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YIK 681.3
IBOJIOUUOHHBII MeTOJ MOCTPOEHHsI CHCTEM MCKYCCTBEHHOro MHTesliekTa / A.B. AHucumMoB, A.A. Map-
yenko, B.P. 3emusincknii / KuGeprernka u cucremusiii anammu3. 2019. Tom 55, Ne 1. C. 3-13.

Inm.: 1. Tabn. 1. Bibmiorp.: 12 Ha3B.

Annoranus. IIpencrasiena 3BOIIOLMOHHAS MOJEIb IOCTPOEHUS UCKYCCTBEHHOTO MHTEIIEKTA, IIPEIHA3-
Ha4yCHHAs IS MPOSKTUPOBAHHS U Pa3paOOTKH MHTEIUICKTYalbHBIX cUCTeM. KiloueBBIM 0a30BBIM DIEMEHTOM
MPEATIOKCHHON MOJICINH SBJISETCS TaK HasbiBaeMbli ALF — MHTeIeKTyanbHblil areHT cO CHOCOOHOCTSIMU K ca-
MOOOYUYEHHIO, KOMMYHUKALNH, CAMOOPIaHU3AIMK M COBMECTHBIM JICHCTBHAM C 110J00HBIMH areHTamMu. B ocHo-
By ALF-areHToB 3aj105K€HbI IBOJIFOLIMOHHBIE IIPUHLMIIBI C IPUMEHEHHUEM I'€HETHUECKUX allrOpUTMOB. Peann3a-
I¥sl IPEIOKEHHOT0 OIXO0/a BBINIOJIHEHA B BHAE MIPOBOH Moxenu. Pa3paboraHHast cTpykTypa M (YHKIHO-
HanbHOCTh ALF-areHTOB 00yCIOBIHBAIOT THOKOCT M 3((PEKTHBHOCTb MOJCIH, YTO IOATBEPXKICHO
B IPOBEICHHBIX JKCIECPUMEHTAX.

KuroueBble ciioBa: HCKyCCTBeHHLIﬁ HHTEIUIEKT, MYJIbTHAI€HTHBIE CUCTEMBI, SBOJIFOIIMOHHOE IIPOIpaMMHPOBAHUE.

EBouoniiinuii Merox mo0yaoBu cucreM IITY4HOro inrenexkry / A.B. AmnicimoB, O.0. MapueHko,
B.P. 3emusincnkmii / KiGepHernka Ta cucremumii anamis. 2019. Tom 55, Ne 1. C. 3-13.

Axoranis. OnncaHo eBONIOLIMHY MOJENb T00YIOBH LITYYHOIO IHTENEKTY, NPU3HAYCHY [UIS [POCKTY-
BaHHS Ta PO3POOJICHHS IHTENCKTyalbHUX cHCTeM. KITF0uoBHM 6a30BHM €IEMEHTOM 3alIPOHOHOBAHOI MOZEII €
TaK 3BaHUil ALF — iHTenekTyanbHuid areHT 3 MOMKIIMBOCTSIMHU JIsi CAMOHABYAHHSI, KOMYHIKaIil, CIIIJIBHUX JiH 1
caMoopranizarii cepes noaiOHux arenTis. B ocHoBy ALF-arenTiB mokiageHo eBOIOLINHHI IPHHLIUITH, Peatizo-
BaHI 3 BUKOPHUCTAHHSIM I'CHETHYHHX alrOpUTMiB. Peaiizaiiio 3anpornoHOBaHOTrO IiX0y BUKOHAHO Yy BUIJISII
irpoBoi Mojeni. YHiKalbHA CTPYKTypa Ta (yHKHioHanbHicTs ALF-areHTiB 3yMOBIIIOIOTH 3HaYHY I'HYYKICTB i
e(eKTHBHICT MOJIEN, MPOAEMOHCTPOBAHI B IIPOBEJCHNUX CKCIICPUMEHTAX.

KoiouoBi cjioBa: mTydHHH iHTENIEKT, MyJIbTHATCHTHI CHCTEMH, EBOJIOLIHE MporpaMyBaHHs

Evolutionary method of constructing artificial intelligence systems / A.V. Anisimov, O.0. Marchenko,
V.R. Zemlianskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 3-13.

Abstract. The paper describes an evolutionary model for artificial intelligence construction, designed for
the development of intelligent systems. It allows describing a variety of subject areas with the construction of
knowledge bases. The model has universal means for formal description of tasks, as well as environment for
implementing computational processes of their solution. The key element of the proposed model is a so-called
ALF, which is an intelligent agent with the ability of learning, communication, self-organization, and joint
action with other agents. The development of ALF agents is based on evolutionary principles implemented with
the use of genetic algorithms. The implementation of the proposed approach was performed as a game model.
A considerable flexibility and efficiency of the model demonstrated in the experiments are due to the unique
structure and functionality of ALF agents.

Keywords: artificial intelligence, multi-agent systems, evolutionary programming.

VK 004.383
KsanToBble BhIunciaeHus: 0630p u anaaus / M.H. CaBuyk, A.B. ®@ecenko / KubepHeTnka u cCHCTEMHBIH
ananm3. 2019. Tom 55, Ne 1. C. 14-29.

In.: 0. Tabn. 0. Bibmiorp.: 17 Ha3s.

AHHOTanus. BbinoyHEH 0030p U aHAIN3 OCHOBHBIX IOHATHH U MOJOKEHUI KBAHTOBOW MOJIEIH BbIUUC-
neHunsi, 3pPEKTUBHBIX KBAaHTOBBIX aJITOPUTMOB, TIOCICIHUX PE3yJIbTaTOB, BO3MOXKHOCTEH U MEPCIEKTHB B MO-
CTPOCHHMHU MacIITaOMPOBAaHHOTO KBAaHTOBOTO KOMITBIOTEPA. PacCMOTpEH HEKOTOPBIN KiIacce anreOpandyeckux 3a-
Jlad B KBAHTOBOI MOJICNIN BBIYMCIICHUH, JJIsl KOTOPBIX CyIIECTBYET 3((EKTUBHBINA KBAaHTOBBIN alIrOPUTM peLie-
Hust. [IpoBelieH JeTanbHBII aHAIN3 CYLIECTBYIOIIUX MPAKTHYECKUX peaTn3aliii KBAHTOBOTO KOMITbIOTEpA M
[I0Ka3aHO, YTO MOKA YTO HET JJOCTATOYHOI'O MPOrpecca B MOCTPOSHUH MACIITaOUPOBAHHOIO KBAHTOBOI'O BBIYHC-
JIUTEIBHOrO YCTPOMCTBA, HO, TEM HE MEHee, OOJIBLINHCTBO HCCIESI0BATENCH 0XKUIAIOT CO3/IaHUE HIOJTHOLEHHOTO
KBAaHTOBOT'O KOMIIBIOTEpPA B TeueHue cienyromux 10-15 ser.

KimoueBble ci10Ba: KBaHTOBAas MOJCIb BBIYUCICHHI, KBAHTOBAs KpHITOrpadus, KBAHTOBBIH KOMIIBIOTED, -
(heKTHBHBIC KBAHTOBBIC AITOPUTMBI, NTOCTKBAHTOBBIC KPUNTOrpad@UuecKHe HMPUMHTHBBI.

KBanToBi o6uunciennsi: orasa ta anaiaiz / M.M. CaBuyk, A.B. ®@ecenko // KiGepHeTnka Ta CUCTEMHUIA
anamiz. 2019. Tom 55, Ne 1. C. 14-29.

AHoTanisi. 3po0JeHO O Ta aHali3 OCHOBHHMX MOHATH 1 MOJOXKEHb KBAHTOBOI MOJENi OOUYHCIICHB,
e(eKTHBHUX KBAHTOBHX aJIIOPUTMIB, OCTAHHIX PE3yJIbTaTiB, MOKJIMBOCTEH Ta IEPCIEKTUB Y M0OY/10BI MaciiTa-
60BaHOrO KBaHTOBOTO KOMIT'F0Tepa. PO3IIISIHYTO IeBHUIT Kilac anrebpaivHuX 3a1ad y KBAaHTOBIN Moyiesi 004rc-
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JIeHb, IS SIKUX iCHye e()eKTHBHUI KBAaHTOBUH alrOpUTM POo3B’s3Ky. IIpoBeneHO HeTalbHHI aHai3 HasBHHUX
IPAaKTUYHUX peatiaiiil KBAHTOBOrO KOMII fotepa. I1oka3aHo, 110 Ha ChOTO/IHI HEMa€e JOCTaTHBOTO IIPOTrpecy y
1no0y10Bi MacIITabOBaHOTO KBAaHTOBOTO OOYMCIIIOBAJIBHOTO MPUCTPOIO, MPOTE OUIBIIICTD JOCHIAHUKIB OYiKy-
I0Th HAa CTBOPCHHS IMOBHOLIHHOTO KBAHTOBOI'O KOMIT IOTEpa BIPOIOBK HacTymHuXx 10-15 pokis.

KirouoBi c10Ba: kBaHTOBa MOZENs OOYHCIICHb, KBAHTOBA KpUnTorpadis, KBaHTOBHI KOMII'10Tep, eeKTUBHI
KBAaHTOBI aITOPUTMHM, MOCTKBAHTOBI KpUNTOrpad)idHi MPUMITHBH.

