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VK 004.89
BB MOBH HA TPMBAJICTb KUTTSA NMOMYJIsANUii WITYy4HOro intesekry / A.B. Anicimos, 0.0. Mapuenko,
B.P. 3emusincnkmii / KiGepHernka Ta cucremuuii anami3. 2021. Tom 57, Ne 5. C. 3-11.

Awnoranis. HaBeqeHO eBOMIONIHY MOJIENb IITYYHOTO IHTEIEKTY, TIPU3HAYEHY JUIsl IPOEKTYBAHHS 1 po3po0-
JICHHS IHTEJIEKTYalbHUX cucTeM. Kito4oBuM 0a30BUM e€JIeMEHTOM 3arporioHoBaHol mozeni € ALF — iHTenekry-
aIbHHUI areHT 3i 34I0HOCTSAMH 0 CaMOHABYAHHSI, KOMYHIKaLil, CIIUIBHUX il 1 camoopraHizarii cepes momioHnx
areHTiB. B ocHoBy ALF-areHTiB 3aKiazieHO eBOIFOLiitHI npuHIHIHA. JloCTimKeHO (haKTOp BIUIMBY yCKJIAJHECHHS
IIPHPOHOI MOBU SIK OCHOBHOTO 3ac00y KoMyHikamnii ALF-areHTiB Ha MOKa3HUKH TPUBAIOCT] iXHBOTO JKHTTSL.

KuiouoBi cjioBa: mTYy4YHHH iHTENEKT, MyJIbTHATCHTHI CHCTEMH, OOPOOJICHHS MPUPOAHOI MOBH.

The influence of language on the lifespan of populations of artificial intelligence / A.V. Anisimoyv,
A.A. Marchenko, V.R. Zemlianskyi // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 3-11.

Abstract. The article describes an evolutionary model for artificial intelligence construction, designed for the
development of intelligent systems. The key element of the proposed model is a so-called ALF, which is an
intellectual agent with the ability for learning, communication, to joint action and self-organization among other
agents. The development of ALF agents is based on evolutionary principles. In the article, we analyze the influence
of complication of natural language as the main means of communication among ALF agents on their lifespan.

Keywords: artificial intelligence, multi-agent systems, natural language processing.

VK 519.713.1
Iepernn —w-peryasipuux Bupasis / A.M. Ueborapnos // Kidepuerrka Ta cuctemunii anamis. 2021. Tom 57,
Ne 5. C. 12-21.

AHoTanist. 3arpoIOHOBAHO METOJ MOOYI0BU — W-PETYJISIPHOTO BUPA3y, L0 33/1a€ EPETHH MHOXHH — ()-CJIiB,

TOJIAHUX Y BUIVISI — (-PEryIApHEX BUpPasiB R i R,. Taka nobymosa 3ificHIoeThCs G€3 mepexomy 10 w-aBToMATiB,
ToOTO Ge3mocepe/iHiM MepeTBOpeHHAM Bupasy R = R; N R,. Ilpouec noGyaoBH — -peryaspHOro BUpasy, IO
3aj1a€ MepeTHH Ry M R,, MOJIaHo y BUIVISI iepeBa MePETHHIB, BEPUIMHU SKOTO BiINOBIIAIOTH NEPETMHAM MPOCTUX
— -PEryNAPHUX BUPA3iB, OTPUMAHMX TIiT 4ac MEPETBOPEHHs MepeTnHy R; M R,. TlobyoBane nepeBo mepeTnHiB
BHU3HAYAE CUCTEMY JIHIMHHUX PIBHAHb 31 3MiHHUMY, 3HAYCHHAMH SIKUX € MHOKHHHU — @-cliB. OfiHa 3 IUX 3MIHHHX R
BiJINIOBi/]a€ MHOXHUHI — ()-CJIiB, 11O 3a/Ia€ThCs HEPETUHOM R M R,, TOOTO Bupas3, IKHii 3a/1a€ IEPETUH — (-PETyJIsp-
HUX BMpa3iB R; i R,, € 3HaYeHHAM 3MiHHOi R y pO3B’A3KY Wi€i cHCTeMH JIHIHHUX PiBHSHD.

Ki1i0uoBi ci10Ba: 3B0poTHE HAJCIOBO, — W-PETYISPHUI BUpa3, IPOCTHH — w-peryisapHHIl BUpa3, — @-po3rop-
TKa, *-pO3ropTKa, JIEpeBO IEPETHHIB.

Intersection of —w-regular expressions / A.N. Chebotarev // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 12-21.

Abstract. A method is proposed for constructing the — w-regular expression that defines the intersection

of sets of — w-words represented by — w-regular expressions R; and R,. Such constructing is carried out without
passing to w-automata, that is by direct transformation of the expression R = R; N R,. The process of
constructing —w-regular expression defining the intersection R; N R, is represented in the form of an
intersection tree, whose vertices correspond to intersections of simple — w-regular expressions obtained during
the transformation of the intersection Ry N R,. A tree constructed in this way defines a linear equation system
with variables whose values are sets of —w-words. One of these variables R corresponds to the set of — w-words
defined by R; N R,.The — w-regular expression defining the intersection R; M R, is the value of the variable R
in the solution for this linear equation system.

Keywords: left-infinite word (—w-word), —w-regular expression, simple —w-regular expression, #-expansion,
*-expansion, intersection tree.

VK 004.274

Onrumizanisi cxeMH KOMIIO3ULIHOI0 MiKPOIIPOIPaMHOI0 NMPHUCTPOI0O KEPYBAHHS 3 PO3/IiIEHHAM KOIIB /
0.0. Bapkaunos, JI.O. Titapenko, A.B. BaeB, O.B. MarBienko // KibepHerrka Ta ciucteMHuii anamis. 2021.
Tom 57, Ne 5. C. 22-34.

