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KIBEPHETUKA CYBERNETICS

VK 519.17

Metoa mMoaupikoBaHoro momyky y rpadi Briumd aas modyaoBu Beix MoxkauBux koaiB I'pest 3apaHol
nos:xuun / C.M. HikosnaeB, O.M. PomanoB, A.M. Humyk // KibepHeruka ta cucremHuii anamiz. 2023.
Tom 59, Ne 3. C. 3-9.

AHortauis. Po3risHyTO 3amauy HOIIYKY MOMIJIMBHX BapiaHTiB koay ['pes s iHTepmnperauii 4acToT-
HO-YaCOBHX MaTpPHILIb, SIKi 32CTOCOBYIOTHCS ITijl Yac MPOEKTYBAHHS KaHATiB nepeaaBaHus iHdopmarii. [ToGymo-
BAHO HEOPIEHTOBAHMI OJHOPIJHMI HEMOBHMI MPKYJISHTHUH rpad 4-ro cTeneHs. 3anporoHOBaHO METOJ i all-
TOPHUTM pealizarii MoaudikoBaHOTO HMOIIYKY Y rpadi, 32 JOIOMOroIo SKOro MOXHa oOyayBaTh Bei koxu I'pest
3amaHoi noBxkuHH. HaBeneHo (opMyiy Uit OOYMCIEHHS KUIBKOCTI BapiaHTIB IHX KOJIB.

KurouoBi ciioBa: GiTOBHIA MOTIK, YacTOTHO-4acoBa MaTpHiyl, Ko I'pes, HeopieHToBaHuii rpagd.

Method of modified depth graph search for constructing all possible Gray codes of a specified length /
S. Nikolaev, O. Romanov, A. Nyshchuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 3-9.

Abstract. The problem of finding possible variants of the Gray code for the interpretation of
time-frequency matrices, which are used in the design of information transmission channels, is considered. An
undirected homogeneous incomplete circulant 4-degree graph is constructed. A method and algorithm for
implementing a modified search in the graph are proposed, which can be used to construct all the Gray codes of
a given length. A formula for calculating the number of variants of these codes is given.

Keywords: bitstream, time-frequency matrix, Gray code, undirected graph.

VK 681.322.012
PexypcuBHi KiiTHHHI MeToan MHOkeHHs1 MaTpuusb / JI.JI. €nxdimosa // KibepHeTnka ta CHCTEMHHI aHai3.
2023. Tom 59, Ne 3. C. 10-20.

AHoTanis. 3anpornoHOBaHO J[Ba PEKYPCHUBHI KIITHHHI METOJM MHOKCHHS MaTPHI[b IAPHOTO Ta HEMAPHO-
ro nopsaky, a came: n =277 1a n=3%r (¢ >1, r — nopanox wiitunu, n/ r = m), AKi NOGYOBAHO HA OCHOBI
BIZIOMHX HIBHIKHX KIITHHHHX METO/IB MHOXKSHHS MAaTPULb MOpsaKy n = 2ur (u>1)tan=3ur (u>1), mo 3a-
CTOCOBYIOThCS sk 0a3oBi, komu u=29 (¢>0) ta u=39(¢>0). Hamaui MeTOmM MHOXEHHS KIITHHHHX

(m x m)-MaTpuLb ONEPYIOTh YHCETLHUMH (7 X 1)-KIIITHHAMH, BapilOIOTh IXHIiil HOPSIIOK Ta XapaKTePU3YIOThCS
HalIMECHIIOK Ha BiIMIiHYy BiJ BiZIOMHMX KJIITHHHHX METOJIB MYJIbTHIUIIKATHBHOIO CKJIAJHICTIO, 5IKa JOPiBHIOE

Binnosizuo O(1, 14m 2.807 )TaO(1, 17m2'854) KIIITHHHUM OIepawisM MHOXXeHHs. HoBi MeToau 1aloTs 3Mory ot-

pUMaTH KIITHHHI QHAJIOTU BiJOMHX QJITOPUTMIB MHOXKCHHS MAaTpHLb i3 MAaKCHMAJIBHO MiHIMi30BaHOIO MYIIb-
TUIUTIKATUBHOKO CKJIA/IHICTIO, OLIIHKY SIKOT IT0/IaHO Ha MPHKJIA/(l TPAJUIIHHOTO aJITOPUTMY MHOXKEHHS MaTPHIIb.

KurouoBi ciioBa: uniHiliHa anreOpa, ciM’st KJIITHHHUX METOJIB MHOXKEHHS MaTpUllb, KJIITHHHI aHAJOTH QJIro-
PUTMIB MHOXKEHHSI MATpPHUILIb.

Recursive cellular methods of matrix multiplicaion / L.D. Jelfimova // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 10-20.

Abstract. Two recursive cellular methods for multiplying matrices of even and odd order, namely:
n=2%rand n=39r (g >1, ris the order of the cellules, n / r = m) are proposed. These methods are based on the
well-known fast cellular methods for multiplying matrices of order n=2ur (u>1) and n=3ur (u>1). New
methods for multiplying cellular (m x m)-matrices operate by numerical (r x r)-cellules, variate their order, and
are characterized by the lowest (compared to the well-known cellular methods) multiplicative complexity,
which equal, respectively, to O(1,14m 2'807) and O(1,17m 2'854) cellular operations of multiplication. These
methods allow obtaining cellular analogs of the well-known matrix multiplication algorithms with maximally
minimized multiplicative complexity, whose estimation is illustrated by the example of the traditional matrix
multiplication algorithm.

Keywords: linear algebra, family of cellular matrix multiplication methods, cellular analogs of matrix
multiplication algorithms.

CUCTEMHHU AHAJII3 SYSTEMS ANALYSIS

YIK 519. 21
Onrumizanis Ta inenTudikanis croxacruunux cucrem / I1.C. Knonos // KibepHeTrka Ta CUCTEeMHHUI aHai3.
2023. Tom 59, Ne 3. C. 21-32.

AHoTauis. Y poOoTi HaBeICHO OIJIA JESIKUX IIHPOKO BIJIOMHUX HAYKOBHX PE3YJbTATiB 3 TEOpil cToxac-
TUYHOI ONTUMI3alii Ta Teopii pu3uKy, oxepkanux akagemikom HAH Ykpainu F0.M. €pmoibeBnm, iforo kore-
raMM Ta y4HSIMH. PO3IVSIHYTO NpHKIagM 3 Teopil mapaMeTpUYHOro Ta HEHapaMETPUYHOIO OL[HIOBAHHS.
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KurodoBi ciaoBa: croxacTWdHa ONTHMI3allis, OLIHIOBAHHS, PO3MOALI, PU3MK.JIIHIHHOIO HPOrpamMyBaHHs,
AMPL, Gurobi, CPLEX, onrumManbHe po30HTTsS MHOXUHH, p-MexiaHa rpady, Meron k-cepenHix, MaTepiaib-
HO-TeXHIUHE 3a0e3MCUeHHS.

