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This study considers the process of detecting a low-altitude,
low-speed air object in the presence of ground clutter. The principal
hypothesis assumes that improving the method could make it possible
to increase the signal/noise ratio.

A method has been improved for detecting a low-altitude, low-speed
air object in the presence of ground clutter using a synchronous multi-
radar system, which, in contrast to known ones, allows for the following:

- a synchronous survey of the airspace in azimuth and range by
two radars by emitting mutually orthogonal probing signals;

- forming signals reflected from the air object at the output of the
radar receivers;

- incoherent, joint signal processing in a synchronous multi-
radar system from two survey radars;

- coordinated filtering of received signals;

- formation of Doppler channels;

- equalization by delay time and Doppler frequency;

- formation of an additive processing channel where incoherent
summation of signals is carried out and formation of air object detec-
tion marks in the additive channel;

- formation of a multiplicative processing channel where multi-
plication of signals is carried out and formation of air object detection
marks of the multiplicative channel;

- combination of air object detection marks of the additive and
multiplicative channels and formation of final detection marks.

An experimental study was conducted on the detection of a low-
altitude, low-speed air object. The use of a synchronous multiradar
system made it possible to increase the signal/noise ratio by 4 times.
Additional multiplicative signal processing provides an increase in
the signal/noise ratio and improves the discrimination of the signal
from the air object in the presence of ground clutter.

Keywords: low-altitude, low-speed object, ground clutter, syn-
chronous multiradar system, signal/noise ratio.
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This study investigates the process that forms noise-like timer
signal structures with combined spectrum spreading in secure radio
communication systems. The work addressed the scientific and tech-
nical problem related to the lack of methods for forming noise-like
signal structures that provide comprehensive use of the advantages
of timer coding, direct spectrum spreading, as well as pseudo-random
tuning of the operating frequency, in order to improve covert struc-
ture and noise immunity of information transmission.

The results include a combined method devised for spectrum
spreading of non-positional timer signals based on a combination of
direct spectrum spreading and pseudo-random tuning of the operat-
ing frequency. The method provides spectrum spreading in the time
and frequency domains, as well as the generation of multidimensional
signal structures by varying the time intervals between pulses, using
pseudo-random sequences, and tuning of the operating frequencies.

An analytical approach to assessing covert structuring of a com-
bined signal has been proposed, taking into account the parameters
of timer coding, manipulation, and spectrum spreading. It was estab-
lished that even with relatively small values of the signal parameters,
a high level of structural covertness was achieved, which significantly
complicated its reproduction by means of electronic reconnaissance.

The results are attributed to the combination of timer coding with
spread spectrum methods, which ensured the generation of time,
code, and frequency uncertainty of the signal. Changing the timer
coding parameters made it possible to adapt signal structures depend-
ing on the level of interference in the communication channel. The
proposed method could be implemented when designing promising
secure radio communication systems under conditions of random
and intentional interference.

Keywords: timer signals, spread spectrum, covert structuring,
pseudo-random reconfiguration of operating frequency.
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The object of study is a comprehensive biometric identification
method based on local-texture descriptors HOG and 1DLBP. The task
addressed is to determine the impact of adversarial cyberattacks on the
accuracy of biometric identification by facial image.

The results under the predefined research conditions were evalu-
ated in terms of the comprehensive method’s efficiency, robustness, and
stability. Experiments were conducted on six datasets covering controlled
and uncontrolled shooting conditions, using a unified set of metrics. The
impact was determined in scenarios of full visibility of facial features
and in the presence of local occlusive disturbances characteristic of
adversarial attacks.

The efficiency retention coefficient of the comprehensive method
when used under controlled shooting conditions is 86.84-92.86% with a
sensitivity index of 7.14-13.16%; the decrease in accuracy is statistically
insignificant for most image sets. Compared with DNNs whose accuracy
degradation under the influence of adversarial attacks reaches 26.45-76%,
the comprehensive method’s identification accuracy decreases by 1.5%.
Such results are due to the features of the algorithmic formation of at-
tribute vectors by descriptors and the comprehensive method’s absence of
sensitivity to perturbations calculated on the properties of DNN methods.

The HOG and 1DLBP descriptors compute the gradient and texture
characteristics of local image regions based on deterministic algorithms
without using training parameters and the error backpropagation mech-
anism. As a result, adversarial perturbations optimized for hierarchical
nonlinear representations of DNNs have a limited impact on the feature
space formed by descriptors. By conducting a study on face images ac-
quired under variable conditions, the limits of the solution’s applicability
were determined.

The suitability of the comprehensive method for practical applica-
tion in cybersecurity complexes, in particular in video surveillance, ac-
cess control, and checkpoint systems, has been established.

Keywords: biometric identification, facial recognition, image pro-
cessing, software, cyber threats, adversarial attacks, local texture descrip-
tors, HOG, 1DLBP, occlusive perturbations.
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This study explores the process of generating perfusion parameter
maps from time series of DSC-MRI images of the brain. The task ad-
dressed relates to the inaccuracy and inefficiency of perfusion map
generation due to insufficient analysis of temporal features, dependence
on the arterial inflow function, as well as excessive computational com-
plexity of the models.

