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VK 519.713.1
Ot dopmyn Buaa F(7) si3bika LP k —w-peryasipusiM BoipakenusM / A.H. Ueborapes // Kubepuernka u
cuctemusbiii ananms. 2020. Tom 56, Ne 5. C. 3-17.

In.: 2. Tabn.: 0. Bibmiorp.: 5 Ha3s.

Annotanus. [Ipu cunTese X-aBToMara, crieu(HIIPOBAHHOTO B s13bIKe LP, BO3HMKaeT 3amaua mpeacTas-
JICHHsI MHO)KECTBa OOPATHBIX CBEPXCIIOB, 3a/1aBaeMbiX (opmyioii F(f), B BUAE —@-PEryIsIPHOTO BBHIPAKEHHUSL.
IToctpoeHne >TOro BBIPaXKEHHSI OCHOBAHO HAa COOTBETCTBUH MEXTY CTPYKTYPHBIMH dJIeMeHTaMH (GopMyl U
—-PETyISIPHBIX BRIp)KCHUH. J{71s 06ecreueHus Takoro COOTBETCTBHS BBEJICHBI JBE JONOTHUTEIbLHBIC OIepa-
LU HaJl —@-PeryIsapHbIMH MHOKECTBAMHU, COOTBETCTBYIOIHE onepanusaM kBaHTHdukauu B hopmynax. Pac-
CMOTpPEHBI METO/IbI MIPEJICTABICHHUS 3THX ONEpaluii B TEPMUHAX S3bIKAa —@-PETYISAPHBIX BhIpaxkeHuil. ITomyue-
HBI PE3yJIbTAThl, O3BOJISIOLINE CTPOUTH —(@-PETYJSIPHBIC BEIPAKCHUSI ISl JOCTATOYHO IMHPOKOro kiacca dop-
myn Buga F(f) s3pika LP.

KoueBble cioBa: yornka LP, oOpaTHOe cBepXcioBo, OrpaHMuYCHHas crnpaBa (opMmyiia, —@-peryisipHOe
BBIP@KCHHE, MPEPUKCHO 3aMKHYTOE MHOXECTBO OOPATHBIX CBEPXCIIOB.

Bin dopmya Burasiny F(f) moBu LP 10 —w-peryasipuux Bupasis / A.M. Ueborapsos // Kibepueruka Ta
cucremuuii anamis. 2020. Tom 56, Ne 5. C. 3-17.

Amnotaunis. ITix gac cuHTe3y X-aBTOMaTa, crenudikoBaHoro Mosoo LP, BUHNKae 3aJa4ya MOXaHHSI MHO-
JKMHY 3BOPOTHHX HAZCHIB, 10 3anae Gopmyna F(f), y BUIIsAL -peryasspHoro Bupasy. [1o0yaoBa nporo Bupasy
0a3yeThCs Ha BIAMOBIIHOCTI MIXK CTPYKTYPHHMH el1eMeHTaMu GopMyJ i —w-peryasipHux Bupasis. s 3abesre-
YeHHsI TaKOi BIMOBITHOCTI 3alpoBa/UKEHO JABI IOAATKOBI omepauii HaJ —@-peryIsspHIMH MHOKHHAMH, IO
BIJINIOBIIAIOTH orepanisM kBaHTH(ikamil y hopmynax. Po3risHyTo METOAM MOJaHHS LUX ONepalliil y TepMiHax
MOBH —@-PEryJSIpHUX BUpa3iB. OTpUMaHO pe3yJbTaTH, SIKi Jal0Th MOXKIIMBICTH OyyBaTH BiIIIOBiHI —m-pery-
JIpHI BUpa3u Ui JOCTATHBO LIMPOKOro knacy ¢Gopmyin Burisiny F(f) mosu LP.

KarwuoBi caoBa: sorika LP, 3BopoTHE HajACIOBO, OOMEKeHi crpaBa (OpPMYIH, —m-pEeTyJISpHUI BHpPa3,
npedikCHO 3aMKHYTa MHOXKHHA 3BOPOTHHX HAJICIIB.

From LP formulas of the form F(¢) to —w-regular expressions / A.N. Chebotarev // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 5. P. 3-17.

Abstract. In synthesis of a X-automaton specified in the language LP, the problem arises how to
represent the set of left-infinite words defined by the formula F(¢), in the form of a —w-regular expression.
Construction of this representation is based on the correspondence between structural components of formulas
and —o-regular expressions. To provide such a correspondence, two additional operations on —w-regular sets
relating to the operation of quantification in formulas are introduced. The paper focuses on the representation of
these operations in terms of the —w-regular language. The results presented in this paper allow constructing
—w-regular expressions for a wide class of LP formulas of the form F(r).

Keywords: logic LP, left-infinite word, right-bounded formulas, —w-regular expression, prefix closed set of
left-infinite words.

YK 519.1
O rpynnoBbIX pa3MeTKax HeKoTOpsIX rpagos / M.®. Cemeniora, I'.A. lonen // KuGepHernka n cucrem-
veiii anamm3. 2020. Tom 56, Ne 5. C. 18-28.

In.: 1. Tabn.: 2. Bibmiorp.: 19 Ha3s.

AnHoTanus. MccnenoBansl rpynnoBble pa3MeTKH Marn4eckoro ¥ aHTHMAarn4eckoro THIOB. Y CTaHOBIIe-
Ha B3aUMOCBSI3b MEXIy HUMH Ui rpadya 1 ero JomnoiHeHus. BBejeHo MoHATHE 3aKPBITON TPYIIIOBON JHCTaH-

LIMOHHOW Maruueckoil pasmerku. HaliJieHbl yciaoBHs CyLIECTBOBAHUS Z%m—Z[I/ICTaHLII/IOHHOﬁ Maruyeckoi pas-
Mmetku rpada C f‘" , TIPEJUIOXKEH c110co0 ee noctpoenus. OnpeeneHbl yCIOBUs CYeCTBOBAHMS Zg—ﬂHCTaHLll/IOH—

HOW Maru4ecKod M aHTHMMardyeckKoi pa3sMEeTOK JEKapTOBOIO MPOU3BEIEHMS peryisipHbix rpados. [Tomyuens
pe3ynbTaThl OTHOCHTENIBHO TPYIIOBON JUCTAHIMOHHON MaruyecKo pasMETKH COCIMHCHHs ABYX TIpados.

KuroueBble cji0Ba: D-IUCTaHIIMOHHAS MaruaecKas pa3sMETKa, rpynroBas JUCTaHIIUOHHAsI Marnieckas pasmMeT-
Ka, rpymnmnoBas OUCTAHIUOHHAA aHTUMAarv4deckas pasMEeTKa.
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IIpo rpynoBi po3mitkn aeskux rpagis / M.®. Cemeniora, I'.Il. loneus // KiGepuernka Ta CHCTEMHHI
anauiz. 2020. Tom 56, Ne 5. C. 18-28.

AHoTauis. BUB4arOTHCS IPyNOBI PO3MITKHM MarivHoOro i aHTUMAriYHOro TUMIB. BCTaHOBIIEHO B3aeMO3B’s1-
30K MK HUMHU T rpada Ta HOro JOMOBHEHHS. YBEICHO MOHATTS 3aKPHTOI IPYMOBOI THCTAHIIHHOT Mariq4HOl
po3MiTKH. 3HaieHO yMOBH iCHyBaHHS Z%m ~JWMCTaHLiiHOI MariuHoi posmiTku rpapa Cj', 3anpoIOHOBAaHO
croci6 ii noGynosu. BusHaueHo yMOBH iCHyBaHHs Z)-AUCTaHLIIIHOI MArivHOi i aHTHMAridHOi PO3MITOK AeKap-

TOBOTO JOOYTKY peryisipHux rpadiB. OTpUMaHO pe3yJbTaTd TPYNOBOI AMCTAHLIHHOI MAariyHol pO3MITKH
3’€IHaHHs JIBOX Tpadis.

KurouoBi cioBa: D-pucraHniiiHa Marigyea po3MiTka, IpyHoBa AUCTaHIIHA MariyHa po3MiTKa, TPyHoBa IHC-
TaHII{Ha aHTUMariyHa po3MiTKa.

On group labeling of some graphs / M.F. Semeniuta, G.A. Donets // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 18-28.

Abstract. We analyze group labeling of magic and antimagic types. The relationship between them for
graph and its addition is established. The concept of closed group distance magic labeling is introduced. The

conditions for the existence of Z%m—distance magic labeling of a graph C}’ are found, and a method for its
construction is proposed. The conditions for the existence of Z)-distance magic and antimagic labelings of the

Cartesian product of regular graphs are established. The results of group remote magic labeling of the
connection of two graphs are obtained.

Keywords: D-distance magic labeling, group distance magic labeling, group distance antimagic labeling.

YK 004.05, 004.42

MopeabHblii cocod pa3padoTKH aJIrOPUTMOB LHUGPPOBBIX CHCTEM HAa MPOrPaMMHPYEMBIX JIOTHYECKHX
HHTEerpajbHbIXx cxemax / A.A. JlermueBckmii, B.C. Ilecuanenko, B.C. Xapuenko, B.A. Bouikos,
O.M. Opapymenko // Kubepuernka u cucreMHbiid anamus. 2020. Tom 56, Ne 5. C. 29-37.

Dn.: 3. Tab6n.: 1. Bibumiorp.: 25 Ha3s.

AnHoTanus. PaccMOTpeHB! COBpEMEHHbBIE THACHIMN B 00JIACTH aBTOMAaTH3HPOBAHHOM pa3pabOTKH arl-
IIApaTHOTO 00ECIeYEHHs], B YACTHOCTU Pa3paboTKu MU(POBBIX CHCTEM C HCIOIb30BaHUEM IIPOrPaMMHUPYEMBIX
JIOTMYECKUX MHTETPaJIbHBIX CXEM Ha MPUMEPE BEHTHIBHUX MaTPHIL, TPOrPaMMHUPYEMBIX ToJib3oBaTeneM. [pen-
JIOXKEH MOJIENIbHBIH METO/1 Pa3paboTKu, B KOTOPOM MCIIOJIb30BaHA allreOpandeckas MOENIb crielnUKaLui an3-
aifHa, TpeOOBaHUIl 1 OMHAPHOTO KOJA IS IPUMEHEHUsI (HOPMATBHBIX METOIOB BEpU(UKALIMU, MOICTBHOTO TEC-
TUPOBAHMS U METOJOB alreOpandeckoil comnocrapieHus. B kadecTBe crnienudukarmii anredbpandeckoi Moienu
amnmnapaTHOro 00ECIeUeHHUs CIY)KUT alireOpa MOBEICHUIA, OTpe/Ie/ICHHas: Ha MHOXKECTBE JICHCTBHI U TIOBEICHUIA.

KurodeBble ¢J10Ba: porpaMMHUpPyeMbIe MOJIb30BATEICM BEHTHIBHBIC MaTPHI[bI, CHMBOJIBHOE MOJICIUPOBAHHE,
anreOpanveckoe COIOCTABICHUE, aaredpa MOBEICHHIL.

