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cghlZpeM klZlls jhalJey”Z}Ivky gl _e_dimZevgdnkizigigyZ” e Jichg

Ilhjbg]lm h[f}fe\ iZeb\Z gZ km~ge Kbkl _fZ \bjerm} |Zde aZ\"Zgg
|1Z hpegdZ ~Zgbo ih[m~h\Z fh”_e ¢ |IZ ijhlJgham\Zggy_gyZq_gvVv
lgnhjfZpecgZ kbkl_fzZ kdez”~Z}Ivky a 1Zdbo ie"kbkl_f g kbkl_f:
gy *gnhjfZpe€ ie"kbkl _fZ ie~]hlh\db "Zgbo i*"kbkl fZ HgZe-+an
[db "Zgbo ie~kbkl _fZ fh™ _ex\Zggy |Z ie~kbkl _fZ ijh]ljghlmm\Zgg\
Jgham\Zggy i _j ~[Zg_gh fh"mev dhf[egm\Zggy ijh]Jghagho agZq
gbo fhhe\ dhf[egm\Zggy ijh]Jghagbo agZq_gv M J[eevrhkde \biz~"
ihfz]Z} ihdjZsblb ydeklv ijh]Jghas\ < _dki_jbf glZevgec]qZklbg:
ey"Z}lvky ijh[e _fZ ijhljgham\Zggy h[ky]e\ fh eb\h]h 4Zglhyg gg\
iZeb\hf gZ hkgm\djh\tl Jmeyjgbc a[ej "Zgbo ijh je\ _gv IZ deevde
a_j\mzjZo gZ km~rge >ey ijh]Jgham\Zggy \bdhjbklh\m\Z&bky |Zc
\qgZggy fh”_ees $5,0%$ 6%35,0% _dkihg_gp*Zevg_ aleZ""m\Zggy
" \e fh”r _eBISfh" e Hpeddkde hljbfZgbo ijhlJghagbo agZq_gv i
ky aZ “hihfh]hx gZklmigbo f _Ijbd ydhkle 0$( 06( 506Z 1gnhj
“halhey} hljbfm\Zlb \bkhdhydekges ijh]Jghab deevdhkle iZeb\Z
Ibie\ Z IZdh™ maZ]Zesgdhdd ihdZ

Dexgh\e Xdlgl e _dimZéwkd ZfZ ijh]jgham\zZggy f _Ih"bAtgZzZdggh]h

fhgelhjbg] iZeb\Z dhf[egm\Zggy ijhlJghagbo agZq_gv

<klmiUha\blhd kmgzZkgbo d_pmh2dhdyckdezZ~gbfb | _ogeqgbfb h
IZ kbkl_fzfb ~Zeb jha\blhd ki_peZesah\Zgbfgfy htZIf Kihkeesam
yde ihklecgh a[bjzZxlv h[jh[eyxlv |Z hpegxxlv egnhjfZpex ”"Zgg
kbkl _fb \ peehfm P _c ijhp_k ghkblv gZa\m fhgelhjbg]m

Fhgelhjbgd_ kbkl_fZ ihklecgh€ hpegdb |Z ijh]glyam]bdbg klZg
geqgh]lh ijbhhR khpeZevgh]h IZ h[ }dle\ egrbo JZema_c¢c gZ hkgh
j__gv < jzZfdZo kbkl_fb kihkl_j_ "~ gv \eA"[m\Z}Ivky &kRdhgpev azZ
klZzgm h[ }dlZ |Z mijZ\eesggy h[ }dIhf \ aZe_"ghkle \eN \ikeb\m i_\
jbg] nhjfZevgdhzZyZalv yd kbkl _fZlbggbc ijhp_k a[hdme€. iZlyZe-c
i_\gbc h[f}dl y\bs_Z[h ijhp_k a f_lhx \e~kl_~ _ggy afeq dhgljh
% jmglh\Zgbo jer_gv gZghkgtdmhg§fgpe€
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Fhgelhjbg] iZeb\gh€tlpbkljhp_k \e~kl_"_gByebggmije\go f o \
ljZlhx iZeb\Z a \bdhjbklZggyf | _ogheh]ec “ey i**\bs_ggy€ _n_dlb\gl
af_gr_ggy rde”*eb\bo \bdb”e\ |Z \er"oh”e\ aZih[e]Zggy aeh\ b\Zggy!
gbf "eyf Fhgelhjbg] fh™ _ \eA[m\ZIbky \ j_Zevghfm Q§Z¢geqB[h i_jeh~ L
hpegx\ZIb "bgZfedm afeg IZ i_\ge | _g”_gp*€ KmqgzZkge Kbkl _fb fhge
kl_fb [m~mxlvky gZ hkgh\e \[m~h\Zgbo kbkl_f yde \bdhjbklh\mxlyv
gm rbgm gZijbdez® &$1 "ey i_j ~Zqe “Zgbo Z[h aZ ~hihfh]hx
mig\eeggy iZeb\hf yde ih}iCegirhkIVv_H36 a ~"ZlqbdzZfb je\g¥ iZeb\z \t
IlhfejZfb IZ ijh]jZzfgbf aZ[_ai_q_ggyf > @ M rbjrhfm kjgke p_ 1Zd
lh\e fhgelhjbg]lh\e kbkl_fb yde i_j_\ejyxlv kis\\2éghh_IZgywbiyh\eljy
eyxlv g_kijdyxghkkbkl_fZo a[_j*]Zggy iZeb\Z 1Z iZeb\gh fZklbevg
Mbihg e\

ce_ skgmxqe f_Ih”b fhgelhjbg]lm iZeb\zZ fzZxlv i_\ge l[f_"_ggy
pecgbo i*"oh”e\ [Zamxlvky gZ klZlbggbo ghjfZlb\Zo jhajZoh\Zgbo
gbo mfh\ sh jh[blv €dlbAghfm "ey Ihggh€ dilpegldible_h | Zevgbo
"bgZfeqg_ afegx\Zgbo mfh\Zo _dkiemZlZp+€ GZ\elv kmqgZkge |_e_
a[bjzZxlv \_ebde h[ky]b "Zgbo am|[vemnhddpexdhgikljZpe€ 1Z [Zah\}
alelghkle Ze_ g_ gzZ”ZxIvViegklemfhdhih ZgZeeam ijbgbg \bljzZl P_
sm} jbabd negZgkh\bo \Ipgleaqpqg)  kijZ\ghkle g__n_dlb\gm _dkien
Z[h g_kZgdpehgh\Zge "e€

Ilhklzgh\dZ ijh[eE fbZ "Zgh€ jh[hlb ihey]Z} \ "hkee”  hgge f_Ih"e\
am\Zggy aZkh[Zfb fZripggoyhijbZ\bjer_gge aZ”Zqe fhgedelZjbglm gZ ij
km~rgh\h€ iZeb\gh€ kbkl_fb 1Il+*\bs_ggy _n_dlib\ghklZVWhdingbklZggy
jhajh[db egnhjfZpecgh€ kbkl_fb ijh]jJgham\Zggy "eyh\bgtm g@y az\*"Z
hkgh\e f_Ih”~e\ fZrbggh]lh gZ\gZggy

:gZeclaklZggeo "hkesgZgva ec<l_jZImjgbo ~ _j_e ydeh\bk\elexxlv
[e_fb fhgelhjbg]m iZeb\gbo kbkl_f ihdZam} sh ]Jheh\ghmI_g”*_gp-}
gZkgbo kbkl_f fhgelhjbg]lm } \bdhjbklZggy eggh\Zpecgbd | _ogheh]s
jZlghfm azZ[_ai_qoghhehZet fZrbggh]lh gZ\qZggy \ ijhp_ke h[jh[db ~Z
lhx i*"\bs_ggyhkhgghgelhjbg]m 1Z ie*\bs_ggy _n_dlb\ghkle ijbcgyll
ijb d_jm\Zgge iZeb\ghx kbkl_fhx MijZ\eeggy fhgelhjbg]hf iZeb\zZ }
ogheh]eyfb ~_ kbkl_fb fhgeligélg\mh }jedg@xgh\bfb Ihfm ijhfbkeh\e«kl
\k_ [eevr_ rmdZz} Z\IhfzZlbah\Zges |Z "bklZgpecge jer_ggy_"ey a”eckg
jm\Zggy kbkl_f a[_ZbXggy i

:dimZevgbfb | _ogheh]eyfb fhgelhjbg]lm } [_a”jhlh\e kbkl_fb fhg
\Z < jh[hle > @ hhagleydimdbkl_fb fhgelhjbg]lm \ ydec "ed fZdkbfze:
Ib\gh]h \bdhjbklZggy “ba_evgh]h iZeb\Z 1Z kijhs_ggy kAh}gqZkgh]h
"Ze_gbo fekpyo \bdhjbklh\m}lvky ijhlhdhe :HE6RFNHW “ey i*"de
eb\Z 1Z fh[eevgh]h ~“h*ZldmZewg h]&kinge AZ\"ydb \bdhjbklZggx f_j_
Wi-)L dee<}glb fh mlv hljbfm\ZIb egnhjfZpex ijh kih"b\Zggy dhgljhe
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gbc je\_gv “ba_evgh]h izeE\Zo\lpaghm\[ZIb €f aZ “hihfh]hx fh]
AhArZIdm

Mjh[hle > @ "“hkee” " m}lvky ijhjdi@f\VZggy \DRhdhlhdgbh€ kbk
fhgelhjbg]lm gZ hkgh\e }fgekgbo ~Zlgbde\ Ijh_dl kijyfhrdZ\gbc g:
l[jZ"bpecgbo f_Ih”e\ 1Z \klZgh\le_ggy gh\h]h klZg*Zjlm _n_dlIt
mijZ\eesggy iZeb\hf reyohf j_|I_evgh]lh \b[hjmké&&Edlgyd<o _jg adhjidb
gbo ko_f ey lhqgh]h \bfejx\Zggy \ijh\zZ~" _ggy kdez~ghlh ijh]]j
gy “ey h[jh[db kb]JgZee\ IZ i_j _I\hj_ggy je\gy Z IZdh" kl\hj_gg
eh]lh egl_jn_ckm dhjbkim\ZgZ “ey \eamZeZzahmh|® YZKkbho m j_"bfe

<"hkee”  _gge > @ [meh aZzZijhihgh\Zgh ijh_dl ydb& \bdhjb
evge ijbkljh€ ~ey Z\IhfZlbaZpe+€ \bfejx\Zggy je\gy iZeb\E "ey |
ex 1Z 1ZjZzgIlm\Zlb lhggm ih~"Zgm [_gabgm gZ aZijZ\dZo M kb
GSM-fh"mee* 1Z «¢im&@evges "Zlgbdb iZeb\Z bkdbkmh b lfgdekazZp-£€
kijZpvh\m} dheb je\_gv [_gabgm ZghfZevgh afegx}Ivkyw fh eb)
"b\Zggy Z[h ZghfzZze<€ m f_j_ "¢ kih'b\Zggy iZeb\Zz

< jh[hle > @ azZijhihgh\Zgh kbkl_fm fhgeIhilZgim}jg\gly dhgh\:
ImjZpex *B*mey $SOLFRP a jhajh[e_gbf ~Zlgbdhf P_ ~ha\h
jmxqge kb]JgZeb a fh[eevgh]h ijbkljhx "ey ~bklZgpecgh]h fh.
< jh[hle > @ hibkzZgh ijh_dl ydbc ijhihgm} \bdhjbklh\m\ZIb |_
jer_ggy ijh[e_fb fhgelhjbg]m iZeb\Z > _1Zevgh ij_"klZ\e_gh Zi
j_ZeeaZpedmjhijh _dl j_Zeeah\Zgh gZ ieZlnhjfe $SUGXLQR

?n_dlb\gbc fhgelhjbg] \bdhjbklZggy iZeb\Z ~“ha\hey} kdhjh
"b rde”eb\bo ]Zae*\ \ ZIfhkn_jmZhgZclfhfm_ hdgh[eb\h \Zeeb\e ~h
N ggy kijyfh\Zge gZ kdhjhg_ggy \bdb”e\ \eN adkigmztZpgg§ykm
eggh\Zpecgbo djhde\ Z 1Zdh" g_j_a \bkhde pegb gZ iZeb\h Ki
dhgljhex}lvkygghfb ihem” _ggbfb al\elZfb i*Z dZ#&hj_gkin a dhfizg
yde \bdhgmxlv px ihkem]m \e” ¢f ge km~ghieZ\gbo Z]_gVvkI\ a
dZ ]Zemav ahk_j ~" gZ gZ _n_dlb\ghkle \bdhjbklZggy ilZeb\Z a
Ao\l yd j_dmi_jZpey \e?ijZpvh\Zgh]h |_ieZ hylbfeagpeyg mh\{KkglZ
]him\zZggy 1Z _n_dlb\g_ ijh_dIlm\Zggy dhjimkm km*gzZ > @ G
[h~e\ \bdhjbklh\m}Ivky ijh]gham\Zggy kih 'b\Zggy iZeb¥YZ \ jzZfd
jbglm 1Zdh  \Z eb\_ ~ey hilbfeazZp+s€ mfh\ _dkiemZIZp+€ km~gZ

Hi_jZIb\g_gkyp2ggy kih b\Zggy iZeb\Z gZ km~"gZo migdezZ”gx
eb\e dkiemzZlZpecges 1Z _dheh]eqge mfh\b Z |IBdHhghl[kinkIkbeh
ij_~klz\e_gh \ jh[hle > @ AZ hklzZzgg} ~_kylbeelly ~ey\ijh]gha
ghkle km”~_g [meb aZjjhgrgh\Z2h¢b _dZephE.€<i h*ghfm a pbo f_IF
[meb "hkg="hzZdlbgge "Zge a+ al\e¢le\ ih\ yaZge a* kih'b\Zggyf
kijh[Z ijhlgham\ZIb kih b\Zggy LZdh"  [meZ iphAgfygiZ enlp\sh @yZ |}
hkgh\e ijh]lgha+s\ ih]h~b "eyidZjEjggy km” _g aZ ~“hihfh]lhx :\IhfzZl|
kl_fb e~ _glbnedZpe€ $,6 > @ G_a\Z Zxgb gZ |_ sh skgm} [
| fm aZa\bqgZc \gmljerge |Z ah\gerge nZdlhjb [Zde yd mfh\b gZ
sZ \el | o\lye€ Ih[_jlb Jheh\ghgBh "M\bj*deklv km”~gZ Ilhsh g_olm)

ISSN 15629945 (Print) 5
ISSN 27077977 (Online)




Kbkl fhgeoghe#](62 206 ©6\VWHP WHFKQRORJLHV?

