PE®PEPATU Ne 1, 2020 ABSTRACTS

KIBEPHETUKA CYBERNETICS

VK 519.8

Pemenne ABYXITanmHoOi HeNpepbIBHO-INCKPETHOH 3aJaYy ONTHMAJILHOIO pa30MeHusi—pacnpereaeHust
¢ 3aJJaHHBIM I10J105KeHNeM 1eHTPoB noaMHoxkecTB / E.M. kucenesa, O.M. IIpuromanoBa, C.A. Yc //
Kubeprernka u cucremusiii anamus. 2020. Tom 56, Ne 1. C. 3-15.

In.: 1. Tabn.: 0. Bibmiorp.: 22 Ha3Bu.

Annortanus. [IpeanoxkeHs METOI M aJrOPUTM PEIICHUS ABYX3TAaHOM HENPEPBIBHO-AUCKPETHOM 3a1a4i
ONTUMAJIBHOTO pa30HeHUsI—PACTIPEACIICHHs, SABISIONICHCs 0000LIIeHneM, ¢ OIHOI CTOPOHBI, KIACCHYECKON
TPAHCIIOPTHOM 3a/ayM Ha CIydail, KOrja oObeMbl IPOU3BOJACTBA (XPAaHEHUs, IepepadoOTKH) B 3aJaHHBIX ITyH-
KTax He M3BECTHBI 3apaHee, a OTHICKMBAIOTCS KAaK PELICHHEe COOTBETCTBYIOLICH HENPEpHIBHOW 3aladudl OITH-
MaJIbHOTO Pa30UEHHsI MHOXECTBA HENIPEPBHIBHO PACIIPEACNICHHEIX TOTpeOHuTeNeH (II0CTAaBIINKOB) Ha cdhepsl 00-
CIIY’)KMBAaHMSI MX STHMHU ITyHKTaMH, C APYrOil CTOPOHBI, IMCKPETHBIX ABYXATAIHBIX MPOM3BOACTBEHHO-TPAHC-
HOPTHBIX 3aa4 Ha CiIy4ail HEMPEPBIBHO PACIIPEICICHHOrO moTpedurens. PaboTa mpeanokeHHOro anroputma
HPOMIUTIOCTPUPOBAHA HA PEIICHUHM MOJEIBHOH 3ajauu.

KiroueBble cj10Ba: OECKOHCUHOMEPHOE MaTeMaTHYECKOEe MPOrpaMMHPOBAHUE, ONTHMAIbHOE pa3OHeHHe-pac-
npenereHre, TPAHCIOPTHAs 3anada, HeauddepeHnupyeMas ONTHMH3AINU.

Po3B’si3aHHsI  1BOETANHOI HeNepepBHO-IMCKPETHOI 3aJa4i ONTHMAJIBLHOIO PO30HTTA-po3moainy i3
3a/laHMM PO3TallyBaHHAM LeHTPiB miamHoxkuH / O.M. KiceaboBa, O.M. IIpuromanoBa, C.A. Yc¢ //
KibepHernka Ta cucremumii anamiz. 2020. Tom 56, Ne 1. C. 3-15.

AHoTAaNis. 3aIPONOHOBAHO METOJ 1 aJrOPUTM PO3B’sI3aHH JBOETAHOI HENEPEPBHO-IHCKPETHOT 3a1a4i
ONTHMAJILHOTO PO3OUTTSI-PO3IOJIIY, KA € y3araJbHEHHSIM, 3 OHOr0 OOKY, KIIACHIHOI TPAaHCIIOPTHOI 3a1adi Ha
BUIAJIOK, KOIH OOCSTH BHPOOHHITBA (30epiraHms, mepepoOKH) B 3aJaHUX IYHKTaxX He BioMi 3a3Jalerinb,
a BIJIIIYKYIOTBCS SIK PO3B’SI30K BiJIOBIHOT HEMEPEPBHOI 3a/1aui ONTUMAIBHOTO PO30OUTTS MHOXKHUHH HEnepep-
BHO PO3IOJIJICHUX CHOXKMBauiB (MOCTayalbHUKIB) Ha cdepr 00CIyroByBaHHs X MMM ITyHKTAMHM, 3 1HIIOTO
00Ky, JMCKPETHNX JBOCTAITHUX BUPOOHMUO-TPAHCHOPTHUX 3a/la4 HA BUIAJOK HEIEPEPBHO PO3IOIIICHOrO CIIo-
kuBaya. PoGOTy 3ampornoHOBAHOTO alIrOPUTMY HPOITIOCTPOBAHO HA PO3B’sA3yBaHHI MOJEIBHOI 3ajadi.

Ki1104oBi cjioBa: HECKIHYEHHOBUMIpHE MaTeMaTHYHE MPOTrPAMyBaHHS, ONTUMAaJIbHE PO3OUTTA—PO3NOAITECHHS,
TpaHCIOPTHA 33/1aya, HeAU(EPCHIIHOBHA ONTHUMI3allis.

Solving a two-stage continuous-discrete optimal partitioning-allocation problem with a given position of
the subsets centers / E.M. Kiseleva, O.M. Prytomanova, S.A. Us // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 1. P. 3-15.

Abstract. A method and algorithm of solving a two-stage continuous-discrete optimal
partitioning-allocation problem are proposed. On the one hand, this problem is a generalization of the classical
transportation problem to the case where production (storage, recycling) volumes at specified points are
unknown in advance, and are sought as a solution of the corresponding continuous problem of optimal
partitioning of a set of continuously distributed consumers (suppliers) into their service areas by these points.
On the other hand, this problem generalizes discrete two-stage production-transportation problems in the case
of a continuously distributed consumer. The operation of the proposed algorithm is demonstrated by solving
a model problem.

Keywords: infinite-dimensional mathematical programming, optimal partitioning-allocation, transportation
problem, non-differentiable optimization.

YK 681.3

Yayumienne KadyecTBa TIeHepalMH TeKCTa C MOMOIILI0 Mepbl cBsi3HOCTH / A.A. Mapuenko,
O.C. PaguBonenko, T.C. UrnaroBa, II.B. Turapuyk, J.B. KenesnsikoB // KubepHernka u CHCTEMHbIN
anamm3. 2020. Tom 56, Ne 1. C. 16-25.

In.: 3. Tabm.: 4. bi6miorp.: 22 Ha3BH.

AnHoTanus. B3auMozeiicTBue Ha OCHOBE TEKCTa C HCIOJIb30BAHHEM MOOWIBHBIX YCTPOHCTB CTAJIO IO-
BCEMECTHBIM, €r0 OCHOBHBIMU HCTOUYHHKAMH SIBIITIOTCSI COLIMAJIBHBIC CETH, MECCCHKEPHI, DIEKTPOHHbIE MHCh-
Ma, BUPTyaJIbHbIC IOMONIHUKH, IPUIOKEHUS IJIs1 00eCIeUeHUs JOCTYITHOCTH | T.J. DTO MOJpa3yMeBaeT Heoo-
XOJMMOCTb CO3JaHHS CHCTEeM OOJerdeHus BBOJA TEKCTa MOIb30BaTeNeM H Pa3pabOTKU CHOCOOOB MOAIEPIKKU
BepOaIbHON 00paTHOM CBsi3U. B 3T0ii cTaThe MBI 00CYXK/JaeM METOJ FeHEPAMU YHUKAIBHOTO TEKCTa Ul MO-
OMIIBHBIX YCTPOICTB U METOJIOJIOTHIO €r0 OLEHKH B KaUeCTBE PELICHUS 00eHX 3asBICHHBIX poOieM. MbI pac-
CMaTpHBaeM BO3MOYKHOCTH, TIPELOCTABIISIEMbIE HCIIOJIb30BAHUEM KOHTEKCTa (MECTOIOIOKEHHE, [I0ro/1a, 3aIuia-
HHUPOBAHHBIC COOBITHS U T.X.), OTPAHHYCHUS BEIMUCIHTENBHEIX PECYpCOB M HUCHOJIB30BAHMS JaHHBIX, a TAKXKe
MPHUCYIIYI0 CyObEKTHBHOCTh OLIEHKU TBOPUYECKOI 3a7audl ¢ ydeTOM Pa3’HOOOpasHsi BO3MOXKHBIX NPUEMIIEMBIX
pe3ynbratoB. CpaBHEHHE ¢ IPYTMMH METOJAMH I'€Hepallli TEeKCTOB IIOKA3bIBAET, UYTO HCIIOIb30BAHUE METPHK
CBSI3HOCTH TIOMOTaeT JOCTHYb 00JIee BHICOKOIO KayecTBa C TOUKHU 3PEHHs 4yeloBeueckoro BocpuaTusi. Koppe-
ssnus CrimpMeHa Mex/1y 3HaYSHUSIMU [IPeJIaraeéMoil METPUKH CBSI3HOCTH U Y€JIOBEYECKOH OIIEHKON unTadesb-
HOCTH TekcTa coctaBisieT 0.86, 4TO CBUIETEIBCTBYET O BHICOKOM KayeCTBE METPUKH U 3P (HEKTUBHOCTH MeToza
B LEIOM.
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KuroueBbie ciioBa: KOMIIBIOTEPHAsA JIMHIBUCTHUKA, aBTOMATHYCCKas reHepalusa €CTCCTBCHHO-A3BIKOBBIX TEK-
CTOB, CBA3HOCTb TEKCTOB, METPUKH CBSA3ZHOCTH TEKCTOB.

IlokpauieHHsi SIKOCTi TeHepyBaHHSI TEKCTY 3a JONOMOrow Mipu 3B’s3HocTi / A.A. MapueHko,
O.C. PaguBonenxo, T.C. Irnaroma, II.B. Turapuyk, /I.B. XKeaesnsikoB // KibepHernka Ta cuCTeMHHUI
anaumiz. 2020. Tom 56, Ne 1. C. 16-25.

AHoranisi. B3aemogisi, 0 IPYHTYETBCSI Ha TEKCTi 3 BUKOPUCTAHHSIM MOOUIBHHX IPUCTPOIB, CTala I10-
BCIOJIHOIO, 1I OCHOBHHMMH JDKEPEIaMH € COLIJIbHI MEpeXi, MECEHIDKEPH, €JEKTPOHHI JIMCTH, BIPTyalbHI
MOMIYHHUKH, 3aCTOCYHKH [T 3a0e3nedeHHs JocTymHocti Tomo. Lle nependadae moTpedy y CTBOPEHHI CHCTEM
TIOJICTIICHHST BBEJICHHS TEKCTY KOPHUCTYBAyeM Ta PO3POOJICHHI COCOOIB MiATPUMKH BepOaIbHOTO 3BOPOTHOTO
3B’s13Ky. OIHCaHO MeTOJ TeHepalil YHIKaJbHOTO TEKCTY Il MOOUIBHHX IIPUCTPOIB Ta METOHOJIOTIIO Horo
OLIIHIOBAHHS SIK PO3B’SI3KH 000X 3a3HAUCHUX BHINE 3ajad. PO3IIAHYTO MOXIMBOCTI, HaJlaHi BUKOPHCTAHHIM
KOHTEKCTY (MICLIE3HaXOJDKEHHS, TI0T0/1a, 3aIUIAHOBaHI MOii TOII0), OOMEXEHHSI 00UNCITIOBATIBHIX PECYpPCIB Ta
BUKOPHUCTAHHS JIAaHMX, @ TAKOX NPUTaMaHHy CyO €KTHBHICTh OLIHIOBAHHS TBOPYOi 3ajaui 3 ypaxyBaHHIM
PI3HOMAHITTS. MOXJIMBHX NPHUHATHUX pe3yabrariB. [IOpiBHSAHHS 3 IHIIMMH METOJAMH TeHepalil TEeKCTiB
CBITYHUTBH PO T€, [0 BUKOPHCTAHHS METPHUK 3B SI3HOCTI JIa€ 3MOTY JOCSIITH O1JIbII BHCOKOTO PiBHSI SIKOCTI 3 I10-
TIBILY COpHAHATTS JiroauHoo. Kopersinist CriipMena MiXk 3HAYEHHSIMH IIPOIIOHOBAHOT METPUKH Ta OL[IHKOIO YH-
Ta0eIBHOCT] TEKCTY JIOAUHOIO CTaHOBHUTH 0.86, IO CBIMYUTH PO BHCOKY SKiCTh METPHKHU Ta e(pEKTHBHICTH Me-
TONYy B ILIJIOMY.

