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KIBEPHETUKA CYBERNETICS

VK 621.513.8
IpobsieMbl  MOCTPOEHMS] HMHTE/LIEKTYAJbHBIX CHCTEM. MHTE/IEKTyajJbHOE MoOJeJupoBaHue /
B.1O. Meiityc // KnubepHetnka u cuctemusiii anamms. 2021. Tom 57, Ne 4. C. 3-19.

AnHoTanus. VccnenoBan 1 A€TaIM3UPOBaH MPOLECC HHTEIUICKTYaIbHOIO MOJICIUPOBAHHS IIPESIMETHBIX
obJacTeil KaK COCTABIISIONIAs ACHCTBUH MHTEIUIEKTYaIbHOTO CyOBEeKTa, CBSI3aHHBIX C PEIICHUEM 3aJad B 9TOU
obactu. PacCMOTPEHO MOCTPOCHHE MOJISIH IPEIMETHOM 00JIacTH KaK MHOKECTBA 3HAHUI 00 OTACIBHBIX CO-
CTaBJIAIOIIMX 9TOH o0sacT. Onucanue 3HaHUN KaKI0W COCTABIIAIONICH BKIIOUAET JIOTHUYECKOE U OHTOJIOTUYEC-
KO€ IPE/ICTABJICHHUE, IPU3HAKH TOW COCTABIISIOIICH M €€ CBA3M C APYrMMH 3yeMeHTamu. [lokas3aHo, uTo s
OIMHCAHUs MPEIMETHOH 00IacTH Kak aOCTPAKTHOTIO MPEACTABICHHS MOXKET OBITh HCIOJIb30BaHA MpHEMIIeMast
MareMatHdeckass CTpyKTypa. PacCMOTpeH psii TakuxX CTPYKTYp M pasiM4HbIC BapHAHTBI JIOTHKH.

KiroueBble cj10Ba: HHTEIUICKT, HHTEIUICKTYaIbHOE MOZICIMPOBAHNE, JTOTHKA, 3HAHHSA, MATEMAaTUUECKUE CTPYK-
Typbl, NPEACTAaBICHUE 3HAHMH, AJTOPUTM MOJEIMPOBAHUS, OHTOJIOTHS.

IIpoGaeMn MOGYIOBH iHTEJNEKTYaJbHHX CHCTeM. iHTeJeKTyajdbHe MopaemioBanHs / B.}O. Meiityc //
KiGepuernka ta cucremunmii amams. 2021. Tom 57, Ne 4. C. 3-19.

Amnoranis. JlocnipKeHo i JieTani3oBaHO NPOIEC iHTEIEKTYaTbHOTO MOJICIIIOBAHHS IIPEIMETHIX 00nacTeit
SIK CKJIQJIOBOI Aiif IHTENeKTyalIbHOrO Cy0’€KTa, 0B SI3aHHUX 3 PO3B’s3aHHAM 3aBIaHb y Wil ramysi. Posrmsayto
mo0yI0By MOJIeNi MPEAMETHOI 00JIacTi SIK CyKyITHOCTI 3HaHb HPO OKpeMi CKJIanoBi Iiei obmacti. Onuc 3HaHb
KOXKHOT CKJIQJIOBOT MICTHTB JIOT1YHE i OHTOJIOTIYHE TOJIAHHS, O3HAKHU L€l CKIa10BOT 1 ii 3B’S3KY 3 IHIIUMH elie-
MeHTamu. [TokaszaHo, 10 [T ONMKMCY HPEAMETHOI 00JIacTi K aOCTPAKTHOTO MPEACTaBICHHS MOXKe OyTH BHKO-
pHCTaHa BiAIOBIZHA MaTEMaTHYHA CTPYKTypa. PO3IIIsIHYTO HU3KY TaKUX CTPYKTYP i pi3Hi BapiaHTH JIOTIKH.

Kuo4oBi ci10Ba: iHTENEKT, iHTENEKTyalbHE MOJECIIOBAHHS, JIOTIKa, 3HAHHS, MAaTEMaTU4HI CTPYKTYpH, Mpel-
CTaBJICHHS 3HAHb, AJITOPUTM MOJCIIOBAHHS, OHTOJOTIS.

Problems of construction of intelligent systems. intelligent simulation / V.Yu. Meitus // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 3. P. 3-19.

Abstract. The author analyzes in detail the process of intelligent simulation of subject areas. This process
arises as a component of the actions of an intelligent subject associated with solving problems in this area. A subject
domain model is built as a set of knowledge about the individual components of this domain. The description of
knowledge of each component includes a logical and ontological representation, signs of this component, and its
relationship with other elements. It is shown that a suitable mathematical framework can be used to describe the
domain as an abstract representation. A number of such structures and various variants of logic are considered.

Keywords: intelligence, intelligent simulation, logic, knowledge, mathematical structures, knowledge
representation, modeling algorithm, ontology.

CHUCTEMHHUI AHAJII3 SYSTEMS ANALYSIS

YK 519.6

OnrTumMu3anus napaMeTpos B 0000menHoii gopmyie Janamepa nisi GyHKUMi JBYX IepeMeHHBIX /
U.B. Cepruenxo, O.H. JlurBun, O.0. JlutBuH, A.B. Tkauenko, A.A. Benodoponos // Kubepneruka u
cucrteMubid ananms. 2021. Tom 57, Ne 4. C. 20-29.

AnHoTanus1. PaccMoTpeHb! Kiacchl QYHKIHMH, KOTOPBIE TOYHO BOCCTAHABIMBAIOTCS C IOMOIIBIO (POPMYJIIBI
Janambepa, o6o6mennoit O.H. JIuteurom B 1989 r. 3BectHO, uTo 3Ta hOopMysIa B 4aCTHOM CIIydae JaeT IIOJIH-
HoM Teiopa pasiokeHus GYHKIHH 110 OJHOM MEPEMEHHOI, HO B OTJIMYHE OT nonuHoMa Teilsiopa coxpaHseT ToT
xKe KIace quddepeHIpyeMoCcTH, KOTOpOMy IPUHAICKUT IPHOIbKaeMast (hyHKIHUS, JaKe SCIIH YaCTHBIE IIPOU3-
BOJIHBIE §-T0 nopsizka (s=1,2,..., N') He IpUHaUIeKAT TOMY e Kiaccy IubQepeHIpyeMOoCTH, KOTOPOMY MpH-
HaJUIOKNT npuOmmkaemas GyHkuus. [Ipu 3TomM HCHoNb3yeTcst cuctema mapamerpos B, ;... , B . llpennoxken
METOJ] ONTHMAIBHOTO BBIOOpA 3THX IIAPAMETPOB, a TAKKe cHOPMYIMPOBAH U JOKA3aH PsJi TEOPEM O Kilaccax
(yHKIHMI, KOTOpbIE TOYHO BOCCTAHABIMBAKOTCS O00OOLICHHBIME oreparopamu Jlanambepa.

KuroueBbie cioBa: HHTEPIOJIALMA, ONEPaTop, OCTATOK, ONTHUMH3ALUA.

Onrumizaniss nmapamerpiB B y3arajabHeHili ¢opmyai Jdanambepa g ¢QyHkmii aBox 3MiHHHX /
L.B. Ceprienko, O.M. JlutBun, O.0. JlutBun, O.B. Tkauenko, A.A. Binodoponos // KibGepuernka Ta
cucremuuii anamis. 2021. Tom 57, Ne 4. C. 20-29.

AwHoTanis. Po3risHyTo nuTaHHs npo Kiacu QYHKIIH, sIKi TOYHO BiAHOBIIIOIOTHCS 33 JOMOMOTOI0 GopMy-
mu Jlanamb6epa, y3aransHeHoi O.M. JlutBunoMm y 1989 p. Binomo, 1o s ¢popmyna B OKpeMOMY BHIAAKY A€
nosinoM Telsiopa po3BHHEHHs (YHKIIT 32 OJHIEI0 3MIHHOIO, aje Ha BigMiHy Bix nosinoMa Teifopa 30epirae
TOU caMuii Kinac Au(epeHIiHOBHOCTI, IKOMY HaJIeKUTh HAOMIDKyBaHa (DYHKILS, HABITh SKIO YACTHHHI ITOXiTHI
s-ro mopaaky (s=1,2,..., N) He HalexaTb TOMy CaMOMy KiIacy AU(EpeHIIHOBHOCTI, IKOMY HAIEKHTh HAOIH-
KyBaHa (QyHkuis. IIpu ubomy BuKopucTano cuctemy napamerpis f,[;,..., [y . 3anponoHoBaHo meTon
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ONTHUMAIBHOTO BHOOPY IMX MapaMeTpiB, a TaKOX c(HOPMYIHOBAHO Ta JOBEICHO TEOPEMH IPO Kiacu (yHKIii,
SIKI TOYHO BIJHOBIIOIOThCS Yy3arajlbHEHMMH oneparopamu [lamambepa.

KiiouoBi cjoBa: iHTEpHOJSALIS, ONEpaToOp, 3AIUIIOK, ONTHMI3allis.

Optimization of parameters in the generalized D’Alembert formula for a function of two variables /
LV. Sergienko, O.M. Lytvyn, O.0. Lytvyn, O.V. Tkachenko, A.A. Biloborodov // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 20-29.

Abstract. The authors consider classes of functions that can be exactly restored using the d’Alembert
formula generalized by O.M. Lytvyn in 1989. This formula as a special case is know to give the Taylor
polynomial of the one variable function, but in opposite to the Taylor polynomial it preserves the same
differentiability class to which the approximated function belongs, even if its partial derivatives of s order
(s=1,2,..., N) do not belong to the same differentiability class. In such case, the system of parameters
Bo.Bis--» By is used. The authors propose a method for the choice of optimal parameters and provide and
prove several theorems related to classes of functions that can be exactly restored by the generalized
d’Alembert operators.

