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MOJNUPIKOBAHA 3rOPTKOBA HEMPOHHA MEPEXKA JIJIS
ABTOMATU30BAHOI'O PO3IIIBHABAHHSA YPAXKEHHS
MAJIAPIETIO 3A 3BHIMKAMM 3PA3KIB KPOBI ITALIIEHTIB
Yopuobyk M. O.
HaykoBi kepiBHUKH — CT. BUKJIagay DegopueHko €.M.,
1.T.H., npod. OmitHuk A. O.
HarioHanbHUM yHIBEpCUTET «3aropizbKa MOJITEXHIKaY)
69063, 3amopixoks, Byi. XKykoBcbKkoro, 64, kad). mporpaMHUX 3ac001B,
tei.: 38(061) 7698273,
e-mail: evg.fedorchenko@gmail.com, olejnikaa@gmail.com

A review and analysis of known solutions to the problem of detecting
malaria from blood pictures of patients using machine learning algorithms was
carried out. After developing a machine learning model to solve the given
problem based on convolutional neural networks, the accuracy of the model was
tested and compared with the analogs discussed above. Based on the results of
the testing, it was established that the model is at the level of the best considered
models in terms of classification accuracy, with a classification accuracy of
98.08%.

Mansipis — ue Hebe3neyHa XxBopoOa, 0 BUKIMKAETHCS Mapa3uTaM poiy
Plasmodium. He3Bakaroun Ha pO3BUTOK MEIUIUHM, Y TOMY UYHCII W
NPOTUMAJISIPIMHUX TpenapariB, 1 XBOpoOa 3aJIMIIAETHCS HAMHEOE3MEUHIIIO
npo0JIeMO0 chepr OXOPOHU 370POB’Sl y TPOMIYHUX Ta CyOTPOINIYHUX PETiOHAX,
a TakoX ¥ TyI00anpHOI0 TIpobIIeMoo yehoro srojcTBa [1]. Ctanom Ha 2020 pik
npuOIM3Ha KUIBKICTh 3aruOIuX BiJ Majsipii o BChOMY CBITY ckiana 627 000
ocio [2].

HaiiBaxnuBiow 4acTUHOIO cTpaTerii 60poThOU 3 MaNSIPIEIO € MPaBUIbHA
Ta MIBUJKA MOCTaHOBKa AlarHosy. JliarHocTuka Maisipii BKIIIOYA€ BUSBICHHS
abo aHTHUreHIB y KpOBI maifieHTa. Y Il poOoTi yBara Oyjae MpHALIEHa came
OpOLECY BHSIBICHHA TMapa3uTiB y KpOBI, IO 3a3BUYaili BHUKOHYETHCS 3a
JIOTIOMOTOI0 BI3yaJIbHOTO CIIOCTEPEKEHHS IJIa3MOAIIB Y 3a0apBlIEHOMY 3pa3Ky
KpOBI MaIli€HTa 3a JI0MOMOI0I0 CBITJIOBOT'O MiKPOCKOITY.

Ileit Meronm € JyXe JEIIEBUM Ta TOMYJSIPHUM, BiH 3a3BUYail
BUKOPHUCTOBYETHCA Y peasIbHINA MeIUUHIN npakTuii [1].

3a OoCTaHHI POKM TEXHOJOTrli MAIIMHHOIO HaBUaHHS 3HAXOIATh YyCe
O1/bIIIE 3aCTOCYBaHb Y MEIUIIMHI. BUKOPHUCTOBYIOUM BEJIMKI MACUBH JIAHUX IIPO
MalieHTiB, 310paHi 3a POKH CIOCTEPEKEHb, MOKHA PO3POOUTH MOAEIHI, IO
JOTIOMAararoTh JIIKapsiM 3 TTOCTAHOBKOIO J1arHO3y, M0 (OPMYIOTh IPOTHO3 CTaHy
NaIi€eHTa, M0 aBTOMATUYHO PO3POOIISIOTh HAKpaIllle JTIKyBaHHS.



VY cepax, ski moB’s13aHi 3 00pOOKOIO 300paKeHb (T1CTONOTIS, PAAi0IOTIs,
OHKOJIOTIsI) MOMYJSPHICTh HAOynM Tak 3BaHI TIIMOOKI 3rOPTKOBI HEHPOHHI
MEpPEexKi.

I'muboke nHaBuanHs (deep learning) — wne meTon MOOYIOBU INTYYHHUX
HEHPOHHHUX MEPEeXk, M0 XapaKTePU3YEThCS KiIbKOMA MPUXOBAHUMH IIapaMH
BY3JIIB, SIKI OOpOOJSAIOTH MPEJACTABICHHS JdaHl, abCTparyrooud iX pi3HUMH
CIoco0aMu.

HasBHICTh BeMMKOiI KUIBKOCTI BHYTPIIIHIX IIAPIB Y MEPeXi JT03BOJISE
TOYHIIIIE TIPEJCTABUTH CKJIQJIHI B3a€EMO3B’A3KH MK BX1IHUMHU JaHUMH. OqHUM 3
3aCTOCYBaHb TEXHOJIOT1{ IITyOOKOTO HaBUaHHS € 3rOPTKOBI HEMPOHHI MEPEXKi.

AKTyalbHICTh TEMHU JOCIIKEHHSI TMOJISTaE B HEOOX1AHOCTI pO3pOoOKH Ta
BUKOPHCTAHHS HOBUX TEXHIYHUX 3aC0O01B M1 OOPOTHOU 3 OJTHIEI0 3 TI00aTBLHUX
npoOiemM JoncTBa — Maispiero. Po3poOka Mojen MalmimHHOTO HaBYaHHS,
3MaTHOI aBTOMATHYHO PO3MI3HABATH YypPaXXEHHS MAaJsIpi€l0 3a 3HIMKaMU
3a0apBJICHUX 3pa3KiB KPOBI MAIlIEHTIB, MiJBUIIUTh TOYHICTH JIarHOCTUKH
XBOpOOU Ta Crpusie MPaBUIbHIN Ta MIBUAKIN MOCTAHOBIII JI1arHO3Y.

Jlna BupimeHHs 3aaa4i kinacugikarii 3HIMKIB Oyna moOynroBaHa MOJETH
Ha OCHOBI Monu@ikaiii 3ropTKoBOi HEWpOHHOI Mepexi. Mogens Oyna
TpeHOBaHA Ta MPOTECTOBaHAa Ha JaHUX 3 BigkpuToro Habopy [3]. byna
BUKOPHUCTaHA BUIIPaBJEHA BEPCis JaTaceTy, OCKUIBKH B OPUTiHAILHOMY HaOOpi
OyJIi JTOMYIIEeHI TOMMIKH [4].

VY pe3yibTari HABYaHHS Ta TECTYBaHHS MEPEXi BIATIOCS AOCATTH TOYHOCTI
kinacudikamii 'y 96.68% i maracery 3 300pajkKeHHSIMHM, NPUBEICHUMH [0
po3mipy 50 nHa 50, 98.08% nis maracetry 3 300pa)K€HHSMH, TPUBEICHUMU JI0
po3mipy 100 wa 100, 1m0 € TOPIBHSHO BEIWKUM TMOKA3HUKOM [JISl MOI0HOT
3aJa4l Ha KJIIITUHHOMY PiBHI.

Cnoucok BUKOPHUCTAHHUX JIKCPCII:

1. Noppadon Tangpukdee, Chatnapa Duangdee, Polrat Wilairatana and
Srivicha Krudsood. Malaria Diagnosis: A Brief Review. Korean J Parasitol. Vol.
47, No. 2: 93-102 (2009). doi: 10.3347/kjp.2009.47.2.93.

2. WHO. World Malaria Report 2021. p. 23 (2021).

3. Malaria Cell Images Dataset. URL: https://www.kaggle.com/
datasets/iarunava/cell-images-for-detecting-malaria.

4. Fuhad KMF, Tuba JF, Sarker MRA, Momen S, Mohammed N,
Rahman T. Deep Learning Based Automatic Malaria Parasite Detection from
Blood Smear and its Smartphone Based Application. Diagnostics (Basel). 2020
May 20;10(5):329. doi: 10.3390/diagnostics10050329.
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MOJAEJIb MAIIIMHHOI'O HABYAHHA J1J11 BUSIBJIEHHSA
®ENKOBOI CKJIAJTOBOI Y HOBUHHUX TEKCTAX
[Tankparos €. O.
Hayxoswuii kepiBauk — qou. Yamna JI. E.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET pajiioesieKTpoHiku, kad. 1
M. XapkiB, YKpaiHa
ten.. +38(095) 195-31-62, e-mail: yevhenii.pankratov@nure.ua

In today's world, information technologies play an increasingly important
role in people’s lives. One of the most important tasks in the field of information
technology is the fight against fake information.

Now, when a variety of news can be easily distributed through social
networks and Internet portals, the problem of detecting fake news is becoming
more and more urgent. The rapid spread of these news can lead to serious
consequences for society, so there is a need to create effective methods for
detecting fake components in news texts.

The purpose of this study is to create a machine learning model for
detecting fake content in news texts.

Ha croroguimHuiii geHb iCHye 0arato MeTOMAIB BUSIBICHHSA (HEHKOBUX
HOBHWH, ajie OUIBIIICTh 3 HHUX 0a3ylOThCAd HA PYYHOMY aHami31 TEKCTY, IO
YIOBUIBHIOE TPOIIEC BUSABJICHHS Ta HE A€ MOXKJIMBOCTI MOTO aBTOMATH3yBaTH.
OaHuM 3 HaWOUIBII MEPCIEKTHUBHUX METOMIB € BUKOPHUCTAHHS MOJENI
MaITUHHOTO HABYaHHS, KA MO)Ke OyTH BIPOBAHKEHA B CUCTEMU MOHITOPHUHTY
HOBUH Ta 1H(OpMaIliliHI TOPTAIX JJisi aBTOMATHYHOTO BUSBICHHS (DEHKOBUX
HOBMH y TEKCTaxXx. Taka MOJEelIh MOXE CYTTEBO 3MCHIIHWTH ITONITUPCHHS
(GheKkoBUX HOBHMH, MIABUIIUTH SIKICTh 1H(oOpMaIii Uil TOTEHIIMHUX
KOPHUCTYBauiB Ta 3MILHUTH JOBIPY 10 3ac001B MacoBoi iHpopMallii.

TakuM YMHOM, JOUUIBHUM € TMPOBEAEHHS MOCHIIKEHb IIOAO PO3BUTKY
HAayKOBUX TMIJXOMIB JO aHajli3y HOBUHHUX TEKCTIB Ta ETUYHUX NUTaHb,
MOB'sI3aHUX 3 3aCTOCYBAHHAIM TE€XHOJIOT1 MAIIMHHOTO HAaBYaHHS B 111H cdepi.

VY 1omoBiji MPOMOHYETHCS MiJIX1J 10 BUKOPUCTAHHS METO/IB MAIIMHHOTO
HABYaHHSA JUIsI CTBOPEHHS MOJIEN, sika Oy/le aBTOMAaTUYHO BUSBIATH (DEHKOBY
CKJIAJIOBY y HOBHMHHHMX TEKCTax. B miil MOJeni BUKOPHCTOBYETHCS AJITOPUTM
kjacudikaiii TeKCTIB Ha OCHOBI HEMPOHHHUX MEpEeX 31 3BOPOTHIM MOIIMPEHHIM
MTOMUJIKH.

Jlst moOya0BM MOJIENT MAIIMHHOTO HABYAHHS BUKOPHUCTAHO HAOIp JaHUX,
AKUI MICTUTHh peajbHI Ta (EeiHKoBI HOBUHHI TekcTu. llouaTkoBUM eTamom
PaKTUYHOTO 3aCTOCYBaHHS MOJENl € TomNepenHs o0poOka JaHuX, IO
nepeadoayae HEOOXIIHICTh MPOBEJCHHS TOKEHI3allli, BUIAJICHHS CTOI-CIIB Ta
JieMaTu3arii.

HeilipoMeperkeBa apXiTeKTypa IPOMOHOBAHOT MOJEIl MICTUTh BXIJIHHM,
NPUXOBAaHMM Ta BUXIAHMN mapu. Jns npuxoBaHoro 1mapy  Mojeni



BUKOPHUCTOBY€EThCS PyHKIIs akTuBauii ReLU, a nis BuxigHoro mapy — GyHKIIsS
aktuBallii sSigmoid. SIk ¢yHKIIT BTpaT BUKOPUCTOBYETHCS OiHApHA IepexpecHa
CHTPOMIs:

n

h; = RelLU Z w;;x; + b ).

i=1

HapuanHst Mozienni 3 BUKOPHUCTAHHSIM QJITOPUTMY 3BOPOTHOTO TOIIUPEHHS
NOMHJIKA Tiepeadavano ii TpeHyBaHHS Ha HaBYaJIbHOMY Ha0OOpi MaHUX Ta
OIIIHIOBaHHS 11 €(EKTUBHOCTI HA TECTOBOMY Ha0OP1 TaHUX.

EdexTuBHICT MOjENI OIlIHIOBAJacs Ha OCHOBI METPUKHA TOYHOCTI
(accuracy):

TP + TN
TP+TN+ FP+FN

Accuracy =

ne TP — KUIBKICTh MNPaBUIBHO KIACH(DIKOBAHMX MO3UTHUBHUX 3Pa3KiB;
TN — KiTbKiCTh NpaBWIBHO KIACHU(IKOBAaHUX HETaTUBHUX 3paskiB;, FP —
KUTBKICTh HEMPaBWJIbHO KJIACU(IKOBaHUX MO3UTUBHUX 3pa3kiB, FN — KiIbKicTh
HEMPaBUIBHO KJIaCH()IKOBAHUX HETaTUBHUX 3Pa3KiB.

[licns HaBYaHHS MoOJENl Ta i1 MEPEeBIPKM HA TECTOBHX JAaHUX TOYHICTH
BUsIBIICHHS (pelikoBUX HOBUH ckiagana Big 80% mo0 95% B 3anexHOCTI Bij
KOH(irypallii HeHpoOHHOT Mepexki Ta mapaMeTpiB BEKTOpHU3aIlli TEKCTY.

Takum 4MHOM, pe3yabTaTH TECTyBaHHS 3allPONIOHOBAHOI MOl
MAIlMHHOTO HAaBYaHHA MiITBEpIWIM ii Mpare3faTHiCTh Ta BUCOKY TOYHICTb
BUSIBJICHHS (DEHKOBUX CKJIAJIOBUX Y HOBUHHHX TeKCTax. Pe3ynbraru 1iei podotu
MOXXYTh OyTH BHUKOPHUCTaH1 JJIsi OOpOTHOM 3 MOIMIMUPEHHSIM (PEHKOBHX HOBUH B
IHTEpHETI.

JIOWTBHUM CJTi] BBOXKATH TIOJIATBIINI PO3BUTOK MPOBEICHUX JOCIIIKEHb,
COpPSIMOBAaHUW Ha YJOCKOHAJEHHS pO3pOOJICHOT MOJEeNl 3 BHKOPUCTAHHSIM
JOJATKOBUX MEXaHI3MIB MAaIIMHHOTO HAaBYaHHS Ta aHali3y aKTyaJlbHHUX
HAYKOBHX HaNpsAMKIB B T'aly31 aBTOMAaTH30BaHOTO BUSBJICHHS (PEHKOBUX HOBHUH.

Crucox BUKOPHUCTAHUX IKCPCII:

1. Kumar N., Aggarwal N., Kumar P., Yadav. V. (2020). Detection of Fake
News in Social Media Networks. 2020 IEEE 6th International Conference for
Convergence in Technology (12CT). 545-549.

2. Zhang, W., Gao, Y., Fan, Y. (2019). Fake News Detection on Social
Media: A Data Mining Perspective. ACM Transactions on Management
Information Systems (TMIS), 1-22.
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JOC/IIIZKEHHA METOIIB BUSBJIEHHSA
CUHTETUYHUX TEKCTIB
besponnuii B.B.
Hayxoswuii kepiBHuK — qoueHt kad. 1, k.1.1., rouent Typyrta O.I1.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET pajiioesieKTpoHiku, kad. 1
M. XapkiB, YkpaiHa

The topic of synthetic text detection has become increasingly important in
recent years due to the widespread use of text-generating models and the
potential for malicious actors to use them for spreading misinformation and
propaganda. This research aims to identify effective methods for detecting
synthetic texts, which can include both fully synthetic texts generated by Al
models and partially synthetic texts that have been manipulated or edited. It
involves exploring various techniques, such as statistical analysis, machine
learning, and natural language processing, to analyze and compare the
characteristics of synthetic and human-generated texts.

CHHTETHYHI TEKCTH — 1I€ TeKCTH, SKI Oy 3reHepOoBaHI KOMIM'IOTEPHUMU
nporpaMaMu Ta aJrOpuTMamH, a He HaIlMcaHl JIIOAUHOI0. PO3risiHeMO OCHOBHI
METOJIY BU3HAYCHHS] CHHTETUYHUX TEKCTIB.

Bag-of-words knacudikatop. Jleski 1eTeKTOpH BUKOPUCTOBYIOTh KJIACHYHI
METO/JM MAIIMHHOTO HABYaHHS, TaKi SIK JIOTICTUYHA perpecis, o0 HaBYUTH
MOJIeNIb 3 HyJs pO3pI3HATH TekcTu. Hampukian, BHKOPUCTOBYIOTH MPOCTY
0a30By MOJieib, sIKa MpEACTaBisi€ TOKyMEHT 13 BektopoMm tf-idf (yHirpamu Tta
OirpaMu) moBepx MOJENl JoricTuYHOi perpecii. [lokomiHHS OUTBIINX MOJeneu
BaXKO BUSBHUTHU TMOPIBHIHO 3 MEHIIMMHU MOJEISMH, IO BKa3ye Ha Te, 10 YUM
Outbllla MOJAENh, THM ONWKYMA CTUJL CTBOPEHOTO TEKCTY JIO0 TEKCTY,
HAIMCAHOT0 JIOAUHOIO.

Zero-shot kmacudikatop. VY HamamTyBaHHSIX zero-shot kmacudikarii
nomepelHb0  HaBueHa  monenb  (Hampukiax,  GPT-2, GROVER)
BUKOPHUCTOBYETHCS I BUSIBJICHHS MOKOJIHB BiJl ce0e 4M MOJIOHUX MOJENEH.
Jletektop He mMOTpeOy€e KOHTPOJBOBAHMX TPUKIAMIB BUSBICHHS IS
NOJIajIbIIOT0 HaBYaHHS. 3arajbHa jJorapu@mMiuHa WMOBIPHICTh MPEICTaBISAIOTh
0a30BYy JI1HIIO, KA BUKOPUCTOBYE MOJIENb JJIsl OIIIHKH 3arajibHOi JIorapuMidHOi
HMOBIPHOCTI, @ TaKOXX MOPOTOBl 3HAYEHHS HA OCHOBI II1€i MMOBIPHOCTI, 1100
3poOuTu TporHo3. Hampuknaa, Tekct mepeadadaeTbes SIK 3TEHEPOBAaHUMN
MalIMHOWO, SIKIIO 3arajbHa MWMOBIPHICTh TEKCTy OJMMXK4Ya 10 CepeaHbOl
WMOBIPHOCT1 JJil BCIX TEKCTIB, 3T€HEPOBAHUX MAIIMHOIO, HIK JI0 CEPEIHBOI
WMOBIPHOCTI TEKCTIB, HamucaHuX JroauHow. OaHak, el Kiacudikatop Moxe
MpaIoBaT IOTAHO TOPIBHAHO 3 KJIacU(pIKaTOpOM Ha OCHOBI JIOTICTUYHOI
perpecii.

[acrpyment Giant Language Model Test Room (GLTR). Iactpyment
GLTR mnpononye Habip 0a30BUX CTaTUCTUYHHUX METOMIB, SKI MOXYTb



HIAKPECTUTH BIAMIHHOCTI B PO3MOALII TEKCTY, CTBOPEHOTO MOJEIUIIO, 1 TEKCTY,
HanucaHoro JroAnHo. 3okpeMa, GLTR nae 3Mory BuBYaTH (PparMeHT TEKCTY
NUIIXOM Bi3yasizamii WMOBIPHOCTI MOJEIN KOXKHOTO MapKepa, paHTy KOXHOTO
Mapkepa B IPOrHO30BAaHOMY pO3MOALUII HACTYIHOTO MapKepa Ta EHTpOMii
IPOrHO30BAaHOTO PO3MOJILITYy HACTYNMHOTO Mapkepa. Ha ocHOBI 1ux Bizyami3alliil
IHCTpYMEHT 4YiTKO mokasye, 1mo TGM HaaMipHO TeHepyIThCS 3 OOMEKEHOI
NIIMHOXXHHHM CHPaBXHBOTO PO3MOALLY MNPUPOAHOT MOBHU. JliiicHO, piakicHe
BUKOPUCTAHHS CJIB y TEKCTi, 3r€HEPOBAHOMY MOJEIUII0, IMOMITHO MEHIIIE
MOPIBHAHO 3 TEKCTOM, HAMUCAaHUM JFOJUHOIO. [HCTPYMEHT M03BOJISIE JIOISM
(BKJIIOYAIOUM HEEKCIEpTIB) BUBYATH (DPArMEHT TEKCTY, aje Moxe OyTH MEHII
e(eKTUBHUM y MaillOyTHbOMY, KOJM MOJEJ MOYHYTh T'€HEpyBaTH TEKCT 0e3
CTATUCTUYHHUX aHOMAITIM.

GROVER nerekTop. TPOMOHYETHCS JCTEKTOp HA OCHOBI JIHIHHOTO
knacudikaropa Ha ocHoBl Mozaeni GROVER, skuit mepesepuiye icHyroui
JETEKTOPH 1 TaKUM YMHOM 3pOOWTH BHICHOBOK, IO HAaWKpaly MOJIETl s
reHepaiii HeWpoHHOI ae3iH(opMaIlli TaKoX € HaWKpanuMu JUIsl BUSBICHHS
BiacHux mnokoiiHb. CrangaptHuit aerektop GROVER mnorano mpamroe npu
BUSIBJICHHI TEKCTY, CTBOPEHOTO MOJEISIMHU, BIAMIHHUMH BIiJ] OpPUTIHAIBHOI
moxeini GROVER.

RoBERTa, BERT Tta iamn tpachopmepu. Jletekrop RoOBERTa, HaBuenwmii
Ha TIpUKIanax top-p, 100pe MEPEHOCUTh MNPHUKIAAM 3 yCIX I1HIIMX METO/IIB
nekoayBaHHs. JleTekTop M00pe mpairoe Mmij yac HaBUYaHHS Ha MPUKIaAax 13
oinemoi moneni GPT 1 moOpe mepeHOCUTh MPUKIAIU, 3reHEepPOBaHI MEHIIIOO
moaemtro GPT. 3 ixmoro 60oky, HaB4aHHS Ha MeHIUX Buxogax mojeni GPT
MPU3BOJUTH 10 TIOTAHOT MPOAYKTHUBHOCTI Mpu Kiacudikaiii OiLIbIINX BUXOJIB
mozeni. HaifiikaBimmmM BUCHOBKOM IIi€l € Te, 110 TOYHE HaJalITYBaHHSA 3a
nmoromororo  moxaeiai RoBERTa jmocsirae  BHIOI TOYHOCTI, HIXK TOYHE
HanamTyBaHHs Mojeni GPT 3 eKkBiBaJIEHTHOIO MOTYKHICTIO.

Ha cporognimniii nens, ROBERTa € oguum 3 HaiiO1bl ePEKTUBHUX 1
TOYHUX MOJENEH Al AETEKIl CHUHTETUYHMX TEeKCTiB. BOHa BHKOpPUCTOBYE
MacImTaboBaHy apXiTEeKTypy Ta rIIMOOKe HaBYaHHS, 1II00 BUSBISATH HaWAP1OHIIT
BIJIMIHHOCTI M’k CHHTETUYHUM Ta HaTypPaJIbHUM TEKCTOM.

Crmcok BUKOPHUCTAHUX IKCPCII:

1. Ganesh Jawahar. Automatic Detection of Machine Generated Text: A
Critical Survey / Ganesh Jawahar, Muhammad Abdul-Mageed, Laks V.S.
Lakshmanan. — 2020. — https://aclanthology.org/2020.coling-main.208.pdf

2. Andres Garcia-Silva. Understanding Transformers for Bot Detection in
Twitter / Andres Garcia-Silva, Cristian Berrio, Jose Manuel Gomez-Perez. —
2021. — https://arxiv.org/pdf/2104.06182.pdf

3. Sebastian Gehrmann. GLTR: Statistical Detection and Visualization of
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In this article, a new method of image augmentation using Neural Radiance
Fields is being considered. NeRF has significant advantages in generating
photo-realistic images with high resolution and fidelity, and it can be used for a
wide range of applications, including 3D rendering, virtual or augmented reality,
and robotics. Despite its computational cost and limitations in some types of
scenes, NeRFs are becoming more and more popular in many fields of computer
vision, with ongoing research to improve its limitations. Also, this work
describes a practical example of how it can preprocess and augment an existing
dataset to use it for a specific aim.

Image augmentation is an essential technique in the field of computer
vision, used to generate new training examples by applying various
transformations to existing images. The goal of image augmentation is to
improve the robustness and generalization capabilities of deep learning models,
especially in cases where training data is limited. Recently, a new technique
called Neural Radiance Fields (NeRF) has emerged, which promises to
revolutionize the field of image augmentation. NeRF is a deep learning-based
method that can represent the 3D structure of a scene by learning a continuous
function that maps 3D coordinates to radiance values, which determine the color
and intensity of light passing through a particular point in space.

