX YIIPYT'UX IIJIAT / B.A. Crosin // Kubepretuka u cucteMHblii ananu3. 2018. Tom 54, Ne 2.
C. 68-77.

In.: 0. Tabn. 0. Bibmiorp.: 11 Ha3B.

AHHOTanus. Pelien KoMILIeKe 3a7a4 0 IMOCTPOEHUIO TPEXMEPHOT'0 TOJIS YIPYTHX AMHAMHUYECKUX CMe-
LIEHUH TOYEK IUIOCKOM yNpyroi IUIUTHI C IPOU3BOJIBHON IPAaHUYHO-TOPLIEBON MOBEPXHOCTHIO. [Ipeanonaraer-
Cs1, YTO TPAaHUYHOE COCTOSHUE IUIUTHI 33JaHO Yepe3 CUIIOBBIC BO3MYyIIaomue (HakTopsl WiIH (QYHKIHIO BEKTOpa
cMmenieHnid. Perenue 3aia4 nmoctpoeHo Ha 0a3e KJIACCHUECKHMX ypaBHEHHH JIsMe NMpOCTpaHCTBEHHON TEOpHH
YIPYTOCTH MPH €r0 CPEJHEKBAAPATHYECKOM COIIACOBAHUH C MMEIOILMMHUCS BHEIIHEAMHAMUYECKUMH HaOIII01e-
HHSIMH 32 COCTOSIHHEM IUIUTHI. BBINONHEHa OLCHKa TOYHOCTH yKa3aHHOro coriacoBanus. CopMymmpoBaHbI
YCIIOBUSI OJIHO3HAUHOCTU DPELIEHHs PAacCMaTPHBAaEMbIX 3ajad.

KuroueBble €/10Ba: MPOCTPAHCTBCHHO PACIIPE/ICICHHBIC JUHAMUYCCKUC CHCTEMBI, MPOCTPAHCTBCHHBIC 3a7auH
TEOPHH YHPYTOCTH, [CEBIOUHBEPCHUS, TOJICTBIC YIPYTHe IUTUTHL

PO TPUBUMIPHI IHTEI' PAJIBHI MATEMATUYHI MOJEJII JUHAMIKU TOBCTUX ITPYKHUX
IIJIUT / B.A. Crosin // Kibeprernka Ta cucremuuil anami3. 2018. Tom 54, Ne 2. C. 68-77.

AHorauist. Po3’s13aH0 KOMITIEKC 3a/1a4 3 TOOYIOBH TPHBHMIPHOTO IO IPYXKHUX JUHAMIYHHX 3MIIIEHb TO-
YOK IUIOCKOT MPYKHOI IUIUTH 3 JIOBUIBHOK TPAHMYHO-TOPLIEBOIO MOBEpXHEH0. [IpuIycKaeThes, 1110 IPAHUYHUI CTaH
TUTHTH 33/1aHO Yepe3 CUIoBi 30yprotoui (akTopu abo (yHKIII0 BeKTOpa 3MimieHb. Po3B’s13kK 3a1a4u moOyI0BaHO Ha
6a3i KIacHYHKX PiBHSAHB JIssMe IPOCTOPOBOI TEOPIi MPYKHOCTI 32 YMOBH IXHBOI'O CEPEIHBOKBAAPATHIHOIO Y3rO/-
JKEHHSI 3 HAsBHUMH 30BHIIIHBOJIMHAMIYHUMH CIIOCTEPEKCHHSAMH 3a CTaHOM IUMTH. OLIHEHO TOYHICTH TaKOro
y3ropxeHHs. CopMyIb0BaHO YMOBH OIHO3HAYHOCTI PO3B’SI3aHHS PO3IILITYBAHMX 3ajad.

Ki1i04oBi c10Ba: mpocTopoBO PO3MOALICHI AWHAMIYHI CHCTEMH, MPOCTOPOBI 3a/1a4i Teopil mpyKHOCTI, HCeB-
JIOIHBEPCis, TOBCTI MPYXHI IUTHTH.
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THREE-DIMENSIONAL INTEGRAL MATHEMATICAL MODELS OF THE DYNAMICS
OF THICK ELASTIC PLATES / V.A. Stoyan // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 68-77.

Abstract. The complex of problems related to constructing three-dimensional field of elastic dynamic
displacement of flat elastic plate with arbitrary boundary-edge surface is solved. It is assumed that boundary
condition of the plate is given in terms of powerful perturbation factors or displacement vector function.
Problems solutions are based on classical Lame equations of spatial theory of elasticity under root meen-square
consistency of the solution with corresponding external-dynamic observations of the plate. The accuracy of
such consistency is estimated. The uniqueness conditions for the solution of the considered problems are
formulated.

Keywords: spatially distributed dynamical systems, spatial problems of elasticity theory, pseudoinversion,
thick elastic plates.

VK 519.21

O HEIPEPBIBHOM 3ABUCUMOCTH BEPOHTHQCTEﬁ HEPA3OPEHUs OT ®YHKUHUU
PACHPEJEJIEHUSI BBIIUVIAT B KJACCHYECKOU MOJEJIA PUCKA / B.O. Boaabipesa,
I''M. Illesuenko // KuGepuernka m cucremHbiii anHamms. 2018. Tom 54, Ne 2. C. 78-84.

In.: 0. Taba. 0. Bibmiorp.: 9 Ha3Bu.

AHHoOTauus. B kauectBe MoJENM AEATEIBHOCTH CTPAaXOBOH KOMIIAaHMHM paccMOTpeHa Mmozens Kpame-
pa—JlynnGepra. ITockoibKy MONYYNTH B SSBHOM BHJIE peLIeHHE JUlsl (DYHKIHU BEPOSTHOCTH HEPAa30PEHUs CTpa-
XOBOW KOMITAaHUH IPH IPOH3BOIBHOM PACIIPEICICHHN BEINUHH CTPAXOBLIX HCKOB HE IPEICTABIACTCS BOZMOXK-
HBIM, PACCMATPUBACTCA 3a7aya HaX0XKICHUS OLEHKH CXOJMMOCTH H3HAYaIbHOH BEpOATHOCTU HEPA3OPCHHS K
TOif, 4TO OyJeT MHOJydeHa IIOCI]E arMpOKCHMAaUu (YHKIMH pacHpesielcHUs. BEINYHH HCKOB.

KiroueBbie cioBa: MOICIb KpaMepa—Hsz{6epra, ponecc pucka, CXOAUMOCTH, BEPOATHOCTHL PAa30pPECHUS.

PO HENEPEPBHY 3AJIEJXKHICTb UIMOBIPHOCTEI‘/‘I HEBAHKPYTCTBA BIJ ®YHKIII
PO3NOALITY BUIVIAT ¥V KJIACHYHIX MOJEJII PU3BUKY / B.O. Boanupesa, I''M. Illepuenxo //
KibepHetnka Ta cucremHumii anamiz. 2018. Tom 54, Ne 2. C. 78-84.