<bdhjbklZggy f_Ih”e\ fZrbggh]h gZ\gZggy "ha\hey}\agZqgh i”"
geklv LZd f_Ih” fgh 'bggh€ eegecgh€ j_]j_ke€ fh _ [Mlbg\dydhjbklzgl
a\ yadm fe deevdhfz afeggbfb a]JzZ”Zgbfbe\tkshx Rnlkciefr gl v B\
\"ydb \bdhjbklZggx \ jeagbo ijh]jZzfZo ijh]Jgham\Zggy GZijbdez" 1
j_li_ke€ fh ' gZ \bdhjbklh\m\ZIb ~"ey agZoh” _ggy a\hyedim fe  afegr
"ey hpegdb kih'b\Zggy _g_jl]*€ > @

Jhajh[dZ egnhjfZpgZghlbqggkl€ flbijh]gham\ZggyKIFkdjiz
kbkl_fb ijh]Jgham\zZggy jbk ij_~klzZ\e_gZ gZ je\ge ie"kbkl_f 1gn
j__ggx azZ izZjzZf_ljzfbfizZkdbeg/gbo fZIl_jeZees\ IFF a[_jekZ}Ivky \ i’
| _fe a[hjm ¢ a[_jelZggy *gnhjfZpe€ Abpgzdviky kiphkp_fib fidhogelhjb
ydec h[f}*gm} nmgdpe<€ kihkl_j_~_ggy ZgZeeam ijh]Jgham\zZggy [
dhf_g~Zpec "ey ijbcgylly jer_gv Ie”rkbkl_fZ ie~]lhlh\db MZgbo knhjfl
"mees\ fh"mev nhjfm\Zggy gZ[hjm ~Zgbo a+ A[fh maephanrjgnhjfZp«1
\Zggy * ] _9g_jZp+*€ qZkh\bo jy~e\ Ie~"]lhlh\e_gbc gZ[*] "Zgbo i_j_ "
ZgZeeam |IZ ihi_[jjiigbh€Ziybo M kdez”e pe}€ ie*"kbkl_fb ghlbjb fh~rn
\by\e_ggy ¢ h[jh[db ijhimkde\ \ "Zgbo fh"mev Zgedesamgihhdhj_ ey
dZpe+€ g_eesgecghkle [Z €€ Ibie\ fh mev " _glbnedZp+€ ly_klZpehgz
lhle _g&Qg ¢ "Zee+ \bdhjbklh\mxIvky \ ie*kbkl_f45lh~_ex\Zggy >
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ljhp_k fhr_ex\ZglwyZithghp_"mjZ jhaih”*em gZ[hjm ~Zgbo gz
l[j_gm\Zevgm e« |_klh\m Pe \b[ejdb \bdhjbklh\mxIvky \ fh*meyo
lJghagbo fh_e_c¢c « \ fh*mees hpegdb ydhkle pbo fh*_e_cbDjZse i
klh\mxIvky ie*"kbkl_fhx ijh]ghraq\ldggynhjfmxlvky ijh]lJghaB gZ hk
ah\bo fh”"_e_c >Zees aZ ~hihfh]hx fh*mey hpegdb ydhkle ijh]gh
hpegxxlvky ~ey \b[hjm djZsbo :e_ fh”"mev dhf[egm\Zggly ijh]gh
ey} aZ ~“hihfh]hx k_fb f_Ih”e\ dhf[egm©Y]gbwngdd hlogddgy ih [Zal
fhr _eyf hljbfZbbZshggy ijh]Jghas\ Fh”"mev hpegdb ydhkle ijh]gt
“halhey} i\ _j~blb ihdjZs_gg¥keinhdghlagm\Zggy AZ ~“hihfh]hx 1
hpegdb aZebrde\ \bdhgm}lvky "eZ]ghklbdZ aZepgldam\& dhg[yZfgb f
N_eyf

< j_amevlZle jh[hlb egnhjfZpecgh€ kbkl_fb ZgZeeslbdm gzZ7~Z
Jgoham\Zggy ih djZsbf fh*_eyf ey \b[hjm hklIZlhqggh]h ijh]Jgham
gy Jhjbahglm

?dki_jbf_glZevgZ gZkjbmgiZ_1Zihf ijhljgham\Zggy Y h]hpdlk i
nZgbo >"_j_ehf ~Zgbo \ _dki_jbf_glZevgh€ qzZklbge jh[jhlb [me!
gZeb yde nhjfh\Zge gZ hkgh\e al\elghkle-iZikIg&¢Jlgg yf4LZ ejlo Xl \
k_j\ekgbfb dhfiZzgeyf IjbdeZ” h”gh]h a IZdbo a\ele\ ij_~klZ\e_g
]Jmeyjgh]h a[hjm ~Zgbo ijh je\_gv |Z deevdeklv iZeb\Z \hWZgdZo
jfZpex ijh je\_gv aZih\g_ggy ifyle \b”e\ 1Zgde\ a "ba_evgbf iZe
lZzgde\ a fZamlhf |Ih dh ghfm IZgdm gz~Z}Ivky fZdkbfzZzzvgz \_
evgbf ydze\gx} fekldhkle 1ZgdZ Kmdmigeklv alele\ \eNrjh\enrZ

j_~_gvVv a Nh
DATE: 01.07.2024 TIME: 08:00:00
Draft: For'd 665  Aft 705 Trim | 130
MARINE FUEL OIL
Gross Gross 0
TANK Ne Sounding Observed DE:?IY Observed TABLE Standard TA:'BLE WEIGHT Bé:“ :;':k
* P Volume (va) | TEMPC S4BVCF Volume < MT(inain in"cu my
CUM CUM .
1 2 3 4 5 6=2x5 7 g=axexy  (Wilnotbe
printed)
Heavy fuel ol tank
Ner HEOT i 540 67 44 0,9682 29 00900 66766 099885 6457 120
Heavy fuel oil tank
Ne9 HEOT Stod/S 624 93,63 0,9682 29 09900 92,694 099885 8964 129
Settling tank Ne5
HFOT PIS 197 11,07 0,9682 70 09605 10,633 099885 1028 11,33
Service tank Neg .
LEOT s 52 3,74 0,0682 80 00522 3565 009885 345 14,69
r
TOTAL: IFO ¥ 17588 167,047 27502
» 01.07.2024 02.07.2024 03.07.2024 04.07.2024 05.07.2024 06.07.2024

JbkmghtNjZ]f_gl alelm j_]meyjgh]h a[hjm ~Zgbo ijh je\
|Z deevdekbWZ i¥éZgdZo gZ
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>ey j_ZecaZpe€ i "kbkl_fZgbblbkhigndjpZpecgh€ kbkl_fb ijh]jgham
gy jhajh[e_g&«dehdl ydZ gZ\_"*_9gZ gZ jbkmgdm gnAfZprlcgldEmdIimijb
kbkl_fb \ {leddfe ij_~klZ\e_gh ~\Z fh*mey fh”mev nhjfm\Zggy gZ[t
fh*mev nhjfm\Zggy 1Z 1 _9g_jZp+*€ qZkhhb\@ZggyeihoLdmhih gZ[hjm
NZgbo "Zge Ng_agh 1Zgde\ i_j jZoh\Zge \ sh™_gge "Zge deevdhkle
"h&AjZ\db « a\_~ g« \ [OV[ nZce

1 Iogenni 2BiTH Ipo PIEEHD
) TINVM B cHCTEMaR 30epiragEs

I Moayas 2) FoprryearEa Habopy
JAHHX 21 IEITIE
.

|
|
|
I
3) IlepeTEOpEEHT Ta |
|
I
|
|
I

KOpeTYBaHHT JaHHX
4) BizvaneHHA aHAm?
HalopY JaHHK

Huzenshe
I Mogyas 5 HaTEHE Bubip Ty )
v
Torasxuru TToxasxuu

Azpezosani Ot KoxcHOT A1 KoxeHoT
HONIHUKY EMHOCTHT EUHOCHI

Azpezosani
HOKATHIUKU

6)

ArperveEanEa Binbip namwx mo oopanoi

: Arperyeansa
IAHHX 10 EMHOCT1 36€DII‘EIBHH -
R HJAHHK ITI0
CTAR 13 EMHOCTAIX 3
o oo

/ 7y Habip zasmm: (4P) amn
Tpemponecinry

Jbkmghdehdo fZ isAkbkl_fb is~]hlh\db ~Zgbo

<eNjh\ergh ~h Zelhjblfm jbk sgnhjfZ\hrey® pkikdb_ 5 M he o
l1Z ijhljgham\Zlb h[ky]b fh eb\h]h gZih\g_gegwdhdhbbl\hddZeyzZ m2dh"
ijhlJgham\Zlb kmfZjge ihdZagbdb ih 1ZgdZo yde \eMih\edZxlv h~rghf
a_evghlh iZeb\Z gbhffZlamimkbk!|l fb ZgZeeam IZ[jiHidhy "Hgh& h
ij_"klz\e_gh gZ ijbdezZ”es ie"]hlhddd v EZHdpadmfek "ba evgbf iZevgbf -
azZijzZz\db < j_amevliZle i | bgbdbagBgmgv \ gZfdrepel 'od gank 1
g_\byle _gh

STL-jhadeZ”*Zggy ihdZam} sh aZ]Zevgbc |Ij_§” R EZggkljna} ihklm
lZzdh™ dhfihg_glZ Ij_g"m kmfekgh a \biZz~dh\bfb nzdlhjzjfb nhjfm}

8 ISSN 15629945 (Print)

ISSN 27077977 (Online)



Kbkl fgeoghedl](162 206 ©6\VWHP WHFKQRORJLHV?2
kex "Zgbo K_ahggeklv ihfelgh \Zjex} m gZke sh ih\Ih{}Ivky d
ki_jkey agZq_gv k_ahgghkle "h\hees lgbayp¥€ ~ggboa \Pylyidc i hf
a\ yahd fe" agZq_ggyfb gzZkh\h]h jy*m gZ \keo ~_\ ylb &@km\Zo
\bf jy*hf 1Z ch]lh akmgmlIbflwddkgdyfibphdgezeeah\Zgh azZz ~hihfh]hx
$&) 1Z 3%$&) AgZg_ggy $&) ihkilmih\h af_grmxlvky ae afeevr_g
0Zggy*r[m\Z}Ivky ih\eevgh P_ k\e~rgblv ijh gZy\geklv |Ij_ @m*"m \ ¢
klbgge |_klb >MjkigizgZ 1Z :jhkcimge gZ gZy\geklv Z\Ihdhj beype+€ i
eb €€ «kgm\Zggy
>h~rZldh\h “h \eamZevgh]h ZgZeesam klZIbklbgge |_kilb ie"I\
gecghkle ijhp_km ydec "hkee m\Nmeye jZ klLIB66sd~LebkbikZ N
| _jjhgZ gZ h”"bgbggbc dhjegv ieMI\_jkbepb-gdg¥)ghkly g
le*]hlh\e_gbc ey fh™_ex\Zggy 9gZ[*] “"Zgbo [meh ih”ee gt
LZdbf gbghf kihHKim¢ h" \lg¥%*e_gh yd gZ\gqZevgm \b[ejdm
\e_gZ "ey gZ\qZggy fh”_e_c |Z ZgZeesam €0 Z~_d\ZIghlkle
r gh yd |_klh\m \b[ejdm ijbagZq_gm "&yhibp iphddphydtblol«fH* e
LZdbc i*"ochegyhangbdgmlb i_jy gdhedbgbh” _ev ihdZam} \bkhde j_
gZ gZ\qZevgbo "Zgbo Ze_ ih]zZgh ijZpx} gZ gh\bo g_\*~hfbo *
Yd hkgh\ge ijh]lJghage fh”_es [meb jhalJeygmle fh”_ed $5,09%
kihg_gpecgh]h alJez”"m\Zggy j_lj_kecge g_cjhf_j_ "~ \edh”" e
dh gh€ fh"_ee [meh ie”e[jZgh kIjmdImjm 1Z agZc”_gh izZjzf_1ljb
gZcdjZse ihdZagbdb ydhkle i_j ~[Zgq_gv gZ |_klh\hfm gZ[hje "Z
j_amevlZle\ fh*_ex\Zggy IZ ijh]lJgham\Zggy a \bdhjbklZggyf [Zal
e_c ij*klZ\e_gh gZ jbkmgdm >ey dh gh€ fh”_ee« ]jZnedb ~_fhg
gy ebr_ |I_klh\h€ qZklbgb gqZkh\h]h jy*m M I|Z[ebp- ih*Zgh
ijhlghae\ ickey gZ\qZeygdyd¥ ¢hkigh€ a [Zah\bo ijh]Jghagbo fh*_e_

..... actual values

= model BSTS

= model ETS
model ARIMA

= NN model

Fuel tank capacity for refueling

Dct.. 07 oct. 14 oct. 21 oct. 28
Date

JbkmghtdjZnedBdibggbo h[ky]e\ fh eb\h€ aZijZz\db "ba_evg!
Ney IZgdZ < gZ |_klh\h€ \b[ejpe |IZ ijh]ghab a \bdhjbklZggyf c
ijh]dam\zZggy
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LZ[ebpy
LZ[ebpy hpeghd ydhkle ijh]Jgham ~ey |_klh\h€ \b[ejd®&_@g@Z hkgh\s g

. F_Ipdb ydhkles ijh]ghse
< Lbib fhr_e _c¢
MSE RMSE MAE

Fh” _ev %eemadZevgbc je\_g
1. ~ . - 1,3343 1,1551 1,0594

lj_g” b g _\Zgl-lav

Fh”r _ev _dkihg_gpecghZiga
2 (fh~ _ev Ohevlz 1,5666 1,2517 0,9637

ARIMA (0,1,4)(1,0,0)[7] 3,5024 1,8715 1,6171
4 INNAR (25,25,k)[7], Max_it=1500 11,4945 3,3904 2,8733

GZcdjZse ihdZagbdb ih f_IjbdZf ydhkle hljbfZgh ih 676 fh"_e
kljh\Zgh « gZ jbk e ih IZ[ebp- e_ \ a\fyadm a« kdmzZ"geklx ijl

\Z\ky [meZ ihlj_[Z kdhjbklZIbkwd§Zehggtb yidhhikle ijh]ghme\ Lhfm [
eb \bdhjbklZg- f_Ih~e\ dhf[egm\Zggy ijh]ghagbo agZg¢_gv f_Ih"
g_ggy f_"eZggbc f_Ih™ f_Ih” KegktZevigh " "b[_jg_ghlh jZg]lm f_II
ih[m~h\b j_]j_kecgh€ fh"_ees a dh_nepe}ghZhlh gZef{jhgb blzd\ "]
e\ f_Ih” ih[m~h\b j_]j_kecgh€ fh”_ee a dh_nepe}glZfb iene[jZgbf
f_grh]lh Z[khexlghldeh_ggyo « f_Ih” dhf[egm\Zggy deevdho j_]j_kecghb
M IZ[ebpe- ij_"klZ\e_gh agZqgq_ggy f_Iljbd ydhkle ijlylghac\ ickey ¢
]Jghagbo agZq_gv [Zagbmofhh]ghc
LZ[ebpy
Hpegdb Ihgghkle ijhJgham reyohf dhf[egZp+€ ijh]ghagbo agZ
"ey gZcdjZshdbdZda™_e_c

. | Lbib fh*_e_c dhf[-gm\Zaglyg F_ljbdb ydhkle ijh]gl
agZq_gvVv MSE RMSE MAE

1 |Fh~ _ev ijHRImk _j _~g_ggy 4,4347 2,1059 1,7710

2 |F_"eZggZ fh~ _ev 3,3955 1,8427 1,5612

3 |[FhA_ev f_Ih~Am fegefZejkgB€ { 2,4205 1,5558 1,2558

4 |[Fh~_ev f_Ih~m a\hjhlgh]h jZ| 0,8535 0,9238 | 0,6858

J ]j_kecgZ fhr _ev a dh_ntps

7 1,742 1,4
° jZgbfb f_Ih~hf gZed _ch\izd™)\ 3,035 , 1423 4338
J_li_kecgZ fh”"_ev a dh_n+[p¢
6 |jZgbfb f_Ih~hf gzcf_grh]hl Z| 0,7938 0,8910 | 0,7434
ghlh \+"ojgg_
N
o Fhr_ev sh [Zam}lvky gZ dh 0.8250 0. 9083 0.7858

evdho j_]j_kecgleo dh”
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< j_amevlZle ihjefighitngd ydhkle ijh]ghae\ a IZ[ebpqgblb fh g
sh Ijb a k_fb f_Ih”e\ dhf[egm\Zggy *_fhgkljmxlv ihdjZsh ggy yd
j*\gygges a j_amevlZIlZfb ih %676 fh”_ee P_ j_amevlZIlb \bdhjh
ghlh jZzglm f_Ih*m gZ high\fh” JekacdZfbeips[jZgbfb f_Ih" hf
gZcf_grh]lh Z[khexlgh]h \«*obe_ggy « f_Ih”m dhf[egm\Zggy dee\
e_c