Ku1rouoBi c;10Ba: KOMIT'IOTEpHA JIIHTBICTHKA, aBTOMATHYHE T'eHEPYBaHHsI IPUPOJHOMOBHHUX TEKCTIB, 3B SI3HICTh
TEKCTIiB, METPHKU 3B’SI3HOCTi TEKCTiB.

Improving text generation through introducing coherence metrics / 0.0. MARCHENKO,
0.S. Radyvonenko, T.S. Ignatova, P.V. Titarchuk, D.V. Zhelezniakov // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 1. P. 16-25.

Abstract. Text-based interaction using mobile devices is now ubiquitous, its main outlets being social
networks, messengers, email conversations, virtual assistants, accessibility applications, etc. Its status implies
the need to facilitate text input by the user and to devise ways to provide verbal feedback. In this paper, we
discuss a method of unique text generation for mobile devices and its evaluation methodology as a solution for
both stated challenges. We consider the opportunities given by the use of context (location, weather, scheduled
events, etc.), the limitations in terms of computational resources and data usage, and the inherent subjectivity of
creative task assessment given the number variety of possibly acceptable outputs. The comparison with other
text generation approaches shows that the use of coherence metrics helps to achieve higher quality in terms of
human perception. The Spearman correlation between the values of the proposed coherence metric and the
human assessment of text readability is 0.86, which indicates the high quality of the metrics and the
effectiveness of the method as a whole.

Keywords: natural language processing, automatic natural language text generation, coherency, coherence
metrics.

VIK 519-7/339.9

MojaenupoBanue yNIpaBJSIIOUIUX BO3JEHCTBUIT 0AHKOBCKOi cHcTeMbl Ha (QYHKIMOHHPOBAHUE
skoHoMuKH. I. lMHAMHKA M KOPPEeKTHPOBKA KPH3HCHBIX cutyanuii / B.B. Xunenko / Kubepuernka u
cuctemubiii ananu3. 2020. Tom 56, Ne 1. C. 26-34.

In.: 1. Ta6n.: 0. Bibmiorp.: 15 Ha3s.

AHHOTauus. PaccMOTpeH BOIPOC MaTEMaTHYECKOTO MOJCIUPOBAHUS JMHAMUKU MHPOBOI (hHHAHCO-
BO-DKOHOMUYECKON crucTeMbl. OTMEUEHBI OCOOCHHOCTH MOIHOW MATEMaTHIECKONH MOJENH (PHHAHCOBO-IKOHO-
MHYECKO# cucteMbl. OG0CHOBAH BBIOOP MATEMATHIECKOTO aIiapara, ONTHMATILHOTO [UIS HCCIICIOBAHMS JaHHO-
ro Kjaacca MOJEJICH.

KimoueBble ciioBa: ()MHAHCOBO-I)KOHOMUYECKASI CUCTEMA, MATEMATHYECKOE MOICIIMPOBAHUE, ONITUMU3ALMS YIIPAB-
neHusi, 3pQEKT «BCIECHUBAHUS», TUXOHOBCKUE CHCTEMBI, MCCIIEJOBAaHUE OOJBIIMX CHUCTEM, TeopeMa XHWICHKO.

Mope/10BaHHsI KepyIOUYHX BILIMBIB 0aHKIBCHKOI cHcTeMH Ha (pyHKIOHYyBaHHs ekoHoMiku. 1. luHamika i kopury-
BaHHs Kpu3oBHX cutyauiii / B.B. Xuienko / Kibeprernka a cucremunii ananiz. 2020. Tom 56, Ne 1. C. 26-34.
AHoTauist. PO3IJIAHYTO MUTaHHSI MATEMATHYHOTO MOCIIOBAHHS AMHAMIKH CBITOBOI (hiHAHCOBO-EKOHOMIYHOT
cuctemn. HaBezieHo 0coGIMBI BIIACTMBOOCTI MOBHOI MaTeMaTHYHOI Mojeni (hiHAHCOBO-€KOHOMIYHOI CHCTEMH.
OOrpyHTOBaHO BHOIp MAaTeMaTHYHOrO arapaTy, ONTHMAIBHOIO Ui JOCITI/DKEHHS TAaKoro Kiacy Mozeneil.

KuarouoBi ci1oBa: (iHaHCOBO-€KOHOMIYHA CHUCTEMa, MATEMAaTH4HE MOJICIIIOBAHHS, ONTHMI3allis yINpaBIiHHS,
e(eKT «CIIHEHHs», THXOHOBCbKI CHCTEMH, IOCIIPKCHHS BEJIMKHX CHCTEM, TeopeMa XHICHKO.

Modeling the control effects of the banking system on the functioning of the economy. I. Dynamics and
adjustment of crisis situations / V.V. Khilenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 26-34.

Abstract. The paper is devoted to mathematical modeling of the dynamics of the global financial and
economic system. The features of the full mathematical model of the financial-economic system are indicated
and the choice of the mathematical apparatus optimal for the study of this class of models is justified.
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Keywords: financial and economic system, mathematical modeling, control optimization, «splashing out»
effect, Tikhonov’s systems, the study of large systems, Khilenko’s theorem.

VIK 517.11+519.92

Heuerkasi MaTeMaTHKAa NPH OrPAHHYEHHBIX BO3MOXKHOCTSIX HAa3HAYeHHs1 QYHKUMIl MPUHALIEKHOCTH /
10.H. Munaes, O.10. ®uinmonoBa, FO.U. MuHnaeBa, I''A. ®uinmonoB // KubGepHeTrka 1 CHCTEMHBbII
ananu3. 2020. Tom 56, Ne 1. C. 35-48.

In.: 3. Tabn.: 3. Bibmiorp.: 23 Ha3Bu.

AHHOTanuUs. PaccMOTpEHO pellieHre 3a/1a4 B YCIOBUSAX HEONPEICICHHOCTH B (DOPME HEUSTKOW MaTeMa-
THKU Ha OCHOBE METOJIOB M MOJICJIeH TEOPHU HEYETKUX MHOKECTB IIPH OTPaHMYECHHBIX BO3MOXKHOCTSIX OIpejie-
JeHus (Ha3HaueHus1) QYHKIMU PUHAUISKHOCTH. [Ipeiiosker MeTo| peleHust 3a1a4 MoA00HOro TUIa, COCTOsI-
LIUif B ONPE/ICTICHUH CKPBITHIX 3HAHHI B BUE TTOJMHOKECTB YIOPSAOYCHHBIX Tap, BBIYUCICHHBIX C HCIIOIb30-
BAaHHEM CHHTYJSIPHOW JCKOMIIO3MLHMM  CICUUATIbHBIX (TCIUIMLEBBIX, TAHKENEBBIX W JAp.) MAaTpHIL,
c(OpMUPOBAHHEIX HA OCHOBE YHHBEPCAILHOIO MHOXKECTBA. [IpUBEACHBI IPHMEPBI, WILTIOCTPHpPYOIINe d(hek-
THBHOCTh MPE/UIOKEHHOTO METOJa.

KioueBble cjioBa: HEYETKOE MHOKECTBO, TCH30pHAsA ACKOMIIO3ULIMA, HCUCTKAsd MaTreéMaTuKa, CHCIHAIbHBIC
MaTpHIbL.

HeuiTka MaTeMaTHKa 32 00Me:KeHHUX MOKJIMBOCTell BU3HavyeHHs (yHkuiii Hamexnocti / F0.M. Minaes,
0.10. ®inimonoBa, 10.1. MinaeBa, I'.O. ®inimonoB // Ki6epHerrka ta cucremunii anamiz. 2020. Tom 56,
Ne 1. C. 35-48.

AnoTanis. Po3risiHyTo po3B’sI3yBaHHS 33/1a4 B YMOBaX HEBU3HAUCHOCTI y (HOpMi HEUITKOI MaTeMaTHKH
Ha MigcTaBi METOMIB 1 MoJeseil Teopii HEYITKMX MHOXHH 32 OOMEKCHHUX MOXJIMBOCTEH BH3HAYCHHS (DyHKIIT
HaJIOKHOCTI. 3aIpOIIOHOBAHO METO/I PO3B’sI3aHHS 33124 II0JI0HOT0 THITY, SIKHH IOJIsIrac y BU3HAYCHHI IPUXOBa-
HUX 3HaHb Y BHIISII MiIMHOXHH YIIOPSAKOBAHMX ITap, OOYNCIICHUX 3 BUKOPUCTAHHSIM CHHTYJISIPHOI JIEKOMITO-
3MLIT creniaibHUX (TEIUIMLEBHUX, TAHKEICBUX Ta 1H.) MaTpUIlb, CHOPMOBAHUX HA OCHOBI YHIBEPCAILHOT MHOKH-
HU. HaBeneHo mpukiIagm, MmO UTFOCTPYHOTh €(QEKTHBHICTH 3alIPOINOHOBAHOTO METOJY.

KarouoBi ciioBa: HewiTka MHOXHHA, TEH30pHA JICKOMIIO3MIIiS, HEYiTKA MaTeMaTHKa, CIelialbHI MaTpHIIi.

Fuzzy mathematics under limited possibilities of assignment of membership functions / Yu.N. Minaeyv,
0.Yu. Filimonova, J.I. Minaeva, G.A. Filimonov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1.
P. 35-48.

Abstract. We consider solution of problems under uncertainty in the form fuzzy of mathematics on the
basis of methods and models of fuzzy set theory under limited possibilities of definition (assignment) of
membership functions. We propose a method to solve such kind of problems, which defines hidden knowledge
as subsets of ordered pairs computed with the use of singular value decomposition of special (Toeplitz, Hankel,
and other’s) matrices formed on the basis of universal set. We present examples that illustrate the efficiency of
the proposed method.

Keywords: fuzzy set, tensor decomposition, fuzzy mathematics, special matrices.

VIK 519.7

Metoxa oueHupaHus cToiikocTH SNOW 2.0-nmo100HbIX IH(POB OTHOCUTEIHLHO KOPPEJSIIUOHHBIX aTaK
HaJ KOHEYHbIMH pACIIMPeHHMSIMH NoJs U3 ABYX djeMeHToB / A.H. Aunekceiiuyk, C.H. Konmomok,
M.B. Iopemcknii / Kubepuernka u cucremubiii aHamus. 2020. Tom 56, Ne 1. C. 49-63.