AHoTauif. Sk MoJenb MisUIBHOCTI CTPaxoBoi Kommadii po3riisiHyTo Mojeinb Kpamepa—Jlynnoepra.
OCKINBKH OTPUMATH B SIBHOMY BHIJISIII PO3B’SI30K Ul (yHKIIT HMOBIpHOCTI HEGaHKPYTCTBAa CTPAXOBOI KOM-
IaHii JUIst AOBIIBHOTO PO3IO/ITY BEINYHH CTPAXOBUX MO30BIB HEMOKIIMBO, AOCIIIKYEThCS 3a/1a4a 3HAXO/IKCH-
HS OLIIHKM 301KHOCTI 1OYaTKOBOT HMOBIPHOCTI HEOAHKPYTCTBA 10 KMOBIPHOCTI, Ky Oy/Jie OTpHMMaHO Micis an-
pokcumarii QyHKUii pPO3MOALTY BETHYUH MO30BIB.

Korouosi ciaoBa: moxens Kpamepa-Jlynnbepra, mporec pusHKy, 30DKHICTb, HMOBIpHICTH OaHKPYTCTBA.
ON THE CONTINUOUS DEPENDENCE OF NON-BANKRUPTCY PROBABILITY ON PAYMENT
DISTRIBUTION FUNCTION IN THE CLASSICAL RISK MODEL / V.O. Boldyreva, G.M. Shevchenko
// Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 78-84.

Abstract. The Cramer—Lundberg model is considered as a model of insurance company. Since it is
impossible to obtain an explicit solution for the function of non-bankruptcy probability of insurance company
for an arbitrary distribution of the values of insurance claims, the authors consider the problem of estimating the
convergence of the original non-bankruptcy probability to one that would be obtained by approximating the
values of claim distribution function.

Keywords: Cramer—Lundberg model, risk process, convergence, ruin probability.Keywords:
Cramer-Lundberg model, risk process, convergence, ruin probability.

YK 519.1
OIITUMAJIBHOE PA3BMEIIEHUE MHOI'OCEHCOPHON CHUCTEMBI JJISI OBHAPYKEHUS
YI'PO3bI / C.B. MMamko // KubepHernka u cucremubiii ananmu3. 2018. Tom 54, Ne 2. C. 85-94.

In.: 1. Tabn. 0. bi6miorp.: 12 Ha3s.

AnnoTtanus. ONUCaH aITOPUTM JETEKTHPOBAHMS MOJBOMHOMH YTrPO3bl C IOMOIIBIO CHCTEMbI aKyCTHICC-
KUX CEHCOPOB, a TAKXKEe YKCTPEeMaIbHBIC 3a/1adl Pa3MEIEeHHsI CEHCOPOB. PaccMOTpeHbI METOIBI PEIICHUST TAKUX
3aj1a4, JoKa3aHa TeopeMa 00 aCHMITOTHYECKON ONTHMAIbHOCTH HOCTPOCHHBIX IIAHOB Pa3MEIICHHs CEHCOPOB.
W3 pe3ynbTaToOB YHCICHHBIX KCIEPUMEHTOB CIEIYET, YTO IOCTPOCHHBIH METOJ MIPEBOCXOJUT U3BECTHBINA Me-
TOJI pelIeHusl 3a7a4 Pa3MEIleHHs CEHCOPOB.

KiroueBblie cjioBa: CCHCOp, MHOT'OCEHCOPHAA CUCTEMA, aJITOPUTM ACTCKTUPOBAHUS YyI'PO3bl, ONTUMAIBHOE pac-
TIOJIOKEHUE CEHCOPOB, aCUMITOTHYECCKAasA OITUMAJIbHOCTH.
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ONTUMAJIBHE PO3MIIIEHHS BATATOCEHCOPHOI CHUCTEMHW IS BUSABJIEHHS
3AI'PO3M / C.B. Ilamko // Kibepuernka Ta cucremumii anami3. 2018. Tom 54, Ne 2. C. 85-94.

AnoTanisi. OnucaHo aIropuTM ACTEKTYBAHH ITiIBOIHOI 3arpo3U 3a JIOMOMOIOI CHCTEMH aKyCTHIHHX
CEHCOPIB, a TAKOXK EKCTPEeMaJIbHI 3a7a4i pO3MIIlyBaHHs CEHCOPIiB. PO3IIISIHYTO METOMM pO3B’sSI3aHHS TAaKHX 3a-
J1a4, JOBEJICHO TEOpPEMY IIPO aCHMIITOTHYHY ONTUMAIIBHICT 00YJOBAHHX ILIAHIB PO3MIIIEHHS CEHCOPIB. 3 pe-
3yJIBTATiB YMCIOBUX CKCIICPUMECHTIB BHILIMBAE, 10 MOOYIOBAHUI METOJ IIEPEBEPIIYE BITOMUIT METO PO3B’s-
3aHHS 3a]a4 PO3MIlyBaHHS CEHCOpIB.

Kurodosi ciroBa: ceHcop, 6araToceHCOpHa CHCTEMA, aITOPUTM JETEKTYBaHHs 3arPO3H, ONTUMAJIbHE PO3MIIIeH-
HS CEHCOPIB, aCHMITOTHYHA ONTHMAbHICTb.

OPTIMAL PLACEMENT OF MULTISENSOR SYSTEM FOR THREAT DETECTION / S.V. Pashko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 85-94.

Abstract. We consider the mathematical models for underwater acoustic sensors, the algorithm for threat
detection by a multisensory system, and optimization problems for placement of such systems. The
mathematical methods for optimal sensor placement is developed. The limit theorem on the optimality of sensor
placement is proved. The numerical experiments demonstrate that the algorithm outperforms the available
mathematical method for optimal sensor placement.

Keywords: sensor, multisensor system, algorithm for threat detection, optimal sensor placement, asymptotic
optimality.

VK 330.101.541-336.7
JE®JSINUOHHOE PEI'YJIMPOBAHUE PBIHOYHOI'O PABHOBECHUS / B.b. Aynaes, JI.B.
Kupuienko // Kubepueruka u cucremubii amamus. 2018. Tom 54, Ne 2. C. 95-108.

In.: 5. Tabn. 2. Bibmiorp.: 29 HazBu.