Optimization and identification of stochastic systems / P.S. Knopov // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 21-32.

Abstract. The author overviews some well-known scientific results from the theory of stochastic
optimization and theory of risk, obtained by the academician of the National Academy of Sciences of Ukraine
Y. M. Ermoliev, his colleagues, and students. Examples from the theory of parametric and non-parametric
estimation are considered.

Keywords: stochastic optimization, evaluation, distribution, risk.

VK 330.115

3B’A3KH MiK CTiIHKOI CTATHCTHYHOK ONIHKOI, HAAIHHUM NPUHHATTAM pilleHb i3 /JABOETAIHON
CTOXACTHYHOK ONTHMIi3aliel0 Ta HajiiiHUMHU npodieMamu MammuHHOro HaByauusi / T. €pmoabesa, 0.
€pmoanes, I1. T'aBauk, A. Jlecca-/epci-Ayrycrununk, H. Komennanrosa, T. Kaxin, k. Bankosiu,
P. Ckaabcebki, K. ®@oabept, I1.C. Knonos, I'. Bour (I'. Baur) // KibepueTtuka ta cucremuuii anaiiz. 2023.
Tom 59, Ne 3. C. 33-47.

AnoTanisi. Po3risiHyTO 3B’513KM MDK 337a4aMH JBOCTAITHOTO CTOXACTHYOrO IPOrpamyBaHHsi, podiema-
MH BU3HAYCHHS POOACTHHX pillleHb, poOACTHHMH METOAaMH y CTATHCTHUII Ta MAIIMHHOMY HaBUaHHI. B ymoBax
HEBU3HAUCHOCTI, MOYKIMBOTO HACTaHHS eKCTPEMAIBbHUX IOJiH Ta CUTYyalil, Ii 3a1a4i MOoTpeOyIOTh PO3IILLY Ta
ONTHMI3alli CHCTEM 3 KBAaHTWJIBHUMH KpPUTEPiIMH, OOMEKECHHSIMH Ta IHIMKATOPAMH SIKOCTI pPe3yJbTaTiB
(byHKuisME 30MTKIB). 3a/1a4i ABOCTAITHOTO CTOXACTUYHOTO IPOrPaMyBaHHS MOKHA €()EKTUBHO PO3B’SI3aTH iTe-
paTHBHHMH METO/IaMH CTOXacTHYHHX KBasirpamieHTiB (SQG). Meroau SQG nmaroTh 3MOry pO3B’s3yBaTH He-
IIaJKi, MOXJIMBO PO3PUBHI Ta HEOIYKJI 33/aui MalIMHHOIO HAaBYAHHS, HANPHUKIIAJ, 33/1a4ui KBaHTHJIBHOI per-
pecii Ta HaBYaHHS HEHPOHHOI Mepexi. Taki MOHSTTS, K TOIMYCTUMI PO3B’SI3KH, ONTHMAIBHICTE Ta POOACTHICT
y 3araJpHUX 3a/adax OPUHHATTS pillleHb BU3HAYAIOTHCS KOHKPETHOIO CUTYaIli€l0 NPHHHATTS pilleHb. 3agadi
PpOGACTHOrO CTAaTUCTUYHOTO OILHIOBAHHS Ta MAIIMHHOTO HABYaHHS MOYKHA IHTETPYBATH y 3a[adl IUIaHyBaHHS
JUCLUILTIHAPHUX Ta MDKAMCUMIUIIHADHUX CUCTEM, SIK-OT: CHCTEM 3EMJICKOPUCTYBAHHS, CLIbCHKOrOCIOap-
CBbKHUX, CHEPreTHYHHX, THX, 10 CIYT'yIOTh JUIS MIATPUMKH HPUITHATTS pOOACTHUX PillleHb B yMOBAaX HEBU3Hade-
HOCTEH, 3POCTAI0YMX CHCTEMHHX 3aJICKHOCTEH Ta HEBIJOMUX PHU3HKIB.

KurouoBi ci1oBa: jBoeTanHa 3ajjaya CTOXaCTHYHOI ONTUMI3alll, poOacTHE MPUIHATTS PIillIeHb Ta CTATUCTUYHE
OLIIHIOBAaHHS, pOOACTHA KBAHTWIIBHA PErpecisi, MalIMHHEe HABYAHHS, 3aralibHi IPOOIEeMU IPHIAHATTS pOOACTHUX
pillieHb, CHCTEMHI PH3UKH, HEBH3HAYCHOCTI.

Connections between robust statistical estimation, robust decision-making with two-stage stochastic
optimization, and robust machine learning problems / T. Ermolieva, Y. Ermoliev, P. Havlik,
A. Lessa-Derci-Augustynczik, N. Komendantova, T. Kahil, J. Balkovic, R. Skalsky, C. Folberth, P.S.
Knopov, G. Wang // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 33-47.

Abstract. The paper discusses connections between the problems of two-stage stochastic programming,
robust decision-making, robust statistical estimation, and machine learning. In the conditions of uncertainty,
possible extreme events and outliers, these problems require quantile-based criteria, constraints, and
“goodness-of-fit” indicators. The two-stage STO problems with quantile-based criteria can be effectively solved
with the iterative stochastic quasigradient (SQG) solution algorithms. The SQG methods provide a new type of
machine learning algorithms that can be effectively used for general-type nonsmooth, possibly discontinuous,
and nonconvex problems, including quantile regression and neural network training. In general problems of
decision-making, feasible solutions and concepts of optimality and robustness are characterized from the
context of decision-making situations. Robust ML approaches can be integrated with disciplinary or
interdisciplinary decision-making models, e.g., land use, agricultural, energy, etc., for robust decision-making in
the conditions of uncertainty, increasing systemic interdependencies, and “unknown risks.”

Keywords: two-stage STO, robust decision-making and statistical estimation, robust quantile regression,
machine learning, general problems of robust decision-making, systemic risks, uncertainties.

YK 504.06
Orasg  MeroaiB  MojeawBaHHsa KiaiMatuynux 3min / B.A. TlemeasieB, O.M. ToJoanikos,
H.O. T'ononnikoBa // Kibepuernka Ta cucremuuii anamis. 2023. Tom 59, Ne 3. C. 48-58.

