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VK 681.3
O npubaMKEeHHOM BBIYHCJICHHMH Mepbl BepOSITHOCTH HedeTkoro coowitusi / A.W. Ilposorap,
O.A. TIposorap // Kubepuneruka u cuctemubiii anamms. 2021. Tom 57, Ne 1. C. 3-11.

Annotanus. [IpeyioxkeH MoaXox, KOTOPBIH 103BONIseT (IPH HEOOXOIMMOCTH) BEIYUCIIATE MEPBl HH/IH-
BUJ[yaJIbHBIX BEPOSITHOCTEH HEUETKHX COOBITHI. [IpHBEeICHBI pe3ynbTaThl HCIOIb30BAaHMS ITOTO MOAXO0A IIPU
pEIICHNH KOHKPETHBIX BEPOATHOCTHBIX 3a4ad B HEUETKOH (opMymmpoBke.

KiroueBble ci10Ba: HCUCTKHC MHOXKECTBA, BEPOATHOCTL HEUETKOI'O COGLITI/I?[, HCYCTKHUE TPEYT'OJIbHBIC YHCJIA.

IIpo HaGam:keHe oOuMcaeHHs Mipu iiMoBipHocTi HewiTkoi moaii / O.I. IIpoBorap, O.0. IIpoBoTap //
Kibepuetuka ta cucremuuii anamiz. 2021. Tom 57, Ne 1. C. 3-11.

AHoTanis. 3anponoHOBaHO MiXiM, SKUi Aae 3MOry (3a MOTpeOH) O0YMCITIOBATH MIpH IHIMBIIyaTbHUX
iMOBiIpHOCTe#l HewiTkux moxiii. HaBeneHo pe3ysbTaTH 3acTOCYBaHHS LBOTO IIAXOAY JO pPO3B’SI3aHHS
HMOBIpHICHHX 3aad y HEUYiTKOMY (OpPMYIIOBaHHI.

KumiouoBi cjioBa: HewiTKi MHOXXHHH, WMOBIPHICTH HEUITKOI MOJil, HEWITKI TPUKYTHI 4YHCIIA.

Approximate calculation of the probability measure of a fuzzy event / O.1. Provotar, O.0. Provotar //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 3-11.

Abstract. An approach which allows (if necessary) calculating the measures of individual probabilities of
fuzzy events is proposed. The results of using this approach to solve specific probabilistic problems in fuzzy
formulation are given.

Keywords: fuzzy event, probability of fuzzy event, triangular fuzzy number.

VK 004.8:519.7
AJrOpUTM O4YeBHAHOCTH H cHcTeMbl SAD: mpomuioe m Bo3MoxkHoe Oyaymee / A.B. Jlsmenxmii //
Kubepuernka u cucremubiii anamms. 2021. Tom 57, Ne 1. C. 12-20.

AnHoTanus. Pabora mocssiieHa nporpamMme «AJNToput™ OYEBHIHOCTH», HHHIIUAPOBAHHON aKaJIeMH-
koM B. M. I'mymkoBsiM B 1970 r. n Hameameil cBoe BOIUIOLIEHHE B BUJE PYCCKOS3BIYHON M aHIIIOA3BIYHON
cucteM SAD, mpenHasHaueHHBIX Ul aBTOMATU3HPOBAHHOTO MIPOBEJICHUS ACAYKIHHU. [[aHO ONMHCaHUE UX Xa-
PaKTepHBIX uepT U ocoOeHHOocTel. [IpuBeneHbI MpUMEpHI, IEMOHCTPUPYIONINE BO3MOXKHOCTb UX HCIIOIb30Ba-
HHS JUIS PeLIeHMs] MaTeMaTHYECKHX U TIOBCEHEBHBIX 3aa4, TPeOYIOIHUX BHIMOIHEHUS JeTyKTUBHBIX IIOCTPOE-
HUi. OnucaHbl BO3MOMKHbBIE IIyTH AAJBHEWIIEro pa3BUTHs AHIJION3BIYHON cucTeMbl SAD.

KaroueBble cioBa: Anroputm OueBuaHOCTH, cuctemMa SAD, aBTOMaTH3aLus pacCy JICHUH, aBTOMaTH3AIHs
MOKCKA [IOKAa3aTeIbCTB TEOPEM, MPYBEp.

AaroputM oveBuaHOCTH i cucremun SAD: munyiae Ta MoxumBe Maiioyrae / O.B. Jlsuenbkmii //
KibepHetnka Ta cucremHumii amamiz. 2021. Tom 57, Ne 1. C. 12-20.

Amnorauis. Po6oty npucssiueno nporpami «Anroputm O4eBUIHOCTI», 1110 OyIia iHilifioBaHa akageMiKoM
B. M. I'mymikoBum y 1970 poui i 3Ha#iuia cBoe BTUICHHS Y BUIUISAI POCIHCHKOMOBHOT Ta aHIJIOMOBHOI CHCTEM
SAD, npu3HaYeHHX ISl aBTOMATH30BAHOTO MPOBEICHHs AeAykuil. HagaHo ommc IXHIX XapakTepHHUX pUC Ta
ocobimBocTeil. HaBeeHo npuKiIaay, siki JeMOHCTPYIOTh MOXKIIUBICTD X BUKOPUCTAHHS IS PO3B’sI3aHHS Mate-
MaTHYHUX 1 MOBCSKICHHHX 3a]ay, IO IOTPeOYIOTh BUKOHAHHS JNEIyKTHUBHHUX IM00yoB. OIHCaHO MOXIHBI
NUIAXU TOJAJBIIOr0 PO3BHTKY aHIIOMOBHOI cuctemu SAD.

Kurouosi cioBa: Anropurm OueBuaHocTi, cuctemMa SAD, aBpromMartu3anist MipKyBaHb, aBTOMAaTH3aIlisl MOITYKY
JIOBEJIEHb TEOPEM, HpPYBEP.

Evidence algorithm and SAD systems: Past and possible future / A.V. Lyaletski // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 1. P. 12-20.

Abstract. The paper is devoted to the Evidence Algorithm program on automated reasoning initiated by
Academician Glushkov in 1970 and found its expression in the form of the Russian-language and
English-language SAD systems intended for automated deduction. Some of their characteristic peculiarities and
features are described. Examples demonstrating the possibility of their use for solving mathematical and
common problems that require deductive constructions are provided. Possible ways of the further development
of the English-language SAD system are given.

Keywords: Evidence Algorithm, SAD system, automated reasoning, automated theorem proving, prover.
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CHUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS

VK 519.21

CoCTOSITeILHOCTh M CBOMCTBA GOJBINNX YKJIOHEHHIl SJMIMPHYECKHX OIIEHOK B 3a/1a4Ye CTOXacTHYeCKOil
ONTHUMHU3AIMY JUISI OJHOPOJHOTO CJIY4YailHOr0 MOJISIIPH HEOJHOPOJAHBIX M OJHOPOIHBIX HAOIIOIEeHUNAX /
II.C. Knomnos, E.M. Kacnukas // KubGepneruka u cucremusiii anamu3. 2021. Tom 57, Ne 1. C. 21-34.

AnnoTtanus. PaccMoTpeHa 3a7ada CTOXaCTHYECKOTO MPOTPAMMHPOBAHMS, TA€ IMIUpHYecKas QyHKIMA
CTPOUTCS 110 HEOJHOPOIHBIM HAOIIOIEHNSIM OJJHOPOIHOTO cilydaiiHoro mois. MccienoBaHo omHOpoJHOE B
Y3KOM CMEICIIE CITydaiiHOe MOoJIe, YAOBJIETBOPSIONIEE YCIOBUIO CHILHOIO nepeMemnBanus. [Ipusenens! ycio-
BHA, P KOTOPBIX SMIMpPHYECKas OIEHKA ABIACTCA COCTOSTEIBHON M OLECHHUBAIOTCA €€ OOJbIINE yKIOHCHHUS
JUISL. OJTHOPOJTHBIX HAOIIOICHUH.

KiroueBbie cjioBa: 3a/lagya CTOXaCTHYECKOr'o IporpaMMupoOBaHUs, OAHOPOAHOE B Y3KOM CMBICIIC CHy‘IaﬁHOe
110J1€, HEOJAHOPOIHBIC HaGHIO[[eHI/IH, YCJIOBUE CUIIBHOI'O NEpEeMEIINBaHUsA, 0oJIbIITHE YKIIOHCHUS.

Kon3ucreHTHicTh i BJACTHBOCTI BEJMKHMX BiIXW/JeHb eMIIPHYHHMX OLIHOK B 3a/1a4i CTOXacCTHYHOI
onTHMI3aWii 1Js1 OAHOPIAHOr0 BHMAJAKOBOIO MOJISI 32 HEOJAHOPIAHHUX Ta OJAHOPIAHUX CHOCTepe:KeHb /
II.C. Kuomnos, €.1. Kaciupka // Kibepuernka ta cucremunii amamisz. 2021. Tom 57, Ne 1. C. 21-34.

AHoTanis. Po3rsiHyTO 33124y CTOXaCTHYHOTO MPOrpaMyBaHHsI, Y SKiil eMIIipHIHy GyHKIi0 OYayl0Th 3a
HEOJHOPIJHUMH CIIOCTEPEIKECHHSIMH OJTHOPIJHOI0 BHIIAKOBOr0 Iouisi. JlociimkeHo OHOpiIHE y By3bKOMY PO-
3yMiHHI BHUIAJKOBE MOJIE, IO 33aJ0BOJIbHSIE YMOBI CHJIBHOTO MepeMillyBaHHs. HaBelIeHO YMOBH, 3a SKHX
eMITipUYHa OLiHKA € KOH3WUCTEHTHOI, Ta OLIHEHO Ii BEJHKI BIIXWJICHHS IJISI OJAHOPITHUX CIOCTEPEKEHb.

Kurodosi cioBa: 3aa4a CTOXaCTHYHOTO NPOrpaMyBaHHs, OQHOPIJHE y BYy3bKOMY PO3yMiHHI BHITaJIKOBE MOJIC,
HEOJ/IHOPIJIHI CIIOCTEPEKEHHS, YMOBA CHJIBHOTO MEPEMIlllyBaHHS, BEJIMKI BiJIXUIICHHS.