AHoTanis. 3anpornoHOBaHO METOA 3MeHIUeHHs KinbkocTi eneMenTiB LUT y cxemi komIo3umiiHOro
MikponporpamMHoro npuctporo kepyBanus (KMIIK) 3 po3ninenHsm xoxiB. MeTox IpyHTY€EThCS Ha TOABIHHOMY
KOJIyBaHHI ONEPATOPHUX JIHIHHKUX JaHIFOTiB. KOKHMI IaHIIOT Mae KOJ sIK eJIeMeHT 3arajibHoi MHOkuHE OJIJT
i SIK eeMeHT KJacy wiel MHOXHMHH. Takuil miaxin jae 3MOry OTPHMATH JBOPIBHEBY CXeMy ajpecariii MiKpoKo-
manj. KepyBanbay nam’ste KMIIK peanizoBano Ha BOynoBanux Onokax mam’sti EMB. PosrisiHyTo npukian
CHHTE3y 1 HAaBEICHO aHAJi3 3alPONOHOBAHOIO METO.Y.

KirouoBi c10Ba: xoMno3umiiHmii Mikponporpamuuii npuctpiii kepyBauns, LUT, EMB, po3ninenus koais.
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Optimization of CMCU with code sharing / A.A. Barkalov, L.A. Titarenko, A.V. Baiev, A.V. Matviienko
// Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 22-34.

Abstract. The article proposes a method for reducing the number of LUT elements in the circuit of a
compositional microprogram control unit (CMCU) with code sharing. The method is based on two-fold
encoding of operator linear chains (OLC). Each chain has a code as an element of the OLC set and as a class
element of this set. This approach allows obtaining a two-level microinstruction addressing circuit. The control
memory of the CMCU is implemented on the embedded memory blocks. The article considers an example of
synthesis and provides an analysis of the proposed method.

Keywords: compositional microprogram control unit, LUT, EMB, code sharing.

VIK 519.14+519.17
3nakoBuii indopmauiiinuii npoctip Ta «30;10Te» ynciao / H.K. Tumodiepa // Kibeprernka Ta cHCTeMHHUH
anamiz. 2021. Tom 57, Ne 5. C. 35-42.

Anorauis. Onucano 3HaKoBuil iH(OPMAIIWHIN TPOCTIP, Ui SKOTO BUKOHYIOTBCS aKCiOMH 3HAKOBOTO
KOMOIHATOPHOTO MIPOCTOPY Ta KK ICHYE y ABOX CTAHAX — 3TOPHYTOMY Ta PO3TOPHYTOMY. 3TOPHYTHIT IPOCTIp
3a/1al0Th IH(QOPMAIIHHIM 3HAKOM, SKHH MICTHTh yCi BJIACTHBOCTiI PO3TOPHYTOTO mpoctopy. BropsakoBanwmii
KOMOIHATOPHUI IPOCTIP XapaKTEepU3yeThCSl THM, IO IiJ Yac HOro po3ropTaHHs YTBOPIOIOTHCS KOMOIHATOpPHI
yucna (yncna OiboHayui), yepes sKi B KHUBIH MPUPOJII MPOSIBISIETHCS «30JI0TE» YUCI0. BOHO BiacTuBe i BIO-
pszKoBaHOMY iH(OpMALIITHOMY IPOCTOPY, 3aBSKH SKOMY HPOSIBISETHCS IAPMOHIS MUCIICHHS, @ Xa0C 3BOJIUTh-
cst 10 MIiHIMyMY.

KurouoBi ciioBa: 3HakoBuil iH(popMmaliiitHuii npoctip, koMOiHaTOpHA KOHDIrypalis, CrioJy4eHHs, PO3MIIICHHs
3 MOBTOpPEHHAMH, uncia PiboHauUi, «30]I0TE» YMCIO.

Sign information space and “gold” number / N.K. Timofeeva // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 35-42.

Abstract. The article describes a sign information space for which axioms of a sign combinatorial space
are fulfilled and which exists in two states: collapsed and expanded. Collapsed space is given by an information
sign that contains all the properties of the expanded space. Ordered combinatorial space is characterized by the
fact that upon its deployment, combinatorial numbers (Fibonacci numbers) are formed, through which a “gold”
number is manifested in wildlife. This number is also inherent in ordered information space, through which the
harmony of thinking is manifested, and chaos is minimized.

Keywords: sign information space, combinatorial configuration, combination, placement with repetitions,
Fibonacci numbers, “gold” number.

CUCTEMHHMM AHAJI3 SYSTEMS ANALYSIS
IIpo Benki BiAXu/jeHHs1 eMNIPUYHUX OL[IHOK B 32/1a4i CTOXaCTHYHOI0 NPOrPaMyBaHHs /Il OJHOPiHOTO
BHIIAAKOBOTO T0Jsi 3 auckpeTHum napamerpom / IL.C. Knomo €.W., Kaciupka / KibGepHernka Tta
cuctemuuii anamis. 2021. Tom 57, Ne 5. C. 43-53.

Anorauis. JlocnipkeHo 3a/1a4y CTOXAaCTHYHOI ONTHMI3allii, 1€ BUMAAKOBHM YMHHHKOM € OJHOpPIIHE Y
BY3bKOMY PO3YyMiHHI BHIIaJIKOBE IOJIE 3 JMCKPETHHM IapaMEeTPOM, IO 3aJ0BOJBHSAE YMOBY CHIIBHOIO IIe-
peminryBanHs. [lepBicHa (QYHKIsS KPUTEpil0 3aMIHIOETHCSI HA EMITIPUYHY, MOOYIOBaHYy 33 CIOCTEPEKCHHIMH
noJtst. 3TifHO 3 pe3ynbTaTaMy 3 (QYHKIIOHAIBPHOTO aHAI3y Ta Teopil BEJMKHX BIIXWICHb BH3HAYEHO BEIHKI
BIJIXMJICHHSI EMIIPHYHUX OIHOK.

KarouoBi ciioBa: 3a/1aua CTOXaCTHYHOI ONTHMI3allii, OJIHOPiHE Y BY3bKOMY PO3yMiHHI BHITJKOBE I0JIE 3 JAWC-
KPETHHM [apaMeTpoM, YMOBa CHJIBHOTO IEPEMilllyBaHHS, NMPUHLIUI BEJIMKUX BiIXUICHB.

On large deviations of empirical estimates in a stochastic programming problem for a homogeneous
random field with a discrete parameter / P.S. Knopov, E.J. Kasitskaya // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 5. P. 43-53.