Keywords: interpolation, operator, remainder, optimization.

VK 519.872
YckopeHHOEe MOJEIHMPOBAHUE BEPOSITHOCTH OJOKMPOBKM TpeOOBaHMIi B ceTsiX O0O0CHY:KMBaHMSI C

MHOkecTBeHHBIM qocTynoM / H.IO. Ky3nenos, U.H. Ky3unenos // KuGepuerrka u cuctemuslit ananus. 2021.
Tom 57, Ne 4. C. 30-43.

AnHoTanus. PaccMaTpuBacTCst MOJIENb CETH 00CITYKUBAHMUS, B KOTOPYIO TIOCTYHAIOT PA3HOTUITHBIC ITyac-
COHOBCKHE IOTOKH TpeOOBaHUH, TpeOyIOIIne COIMHEHUS MEXK/TY 3a/JaHHbIMU TepMuUHaaMu. [TyTh coeuHenus
3aBHCHT OT THUIIA IOCTYHAIOIIEr0 TPeOOBAHMS, OT 3aIPAIINBAEMOT0 PECypca, OT 3aHATHIX B JAHHBIH MOMEHT ITy-
TeH U OT 3arpy’KEHHOCTH BCEX KAHAJIOB CBS3U CeTHU. [Ipe/uIokeH MeTo/l yCKOPEHHOTO MOJCIHPOBAHHUS BEPOSIT-
HOCTH OJIOKHPOBKH TPeOOBAHHUIT OIPEEIICHHOTO II0TOKA C 3aIIPAIIMBAEMBIM PECYpPCOM He HIDKE 3aJaHHOTO.

KuroueBble ciioBa: ceTb 00CIY)KHBAaHMsI, MHOKECTBEHHBIH JIOCTYII, BEPOSATHOCTh OJIOKMPOBKH, METOJ MOH-
Te-Kapiio, MeToJ; pacciioeHHOI BBIOOPKH, YCKOPEHHOE MOJICINPOBAHUE, IHUCIEPCHS OLECHKH.

IIpuckopeHe Mojea0BaHHA HMOBIpHOCTI 0JI0KyBaHHSI BHMOI Yy Mepekax o0cCIyroByBaHHs i3
MHOxkuHHEEM goctynom / ML.IO. Ky3ueunos, I.M. Ky3nenoB // KiGeprernka Ta cucremuunii anamis. 2021.
Tom 57, Ne 4. C. 30-43.

AHorauis. Po3risiHyTO MOzenb Mepeki 00CIyroByBaHHs, B Ky HAJXOAATb PI3HOTHIIHI IyaCCOHIBCBHKI
MOTOKH BHMOT, 1[0 NOTPeOYIOTh 3 €AHAHHS MK 3aJaHUMK TepMinanamu. [1I1ax 3’ eaHaHHS 3a/IKUTh BiI THITY
BUMOTH, BiJl peCypCy, 110 BUMAraeThest JUist i 00CIyroByBaHHs, Bijl 3aiHATUX Y 1€l MOMEHT IUIAXIB Ta Bij 3a-
BaHTa)XXEHOCTI BCIX KaHAJIB 3B 53Ky Mepexki. 3alipONOHOBAHO METO/[ IIPUCKOPEHOT'0 MOJISIIFOBAHHS HMOBIpPHOCTI
0JIOKYBaHHsI BUMOT TIEBHOTO MOTOKY i3 HEOOXiJHUM JUIsi OOCIyrOBYBaHHSI PECYpCOM, PIBEHb SKOTO HE HUXKYE
3a[aHoro.

Kurodosi cioBa: mepexa oOCITyroByBaHHS, MHOKHHHHH JOCTYII, HMOBIpHICTH ONIOKYBaHHS, MeTox MoH-
te-Kapio, meron posmapoBaHoi BHOIpKH, NPHCKOPEHE MOJEIIOBAHHSA, JMCIEPCis OIIHKH.

Fast simulation of the customer blocking probability in queueing networks with multicast access /
N.Yu. Kuznetsov, I.N. Kuznetsov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 30-43.

Abstract. A model of a queuing network with several input Poisson flows is considered. These flows
require connections between given terminals. The connection path depends on the type of the customer, on the
requested resource, on the paths currently occupied and on the load on all communication channels of the
network. A fast simulation method for the evaluation of the blocking probability for customers of the certain
flow with a required resource not lower than a given one is proposed.

Keywords: queueing network, multicast access, blocking probability, Monte Carlo method, stratified sampling,
fast simulation method, variance of estimate.

YK 519.85

Paspe:xennoe cOajlaHCMpPOBaHHOe pa3MelleHHe cgepuyecKHX MNYCTOTB TpPeXMepHbIX objacTax /
IO.I'. Crosin, T.E. PomanoBa, A.B. Ilaukparos, I1.A. Cremok, FO.E. Ctosin // KubepHerrka u CHCTEMHBII
anamu3. 2021. Tom 57, Ne 4. C. 44-55.

AnHoTanus. PaccMOTpeHa ONTHM HM3alMOHHAS 3a]a4a pasMelieHHs1 cHepHIecKuX IyCTOT B TPeXMep-
HBIX 00JIACTSIX, OTPAaHUYCHHBIX [MINHAPHICCKAMH, CHEPHISCKUMH ITOBEPXHOCTSIMH U IUIOCKOCTSIMH, KOTOpPast
CBOZUTCS K 3aJa4e KOMIIOHOBKH c()epHIECKUX 0OBEKTOB B COCTABHOM KOHTEHHEpE ¢ y4eToM OrpaHHYeHHIl Ha
«Pa3peKEHHOCTb)» Pa3MEIleHUs] 0OBEKTOB M YCIIOBHH OayiaHca (IOJIOKEHUE LEHTpa TSHKECTH cucTeMsl). [Toc-
TPOCHAa MaTeMaTH4eCKas MOJCIb B BUJC 3a[a4H HEIHHCHHOro mporpamMmupoBanus. [Ipeanoxen metox Obic-
TPOro MOKMCKA JIOIMYCTUMBIX PEIICHUIH, OCHOBAHHBINH Ha OallaHCHBIX TOMOTETHYHBIX IpeoOpa3oBaHusx 3D-00b-
€KTOB, U METO/IbI IIOUCKA JIOKAJIbHO-ONTUMAIIBHBIX PELICHUH C IPUMEHEHHEM aIrOPUTMA JCKOMITO3UIINH U T-aJ-
roputMa. [IpuBeReHBI pe3yNbTaThl YUCICHHBIX SKCIEPUMEHTOB.
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KimoueBble cjioBa: paspexeHHas KOMIIOHOBKA, chepuueckiue 00beKThl, phi-QyHKINS, HETUHEITHOE Mporpam-
MHPOBAHHUE, F-aJdTOPUTM.

Po3pixkene 36anancoBane po3MileHHs cpepuuHUX NOPOKHUH y TPUBUMIpHHUX obaacTax / FO.I'. Crosn,
T.€. PomanoBa, O.B. Ilankpatos, IL.I. Ctremiok, F0.€. Crosn // Kibepueruka Ta cucremuuii anaiis. 2021.
Tom 57, Ne 4. C. 44-55.

AHoTauis. Po3risiHyTO onTuUMi3aliiiHy 3a1ady po3MillleHHS! c(hepUYHUX TTOPOKHUH Y TPUBUMIPHUX 00-
JIacTAX, OOMEXEHUX LMIIHAPUYHUMU i CHEPUYHUMH MOBEPXHAMH Ta IUIOLIMHAMH, SIKa 3BOAMUTHCS 1O 3amadi
KOMIIOHYBaHHsI chepHIHHX 00 €KTIB y CKIIaJICHOMY KOHTEIHEpi 3 ypaxyBaHHIM OOMEKEHb Ha «PO3PIHKCHICTH
po3MmilieHHs. 00’€KTiB Ta yMOB OajyaHcy (po3MilleHHs LeHTpa Bark cucreMu). IloOypoBaHo MaTeMaTH4Hy MO-
JieIb y BUIVLIAI 3a1adi HeJIHIHOTO NMpOorpamMyBaHHS. 3alpOIIOHOBAHO INBHAKUI METOX IOLIYKY JOIyCTHMHX
PO3B’S3KiB, IO IPYHTYETHCS Ha OATAHCHUX TOMOTETHYHHX HEepeTBOpPeHHSAX 3D-00’€KTiB, Ta METOMH MOIIYKY
JIOKAJIBHO-ONTUMAJIBHUX PO3B’S3KIB 13 3aCTOCYBAHHSAM QJITOPUTMY JICKOMIIO3MLII Ta r-anroputMmy. Haseneno
pe3yNnbTaTH YHCEIbHUX CKCICPHMCHTIB.

KurouoBi ci1oBa: pospivkeHe KOMIIOHYBaHHS, cepuuHi 00’eKkTH, phi-QyHKUis, HeiHiiHE IporpaMyBaHHS,
F-aJICOPUTM.

Sparse balanced distribution of spherical voids in three-dimensional domains / Y.G. Stoyan,
T.E. Romanova, O.V. Pankratov, P.I. Stetsyuk, Y.E. Stoian // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 44-55.

Abstract. The paper considers the optimization problem of generating spherical voids in
three-dimensional domains bounded by cylindrical and spherical surfaces and planes. The problem is reduced to
the problem of arranging spherical objects in a composite container, taking into account constraints on
“sparseness” of the objects and balancing conditions (a location of the gravity center of the system).
A mathematical model in the form of a nonlinear programming problem is provided. A fast method of finding
allowable solutions based on the balanced homothetic transformations of 3D objects and methods of finding
locally optimal solutions using the decomposition algorithm and r-algorithm are proposed. The results of
numerical experiments are given.