Im.: 1. Tabm.: 3. Bi6miorp.: 22 Ha3BH.

Annoranus. [Ipeanoxen meron onenuBanus ctoikoctd SNOW 2.0-110100HbIX HIM(BPOB OTHOCUTEIBHO
KOPPEJALMOHHBIX aTaK, KOTOPbIE CTPOSTCS 110 aHAJIOTHH C U3BECTHBIME atakamu Ha mmpp SNOW 2.0. B otiu-
YHe OT paHee N3BECTHBIX MPEUI0KCHHBIH METO OPUEHTUPOBAH HAa 00OCHOBAHHE CTOHKOCTHU U MO3BOJISICT MOJTY-
YaTh HIDKHHE OLCHKH d(P(EKTHBHOCTH aTak M3 pacCMaTpUBAEMOro Kiacca HENOCPEICTBEHHO IO MapameTpam
KOMITOHCHT HOTOYHBIX IIH(POB aHATOTUYHO TOMY, KaK 3TO 000CHOBBIBACT CTOWKOCTH OJIOYHBIX MIH(POB OTHO-
CHUTEJBHO JIMHEHHOTo KpunToananu3sa. [Ipumenenne meroaa k mmppam SNOW 2.0 u «CtpyMOK» 1MOKa3bIBaeT,
4T0 J1I00ask U3 PACCMOTPEHHBIX KOPPEISIHOHHBIX aTak Ha HUX HaJ MOJIEM IOopsijika 256 MMeeT CPeHIO Bpe-
MEHHYIO CIIOKHOCTh HE MEHee 2146201 9249:40 oo rpercrento u TpebyeT He MeHee 214277 4 9249.38
BETCTBEHHO 3HAKOB I'aMMBbI.

COoO0T-

KuioueBble €JI0Ba: KOPPEISILMOHHBIN KPHUIITOAHAIN3, KOHEYHBIH aBTOMAT, AMCKPETHOE MpeobpazoBaHUE
Dypbe, obocnoBanue croiikoctu, mupp SNOW 2.0, umdp «CtpymMoK».

Metoa ouiHoBaHHs crilikocti SNOW 2.0-moaionux mmdpis BiqHOCHO KopensuiiiHMX aTak Haa
CKIHYeHHUMH PO3IIMPEHHSAMH NoJs 3 ABOX ejeMeHTiB / A.M. Ouekciiiuyk, C.M. KoHwomoxk,
M.B. Iopemcbkuii // Kibepuernka Ta cucremuuii amamis. 2020. Tom 56, Ne 1. C. 49-63.

AHoTanis. 3ampornoHOBaHO MeTOA OLiHIOBaHHs cTilikocTi SNOW 2.0-noibHuX 1w piB BiHOCHO KOpe-
JSIMIFHKUX aTak, sKi OyAyI0ThCs 3a aHaJoriero 1o Bizomux arak Ha mmdp SNOW 2.0. Ha Binminy Bix panimie
BIZIOMHX 3aIIpOIIOHOBAHHI METOJ OPI€HTOBAHHI Ha OOIPYHTYBAHHS CTIHKOCTI 1 JO3BOJSIE€ OTPUMYBATU HIDKHI
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OI[iHKKM €()EKTHBHOCTI aTaK 3 PO3MVISHYTOro KiIacy Oe3MOoCepeHbO 3a MapaMeTpaMy KOMIIOHEHT MOTOYHHX
mu@piB AaHAIOTIYHO TOMY, SIK LI POOUTHCS MPU OOIPYHTYBaHHI CTIHKOCTI 0I0KOBHX MIM(PIB BIZIHOCHO JIHIHHO-
ro Kpunroanaiisy. 3acrocyBanns metoay 1o mudpiB SNOW 2.0 i «CtpymMok» mokasye, mo 0yab-ska 3 po3risi-

HYTHX KOPEJAIHUX aTak Ha HUX HaJ MOJIEM IOPAKY 256 Mae Cepe/IHIO 4acoBY CKJIAHICTh HE MEHIIE 246,20
i 2244 pimnosinmo i umarae me memme 2'4%77 i 224938 innoinmo smaxie ramm.

Kuo4oBi ciioBa: xopessiuiiiHuil KpunroaHaii3, CKIHYEHHUH aBTOMAT, JUCKpETHE neperBopeHHs Dyp’e, 00-
rpyHTyBaHHs criiikocti, mudgp SNOW 2.0, mmdp «CtpymMoK».

A method for security evaluation of SNOW 2.0-like ciphers against correlation attacks over finite
extensions of the field of two elements / A.N. Alekseychuk, S.M. Koniushok, M.V. Poremskyi //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 49-63.

Abstract. A method is proposed for security evaluation of SNOW 2.0-like ciphers against correlation
attacks, which are generated by analogy with well-known attacks against SNOW 2. Unlike the available
methods, the proposed one is oriented to the proof of security and allows us to obtain lower estimates of the
efficiency of attacks from the considered class directly using the stream cipher components in the same way as
it is done to prove the security of block ciphers against linear cryptanalysis. Application of the method to
SNOW 2.0 and “Strumok” ciphers shows that any of the considered correlational attacks against them over the
field of order 256 has an average time complexity no less than 2146,20 4nq 2249’40, respectively, and requires no
less than 2'%>77 and 2%49-38 respectively, keysteam symbols.

Keywords: correlation cryptanalysis, finite-state machine, discrete Fourier transform, proof of security,
SNOW 2.0, “Strumok”.

CUCTEMHUI AHAJII3 SYSTEMS ANALYSIS

VK 519.854
O pemeHUU KBaJApaTU4HOI 3agaym o HasHavenusix / M.B. Cepruenko, B.II. IlIuioe, C.B. YUynos,
ILI.B. IIumno // KubepHernka u cucremublii ananmu3. 2020. Tom 56, Ne 1. C. 64-69.

In.: 2. Ta6n.: 1. Bibmiorp.: 17 HazBu.

Annoranus. [Ipeioxens! Be MOIU(UKAIMK TOBTOPSIEMOT0 UTEPUPOBAHHOIO AJIrOpUTMa Tady pere-
HHSL KBaJJPaTHYHOM 3a/1a4M O Ha3HAUCHUSX (C TEXHOJOTrHeil BblaeneHus siapa u 6e3 ne€). IlposeneHo uccieno-
BaHUE ITUX MOJU(HKALNI CPAaBHUTEIBHO C JIYYIINMH COBPEMCHHBIMH ITOPHTMAMH PELICHUS STOH 3aJadH.
IToka3ana 3 GeKTUBHOCTE pa3pabOTAHHBIX AITOPHTMOB, B YACTHOCTH, I 33724 OOJIBINOH pa3MEpHOCTH, UL
KOTOPBIX € HX IIOMOIIBIO HAWJCHBI HOBBIE PEKOPHBL

KuroueBbie cjioBa: KBaJpaTh4iHas 3a7a4a O Ha3HA4YCHUAX, HOBTOpﬂeMHﬁ HTepHpOBaHHHﬁ Ta6y—110ncr<, TEXHO-
JIOrvs BBIACJICHUS s /ipa PEIICHUS, cnyqai/'moe BO3MYILIECHUE KOMIIOHEHT PCIICHUS, 3¢)¢6KTHBHOCTB AJITOPUTMOB.

IIpo po3B’si3aHHsl KBaJpaTH4HOI 3a1a4i npo npusHavennsi / I.B. Ceprienxo, B.II. Iuao, C.B. Uynos,
I1.B. Muio // Kibepuernka Ta cucreMuuit anami3z. 2020. Tom 56, Ne 1. C. 64-69.

AmnoTaunisi. 3arponoHoBaHo 1Bi Mo (DiKalil IOBTOPIOBAHOTO ITEPOBAHOTO alTOPUTMY Taly pO3B’sI3aHHSI
KBaJ[paTUYHOI 3aJa4i Mpo NpU3HAYEHHs (3 TEXHOJOTIEI0 BUALICHHS sipa i 6e3 Hel). [IpoBeneHo nocimiukeHHs
nux Moau(ikalii MOPiBHAHO 3 KPAIMMU CYYaCHUMH aJrOpUTMaMM po3B’si3aHHs 1ie€i 3a1ay4i. [TokazaHo edek-
TUBHICTh PO3POOJICHNX aIrOPUTMIB, 30KpeMa, sl 3a/1a4 BEIUKOT PO3MIPHOCTI, JUIsI IKHX 3 TXHBOIO JJOTIOMOT'OI0
3HAW/ICHO HOBI PEKOPJH.

KurouoBi cioBa: kBajgpaTuyHa 3ajava Mpo MPHU3HAYCHHS, NOBTOPIOBAHUI iTEpOBaHUIl Taly-NOIIYK, TEXHO-
JIOTist BUALICHHS siApa PO3B’SI3KY, BUIAAKOBE 30yPEHHS KOMIIOHEHT PO3B’sI3KY, €(pEKTHBHICTH aarOPUTMIB.

Solving the quadratic assignment problem / L.V. Sergienko, V.P. Shylo, S.V. Chupov, P.V. Shylo //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 64-69.

Abstract. This paper focuses on the development and improvement of the iterated repeated tabu
algorithms for solving the quadratic assignment problem using core allocation technology. The comparative
analysis of the empirical computational performance is presented, comparing the modern algorithms from the
literature and the algorithms proposed in this paper. The results confirm the efficiency of the modified
algorithms in terms of the solution quality and time especially for large-scale problems.

Keywords: quadratic assignment problem, repeated iterated tabu search, solution core allocation technology,
random perturbation of solution components, algorithm efficiency.

VK 368:519.21
CroxacTHuecKkHne ONTHMH3AHOHHBIE MoJeJH cTpaxoBoii Matematuku / F0.M. Epmonnes, B.A. Hopkun,
B.B. Hopkun // KubGepuernka u cucremubiii ananus. 2020. Tom 56, Ne 1. C. 70-81.

In.: 0. Tabm.: 0. Bi6miorp.: 31 Ha3Bm.
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AnHotauus. /Jan 0030p CTOXaCTHUECKUX ONTUMU3ALMOHHBIX MOJIEICH CTPAXOBOM MaTeMaTHKU U METO-
JIOB MX DPEIICHHs Ha OCHOBE METOIOJOTHHM MHOIOKPUTEPHAILHOIO CTOXAaCTHYECKOTO HMPOrpaMMHPOBAaHUS H
ONTHUMAJILHOTO YIpaBJIEHHUs. DBOJIOLMUS KalluTala CTPaXoBOi KOMIIAHUM PacCMaTpUBAETCs B JIUCKPETHOM Bpe-
MeHU. OCHOBHBIMH CIIy4alfHBIMU ITapaMeTpaMu MOJIEJIEH sIBIISIFOTCSI YPOBHU CTPAXOBBIX BBIIJIAT, T.€. OTHOILE-
HHS OIUIAUCHHBIX CTPaXOBBIX TPEOOBAaHMII K COOTBETCTBYIOIIMM IIPEMUSM 3a SIHHHIYy BpeMeHHU. [lepeMeHHbIe
ONTHMHU3ALUN — CTPYKTypa CTPaxoBOro moprdens (CTpyKTypa BaIoOBOH IPEeMUH) H pa3Mep AUBHACHIOB. Kpu-
TepHAMH d(POEKTUBHOCTH SBIAIOTCS MOKA3aTeNIH JOXOJHOCTH CTPAXOBOro Ou3Heca, a MOKa3aTe/sIMH PHCKA —
BEPOATHOCTb Pa30PEHHs M KaluTasl, HeOOXOAMMBIH JUIs IIPelOTBpalieH s pasopeHus. Lleap onTuMusanimm —
MOUCK MapeTO-ONTUMAIbHBIX pelieHuid. TIpe/uIokKeHbl METOAbl HAXOXKICHHUS 3THX pEIUCHUi.