The key idea behind NeRF is to represent the scene as a collection of small
volume elements called voxels, each of which contains a radiance value. By
training a deep neural network to predict these radiance values from the 3D
coordinates of the voxel, NeRF can generate high-quality synthetic images of
the scene from any viewpoint. The key innovation in NeRF is that it uses a
positional encoding scheme to represent the 3D coordinates of each voxel as a
high-dimensional vector. This allows the neural network to learn a continuous
function that can map any 3D coordinate to its corresponding radiance value,
without the need for explicit 3D reconstruction or surface representation.

One of the most significant advantages of NeRF is its ability to generate
photo-realistic images with high resolution and fidelity. This is because NeRF
can capture the complex interactions between light and surfaces, including
reflections, refractions, and occlusions, which are often challenging to model
with traditional methods.
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Moreover, NeRF can be used for a wide range of applications, including
3D rendering, virtual or augmented reality, and robotics. For example, NeRF
can be used to create realistic 3D models of objects and scenes from a small set
of images, which can be used for augmented reality applications. NeRF can also
be used to train robots to navigate in complex environments by generating
synthetic images that mimic real-world scenarios.

One good example of how NeRF can significantly increase the amount of
training data for the dataset is task generation depth from stereo (DFS). Models
in this field should predict depth maps using stereo pairs. But the main problem
here is the high-quality dataset with needed camera parameters (such as focal
length, baseline between cameras, rectification, etc.). Here, NeRF can help
resolve obstacles — from simple indoor image datasets, this technology can
create neural volume representations and generate a large variety of novel views
with needed camera parameters and even create ground truth depth maps.

Despite its numerous advantages, NeRF has some limitations that need to
be addressed. One of the main limitations of NeRF is its computational cost, as
it requires a large amount of training data and computational resources to train
the neural network. Additionally, NeRF may not be suitable for all types of
scenes, especially those with complex geometries or textures.

Despite these limitations, NeRFs are becoming more and more popular in
many fields of computer vision. Modern research shows how we can improve
this technology to avoid its limitations, such as training NeRF in sparse training
data dimensionality that can give good results on a small number of images, or
using hashing to increase training and inference speed.

In conclusion, Neural Radiance Fields represent a new era in image
augmentation, offering a powerful and versatile tool for generating high-quality
synthetic images of scenes and objects. As research in this area continues, we
can expect to see even more exciting applications of NeRF in computer vision,
robotics, and other fields.
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This article is devoted to the study of some issues related to the use of
particle swarm optimization algorithm based on grasshopper behavior. As a
traditional algorithm has some issues that can slow down the optimization
process or even spoil it. The purpose of this work is to propose a method that
uses a limitation surface for increasing searching properties of the algorithm. In
the article, the conceptual model of such a method is presented.

CyuacHi MaTeMaTU4H1 aJITOPUTMHU OINTUMI3AIlii, TaKl K TPaJIIEHTHI METOIN
a00 CHUMIUIEKC-METO/I, MOKAa3yI0Th TapHi pe3ybTaTH, aje *KOJICH 3 HUX HE MOXE
rapaHTyBaT 3HAXOJHKEHHS TJIO0AJIBHOTO €KCTPEMYyMY IUIbOBOI (PyHKINi. Jls
OTPUMAHHS IIMX TapaHTIHd JIOJCTBO 3BEPHYJIOCS 1O MPUPOIUA Ta PO3POOUIIO
MO/, IO KOMIIOKTh MOBEAIHKY O10JIOMYHUX MEXaHI3MiB, JJIsl PIIICHHS 3a7a4
3HAXO/XKEHHSI II100aJIbHOr0 onTUMYyMy (yHKLIH [1].

OnuuM 13 Halle)EKTUBHIMIMX MEXaHI3MIB € KOJICKTUBHUN (pOHOBHIA)
IHTENEeKT O1oj0oriyHuX icToT [2]. s moAanbioro JOCHiKeHHsT Oyj0 00paHo
3rpal0 KOHHUKIB, 00 Il KOMaxu, 3a3BU4ail, (pOpMyIOTh BEJIMKI 3rpai, MoOu
MOKPUTH JOCTATHIO TUIONTY Ta rapaHTOBAHO 3HAWTH 1Ky JIJIsl BIbKUBaHHS. Takox
BOHM MAalOTh IIKaBy COIllaJbHYy B3a€EMOJII0 Ta HE3BUYAMHI MeEXaHI3MH
PEryJIFOBaHHS TEMITIB JTOCIIKEHHS 00J1acTi.

3BUYallHUN POMOBUN aNTOPUTM ONTHUMI3AIl HAa OCHOBI 3rpai KOHUKIB
OMHUCY€EThCS HAOOpoOM piBHSAHB. i1 modaTky po3sriasHeMo piBHsSHHS (1)
MOJIO’KEHHS KOHMKA B 3Tpai Ha KOXKHIH 1Tepartii:

b—1b Dif; -
K=ol Y oL sanh L |47,

4 2 Di + £
T=1
®
ne ub 1 Ib — BekTopu BEpXHBHOI MEK1 Ta HUKHBOI MEX1 BIJIIIOBIIHO;
S — (yHKIiS comiagbHOI CUIM (B3a€MOJIIT), SKa PO3PaXxOBYEThCS 3a
(opmyoro (2);

T’ — BeKTOp MOJIOKEHHS LITOBOTO PIIICHHS (HalKpalle pillieHHs 3Hal/IeHe
Ha NIEBHUI MOMEHT 4acy);

C — KOE(]IIIEHT, MO TOCTIHHO 3MEHIIYETbCS, AJII PEryJIIOBaHHS 30HU
KOM(OPTY, 30HU BIIITOBXYBAHHS Ta 30HU NMPUTITAHHS;
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Di — BekTOp BiACTaHEN MIX KOKHOIO YaCTUHKOIO 3rpai Ta 1-010 0c00010;

|Di| — BekTOop HOpMOBaHMX B miama3oH [l1, 4] BimcraHedl MiXK KOXXHOIO
YaCTUHKOIO 3Tpai Ta i-0r0 0c00010;

Dif; — BexTOp pi3HUIL TOJI0KEHD KOXKHOT YaCTHHKH 3rpai Ta i-01 0coow;

€ — MaleHbka KoHcTaHTta, mopanky 1070 mns yHukHeHns curyamii 3
mteHHsm Ha 0.

dyHKIIA S, sKa BHU3HAYA€ COINAJbHI CHJIM, OOYHMCIIOETHCS HACTYIHUM
YHHOM:

r
s(r)y=fel—e™,
(2)

ne f Bkasye Ha IHTCHCHUBHICTh TNpPHUTATaHHA, a | — ImIkamga JOBXKUHU
pUBaOIMBOCTI.

OpHi€ro 13 MpobIeM IBOr0 METOXy MOXYTh OyTH piski “cTpubku” ocid
3rpai B HE ONTHMANbHI perionn GyHKUIl, o onTuMisyeTbes. TobTo MoxkiiHBa
CHTYyallis, KOIM ILIbOBE PIlIeHHs (HAHONTHMAaNbHIIIA 338 MOJOKCHHAM 0co0a
3rpai) 3HAXOMHMTBCS 32 MEPELIKON00. B pesyibrari 4Oro IneBHa 4acTHHA 3rpai
MOYHE PyX T10 Wi}l TePELIKOAl, 0 O3HAYAaTHME, IO Ll YaCTHHA 3rpai JACeKUIbKa
iTepairiii Oy/ie CBiIOMO pyXaTHUCs B IHIIIOMY HaIPsiMi BiJl MOXJIMBOTO ONITUMYMY.

Sk BapiaHT BuUpIIIEHHA Ii€l TpoOJieMH, MOXKHa Ha KOXHIM 1Teparii
06MC)I(yBaTI/I IiTBOBY ()YHKILO TilEPIUIOIMHOI0 HA PiBHI HAWTIPINOi 0COOMHH
HAWol 3rpai. SIKIO MPOBECTH AHAIOTIIO 1O PEANbHOrO CBITY: B Tepapiymi 3
KOHMKaMH MU OyJIEeMO OMYyCKaTHU BEpXHE CKJI0 (200 MiTHIMATH HIKHE) 10 PIBHA
HaiBuIIoro (260 HaHMeHmoro) KOHHKA.

IToBeninKa KOHHKIB B cuTyauii, Koau Oylb-sika ocoba xode “NpUrHyTH”
Buiie (abo HI/Dqu) 06Me)KyBaJ'IBH01 TIIEPIUTIONIMHA MOXe OYTH HACTYITHOO:

¢ KOHUK “BAapsieThCs” 00 IJIOLIMHY Ta MaJa€ BEPTUKAIBHO BHU3 (B TOYII
MEepPeTHHY 3 TINEPIUIOIMHOK KOHHUK IIyKae€ 3HAYCeHHS IIbOBO1 (yHKII Ta
NEPEMIIY€EThCS B TI KOOPAUHATH);

e KOHUK “BIIOMBAETHCS” BiJ IUIONIMHU Ta MPOAOBKYE pyX (KYT BIIOUTTS
JIOPIBHIOE KyTY BXOJIKEHHS).

SIK110 >k BIIPOJOBXK MEBHOI KUIBKOCTI 1T€palliii TiNepIuioniiHa He 3MIHIOE
CBOI'0 TMOJIOKEHHS Yepe3 rpyny (ado O,IIHOFO) 0Ci0 — MOYXHa BBa)KaTH, 1110 BOHU
3aCTPSI/IM B JIOKAIbHOMY ONTHMYMi 1 iX MOXHAa BOMTH Ta 3ICHEpyBaTH
BCepeanHi 00IaCTl TOCTIKSHHS.
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Nowadays more and more people are becoming interested in sports and
performing an active lifestyle, and many of them use various apps to track their
progress, achievements, and physical health. The increasingly common features
of these apps are subsystems for automatic tracking of physical activities with
the recording of results according to the type of activity, for the purpose of
analyzing and documenting the user's physical achievements.

Ha croronni Bce Ounmblie J0Ae 3aXOIUTIOIOTHCS 3aHATTSAM CIOPTOM Ta
BEJICHHSIM aKTHUBHOTO CIIOCOOY KHTTH, 1 0araTo 3 HUX BUKOPUCTOBYIOTH Pi3HI
JOJIAaTKU 11 (DIKCYBaHHS YCHIXiB, IPOrpecy Ta piBeHb Gi3uyHOro 310poB‘s. Bee
Aenanl MOMUPEHUMH (QYHKIISIMUA LHMX JOJATKIB CTAHOBIATHCSA MiACHCTEMHU
ABTOMATUYHOTO BIJCTCIKCHHS BUKOHAHHS (pi3ndyHOi akTuBHOCTI (DPA) meBHOroO
poay 3 GIKCyBaHHSIM pe3yJIbTAaTiB Y BIAMOBIAHOCTI 3 TUIIOM Iii€i DA 3 MeToro
MPOTOKOIIOBAHHS (PI3UYHUX AOCATHEHb KOPUCTYBaya.

3ne0inpIioro y 3afadyax BusHaueHHs Tuny DA JoAMHN BUKOPUCTOBYIOTh
TaKi CEHCOpH SIK: T1POCKOII, aKCceJIepoOMEeTp Ta gPS-IaT4yuK, pijiie MarHiToMeTp
Ta MikpodoH. Takoxx CIiJI 3a3HAYUTH IO Y OUIBIIOCTI BUIMAJAKIB TijJ] 4Yac
JOCTIPKeHb BUKOPHCTOBYBAJIHMCS a00 OKpemi criemiaiizoBadi cencopu (14
nocminiB), abo cmaptdonu i iHmI ToOyToBi mpuctpoi (4 mochimm) [1]. Tun
BUKOPHUCTAHUX CEHCOPIB TaKOX 37€OUIBIIONO BU3HAYA€ MICIE PO3TAllyBaHHS
CEHCOpY Ha T JIFOJWHHM, IS sIKOT MPoBOAUTHCs 301p iH(opmartii. Ha mpukiami
aKceJIepoOMeTpy MOXHA MPOCTSKUTU 3aJIeKHICTh THILy CEHCopa BiJl HOTO
PO3MIIIIEHHs HAa TUT JIOJUHU MiJ 4ac 300py JaHUX, IO BIUIMBAE Ha IIHHICTH
UX JaHUX. Y BHIIAJIKy X BUKOPUCTAHHA MOOYTOBUX MPUCTPOIB OYIIIMTO
cMapT@OH YU CMaAPT-TOAMHHUK, TO IX PO3MIIICHHS BIJHOCHO TUIa JIIOJUHU
CHWJIBHO OOMexeHO a0 KuiueHer albo 3am’acTaM pyK. TakuM YUHOM JUIs
3a0e3neYeHHs] MaKCHUMAaJIbHOI TOYHOCTI poOoTH Kiacudikaropa i3 310paHUMHU
JaHUMU 3 MOOYTOBUX MPHUCTPOIB Tpeda MNPUIUIATH JOCTATHIO yBary ioro
aIrOpUTMy pOOOTH, ajKe 3 OOMEXKEHUMHU OMIISIMU PO3MIIICHHS CEHCOPIB
BIIHOCHO JoAuHU TieBHI Tunu DA OynyTb MaTu CXOXY JIUHAMIKY 3MIHU
MOJIOKEHHS YW MIBHAKOCTI, IO JEHI0 YCKIATHIOE iX TudepeHIiiaIio oauH Bija
OJIHOTO.

VY skocti 6a3oBoi iHQoOpMmaIii Ha OCHOBI fAKOi Oyne MPOBOIUTHCS
OPENpoLECIHT Ta HOpMaii3auiss Oyjae ciayryBaTh Halip 4YacOBHX 3alUCIB 3
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aKcelmepoMeTpy Ta Tripockomy 3 dbactororo 20 1 [2] 3 ABOX MPHUCTPOIB:
cMapT(doHy 1 TOJUHHHKA.

[Ticnss mpoBeAeHHS NPENPOLECIHTY [aHUX, Ha IX OCHOBI MOKJIMBO
noOyayBaT Kiacudikatop BusHaueHHs TUILY DA 3 BUKOPUCTAHHIM HEMPOHHUX
MEpEeX Ta PI3HUX METO/IIB TTTMOMHHOTO HABYAHHS.

[IpemnporieciHr BXiJHUX JTaHUX BKJIIOYA€E B ceOe JeKiIbKa Pi3HUX IPOIIECIB,
cepen skux: (iIbTpallis, CerMeHTalis CUTHalTy, BUBEACHHS O3HAK YU
3MEHIIEHHSI PO3MIPHOCTI. Y CBOI0 4Uepry KOXKHUH 3 BKa3aHUX METOJIB Mae€
JeKUIbKa  aJdrOpuTMIB  peaiizallii, SKAM MOXe 3MIHIOBaTH I[IHHICTh
PEe3YyJIbTYIOUOr0 IaTaceTy Ta TOYHICTh POOOTH MOJIEIII.

Jns pobotn kimacudikatopa OTpUMaHI CUpPl JaHl PO3AUISIOT, HAa MEHIII
CEerMEHTH 1 BUKOPUCTOBYIOTH iX SIK aTOMAapHY YaCTHHY JJIsl HABYaHHS YU POOOTH
mozeni. Jas mporo B OCHOBHOMY BHKOPHCTOBYIOTH BIKOHHI METOIH, Takl K
KOB3HE BIKHO a00 BIKHO Ha OCHOBI AisUIbHOCTI. [Ipm KOB3HOMY BIKHI BXIJHY
1H(pOopMallid MOAUIAIOTh HAa YacOBl 1HTEPBAIM 3 (PIKCOBAHOIO TPUBAIICTIO, Bif 2
CEKYHJI 10 XBUJIMHH, 1 BUKOPUCTOBYIOTh SIK aTOMapH1 YaCTHHH JaHUX. MOKIIMBO
TAaKOX TEPEeKpUBAIOYl IHTEPBAM, M0 KOPUCHO Yy BHUIAAKYy KOJU JIBa
MOCIIJOBHUX BiIKHa MaTUMYTh CyMIXKHY 1H(pOpMaIlii.

bisbll MpOCYHYTOIO anbTEPHATUBOIO IIbOMY METOJy CErMEHTAIlll € METO/]
BiKHAa Ha OCHOBI JIsUTbHOCTI, TOJIOBHA OCOOJIMBICTh SKOTO TOJIATAE Y TOMY IO
Ipyd BHU3HAUCHHI YacoOBOTO 1HTEpBaly BIKHa MH pPO3pPaXxOBYEMO Ha
MPUHAJICKHICTh IILOTO 1HTEpBaTy 10 onHiei DA, a He Ha ¢iKcoBaHI YacoBi
oOmexeHHs. IlepexiTHUMU MOMEHTaMH ISl BIKOH 32 IIMM METOJOM CIIyTYIOTh
nepexoau 10 iHmuX TumB DA, TUM caMUM yCyBarOYu HEOJHO3HAYHICTh MIX
TPAaHUYHUMH YACTUHAMU JTAHUX.

JIisi BU3HAYCHHST ONTUMAJIBHUX XapaKTEPUCTHK JIAHWX, TAKUX SIK 9acTOTa
JTUCKpEeTH3allii, KUIbKICTh CEHCOpIB, iX ONTUMajbHE PO3MIIICHHS, Ta
ONTHUMAJIbHUX 3aC001B MPENPOIECIHTY Tpeba MPOBOAUTH OKPEMI JOCTIIKEHHS Y
KOHTEKCTI OKpeMoi Mo/jieli KiiacugikaTopa.
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This paper considers the classification of animals obtained as a result of
crossing genetically different forms within the same species, using the example
of horses in the absence of a priori data. It is proposed to use methods for
evaluating the quality of clustering to improve the efficiency of the algorithms.
The application of these methods in the field of animal husbandry and, in
particular, horse breeding will help specialists automate the process of grouping
hybrid individuals in conditions where it is not known for certain how many
classes the studied sample of animals should be divided into.

Y npupoai Ta CIIBCBKOMY TOCHOJAPCTBI 3YCTPIHAIOTHCS OpPraHi3MH, SKi
OynM OTpUMaHl NUIAXOM CXPEHIEHHS TeHEeTUYHO BiAMIHHUX (opm. Takux
rIOpUIHUX TBApUH JOCHUTHh Ba)XXKO KIACHU(PIKyBaTH y MeEXKax OJHOIO BHUAY 3
IPUBOJY BIJCYTHOCTI IPUHAIEKHOCTI JI0 dKOJHOI 3 ICHYIOUUX HOPI.

Y pobGoti [1] onmucaHo CTBOpeHHS 0a3u JaHMX, KA HAJA€ MOXKJIUBICTD
30epiranHs Ta oOpoOKHM JaHUX TBApUH HA MpHKIaal KoHel. [[nsa kmacudikaiii
riopuaHIX 0cOOMH OyJ0 3ampOMOHOBAHO BHUKOPWCTAHHS KJIACTEPHOTO aHAII3y
meronoM k-cepennix. IIpoanamizoBana BuOipka ckiaganacs 13 40 TBapuH.
[Toponu koHel MNPUWHATO NOAUIATA HA TPU BEJIMKI KaTeropii: BEpXOB,
BaXkoBo3M Ta ToHI [2]. Tomy anroputmom k-cepemnix Oyino BuialieHO 3
KJIaCTEpH.

Criz 3a3HaYUTH, 110 Y€pe3 3HAYHI BIAMIHHOCTI MK T10pHIaMHu HE 3aBXKIU
MOXe OYTH arnpiOpHO BiJIOMO, HA CKUIBKU TPYI CJIiJT PO3IISATA TBApHH.

Tomy MeTor0 po60TH OYJI0 BIOCKOHAJIEHHS aJITOPUTMIB IHTEJIEKTYaJIbHOTO
aHami3y JaHWX 3apEeECTPOBAHUX TBAPWH JUIA TMIABUIIEHHS €(QEKTHBHOCTI
po3Mmi3HaBaHHs TIOPUIHUX OCOOUH.

Jlnsg BU3HAUEHHS KIIBKOCTI KJIacTEpiB, HA SKI CHIA AUIMTH E€K3EMILUISPH
BUOIPKH, BUKOPUCTATIN METO/T OI[IHKU CHUITYETY KIJIACTEPiB.

VY T1abn. 1 HaBeneHO pe3yiabTaTH PO3PAXYHKY KOS(IIIEHTIB CHIIyETY.

Ta6nus 1 — KoedimieHT cuiyeTy 11 KOXKHOI KITBKOCTI KJIacTepiB

KinpkicTh Ki1acTepin KoedimieHT cunyery
2 0,57075
3 0,58974
4 0,57111
5 0,50106
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Koediuient cunyery mepebyBae y niamaszoni [-1; 1], me Oinpln BUCOKe
3HAYEHHSI BITHOCUTHCS 10 MOJIET 3 O1IBIIT KOTEPEHTHUMH KacTepamu [3].

Ha puc. 1 npeacrasieHo maiarpamy, o BioOpakae OIIHKH CHIYETIB MPHU
oI Ha 2 Ta 3 KIacTepH.

Silhouette analysis for KMeans clustering with 2 clusters
Silhouette plot
T

Number of clusters

(1]

H
0.0 02 0.4 06 0.8 10
The silhouette coefficient values
Silhouette analysis for KMeans clustering with 3 clusters

Silhouette plot

Number of clusters

00« T T L T
00 0z 04 06 08 10
The silhouette coefficient values

Pucynok 1 — Koediuientu cunmyerty micis kiactepusaiiii Ha 2 Ta 3 Kiactepu

AHaJli3 OTpUMaHMX PE3yJbTaTIB JI03BOJISE 3pOOMTH BUCHOBOK, IO TMPHU
OIIIHIII pe3yJbTaTIiB KjacTepusallli HaiBuiie 3HaueHHs cuiyety (0,58974)
BIJIMOBIJIa€ pOo30UTTIO HA 3 Kiactepu. OTxe, 1 KUIBKICTh TPYN € ONTUMAIBHOIO
JUUIS1 BUPIIICHHS TTOCTaBJIEHO1 3a/1a4i.

TakuM 4MHOM, BUKOPUCTAHHS METOJIB 1HTEJICKTYaJbHOI'O aHalli3y JaHUX
JTomoMoske (DaxiBIsIM y Taly3l TBapUHHUIITBA OUIbII €(EeKTUBHO BHUKOHYBATH
kinacudikanilo riopuaHuX ocobuH. Ilpu 1pOMYy METOOU OIIHKH SKOCTI
KJIacTepH3allii T03BOJISATH ONMTUMI3yBaTH pOOOTY 3 YIpyIIOBaHHS TBapUH 32 YMOB
HEBU3HAYECHOCTI.
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The relevance of the work is determined by the need for the
implementation of automatic sign language translation software in the process of
social inclusion of people with hearing impairments. The purpose of the
research is to study and develop the automation of sign language translation
methods to help achieve the reduction of inequality under the "Goals of
sustainable development of Ukraine”. Comparative analysis of modern software
sign language translation methods is considered. The development of methods
for automating translation from one sign language to another sign language is
proposed.

Moga xecrtiB (Sign Language, SL) € omrmm 3 HakcTapimmx i
HAWTIOMIMPEHIMNX CIOCO0IB CIIJIKYBaHHS JtoJieli. BoHa BUKOPHUCTOBYETHCS y
BCIX KYJbTYpax 1 Mae CBOI BJjacHI mpaBuia Ta HopMu. OfHaK, HE3BaKar0uu Ha
T€, 110 MOBa >KECTIB € HE MEHII BaXKJIMBOI HIK BepOajbHAa MOBAa, BOHAa HE
oTpuUMaJia IOCTaTHhOI YBaru BiJl HAYKOBIIIB 1 JJOCIITHUKIB.

Mertoro 1aHoi poOOTH € JOCIIKEHHs Ta po3po0Ka METO/1IB aBTOMAaTH3AIlli
cypJolepeKyiaay Jjsi JOCATHEHHsST CKOPOYEHHS HepIBHOCTI 3rifHOo «L{usam
CTaJIOr0 PO3BUTKY YKpainu» [1].

3amayl  OCHIKEHHS: aHajii3 CHelu(iKd MOBH JKECTIB, OCHOBHHX
IOPUHLIMIIB Ta HOPM, SIKI PEryJIOIOTh 1I BUKOPUCTAHHS B PI3HUX KYJIbTypax;
BU3HAUEHHS OCHOBHHMX 3ac00iB BHpaXCHHS MOBHU JKECTIB 13 BpaxyBaHHSIM
CEMAaHTUYHOTO HABAHTAKCHHS KOHIIEMNTIB JKECTOBOi MOBH; Kiacudikaris
po0IeM KOMYHIKaIlli, 3 SIKUMH CTUKAIOTHCS JIFO/IH, [0 MAIOTh BaJy 31 CIIyXOM;
po3pobOka METOIB aBTOMAaTH3allll MepeKIaay 3 OJHIE] )KeCTOBOI MOBU Ha 1HIILY
YKECTOBY MOBY; MEPCIEKTUBH 3aCTOCYBAHHS 3alIPOTIOHOBAHUX METO/IIB.

CydacHi KOMIUIEKCH CHCTEM, III0 BHUKOPUCTOBYIOTHCS [UJIi KOMYHIKaIlii
JII0JIeH 3 BaJlaMM CIIyXy, 3po0JsieHa Kiiacudikallis 3a HACTYITHUMH O3HAKaMHU:

— MOXJIMBICTIO 00paTH )KECTOBY MOBY: OJIHY; JEKUIbKA;

— BugoM nepekiany: Speech — Text; SL — Text; SL — Text — Speech;
Text — SL; Speech — Text — SL; Text — Speech; Textl — Text2; Speechl
— Speech2; SL1 — SL2;

— 00’ €KTOM NEpeKIIaay: J0MHA; Mporpama.

