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KIBEPHETUKA CYBERNETICS

YK 519.6, 539.3

YucieHHOe HCC/IeI0BAHME CHCTEM CHHIY/ISIPHBIX HHTErPAJbHbIX YPABHEHHUIT IepPBOro poja U ¢ Heonpe/ieis-
e€MBbIM HH/JEKCOM B 3aJaye 0 Ju(PaKUMU IUIOCKHX BOJH Ha HenoABu:KHOM BKiouyenuu / B.E. Ilanyenko,
10.1. KoBanes, U.H. Caiiko // KubepHernka u cucremusiii anamms. 2020. Tom 56, Ne 4. C. 3-17.

In.: 7. Tabn.: 2. Bibmiorp.: 23 Ha3Bu.

Annoranusi. CBeJeHMEM K JIByM Pa3HBIM THUIIAM CHCTEM CHHTYJISPHBIX MHTErPajbHBIX YPaBHEHHMI
(CHY) npoBeJeHO YMCIEHHOE HCCIIe/IOBAaHNE 3a/]a4ll MAaTEMATUUECKON (PU3MKH O BO3IEHCTBUH CTALMOHAPHBIX
BOJIH TJIOCKO# fedopManny Ha HEMO/BIKHOE BKIIFOUCHHUE (3alIEMIICHHOE OTBEPCTHE) C IPON3BOIBHBIM KOHTY-
poM, HaxXoJsAImKMMcs B OECKOHEUHOI M30TPONHOHM cpezie. 3aj1ada pemieHa ¢ Mcronb3oBaHueM cuctembl CUY
HepBoro poja, a rakxke cucreMsl CHY Broporo pona ¢ HeompezensieMbM HHIeKcoM. MccinenoBana o0ycioB-
JICHHOCTb MOJIeJIel C HMCIOIB30BAHMEM KJIACTEPHBIX BBICOKOTOUHBIX BBIYHCIMTEIBHBIX CXEM.

KiroueBbie ciioBa: CHUHT'YJISIDHBIE MHTETPAJIBHBIE YPaBHEHUS, UHACKC YPaBHEHUS, YHCIIO OGyCHOBHeHHOCTI/I, quc-
JICHHBIA OKCIICPUMEHT, Z[I/I(I)paKI_II/Iﬂ TIUJIOCKHX BOJIH, HCTIOABMYKHOC JKECTKOC BKIIFOYCHUC (3aHIeMJ'ICHHOB OTBepCTI/Ie).

YncesbHe JOCTIIKEHHsI CHCTEM CHHTYJISIPHHX iHTerpajJbHUX PiBHSHBIEPLIOTro POXy Ta 3 HeBH3HAYYBAHHM
iniekcoM y 3a1a4i npo Augpaxuio mI0cKUX XBUIb HA HepyxoMoMy BKItoueHHi / B.€. [Tanyenko, F0./1. Ko-
BaiboB, .M. Caiiko // KiGeprerrka Ta cucremuuii anamiz. 2020. Tom 56, Ne 4. C. 3-17.

Anoranis. [Insxom 3BeIeHHS JI0 IBOX Pi3HHUX THUIIIB CHCTEM CHHTYJISIDHUX iHTerpaibHux piBHsHb (CIP)
TIPOBEJICHO YHCENIbHE JOCIIKEHHA 3a/adi MaTeMaTHYHOI (i3HKH Mpo [0 CTAIliOHapPHUX XBHIb IIOCKOI Je-
¢opmarii Ha HepyXoMe BKIIIOYEHHS (3aTHCHEHHII OTBIp) 3 ZOBLILHUM KOHTYPOM, IO IHTETPOBAHE B HECKIHICH-
HE 130TPOIHE cepeaoBHLIe. 3anady po3B’s3aHo 3 BUKopHcTaHHsIM cuctemu CIP meprioro poay, a takox CIP
JIPyroro pojJy 3 HEeBU3HAYYBaHUM iHAEKCOM. OOYyMOBIICHICTh MOIENEH JOCIKEHO 3 BUKOPUCTAHHAM KJlacTep-
HHUX BHCOKOTOYHHX OOYHCIIEHb.

Ki104o0Bi c/10Ba: CHHTYISIPHI MHTETPAJIbHI PIBHSHHS, IHAEKC PIBHSHHS, YUCIO O0YMOBICHOCTI, YUCIIOBHIA €K-
CHEPUMEHT, JU(paKiis IUIOCKUX XBHJIb, HEPYXOME JKOPCTKE BKJIIOYEHHS (3aTHCHEHHWH OTBIp).

Numerical analysis of systems of singular integral equations of the first kind with an indefinable index in
the problem of the diffraction of plane waves on a rigid inclusion / B.E. Panchenko, Yu.D. Kovalev,
LN. Saiko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P.3-17.

Abstract. By reducing the systems of singular integral equations (SIE) to two types, we have carried out
a numerical analysis of the problem of mathematical physics about the interaction of stationary plane strain
waves with a rigid inclusion (cavity with a clamped contour) located in an infinite isotropic elastic medium. The
problem is solved using the systems of SIEs of the 1st and 2nd kinds, where the latter has an indefinable index.
The conditionality of the models is analyzed using cluster high-precision computational schemes.

Keywords: singular integral equations, equation index, condition number, numerical experiment, plane wave
diffraction, rigid stiff inclusion (clamped cavity)

VK 004.93.1

HndopmannonHo-IKCTpeMaIbHOE MAIIHHHOE 00yUeHHe 6OPTOBOii cHCTeMbI PACIO3HABAHNUS TPAHCIOPT-
Horo cpencrea / A.C. losobim, H.H. Bynnuk, B.1O. [Isitavenko, H.U. Muponenxko // KubepHerrka u cuc-
TemHbId anamu3. 2020. Tom 56, Ne 4. C. 18-27.

In.: 7. Tabn.: 0. Bibmiorp.: 10 Ha3zs.

AHHOTAUHUS. HpeMO)KCHLI KaTeropnﬁHa;{ MOJCIb U AJITOPUTM I/IH(bOpMaHHOHHO-SKCTpeMaHLHOFO Ma-
INUHHOTO 06y‘{eHI/I$[ 60pTOBOﬁ CHUCTEMBI pacIriO3HaBaHU MaJTOFa6apI/ITHLIX Ha3€MHBIX TPAHCIOPTHBIX CPEJCTB.
HOCTpOeHHLIe B pE3YJIBTATE MAILIMHHOI'O O6y‘{€HI/I$I peuaronue npaBuia sABJISAIOTCSI WHBAPUAHTHBIMU K IIPOU3-
BOJIBHOMY IOJIOKCHUIO 00BeKTa pacrio3HaBaHUA B KaJpe 30HBI MHTEPECA.

KiroueBble ciioBa: MHPOPMALMOHHO-IKCTPEMalIbHas MHTEIUICKTya bHash TEXHOJIOTUs, MAalIMHHOE O0yYeHue,
HH(POPMALMOHHBIA KPUTEPUI ONTUMH3AIMH, OOPTOBAsi CHCTEMa PACIIO3HABAHMS, MOJSIPHAST CHCTEMa KOOP.IH-
HAT, Ha3eMHBIH OOBEKT, aBTOMOOWIIb.

IndopmaniiiHo-ekcTpeMaibHe MAaIIMHHE HAaBYaHHS OOPTOBOI CHCTEMH PO3Mi3HABAHHS HAa3eMHOI0
06’exra / A.C. JoBoum, M.M. Byanuk, B.1O. II’arauenko, M.I. Muponenko // KibepHeTnka Ta CHCTeMHUIA
ananis. 2020. Tom 56, Ne 4. C. 18-27.

AHoTauis. 3ampornoHOBaHO KaTEropiiiHy MOJIEIb i aIrOPUTM iHPOPMAIIiHO-EKCTPEMAIBHOIO MAIIMHHO-
ro HaBYaHHS OOPTOBOI CHCTEMH PO3Mi3HABAHHS MAJIOrabapUTHUX HA3eMHHUX TPAHCIOPTHUX 3aco0iB. IToGymo-
BaHi 3a pe3ysibTaTaMy MAIIMHHOIO HaBYaHHs BUPILIyBabHI IIPAaBUIIa € IHBAPIaHTHUMH 0 JOBLIBHOTO IOJIO-
JKeHHsI 00’€KTa pO3Ii3HABaHHS B KaJpi 30HH iHTEpeCy.
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KarouoBi cioBa: indopmaniiiHo-ekcTpeMalibHa IHTENICKTyallbHA TEXHOJIOTiS, MAalIMHHE HaBYaHHS, iHQOp-
MaliifHui KpHTepill onTHMi3awii, 6opToBa cucTeMa PO3Mi3HABAHHSA, IOIIPHA CHCTEMa KOOPAHMHAT, Ha3eMHHU
00’€KT, aBTOMOOIIIb.

Information-extreme machine learning of on-board vehicle recognition system / A.S. Dovbysh, M.M. Budnyk,
V.Yu. Piatachenko, M.I. Myronenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 18-27.

Abstract. The article proposes a categorical model and algorithm for information-extreme machine
learning of the on-board recognition system for small ground vehicles. The decision rules constructed as a result
of machine learning are invariant to an arbitrary position of the object of recognition in the frame of the region
of interest.

Keywords: information and extreme intelligent technology, machine learning, information criterion of
optimization, on-board recognition system, ground-based object, polar coordinate system, vehicle.

CUCTEMHHUA AHAJII3 SYSTEMS ANALYSIS

YK 519.6
CyuiecTBOBaHHE M €IMHCTBEHHOCTh B3BEIIEHHOI0 HOpPMaJbHOro mnceaopemenust / A.H. Xummuuy,
E.A. HukoaaeBckasi / KubepHernka u cucremHusiii ananmu3. 2020. Tom 56, Ne 4. C. 28-34.

Dn.: 0. Tabm.: 0. Bi6umiorp.: 31 Ha3B.