KiioueBbie ciaoBa: CTpaxoBasdg MaTCMaTHKa, MPOLECC PUCKA, BEPOATHOCTb PA30PCHHUA, CTOXACTHYCCKOE MPO-
TpaMMHPOBAHHUEC, MHOTOKPUTCPHUAJIBHBIC 3ala4d, ABYXOTAlIHBIC 3a/1a4i, BEPOATHOCTHBIC OTrPaHUYCHHUSA, CTOXAC-
THYECKOE ONTUMAJIBHOC YIIPABJICHUC.

CroxacTnuni onTumisaniiini monmeni crpaxopoi marematnkn / IO.M. €pmonnes, B.I. Hopkin,
B.B. Hopkin // KiGepueruka ta cuctemuuii anamiz. 2020. Tom 56, Ne 1. C. 70-81.

AwnoTanisi. HaBeieHo oruisiy CTOXaCTHYHUX ONTHUMI3aLiitHUX MoJeseil cTpaxoBoi MaTeMaTHKH 1 METO/IIB
TXHBOI'O PO3B’SI3aHHS Ha OCHOBI METOJOJIOTIT 6araTOKPUTEPIfIHOrO CTOXaCTHYHOIO MPOrpaMyBaHHs Ta OITH-
MaJIbHOTO KepyBaHHs. EBOIOLIsl Kartitamy cTpaxoBoi KOMIIaHii PO3IISIA€ThCs B AUCKpETHOMY 4aci. OCHOBHH-
MH BUIAKOBHMH ITapaMeTpaMH MOJEIEHT € PiBHI CTPaxOBHX BHIUIAT, TOOTO BiAHOLICHHS CIUTAYCHHX CTPAXOBHUX
BHUMOT 10 BIJIOBIIHMX THpEeMiil 32 OJUHUIIIO 4Yacy. 3MiHHI ONTUMi3alil — CTPYKTypa CTPaxoBOro moptdens
(cTpyKTypa BajloBOi mpemii) Ta po3mip auBizeHaiB. Kpurepismu e(heKTUBHOCTI € MOKa3HUKU MPUOYTKOBOCTI
CTPaxoBOro Oi3Hecy, a MOKa3HUKAMH PU3HKY — HMOBIPHICTh PO3OPEHHs Ta KariTaj, HEOOXiAHHH Uil 3a-
noGirasHs po30peHHI0. METOK ONTHMI3alil € MOLIYK MapeTo-OlNTUMAIBHUX PIillieHb. 3alpOIIOHOBAHO METO/IH
3HAXOJDKCHHSI [IUX PIIICHb.

Kirouosi cjioBa: crpaxoBa MaTeMaTHKa, IPOLEC PU3NKY, HMOBIPHICTh PO30OPEHHS, CTOXACTUYHE MPOrPaMyBaH-
Hsl, OaraToKpUTepiitHi 3a/adi, JBOCTAIHI 33/1a4i, IMOBIPHICHI 0OMEKEHHS, CTOXaCTHYHE ONTUMAaJbHE KepyBaH-
Hsl, YaCTKOBO-IIIJIOYMCIIOBE NPOrpaMyBaHHs, JAMHAMIYHE MPOTPaMyBaHHS.

Stochastic optimization models of actuarial mathematics / Yu.M. Ermoliev, V.I. Norkin, B.V. Norkin //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 70-81.

Abstract. The paper overviews stochastic optimization models of actuarial mathematics and methods for
their solution from the point of view of the methodology of multicriteria stochastic programming and optimal
control. The evolution of the capital of an insurance company is considered in discrete time. The main random
parameters of the models are payment levels, i.e., the ratio of paid claims to the corresponding premiums per
unit of time. Optimization variables are the structure of the insurance portfolio (the gross premium structure)
and the size of dividends. As efficiency criteria indicators of the profitability of the insurance business are used,
and as risk indicators the probability of ruin and the recourse capital necessary to prevent the ruin are taken. The
goal of optimization is to find Pareto-optimal solutions. Methods for finding these solutions are proposed.

Keywords: insurance mathematics, risk process, ruin probability, stochastic programming, multicriteria
problems, two-stage problems, probabilistic constraints, stochastic optimal control, mixed-integer
programming, dynamic programming.

VK 519.233.5
MerTo/ OCTPOEHHsI PerpeccH ¢ NepeKJI0YeHUsIMH B HelIPEPLIBHOM BPEeMEHH ¢ HeM3BECTHBIMH TOYKAMH

nepexaouenus / II.C. Knonos, A.C. Kopxun // Kubepueruxa u cucremustii anamus. 2020. Tom 56, Ne 1.
C. 82-96.

In.: 2. Tabn.: 2. Bi6miorp.: 7 Ha3sB.

AHHOTalll/lﬂ. PaCCMOTpCHa JIMHEHHas perpeccus ¢ NEPEKIYCHUAMA B HEITPEPLIBHOM BPEMEHU. Ornucan
METOJ OLICHUBAHUS TOYCK NEPEKIIIOUCHUS U TapaMETPOB PETPECCUH C IIEPEKITIOYCHUAMU. HpI/IBelIeHI)I IIPUMEPLI
€r0 HCIIOJIb30BaHHUA.

KuroueBbie ciioBa: perpeccus, HENPEPbIBHOC BPEMs, IEPEKIIIOYCHMS, I1apaMETPhI PErpeCcCru, OLICHUBAHUE.

MeToa mo0ya0BH perpecii 3 nepeMHKAHHAM Yy HellepepBHOMY 4Yaci 3 HeBiTOMMMH TOUKAMM NepeMUKAHb /
II.C. Knomnos, A.C. Kopxin // Kibepueruka ta cucremuuii anamiz. 2020. Tom 56, Ne 1. C. 82-96.

AmnoTanist. Po3nisHyTO JiHIiHY perpecito 3 NepeMHUKaHHIMHI y HerepepBHOMY daci. OnmcaHo MeToJ1 OliHko-
BAHHs TOYOK IIEPEMHKAHH 1 TapaMeTpiB perpecii 3 nepemukanHaMy. HaBeieHo npukiaam H0ro BUKOPUCTAaHHS.

KuarouoBi ciioBa: perpecis, HenepepBHMI 4ac, NEPEMHMKaHHS, IApaMeTpy perpecii, OLiHIOBAHHS.

Switching regression construction method in continuous time with unknown switching points /
P.S. Knopov, A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 82-96.

Abstract. Linear switching regression in continuous time is considered. A method for estimating
switching points and regression parameters is described. Examples of its use are given.

Keywords: regression, switching, regression parameters, evaluation.
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YK 519.62
TecTupoBaHHe MHOIOLIATOBOr0 OJHOCTAJAMIHOIO MeToJa Ha :KecTKHMX 3agadax / B.A. Tlpycos,
A.E. Jlopomienko // KubGepnernka u cucremHuslii ananmu3. 2020. Tom 56, Ne 1. C. 97-105.

In.: 7. Tabn.: 4. Bibmiorp.: 15 HazBu.

AHHOTanusi. PaccMOTpeH MHOTOLIAroBbIi OJHOCTaANNHBII METOM, TO3BOJIIONIMNA HHTETPUPOBATH JKEC-
TKHE AuddepeHranbHble ypaBHEHNS U CUCTEMbl YPABHEHHH € BBICOKOW TOYHOCTBIO M MAJIbIMU BBIYUCIIUTENb-
HBIMM 3aTpaTamMu. Ha nmpumepax 1mokasaHo, 4TO NPEJUIOKEHHBIH METO/ He YCTYIAeT JIyYIIMM METOiaM IpH pe-
LIEHUHU JKECTKUX 3a]ay. Pe3ysbTaThl pacyeToB MO3BOJISIOT ONPEAEINTD JJIsi MHOTOLIArOBOr0 OJIHOCTAAMIHOIO
MeTozia 001acTH abCOMFOTHON YCTOWYMBOCTH, Ilie 00eclieueHa BO3MOKHOCTh NU3MEHEHHSI BEJIMUUHBI IIara WH-
TETPUPOBAHUS B IIMPOKUX TIPEAeiIax MPU COXPAHEHHM BBIYUCIUTEIBHONH YCTOMYMBOCTH METOJA.

KiroueBble ci10Ba: eCTKME YPAaBHEHHMsS M CHUCTEMbl, MHOIOIIATOBBIA OJHOCTaJUKHBIN Meron, (4,2)-mero,
CROS, uerspexcraauiiueiil saBHbIA MeTox PyHre—KyTTel

TecTyBaHHSI 0araTOKpOKOBOI0 OJHOCTA/iiHOr0 MeTOAy Ha :KOpPcTKMX 3agauax / B.A. Ilpycos,
A.1O. Jlopomenko // Kibepueruka ta cucremuuil anami3. 2020. Tom 56, Ne 1. C. 97-105.

AHoTanisi. Po3risiHyTo 6araTOKpOKOBHiT 0OJHOCTAaAiiHIIT METO/, IO J03BOJISE IHTETPYBATH KOPCTKI JTH-
(epeHLianbHI PIBHAHHS 1 CHCTEMH PIBHSHb 3 BUCOKOIO TOYHICTIO 1| MAJIMMU OOYHMCITIOBAIbHUMY BUTpaTamu. Ha
HPHKIIaJaX MMOKa3aHO, IO 3alPONOHOBAHMII METO/ HE MOCTYNA€EThCS KPALMM METO/aM JUIs PO3B’SI3aHHS KO-
peTKuX 3anad. PesynbTaTi po3paxyHKIB JIO3BOJIAIOTH BUSHAYUTH Ul OAraToKpOKOBOIO OJHOCTAifHOrO MeTo-
Jly obiacTi abCoMOTHOT CTIHKOCTI, Jie 3a0e31eueHa MOXKIIMBICTh 3MiHN BEJIMYHHH KPOKY iHTEIPYBaHHS B IIHPO-
KX MeXax i3 30epeKeHHSM OOYHCIIIOBAILHOI CTIMKOCTI METOXy.

KumiouoBi ciioBa: )opcTKi pIBHSHHS 1 CHCTEMH, 0araTOKpOKOBHI ofHOcTadiiHuit Meron, (4,2)-meron, CROS,
JoTHpHUCTAiiHNIA sBHUIT MeTo) PyHre—Kyrra.

Testing a multi-step single-stage method on hard tasks / V.A. Prusov, A.E. Doroshenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 1. P. 97-105.