Abstract. The authors analyze a stochastic optimization problem where a random factor is a
homogeneous, in a strict sense, random field with a discrete parameter satisfying a strong mixing condition. The
first criterion function is approximated by empirical one constructed on observations of the field. Large
deviations of the empirical estimates are considered using the results from functional analysis and large
deviations theory.

Keywords: stochastic optimization problem, a homogeneous in a strict sense random field with a discrete
parameter, strong mixing condition, large deviations principle.
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UDC 517.2+519.977.58+519.8
CroxacTuyHi y3arajbHeHi rpaJi€eHTHI MeTOJM HABYAHHS HEONYK/IMX HEIrVIAJIKUX HelpoHHMX Mepex /
B.I. Hopkin // Kibeprernka Ta cuctemuuil anamiz. 2021. Tom 57, Ne 5. C. 54-71.

AHoTanis. Y cTarTi BiAMi4€HO NMOAIOHICTh Mi’K CTOXaCTHYHUM ONTUMAJIbHUM KEPYBAHHSIM JIMCKPETHUMH
JIMHAMIYHAMH CHCTEMaMH Ta HaBYAaHHSIM OaraTomrapoBMX HEHPOHHMX Mepex. PoOoTy 3o0cepemkeHo Ha
JIOCII/DKSHH] CyJacHHX ITTMOOKUX Mepekax 3 HEOIyKINMH HerJaJKUMU (YHKIISIMH BTpaT Ta akTuBamii. [Ipo6-
JIEMH MAIIMHHOTO HABYAHHS PO3IIITHYTO SIK HEOMYKIIi HErJajKi 3ajadi CTOXaCTUYHOI onTuMmizauii. Ik Moaens
HErNMaIKuX HEOMyKINX 3aeKHOCTeH BHKOPHCTAHO Tak 3BaHi y3arajibHeHO audepenmiiioBri ¢yHkmii. MeTton
3BOPOTHOTO OOUHCIICHHS CTOXACTUYHUX y3arajJbHEHHUX TPaJi€HTIB (YHKI[IOHAIY SIKOCTI HABYaHHS IS TAKUX
cHCTEM OOIPyHTOBAaHO Ha OcHOBI (opmainismy I"aminerona—TlonTpsrina. CToXacTHUHI y3arajJbHEHi alrOPUTMH
TPaJlicHTHOrO HAaBYAHHS TOIMPEHO JUIS HABYAHHS HEOMYKJINMX HETNIaJKNX HelpoHHMX Mepex. EdexrusricTh
CTOXAaCTUYHOTO y3araJIbHEHOrO IPafi€HTHOTO aIrOPUTMY IPOLTIOCTPOBAHO MPHKIAAOM JTiHIMHOI Oaratokiaco-
Bol Kiacu(ikamiiHol 3aaadi.

Kio4oBi cjioBa: MaliMHHE HaBYaHHS, INIMOOKE HaBUAHHsI, 0araToapoBi HEWPOHHI MEPEeXi, HErJaaKa HeoIyK-
Jla ONTHMI3allisi, CTOXaCTUYHA ONTHUMI3allis, CTOXaCTHYHUI y3arallbHCHHH IpaJli€HT.

Stochastic generalized gradient methods for training nonconvex nonsmooth neural networks /
V.. Norkin // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 54-71.

Abstract. The paper observes a similarity between the stochastic optimal control of discrete dynamical
systems and the learning multilayer neural networks. It focuses on contemporary deep networks with
nonconvex nonsmooth loss and activation functions. The machine learning problems are treated as nonconvex
nonsmooth stochastic optimization problems. As a model of nonsmooth nonconvex dependences, the so-called
generalized-differentiable functions are used. The backpropagation method for calculating stochastic
generalized gradients of the learning quality functional for such systems is substantiated basing on
Hamilton—Pontryagin formalism. Stochastic generalized gradient learning algorithms are extended for training
nonconvex nonsmooth neural networks. The performance of a stochastic generalized gradient algorithm is
illustrated by the linear multiclass classification problem.

Keywords: machine learning, deep learning, multilayer neural networks, nonsmooth nonconvex optimization,
stochastic optimization, stochastic generalized gradient.

VK 519.21
BuxopucTaHHs NPUXOBAHMX MapKOBCHLKHX Mojesell B OLiHIOBaHHI mapaMeTpiB iepapxiyaux cucrem /
O.A. Boiina // Kibepuernka ta cuctemuuii anamis. 2021. Tom 57, Ne 5. C. 72-83.

AHoTauis. Po3risHyTO METO/T MapaMEeTPUUHOTO OLIHIOBAHHS IS I€pApXiYHUX CTOXaCTHYHHUX MOJIEIeH B
YMOBaX HEMOBHUX CIIOCTEPEKEeHb. METOJI IPYHTY€EThCSl Ha BUKOPUCTAHHI 0COOIMBOCTEIl KOpEsLiiiHOT CTPYKTY-
pu iepapxiuHux Mozeneld. ['010BHY yBary mpuIiieHO NpakTHYHIH peanizanii MeToxy. 3anpornoHOBaHO, 30Kpe-
Ma, TJAXiJ, mo nepegbadae MOeTIHAHHS aHATITHYHUX JIOCHTI/UKEHb 3 EMITIPHYHOK BepH(iKallieo OTpUMaHHX
po3B’s3kiB. HaBeleHO KOHKpETHI NPHKIAAU MOOYJOBH CIIPOMOXKHHX OLIHOK BEKTOPHUX IapaMeTpiB (yHKIT
nedopmanii 3 Ge3rmocepeHiME PO3paxyHKaMH Ha YHCIOBUX JAaHUX IMITAliiHOT MOAEi.

KutrouoBi ci10Ba: nmpuxoBaHa MapKOBCbKa MOJIEIIb, CHCTEMA MAacOBOr0 OOCIyrOBYBAaHHSI, CTATUCTHYHE OLHIO-
BaHHs, QYHKLIs nedopmarii.

Using hidden markov models in estimating the parameters of hierarchical systems / O.A. Voina //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 72-83.