AnnoTtanus. Jledsius B DKOHOMHUKE CTpaHBI OIpeeieHa KaK pe3ylbTaT YMEHBIICHUS [EHTPAIbHBIM
0aHKOM U (PHHAHCOBBIM CEKTOPOM KOJIMYECTBA AEHET B OOpAIleHUH, HAPYIINBIIETO PAaBHOBECUE, KOTOPOE BOC-
CTAHABJIMBACTCS PHIHOYHOM CHCTEMOM B MPOLIECCE CHIKCHHS IPOM3BOACTBA OJIar 4epe3 COKpPAIICHHE KOIHYec-
TBa paboTaronux B cepe MPONU3BOJCTBA M0 KOHBIOHKTYPE MOTPEOUTENIbCKOro cripoca. OmpeieeHbl BEIXOI U3
JeIIsIME M BOCCTAHOBJICHHE POCTA IIPOM3BOCTBA ONar yCTaHOBJICHHEM LIEHTPaIbHBIM OAHKOM IO CTOMMOCTH
3arpyKeHHOro B c(epe IPOM3BO/ICTBA KAlUTala KOJIMYECTBA JCHET B 00paIleHNH, 00ECIICeYHBAIOIIEro HE00X 0~
MBI ypoBeHb HHOIAIMU. Kak pe3ynpTaT, BIX0A U3 Ie(IIIINH IPUBOINUT K (pUHAHCOBOI KaTacTpode ¢ BBICO-
KUM YpPOBHEM 0e3pa0OoTHIBI M THIepUHGIIIIUCH.

KurroueBble €/10Ba: 5KOHOMHKA, PHIHOK, CIIPOC, PEIOKCHIE, PABHOBECHE, TPY/I, KAIlUTAJ, JACHBIH, KOHBIOH-
KTypa, BOCIIPOHM3BOJICTBO, WHBECTHUIINH, AMOPTH3AIMA, WHOIAIUS, AeIISIHS.

)IE‘I).HH[HVIHE PET'YJIFOBAHHSI PUHKOBOI PIBHOBAI'M / B.B. Jynaes, JI.B. Kupuienko //
Kibepruernka ta cucremuuii ananiz. 2018. Tom 54, Ne 2. C. 95-108.

Anorauis. edusniro B eKOHOMII KpalHW BU3HAYEHO SIK PE3yJIbTAT 3MEHILICHHS LIEHTPAIbHUM OaHKOM 1
(iHAHCOBUM CEKTOPOM KINBKOCTI Tpomiei B 00iry, sika Mopyuinia piBHOBAry, 110 BiTHOBIIOETHCS PUHKOBOIO
CHCTEMOIO B HPOIIECi PEeryJIfoBaHHSI BUPOOHMIITBA Onar depe3 3MEeHIICHHs KiJIbKOCTI MpaliBHUKIB y cdepi Bu-
POOHMITBA 32 KOH IOHKTYPOIO CIIO’KHBYOrO IOMUTY. [0Ka3aHO BiHOBJIEHHS 3pOCTaHHsS BHPOOHMITBA Oiar i
BUXIiJ 3 AeIAiiHOro 1epiofy HEeHTpaJIbHIM OaHKOM, KU IIOBHHEH 3a BapTICTIO 3aBAHTAXXCHOTO y cdepi BU-
POOHHMIITBA KaIliTaly BCTAHOBHTH TaKy KUIbKICTh IpOIIeH B 00iry, o 3abe3nedye HeoOXinHUIl piBeHb 1HQIIAIIIL.
Sk pesynbrar, BuXig 3 Aeduisiii mpu3BOAMTH 10 (DIHAHCOBOI KATaCTpO(pH 3 BUCOKUM piBHEM Oe3poOiTTS i
rinepindusuiero.

Ki104oBi ci10Ba: eKOHOMiKA, PUHOK, MOMHWT, IPOMO3UILIis, PiBHOBAra, Ipars, Karmital, Tpolli, KOH IOHKTYypa,
BITBOPCHHS, 1HBECTHLIl, TH(ISLs, Aedsis.

DEFLATIONARY REGULATION OF MARKET EQUILIBRIUM / B.B. Dunaev, L.V. Kirilenko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 95-108.

Abstract. Deflation in the economy of a country is determined as a result of reduction of the amount of
money in circulation by the central bank and the financial sector, which violated the equilibrium. The
equilibrium can be restored by the market system in the process of regulating the production of goods through
reduction in the number of workers in the production sector in the context of consumer demand. To restore the
growth of production of goods and exit from the deflationary period, the central bank, at the cost of capital
loaded in the sphere of capital production, should establish the amount of money in circulation that ensures the
necessary level of inflation. The way out of deflation leads to a financial catastrophe with high unemployment
and hyperinflation.

Keywords: economy, market, demand, supply, equilibrium, labor, capital, money, conjuncture, reproduction,
investment, depreciation, inflation, deflation.

6 ISSN 1019-5262. Kubepuetrka u cuctemMHblil ananu3, 2018, Tom 54, Ne 2



YIK 519.21

PEKYPEHTHI CHIBBIJHOIEHHSA JUISL BAIATOKAHAJIBHUX CUCTEM 3
EPJIAHTIBCBKUM YACOM OBCJIYTOBYBAHHS APYI'OI'O IOPSIAKY / 10.B. ’KepHoBuii,
K.}O. Kepuosuii / Kubepuernka u cucremupiii anamu3. 2018. Tom 54, Ne 2. C. 109-115.

In.: 0. Ta6n. 3. Bibmiorp.: 13 Has3s.

Anortanisi.  3amporoHOBaHO  METOA  JIOCHKEHHA — cucTeM — obOciyroByBamns M /E,/n/m,

M/ E,/n/o,y TOMy 44CIi CHCTEM i3 3aCTOCYBAHHAM BMIAKOBOIO BiJIKHIaHHS 3aMOBIeHb. OTpUMAaHO pe-
KYpPEHTHI CITIBBIZIHOIICHHS U1l OOYMCIICHHS CTALIOHAPHOTO PO3MOALTY KIJIBKOCTI 3aMOBJICHb Yy CHCTEMI Ta
CTAllIOHAPHUX XapakTepucTHK. [loOyaoBaHi anropuTMH IEPEBIPEHO HA TNPUKIALAX 3 BHKOPUCTAHHIM
IMITaL[IHHUX MOJEJNel, CTBOPEHHX 3a JOMOMOIOI0 IHCTpyMeHTanbHuX 3aco6iB GPSS World.

KuaiouoBi ciioBa: GararokaHajabHa cucTeMa 0OCIyrOBYBaHHS, €PIaHTIBCHKUN 4ac 00CIyroByBaHHs, BUIIA/IKOBE
BIZIKHIaHHS 3aMOBIICHB, METOJ] DIKTUBHUX (ha3, peKypPEHTHI CITiBBiJHOIICHHSI, CTAL[IOHAPHI XapAKTEPUCTHKH.