Abstract. A multistep one-stage method is considered, which allows one to integrate hard differential
equations and systems of equations with high accuracy and low computational costs. The examples show that
the proposed method is not inferior to the best available methods in solving hard problems. The calculation
results allow us to determine the absolute stability regions for a multistep one-stage method where it is possible
to change the integration step over a wide range while maintaining the computational stability of the method.

Keywords: hard equations and systems, multistep one-stage method, (4,2) method, CROS, four-stage explicit
Runge—Kutta method.

VJK 519.872
AHanu3 Mojeleii cucreM ¢ rereporeHHbiMu cepepamu / A.3. Meaukos, JI.A. IloHomapeHko,
9.B. Mex6anbieBa // Kubepueruka u cuctemubii anmamus. 2020. Tom 56, Ne 1. C. 106-117.

In.: 6. Tabm.: 0. Bi6miorp.: 32 Ha3Bm.

Annoranus. VccnenoBana MaTeMaTHuecKasi MOJENb CHCTEMBI OOCTYKHBAHUS C FETEPOTCHHBIMH CepBe-
pamu u 6e3 ouepereil Py HATHYIUH 3asBOK JBYX THUIIOB. 3asBKU BHICOKOTO IIPUOPUTETA OOCIY>KHBAIOTCS B BBI-
COKOCKOPOCTHBIX CepBepax, a 3asBKH HH3KOTO IIPUOPUTETa — B HU3KOCKOPOCTHBIX. B ciyuasx 3aHATOCTH BCex
CEpBEPOB B COOTBETCTBYIOLIMX IPYIIAX JOMYCKaeTcs 00CIyKMBaHUE MOCTYIHBILEH 3asBKU B PYroil rpymme,
IIPH 9TOM IEPEeHa3HAYEHHUs! 3as1BOK OCYIIECTBIISIOTCS COIIACHO PaHJOMH3UMpPOBaHHOM cxeme. CuMTaercs, 4To
BEPOSITHOCTH IIEPEeHA3HAUCHUS 3aBUCAT OT YHCIIA 3aHATBIX CEPBEPOB B COOTBETCTBYIONIEH Tpymie. Paspaborans
METOZBI TOUYHOTO ¥ HPHOIMKEHHOTO aHAIIN3a XapaKTePUCTHK YTOU CHCTEMBI M MOJIy4eHB! SIBHbIE (DOPMYIIBI IS
MPHOIIKEHHOTO BBIYUCICHHUS €€ XapaKTCPHCTUK.

KiroueBble cioBa: I‘CTepOI‘eHHHﬁ CEPBEpP, cUCTEMa 06().TIy)KI/IB£:1HI/I}I7 TIPUOPUTETHI, PA3HOTUIIHBIC 3aABKH, OIITH-
MuU3anus.

AHaniz Mogeseil cucrem 3 rereporeHHumMu cepepamu / A.3. Meiaikos, JILA. IloHomapenko,
E.B. Mexo6aunieBa // Kibepueruka Ta cucremuuii anamiz. 2020. Tom 56, Ne 1. C. 106-117.

AHoTauis. 3anpornoHOBaHO MaTeMaTUYHy MOJIETb CUCTEMU OOCIYrOBYBaHHS 3 T€TEPOreHHUMHU CepBepa-
MH 1 6e3 4epr 3a HassBHOCTI BUMOT JBOX THIIIB. BUMOTH BHCOKOIO MpiOPUTETY OOCITyrOBYIOTHCS Y BUCOKOLI-
BHUJIKICHUX CepBepax, a BUMOTH HHU3BKOI'O MPIOPUTETY — B HU3BKOLIBHIKICHHX. Y BHIAJKax 3aiHATOCTI BCIX
CepBepiB y BIJNOBIIHUX Ipynax JOMYCKAEThCS 00CIyroByBaHHsS BUMOTH, L0 HaJiillIa, B IHIIA rpyri, npu
I[bOMY IIEPeNPU3HAUCHHS BHMOTI 3MIHICHIOETBCS 3TiAHO 3 PaHIOMI30BAaHOI0 CXEMOIO. BBaxkaeTbes, IO
WMOBIPHOCTI TIepenpU3HaYEHHs 3aJIeKaTh BiJl KIIbKOCTI 3allHATUX CEpBEpiB y BiAMOBiAHIN rpymi. Po3podieHo
METOJIM TOYHOT'O i HaOIMKEHOTO aHai3y XapakTepHCTHK 1€l cucremu. OTpumano siBHI Gpopmynu Ui HaOIu-
JKEHOro OOYMCICHHS 11 XapaKTEPUCTHUK.

KiarouoBi ciioBa: rereporeHHHMil cepBep, cHcTeMa OOCIyroByBaHHS, IPIOPUTETH, PI3HOTUIIHI BUMOTH,
ONTUMI3ALLIS.
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Analyzing the models of systems with heterogeneous servers / A.Z. Melikov, L.A. Ponomarenko,
E.V. Mekhbaliyeva // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 106-117.

Abstract. The mathematical model of a queueing system with heterogeneous servers, without queues and
two types of calls is investigated. High priority calls are processed in fast servers while low priority calls are
processed in slow servers. If all servers in some group are busy then reassigning of calls to another group is
allowed. Reassigning is based on random schemes and reassignment probability depends on the number of busy
servers in appropriate group. Exact and approximate methods are developed for the analysis of characteristics of
the system. Explicit approximate formulas to calculate the approximate values of characteristics are proposed.

Keywords: queuing-inventory system, heterogeneous servers, priority, customers of different types,
optimization.

YK 519.6

K nocTpoenuio MHTerpajbHbIX MATEMATHYECKUX MoJIeIeli JBYX KJIAaCCOB HeJTHHEHHBIX NPOCTPAHCTBEHHO
pacnpenenennsix cucreMm. I1. Coryyaii HenpepbIBHO ONpeieeHHBIX BHEIIHEJHHAMHYECKUX BO3MYILEHU
/ B.A. Crosin // KubepHeruka u cucremublii ananu3. 2020. Tom 56, Ne 1. C. 118-128.

In.: 0. Tabn.: 0. Bi6miorp.: 7 Ha3s.

AHHoOTanus. Pemensl 3ajaun nceB1000palieHus HelMHEeHHbIX JuddepeHIanbHbIX MOJIeNIel TpocTpa-
HCTBEHHO PACIIPE/ICNICHHBIX ANHAMUYECKHX CHCTEM. PacCMOTPEHBI CUCTEMBI, HEJIMHEHHOCTh KOTOPBIX 00pa3o-
BaHa IPOMU3BECHUEM JIHHEHHBIX AU(depeHINATEHBIX TPeoOpa3oBaHuil (YHKIIMH COCTOSHHS CHCTEMBI HIIN 3a-
MEHOI MMM KOd()(HUIMEHTOB JIMHEHHOrO NPUONIDKEHHs MOJeTH. [I0CTpOeHbI aHAIUTHYECKHE 3aBUCHMOCTU
(YHKIUH COCTOSIHUS CHCTEMBI OT HENPEPBHIBHO ONpPEIeICHHBIX 3HAYCHHH BHEIIHEANHAMUYSCKUX BO3MYIIAIO-
X (GakTopos.

KiroueBbie cioBa: HCCB[[OO6paH.ICHPIe, HEJTMHCHHBIC THHAMUYCCKUE CHUCTEMBI, CUCTEMBI C pacIpeACIICHHBIMU
napamMeTpamMu, pacnopeCIC€HHBIE NMPOCTPAHCTBEHHO-BPEMEHHBIE CHUCTEMBI.

Jlo mnoOynoBu iHTerpaibHHX MAaTeMaTHYHHX MoJeJeil [IBoX KJaciB HeJiHiliHmx mnpocToposo
po3nonijieHux cucreM. I. Bunagok HemepepBHO BHM3HAYEHMX 30BHIIIHbOJAMHAMIYHHX 30ypeHb /
B.A. Crosin // Kibepuernka Ta cucremuuii anamiz. 2020. Tom 56, Ne 1. C. 118-128.

AHoranis. Po3B’s13aH0 3aaul NCeBIOOOEPHEHHS HENHIHHUX JU(EPEHIialbHIX MOJAEIEH MpOCTOPOBO
PO3MOIIICHUX JAUHAMIYHHUX CHCTEM. PO3IJISHYTO CHCTeMH, HENIHIHHICTH SKHX YTBOpEHa HOOYTKOM JiHIMHHX
Ju(epeHniaTbHIX MepeTBOPEeHb (GyHKIIT CTaHy CHCTeMH, ab0 MIIAXOM 3aMiHM HUMH KoeQillieHTiB JiHIHHOrO
HaOIIKEHHS Mozielti. By nyroThes aHaITHYHI 3aJIeXKHOCTI (PYHKIT CTaHy CHCTEMH Bij HEIIepepPBHO BU3HAUCHUX
3HAa4YeHb 30BHIMMHBOAUHAMIYHHX 30ypIorounx (haKkTopiB.

KumrouoBi ciioBa: 1ceB1000epHEHHs, HENIHINHI JHHAMIUHI CHCTEMH, CHCSTEMH 3 PO3IOALICHUMH Mapamerpa-
MH, HPOCTOPOBO PO3MOJIICHI JHHAMIYHI CHCTEMH.

Construction integral mathematical models of two classes of nonlinear spatially distributed systems. II.
The case of continuously defined external-dynamic perturbations / V.A. Stoyan // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 1. P. 118-128.

Abstract. Problems of pseudoinversion of nonlinear differential models of spatially distributed dynamic
systems are solved. Systems whose nonlinearity is formed by the product of linear differential transformations
of the function of system’s state or by replacing the coefficients of linear approximation by these
transformations are considered. Analytic dependences of the function of system’s state on continuously defined
values of external-dynamic factors are constructed.

Keywords: pseudoinversion, nonlinear dynamical systems, spatially distributed dynamical systems.

VK 519.11.176
O ¢paxTanbHoii IpUPOJe KOMOMHATOPHBIX MHOKECTB U HAXO0XKIeHHH (popMyJ1 KOMOHHATOPHBIX YHces /
H.K. Tumodeena // Kubepuernka u cucremubiid anamms. 2020. Tom 56, Ne 1. C. 129-137.

In.: 0. Tabn.: 0. Bibmiorp.: 11 Hazs.

AnHotauus. Paccmorpena (pakraibHas CTPYKTypa KOMOMHATOPHBIX MHOXKECTB, KOTOpas oOpasyercs
B MpOLIECCe YIOPSIOUCHUsT KOMOHMHATOPHBIX KoHuryparmii. C ucrnonp3oBanneM (pakTaabHbIX CBOHCTB Oro-
BOPCHHBIX MHOXKECTB Pa3paboTaH MOJXOJ K PEIICHUIO NIEPEYHCIIUTENbHBIX 3a1a4 B KomOuHaTopuke. Ilpn Ha-
XOJXKJICHUH KOMOMHATOPHBIX YHCEN HCIIONB3YIOTCS apH(METHYSCKUe I0CIeI0BATEILHOCTH.

KuroueBble ciioBa: koMOMHATOpHKA, (paKTajbl, KOMOMHATOPHbIC KOH(UIrypauuy, pa3OMeHHe HATypalbHOrO
4pcnia, apuGMETHYECKni TPEYroNbHUK, KOMOHMHATOPHBIC YHCIIA.