AnHoTanus. VccnenoBana 3a/1a4a B3BEIIEHHBIX HAUMEHBIIHX KBAJPATOB C MOJOKUTEIBHO-ONPEEIEH-
HbIMM BecaMu M 1 N 111 MaTpHIL IIPOM3BOJILHOTO BUJA U paHra. Jloka3zaHbl CYIIECTBOBAHHUE U €IMHCTBEHHOCTh
M-B3BEIICHHOTO PEIICHHsS HAUMEHBIINX KBaJPaTOB ¢ MHHHMAILHOH N-HOPMOH cHCTeMbl Ax=b.

KuroueBble cjioBa: B3BEIICHHAS ncesnooﬁpamaﬂ MaTpuIa, B3BCUICHHOC HOPMaJIbHOE IICEBIOPCIICHUE, 3a/1a4a
B3BCIICHHBIX HAUMEHBIINX KBaJApaToB.

IcHyBaHHS Ta €IMHICTH 3BaKEHOT0 HOPMAJILHOrO mceBaopo3s’si3ky / O.M. Ximiu, O.A. HikonaeBcbka //
Kibepuetnka ta cuctemuuii anamiz. 2020. Tom 56, Ne 4. C. 28-34.

Anorauis. JlociipKeHo 3aauy 3BaKECHUX HAMEHIINX KBAJIPATIiB 3 10JaTHO-BU3HAYCHUMH Baramu M Ta
N 171 MaTpullb JOBUIBHOTO BUTJIALY Ta paHry. JloBeIeHO iCHYBaHHS Ta €AMHICTh M-3BaKEHOTO PO3B 3Ky Haii-
MEHIIHMX KBAJPaTiB 3 MIHIMaIbHOIO N-HOPMOIO cHUcTeMH Ax=b.

Kio4oBi ciioBa: 3BakeHa ICEBI00OCPHEHA MATPHILS, 3BKCHHI HOPMAaJbHUI MICEBIOPO3B 30K, 3a1a4a 3Ba-
JKEHUX HaWMEHIIMX KBaJpaTiB.

Existence and uniqueness of the weighed normal pseudosolution / A.N. Khimich, E.A. Nikolaevskaya //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 28-34.

Abstract. The problem of weighted least squares with positive definite weights M and N for matrices of
arbitrary form and rank is analyzed. The existence and uniqueness of the AM-weighted least-squares solution
with a minimal N-norm of the system Ax=b are proved.

Keywords: weighted pseudoinverse matrix, weighted normal pseudosolution, weighted least squares problem.

YIK 519.217.2

AHa/IM3 HeHPOXHPYPIrUYECKHX NATOJIOTHI ¢ IPUMeHeHHeM 0aiiecOBCKMX Npoueyp pacno3HaBaHus s
ToKa3aTeJieil NOBEPXHOCTHOIO IVIA3MOHHOI'0 Pe30HaHCca NPH arperanuy Kjierok kposu / H.A. I'puauna,
AM. I'ynaa, AJL Tapacos, FO.B. Ymenun // KuOepneruka u cucremusiii ananu3. 2020. Tom 56, Ne 4.
C. 35-45.

In.: 2. Tabn.: 4. Biobmiorp.: 15 Hazs.

AnnoTtanusi. PaccMOTpeHO HCIoIb30BaHNe OalleCOBCKOM MPOLEAYPBl PACIIO3HABAHUS I TOKa3aTeeit
[OBEPXHOCTHOTO [LIA3MOHHOTO pe3oHaHca. [Toka3aHo, 4T0 3()(EeKTHBHOCTH PACIO3HABAHNS HEHPOXUPYprudec-
KHUX OITyXOJICBBIX MATOJIOTU 3HAYHTEIBHO MOBBIIIACTCS TIPU J00ABICHHAX B KPOBb BepanaMHII-THAPOXIOPUIA
U KeTaMHHa, YeM IPH HCCIIe/JOBAaHUAX 0 0OpasiaM KpoBu Oe3 100aBok. CpaBHEHHE Pe3yiIbTaTOB PAaCcIO3HABa-
HHS [IATOJIOTHH 110 METOAMKAM [OBEPXHOCTHOI'O IUIA3MOHHOIO PE30HAHCA MPH J00aBICHHH KETaMUHA M MO/H-
(HUIMPOBAHHOM CKOPOCTH OCEaHMs SPUTPOLIMTOB TTOKA3AJI0 BBICOKY 3()(EKTHBHOCTH PAaCIO3HABAHHUS METO-
JIOM IOBEPXHOCTHOTO IUIa3MOHHOTO PE30HAHCA.

KiroueBbie cjioBa: 0aiieCOBCKUE npoueaypsl pacrio3HaBaHus, INIMOMBI T'OJIOBHOI'O MO3ra, ME€TacTasbl, 4€peI-
HO-MO3roBsasi  TpaBMa, HOBerHOCTHHﬁ TJIA3MOHHBIN PE30HAHC, [[I/I(i)(fbepeHLH/IaHLHaﬂ JINAarHoCTHKa,
MOL[PI(bI/II_II/IpOBaHHaﬂ CKOpPOCTh OCE€HaHUus SPUTPOLUTOB.
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AHaJi3 HeHpOXipypriYHMX NATOJIOTIH 3 BUKOPHCTAHHAM 0a€ciBCLKOI Mpoueypy po3ni3HABAHHS IS 10-
KAa3HUKIB MOBEPXHEBOIr0 IIA3MOHHOIO pe30HaHCy mia 4ac arperaunii kiaitun kposi / H.5. I'puaina,
AM. TI'ynan, AJL Tapacos, FO.B. Yuenin // KiGepHernka ta cucremuuii anamiz. 2020. Tom 56, Ne 4.
C. 35-45.

AHoTauisi. Po3risiHyTO BUKOpPHUCTAHHS 0A€CiBCHKOI MPOLEAYPH PO3Mi3HABAHHS IS IIOKA3HHUKIB MOBEpP-
XHEBOT'O IJIa3MOHHOTO pe3oHaHcy. [Toka3aHo, 1110 epeKTHBHICTD PO3Ii3HABAHHS HEHPOXIPYPriYHUX ITyXJIMHHUX
MaToNOTil 3HAYHO MiABHILYETHCS 3 JOAABAHHAM y KPOB BEPANaMiT-TiIPOXJIOPiLy 1 KeTaMiHy MOpPIBHSHO 3
JIOCIIIDKCHHSM YHCTHX 3pa3KiB KpoBi. [TOpiBHSIHHS pe3ysbTaTiB po3Mi3HABaHHs MATOJIOTIH 32 METOIHKAMHU IO-
BEPXHEBOI'0 IUTA3MOHHOI'O PE30HAHCY 3 J0JaBaHHSIM KeTaMiHy 1 MOa]ikoBaHOI MIBUJIKOCTI OCITaHHS €PUTPO-
LUTIB 3aCBIAYMIO BUCOKY €(DEKTHBHICTH PO3MI3HABAHHS METOJOM IOBEPXHEBOTO IUIA3MOHHOIO PE30HAHCY.

KuiouoBi ciioBa: GaeciBebka mpoleypa po3ii3HaBaHHs, [IIOMU TOJOBHOTO MO3KY, METACcTa3H, YePEHHO-MO3-
KOBa TPaBMa, IIOBEPXHEBHH IUIA3MOHHHUU pe30HAHC, JudepeHwiaabHa JIrHocTHKa, MOAU(IKOBaHA IIBHAKICTH
OCIIaHHSI ePUTPOLHTIB.

Analysis of neurosurgical pathologies using bayesian recognition procedures for indicators of surface
plasmon resonance in the aggregation of blood cells / N.Ya. Gridina, A.M. Gupal, A.L. Tarasov,
Yu.V. Ushenin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 35-45.

Abstract. The use of the Bayesian recognition procedure for surface plasmon resonance with the addition
of verapamil hydrochloride and ketamine to the blood in the analysis of neurosurgical tumor pathologies
significantly improved recognition compared to pure blood samples. An analysis of the difference in such
pathologies due to the method of surface plasmon resonance with the addition of ketamine made it possible to
improve the results of recognition of pathologies as compared with the method of the modified erythrocyte
sedimentation rate. It has been possible to achieve a sufficiently high recognition efficiency between tumor
pathologies and a healthy state of people.

Keywords: Bayesian recognition procedure, brain gliomas, metastases, traumatic brain injury, surface plasmon
resonance, differential diagnosis, modified erythrocyte sedimentation rate.

YIK 519.8
Pa3pe3bl B HeopneHTHPOBaHHBIX rpadax. 1 / ®.A. lHlapudos, JI.O. I'yasuunknii / Kubeprernka u cuc-
Temublii anamu3. 2020. Tom 56, Ne 4. C. 46-55.

Dn.: 0. Tabm.: 0. Bi6uiorp.: 20 Ha3s.

AnnoTanus. VccrenoBaHbl HOBbIC CBOMCTBA Pa3pe30B B HEOPUCHTHPOBAHHBIX Tpadax, MPUBEACHBI pa3-
JIMYHBIC MOJICIH JIUIsl 33/1a4M MaKCHMAaJIbHOTO Pa3pe3a Ha OCHOBE YCTAaHOBJICHHOTO COOTBETCTBHS MEXKIY paspe-
3aMH B 3aJlaHHOM Tpade u crnenuduueckuMu 0a3aMu PacIIMPEHHOrO MOJIUMATPOHAA, ACCOLUHPOBAHHOTO C
stuM rpadom. s Monenu, chopMyIHpOBaHHON KaK 3a/ada HAXOXKACHUS MaKCHMYMa BBITYKIOH (GYHKIHN Ha
KOMITAKTHOM MHOYKECTBE — PACIIMPEHHOM MOJIMMATPON/IE, JOKA3aHO, YTO JOKAIBHBIC U IIT00AIBHBIC MAKCHMY-
MBI COBIIANAIOT [0 3HAYCHHUIO LICJICBOH (yHKIUH, T.C. Ul PCIICHHS 33a4i MAaKCHMAIbHOTO pa3pesa A0CTaTou-
HO HalTH 6a3y paclIMPEHHOrO MOJIUMATPOU 1A KaK JOKATbHBINH WIH II100a bHbI MAKCHMYM LEICBOI (QYHKIHH.

