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CUCTEMHUI AHAJII3 SYSTEMS ANALYSIS

VK 519.711

MeToabI HAXOKIEHHsI PeryJIsipPU3HPOBAHHOIO PelIeHUs] NPH HAHTH(OUKANUHN JUHEeHHBIX MHOTOMEPHBIX
MHOI'OCBSI3HBIX JJUCKPeTHBIX cucteM / B.®. I'y6apes, B./l. Pomanenko, F0.JI. MuasiBekuii // Kubepueruka
u cucteMHbidi anamu3. 2019. Tom 55, Ne 6. C. 3-16.

In.: 5. Taba. 1. Bi6miorp.: 16 Ha3B.

AnHoTanus. PaccmoTpeHa 3ajaya  CTPYKTYPHO-IIAPAMETPUYECKOH  MACHTU(GHMKALMU  CIOXHON
MHOTOMEPHOH MHOTOCBSI3HOH JHCKPETHOW CHCTEMBI B Kiacce MoOJeleil B INPOCTPAHCTBE COCTOSHUI.
IIpenmonaraercs, YTO M3BECTHBI TOJIBKO BXOAHBIE U BBIXOAHBIE KOOPIMHATHI CHCTEMBI HAa HEKOTOPOM
UHTEpBaNe BPEMEHH M JMAIA30H IOTPEHIHOCTH H3MEPCHHil. 3a OCHOBY IPHHST METOJ BBIACISIEMOrO
MOAIPOCTPAHCTBA, KOTOPBIA MPEINoiaracT, 4ro pPa3MEpHOCTb CHCTEMBI (BEKTOpA COCTOSIHHS) H3BECTHA.
OnHako 5TO HE BCerJa BBINONHSETCS Ha HpakTHKe. Kpome TOro, BBHIY 3aBHCHMOCTH OT YPOBHS IIyMa
HEBO3MOXKHO KOPPEKTHO MACHTH(HIMPOBATE CHCTEMy OOJbIIOH pasMepHOcTH. [l03TOMY MNpEIokKEHO
paccMaTpuBaTh pa3MEpPHOCTh B KaUeCTBE PEryJIpH3UPYIOIIEro mapaMerpa. Paspadoransl Tpu criocoba BeIOOpa
IPUOMIDKEHHOW Pa3sMEPHOCTH MOJCNIH B 3aBUCHMOCTH OT JUINTCIBHOCTH HHTEpBala HAOMIOACHUN |
BO3MOXHOCTH aKTHBHOTO OSKCIepUMEHTa. IIpeiaraemble METO/BI ampoOMPOBaHBI Ha MpPHUMEpPE 3alauu
HUICHTH(GHUKAINE KOTHUTHUBHON KapThl KOMMEPUYECKOro OaHKa B HMITYJIBCHOM IIpOLECCe.

KiioueBble clloBa: CTPYKTypHO-TapaMeTpuyecKkas HACHTH(GHKALWS, alIpoOKCHMUPYIOMas MOJeIb, METOJ
BhIIENIsIeMOro moxnpoctpaHcTBa (4SID), perymspusanus, MHOTOCBS3HAs CHCTeMa, KOTHHTHBHAs KapTa,
MMIYJIbCHBINA IIpoIece.

MeToau 3HAXOM:KEHHS Pery/sipH30BAaHOr0 PO3B’s3KY Aiasi igeHTu@ikanii jainilinnx OGaraToBumipHux
0araTo3B’sI3HUX JUCKpeTHHX cucteM / B.®. I'y6apes, B.J| Pomanenxo, }0.JI. MinsiBebkuii // KiGepuernka
Ta cucreMHuii anamiz. 2019. Tom 55, Ne 6. C. 3-16.

AmnoTanis. PosriasgHyTo 3amady CTpYKTypHO-TIapaMeTpudHoi ineHThdikauii cxiagHoi GaraToBHMipHOL
0arato3B’s3HOI TUCKPETHOI CUCTEMH B KJIaci MOZENEH y MPOCTOpPi CTaHIB 3a NPUITYLICHHS, 110 BiIOMI TiIbKH
BXIiZHI 1 BHXIiZHI KOOpAMHATH CHCTEMH Ha AESIKOMY IHTepBaii 4yacy Ta Jiana3oH MOXHOKH BHMIiproBaHb. 3a
OCHOBY IPUHHATO METOJ BHUIUIEHOTO MiIIPOCTOpY, SKHil mependadac, IO PO3MIPHICT CHCTEMH (BEKTOpa
crany) Bigoma. [IpoTe 1ie He 3aBXIM BUKOHYETHCS Ha mpakTuili. KpiM TOro, 3alexHO Bix piBHS HmIymy OyBae
HEMOXKIUBO KOPEKTHO iAEHTH(IKYBATH CHCTEMY BEIHMKOI PO3MipHOCTI. TOMy 3alpornOHOBAHO PO3IIISLAATH
PO3MIpHICTB sSIK TTapamMeTp peryisipusaiii. Po3podieHo Tpu criocoou BHOOpY HaOJIMKEHOT PO3MIPHOCTI MOJIei
3aJI€KHO BiJ] TPHBAIOCTI IHTEpBAly CIIOCTEPEKEHb Ta MOMIIMBOCTI peallizaiii aKTHBHOTO EKCIICPUMEHTY.
3anpornoHoBaHi MeToau anpo0OBaHO Ha MPHKIAAl 3axadi igeHTH]ikaumii KOrHITHBHOI KapTH KOMEPLIHHOrO
0aHKy B IMITyJIbCHOMY IpOLECi.

KurouoBi cioBa: CTpyKTypHO-IapaMeTpHYHa iJeHTU]IKALis, aPOKCHMYyBalIbHA MOJENIb, METOX BHALICHOIO
nianpocropy (4SID), peryisipusariisi, 6arato3B’si3Ha CHCTEMa, KOTHITMBHA KapTa, iMIYJIBCHHUIl TPOIEC.

Methods of finding regularized solution in identification of linear multivariable multi-connected discrete
systems / V.F. Gubarev, V.D. Romanenko, Yu.L. Miliavskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55,
N 6. P. 3-16.

Abstract. The article deals with the problem of structural and parametric identification of a complex
multivariable multi-input multi-output (MIMO) discrete system in state space model class. It is assumed that
only the input and output coordinates of the system during certain time interval and range of measurement er-
rors are known. The basis is the subspace (4SID) method, which, however, assumes that dimension of the sys-
tem (state vector) is known, which is not always feasible in practice. Moreover, depending of the noise level, it
is impossible to correctly identify a high-dimensional system. Therefore, it is proposed to use dimension as a
regularizing parameter. Three methods for choosing of approximate model dimension are suggested depending
on the length of the observation period and possibility of active experiment design. The proposed methods are
verified on the example of identification problem of a commercial bank’s cognitive map in impulse process.

Keywords: structural and parametric identification, approximate model, subspace method (4SID), regulariza-
tion, MIMO system, cognitive map, impulse process.
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VIK 519.85

TeXHOJTOTHH MAPAIeIbHBIX BBIYMCICHHI U151 pelleHHs] ONTHMH3AIMOHHBIX 3224 reoMeTPHYecKOro
npoexktupoBanusi / T.E. PomanoBa, II.LU. Creunwok, A.M. UYyraii, C.b. IllexoBuoB // Kubepueruka u
cucremubnii anamms. 2019. Tom 55, Ne 6. C. 17-29.

In.: 5. Tab6n. 1. Bi6umiorp.: 35 Hass.

AHHoOTanus. B padore onucaHo NpUMEHEHHWE TEXHOJIOTMH MapajlIebHbIX BBIYUCICHUI Ha CUCTEMax C
o0meil MaMsAThI0O M PAcHpEeICHHOIl MaMsThIO JUIS PEIICHUsS ONTHMH3ALMOHHBIX 3a7a4 IeOMETPHYCCKOrO
poeKTUpoBaHust. [lepBast TeXHOIOrHs Oa3upyeTcsi Ha MAKCUMUHHBIX CBOHCTBAX phi-(yHKIHI /Ul COCTaBHBIX
00BEKTOB, a BTOpasi TEXHOJIOTUsI HCIOJIB3YET CTPATErHI0 MYJIbTHCTAPTa H METO/bl MUHUMH3ALUN HETJIAIKHX
¢(yHKIMH. DTO MO3BOJNMIO B HECKOJIBKO pa3 yMEHBIIMTH 3aTPaThl BPEMEHH HPH IOHCKE JIOKAJIBHO
onTUManbHBIX pasMerieHnii 2D u 3D 00BEKTOB M MOMy4YHTh JIYHIIMEC PE3YJIbTAaThl [0 3HAYCHHUIO LICJICBOM
dyHKIMH.

KiroueBble cjioBa: pa3MEILCHUE TEOMETPUUECKUX 00bEKTOB, phi-(DyHKIHMS, HEIMHEHHOE TPOrPaMMHUPOBAHUE,
[IapaJUICIIbHbIC BBIYHUCICHHSI.

TexHousiorii mnapajieIbHUX O00YHMCJICHb [UISI PO3BSI’3aHHS ONTUMI3aliliHUX 3aJ1a4 TreoMeTPHUYHOIo
npoexktyBanus / T.€. Pomanosa, ILI. Crentok, A.M. Uyraii, C.B. lllexoBuos // KibepHeTnka Ta CHCTEMHHUI
anami3. 2019. Tom 55, Ne 6. C. 17-29.

AmnoTanis. OmmcaHo 3acTOCYBaHHS TEXHOJOTIH MapalelNbHUX OOYHCICHb Yy CHCTEMax 31 CHIIBHOIO
nam’sITTI0 T4 PO3NOJUICHOI MaM’STTIO Ui  PO3B’SA3aHHSA ONTUMI3aLiHUX 33/a4 T€OMETPUYHOTO
npoexTyBaHHs. [lepiia TeXHOJOTIsI IPYHTYETbCS HA BIACTHBOCTAX MAKCHMIHHHX phi-yHKLIH 1 cKiIageHnx
TeOMETPHYHUX 00’€KTiB, a B APYrilf TEXHOJIOTIi BUKOPHCTAHO CTPATETi0 MYIBTUCTAPTy Ta METOAU MiHiMizamii
Hernaakux ¢yskuii. lle namno 3Mory B AeKkinbka pas3iB 3MEHIIUTH BUTPATH Yacy IiJ 4ac MOIIYKY JIOKAJIbHO
onTUMabHUX po3MmiteHb 2D Ta 3D 06’ekTiB Ta OTpUMATH Kpallli pe3yJIbTaTH 3a 3HAYCHHAM LiIb0BOI QYHKIIII.