Keywords: sparse layout, spherical objects, phi-function, nonlinear programming, r-algorithm.

VIK 519.2, 519.61, 519.71

Perynsipu3upoBaHHble penieHHsl 3a1a4 WIeHTH(PUKANUU B Kjacce MojJelell JIMHelHO#l perpeccun /
B.®. I'yoapes, H.H. CanbankoB, C.B. Measanuyk // Knbeprernka u cuctemuslit anamms. 2021. Tom 57,
Ne 4. C. 56-69.

AnHoTanus. Paccmorpena npo6aema HICHTU(DUKALUN CIOKHBIX JUCKPETHBIX CHCTEM B KJIacce MOJCIeH
JIMHEHHON perpeccuu. [Ipu HamIMYMKM NOTPEHIHOCTEH B JAaHHBIX COOTBETCTBYIOIIAS 3ajiaya MICHTH(UKALUKU B
OOJIBIIMHCTBE CIIy4aeB SBIISICTCS HEKOPPEKTHO MOCTABICHHOM. B ycnoBusAX orpaHM4eHHOI HEONpPEIeICHHOCTH
HCXOJHBIX JAaHHBIX [IPEUIaraeTcsi HaXOJUTh NPHOIKECHHOE PEryJIIpU3HPOBAHHOE PEIICHHE U B KaUeCTBE Pery-
JISIPU3UPYIOLIEro IapaMeTpa HCIOIb30BaTh Pa3MEPHOCTh MofeNH. PazpaboTaHbl U HcClieOBAaHBI 1Ba CIOC00a
OIIpeieTICHHs] Pa3MEPHOCTH MOJEIH, [TO3BOJIIONINE HAXOJUTh NPHOMIKCHHOE PeIICHHE 3alaul HICHTU(UKA-
IL[HH1, COTTTACOBAHHOE TI0 TOYHOCTH C MOTPEIIHOCTHIO JaHHBIX. Ha 0CHOBE YMCIEHHOTO MOAENHPOBAHMS BBIIOI-
HEHbI MCCIIeJIOBAaHUS Pa3pabOTaHHBIX CIIOCOOOB MACHTU(HMKAMKM W JaHa OLEHKA UX 3(P(PEKTUBHOCTH.

KiroueBble cjioBa: HIIGHTHd)I/IKaLII/ISI, JIMHEWHAs perpeccus, CIOXKHasA CUCTEMa, PETYsIpu3anus, OIPEACIICHUEC
PasMEPHOCTH MOJCIH, CUHTYISIDHOC PAa3JI0KCHUEC, YHUCICHHOC MOIACITIMPOBAHUC.

PerynsipusoBani po3p’si3kn 3a1ay izenTudikanii B kiaci Moaeseii Jiniiinoi perpecii / B.®. I'ydapes,
M.M. CanpuukoB, C.B. Meabunuyk // Kidepueruka ta cucremuuii ananiz. 2021. Tom 57, Ne 4. C. 56-69.

AHorauis. PosrisHyto npoGnemy ineHTHdikanii CKIaAHUX JUCKPETHHX CHUCTEM B Kiaci Mojerneit
niHiitHOI perpecii. 3a HasBHOCTI MOXWOOK B JaHMX BiAMOBiAHA 3aj1a4a ineHTHOIKaAL] y OIIBIIOCTI BUMAKIB €
HEKOPEKTHO MOCTaBJICHOI0. B yMOBax 0OMeXeHOI HeBU3HAUCHOCTI HAsSBHUX JAHUX 3alIPOIOHOBAHO 3HAXOAUTH
HaAOJIMKEHUH PEryJIsipU30BaHMil PO3B’ 30K 1 SIK PErysipu3aliifiHuil mapaMeTp BHKOPHUCTOBYBATH PO3MIPHICTh
mojeni. Po3po06ieHo Ta T0CiiKeHO J1Ba CIoco0r 3HAXODKEHHS PO3MIPHOCTI MOJIENI, 1110 Jal0Th 3MOTY 3HaX0-
JIUTH HAOJIMOKEHUH PO3B’SI30K 3a7avi ineHThdiKanii, y3roJyKeH!H 3a TOYHICTIO 3 MOXHOKOI0 naHux. Ha ocHOBi
YHCETFHOTO MOJETIOBAHHS BUKOHAHO JOCIIKEHHS PO3pO0IeHNX Croco0iB ieHTrudikalii Ta HaBeJeHO OLIHKY
IXHBOT e(EeKTUBHOCTI.

KarouoBi cioBa: ifgenTudikamis, JiHIiHA perpecis, CKJIaJHA CHCTEMa, PEryJsIpH3allis, 3HAXOKECHHS
PO3MIPHOCTI MOJIeNi, CHHTYJIAPHUI PO3KIIaJ, YUCEIbHE MOJCIIOBAHHS.

Identification of regularized models in the linear regression class / V.F. Gubarev, N.N. Salnikov,
S.V. Melnychuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 56-69.

Abstract. Identification of complex discrete systems in the class of linear regression models is
considered. The problem of identifying an exact model on noisy initial data is known to be ill-posed. This is
especially significant when using high-dimensional models. Within the guaranteed approach to uncertainty used
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in the article, it is proposed to use the dimension of the model as a regularization parameter. Here we suggested
and tested two techniques for estimating optimal dimension and parameters of linear regression model to ensure
its consistency in accuracy with the data error. Numerical simulations were carried out and their efficiency was
evaluated.

Keywords: identification, linear regression, complex system, regularization, model dimension estimation, SVD,
simulation.

VK 517.9:519.6
MaremMaTHyeckHe MoOJeJH ¢ JIOKAJILHOH M-NpoM3BOAHOH U KpaeBble 33/1a4d T'eOMUTPALMOHHOM
aunamukn / B.M. BynaBankunii / Kubepreruka n cucremuslii anamus. 2021. Tom 57, Ne 4. C. 70-87.

AHHOTanus. B pamkax MaTeMaTHuecKuX MOJENEi, OCHOBAHHBIX HA IOHATHHU JIOKAIBHON M-TIpOM3BO/I-
HOU 10 BpeMeHHJIii epeMeHHOM, BBIMOIHEHBI TTOCTAHOBKH U MOJIyYEHbI 3aMKHYThIE PEIICHUS! HEKOTOPbIX JBY-
MEpPHBIX KPaeBbIX 3324 KOHBEKTHBHOI'O M KOHBEKTHBHO-IH()(Y3HOHHOrO MacconepeHoca 1 MaccooOMeHa pac-
TBOPUMBIX BEIIECTB IIPH reoduibTpanuy. B gacTHOCTH, IOcTaBiIeHa oOpaTHAst peTPOCIICKTHBHAS 3a1ada KOH-
BEKTUBHOH au(dy3un COrTacHO cxeMe NBYMEpPHOU reo(IIbTpalliy U3 OECKOHEUHOrO BOJOEMA K APEHAXKY,
MOy4eHO €€ DEry/IIPH30BAaHHOE pEUICHHE, MPHBEICHBI HEKOTOPHIC OLEHKH CXOJMMOCTH.

KiroueBble cl10Ba: MaTeMaTHYECKOE MOJICIMPOBAHHE, FEOMUTPAIINS, TeOpUIbTPAINS, MACCOIEPEHOC, MacCo-
00MeH, HEKJIACCHIECKUE MOJIEIIH, JIOKaJIbHast M/-IIPOM3BOIHAS, 3a/{a4l KOHBEKTHBHOIO M KOHBEKTHBHO-THD]Y-
3MOHHOTO MAacCOIEPEHOCA, 3aMKHyTas (opMa peIIeHHIL.

MaremaTuyHi Moieai 3 JIOKaJIbHOIW0 M-noxigHow Ta KpaiioBi 3agaui reomirpauiiinoi nunamikm /
B.M. ByaaBaubkmii // Kibeprnernka ta cuctemuuil ananiz. 2021. Tom 57, Ne 4. C. 70-87.

AHoTauis. Y paMKax MaTeMaTHYHUX MOJEJEH, 0 0a3yr0ThCs Ha TOHATTI JOKaJIBHOT M-1IoXifHOT 3a ya-
COBOIO 3MiHHOIO, BUKOHAHO ITOCTAaHOBKH Ta OJCP)KAHO 3aMKHEHI PO3B’A3KH JICAKHX JIBOBUMIPHHUX KpaloOBUX 3a-
J1a4 KOHBEKTHBHOIO 1 KOHBEKTHBHO-AH(Y3IiHOr0 MacornepeHocy Ta MacoOOMiHy PO3YMHHUX PEYOBHH y IPO-
neci reodinbTparii. 30kpema, IOCTaBICHO 00CpPHEHY PETPOCIICKTHBHY 3a/ady KOHBEKTUBHOI IHQy3il 3rixHoO 31
CXEMOIO BOBHMIipHOI reodinbTpanii 3 HECKIHIEHHOI BOZOUMU 0 ApeHaxy, OAEpKaHO 1i peryIipu3oBaHHit
PO3B’S30K, HABEIEHO NEsKi OLIHKU 301KHOCTI.

Kao4oBi clioBa: MareMaTHYHE MOJICIIIOBAHHS, T€OMIrpallisi, reodijbTpallis, MacorepeHoc, MacooOMiH, HeKJIa-
CHYHI MOJIeI, JIoKallbHa M-TIOXi/IHa, 33/1a4i KOHBEKTHBHOI'O Ta KOHBEKTHBHO-IU(Y3IiHOrO MaconepeHocy, 3a-
MKHEHa (opMa pPO3B’s3KiB.