Quantum computing: survey and analysis / M.M. Savchuk, A.V. Fesenko // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 1. P. 14-29.

Abstract. The authors conduct a survey and analysis of the main concepts and postulates of the quantum
computing model, efficient quantum algorithms, recent results, capabilities, and prospects in constructing
a scalable quantum computer. A certain class of algebraic problems in a quantum computation model is
considered, for which there and efficient quantum solution algorithm exists. A detailed analysis of available
quantum computer implementations has been carried out and it has been shown that sufficient progress has yet
been made in constructing a scalable quantum computing device; nevertheless, most of researchers expect
a quantum computer to be created in the next 10-15 years.

Keywords: quantum computing model, quantum cryptography, quantum computer, efficient quantum
algorithms, postquantum cryptographic primitives.

VK 519.685.3
MHoromepHoe IIKAJIMPOBaHHe cpeicTBamMu IceB1oodpaTHbix onepaumii / FO.B. Kpak, I''U. Kynun,
A.M. Kyasc // Kubeprernka n cucremusiii anammus. 2019. Tom 55, Ne 1. C. 30-38.

Im.: 0. Tabn. 2. bi6bmiorp.: 19 Ha3s.

Annoranus. IIpeanoxken MeTox MHOTOMEPHOrO IIKaJIUPOBAaHUA MH(GOPMALUKM HAa OCHOBE PE3yJIbTaTOB
TEOPHH BO3MYILIECHHS IICEBIOOOPATHBIX M MPOCKIHOHHBIX MaTPHUIl ¥ PEIICHUH CHCTEM JIMHEHHBIX anredpandec-
KUX ypaBHeHHH. Pa3paboTaH airoputM KyCOYHO-TUIIEPILIOCKOCTHOH KIacTepH3alUH C HPOBEPKOU 3aJaHHOIO
kputepus ee dddexTuBHocTU. [IpuBeneH npuMep HUCIOIb30BAHUSI METOA MIKATHPOBAHUS XapPaKTePHCTUUSCKUX
[PU3HAKOB [T Paclo3HaBaHus OykB aiadaBHTa yKPAMHCKOTO >KECTOBOTO SI3BIKA.

KioueBble ciioBa: MIKaIMpoBaHHE, KIacCH(pUKALUs, KIacTepU3alys, IICEBI0OOpaTHbIE MAaTpPHIIBL.
BararopumipHe mkajioBaHHs 3acobamu nceploodepuenux onepaniii / 10.B. Kpak, I'.I. Kynin, A.l. Ky-
asic // Kibepretuka Ta cucremuuit anamiz. 2019. Tom 55, Ne 1. C. 30-38.

AHoTanis. 3anpornoHOBaHO MeTOZ 0araTOBHMIPHOTO IIKATIOBaHHA iH(opMamii Ha OCHOBI pe3ylbTaTiB
Teopii 30ypeHHs MCeBJOOOCPHEHNUX Ta MPOCKIIHHUX MATPHLb 1 PO3B’A3aHHA CUCTEM JIHIHHMUX anreOpaluHuX
piBHAHB. P03p00sIeHO alrOpUTM KyCKOBO-TINEPIUIONIMHHOT KJIacTepu3allii 3 NepeBipKo0 3aaHOro KpUTEpPiro
e(eKTHBHOCTI 3iliCHEHHs Takoi Kiactepusauil. HaBeqeHo mpukiiajg BUKOPUCTAHHS METOMY LIKATIOBAHHS Xa-
PAaKTePUCTHYHUX O3HAK Ui PO3Ii3HABaHHS OYKB a0eTKHM YKpaiHCHKOI JKECTOBOI MOBH.

KurouoBi ciioBa: mkamoBaHHs, Kiacudikaiis, KiacTepusallis, MCeBI000epHEH] MaTpHIi.

Multivariate scaling based on pseudo-inverse operations / Iun.V. Krak, G.I. Kudin, A.I. Kulyas //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 30-38.

Abstract. The method of multidimensional information scaling based on the results of the theory of
perturbation of pseudo-inverse and projective matrices and solutions of systems of linear algebraic equations is
proposed in the paper. The algorithm of piecewise hyperplane clasterization with the verification of a given
criterion for efficiency of such a clasterization is developed. An example of using the method of scaling
characteristic futures to recognize letters of the Ukrainian sign language alphabet is given.

Keywords: scaling, classification, clasterization, pseudo inverse matrices.

VK 519.714.7

OO0 onHOM aropuTMe NMOCTPOeHHs cokpameHHbIX JTH® nopsiikoBoO-BhINYKJIBIX OyJeBbIX (GyHKuui /
A.U. Tumowmkun // Kubepuernka u cucremubiii anamus. 2019. Tom 55, Ne 1. C. 39-43.

In.: 0. Tabn. 0. Bibmiorp.: 4 Hazs.

AnHoTtanus. PaccMmarpuBaercst mpoOiieMa IOCTPOCHHS COKPAIICHHBIX JH3BIOHKTUBHBIX HOPMATBHBIX
(hopM MOpAAKOBO-BBITYKIBIX OyaeBbIX (GyHKIHH. [IpennaraeTtcs OpUrHHAIBHBIA aITOPUTM HAXOXKACHUS ITUX
(hopM. AIIrOPUTM MCIIONIB3YET TaKUE MOHSTHS TCOPUU YIOPSIOYCHHBIX MHOXXECTB KaK M€all M KOMUeall U UMe-
€T CYILECTBEHHO MEHBIIYI0 BPEMEHHYIO CIO0KHOCTh, Y4eM Kiaccuueckuil anropurm Ksalina—Mak-Kinacku.

KuaioueBblie cioBa: HUMIUIAKAHT, PCIICTKA, MOPAIKOBO-BBIITYKIOC ITOAMHOXKECTBO, HJCAJl, KOUICAT.
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IIpo onun anroputM mnodynoBu ckopodyennux JIH® mnopsiakoBo-omykiux OyjieBHX QyHKmii /
A.l. Timomkin // KiGepHernka ta cuctemuuii anamiz. 2019. Tom 55, Ne 1. C. 39-43.

Anorauis. Posrmsayto npobiemy noOyaoBH CKOPOUCHUX M3 IOHKTUBHBIX HOPMAIBHUX (hOPM MOPSIIKO-
BO-OIMyKJIHX OyNeBUX (BYHKILH. 3aMpONOHOBAHO OPHUTiHAIBHHUI AIrOPUTM 3HAXOKCHHS IHX HOpM. AITOPUTM
BUKOPHCTOBY€ TaKi BUpPa3u TEOpil yMOpsAKOBAHUX MHOXKHH SIK ieai i Koigeasl i Mae iCTOTHO MEHIY YacoBY
CKJIQJIHICTh, HDK Kiacnuuuii anroput™ Ksaiima—Maxk-Kacki.

KurouoBi csioBa: iMIUTIKaHT, pelIiTKa, MOPSIKOBO-OIYKJIA MiJIMHOKHHA, i/1eai, Koijxeal.
On an algorithm for constructing reduced DNF of order-prominent boolean functions / A.I. Timoshkin //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 39-43.

Abstract. The problem of building the reduced disjunctive normal forms of order-convex Boolean
functions is considered. An algorithm of finding the reduced disjunctive normal forms of order-convex Boolean
functions is proposed. The algorithm uses notions of partial order theory such as ideal and coideal and has much
less time complexity than classical Quine and McCluskey’s algorithm.

Keywords: implicant, lattice, order-convex subset, ideal, coideal.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

YK 519.217.2
OnTumalibHble TOMeX0ycToiiunBbie reHeTndeckne koabl / N.B. Cepruenxo, b.A. Beaenkuii, A.M. I'y-
naj, H.A. T'ynan // Kubepnernka u cuctemubiii amamu3. 2019. Tom 55, Ne 1. C. 44-50.

In.: 0. Tabn. 4. Bibmiorp.: 7 Ha3zs.

AnHoTtaunus. Ha ocHoBe CUMMETPUU B I[HK IIOCTPOCHBI ONITUMAJIBHBIE T€EHETUYECKUE KOJBI, IIOMEXO0YC-
TOWYUBOCTH KOTOPBIX OTHOCHUTEIIBHO IIOJIIPHOCTH aMHHOKHCIOT MPU MyTallUdgX B HYKJICOTHAAaX 3HAYUTECIBHO
BBIIIC, YEM Y CTAaHAAPTHOTO KOAa. HccnenoBana HOMeXOyCTOﬁHHBOCTL ONTUMAJIBHBIX CUMMETPUYHBIX U HECUM-
METPUYHBIX I'CHECTUYCCKUX KOIOB. C yaeToM 6a3 JAaHHBIX TCHCTHYCCKUX 3a00JeBaHuit II0Ka3aHoO, YTO OIITH-
MaJIbHBIN KO/, MJIs1 KOTOPOro CUMMETPUSA BBIIIOJIHACTCA B ITOJIOBUHE CIIY4YacB, COXPAHACT MOJAPHOCTH aMHUHO-
KUCJIOT IPU MyTalUAX [IEPBOI'O U BTOPOI'0 HYKJICOTHIOB B KOIOHE 10 CPABHEHUIO CO CTAHAAPTHBIM KOJOM.

