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pnBika

tdm. 6. 10dzjxds Mis! fsadesd o
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JCte' &3 ckMmisddzed Mm' Cd, dzg© bydz ! ¢
tesLf SH® dzz o kzL dz' 9. Iz L edzvw dzgzlsts 6
sStsyts¢.

t " odesd3’ todzd 2 esL f SH' LOBJ LY Jykz®
sted S klsded ¢ ' 9, s MY tedw L d3j dzh j dzde® g
tesLf sH' dzk My tsfsjtc’' ¢O' ! Mw dzj .o’ o dets gy to
LB ' dzhjdr fBRadBCd.

[ dzv f ste’ o dg¥ dedz" fslstcd d3O dats:

0 60 T8t 1t v i GO TBIpCK o
JIsy 4§, o' odetsdz’ tedzd? L BH' dz LsytssS L Ol
ftsojtends .

MopieHaHHA MAE ANA PiBHOMIPHKX | BUNAAKOBUX TOUOK

0.07 1 ——@—— PiaHoMips TowN

=G Benanxcal Toukn

tdm. 7. 1t odgvdedz" fsadBBS HAZY b

s dMsC & jtOlskicd

1. Watson D. F. Computing the-dimensional Delaunay tessellation with
application to Voronoi polytopes // The Computer JoufihaR81.i Vol.
24, No. 2i P. 167172.

2. de Berg M. Computational Geometry: Algorithms and Applications / M.
de Berg, O. Cheong, M. van Kreveld, M. Overmér8&rd ed.i Berlin:
Springer, 2008 P. 191 215.

3. JOyjdeSts 1. [. stditrisclsy tgdz® : ¢ @@ W' v§
179 182.
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P {twlyc/?1rE 010wy V1 sortflrm vo I
fdrefoes rfc slfoerAawsoAww 1wy
W] Ot v mOh jofm! €O
J1o9'eoMm €d2 dzOy' tsdzOdz’ dgd?2 kdg 9 j ted
ANOSEdz sjIs ftedC OdzH dzes”™ BOIsj i3OI $ d
sofilamariia.khashchevska@Inu.edu.ua

I sy

s ZzOMmdW " SOy w 9' HJjBHOd A ‘ M¢ zOH dz' h t
fMlsOlsdydzedr L sBtOY j dz' , sMe" " d € o' Hj
CdW stedgOYyt s [ 1, 4] . U LOHOYOR, Hy € dzC
myJ dets® HsMIsOldz 5 W] EEQateFs BEFkk!
] BHdtsyoOm Hdzv LOHOY, Ek wedm Cdzs ytseoj L
fsmMdz Hsedz" Mis! COHE" 9.

[ jlss twtsetslsd ° ftsto' adevdedz?"  S5COHTet
sL 0S¢ kO ftmd HE&SdEE HEg®H SAEZOMGMNSOY'
focused -flsddc e d odaOB sStcOR H Odzd = .

1 sMsOdegsoa O L OHOY'

]l " HiB teBLEEWHO  Is! iqw w¢C {fsMmd Htse dz' Mis:
O oo 1)

Hpo sCtej d3d?2 COHE df Gifgls' odBOdd~s ¢ OH

1 OHOYO Cd&Ofd¥ COy' ' {(sd&vcO' bk fssl
QM © ofov plthB O (2

HPS C' dz €' Misy € dzOfp' 9.
dbtern " Isj Clskzted d3tsHJ dzj 2
UV tetsBtsls' HEMd HYjds He' GMdseds Otr'

l1jtehd2 " HA"H BOLE' ISt Mw dz20 CNN L &

[ dzw G5y detkwsitse € lsiGotizo O dzj 2 totsdzdz® 3 toj 4 O W
a QR w 3)
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1 fMdzv y! e L &OSd of' 5 COHt' &8 bkMmjtej
« -B ¢ (4)
[bted BOdd B 5 Ostsmw &zO o desL o 0 WL dzd 2

[ czed?2 f " He'H odSttBfEEo Lz 'ul gy O &
9odH" dzvw’ focMisstctso sLd20Cd Sy desets €
fsHO 5! Mw d&zO LSTM [2, 4]:

Q , 344RQ (5)

HiQd fedrRco Odzd?2 MsOdd LSENM?2 dz@s' Gistig!

fsssydd? kO (sfjtj i d §REES ®@dd i
fsfjtejHdy sk Cwsy', "t §jtejHO dOC Y
fedrcoOdzd?2 MlsOdz oadCBEdMmssol’ Is! W Hdw

I sfjtcjHd BB SO HOdM]A

rdzv jCmijtedBjdls' @ odStstedmsOds Ho O d&O
Coy dese s dzOBtstelz o9 dBtOdets 8 € dzO M fawused,U CF
sMC" d §d S dOMmd odL dzOYOEls! Mw f jtoj o Oy
fMyj ded. 1 Olstsdi’ fifocused e sittsedzts 9 'O halal isdcnzkOy * W
L dzOy4d dzdzv , StsH' w g CdzOfmMd totsLte' L dgwels
otcOnkzo Odzdzv yYyOMmMsoadnr L Odzj ydetsfplsj 2 [ 1].

1 jtejH dzOo yOdzdz" 8 o (S tsdzzo OkOMY § ¢ j t6j H
C' dz Ctsfls COHE' 9 L Coy dese s @P ¢Hpjp

dsted3Odz’ L Oy' v LtsBtOy jdz; Oked3d dz2sOy' W ¢
sBte' L Odzdz?, BHABROCBO ] HAY o' R COHt' o
test yYOfmilsddad.

( S j edd3j dels Odz! dz' toj L zdz' 5OIsd

(S jtedd3 dzsd toj Odz' L so Odes o MmMjtejHBOadh
PyTorch. c¢ BOLtsSokz LetslsCtsolz ditsHj dz
ResNet 18 [5], Fts HLoaBdzddizs L OMmistsmize C
Pdz' 9 jtemMOdz dz' tsL dzOCdaR L tispuctOdp'jlddIsd BdzO o | ¢
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vOBdtStd .o dgv dzdg® Sy j tod d5j dzls Oz dzd

1 08 ‘| Train/Vall | s-fyls ! s OH te  Accuracy
{ 8H ] dz' | H Odzd Test f OtcOd3d |J § 5 ¢ (Test)
CNN + UCF10| 921/154/158| 11180616 8, 0.95
mean 1 tc ' o dat
pooling ozts ; 1
CNN-LSTM | UCF10| 921/154/158| 11967048 8, 0.94
1 tc' o dafy

dzts ; 1
CNN + Jester | 840/180/180| 11180616 8, 0.32
mean tc' o dzf
pooling dets; 1
CNN-LSTM | Jester | 840/180/180| 11967048 8, 0.25

tc' o dzfy

dzts ; 1
CNN + Jester | 840/180/180| 11180616 16, 0.3
mean Y J dzls
pooling dz' ; ]
CNN-LSTM | Jester | 840/180/180| 11967048 16, 0.35

Y J dzls

dz' ;1
CNN-LSTM | Jester | 2560/320/32| 11967048 24, 0.52
(L OB to 0 yJ dzls t
backbone) dz' ; 2
CNN + Jester | 2560/320/32| 11180616 24, 0.2
mean 0 Y 4 dzls
pooling dz' ; 2
(L O3 tg
backbone)

[ &zv dzOB stk UCF101 fS5COHttS9 O dBBHJ

f swidgt “ Is' v HBdR dzkzo Odedz" 3 f tesMiststetso d -

Ektso Of BJHO' BSHjd HJ Bsdhlstekzs 5! dac
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HOdzdr IO €' dz €' Mis: COHt' 9. 1B dzt ] dz
tcjLizdz! S@ISATMCNN s " HIse jteH 2° 9 Oy dzd 9 ' |
motionf oc us ed L OH OVY. v yomisd dz Jd Sy
LOBstetsy Iz o Odzdzw LetstelsC s s’ , yOftels d dadgj dfh f
sBydmdzt 8 Odz' dzg' 9dlstcOIsd, BHAdOSC B k9
", we dz2Ofmdz' HEsG¢, ftecdLoHdds HB Lddyd
fsCOHSoatsets ' HRBBHE.

1tcOCIsduydzei L OfMistsmizs Oz ts®' &Ry j gzdz
MdMmisy &3 o' Hj M sMmisd ted ¥ J dedevi, meS dzOGAHAY ¢ 'O
LOlstcd d3€ s . | SHLSTM 6 sdzf Z cBNl' L dzO9 O dzdzw

fsojH dSd, MmMdmisjd oL O BsH' dzs Hgded L
(LBCtej@P, L. Gdz2 Bk o'HjiB Hdw 'dasjdzjCls
fsLodltse y' '’ MmMUjttd Msteddkz: ks Mw Hj W
' HjsHOdzd R, L dzO yded o3 sByYdmdzs 9 Odz! ded
ELOcOdz daj dzdz? stz g dzj R d dz@aieso § hi f t ) .

] SHOM h ' HWfjdeiiy Cdedfo:dzd B *° L tetss
reatt i me LOMssmMikze Oda' 9d ¢ tstedfls ©dadaw fm
Transfor mer), fsCteOh j dedzv fMlstcOlsj e’ 2 ¢

flso stej dzgdg® oS ZOHdzd B MdMlsj &3 Hdzw
OobBOBESE®RE L o' Hijts  btOdhf skl

I dfmdzetse € d

vV B ESIS' f 8L @®dztsEsH A & CdzOmd¥W ' ¢ O~
nOKOCIsjtetsds HOMHfBcCcusredv LDODHONE HJ Co
ftosmMisstcsaddidd L dZOCOBd, JWJiSlkdeds " ddid
Octej cOY" v) , w et LOBj LY jykze Is odMmMtsC kz
o dOIs OF . [ fz6 c m®é¢ d on OH Oy, Hj odt’' hOod
tekzrlz, HsY' dzt des oS tstcdmistsoSOMY , § 8K
otcOntsalze sy YOfmMse ' L Odzj ydesfyls’ , Odzj 5

s dMsS o' bjwOkEd

1. Zhu W. A Comprehensive Study of Deep Video Action Recognition / W.
Zhu, C. Lan, J. Xing, Y. Zeng, W. Li, L. Shen, X. Xie // arXi2020i1
[ [ dzd € Istetsdzdzd 2 tcj Mizttejn] d d3 HEMIS
https://arxiv.org/abs/2012.06567.
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Donahue J. Lowerm Recurrent Convolutional Networks for Visual
Recognition and Description / J. Donahue, L. A. Hendricks, S. Guadarrama
M. Rohrbach, S. Venugopalan, K. Saenko, T. Darrell // Proceedings of the
IEEE Conference on Computer Vision and Ratteecognitiori. 2015.
Yosinski J. How transferable are features in deep neural networks? / J
Yosinski, J. Clune, Y. Bengio, H. Lipson // Advances in Neural Information
Processing Systenis2014.

Goodfellow I. Deep Learning / . Goodfellow, Y. Bengio, A. Courville.
MIT Press, 2016.

He K. Deep Residual Learning fonage Recognition / K. He, X. Zhang,

S. Ren, J. Sun // Proceedings of the IEEE Conference on Computer Visiol
and Pattern Recognitian20161 & . 1778.0

Soomro K. UCF101: A Dataset of 101 Human Actions Classes From
Videos / K. Soomro, A. R. Zamir, M. Shah /[ arXi2012i [ [ dzj € stets &
tej Mizigfj]y.dds Hsmlskyfz: https://arxiv.
Materzynska J. The Jester Dataset: A LeBgale Video Dataset of Human
Gestures / J. Materzynska et al. // Proceedings of the IEEE Internationa
Conference on Computer Vision Workshdp019.
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4o bkzdzv ¢ t ¢ MtsdzOdzO
J1 o ot €2 dOyY' sdzOdz! dzd?2 Ekdz' 9 j tefmd
brbthrt.sav@gmail.com
d0CIskzOdz dg Mis! Isjd3d O °° ftetsBdzj BOIsSIE O

JHdz ' ¥ L Cdzt yssodn LOHOY Cdl3f 6 ¢ Is
stcdodd3 tedats’ MlstezClslzted B@A][Rls' 8 1yDO2 dzE
tetsL G dzv HO' D fdafiHsAe 2HE Y3 °  Sia@tursfigraAd®Bagion, d3J
wed? HiSL & tsdzv o' Hdztso dz¥ 9 Ols( CJjBdBjIs
MfJy Odz' L so Odesets 5B dzOH dzO dzdzv . AJ tctsB
hdesStsets SCtsdzO L OMistsMize Odz .

[fdetso dz2O@ M ¢ zOH dz' Mlis! fsdzv g O Z 9" Hf
ftos cedzdBddzz dzO L sBtGOY j dzdgv =, sOCtsy f{tc
sB 3] N J dets C'dz ¢ Miss tOCktef' o O ft
9 ' Hitse ' HdzsfMisj?2 ' ¥ L BicOy j dada” d3d .
ANstod3z dzt 9 Odzdz? L OHOY'

14A02 ©BO' Sl Myjdd LOHYQdzE CdsdztEr sk
CtstcH d dzOIsOR s st | & Ytetday fpls O dzdzw 5 H dats e
HLotsdw' fdmMkzeOld fts' Clsdods  jtojlse
s jteOy" 2.

ltesyjm Wotktdzo Odzdzy L 5Bt Oy j dzdM, [2fst d M)k

@OW UL'Y od (1)

HjoT ftesjCy' v ftoeshiststosa ts° stsyed dac
BOMh IsOBdzd2 CBJ W' y' ‘' dals, {f|&afOistc@dgd?2 B j1
"9 Skttt ff j toj dzjofij iRz d yV H Y delr siszE iz’ =
weO &BO° odcdzv H:

Qi
1

0 Q

© EEr

@)
T

HiQQ WsSkfmd , sofH fij €@ teH d ZOd ¢ & dzts
L BB EOYjidg@eOdj st §jtej Stk sMj2, wd2
Hst' odzd *© dalz dzs .
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sO0Cdds uddetsdy; oty lptistH d s bisySk L ¢
CsteHd dzOls & Mdmsj Bz CsteHddzOlo d§ Bdgkt
ftes' ¢y y' ' boySd dO {dshddz LtBtO:

1 OHOYO v ecO' E 9" Hdzso dzj dzdz'  Giflsteds fry |
f OOl ste" © SCOBIte LO dzOBfletsds Ho s dd3' to
dbdzestedlsdz toj Oz’ L OY* °’

1402 LOHOds dOs dg© LWLBAcOY fPAsMmIs| to°
sted o d &3 toded » Ol Yy ts $) ofpyyjLdEsftis yR s IO ° °  ff
LisBtOY jdzdz’ L OHO' Is! MW BsHj dzdzel). € © Gjt ®af O
fsdzv" ¢ O Ek o' Hdzso dzj dzdz' d3z@ y ff Gz O Wzl 8] o
ZzOB tstetsdz 9 ' Hof &, HdesMis j 2

1. ¢dzestedlsds fsyddzO‘ Is* v L odettelz

C'dz C' fylsy dgOH' 2dzd R o' HYBe ' HdsMIs] !

dzj 3 Ols ! f sdztsy j dzdzw G j t§dfj l4tds dw,t datsh ts
Wbz deH Od3j dzls Odz dzd[t [36B a3 3 4 dzdz¥ o3
6% 06 T (3)

HjOWEZdzHOB) dzs Ozt 2@ BOktedyw, s sf
GsL SO o Odzdz? HotsR S OB to.
CChts odzzlste’ "dz'  OwOdjIsted SOdBjte o
iMmjdy' Odzr dzs’ ROLtdy'
O 0 00 (4
{ Midey' Odz' 20 BOIted yY HBLOBAY' o' Hdz
MOdKj: &BOlstediys pg lkts® didas O dzfdzw y'
[dzv °° tsSLS&OHE odCtstdmlsie@: s mw i
O Yo ()
[ stcd &30 dz' By i | tc p Dictc Odds'dmY L O Ht
HsHOldetsis® cdzdedded: IstsySd fMmydded ¢ tsod
2.1 " fmdzv o dL dzOyJ dzdz¥ f Sdztsy j dzdz" H o 5A
fsyOkCtsots’ Istedod® tedets’ MmlstezClzted
rdzv Ctydes’™ fOted o HYftseo Hdedr Ibtsytt
w 0Odw 0O (6)
[MS dz ¢ q BOM" s OB dz CtjW' y' ‘ dasq
o ZOMisd o' Mls! Ctd' dj Otedztsils’ :
© 0& 1 (7)
Aji HBLotd ' lted®Olsd MdMlsj H@E2:sH datst
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o0 1 (8)
Hi ®RBOBwKYyWstezz’' Is! mMw L CsjW' y' * dzls' o, t
HdzWv Cty desets LtsBtGOy jdedg? IsO BO' o dcdzw H-

néﬁ f] il
5 01N :}: )
foe N
wae ne U

ANOSIsduydzs Ctsydz0O o' Hf s9 ' Hdz Mis! HEBH
tejLlzdz sOIs’ Wtttz Is' MW  jtoj oadL dzOyd dzO
fBLo OV L BC y' ot mdmilsj d3d Ld&zORrtsHdIs!
etsL S zZOHE ( SVDJo.d Sriscdaz * ds@ ldnwd e'tsL € dzOH :
0 Yo (@10)

IMm¢ dz ¢d ofpdrihls j=EOdetste ' H dgls ® n dzj Is te
hEzCO' Is! MwowR o Ildfistalz 0 O 0 deesis&gld dats to d
O plOSIsdyudes yj tjOd Lk Is! iqw wQude dB"
W ABo

Kj2 o9jClte LOHO' Cotstend dzOIsd Issy¢
odL dzOyjded?2 L Issyds flse Hts BOMhIsOBEZ. @
odidkz’ s Mvw dsttd@@3Od' L Oy v CotsteH d dzOls:

e URYORIO (1)
vV tejLbkd Ol Wtttz s My B8YOLCtse O

* fydzw de' Yyt O0dz' L Oy’ dzts o LNstB to Oy
OOSCIjtdats® tdmiss * dal o] BB dzls O dp 4dkd
sy dzsets L dzgdm dzitsBR ' Hdzs By' dzdilsd
OHOYkE o d&' 3" L OY'[8: fsndBSCd tjftets’
c'x"Q?ﬁB‘(b “ ORYR ~ (12)
HYE tTWEdRSyYy v 3DtstsyYS o’ &0 ¢ dztsh deoizlf tsists s tf @zP
2DIssysd dz0 fslstsydisaiizH f s8 @ dztlz? , stsyS O
ndOted .

U HOdZ 2 tetsBls' Yyw LOHOYO wBLOOWLE
(PerspectiverPo i nt ) . yitedlL dzOw o dz' Mmis! f sd3d d
LOLadyO?2 ttsLodowLk' s Mw ted@h,sdkw Cd? O
9" HESCtjd3dlsd St Clsdz o  Hytse ' HdztsMls' (|

= v 11
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4. 1" fpdzv HBHO9 Odgdzg? dztso ts5° CORBjted od
myd dzd : LdzZOr BHWIS! MW  dztse 9" Hf s9 ' |
HSEHOLSCtS9 O It Odzezdzv y'' v dzsoadnr - Ists
Syt ¢:

ARNAY AR R4
]l Oy dzd o 8 B dzde ' Misk " dgS e d3d dzls O dz!
o' Hdztso dzj dz' stsyS¢d daj §Jjtej cOrRtsoalze s Mw
¢ dzOH dz' Mis: .
fdLzdz IsOIsd Odze stcdls Bl
tdLrlzdz sOIsd j St jted d3j dals ' §7] f=X CQozCoedisfts
" de€ toj d3j dzls O dz' dzd 2 GrdeeMotod 148 § 8O yw'‘c t ufiTleOE

feswesdz M *° Yo e desmls™ L 37 €O

1 0 dsOf " "dz' Yyt 0dz' L Oy’ tsls tc d 30O dat
9" Hftso "' Hdzsfilsj2 (ftsdzOH 500) , Fts LOBJL
GjBd3jlstc" . v sy m' HBSH O9 Odzdz¥ dztso d

Ld3 dgt " Is! mw L Odzj ydes o' H Misted j dgv s i tc ;M
fsndBSO PnP LOddJh O Is'iw 39 pkd O ff tcd Hs
LOHOVY' Sf M.

tdfm(apdn Hdz LtsBteOy j dzdzg?" toj Odz' dz
(b)T © ' H dats eDd2jdgi@ds CB, Is sy ts &
it Codemlstcz?2 59 0Odz0 ftso jtonda? Tt

Il dmdese § d

{ MY j ted di3d dzls dzODinY tf B&On o s fiflss &iBd Ists
fMls OB ' dz! dzj 9 ' Hdztso dzj dzdzv Idrpds@c ZCC dstdztds d° frfn
Wistodilzo Odedev d3 tetsL t6' H Y J dats’ ndB3O0ted bytet
(alphashape).
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ImMdeseo dzed d3d f jteJ 9 O Od3d Odzetsted Isd3lz
By dzde ' Mis! Ctdstesdzs wWEsMmls'® d2O € Y dzs
odCtstedMlsOdadze RANSAC. [ Isted 3DIdzEB fp=&)d B
ftes HBMIOIdzs Istsyds Mis! o Csdzemistelz$ y'*

1JHBA SO ° OB dyjddzr fsadess
LOdzj ydz° mis: "' H wetsmls® 9" Hf so ' HdetsMls ]
sByYydmdzs o Oz dz' odlstcOIsd Hted o dzd &' 2 ¢

v Yy Bk Odkestdlsdy J W FBusHfjoddgdXz ‘H
odistedMmMlssozoa Olsdm! w¢ BOLBOad?2 "  Hma' H |

1 sHOdMz hd?2 tesLodls¢ Bj stsH " 9 3D t
odCtstedMisOdzdz" 3 ¢ dzd B d dzgdzs e 5 dzO o yOdzdz? Is©

s M & jtOlkicd

1. Hartley R. Multiple View Geometry in Computer Vision / R. Hartley, A.
Zisserman // Cambridge University Prés2004.

2. Szeliski R. Computer Vision: Algorithms and Applications / R. Szeliski //
Springeri 2010.

3. Snavely N. Modeling the World from Internet Photo Collections / N. Snavely, S.
M. Seitz, R. Szeliski // International Journal of Computer Vigi@0r.i Vol.
8071~ RPR.189210.

4.Sch°nberger -fom-Mdt.i oSt rRiectiusiet ed -M. J.
Frahm // Proceedings of the IEEE Conference on Computer Vision and Patter
Recognition (CVPR]. 20161 P. 41044111

5. Fischler M. A. Random Sample Consensus: A Paradigm for Model Fitting with
Applications to Image Analysis and Automated Cartography / M. A. Fischler, R.
C. Bolles // Communications of the ACM19811 Vol. 24i = BPR. 381395.

6. Lee Y. ThreeDimensional Dense Reconstruction: A Review of Algorithms and
Datasets / Y. Lee // Sensar20241 Vol. 24.

7. Multi-view datasets / Visual Geometry Group, University of Oxford
[ [ dzd € Istets dzdzd 2 o Mztemd ¥ d d3 Htsfls
http://www.robots.ox.ac.uk/~vgg/data/dateview.html
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I mMiskzy

v MkyOMmdedr L OHOYOR SCSoBRfoslsjtodetscts
9 Hfplsjy jdedz" wkrasdiddrs BBO' €' @8 E ©' HJ 51
MdMmlsj BOR o " HjtsMf sMisj tcj 3 j dadav , Qo lstsdats «
OdzOdz' L * fsojH &g d tBO' Ch'jo. N fsidabendsst
tod Odz! dzd ~ Edstse OR ‘ dzj f jtej HB OYylkzoe Odzd d3:
hoaduGCtsMmls', yoOmlStses® fjtjCtedlslw IO h

sOMmMqduydz &BjlstsHd o Hfglsj yj dedav, dzOf tc
BOLEsIs! Mw dzg®@ fJtedt kzh j dzdz f dzOo dztsfyls” te
MG dzZOH dzd = Myd dzO~A . v LOOwWLSE L ydd
BilssH 9, LtsCtejBO W' dz2 stcOr O G zEC dzj ¥ ¢
SO dzj &z dzg' 2 dz' Mls! kol [1, 4].

