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KIBEPHETUKA CYBERNETICS

YK 004.89; 004.93; 159.93

Jesiki acnekTu opraHizauii 30poBoro anaiizaTopa JwoauHu: KibepHermuynuii minxix / B.II. Boron //
KiGepuetnka ta cucremunii axamis. 2024. Tom 60, Ne 6. C. 3-22.

AHoTauif. Y cTarTi CTHCIO HABEJICHO PE3YJIbTATH IONEPEIHIX JOCHIIKeHb NPOOJIEMHHMX AaCIEKTiB
opranizawii Ta GpyHKIIOHYBaHHs CITKIBKH OKa JIIOJHHH 3 MOTJISAAY KiOEpPHETHKH, IEsKi 3 HUX MiATBEPKEHI MO-
JIeTIOBaHHAM. BijbIl IeTanbHO pO3IJIsIHYTO OpraHizalilo OKPEMHX CKJIAJ0BHX 30pPOBOr0O aHanizaTopa JIOANHH,
a came JIaTepaJbHOTro KOJTiHYacTOTO Tija Ta JEKUIBKOX JIIAHOK 30poBoi Kopu. OOIpyHTOBaHO, 30KpeMa, repe-
JaBaHHS iH(popMAaNii 3 pi3HUX TUITHOK CITKIBKU B JaTepansHe kosindacre Tino (JIKT), po3mimenns ii B mapax
JIKT Ta BU3HAYCHHS BHCOKOIMHAMIYHUX 30H Y 300pakCHHI ISl KEPYBaHHs cakkagaMu. I1oka3aHo, 110 B mepe-
najiax SCKpaBOCTI Ta KOJIPHOCTI 30epiraeTsest iHdopmalis mpo iXHIO BEINYUHY, a B MO3KY € TOYHA MPUB’s3Ka
TOYOK [epenagy MO THIB i MICHENOI0KeHHsI OINOMSIPiB 3 IXHIMH KOJIOOYKAMH Ha CITKIBI{. 3alpPOIOHOBAHO
(yHKUIIOHATBHY JIHIIYAaTy OpraHi3alilo apXiTeKTypH 30pOBOi KOPH MO3KY JUIS BH3HAUYCHHS OpieHTALl JiHiil y
300paXkeHHi, 110 Jla€ 3MOTY IPOBECTH CTUKOBKY JIiHII O/HI€l OpicHTawii, BUSBUTH Pi3HI BUAU PYXy Ta OLIHUTH
MIBUJIKICTB 3MiH y IPOCTOpPi CleHU. BinmoBinHo 1o ixei-rinmore3u KOJIOHKOBOI opraHi3amii HefpoHiB 3amporo-
HOBAHO Opi€HTAliIHO-KOJIOHKOBY OpraHi3alilo HEHpOHIB, IO Jae€ 3MOTy BU3HAYMTH B OJHIHM TOYI MPOCTOPY
BCI MOXKJIMBI OpieHTalil JIiHiM. [HaKIIe KaXKy4du, e YMOXKIIMBIIIOE€ BU3HAYEHHS KyTiB, TOUOK JJOTHKY 1 IIEPETHHY
JTTiHiH, IXHBOI Opi€HTALlli, KOOPAUHAT Ta PO3MIPIB, IO € HAA3BHYAIHO IHHOPMATHBHUMH O3HAKAMH [UTSI MIOIIYKY
1 po3mi3HaBaHHs 00’€KTIB, MOOYIOBU Kapkacy 00’€KTa, a TAKOXK HOro TPHBUMIPHOT MOfeli (32 YMOBH BUKOPHC-
TaHHs iH(OpMaLil 3 060X odeil). 3aIPOIIOHOBAHO 1/IEf0 IO/I0 BITHOBICHHS PEAIBHOr0 300paXKEHHS CLIEHU 3a
JIOIIOMOT0I0 p0o3(hapOOoByBaHHSI NPOCTOPOBUX IIISHOK 300paXKEHHsS 3 BUKOPHCTAHHSIM iH(opMamii He TLIBKH
IXHIX KOHTYpIB, ali¢ 1 peaJbHUX 3HA4eHb SICKPaBOCTi i3 30H foveola Ta fovea HEHTpaNbHOI SMKH.

Kurodosi ciioBa: Helipony neprdepuyHOi CITKIBKM Ta LEHTPAIbHOI AIMKH, on- i off-ieHTpy, penenTuBHi moJs,
KOHLICHTPUYHA OpraHizaiisi, iHpopMaTHBHI O3HAKH, JaTepaibHE KOJIHYACTE TLJIO, CTpiapHa (IIepBUHHA) 30pOBa
KOpa, Opi€HTalilfHO-NIiHiIlHA Ta Opi€HTAIIHO-KOJIOHKOBA OpraHi3amii HeWpOHIB.

Some aspects of the organization of the human visual analyzer: Cybernetic approach / V.P. Boyun //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 3-22.

Abstract. In the article, in a concise form, the results of previous research on the problematic issues of
the organization and functioning of the human eye retina from a cybernetic point of view are given, some of
which are confirmed by modeling. In more detail, the organization of individual components of the human
visual analyzer is considered, namely, the lateral geniculate body and several areas of the visual cortex. In
particular, the transfer of information from different areas of the retina, its placement in the layers of the lateral
geniculate body, and the determination of highly dynamic zones in the image for controlling saccades are
justified; it is shown that information about the magnitude of the difference of brightness and color is stored in
the same difference, and in the brain, there is an exact binding of the points of the differences to the types and
location of both bipolar cells and their cones in the retina. A functional linear organization of the architecture of
the visual cortex of the brain is proposed for determining the orientation of the lines in the image, which makes
it possible to join the lines of one orientation, detect different types of movement, and evaluate the speed of
changes in the space of the scene. According to the idea-hypothesis of the columnar organization of neurons, an
orientational columnar organization of neurons is proposed, which makes it possible to determine all of the
possible orientations of lines at one point in space, i.e., determine the angles, tangents, and intersections of
lines, their orientation, coordinates, and dimensions, which are very powerful informative features for searching
and recognizing objects, building the frame of the object, as well as its three-dimensional model (under the
condition of using information from both eyes). An idea is proposed to restore an actual scene image by
coloring the spatial areas of the image using information not only of the contours of the areas but also of actual
brightness values from the zones of the foveola and fovea of the central fovea.

Keywords: neurons of the peripheral retina and central fovea, on- and off-centers, receptive fields, concentric
organization, informative signs, lateral geniculate body, strial (primary) visual cortex, orientation-linear and
orientation-column organization of neurons.