3anponoHOBaHO METOJT MEePEeKIaTy 3 OJHI€l )KecToBOi MOBH Ha iHITy SL1
— SL2, anropuT™ SIKOTO MOJISTa€ B HACTYITHOMY:
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1. cniBpo3moBHUK oOupae sxkectoBy MoBy SL1 Ha ekpaHi, KOO BIiH
BOJIOJII€ (aHTJIIHMCHKA, ICITAaHChKa, HIMEIIbKA TOIIO);
2. HACTYITHUM €TaIloM BiH 3alHCY€ BiJIeO CBOTO KECTY Ha KaMepy;
3. paini 1e Bijeo OOpOOJIAETHCS MPOTPaMOI0 — B Pe3yJibTaTi BUKOHAHHS
OBOTO €Tally Ha eKpaHi 3’aBUTbcs TeKcT Textl, skuil mporpama
pO3ITi3HAJA 13 JKECTY;
1HIIMI CIIBPO3MOBHUK 00Mpae MOBY SL2, IKOIO BIH PO3MOBIISIE;
TekcT Textl, mo OyB oTpuMaHMii Ha eTarl 3 MepeKIalaeThCsa Ha MOBY,
1o Oysa oOpaHa Ha erari 4 - OTpUMY€EMO MepeKIageHui TekcT Text2;
6. 13 Tekcty Text2, ceHC SIKOrO TOBHHEH 3pO3yMITH 1HIINN CITIBPO3MOBHHK
Ha Tiil MOBI, sika oOpaHa Ha eTamni 4, FTeHEepPYIOThCS BIAMOBIAHI KECTU Ta
MOKa3yIOThCS HA €KpaHi 3a AonomMoror 3D-aHiMOBaHOrO MepcoHa)ka Ha
BKa3aHiii >kecToBiif MOB1 SL2.

Uepes Te, 1110 icHY€E ayxe 6arato MOB )KECTIB, ICHYE MpoOIeMa KOMYHIiKaIlii
cepeln JIoJIeH, 10 CHIJIKYIOThCS PISHUMH MOBaMHU KecCTiB. Tomy po3poOka Ta
BIIPOBA/PKCHHSI TAKOTO MPOTPAMHOTO 3aCTOCYHKY, SKHH JOTOMOKE BUPIIIUTH
10 MPOOJIEMyY, € aKTyaJIbHOIO.

B poGoti Oynu oTpumaHi HACTYIHI pe3yibTaTu:

— BUSIBJIEHO OCHOBHI IPOOJIEMH Ta 3aJ1aul COIIATIbHOI 1HKITFO311 JIJIs JII0/IeH 3
BaJlaMU CIIyXYy;

— IPUBEACHO OTJISA]] CY4YaCHUX aCUCTUBHUX TEXHOJOTIH;

— 3aMpPOTNIOHOBAHO KJIacH((]iKallll0 CUCTEM CypAOIEepeKIIay;

— 3p00JICHO MOPIBHAIBHUM aHAIII3 Cy9aCHUX METOJIIB CypAOIepeKIaay;

—  PO3NISIHYTO ICHYIO4Yl mporpamHi  1miaTGopMud  aBTOMATHYHOTO
CypIOTIEpEKIIany SK CBITOBI, TaK 1 YKpaiHChKI aHAJIOTH;

— 3aMpOTIOHOBAHO CBiif MeTo SL-t0-Text;

— 3MOJIETOBAHO TIpoiiec nepekany Text-to-SL mporpamMmurMu 3aco0amu;

— 3aMpoNOHOBAaHO BUKOpHUCTaHHS 3D-animarii myis reHeparii KOHIIEITIB
’)KecToBOl MOBHU B MeToal Text-to-SL;

— 3ampoNOHOBAaHO auropuT™M reHepauii 3D-aHiMOBaHOTO XKecTy 13
BiJICO3AIKCIB Ta HOTO BUKOPUCTAHHS B METOI1 B MeToi Text-t0-SL;

— 3aIpPONOHOBAHO Ta OOTPYHTOBAHO BUKOPUCTAHHSI CUHTE3Y METOMIB JJIs
texHosorii Sign Languagel to Sign Language2.

— OTpUMMaHI NMPaKTUYHI PE3yJbTaTH: AEMOBEPCIS MPOTPAMHOI0 3aCTOCYHKA
«Sign Language to Text».

HoBu3zHot0 pob0TH € 3aITpONOHOBAaHUN METO/T TIePEKIIaly 3 OJHIET )KECTOBOI
MOBH Ha 1HIIY K€CTOBY MOBY.

o b
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Data mining is a complex process that involves collecting, cleaning,
processing, and analyzing data using a variety of analytical techniques and tools.
The primary goal of data mining is to extract useful information from this data
that can be used to make decisions and forecast future events. This article
focuses on the benefits of date mining in the medical field from educational
institutions to medical institutions. The stages and components of the date of
mining are considered. Various approaches to the use of modern technologies in
a narrowly focused environment are considered.

Data mining is used in a variety of industries, including business, medicine,
science, and sociology. For example, in business, data mining can provide
valuable information about consumers and their needs, allowing companies to
develop more effective marketing strategies and increase business productivity.
Data mining also enables scientists to conduct more accurate and informed
analyses of data from various fields, which aids in the discovery of new
dependencies and patterns.

The use of data mining is increasing year after year, as technology and
information systems develop, providing more and more opportunities for
collecting and processing large amounts of data. Data mining is a powerful tool
for making informed decisions and increasing efficiency and productivity in a
variety of fields.

Data mining encompasses a wide range of methodologies and strategies for
extracting meaningful information from enormous volumes of data. These are
some intriguing data mining methods:

Machine learning is a technique that teaches computers to recognize
patterns and patterns in vast datasets. Machine learning allows you to gain more
accurate data analysis results and forecast future events.

Deep learning is a subclass of machine learning that use multiple-layer
neural networks to accomplish data analytic tasks. Deep learning enables for
more complicated and in-depth data interactions.

One of the most progressive ways to use Data mining in the medical field is
to use it to create relevant courses for students. Thanks to this, students can more
effectively acquire new knowledge, even while staying at home. Students can
also use mobile applications to complete surveys, tests, and other types of
knowledge control.
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Modern systems are trying to integrate Data mining into such complex
processes as compiling a personalized treatment or determining the effectiveness
of a treatment. Machine learning can be used to analyze large amounts of
disease and patient data to identify trends, identify risks, and predict disease
progression.

Also, Data mining began to be used in the analysis of medical images. In
order for an X-ray image to be analyzed, a large amount of time is needed, while
systems do this in a few minutes and give their conclusions.

Data mining can help in the study of the effectiveness of personnel and
equipment. Machine learning can be used to analyze patient data and optimize
hospital management, including resource planning, process optimization, and
quality of care.

Data mining is even being used to develop new drugs. Analysis of many
chemical compounds and selection of those that are most effective for the
treatment of certain diseases.

MEDICAL DATA MINING
FRAMEWORK

m Outlier Detection

Medical \ /

Data Pre- Medical

P Data
rocessing
P Mining

9

Association Rules Classification

Medical
Data
Selection

hnm\lui_L
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Figure 1 — Medical data Mining Framework

Thus, it can be concluded that machine learning and data mining have a
huge potential to improve the medical industry by helping to detect diseases at
an early stage, improve the efficiency of treatment and hospital management,
and make medical care more personalized and accessible.
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In recent years, algorithms for solving a wide variety of generative
modeling tasks, such as image generation, super-resolution, inpainting, editing,
have evolved rapidly. Diffusion models raising the bar to a new level in these
fields. Latent diffusion model is an extension of the classical diffusion model
and takes into account the underlying structure and dependencies in an image to
generate more realistic and efficient image samples with less training and less
time to inference. In this work, the concept and architecture of these models
were reviewed and described.

HudysiitHi Mojeni HailexaTh J0 Kareropii IMHMOOKUX TEeHEPAaTUBHUX
MoOJeNel, SKI OCTAaHHIM YacoM JIOCSTJIA BPaKAKYMX TeHEPATUBHUX
MO>KJIMBOCTEM, MOYMHAKOYM B1Jl BACOKOTO PIBHA J€Tali3allii 0 pi3HOMaHITHOCTI
3reHepoBaHUX MPUKIALIB. IX MOKHA YMOBHO KIacu(iKyBaTH 3alexkHO Bij TOro,
JI€ TPOBOJAUTHCA MomnepeaHs Audys3is — B MIKCEIbHOMY MpocTopi abo B
JaTeHTHOMY mpoctopi. llepmuit kmac MeTOMIB TeHEpye 300pakeHHS
0e3MmocepeIHbO 3 BUCOKO PO3MIPHOTrO MiKCeNbHOro piBHA, Hanmpukiaa, GLIDE
ta Imagen. [Hmmit kiac € narentHumMu audysiiaumu Mozaensmu (LDM) no
skux Hajnexath Stable Diffusion, VQ-nudy3sis ta DALL-E 2 [1].

B moxem narentHOi nudysii sk 1 B 3BUYAWHIN Audy31idHIA MOl €
nporec npsamMoi Audy3ii Ta 3BOPOTHINA Tporiec (PEKOHCTPYKIliS), aje MpoIliec
nu(y3ii 3alyCKaeThCs B JATEHTHOMY MPOCTOP1, @ HE B MIKCEIBHOMY, 1110 POOUTH
BapTICTh HABYAaHHS HWXKYOK, a IIBHJKICT, BHBEACHHS MMBHUAMOK. [le
MOTHBOBAHO CIIOCTEPEKEHHSM, 10 OLIBIICTh OITIB 300pa)KeHHs TOTIOMAaraloTh
COPUMHATTIO JAeTalied 1 CEeMaHTWYHA, KOHIIENTyajlhbHAa KOMIIO3UIlIA BCE IIIE
3QUIIAETBCS  MICHS CHJIBHOTO CTHCHEHHsS. L[LDM  BUIBHO  JEKOMITO3y€E
neplenTUBHE 1 CEMaHTUYHE CTHCHEHHS 3a JOMOMOIOI T€HEPATHUBHOTO
MOJICTIOBaHHS, CIIOYaTKy BIJICIKAIOYM HAJIMIIKOBICTH Ha PIBHI IIKCEIIB 3a
JIOTIOMOTOI0 ~ aBTOKOJyBaJbHUKA, a TOTIM  MaHIMYJIOKYH/TeHEPYIOUU
CEMaHTHYH1 KOHIICMHIli 3a JIOMOMOrow Iporecy audysii Ha BHUBYCHUX
JIATEHTHUX JaHuX [2].

[Ipouec  mepuenTUBHOI  KOMIpecii  IPYHTYeTbCS  Ha  MOJEl
aBTOKOAYBaJIbHUKA. KOIyBanhbHUK £ BHUKOPUCTOBYETHCA I CTUCHCHHS
BXigHOro 300paxenHs x € RF*™W*2 1o MeHIIOro ABOBMMIPHOrO IATEHTHOIO
BEKTOpA z = e(x) € RPwxe e 4acToTa JTMCKPETH3aIil
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Pucynok 1 — ApxiTekTypa JaTeHTHOI Audy31iiHOI Moaeni

[Tponiecu mudys3ii Ta 3HEMTYMIIEHHS BIIOYBAIOTHCSA HA JTATEHTHOMY BEKTOP1
Z. Mopens 3HemymiieHHs — 1e oOymoBieHa B dYaci U-Net, momoBHeHa
MEXaH13MOM TEePEeXPECHOI yBaru Jijis 00poOKH rHy4YKO1 YMOBHOI iH(pOpMalii aJis
reHepailli 300pakeHp (HampuKiaa, MITKH KJaciB, CEMaHTHUYHI KapTHU, PO3MMTI
BapiaHTH 300pakeHb). CTpyKTypa €KBIBaJIeHTHa O0'€THAHHIO MPEACTaBJICHHS
PI3HUX MOJATBHOCTEH Y MOJEINh 3 MEXaHi3MOM TiepexpecHoi yBaru. KoxkeH tur
YMOBHOI 1HpopMaIllii moB’si3aHui 3 cuenudigHUM ISl JOMEHY KOyBaJbHUKOM
Tg JJIA IPOCKTYBAaHHS BX1AHOI 1H(pOpMaIlli ¥ Ha TPOMIKHY perpe3eHTAIllI0, IKY
MOYHA 3iCTABUTH 3 KOMIIOHCHTOM IIepeXpecHoi yBar, Tg(v) € RM*dr:

T
Attention(Q,K,V) = saftmax(qi ) -V,

ne Q= W - o(z), K =W 150, V= W 1o (), W e R,
Wéajlei] e Rdxdr' (PI:Z:') = R!\-‘xd;' IE(J’) c RMX&TT [3]
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Cybersecurity is a constant battle between those who possess information
worth protecting and those who want to obtain it. With the development of
technology, security is increasing exponentially. Passwords are one of the
methods used to protect vulnerabilities. However, as technology evolves,
passwords can be guessed or decrypted, leading to increased demands for
longer, more complex passwords. Two-factor authentication (2FA), a subset of
MFA, was proposed as a possible solution to combat weak user passwords but
also has its own set of problems.

This article discusses some of the vulnerabilities of different password
protection methods and the challenges of implementing effective cybersecurity
measures.

KibepOesneka — 1e mocTiiHa OOpoThOa MK THMH, XTO BOJIOIIE
iH(popMalLli€l0, SKYy BapTO 3aXUCTUTH, 1 THUMH, XTO XO4Y€ OTPUMATU IO
iH(popMalio. 3 PO3BUTKOM TEXHOJOTIM Oe3mneka 3pocTae B €KCIMOHEHIIANbHIN
MIBUAKOCTI. PaHHI KOMI'IOTepU CHOPUUMHWIM 3MIHY Ju3aiiHy O€3MeKu:. BiJ
HE3HAYHOI'O 3aXUCTY IUIAXOM OOMEeXEeHHs (PI3UYHOrOo AOCTYIy A0 Oe3meKu s
KUIBKOX KOpPHCTYBauiB 1 0araTOpiBHEBOI'O 3aCTOCYBaHHSA. Y emnoxy [HTepHeTy
OyIb-SIKMI MIIKIIOUYEHUNA TPUCTPIN € OTEHIIHHO Bpa3iuBUM. OUH 13 METO/IIB
3aXHUCTUTH BPA3JIMBOCTI BXOAY — 1€ apoJl.

VY cdepi TexHOJOTIM Tapoii peanizyrThCs KOMIT IOTEpaMu, TPUIOMY
KOMIT'FOTE€p IIPOMOHYE 3aBJaHHS, Ha sIKE MOTPIOHO MPaBUIILHO BIAMOBICTH B
TekcToBOMY (hopMmati. Komm’rorep Moke Juiie npoaHaaizyBaTu BBEACHUN TEKCT
1 TOPIBHATH MOro 3 TOYHOI MPABUJILHOIO BIJMOBIIAK0, TOOTO IPaBUIbHY
TEKCTOBY BIJIMOBIAb HAa BUKIUK KOPUCTYyBau Ma€ TOUYHO 3amam’atatu. OCKUIbKU
TEXHOJIOTiSI ~ TIPOJIOBXKYE  PO3BUBATUCA, TMapojl  MOXHA  BraayBaTH,
po3mudpoByBaTH a00 BUKOPUCTOBYBATH IPYOUM METOJIOM, 1110 TPU3BOAUTH 10
MIJBUIIEHHS BUMOT JI0 TapOJIiB, BKIIOYAIOYH JOBXKHUHY, BHKOPHUCTAHHS
CHMBOJIIB 1 BIJIMIHHOCTI B PEriCTpi JTEp.

JlBodaktopna ayrentudikamis (2FA), migmaoxuna MFA, Oyna
3aIPOIIOHOBAaHA K MOXJIMBE PIIICHHS A OOPOTHOM 31 CIAOKUMM TapoJIIMHU
KOPHCTYBauiB, ajie BOHA MOPOJKYE BIIACHUM HaOip mpoosiem. J[>koBep BHUSIBHUB,
1o oaHopazoni napodii (OTP) cinyk6u kopoTkux mosigomiieHb (SMS) Bpaznubi
70 BUKpAJEHHS IIiJI 4Yac Tepejadi HE3axHUIEHWMH JIHISIMU CTUIbHUKOBOTO
3B’s13Ky Ta 3amiHO0 SIM-kapt. Koran Ta iH. y cBoiil npomnosuiii moao T/Key
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00rOBOPIOIOTH, SIK OJHOPa30BUil mapoiib Ha ocHOBI yacy (TOTP) Bumarae, mo6
CEKpEeTHE MOYaTKOBE YHCIIO 30epiraiocs y BIAKPUTOMY BUIJISAI Ha cepBepi Ta
MO’Ke OyTH BIAKPUTHUM Yy pa3i aTakd Ha BCbOMY cepBepi. [[pro moBigomiisie mpo
ycmimHui 3maM Mepexi LockheedMartin, miapsanuka HalioHaaIbHOI 0OOPOHH,
micast Toro, sk cekpetHi komu LockheedMartin Oynu BuKpageHi 3 IXHIX
cepBepiB. Cacce Ta 1H. MOSICHIOIOTh, 110 SKIIO KOPUCTYBadl BBAXKAIOTh MOJITHKY
Oe3rneku abo MapoJib HaJATO CKJIAJAHOI0 ab0 HE MOBHICTIO PO3YMIIOTh IMOJITHKY,
BOHH, IIBUIIIIE 32 BCE, OOTHTYTH 1i.

Hapasi maposi € ctaHgapTHUM METOJIOM ayTeHTHU(dIKaIllli KOpUCTYBadiB.
OckIbKH anapaTtHe 3a0e3MedeHHs TPOJIOBKYE PO3BUBATUCSH, 3JIaMaTH 111 TTapoJii
crae jermie. TpaguilifHUM pPIIICHHSIM i€l MPoOJIEeMH € MOCTIMHO 3pocTarya
CKJIaIHICTh TapoJisi Ta ABO(AKTOpHA ayTEHTH(IKALIS.

OpHak KOpUCTYyBayl CTAIOTh HANPY>KEHUMHU Yepe3 HAJTO CKIIAHI CUCTEMU
BXOJIy 1 4acTo 00XxomaTh iX. /[BodakTopHa ayTeHTHdIKAIS TAKOXK J0JA€ IO
CKJIaJIHICTh, 1 Oarato ¢opM ABO(AKTOPHOI ayTeHTU(IKAI] 3a CBOEIO CYTTIO €
HeOe3neuHnMU. Y BIANOBIAL HAa III MOpoOJeMU Iel MPOEKT MPOIOHYE
Oe3naposibHy OaraTo)akTOpHY CcHUCTEMY ayTeHTHU(iKalii, sika BHUKOPHUCTOBYE
BUNIPOOYBaHI ¥ MEPEeBIpeH] ICHYIOYl TEXHOJIOT1i, aCHMETPUYHY Kpumrorpadiro,
nMdpoBI MiANUCH Ta O10METPUYHY ayTeHTU(IKAIIIIO.

Mertoro ociimpkeHb € BU3HAYCHHSI €(EKTUBHOCTI Ta HAJAIMHOCTI PI3HHUX
METO/IB ayTeHTH(iKallli KOpUCTyBadiB B 1HGOpPMAIIMHUX CHCTEMaxX 3 METOIO
MOJTINIIICHHS 3aXUCTy KOH(QiaeHIiHOo1 1Hdopmallli Ta 3a0e3neueHHs Oe3neKu
KOpHUCTYBauiB. B 10MOBII HABOAATHCS TaKli METOAM JOCIIIKEHHS:

— eKCIepUMEHTaJbHI  JOCHDKCHHS  €(EeKTUBHOCTI  PI3HUX  METOJIB
ayTeHTu(IKalii KOpUCTyBaviB B 1H(OPMALIHHUX CHUCTEMaxX, BKIIOYAIOUU
TECTYBaHHS Ha pEAJIbHUX KOPUCTyBauax Ta OLIHKY IIBHJIKOCTI Ta
TOYHOCTI poOOTH;

— 3aCTOCYBaHHS METOJIIB CTATUCTHUYHOTO aHAJI3Y Ta I1HIII METOIU 00pOoOKHU
JAHUX JIJIS1 OI[IHKU PE3YNIbTATIB AOCIIHKCHHS;

— BHBYCHHS Cy4YyaCHUX TEHJEHIIA Ta po3poOKa HOBUX METOIB
ayTeHTU(]iKaili KOpucTyBayiB B iIHPOPMAIIMHIX CUCTEMAX.

CnHcoK BUKOPUCTaHUX JKEPedI:
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The use of artificial intelligence methods in peer-to-peer networks is a very
relevant topic, as the growth of Internet traffic leads to an increase in the amount
of data that must be processed and transmitted over the network. Al methods can
improve data exchange processes in such networks, increase their speed and
efficiency, and provide greater security and protection against attacks.

ApxiTekTypa omHOpaHroBoro 3B’s3Ky (P2P) — ne po3noginena cucrema, B
SKIA KOKEH BY30J1 BHUCTYIMA€E SK KIIEHT, Tak 1 cepBep. lle mo3Boiisie By3nam
pO3MOAUIATH poOoUe HaBaHTaXEHHS a00 3aBAaHHSA MK coboro. Y cucremi P2P:
KOKEH areHT a0o OJHOPaHrOBUH BY30J Ma€ OJHAKOBI (PYHKI[IOHAJIbHI
MOJKJIMBOCTI Ta 30epirae 4YaCTHHY pecypciB y cucTeMi. TakuMm YMHOM Mepexa
CKJIAJIA€EThCS 3 BEJIMKOI KUIBKICTh areHTIB, KOXKEH 3 SKUX 3IaHUi BHUKOHYBATH
pI3HI 3aBAaHHS, BPAaXOBYIOUM IIBUAKICTH 3B S3Ky, MaM'dThb 1 TOMY MojiOHE.
Po3rissHeMo anropuTMH IITYYHOTO IHTEJIEKTY, SIKi MOXKYTh BUKOPHUCTOBYBATHUCS
B po3noauieHux P2P mepexax.

PotioBuii iHTeneKT ab0 KOJIGKTUBHHM 1HTEIEKT — TEPMiH, 3a JOMOMOTOIO
SKOTO OIHUCYIOTh KOMIUIEKCHY KOJIEKTMBHY TIOBEIIHKY JEUEHTPai30BaHO1
cuctemMu 3 camoopranizamiero. Iltyunuii iHTenekt poiB (ASI) — e meron
MOCUJICHHSI KOJIEKTUBHOTO 1HTEJIEKTY MEPEKEBUX TPYIl JIIOAEH 3a JOIMOMOTOI0
QITOPUTMIB KEpyBaHHS, 3MOJEIHOBAHMX Ha OCHOBI MNpUPOJHUX poiB. Lls
TEXHOJIOT1sI, sIKy 1HOMA1 Ha3uBarOTh Human Swarming a6o Swarm Al, 06’ennye
IpynH JIIO/ICH-yYaCHUKIB Y CHCTEMH B PEaJbHOMY 4Yaci, sIki OOMIpKOBYIOTH 1
00’ €IHYIOTh PIIIEHHS SK TUHAMIYHI 3rpai, KOJU IM OJTHOYACHO TPE SIBIISIE€ThCS
3anuTaHHsA. BukopucroByerbcsi ASI A MIMPOKOrO CHEKTPY 3aCTOCYBaHb, BiJ
HaJlaHHs Oi3HEeC-KOMaHJaM MOXKJIMBOCTI CTBOPIOBAaTH BHCOKOTOYHI (DiHAHCOBI
NPOTHO3U JI0 HAJIaHHS MOXJIMBOCTI CHOPTUBHUM YOOJIBAJIbHUKAM BHIIEPEHKATH
puHKM cTaBoK y Beraci. ASI Takok BUKOPHCTOBYBABCs, 1100 JTO3BOJIMTH TpyrnaM
JIKapiB FeHePYyBaTH J1arHO3M 31 3HAYHO BUILIOK TOYHICTIO, HDK TPAIULIIHI METOH.

Ant Colony Optimization. Ontumizanis MypamuHoi kosoHii (ACO),
npejacTaBiieHa Jlopiro B MOoro JOKTOPCHKIN AucepTallli, € KJIacoM aJrOpPUTMIB
onTUMI3allli, 3MOJIeTbOBAaHMX Ha OCHOBI ik KoJsioHli Mypamok. ACO — 1e
AMOBIpHICHUN METOJ, KOPUCHUN Yy 3a7aydax, MOB’s3aHUX 13 MOLIYKOM Kpallux
nuisixiB yepes rpadiku. ITyuHi «Mypaxu» — areHTH MOJCIIOBAHHS — 3HAXO/ISATh
ONTUMAJIbHI  PIMICHHS, TMEPEeMIMAYUCh TMPOCTOPOM  MapaMeTpiB, IO
MIPEICTABIISIE BC1 MOXKJIMBI pimieHHs. [Ipupomni Mmypaxu BUIAUISIOTH PEpOMOHH,
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CIIpPSMOBYIOYM OJMH OJIHOTO Ha PECYpPCH, JOCHIKYIOUM HABKOJUIITHE
cepenoBHINe. 3MOJEIbOBAaHI «Mypaxu» TaK CaMO 3alMCyIOTh CBOI MO3MINI Ta
AKICTh CBOIX pIIIEHb, TaK II0 B HACTYMHHUX ITepallisix MOJEIIOBAaHHS OljbIle
Mypax IIyKae Kpall pilieHHs.