Abstract. The method of parametric estimation for hierarchical stochastic models under incomplete
observations is considered. The method is based on the features of the correlation structure of hierarchical
models. The main attention is paid to the practical implementation of the method. In particular, an approach is
proposed that combines analytical studies and empirical verification of the solutions. Specific examples of
constructing consistent estimates of the vector parameters of the deformation function are provided and
illustrated by direct calculations with numerical data of the simulation model.

Keywords: hidden Markov model, queuing system, statistical estimation, the deformation function.

YK 519.6

MareMaTH4YHe MOJC/IIOBAHHS KBa/JIPATHYHO HeJliHiiiHMX NMpocTopoBo po3nojijiieHux cucreMm. I. Bunagok
JAMCKPETHO BH3HAYEHHX MOYATKOBO-KPAiioBHX 30BHIlIHbOAMHAMiYHMX 30ypens / B.A. Crosin //
KibepHernka Ta cucremHumii anamiz. 2021. Tom 57, Ne 5. C. 84-97.

AHoTanis. BUKOHaHO MOCTI/KEHHS ABOX KJIACIB HEMHIHHHX MPOCTOPOBO PO3MOIUICHHX AWHAMIYHHX
CHCTEM, AUCKPETHO CIIOCTEPEIKYBAHUX 32 IPAHHYHO-IIOYATKOBUMHU Ta IPOCTOPOBO PO3MOAIICHUMHU 30BHIIIHBO-
JUHaMiYHUME 30ypeHHsIMU. [IJ1s1 KOXKHOT 3 HUX MO0Y0BaHO aHANITHYHI 3aJIe)KHOCTI (yHKLIT CTaHy, sKa 3a ce-
PEIHBOKBAPATUYHUM KPUTEPIEM Y3TO/DKYETHCS 3 HAsIBHOK 1H(OPMAIIEI MPO 30BHILIHBOMHAMIYHI YMOBH
IXHBOTO (PYHKIIOHYBaHHs. PO3B 530K MOYATKOBO-KPAOBUX 3a/1ad sl PO3TITYBAHUX CHCTEM BH3HAYAETHCS
Yepe3 MHOYKUHHU BEKTOPIB, sKi 32 CEPeIHbOKBAAPATHIHIM KPUTEPIEM MOJCTIOIOTH 3aJaHy MOYaTKOBO-KPaioBy
00CTaHOBKY, BKJIIOYHO 3 IIPOCTOPOBO PO3MOAIICHUMH 30BHILIHbOJMHAMIYHUMH 30ypeHHsiMu. HaBeaeHo ymoBu
TOYHOCTI # OJJTHO3HAYHOCTI OTPHUMAHUX MATEMATHYHHX Pe3y]bTarTiB. PO3IISIHYTO BHIIAIKH HEOOMEKECHHUX IPO-
CTOPOBHX 00JacTeil Ta ycraaeHOI IUHAMIKH CHCTEM.
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KiiouoBi ciioBa: T1CeBIOPO3B’SA3KH, MATEMATHYHE MOJCTIOBAHHS JIWHAMIYHHX CHCTEM, MPOCTOPOBO DO3-
MOJIJICHI JJMHAMIYHI CUCTEMH, CUCTEMH 3 HEBU3HAYEHOCTSMH, HEKOPEKTHI IOYaTKOBO-KPAaHOBI 3ajadi.

Mathematical modeling of quadratically nonlinear spatially distributed systems. I. The case of discrete
definite initial-boundary external-dynamic distubances / V.A. Stoyan // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 5. P. 84-97.

Abstract. Two classes of nonlinear spatially distributed dynamic systems discretely observed according
to the initial-boundary and spatially distributed external-dynamic disturbances are analyzed. For each of them,
analytical dependences are constructed for the state function, which agrees, according to the root-mean square
criterion, with the available information on external-dynamic conditions of their operation. Solution of the
initialboundary-value problems for the systems under study is defined in terms of a set of vectors, which,
according to the root-mean square criterion, model the given initial-boundary environment, including the
spatially distributed external-dynamic disturbances. Conditions of the accuracy and uniqueness of the obtained
mathematical results are presented. The cases of unrestricted spatial domains and systems’ stable dynamics are
considered.

Keywords: pseudo-solutions, mathematical modeling of dynamical systems, spatially distributed dynamical
systems, systems with non-definitions, incorrect initial-boundary problems.

VK 519.6

AHaJli3 pe3yJbTaTiB 004HCII0BAIBLHOTO eKCIIEPUMEHTY BiIHOBJICHHS PO3PUBHUX (QYHKUIH ABOX 3MiHHHX
3a nomnomoror npoekuii. I / O.M. Jlureun, O.I'. JlntBun // Kibepuernka Ta cucremunii anamis. 2021.
Tom 57, Ne 5. C. 98-107.

AHorauis. HaBesieHO OCHOBHI TBEpKEHHS METOy HAOIMKEHHS PO3PUBHUX (YHKIIIN JBOX 3MIHHHUX, 110
OIMHCYIOTh 300pakeHHs moBepxHi 2D Tina abo 300paxkeHHsI BHYTPIinIHbo1 cTpykTypH 3D Tina B Aeskiil mio-
IIHHI, 32 JIOIIOMOTO0 MPOEKIIiH, AKi HAIXOAATh 3 KOMII FoTepHOro ToMorpada. Meros Oa3yeTbcsi Ha BUKOpHC-
TaHHI CIELIAIBHO CKOHCTPYHOBaHUX PO3PUBHHUX CIUIAHHIB JBOX 3MIHHUX 1 CKiHYeHHHX cym Dyp’e,
koedinienTn Dyp’e y SKUX 3HAXOIATHCS 32 JONOMOIOK MPOEKIIHHUX JaHHUX. Pi3HUILS MK HaOIMKyBaHOO
(yHKII€E 1 3a3HAYCHUM PO3PUBHUM CIUIAIHOM € HEeTIEPEePBHOIO (DYHKIIIEIO 1 MOXKE HAOJIMKYBATHUCS CKIHUCHHU-
mu cymamu Oyp’e 6e3 sBumma ['i66ca. 3rigHo 3 eKCliepUMEHTAIBHUME JaHUMU HAaOJIMKyBaHa (QYHKIIis MaTUMe
PO3PHUBH HEPIIOrO POAY Ha 3aaHiil CHCTEMI BKIAACHUX OAMH B OJHOTO KPYTiB Ta eMINcCiB. AHAI3 pe3yIbTaTiB
00UHCIICHD MIITBEPANB TEOPETUYHI TBEPUKCHHs pOOOTH. 3alpONIOHOBAHUN METOJ A€ 3MOT'Y OTPHMYBATH 3a-
JlaHy TOYHICTH HAOJMKCHHs 32 MEHIIOI0 KIJIBKICTIO IPOEKLiH, TOOTO 3a MEHIIUM ONPOMIHIOBAHHSIM.