KuaioueBble ciioBa: reHetnueckuii kon, cummerpus B JIHK, Mytaumu B HyKk/I€oTHIaX, TOMEXOYCTOHYHUBOCTD,
AMHUHOKHUCIIOTA, KOJOH.

OnrumainbHi 3aBajgoctiiiku renernyni koau / I.B. Ceprienko, B.A. Bineubkunii, A.M. I'ynan, M.A. I'ynan
// KibepHetuka Ta cucrteMHuid anamiz. 2019. Tom 55, Ne 1. C. 44-50.

Amnorauisn. Ha ocaosi cumerpii B JIHK no0ynoBaHo onTrMaibHi TEHETHYHI KOJIU, 3aBaOCTIHKICTh SKUX
BiJTHOCHO TOJIIPHOCTI aMiHOKHUCIIOT s MyTaliil y HYKJICOTHAAX 3HAYHO BUILA, HIX y CTAaHIAPTHOTO KOJY.
JlocTipKeHO 3aBaIOCTIMKICTD ONTUMAIBHIX CHMETPUYHHUX Ta HECHMETPHYHUX KoJiB. Ha ocHOBI 6a3 maHux re-
HETHYHHUX 3aXBOPIOBAHb [OKA3aHO, L0 ONTUMAIBHUI KO, [JIsI SIKOTO CHMETPis BUKOHYETHCS y TOJOBHHI BH-
MajKiB, 30epirae TONAPHICTE AMIHOKHMCIOT JUISi MyTalliif NepHmoro Ta JPyroro HYKJICOTHIIB y KOJIOHI
B IMOPIBHSHHI 31 CTaHIAPTHUM KOIOM.

KumouoBi ciioBa: renernunnii koa, cumerpist B JIHK, myTanii B HykiIeoTHIax, 3aBaJOCTIHKICTh, aMiHOKHCIIOTA,
KOJIOH.

Optimal noise-immune genetic codes / 1.V. Sergienko, B.A. Biletskyy, A.M. Gupal, M.A. Gupal //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 44-50.

Abstract. Optimal genetic codes are constructed using DNA symmetry, whose noise immunity with
respect to polarity of amino acids in case of mutations in nucleotides is much greater than immunity of standard
codes. Noise immunity of optimal symmetric and non-symmetric genetic codes is analyzed. Databases of
genetic diseases are used to show that optimal symmetric code for which symmetry holds in half of cases keeps
polarity of amino acids at mutations in first and second nucleotides of codon as compared with standard code.

Keywords: genetic code, symmetry in DNA, mutations in nucleotides, noise immunity, amino acid, codon.

VIK 519.64; 517.443; 519.254
Hcnosnb3oBaHue pe3epBOB ONTHMH3AIMHN BHIMHCIEHUI MPH pelieHNUCI0KHbIX 3a1a4 / B.K. 3agupaxa //
Kunbeprernka n cucremuslii anamus. 2019. Tom 55, Ne 1. C. 51-67.

In.: 0. Tabn. 0. Bi6miorp.: 12 Ha3B.

AnHoTanusi. B cratbe paccMOTpEHBI ATambl Pa3BUTHS MCCICJIOBAHUI IO ONTUMH3ALNU BBIYHCICHUN B
VYkpaune, B yactHocTU B MHCcTHTyTe KMOepHeTrku umenu B.M. I'mymkoBa HAH Ykpauusl, kacaroumxcs sJie-
MEHTOB TEOPHH MOrPEIIHOCTEH, ONTUMAIBHBIX [0 TOYHOCTH U OBICTPOJCHCTBUIO BBIYHUCIMTEIBHBIX AITOPUT-
MOB, HAYKOEMKHUX KOMIIBIOTEPHBIX TEXHOJIOIMI PELIEHUs 3a/1a4 BBIYUCIUTEIbHOM U IPUKIIaHONW MaTEMaTUKH C
3aJIaHHBIMM 3HAUCHHSMHU XapaKTepUCTUK KadyecTBa.
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KiroueBble c10Ba: BHIYMCIUTEIBHBIN AJIFOPUTM, HpI/I6III/[)K€HHOG peUICHUE, NMOTPEUIHOCTD HpI/IGHI/I)KeHHOe pe-
HIeHUEe, ONTHUMU3AIMs AJITOPUTMOB, PE3EPBLI ONTUMHU3ALNUN BLIHMCHGHHﬁ, KOMIIBIOTEPHBIE TEXHOJIOI'HNH.

3acrocyBaHHsI pe3epBiB onTHMi3auii o0uucieHb 15 po3B’sizanHs ckiaagHux 3agad / B.K. 3agipaka //
KibepHernka Ta cucremHmii anamiz. 2019. Tom 55, Ne 1. C. 51-67.

AHoTanis. Y cTaTTi pO3rISIHYTO eTany PO3BUTKY AOCIIKEHb 3 ONTHMi3alii o0urcieHs B YKpaiHi, 30K-
pema B IucTutyTi KibepreTHkn iMeni B.M. I'mymkoBa HAH VYkpainnu, o cTOCyIOTBCS €IeMEeHTIB Teopii moxu-
0OK, ONTUMAJIBHUX 32 TOYHICTIO Ta IIBHIKOAIEI OOYMCIIIOBAIBHUX AITOPUTMIB, HAYKOEMHUX KOMII IOTEPHUX
TEXHOJIOTIH pO3B’s3aHHS 3a/1a4 OOUUCIIOBAIBHOI Ta MPUKIIAAHOI MATEMATHKH i3 3aJaHUMHU 3HAYCHHSIMHU Xapak-
TEPUCTUKH SIKOCTI.

Kuro4oBi ci10Ba: 00YHCITIOBANIBHAN anropuT™, HAOMMKCHHIT PO3B’SI30K, MOXHOKA HAOIMKCHOTO PO3B’S3KY,
ONTHMI3allisl aJrOPUTMIB, PE3epBU ONTHUMI3alii 0OYMCICHb, KOMII IOTEPHI TEXHOJOTII.

Using reserves of optimization of calculations to solve complex problems / V.K. Zadiraka // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 1. P. 51-67.

Abstract. The paper considers stages of the development of studies in optimization of computation in
Ukraine, in particular, at the V.M. Glushkov Institute of Cybernetics of the National Academy of Sciences of
Ukraine, related to elements of the theory of errors, computational algorithms that are optimal in terms of
accuracy and speed, high-tech computer technologies for solving problems in computational and applied
mathematics with given values of quality characteristics.

Keywords: computational algorithm, approximate solution, error of approximate solution, optimization of
algorithms, optimization reserves of computation, computer technologies.

YIK 519.8

O MojeasiX CTOXaCTHYECKOH ONTUMH3ALUYU [JIsi MEHEIKMEHTA BOJAOXPAHHIHL C Y4€TOM PHCKOB /
1O.M. Epmoases, T.FO. Epmoabena, T. Kaxuia, M. O6epurraiinep, B.M. I'op6auyk, I1.C. Knonos // Ku-
OepHeTnka W cucteMHblii anamus. 2019. Tom 55, Ne 1. C. 68-79.

In.: 0. Tadn. 0. Bibmiorp.: 59 Ha3s.

AnHoTanus. B craThe npusesicH 0630p myOIMKanii 1o MEHEPKMEHTY BOZOEMOB 1 C(OPMYIIHPOBaHA HO-
Basi MOJIe]Ib CTOXACTHYECKOH JMHAMUYECKOIl ONTUMHU3ALMI UIsl YIPABICHUs OaJlaHCaMH BOJHBIX Macc B JaH-
HoOIT obnactu. IIpemmaraemblii MOAX0M CTOXaCTHYECKONH ONTHMH3AINH JOIYCKAeT HCIIOIb30BAaHUE TAKHMX MHO-
JKECTBEHHBIX ~KJIIOYCBBIX HHIMKATOPOB PE3y/IbTATHBHOMCTH, KaK IPOM3BOJACTBO B OTPACIH CEIBCKOIO XO3s-
HCTBA M JHEPIeTHKH, 3allUTa OT HABOJHCHHH M BOJOOXpaHA OOJIOTHUCTBIX MECTHOCTEH, IOAEpPIKKa
O1opa3Ho00pa3usi U coxXpaHeHHe BojoeMa. [IByXdTamHash OCOOCHHOCTb MPEAIaraeMoil MOJEIH WHIYLHUPYeT
yCIIOBHs O€30MaCHOCTH Ha BOJOCHA0KECHNE, N3BECTHBIC KAK BEPOSTHOCTHBIC OTPAHUYCHUS B CTOXAaCTHYCCKOMH
ONTHMHU3ALNN — OTPAaHHYEHHS] 0E30IIACHOCTH B SIICPHON YHEPreTHKe, OTPAaHMYCHHS YCTOHIUBOCTH B CTPAXo-
BOM OM3HecCe HJIM OTpaHHYEHHS Ha YCIOBHYIO CTOMMOCTB IO PUCKOM B (puHAHCaX. cXonHyI0 HelIUHEHHYIo,
HEBBIMYKIYI0O U 49acTO PaspbIBHYKO MOJCTb MOXHO CBECTH K 3aJadyaM JIMHEIHOTO IIPOrpaMMUPOBAHUSL

KuroueBble cj1oBa: cToxacTHUeCKast OITUMH3ALUs, PUCK, MECHEDKMEHT BOJAHBIX PECYPCOB, AByXdTallHas 3a1a-
qa, SKCTPEMAJIbHBIC COOBITHSL.