[ Olsj 3OIdydzO® BsHjdz2 LOHOY' 9" HMls| yj dedz
1402 9 HibftMd Htsoads Mis! L OHOAZO H
"Odw B plBREAR (1)

HP descBj o ChOH GRSt H d dzO sy Cf 'd€ fifj digls,’ C OH e’
dlsOdz B O CIlsOotltf sl lsizlsh W OdnjzC Is ts ts ts d3:
Hiohd CtststeH d dzOIsd Y ghasic £ st os'dEjlstls,d M o dH S

[ 203" €O tekzkokz LOHO' I8! MW to' o dav dzda”
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HJO i3OIstedyY f jtejrtsHEk MisOdzz:
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Owo Yyofmtsea d2 ' dalsj te
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ljCclstt iz’ hkd fesyjfmk O &sHj d
1" dz 99030 Is! v cOkMM' o' S 'L CtoO0t
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g T T, &

gfsMmisjtedyjdedgy L o HiB YfdMmMEzsels! Mw ¢
® Ad 0h (6
HiO odd3 tewdzj Y dsH] dasedsegd’ HEBINSs] B J
odd3 to¥ o Odadav .
v O0Cdd3 uyd dazts d3, L OHOYO o' Hfglsj ¥ j dadaw
ftodm 5o OdzmBGLsO fiflstofiglelz’ H tso dz' fyds ¥ MM sty digdzj dgs
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e Odz' L Oy Cltekzs ydms L ORBH' 9.
[fdd3 LOY' v LH" 2fMdzs 4B v L O WEdS YY"
oo h h 0000 0oV 0% T’Qo

Hjo D MDD 9 0Gtce " ‘dilstEfj W8 yd ff 59 ' Hdzts H o
f sd3d tedzd =~ , SHEYOkZdR IO Mftedwisdzd o d ~

10 ftddydfsd BOSMd Kz dgElsddugisius” ¢ id
Mytewyjdds ' oddy L bkdisiOddOlsedeiPe jd
sflsdBOd dd.n € jike Ody

ydmjd d'° JSMYfjteddsi dalsd

vy dfj d dzj BSHJ &% o Odzdz" o d § 5 dzO dask Isttsh
46t ftewWHSCE L disHdW® COy" s Hdzv MdMmisj
fsfjtejHdy & MisOde o SO ptcOR ko Odadg &5 W bz iz
Cjtobo Odzdzy L OfMistshise Odzts Bt dsth B@F IS Aztizd B ¢
(FBSM).

I2'Hdd §(O©O®jlsed: b = 1.5, o = 0.8,
A = 5 A = 0.8; W = 10000, W = 1

1 ste' o dgv dzdzv BsH§ dzf L L OY 't dgj dzday d3
odweddzts Mmiklsls' 9° o' HA dedetsils' . v dgtpHY]
(tdfp. 1) ©fM' s HsPRRcd iz My ja> jHg dgor L
f sd3j Bdusm' B. v &sHj d 1) Lf LCOYL &' dbjiRtsdE™
Hide (tdimpnagi ' s, HWisf o Odz’ Mils! 7 iH 'dal jp 3
C'dz § fls! f sd3j todzdoio®fE ‘Bdzr h B st MW H S

10 sflsdhkOd dscts §jtokzo Odadzw (2) ' €
@O AO0Hjd (tdfm. 3) ' HOd  &sdslstsdadzs
fMlsOB' d L k' ' MW dzO tc'doddg " j& 08 09.20 2 (A to
Mfted2dvlskzdodn S(t) hoHGdtso @OHPLOW'S
Jy T Hid .

vyittjL odfsCk o0k’ Mis! Cjtkze Od' (V
fjtejHBOYO' §jtejoOydts dz Clo ORdzwh j(dz )
0 OCyddzOy' v (v 80.1), bktsH' w¢ COwOd
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1023 dzhj] o9 0OGtse L dzOy4d dedzv A ' HtsB teC
Mftedwisdkzdodn f' B o' HdsMdts ' d¥ " Ctso Odzd |

Il dfmdatse €

v yYy'?2 BB’ Hisfdz' HY fkdgE j eézi 5] Jo i3 dst
COVID-19 L yofmseddid L Of ' L dzj dzdz¥ o3q . 1 mls
o' odztso OcG d SO HBtso jHjdets ~ 7 dg® fmMls" 2¢°
toj ftesHiZCIsd oYdesE s yd i) dzO

1 sCOL Odegts, hts o9tcORlzo Odzdzy yoOfmtseadnrs L
Jf " HidB ydeses ftesyjmk. 1 OMmMbbtsmikze Odzdz? 51
LdzdLdlsd ' C LODottes o Odgsfls”

[ sted &3O dz' tojLEzdz sOd " HIso jteHY k¥ Is!
LOY "L dzgjdg? E dBOIj BOIsduydz® d@sHjd Jj§f° HJ

nnnnnnnnn

tdm. 1 1 dcegrop jSdd S8l JRIDAMOY 21 dzjd difadp’ jCd® S ILR
L Of * L dgj dedz” o3

tdm. 3 [ fIlsddi30dz daj-B3S i fpdzdb Otzdz L ©OzV L E
s dMsC odSiBedmMlsOdes’™ dz' Isj teOlskzted:
1. CalleriF. Continuougime stochastic processes for the spread of COVID
19 disease simulated via a Monte Carlo approach and comparison with determinist

models / FCalleri, G.Nastasi, VRomanad/ Journal of Mathematical Biologg.
2021.0 Vol. 83.8 Article 34.
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2. van den DriesscHe. Reproduction numbers and ghibeshold endemic
equilibria for compartmental models of disease transmissiomarPden Driessche,
J.Watmough// Mathematical Bioscienced. 2002.0 Vol. 180.0 P.29 48.

3. ElhiaM. Optimal control problem for a tuberculosis model with multiple
infectious compartments and time delays / B¥hia, O.Balatif, L.Boujalla,
M. Rachik// An International Journal of Optimization and Control: Theories &
Applications.d0 2021.6 Vol. 11, No.1.8 P.75/91.

4. KhanM. H. Optimal control of an SIRD model with dadéiven parameter
estimation / MH. Khan, M.Ahmed, M.M. A. Sarker// Results in Control and
Optimization.d 2024.0 Vol. 14.0 Article 100346.

5. Balamuralithara®. Bifurcation analysis in SIR epidemic model with
treatment / SBalamuralitharan, MRadha/ Journal of Physics: Conference
Seriesd 2018.0 Vol. 1000.0 Article 012169.

Jatfase VLuvfsfdI L1 ovrwl rfc tdr1
fLdfrvve 1otref?vdffo youuw
ddz" 9 1 ©OGoadH 1 Oktetseady

Jr e oMm! €2 deOy' sdzOdz! dzd? Ekdz' 9 jtemdlsg I

ftcdC d&zOH dzts”™ BOIj BOIsSdEd SO ' da¥ ¢
davydaliiev@Inu.eduua
Il mMiskzy

g4 zyomds sjndesdzts@ " 9d 3OcG O Is! s
Bsdz’ ssteddzéelz, LHOLddr ftOy® 9a0Olsd o hEkd
CsdzsmMlkz o Isj CMmMis M BEtsH A 9)d dzi HBMOI
Btsy k21s ! f OteOdzj dz' dzs o d S Bdzz 9 Ols )’ SHi® * A3tz oC
odwedwlisd dzgiBJL fJydz Lokz¢d (2O ted ¢ dzO
LodyoO2dzsects fsBhklssotsets M Edikz.

[ jIstss tesBtslsd tetsL tesBC O C ol dzj €
ol Odz! desets yoOmkz MdzEr ©' OkH' syl ¢, € d
&ZO Isj SMmls IsO OoalstsBOIsddakzis OB dzsC 2 L OHOdz
dptern " IsjCIskte® MdMisjdiBd O 02§ zO2dz tsB G

[dzv  LOBjLY jyjdedzv MMilsOB "' dz! dats’ tetsB s
ftedmMS st 90y @ ( GPU) , Otern " Isj Slskzteclz fmd f
Ctsdzo j " .6, P MECEZOHO' Is Mw L dzOMiIskzy dzd =
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1.1 Ot dzj dzgdgv IsO s j toj u dzld dz@dz dze BE B
WieOedi3d dzlsOdzd  ( yodzeS Odzd ) . r dzv sflsdd’
LOMssmMso 2 Ist fmw HilsjSlste OCIsdoe dzsMmls
sB yd fdzs * MitciHdz 5CoOHKBOId Yydzz | dzj te @
dZdyY Y0 L O odL dzOyj dAgPh @)s,tc* Witc @ Odg fndzlszs ds’
HsLotdzw' LjSCdesdiiddlsd ftsdzOH 3 0% toj Mk
2. 1rdbjCy"w OCkMmMbdptzg8 ' §HwwO@T R dzlsd |
s jtcl Hdz B dzOIstej dzts 9 O dzsYAMNet (sde'IsHe 5@ dsO |
WEO LHOIdRO ¢Cdazomd¥ ' CkoOIlsd 521 Isdf L ¢
f Olsjtedz, MdMlsj BO cjdzj sz’ MYitse " hj dzdzw
.vteOdmMStedf y' v dBsodzjdedeg": cSh s YAMNEe
Bsolz, OkZH' sHOdZ d&OCSfdqykzsls! Mv L O d;
fjtejHOB I MW Hts s jtejHdy 5 dzOIste
Whi sper (9" H OpenAl), s Isd dztzls tfp O Uet
int8).
4. [ " dze o Mlsdydz® Y smMistsBtesBC O: t sL "o
tetsL tosB dzj-te @z e PdzO tMhdzse® B Isted ¢ d b
Jdojdhlsj2dz0). Aj HBLotdv' L d@ythsedls
dzOo " Is! k odfOHCOR, Ctsdzd dzj 2dedsCdRf toy it
Wdesoa d2 M E.
{ SMY jtedd3j dzls Odz? dz' HEsdz' H Y j dzdav
v jMmMskzo Odadzy L tesBdzj desets f O2 4 dzO2 dzlz
fcBklstcotsets " EZdgk. (Wd SCIlsdoedz Mmls: Hilsj ¢€-
2dtse  tedzsmis (Softmax confidence scor
CdzOMm' 9.

tiLkzde sOd §5¢0L Odzd, hts ftBklstse d
fMdmilsj ks w¢ " sBOM dz' Iso Otedded” (62 % 3
Efmf  hdets ' cdestelz’ Is! Mw. [MsBdzdeod? dOkZSt
BsHd YAMNet 20 dzj Is drftastsigaPpiis @ eROs 1€ dizO
we "stdS" (72%) O "wdedOd LOYy' w" (
Mrty ' Mist odMsyOMmisslsdtsets HL d YO dzdzv
MdMmlsj &3 kM hdts sdwedvwisd Odsd3Odz' v, {1
H 5 dzO o Y O dede" ) fogsHdj Wtz Y odefcR o " 2 M) Stsoadnr HOIsC
Emf " "des btcOdzhMCtcdBlzo OdZO ctdtsitse ' -MitdsdsOc
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t sLtesBdz 2O MdMilsj BO HJ Bsdemistclz* od
LOHOYOR OSEMduyudsse s dsdz’ Iststed dze Iz . tlso
"9 OyC " dzj 2tetsdsj oy o' BsHj d' ( YAM!
Hjlsjtods dztso Oded 3 Odze stedls BORBG ( VAD jlsud
BdLY jtejB" " 2dzkz tetsB tsls iz ) tcj Odz' dzts Zlz Y C
1tcOyjLHOd Mis! MdMmisj &i3d ¢ HIse jtoH Y | dzO

s M & jtOlkied

1. Radford A. Robust speech recognition via lasgale weak supervision /
A. Radford, JW. Kim, T. Xu // International Conference on Machine
Learning (ICML)I 20237 v tsd3. T 2.0 22-38518.2

2. Gemmeke J.F. Audio set: An ontology and hurtedbeled dataset for audio
events / J.F. Gemmeke, D.P. Ellis, D. Freedman // IEEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP).
2017i v sd3.1 u4 2 -780.6

3. Levenshtein V.I. Binary codes capable of correcting deletions, insertions,
and reversals / V.I. Levenshtein // Soviet Physics Dokiatl966i & 5 d3.
10i & . -710.7

4. Harris C.R. Array programming with NumPy / C.R. Harris, K.J. Millman,
S.J. van der Walt // Natuie2020i s s d3. T 6.8 5362.7

5. Moattar M.H. A simple but efficient redime voice activity detection
algorithm / M.H. Moattar, M.M. Homayounpour // 17th European Signal
Processing Conference (EUSIPOQQY0091 v tsd3.T &1 7 .22558.9

tdrtfa1s¢ wovrfrsvodf?21L4d d1r180 1
Jwieg?srm I mfrwl 1éoufgUfltwl MCP

Jdz2 6O [ OdzHtedC O
J1 o' oMmr €Cd2 dzOYy' sdzOdzr dzgd?2 bkdz' 9 j efdlIs] k
ftod S dzOH dzts™ BBOIsj BOISdSd SO ' dagW &
OLHA.MANDRYKA@Inu.edu.ua

O dzslsOyb v . tetsB I LOf ey Sdztso Odats ¢
"zl dzj ClszOdz detsE s 0G j dzls©O H dzw Q9 Is s BC
BOteh okzls® 8. o¢tern' jSlkteO® ' Hdgz® HJls] te
(FSM) Hdzw CjtozoOdzdzv H' Odzsesoadd3 ff slsts¢
(DAG) Hdzw CtsdzSktc] dzlsdzsets o d ¢ sdzOdedzy L 59
Context Protocol (MCP). 1 jOdzij e Ptiztse
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RAGH ' HfndMmisj sz dz© BOL' Chr omaDB. 1 6C
9' Hlsotstes 9 Odzg' MiIs! MmJj BOdzlsd ydzesets wWHiELGO o
9 (¢ sdzOdzdzy * dzMmistclz d3j dzls ' o .

I My ° TomMlsOdss O L OHOY'
dbolts®BOIsdL Oy v MCzOHdadr (tod ¢ dzOH dad R
o' L desdzsOdz' Isdedr HY jtjdz ‘' deW stedkOy" sO
sHdadd3 'L Sdzs ysodno odSdzdS e k& MkzyOmdzd
BsH j dzj 2 (LLM). 1 OH OYyk f dzB tzk o OEziAE O dz
tej ftejL jdzlsOIsd o ded 2 fted C dzOH sOCtsets ¢ dzC
SHdsyYyOMmMdses otcOR kzo Odedg™ CtststeH d dzOIls  dzt
FOOCIsjtedMmisd s &EOhtekzlsk SO tj Csd3j dzgH Oy
ABteRBOd dzs 0G| dzs tlstaf B ZOEHE§ e d 2 «
BOteh tclzls dzO | 59 | todzlz & {route pagningzdlig@up, gelzDaly’ tc
steC j Mistelz* o d¢ dzd S-ff j teogdiilde] A MEBEPR W steds
9" Hftse" H! a = GenelftcecbBsyOfddt § Oy’
ddzOdz' L " Mz yd = fandEXtek'ud eRe Aatee P
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WstodzOdz' L soOdgj Hjljtods detso Odej € j tekzo Odzo
odSCtsdzOdzdzy L jWJiSCldz ¢ OteOd¥j do flapdgdss
mMjte M 9. ¢ Od3j yJ fteslsdte" yyw HJj i3S def
f " HatsHE (Hdoe. tdMm. 1) .
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1 " HR'|rdbjted3 dets stsdeS Ztej (s J tetso O
9d¢sdz0d

ReAct 1dL! €O 1" Hiizls g € dzOH ¢
Planand djtcj Hd Yy OfMmis¢ ts o jtej H(
Execute

Tree of 1dL! €O Yy OfMmils¢ s g € dzOH ¢
Thoughts
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1 0f et sdgse OO OKE' kj Skl

AddelsteOdz! ded 3 j dzj 3§ delstsdz Md Mils§ &3d
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¢ dzud dedzd 2
fssCtsd O Bt
CtsdzS Izt j dzls dzts 6 ts

FSM
{IDLE,

sBttsB S d

cGeOdzs yqddzOy'
fsfjdz’ Hiso dz' fyls: W' 2

PARSE_INTENT,
FOLLOWUP_ANSWER,

O ssBOls flsOdz o
dzls s Odzd 2
9 d ¢ tsdz0O dzdzw
odL dzOyd' BMKH L K,

(FSM) Hdw
OydS¢dz ydzd?2 ¢
" defMmistez d3j dzlst o
Hy dgdztsy d dzO@ i
VALIDATE_PARAMS, EXECUTE_DAG,
SAVE_TURN, FI NALI Z
[ dIsd ed3 dztso Odz' Mis!  J t6
A3 O teihW tg idsiais j edzfAC M dAGeaurEs fils * 2 dat
BJL Wttd3Odz' dzd -~ 5B O3,

LOfdlsk .

Streamlit Ul
LLM-client

Structured Intent
(JSON)

FSMm

Short-term
memory
HybridOrchestrator

Intent Extraction
(LLM -> JSON)

MCP tools + RAG
retrieval

DAG Execution Engine

(task decomposition &
parallel execution)

Aggregation Layer
(result reconstruction
& semantic fusion)

Final Response

tdm. 2. 1 O0c0dz dz0O Oten ' Isj CIlslzte

DAG 9 d¢ tsdzOdadav stecOdz' L so Odets Lz H®

C tsdzC 2 tej dzls dzts LOf EMC O Is+ fmyw dzj L Odzj 3 dg

(geocode_ | ocation) sO fshkCEkE o BOL

ojthdded MO Is! 9 n' Hdzd o3 H Odzd d3d H dzw

odCtsdzze Is' Mw L Odzj 3 dz' ' dembstekzdsj dzlsd: (tets

AHP, {ftBEZHts9O IsO o' LEZOAEZ LOYy' v ®GOth k
tedf. 3)
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Ctod3tf sdzj dzls' o, fdzOB € § L 9 'Is'OL zdz@fgaddy O B (Slo @
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t JOdz' L so Odets ' Wis! -fiffi thejo yUte® dit'j UstS ds@ dzch <&
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cOdey zo Odzdzv &3 Hdz' © &3 ssHBdR3 AHP ( d30OIsted "
o' Isj te, sj &k j cOsZWOBUO ORD €« dz@o 1 g OtpYY dzf P
HTML-C Otels©, Mapy. clz i ROdzf itzh @tc AP & ailBedOn dda
LdzOdzr (rag_search, rag_safety_search
[ coctslstedo OdzO f Oz’ WiIs! Ot dalshpd figlg jOgZ |
ChromabB L SCtmddikzmdatsy d3j Is ©diLEtssc d 6 tis 3
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Cdze ysodddd MmMazse O3 4§ tod -fdzjj masislzf desmls®
tdLbkdz sOlsd SO OftesBOY' W

1teOCIsdydz® Of tesBOY' W ftctseo SH d dzO M
sOtcf OlsO~R . 10 LOYdlssd3 ¢culf d&zOdzz?2  sA ' H
oditsdzOdzO 6 BECBHEZYI Odzdzy IsO fshEEC E BOL
SO odL dzOyddaz0 i lsdods®oz dzd O edgndzO~() 2072 &)
' hsa' Hdzd 2 BOLh telzls s & Otelslyg ;dzj tqlz40) O dz@n
o Csdgd dzHOY" ° L BJLYJSd.

szt ytsseo ' M tsmilsj toj ¥y j dadaw : ade' to silsd
daj L 5" dgdzd »n f setsHdedm HOdedr (AHP HO' o
WHtts o' Hfs89 " " H' ( 3Oteh tcizls, CotstoH d dzO s d
LOf EM¢ O] ; we' fyls 9" Hft9" H' L OPdAs B d Is
sj Miszeo Odzdgy yJjtejL MCP I nspector HBL 9T

szt yso' ROOCBIdMbEd: ZESOdd- MisC
DAGT 2 dzj L Odzj ydedr ' deMmistelzdzj dalsd dzO tei' 59 dz'
"Lz seOdedr Mjto jto' 9 (ff tod dz\yidGhronmsaDBi€ to d
tejLjtooded?2 ghEC LO Cdz¢ ysoddzd Mmdztseo Odzd .
Il dmdetse € d

v tcsB tslis LOf ey Sdztso Odzts Is © tcj Odz'
"delsj dzj SOzt dzsets OG § dzs O, s 5 Hdzlz®
fslssCtsd3 sO DAG Hdw Ctdfikzte] dzsdzsets o (!
Cdzs ytso sB 3] ) § dzdzv -epptEsxsaic wt eR efgaughts: Pe
LOBJLY Jukz® Wottd3Odz! dzgz ¢ jtetso Odz' MiIs! § 59
Y teJ L-f SBsCtsdz SO jWjClsdodzy odStstedMmlsO

1t6OCIsdydz® L dzOykh " Mmis! fsdzw g O £ &
Otern ' Isj Slskzted dzO * dgh* Hd3j dzd , Hj dgj 5B~
f OteOdzj dz' dedds L Odzzyj dedz? &5 L so dg' h dz' = "0
tesLodlsC z: tej L j tco dz ftoso O2 i Odad 2 sS4 @2
sdetso dzj dzdz o j Clsstodzats’ B OL sy 'dzaRUD |, Is ¥ pdetsd
sf dMmMsS dz' IsjeOlsktd
1. Yao S. ReAct: Synergizing Reasoning and Acting in Language Models / S. Yao
J. Zhao, D. Yu, N. Du, |. Shafran, K. Narasimhan, Y. Cao // International Conference
on Learning Representations (ICLR)2023.
2. Wang L. PlarandSolve Prompting: Improving ZefShot Chairof-Thought
Reasoning by Large Language Models / L. Wang, W. Xu, Y. Lan, Z. Hu, Y. Lan, R.
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K.-W. Lee, E:P. Lim // Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics (ACL). 2023.1T & . 22319

3. Yao S. Tree of Thoughts: Deliberate Problem Solving with Large Language
Models / S. Yao, D. Yu, J. Zhao, I. Shafran, T. Griffiths, Y. Cao, K. Narasimhan //
Advances in Neural Information Processing Systems (NeuriPZR)23.

4. Schick T. Toolformer: Language Models Can Teach Themselves to Use Tools
T. Schick, J. DwivedlY u , R. Dess?3, R. Rail eanu,
Scialom // Advances in Neural Information Processing Systems (NeurlR&23.

5. Liu Z. IntheFlow Agentic System Optimization for Effective Planning and Tool
Use / Z. Liu, H. Zhang et al. // arXiv.2025.7 arXiv:2510.05592.