KurouoBi cioBa: xomm’iorepHa Tomorpadis, po3puBHa (GYHKIIsS, pO3pHBHHUIT cruaiiH, cyma Dyp’e.

Analysis of the results of a computational experiment to restore the discontinuous functions of two
variables using projections. I / O.M. Lytvyn, O.G. Lytvyn // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 98-107.

Abstract. The authors provide the main statements of the method of approximation of discontinuous
functions of two variables that describe an image of the surface of a 2D-body or an image of the internal
structure of a 3D-body in a certain plane, using the projections from a computer tomograph. The method is
based on specially designed discontinuous two-variable splines and finite Fourier sums whose Fourier
coefficients can be found using the projection data. The difference between the function being approximated
and the specified discontinuous spline is a continuous function and can be approximated by finite Fourier sums
without the Gibbs phenomenon. In the computational experiment, it was assumed that the approximated
function has discontinuities of the first kind on a given system of circles and ellipses nested into each other.
Analysis of the calculation results confirmed the theoretical statements of the study. The proposed method
makes it possible to obtain a prescribed approximation accuracy with a smaller number of projections, that is,
with less irradiation.

Keywords: computer tomography, discontinuous function, discontinuous spline, sum Fourier.

VK 519.21

IIpo icHyBaHHS PO3B’SI3KY 3aJa4i KOLIi I HEJTIHIITHOro CTOXaCTHYHOIO An(epeHuiaibLHO-Pi3HULEBOTO
PiBHSIHHSA HeiliTpajabHOro TUMY B YacTHHHUX noxiaunx / B.K. Slcnnchknii, I.B. FOpuenko // Kibeprernka
Ta cuctemauii amams. 2021. Tom 57, Ne 5. C. 108-119.

AHoTanisi. Po3risiHyTO nMUTaHHs iCHYBaHHs po3B’s3Ky 3axadi Kol B Kiaci HENMiHIMHUX CTOXaCTHYHHX
i epeHiaTbHO-PI3HULEBUX PIBHAHD HEUTPAIBLHOIO THITY B YACTHHHUX MOXIAHHUX 3 YpaxXyBaHHSIM BHIIAIKOBUX
30BHINIHIX 30ypeHb, HE3aISKHHX B BinepoBoro mpomecy. OxepkaHo DOCTaTHI YMOBH Ha Koe(ilieHTH
HETIHIHHOTO CTOXAaCTUYHOrO AU(EPEeHIIaIbHO-PI3HULEBOTO PIBHSAHHSA HEHTPAIBHOrO THUITY, SIKi FapaHTYIOTh
iCHYBaHHSI 3 IMOBIPHICTIO OJMHHUIIL HOTO PO3B’S3KY.

KurouoBi cioBa: croxactiuHi nudepeHmianbHi piBHIHHSI HEHTPAIBHOTO THITY B YaCTUHHHX IOXIIHHX, 1CHY-
BaHHS PO3B’sI3Ky 3 IMOBIPHICTIO OAMHUIS, 3amada Komi.
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On existence of solution of the cauchy problem for nonlinear stochastic partial differential-difference
equations of neutral type / V.K. Yasynskyy, I.V. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 108-119.

Abstract. The authors consider the existence of the solution of the Cauchy problem in the class of
nonlinear stochastic partial differential-difference equations of neutral type, with regard for random external
perturbations independent of the Wiener process. Sufficient conditions are obtained for the coefficients of the
nonlinear stochastic differential-difference equations of neutral type that guarantee the existence of the solution
with probability one.

Keywords: stochastic partial differential equations of neutral type, existence of the solution with probability
one, Cauchy problem.

YK 517.977
Mo po3p’szaHHsi mpoGieMn 30JMMKeHHs KepPOBaHHX 00’€KTiB B irpoBux 3agavax jguHamikm /
U.C. Pammonopt // Kibepuetuka ta cucremuuit anamiz. 2021. Tom 57, Ne 5. C. 120-131.

Anorauisi. Po3risHyTO Ipo6ieMy rapaHTOBaHOTO Pe3yJIbTaTy B iIrPOBHX 3aJa4ax 30MKCHHS KCPOBAHHX
00’€eKTIB. 3ampornoHOBaHO METOJ PO3B’SI3yBaHHS TAKUX 3aJady, MOB’S3aHUI 3 MOOYJIOBOIO JESIKMX CKAJIAPHUX
(yHKLIH, MO SKICHO XapakTepH3yIOTh XiJ 30JIDKEHHS KEPOBAaHMUX 00’€KTiB Ta e(EKTHUBHICTH yXBAICHUX
piurens. Taxi ¢yHKUil Ha3UBaIOTh PO3B’sA3yBaIbHUMH. Ha BiaMiHY BiJl OCHOBHOT CXEMH 3raJlaHOr0 METOAY PO3-
[JISHYTO BUIAJIOK, KOJIM KJIacH4Ha yMoBa [ToHTpsriHa He Mae Micist. 3amicth cesnekropa [ToHTpsiriHa, sIKOro He
iCHY€, PO3IIILIAIOTECS Aesiki QYHKIIT 3cyBy 1 3 IXHBOIO JOIIOMOI'OI0 BBOJSITECS CIIeNialbHi OaraTo3HauHi Biloo-
pakeHHs. BOHUM MOPOUKYIOTH BEPXHI 1 HI)KHI pO3B’sI3yBalIbHI (DYHKIII, 38 JOTIOMOTOIO SIKHX (DOPMYITIOIOTH J10C-
TaTHI YMOBH 3aBEpIICHHS TPU 32 JISSIKMI rapaHTOBaHMi yac. HaBeJeHO LIIOCTPaTUBHUI MPUKIAA 30IMKEHHS
KEPOBaHUX 00 €KTIB 3 MPOCTUM PYXOM 3 METOIO OTPUMATH B SIBHOMY BHIJISIAI BEPXHi 1 HIKHI PO3B’sI3yBalibHI
(yHKLUIT, 10 AAI0Th 3MOTY JIIHTH BUCHOBKY IIPO MOXJIMBICTb 3aKiHUCHHS I'pH B pasi, konu ymoBa [loHTpsrina
HE Mae€ MiCIsl.