VK 5.681.3

ANropuT™MH Ppo3B’si3aHHS JiHIHHNX o0Mexkenb y Kinbui gumkis / C.JI. Kpusmii // KiGeprernka Ta
cucremuuii anamis. 2024. Tom 60, Ne 6. C. 23-32.

AHoTAaNif. 3apONOHOBAHO aITOPUTMH MEPEBIPKH BUKOHIHHOCTI OOMEKECHb TUITy JIHIHHHUX PiBHOCTEH y
Kinplsx JumkiB Zm. [TokazaHo, 1m0 I aJrOPUTMH HAJIEKATh KIAacy IMOJIHOMIalIbHOI 4acOBOi CKJIAIHOCTI.

KorouoBi cioBa: miHiiHI pIBHSHHS, KiNbLE JIMMIKIB, aJTOPUTMH, CKIAIHICTb.

Algorithms for solving linear constraints over residue ring / S. Kryvyi // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 6. P. 23-32.

Abstract. Algorithms for checking the problem of satisfying the constraints in the form of linear
equalities over residue rings Zm are proposed. The proposed algorithms are shown to belong to the class of
polynomial time complexity.
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Keywords: linear equalities, residue ring, algorithms, complexity.

YIK 519.713.1
JlonoBHeHHsI — w-peryasipuux Bupasis. I / A.M. Yedorapbos // KibepHeTnka Ta cucreMHuii ananis. 2024.
Tom 60, Ne 6. C. 33-43.

Anorauist. ITix 4ac BUKOPUCTaHHS @-PErysIPHUX BHPasiB y 3a1auyax Bepudikauil Ta CHHTE3y PEaKTHBHHX
CHCTEM BHHHKA€ IpodIieMa TOMOBHEHHS LUX BUPA3iB, sIKA [OB’s3aHa 3 IIEPEBIPKOIO BKIIOUCHHS W-PETYISIPHUX MOB.
J1o1s1 1p0T0 3a3BHYAll @-PEryISIpHY MOBY 3aJ1al0Th ()-aBTOMAaTOM A 1 OyylOTh aBTOMAT, IO PO3Ii3HAE JIONOBHEHHS
-peryJsIpHOi MOBH, 3a/[aHOI aBTOMaTtoM 4. Y CTarTi 3aMiCTh @-pEryisipHUX BHPAa3iB PO3MISIHYTO CHMETPHYHI
— w-peryJsIpHi BUpa3H, OB sA3aHi 3 HOHATTSIM 3BOPOTHOTO clIoBa (w-cioBa). [lepexin Bix anroputMy HOMOBHEH-
HSl — @-PEryJIsIPHOTO BUPa3y JI0 BiIIOBIZHOTO ITOPUTMY JUIS W-PEryJSipHOTO BUpa3y IOJSrae B 3aMiHi BUKO-
PHUCTaHUX MOHATH CUMETPUYHUMH MOHATTSAMH. PO3IIsHYTO 3a7auy Oe3ocepeJHbOrO MEPexoiy Bil —w-pery-
JISIPHOTO BHpa3y, IO 3aJ1a€ — (-MOBY, JI0 — W-PETYISPHOrO BUpa3y, AKMil 3a/1ae JoNOBHEHHs Iiel MoBH. Cepen
@-PEeryJSIPHUX BUPA3iB BHOKPEMJICHO TPH KJIACH, VISl KOJKHOIO 3 SIKHX BU3HAUCHO JTOPUTM HOOYIOBHU JIOHOB-
HEHHS — @-PETYISIPHOr0 BUpa3y i3 1poro kiacy. Lle cyTreBo crpolrye po3B’s3aHHs po3riLiLyBaHol 3agadi. Po3-

DIHYTO Kaac BupasiB surwiny  “R, ne R €X* i He mac Burmimy R, X

Kuro4oBi ci1oBa: — w-peryisipuuii Bupas, JI0NMOBHEHHS — W-PETyJISPHOr0O BUPasy, Cy(hike perysspHOro BUpasy,
andasit X, cymicHi cI0Ba, yMOBa CyMiCHOCTI.

Complementation of — w-regular expressions. I / A.N. Chebotarev // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 6. P. 33-43.

Abstract. When using w-regular expressions in the verification and synthesis of reactive systems, the
problem of complementing these expressions arises, which is related to the language containment problem. To this
end, a w-regular language is usually defined by a w-automaton 4, and the automaton is constructed that recognizes
the complement of the language defined by A. In this paper, instead of w-regular expressions, we consider
symmetric —w-regular expressions based on the notion of reverse word (—w-word). The transition from the
algorithm for complementing a —w-regular expression to the corresponding algorithm for a w-regular
expression consists in replacing the notions used by the notions symmetric to them. We consider the problem of
the direct transition of the regular expression that defines a — w-regular language to the — w-regular expression
that defines the complement of this language. Among —w-regular expressions, we distinguish three
non-intersecting classes, for each of which we develop an algorithm to complement — w-regular expressions that
belong to this class. This significantly simplifies solving the problem under consideration. In this paper, we

consider a class of — w-regular expressions of the form ©~“ R, where R € £*, and does not have the form RX*.

Keywords: —w-regular expression, complement of the —w-regular expression, suffix of the regular expression,
alphabet T, contiguous words, contiguity condition.

Hapiitnuia
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OuiHoBaHHsl iiMOBipHOCTI ycmixy aTaku Bumepel:KeHHs Ha cmapTkoHTpakTH / JL.B. KoBaibuyk,
A.A. Buxiuo // Kibepunernka Ta cucremHuii anami3. 2024. Tom 60, Ne 6. C. 44-55.

AwnoTanisi. Posrisinyto araky Bumnepemkenss (frontrunning attack), sika € ofiHi€I0 3 HAWMOIIMPEHIMINX
aTak Ha CMApTKOHTPAKTH. Ii CyTHICTB Mojisrac B MaHilyTIOBAHHI MOPSIKOM BKJIIOYEHHs TPAH3aKIi B OJIOK 3
METOI0 OTPHMAaHHSI BUTOJM BHACIIJOK 3MIiHH ITOCI]IIOBHOCTI 00poOiieHHs TpaH3akuiil. Oco0uBy 3arpo3y Taka
aTaka CTAHOBHUTBH [UIsI [IPOBE/ICHHS ayKIIOHIB P2p MPOJaXy «3elIeHOD» eleKTpoeHeprii. Y uiit po6ori crioyaTky
PO3IIISIHYTO Ta IIPOAHATI30BAHO Pi3HI THIM aTaK BUIEPEDKCHHS, SIKi (OpPMani3oBaHO B IMOKPOKOBHX aJIrOPUT-
Max BUKOHAHHS. 3allPOIIOHOBAHO MOJIENIb, B SIKili OI[IHEHO MMOBIPHICTB ycHixy Takoi ataku. J{is 3anponoHoBa-
HOT MOJIEJi OTPUMAHO sIBHY (GOopMyITy AJIsi IMOBIPHOCTI yCIiXy aTaKy 3aMillleHHs Ta aTaKu BCTABKH, SIKi € OKpe-
MHMH BHIIAJKaMH aTaky BUnepepkeHns. [loka3ano, 1o HMOBIPHICT YCIiXy 3aJIe)KHUTh Bijl HAPaMETPiB MEPEexi
Ta BiJ] CIIBBITHOIIECHHS MiXK KOMICISIMH TpaH3aKIii, CTBOPEHIX YECHUM KOPHCTYBaueM Ta 3JI0BMHCHUKOM. Ha-
BEJICHO YMCEJIbHI NMPHUKIAH IPAKTHYHOTO 3aCTOCYBAaHHS OTPUMAHOI (hOPMYIIH, SIKi OZATKOBO IiATBEP/UKYIOTH
KOPEKTHICTh aHAJITUYHHUX PE3YJIbTATIB.