IIpo ¢ppakTanbHy npupoay KOMOIHATOPHUX MHOKMH TAa 3HAXOM:KeHHs GopmMyJ1 KOMOIHATOPHUX 4Hces /
H.K. TumodieBa // KiGepuernka Ta cucremuuii anamis. 2020. Tom 56, Ne 1. C. 129-137.

AHorauis. Po3risiHyTO (ppakTanpHy CTPyKTypy KOMOIHATOPHMX MHOXHH, SIKa YTBOPIOETHCS B IPOIECI
BIOPSIKYBAaHHSI KOMOIHATOPHUX KOH(}Iryparii. 3 BUKOPHCTAHHSIM (PPaKTaIbHUX BIACTUBOCTEH OTOBOPEHHUX
MHOXXHH PO3pOOJICHO MiAXiJ 10 pO3B’SI3aHHS NepeivyBaIbHUX 3a1ad y KoMmOiHartopuii. s 3HaXOIKEHHS
KOMOIHATOPHUX YHCEJ] BHKOPHCTAHO apHU(METHUHI ITOCIITOBHOCTI.
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KurouoBi cioBa: xomOinatopuka, (pakrany, KoMOiHATOpHI KOH(Iryparii, po30UTTsS HATypaabHOrO 4YHMCIa,
apu@MeTHIHHN TPUKYTHUK, KOMOIHATOPHI 4YHCIIa.

On the fractal nature of combinatorial sets and finding of formulas for combinatorial numbers /
N.K. Timofieva // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 129-137.

Abstract. The fractal structure of combinatorial sets, which is formed in ordering of combinatorial
configurations, is considered. Using the fractal properties of contracted sets, an approach to solving
enumeration problems in combinatorics is developed. Arithmetic sequences are used to find combinatorial
numbers.

Keywords: combinatorics, fractals, combinatorial configurations, partitioning of a natural number, arithmetic
triangle, combinatorial numbers.

VIK 519.65
Yeouumenckoe npudamxkenue (yHkuuii mMuHorux mnepemenHbix / I1.C. Manauupckwmii, S1.B. ITusiop,
P.I1. ManauuBckuii, O.M. Yxanckass // KubepHetnka u cucremusiii ananmm3. 2020. Tom 56, Ne 1.
C. 138-146.

In.: 2. Tabm.: 0. Bi6miorp.: 12 Ha3s.

AnHoTanus. [IpeioixkeH MeTo HOCTPOCHHUS YeOBIIIEBCKOTO MPHOIIIKEHNST QYHKINI MHOTUX TTEPEeMeH-
HBEIX 00OOIIEHHBIM TIOIMHOMOM KakK TIPeIeIbHOTO MPUONIKEHHs. B HOpME npocTpanctBa LY mpu p — o0, On
OCHOBBIBAETCS Ha MOCJIEI0BATEILHOM IIOCTPOCHHU CPEAHECTEIICHHBIX PHOIMKEHUH C HCIIOIb30BAaHUEM METO-
Jla HaMEHBIINX KBAJPaToOB C IEPEeMECHHON BecoBoW (yHkumed. CXOMMMOCTh MeTOla 00ECIICUHBAECT OPHUIU-
HAJIBHBIIA CII0CO0 IOCIIEOBATEIBHOTO YTOYHCHHS 3HAUCHUIT BECOBOI (DYHKLHH, YYUTBHIBAIOLINN PE3yIIbTATHI
MpUOIMKEHHS Ha BCEX MPEAbIIYIINX uTepanusx. OnucaHbl crocoObl BEIYMCICHHS YeOBIIIEBCKOTO MPHOIMKe-
HUS ¢ aOCOIOTHON ¥ OTHOCUTEIBHOMN MOrpenHOCThI0. [IpeicTaBiIeHHbIC PE3yIbTAaThl PELICHHS TECTOBBIX HPH-
MEpOB TMOATBEPKAAIOT 3()(HEKTHBHOCTD MCIIOIb30BAHUS METO/A [UTSl TTOTYUYCHHST YCOBIIICBCKOTO MPUOIIIKCHHS
TaOJIMYHO 3aJ[@HHBIX HENPEPBIBHBIX (YHKLMI OJHOM, JBYX W TpeX MEpPEMEHHBIX.

KuiroueBble cjioBa: (yHKIIMH MHOTHX NEPEMEHHBIX, YEOBIILIEBCKOE (PaBHOMEPHOE) NPHOIIMKEHUE, CPEAHECTe-
HEHHOE HPUOIIDKEHNE, METOJ| HAaMMCHBIINX KBAJPATOB, NEPEMEHHAs BecoBas (yHKIIHs.

YeouumoBcbke HadaukeHHss QyHkuiii 6ararbox 3minnux / II.C. ManauiBebkmii, $1.B. Iisiop,
P.I1. MaaauiBcbkuii, O.M. Yxancbka // KibepHeruka Ta cuctemunii anamisz. 2020. Tom 56, Ne 1. C. 138-146.

AHoTAaNis. 3aIPOIIOHOBAHO METOJ IOOYI0BH YeOHIIIOBCHKOIO HAOMIKEHHS (yHKIINH 6araTboxX 3MIiHHHX
y3aralbHEHUM MOJIIHOMOM SK TPAHUYHOTO HAGIIKEHHs y HopMi ipoctopy LP nnst p — oo. Bin rpyHTyeThes Ha
IIOCIIJOBHIIT TOOYIOBI CepeHbOCTEIICHEBUX HAOIMKEHb 3 BUKOPHCTAHHSIM METOJy HalMEHIINX KBajJpaTiB 3i
3MIHHOIO BaroBoro (yHKIi€r0. 30DKHICTE MeTOy 3a0e3nedye OpHIiHATBHUI CIIOCiO MOCIIJOBHOTO yTOYHEHHS
3HA4CHb BaroBoi (yHKIIi, SKUI BpaxoBYy€e pe3yJbTaTH HAOMMKCHHs Ha BCIX MOMEpeqHix irepamisx. OmnucaHo
crnocodu o0uUMCIeHHs YeOUITIOBCHKOTrO HAOIMKEHHS 3 aOCOIIOTHOIO Ta BIJHOCHOIO MoxuOkoro. [logani pesyiib-
TaTH PO3B’A3yBaHHs TECTOBUX IPUKIAAIB MiTBEPIKYIOTh C(EKTUBHICTh BUKOPUCTAHHS METOJY UL OTPUMaH-
Hsl 4eOUIIIOBCHKOTO HAOIMKEHHS TaOJIMYHO 3aJaHNX HENepepBHUX (YHKIii O/iHieT, ABOX 1 TPhOX 3MiHHHX.

KuirouoBi ciioBa: QyHkuii 6aratbox 3MiHHHX, 4E€OUIIOBCHKE (PiBHOMIpHE) HAOJIMKEHHS, CEPEIHBOCTEIICHEBE
HaOJNM)KEHHS, METOJ HallMEHIIMX KBaJIpaTiB, 3MiHHA BaroBa (yHKILis.

Chebyshev approximation of functions of several variables / P.S.Malachivskyy, Ya.V.Pizyur,
R.P. Malachivskyi, O.M. Ukhanska // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 138-146.

Abstract. The algorithm of uniform approximation for functions of several variables with generalized
polynomial is described as approximation in norm of space L? for p — . It is based on sequential
construction of power-average approximations using the least squares method with variable weight function.
The convergence of the method provides an original way to consistently refine the values of the weight
function, which takes into account the results of approximation at all previous iterations. Methods of calculating
the Chebyshev approximation with absolute and relative errors are described. The results of test examples
confirm the efficiency of using the method to obtain the Chebyshev approximation of tabular continuous
functions of one, two, and three variables.

Keywords: functions of several variables, Chebyshev (uniform) approximation, power-average approximation,
least squares method, variable weight function.

VK 330.101.541-336.7

Mogaeab GpyHKIHOHMPOBAHUS SKOHOMHKH NIPH PIHOYHOM Kypce BadioThl / B.B. [lynaes, A.A. JIroouu //
Kubepueruxa n cucremusiii anamms. 2020. Tom 56, Ne 1. C. 147-162.

In.: 2. Tabn.: 1. Bi6miorp.: 28 Ha3s.

AnHoranus. IIpescraBinena Moaenb (yHKIHOHHPOBAHUS OTKPBITON SKOHOMUKH C BaJTIOTHBIM PBIHKOM, KO-
TOpas MO3BOJISET ONPENETUTh MAKPOIKOHOMHYECKHE T10KA3ATENH B CPETHECPOUHON NEPCIEKTUBE NPU MOHETap-
HoM perymuposannu Llenrpansaeiv 6ankoM (1B) konnuecta oOpalaroImxcs ICHET, CTABKU MPOLEHTA U COOT-
HOMNICHWS HAJIMYHOCTH K JIETIO3UTAM JI0 BOCTPEOOBAHMSA M TIPH TOCYJApCTBEHHOM PETYIMPOBAHHH BOCIPOU3BO-
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JICTBA MEIOILEroCs B IIPOM3BOJICTBE KanuTasa. Onpe/encH Kype BaIOThl QYHKIHEH, TIPAMO MPONOPIHOHAIBHON
JICHe)KHOW MH(IBIINK U PealbHOMY MOTPEOHTEIBCKOMY CIIPOCY M 0OpaTHO MPONOPIMOHAIBHOM BaIIOTHOH HH-
tepsenimu b n TpancakiusiM. [Toka3aHo, 4To Kypc BaIIOTBI, OOPaTHO IPONOPIHOHATEHEIN BaTIOTHEIM HHTEP-
BCHIIMSIM M TPAHCAKIHSAM, MOXKET U3MCHSITECS OT OECKOHCYHOCTHU 10 eAUHUIIEL [109TOMY NpH OTCYTCTBHH HOCTO-
SIHHOTO KOHTPOJIS1 U KOPPEKTUPOBKH LIEHTPAIbHBIM GaHKOM BAJIFOTHOTO KypCca BO3MOXKEH €ro Pe3KHii MHOTOKpaT-
HBIA POCT B pe3yJIbTaTe BATIOTHBIX CICKYJUSILHI, MPUBOISAIIMNA K KOHOMHYECKOW KaTtactpode yepes aedoir
o0pamaronmxcst JIeHeT, a TaKke BO3MOXEH cmaj peanbHoro BBIT u o0Ban (MHAHCOBBIX PHIHKOB.

KiroueBble c10Ba: 5KOHOMHUKA, PHIHOK, CIIPOC, IPEIUIOKEHUE, PABHOBECHUE, JICHBTH, BAIIOTA, OAHKOBCKAsl CHC-
TeMa, CTaBKa MPOLCHTA, BATIOTHBIA PBIHOK, KYPC BAIOTHI, KPU3HUC, MHQIALMA.

Mopens ¢GyHKUiOHYBaHHS €KOHOMIKH 3a puHKoBOro kypcy Bamotru / B.B. Jdynaes, 0.0. Jlwoo6iu //
KiGepuernka ta cucremuunii anams. 2020. Tom 56, Ne 1. C. 147-162.