MoaenbHuii cnocid po3podJieHHs1 aJropuT™MiB HHPPOBUX CHCTEM Ha NMPOrpaMOBAHHX JIOTIYHHX iHTer-
paabHux cxemax / 0.0. JleruueBcbkuii, B.C. Ilecuanenko, B.C. Xapuenko, B.A. Boikos, O.M. Onapy-
menko // KibepHernka Ta cuctemumii anams. 2020. Tom 56, Ne 5. C. 29-37.

AHoTauis. Po3risHyTo cyvacHi TEHICHIII B raiy3i aBTOMaTH30BaHOIO PO3POOICHHS aapaTHOro 3a0e3-
NIeYCHHS, 30KpeMa, PO3pOoOJICHHS IM(PPOBUX CHCTEM 3 BUKOPHCTAHHSM IIPOrPAMOBAHHX JOTIYHUX 1HTErPAITBHUX
CXeM Ha NPUKJIAJl IPOrpaMOBAHHX KOPHUCTYBayeM BEHTHJIBHHX MATPHIb. 3alPONOHOBAHO MOJIECIBHUH METOJ
PO3pOOIEHHS, B IKOMY BUKOPHCTAHO anreOpaidHy Mozens crenudikamiil au3aiiHy, BUMOT Ta OIHapHOTO KOy
JUIS 3aCTOCYBaHHS (hopManbHUX MeTOAiB Bepudikailii, MOACIFHOTO TECTyBaHHS Ta METOJIB aireOpaiyHOro
sicraBnenns. Crnenudikamismu anredpaiyHol MoJesi anapaTtHOro 3a0e3NeueHHs ciIyrye aiaredpa MOBEIiHOK,
BU3HAYEHA HA MHOXKHMHI il Ta IOBEIIHOK.

KuiiouoBi ciioBa: mporpamMoBaHi KOPHCTyBaueM BEHTHIIbHI MATPHIl, CHMBOJIBHE MOEIIOBAHHS, anredpaidme
3icTaBieHHs, anredpa MOBEIiHOK.

Model-driven development of digital system algorithms on programmable logic integrated circuits /
0.0. Letychevskyi, V.S. Peschanenko, V.S. Kharchenko, V.A. Volkov, O.M. Odarushchenko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 29-37.

Abstract. The paper considers the current trends in the field of automated hardware development, in
particular, the development of digital systems using programmable logic integrated circuits on the example of
FPGA (Field-Programmable Gate Array). A model-driven development method is proposed that uses an
algebraic model of design specifications, requirements, and binary code to apply formal verification methods,
model testing, and algebraic matching methods. The specifications of an algebraic hardware model is a behavior
algebra defined over set of actions and behaviors.

Keywords: Field-Programmable Gate Array, symbolic modeling, algebraic matching, behavior algebra.
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VK 519-7/339.9

MopenupoBanue ynpapJiSIIOIIUX BO3JeiicTBHIl §aHKOBCKOH cHCTeMbl HA (PYHKIHOHHPOBAHHE JKOHOMHU-
kn. II. Be16op 1 ocodeHHOCTH TPHMEHEeHHsl ONTHMH3ALHOHHBIX aaropuTvos / B.B. Xuuenko // Kubephe-
THKa M cucTeMHbIid aHamu3. 2020. Tom 56, Ne 5. C. 38-47.

In.: 0. Tabn.: 0. Bibmiorp.: 27 Hazs.

AnHoTanus. PaccmoTper maremaridyeckuii hopmannim ydera 3h(GeKkToB BHIIUICCKHBAHNUS, BCICHUBAHUSI
1 00paTHOrO MMITYJIbCa TIPU (POPMUPOBAHHUH MOJIHBIX MATEMATHYECKUX MOJEIICH AMHAMUKH (UHAHCOBO-9KOHO-
MHYeCKOi cructembl. ONpe/ieNneH alropuT™ HPUMEHEHHsS] H3BECTHBIX CXEM JIBYXITAIHOW ONTHMHU3AINK JUIS BbI-
YUCIICHUS] ONTHMAIIBHBIX YHPABILIOIIMX BO3ICHCTBHIA.

KuroueBbie ciioBa: (bHHaHCOBO—ﬂ(OHOMH'-leCKaﬂ CUCTEMA, MAaTEMATHYCCKOE MOJACIIMPOBAHUE, PACUCT U IIPOrHO-
3UPOBAHUEC NUHAMHUKH, ONITUMHU3ALUS YIIPABJICHUS, paCU€T yIIPaBJIAOIINX B03HeﬁCTBHﬁ, 3(1)(1)6KTBI BBITIJICCKHUBa-
HUA, BCIICHUBAHUA W 06paTHOTO nuMITyJibCca.

MojenoBanHsi KepyBaJIbUX BIUIMBIB 0aHKIBCHbKOI cucTeMH Ha (pyHKuionyBanHsi ekoHoMmiku. I1. Bu®ip i
0c00JIMBOCTI 3acTOCYBaHHSI onTHMi3aniiiHux aaroputMis / B.B. Xuienko // KibepHetrnka Ta cHCTeMHUI
anamisz. 2020. Tom 56, Ne 5. C. 38-47.

AwnoTauisi. Po3risHyTo MaTeMaTuuHui opmanizM 00IiKy eeKTiB BHILUTICKYBaHHS, CIIHIOBAHHS 1 3BO-
POTHOTO iMITYJIbCY JUIsi (JOPMYBAHHSI IOBHUX MAaTEMAaTUYHUX MOJENeil TMHaMiKK (iHAaHCOBO-€KOHOMIYHOT CHC-
TeMH. BH3HAUEHO alNropuT™ 3aCTOCYBaHHS BiJOMHX CXEM JIBOCTAITHOT ONTHUMI3aLil st 00UMCICHHS ONTUMAIb-
HHMX KepyBaJbHUX BIUIMBIB.

Kuro4osi citoBa: (hiHaHCOBO-EKOHOMIYHA CHCTEMa, MATEMATHYHE MOICIIOBAHHS, PO3PAXYHOK 1 IIPOrHO3YBaHHS
JIMHAMIKH, ONITUMI3aLlis yIIPABIIiHHS, PO3PAXYHOK KepYBaJIbHUX BIUIMBIB, €(DEKTH BUILTICKYBaHHS, CIIIHIOBAHHS 1
3BOPOTHOTO IMITYJIBCY.

Modeling the control effects of the banking system on the functioning of the economy. II. Selection and
special features of application of optimization algorithms / V.V. Khilenko // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 5. P. 38-47.

Abstract. The mathematical formalism of accounting for the effects of splashing out, foaming, and
reverse momentum in the formation of complete mathematical models of the dynamics of the financial and
economic system is considered. An algorithm is determined for applying the well-known two-stage
optimization schemes for calculating optimal control actions.

Keywords: financial and economic system, mathematical modeling, calculation and forecasting of dynamics,
optimization of control, calculation of control actions, effects of splashing out, foaming out and reverse
impulse.

VK 621.391:519.2

KosimdecTBo nHpopmManuu o Kiiove, copepskaieiicss B Ha00pax OTKPBITHIX W MU(POBAHHBIX TEKCTOB
CHMMeTPUYHOIi paHIOMHU3UPOBaHHOI KpunTocucreMbl Mak-Jiuca / C.B. Murtun // Kubepreruka u cuc-
TemHbli anamu3. 2020. Tom 56, Ne 5. C. 48-53.

In.: 0. Tabm.: 0. Bi6umiorp.: 10 Ha3s.

Annotanus. PaccMOTpeHa CHUMMETpHUYHAsI KOJOBAsi KPUIITOCHCTEMA, aHAJIOTHYHAS PaHIOMU3HPOBAHHON
(acummMeTpnuHOiT) cxeme mmdpoBanns Mak-Dinca. [lomydeno BeipakeHHE IS KOIMYECTBA HHMOPMALINK O CEK-
PETHOM KJII0Ye, KOTOPYIO MOJKHO H3BJICYb M3 OTKPBITHIX U COOTBETCTBYIOIIMX MM MIH(POBAHHBIX COOOLICHHI
KpUNTOCHCTEMBI. [10Ka3aHo, 4TO MPH HAMYUH 3TOH HHAOPMAINH CTOHKOCTH CHMMETPHYHONW KPUIMTOCHCTEMBI K
aTakaM Ha OCHOBE H3BECTHOTO MIM(POBAHHOTO TEKCTA COBIIAJAET CO CTOMKOCTBIO €€ aCHMMETPUYHOTO aHAJIora.

KuiroueBble ciioBa: kpuntorpadust Ha OCHOBE KOJIOB, cxeMa mudpoBanus Mak-2nuca, paHIOMH3UPOBAHHAS
KOJIOBasi KPHITOCHCTEMA, KOJMYECTBO MH(pOPMAIUH.

inbKicTh iHgopManii npo KJIK04i, 10 MICTUTHLCA B HA0OpaX BiAKPHUTHX i IIM(POBAHUX TEKCTIiB CHMET-
K p p ) Gop purHx P 4
puuHoi panaomizoBanoi kpunrocucremn Maxk-Exica / C.B. Mirin // KiOepHeTuka Ta CHCTeMHHI aHai3.
2020. Tom 56, Ne 5. C. 48-53.

AHoTanis. PO3MISIHYTO CHMETPHYHY KOJOBY KPHITOCHCTEMY, aHAJOTIYHY paHAOMIi30BaHiil (acuMer-
puuHii) cxemi mmdpysanas Mak-Emnica. OtpuMaHo BHpa3 [Uisl KiIBKOCTI iH(popMamii Ipo CEKPeTHHI KITI0Y,
SIKy MOJYKHa BUJIOOYTH 3 BIKPHTHX 1 BiJIOBIIHHX iM IH(POBaHMX MOBIIOMIICHb KpunTocucreMu. IlokasaHo,
110 32 HasBHOCTI mi€l iHpopManii cTiHKiCTh CHMETPHYHOI KPHITOCHCTEMH JI0 aTaK Ha OCHOBI BizoMoro mudpo-
BAaHOTO TEKCTY 30iraeTbcsi 3i CTIMKICTIO TI aCHMETPUYHOTO aHalora.

KurouoBi cioBa: xpunrorpadist Ha ocHOBI KkoaiB, cxema mmudpysanns Max-Emnica, pannomizoBana komosa
KPHUITOCHCTEMA, KIUIBKICTh iH(poOpMarii.
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Amount of key information contained in open and encrypted text sets of the symmetric randomized
McEliece cryptosystem / S.V. Mitin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 48-53.

Abstract. A symmetric code cryptosystem, which is similar to the randomized (asymmetric) McEliece
encryption scheme, is considered. An expression for the amount of information about the secret key, which can
be extracted from the open and the corresponding encrypted messages of the cryptosystem, is obtained. It is
shown that with this information, the security of the symmetric cryptosystem to the attacks based on known
ciphertext coincides with the security of its asymmetric counterpart.

Keywords: code-based cryptography, McEliece encryption scheme, randomized code cryptosystem, amount of
information.

CUCTEMHHU AHAJII3 SYSTEMS ANALYSIS

VIK 519.24
Juddysuonnslii npouecc ¢ 3Bosarouueii m oueHka ero mapamerpa / B.C. Kopoawk, /1. Kopoawk,
C.A. Jlosruii / Kubepneruka u cucremubiii anamus. 2020. Tom 56, Ne 5. C. 55-62.