AHoranis. HaBeaeHO Oriisi/i OCHOBHUX MiJXOJiB /IO BUBYEHHS KIIMATHYHUX 3MiH. I'0JIOBHUM METO1OM
JIOCITIJDKEHHS € MaTeMaTHYHe MojiemoBanHs. KiliMaTHiHi Mol IPYyHTYIOThCA Ha (Di3MYHMX 3aKOHAX i Bpaxo-
BYIOTB CIleHapii emiciii mapHUKOBHX Ta3iB. X BHKOPHCTOBYIOTH IS TOCITi/KEHHS MPOTIECB, AKi BifIGYBAIOTHCS
y KIIMaTH4HIf CHCTeMi, Ta HPOTHO3YBaHHS MOMIHMBOTO KIIMaTHYHOro MaiOyTHboro. OcoOmuBy yBary
MPUAIIEHO B3a€MO3B’ 3Ky MK riobanbHuMHU KiiMatnyHumu Monensimu (GCM), perioHanbHUMHU KIIMaTUYHU-
mu monensivu (RCM) i merogamu 3MeHIIeHHs Macmitaly. Po3riasiHyTo miaxin 10 aHaiisy Ta BiATBOPEHHS
KITIMaTHYHUX 3MiH, KU TOJSra€e y HOPIBHSAHHI pe3ysbTaTiB 6araropa3oBOro MOJEIIOBAHHS MK c0000 Ta 3
JIAaHHMH CIOCTEPE)KCHb.
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KarouoBi ciioBa: 3MiHa KiriMaTy, riio0ajibHa KIIiMaTHYHA MOJIEINb, perioHajibHa KJIIMaTHYHA MOJENb, CTATHC-
TUYHUH JayHCKEIUTHT, cleHapii BUKHIIB HMapHHKOBUX TIa3iB.

Review of climate change modeling methods / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 48-58.

Abstract. This authors overview the main approaches to the analysis of climate change. Climate models
are based on physical laws and take into account scenarios of greenhouse gas emissions. They are used to
analyze the processes in the climate system and predict possible climate future. The authors focus on the
relationship between global climate models (GCMs), regional climate models (RCMs), and downscaling
methods. An approach to the analysis and reproduction of climatic changes is also considered, which compared
the results of multiple simulations with each other and with observational data.

Keywords: climate change, climate models, statistical downscaling, scenarios of greenhouse gas emissions.

VK 519.8
HepnominoBaHi ajbTepHATHBHU /UIst HediTkoi MHO:KMHM ekcneptiB / C.O. Mamenko // KiGepHetuka Ta
cucreMuuii ananiz. 2023. Tom 59, Ne 3. C. 59-70.

AmnoTanisi. J[0CIIi/UKeHO MHOKHHY HEJIOMIHOBaHUX aJbTEPHATHB B 33/1adi TPyNOBOTO NPUHHSATTS PillleH-
HS HEUITKOIO MHOXKHHOIO ekcriepTiB. [Toka3aHo, mo BoHa € HewiTkolo MHOkHHOIO THITy-2 (T2FS). [To6ynoBano
(dyHkuUio HamexHOCTI THIY-2 i€l MHOKuHK. {1t nocnimkenHs T2FS HenoMiHOBaHUMX albTEpPHATUB BUKOPHUC-
TaHO JIeKoMIo3uLiitHui minxin. ITokasano, mo T2FS HenoMiHOBaHMX albTEPHATHB MOXKE OYTH PO3KIIAJICHOO
3a BTOPMHHUMH CTYICHSMU HAJIGKHOCTI Ha CKiHUCHHHMIT Hablp HeUiTKUX MHOKHUH Thiy-1. KojkHa 3 HUX € MHO-
JKHHOIO HEJOMIHOBAHHMX AaIbTEPHATHB I YiTKOI MHOXKHHU EKCIEpPTIB, sKa € BIANOBIIHUM a-IiepepizoMm
BUXIZIHOT HEYiTKOI MHOXMHM. HaBeneHO mnpuKiaau.

KurouoBi cjioBa: mpuiiHATTS pillieHb, HEYITKE BiJHOIICHHs MEpEBark, HEYiTKa MHOXKHHA THITY-2.

Non-dominated alternatives of fuzzy set of experts / S.O. Mashchenko // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 59-70.

Abstract. The author analyzes a set of non-dominated alternatives in the problem of group
decision-making by a fuzzy set of experts and shows that it is a type-2 fuzzy set (T2FS). The corresponding
type-2 membership function is generated. The decomposition approach is used to analyze the T2FS of
non-dominated alternatives. It is shown that the T2FS of non-dominated alternatives can be decomposed
according to secondary membership grades into a finite collection of type-1 fuzzy sets, each being the set of
non-dominated alternatives for a crisp set of experts, which is the corresponding a-cut of the original fuzzy set.
Illustrative examples are given.

Keywords: decision making; fuzzy preference relation; type-2 fuzzy set.

VK 517.988
ImMnyabcHa TpaekTopHO-(iHANBLHA KepoBaHicTh mapadosiuno-rinepdosaiunnx cucrem / B.B. Cemenos,
C.B. [lenncoB // KiGepHernka Ta cucreMHuii anamiz. 2023. Tom 59, Ne 3. C. 71-82.

AmnoTanis. JlociimKkeHO NHUTAHHS ICHYBAaHHS Ta €IMHOCTI y3araJbHEHHX PO3B’SI3KIB I'PAHMYHHX 3a1ad
JUISL pIBHSIHB Napa0oIIiYHO-TIepOOTIYHOTO THITY 3 y3araJbHEHHMH (YHKI[ISIMH CKiIHUCHHOTO ITOPSIKY Y IIPaBHUX
yacTHaX. MOTHBALIIEIO € aHaTi3 3a7a4 TPAEKTOPHOI Ta (hiHAIBHOI KEPOBAHOCTI CHCTEM, LIO BU3HAYAIOTHCS
LUMHU TPAHUYHUMH 33[a4aMHU 1 3a3HAIOTh 30CEPEKEHUX BIUIMBIB TUITY IMITYJIbCHUX a00 TOUKOBUX. Po3rmsHyTi
CHCTEMH MOYKHA BBXKATH «IrPAIIKOBUMHU MOJCISIMU» B3a€MOJIi TBEPAOTro Tijia Ta pixuHu. OTpHUMaHO anpiopHi
OLIIHKM B HETaTHBHHUX HOpMax. /[0BeIeHO TeOpeMHU ICHYBaHHS Ta €JMHOCTI y3araJbHEHHX PO3B’SI3KIB Ta Teope-
MH TPa€eKTOPHO-(PiHATEHOI KEPOBAHOCTI CHCTEM 3 CHHIYJISIPHAMHU BIUIMBAMH.