Ipo mopeni croxacTH4yHOi onTuMizamii i MeHEIKMEHTY BOJOCXOBHII 3 YPaXyBaHHSIM PHU3MKIB /
10.M. €pmoubes, T.1O. Epmoanena, T. Kaxin, M. O6epuraiinep, B.M. I'op6auyk, I1.C. Knuonos // KiGep-
HeThka Ta cucreMuuii anamisz. 2019. Tom 55, Ne 1. C. 68-79.

AHoTauis. Y CTaTTi HaBEACHO OIS MyOIiKaliid 3 MEHEPKMEHTY BOJIOWM i MOOY/I0BaHO HOBY MOJIEINb
CTOXACTUYHOI JJMHAMIYHOI ONTUMI3aLil AJ1s ynpaBJliHHs OajaHcaM¥l BOAHUX Mac y JaHiil obnacti. 3anpornoHo-
BaHUI MiIXI CTOXaCTHYHOI ONTUMI3alii JOMyCKae Taki MHOKHHHI KIIFOYOBI iHANKATOPH PE3yIbTATHBHOCTI, SIK
BHPOOHHUIITBO Yy Tally3i CiIbChKOT0 TOCIOAAPCTBA Ta SHEPreTHKH, 3aXUCT BiJl TIOBEHEH i BOJJOOXOpOHA 6OJIOTHC-
TUX MICLEBOCTEH, MATpUMKa Oi0pi3HOMAHITTS 1 30epexeHHs BogoHMH. [IBoeTanHa 0COOIMBICTh 3aIIPOIIOHOBA-
HOI MOl 1HIYKy€e YMOBHU OC3IEKH Ha BOAONOCTaYaHHs, BiJIOMI SK IMOBIpHICHI OOMEXKEHHS y CTOXaCTHUYHIH
onTuMizalii — oOMexXeHHs1 O0e3NeKH B sACpHiil eHepreTuil, 0OMeXeHHs CTIHKOCTI y CTpaxoBoMmy Oi3Heci 4u
0oOMeXeHHsI Ha YMOBHY Mipy pu3uky y (inaHncax. [ToyaTkoBy HemiHiliHY, HEONMYKIY 1 YaCTO PO3PUBHY MOJAENb
MOXKHA 3BECTH [0 3a4a4 JiHIfHOro MmporpamyBaHHS.

KiouoBi cioBa: croxacTMYHa ONTHMI3alliss, PU3MK, MEHEKMEHT BOJIHHMX pECypCiB, JBOCTAIlHA 3ajauya,
EKCTPEeMaJIbHI MOIiI.

On stochastic optimization models for risk-based reservoir management / Yu. Ermoliev, T. Ermolieva, T. Kahil,
M. Obersteiner, V. Gorbachuk, P. Knopov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 68-79.

Abstract. The paper provides an overview of publications on reservoir management and formulates a
novel stochastic dynamic optimization model for controlling the water mass balances in the area affected. The
proposed stochastic optimization approach allows multiple key performance indicators such as agriculture and
energy production, wetland water and flood protection, biodiversity preservation, and reservoir storage.
A two-stage feature of the proposed model induces the safety constraints on water supply known as chance
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conditions in stochastic optimization — safety constraints in nuclear energy, stability constraints in insurance
business, or constraints on the Conditional Value-at-Risk (CVaR) in finance. The original nonlinear, nonconvex
and often discontinuous model can be reduced to linear programming problems.

Keywords: stochastic optimization, risk, water resource management, two-stage problem, extreme events.

VK 519.6

KpaeBoii 3@(eKT B 0OlleHKE TOYHOCTH CETOYHOr0 MeTOAa/Isi pemeHus: M depeHaaIbHOro ypaBHeHUs
¢ apo6noii mpomssoxanoii / B.JI. Makapos, H.B. Maiiko // KubGepuernka u cuctemublii aHanmu3. 2019.
Tom 55, Ne 1. C. 80-95.

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

AnnoTanus. [1ocTpoeHsI U HcclieJOBaHbI CETOUHBIE METOIbI PEIICHHS IEPBOH KpaeBoil 3afaun As aud-
(hepeHumanbHOrO ypaBHEHHs ¢ Mpou3BoaHON Pumana—JInyBuiis apoOHoro nopsiaka. IIpu nomommm dyHKimu
I'puna xpaeBas 3aaua CBOAUTCS K MHTErpajbHOMY ypaBHeHHIo dpenronbma, s AUCKPETH3ALUH KOTOPOTO
MIPUMEHSFOTCS MHTEPIIOJISILIMOHHBIE TTOJIMHOMBI Jlarpanxa. /loka3aHbl BECOBbIE OLIEHKH TOYHOCTH CETOUYHBIX 3a-
Jlay, YYUTHIBAOIIUE BIMsAHUE KpaeBoro yciosus Jupuxiie. [ToaydeHHble pe3ysbTaThl CBUJIETENBCTBYIOT O TOM,
YTO B NPUTPAHUYHBIX y371aX CETKH TOYHOCThH IPUOIIDKEHHOIO PELICHUS BBIIIE, YeM B €€ BHYTPEHHHX y3JaX.
TeopeTnueckue pe3ynbTaThl MPOULIIOCTPHPOBAHEI YHCICHHBIM IIPUMEPOM.

KuroueBble cioBa: nuddepeHnuanbHoe ypaBHeHHE, KpaeBoe ycinoBue Jlupuxie, npon3BoaHas JpOOHOro mo-
pAJiKa, CETOYHOE pEIICHHE, OICHKA MOTPEHIHOCTH, KpacBoil 3((peKT.

KpaiioBuii edeKT B OLiHII TOYHOCTI CITKOBOro MeTOy /11 pO3B’A3yBaHHs U(pepeHiaabHOro piBHIHHS
3 1podoBolo noxianoio / B.JI. Makapos, H.B. Maiiko // Ki6epueruka Ta cucremuuii anamis. 2019. Tom 55,
Ne 1. C. 80-95.

Amnotaunisi. [ToOynoBaHO i ZOCHIIIKEHO CITKOBI METOJH PO3B’s3yBaHHS MEPIIOl KpaloBOI 3a1adi s JH-
(hepeHLianbHOTO PiBHSHHS 3 MOXiAHOW PiMana—JliyBiyuis qpoGoBoro mopsiiky. 3a gonomoror ¢yskuii I'pina
KpaioBy 3ajady 3BEICHO 10 IHTErpajbHOro piBHsHHA DpearosbMma, s AUCKPETH3ALIl SKOTO 3aCTOCOBAHO
iHTeprnossLiiiHi nominomu Jlarpamka. JloBeeHO BaroBi OLIHKM TOYHOCTI CITKOBHX 3ajady, sIKi BPaXOBYIOTh
BILIMB KpaioBoi ymoBu Jlipixie. OTpumaHi pe3ynbTaTh CBI[4aTh 1po Te, 10 TOYHICTh HAOIMKEHOTO PO3B’ 3Ky
BUIIA Y IIPUMEKOBHUX BY3JIaX CITKH, HDX B Ii BHYTpilIHIX By3nax. TeopeTH4HI pe3yabTaTH NPOUTIOCTPOBAHO YH-
CEeIBHUM IIPUKIIAIOM.

KumiouoBi ciioBa: nudepeniianpue piBHAHHS, KpaiioBa ymoBa [lipixie, moxiaHa ApoOOBOro MOPSAKY, CITKOBHI
PO3B’SI30K, OLIHKA MOXMOKH, KpalOBHH edexT.

Boundary effect in error estimate of the grid method for solving a fractional differential equation /
V.L. Makarov, N.V. Mayko // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 80-95.

Abstract. We construct and analyze grid methods for solving the first boundary-value problem for an
ordinary differential equation with the Riemann—Liouville fractional derivative. Using Green’s function, we
replace the boundaryvalue problem by the Fredholm integral equation, which is then discretized by means of
the Lagrange interpolation polynomials. We prove the weight error estimates, which take into account the
impact of the Dirichlet boundary condition. All the results give us clear evidence that the accuracy order of the
grid scheme is higher near the endpointd of the line segment than in the inner points of the mesh set. We
provide a numerical example to support the theory.

Keywords: fractional differential equation, Dirichlet boundary condition, grid solution, error estimate,
boundary effect.

VJK 519.8, 629.7

Pa3paGoTka po6acTHOro ajJiropuT™Ma rapaHTHPOBAHHOIO YLIHICOMIAILHOI0 OUEHHBAHUS H €ro mpume-
HeHHe /IS OPHEHTAIIMN MCKYCcCTBeHHOro cnyTHuka 3emun / H.JI. IlankpaTosa, A.B. Illonoxos // Kubep-
HeTHKa W cucreMHblii aHamu3. 2019. Tom 55, Ne 1. C. 96-105.

In.: 3. Tabn. 0. Bibmiorp.: 19 Ha3s.