=jZned aZebrde\ IZ "eZ]ghklbqg_ I_kilm\Zggy gZ hkdh\e fh”"
Jghae\ "h2ZIdh\h ie*\_jA " mxlv yidwklvhifi*reved |ljh \ej gZ gZ gZy\g
Z\lhdhj_eyp+€ \ aZebrdZo aZ "hihflxg¥Z!|_kd mhk;thdkZklbgghkle
GhjfZevgeklv jhailbfdemiede j~° _gh aZ “hihfh]lhx {<kémZR Zi*jh

AZ ~“hihfhlhx hibkzZgbo ijhp_"mj a“eckgx}hf§yfe¢\hflghelm\Zgg
]h gZih\g_ggy *grbo IZgde\ km~gh\h€ kbkl_fb a[_je]Zggk iZeb\Z
gx}lvky "ey dh 'ghlh I1Zgdm ih j_amevizZIZf ch]h fhgelhjbg]m

>ey i*M\bs_ggy _n_dlb\ghkle _dkiemzlzZpe<€ }fghkl_cb\ kbkl_
\Z \bdhjbklh\mxly«k® hpt [ \ iZeb\e ih Z]j_]h\Zgbf ihdZalgbdzf F
iZf iZeb\Z "ba_evghfm iZeb\m |IZ fZamlm Ihkee”h\geklv djhd
Jghae\ ih Z]j_]h\zZgbf ihdZagbdzZf ih\geklx \e”ih\e~rZ} jhdjh[e_gt
ImZevgh€ kbightam\Zggy |BE

<bkgh\d¥ klZlls jhalJeygmlh ijhljgham\Zggy gZ hkgh¥Y f_Ih"
\gZggy "“ey kbkl_f fhgelhjbg]lm iZeb\Z gZ km~ge 1gnhjfZpecgZ
[Zdbo ie"kbkl_f ie”rkbkl_fZ al[hjm 1Z a[_j*]l1Zggy *gnhjfZpe€ ie"
gbo "ikbkl_fz ZgZeeam |Z ihi_j_"~gvh€ h[jh[db "Zgbo ie”kbkl_fZ
kbkl_fZ ijhljgham\Zggy

M ierkbkl_fe ijhJgham\Zggy egnhjfZpecgh€ kbkl_Him}hX®eah\
ijhlJghae\ gZ hkgh\e [Zah\bo Zevl_jgZlb\gbo fh*_e_c¢c < @gdhkle |
klmige fh~_es fh”_ees $5,0% 6$5,0%$ fh~_ee _dkihg_gpecgh]lh a
kecge g_cjhf_j =~ \e BETSfh*| £+ >ey ihdjZs_ggy ihdZagbde\ ydhl|
ae\ \ ierkbkl_fe ijh]Jgham\zZggy [mldB b bdhkllehgw\eZzfygy ijh]lghas\
ijhklth mk_j_"~g_ggy f_"eZggbc f_Ih” f_Ih” fegefZevghB "bki_]j
]Jh jzglm f_Ih” ih[m”~h\b j_]j_kecgh€ fh”_ee a dh_nepe}glzZfb
gZcf_grbo d\z7jzZle\ f_Ih” ih[m~h\b j_]j_kecgh€ fh”_ee a dh_n-
f Th hf gzZcf_gZhRhexlgh]h \e«*obe_ggy ¢« f_|Ih® dhf[egm\Zggy de
gbo fh™_e _c¢

< _dki_jbf_glZevgec qZklbge jhalJeygmlh az\~"Zggy bjh]ghan
\hlh aZih\g_ggy iZeb\hf IZgde\ \ kbkl_fe a[_je]Zpmo [kmeNg A\>b
ijh je\_gv |Z-titevideb\Z \ j_a_j\mZjZo gZ km”~ge Jhajh[e_gZ -«gd
fZ "halhebeZzZ hljbfzZlb ydekge ijh]Jghab ih dh'ghfm a 1Zgd*\ gz
g_ggy ih Z]j_1h\Zgbf ihdZagbdzZf gZ hkgh\e jeagbo Ibi*ebiZeb\Z
f_glm ~h\_"~ _gh sklhkm\&fyge Ijvho f_Ih”e\ dhf[egm\Zggy ijh]g
h{_jg_ghlh jZzglm f_Ih” ih[m~h\b j_]j_kecgh€ fh”_ees a dh_nepe
Ih~hf gZcf_grh]lh Z[khexlgh]h \«*obe _ggy ¢ f_Ih” dhf[egm\Zggy
fhr_e ¢ hljbfZAdls iggy ydhk]Jghae\ \ k_ j ~"gvhfm gZ 1gl_e «
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kbkl_fz ijHajg\Zggy ~“ha\hey} hljbfm\Zlb \bkhdhydekge ijh]Jghab deev
km~ge "ey j_a_j\mZje\ jeagbo Ibie\

E1L?J:LMJ: 5()(5(1&(
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Intelligent system for predicting parameters of fuel and lubricants

The article considers an intelligent forecasting system for monitoring fuel volumes on a
ship. The system lses the following monitoring tasks: data analysis and evaluatiomemo
building and forecasting valudsr decisionmaking. The information system consists of the
following subsystems: information collection and storage subsystem, data preparatias: subsy
tem, data analysis and pprocessing subsystem, modelling subsystethforecasting dut
system. The forecasting subsystem provides a forecast value combination modulanwhich i
plements seven different methods of combiforecast values. In most cases, combination
helps to improve the quality of forecasts. The experirhguatd of the study considers the
problem of predicting the volumes of possible filling of fuel storage systems based on a report
on regular data collection on the level and amount of fuel in the tanks on a ship. The follo
ing machine learning methods warsed for forecasting: ARIMA/SARIMA models, expene
tial smoothing, regression neural network models and BSTS models. The gssggnaent
of the obtained forecast valuegs carried out using the following quality metrics: MAE,
MSE, RMSE. The informati system allows you to obtain highbality fuel quantity forecasts
for tanks of various types, as well as generalized indicators.

Keywords: Intelligent forecasting system, machine learning methods, fuel monitoring
combining forecast values.
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Y :=hgqZjb\: AZcp_\Z
QBK?EVG? >HKE1>@?GGY DGIB2 DA:/FH>12 L1E KDE:>GH2
NHJFB G: HKGH<1 1GL?=JH<:GBO H;QBKEX<:EVGBO IE:LNH

:ghlZpey M jh[hle ij ~klZ\e _gh i*”0o*™ “h jha\fyaZggy laz"Zq f
gh€ \az}fh”~«€ "hjkldbo pbeesg”jbggbo rlZfie\ ea ijm dgp¥fgmbtijhkll
aZklhkm\Agyy ey ih[m”~h\b 1Z jhajZomgdm_fkdelgdogdh” e c
MATLAB “"ey jharbj_gh]lh ihklijhp_keg]lm |IZ \eamZesaZpe€ Hkh[eb)
lih\Zg_ \bdhjbklZggy gbk_evgbo f_Ih*e\ 1Z aZkh[e\ dhdgfirl_jgh:
ijhljZzfgbo iZzd_|Zo ~ey dhggdéddgh€ \azZ}fh"e€ rlZfie\ kdeZ”"gh€
ijm gbf eahljhigbf h~rghjergbf ie\Jjh&KlldayhZxlvky riZfib a djm]h\l
_ecilbggbf 1Z kbf -lgbgaghjfh\Zzgbf _eesilbqgbf deevp \bf j_j jeaht
fm} "\ha\fyagm h[eZklv dhglZdIm iRTTh*mkx p\hd hjZéblgdm \ mfh\zZ
kbf_ljbqgh€ ihklZgh\db az~"Zqs M k_j_"h\bse $QVeV filgllg¢h\Z
fhr e« a mjZom\zggyf ]_hf _ljbggh€ kdezZ~ghkle rlZfie\ IZ \bdhg
jZf_lje\ ~"bkdj_IbazZp<€ gZ ydeklv jha\fyadm _Khd[Z e valrce vhXll+}h
a”sckg_gh \ 0$7/$% ahdj_fzZ j_Zeeah\Zgh ih[m”~h\m Ijb\bfe]j
eaheegec ihey dhglZdlgh]h Ibkdm M f_"Zo aZijhihgh\Zgh]h ie”¢c
g_ “hkee”" ggy aZdhghfejghkl ¢ hk_kbf Ijbgqgh€ dhglzZdlgh€ \
] _hf _lje€ IhdZazgh sh [zZdbc i«”0o® } _n_dlb\gbf 7~ey Zg
jha\fyaZzggy azZ~Zq dhglzdlgh€ f_oZgedb Jharbj _ge¢ fth eb\hk
smxlv ydeklv egl _jij I1Zpe€ j_amevlZle\ Kijbyxlv [eevr ~“hklh\ej
gbk_evgbo fh” _exglv kIRph\m ~ey ih"Zevrh€ hilbfeaZpe€& dhgklji
jZf _ljs\ e f gle\ | _ogeqgbo kbkl _ f

Dexgh\e keh\Z gbk_evg_ fh" _ex\Zggy f_Ih” kdegq_ggpo _e f
lZzdlgz az”~zZzqz rlzZfi ihklijhp_keg] \eamZeeaZpey "Zgbo gZijm
$QV\V 0%$7/$% ijh]ljZzfg_ aZ[_ai_qg_ggy

lhklZgh\dZ ijh[eDhlglZdlgZz \azZ}fh”ey lee kdeZ”gh€ ]_hf_lje¢
\Z eb\bo az”Zqgq f_oZgedb ~ nhjfe\gh]h leeZ sh fZxlv bbjhd_ ¢
dezZ”rgec f_0Zgepe fZrbgh[m~m\Zgge [ch¥miodZeRpg-IKavedl 2y eyl
azZz"Zqe "~_ dhgnelmjZp+€ dhglZdlgbo h[eZkl _c¢ fZxlv ]_hf_Iljbq:
"halfyage kljmdImjb "ey ydbo"Zogbgikyxdvkfy h[f -~ gbfb M I.
\biZz*dZo _n_dlb\gbf egkljmf_glhf } f Ih® kdegg_gglBe@e-<Zéd\f gl
gbc gZijbdez” m k_j_~h\bse $QV\V sh aZ[_ai_gm} ih[m~h\m '
a mjZom\Zggwshg 4Zehf lje€ fZl jeZevgbo o0ZjZdl _jbklbd < ko

< =hgqzZjh\' Y : AZcp026Z L :
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"halheyxdjbfm\Zlb neabggh dhj_dlge gbk_evge"hmigdoghihjm  _gh
klZgimahge dhglZdIm

<h~ghqzZk Ihggeklv « a[* geklv jha\fyade\ <klhlgh ade_"Zlv \e"
lZdlgbo _e_f_gle\ IZ \b[hjm qbk_evgbo Zelhjblfe\ sh imlj_[m} j_I_
\Zggy 1Z ZgZeeam j_amevlZle\ >ey jharbj_gh]h ZgZe4qdm ~hpeevg
klZggy $QV\V « 0$7/$% dheb ~jm]bc klzZ} egkljmf_glhlb "ey ihklij
klbggh]h ZgZeeam \eamZeecaZpe+€ |Z \Zee"Zpe€ Fh eb\eklv kieev
0$7/%% » $QV\V "halhey} «gl_Jjh\yIbekde Zhdges &« |1Z "bgZfedm ijhp_
\ }*bg_tegx\Zevg_k_j_"h\bs_ LZdbc i*?0*” \erih\er"Z}nkmqgZkghbf I
jh\h]lh «g" _g_jghlh ZgZeeam 1Z azZ[_ai_qm} ]Jgmqdeklv dzZkrlzZ[h\Zg
geklv ijb jha\fyazgglzdrg'z& fdloZgedb a+« kdezZ”~ghx ]J_hf_Ilje}x dhglZz

:gZe*a hklZggeo "dkeetm[eeddpm&Zevge i**oh”b ~h ijlzdlbgqgbo ~
keenr” gv ih}rgmxlv ihim ge ijhibkeddy BRK2*Zilb\gbfb «Akljmf_gl
ihklijhp_keg@®m bPeZlnhjfZz $QV\V azZ[_ai_gm} nmgdpehgzZbvgeklv g_|
dezZ”gbo "hkee”" _gv ¢« \bjh[gh@olhjfrpy & <0$2/$% aZfeaaZpmk |
kKi_pbneqgbo ZgZee<lbgqgbo * \ecamZBes@ZpH&hphebjirklgvdhglZdlgbo _e
f_gle\ $QV\V « \ieb\ iZjzf_lje\ gZ ydeklv jha\fyadm ~hdezZ”gh jha]e
m jh[h6@> M im[e2dZ pkEkZlbah\Zgh ijhEFgjblfeqge i**oh”b ~h
gZibkzZggy-&;bk™m \ 0$7/$% ahdj_fZ jhaleygmlh kljmdZigmHbih\h]h i
[ehdm ijhp_~mjm nhjfm\Zggy fZljbpe "hjkldhkle gZded“Zggy ljZg
dezZz” jha\fyazZggy klZlbggh€ az~Zghilh dpgnge-gib]h Iméyfe\Yd ihdZazgh
"hkee" _9@-< *»h}*"gZggy $QV\V "ey gbk_evgh]lh fhr_ex\Zggy a 0$7/
j_ghlh ihklijhp_keg]m nhjfm} _n_dlb\gbc « klZ[eevgbc jh[hgbc ijhp_

M jh[hl®O@ ij_"klZ\e_gh \e~djblbdhC$7ey% _ZeecaZpq f_Ih*m kd
g_ggbo _e_f_gle\ sh kijhsm} ijhp_k \_jbnedZpe+€ j_avhelwsZle\ hljbf
$QV\V Z 1Zdh" kijby} _n_dlb\ghfm ijh\_"~_ggx iZjzZf_ljbggbo “hke-
gh* nhjfe\gbc klZg i*” i**hr\hx nmg”"Zf_qgle\ |1Z Zgd_jgbo _e_f_qgle°\
K_j_"h\bse ijhZgZe-a@\Zigh+\ y»d ijbdezZ”ges ih\gh\izflijgZ2[a¥1Zq-
jhaleygmlh m j&[Hl@o Bjef Ih]h m "hB&@ "qbkgevgh afh”_evh\zZgh
\azZ}fh”ex rlzZfiz a "\ha\fyaghx m ieZge dhglZdlghx hlezZklx a ijm
jhf ijh\_/N_phajZomgdbhvZidhhnmjZnedb

<bk\ele_ge ijbdez”b ~_fhgkljmxlv _n_dlb\geklv 1Zdhgh i**oh”m
ge kdezZ”gbo dhglzdigbo \az}fh”ec 1Zd « \ iZjZf_ljbggddprEkes"" _
gbk_evgbo j_amevlZle\ <jZoh\mxqgb ajhklZx§mfERHezZZghlgltvo]fhf_I]j
N e_Cc * ]jZgbggbo mfh\ ih~Zevre "hkees””  _ggy m pvhfm_gZijyfdm }
fz i_jki_dlb\gbf } jha\blhd \e*djblbo h[gbkex\Zevgbo jpr_gv jhar
| _d ~ey ihklijhp_keglm Z 1Zdh" egl_JljZpey ZNWAiy\ldhbgzZygn"e\ « f
Ney Z\IhfZlbazZp+€ ZgHseqqy lIAdghkle fh”_ex\Zggy

lhklzgh\dz aZ'Waqey”~Z}lvky dhglzdlgzZz az*"ZqzZ f_ozZgedb ~_nhijf
"hlh IeeZ sh hibkm} ijhp_k \*Z\ex\Zggy Z[khexlgh "hjkldh]h pbe-g
a iehkdhx hkgh\hx m haghjjritgla ijm gbc is\ijhklej <aZ}fth”*ey m ahg
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[ZdIm jhaley~Z}Ilvky [_a |_jly ijb p_gljZevgh ijbdezZz”_ghfm gZ
kbf_lje€ sh \e~ih\e~rZ} j_"bfm hkvh\h]h kibkdm rlizeizZriatiiz j_qg
fZz} "\ha\fyagm nhjfrikeAZ"ZpdwammZecaZp+€ j_ameviZle\ Ij_[Z \b
riZfie\ m nhjfe dim]Jh\h]h deevpy _eecilbggh]h deevpy « geevpy |
p_gljbgqgbfb djb\bfb m nhjfe kbf_Ijbggh a”_nhjfh\Zgbo _ecike\