KroueBble cioBa: rpadsl, pa3pesbl, BbITyKIas (yHKIWS, CIELHAIbHbIC MHOIOTPAHHHKH.

Po3pi3u B HeopicuToBanux rpagax. I/ ®.A. llapipos, JL.O. I'yrsnuuskuii // Kibepueruxa ta cucTeMHUN
anami3. 2020. Tom 56, Ne 4. C. 46-55.

AwnoTauisi. JIocmipKeHo HOBI BIACTHBOCTI PO3pi3iB y HEOPIEHTOBaHHX rpadax, HaBeICHO Pi3HI Moesi
JUIS 3371291 MAKCHMAJIBHOTO PO3Pi3y Ha OCHOBI BCTAHOBJICHOI BIAMOBIJHOCTI MiXK po3pi3amu B 3agaHOMy rpadi i
criendiyHIME 6a3aMu PO3LIMPEHOro MoJiMaTpoina, acouiioBanoro 3 uumM rpadom. s mozeni, chopmybo-
BaHOI SIK 33/1a4a 3HAXO/KEHHSI MAKCUMYMY OITYKJIOl (DyHKIIT Ha KOMIAKTHIIf MHOXKUHI (PO3LMINPEHOMY MOJIIMaT-
Poizi) 10BEACHO, LIO JIOKANIBHI i TI00aIbHI MAaKCUMYMH 30iraloThCs 3a 3HAYCHHSM LIbOBOT QYHKIIIT, TOOTO 1715t
PO3B’s3aHHS 33a7a4i MAaKCUMAJIBbHOTO PO3pPi3y JOCTATHBO 3HAWTH 0a3y PO3IIMPEHOrO MOJIMATPOiga SK JIOKANb-
HUI 200 TI00aNbHUH MAaKCUMyM MLiJTbOBOT (YHKIIT.

Korouosi caoBa: rpadu, po3pisy, omykia (yHKIIS, CIEialbHI OaraTOrpaHHUKH.

Cuts in undirected graphs. I / F. Sharifov, L. Hulianytskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 4. P. 46-55.

Abstaract. This part of the paper analyzes new properties of cuts in undirected graphs, presents various
models for the maximum cut problem, based on the established correspondence between the cuts in this graph
and the specific bases of the extended polymatroid associated with this graph. With respect to the model,
formulated as the maximization of the convex function on the compact set (extended polymatroid), it was
proved that the objective function has the same value at any local and global maximum, i.e., to solve the
maximum cut problem, it needs to find a base of the extended polymatroid as a local or global maximum of the
objective function.

Keywords: graphs, cuts, convex function, special polyhedra.
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YIK 519.6

To4Hast TpeXTOYEUHAsI CXEMa U CXeMbl BLICOKOI0 NOPSAIKA TOYHOCTH /151 00bIKHOBEHHOTr0 Auddepennn-
aJIbHOTO0 ypaBHeHHsI deTBeprToro mopsinka / B.I'. Ilpuka3unkoB // KubGepHeTnka M CHCTEMHBIH aHAIIH3.
2020. Tom 56, Ne 4. C. 56-67.

In.: 0. Tabn.: 0. Bibmiorp.: 12 Hazs.

Annoranus. IIpennoxkeHsl TOUHas TPEXTOUEUHAs CXEMa M CXEMbl BBICOKOTO IOPsJIKAa TOYHOCTH, KOTO-
pble IPEeCTaBIAIOT CO0OI IBe CHCTEMbI TMHEHHBIX anredpandeckux ypaBHeHHH. Kaxxnoe ypaBHEHHE CHCTEMBI
COZIEPKHUT ISITh HEM3BECTHBIX 3HAYCHHI MCKOMOTO PEICHHs U €ro IepBOil IPOU3BOAHOM B TpeX TOUKAX CETKU
Ha oTtpeske. [Ipu mocTpoeHnH cXeM HUCIOoNB30BaJICs IIPUHIHIT CYNEPIO3UIIMN PEIEHUH 1 YeThIpeX JIMHEHHO He-
3aBHCHMBIX pelneHui 3axaun Komm. YacTnunbsie cyMMbl (DYHKLIHOHAJIBHBIX PSIOB, IPEICTABISIONINX HE3aBH-
CHMBIE PEIICHUS, JAIOT CXEMBI JIF0OOTO MOpsAKa TOYHOCTHU UL TPAHHYHOM M CIIeKTpaibHOU 3axad. s pere-
HUS JIUHEHHBIX CHCTEM MHPEIIOKCH METOA MOAN(DUIUPOBAHHONW HPOTOHKH.

Kuroudesblie ciioBa: nudypepeHnnanbHbIe YpaBHEHHUs YETBEPTOrO MOPSIKA, TPaHUYHAs 33ja4a, CIEKTpajbHas
3aja4a, 3a7a4a Koy, JIMHEHHO He3aBUCHMbIE PELIEHUs], ONpeIeIuTeb BpPOHCKOro, Cynepno3uuus peleHui,
¢ynxnus I'prna, METOR CETOK, TOYHAsk CXEMa, CXEMBI BBICOKOTO IIOPSAKAa TOYHOCTH, (yHKIMOHAIBHbIC PSIBL,
CHCTeMa JMHEHHBIX anreOpandecKuX YpaBHCHHH, METOJ IIPOTOHKH.

To4yHa TPHUTOUKOBA CXeMa Ta CXeMH BHCOKOI0 MOPSIIKY TOYHOCTI JUIsl 3BHYAiiHOro AuepeHuniaibHOro
piBHsiHHSI YeTBepTOro mopsaky / B.I'. Ilpuka3unkos // Kibeprernka ta cucremuuii anaiis. 2020. Tom 56,
Ne 4. C. 56-67.

AHoTanis. 3anpornoHOBaHO TOYHY TPHUTOYKOBY CXEMY Ta CXEMH BUCOKOIO HOPSIKY TOYHOCTI, SIKi € JBO-
Ma CHCTEMaMH JIIHIHHNX anreOpaidHuX piBHAHb. KojkHE PIBHSHHS CHCTEMH Ma€ II'SITh HEBITOMHX 3HAYCHb LIy-
KaHOTO PO3B’sI3Ky Ta HOro mepuroi MoxiJHoi B TPhOX TOUKAX CITKH Ha Bifpi3Ky. s moOynoBH CXeMH BHKOPHUC-
TaHO MPUHLMII CYNEPHO3ULii PO3B’SI3KIB Ta YOTHPbOX HE3aJCKHUX PO3B’s3KiB 3axadi Komi. YacTuuHi cymu
(YHKIIOHAIBHUX PAIB, SIKi € HE3aJCKHUMH PO3B’S3KaMHU, JAIOTh CXEMH JOBIIBHOTO MOPSAKY TOYHOCTI JUIst
KpaifoBoi Ta crieKTpanbHoi 3a1a4. st po3B’s3yBaHHs JTIHIHHAX CHCTEM 3aIPOIIOHOBAHO METO/ MOIH(IKOBAHOT
IIPOTOHKH.

KuarouoBi cioBa: qudepeHuianbie piBHSIHHS 4€TBEPTOrO MOPSJIKY, KpaioBa 3aj1a4a, CIEKTpaJIbHA 3ajaya, 3a-
nmaya Ko, miHifHO He3anexkHI po3B’si3KH, BU3HAYHUK BpoHCHKOr0, cynepnosuiis po3s’s3kiB, dyHkuis 'pina,
METO/I CiTOK, TOYHA CXEMa, CXEMa BHCOKOTO MOPSIAKY TOYHOCTI, (DYHKIIOHANIBHI PSAJIH, CHCTEMA JTiHIHHUX anreo-
paidHUX pIBHSHbB, METOJ MPOTOHKH.

Exact three-point scheme and schemes of high order of accuracy for a forth-order ordinary differential
equation / V. Prikazchikov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 56-67.

Abstract. We propose a exact three-point scheme and schemes of high order of accuracy, which are two
systems of linear algebraic equations. Each equation of the system contains five unknown values of the exact
solution and its first derivative at three grid points on the interval. In constructing the scheme, the principle of
superposition of solutions was used. Partial sums of the functional series representing independent solutions
give schemes of arbitrary order of accuracy for the boundary problem and for the spectral one. To solve systems
of linear equations, the modified ribbon matrix algorithm is proposed.

Keywords: forth-order differential equation, boundary-value problem, spectral problem, initial value problem,
linearly independent solutions, Wronskian, superposition of solutions, Green function, grid method, exact
scheme, scheme of high order of accuracy, functional series, system of linear algebraic equations, ribbon matrix
algorithm.

VK 621.391
YCOBepmeHcTBOBaH“e CHFHaTypHO-cl/lcTeMHOFO MerTogac npumeHeHueM ﬂp"Opl/lTeTHbIX l'lp]/l3HaKOB
B coCTaBe Cl/eraTypoﬁ'beKTOB MOHUTOPHHIA I obecrieyeHus MaKCﬂMaJ’leOﬁBepOHTHOCTl/l NpaBUWJIbLHO-

ro pacno3nasanus / O.A. Unbsimos, B.C Komapos // KuGepHerrnka u cucremusii anamms. 2020. Tom 56,
Ne 4. C. 68-78.

In.: 3. Tab6n.: 0. Bi6miorp.: 12 Ha3s.

AnHoTanus. [IpennoxeH Noaxo K yCOBEpIICHCTBOBAHUIO CHTHATYPHO-CHCTEMHOIO METOA JOOBIBAHHS
1 00pabOTKH MH(POPMALMH ITyTEM IIPHOPUTH3AIUM MOHUTOPHHIOBBIX TIPU3HAKOB B COCTABE CHTHATYP HCTOYHHU-
KOB (0OBEKTOB) MOHMTOPHHTIA C ONPE/CICHHEM MX PallMOHAIBHOTO KOJM4YecTBa. Vcronb3oBaHue Ourayccos-
CKOI MaTeMaTHYecKON MOJEIN CHTHAJIOB HCTOYHUKOB PaJHOU3IIYUYCHUH W HPHOPUTETHBIX MOHUTOPHHIOBBIX
MPU3HAKOB KaK MH()OPMAIOHHOTO 00ECIIEUeHNUs CHTHATYPHO-CHCTEMHOTO METOJA MOBBICUT d(()EKTUBHOCTH
€ro HCIIONB30BAHHA B YCIOBHAX YACTHYHONW HIM IOJHOW HEONpPEeJeIeHHOCTH HCXOAHBIX AAHHBIX.