AnHoTanusi. PazpaboTaH METO OLCHUBAHHS JTMHEITHBIX MHOTOMEPHBIX JMHAMHYECKUX YIPABIISEMBIX CHC-
TEM, BO3MYILAEMbIX TOJIBKO IO OAHOM (ha30BOW KoopauHare. B cucreme Tarke JOCTYNHA W3MEPEHUIO TOJIBKO
onHa (a3oBasi KOOPAMHATA, 10 KOTOPOW He AelcTBYeT Bo3MymieHue. Co3naH poOACTHBIN alrOPUTM 3JLTHIICOU-
JTAJIBHOTO OLEHUBAHMS, MUHUMH3UPYIOIIMHI CIIe]l MATPHIIBI JJUIMIICOM/IA, KOTOPBIH alllPOKCHUMHUPYET JOITyCTHMOE
MHOKECTBO TOUYEUHBIX OLEHOK. I[IpiuMeHeHHne MeTona M paboTOCIIOCOOHOCTh ANrOpPUTMa IIOKa3aHbl Ha IIpUMeEpe
OLICHMBAHMSI KyPCOBOTO yIJIa HCKYCCTBEHHOTO CITyTHHKA 3E€MIIH B IIPOLIECCE €ro ABMKEHUS 110 opbute. st ore-
HUBAHUSI UCIIONB3YIOTCS [OKa3aHHs! OOPTOBBIX MTOCTPOUTEIISI MECTHON BEPTUKAIIM U JATYMKOB YIIIOBOIT CKOPOCTH.

KiroueBble ciaoBa: p06aCTHBII>’I AJITOPUTM TapaHTUPOBAHHOT'O SJUIUIICOMIAJIBHOI'O OLCHHUBAHUS, OPUCHTALUA

HCKYCCTBEHHOTO CITyTHHKA 3eMJIH, THPOCKOIIMYECKUH TaTUHUK YIJIOBOU CKOPOCTH, HH(PAKPACHBIH IOCTPOUTEIIH
MECTHOM BepTHKaJIN.
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Po3podka po6acTHOro ajJropuTMy rapaHTOBAHOIO eJiINCOiAaJIbLHOr0 OLIHIOBAHHSA i HOro 3acTocyBaHHS
s opienTanii mwryynoro cynyrtHuka 3emui / H.JA. ITankparosa, O.B. Illosoxos // KibepHerrka Ta cuc-
temuuid aHaniz. 2019. Tom 55, Ne 1. C. 96-105.

AHorauisi. Po3po0sieHo0 MeTo/ OIiHIOBAaHHS JIIHIHHUX 0araTOBUMIPHUX JUHAMIYHUX KEPOBAHUX CHCTEM,
SIKi 30yPIOIOTHCSI TITBKH 32 OJHIEI0 (ha30BOI0 KOOPAUHATOIO. Y CHCTEMI JOCTYIHA BUMIPIOBAHHIO TAKOXK TLIBKH
onHa (a3oBa KOOpJMHATA, B3JIOBXK 5IKOi He Jie 30ypeHHs. CTBOPEHO pOOACTHHMIA AJrOPUTM EIIICOiNaIbHOTrO
OLIIHIOBAHHS, SKUH MIHIMI3ye CJIiJ MaTpHII eJIICcoifa, IO ampOKCHMYE IOIyCTUMY MHOXHHY TOYKOBHX
OLIIHOK. 3aCTOCYBaHHSI METOIy 1 Ipale3JaTHICTh alrOpHTMy IIOKA3aHO Ha MPUKIAJl OLIHIOBAaHHS KypCOBOTO
KyTa IITYYHOTO CYIyTHHKA 3eMIli B MpoLeci Horo pyxy mo op0iti. J{yis oliHIOBaHHS BUKOPHCTOBYIOTHCS IOKa-
3aHHA OOpTOBUX MOOYAyBaya MICIIEBOi BEPTHKAl 1 JAaTYMKIB KYTOBOI IIBHMJKOCTI.

KirouoBi cioBa: poGacTHHIl aaropuT™M rapaHTOBAHOIO EJNIICOIAIBHOIO OL[HIOBAHHS, OPIEHTALIs IITYYHOIO
CymyTHHKa 3eMili, TIPOCKOIIYHHN IaTYMK KyTOBOI IIBHJKOCTI, iH(padepBOHMII IOOYyZOBYBad MicIEBOI
BEpPTHKAI.

Development of the robust algorithm of the guaranteed ellipsoidal estimation and its application for
orientation of the Earth artificial satellite / N.D. Pankratova, O.V. Sholokhov // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 1. P. 96-105.

Abstract. The method of estimation of linear multidimensional dynamic control systems perturbed by
only one of the phase coordinates is developed in the paper. Only one phase coordinate on which perturbation is
not operated is available for measurement in the system. A robust algorithm for ellipsoidal estimation is
developed, which minimizes the trace of the matrix of ellipsoid that approximates admissible set of point
estimates. Application of the method and efficiency of the algorithm are shown on the example of estimating
the heading angle of an artificial Earth satellite during its orbital motion. The onboard builder of local vertical
and angular velocity sensors are used for the estimation.

Keywords: robust algorithm of guaranteed ellipsoidal estimation, orientation of artificial Earth satellite,
gyroscopic thahometer, infrared builder of local vertical.

VK 519.6:551.511.6
ATMocdepHbIe npouecchl B 3JeMeHTaX ropoackoii 3acrpoiiku / B.A. IIpycos, A.E. lopomenko, T.A. Co-
gaory6 // Kubepuernka m cucreMusrid anamms. 2019. Tom 55, Ne 1. C. 106-126.

In.: 11. Ta6a. 1. Bibmiorp.: 30 Ha3s.

Annoranus. IToxazansl 3 )eKTHBHOCTS ¥ TOYHOCTH NPEAIaraeMbIX THIPOANHAMUYECKON MOJEIH aT-
Mocdepsl, TypOyIeHTHON MOZCIH 3aMBIKaHHs, METOIOB alllIPOKCUMAIUH IIPOU3BOAHBIX IEPBOTO H BTOPOTO II0-
PSIKOB Ha HEPaBHOMEPHOI CeTKe U a0COTIOTHO yCTOWYMBAS PAa3HOCTHAS CXeMa HA OCHOBE PELICHHUS MPUKIaf-
HBIX 3a7a4. [IpoBesieHO cpaBHEHME Pe3ybTaTOB MaTEMaTHYECKOTO MOJESIMPOBAHUS a3POJUMHAMHKHU YIHYHBIX
KaHbOHOB C CYLIECTBYIOUIMMH TEOPETHUECKMMM M AKCIEPUMEHTANbHBIMH JaHHBIMU. ccaenoBaHo BiUsHHE
JUIMHBI YJIIMYHOTO KaHbOHA M BBICOTHI IOMOB Ha XapaKTEPHCTHKH BO3IYIIHOIO IIOTOKA B FOPOJICKOH 3aCTpoHKe.
IToka3aHo, 4TO N3MEHEHNE KOH(UTYpalUH TOPOACKON 3aCTPOHKY IPHBOJAUT HE TOIBKO K KOIHIECTBEHHOMY, HO
U K CYIIECTBCHHOMY KAa4eCTBCHHOMY H3MCHCHHUIO KapTHHBI TCUCHHS BO3IyXa U €0 CKOPOCTH.

KuirodeBble ciioBa: rHApoJAMHAMHUYECKas ME30MAcIITaOHas MOJIEIb aTMOC(EpBI, PA3HOCTHAS CXEMa, 3aMbIKa-
HHE MOJICNTH TypOYyJICHTHOCTH, CKOPOCTh BETPaA, POTOP CKOPOCTH, TIPAMOYTOJIBHBIH KaHall, YIMYHbIH KaHbOH, TO-
poJcKas 3acTpoiika.

AtMocdepHi npouecu B elieMeHTax Michbkoi 3a6y10Bu / B.A. TIpycos, A.1O. lopomenko, T.A. CoJioryd /
KibepHernka Ta cucremuumii anamiz. 2019. Tom 55, Ne 1. C. 106-126.

Awnotaunisi. [IporeMOHCTPOBaHO ehEeKTUBHICTD 1 TOUYHICTH PO3POOICHUX TiAPOIHHAMIUYHOT MOZEII aTMOC-
tepn, TypOyJIeHTHOI MOJEIN 3aMHUKAaHHS, METOMIB armpOKCHMAIlii MOXiJHUX MEpIIOro i APYroro MOpPsJIKIB Ha
HepiBHOMIpHIH CiTII Ta aOCOJIIOTHO cTilika pi3HULEBa CXeMa Ha OCHOBI PO3B’sI3aHHs IPUKJIATHUX 3a1a4. Hase-
JICHO HOPIBHSIHHSI PE3yJIbTATiB MATEMaTHYHOTO MOJICITIOBAHHS aCPOIMHAMIKY BYJIMYHUX KaHBHOHIB 3 HAsIBHUMU
TCOPETUYHUMH 1 CKCIICPUMCHTAIBHUMHU JAaHUMH. J{OCTIKEHO BIUIMB JOBKUHH BYJINYHOTO KaHBHOHY i BHCOTH
OyZMHKIB Ha XapaKTEPUCTHUKH IOBITPSHOTO MOTOKY B MichKiil 3a0ynoBi. [TokazaHo, 1o 3miHa koH(irypamii
MicbKOi 3a0yZ0BH NPU3BOAUTH HE TUIBKH 10 KUIBKICHOI, ane i 0 ICTOTHOI SIKICHOI 3MiHH KapTHHH Tedil
HOBITPs 1 HOr0 MIBHAKOCTI.