In.: 0. Tabn.: 0. Bi6miorp.: 8 Hass.

AnHoTauus. [TokazaHo, 4TO JAMCKPETHBIH MapKOBCKHI MPOLIECC B aCUMITOTHYCCKOW IU((y3HOHHON
cpeie ¢ PaBHOMEPHOM AProJuuecKoil BIOKCHHOW ILenbio MapkoBa MOXET OBbITh MPUOIMKEH ITPOLECCOM
OpHinTelina—YnenOeka ¢ spontormeii. OneHka napamerpa japeiida nmoinyyeHa ¢ MCIOJIB30BAaHUEM CTallMOHAP-
HOCTH TayCCOBCKOT'O MPEAEIBHOr0 IpoIecca.

KioueBble c10Ba: IHUCKPETHBI MapKOBCKHII mpomecc, aud(y3roHasl anmpoKCHManus, aCHMITOTHYECKas
muddysnonnas cpena, nporecc OpHireiina—Ynenoexa, ha3oBoe yKpyHnHEHHE, OLCHKA apaMeTpa CABUTA.

JMuysiiinnii npouec 3 eBoJioLicl0 Ta ouiHOBaHHs ioro mapamerpa / B.C. Kopomok, /I. Kopomok,
C.O. [oBruii // Kibepuetnka Ta cucremuuii anamis. 2020. Tom 56, Ne 5. C. 55-62.

Awnotauis. [TokazaHo, 10 AUCKPETHUI MapKOBCHKHII MpoLieC B ACHMITOTHIHOMY Iu(y3ifiHOMY cepemo-
BHINI 3 PIBHOMIDHHM E€pProfMYHMM BKJIAJCHUM JIaHIForoM MapkoBa Moxe OyTH HAOJIMKEHHI HpOLEecoM
OpHxiureiina—Yren6eka 3 epoiowicto. OiHKY mapaMerpa apeidy OTpHMaHO 3 BUKOPUCTAHHSIM CTalliOHAPHOCTI
rayCiBCbKOTO TPaHHYHOTO IPOLECY.

KumiouoBi ci1oBa: auCKpeTHHI MapKOBCBKHUIA mporiec, audysiiiHa anpoKcuMaliis, aCUMIToTHYHe 1udy3iitHe ce-
penosuie, npouec OpHiuTelina—Yien6eka, (azoBe yKpyIHEHHs, OLIHKA Mapamerpa 3CyBy.

Diffusion process with evolution and its parameter estimation / V.S. Koroliuk, D. Koroliouk, S.O. Dovgyi
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 55-62.

Abstract. A discrete Markov process in an asymptotic diffusion environment with a uniformly ergodic
embedded Markov chain can be approximated by an Ornstein—Uhlenbeck process with evolution. The drift
parameter estimation is obtained using the stationarity of the Gaussian limit process.

Keywords: discrete Markov process, diffusion approximation, asymptotic diffusion environment,
Ornstein—Uhlenbeck process, phase merging, drift parameter estimation.

UDC 519.246

OO0 01HOI CTATHCTHYECKOI MOJEIH YaCTOTHI OLIMOOK B MOTOKE NMAKETHON NMepeiavyy JaHHBIX MO KaHa-
snam cBsi3u / C.A. Jlosruii, A.H. FOpuxos, M.O. 30310k / Kubeprerrka u cucremusiii ananus. 2020. Tom 56,
Ne 5. C. 63-69.

In.: 6. Tabn.: 1. Bibmiorp.: 12 Hazs.

AnHotauus. [Ipe/uioxkeHa cTaTUCTUYECKast MOJIENIb YaCTOThI OMIMOOK P Tepeiaue MaKeTHBIX TaHHbIX
110 KaHaJaM CBS3M — CTOXACTMYECKast MOCIJIEI0BATEIbHOCTD, ONpeeliieMas KaK yCpeAHeHHast 10 omu0oy-
HBIX [IaKeTOB AaHHBIX. Vcronp3oBano qu¢pdy3noHHOE TPUOIMKEHIE TAKON OCIIEI0BaTeIbHOCTH — JUCKPET-
Hasi MapKOBCKas u(Qy3usi, KOTOpast ONPEIEIISIETCs Pa3HOCTHBIM CTOXaCTHYECKUM ypaBHeHHeM. OlleHKa rnapa-
METpPOB MOJIEJIH BBINOJIHEHA C MCIIOJIb30BAHUEM KOBAapHUAIIMOHHON CTATHCTUKHU 10 TPACKTOPUSIM CTOXACTHYEC-
KO# IMOCIIEI0BATEIbHOCTH OMIMOOK Tepelayd CUrHaja.

KiroueBble cjIoBa: CcTaTUCTHUECKAS MOJC/Ib, PAa3HOCTHOE CTOXACTHYECKOE YPaBHCHHUE, CTaLH/IOHapHHﬁ
Iponecc, paBHOBECHUE, KOBapHallMOHHAs CTAaTHCTHKA, OLICHKAa IapaMETpPOB IIO0 TPACKTOPUIM.

IIpo oaHy CTATHCTHYHY MOJe/]b YACTOTH IOMUJIOK Y MOTOLi MAKETHOI Mepeaadi AaHUX KaHAIaMH 3B 53~
Ky / C.1O. lopruii, O.I. IOpikos, M.O. 30310k // KibepHernka Ta cuctemuuii anamiz. 2020. Tom 56, Ne 5.
C. 63-69.

AHoTanis. 3anpornoHOBaHO CTATHCTHYHY MOJE/b YaCTOTH IOMHIJIOK Y IOTOL{ MaKeTHOI mepeiayi CurHa-
JIy KaHaJIaMH 3B’13Ky — CTOXACTHYHY ITOCIITOBHICTb, [0 BU3HAYAETHCS SIK yCepeAHEeHa CyMa iHIMKaTOPiB HO-
MUJIKOBHX MMAKETIB JIaHUX. 3aCTOCOBaHO Au(y3iliHe HAOIMKEHHS TAaKOi MOCHITOBHOCTI — JUCKPETHY MapKo-
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BCBbKY Mu(y3il0, IO BH3HAYAETHCS PI3HUIEBHM CTOXAaCTHYHUM piBHAHHsAM. OLIHIOBaHHS IapaMeTpiB Mopeli
301MCHEHO 3 BUKOPHCTAHHSAM KOBapiallifHUX CTATHCTHK 32 TPAE€KTOPISIMH CTOXACTHYHOI MOCIIJOBHOCTI IIOMH-
JIOK TIepejiadi CUrHaiy.

KurouoBi ci10Ba: cTaTuCTHYHA MOJIENb, PI3HHUIEBE CTOXACTHYHE PIBHSHHS, CTAllilOHAPHHI IpOIlec, piBHOBAra,
KoBapialiifHa CTaTHCTHKA, OLIHKA MapaMeTpiB 3a TPAEKTOPIIMH.

About one statistical model of error ratein the stream of packet data transmission through
communication channels / S.0. Dovgyi, O.I. Yurikov, M.O. Zozyuk // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 63-69.

Abstract. A statistical model of the frequency of errors in the packet data transmission through
communication channels is proposed. This is a stochastic sequence defined as the averaged proportion of
erroneous data packets. A diffusion approximation of such a sequence is used: discrete Markov diffusion,
which is defined by a difference stochastic equation. The parameters of such a model are estimated using
covariance statistics on the trajectories of the stochastic sequence of signal transmission errors.

Keywords: statistical model, difference stochastic equation, stationary process, equilibrium, covariance
statistics, parameters estimation along trajectories.

VK 519.8
Pa3pesbl B HeopuenTHpOBaHHBIX rpadax. II / ®@.A. Hlapudgos, JI.®. I'yaaaunxuii / Kubepreruxa u cuc-
Temubii anamu3. 2020. Tom 56, Ne 5. C. 70-79.

Im.: 5. Tab6m.: 0. Bi6miorp.: 8 Haszs.

Annotanus. IIpeIoxeHs! 1Ba alropuT™a npeodpa3oBaHus TeKyIell 6a3bl IIOIMMATPOHIA B HOBYIO IS
YILyqIICHUs 3HAUCHHs LEeTIeBOil (pyHKIMH. Y CTaHOBICHA SKBHBAICHTHOCTD 3aladl MaKCHMAaJIbHOTO pa3pe3a Ha
3a1aHHOM Tpade U 3a1a4i HAXOKICHUSI MHUHHMAJIBHOTO pa3pe3a, OTACISIONICr0 HCTOYHHUK U CTOK B CETH, I10-
CTPOCHHON OTHOCHTENIBHO HEKOTOPOi 0asbl pacimpeHHoro nonumarponaa. ChopMyanpoBaHsl HEOOXOAUMBIE
U JIOCTAaTOYHbIC YCIIOBUSI ONTHMAIBHOCTH PEIICHHS 3a/la4i MaKCUMaJbHOIO pa3pe3a Ha HEOPHEHTHPOBAHHBIX
rpadax B TEPMUHAX TEOPUH IIOTOKOB.

KimoueBble cioBa: rpadsl, pa3pesbl, BBITyKIas (yHKIHS, CIEHMaIbHbIC MHOTOTPAHHHKH, MOIHUMATPOUJ.

Po3pizu B HeopienToBanux rpadgax. Il / ®.A. lapidos, JI.®. I'yasuunbkuii // KibepHeTnka Ta CUCTeMHHIA
anamiz. 2020. Tom 56, Ne 5. C. 70-79.

AHoTAaLis. 3apPONOHOBAHO JBa AITOPUTMH MEPETBOPEHHS MOTOYHOI 0a3u MmOIiMaTpoiga 10 HOBOI 3 Me-
TOIO IOJIMIICHHS 3HAYCHHs LITbOBOI (QyHKIIi. BCTAHOBICHO €KBIBAJICHTHICTH 33/1a4i MAKCHMAJIBbHOTO PO3pi3y
Ha 3agaHoMy rpacdi i 3aadi 3HaX0HKEHHSI MiHIMAJIBHOTO PO3pi3y, IO BiJOKPEMITIOE DKEPEIIO 1 CTIK B MEpexi,
1100y 10BaHOI BITHOCHO Jieskoi 0a3u po3mupeHoro noiiMarpoina. ChopMyap0BaHO HEOOXiJHI Ta JOCTATHI yMO-
BU ONTHUMAJBHOCTI PO3B’SI3yBaHHS 3a/laui MaKCUMAaJbHOTO PO3pi3y Ha HEOPIEHTOBAaHMX rpadax B TepMiHAX
Teopii MOTOKIB.

KoarouoBi caoBa: rpadu, po3pisu, omykia (yHKIIS, CIemialbHI OaraTOrpaHHUKH, IOJTIMATpPOI.

Cuts in undirected graphs. II / F. Sharifov, L. Hulianytskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 5. P. 70-79.

Abstract. To improve the value of the objective function, two algorithms are proposed for transforming
the current base into a new one. It is shown that the maximum cut problem on an undirected graph can be
reduced to finding the base of the extended polynomial, for which the value of the minimum cut that separates
the source and the sink is maximum. The necessary and sufficient conditions for optimality of the solution of
the maximum cut problem on non-oriented graphs in terms of flow theory are formulated.