Particle optimization. Ontumizamis poem uactuHok (PSO) - 1e
I00ATbHUM  AATOPUTM ONTUMIZAIl JUIi PO3B’S3aHHSA MpoOIeM, Yy SKHX
HaWKpalie pilieHHs MOXKHA MPEJACTABUTH Yy BUIJISAI TOYKM ab0 MOBEPXHI B n-
BUMIpHOMY MpocTopi. ['imoTe3n OyayroThbCcs B I[bOMY MPOCTOPI Ta BKA3yIOTh
MOYaTKOBY IIBHUJIKICTh, @ TaKOXX KaHall 3B’SI3Ky MDK dYacTUHKaMu. [loTim
YACTUHKU PYXAKOThCA 4Yepe3 MPOCTIP PIIICHHS Ta OI[IHIOIOTHCS BIJMOBIAHO [0
NEBHOTO KPUTEPII0 MPUAATHOCTI MICAS KOXHOTO KPOKYy B 4yacli. 3 dYacoMm
YaCTUHKH MPUCKOPIOIOTHCS 0 TUX YACTHMHOK y CBOiM KOMYHIKallIHHIN Tpymi, Kl
MaroTh Kpalili 3Ha4eHHs npuaatHocTi. OCHOBHA MepeBara Takoro miaxoay mepe
IHIIUMH TJI00AJbHUMH CTpPATETisIMU MiHIMI3aIlii, TAKUMH SK MOJICITIOBAaHHS
BiJIMIaly, TIOJIATA€ B TOMY, IIO BEJMKa KUIBKICTh YJICHIB, SIKI CKIAJAlOTh Piid
YAaCTUHOK, POOUTh TEXHIKY HAMpovyJ]] CTIHKOI J0 MPOOJIeMH JIOKAJIBHUX
MIHIMYMIB.

Genetic  algoruthms. ['eHeTWuyHI aNTOPUTMU MOJCNIIOIOTH  IMPOIIEC
MPUPOJIHOTO BiA0OOpPY, TOOTO Ti BUIHU, SIKI MOXYThb aJalTyBaTHCS 10 3MIH Yy
HABKOJIMITHBOMY  CEPEOBHUILI, 3AaTHI BWXKHUBATH, PO3MHOXYBAaTHUCA Ta
NEePEXOAUTH J0 HACTYNMHOro MOKOMiHHS. [IpocTuMu crnoBaMu, BOHU IMITYIOTh
«BWKWBAHHS HaWOUIBII MPUCTOCOBAHUX» CE€pel 1HAMBIAIB  TOCIIIOBHUX
MOKOJIiHb JJIsI Po3B’s3aHHs TMpobsiemu. KokHE NOKOIIHHSA CKJIQIAa€ThCs 3
NOMyJIsALii 1HIMBINIB, 1 KOXHA IHAMBIAYYM HPEACTaBIIS€ TOYKY B MPOCTOPI
HOIIYKY Ta MOKJIMBOro pimeHHs. KoxHa ocoba mpencraBieHa y BUTIISII psaKa
CUMBOJIB/IIMX yucen/0iTiB. Llel psAgok € aHamoroMm XpoMOCOMH. AJTOPUTM
MOXHa BUKOPHUCTOBYBATH IS MapIIpyTH3aIii Ta JeleHTPali30BaHOTO
MPUIHATTS pillleHb HaIpaBiIeHHs TpadiKy HA OCHOBI HAJIWHOCTI areHTiB a0o iX
31aTHOCTEM.
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This work is devoted to assessing the efficiency of utilizing spiking neural
networks (SNNs) for detecting abrupt conceptual drifts in online learning tasks.
Advantages of SNNSs in online learning were discussed and a shallow two-layer
SNN with Parametric Leaky Integrate-and-Fire neurons was built to detect drifts
in artificialy generated data stream and resulting metrics, time delay and
precision. It was found that SNN are less prone to false-positive mistakes and
are able to detect a drift faster with smaller number of trainable parameters,
compared to a more traditional model/approach.

Hpeiid xkoHuenIii € oAHIEI0 3 OCHOBHUX MPOOJIEM MAIIMHHOTO HAaBYaHHS y
3aBJIaHHSIX OHJIAWH HaBYAHHS W, BIAMOBIAHO, € aKTyaJIbHOK TEMOIO JOCTIKECHb
IPOTATOM OCTaHHIX KUIBKOX pOKiB. Lle siBuIle 3’ IBISETHCS KOJIM B1IOYBaIOTHCS
3MIHM HEOYiKyBaHI 3MIHM B 00jacTi o3HaK abo B obyacTi kimaciB. 30Kpema,
napeiid KoHIENIi cTae MmpoOJeMaTHUYHUM, KOJHM BXITHUW TOTIK JaHUX Mae
YaCcOBI 3aJICKHOCTI. X04a ¥ ICHYIOTh TIEBHI aJITOPUTMHU, 10 30y0BaHi 13 METOIO
HAJI)KHOTO MacuITaOyBaHHS /10 MIHJIMBUX YMOB, OUIBLIICTh CYy4aCHUX MOeei
MaIllMHHOTO HaBYaHHS HE MAarOTh 310HOCTEH /0 MBUAKOI Ta €(EeKTUBHOI
aganTaiii Ta TOTPeOYIOTh IMEpEeHAaBUaHHS, IO HE € 3aBXIH MOXKIMBHM, Ta
noTPeOYIOTh JOIATKOBUX METOJIIB JIJIsl BUSIBJICHHSI HASIBHOTO JApei(y KOHIESIII].

OcTaHHIM YacoM cepejl JOCTIKeHb MoYaiy YacTille 3 sIBISTUCH CITalKOBI
Helipomepexi (spiking neural networks, SNNs) [1] — Helipomepexi TpeThOro
MOKOJIIHHS, SIKi OOpOOJISIOTh Ta MepealoTh 1HPOPMAIlII0 IMIYJIbCAaMH, 3aMICTh
omeparlii MHOXeHHS MaTpuilb. Llelt miaxig € Oiapir 610J0TTYHO-TIOAIOHUM,
OUTbII eHeproeeKTUBHUM, Ma€ MOAIEBUI-OpiEHTOBaHUM XapakTep (BXiAHI AaHi
KOAYIOTbCs y OiHapHI mojii, a0 CIIECKH, 10 € ePEeKTUBHUM JJIs aJanTalii 10
npeiidiB) Ta BOyJOBaHY MOXKJIUBICTh BUBUEHHS MPOCTOPOBO-YACOBUX TATEPHIB
[2]. EBomomiitHa mpupoma mo3Bossie SNNs Hakomu4yBaTh 3HAHHS B MiIpy
HAJIXO/DKCHHIO JTaHWX, 0e3 HeoOXigHocTl mepeHaBuaHHs. Lli skocTi poOATh
SNNs mnpuBabauBuMu Ta e€(OEKTUBHMMU Yy BHUPIIICHHI 3aBJaHb OHJIAWH
HaBUYaHHS, TaKOX OyJI0 EKCIIEPUMEHTAIBHO BHSBJICHO 1X CIIPOMOXKHICTh
ajanTyBaHHs 10 Aperldy KoHueniii [3].

Oxkpim 11€i anmanrariii, SNNS MOXIJIUBO BHUKOPHUCTOBYBAaTH B SIKOCTI
nerekTopy Apeidy. s nepeBipku 1bOro, 0yB BUKOPUCTAHUN IMITYYHUN HaAOIp
naHux “A streaming ensemble algorithm™ [4] 13 pi3kuM ApeidoM KOHIICIII.
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AnTOpUTM ToAadl MaHWX OyB MOOYTOBAaHWUN TaKMM YMHOM, 1100 HOBUU Jpeid
KOHIICTIIII HE TIOYMHABCS, TMOKM HE Oylo 1aeHTU(]IKOBaHUN TMOMEpPEaHIN.
O3Haku ¥ KJac JaHUX MOJaBajlMCh Ha BXiJ MojensaMm. Jljis mopiBHSIHHS OyIio
Bukopuctano aBi mozeini: HoeffdingTree [5], mo mmpoko 3acTOCOBY€ThCS B
3aBIaHHSX OHJIAWH HaBYaHHS, W ABox-mmapoBa SNN (BXigHMI mmmap Ta map
HeliponiB P-LIF [2], cymapHOo Mojiens Mae 6 HelpoHiB Ta 9 mapametpiB). Koxxna

3 Mojieneit TpenyBanack 200 iTepariii, onTumizyroun MeTpuky L1-L0ss.
Drift Detection: P-LIF SNN

Drift Detection: Hoeffding Tree
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Pucynok 1 — I'padik icTopii 3MiHM TOYHOCTI JAeTeKIi aperdy Moaenei

OOuaBi MOJeN YCHIITHO 3HAXOAUIN Ipeid, ane po3podiena SNN pobuna
e mBuame (14 irepamiid, mpotu 17.4) ta mana menme False-Positive merekiiii
(SNN mana precision=0.83, mepeBo — 0.34), mpu mpOMY TOYHICTH y JEpEB
CTablIbHO 3HWXKYEThCS. g pi3HuULS MOB’s3aHa 13 pedpakTepHUM MEPioOM B
SNN, 1o He [03BoJiA€ IM aKTHUBI3yBAaTUCh 3HOB MPOTATOM IEBHOIO MEPIOAY.
Takox, 3BHYalHI IITYy4YHI HEHUpoMepexki, 0e3 BUKOPHUCTAHHS CKJIQJHUX
PEKYpPEHTHUX IIapiB 13 3HAYHO OLIBIIOI0 KUIBKICTIO ApaMETPiB, HE OTPUMYIOTh
KOJTHUX 3HAUYIIUX PE3yIbTaTIB.
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This work is devoted to the study of the architecture and work of GAN
networks for text-to-image synthesis. The paper highlights some common
problems that a developer may encounter when using vanilla GAN. Ways to
solve these problems in the form of GAN models for generating high quality
images have been presented. We critically examine current strategies for
evaluating text-to-image synthesis models, identify the drawbacks and merits of
each model. As a result, the best solution in the form of using a suitable model
for high-quality image generation from text descriptions is selected.

3aBASKM OCTAaHHIM JOCATHEHHSIM Y Haylll, MAllUHU 37aTHI MalOBaTU
OpUTiHAJIbHI KapTHHU B TEBHOMY CTWJII, MHcaTh ab3aly 3B'SI3HOTO TEKCTY,
pPO3pOOSATH BUTpAIIHI CTpaTerii A CKIAgHUX irop Ta iHme. | me mume
MOYAaTOK TeHEPaTUBHOI PEBOJIOIIT Ta 3MI0HOCTI TEHEPaTUBHO-3MarajlbHUX
MEpEK.

I'enepatuBHO-3MaranbpHi Mepexi (GAN) — 11e TUI aNropuTMy TJIMOOKOTO
HABYaHHs, SKUA HAOyB BEJIMYE3HOI MOIMYJSPHOCTI B OCTaHHI POKU 3aBISKU
CBOIM 3/IaTHOCTI T€HEPYBATH BHUCOKOPEAIICTHYHI Ta PI3HOMAHITHI CHHTETUYHI
naHi [1]. GAN ckiamaroTbesi 3 ABOX HEMPOHHHMX MEpPEX — TeHepaTopa Ta
JTUCKpUMIHAaTOpa. Mepexka-reHepaTopa reHepye CUHTETUYHI BUOIPKU JaHMX, a
MepeXa-TUCKpUMIHATOpPA OIIHIOE CIPABXKHICTh SK PEATbHUX, 1 CHHTETHYHUX
BUOIPOK JaHUX. 3aBASKH IIbOMY 3MarajbHOMY IIPOLECY Mepeka-TeHepaTop
HAaBYAETHCS CTBOPIOBATH BCE OUIBIN peaJiCTMUHI CHHTCTHYHI JaHi, TOIl 5K
Mepexa-TUCKpUMIHATOP Kpallle po3pi3HsiE CIPaBKHI Ta MiAPOOIICH] JIaHi.

GANSs BHUpIIITYIOTh PsiJ 3aBAaHb, MOB'SI3aHUX 13 TEHEPAIlI€l0 HOBUX JTaHUX.
OcHoBHI 3ajaui, siki Bupinrye GAN, BKIIIOYalOTh — IeHEpallis BiIeO Ta TEKCTY,
HIJABUIICHHS SKOCTI 300pa)kK€Hb, MOEJHAHHS 300pa’Ke€Hb, MOIIYK MPUXOBAHUX
3B'A3KiB, @ TAKOXK CUHTE3 300paKeHb.

PO3MOBCIOMKEHO0 1 aKTYalIbHOIO 13 IIUX 3aJa4y € caMme O0JacTh CUHTE3Y
300pakeHb, sIKa € MPOIIECOM CTBOPEHHS HOBHX 300pakeHb HA OCHOBI TEKCTOBUX
onuciB. CUHTE3 TEKCTYy Yy 300pakKeHHS MOXKE MaTh 0e3lid 3acTOCyBaHb,
BKJIIOYAIOYM CTBOPEHHSI 300pa)k€Hb MJi1 1rop, aBTOMATHYHOIO CTBOPEHHS
uTrocTpanil 1 6arato iHmoro. OaHak, K 1 OyJb-sKa iHIIA TEXHOJIOTis, BOHA
TaKO)X MOXKE€ MAaTh CBOI OOMEXEHHs, IMpOoOJIeMU Ta MOTEHIINHI PU3HMKH, SKI
HEOOX1/IHO BPaxOBYBAaTH.

[Tpo6nemu GAN mnpu cuHTE31 TEKCTY Y 300pakKeHHsI MOB'I3aH1 3 TUM, 1110
3aBJaHHS TeHeparii 300paKeHb 3 TEKCTOBOTO OIMHUCY € JOCHTh CKIATHUM 1
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BUMarae BpaxyBaHHS OaraThox (axTopiB. ONHI€I0 3 OCHOBHUX MpOOJIEM €
HEOOXIIHICTL HAaBYAHHS MOJEJIEH Ha BEIHKIM KUIBKOCTI JAaHUX, II00 BOHH
MOTJIM KOPEKTHO BIATBOPIOBATH €JIE€MEHTHU 300pakeHHA. [HIIoI0 mpobieMoro €
CKJIa/IHICTh BU3HAYEHHSI METPUK JJISl OI[IHKU SKOCTI 300pa’keHb, BOHU MOXXYTh
OyTH Hee(pEeKTUBHUMU ISl BAMIPIOBAHHS SIKOCTI 300pakeHb. Tako BUHUKAIOThH
npo0JjieMH 3 ypaxyBaHHSIM KOHTEKCTY, OCOOJIMBO KOJIM TEKCTOB1 OMKUCH MICTATh
CKJIaJIH1 3B'SI3KU Ta BIJIHOCUHM M1k 00'ekTamu [2].

Jl;1s1 BUpillIeHHS OCHOBHUX TIPo0JieM (BpaxyBaHHS CKJIQJIHUX 3B'S3KIB MiXkK
o0'exktamu) y mojaeisix GAN IpOMOHY€eTbCs BUKOPUCTAHHS OUTBIN CKJIaTHUX
Mozenelt. IcHye kinbka Mmoneneid GAN 11 CHHTE3Yy TEKCTY 300pakeHHS.

TakuM 4YWMHOM, TOJIOBHOIO METOO poOOTH OyJo MpOBEACHHS
NOPIBHAJIBHOTO aHamizy Takux mojenen sk AttnGAN, StackGAN ta DALL-E.
Koxna Mozmens Mana cBOI mepeBaru Ta HEJONIKH, 1 BUOIp KOHKPETHOI Mojeni
3aJiekaB Bl KOHKPETHOTO 3aBAaHHS Ta JOCTYIHUX PECypCIB.

AUNGAN - 1ie momens GAN, sika BUKOPUCTOBYE MEXaHI3M yBaru JJis
CHUHTE3y 300pakeHb Ha OCHOBI TEKCTOBOTO omucy. B pe3ynbTari AOCHIIKEHHS
BUSBIJIOCH, 1110 AttnGAN MoOe CTBOPIOBATH 300pa)KEHHs 3 BUCOKOIO AKICTIO Ta
netamzaniero. Ognak y AttnGAN € HeJoNiK y TOMy, II0O BOHAa MOXE MaTu
npoOJjieMH 3 OMUCOM 300paxkeHb, SKI HE BIAMOBIAAIOTh HAJaHUM TEKCTOBUM
onucam.

StackGAN - 1ie Mozenb, sfika BUKOPHCTOBYE JiBa CTyIeHI (stages) muis
reHepanii 3o00paxkenb. Y nepmomy cryneHi StackGAN  3reHepyBaia
300paK€HHsI HU3bKO1 PO3/1IbHOI 37aTHOCTI, a TOTIM Y APYroMy CTyIEHI BOHO
MOKPAIIUIOCH 10 OLIBII BHUCOKOI PO3AUIbHOI 3/aTHOCTI. OJHUM 13 HEOJIIKIB
StackGAN BusiBUiOCH Te, 110 ii HaBYaHHS MOXKE 3alHATH BEJIHMKY KUIBKICTb
qacy.

Monens DALL-E Takox BUKOPHUCTOBYETHCS U CUHTE3Y 300pa)K€Hb Ha
OCHOBI TEKCTOBOT'O OMMKCY, ajié Ha BiAMIHY BiA iHmmMX Mmoneneit GAN BoHa
noka3zaja BHCOKI pe3yJIbTaTH, MPAIIOI0Un 31 CKJIQAHUMH TEKCTOBUMH OIHCaMH,
a TaKOXX MOXKE€ CTBOPIOBAaTH 300paKCHHS HAa OCHOB1 JEKUIHKOX TMPEIMETIB
onHouacHo. Ane Hepomikom DALL-E € Te, mo BoHa mnoTpedye BeIHKOI
KUTBKOCT1 OOYMCITIOBAIbBHUX PECYPCiB Ta Yacy sl HaBYaHHS.

JIOLUIBHUM CJTiJI BBaXKaTW, LIO0 3aCTOCYBaHHS LIMX MOJeinel morpedye
BEJIMKUX OOYMCIIIOBAIIBHUX PECYypCiB Ta BHOIp MOJACHI 3aJICKHUTh Bij
crienup1yHUX TOTPeO 1 MOKIIUBOCTEH.

Cnoucok BHKOPHCTAaHUX JKEPEII.
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https://www.sciencedirect.com/science/article/pii/S0893608021002823
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Comparative analysis Generative Adversarial Networks, the StyleGAN
architecture are reviewed. The modification of StyleGAN for distinguish high-
resolution image generation using a style-based generator architecture with
unsupervised style mapping is proposed. The system testing is performed.

StyleGAN - piznosuyn Generative Adversarial Network (GAN), ocobmmBicTiO
SIKOTO € CTIII — criedivnai 03HaKK 300pakyBaHOro 00’ €KTa (HAIIPUKIIA[, 11032 Ta
BUpa3 obmyus oauHu Ha (oto). StyleGAN Ta i Bapiamii craim peBomoLitHIME
JUIE CTBOPEHHS PEATICTUYHMX BHUCOKOTOYHUX 300pa)KeHb, XO4Ya ¥ Malld JCsKi
HEJIOMIKH, sIKi OyJH BUpiIIeH] OUbin MoJoauMu Bepcisimu tumy StyleGAN2.

3aranbpHa CTPYKTypa Takoi MoOJel cXoxka Ha 0a30By W CKIAJa€ThCs 3
reHeparopa (G) — HEMpoOHHA MEpeka, sSIKa TeHEPY€E IIYMOBE 300paKCHHS, SKE
MICJII HaBYaHHS CTa€ CXOXKMM Ha peayibHe; auckpuminaropa (D) — HelipoHHa
Mepexa, sika BU3Ha4ya€, 4d € 300pakeHHs, K€ HaJAXOAUTH BIJl T'eHeparopa,
peallbHUM, Yd BOHO IITY4YHO 3reHepoBaHo; kputepito (Cr) — QyHkIs, sxa
BU3HAYa€, HA CKUIBKH BIPI3HAIOTHCS 3HAYeHHs X1 Ta X2; Ta ontumizaropa (Opt)
— MexXaHI3M, SKUH 3MIHIOE T[apaMeTpu TeHepaTopa Ta JUCKpPUMIHATOpa
BIJIMOBIHO /10 3HAYE€Hb, OTPUMAHUX 3 KPUTEPIIO.

3aMmicThb TPOCTOi TeHepalii BEKTOPY BHUMAJKOBHX 3HA4Y€Hb, 3TiTHO
HOPMAJILHOTO PO3NOALUTY ZEZ, i iX nepeaauy 10 G Oyj0 BUPIMIEHO CTBOPUTH
npoMikHHM cTaH WEW NUIIXOM HemiHIHHOT 00poOku yepe3 Mapping Network
f:Z— W. Ile 8-mrapoBa mojenp 6e3 BUUTENS, KA PO3MIIIY€E CTUIII Y JATEHTHOMY
npoctopi. Ile mo3Bomsie BUOKPEMHUTH KOHKPETHI CTHIII Ta 3amoOirTH CHIIbHIN
KOopessiiii Mibk HUMHU. Takuil MexaHi3M He TUTbKHM 3BIJIbHSE BiJ BOYIOBYBaHHS
OKPEMOTO BEKTOPY CTHJIIB Yy BXIJIHWHA ITYMOBHH BEKTOp, IO 3HAYHO CITPOIILYE
noJjiajibiry oopooky nanux [1].

Jlani w BUKOPUCTOBYETbCS [UJISi 3MIIIyBaHHS CTWJIIB pPa3oM 3 HOBUMH
IIyMOBHMM BEKTOpaMH, $IK1 JIOAAIOThCS MICJsl KOXKHOI omeparii B Osomi G.
Koxxuuii Takuii OJIOK CKIagaeThes 3 Takux eneMmeHTiB: Upscaler — dyHkiis
IHTEepNOMAIli  po3MipiB g 3a0e3MedYeHHs BHCOKOi SKOCTI  BHUXIJTHOTO
300pakeHHsI; TPAHCIIOHOBaHa 3ropTka Ta Iap Hopmami3aiii Adaptive Instance
Normalization (AdalN), sika Hagae MOXJIMBICTh KOPUTYBATH PIBEHb HaKJIadaHHS
CTHJIIO Ha KOKHHI 3 KaHaJIIB 300paKeHHSI.

3ani1s MATPUMKH CTOXaCTUYHOI BapiaTUBHOCTI PE3yJIbTYIOUHUX 300pakeHb
OyJ70 BHpIIIEHO MO-MIKCEIbHO J0AAaBaTH BUIMAIKOBI 3HAUEHHS 3T1IHO 3aKOHY
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HOPMAJILHOTO PO3MOJIUTy — II€ TapaHTy€ YHIKAJIBHICTh JeTaieil 300paKeHHS.
HasBuicte AdalN B kokHOMY OJI0111 TaKOXX HIATPUMYE CTOXACTUYHICTH MICIS
KOXXHOTO JIOJIJaBaHHS IIyYMOBUX 3HAa4Y€Hb J0 KOKHOTO cTWiato. Ha BiamiHy Bix
inmmx  GAN, 3ampomoHOBaHa Mepeka BUKOPUCTOBYE Kputepiii Frechet
Inception Distance (FID), FID BukopucTOBYIOTH Ul 3HAXOKEHHS BiJICTaHI
MDK PO3MOJAiIaMHU JBOX YW OUIbIIIE€ BUIAJAKOBUX BeIWYWH. BUOip 3yMoBIeHU
HEOOXIIHICTIO PO3paxyHKy BIJICTaHI MDK peaJbHUMU Ta 3reHEPOBAHUMHU
300paXeHHSIMHU 3TIIHO IXHBOTO PO3MOJAUTY, Ha BIAMIHY BiJ 3BUYHOI Cross-
Entropy Loss, sixy BukopuctoByBaiu Deep Convolutional GANs.

OnHi€0 3 TOJOBHUX OCOOJIMBOCTEN MPEACTABICHOT MOJIE € 3MIITyBaHHS
CTHJIIB 32 JIOMIOMOIOI0 BEKTOPY CTUJIIB W, 3aBASKHU SIKOMY MOXHa MEPEHOCUTH
KJIIOYOB1 O3HAKU OJIHOTO 300paKeHHSI Ha 1HIII HUISIXOM 1HTEPHOJIALIi MK HUMHU.
OxpiM BUKOPHCTAaHHS JIHIHHOI 1HTEPHOJALIl OyJO HagaHO BUKOPUCTAHHS
chepuuHOi 1HTEePIOJIALIl, OCKIIbKA CTBOPEHUN JATEHTHUN MPOCTIp MOXkKe OyTH
BUKPUBJICHUM B MPOMIXKHUX TOUYKAX JIHIAHOT IHTEPHOJISALIII.

OOpanuil miaxix He JAa€ 3MOTH KOHTPOJHOBAHO CTBOPIOBATU 300pa’keHHS
3a MOJJaHUMU KpUTepisiMu, sk e MoxkiInBo y BigGAN (Benukomacmrabua GAN
JUIST BUCOKOTOYHOTO CHUHTE3y MPUPOJHUX 300pakeHb), aje J103BOJISIE HAJaBaTU
HEOOX1JH1 BapiaHTH 300paKEHb NUIIXOM 3MIIIyBaHHS CTWJIIB Ta iXHBOTO
BiJIcCitOBaHHsA. BuKOpuCTaHHS METOMIB HABYaHHS 31 BUMTEIEM JI03BOJISIOTH
Kpallle poO3MeXXyBaTH CTUJIICTUYHI OCOOIMBOCTI 300paKEHHsI, aH1’K BJIACHOPYYHE
CTBOPEHHSI BKJIaJICHUX BEKTOPIB OCOOJIMBOCTEH, sIke BUTpavae 0arato pecypcis.

Xoya Mepexa ¥ 31aTHa TeHepyBaTU 300pa’K€HHSI BHCOKOi SIKOCTi, BOHA
MICTUTh Pl HEeIOMiKiB. HalmommpeHimmuM 13 HUX € HasgBHICTH apTedakTiB [2]
Ha CTBOPEHOMY 300paK€HH1 4epe3 HakiIagaHHs iH(popMallli MIKCeNiB MiJ 4ac
PO3TOPTKM Ta HOpMaslizallii BUXiHOro 300pakeHHs. [IpoGiema BUpPINTYEThCS
peBi3i€r0 apXiTeKTypu — sikiio BuHecTH Upscaler 3a Mexi KOXKHOTO CTHIILOBOTO
o6moka G Ta TPOBECTH MOMYJIAIII0 KOHBOJIONIT (MEpEOOYNCIICHHS BaroBUX
KOeQIII€HTIB 3rOPTKH 3TAHO HOPMAaJli30BaHUX 3HAYCHb OTPUMAHHUX BEKTOPIB),
TO MOXXHAa MO30YTHUCh HASBHUX IIYMOBUX BHUKpPHUBJIECHb. J[0JaTKOBO MOXKHA
3aMIHUTH JIHIAHY 1HTEPHOJISIII0 Ha 1HTEPHOJAIID HAHOMMKYUX CYCIAiB, IO
MO’K€ 3MEHIITUTH BIUTUB CYCI/IHIX MKCENIB MPHU JEKOHBOJIOIIII.

