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Pedepar/anoTamis:

1. Inceprariiio NpUCBSIYEHO PO3POOL iHTEIEKTYa IbHUX METOLIB Ta MOAEJIEN 111 KOMIT'IOTEPHO-MaTeMaTU4YHOTO
MO/IE€JII0BAaHHS IJ1a3MOXiMiYHMX [TPOLIECIB OTPMMAHHS HAHOYACTOK B YMOBaxX OOMEXEHOT0 00CsTY
€KCIIEPUMEHTAJIbHUX JNaHUX. AKTYasIbHICTb TEMU 3yMOBJIEHA IIMPOKUM 3aCTOCYBaHHSM HAHOYACTOK Y
HaHOTEXHOJIOTiSIX, MaTEPiaJIO3HABCTBI, €eHEepreTUlli Ta MEQULIMHI, a TAKOXK CKJIQIHICTIO, HEJIIHIHICTIO Ta
6araTo(aKTOPHICTIO MJIa3MOXIMIYHMX ITPOLIECIB, 0 YCKIAHIOE IX aHAJITUYHE MOJIE/NIIOBAHHS Ta OTPedye
3aCTOCYBaHHS Cy4yaCHUX iHPOPMaILiiHMX TEXHOJIOTi. MeTa ocifmkeHHs — po3po0Ka iHTeIeKTyaJlbHUX METOiB Ta
MoJeJiell KOMIT'IOTEPHO-MaTEMAaTUYHOI0 MOJEJII0OBAHHS [1J1a3MOXiMIYHUMX [IPOLECiB OTPMMAaHHS HAaHOYACTOK Ha
OCHOBI riOpUIHOro MiAX0y, o 0eAHYEe TeHePaTUBHI MOJeJli, HEYiTKY JIOTiKy Ta HEIPOHHI MepeXxi, I71sl
MiJBUILEHHS TOYHOCTI OL[iHKY XapPaKTEPUCTUK HAHOYACTOK. [IJ1s1 JOCSTHEHHS METU IIOCTABJIEHO i BUPILIEHO TaKi