This paper proposes an approach to generating perfusion parameter
maps using neural networks that directly process time series of perfu-
sion images. Three deep learning architectures have been designed and
experimentally investigated, differing in the way in which temporal in-
formation is taken into account and the presence of recurrent layers. The
evaluation was performed on an open medical data set with patient-level
sample distribution to prevent information leakage between the training
and test parts.

A controlled comparison of models with and without recurrent layers
was performed to determine the impact of explicitly taking into account
temporal dependences on the accuracy of map generation. The normal-
ized root mean square error decreased from 0.027 to 0.016 and 0.015. The
structural similarity index increased from 0.826 to 0.957 and 0.973. The
peak signal-to-noise ratio increased from 31.493 to 36.095 and 36.412.

Additional comparison to approaches reported in other studies
showed that the proposed architecture with recurrent layers demon-
strates competitive or higher values of image quality metrics. The results
confirm the feasibility of using neural networks with recurrent layers for
more accurate generation of perfusion parameter maps.

The practical significance is the possibility of integrating the ap-
proach into automated perfusion analysis systems and clinical deci-
sion support in the diagnosis of stroke and brain tumors.
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The object of this study is to preprocessing digital images degraded
by additive Gaussian noise using cascaded Gaussian filtering. The scien-
tific problem is to improve the output signal-to-noise ratio and reduce
reference-based residual error of noisy digital images under additive
Gaussian noise while preserving the informative structure required
for subsequent image analysis. The model represents a noisy image as
an additive combination of the reference image and a Gaussian noise
component and describes two filtering stages through convolution of
Gaussian kernels. The model is tested on the Lena benchmark image
at noise levels from -10 dB to +10 dB and compared with median and
bilateral filtering using signal-to-noise ratio and root mean square error.
The results show that the cascade Gaussian model provides the high-
est signal-to-noise ratio over the studied range. At-10dB the model
increases SNR to0 15.02 dB, whereas median and bilateral filters reach
4.21 dB and 1.26 dB. At +10dB, the cascade model achieves 28.19 dB. The
model lowers RMSE at —10 dB to 45.25 pixels, while median and bilateral
filtering give 81.95 and 115.16 pixels. This improvement comes from how
Gaussian smoothing reduces random noise and how the Gaussian kernel
creates a predictable filtering effect. The feature of the research results is
that higher denoising accuracy is achieved together with mathematical
transparency and simple implementation, without training data or a
reference noise channel. Practical application of the model is possible
as a preprocessing stage in machine vision, biomedical image analysis,
robotic systems, monitoring, and other tasks with Gaussian-like noise.

Keywords: image processing, cascade model, Gaussian filtering,
mathematical model, machine vision.
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The object of this study is the assessment process in digital learn-
ing environments, where multimedia educational materials such as
textual documents and instructional images and require efficient
methods for automatic question generation. The main problem inves-
tigated is the difficulty in generating high-quality, relevant questions
from various multimedia learning materials (text and images). A
multimedia question-generation system is proposed that integrates
the text-to-text transfer transformer (T5) model with classification
based on Bloom’s taxonomy. A preprocessing workflow has been cre-
ated that extracts and combines textual representations from text and
images using optical character recognition (OCR) for data tokeniza-
tion and performs named entity recognition (NER). The question
generator application can generate various question types, including
multiple-choice, short-answer, and essay questions. These questions
are classified according to Bloom’s taxonomy. The generated ques-
tions were evaluated using bilingual evaluation understudy (BLEU)
and recall-oriented understudy for gisting evaluation (ROUGE).
Experimental results demonstrated strong performance, with aver-
age scores of BLEU-1 = 0.86, BLEU-2 = 0.79, ROUGE-1 = 0.88,
and ROUGE-2 = 0.81. Evaluation scores indicate that the multimodal
quiz generator application produces high-quality and contextually
relevant questions. Evaluation scores show similarities between refer-
ence questions and generated questions, with structured questions re-
ceiving higher scores than essay questions. The system allows its use
in education and intelligent tutoring systems to produce measurable,
efficient assessments. The method proposed in this study is limited to
multimedia input consisting of text and images.