Kiio4uoBi ciioBa: KepoBaHIiCTh, PIBHAHHS MapabosivHO-TinepOOiuHOrO THITY, anpiopHi OMIHKH, HEraTHBHI
HOPMH, y3araJbHEHHIl PO3B’SI30K, IMIYJIbCHE KEpYyBaHHI.

Impulse trajectory and final controllability of parabolic-hyperbolic systems / V.V. Semenov, S.V. Denisov
/I Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 71-82.

Abstract. The authors investigate the existence and uniqueness of generalized solutions of
boundary-value problems for equations of the parabolic-hyperbolic type with generalized functions of finite
order on the right-hand sides. The motivation is the analysis of the problems of trajectory and final
controllability of systems described by these boundary-value problems and subjected to concentrated influences
of the impulse or point type. The systems can be considered “toy models” of the interaction of a solid body and
a liquid. A priori inequalities in negative norms are obtained. The theorems of existence and uniqueness of
generalized solutions and theorems of trajectory and final controllability of systems with singular influences are
proved.

Keywords: controllability, equations of parabolic-hyperbolic type, a priori inequalities, negative norms,
generalized solution, impulse control.
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VK 519.83:517.7

Po3p’s13aHHs 3a7a4i M’SIKOTO 30/IMKEHHS] KePOBAHNX KOJIMBHHX CHCTEM 3 BHKODHCTAHHSIM NPUHIMIY
postarysanns 4acy / I'.Il. Ynkpiii, B.M. Ky3bmenko // KibepHeruka ta cucremunii anamis. 2023. Tom 59,
Ne 3. C. 83-94.

AmnoTanisi. Po3risiHyTO irpoBy 3amady Ipo MKy 3ycTpid KepoBaHHX KOJIMBHUX CHCTEM, TOOTO IPO IXHE
OJHOYACHE 30IIDKEHHS 32 TEOMETPHUYHHMH KOOPAUHATAMY 1 IIBUAKOCTAMH. 3a3HAUCHO, IO Oe3mocepenHe 3a-
crocyBaHHs nepioro npsimoro Merony JI.C. TTonTpsirina 10 po3B’si3aHHS i€l 3aJa4l € HEMOXIIMBUM, OCKIJIbKH
JUIs Hel He BUKOHYETBhCS YMOBA, Ha sIKiil 0a3zyeTbcs 1iel MeTo. BoHa mossirae y MUTTEBIH nepeBasi B pecypcax
KepyBaHHs [epeciigyBaya (Toro, XTo 6axxae Takoi 3ycTpidi) Haja BTikaueM (THM, XTO il YHUKAE). Y 3ampOrOHO-
BaHOMY METOJIi 3aCTOCOBAHO IPHHIHII PO3TATYBAHH Yacy, KU Ja€ MOXKIINBICTD TOCIA0UTH 3rajlaHy YMOBY Ta
3aBEPLINTHU TPy 32 HOJOBKEeHHH yac. OnucaHo MeToJ po3B’sI3aHHS 3a/1adi, 0 BUKOPHUCTOBYE IIEBHY (PYHKIIIIO
PO3TAryBaHHS 4acy, a TAKOXK aJIrOPUTM, BapiaHTH MOOYHOBH KePyBaHHS IEPECIIiyBada Ta HPUKIIAL KOMII FO-
TEpHOI peanizalii mporecy 30JMKEHHS Ha IUIOIIUHI.

KurouoBi cioBa: nudepenmiansaa rpa, M’sike 301KeHHsI, (yHKIIS pO3TAryBaHHS 4acy, MOAU(ikoBaHa yMOBa
TloHTpsirina, ceraekTop OaraTO3HA4YHOTO BiTOOPaKCHHSI.

Solving the problem of soft meeting for controlled oscillatory systems based on the principle of time
stretching / G.Ts. Chikrii, V.M. Kuzmenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 8§3-94.

Abstract. The game problem of a soft meeting of controlled oscillating systems, i.e., their simultaneous
coincidence of geometric coordinates and velocities, is considered. Applying Pontryagin’s first direct method
[1] to solve this problem is impossible since the condition underlying this method is not satisfied. This
condition is an instantaneous advantage of the pursuer (the one who strives to achieve this meeting) over the
evader (the one who tries to avoid it). In the method, we apply the principle of time stretching, which weakens
this condition and makes it possible to terminate the game in a finite time. The paper outlines the problem
solution method that employs a certain time-stretching function. Also, an algorithm, variants of constructing the
pursuer control, and an example of computer implementation of the convergence process on the plane are
provided.

Keywords: differential game, soft meeting, time stretching function, modified Pontryagin’s condition, selection
of set-valued mapping.

VK 004.891.3
OuiHoBaHHsI KOPUCHOCTI OiHapHOro KiacudikaTopa Ha ocHOBI yaockoHaneHoro meroay ROC-anamnisy /
0.A. Kykoscbka, JI.C. ®aiinsinbdepr // Kideprerrka Ta cucremnnii ananiz. 2023. Tom 59, Ne 3. C. 95-105.