Consistency and properties of large deviations of empirical estimates in stochastic optimization problems
for homogeneous random fields under nonhomogeneous and homogeneous observations / P.S. Knopov,
E.J. Kasitskaya // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 21-34.

Abstract. The paper considers a stochastic programming problem with the empirical function constructed
from nonhomogeneous observations of a homogeneous random field. The field satisfying the strong mixing
condition is investigated in the problem. The conditions whereby the empirical estimate is consistent are given,
and large deviations of the estimate for homogeneous observations are considered.

Keywords: stochastic programming problem, a random field homogeneous in a strict sense, nonhomogeneous
observations, strong mixing condition, large deviations.

VK 519.21
Mepsb! pucka B Buie HHGuMaIbHOH KonBoionnu / B.C. Kupnmok / KubepaeTuka n CUCTeMHBIH aHAIH3.
2021. Tom 57, Ne 1. C. 35-54.

AHHOTauus. M3yyeHsl CBOMCTBA MEp PHUCKA, IOCTPOCHHBIX B BH/JE MH(PHUMAIbHOW KOHBOIIOLMH. Onuca-
HO JIBOMCTBEHHOE IPE/CTaBICHHE TaKHX Mep, UX cyOauddepeHnuan, ycloBus SKCTpeMyMa, TpeJICTaBlIcHNe
JUISL ONTUMU3ALMU U HCIIOJIb30BAaHUS B O'PaHMYCHHUSX. Pe3ysbTaThl HCCIIEI0BaHNUs IeMOHCTPUPYIOTCS Ha MIPU-
Mepax U3BECTHBIX MEp PHCKA TAKOU KOHCTPYKLHUH. DTO ITO3BOJISIET CHCTEMATU3HPOBATh U3BECTHEIE PE3yIbTaThI
1 00Jer1uTh MOTEHIHAIbHBI IOUCK HOBBIX BAPHAHTOB MEp pHCKA.

KuroueBble ciioBa: nHdHUManbHas KOHBOJIOLHS, BBITYKJIas Mepa pUcKa, KOTepeHTHas Mepa pucka, conditional
value-at-risk, 1BOWCTBEHHOE IpesicTaBiIeHue, CyOaupdepeHIan, oxXnuaaeMas MoJIe3HOCTb, ACTePMUHUPOBAH-
HBI DKBHBAJICHT.

Mipu pusuky y Buriasii ingimansnoi kousomouii / B.C. Kupumok // KibepHeTrka Ta CHCTEMHHI aHai3.
2021. Tom 57, Ne 1. C. 35-54.

AHoTanis. BUBUCHO BIACTHBOCTI Mip PU3HKY, MTOOYIOBAaHUX Yy BUIIAAI iH(piManbHOI KOHBOMOLIT. Omu-
CaHO JIBOICTE MpEJICTABICHHS TaKUX Mip, IXHIiH cyOaudepeHiian, yMOBH €KCTPEMyMY, HPEICTAaBICHHS JUIs
ONTHMI3allii Ta BUKOPUCTAHHs B 0OMEKEHHAX. Pe3ysIbTaTi BUBUEHHS JIEMOHCTPYIOTECS HA MPHKIAIAX BiIOMHX
Mip PU3MKY Takoi KOHCTpYKIii. Lle 1ae 3Mory cucTemMaTu3yBaTH BiIOMi PEe3yJIbTaTH i MOJETIINTH MOTCHIIHHMIA
MOUIYK HOBUX BapiaHTIB Mip PUBHKY.

KarouoBi ciaoBa: iHdiManbHa KOHBOJIOLIS, ONyKJIa Mipa pH3HKy, KOT€peHTHa Mipa pH3uKy, conditional
value-at-risk, 1BoicTe IpeAcTaBICHHS, CyOAU(EpeHITian, ouiKyBaHa KOPHCHICTh, 1eTepPMiHOBAHHI €KBiBAJICHT.

Risk measures in the form of infimal convolution / V.S. Kirilyuk // Kibernetika i sistemnyj analiz. 2021.
Vol. 57, N 1. P. 35-54.

Abstract. The properties of risk measures in the form of infimal convolution are studied. The dual
representation of such measures, their subdifferential, extremum conditions, representation for optimization and
use in constraints are described. The results of the study are demonstrated by examples of known risk measures
of such construction. This allows systematization of the well-known results and facilitates a potential search for
new variants of risk measures.
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Keywords: infimal convolution, convex risk measure, coherent risk measure, conditional value-at-risk, dual
representation, subdifferential, expected utility, deterministic equivalent.

YK 004.82.855°24

@opmasiu3aums npoueaypsl GopMUpOBaHUS IMHAMUYECKOI0 PABHOBECHS aJIbTEPHATUB B MHOT0ATeHTHOM
cpele B mpoueccax NPUHATHS PelleHuil 00JNbIIMHCTBOM roJiocoB / A.B. Oaeunxwuii, E.B. UBoxun //
Kubepreruxa u cucremusiii anamms. 2021. Tom 57, Ne 1. C. 55-66.

AnnoTtanus. C menplo aHaIW3a HHIUBUIYaIbHOTO U KOJUICKTHBHOTO MOBEIEHHS areHTOB IIPEIIOiKeHa
MOJIeNIb «COCTOSIHHE-BEPOATHOCTH BhIOOpa». OHa OCHOBaHA Ha SIBHOM PAaCCMOTPEHHH BEpOSTHOCTE BBIOOpa
aIbTePHATUB U Ha MapPKOBCKOH ILIEITH U3MEHEHHUS 9TUX BEPOATHOCTEH. L{eHTpanbHOe MECTO B MOZICIH 3aHUMAET
MAaTpHLA «COCTOSHHE-BEPOSITHOCTh BBIOOPA», CTPOKU KOTOPOIl COOTBETCTBYIOT COCTOSIHHSAM, @ CTOJIOLBI-allb-
TepHaTUBaM. B pamkax 9Toi MOJeIH yCTaHOBIECHBI HEKOTOPbIE JOCTATOYHBIC YCIOBHS AUHAMHYECKOTO PaBHO-
Becusl BYX albTEPHATHUB, €CIHM PELIeHUs NPHHHMAIOTCS HPOCTHIM OOJBIIMHCTBOM I0J0COB. JlmHamMuueckoe
paBHOBECHE O3HAYaeT, YTO MO OYepead BBIOMPAIOTCsS pasHble albTEPHATHBBI, M IIPU MHOTOKPATHOM BBIOOpE
KakJ[as U3 HUX HE MMEET NPeUMYIIEeCTBa HaJl APyruMu. TToiydeH Takke KOHCTPYKTUBHBIN cr1ocob hopmupoa-
HHSI MaTPHUL[ «COCTOSHUE-BEPOSTHOCTH BBIOOpa», Ul KOTOPBIX OOECIEUMBACTCS AMHAMUYECKOE PaBHOBECHE
aJIbTEPHATHB.

KiaioueBblie cioBa: CuTyalusd OPUHATAA PCUICHUA, TUHAMHAYECKOEC PAaBHOBECHUC, arCHTHI.

®opmagizanis npouexypn ¢opMmyBaHHS JUHAMIiYHOI piBHOBAarm ajbTePHATHB Yy 0araToareHTHOMY
cepeloBHINI y mponecax NPHHHATTA pilmieHs GiapmictTio rosocie / O.B. Onenbkwmii, €.B. IBoxin //
KiGepuernka ta cucremuumii amams. 2021. Tom 57, Ne 1. C. 55-66.

AHoTanis. 3 METOIO aHAIII3y 1HANBIAYyaIbHOI Ta KOJICKTHBHOI IOBEIHKY arcHTIB 3alIPOIOHOBAHO MOJEIb
IIiJ1 Ha3BOIO «CTaH—IMOBIPHICTH BHOOPY». BOHA IPyHTy€eThCS Ha SIBHOMY pO3IIIsii HMOBIpHOCTEH BHOOpPY allb-
TepHATUB Ta Ha MapKOBCHKOMY JAHIIO31 3MiHM IUX iMOBipHOCTel. LleHTpanbHe Miclie B MoJeni 3aiiMae MaTpu-
151 «CTaH—IMOBIPHICTh BUOOPY», PSIIKH SIKOT BiJIIIOBIJAIOTH CTAHAM, @ CTOBIILI — AJIbTEPHATUBAM. Y Mexkax L€l
MO/IeJTi BCTAHOBJICHO JIESIKi JOCTaTHI YMOBH JJMHAMIYHOI PiBHOBAru JIBOX JIbTEPHATUB, SKIIO PIlICHHS MpUiiMa-
IOThCS MTPOCTOIO OUTBIIICTIO ToiociB. JMHamMiuHa piBHOBara o3Havae, 110 10 Yep3i BUOMPAIOTHCS Pi3HI anbTep-
HaTHBH, 1 y BUNAJKy Oararopa3oBoro BUOOpPY >KOJHA 3 HUX HE Mae nepepar Haj iHmKUMU. OTPUMAHO TaKOX KO-
HCTPYKTHBHHII crmoci6 (OpMyBaHHS MaTpUIlb «CTAH—IMOBIPHICTH BHOOPY», IS SKHX 3a0€3MEYy€EThCS JIH-
HaMiuHa piBHOBara ajbTCPHATHB.

KorouoBi ciaoBa: curyauiss IpHIHATTS pilleHb, AMHAMIYHA PIBHOBAra, areHTH.

Formalizing the procedure for the formation of a dynamic equilibrium of alternatives in a multi-agent
environment in decision-making by majority of votes / O.V. Oletsky, E.V. Ivohin // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 1. P. 55-66.