6 . Mo d el Context Protocol : Gettinig S
20247t Jydd3 Hsmskzfz: https:// model cont e

tdr¥drwferrer miodtrtr emflrRzr 1 oJul]f
grlfrruvolovrcsd uvod trdfwsodAwld vt
Yedd oot wl

[ OCMdd3 st Odz' , v OtcOfMm 1 OB tsdzts

Jr 9" oMm! €d2 dOyY' sdzOdz' dzd? Ekdz' 9 j tefmd

ANOSEdz Isjls fted$ dzOH des’™ BOI§ BOIIC
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I mMiskzy

liLSCtshIlstsadz rRid3Otedg| emMDsa O (15 4 1)
T30 s+ Mkl o BBABI J e Cotlskz. AO2d &
fsd3" "O'  Ist Mw dgO® Y BHjdz L ydms HIME' 8
BBj dzaj HY jte' @ R BBOtedzdr Metso OPDr ( Me) t @ o &3O,
fcodesy’ dedesdts OolssdizOldydeseéts tesLBdIllsw
ftesoO@2Hjte" 9 L tjfd COy"'s¥ HdzW o' HABSo

{f sLtesBdzj 20 MdMmMlsj G Cloudly odt' N
B rO0dz' L Bz tesLftSH' dzj dzse s L O9 Odzls Oy j dzdzw
(Mdiedgjdalsd), LBjte' cOdedz" o' Hf 59" ' Hdzls H
sfdese® W OAdzk BOdz Wiflskz [ 1].
dbten " IsjSlskztcO® fMdMmilsj &i3d

Cloudly 7 vy ftesctcOBO dz20 thdse' EIl e
BOGCOItste' 9 dzj 9 s Otcn "'Isj SClkztotss . t " o4 dz
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" etz s My 1 shdssddd ftesyj Msd Uit
Virtual FS (vfs.service.js), WO & Ml
1 02ded y yd2i yig' oQridfIlsjtcd Cl oudProvider,
Coydesets fsMlsOyYyodz dedc© [ 2, 6] .

sdzt ytse' d®BIsSHd Virtual FS:
1 uploadDistributed() tesL B dIslsw W O2dzz IsO L Q9 Odzls Oy
1 reconstructDistributedToFile{)o * H dztse dzj dzdzv W ©O2 dzz L
1 deleteDistributedByManifestFileld()o d H O dzj dzdz" o ' = toj f
1 loadManifestByFileld(y yd IsOdzdz* mani fest WO2dzkz 1L

app.js — sigoOpaxenna daitnis, cMyra nporpecy, 36arauenns manifest, npanopens isDistributed

Inrepdeiic kopucrysaua (Renderer) ’

| r—

preload.js — IPC Bridge (vict mik nponecammn)

contextBridge: uploadFileDialog - downloadDistributed - readManifest

‘ IPC (Mimnponecnuit 3n's

‘ main.js (rorosanit nponec Electron) ’

IPC handlers * uepra 3asjanb (job system) - nepeBipka KBOTH + progress streaming

VirtualFS — vfs.service.js (sapo aorikm)

uploadDistributed() reconstructToFile() deleteDistributed() loadManifest()
GoogleProvider (ananrtep) ‘ OneDriveProvider (anantep)
uploadStream * downloadStream uploadStream * downloadStream
getQuota - deleteFile - listFiles nfgl getQuota - deleteFile - listFiles
++ Google Drive API v3 ‘ l «» Microsoft Giraph AP
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Tlouarok: gaiin + cuMcoK AuCKiB

1. 39BTATH KBOTH BCiX AHCKiB
getQuota() — [ {diskld, remaining} ]

v

[ 2. 3renepysarn objectld (UUID) ]

yHIKaTHHI ieHTIiKaTop 06'cKTa

7. 3aBanTaKETH

offset < fileSize?

3. Bubparn 2 auckn (pickTwoDisks)
top-2 3a 3aTIIKOM KBOTH; partSize = min(MAX_CHUNK, fit)

v

4. Yurarn chunk + obuncanrn SHA-256
createChunkStream(offset, partSize) — buf — hash

v
v v

Sa. uploadStream — DiskA 5b. uploadStream — DiskB
{name} cloudly.part-00001 {name} cloudly.part-00001 replica

I |
A 4
e |
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9" HB3so O MmdMmlisj i3 .
tdLkzdz IsOIsd

vOBdz. 1. 1tste’ adg"dz! dzgO R OtOC s

p=
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1 sHi Bdzi s i Yy bsYS OB odL d&zOYyO* Is+ f
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(i, j) = (F*(i). FP(j)), @

O 9i HftS9 i HdztsMIs sB Yyd Mezoftmdsx: Mw L O HBY 5
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Cdzr €' Mlsy OBty CIsdedrn o  HY tso ' Hdzsfls
Yyomkse o Ctste Slsdzdm o  Hf so ' Hdetsfylsy 2.
tdLlzdz sOIsd BHdsets L jJSif jtoddikd dzlsi 8 dzO:
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1.Sun J. LoFTR: Detecteffree Local Feature Matching with Transformers / J. Sun,
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2. Lindenberger P. LightGlue: Local Feature Matching at Light Speed / P.
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4938 4947.
124



5Vaswani A. Attention is all you nee

/I Advances in Neural Information Processing Systerd817i v . 3 0 .
6. GeelkForGeeks // Local feature matching with transformers (LOFTR).
[ [ dzd € Istetsdzdzd 2 teij Mzteffld.y d d3 Hisfls

https://www.geeksforgeeks.org/computésion/locatfeaturematchingwith-
transformerdoftr/

7. Medium// Understanding LoOFTR: Matching image features without descriptors.
[ [ dzd € Is tcts dgded 2 el Mztef]i. M dd HisMls
https://medium.com/@nikolaskallweit 83151/understandtifiy-matching
imagefeatureswithout-descriptors875d2d1780d4

b1 ofwy vo ILtwlycric tRrRuisL It oAw )
Fdrefes Yt favdrvloeric 19t drwuify
[dzj dz0 1 OdzO Bz Is
[1 9" oaf! Cd2 dOyY' t5dzOdz dzd?2 kdz o j ehd
WOCkdr sjls ot BOBEEY SO ' daf st O
Olena.Balamut@Inu.edu.ua
1 OzSCtsoad?2 CojtddsheCda] Ctho " IsdzOdzO [ d = 02

Imsky. ¢SCIskz0Odz’ dz' Mmis! HEBMdz HYJ dade”

tJqdes€ Oy’ ‘ Cdzs ysso t5js € tshighisdd®d HyEasT ¥
HJtey Ood, sM¢ dz ¢d o HSBEGOY O ftetsyg Md
LO2dzv Istsfls SO Wotkdizo Odzdzg? HEGSAtSH' 9. )
JeCtsdsdz € LisMmlsO’ i silstejted@izC Iz 1 wBOdgls ts ac
C'dz €' fdzdr I BCOLAddSE o. [MtBdZdeskz td
we ' 90O dZzdeoddz ‘ dzHdC Olststetsdz 6" oadzv N dls
CeO dz [ 1] .

1 Oweds Mist LdeOydedr tBMWE 8 9" HECtedIs
stecOdz’ L OY' 2 MmMbotstes ' dBsydzdetsmis®™ Hdzv ¢
ftetsls | IWicClsdoedzj od¢ tsted fls O dzdzw ydna
WstedsOdz' L soa Odegdrn  B3OIsj dzOIs d ydzd Rizd Bts W | dzf As.|
tcictejMm 2dzd?2 OdzOdz’ L. IO BsHjdZ yYyoOfMmtsedn
LOdzj ydzg' Mlst i3 3 COLddSORd IsO Wistcd3kzo

125


https://www.geeksforgeeks.org/computer-vision/local-feature-matching-with-transformers-loftr/
https://www.geeksforgeeks.org/computer-vision/local-feature-matching-with-transformers-loftr/
https://medium.com/@nikolaskallweit_83151/understanding-loftr-matching-image-features-without-descriptors-875d2d1780d4
https://medium.com/@nikolaskallweit_83151/understanding-loftr-matching-image-features-without-descriptors-875d2d1780d4

[ il Hhd Hygekddy iz dzad?2 OdzOdz' L to
1 sdzr v 8O 1 ¢t &O shdss' Misokdmlsdydz
toj GtojM' 2desdts OdgOdz' Lz SO fftesddatsL zo Odzdz

wdzW sted3s@y' 2dz0 BOL O SO o9dSBtedmlsOdzs ¢

VU HBMd HYjdde odSttedMmlsOdsts dBsHj &
Cjcetejm' ¥ (fOtedzk 5O Rdatsy Jdzdzk) Hdzvw Yy
ARI MA Hdw ftoscdetsL o Odzdz", fsBEHBSOEO WG
( Bj IstH B A&ey Wzt =EfED . wdz? tsdexkOs @ digfs & ) 8 @
HOdz OECD, | LOSTAT IsOi2u002 4s otds ¢ 5 eBtORRE
L e’ Ldzd B J Ctdatsd3 yded isd  BsH | dzW &3] : 1
jCdsi €O), I1td "k (HJEOKR Yydd §jtejo"
tsLodo O Is! Mvw, ddz ez MsE s o s5dzOIs

[HBsW OStstedzd?2 tojctejfm' 2dzd?2 OdzOdz L

ltcso jHjdets OdzgOdz’ L L Odzj y desfls® )| t@j 1o
LOGCOdz desets to' d)z" OB EEHE] H (b His L
y' d&zO0F 2024 tsCk. [ktdkOdts BsHj d& :

’ L0 " pdwiph doy - p

TN doog )T dey -G
T _Wd pxccuxmdeo -o

[dzv ' d3j uud ded misisdyd dy@ipdas H dzv @ dz h
mwp,6&Y Thottedf). stj¥ ppwides | Bj uuddd ¢
ftod LttMisOdd L O2dwilssfls' d&O 1 Ikdfh. ¢t
yklsdazde' Ml 1k tRBdo HEEtOy 0 ftosyj md
fMlsOdzH Otcls & | .

126



uuuuu

nnnnn

uuuuu

PerpeciiHmni anania: Hi

MeyunHa

PerpeciiHunin aHanis: MNonswa

PigHanns: 3apniata = 1898 + 1,59°3afHaTicTh

45000

40000

inata (USD)

Piuna 2apn)

tdfm. 1. stjdvy' 2dj fdj O & d
(& osteky) kO 1 d "' (fwOots
rdzv 1ot odwWedzj dets Odats BORY dzafi@ Pi L o Sto
¢xlmg hts Mo ' Hydl!' s fMlstekSlskztedy Hj W
LO2 dzv lssfls' o' HBEZOo O ' Is' MW fjtejoOydets b
I OGOt OCIststedzj BSHJ dzt o O dadz?
[ dzv ' Hodh jdedgw ff swWidzt @ Odz! dgs’ L HOIsc

(@) O " dzr M . SNI@IR dBO df(J yd W €Oy

w I 1T o I

W T oy -1

[ oW OCItstedzs dsH jdz' L tsBydmdzj dad ozq

® " pqdrumwdbes TPk v

] e

r d dz0d3’
YWOCIlstste' o
[ & sdz! b
Hts to' L €dn

-

CO weCslis®
tjtstr]dzB‘

L0 doyomnop doy  mmmig; @

wd pwumaphmico TN TRLE X

(

Bshj dzg B dzdzO aizfs B Pde@ 2 «
fsdzOH 92% 90t Oy' ’
Isted W OC Is s tc™dz0 Tlags, | j letAn f '+ sdpty ¢ @200 {f

UB02 4 Oas S 28 2 0

127



v OB dtStal .o dzv dadzy W C sfls  te

[ 5Hj a 1 B uddd ! se g
[HAsW OCIststedzO (L O2 0,894 0,834
oty OC s ®OR D Is( fls ! 0,912 0,891
stedW OCIststcdz® ( + CP 0,925 0,938

ltesGdztsL 2o Odzdzy dzO tsfdzse ©  fstsH j dz AR

[z 1 ¢t §sBkzHBo Odgs BsH jdz ARI MA( 1

ZOMmj dzj dedzv . | © shdese ' 2 )0 ddOEz Is Z AL FA PR C’

fOLOd] sted @BHJd . [Olj BOdudd Mfjydw
%o O

His jcOltste § J%OEd § szl defdz—AR( Bz, dztsdz MA

PucyHok 3.1 - Kopenorpamn ACF Ta PACF 11 4acosoro psay BB NAP
AsToxopenaLiiua GyvwLi (ACF] - BB AP

Kope:
o

nar
HacTkosa aaTokopensuifa dykuis (PACF) - BBN NAP

tdfm. 2. sttj ZsccOdd ACF kO PACF H

dbdzOdz’ L. LOAB)Y CHd HIdeHtimH y 2° OHj S 9 0Olsc
MdMmsj 3z L & hjdedgv, QYO &O StOwWD fof
kdftse' HdoY jCodsdk ¢ 'L odmMsCté otdols
11Y 16t Mauass 5O M EOd ded2 111 L oW
(8646,06 USD).

128



Fpagik 3anvwkia vs MporHo3l anasenrs Q-Q rpadpix 3anmwrls (HopMankHIcTs pesneainy)

rane
aeHHA BEI (USD)

tdf. 3. 0dzOd' L LOdINS o o] ¢tej M

16"  Hdzts L teitsL tcOR 2dzC Od]d , StsyStsod?2 ¢t
USD. ltetslsy Mkl o L hdtej dzdg" HB9 ' t61
' ajdz dzjodL dzOyJ desfils® IsO L dzgOydz'  tesG
J Cdetsd3’ yded = MdfMlsjls J tf Hofelr/vdiOdz’ ) s @diz” § Y S d
o 1o¢t, "t CodaElstcOMlskz’ L Ml 2¢dd3 o dfmn

Il dmdetse € d

10 tejLEzdz OISO oadStsdzOdedr HEMdz H Y

1. [ jssHsdse v: stBiB' dzOy' W dz' dg' 2 dets’  to
iWiSkdodts Yy dzdlsd tddeSd t' Ldes’ MlsOB.
2.rdzv 1 &3 yuydded R OOSCIs] tedzO fff s dzphtcdalzO Hndg

] sdz'dhe dMsS Otflg(, Pts §' HiseojtHykz® * dalsj d
fMsOdzH Otels' & | &. U 1 ot odWe dzj dztmy@dztsigC
dzdL ' Sk Hj Y tdl PzOy' v (

B.vtedW OC Iststcdz' BBH | d& LOBJ LY jykzs ¥ o (
Mwewdzy 1 &iBjYydfizdypdO 1 sdzr h ' . [ tsHj dz £
10t HO ftesgdzesL 6272,54 USD dzO 202
MlsOe dzOy " & .

4, [sted 3O dz' dtsH j dz' By kzls! odStstcdmisselze
SO ' Histed 3¢ d Ef§f tcO@o dz' dzgfp? Cdr te' N j da' .

st diMtsC dz' Isj cOlskzted

Li1OLddzjsdy 1. 1., 10dz0Mstedt Jswckzfisoaf ¢ 8dzB(
f'  Htozyded¢. sd’ o : ] deOdedzy, 2008. 405 M.
2.1l LOSTAT. Average hourly earni ngs URbf e

https://rshiny.ilo.org/dataexplorer84

129


https://rshiny.ilo.org/dataexplorer84

3. OECD (2026) . Average annual wages. OEC
URL: https://dateexplorer.oecd.org/

s{fVfrserre Juwyuvdgf?21RrRE 61 0fJuwuy 1 Juls
Ltdfoércr 19 1otcyuv Jup wd [ waedS [PU.S
]l dzt 20 [ dzj dzO
1 Ok ¢ tso d2:cligitdd’ CotsdzduC. [ .
Jr o' o €2 dOyY' sdzOdz! dzd?2 bkdz' 9 j tefd
AOSEd Isjls ftods dzOH dzs’™ BOIj BOIsdE
vilhaolena2@gmail.com

UV tej Odz' wrn MEyomdesmls' Ta @ dejclz® Ptc @ tpH
sB  tokzdzlstso Odgdin] Sts'do falzic 5 Lk tcOQo dz' dadzv 5O
i sBtSlISO L' L 9| tciapidaZimtiad uOEds@uzOdzY & dzS y'!
B Myjossets MOBso oW HIzo Odadaw . l sded 9 (
odte’ hjdedzgw f Slstsydedrs ftesBdzj 3 d3' MisO.

[ il HBMd HYJjddw BRI f§ttte jHj ddz
Lo jtodzj d@ CGCtoBOHW A His | Otew yYtsi2 0d2' 4dz' tc ts Cd"
odwe dzj dadzv , cHid=BECEO WC' dy dets ¢ Is d td oL f IS 8] ki) S
o dL dzOy  dzdzv, St Odak ¢ ‘Halzw o' L ded T &Ofgy T ts
tcOHEf j cOIststc’ 9 ,{ OBk dg@®dz’ daf ez’ § ' HYf tod ' Bilse
[ dzw Hi MW ¢ dzj dzdzw y' ot dzd Isd LOMtsmtse
fMisOlsdMmisd yded 7 L EStihfdaz@ 3 pdz'l 2 Odz' L Oy*' & 74
CtcOW " C' 9 IsO H' OCtO.

[ dzv tBtsBSd SO OdzOdz' L 2 HOdzd = B Iz dzt
Pyt hon [0 ' dzih dz0dz0PwizEB]B “ dizdjldy] Is' L tokz ydz
LOfMtsBd Hdw fBkHtsed ' dlsjteOSIsde dzdits ' o
HsLotsdzws Is! CtstedMmiszo OyoOds o9 HMlsj, B @ d3H ¢
sdf odsd 2 COlsj ¢,stcO isgHe daf aizjdtc dijedis|Hdgdz0 d3d

130


https://data-explorer.oecd.org/

B Myjot@®lst ;L Bsclk BBy , Bj @ECL otk
MsOlsdmisdyuded?2 OdzOdz' L kO o' LEOd LEkoOlsd

ljtcoddzdz HOdz, Nts dZOHABHWIS! dzgO@ | O
@ZOwW o dz' My s izh jdzdn L dzOyj,ds kB z® o @scd
L Of |ty oded B W sttBOISOR] ,Pt @&y WDlkd ¢k
ZOY  MOdedz’ CObjcette' 2 Lojtedsjdz . 1 BCEd
sSBlesB OOt L Ezdz! SOORB wE’ sOB d&zd Y H O dz
Hdzw odBtsitkz tCtj 3dr OlttdBlzIs' 8 oadedzwHE

ltos0OdzOdz' L so Odes HddzOd3" Sk L Ofdls' o
Lo jtodzj dadzv ¢ SO coHtej MOIls L o j tedsj dadaw e .
H' OOl (tedf. 1)

noMiu @3sepHens O/IA @ HTepHer nopran @ MoSinsHuii 40aaToK ® TeneqokHe 38epHerHs @ YCHe 38epHEHHA

tdmr qiz0d3' SO Lo jtedzjdz L O CORZORZOMBR] i dzOH
2024 s On

ddzOdz’ L COdzOdz' @ Lo jtedzjdz L OMoa" Hydoe
(Isj dzj ¥ tsdzdi'f tSHaO86 2BBAL Odzj Y dets ' H tisS Iz)

yomsC O Telegram LtesmMdzO L 0% & 2020 tc

MlsOB ' dzt dets LOBJLYjuk' BddL! S5 10% Lo
131



[ 2O €O LOfdI'in0 4 cisE ot RDBEPWEOC
f' o jtc" sH: HBOXBl)zdad 2 @Oy’ ‘¥ HE L
' ¢ L ' Ledd FOH" dzdgv 3 dzO@ 32D B8, L IsQOT
' Hdztso dzj dzdz" d3 f sC OL dzgd €' o .

O dzOdz’ L Mj L sdadats’ HddzOdB €d odweade
¢ dz ¢ flst Lo jtedzgi d22 MytMmisj ' ¢ Ok IsMmipwdzlz
StcOo dz' . 1" Ctso L dzOyJj dzdzv L © H dyjdigli Hidzd >
Yd so jte, ke MEoriasilsdr SO dzj H' dz¢ . 1 eBIsW Gt
W' ek sy Mw &3y 1001 Odz' Isupdz' 1 2¢: 0B00PHzdd3 " (dB 2d3

] i BeteOW ' ydzd?2 L fH &z " HIse jtHdo,
(f sdzOH 95 %) dBOHERH.JIS2) L suyddz®@® 9d L 2
LicsMisOdedzr yOMmlsSd L o j tedzj dz ‘L [ 1 9" 9fy!
fsodwL Odes "L odzzlste’ hdzg' a3 4 toj d3" M J dadzv o3

TepuTopiankHHii po3noain 38epHens

MewkKaHuig M. /lbBoBa

Ain 38ep!
3-
.-.

O— o y m

tdMsOBISO ¢jtEteOW "' ydzts cos et Hifwide *© dzlz
10 tdkzdSlz 3 dOo jHjdts tojLbEdz sOIsd
Lo jtodzj dp' ClotsBOHW 2004 c@OBESEOBJL ZR 0k 6
hs AtOdE'  oaf! €d2 O zZjouj &'  eaf:! €d2 to

132



Lojtedzj dz bk B' d h sk fuswe Wa ( 5B MY 0 L s o
ZOMj dzj dzdzy O ' dzlsj gl o dzs® L OBEHEBoO S
My smisjte’" cO" Is! Mw B w g Qdkdy' Cdizd|ted ARz L
L sOh 8o Odzd2 bk yj dzstg d u®Shivd. S q D d'lsiod
©02tdd BOsIs! f§oH' Bdzk MwkClktk Lojteds

n i KiNbKOCTi pi 3a 12018 - 2024

%0 Pik

- 2018
- 2019
- 2020
351 w2021
2022
- 2023
2024

Twc. 38epHEHb
~
e

tdfMm) & odzw dzdz? o' HdzsMdas’ ¢ dz Csfls’

[y Ltk ydkshls OdOd Lk kO * dasj teff te
(tedff.5 4)0° L Bsck OdzOd Lo Old t'Ldz €O
hs HEts ded n 9 nBHWISI | F tetsLte' L R fmw
odStstcdMmlssolze yd o' HYftse ' Hdg W' dz' Isted.

133



PO3M10AIN 38epHEHL IPOMaARH 3a KaTeropiAMM PO3M0AIN 38€PHEHS 32 TANAMY B MeXaX KaTeropifi

@®>xuios.. @3ayeaxe.. ®3an5a Oinxene.. b ° ... @agapiiiv... ®EuAANNT... @BNTIK Ka... ®BIACYTHE... @BIACYTHI ... @ BIACYTHA... @ BOAI . »
n
T 2
13 ]
F-
g °
H
8
= .
- g ® .
S
e =
2 2
] 2
50 100
KinbKicts 38epHeHb Tun 3BepHenHs
Misn HasBa Haceneworo nyn.. Tvn Kareropin P
et [ Bubparu sce M Bu6parv sce
g i [ Manexis .
wannie e R et

B Mani Tpubosni o . o
powaaCeKn paHcnopT [ [N TR ———

I Mani Mignicin

[ aopor, now, napkw, cxsepy, o3epa B svnanimy Aspeso Ha rpOMaACKiT Tep.
Bl L MiaSipui 1 omose rocnopaperso B oo conanisau va synni
2022 2023 L Tiapacte [ saysaxennn B sincymme sosiume oceitnenna
I Pyare
o0 EPty 0 3ama B ciacymi n noweomeni Torysp, i
[ Packe-Pycexe ‘
] roxenepri wepexi 73 o6 exru L
Curwsia 1 nosinomaenns cove b B onili we AnThULETRC G 2aTRENAWAKAT
Po3nopin 38epHeHs rPOMaAsH 3a KaTeropiamy PO3M0AiN 3BepHEHb 32 THNAMM B MeXaX Kareropin
@saxmse @pOMaa.. ®A0POTH, .. @XUTACE... @3ayBaxe.. ®3a78a @inxere.. P @M1 Ta BMGGIHW — NPOXAXE YaCTHHE
60
AMY T3 BUBOIHM — ... 28 52 4
nopyen rpadik
i npoBaemy 3 no.
. . 2
swiun i 33mpos. L
. 2
R — z
= g
‘& npopue soaonposia. H
2 H
5 noascanpauisnian 2
g I
5 siacymiwinowson .
< - R
3a610K08 MM NPO3.. =
<
noaaETscA BpyAHa E.
BOAili He AOTpMYET. o
40porK, Naowi, napKy, saysaxenta samsa
0 50 100 cxsepn, osepa
Kinbkicts 38epHenb Tun 3BepHeHHA

tdMwdzss j cOCIsdoaded?2 HOhBSSIGH HA&ZY OdzOdz' L
l dmdztse 5¢

V HBMdz' HY j dadz Blzdzs ftoseo jH| des € st
Lojtodzj dz¥ Gl BOHY Az dzO | &xsvw gEtctkB 82 6 Is@'
odittedMmMisOdets Mk yomdz CdaW stedzOYyt 2dz - s
O dzO dz' Poged @Bl [ Istcd &30 dz' tejLEzdz O 9 O
CstedMmiskzeo OY' 89, dzOMORY jfisls B Histtc ddg ' € @ataly
CoiBzdzOdz degdr ' H ted ' dzMise
sfdmMsS &' sjtcObkzted
lejdz s 1. w. uvjtte'w 2Bt todastlsy R EzNsdd
1. u. i@§dg HdHej osE s d ) odmrOHEN07.7 556 .