KimouoBi ci1oBa: rigpopuHamiyHa MesoMacirabHa Mozielb aTMoc(epu, Pi3HULIEBA CXEMa, 3aMUKAHHS MOJIEN Typ-
OyJICHTHOCTI, IBHAKICTB BITPY, POTOP MIBHAKOCTI, IPSIMOKYTHHI KaHaJI, By THIHHIT KaHbHOH, MiCbKa 3a0y/10Ba.
Atmospheric processes in elements of urban construction / V.A. Prusov, A.Yu. Doroshenko, T.A. Sologub
// Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 106-126.

Abstract. The authors demonstrate the efficiency and accuracy of the developed hydrodynamic model of
the atmosphere, turbulent closure model, methods for approximating the first- and second-order derivatives on
an irregular grid, and the absolutely stable difference scheme based on the solution of applied problems. The
results of mathematical modeling of aerodynamics of street canyons are compared with available theoretical and
experimental data. The influence of the length of the street canyon and height of the houses on the
characteristics of air flow in the urban development is investigated. It is shown that changes in the configuration
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of urban development lead not only to quantitative but also to a significant qualitative change in air flow pattern
and velocity.

Keywords: hydrodynamic mesoscale model of the atmosphere, difference scheme, closure of turbulence model,
wind velocity, velocity rotor, rectangular channel, street canyon, urban development.

VK 519.6

MeToas! JHHeiHOH aaredpbl B 3agavax HCCJIeJI0BAHHSI HEKOTOPLIX KJIACCOB HEITHHEHHBIX JHCKPETHO
npeodpasyomux cucreM. I. MyJbTHININKATUBHO HesHHeiiHble cuctembl / B.A. Crosin // Kubepuernka u
cucreMubrid aHanms. 2019. Tom 55, Ne 1. C. 127-134.

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

AHHOTanus. PaccMOTpEHbI U/IeH 1 METO/IbI T1CeB1000PaIleHNs JTMHEHHBIX alredpanyecKix CUCTeM JUIs
3a/1a4 MOCTPOCHMSI HAMIIYYIIEr0 CPEIHEKBAAPATHIECKOr0 NMPUOIMKEHHS K PEIICHHIO HETMHEHHBIX JTHCKPETHO
npeobpasyromux cucreM. OIrcaHsbl cirydan, Korza GopMa HeIMHSHHOCTH OIPeAeIIsieTcs IeKapTOBBIM IIPON3Be-
JICHHEM WM HTePallHOHHBIM YTOUHEHUM JINHEHHO mpeoOpa3oBaHHTo BXxoAa. [1ocTpoeHs! IceBaopeeHns KBaj-
PaTHYECKH HEIHHEIHBIX CHCTEM, a TAK)KE CHCTEM HPOU3BOJIBHOTO IOPSi/IKA HEJIMHEHHOCTH U MCCIICIOBAHBI HX
TOYHOCTh M OJHO3HAYHOCTb.

KiroueBbie cioBa: HCCB[IOO6paIIIeHI/[€, HETMHEIHbBIS JUCKPETHO npeo6pa3y}omne CHUCTEMBI, HEJTMHEWHbBIE all-
I‘e6paI/I‘{eCKI/IC CHUCTEMBI, MYJIBTUIUIMKAaTHUBHO HEITMHEHHBIC CHCTEMEI.

Metoau JiHiiiHOT ajaredpu B 3a/1a4ax JOCTiZKeHHs AesIKUX KJIAciB HeJXiHIHUX JMCKPETHO NepeTBOPIo-
BaJabHUX cucTeM. I. MynabTuniikaTuBHO HediHilini cucremu / B.A. Ctosn // KiGepHernka Ta cHCTeMHHUH
anamiz. 2019. Tom 55, Ne 1. C. 127-134.

Anoranis. Po3risiHyTO in€i i MeToan 1nceB1000epHEHHS NiHIIHUX alreOpalyHuX CUCTEM Ul 3ajad I110-
OyJI0oBM HAMKpAIIOro cepeHbOKBAIPATHYHOrO HAOIMKEHHS 0 PO3B’A3KiB HENMHIHHNX IMCKPETHO MEPETBOPIO-
BaJIbHUX cHuCTeM. HaBeneHo Bumanku, xomu GpopMy HETiHIHHOCTI BU3HAYAIOTh AEKaPTOBHM TOOYTKOM abo ite-
pauiiHUM yYTOYHEHHSM JIIHIMHO mepeTBOpeHoro Bxoay. I[loOyaoBaHO TICEBIOPO3B’SI3KM  KBAJIPATUYHO
HEJIIHIMHUX CHCTEM 1 CHUCTEM JIOBUIBHOTO MOPSAIKY HE JIIHIHHOCTI Ta JOCHIZKEHO IXHIO TOYHICTH 1 OJHO-
3HAYHICTh.

Kuaio4oBi ci10Ba: 1nceB1oo0epHEHHs, HENHIMHI IUCKPETHO MEPETBOPIOBAIBHI CUCTEMH, HENiHIMHI anreOpaivHi
CHUCTEMH, MYJIBTHUIUIIKATUBHO HEJIHIHHI CHCTEMH.

Methods of linear algebra in problems of the analysis of certain classes of nonlinear discretely
transformative systems. I. Multiplicatively non-linear systems / V.A. Stoyan // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 1. P. 127-134.

Abstract. The ideas and methods of pseudo-inversion of linear algebraic systems are propagated to
problems of constructing the best root-mean square approximation to solutions of nonlinear discretely
transformative systems. The cases are considered where the form of nonlinearity is defined by a Cartesian
product or iterative specification of linearly transformed input. Pseudo-solutions of quadratic nonlinear systems
and systems of arbitrary order of nonlinearity are constructed and analyzed for accuracy and uniqueness.

Keywords: pseudo-inversion, nonlinear discretely transformative systems, nonlinear algebraic systems,
multiplicatively nonlinear systems.

VIK 519.6+51-74+621.791.011+539.43

MeToabl YHCJIEHHOTO MPOTHO3MPOBAHUS PA0OTOCIOCOOHOCTH CBAPHBIX KOHCTPYKIHI HA KOMIbIOTEpax
rubpuanoii apxurexktypsl / E.A. BeauxouBanenko, A.C. Mwuienun, A.B. Ilomos, B.A. Cuaopyk,
A.H. Xumnu // Kubeprernka u cuctemusnii anamms. 2019. Tom 55, Ne 1. C. 135-148.

In.: 6. Tabn. 0. bi6miorp.: 21 Ha3zB.

AnHOTanus. PaccMOTpPeHbI BEICOKOIIPOM3BOAUTENIBHBIC PACUETHBIC aITOPUTMBI JUIS KOMIIBIOTEPOB HO-
PHUIHOM apXUTEKTYpPBI ULl PELICHUs 3a/1a4 IIPOTHO3UPOBAHUS HANIPSHKCHHO-A1E(pOPMUPOBAHHOIO COCTOSIHUS OT-
BETCTBEHHBIX CBAPHBIX KOHCTPYKIHH C YUIETOM 3apOXKACHUS W PAa3BHTHS JOKPUTHYCCKOIO PaspyIICHHUS MeTal-
J1a 0 MEXaHU3MY MAaJIOLHKIOBON yCTamoCTH. [Ipe/ioxKeHb! alropuTMbl IPUMEHUTEIIBHO K XapaKTepPHBIM 3a/1a-
YyaM aHajaM3a pPabOTOCIOCOOHOCTH CBapHBIX TPYOOIPOBOMHBIX HJIEMEHTOB C Je(eKTaMH HECIUIOUIHOCTH
MeTajula KOPPO3HOHHON MPHPO/IBL.

KiroueBble c10Ba: MaTeMaTHYECKOE MOJACIUPOBAHUE, BBICOKOIIPOU3BOAUTEIILHBIE BBIYHCICHUS, FMGPPII[HBIe
AJITOPUTMBI, HaHpﬂ){(eHHO-He(bOpMI/IpOBaHHOC COCTOSIHHUE, BS3BKOC pPa3pyHICHUE, CBAPHBIE KOHCTPYKIHUH.

MeToau YHMCeIBLHOI0 MPOrHO3yBAHHS POOOTO31aTHOCTI 3BAPHUX KOHCTPYKILii Ha KoMI’loTepax riopua-
Hoi apxitexktypu / O.A. BeqmmkoiBanenko, O.C. Minenin, O.B. ITonos, B.A. Cunopyk, O.M. Ximiu //
Kibepuetnka ta cucremuuii anamiz. 2019. Tom 55, Ne 1. C. 135-148.