Keywords: automated question generation, multimedia, T5
transformer, bloom taxonomy, BLEU, ROUGE.
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VIOCKOHAJIEHHSI METOZY BUSIBJIEHHSI MAJIOBICOTHOT'O, MAJIOIIIBUKICHOT'O IIOBITPSIHOTO
OF’EKTY HA ®OHI BIIBUTTIB BIJI HIJICTUJILHOI IIOBEPXHI Y CHHXPOHHIY MYJIBTUPAJIAPHIH
CHUCTEMI (c. 6-15)

I. B. Xynos, A. A. JIyK’aHYHKOB, B. O. TroTI0oHHIK, B. C. Komapos, O. B. CaipHuK, [I. O. Koros, B. I. Maiiora, P. B. IIpucTiHCbKMIA,
B. B. Biacwk, C. E. ITornoB

OG6’eKTOM JOCJIiJPKeHHSI € IPOIieC BUSABJIEHHS MaJIOBICOTHOI'O, MAJIOMIBUAKICHOTO MTOBITpSHOTr0 06’eKTy Ha (oHi BifOGUTTS Bif miz-
CTUIBHOI MoBepxHi. OCHOBHA TrinoTe3a JOCHi/)KeHHs MoJidrajga B TOMY, 110 YAOCKOHAJIEHHS METOZAY J03BOJIUTh IiABUIIUTUA 3HAUEHHS
CHTHAJI/IIyM.

VI0CKOHaJIEHO METOJ, BUSIBJIEHHSI MAJIOBHCOTHOTO MAJIOMIBH/IKICHOTO MTOBITPSTHOTO 06’€KTY Ha (OHI BiAGUTTS BiJ| Mi/[CTHIIBHOI TTO-
BEpXHi y CHHXPOHHIH MyJIbTHpaJjapHiit cucreMi, IKUit, Ha BiAMiHYy Bif BifjoMuXx, nepejg6adae:

- IPOBEZIEHHS IBOMa paflapaMy CUHXPOHHOTO OIVISIAY IOBITPSHOTO IIPOCTOPY IO a3UMYTY i AaJbHOCTI IIJISIXOM BUIIPOMiHIOBaHHS
B3a€EMHOOPTOIOHAJIbHUX 30HAYIOUMX CUTHAJIIB;

- (hopMyBaHHS Ha BUXOAI MpUiiMauiB pajiapiB BilOUTHX BiJy MOBITPSHOTO 06’€KTa CUTHAIIIB;

— HEeKOTepeHTHY CyMicHy 06po6ka CUTHaJIiB B CHHXPOHHINM My/nbTUpasapHiil cucTeMi 3 IBOX OIVIIIOBUX paZapis;

- y3ro/pKeHy (inpTparnito NpUITHATHX CUTHAIIB;

- (popMyBaHHS [OMIEPiBCHKUX KaHAJIB;

— BUPiBHIOBaHHs 3a 4aCOM 3alli3HEHHsd Ta 4acTOTO Jlonmepa;

- (hopMyBaHHS KaHAJIy aAUTUBHOI 00POOKH, Jie 37iliCHIOEThCS HEKOTePEHTHE CYMYBAaHHS CUTHAJIB Ta (D OPMyBaHHS Bi/[MiTOK BUSB-
JIEHHSI TIOBITPSIHOTO 06>€KTa B aZIUTUBHOMY KaHaJIi;

- (hopMyBaHHA KaHAIy MYJbTUILIIKATUBHOI 06PO6KH, /i€ 3AiHICHIOEThCS TIEPEMHO)KEHHSI CUTHAJIIB Ta (DOPMyBaHHS BiZIMiTOK BUSB-
JIEHHS TIOBITPSTHOTO 06 €KTa MYJIBTUILIIKATUBHOTO KaHAJY;

- 06’eAHAHHS BiAMITOK BUSIBJIEHHS IOBITPSHOTO 00’ €KTa aZJUTUBHOIO Ta MYJIbTUILIIKATUBHOTO KaHaJIiB i OpMyBaHHS OCTATOUHUX
BiJIMiTOK BUSIBJIEHHSI.

ITpoBefieHO eKcIlepUMeHTaIbHe AOCiPKeHHs 111010 BUSIBJIEHHSI MaJIOBUCOTHOI'0, MAJIOIIBUAKICHOIO TOBITPsIHOTO 06’ eKkTa. Bukopuc-
TaHHS CUHXPOHHOI My/JIbTUPaJlapHOI CUCTEMH ZI03BOJIUJIO MiABUIIUTH BiIHOMIEHHS CUTHAJI/IIYM B 4 pa3u. /loAaTKoBa MyJIbTUTLIiKaTUB-
Ha 00po6Ka CUrHaJIiB 3abe3Medye MiABUIIEHHS BiJHONIEHHS CUTHAJI/IIyM Ta ITOKPAIye PO3pi3HEHHS CUTHAJIY Bifl MOBITpSHOrO 06’€KTa
Ha (OHI CUTHAJIB Bifj MiZICTUIBLHOI TOBEPXHi.