Awnotanis. CHopMynbOBaHO O3HAYCHHS KOPUCHOCTI OiHAapHOro Kiacudikaropa B CEHCI 3MEHIICHHS
anpiopHOTro PH3MKY MOMUIKOBOI Kitacuikariii. 3apornoHOBaHO TOCTaTHI yMOBH, LIO FAPAHTYIOTh KOPHCHICTD
JIiarHOCTHYHOT'O TECTY 3TiIHO 3 UM O3HaYeHHsM. OTpUMaHi YMOBH Ha/lajIi 3MOT'Y BIOCKOHAJINTH TPaJHIiHIIT
ROC-anani3 3aBasku oOMexeHHI0 Binnosinuoro ¢pparmenta ROC-kpusoi. [Tokaszano, mo npsima, sika 00Mexye
(dparmenT ROC-kpHBOI rapaHTOBaHO KOPUCHOTO TECTY, 30Ira€ThCsi 3 BiJOMOIO i30JIiHI€I0 €(EKTUBHOCTI, 110
BI/INIOBiIa€ PIBHIO anpiopHOTO PU3HKY. BH3HAYEHO JOMyCTHMI MEXi CIIBBIAHOIICHHS BTPAT BiJl MOMUIIKH IIPO-
IyCKy LiTi Ta XMOHOT TPUBOTH, 32 SKUX TECT i3 BiAMOBIIHUMHU ONEPALIHHUMH XapaKTEPHCTUKAMH 3aUIIAETHCS
KOPUCHUM JUIsl CKPHHIHTY 3aXBOPIOBaHHS 3 BiJOMHUM MpeBajieHcoM. Ha 0CHOBI oTpuMaHuX pe3yibratiB 00rpyH-
TOBAaHO e(DEeKTHBHICTH HOBOIO METO/Y aHaIIi3y Ta IHTepIpeTallii eleKTpoKapAiorpam, sIKuii IpyHTYEThCSI Ha BH3-
HAUCHHI OPUTIHAJIBHOI 1IarHOCTUYHOT 03HAKH Y ()a30BOMY IPOCTOPI Ta HAZAE 3MOTY BHSBIIATH OCI0 3 BUCOKHM
PHU3HMKOM iIIEMi4HOi XBOPOOM CEplLsi Ha paHHIX CTaJisX 3aXBOPHOBAHHS.

KuarouoBi ciioBa: Ginaphwuii kinacugikarop, ROC-kpuBa, qiarHoCTHYHA 03HAKa, aHaii3 Ta inTepnperaris EKT.

Evaluation of the usefulness of binary classifier based on enhanced ROC-analysis / O.A. Zhukovska,
L.S. Fainzilberg // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 95-105.

Abstract. The definition of the usefulness of the binary classifier from the point of view of reducing the
a priori risk of false classification is formulated. Sufficient conditions are proposed to guarantee the utility of
a diagnostic test according to this definition. The obtained conditions improved the traditional ROC analysis by
limiting the corresponding region of the ROC curve. The line limiting the region of the guaranteed useful test is
shown to coincide with the known iso-performance line corresponding to the a priori risk level. Permissible
limits of the ratio of losses from target misses and false alarms were determined, according to which a test with
appropriate operational characteristics remains useful for screening a disease with a known prevalence. Based
on the obtained results, the authors substantiated the effectiveness of the new method of the analysis and
interpretation of electrocardiograms, which is based on determining the original diagnostic feature in the phase
space and enables detecting persons with a high risk of coronary heart disease in the early stages of the disease.

Keywords: binary classifier, ROC curve, diagnostic feature, analysis and interpretation of ECG.
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VJK 519.8
Jesiki acHMNTOTHYHI BJACTHBOCTI po3B’A3KiB piBHAHB Jlanaca B oquHuyHomy kpys3i / T.B. Kuramio,
10.1. XapxeBuu // Kibepreruka ta cuctemuuil anamis. 2023. Tom 59, Ne 3. C. 106-114.

AHoTanis. Po3miiHyTO OnTHMI3aliliHy 3amady, y SIKiH JOCHIDKYETbCS IHTErpasibHE IPEICTAaBICHHS
BiIXWJIEHHS JTHIHUX J0/1aTHUX OrepaTopiB Ha Kiacax (v, ) -nudepeHuiiioBHuX QYHKLIN B iHTErpaibHiil MeT-
puwi. Sk moxaTHui HiHiHEI onepaTtop B3sTo iHTerpai [lyaccona, sikuit € po3s’si3koM piBHsHHA Jlamaca B mo-
JSIPHUX KOOPAMHATAX 3 BIAMOBIAHMMH IOYaTKOBHMH yMOBaMH, 3aJaHUMH Ha MEXi OJMHUYHOTO Kpyra. [Hrer-
pau Ilyaccona BiTHOCATB /10 OIEPATOPIB 3 AENbTa MOJIOHUM SAPOM, @ OTKE, € HAHKPALIMM arapaToM JUls po3-
B’s13yBaHHs 0araTboX 3ajay PUKIAIHOT MATEMATUKH, a caMe: METOIB ONTHMI3aLil Ta BapialifHOro YMCIICHHS,
MaTEMaTH4YHOI TEOpil KepyBaHHs, TEOpil AMHAMIYHMX CHCTEM Ta IrpOBHX 3ajad AMHAMIKH, IPUKIAJHOTO
HEJIHIHHOrO aHami3y Ta TOuIyKy pyxomux 06’ektiB. Kmacu (v, [)-mudepenuiiioBuux QyHKuii, Ha SKHX
JIOCITIJKEHO aCHMITOTHYHI BJIACTHBOCTI PO3B’sI3KiB piBHsHB Jlaruiaca B OJMHUYHOMY Kpy3i, € y3arajlbHCHHIMI
no0pe BioMux B onTuMizaliiiHux 3agadax kiacie CoOonesa, Beitna—Hans Tomo. Po3s’s3ana 3amada nactb
3Mory OyjyBaTu SIKICHI MaTreMaTH4Hi Mozesi 06araThboX NMPHPOAHMYMX Ta COLIAIBHUX MPOLECIB.

KurouoBi cioBa: pisusinust  Jlamaca, (y,f)-noxinsa, onrumisauiiini 3azaui, 3amaua  Konmoropo-

Ba—HikosbChKOTO.

Some asymptotic properties of the solutions of laplace equations in the unit disc / T.V. Zhyhallo,
Yu.l. Kharkevych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 106-114.

Abstract. The authors consider the optimization problem related to the integral representation of the
deviation of positive linear operators on the classes of (1, #)-differentiable functions in the integral metric. The
Poisson integral is taken as a positive linear operator, being the solution of the Laplace equation in polar
coordinates with the corresponding initial conditions given on the boundary of the unit disc. The Poisson
integral refers to operators with a delta-like kernel; therefore, it is the best apparatus for solving many problems
of applied mathematics, namely: optimization methods and calculus of variations, mathematical control theory,
theory of dynamical systems and game problems of dynamics, applied nonlinear analysis and moving objects
search. The classes of (y,p)-differentiable functions are generalizations of the well-known Sobolev,
Weyl-Nagy, etc. classes in optimization problems, on which the asymptotic properties of solutions of Laplace
equations in the unit disc are analyzed. The problem solved in the paper will make it possible to generate
high-quality mathematical models of many natural and social processes.

Keywords: Laplace equation, (i, 3)-derivative, optimization problems, Kolmogorov—Nikol’skii problem.

