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VK 519.686.2
AHaJIN3 CTPYKTYPbI aTPUOYTHBIX TPAH3ULMOHHBIX CHCTEM 0e3 CKPBITHIX nepexonos / B.B. Ckobenes //
Kubepueruka u cucremubiii anamus. 2017. Tom 53, Ne 2. C. 3-15.

Im.: 0. Tabn. 0. Bi6miorp.: 11 Ha3B.

ITpoBesicH TEOPETHKO-MHOKCCTBCHHBIH aHANN3 CTPYKTYphl aTPHOYTHBIX TPAH3UI[MOHHBIX CHCTEM 0e3
CKPBITBIX Iepexo/10B. [IpeaioskeHbl YacTHYHbIE OIepalii KOMIO3HIMU UCTOpHid 1 Tpacc. [Toka3ana Bo3MOX-
HOCTb MX IIPUMEHEHHMS JUIS pacliapajuIeNIMBaHus IIOCTPOCHHS OKPBITUI MHOXKECTB UCTOpHH n Tpacc. Ompene-
JICHBI OTHOIICHUSI YKBHBAJICHTHOCTH HA MHOXKECTBE COCTOSHHUIL. B TepMHHAX CHCTEM C BBIICICHHBIMH Hadallb-
HBIMH U (PHHATBHBIMU COCTOSIHHSIME, @ TaKXKE CHCTEM C BBIICICHHBIMH Ha49aJIbHBIMHU COCTOSHUSIMU M MHOXCEC-
TBaMU (PUHATBHBIX IIPEJICIBHBIX MHOXECTB COCTOSHHIl OINpPE/CICHBI KIIACCHI OC30MACHBIX M KOPPEKTHBIX
cucreM. Ilocrpoena ainredpa Takux CHCTEM.

KiroueBble ciioBa: aTpHOyTHBIC TPAaH3HUIHOHHBIE CHCTEMBI 0€3 CKPBITHIX NIEPEX0J0B U HX KOMIIO3HIHH, 0e30-
IIACHOCTb U KOPPEKTHOCTb, CTPYKTypa MHOXECTB COCTOSIHHM, MCTOPHUIl M Tpacc.

AHani3 CTPYKTYpH aTpUOYTHHX TPAH3HLIHHUX cHcTeM 0e3 mpuxoBaHux nepexonis / B.B. Ckobenes //
Kibepuetuka ta cucremuuii anamiz. 2017. Tom 53, Ne 2. C. 3-15.

IIpoBeneHO TEOPETHKO-MHOKHHHUM aHaNi3 CTPYKTYPU aTpHOYTHHX TPAH3ULIHHUX CHCTEM 0e3 IpHXOBa-
HHX IIepexo/iB. 3alporIoHOBAaHO YacTKOBI oneparnii koMo3uii icTopii i Tpac. ITokazaHo MOXIIUBICTE IXHBOTO
3aCTOCYBAHHSI sl PO3MAPAICITIOBAHHS T00YI0BH OKPUTTIB MHOXHUH iCTOpIil Ta Tpac. BU3HAYCHO BiIHOLICHHS
€KBIBAJICHTHOCTI HA MHOXKMHI CTaHiB. Y TepMiHaX CHUCTEM i3 3aJaHUMH MOYATKOBUMH 1 (DIHAIBHUMHU CTaHAMH,
a TAaKOX CHCTEM 3 33JlaHHMM [10YaTKOBUMH CTAHAMM i MHOKMHAMH (hiHAJIbHUX IPAHUYHUX MHOXKMH CTaHIB BU3-
HA4YeHO Kiach Oe3nmeyHuX i KOpekTHHX cucteM. [loOymoBaHo anreOpy TakuX CHCTEM.

KuouoBi ciioBa: aTpuOyTHI TpaH3MUIIHI cucTeMu 0e3 MPUXOBAaHKUX MEPEXO/IiB Ta IXHI KOMITO3HIii, Oe3meka Ta
KOPEKTHICTh, CTPYKTypa MHOXHH CTaHIB, iCTOpiii Ta Tpac.

Analysis of the structure of attributed transition systems without hidden transitions / V.V. Skobelev //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 3-15.

The paper carries out set-theoretic analysis of the structure of attributed transition systems without hidden
transitions. Partial operations of composition of histories and traces are proposed. It is shown that they can be
used to parallelize the design of coverings of sets of histories and traces. Equivalence relations on the set of
states are extracted. In terms of systems with distinguished initial and final states, as well as systems with
distinguished initial states and sets of final limit sets of states, classes of safe and correct systems are defined.
The algebra of such systems is proposed.

Keywords: attributed transition systems without hidden transitions and their compositions, safeness and
correctness, the structure of sets of states, histories and traces.

CACTEMHHI AHAJI3 SYSTEMS ANALYSIS

YIK 519.21

JluHaMuyeckoe CiHsHHE IJ00aJbHOH M JIOKAJbHOH Mojeleil sl yCTOHYMBOrO ILIAHHPOBAHHS
3eMJIENO/IB30BAHNS € Y4eTOM IJ106aabHbIX npoexuuii GLOBIOM H 10KalbHBIX TEXHHKO-)KOHOMHYECKHX
H pecypcHbIx orpanuyenuii / Epmoasesa T.1O., FO0.M. Epmoases, I1. XaBauk, A. Moube, /1. Jlekiep,
C. ®purn, X. Bamun, M. Oepwraiinadp, C.B. Kupusiok, E.H. Bopoauna // KubepHetnka U CHCTeMHBIN
ananu3. 2017. Tom 53, Ne 2. C. 16-30.

In.: 1. Tabn. 0. Bibmiorp.: 19 Ha3s.

B nemnsix mpoBeieHusT HCCIISIOBaHUI U MOJTy4YEHHs IIPOTHO30B Ha TPeOyeMOM IPOCTPAHCTBEHHOM pa3pe-
LICHNH 00BEIMHEHBI JIBE MOJICIIN: BBIYMCIICHHE MIO0ABHBIX U PETHOHATBHBIX POSKIMH OCYILECTBIISETCS C T10-
MOLIBIO TI00AJTBHON JMHAMUYECKOM Mojenu dvactuuyHoro pasHoBecuss GLOBIOM (Global Biosphere
Management Model), a ymeHbllIeHHE PAa3MEPHOCTH IOJYYEHHBIX PE3yJbTATOB 10 HEOOXOIUMBIX MPOCTpa-
HCTBECHHBIX Pa3pelICHUI MPOBOIUTCS C MOMOIIBIO IUHAMHYCCKON PEKYpPCHBHOM MOJCIH pasyKpYIHCHHS, UC-
TOJIB3YIOLIEH TPUHIIKIT KPOCC-OHTPOMUHU. [Ipe/ioKeH Bl T0IX0/1 TO3BOJISET yYECTh AaHHbIC, HMCIOLINECs Ha
pa3HBIX pa3pellieHUsIX U U3 PasHBIX HCTOYHUKOB. B mpakTHuecKux HCCleroBaHWAX, MpoBeieHHbIX B Kurae u
VYkpauHe, Npe/UIoKeHHBIH MOX0 MO3BOJIMII MTOIYYUTh JIOKAJIbHBIC MPOTHO3bI PA3BUTHS M U3MEHCHUSI 3eMIle-
M0JIb30BAHUSI, COOTBETCTBYIOIIHE PEAbHBIM TCHACHIMUAM U OXHUAAHHSM. Pa3yKpylHEHHbIC JaHHBIC U IPOCK-
[[M{ WCTOB30BATNCh B HAIIMOHAIBHBIX MOJICISAX IUTAHUPOBAHHUS YCTOWYMBOTO 3€MIICTIONB30BAHMS H CEIBCKO-
XO3SICTBEHHOTO Pa3BUTHSL.

KiioueBbie cjioBa: riiodaabHast MOJEIIb TUIAHUPOBAHUS 3€EMJICIIOIB30BaHUS, MOJIEIIb p06aCTHOI‘0 pasykpynHe-
HUA, TUHAMHAYCCKOC CIIUAHUC Moneneﬁ, HEOMNPEACICHHOCTH, JIOKAJIbHBIC MNPOCKIUU 3E€MIICIIOIB30BaHUA.
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JunaMiuHe 3JIMTTSA IV100aJILHOI i JIOKAJILHOI Mo/eJIeli VISl CTAJ0r0 NJIAHYBAHHS 3eMJIEKOPHCTYBAHHSA 3
ypaxyBaHHsiM T1i100ajabHuX mnpoekniii GLOBIOM i Ji0KaJlbHHX TeXHiIKO-eKOHOMIYHHMX pPeCypcHUX
oome:xenb / T.FO. Epmoabena, F0.M. Epmoubes, I1. XaBiauk, A. Monbe, /1. Jekaep, C. ®piru, X. Bauin,
M. Odepmraiinep, C.B. Kupusiok, O.M. Bopoaina // Kibeprernka ta cucremuuil ananis. 2017. Tom 53,
Ne 2. C. 16-30.