Kurodosi ciioBa: 6i10K4€iiH, CMAPTKOHTPAKTH, ayKI[IOHH, P2p MPOJAXK «3eJICHOD eIeKTPOSHEprii, aTaka BHIIe-
PEIKEHHSI.

Assessment of the probability of success of a frontrunning attack on smart contracts / L.V. Kovalchuk,
A.A. Vykhlo // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 44-55.

Abstract. A frontrunning attack is one of the most common attacks on smart contracts. Its essence lies in
manipulating the order of transaction inclusion in a block to gain an advantage by altering the transaction
processing sequence. This attack poses a particular threat to the conduct of p2p auctions for selling “green”
electricity. In this paper, different types of such attacks are examined, analyzed, and formalized in step-by-step
execution algorithms. Next, a model is proposed to assess the probability of success of such an attack. An
explicit formula is derived for the probability of success of a displacement attack and an insertion attack, which
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are specific cases of a frontrunning attack. The probability of success is shown to depend on network
parameters and the ratio between the transaction fees created by an honest user and a malicious user. Numerical
examples of practical applications of the derived formula are provided, further confirming the correctness of the
analytical results.

Keywords: blockchain, smart contracts, auctions, p2p sales of “green” electricity, frontrunning attack.

VK 517.977.5

Oco0mBocTi 30yAsKeHHs1 AMHAMIYHUX TNpoueciB y IrPpymoBHX eJIeKTPONPUBOAAX OOTHCKHMX CTaHiB /
B.A. Kpacnomanka, B.B. Kpacnomanka, FO.B. Ilucapenxo, Mamenosa K.FO. // KibepHeruka Ta
cucreMuuii ananiz. 2024. Tom 60, Ne 6. C. 56-63.

AHortauis. JIoCniKeHO BIUIMB 3MIHHMX TEXHOJOTIYHHUX HABAaHTa)KCHb HAa TOJIOBHY JIHIIO MPOKATHOTO
crany. HaBezieHO MaTeMaTH4HY MOJIE/Ib AMHAMIYHHUX HPOLECIB y IPYHNOBUX €ICKTPOIPUBOIAX OOTHCKHUX TeX-
HOJIOTIYHHX MAlIMHHUX arperarax (IpoKaTHMX cTaHax). [TokasaHo, 10 3aJI€KHICTH MOMEHTY TE€XHOJIOTTYHOTO
OIOpY BiJ MIBHUAKOCTEH POOOUYMX BaJIKiB BH3HAYAETHCS (POPMYIIOIO, sIKa BPAXOBYE OCOOIMBOCTI TEXHOIOITYHOTO
HaBaHTAXEHHs. J[OCHIi/UKSHHS! BIUIMBY 3MIHHHX TEXHOJIOTIYHUX HAaBAHTA)KCHb HA TOJIOBHY JIIHIIO IPOKATHOTO
CTaHy I0Ka3aJlo, 10 HaHOLIbII HeOE3MeYHUM € 30UIbIICHHS 3HaYCHHs KoedillieHTa TepTs Ha BEPXHbOMY Bally.
3’4COBaHO, L0 y LMX BHUIAAKaxX MOXE BiqOyBaTHUCS 3HAYHE HEY3TO/UKEHHS LIBUAKOCTEH pOOOYMX BAIKiB,
a [ajiHHSI MOMEHTY TEXHOJIONYHOTO OIOPY Ha BEPXHBOMY BaJKy HE KOMIIEHCY€ETHCS 3POCTAaHHAM MOMEHTY TeX-
HOJIOTIYHOT'O ONOpPY Ha HIXKHBOMY BaJIKy. TOMY B HNPY’KHHX JIAaHKAaX TOJIOBHOI JIiHIT IPOKATHOrO CTaHy 30Y/UKY-
IOTBCSI ABTOKOJIMBAHHS, a TAKOXX HECTIHKI PEeXUMHU KOJIMBAHb.

KurouoBi ciioBa: nuHamiyHa MOJEib, I'PYNOBUI MAIIMHHUK arperar, OOTUCKHHUI CTaH, NPOKAaTHUH CTaH.

Features of the excitation of dynamic processes in group electric drives of pressure states /
V.A. Krasnoshapka, V.V. Krasnoshapka, J.V. Pisarenko, Mamedova K.Yu. // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 6. P. 56-63.

Abstract. In the paper, a study of the influence of variable technological loads on the main line of the
rolling mill is carried out. A mathematical model of the study of dynamic processes in group electric drives of
crimping technological machine units (rolling mills) is presented. It is shown that the dependence of the
moment of technological resistance on the speeds of the working rolls is determined by the dependence that
takes into account the peculiarities of the technological load. The study of the influence of variable
technological loads on the main line of the rolling mill showed that the drop in the coefficient of friction on the
upper shaft is the most dangerous. It was found out that in these cases, there can be a significant mismatch of
the speeds of the working rolls, and the drop in the moment of technological resistance on the upper roll is not
compensated by the increase in the moment of technological resistance on the lower roll; therefore,
self-oscillations are excited in the elastic links of the main line of the rolling mill, as well as unstable modes of
oscillations.

Keywords: dynamic model, group machine unit, crimping mill, rolling mill.

VJK 519.713

CrnpsiMoBaHe mnepecyBaHHsl KOJEKTHBY aBTOMATIB 0e3 KomMmnaca Ha KBajJApaTHii pewmitui mupuxu 2 /
C.B. CanynoB // Kibepuetuka Ta cucremuuii anamiz. 2024. Tom 60, Ne 6. C. 64-73.