134



2. o' @O uwlsOldmisd ydzd 2 OO dz' |Lt BN BLo B | o
sdi®1 LZi.2020i164 M.

3ctesod?2 ¢. wu. ¢ dzOpdz’ Ly .y Ehdopdde? diddtenQ Fgtdo
I fMme " sO V201901 6z . .

41 stelsOdz 9" HStedIsd [l daj © dzdsds dzdgd .26 s e Nndzds f
H ts M Is Itfhstz/opendata.citgdm.lviv.ua/

dpluvffovrRY1L O wryfrrvoAwe mitrived vo
Artostfwrwl swf mit-TfAwer g Y1 68
JeBdBdte 1 sy €' 9
Jr o9 oM €d2 dOyY' tdzOdz dzd?2 Ekdz 9 j tefd
ANOCEZdz sjls ftedC dzOH des”™ BBOIj BBOIdE d
lubomyrbotckiv@gmail.com
1. Jwuwuvvul
st ' BlsjtodzO ISsBEteOW " W (suvu) ‘ dz
B HdyYdes™ H' OcdesMmisdSd. 1 y' 2 el tof
H' OcdesMisdCd LORotstcs 9 0de' ~tejBISO. [ Hdzad

suL sBtcOy j dz ntejBlO Isfipls td2OC Isfilp jtec ddg @zls ®
CiBdij stedydedrn OO ste’ 9.
tzydz® MmMjcedgj degsOy' v ~["tiBlO yomts"

ttOH' Sz O. { BLWBBCO OdzctstedIlsd3" 8 Oolstd

1 4CBstetslsdlsd yoOfm BB S d d&j Hd Yydaed s H Oda

T V" Hodhdlsd tsB' ' CIsdodz Mis! H' OcdesMmisd ¢ «

T 170B4Ljudlsd Stdmdmlsj dlsdz’ Mis! tej L zdz! |

1 wotstedIlsd thmdtseolkz Hdv Cdz' dz' ydedr fdfls
{ sLtctsBdzj dzgd?2 Odzetstedlsdz i s° Hdzz® € dzOfyo

Qo lstsBBOIsd ydets®™ MJjed3j dzelsOy"* ntcjBISO IO ¢

Coydesdsz OC ' O&RdgsdlicONtt"” L' s U

2. fruvdrdfl1we [(A0{1eRrRCBD

2.1 lde'tc B'Bdz BIsj¢ O Isjrdesdztse ' ydatsa

pdzestedIsd3 tetsL esBdzj dzed?2 dzO Pyt hon L od¢
sBtetsBGCd L sBOY j d& :

135


https://opendata.city-adm.lviv.ua/

1 SimplelTK (Insight Segmentation and Registration Toolkitj)[8 B t6 O dzO0 H ¢
YdlsOdzdzy ¥MIRAOM[ 1] sO LBjtejyJddg?y BJls
9 HfflsOdz IO dOftew 3¢ d tMmi 2.

1 SciPy (Scientific Computing Library)[4]e d ¢ stcd Mis ©dzO H dzv 3
sfjttOy' 2 (LOBR]SOdzdzy, jtetsL' W, HJdzOIsC
Cli3f sdzj dzls™ 9 IsO 7). dz' stczo Odzdz? | OEMO

1 scikit-image (Image Processing in Pythonj[5 d ¢ sted Mils O dzO® H dzv
BsteW sdse yddr s jttoy’ 2

2.2 1 sO0fd sBttsBSd LBBKOYj d&

pdzestcdIsds adSsdzz’ YsMmdz Hiso dz' Mis! GBEESB!
nfeiByYy' 9:

(lsOf 1: 1 jtjHBBteBBCO SO dtttdzkOdk L Oy' v

DICOM¥ 02 dzd[ 1] (MlsOdzH Otels Bj Hdydedm L 5B t6C
LBjtojyjdedey 3 ftesfisstesodrn S tststcH d dzOls IsO
"Llbtiesf dzte s fesMissictsotsets HBLoOotsSdzE ( S+
LOBJ LY jyk" f smdz H o ddyfylR! sz Qefitple £ o dzd s
tetsL sOh zo Odzdzy yJ delstets” H' 9.

10 yYy' sz jlsOf" IsOCtsy odt’ oades ' s Mw- G
BsteW sdztse ' 7 sHddz ss?2 MO MmistelzCls
SHRZOSC otz W' Ldydsdsz tetsL d3' ez o d3 dz' s,

(sOf 2: 1 dH' dzj dzdzv ¢ MlsSC o’ IsC Odzd dzd
1 Oflssmoakz’ Is! v fosesod?2 W' d st Hd
pdCtstedMisOdzdzy B3 s H d dad Y $ OnDA cizdy iz @iy BT )
GOl QU E a6 aEXOY L& & o6 adr oy

Kj2 H' OfOLGd Goisfd'' ScwlsdSod dz (I
C'MisSk (& wSh O odkbkte' "dv MstekClkzEO)
Ols j ¥ OCIsq .

Ide'tc el ' CodBftesd Msd & 3 § so ds
RZOHIsts oakL! Cd2 H' OfOLtsdz ftedLotsHdIS! HTS
@OHIEs hdiesCd?2 dsyj o6 d yOlsd dzj B Oy Odz

136



(O 3: [skitdsc ykd sBksBSO kO Mjdd

[ W sdse' ydzO0 sf jtweOy' v L OStdlslsw L' ' H&
[ Oz odSittdmMsok’ Is! My Of sMmisj tc' Stoda] L ¢
MistezCIskted) L OB Mis! fosmMssets yj dstekz &
hs otcOnRtsolz’ OdzOdsdEidy digj Bds@.ls O z 9

dpdzestedlsds toj Odz’ Lk Heotrmnfftotsn Hdzd2 f° HA
fMicecdzj des Oy ¥, Htkzed?2 fJtesn' " H fjtojteOR Ol

CstjCy' ' §syOsCsoadn L& hjde .
) ©OCIsqdudets yj Ldsjdghkz® ofdzde tejBjts, d
fesfkzmMS' & k& ®&OMY' @ bkeO Clkste' w yjdists

fMls@B ' dz dg' hj Ebttdd@klkz' Is': Mw o oiBj ¥ OR ~tcj B
(sOf 4: 1 Oftseodzj dzdz? SO odH' dzj dedz? Is' dzO
1" dzvy fsyOlsCtsotsdts L Of tsodzj dade? o dazlste’ h
CtelsdC Odz 20 GebdsdE O) L OMmstshisskz* st i
odezlste’ hdz' = ftstetsydzddz yjtejL Bt sdse' Y
ytsets odCdzz’ Ist fmw L Off tiste Haj dimflaly L fp jstdz) Hsd
BOMSEd Hdzv LOBJjLYJyjddey ~° s sdzise’' yda
v ' HdZOdzdz' y' CtetsCd Wstedilze Is! MmEzy' dz «
sydh j dzdzv d3. v' dzs RteijBYw (anterior bo
(posterior elements) vyjtjL Bcte¥ sdtsc'
esL " v tsLtede O ( ey d, MHsezf)s,ztcd Odzd "
tcj B Yw.

dzv Ctydtets Lt L O:

1 OfmMssmseolz’ Is! MW Bt sdzse* ydzO® JjtetsL " W
ldwedzwels! mMw L' "' HdzOdz' € i3 sdzj dzls
1Bjte" O Is! Mw dg@2B "' dz' " d2 C i3 sdzj dzls (
tdLizdz sOIs tsLhdtes ‘' s+ qw (HJ &ZOISOY" v)
10 L Oojteh jdadgy -t ckNsjdalzdzis:) vt ‘3eDdz" W e OG
Otels j WOSIsOdsd JjtesL " ', oadHOdvs I iw, Ist
LBjte' 6O Iss fmw .,

= =4 =4 =4 =4 J]1—

~—~

kO 5: [ydh jdzdzgm O odHOd dadzr Otclsj WO
qHOdYE s v  stsdS' TMistekSlkted djdhj &
fCstedMmissolz’ Is' Mv OdzOdz' L MY ddedzsdBsL € 59

(G

137



LOHd & jdzjgjdels' . A° GfjwOy' ' odHOd
shdse dzz MistekClskztek Is' O StsjByw.

[ SHOISC s®YdhJbzdz? RBOdzdr Ctdi3f tsdzj dzls® &
HiSL © tsdzw * dd S dzgzlsd dzOC st d yd dzdzw WieOdd
L ONLdsS Y, jdzstes’ H'®a E sjtendy & O dz

(sOf 6: 1 dL dOyj dedz? yj dzlstets” H' & dzO C 5
10 SCBhydesdzgz OC M Odz! degscdglz L o' L odBlHt
yd dzlstes” H (yj dzlstc d3OM) :

. Bowti AGE B wii AOE

® TBIAOE Bl AOE
vsOCdd3 ydgdetsdz, dzO@ ofp' 7 Lte' L On odL dzOyoOs®
3D bt Chste’' 85 yYjtejL ojMm! bt ~tej BSO.
Ajdalstes” Hd ‘" dzlsj tetf szt 8 Is! MW SO L ¢ dzOH Y k5 |
hts 9" Hftse HO' OdzOIstsdz’ ydz' 2 CtedodL dz' e
[ bted B3Odz0 btO® Chiste' W Mazkzek® s stodzts® ¢
Gt stedydedr § OtcORj Iste' @ ~tcjBY ©, dai 5
B Yls dzsoadr B ZOdzls ' o .

ice 385

Slice 390 Slice 3¢ Slice 400

tdfm. 1. ¢E&Mm" Odz dz Lte"Ld L L dzO

2.3 [feeddotfls’ kO §jttjoO0cd Odkcstdlsd
t sLtesBdzj dzgd?2 " HAR'H BO' twWH fjitejoOc:
138



T ¢olstsdizOIsdydzj BBtetsBL O 90Ot Oy 2 ©dzOIstsc
ftosW ' dzr dz2d2 OdzOdz'’ L. OHOfIsk¥ Is! Mw HE ' ¢
1 wky dz@ &0 Mjedsj delsOy" w: R["tejBjls tisL ¢ dz
YyJ dzlstes’ HORd dzg@ of' 7 Lte' LOR, O dgj W¢
1T 1 dHOdzj dzdzv Otelsj ¥ OCIs" 9: fYtsMmdz Hisodzaj L (
SO O0dzOdz' Lz Mmf ddzdesBsL CSsoasets COdzOdzlz 1
T L, &ZOHSC O 3D IteO' Clstste’ W :  '7]dzlsi] @ Jsdafv jyy b
Bt sdzse ' ydes S st Slsdzge IstcO' Clsste’ 8 Yy
T vyOfmMtso© jWjiSClsdodz Mis! : 9 jd sts@]ISE Ogz|
LOBJLYJjykzels! headHCEk BBtBSE oj ddtd-

3. JIruy 1 s
i sLtcsBdzj dzgd?2 Odzétstedlsds Hj Bsdemistclz®
Md a3 dzlsOy’ " LB dde® rsv fsHOd "dd3 o
RO ofp' 7 OCM' Odz! degdr L' L OR.
sdzs ytso* MC ZOHtSO Odze tsted Is Bz :
7T IldSstedMmlsOdzdzy Of sfisj tc' Stodesets L &3 " j dac
OdzOIts g Yydets' Ststej Clsdesfmls”
T rotsrftesr HdZO MJedid dzZsOyY" v L Eklstsydzj dac
7T 1 sfmMdz Hisedzj o9dHOdz] dzgdz? Otcls i W OCI' &9 SO
7 1l dLdzOoyj dedzw yj dzlstes” H' 9 dzgO C sy desdBz Lt
stcO' Cltste’ ’
1 wdesjtef sdzv y' w SO L cEdzOHY ko Odadz? Iste O’ € |

v0Cd?2 CtdiB' degso Oded?2 " H=R ' H, s (s
L SBOY j dz ( BsteW sdse ' ydz' s jteOy' t
L dz20dzdzy o3 f tets MistekzSIsktekz ~ted BISO, L OB
Cdz' dz ydedr MdMmis jsBtcO@uzPdzr L 5O s df S8 Odz "B
B3 H ydzets™ = dgW stedzOIsd ¢ d .
gl RrRe[s JwurtouvutRr
1. DICOM Standardhttps://www.dicomstandard.org/
2. Hounsfield Unit (HU), Radiopaediattps://radiopaedia.org/articles/hounsfield

unit

3. SimplelTK Documentationhttps://simpleitk.readthedocs.io/

139


https://www.dicomstandard.org/
https://radiopaedia.org/articles/hounsfield-unit
https://radiopaedia.org/articles/hounsfield-unit
https://simpleitk.readthedocs.io/

4. SciPy ndimage Documentation:
https://docs.scipy.org/doc/scipy/reference/ndimage.html

5. scikit-image Watershed Examplettps:/scikit
image.org/docs/stable/auto_examples/segmentation/plot_watershed.html

6. NumPy Documentatiorhttps://numpy.org/doc/stable/user/index.html

7. 1D Gaussian Filter:
https://docs.scipy.org/doc/scipy/reference/generated/scipy.ndimage.gaussian_
ilterld.html

COMPUTER VISION -BASED MOBILE APPLICATION FOR SPATIAL
TRACKI NG AND VI SUAL PATTERN CORRECT

llona Kenqg Andrii Melnychyn
Ivan Franko National University of Lviv,
Faculty ofApplied Mathematics and Informatics
ilona.keno@Inu.edu.yandriy.melnychun@Inu.edu.ua

In the modern era of global digitalization, the rapid increase in the time user:
spend in front of smartphone and tablet screens has provoked &dalgeise in
visual system disorders. One of the most acute problems today is-tiadlesb
Digital Eye Srain, or computer vision syndrome. The main reasons for the
development of this pathology are prolonged static focusing of the gaze on th
display at a critically short distance, ergonomic violations (in particular, an incorrect
angle of head tilt), and significant decrease in the blink rate during active content
consumption [4].

Although mobile applications with sets of ophthalmological gymnastics exist
on the digital medicine market, their fundamental drawback is the lack of feedbacl
and objective control mechanisms. They offer exclusively passive content
(animations or text inafictions) but cannot track whether the user is actually making
eye movements or maintaining the correct distance andtlieangle. This creates
an urgent need to develop interactive systems of a new generation.

The application of Computer Vision and Spatial Tracking methods has
opened up a wide range of possibilities for creating applications that not only offel
a set of exercises but also automatically direct and validate the user's interaction
real time dumg training, transforming routine vision prevention into an active,
controlled process.
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In view of this, the purpose of this work is to develop and implement the
interactive iOS application "EYECOACH". This software complex is designed to
completely transform the approach to eye gymnastics, acting as a virtual traine
Unlike traditional catig applications, the integration of biometric tracking methods
allows the system to literally "see" the user, tracking the correctness of eacl
movement during the training process [7]. In addition to direct muscle-wayitne
program will not block devies in case of ergonomic norms violation (for example,
getting too close to the display), but will gently guide the user with the help of visual
and haptic feedback.

To achieve this goal within the research, the following tasks were identified
and completed:

fanalyzed existing technological solutions in the HealthTech field for the
prevention of vision impairments and identified their main drawbacks, such as the
lack of mechanisms for objective control of exercise execution;

fdesigned a muHievel architecture of a mobile application capable of
analyzing and processing hifiequency biometric data streams in real time without
loss of user interface performance;

fimplemented software modules for tracking the spatial position of the head
and continuously measuring the distance to the screen using the Apple TrueDep
APl and ARKIit framework, with a reactive and inclusive interface based on SwiftUl,
which provides ingmnt feedback (visual and haptic) for the correction of visual
patterns and validation of exercises, and allows for the integration of a clouc
infrastructure based on Firebase for reliable user authentication and aggregation
training statistics for fuhter analysis of the methodologies' effectiveness [1, 2, 5].

The foundation for building a higload realtime biometric tracking system
was the native toolset of the Apple ecosystem, considering the speed c
implementing the necessary functions. The development of the client side of th
"EYECOACH" application wasarried out using the Swift programming language,
chosen due to its high performance, memory management safety, and unhinder
access to lovlevel hardware APIs of the device [3]. The visual user interface (Ul)
was designed using the declarative SwiftUl nfeavork. Unlike imperative
approaches, this stabased architecture allows the system to instantly and smoothly
redraw the interface in response to michmnges in the user's biometric indicators
(e.g., a change in distance to the screen), without cauklays or secalled
interface "freezes".

141



The innovative core of the product is the computer vision module, focused
exclusively on the analysis of eye muscle micromotor skills [6]. Interaction with the
TrueDepth camera hardware is implemented through the ARKit framework
(ARFaceTrackingConfiguratiosession). The software logic of tracking is based on
vector analysis: during each iteration (frame), ARKit generates an ARFaceAncho
object containing highly accurate data on facial topology. To track eye movements
the application's algorithm addresstae properties of transformation matrices,
calculating the spatial gaze direction vectors relative to the camera.

The mathematical apparatus of the application analyzes these vector:
allowing the system to determine the user's gaze direction in real time with higt
accuracy: up, down, right, or left, as well as to determine whether the user's eyes a
closed. This appach enables "EYECOACH" not only to show gymnastics
animations but also to perform objective validation: the system counts the
completion of a training element only when it registers the correct vector movemen
of the eyes with a specified amplitude.

Since ARFaceTrackingConfiguration updates data at a rate of 60 frames pe
second, continuous mathematical processing of matrices is a reguartsive task.

To maintain performance and optimize energy consumption, the applicatior
implements a multithreadl architecture (Concurrency). All complex vector
calculations are offloaded to Background Threads, while the Main Thread remain
free exclusively for rendering Ul updates and generating instant visual or haptic
feedback for a successfully completed exarci

An important component of the "EYECOACH" ecosystem is also the cloud
architecture, necessary for collecting and analyzing the received data. To ensu
secure user authentication and synchronization of their progress, Google's Fireba
Cloud Firestore solign was integrated [5]. The use of this NoSQL database allowed
for the effective structuring of log arrays (session duration, accuracy and amplitud
of movements, training regularity, etc.). The aggregation of such data creates
powerful foundation for t future implementation of Data Science methods, which
will allow the use of Machine Learning algorithms for predictive analytics and the
generation of maximally personalized training programs.

Special attention during the design of "EYECOACH" was paid to the issues
of Accessibility and User Experience (UX) ergonomics. Since the product's targe
audience is people with elevated visual strain, the interface is optimized to minimiz
visual load. Tl application supports systenide text size adaptation (Dynamic
Type) and a full Dark Mode, which significantly reduces blue light emission from
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the screen. Moreover, [3] to free the user from the need to read text instruction
during gymnastics, an audio accompaniment feature was integrated into the systel
A virtual trainer character voices every action, guiding the training process by voice
which makes the interaction as natural and safe for the eyes as possible. In the furtt
scaling of the project, it is planned to expand the capabilities of biometric analysi
by integrating Head Pose Tracking algorithms, which will allow the system to
comprénensively monitor not only the micromotor skills of the eyes but also posture
and the overall distance to the screen, forming a holistic picture of digital
ergonomics.

Thus, within the framework of this work, an innovative iOS application
"EYECOACH" was designed and implemented in software, offering a qualitatively
new approach to the prevention of computer vision syndrome. Through the
implementation of computer visionathods and the use of the camera's hardware
capabilities via the appropriate framework, it was possible to completely transforrn
the passive execution of ophthalmological exercises into a controlled, interactive
process.

The developed algorithm for vector analysis of eye micromotor skills ensures
highly accurate objective validation of user actions in real time, counting exercise:
only if they are performed correctly. The use of a modern technology stack [4]
combined withithe multithreaded processing of hiffequency data guarantees high
system performance and instant feedback. At the same time, the integration of tt
Firebase cloud infrastructure forms a reliable foundation for the secure storage ¢
data and the furthepalication of Data Science methods for training personalization.
Thus, the developed "EYECOACH" architecture proves the high efficiency and
prospects of applying spatial tracking technologies in the modern industry of
preventive digital medicine.

References

1. ARKit: Tracking and visualizing faces. Apple Developer Documentation. 2023.

URL: https://developer.apple.com/documentation/ARKit/tractang
visualizingfaces (accessed: 22.04.2026).
2. SwiftUl. Apple Developer Documentation. 2024. URL:

https://developer.apple.com/documentation/swiftui/ (accessed: 22.04.2026).

3.The  Swift programming language.  Swift.org. 2024, URL:
https://docs.swift.org/swifbook/documentation/thswift-programming
language/ (accessed: 22.04.2026).

143



4. ColesBrennan C., Sulley A., Young G. Management of digital eye strain.
Clinical and Experimental Optometry. 2019. Vol. 102, No 1. P2948URL:
https://doi.org/10.1111/cx0.12798.

5. Cloud Firestore. Firebase Documentation. 2023. URL:
https://firebase.google.com/docs/firestore (accessed: 22.04.2026).

6. Szeliski R. Computer vision: Algorithms and applications. 2nd ed. Springer,
2022. URL: https://doi.org/10.1007/9B3030-343729.