Keywords: graphs, cuts, convex function, special polyhedral, polymatroid.

VK 519.87
@dparMeHTapHas MOJEIb /15 32/1a4M 3eMJIeno/Ib30BaHusl Ha runeprpadgax / U.B. Ko3un, H.K. Makcu-
Ko, B.A. Ilepenesuna // KubGepretnxa u cucremnsiid anamms. 2020. Tom 56, Ne 5. C. 80-85.

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

AnnoTtanus. PaccMoTpeHa MaTeMaTH4eCKas MOJEIb 3a/[a4H 3eMIICTIONIb30BaHus Ha runeprpadax. [loka-
3aHO, YTO B PaMKax 3TOil MOJE/H 33a7a4y MOXHO c(OPMYJIMPOBATh KaK 3a7ady ONTUMHU3ALUK HA (parMeHTap-
Hoii cTpykType. IIpu 3ToM cama 3a7ada oMCKa ONTHMAIIBHOTO PEIICHUS CBOJNTCA K 3a/1a4e 6e3yCIOBHONW KOM-
OGUHATOPHOM ONTUMH3ALMK HA MHOXECTBE I1epecTaHOBOK. [IpeioKeHbl BapuaHThl THOPHIHOTO alropuT™Ma Io-
HCKa NPUOIIMKCHHBIX PEIICHUH 3a7add Ha OCHOBE KOMOMHAIMK (DParMEHTApHOTO alrOpUTMa M AIropHTMa
MypaBbUHOIl KOJIOHHH.

KuroueBble ci10Ba: 3aa4a 3eMJICNIONb30BaHusA, runeprpad, GpparMeHTapHas CTpyKTypa, KOMOMHATOPHAs ONTH-
MH3aIHs, AITOPUTM MYpPaBBHHOW KOJIOHHH.
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dparMeHTapHa MOJeJIb VIS 3a/1a4i 3eMJIeKopucTyBaHHs Ha rineprpagax / I.B. Ko3in, H.K. Makcuuiko,
B.O. Ilepenemuns // Kibeprernka Ta cucremuuii anamiz. 2020. Tom 56, Ne 5. C. 80-85.

AnoTanis. Po3rimaHyTo MatemMaTHUHY MOJENb 3ajadi 3eMIEKOpPHUCTyBaHHsA Ha Timeprpadax. ITokasaro,
110 B MeKax I1i€l Mozeni 3aa4y MOKHa chOpMYJIIOBATH SIK 33/1a4y ONTUMI3alil Ha GparMeHTapHii CTpyKTypi.
Jlo Toro x cama 3aja4a MOUIyKY ONTUMAJBbHOTO PO3B’S3KY 3BOAMTHCS JI0 3a7adi 0€3yMOBHOT KOMOIHATOPHOL
ONTHMI3allii Ha MHOYKHHI IEPECTaBICHb. 3aPOIIOHOBAHO BapiaHT TiOPUIHOrO alrOpUTMY HOLIYKY HAOIMKESHUX
PO3B’SI3KiB 3a7adui Ha OCHOBI KOMOiHaIii ()parMEHTapHOro AIrOPUTMY Ta AITOPUTMY MYPAIIMHOI KOJOHIi.

KarouoBi cioBa: 3amaua 3eMIICKOpUCTYBaHHA, rimeprpad, (GparMeHTapHa CTPYKTypa, KOMOiHaTopHa
ONTHMI3allisl, aJrOPHTM MYPAIIMHOI KOJOHIi.

A fragmented model for the problem of land use on hypergraphs / I.V. Kozin, N.K. Maksyshko,
V.A. Perepelitsa // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 80-85.

Abstract. The paper considers a mathematical model of the land use problem on hypergraphs. It is shown
that, within the framework of this model, the problem can be formulated as an optimization problem on
a fragmented structure. Moreover, the problem of finding the optimal solution itself reduces to the problem of
unconditional combinatorial optimization on a set of permutations. A variant of a hybrid algorithm for finding
approximate solutions to the problem based on a combination of a fragmented algorithm and an ant colony
algorithm is proposed.

Keywords: land use problem, hypergraph, fragmentary structure, combinatorial optimization, evolutionary
algorithm, ant colony algorithm.

YIK 517.9, 519.6

O000mEHHAsE ONTUMM3ALUS NPOLECCOB NMepeHoca Jekapers B onyxousx / J.A. Knommn, C.U. Jlsko,
H.HU. JIsmko, E.C. Bongapb, A.A. Tumomenko / Kubepuernka u cucremusiii ananuz. 2020. Tom 56, Ne 5.
C. 86-94.

In.: 0. Tabn.: 0. BiGmiorp.: 26 Ha3B.

AnHoTanus. PaccMOTpeHB! BOIPOCH! ONTUMHU3ALUK U YIPABIISIEMOCTH CHCTEM, OINCBHIBAEMBIX TH(Dde-
PCHIUATEHBIME YPABHEHHSAMHU B YAaCTHBIX MPOU3BOJHBIX, ¢ KO3(M(GUIMEHTAMH U IIPAaBBIMU YaCTAMH, IIPUHAJIIC-
KAIIMH Pa3HBIM (DyHKIMOHAIBHBIM IIPOCTpaHCcTBaM. K TakuM MOJensM CBOIATCA, B YaCTHOCTH, 3afadu (ap-
MaKOKMHETHKH. VccenoBana Mojienb, KOTopasi ONUChIBAaeTCs 00IMM Ju(depeHInaTbHbIM yPaBHECHUEM C HY-
JICBBIMM Ha4aJlbHBIMM M TIPAHUYHBIMH YCIOBUAMH. B mpeanonoxenun, uto Ko3(QOHUIMEHTBI ypaBHEHHS
SIBJISIFOTCS TTOJIOXKHUTEIBHBIME B 00JIACTH, BBIIIOJIHEHO MOJEIMPOBAHHE COCPEJOTOYCHHBIX HCTOYHHKOB C HC-
II0JIb30BaHKEM AeNbTa-(QyHKIHN Jlupaka. BEIOIHEH NOMCK JOIyCTHMOTO YIPABICHHUs, KOTOpOe 00ecreunBaeT
MHHHMH3aIUIO (YHKIHOHANIA KadecTBa. Ha ocHOBe mpocTpaHCTBAa H3MEPUMBIX MHTETPHPYEMBIX C KBaJPaToOM
(yHKUMI BBEJCHO MOMONHEHNE TIIAJKHX B HCCIeyeMoi obnacTu (yHKIHI 10 HOPME, a TaKkKe HOCTPOeHa COo-
npspKeHHast 3a7a4a. [l conpspKeHHOU 3a/1auy BBEJICHBI HEraTUBHBIE IIPOCTPAHCTBA U HCCIEI0BaHO 0000MIIeH-
HOE pelIeHHE TMOCTaBJICHHBIX 3ajau.

KuioueBblie cioBa: ONTUMHU3ANMA, YIPABIAEMOCTb, YPABHCHHUS B 4YaCTHBIX ITPOU3BOJAHBIX.

Y3araapHeHa onTuMmisanisi npoueciB nepenecenHs Jikis y myxaunax / JLA. Kmommn, C.I. Jlsumko,
H.I. JIsmxko, O.C. Bonnap, A.A. Tumomenko // KibepHeruka ta cucremuuii ananiz. 2020. Tom 56, Ne 5.
C. 86-94.

AHoTanis. Po3risiHyTO MUTaHHS ONTHMI3AL] Ta KEPOBAHOCTI CHCTEM, L0 OMHCYIOThCS AHpepeHIiaTbHH-
MH pPIBHSHHSAMH B YaCTHHHHX IOXITHHX 3 Koe(illicHTaMH Ta NPaBUMHU YaCTHHAMH, SIKi HAJIEXKaTb PI3HHM
¢yHKIioHaNEHUM IpocTopaM. J[o Takux Mofeneil 3BoJAThes, 30KpeMa, 3a1adi (hapMaKoKiHeTHKH. JlocimipKeHO
MO/IEITb, 1[0 OIMCYETHCS 3arabHUM JH(EPCHIIATEHAM PiBHSIHHSM 3 HyJIbOBHMH [T0YaTKOBUMH Ta TPAHUYHUMH
YMOBaMU. 3a MPHITYIIEHHS, 1110 Koeil[ieHTH PIBHAHHS € JOJATHUMHU B 00JIACTi, 3/1iHCHEHO MOJICIIIOBAHHS KOH-
LICHTPOBAHNX JUKEPEIT 3 BUKOPUCTAHHSM jeibTa-pyHKuii Jlipaka. BHKOHAHO MOIIyK JOIMYCTHMOrO KepyBaHH,
o 3abe3nedye MiHiMizamio QyHKIioHamy skocti. Ha ocHOBI MpocTopy BUMIPHUX iHTEIPOBHMX 3 KBaapaTOM
(yHKUiil yBeIeHO IONOBHEHHS IJIaJKUX y JOCIIPKYBaHIH obsiacTi (GpyHKIIN 32 HOPMOIO Ta ITOOYIOBaHO CHPSI-
xKeHy 3amady. Jlust cpsbkeHoi 3aadi BBEIICHO HETaTUBHI IPOCTOPH Ta JIOCITIIKEHO y3aralbHEHUI po3B’s30K
MOCTABJICHNUX 3ajad.

Kurodosi cioBa: onTuMisalis, KepoBaHiCTh, PIBHAHHS B YAaCTHHHMX IIOXIJHHX.

Generalized optimization of drug transport in tumors / D.A. Klyushin, S.I. Lyashko, N.I. Lyashke.
O.S. Bondar, A.A. Tymoshenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 86-94.

Abstract. Optimization and controllability problems for systems described by partial differential
equations, where coefficients and the right-hand side belong to different functional spaces, are considered. In
particular, pharmacokinetic problems lead to such models. A model described by a general differential equation
with zero initial and boundary conditions is analyzed. Coefficients are assumed positive in the area,
concentrated sources are modeled by the Dirac delta function. The search of feasible control that minimizes the
quality functional is performed. Based on the space of measurable and square integrable functions, adjunction
for functions smooth in the research area according to epy norm and conjugate problem are constructed.
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Negative spaces are introduced for the conjugate problem and generalized solution of the problems is
investigated.

Keywords: optimization, controllability, partial differential equations.

VK 621.391

IToaxoa K MOCTPOEHHI0 MATEMATHYECKOH MOJeJIH onpesieeHnsI 00beKTOB MOHHTOPHHTA ¢ HCIOJb30Ba-
HHEeM MH(OPMATHBHOCTH MX MOHMTOPUHIOBBIX Npu3HakoB / A.A. Habsimos, B.C. Komapos // Kubephe-
THKa M cUcTeMHbId aHamu3. 2020. Tom 56, Ne 5. C. 95-99.

In.: 0. Tabn.: 0. Bibmiorp.: 8 Ha3s.