PesynbTaTu pociipkeHHs — MpoekTyBaHHs MoaudikoBaHoi StyleGAN Tta
nporpaMHa peaiizailisi JIeMOBEpCii, TeCTyBaHHS 3a KPUTEPISIMH: IIBUAKICTb
reHepaiii, 4iTKiCTb 300pa)K€HHS, HasABHICTh apTe(akTiB, BIAMOBIIHICTh Ta
PI3HOMaHITHICTh 3T€HEPOBAHOT BUOIPKH.

CnHcoK BUKOPUCTaHUX JKEPEdT:

1. Karras, T., Laing, S., & Aila, T. (2020). A style-based generator architecture
for generative adversarial networks. IEEE Transactions on Pattern Analysis and
Machine Intelligence, https://doi.org/10.1109/tpami.2020.29709109.

2. Karras, T., Laine, S., Aittala, M., Hellsten, J., (2020). Analyzing and improving
the image quality of stylegan. 2020 IEEE/CVF conference on computer vision and
pattern recognition (CVPR). IEEE. https://doi.org/10.1109/cvpr42600.2020.00813.
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Comparative analysis of functional and imperative programming
paradigms, their learning curves, benefits, and scalability are discussed.
Functional programming offers a concise, expressive approach to data and
concurrency, is great for mathematical computations, and is easier to refactor
and test. Learning functional programming is suggested as it may become
increasingly important for developers, making it a valuable area of study to
remain competitive in the tech industry.

®Oynkuionanbue mnporpamyBanHs (PII) — omHa 3 OCHOBHHMX mMapagurMm
nporpamyBaHHs, mo BuHHUKIA y 1920-x pokax. BoHa 6a3yeThcsi Ha KOHIIEMIIii
dbynkmid, Teopii kombOiHatopHOoi Jsoriku M. Illeiindinkens Tta nsMOpa-
gyucieHHsM A. Uepua. ®II Bmepme Oynma peamizoBana B MoBi Lisp (1958),
pospobueniit JI. Makkapri, Ta ii miamekrtax. ¥ 1978 pomi JIx. bekycom Oynu
BUJIUICHI BaXKJIMBI KOHIIEMINT YUCTUX (PYHKINM, HE3MIHHOCTI Ta pedepeHTHOI
MPO30POCTi, SIKI MPE3CHTYIOTh 1Jiet0 “nBox pymHuips PII”. Ha BiamiHy Bia
IMIIEPATUBHOTO MIAXOY, SIKUWA OLIBIIICTh IPOrPaMiICTIB OOMPAIOTh HA MOYATKY
PO3BUTKY 4epe3 JIETKICTh Ta JOCTYIHICTh, & TAKOX MOCIIIOBHUM Ta 3p03yMUIUi
kon, PII BuMarae pO3BUHEHOrO pO3yMiHHSA MaTeMaTuyHoi (Qinocodii Ta
noTpedye Kpamoro po3yMiHHS BUCOKUX aOctpakiiid. [lomymspuicte OII
31€01IBIIIOT0 BUHUKAE CEpEl HAYKOBIIIB Ta JIFOACH, AKI pO3YyMIIOTh IepeBaru Ta
HEJIOJIIKHM IMIIEPATUBHOI MapaIurMu.

Po6ota 3 maHMMH € BaXIMBOIO YAaCTHHOIO PO3POOKM MPOrPaMHOTO
3a0e3neyeHHs. Y IMIEpaTUBHINA MapajgurMi BUKOPUCTOBYIOTHCS 3MIHHI JaHi Ta
IIUKIIM JIJIS1 OTieparliii 3 JaHuMU, y (yHKIIOHAIBHIA — HE3MIHHI JaHi Ta QyHKIII.
@Oynkuii y ¢yHKIIOHAJIBHIN mapagurmi € iMMyTaOeIbHUMH Ta KEpYIOThCS
PEeKypCUBHUMHM Ta YMOBHUMH Bupazamu [l1]. Takuii miaxig g03BOJIsIE
BUKOPUCTOBYBAaTU MaTe€MaTU4YHI 3aco0M isi OOpOOKM JIaHMX Ta CHPOIILYE
nporec po3poOKu mporpaMHoro 3abesnedeHHs [2]. IMmepatuBHI MOBH
IporpaMyBaHHS KEPYIOThCS 3MIHHUMHU Ta MPHUCBOEHHSM 3HAYCHb O 3MIHHHX,
oo poOuTh iX OMMKYMMH [0 apxiTekTypu Komm'torepiB ¢oH Heiimana Tta
HIBUIAMIMMH B POOOTI, aje MOXKYTh BHUKJIMKATH MPOOJEMHU 31 3MIHOIO CTaHy
00’€KTIB Ta MOMUIIKAMH POTPAM.

PedaxkTopuHr Ta TecTyBaHHS — BaXJIMBHM €Tam pO3pOOKH MPOTPaMHOTO
MPOYKTY, 10 JO3BOJISIE TIEPEBIPUTH MOTO BIAMOBIIHICTH BUMOTAM Ta BUSBHUTH
npobyieMd ISl iX BUIIPABJICHHA. BUIBIIICTh Cy4acHHUX MPOEKTIB BUMAararoTh
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CKJIQJIHUX apXITEKTypHHUX PIlIeHb 3 BUKOPUCTAHHAM IIA0JIOHIB MPOrpaMyBaHHS,
II0 YacTO YCKJIAQJHIOE MPOLEC TECTyBaHHS uepe3 pO3MipH KOJ0BOi 0Oasu.
CTuciicTh Ta YITKICTh MaTEMaTHYHOTO MIAXOAY IO03BOJIAIOTH CHPOCTHTH IIeH
npouec 3aBISKH (YHKI[IOHATBHOMY AM3aiiHy, KUl pa3oM 3 BXKe ONHUCAHUMU
npunuunaMu @I 1o3Bossie 00upaTH ONTUMANIbHY TAKTUKY HAIMCAHHS KOAY.

DyHKIIIOHAJIbHE TIPOrpaMyBaHHS € OUIbII €PEKTUBHUM JIJIs MMapajieIbHOIo
IpOrpaMyBaHHs, BOHO JJO3BOJII€ MPOEKTYBATH NIPOrpaMu y BUIIIAAL Tpadis, 110
CIIPOIIY€E pO3MOJAUT 3a7ady MK JeKUIbKOMa TporecaMu. BiJAMIHHICTB
(GyHKIIIOHATBHOT TTApaJUTMH BiJl IMIIEPATUBHOI MOJIATA€ MOMKIMBOCTI JUHAMIYHO
PO3AUIATH TPOTpPaMH Ha HE3aJe)KHI YaCTHHU Ta BUKOHYBAaTH iX MapayienbHO.
ImyTa0benpHICTh JaHUX 3MEHUIYE HEOOXITHICTh CHHXPOHI3alli Ta 3abe3neuye
nependadyBaHi pesynbratd oOuucieHb. DI Takox go3Bossie OyayBaTu
MOTY>KHI aKTOPHI CHUCTEMHU 3 BHCOKHM pIBHEM aOCTpakiii aJisi PO3MOJLIEHOI
00poOKku 1H(DOpMAaIIii 32 JOMTOMOTOI0 MPOCTOTO (PYHKITIOHATHHOTO 1HTEpPEICy.

PosmmproBaHiCTh  MPOTrpaMHOTO MPOAYKTY Ta MOro MIATPUMKA €
BAXUIUBUMHU JUIsl Oylb-sikOi Kommanii. DyHKIIOHANbHA MapagurMa 3adesnedye
OUThIIY HE3aJEeXKHICTh JUIA MporpaMu Ta 0e300JICHE PO3LIMPEHHS 3aBISKH
JEKOMIO3MIII Ta MOAYJIbHOCTI (yHKHiM. 3 1HIIOro OOKy, O00'€KTHO-
OpIEHTOBAHUN MiAX1J, ONEPYIOUM KiacaMu, KI € 3aJeKHUMU OJIMH BiJl OJHOTO
yepe3 HacHiAyBaHHA Ta MOJIMOP(]I3M, YCKIATHIOE MOXKIUBICTh PO3IMIMPECHHS
nporpaMHOTo MpoAykTy. [IpuxoBaHi cTaHH, a TAKOXK CKJIaJHA CEMAaHTHKA CTaHy
o0'ekta y OOII 30UIbIIYIOTh KUIBKICTh KOAY Ta YCKJIAIHIOIOTH MHIATPUMKY
nporpamu. @DyHKIIOHAJIbHA TMapajurMa BHUKOPUCTOBYE (YHKIIT Ta iXHi
KOMITIO3HUIIli, M0 pOOUTh iX YHIBEpCAIbHUMH, HE MAa€ CKIAIHUX MpaBuil
Nepexoly Ta MPUXOBAHUX CTaHIB, HE KOPHUCTYETbCS 3MIHHUMH, IO JO3BOJISE
JOCITTA OUThIT €(DEKTUBHOI PO3POOKH MPOTPAMHOTO MPOAYKTY 3 MiHIMAIHHUM
00carom Koy, O€3MeYHICTIO Ta OUIBII MPOCTOIO MATPUMKOIO.

3aBASKM AKICHOMY MaT€MaTHYHOMY amapary Ta MpOAyMaHii KOHIIEMIIii,
¢dbyHKIIOHaTbHA MapaaurMa J03BoJsie KOHKypyBaTu 3 Outein Bimomum OOII, a
“nBi  pymnuni @OII” 3abe3nedyroTh SKICTh Ta JAKOHIYHICTH MpOrpam,
0€3MeuYHICTh, MOAYJIBHICTh Ta PO3MIKPIOBaHICTh. DYHKIIIOHATbHA MApagurMa €
MEPCIIEKTUBHUM Ta cepiio3HUM KoHKypeHToMm OOII, mo mo3Bojsie ii OyTH
BUKOPHUCTAHOIO B KOMEPIIHHMX HUIAX. DyHKIIOHAIbHA Mapajurma J103BOJISIE
NOJMBUTUCH HA 3BUYHI MPOOJEMHU MpOrpaMyBaHHs MiJ 1HIIUM KyTOM 1 3HAUTH
ONTHUMAJIbHE PIIICHHS.

Crucox BUKOPHUCTAHUX IKCPCII:
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In today's fast-paced world, everyone wants easy access to accurate
information. Users would rather use knowledge base and find an immediate
solution to their problems than contact the help desk. Formal representation of
knowledge bases is usually based on the use of graphs. One of the important
areas of development of knowledge is the construction of factor graphs. The
factor graph concept is used, in particular, in the DeepDive knowledge base.
However, the existing architecture does not consider the frequency of use of the
vertices of the graph. The proposed combined method increases the efficiency of
the graph knowledge base built on factor graphs.

VY cyuacHOMY OHJIAMH-CBITI KOPHCTYyBadl IIMPOKO BUKOPHCTOBYIOTH 0a3u
3HaHb IS BHPIMIEHHS CBOIX 3a7a4, BBAXKAKYM TaKhid crmoci® Ok
e(eKTHBHUM, HDXK B3a€MOJis 13 ciayx0aMu minTpuMku croxkuBadi [1]. Tomy,
Ha ChOTOJIHI, 3HAUYHA yBara MPUILISETbCS PO3pOOLll HOBUX aBTOMATHU30BAHUX
METOIB MOOYI0BU 1 BUKOpHUCTaHHS Oasu 3HaHb (b3). BigminHicTh cyuyacHuUX
ABTOMATH30BaHUX 0a3 3HaHb BIiJ TPAAMIIHHUX TIOJSITAE B MOMKIHMBOCTSIX
CTBOPEHHSI Ta BUKOPUCTaHHS 3HaHb NPOrPAMHUMH 3ac00aMH, 3 MIHIMAJIbHOIO
y4acTIO JIIOJAWHU. Y4YacTh €KCHEPTIB-IIOJed 3a3BUYall mepeadavyacThCs JIUIIE
JUIS YTOYHEHHS YXe C(QOpMOBAHHMX 3HaHb. ABTOMAaTH30BaHa 0a3a 3HAaHb €
OCHOBOK ISl MOOYJOBU I1HTENEKTYyaJIbHUX 1HMOPMALIIMHUX CUCTEM PpI3HUX
THUIIIB: TMOIIYKOBUX, CHUCTEM €JEKTPOHHOI KOMepIii, 1HPOPMALIMHUX CUCTEM
YIPaBJIHHS MIANPUEMCTBOM, TOIIO. MOXIMBOCTI aBTOMaTH3aIlli poOOTH Takoi
b3 3HayHOIO MipoIO 3ajexaTh BiJg BUOpPAHOTO NPEACTABICHHS 3HaHb [2].
CyuacHi aBTomMatu3oBaHi b3  BHKOPUCTOBYIOTH TEepeBaXHO Tpadose
Ipe/ICTaBlICHHs 3HaHb. Briepiie miaxia 10 mpencTaBieHHs 3HaHb y popMi rpady
(knowledge graph) 6yB npencraBnenuii kommnaniero Google y 2012 pori [3].

OmHuM 13 B@XIUBUX HAMNPSAMKIB PO3pOOKH TpadoBOrO MpeaCcTaBICHHS
3HaHb € moOynoBa i BUKopUCcTaHHA (akTop-rpadiB. Konueniis dakrop-rpady
3aCTOCOBaHa, 30KkpeMa, B 6a3i 3Hanb DeepDive [4]. dakrop-rpad € pizHOBHIOM
iMoBipHicHOI Tpadiunoi moneni [5]. BiH mae aBa TUNM BY3diB: 3MiHHI Ta
dbaxkTopu. 3MiHHI BiJIOOpaXalOTh BY3JIM SIKI MOXYTh OyTH ab0 3MIHHUMH-
"mokazaMu", KOJIM IXHE 3HAYECHHS BijjoMe, a00 3MIHHUMM 3alUTy, SKIIO IXHE
3HauUeHHA NOTpIOHO mnependaunTu. DakTOpU — 1€ BY3JM, IO BU3HAYAIOTH
3B'SI3kM MDK 3MiIHHMMH Tpady. Koxken ¢akrop Moxke OyTH MOB’A3aHUN 3
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OaratbMa 3MIHHUMHU. BaXJIMBICTH 3B'SI3KYy MIDK 3MIHHMMH 33Ja€ThCA Yepe3
dakrop-¢pynkuito. Koxxna dakrop-pyHkiis Mae Bary, moB’si3aHy 3 Hero. Bara
ONKCY€ CTYMiHb BIUIMBY (DaKTOpy Ha CBOI 3MiHHI Yy BIJHOCHOMY BHUpa3i.
[To3uTrBHA BeNMKa Bara CBIYUTH MPO BIEBHEHICTh y 3aJIKHOCTI, Ky KOJIY€E
dakTop. Skimo Bara BenuKa 1 HeTaTUBHA, TO 3HAHHS, TIPE/ICTABIICH] BIAMOBITHUM
dbparmMeHToM Tpady, IMIBUJIIEC 3a BCE € HENpaBWILHUMU. Bara Moxe OyTu
OTpUMaHa 3 TPEHYBaJIbHUX JIaHUX a00 MpHU3HAaYeHa BPYUYHY, HA OCHOBI JOCBIIY
excriepTy. Takuil miaxiy 3a0esnedvye MOUIYK 3HAaHb Ha Tpadi 1 OLIHKY
OTPUMAaHUX 3HaHb 3 YpaxyBaHHIM Bar (pakTopiB.

OpHak ICHyloua cXema MpEACTABJIECHHS 3HAaHb HE BPAXOBYE YACTOTY
BUKOPUCTaHHs BepiiuH rpady. Ilpm BpaxyBaHHI 4acTOTH BEPIIMH BUHHUKAE
MO>KJIMBICTh MIABUIIUTU €(EeKTUBHICTh MOIIYKY 3HaHb y b3. B nanomy Bumaaky
BUKOPHUCTOBYEThCSI MPUITYIICHHSA, [0 JaHi Ta 3HAHHA, SKI OUIBII YacTo
BUKOPHCTOBYIOTHCSI KOPUCTYBauaMHu, € OLIbII PEIEBAaHTHUMHU CTOCOBHO 3alHTy.
Taxi gaHi MOBUHHI OTPUMATH MPIOPUTET NpHU GopMyBaHHI pe3ynbTatiB y b3.

CydacHl miaxoau A0 omucy (akTop-rpadiB HE JO3BOJSAIOTH BKIIOUYHUTU
yacToTHy iHopMmarito y monenb rpady. Tomy 36epexkenHs indopmaiii mpo
YacTOTy BUKOPHUCTAHHS THUX 4YHM IHIIMX BEpPUIMH NOTpPeOye YIOCKOHAJIECHHS
MOJZIETl Ta peali3yeTbCsl Yepe3 CTBOPEHHS JOAATKOBHX CTPYKTYp JaHHX.
[Toka3HUKOM PpEJIEBAaHTHOCTI Pe3yJbTaTIB ISl KIHIIEBOI'O KOpPHCTyBaua Oyje
BIJIHOCHA Bara pe3yJbTaTy, sika 30epiraetbcs y Ay3i ¢aktop-rpady. Y naHii
po0OOTI 3ampoONOHOBAaHO 3MIHMTH pO3paxyHOK Baru cucrtemMu DeepDive,
po3paxoByroun ii He Jume 13 Baru ¢akrop-rpady, ajie TaKoXX BpaxyBaBLIU
dakTop yacToTH BUKOpUCTaHHS ayr. OOOM Baram MpU3HAYA€ThCA KOE(DILeHT,
KWW MOKHA BUPAaxXyBaTH BPYUYHY YU 3MIHIOBATH ITi/1 4aC POOOTH MPOTPaAMHU.

3anpomnoHoBaHUM ~ KOMOIHOBaHMW  METOA  MiABHINYE  e€(EKTUBHICTD
BUKOpHUCTaHHA rpadoBoi 0a3u 3HaHb, M0 OOy 0BaHa Ha akTop-rpadax.

Crucox BUKOPHUCTAHUX IKCPCII:
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Journal of Electronic Science and Technology, 100159.

2. Kejriwal, M. (2019). Domain-specific knowledge graph construction.
New York: Springer International Publishing.

3. Noy, N., Gao, Y., Jain, A., Narayanan, A., Patterson, A., & Taylor, J.
(2019). Industry-scale Knowledge Graphs: Lessons and Challenges: Five
diverse technology companies show how it’s done. Queue, 17(2), 48-75.

4. De Sa, C., Ratner, A., Re, C., Shin, J.,, Wang, F., & Wu, S. (2016).
DeepDive: A data management system for automatic knowledge base
construction. ACM Transactions on Database Systems (TODS).

5. Ratner, A., De Sa, C., Wu, S., Selsam, D., Ré, C., & Duchi, J. (2015).
Incremental Knowledge Base Construction Using DeepDive. VLDB
Endowment.
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[ITabanoBa A.A.
HayxoBwuii kepiBHUK — K.T.H., o11. 3010TyxiH O. B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PATI0CIICKTPOHIKH
61166, Xapbkos, nip. Hayku, 14, kad. IYC
ten.: (057) 702-14-51, e-mail anastasiia.shabanova@nure.ua
The focus of this research is to examine the techniques and tools used for
creating augmented reality (AR) systems. Additionally, the study involves an
exploration of real-time object identification and categorization methods, along
with the implementation of Al within these stages of AR development.

JlomoBHEHA peabHICTh — 11€ TEXHOJIOTISl CTBOPEHHS BIPTYaJbHOTO CBITY,
KU B3aEMOJIIE 3 PEAIbHUM CBITOM 3a JIOMIOMOI'OI0 CEHCOPIB Ta MPUCTPOIB, TAKUX
K Kamepu, aucruiei, cMaptdoHu Ta iHmi. AR gomae BipTyanbHI 00'€eKTH /10
PEATBHOTO CBITY, JO3BOJISIIOUM KOPUCTyBayaM Oa4uTH JJOJIATKOBY 1H(POPMAIIiIO ITPO
orouytounii cBiT [1]. AR Moke OyTH MPaKTUYHO 3aCTOCOBAHA TAKUM YHHOM:

— y My3ei Bac MOX€ 3yCTPITH IHT€pAaKTHBHA CBITJIOBA CKYJBITYypa, sKa
3MiHIOE (DOPMY Ta KOJIp B 3aJI€KHOCTI BiJl BaIlIOi MPUCYTHOCTI;

— ronorpadiuyHUNl  €JNEKTPOHHMI TMpOJaBelb MOXXE HaJaTH BaMm
KOHCYJIBTAITIIO0 B MarasuHi,

— BU MITHOCUTE CMapT(OH 70 PUTEHI-TIPOIYKTY, 1 HA HHOMY aBTOMaTHYHO
MOKA3Yy€ThCS KOHTEHT, TTOB’ I3aHUM 13 ITUM TTPOTyKTOM;

— BecTuOIOIL O(iCy MOXKE MaTH BEIWYE3HHH €KpaH 3 a0CTpPaKTHOIO
Bi3yaJizalli€ro, 110 BiJoOpakae JaHi Mpo MpoIaki KOMIIaHIT;

— BH CTaBUTE KEJIMX HA MOBEPXHIO IHTEPAKTHBHOTO Oapy, IO 3aBaHTaXY€
IHTepaKTHBHE MCHIO HAIIOIB, 3a JOTIOMOTOI0 STIKOTO MOYKHA 3pOOUTH 3aMOBJICHHS;

— mepeja BI3UTOM JI0 TaTy-CaJIOHy MO’KHa Bi3yasi3yBaTU TAaTyIOBaHHS Ha
OyIb-Ky 4acTUHY Tija 3a gomomororo AR. Jljs oTpuMaHHS MPOEKIIi JTOCUTH
HaMaJIFOBaTH Ha CBOiM IIKIpl BIAMOBIIHY MITKYy. MacmtaOyroun MiTKy, MOKHA
no0a4YuTH JACTall BIPTyaJIbHOTO TaTyIOBAaHHS Ha €KpaHi cMapTQoHa.

Texnonorii AR € omHuM#M 3 HaWOUIBI BAXXJIWBUX TIPHU CTBOPCHHI
MeraBcecBiTy, MmO € MEWHCTPIMHAM HAmNpsSMOM Yy BTUICHHI KpPEaTUBHUX
TEXHOJIOT1H. [es mpo MOBHOIIHHE OTOYEHHS, B SIKE MOTPAIUISL€ KOPUCTYBaY, €
IPSIMUM PO3BUTKOM 1Jiei MPO MYJbTUCEHCOPHY B3a€EMOJII0 3 KOPHUCTYyBadyeM.
[Ilomom BipTyanbHOI PEaTbHOCTI BXKE CHOTOJHI JIO3BOJIIE JOCSTTH JIOCHUTH
PEANTICTHYHOTO KOPUCTYBATBHUIILKOTO MOCBiLY. Llei mocmimHUIBKUN HAMIPsM €
aKTyaJIbHUM 3aBJISIKA TOMY, 110 Hapa3l iHTerpaiis mry4dHoro intenaekry (1) y
cucteMd AR € BaxiIMBOIO Tally3310, SKYy HEOOXIHO MPOJOBXKYBaTH Ta
YAOCKOHANIIOBAaTH Il  PO3BUTKY Takux (QYHKUIA, sk peamictuune 3D
CKaHyBaHHsI Ta PO3IMi3HAHHSA OO0’€KTIB y peajbHOMYy Yaci. TakoX MOTPiIOHO
PO3pOOIISITH TeXHOJIOT1T MOOYI0BM MEPEkl HABKOJIMIITHBLOTO CEPEIOBUINA, B AKIH

39



MOXyTh mpaitoBatu 2D Ta 3D xapta, 3aBmsaku sikiii 00’ektu y AR mornu 6
pPYXaTUCh BIIHOCHO peambHUX 00’ €KTiB. JIJisi BUPIICHHS TaKUX 3a7a4 HEOOX1THO
nocmiguty icHyroui Meroau LI B pamkax cuctem AR, mo m03Bojsie omucaTu
po0IeMU TOTOYHUX Peati3alliid Jyisl MOJAIbIIIOTO iX BUPIIIICHHS.

O0'exToM AOCTiPKEHHS € mpoliec peam3ailii cuctemu AR, a mpeameTom
nociipkeHHs € metoau I Ta ix 3actocyBanHs y cuctremax AR. ['ojoBHa meTa
poboTH ToIsATaE B JOCHIPKEHHI METO/IIB Ta TEXHOJIOTIT peani3alii cuctemu AR.
JloCmiKYIOThCSl €Tamu JIOKai3aili Ta Kiacugikalii o0'eKTiB y pealbHOMY 4Yaci, a
TaKOXK METOAM iX peamizalii B cucreMi AR. Y xoai BUKOHaHHS POOOTH BH/IUICHI
OCHOBH1 METOJTU PO3Mi3HABAHHSA, a CaM€ METOJ MapKepiB, 10 3aCTOCOBYIOTHCS MPU
iX pO3MIIIEHHI Ha TOBEPXHIO OO'€KTIB, Ta CHEIlladbHl AITOPUTMHU IS iX
pO3ITI3HABAHHS Ta BU3HAYEHHSI MOJIOKEHHS 00'€KTa y TIpocTopl. MeTo cTepeorisay
IPYHTY€EThCSI HA BUKOPUCTAHHI JIBOX Kamep JJIsi OTpUMaHHS CTEPEO300paKEHHS, SIKE
JIO3BOJISIE BU3HAUMTH TIOJIOKEHHSI 00'€ekTa B MpocTOpi. Meromu TMOWHHOTO
HABUAHHS, TaKi SK 3TOPTKOBI HEMPOHHI Mepexki, SKi BUKOPHUCTOBYIOTBHCS IS
BUSIBJICHHSI 00'€KTIB 1 PO3ITI3HABAHHS TTATEPHIB Y 300paKEHHSIX.