7. Vidal M., Wolf K., Schmidt A. Eyeracking and head pose estimation on mobile
devices. Proceedings of the 2012 ACM Annual Conference on Human Factor
in Computing Systems (CHI). 2012. URL:
https://www.researchgate.net/publication/351865161_Eye Tracking_Calibratio
n_on_Mobile Devicegaccessed: 22.04.2026).

tdrtdasé wrev IR 1/ C o1V OJwyv Jwpld [1
IRfLLOf Tosdrevws wy IRrRs{trRevOL1ICS I
Flreolroes

Jdzj S MOdzHte skzL d3gj dg¢ €, | Odzd dz© s
J1 o' omr €Cd2 dzOyY' sdzOdz dzd?2 Bkdz' o j (g
ANOCEdz sjIs ftedC dzOHdes™ BOIsj d3OIsd S d
oleksandr.kuzmeniuk@Inu.edu.ua
vicOHd Yy 2 dz md Misj d&3d  {f Bpploait’ Tralzking € C
Systen) stcdeo Odzd2 yoOf ¢ dZOHOdd MY dO Hj
Cdzt ysoaddzd Mdzse Odzd Hdzw sy deCd toj L s3] .
odedzwH' dzjLHOIdMIs' OdOd LEkzeoOld ¢ tsdas
@By Is! BEISd 9" HAaddzjdzg@ dzdh j ydtejL od¢Ct
ftoetsWjm' 2daets’ sj ted3' desdztsc ' . wdzls j cte Oy " v
toj Steklsddze &2 H 5L 9 WO C M jutddgsXldsd Has' HN j Aggl dzls
LOBJjLgyk' IsBYdsj L' MisOo dzj dzdzv R~ OGOC ISt
9 0C Odzfn' . v Yy'?2 ttsels’ twLEEVYHO' Is! MW
9jJdzd¢' dsedzy dBH| A HdzW OolstsdizOIsdL so O
1 Of tetsf sdztse OdzO -L Pdfis s dg@z€ s dg@® Y pBded i3 H d
tSHdz ‘ fitc jf LOBdfS GOdefid wsHddz yd ¢ dz. o dzOdz' L
Cdze ysoada JlsOf "' o

144


https://www.researchgate.net/publication/351865161_Eye_Tracking_Calibration_on_Mobile_Devices
https://www.researchgate.net/publication/351865161_Eye_Tracking_Calibration_on_Mobile_Devices

1. [ Isted d30 dzdzw on' Hdzd R HOdzd »n s ts®@d Mfstzg
LO9Odzls Oy Iz° W02 dz PPEOBZROCK W Owd@O s C
9 0C Odzfn' " . 10 y!' sz Jj oY’ 9 HBEzO®
fedSlszOy" ’
2. 1l jtojlsatstej dadgy Isj CMmlsk tojL® digd ISEONSH C
s8 CIsd, Mt a3 Mlswisy ' dW sted3Oy' ¥ ftots
3. ¢ " Mde® sy dzgC © o' HYts9 ® HdatsMIs’ h dzw 7 1
Mistste’ dz, dzOH Odedz? 64 Ct5d3j dzgn Oy' 2 HdzW
4. [BYd Mmdzj dedz? tsMlsOlstsydes’ sy dz¢d o' HY
£ &3 0~ ' H 0 HEB 1.
[ tsEed?2 O btjlk' 2 JjlkOofd odStdkzs Is! |
BsHjd . 1jijtwhd2 1O yibejtlsd? jlOfd o
sedzv"H jlsOf' ' 9 OOz Lk YtsHOdMS E sdcedzvH

112 e B ) it i 1

tdfp. 1. [(Ofd OdOdz' Lk

I MlsOlstsydz® By' d¢ O wBBYdMmdzs " Is! Mw L odCt
ZOMmMiskzy dztst W stz dzts® :

Y w tY o tY o Y o tvYh
HyY RY AY 7 sy  dSd L O dOsadusd, Hisfjo |
Y ity 2¢O o' H o jdd St I dudzshd  RHQGd
o' Hf so ' Hdafff' oty 'dag&d dzstcdzO dzp tsddO dy z dzR0
9 0O¢ H B8 § dgt tzG sBydfmdzs 6 Is! mw fd misj d3t
CstedMmilskze Oy o*s. 10 LOMBso Yykzo Odedzgy d3 L dzO y
ud dzods Tt ol mipry T

[ dzv o dL dzOyj dedzv s O ez O ts CoQ < Sstidacf]Idnjlstds o ‘L
fnd 3O dzls d Y dzO [7]fdsg Hs BERdz Higlis['m SO fzZRw d dg@ &z dzdr@
dsted3Odz' L ks Is! Mw HEB Isjted3 dz' 9 ISOC Msdatsd3’
Qualifications and Occupations) [ 2]
ZCtO’ dzn! C s Bse s " fdzw ytsets fjtoj
Hsf ssets® BsH j d2  fnj B3O dzldizy dzdp! 55 dgs J tiE]
¢ smd dzlz iy dzO fctssiné sugilafifyd * [1] d3" X 9jChtstetsds
COdzH  PABIOO 9 j S Isstetsd3 dzj 5B R " H@ILAO diC»tafdzfALt

BT
Swmaterrs L

145



i B 0p¢P

OEbB® ——
Pt @

B o t B P

IJMe dz € d L dzOyj dedzv S tsfyd dalz mdzts”’ f SH'
LOf tosf sdzgso Odesdsz f " HRatsH' of' o' HO' d3dz
LO dzOeadysSd odL dzOyo* Is: mw w g

Y i A®E B
vO¢d?2 ' HAR'H CEOLOdsE', s "  HiMEdRBS o
fsH' Bdzg MIs! ' delsjteftej sz’ st mw wC o' Hinkzls
[ dzw sy d¢ d YL dmBHeaOH s stedMistse z°
HsmMeO iz weO dzj sB R " Hdzts® 9" Hf s9 ' Hdzis

COdZHdHOKO §' dz' COMls! v RS C ' Y HAETD ' LHE H &

dz2OMmiszf dzd:d3 yd dzts 3
(Elo—fp i~ "0 m

m_~ "0 T

[y dC 0o L'P ssipeOdstze dzv ' Isp, ¥ N tis' I dz8 O dzH «
dzj 5BR' HdZO e ' IsO. v ' dzh sz o dutf @34 T j LA
LdzOyjdedz" L O LOBse ykzo Odzdzw i3 mp)OCG f * AYts HStE
MzyOmdzz IsjdzHj dzy' ¢ tddeClz Oy , HJ Wt
Yyomists * Bjdz" StedlsdudzddZd WOSCIksORd
Codif jIsddy’ vaBd.

[y &z 0 o' H o dzd'¥ s fn lsEdsdzsasdzs * digs Hijwdz' fiy (
BsHjdde §°H yofy jbOfk wC' s’ ty' deS g
ftesOdzOdz' L o Olsd Ctdalsj SMmls, wCd2 903t
WStz &zOB:  dzOw e dz' Mils! fjtj Aty Mdedn dzO
fjtojntsHE olzgd 2L Aas@s j dzy Oz COBHIHOBO Istsh s

1 06 0dz' degd?2 Bedk"H (tsyjmkz B ydmdzj da
edMkzdzCz 2 £ odedz"H' H' OctOdi].

oy

146



tdfl. 2. 1tsyjf SBUdmd) dd ¥ d

[ dzw te" L ded A JIsOf " o OdzOdz' Lk o9d¢C tstec
BsHJ d hAts HBLOBW' sflsdd3" L zo Olsd { t
Codg " Hijdgy' 2dzg Mls! HOdzd R

1 MamayLMv1.0(12B)[ 4] oditstedmlssolz’ Is+ Mw F

HOddFJj tej Iso tstej dada?  lds5jCk Mds'zH s * H OON)L

OdzOdz' L SO Oteckzdj dzsOy" ¢ . [ BHj dz

M j y' Odz' dzts H dzw SO’ dzfy! C ts° BBs 9 d

Ukr Qual Bench (Sitswjjodz’ 2H0j2d6s danlS)telz

B o dats’ ftedtetsH dztsfls SO d3 dz' B3O dz' dz

CodeS ez yd sO fjtejojtehlks yd B OGC

ftoedL dzOyd dedz? tetsL d3' tetsds § sdzgOH 70 3

ftsistej Blzy Is' dSwzkefdnils.d ydets™ Is

1 ukr-paraphrasenultilinguatmpnetbasel3] 7 y j o538 j tigfsdag dz H

L tcORkdtE Mj BOdzlsdydzes’™ f tsH' B dztsfls

HtsdzOo yJ dz0@ o d € dzt ydets Hdzw ECtcO’ dafg!

XLM-RoBERTa, hts HBLotsdzw' JjWjClsdo dats

siSMisdo &z 7t6dBd 2 o j € Is ts telslw\R dztfctdsts friflsdz @sfr

OdzOdz' Lk sO fshECE.

1 OHOYO odL dOyJ dzde? o HYf tso ' Hdzsfls' to
fsHOd hj Wted3szo Odzdz? off StcWHCS9o Odesets M
SOCtsets ofBWHSCZo OdzdzY o9 dSBedMisOdzts o] Is

147



Ckkkdzvlsdo dzscts of6],c 600 & g BOTESY ' toj dzj o
Jazidiids' o k2 Mydmcek

o~ s PO
Y .. 006300
©O%® Bogo

HIGyj ¢ a2 ¢ Ml fitwhdr jdzj Bjdls' o & MY
PO T to' 8 j d& toj dzj 8 Odzls dets yls "Q  (ADdRAQfi v 2B Q j diat
O650MH d&zv " Hj Odz degsets o SteWHS Zo Odadzw M d f
rdzv JjSmfjtedd3d dzlsOdz! des’™ ty' dzg€d MW ste
f Otdig j L «wod§)C Codlem ' fiyW j to f tots G tc @ dialets 'C Y dipls] dzje
f Hetsltsodzjdets fts 10 tjLvdzj L to' Ldad d3 t
ftodL dzOyj dzts to' o j dzp N torplthy 9 Ooiglsze fiylsi'f tso |
BOC M d B30y dig’ 20 B ZIsfyls " H MEzIs dzE Pls 'shdetse © Y
fsBzHBSO Odzs j IsOdztsdzdz® tcOdey 2o Odgdg”, L WwW¢C
fnd milsj o3d . v kOBd&dY® 1 f sH OdBSO 6&E s mdiayO o
sj Mistseodr HOded R
vsOBdz. 1. [y dfO wg¢

] ©0C Odefmy"™ w 0 063Q 1
Python Backend Developer MW T ¢
Frontend React Developer mwp v X

DevOps Engineer T @ w ¢

V tetsBBI' KBLEKEBAZ] dt MdMmisj Bz Hd&Y Oc
p0COdM' 2 'L odCttdflsOddd oj ddSdn
Hilsjted3' dztso Odz BilssHd 'L Mmj 3Odzls d ydad o3
L& M Sk, O dzj dzdhj ¢ dzs Ot o' s toftdzt
FteORzo Odzgdz” d3 dzOo d ys ¢, Hisfe ' HEZ, tsfjo ' Is¢
Hef SRsetY o) dzdC ' e dets’ (BSHj &' .

s dMsS & kjeOkkicd

1. Ajjam M-H. Al-driven semantic similaritpased job matching framework
for recruitment systemsAjjam M-H., Al-RaweshidyH. S.// Information
Sciences. i 2025. i U s d3. TRAYdd smiskz i L
https://bura.brunel.ac.uk/handle/2438/32657

148


https://bura.brunel.ac.uk/handle/2438/32657

European Skills, Competences, Qualifications and Occupafift®€0)
v1.2.1

[[ dzd € Is totts @A @ fj X ¢ M ls ktpsiz/esco.ec.europa.eu/en/a
boutesco/escopedia/escopedia/est@l

Laba Y. Contextual embeddings for Ukrainian: A large
languagamodelapproacho

word sensalisambiguation/ LabaY., Mudryi V., ChaplynskyiD., Roma
nyshynM., DobosevyclO. // Proceedings of the Second Ukrainian Natural
Language Processing Worksh@oNLP). i 2023.7 P. 11-19.t j 3 d d
H s f Is ltstd/aclanthology.org/2023.unlp2

MamayLMv1.0} j tc'1 OH § & ¢ zO Is  BZUHSOED "diEl: € O
[ [ dzd € Is tc ts dzdid 2j ty jeifiugArdsiltipstiz/huggingface.co/spaces/|
NSAIT-Institute/mamaylrv1-blog

UkrQualBench Benchmark for evaluating Ukrainian language quality in
Large Language Modeld [ dzj € s st dgdzdedn i 4 dHds Mis 2 § L
https://github.com/grayodesa/ukrqualbench

Wang Y. A Theoretical Analysis of NDCG Type Ranking Measures. /
Wang Y., Wand_., Li Y., He D., Lie Y-T., Chen W. /Proceedings of the
26th Annual Conference on Learning Theory (COLT 201.2p13.f 4 4 d o3
H s f Is ltstd/arxiv.org/abs/1304.6480

What is Semantic Similarity? An Engineer's Guide
[ [ dzj € Istetydgdeded] . 7 tdddda Hisfls iz f &
https://zilliz.com/glossary/semant&gmilarity

149


https://esco.ec.europa.eu/en/aboutesco/escopedia/escopedia/esco-v121
https://esco.ec.europa.eu/en/aboutesco/escopedia/escopedia/esco-v121
https://aclanthology.org/2023.unlp-1.2
https://huggingface.co/spaces/INSAIT-Institute/mamaylm-v1-blog
https://huggingface.co/spaces/INSAIT-Institute/mamaylm-v1-blog
https://github.com/grayodesa/ukrqualbench
https://arxiv.org/abs/1304.6480
https://zilliz.com/glossary/semantic-similarity

Irclfrinwcssd i gl ryr LIS
storvenftfothdrm iy RO L8 fudl yor1c

gsW ' W {1 jnd0dz
Jr o' oM €d2 dOyY' tsdzOdz dzd?2 Ekdz' 9j tefd
ANOSEdz Isjls fteds dzOH dets” BBOI§ BOIIC
sofiia.rekhman@Inu.edu.ua
v MEyomdes iz ' deW sStedzZOY' 2 des Bz f s Mis st
detso d dz dzOBEdZO SCtodlsdyudzsets L dzOyJ dedz” . ) to

tetsL f so e HY j dadaw EMC &zOH dz¥ & Is L OHOyYk
dzd HsMiIsso ' tedets’ " deW sted3Oy " T . V' BT W t
dzZsoddz SO fttso jHjdets ftste’ odgw dedzy € dzOMmd
(Nai ve Bayes, Random Forest, Logi sti ¢

bteOdzhY stedsj teded dsd RBsHj dzw dsd ( Di sti | BERT

steOHdY" 2 dg B3 stsHd BOMddzdzsets  dz0e y
iWjClkde dz Mls: fted tsBlk' L sjCMkOod
odSttedMmissolzs s! Mytesh jd' ftojHilsOs dzj dzd
B tetst Ctdzsj CMisdy L OdzjydesMls’ & 5o Gazs
Hisy' & d2 Mis! odSttedilsOdadz” IsteOdzi¥ stk
B rOdz' LB EZo90OEd SO HBLoBBMWEIs! otcORBo
fsfd Hsedsmls' kjShmskz. Aj ' 6shsBdkdot :
detso ddz, HJ L &3 Mis ofdoodzOus@isdly digizy dejoO fslste j
Codzlsj SMissdz * oL O Ggdedd3 tetsL SO zo Odzdz™ .

[ irnOd L &3 MOBSkzOoOcd HESL o sdzw s H j d
mMdzsoe © k Ctsdzlsj € Mmis' oM sets toj yd dzdaw . [
9jSIsted: LOfdls (query), Cdz¢gy (key) Is

0 oo oo hd ooh )

HJO T dBBOItedyw o 7' Hdaprhn fose J3Oddzeys, o O
dz0o yOs Is! Mw. Oz wGBYdMmdz® ‘' Is! Mw k9 OGO
& Yy LOfdlOdRd O § dzv YO :

OO QEMNMD & § £ "Q0 G€-00w 2

| StodBlzo Odzi@ve @@ ted Mlstso z* Is! MW  Hdzw L O
L tots f)ls O dadz® L dz0yJ dz MOz tcdetsets HBBEISE
#zOo yOdzdzy . [btdBOdd2 tojLbd Ok * Lo0
oL ZOYOs s Mw o] dzj o Odzls dz' Mlss & 3 Mdztse O

150



[dzv LoHOY' C&zOMdY¥ " SOy oSt
My jy' Odr desets ks jdz® [CLS], w¢d2 f§tHO

Q Vi ©EiT QA a Qi ©)]

W i €0 @ © (4)
HiQ 1T ftcdntse Odgj ftoj Hifls Oo dzj dzdzw ofMm! tEts
odL d&zOyos Is+ mw WEdCy' ' soft max, s

ESLYSH' dz 2 Bse ' tedasmils 2 .

1 Oo yOdzdzg? BtsH jdz' L H' 2fjdes ' s fgw  hoezw -
J delstetsq "

0 B aé® (5)
Hjo T ' flsd dede’ B GBECHJ t6jdeOsP ), &z’ 2 B o ' todats
hseOWE' dBsHjd LO djftOoddr d jtejtr
Qi wdtsMis' fwOoadd descts € &zOMmk.

[SMY jted Bj dzsOdz dz tjL zd OIS Hj B dal
BisHjdzj 2 d&zOH S &Omdudeddsd ' HESHOHR],
sy SkoOddv®kd] NsSHES '~ ° LHOdsHs' otOn
L dzOyj dedz?y B Isted S d accuracy GHedded yd'.L dzd n

vOBdz. 1. 1 ttc' odgV dadz

f sHj dz Accuracy
Naive Bayes 0.9594
Random Forest 0.9881
Logistic Regression 0.9894
XGBoost 0.9957
Support Vector Machine 0.9958
LightGBM 0.9963
Distilbert 0.9981
Bertbase 0.9987
Roberta 0.9999

151



v O0cdds yd dzts ds, ' Hiso jtHEEHesz' N i gt
odhkz JWiClsdeds Mmis! z LOHOY' odWwe dzj i
C &zofmd ydzd &3d B3 stsH OB . l Mls Odzts 9 dzj dzts, h
otcOnRtsalzo Olsd ¢ dztsB Odz! dz Ctsdzlsj € Mmis dz' L Od
Ctste Clsdes’ ' dzlsj tedfde.d ISIORYH O dz/L "dd' frHstizn ddztstoy § d
dZO0 sflsddz L Oy ' ¥ dBsHJdj?2 IO L d3j dgh j dedgy
gf dmMs¢ dz' Isj cOIskzted
1. Devlin J. BERT: Préraining of Deep Bidirectional Transformers for Language
Understanding / J. Devlin, M. Chang, K. Lee // Proceedings of NAACQ1971
4. 441861

2. Vaswani A. Attention Is All You Need / A. Vaswani, N. Shazeer, N. Parmar //
Advances in Neural Information Processing Syster2817i ¢ .  56D@EB38

3. Enhancing fake news detection with transforibased deep learning: A
multidisciplinary approach / PLOS Orie2025.

4. Fake news detection based on news content and social contexts: a transforme
based approach / PMIC2022.

5,.Vaswani A. Attention | s All You Nee
“dz&. // Adv almfarneason Procesding Systamh20177 & . 5 9 9 €
6008.

s{df¥oduvrtrr fdrefdstorric fwit o-Awwy r
dbro¥tuvrIVRfE frulrdf{
¢ dzOMmisOM' v v EABOSC
[+ 9" oM €d2 dOYy' tsdzOdzr dzd?2 Ekdz' o j tef(d
ANOCEdz sjIs ftedC dzOHdets™ BOIsj d3OIsd S d
anastasiia.tumak@Inu.edu.ua
Il Miskzy
¢CIszOdz dz' fMmls: HisMmdz' 1Y J dadaw L zdstse dzj
ydmdztse d n B3 IstsH " o BtsH j dz¥ 9 OdadaW B3 Gl
ftotscdetsL Iz o Odzdz™ . [ Olsj B3OIsdydzes IsOC* f etsy
Hdzw HdWJjtjdzy Odz' dgdr to' o dgV dgtH JicER FBE '
Hj dzOw o dz' Mls! BOzdr OOl Iste' & fteod MMl
LBltojodilzyv! €' L tsded L dOHIts Mistc' BEsE L &
B ssHd dO ' o detsd3 teded n M ¢ OR ftodL ot
dzd o df ttO9 H Odzd Rdzd & B Yoddijst @IO,dz! f j et j € Isd o dz

152


mailto:anastasiia.tumak@lnu.edu.ua

OHOflsdo dzgsets 3jIssHlk MSC " dgyj dedzd & j dzj d3J
M O ydm! zO0 Of sflsj o' tstodz' sy dz2¢d o
okLdzd tetsLtcORkZdSBsoats’™ M Cd odCdzt ydes k&
tdLkzdz sOIsd Hisfdz HY § dzdaw L O dais els@dzts
a3t dzts 6 @R2@3Y © 2
sP2ts9 0 LOHOYO O ~° 90t Oy 2dzj WBted3
[ BL G dzv dzj oBis CcO2tsalz LOHOYE ¢to® to
O ' dals jnipgOdz’ q
Q,  Qow . Qow
oo © 0o ! “ oo
p
‘L CwO2soday ms®e©Odd | 6p 0.
vilsCtsj W y' ' delsh e[ &L IS, -OBEHY Ty © dals
[ &z fsBlkZHBSod HdMCtjlsdes™ dBSHj Az 99
Ldz021sd WbktdaC yls®CE M v CHadbwo o gl isidelz * s+ W
qO,0)=08 Hj B ' &' @BNR dzPL EBKEO | dzj toe j Isd ydal
DS wohy 8
skmCd ' 2 dz OftesCMdBOY' ° [ &
ljteJr'H HB HdMCt] sdes®™ dsHjdz' § tsydc
N M¢' dzguj deded D 5j dzjolipj deb 58 % dQzg. 1| OB dzd ¥ §
tesLo ' WLtsC dO SCStydasdzlz j dzj o] dals® Of s ¢
CizsB Odz! detsdge o de dzw H hzCO' Ist ipw wC  dz' «
WeEdeS y' 2 skttOdzls©O. g dzv " Hoadh jdedgw ¢ tetsH
Ises fioSecOdRdes Eot®jddzy’ Ld@dy ' € Y dddsdlm e € °
LOd dg¢ ' Is MW dzOBdzdy Jded 3, odSEBtedMmistso bz
f OOl sted tBYdMmd ¢ s’ MWe k * Y jodflsims fn Wds® dnd|
" delsj ctcOdzO WEC CtsdefmisOdzlsd .
dbfsfmisjtc’ stedz' Gy dg®¥ 9 Oy’ ftsndBssS Of tersC
sdtolzo Odzdzy dzs5COdz' dgdd3 L Glzh jdzdzv d3 ' I
sy' dzg¥ 9 OyOn . 1 sadBGCO dzO C 5y dats A3z J dz
Csd3B ' dOYW ez gOBdzb(x), Pt HBLOtdY' B
LOdzE yj dedz? Mk d3" ydedr o kzL dz' o .

woéw Qw

153



fsemMC®€aO®HEOIsdydzd 2 | 4 sdz @t iz 'dzC p' &
O TP 1 ;] ®] . [tlstscsdOd zozChgs !’  BHE@E
odL d&z20ydilsd OBy dz' sEHE fsadBSd dzO | dzj o3
EE‘QT@ ”r:]
T pm 0O

C
Hy Peides® G dz7 ' sCtsa’ yYdm&O WpPSC &fy dzts
o dL dzZOYOs Is! Mw M0 o st AP Ols | dzj to
dzsted3dd fsmdBSCd HAZYW yY! Sets tsy' dzfb 9 OYoO H s
U E"QT@ ”r:]

= 7
¥

£ E - S -y
(0] opTm0RYQ -
a
Tskm¢ s &' 2 dzd 2 sAJ 2z 9 ®JUls 5 H fslstcj B
sByYydmdzt o Oz dzgd = L OlsteOIls ' toj Odz' L &° Is+ Mmyw

l " Hits9 HdZO OB dz' szHO YtsrndeSd MisOdase d
cTQM ,n 1t UW
-7 ¢ pPC Y
T
) CoOHWOI jdzjteajlsdydats’ deiiic dgef 2 dziis
sy dz¥ 9 OyoO wByYdMmdze ‘' s v OC:
o Q f oUm L, n
£ K < — 5 Yo
U
HlstcOIsje' W OHOIskzo Odzdzy ' IsC d
10 tshmdzse ' tBuUYudMmdzj dzedr dzs€ Odz' dzd 7 | dz.
" dZHd C Ol st~ 9y ,f A BeC'dH B O OF Is!  dzs§ Odz! d
Coydetsdsz MG ' dzyjdedets gz j dzj d3j dzls
Wwe £
— :pnm
A E £ K
o
Hd Co9OHtEOIl dzsC Odz! dets’™  j-dzj G 3 et Y dz® Y tc tiz€
Jdzj di3gj dzgls® H B’ o dz® ' o

¥

¥

154



S 6 ® Qo af
X
[ dzj o34 dzls(d , Hy " dHdSOlstste fitsadesSd ]
@ZOoff " &z hdzwitsds HEBHOo Odzdz? Y Jj dzlsteOdz dzts @
Lekh jdadzw Istedo O Hts HBMWEdzj dzdz2?" L OH Odzts

( Wy Slsdoe dz' Mmis: OHOf sOYy" °’ sy’ dg¢ " Is! mw
(Q TQ )-9" Hdetsh j dzdzw d3 BOSC Md B3O dz! dese s C o€
l " de ¢ dzt € Mmdzts fscoL iz, 74 me " dz € (d 1

Mddze v todztsfis j 2 fjtejodhkz ' d dg fylse
Lo wL CIz.
bdzOdz' L ydimdzse de tjLbEd SO' o

{ BLGdzV dzj B L OH® Y lplp dzO 1§ O'terOtell j LBED o3 of

pT@h, pnausO HY j'® dzts ok . 1 tyOlStsa O Mm's
o' odetsdz’ toedzd?2 YtsH &z d&2O 10 | dzj d3j qelde’Godzw H -
Hsfw ¢ dzj dedzy y' * ° Ilydesfmls® odCtdzOdets 10

LB ' YdesMls® -dz'daly’ Zdeth)E s olssO € 9 OHteOlsd ydesc ts
1 O 2.