KurouoBi ci1oBa: po3MillieHHsI TeOMETPUYHUX 00’ €KTiB, phi-QyHKUis, HeniHiiiHe TporpaMyBaHHs, apaielbHi
OOUHCIICHHS.

Parallel computing technologies for solving optimization problems of geometric design / T.E. Romanova,
P.1. Stetsyuk, A.M. Chugay, S.B. Shekhovtsov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 17-29.

Abstract. The paper describes the use of parallel computing technologies on systems with shared mem-
ory and distributed memory for solving optimization geometric design problems. The first technology is based
on the maxmin properties of phi-functions for composed objects, and the second technology uses the multi-start
strategy and methods for minimizing non-smooth functions. This made it possible to reduce several times the
computational time spent in searching for locally optimal placements of 2D and 3D objects and to get the best
results in terms of the objective function value.

Keywords: placement of geometric objects, phi-function, nonlinear programming, parallel computing.

YK 519.8

JIByxypoBHeBasi 3aja4ya ONTHMHU3ALMM pacnpeiejeHust Me:KOI/KeTHbIX TPaHCcPepToB NPH 3aJaHHBIX
orpannyenusix / U.B. Cepruenko, H.B. CemenoBa, B.B. CemenoB // KuGepHeTrnka 1 CUCTEMHBIN aHAIN3.
2019. Tom 55, Ne 6. C. 30-40.

In.: 0. Tabn. 0. Bi6umiorp.: 34 Ha3zs.

Annoruusi. ChHopMynupoBaHbl U UCCIICIOBAHBI 33/1a41 ONTUMAIBHOTO PACIPE/IeNeHUs TpaHCHEPTOB MPU
3a/IaHHBIX OIOJUKETHBIX OrpaHMYCHUAX. MaTeMaTnueckas MoJie/b NPE/ICTaBICHa KaK JByXypPOBHEBAs JIMHEHHAs
3ajada, cojepxKalas JIMHEHHbIE 3aJaud IEJOYHCICHHONH ONTHMH3AaLM HIDKHETO YpPOBHA. PaccMOTpeHBI
ONTUMUCTHYECKAas M  IECCHMHCTUYECKas IIOCTAHOBKM  3afaud. Jlid  OpHOMIDKEHHOTO — PeIICHHS
ONTUMUCTHYECKOH IOCTAHOBKU IPEUIOKEH aATOPUTM HAXOXKIECHHS JOKAIbHBIX PElIeHMH MapaMeTpHYecKux
3a7a4  IIEJIOYUCIEHHOTO IPOTPAMMHUPOBAHHS HIDKHEIO YPOBHS HA OCHOBE METOJA HAIPABIISIONINX
OKpEeCTHOCTEH. PelieHre BCIOMOraTeIbHOW IIENIOYMCICHHOW 3aaud ¢ OyJIeBBIMH TEPEMEHHBIMH JUIs
OTBICKAHUSI PELICHMH 3a7aull BEPXHEr0 YPOBHsA OCYIIECTBIAETCS aIrOPHTMAMHU JIOKAJIBHOIO IMOHMCKA.

KiroueBbie ciioBa: JABYXYPOBHEBas 3ajavda ONTHMHU3ALNHU, LEJIOYHCIICHHAsA ONTUMMU3ALINA, MapaMETPUICCKOC
IIporpaMMHUpPOBaHUE, 6y.TIeBBIe TICPEMEHHBIC, JIOKQJTbHBIN AJITOPUTM.
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JlBopiBHeBa 3aJa4a onTuMizalii posnoginy MixkOw0MKeTHUX TpaHcdepTiB i3 3a7aHUMH 00MeKeHHSIMH /
L.B. Ceprienko, H.B. CemenoBa, B.B. Cemenon // KibepHeruka ta cuctemHuii ananis. 2019. Tom 55, Ne 6.
C. 30-40.

Anoranis. CHopMyaboBaHO i AOCIIDKEHO 3a/ladi ONTHMAaJIbHOIO PO3MOJAUTY TpaHCPEpTiB i3 3aJaHUMU
OIO/DKETHUMH OOMEXEHHSIMH. MaTeMaTH4yHy MOJeb MPEACTaBICHO SK ABOPIBHEBY IiHIiHY 3amady, IO
MICTUTbh JIHIWHI 3aja4i I7J0YMCIIOBOT  ONTHMI3alil HIDKHBOTO piBHA. Po3risHyTo onTHMicTHYHY i
HECHUMICTHYHY IOCTAaHOBKHM 3ajgaui. Jist HaONIKCHOrO  PO3B’SI3aHHS  ONTUMICTUYHOI — MOCTAHOBKH
3aIIPOIIOHOBAHO QJITOPUTM 3HAXOUKCHHS JIOKAIBHMX PO3B’S3KIB IapaMETPUYHUX 3a[ad LIIOYHCIOBOTO
MPOrpaMyBaHHs HW)KHBOTO PIBHS Ha OCHOBI METOAY HAamNpsIMHUX OKOJIB. PO3B’A3aHHS JIOMOMDKHOL
LiT0YMCIOBOI 3amaui 3 Oy/ieBMMHM 3MIHHAMHU JUIs 3HAXOMKCHHS PO3B’SA3KIB 3agadi BEPXHBOIO PIiBHS
3iMCHIOETBCSL ANTOPUTMAMH JIOKQJIBHOTO TIOLIYKY.

KarouoBi cioBa: JBoOpiBHeBa onTHMi3aliiiHa = 3aja4a, IJIOYMCIOBA ONTHMI3allis, MapamMeTpUyHe
porpamMmyBaHHsl, OyJIeBi 3MiHHI, JIOKQJbHHU aJITOPUTM.

Bilevel optimization problems of distribution of interbudgetary transfers under given limitations /
LV. Sergienko, N.V. Semenova, V.V. Semenov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 30-40.

Abstract. The problems of optimal distributing of transfers within given budget limitations are defined
and investigated. The mathematical model is presented as a bilevel linear optimization problem that contain lin-
ear problems of integer optimization at the bottom level. Both optimistic and pessimistic versions of the prob-
lem were considered. For the approximate solution of the optimistic version the algorithm of finding local solu-
tions for parametric lower-level integer programming problems on the basis of the method of directing neigh-
borhoods was proposed. The auxiliary integer programming problem with Boolean variables of a higher level is
solved based on local algorithms.

Keywords: bilevel optimization problem, integer optimization, parametric programming, Boolean variables, lo-
cal algorithm.

VK 519.2

TouyHble OLEHKH HEKOTOPBIX JIMHEeHHbIX (JYHKIHOHAIOB OT YHHMOJAIBLHBIX (GYHKIMIi pacnpenejeHus
npu Henosnoil nHdopmamuu / JI.C. CroiikoBa, JI.B. KoBansuyk // KubepHeTnka n CHCTEMHBIH aHAIIH3.
2019. Tom 55, Ne 6. C. 41-53.

In.: 0. Taba. 0. bibmiorp.: 9 Ha3s.

Annoranusi. HafiieHb!l TOYHBIC OLICHKH BEPOSTHOCTCH MOMAJaHUs HEOTPULATEIBHBIX YHHMOIAIBHBIX
Cily4aiiHbIX BEIMYUH (L B UHTEpBAI (m — 0y, M + 0 ;) B CIly4ae, KOIZia MOJa /7 COBNAZACT ¢ (PMKCHPOBAHHBIM

TIEPBBIM MOMCHTOM CHy‘{aﬁHOﬁ BEJIMYUHBL U, @ O, €CTb JAUCIEpCUA U. )IaHLI Ba’XHBIC BCIIOMOTATECJIBHBIC

u
CBEICHUSA O HAXOXKICHHM TAKUX OLEHOK C NPHMEPAMHU, YTBEPXKACHUSAMH M 3aMEUYAaHUSIMH, KOTOPBIC
YUUTBIBAIOTCS IIPU MOJTYYEHUH OCHOBHOTO pe3yibTaTa. JlaHHBIH pe3ynbTaT MOXKET ObITh HPUMEHEH IpPHU
pacueTe BEPOSTHOCTH IOMNAaJaHMs CHapsAa B IOJOCY NpH NPHIEIbHOH CcTpennoe.

KuoueBble cJj0oBa: JHHCIHbIC (YHKUMOHANBl OT YHHUMOJAIbHBIX (GYHKUMH paclpeieieHus U HX
9KCTpEeMalibHble 3HaueHus, npeodOpaszoBanue JIxoHcoHa— Popkepca, TouHble OOOOLICHHBIE HEPABEHCTBA
YeOblea Uil YHUMOAAIbHBIX (YHKLHN pacHpeaeseHusL.

Touni oniHKM JesIKMX JiHIHHUX (yHKuUioHaJiB Bia yHiMopanbHuX (yHKUiN po3moainy npu HenoBHil
ingopmamnii / JI.C. CroiikoBa, JI.B. KoBanbuyk // Kibepueruka Ta cucremuuii anamis. 2019. Tom 55, Ne 6.
C. 41-53.

AHoTauis. 3HaiiIeHO TOYHI OL[IHKKA WMOBIPHOCTEH MOMATaHHS HEBII'€MHUX YHIMOJAJIbHUX BUITAJIKOBHX
BEJIMYMH A B iHTEpBAN (m — 0y, m + 0 ), ¢ MOJa m 30iracTbest 3 PIKCOBAHMM NEPLINM MOMCHTOM BENHYUHU

U, a oy, € aucnepcicio u. HaBeneHo MOMOMIKHI BiTOMOCTI MpO 3HAXOPKEHHSI TAKUX OIHOK 13 MPHUKIAaMH,

u
TBEPKCHHSAMH, 3ayBaKCHHSAMH, 110 OyJIM BUKOPHCTaHI I OTPHMMAaHHsS OCHOBHOTO pe3ynbrary. Lleit pesyabraT
MO>KHA 3aCTOCYBATH ISl OLIHIOBAHHS IIMOBIPHOCTI ITONaJaHHsI CHAPsIAy B CMYTY IIiJ{ 4ac MPHULIIBHOI CTPIIBOH.