3 METO MPOBEICHHS JOCIIPKEHb 1 OTPHUMaHHS NPOTHO31B Ha HEOOXI/HIM MPOCTOPOBIH OAMHHMIII 3anpo-
MTOHOBAHO 00’ €IHATH JIBI MOZEINi: 00UNCIeHHS T100abHUX 1 PEriOHATBHUX NPOEKIiH 3/IHICHIOIOTH 3a J0IOMO-
roro ria06aabpHol JuHamMiuHOi Mojeri yactkoBoi piBHoBarn GLOBIOM (Global Biosphere Management Model),
a 3MCHIIEHHS PO3MIPHOCTI OTPUMAHHX PE3yJIbTATIB 10 HEOOXiAHOT IPOCTOPOBOT OMHHUII OTPUMYIOTH 32 JOTIOMO-
TOI0 JMHAMIYHOI PEeKYyPCHBHOI MOJIENI PO3YKPYITHEHHS, 1[0 BUKOPUCTOBYE HPUHIUII KPOC-EHTPOIIii. 3apornoHo-
BaHUH{ MiJXiJ 03BOJIIE BpaxXyBaTH HasBHI Ha PI3HUX HMPOCTOPOBUX OAMHUILIX 1 3 PI3HHX JDKepeln JaHi. Y mpak-
THYHUX JOCITIDKCHHSX, mpoBeieHnx y Kurai ta YkpaiHi, 3aIporoHOBaH Il MiAXi/ 103BOIMB OTPHMATH JIOKaIbHI
MIPOTHO3M PO3BUTKY 1 3MiHM 3€MJICKOPUCTYBAHHS, 110 BiIOBIIAIOTh PEATILHUM TEHJICHLISM 1 ouikyBaHHsM. Po-
3yKPYIHEHI JaHi i MPOeKIlii BUKOPUCTAHO B HALIOHAIBHUX MOJACIIIX IUIAHYBAHHS CTAJOTO 3eMIICKOPUCTYBAaHHS
Ta CLIBCHKOIOCIOAAPCHKOrO PO3BHUTKY.

KuiouoBi ciioBa: rinobanbHa MOJIENb IUTAHYBAHHS 3MJIEKOPUCTYBAHHS, MOJIENIb pOOACTHOTO PO3YKPYIHEHHS,
JIMHAMIYHE 3JIUTTS MOJIEJNIeH, HEeBU3HAUCHOCTI, JIOKAJIbHI MPOEKIii 3eMJIEKOPUCTYBaHHS.

Dynamic linkage of global and local models for sustainable land use planning accounting for global
projections from GLOBIOM and local feasibility and resource constraints / T.Y. Ermolieva,
Y.M. Ermoliev, P. Havlik, A. Mosnier, D. Leclere, S. Fritz, H. Valin, M. Obersteiner, S.V. Kyryzyuk,
E.N. Borodina // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 16-30.

In this paper, in order to conduct research at required spatial resolution, we propose a model fusion
involving interlinked calculations of regional projections by a global dynamic model GLOBIOM (Global
Biosphere Management Model) and a robust dynamic downscaling model, based on cross-enthropy principle,
for deriving spatially resolved projections. The proposed procedure allows incorporating data from satellite
images, statistics, expert opinions, as well as data from global land use models. In numerous case studies in
China and Ukraine, the approach allowed to estimate local land use and land use change projections
correspondingto real trends and expectations. The disaggregated data and projections were used in national
models for planning sustainable land use and agricultural development.

Keywords: global land use model, robust downscaling, dynamic model fussion, uncertainities, local land use
projections.

YIK 519.6

MeToabl TNOCTPOEHMSI TOYHOI PA3HOCTHOH cXeMbl JUISl OOBIKHOBEHHOro JAu(depeHInaIbHOro
ypaBHeHusl YyeTBepTOro nopsiika / lipukaszuukos B.I'. // Kubepueruka u cucremusiii ananus. 2017. Tom 53,
Ne 2. C. 31-37.

In.: 0. Tabn. 0. Bibmiorp.: 9 Hazs.

PaccmaTpuBaeTcsl MOCTPOCHNUE TOYHBIX PA3HOCTHBIX CXEM [UISl yPABHEHHS YETBEPTOTO TOPSIIKA C Mepe-
MEHHBIMH K02 dunneHTamu. st MOCTPOCHHST UCIIONB30BAHBI TIOMYYCHHbBIC B SBHOM BH/C PCLICHUS 3a1a4d
Kormm.

KuroueBble ciioBa: TouHas Ppa3sHOCTHasA CXEMa, 3ajaqa KOI_IIPI, CHJ'IaﬁHLI, OTHOPOIHOC YpPaBHCHHUEC.

MeToan no0y10BH TOYHOI Pi3HHIEBOI cXeMM /s 3BHYaHOr0 JudepeHiaJbHOro piBHAHHS 4eTBEPTOro

nopsiaky / B.I'. Ilpuxa3zunxoB // KiGepuernka Ta cucremumii amamiz. 2017. Tom 53, Ne 2. C. 31-37.
Po3risiHyTo 1OOYIOBY TOYHMX PI3HUIEBUX CXEM JUls DIBHSHHS YETBEPTOrO MOPSAKY 31 3MIHHUMHU

koediuienramu. /s moOyqoBH BHKOPHCTAHO OTPUMAHi B SIBHOMY BHIVLIAI po3B’si3ku 3amadi Ko

KoiouoBi cioBa: Touna pi3HHIEBa cxema, 3agada Komri, cruaiiHu, OJHOpiAHE PIBHSIHHS.

Methods to construct the exact difference scheme for a differential equation of order 4 /
V.G. Prikazchikov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 31-37.

The paper deals with the construction of exact difference schemes for fourth-order equations with
variable coefficients. To this end, we use the explicit solutions of the Cauchy problem.

Keywords: exact difference scheme, Cauchy problem, splines, homogeneous equation.
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YIK 517.9:519.6
OO0 yCTOIYMBOCTH PA3HOCTHBIX CXeM pacllelieHHsl JJIsi yYpaBHEeHHs1 KOHBeKTHBHOW muddysnn /
A.B. I'magkuii / Kubepuetuka u cucremubiii anamus. 2017. Tom 53, Ne 2. C. 38-50.

In.: 0. Tabn. 0. Bibmiorp.: 16 Ha3B.

Paccmotpena 3aaya YHCICHHOTO MOJCIUPOBAHHUS MPOLIECCOB PACIPOCTPAHCHHS 3arpsi3HCHUI B aTMOC-
(epe Ha OCHOBE METO/[d TEOMETPUYCCKOTO PACIICIUICHHS] TPEXMEPHBIX HECTAIMOHAPHBIX YPaBHEHMH KOHBEK-
TUBHON 1 dy3un. JIIs pereHns MOoTyYeHHBIX OJHOMEPHBIX 3a/1a4 IIOCTPOCHBI PA3HOCTHBIE CXEMBI pacIierie-
Hus Oeryuiero cuera. MccienoBaHbl BOIPOCH! allliPpOKCUMALMK, MOHOTOHHOCTH U yCTONYUBOCTH HPEIJIOKEH-
HBIX PA3HOCTHBIX CXEM.

KuioueBble ci10Ba: ypaBHEHHE KOHBEKIMH-IU(PDY3HH, METOBI PACIICIUICHHS, YHCICHHBIA METO/I, PA3HOCTHAs
CXeMa, yCTOMYHBOCTD.

Ipo criiikicTh pi3HUIEBNX cXeM pO3IIENJIeHHs /sl PIBHAHHS KOHBeKTHBHOI Andysii / A.B. Inmagkmii /
Kibepuernka ta cucremuuii amamiz. 2017. Tom 53, Ne 2. C. 38-50.

Po3risiHyTO 327184y YMCENBHOTO MOJIEITIOBAHHS MPOLECIB MOMIMPEHHSI 3a0py/IHEHb Y MOBITPSIHOMY cepe-
JIOBHIII HA OCHOBI METOJy F€OMETPHYHOIO PO3LICIUICHHSI TPUBUMIPHUX HECTAlliOHAPHHUX PIBHAHb KOHBEKTUB-
HOi audys3ii. J{yist po3B’si3aHHS OTPUMAHUX OJHOBUMIPHHX 3a/a4 100y JOBaHO PI3HUIEBI CXEMU PO3LICIUICHHS Y
BUIJISII CXEM 3 SIBHOIO OpraHizauieto oOuucieHb. JOCHiIpKeHO MHUTaHHS anpOKCHMAIllii, MOHOTOHHOCTI Ta
CTIHKOCTI 3ampONOHOBAHUX DI3HHUIEBHX CXEM.

KorouoBi cinoBa: piBHSHHS KOHBEKUii-Tu(y3ii, METOIN PO3IMICIUICHHS, YHCIOBHH METOJ, Pi3HHIIEBA CXeMa,
CTIHKICTB.

Stability of difference splitting schemes for the convective-diffusion equation / A.V. Gladky // Kibernetika
i sistemnyi analiz. 2017. Vol. 53, N 2. P. 38-50.