Abstract. In order to investigate individual and collective behavior of agents, the model called the
“state—probability of choice” has been suggested. The model is based on implicit regarding of choice
probabilities and on the Markov chain of changing these probabilities. The main point of the model is a
“state—probability of choice” matrix whose rows correspond to states and the columns correspond to
alternatives. Within this model, some sufficient conditions of the dynamic equilibrium between two alternatives
have been established. The dynamic equilibrium means that different alternatives are being chosen by rotation,
and any of them has no advantage over others. The way of forming “state—probability of choice” matrices
providing the dynamic equiibrium has been suggested.

Keywords: decision-making situation, dynamic equilibrium, agents.

VK 519.872

Hccnenopanue CMO Buga M|M|N ¢ o0paTHOH CBS3bI0 MeTOJOM ACHMNTOTHYECKOIr0 aHaiau3a /
A.A. Hazapos, A.3. Menmukos, E.A. IlaBnoBa, C.I'. AnmneBa, JI.A. Ilonomapenko // KubGeprernxa u
cuctemubnii anamus. 2021. Tom 57, Ne 1. C. 67-76.

AnnoTanus. PaccMoTpeHa MaTeMaTH4YecKast MOJICIb TOBTOPHOIO OOCIYKMBAHMUS 3asBOK B BHIE CHCTE-
MBI MaccoBOro o0ciykuBaHus ¢ N 00CITyKUBAIOIIUMU NPUOOPAMU, MTHOBEHHOW M OTCPOYEHHOH 0OpaTHBIMU
cBs3sMU 1 opOutToM. CunTaercs, 4To 00beM opOHTa A 3aBOK, TPEOYIOLUMX TIOBTOPHOIO 00CIIYKMBAHMS, SIB-
JisieTcst OecKOHeUHbIM. BXozsmuii moTok 1myaccoHOBCKUM. [l HAX0KAE€HUS COBMECTHOIO paclpe/ielieHus Be-
POSITHOCTEH YKCIIa 3aHATHIX MPHOOPOB B CUCTEME U YHCIIa 3aBOK B OPOUTE HCIIOIB30BAaH METOJ aCHMIITOTHYEC-
Koro ananusa. [IpuBefeHBl Pe3ysbTAThl YHUCICHHOTO JKCIICPHMEHTA.

KioueBble c10Ba: MHOTOKaHAIbHASI CHCTEMA MacCOBOTO OGCHy)KPIBaHI/ISI, MTIHOBCHHAaA 06p8.THa$( CBsA3b, OTCPO-
YCHHAasA 06paTHa;1 CBsI3b, 0p6nTa, METOA AaCHUMIITOTHYCCKOTO aHaIu3a.
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Hocaipxennss CMO Bupay M|M|N i3 3BOPOTHMM 3B’S3KOM METOJAOM ACHMITOTHYHOrO AaHaJi3y /
A.A. Hazapos, A.3. Meiuikos, K.O. IlaBioBa, C.I'. AxieBa, JI.A. Tlonomapenko // KiGepHernka Ta
cucremuunii anamis. 2021. Tom 57, Ne 1. C. 67-76.

AHoTauis. Po3risiHyTo MateMaTU4HY MOJIENb MOBTOPHOTO OOCITyrOBYBaHHS 3asiBOK Y BUIJISII CUCTEMHU
MacoBoro o0ciyroByBaHHs 3 N 00C/IyKHUMH NpHIaJaMU, MUTTEBUM 1 BIJICTPOUCHUM 3BOPOTHHMH 3B’S3KaMU
Ta opbiToM. BBaxkaeThesi, 10 po3Mip OpOITYy A 3asBOK, IIO MOTPEOYIOTH MOBTOPHOIO OOCITYrOBYBaHHS, €
HECKIHYEHHUM. BXigHMH MOTIK € ImyaccOHIBChKHMM. J[JIsi 3HAXOKEHHs CHITBHOTO PO3MOALTY HMOBipHOCTEH
KIIBKOCTI 3aifHATUX HPHIAAIB y CHCTEMI 1 KUIBKOCTI 3asBOK B OpOITI BUKOPUCTAHO METOJ ACHMITOTHYHOIO
aHanizy. HaBeIeHO pe3ysibTaT 4YHCENIBHOrO EKCIICPHMEHTY.

KurodoBi cinoBa: GararokaHalbHa CHCTEMa MacOBOTO OOCIyroByBaHHs, MHTTEBHIl 3BOPOTHHII 3B’S30K,
BIJICTPOUYEHHMIT 3BOPOTHMIT 3B’A30K, OpOIT, METOJ ACHMNITOTHYHOTO aHaNi3y.

Method of asymptotic analysis of an M|M|N queueing system with feedback / A. Nazarov, A. Melikov,
E. Pavlova, S. Aliyeva, L. Ponomarenko // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 67-76.

Abstract. In this paper, we consider a mathematical model for re-servicing customers in the form of
a queuing system with N servers, instant and delayed feedback, and an orbit. It is believed that the orbit size for
customers requiring re-service is infinite. The input flow is Poisson. To find the joint probability distribution of
the number of occupied servers in the system and the number of customers in orbit, the asymptotic analysis
method is used. The results of a numerical experiment are presented.

Keywords: multichannel queueing system, instant feedback, delayed feedback, orbit, asymptotic analysis
method.

VK 519.6

IlceBnooOpamenne MaTeMaTHYeCKHX Mojeliell pacnpefeeHHbIX AH((epeHInATLHBIX CHCTEM ¢
aJINTUBHO oNpe/e/ieHHON HeanHeiiHocThI0 / B.A. Crosin // KubGepHetnka m cucremHblii anamu3. 2021.
Tom 57, Ne 1. C. 77-93.

AnHOTanus. PaccMOTpeHBI MPOCTPAHCTBEHHO pacIpe/ielieHHbIE JMHAMUYECKUE CUCTEMBI, JIMHEHAs Ma-
TeMaTUyYecKasi MOJE/Ib KOTOPBIX JOMOJHIETCS HeIMHEHHBIM AU(depeHInaIbHbBIM WICHOM, OJTy4YEHHBIM IIPO-
N3BEJCHHEM JINHCHHBIX T (epeHIMaIbHBIX IPe0Opa3oBaHui (DYHKIIHU COCTOSHHUS WM 3aMEHOH TaKHMH IIpe-
oOpa3zoBaHKsIMU KOd()(HUINEHTOB IHUHEeiHOro mpuommkenus Mozxenu. IocTpoeHs! mceBrooOpaIneHus IpuBe-
JICHHBIX MAaTEMATHYECKUX MOJCJICH, KOTOphIE M0 CPEIHEKBAIPATHYCCKOMY KPHTECPHIO COIJIACYIOTCS C HX
nuddepeHnnanbHbIM IPEICTABICHUEM.

KiroueBbie cioBa: r[ceB):[oo6pameHMe, HETTMHCHBIS JAUHAMHUYECKUE CUCTEMBI, CUCTEMBI C pACIIPEACIICHHBIMI
TapaMeTpamu, IMPOCTPAHCBCHO PACIPEACIICHHBIE NUHAMUYCCKUE CHUCTEMBI.

IlceBnooOepHeHHsT MaTeMaTHYHHX Mojellell po3nofiieHHX JudepeHmiaJbHAX CHCTEM 3 AJTHTHBHO
BH3HAYeHOI0 HediniiimicTio / B.A. Crosin // KiGepuernka ta cucremuuii amamis. 2021. Tom 57, Ne 1.
C. 77-93.

AHoTauis. Po3rissHyTO NMPOCTOPOBO PO3MOAUIEH] JMHAMIUHI CHCTEMH, JIHIHHA MaTeMaTH4YHA MOJIEIb
SIKUX JIOTIOBHIOETHCS HEMHIHUM AN(EpeHI[iaTbHUM YWICHOM, OTPUMAHUM J00YTKOM JIHIHHUX AnudepeHians-
HHX TepeTBOpeHb (PyHKIii cTaHy a00 3aMiHOIO TAKMMHM IIEPETBOPEHHAMHU KOC(IIi€HTIB JIIHIHHOrO HAOIMKEHHS
Mozeni. [ToOynoBaHO TCEeBIOOOCPHEHHS HABEICHNX MATEMATHYHHUX MOJEIEH, sIKi 32 CepeHbOKBAAPATUIHUM
KPHTEPiEM y3rOIKYIOThCS 3 IXHIM JudepeHuianbHUM IPeICTaBICHHSIM.

Kurodosi c1oBa: riceB1000epHeHHs, HETiHINHHI JUHAMIUHI CHCTEMH, CHCTEMH 3 PO3MOAIUICHUMH MapaMeTpamH,
MPOCTOPOBO PO3MOJIICH] JAUHAMIUHI CHCTEMH.

Pseudo-inversion of the mathematical models of distributed differential systems with additively definite
nonlinearity / V.A. Stoyan // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 77-93.

Abstract. The author considers spatially distributed dynamic systems whose linear mathematical model is
complemented by a nonlinear differential term, obtained as the product of linear differential transformations of
state function or by replacing such transformations of coefficients of the linear approximation of the model.
Pseudo-inversions of the considered mathematical models, which are consistent with their differential
representation according to the root-mean-square criteria, are generated.

Keywords: Pseudo-inversion, nonlinear dynamic systems, distributed-parameter systems, spatially distributed
dynamic systems.
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VJK 681.518.2, 681.514

Pemienue mnpodembl (GopMUPOBAHUS YCTOHYMBBIX M COCTOSITEJbHBIX OIIEHOK KOPpeJsiiuOHHOI
MaTpuIbl Ha0JI0JeHHIl MeTOIOM NAMHAMHMuecKkoii peryaspusauun / B.B. Ckauxos, B.B. Yenxuii,
A.H. Epumunxon, A.JO. Kopkun, A.A. IN'onuapyk // Kubepueruka u cucremusiii ananus. 2021. Tom 57,
Ne 1. C. 94-103.