Annoranus. IIpeaoxeH Moaxox K HOCTPOCHHIO MaTEMaTHYECKOIT MOJICIN ONpPE/CICHHsI 00BEKTOB MO-
HUTOPUHTA HA OCHOBE MH(OPMATHBHOCTH MX MOHHTOPHMHIOBBIX HpH3HAKOB. IIpOoBEJEHO HCCIICOBAaHHE BO3-
MOKHOCTH pacyeTa HH(POPMATHBHOCTH OTACIBHOIO MOHHUTOPUHIOBOI'O TIPU3HAKA U ONPEJICIICHBI Iy TH JaIbHEH-
IINX MCCIECIOBAHMII pacueTa BEPOSTHOCTH IOIPEIIHOCTH PACIIO3HABAHUS HCTOYHHKOB (0OBEKTOB) MOHUTOPHH-
ra B 3aBUCHMOCTH OT OTHOCHTEJILHONH HH(OPMATUBHOCTU CUTHATYPHI M allpUOPHBIX BEPOSTHOCTEH HCTOUHUKOB
(0OBEKTOB) MOHHUTOPHHTA.

KuroueBbie ciioBa: MOHPITOpHHFOBLIﬁ IIpU3HaK, CUrHarypa, HH(i)OpMaTHBHOCTL MOHHUTOPHUHI'OBOTI'O IIPU3HAKA.

Iiaxia 10 moGyn0BM MaTeMaTHYHOI Mo/ieJli BU3HAYEHHS 00’ €KTiB MOHITOPUHTY i3 3acTOCyBaHHAM iHpop-
MATHUBHOCTI iXHiX MoHiTOpMHrOBHX 03HaK / O.A. Libsimos, B.C. Komapos // KibepHeTuka Ta cUCTEMHUI
ananiz. 2020. Tom 56, Ne 5. C. 95-99.

AHoTanis. 3anpornoHOBaHO MiAXix A0 MOOYIOBH MaTeMaTHYHOI MOJENi BH3HAYCHHS 00 €KTiB MOHITO-
PMHTY 3 BUKOPHCTAHHAM iH()OPMATHBHOCTI IXHIX MOHITOPUHIOBHX O3HAK. J{OCIiPKEHO MOXKIIMBICTh PO3PAXyH-
Ky iHQOpMAaTHBHOCTI OKPEMOT1 MOHITOPHHIOBOi O3HAKH Ta BU3HAYEHO HANPSMH TOJAIBIINX JOCHIiUKEHb 010
PO3paxyHKy HMOBIPHOCTI HOXHOKH pO3Mi3HaBaHHS JKeped (00’€KTiB) MOHITOPHHTY 3aJI€KHO BiJ BiTHOCHOL
iH(pOPMATUBHOCTI CUTHATYPU Ta anpioOpHUX IMOBipHOCTEW JpKepen (00’€KTiB) MOHITOPUHTY.

KurouoBi cjoBa: MOHITOPHMHTrOBa O3HAKa, CHTHATYpa, iHGOPMATHBHICTH MOHITOPHHIOBOI O3HAKH.

An approach to constructing a mathematical model to determine monitoring objects based on the
information content of their monitoring features / O. Iliashov, V. Komarov // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 5. P. 95-99.

Abstract. An approach to constructing a mathematical model for determining monitoring objects on the
basis of the information content of their monitoring features is proposed. The feasibility of calculating the
information content of a particular monitoring feature and is analyzed and directions of further studies of
calculating the probability of recognition error of monitoring sources (objects) depending on the relative
information content of the signature and a priori probabilities of monitoring sources (objects) are determined.

Keywords: monitoring sign, signature, information content of the monitoring sign.

YK 517.9:519.6

HexoTopsble 3a1a4u KOHCOJIHIANNOHHONH JHHAMHKH B paMKaX OunapadoMyeckoii MaTeMaTH4ecKkoi Mo-
JeJiM U ee 1podHo-TuddeperHmaibHoro anauora / B.M. byiaaBankuii, B.A. Boraenko // KubGepueruka u
cucreMubrid aHayms. 2020. Tom 56, Ne 5. C. 100-114.

In.: 2. Tabn.: 0. BiGmiorp.: 25 Ha3s.

AHHoTanus. PaccMOTpeHbI BOIIPOCH MaTEMAaTH4ECKOI0 MOJEINPOBAHHS TUHAMUYECKUX IPOLECCOB (hu-
JIbTPALlMOHHOM KOHCOJIMAALUK HACHIIIEHHBIX F'€ONOPHCTHIX CPeJ B PaMKaX HEKJIACCHYECKHX MAaTeMaTHYECKHX
MOJIeNIel, OCHOBY KOTOPBIX COCTABIISIOT OMITapaboIMdecKoe 3BONONMOHHOE YPaBHEHHE U ero ApoOHO-1upde-
PEeHIMATBHBIA aHAIoT. BBIMOIHEHB! IOCTAHOBKU M HAHIEHBI PEryIIsIPU30BAHHBIC PEIICHHUsS 0OpaTHBIX PETpOC-
MEKTHBHBIX 3324 TCOPHU KOHCONUJAIIHN COTJIACHO YKa3aHHBIM MOZENAM. [10TydeHbl OIeHKN CXOIHUMOCTH pe-
TyJSIPU30BAHHBIX PELICHUII M HPHBEICHBI PE3yJbTAThl YHUCICHHBIX DKCIEPUMEHTOB.

KiroueBble ciioBa: MaTeMaTHIeCKOe MOJCIUPOBAHIE, HEKJIACCHISCKUE MOJEIH, (DHIBTPALIMOHHO-KOHCOIU Ia-
IOHHbIE IIPOLECCHl, [AWHAMEKA, OOpaTHbIE 3ajadd, OumapaOoIMYecKoe JBOJIOLMOHHOE YypaBHEHUE,
npoOHO-I D hepeHIaIbHBII aHaIOT.

Jesiki 3agaui koHcoJinaniiiHol 1MHAMiKK B paMkax 6inapa6oJiiyHoi MaTeMaTH4YHOI MoJei Ta i 1podo-
Bo-1udepenuiiinoro ananory / B.M. Bynasanskuii, B.O. Boraenko // KibepHeTnka Ta cCHCTeMHHI aHai3.
2020. Tom 56, Ne 5. C. 100-114.

AnoTanis. Po3riasHyTO MUTaHHS MaTeMaTHYHOIO MOJEIIOBaHHS JHHAMIUHUX HpomneciB (inmpTpamiitHol
KOHCOJTI/Talii HACHYEHNX TEOMOPHUCTHX CEPEIOBHIL B PaMKaX HEKIACHYHHX MATEMaTHYHHX MOJEICH, OCHOBY
SIKMX CKJIaJiae OirmapabosiuHe eBOIIONIHHE PIBHAHHA Ta HOro aApo0oBo-audepeHiiiinmii ananor. Bukonano no-
CTaHOBKU Ta 3HAIJICHO PEryJsspu30BaHi po3B’sI3KM OOCPHEHHX PETPOCMEKTHBHHX 3a1ad Teopii KOHcouimamil
BIANOBIHO 10 3a3Ha4yeHHX Mojeieil. OTpHMaHO OLIHKK 301KHOCTI 3HAHICHUX PEryJsIPH30BAHUX PO3B’S3KiB,
HaBEJICHO PE3y/IbTaTH YHCEJIBHUX EKCIEPUMEHTIB.
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Kui04oBi ci10Ba: MaTemMaTuuHe MOJEIIOBAHHS, HEKJIACHUUHI MOJeli, (GiabTpaliiiHO-KOHCOIIaliiHI poLecH,
nuHaMika, oOepHEHi 3amadi, GimapaGoiiuHe eBOJIOLiMHE PIBHAHHSA, IPOOOBO-AU(EpeHIIHHNI aHaor.

Some consolidation dynamics problems within the framework of the biparabolic mathematical model and
its fractional-differential analog / V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 100-114.

Abstract. The paper deals with mathematical modeling of dynamic processes of filtration consolidation
in saturated geoporous media within the framework of non-classical mathematical models based on biparabolic
evolution equation and its fractional-differential analog. We state and obtain regularized solutions of inverse
retrospective problems of consolidation theory according to the above-mentioned models; obtain the
convergence estimates for the found regularized solutions; and present the results of numerical experiments.

Keywords: mathematical modeling, non-classical models, filtration-consolidation processes, dynamics, inverse
problems, biparabolic evolution equation, fractional differential analogue.

VK 517.988

CX0IHMOCTH ABYXITAIIHOI0 NMPOKCHMAJILHOIO AJTOPHTMA /ISl 33/1a4d 0 PABHOBECHH B NPOCTPAHCTBAX
Anamapa / SI.1. Beneas, I'.B. Canapakos, B.B. Cemenos, JI.M. Yagak // KubepHeTnka u CHCTeMHbIH aHa-
3. 2020. Tom 56, Ne 5. C. 115-125.

In.: 0. Tabn.: 0. Bi6miorp.: 31 Ha3s.

AnHoTanus. PaccMOTpeH UTepaliMOHHBIIN JIBYXATaIHbINH IPOKCUMAIIBHBII alrOPUTM IS MPUOIIHIKEHHO-
ro peLIeHus 3a/1a4 O PAaBHOBECUH B IIPOCTpaHCTBAaX Aamapa. JlaHHBIN aJropuTM SBISICTCS aHAJIOTOM paHee n3-
YYEHHOTO JIBYXITAIIHOTO aJITrOPUTMA sl 3a/1ad O PaBHOBECHH B THMIILOSPTOBOM MPOCTpaHCTBE. J[iis mceBaoMo-
HOTOHHBIX OM(YHKIMI JUMIIMIEBOTO TUIA J0Ka3aHa TeopeMa O c1aboil CXOAUMOCTH TOPOXKICHHBIX aIrOPUT-
MOM IIOCJIEIOBATEILHOCTEM.

KiroueBbie cjioBa: IIPOCTPAHCTBO Az[aMapa, 3a/laqya O pPaBHOBECHH, IICEBAOMOHOTOHHOCTB, Z[ByXSTaHHLIﬁ
AJIrOPUTM, CXOAUMOCTB.

36ixKHiCTH IBOETANHOI0 MPOKCHMAJIBLHOI0 AJATOPUTMY /ISl 33/1a4i PO piBHOBAry B nNpocropax Axamapa /
S1.1. Bepeas, I'.B. CanpnpaxoB, B.B. Cemenos, JI.M. Yabak // KiGepHernka Ta cucremuuid anamiz. 2020.
Tom 56, Ne 5. C. 115-125.

AHoTauis. 3apoNoHOBAHO iTepallifHUH ABOSTAHHI IPOKCHMATBHUI alTOPUTM UL HAOIIKEHOTO PO3-
B’SI3aHHS 3aJa4 PO PIBHOBAry B MpocTopax Axamapa. Lleit anroput™ € aHaaoroM pasiiie JOCIiHKEHOTO BOe-
TAIHOTO AITOPUTMY IS 33124 MPO PiBHOBAry B T'iibOepTOBOMY IpOcTOpi. /1St ceBIOMOHOTOHHUX OidyHKIii
JHIMIIKIEBOr0 THITY JOBEICHO TEOPEMY PO cIa0Ky 301KHICTB MOCIIIOBHOCTEH, 110 MOPOKEH]I aIrOPHTMOM.