Korro4oBi c1oBa: MaJIOBUCOTHMI, MaJIOMIBH/KICHUI 00’€KT, MiICTUIbHA ITOBEPXHs, CHHXPOHHA MYJIbTHpPAaZlapHa CHUCTEMa, BiJJHO-
IIEHHS] CUTHAJI/IIyM.
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PO3POBKA KOMBIHOBAHOT'O METOAY PO3INIUPEHHSA CITEKTPA TAMMEPHHX

CUTHAJIbHUX KOHCTPYKIIN IJIS1 OIABUIIEHHA IPUXOBAHOCTI IIEPEJABAHHS IHOOPMAIIIT
(c.16-25)

B. O. Crennanos, B. B. KopunHCchKmHii, B. H. Kixpaimes, P. B. 3aposcekuii, C. M. I'aBesib, B. O. CiraBudy, P. I. IleTpoBChKHIA

O6’eKTOM JOCJIiZPKEHHS € Tpolec (POPpMyBaHHS IIyMONOAIGHUX TaliMepHUX CUTHAJIBHUX KOHCTPYKILiil i3 KOMGiHOBaHUM PO3IINpPEH-
HAM CIEKTpa B CHMCTeMax 3aXMIEeHOTo pajio3B’si3Ky. ¥ poOoTi BUpillyBajacsd HayKOBO-TeXHiYHa mpo6semMa BificyTHocTi MeToAiB ¢dop-
MyBaHHS HIYMOIOAIOHUX CUIHAJIBHUX KOHCTPYKIiH, ki 3a6e3meuyloTh KOMIIJIEKCHE BUKOPUCTAHHS IlepeBar TaliMepHOro KOAyBaHHs,
NIPAMOTro PO3IIMPEHH CIIEKTPa Ta IICEBL0BUIIAJKOBOTO IepelallTyBaHHsl p06040l YaCTOTH JJIs Mi/JBUIEHHS CTPYKTYPHOI IPUXOBAHOCTI
Ta 3aBajlocTilKoCTi nepelaBaHH iHdopManii. OTpUMaHO pe3yJabTaTH 00 po3po6IeHHs] KOMOiHOBaHOI'O METO/y PO3LIMPEHHSs CIIeKTpa
HEMO3UIifHUX TaliMepHUX CUTHaJIiB Ha OCHOBi MO€JIHAHHS MPSMOro PO3UIMPEHHS CIIEKTPa Ta INCeBJOBUIIaKOBOrO IepesallTyBaHH
po6oyoi yactoTu. MeToz, 3a6e3rneuyBaB pPO3LUIMPEHHs CIIEKTPa B 4acoBiil i 4acTOTHIiN o6sacTsAX Ta GopMyBaHHS 6araTOBUMipHUX CHT-
HaJIbHUX CTPYKTYD IIJISIXOM BapilOBaHHsS 4aCOBUX iHTepBaJiB MiX iMIyJbcaMU, BUKOPUCTAHHSA IICEBJOBUIA/KOBUX ITOCHiZOBHOCTEN i
repealTyBaHHA pO6OYMX YaCTOT.

3anponoHoOBaHO aHAJITUYHUMN Ii/IXi/l /10 OLiHIOBaHHS CTPYKTYPHOI IIPUXOBAHOCTI KOMGiHOBAaHOT'O CUIHAJIY 3 ypaXyBaHHAM I1apame-
TpiB TaliMepHOTro KOAyBaHH#A, MaHIiMy/AIii Ta pO3IINPEHHs CIeKTpa. BcTaHOB/IEHO, 1[0 HABiTh 3a Bi[HOCHO HEBEJUKUX 3HAaUeHb Iapa-
MeTpiB CUTHaJy 3a6e3IeuyBaBcsl BUCOKUH piBeHb CTPYKTYPHOI IPUXOBAHOCTI, 1[0 CYTTEBO YCKJIaJHIOBAJIO 1Or0 BiITBOPEHHS 3acobaMu
pazioeIeKTPOHHOL PO3BiJKH.

OTpuMaHi pe3y/lbTaTh BiJ[pi3HAIUCA MOEJHAHHAM TaliMePHOIo KOAyBaHHS 3 METOJAMM PO3IIMPEHHS CIEKTpa, 10 3a6e31euyBaso
(opMyBaHHs 4acoBoOi, KOZOBOI Ta YaCTOTHOI HEBU3HAUYEHOCTi CUTHaly. 3MiHa apaMeTpiB TaliMepHOro KOJAyBaHHs JJ03BOJIAJIA aJallTy-
BaTH CTPYKTYPY CUTHaJbHMX KOHCTDPYKIIili 3a/Ie)KHO BiJj piBHA 3aBaj y KaHasi 3B’A3Ky. [IpakTMUHe BUKOPUCTaHHS 3allPOITOHOBAHOIO
MeTO/Ly JIOLliJIbHE ITiJl Yac CTBOPEHHS IePCIIeKTUBHUX CUCTEM 3aXMIEHOro pajiio3B’a3Ky B yMOBaX BUIIaJJKOBUX Ta HABMUCHUX 3aBaj.