Takoxx y poOOTI mpoaHanmizoBaHI METOAU KOJIPHUX (DUIBTPIB, METO.
Xada, Biomu-JI>xoHca, « Mimox ciiiBy», METOIH, 3aCHOBaHI Ha O3HAKaX, METOJ]
ricrorpamu opieHToBaHux rpaaieHtiB (HOG) ta meron jokampHUX OlHApPHUX
ma6soniB (LBP), siki BUTATYIOTH XapaKTEpUCTHYHI O3HAKU 3 300pa)keHb Ta
BUKOPHUCTOBYIOTh iX JJI1 pO3IMi3HABaHHSA OO0'€KTiB;, METOJW, 3aCHOBaHI Ha
BUKOpHUCTaHHI Mojenel nerektopiB, Taki sk R-CNN, Faster R-CNN, SSD Tta
YOLO; meroau, mo 0a3ylOThCid Ha CErMEHTAIlli 300pakKeHHsS, HaIpUKIIA,
METO/IM Ha OCHOBI Tpa(iB Ta METOM HAa OCHOBI Mojieni cyMirii ["aycca.

Texnomnorii AR MOXyTh CTaTu BUPIIIAIGHUMH HA MUISXY JOCSITHCHHS
e cramoro po3BuTKy. Llopoky kommaHii BUKHMIAIOTH 2.5 MUIbHOHA TOH
TOBapiB, AKI MOBEPTAIOTh MOKYIII, TaK 1 HE BHUKOPUCTABIIM. A SKIIO J10/1aTH
JIOCTaBKY 1 MOBEPHEHHS ITUX peuel, IIKoAa JJIA JOBKULIA CTaHe IIe OUIBIIOTO.
Haituacrime 1ie oasr, mpobiiemMa 3 sIKUM MOKe OyTH BHPpIIIEHA 3a JOTIOMOTOIO
roro mpumipku y AR. HaykoBuM pe3yspTaroM BHKOHAaHHS POOOTH € aHai3
METO/IB, TEXHOJOrii Ta nuExiB Bukopuctands cucteM AR. I[lpaktnaaum
BUPILLIEHHSAM 33/1a4l € BUKOPUCTAHHSA TEXHOJIOTIi, IO CKaHy€ JIOACHKE TUIO 1
cTBOpro€e 3D-Mozenb A1l BU3HAUYEHHS pO3MIpY Ta IHIIMX (PI3MYHUX apaMeTpiB, Ta
Ha/Ia€ TOKYIISIM MOXKJIUBICTh BIPTyaJIbHOI MPUMIPKH OJISTY, a TAKOX peasi3aiis
cucteMu AR 3 po3mi3HaBaHHAM ME€BHOTO THUITY O0’€KTIB Ta iX JONOBHEHHS.
OCHOBHUMHM KJIIEHTAMH € KOMIIaHii, 1110 3aiMalOThCsl BAPOOHUIITBOM 1 ITPOJaKaMU
onsary. CTBOPIOIOUM OUIBII 3aXOIUIIOIOYMN Ta 1HTEPaKTUBHUN 10ocBil, AR Moxke
BUKOPHUCTOBYBAaTHCSI B PI3HUX Taly3siX, TaKUX SK OCBiTA, pO3Barv, MapKETHHT,
OXOpOHA 3/I0POB'sl Ta BUPOOHUIITBO.

Cnucok BUKOPUCTAHUX JXKEPell
1. Azuma, R. T. (1997). A survey of augmented reality. Presence:
Teleoperators and Virtual Environments, 6(4), P. 355-385.
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XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET pajiioeNieKTpoHiky, kad. 1
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In recent years, the explosion of social media platforms has given rise to a
wealth of user-generated data that can be leveraged for personalized
recommendations. Hybrid methods of forming recommendations using data
from social networks have emerged as a promising solution to address the
limitations of traditional recommendation techniques.

Hybrid recommendation methods combine multiple recommendation
methods to provide users with more accurate and diverse recommendations.
Collaborative filtering based on user behavior and preferences can be combined
with content-based filtering focused on subject characteristics to create a more
robust recommender system. Social network analysis can also be used to
determine the influence of social connections on user behavior and preferences.

OcTaHHIMH pOKaMH OYpXJIMBUN PO3BUTOK IUTAT(HOPM COIIANIbHUX Menia
OpU3BIB /10 TMOSIBU BEJMKOI KUIBKOCTI CTBOPEHHX KOPUCTYBauyaMHU NaHHUX, K1
MOKHAa BUKOPHCTOBYBaTH [UJIsl TEPCOHATI30BaHUX pekoMmeHnauid. [10pumaHi
MeToau (HOpMyBaHHS PEKOMEHJAIM 3 BUKOPUCTAHHSM JAHUX 13 COIlaJbHUX
MEPEeXK CTaId TEPCIeKTHBHUM pIMICHHSIM [ TOJIOJIaHHS  OOMEXCHb
TPaIUIIMHUX METO/IIB PEKOMEHIaIIii.

Metoau riOpuUIHUX  pEKOMEHJAllM  TMOEAHYIOTh  KiIbKa  METOJIIB
peKoMeHaIlli, mo0 HajJaBaTH KOPHUCTyBadaM OLIbII TOYHI Ta PI3HOMAHITHI
pexomenpaiii. CriapHy (GUIBTpallio, 3aCHOBaHY Ha MOBEAIHII Ta BIOI0O0AHHIX
KOpUCTYBauiB, MOXHa TMO€IHATH 3 (UIBTPAIlIEl0 Ha OCHOBI BMICTY,
30CEPEPKCHOI0 Ha XapaKTEePUCTUKaX TIpeaAMETa, JIJIsi CTBOPEHHS OUIbII HaAIHHOT
CUCTEMHM pEKOMEHJalliil. AHali3 COLIaJbHUX MEpeX TaKoX MOXKHA
BUKOPUCTOBYBATH JIsl BU3HAYCHHSI BIUIMBY COIIAJIbHUX 3B’SI3KIB HA TOBEIIHKY
Ta BIOA0O0AaHHS KOpUCTYyBayiB [1].

CoinpHa  QinbTpaliss 3HaXOAWTHh MOAIOHOCTI MDK KOPHUCTyBadyaMu,
¢iapTpamiss Ha OCHOBI BMICTY BHKOPHUCTOBYE aTpuOyTH TOBapy, a aHasi3
COIIAJIbBHUX MEPEK BU3HAYAE BIUTMBOBHUX KOPHUCTYBauiB [2]. 3MIMIaHWM MiIxin
MOEAHYE 11 METOAW [JIi TOYHUX Ta PI3HOMAHITHUX peKoMmeHaamin [5].
Hanpuxman, cucremMa MOXe BHKOPUCTOBYBAaTH BCI TpU METOAW IS
peKOMeH Al eTIEMEHTIB.

OpnHak icHyOUl MiAXOAW TMOOYJAOBHM PEKOMEHJIAI 3 BUKOPHUCTAHHSIM
neMorpadiyHUX JaHUX HE BPaXOBYIOUHM II1 JaHI MOXYTh OyTH HemoBHi [1]. Tax,
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U peecTpalii sK B COILIaTbHOI MEPEX1 TaK 1 B IHTEpHET-Mara3uHi, KOPUCTyBa4
MO>K€ HaBMHUCHO HE BKa3aTH YaCTHUHY JaHWUX a00 BKa3aTH CIOTBOPEHY YACTUHY
nanux npo cede. ToMy BUHUKAE 3a/7ada BiTHOBICHHS JaHUX PO KOPUCTYBadiB
B pamkax TriOpuaHoro Merony noOynoBu pexomennauii [3]. Taka 3amaua
BUPINITYETHCS METOJAMM  IMITyTaIlli JgaHux. Meroau immyTamii  JaHuX
BKJIIOYAIOTh IMIIYTAIlll0 CEPEJAHBOTO 3HAYEHHS, perpeciiHy, rapsdyy Ta
OaratopasoBy immyTaitito [4]. Lli MeToan BUKOPUCTOBYIOTHCS JIJIsi 3allOBHEHHS
BIJICYTHIX TOYOK JaHUX y HA0OPI1 TaHUX.

3anpornoHoBaHUW  TriOpUAHUNA  METOJ MOOYJAOBHM  pPEKOMEHHaIid 3
BUKOPUCTAHHSAM BIJHOBJICHMX JIaHUX 3 COLIQJIbHUX MEpeX B CHUTYyalli
XO0JIOJTHOTO CTApTy MICTUTh Y COO1 TakKi eTamu:

Etan 1. Ilomyk naHux HOBOTO KOpHUCTyBadya PEKOMEHAALIWHOI CUCTEMHU B
COLIIAJILHOT MEPExKi.

Etan 2. IlepeBipka NOBHOTH 1aHUX.

Eran 3. BinnoBnenus(ImmyTariist) nanux.

Etan 4. [loOynoBa pekoMeHaIlil 3 ypaxyBaHHIM 3alHTIB KOPUCTYBayiB 31
CXOXKUMH  jAeMorpadiyHUMH  JaHUMHU 1  BHOOJOOAHHSMU  METOJOM
KOJIOOOpaTUBHOI (DUIBTpALIii.

[MOpuaHuil miaxia 3 peKOMEHAaIiil Moke OyTH 3aCTOCOBAHUM B PI3HHUX
CUCTEMaX, BKJIOYAIOUM IJAaTHOPMH  COLlAIbHUX Mepex. JlochimkeHHs
30CEepe/KEHI Ha TMOKpAIIeHHI TOYHOCTI, 3MEHIIEHHI YIepeKEeHOCTI Ta
30UIBIIIEHH]  PI3HOMAHITHOCTI pEeKOMeHjaiiil. BuxopuctanHs naHux 13
COIIaJIbHUX MEPEX Ma€ MOTEHIIAN IS TIePCOHATI30BaHUX PEKOMEHIAIlIN, aje
MOTPIOH1 JOIATKOBI JOCIIKEHHS JIsl ONTUMI3aIlii Ta 3a0€3MeUeHHS] €TUYHOCTI.

Crucox BUKOPHUCTAHUX IKCPCII:

1. Huang, H., Li, Y., & Huang, M. (2020). A hybrid recommendation
algorithm based on social network and item popularity. Cluster Computing,
23(1), 913-927.

2. Wu, X., Zhang, J., & Li, G. (2019). A hybrid recommendation algorithm
based on social network analysis and deep learning. Multimedia Tools, 78(20),
28447-28461.

3. Zhang, Y., Chen, C., & Zhou, X. (2019). A hybrid recommendation
algorithm based on user-item network and social network. Neural, 31(10), 6637-
6652.

4. Zhang, X., Chen, X., Liu, K., & Lu, J. (2019). A hybrid approach to
social recommendation using topic modeling and matrix factorization. Journal of
Ambient Intelligence and Humanized Computing, 10(11), 4209-4222.

5.Chen, L., Zhou, T., & Fu, Z. (2020). A hybrid recommendation
algorithm based on social network and item features. Future Generation
Computer, 104, 70-80.

42



YJIK 004.832.24
JOC/IIZKEHHSA TA PO3POBKA TEHETUYHUX AJITOPUTMIB
PO3B’A3AHHSA ITPOBUX 3AJIAY
Kasepin A.M.
HayxoBwuii kepiBHUK — 1.T.H., ipod. [Terpos K.E.
XapKiBChbKUM HAIlIOHATIBHUN YHIBEPCUTET pajiioesieKTpoHiku, kadenpa LI
M. XapkiB, YKkpaiHa
ten.. +38(099) 447-29-50, email: anton.kaverin@nure.ua
The purpose of this work is to research and analyze methods of solving
game problems using genetic algorithms, as well as to develop an own approach
based on them. It is necessary to develop your own algorithm or a part of the
algorithm based on the genetic algorithm for solving game problems. The main
goal is to improve qualitative or quantitative indicators in comparison with other
considered algorithms when using the same time indicators.

[TounHatoun 3 KiHLA JBAAISTOrO CTOpIYYs, HAOYJIM MOMYyJSPHOCTI 1
BaXUIUBOCTI PO3pOOKH, IO MOB’S3aHI 3 BUKOPUCTAHHSAM TEXHOJIOTIHM IITY4YHOTO
IHTEJIEKTY TPU PO3B'sI3aHHI PI3HOMAHITHUX MPAKTUYHUX 3aB/IaHb.

3BUYaliHO, IO MITYYHUH I1HTENEKT TOPKHYBCS 1 irpoBoi cdepH, e BiH
BUKOPHUCTOBYETHCS SIK JIJIsl TeHEpallil IrpOBUX Mall, ONTUMI3allii KOMI IOTEPHOTO
oOyafHaHHS, TaK 1 A1 HAaBYaHHS IITYYHOTO 1HTENIEKTY MPOXOKEHHIO irop 4u
BUPINICHHIO TICBHUX ITPOBHX 3aJad 3 METOK MOJAJBIIOTO iX MOKpaIleHHS,
TOOTO HaBYAHHS HEITPOBUX IMEPCOHAXKIB 3 METOK iX IMEPETBOPEHHSI B OLIBII
pealiCTUYHMUX Ta CXOXKMX Ha peaIbHUX IPaBIIiB.

OmauM 13 A0CTaTHBRO €(QEeKTUBHMX IMIJAXOAIB JO HaBYaHHS HEIrPOBHUX
MEPCOHAXIB B Irpax € BUKOPUCTAHHS T€HETUYHUX JITOPUTMIB [1], iK1 MatOTh Ha
METI CTBOPEHHS STKOMOTa O1IbIT epeKTUBHOTO 00Ta [2].

[IpoTe BaXJIMBO 3a3HAYUTH, IO AK 1 OyAb-KHI I1HIIMIA aJTOPUTM,
TeHEeTUYHUI aJITOPUTM Mae€ PsiJi CEpHO3HUX HEOMIKIB [3].

AHani3yroun OUIBIIICTh CY4YaCHHX MOMYJSPHUX BHIIB MyTallli MOXHa
MIOMITHUTH, IO BCl BOHMU 0a3yl0ThCS Ha MMOBIPHICHUX TMOKa3HUKax. [le o3Hauae,
110 pillIEHHS MOXe OyTH 3HalieHe 3 IEBHOIO UMOBIpHICTIO. [{e 3HauHO BruMBaE
Ha 1HIII TOKa3HUKH POOOTH alrOpUTMy, a caMe€ Ha dYac Horo pobotu Ta
TOYHICTb.

Tak sk HAMBaXIUBIMIOW NPUYUHOK MPOOJIeMH 301)KHOCTI T€HETUYHOIO
QITOPUTMY € TIOBHA 3aJICKHICTh BiJ MMOBIPHICHMX TIOKa3HHUKIB, TO OyJiO
BUPIMICHO YJAOCKOHAIUTH aJITOPUTM Ui OLIBII JIETEPMIHOBAHOI HOTO POOOTH.
["os10BHOIO 171€€10 € 301p CTATUCTUKHU II1]] YaC BUKOHAHHS HaBUYaHHS MOKOJIIHb Ta,
0a3yrounch Ha IMX JJAaHWX, KOHTPOJIOBATH BHWKOHAHHA OIleparii MyTarlii
OKPEMHUX T'€HIB UM OKPEMUX PEaIbHUX 00’ €KTIB.

OcHOBOIO anropuTMmy € 30ip Ta aHami3 JaHWUX, IIOJI0 BHUPIMIEHHS 3a7adi
HOTEPEHIMH MOKOTIHHIMHM Ta BU3HAYEHHS HACTYMHOTO CTaHy IeHy Ha OCHOBI
MIPOAHAJI30BaHUX JAHUX.
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s Toro, mo0 IOCATTH TaKoi MHOBEIIHKHM HEOOXIJHO BH3HAYUTH MBI
XapaKTEPUCTHUKH, 10 OYIyTh OMHCYBATH CTaH CUCTEMHU Y TOIMEPEAHI MOMEHTH
4acy, a caMme MOHATTS: MO Ta TeHJEHIIii. [X 3HaYeHHs MOXKYTh OyTH BU3HAUEHi
Ha OCHOBI aHaji3y JaHUX Ta BHUAUICHHS HAWOLIbII MOMYJISIPHUX 3HAYEHBb
MOTIEPETHIX TIOKOJIHh 3 PIZHUIICI0 B JIOBXKWHI OOpOOJIIOBAHOI KUIBKOCTI
MONepPEHUKIB.

Moga B 3araqpHOMY pO3yMiHHI — II€ 3HAUEHHS BUMAJAKOBOI BEIHYMHH, IO
TpaIIi€TbCsl HaWyacTilie 31 BCl€l CYKYIMHOCTI CHOCTEpeXeHb. To0To 11
3HAQYEHHS, 10 3yCTPIYA€ThCA B MACHBI JaHUX 4YacTille aHiXK 1HIN. Takox, B
CYKYIIHOCTI JIaHMX 1HOJII MO’KHAa BHUIUIMTH OUIbIIE HDK OJHY MOJIY.
TpaHCIIFIOI0YM TTOHATTS MOJW HA TEHETUYHIN aJrOpUTM MOKHA BU3HAYHTH, IO
e 3HadeHHs OITiB B TeHOMI a0o peandbHE 3HAYCHHS B TMOKOJIHHI, IO
3yCTPIYaETHCS YACTIIIE 32 1HIIIE.

Tennenuia abo TpeH] B 3arajJlbHOMY PO3yMIiHHI — I1€ 3HAYCHHS BUMIQJKOBOT
BEJIMYMHHU, IO TPAIUIIETbCS HAWYacTimie B JAyXe Majliil CyKymHOCTI
crnoctepekeHb. Ha BigMmiHy Big MOAM, siKa MO CYTI CBOid € BHUpPaKEHHSIM
MOMYJIIPHOTO 3HAYEHHS TPOTATOM YCHOTO a00 OCHTh BEJIHKOTO TEPioay
HaBYaHHS, TEHJCHLIS O3HAYa€ SICKpaBy Pi3Ky 1 WMOBIPHO SIKICHY BiJIMIHHICTb,
sAKa BHUHMKJA JCKUIbKA IMOKOJIHb TOMY 1 Ma€ MOMYJSPHICTh cepell BCIX IUX
MOKOJIIHb.

OkpiM 1BOTO, HEOOXIJHO BH3HAYWUTHU TMOHSATTS MIHIMAJIBLHO JIOMYCTHUMOI
KUIBKOCTI 3HA4Y€Hb, sIKe OyJie BUKOPHUCTOBYBATHUCS ISl 3HAXOJHKEHHS HANOUIBII
CaMOJIOCTATHBOT'O 3HAYCHHS T'eHy IeBHOI mosuiii. Llell moka3HuK JOpiBHIOE
MIHIMAJbHIA KIJIBKOCT1 €J€MEHTIB y BIJICOTKaX YW B YMOBHHUX OJMHMIIX, SIKI
MalTh OyTHM TPHUCYTHI JJiS TOro, 100 BBaXXaTW 1€ 3HAYCHHS
HANMOMYJISIPHIIINM.

3BakalouM Ha BCE BHKJAJIEHE BHILE, ME€Ta pOOOTH MOJArae y po3poOrii
BJIACHOTO METOJY pO3B'S3aHHS ITPOBHX 3aJad Ha OCHOBI BHKOPHUCTAHHS
TeHEeTUYHUX AJITOPUTMIB, SIKUH OM MaB Kpallll SKICHI UM KUIbKICHI MMOKAa3HUKH Y
MOPIBHSAHHI 3 ICHYIOUHMH I1IX0aMH.

CnHcoK BUKOPUCTaHUX JKEPedI:

1. A review on genetic algorithm: past, present, and future. [Enexrponuuit
pecypc] - Pexum JIOCTYITy URL: https://link.springer.com/
article/10.1007/s11042-020-10139-6

2. 'enetnueckuii anroputM Ha mpumepe 0ota Robocode. [Enexrponuuit
pecypc] — Pexxum noctymy URL: https://habr.com/ru/post/111811/
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ten.: +38(050)935-10-19, e-mail: hlib.koshurnykov@nure.ua
This work explores the application of graph-based algorithms in image
segmentation. Image segmentation is crucial technique in computer vision
because it allows to extract meaningful information from images by dividing
them into distinct parts or regions, which enables a wide range of applications
such as object recognition, tracking, and image analysis. Correctly picked
algorithm combination can significantly facilitate software development process.
By leveraging graph algorithms for diagrams and plots segmentation and
recognition, it is possible to push software development process on a new level
of cost efficiency and effectiveness.

Komn'toTepamii 3ip — 11€ raimy3b KOMI'TOTEPHOI HAYKH, sIKA BUBYAE METOU
Ta TEXHIKH OOpPOOKM Ta aHamizy 300pakeHb. Y HaIl 4Yac KOMMI'IOTEPHHUM 3ip
3HAXOJWUTh 3aCTOCYBaHHS y OaraTthbOX Tamy3siX, TaKuX SK MEAWIMHA,
MPOMHUCIIOBICTh, TPAHCIIOPT, po3Baru Tomo. OJHUM 3 TIEPCIIEKTUBHHUX ACITIEKTIiB
KOMIT'FOTEPHOI0 30py € 00poOKa 300paskeHb 3a JOIIOMOT0I0 rpad)OBUX arOPUTMIB.

PoGoTy mpucBsiU€HO JOCHIPKEHHIO Ta aHAII3y JOILIBHOCTI BUKOPTaHHS
rpadOBUX AJITOPUTHUMIB y TOEAHAHHI 3 QJITOPUTMaMH IITYYHOTO 1HTEJICKTY, a
TaK0’X MOJKJIUBICTHb MOBHOI 200 YacCTKOBOI 3aMIHM aJirOpUTMIB Ha ocHOBI 111
rpaOBUMU AITOPUTMAMH JIJISI PO3POOKHU JOATKY ISl CETMEHTAIlii 300paeHb.

AKTyanbHICTh JOCIIKCHHS BU3HAYAETHCS, 3 OJHOTO OOKY, PI3KHM POCTOM
BUMOT JI0 PECYpCiB, SIKi MalOTh OyTH HasBHI JUIsi BUKOPUCTaHHS HOBITHIX
QITOPUTMIB, a 3 IHIIOTO — TOPIBHSHO HEBEIMKOK KUIBKICTIO HAYKOBHUX
nyOmikamif 3 BHUKOPUCTaHHS TpadoBUX QJITOPUTMIB Uil MOKpAIEHHS
QITOPUTMIB KOMIT IOTEPHOTO 30Dy .

OpHi€l0 3 OCHOBHUX 3a/ad KOMITIOTEPHOTO 30py € CEerMEeHTalis
300pakeHb. CerMeHrarlisi 300pa)keHb TMOJIATa€ B PO3AUICHHI 300pakK€eHHs Ha
okpeMi cermMeHTH abo o00'exktu. lle mo3Bonsie oTpumaTu OUIBII ACTaIbHY
iH(opMairito rmpo 00'eKTH Ha 300pakeHHI Ta MOJIETTIYE X MOJAIbITY 00pOOKY.

OnmuH 3 rpadoBUX aITOPUTMIB, SIKI BHKOPHUCTOBYIOTH ISl CErMEHTAIlli
300paxkeHb, — 11e 3pi3 rpada (graph cuts). Lleit anroput™ po3aiisie 300pa>keHHS
Ha OKpeMi CETMEHTH, BUKOPHUCTOBYIOUM rpad, A€ KOXKHA BEpIIMHA BIJMOBIAAE
MIKCEMI0 300pakeHHs, a KOXKHE peOpo BIAMOBITAE 3B'SI3KY MDK JBOMa
nikcensimMu. ['pad 3'eqHye BeplInmHM, SIKI HajeXaThb J0 OJHOIO CETMEHTY, Ta
BU3HAUAE PI3HUIIO MK HUMH Ta BEpUIMHAMH, fKI HajleXaTb 10 PI3HHUX
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cermeHTiB. [loTiM anroput™m 31ilcHIOE Tepepi3aHHs Tpady, o0 PO3AUIUTH
300paK€HHS HA OKPEM1 CETMEHTH.

Mpachose

OpuriHankHe npencTaBneHHs CermeHToBaHe
300pakeHHs

20DpameHHa

i - 7

Pucynok 1 — Anroputm po3pi3y rpada

[Hmm migxomu BKIIOYAIOTh B ce0€ BUKOPUCTAHHS PI3HUX CTpATerii
KjacTepusanii BepmMH TpadiB Ha OCHOBI IX XapaKTEPUCTHK Ta CXOXKOCTI.
Hampukmnan miOBEeHCHKHIT METOJ, SIKUW BHKOPCTOBYE CTpaTerii iTepaTHBHOTO
3MEHIIICHHS MOIYJISIPHOCTI JJI TOCSATHEHHS HalKpaIioro po3aity rpada.