Mathematical models with local M-derivative and boundary-value problems of geomigration dynamics /
V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 70-87.

Abstract. In the framework of mathematical models based on the concept of a local M-derivative with
respect to a time variable, statements are made and closed-form solutions of some two-dimensional boundary
value problems of convective and convective-diffusive mass transfer and mass exchange of soluble substances
during geofiltration are obtained. In particular, the inverse retrospective problem of convective diffusion is
posed according to the scheme of two-dimensional geofiltration from an infinite reservoir to drainage, its
regularized solution is obtained, and some estimates of convergence are given.

Keywords: mathematical modeling, geomigration, geofiltration, mass transfer, mass exchange, non-classical
models, local M-derivative, problems of convective and convective-diffusive mass transfer, closed form solutions.

VK 519.8

S1apo ycTOHYMBOCTH MHOTOKPHTEPHAIBLHON 3a1a4d ONTHMHM3AIMH NMPH BO3MYIIEHHSX BXOJAHBIX JaHHBIX
BekTopHoro kpurepusi / T.T. Jle6eneBa, H.B. Cemenona, T.A. Cepruenxo // KubepHernka u CUCTEMHBIi
anamm3. 2021. Tom 57, Ne 4. C. 88-94.

AnnHoTanus. Ha ocHOBe HCIOIBb30BaHMS MOHATHSA SAPA YCTONUYHMBOCTH MHOTOKPUTEPHAIBHON 3aa4H 110~
ncka [TapeTo-oNTUMaIbHBIX PEIICHHH ¢ HEIPEPhIBHBIMH YaCTHBIMU KPUTEPHAIBHBIMU (QYHKIHAMH U MHOXKEC-
TBOM JIOIYCTHMBIX PEHICHUH NPOM3BOIBLHOM CTPYKTYPhl yCTAHOBIEHBI YCIOBUS YCTOHYMBOCTH 3a1aull OTHOCH-
TEJIbHO BO3MYILCHHI BXOJHBIX JAHHBIX BEKTOPHOTro Kpurtepus. M3yueH Bompoc 00 yCTOHYMBOM NpUHAICK-
HOCTH JOIYCTUMBIX DPEIIEHUI 3a7aud OIPE/EIICHHbIM MHOKECTBAM €€ ONTUMAaJIbHBIX pEILCHUIL.

KiloueBble cJI0Ba: MHOrOKpHTEpHAlbHAs 3ajada, BEKTOPHbI Kpurepuid, I[lapeTo-onTHMalbHBIC pelIeHHs,
MHO)ecTBO Creiitepa, MHOkecTBO CMeiiia, BO3MYILEHUs BXOJHBIX JIaHHBIX, YCTOWYHUBOCTb, PO YCTOHYUBOCTH.

SAnpo criiikocTi 0araToxkpurepiiinoi 3a1a4i onTumizanii 3a yMoBH 30ypeHHsI BXiIHUX JaHHX BEKTOPHOIO
kpurepito / T.T. Jledbenea, H.B. Cemenona, T.I. Ceprienko // KibepHeruka ta cucremHuid anamiz. 2021.
Tom 57, Ne 4. C. 88-94.

AHortauis. ba3younch Ha MOHATTI s/pa CTIHKOCTI OaraToKpuTepiiHOi 3amadi nomyky Ilapero-omTu-
MaJIHUX PO3B’SI3KIB 3 HENEPEPBHUMH YACTKOBUMH KPUTEPIHHUMH (YHKLISIMH 1 MHOKHHOIO JOMYCTUMHX PO3-
B’SI3KiB JOBUIBHOI CTPYKTYPH, BCTAHOBJICHO YMOBH CTIMKOCTI BIHOCHO 30ypeHb BXiIHHX JaHHX BEKTOPHOTO
KpuTepito. BupueHo mutaHHs CTiKOI HaJEKHOCTI JOIYCTHMHX PO3B’SI3KIB 3a/1aui BU3HAYCHUM MHOXKUHAM ii
ONTHMAJIBHAX PO3B’SI3KiB.
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KurouoBi ciioBa: OaratoxpurtepiiiHa 3a/1aua ONTHUMI3allil, BEeKTOpHUI KpuTepiii, [lapeTo-onTumanbsHi po3B’si3-
ku, MHO)kHHa Coeiitepa, MHOXXHHA CMmeiina, 30ypeHHsT BXIAHHX JaHHX, CTIMKICTb, SAPO CTIHKOCTI.

Stability kernel of multicriteria optimization problem under perturbations of input data of vector
criterion / T.T. Lebedeva, N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,
N 3. P. 88-94.

Abstract. Based on the concept of the stability kernel for multicriteria optimization problem of finding
Pareto optimal solutions with continuous partial criterion functions and feasible set of arbitrary structure, the
conditions of problem stability with respect to initial data perturbations in vector criterion are established.
Stable belonging of the feasible solutions to certain sets of optimal solutions of the problem is analyzed.

Keywords: multicriteria optimization problem, vector criterion, Pareto-optimal solutions, Slater set, Smale set,
perturbations of initial data, stability, kernel of stability.

VK 519.6:004.942

Pemienne 3agaum  MHTepHpeTanuu  HAOJIOJEHWIl ¢ WCHOJIL30BAHHEM  CILNIAWH-NPHOIMIKEHUs
ckanupoBanHoil ¢ynknun / A.®. Bepaanb, II.C. Manaunsckmii, SI.B. Iusop // KuGepneruka u
cuctemubiii ananmus. 2021. Tom 57, Ne 4. C. 95-103.

AunoTtauus. [IpeicTaBieH aHaIN3 TOYHOCTH YHCIOBOM peaan3allii YaCTOTHOTO METO/IA PEIICHHUS WH-
TErpaabHOrO ypaBHEHHS B 33/1aU¢ HHTEPIPETAINH TEXHMICCKUX HAOTIOACHHUIT C HCTIOIb30BAHHEM CILTAWH-TIPHU-
OJIVDKeHUS] CKaHUPOBAaHHOW (yHKIMH. VccrienoBaH ajaropuTM pelleHus] HHTErPabHOTO YPaBHEHUS 3aa4M UH-
TEpNpPEeTALMH, OCHOBAHHBIH Ha MPUMEHCHUH METO/a PEry/sipu3aini THXOHOBA ¢ MOMCKOM PEIICHHUS B YaCTOT-
HOW 00JIaCTH C ype3aHHeM CIeKTpa 4acToT. J[jis IOBBIIICHHS TOYHOCTH Pe3YJIbTATOB HMHTEPIPETALHH
MPETIOKEHO MPUMEHEHUE CIUIAWH-NPUOIIMKEHNSI 3HAYCHUI CKaHMPOBAHHOM (DYHKIMH, TO €CTh MPaBOil 4acTH
HHTETPAIBLHOTO ypaBHEHUs. [loyueHa OleHKa TOYHOCTH PEIICHHUS HHTETPAIFHOTO YPABHEHUS C TIPUMEHEHUEM
METOJIa PEeryISIPH3AINH U YYETOM MOTPEIIHOCTH, YTO COMPOBOXKIACTCSI HETOYHOCTBIO 3a/IaHUsI IPABOM YacTH, a
TAKKE MOrPELIHOCTH BBIYMCIICHUS 3HAYCHUH sapa. [Ipeioken cnocod BHIYMCIECHHUS ONTUMAILHON 10 TOYHOC-
TH CTCICHH CIVIQXXHBAIOLIErO CIUIAHH-IPUONIIDKEHHSI CKaHUPOBAaHHOH (YHKIHH.

KiroueBble cji0Ba: 3a1ada HHTEpIpPETaLlN, HHTErpanbHOe ypaBHeHue dperonsma, MeTon peryapusanun Tu-
XOHOBA, ype3aHUE CIEKTPa YacTOT, CIIAHH-NPUOIIKEHUS, OLEHKAa TOYHOCTH.

Po3p’si3yBanns 3agaui iHTepmperanii cmocTepeskeHb 3 BHKOPHCTAHHSIM  CILIAHH-HAOIMKEHHS
ckaHoBaHoi ¢ynkuii / A.®. Bepaans, I1.C. ManauiBcskuii, SI.B. Ilistop // KiGepueruka Ta cucTeMHUI
anaiiz. 2021. Tom 57, Ne 4. C. 95-103.

Amnotanis. [Torano aHai3 TOYHOCTI YHCIOBOI peaii3awil YaCTOTHOTO METO/Y PO3B’SI3yBaHHS IHTErpajb-
HOTO PIBHSHHS B 33/1a4i iHTepIpeTanii TeXHIYHIX CIIOCTEPEIKEHb i3 BUKOPHCTAHHIM CIUIAHH-HAOIMKSHHS CKa-
HOBaHOI (yHKil. JloCHimKeHO aNropUTM pO3B’S3aHHS IHTEIPAITLHOrO PIBHSHHS 3ajadi iHTepmperanii, 1o
IPYHTYETHCSI Ha 3aCTOCYBaHHI MeTOAy peryisipu3sanii THXOHOBa 3 MOLIYKOM pO3B’S3KY B YacTOTHIH 001acTi 3
YpI3aHHSAM CIIEKTPY 4acToT. J[JIs MiZABMINEHHS TOYHOCTI pe3yJbTATIB IHTEpHpeTalii 3ampornoHOBaHO 3aCTOCY-
BaHHsI CIUIAfH-HAOIMKCHHsI 3HAUeHb CKaHOBAaHOI (yHKIIi, TOOTO MpaBoi YaCTHHH IHTErPAJbHOIO PiBHSIHHS.
OTpHMaHO OLIHKY TOYHOCTI PO3B’S3Ky IHTErpajJbHOIO PIBHSHHS i3 3aCTOCYBaHHIM METOJY peryiisipu3auii Ta
BpaxXyBaHHIM [OXUOKH, 110 CYIPOBOKY€ETHCS HETOUHICTIO 3aJaHHs [IPaBOi YaCTHHH, a TAKOXK IOXHOKH 009nC-
JICHHSI 3Ha4YeHb S1pa. 3alPOIOHOBAHO CIIOCIO OOUYHCIICHHS ONTHMAIBHOTO 32 TOUHICTIO CTEICHS 3ITIaKyBallb-
HOTO CIUIaliH-HAOJIMKEHHSI CKaHOBAHOT (YHKIIIi.