F _1Z "hke*” NhlgyZeeam\Zlb qbk_evgh j_ZeeamWZlbgdzZ \_jb
g_gghe f glge fhr_ee \"Z\ex\Zggy Z[khexlgh "hjkldbo pbeeg’
[jvho \b”e\ ihi_j_qgh]lh i_j_jeam djm]h\h]h deevpy _e¢dilbggh]t
f_"_ghlh "\hfZ dhgp_gljbggbfb djb\bfb m nhmjhiffkbZglgb g gése ik™\
m h”~ghpec*gahljhigbc ijm gbc ie\ijhkllg_gey *Hhyi_j_~[Zq_gh

ih[m~Ah\m 1Z \Ze+"Zph&_&K? \ $QV\V a i_j_\ejdhx gz _I
jer_ggyo ahdj_fz 7~ey djm]h\h]h deevpy

jhajh[dm ijh]jzfgh]h aZ[_ai_q_ggAnsysyp Od7/$Zp ey jh
rbj_ghlhklijhp_keg]m gbk_evgbo j_amevlZl|e\

ZgZeesa hljbfZzgbo *"Zgbo I1Z ih[mAh\m ]jZnequ&beYgl_jij_I1Zp

<bdezZ” hkgh\gh]h fZGZ-jkm ij_"klZ\e_gh Ze]hjblfZjha\fy:

"Zge fh”r_ex\Zggy dhglZdligh€ \azZ}fh”e€ yd ihkegm\geskBEk|_ [Zie
gh\dm az~Zqe ih[m~h\m fh”_ees qbk_l"\Zggva mhh|pochignhjd azmeviZz
GZ ihgzZldh\hfm _I1Zis nhjfmex}lvky fZl_fZIlbggZ ihklZgh\dzZz \b
iZzjzf_Iljb 1Z mfh\b az”~Zqe >Zee m k_j_"h\bse $QVeV fnlgjigz}lvk
fhr _ev sh \dexqZ} ih[m”h\m ]_hf_lje€ azZ”~Zggy fZl_jeZrevgbo
\Zggy dhglzdigbo mfh\ « ~bkdj_IbaZpex “hkee""m\Zgh& ahghb
xlvky ]jZgbgge mfh\b 1Z gz\ZglZz" _ggy Z m \biz*dm g_"hklZlgv
mlhgg_odjtbazZpey J_ameviZlib gbk_evgh]h jha\fyazZggy i_j_\¢]j
[Z ihje\gxxlvky a \er"hfbfb jer_ggyfb M jZae jha[e ghklbc iZjzZf.
]mxlvky HIjbfzZzge *"Zge* Jhimxlvky *h ih*Zevrh€ h[jh[db_gegwohf n
g_j_e_\Zglgh€zZprkEh|Z _dkihjlm m nhjfzl ([FHO _ji*k2yl\gky hm\hg
kK_j_"h\bs_ 0$7/$% GZ gzZklmighfm _1Zis &éypkygxadlgkyh [orl"dhx
lhqgeklx [Z i_j_\ejdZ ~Zgbo gZ gZy\geklv rmfe\ gqb ZghtzZeesc M
\mxIlvky ijhp_"mjb alJezZékmyZgghn ijh\h*blvky \eamZeecaZpey

AZ\ _jrZevgbf djhdhf } hljbfZggy ih\gh€ dZjlbgb dhgllZzdlgh€
gh€ "ey ih"Zevrh]lh ZgZeeam |Z <gl_jij_lZpe€ LZdbf gbghf gZ
ley”e [&klod fb \e”rh[jZ Z} ih\gm ihkeesfh\g-idldBeqgh€ ihklZgh\db
azZz™"Zqe IZ ih[m~h\b kadegnlghl fh™_e+s "h _dkihjlm j_ampvlZIle\ «
db m k_j _~h\bse 037/$3% >ey ijZdlbggh€ j_ZeecaZpe+€ p\h]h is"c
ajh[e_gh gbadm ijh]jZzfgbo njz]f_gle\ dh"m yde aZh[agh[dimxIv Z
*gl_jiheypex IZ ih"Zevrm \eamZeeaZpex j_amevlZ]|e\
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MaremarnuHa nocraHoBKa KH)l'{l“Ii

Po3pobka CKIHHEHHO-EIEMEHTHOT MO
POIPAMHOMY KOMILIEKCL ANsys

)_LMCKPC l‘MSElLliSI KOHTAKTYHYHUX T

HakuiajleHHs rpaHUYHHX YMOB

TIpHKIagaHHs HABAHTAXKEHE
eo0xi[He yTOYHEeHHA TUCKPEeTH3aIil
o1g odpaHux (pparMcHTIB
[TosropHa jickperusartis

a/10BiIbIA JHCKpeTH3alLis]

UucenpHe po3s’sisanis 3agadi (Solution)

He npuiiasitHi

Bepudikaris pe3ynbTatis

I TpuiiHATHI

ITinroToBka o ckeriopty y MATLAB

Excriopr B MATLAB

lasBHi
3raKeHHS HasBricTe mrymiB abo aHoMalIii

Bisyanisauis pesyisraris

Tabnuiil pe3yaLTaTiB MOASTIORANNA
I'padiuna indopmartis

Jbkghid:e]lhjblf fh _ex\Zggy aZ”*"Zqe dhglZdlgh€ \aZ}fh"e¢
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Gb 'qg_ gzZ\_~_gh ijbdezZ”b hdj_fbo njzZ]f_gle\ dh"m ha ihykq
gZevgh]lh ijbagZq_ggy KihqgZldm ijh]jZfZe’alhltRdr} »Zidiplo « hl]j
fZgbo aZ "hihfh]lhx ijh]jZzfgh]h dhfie _li'ne v Q& \N[j Helb i

clearvars; clc;

filePath = 'B: \ Aspi rant \ Data \ Circle.xlIsx’;

raw = readm atrix(filePath, 'Range','A:C");

X =raw(:,1); Y =raw(;,2); Z =raw(:,3);

Gb gq_ ij_"klghenjz]f _glb ijh]jZzfgh]l]h dh"m ijbad¥l e "ey il
3D-\eamZee+azZp+*€ h[jh[e_gbo "Zgbo m jeagbo nhjfZlZo

1.3D-\eamZecaZpey aZ[_ai_qm} peeekg_ my\le _ggy ijh ijhkl
Ibkde\ Z[h » nhjfZpec Kkijbyxgb sglm€lb\ghfm Zghgbanémljfb d
gb \Ibkg _ggy kbf |j*€ IZ jhaih”eem ih h[]}fm

subplot(2,2,1);

surf(Xq, Yq, - Zf1, 'EdgeColor','none");

view(3); axis vis3d; grid off; xticks([]); yticks([]);
zticks([]);

xlabel('X \ rightarrow"); ylabel("Y \ rightarrow"); zlabel('Z
\ downarrow');

ti tle(3D - hley”

2.2D-\eamZeeaZeyyiehsDyb:

subplot(2,2,2);

surf(Xq, Yq, - Zf1, 'EdgeColor','none");

view(0,0); axis vis3d; grid off; xticks([]); yticks([]);
zticks([]);

xlabel('X \ rightarrow'); ylabel("Y \ rightarrow'); zlabel('Z
\ downarrow');

tittle  ((X)Y);

3.2D-\eamZeaZeyyiehsDYh:
subplot(2,2,3);

surf(Xq, Yq, - Zf1, 'EdgeColor','none");

view(90,0); axis vis3d; grid off; xticks([]); yticks([]);
zticks([]);

xlabel('X \ rightarrow'); ylabel('Y \ rightarrow’); zlabel('Z
\ downarrow');

title ;hdhibc \b]ley”Y));

4.2D-\eamZe-aZeyyViehsDy¥.
subplot(2,2,4);

surf(Xq, Yq, - Zf1, 'EdgeColor','none");
view(0,90); axis vis3d; grid off; xticks([]); yticks([]);
zticks([]);
xlabel('X \ rightarrow'); ylabel('Y \ rightarrow’); zlabel('Z

\ downarrow');
ti WOH <bJ]ey” alhjb
exportgraphics(f2, [name '_3D.png", 'Resolution’, 300);
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3D View

C @
\

— —

’K\ ot ) N\ y

Side View (X +) Top View

zZ|

X = X =

JbrgRdJhaih”ee ghjfZevgh]h Ibkdm ie” djm]h\bfrlx=0€8p \bf rlZfihf

;meh jhalJeygmlh dhglZdlge aZz”"Zqge sh hibkmxlv ijhp_k \"Z\ex
"hjklidh]h pbes@lhbglgzfim a iehkdhx hkgh\hx m h~ghje~rgbc cahljhig
gbc ie\ijhklej

<azZ}fh”~ey m ahge dhglZdlim \eA"[m\ZeZkv [_a | _jlyZZ@Z\ZglZ ¢
p_gljZevgh [|h[lh ma”~h\" hke kbf lje€ rlZfim 1lhi_j _qgbc i_j jea
Mhal\fyagm nhjfm "WAZE~2q _ggy °* \eamZeecaZpe+€ j_ameviZle\ [meh
riZfie\ m nhjfe djm]Jh\h]h deevpy _ecilbgqgh]h deevpy ¢ geevpy h[f_
p_gljbggbfb djb\bfb m nhjfe kbfhjfbgfdba” e-<ike\

>ey \bizrdm rlIzZfim m nhjfe djm]h\h]hgljf&wepng hhlaihYeem ij_
klZz\e_gh gZ jbk M iheyjgec kbkl_fe dhhj*bgZl je\gylygy ]jZgbp-
leyre [mA_ ijbcfZIﬁf\rb]#ﬁrz,rlqz.

>ey rlZfiZ m nhjfe _eesilbggh]h deevpy jhaih”ee ghjfZevgh]h Ib}
gh g jbk
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3D View

Top View

Ydsh

X —
Jbkmghdhaih”?ee ghjfzZe

it S TS

ijbcgylb nhdmk _e«ikZ aZz

vgh]h Ibkdm ie® esilbggbf deevp_\Db
_dk_gljbkbl _1 -

ihexkZ Ziheyjlgdm\akkv Ih ch

ekl tnhdZevgec iZjﬁ#_kjbp_gljbkbl_l H&éhle-ngbc jw-ank

A&

>ey

22

riZfiZz m nhijfe

deevpy h[f_~_

ghlh kigh\ghoth ae-ikZfb

jhaih”~ee ghjfZevgh]h Ibkdm ij_"~klZ\e_gh gZ jbk
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3D View

Side View (X +)

X<y
Jbkmghdihaih”ee ghjfZevgh]h Ibkdm ie” nhjfe kbf_Iljbggh a”_nhjfl
_ ee | | b q g b f b d ° :':.Elf-:,_l.::::'l.':ﬁ:'-'j_ : ':.-I:!-I...'-';:E

a-_dkp_gljbk_bd-_ilkmm i\_ebNM J_erei--\hk_-e-ikH<ﬁ,ﬁ<
B2

M ydhkle ijbdeZ"m gZ jbk gZ\_" _gh ihje\gyggy aZe_ "gekl_c ¢
\a”h\" hke 2; "ey rzfimjfe djm]h\h]h deevpy kmpeevgZ djb\Z 1Z _
deevpy rljboh\Z djb\&rbjbghx deevpy
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p-"b

Jbkmghdhaih?ee ghjfZevgbo Ibkde\ i rlZfiZfb jeagh€ nh

la ]jZnedZ \b”gh sh [eevre agZq _ggy Ibkdm Kkihkl_je]Zx
_ecilgh€ nhjfb H[b~™\e djb\e fZxlv ZgZeh]Jeqgm nhjfm Lbkd ~h
agZg_gv m p_gljZevgec qZklbge dhglzZzdlgh€ h[eZkle |1Z fhghlhg
€€ ]jZgbpv ijbghfm gZ \gmljergec ajhklZggy } [sevr ih2h]bf g
gbp-

<bkgh\dM jh[hle ij _~klZ\e _gh ie”*0oe™ ~h fh”~ _ex\Zggy azZ"Z
\azZ}fhne€ rlZfiz kdezZz”r"gh€ ]_hf_lje€ a ijm gbf ie\ijhklhjhf sh il
FK? j_Zeeah\Zghfm m k_j_"~h\bse $QV\V [dmhb¥EElykmm hq Hv[/dbro |
AZijhihgh\Zgbc Ze]hjblf "Zhess\ehrebZ I _ih\gbc pbde 2Rhke«Zl ggy
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Numerical Investigation of the Contact Interaction of CompkShaped Bodies Using
Integrated Computational Platforms

The paper preses an approach to solving problems of numerical modeling of the co
tact interaction between rigid cylindrical punches and an elastic$dte, which aobines
the use of Ansys for constructing and solving finite element models with MATLA®- for a
vanced pagprocessing and visualization of the obtained results. A distinctive feature of the
study is the integrated use of numerical methods and computer visualization tools in different
software environments to analyze the contact interaction of punches of xogeplmetry
with an isotropic homogeneous elastic kgttice. The analysis focuses on punches with ci
cular ring, elliptical ring, and symmetrically deformed elliptical ring cregxtions, which
form a doubly connected contact region under the actioncein@rally applied load in anxa
iIsymmetric problem formulation, i.e., under axial compression applied along the punch axis.
Within the Ansys environment, finite element models were constructed with explicit @nsider
tion of the geometric complexity of thenghes, and a systematic analysis of theiémite of
discretization parameters on the quality and stability of the numerical solution was carried
out. This made it possible to clarify the requirements for the mesh in the vicinity of the contact
zone andd obtain displacement and stress fields that are suitable for further detailed inte
pretation. The subsequent postprocessing of the numerical results was performed in
MATLAB, where thredimensional visualizations and contour plots of the contact pressure
field were implemented, allowing for a clearer representation of the spatial structur®@-and |
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calization of stress concentrations in the contact region. Within the proposed approach, a
numerical study of the regularities of axisymmetric contact ictema of bodies of complex
geometry was carried out, and it was demonstrated that the combined#MAS\SAB wok-
flow is effective for analyzing the results of contact mechanics problems. The extended visua
ization capabilities mprove the quality of interpretain of the numerical data, support more
reliable verification of the finite element models, and form a basis for the subsequeit optim
zation of the structural parameters of elements of technical systemginogemnader contact
loading.

Keywords: numerical wdeling, finite element method (FEM), thidienensional co-
tact problem, punch, pogirocessing, data visualization, stresses, axial compression, Ansys,
MATLAB, software tools.
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Vik. Hnatushenkol. Udovyk, C. Heipke M. Hnatushenko
APPLYING MACHINE LEARNING TECHNIQUES TO ANALYZE FOREST FIRE
IMPACTS ON SENTINEL -2 IMAGERY ACROSS UKRAINE

Abstract Forest fires pose severe ecological and semionomic threats, necessitating
efficient tools for rapid damage assessment. This study presents a machine learning approach
for detecting burnt forest areas in Ukrainsing multispectral Sentin€ imagery. A new
manually annotated dataset was developed for training semantic segmentation models,
addressing the scarcity of open data for the region. The proposed convolutional neural
network, based on an encodgecoder achitecture with Xception blocks, effectively captures
spectral patterns associated with fire damage. Experiments conducted on S&hiwvel2A
imagery of the Kinburn Peninsula (October 2022) demonstrate high detection performance,
achieving an IntersectRQ RYHU 8QLRQ ,R8 RI 7KH UHVXOW
capability for accurate burmréirea mapping and highlight its potential for broader
applications in regional fire monitoring and environmental management.