KuarouoBi ciioBa: kBasiniHiiiHa audepeHiianbHa rpa, 6araro3HauyHe BiJOOpaKeHHs, BUMIPHUI CENEKTOp, CTPO-
GocKkoITiuHa CTpaTeris, po3B’s3yBajbHa (YHKIIIS.

To solving the problem of approach of controlled objects in dynamic game problems / I.S. Rappoport //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 120-131.

Abstract. The problem of a guaranteed result in game problems of approach of controlled objects is
considered. A method for solving such problems is proposed. It involves constructing some scalar functions that
qualitatively characterize the course of approach of controlled objects and the efficiency of the decisions made.
Such functions are called resolving functions. In contrast to the main scheme of the method, the case is
considered where the classical Pontryagin condition does not hold. In this situation, instead of the Pontryagin
selector, which does not exist, some shift functions are considered and with their help special multivalued
mappings are introduced. They generate upper and lower resolving functions, which are used to formulate the
sufficient conditions for the game completion in a certain guaranteed time. An example is given to illustrate the
approach of controlled objects with a simple motion, in order to obtain upper and lower resolving functions in
explicit form, which allows making a conclusion about the possibility of ending the game when the Pontryagin
condition does not hold.

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

VJK 519.837
JudepennianbHo-pizHunesi irpu 30JM:keHHs 3 JeKiibkoma 3anizHioBanHsimu / JI.B. Bapanoscbka //
KiGepuernka ta cucremuuii anamis. 2021. Tom 57, Ne 5. C. 132-142.

AHoTanist. Po3risiHyTO ApepeHIianbHO-PI3HALIEB irpy 30MIKEHHS 3 JSKITbKOMA 3aIli3HIOBaHHAMH. P03-
POOGIIEHO CXeMH METO/y PO3B’si3yBabHUX (DYHKILIH Ta nepuoro npsmoro meroxy Ilontpsirina. OneprikaHo gocTaTHi
YMOBH 3aBEpIICHHs IpH. Briepiie B Takux irpax uist CHCTEM 3 KOMYTATHBHHME MaTPHLSIMH Ta CHCTEM 3 YHCTUM
3aI1i3HIOBAHHSM BHKOPUCTOBYIOTBCSI 3pY4HI IUI1 YHCENBHOI peaiizanii HOBI mpencraBieHHs (opmymu Komm.

KumiouoBi ci1o0Ba: KoHMIIKTHO-KEPOBaHUi mpouec, qudepeHuiaabHi irpu, audepeHiianbHO-pI3HULIEB] irpH, Me-
TOZ PO3B’si3yBaNbHUX (YHKIUIH, nepmmii npamunii merox IToHTpsriHa.

Differential-difference games of approach with multiple delays / L.V. Baranovska // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 132-142.

Abstract. Differential-difference games of approach with multiple delays are considered. The schemes of
the method of resolving functions and of the first direct Pontryagin’s method are developed. Sufficient
conditions for the game completion are obtained. For the first time in these games, new Cauchy formulas
convenient for numerical implementation are used for systems with permutation matrices and systems with pure
delay.

Keywords: conflict-controlled process, differential games, differential-difference games, resolving function
method, Pontryagin’s first direct method.
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YK 004.056
Joxymenranis y cranaapti ISO/IEC 27701 / O.M. ®anb // KiGepreruka Ta cuctemHuii anamiz. 2021.
Tom 57, Ne 5. C. 143-149.

AHoTauis. 3anponoHOBaHO Ha0ip MOXKIIMBUX JJOKYMEHTIB, sIKi OpraHizallisi IOBUHHA pPO3POOUTH i poe-

Ha BiamoBiaHicTh MixkHapoxHoMy cranaapty ISO/IEC 27701: 2019 «Meroau 3axucty. Posumpenns ISO/IEC
27001 Ta 27002 mns MeHeIKMEHTY iH(popMmariiiHoro mnpaiiBeci. Bumorn Ta HacTaHOBWY.

KuarouoBi ciioBa: noxymeHTauis, inpopmaniiina Oe3neka, mpaiiBeci, cepTHdIKaIlis, cUCTeMa MEHEIKMEHTY,
CTaHAapT.

Documentation in ISO/IEC 27701 standard / O.M. Fal’ / Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,
N 5. P. 143-149.

Abstract. The author proposes a set of possible documents that an organization must develop and
demonstrate during the certification of its information privacy management system for compliance with the
international standard ISO/IEC 27701: 2019 “Security techniques. Extension to ISO/IEC 27001 and 27002 for
privacy information management — Requirements and guidelines.”

Keywords: certification, documentation, information security, management system, privacy, standard.

YK 517.988
Intepnoasinilinmii nosinom Epwmira-Bipkrodga minimanbnoi Hopmu B Tinsb6eproBomy mnpoctopi /
O.®. Kaumyp // Kibepueruka ta cucremuuii anamiz. 2021. Tom 57, Ne 5. C. 150-155.

Anoranis. PosrisHyTo iHTepnonsuiiiHy 3amady Epwita—bipkroda s HeniiiiHOro omeparopa
B linebeproBomy mpoctopi. Jljisi mocTaBieHOi 3axadi JOBEACHO TEOpPEMY PO IHTEPIOJSALIHHUNA MOJIHOM
MiHIMAJIBHOT HOPMH, TIOPOJIKEHOT CKAIIPHUM N00yTKOM i3 [aycoBoto Miporo. [TokasaHo, Mo Nel iHTepmosIHT
€ €IMHUM.