AnoTanis. Po3risiHyTo 3a1a4y 30epeKeHHs HAIPSIMKY [1epeCyBaHHs KOJICKTUBOM CKIHUCHHHX aBTOMATiB
Ha JBOBUMIpPHIH IITOYHCIIOBIH PeIIiTIi MUPHHH 2 3 HEO3HAUCHUMH €JIMEHTAMH (BEpIIHHAMHE). ABTOMATH HE
PO3PI3HAIOTH BEPILIMHM CEPEIOBHIIA 3a TXHIMH KOOpAXHATAMHU (TOOTO aBTOMATH HE MalOTh KoMnaca). HaBeneno
KOJICKTHBH, sIKi CKJIaJJalOThCs 13 OJJHOTO aBTOMATa Ta JEKIJIbKOX KaMIHIIIB, PO3TAIyBaHHS SKUX LIJIKOM BH3Ha-
JaeThest aBToMaToM. JloBeaeHo, 1110 Ha BiIMiHY BiJ aBTOMAara 3 40THpMa KaMiHIIMH, aBTOMAT 3 TPhOMa Ta MEH-
IO KiNBKICTIO KaMiHI[B He 30epirae HamnpsMKy MHepecyBaHHs Ha DPELIiTI.

Ku104oBi cj10Ba: KOJEKTHB aBTOMATIB, JIAOIPUHT, CIPSIMOBAHE IIE€PECYBaHHS.

Directional movement of a collective of compassless automata on square lattice of width 2 / S.V. Sapunov
/I Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 64-73.

Abstract. A collective of finite automata has to preserve unidirectional movement on a two-dimensional
integer lattice of width two whose elements (vertices) are anonymous. The automata do not distinguish between
equally labeled vertices by their direction coordinates (that means each automaton has no compass). We
consider collectives consisting of an automaton and some pebbles, i.e., automata of the simplest form, whose
positions are completely determined by the automaton. We prove that a collective of an automaton and
a maximum of 3 pebbles cannot maintain movement direction on the lattice, but a collective of an automaton
and four pebbles can.

Keywords: collectives of automata, labyrinth, unidirectional movement.
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CHUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS

VK 519.872

Ilpuckopene MopenioBaHHsI HMOBipHOCTI OJIOKYyBaHHS BHMOr Yy cHCTeMi 0OCIyroByBaHHS
3 NMYacOHiBCHBKMUM BXiTHUM MNOTOKOM, KepOBAaHMM HaniBMapkoBchbkuM mpouecom / M.IO. Ky3Henos,
L.M. Ky3ueuos, A.A. llymcbka // KibepHetnka Ta cuctemuuii anamiz. 2024. Tom 60, Ne 6. C. 74-88.

AHoTanis. Po3rsiHyTo GaraTokaHaldbHY CHCTEMY OOCITyrOBYBaHHS, B Ky HAAXOIHUTh IyacOHIBCHKHI
MOTIK BUMOT 3 IHTEHCHBHICTIO, L0 3aJICKHUTh Bijl IOTOYHOI'O CTaHy HaIiBMapKOBCHKOro mporecy. Lleif xe cran
BU3HAUa€ 1 TUII BUMOrH. KokeH kaHay 0OCITyroByBaHHSI MICTHTh AeKUIbKa JIiHIH. /{11 cBOro o0cIyroByBaHHs
BUMOTH Pi3HOTO THITy HOTpeOyIOTh MEeBHY KUIbKICTh JIiHIH, SKa BH3HAYAETHCS BIIOBITHIM PO3MIOAITOM. Y BH-
MaJIKy HEJOCTATHBOI KUTBKOCTI BUIBHUX JIIHIN JTOMYCKA€ThCS MEPEOPIEHTALliS BUMOTH 3 OJJHOTO KaHaly 00Ciy-
rOBYBaHHS Ha iHIIMA. TpuBamicTs 00CIYroByBaHHS Ma€ JAOBUIBHUI PO3MOJILI, SKUH 3a7I€KUTh 5K BijJl TUIY BU-
MOTH, TaK i Bi/l KITbKOCTI JIiHiH, siki BoHa moTpebye. [t 3HaX0/DKSHHST HMOBIPHOCTI OJI0KYBaHHSI BHMOT TIEBHO-
ro THUIy i3 3aNMTOM Ha 33JaHy KUIBKICTH JIIHIH OOCIyrOBYBaHHs 3allpOIIOHOBAHO METOJ HPHCKOPEHOIrO
MogzeioBanHs. Ha uncioBoMy mpuxiani 3ailficHeHo mopiBHsHHS i3 MetogoM Momnre-Kapio, 30kpema mnpoa-
HaJII30BaHO, SIK 3MIHIOETHCSI BIJIHOCHA MOXMOKA OIIHKK 31 3MEHIICHHSIM HMOBIPHOCTI OJIOKYBaHHS.

KuiouoBi ciioBa: cucrema o0CIyroByBaHHsI, HaliBMapKOBCHKHIA TIpOLieC, KaHaJ, JIiHis, HIMOBIPHICTH OJI0KyBaH-
Hsl, MeTox MoHnre-Kapio, NpucKOpeHe MOJENOBaHHs, OLIHKA, BiHOCHA IOXHOKA.

Fast simulation of customers blocking probability in a queueing system with Poisson input flow
controlled by a semi-Markov process / M.Yu. Kuznetsov, .M. Kuznetsov, A.A. Shumska // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 6. P. 74-88.

Abstract. A multichannel queueing system with a Poisson input flow is considered. The input flow rate
depends on the current state of a semi-Markov process. This state also determines the type of the customer.
Each channel contains several service lines. To be serviced, the customer requires several lines with the
distribution dependent on the customer’s type. Not each channel is accessible for customers of a given type.
The accessibility is determined by some distribution depending both on the customer’s type and on the required
number of lines. If the channel does not have sufficient service lines, it is possible to reorient this customer to
another channel. The service time has a general distribution function depending on the customer’s type and the
number of lines required for servicing. A fast simulation method is proposed to evaluate the blocking
probability of customers of a certain type demanding a given number of service lines. A comparison with the
Monte Carlo method is made using a numerical example, and the change in the relative error of the estimate for
decreasing blocking probability is analyzed.

Keywords: queueing system, semi-Markov process, channel, line, blocking probability, Monte Carlo method,
fast simulation, estimate, relative error.

VK 519.85

JIBoeTanHa TPaHCHOPTHA 32/1a4a 3 IBOCTOPOHHIMH 00MeKeHHSIMHM HA NMOTPedH CIOKMBAYiB Ta BEPXHIMHU
MesKaMM Ha NponycKHi cnpomozkHocTi npomizxHux myHKTIB / ILI. Crentok, B.O. CtoBda, O.M. Xom sk,
M.I'. Cremok // KibepHetuka ta cucremuuit anamiz. 2024. Tom 60, Ne 6. C. 8§9-101.