KirrouoBi cyioBa: TaliMepHi CUTHAJIM, PO3MIUPEHHS CIIEKTpPa, CTPYKTYPHA IIPUXOBAHICTb, IICEBAOBUIIA/[KOBE MIepesIalITyBaHHS PO6o-
401 YaCTOTH.
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BHU3HAYEHHA BIIZITUBY AIBEPCAPIAJIbHUX KIBEPATAK HA EOEKTHMBHICTh KOMILVIEKCHOI'O METOAY
BIOMETPUYHOI ITEHTU®IKAIIIT HA OCHOBI JIOKAJIbHO-TEKCTYPHUX JIECKPUIITOPIB (c. 26-37)

€. 0. XKa6cpka, K. B. MepkysoBa, O. C. BuukoB

OG6’eKTOM JOCTI/KEHHSI € KOMIUIEKCHUM MeToy, 6ioMeTprudHOi ifeHTH(iKalii Ha OCHOBI JIOKaIbHO-TEKCTYpHUX AeckpuntopiB HOG i
1DLBP. BupiuryBayach mpo6siemMa, II0B’sI3aHa 3 BU3HAUYEHHSIM BIUIMBY a/[BepcapiaJibHUX KibepaTak Ha TOYHICTh 6iOMeTpHYHOI iieHTH(iKkamii
3a 300paKeHHSIM 00JIUYYs.

OUiHIOBaHHS Pe3y/IbTATIB B 33JJaHNX YMOBAX JJOCJI/KEHHS 3ilICHIOBAJIOCH 32 aclleKTaMM e(peKTUBHOCTI, CTiFIKOCTi Ta cTabiIbHOCTI po-
60TH KOMIUIEKCHOTO MeTOZy. EKCIIepUMeHTH ITPOBOANIMCH Ha IIECTH JJATACETAX, 1[0 OXOILIIOIOTh KOHTPOIbOBAHI Ta HEKOHTPOJILOBAHI yMOBU
3[I0MKH, 3 BUKOPUCTAHHSIM yHi(hiKoBaHOTO HabOpy MeTpUK. BU3HaUeHHS BIIMBY 37iliCHIOBAIIOCH 3a CI[eHapisIMU IIOBHOI BUAMMOCTI PHUC 06-
JINYYs Ta 32 HAIBHOCTI JIOKQJIBHUX OKJTFO3UBHUX 30ypeHb, XapaKTePHUX JUIs aiBepcapialbHUX aTax.

KoedinieHnT 36eperkeHHsI e(eKTUBHOCTi KOMIUIEKCHOTO METOJy IPU BUKOPUCTAHHI B KOHTPOJIBbOBAHMX YMOBaxX 3HOMKH CTaHOBUTH
86.84-92.86% mipu iHzeKci dyTauBoCTi 7.14-13.16%, a 3HMYKEHHSI TOYHOCT] € CTATUCTHYHO HE3HAYYIIUM /ISl TIEPEeBaXKHOI GiIbImocTi HabopiB
306pakeHb. IlopiBHssHO 3 DNN, nerpasariisi TO4YHOCTI SIKMX IiJi BIUINBOM a/iBepcapiajlbHUX aTak csirae 26.45-76%, TOUHICTD ieHTHDiKaLil
KOMIIJIEKCHOTO METOZY 3HIDKYEThCS Ha 1.5%. Taki pe3ysIbTaTH 3yMOBJIEHI 0COOJIMBOCTSIMH JITOPUTMIYHOrO (hOpMyBaHHS BEKTOPiB O3HAK Jie-
CKPUIITOPAMU i BiZICYTHICTIO YyTJIMBOCTi KOMIUIEKCHOTO METOZAY /10 30ypeHb, PO3paxoBaHMX Ha BaacTuBocTi DNN-MeToziB.

Jeckpunropu HOG i 1DLBP 0GUMCITIOIOTE IPAli€HTHI Ta TEKCTYPHI XapaKTepUCTUKH JIOKQJIbHUX 00s1acTell 300pakeHHsT Ha OCHOBI fie-
TepMiHOBAaHUX AJTOPUTMIB 6e3 BUKOPUCTAHHS HAaBYAJIBHHUX IApaMeTpiB i MeXaHi3My 3BOPOTHOTO ITOIIMPEHHS MOXUOKW. BHACTIZOK IbOTO
ajiBepcapiayibHi 30ypeHHs, ONTUMi30BaHi A1 iepapXiyHUX HesiHiliHUX npezcTaBieHb DNN, MaroTh 06MeXEeHUI BIUIMB Ha MPOCTIp O3HAK,
chOpMOBaHMI JeCKpUNTOpaMU. 3a PaXyHOK IIPOBE/IEHHS JAOCTi/PKEHHS Ha 300payKeHHAX 00/INY, OTPUMaHUX y BapiaTUBHUX yMOBAX, BU3Ha-
YEeHO MeXi 3aCTOCOBHOCTI PillleHHS.

BCTaHOBJIEHO NPUJATHICTh KOMIUIEKCHOTO METOAY ZI0 IIPAKTUYHOTO 3aCTOCYBAaHHS Y KOMIUIEKcax 3abe3reueHHs KibepOesneku, 30kpeMa y
CHCTEMax BiIeOCIIOCTePEIKEHHs], KOHTPOJIIO ZIOCTYITy i KOHTPOJIBHO-ITPOITYCKHUX ITyHKTIB.