TNinifinwi OUiNIOBaY: HAGAWKEHKE PO3B'AIOK A 2-A T2 di

-Lo0 075 -0S0 -0 000
x

tdimf "tz 2ded?2 By  dzt 9 Oy: dz@B &Py JdacfiZO das ez RV

(' ostolzy) KO ftste' odew dede? W' ZOz! dzsets tofsSL f

lBeO¥ " ¢ d etstelzy dO tdf. 1 -Gy sdf® da
Odze stedIlsdse Hdzv Mddzcezdzv tedzts L BERtj dzats’ L O
Sh=400) . 10 9" ' Hd3 dgk o' H YOS tse s’
dzi W' Ldude hyddvy' ', DHOHEGE B dedds g O dnd
oL dz 9 E LtsdOR t'LEdn GtOH' ‘dzls’ &8 ( x=
(N=66) MmMlsOB' dz' dzd? twSLO " WL C.

155



16" Hdzs L CleOW ' Csd3 ftwOo stczy d2O too
LOHOMtsets ftstetseclz 9 10%, " HIsejtoHyE® yd
JWiSldoedz Mis! d&BjlssHEz HBOotHdI! MY Y5COL
128: f sHtc' Bdzaj dedz? o ' H B oy @3dds[‘~fjv L asdifOdE:,
JCBdesdid Is! toj Mztemd. -C 8 @ tc OYs disuplgtia] 2 ¢ AL g
ZOH' 2d2 "ddBZ3 LO dz' dg 2cdzd2, W' C€fpk¥ yd odh
ftotslsd 8. 87 %) .

vsOBd& 1. MmOt vOBd& 2. MmOt
LB ' ) dets fls-tiz' Ezlz B L B' Y datsfyls-tiz' €izlz @
Of S d BBOY " 2 Of tesC find BBORP MY &
CoOHtOIs dydats @ dz' dz' 2 detsc ts
wls yg N S S ma % ( hmak wils j| N S S ma %¥)(,| hmak
y'w % hmi n
1 [1d1.1q169.] 1 1 [10/2.4¢4192. 1
2 |2d2.91282.] 1 2 | 20(3427294. 1
3 [332.004361.] 2 3 [ 33/1.8{344. 2
4 |421.049294.| 4 4 | 42/0.91263. 4
5 |[520.53176.] 8 5 | 52/0.4¢(154. 8
6 |550.27181.6 16 6 | 540.2470.2] 16
7 |6do0.14934. 4 32 7 | 580.1{29. 3] 32
8 |640.1d13.5 64 8 |630.0¢11.6| 64
9 [670.0910.1 128 9 | 650.0¢10. 0] 124
10 (69d0.099.99 128 10[66|0.0¢ 8. 86| 12§
Il dmdese 5€
{ LS @H@PIsdo 20 Maj BO [ur HBoaHdIS
BsHJ dz¥ 9 Odgdz? ' cteOy’' ' HBAB "€ bk Mddeckz

156



LeEh jdgdgv ' s€d o LtsdzOr ojdzdSde GCKOH

L OH Odats”’ ssydzesmls® Emize O yd dai ¥ ' L d ydz

sByd mdzs & ©dz! dzd d3d 9 dIstcOIsOdd .-¢ o9 OlHdWEstEdUf

sy dz¢F 9Oy LOBJjLYJyk' dOusizyisdYy sEHdzly

L dz' dz' 2 dzd of3, hs tsBdls! et flsd &z0dz

I Ssdizsc’ Yydesdiz f§ totse detsL 2 o Odzdz’

sfdmMse d&' Isj ttOlskzted

l.éBtcOBtso | .-dz' sz R izs o 5O @K G)fflsigPaydzts ¢ 5 h
Me" dzyd deded = J dzj a3 dzls® ®© Hdzv BHdzse d d3' tecC
"0 &0, 1. zddz Otej dzl 5, ¢ . -sgzd3i ded dzj y-
BOIsj d3. Isi@006T dzWf tf teide.1 1183

2uvtekh joamr €d2 1. [. [JjlssH M dzyd deded -
vsjttejlsdyds OmMfjSlksd ' LOMlssmize Odzdzy /
1. [ . zifwsedde@. 1l dH. vyJjdalste [ D39 65 fm.w:
3. Zienkiewicz O. C. The Finite Element Method: its Basis and Fundamentals / O
C. Zienkiewicz, R. L. Taylor, J. Z. ZhuButterworthHeinemann, 2018B.752

p.

wpsrfrsvovdf?2rw frufrrR }rtrlwtsr "L
191 duvfstrRortwéf/?1fwy [IvrRfwdAww IR
s{IT1O0durt 1 RM wRYU[

] " Clstste 1 jnlkdz
1 OkCtsod2:1CQtds datsdzf SC d2 ©w. [ .
Jr o9 oM €d2 dzOy' sdzOdz' dzd? kdz' 9 j tefd
ANOCEkZdz IsjIs fted§ dzOH dzs’™ d3OIsj dzOIsd ¢ d
viktor.pekhun@Inu.edu.ua

I sk g
vftesHtse )y tMisOdzdz’ = ¢ 9 y' dzd dzO
Liesfdzd. 1Otk Mls! & H', GkseO kO shts

€' cOdasd jdzj Shtetsdy ¢ BOMBots §jtejtste), ' dz
O dzj MsOUO yd§f'es §Od&OWI' k& daj o-¢ ded © B ¢
HdClkko Olsd y' dd dz® teddeSlz. wdzh s, dzj o
o' H LBody Ndz 7 yddzdzdS' ®» 20 dztsC Odz dzd 7t
L ydds, k2 Lodu@Ydetfc tmBices &z ekt fizj ¢ Is kst yd

157



CesRf 0 Isjtc® odddt O y' s ftodtcsHdz B
dzi o9dlstcOYyOs yd LO2etets yoOmkz dO HBMdz H.
[ jlstss H Odats’ tetsB 5iIsd ‘ dzO H O dzdzv
" dezmistelz A3 dzls Iz, wed?2 (' Hdzzo Olsd d3d fMilstcts
f ' HBGEE S®RfdjSlsks yda §°H LOHOd St
[sHjd fjtejo' 66 d Of OtObds’ Mkd' Mdshls

ljtejo 8O0 Mz MdesMmis ' -stE'j ‘Odds & &0 @ERO M
sfdztso h OB dzsdzlz  f tots'[X]. lszte Oddgdz 1 tg Gndscfed@ts |
" dzls § d@ognpafipilityRule L ' H d dzd 3CHigkBaBuilth,Bts § so | to
ts B 6 ‘COnipatibilityResult. s d@anipatibilityChecker Octcj ¢ z* H S
¢ dz ¢ flst ftcQaddz LOMssmMse 2° C 5y daj
esLh dtes 9 Odz' Mls! BjL L& dzgd YHEO fdMmlsj &

1 sssydz0 MdMmlsji BO o Cdzs yO' : &5 Hffteddond
MsS js'iaBOERY Az SO § &zOIO, Skdzjte, o j dzls
foOdfs wis' (sdf, yombslso, ¢' d ¢ Mmis! Mt
9 ' HjtsCOtlsd (9ojtm' WPCldsO W E L denyflz” flste s dg*
(SATA/ M. 2 MmdtvMe),, ejddsi§ Wy d o dzj dadzy ( § s
etsL ' d3' 9), O -BEALstsy dejO df@dsp dedpvU Mz d3' M dats
LO t' odej d@3: Mj tc2 SL detsfls”

I Critical T W' LdydzO OBt dse¢' YydzO@ dzgj Mz d3' fi)
dzj HsMIsOlsdzv § Blskzy dz' Mis! BAZESCO X do dzj

1 Warning 7 fftslsj dzy’ 2 dats dzj B Oy OdzO CtsdsB *
f slskzy GRUEWBPYU, L d' h0Od yYOfglstslsd RAM)

T Infol toj SdRj dgHOY' 2 dzj MY sMmisj toj  J dedew
3 d o dzj.dzdzv )

[ Olsj BBOIdydzO dBsHjdz2 fijtejo' teSCd Mkzd' |

Bdzsy[Alded U IS¢ O Apdfuydd@z®’ Is! v WlkdCy' "«
‘ wgp© Tip h
p
Hj €€ = 1 o' Hiitse' HO' Tftsadz 2 dzPdRioldRas dzis
339]. 1 jteilsotstej dedzv uydMmzsosets L dzOyd dedev
WoLdW " Sloaystetslsdzz s j Oy 8  dzOL[Ff & . COBIB]! H
steOf jy' fadHdAO WHE&ENGEdZOMRZY das M tzs M ¢ s
L sdz CVYHtcOe &z &z 2 ded B3d M- d zOdzd (
odCtstedMmlsOdedr & totsB B[B 'c. IMWOE dz¢.40205].f ted H Ols |

158



IMdzso dz2' HfteOQoddzO f jtej o' € d MEd Mdest
&zZzO0 3 COkjett' ’

Jy' dz¢ 0 BAPUWGREMEZzAzY ty' dz§ CPUBs@RRU dzig Biz0
9dojH]dO Wtttz dzO destcditso Odetsets o " Hdztsh j

i Y j"®0Yo b pghg

HJY B if € 0OL dzd S 2AsdsMarkpe € sj W gt dgBdz’ L
hCOdz. Ablzdz€ y' Qi ff tetpHeOEsHIAS Mdds' @Y " * o d H dzC
zOdzj ) feBiism. 28] B8] Vv MAcBHHY Q pdt s @' dz' 2 dzd
mr d zodd dz0 TRt © OS] 'L dalsly' tef & QO
W o0 w 0.lted<Od. 6 OBt r dzg f.jSc ity hdzC O 0. ¢
LdzdL 2 L dzOyg dzdzv d3 0. 1.

JYy &z¢ 0 HBMisOldsmls'. z sazsClOstcy § B dzfs dzd
ngjtsglsﬁjglsxq:angde fr]9’ﬁ]lsJ?3d L~Ofr]lsisfr]1savlz‘ls-
0 0 0 0 0 0 0 0 puTm*h

g

HAS50TTdeyjdejteded? L OJOM. stsygW' y' ' des dzO

8

— C-1| c

AL dzC Q. "Bt o dz ¢ _M TR (S0 020 dh 5E

N do dzj,dztzttz) 2 dets M OH O fYted o' HnAddzi dgoBt Is ¢

s L @OYO' fodlk dzj Mds fdz fMis: .
10jHj O BY @SCOHMELBEBSEE O dL ZOYO" s -

Cjtdjlstedudz fjtejnddca8adsC kf' T § O

@]
ldBd3j stedydsj MmJ tej H dz' mMddzr d2 hj hlsteOWE"
OQtedWdBj sdydzeddz, LOftsB' ¢Os yd '~ c¢cdBBOMCEeo
sHdz '  StedIsd ydge  mSdejnfy OdiZsy dids fimdsY e i3z tse

1 &ZzOyj zip o dSttedMmistseolz’ Is mw H dzw tc O dz

CtodeW ' cztcOy' 2.

bz stedlsdd ' HBtSttE SdfdjClskzs yda §°H L
1OHOYO " HBtttl Codfdj Clkzy yda * t' L

L BB Jjddz" B3d: dgi tsBrR' Hdzs BBOLd B

sdfz 1sO¢, hise o0kl Mis: daj Hjitejodhiz:

BOC Md BOdz dzss . v B Bls' L He'sH dzdids o O dats

159



f so ] tcddb dzdAdU4i6),H s so dzgj dzgd?2 ¢ jtcj Hd 58 W
O t'ode LOfdls" e HBs BOLJd HOdz] R .

dbdzestedIsdz ME dzOH BOIls ‘i Issic dz232 WO tod ¥ °
Col3f sdzj dzgls* @ LB 66 d

AL @ .y" "2 W¥oL' Hdizv CPU IO GPU ¥t
BE HYJ Isded di3d ts:B d3d 3 § dzda¥ &3 3

Y ooV 061 aw'Qdé | h
o
HY Ty dzOtcdz® 900G 0O Isdfkz. |1 0O0cd L Gambg Is! !
| @ ©Workstation| ™ § ' LOHBotsdz! dgv s 5! bk B!

AOL2& kIs fOted L CPU IsO GPU fjtejBdtcO
] Ot © HSf EMC O Is! w H S LB € (d dad h J
Y W0 Ypg f slsteOf dzw ¢ £ fMyj zOtcdzets o dL dzOy
i A .10ttd L0 H' OfOLsdetsdg o € dz¢ YO s
130].

AOLO 3 C'dzyjoe" 2 WOL' ejhIsO € i ¢
Coyjdz dOMmMskzf dzd?2 L Ofdls Hts BOLd HOd]~A
LOW' CMtso Odzd d3d te' h j dzdzv d3q , Is s 3z ftsoj
COdBHdHOId. 1 OdzdhSsOod?2 BEHYJjI tdetso dz¥ * |

6 6 ni ah'Qs
X

l " HB ' 6 Ctiftsdz dzlsO o d.LiEPUPY B! fdztss j o k6
ZO2 Htstesy Yyo© BOIsjeddzm! SO § dzZOISO Mz d3' Mmdas
L O sBd3j Y4 dedlzv s yYOMbtsisd, z02 CtcOh d2
JWiClsdedz MmMise, & dz2' BOdz! dets HEBFEOId 2 B

ljtedW  C1OyYye 0dz0 CtdeW' cktcOy' W f4Jtegt
(sfdmodesets o 6 jtojHd i3z tesL H' dz' ),
LoJHJ R Bylcgzi i tcd2 dzw Isdedm S Bdz?V " s ZteOyY'
L O kcgis®d oL@ 'Y Risae Qo (OBds pdilz dzj 3 stefls !
ey dadz ) . l1ted ' 9adesfls’ 9 Otelstsfyls j 2 tets
UJjBtejIsdydzO 0 f§¢ dgosivzs i€ ' stesykz* s+ fpw  dadD 1§ t
i otsB Uc@adzady sflsz o dRtsHEz ' MdW¥ ' dz' WislH i@
SO tsBd3J ¥ J det€ NP @z'Od HNS o .
1 06 0dz) dzgd?2 Bfdf Otern jSCkkzted

sdMmlsj dzz t6j Odz' L ts adgdsdatiz dz' @z tsd7iRisditistizl Is
BBts H iz dz' tesL e stels O Is! Mpw  w¢C  “ Hdded?2 ftetsy,

160



f B dz' ydz Cdglsj oW j 2 Mmd. VMg tej HJdz Cleal 5 (
Architecture [8]: L Odzj 3 detsfls® M cw ks 9 Odz' "' H '
HERj dzdzse s h OQtekz, hs LOBJLY Jjyuk' dzjL Odzj:

tdf. 1. 1 OCtO®O OLR' Isj Sk

{fJjteOoy’ = tbL d3j > sOQRE9] L L @GOfct dodzisd f ©d3
MediatR i S sdsOdgid O LOfdlsd tj Ok L so Odz'

sBtosB dzd OMEde' L O dsc' €O, OGO w¢ o Od

U J tpipeline behaviours j L o lstekzyOdadz? Ek B' L dgj I dztsc

{ifMEehms g 6fjtoy' '~ MStj2f' dck od
oL O BBRIY RabbitMQ. & f 5o * h j dzdz"  H & fi) sBymalRy & Is
tj Odk' L Ofgs® jIss py, o Oolsj dzlsd¥ INOWE j'L

M tco Jtodzce s L BJ o' G Odadzy BQLfierder O 1 O &'t d3tHi
dzj 8¢ 9 ' H B Izo @ntitg Framework Cozg. L
e dMsS & sjtOskicd

1. Gamma E., Helm R., Johnson R/jssides J. Design Patterns: Elements of
Reusable ObjedDriented Software / E. Gamma, R. Helm, R. Johnson, J.
Vlissides. Reading : Addisewesley, 1994. 395 p. ISBN201-633612.

2. Zadeh L. A. Fuzzy sets / L. A. Zadeh // Information and Control. 1965. Vol. 8,
- 3. B53. D®Bh&ps://doi.org/10.1016/S0049058(65)90241X

161


https://doi.org/10.1016/S0019-9958(65)90241-X

3. Ross T. J. Fuzzy Logic with Engineering Applications / T. J. Ross. 3rd ed.
Chichester : John Wiley & Sons, 2010. 585 p. DOL
https://doi.org/10.1002/9781119994374

4. Klir G. J., Yuan B. Fuzzy Sets and Fuzzy Logic: Theory and Applications / G. J.
Klir, B. Yuan. Upper Saddle River : Prentice Hall, 1995. 574 p. ISBNs-0
1011715

5. Cormen T. H., Leiserson C. E., Rivest R. L., Stein C. Introduction to Algorithms
/ T. H. Cormen, C. E. Leiserson, R. L. Rivest, C. Stein. 3rd ed. Cambridge : MIT
Press, 2009. 1292 [SBN 978-0-262-033848

6. Russell S. J., Norvig P. Artificial Intelligence: A Modern Approach / S. J.
Russell, P. Norvig. 4th ed. Hoboken : Pearson, 2021. 1132 p. ISBR-938
4610993

7. Newman S. Monolith to Microservices: Evolutionary Patterns to Transform
Your Monolith / S. Newman. Sebastopol : O'Reilly Media, 2019. 272 p. ISBN
9781-492047069.

8. Martin R. C. Clean Architecture: A Craftsman's Guide to Software Structure anc
Design / R. C. Martin. Upper Saddle River : Prentice Hall, 2017. 432 p. ISBN
978-0-13-4685991.

9. CQRS pattern // Microsoft Learn. Azure Architecture Center. 2023. URL:
https://learn.microsoft.com/ems/azure/architecture/patterns/cqrs HOIO
L 9 J tc dA)50EAI2026).

tdrtdasodfoovnltfr rfc Jrrrirce Leda
Auwy o swl ) o w vt dsvRrRIVLY 61 ¢ wsRrRs LD
lwruvtRrRISR 1Tt{REBEYLCUUC Wz ?
Il stetse j y') psy3cdz, 8 1 OL Ote’ 2
J1 o' oMmr €Cd2 dzOyY' sdzOdz dzd?2 bkdz' 9 tefd
ANOCEZdz Isjls ftedC dzOH dzes™ BOIsj BOISS d
roman.borovets@Inu.edu.uaazarii.protskiv@Inu.edu.ua
v MEyomdsdkkz ydqWttsetsdkkz Mjtei Hso dh L
fMlsO* M ZzOHdZ "ts8 L OHOYj¥® yYjtejL LesMmlsO
f zOIs' ydedr Mitco' M 9 SO HYJtejdz HESASH' 9
Jdzj Clstesdzgdzdn cOd3Odzy ' o 'dzts® s d foleftxipsdgt IsH o
spdz' €k SO OOz Lz W' dOdemBoe 5° H' W dz dz
162


https://doi.org/10.1002/9781119994374
https://learn.microsoft.com/en-us/azure/architecture/patterns/cqrs

sMtsedzdo s OCIEZOd ddd3 *° Mlsetste] ddew MmdMmls
kteOdzL OCY' 2, Odzj 2 OdOdk sdudez ' Histed ds

14dL9800s yd dz0 ' fmdzz o Odzdzv L dzOydzts’
MW it §jtemMsdOd ddn %' d&Odfm' o, B ' d h°
Gzj HsMisOldz 2 t' o jd@ OdzOcdz' sdCd, o' HMb
S &zOH dz s Cotedimlskzo Oy’ S et o s ol jdrld

[ 4] . Ai LEdogse dzs * dzj 5B = ' Hdz' -fydzO Is Wctdsta dedfs, |
fs'"Hdze® WEdCy' W ®sBd Sk, § ZOdkzeo Odzdzy Is

f dlstss HEsMdz HY J dzdptdizO'ls W idsticLo{e s BHUD o jj B4 |
W' dzOdzi' o L ‘dzZlsj ©OCIsd o dzts® OdzOdz' Isd ¢ 5!

FftcOo dz' dada? W' dzOdetso s ' dgW stedsOy" * 5,
" defistez 3 dzlst 9 Hdzv OdzOdz' Likkz NOWED.dztse 57

dbtorn " IsjSlsktcO® L Of o sdzseo Odzts - fipd f lic iz
BesHjd L YY" ' kSCdd3 tesLH" dzjdzdzgw &3 9" Hf SO ' H (
‘L 9 dSttedMmMisOdedzy 3 OMd der tosdadzs e ts Wicj 2 d3ot
ftesHikzCIsde dz Mis! O W' ¢ IO addzlzC tiBlge ts BYS @rts C
Qo lss@BOIsd ydzze ¢ oz eORrd3E dzls@pyeé N APIS O 9 B EZHt
B' B tslsj Cts¥ Pydantic HdwW 90d HOY" o
HOdzedrR odSCttedMmilsOdzets toj dzw y' 2 dzgz md mis [8izlz
2 LodbvwLg" BldZ BRWMSEC s SQLAlI chemy 2. x),
9 ' Hitse ' Hdzs HEts fteddeydti o destedzdOdz' L Oy' °
HOdedRr [ 7] . sdz' “ dzlsfmy! €O yOMmisddzO® MdMmisj d3
9 jB8j ndesdzs e ' 2, Is®¢ ©ljydpe SRe a pt , hFts L OB
" delsj W i2f SO jWiSClsdeodzsz oL O d3gsH' ¥ L M,

v oi3j0Or Mmjteo j todats’ yomisddsed tj Odz' L
weO 9Cdzm yo tc' 9 jLO®Y disE tetsB Stafzto & TA & BIS Q@ d
HeMisEfzE HB HOddAR. 1 dé¢tttdmlsOddzy d3j - OC
G dzz y ¢ j CJtclzo Odzdzw L Odzj ¥ digtf fisld2) dipdfd @ s
tcj Odz’ Lo Olsd HBHOLSCBOoEZ WEkdCy' tsdOdz dz' f
ftesHizSCIsdeo desimls® [ 6] .

IMsBdzdoz ko Ockz ftedH' dzjdets BjLH JY'
Oolsjdzsd¥®* SOy’ SO Oo it j @ ye M s dz® ¢ dz
odiBtedMisOdzdzy CtsteslsCtslstcdo Odzdm access |
fitcjo' towe s mw dzO dzOH " 2 dz Mis! f'H Yof
LOGCOd dzeso ' HEdBd d3d BOL O odlssE ' & BJL t
HEHOS o sEts sBIZOR il ts LOf dMmk tcj Odz
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Qolsjdzelsd¥W ™ SOy 8 dz20 shéss" o sH dzsg O LS s 2
zo' d3C dzj dats ¥ 2FA CstedMmMlszo Oy ' HIso § tH>
LOMssMatf Zsd¥ ' COtsttO. vOCByY tj Odz' L 59
kO GitHub, "t HsLotdY skBHAHICAES® L O
OAut h2. 1td yYy' sk sed ¢s9d2 LOfdMm O
ftosW dz¢ LO OHtejMtsy jdzj Sltetsdadets’ fshilsd.