We consider the problem of numerical modeling of the propagation of contamination in the air processes
on the basis of geometry splitting method for three-dimensional nonstationary convection-diffusion equations.
Splitting difference schemes in the form of schemes with explicit computing are proposed to solve the obtained
one-dimensional problems. The approximation, monotonicity, and stability of difference schemes are
investigated.

Keywords: convection-diffusion equation, splitting methods, numerical method, finite difference scheme,
stability.

YK 517.9:519.6

MaremaTH4eckoe Mo IMPOBaHNe APoOHO-THPPepeHIMANLHON QHUILTPAMOHHON JTMHAMMKH HA 0CHOBE
MoJean ¢ npousBoaHoil Xuiabdepa—Ilpadxakapa / B.M. BynraBaukuii / KubepHeTnka M CHCTEMHBIi
anamu3. 2017. Tom 53, Ne 2. C. 51-64.

In.: 0. Tabn. 0. Bibmiorp.: 24 Hass.

Tloctpoena 0600IICHHAsT MaTeMaTHYeCKast MOJICITb JJIsl OMHCAHUS POOHO-IU(PepeHIINaIbHOM THHAMHE-
KU TIPOLEcCOB (GMIBTPALNH B TPEIIHHOBATO-IIOPUCTHIX Cpe/laX, OCHOBAHHAs HA HCIIOJIb30BAaHNUH MOHATHS IPO0-
HOil mpousBogHoll Xunbdepa—Ilpadxakapa. B pamkax ykazaHHOW MOJEIH MOJIYYCHBI 3aMKHYTHIC PELICHHS
psiaa KpaeBbIX 3a7ay TCOPUH (HHUIIBTPALMK O MOJCIMPOBAHUH INHAMHKH JIABJICHUH NPH IyCKe CKBaXKHH B ClTydae
TUIOCKO-PaMaIbHON (MIBTPALMM, a Takke paboTe rajepeld B YCIOBUSX IUIOCKO-TIApaUICIbHON (UIIbTpaIUu.

KiroueBble €/10Ba: MaTeMaTHYECKOC MOJACIMPOBAHKE, APOOHO-1H(PepeHIHaNbHAS ANHAMEKA (QHIBTPALIHOH-
HBIX IIPOIECCOB, TPEIIMHOBATO-IIOPHCTHIC CPEJIbI, HEKJIACCHIECKUE MOJIENIH, yPaBHCHHE (PUIIBTPAIUH C IPOOHOMH
npousBogHoi Xmibdepa-IIpadxakapa, kpaeBble 3a1aud, 3aMKHYTBHIC PELICHHUS.

MaremaTuyHe MO/IeJIIOBaHHS P00OBO-IH(epeHwiiiHOoI (iIbTpauiiiHOl JMHAMIKM HA OCHOBI Mojesi 3 MOXiIHOIO
Xinbepa-Ilpadxakapa / B.M. ByraBanbkmii / Kibepueruka ta cucremumii anamis. 2017. Tom 53, Ne 2.
C. 51-64.

TToOymoBaHoO y3arajibHeHYy MaTeMaTHYHY MO JJIsl ONMUCY JPOOOBO-IU(EPEHIIHHOT TUHAMIKH HPO-
1eciB (iIpTpalil B TPIIMHYBATO-IIOPUCTUX CEPEIOBHUINAX, KA IPYHTYEThCS HA BUKOPUCTAHHI TOHATTS JpobO-
Boi noxinuoi Xinbhepa—IIpabxakapa. YV pamkax 3a3HaueHOi MOJEII OACPKAHO 3aMKHEHI PO3B’SI3KH HH3KU Kpa-
HOBHUX 337144 Teopil GiIbTpamii 1010 MOJETIOBAHHS ANHAMIKY TUCKIB IIPH IyCKY CBEP/JIOBHH Y BHUIJIKY IJ1ac-
KopanianbHOI (imbTparii, a Takok poOOTi rajmepeidl 3a yMOB IUIaCKONapaienbHOl (imbTparii.

KorouoBi ciioBa: MaTeMaTHUHE MOJCIIOBAHHS, APoOOBO-aH(epeHIiiiHa fuHaMika (QiTbTpaifHuX MPOIEeCiB,

TPILMHYBATO-MIOPUCTI CEPEIOBUILA, HEKJIACUYHI MOJIEN, piBHSIHHS (ijbTpalii 3 1po6oBoto moxinHow Ximbde-
pa—Ilpabxakapa, kpaifoBi 3amadi, 3aMKHEHI PO3B’SI3KH.
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Mathematical modeling of fractional differential filtration dynamics based on models with
Hilfer—Prabhakar derivative / V.M. Bulavatsky // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2.
P. 51-64.

We construct a generalized mathematical model to describe the fractional differential dynamics of
filtration processes in fractured porous media, based on the use of the concept of Hilfer-Prabhakar fractional
derivative. Within the framework of this model, we obtain a number of closed solutions to boundary-value
problems of filtration theory for modeling the dynamics of pressures at launch of wells in case of plane-radial
filtration, as well as by activity of galleries under plane-parallel filtration.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured porous
media, non-classical models, equation of filtration with Hilfer—Prabhakar fractional derivative, boundary value
problems, closed form solutions.

VK 519.2

HauGoubiuasi ToYHAsi HMOKHsISI PAHUMIA BEPOSITHOCTH OTKAa3a CHCTeMbI B CHEUHAJILHOM HHTEpBale
BpeMeHH NpH HemoJHoi uHpopManuu o (YHKIUM pacmpee/ieHHss BPeMeHH 10 OTKa3a CHCTeMbI /
JI.C. CroiikoBa // Kubepneruka u cucremusiii anaimu3. 2017. Tom 53, Ne 2. C. 65-73.

In.: 0. Tabn. 2. bibmiorp.: 7 Ha3s.

Pemraercsi 3aj1aua HaXOXKACHHUS TOYHBIX HIKHUX Ipanull BepositHoctu F (V) — F (u), 0<u<v<oo, rue

u=m-—o ”3«/5 L v=m+0, 33,0 u — 38/IAHHAs MCIICPCHs B MHOXKECTBE QYHKLWMIA pacnipenenetus F (x) He-

OTPHLATENBHBIX CIyYalHBIX BEJIMYMH C YHUMOJAIBHON MU hepeHIpyeMoii INIOTHOCTBIO ¢ MOJIOH, paBHOIl m, 1
JIByMsl TIEPBBIMH (PMKCUPOBAHHBIMH MOMEHTAaMH i) , U,. PaccmarpuBaeTcst ciydaid, Korjia Mojia COBIIaJIaeT ¢ mep-
BBIM MOMEHTOM: 7 = ;. Haiifiena HanGosbIas BEpOSATHOCTb M3 BCEX TOYHBIX HHIKHHX IDAHMI] BEPOSTHOCTEH J1jist
peliaemMoii 3aadn, U OHa SIBISIETCST ONMM3KOM K efuHuIe, T.e. paBHOM 0,98430.

KirodeBble ci10Ba: 5KCTPEMyM JIMHEHHOTO (ByHKIMOHANA, KJIAacC YHMMOJANIBHBIX (DYHKLHMH pacrpesiereHus
C JBYMsI MepBBIMH (DMKCHPOBAHHBIMH MOMEHTaMH, pa30MeHHe 001acTh IapameTpos.

Haii6ijibma ToYHAa HMKHSA FPAHULS HMOBIPHOCTI BIIMOBHU cHCTeMM B clel[iaibHOMY iHTepBaJli yacy npu
HenoBHil indopmanii moao ¢ynknii posmoxinty wacy a0 BiamoBu cucremn / JL.C. CroiikoBa //
KiGepuetnka ta cuctemuuit anamiz. 2017. Tom 53, Ne 2. C. 65-73.

Po3B's3yeThest 3a1a4a 3HAXODKEHHS TOYHUX HIDKHIX TPaHMIb iMoBipHOCTI F (V) — F (1), 0<u<v < o0, e
u=m— 0M3«/§, v=m+ Uﬂ?a\/g, Oy— (ikcoBana jucrepcis B MHOXHHI (yHKUii posmominy F (x)

HEBI'€eMHHUX BHIIAJKOBUX BEJIMYMH 3 YHIMOJAIBHOK JU(EPEHIIHOBAHOK IIUIBHICTIO 3 MOJOI0, PIBHOIO 1,
i IBOMa TepIMMHU (IKCOBAHMMU MOMEHTaMHU [ , i,. PO3IIAHYTO BUIAZOK, KOJM MOJa 30iracThes 3 IEpHIMM
MOMEHTOM: /71 = (. 3HaliieHo HalOinbIry HMOBIPHICTH i3 BCIX TOUHMX HIDKHIX TpaHHIL HMOBipHOCTEH s J1a-
HOI 3ajadvi, 1 BoHa € Onu3bkolo 10 1, a came piBHa 0,98430.