Keywords: Burnt Forest Area Detection, bhane Learning, Convolutional Neural Networks,
Spectral Bands, Ukraine Forests

Introduction/Background . Forest fires annually cause significant damage in Ukraine
and worldwide, destroying thousands of hectares of forests and deteriorating their water
protective, soiretaining, COzstoring and other beneficial properties. Such events disrupt the
planned forestry operations and the use of forest resources, leading to substantial economic,
social, and ecological losses. Besides the direct impact offirethe state of forests depends
on a complex of additional factors, which can be altered by fire: abiotic factors (climate and
soil-hydrological conditions), biotic factors (diseases and pests of the forest), anthropogenic
factors (recreation, environmentallution, transformation of ecological conditions, etc.).

Burnt forest area detection is a crucial and complex problem that requires the use of
accurate, reliable, and efficient methods. The main challenges for this task can be divided into
the following categorieq2]: early detection, detection accuracy, prediction and monitoring,
necessary resources, and further constraints (logistics etc.). Traditional methods such as
ground patrols or aerial photography are not sufficiently effective in solving phelsiems:

¥ Ground patrols are limited in their range and may not detect a fire in time, especially
in large and inaccessible forest areas.

T Aerial photography, although covering larger areas in a short time, is expensive and
dependent on weather condits.

< Hnatushenko Vik.Udovyk ., Heipke C, Hnatushenko M 2026
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In recent years, there has been an increasing focus on the application of modern
technologies such as satellite remote sensing and machine learning across various domains,
including monitoring forest fires, mapping flood events, and damage cartogr@ptellite
remote sensing enables the collection of forest fire data over extensive areas antinme real
significantly enhancing the speed and accuracy of burnt fire area detectiorrebluytion
datasets have facilitated the development and applicaf numerous forest fire mapping
methods[3]. Primarily, these methods focus on detecting changes by creating carefully
selected input data characteristids. Machine learning, particularly neural networks, assists
in rapidly analyzing large volumed data and in identifying complex patterns indicative of
fire presencg5,6].

The detection and analysis of forest fire outbreaks is a costly and complex process
without specialized automated tools. This has led to efforts to create automated systems for
detecting and assessing forest fires globally. A key direction in the creation of such systems is
the development of methods for processing satellite data and creating extensive fire datasets
using multispectral Sentin@ imagery, suitable for segmentatiorodels. This significantly
simplifies the process of assessing areas covered by fire and enhances the accuracy of the
assessments.

Materials and Methods. Our comprehensive workflow for identifying burnt forest
areas using multispectral Sentiw#ldata, fom the perspective of machine learning
technology application, consists of the following stages:

T Manual creation of a dataset on burt forest areas (we use images of the Kinburn
Peninsula of Ukraine), based on multispectral Senfiln@hagery suitable fo machine
learningbased semantic segmentation mo¢iglg].

T Conducting a series of experiments to evaluate the effectiveness of neural network
semantic segmentation models for monitoring and detecting burnt forest areas.

T Testing a prdrained neural etwork capable of detecting burnt forest areas from
Sentinel2 images.

Considering the dynamic nature of natural processes, it was inferred that the satellite
data from Sentine2A and SentinekB offer a wellbalanced combination of spatial, spectral,
and temporal indicators. Sentinel data come at two different levels of processingl(vel
and level2A. The levellC product includes measurements of-edmtmosphere (TOA)
reflectance and the parameters required to convert them into radiances. Adgjtignall
provides multispectral registration at a suikel level. On the other hand, the lex2&
product provides subpixel multispectral registration and orthorectified battetmosphere
reflectance. This makes lev2A the more favorable choice.

In the advancement of burnt forest area detection methodologies, a specialized
convolutional neural network (CNN) architecture has been developed to capitalize on the
spectral properties of Sentir2lmultispectral imagerff]. The architecture is grounded in an
encoderdecoder framework, meticulously crafted to execute semantic segmentation with high
accuracy.
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At the core of the CNN architecture lies the encoder, which is designed to methodically
extract spectral features from the input data. Through a succe$sionvolutional layers, the
encoder progressively diminishes the spatial dimensions while concurrently expanding the
feature map depth. This deliberate reduction and enrichment process is essential for isolating
the spectral signatures that are indicatf and land cover class, including wildfaéected
regions.

Transitioning from the encoder, the middle layer of the network serves as an
enhancement conduit for the encoded features. Crucially, it retains the spatial dimensions of
the feature set, thelby safeguarding the contextual information of the imagery, which is vital
for the decoding phase.

The decoder component of the architecture is tasked with the spatial reconstruction of
the feature set. It employs a series of decoding blocks that sysigligaticrease the tensor's
resolution. This is achieved through transposed convolutions that work in concert with
features carried over from the encoder, enabling precise localization of the affected areas.

A defining element of the network's architectiseghe integration of Xception blocks.
These blocks utilize the concept of depthwiseseparableconvolyiiOhsallowing for the
independent processing of spatial and channel features. This approach not only curtails the
number of parameters within the de but also significantly enhances computational
efficiency. Such efficiency is paramount when dealing with the intricate task of burnt forest
area detection, where the model must discern subtle spectral discrepancies indicative of fire
damage.

The archiéctural design of the CNN, with its incorporation of Xception blocks within
the encodedecoder framework, equips the model with the capability to perforrtineal
burnt forest area detection and monitoring. It is adapted to the dynamic and diversertondit
presented by natural landscapes, ensuring that the segmentation of \affgfited areas is
both precise and computationally efficient.

Experiments and Discussion The test area for carrying out the experiments is the
Kinburn Peninsula in Ukraine,vich separates the DniepBug estuary from the Black Sea,
see Figurd.. A fire was identified in Sentiné satellite imagery acquired on 04.10.2022. As
a result of the outbreak of fires in forested areas and fields, nearby settlements were
evacuated. Aarding to the State Emergency Service of Ukraine https://dsns.gov.ua/en, the
majority of fires in the territory during the considered period were provoked by missile
strikes, leading to chaotic locations of the fires. Consequently, the affected regions are
typically nonoverlapping and do not coalesce in most instances.

Further Sentine images were taken during the burning fire with a cloud of smoke,
which complicated data processing. The images were acquired from the official website of the
United Statesseological Survey (USGS) (USGS. Senti@eMissions: Sentine? Levels of
Processing. https://earthexplorer.usgs.gov/). We manually examined the S2méwnel 2A
imagery to identify images captured with less than 1% cloud cover when the affectedisrea
imaged, and then selected the three bands B04, BO3 and B02 for further processing.

The neural network, designed for burnt forest area detection from satellite imagery, was
trained using the PyTorch library. The dataset for this task included 12 ¢ggaiches and 3
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validation patches representing the result of a burnt areas. Ground truth, which was used for
training, validation and testing, was collected manually from the imagery. Commencing with
the Adam optimizer, the network'’s learning rate wasat8.001. The training was conducted
over 50 epochs, with a batch size of 16, carefully chosen to balance computational efficiency
and gradient calculation accuracy. To reduce the effects of overfitting, the training
incorporated regularization techniguguch as Dropout, applied at a rate of 0.5, to enforce the
learning of robust features. Early Stoppifiyl] was utilized, ceasing training if no
improvement in validation loss was noted over a span of 10 epochs.

The model's performance was assessed ukamdntersection over Union (loU) metric,
which evaluates the precision of the segmentation predictions. The model with the lowest
validation loss was selected for future application in burnt forest area detection tasks.
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Evaluating the precision of identifying wildfire locationsRigure 2 is an essential step.

This can be done by comparing the detection results to a reference mask using established
measurement indices.In this work we refrained from measuring the overall accuracy (OA) due
to its susceptibility to unburned pixels, #s dominance of unburned classes in such
imbalanced datasets adversely affects the results. For instance, if the burned area accounts for
just 10% of the entire image while the unburned area constitutes 90%, even without detecting
any burned area, the e appears to be 90% accurate.

Instead, our assessment involves analyzing both the visual appearance and numerical
measures of the results. The intersection over union (loU), also known as the Jaccard
Index[12], was employed to assess the accuracye$éymentation outcomes.

Results and Conclusion One challenge for image segmentation models utilizing
machine learning is the need for accessible sets of publicly available training data to identify
features and extract them for making accurate decisibms. is particularly the case for
countries and regions that are less studied in the context of forest fire ecology, such as
Ukraine. In this study, a dataset on forest fires in Ukraine was created using multispectral
Sentinef2 imagery to develop a reneotsensing model for image segmentation, object
detection, and classification of burnt forest areas. This dataset supports binary classification
for detecting burnt and unburnt areas.

The method presented utilizes result of the burnt areas detection frnotneS2A
satellite data, offering the best current compromise between spatial, spectral, and temporal
resolution among publicly available satellite data, with the aid of convolutional neural
networks.Results of the conducted experiments using the créataset and proposed ML
architecture demonstrate an loUof 95% for the Kinburn Peninsula (Ukraine) for the developed
detection model.

Future research will address the challenge of often unbalanced datasets, such as classes
with fewer pixels. Multitemporal esies of satellite images will be employed to gain more
detailed information about the conditions leading to forest fires (e.g., bombardments) and to
provide insights into land cover types. Furthermore, efforts will be made to generalize these
results to mre extensive and larger test sites and to train a neural network to classify the
degree of fire impact, which will necessitate field validation.
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Applying machine learning techniques to analyze forest fire impacts
on Sentinel2 imagery across Ukraine

Abstract Forestfires pose severe ecological and see@mnomic threats and require
timely, accurate mapping to support response and recovery. This study develops a-machine
learning pipeline for detecting burnt forest areas across Ukraine from multispectral Sentinel
2 Lewel-2A imagery. Results demonstrate that a carefully designed CNN and targeted dataset
enable reliable burnarea mapping from widely available Senti2eldata, supporting
regional monitoring and future generalization efforts.

Recent Studies and Publicat®rmnalysis Remote sensing and deep learning have
become central to burnemrea mapping. Recent literature highlights the value of Serinel
multispectral imagery for uriemporal and multtemporal burneearea mapping ,the
application of deep neural ngobrks for semantic segmentation of higisolution satellite
images and architectural advances such as depths@parable convolutions (Xception) to
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reduce parameters while preserving representational power. Reviews emphasize early
detection, imbalancedasses, and the need for representative labeled datasets.

Research ObjectiveTo develop and evaluate a machiearning approach for
accurate detection of burnt forest areas in Ukraine using multispectral Setinggery,
producing a labelled datasetuitable for semantic segmentation and assessing model
performance using robust metrics (loU), with a case study on the Kinburn Peninsula

Main Body of ResearciA manually annotated dataset was built from Sen@neével
2A scenes covering the Kinburn Beula (Mykolaiv region), selecting scenes with <1%
cloud cover and capturing the October 4, 2022 fire event. The detection pipeline centers on a
convolutional encodetlecoder semantic segmentation network. Models were implemented in
PyTorch. Training usethe Adam optimizer (learning rate = 0.001), a batch size of 16, and
up to 50 epochs with early stopping (patience = 10) to avoid overfitting. Regularization via
dropout (rate 0.5) and careful monitoring of validation loss were applied. Given the strong
class imbalance typical of buratrea mapping, overall accuracy was avoided; instead
Intersection over Union (loU, Jaccard Index) was used as the primary evaluation metric to
provide reliable assessment of the burnt class detection perform@andée Kinbun test set
(October 2022 scenes), the best performing configuration achieved an loU of 95% for the
burnt class.

Conclusions This study demonstrates that a purpbsdt machinelearning pipeline
using Sentine multispectral imagery and an Xceptienhanced encodeslecoder CNN can
accurately map burnt forest areas in Ukraine, achieving an loU of 95% on the Kinburn
Peninsula case study. The manual dataset produced for this work fills an important regional
data gap, enabling robust semantic segmentatigdored to local wildfire characteristics.
Future work should expand the dataset spatially and temporally, incorporate additional
spectral bands and multitemporal sequences to improve resilience to smoke and phenological
variability, and validate performamcacross diverse Ukrainian forest landscapes. Broader
generalization and field validation will be critical steps toward operational regionat fire
monitoring systems.
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0.0. DZ\Z¥ <DZ\ZP EK_j]}}\ZF Jhc
HP1GDLHQGHKE2LH>1<LHF:LBAH<:GHETHJILM<:GGY
<H>GBCH<?JOHGW®: HKGH<KL?DLJ:EVGBIG>?DK1<

cghlzZpeM jh[hle ijh\_~ ge “hkee”"  ggy a hpegdb Ilhgghkle Z\IhfZlbal
e _ggy\ipog \bo \h™ gZ hkgh\e ki_dljZevgbo \h*"gbo <@g*hfdke\ m ih}
ihjhlm\Zggy Hpm ey | _jblhjec sh aZagZeb | _ogh]cgmhZgdx|IZkljhn
DZoh\kvdh€ =?K <bdhjbklZgh hilbqgge Sentinall gltzd In\»* @ gaghd bh

geklv fZkdm\2Z\gdyw \W[T}dle\ yde fZxlv ]_|_jh]_gdphVegZZkd #Ahk| e

gh hkgh\ge \h”ge eg”_dkb a Z\IhfZlbggbf \bagZq_ggyf hilbfZevgh]
"hf Hpm <klZgh\le_gh sh 01':, aZ[_ai_gm} gZc\bsm |Ihfyg+klv \bag
gbo ih\_johgv "“ey fZebo RA}gbsb ap_ ketghje*gbfb dhglmjzfb Ih"e
$:(, "_fhgkljm} \bkhdm gmleb\eklv ~h ~je[gbo \h~hcf HIjbfzZge
i\ _jA"mxlv "hpeevgeklv ih}*gZggy ki_dljZevgbo «g”~_dike\ a Z\Ihf.
jhlm\zggyf az f_Ih~hf Hpm 7~ey hi_jZlb\gh]lh ffijgrlhjbyglydhfegbo h]|
gh ljZgknhjfh\Zgbo eZg”rZnlZo

Dexgh\e kéah¥ge j_kmjkb \h~ge ih\_joge \h~hcfb zZmihggybah\zZg_
kmimlgbdh\bc fhgelhjbg] f Ih~ b >AA ] _hijhklhjh\e "Zgge ki _dljZe
lh” Hpm 6RQWLQHO

<klmikh~ge j _kmdkblBggh \Z eb\bf e f glhf "ey aZ[_ai_q_ggy
jha\bldm djzZz€gb i*"ljbfZzggy _dheh]eqgh€ je\gh\Z]b |1Z BZjZglm\Zgc¢
i_db < mfh\Zo ]Jeh[Zevgbo ¢ j ]JehgZevgbo afeg kihkl_jedZ}Ivky kml
gm \h~rgbo _dhkbkl_f shgi*hpgeskex}ihlh€olgklecgh]lh kbkl_fgh]lh IZ
\bkhdhlhqgh]h fhgelhjbg]lm H~”gbf ea hkgh\gbo gbggbde\ pbo afe
| ieeggy yd_ kijbgbgy} i\ bhjegpoybp & I 1gjZImj a[eevr_ggy qgZklhl]
gl _gkb\ghkle ihkmreb\bo i_jeh”e\ heHf]lgrkihgyn jpHuZpex Ah”~gh
[hehlgbo ¥~V