YK 519.816

Miaxin 1o ouiHwBaHHA cTiliKocTi po3B’s3KiB, OTPUMAHUX 0araTOKPUTEPIliHUMHI MeTOJaMH, 10 MOXHOOK
3HaYeHb KoediuieHTiB BaxkaupocTi nokasHukis / I.C. Pomanyenko, M.M. Ilorbomkin, O.I1. Kpaseus,
A.A. Cengnsip // KibGepuernka Ta cucreMmumii amami3. 2023. Tom 59, Ne 3. C. 115-126.

Amnotaunis. [Toka3aHo, o Ha po3B’3KH, OTPUMYBaHI 0araTOKpUTEpPiifHIME MeToaMU (PaH>KyBaHHS ajlb-
TepHATUB Ta (OPMYBAHHS iXHBOTO SAPA), MOXKYTh BIUTMBATH MOXHOKH 3HAUCHb KOC(ILICHTIB BaYKIUBOCTI MO-
Ka3HHUKIB, SIKKMH XapaKTepU3YeThCsl JOCII/PKYBaHa CHCTeMa. 3a3HadeHo, IO OLIHIOBAHHS CTIMKOCTI IUX PO3-
B’SI3KIB € Ba)JIMBOIO CKJIaJI0BOI0 BUCHOBKIB IIPO MOJKJIMBICTh MPAKTHYHOTO BUKOPHCTAHHS PEKOMEHAALIi, po3-
poOmoBaHUX Ha IXHiff OCHOBi. 3ampONOHOBAHO MiAXiJ MO OLIHIOBaHHsS CTIHKOCTI, HAaBEIEHO MHEKUIbKA
NPUKIANIB 3/1iHCHEHHS PO3PaxXyHKIB 3 HOro BUKOpHCTAaHHSAM. Llelt miaxix nacTh 3MOry IHiJBHIIUTH OOIPYHTO-
BaHICTh PE3yJIbTATIB PO3B’SI3aHH OaraTOKPUTEPIMHUX 3a/ay 3a PaxXyHOK OTPUMAHHS JOCTaTHbO 00’ €KTUBHUX
MiJIcTaB JJIsi BHCHOBKIB 100 IXHBOI CTIMKOCTI.

KurouoBi cioBa: OaratokpurepiiHuil MeTos, Koe(ilieHT BaXKIIMBOCTI, OXHOKA 3HAYCHHS KOe(ilieHTa BaXKIIi-
BOCTI, paH)XyBaHHS allbTEPHATHUB, CTIMKICTh PO3B’S3KY, SAPO AIBTEPHATHBHU.

The approach to assessing the stability of solutions obtained by multi-criteria methods to the errors of the
values of the importance coefficients of the indicators / I.S. Romanchenko, M.M. Potomkin, O.P. Kravets,
A.A. Sedliar // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 115-126.

Abstract. The authors show that the solutions obtained by multi-criteria methods (ranking of alternatives
and formation of their core) can be affected by errors of the values of the importance ratio of the indicators that
characterize the system under study. The stability analysis of such solutions is shown to be an important
component of the conclusions about the possibility of practical use of the recommendations developed on their
basis. The stability analysis approach is proposed and used in several examples of calculations. This approach
will increase the substantiation of the results of the solution of multi-criteria problems due to obtaining
a sufficiently objective basis for the conclusion on their stability.

Keywords: multi-criteria method, importance ratio, error of importance ratio value, ranking of alternatives,
solution stability, alternatives core.
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VK 512.552.22:517.952

Po3p’s13aHHsI cucTeMH PiBHSIHb NEPIIOro NMOPSIAKY Y YACTHHHHX MOXIAHMX MeTOAaMHU JAeKOMIO3uuii /
10.M. Bazuiesuy, I.A. Koctiomko, O./1. Cranina // Kibepueruka ta cucremuuii ananiz. 2023. Tom 59, Ne 3.
C. 127-132.

AwnoTtanisi. OnucaHo CIPOIICHHS CHCTEMH PIBHSHb LUIIXOM JICKOMIIO3MIII HA HE3aleKHI IiICHCTEMHU
a0o iepapxivHoi (ociiioBHOT) rexoMmno3uLii. Po3pobieHo anrebpaidni MEeTOH, SIKi JAalOTh 3MOTY 3BECTH MaT-
puLi Koe(imieHTIB 10 OI0YHO-iaroOHaIBHOTO a00 OJIOYHO-TPUKYTHOTO BUIILALY. Lle jae MOXIMBICTH 3HAYHO
CIIPOCTHTH 3aJady Ta y 06araTbOX BHIIQJKaX OTPUMATH AHATITHYHUH PO3B’SI30K.

KurodoBi cioBa: MaTpuil, nepeTBOPEHHs MOMIOHOCTI, AndepeHIianbHi PIBHSIHHSA Y YaCTHHHUX TOXIIHUX, Je-
KOMITO3HILis.

Solving a system of first-order partial differential equations using decomposition methods /
Y.N. Bazylevych, I.A. Kostiushko, O.D. Stanina // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3.
P. 127-132.

Abstract. The system of equations is simplified by decomposition into several independent subsystems
or by hierarchical (sequential) decomposition. The algebraic methods are developed, which reduce the matrix of
coefficients to a block-diagonal or block-triangular form. This significantly simplifies the problem and often
makes it possible to obtain an analytical solution.

Keywords: matrices, similarity transformations, partial differential equation, decomposition.

VK 519-7/339.9

KepyBaHHsI pPUHKOM NepeMillleHHs] KamiTajJy Ta ONTUMi3alisi ynpaBJiHHA CBITOBUMHM €KOHOMIi4YHOIO i
0aHKIBCHKOI cHCTeMaMM B yMoOBax ruodainizauii. PerymoBanus peryastopie / B.B. Xuienko //
Kibepueruka ta cucremunii amamis. 2023. Tom 59, Ne 3. C. 133-140.