Kirrouogi cyroBa: 6iomerpuyna igenTrdikanis, posmnisHaBaHHs 001M44s, 06poOKa 306paXkeHb, IIporpamMHe 3a6e3neyeHHs1, Kibepsarposu,
aZiBepcapiabHi aTaky, IOKaJIbHO-TeKCTYpHi Aeckpunropu, HOG, 1DLBP, oxuti03uBHI 36ypeHHs.
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MIIBULIEHHS TOYHOCTI TEHEPALIIT TEPOY3IMHUX KAPT 3A JAHUMHY JUHAMIYHO-3BAYKEHOT
MATHITHO-PE30OHAHCHOI TOMOTPA®II 3 BUKOPMCTAHHSAM PEKYPEHTHHUX HEMPOHHHX MEPEXX
(c. 38-48)

0. . qromin, C. M. AiximMmoBa

OG6’eKTOM JOCITiZPKEHHS € IpoIjec reHeparii kapT nmepdy3iliHIX mapaMeTpiB 3 4acoBUX cepiil 306pakeHb JCK-MPT rosoBHOro MO3KYy.
IIpo6GsieMoro, siKa BUPIIIYBAIACh Y AOCIIPKEHHI, € HETOYHICTh Ta Hee()eKTUBHICTh reHeparnii nepdysiifHUX KapT yepe3 HeJOCTaTHIN aHasi3
YaCOBUX O3HAK, 3aJIeXKHICTh Bifl GyHKIIiT apTepiasbHOro MpUTOKY Ta HaZIMipHY 0GYMC/IIOBaIbHY CKJIQIHICTh Mojiesieil. Y po6oTi 3arporoHoBa-
HO TAXIiZ 70 TeHepanii kapT nepdy3ilfHUX mapameTpiB i3 BUKOPHUCTAHHSAM HEHPOHHMX MepeX, siKi 6e3rocepeiHbO 00pOOISIOTh 9acoBi cepil
niepdysiiiHUX 306paXkeHb. Po3po6IIeHO Ta eKCIIepUMEHTAIBHO JOCTiPKEHO TPU apXiTeKTypH IIMG0KOr0 HaBYaHHS, 10 BiZIpi3HAIOTHCS CII0CO-
60M ypaxyBaHHs 9acoBoOI iH(opMariii Ta HasIBHICTIO peKypeHTHHX 1I1apiB. OIiHIOBaHHS BUKOHAHO Ha BiIKPUTOMY Ha00pi MeJUIHUX JJAaHUX i3
posrozisioM BUGipoK Ha piBHI MaIieHTIiB /1 3a1106iraHHs BUTOKY iH(opMallii Mi>k HaBYaIbHOIO Ta TECTOBOIO YaCTMHAMU. [IpoBe/ileHO KOHTp-
0JIbOBaHe MOPiBHAHHSA MoziesIel i3 peKypeHTHUMU IapaMu Ta 6e3 HUX /I BU3HAuUeHHs BIUIMBY SIBHOTO BPaXyBaHHS YaCOBUX 3aJIeXKHOCTEH
Ha TOYHICTb reHeparii kapT. HopMmasizoBaHa cepeJHbOKBaJpaTUYHA ITOMMJIKA 3MEHIIMIACh Bif 0.027 1o 0.016 Ta 0.015. IHeKC CTPyKTypHOL
rofi6HOcCTi 3pic Big 0.826 mo 0.957 Ta 0.973. IlikoBe BifHOLIEHHS CUTHAJIY JI0 IIyMy 30i1bIIMIOCH Biff 31.493 1o 36.095 Ta 36.412. [lonatkose
TOPiBHAHHA 3 MiJXOAAMHU, NIPEe/ICTABAEHUMH B iHIINX JJOCJII/PKEHHSX, [I0Ka3aJ10, 110 3alIpOIIOHOBaHA apXiTEKTypa 3 PEeKYpeHTHUMU LIapaMu
JIeMOHCTpPY€e KOHKYPeHTHi a60 BUIIi 3HaUe€HHSI METPUK SIKOCTi 306pa)keHb. OTpUMaHi pe3y/IbTaTH i TBePPKYIOTh JJOIUIbHICTh BUKOPUCTAHHS
HEHPOHHUX Mepex i3 peKypeHTHUMHU MIapaMu Jijis Gi/IbII TOUHOI reHepallil kapT nepdysiiiHux napamerpis. IIpakTHyHe 3HaYEHHS TI0JIATAa€E
Yy MOXJIMBOCTI iHTerpariii mzaxofy B aBTOMaTH30BaHi CHCTeMH aHasIi3y mepdysii Ta miATpUMKY KIiHIYHNX pillleHb IIPH JiarHOCTHUIi iHCYIIBTY
Ta ITyXJIMH FOJIOBHOTO MO3KY.