KitioueBble ¢10Ba: CHTHaTYPHO-CHCTEMHBIH METOJ, OUraycCoBCKasi MaTeMaTHIECKasi MOJIENb CHTHAJIOB HCTOY-
HHUKOB PaJNOM3IyYeHUH, MOHHTOPHHIOBBII NPU3HAK, CHUTHATYpA.
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Y10CcKOHA/IeHHsI CHTHATYPHO-CHCTEMHOTO METO/Yi3 3aCTOCYBAHHSIM NMPIOPUTETHUX 03HAK Yy CKJIAJi CHTI-
HATYP 00’€KTiB MOHITOPHHIY /151 3a0e3lMeueHHs] MAKCHMAJIbHOI HMOBIPHOCTI NMPaBHJILHOTO PO3Mi3HA-
BanHs / O.A. Lubsimos, B.C. Komapos // Kibepueruka ta cucremuuii anaiis. 2020. Tom 56, Ne 4. C. 68-78.

AHoTanis. 3aIpONOHOBAHO MiAXiT A0 YAOCKOHAICHHS CUTHATYPHO-CHCTEMHOIO METONY 3100yBaHHS Ta
00poOueHHs iH(OpMALIT IUIIXOM NPIOPUTH3ALIT MOHITOPUHIOBUX O3HAK y CKJIaJi CUTHATYD JpKepen (00’ eKTiB)
MOHITOPHHIY 3 BU3HAYCHHSM IXHbOI PalliOHATIBHOI KIIBKOCTI. 3aCTOCYBaHHS OirayCiBChKOi MaTeMaTH4HOI MO-
JIeJTi CUTHAJIB JDKepelT paioBUIPOMIHIOBAHb Ta MPIOPUTETHUX MOHITOPHHIOBHX O3HAK sK iH(OpMariiHoro 3a-
0e3NeUeHHs] CHIHATYPHO-CHCTEMHOI0 METOJNY HAJacTbh 3MOTY MiJABHIIUTH €(EKTHBHICTH HOrO 3aCTOCYBAaHHS
B yMOBax 4YacTKOBOI a00 IOBHOI HEBH3HAYECHOCTI BHUXIJHHMX IaHHX.

KimiouoBi cioBa: CHrHATYpHO-CHCTEMHHMH MeTOZ, OirayciBchbka MaTeMaTH4Ha MOJENIb CHIHAIB JKEpes
PaniOBUIIPOMIHIOBaHb, MOHITOPHHIOBA O3HAaKa, CHTHATYpA.

Improvement of the signature-system method by applying priority features in the signatures of
monitoring objects to ensure maximum probability of their proper recognition / O. Iliashov, V. Komarov
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 68-78.

Abstract. The paper is devoted to improving the signature system method of obtaining and processing
information by prioritizing monitoring sign in the signatures of monitoring sources (objects) with the
determination of their rational giantity. The use of the bi-Gaussian mathematical model of signals from radio
emission sources and priority monitoring sign as information support for the signature system method will
increase the efficiency of its use under partial or complete uncertainty of initial data.

Keywords: signature system method, bi-Gaussian mathematical model of signal sources from radio emitting,
monitoring sign, signature.

VK 355.41
MeToa niIaHyBaHHS NPOLECY OHOBJIEHHS! TeXHIYHUX 3ac00iB BUpoOHUUTBAa Ha nixnpuemcrax / I1.C. 3a-
Kkycnno // KuGepHernka u cuctemusblii anamms. 2020. Tom 56, Ne 4. C. 79-84.

In.: 0. Tabn.: 1. Bibmiorp.: 9 Ha3s.

AHoTanis. 3anporoHOBaHO METO]| IUIAHYBAHHs IIPOLIECY 3aMiHH (OHOBJICHHS) TEXHIYHHX 3aC00iB BUPOO-
HHITBA Ha TiNPUEMCTBAX, AKHIl Ha/lae 3MOT'Y BU3HAUMTH MOPSIOK BHKOHAHHS PO3PAaXyHKIB, OB’ A3aHKX 3 TIIa-
HYBaHHSM 3aMiHH (OHOBIICHHSI) 3aC00iB BUPOOHMIITBA 3 Pi3HUM CTYNCHEM BUTPATH (i3UYHOTO pecypcy HOBUMU
3pasKamu.

KarouoBi ciioBa: TexHiuHI 3ac00HM, pecypc, TepMiH CiyKOHW, eKCIUTyaTalliiiHa BapTiCTh, BUTPATH PECypCy.

MeToa miiaHupoBaHusi 00HOBJIEHHSI TEXHHYECKHX CpPecTB Mpou3BoacTBa Ha npeanpustusx / I1.C. 3aky-
cuiio // KibepHeruka ta cuctemHuid anamiz. 2020. Tom 56, Ne 4. C. 79-84.

AnnoTanus. [IpenyoxxeH MeTO IIAaHUPOBAHKS IIpoOIecca 3aMeHb! (OOHOBIICHHS) TEXHHUECKUX CPEICTB
IIPOU3BOJICTBA HA MPEIIPUATUSIX, KOTOPBI MO3BOISAET OHNPEEIUTh HOPSIOK BBHIIOIHEHHUS PacdeToB, CBSI3aH-
HBIX C IUIAHHPOBAHHEM 3aMEHbI (OOHOBIICHHUS) CPEJCTB MPOM3BOACTBA C PA3IMYHON CTENEHbIO pacxona (usu-
YECKOro pecypca, HOBBIMH 00pa3Lamu.

KiioueBble ¢/10Ba: TEXHHYECKHE CPEICTBA, PECYPC, CPOK CITyHKOBI, SKCILTyaTal[HOHHASI CTOMMOCTb, PAacXo] pe-
cypea.

Method of planning the process of replacement of production equipment at enterprises / P. S. Zakusylo //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 79-84.

Abstract. The author proposes a method for planning a replacement (renovation) of technical means of
production at enterprises, which allows determining the order of calculations associated with planning of
replacement (renewal) of the means of production with different degrees of consumption of physical useful life
with new samples.

Keywords: technical means, useful life, service life, lifetime, operating cost, resource consumption.

VK 519.86: 51.77: 330.5.057.7: 336

Me:koTpac/ieBoii aHAJIN3 3aTPATHOCTH M MPOJAYKTHBHOCTH 3KOHOMHKH YKPAHHBI: CPABHUTE/IbHbIN aHAa-
M3 BO Bpemenu M mexny crpanamu / AU. Slerpemckuii // KubGepHetnka u cucteMHblit ananus. 2020.
Tom 56, Ne 4. C. 85-97.

In.: 2. Tabn.: 4. Bibumiorp.: 25 Ha3s.

AHHOTanusi. BBesieHO MOHATHE 3aTPAaTHOCTH U NPOAYKTUBHOCTH HALMOHAIBHOI S5koHOMUKH. [IprBeaeHa
KJIacCH(UKALUS OTPACIIeil MO KPUTEPUSIM «3aTPATHOCTh U MPOLYKTHBHOCTB», a TAKKE PE3yJIbTaThl PaCUCTOB
JUISl SKOHOMUKH YKpanHslL. [Ipe/uioxen aHain3 OnucaTeNbHOW CTAaTUCTHKY 110 HOBBIM IOKa3aTessiM. IIpoBenen
BBIOOPOUHBIN CPABHUTENBHBIN aHAIW3 BO BPEMEHHM M MEXKIY CTpaHaMH.
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KuroueBble c10Ba: cxeMa «3aTPaThl—BbIITYCK», KJIIOUEBBIC OTPACIH, MPOYKTUBHbBIC OTPACIIH, CPABHUTEIIBHBIH
aHalM3, [PsIMbIC 3aTPAThl, MOJIHBIC 3aTPaThI.

MixkranayzeBuii aHaJi3 BUTPATHOCTI Ta NMPOJYKTHUBHOCTI eKOHOMiKM YKpaiHu: NMOPiBHAHHA Y 4aci i Mik
kpainamu / O.1. Scrpemcbkuii // KibepHetuka Ta cuctemuuit anamiz. 2020. Tom 56, Ne 4. C. 85-97.

AHoTanis. YBeICHO MOHSTTS BUTPATHOCTI Ta NPOAYKTHBHOCTI HAIIOHAJIBHOT EKOHOMIKH. 3arporoHoBa-
HO Ki1acudikalliio ramyseil 3a KpUTEPisIMH «BHTPATHICTb 1 NPOJYKTHBHICTBY. JIOCIIIUKEHO OIHCOBY CTATHCTHKY
TIOKA3HMKIB BUTPATHOCTI Ta MpoaykTuBHOCTI. HaBeneno pesympratn pospaxyHkiB s Ykpainu. IIposeneHo
BUOIPKOBHI MOPIBHSAIBHUN aHami3 y 4Yaci i MK KpaiHamH.

Kuro4doBi cioBa: cxema «BHUTPaTH—BHITYCK», KJIIOHOBI raiysi, MPOJYKTHBHI ramy3si, MOPIBHSIBHUNA aHaii3,
IpsiMi BUTpPATH, MOBHI BUTpPATH.

Input—output productivity—cost analysis of the economy of Ukraine: selected cross-countries and
intertemporal comparison / O. Yastremskii / Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 85-97.

Abstract. The paper studies input—output analysis of the productivity and cost of Ukraine’s industries.
A classification in the space ‘productivity — cost’ of the industries is proposed. The paper reflects computation
results on real data. Descriptive statistics of productivity, cost indexes is presented. Selected cross-countries and
intertemporal comparison is discussed.

Keywords: input—output scheme, key industries, productive industries, comparative analysis, direct
requirements, total requirements.