PEKYPPEHTHBIE COOTHOLIEHUS JUISI MHOI'OKAHAJIBHBIX CUCTEM

C DPJIAHITOBCKUM BPEMEHEM OBCJIYKUBAHUSI BTOPOI'O IOPSIAKA /

10.B. Kepnossiii, K.}O. Kepnossiii // Kibepuernka Ta cucremuuii anamiz. 2018. Tom 54, Ne 2.
C. 95-108. FO.B. Xepnogsiii, K.1O. Kepuossiii // Kibepretnka Ta cuctemuuii anamiz. 2018. Tom 54,
Ne 2. C. 109-115.

Annotauus. Ilpennoxen MeTol UCCleI0BaHUs cUCTeM obciyxuBauus M /Ey /n/m, M | E, /n/ o,

B TOM UHCJIC CHCTEM C IPHMEHEHHEM CIy4alHOro oTOpachIBaHUS 3asBOK. [10TydeHBI peKyppeHTHBIE COOTHO-
IICHUS TSl BBIYKMCIICHUSI CTALIMOHAPHOTO PACIIPEACICHNUS YHCIIa 3asBOK B CHCTEME M CTAl[MOHAPHBIX XapakKTe-
pucthk. [TocTpoeHHbIE alNrOPUTMBI IIPOBEPEHBI HA MPHMEPax ¢ MCIOJIb30BAHHEM HMHUTAIMOHHBIX MOJENEH, CO-
30aHHBIX C MOMOIIBIO MHCTpYMEHTaNbHBIX cpeact8 GPSS World.

KiioueBble ¢10Ba: MHOTOKaHAIbHASI CHCTEMa OOCITY)KHBAHHS, SPJIAHTOBCKOE BpeMsl OOCIYKHBaHUS, CITydaii-
HOC OTOpachlBaHHE 3afBOK, MeTOn (UKTHBHEIX (a3, PEKyppeHTHBIC COOTHONICHHS, CTalHOHApPHEIC
XapaKTePHCTUKH.

RECURRENCE RELATIONS FOR MULTICHANNEL QUEUEING SYSTEMS WITH
SECOND-ORDER ERLANGIAN SERVICE TIMES / Yu.V. Zhernovyi, K.Yu. Zhernovyi //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 109-115.

Abstract. We propose a method to analyze queueing systems M / E, /n/m, M | E, / n/ o, including

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

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

YIK 517.596

CTOXACTHYECKAS m-TOYEYHAS 3AJAYA KOIIU JAJs1 MHAPABOJIUYECKOT'O
YPABHEHUS C INIOJTYBUHEPOBCKUMM BOSMYIEHUSMU / I'M. Ilepyn, B.K. Scunckuit //
KubGepuernka u cucremubiii anamus. 2018. Tom 54, Ne 2. C. 116-122.

In.: 1. Tabn. 0. bi6bmiorp.: 12 Ha3s.

AnnoTanusi. PaccMoTpeHa 3a1a4da 0 CyIeCTBOBAHHM C BEPOSITHOCTBIO efnHuIA QyHKImH [ puHa cToxac-
THYECKOH m-ToyeyHol 3ajaun Komm Juis mapabosiiueckoro ypaBHEHHUS BBICHIETO MOPs/IKa ¢ BOSMYLICHHAMHI
THIa OEJIOro IIyMa TOJIBKO C OTPHIATEIbHBIMH 3HaYCHUSMHU. [ToTydeHbl OLCHKN B NPOCTPaHCTBAX (DYHKIMH,
HOpMa KOTOPBIX COJCPIKHT MaTeMaTHYECKOE OXHUJIaHUE.

KuoueBble ciioBa: m-touedHas 3ajada Koruw, cyliecTBoBaHHE ¢ BEPOSITHOCTBIO eimHuLa, dopmyrna Hro,
¢dyukums 'puna, ycioBue mapaOOIMYHOCTH, MAaTEMAaTHYECKOE OXKHMAAHHE.

CTOXACTUYHA m-TOYKOBA 3AJJAYA KOLUI JUIsSI TAPABOJIIMHOI'O PIBHSIHHSA
3 HANIBBIHEPOBUMM 3BYPEHHSIMU / I''M. Ilepyn, B.K. Slcuncbkmii / KiGepHernka Ta
cucremuuii anamis. 2018. Tom 54, Ne 2. C. 116-122.

AHoranisi. Po3riisiHyTO 3a1a4y 1po iCHYBaHHsI 3 IMOBIPHICTIO OJHULS (yHKIIT [ piHA CTOXaCTHYHOI 71-TOYKO-
Boi 3amaui Komn uist mapa®oiiyHOrO pIBHSIHHS BHILOTO TMOPSIAKY 3i 30ypeHHSAMH THITy OLIOr0o IIyMy TUIBKH 3
Bi/l’eMHMMH 3HauYeHHAMH. OTPUMAHO OLIHKHM B POCTOpax (DYHKIIiH, HOPMA SIKMX MICTUTh MaTeMaTHYHE CIIO/[IBAHHSL.

KarouoBi ciioBa: m-toukoBa 3amada Ko, icHyBaHHs 3 IMOBIpHiCTIO ofuHHLs, popmyna Ito, pyrkiis ['pina,
yMOBa MapaboJIivHOCTi, MaTeMaTHYHE CIIO/IiBaHHSI.
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STOCHASTIC m-POINT CAUCHY PROBLEM OF PARABOLIC TYPE WITH SEMIDIFFUSION
PERTURBATIONS / G.M. Perun, V.K. Yasinsky // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 116-122.

Abstract. The problem of the existence, with probability 1, of Green’s function of a stochastic m-point
Cauchy problem for a higher-order parabolic equation with white noise perturbations taken only with negative
values is considered. Estimates are obtained in spaces of functions whose norm contains the mathematical
expectation.

Keywords: m-point Cauchy problem, existence with probability 1, Ito’s formula, Green’s function, parabolicity
condition, mathematical expectation.

VK 517.9:519.6

CUCTEMHBIA noaxon K MATEMATHYECKOMY n KOMIIBIOTEPHOMY
MOJEJUPOBAHUIO TEOMUTI'PAIIMOHHBIX MPOLECCOB C UCITOJIb30OBAHUEM IMAKETA
FreeFem++ WM PACIIAPAJJIEJIMBAHUASI BBIUMCJIEHWIA / B.A. Tepyec, H.B. HWsanuyk,
II.H. Maprbinok // Kubepuetnka u cuctemubiii ananus. 2018. Tom 54, Ne 2. C. 123-133.

In.: 2. Tabn. 1. Bibmiorp.: 25 Ha3s.