AunoTtanus. JlaH aHanu3 COCTOSTEIPHOCTH YCTOWYHBBIX OLICHOK KOPPEIAI[MOHHOM MaTpHIIbl HAOI01e-
HUS TIPH MX CTaTMYECKON M JMHAMHUYECKOH peryisipuzanun. JJoka3aHo NpeuMyliecTBO MeTo/1a AMHAMHYECKOM
peryJsipu3alid ¢ ONTHMAJIbHBIM [IAPaMETPOM B KOHTEKCTE paspeliCHUs] NPOTUBOPEUMS «BBIYUCIUTEIIBHAS
YCTOHYHMBOCTE — COCTOSITEIIBHOCTE» BEIOOPOYHBIX OLCHOK KOPPEILSIIHOHHON MaTpuIlbl HaOmoxeHui. [Tomyden
QITOPUTM BBIYHCICHHSI ONTUMAIBHOIO IapaMeTpa AUHAMUYECKOH PeryIspH3alHd, KOTOPLIH HE HCHONB3YeT
JTAHHBIX MPOTHO3UPOBAHUS M HE TPeOyeT MOMOIHHUTEIBHBIX BBIYHCIHTEIBHBIX 3aTparT.

KiroueBbie cioBa: peryisapusanust, COCTOSATECIbHOCTD, yCTOﬁ‘{HBOCTL, CXOIUMOCTB, OIICHKA.

Po3p’sizannsi npobJiemu GopMyBaHHSI CTIHKMX i KOH3MCTEHTHHX ONIHOK KopesiniiiHoi MaTpuui
crocTepe:keHb MeToI0M AuMHaMiuHoi peryasipusaunii / B.B. Ckaukos, B.B. Yenkiii, O.M. €pumuukos,
0.10. Kopkin, A.A. T'onuapyk // Kibeprernka ta cuctemuuii anamis. 2021. Tom 57, Ne 1. C. 94-103.

AHorauis. HaBeneHo aHaii3 KOH3UCTEHTHOCTI CTIMKHMX OLIHOK KOPEJISIIHHOT MaTpUIll CHOCTEPEKEHHS
3a IXHBOI CTATWYHOI Ta AMHAMIYHOI peryispusauii. JJloBeJeHo mepeBary METoAy JUHAMIYHOI peryispusanii 3
ONTHUMAIBHUM IapaMEeTPOM Y KOHTEKCTI PO3B’SI3aHHS CYNEPEYHOCTI «OOUHMCIIOBANbHA CTIMKICTh — KOH3HUC-
TEHTHICTH» BUOIPKOBHX OL[IHOK KOPEILSILIHHOT MaTpHLi criocTepekenb. OTPUMAHO alrOpHTM OOYUCICHHS OITH-
MaJBHOTO MapaMeTpa AMHAMIYHOI perysipu3alii, SKuii He BUKOPHCTOBY€E NAaHHUX NPOTHO3YBAHHS Ta HE IOTpe-
Oy€e 10/1aTKOBUX OOYMCIIOBAIBHUX BHTPAT.

KurouoBi cioBa: perymsipusanisi, KOH3UCTCHTHICTb, CTIHKICTb, 301KHICTb, OLIHKA.

Solving the problem of generating stable and consistent estimates of the correlation matrix of
observations by the dynamic regularization method / V.V. Skachkov, V.V. Chepkii, O.M. Yefymchykov,
0.Yu. Korkin, A.A. Goncharuk // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 94-103.

Abstract. The consistency of stable estimates of the correlation matrix of observations with their static
and dynamic regularization is analyzed. The advantage of the dynamic regularization method with the optimal
parameter in the context of resolving the contradiction of computational stability and consistency of sample
estimates of the correlation matrix of observations is proved. An algorithm is obtained for calculating the
optimal dynamic regularization parameter, which does not use forecasting data and does not require additional
computational costs.

Keywords: regularization, consistency, stability, convergence, evaluation.

VK 517.988

ANaNTHBHBIA QJITOPUTM JUIsi BAapHANMOHHOIO HEPAaBEHCTBA HAa MHOMKeCTBE peLIeHHi 3axa4yu
o pasuoBecuu / SI.1A. Bepenn, C.B. [lenucos, B.B. Cemenon // KubepHerrnka u cucremMHsii ananus. 2021.
Tom 57, Ne 1. C. 104-114.

AHHOTanus. PaccMOTpeHb! IByXypOBHEBBIE 33/1a4l: BapUALIMOHHbIE HEPABEHCTBA HA MHOXKECTBE pelle-
Huil 3a71a4 0 paBHOBecuu. [IpuMepom Takux 3agad SABJISETCS MOUCK HOpMaJbHOTo paBHoBecus Homia. [lns ux
pelieHusl IPeANokKeH HTePAMOHHBIN aarOpHTM, COYETAIOmUM B cebe HIEH ABYXATallHOTO MPOKCHMATIbHOTO
METO/1a, aJaNTUBHOCTH M UTEPATHBHON peryispusaluu. B oTianune oT mpHMeHsEMbIX paHee IpaBuIl BhIOOpa
BEJIMYMHBI [1ara B IIPE/UIaraéMoM aJIrOPUTME HE NPOBOMTCS BBIYUCICHUH 3HAUCHUH OM(YHKLHU B JOIOJIHH-
TENBHBIX TOUYKAX, He TPeOYIOTCs 3HaHWS MH(GOPMAILMU O JIUIIIHUIEBEIX KOHCTAaHTAaX OM(YHKIHH, KOHCTaHTaX
JIMIIIHAIEBOCTH M CHIBHOM MOHOTOHHOCTH omepaTopa. [[jisi MOHOTOHHBIX OU(YHKIMI JHIIIMIEBOrO THIIA H
CHJIBHO MOHOTOHHBIX JIMIIIIHIIEBBIX ONEPATOPOB A0KA3aHA TeOpeMa O CHIIBHOU cXoguMocTH anroputMa. IToka-
3aHO, YTO MPEIJOKCHHBIH aIrOpPUTM NPHUMEHMM K MOHOTOHHBIM IBYXYPOBHEBHIM BapHallMOHHBIM HepaBe-
HCTBaM B THJIBLOEPTOBBIX NPOCTPAHCTBAX.

KiroueBbie cjioBa: JABYXYPOBHEBas 3a/1ava, BaApUAllUOHHOEC HEPABEHCTBO, 3a/lada O PaBHOBECHUH, HBYXBTB.HHHﬁ
HpOKCI/IMaJlLHLIﬁ METOA, aAaNTHUBHOCTb, UTCPATUBHAA PEryasapu3anusd, CUJIbHAsA CXOAUMOCTbH.

AJanTUBHHI AJIrOPUTM ISl Bapiauiiinoi HepiBHOCTI Ha MHOKHMHI PO3B’sI3KiB 3a1a4i npo piBHoBary /
S.1. Bepean, C.B. /lenncos, B.B. CemenoB // KiGepHeruka ta cucremuuit anamiz. 2021. Tom 57, Ne 1.
C. 104-114.

AHorauis. Po3risiHyTo ABOpiBHEBI 3ajaui: BapiauiliHi HEpiBHOCTI HA MHOXKHHI PO3B’S3KiB 3a/ay Mpo
piBHOBary. IIprkiazoM Takux 3ajad € MOLIyK HOpMaibHOi piBHOBary Hemra. J171s 1X po3B’si3aHHs 3aIIpOIIOHOBA-
HO iTepalliiHuil alropuT™, IO MOEJHYE y cOoOi el JBOETAITHOro NMPOKCHMAIbHOIO METOLY, aJalTHBHOCTI Ta
itepaTuBHOI peryispu3anii. Ha BinMiHy Bix npaBmiI BHOOPY BEIMYHHH KPOKY, IO 3aCTOCOBYBAIIHCS paHille, B
3aIPOIIOHOBAHOMY AJITOPUTMi HE IPOBOAUTHCS OOYMCIEHb 3HAUCHb OiQyHKHII B HOJATKOBHX TOUKAX Ta HE
noTpiOHO 3HaHHS iH(pOpMalii IPO BETMYMHY JINIIHLIEBUX KOHCTAHT Oi)yHKIIl, KOHCTAQHT JIMIIMLIEBOCTI Ta
CHJIBHOT MOHOTOHHOCTI omneparopa. Jljis MOHOTOHHHX Oi(yHKILIH JIMIIMIEBOTO THITY Ta CHJIBHO MOHOTOHHHUX
JIMIIKLIEBHX ONEpaTopiB JOBEACHO TEOPEMy IPO CHIbHY 30DKHICTH anropurMy. IlokasaHo, 110 3amporoHoBa-
HHUH aJITrOPUTM MOXKHA 3aCTOCYBaTH JO MOHOTOHHHUX JBOPIBHEBHX BapialliiiHMX HEpiBHOCTEH B TiIbOSPTOBHX
IIPOCTOpAx.
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KumiouoBi ciioBa: 1BopiBHeBa 3ajava, BapialiiiHa HepiBHICTb, 3aJaya MPO PIBHOBAry, ABOCTAIHUN MPOKCH-
MaJbHUI METOJ, aJlaNTHBHICTb, ITEPaTHBHA PETYISAPU3allis, CHIbHA 301XKHICTB.

An adaptive algorithm for the variational inequality over the set of solutions of the equilibrium problem /
Ya.l. Vedel, S.V. Denisov, V.V. Semenov // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 104-114.

Abstract. In this paper, we consider bilevel problems: variational inequality problems over the set of
solutions of the equilibrium problem. An example of such a problem is finding a normal Nash equilibrium. To
solve these problems, an iterative algorithm is proposed that combines the ideas of a two-stage proximal
method, adaptability, and iterative regularization. In contrast to the previously used rules for choosing the step
size, the proposed algorithm does not calculate bifunction values at additional points and does not require
knowledge of information on bifunction’s Lipschitz constants and operator’s Lipschitz and strong monotonicity
constants. For monotone bifunctions of Lipschitz type and strongly monotone Lipschitz operators, the theorem
on strong convergence of sequences generated by the algorithm is proved. It is shown that the proposed
algorithm is applicable to monotone bilevel variational inequalities in Hilbert spaces.

Keywords: bilevel problem, variational inequality, equilibrium problem, two-stage proximal algorithm,
adaptivity, iterative regularization, strong convergence.