AZ ~Zgbfb MdjzZz€gkvdh]lh J]e~jhf_| _hjheh]eqgh]h egklbImlm ij
ljvho ~ _kylbeelv k_j _~gvhjeqgZ | _fi_jZImjzZ ih\eljy \ MdjZ€ge+ ajhk

f& sh i_j_\bsm} k_j _"ge Jeh[lZéegggly flid linhnbsbf aZ ihdZagbdl|
[*erhkle j ]Jehge\ /\jhib G _a\Z Zxqb gZ klZ[sevgeklv jegmh€ deevdh
s _ggy ihl_gpecgh€ \biZjh\m\Zghkle KHEgghyBlvn¢mbbph\heh]b [Z i
]J*ir_ggy \h*gh]h [ZeZgkm Bhgib¢kible xk 9 Z € jbjlZElgb

ljhjghage dee<fZlbgge fh”_ee k\ergZlv ijh ih~"Zevr_ ajhklZggy
hgqedm}lvky i**\bs_gigy ¢g& "h jhdm 1 g4Z& ~h degpy

<« DZ\DPO DZ\Zp X <j]}}\Z DHx.F, 2026
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klheelly aZe_"gh \e® kp_gZj*€\ \bdb”e\ iZjgbdh\ho "[ZgA}wka H
affgzZ ijhklhjhZkh\h]h jhaih”eem hizZz”e\ €0 a[eevr_ggy m abfh\k
r_ggy \eeldm ¢ \hk_gb hkh[eb\h \ ie\* ggbo 1Z koe*gbo j_]eh
| _ g™ _gpedh”h\" _ggy |_ieh]l]h k_ahgm ajhklZggy qZklhlb | _ieh\
ghfejgbc jheghRizZz”e\ |Z <gl_gkbrdapsgYigba\h~blv ~h kmll}\bo
afeg ]*~jheh]eqgh]h j_"bfm ih]Jeb[e_ggy ijh[e_fb ihkmo agb _¢
\h~ o ~ 1jZ"Zpe€ fZebo \h”*hcf

:gljhih] _gge nZdlhjb 1Zdh" kijbyxlv ih]ejr_ggx klZgnh \h”~gbo
djfz zZdlb\ge \eckvdh\e "e€ Kkijbgbg_ge ih\ghfzZkrlzZ[gbfb\lhj]g_
Ilhjex MdjzZz€gb yde kmijh\h?* " mxlvky jmcge\gbfb gZkee~dZfb
agZggh afegxxlv ]Je~jhfhjnheh]eqge mfh\b \h~gbo h[f}dle\ 1ljbde
DZoh\kvdh€ =@Kalyeh ~h _dheh]eqgh€ dzZlZkljhnb 1Z afAgb ]<"]
f Ije\ >geijh\kvdh]h dzZkdzZ”~m amfh\b\rb \ljZIm agZqgbo iehs
l[jZgknhjfZpex [_j_]h\h€ emegrEylKljmjdImjb ijb[_j_"gbo _dhkbkl_f

M pbo mfh\Zo ajhklz} ihlj_[dggm \akkdhkdim§gbo f_IhZe\ dZjl
nm\Zggy \h”"gbo h[f}dls\ ahdj _fZ gZ hkgh\e “"Zgbo ~bklZgpec
<bagZq_ggy lhggbo ijhklhjh\bo f_~ \h~”gbo ih\_johgv } dZ eb\bi1
Ib\gh]lh mijz\eeggy \h”"gbfb j_kmjkZfb hpegdbijjjabtdhogdjmajhfe
gbo aZoh”e\ o kljZI_]ec Z"ZilZp+£€ "hhlafpgbdevifeZdm\IZ | _og

lhklZzgh\dzZ ijh[eLjffdb"bpecge f_|Ih~b hljbfZggy ~Zgbo mh klZg
jZpex \h*gbo h[f}dle\ ahdj_fZ ] _h~_abqgge \bfejx\Zggy IZ ihevh
" ggy okZjppdamxlvky \bkhdhx Ijm~hfekldeklx agzZqgbfb fAbljzZIZfl
f " gv \ mfh\Zo \Z"dh”hkimigbo | _jblhjec Djef Ih]Jh ie" qzZk ZdlI
~n_dlb\geklv agZqgh agb m}lvky g _j_a jbabdb "ey i_jkhgZem
hdj_fbo "eeyghdeZhgmk HAib\lg_ a”eckg_ggy fhgelhjbg]m

AZ\"Zggy mkdezZ~gx}lvky \ j_ ]l hgZo e«a ljZgknhjfh\Zgbfb e
| ogh] _ggh€ dzZlzZkljhnb gZ DZoh\kvdec =?K gZ | _jblhje® dhebr
koh\bsZ \bgbd \bkhdh njzZ]f_glh\Zgbc \h™glZdee ghptrfgmlkeijggbfb
Nje[gbfb \h~hcfzfb yde gZkldh\h azZjhkeb fheh”~bfb ~_j RZfb m
ebggeklv Djef Ih]h jegdZ >geijh ih\_jgmeZky "h k\h]h <klhjbqgg!
Ah kmll}\bo afeg m ]Je*jhfhjnheh]eqgbo o0ZjZdl_jbkikdZg&\h_jblh]
kljmdIimjgZ g_h”ghjergeklv sh ih}*gm} \eAdjble \h*hcfb aZ]
aZe*kg _ge | _jblhje€ agZqgh mkdezZ”gx} lhqgm «* _glbnddZpex \
ljZevgbfb hagzZdZfb

M pvhfm dhgl_dkle hkh[eb\_ agZq_ggy gZ[m\ZxiwgirmhZb ~bl
gy A_fee yde “halheyxlv a”eckgx\ZIlb j_]meyjg_ fZkrlg[g_ °* [
nhjfZpe€ ijh ijhklhjh\bc jhaih”ee \h~gbo h[f}dls\ H~AgAPhlhqgg-k
\bemqg_ggy \h”gbo ih\_johgv agZqghx fejhx aZe_"blv \d* ki_pt
l[jZevgbeg”™ _dke\ 1Z Ze]hjblfe\ ihjhlm\Zggy sh [_aihk_jzZrgvh \i
g_ggy f_" \h~gbo h[ }dl*\ AZ IZdbo mfh\ \bgbdZ} g_hhoe"g-kl
\Zgec hpegpe lhqghkle j_ damanh\ZygglyZjlhljbfZgbo aZ ~hihfh]hx
ki_dljZzevgbo egm _idhkke\gygge a fZkdZfb knhjfh\Zgbfb re&yohf Z\
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gh]lh ihjhlm\Zggy azZ f_Ih~hf Hpm > @ P_ "ha\heblv \bagZqgblb
ijbrZlgeklv 1Zdbo f_Ih~e\ ~ey aZklhkm\Zggy \ mfh\Zo Ybkhdh€ ]~
rZnlgh€ ~"bgzZfedb sh 6&yzZldliblgrjec afeg_gbo ie” \ieb\hZI|l _ogh]_gg
lZkljhn gZ ijbdez”e Zd\Zlhje€ DZoh\kvdh]h \h*hkoh\bsZ

F_1Z “hkee*” ibgylZ} \ hpegpe lhgghkle Z\IhfZlbah\Zgh]h \b”"e
\_jog_\bo \h”® gZ hkgh\e ki_dljZevgbo +g”~_dke\ ea Mbodd#glyklZggyf f
Hpm “ey |_jblhje€ DZoh\kvdh]h \h~"hkoh\bsZ >hkee<""_ggy kijyfh\z
_n_dlb\ghkle eg”_dkgh]h i**oh”"m \ mfh\zZe heagdhphiejg "dhifh ipkgy
jmcgm\zZggy DZoh\kvdh€ =?K |Z gZ \klZgh\e_ggy hilbfZevgbo f_Ih
gbo h@iff4\ m ~bgZfegqgh ljZgknhjfh\Zgbo eZg”rZnlZo

Hkgh\gZ qZklhgBEe ggy Zgljhih] _ggh]h \ieb\m ijbkgihg ggy des:
afeg 1Z g _je\ghfejgbc tjXkKkhjbchjhaih”ee hiZ”e\ nhjfmxlv kdezZ"ge \t
"ey _n_dlb\gh]h mijzZ\eeggy \h”gbfb j_ kmj&EZ¥ib MidjlrglEoh gmle
\bo "h » _nepblm \heh]b AZ pbo mfh\ ajhklzZ} ihlj_ [g@RHhfm Janeyjghfn
| ogheh]eggh h[%jmglh\Zghfm fhgelhjbg]m klZgm 1Z iethse ih\_jog_
\hx a[ZeZgkh\Zgh]h \h~ hdhjbklim\zZggy i*"ljbfzZo\@yb]Zhieh]eqgh€
gm\Zggy Z~ZilZpecgbo aZoh?”e\

LjiZ"bpecge ihevh\¢]f Hh~*Abgge achfdb [Z Je*jheh]*ggzh[kl_"_gg
c aZ[_ai_gmxlv \bkhdbc je\_gv ijhklhjh\h€ "~ |ZeeaZp+*€ aZebrzxl
j_kmjkh}fgbfb 1Z azZe_ "gbfb \eA ~"hkimigBkleaZddpkii\kAggy kmll}\F
mkdeZ”*gx}lvky m \e~rrZe gbo < |_ogh]_ggh ljZgknhjfh\Zgbo jZchg
Zdlb\gbo [hch\bo "ec GZ pvhfm lédhhtlB@ge 6H @MW DMKV
fh eb\eklv hljbfZggy kbkl _fZlbggbo klzZg~Zjlbghliggballiphklhjh\h
gbo kihkl_j_" _gv sh jh[blv €0 h”gbf ea dexqgh\bo egklhmf_gle\ km
eh]eqgh]h kmimlgbdh\lgim fhgelhjb

EZg”~rzZnl dhebrgvh]l]h DZoh\kvdh]h \h*"hkoh\bsZ iekey jmcgm\Z
=?K i_j_I\hjb\ky gZ kdezZ~gm ijhklihjh)gmiaZlhcem gshsicdygdb fmeh)
ih\_joge aZ[hehq_ge fZkb\b fheh”e gZkZ”" _ggy c gbke _gge "je[Qg-*
jh] _ggeklv agZqgh mkdez~gx} Z\lIhfZlbah\Zg_ ki_dljZevg_ \b"ee
kKi_dljZzevge 0ZjZdIl_jbklbdb il KldgeZ kecphéh i\Zmx&kIvZo dhjhldbo
\erklZg ¢ L _jblhjey IljZgknhjfh\ZgZ \gZkee~hd | _ogh] _ggh€ dZIZk
\bkhdhx ki_dljZevghjpegehifdvg sh ihlj [m} j | _evgh ie?e[jZgbo egkljm
Ney dhj_dlghlfh=d#Zpgt€ \h~*gbo ih\ _johgv

Ki_dljZevge \h*ge agébdkklIvky h~rgbf ea [Zah\bo bgkljmf_gle
klZgpecgh]lh dZjlh]jZnm\Zggy \h*gbo h[f}dle\ ZX\ZIbhahhgyxlv \bh
ih\_joge gZ hkgh\e \erfegghkl_c m €0 ki_dljZevgbo o0Zjzdl_jbklbdZ
dh gh]lh eg”_dkm ~h \az}fh”e€ \h”"b%gmjhlikdbggoklXgljhih]_ggbfb
h[f}dlZfb <klhlgh \ieb\Z} gZ degp_\bc j_amevlizl >h~Zldh\h kblmzZz
mfh\Zo leg_c aferzZgbo iedk_e<\ « jnjld)\th @ ld\gech€sh ki\hjx} ihlj_[m
\bdhjbklZgges *g”_dke\ eca id\\Dbasvglhx Kkikgekllx >ey pvh]h rbjhdh
aZklhkh\mxlv ki_dljZevge eg”_dkb yde [Zamxlvky gZ dhgljZkle fe"
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\h~*b % jmgle\ 1Z jhkeb@ghKIepbdNormalized Difference Water Index
(NDWI) jhajZohwWayd A hjfme:hx

NDWI = (Green =NIR) / (Greent NIR), (2)

AN NIR £tdh_nepe}gblimn[eb gvhfmnjZzq_j\hghfaizahegs dIjRfZ
gelghkh_dlj@reentma_e_gh*m _dlb\gbc "ey \e~djblbo \h~*gblo zZd\ZIt
I__gmleb\bc “h \ieb\m jhkebgghkle 1Zjmhjgdgeah\Zgbo ih\_

K\ec jhal\blhbfzal ORGLILHG 1RUPDOL]HG 'LIITHUHQFH :DW
ydbc aZ[_ai_qm} [eevr lhgg_ \b”ee ggy \h"glhd blo[ fajgledtd ZgpZ §mi
klzg~Zjlgbc 1'-, X 1g”_dk 01':, jhajZoh\m}Ivky aZ nhjfmehx

MNDW!I = (Green- SWIR) / (Green + SWIR), (2)

N 6:,5dh_nepe}lglb \er[blly m dhjhldho\bevh\hfm egnjZqzj\hghfi
m a_e_ghfm

AZfegzZ 1,5 gZ 6:,5 i**\bsm} Ihggeklv \b”ee ggy \hW@Qybad mfh\
|l _ogh]_ggh fhA*bnedh\Zgbo eZg”rZnle\

Rbjhdh]lh azZzklhkm\Zggy gZ[mlbggh]dak\ZAtefZggy \h b $XWF
:DWHU ([WUDFWLRQ ,QGH[ $:(, $:(, "ha\hey} i**\bsblb I
\bree _ggy \h~rgbo h[f}dle\ gZ kmimlgbdh\bo ah[jZ _ggyjo hkhJe
[Zgeah\Zgbo | _jblhjec 1Z aferzZgbo iedk_e<s\ B, nhijhkomZIfbky |
ZNZilh\Zgbfb ie” jeage Ibib-ih@ jolegvI>jblhjec [_a leg_c

$:(,"VK * U ISWIR1)- (0.25*NIR + 2.75*SWIR2), 3)
>eyeeygddkgyfb
$:(,SK %OXH - 1 56MRI-QSWIR1)- 0.25*SWIR2, (4)

ANNIR £dh_nedb}\g”[bllpn[eb gvhfmgnjzZzq j\hghfaniZahege dIjlfZ
gelghkh _dlj@reen, Bluextma e ghlfakbgvhfim?ih\e«) gQWIR1, SWIR2-
dh_nepelgtphblimdhjhlidho\bevigmijhg_j\hdkhfmhlje

AWEI » fhgkljkipcdeKllvaferZghedk ,ep\evingh€h”~rghjerdBikle
mfh\jblzZfZggdodg~rznldfeg gbfogh] gdBEkZkljhnhx

>ey Z\lhfZlbah\Zgh]h hljbfZggy fZkhd ih\_jog \bo \h” azZkll
sh "“ha\hey} Z\IhfZlbggh \bagzZqzZlb hilbfZzevg_ ihjh]h\_ ag
fegefeaZpméjaggvhdeZkh\h€ ~bki_jke€ fe ' ]jmiZfb iedk_es\ LZd
km[f}dIb\geklv jmggh]h \b[hjm ihjh]e\ sh } djblbgqgh \Zveb\bf |
ghjergbo k_j ~h\bsZo knhjfh\Zgbo \gZkee~hd | _ogh] _ggh€ |[jZ
Ih}*gZggy ki_dljZevdbo\ «@” Z\IhfZlbah\Zgbf ihjhlm\Zggyf aZ[_
eb\eklv klI\hj_ggy j_ij_a_glZlb\gbo fZkhd \h~"gh€ ih\_joge gZ\-l
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]**jh*"bgZfeqgh€ g_h~ghjerghh\lZgboZgBdke"hd | _ogh]_ggbo dZIZk
GZ jbkmgdm gZ\_~_gh kminglgy dHHQ VEahQJ@Hp J\ gv tghdnm
"Z Ib ge ickey | _ogh]_gghfldAaZkdghnb g_j\ge jhdm

| &8

X % 7
h
v

JbkmghtKmimlgbdh\_ ah[jZ  _g3)y 6HQWLQHO
Z 5x*@hfihabl aZz gq_j\_gv jhdm
[ 5*%hfihabl aZz qg_j\_gv jhdm