KuirouoBi ciioBa: excrpeMyM JliHiiHOTO (hyHKIIOHATY, KJac YHIMOJAIBHUX (DYHKIIN PO3MOALTY 3 IBOMA Hep-
muMH (GiKCOBAaHMMH MOMEHTaMH, PO30UTTS 00yacTi mapameTpis.

Greatest lower bound of system failure probability in a special time interval under incomplete
information about the distribution function of the time to failure of system / L.S. Stoikova // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 65-73.

The author solves the problem of finding exact lower bounds for the probability F (v)— F (u),
O<u<v<oo where u=m— 0#3\/3, v=m+ 0”3\/5, and 04 is a fixed dispersion in the set of distribution

functions F'(x) of non-negative random variables with unimodal differentiable density with mode m and two
first fixed moments u, , u,. The case is considered where the mode coincides with the first moment: m = u,.
The greatest lower bound of all possible exact lower bounds for this problem is obtained and it is nearly one,
namely, is equal to 0.98430.

Keywords: extremum of a linear functional, the set of unimodal distribution functions with two first fixed
moments, partition of the domain of parameters.

VK 621.39:623.624+623.77
MartemaTnyeckasi MoJeJIb IIYMOBOH IOMeXM VISl 3aIIHTHI HHGOPMAIMH OT YTE€UYKH MO TeXHHYECKHM
kanajam / C.A. UBanuenko // KubGepHeruka u cuctemubsid anamms. 2017. Tom 53, Ne 2. C. 74-82.

In.: 3. Tabn. 0. Bibmiorp.: 15 Hazs.

OO6ocHOBaHA MaTeMaTHUYECKasi MOJICIb H.IyMOBOﬁ TIOMEXH, YyUUThIBAIOIIAasd CTATUCTUICCKYIO CBA3bL OTCUC-
TOB CUHUTBIBAHUA, JJI I‘apaHTPIpOBaHHOﬁ 3alUuThI I/IHCbOpMaLH/H/I OT YTCHYKHU I10 TEXHUYCCKUM KaHaJlaM. Mopuens
BHOCHUT TIOIIPABKA B MAaTE€MaTHYCCKOEC OXHUJIaHUE U HeﬁCTByIOmee CpEAHECKBAAPATHUICCKOE OTKJIOHEHUE, KOTO-
PBIE CMCHIAIOT CPCAHIOI0 TOYKY IOMEXU U ONPEHACIAIOT €€ Hef/’ICTByIOII_Iy}O MOIITHOCTB.

KuroueBbie cioBa: mrym™m, mrymoBast nnoMexa, MaTréMaThudeckas MOJCJb, rapaHTUPOBaHHAs 3aliuTa I/IH(i)OpMa—
ouH, yTedKa I/IH(b()pMaI_H/[I/I7 TEXHUYCCKHUE KaHaJIbl YTCUYKH.
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MaremMaTH4YHa MO/e/Ib IIYMOBOI 3aBajiM /I 3aXUcTy iHGopmanii Bil BUTOKY TeXHiYHMMHU KaHajamu /
C.O. IBanuenko // KibepHernka Ta cucremHuii anami3. 2017. Tom 53, Ne 2. C. 74-82.

OOrpyHTOBaHO MaTeMaTHYHY MOJENIb IIYMOBOI 3aBajH, sIKa BPAXOBY€ CTATUCTHYHHM 3B 530K BiUTIKIB
3YHTYBAHHS, JUIs TapAaHTOBAHOTO 3aXUCTy iH(OPMALii BiJl BATOKY TEXHIYHIMH KaHAIaMH. Moieslb BHOCUTS I10-
IpaBKd B MaTeMAaTHYHE CIOAIBAHHSA Ta JiHOBE CepeAHbOKBAAPATUYHE BIAXHMICHHS, SKi 3MIIIyIOTh CEPEIHIO
TOYKY 3aBaJM i BU3HAYAIOTh AIHOBY IOTYXHICTb.

KarwouoBi cioBa: miym, mymMoBa 3aBajia, MareMaTH4YHa MOJICJb, FapaHTOBaHUI 3axucT iH(OpMaIli, BHTIK
iH(opManii, TeXHIYHI KaHAIH BHTOKY.

Mathematical model of noise interference for information protection against leakage by technical
channels / S.A. Ivanchenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 74-82.

The author substantiates the mathematical model of noise interference that takes into account statistical
relation of readout samples for secure information protection against leakage by technical channels. The model
amends the mathematical expectation and root-mean-square deviation, which shifts the midpoint of noise
interference and determoines its effective capacity.

Keywords: noise, noise interference, mathematical model, secure information protection, information leakage,
technical channels of leakage.

VK 517.988
BapuaHT MeTo/1a 3epKaJIBLHOI0 CIycKa JJIsi BApHANMOHHBIX HepaBencTB / B.B. CeménoB // KubepueTtuka u
cuctemHublii ananu3. 2017. Tom 53, Ne 2. C. 83-93.

In.: 0. Tabn. 0. bi6miorp.: 29 Ha3m.

MeTox 3epKabHOTO CIlycka ObUI Ipe/uIokeH B KoHIe 70-x ronoB XX B. U1 3a1a4 BBITYKJIOH ONTHMU3a-
. OH HCIIOIB3yeTes! IVl PEICHHs 3a4a4 OYeHb OOJBIINX pa3MepHOCTeH. OnucaH HOBBIH BApHAHT ITOTO Me-
TOJA JJIsI PELICHUS BAPUALOHHBIX HEPABEHCTB C IICEBIOMOHOTOHHBIMHU omepaTopaMu. Ero MojkHO mpouHTep-
IIPETHPOBATh KaK MOAM(HUKAIMIO ABYXdTamHOro anroputma [lomosa ¢ MCHOIb30BaHMEM IPOSKTHPOBAHUS HA
JIOIyCTHMOE MHOXKECTBO B CMBICNIE paccTosiHUs bparmana. JlokasaHa Teopema CXOAMMOCTH METOJA.

KiioueBble cj10Ba: BapHalMOHHOE HEPaBEHCTBO, ICEBIOMOHOTOHHOCTB, paccTosiHue bpormama, paccrosinue
Kynpbaka—Jleitbnepa, METOl 3€pKalbHOTO CIIyCKa, CXOAUMOCTB.

BapianT MeToay A3epKajbHOr0 CNycKy /s Bapianiiinux HepiBHocreii / B.B. Cemenos // KibepHeruka ta
cucremuuii ananiz. 2017. Tom 53, Ne 2. C. 83-93.

Metoj A3epKalIbHOrO CIycKy Oyop 3amponoHoBaHo B KiHHi 70-x pokiB XX CT. [ 3a1ad OIyKJIOl
onTtuMizanii. BiH BUKOPUCTOBYETHCS sl PO3B’SI3aHHS 337144 JIy)Ke BEJIMKUX po3MmipHOcTeil. OnucaHo HOBHiA
BApIaHT IbOTO METOJTy JUTS PO3B’I3aHHS BapialiiiHuX HEPIBHOCTEH 3 IICEBIOMOHOTOHHIMI onepaTopamu. oro
MO)KHA HPOIHTEPIPETYBATH K MOIH(DIKALIIO JBOCTAMHOrO atroputMy [1omoBa 3 BUKOPUCTAHHSM IIPOCKTYBaH-
Hsl Ha JIOIYCTUMY MHOXHHY y pO3yMiHHi BijcTani bpermana. JloBeseHo TeopeMy nmpo 301KHICTb METOTY.

KuiouoBi ciioBa: BapianiiiHa HEpiBHICTb, IICEBJIOMOHOTOHHICTb, BiJIcTaHb bpermana, Bincrans Kynpbaka—Jleii-
Gnepa, METOJ I3epPKAIBHOrO CIYCKY, 301KHICTB.

A variant of mirror descent method to solve variational inequalities / V.V. Semenov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 83-93.

The mirror descent algorithm was proposed by Nemirovski and Yudin in the end of 1970s to solve
convex optimization problems. This method is suitable to solve huge-scale optimization problems. In the paper,
we describe a new version of the mirror descent method to solve variational inequalities with pseudomonotone
operators. The method can be interpreted as a modification of Popov’s two-step algorithm with the use of
Bregman projections on the feasible set. We prove the convergence of the sequences generated by the proposed
method.

Keywords: variational inequality, pseudomonotonicity, Bregman distance, Kullback—Leibler distance, mirror
descent method, convergence.

YK 519.85

Jlekcukorpaguyeckasi 5JKBHUBAJEHTHOCTb B YAaCTHYHO KOMOMHATOPHOI ONTUMM3aUUU JPOOHO-
JuHeiiHbIX GyHkuuii Ha pasmemenusix / O.A. Emen, T.H. Bap6oauna // KubGepHerrka U CHUCTEMHBII
amanu3. 2017. Tom 53, Ne 2. C. 94-106.

In.: 0. Tabn. 0. Bibmiorp.: 14 Hazs.