YK 519.8
TouyHble JBOICTBEHHbIE OIEHKH /ISl HEKOTOPHIX HEBBIMYKJBIX MHHHMAKCHBIX KBaJpPaTHYHBIX
onTUMHU3aMOHHBIX 3a1a4 / O.A. Bepe3oBckmii / KubepHerrka u cucteMHblii ananu3. 2021. Tom 57, Ne 1.
C. 115-122.

AnHoTauus. VccrenoBaHa HeBblnykias cerapabesibHasi MUHAMAKCHasl KBaIpaTUYHas ONTHMHU3ALMOHHAS
3ajada. M3moxeHo JBa 1ojxoja K ee peueHuto: ¢ nomoupio SOCP-penakcanun u JarpankeBoil penakcanuu
KBaJpaTUYHOM AKCTpEeMaJbHOU 3aJaun-aHayora. [10Jay4eHo yciaoBHe, BBIIOJIHEHHE KOTOPOTO IapaHTUPYET Ha-
XOXKJIEHHE 3HAUCHUS M TOYKH INI00ATBHOTO KCTPEMyMa 33/1a4d PacCMaTPUBAEMOr0 KJ1acca BBIYUCICHUEM JIBO-
WCTBEHHOW OLICHKM SKBUBAJCHTHOW KBAJAPATHYHOM SKCTPEMAJIbHOM 3ajau.

KaioueBble cj10Ba: MHHUMAKCHAsl KBaJpaTU4HAsl ONTHMHU3aNMOHHas 3anada, SOCP-penakcaiys, larpaHxeBa
penakcanys, TO4Has JIBOMCTBCHHAsl OLCHKA, MOJOXKUTEIbHO-ONPEICICHHAs MaTpHIa.

Touni ABOICTI OMIHKHK /IS JeAKMX HEONMYKJIMX MiHIMAKCHUX KBaJApPaTHYHHX ONTUMIi3auiiiHux 3apay /
O.A. Bepe3soBcbkuii / KibepHeruka ta cucremuuid anamis. 2021. Tom 57, Ne 1. C. 115-122.

AHorauis. JlocaiukeHO HeommyKIy cernapadenbHy MiHIMakCHY KBaJpaTHUHy ONTHMIi3auliiiHy 3amady. Ha-
BEJICHO JIBa ITiIX0/11 JI0 11 po3B’si3aHHs: 3a Jonomoroto SOCP-penakcanii i 1arpaHxeBol penakcartii KBajpaTud-
HOT eKCTpeMalbHOI 3ajadi-aHangora. OTPUMAHO yMOBY, BUKOHAHHS SIKOi IapaHTye 3HAXOJDKEHHs 3HA4CHHS i
TOYKH IJIO0AJBHOTO eKCTPEMyMy 3aadi PO3IJITHYTOIO KJIacy OOYHMCICHHSIM JBOICTOI OLIHKH EKBIBaJICHTHOI
KBaJ[PaTUYHOI EKCTPeMaJIbHOI 3ajadi.

KurodoBi cioBa: MmiHiMakcHa KBajpaTH4HA ONTHMi3auiiiHa 3amaua, SOCP-penakcalris, jgarpaHKeBa pelak-
callisi, TOYHa JBOICTA OLHKA, JIO/ATHO BH3HAYCHA MAaTPHUILIS.

Exact dual bounds for some nonconvex minimax quadratic optimization problems / O.A. Berezovskyi //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 115-122.

Abstract. Nonconvex separable minimax quadratic optimization problem is analyzed. Two approaches to
solve the problem are described, namely, by using SOCP-relaxation and by using Lagrangian relaxation of a
quadratic extremum analog problem. A condition is obtained whose fulfillment guarantees finding the value
and the global extremum point of the problem of the considered class by calculating the dual bound of the
equivalent quadratic extremum problem.

Keywords: minimax quadratic optimization problem, SOCP-relaxation, Lagrangian relaxation, exact dual
bound, positive definite matrix.

YK 330.101.541-336.7
BaHKoBCKoOe peryJMpoBaHHe MaKpoldkoHoMu4eckux mpoueccoB / B.b. JlymaeB // KuGepuernka u
cucreMubrid aHanms. 2021. Tom 57, Ne 1. C. 123-141.

AnnHoTanus. OnpezeneHo, 4To IpU OZHHUX H TeX ke (paKTopax MPOU3BOACTBA OAHKOBCKOE PEryIHPOBa-
HHE MaKpO’KOHOMMYECKUX IPOLIECCOB MOXET MPHBECTH K CTAOMIBHOMY POCTY SKOHOMHKHU NPU MHQIALMOH-
HOM CaMOpETYJIMPOBAaHUH PHIHOYHOTO PAaBHOBECHS M K KaTacTPO(PHUUECKOMY MAJACHHIO SKOHOMMKH NpH Jediis-
LOHHOM CaMOperyJIHMPOBAaHUH PHIHOYHOIO paBHOBecHs. J0Ka3aHO, YTO PEryJIMpoBaTh KOJIMYECTBO JICHET B 00-
palleHNH OJHOBPEMEHHBIM M3MEHEHHMEM IPOLIEHTHON CTaBKM M Kypca BaJIOThl HEBO3MOXKHO, IOCKOJIBKY OHM
(DYHKIHOHAIBHO 3aBUCHUMEL Y CTAaHOBJICHO, YTO CYIIECTBYIOT IIpeJebHasl IPOLECHTHAs CTaBKa M MpeaebHbIH
KypC BaJIOTHL, IOCTE KOTOPBIX HEBO3MOXKHO MPOBEICHNE BATIOTHBIX ONEpaluii H3-3a COKPAICHHS HATHIHOCTH
B 00paIlleHUH Yepe3 OTPULIATENbHYIO BATIOTHYIO HATMYHOCTG. [Toka3aHo, 4TO BHIXOA YKOHOMHKHU H3 CHafa HiId
JICIPECCHU 4Yepe3 MHOIIAIMIO MO3BOJACT 3HAYUTENIBHO YBEIMYUTh (DAKTOPHI MPOM3BOJICTBA.
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KiioueBble cj10Ba: MakpOSKOHOMHKA, PETYJIMPOBAHHME, PBIHOK, CIIPOC, MPEUIOKEHHE, PAaBHOBECHE, TPYI,
KamuTall, JICHbI'M, NPOLEHTHAs CTaBKa, BAIIOTA, KYpC BAIIOTHI, KPU3HC, Aenpeccus, MHOIsuus, nedisuus.

BankiBcbke perynioBaHHs MakpoekoHoMmiunmx mponeciB / B.B. Jlynaes // KiGepHernka Ta cuCTeMHHI
anamiz. 2021. Tom 57, Ne 1. C. 123-141.

AmnoTanis. Bu3naueno, mo a1 oJHUX 1 THX ke (paKTOpiB BUPOOHHITBA OAHKIBCHKE PETYIIOBAHHS MaK-
POCKOHOMIYHHX TIPOIIECIB MOKE IPU3BECTH JI0 CTAOITBHOTO 3POCTAHHSI CKOHOMIKH 32 1H(IILIHHOTO caMopery-
JIFOBaHHS PUHKOBOI PIBHOBAru Ta J10 KatacTpo(iqHOro MaJiiHHsA €KOHOMIKH 3a Ae(IISLIHHOrO CaMOperytoBaH-
HSl PUHKOBOI piBHOBaru. /loBe/eHo, 10 PEryJIoBaTH KUIbKICTh IPOLIEH B 00Iry OJTHOYACHOO 3MiHOIO MPOLIEH-
THOT CTaBKH 1 KypCy BaJIOTH HEMOXJINBO, 00 BOHHM (YHKLIOHAIBHO 3aJIeXkKHI. YCTAHOBJIEHO, IO IMICHYE
rpaHUYHA CTaBKa BIJCOTKA 1 MPAHMYHUN KypC BAIIOTH, MICIS SKUX HEMOJXIIMBE IPOBEICHHS BAIIOTHHX OIle-
pariii 4yepe3 3MEHILIECHHS FOTIBKH B 00iry 4epe3 Bii’€éMHY BaIIOTHY TOTiBKy. Buxin exoHoMmiku 3 mempecii abo
cramy 4epe3 iHGIIANIIO Jac 3MOTy 3HAYHO 30UIBIIUTH (hAaKTOPH BUPOOHHIITBA.

KumiouoBi cioBa: MakpOCKOHOMIKA, PEryIIOBAaHHS, PUHOK, MOIHT, MPOIMO3HUIs, piBHOBAra, mparsi, KariTai,
rpomi, CTaBKa BiJICOTKa, BAIIOTAa, Kypc BaIOTH, KpH3a, Aempecis, iHmuisa, aedisuis.

Banking regulation of macroeconomic processes / B.B. Dunaev // Kibernetika i sistemnyj analiz. 2021.
Vol. 57, N 1. P. 123-141.

Abstract. It has been determined that, given the same factors of production, bank regulation of
macroeconomic processes can lead to stable economic growth with inflationary self-regulation of market
equilibrium and a catastrophic economic decline with deflationary self-regulation of market equilibrium. It is
impossible to regulate the amount of money in circulation by simultaneously changing the interest rate and the
exchange rate, because they are functionally dependent. There is a marginal interest rate and a marginal
exchange rate, after which it is impossible to carry out foreign exchange transactions due to a reduction in cash
in circulation through negative foreign currency. The exit of the economy from recession or depression through
inflation can significantly increase the factors of production.

Keywords: macroeconomics, regulation, market, demand, supply, equilibrium, labor, capital, money, interest
rate, currency, exchange rate, crisis, depression, inflation, deflation.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS

YIK 519.172.1
Hosplii moaxox k padore ¢ HeopHeHTHPOBaHHbIMH AepeBbsiMu / AWM. UBanemkun // KuGepHerrnka u
cuctemublii anaims. 2021, Tom 57, Ne 1. C. 142-152.