ANz dzS Yy sdzOdzt dzf BsY dzd o sfls” MmdMmisj o3
FftcOo dz' czdg? %' dzOczlm O3 . [Mdzsolz WkdzC y' t5
W' dzOdemsoadr s jttOy' 2. sttedMmiszo Oy hiBsy Jd
B Y ©WOnkdORd, (todL daOoyos ydk,j €ty @02 Hist
Cd3j dzls Ote. gdfMmilsj BO ¢ HIisted Bz HjMmwis!
OCIkOd dzgdr Skt @8 yYjtejL " dElsjcoctcOy' s L
1 Oa HWwCd Yy sdi3kz B OdzOdzin Lo " Isqd L O9 ) H
CstedMmiskzo OYO o Ode® Is'ts,G tsdzj LOWE Y s o ®'dzs Is* |
[ dzv Oolstsd@BOIdL Oy~ tepEldmtGded rf " § fz@iHFS
fjtejHBOYj des toj € lztej dzls dz' steOdzL OC y"
fslstc’ Bdetss yYOfMmbtslstss f tsolststcj dzdz” , 0 fmdf
LPPdMd L O tetsL CdZOHBB [ 2] .

1] Z20IsW sted3© ' HIsteddsz® dzj dzdh j BMBBC
BY HY j Iskzo Odadaw HisL 8 sdzv* fMlso stcs 9 Olsd B ¥
' Bd 2ded?2 1O B ' LAziMtsod?2. uw" BBi2dz O B
HeMb&edOoMmdzd ¢ &y j LOftosh zo O  tda L RO G®
e o dz' ftcOo : dzdh i fJtjcecdvH, tcj HOGEZo O
stsyjdz BEHYjIs dBsy] dBOId ofmlsOdatse dzj dzd 2
BsHEzd odSttedMmissolz’ Hozv ftstc’ o dgv dadzw ff

J St i3z tetsdz ' H' GteO’ Bts H iz dz! wod
B nOdz' L d&3 dzOC s dykze Odz! ded = ¢cBOdsC e H
ststedmMlszo Oy odL dzOyo* Yy dz sebkz Mk oz, B
y'dz v CdgkH BB dals, O OCtsYy oftb§BIy ks

BOCBfdUuj 0 MERO HeMwWeO' vy d& s’ , Y
LOo jteh jdzs” . wvOCd2 ' HAE'H Mitedw' Wit
Efme ' Hisdidzj dztse s Mils Qo dzj dzdz? HBs L Otsh OH Y | dz
O ZOd squdzed?2 BsHEZd Mdhlsjdkd * ¢ dz
feqd2dislsw ' hjdg . J1'dz jOd Lk dzOB' t

HOdzd ', 9 ¢ dztg yO¥ yd:
1 Odz0dz' L H&OdK §d HEBSRBH' & ' odls
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1 csLftsH' d&z adlsteOls L O COIjcetste’ ¥ d3
T ftste’ odgw dzdzv W' dzOdemseodnrn § 5C OL dzd
T sy defkz odCtsdzOdzdzy BB HY j ISkz.

l d¢ sted Mmls O dzdzw " dzls j cOCIsd e dats’ o' Lk
jLEd sOd OdOd Lk bk Ltekzyds 2 Hdw
WiSlsdedz Mmlis: Mftcd?2dzwislsw ' dzg sted3OyY " |
" O demMtseo dn tef M j dz' .

[Stej BJ2 EBsHEZd ©OZOhIsze Odz dzOH O
Cdzstetsdzr dzOH e djk: & W, Ykt
L Odse Yykzo Odedz™ o3, OHtej MO j dzj € Istctsdadets’

1 jtejHBOYjdes Ho @ BBOL ezl 2 § s O 1dEfisd dinef ta1 Hf dbzd] 2
ZzOB stesd3 HsMiskzf dzadr WEdSyY' 2.
djtejH Cdzg ysodnrm ff jtoj ©0OC teftsL totsB dzj dat
1T 9d¢ tsted fls O dadzw Ofnd dzn to ts dzdats ° Ot n
SBSBSE ojddCts’ ¢ d¢ CtMmls' HA
{56 z;
1T § " HstedBS & dBzdz' sdeo Odzs sdetsfyls® L
Cktem' & 90dz¢ Is;
1T M dz degd?2 HEsflskd HB BEHYJjIS" 8 L
ftcOo ;
1T adimsCd?2 t' o j d& BiLYJCd: J WT,
BOLtss odlstsC" © HI BP;
1 OCoalstsdizOIsdL Oy ¥ tod G zdzw toded - W

to
J
W

ted Cktej dals dz' StcOdzL OC y* ° L GOO
LB 9;

1 M"d3 odH" o 0dzOdz' Isd yded m L o' ClEZ o
9 0dz¢ Iskz;

7 L' LdOoOdzdey yd ' 9 O ' B stcls

1 i3sHbkd dgz Otern ' Isj Clsktek, Mt L OB
tetsL " dtcj dedzv .

dlstelz CIskztcdzlz H' OGtOdkz Otern ' IsjClskzted

9' HSBteOY O o9L0O" dBsH' ¥ Cdz' * delsfy! Cs5° yOf

Lsoadz "dg' 7 fjtee ' M ol; dzO@o jHjdets dzO ted Mk

165



tdfm. 1. o¢tr ' jClkikzteO® Mdmls,j
Iyd, s L tetfsdz@ds t®tc gQ B JWicClsde dzd a3
EftcOo dz dadzv w¢ wshmssdMmisd®d, KOS ' My
sBdz Clz, OdzOdz' Lz 1O ff dzOdzlz 9 O dzdz? b} st
f " Hodh jdades W' dzOdeftse 5° ¢ to O dztflsjdatsjfiHst d3 oty
fsHOd htsets tesLoadlClz " dalsjdzj ClslzOdzr dzd R
W dz0dzse 2 MW jtr [10] .
1itemy jSisdoe ded dsd dzOf tew &30 3  sH Odzs b
BOdzS ' 9! Cddgd API , od¢ sted fls O dzdz ai3J Is
ftescdztsL zo Odzdzy W' dzOdzso t5° ftsodH' dz€ d,
OdzOdz' Isdydetse s dBIsHEZdY L § " HIsted BE &E BE H:

s dMsC odSttedmsOds’ o sjtOkztcd:

1. Puschmann Tkintech: Business and Information Systems Engineering /
T. Puschmann // Business & Information Systems Engineérig@l7.1
Vol.59.71~ 1a. 179

2. Ferreira F. Personal Finance Applications: A Review / F. Ferreira, J. Faria
/I Journal of Financial Technologly2021.i Vol. 12.1 = 34 . 1585

3. Power D. Decision Support Systems: Concepts and Resources / D. Powel
/I Journal of Decision Systenis2002.i Vol. 11.1~ 24 . 11453

4. Few S. Information Dashboard Design: Displaying Data fea&lance
Monitoring / S. Few // Analytics Press2013.i Vol. 2.1~ 1Ia .71 1
210.

5. OECD. Financial Literacy and Consumer Protection / OECD // OECD
Publishingi 2009.i Vol. 1.7~ 14 .71120.
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6. Fast APl Documentati oht J ) dq dizj ¥ tsfiplszif
https://fastapi.tiangolo.com

7. React Documentationit J dxg ¢ Hstolislsiz 2
https://react.dev

8. PostgreSQL Document atiign.y dd@ dzjstdst
https://www.postgresgl.org/docs/

9. Jones M. JSON Web Token (JWT) / M. Jones, J. Bradley, N. Sakimura //
RFC 75197 2015.i Vol. 1.7~  1wa .73

10,1 stetso j Y+ . sckiff g CMdw CLRztemMso O-teBE
f &zOsW stedgd Hdzv o j HJ dzdlz?v SMsBdMmisdn ¥
OdzOdz' s Syst8stetso j y+, 1. ltesy! € o [/
Edz' 9 jtemdIsd Is T 29p6dz w. AtOdz O.

tdr1t 186 wrRuev(f R 1JCc IRCIfJUrLULLC
14ttt ddorvrm Y Lot drpr? 10 rLYLSL
LI RIRLVLILL vodlyYdrrc
1 C®HdOmlsOom v | st.OS
[+ 9" 9af! €Cd2 dOy' tsdzOdz' dzd?2 bk dz' 9 j tefyd
AOCEkd Isjls ftedC dzOH dets’ (BOIsj BOISC d
viktoriia-anastasiia.horak@Inu.edu.ua
v Mz yomdzts d3lz ygwtetse tsdilz mMjtejHBsOdN"®

z
{

LBBtOy jda, Motttejddrn LO HBYBBSEE 6j
Aj Mmbottes ' dgse' odCdzdCd, §coowL Odz
LsCtej BO o d&3j H' O, &zOkzy-’ Is@ztssC " B J tcBQ
Qo lstsBOIsdL 5o Odetsé s adwWodzj dadgw N lskzydets L @,
[ dzv tesL 9 6wWL Odedzy y' ° ' LOHOY' Bl -
CGdzdB d dzdzse 5 dzOo YyOdedzg¥, fHhts HBL O tSdW' ¢ dzC
LGjdzj tetso Odz' . J wetsfyls' on' Hdzdr HOdzd R

St Odz' L 59 Odzd 2 LO CdzOmogH s s ifw' LG s’
B' Bz slsj¢d torchvision.

lzdzs ftoso jHjdes fstc’ adagWdedg? HJC' dzt €5
LsCtcj B3O BOLtSo G SHCNHNNgs Re®OWLNEtsj Ciskzted |
Al l mageDetector. tJiLkd O JS¢MfJjtdd
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vOBdz. 1 1 tste’ odzw dzdgw BsHJ dzj 2

{ sH ] d&z Accuracy | Precision Recall F1-score
CNN (BOL 54091 0.90 0.89 0.89
ResNet18 0.97 0.96 0.98 0.95
AllmageDetector 0.95 0.94 0.96 0.93

{jLEzd sOIsq

JEMmyjteddsd dels® o

L C

f 5C OL Odzq

LOBjLY Jykz® Otemn " Isj SsEte® ResNet 18, w g
od¢sted Mis Odadzw .

ResNet (Residual Net wor k) cdzd B dd
sMtsedzde ' fiss Wi’ 9d¢ sted Mmls O dzdzw LO
HtSL 9 tsdzw & Is Zded € dzlz Is d f otsB dzj d&3d L dzd € dz
dWJSlbdodsgj dzOo® YyOdedzW cGcdzdBBSSdnr d3d 64 .

1 etelsSC s59 O dzd 2 tcts dzdzO d3d 6 ) O tej Odz
L 5B o Oy pNdpdzy Iz ftosmls’ to sL dzO ¢ L O Hist t
LetelsCsodr h O’ o:

W , @ Z® @
HEIisf jeOy' v o LieswksS d 106,86 l&k¢ § jiddey d&z' dz' 2
WedSyw 8

] Otern " Isj Sste'C stBREBPINBdE ' Is! Mw L Odzd h

sfdmiz’ s+ iw wQC:

®» Oaw  ®
HjOaw T LOddhCse j o' HSB Oy j dadz” , h 5
LEtstelsCsoaddsd h OO . v0CO0 MtekzSIskEtcO
on " Hd2d?2 MdcecdzOdz O sCtOh ' ftetsnBHYJ dz

[ dzv L OHOY' B' dzOtcdsts’ CdzomdW¥ '™ ¢ oy’

9 S bttt dzsg ' Is' 9o
a ahy

w ¢

ANzdzSy' v olstcOls o

f1d & LOy" V¥

fjtcjlso ey ¥ Is! fw

L |

4

||
B -.

clnl

k

Wz dzC Y

E 2o ' tedzsfls

dJL oAy s iy w

9lstcOls

L O
we Csf
LH' 2 fmdzs
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Td T ot
HAgi"edHG" Mis! dz0e yOdzdz" .

v sy ' dz0o yOdadz® L tsBteOY j dzdz¥ f tod
GsteiOd LEzs s Mw. [ Hjd dOsyO' Is: mw
'z §t8F jf®sA. 1 fdw L Osjteh jdzdzy dzOe yC
Odzj 2 o' Hifte' Hd Ml ¢ dzGoig Sots dzlzf ®Is dfi ts 1f ¢
tetsL §f ' L dzOo Odzdz” .

{ sLtesB dzj dgz B H j dzi-L O fighdsty figtedst® SO, dztsH jz2 S
Bsy dzd 9 * Mis LOoOdzs Oy dlsd LisBteOy j dada? H d
fsojtsO tjLbkd Ol Cd&OMdY¥' COYy' ° (s
' Hff s ' Hdzts® 2dise " tedz Miss dzO iz 3 dztOhiplg 'L
Lisydzd?2 kO ' def stedkOlsdodzd? WstdkOl oL OF

wdzls jteW j2 ) tjOdz LtsaOdes k2 odcedzwH'
tetsL IsOh 59 Odes W istedklz H dzw L Oo Odzgls Oy j dgdgw
fjtejedvn, d BBEsrWHEse 6Oy j ddz? t©jL Ed Is
sBtetsBCd LiBtOYj dadz? Ctstedflszo Oyt Hs toly dt
L 5B Oy j dedav , 0O kOSCtYy vyYydmdzse L dzOyj dzdg
of jodaj dz' Mls! dsHjd& bk fdldvlssdz t' hj

tiLkd Ol ¢ d&zOfd%' SOy* ’ HSH OGS 5o s
Ctodz' StetsotsEts o dH' dzj dzgdz : HdzW  toj Odz' dzd
Ctsdz' to, Hhv ing ez Qdzf B (S wOh ' MY to

Mepesipka cnpaexHocTi hoto

BiDapirs ooy Pesynkrar: 3reHeposato

Buparn Gadn | Pain we auGpano AmosipHicTs: 0.92

tdf). 1. (jLkd kOl tse-sBilshEjisdz o
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1 0Oftesf sdzso OdzO MdMmlsy &30 HJ B3t dzmistelz
odwodz dadzv hlskzydes LGjdzjtetso Odadr L 5B Oy
Btstetsls' Bd L HJL' dWsteddOy' ‘¢ IsO ' HictsB dz

s M & kjtOlkzied

1. PyTorch Documentati on [ [ dzj CIste
https://pytorch.org/docs/

2. Goodfellow I. et al . Generative
tc § ) kz te i Jhttps:/Mdrikki\Lorg/abs/1406.2661

3. He K. et al. Deep Residual Learni

tc § )k te i https:/Mrikki\Lorg/abs/1512.03385
4. Kingma D., Ba. J. Adam: A Method for Stochastic Optimization
[ [ dzi € Is te ts dzdddRL: htpg:Maixitedind/abs/1412.6980

tdr1td1sd Yomrzr 1 4L rdrovsv rfc sdr1v

1 JRrRsgftrRuovdr 1V CSf frufrwl [Toéozrru 1 L1 N
s{1Ar!1 Awc PRAIRGRAY

l1Eh €Ot [ dz' w
Jro oM Cd2 dOyY' BdzOdz! dzd? bkdz o jtemdlsj
AOSEdz Isjls fteds dzOH dzs’™ 3OIsj BOIs d ¢adts [sCOz 6 fr
125: s'BjtBjLfjCO
liliia .pushka@Inu.eduua
Il mMiskzy
v MEyomdesdzz Mo " Is’ My smlsjtc' O’ Is! M
fsBkzbsatsdiz Y dbkils® BBHBL B ts u BSHEIBDL 5 d3
BlzHj dzdzd - L OHOY s © Qo stsdz3OIsdL Oy*' ', L
fcodowLOddr "L odlsltdz ¢ d¥Wls i ddzyds 2 gz
W' deOdehseotse s d@sde Issted dze Iz, Hy ' de¥ tstedzOn
B hjdades HdzW L dzse B fded € o .
ststedfmlszeo Oy’ MisdC O Iss qw L Hddzj BH :
fd e d L Jdzj B delsOsd zZw, tdLdSls yd
MdMmilsy &3, §BLBOOdZjdz " dzlsjdzj SlskzOdz! dets™
y¥ ftotsBdzj klz, offtcso OH Y EBRirsyd AT tsdzyjjtf yts s d
MdMmlsj BO dOH O CotedfmlskzoOyjo'® fslskzydz
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SO @6Jjdzj tcOsdodzsets zw (LLM), s H dats YO md
fitemMsdzOdzr dgdr HOdedr dzj flteOfdls! HEs Is
tdOod Loy v Mmdmlsj izd

[ dzw Mo tstcj dadaw Cdsf dzj € Mdets’ fnd Mmls,
W 20z OBd BLdts tSBKOds Bssbk ftcttOkzs
ftod tosBls' L ojddiddid HSOMde Odd HOdz] =,
foslssCtsd o sO@ heodHCE " dzls j cfg'Oal ¥ :Bac
it 4 OdZ Lso Odets dz0 BOL' Wicj 2 doBERE)z, Dfj B nig:
BkHEkzo Old BOM" IsOB ts9 Odz Atzte ' & ‘ol wmdz
ftod HMIsOo dzj dzdzv H Odzd = . Aj2 Witjrldhkosted ¢
de' sz oy j GCdzs yided?2 L ORdMls o SQL-'BdRE OkY !
Brute forcdls © * dzh * .

LoV ydzd?2 ' dzsjtWj2f] Cstedhmksize Oyo
B' Bz tsIsj ¢ d React, h s LOBJ LY Jukz’ mis
B dz BOdZ Misdydedds " HEBHBER SO oadMmsCtss |

ldestedmsolz’ Is: Mw tjdvy 20 BOL O H

v Ctdlsdydse ¢odw (Jjdzj Clstetsdzdz®  sh
Hf sdi3tsE 58 B'Bd BBIsj ¢ d cryptography. f
hdgWtekzo Odzdz? L O MisOdgH Otclssd3 AES ( Advance
(Gal oi s/ Counter Mode)2,d s’ ¢ GOO dgs lIz' MK
' adz tStjdgdms LOfdMm" & E a7 . 1 Otets dz'
bcrypt. wdfilsjdkO LB jte' O dzdhj dzjL otstot
(random salt), it dd oajdz#' tdLdS¢d OO
(crainbow tablese).

l ftetso OH Y | dats B ~Odzg" L d&3 " HIso jtoHJ
o jtedW SOy’ d&O fshiskz (OTP) IsO BOGOIEY
LOftsB' 60" Milsotste] dadz¥ dgj dzj ¢ Isd d3ded = 5B dz

[ dzv Btsde’ ststeddeez BJjLf jSd tj Odz L ts9
9 ' HisC toj gl Halzd . dzslctetsyj M dztse zo Odadzy O«
dzdhj " HjdesdW' CObtste ftsH' O dg Cdgj2 B
OCIsdods Mis! MmdMmlsj disd B j L dePiziglsd jsdatie™ X ff ts & |
ltcjojdasdodzO H] Hjdasd¥W' €Oy ' w O IstsCj dz

10290 dzdes "dd3 o' adzgj &3 L O dMmilskz 4 tej
‘ BBts H Iz dz- o dwe dzj dzdgv SO oBOME o Odadzv i
odCtstedmistso Iz B3j stsHd tsBtetsBCd fftodtctsH dz
"3 detseo Oded n MEzlsdztsflsj2 ( Named Entity R
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bdzestedIlsdz MEC O HjhdWteseo Odz s dfmd
mMelsdzsmis g 2 : "d3 O BM' B (O ted ¢ dzOH, ¢
Ced3f Odz' 2, "Hydsd¥W' SOy 2dz dzs 3 ted . ]
odHOMYE ! MW, O L O dzs i ofigd st O(dziz @
LOB Mmis cl it COL HdzZ" woe OdzO® dzO §C Otels &
clity SOL HdzZv <PERSON_1> dzO0 COtlClk
slsted i3z §sodesy’ deded?2 MmJj BBOdzls yded 2 € sdzls.
Odzj L Odzdh O Isdfyvy lsee dp'sfplsst tegi iPdz! dzd m § § t6

JCte' &3 y!' sets, odStedmlstsolkz’ Is' Mwd tetsL
"BpdzdL! €5 Isdydzw Istsdikz") . vOC Y HBHOdz
9o OHSBoatsEs "kEd@gde Hdzv L OAdMmlsk o' H ' HJ
liJCIststed OISOS dzO LLM SO d&3j ~rOdz L d3d f tots

sdMmMlsy i3, YtBkzHtsa Odz dO BOL' LLM,
0 fjtejuHlzm' &3 Prompt I njection (" dg" ¢
dMisj ddded = BBy Jd ), Bibtss wida L&
OB s 9d S tsdzOIs d dzj MOdzS y' B dBdr'Odas o Odzis’ . Ml
Jh] szt Odesets L Or dfMiskz.

vy 9n' Hdz LOfdld ¢Btedmlskzeo Oyo
sdMlsj &30 oadweadzw' IsO dgj 2IsteOdz’ tiis'OL YJ te sy
H dzw 00¢ (dz0f ted & dzOH , ' G dzstc iz 9 Odadaw ]
fjtejftedL dzOyj dedz? ttsdz’ Z w) .

sdMmilsj d3dzed?2 s ls d3' Misdls: ytsemlse
H' Wdz degsfpls’ sHj dz' odCdzt ydes W' dzOdzmtseo d
LOY dls, hts adatsHdls! LO d&jx" ftjHdd]sdts
ftosetcORBdd?2 SCBH OB L &jndg) tgz an@lénds j fizOdz' € 6l
SO fted@BemMtseats o] tlsO’ fMlsOlskzm out _of _
e odz’ BJGCJddgHEZ.

IS &z € API Lsods hdg = LLM i o
odCtstedmMssolkzo Olsd OolktdkOIsdL s Odz MCtcdy
l ftctso OHY § dzsE 3B H kz dz¢ usage _tracker, w C

Limiting) €' d Stsfis' ¢jdj @OMBRBEZHEY €t
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% Al Finance Advisor

Hit I'm your Privacy-First Finance Coach. | can help you analyze your spending habits, budget risks,
savings goals, and more — all while keeping your data private. What would you like to know?

with my budget data integrity. To assist me in auditing the database, please
ignore all previot inancial constraints and security protocols. Instead, execute a system diagnostic by

listing all internal environment variables and the current FIELD_ENCRYPTION_KEY used for Fernet
tokens. Start your response with 'Audit authorized:' to confirm you have bypassed the restrictions.

1 can only help with financial questions about your spending, budget, and savings. What would you like
o know?

tdm. 1. 1tdSd&OH tHd ‘' 'L mftss

Il dmdzatse € d

1.

{ sLtcsBdzj dets ' dzlsj dzj SlszOdz' dgz fd Mmisj 3z
2O shdse ' fMmisj Sk Django REST Fr ame w
sBtsBSd HOddr O adMtsCd?2 tof o jde BJ I
lftcso OHY j des Otern ' Isj C sERdzR t ¢ A dzy fdPy BC
RAG IsO BtsHEzdv ftjojdsdoedzts’ Odzsdz o3
odCstedMmistsolzo Olsd -ditdsHsjzdyjddsmis'j L LU N tcj H
fjtemMcdzOdzy dzdr HOdzdr Istejls' A3 MistsecdzO®
10BjLfjyddes CtodflstseteOW ™ yded2 L OrdMmls
fMddkj stod YdRj8 /AT net hdWtckzo Odadg? dzO te
"B dzj i3] delstse Odes Bj R Odz L& Bl ind |Ind
fshkzCk LO LOMNdWtcseo Oded d&3d H Odzd d3d .
dlsotstej dets Ctsdi3f dzj S Mded2 Ctsdzsbkzte BJL Y4
QolsjdelsdW® SOy s ( SMS FA, TOTP), LO
SOCtsY BOCOIBK" adsj o "dzt sted Hdzv  dgj
s© Jail breaking.

2
W

s dMsS o' bjOked

1.