AHoTanis. Po3risiHyTo MaTeMaTHYHy MOJENb ABOCTAITHOI TPAHCIOPTHOI 3aa4i 3 IBOCTOPOHHIMHU 00OMe-
JKEHHSIMU Ha NOTPEeOM CIIOKUBAYIB Ta BEPXHIMU MEKaMH Ha HPOITyCKHI CIIPOMOXKHOCTI IPOMDKHHX ITyHKTIB.
OOrpyHTOBaHO HEOOXiTHI Ta JOCTATHI YMOBH CYMICHOCTI CHCTEMH JiHIHHHX OOMEKEHb BIAMOBIIAHOI 3aj1adi
JIHIKHOTO mporpamyBaHHs. HaBeieHo J1BI MaTeMaTH4HI MOJENi JBOETANHOI TPAaHCHOPTHOI 3aiadyi, A0 SIKHX
MOYKHA 3BECTH BHXIiJHY MoJelib. [IpeacTaBiaeHo pe3yabTaTi 00UUCIIOBATIBHIX EKCIIEPUMEHTIB 13 3aCTOCYBaHHS
OMHCAHOI 3aadi sl MOZICIIBHOI 3a1a4i ONTUMAIIBHOTO PO30OUTTSI MHOXKHHHU 3 BUKOpUCTaHHAM coiBepa CPLEX
3 NEOS-cepsepa.

Kuro4oBi ciioBa: aBoeranHa TpaHCIIOPTHA 33a4a, 3a/1a4ya JiHIHHOTO MPOrpaMyBaHHs, CYMICHICTh CUCTEMH 00-
MEKEeHb, onTuMaibHe po30urTs muoxkunu, CPLEX, NEOS.

Two-stage transportation problem with two-sided constraints on consumer demands and upper bounds
for capacity of intermediate points / P.I. Stetsyuk, V.O. Stovba, O.M. Khomiak, M.G. Stetsyuk //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 89-101.

Abstract. A mathematical model of a two-stage transportation problem with two-sided constraints on
consumer demands and upper bounds on the bandwidths of intermediate points is considered. The necessary
and sufficient conditions of consistency of the linear constraints system of the corresponding linear
programming problem are substantiated. Two mathematical models of a two-stage transportation problem are
presented, to which the initial model can be reduced. The results of computational experiments on applying the
problem described to the optimal set partitioning problem using the CPLEX solver from the NEOS server are
presented.

Keywords: two-stage transportation problem, linear programming problem, constraint system compatibility,
optimal set partitioning, CPLEX, NEOS.

4 ISSN 1019-5262. KibepHeTuka ta cucteMHuit aHaiis, 2024, rom 60, Ne 6



VK 517.9

Marematuyne mojemoBanHsi T-imynHoi Biamosini y pasi COVID-19 / K.JI. Aroes, I1.C. Knonos //
KiGepuernka ta cucremunii anamis. 2024. Tom 60, Ne 6. C. 102-112.

Amnoranis. Po3po0ieHo MaTeMaTHUHy MOZEIb JUISl TOCII/DKCHHS BIUIUBY CTaHY KOJICKTHBHOIO IMYyHITETY
Ha nepedir nangemii COVID-19. Mozens BpaxoBye pi3Hi JJaHKH IMyHHOI CHCTEMH Ta Ja€ 3MOTY TOCIHiIKyBaTH
MeXaHi3MU BUHHKHEHHS PEKHMIB METaCTa01IbHOTO Xa0Cy IiJ] Yac iIMyHHOI BinnoBiai. JIocmikeHo B3a€MO3B -
30K MK CTAaHOM €HEpPreTHYHOI CUCTEMHM KIITHHM Ta JMHAMIKOI IMyHHOI BimoBiai. Po3risiHyTo 3amauy onrtu-
MQJIBHOTO KepyBaHHS IMyHHOIO BIINOBIAIIO Uit MiHIMIi3alil pU3MKy MATOJOTIYHUX MOPYIIEHb, ITOB’S3aHUX 13
HaIMIPHUM 3a[aJICHHSM YHACIIIOK CHHIPOMY BUKHIY LUTOKIHIB B oprai3mi y pasi COVID-19. [TokasaHo, sik
3MIHH y PI3HHX JIAHKaX IMyHHOI CHCTEMH BIUIMBAIOTh Ha TPUBAJIICT 3aXBOPIOBaHHs. BU3HAUCHO 3aJIeXKHICTD 3a-
rajbHO{ KUIBKOCT] ypa)keHUX BIpyCOM KIJIITHH BiJ] 3MiHM OaJlaHCY CHHTE3y Ta BUTPAT €Hepril y KIITHHAX.

KuiouoBi ciioBa: MaTeMaTH4HEe MOJCTIOBaHHsA, Mozenb T-imyHHOI BianoBigi, COVID-19, ontumansHe Kepy-
BaHHsI, ACTEPMIHOBAHHN Xaoc.

Mathematical modeling of the T-immune response in COVID-19 / K.L. Atoyev, P.S. Knopov //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 102-112.

Abstract. A mathematical model has been developed to study the impact of the state of collective
immunity on the dynamics of the COVID-19 pandemic. The model accounts for different components of the
immune system and allows for the investigation of mechanisms that lead to metastable chaos during the immune
response. The relationship between cellular energy states and the dynamics of the immune response has been
studied. The problem of optimal control of the immune response is considered, with the aim of minimizing the
risk of pathological disorders associated with excessive inflammation due to cytokine release syndrome in the
body during COVID-19. It has been shown how changes in different components of the immune system affect
the duration of the disease. The dependence of the total number of virus-infected cells on the changes in the
balance of energy synthesis and expenditure in cells has been determined.

Keywords: mathematical modeling, T-immune response model, COVID-19, optimal control, deterministic chaos.

VK 519.711

OuiHky po3B’si3KiB onepaTopHuX piBHAHBL B yMoBax HeBu3HadeHocti / O.I'. Hakoneunuii, I1.M. 3inbko,
T.II. 3inbko // Kibepuernka ta cucremuuil anamis. 2024. Tom 60, Ne 6. C. 113-124.