AnHoTanus. PazpaboTaH U NpakTHYECKH PEaTn30BaH B CO3JAaHHOM KOMIUICKCE HMPOrPaMMHBIX CPEICTB
HOBBIH IOJIXOM, 00€CIeYNBAIOII BBINOIHEHHE HA HEOPHECHTHPOBAHHBIX JICPEBBSIX LIMPOKOH, TONyCKAIOIeh
TIOIIOJIHEHUE COBOKYITHOCTH 0a30BbIX omepanuid. [Togxon He TpeOyeT 0CBOCHUS H HCIOIb30BAHUS CYLIECTBYIO-
mMUX BHAOB (pOPMATH30BAHHOTO IIPEICTABICHUS JePEBbEB (MATPULBI CMEKHOCTH, CBSI3HOCTU, HHIUJCHTHOCTH,
PACCTOSIHUM, CIMCKOB CMEXKHOCTH M T.J.), CTAHAAPTU3UPOBAHHBIX S3BIKOB OIMCAHHSA, CICIUATU3HPOBAHHBIX
IPOrpaMM JUIsl IOCTPOEHHUS U CPEJICTB BU3YaIH3allul UX CTPYKTYpPhL. B necaTku (M COTHH) pa3 CHHKas 3aTPaThl
TEXHHYECKHX PECYPCOB M BPEMEHH TP PELICHUH 3a/1a4 U3 Pa3InyHbIX 00JIacTeil 3HaHUMH, ITOJX0/1 AeaeT pado-
Ty MakCHUMAaJIBHO IIPOCTON M 3()(HEKTHBHOM, T03BOJISET MOIyYaTh BaKHbIE JUIS MPAKTUYECKOTO IPUMEHEHUS Xa-
PaKTEPUCTHKH, PeLIaTh 3aady H30MOP(GHOCTH AEePEBbEB U FEHEPUPOBATH JBAa BAPUAHTA IIPE/ICTABICHUS MaTPH-
LBl CMEXHOCTH.

KuiodeBble cioBa: rpad-1epeBo, HECOPUCHTHPOBAHHOE JCPEBO, H30MOP(HU3M, KOMIUIGKC POrPaMMHBIX
CPEJICTB.

Hoswnii miaxix 10 po6orn 3 HeopientoBannmu aepesamu / O.1. IBanemkin // KiGepHerrka Ta CHCTEMHHI
ananiz. 2021. Tom 57, Ne 1. C. 142-152.

AnoTanisi. Po3po0IieHO Ta MPaKTHYHO PEeai3oBaHO Y CTBOPEHOMY KOMIUIEKCI IPOrpaMHUX 3ac00iB HO-
BUIf MiaXifg, o 3a0e3nedye BUKOHAHHS HA HEOPICHTOBAHHX JEPEBaX BEIHMKOI CyKyITHOCTI 0a30BHX oOIlepariii,
sIKa JI03BOJISI€ TTONOBHEHHSL. 11inxiq He moTpebye OCBOEHHS Ta BUKOPHCTAHHS HAasBHHUX BHIB (hopMaii3oBaHOrO
IpeCTaBICHHS AepeB (MATPULi CyMDKHOCTI, 3B SI3KY, IHIIMIEHTHOCTI, BiICTaHEeH, CIIUCKIB CyMIKHOCTEI! TOIIO),
CTaHJaPTH30BaHUX MOB OIIHCY, CIIEIiaTi30BaHUX IPOrpaM st MoOyA0BH Ta 3ac00iB Bisyalizauii IXHbOT CTPYyK-
Typu. Y AecsaTku (Ta COTHI) pa3 3HWXKYIOYM BUTPATH TEXHIYHUX PECYPCIB Ta yacy Ul pO3B’Si3aHHS 3a1ad 3
PI3HUX Tanmy3eil 3HaHb, MiJXiJ 1a€ 3MOTY BUKOHYBATH pOOOTY MaKCHMAIbHO MPOCTO Ta ehEKTHBHO, OTPUMYBa-
TH HU3KY BaKJIMBHX I HPAKTUYHOTO 3aCTOCYBAHHS XapaKTEPUCTHK, PO3B’sI3yBaTH 3ajady i30MOpQHOCTI Je-
peB Ta TEHEpyBaTH J[(Ba BapiaHTU IPEACTABIICHHS MAaTpPHII CyMDKHOCTI.

KuarouoBi ciioBa: rpad-aepeBo, HEOpi€HTOBAaHE JepeBO, i30MOp(i3M, KOMIUIEKC MPOTpaMHHUX 3aco0iB.
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A new approach to operating with non-oriented trees / A.L. Ivaneshkin // Kibernetika i sistemnyj analiz.
2021. Vol. 57, N 1. P. 142-152.

Abstract. A new approach has been developed and practically implemented in the created software
package that ensures the implementation on wide trees that allows replenishment of the set of basic operations.
The approach does not require the development and use of existing types of formalized representation of trees
(matrices of adjacency, connectivity, incidence, distance, adjacency lists, etc.), standardized description
languages, specialized programs for constructing and visualization tools for their structure. Dozens (and
hundreds) times reducing the cost of technical resources and time when solving problems from various fields of
knowledge, the approach makes the work as simple and effective as possible, allows you to obtain a number of
characteristics that are important in practical terms, solve the problem of tree isomorphism and generate two
options of representing the adjacency matrix.

Keywords: graph tree, non-oriented tree, isomorphism, a set of software tools.

VK 621.317+681.849

HUccnenoanusi Mojesieil pacno3HaBaHHs 3BYKOB peYH Ha OCHOBe HEHPOHHBIX ceTeil TIy6oKoro
obdydyenusi AJas OKcrnepTussl HuppoBbix (Gonorpamm / B.M. Coaosses, O.B. Pridanbckuii,
B.B. ’Kypagsean, H.B. Cemenona // KuGeprerrka u cuctremHblii anamu3. 2021. Tom 57, Ne 1. C. 153-159.

AHHOTanus. VccneqoBaHbl MOJIETH HA OCHOBE HEWPOHHBIX CeTeil r1yOOKoro o0y4eHus, 0a3upyroImuecs
Ha 00IIeM MOJXO0/e K May3aM M CHTHaJaM Pedd KaK PasHbIM BHAaM 3BYKOBOH HH(OpManuu, 3ahHKCUPOBAHHOM
B (hoHOrpaMMe, OTIIMYAOIIMMCS 10 HEKOTOPBIM XapakTepucTHKaM. Takoil Mmojaxoj mos3BoiseT (popMHpOBATH
6a3bl JaHHBIX 00YYEHHUS C MCIIOIb30BAHUEM OOIINX JUIS T1ay3 ¥ CHI'HAJIOB PEYH METOJOB IPEIBAPUTEILHON 00-
paboTKN MH(pOpPMAUH, Y4TO oOecrednBaeT OoJyice BHICOKHII YPOBCHb YHH(HKALUH METOIOB OOydYeHHs CeTei,
[peJHA3HAUCHHBIX JUIS PEIICHHS Pa3HBIX 3a1ad DKCIEPTHU3BL.

KuroueBble ci1oBa: anmnaparypa HudpoBoil 3ByKo3aricu, 6asa JaHHbIX 00y4eHHs, HSHPOHHAs CeTh IIy0OKOro
oOyuenus, udposas 0dpaboTka (onorpamM, 1mppoBas (HoOHOrpaMma, IKCIEPTH3A.

Jocaixenns MoJeseii po3dni3HaBaHHs 3BYKiB MOBH HA OCHOBi HeHPOHHHX Mepe:K I'TH00KOro HABYAHHS
aas1 ekcnepTusn nupposux ¢onorpam / B.. CoaosiioB, O.B. Pubanbcbkmii, B.B. JKypaseis,
H.B. CemenoBa // KiGepHeruka Ta cucremHuid anamiz. 2021. Tom 57, Ne 1. C. 153-159.

AwnoTanisi. JlociimKkeHo MOzieNli Ha OCHOBI HEHPOHHHX MEpeX ITMOOKOro HaBYaHHS, IO 6a3ylOThCs Ha
3araJIbHOMY IIAXOJl JI0 TMay3 1 CHTHANIB MOBH SIK Pi3HUX BHAIB 3adikcoBaHoi y doHOrpami 3BykoBoi iH(Op-
Malii, sIKi BiIpi3HAIOTbCS ASSKUMHU XapakTepucTukamu. Taxwil miaxin mae 3mory ¢opMmyBaT 0a3u JaHUX Ha-
BYAHHS 3 BUKOPHCTAHHSM 3arajbHHUX JUIA Nay3 1 CUTHAJIIB MOBM METOJIB MONEPEIHBOr0 00pobieHHs iHDOp-
Marii, mo 3abe3nedye BUIIMN PiBeHb yHi(iKalii METOMIB HABYAHHS MEPEX, NPH3HAYCHHUX [UIS PO3B’SI3aHHS
pI3HUX 3aad EeKCIePTU3H.

KurodoBi ci1oBa: amapatypa mupoBoro 3Byko3amucy, 0a3a JaHUX HaBYaHHs, HEHPOHHA Mepeka TIHOOKOro
HaByaHHS, uudpose oOpoOieHHs ¢GoHorpam, nudpposa (oHorpama, eKcrepTH3a.

Analyzing the models of speech recognition on the basis of neural networks of deep learning for
examination of digital phonograms / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, N.V. Semyonova //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 153-159.

Abstract. The authors analyze the models based on deep learning neural networks, on the basis of the
general approach to pauses and speech signals as different types of voice information fixed in a phonogram,
different in some characteristics. It is shown that such an approach allows generating the learning databases
with the use of the general for pauses and signals of speech methods of preliminary processing of information.
This provides a high level of unification of network learning methods intended for solution of various
examination problems.

Keywords: digital audio recording devices, learning database, deep learning neural network, digital treatment
of phonograms, digital phonogram, examination.

VJK 519.212.2:681.51
CoBMecTHOe pacnpejejieHde HEKOTOPBbIX CTATHCTHK cJy4daiiHo OUTOBOI moc/je10BaTeIbHOCTH /
B.U. Macoua, C.B. Ilonepemmnsik / Kubepaerruka u cucreMubli anamu3. 2021. Tom 57, Ne 1. C. 160-167.