KorrouoBi cioBa: nepdysiitHi mapameTpu, nepdy3ist 3 JUHAMIYHOI0 KOHTPACTHOO Yy T/IMBICTIO, MAarHITHO-pe30HAaHCHA TOMOrpadis.
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PO3POBKA KACKA/THOI MATEMATHUYHOI MOJEJII JIUIS III®POBOI OBPOBKY 30BPAYKEHb:
CUCTEMHU!M HIIXI (c. 49-60)

Perizat Rakhmetova, Yeldos Altay

O6’eKTOM LIbOT'O JIOCITi/IKEHHS € IoTepeiHst 06pobKa U(POBUX 300paXKeHb, AerpafloBaHUX aAUTUBHUM IayCOBUM LIYMOM, 32 I0IIOMOTI'0I0
KacKa{HO1 raycoBoi ¢inprparnii. HaykoBa mmpo6siema IoJisirae B MOKpaIleHHi BUXiJHOTO CITiBBiHOIIEHHSI CUTHAJI/IIIyM Ta 3MEHIIeHH] 3aJIMII-
KOBOI ITOXMOKM Ha OCHOBi €TaJIOHHOTO piBHS 3alllyMJIEHUX IU(POBUX 300paXkeHb i/ BIUTMBOM aJJUTHBHOTIO IayCOBOIO LIyMy, 30epiraioun
IIpY 1[bOMY iH(OPMATHBHY CTPYKTYpPY, HEOOXiHY /ISl IIOAAJIBIIOTO aHaJIi3y 306pakeHHsI. MoiesIb TIPEACTaBIIsIE 3alIyMyIeHe 300payKeHHS SIK
aANTHBHY KOMOiHAII{f0 €TaJIOHHOTO 300payKeHHs Ta raycoBOI ITyMOBOI CKJIaZI0BOI Ta OIMCYE ZiBa eTanu (ibTpallii IUIXOM 3TOPTKH TayCOBHX



siziep. Mogiesib IIPOTeCTOBAHO Ha eTaJIOHHOMY 300paskeHHi JIeHU 1pu piBHSX 1ymy Bif —10 1B 10 +10 AB Ta MopiBHAHO 3 MeJ[iaHHOIO Ta /IBO-
CTOPOHHBOIO (iBTpaIii€lo 3 BUKOPHUCTAHHSIM CITiBBiJHOLIEHHST CUTHAJI/IIYM Ta CEpeAHBOKBAPATUIHOI ITOXUOKH. Pe3y/IbTaTH MTOKa3yIOTh, 1[0
KaCKa/{Ha raycoBa MOJieJIb 3a6e3Iedye HaiiBHINe CIIiBBiJHOIIEHHS CUTHAJI/IIYM Y AOCTipKyBaHOMY Jiarna3oHi. [Tpu —10 B Mozesb 36iblIye
CIiBBiZIHOIIEHHS CUTHAJI/IIYM 70 15,02 1B, ToAi sik MeAiaHH]i Ta ABOCTOPOHHI (inbTpu focsraioTs 4,21 a6 Ta 1,26 ab. ITpu +10 B xackagHa
Mozesb focsirae 28,19 1B. Mojesb 3HIDKYe cepefiHbOKBagpaTuyHe BigxmieHHs (RMSE) Ha -10 AB 710 45,25 mikcesiB, ToAi K Me/[iaHHA Ta ABO-
CTOpOHH#A (inpTpanisa garoTh 81,95 Ta 115,16 mikcenis. Lle mokpaiieHHs 3yMOBJIEHe THM, 1IJ0 IayCOBE 3IJIa/PKyBaHHs 3MEHIIY€E BUIMAAKOBUI
1LIIyM, a FayCoBe sI/IpO CTBOPIOE IiepeidadyBaHuil edekT dinprpanii. Oco6aUBICTh pe3y/IbTaTiB LOCIHKEHHS ITOJISTAE B TOMY, 1110 BUIIIA TOYHICTD
LIyMO3amIyIIeHHS JOCATaeThCS PA30M 3 MaTeMaTUYHOIO ITPO30PICTIO Ta MPOCTOI0 peastizalliero, 6e3 HaBYaIbHUX JJAHUX a00 ONTOPHOTO KaHAJTY
mymy. IIpakTHYHe 3aCTOCYBAaHHSI MOZEJi MOXJIMBE K eTall MoIepefHbol 00POOKH B MAIIMHHOMY 30pi, aHasi3i 6i0MeJUYHIX 300paXKeHb,
POGOTOTEXHIUHNX CHCTEMAaX, MOHITOPHHTY Ta iHIINX 3aB/IaHHSAX 3 TayCOBOMOAIOHNM IIIyMOM.
KirrouoBi croBa: 06po6ka 306pakeHb, KackajiHa MOJieJib, TaycoBa (isbTpalisi, MaTeMaTH4HA MO/ieJIb, MAIIMHHUI 3ip.
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PO3POBKA ABTOMATHU30BAHOI CUCTEMU I'EHEPAIIIT ITUTAHB 3 MYJIBTUMEIIMHOTO KOHTEHTY
3 BUKOPVICTAHHAM IIEPETBOPIOBAYA TEKCTY B TEKCT 3 KJIACU®IKAIIIEI0O TAKCOHOMII BJIVMA
(c. 61-70)