OOG0CHOBaH METO/I MOCTPOCHUS JICKCUKOTPAaQUIECKON AKBUBAJICHTHOCTH /ISl PEUICHHS YaCTUYHO KOMOU-
HATOPHBIX ONTHMH3ALMOHHBIX 3a/lad HAa Pa3MEIICHUsIX ¢ IPOOHO-TMHEHHOI 11eneBoi QYHKIMEH 1 THHEHHBIMU
JIOTIOJTHUTENIBHBIMU OTPaHUYCHUSIMU. METO/ MpeyCMaTpUBAcT HAIPABJICHHBIN epedop KIIACCOB YKBUBAJICHT-
HOCTH, TNOJYYEHHBIX NPU Pa3OMEHMH MHOTOTPAHHOTO MHOMKECTBA HA OCHOBE OTHOIICHHS 3KBHBAJICHTHOCTH.
IpenioxeHsl KaK TOYHBIC, TaK M MPHOIKEHHBIH anropuTMsl. [locneHuii O3BOIISET MOMyYaTh 3HAYCHUE Lie-
JICBOM (DYHKLIMH, OTJIHMYAIOIIEeCs OT ONTHMyMa He OOJble, YeM Ha 3aJaHHYH BEIHUYHHY.
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KuiroueBble cJ10Ba: €BKIN/I0BA 33/1a4a KOMOMHATOPHOM ONTHMHU3ALNH, 33/[a4a ONTUMH3ALNN HA PA3MEIICHHSX,
JIeKCHKorpaduyecKkass IKBUBAJICHTHOCTb, JPOOHO-TMHEHHAs (yHKIHSL.

Jlekcukorpagiuna exkBiBaJIeHTHiCTL y 4YacTKOBO KOMOIHATOpHiii onTuMmizauii ApodoBo-niHiliHMX
¢yukuiii Ha po3mimenusax / 0.0. €Emeunnb, T.M. Bap6oaina // KibepHernka ta cucremuuii ananmiz. 2017.
Tom 53, Ne 2. C. 94-106.

OOrpyHTYBaHO METOJl MOOYZOBH JIEKCHMKOTrpadiuHOT EKBIBaJIEHTHOCTI I PO3B’A3yBaHHS YaCTKOBO
KOMOIHATOPHUX ONTHMI3aLifHUX 3a7a4 HAa PO3MIMICHHAX 3 IPOOOBO-JIIHIHHOIO MIMHOBOIO (YHKIIEIO Ta
JIHIHIME T0JaTKOBUMH OOMEXEHHAMHU. MeTo/ nmepenbavae CrpsMoBaHHMil mepedip KiaciB eKBIBaJEHTHOCTI,
OTPUMaHUX HPH PO3OUTTI GaraTorpaHHOi MHOXHHH Ha OCHOBI BiTHOLIECHHS €KBIBAJICHTHOCTI. 3aIIpOIIOHOBAHO
SIK TOYHI, TaK 1 HaOmmwkeHui anroputMu. OCTaHHIN J03BOJSLE OTPHMYBATH 3HAUCHHS LTHOBOI (YHKII, O
BIJIPI3HSIETHCS BiJl ONTUMYMYy He Oinbllie, HDK Ha 3aJaHy BEIUYUHY.

KutrouoBi cioBa: eBriiiioBa 3a1a4ya KOMOIHATOPHOT ONTHMI3aLil, 3a/1a4a ONTUMI3allii Ha PO3MIIEHHSX, JICKCH-
korpaiuHa eKBiBaJICHTHICTb, APOOOBO-TiHIMHA (QyHKIIs.

Lexicographic equivalence in mixed combinatorial optimization of linear-fractional functions on
arrangements / 0.0. Iemets, T.M. Barbolina // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 1. P. 94-106.

The paper substantiates the method of constructing the lexicographic equivalence to solve mixed
combinatorial optimization problems on arrangements with linear-fractional objective function and linear
additional constraints. The method involves directed search of equivalence classes obtained by splitting
polyhedral set using equivalence relation. The authors propose exact methods as well as an approximate one.
The approximate method allows getting the objective function value that differs from the optimum by no more
than a predetermined value.

Keywords: Euclidian problem of combinatorial optimization, optimization problem on arrangements,
lexicographic equivalence, linear-fractional function.

YIK 621.391

burayccoBckasi MaTeMaTH4ecKasi Mo/ie/Ib CHTHAJIOB HCTOYHHKOB PaJiMON3IyYeHnii B HHPOPMALMOHHOM
cpefie TeJeKOMMYHHKAIMOHHBIX cucTeM / A.A. Wabsmos // Kubepueruka u cucteMHbIH anamms. 2017.
Tom 53, Ne 2. C. 107-113.

In.: 3. Tabn. 0. Bibmiorp.: 6 Ha3zs.

IIpoananu3upoBaHbl NPUUUHBI HEIPUTOJHOCTU OAHOMEPHOM raycCOBCKON MOZENM Ul aHaInu3a U CHHTe-
3a M3MEpeHHil MapaMeTPoB CIOXKHBIX curHanoB. OmucaHa OHrayccoBcKas MaTeMaTHUECKas MOJENIb CHTHAIIOB
HCTOYHHMKOB PaJHOHM3TydCHHI.

KiroueBbie cioBa: OHOMEpPHAas rayCCOBCKast MOEJIb CUI'HAJIOB HCTOYHUKOB paunon3nyqeﬂm>’1, 6nrayccomkaﬂ
MaTreMaThu4deCKass MO/JICJIb, 3aKOH Paiica.

BirayciBcbka MaTeMaTH4YHA MoOJeJ]b CHTHAJIB JKepeJ palioBUNPOMiHIOBaHL B iHpopmauiliHomy
cepenoBuili TejaekomMyHikauiiitHux cucrem / O.A. LnbsimoB // KiGepHernka Ta cuctemMHuid aHami3. 2017.
Tom 53, Ne 2. C. 107-113.

TIpoaHani3oBaHO NPUYMHM HENPHUJATHOCTI OJHOBHUMIPHOI TayCiBCbKOI MO Ui aHai3y Ta CUHTE-
3y BUMIpIOBaHb MapaMeTpiB CKIAAHMX CUTHadiB. OnucaHo OirayciBCbKy MaTeMaTH4YHY MOJEIb CUTHAJIB
JOKEpes pajioBHIPOMIHIOBAHb.

Kaio4oBi ciioBa: oHOBHMIpHA rayciBCbka MaTeMaTHYHAa MOJIETb CHUTHAIIB JDKEped PajiioOBUIPOMIHIOBAHb,
OirayciBcbka MaTeMaTHYHa MOJelb, 3aKoH Paiica.

The bi-Gaussian mathematical model of the signal sources from radio emitting in the information
environment in telecommunication systems / O.A. Iliashov // Kibernetika i sistemnyi analiz. 2017. Vol. 53,
N 2. P. 107-113.

This paper analyzes why the one-dimensional Gaussian model is inapplicable for the analysis and
synthesis of measurements of parameters of complex signals and describes the bi-Gaussian mathematical model
of signals of sources of radio emitting.

Keywords: one-dimensional the Gaussian mathematical model of the signals sources radio emitting, the
bi-Gaussian mathematical model, the Rice law.

VK 621.391:519.2
Croiikue 1 NPaKTHYHbIe PAHIOMH3MPOBAHHBIE MOTOYHbIE IIH(PPHI HA ocHOBe K010B Puaa—Cosiomona /
A.H. Anexkceiiuyk, C.B. I'puimakos // KubepHerrka u cucteMHblii ananu3z. 2017. Tom 53, Ne 2. C. 114-121.

Im.: 0. Tabn. 1. Bi6miorp.: 12 Ha3zs.

PaCCMOTpCH KJ1acC paHAOMU3UPOBAHHBIX INOTOYHBIX I]_II/Iq)pOB, OCHOBAHHBIX Ha COBMECTHOM IIPUMEHEHUU
IJ_II/I(prBaHI/Iﬂ, cnyqafz’moro KOAUPOBaHUA U HOMeXOyCTOﬁ‘{HBOI‘O KOAUPOBaHUA OTKPBITBIX COOGH.ICHPIP’I JBOUYHBI-
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MH JTUHCWHBIMU KOJIaMHU. HOKa3aH0, 9TO B 3TOM KJIaCcC€ CYLIECTBYIOT IlII/ICl)pLI, HUMEIOIINE CKOJIb YTOAHO BBICOKYIO
BBIYUCIIUTEIIBHYIO CTOMKOCTh OTHOCHTEJILHO Hanboiiee MOIIHOW M3 M3BECTHBIX aTaK U 00eCIevnBaroIIe CKOJIb
YrogHo OyIM3KHE K €AUMHUIE CKOPOCTH Mepeaain, JOCTOBEPHOCTL MPHUEMA, a4 TAKIKE IPUEMIIEMYIO CIIOKHOCTH BOC-
CTaHOBJICHUA OTKPBITBIX COOﬁILIeHI/Iﬁ 3aKOHHBIM IIOJIy4aTeICM. L[OKaBaTeHBCTBO ABIACTCA KOHCTPYKTUBHBIM.