3aBJaHHS: [IPOAHAJII30BAHO iCHYIOUI MOJIeJli Ta METOIY; BUBHAYEHO OCOOJIMBOCTI OLIIHKY iHPOPMATUBHOCTI O3HAK Ta



PO3po6bJIeHo Minxif [0 iX Bin6opy; JOCTiIKeHO MeTOAM reHepallii CHHTETUYHUX JJaHUX [IPYU 0OMesKeHOMY 06Cs3i
CIIOCTEPE’KEHD; PEATI30BAHO METO/, OL[iHKU SKOCTi CHHTETUYHUX JAHUX i3 3aCTOCYBaHHSIM HEYITKOTO JIOTIYHOTO
MOJyJIs; BIOCKOHaJIEHO HEPOMEPEXKeBi MifIxoAu Ta po3po6IeHO ridpuaHi Mozesi 1715l OLiHIOBaHHS BUXiTHUX
XapaKTepUCTUK HAaHOYACTOK; IPOBEEHO YMCEeJIbHI OCIIKEHHS Ta OLiHEHO TOYHICTb 3aIIPOTIOHOBAHUX MOJETIEN.
O6’'eKTOM IOCIIIIPKEHHS € IPOLIECH KOMII' IOTEPHO-MATEeMaTUIHOTO MO eJIIOBAaHHS 6araTopakTOPHUX HEJliHIHHNX
3aJIEXKHOCTEN MiXK TEXHOJIOTTYHMMY [TapaMeTpaMU CKJIaIHUX CUCTeM (OTPUMAaHHS HAHOYACTOK Y
HU3bKOTEMIIEPATYpPHIil M1a3mi). [IpeameToM IOCiI>KeHHs — iHTeJIeKTyalbHi METOAM Ta, 30KPEMA, HEIPOMEPEXKEBI
MOJIeJli OLiHKY BUXiJIHUX XapaKTePUCTHUK IJ1a3MOXIMIYHUX NTPOLIECIB B yMOBaxX 06MEXEHOTro 006Csry JaHUX. MeToau
IOCJIiIKeHHS: CTATUCTUYHUI aHai3 NaHux (KOopeJsILiiiHui aHasli3, B3aeMHa iHdopMallisl, BasKJIUBICTh O3HAK Ha
OCHOBI BUIIa[IKOBOTO Jlicy, KOMOIHOBaHUI1 KpUTEPiil BiibOpy 03HAK); METOIU MAIIMHHOIO HaBYaHHS (perpeciiiHi
Mojeni, aHcambJieBi METOM); TeHEPaTHBHI Ta HelipomepexkeBi meTonu (Generative Adversarial Networks nms
OTPUMAaHHS CUHTETUYHUX JaHUX, 6araTomapoBuil IEPLENTPOH [JIs IPOrHO3YBaHHSI); METOIY HEJiTKOI JIOTIiKY Ta
HEYiTKOro JIOT{YHOr0 BUBEJ€HHs (JITOpUTM MaMJiaHi, eHTpoinHuil Meton aedasudikanii) 1 BUBHAUEHHS SIKOCTI
CHHTETUYHUX JAHVX; METOAU OLiHKY sikocTi mopenelt (MAE, RMSE, MSE, R?). HaykoBa HOBU3HA Of,€p>KaHUX
Pe3yJIbTaTiB MOJISITae y HACTYITHOMY. YIOCKOHAJIEHO METOJ, PO3LIMPEHHS MaIX BUOIPOK €KCIIEPUMEHTaIbHUX
IAHWX 32 JOTIOMOTOI0 reHepaTUBHO-3MaranabHuX Mepex (GAN) i3 BIIpoBaJp)KeHHSIM MeXaHi3MiB perysispusaliii ta
oliHKku B3aeMHoi iHpopMatii (Mutual Information), 110 03BOJIMIIO 3BMEHIIUTY PU3MK SIBULIA «KOJIAIICy MO (mode
collapse) Ta 36epertu NOpsiLOK PaH>KyBaHHS B3a€MHOTO BIJIMBY BXiJJHUX Ta BUXiJHUX 3MiHHUX. Biepe
3aIPOIIOHOBAHO TiOPUAHUH MiXif 1O MOAEIIOBAHHS OLIiHKY BUXIIHUX MapaMeTPiB M171a3MOXiMiYHOTO IpOoLiecy B
yMOBaxX OOMEXEHOr0 00CsTy JaHUX, SIKUi TOeNHYE reHepaTUBHO-3MarajbHi Mepexxi /11 reHepalii JaHux, anapar
HEYITKOIi JIOTiKM 117151 OLiHIOBaHHS X SKOCTI (depe3 HeviTKe 3BaKyBaHHS) Ta 6araToapoBi HEPOHHI Mepexxi s
OLIiHIOBaHHS BUXiIHUX NTapaMeTpiB 6araToBUMipHOrO HECTalliOHapHOTO HeJliHilHOrO npolecy. Brepiue
¢dhopmasnizoBaHo NIpoLeAypy 3BaXXyBAaHHS CUHTETUYHUX JAHUX HA OCHOBI HEUiTKUX 3MiHHUX: BiiCTaHi 1o
HaMOIMKIMX peajlbHUX TOYOK, IIiJIbHOCTI PO3NOAiNY Ta CTYIEHIB 3a71€XXHOCTI MK apaMeTpamu
€KCIIEPMMEHTAJIbHUX JIaHUX, 32 YMOB iX HEJOCTATHBOI KiJIbKOCTI, 110 JO3BOJIWJIO MiIBULIUTYU TOUYHICTh MOZEJIEN B
yMOBaX 0OMEKEHOT0 00csary naHux. icTaso nofaablinii pO3BUTOK IIPAKTUYHE 3aCTOCYBAHHS JepeB MPUNHSITTS
pilleHs [J1s aHasli3y 3HaYyLIOCTi BXiIHUX 3MIHHMX HA BUXi[HI y [IJIa3MOXIMIYHUX MIPOLECAX, IO JO3BOJINIIO
aBTOMAaTU3YyBaTU PAH)KyBaHHS BXiJHMX 3MiHHUX. [IpakTU4YHe 3HaY€HHS OJe€P>KaHUX PE3YyJIbTATIB I10JISAra€ B TOMY, 110
Ha 6a3i peasbHUX €KCIIEPUMEHTAIBHUX JAaHUX IPOBEJEHO CUCTEMHUIN aHali3 M1a3MOXiMIYHOTO POLIECY i
PO3pO6IeHO METOIM 306iMbIIEHHSI BUOIPKY TAaHUX ITPU iX MaJIiil KiJIbKOCTi, 0 T03BOJIsie 36eperty PpisnyHui 3MicT
3aJI€’KHOCTEH; peasi30BaHoO iHTEJIEKTYyalIbHY TEXHOJIOTII0 MOJIEJIIOBAHHS, KA BPaxOBye KOPEJIbOBAHICTh 3MiHHUX Ta
0OMeXXeHUH OOCAT AaHUX, AJ1s1 OLIIHKY BUXIIHUX NTapaMEeTPiB MPOILIECIB, SIKi MOJEI0I0ThCS. Po3pobieHo
IIPOrpaMHUI iHCTpYMEeHTapiii (1o MiATBepIKyEThCS CBIiJOLITBOM IIPO PEECTPallilo aBTOPChKOTO IIPaBa Ha TBip:

KOMITIOTE€pHA ITpOrpama).

2. The dissertation is devoted to the development of intelligent methods and models for computer-mathematical
modeling of plasma-chemical processes for the extraction of nanoparticles in the brain, bounded by experimental
data. The relevance is due to the widespread use of nanoparticles in nanotechnology, materials science, energy
and medicine, as well as the complexity, nonlinearity and rich factor nature of plasma-chemical processes, which
Their analytical modeling is more complex and will require the use of current information technologies. Meta-
research - development of intelligent methods and models of computer-mathematical modeling of plasma-
chemical processes, separation of nanoparticles based on a hybrid approach, which includes generative models,
fuzzy logic and neural measurements to improve the accuracy of assessing the characteristics of nanofrequencies.
To achieve this goal, the following tasks have been set and fulfilled: the original models and methods have been
analyzed; the particularities of assessing the information content of a sign are identified and the approach to their
selection is broken down; Methods for generating synthetic data with careful attention have been studied; a
method has been implemented for assessing the value of synthetic data using the fuzzy logic module; neurofencing
approaches have been refined and hybrid models have been developed to assess the output characteristics of
nanoparticles; numerical investigations were carried out and the accuracy of the derived models was assessed. The



object of the research is the processes of computer-mathematical modeling of multifactorial nonlinear
dependencies between technological parameters of complex systems (obtaining nanoparticles in low-temperature
plasma). The subject of the research is intelligent methods and neural network models for obtaining estimates of
predicted parameters of the plasma-chemical process in conditions of limited data volume. Research methods:
statistical analysis of data (correlation analysis, mutual information, importance of features based on random
forest, combined criterion for feature selection); machine learning methods (regression models, ensemble
methods); generative and neural network methods (GAN for obtaining synthetic data, multilayer perceptron for
forecasting); fuzzy logic and fuzzy inference methods (Mamdani algorithm, centroid defuzzification method) for
determining the quality of synthetic data; methods for assessing the quality of models (MAE, RMSE, MSE, R?). The
scientific novelty of the obtained results lies in the following. The method of expanding small samples of
experimental data using generative adversarial networks (GAN) has been improved with the introduction of
regularization and mutual information evaluation mechanisms, which allowed to reduce the risk of the “mode
collapse” phenomenon and preserve the ranking order of the mutual influence of input and output variables. For
the first time, a hybrid approach to modeling the evaluation of predicted parameters of a plasma chemical process
in conditions of limited data volume has been proposed, which combines generative adversarial networks for data
generation, a fuzzy logic apparatus for assessing their quality (through fuzzy weighting) and multilayer neural
networks for evaluating the output parameters of a multidimensional non-stationary nonlinear process. For the
first time, a procedure for weighting synthetic data based on fuzzy estimates has been formalized: the distance to
the nearest real points, the density of data distribution and the degree of dependence between parameters, under
conditions of an insufficient number of available experimental observations. Further practical development of the
application of decision trees for the analysis of the significance of features in plasma-chemical processes has been
achieved, which has allowed automating the ranking of input variables. The practical significance of the results
obtained is that, based on real experimental data, a systematic analysis of the plasma-chemical process was carried
out and methods for increasing the data sample with a small amount of data were developed, which allows
preserving the physical content of the dependencies; an intelligent modeling technology was implemented, which
takes into account the correlation of variables and the limited amount of data, to estimate the initial parameters of
the processes being modeled. A software toolkit was developed (which is confirmed by a certificate of copyright
registration for the work: computer program).
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