YK 519.816

YcoBeplieHCTBOBaHHE METO/Ia AHAJIN32 HePApXUil HA OCHOBe YTOUHeHHs npoueayp GopMHPOBaHHS MAT-
pun napusix cpaBHenuii / M.M. Ilotemkun, M.B. Huxonaenko, /I.1. I'pasnon // KuGepHeruka u cucrem-
veiii anamm3. 2020. Tom 56, Ne 4. C. 98-107.

In.: 3. Tab6n.: 3. Bibmiorp.: 17 Hazs.

Annoranus. IlpuBesieHo oflnee onmcaHWe METOJA aHAINM3a MEPApXWil M MOIXOIOB K €ro ycoBeplle-
HCTBOBaHHIO. [Toka3aHo, 4TO MPEANOCHIIKON IS YCIICIIHOTO UCIIONB30BaHMs METO/la aHAIN3a HepapXUil SBIL-
©TCsI HAJIMYME MATPHI] [TAPHBIX CPABHCHHIA, TIOTy4CHHBIX II0 PE3yJIbTaTaM 3KCIIEPTHOTO OIPOca, KOTOPBIC SBIIs-
I0TCsI COTJIACOBAHHBIMU H Q/ICKBATHO OTOOPAXKAIOT CYKICHMS KCIEpTa. Y CTAHOBJICHO, YTO COBPEMCHHBIC MO/
XOJ1bl HE IO3BOJISIOT B MOJIHOM Mepe obecrieunTsh 310 TpeboBaHue. B KayecTBe yCOBEpILICHCTBOBAHUI METOAA
IPEUIOKEHBI JIBYLIAr0Basi MPOLEAypa SKCIIEPTHOTO OIPOCca ¢ HCIOJIb30BaHUEM (HOPMATH30BaHHBIX KapTOYCK,
TOJUTIKAIINX 3aMOJHEHUIO SKCIIEPTaMU, ¥ MaTeMaTHIeCKUe 3aBHCHMOCTH, 00SCIeUNBAIOIIHE IPHBE/ICHIE He-
COIJTACOBAHHBIX MATPHUIl IIAPHBIX CPABHEHUH K COITIACOBAHHOCTH. BO3MOMKHOCTB IPAKTUYECKOTO UCIIONB30Ba-
HUS IPE/UTOKCHHOTO TTOAXO0/A IS MOJIYYCHHS COTJIACOBAHHBIX MATPHII ITAPHBIX CPABHEHUH MIPOHMILTIOCTPUPOBA-
Ha KOHKPETHBIM MPHMEPOM PacyeToB. B 11e710M Hpe/ioxKeHHbIC YCOBEPIICHCTBOBAHHS 00ECICUHBAIOT TOBBILIE-
HHE OOOCHOBAaHHOCTH pCLICHHH, KOTOpbIC MPUHUMAIOTCS HAa OCHOBE PE3YyJIbTaTOB, MHOIYYCHHBIX C
UCIIOJIB30BAHNEM METOJ[d aHAIM3a HepapXuid.

KiioueBble cj1oBa: METOJ aHAIH3a HEPapXUid, MaTPHUIlA MAPHBIX CPABHEHHUH, COTTIACOBAHHOCTb MaTPHUIBI ap-
HBIX CPaBHEHMH, HKCIEPTHHIA OHpOC.

YnockoHaJIeHHs1 METOAY aHAJI3y iepapxiii Ha 0OCHOBI yTouHeHHs npoueayp ¢popMyBaHHS MAaTPULb Nap-
HHUX nopiBHsAHL / M.M. ITotbomkin, M.B. Hikonaenko, /I.I. I'pa3ion / KibepHeruka Ta CHCTEMHUI aHaIi3.
2020. Tom 56, Ne 4. C. 98-107.

AwnoTanisi. HaBeneHo 3arajibHUN OMKC METOAY aHAI3y ie€papxXii Ta MiAXOIiB 10 HOro BIOCKOHAJICHHS.
IToka3zaHo, 10 TIEepeayMOBOIO YCIIIITHOIO BUKOPUCTAHHS METOY aHalli3y iepapXiif € HasBHICTb MaTPHUIb Hap-
HUX IOpiBHSIHb, OTPUMAHKX 32 Pe3yJbTaTaMH CKCIICPTHOIO ONMHUTYBAHHS, SIKi € Y3rO/KCHHMH Ta aJIeKBaTHO
Bi10OpaXkaroTh MO eKcIepTa. BCTaHOBICHO, 10 CyYacHi MiIX011 HEe HaZAI0Th 3MOTH MOBHOKO MIpOIO 3a-
Oe3meunTn 10 BUMOTY. SIK yIOCKOHAICHHS METOIY 3alpOHNOHOBAHO JBOKPOKOBY IIPOLEAYPY CKCIICPTHOTO
OIIMTYBAHHS 3 BUKOPHCTaHHAM (OPMaIIi30BaHUX KapToK, IO MifIAraloTh 3alI0BHEHHIO eKCIIEPTaMH, Ta MaTeMa-
TUYHI 3aJISKHOCTI, SIKi 3a0€3Me4yIOTh MPUBEACHHS HEY3rO/PKCHHX MATPHULb HAPHHUX MOPIBHSHB 10 y3rOJKe-
HOCTi. MOXIIHBICTh HPAKTHYHOTO BUKOPHCTAHHS 3aIPOIIOHOBAHOIO TMiIXO/Y AISl OTPUMAHHS y3rO/KEHNX MaT-
pHIB TAPHHUX IOPIBHSIHB HPOLTIOCTPOBAHO KOHKPETHHM MPUKIAZIOM PO3PaxXyHKIB. 3arajoM 3alpoIllOHOBaHi
BIOCKOHAJICHHS 3a0€3[eUyIOTh IIiIBHINCHHS CTYNCHS OOIPYHTOBAHOCTI illleHb, sKi NPUIMAIOTHCS HA OCHOBI
pe3yNbTaTiB, OTPUMAHUX 3 BUKOPUCTAHHSAM METOAY aHaNli3y iepapxii.

KurouoBi c1oBa: MeTo[ aHai3y iepapxiii, eKCIiepTHE ONHUTYBAHHS, MATPHIL IIAPHHUX HOPIBHSIHB, y3rOJDKEHICTh
MaTpHUIb IapHUX OPiBHSHE.
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Improved analytic hierarchy process on the basis of clarification of formation procedures for matrix of
paired comparisons / M.M. Potomkin, M.V. Nikolaienko, D.I. Grazion // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 4. P. 98-107.

Abstract. The paper provides a general description of analytic hierarchy process and approaches to it
improvement. It shows that premise for successful using of analytic hierarchy process is an availability of the matrix
of paired comparisons obtained according to the expert survey results, which are consistent and adequately reflects
expert judgment. It is obtained that modern approaches do not provide such a requirement in full. Therefore, the
following process improvements are proposed: a two-step expert survey procedure based on the use of formalized
cards to be filled by experts, and mathematical dependencies that bring the uncoordinated pair comparison matrices
to consistency. The possibility of practical use of the proposed approach to obtain consistent matrices of pair
comparisons is illustrated by an example of calculations. In general, the proposed improvements increase the
substantiation of decisions that are made based on the obtained results by using the analytic hierarchy process.

Keywords: analytic hierarchy process, pair comparison matrix, pair comparison matrix consistency, expert
survey.

VK 519.633
O yHC/IeHHOM pellleHnH 00pPAaTHOIi 33/1a4M 110 BOCCTAHOBJICHHIO HCTOYHHKA CIIENMAILHOIO BUIAa B mapado-
anveckoM ypaBHennu / A.B. ParumoB // Kubepuernka u cucremusrii anamms. 2020. Tom 56, Ne 4. C. 108-118.

In.: 2. Tab6n.: 4. Bi6miorp.: 25 Ha3s.

AuHHoTaums. PaccmarpuBaercst oOpaTHast 3a/1a4a 10 BOCCTAHOBJICHUIO HCTOYHMKA CIICIMAIBHOTO BUJIA B T1a-
PpaboIMYeCcKOM yPaBHEHHUH TIPU HAYAIbHBIX U IPAaHUYHBIX yCiIoBHsiX. Crermduka 3a/1aqy COCTOUT B TOM, YTO HJICH-
TU(UIUPYEMBbIE TapaMETPhI 3aBUCAT OT BPEMEHHOM MEPEMEHHOM U SIBISFOTCS COMHOKHUTEISIMA KO (UIIEHTa CBO-
001HOTO YieHa rpaBoi yacTH. [Ipe/ioykeH YMCICHHBIH METO PeIeH s 3a/1a41, OCHOBAHHBII Ha METO/IE MPSIMBIX
CIELMAIBHOM BUJIE NPEJICTABICHUS U peteHns. MeToa He TpeOyeT NOCTPOeHHs KaKUX-JIMO0 UTEPALIMOHHbIX IPO-
ueayp. ITpuBoasTcs pe3ysbraThl YMCIEHHBIX IKCIEPUMEHTOB, NPOBEJCHHBIX Ha TECTOBOH 3ajadye.

KiioueBble ciioBa: oOpaTHas 3a7ada, HEIOKAIbHBIC YCIOBHUS, METOA MPSMBIX, HapabOlIMUecKoe ypaBHEHHUE,
nmapamMeTpuyeckast HICHTU(UKAIHS.

IIpo umcenbHe po3B’si3aHHsl 00epHeHOI 3a1avi 3 BiAHOBJIEHHS JKepejla CHeliaJIbHOIO BHAY B Iapa-
0osriunomy piBHsinHi / A.B. ParimoB // KibepHetuka Ta cuctemunii anamis. 2020. Tom 56, Ne 4. C. 108—118.