AHoTauis. 3Haii/IeHO rapaHTOBaHi OLIHKY JUIsl IPSMOKYTHHX MaTPHIb, sIKi 33J0BOJIbHSIIOTH JIIHIMHI Ore-
paTopHi PIBHSHHS 3 HEBIZOMHMHU HPAaBHMU YaCTHHAMH. 3a MEBHUX MPHUITYIICHb [TOKA3aHO, II0 rapaHTOBaHI
OIIIHKM MaTpHIb MOXYTb OyTH 3HAiJICHI K PO3B’S3KM CHUCTEM OINEPaTOPHUX PIiBHSAHb. Y BHUIAJKY, KOJIU JIaHi
CIIOCTEPEKEHb 33/1aHi 3 JeTepPMIiHOBAaHMMHU MOXMOKAaMH, SIKi HaJeXaTh MEBHUM OOMEKEHHM MHOXKHHAM, OTPH-
MaHO BHpa3H U BEPXHIX Ta HIKHIX OLIHOK PO3B’SI3KIB TAKUX PIBHIHb, a TAKOX BHPA3d Ui BEPXHIX Ta
HIDKHIX IOXHOOK TakuX OWIHOK. OJepikaHi pe3yibTaTH MPOLTIOCTPOBAHO HA TECTOBOMY IPHKIANI.

KurouoBi ciioBa: niHiliHe onepaTtopHe piBHSHHSA, AP0 ONEPATOPa, CHPSHKEHUM ONEpaTop, rapaHTOBaHA aroc-
TepiopHa OIiHKa MaTPHLIi, rapaHTOBaHa arloCTePiOpHa NOXHOKA OL[IHKH MAaTPHLI, MiHIMAJIbHHI 32 HOPMOIO PO3-
B’A30K PiBHSHHS.

Estimates of the solutions of operator equations under uncertainty / O.G. Nakonechnyi, P.M. Zinko,
T.P. Zinko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 113-124.

Abstract. The paper focuses on finding the guaranteed estimates for rectangular matrices that satisfy the
linear operator equations with unknown right-hand sides. Under certain assumptions, it is shown that
guaranteed estimates of matrices can be found as the solutions of systems of operator equations. In the case
where observation data are given with deterministic errors, which belong to certain bounded sets, we obtain the
expressions for upper and lower estimates of the solutions of such equations, as well as expressions for upper
and lower errors of such estimates. The obtained results are illustrated by an example.

Keywords: linear operator equation, operator core, conjugate operator, guaranteed a posteriori estimate of
matrix, guaranteed a posteriori error of the estimate of matrix, minimum by norm solution of the equation.

VK 519.622.22

Migxix 10 BU3HAYeHHs NMapaMeTpiB AMHAMIYHOI CHCTEMH 32 HEJOKAJIbHUX YMOB IepeBH3HAYEHHS
BHCOKOro nopsaky / K.P. Aiina-3age, B.M. A6ayanaeB // KiGepHernka ta cucremuuii anamis. 2024. Tom 60,
Ne 6. C. 125-144.

Anorauis. JlocnipkeHo 3agady ieHTUdIKaLil MOCTIHHUX MapaMeTpiB, 110 BXOIATh [0 MPaBUX YaCTHH
THIIHOI HEaBTOHOMHOI CHCTEMH AH(EpeHLia bHUX PIBHSAHB 31 3BUYAHHUMH MOXIAHMMH IMEPIIOTO MOPSIKY.
Oco0nHBICTh 3aa4i MOJISITa€ B TOMY, L0 TOAATKOBI yMOBH Ui ieHTH(]iKanil mapaMeTpiB, Mo-meplie, € Hejlo-
KaJIbHUMH, @ HO-Apyre, MICTAThH MOXiAHI HeBigoMoi QyHKIii. PO3risIHyTO yMOBH ICHYBaHHS Ta €IMHOCTI PO3-
B’sI3KYy 3a/a4i Ta 3aIPOIIOHOBAHO J(BA Pi3HI MIIXOM 10 YHCIOBOTO PO3B’si3aHHs 3axadi. HaBeneHo pesynbratu
KOMIT'FOTEpPHHUX EKCIICPHMEHTIB.

Kurodosi cioBa: quHaMiuHa cucrema, napaMeTpHYHa iIeHTH]IKaIlis, HaBaHTaXKEeHE JU(epeHIliaTbHe PiBHSIH-
Hs, YMOBH ICHYBaHHsS PO3B’SI3Ky, KOMII'FOTEPHI €KCIIEPHMEHTH.

ISSN 1019-5262. KibepHeruka ta cucteMHuit anaiis, 2024, rom 60, Ne 6 5



Approach to determining the parameters of a dynamic system under nonlocal high-order
overdetermination conditions / K.R. Aida-zade, V.M. Abdullayev // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 6. P. 125-144.

Abstract. We analyze the problem of identifying the constant parameters involved in the right-hand sides
of a linear non-autonomous system of differential equations with first-order ordinary derivatives. The
specificity of the problem is that additional conditions for identifying parameters, first, are non-local, and
second, include derivatives of an unknown function. We examine the conditions for the existence and
uniqueness of a solution to the problem and propose two different approaches to the numerical solution of the
problem. The results of computer experiments are presented.

Keywords: dynamic system, parametric identification, loaded differential equation, conditions for the existence
of a solution, computer experiments.

VK 519.816

IopiBHsIHHA pe3y/IbTATiB PAHKYBAaHHS aJbTePHATHB, OTPMMAHHUX 32 JEKiIbKOMAa BapiaHTAMH MeTOXy
ananisy iepapxiii / M.M. ITorbomkin, O.M. Cemenenko, }10.0. Kasar, A.A. Cennsip / KiGepHetuka ta
cucreMuuii ananiz. 2024. Tom 60, Ne 6. C. 145-153.

AHoTanis. 3a3HaueHO, IO METOJ aHAi3y iepapXiil € OZHMM 3 HAHIIMPOKOBXKUBAHINIMX OaraTOKpH-
TepilHUX METOAIB, a HOro OOYMCIIOBAIBHI HPOLEAYPU 3a3HATN HEOAHOPA30BHUX YJOCKOHAICHb Ta MO-
nudikaniii. Yepes HasBHICTH 0araTboX BapiaHTIB METO/AY aHaNi3y i€epapXiil € 3aleXHICTh BU3HAYCHHS HaWKpa-
IIMX aJbTEPHATHB B 3aCTOCOBAHOIO BapiaHTa LbOro MeToAy. HaBeaeHO omuc TPbOX BapiaHTIB METOXY
aHaJIi3y iepapXiii: OpPHIiHAIBHOTO, CIPOIICHOTO Ta HEYiTKOro. Pe3ynbraTaMu po3B’sa3aHHS BiJOMOTO HMPUKIIATy
3a [IUMHU TPbOMa BapiaHTaMH MiATBEPIXKEHO, [0 BOHH MOXKYTb IPH3BOJAUTHU IO OTPHMAHHS PI3HHX PAHIKyBaHb.
3po06IIeHO BHCHOBOK, 10 3apa/Jiy MiABUIIEHHS! OOIPYHTOBAHOCTI peKOMEH ALl Uit 0co0H, sika puiiMae pimeH-
Hsl, 0OYKCIICHHS OL[IJIbHO BUKOHYBATH 3 BUKOPUCTAHHSIM KiIBKOX BapiaHTIB METOMY, @ PIlICHHS PO IepeBary
OJIHI€T aNIbTepPHATUBH HAJ| IHILIOK HACIIIA NPUIMATH JHIIe Y pa3i 30iry pe3ysibTaTiB MOPIBHSIHHS aJbTEPHATHB 32
OLIBIIICTIO BUKOPUCTAHUX BapiaHTIB METOMY.