KurouoBsi cioBa: 3amaua inTepnperanii, interpaibHe piBHsIHH @penroiabma, MeTo] peryisipusanii TuxoHoBa,
Ypi3aHHS CIIEKTPY YacTOT, CIUIAWH-HAOIVDKEHHS, OLIHKA TOYHOCTI.

Solving the problem of interpreting observations using the spline approximation of the scanned function /
A.F. Verlan, P.S. Malachivskyy, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 95-103.

Abstract. An accuracy analysis of the numerical implementation of the frequency method for solving the
integral equation in the problem of interpreting technical observations using the spline approximation of the
scanned function is presented. The algorithm for solving the integral equation of the interpretation problem,
which is based on the application of the Tikhonov regularization method with the search for a solution in the
frequency domain with a truncation of the frequency spectrum is investigated. To increase the accuracy of the
interpretation results, the use of spline approximation of the values of the scanned function, i.e., the right-hand
side of the integral equation, is proposed. An estimate of the accuracy of solving the integral equation using the
regularization method and taking into account the error accompanied by the inaccuracy of the right-hand side,
as well as the error in calculating the values of the kernel is obtained. A method for calculating the optimal
degree of smoothing spline for approximation of the scanned function that provides the required accuracy is
proposed.

Keywords: interpretation problem, Fredholm integral equation, Tikhonov regularization method, frequency
spectrum truncation, spline approximation, accuracy estimation.
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YK 519.622

VYnpasienue ¢ 00paTHOil CBSI3bI0 MOUIHOCTBIO JIBHUKYIIMXCS MCTOYHHKOB NPH HarpeBe CTepixKHs /
K.P. Aiina-3ane, A.I'. Barupos, B.A. I'amnmos // Kubepuerruka u cucremusiii ananus. 2021. Tom 57, Ne 4.
C. 104-117.

AnHoTanus. PaccMoTpeHa 3aaua CHHTE3a YIPABICHUs MOIIHOCTAMH JABMIKYIHXCS 110 33JaHHBIM 3aK0-
HaM U TPAaeKTOPHAM HCTOYHUKOB IPU HAarpeBe CTepikHs. TeKyliue 3HaYeHUs YIpaBICHUH ONMpenesioTcs B 3a-
BHCHMOCTH OT 3HAUCHUH TeMIIepaTypbl CTEPKHS B TOUKax 3amepa. OTHOCHTENIBHO IapaMeTpoB 00paTHOI CBSI3U
1 KOOPAMHAT YCTAaHOBKM TOYEK 3aMepa MOIydIeHb! (JOpMyJIBI JUIsi KOMIIOHSHT IPaJHeHTA [eIeBOro (yHKIHOHA-
J1a, UCIOJIb3yeMbIe IS YHUCICHHOTO PEIICHHS TeCTOBOH 3aa4i C IPHMCHCHUEM YHCICHHBIX METOIOB ONTUMU-
3alUd NepBOro mopsiaka. IIpuBomsATCs pe3ylbTaThl KOMIBIOTEPHBIX JKCIEPUMEHTOB.

KiioueBble c10Ba: HarpeB CTEPIKHS, yIPABICHNE C OOPATHOH CBSI3BI0, ABIDKYIIHECS HCTOYHHKH, TOYKH 3aMepa
TeMIepaTyphl, MapaMeTpsl 0OpaTHOH CBSI3H.

KepyBanHsi 3i 3BOPOTHUM 3B’S3KOM HOTY:KHICTIO PYXOMHX JUKepemil 4Yac HArpiBaHHsi CTPM:KHSA /
K.P. Aiina-3ane, A.I'. Baripos, B.A. 'ammmoB // KiGeprerrka ta cuctemuuid anamiz. 2021. Tom 57, Ne 4.
C. 104-117.

Anorauis. Po3risHyTO 3aa4y CHHTE3Y KepyBaHHS IOTY)KHOCTSMHU JKEPEII, [0 PYXAOThCS 3a 3aJaHUMHI
3aKOHAMHM 1 TPAEKTOPISIMHU i/l Yac HarpiBaHHS CTPIKHS. [I0TOUHI 3HAYEHHS KepyBaHb BU3HAYAIOTHCS 3aJICKHO
BiJl 3HAYCHb TEMIIEPATypU CTPIDKHSI Yy TOUYKaxX 3amipioBaHHs. OTpuMaHO (OpMYTH KOMIIOHEHTIB TpajicHTa
L[JIbOBOrO (hyHKLIOHAITY LIOAO0 MapaMeTPiB 3BOPOTHOIO 3B’SI3Ky Ta KOOPAMHAT TOYOK 3aMipIOBaHHs, sKi 3aCTO-
COBYIOTB JUISI YHMCEIIBHOTO PO3B’s3aHHSI TECTOBOI 3a/adi 3 BHKOPHCTAHHSIM YHCEIBHHX METOJIB ONTHMI3ariii
nepioro mopsiAky. HaBemeHO pesysbTaTé KOMITIOTEPHHX EKCIEPHMEHTIB.

KumiouoBi ciioBa: HarpiBaHHs CTPUIKHSI, KePYBaHHS 31 3BOPOTHHM 3B’SI3KOM, PyXOMi JDKepesa, TOUKH 3aMipro-
BaHHsI TEMIIEPATypH, MAPaMEeTPH 3BOPOTHOIO 3B’SI3KY.

Feedback control of the power of moving sources when heating the bar / K.R. Aida-Zade, A.H. Bagirov,
V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 104-117.

Abstract. The problem of synthesis of power control of the sources moving according to the given rules
and trajectories when the rod is heated is considered. The current values of the controls are determined
depending on the values of the temperature of the bar at the points of measurement. Formulas for the
components of the gradient of the objective functional are obtained with respect to the feedback parameters and
the coordinates of the measurement points, which are used to numerically solve the test problem using
first-order numerical optimization methods. The results of computer experiments are presented.

Keywords: bar heating, feedback control, moving sources, temperature measuring points, feedback parameters.

V]IK 681.5.015:007
Heverkass KOTHUTUBHAsI KapTa Kak ajabTepHaTtuBa perpeccuu / A.IL. Pormreiin, /.M. Katenbuukos //
Kubepueruka u cucremusiii anaiaus. 2021. Tom 57, Ne 4. C. 118-130.

AnHoTanus. PaccMoTpeHa HeueTKas KOTHUTUBHAs KapTa KaK albTepHATHBA PErpecCHOHHOIO aHalh3a,
T.€. annapaT MOJCINPOBAHUS 3aBUCHMOCTH BXOJbI-BBIXOJl HA OCHOBE SKCIIEPTHO-3KCIECPHUMEHTAIbHON HH]OP-
Manuu. J{Jis BEIMHCICHHS 3HAUCHHS BBIXOIa IPH 3aJaHHBIX 3HAYEHMSIX BXOJIOB HCIIOIb30BAHbI IIPUPALICHHUS I1e-
peMeHHBIX. ONTHMAaIbHbIE 3HAUSHHsI BECOB YT OIpPEeIeHbl ¢ MOMOIIBIO TeHETHISCKOr0 aJITOPUTMa, B KOTO-
POM XPOMOCOMBI TEHEPUPYIOTCS. U3 HHTEPBAIOB UX JOITyCTUMBIX 3HAUCHUM, a KPUTCPHEM CEJICKIUH SBIIACTCS
CyMMa KBaApaTOB OTKIOHCHHH MEXIy MOJICNBHBIMH U HAONIOAACMBIMU 3HAUCHUSIMH BBIXOJA.

KuroueBble c1oBa: HeueTKass KOTHUTUBHAS KapTa, PErpeccusi, alpoKCUMAIHsl, HENU3BECTHbIEC TTapaMeTpbl, Ha-
CTpOiiKa, TeHEeTHYEeCKUH aIrOpHTM.

HeuiTka kornmiTuBHa Kapra sk ajaprepHatuBa perpecii / O.II. Porwreiin, J.I. Kareiabnikos //
Kibepueruka ta cucremunii amamis. 2021. Tom 57, Ne 4. C. 118-130.

AHoTanis. PO3risIHYTO HEWITKY KOTHITHBHY KapTy sIK ajJbTepHATHBY PErpeciiiHOro aHamidy, ToOTO ama-
paTy MOJEIIOBaHHS 3aJEKHOCTI BXOJHM-BUXIJ] HA OCHOBI €KCIEPTHO-EKCIIepUMEeHTaNIbHOT iHpopMartii. st 06-
YHCIICHHS 3HAYCHHS BUXOJIy Y Pa3i, KOJIM 3HAYCHHs BXOJIB 3a/[aHi, BAKOPUCTAHO NPUPICT 3MiHHNX. ONTHMAaIIbHI
3HAYeHHs Bar JyT BH3HAYEHO 3a JOMOMOTOI TEHETHYHOTO aJTOPHTMY, B SKOMY XPOMOCOMH T'€HEpPYIOTHCS 3
IHTEpBaiB IXHIX JIOMYCTUMHX 3HAUCHb, a KPUTEPIEM CEIEKIii € CymMa KBapaTiB BIIXWICHb MK MOJICTBHUMH Ta
CIIOCTEPEIKYBAHUMH 3HAYCHHSMH BUXOJY.