KumiouoBi ciioBa: niniiiHi GyHKIIOHAIN BiJ YHIMOAAIBHUX (YHKIIN PO3MOALTY Ta IX eKCTpeMasbHi 3HAUCHHS,
neperBopeHHst JloHcona—Pomxepca, TouHi y3aranbHeHi HepiBHOcTi YeOumoBa Ut yHIMOJAIBHUX (yHKIIH
PO3HOLITY.
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Exact estimations for some linear functionals of unimodal distribution functions under incomplete
information / L.S. Stoikova, L.V. Kovalchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 41-53.

Abstract. Exact estimations are found for the probability that a non-negative unimodal random variable u

gets in the interval (m — o ,,m + 0 ) where the mode m coincides with fixed first moment and ofl is fixed

w
variance of random variable u. Also, a brief important auxiliary information is given with examples, statements,
and author’s notations, which simplify obtaining the main result. The results of this study may be useful in eval-

uating the probability of hitting the projectile zone when aimed shooting.

Keywords: linear functionals of unimodal distribution functions and their extremal values, transformation of
Johnson—Rogers, exact generalized Chebyshoff inequalities for unimodal distribution functions.

VJIK 519.872
CucTeMbl 00CTYKHBAaHHSI ¢ IHKJIHYECKHM BpPeMeHeM BO3BpAIlleHHs 3asiBOK WM AMCIeTYepu3amueii /
E.B. Ko6a // Kubepuernka u cucremusiii aHanmu3. 2019. Tom 55, Ne 6. C. 54-61.

In.: 0. Tabn. 0. Bibmiorp.: 10 Ha3B.

AHHOTanus. PaccMOTpeHbl cHCTEMbl 00CITYKMBAHUS € HUKIMYECKUM Bo3BpatienueMm M/D/1 u GI/D/m.
B ommune or cucrem tuna JlakaTomia BBeJeHa JHCIETYEPU3ALMS 3asBOK, OTIPABICHHBIX HAa OPOUTY, M HE
IIPEyCMOTPEHO YCIOBHE OOCITYXKHUBAHHS B MOPSAKES Odepequ. [ 9THX CHCTEM IMOCTPOCHBI BIOKCHHBIC 1IN
MapkoBa ¥ BBIBEJICHBI IOCTATOYHBIC YCIOBHS MX 3PrOAUYHOCTH.

KiroueBble €j10Ba: CHCTEMbI MaCCOBOIO OOCITY)KMBAHHS C BO3BpAlleHHEM, CUCTeMBbI THMa Jlakatoma, opouTa,
LIMKJI OPOUTBI, yCTOHYNBOCTE CUCTEM OOCITY)KMBAHHS, SPrOJMYHOCTh CHCTEM 00CITy)KUBAHHs, BIOXKEHHAs LCTb
MapkoBa, JUcCIeTdepu3alys.

Cucremn 00C/IyroByBaHHS 3 HUKJIIYHUM 4acoM IOBEPHEHHs 3asiBOK i aucneryepusaniero / O.B. Koba /
KibepHernka Ta cucremHumii anamiz. 2019. Tom 55, Ne 6. C. 54-61.

Amnotanis. PosriusHyTo cuctemu obcimyrosyBanus M/D/1 i GI/D/m 3 DUKIIYHUM 9acoM ITOBEPHEHHS
3asBok. Ha BigMiHy Bix cucrem Tuiy Jlakarora, BBEeICHO JUCIICTUEPHU3ALIIO 3asBOK, 110 OYJIM BiIpaBieH] Ha
op0iTy, Ta 3HATO YMOBY OOCIyrOBYBaHHS y HOPSAKY 4epru. Jis mux cucteM HOOYZOBaHO BKJIAJCHI JIAHIIOTH
MapkoBa Ta BHBEJICHO IOCTATHI YMOBH iXHBOI €prOJHYHOCTI.

Ku1rouoBi c10Ba: cucteMu MacoBOro 00CIyroByBaHHS 3 IIOBEPHEHHSM, CHCTeMH Tty Jlakaromia, opOita, MUK
opOiTH, CTIMKICTh CHCTEM OOCIYrOBYBaHHS, €PrOJHYHICTH CHCTEM OOCIyTOBYBAaHHS, BKJIAJCHUN JAHIIOT
MapkoBa, JHCIIeTYepU3aLLis.

Cyclic-retrial queueing systems with dispatching / E.V. Koba // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 6. P. 54-61.

Abstract. Cyclic-retrial queueing systems M/D/1 and GI/D/m are considered. Unlike Lakatos-type sys-
tems, dispatching of customers sent to orbit is introduced, and FIFO service is not considered. Embedded
Markov chains are constructed for these systems and their sufficient ergodicity conditions are deduced.

Keywords: retrial queues, Lakatos-type systems, orbit, orbit cycle, stability of queues, ergodicity of queues,
embedded Markov chain, dispatching.

VJK 519.8
MakcHMH3MpYIOLIHE AJTbTEPHATHBBI B 3a1a4e NPHHATHS PeHIeHMii ¢ Ie1eBbIM HeYeTKHM MHOKECTBOM
tHna-2 / C.0. Mamenko // KubGepuernka u cucremubiii ananmu3. 2019. Tom 55, Ne 6. C. 62-72.

In.: 2. Tabn. 0. bi6bmiorp.: 17 Ha3B.

Annoranus. [Toxxon bennvana u 3aje npuMmeHseTcs JUlsl 3a/1aui MPUHATUS PELICHUH, KoTopas 3aJaHa
Ha HeueTkux MHoxecTBax Tuma-2 (HMT-2). Omnpeneneno HMT-2 pemienuit. [{nsg cpaBHEHUS HEUETKUX
MHOJKECTB CTeNeHell NPUHA/INIEKHOCTH aJIbTEPHATUB HCIOIb30BaHO PACIIMPEHHE OTHOLIEHUS! €CTECTBEHHOIO
MOpsiJIKa Ha KJAcC HEYETKHX MHO)KecTB. Ha ocHOBe 3TOro oTHOIIEHHMS NPEANOYTEHHs] MOCTPOEHO HEUETKOe
MHOKECTBO HEJJOMUHUPYEMBIX aJIbTEpHATUB. BBEIEHO MOHATHE HEJIOMHMHMpPYEMOH abTEpHATUBBI YPOBHS .
IToka3aHo, 4TO €e MOXKHO NOJYyYHTh U3 ONTHMM3ALMOHHOH 3a/1aui, B KOTOPOH MaKCHMHU3MPYETCsl epBUYHAsS
cTeneHp npuHamiexHoctn HMT-2 pemiennii npu orpaHuyeHHoN BTOpuuHON creneHH. Mccnenosan Bompoc
CYIIECTBOBAHHS HEJIOMUHUPYEMBIX albTepHATHB ypoBHs ¢ = 1. ChopmyanpoBana 3aa4ya BEIOOpa allbTCPHATHB
10 JIByM KpHUTEpHsAM (IEPBUYHON M BTOPMYHON cTeneHsaM mpuHauiexxHoctd HMT-2 pemenmuit).

KaioueBble c¢jI0Ba: HEYETKOE MHOKECTBO, HEUETKOE MHOXKECTBO THIA-2, HEYETKOE MAaTeMaTHYECKOe
[IPOrpaMMHUPOBAHUE, TPUHATUE PEILCHUI.
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MaxkcuMisyBajibHi aJIbTEPHATHBYU B 321a4i NPUIHATTS pPillleHb 3 HiIOBOI0 HEYITKOI MHOKHHOIO TUITY-2
/ C.0. Mamenko // KibepHernka ta cuctemHuil anamiz. 2019. Tom 55, Ne 6. C. 62-72.

Anorauisn. ITinxig Benmana i 3ajae 3acTOCOBYEThCS 10 3a1adi NMPUAHATTS pillleHb, SKY 3a/JlaHO Ha
HeuiTkii MHOXuHI Tuiy-2 (HMT-2). Busnaueno HMT-2 po3B’s3kiB. [yl MOPIBHSHHS HEUITKMX MHOXKHH
CTYIEHIB HAJEKHOCTI albTEPHATUB BHUKOPHCTAHO PO3IIMPEHHS BiAHOLICHHS IPUPOJHOTO MOPSAKY Ha Kiac
HEYiTKUX MHOXHH. 3a IMM BIJHOLICHHSM II€peBard MOOYJOBAHO HEYITKy MHOKHHY HEJIOMIHOBaHHX
aJIbTEPHATHUB. YBEJICHO MOHSATTS HEJOMIHOBAHOI ajbTepHATHBU piBHA . [TokazaHo, 110 1i MOXKHA OJIEpKaTH 3
ONTHUMI3ALIHHOI 3agadi, B SIKIH MaKCHMI3y€TbCs MEPBHHHHUI CTymiHb HanexHocTi HMT-2 po3B’s3kiB st
0OMEXKEHOr0 BTOPHHHOTO CTYyIeHs. J{OCIiKEHO MUTAaHH ICHYBaHHS HEJIOMIHOBaHHX allbTEPHATHB PiBHSI @ = 1.
CdopmynboBaHO 3a/1auy BUOOpY albTEPHATHB 33 JBOMA KPUTEPiIMH (IEPBUHHOMY 1 BTOPUHHOMY CTYIEHSIM
nanexsocti HMT-2 po3B’s3kiB).

KiiouoBi ciioBa: HediTKa MHOXKHHA, HEYITKA MHOXHHA THIY-2, HEYITKC MaTeMaTHYHE MPOTpaMyBaHHS,
NPUHHATTSL PIlICHb.

Maximizing alternatives to the decision-making problem with a goal type-2 fuzzy set / S.0. Mashchenko //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 62-72.