AHoTanis. Po3risHYTO BHCOKONPOMYKTUBHI PO3PAaXyHKOBI alTOPHUTMH I KOMII'IOTEpiB TiOpHaIHOT
apXiTeKTypH 3 METOI PO3B’sA3aHHS 3aj1a4 NPOTHO3YBAHHs HAIPYKEHO-1e(hOPMOBAHOTO CTaHY BiJMOBITAIBHHIX
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3BapHUX KOHCTPYKUIH 3 ypaxyBaHHSM 3apO/DKCHHS 1 PO3BHTKY JOKPUTHYHOIO PYHHYBaHHS METaly 3a Me-
XaHI3MOM MaJIOIMKIIOBOI BTOMHM. 3alPOIIOHOBAHO aJrOPUTMH Ui CHelU(iYHUX 3a/ad aHalizy poOoTo3/aT-
HOCTI 3BapHUX TPYOONIpPOBIIHUX €IEMEHTIB 3 Ae(eKTaMH HEeCyLiITbHOCTI MeTally KOpO3iHHOI mpupomu.

KuiouoBi ci10Ba: MaTeMaTHuHE MOJCIIOBAHHS, BHCOKOIPOIYKTHBHI OOYHMCICHHS, [OPHAHI alrOpUTMH, HaIpy-
KEHO-Je(OPMOBaHUI CTaH, B’sI3Ke PyiHHYBaHHs, 3BapHi KOHCTPYKIL.

Methods of numerical forecasting of the working performance of welded structures on computers of
hybrid architecture / E.A. Velikoivanenko, A.S. Milenin, A.V. Popov, V.A. Sidoruk, A.N. Khimich //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 135-148.

Abstract. The authors consider high-performance computational algorithms for computers of hybrid
architecture to solve problems of predicting the stress-strain state of critical welded structures with regard for
initiation and development of subcritical fracture of metal in accordance with the characteristic problems of
analyzing the operability of welded pipeline elements with corrosive defects of metal discontinuity according to
mechanism of low-cycle fatigue.

Keywords: mathematical modeling, high-performance computing, hybrid algorithms, stress-strain state, ductile
fracture, welded structures.

YIAK 517.977

CTpaTeruu rpynnoBoro cO/IMKeHusi B MeTo/ie pa3pemaomux GyHKuuii 118 KBa3WJIHHEeHHbIX KOH(INK-
THO-ynpasJsieMbIx npoueccos / U.C. Pammonopt // Kubepueruka u cucremublii ananmus. 2019. Tom 55, Ne 1.
C. 149-163.

In.: 0. Tabn. 0. Bi6umiorp.: 29 Ha3zs.

AunHoTtauus. lcciegoBan MeTOx paspemialommx (OYHKUHHA Ul CTpaTerdii TPYIIIOBOrO COMMKEHHUS
B KBa3WJIMHEHHBIX KOH(IMKTHO-yIpaBIsieMbIX Tporeccax. IIpeuiokeHa Moau(UIUpoOBaHHAs cXeMa METOJa,
obecrieunBaroIas OKOHYaHUE MTPBI 32 ONPEJITIEHHOE rAPAaHTUPOBAHHOE BPEMsI B KJIACCE CTPOOOCKOITHYECKHX
cTpaTeruii 63 JONMONHHUTEIBHEIX YCI0BHi. [loka3aHbl pe3ynbTaThl CPAaBHEHUS TapaHTHPOBAHHBIX BPEMEH pa3-
JIMYHBIX CXEM METOJa Pa3peuIaromuXx (QyHKIH.

KurodeBble ci10Ba: cTpaTerns ynpasleHHs, TPYIIOBOE COMMKEHUE, pasperaronias GpyHKIMs, cTpoboCcKomnu-
geckas CTpaTerus.
Crparerii rpynoBoro 30/IEKeHHSI y MeTOAI PpO3B’A3yBalIbHHX (YHKLiH Aaa  KBasidiHiiiHHx
KoHTiKTHO-KepoBannx mpomnecis / M.C. Panmonopr // Kibeprernka ta cucremunii ananiz. 2019. Tom 55,
Ne 1. C. 149-163.

AwnoTtanis. JIocTipKeHO MeTon po3B’s3yBadbHUX (GYHKIIH Ul cTparterii rpymnoBOro 30IMKCHHS Yy
KBa3UTIHIIHIX KOH(IIIKTHO-KEPOBAHHX IpoLecax. 3anpornoHOBaHO MOH(BIKOBaHY CXeMy METOAy, 110 3abe3me-
4ye 3aKiHYCHHs IPH 32 [IEBHUI rapaHTOBAHMH Yac y KJIaci CTpOOOCKOIMIYHUX CTpaTerii 0e3 104aTKOBUX YMOB.
HaBeneHO pe3yJbTaTH MOPIBHSHHS TapaHTOBAHHMX YaciB PI3HUX CXEM METOMY PO3B’S3yBaIBHUX (YHKII.

KumiouoBi ciioBa: crpaterisi KepyBaHHs, IPYNOBe 30IIKECHHS, PO3B’s3yBajibHa (YHKLIsI, CTPOOOCKOMIYHA CTpa-
TEris.

Strategies of group approach in the method of resolving functions for quasilinear conflict-controlled
processes / J.S. Rappoport // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 149-163.

Abstract. The paper analyzed the resolving-functions method as applied to strategies of group approach
for quasilinear conflict-controlled processes. A modified scheme of the method is proposed. This scheme
ensures the end of a game within a certain guaranteed time period in the class of stroboscopic strategies without
any subsidiary conditions. The guaranteed times for various schemes of the resolving-functions method are
compared.

Keywords: control strategies, group approach, resolving-function, stroboscopic strategy.

YIK 532.22
HenpepsbiBHasi Mofie/Ib Pa3pyIIHTENbHON OCHMIAIMOHHON JMHAMHKY JIOKAJIbLHOI NMOMYJIsINMA BpeauTe-
as jgeca B Kanage / A.JO. IlepeBapioxa // Kubepreruka m cucremHsii anamus. 2019. Tom 55, Ne 1.
C. 164-177.

In.: 9. Tabn. 0. Bibmiorp.: 19 Hazs.

AHHoTanus. ONucaHo pe3Koe ¥ NPOJOJIKUTEIBHOE U3MEHEHHUE B PA3BUTUH MOITYJISLIMOHHBIX IIPOLIECCOB,
TpeOylolee yCOBEPIICHCTBOBAHMS MaTeMAaTHIECKUX MeToqoB. HeoObruHas cMeHa (a3 B pa3sBUTHH MacCCOBBIX
Pa3MHOXCHUIA BpeaAnuTeseH Jieca 00ycIoBHIa UICIO Pa3padOTKH HOBOW MOJIENH, B KOTOPOi BaKEH HE UTOTOBBIi
BHJI ACUMIITOTUYECKH YCTOWYHUBOTO COCTOSIHUS Tocie Oudypkanuii, a mepexoanslii pexxum. SIBieHue, oToxe-
CTBJIIEMOE B UCCJIE/IOBAHUAX MO SKOJIOIHH C IOMY/ISLMOHHBIMU BCHBIIIKAMU (HECTAllMOHAPHBIMH PAa3HOPO IHbI-
MH INIPOLECCaMH), B KOHKPETHOI CHUTYal[MH NPEIIOKEHO PacCMaTpPHUBaTh B KOHTEKCTE JUIUTENIBHOTO Koseha-
TEJIBHOTO PEXMMa Kak MK (a3bl pe3KUX HerapMOHMYECKHX ocumuinuid. HoBast tuHaMmudeckast Moziels B Gop-
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Me audpepeHIHaIbHOTO YpaBHEHHUs OIHCHIBACT YOBIBAIOILYIO MICEBAONCPUOIUYCCKYIO TPACKTOPHIO 3aTyXaHHUs
BHE3AIHBIX PE3KUX KOJeOaHuii, peanusyromunx 0e301dypKalnoHHbIIi ClIeHApHii CaMOIIPON3BOJIBHOTO 3aBepIiie-
HHS JUIst 0cO00r0 BapuaHTa MacCOBBIX Pa3MHOKEHUH BpEeUTEIs Jieca Ha IPUMEpPe CHTYalllU B JIBYX IPOBHUHIH-
sx Bocrtounoit Kananpl.

KimoueBble cjioBa: HelpepbIBHAs MOJIENb HOIMYJISIHHU, B3pbIBOOOpa3Has AMHAMHUKA HOIY/IAIMOHHON BCHBIIIKM
HACEKOMBIX, MEPEXOAHBIN PEXUM OCUMIUISALMUM, 3aTyXaHMe LMKJA, BCIBIIIKM Bpexurens jeca B Kanaze.

HenepepBHa mojeb pyiHIBHOI KOJIMBAIBLHOI IMHAMHUKY JIOKAJAbHOTONY s Uil mKigHuka jgicy B Kanani
/ A.JO. IlepeBapioxa // Kibepueruka ta cucremuunii anami3. 2019. Tom 55, Ne 1. C. 164-177.