Kuarodosi cioBa: intepnomsuiitauii momiHom Epmita—bipkroga, mudepennian I'ato, T'inebepriB mpocrip,
MiHIMaNbHa HOpMA.

Hermite—Birkhoff interpolation polynomial of minimum norm in Hilbert space / O.F. Kashpur //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 150-155.

Abstract. The Hermite-Birkhoff interpolation problem for a nonlinear operator in the Hilbert space is
considered. For this problem, the theorem on the interpolation polynomial of minimum norm generated by
a scalar product with a Gaussian measure is proved. It is shown that such interpolant is unique.

Keywords: Hermit-Birkhoff interpolation polynomial, Gato differential, Hilbert space, minimum norm.

VK 519.83
PiBHoBara Hema B 0cO0JIMBOMY BHIAJKY CHMeTPHYHHUX irop BumodyTky pecypceiB / I.B. Cuienko //
KibepHernka Ta cucremumii anamiz. 2021. Tom 57, Ne 5. C. 156-167.

AHoTauin. HaBeeHo HOBI pe3yJibTaTH I10/10 iCHYyBaHHs piBHOBarn Helia B irpax BHIOOYTKY pecypciB 3
JIOBIJIBHOKO KUIBKICTIO areHTiB. Y 1moOyaoBaHiii Mojei BO{0OaHHs IPaBLIB € iJCHTHYHUMHU, (DYHKIIisI KOpHC-
HOCTI Ma€ CTENECHEBUI BUIIISA, MOCIIOBHICTh CTAHIB 31 CIIJIBHUX IHBECTHLI Y4aCHUKIB (OPMY€EThCS reOMET-
PUYHMM BHIIQJIKOBUM OJIyKaHHSIM. 3aCTOCOBAHO IT€pPaTMBHHI METOJ MOOYIOBU HEPaH/IOMI30BaHOI cTalioHap-
HOI piBHOBarn Hemra y rpi 3 HECKIHYCHHHM TOPHU30HTOM. J[OBEICHO HAJEKHICTD MOJOXKCHHS PIBHOBArd 10
MHOXXMHHM HEONTHMalbHUX 3a [lapero crpareriii.

KuirouoBi ciioBa: croxactuuHi irpu, BUAOOYTOK pecypciB, HAKONMYEHHS KalliTaly, CTalliOHapHa piBHOBara
Hemra, cteneHeBa (yHKIlST KOPUCHOCTI, TEOMETPHYHE BHIAIKOBE OTyKaHHS.

Nash equilibrium in a special case of symmetric resource extraction games / I. Sylenko // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 156-167.

Abstract. The study complements available results on the existence of Nash equilibrium in resource
extraction games with an arbitrary number of agents. In the proposed model, it is assumed that the players have
identical preferences, the utility function is a power function, and the sequence of states from the joint
investments is determined via geometric random walk. An iterative method is used for constructing a
nonrandomized stationary Nash equilibrium in the infinite horizon game. It is shown that the equilibrium
belongs to the set of Pareto inefficient strategies.

Keywords: stochastic games, resource extraction, capital accumulation, stationary Nash equilibrium, power
utility function, geometric random walk.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

YK 004.421.6
AJIropuT™M nonoBHeHHs B anredpax muoxuH / M.C. JIsBoB, FO.I'. Tapaciu // KibepHeTuka Ta cucreMHuit
anami3. 2021. Tom 57, Ne 5. C. 168-174.

AHorauis. OnucaHo aixropuT™, KW 3a aHajoriero 3 anroputmamu byxOeprepa i Kuyra—benmukca
MOXKHAa Ha3BaTH aJrOPUTMOM HOIOBHEHHs. HaBeleHO KOHKpeTHI peaizamil TEOPETHYHOI KOHCTPYKILIl
(aOCTpakTHOT CHCTEMH PEeayKIliil) B areOpax CKIHYCHUX, YUCIOBUX, JIIHIMHUX HamiBaureOpaiYHuX MHOXKUH Ta
aJreOpu MyJIbTHMHOXKHH. PO3risiHyTO 3amady eneMeHTapHOI Teopii yuce, sika Mojke OyTH IHTepIIpeToBaHa SIK
3a1a4a anreOpu MyIbTUMHOKMH. OCHOBHA MeTa pOOOTH — HPUBEPHYTH yBary 10 IMPOCTUX HPUKIAIB 3aCTOCY-
BaHHS &JITOPUTMY IOIIOBHCHHS.

KuiouoBi cjioBa: anroput™ MOMOBHEHHs, KOHCTPYKTHBHA aireOpa MHOXUH, CTaHAAPTHHN Oaswc.

The replenishment algorithm in algebra of sets / Michael Lvov, Yuliia Tarasich / Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 168-174.

Abstract. The algorithm, which, by analogy with the Buchberger and Knuth-Bendix algorithms, can be
called the replenishment algorithm, is described. Specific implementations of the theoretical construction
(abstract reduction system) in algebras of finite, numerical, linear semi-algebraic sets and in the algebra of
multisets are described. The problem of elementary number theory, which can be interpreted as a problem of
multiset algebra, is considered. The main purpose of this study is to draw attention to simple examples of
application of the replenishment algorithm.

Keywords: replenishment algorithm, critical pair, constructive algebras, algebra of sets, algebra of multisets,
standard basis.

VK 681.391, 519.72

JluckpeTrne KocuHyc-cuHycHe mepersopennss Tuny VII Ta mBuaki mijouumcioBi nmeperBopeHHs aJs
intra-nporro3yBanns 300paxkens i Bineoxoxysanns / JI.O. I'naris // KiGepHeruka Ta cucreMHumii anamis.
2021. Tom 57, Ne 5. C. 175-185.