Abstract. The Bellman and Zadeh approach is applied to the decision-making problem, which is defined
on type-2 fuzzy sets (T2FSs). T2FS Solution is defined. An extension of the natural order ratio to the class of
fuzzy sets is used for comparison of fuzzy sets of alternatives membership degrees. A fuzzy set of non-domi-
nated alternatives is constructed by this preference relation. The notion of the @ -level non-dominated alternative
is introduced. It is shown that this is an optimization problem solution. In this problem, the primary membership
degree of a T2FS solution is maximized with a constrained secondary degree. The existence of 1-level
non-dominated alternatives is investigated. The problem of choosing alternatives by two criteria (the primary
and secondary degrees of membership to the T2FS solution) is formulated.

Keywords: a fuzzy set, a type-2 fuzzy set, a fuzzy mathematical programming, a decision making.

VK 519.87
®parMeHTapHble CTPYKTYpPhl B 3aja4e JBYMEDHOW YNAKOBKH B IOJYOrPaHHYEHHYI0 mojocy /
N.B. Ko3un, C.E. BaroBckuii / KubepHeruka u cucremusiii anamusz. 2019. Tom 55, Ne 6. C. 73-79.

In.: 7. Tabn. 0. Bi6miorp.: 16 Ha3B.

Annoranmusi. Paccmorpena oOmias 3ajada JABYMEPHOI YHNAKOBKM B IOJyOTPaHMYEHHYIO IOJIOCY.
IToka3aHo, 4TO ee MOXHO paccMaTpUBATh KaK 3alady ONTUMU3ALMU HA (QparMEHTapHOU CTPYKType, KOTopast
CBOAUTCS K 3ajade KOMOMHATOPDHOM ONTHMM3alMM Ha MHOXECTBE IIEPECTAHOBOK. PaccMOTpEeHBI
YHHBEpPCAIbHBIN CIOCOO MPECTAaBICHUS IUIOCKUX (UIyp M IrOPUTM HX yIakoBKu B moisocy. Ilpemmoxken
croco0 Moau(UKanUKM HUCXOJHOU 3aJaqd Ul DOCTHKUMOCTU OITHMAJIbHOTO PEIICHYS.

KuroueBble €/10Ba: JUCKPETHAS ONTHMU3ALUs, (parMeHTapHasi CTPYKTypa, JByMEpHas yIakoOBKa B IOJOCY,
9BOJIIOLMOHHBIN AJITOPUTM.

®parMeHTapHi CTPYKTYPH B 3aadi JBOBUMIPHOr0 makyBaHHsl y HamiBoOMe:xeny cmyry / L.B. Ko3in,
C.€. baroBebkuii // Kibepuernka ta cucremuuii anamiz. 2019. Tom 55, Ne 6. C. 73-79.

AHoTanisi. Po3risiHyTO 3araibHy 3a1ady ABOBUMIPHOTO MAaKyBaHHs B HaliBoOMexeHy cMmyry. [lokasaHo,
mo ii MOXXKHA PO3IIILAATH K 3ajady ONTHMI3alil Ha (parMeHTapHill CTPYKTypi, sIka 3BOAUTBCA N0 3ajadi
KOMOIHATOPHOI ONTUMI3alil Ha MHOKHHI TepecTaBieHb. PO3MIAHYTO yHiBEpCaJbHUI CIOCIO MpPE/ICTaBICHHS
IUIOCKHMX (Iryp Ta ajJropuT™ IXHBOIO NMaKyBaHHS B CMyTy. 3alpoONOHOBAaHO Crocid Mopudikamii mo4aTkoBol
3aa4i UL JOCSDKHOCTI ONTHMAIBHOTO PO3B’S3KY.

KarwouoBi cioBa: JucKpeTHa ONTUMI3allisl, (parMeHTapHa CTPYKTypa, JBOBUMIpHE IaKyBaHHS Y CMYTY,
€BOJIIOLIHHUIT aJIrOPUTM.

Fragmentary structures in two-dimensional strip packing problem / LV. Kozin, S.E. Batovskyi //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 73-79.

Abstract. The paper considers a two-dimensional strip packing problem. It is shown that the problem can
be considered as an optimization problem on a fragmented structure, which reduces to the problem of combina-
torial optimization on a set of permutations. A universal approach of representing two-dimensional figures and
the algorithm of their packing into the strip are considered. An approach to the modification of the original
problem for the attainability of the optimal solution is proposed.

Keywords: discrete optimization, fragmentary structure, two-dimensional strip packing, evolutionary algorithm.
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VK 519.8

O paauyce KBa3sHyCTOHYHMBOCTH MHOTOKPHTEPHAIBHON 3aa4d  1eJOYHCJIEHHOr0 JIHHEHOro
NMPOrpaMMHPOBAHUSI HAXOKAEHHS] SKCTpeMaibHbIX pemennii / B.A. Ememnues, 10.B. Huxymmn //
Kubepueruka u cucremubiii anamus. 2019. Tom 55, Ne 6. C. 80-89.

Im.: 0. Tabn. 0. Bi6miorp.: 46 Ha3B.

AHHoTanus. PaccmarpuBaercsi  MHOTOKpUTEpHaibHas — 3ajada  LEJIOYUCIEHHOr0  JIMHEHHOro
IIPOrPaMMHPOBAHHS C IIEJICBEIM HAOOPOM ONTHMAJBHBIX PELICHHIH, KaXkJ0e U3 KOTOPBIX MUHUMHU3HPYET XOTS
OBl OMH U3 KPUTCPHUEB, T.C. SBIICTCS SKCTPEMyMOM. B 1aHHOH paboTe HIDKHHE M BEPXHHC TOCTIKUMBIC
OLICHKU pajnyca KBa3HyCTOMYMBOCTH MHOXECTBA KCTPEMAJIbHBIX PEIICHUI JOKa3aHbl B CHUTYal[UH, KOIJa B
IIPOCTPAHCTBAX PELICHUII U KPUTEPUEB 3a/IaHbl pa3IMIHble HOpMEI ['€nbliepa. B kauecTBe cieacTBus MOTydeHa
aHanMTHYecKas popMysa paguyca KBa3HyCTONYMBOCTH IS CIy4asi, KOTJa B IPOCTPAHCTBE KPUTCPHUCB 3a/1aHa
HopMa YeObImépa. B pabote Takske KpaTko 00CY X ACHBI HEKOTOPBIE BOIIPOCHI, CBA3aHHBIC C BBIYHCIMMOCTBIO.

KioueBble cj10Ba: LEIOUHCICHHOE JIMHEHHOE MPOrpaMMHPOBAHHE, MHOTOKPHUTEpUAIbHAs ONTHMM3ALHs,
9KCTpPEMaJIbHbIE PELIEHUs], ONTUMAIBHOCTD 1O IlapeTo, aHanM3 yCTOHMYMBOCTH, pajlyC KBa3HyCTOHMYMBOCTH,
HopMbl ['€npnepa, Hopma YeObluépa.

IIpo papiyc kBasicriiikocTi st 6araToxkpuTepiiinoi mijiounceabHOI 3a1a4i JiHiiiHOro mporpamyBaHHs
Npo 3HAXOMKEHHSI eKCTpeMaJbHHUX Ppo3B’si3kiB / B.O. €meniues, 10.B. Hikynin // KiGepHernka Ta
cucreMuuii ananis. 2019. Tom 55, Ne 6. C. 80-89.

AHortanis. Po3rmisHyTO OaraTOKpUTEpiliHy 3a1ady LIOYHCENIBHOTO JIHIHHOTO IpOrpamMyBaHHS 3
L[IJTbOBMM HAaOOPOM ONTHMAJIbHHUX PO3B’A3KIB, KOXKEH 3 AKMX MiHiMi3ye Xoya 6 OAMH 3 KpHTEpiiB, TOOTO €
excTpeMyMoM. HIpkHI Ta BepXHI JOCSKHI OLIHKHM pajiyca KBa3iCTIHKOCTI MHOXKUHU €KCTPEMAIbHUX PO3B’s3KIiB
JIOBE/ICHO y CUTYaIil, KOJIM Y TIPOCTOpax Po3B’sA3KiB Ta KPUTEPIiB 3anaHi pizHi Hopmu ['bomnbaepa. Sk HaciIok
OTPHMAHO aHATITHUHY (OPMYIy JUIS pajiycy KBa3iCTIHKOCTI y BHMIIAJKy, KOJH y HPOCTOPi KPUTEpIiiB 3a1aHa
HopMma Yebumosa. Y poOOTi TakoK KOPOTKO OOTOBOPIOIOTHCS ASSIKI IIUTAHHS OB’ A3aHi 3 00UHCIIIOBAHHICTIO.

KorouoBi cioBa: minouncensHe JiHiffHE NporpaMyBaHHS, OaraTOKpUTepiifHa ONTHMI3alis, eKCTpeMalbHi
PO3B’si3KHM, onTHUMalbHICTH 3a [lapero, aHami3 CTIHKOCTI, paaiyc KBasicTilikocTi, HOopMu ['bonbaepa, HopMma
Yebumiona.

On a quasistability radius for multicriteria integer linear programming problem of finding extremum
solutions / V. Emelichev, Yu. Nikulin // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 80-89.

Abstract. We consider a multicriteria integer linear programming problem with a targeting set of optimal
solutions given by the set of all individual criterion minimizers (extrema). In this study, the lower and upper at-
tainable bounds on the quasistability radius of the set of extremum solutions are obtained when solution and cri-
terion spaces are endowed with different Holder’s norms. As a corollary, an analytical formula for the
quasistability radius is obtained for the case where criterion space is endowed with Chebyshev’s norm. Some
computational challenges are also discussed.

Keywords: integer linear programming, multicriteria optimization, extremum solutions, Pareto optimality, sta-
bility analysis, quasistability radius, Holder’s norms, Chebyshev’s norm.

VK 681.5.015:007

HeveTko-KOrHUTHBHBI  NMOAX0A K PAHKUPOBAHHIO (PAKTOPOB, BIMSIIOIMIMX HA HAJAEKHOCTH
yesioBeko-MamnHHbIX cucreM / AL Pormreiin, .M. Kareapnuko, A.A. Kamkanos / Kubepueruka u
cuctemubiii ananm3. 2019. Tom 55, Ne 6. C. 90-98.

In.: 8. Tabun. 1. Bibmiorp.: 17 na3s.