KioueBble cJI0oBa: paHIOMH3UPOBAHHBIN NOTOYHBIH MNP, CIIydallHOE KOJUPOBAHUE, KOPPEISIIMOHHAS aTaka,
000CHOBaHHAsI CTOWKOCTh, Ko Puma—CosiomoHa.

Criliki Ta mnpakTuuyni pangomizoBani mnorokoBi mmpu Ha 6asi koxiB Pina-Cosomona /
A.M. Onexkciitayk, C.B. I'pumaxos // Kibepreruxa ta cuctemuuii ananiz. 2017. Tom 53, Ne 2. C. 114-121.

Po3rmnsiHyTO Kiac paHAOMI30BaHHX IMOTOKOBHMX IMIH(PIB, 10 6a3ylOThCS Ha CYMICHOMY 3aCTOCYBaHHI
mudpyBaHHs, BUNAJKOBOr0 KOJYBaHHS Ta 3aBaJOCTIHKOrO KOAyBaHHS BiIKPHTHX MOBITOMIICHb ABIKOBUMHU
niHiiiHIME Kogamu. [TokazaHo, 0 B IbOMY KJIACi iCHYIOTh DIH(PH, 0 MAIOTH SIK 3aBIOJHO BUCOKY OOYHCIIIO-
BaJIbHY CTIHKICTb BiTHOCHO HaWOLIBII IOTY)XHOI 3 BIIOMHX aTak Ta 3a0€3MeUyIOTh SIK 3aBIOJHO OJNU3BKI O
OJIMHUIII MBHUIKICTh Nepeadi, JOCTOBIPHICTh MPUHOMY, a TAKOXK MPUUHITHY CKJIQJHICTh BIJIHOBJICHHS BiJKpH-
THX IOBIZOMJICHb 3aKOHHHM OJiepXKyBadeM. JIOBEICHHS € KOHCTPYKTHBHUM.

Kiarou4oBi cjioBa: paHaoMi3oBaHUi MOTOKOBUIT mM(p, BUNAKOBE KOJAYBaHHS, KOpelsliiiHa aTaka, 00rpyHTO-
BaHa CTiiikicTh, Kox Pima—CoaoMoHa.

Secure and practical randomized stream ciphers based on Reed—Solomon codes / A.N. Alekseychuk,
S.V. Gryshakov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 114-121.

In this paper we consider a class of randomized stream ciphers based on joint employment of encryption,
random coding, and error-correction coding by binary linear codes. It is shown that in this class there exist ciphers
that have arbitrarily high computational security against the most powerful from all known attacks providing that
both the transmission rate and the receiving accuracy have the value arbitrarily close to 1. The complexity of
recovering plain messages by the legitimate receiver is acceptable as well. The proof is constructive.

Keywords: randomized stream cipher, random coding, correlation attack, provable security, Reed-Solomon
code.

VK 519.872

OueHka CTAllMOHAPHBIX BEPOSATHOCTEH COCTOSIHMIE cHcTeMbl 00C/ay:KMBaHMsI o/ G / 0 NPH Pa3IMYHBIX
BU/IAX BXojsinero nmoroka rpeooannii / W.H. Ky3nenos, A.A. lllymckas // KubepHeTrnka 1 CHCTEMHBII
anamm3. 2017. Tom 53, Ne 2. C. 122-133.

In.: 0. Tabn. 2. Bibmiorp.: 30 Ha3B.

PaccMOTpeHBI IIATh MOJIENICH BXOIAIICIO [OTOKA CYLICCTBEHHO 00JICe CI0KHOM CTPYKTYPBI, 4EM IIyacco-
HOBCKHIf, KOT/Ia CTAllHOHAPHbIC BEPOSITHOCTH COCTOSHMI cucTeMbl o / G / 00 HAXOJATCS B SBHOM BHJE (pacrpe-
nenenue Ilyaccona). Jliist mpejcTaBlieHHBIX Mojenel coueranne pacnpenenchus ITyaccona (aHanuTnueckas
YacTh) CO CTATHCTHYCCKUM MOJCIHPOBAHUEM (CTATUCTHIECKAs! YaCTh) NTO3BOJISICT HAXOUTH CTAllHOHAPHEIE Be-
POSITHOCTH COCTOSIHUH yCKOPEHHBIM MOJCIHPOBAaHUEM. TOYHOCTH MOIYYEHHBIX OLEHOK IPOMILTIOCTPHPOBAHA
YUCIICHHBIMU TIPHMEPaMH.

KimioueBble ci10Ba: cricremMa OOCITy)KHBAHIS, CTAlFIOHAPHBIC BEPOSITHOCTH COCTOSIHUH, HECTAIMOHAPHBINH ITyacco-
HOBCKHI IpoIecc, pereHepupyIoILHii poLece, MoTyMapKOBCKUI MpoLEce, MPOLECC CKOIUIEHHH, HECMELEHHast
OLICHKA, OTHOCHUTENBHASI MOTPEIIHOCTb.

Ouninka cranionapHux iiMoBipHocTell cTaHiB cucTeMH 00CJIYroByBaHHsl o/ G /co mpH pi3HHX BHAAX
BxiqHoro moroxky Bumor / .M. Ky3nenos, A.A. lllymcbka // Kibepreruka Ta cucremuunii anamis. 2017.
Tom 53, Ne 2. C. 122-133.

PosrisiHyTO M'sATH MOJIENEH BXiHOTO MOTOKY iCTOTHO OLTBILI CKIAMHOI CTPYKTYPH, HDK IyacOHIBCHKHH, KOJIM
cTanioHapHi IIMOBIpHOCTI cTaHIB cucteMu o/ G / co 3HAXOIATHCS y SBHOMY BHIUIimi (posnonin Ilyacona). Jlns
HABEJCHUX MOJCNCH MoeqHaHHs po3noaity Ilyacona (aHadiTHdHAa YacTHHA) i3 CTATUCTHYHHM MOJCIIOBAHHSIM
(cTaTHCTHYHA YHCTHHA) JO3BOJISIE 3HAXOIWTH CTAI[IOHAPHI HMOBIPHOCTI CTaHIB TMPUCKOPECHHM MOICIIOBAHHSIM.
TOYHICTH OLIHOK MPOLTIOCTPOBAHO YHCIOBHMH IPHKIJIATAMH.

Kurodosi ciioBa: cricrema 00CTyroByBaHHS, CTalliOHapHI HMOBIPHOCTI CTaHIB, HECTAIIOHAPHNUI ITyaCOHIBChKMI
TIpoIieC, pEreHepyBadbHMI MpOIEC, HAMBMAPKOBCBKMI IpOIIEC, TIPOIEC CKYIT4eHb, HE3MillCHa OIliHKa,
BiJHOCHA TOXMOKa.

The evaluation of steady-state probabilities of queueing system ¢/ G /  for different input flow models /
LN. Kuznetsov, A.A. Shumskaya // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 122-133.

We consider five input flow models of more complicated structure than the Poisson one, where
steady-state probabilities of the queueing system o / G / oo can be found explicitly (the Poisson distribution). For
these models, the combination of Poisson distribution (analytical part) with statistical simulation (statistical
part) allows us to evaluate the steady-state probabilities with the fast simulation method. The accuracy of the
estimates is illustrated by numerical examples.
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Keywords: queueing system steady-state probabilities, nonstationary Poisson flow, regenerative process,
semi-Markov process, cluster process, unbiased estimate, relative error.

VK 519.21

OmnpeejenHe  CTAMOHAPHBIX  XAPAKTEPHCTHK  TPEXKAHAJIBHBIX CHCTEM C  JPJAHTOBCKHM
pacnpenesnennem BpeMmenn obcay:xupanusi / FO.B. Kepuosbiii, K.JO. 7KepHoBblii / Kubepreruka u
cucreMubrid aHanms. 2017. Tom 53, Ne 2. C. 134-145.

In.: 0. Tabn. 2. Bi6miorp.: 11 Ha3zs.

[pennosken METOT UCCTIENOBAHHMS cUcTeM oOcykuBanus M/E,/3/m : cTannapTHOH CHCTEMBI, a TaKkKe CHC-
TEM C IOPOTOBOM M TUCTEPE3HCHON CTpaTerisMH CIy9alfHOrO OTOpAchIBAaHUS 3asiBOK B LEIISX YIIPABICHUS BXOMS-
UM TOTOKOM. [ToMydeHbI PeKyppEHTHBIE COOTHOIUCHHUS ISl BHIYHCIICHUSI CTAIMOHAPHOTO PAaCIIPEICICHHS YKCia
3aBOK B CHCTEMC M CTAL[MOHAPHBIX XapaKTePUCTUK. [TI0CTPOCHHBIC alrOPUTMBI IPOBEPEHBI HA PUMEPAX € UCTIONb-
30BaHHEM HMHTAIMOHHBIX MOJIEJCH, CO3[aHHBIX C MOMOIIBI0 MHCTpyMeHTanbHbIX cpeact8 GPSS World.