KurouoBi caoBa: mpoctip Amamapa, 3a7ada mpo piBHOBAry, MCEBIOMOHOTOHHICTb, JABOCTAIHHN alrOPHTM,
301XKHICTb.

Convergence of a two-stage proximal algorithm for equilibrium problems in Hadamard spaces /
Ya.l. Vedel, G.V. Sandrakov, V.V. Semenov, L.M. Chabak // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 5. P. 115-125.

Abstract. An iterative two-stage proximal algorithm for the approximate solution of equilibrium
problems in Hadamard spaces is proposed. This algorithm is an analog of the previously studied two-stage
algorithm for equilibrium problems in Hilbert space. For Lipschitz-type pseudo-monotone bifunctions,
a theorem on the weak convergence of sequences generated by the algorithm is proved.

Keywords: Hadamard space, equilibrium problem, pseudo-monotonicity, two-stage algorithm, convergence.

VJK 517.9

Ipuodan:keHHOe MUHMMAKCHOE OlleHHBAaHHe (PYHKIIMOHAJIOB OT PellleHNii BOJTHOBOIO ypaBHEHHs NP He-
smuHeiinom Hadmionennu / E.A. Kanycrsin, A.I'. Hakoneunslii / Kubeprernka u cucreMuslit anamus. 2020.
Tom 56, Ne 5. C. 126-135.

Im.: 0. Tabm.: 0. Bi6miorp.: 14 Ha3s.

AnHoTauus. PaccMoTpeHa 3ajjaya MUHUMAKHOTO OLIGHMBaHHS (DYHKIMOHAIA OT PEIICHUS BOJIHOBOT'O
YpaBHEHHs ¢ OBICTPO KOJEOMOUMHUC KOd(PDUIIMEHTAaMU ¥ TIPU YCIIOBUH, YTO HAOJIOJICHUE SIBISCTCS HEJU-
HEHHBIM (MMEET OmepaTop THUra cyneprnosuuun). [Ipu 3HaueHun Maoro napaMmerpa CyuiecTBOBaHUE PELICHHs
HCXOJIHOM 3a/1auyl yCTAHABJIMBAETCS C IIOMOILBIO TPAJAUIIMOHHOIO MUHUMAKCHOro noaxoza. Ilepexon k 3azaue ¢
YCPEIHEHHBIMH ITapaMeTPaMH [103BOJISICT OCBOOOIMUTHCS OT HEJIMHEHHOCTH B HaOroeHHH. OCHOBHOU pe3yiib-
TaT pabOThl — 3TO J0KA3aTENILCTBO TOI0, YTO MHHUMAKCHAsl OLICHKA 3a/1a4i C YCPEIHCHHBIMU KO uIreHTa-
MU SIBIISICTCSI TPHOJIMIKCHHOW MHHUMAKCHOM OIIGHKOM HWCXOJHOHM 3a/1adu.

KiioueBble c10Ba: MHHHMAaKCHOE OLICHUBAHKE, BOJHOBOE ypaBHEHHE, ObICTPO KoueOuronmecs: KoddduiueH-
ThI, YCPEJHCHHAs 3a/lauya, HEOIPEICIICHHOCTh, MPUOIMKEHHAS OLCHKA.
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Ha6auxene MiHiMakcHe oUiHIOBaHHS (YHKIIOHAIIB Bi/l pO3B’sI3KiB XBHJILOBOI'0 PiBHAHHSA 3 HeJiHIiTHUM
cnoctepexkennsm / O.A. Kanycersn, O.I'. Hakoneunwii // KiGepueTtnka ta cucremuuii anaiis. 2020. Toum 56,
Ne 5. C. 126-135.

AHoTtauis. Po3risHyTO 3amady MiHIMAKCHOTO OIHIOBaHHS (DYHKIIOHANY Bil PO3B’SI3KY XBHIBOBOTO
PIBHSHHS 31 IIBUAKO KOJIMBHUMHM KOE(]IilliEHTAMHU Ta 3a YMOBH, 1110 CIIOCTEPEKEHHs € HENiHIMHUM (Mae orepa-
TOp THUIy cyreprnosuiii). Jist 3HaueHHs Majoro mapamerpa iCHyBaHHS PO3B’A3KY BHXIJHOI 3ajadi BCTAHOB-
JIFOETHCST 32 JIOTIOMOTOK0 TPAHIIIHHOrO MiHIMaKcHoOro migxomy. Ilepexin 1o 3axaui 3 ycepeHEHUMH TapameT-
paMu J1ae 3MOTy YHUKHYTH HENIHIHHOCTI y crioctepeskeHHi. OCHOBHUM pe3yJIbTaToOM POOOTH € JIOBE/ICHHS TOTO,
mo MiHIMAakCHa OI{HKAa 3ajadi 3 yCEepeIHEHMMH KoedillieHTaMH € HaOIMKEHOI0 MIiHIMAKCHOIO OLHKOIO
BUXiAHOT 3ajaui.

Kurodosi ciioBa: MiHIMakcHE OLIHIOBaHHS, XBHJILOBE PIBHSHHS, IIBHUIKO KOJMBHI KoeQillieHTH, ycepeJHeHa
3ajlauya, HEBU3HAUYCHICTh, HAOJMIKEHA OIiHKA.

Approximate minimax estimation of functionals of solutions to the wave equation under nonlinear
observations / O.A. Kapustian, O.G. Nakonechnyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5.
P. 126-135.

Abstract. The paper deals with the problem of minimax estimation of a functional of the solution to the
wave equation with rapidly oscillating coefficients. The observation (output signal) is nonlinear (has the
operator of superposition type). For the small parameter, the existence of the solution of original problem is
proved using the traditional minimax approach. Transition to homogenized parameter problem allows us to
remove the nonlinearity in the observation. The main result of the paper is to prove that the estimate of the
problem with homogenized parameters is an approximate minimax estimate of the original problem.

Keywords: minimax estimation, wave equation, rapidly oscillating coefficients, homogenized problem,
uncertainty, approximate estimate.

VJIK 519.85
O-pynknun 2D-065eKTOB ¢ rPAaHHIIAMH B BH/e KPHBBIX BTOporo mopsiaka / H.W. I'mas, B.H. IManyk /
Kubepreruxa n cucremusiii anamms. 2020. Tom 56, Ne 5. C. 136-145..

In.: 0. Ta6n.: 0. Bibmiorp.: 21 Ha3pa.

AnnoTanus. PaccMOTpeH OfMH U3 NOAXOJO0B K IPEICTABICHUIO B AaHAIUTUYECKOM BHJIE YCIOBHI Herepe-
CCYCHMSI M BKJIIOUCHHSI HCOPHCHTHPOBAHHBIX BBITYKIIBIX 2D-00bEKTOB, IPAHHUI[AMI KOTOPBIX SIBIISIOTCS KPUBBIC
BTOPOrO TOPS/KAa KaHOHUYECKOro Buja. [IpuBe/ieHbI YCIOBUS B3aHMHOIO HEHEPECEUCHHUs Tapbl HJUIHIICOB, 3JI-
Jirca U o0J1acTH, OrpaHMYEHHON MapadoJIoi, a TAKKEe yCIOBHUS BKIFOYEHHS KPyra B 3JUIMIIC, SJUIUIICA B 3JUIMIIC,
3IUIUIICA B 00NIACTh, OTPAHMYCHHYIO MapaboIIoi. AHATUTHYECKHE YCIIOBHS TPE/ICTaBICHbl HA OCHOBAHUU ypaBHE-
HUI IPaHMI] COOTBETCTBYIOIIUX OOBEKTOB (00JacTell) M MPHUBEJCHEI K BTy CHCTEMBbI HEPABEHCTB, 3aBHCSIIIX OT
[IapaMeTpoB pasMeNIeHUs 0OBEKTOB H IapaMeTpa, KOTOPBIM SBISIETCS PEIIeHHeM HEKOTOPOro ypaBHEHHS OJXHOU
nepeMeHHoOi. Ha OCHOBaHMH MOJYYCHHBIX CHCTEM HEPABEHCTB IMOCTPOCHBI COOTBETCTBYIOIIHE D-()YyHKIHH.

KnroueBble c10Ba: 3/uIMICH], mapaboia, HenepecedeHue, BKIodeHne, d-dyHKimm.

®-pynkuii 2D-06’€TiB 3 rpaHNIsAMH y BHLISIAI KpuBHX Apyroro mopsinky / M.L Tins, B.M. Ilanyk //
Kibepruetuka ta cuctemuuii anamiz. 2020. Tom 56, Ne 5. C. 136-145.

AHoTauis. Po3risyTo ouH 3 miIX0IiB 10 TOOYOBU B aHATITHYHOMY BUTJIS/l YMOB HETIEPETUHY 1 BKIIO-
YEHHSI HEOPIEHTOBAHUX OMYKIHUX 2D-00’€KTiB, IPAaHUISIMU SKUX € KPUBI IPYrOro MOpsiiKy KaHOHIYHOIO BUJLY.
HaBeneHO yMOBH B3a€MHOTO HEMEPETHHY MapHd CJimNciB; efinca i obmacti, oOMexeHoI mapabosio; yMOBU
BKJIIOUCHHSI KOJIa B €JIIIC, eJIilica B eJIIIIC, ellinca B 001acTh, 00MexeHy Hapadoiio0. AHAIITHYHI YMOBH HaBeJie-
HO BIAIOBIJHO 1O DIBHSHb I'PAHHIb BIINOBIMHHX 00’€KTiB (0oOjacTeil) i NMPHUBENEHO JO BUIVISLY CHCTEMHU
HEpiBHOCTEH, IO 3aleXaTh BijJ MapaMeTpiB pO3MIIIEHHS 00’€KTiB 1 ImapaMeTpa, SKUil € pO3B’I3KOM JESIKOrO
PIBHSHHS OJIHi€1 3MIHHOI. 3 ypaXyBaHHSM OTPUMAHUX CUCTEM HEepiBHOCTeH 00y j0BaHO BianoBiaHi O-dyHKIil.

KurouoBi caoBa: enincy, mapaboia, HENEpeTHH, BKIOYEHHS, D-QyHKIT.

PHI-functions of 2D objects with boundaries being second-order curves / M.IL. Gil, V.M. Patsuk //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 136-145..

Abstract. An approach to constructing analytical conditions of non-intersection and inclusion of
non-oriented convex 2D objects is considered, the boundaries of objects being second-order curves in the
canonical form. In particular, the conditions of mutual non-intersection of a pair of ellipses; an ellipse and an
area bounded by a parabola; conditions of containment of a circle in an ellipse, an ellipse in an ellipse, an
ellipse in a region bounded by a parabola are constructed. The analytical conditions are constructed on the basis
of the equations of the boundaries of the corresponding objects (areas) and then are reduced to the form of
a system of inequalities depending on the placement parameters of the objects and the parameter, which is the
solution of a certain equation of one variable. Based on the obtained systems of inequalities, the corresponding
@-functions are constructed.