AHHoTanus. Onucan crnoco0 MOCTPOSHUS MAaTEMAaTHYECKUX MOJIeNIel B3aMMOCBS3aHHBIX IPOLECCOB B
MOPUCTBIX Cpeax, MCXOAs M3 CJIOXKHOW MHOTOKOMIIOHEHTHOM cucTeMbl. IlokazaHbl BO3MOXKHOCTH IaKkeTa
FreeFem++ mpu pemieHun COOTBETCTBYIOIIUX KPAEBBIX 3a1ay JIsl CHCTEM KBA3WJIMHEHHBIX MapaboiMyecKux
YpaBHEHHI B 00JIaCTSX C MOJABHKHBIMH FPAaHUI[AMU METOJOM KOHEYHBIX 3JIEMEHTOB C HCIIOJIBb30BAHMEM paciia-
paJUIeNMBaHusT BHIYMCIICHHA.

KiroueBble c10Ba: MareMaTnyeckoe M KOMIIBIOTEPHOE MOJIETUPOBAHNE, MHOIOKOMIIOHEHTHBIE MOPUCTHIE
cpenbl, XUMHUYecKass u MexaHudeckas cy(ddo3uu, GuIbTpallMOHHAS KOHCOJIMIALMS, TEIIIOMACCONEPEHOC,
cBOOO/IHAS TOJBIIKHAS TPAaHMIA, CHCTEMbl KBA3WIMHCHHBIX MapabOIMYeCKUX YPaBHEHHH, METOJ KOHEYHBIX
anemeHToB, FreeFem++, mapannenbHble BBIYMCICHUS.

CACTEMHHMI MIIXIJ 10 MATEMATHYHOI'O I KOMIPOTEPHOI'O MOJJIEJFOBAHHSI
TEOMITPAIIMHUX TMPOIECIB 3 BUKOPUCTAHHSAM MAKETY FreeFem++ TA
PO3ITAPAJIEJIIOBAHHSI OBYUCJIEHD / B.A. TI'epye, H.B. IBanuyk, II.M. Mapruniok //
Kibepuetuka ta cucremuuii axamis. 2018. Tom 54, Ne 2. C. 123-133.

Amnoramist. Onmcano crnocié modyI0BH MaTEMaTHYHUX MOJIENICH B3a€MO3B’ I3aHUX IPOLIECIB Y MOPHCTUX cepe-
JIOBUILAX 3 TOUKH 30py Teopii CKIagHuX OaratokoMrioHeHTHHX cucteM. [Tokazano moximBocti makery FreeFem++ 3
PO3B’s13yBaHHS BIIIOBITHNUX KPaHOBUX 3314 JUIS CHCTEM KBa3UIHIHHIX MapaboiYHIX PIBHSIHB B 00JIACTSIX 3 PYXO-
MHMH MEXaMH METOOM CKiHYCHHHUX eJIEMEHTIB 3 BHUKOPHCTaHHSIM pO3MAPaIeIIOBAHHS OOUHCIICHD.

KurouoBi cjioBa: MareMaTHYHE Ta KOMITIOTEPHE MOJCIIOBAHHS, 0AaraTOKOMIIOHCHTHI MOPHCTI CEpeIOBHUIIA,
XiMiYHa Ta MexaHi4yHa cy(o3ii, (iIbTpariiiHa KOHCOMIALlisl, TEIUIOMACOIICPEHECEHHS], BUIbHA PyXOMa MeXa, CUCTe-
MH KBa3UIHIHKX apa0oiyHuX PiBHIHB, METOJ] CKIHUCHHHX eleMeHTiB, FreeFem++, mapanensHi 00unCIIeHHS.
A SYSTEM APPROACH TO MATHEMATICAL AND COMPUTER MODELING OF GEOMIGRATION
PROCESSES BY USING FreeFem++ AND PARALLELIZATION OF CALCULATIONS / V.A. Herus,
N.V. Ivanchuk, P.M. Martyniuk // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 123-133.

Abstract. A porous media is a complex multicomponent system. The method of constructing the
mathematical models of interrelated processes in such systems is described. The capabilities of FreeFem++
package in solving the corresponding free boundary-value problems for systems of quasilinear parabolic
equations using the finite-element method and parallel computing are shown.

Keywords: mathematical and computer modeling, multicomponent porous media, chemical and mechanical
suffusion, filtration consolidation, heat and mass transfer, free moveable boundary, system of quasilinear
parabolic equations, finite element method, FreeFem++, parallel computations.

VK 519.17
O (a,d)-TACTAHIIMOHHOM AHTUMATHWYECKOW M 1-BEPIIMHHOW BUMATHWYECKON

BEPIIMHHOMW PA3BMETKAX OIIPEAEJEHHBIX THUIIOB TPA®OB / M.®.Cemenwra //
Kubepuernka u cucremubiii ananus. 2018. Tom 54, Ne 2. C. 134-141.

Im.: 2. Tabn. 0. Bibmiorp.: 13 Ha3s.

Annotanusi. OGOOIIEHBI Pe3yIbTaThl I KOPOHBI P, o P, KOTOphIE JAlOT BO3MOKHOCTh YTBEPIK/IATh, YTO

Py o P, ne smisercs (a, d )-IMCTaHIMOHHBIM aHTUMAarHueckum rpadom i moObIx 3Hauennit ¢ u d. [lomyueno ycio-
BHE CYIIECTBOBAHMS (d, d )-AMCTAHIIMOHHON aHTHMarudecKoil pasmeTku rumnepkyoa Q,,. Haiinens! (yHKIHOHABHBIE
3aBHCHMOCTH, MOPOXKIAOIIAE STOT TUIT pa3MeTKH Ut O,,. MeTosoM MaTeMaTHdecKoi MHIYKIMK J0Ka3aHo, 910 O,
apisercst (2" + n— 1, n — 2)-AMCTAHIMOHHBIM aHTUMarmueckuM rpadom. OmpeseneHsl Tpu Tura rpados, He 10-
IIyCKAOIMX |-BepIIMHHOM OMMarndeckoi BEepIIMHHON pa3MeTKU. Y CTaHOBIICHA CBS3b AUCTAHI[MOHHOM Marmdec-
KOl pasMmeTku perymsapHoro rpada G ¢ 1-BepmmHHONH OMMarnueckoil BepIIMHHOU pa3merkoil G U G.
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KiioueBble cj10Ba: OUCTAaHIMOHHAS Marudeckas pasMmeTka, (a, d)-IUCTAaHIHOHHAS aHTHMAarmdeckas pa3MeTKa,
1-BepiinHHas OuMMarmyeckasi BEpIUIMHHAs pa3MeTKa, n-MEpHBI KyO, KOpoHa.

PO (a,d)-TUCTAHIIMHY AHTUMAITYHY TA 1-BEPIUMHHY BIMATTYHY BEPIIMHHY

PO3MITKHN OKPEMUX THUIIIB I'PA®IB / M.®. Cemeniora // KibepueTtuka Ta cuctemunii ananis. 2018.
Tom 54, Ne 2. C. 134-141.