GZ kmgbmdh\bo ah[jZ _ggyo qgqeldh \e~rh[jZ Z}Ivkyj{eQjtkdtn]eqgZ ¢
| _jblhje€ DZoh\kvdh]h \h"hkoh\bsZ sh \bgbdeZ \gZke+~hd |I_ogh]_1

Ihje\gyevgbc ZgZee+a ki_dljZevgbo fZkhd \h*"b gZ\ K _gbc gZ |t
\Zgbo gZ hkgh\es jeagbioNy "dKkekmll}\m aZe "geklv _nhidblb\ghkle €
\enr Kki_dljZevgh€ dhgnelmjzZp+e€ dZgZees\ 1Z hkh[eb\hkh c ijhklhjh
kee""m\Zgh€ |_jblhje€ HIjbfZge j_amevhlbl X§gyg BivZ sha higdn
gZkzfi_j_~ dzZgZee\ 6:,5 I|2ned:,5¢kbHIQNW ie*\bsm} dhgljZklgeklv fe!
\h~rgbfb h[f}dIZfb IZ gZ\dhebrgefb ih\_jogyfb sh [_ailgk_j_"gvh \
geklv ih*"Zevrbo «ghajd@ogbgdj\

GZc[eevr klZ[*sevgm ydeklv deZkbnedZp+€ MKNDWFhgidpra\Z\ <g”"
azZ\"ydb azZzeB8WIRgg»xazZ[_ai_gm} geld_ \er"hdj _fe_ _ggy \h*"b gZ\elv m \
[gbo \h~hcf ~"eeyghd *ea gbavdhx \e~[b\ghx a~Zlgeklx IZ ehdZevgh
mfh\Zo kdezZz”~"gh€ fhjnheh]egdgakdkljf@dd!limglvh\bo njz]f_gkdé mjb\qZz
[ j_]h\bo esgec |Z NeWygshdyha g_h~rghjz"gfZk[xevr _n_dllb\gbf \
y\b\ky *gAWHIKS Ch]h a~Zlgeklv dhfi_gkm\Zlb \ieb\ hilb@&ybo Zjl_nZ
rmfe_gbo iedWIR\eZiZahgm “ha\hebeZ fegefeam\Zlb obfgthihablb\ge-
deZkbnedZp™c€dk 1':, ih[m h\ZdhdhjpkdZzggy-&6ZpZe+\ ija”_fh
kKljm\Z\ gb " gm klecdeklv Kkihkl _je]ZeZky | _g”~_gpey “h d_"hhpegdb
dh\h i_j_djblbo jhkebggeklx Z[h aferZgbfb IbiZfb ih\_johgv LZdb
f gr_ agZq_ggy iehse \h™"b gZ "hkee~gec "eeydpsDZWlEgkvdh]h \h~

Ney 1':, dfo sh amfh\e_gh ch]h kobevgeklix g_"hhpegx\ZIlb
hkh[eb\h aZ gZy\ghkle aferZzgbo iedk_ee\ 1g~ _dkb 01':, 1Z $:(, V
agZqgh [eevre2igdrse Ah dfd sh \enNih\elghlkEodho\ghZ

ijbAmrm\ZIlb nhgh\e kb]JgZeb 1Z \b*eeylb \h~ge fZkb gZ\elv m kdezZ"
i__99y
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A Y

® ., B B
JbkmghtKmimlgbdh\_ ah[jZ'_ggaBHQWLQHO®Z hljbfzgz fzkdz \
aZ ki_dljZzevgbfb eg”_dkzfb ca\lddKliblam\Zghyt thjh]m\Zggy
az fMhf Hpm ZzZ-dA*f¥haldl fzkdZ \h~"b gZ hkgh\e 1': ,BHpm \ fZ}
gZ hkgh\e $:(,"VKBHpnb giZk&fh\e $:(,SKBHpm

N fzkdZ \h”~b gZ hkgh\e 01':,BHpm

>ey hpegdb Ihgghkle hljbfZgbo fZkh&leggblokgdpre klie\dla Z\Ihfz
ah\zZgbf ihjhlm\zggyf az f _Ih~hf Hpm ijh\h~*"behky h[gble ggy :
dzfb a \bdhjbklZzggyf _IZehggh€ fzZkdb =jZneqg_ ij_"klZ\e_g
gZ\_" _gh gZ jbkmgdm

Ihje\gyggy a _IZehgghx fZzkdhx ih[m&SW gBentmn&?2 X035
dfd ih[m~rh\Zghx G3WhikGérinel ihdZaZeMNDWA aZ[_ai_qm} gZ
djZsbc [ZeZgk ihdZeion 83.50%,Recall= 97.30%,F1 = 89.87%,0verall
Accuracy= 97.61%, = 0.885.Hkh[eb\m ijZdlbggm peglgekpyZfeZldhtiesgh\
gbo fZkhd knhjfh\Zgbo gZ hkgh\e 01':, 1Z $:(, >ey |_jblhjec 'y
] _ggbo dzlzkljhn o0ZzZjzZdl_jge kbevgZ ki_dljZevgZ g_h~ghjergel
iedk_ee«\ @\hkebggeklva @™ Zhferdb | _ogh]_ggbo fKZ/ pdZex\ |Z
IZdbo mfh\Zo aZklhkm\Zggy h”gh]lh ¢eg”~_dkm fh>_ [mlb gd_"~hklZ
ggy \bkhdh€ ih\ghlb $:(, |Z a~Zlghkle 01':, _n_dlb\gh ijb~ mr]
%jmglh\e rmfb fha_qédkf |hgger_ \eM\hj_ggy ijhklhjh\h€ kljmdln
ih\_johgvhd&blb gZ”*ecgeklv deZkbnedZp-£€
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Accuracy Comparisen of Water Masks (vs Reference)
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Jbkmghtd=jZneqg_ ij_"klZ\e_ggy hpegdb IhqghklZIh\jbfZgbo j_an

<bkgh\diph\_~ _g_ ~hkee”"_ggy ijh~_fhgkljm\Zeh sh ki_dljZevge-
hkgh\e hilbgqgbo *"Zgbom6e HQWZ@YO a Z\IhfZlbgdmM\Zggfy fhax f
lh~ hf Hpm } n_dlb\gbf egkljmf_glhf ~ey hi_jZlb\gh]h fhgelhjbg]m
\_jog_\bo \h” m ki_dljZevgh g_h~ghje*gbo mfh\Zo o0ZjZdl_jgbo ~e
agZeb |_ogh]_ggbo dzZlZkljhn 1hje\gyggy \h*gbo <g”gghite\ ihdZaZe
m €0 a”Zlghkle dhj_dlgh \e~l\hjx\ZIb ]Je*jheh]eqgm kljmdImjm ij
ma]Jh”” _geklv ea 1Zehghf kihkl _je]ZeZky ey fZkhd hlighfZgbo gZ
AN dkb kef_ckI\Z $:(, aZk\e*gbeb \bkhdm gmleb\eklv ~h ~je[gbo IZ
\h~gbo hl*\}dsh jh[blv €0 dhjbkgbfb m kdeZ”gbo | _ogh] _ggh IjZg
ezZg”™rZnlZo 1':, gzZ\izdb ijh~_fhgkljm\zZ\ h[f_~ _ggy maZhqghkle "e
gbfb Z[h azl _fg_gbfb iedk_eyfb HIljbfZge j_ameviZlb \ddZamxlv gZ
jbklZggy dhf[egh\Zgbb[m2MRhdglho gZ hkgh\e 01':, IZ $:(Z sh fh _
[ _ai_qgqblb djZsbc [ZezZgk fe  ih\ghlhx 1Z ~“hklh\ejgeklx rmh”~Zevre "t
A"mlv kijyfh\Zge gZ jhajh[{dm zZ~Zilb\gbo f_Ih”"e\ egl_ ]jZpr€ g™ _dke)
Ib ydeklv kmimlgbdh\h]lh fhgelhjbg]imgWhmgkadeib\ghb®m Zgljhih]_ggh
afeg _gbo k_j _"h\bsZo
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Assessment of the accuracy of autoradtmapping methods
for water surfaces based on sgrl indices

The paper presents a comprehensive analysis of the effectiveness of -8espawial
water indices in combination with automated thresholding using the Otsu method for mapping
surface wates in areas affected by manade disasters. The object of the study was the water
area of the former Kakhovka Reservoir, whose landscape after the destruction of the-Kakho
ka HPP is characterized by pronounced spectral heterogeneity, tbengeeof mixegixels,
and a fragmented shoreline. Senti@ebptical images of medium spatial resolution were used
for the analysis, which made it possible to assess the impact of spatial and structua heter
geneity of landscapes, including fragmented water bodiedamndst bare soil, and young
vegetation. Four spectral indicesNDWI, MNDWI, AWEIsh, and AWEInshwere used to
evaluate water delineation effectiveness, followed by automatic determination of the optimal
threshold using the Otsu method.

Comparison of theesulting masks with reference data showed that MNDWI provides
the highest accuracy and overall consistency, while the AWEI indices exhibit increased sens
tivity to small and lowcontrast water bodies. NDWI demonstrated limitations under spectra
ly complexconditions, particularly in the presence ofyeation and turbid surfaces.

The obtained results emphasize the importance of using Seht8MlIR channels to
increase the aarast of water features and confirm the feasibility of combining the MNDWI
and AWEI indices. This approach improves the completeness and reliability of mapping in
areas affected by mamade disasters. The study demonstrates the potential of automated sa
ellite monitoring methods to support hyelroological management in complex anoihogen
cally modified environments. The proposed methodology can serve as a basithérviork
on water mapping, watarse planning, and developing adaptation strategies for water
landscape trasformations.

Keywords: water resources, water surfacesergoirs, automated mapping, satellite
monitoring, remote sensing methods, geospatial data, spectral indices, Otsu method,
Sentinel2.
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. X Abfhley” =ml*Z H Ki"kb]
<IEB< KBKL?FB NHDMKM<:GGY G: QMLEB<1KLV 3,5 >:LQBDM

cghlZpey klZIle hibkZgh ~“hkee”" ggy \ieb\m kbkl_f nhdmkm\Zggy
\bjh”" _gh€ gZ gmleb\eklv 3,5 "Zlgbdm M | _ogeqgec *hdmf_glZp-€
"hklzZlgvh egnhjfZpe€ ijh \Bfhib Ahdkibkm\Zggy |Z ijh fhheb\eklv \bd
jbklZzggyl EdZ [ _a g_€

IZkb\ge egnjZqg_j\hge ~“Zlgbdb jmom NZee 3,5 "Zlgbdbg } gZc\Z el
1Zfb kmqgZkgbo kbkl_f [_ai_db |Z zZ\IhfZlbaZp+s€ P+ "Zlgbdb ijbagZ
gy ijbkmlighkle gZ]jelb@hite\bnelye ggy *gnjZg_j\hgh]h \blbjhfegx\Zgg
ijhfegx\Zgh]lh €0 leeZfb

Dexgh\e keh\zZz 3,5 ~"Zlgbd ' 6 1Q ~Zlgbd jmom

<klmizZkb\ge egnjzZq_j\hge *"ZIqbEIR @l dB ZéegZc\Z eb\erbfb
dhfihg b kmgzZkgbo kbkl_f [_ai_db |1ZPzZWBIgbhhdZpb&agZqg_ge "ey
\by\e _ggy ijbkmlighkle gZ]jelbo lee reyohf \by\e _ggy *g9jZqg_j\hgh]
gy bhjhfegx\Zgh]h €0 leeZfb

M | ogeqgec "hdmf_glZp+€ gZ 3,5 "Zlgbdb g_ fZ} himmkm yd \eg
xqh€ eegab gb \azZ]Zee fh' _ ijpkhZihb dZaZgZ "hkee”" _ggy \ieb\m
fb nhdmkm\Zggy gZ gmleb\eklv 3,5 ~Zlgbdm } ZdImZelvghx < pe
keer" ggy hkh[eb\hkl ¢ \bdhjbklZggy 3,5 "Zlgbdm jmom ae-* rlZlgh
\aZ]Zee+ |Z a* a\bgZcghx hilbgglgahxhdmkmxqghx e-

FZIl jeZeb 1Z f.1h/Sb" r"ZIgbd jbkp_ e _dljhggbc dhfihlg_gl sh r
jhdh \bdhjbklh\m}Ivky ey \by\le_ggy jmom <eg a”Zlgbd meh\ex\ZI
gh]lhbi\hfegx\Zggy Ih[lh | _ieZ \e" leeZ ex”"bgb I1\Zjbg qb +¢grbo *
Chlh qzZklh gZzamm\Zglwegdpf "Zlqgbdhf jmom Z[h 3,5 A~ _|_dlhjhf

Hkdeevdb \eg kZf ih kh[e g_ \bijhfegx} "h”"gbo kb]JgZee+\ Z ebr_
fZz} 1Z \bfejx} egnjZq_j\hg_ \bijhfegx\Zggy m gZ\dhebrghfm k_j ~I
dh™ gZab\zZxlv ©iZkb\gbfa ~Zlgbdhf Ihje\gymjiZ g jAd b\ Y2 |
dzZfb vyde ih\bgge \bijhfegx\ZIlb egnjZq_j\hg_ k\eleh |Z \by\eylb \e:
\by\e _ggy h[ }dle\ 3,5 "Zlgbdb jmom ih\bgge ebr_ j_}kljm\ZIb &
| ieZz |Z g_gZ"kbeZlb "h"gbo kb]JgZee\ P_g_ Ileevdh jjjpblv 3,5 "Z
n_dlb\gbf Ze 1Zdh" agb m} deevdeklv ihfbedh\bo kijZpvh\m\Zgv
jZ° _ggyf k\elezZz Z[h afegZfb gZ\dhebrgvh]h k_j “h\bsZ ZDjef Ih]h
xlv [ _aeeq *grbo i_j \Z]

<« Abfhley’X =m?Z <bjh"H\K2026
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kamghtdeZIZ a 3,5 k_g_khjhf " 6 1Z ki_pijhkeatihxg¥x6fed