Awnoranis. HaBeneno monenb (GpyHKIIOHYBaHHS BiZIKPUTOT €KOHOMIKH 3 BaJFOTHUM PHHKOM, SIKa J03BOJISIE
BU3HAYUTU MAaKPOCKOHOMIUHI OKA3HUKH Y CEPEIHbOCTPOKOBIN MEPCIIEKTUBI 32 MOHETAPHOTO perystoBanHs LleH-
TpaJbHUM OAHKOM KiBKOCTI 00IrOBHX IPOIIEii, CTABKH BiICOTKA i CMIBBIAHOMICHHS I'OTIBKU /10 ICTIO3MUTIB HA BU-
MOTY 1 32 JIep)KaBHOTO PEryJIIOBaHHS BiATBOPEHHS HAsSBHOIO y BUPOOHMITBI Kamitany. Kypc BaqioTn BH3Ha4YeHO
(yHKIi€r0, TPSIMO IPONOPLIIHOI0 TPOIIOBIH IHGILLIT 1 pealbHOMY CHOXXHBYOMY IOIUTY i OOEpHEHO IIpo-
MOPLiifHOIO BaTIOTHIN iHTEpBEHI] eHTpaIbHOro OaHKy Ta TpaHcakuisM. [TokazaHo, IO Kypc BaIIOTH, OOCPHEHO
MIPONOPIIMHMI /10 BATIOTHUX IHTEPBEHMLIH 1 TpaHCaKIii, MOXe 3MIHIOBATHCS BiJl HECKIHYEHHOCTI 10 OJMHHIIL.
ToMmy 3a BiJCyTHOCTI MOCTIFHOrO KOHTPOJIIO i KOPUI'YBAaHHS LEHTPAIBHUM OAHKOM BAaJIFOTHOTO KYPCY MOXJIMBO
HOT0 pi3Ke KijbKapa3oBe 3pOCTAHHS B PE3yIbTaTi BATIOTHHX CICKYJIALIH, IO MPU3BOIUTE 10 €KOHOMIUHOI KaTac-
Tpodu yepe3 nedonr oOIroBHX rpomiei, a Takok HaaiHHs peatsHoro BBII i oOBan (iHAHCOBHX PHHKIB.

Kuo4oBi ci10Ba: eKOHOMIKa, PUHOK, MOIUT, MPOIIOHYBAHHS, PIBHOBAra, rpolli, BaiaioTa, OaHKIBChbKa CHCTEMa,
CTaBKa BiJICOTKA, BATIOTHHN DPHUHOK, KYPC BATIOTH, KpH3a, 1HQISIS.

Model of functioning of the economy at the market rate of currency / B.B. Dunaev A.A. Lyubich //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 147-162.

Abstract. A model of open economy functioning with a foreign exchange market is presented, which
allows determining macroeconomic indicators in the medium term with the Central Bank monetary regulation
of the amount of money in circulation, interest rates and the ratio of cash to demand deposits and with
government regulation of reproduction of existing capital. The currency rate is determined by a function that is
directly proportional to the decrease in monetary inflation and the growth of real consumer demand and is
inversely proportional to the increase in the currency intervention of the Central Bank and transactions. It is
shown that the exchange rate, inversely proportional to currency interventions and transactions, can vary from
infinity to unity. Therefore, in the absence of constant monitoring and adjustment by the central bank of the
exchange rate, its sharp multiple growth is possible as a result of relatively small currency speculations leading
to an economic catastrophe through the default of circulating money, a decline in real GDP and a collapse of
financial markets.

Keywords: economy, market, demand, supply, balance, money, currency, banking system, interest rate, foreign
exchange market, exchange rate, crisis, inflation.

VK 532.22, 004.94
MopenupoBanue cHeHApUsl KOJLIANCOB NPOMBICJIOBBLIX momyiasiuuii y Oeperos Kamaael m Ansickm /
A.JO. TlepeBapioxa // KuGepuernka u cucremusiii ananmu3. 2020. Tom 56, Ne 1. C. 163-177.

In.: 5. Tabn.: 0. Bidmiorp.: 21 Ha3Ba.

AHHOTaIWsA. B NONyJSIMOHHBIX MPOLECCaX CTPEMHUTEIEHO Pa3BHBAIOTCS OCOOBIC CUTYalMH, KOTOpPBIE
TPYJHO CIIPOTHO3UPOBATh ¥ MOJAEIHPOBATH TPaJUIIHOHHEIMH MeToaMu. K BaxKHEHIIHM U1 SOKOHOMUKH Held-
HEWHBIM SBICHHUSAM B DKOCHCTEMAaX IIOMHMO BCIIBIIICK BPEAUTEIICH j1eca, OTHOCUTCS BHE3AMHBIN KOJLIAIC 3ama-
COB HOMYJISIHI IPOMBICIIOBBIX PbIO. [IpOBEICHHBIH CHCTEMHBII aHAIN3 CTATUCTUYECKUX JAHHBIX O IMPOMBICIIO-
BBIX yJIOBaX M BOCIPOU3BO/ICTBE MOIMYIISIHI IIOKA3aJ CXOXKECTh MEPEXo/ia K CTPEMUTENIBHOM JIerpajialiuy y pas-
JIMYHBIX BUJIOB PHIO M BOJHBIX OECIIO3BOHOYHBIX. BhlieieHbl Hanboiee XapakTepHbIC 3TAIbl POHCXOKICHHUS
SIBJICHUSI KOJUIaIca pecypcoB. Ha ocHOBe MeToxa AMHAMUYECKH MepeonpeiesieMoi THOPUIHON BBIYHCIIUTEIIb-
HOI CTPYKTYpPBI PACCMOTPEHBI CHTYAI[HU KOJUIANICOB, KOTOPBIE MPOUCXOIMIN ¢ KpaboM y moOepekbst AJSICKH U
¢ Tpeckoil y Geperos kanajckoi nposunnun Herodaynmnnenn u Jlabpanop. IIpuBeseHs! OTyYeHHbIE BHIYHCIN-
TEJIbHBIC CLCHAPHU PealH3allii KOJUIAIca, COCTOSIIIE U3 TPEX ITAIoB, BIUIOTh 0 ACrpajaluy 0HOpecypcosB.
budypkarmu pean3yroTes LeleHaPaBICHHO U3 JOTHKH Tporecca. O000IIEeH METO MOACITUPOBAHUS ISl CIIy-
YaeB CO CTALMOHAPHBIMH ITUILEBBIMU PECYPCaMH PbIO U ¢ JMHAMHKON KojebaHuit 00beMOB KOPMOBOIT 6a3bl.

KuroueBble ¢j10Ba: THOpHIHBIC CHCTEMBI, OM(ypKAIN, KPU3KUC aTTPaKTOpa, MOICIMPOBAHHUE TOPOrOBBIX (-
(heKTOB, TepeorpeiesIeMbIe BHIYUCIUTEIBHBIC CTPYKTYPbI, KOJUIAIC aTIIAaHTHYECKON TPECKH, Aerpajalys BO/I-
HBIX OMOpecypcoB, OMOKHOEpHETHKA.

Moje/0oBaHHsI CLeHapil0 KoJiancy NpOMHCIOBMX nomyiasiniii 0Oins Oeperie Kanwaam i Ansickm /
A.JO. TlepeBaproxa // KibepHeruka ta cucremMHuid anamiz. 2020. Tom 56, Ne 1. C. 163-177.

AHoTanis. Y NomyJsiiHuX Ipolecax CTPIMKO PO3BHBAIOTHCSI OCOONIMBI CHTYALl, SIKi BaXKKO MPOTHO3Y-
BaTU 1 MOJEIIOBATH TpaJuLiMHUMKU MeToxaMu. OJHUM 3 HAMBaXIMBIIIMX JUISI CKOHOMIKM HENIHIHHUX SIBHIL
B €KOCHCTEMaxX, KpiM CHalaxiB IIKiTHUKIB JIiCy, € panTOBHIl KOJIAIC 3amaciB IOMYJIIiH IPOMUCIOBUX PHO.
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IpoBe/ieHniT CHCTEMHMI aHai3 CTATHCTHYHHX JAHUX MPOMHCIOBHX BHJIOBIB BUSIBUB IOJMIOHICTH eTamiB mepe-
X0Jy cTpiMKoi Aerpafarii y 30BciM pi3HEX BUIIB pub i BogHHX Oe3xpedeTHHX. Buaineno Haif6inbm xapakTepHi
€Tary MOXO/KECHHs SIBHUILA KOJarcy pecypciB. Ha 0oCHOBI MeToay TUHAMIYHO Tepeo3HaueHol riopuanoi oduunc-
JIFOBAJIBHOT CTPYKTYPH PO3IIISIHYTO CHTYALIi{ KOJAICIB, K BiIOYBaINCS 3 NOMYJISALISIMU KpaOiB Ol1st y30epexxs
Ausicku 1 Tpicku 6115 GeperiB kanaacekoi nposinmii Hetodaynmiens i Jlabpamop. HaBeneno orpumani o64nc-
JIIOBAJIBHI CLeHapil peaii3awii Kojamcy, IO CKJIAJalOThCS 3 TPhOX €TamiB, aX 10 Jerpanauii Giopecypcis.
bipypkanii peami3yroTbesl HiIeCIpsIMOBAaHO. Y3aralbHEHO METOJ MOJENIOBAHHS UL BUIAIKIB 3 CTAlliOHAPHU-
MH Xap4OBHMH pPecypcaMH i 3 JMHAMIKOK KOJHMBaHb OOCSTIB KOPMOBOI 0a3u.

Kurodosi cioBa: ribpuni cucremu, Oidypkanii, Kpusa aTpakTopa, MOJIEITIOBAaHHS TOPOTOBHX e(eKTiB, repe-
O3HA4YeHI OOYMCIIOBAJbHI CTPYKTYPH, KOJAIIC aTIAHTHYHOI TPICKH, Aerpajalis BOJHUX Oiopecypcis.

Modeling of scenarios of collapse of the commercial aquatic populations off the coast of Canada and
Alaska / A.Yu. Perevaryukha // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 163-177.

Abstract. In population processes, special situations are rapidly developing, which are difficult to predict
and carry out modeling by traditional methods. The most important nonlinear phenomena for the economy in
ecosystems besides outbreaks of forest pests are sudden collapse of stocks of commercial fish populations.
According to the out systematic analysis of the data in the dynamics of catches, it turns out that the transition
stages of rapid degradation in completely different species of fish and aquatic invertebrates occur in a similar
way. We can distinguish the general stages on the way to the collapse of fish resources. Restoration of the
already critically depleted aquatic bioresources occurs at different rates. Based on the method of dynamically
redefinable hybrid computational structure, we considered situations of collapse that occurred with the crab off
the coast of Alaska and northern cod off the coast of the Canadian province of Newfoundland and Labrador.
The resulting computational scenarios for the implementation of the collapse consist of three stages up to
degradation of the bioresources. Bifurcations are implemented purposefully. The modeling method is
generalized for cases with stationary food resources and with oscillatory dynamics of food organisms.

Keywords: hybrid systems, bifurcations, attractor in crisis, simulation of threshold effects, redefined
computational structures, collapse of Atlantic cod, degradation of aquatic biological resources, biocybernetics.

MNPOI'PAMHO-TEXHIYHI KOMILNIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.75
Pa3pa6orka u nepcnekTusbl cuctemsl [IAPYC-WCF / A.B. Anucumos, A.M. ®enopyc // KubepHetnka u
cucteMubiii ananu3. 2020. Tom 56, Ne 1. C. 178-185.