Marvin Chandra Wijaya, Markus Tanubrata

OG6’€KTOM IIbOTO AOCTIPKEHHS € IIPOLIeC OLiHIOBAaHHS B IM(POBUX HABYAIBHUX CEPeJJOBHUINAX, /Ie My/ITUMEAiHI HaBYaIbHI MaTepianu,
TaKi sIK TEKCTOB] IOKyMEHTH Ta HaBYAJIbHI 300payKeHHsI, TOTPeOyIOTh e(heKTUBHUX METO/IiB aBTOMaTUYHOI reHepalii murtanb. OCHOBHOIO J10-
CJTiZPKYBaHOIO TIPOGJIEMOIO € CKJIAZHICTh CTBOPEHHS BUCOKOSIKICHHX, PeJIEeBAHTHUX ITUTAHb 3 Pi3HUX MYJIbTUMEiHHUX HaBYaIbHIX MaTepiasiB
(TekcTy Ta 306pa)keHb). 3aIIPOIIOHOBAHO MY/IBTUMEZIMHY CHCTeMy I'eHepallil TUTaHb, SIKa IHTerpye MoJieJlb IIePETBOPEHHS TeKCTy B TeKcT (T5)
3 Kkiacudikaliero Ha 0CHOBI TakcoHOMIT Biyma. Byso cTBopeHO po6ounii mporiec IonepesHbol 00pOOKH, SIKUi BUTSTYE Ta TIOETHYE TEKCTOBI
TIPeZCTaBJICHHS 3 TEKCTY Ta 306pa)keHb 3a JI0IIOMOT'00 OIITUYHOTO po3Mi3HaBaHH:A cuMBOJIiB (OCR) /17151 TOKeHi3amii JaHNX Ta BUKOHYE PO3ITi3-
HaBaHHA iMeHOBaHUX cyTHOocTel (NER). IIporpama reHeparopa MUTaHb MOXKe PeHepyBaTH Pi3Hi THUIM IUTaHb, BKIIOYAIOYH TUTAHHS 3 BUGO-
PpoM ofjHi€l TIpaBUIBHOI Bi/ATIOBIZ, MUTaHHS 3 KOPOTKOIO BiMOBiAA¥0 Ta ece. i muTaHHS KIacHiKyIOTHCS BiZITIOBiJHO /10 TakcoHOMIT Biryma.
3reHepoBaHi MUTaHHS Oy/IM OIiHEHi 3a JIONIOMOT'OX0 JIBOMOBHOTO MeToAy oljiHroBaHHs (BLEU) Ta MeTozny OLliHIOBaHHS, OPi€HTOBAHOTO Ha
roBTOpeHHst, Jyist TexHiuHoro ornucy (ROUGE). ExcrieprMeHTaIbHI Pe3y/IbTaTy MIPOJEMOHCTPYBAJIN BUCOKY MIPOAYKTUBHICTD i3 cepeqHiMu
6asamu BLEU-1 = 0,86, BLEU-2 = 0,79, ROUGE-1 = 0,88 Ta ROUGE-2 = 0,81. OuiHK¢ BKa3yIOTh Ha Te, 110 IIpOrpama-TeHepaTop MyJIbTH-
MOJIAJIBHUX BIKTOPMH CTBOPIOE BUCOKOSIKICHI Ta KOHTEKCTyaIbHO pesieBaHTHI MUTaHHA. OLiHKY [MOKa3yl0Th MO/i6HICTh MiXX KOHTPOJbHUMHI
MMATAaHHSIMU Ta 3TeHePOBAaHUMU ITUTAaHHSAMU, IPIYOMY CTPYKTYpPOBaHi MUTAHHS OTPUMYIOTh BHUIIi 6ayin, HiXX MUTaHHA y dopmi ece. Crctema
JI03BOJIsSIE BUKOPUCTOBYBATH Ii B OCBITi Ta iHTe/IeKTyaJIbHUX CHCTeMaX HaBUaHHSI /IS CTBOPEHHS BUMipHUX, e(peKTUBHUX OLIiHOK. MeTog, 3a-
TIPOIIOHOBAHUH Y IIbOMY ZOCJIi/PKEHH], 00ME)XXY€EThCSI MyJIBTUMEZIITHUM BBEZEHHSM, 10 CKJIAZAETHCS 3 TEKCTY Ta 300pajkeHb.

KU1ro4oBi cj10Ba: aBTOMaTU30BaHa reHepallist MUTaHb, MyJbTUMe/ia, TpaHchopMmaTop T5, TakcoHoMia Biyma, BLEU, ROUGE.