KoiouoBi c1oBa: HewiTka KOTHITUBHA KapTa, perpecis, alpOKCHMAIlis, HEBiOMI ITapaMeTpH, HaJIaIlTyBaHHSI,
TCHETHUYHHI aITOPUTM.

Fuzzy cognitive map vs regression / A.P. Rotshtein, D.I. Katielnikov // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 3. P. 118-130.

Abstract. Fuzzy cognitive map (FCM) is considered as an alternative to regression analysis, i.e.,
apparatus for modeling the inputs-output dependence based on expert-experimental information. To calculate
the output value at given input values, increments of variables are used. The optimal values of the weights of

6 ISSN 1019-5262. Kubepuetrka u cuctemMHblid ananus, 2021, Tom 57, Ne 4



the arcs are found using the genetic algorithm in which the chromosomes are generated from the intervals of
their feasible values and the selection criterion is the sum of the squared deviations between the model and
observed output values.

Keywords: fuzzy cognitive map, regression, approximation, unknown parameters, tuning, genetic algorithm

VK 621.391

Bausinue uHGOPMATHBHOCTH MOHHTOPHHIOBBIX NPU3HAKOB HA YCJI0BHs (POPMHPOBAHNS HHTEIPAILHOIO
KpuTepusi onpeneieHusi ux npuoputerHoctn / B.C. Komapos, B.B. Ouaexcuiok, A.A.Wabsmos //
Kubeprernxa n cucremusii anamms. 2021. Tom 57, Ne 4. C. 131-135.

Annoranus. IIpeuioxkeH MoAX0/ K KOPPEKTUPOBKE MHTETPATbHOIO KPUTEPHS MHHUMYMa CyMMBI IPH-
OpUTETOB MOHMTOPHHIOBBIX IPHU3HAKOB, IMOJIYYCHHBIX [0 YacTHbIM (mMax-max)- W (max-min)-KpUTepHsM.
HccienoBana BO3MOXKHOCTD HCIOJIB30BAHMSI HH(POPMATHBHBIX MOHHTOPHHIOBBIX MMPH3HAKOB B IIPOLECCE MO/
TOTOBKH COOTBETCTBYIOIIMX KOPPEKTHPYIOMNX KO3()(HUINECHTOB.

KioueBble ciioBa: MOHHTOpI/IHT‘OBLIﬁ TIpU3HAK, HH(i)OpMaTHBHOCTL TIpu3HaKa, BEPOATHOCTH OIIUOOYHBIX pemennﬁ.

BB iH)OpMATHBHOCTI MOHITOPMHIOBHX O3HAK Ha YMOBU ()OPMYBAHHsSl iHTErpajbHOI0 KpHTepilo
BH3HaYeHHs1 iXHboi npiopurerHoctl / B.C. Komapos, B.B. Ouekciiok, O.A. Libsimos // KiGepueruka Ta
cucremuuii amamiz. 2021. Tom 57, Ne 4. C. 131-135.

AHoTauis. 3anpoNnoOHOBaHO MiAXIJ A0 KOPUTYBAHHS IHTEIPAJIbHOIO KPUTEPII0 MIHIMyMy CyMH IpPiOpH-
TETiB MOHITOPHHIOBHX O3HAK, OTPUMaHHUX 338 YaCTKOBUMH (max-max)- ta (max-min)-kpurepismu. Jlocmipkeno
MOJKIIMBICTh BUKOPUCTAHHS iHYOPMATHBHUX MOHITOPUHTOBHX O3HAK y TPOLEC] MiATOTOBKHU BiAMOBIIHUX KOPH-
I'yBJIbHHAX KOG(IIi€HTIB.

KimiouoBi cjioBa: MOHITOPHHTOBa O3HAKa, IH(OPMATUBHICTH O3HAKH, HMOBIPHICTH MOMMIIKOBHX PILICHb.

Influence of informativity of monitoring features on the conditions of generating an integral criterion for
determining their priority / V. Komarov, V. Oleksiiuk, O. Iliashov // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 3. P. 131-135.

Abstract. An approach to correcting the integral criterion of the minimum sum of the priorities of
monitoring features obtained by partial (max-max) and (max-min) criteria is proposed. The possibility of using
informative monitoring features while preparing the corresponding correcting coefficients is analyzed.

Keywords: monitoring feature, informativeness of a feature, probability of erroneous decisions.

YIK 519.21+62

Oco0eHHOCTH IOCTPOEHHS] M AHAAH3 MojAead HH(POPMANUOHHOH O0pPHOBI ¢ MapPKOBCKHMH
TepPeKJIOUYeHHAMH W HMIOYJILCHBIMH BO3MYINEHHMSIMH B YCJIOBHAX annpokcumanun Jlesm /
N.B. Camoiinenko, A.B. Hukutun, A.B. Bepépkuna // Kubepreruka u cucremusiii anaimus. 2021. Tom 57,
Ne 4. C. 136-145.

Annoranus. ITocTpoeHa M M3ydeHa HeNpepbIBHAS HBONIOLMOHHAS MOJEIb, KOTOPAs OMHMCHIBACT KOH-
(IMKTHOE B3aMMOJICHCTBHE JBYX CIIOKHBIX CHCTEM C HETPMBHANBHBIMU BHYTPEHHUMH CTPyKTypam. ITokasa-
HO, YTO BHEIIHee KOH(DINKTHOE B3aHMOJICHCTBHE MOXKHO MOJEIMPOBATH JONOIHUTEILHBIM BIHAHHEM CITydaii-
HbIX (DAKTOPOB, IIPH 3TOM JMHAMHKA BHYTpeHHero KoHduukra nogodHa monenu Jlorka—Bonbreppa, a uMeHHO
Mo/IeNN HH(OpMaInoHHoi 60ps0sI. [IpnBeicHa HHTEpIpeTaNs HOBOW MOIe HH(POPMAIIHOHHOH O60pBOBI KaK
BIIMSHUSI PEJIKNX COOBITHIA, KOTOpPBIE OBICTPO MEHSIOT ONpEJETICHHbIC MPEICTABICHUs OONBIIOr0 KOJINYECTBA
mozeii. Kak pesyibrar, KOJIHYECTBO CTOPOHHHKOB PasHbIX MACii COBEpIIACT CTOXACTUYECKHE IPBIKKH, KOTO-
pbIe MOXKHO yBHETb, HCIIONB3Ys cXeMy annpokcumanuu Jlesu. TIpennonaraercs, 4To HOBas MOZENb SBIISETCSA
6osee ecTeCTBEHHOM, MOCKOIbKY Ha CErOJHANIHMI JeHb BayKHbIE HOBOCTH OKa3bIBAIOT OBICTPOE MMITYJIHCHOE
BO3JICiiCTBUE HA AyJUTOPUIO Yepe3 MH()OPMAIMOHHBIE KaHAJIbl M COLMAIbHBIE CETH.

KaioueBble ciioBa: ciydaiiHas SBONIOLMA, annpokcumanus JleBu, mMozaens HHPOPMALMOHHOW OOpPHOBI.

Ocob.mmBocTi MOOY10BH Ta aHATI3 Moje i iHpopManiiiHoi 60poTHOM 3 MAPKOBCHKMMU NepeMHKAHHAMHI
Ta iMmyJbcHUMH 30ypeHHsMH B yMmoBax amnpokxcumanii Jlesi / L.B. Camoiinenko, A.B. Hikirin,
I'.B. BeproBkina // Kibepuernka ta cucremuuii anami3. 2021. Tom 57, Ne 4. C. 136-145.

Anorauis. [ToOyzoBaHO Ta JOCHI/KEHO HENEPEpBHY EBOJIOLINHHY MOJEINb, SKa OMHCYe KOH(MIIKTHY
B33a€EMOJIIIO JIBOX CKJIQJHUX CHUCTEM 3 HETPUBIAILHUMH BHYTPILIHIMHU CTPYKTypamu. [Toka3aHo, 110 30BHILIHIO
KOH(QJIIKTHY B3a€MOJII0 MOYKHA MOJEIIOBATH OJATKOBHM BIUIMBOM BHIAJKOBHX (HaKTOPIB, MPU LOMY IH-
HaMika BHYTPIilIHbOro KoHQUIKTY moxibna 1o mojeni Jlorka—Bonbreppa, a came mozeni inpopmartiiinoi 60-
porsbu. Haseneno inreprperanito HoBoi Mozeni iHdopManiiiHoi 60poThOH SIK BIUIMBY PiIKiCHHX IMOAIH, sKi
MIBUJIKO 3MIHIOIOTH MEBHI YSBICHHS BEJMKOI KUIBKOCTI JIIOeH. Y pe3ynbTaTi KiTbKiCTh IPUXIIBHUKIB PI3HAX
i1eii 3/1iHCHIOE CTOXACTHYHI CTPUOKH, SIKI MOYKHA MOOAYUTH, BAKOPUCTOBYIOUYH cXeMy anpokcumartii Jlesi. [Tpu-
IYIIEHO, 10 HOBA MOJIENb € O1IbII IPUPOIHOIO, OCKIIBKM HUHI BaXKJIMBi HOBUHU MAIOTh IIBUAKUH IMITyTbCHUN
BIUIMB Ha ayAUTOpPil0 depe3 iHGpOpMAIiiiHi KaHAIH Ta COLIaIbHI MEpexi.