AHHOTAUHUS. IlJ'IS[ KOHEYHOU TI0CJICA0BATECIBHOCTH, COCTOSIILIEH M3 HE3aBUCHMBIX OJMHAKOBO pacmopene-
JICHHBIX CHy‘IaﬁHLIX BCJIMYMH, IIPUHUMAIOIMHUX 3HAYCHHUEC HOJIb WIN €IMHHUIA, YCTAaHOBJICHBI JIBYMEPHBIC U TPEX-
MEPHBLIE paCHPEACIIEHUS HEKOTOPBIX CIIEHUAIIBHBIX CTAaTUCTHK, XapaKTEPU3YIOMNX PACIIOJIOKEHUE €€ DJIEMEH-
TOB. HpI/IBeZ[eHI)I Ta6J’II/II_II)I, HIUTIOCTPUPYIOIMUE IPUMEHECHUE YKa3aHHBIX pacnpexene}mﬁ JUJIA TIOCJTICI0BAaTCIb-
HOCTH JUTHHBI 32 B TPEATIOI0KECHUH, YTO €€ JICMCHTHI MPUHUMAKOT 3HAYCHUSA HOJIb MWW €IUHHIIA C PaBHBIMU
BEPOATHOCTAMH.

KiroueBbie cjioBa: MHOI'OMEpHast CTaTUCTHUKA, CJ'Iy‘IafIHaﬂ TOCIIE0BAaTCIIBHOCTD, S-IICITOYKH, CTeFaHOFpa(bI/Iﬂ,
CTaTUCTUYCCKOC TECTUPOBAHUC.
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CyMmicHHi#i po3mojil  JesiKMX CTAaTHCTHK BHNAAKOBOI 0iToBoi mocaizoBuoctri / B.I. Macoua,
C.B. Ilonepemmnsik // Kibepuernka ta cucremuuii anamiz. 2021. Tom 57, Ne 1. C. 160-167.

AwHoTanis. J{s1 CKiHUCHHOI MOCIIJOBHOCTI, 10 CKJIAAAETHCS 3 HE3aJICKHUX OJHAKOBO PO3MOAIUICHUX BH-
MaJJKOBUX BEJIMYHUH, Ki HaOyBaroTh 3HAYCHb HyJb a00 OJAMHUII, BU3HAYCHO JBOBHMIPHI Ta TPUBHMIpHI PO3-
HOJIIH JSSKHX CICL[ialIbHUX CTATUCTHK, 0 XapaKTepU3yIoTh po3TalryBaHHs ii enementiB. HaBexeHo Tabumii,
SK1 UIFOCTPYIOTh 3aCTOCYBAaHHS 3a3HAYEHHX PO3IMOALIIB JUIS TTOCITIIOBHOCTI JOBXKHHH 32 y NPHITYIIEHHI, Mo 1i
elleMeHTH HaOyBalOTh 3HA4YCHb HyJb a00 OJMHHIS 3 OJHAKOBUMH MMOBIPHOCTSIMH.

KuiouoBi ciioBa: OaraToBHMipHa CTaTHCTHKA, BHIIAJIKOBA IMOCITIIOBHICTD, S-IAHIIOKKH, cTeraHorpadis, cra-
THCTHYHE TECTYBaHHS.

Joint distribution of some statistics of random bit sequences / V. Masol, S. Popereshnyak // Kibernetika i
sistemnyj analiz. 2021. Vol. 57, N 1. P. 160-167.

Abstract. For a finite sequence consisting of independent equally distributed random variables, taking
the value zero or one, two-dimensional and three-dimensional distributions of some special statistics
characterizing the location of its elements are obtained. The tables that illustrate the application of these
distributions to a sequence of length 32 whose elements are assumed to take values of zero or one with equal
probabilities are presented.

Keywords: multidimensional statistics, random sequence, s-chains, steganography, statistical testing.

VK 621.391.15

MeTtoq pacno3HaBaHHs NapaMeTPOB IOMEXOYCTOHYMBBIX OJOYHBIX HUKIHMYECKHX KOJAOB IO
o6pasyromemy nojaunomy / C.H. Hukosaes, A.H. Pomanos // KubepHernka u cucreMHublii anamus. 2021.
Tom 57, Ne 1. C. 168-177.

AnHoTanus. OnucaHa CyTb OMEXOYCTOHYMBOro OJIOYHOTO LMKIMYECKOTro KOAMpOBaHMs. PaccmorpeH
METO/] Paclo3HaBaHUs NapaMETPOB TaKOro KOZA IPU OTCYTCTBHH ANPUOPHOI MHAOPMAIMHU MOJIHBIM HX Iepe-
6opom. OmpeziesieHo KOIMYECTBO HEOOXOAMMBIX JUISL 3TOTO BBIYUCICHHIT. [oka3aHo, 4TO MCIIOIB30BAHHUE STOTO
METO/Ia B PEANIbHBIX YCIIOBHSX 3aTPyIHUTENIBHO. VIccie10BaHbl H3BECTHBIC 00PA3yIONIHe TOJINHOMBI, IPHMEHE-
HHE KOTOPBIX Hanboiee BeposTHO. CHOPMUPOBAHO MHOKECTBO TAKHX ITOJMHOMOB U COOTBETCTBYIOIIMX I1apa-
MetpoB. [Ipemnoxen MeTo[ pacHo3HaBaHHS MapaMETPOB ITOMEXOYCTOIUYHMBBIX OJOYHBIX HUKIMYECKHX KOJOB
Cpel U3BECTHOIO MHOXKECTBA, UTO IIO3BOJIACT 3HAUUTEIIBHO COKPATHTH KOJIUYECTBO HEOOXOMMMBIX BBIUHCIIC-
HUIL.

KiroueBble cj10Ba: OUTOBBIN OTOK, HOMEXOYCTOHMYMBBIN OJIOUHbIA HUKIMYECKUH KOJI, 00pa3yOLIMil IOJIMHOM
KOJIa, OCTaTOK OT IOJMHOMHMAJBHOTO JEJICHMS, MaTpHLa.

MeToa po3mi3HABaHHS NapaMeTpiB 3aBa/JlOCTIiKMX OJIOKOBHUX HIHMKJIIYHMX KOJIB 32 YTBOPIOBAJbHUM
noginomom / C.M. Hikonaes, O.M. PomanoB // KiGepuernka ta cucremuuii anamiz. 2021. Tom 57, Ne 1.
C. 168-177.

Amnotanis. OmnmcaHo CyTh 3aBaJOCTIHKOro OJOYHOrO LUKIIYHOTO KOXyBaHHS. PO3IISIHYTO MeToxn
PO3Mi3HABAHHS TAPaMETPiB TAKOTO KOy 3a BiICYTHOCTI ampiopHoi iHpopmarii moBHIM IxHIM HepedopoM. Bus-
HAYCHO KUIBKICTh HEOOXIAHMX IS LBOro obuncieHs. [Toka3aHo, M0 3aCTOCYBAHHS 1[bOTO METOALY B PCAIbHHX
yMoOBax yckiamHeHe. JlOCiipKeHO BiZOMi yTBOPIOBAJbHI IOJIHOMH, BHUKOPHCTAHHS SIKUX € HaWOLIbII
iimMoBipHUM. C(HOpPMOBAHO MHOXHMHY TaKUX IOJIHOMIB 1 BIANOBIHUX MapamMerTpiB. 3alpOIOHOBAHO METOJ
pO3Ii3HABaHHA MAPAMETPIB 3aBaJOCTIHKUX OJIOKOBUX LUKJIIYHUX KOAIB Cepe]] BiIOMOT MHOXKUHH, IO JIa€ 3MOTY
3HAYHO CKOPOTHTH KIIBKICTh HEOOXIAHHX OOYHCICHB.

KurouoBi cioBa: 6iToBHIl NOTIK, 3aBaOCTIHKHII OJIOKOBUI IUKIIYHHI KOJ, yTBOPIOBAIBHUI MOJIIHOM KOXY,
3aJIUIIOK BiJ] IOTIHOMIaJIbHOTO JiICHHS, MATPHIIA.

Error-correcting block cyclic code parameter recognition method based on generator polynomial /
S.N. Nikolaev, A.N. Romanov // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 168-177.

Abstract. The essence of the error-correcting block cyclic coding is described. A method for recognizing
parameters of such a code in the absence of a priori information by a complete enumeration of parameters is
considered. The amount of necessary calculation is determined. The application of the considered method in
real conditions is shown to be difficult. The well-known generator polynomials whose practical use is most
probable are investigated. A set of these polynomials and related parameters is generated. A method is proposed
for recognizing parameters of error-correcting block cyclic codes among a known set, which can significantly
reduce the amount of necessary calculation.

Keywords: bitstream, error-correcting block cyclic code, a generator polynomial of code, remainder of
polynomial division, matrix.
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YIK 621.391, 519.72

HesouncieHHple  MoauM(HUIUPOBAHHbIE CHHYC-KOCHHYCHbIe mpeoOpasoBanusi Tuna VII. Merton
MOCTPOEHHsI H pa3je/bHble HANPABJICHHbIC AJaNTUBHbIC NPeodpa3oBaHus AJs intra-nporHo3upoBaHus
¢ 6;10kamu sipkocTn 8x8 B KogupoBanun n3odpaxkennii/suneo / JI.A. I'natus, B.K. Jlyn // KuGepuernka u
cucreMubrid aHayms. 2021. Tom 57, Ne 1. C. 178-190.