AHoTanis. Po3rsiHyTO 0COGIMBOCTI PEryIOBaHHS JHHAMIKH CBITOBOT (DiHAHCOBO-EKOHOMIYHOI CHCTEMH
(®EC) B ymoBax miobanizanii. 3alporoHOBaHO BUKOPHCTAHHS MATPHULl EPEXPECHOr0 NMepeMilieHHs KaliTany
SIK MOJIeJIi aHaNi3y PyXy iHBecTHIH i ynpasiinas cBitoBoto PEC. O6rpyHTOBaHO HEOOXIIHICTH CKOOPAUHOBA-
HHX Jifl peryasTopiB CBITOBHX €KOHOMIK 1 pO3pOoOJICHO MOJeNb Aill peryiaTopiB I 30epexeHHs CTanol Iu-
Hamiku cBitoBoi DEC. Po3risiHyTO BIUIMB PHHKY IEpEMIIICHHS KaliTaly Ha napameTpu XBuib KoH-
nparbeBa—lllymmerepa. 3anponoHOBaHO MaTeMaTH4YHY MOJCIb BH3HAYCHHS ¢()EKTUBHOCTI BIMBAHb «TEIiKOI-
TepHUX rporeiy. [ OLiHKH CTaHy eKOHOMIKM B yMOBax IJo0asi3awii 3armporoHOBaHO BHKOPHUCTOBYBATH
koMmOiHarito ingukaropa baddera, inamkaTopa BHXIIONMYBaHHS, KoeQillieHTa CIIIHIOBaHHSA Ta iHJIMKAaTopa
MIBHUIKOCTI 3MIiHM YacTKU IMO3MKOBHMX I1HBECTHIIIM.

KumouoBi ciioBa: onrumizauist ynpasiinus citoBoro @EC B ymoBax riiobaizaiii, MATPHILS MEPEXPECHOTO Iie-
peMillleHHsT KalliTally, PUHOK IIEPeMIICHHs KamiTany, CGKOHOMIYHI IMKJIM, MaTeMaTHYHE MOJICIIIOBAHHS,
ONTHMI3allisl KePyBAIBHUX BIUIUBIB peryisiTopis, iHaukarop baddera, iHankaTop BUXIIOMYBaHHS, 1HIUKATOP
MIBAIKOCTI 3MIiHM YacTKH ITO3MKOBHMX I1HBECTHIIIM.

Management of the capital transfer market and optimization of management of the world economic and
banking systems in the conditions of globalization. Regulation of regulators / V.V. Khilenko // Kibernetyka
ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 133-140.

Abstract. The peculiarities of regulating the dynamics of the world financial and economic system (FES)
in the conditions of globalization are considered. It is proposed to use the matrix of the cross movement of
capital as a model for the analysis of the movement of investments and management of the global FES. The
need for coordinated actions of regulators of world economies is substantiated, and a model of actions of
regulators to preserve the sustainable dynamics of the global FES is developed. The impact of the capital
transfer market on the parameters of Kondratiev—Schumpeter waves is considered. A mathematical model for
determining the effectiveness of “helicopter money” injections is proposed. To assess the state of the economy
in the conditions of globalization, it is proposed to use a combination of the Buffett indicator, the splashing out
indicator, foaming coefficient, and the indicator of the rate of change in the share of loan investments.

Keywords: optimization of the management of the world FES in the conditions of globalization, matrix of
cross capital movement, capital movement market, economic cycles, mathematical modeling, optimization of
the controlling influence of regulators, Buffett indicator, the splashing out indicator, foaming coefficient,
indicator of the rate of change of the share of loan investments.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

YIK 519.6

Po3B’s13yBaHHs 32/1a4 HA BJACHI 3HAYeHHS B 3MiHHOMY KOMII’IOTEPHOMY cepel0OBHILI CynepKoMII’I0TepiB
/ O.M. Ximiu, O.B. ITonos, O.B. Yucrtsikos, B.O. KoxanoBcbkmii // KibepHeTrka Ta CHCTEMHUIA aHai3.
2023. Tom 59, Ne 3. C. 141-156.

AHoTauis. 3arnpornoHoBaHO MaTeMaTHYHE 3a0e3MEUeHHs VIS JOCIIDKEHHS Ta PO3B’A3yBaHHS HAa KOM-
m’rotepi MIMD apxiTekTypH 3 rpadidHIME Oporiecopamu anredpaidHoi npobieMu BlacHUX 3HaveHb. o ckiia-
JIy MaTeMaTHYHOTO 3a0e3IeUeHHs BXOITh MapayelbHi alrOPUTMH Ta MPOrpaMHu 3 QyHKIIIMUA aBTOMAaTHYIHOTO
aJIalTHBHOTO HAJIAIITYBaHHS 3MiHHOTO KOMII IOTEPHOTO cepenoBuiia (baraTopiBHEBHIl mapaieinizM, 3MiHHA TO-
TI0JIOTsI MDKIIPOIIECOPHUX 3B’3KiB, 3MillIaHa PO3PSIAHICTH, KEIIH3allis TOI0) HA BUSABICHI B KOMII IOTepi Mare-
MaTH4HI BIACTUBOCTI 33/1a4i Ta HOro apXiTeKTypHI 0COOMMBOCTI At 3a0e3MeUeHHs JOCTOBIPHOCTI Pe3yJIbTaTiB
PO3B’s3yBaHHsI 1 €(EKTHBHOTO BHKOPHCTAHHS OOYHCITIOBATILHHUX PECYPCIB.

KurouoBi cioBa: anrebpaiuna npo6iaema BiacHHX 3HadeHb (AIIB3), 3MiHHe KOMIT IOTepHE CepefoBHUIIe, aal-
THBHI aJTOPUTMHU, METO/| CIIPSDKEHUX I'Pai€HTIB, METOJI iTepaliil Ha MiAnpocTopi, baraTosAepHUil KOMII 0TEep
MIMD-apxiTektypu 3 rpadiuHUMH TPOLECOPAMH.

Adaptive algorithms for solving eigenvalue problems in a variable computer environment of
supercomputers / O.M. Khimich, O.V. Popov, O.V. Chistyakov, V.0. Kokhanovskyi // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 3. P. 141-156.

Abstract. The authors propose software for the analysis and solution of the algebraic eigenvalue problem
using a MIMD computer with GPUs, which includes parallel algorithms and programs with the functions of
adaptive configuration of the variable computer environment (multilevel parallelism, variable topology of
interprocessor communications, mixed word length, caching, etc.) on the mathematical properties of the
problem identified in the computer and the architectural features of the computer to ensure the reliability of the
solution results with the efficient use of computing resources.

Keywords: algebraic eigenvalue problem (APEV), changeable computing environment, adaptive algorithms,
gradient conjugation method, subspace iteration method, multi-core computers of MIMD-architecture with
graphic processors.

YK 004.93.1

Cucrema NATPUMKH NPUAHATTS pilleHb IS XiarHOCTYBAHHSI OHKONATOJIOTii MOJIOYHOI 3271034 32
ricrojorivnumu 3o0pa:kenusvu / A.C. Jdooum, I.B. Lllenexo, A.M. Pomaniok, P.A. MockajieHko,
T.P. CaBuenko // Kibepuernka ta cucremuuid amamis. 2023. Tom 59, Ne 3. C. 157-167.