AnnoTanus. PaccmatpuBaeTcs MOAX0/ K MOJICIMPOBAHUIO HA/IGKHOCTH YETIOBEKO-MAIIHHHBIX CHCTEM C
UCIOJIB30BAHUEM 3KCIIEPTHOH HMH(OPMAIMU HAa OCHOBE HEYETKUX KOTHMTUBHBIX KapT. HoBW3Ha moaxona
COCTOWT B y4€Te B3aWMOACHCTBHS (haKTOPOB, BIMSIOMIMX Ha HAJIEKHOCTh CHCTEMbL I[IpEIOXKeH alropurM
OLICHKN HHIEKCOB BA)KHOCTH AJIEMCHTOB HEYETKON KOTHMTHBHOI KapThl, C KOTOPBIMU CBSI3aHBI BIMSIONINC
(hakTOphl. AJTOPHTM HJLTIOCTPHPYETCS HA IIPHMEPE CHCTEMBI «BOJMTENb — aBTOMOOWIB — J0pOTay.

KuroueBble cioBa: HeueTkass KOTHUTHBHAS Kaprta, MHOFO(I)aKTOprIﬁ aHaJIn3, HAICX)KHOCTh, MHICKC BAXKHOCTHU
(_’paKTopa, CUCTEMAa «BOIWUTECIIb — aBTOMOOWIIb — Jioporay.
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HeuiTKo-KOTHITHBHHI  miaXix 10 paHxyBaHHsi (akTopiB, sIKi BIVIMBATHL HAa HajiiiHicTh
miopuHo-MaummHHuxX cucreM / O.IL. Pormrreiin, /I.I. KareapnikoB, A.A. Kamkanos // Kibepueruka ta
cucremunii amami3. 2019. Tom 55, Ne 6. C. 90-98.

AHortanis. Po3riasHyTO miAXix 10 MOJENIOBaHHS ~ HAAIMHOCTI  JIIOAWHO-MAIIMHHUX  CHCTEM
3 BUKOPHCTaHHAM €KCIEpTHOI iH(popMallii Ha OCHOBI HEUITKMX KOIHITHBHMX KapT. HoBHM3Ha mixxomy mossrae
B ypaxyBaHHI B3aeMofii (GakTopiB, M0 BIUIMBAIOTH HA HANIHHICTH CHCTEMH. 3aIPOIIOHOBAHO AITOPHTM OLIHKU
1H/IEKCIB BaXKJIMBOCTI €JIEMEHTIB HEUITKOI KOTHITMBHOI KapTH, 3 SIKMMH IOB’S3aHi BIUIMBaJbHI (akropu. ito
AJITOPUTMY TIPOLTIOCTPOBAHO HA NPHKIAJI CHCTEMH «BOAIH — aBTOMOOLIb — JOporay.

KurodoBi cioBa: HewiTka KOTHITMBHA KapTa, OarartodakTOpHMI aHaii3, HaJiHHICTh, iHIEKC BaKITMBOCTI
(axropa, cucTeMa «BOJiH — aBTOMOOLIL — JOpPOTay.

Fuzzy cognitive approach to ranking of factors affecting the reliability of human-machine systems /
A. Rotshtein, D. Katielnikov, A. Kashkanov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 90-98.
Abstract. We consider the approach to modeling of human-machine systems reliability using expert infor-
mation and fuzzy cognitive map. The novelty of this approach is that the possibility of taking into account the in-
terconnection of the factors affecting the reliability of systems. The paper includes the basic correlations of fuzzy
cognitive maps and proposes the algorithm that allows evaluating the importance index of concepts related to the
factors that affect the reliability. To demonstrate the proposed approach, we use the system “driver — car — road”.

Keywords: fuzzy cognitive map, multi-factor analysis of reliability, importance factor of concepts, system
“driver — car — road”.

VK 519.816

IMonxox k pa3padoTke, YCOBEPHIEHCTBOBAHHI0 H MOAM(UKANNH MHOTOKPHTEPHAILHBIX METOI0B
npuHsTus pemennii / M.M. Iloremknn, A.B. youasin, P.b. Xomuak // KuOepHeTnka u CHCTEMHBIIT aHATH3.
2019. Tom 55, Ne 6. C. 99-109.

In.: 3. Tabn. 6. Bibmiorp.: 27 Ha3B.

AuHoTanusi. B crathe mHpHBENeH MOAXOA K pa3paboTKe, yCOBEPIICHCTBOBAHHMIO M MOAM(DHKALMN
MHOTOKPHTEPHAIBHBIX METOAO0B, KOTOPBIC MCIOJIB3YIOTCS MPH MCCICAOBAHUHU CIOXKHBIX CHCTEM. DTOT MOAXO
OCHOBBIBACTCS HA THITOBOI CXeME MHOTOKPUTEPHAIBHOIO METO/1a IPHHATUS PELICHNH, BHECEHHE U3MCHEHHIT B
9Tarnbl KOTOPOrO MO3BOJSIET MOAM(MHIMPOBATE M YCOBEPIICHCTBOBATH CYLIECTBYIOLIME METO/bI, a TAKKe
paszpabaTeiBaTh  HOBbIE. BO3MOXHOCTH ~ HPAKTHYECKOTO  HCIOJIB30BAHMS  MPEUIOKEHHOTO  MOAXO/a
HPOMIUTIOCTPUPOBAHA KOHKPETHBIM TPUMEPOM Pa3pabOTKM HOBOTO METOJa, paboTOCIOCOOHOCTH KOTOPOTO
[OJTBEPXKIACHA COOTBETCTBYIOIIMMHU PAaCYCTAMH.

KroueBble c10Ba: anpTepHATHBA, MHOTOKPHUTEPHAIBHOE NPUHATHE PELICHUH, METOX (OPMUPOBAHUS sIpa,
METOZ PAHKHPOBAHUSL.

Miaxin 10 po3pod.ieHHs, BIOCKOHAJeHHS Ta Moau(ikaunii GaraTokpuTepiiHUX MeTOAiB NPUIHHATTA
pimens / M.M. Ilorbomkin, O.B. Iy6asn, P.b. Xomuak // KiGepreruka Ta cucremuuii anamis. 2019.
Tom 55, Ne 6. C. 99-109.

Anoranis. HaBeneHo miaxig 10 po3poOieHHs, BIOCKOHANGHHA Ta Mojudikamii OaraToKputepiitHHX
METO/IIB, SIKi BUKOPHCTOBYIOTBCS ITiJ] 4ac JOCHIDKSHHS CKIaIHUX chcTeM. Lleil miaxin IpyHTyeThCs Ha TUIIOBIi
cxemi 0araTOKpUTEpiHOrO METOJy MNPHUHHATTS pIlIEHHsA, BHECEHHS 3MIH JI0 €TaliB $KOi Ja€ 3MOry
Moan(iKyBaTH Ta BIOCKOHAIIOBATH HAsBHI METOAM, a TaKOXK PO3POOIATH HOBi. MOJMKIIHBICTH NMPAKTHIHOIO
BUKOPHCTAHHS 3allPONOHOBAHOTO MiAXOAy MIPOLTIOCTPOBAHO KOHKPETHHM IIPUKIAJOM PO3POOICHHS HOBOTO
METOJly, POOOTO3ATHICTh SIKOTO MiJTBEP/PKEHO BIIMOBIIHMMHU PO3paxyHKaMu.

Ki1io4oBi cj10Ba: ajprepHaTrBa, OaraTOKpUTEpIHE MPUIHATTS pillleHb, MeTo ] ()OPMYBAHHS S/Ipa, METOL PAHKYBAHHSL.

Approach to the development, improvement, and modification of multi-criteria decision-making methods /
M.M. Potomkin, O.V. Dublian, R.B. Khomchak // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 99-109.

Abstract. The paper presents an approach to the development, improvement, and modification of
multi-criteria methods that are used in the analysis of complex systems. This approach is based on the typical
scheme of the multi-criteria decision-making method. Changes introduced to its stages allow the modification
and improvement of the available methods, as well as development of new ones. The possibility of practical use
of the proposed approach is illustrated by an example of the development of a new method whose efficiency is
confirmed by appropriate calculations.

Keywords: alternative, multi-criteria decision making, kernel generation method, ranking method.
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VK 519.8

AJIrOPHTMBI ONTHMU3ALHH MYPAaBBUHBLIMH KOJOHMSMH C AHBEePCH(UUMPOBAHHBLIM IOHMCKOM B 3ajaye
ontumm3annn apuanepeneros / JI.@. I'yxsannknii, A.U. IlaBienko // KubepHeTnka 1 CHCTEMHbIN aHAIH3.
2019. Tom 55, Ne 6. C. 110-121.

In.: 2. Tabn. 2. Bibmiorp.: 11 Ha3B.

Annoramusi. ChopMynupoBaHa 3ajada IOMCKAa ONTHMAIIBHOTO ITyTH ITyTCIICCTBCHHHKA B CETH
aBHAIepPeNIeTOB, KOTOpasl yYHTHIBACT CTOMMOCTH IIOCTPOSHHOIO MaplIpyTa M HaJIMYHE I10JIb30BaTENILCKUX
YCIOBHIl TPH 3aBHCHMON OT BPEMCHH CTOMMOCTH COCAMHCHHMN. [IpEaIoXKeHBI aarOpUTMBI CHCTEMBI
MYPaBbUHBIX KOJIOHUH JUIs PEIICHHs 3aBUCUMOM OT BPEMEHH 3a/1a4H, NPEICTaBICHHON paclIMpeHHbIM rpadom
[IepEeNIeTOB, KOTOPhIE, B OTJIMYHE OT CYIIECTBYIOIINX MYpPaBbHHBIX aJITOPHTMOB, YYHTHIBAIOT JHHAMHYHOCTH
cerd (3aBHCHMOCTh HAQIMYHS W CTOMMOCTH COOOLICHHS OT BPEMEHH) M II0JIb30BATEIBCKUC YCIOBHS.
VcoBepIICHCTBOBAH MOAX0/ K JUBEPCU(UKALINY TIOUCKA B MyPaBbHHbIX aJIFOPUTMAX B YCIOBHSIX 3aBUCUMOCTH
OT BpeMEHHM I IUIOTHOIO TIpada, 4YTO MO3BOJIMJIO IOBBICHTH KadeCTBO IIOCTPOCHHBIX MapIIpyTOB,
CBSI3BIBAIOIIIX Pa3INYHBIC PErHOHBL. D(P(EKTHBHOCT IPEUIOKCHHBIX aJrOPUTMOB HCCIICJOBAHA HA OCHOBE
aHaJIM3a Pe3y/IbTaTOB BHIYMCINTEIBHOTO SKCIICPUMEHTA, BBIIOJIHEHHOTO C MCIOJIb30BAHHEM PEaIbHBIX JaHHbIX.