AHoTanis. Y3arajabHEHO Pe3ylnbTaTH [l KOPOHU P, o Py, sKi 1al0Th 3MOTY CTBEPKYBaTH, IO Py, o P
He € (a, d)-auCTaHIIHHIM aHTHMAariYHuM rpadoM UL JOBUIBHUX 3HAUCHb a 1 d . OnepikaHo yMOBY iCHYBaHHS
(a, d)-mucTanniiiHol aHTUMArigHO1 po3MiTKH Tinepky6a Q,,. 3HaiiieHo QyHKIIIOHATBHI 3aI€KHOCTI, 10 MOPOI-
KylOTb IIei THn  posMiTkn i (,. MertogoM MartemaTHyHOl iHAyKmii gosegeHo, mo O, €
(2" + n—1,n — 2)-aucTanuiiitnm anTUMaridyauM rpadgoM. BusHadeHno Tpu THNHM rpadis, AKi He JOMYCKAalOTh
1-BepmmHHO] OiMarivHoOl BEPIIMHHOI PO3MITKH. BCTaHOBIEHO 3B’S30K JUCTAHIIHHOI MaridHol PO3MITKH pery-
msipaoro rpada G 3 1-BepmIMHHOIO GIMAriyHOI0 BEPUIMHHOIO po3MiTkoio G U G.

KirouoBi coBa: mucranmiiiHa MariuHa posmitka, (a,d)-AUcTaHNiiHA aHTHMAaridHa po3MiTka, l-BepIIMHHA
OiMariyHa BepLIMHHA PO3MITKA, /1-BUMIpPHHH KyO, KOpOHa.

ON (a, d)-DISTANCE ANTIMAGIC AND 1-VERTEX BIMAGIC VERTEX LABELINGS

OF CERTAIN TYPES OF GRAPHS / M.F. Semeniuta // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 134-141.

Abstract. We have generalized the results for corona P, o P, which make it possible to state that P, o P,

is not an (a, d)-distance antimagic graph for all @ and d. We have obtained the condition for the existence of an
(a, d)-distance antimagic labeling of a hypercube O,,. We found functional relationships that generate this type
of labeling for O, and used the method of mathematical induction to prove that Q, is a
(2" + n—1,n - 2)-distance antimagic graph. We have defined two types of graphs that do not allow 1-vertex

bimagic vertex labeling. We also established a relation between the distance magic labeling of a regular graph G
with 1-vertex bimagic vertex labeling G U G.

Keywords: distance magic labeling, (a, d)-distance antimagic labeling, 1-vertex bimagic vertex labeling,
n-dimensional cube, crown.

MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

VK 004.93

noaxoa K KJACCHO®PUKAIIMH COCTOSAHUA CETH HA OCHOBE CTATHCTHYECKHX
MAPAMETPOB JIJIsI OBHAPYKEHUSI AHOMAJIMIA B UH®OPMALMOHHON CTPYKTYPE
BBIYUACJIUATEJILHOII CHUCTEMBI / WU.B. Py6an, B.A. Maprounkuii, H.B. Jlykosa-Uyiiko //
Kubepuernka u cucremubiid aHamus. 2018. Tom 54, Ne 2. C. 142-150.

In.: 2. Tabn. 6. bibmiorp.: 13 Ha3Bu.

AuHoTanus. VccnenoBaH Moaxo/ K KIacCH(UKAIMU COCTOSHUS CETH Ha OCHOBE CTATUCTUYECKUX Iapa-
METPOB. Y CTaHOBJICHBI HEJOCTATKH METO0B KJIaCCU(DUKALMN COCTOSIHHS CETH, PaCCMOTpeHa 0a30Bas peanusa-
1y Komurera Knaccudukaropos. [peuiokeHa MoaH KAl KOMUTETA KIACCH(PUKATOPOB C HCIIOJIBb30BaHUEM
HEMPOHHOM ceTn B KadecTBe MeTakiaccupukaropa. [IpoBeieHbl SKCIIEPUMEHTBI Ul KIACCH(HUKALMH COCTOS-
HHSL CETH.

KJ1roueBble ¢J10Ba: CTCKHHT, Knaccmbm(aum, MalIMHHOC 06yqel—me, BBIYUCIIUTECIIBHBIEC CUCTEMBI, MeTaO6y‘-IeHPIeA

HIAXIT 10 KJIACU®IKALIT CTAHY MEPEKI HA OCHOBI CTATUCTUYHUX MAPAMETPIB
JJISI BUSIBJIEHHSI AHOMAJIIA B ITHO®OPMAIIMHINA CTPYKTYPI OBYMCJIIOBAJILHOL
CUCTEMM / 1.B. Py6an, B.O. Maprosuuskuii, H.B. JlykoBa-Uyiiko // KibepHeTrka Ta CHCTEMHUI aHai3.
2018. Tom 54, Ne 2. C. 142-150.

Anoranis. JlociimkeHo miaxin Ao kiacudikaiii cTaHy Mepeki Ha OCHOBI CTATMCTHYHMX IapaMeTpiB.
BcTaHOBIIEHO HENONMIKM METO/IB Kiacu(ikallii cTaHy Mepexi, po3ristHyTo 0a30By peaizallifo KOMITeTy Kiia-
cuikaTtopiB. 3anporOHOBAaHO MOAUMIKANII0 KOMITeTy KIacU(iKaTOpiB 3 BUKOPHCTAHHSAM HEHPOHHOI Mepexi
K Mertakinacudikaropa. HaBeaeHO excrniepuMeHTH Ui Kiacudikallii ctaHy Mepexi.

KurouoBi caoBa: crekinr, kiacugikariis, MalIMHHE HaBYaHHS, OOYMCIIOBAJIBHI CHCTEMH, METaHABYAHHSL.
APPROACH TO CLASSIFICATION OF NETWORK CONDITION ON THE BASIS OF
STATISTICAL PARAMETERS FOR DETECTION OF ANOMALIES IN THE INFORMATION
STRUCTURE OF THE COMPUTING SYSTEM / I. Ruban, V. Martovytskyi, N. Lukova-Chuiko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 142-150.

Abstract. The authors investigate the approach to classification of network condition on the basis of
statistical parameters. The shortcomings of the methods of classification of network condition are revealed and
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basic implementation of the committee of qualifiers is considered. A modification of the committee of qualifiers
with use of a neural network as the meta qualifier is proposed. Experiments are carried out for classification of
network condition.

Keywords: stacking, classification, machine learning, computing systems, meta-learning.