In.: 3. Tabn.: 2. Bibmiorp.: 14 Ha3s.

Annorauus. Paccmorpenst geranu peanusauuu cucrembl [IAPYC-WCF. Cucrema [TAPYC-WCF o6ec-
MEYMBACT CO3AaHNEe U (YHKIMOHHPOBAHUE ACHHXPOHHO-PEKYPCHUBHBIX MPOLIECCOB MPU PELICHHUH 3a1a4 mapaj-
JIETbHBIX BBIYUCIICHUIT Kak Ha oHOM [1K, Tak 1 Ha KoMIIbIOTepHOIT ceTH. OHa 1M03BOJISCT PAa3HBIM MOAYJISIM 00-
MEHHBAThCs HH(OpMaIKel, odecriedrnBasi 0OMEH JJaHHBIMH B CHCTEMax C PaCIpEe/ICHHON U HepacrpeiesieH-
HOM TaMsTBIO.

Karwouesbie ciaoBa: I[TAPYC-WCF, ITIAPYC, napajuiesibHble BBIYUCICHUS, CHCTEMa pacHpejlelIeHHbIX
BBIYMCIICHUH.

Po3podka ta mepcnektuBu cucremu ITAPKC-WCF / A.B. AnicimoB, O.M. ®enopyc // Kibepuetnka Ta
cucremuunii anamis. 2020. Tom 56, Ne 1. C. 178-185.

Amnorauis. Haeneno nperani peanizauii cucremu [TAPKC-WCF. Cucrema I[TAPKC-WCF 3a6esneuye
CTBOPEHHS Ta (HYHKIIOHYBAHHS aCHHXPOHHO-PEKYPCHBHHX MPOLECIB TS PO3B’SI3aHHS 3a1a4 MapajeibHuX 00-
qpcieHs K Ha oxHoMy 1K, Tak i Ha koMm toTepHiit Meperxi. Bona 103Bossie pisHUM MOAYJISIM OOMIHIOBATHCS
iH(popMalriero, 3abe3nedytour OOMIH JaHHMU B CHCTEMax 3 PO3MOJIICHOI i HEPO3MOJIICHOK IaM STTO.

Kuarouosi cioBa: TTAPKC-WCF, ITAPKC, napanenbHi OO4YMCIEHHS, CHCTEMa PO3MOJUICHUX OOYHCIICHB.

Development and prospects of the PARCS-WCF system / A.V. Anisimov, O.M. Fedorus // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 1. P. 178-185.

Abstract. The paper presents details of implementation of PARCS-WCF system. The PARCS-WCF
system provides creation and operation of asynchronous-recursive processes in solving parallel computing tasks
both on a single PC and on a computer network. It allows different modules to exchange information providing
data exchange in systems with distributed and non-distributed memory.

Keywords: PARCS-WCF, PARCS, parallel computing, distributed computing system.

YK 621.391, 519.725

AJropuTMBI OLICTPOT0 BHINOJIHEHUS 4-TOYEYHBIX 1eJIOYHCICHHBIX CHHYCHBIX Npeodpa3opanuii Tuna VII
0e3  yMHOKeHUs " pa3ie/ibHble  HaNpaBJeHHbIE aJanTHBHbIe  Npeodpa3oBaHusi LIS
intra-nporHo3upoBanusi B KOTUPOBAHUHU n306paxkennii/suaeo. I/ JI.A. I'natus, B.K. JIyn // Ku6epneruka
u cuctemubiii ananu3. 2020. Tom 56, Ne 1. C. 186-199.

In.: 1. Ta6n.: 10. Bi6miorp.: 30 Ha3B.
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Annoranus. IIpeoxKeHo pas/ieIbHbIC HAIPABICHHBIC AIAITHBHBIC LIEIOYNUCICHHBIC KOCHHYCHOE H CH-
nycHble Thna VII npeobpaszoBanust ¢ Gokamu 4x4 Juis intra-nporHo3MpoBaHKs B KOJAUPOBAHUU M300paKEHUH 1
Buzeo. Pa3paboransl anroputMbl GICTPOro BbIMOMHEHUST 2D 4-TOUEUHBIX pa3[eibHbIX HANPaBICHHBIX LEJI0-
YHCIICHHBIX KOCHHYCHOT'O ¥ CHHYCHBIX IpeoOpa3oBanuil. OHH 110 CPaBHEHHIO ¢ H3BECTHBIMU aITOPHTMAMH Tpe-
OyroT B 7 pa3 MeHbIIE OIepalnil yMHOKEHHS I 00eIeUHBAIOT 00JIee BEICOKYIO CTENeHb cxkaThs. [IpeoskeHs
J[Ba [EJTOYHCICHHBIX CHHYCHBIX IpeoOpasoBanus tuna VII mopsnaka 4 u pa3paboTaHbl aIrOpUTMEI OBICTPOrO
BBINOJHEHUS 4-TOYCYHBIX LEIOYUCICHHBIX CHHYCHBIX MpeoOpasoBanuii tuma VII, KOTopbie TPeOYIOT TOIBKO
L[EIOYUCIICHHBIX omepanuii. OHM 10 CPaBHEHUIO C M3BECTHBIM AJITOPUTMOM ITO3BOJISIOT CYIIECTBEHHO COKpa-
THTb YHCIIO OIEPALMil YMHOKEHUs WK BooO1Ie 000HTHCh Oe3 HuxX. IIpe/iosKeHHbIe LeN0UHCIICHHbIC CHHYCHbIS
npeoOpa3oBaHmsl SBISIOTCS HanbOoyee OJIM3KHMH K JUCKPETHOMY CHHYCHOMY IpeoOpasoBanuio tuma VII n
HMEIOT 00Jiee BBICOKYIO CTEIICHb CXKATHs, YeM H3BECTHOE CHHYCHOE IpeoOpa3oBaHUe, IPUHATOE B CTaHAApTE
H.265.

KuroueBble cjioBa: JIHCKPETHOE KOCHHYCHOE IPe0Opa3oBaHue, AUCKPETHOE CHHYCHOE HpeoOpa3oBaHue, [eso-
YHCJICHHOE KOCHHYCHOE IpeoOpa3oBaHue, IEJIOYUCICHHOe CHHYCHOE MpeoOpa3oBaHue, MOJIe-3aBUCHMOE Ha-
MpaBJICHHOE Tpeo0pa3oBaHue, pa3aeIbHOC HANPABICHHOE aIallTUBHOE Mpeodpa3oBanue, Gpakropusals, Obic-
TpOE BBIMOJHEHHE MPeoOpa3oBaHms, intra-mporHo3upoBanue, d3PpHEKTHBHOCTH KOIUPOBAHUS, BHICOKOINPOBA-
nue, H.265.

AJNrOPpUTMH LIBHIKOT0 BHKOHAHHS 4-TOYKOBHX WiJIOYMCJIOBHX CHHYCHHMX neperBopeHb Tumy VII Ge3
MHOKEHHSI i po3]iJIbHi HampaBJ/ieHi aJanTHBHI NepPeTBOPEHHs! /IS intra-nporHo3yBaHHSIB KOJAYBaHHI
300pa:kenn/Bineo. I / JL.O. I'natiB, B.K. Jlyn // Kibeprueruxa ta cucremunii anamis. 2020. Tom 56, Ne 1.
C. 186-199.

AHoTaNis. 3anporoHOBaHO PO3/LIbHI HANPABJICHI aJalTHBHI L[IJIOYHCIOBI KOCHHYCHE Ta CHHYCHI THILY
VII neperBopenHs 3 Gnokamu 4x4 Juist intra-nporHo3yBaHHs B KOJyBaHHI 300pakeHsb i Bizeo. Po3pobiieHo an-
TOPHTMU IIBHJKOTO BUKOHAHHS 2D 4-TOYKOBHX PO3IIIBHHX HAIPABJICHHUX LITOYHCIOBHX KOCHHYCHOI'O Ta CH-
HYCHHUX HepeTBOpeHb. BOHU MOPIBHAHO 3 BiTOMHME alTOPUTMAaMH IOTPEOYIOTh y CIM pa3iB MEHINE OIepariit
MHOXKEHHSI Ta 3a0€Me4yr0Th OUIbII BUCOKHI CTYIiHb CTUCHEHHS. 3alPOIIOHOBAHO JIBA LIIOYHUCIIOBI CHHYCHI ITe-
perBopenns tuny VII nopsaky 4 1 po3poOJIeHO anropuTMHU LIBUIAKOTO BUKOHAHHS 4-TOYKOBHMX LIJIOYHCIOBHX
CHHYCHHX mepeTBopeHb Tuity VII, ski moTpeOyroTh TIIbKH LIOYHCIOBUX omnepariil. BoHu mopiBHsHO 3 Bimo-
MHM aJITOPUTMOM JIAIOTh 3MOT'Y CYTTEBO CKOPOTUTH KiJBKICTh Omepalliii MHOKEHHs, abo B3araii obiliTics 6e3
HHX. 3aIpOIIOHOBAHI IIJTOYNCIIOBI CHHYCHI IIEPETBOPEHHS € HAHOIMKIMMHU 0 JTUCKPETHOTO CHHYCHOTO Iepe-
TBOpeHHs THITy VII i MaroTh Oi7bII BHCOKMIA CTYIIHb CTHCHEHHS, HDK BiJOME CHHYCHE IIePETBOPEHHSI, IPHITHS-
Te y crangapti H.265.

Ku1rouoBi ciioBa: quckpeTHE KOCHHYCHE IIEPETBOPCHHS, JUCKPETHE CHHYCHE IIEPETBOPSHHSI, LIIOYNCIOBE KO-
CHHYCHE II€PETBOPCHHS, LJIOUNCIIOBE CHHYCHE IEpPETBOPEHHS, MOJO3ale)KHE HAINPABIICHE IIEPETBOPCHHS,
pO3IiJIbHE HaNpaBlICHE aJalTHBHE MEPETBOPEHHs, (aKTOpu3allis, IIBHIKE BHKOHAHHS IIEPETBOPCHHS,
intra-nporHo3yBaHHs, e()eKTUBHICTh KOJyBaHHs, BigeokomyBanHs, H.264, H.265.

Algoritms for fast implementation at 4-point integer sine transforms type VII without multiplication and
separable directional adaptive transforms for intra prediction in image/video coding. I / L.O. Hnativ,
V.K. Luts // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 186-199.

Abstract. The separable directional adaptive integer cosine and sine of type VII transforms with 4x4
blocks are proposed for intra prediction in image and video coding. Algorithms for fast implementation of 2D
4-point separable directional integer cosine and sine transforms are developed. These algorithms reguires 7
times less multiplication operations and provide higher compression ratio as compared with the well-known
algorithms. Two order-4 integer sine type VII transforms are proposed and algorithms are developed for fast
implementation of 4-point integer sine type VII transforms, which require integer operations only. As compared
with the known algorithm, these algorithms can significantly reduce the number of multiplication operations or
avoid them at all. These integer sine transforms are very close to discrete sine type VII transform and have
higher compression ratio than the well-known sine transform accepted in standard H.265 has.

Keywords: discrete cosine transform, discrete sine transform, integer cosine transform, integer sine transform,

mode-dependent directional transform, separate directional adaptive transform, factorization, fast transform,
coding efficiency, intra predicted, video coding, H.264, H.265.
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