KuarouoBi ciioBa: BumagkoBa eBONIOLIs, anpokcumaris JIeei, Moaens iHpopMauiiHOi 60poThOu.
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Peculiarities of construction and analysis of the information warfare model at markov switchings and
impulse perturbations under Levy approximation conditions / LV. Samoilenko, A.V. Nikitin,
G.V. Verovkina // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 136-145.

Abstract. We construct and analyze a continuous evolutionary model that describes the conflicting
interaction of two complex systems with non-trivial internal structures. External conflict interaction is modeled
by the additional influence of random factors. The dynamics of internal conflict is similar to the Lotka-Volterra
model, namely, the information warfare model. We interpret the new model of information warfare as the
impact of rare events that quickly change certain perceptions of a large number of people. As a result, the
number of proponents of different ideas makes stochastic leaps, which we can see using the Levy
approximation scheme. We claim that such a model is more natural, because important news now has a rapid
impulse impact on the audience through information channels and social networks.

Keywords: random evolution, Levy approximation, information warfare model.

VIK 519.21

HapexHocTh cHCTeMBbl € pe3epBHPOBAHMEM, II0CJIe10BATEIbHbIM COeHHEHHEM JJIEMEHTOB H
NMOPOroBBIMH cTpaTernsiMu Boccranonienus / 10.B. JKepnosorii // KubepHeTnka M CHCTEMHBIN aHAIH3.
2021. Tom 57, Ne 4. C. 146-154.

AnHoTanus. Ilpennoxken MeTo MCCIEOBaHUS HAAEKHOCTH CHCTEM C Pe3epBUPOBAHHEM, MOCIE0BA-
TEJIbHBIM COEJIMHEHHEM 3JIEMEHTOB M CTPATerusiMd BOCCTAHOBJICHUS, KOTOPbIE MPEAyCMaTpPUBAIOT U3MEHEHUE
HMHTEHCUBHOCTH PEMOHTA B 3aBUCHMOCTHU OT YHCJIa HEUCIIPABHBIX JIEMEHTOB. PacCMOTpeH citydaii nmokas3areib-
HOTO pacHpeeIeHns] BpeMeH! 0e30TKa3HOH paboThI 2JICMEHTOB, HEIOKA3aTeIbHOTO PacIpeeIeHNsI BpeMeHN
BOCCTaHOBJICHUS M HAIUYHA OAHOTO KaHanaa peMoHTa. [lomyuens! GopMyIIsl A1t onpeeneHus mpeodpa3oBaHuil
Jlanmaca pacmpeneneHusT YHC/IAa HEUCIIPABHBIX DJIEMEHTOB B TEUCHME MEPHOJA 3aHATOCTU KaHalda PEMOHTa,
(yHKIMM pacripeieNieHUs! IIEPHOA 3aHSITOCTH M [UIs BBIYHCIICHHS CTAI[MOHAPHBIX XapaKTEPHCTUK HAJIGKHOCTH.

KuroueBbie cjioBa: HaJCKHOCTh, BOCCTaHAaBJIMBa€Mas CUCTEMA, PE3EPBUPOBAHUEC, ITOCIEIOBATCIBHOEC COCUHE-
HHEC DJJIEMCHTOB, MCTOJ IIOTCHIHAJIOB.

HapiiinicTh cHcTeMH 3 pe3epBYBAHHSM, OCTiIT0BHUM 3’€IHAHHSM eJIeMeHTIB i IOPOroBUMH CTpaTerisiMu
BigHoBsienns: / FO.B. ’Kepuosuii / Kibepueruka Ta cuctemuuii anamis. 2021. Tom 57, Ne 4. C. 146-154.

AHoTanis. 3anpoIOHOBAaHO METOJ JOCIIMKEHHS HaNifHOCTI CHUCTEM i3 pe3epBYBAHHSM, IIOCIIiIOBHUM
3’€THAHHSM EJICMEHTIB 1 CTpATerisMH BiJJHOBIICHHS, 5K IIepea0dayatoTh 3MiHy IHTEHCUBHOCTI PEMOHTY 3aJI€)KHO
BiJI KUIBKOCT] HECIIPABHUX €JIEMEHTIB. PO3IIISHYTO BHIIAI0K MTOKa3HUKOBOI'O PO3MO/LTY Yacy 0e3BiIMOBHOI po-
60T €eJIEMEHTIB, HETOKAa3HUKOBOTO PO3IOLTY Yacy BiTHOBICHHS i HASIBHOCTI OJHOrO KaHaly peMoHTYy. OTpu-
MaHO (OpMyYJIH JUTsl BU3HAUYCHHS IIepeTBOpeHb Jlamiaca po3noaily KUIbKOCTI HECIIPABHHUX CJIEMEHTIB IPOTArOM
nepioy 3aifHATOCTI KaHAIy PeMOHTY, (pyHKIi po3mo/iay nepiofy 3aifHITOCTI Ta JUIsi OOYHUCICHHS CTalioHap-
HHUX XapaKTePUCTHK HaIiHHOCTI.

KuiouoBi cioBa: HaxiifHiCTh, BiJHOBIIOBaHA CHCTEMA, Pe3ePBYBAHHsI, MOCIIIOBHE 3’€THAHHS CJIIEMEHTIB, Me-
TOJ TOTEHIiAIIB.

Reliability of a series system with redundancy and threshold recovery strategies / Yu.V. Zhernovyi //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 146-154.

Abstract. We propose a method for studying the reliability of series systems with redundancy and
recovery strategies, which provide for a change in the repair intensity depending on the number of failed units.
The case of the exponential distribution of the time to failure of units, the non-exponential distribution of the
recovery time, and one repair channel are considered. Formulas to determine Laplace transforms of the
distribution of the number of failed units during the busy period of the repair channel and of the distribution
function of the busy period and to calculate the stationary reliability indices are obtained.

Keywords: reliability, recoverable system, redundancy, series system, method of potentials.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.4, 004.65, 004.7, 502

Pemrenue 3K010ru4eckux mpodjaeM B COOTBETCTBHH € KOHLENIMeH yCTOH4YMBOro pasputusi 3emuun /
A.A. Kanenuyk-Ilopxanosa, B.I'. Tyabunnckmii / Kubeprernka u cucremusiit ananus. 2021. Tom 57, Ne 4.
C. 155-165.

AuHoOTanus. PaccMaTpuBalOTCs HAyYHBIC OCHOBBI Pa3pabOTKU M BHEAPCHHSI aBTOMATH3HPOBAHHBIX CHC-
Tem ynpasineHus (ACY) B CCCP wu mnpuBojsrcs pesyibrarbl pabor MHcTHTyTa KHOSPHETHMKH HMEHH
B.M. I'mymkoBa HarponanpHo# AkasieMuu HayK YKpauHbl 110 CO37anuio U BHeApeHnto ACY 3K0JIOrHYecKOro
MOHHTOPHHIA COIJIACHO ITPUHIUIIAM YCTOWYHBOIO Pa3BUTHs OOIICCTBA.

KiroueBble c10Ba: aBTOMaTH3HPOBAHHBIC CUCTEMBI, aBTOMATU3HPOBAHHBIC CHCTEMBI YNPABICHHS, SKOIOTH-
YECKMI MOHHMTOPHUHI, yCTOWYMBOE pa3BHUTHE.
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Po3p’si3aHHsl  eKOJIOTIYHHMX  NpoGJjeM  3rilHO 3  KOHUENUi€lw  CTAJOoropo3BuTky 3emui /
A.O. Kanenuyk-Ilopxanosa, B.I'. Tyasunncbkmii // Kibeprernka ta cuctemunii anamiz. 2021. Tom 57, Ne 4.
C. 155-165.

AHoTtanis. Po3risHyTo HaykoBi OCHOBM PO3pOOJIEHHS Ta BIPOBA/KEHHS aBTOMATH30BAaHUX CHCTEM
ynpasiinas (ACY) B CPCP Ta HaBeneHo pesyibratd poOiT IHeTuTyTy KiGepHetnku imeni B.M. ['mymikosa
HauionanbHol akajgemii Hayk YKpaiHu i3 cTBOpeHHs Ta BrpoBamkeHHs ACY €KOJIOriYHOr0 MOHITOPUHTY
3riZIHO 3 MPUHLUIIAMA CTAJOr0 PO3BHTKY CYCIIJIBCTBA.

KuiouoBi ciioBa: aBTOMaTH30BaHi CHCTEMHU, aBTOMATU30BaHI CHCTEMH YIPABIIIHHSI, EKOJIOTTIHHN MOHITOPHHT,
CTaJMii PO3BUTOK.

Solving environmental problems according to the conceptof sustainable development of the Earth /
A. Kalenchuk-Porkhanova, V. Tulchinsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P.
155-165.

Abstract. The scientific foundations for the development and implementation of automated control
systems (ACS) in the USSR are discussed and the results obtained at the V.M. Glushkov Institute of
Cybernetics of the National Academy of Sciences of Ukraine in the development and implementation of
ecology monitoring ACS according to the principles of sustainable development of the society are presented.

Keywords: automated systems, automated control systems, ecological monitoring, sustainable development.

HOBI 3ACOBH KIBEPHETHUKH, NEW TOOLS IN CYBERNETICS,
IHOOPMATHKH, OBYNUCIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKM I CUCTEMHOI'O AHAJI3Y ANALYSIS
VIK 519.21

Mogenb pacnpocTpaHeHusi HHQPEKIHOHHBIX 3a0oseBaHuii co cKpbITbIMH Hocuteasamu / II.C. Knomnos,
A.C. Camocénok, I''JI. buna // KuGepueruka u cucremubiii ananus. 2021. Tom 57, Ne 4. C. 166-176.