Bukopucransas mogiOHMX METOMIB CYTTEBO CKOPOUY€E BUTPATH PECYPCIB Ta
yacy Ha OOpOOKy, TOpIBHSHO 3 CY4YaCHUMH MHIXOJaMH 3 3aCTOCYBAHHSIM
HEHPOHHUX MEpPEeX, OCKIJIbKM BOHM HE BUMAraroTh MOMNEPEIHHOTO TPEHYBaHHS
Ta SIBJSIIOTBCSA JIOCUTh MPOCTUMHU Yy peanizaiii. Takox, OAHIE0 3 TOJOBHUX
nepesar rpadOBUX aJITOPUTMIB € TOH (PakT, 110 X JOCUTH MIPOCTO CKOMOIHYBATH
3 aJiropuTMaMH Ha 0a3l MITYYHOTO WHTEJEKTY, a OTXE J03BOJIsI€ MO0y yBaTH
THYYKY CTPYKTYpy [UIsi aHami3dy 300paxkeHb, 10 MOXKe OyTH 3MiHEHa Ta
aJlanToBaHa 0 KOHKPETHOI 3aj/1aul. 3a JOmoMoror rpadiB MOXKHA BpaxOBYBaTH
HE TUIBKM MPOCTOPOBI BIJIHOCMHUM MIXK MIKCEIsIMU Ha 300pakeHH1, aie W
1H(pOpMaILiIO PO TEKCTYPY, ICKPaBICTh Ta 1HII BIACTUBOCTI.

Opnak, BUKOpUCTaHHS TpadiB AJII CETMEHTAIll] 300pa’KeHb TaKOXK Ma€ CBOI
oOMexeHHs: Ta Hemonikd. Hampuknan, nobynoBa rpada Moxe OyTu
YacOMICTKOIO, B KOHTEKCTI JIIOJAWHO-TOAUH. KpiM TOro, TOUHICTH pe3yibTaTy
MOJKE 3aJIeKaTH BiJ] BUOOPY MapaMeTpiB Ta HAJAIITYBaHb AJITOPUTMY.

OTxe, BUKOpHUCTaHHS TpadOBUX aJrOPUTMIB JUIsI CETMEHTAlll 300paKeHb €
nyke eQEeKTUBHUM IIIXO0M0M JUIsi 0aratboxX 3ajad KOMITIOTEPHOTO 30pYy.
PosrnsHyTi BUIlle METOJM, a TaKoXX iX Moaudikalii Ta KoMOiHaIi 3 1HIIUMH
aIrOpUTMAMHM BUKOPUCTaH1 JUIsl peaiizamii JoJaTKy [JIsi CHPOIUEHHS Ta
NPUIIBUANICHHS TPOLIECYy pO3pOOKH MPOrpaMHOro KOy, 3a JOIMOMOTIOIO
pO3Ii3HaBaHHSA OJIOK CXEM Ta jJiarpaM Ha 300pa)KeHHSIX 3 METOIO0 MOJaJIbIIOl
aBTOMATHYHOI reHepallii mporpaMmHoOTo Koy .

CrucoK BUKOPHUCTAHUX JIKEPE:

1. Hicren, P. (2017). Teopisa rpadis. Crpinrep.

2. JHesic, P. (2017). Kowmm’roTepHuii 3ip: MNPUHIMIHN, aJTOPUTMH,
3aCTOCYBaHHs, HaBYaHHs. AkaneMik [Ipecc.

3. Jlabonn, M. (2023). IIpakTuyHe BUKOpUCTaHHS TrpaoOBUX HEHPOHHHX
Mepex. 11akr.
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The rapid development of technology and the ubiquity of the media have
led to the spread of media texts containing covert propaganda. Such propaganda
aims to influence public opinion, often implicitly, and has serious implications
for democratic societies. Methods for detecting and analyzing hidden
propaganda in media texts using natural language processing (NLP) methods are
researched. Various unsupervised and supervised learning strategies are
emphasized, such as topic modeling, clustering, and deep learning
methodologies. The significance of devising methods capable of identifying
propaganda across diverse languages and cultural settings is addressed. Also, the
limitations of these methods are considered.

BusiBnenns npuxoBaHoi mponaraHau B MEIIaTEKCTax MPEACTABISIE 3HAYHI
TPpyJHOLII Yepe3 ii 3alIyTaHl XapaKTepUCTHKU. MeToaum oOpoOKH MPUpPOAHOI
moBd (NLP) mnpononyioTs OaraTooOinsroumii miaxix a0 igeHTHdikaiii Ta
aHai3y Takol TpomaraHav. AJTOPUTMH MAIIMHHOTO HaBYaHHS, 30KpeMa
HAaBYaHHS 3 yuyuTeleM Ta 0e3, MOXYTb OyTH 3aCTOCOBaHI JJIsi 3aBJaHHS
BUSIBJIICHHS TIPOTIAraH/Ix.

OmHuM 13 MOMYJISIPHUX METOJIB HaBYaHHS O€3 YYMTENs JJIS BUSBICHHS
npornara’ju € TeMaTHYHE MOJICIIIOBaHHS, AK€ MOXKE 17IeHTU(]IKyBaTH MPUXOBaHI
TEMaTU4HI CTPYKTYpH B Mmeniatekcrax. [Ipuxosanmii posnoain dipixae (LDA)
— 1€ IIUPOKO BHKOPHUCTOBYBAaHA TEXHIKA MOJCIIOBAHHS TEM, SKa MOXKE
BUSIBUTH TIPUXOBAaHY IMIPOIMAraHjy IIISXOM BHUSBICHHS TEM, SKI TOCTIHHO
MOB’sI3aHI 3 TMEBHUMHU MeJia-/DKepelaMi 4Yd  TOJITUYHUMHU  17€0JIOT1SIMHU.
AHanizyroun po3moaul TeM y pizHux 3MI, MOXIMBO BHUSIBUTH TOTEHIIIIHI
yHepeKeHHs Ta MpuxoBaHi Hamipu [1].

[HmIMM migxoaoM [0 HaByaHHS 0€3 yuMTens € KiacTepusallis, sKa
00’e1Hy€e TIOA10H1 MEIIATeKCTU Ha OCHOBI 1X 3MICTYy Ta MOBHHUX OCOOJIMBOCTEH.
AJNropuTMHu KJIacTepu3alii, Taki Sk k-cepemHix Ta iepapxiyHa KiacTepu3allis,
MOXXYTh BHSBHUTH 3aKOHOMIPHOCTI IOIIMPEHHS MPOMAaraHan, JOCIHiIKYHOYH
pO3MOJIIT  KOHTEHTY MIX PI3HUMH JpKepenaaMu 1H(opMallii, BUSBISIIOUN
KJIACTEPU CXOKHUX MEJ1aTeKCTIB.

Metoau rimookoro HaBuanHs, Takl Sk CNN, RNN 1 Transformer, Takox
MO>KHa BUKOPUCTOBYBATH ISl BUSBJICHHS MPUXOBaHOI mpomaranau. 11 moxemi
31aTHI BUSIBISATA CKJIaJHI MOBHI TIaTEpHH Ta CEMaHTUYHI 3B’SI3KU B
meniatekcrax. [lomepennro TpeHoBani MoBHI mojeni, Taki sk BERT 1 GPT,
MOKHA HaJIAIITYBaTH JUIsI PO3IMi3HABaHHS KOHKPETHUX IPOTNAraHINCTCHKUX
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NPUIOMIB, TaKMX SK 3aBAaHTAKCHHS JIOTIYHUMH TOMWJIKaMd abo eMOlliifHi
3aKJIUKH [2].

Ha gonaTok 1o mux migxoAiB MOKJIMBO BUKOPUCTOBYBATH aHaJi3 HACTPOIB,
mo0 BUABUTH TMPOMAraHay, BHUBYAIOYM EMOI[IMHUNA TOH MEJIaTEeKCTIB.
[IpomaranaucTd YacTo BUKOPUCTOBYIOTH €MOILIIMHO HAcCHMYE€HYy MOBY, 1100
BUKJIMKATH CWJIBHY PEaKIio Ta BIUIMHYTH HA TPOMAJCHKY AYMKY. AHATI3YIOUH
HACTpPOi MEIAaKOHTEHTY, MOXJIMBO BHSIBUTH BUIMAIKA MAHIMYJSAIT  Ta
MOTEHI[IHY TAKTUKY TPOTaraH/Iy.

BusiBieHHsT MIXMOBHOI Ta MDKKYJBTYpHOI NpOINaraHiv € IIe OJHUM
BOKJIMBUAM HANPSIMOM JISl TTOJAQIBIINX TOCHIKeHb. OCKUTBKH TpoTaraHjaa He
OOMEXKYETBCSI OJIHIEI0O MOBOIO YHM KYJbTYypOIO, BaXJIMBO PO3POOUTH METO[H,
3laTHI BUSBIIATA MPONAraHjay B pI3HUX MOBaxX 1 KyJIbTYPHUX KOHTEKCTaX.
TpanchepHe HaBuaHHS Ta 1HIII MIXKMOBHI METOAM MOXYTh OyTH BHUKOPHCTaHI
JUIS ajanTarlii iICHyr'OUHMX MoJieJied /10 HOBHUX MOB 1 JIOMEHIB, IiJIBUIYIOYH
e(peKTUBHICTh BUSABIICHHS MpoNaralayu B riaiodaibHoMy MaciiTadi [3].

He3Baxkaroun Ha miporpec y meromax NLP st BUABICHHS NPUXOBAHOI
IpomnaraHjy, 3aJHUIIAETbCs KiUTbKa MpobieM 1 oOmexeHb. Jl0 HUX HajlexaTh
noTpeda y BEJIMKUX BUCOKOSAKICHMX pPO3MIUEHUX HaOOpax JaHMUX, CKJIAIHICTh
PO3pI3HEHHS CHPABXKHBOI TYMKHU BiJi HABMUCHOI MAHIMYJSIIl, @ TAKOX PU3HK
XUOHUX TO3UTUBHHUX UM XMOHO HEraTUBHUX Pe3yJbTaTiB. KpiM TOro, OCKUIbKU
MPOIMAraHUCTH aJaNTyIOTh CBOK TAKTUKY Ta BUKOPHUCTOBYIOTh OLIBII CKJIAIHI
METOJY, MOTPIOHO TMOCTIHO BJOCKOHAIIOBAaTH METOAU Ta PO3POOJISATH HOBI
IMIXO/IH.

BusBnenns mnpuxoBaHOI TMpomaraHad B MEIIATeKCTaX € CKIAJHUM
3aBJlaHHsM, ajie MeToau NLP MatoTh BenMKuil MOTEHINA JIJIsi BUPIIIEHHS JaHO1
npoOiemMu. BUKOPUCTOBYIOYM aJrOpUTMU MAUIMHHOTO HaBYaHHS Ta MOJENI
rMOOKOTO HaBYaHHS, MOXIJIMBO BHUSBISATA Ta aHATI3yBaTH MPUXOBaHI
NOBIJOMJICHHST B TeKkcTax. [Ipore Bkpail Ba)JIMBO BU3HATH OOMEXKEHHS IUX
METO/IIB 1 MOCTIHO MPAarHyTH A0 BAOCKOHAJIEHHS, 1100 €(pEeKTUBHO NMPOTUISATH
NOIIMPEHHIO MPONaraHiu.

CnucoK BUKOPUCTAHUX JXKEPEIL:

1. Martino, G. D. S, Cresci, S., Barron-Cedefio, A., Yu, S., Di Pietro, R., &
Nakov, P. (2020). A survey on computational propaganda detection.
https://arxiv.org/pdf/2007.08024.pdf.

2. Chavan, T., & Kane, A. (2022). Large Language Models for Multi-label
Propaganda Detection. https://arxiv.org/pdf/2210.08209.pdf.

3. Chaudhari, D. D., & Pawar, A. V. (2022). A Systematic Comparison of
Machine Learning and NLP Techniques to Unveil Propaganda in Social Media.
Journal of Information Technology Research (JITR), 15(1), 1-14.
https://lwww.researchgate.net/publication/342789189 A Survey on_Computati
onal_Propaganda_Detection.
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The purpose of the research is to determine the methods of forecasting the

profitability of films and series in the modern market conditions of the film
industry. As a result of the research, we chose a feed-forward neural network
and a polynomial regression model as methods for solving the forecasting
problem, we implemented these models using the python language, and
compared their effectiveness. It was determined that the neural network works
faster and more accurately than the polynomial regression model and can model
more complex relationships in the data.

MOXJIMBICTh CIPOTHO3YBAaTH TMOTEHIIWHUN TNpuOyTOoK Bix (inbmy abo
cepially MOK€ JOMOMOITH KIHOKOMMAaHIi 3apoOuTH abo 3aolaguTu Oarato
rpouieil. [IpoTe OUTBIIICTh 3 HUX HE BUKOPHUCTOBYIOTH CY4acHI METOJU aHali3y
BEeNUKHUX JaHuX. OCKUIbKH KUIBKICTh 3HATUX (UIBMIB Ta CEeplajiiB BEJIMKA, a Ha
npuOYTOK BIUIMBAKOTH Pi3HI (PAKTOPH, MPOTHO3YBAaHHS € CKIIAJHOIO 33Ja4elo.
ToMmy i BUpILIEHHS L1€i TPOOJEMH € JAOPEYHUM BUKOPUCTAHHS METOJIIB
MAIIMHHOTO HaBYAHHS.

Jlns BUpIIIEHHS TIOCTaBJEHOI 3ajadi Oyjo OOpaHO HEUPOHY MeEpexy
OpsIMOTO 3B'A3KY Ta TOJIIHOMIANIbHY PErpeciiiny MoJeib, OCKUIBKH 00’ €KT
JTOCITIDKEHHST Mae 0araTo XapakKTepUCTHK PI3HMX THUIIIB, a XapaKTep 3aJIeKHOCTI
MK BXIIHAMH Ta BUX1JHUMH 3HAYEHHSIMU HEJITHINHUHA.

PosrnsineMo MaremaTtuyHe NPECTABICHHS HEUPOHHOI Mepexi MpsSMOTO
3B’s13Ky. Hexait 3agaHo HaOlp BXITHUX JAHUX Y BUIJISAL IMap BX1JHOTO BEKTOPY-
XapaTepUCTHK X, Ta BUXiJHOTO 3HAYEHHS V;.

X={&v), ... v)}i=1m (1)
ne X = (xl,...,xj), j=1,n — BeKTOp XapakTepUCTUK OO0 €KTy
JIOCJI1JDKEHHS,
N — KUIBKICTh XapaKTEPUCTUK, M — KUIBKICTh €JIEMEHTIB TpPEHYBaJIbHOI
BUOIPKHU.

3amadero HaBUaHHS € BU3HA4eHHs Takoi ¢QyHKmii h, mo6 h(X) mamama
3HAaYCHHS MaKCUMAaIIbHO HAOJKEHE JT0 BUX1THOTO 3HAYCHHS Y.
®ymukiis h(X) 3a1a€Thest HACTYITHUM YHHOM:
T
hx) =%, 6;x;=0"x (2)
i€ X; — BEKTOP XapaKTEPUCTHUK I-ro eneMenTy, &; — Bekrop BariB (weights).
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Jns BU3HAYeHHs pi3HUII 3HadeHHS QyHKOii h(X) Big odikyBaHOTO
3HA4YCHHS Y, BUKOPUCTOBYIOTH (DYHKIIIIO BTPAT:

J(0)=23m,  (h(x)—y)? (3)
Jns minimizanii QyHKIIi BTpaT BUKOPUCTOBYETHCS METO IPAi€HTHOTO
CITyCKYy [2]:

o1 =6~ @3] () @

Je ¢ — mapaMeTp IIBUIKOCTI HaBuaHHs (learning rate).

VY axocTi pyHKINT akTuBallii BuKkopuctaeMo ¢yHkirio ReLU.

PosrnssHeMo MaTemMaTWyHE MPEACTaBICHHS MOJIHOMIANIbHOI perpeciiHoi
Mozeni. Bukopucraemo nmouatkoBi ymoBu 3 Bupasy (1). Toai s koxxHOI mapu
BEKTOPY XapaKTEPUCTHK X, Ta BUXiZHOTO 3HadeHHs V; [3]:

h(x) = B, + L, B+ XL, Buax, et
n n n
Z.rl:l E;m E;pn ﬁrlsz...:pxrlxrz X, (5)

1€ P — MOPSIIOK MOIHOMY, [5; — KOe(illieHTH ITOJIHOMY.
JIns BU3HAYEHHS PI3HUII MDK pO3paxOBaHWM 3HA4YeHHAM (YyHKIII Ta
OUiKyBaHUM, BUKOPHCTOBYETHCS METO]T HATMEHIIINX KBAAPATiB:

LSECoy) =X, O —h(x))? (6)

AHANOTIYHUM YWHOM, 32 JOTMOMOTOI0 METOAY TpPaai€HTHOTO CITyCKY,
B1I0YBa€ThCS HAJIAITYBaHHS KOS(DIIIEHTIB MOJIEIIIL.

Hani nys aHanizy Oyio B3saro 3 0a3u ganux Full MovieLens Dataset [4].

B pesynbrati gociimkeHHs 0yi10 BUZHAYEHO, HIO:

- HEHPOHHA Mepeka J03BOJISIE MOJCIIOBATH OlIbIN CKIAAHI HETIHIHHI
3aJIKHOCTI y J@aHUX Ta MPOTHO3Yy€e€ MNpUOYTOK (uIbMIB Kpamie (KoedilieHT
nerepminanii R* = 0.75), i nominomiansHa perpecis (R? = 0.69);

- MOJIHOMIAaJIbHA MOJIEb HE MOXKE MPAIlOBATH 3 BEJIUKOI KUIBKICTIO
XapaKTEePUCTHK, OCKIIbKA  KUIBKICTh  BHXIJHUX  TIApaMeTpiB  MOJEi
30UTBIITYETHCST TOTIHOMIQIBHO BITHOCHO KUIBKOCTI BXITHUX IapaMeTpiB Ta
EKCIIOHEHITIaJIbHO BITHOCHO TOPSIIKY MOJIIHOMA,

- yac HaBYaHHS HeWpoHHOI Mepexi (11 cex) MeHmui TOpIBHSHO 3
perpeciiiHoro Mojesntio (69 cex) s Tiel caMoi KIJIbKOCTI BX1THUX IMapaMeTpiB;

- HEpOHHA MepeXa MEHII CXWJbHA JO0 TIepEeHABYaHHS dYepe3 MEHIIy
KUIBKICTh BX1JJHUX TTapaMeTpiB.

Crucox BUKOPHUCTAHUX IKCPCII:

1. The Numbers. (2022, 12 rpyaus). Domestic Movie Theatrical Market
Summary 1995 to 2022. https://www.the-numbers.com/market.

2. A. Ng. (2022, 12 rpyans). CS229 Lecture notes. Supervised learning.
https://see.stanford.edu/materials/aimlcs229/cs229-notes1.pd.
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M. XapkiB, YkpaiHa
Atomic force microscopy (AFM) is a powerful imaging tool that enables
high-resolution imaging of surfaces and materials on the nanoscale. However,
due to various factors such as instrument noise, sample drift, and mechanical
vibrations, AFM images can be corrupted and difficult to interpret. In this thesis,
we present novel image reconstruction methods that can enhance the quality and
accuracy of AFM images. We first provide a comprehensive review of existing
AFM image reconstruction techniques and their limitations. We then propose
new algorithms that address some of these limitations, including the use of deep
learning approaches and Bayesian inference. Overall, this thesis contributes to
the development of advanced image reconstruction techniques in AFM and
opens up new avenues for research in this field.

AtomHO-cusioBa Mikpockomiss (AFM) € moTy)XHUM 1HCTPYMEHTOM ISl
BUBUYEHHS MOBEPXHI MaTepiajiiB Ha HaHoMeTpoBoMmy piBHI. AFM mpaioe 3a
OPUHLIMIIOM BHUMIPIOBAaHHS B3a€MOJIli MK aroMaMH Ha IMOBEpXHI 3pa3ka Ta
30HIOM, LIO0 pyXaeThcs MO HbOMY. OJHAK, SKIIO 3pa30K Mae€ HEpiBHY abo
HEOJTHOPIHY NoBepxHI0, To AFM 300paxeHHs] MOXe€ MICTUTH TMPOITYCKH, IO
MPU3BOJUTH 0 3MEHIIICHHSI SIKOCTI Ta TOYHOCTI JTOCITIIPKEHb.

Metoau TAMOMHHOTO HAaBYaHHS B OCTAaHHI POKM CTaJId BcCe OUIBII
NONYJSIPHUMU Y  BIJTHOBJIEHHI 300pakeHb, 110 MAalOTh MPOIYCKH abo
noIKoKeHHs. L1 MeToau 103BOJISIOTh BIIHOBIIOBATH 300pa’KEHHS 3 BUCOKOIO
TOYHICTIO Ta SIKICTIO, HABITh SIKIIO BOHM MICTSTh BEJIUKY KUIBKICTh MPOIYCKIB
abo mymy. B it poOuTI MU PO3TIIIHEMO 3aCTOCYBaHHS METOJIIB TJIMOMHHOIO
HaBYaHHS JUIs BIZHOBJICHHS 300paxens AFM 3 npomnyckamu.

I'muOuHH1 HEHPOHHI Mepexki, Taki K aBTOEHKOJIEpU Ta TJIMOOKI 3TOPTKOBI
Mepexi (CNN), 103BOJISIOTE aBTOMAaTHYHO BIAHOBJIIOBATH IPOITYILEHI JIeTalli B
300paxeHHsx AFM. [lnsa BigHoBneHHs 300paxenb AFM 3 npomnyckaMu MOXYTh
OyTH BUKOpHUCTaHi IMnOOKi aBToeHKoaepH. [Iporiec BiAHOBICHHS 300paKeHHS 3
IPOIMyCKaMH CKJIQJA€ThCs 3 JEKUIbKOX KpokiB. CrodaTky BUMAJKOBUM YHHOM
BUJIAJISTIOTHCS JIESAK] TMIKCENl 3 OPHUTIHAIBHOTO 300pakeHHsA. [loTiM riambokwmii
aBTOCHKOJCp HABUAETHCA HA BIHOBIIEHHS 300pakeHHS Oe3 mporyckiB. [licius
IbOTO ABTOEHKOJIEP 3aCTOCOBYETHCS JI0 MOIIKOHKEHOTO 300pa’keHHs, 1 HOro
JICKO/IEpP  BUKOPUCTOBYETHCS ISl  3allOBHEHHS  MPOIYIICHUX  IMIKCEIIiB.
Pe3ynbTaToM € BIJTHOBJIEHE 300paKEHHS, SIK€ MICTUTh MEHIIl apTedakTH
MOPIBHSIHO 3 TPaJAUIIMHUMHU METOJIaMH BiAHOBJIEHHA. [ JTMOOKI aBTOECHKOAEPU
MOXYTb OyTH HaBYEH1 HA BETMKUX HaOOpax AaHUX JIJISl BIIHOBJIEHHS 300paKeHb
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3 pI3HUMHU THUIIAMU TIONIKO/KEHb, BKJIIOYAIOUM IITyM, 3IMICOBaHI MIKCE,
BIJICYTHICTB JACSKUX 00JACTEH Ta 1HIIII.

BuxopuctanHs aBTOEHKOAEpIB JO3BOJIIE OTPUMATH 3HAYHO Kpall
pe3yibTaTH BIIHOBJICHHS MOPIBHSHO 3 TPAAMIIIMHUMHU METOJaMU BiTHOBJICHHS
300pakeHb 0€3 BUKOPHUCTAHHS METO/[IB IITHOMHHOTO HaBYAHHS.

AnbTepHaTUBHUM MeTOAOM Moxe Oytu Bukopuctanus CNN s
BiJIHOBJIEHHS 300paxkenb AFM 3 mpornyckamu. OnuH 3 METOAIB BUKOPUCTAHHS
CNN nna BiIHOBJICHHSI 300pakeHb — IIe¢ MeToj 'image inpainting", TOOTO
3alIOBHGHHS  NPOMyILIeHUX obyacted Ha  300paxkeHHl. Jiuga  mporo
BUKOPHUCTOBYIOThCSL aBI CNN: Tiepmia BHUKOPHUCTOBYETHCS JJIsi BU3HAYCHHS
KOHTYpIB TIPOMyIIEHUX oOjiactef, a japyra il BIJHOBJEHHS BMICTY
OPOMYIIEHUX oOiacTeil 3 BUKOPUCTAHHSAM JaHUX, SKi OyJu BIJICYyTHIMH B
OpUTIHAJILHOMY 300pakKeHHI.

e omun meron BukopuctanHs CNN 17s BIIHOBJICHHS 300pa<eHb — 1€
MeTop "super-resolution”, TOOTO 30LIBIIEHHS PO3ILIBHOT 3IATHOCTI 300paskeHHSI.
BukopuctoByroun CNN, MO)KHa CTBOPIOBATH OLIBII JETaNi30BaHi 300paKeHHS 3
HU3BKOPO3IUIbHUX BXITHUX 300paxkeHb. i 1[bOro BUKOPUCTOBYIOTHCS JEKLIbKA
HI1apiB 3rOPTOK Ta MYJIHTY, 100 B3SITU JO0 yBark KOHTEKCT 1 JeTal 300pakeHHs
npu  BigHOBIEHHI Jetanedd. Buxopucranns CNN ngae kpamyi  pe3yJabTaTH
BIJTHOBJICHHS Y TIOPIBHSIHHI 3 BUKOPUCTAHHSIM aBTOEHKO/IEPIB.