KiodeBble ¢I0Ba: ONTUMH3ALUS  MapIIPYTOB, CETh  aBHAINCPEICTOB, MYpPaBbHHBIC —aITOPUTMBI,
JBepcHUKALS TIOUCKA, PACIIMPEHHbIE CETH [0 BPEMEHH, JIMHAMUYECKOE 0OHAPYKEHHE ANCKPETH3ALMH.

AJIropuTMH ONTHMi3al{il MypalIHHHMH KOJIOHISIMH 3 THBepcH(iKOBAHHM NMOLIYKOM Y 3a1a4i onTuMizanii
apianepenbotis / JI.®. I'ynsinnnbkuii, A.l. ITaBiaenko // KibepHetnka Ta cucremuuit ananis. 2019. Tom 55,
Ne 6. C. 110-121.

Amnoranist. ChopMyI50BaHO 3224y MOLIYKY ONTHMAIBHOIO LUTIXY MaHIPIBHUKA B MEPEXKi aBiariepesboTiB,
sIka BPAaXOBY€ BapTICTh IOOYIOBAHOIO MapIIPyTy Ta HAsBHICTh KOPHCTYBALIPKUX YMOB Y BHIIAJKy 3aJICKHOI Bil
4acy BapTOCTI CHOJYYEHb. 3AIPONOHOBAHO AITOPUTMU CHCTEM MYPAIIMHHUX KOJIOHIH /Uil PO3B’I3yBAaHHS 3aJICKHOT
BiJI yacy 3a/1a4i, HOJAHOI PO3LIMPEHUM IrpadoM MEepesbOTiB, SIKi, HA BiAMIHY BiJl HASIBHHX MyPALHHUX AJIFOPUTMIB,
BPaxOBYIOTb JUHAMIYHICTH Mepexi (3aJIeKHICTh HAsBHOCTI 1 BapTOCTI CIOJIYYEHHs Bil 4acy) Ta KOPHCTYBAIbKi
yMOBH. BjiockoHasieHo minxin 10 aumBepcudikaiii momyky B MypallMHHX aITOPUTMaX B YMOBAaX 3aJI€KHOCTI BiJ
Yacy Juisl IiiabHOro rpady, 1o Aajgo 3MOry MiJBHIIMTH SIKICTh MOOYJOBaHHMX MApIIPYTiB, SIKi CIOMYYArOTh Pi3HI
perionn. EeKTHBHICTb 3aIPONOHOBAHNX aITOPUTMIB JOCII/UKEHO IULIXOM aHai3y Pe3yiIbTaTiB 00UNCIIIOBATIEHOTO
eKCIIEPUMEHTY, BHKOHAHOTO 3 BHKOPHUCTaHHSM PEAIbHHX JaHHX.

KuouoBi ci1oBa: ontumiszaiisis MapumpyTiB, Mepexa aBianepenboTiB, MypallnHi aaropuTMH, AuBepcudikailis
MOIIYKY, PO3IMIMPEHI MEpPexi 3a 4acoM, JMHAMIUHE BHSBJICHHS IHCKPETH3ALi.

Ant colony optimization algorithms with diversified search in the problem of optimization of airtravel
itinerary / L. Hulianytskyi, A. Pavlenko // Kibernetika i sistemny;j analiz. 2019. Vol. 55, N 6. P. 110-121.
Abstract. The formulated problem is to find optimal traveler’s path in airline networks, which takes into
account cost of the constructed route and user conditions with time-dependent cost of connections. Ant colony
system algorithms are proposed to solve the time-dependent problem represented by an extended flight graph.
Unlike the available ant algorithm implementations, the developed algorithms take into account the properties
of dynamic networks (time-dependent availability and connections cost) and user conditions. The improved ap-
proach to the diversification of search in ant colony system algorithms in terms of time dependence for a dense
graph increased the quality of the constructed routes from different regions. The proposed algorithms are ana-
lyzed for efficiency based on the analysis of the results of a computational experiment from real data.

Keywords: route optimization, flight network, ant algorithms, search diversification, time-expanded networks,
dynamic discretization discovery.

VJIK 517:519.6
OO0 oaHoii cxeme pacuemyieHuss B 3agadax aud@ysun u TemionposogHoctu / A.B. TI'maakwmii,
10.A. Tnankas // KubGepuetuka u cucremubiii anamus. 2019. Tom 55, Ne 6. C. 122-133.

In.: 0. Tabn. 0. bi6miorp.: 24 Ha3Bu.

AnHoTanus. PaccMoTpeHa 3a/1ada MaTeMaTH4eCKOro MOJICIMPOBAHHsS M ONTUMU3ALMN HECTALMOHAPHBIX
nporeccoB auddy3nu ¥ TEIUIONPOBOAHOCTH. JIJISI YHCIEHHOTO PEIICHHS MHOTOMEPHBIX HAa4aJbHO-KPAaeBBIX
3amad  auddy3un M TEIIONPOBOJHOCTH MHPEAIOKCH MOAXOJ, HCIONB3YIONMI HACI0 PACIICIUICHUS U
pealn3alyio MOJIyYeHHBIX Pa3sHOCTHBIX CXEM C IIOMOIIBIO SBHBIX cXeM Oerymero cuera. lcciemnoBaHsl
BOIIPOCHI MOCTPOEHUSI PA3HOCTHBIX CXEM pPACIIEIUIEHHs, alNpOKCUMAlMU M YCTOMYMBOCTH IO HAYaJIbHBIM
JMaHHBIM. JIJI YHCJICHHOTO PEIICHHs 3a4a4d ONTHMAJIbHOTO YHPAaBICHUS IS MapaOOIM4ecKOro ypaBHCHHS
usydeHsl audepeHnnanbHble CBOICTBA (YHKIMOHANA KAauyecTBA, IPEUIOKEH HTEPALMOHHBIN aJrOpPUTM
OIpEJIEIeHHs ONTUMAJIbHOTO YIPaBICHUS.
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KuioueBble ciioBa: mapabonudeckoe ypaBHEHME, 3a/iada ONTHMAJIbHOTO YIPABICHUS, YUCICHHBI METOZ,
METO/Ibl PACIICIUICHHUS], Pa3HOCTHAsI CXEMa, YCTOMYMBOCTb.

ITpo oany cxemy posmenyieHHs B 3aga4ax augysii Ta Tenonposinnocti / A.B. I'maakwmii, F0.A. I'nagka /
KibGepuetnka ta cucremuuii anamiz. 2019. Tom 55, Ne 6. C. 122-133.

AHoTanist. Po3rysiHyTO 33724y MaTeMaTHYHOrO MOJETIOBAHHS Ta ONTHMI3alii HECTAI[iOHAPHUX MPOLECIB
Judy3il 1 TerutonposinHoCTi. [ uncenbHOro po3s’s3aHHs 6araToBUMIPHHX IT0YaTKOBO-KpaHoBUX 3axad qudysii i
TEIUIONPOBIHOCT] 3aMPOIOHOBAHO TifIXifl, SIKWil BUKOPHCTOBYE 1CH0 PO3IICTUICHHS Ta Peaizallild OTPUMaHUX
PI3HHIIEBHX CXEM 3a JONOMOIOI0 SIBHMX CXEM HACKpI3HOro pospaxyHky. JlOCiipkeHO mHuTaHHs M00ya0BH
PI3HHLIEBHX CXEM PpO3LICIUICHHS, aNpOKCHMamii Ta CTIHKOCTI 3a IOYaTKOBMMM HaHWMH. [l YHCEIBHOrO
PO3B’SI3aHHS 3a[a4i ONTUMAIBHOTO KEPYBAaHHS [UIs TApaOONiYHOTO PIBHSHHS JOCHIDKCHO Tu(epeHIiiabHI
BIIACTHBOCTI (DYHKIIOHATA SKOCT], 3aIIPOIIOHOBAHO ITEPALIHHIIA arOPUTM BU3HAYCHHST ONTHMAIBHOTO KEPYBaHHSI.

KurouoBi cjoBa: mapaboniuHe piBHSHHS, 337adya ONTUMAJIbHOIO YIPABIIHHS, YHCEIbHUH METOJ, METOIM
PO3IICIUICHHS], PI3HUIEBA CXEMa, CTIHKICTb.

About one splitting scheme for diffusion and heat conduction problems / A.V. Gladky, Y.A. Gladka //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 122-133.

Abstract. The problem of mathematical modeling and optimization of diffusion and heat conduction
non-stationary processes is considered. An approach that uses the idea of splitting and computation of the ob-
tained difference schemes using explicit schemes of running counting is proposed for the numerical solution of
multidimensional diffusion and heat conduction initial-boundary-value problems. Construction of difference
splitting schemes and approximation and stability on the initial data are investigated. Differential properties of
the quality functional are analyzed for the numerical solution of the optimal control problem for a parabolic
equation. An iterative algorithm for determining the optimal control is proposed.

Keywords: parabolic equation, optimal control problem, numerical method, splitting methods, difference
scheme, stability.

YIK 519.21
MosmdapanbHbIe KOrepeHTHBIE Mephbl pHcka H podacTHast onrumu3anus / B.C. Kupuimok // Kubepueruka
u cucremMublii aHanmm3. 2019. Tom 55, Ne 6. C. 134-144.

In.: 0. Tabn. 0. Bibmiorp.: 15 Ha3B.