AHorauis. Po3risiHyTO 00epHeHy 3aa4y 3 BiIHOBJICHHS [pKeperia ClelialIbHOTO BUAY B MapadoiiyHOMy
PIBHSHHI 3 MOYATKOBUMH 1 rpaHnuHUMHU yMoBamu. Crienudika 3a1adi mossirae B TOMy, 110 iAeHTH()IKOBaHi ma-
paMeTpH 3alieXkarh BijJl 4acoBOi 3MIHHOI 1 € CIIBMHOXKHHKaMH Koe(illieHTa BIIBHOTO 4iIEHA NMPaBOi YaCTHHH.
3anponoHOBAaHO YNCENBbHMIT METOJ PO3B’A3aHHS 3a/adi, 10 TPYHTYEThCS HA METOJi MPAMHUX i CrelianbHOMY
BUIIISI HOJAHHS JUIs po3B’s3yBaHHSA Mero He BuMarae moOyqoBH OyAb-fKHX iTepaniinux mpouexyp. Hase-
JICHO pe3yJIbTaTH YMCEJIbHUX EKCIIEPUMEHTIB Ha TECTOBIH 3aaui.

KurouoBi ciioBa: 3B0poTHA 3a1a4a, HEOKAIBHI YMOBH, METOJ IIPSIMHUX, TapaOoJIiuHe piBHSAHHS, TapaMeTpHYHa
ineHTHIKaLis.

On numerical solution to an inverse problem of recovering source of a special type of parabolic equation /
A.B. Rahimov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 108-118.

Abstract. We consider an inverse problem of recovering a source of a special type of parabolic equation
with initial and boundary conditions. The specificity of the problem is that the identifiable parameters depend
only on a time variable and are factors of coefficients of the right-hand side of the equation. We propose a
numerical method to solve the problem, which is based on the use of the method of lines and a special
representation of the solution. The method does not require to construct any iterative procedures. The results of
numerical experiments conducted for test problems are provided.

Keywords: inverse problem, nonlocal conditions, method of lines, parabolic equation, parametric identification.

YK 004.02

MareMaTH4YeCKMii HHCTPYMEHTAPHIi JIsl aHA/IM3a HHTepHeTa Beleli / A.B. Mamonosa, H.B. Maiinaniok
/I Kubepuernka u cucremubiii anamus. 2020. Tom 56, Ne 4. C. 119-127.

Dn.: 0. Tabm.: 1. Bi6miorp.: 23 Ha3Bu.

Annorauus. IIpeacrasiaeH 0630p myOIUKaluid MOCIETHUX JIET 00 UCHONIb30BAHIUN MaTEMATHYECKUX Me-
TOJIOB U MoJielieit uist ananu3a MuTepHera Benieid. OTMe4eHo, YTo NpHu MoJieaupoBanuu ViHTepHeTa Belei uc-
0JIb3YIOTCS TAKUE Pa3/iesibl MATEMATUKH, KaK TEOPUsl I, TEOPUSl BEPOATHOCTEH, TEOPHs CIydalHbIX MpoLec-
coB, OyieBa U MaTpH4Has anredpa, Teopusi rpaoB, TEOPHs YHUCEN, TEOPUs (YHKIMH KOMIUIEKCHOTO HepeMeH-
HOT'O, TEOPHSI MEpPbI, TEOPUS ONTHUMHU3ALNK, UMHTAIIMOHHOE MOJICIIMPOBAHNUE, KJIACTEPHBIH aHAIIN3, YUCICHHbIH
aHaAJIN3, MATCMATHYCCKUI aHaJIM3.

KuroueBble ciioBa: I/IHTepHCT Bemeﬁ, METObI, MOJACIIN, MOJACIUPOBAHUE, TEXHOJIOI'NH, CTPYKTYpa, CUCTEMA.
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MaremaTnunnii iHcTpyMenTapiii ans aHanmizy inTepHery pedveii / I'.B. Mamonosa, H.B. Maiinanrox //
Kibepuernka ta cucremunii amamis. 2020. Tom 56, Ne 4. C. 119-127.

Amnotaunis. IlpexcraBieno ormsiy myOiiKamiii OCTaHHIX POKIB IOJ0 BUKOPHCTAHHS MAaTEMAaTHIHHUX Me-
TOJIB Ta MOzeNel ays aHani3y InTepHery peueil. Binznadeno, mo mijx yac MozeoBaHHs [HTepHeTy peueil Bu-
KOPUCTOBYIOTh TaKi PO3JIIIM MaTEMATHKH, SIK TEOPis irop, Teopist KIMOBIPHOCTEH, TEOPisi BUMAJAKOBUX MPOLECIB,
OysieBa Ta MaTpuuHa aredpu, Teopis rpadis, Teopis yucel, Teopis GpyHKIIT KOMIUIEKCHOT 3MIHHOT, TeOpis MipH,
Teopist ONTUMI3aLil, iMiTal[iiiHe MOIETIOBAHHS, KIACTEPHHUI aHaNi3, YNCEIbHUI aHasi3, MAaTeMaTHIHUI aHawi3.

KorouoBi cioBa: Iareprer pedeil, MeToau, Mojedi, MOJCIIOBAHHS, TEXHOJOTIi, CTPYKTypa, CHCTEMa.

Mathematical instruments for analysis of the internet of things / G. Mamonova, N. Maidaniuk //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 119-127.

Abstract. The analysis of recent years’ publications on the use of mathematical methods and models for
IoT analysis is presented. The analysis showed that the authors use sections of mathematics such as game
theory, probability theory, theory of random processes, Boolean and matrix algebra, graph theory, number
theory, theory of function of complex variable, theory of measure, theory of optimization, theory of
optimization analysis, numerical analysis, and mathematical analysis.

Keywords: Internet of Things, methods, models, modeling (simulation), technology, structure, system.

MMPOTPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

VIK 51.681.3
JxocucTemsl nporpammuoii umkenepun / C.JI. KppiBbrii, E.A. I'punenxo // KubepHeTrnka U CHCTEMHBII
anamu3. 2020. Tom 56, Ne 4. C. 128-143.

In.: 10. Ta6un.: 2. bibmiorp.: 11 Ha3s.

AHHOTauus. PaccMoTpeHa MoJelib 3KOCUCTEMBI, OPUCHTHPOBAHHOI Ha 00J1aCTh MPOrpaMMHOIT HHKEHE-
pun. Ilpeanoxensl qBa MojIX0/1a K HCCIEJOBAHUIO CBOMCTB MOJAEIN — CETeBOM M aBTOMATHBIA. B wacTtHOCTH,
PaccMOTPEHBI CHOCOOBI MOUCKA ONTUMAIBHOTO TIJIaHA BBINOIHEHHS PadOT B 3KOCUCTEME, UICHTH(UKAIMY aBa-
PHUHHBIX CUTYyallMii, BO3MOXHOCTb MAPAJICIbHOTO BBIMOJIHEHUS 3a/1aHUM.

KiroueBble cj10Ba: 9KOCHCTEMa, TPAH3HIIHOHHBIC CHCTEMBI, KOHEUHBIC aBTOMATHI, BpPEMCHHEBIC aBTOMATEI, CeTH
Iletpm.

Jkocucremu nporpamuoi inzkenepii / C.JI. Kpusuii, O.0. I'pinenko // KibepHeTuka Ta CUCTEMHHUIT aHAII3.
2020. Tom 56, Ne 4. C. 128-143.

AwHoTanis. Po3risiHyTo MO/IeNIb €KOCHCTEMH, OPIEHTOBAHOI Ha raly3b NPOrpaMHOI iHKeHepii. Po3rmsiHy-
TO JBa MiAXOIH 10 JOCII/DKCHHS BIACTHBOCTCH MOJETl — MEpeKeBHi 1 aBTOMaTHHIl. 30Kpema, PO3IIISHYTO
CII0COOH TIOLIYKY ONTHMAIBHOIO IUIAaHYy BHKOHAHHS PoOIT B eKocHcTeMi, ieHTndikauii apapiiiHuX curTyamiii,
MOJKIIMBICTB MapajebHOr0 BHKOHAHHS 3aBJIaHb.

KurouoBi ci1oBa: exocrucrema, TpaH3HLiHHI CHCTEMH, CKIHUCHHI aBTOMATH, YacOBI aBTOMatH, Mepexi [lerpi.

Ecosystems of software engineering / S. Kryvyi, E. Grinenko // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 4. P. 128-143.

Abstract. A formal model of an ecosystem, focused on software engineering, is proposed. Two
approaches to the analysis of properties of this model, which are called network and automata approaches, are
described. In particular case, methods for searching of optimal plan for task performances in ecosystem,
identification of risk situations, possibility of paralell executions of tasks are considered.

Keywords: ecosystem, transition system, timed automata, Petri Net, scheduling.

VK 005.8:007.001:004.415:658.5

MeToa010rHst NOCTPOeHHsI HHPOPMALMOHHOI CHCTeMBI YIPABJIEHHsI MPOEKTAMH HA 0CHOBE HHTErpaluu
npuioxkennii npexanpusitusi / M.A. Tyaynos // Kubepuernka n cucremubiii ananus. 2020. Tom 56, Ne 4.
C. 144-159.

In.: 0. Tabn.: 3. Bibmiorp.: 87 Hazs.

Annotanus. IIpuBeneH 0630p B3aHMOCBs3aHHEIX Om3Hec- U M T-acmekToB MpoOIeMbl IOCTPOCHUS UH-
(hopMaIOHHON CHCTEMBI YIPABICHUs MPOSKTAMH Ha OCHOBE MHTErpaluy HpriokeHuil npexnpusatus (EAI),
Takux kak ERP u nporpamMHoe obecrieueHne o ynpapiaeHUIO TPOSKTaMH. METOI0I0THH HOCTPOCHUS TAKUX
CHCTEM B JIUTEpaType MPaKTHIECKHU OTCYTCTBYIOT. [Ipeanokena TeopeTnueckas METOJO0NOT U, pa3paboTaHHas
Ha OCHOBE aHaJlM3a MyOJIMKaIMi, CBS3aHHBIX C JAHHOH Npo0seMoid, M aHaJIOrMYHBIX MeTojonoruid EAL npume-
HSIEMBIX JUISl MHTEIPALUH MPUIOKCHUH HPEIITPUSITHS.
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Kiroueble ciioBa: nHQOPMAIMOHHAS CHCTEMA yNPABJICHHS IPOEKTAMH, MPUIIOKEHHE NPEIMIPHATHS, HHTErpa-
mus, ERP, nporpammHoe obecrieueHue 10 yHpaBlIeHUIO HpoekTamu, meroposnorus EATL

MeTtopnoJorist nodynoBu iHdopMauiiiHoi cucTeMu ynpaBiliHHS NMPOEKTAMH HA OCHOBI MHTerpauii Kopmno-
paTuBHuX nporpam mianpuemcrsa / M.O. Tyaynos // Kibeprernka Ta cuctemunii anamiz. 2020. Tom 56,
Ne 4. C. 144-159.