HOBI 3ACOBU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IHO®OOPMATUKHU,OBYUCTIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH TA CUCTEMHOI'O AHAJII3Y ANALYSIS
VIK 51.681.3

PABBUEHHUE MHOXECTBA  BEKTOPOB C IHIEJIbBIMH HEOTPULATEJBbHBIMHA
KOOPAUHATAMHU C HCIHOJb30BAHUEM JIOTHYECKHUX AIIIIAPATHBIX CPEACTB /
C.JI. KpbiBbrii, B.H. Onanacenxo // Kubepreruka u cucremuslif anamus. 2018. Tom 54, Ne 2. C. 151-161.

In.: 2. Tabn. 0. Bi6miorp.: 13 Ha3s.

AnHoTanus. PaccMoTpeHs! 3aga4un pa30HeHNsT MHOKECTBA BEKTOPOB C LETBIMH HEOTPHLATEIbHBIMU KO-
OpJIMHATAMH OTHOCHTEIBHO IIOPOTrOBOT0 3HAYEHMS U TIOPOrOBOI0O OTHONIECHMS HA [Ba KJIacca CPEeACTBAMU afall-
THPYEMBIX JOornueckux cereil. OOOCHOBaHA KOPPEKTHOCTh AJITOPHTMOB PEANH3alUU TAKOTO pa3OUeHust Uit
MIPOMU3BOJIBHOTO MOPOrOBOTO 3HAYEHMs U PAa3MEPHOCTH BEKTOPOB.

KuioueBble ciioBa: OyneBa GpyHKUUS, KIacCUPUKALMSA, LIEIIOYUCIICHHBIE BEKTOPBI, [IOPOrOBbIE OTHOILICHUS.

PO3BUTTSI MHOXXMHHU BEKTOPIB 3 HIJIMMWM HEBLI’€MHUMHU KOOPAUHATAMU
3 BUKOPUCTAHHSIM JIOTIKOBUX AITAPATHHUX 3ACOBIB / C.JI. Kpusuii, B.M. Onanacenxo //
Kibepueruka ta cucremunii amams. 2018. Tom 54, Ne 2. C. 151-161.

AHoTtauis. Po3risHyTo 331a4i pO30MTTS MHOKMHM BEKTOPIB 3 LIUIMMU HEBIJ'€MHHUMH KOOPJAMHATAMHU
BIZIHOCHO MOPOrOBOr0 3HAYEHHS 1 MOPOrOBOrO BiJHOLICHHS HA JBa KJIACH 3aC00aMH JIOTIKOBHX MEPEeK 3i
31aTHICTIO ananTanii. OGIpyHTOBAaHO KOPEKTHICTh aITOPUTMIB pealtisaliii Takoro po30UTTs sl JOBUTBHOTO T10-
POrOBOrO 3HA4YEHHs 1 PO3MIPHOCTI BEKTOPIB.

KurouoBi cioBa: OyneBa (yHKIs, Kiacudikallis, LITOYUCIOBI BEKTOPH, MOPOTOBi BiTHOLICHHS.
PARTITIONING OF A SET OF VECTORS WITH NONNEGATIVE INTEGER COORDINATES BY
MEANS OF LOGICAL HARDWARE / S.L. Kryvyi, V.M. Opanasenko // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 2. P. 151-161.

Abstract. The problems of partition of a set of vectors with nonnegative items into two classes with
respect to threshold values by using adaptive logical systems is considered. The correctness of the
corresponding algorithms for implementation of such partition is proved for an arbitrary threshold value and
vector dimension.

Keywords: Boolean function, classification, integer vectors, threshold value.

VK 004.22+004.93'11
UHAEKCHBIE CTPYKTYPbBI JUISI BBICTPOI'O IIOUCKA IO CXOJACTBY BEIIECTBEHHBIX
BEKTOPOB. 11 / I.A. PaukoBckuii // Kubepuernka u cucreMubiii ananus. 2018. Tom 54, Ne 2. C. 162-181.

In.: 0. Tabn. 0. Bibmiorp.: 118 Hass.

AnnoTanus. JlaH 0630p HHIEKCHBIX CTPYKTYp UL OBICTPOTO MOMCKA IO CXOJACTBY OOBEKTOB, IPECTAB-
JICHHBIX BEIIIECTBEHHBIMU BEKTOPAMH. PacCMOTPEHBI CTPYKTYPBI KaK JUlsi TOYHOTO, TaK U I Oosee ObICcTporo,
HO HpUOIIKCHHOTO ToucKa. [IpeacTaBieHbl TIaBHBIM 00pa30M MHACKCHBIC CTPYKTYPhI Ha OCHOBE pa30HEHHUs
Ha o0yacTu (B TOM yHcie uepapxudeckue) u rpados cocencra. OOCYkKICHO TAKKE YCKOPEHHE TIOMCKA T10 CXO0-
JICTBY C MCIIOJIb30BaHHEM IPEOOPA30BaHUsI MCXOJHBIX JTaHHBIX. M37I0XKEHBI MM KOHKPETHBIX aJrOPUTMOB,
BKJIIOYAs HEJJABHO NpeUIOXKEHHbIe. [IpoBeieHo cpaBHEHHE HOIXOM0B K YCKOPEHHIO TTOUCKA II0 CXOJCTBY B HH-
JIEKCHBIX CTPYKTYpax PacCMOTPEHHBIX THIIOB, a TAK)KE HA OCHOBE COXPAHSIONIET0 CXOJCTBO XOIIHPOBAHHUSL.

KimoueBble cj10Ba: MOMCK 1O CXOJCTBY, OMMKaWIINN cOcel, OMIMKHHUN COCEM, HHICKCHBIC CTPYKTYPBI, METO.
BETBEH M IPaHUL, AEPEBbs U Jieca, KiIacTepu3anusi, rpad) coce1cTBa, JOKaIbHO-4yBCTBUTEIBHOE XOUINPOBAHUE.

THIEKCHI CTPYKTYPH JIUISI LIBUJIKOT'O MOIIYKY 3A CXOXKICTIO JIACHAX BEKTOPIB. 11
/ J.A. PaukoBcwknii // Kibepruernka ta cuctemuuii anamis. 2018. Tom 54, Ne 2. C. 162-181.