AHoTanis. 3anporoHOBaHO MATPHYHHN METO IOOYMOBH IUCKPETHOIO KOCHHYC-CHHYCHOT'O II€PETBO-
penns tuny VII nopsinky N, Ha OCHOBI SIKOTO MOOYZ0BAHO JIBA LIJIOYUCIOBI KOCHUHYC-CHHYCHI IEPETBOPEHHS
turry VII mopsiaxy 8 1 po3poOseHO alrOpHTMH IXHBOTO IIBHAKOIO OOYHCIICHHS, SIKI IOTPEOYIOTh TUIBKHU IIiJIO-
YUCIIOBUX OIEpalliid. AJITOPUTMU MAIOTh HU3bKY MYJIBTUILTIKATUBHY CKJIQJHICTB, sika B 7 1 10.5 pa3a menra, i
notpedyoTh BiamoBiaHo Ha 23.3 % i 44.2 % MeHIIe onepaiiil JoJaBaHHS MOPIBHSIHO 3 BiIOMHM aJIrOPUTMOM
JIICKPETHOro cHHycHoro nepersopenns tumy VII. IleperBopeHHss MaoTh OUIbII BUCOKI XapaKTEPUCTUKH edek-
THUBHOCTI KOAYBaHHS 32 SIKICTIO 1 CTYIIEHEM CTHCHEHHS MOPIBHSHO 3 BiJOMMMH CHHYCHHMH IE€PETBOPECHHIMHU.
Po3po0iieH0 aJIrOpUTMH LIBUJIKOrO OOYHMCICHHS 2D-po3nUIbHUX HAIPABICHUX LIIOYHCIOBHX KOCHHYCHOI'O
i KocuHyC-cuHycHUX Tuly VII aganTHBHHX HEpPeTBOPEHD IS intra-porHo3yBaHHs 3 OJI0KaMu SICKpaBocTi 8x8.
ANTOPUTMH MAalOTh HU3bKY MYJIBTHIUTIKATHBHY CKJIAIHICTB, sIKa B 6.6 1 16.5 pa3za MeHIIa IOPIBHAHO 3 BiJOMU-
MM aJrOPUTMAMHU.

Kuo4oBi c10Ba: 1UCKpeTHE KOCHHYCHE IIEPETBOPEHHS, TUCKPETHE CHHYCHE TIEPETBOPEHHS, JUCKPETHE KOCH-
HYC-CUHYCHE II€PETBOPEHHS, LIJIOYNCIIOBE KOCHHYCHE IEPETBOPEHHS, LIJIOUYHCIOBE CHHYCHE II€PETBOPEHH,
II7T0YNCIIOBE KOCHHYC-CHHYCHE MEPETBOPEHHS, MacIITabOBaHE NEPETBOPEHHS, PO3IiNbHE HANpaBlICHE ajar-
THBHE II€PETBOPEHHs, (aKTopu3alis, My/IbTHUILIIKATUBHA CKJIA/HICTh, intra-mpOrHO3yBaHHs, BiJCOKOyBaHHS,
H.265.

Discrete cosine-sine transform type VII and fast integer transforms for intra-prediction images and video
coding / L.O. Hnativ / Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 175-185.

Abstract. The author proposes a matrix method for constructing order N discrete cosine-sine transform
type VII. Based on the method, two order-8 integer cosine-sine 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 addition operations, respectively, as compared to 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 to the well-known sine transforms. Algorithms for fast computing of 2D
separable directional integer cosine and cosine-sine type VII adaptive transforms for intra-prediction with 8x8
chroma blocks are developed. These algorithms have low multiplicative complexity, which is 6.6 and 16.5
times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, discrete cosine sine transform, integer cosine
transform, integer sine transform, integer cosine sine transform, scaled transform, separable directional adaptive
transform, factorization, multiplicative complexity, intra prediction, video coding, 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

VK 534.78, 621.391.266

Metoa 3aBaJOCTiliKOro ONiHIOBAaHHSI INapaMeTPiB ABTOPerpecHBHOI MojeJi B 4YaCTOTHil o0xaacrti /
B.K. 3agipaka, B.}O. Cemenos, €.B. CemenoBa // Kidepueruka ta cucremuuii ananiz. 2021. Tom 57, Ne 5.
C. 186-192.

AHoTanisi. Po3risiHyTO 33124y OIiHIOBAaHHS [TAPaMETPiB aBTOPErPECUBHOTO CHTHAITY 32 HAsIBHOCTI (POHO-
Boro mrymMy. Ha OCHOBI 4YacTOTHOTO NPEACTABICHHS TAaKOrO CHIHAIY IIOKa3aHO METOAHUKY OOYHCIICHHS
(yHKIiOHATYy HPaBIONOAIOHOCTI aBTOPETPECHBHHX IapaMeTpiB, a TaKOXK PO3IJIIHYTO peawli3alilo MeToxy
Expectation-Maximization juisi iXHBOTO ITEPaTHBHOI'O OLIHIOBAHHS. AHali3 Pi3HUX Mip CIIOTBOPEHHS MOB-
JICHHEBUX CHUTHAJIB MOKA3aB, 110 3alPOIIOHOBAHI MiJX0/AM Y YACTOTHIH 00JlacTi MalOTh OJJHAKOBY TOYHICTbH i3
BIAMOBITHUMH TIAXOJAMH Y 4YacoBiil 00JacTi, aje XapaKTepu3yIThCs ICTOTHO MEHIIMMH OOUYHCIIOBATbHUMU
BUTpATaMHU.

KurouoBi ciioBa: aBroperpecuBHa Mozenb, (GyHKIis npasaomnonionocti, merox Expectation-Maximization,
mBHAKE nepeTBopeHHs Dyp’e.

Method of noise-robust estimation of parameters of autoregressive model in frequency domain /
V.K. Zadiraka, V.Yu. Semenov, Ye.V. Semenova // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5.
P. 186-192.

Abstract. The article considers the problem of estimating the parameters of the autoregressive (AR)
signal in the presence of background noise. Based on the frequency representation of the AR signal, a technique
of calculating the likelihood function of the AR parameters is shown and the implementation of the
expectation-maximization method for iterative evaluation of the AR parameters is considered. Analysis of
different measures of distortion of speech signals shows that the proposed approaches in the frequency domain
have the same accuracy with the corresponding approaches in the time domain, but are characterized by
significantly lower computing costs.

Keywords: autoregressive model, likelihood function, Expectation-Maximization method, fast Fourier
transform.
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