AnHoTtanus. [IpeayokeH aaropuTM OLEHKH HEH3BECTHBIX IAapaMeTPOB MOJEIH PACIPOCTPAHECHHS HH-
(hexuun, MOCTPOCHHOH Ha OCHOBE MHCTPYMEHTApHsI MapKOBCKHUX IIOJICH C NMOMOIIBI0 METOJAa MaKCHMAaIbHOIO
npasaonono6us. [Ipeanonaraercs, 9To KaxJ0e COCTOSHHE LIENH MIPEICTaBIIeT COO0H HEKOTOpYIo KOH(pHTYpa-
L[MI0 KOHEYHOTO MAPKOBCKOTO CIy4aifHOTO IIOJIsl, @ PACIPE/ICICHIE BEPOSTHOCTEH COCTOSHMI LIEMN COBIaaeT
¢ OOIIMM pachpesie/iCHHeM BEPOSITHOCTEH COCTOSIHUN 3JIEMEHTOB T'MOOCOBCKOIO CIIy4aiHOTo MOJIs.

KioueBbie ciioBa: MapKOBCKHUE I10JIs1, JIOKAJIBHOE B3aUMOJICHICTBHE JIEMEHTOB T10JI4, rub0CcoBCKOE pacmopene-
JICHUE, HCU3BCCTHBIC MapaMETpPhl, aJIOPUTM OILCHKHU.

Mopens po3noBclofKeHHs1 iHdexkuiiiuux 3axpoploBanb 3 npuxosanumu Hocismu / II.C. Kuomos,
0.C. Camocbonok, I'./I. Bina // KibepHeruka ta cucremHuid ananiz. 2021. Tom 57, Ne 4. C. 166-176.

AHoTanis. 3ampornoHOBaHO AITOPHTM OLIHIOBAHHS HEBIZOMHUX MapaMeTpiB MOIENI PO3MOBCIOKCHHS
iHdexuil, mo modyaoBaHa Ha OCHOBI IHCTPYMEHTapil0 MapKOBCHKHX IOJIIB 32 JOIIOMOIOI0 METOIY MaKCHMaib-
HOi BiporigHocTi. [TpummycKaeThesl, M0 KOXKEH CTaH JIaHIIora SIBJIsiE COOO00 MEBHY KOH(DIrypariito CKiH4eHHOTO
MapKOBCBKOTO BHIIAJKOBOTO IOJIS, @ PO3MOJLIT HMOBIPHOCTEH CTaHIB JIaHIIOTA 30iracThesl 31 CHIIBHHM PO3-
MOJIJIOM HMOBIPHOCTEH CTaHIB €JIEMEHTIB TiOOCOBCHKOTO BHUITAAKOBOTO IIOJIS.

KutrouoBi ciioBa: MapKoOBCEHKI 110JIs, JTOKAJIbHA B3a€MOJIsl €JIEMEHTIB MOJIsL, TI0OCOBCHKUI PO3MOALI, HEBITOMI
napamMeTpH, aITOPUTM OLIHIOBAHHS.

A model of infectious disease spread with hidden carriers / P.S. Knopov, O.S. Samosonok, G.D. Bila //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 166-176.

Abstract. The authors consider an algorithm for estimating the unknown parameters of the infection
spread model based on the Markov field tools using the maximum likelihood method is considered. It is
assumed that each state of the Markov chain represents some configuration of a finite random Markov field, and
the probability distribution of the chain states is the same as general probability distribution of the states of
elements of the Gibbs random field.

Keywords: Markov fields, local interaction of field elements, Gibbs distribution, unknown parameters,
estimation algorithm.

YK 519.216

AaroputMbl  (GOPMHPOBAHHMSI  JKBHBAJIEHTHBIX HOPMHPOBAHHBIX  KOPPEJISIHOHHBIX  MaTpPHI
3alIyMJIEHHBIX caydaiiHbix curHaioB / T.A. AmmeB, H.®. MycaeBa, H.D. P3aeBa // KuGepueruka u
cucremubnii anamms. 2021. Tom 57, Ne 4. C. 177-192.

AnHoTaunus. [TokazaHo, 4To B 00bEKTaxX yNPaBICHHUs CUTHAIIBI OOBIYHO MPEACTABIAIOT COO0H pa3anyHbIe
(u3nyeckue BEIMYUHBI, TAKHE KaK TEeMIIepaTypa, AaBjieHUe, BUOpauus u T.0. [loaToMy mpu perieHun 3ajaaq
KOHTPOJIsI, TMArHOCTUKY M UICHTH(HKALNH BOSHUKAET HEOOXOIMMOCTh (POPMUPOBAHHSI HOPMHPOBAHHBIX KOP-
PeTAUOHHBIX MaTpull. [IpoaHamm3npoBaHBI TPYAHOCTH (OPMUPOBAHHS HOPMHPOBAHHBIX KOPPEISLMOHHBIX
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MaTpHIl 3alIyMJICHHBIX BXOJHBIX-BBIXOJHBIX CHTHAJIOB TEXHHYECKMX OOBEKTOB. IIpenioiKeHbl anropuTMel
OTpeieNIeHNsT SKBUBATICHTHBIX OTCYETOB MOMEXHM M MOJIE3HOTO CHTHANA M MOKa3aHa BO3MOKHOCTh HX HCIIOJIB30-
BaHMA s (OPMHUPOBAHMS HOPMHUPOBAHHBIX KOPPEIAIMOHHBIX MATPHI, SKBHBAJICHTHBIX KOPPEIAIHMOHHBIM
MaTpullaM MOJIE3HBIX CUTHAJIOB 3alllyMJICHHBIX Cy4aiHbIX mpoleccos. [loka3aHo, 4To mpy 3TOM 3HAYUTEIHLHO
yIpoIaercs mpouexypa (popMHUpOBaHHUS HOPMUPOBAHHBIX KOPPEIAIMOHHBIX MATPUIL M CYIIECTBEHHO yMEHb-
LIAETCs MOTPEIIHOCTh UX 3JIEMEHTOB.

KuroueBble ci1oBa: curHai, romMexa, 3allyM/ICHHBII CUTHAII, HOPMUPOBAHHBIE KOPPEISAIHOHHBIC MAaTPHILBI, 00-
BCKT, JHArHOCTHKA.

AnaroputMu  ¢opMyBaHHS eKBiBaJeHTHHX HOPMOBAHHUX KOPEJISIHiiiHUX MATPUIb 3aLIyMJIEHHS
BunaakoBux curnajii / T.A. AxieB, H.®. MycaeBa, H.E. P3aeBa // KibepHernka ta cucTeMHHIT aHami3.
2021. Tom 57, Ne 4. C. 177-192.

AHoTanis. Y KepoBaHNX 00’€KTaX CHTHAIN 3a3BHYAll NPEJCTABISIOTE COOOI0 Pi3HI (i3HUHI BEIMYUHH,
TaKi K TeMIeparypa, THCK, Bibpamnis Tomo. ToMmy mix 4ac pa3B’s3aHHs 3aad KOHTPOJIO, TIarHOCTHKY Ta 1eH-
Tudikanii BUHUKAae HEOOXIHICTh (GOPMYBaHHS HOPMOBAHHUX KOPENSALIHHUX MaTpuipb. [IpoHati3ipoBaHo Tpy-
Houli GpopMyBaHHS HOPMOBAHUX KOPEJSALIMHUX MAaTPUIb 3aLIyMJICHUX BXiJHUX-BUXIJTHUX CUIHAJIIB TEXHIYHUX
00’€KTIiB. 3alPOMOHOBAHO ANTOPUTMH BU3HAUCHHSI CKBIBAJICHTHUX BiUTIKIB MEPEIIKOAN | KOPUCHOTO CHTHAIY 1
M0Ka3aHO MOJKJIMBICTh IXHBOI'O BUKOPUCTAHHS I (HOPMYBaHHS HOPMOBAHUX KOPEJLILIHUX MATPHIb, CKBIBa-
JICHTHHUX KOPEJLILIFHIM MaTpHISIM KOPHCHUX CHUTHAJIIB 3allyMJICHHX BHIIQJKOBHUX IporeciB. [loBeneHo, mo y
I[bOMY Da3i 3HAYHO CIIPOLIYETHCS Ipolexypa (GopMyBaHHS HOPMOBAHUX KOPEILILIHHHX MATpPHIb i CyTTEBO
3MEHIIYEThCS MOXHOKA IXHIX EJIEMEHTIB.

Kurodosi cioBa: curnan, nepemkoza, 3allyMICHHIN CUTHAJI, HOPMOBAHI KOPEJSIiiHI MaTpuili, 00’€KT, iar-
HOCTHKA.

Algorithms for generating the equivalent normalized correlation matrices of noisy random signals /
T.A. Aliev, N.F. Musaeva, N.E. Rzayeva // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 177-192.

Abstract. It is shown that in control objects, signals are usually various physical quantities, such as
temperature, pressure, vibration, etc. Therefore, when solving problems of control, diagnostics, and
identification, it becomes necessary to generate normalized correlation matrices. The difficulties of generating
normalized correlation matrices of noisy input-output signals of engineering objects are analyzed. Algorithms
are proposed for determining equivalent samples of the noise and the useful signal and the possibility of their
use for generating normalized correlation matrices equivalent to the correlation matrices of useful signals of
noisy random processes is shown. It is shown that in this case, the procedure of the formation of normalized
correlation matrices is substantially simplified and the error of their elements is significantly reduced.

Keywords: signal, noise, noisy signal, normalized correlation matrices, object, diagnostics.
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