KitrouyeBble ¢J10Ba: TpexKaHAIbHAs CHCTEMa O0CITY)KUBAHHUS, IPOCTEHIINIT BXOSIIMIT OTOK, SPJIAHIOBCKOE pac-
npeJieNieHre BPeMeH! 00CITy)KUBaHHUS, CITy4aiiHOe 0TOpachIBaHUE 3asBOK, MeTO (PUKTUBHBIX (ha3, peKyppEeHTHbIE
COOTHOILICHHSI.

BusHaueHHsl CTALIOHAPHUX XaPAKTePHCTHK TPHKAHAJILHHUX CHCTEM 3 epPJIAHTIBCHKHM PO3MOALTIOM Yacy
odcayrosyBanns / F0.B. JKepnosnii, K.}FO. Kepuosuii // Kidepueruka ta cucremunii ananis. 2017. Tom 53,
Ne 2. C. 134-145.

3anpornoHoBaHO METO[| AOCTIPKEHHS cucTeM o0ciayroByBanus M/E»/3/m : cranmapTHOI cucteMu Ta CUc-
TEM 3 MOPOTOBOIO 1 TCTEPE3MCHOI0 CTPATETiIMU BUIAKOBOIO BiJKHJIAHHS 3aMOBIICHb 3 METOIO YNPABIiHHS
BXiZHHUM MOTOKOM. OTpPHMaHO PEKypEeHTHI CIIBBiJHOLICHHS Ui OOYMCICHHS CTAIL[lOHAPHOIO PO3MOILITY
KIJIBKOCTI 3aMOBJICHb y CUCTEMI Ta CTalliOHApHUX XapakTepucTuk. [ToOynoBaHi alnropuT™Mu nepeBipeHo Ha NpH-
KJIaJ[ax 3 BUKOPUCTAHHIM IMiTallifHUX MOJeliell, CTBOPEHHUX 3a JIOTIOMOTOK 1HCTpyMeHTallbHUX 3ac00iB GPSS
World.

Kuro4doBi ciioBa: TpukaHanbHa cHCTeMa 00OCIYrOBYBaHHs, HAWIPOCTIIINIT BXIJHUH MOTIK, €pIaHTiBCbKHI PO3-
NOALT Yacy OOCIyroBYBaHHS, BHIIQJKOBE BIIKHIAHHS 3aMOBIEHb, MeTOA (IKTHBHHX (a3, pPeKypeHTHI
CHIBBiAHOLICHHS.

Determination of steady-state characteristics of three-channel queueing systems with Erlangian service
times / Yu.V. Zhernovyi, K.Yu. Zhernovyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 134-145.

We propose a method to analyze M/E,/3/m queueing systems: standard system and systems with the
threshold and hysteretic strategies of random dropping of customers in order to control the input flow. We
obtain recurrence relations to compute the stationary distribution of the number of customers and the
steady-state characteristics. The developed algorithms are tested on the examples using simulation models
constructed with the assistance of the GPSS World tools.

Keywords: three-channel queueing system, Poisson input, Erlangian service times, random dropping of
customers, fictitious phase method, recurrence relations.

VK 330.101.541-336.7
Junamuka sxonomuyeckux uukiaoB / b.b. lynaes // KuGepHeruka u cucremusiii aHamus. 2017. Tom 53,
Ne 2. C. 146-162.

In.: 2. Taba. 4. bi6miorp.: 35 Ha3Bu.

OnpeieneHO UKIMYECKOE BO BPEMEHH Pa3BUTHE KOHOMHKH KaK pe3ysbTaT MMEBIIHXCS U MMEIOMIUXCS
H3MEHEHHIH COOTHOLICHUS CIIPOCca M NMPEUIOKEHHS Ha PhIHKE OJiar, HapyIIMBIIMX PaBHOBECHE, KOTOPOE BOCCTa-
HABJIMBAETCS C IIOCTOSIHHBIMU BPEMEHHBIMU PUTMaMHU B IIPOLIECCE CAMOPETYIMPOBAHUS PBIHOUHON CHCTEMOH KO-
JIMYecTBa paboTAIONMX B cepe MPOM3BOACTBA [0 KOHBIOHKTYpE MOTPEOHTENbCKOro cnpoca. IlokasaHo, 4ro Ha-
Omoznaemble BoMHEI KoHOpaTheBa M3MEpAIOTCSA B 0A30BBIX IIEHAX PealbHOU CTOMMOCTBIO HMeromerocs B cdepe
MPOM3BOZCTBA KalHTala M IPEACTaBIIOTCSA ee IpadHKaMH BO BPEMEHH.

KiroueBble cioBa: DOKOHOMHKA, PBIHOK, IUKIIBI, CIPOC, NMPEAIIOKECHUE, PABHOBECUE, KPU3UC, KOHBIOHKTYpA,
TPpyA, KamuTaja, ACHbI'HM, BOCIIPOU3BOACTBO, MHBECTULUH, I/IH(bJ'IﬂIII/IH.

Junamika sxonomiunux nukiais / B.b. Jlynaes // Kibeprernka ta cucremuuii anamiz. 2017. Tom 53, Ne 2.
C. 146-162.

Bu3HaueHO LUKIIIYHHMNA 32 4YacOM PO3BUTOK EKOHOMIKH SK PE3yJbTaT THX, IO OyiuW, i HasBHUX 3MiH
CHIBBIHOLICHHSI MMOMHUTY 1 MPOMO3WI{i Ha PUHKY OJar, sKi MOPYLIMIN PiBHOBAry, IO BiTHOBIIOETHCS 3
HOCTIHHMMM THMYaCOBHMM PUTMaMH B IIPOLECI CaMOPETYIIOBAHHS PHHKOBOI CHCTEMOIO KiIBKOCTI MpalliB-
HUKIB y cdepi BUPOOHMIITBA 32 KOH IOHKTYPOIO CIIOXKHBYOro nomuty. ITokazaHo, IO criocTepexyBaHi XBHIIL
KonzparseBa BUMIPIOIOTECS B 0a30BHX L[iHAX PEAILHOIO BapTICTIO HASBHOTO B c(epl BUPOOHMITBA KamiTaly i €
1l rpadikamu y yaci.

KurouoBi ciioBa: exoHOMiKka, pHHOK, LUKJIH, IOIMT, IPONO3MULIs, PiBHOBAra, Kpusa, KOH'IOHKTypa, Ipar,
KariTanu, rpoili, BIATBOPEHHS, 1HBECTHUINT, iHQIISALIS.
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Dynamics of economic cycles / B.B. Dunaev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 146-162.

Cyclic economic development results from the available and current changes in the balance between
supply and demand in the goods market that disturb the equilibrium, which is recovering at time constant
rhythms during self-regulation by the market system of the number of employees in production on market
conditions in consumer demand. It is shown that the observed Kondratieff waves measured in the real value of
the existing capital and production are its time schedules.

Keywords: economy, market, cycles, demand, supply, equilibrium, crisis, environment, labor, capital, money,
reproduction, investments, inflation.

VK 519.854
IoBTOpsieMbIii HTEPHPOBAHHBII AJrOPUTM Tady /s pelleHHs] KBaIPATHYHOI 32124l 0 HA3HAYEHHSX /
IL.B. Iuno // Kubepnernka u cucremubiii anamu3. 2017. Tom 53, Ne 2. C. 163-167.

In.: 0. Tabn. 1. Bibmiorp.: 18 Ha3B.

Pa3paboTan HOBBIl aITOPUTM HOBTOPSEMOro Taly JUIS PEIIeHHs KBaJpaTHYHON 3a/audl O Ha3HAYCHHSX.
IIpoBeneHHOE CPaBHUTEIBHOE UCCIEJOBAHUE JAHHOIO aJlTOPUTMA C JIyYIIMMHU B HACTOSLIEE BPEMs alIrOpUTMa-
MH PeIIeHHs 3TOH 3aaul MOKa3aJI0 er0 KOHKYPEHTOCIIOCOOHOCTh KaK MO OBICTPOACHCTBUIO, TAK H IO BO3MOXK-
HOCTH TIOTYYCHMS JIy4IIUX DPEeIICHHI.

KiroueBble cjioBa: KBaJpaTHiHas 3aa4a O Ha3HAYCHUAX, Ta6y, BBIYUCIIATETHHBIN OKCIHEPUMEHT, CPaBHUTEIIb-
HO€ HCCIICAOBAHHUEC aJIrOPUTMOB.

IloBTOproBanuii iTepoBanuii aaropuT™ Tady AJs PO3B’si3aHHSA KBAJPAaTH4YHOI 3a/1a4i NpPO NpU3HAYEHHS /
I1.B. Muuo// Kibepuetuka ta cucremunii anamis. 2017. Tom 53, Ne 2. C. 163-167.