AHorauis. HaBeneHo ornsa iHAGKCHUX CTPYKTYD JUIS IIBHIKOTO IOUIYKY 338 CXOXKICTIO 00’€KTiB, L0
HPEACTaBIICH] JIHCHUMHU BEeKTOpaMu. POSIIISIHYTO CTPYKTYpH SIK A7 TOYHOTO, TaK i Ul HAOIMKEHOTO HOLIYKY.
[Ipoanani3oBaHO TOJOBHMM YHMHOM IHJICKCHI CTPYKTYpH Ha OCHOBI pO30OHMTTS Ha obmacti (y ToMy uHCIHi
iepapxiuHi) Ta rpagis cycigcTBa. OGroBOpeHO TaK0X MPUCKOPEHHS MOIIYKY 33 CXOXKICTIO 3 BUKOPUCTAHHSM IIe-
PETBOPECHHS BXIJHUX JAaHUX. BHKIaIeHO i€l KOHKPETHUX JTOPUTMIB (BIZOMHX Ta HEIIOJABHO 3alPOIIOHOBA-
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nux). HaBeneHo MOpiBHAHHS MiAXOMIB 10 IPHCKOPCHHS IONIYKY 3a CXOXKICTIO B IHAEKCHUX CTPYKTYpax PO3IiLsi-
HYTHX THIIIB, a TAaKOXX Ha OCHOBI XELIyBaHHs, IO 30€pirae CXOXiCTb.

Kuro4oBi ci1oBa: 1omyk 3a CX0xXicTio, HaHOIMKUMIA Cycif, OMKHIl cycin, IHAEKCHI CTPYKTYPH, METOJ TLIOK i
MeX, AepeBa 1 JCH, KiIacTepusalis, rpad CyciicTBa, JOKAIbHO-UYTIHBE XEHIyBaHHSI.

INDEX STRUCTURES FOR FAST SIMILARITY SEARCH OF REAL-VALUED VECTORS. II /
Rachkovskij D.A. // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 162-181.

Abstract. In this survey paper, we consider index structures for fast similarity search of objects represented
by real-valued vectors. Structures for both exact and faster, but approximate, similarity search are considered. We
present index structures mainly on the basis of partitioning into regions (including hierarchical ones) and
neighborhood graphs. The acceleration of the similarity search using the transformation of the original data is also
discussed. The ideas of specific algorithms, including the recently proposed ones, are outlined. The approaches to
the speed-up of similarity search in the index structures of the considered types and those based on
similarity-preserving hashing are discussed and compared.

Keywords: similarity search, nearest neighbor, near neighbor, index structures, branch and bound, trees and
forests, clustering, proximity graph, locality-sensitive hashing.

YIK 681.04

METO/lT OIEPATUBHOI'O JUAI'HOCTHUPOBAHHSI JAHHBIX, HPEICTABJIEHHBIX
B CUCTEME OCTATOYHBIX KJIACCOB / B.A. Kpacuo6aes, C.A. Komman // KubGepHernka u
cucrteMublii ananu3. 2018. Tom 54, Ne 2. C. 182-192.

In.: 0. Tabn. 6. Bibmiorp.: 10 Ha3zs.

AHHoOTanus. PaccMOTpeHbI 1Ba METO/1a JMArHOCTHPOBAHMUSI JAHHBIX, KOTOPbIE IPECTABICHBI B CHCTEME
ocratounslX KiaccoB (COK). ITokazaHo, 4TO OCHOBHBIM HEIOCTATKOM ITHX METOJOB, SIBISIETCS 3HAYNUTEIILHOS
Bpemsi quarHoctuposanust naHHbIX B COK. IIpemnoxeHHBI METO MO3BOJISET YMEHBIINTE BPEMsI JHAarHOCTH-
poBaHus OMHKOOK JaHHBIX, peacTasieHHbX B COK, 4TO MOBBIIAET €ro OnepaTtuBHOCTH. Vcrop30BaHne Me-
TO/Ia ONEPATHBHOTO JUArHOCTHPOBAHS JAHHBIX MOBBIMIACT 00MIYI0 3()EKTHBHOCTD, YTO yKa3bIBACT Ha LIEIECO-
00pa3HOCTh €ro NMPUMEHEHMs B BBIYMCIMTEIbHBIX CHCTEMAX HEMO3UIMOHHBIX KOJOBBIX cTpykTyp B COK.

KiroueBble cjioBa: cUCTEMa OCTATOYHBIX KJIaCCOB, KOHTPOJIb HAaHHBIX, OIECPATUBHOCTL AMATrHOCTUPOBAHUSA
JIAHHBIX, HCIIO3UIIMOHHAA KOJOBasA CTPYKTYpa, aJIbTCPHATHBHAA COBOKYIHOCTH YHCIIA.

METO/l OIIEPATUBHOI'O JIATHOCTYBAHHSA JAHUX, IO NPEACTABJIEHI ¥ CUCTEMI
3AJIMIIKOBUX KJIACIB / B.A. Kpacno6aes, C.O. Komman // KibepHeruka Ta cucreMuuii ananiz. 2018.
Tom 54, Ne 2. C. 182-192.

AnoTanis. Po3risiHyTO 1Ba METOOM MiarHOCTYBAaHHS JAHUX, SKI IPEACTABIICHI Y CHCTEMI 3aJIMIIKOBHX
xiacis (C3K). IToka3aHo, 0 OCHOBHHM HEJOJIIKOM JaHHUX METOJIB, € 3HAUHUI Yac AIarHOCTYBaHHS TaHHX Y
C3K. 3anpornoHoBaHHii METOJI JI03BOJISIE€ 3MEHIIUTH Yac JIarHOCTHKH IMMOMWIIOK JaHuX, npencrasieHux y C3K,
110 MiABUIILY€ HOTO ONEPATHBHICTh. BUKOPUCTAHHS METOY ONEPATUBHOIO JIarHOCTYBAHHS JJaHUX 301IbLIYyE 3a-
rajnbHy C(QEKTHBHICTh, 10 AOBOJHUTH JOLLIBHICTh HOr0 3aCTOCYBAHHS B OOYHCIIOBAJIbHHX CHCTEMaX HEIo-
3UIIHHUX KoJoBHMX cTpyKTyp y C3K.

KiroueBble cjioBa: cucTeMa 3aIMIIKOBUX KJIACIB, KOHTPOJIb JaHHUX, ONIEPAaTUBHICTD JIarHOCTYBAHHS JaHUX, He-
MO3ULIHAX KOIOBA CTPYKTYpa, aJbTEPHATHBHA CYKYITHICTh 4YHCIIA

THE METHOD OF OPERATIONAL DATA DIAGNOSING REPRESENTED IN THE RESIDUE
NUMBER SYSTEM / V.A. Krasnobayev, S.A. Koshman // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 2. P. 182-192.

Abstract. Two main methods for data diagnosis, which are presented in the residue number system
(RNS) are considered in the paper. It is shown that the main problem of these methods is the considerable time
of data diagnosis in RNS. The proposed method makes it possible to reduce the errors diagnosis time for the
data presented in the RNS, which increases the efficiency of the diagnosis. The use of the proposed method of
operational data diagnosis increases the overall effectiveness and expediency of its application in computer
systems of non-position code structures in RNS.

Keywords: residue number system, data control, speed of data diagnostics, position-independent code
structure, alternative aggregate of the number.
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