AHoTanis. 3anpornoHOBaHO MeTo[ iH(OPMAaLifHO-eKCTPEeMaIbHOr0 MAIIHMHHOIO HABYAHHS CHCTCMH
MIATPUMKH TIPUAHATTA PIllICHb JUIS AiarHOCTYBAaHHS OHKOMATOJIOTIH MOJIOYHOI 3aJI03H 3a TiCTOJIOTYHUMH 300-
paxennsmu. Lleit MeTos Ha BiMiHY BiJl BIZIOMUX METOJIIB, BKJIIOUAIOUM HEHPONOAIOHI CTPYKTYpH, PO3pOOIEHO
y Mexax (YHKIIOHATPHOTO MiAXOAY 10 MOJCIIOBAHHS KOTHITUBHHX MPOLECIB (OpMyBaHHS 1 MPUHHATTS
pillleHb IPUPOAHNM iHTENeKTOM. BosHOYac o0y 10BaHi y Mekax TeOMETPHYHOTO MiJIX0/Ly BUPINIAbHI paBH-
JIa € MPaKTUYHO IHBAPIaHTHUMH JIO OaraTOBHMIPHOCTI IPOCTOPY MiarHOCTUYHUX O3HAK. Po3polieHuii meron
J1a€ 3MOTy CTBOPUTH iH(opMariiiHe, alrOpUTMIYHE Ta IPOrpaMHe 3a0e3IeUeHHs aBTOMAaTU30BaHOTO0 poO09I0ro
Micus JKaps-TicToyiora Juis JiarHOCTYBaHHS OHKOIIATOJIOTiH Pi3HOTO TeHe3y.

Kurodosi cioBa: iHdopmaniiiHo-ekcTpeMaibHe MallMHHE HaBYaHHs, iHQoOpMauiiiHuii kpurepiit onTuMisaii,
CHCTEeMa MiATPUMKU NPHIHATTS pillleHb, TiCTOJOTIYHE 300pajkeHHs, pak MOJIOYHOI 3aJI03H.

A decision support system for diagnosis of breast oncopathologies by histological images / A.S. Dovbysh,
LV. Shelehov, A.M. Romaniuk, R.A. Moskalenko, T.R. Savchenko // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 157-167.

Abstract. The authors propose the method of information-extreme machine learning of the decision
support system for diagnosing breast oncopathologies by histological images. In contrast to the available
methods, including neuro-like structures, this method was developed as part of a functional approach to
modeling cognitive processes of generating and making decisions by natural intelligence. At the same time, the
decision rules constructed within the framework of the geometric approach are practically invariant to the
multidimensionality of the diagnostic feature space. The developed method allows the creation of information
and algorithmic support and software of the automated workplace of a histologist for diagnosing
oncopathologies of different genesis.

Keywords: information-extreme machine learning, information criterion of optimization, decision support
system, histological image, breast cancer.
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VJK 519.172.1

HeopienToBani rpagum Buay 3mimanoro .icy. IloGyaoBa i3omMopdHuX aHAJNOriB Ta CceleKTHBHe
nakyBaHHs cTpyktypu / O.I. IBanemkin // KibGepHernka ta cucremuuii anamiz. 2023. Tom 59, Ne 3.
C. 168-178.

AwnoTanisi. Po3po0iieHo MeToau i aropuTMH, 10 Jajld 3MOTY 3HAUHO PO3LIMPUTH (GyHKIIOHATbHI MOX-
JIMBOCTI Ta cepy NPaKTHIHOTO 3aCTOCYBAaHHsS CTBOPIOBAHOI HOBOI iH(popMarliiiHoi software-texnomorii. Bci
BOHH peali3oBaHi y 32 IpOrpaMHUX MOAYJISIX Ta NPU3HAYCHI JUII MAKCHMAaJIbHO OINEpPaTHBHOI HOOYZIOBU
HaWpPI3HOMAHITHINHX 130MOP(HUX aHANOTIB 00 €KTIB, SIKi € PI3HOBHAOM JOBLIBHOI CTPYKTYPH HEOPI€EHTOBAHUX
rpadiB i € BUOM 3MIIIAHOTO JIiCY, @ TAKOX Ul OJJHOMOMEHTHOTO BHJIYYEHHS 3 HUX CYKYIHOCTEHl CEJIEKTHBHO
BUOpaHUX BepIUH i riok. [yist edexTuBHOT poOoTH Ha 00’ €KTaX, 1110 BKIIOYAIOTH J10 65536 BepuvH, sKi MOX-
Ha po3micTuTd Ha 6400 BipTyanpHux X-piBHAX eKpaHa MOHITOpa, TEXHOJIOTIs noTpedye uie 4 Gailtu iHdOp-
Mail 00 KOXKHOI BEpLIMHH 3 ypaxyBaHHSM ii BIACHOIO HOMeEpa, SKHH € HaTypaJbHUM YHCIIOM 3 IHTEepBalLy
[0; 65535]. Po3pobiieHo Ta peaitizoBaHO METO/I, L0 Ja€ 3MOTY aJIalTyBaTH TEXHOJIOTIIO 10 poOOTH 3 00’ €KTaMH,
saxi matots 10 4-10"° BEPUIMH 1 SKI BiH 3JaTHUH PO3Ii3HABATH.

Kurouosi ci1oBa: rpad-iepeBo, HEOPiEHTOBAHE JAEPEBO, CaPKaHEllb, 3MIILIAHMUIA JIic, KOMIUICKC IPOrPaMHHUX 3a-
co6i (KII3).

Undirected mixed-forest graphs. Construction of isomorphic analogs and selective structure packing /
A.L Ivaneshkin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 168-178.

Abstract. Methods and algorithms have been developed that have made it possible to significantly
expand the functionality and scope of the new universal information software technology being created. All of
them are implemented in 32 software modules and are designed for the most efficient construction of
isomorphic analogs of the undirected mixed-forest graphs of arbitrary structure and simultaneous removal of
selectively chosen sets of nodes and branches from them. To work effectively on objects containing up to
65,536 nodes, which can be placed on 6400 virtual X-levels of the monitor screen, the technology requires only
4 bytes of information for each node, taking into account its number, which is a natural number from the
interval [0; 65535]. A method has been developed and implemented that allows adapting the technology to

work with objects with up to 4- 10" nodes that it can recognize.

Keywords: graph tree, undirected tree, sapling, mixed forest, set of software tools.
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