Amnotanis. HaBeneHo ormsin BzaeMmornoB’s3aHux OizHec- Ta IT-acmekriB mpoGiaemu nmoOymosu iHpop-
MaliifHOT CHCTEMH YIpaBIiHHS NPOEKTaMHM HAa OCHOBI iHTerpamii KOpHOpaTHBHHX IpOrpaM IIiIIpHEMCTBA
(EAI), a came: ERP i nporpamHoro 3a0esrneueHHs 3 yIpaBiIiHHs IpoekTamu. MeTtomosorii moOyJ0BH Takux
CHCTEM B JITEpaTypl MPAaKTHYHO BiZACYTHi. 3alPONOHOBAHO TEOPETUYHY METOJOJIOTII0, PO3po0JIeHy Ha OCHOBI
aHauizy myOsikamiil, OB s3aHUX 3 Ii€0 MPoOIeMoro, 1 aHamoriuHux Merojoiuorii EAL 1o 3acTocoByroThCS
Juisl iHTerpawii KOpmopaTHBHUX HPOrpaM IiIpHEMCTBA.

KuarouoBi cioBa: indopmariiiHa cuctema ynpaBliHHS NMPOEKTaMH, KOPIOPATHBHI MPOTPAaMH IiAIIPUEMCTB,
interpauisi, ERP, nporpamue 3a0e3nedeHHss 3 ynpaBiiHHS HpoekTamu, Meronosoris EAIL

Methodology for constructing a project management information system based on the enterprise
application integration / M.A. Tulupov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 144—159.

Abstract. A review of the interrelated business and IT aspects of constructing a project management
information system based on the enterprise application integration (EAI), such as ERP and software, is
performed. Methodologies for constructing PMIS in the literature are practically absent. A theoretical
methodology is proposed that is developed based on the analysis of the literature related to the problem and
similar EAI methodologies used for enterprise application integration.

Keywords: PMIS, enrerprise applications, integration, ERP, projec managment software, EAI methodology.

HOBI 3ACObBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
ITH®OPMATHUKHU, OBYUCIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YIK 330. 4:519. 622. 1:51-77
HNudopmanmoHHasi MojelIb 11eHOO0Pa30BaHUsl HA 3JIEKTPOHHBIX phiHKax / B.C. CaxkeHiok, I'.A. YepHoyc,
10.A. sIlpmonenxo // Kubepnernka u cucremuslii anamm3. 2020. Tom 56, Ne 4. C. 160-171.

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

AHHoTanus. Pazpaboran moaxos K MOJCIMPOBAHUIO M MPOTHO3MPOBAHUIO LIEHBI PHIHOYHOTO OJylara Ha
OCHOBE M3MEHEHHI HH(OPMALIOHHOr0 (haKkTopa ¢ UCIONIL30BaHUEM anmapara JupGpepeHHaIbHbBIX YpaBHEHHI
nepBoro nopsiika. IloctpoeHa mHQopManMoHHas MOZENb LIEHOOOpa3oBaHMs ITyTeM pemeHus 3amaun Korrm.
IToka3aHo, 4TO MPEITIOKCHHASI MOZIENIb MOJKET OBITH IOJIE3HON KaK JUIS MPOTHO3HPOBAHMS [ICH AKTHBOB Ha (hOH-
JIOBO¥ M BAIFOTHOM OHMpXKe, TaK M HA TOBAPHBIX JIEKTPOHHBIX PhIHKaX. IIpe/icTaBiIeH Mpolece MOArOTOBKHU TaH-
HBIX JUIS Pealu3aliy MOJICIIH.

KioueBble cioBa: nnpopmarnus, 3agada Komy, Metox mrpada, pa3HOCTHas cxeMa, HHQOpPMaOHHbIH (ak-
TOp, MOJEIb LEHOOOPAa30BaHUs, MPOTHO3HPOBAHUE ILICH.

Indopmaniiina Moaenb HIHOYTBOPeHHs1 Ha ejleKTpPoHHuX puHkax / B.C. Caxenwk, I'.O. YopHoyc,
10.A. sIpmosienko // KibepHernka ta cuctemuuii anamis. 2020. Tom 56, Ne 4. C. 160-171.

AnoTanisi. Po3po0iieHo miixix 10 MOJIENIOBAHHS Ta IIPOTHO3YBAHHS I[IHM PHHKOBOrO Ojlara Ha OCHOBI
3MiH iH(opManiifHoro (axropy 3 BUKOPUCTaHHSM amapaTy JudepeHniaabHIX PIBHSAHB IIEPIIOro nopsiaky. Ilo-
OyznoBaHO iH(pOpMaliliHy MO IHOYTBOPEHHS HIISIXOM po3B’si3aHHs 3anadi Komri. [TokaszaHo, 1o 3amporo-
HOBaHa MOJIENb MOXKe OyTH KOPHCHOIO SIK JUISi IPOTHO3YBAHHS I[IH aKTHUBIB Ha (OHJOBII Ta BaMIOTHIN Oipxi,
TaK i Ha TOBAPHHX CJICKTPOHHHUX pUHKaX. [IpeacTaBieHo mpoiec miAroTOBKH AaHUX U peatiatiii Mojeti.

KurouoBi ciroBa: indopmanis, 3agaga Komi, meton mrpady, pisHHIEBa cxeMa, iHpopMaiiHui GpakTop, Mo-
JIeNIb I[IHOYTBOPEHHS, MPOTHO3YBAHHS IL[iH.

Information model for pricing on electronic markets / V.S. Sazheniuk, G.O. Chornous, Iu.A. Iarmolenko
/I Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 160-171.

Abstract. The research is focused on the development of an approach to modeling and forecasting a
market good prices based on information changes. The process is described by first order differential equations,
and the solution of a corresponding Cauchy problem made it possible to develop an information pricing model.
The proposed model is shown to be useful both for predicting asset prices on the stock and currency exchanges,
and on commodity electronic markets. Data preparation stage before modeling is presented too.

Keywords: information, Cauchy problem, penalization method, difference scheme, information factor, pricing
model, price forecasting.
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VK 681.32
Hosble moaxons! kK aHAMH3Y H HHTepHOpeTanuu (popMbl NUKINYeCKHX curHaioB / JI.C. daiin3nandepr //
Kubepuernka u cucremubii anamus. 2020. Tom 56, Ne 4. C. 172-184.

In.: 5. Tab6n.: 1. Bibmiorp.: 28 Ha3s.

Annotanus. IIpenaoixKeHs!l HOBBIC METOIbI W3BJICUCHHS JIOKAIH30BAaHHOH JHATHOCTHYECKOH HMH(pOpMa-
I[MU U3 IUKIMYECKUX CUTHATIOB CIOKHOM (opMel. [Toka3aHbI mpenMyIecTBa aTbTepPHATUBHOTO METO/Ia OLICHKI
(opMBI yCPEIHEHHOTO IHKJIA, OCHOBAHHOTO Ha MEPEXO0fe OT CKAIAPHOTO CHIHAA K ero 0ToOpaXkeHHIo Ha (a-
30B0ii mIockocTu. IIpeyoskeHsl OpUrHHATbHbIE METO/IbI OLIEHKH JTHHAMHKU I1apaMETPOB, XapaKTepH3YyIOMHUX
hopmy MHPOPMATUBHBIX (DParMEHTOB CHUTHANA, OCHOBAHHBIC HAa MOCTPOCHUH BBIMYKIIOH 000JI04KH (ha30BOro
[OpTpeTa MepecTaHOBOYHOI JHTPOIHMU M PACCTOSHUM JleBeHIITelHa.

KiioueBble ¢/10Ba: HUKIHYCCKHI CHTHAT, (a30BbIil HOPTPET, MIEPECTAHOBOYHASI DHTPOIHSI, paccTosinue JIeBeH-
mTerHa.

Hogi mixxoau 1o anajii3y ta intepnperanii popmu muxiaivaux curnadiis / JI.C. @aiinsinséepr // Kibepue-
THKa Ta cucteMHuii aHamiz. 2020. Tom 56, Ne 4. C. 172-184.

AHoTauis. 3anporoHOBaHO HOBI METOJM BIIJIyYCHHS JIOKAli30BaHOI JiarHOCTHYHOI iH(opmarii 3
LUKJIYHUX CUTHAIIB cKiagHol popmu. TTokasaHo nepeBaru abTepHaTHBHOTO METOJY OL[iHIOBaHHS (HOpMH yce-
PEIHEHOTO LHKITY, KU 0a3yeThesl Ha MEPexo/i BiJ CKAISIPHOrO CHTHAIY 10 HOro BimoOpaxkeHHs Ha (a3oBii
IUTOII¥HI. 3aIPOIIOHOBAHO OPUTiHAIBHI METOIH OL[IHIOBAHHS JHHAMIKH HapaMeTpiB, IO XapaKTepH3yIoTh Gop-
My iHGOpMAaTHBHUX (parMeHTIB CHTHATY, OCHOBaHI Ha II00YI0BI OIyKJI01 000JIOHKH (ha30BOr0 IOPTpPETa Iepe-
cTaBHOI eHTpomii Ta Biacrtani JleBeHmiTeiHa.

Kurodosi cioBa: mukiiuenid curHan, (pasoBHil MOPTpeT, MepecTaBHA EHTPOIis, BiAcTaHb JleBeHIITEHHA.

New approaches to analysis and interpretation of cyclic signal’s shape / L.S. Fainzilberg // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 4. P. 172-184.