KurouoBi cioBa: MeTox aHami3y iepapxiii, HSUITKUI MeTOJ aHANTi3y iepapXiif, MPUKIAT OOUHCICHD, PAaHXKyBaH-
HSl QJIBTEPHATUB, CIPOLICHUI METOJ aHaji3y iepapxiii.

Comparing the results of the ranking of alternatives obtained by several options of the analytic hierarchy
process / M.M. Potomkin, O.M. Semenenko, Y.O. Kliat, A.A. Sedliar // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 6. P. 145-153.

Abstract. It is noted that the analytic hierarchy process is one of the most widely used multi-criteria
methods, and its calculation procedures have repeatedly become the object of various improvements and
modifications. The presence of many variants of the analytic hierarchy process may result in the dependence of
the determination of the best alternatives on the used variant of this method. A description of three variants of
the analytic hierarchy process is provided: original, simplified, and fuzzy. Based on the results of solving a
known example, these three options confirmed that they can lead to different rankings. It was concluded that in
order to increase the validity of the recommendations for the person making the decision, it is advisable to carry
out calculations according to several options, and it is advisable to make a decision about the superiority of one
alternative over another only in case of convergence of the results of their comparison according to the majority
of used options.

Keywords: analytic hierarchy process, fuzzy analytic hierarchy process, example of calculations, alternative
ranking, simplified analytic hierarchy process.

YK 519.7:65.011

3acTocyBaHHSI CHCTEMHOr0 aHATI3y Ta MAaTeMATHYHOIO aNapary HeYiTKoi JIOTIKH 1151 MOJAETIOBAHHS
npouecy ouiHioBaHHs (piHaHcoBOro crany nmianpuemcrTBA / A.O. A3aposa, 10.B. Kpak, JI.O. Hikijgoposa,
O.1. Azapos, K.C. BeasikoBa // KiGepHernka ta cuctemMHuid anamiz. 2024. Tom 60, Ne 6. C. 154-168.

AHoTanis. Y CTaTTi JOCIIPKEHO HAsIBHUN TEOPETHYHUH TOPOOOK sl OLIHIOBAHHS SIK (DIHAHCOBOTO CTa-
Hy, Tak 1 ()iHAaHCOBOI CTIMKOCTI HigNPUEMCTBA HAa OCHOBI PI3HMX MHiJXOAIB, 30KpeMa Mojelsi OaHKPYyTCTBa,
imiTaniifHoro MonemoBaHHS Ta iH. Po3poOiieHO MaTeMaTHUHy Ta CTPYKTYPHY MOJEINI HPOIECY OLiHIOBAHHS
(iHaHCOBOTO CTaHy IMIANMPUEMCTBA 3aCO0aMH CHCTEMHOTO aHali3y, a TAKOK Horo (opmainizaiii 3 BUKOPUCTaH-
HSM anaparty HewiTkoi joriki. OOIpyHTOBAHO MHOKHHY arperyrounx (GpyHKLiil 11 y3araabHEHHs KUIBKICHUX
OLIIHIOBAJIBbHHUX MapaMeTpiB, L0 OMHUCYIOTh (DiHAHCOBY CTIMKICTB, JIKBIIHICTH Ta IUIATOCIIPOMOXKHICTD, IITOBY
AKTHUBHICTB, a TAKOXK NMPUOYTKOBICTH JOCIIPKYBAaHOTrO ITinprueMcta. Kpim TOro, 1Jisi OTpUMaHHs TOYHOTO pe-
3yJbTYIOUOTO PILIEHHS B MaTeMaTHUYHIN MOJeNi BPaXOBAaHO IIJOBY PEHyTalil0 KOMIIaHIl, IO OLIHIOEThCS 3a
II'AITbMa SIKICHUMH IapaMeTpamu. ExcriepumeHTanpHHN ITyn Bepudikamii po3poOiaeHol MoJemi OLiHIOBAHHS
(biHaHCOBOTO CTaHy MiANPUEMCTBA CKJIAZAE 15 MiANPUEMCTB.

Kurodosi coBa: cuctemHMil aHaii3, MaTEMaTHYHE MOJICIIFOBAHHS, HEUiTKa JIOTiKa, OLIHIOBAaHHS PiBHA (iHa-
HCOBOTO CTaHy IiJIIIPHEMCTBA.
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Application of system analysis and mathematical apparatus of fuzzy logic for modeling of the process of
assessing the financial state of the enterprise / A.O. Azarova, Iu.V. Krak, L.O. Nikiforova, O.D. Azarov,
K.S. Belyakova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 154-168.

Abstract. The article analyzes the available theoretical studies on assessing both the financial state and
financial stability of an enterprise based on various approaches, including bankruptcy models, simulation
modeling, etc. This made it possible for the authors of the article to develop their own mathematical and
structural models of the process of assessing the financial state of the enterprise by means of system analysis, as
well as its formalization based on the apparatus of fuzzy logic. A set of aggregating functions for summarizing
quantitative evaluation parameters describing the financial stability, liquidity and solvency, business activity,
and profitability of the enterprise under study is substantiated. Moreover, the mathematical model took into
account the company’s business reputation, which is evaluated based on five qualitative parameters, to obtain
an accurate resulting decision. The experimental pool of verification of the developed model for assessing the
enterprise’s financial state is 15 enterprises.

Keywords: system analysis, mathematical modeling, fuzzy logic, assessing of enterprise’s financial state.

VK 519.8

Jlesiki mpencraBiennst TpurapMmoniianx ¢ynkniii / A.M. IlyroBcbkmii // KibepHeTnka Ta CHCTEMHU
anamiz. 2024. Tom 60, Ne 6. C. 169-180.