TpetiM METOJIOM € BUKOPUCTaHHS onKcaHoi Buile apxitektypu CNN, ane 3
JOIATKOBUM  BKJIIOYA€ MEXaHI3M 3BEPHEHHA JI0 KOHTEKCTy (attention
mechanism). [leii MexaHi3M [103BOJISIE MEPEX1 30CEPEAUTHCS HA BAXKIMBUX
JISTHKaX 300paykKeHHs Ta e(PEKTUBHO BUKOPUCTOBYBATH 1H(GOPMAIIIIO 3 HUX IS
BITHOBJICHHS MPOMYIICHUX JleTaneld. Pe3ynpTaTi mokasaiu, 1110 3anpornoHOBaHa
Mepeka 3a0e3rneuye 3HA4HO Kpalle BIJTHOBJIEHHS MOPIBHSIHO 31 CTaHAAPTHOIO
apxitektypoto CNN. Ha ceoroguimHiii JeHb, 3aCTOCYBaHHS METO/IIB
TIMOWHHOTO HaBYaHHS JJIS BIJHOBJICHHSI 300pakeHb € OUTbIl €(PEeKTUBHUMH Y
MOPIBHSIHHI 3 TpaguIliiHUMU MeTonamu. Haiikpaii pe3ynbTaTd BiJHOBJICHHS
300paxxenb AFM mnokasye Meron i3 BukopuctanHsM CNN 3 MexaHIZMOM
3BEpHEHHS J0 KOHTEKCTy. Ll apxitekTypa m03BOJISIE OLIBIN SKICHO 1 TOYHO
3aMIOBHUTH MPOIYCKH y 300paKEHHAX Ta YHUKHYTH IITYMiB.

CnHcoK BUKOPUCTaHUX JKEPEIT:
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This proposed work is devoted to image processing in photogrammetry and
transformation of 2D images into 3D models using deep neural networks.
Existing solutions provide 3D models after the user has played a large number
of actions such as filming a video or taking a large number of pictures. The
purpose of the work is to minimize the actions taken to obtain a 3D model. To
achieve this goal, the use of generative adversarial neural networks is
considered.

3pocTaHHs MITYYHOTO IHTEJIEKTY 1 TEXHOJOTIA MaIlIMHHOTO HaBYaHHS
O3HAyae, M0 LITYYHI MEPEeXki CTalu Aeanl OlIbIl PO3BUHYTUMH 1 MOTYKHUMHU.
Opna 3 KIIOYOBUX pOJIEH IITYYHHX MEpPEX Yy CydaCHOMY JKHUTTI — 1€
MNOKpAILIEHHSI TMPOAYKTUBHOCTI Ta eQEeKTUBHOCTI poOoTu B Oi3Hecl Ta
npomuciaoBocTi. IIITydyHi mMepexi J103BOJISIIOTH aBTOMAaTH3YBaTH MPOLIECH, IO
paHiiie BUMarajiyd 0araTto pydHoi npaii. BoHu MoxXyTh OyTH BUKOPHUCTaH1 JJIst
BUSIBIICHHSI aHOMAaJIbHOI MOBEAIHKM B CUCTeMax O€3MeKH, BUPIMICHHS CKIIAIHUX
npoOiem 31 30epiraHHsIM JaHMX Ta MOKPAIIEHHSAM €()EeKTUBHOCTI BUPOOHUYHUX
nporieciB. IlITyuHi Mepexki TakoX BUKOPUCTOBYIOTHCS B MEIUIIMHI, JI€ BOHU
JOTIOMAararoTh 3a0e3nevyBaTd OLIbII TOYHI JIIarHO3W Ta 3MEHLIYBaTH PHU3UK
nomusiok. KpiM TOro, mry4Hi Mepexi MOXYyTb OyTH BHUKOPUCTaH1 Jst
PO3B'sI3aHHA CKJIAIHUX 3a/1ad y poOoTi 3 300pakeHHs MU, CBIT HABKOJIO HAC €
TPUBUMIPHUM, TOMY poOOTa HaJl aITOPUTMAMHU, SIK1 JOIIOMAararoTh KOMI'tOTepam
3pO3yMITH 1I0 MPUTAMAHHY [IbOMY CBITY TPUBUMIPHY CTPYKTYPY, € BaKJIUBOIO
cheporo nmociipkeHb Komi totepHoro 3opy. CtBopenns 3D dopmu 3 2D
300pakeHHs 3aBXKIU OYyJIM BAXJIMBUM HAIIPSIMKOM JOCIIKEHb Yy 1Iel 00J1acTI.

dororpammeTpis — 1€ Hayka Ta TEXHOJOTIS OTPUMAaHHS JOCTOBIPHOI
iHdopMailii npo (izuuHi 00’€KTH Ta HABKOJIMIIIHE CEPEAOBUIIE 3a JOMOMOTOI0
MPOIIECy 3aMKcCy, BUMIPIOBaHHS Ta 1HTeprpeTarii GororpadiyHux 300pakeHsp i
MOJIeJIel eJIEeKTPOMAarHiTHOr0 BHUIIPOMIHIOBaHHS Ta 1HIIMUX sBUII [1]. IcHye
Oarato BapiaHTiB ¢oTorpammeTpii. OJHUM 13 MNPUKIAAIB € BHIyYEHHS
TPUBUMIPHUX BHUMIPIOBaHb 13 JBOBUMIPHUX JaHUX (TOOTO 300pakeHb);
HaMpuKiIaa, BIJCTaHb MIXK JBOMa TOYKaMH, fKI JieXaTh Ha IUIOIIUHI,
napajnenbHii miomuHi  (¢oTorpadiuHoro 300pakeHHsS, MOXKHA BH3HAYUTH,
BUMIPSBIIH X BiJICTaHb Ha 300paKEeHHI, SKIIO BIIOMUN MacmTad 300paKeHHsI.

3itoMka nudpoBux 300paxkeHpb 1 (poTorpaMMeTpuuHa oOpoOKa BKIIIOUAE
KUIbKa YITKO BH3HAYEHUX €TamiB, SKI JI03BOJSIIOTH TeHepyBatu 2D abo 3D
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mupoBi Mozaeni o0'ekTa SIK KIHLIEBUHA TPOAYKT. Mojenb JaHUX MpaBopyd
nokasye, AKuUM TUn 1HQOpMaIii MOXE HAAXOIUTH Ta BHUXOAUTH 3
doTorpaMMeTpUYHUX  METOMIB. TpPHUBUMIPHI  KOOpAWHATH  BHU3HAYAIOThH
poO3TallyBaHHsI TOYOK OO0’€KTIB y TpuBUMIpHOMY mpocTtopi. Koopaunatu
300pa)KeHHSI BU3HAYAIOTh PO3TAIlyBaHHS 00’€KTa Ha IUIIBLI a00 €JIeKTPOHHOMY
npuctpoi ¢popmyBaHHs 300paxkeHHs. [IpocTopoBa opieHTallisl KaMepy BU3HAYAE
po3TamryBaHHS KamMepud B TPOCTOpI Ta KyAud BOHA HalpaBiieHa. BHyTpimHs
OpI€HTALllS, KA XapaKTepU3Yy€eThCA TAKUMH MapaMeTpaMu, sIK (POKyCHa BIACTaHb,
IUCTOpCist 00’ €KTUBY, BU3HAYAE TEOMETPUYHI TapaMeTpu npouecy GopMyBaHHS
300paxXKeHHs.

PoGoTta npucBsueHa IOCHIDKEHHIO INTYYHUX HEMPOHHUX MEPEX AJis
PO3pOOKH MITYyYHOI HEUPOHHOT MEpEki y 3aaadi ctBopeHHs 3D Mozem o0'ekra 3
2D 306paxenns. e BaxinBa 3a7aua, sika Ma€ 3aCTOCYBaHHSI B PI3HHUX Taly3fXx,
TaKUX SIK apXiTeKTypa, iHTep'ep Ta Bizyamizauii. ¥ poOOTI BUKOPHUCTOBYIOTHCS
HEHpoHHI Mepexi s crtBopeHHs 3D Moxeni o0'ekta 3 BUKOPUCTAHHSAM
HallMeHbIIOT KuUTbKOCTi 2D 300pakeHb. Jlymst BuUpimieHHsS 1€l 3a7adi BXKe
ICHYIOTh pILICHHS, $SKI BUKOPHCTOBYIOTh BIJ€O3MOMKY HAaBKOJIO 00'€€KTy
JOCITIKEHHST 00 aHaNI3yI0Th 0arato 300pa’keHb 3p0O0JICHUX 3 PI3HUX KYTIB Ta
3HaXOAATh OCOOIMBOCTI (opMH OO0'€KTa 1 OCBITJIGHHS, SIKI MOXYThb OyTH
BUKOPUCTaH1 /st cTBOpeHHs1 3D moneni [2], ogHaK METO 1OTO JOCIIIKEHHS
€ MIHIMHU3allis Jid KopucTyBaya JJIsi OTpUMaHHS HeoOXinHoi mojaeni. Jlana
poboTa Moxke OyTH KOPUCHOIO JIJIsi pO3POOHHUKIB TPOrPaMHOI0 3a0€3MeUeHHs Ta
¢daxiBIiB y ramgysi Bizyamnizali Ta au3aiiHy, Kl 3aiiMarOThCS CTBOpEeHHsM 3D
Mojeneit 00'ekTiB Ha 0CHOBI 2D 300pakeHb.

B paniit poGoti Oyne BuKopucToBYBatuCh apxiTektypa GAN s
redepanii BignoBiaHux 3D wMomeneit 3 2D 300paxkeHHs a0o AEKUIBKOX
300pakenp [3]. Jns orpumanHs Outbm  sikicHux 3D Mopenelr MokHA
BUKOPHCTOBYBAaTH 3aJIMIIKOBY HEHPOHHY MeEpexy sK 0a3oBy MeEpexy s
BUTATYBAHHS O3HAaK 3 BXIIHHUX 300pakeHb, OTPUMAHHS OUIBII TOYHHX
pe3yibTaTiB Ta SIK PIMIEHHS NPOOJIeMH 3racardoro rpajaieHty. HaByanHs
MepeXi TOBUHHE OyJ1e 3/A1MCHIOBATHCS 3 BUKOPUCTAHHIM METO/I1B HaBUaHHA 0€3
BUYMTEIIS, 110 BKIIIOYAIOTh TEHEPATUBHY CKIJIAJIOBY, II0 MOBHHHE 3a0e3MeuyBaTH
CTBOPEHHSI BUCOKOSAKICHUX 3D Mojesnel 3 BXiTHUX 300paKeHb.

Crucox BUKOPHUCTAHUX IKCPCII:
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In today's digital age, shilling attacks have become a growing concern in

online communities. Shilling attacks involve the use of fake accounts or paid
individuals to artificially promote a product or service, mislead consumers, and
manipulate online discussions. As these attacks can undermine trust in online
platforms and harm users, there is a pressing need to develop effective methods
for detecting and preventing shilling attacks. This study aims to leverage
machine learning techniques to detect and mitigate the impact of shilling attacks
in online communities.

The objective of my research is to develop and implement effective
methods for detecting user attacks on ratings and recommendations within
recommendation systems, using machine learning models.

PexomeHnnariitai cuctemMu ¢GoOpMyOTh TPOMO3UIli TOBapiB Ta IMOCIYT 3
ypaxyBaHHSAM BIJJOMHX BIOJ00aHb KOPUCTYBAUiB. 3HAHHS LI0JI0 IIUX BIOJ00AHb
GbopMyIOTbCS Ha OCHOBI JIaHMX IOJ0 TMONEPEIHBOr0  BUOOPY  IUX
crioxuBayiB [1]. Takuii BUOIp npeacTaBisIEThCSl TOKYIIKAaMU TOBapiB Ta MOCIHYT,
a TaKoX iX PEeWTUHroBUMHU oIlliHKaMu. ITydyHe CHOTBOpPEHHS PEUTHHTOBUX
OLIIHOK 3MIHIOE MPOMO3MIi PEKOMEHJIALIMHOI CHUCTEMH 1 BOHU HE OYIyTb
BIIMOBIAAaTH BIOAOOAHHSAM KOHKPETHOTO CIOXKHMBaya. Take BHUKPHUBJICHHS
BiIOyBa€eThCSl NUITXOM ImwiiHr-aTak. lllwminr-ataku, abo araku (ambIIMBUAX
KOPHUCTYBauiB Ha PEUTHUHTH, MOJIATAIOTh Y IITYYHOMY IMOHM)KEHHI PEUTHHTIB
KOHKYPYIOUMX TOBapiB Ta MOCIYT 1 MiJBUIIECHHI PEUTHHTIB MPEIMETIB, SKi
IIKaBJISATh aTaKyrounXx [2].

Metoau BUSIBICHHS IMIWIIHT-aTaK € BAXJIMBUM HAMPSMKOM JOCIIKEHHS B
rajmy3i pekoMeHmamiHux cucteMm. Ili MeTomu T03BOJNSIOTH aBTOMATHYHO
BU3HAYaTU Ta PO3PIZHATH MDK COOOK IOBIAOMIICHHS, SIKI CIpsSIMOBaHI Ha
M1JIBUIIICHHS/3HMKEHHSI PEUTHUHTY 3aJ]laHOTO TOBapy abo mociyru. Taki MeToau
MOXYTh BHUSBIISTA MATTEPHU y MOBE/IHIII KOPUCTYBAUiB, SIKI MOXYTh CBIIYUTH
PO 3JIOBKUBAHHS, Ta PO3PI3HATH IITYy4YHI Ta OPUTIHAIBHI PEUTHHTH.
BnpoBakeHHsT METO/IIB BUSBJICHHS IIMJIIHT-aTaK J1a€ MOXKJIUBICTD TT1JIBUIIIUTH
€(DEeKTUBHICTh PEKOMEHJAIllM, a TaKOoX 3MEHIIUTH KUIbKICTh TOMUIKOBHUX
MPOTIO3HUIIIH B paMKXa HETOOPOCOBICHOT KOHKYPEHIII1.

ATaku KOpPUCTYBauiB Ha pPEUTHHTM TOBAapiB Ta TMOCIYr MOXHa
KJIacu(iKyBaTH 32 TAKUMHU KPUTEPISIMU:
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—3a MacmTabamu: IfiecnpsiMoBaHi  abo MacoBi  (3IIHCHIOIOTHCS
1HIUBITyaTbHO 200 KOJIEKTUBHO);

—3a METOIO: MIABUIICHHA a00 3HM)KEHHSI PEUTHUHTY, OLIHKH, a00 3aBaHHS
IIIKOIM KOHKYPEHTAaM;

—3a (OpMOIO Hamaay: HAMKMCAHHS MO3UTUBHUX a00 HETaTUBHUX BIJTYKIB,
KOMEHTapiB a00 pEUTHHTIB.

Ha mnpakTtuii mwiiHr-aTaku MOXYTh 00’ €IHYBaTUCh, U110 3HAYHO
YCKJIQJIHIOE BUSBJICHHS C(aJbIIOBAaHUX PEUTHUHTIB. J[Js BUpIlICHHS i€l
npobsieMd AOLUIBHO CchOpPMYBaTH IITY4YHY TIOpUAHY aTaky 1 TEpEeBIpUTH
npane3IaTHICTh peKoMeHAaIliHoi cucTeMu. ['10puHa aTtaka OXOIUIIOE TakKi
aTakd, SIK CTEKIHT, BIpaJbHUNA MAapKETUHT, PEUTHHr-1HOIALIS Ta PEUTHHT-
nedmsis. Bubip miAMHOXKUHA BUKOPUCTAHUX aTaK 3aJICKUTH B CHEIUpIKU
KOHKPETHOT'O MPOAYKTY a0 MOCTYTH, Ha KU HalllJIeHa aTaka.

tyuna riGpuaHa MUIIHT-aTaka € 0COONMUBO €(EKTUBHOIO JJISl IEPEBIPKU
3aXUCTy PEKOMEHIAINHOI CHCTeMH: 1i BaKYe BUSBHUTH, OCKUIBKH BOHA MOXE
OyTH HaIllJIeHa K Ha 30UTBIIIEHHS, TaK 1 HA 3MEHIIICHHS PEUTUHTY MPOIYKTY.

Meton BHSBICHHS IIMJIIHT-aTak Ha OCHOBI INTYy4YHO C(OPMOBaHOI
riOpUIHOT aTaKy BKJIFOYAE HACTYITHI €TaIH:

Etam 1. BuOip kinbKOX pi3HUX METOJIB IIWJIIHT-aTaKk JJig aTakd Ha
KOHKPETHUU MPOJIYKT a00 MOCIYTY.

Etam 2. CTBOpeHHsT ~ JEKUIBKOX  OOJIIKOBUX  3aluCIB, SKI  OyayTh
BUKOPUCTOBYBATHUCS ISl IITYYHOIO 301JIbIIEHHS 200 3HUKEHHSI PEUTHHTY .

Etan 3. BukopuctanHs oOpaHMX METOIB IIWIIHT-aTaK IJsi MITYYHOTO
30UIBIICHHS 00 3HWYKEHHSI PEUTUHTY MPOAYKTY.

Etanm 4. Anani3 pe3ynpTaTiB aTaku Ta BUOIp HallePEKTUBHIIINX METO/IIB.

Etan 5. IloBTOpeHHs aTaku 3 BUKOPUCTAHHSAM Halle()eKTUBHIIIUX METO/IIB.

Etan 6. JlonoBHEHHSI pEKOMEHIAIIMHOTO aJITOPUTMY KPOKAMH BUSIBICHHS
aTak, siki OyJIM BUSIBJICHI Ha €Tarl 5 METOAYy.

Meton mMoxe OyTH JHONMOBHEHHMH NEPIOAMYHOIO 3MIHOIO MPOCTUX METOIIB
aTak Ta OOJIKOBHMX 3amHCIB /sl BUSBICHHS HOBHUX BpAa3JIMBOCTEH B
PEKOMEHIAITIHIA CUCTEMI.

TakuMm yuHOM, TiOpUHA IIUIIHT-aTaKa € OJHUM 3 HaWOUIbII CKJIQJHUX Ta
TOHKHMX BHUJIB IIWJIIHT-aTaK, KUK MOTpeOy€e BUKOPUCTAHHS KiJIBKOX METOJIB Ta
00JIIKOBUX 3amuciB. BUKOpHUCTaHHS MITyYHUX T1IOpUIHUX aTaK A€ MOMIIMBICTh
BUSIBUTH Ta YCYHYTH BPa3JIMBOCTI PEKOMEHJALIMHOTO aJIrOPUTMY.

Crucox BHUKOPHUCTAHUX JDKCPECII.
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This work focuses on analyzing recommender systems, existing methods

for building recommendations and proposing new features, that can improve
user experience and enhance customer loyalty. Various recommendation
techniques, data mining techniques, automatic recommendation, dynamic
adaptation and argumentation were analyzed in this research paper. This work
provides a detailed exploration of the current state of recommender systems
and the challenges and opportunities presented by these technologies. The
proposed features will help improve recommender systems and make them
more attractive than the existing ones.

Ha cporognimmniii geHbp, Bce Oulblllie Mara3uHIB Ta CEpBICIB
PO3MOBCIOJKYIOTh CBOT TOBapH Ta MOCIyTH 4depe3 inTepHet [1]. CrioxkuBavyam
HAJA€THCS BEJIMKUIM aCOPTUMEHT 1 IM MOke OyTH Jyke CKJIaJHO 3pOOUTH CBIl
BUOIp HA KOPUCTb TOTO YM IHIIOIO MPOAYKTY. Y TaKUX CHUTyalisx
peKoMeHalii MOXKYTh CYTTEBO MOKPAIIUTH MPOIEC NMPUHHATTS PILICHHS MPO
Te, IO KyImyBaTu [2].

[HTepHET-MarasuHu, SKi BUKOPHUCTOBYIOTh CHCTEMY PEKOMEHIAIliH,
CTalOTh Jie/iajli OLIbII KOHKYPEHTOCIPOMOXXHIUMHU MOPIBHSHO 3 TPAAULIITHUMU
MmarasuHamu. Bix 3anpoBapkeHHsS CUCTEMHU PEKOMEHAlliil BUTPalOTh HE JIUIE
CEpBICH EJEKTPOHHOI KoMepliii, ame W OyIb-siKi CepBicH, IO 0a3ylOThCs Ha
BEJIHMKIH KITbKOCTI KOHTEHTY [3,4].

He 3Bakaroum Ha mepeBaru CHCTEM PEKOMEHJallii, BOHM MalOTh i CBOi
HEIOJIKU:

— IIOAY 3BUKAIOTh OTPUMYBAaTH PEKOMEHJAIlil, aje Mmicis KiJIbKOX
3acTapilMX  pEeKOMEHJAIlid,  KOpPUCTyBadl  BTpaTATh  JOBIpY [0
PEKOMEHIAIIHOT CUCTEMU;

— peKoMeHaIlii 3a3B1yail HaIXoIATh 0€3 MOSACHEHD 1 KOPUCTYBad HE 3HAE
YoMy BiH Ma€ BUOpaTu caMe peKOMEHOBaHUN MTPOIYKT;

—CMaku Ta HAacTpoi KOPHCTYyBadiB 3MIHIOIOTBCS 3 4YacoM i
pPEKOMEH/aliiHI CUCTEMHU HE MOXYTh JIOCTaTHHO IIBUAKO pearyBaTd Ha I
3MIHH;

— KOpUCTyBaul MOXYTb OyTH 3alliKaBI€Hb B MEHII MOMYJISPHUX
BapiaHTax Ha sIKl CACTEMH PEKOMEH Ialllil 3a3BUYail HE BKa3YIOTb.

Mertoro  miei  pobGotm  Oyno  mpoaHaTi3yBaTH  BJIACTHUBOCTI
PEKOMEHJAIIMHUX CHCTEM, ICHYIOUM METOJM MOOYJOBH PEKOMEHAAIlld Ta
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oOTrpyHTyBaTH HEOOXIHICTh aAaNTyBAaTH PEKOMEH AL MO Mipi 3MiHU 3aIUTiB
Ta BIIOA00aHb KOPUCTYBAYIB.

J171s1 TOCSATHEHHS TOCTABJIEHOI METU BUPIIIYIOTHCA HACTYIIHI 3a1a4i:

— aHaJli3 ICHYIOUHX PEKOMEHIAIIHHUX CUCTEM;

— aHaI3 ICHYIOYUX METOIIB MOOYTI0BH PEKOMEHIAITIN;

— JIOTIOBHEHHSI METOJIIB  TMOOYJOBH PEKOMEHJALI  MOKIUBOCTIMU
JUHAMIYHOIO ajanTallii 3 ypaxyBaHHSM CTapiHHS 3HaHb IPO MPOIYKTU Ta
MOCJIYTH a TaKOXK 3MIHM BIIOI00aHb KOPUCTYBAYiB;

— MOPIBHSAHHS pPEKOMEHJaliil 0e3 AWHAMIYHOI ajanTtaiii Ta 3 TaKOm
a/IarTali€ero 3 METOI0 OLIHKYA €()eKTUBHOCTI OCTaHHBO].

OO0'ekTOM JOCHIDKEHHST € CcucTeMH pekoMmeHaarid B IT-mpoekrax
€JICKTPOHHOT KOMEpIIii.

[IpenMeToM JOCHIIKEHHS € 1ICHYHOYl METOAM MOOYJA0BH PEKOMEH AL,
HocnimkeHnnss mnepeabdadae aHadi3 ICHYHOUMX IIAXOMIB 10 MMOOYJA0BH
pEeKOMEH 1Al Ta YJOCKOHAJICHHSI MOCHIIOBHOCTI iX MOOYI0BH 3 ypaxyBaHHs
aKTyaJIbHOCTI 3HAHb.

[IpoBenene moCHiKEHHS] METOMIB AUHAMIYHOI ajanTarii peKoMeHaaIiin
B IT-mpoekTax enekTpoHHOT KOMepIili MOKHA 3pOOUTH TaKi BUCHOBKHU:

— ICHYIOUM METOJM PEKOMEHJAIlid MaroTh Psii HEJOJIKIB SKI MOXYTh
OPUBECTU 1O BTPATH JOBIpM [0 PEKOMEHJAAIIIHOI CUCTEMH Ta BTpaTH
JOSUTBHOCTI ~ KOPUCTYBauiB  BHACHIAOK  TOCTIMHOT 3MiHM  BIIOJ0OaHb
KOPHCTYBayiB;

— YIOCKOHAJICHUI METO/I OPI€EHTOBAHUH Ha aanTaIlil0 peKOMEHI0BAHOTO
MEepeNiKy TPEeIMETIB 3 THM, 00 PEeKOMEHJallisl BiAMOBigana OCTaHHIM
3anuTam.

— TMepeBipKa YAOCKOHAJIEHOTO METOJy CBIIYUTh MPO MOXKIUBICTh
e(EeKTUBHOTO KOPUTYBaHHS PEKOMEHJAI 3 ypaxyBaHHSIM CTapiHHS 3HaHb
I0JI0 BMOIOO0AHHS KOPHCTYBAdiB 3 YacOM, IO JA€ MOJIHMBICTH IiJBUIIUTH
npuBaOJIMBICTh PEKOMEHAAIIIHOT CUCTEMH 1 JIOAJIBHICTh KITIEHTIB.
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The object of research is spatial data structures. The subject of research in
the qualification work is the use of fractal curves to traverse space. The purpose
of the work is to study the effectiveness of building and accessing data in the
structure of spatial data and the impact on the performance indicators of the
method of bypassing 2D space.

R-nepeBo — 11e nepeBomnoaiOHa CTPYKTypa JaHHX, SKa BHKOPHUCTOBYETHCS
JUISL OpraHi3ailii JOCTYImy 10 IPOCTOPOBUX JaHMUX, TOOTO Jisi 1HAEKcAIil
OaratoBuMipHOi 1HGoOpMaIllii, Takoi, HAIPHUKIAJ, K reorpadiyHi KOOpIWHATH,
a00 npsaMokyTHUKH [1, 2]. TUMOBHM 3alIUTOM 3 BUKOPHCTaHHSAM R-1epeB moxe
OyTH Takuii: «3HAUTH BC1 TaKC1 B MEXax KUTOMETPY BiJl MEHEY.

3a ctpyktyporo R-mepeBa myxe cxoxi Ha B (abo B+) mepea: Byzmm
MICTATh KJIIOYl Ta TMOKWKYMKH HA HAIaAKIB, KIIBKICTh KIIOYIB B BY3Ii
oOMexeHa (3a3BMuai, KiJlbka COT€H YU TUCAY). I MpOCTOPOBUX Ha