Keywords: ellipses, parabola, non-intersection, containment, ®-functions.
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VK 519.65
YebbIeBckoe NPUOIMKEHHE PAIIMOHAIBHBIM BbIpazkeHneM (GpyHKuMii MHOrux nepemennbix / I1.C. Ma-
snaunBckuid, S1.B. Iusiop, P.II. Manaunsckuii // Kubepueruka u cucremuslid anamu3. 2020. Tom 56, Ne 5.
C. 146-156.

In.: 2. Ta6n.: 0. Bibmiorp.: 15 Hazs.

AnnoTtanus. [IpeuioxkeH METo/] OCTPOSHHST YeObIIICBCKOT0 IPUOJIIKEHNS PALIOHATBEHBIM BEIPaYKEHUEM
UL TaOJIMYHO 3afaHHBIX (QYHKIMII MHOTUX IepeMEHHBIX. Viess MeToaa OCHOBBIBACTCS Ha IIOCTPOCHHH IIPEJIeib-
HOTO CPEIHECTENEHHOTO MPUOIIKEHUs B HOPME TIpocTpancTBa £ 7 npu p — oo . I IOCTPOSHHS CPEHECTENCH-

HBIX IPHOIIKEHUH HCIIONB30BaHA HTEPALIMOHHAS CXeMa Ha OCHOBE METO/Ja HAMMEHBIIINX KBAIPaTOB C yTOUHEHHU-
€M 3HaueHHI JByX BECOBBIX (DYHKIIMIL, OHA U3 KOTOPBIX 00ecHeunBaeT NOCTPOSHHE CPEIHECTEIICHHOTO IPHOIH-
JKCHHS, a BTOpask — yTOYHCHHE NTapaMeTPOB PAlOHATFHOTO BEIPAXKECHIUS MO CXeMe JIMHeapu3aui. CXoauMoCTb
MeTozia 00eCHeurBaeTCsi OPUTHHAIBHBIM CIIOCOOOM IMOC/IC0BATEIBHOIO YTOYHCHUS 3HAYCHUH BECOBBIX (YHK-
i, OnUCcaHbl AITOPUTMbI BBIYUCIICHUS TAPAMETPOB YeObIIIEBCKOTO MPHOIIKEHN! QYHKIMH MHOTHX HEepeMeH-
HBIX PALMOHAIBHBIM BBIPOKCHHEM C aOCOJIOTHON M OTHOCHUTEIBHOW IOIPELIHOCTSIMH.

KaioueBble cioBa: 4eObIIIEBCKOE NPUOIMKEHNE PALIMOHAIBHBIM BBIPAXKEHHEM, (DYHKIUH MHOTUX NEPEeMEH-
HBIX, CPEIHECTEIICHHOE MPUOIMKCHUE, METOA HAHMMCHBIIMX KBaJpaToB.

YeOnuioBcbKe HAOJIMKeHHs palioHaJIbHUM BUPa3oM (yHKuiil 6ararsox 3minnux / I1.C. ManaviBcbkuii,
51.B. Ii3iop, P.II. ManauiBcwkuii // KiGeprernka ta cucremuuii ananis. 2020. Tom 56, Ne 5. C. 146-156.

AHoTanis. 3anpornoHOBaHO METOJ{ IT00YX0BH YeOHIIOBCHKOIO HAOIMKEHHS PalliOHAIEHEM BHPA30M UL
TaOJNMYHO 3aaHuX (QYHKLIH OaraTbox 3MiHHUX. BiH IpyHTyeThCsl Ha OOYZOBI IPAHIYHOTO CEPEIHBOCTCIICHE-
BOro HabwKeHHs y HopMi npoctopy E¥ mns p — oo . Jns noGynoBU cepeiHbOCTENeHeBUX HAOIMKEHb BUKO-

PHCTaHO iTepalliliHy cxeMy Ha OCHOBI METOHy HailMEHINMX KBaJpaTiB 3 yTOYHEHHSM 3HAa4YeHb JBOX BAarOBHX
¢yHKii, oxHa 3 sAKHX 3a0e3nedye T00YA0BY CepeAHbOCTEIIEHEBOr0 HAOMMKEHHS, a Apyra — yTOUYHEHHs Iapa-
METPIB PAI[iOHATBHOTO BUPA3y 33 CXEMOIO JliHeapu3allii. 301KHICTh METOY 3a0€3MeUeHO 3aBISIKH OPUTiHAIBHO-
My CrocoOy MOCIIIOBHOIO YTOYHEHHs 3Ha4yeHb BaroBux (yHKuii. OnmucaHo anropuTMu OOYMCIICHHS Mapa-
METpIiB YeOHIIOBCHKOrO HAOMMKEHHsT (YHKIIH 0araThboX 3MIiHHHX palliOHAJIBHUM BHPa3oM 3 abCOJIOTHOIO Ta
BIZIHOCHOIO TTOXHOKaMu.

KuiouoBi ciioBa: 4eOuIoBchke HAOMMKEHHS palliOHaIbBHUM BUPa3oM, (GyHKIIi 6araTboX 3MiHHHUX, CEPEIHbOC-
TEereHeBe HAOMMKEHHS, METOA HAWMEHIINX KBaJpaTiB.

Chebyshev approximation by the rational expression of functions of many variables / P.S. Malachivskyy,
Ya.V. Pizyur, R.P. Malachivskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 146-156.

Abstract. The method of constructing the Chebyshev approximation by a rational expression for
functions of many variables is proposed. The idea of the method is based on constructing the boundary
mean-power approximation in £ norm with p — oo . The least squares method with two variable weight

functions is used to construct this approximation. One weight function ensures the construction of mean-power
approximation, and another one refines parameters of rational expression by linearization scheme. The
convergence of the method is provided by the original method of sequentially refining the values of the weight
functions. Algorithms for calculating the parameters of the Chebyshev approximation of functions of many
variables by a rational expression with absolute and relative errors is described.

Keywords: Chebyshev approximation by rational expression, functions of many variables, mean-power
approximation, least squares method.

VIK 517.977
IpoGema cOIMKeHHs] YIPABJIsieMbIX 00bEKTOB B HTPOBBIX 32/124aX AHHAMHKH ¢ TEPMHHAJILHON QyHK-
nueii naater / U.C. Panmonopt // Kubeprernka u cucremusiii anamms. 2020. Tom 56, Ne 5. C. 157-173.

In.: 0. Tabn.: 0. Bibmiorp.: 24 HazBu.

Annorauus. IIpennoxken Merosn pemeHus npooiemMbl CONMKEHUS YIPABISEMbIX 00BEKTOB B UIPOBBIX
3a7a4ax JAMHAMHKH C TEPMUHAIBHOU (DYHKIMEH II1aThl, KOTOPBIM 3aK/II0YAETCs B CHCTEMAaTHYECKOM HCIIOJIb30-
Banuu uneil denxensi—Mopo MPUMEHUTEIBHO K 00IIei cxeMe MeToaa paspenraronux ¢pyHkuuid. CyTh mpemia-
raeMoro METOJ1a 3aKJIF0YAETCsl B TOM, YTO Pa3peliarollyto QYHKIMIO yAAeTCs BBIPA3UTh YEPE3 CONPSIKEHHYIO K
(YHKIUH IUTaTHl U, UCIIONB3YSI HHBOJIIOTHBHOCTD ONEpaTopa CONMPSDKEHHS JUTS BBITYKIIOW 3aMKHYTON (DyHKIINH,
HOJIyYHUTh FAPAHTUPOBAHHYIO OLICHKY TEPMHUHAIBHOTO 3HAYCHHUS (ByHKIHH [LUIAThI, KOTOPAs MPEACTABIISCTCS de-
pe3 3Ha4YCHUE MUIAThl B HAYAIBHBIH MOMEHT M MHTErpall OT pasperuaronieil GpyHkuun. BBeqeHb! moHATHS Bep-
XHeil ¥ HIDKHEH pasperuaronmx GYHKUUHA ABYX THIIOB M HOJIy4YEHbI JOCTATOYHbIC YCIOBHS IapaHTHPOBAHHOTO
pesynbrata B 1Ud(epeHIHaIBHON Urpe ¢ TePMUHANBHOM (QYHKIMEI IUIaThl B cly4ae, Korja ycioBue IToHTps-
T'MHA HE UMeeT MecTa. PaccMOTpEeHBI 1Be CXeMBI MeTo/ia pa3pellarolnX (QYHKIHH, TOCTPOCHEI COOTBETCTBYIO-
Iye CTpaTerHy yIpaBlIeHHsI U TaHO CPaBHEHHE apaHTHPOBAHHBIX BPEeMEH. Pe3yibTaThl HILTIOCTPUPYIOTCS Ha
MO/ICIIBHOM IIPHMeEpe.

KuroueBble cjioBa: TepMuHaibHash GYHKIMS [UIATHI, KBAa3MIMHEHHAs Tu(depeHnanbpHas urpa, MHOrO3HaYHOE
O0TOOpaKeHUEe, M3MEPHMBIH CEIeKTOp, CTPOOOCKONMMYEcKas CTPATerus, paspelraromast (yHKIHS.
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IIpobaema 30.1m:KeHHs] KePOBAHUX 00’€KTIiB B irpoBHX 3aJayax AMHAMIKH 3 TePMiHAIbHOW (QYHKIi€I0
nnatu / M.C. Pannonopr / KiGeprernka Ta cucremumii amaniz. 2020. Tom 56, Ne 5. C. 157-173.

AHoTaLis. 3anponoHOBaHO METOJ PO3B’SHAHHS MPOOIeMH 30JIDKCHHS KEPOBAaHUX 00’ €KTIB B irpOBHX
3a7a4ax JUHAMIKH 3 TEPMIHAIBbHOK (YHKI€IO IUIATH, SKUI MOJsIrac B CUCTEMaTHYHOMY BUKOPHCTAHHI i1ei
Denxenss—Mopo CTOCOBHO 3arajibHOI CXEMH METOAy po3B’si3yBaidbHHX (yHKHiH. CyTHICTH 3aIPOIIOHOBAHOTO
METOJIy MOJISITAE B TOMY, IO PO3B’A3yBaJIbHY (QYHKIIFO MOKHA BU3HAYUTH YePEe3 CIPSUKCHY 10 GYHKINI I1aTH 3
BUKOPHCTAHHSAM 1HBOJNIOTUBHOCTI OIIEpaTopa CIPSHKEHHS IS OIMyKIol 3aMKHEHOI (YHKIT, i OTpUMAaTH rapaH-
TOBaHy OL[IHKY TePMiHAJBHOTO 3Ha4YeHHs (PYHKIUIT IUIaTH, SIKY IPEACTABICHO Yepe3 3HAUYCHHsI IUIATH B II0YATKO-
BHIf MOMEHT Ta iHTErpaj BiJ po3B’s3yBaibHOl (yHKIIT. HaBeJeHO NOHSATTS BEpXHBOT Ta HUKHBOT PO3B’SI3yBallb-
HUX (QyHKOiM JBOX THIB i OTPEMAHO JOCTaTHI YMOBHU TapaHTOBAHOIO pe3yJbTaTy B AudepeHmianbHiil rpi 3
TEPMiHATIBHOIO (DYHKILIEIO [UIaTH y pasi, koiu ymoBa [IoHTpsriHa He Mae Miclisl. 3alpPONOHOBAHO JBI CXEMU Me-
TOJly pO3B’SI3yBIBHUX (YHKIIH, MOOYI0BaHO BIANOBIAHI CTpaTerii KepyBaHHs 1 HABEAEHO MOPIBHSHHS rapaH-
TOBaHUX daciB. Pe3ynpTaTé UIIOCTPOBAHO Ha MOJEIBHOMY INPUKJIALI.