AmnoTanis. OnucaHo pi3Ky i TpUBaTy 3MiHY B PO3BUTKY HOITYJISILIHHHX IIPOLECIB, [0 BUMArae BIOCKOHA-
JICHHs MaTeMaTUYHUX MeToxiB. He3Buuaiina 3MiHa (a3 y po3BHTKY MAacOBHX PO3MHOMKECHb MIKITHHKIB JCy
CHPUYMHUIIA 1]1eF0 PO3pOOIICHHS. HOBOI MOAENI, Y SIKiil Ba)KJIMBUM Oy/ie HE MiJICYMKOBUI BUTJIS] ACHMITOTUYHO
CTiliKOro cTaHy micist Oidypkaiiid, a nepexiguuil pexum. SIBuine, sKe B JOCTIIKECHHAX 3 €KOJIOTil 0TOTOXKHIO-
I0Th 3 NOMYJSLIHHUMM craaxamy (HecTalliOHapHUMH Pi3HOPIAHMMHE MPOLecaMu), y KOHKPETHIil cuTyarii 3a-
IIPOIOHOBAHO PO3IIISLAATH Y KOHTEKCTI TPUBAJIOrO KOJUBAJIBLHOIO PEXUMY SIK MK (a3u pi3KuxX HErapMOHIHHUX
ocrmsiniil. HoBa quuamivea Mozens y GpopMi 1udepeHiaIbHOrO PiBHSIHHS ONUCYE CIIaJHy [CEBIONEPIOANIHY
TPAEKTOPIIO 3TaCaHHs PATOBUX Pi3KHX KOJIHMBAHb, IO peai3yloTs 6e30idypraniiinuii cieHapii MUMOBIIEHOTO
3aBEPIICHHS JJIs1 OCOOIMBOIO BapiaHTy MAacOBUX PO3MHOKEHB IIKIJHUKA JIICIB HA MPHUKIAIl CUTyalii B IBOX
npoBinnisx Cxignoi Kanamu.

KurouoBi cioBa: HemepepBHa MOJeNb IOMYJILii, BUOyxomoaiOHa AMHAMIKA HMOIYJSILIHHOTO clianaxy Komax,
MePEeXiIHMNA PEeKUM OCHMJISILIN, 3racaHHs LUKy, Calaxu MLIKiqHuKa Jjicy B Kanani.

Continuous model for the devastating oscillation dynamics of local forest pest populations in Canada /
A.Yu. Perevaryukha // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 164-177.

Abstract. A sharp and prolonged change in the development of population processes requires the
mathematical methods to be improved. Unusual phase changes in the development of mass reproduction of
insect species dictates the idea to develop a new model, where not the final form of the asymptotically stable
state after bifurcations will be important, but the transitional mode. The phenomenon, which is identified in
environmental studies with a population outbreak, in a particular situation is proposed to be considered within
the context of a long oscillatory mode, only as a peak of the phase of sharp nonharmonic oscillations. The new
dynamic model in the form of a differential equation describes a decreasing pseudoperiodic trajectory of
damping of sudden sharp oscillations, which realize a non-bifurcation scenario of spontaneous completion for a
particular variant of mass reproduction of the pest. A situation in the two provinces in East Canada are
considered as an example.

Keywords: continuous model of the population, explosive dynamics of insects, transient oscillation mode,
cycle damping, forest pest outbreaks in Canada.

HOBI 3ACObBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKH, OBYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

VK 519.64+519.86:53.072
3amaun, MeTOAbI M AJTOPHTMBI B MOJEJIAX (PH3HYECKHX OCHOB 3JIEMEHTOB ONTHYECKHX KOMIBIOTEPOB /
B.H. Crapkos, I1.M. Tomuyk // Kubepueruka u cucremusiii ananus. 2019. Tom 55, Ne 1. C. 178-192.

In.: 6. Tabn. 0. Bibmiorp.: 25 Ha3B.

AnnoTtanusi. PaccMOTpeHs!I /1Ba BapuaHTa 3a/1a4, BOSHUKAIOMIUX TIPU Pa3pabOTKe ONTHYECKHX KOMIIBIO-
TepoB. IlepBbIil BapuaHT CBS3aH ¢ MATEMAaTHYCCKHM HCCICAOBAHMEM MPOOJIEM ONTHYCCKOi GHCTaOMIBHOCTH
[IPY MHOTOITYYKOBOM B3aHMOJICIICTBHH Ja3ePHOr0 M3IIYYCHHS B HEIMHEHHBIX cpejax. CyIiecTBOBaHUE ONTH-
YeCKOW OMCTAOWIIBHOCTH MOJATBEPXKICHO PE3yJIbTaTaMU PELICHHs KPAaeBOM 3aJauM ISl CUCTEMbl HETMHEHHBIX
OOBIKHOBEHHBIX I (epeHIHaNbHBIX YpaBHEHUI. B 001iem ciryyae HecTalmOHapHOTO Mpoliecca 3ajia4a cBeie-
Ha K PEIICHUI0 CHCTEMBI JIBYX HEJIMHEHHBIX HHTETPAJIbHBIX YPABHEHHI OTHOCHTEIIBHO KOMILIEKCHBIX aMILIUTYL
MHTEP(EPEHIIMOHHBIX KapThH. VcclieIoBaHMIO TIPOIECCOB TOTTIOMIEHHS M PACCEsSHNs CBETa HAHOMAaTepUalaMH
MOCBSIIIICH BTOPOH BapHaHT 3a[ad. B pe3yibrare Moiyd4eHO MHOTOMEPHOE MHTErPAIbHOE YPABHCHHE OTHOCH-
TEIBHO KOMIIEKCHON aMIUIUTY/IbI JIEKTPUYECKOro osst. [IpUHINNHAIBHO BaXKHOH OCOOCHHOCTBIO 3TOTO ypaB-
HCHHUSI SBIISICTCS €r0 CHHTYISIPHOCTh BHYTPH HAHOYACTHIIBI.

KiroueBble ciioBa: OHCTaOMIBHOCT, ONTHYECKUH KOMIBIOTEp, MaTeMaTHUecKas MOJEIb, JIA3ePHOE B3aUMO-
JIeUCTBHE, MHTETPAIbHOEC ypaBHEHHE.

3ajgavi, Meroaum i ajaropuTMH B MojAedsiX (IBMYHMX OCHOB €JIEMEHTIBONTHYHHMX KoMn’loTepin /
B.M. Crapkos, I1.M. Tomuyk // Kibepueruka ta cucremuuii anainiz. 2019. Tom 55, Ne 1. C. 178-192.

AHorauis. Po3risiHyTo J1Ba BapiaHTH 3ajad, 110 BUHUKAIOTH IIiJ] yac PO3POOJICHHS ONTUYHUX KOMII [0~
TepiB. Ilepiuii BapiaHT MOB’s3aHHN 3 MaTeMaTHYHUM JOCII/DKEHHSM MPOOIEM ONTHYHOI OicTabinbHOCTI AJIs
Gararorry4koBoi j1a3epHOi B3aeMOii B HeNiHIHHNX cepeloBuiax. [cHyBaHHS onTHYHOT OicTabiNbHOCTI MiATBEP-
JDKYIOTh Pe3yJbTaTH PO3B’sI3aHHs KpaifoBOI 3a[aui JUlsi CHCTEMM HEJNIHIHHMX 3BHYaitHMX IndepeHLiaIbHIX
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piBHSHB.Y 3araJlbHOMY BHIAJKy HECTALliOHAPHOTO MPOILECY 3ajady 3BEACHO 10 PO3B’SI3aHHS CHCTEMH BOX
HEJNHIWHKUX IHTEerpajJbHUX PIBHSIHB BITHOCHO KOMIUIEKCHUX aMILTITYZ iHTepdepeHuiitnux kaptul. [Ipouecu mo-
TJIMHAHHS 1 PO3CISIHHS CBITJIAa MaTepiajlaMy JIOCHIZPKEHO B IPYTOMY BapiaHTi 3a1a4. Y pe3yJibTaTi ojiep>kaHo Oa-
raTOBUMIpHE IHTErpajbHE PIBHSIHHS BIZHOCHO KOMIUICKCHOI aMIUTITYIH €JICKTPUYHOro mossi. I[IpHHIMIOBO
B&XJIMBOIO BIIACTHBICTIO DIBHSHHS € HOrO CHHIYJSIPHICTh BCEpEIMHI HAHOYACTHHKU.

KuirouoBi cjioBa: 0icTabibHICTh, ONTHYHHMN KOMII'IOTEp, MaTeMaTU4Ha MOJEINb, JIa3epHA B3a€MOJisl, 1HTEr-
pajibHE PIBHSHHS.

Problems, methods, and algorithms in the models of physicalfundamentals of the elements of optical
computers / V.N. Starkov, P.M. Tomchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 178-192.

Abstract. The paper considers two variants of problems that arise in the development of optical
computers. The first variant is related to the mathematical analysis of optical bistability in case of multibeam
intereaction of laser radiation in nonlinear media. The presence of this phenomenon follows from the solution
of the boundary-value problem for a system of nonlinear ordinary differential equations. In the general case of
an arbitrary nonstationary process, the problem reduces to solving a system of two nonlinear integral equations
with respect to complex amplitudes describing interference patterns. The other region of our study concerns
absorption and scattering of light by nanomaterials. As the result, a multidimensional integral equation with
respect to the complex amplitude of electric field was derived. A very important property of this equation is its
singularity inside the nanoparticle.

Keywords: bistability, optical computer, mathematical model, laser interaction, integral equation.
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