AnHoTtanus. [IpeuioxkeH MaTPUYHBIA METOJ IOCTPOCHHS LEIOYUCICHHOIO MOAU(MHIMPOBAHHOIO CH-
HYC-KOCHHYCHOTO IpeoOpa3oBanus Tina VII mopsaka 8, Ha OCHOBaHUH KOTPOTO IOCTPOCHBI 1BA IIEJIOYUCICH-
HBIX MOJU(HUIIMPOBAHHBIX CHHYC-KOCHHYCHBIX IpeoOpazoBanust Tuna VII u pa3paboTaHbl alnropuTMel ux Obic-
TPOrO BBIYUCIICHHUS, KOTOPbIE TPEOYIOT BBIIOIHEHUS TOJBKO LEIOYHUCICHHBIX ONEpaluil. AITOPUTMBI UMEIOT
HH3KYIO0 MYJIbTHIUIMKATHBHYIO CJIOKHOCTB, KOTOpas B 7 u 10,5 pa3 MeHbILe 110 CPaBHEHHIO C H3BECTHBIM aJIr0-
PHUTMOM JIHCKPETHOIO CHHYCHOTO npeobpasoBanus tuna VII. [IpeobpazoBanns o6ianaioT 6oee BEICOKHIMHE Xa-
pakTepucTHKaMH e(heKTUBHOCTH KOAMPOBAHUS 110 KAUYECTBY U CTCHECHM CHKATHSI 110 CPABHEHUIO C M3BECTHBIMU
CHUHYCHBIMH TNIpeoOpa3oBaHusMU. PazpaboTaHbl alrOPUTMBI OBICTPOro BbIYMCICHUS 2D pa3ieibHbIX Hampas-
JICHHBIX LEJIOYUCIICHHBIX KOCHHYCHOTO U MOAM(HIIMPOBAHHBIX CHHYC-KOCHHYCHBIX Tuna VII aganTHBHBIX mpe-
oOpa3oBaHuil 1Sl intra-IpOrHO3UPOBAHUS ¢ OIOKaMHU SIPKOCTH 8X8. ANTOPHTMBI HMEIOT HU3KYIO MYJIbTHILIAKA-
THBHYIO CJIOXHOCTB, KOTOpast B 60,6 u 16,5 pa3 McHbIIE MO CPaBHEHHIO C W3BECTHBIMH AJTOPHTMaMH.

KaroueBble cjioBa: JIUCKPETHOC KOCHHYCHOE NMpeoOpa3oBaHue, JUCKPETHOE CHHYCHOE MpeoOpa3oBaHue, JWC-
KPETHOE CHHYC-KOCHHYCHOE IpeoOpa3oBaHue, IEI0YNCICHHOE KOCHHYCHOE Mpeodpa3oBaHue, [ETOYHCICHHOS
CHHYCHOE NpeoOpa3oBaHue, LEIOYHCICHHOS MOIN(DUIHPOBAHHOE CHHYC-KOCHHYCHOE MpeoOpa3oBaHue, pas-
JIeJIbHOE HAIPaBJICHHOE aJalTHBHOE mpeobpa3oBaHue, MacmTabupyeMoe npeodpa3oBaHue, MyJIbTHILIHKATHB-
Hasi CJIO)KHOCTb, intra-IpOrHO3MpOBaHUe, BUICOKoaupoBanue, H.264, H.265.

Hinouncaosi mogudikosani cunyc-kocunycHi nepersopennsi tTumy VII. Merox moOynosu i po3iibhi
HANpaBJieHi aJlanTUBHI  NepeTBOpPeHHs I intra-nporHo3yBaHHs 3  0JIOKAaMH  SICKPaBOCTIi
8x8 y xoxyBanHi 306paxenn/Bineo / JI.O. I'natis, B.K. JIyn // KiGepueruka Ta cucremuuii anamiz. 2021.
Tom 57, Ne 1. C. 178-190.

AHoTanis. 3anpornoHOBaHO MaTPUYHHUI METOJ OOYIOBH LIJIOYKCIOBOI0 MOJH(DIKOBAHOTO CHHYC-KOCH-
HyCHOro nepetBoperHst Tiny VII mopsiaky 8, Ha OCHOBI SKOT0 MOOYI0BAHO JIBa LIJIOYKUCIIOBI MOIM()IKOBaHI CH-
HYC-KOCHHYCHI mepeTBopeHHs Tiiy VII 1 po3po0iieHo alropiuTMu iX MIBHIKOTO OOYUCIICHHS, SKi TOTPEeOyIOTh
BHUKOHAHHS TUIBKH ILIJIOYUCIOBUX Omepaliid. AJrOpUTMU MalOTh HU3bKY MYJIBTUIUIIKATUBHY CKJIAJIHICTh, SKa
B 71 10,5 pa3u MeHIIa MOPIBHSHO 3 BiJOMUM aJITOPHUTMOM JHCKPETHOIO CHHYCHOTO HepeTBopeHHs Tuiy VIL
ITepeTBOpeHHST MarOTh OLIBII BHCOKI XapaKTEPUCTHKH e()eKTHBHOCTI KOTYBAaHHS 3a SIKICTIO i CTYHEHEM CTHC-
HEHHSI [IOPIiBHSHO 3 BIIOMHMH CHHYCHHMH I[IEPETBOPCHHSMH. PO3pOOJICHO IrOPHTMH IIBHAKOIO BHKOHAHHS
2D po3niibHUX HANpaBiICHUX LIUIOYMCIOBUX KOCHHYCHOTO IMOAM(IKOBAaHMX CHHYC-KOCHHYCHUX Tuiy VII
aIaNTHBHUX NEPETBOPEHb JUIS intra-pOrHO3yBaHHs 3 OJIOKaMU SICKPaBOCTI 8X8. AJTOPHTMH MalOTh HH3BKY
MYJIBTUIDTIKATUBHY CKJIAJHICTB, ska B 0,6 1 16,5 pa3u MeHIIa HOPIBHSHO 3 BIJOMUMHU aJrOPHTMAaMH.

KurodoBi cjioBa: QuCKpeTHE KOCHHYCHE MEPETBOPEHHS, AMCKPETHE CHHYCHE MEPETBOPEHHS, JIMCKPETHE CH-
HYC-KOCHHYCHE II€PETBOPECHHS, IIJIOUHCIIOBE KOCHHYCHE IIePETBOPSHHS, IIJIOUNCIIOBE CHHYCHE IIePETBOPCHHS,
IinouncioBe Moau(piKoBaHE CHHYC-KOCHHYCHE epeTBOPEHHS, PO3ILIbHE HANPABICHE aJalTHBHE IePEeTBOPEH-
HS, MacIITa0OBaHE IEPETBOPEHHS, MYJbTUILTIKATUBHA CKJIAIHICTh, iNtra-mpOrHO3YBaHHS, BiJCOKOIYBaHHS,
H.264, H.265.

Integer modified sine—cosine transforms type VII. A construction methodand separable directional
adaptive transforms for intra prediction with 8x8 chroma blocks in image/video coding / L.O. Hnativ,
V.K. Luts // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 178-190.

Abstract. A matrix method for constructing a modified order-8 integer sine—cosine transform type VII is
proposed. Based on the method, two order-8 integer modified sine—cosine transforms type VII are constructed
and algorithms for fast computing of these transforms are developed, which require only integer operations.
These algorithms are of low computational complexity and their multiplicative complexity is 7 and 10.5 times
less and require 23.3 and 44.2% less of addition operations than for the well-known algorithm of the discrete
sine transform type VII. These transforms have higher coding gain performance for quality and compression
ratio as compared with the well-known sine transforms. Algorithms for fast computing of 2D separable
directional integer cosine and modified sine—cosine type VII adaptive transforms for intra prediction with 8x8
chroma blocks are developed. These algorithms have low multiplicative complexity and their computational
complexity is 6.6 and 16.5 times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, discrete sine cosine transform, integer cosine
transform, integer sine transform, integer modified sine cosine transform, separable directional adaptive
transform, scaled transform, multiplicative complexity, intra prediction, video coding, H.264, H.265.
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HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS, COM-
IH®OOPMATHUKH, OBUYUCJIIOBAJIBHOI PUTER SCIENCE, AND SYSTEM ANALYSIS
TEXHIKH I CUCTEMHOI'O AHAJII3Y

YK 004.056
IIporokoa arperosanoro mignmucy 3 Jlizepom rpynm / I'.JI. Kosina, /I.LK. CaBuenko // KuGepHernka u
cuctemubiii ananm3. 2021. Tom 57, Ne 1. C. 191-200.

AHoTauis. 3anponoHOBaHO IIPOTOKOJ arperoBaHOro eIeKTPOHHOTO IudpoBoro mignucy 3 Jlizepom rpy-
. [IpoTokos peanizoBaHO B IpyIi TOYOK €JINTHYHOI KPUBOI HaJ pO3IIMpeHuM mosieM. HaBeneHo mpukiian
hopMyBaHHs HiANUCY Ha PEANTBHOMY JOKYMEHTI.

KurouoBi ci10Ba: xpunrorpadivauii IpoToKo, eneKTPOHHUN NU(POBUI MiAIIC, arperoBaHH) MiAMNC, BlIKPH-
TUH KIIOY.

IIporoxos arpernpoBannoii mogmucu ¢ Jlugepom rpymnsi / I'.JI. Ko3una, /I.K. CaBuenxo // KiGepueruka
Ta cucreMHuii anamiz. 2021. Tom 57, Ne 1. C. 191-200.

Annotanus. IIpeyiokeH MPOTOKOJI arperHpoBaHHON AIEKTPOHHOI mudpoBoil moamucu ¢ Jlngepom
rpyninsl. IIpoTokos peann3oBaH B rpyIiie TOUEK 3JUIMITHYECKOH KPUBOM Haj paciuupeHHbIM noseM. Ilpusenen
npuMep (pOpMUPOBAHHS MOANKCH HAa PEaTbHOM JOKYMEHTE.

KioueBble cjioBa: KpI/IHTOI‘paCbI/I‘{eCKI/[ﬁ IIPOTOKOJI, JJIEKTPOHHAA LIHCl)pOBa}I NOANMUCh, arperupoBaHHast 1moa-
HUCH, OTKprTbIﬁ KITFOY.

Aggregate signature protocol with group Leader / G. Kozina, D. Savchenko // Kibernetika i sistemny;j
analiz. 2021. Vol. 57, N 1. P. 191-200.

Abstract. The protocol of aggregated electronic digital signature with the group Leader is proposed. The
protocol is implemented in a group of points of an elliptic curve over an extended field. An example of
generating a signature on a real document is presented.

Keywords: cryptographic protocol, electronic digital signature, aggregate signature, public key.
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