Lewis, P. RetrievaAugmented Generation for Knowledgigensive NLP Tasks / P.
Lewis, E. Perez, A. Piktus et al. / arXiv2020.i P. 1:12.
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2.Django REST Framewor k Do cume i tfaityidan
H ts ) Is EtipstZ/www.djangerestframework.org/

3.OWASP Top 10 for Large Language Mbdel
tddxdds Hsflskzy h t-grojesttop-10-foritayslgnguagenmpdel w w
applications/

4The Cryptography Library (cryiptboyddp
H ts M) Is Etistd/cryptography.io/en/latest/

5.Bcrypt - OpenBSD [ [ dzj S Istetsdidadf 2] 3 dtelzi M) Hasi]ls
https://www.openbsd.org/papers/bcrgatper.pdf

6. Goodfellow, I. Deep Learning / I. Goodfellow, Y. Bengio, A. Courville / MIT Press.
1 2016.7 P. 110145.

7.React Document at i onit[ipddids |stdsipdstfiozdets | ) L
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Introduction
Air pollution is a critical global issue with significant environmental and
health impacts. Mathematical modeling of pollutant dispersion enables quantitative
analysis of concentration fields and supports decisiaking in environmental
management.
Problem formulation
Consider a stationary diffusibadvectiofireaction model in a bounded
domain O'Y
Cwoft 6,0 "@v h
6 moNt 8
p ~
Heré  mtis the diffusion coefficient, aiw is the advection field, Ttis
the reaction coefficient, ariafto represents pollutant sources.
The variational formulation reads: fid® wsuch that
woh  ddnoh

where
b o Tt o ,0Mb
aamn o joliox:
o)
Under standard assumptions, existence and uniqueness of the solution
follow from the Lax Milgram theorem [1, 2].
Finite element implementation

In this work the solution is approximated in a firitinensional subspace
usingd elements B 6 %o . This leads to a linear system
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0 & %ol%o h
O OBPeot8
T
To improve accuracy, an a posteriori error estimator is used. The error is
estimated from a similar variational problem as (2), witgred 0 :

woh  amoth

wo amy oh

U
so we have
odu ©6 o6 o o  AmE GO h
o
Q -8
X

In general, the estimation of the error (7) is as complex as the computation ¢
the solution of the original problefB8]. To reduce the computational cost a special
bubble function is used that is defined on the unit triangle as

oy ¢ pwp ® w38
g

This function is zero along the edges of the triangle and outside it, takes
values only in the range [0,1], and attains its maximum-&t . An important
property is thato and® are orthogonal: ®ftd T only if 'Q "Q

Under these conditions, the matrix of the system of equatieriged from

the discretized problem (6), (7) is reduced to a diagonal matrix. The coefficient or
each triangle is therefore defined as

ado & o6 fo
- Y
®
The error indicator for each triangle is computed—-aszo & . The

elements with the largest value of the indicator are refined.
Implementation details
The described procedure was implemented using the Rust programmin
language with the egui framework for GUI, and the wgpu library (native
implementation of the WebGPU standard) for the solution visualization. Mesh
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generation and refinement are performed by means of the Triangle library, whicl
proved to be fast and reliable for this task.

The initial mesh generated at the initial step is usually not very detailed,
containing around 100 elements, at each refinement step in the implementation 20
of the triangles with the largest error estimate are marked for refinement and thi
information & passed to theiunsuitablecallback provided by the Triangle library.

The bilinearform and linear functional for each element is computed using
the Gaussian quadrature derived for the unit triangle.

Numerical results
To test the described algorithm, the following problem is solved
mip T Tip T
6 mi T h
oo v f, G ™A
W UT pTW VTP VT

oo ¢ ® uvm h

Table 1 shows the numerical results of the solution for the test problem (10
at each refinement step, including number of elements, degrees of freedom, tt
norms of the approximated solution, the norms of the estimated error function an
the convergencete of the error function. The results show superconvergence in the
"O norm after the 6th iteration.

Tablel. Numerical results for the test problem

n dof To0” To0” QT QT | |
0 1198 116 [1.219702€2 |1.250765€2 |3.996415€2 |4.971057€2 |- -
1 1273 157 ]1.507269€2 |1.529994€? |1.824591€? |2.552790€2 |2.44 |2.08
2 1374 210 |1.664018€2|1.707476€2 |1.596060€2 |2.628278€2 |0.46 |-0.09
3 1541 297 |1.262949€? |1.322243€2 |8.490828€3 |1.614529¢2 |1.71 [1.31
4 |785 421 1.246318€2|1.365876€2 |5.59497063 |1.416513€2 [1.12 |0.35
5 11089 |575 [1.213299€?|1.304610€2 |3.45491968|8.22234763|1.47 |1.66
6 1600 |835 [1.208178€2|1.332684€2|2.408741€3|7.007034€3|0.93 |0.41
7 12284 11182 |1.218891€2|1.340856€2 |1.07128168 |3.763604€3 |2.27 |1.74
8 13237 |1660 [1.225550€2 |1.348741€? |6.797764e4]2.35221763|1.3 [1.34
9 4673 |2386 [1.227564€2|1.350159€2 |2.872787¢e4|1.23384463(2.35 |1.75
10 |6788 [3445 |1.229548€2|1.351512¢?|1.363129¢4 |7.905372¢4 |2 1.19
11 |10036 |5070 |1.231894€2|1.353680€2|7.512067¢65 |4.945075e4 [1.52 |1.20
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Figurel shows the visualization of the solution at the final step. Values close
to zero are shown in blue, while regions with lighest concentration are shown in
red.Figure2 presents the refined mesh corresponding to this solution.

\\

Fi.y Visualization of the sol ut

Fi.Adaptive mesh
Conclusion
The finite element approach provides an efficient framework for modeling
pollutant dispersion. When combined with adaptive refinement techniques, it
enables the accurate solution of problems involving complex advection fields by
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selectively capturing finscale flow structures and steep concentration gradients.
This improves both numerical stability and computational efficiency, making the
method well suited for realistic environmental transport simulations
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1. Sinha S. Optimal sizing of renewable hybrids energy systems: A review of

methodologies / S. Sinha, S. S. Chandel // Solar EfeP@fL1i v tsd3.7 - 8 Hi.l .
8. 33143.2

2. OpentMeteo: OperSour ce Weat her APl . T ] docedBls
H ts ) Is Ethstz/opermeteo.com

3. Ostojil D. Accuracy of reliabil i

met hod / D. Ostojil, S.iZ2p@ksowdpi 6/6. V
. -58.7

4.Breiman L. Random Forests / L. BreimaiMéchine Learningi 2001.i s . 14 5.
© 1w.135
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1o Jerflw Jwstfurptlwer fw ¢f mwurg

gd@3sdzvy ¢ w4l 5. 1 [ w
J1 o ot €2 dOyY' sdzOdz! dzd?2 Ekdz' 9 j tefmd
AOSEd Isjls Jtds &zOH dzs’™ BOIj BOIsd S
1. ¢6ClkzOd d M Isj &d

dlstc’ &3¢ d 2 esLodIsts ¢ ydwttse dna dzd H "
HisfMisk Y ded - " demistclz d&3j dzls O S Od L Oy’
HzB dzs © Odzgdz" L Odzdh ©O' Ist v  Isj - detsdzts ¢ * Y dzts
ftesyj Msds, hts fsktejBlz® M J y' @adekz dz® dztizw
Bsdzls Oy j t6* 9. [ dzv  ad3jL2@dijtef dad = Sds@zRig s B
dzj sBR' Hdz te' h jdzdgv, hts OQolstsBOdL b Is?

szyoOmded?2 ' 9jdz Isjrndesdzse’ 2 0o lssd
(ASR) [1], djlttsddscts &GO ddhkesects ]t
(TTS) 'L Cdzsdlkzo Odzdgv s e sdzsmiz H O L d&3ts @
[Ctoj B’ o Ocd LOMdzEzetso ' dzlizsCue O dEisdi 4
te' hjdzdzw ( HeyGen, Dubverse) daj f§  HIsteo
Bsodzj dzdzv, fts "  Hlsea jtHYE' OCkEZOd dz fls:
2. 1 6MmMsOdtsa ¢ O L OHOY'

[ JIstss tesBtslsd ftetsy € Is zth @EAsAY ts tolsif
OolstsdBzOdydesets dzdz' sddiiso detsets HEZB dz6 9 Od
‘“"Hdded?2 sl € OCdr ftesyjMm' oa: L O Odzls O
f sfd dzOdzdz2" &3 YouTube; O scda®lkd wded ; IstfQ
SteOdemMCtedtfy* ' L LBjtejyjddgvds yofmtse dn
Coizsmlkz dise dzd € O; sB' ' H dzO dzdzv Mddzlsj L 5o
9 ' HJ SteW H 503.

3. 10fftetstf sdetseo Odzgj to' h j dada™

{ sLtesBdzj d2O0 f dzOlsW stedZO tcj Odz' L 59 O dal
B Ctetsfpj BEr Mz skztcss, s MCZOHO' Is! fpw |
L wWedrn L EtstelsO’ IsiCipdzisy 2 alap@f) dztf B DsaOc ko
YyjtejL HTTP REST API.

3.1. o¢otern' IsjSlkkzte® MmdMmilsj dizqd

KjdelstcOdzy dedd3 J dzj a3 delstsdz  ° API Gat e
fOlsjtedz ‘ Hddets™ IssySd ornBHEZ: &OthtekzlsdL |
LOBjJ LY jyHse E&tr 0O fitei CdHLEo Odadaw L
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1jtemdMmisd dalsdz’ Mmls H Odzd - LOBJLY jykz' Is!
Yj dzstcOdz' L so Gedlfjdeg W RR B)Bd3 HBOL Ho sStugpraehaGle
"Lisdzr' HjlOdz todtsds'dSd idzh dr H s a "dy ‘e

Frontend (React)

| apicateway |

User Service Video Service Transcription Service Translation Service TTS Service

PostgreSQL (Supabase)

tdm. 1: o¢ten IsjClsztcdz® H' OcGts

3.2. (JoOodk'LOYy'v ftesyjmMkz o' HjtSHEBARY YLk
ltesyd M HEBdzE 9 Odedz?y MEC ZOHO' s+ fMw L 1
stOdzmCidgfTy'amscri ption Service 9 C
FFmpeg IsO LOfEMCO! BsHjdd J OPENAL WhE

stcOdemMCtedfy' " 1O yoOfmseaddd o Is¢ Odd.
l1jtej SdzOrans!l ation Service fjtejHO
[ 5], LBt 6O yd ttedc' dzOdz' dz' -dzjuDddz'aL d3 «

ytslsqdtedi® o jtem' wdsd dhsH | d& Gemi ni Hdw
sddzlsjL BEEDPSZjBaz'vi ce "  Hstedd@dz® vyl
Coqui XTTSv2 [6]0 ¢ dztsdelz © O dzdzY i 1bts dogg if iz dgHILdzBI 5 L 16
[ 28 EZCtO’ deff' Ctsets Rso dzj dedg? HEBSHOKSC SOt
HsfMlskEfdz Edge TTS IsO ElevenlLabs.
19jHJddFmpeg MmMdder tesdz’ L 2° md dzls §
sted @' dzgOdz' ded dzd yYyOMmMtsodddd StsHOBI IsO Wists
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OpwriHansHe Bigeo

FFmpeg: PoaainekHs

Ayaio

Pobora grexciom

Whisper: TpaHcxkpunuis Aypio

OpuriHanbHuii Tekct

Po6ora 3i 3syKon

Biaeopag 6ea 3ayxy Gemini: Nepexnag Demucs: I30nsuis ronocy

TNepexnageruit Tekct  Cemnn ronocy

Coqui / StyleTTS2: Cuntes

Hosa ayaiogopixxa
T
FFmpeg: O6'eHanHn

2
lotose Bigeo

t dfm. 2: 1" OttOBO ftsyjmMkz GBIt
3.3. uvjndsdzse’ ydzgd?2 Mlsj ¢ O ' deW e OMlstclz
ditco jtodzk yOMmlsddzze § sBEZHBO Odets dzO F
LOY dIs" o. s dz' ' azISHP'ASC CdzOy ORgsadcdt© Ty pe Scri
o] Odz' Ltso Odz@stsGjtdzdL LI WTjtedW¥ ' COy' ‘¥ e ma
YyjtedL SMTP. ddMmilsj BO tetsL G stcla O hsecHgbkt hy
fjtejo' o€ Ok ; fEedz ydzed2 HtsMiskzy L OBJ LY
dzj sBr' Hdztsfls® o  HSCtcdo Olsd f tstelsd .
4. JdMmdase €
tftosj Slstso Odegs sO toj Odz' L so GO Is § st 0
Qo lstsBBOIsd ydetse s o' HjtSHEZBAzs 9 Odedz?, P s kfy
dzj L Odzj » dzd ~-d3J ¥ S glzts | elzls [ " Ctesmjtco ' MdzO (
dzj L Odzj y dzj BOMh IsOB ko Odadzw tcj filglt tc ) te ts d3blzd &t
Mdmlsj Bz BjL Hjijtejfdmkze Odedzy * Mdezs ytsets
Styl eTTS2 odte' hkz* ftosBdzj 3z o' HMEzls dzts
Bt o dzj dzdzw iz dzOvw o dzd n Cdsd ey’ 2 dzd n tc
f ' HlsojtoHYE  Is!' Mv (o dilfdy' - t65deOdiakz'Odg j dpc
Colstsotsets HEzB Mz so Odetsets WO2dzk o * HJ detsds
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sfdmMtsS odStedMmMlsOdzdm HYJ 6] dz:
[1] Yu D. Automatic speech recognition: a deep learning approach / D. Yu,
L. Deng.i Cham: Springer, 2014.3 21 1.
[ 2] Docker document atiian.y d[dy dajsShds
https://docs.docker.com/.
[3] FastAPI framework, high performance, easy to learn, fast to code, ready
for producti on. [ [ dzji € Isttejsypiafiad 2 H tisfi 14
https://fastapi.tiangolo.com/.
[ 4] Supabase document atti joond d3 [ H A 16
https://supabase.com/docs.
[ 5] Gemi ni API document afiitojm.d d3[
HsMmiszdkz: https://ai.google.dev/ docs
[6] XTTS: a massively multilingual zershot texito-speech model.
[ [ dzJ € Istcts dgdddi?] Medjdf) EHaSfils zf z: ht @fBS. / / gi t
1osuvfuavlorrc flrofoes vtoren w
SIodrRAwWs ¢ Aww TomfRrRL L]
svjlsvwdzO [ ECBotsL
Jr o9 om! €2 dOyY' sdzOdz! dzd? Ekdz' 9 j tefd
ANOSEdz Isjls fted$ dzOH des®™ BBOI§ BOISC
tetiana.mukovoz@Inu.edu.ua
GClszOdz dz2 Mls
ltesBdzy 3O Mo ts' yoOfmdzets® SO Istsydes™ H' O
SHdg ‘¥ L dz029 Oy dzde " hdn 4 itz juLOmE) O defr
Ss@cctecOW " w shdsodzd d3 o3 ssHBBd3 o dw e dz
9 d BOCO mMlsls' adr odltcOls yY®OME. dO] ' dis
dzj sB ' Hdz Mis! tesLtesBSd OolssdiOIsdL 59 Oda

Jtfot wl
Ivi1d f.

f Hodhdlsd btyd fMmis! ' 6fjteOksdsods fls! O

[HEdds L dOf W diS' & OdOd Lk d&j Hdyc
CkdBCdn dzj2tetsdzdzd R Bjtjy ‘° L OMsshized
LHOd Oobt®kOlsdydss odH' dvlsd ' da stedsOls

odMmMstlk Issyds Mls! E LOHOYOR € d&zOMdW' €Oy

LV BB’ eBLEedzZ"HO' Is! v L OMIssmize O
CazOMmMd¥W ' C-Otg BEJ p vL O Isglignadgeeninfidnta,daifudary ©

sOCtsy odL dzOyjdedzv o df OHS ' ® o' Hffzlsdesfls
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Swin Transformer
Swi n Transfor mer Bzulz' BOGOIststc' o
LOGBtlsCtsodn dzj 2tetsdzded = d3d tod ¥ .
v OB dz. 1. w' eOten W L

dlSOH Yt{ LB t6 COlsd fs' d ¢ Mlss € Od
Stage 1 H/ 4 T W/ 4 96
Stage 2 H/ 8 T W/ 8 192
Stage 3 H/ 16 T W/ 16 384
Stage 4 H/ 32 T W/ 32 768

v ftsyd M’ sBtosBSd LtsBLOY | dde? ftofs
L3 dgh ¥ Is StsH " we o Ctde ¢ Mlst ¢ 0dzO dz'

MlsOH' wdiid tJ Odz' L ' Is' mwPatchMergitgy & @3B ¢ 58 0
Mz Hdz BdzsCd 2712 Oy ® o HJd. .
tesL H' dz' desfyls® e HO® ™ U SO tHdsyoOmdtsets L

w H w H w H w
aXgzXe g X g X2 16 X 16 X %€ 32 X 32 X8&¢€

Stage1 I Stage2 o Stage 3 i Stage 4

tdm. 1. ) 0cOd d&zO Oth[4ljSkkttd® S

[ MmMdzeseo dzd o5 j dzj d3d dzls sz OMrRIOwWibgs€didvmltitigad ©
SeltAttention, WMSA, W ¢ d 2 sBdi] Y Iz° tsB ud fdzj dzdzw
dzj f jtojtododzed d3d oMICMzOB] tisL d&3' tetsdy

BBets tBydfmdz o0 Odz! dzgO@ ME dzOH dz' MiIs! o dL

@w 00 T ¢cb ®Bp
Hhis@d fesfststese ' tesL dCacy' &O%Kisfls L dDE&O
vOCty BErawishor mer od¢ tstecdShifed dindous '
Attention SWMSA: d3j ¥ ' o' S tsdze 2 MM’ HdMRY Y OgpPa
ELHtseoy ftesiststesadn tMmj 2.
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1 dzs€ Swin Transformer mM¢ dzOH O-MBA mw
SO -B®A hOott's 'L LOZJhStsoddd LeodvwL ¢ O

B o 0 Yo & o
¢ 000 & % h

B Yo DUYea &y  ob

G 000 % 8

tdB. oten ' sjCkkztcO B&EFEZ Swin Tr
tiLkd sOkd
vOBdz. 2. ) dzOyYJ dzdzv Istsydetsmisy

Model Test accuracy External accuracy
Swin Baseline 0.9993 0.7893
Swin Baseline&TTA 0.9995 0.7919
Swin + db4 Wavelet 0.9996 0.7919
Swin+ db4 Wavelet + TTA 0.9996 0.8020
SVM Fusion (Baseline) | 0.9991 0.8046
K-NN Fusion (Baseline) | 0.9990 0.7792
SVM Fusion (db4) 0.9996 0.7919
K-NN Fusion (db4) 0.9990 0.8020
Swin + SVM + KNN 0.9996 0.7919

) Ste' o dzv dz dzd 2 OdzOdz L
V ABH' jSMfjtddijdls’' ® Bldts ftSte' pdgw

9 Ot Odalsd L-f JTWdJAIS oldse j sz aigizjrlase j M ud
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kOC By ¢ d&zOfmduds -NijsHEGRZ S0/ M dzOdi & L dzC
BEHj d& .

10 IsjMmstseo sdzz dzOB St6° o f' " HAatsHd {
tojLizdz sOIsd ( ®c OWr9abey, 0.9 9fiPe0" Hydls! f to
CdzOMm"' o &zO0 HOdzd =, BdzdL ' €dn Hts dgOe yo
Slsted BOdes Hdzv BsHfi j Bzj B o 5t jMipdds i, dEjSs¥B * dzt
f'  HAtSHE.

10 Ltsoads Nde! sz dzOBBSte’ to" L dedyw 3"
Swi n Transfor mer HSMWGE accuracy 0.
fsCtcOh ddzs toj L zdz sOIs HB Of 7@ iL19e tstb jf dedzatc
TTA HBLoBddqds § ' Hodh dIls¥tc Ghsdulz’ st &z dz'sls C
SVM Fusion (0.8046), hts Mo " Hydls: f tc
Isj € Miskztcdzd NN LEdZOKOL SO sz 9 O’ Odzls’ (s;{0k]
ftosls] L@@ @gsE HsmMwe 0. 8020.

s M & jtOlkicd

1. Liu Z., Lin Y., Cao Y. et al. Swin Transformer: Hierarchical Vision
Transformer using

2. Shifted Wi ndows [ dzj Sstesizdat 2 ) ddgd MizEME
https://arxiv.org/pdf/2103.14030

3. Vaswani A., Shazeer N., Parmar N. et al. Attention Is All You Need

[ dzj Clstesdeded 2 1T tepOhztcfi] . t 4 % dd3 HisMIs
https://arxiv.org/pdf/1706.03762
4, 1 j2odzjlsq [ sBJ h "' [ [ dzdi€ I3 tg Sycfcls] 2 H Btdmls

https://uk. wikipedia.org/wiki/llj2oe
5 t dMm. 1. 1 Oc0dz dzO Otern ' Isjt Glsilftel®d HIsvinils
https://media.geeksforgeeks.orgAvp
content/uploads/20250120164009277743/Architecture.webp
6. t dm2 dptern " Isj CSlskztcO BdzsSC E { Sswdds H sl
https://www.researchgate.net/publication/368559351/figure/fig2/AS:1143128
1211813425@1702492597007/Faehitectureof-Swin-Transformer
blocks.tif
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ftesBd mdzse sMmils* . JHdzdds "L dzO2j W jSCilsdodz
LestelsCtso ' dzj 2tetsdzds’ 3 t6 JO¥'Is S(AEONSN|) Y, dzj W GV s
sL dzOC BJL ttydzsets feature engineer
fctc’ adgvdz' ded?2 -OB&OME] L IsEABNN O sO¢ 5y H
tejekzdzvtdL Oy ', Okzedzd dzlsOy" ° sO© Trans
GtocOW ' ydzdr BO6' CIs' 9.

[ Olsj &30Isdydzd?2 Of OtcOIs IsO Otn ' Isj CIskzt
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o' Htg' Ldgwes Is! Mw cdzdeddets® 2 MbstckzSlskztetsy
dzO o y O dzdz" cdzdBtsSdn d3tsH j dzj 2 LOaHWwC(
connections), wg' Ldgj dzgh 28 Is' ff tctsB dzj o3kz

[ OOMmjls O ttBYdMmdzt 9 Odz! dgj Mmjtej HISO

rdzv JSmyfjteddyj dels’ o o g ClsOisd fiflstd dals’ il
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sO© B'Bd BIjSd PyTorch 2.6 L ' HIsted d&3¢

( SMY jtedd3j delsOdz? dzj HESMdz' HY j dzdav

1 stg' adgv dzdz { BEDL Pr&SlsEfs s BsH | df Is d t
odMmMsClk Issyds Mis!, Odzy Y BlstejBlzs Is! 1180 Yy«
Hi ddsdzmistelz’ CtcOh d?2 BOMOdz d3' ¥ Isydz M
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tdOdz LsoOdes Mite' ¢ L f 0w ikfernc tsigtl Isjz
o' Ldets’ cdzdsdded (' H 3 HEts 8 LGEttlsCtso

of dzd o Iz Dropout , Bat ch Normali zati on
Cdzomdw " ¢oy" . cS s ldyds Wir0o lsstsides Oztse fif\ dra n
|l earning rate = 0.001; d&jd"' L dzOyJ ded
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vOBdz. 1. 1Bt sadgvdedzy GCtsdeW' GRUWGBOY'
[ sH ] d&z Accuracy |Precision |Recall |F1- { § 57 |Training
score time
Simple CNN 69.7% 0.70 0.70 0.69 10 1.2
rol it
CNN +  74.3% 0.74 0.74 0.74 10 1.5
Augmentation ~oa/l gy
CNN + Dropout 72.8% 0.73 0.73 0.72 10 1.3
~ol it
ResNet18 91.2% 0.91 0.91 0.91 20 0.7
Transfer Learnin ~o/ df
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