Anorauis. OTpuMaHO pe3yJIbTaTH, SKi JAIOTh 3MOTY PO3IIISIATH TEOPItO IrPOBUX 33134 TMHAMIKHU SIK Ce-
penoBuie il NOOYZOBH B@KIMBHX MaTEMAaTHYHHX O0’€KTiB. A came, MPOIHTErPOBAHO TPUTrapMOHIiHHE
PIBHSHHS B JCKapPTOBHX KOOPJAMHATAX 3i CHELialbHO MigiOpaHHMH IpaHHYHUMH yMoBaMmH. [oOynoBaHo Tpu-
rapMoHiitHuil inTerpai [Tyaccona Juist BepXHbOI MIBIUIOIIMHY, SIKHIT HAJIGXKUTH JI0 KJIacy TOJATHUX OIEPaTopiB.
PosrisanyTo (yHKIIOHANBHY 3aJIeXKHICTh TPHIAPMOHIHHOTO orlepaTopa BiJ HepiogHuYHUX (YHKIIH Ta OTpUMaHO
iHTerpai i3 JeIbTAoMIOHUM SPOM, SIKE MOJKHA PO3KIACTH Ha TPU 3HAKOCTAN ApoOH. AHai3 aCUMITOTUYHOL
MOBE/IIHKY TPUTAPMOHIMHOTO s/pa 3acBil4y€e Y3roJUKEHICTh OTPUMAHUX PE3YJIbTATIB 13 paHillle BIZIOMUMHU pe-
3yJIbTaTaMH.

KuiouoBi ci1oBa: TpurapMoHiiiHe piBHSHHS, BepXHs MiBILIOMMHA, epeTBopeHHs Dyp’e, pang Dyp’e, nomatHuit
oreparop.

Some representations of triharmonic functions / A.M. Shutovskyi // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 6. P. 169-180.

Abstract. In this paper, a range of results have been obtained that enable one to consider the theory of
game dynamics problems as an environment for constructing important mathematical objects. Namely, the
triharmonic equation is integrated in the Cartesian coordinates with specially selected boundary conditions. The
triharmonic Poisson integral for the upper half-plane, which belongs to the class of positive operators, is
constructed. The functional dependence of the triharmonic operator on periodic functions is considered, and an
integral with a delta-shaped kernel is obtained, which can be decomposed into three constant-sign fractions. The
analysis of the asymptotic behavior of the triharmonic kernel shows the consistency of the obtained results with
the previously known results.

Keywords: triharmonic equation, upper half-plane, Fourier transform, Fourier series, positive operator.

MNPOI'PAMHO-TEXHIYHI KOMILNIEKCH SOFTWARE-HARDWARE SYSTEMS

V]IK 519.8.812.007

IHTesieKTya/IbHA CHCTeMA TIarHOCTHKM aJanTauii JIoAMHM 10 eKcTpeMajabHux 30ypenb / H.I. Apasosa,
A.O. Ynkpiii, JI.A.-T'. Illaxaina // KibepHerrka ta cucreMmunii ananis. 2024. Tom 60, Ne 6. C. 181-189.

AHoTauist. 3a1PONOHOBAHO IHTEIEKTyalIbHY CUCTEMY [IarHOCTHUKH aIaNTallil OpraHi3My JIFOJHHH 10 eKCTpe-
MaJIbHUX 30ypeHb 30BHIIIHBOTO Ta BHYTPIIIHBOTO cepeioBuina. CKIIagoBUMH €IEMEHTAMH CHCTEMH € MaTeMaTH4H1
MOJIEIT TPAHCIIOPTY Ta MaCOOOMIHY pecripaTopHHX ra3iB, caMOOpraHizallii CHCTeMH MXaHHs Ta KPOBOOOIryY, CHCTe-
MU TerI000MiHY i Teruionepesadi Ta CHCTeMH iIMyHHOT'O BIJIKIIMKY, a TAKOXK IXHI B3a€MOJisl Ta B3a€MOBILINB.

Kuio4oBi ciioBa: iHTeNEKTyalbHA CHCTEMA J1arHOCTHKU, MaTeMaTUYHA MOJENb (PyHKIIOHATBHOT CUCTEMH -
XaHHS, B3aEMOisl 1 B3a€MOBIUIMB (DYHKI[IOHAIIBHUX CHCTEM OPraHi3My, afamTailisi OpraHismy 0 eKCTpeMallb-
HHUX 30ypCHb.

Intelligent system of diagnostic human adaptation to extreme disturbance N.I. Aralova, A.O. Chikriy,
L.Ya.-G. Shakhlina // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 181-189.

Abstract. An intelligent system for diagnosing the human body’s adaptation to extreme disturbances of
the external and internal environment is proposed. The components of the system are mathematical models of
transport and mass exchange of respiratory gases, self-organization of the respiratory and circulatory systems,
heat exchange and heat transfer systems, and the immune response system, their interaction and mutual
influence.

Keywords: intelligent diagnostic system, mathematical model of the functional respiratory system, interaction
and mutual influence of the functional systems of the body, adaptation of the body to extreme disturbances.
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VK 004.415.5

ABTOMATH30BaHA Bi3yaJli3allisi KOMIOHEHTIB apxirexkTypu nporpamu s moBu Swift / 0.0. ®paukis,
M.M. I'mnGoBens // Kibeprernxa ta cucremuuid anamis. 2024. Tom 60, Ne 6. C. 190-198.

AmnoTanis. OnucaHoO MOJIENb apXiTEeKTYpH IPOrpaMHOT0 MOJYJIS JUIsl aBTOMAaTH30BaHoI Bizyaurisamii. Mo-
JIeTIb MICTHTH 1H(GOPMAIIiI0 IPO CTPYKTYPHI KOMIIOHEHTH IIPOTpaMy Ta 3B’I3KU MDX HUMH. OXapaKkTepu30BaHO
3aIPONOHOBAHUN MPOTPAMHMI KOMILIEKC IJI1 aBTOMATHYHOI HOOYZOBU MOJENTI MPOrpaM, HAIHCAHHX MOBOIO
Swift. [IpoeMOHCTpOBaHO HA MPUKJIIA/ CIIOCIO BUKOPUCTAHHS 1Ii€l MOJIII /U1l BUSBIICHHS BaJl IPOEKTYBAHHSL.

KrouoBi ciaoBa: mporpamyBaHHS, IIPOTPaMHHM MOIYNb, apXiTekTypa mporpamuoro 3abesmedeHss (I13),
omiHtoBaHHs skocti 13, Bi3yauizaiis apXiTeKTypH, aBTOMATH30BaHUI CTATUYHHMN aHai3, MAOJIOHU HPOEKTY-
BaHHS, METPUKH, aOCTPAKTHE CHHTAKCHYHE JEPEBO.

Automated visualization of program architecture components for the swift language / O. Frankiv,
M. Glybovets // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 190-198.

Abstract. A model of the architecture of a software module for automated visualization is described. The
model contains information about the structural components of the program and the connections between them.
The proposed software complex for the automatic construction of program models written in Swift is
characterized. A method for using this model to detect design flaws has been demonstrated with an example.

Keywords: programming, software module, software architecture, software quality assessment, architecture
visualisation, automated static analysis, design patterns, metrics, abstract syntax tree.
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