Abstract. New methods for extracting localized diagnostic information from cyclic signals of complex
shape are proposed. The advantages of an alternative method for estimating the shape of an averaged cycle
based on the transition from a scalar signal to its mapping on the phase plane are shown. Original methods for
estimating the dynamics of parameters characterizing the shape of informative fragments of the signal based on
the construction of the convex hull of the phase portrait of the permutation entropy and the Levenshtein
distance are proposed.

Keywords: cyclic signal, phase portrait, permutation entropy, Levenshtein distance.

YK 004.2

HcnoaszoBanue texuoaoruu CUDA s yckopeHHsi BbIMHC/IEHMIT B 32/1a4aX XMMHUYECKO KUHETUKHU /
M.C. Capcembaes, B.A. Ypmames, H. Muagenouu, B.A. 3acinaBckmii / KnOepHernka u cucTeMHbIH aHa-
sm3. 2020. Tom 56, Ne 4. C. 185-195.

In.: 4. Tab6n.: 1. Bibmiorp.: 12 Hazs.

Annotanus. Paccmarpena 3ajjaqa XUMUUECKOH KHHETHKH, IIPOBEJCH PacyeT H3MEHEHHI KOHIEHTPALHi
BEIIECTB B PEAKIUSX [10 BPEMEHHU U CO3JaHHIO0 MAaCCHBHO-KHHETHYECKOI0 HHCTPYMEHTAPHUS IS PEIICHUS 3a/1a-
Y1 C UCIOJIB30BAHUEM COBPEMEHHBIX TEXHOJIOTHI pacmapauiennBanus. OmicaHa MaTeMaTHIeCKas MOJICb U3~
MEHEHHUSI KOHIIEHTPALNH BEIIECTB B CUCTEME C OJJHOMEPHBIM IPUOIIMKCHIEM U BO3MOKHOCTBIO YCKOPCHHS BbI-
yucneHuit ¢ ucnonp3oBannem texuonorueit CUDA. Pacuer na rpadudeckux npoueccopax NVIDIA mokasai,
YTO C YBEIMYCHUEM YHCIIa XUMUUECKHI peakinii BpeMs BEIYUCICHHS! HAMHOIO YMEHBILACTCS [0 CPABHCHHUIO CO
BPEMEHEM pacdeTa Ha IEHTPATbHBIX IIPOIECCOpax.

KuroueBble €J10Ba: TOPCHHE, MEXAHH3MbI TOPCHHUS, MapalIe/ibHOEC BBIYHCICHHE, TpadHIecKie MPOLECCOpSI,
CUDA, wmeron Pynre—KyrTbl.

Buxopucrannst TexnoJorii CUDA st npuckopeHHsi o04YMC/IeHb B 3ajgayax XiMiyHoi KiHeTHkH /
M.C. CapcembaeB, B.A. Ypmamen, H. MuajenoBiu, B.A. 3acaaBcbkuii / KiGepHeTnka Ta CHCTEMHUIA
anamiz. 2020. Tom 56, Ne 4. C. 185-195.

AmnoTauist. Po3nistHyTO 3a/1ady XiMi9HOT KIHETHKH, IPOBEACHO PO3PAXYHOK 3MiH KOHIIEHTPALNl PEYOBHH B
PEaKIisX 3a 4acOM 1 CTBOPECHHsI MACHBHO-KIHETHYHOTO {HCTPYMEHTApIk0 JUlsl PO3B’sI3aHHS 3aadi 3 BUKOPHCTAH-
HSIM Cy4aCHHX TEXHOJIOTii posmnapasentoBaHHst. ONHCaHO MAaTEMaTHYHy MOJICNb 3MIiHH KOHICHTPAILliil peYOBHH B
CHCTEMI 3 OJJHOBUMIPHMM HAOJIMKEHHSM 1 MOMIIMBICTIO MPUCKOPEHHSI OOYMCIEHb 3 BUKOPHCTAHHSAM TEXHOJIOTT
CUDA. Po3paxynok Ha rpadiuaux npouecopax NVIDIA mokazas, 1o 3i 301IbIICHHAM YHCIA XIMIYHUX peaKiii
yac OOYMCIICHHsI HAabarato 3MCHINYETHhCS B MOPIBHSHHI 3 YacOM PO3paxyHKY Ha LEHTPAIBHUX IMPOLECOpax.

Kuio4oBi ciioBa: ropiHHs, MEXaHI3MU TOpiHHS, MapanensHe oduncnenns, rpadiyni npouecopu, CUDA, meTon
Pynre—Kyrru.
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Solving the problems of chemical kinetics by using the CUDA technology / M. Sarsembayev,
B. Urmashev, N. Mladenovic, V.A. Zaslavskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4.
P. 185-195.

Abstract. The paper focuses on the problem of chemical kinetics, calculation of changes in the
concentration of substances in the reactions over time, and creation of a mass kinetic solver to solve the
problem using modern parallelization technologies. A mathematical model of variation in the concentration of
substances in a system with a one-dimensional approximation and the possibility of accelerating the
calculations using the CUDA technology are described. The calculation performed on NVIDIA graphic
processor showed that an increase in the number of responses much reduces the computing time as compared
with the computing time on the central processors.

Keywords: combustion, combustion mechanisms, parallel computation, graphic processors, CUDA,
Runge-Kutta method.

VK 004.4
MeToabl MOIeTHPOBAHNUS U BepUPUKAINH /1T TPOEKTHPOBAHUSITIPHIIOKEHHI B reTepOreHHbIX apXiTek-
typax / C.J. Ioropensri, M.C. Ciunbko // KubGepuetnka n cucremusiii anamms. 2020. Tom 56, Ne 4.
C. 196-202.

In.: 4. Ta6n.: 0. Bibmiorp.: 9 Ha3s.

Annoranus. IIpennoxxena MeTO0I0T U IPOSKTUPOBAHHS MIPUIIOKEHHH 17151 CHCTEM C MAacCOBBIM Mapai-
nenu3moM Ha npumepe GPGPU-cuctem, opueHTHpOBaHHas Ha alrOPUTMUYECKUN STal MPOEKTHpoBaHus. Pac-
CMOTpEHBI 1B¢ (ha3bl MPOCKTUPOBAHMS: co3/1aHue (OpPMabHOIl crien(UKALNN U ee UCCIIeI0BaHHEe U BepH(u-
Kanus. J{jis nepBoro srama npeyIoKeHO HCIOJIb30BaHUE MAaTEMaTHYECKHX allapaToB CHCTEMbI alrOPUTMHYEC-
KUX anreOp/Moau(pHIIMPOBAHHON CHCTEMBI AJITOPUTMUYECKUX aareOp M TPaH3UIHOHHBIX cucTeM. [list Broporo
JTara MpoaHaIU3UPOBAHO UCIIOIb30BAHUE CETEBBIX U aBTOMATHBIX MOJIEIIEH U IPUBEIECHBI IPEUMYIIECTBA KaXkK-
I0if U3 HUX. B wacTHOCTH, IpOBEEHO HcCleoBaHIe Moenu Beraucienuil B apxurekrype NVIDIA CUDA npu
oMot cereit Iletpu, a taxke (GOpMyI JMHEHHO-TEMIOPAIBHON JIOTMKA M aBTOMATHBIX MOJIEINICH.

KaroueBble ClioBa: TPaH3UIMOHHBIC CHCTEMBI, CUCTEMbI anropurMuuyeckux anredp, GPGPU-cucremsl, cetu
Iletpm.

MeTtoan mojeaoBaHHs i Bepudikauii 1l NPOEKTYBAHHSA 3aCTOCYHKIB Y reTeporeHHUX apxirekrypax /
C.J. Horopinuii, M.C. Ciimabko // KibepHeruka ta cuctemuuii aHaiis. 2020. Tom 56, Ne 4. C. 196-202.

AHoTanis. 3anpornoHOBaHO METOJOJIOTIIO NPOEKTYBAHHS 3aCTOCYHKIB JJII CHCTEM i3 MacOBHM Iapa-
nenizmoM Ha npuxiani GPGPU-cuctem, opieHTOBaHy Ha alTOPUTMIYHHI eTall IPOEKTyBaHHS. PO3rIaHyTO 1Ba
€Tary MPOEKTYBAHHS: CTBOpeHHs opMmanbHoi crenudikamii ta i gocnipkeHHs 1 Bepudikauis. [ns neprioro
eTaIry 3alporOHOBAHO BUKOPUCTAHHS MAaTEMATHYHUX amapaTiB CHCTEMH alrOPUTMIYHHX anrebp/momaudikoBa-
HOT CHCTEMH aJrOPUTMIYHUX anreOp Ta TpaH3ULiitHUX cucteM. [list Apyroro eramy npoaHati30BaHO BHKOPHUC-
TaHHS MEPEKeBHX Ta aBTOMATHHX MOJeNed 1 HaBeIeHO IepeBarn KOoKHOI Mopeni. 30Kpema, MPOBEICHO
JIOCIipKeHHS MoJeni obunciens B apxiTekTypi NVIDIA CUDA 3a momomororo Mepesx Iletpi, a Takox dopmyrn
JIHIHHO-TEMITOPAJIbHOI JIOTIKM Ta aBTOMAaTHOI MOJEII.

Kurodosi ciioBa: tpaH3uuiitHi cuctemu, cucteMu anroputmidnux anrebp, GPGPU-cucremu, mepesi Ilerpi.

Modeling and verification methods for application design in heterogeneous architectures / S. Pogorilyy,
M. Slynko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 196-202.

Abstract. An application design methodology for massively parallelized systems (GPGPU systems)
focused on the algorithmic design phase is proposed. Two design sub-steps are considered: creation of the
formal specification of the system; and its research and verification. The use of mathematical apparatuses
SAA/SAA-M as well as transition systems is proposed for the first step. Advantages and specifics of using
network and automaton models for the second step are given. NVIDIA CUDA architecture computation model
analysis is proposed using Petri nets (network model) and using linear-temporal logic formulas and Buchi
automaton (automaton model).

Keywords: transition systems, systems of algorithmic algebras, GPGPU-systems, Petri nets.
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