Po3po06iieHo HOBHIT aIrOpUTM IIOBTOPIOBAHOIO Ta0y UL PO3B’sI3aHHS KBaJpaTHYHOI 3a1adi Ipo IpHU3HA-
yenHs1. [IpoBe/ieHe MOPIBHSIBHE AOCIIKEHHS bOTO AITOPUTMY 3 HAMKpaIlMMK Ha JaHHUI Yac alrOpHTMaMu
pO3B’si3aHHS L€l 3a1a4i MOKA3aJl0 HOro KOHKYPEHTOCIIPOMOKHICTD SIK 32 IIBHIKOIEIO, TaK i 32 MOXIIMBICTIO
OTPUMAaHHs KPAIIUX PO3B’S3KIB.

KuirouoBi ciioBa: kBajpaTtuyuHa 3aja4a 1npo IpH3HA4YeHHs, Tady, 00UMCIIOBAIbHUM €KCIIEPUMEHT, MOPIBHSUIIBHE
JIOCIIIJPKEHHST allTOPUTMIB.

Solving the quadratic assignment problem by the repeated iterated tabu search method / P.V. Shylo //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 163-167.

A novel Repeated Iterated Tabu Search for quadratic assignment problem is presented. We compare our
approach to the state-of-the-art techniques and demonstrate its advantages with respect to run times and solution
quality.

Keywords: quadratic assignment problem, tabu search, computing experiment, a comparative study of
algorithms.

MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

YK 004.04

YnpasiieHue pecypcamMu paclpe/ie/leHHOH KOMIIBIOTEPHOH CHCTeMbI ¢ Y4Ye€TOM YPOBHSI [0BepHsi K
BBIYHCIUTEIbHBIM KoMNoHeHTaM / YWikenOun Xy, B.E. Myxun, SI.U. Kopuara, O.}O. I'epacumenko //
Kubepueruka u cucremubii anamus. 2017. Tom 53, Ne 2. C. 168-180.

Im.: 3. Tabn. 2. Bi6miorp.: 31 Ha3pa.

PaccmarpuBaercst obecrnieyenre Oe30macHOil 00pabOTKM JTaHHBIX B PACIPEICICHHBIX KOMIBIOTEPHBIX
cucremax (PKC), uTo siBisieTcsi BaKHBIM JUIS BBINOJIHEHHS ONPEIEICHHOro Kiacca 3aaay. [Ipeanoxen moaxon
K ynpasieHuto pecypcamu PKC, KOTOpbIii B COOTBETCTBUM € TPEOOBAHUSIMH I10JIb30BATENS [1O3BOJISET YUECTh
KaK BPEMEHHBIC 3aTPaThl Ha BBINOJIHEHHE 3a1aHUs, TaK M YPOBCHb 3aIUUIICHHOCTH PECYpPCOB, MPUBICKACMBIX
JUISL €TO BBIOJHEHHS.

KuroueBble cj10Ba: pacrpe/ieieHHbIC BBIYHUCIICHNS, YIPABICHUE PECypCcaMH, IUIAHUPOBAHUE 3a/1a4, Oe3omnacHast
00paboTKa JJAHHBIX, MOHHTOPHUHI COCTOSIHUSI BBIYMCIMTEIBHOTO Y3I1a, JIOKAJIBHBIA arcHT JaHHBIX.

YupapiiHHa pecypcamMu PO3NOJiJIeHOT KOMII'IOTEPHOI CUCTeMHM 3 YpPaxXyBaHHsIM piBHS JOBipu /10
o0uncTIOBAIBHAX KoMmmoHeHTiB / Uxen6in Xy, B.€. Myxin, SI.I. Kopnara, O.FO. I'epacumenko //
KibGepuetuka ta cuctemuuii anamiz. 2017. Tom 53, Ne 2. C. 168-180.

Po3risiHyTo rapaHTyBaHHS 0€3ME€YHOr0 OOPOOJICHHS AAQHUX y PO3MOIUICHHX KOMIT IOTEPHHX CHCTEMax
(PKC), mo € KpUTHYHO BaXJIMBUM JUII BHKOHAHHS IIEBHOTO KJIacy 3aJad. 3alpOIIOHOBAHO IiIXiJg 10
ynpasiiHas pecypcamu PKC, sikuii BiIIOBITHO 10 BUMOT KOPUCTyBada JO3BOJISIE BpaXyBaTH SIK BUTPATH Yacy
HAa BHUKOHAHHS 3aBJAHHS, TaK 1 piBeHb 3aXHUIIEHOCTI PeCypcCiB, SIKi 3aTydaloTbCs UL HOTO BHKOHAHHS.

KutrouoBi ciioBa: po3nozineHi 00YHMCICHHS, YIPaBIiHHS pecypcaMy, IUIaHyBaHHs 3aBAaHb, Oe3nedne oopoo-
JICHHSI [IaHUX, MOHITOPHHI CTaHy OOYMCIFOBAIIBHOTO BY3Ja, JOKAIBHHII arcHT JaHHX.
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Resource management in distributed computer system taking into account the trust level to the
computational nodes / Zhengbing Hu, V.Ye. Mukhin, Ya.l. Kornaga, O.Yu. Herasymenko // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 168-180.

The safe data processing in distributed computer system (DCS) is critical for a certain class of
computational tasks. This paper describes an approach to resource management in DCS, which, according to
user’s requirements, allows taking into account the task execution time as well as the security level of system’s
resources.

Keywords: distributed computing, resource management, scheduling, secure data processing, computing node
state monitoring, local data agent.

VK 681.3

OHToslorMYecKkHe M aareGpoajJropuTMHYecKHe  CpeICTBa  ABTOMATH3AIMM  NMPOEKTHPOBAHUS
NapaJieJbHbIX HPOrpamMm AJs «o0aaunbix» miargopm / A.E. Jlopomenxo, O.M. Opeii, E.A. SIuenxo //
Kubepueruka u cucremubiii anaiaus. 2017. Tom 53, Ne 2. C. 181-192.

In.: 2. Tabn. 5. Bibmiorp.: 20 Ha3Bu.

IpemnoxkeH MOAXOA K aBTOMATH3HPOBAHHON pa3pabOTKE MPOrpaMM, OCHOBAHHBIA HA MCIIOIb30BaHHUI
CPE/CTB OHTOJIOTHH M aIreOpOANrOPUTMHUYECKOr0 HHCTPYMCHTApHs MPOCKTHPOBAHHUS M CHHTE3a HPOTPAMM.
IIpumenenne noaxoza NPOMUIIOCTPUPOBAHO HA MPUMEpe Pa3pabOTKHU MapaiiebHOW MPOrpaMmbl U3 0071acTH
METEOPOJIOTHYECKOT0 IPOrHO3UPOBAHNUSI, A TAKKE MPHIOKCHHUS, MPEIHA3HAUYCHHOTO JUIs BBITIOJHEHNUS CO3/1aH-
HOIl mporpamMMbl B «00JIadHOI» cpexe.

KuroueBble €J10Ba: OHTOJIOTHS, anrebpa alrOpUTMOB, MPOCKTUPOBAHUE W CHHTE3 HPOrPaMM, MapajuieibHast
HporpamMMa, «0OJIa4HbIE» BBIYUCICHHS.

OHToJoTiyHi Ta ajaredpoajropuTMiyHi 3aco0M aBTOMaTH3alii NMPOEKTYBAHHS NapaJjieJbHUX Nporpam
s «xmMapuux» miaatgopm / A1O. Jopomenxo, O.M. Osxiii, O.A. SInenko // Kibepretnka ta cucteMHui
anami3. 2017. Tom 53, Ne 2. C. 181-192.

3anponoHOBaHO MiJXiJ 10 aBTOMATH30BAHOIO PO3POOICHHS IPOrpaM, IO IPYHTYETHCS Ha BUKOPUCTaHHI
3ac00iB OHTOJIOTIH Ta anreOpoaIrOpUTMIYHOTO IHCTPYMEHTAPII0 MPOEKTYBAaHHS I CHHTE3Y Mporpam. 3acTocy-
BaHHS MiX0/1y NMPOLTIOCTPOBAHO HA MPUKJIAAl pO3pOo0IICHHS MapaeNbHOl MporpamMu y cdepi MeTeopoIoriyHoro
IIPOTHO3YBAHHS, @ TaKOX IIPOrPaMHOTO 3aCTOCYHKY, IPU3HAYEHOrO Ul BUKOHAHHS CTBOPEHOI HMpOrpamu B
«XMapHOMY» CEepEIOBHIL.

KuaiouoBi ciioBa: oHrosoris, anredpa aaropuTMiB, NPOEKTYBaHHS 1 CHHTE3 Iporpam, napajieibHa Mporpama,
«XMapHD» OOYHCICHHS.

Ontological and algebra-algorithmic tools for automated design of parallel programs for cloud platforms
/ A.Yu. Doroshenko, O.M. Ovdii, O.A. Yatsenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2.
P. 181-192.

We propose an approach to automated development of programs, which is based on the use of ontological
facilities and algebra-algorithmic tools for design and synthesis of programs. The approach is illustrated on the
example of developing a parallel program in the meteorological forecasting domain, as well as software
application to execute the developed program on a cloud computing platform.

Keywords: ontology, algebra of algorithms, design and synthesis of programs, parallel program, cloud
computing.
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