KurouoBi ciioBa: TepmiHanbHa GyHKIIS m1aTH, KBa3UIiHiiHA AudepeHIiaabHa rpa, bararo3HavyHe BigoOpaxeH-
HSI, BUMIPHHII CENIEKTOpP, CTPOOOCKOIIYHA CTpaTeris, po3AiabHa (GyHKIis.

The problem of approximation of controlled objects in dynamic game problems with a terminal payoff
function / J.S. Rappoport // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 157-173.

Abstract. A method is proposed for solving the problem of convergence of controlled objects in dynamic
game problems with the terminal payoff function, which consists in the systematic use of Fenchel-Moreau
ideas as applied to the general scheme of the method of resolving functions. The essence of the proposed
method is that the resolving function can be expressed in terms of the function conjugate to payoff function
and, using the involution of the conjugation operator for a convex closed function, we obtain a guaranteed
estimate of the terminal value of the payoff function, which can be presented in terms of the payoff value at the
initial instant of time and integral of the resolving function. The concepts of upper and lower resolving
functions of two types are introduced and sufficient conditions for a guaranteed result in a differential game
with a terminal payoff function are obtained for the case where the Pontryagin condition does not hold. Two
schemes of the method of resolving functions are considered, the corresponding control strategies are
constructed, and guaranteed times are compared. The results are illustrated by a model example.

Keywords: terminal board function, quasilinear differential game, multi-valued mapping, measurable selector,
stroboscopic strategy, resolving function.

MNPOI'PAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE COMPLEXES

VK 519.6

BbICOKONPOU3BOAHTE/IbHbIE CYNEPKOMIBIOTEPHbIE TEXHOJIOTHH MOJeTHPOBAHHS HAHOMOPHUCTHIX KHOep-
CHCTeM € OOpPAaTHBIMH CBSI3SIMH JUISi acOPOLMOHHON oumMcTkM ra3o / M.P. Ilerpuk, WU.B. Boiiko,
A.H. Xumnu, M.M. Ilerpuk // Kubepreruxa n cucremusiii anamms. 2020. Tom 56, Ne 5. C. 174-186.

In.: 4. Tabn.: 0. Bi6umiorp.: 20 Ha3s.

AnnoTtanus. Pa3paboTaHbl BBICOKOIPOU3BOUTEIBHBIC TEXHOJIOTHH MOJICIHPOBAHHS HEU30TEPMHUYECKO
aicopOLMy ra3a B HAHOMOPUCTBIX KHOEPCHCTEMAaX ¢ OOPAaTHBIME CBSI3SIMH Ha OCHOBE OIEPAI[MOHHOTO METOa
Xesucaiina u noaxona Jlannay K JIMHeapU3alnuy HEIMHEIHOTO aIcCOPOIMOHHOr0 paBHOBecHs JIeHrMropa ¢ 1o-
MOIIBIO PAa3/I0KEHHS B CXOIIMICS PsAl B TOUKE TeMIepaTypsl (a3oBoro mepexoza ¢ rnociaeayrommm ddhek-
THBHBIM pacHapasIe/IMBAHIEM MOJEIHN 110 MAJIOMY TapameTpy. [IpeacTaBieHs! pe3ynbTaThl YHCICHHBIX JKCIIC-
PUMEHTOB Ha OCHOBE BBICOKOCKOPOCTHBIX MapaJUICbHBIX BBIYUCICHHH HAa MHOTOSJICPHBIX KOMITBIOTEpAX.

KioueBble cjioBa: HaHOIOPUCTBIE KMOEPCUCTEMbI C OOPATHBIMH CBSI3SIMH, aJICOPOLHUS U JIecOpOLHs Ta3o0B,
¢yHKIUS ancopOLHOHHOrO paBHOBecHs JleHrMiopa, omepalMOHHBIN Meron XeBucaiina.

BucoKONpOAYKTHBHI CynepKOMII’I0TepHi TeXHOJIOTil MO/eTI0BAHHSA HAHONOPHCTHX KibdepcucreM 3i 3B0-
POTHMUMU 3B’SI3KaMHu 1 ajacopouiiinoro oummenns raszis / M.P. Ilerpuk, I.B. Boiiko, O.M. Ximiu,
M.M. Ilerpuk // Kibepuernka ta cucremumii anamiz. 2020. Tom 56, Ne 5. C. 174-186.

AwnoTanisi. Po3po0iieH0 BHCOKOIPOIYKTHBHI TEXHOJIOTTi MOJECNIOBAHHS HE130TepMIvHOT aicopOuii rasis
Yy HaHONOPHUCTUX KiOepcucTemax 31 3BOPOTHHMH 3B’s3KaMH Ha OCHOBI omepauiiiHoro merony ['eicaiima Ta
nigxoxy Jlammay mo mineapumsanii HelniHifHOI axcopOmiiiHoi piBHOBarm JIeHrMIOpa HIIIXOM PO3BHHEHHS Y
30DKHUI P Y TOULI TeMmepaTypH (a3oBOro mepexoay 3 MOAANbIINM eEeKTHBHUM PO3MApaIeIiOBAHHIM MO-
Jieni 32 MaauM TmapameTpoM. HaBeeHO pe3ysbTaTd YHCIOBHX SKCIICPHMEHTIB Ha OCHOBI BHCOKOIIBHKICHHX
HapajeibHUX OOYHCIICHb 3 BHKOPUCTAHHSM 0ararosiIepHUX KOMII FOTEpIB.

KurouoBi ciioBa: HaHOmopucTi KibepcucteMu 3i 3BOPOTHUMHM 3B’si3KaMu, aacopOuis Ta aecopOris rasis,
¢dynxuis agcop6Ouiitnoi piBHoBarm Jlenrmropa, omepauniituii Merox I'eBicaiinma.
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High-performance supercomputer technologies of simulation of nanoporous cybersystems with feedback
for adsorption gas purification / M.R. Petryk, 1.V. Boyko, A.M. Khimich, M.M. Petryk // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 5. P. 174-186.

Abstract. High-performance methods and computer technologies for modeling of non-isothermal gas
adsorption in nanoporous cyber feedback systems are based on the Heaviside operating method and Landau’s
linearization approach to Langmuir’s nonlinear adsorption equilibrium using the decomposition in a convergent
series at the temperature transition point with subsequent efficient parallelization of the model over a small
parameter are developed. The results of numerical experiments based on high-speed parallel computations on
multicore computers are presented.

Keywords: nanoporous feedback systems, adsorption and desorption of gases, Langmuir adsorption
equilibrium function, Heaviside operational method.

VK 682.32+537.8

BeckoHTAKTHBIE HCCJIEI0BAHUS MATHUTHBIXIIOJIEH GHOIOTHYeCKHX 00beKTOB: AJITOPUTMBI PEruCTPALIHH
u odopadorku ganubiXx / ML.A. Ilpnvmun, U.B. HenaiiBoga // KubGepuernka n cucremusiii anamms. 2020.
Tom 56, Ne 5. C. 187-202.

Im.: 11. Ta6n.: 0. Bibmiorp.: 14 Ha3s.

Annorauus. Ha ocnoBe HuzkotemnepatypHbix CKBI/I-ceHCOpOB co3/jaHa CBEpXYyBCTBUTEIIbHASL Mar-
HUTOMETPHUYECKasi CUCTeMa ISl UCCIIeI0BaHMs HAHOUACTHI] B OHOJIOTHYeCKHX 00beKkTaX. PaccMoTpeHsl 0CHOB-
uble ocobennoctn CKBU/I-MarHUTOMETpUYECKON CHCTEMBI M MH(OPMALIMOHHON TEXHOJIOTHH HPH Perucrpa-
LM M aHAJIM3¢ MarHUTHBIX CUTHAJIOB OT OPraHOB JIA0OPaTOPHBIX JKMBOTHBIX. [IpHUBEICHEI DKCIIEPUMEHTAIEHbIC
JTaHHBIE Pa0OTHl MATHUTOMETPUYECKON CHCTEMBI U aITOPHTMOB PETHCTPALMU U 00pabOTKH NaHHBIX IIPU HCCIIe-
JIOBaHUM (HU3UUECKUX MOJENeH (MEJIKHX JKHBOTHBIX) C HAaHOYACTHIIAMH.

Kumrouesbie ciosa: CKBH/I-cencop, Maranromerpudeckas cucreMa, MHQOpMaIHOHHAs TEXHOJIOrus, odpar-
Has 3ajada, OMOJIOrMYECKHE OOBEKTHI, HAHOYACTHIIBL.

Be3koHTaKTHi JOC/IiIZKeHHs MATHITHUX NOJIB 0io/1orivHNX 00’€KTiB: aJropuTMH peecTpanii Ta 06pod-
nenns ganux / ML.A. Ilpimin, I.B.Henaiisona // Kibepuernka Ta cucremuuii anamniz. 2020. Tom 56, Ne 5.
C. 187-202.

Amnotaunis. Ha ocnosi Husskoremneparypaux CKBIJI-ceHCOpiB cTBOPEHO HaJUyTIHBY MarHiTOMETPHY-
HY CHUCTEMY JIsl JOCHTI/PKCHHS HAHOYACTHMHOK Y OloyoriuHMX 00’€KkTax. PO3MIsHYTO OCHOBHI OCOOIMBOCTI
CKBI/I-marHiTomeTpryHOl cucTeMu Ta iH(opMaLiiiHOi TeXHoOoril I peecTpalii 1 aHai3y MarHiTHUX CHI-
HAJIiB BiJ opraHiB Ja0opaTopHuX TBapuH. HaBeneHo excriepuMeHTa bHi AaHi pOOOTH MarHiTOMETPHYHOI CHCTe-
MH i aJTOPUTMIB peecTpamii Ta 0OpOOJEHHsS JaHWX, OTPHUMaHI IiJ Yac JOCIIUKEHHS (i3MYHUX Mojerei
(npiOHHUX TBapuH) 3 HAHOYACTHHKAMH.

Kimouosi ciioBa: CKBI/I-cencop, Marnitomerpuyna cuctema, iHdopMmaliiiHa TexHoIOris, oOepHeHa 3a/1a4a,
GiosoriuHi 00 €KTH, HAHOYACTHHKH.

Non-contact analysis of magnetic fields of biological objects: algorithms for data recording and
processing / M.A. Primin, L.V. Nedayvoda // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 187-202.

Abstract. Based on low-temperature SQUID sensors, an ultra-sensitive magnetometric system has been
created for the analysis of nanoparticles in biological objects. The main features of the SQUID magnetometric
system and information technology during registration and analysis of magnetic signals from organs of
laboratory animals are considered. Experimental data on the operation of the magnetometric system and
algorithms of data recording and processing in the study of physical models (small animals) with nanoparticles
are presented.

Keywords: SQUID sensor, magnetometric system, information technology, inverse problem, biological
objects, nanoparticles.
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