AnHoTanusi. OrnycaHbl CBOICTBA ammapara IMOJM3/PaibHbIX KOTEPEHTHBIX MEpP PHCKA, €r0 B3aUMOCBS3U C
3aJadaMi poOAacTHOM M POOACTHOM IO PACHIpPENEICHHIO ONTHUMM3AIMY, a TAKKE ero HPUMEHCHHE B YCIOBHSX
HEOIPEIeNIeHHOCTH. PaccMOTpeHb! mpo6ieMbl BBIUMCIICHUs POOACTHBIX KOHCTPYKLMH MOMMIIPATbHBIX KOTGPEHTHBIX
MEp PUCKa U UX MUHUMM3ALIMH, KOTOPBIE CBEIEHBI K COOTBETCTBYFOLIMM 33/1a4aM JIMHEHHOTO MPOrpaMMHUPOBAHUSL.

KitroueBble ciioBa: moimdapanbHas KorepeHtHas Mepa prcka, Conditional Value-at-Risk, pobactras onrnmmu3aris,
pobacTHasi 10 PaCIPE/ICIICHIIO ONTHMU3ALISI, MHOXXECTBO HEOIPE/ICICHHOCTH, JIMHCHHOE MPOrpaMMUPOBAHHE.

Hoaienpanbui korepenTHi Mipu pm3uky i podacrna onrumizanisa / B.C. Kupumok // KiGeprernka Ta
cucremuuii anamis. 2019. Tom 55, Ne 6. C. 134-144.

Anoranis. OnucaHo BIACTHBOCTI anapary MoJliefpajbHUX KOT€PEHTHUX Mip PH3UKY, HOTO 3B’S30K 3
3a7a4aMi poOacTHOI Ta poOAcTHOI 3a PO3MOAINOM ONTHMI3allii, a TakoX HOro 3acTOCyBaHHS B yMOBax
HeBHM3HAueHOCTI. PO3risiHyTO mpobiieMn 004YMCIIEHHS pOOACTHUX KOHCTPYKIIN MOJieqpalbHUX KOTEPEHTHUX
Mip pu3MKy Ta iXHbOI MiHiMi3alii, sKi 3BeJEHO JO BIiANOBIAHMX 3ajJay JIHIHHOrO MpPOrpaMyBaHHs.

KumiouoBi ciroBa: nosniepanbHa korepeHTHa Mipa pusuky, Conditional Value-at-Risk, po6actHa ontumisaris,
pobacTHa 3a PO3MOJIIOM ONTHMi3allis, MHOXKHHA HEBH3HAYCHOCTI, JIIHIHHE IPOrpaMyBaHHS.

Polyhedral coherent risk measures and robust optimization / V.S. Kirilyuk // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 6. P. 134-144.

Abstract. Properties of the apparatus of polyhedral coherent risk measures, its relationship with problems
of robust and distributionally robust optimization, as well as its application under uncertainty are described.
Problems of calculating robust constructions of polyhedral coherent risk measures and their minimization,
which are reduced to the corresponding linear programming problems, are considered.

Keywords: polyhedral coherent risk measure, Conditional Value-at-Risk, robust optimization, distributionally
robust optimization, robust risk measure construction, uncertainty set, linear programming.
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VK 519.9

MaremaTH4ecKHe MEeTO/bI IOUCKA ONTHMAJILHOIO YIPABJICHHS KOJeOAHUMH IIAPHHPHO 3aKPeIIeHHOMH
0ankn (geTrepMuHHpOBaHHBIH cay4ail) / .M. 3paxeBcknii, A.H. I'omoguukos, C.II. VYpscweB //
KubGepuetnka u cuctemubii anamus. 2019. Tom 55, Ne 6. C. 145-164.

Im.: 7. Tabn. 0. bibmiorp.: 6 Ha3s.

AnnoTtanus. PaccMaTpHBaroTCs HECKOJIBKO IIOCTAHOBOK 33aull 00 ONTHMAIBEHOM YIPABISIEMOM
BO30YXK/ICHUM KoJicOaHMi HIapHUPHO 3akperuieHHoW Oanku. KoneGaHWs NPOMUCXOIAT MO BO3IACHCTBUEM
HECKOJIbKMX BHEIIHMX MEPHOJAMYECKMX Cuil. B mpocTeiimiedl mocTaHOBKE 3ajauM MPEAIOJIaraercs, uTO
CTpyKTypa Oanku ojHOpojaHA. B Oonee ClIOXKHOI ITOCTAaHOBKE JOIMYCKAaeTCs HAJIMYME HEOJHOPOIHOCTEH
(nedexroB) Ha Oanke. Llenb ympaBneHus koineOaHusSMU OajKM COCTOMT B OOECIICUYEHHMHU 33TaHHON (OPMBI M
3a/laHHOil TOTOYeYHOW (a3l KoseOaHMH B ONPEACNICHHOM YaCTOTHOM [Hara3oHe. 3ajada COCTOUT B
OIIPEeJIETICHHH TOTO, CKOJIBKO HEOOXOAMMO IIPHJIOKEHHBIX CHJI (BKJIIOYAs MX XapaKTEePUCTHKH — MecTa
MIPUJIOKEHUSI, aMILTUTYAbI U (asel KonebaHuit) uist obecrieyeHus sxenaeMoi (opMbI KoneOaHU C 3aJaHHON
TOYHOCTBIO. C MOMOIIBbIO AHATMTUYECKUX MATEMAaTHYECKHUX METOIOB PACCMATPHBAEMBbIC 3aJaul CBOISATCA K
0oJee IPOCTHIM MHOTOIKCTPEMaIbHBIM 33/1auaM MUHHUMHU3AIUH OCHOBHEIX (JyHKIIMOHAJIOB, KOTOPBIE YHCICHHO
pemaroTcst ¢ moMoupblo MHorodyHkuuoHanbHoro nakera AORDA PSG.

KiloueBble cioBa: BuOpamnus, hopma KoixeOaHMH, ONTHMAIbHBIC XapPAKTEPHCTHKH BO30Y)KICHUS.

MaremMaTH4Hi METOH NMOLIYKY ONTHMAJILHOI0 KepyBaHHs KOJMBAHHAMM IIAPHIPHO 3aKpimieHoi 6aaku
(aerepminoBanuii Bunanox) / I'.M. 3paikeBcoknii, O.M. I'onoanikos, C.II. Ypsac’es // Kibepueruka Ta
cucremuuii anami3. 2019. Tom 55, Ne 6. C. 145-164.

AHoTauis. Po3riisHyTO KilbKa MOCTaHOBOK 3ajayui MpO ONTHMAalbHE KepoBaHE 30YKCHHS KOJIUBAHb
HIApHIPHO 3aKpimuieHoi Oanku. KonmBaHHs BigOyBalOTHCS IiJ BIUIMBOM JEKIUIBKOX 30BHILIHIX MEpPiOIMYHUX
cwiI. Y HaHmpocTimiii MOCTaHOBII 3akadi BBaXKAIOTh, [0 CTPYKTypa OalKU € OJHOPIZHOIO. Y OLIBII CKIagHIN
MOCTAHOBI JIOMYCKAIOTh HasBHICTh HeoaHOpigHOcTel (nedexTiB) Ha Oamui. Mera KepyBaHHS KOJIMBAHHSAMM
Oayky moisArae y 3abesnedycHHi 3amaHoi (opmu i 3agaHOi MOTOYKOBOI ()asm KOJIMBAaHb y BH3HAYCHOMY
YaCTOTHOMY Jliana3oHi. 3ajaya mojsirae y BH3HAYEHHI TOrO, CKUIBKM HEOOXiIHO MPHKIAICHUX CHII Ta iXHIX
XapaKTepHCTUK (MiCLs TPHKIAACHHS, aMIUNTYyad i (a3u KoJMBaHb) I 3abe3medeHHst OaxkaHol (hopmu
KOJIMBaHb i3 33JaHOI0 TOYHICTIO. 3a JONOMOrOI0 AHAITHYHUX MATEeMAaTHYHHX METOIIB PO3IJIIHYTI 3ajaui
3BOJIAITBCS 10 OUIBII MPOCTUX OaraToeKCTpeMalbHUX 33/1a4 MiHiIMi3allii OCHOBHUX (pyHKIIOHATIB, SIKI YUCEIBHO
pO3B’s3yI0ThCs 3a Jonomoroto OararodyHkiioHaabHoro nmakery AORDA PSG.

KuouoBi csioBa: BiOpaiis, ¢popMa KOJIMBaHb, ONTHMAJIbHI XapaKTEPUCTUKH 30y DKEHHS.

Mathematical methods for searching the optimal control of oscillations of a hinged beam (deterministic
case) / G. Zrazhevsky, A. Golodnikov, S. Uryasev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6.
P. 145-164.

Abstract. We consider several problem statements for the optimal controlled excitation of oscillations of
a hinged beam. Oscillations occur under the influence of several external periodic forces. In the simplest state-
ment, it is assumed that the structure of the beam is homogeneous. In a more complex formulation,
inhomogeneities (defects) on the beam are allowed. The goal of controlling the oscillations of the beam is to
provide a predetermined shape and a predetermined pointwise phase of oscillations in a given frequency range.
The task is to determine the number of forces and their characteristics (application, amplitude and phase of os-
cillations), which provide the desired form of oscillation with a given accuracy. With the help of analytical
mathematical methods, the problems in question are reduced to simpler multiextremal problems of minimizing
basic functionals, which are numerically solved using the multifunctional package AORDA PSG.

Keywords: vibrations, waveform, optimal actuation.
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VK 517.977
JlocTaTouHble YCJI0BHSL COJIMKEHHS! YNpPaB/sieMbIX 00bEKTOB B HMIPOBBIX 3aja4yax amHamuku. II /
N.C. Pammonopt // Kubepreruka u cucremuslii anamm3. 2019. Tom 55, Ne 6. C. 165-177.

Im.: 0. Tabn. 0. bi6miorp.: 24 Ha3s.

AHHoTanus. Pemena 3amaua cOMMKEHUs yNpPaBiIsgeMbIX OOBEKTOB Ha OCHOBE METOJA Pa3pelIaroIUX
¢ynxnuii. [TpeiokeHs! HOBBIE JOCTATOYHBIE YCIIOBUS OKOHYAHUS UTPHI 32 KOHEYHOE TapaHTUPOBAHHOE BpeMst
B cilydae, Koraa yciaoBue [IoHTpsrMHaA He BBIMONHsCTCS. BBemeHbl pasperratomue (QyHKIMH CHELUATBHOTO
THIIA ¥ HAa WX OCHOBE pa3paboTaHbl [BE CXEMbl METOJa paspelaromux (yHKIui, obecrneynBaromux
3aBepureHne I hepeHIHaNIbHON UIphl B Kiacce KBAa3UCTPATEernil 1 KOHTpynpasieHuil. [Ipusenensr Gopmyist
JUIsL BBIYKCIICHUSI pasperuaronmx (yHKuid. Pe3ynbraThl WLIIOCTPUPYIOTCS HAa MOJCIBHOM IpPHMEpeE.

KiroueBble cioBa: kBasmwinHeiHas auddepeHnnanbHas Hrpa, MHOTO3HAYHOE OTOOPAKEHHE, H3MEPHUMBIN
CEJICKTOp, CTPOOOCKONMHUYECKas CTpAaTerus, paspeliaromas (yHKIHs.

JlocTaTHi YMOBH 36.TH/KEHHSI KePOBAHMX 00’€KTiB B irpoBuX 3a1auax muuamiku. I / M.C. Panmonopr //
KiGepuernka ta cucremuumii amami3. 2019. Tom 55, Ne 6. C. 165-177.

AHorauis. Po3B’s3aH0 3a1a4y 301MKEHHS KEPOBaHMX O0’€KTIB HAa OCHOBI METOIY DPO3B’S3yBaJbHUX
(yHKii. 3anPOIOHOBAHO HOBI JIOCTATHI YMOBHU 3aKiHUCHHS I'PU 3a CKIHUCHHHI rapaHTOBAHMIT 4ac B pasi, KOJIH
ymoBa [loHTpsiriHa He BUKOHYETHCS. YBEAEHO PO3B’sI3yBaIbHI (YHKII CIIeNiaIbHOrO THILY i Ha IXHiil OCHOBI
PO3pO0ICHO IBI CXEMHM METOJY PO3B’S3yBalbHHUX (DYHKILIH, 0 3a0€3Me4yr0Th 3aBepLICHHS qudepeHIiaTbHOT
rpH B KJaci KBasictpareriii 1 KoHTpKepyBaHb. HaBeneno ¢hopmyitu a1t 004MCICHHS O3B’ A3yBaIbHUX (DYHKIIH.
PesynbraTé iMOCTPYIOTBCS HA MOJICTBHOMY TPHKIAJI.

KuirouoBi crnoBa: kBasiminiiiHa audepeHmianbHa rpa, OGaraTo3HauyHe BiIOOpaXKCHHs, BHMIPHHN CEJIEKTOP,
CTPOOOCKOMIYHA CTpATerisi, po3B’si3yBajgbHa (BYHKIIS.

Sufficient conditions of approach of the controlled objects in dynamic game problems. II / I.S. Rappoport
/I Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 165-177.

Abstract. The problem of approach of control objects is solved on the basis of the method of resolving
functions. New sufficient conditions for game termination in a finite guaranteed time are proposed for the case
where the Pontryagin condition is not satisfied. Resolving functions of special type are introduced and are used
to develop two schemes of the method of resolving functions that ensure termination of the differential game in
the class of quasi-strategies and counter-controls. The formulas for calculating the resolving functions are
given. The results are illustrated by a model example.

Keywords: quasilinear differential game, multivalued mapping, measurable selector, stroboscopic strategy, re-
solving function.

HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS, COM-
IH®OPMATHUKH, OBYUCJIIOBAJIBHOI PUTER SCIENCE, AND SYSTEM ANALYSIS
TEXHIKH I CUCTEMHOI'O AHAJII3Y

VK 004.22+004.93y11
BoIcTpblii mouck cxoHbIX rpagos no paccrossHuio perakruposanus / JI.A. Paukosckuii // Kubepuernka
u cucteMHbiii anamu3. 2019. Tom 55, Ne 6. C. 178-194.

In.: 0. Tabn. 0. Bibmiorp.: 70 Ha3B.

AnHoTtanus. [lan 0030p HHIEKCHBIX CTPYKTyp Al OBICTPOTO IIOMCKA IO CXOACTBY OOBEKTOB,
IPE/ICTABICHHBIX JAEpPeBbAMU M rpadamu. B kadecTBe Mepbl CXOACTBA HCIOJB30BAHO PACCTOSHUE
pelaKTUpOBaHKs. PaccMOTpPEHO BBINOJIHEHME 3alpOCOB TOYHOIO IMOMCKAa 110 CXOACTBY. B 0CHOBHOM
IPEJCTABICHEl AATOPHTMBl HAa OCHOBE CTpaTerHu (HIBTpAlUKM M YTOYHCHHS, HCIONB3YIONIHE 00paTHOE
nHjekcuposanue. Kpome Toro, paccCMOTpeHbl alrOpHTMbl TOYHOIO BBIUMCIIEHHUs PACCTOSHUS PEAKTHPOBAHMUS
rpa)OoB M €ro HIDKHUX M BEPXHHX TPAHHII.

KuroueBble ¢10Ba: IIOUCK 110 CXOJICTBY, I'padbl, PACCTOSHHUE PeAAaKTUPOBAHYS, OIIMDKaiiIIiil cocest, HHIEKCHBIS
CTPYKTYpbI, 00paTHOE WHJIEKCUPOBAHHE.
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HIBuakuii momyk cxoxkux rpagis 3a BincranHio penaryBanns / JI.A. PauxkoBcbkuii // Kibepueruka ta
cucreMmuuii ananiz. 2019. Tom 55, Ne 6. C. 178-194.

Anortanis. HapelleHo orusia iHIGKCHMX CTPYKTYp Ui IIBHJKOTO IIOIIYKY 33 CXOXICTIO 00’€KTiB,
MOJAaHMX JepeBaMu Ta rpadamu. Sk Mipy CXOXKOCTi BHKOPHCTaHO BiJICTaHb pelaryBaHHsA. PosriistHyTO
BHUKOHAHHS 3aIMTIB TOYHOTO MOIIYKY 3a CXOXICTIO. B OCHOBHOMY OIMCaHO QJIrOPUTMHM Ha OCHOBI CTpaterii
(inpTpanii Ta yTOYHEHHs, SKi BUKOPHCTOBYIOTh OOEpHEHE iHjeKkcyBaHHsA. KpiM TOro, po3risHyTo aJropuTMu
TOYHOTO OOYHCIICHHS BiICTaHI pemaryBaHHs rpadiB Ta I HIDKHIX 1 BEPXHIX MEX.

KarouoBi cimoBa: momryk 3a cxoxkicTio, rpadu, BiICTaHb pelaryBaHHs, HaiffOmmkumil cycin, iHZeKcHi
CTPYKTYpH, OOCpPHEHE iHAEKCYBAHHSI.

Fast search for similar graphs by edit distance / D.A. Rachkovskij / Kibernetika i sistemny;j analiz. 2019.
Vol. 55, N 6. P. 178-194.

Abstract. This survey article considers index structures for fast similarity search for objects represented
by trees and graphs. Edit distance is used as a measure of similarity. The execution of exact similarity search
queries is considered. Algorithms based on the filter-and-refine strategy using inverted indexing are mainly pre-
sented. Algorithms for exact calculation of the graph edit distance and its lower and upper bounds are also con-
sidered.

Keywords: similarity search, graphs, edit distance, nearest neighbor, index structures, inverted indexing.

VK 519.615
Mertop rio6aabHoii MUHUMHU3aNUU QYHKIHIT ¢ HcnoJab3oBanueM oneparopa Kpapuuka / B.JO. Cemenos,
E.B. CemenoBa // Kubepuernka u cucremHbiii aHamus. 2019. Tom 55, Ne 6. C. 195-202.

In.: 3. Taba. 0. Bi6miorp.: 14 Ha3s.

AHHOTANMS. B padore MPEATIOKEH METOJT r100aJIbHOM MHUHUMH3ALINA JIBAYKBI
HenpepbIBHO-AUGGepeHIUpyeMbIX (QYHKIUH HECKOJbKHX MEePEeMEHHBIX Ha 3aJaHHOM HHTepBaie. MeTox
OCHOBAaH Ha PEIICHUH CHUCTEMbI HEJMHEHHBIX ypaBHEHMH, 00pa30BaHHOW YaCTHBIMH MPOM3BOJHBIMHU IETICBOM
¢dyHkuun ¢ momorusio omepatopa KpaBumka. [IpuMeHeHne MeToda MPOJEMOHCTPUPOBAHO HA YHCICHHBIX
IpUMepax.

KiroueBble cjoBa: 1100aibHas MUHAMM3aIMs, oreparop KpaBumka, MOMCK KOpHEH, recchaH.

Metoa rio6anbHoi MiHimMizanii @yHkuiii 3 BukopucranHsam omepatopa Kpapumuka / B.JO. CemeHnos,
€.B. CemenoBa // Kibepuernka Tta cucremuuii anamiz. 2019. Tom 55, Ne 6. C. 195-202.

AHoTanis. 3anporoHOBAaHO METOJX II00ANbHOI MiHIMI3aLil ABiYi HernepepBHO-AH(BEPEHIIHOBHIX
¢yHKOi Bix NEKUIBKOX 3MIHHHX Ha 3aJaHOMy iHTepBayi. MeTon IPYHTYEThCs Ha PO3B’sI3aHHI CHCTEMHU
HENHIWHUX PpIBHAHb, YTBOPEHOI YAaCTKOBUMHM MOXiJHAMH LUILOBOI (YHKIIl, 3a IONOMOrOK Omeparopa
KpaBumnka. 3acTocyBaHHS METOJy IPOAEMOHCTPOBAHO HAa YHCEIIBHHUX IPUKIAJAX.

KumouoBi ciioBa: rimob6ampHa MiHiMi3awiss, onepatop KpaBumka, HOIIYK KOPEHIB, recciaH.

Global minimization method based on krawczyk operator / V.Yu.Semenov, Ye.V. Semenova //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 195-202.

Abstract. Global minimization method for twice differentiable functions of several variables on the given
interval is proposed. The method is based on the solution of systems of nonlinear equations formed by partial
derivatives of the objective function with the use of Krawczyk operator. The application of the method is
illustrated by numerical examples.

Keywords: global minimization, Krawczyk operator, rootfinding, Hessian.
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