>h i_j_\Z] 3,5 ~"Zlgqbde\ fh'gZ \e*g_Kklb
3,5 "Zlgbd a~Zl_g Ilhgqgh \eh\ex\ZIlb kb]JgZeb jmom "~ _j e
ex™ ¢ 1Z I\Zjbg <hgb fZxlv gbavdbc je\ _gv ihfbedh\bo XijZpvh
"hklecdeklv « anZlge klZ[teWgjragbpxhZfh\Zo
3,5 "Zlgbd fzZ} ijhklm dhgkljmdpex \bfZ]Z} ljhob dhfihg._
\Zjleklv \bjh[gbpl\Z
Dheb \eA[m\Z}Ivky jmo 3,5 ~Zlqbd a”~Zlgbc j_Z]Im\ZIlb \
| _jfegb P_ jh[blv ch]h «* Zevgbf ey Z\|jp€X|bsshh\B §bloZ Xlpv_ glzy
e _ggy \j_"bfe j Zevgh]h gZkm
3,5 "Zlgbd g_ i*"Z}Ivky \ieb\m ah\gergeo nZdlhje\ 1Zdt
fh™_ ghjfZzevgh ijZpx\zZIlb \ | _fjy\e ijb ykdjZ\hfm hk\eleh gge Z][
\Zo
3,5 “Zlgbdb rbjhdh \bdhjbklkKkmmZXkgky \ e _dljhgepe 1Z Z\Ihfz
azZ\"ydb k\h€f gbke_ggbf i_j \zZ]zf , ch]lh fhbyQghaypZcllbdbgezdb
hohjhggZ kb]JgZeesazZpey Z\IhfZlbqg_hk\ele _ggy ijbkljHhE ~ey jl
fZlIbgge "\ _je IZ Ihj]le\_evges Z\IhfZlb
IZkb\gbmjayg _j\hgbc 3,5 ~"Zlgbd fZ} "\Z gmleb\bo e _f glZ
g gmleb\bc _e f gl \b]hlh\e_gbc ae* ki_peZevgh]h fZl]jeZem
\hgh]h \bijhfegx\Zggy
EegaZ ydZ Iml \bdhjbklh\m}lvky sh[ pe "\Z gmleb\bo _e 1
NZee i 8g\r”rklZge \ hkgh\ghfm p_ gmleb\eklv *ZlgbdZ h Dheb
\m}lvky gZ h[ho gmleb\bo _e_f _glZo \byleyxlv h*gZdhbm deev
ijhfegx\Zggy I|h[lh gZ\dhebrgvh]h k bjjhitrdxsZvkyhal defgzZlb Kkl-
Z[h ah\ge DhelbelhidZd_ yd ex"BggZgbijhoh”~blv ihla \hgh kihqg
i_j_ohiex} h*gm ihehABEgab BZ5 sh \bdebdZ} ihablb\gm ~bn_j gp
feo M\ hfZ iheh\bgzZfb Dheb | _ie_ leeh aZebrzZ} ahgm khjbcgyll
jhlg_ dheb ~Zligbd ] lg\gm}*gn]4l gpeZevlaf afpgmfimevkb afeg
\by\leyxlvky
Kzf 17lgbd jhafes_gh \ ]_jf _Ibggh azdjblhfm f_1Z& \hfm
N"ey ihdjZs_ggy klecdhkle "h rmfm |_fi_jZImjb 1Z \heh]bhkle Qn

ISSN 15629945 (Print) 47
ISSN 27077977 (Online)



Kbkl fgeoghedl](l62) 206 ©6\VWHP WHFKQRORJLHV?

s_gh \edhgp_f \b]hlh\e jghdma AN ijhimkiZhft@x\Zggy aZalbqZc

p_ dj_fge}\bc fZl_jeZe a ihdjbllyf AZ \edhgp_f jhalZrhhZges ~"\Z al.
db Bk

Jbkmgh®B,5 k_gkhj ' 6

JbkmghtdlhalZrm\Zggy “\ho a[ZeZgkh\Zgbo "Zlgbde\ m 3,5 k_gk

GZjbk ij_~klz\e_gh dj_ke_gagy
gmleb\h]h fZl_jeZem > @

GZ jbk ah[jZz _gh \gmljergx ko_fm
khjz } -)(7 > @ ydbc aZ[_ai_gm} ~m _ gbavdbc je\_gvhhmfm |IZ [m

\bkhdbc <fi_~Zgk ~Zlgbde\ i_j I\hjxxgqb ch]l]h gZ kb]JgZe vydbc fi
h[jh[e_ggy kb]J]gZem gZijbdezZz® %,6 > @

sh ihdZam} \edghgdZg&hjz a *

<Z eb\hx *gl_]jg\Zghx qZKk|

Jbkmgh#®#IR k_gkRE200B \gmljergy ko _ fZ
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PIRRk_gkhjb "hkblv mge\ _jkZevge |1Z a™_[eevrh]h \e?rjmagyxlvk
leb%lx ;eevreklv kijZ\"'gvh€ ©fZ]s€2 \eA[m\Z}Ivky a hilbdhx P_
"ey \bjh[gbPIR-X_gkhj IZ ko_fZ } nedkh\Zgbfb IZ dhrimxlv deevd
dhrim} ebr_ deevdZ p_gle\ « fh™_ ~“m° _ e _]dh afegx\Zlb rbjbgm
GZ kb eefap_ ijhklh rfZzlhd ieZzklbdm Ze_p_ g_ hagZqZ} st
2 p_ebr_ ™Mz ijyfhdmlgbdb AZa\bqgqZc fb ohq_fh fZlb angm \by
rm >ey pvh]h fb \bdhjbklh\m}fh ijhkim eegam 1Zdm ydZle sh |
f jo \hgZ ddbk\_ebdm iehsm gZijbdez” i_caZ m fZem gZ
k_gkhje MZBlpbde\ qZkler_azZ \k_ \bdhjbklh\mxIv5eegab Nj_g_e

Frazsnel Plano Convesx

Incident radiation

S

JbkmghttEegazZ Nj _ga_ey
EegaZ Nj_g_ey dhgp_gljm} k\eleh aZ[_ai_gmxqgb rbhrbc ~eZ
]h \bijhgx\Zggy ~ey ~ZIgbdZ |jbk

¥

. 5
=
Ll
. v
;>

Jbkmghtdlh[hlZ eegab Nj_ga_ey
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Jbkmghdh}*"g_ggZy e*gab Nj_ga_ey a 3,5 k_gkhjhf 5( %

AZ jZomghd eegab Nj_g_ey |I_i_j m gZk gZ[Z]Zlh [eevrbc
gZkijz\"e m gzZk "\Z k_gkhjb ¢ sh s_iRGsed\*\Z ggz\g*s \_ebd-
ijyfhdmlgbdb h[ezkle kijbcgylly Z jZ"r_ jhadb”"fegcktdeevdh fZe_gv
eegam jha“ee_gh gZ deevdZ k_dpec dh'gZ a®dbo } esgahx Nj_g_e

Jeage nNnZk _Ib 1Z ieneeg&b\hjbklv "eZiZahg ahg \by\egh ggy sh
xlvky h"gZ a h*ghx LZdh  p_gljb eega m ]jZgyd \dp2 &F \ed*ih\e"g:
am} gZ jeage iheh\bgb k_gkhjgh]lh _e_f _glZ 3,5

Jbkmgh®Zk _Ib 1Z ishesgab

Jbkmghtd+Z]jzZzfZ gZijZ\e _ghkle ahg kijZpx\Zggy KgbHime\ \ k_j ~
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F_IMbdz _dki_jbf;mlenh ijh\_~ gh “hkee”" _ggy fh eb\hkle \bd
"Zlgbdm [_a eegab 1Z a« al\bgZcghx kdeyghx eegahx xZlgbd \
\Z\ky gZ riZlb\e jbkey hljbfZggy j_amevliZle\ kb]JgZe h*ghqgZkgh
'O fmevibf_Ij 6'0 1Z pbnjh\bc hkpbeh]jZn+t6'&Zd, yd ~+ZiZahg
kbl]gZem [m\ \e~ghkgh g_\_ebdbc i \¢” h”"bgbpv ~h ~_kylde\ fe
"_ggy "hky]z\ ~_kylde\ k_dmg” Ih \bdhjbklZggy Hpmevigff |jemm[ m
ith*Zevrhfm gZ\_"_gh "ZglybfshgtnkebmevIibf_Ijm

JbkmghdQZzZklbgZ kl_g”m ~ey “hke*”" _ggy 1Q ~"Zlgbdm ydZ

< ydhkle h[f}dIZ gZ ydbc kijZpvh\m} ~Zlgbd jmom [meh \t
ieyrdm a \h*hx | _fi_jZImjhx ijb[ebeayghe”I\hj ggyihh§ W bglbf
\ h[f_"_ghfm ijhklhle [meh klI\hj_gh fZylgbd \ _n_dllm\ghx *I
<e"rklZgv \¢" k_gkhjz ~h fZylgbdZ kdezZ"ZeZ f BzOoZgZfieeln
| jgbc gZk aZlmozZggy dheb\Zgv [m\ agZqgh [sevrbf g qgZk \I
klZzlgvh€ Miglhkle kbkl_fb ™M Ihc "_ gZk kee” \e~felblb sh m gZy
"eb\h mgbdgmlb g _dhgljhevh\Zgbo <gnjZqg_j\hgbo \iebbe\ sh \
]Jeyne ofimevkgbo aZ\Z" gZ ]jZnedZo

'gZeca j_amewiZke\e” ihdZaz\ sh [_a eegab i_j_"wh]lhpkhjhf
\djZc gbavied\gklv ; a eegab kb]JgZe gZ \boh?e \ jZa*\ keZ]
Dheb ° \bdhjbklh\m\ZeZkv kdeygZ eegaZ kb]JgZe ah\kef agbd
ih\fyazgh a Ibf sh a\bgZcg_ kdeh g_ ijhimkdZ} egnjzZq_j\t
\eNih\erghdqHiZahgm

A egrh]h [hdm ijb \bdhjbklZgge k_gkhjZ [_a eegab j_Zdp-y
jhalZzrh\Zge m [ebavdh€ ahge [meZ [sevrhX
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Jbkmghd:gZeh]h\bc kb]JgZe gZ \boh”s k_gkhjZ ' 6
a kdeyghx eegahmm))

<bkgh\dbboh”ygb yd a Zijehjgbo \e~hfhkl ¢ 1Zd « a ~Zgbo
ameviZle jbdkgle\ fh gZ ajh[blb gZklabige \bkgh

Dhgkljmdpey 1Z fZIl-leBh&hj*3,5sh [meh ~hkee”" gh “ha
mkiergh ~ | _dlm\ZIlb i_j fes _ggy lee | _fi_jZImjZ ydblo \sahjeagy
hlhgm} gZ ~_kyldb ]jZ"mks\

;_a \bdhjbklZggy eegab Nj_ g _ey fh eb\zZ ~ FhdebkyZl ieb
ebr_ m [eb 'gvh€ ahge A \bdhjbklZggyf \e*ih\ergh€ ee<dab ahg
jx}lvky

<bdhjbklZggy a\bgqZcgbo eesga hilbggh]h ~"«ZiZahgm ey n
k_gkhjzfb ijzdlbggh g_fh eb\h
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The influence of the focusing system on the sensitivity of the PIR sensor

Passie infrared motion sensors (hereinafter referred to as PIR sensors) are the most
important components of modern security and automation sysidrase sensors areed
signed to detect the presence of people by detecting infrared radiatitiacehyi their boeks.

The technical documentation for PIR sensors does not describe how it works withow-a focu
ing lens, or if it can work without one at allhis article describes the study of the possibility
of using a PIR motion sensor without a lens.

A study was congtted on the possibility of using a sensor without a lens and with a
conventional glass len¥he experiment showed that without a lens amtfiof the sensor, the
latter has extremely low sensitivitwithout a lens, the output signal is 10 times weaker i
amplitude.When a glass lens was used, the signal completsdppiared from the sensor
output. This is due to the fact that conventiog#ss does not transmit infrared radiation of
the corresponding range. On the other hand, when using a sensouinathens, the reaction
to objects located in the near zone was greater. Based on both a priori information and the
data obtained as a result of expeents, the following conclusions can be drawn:

1. The design and materials of the PIR sensors that waded allow for the succes
ful detection of the movement of bodies whose temperature differs from the surrounding env
ronment by tens of degrees.

2. Without the use of a Fresnel lens, detection of warm objects is possible only in the
near zoneWith theuse of an appropriate lens, the detection zone is significantly expanded.

3. Using conventional optical range lenses to successfully work with these sensors is
practically impossible.

Key words:PIR sensor, D203S.
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H < :1ZfZgxd / K Kme_f
F?LH> J?AHG:GKGBO A:IBL1< >EY <BJ1R?GGY DHGNE1DlI
M FMEVLB:=2GLGBO KBKL?F:0O PBNJH<BO ><1CGBD1<

:ghlZpey M klZIle aZijhihgh\iZahdgZglkhbo aZible\ gy dbgere
dle\ m fmevibZ] _glgbo kbkl_fZo pbnfhbd *\abgEdk\gbo AaZible\
am}lvky gZ ijbgpbizZzo kzfhhdhdpgkb\prE fhr _ev qZklhlgh€l1Z iZjZ
ggh€ kbgojhgeaZpe€ -Pege@Z|Zijf aZidb]lmglZibbdhgZ\pyfb hsh 7
a\heyjdfeagblb j_kmjkhfeklde i_j _Jh\hjb gZ fbll}\m kJeadl&¥gm j_.
Ib "hkee”"_ggy k\e?rqZlv sh azZzklhkm\zZggy jhajh[eaghdhblld_Ih~"
dhfmgedZpecg_ 9Z\ZglZ _ggy 1ihje\gygh a dezZkbqgbfb f_Ih~"
klZ[eevgm jh[hlm kbkl_fb iedm\fth\\toaz\ZglZ  _ggy kdhjhgmxc
ijbcgylly jer_gv

Dexgh\e kedpg\Z g_jey ijh]jZzfgh]h aZ[_ai_q_ggy fmevlbZ]_ c
pbnjh\e "\ecgbdb \bjer_ggy dhgneedle\ f _Ih” j ahgZgkgbo aZzZit

lhklZgh\dZ ijh[eKfibgZkgbc _I1Zi jha\bldmbewog hhgigdpeelt]@c o0Z]
dl_jbam}lvky Jeb[bgghx ljZgknhjfZpe}x ie”oh”e\ "h mifZifkeeggy k
jeagh]h jh~m ~eyevghkle 1ZjZ"b]fZ 1g”mKklje€ Z |Zdh™ €€ it
p_ipex 1lg”mklje€ i*"\bsm} ZdImZevgeklv iblZgm\ygkkd¥Xhk ggy
fhd _jh\Zgbo \bjh[gbgbo 1Z eh]eklbggbo k_j ~h\bs Dexdh\bf «g
pe€ IZdbo k_j _~h\bs klZ} | _ogheh]ey pbnjh\bo Meggjm¥Ze' LILW
gbo ZgZeh]e\ neabqgbo h[ }dle\ ijhp_ke\ Z[h kbkl_f ydh i_j [m
jfZpecgec \azZ}fhne€ a hPl@egZLjHh Z]hehkblb sh eahevib\Zg <}
njh\bo ~\ecgbde\ g_ ~halhey} j Zeeam\Zlb ih\gbc ihl _gpeZe |_o
geklv pbnjh\eazZpe+€ \bgbdZ} ijb €0 h[T1}*gZgges m kdeZ~gr _dhkb
\bo\ _jklZle\ ljZgkihjlgbo jh[hle\ ~ 1Ze ¢ i_jkhgZem _g_ j]_II
\azZ}fh”exlv fe° kh[hx "ey "hky]g_ggy kieevgbo \bjh[gbgbo pee_
]h je\gy g _aZe_ "ghkle fe' h[f}dIZfb m kbkl_fe Zjoel _dlmjm €€ ¢
evgh hittkdm\az ~hihfh]l]hx fmevibZ]_glgb& KbRWf6\WAVOMPLY 0%$6
dh gZ kmlgeklv gZ~eey}lvky \eZklb\hklyfb ¢gl e _dimZetgh]h Z]
peZevgeklx j_Zdlb\geklx 1Z ijhzZdlb\geklx

>ey ih~e[gbo kdezZ”gbo kbkl_f gz”ca\bgqZcghh\fangbdEp€ibiz
\bjer_ggy dhgneedle\ yde g _fbgmqg_ \bgbdzZxlv m }*bghtm egnhj
fm ijhklhje ae ajhklZggyf deevdhkle Z] gle\ €0 N |Zecaldpe€ |Z
"mlv fZlb jeagm ijbjh"m \e” dhgdmj _gp*€ aZ kicevipbe@hh™eevg

< :1ZfZgxd < Kmé KfZ026
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kKlmi ~h }*bgh]h azZjy*gh]h | _jfegZeZ ~ey ]jmib fh[eevgblo jh[hle\ 2
eecasc i_j _Ibg ljZ}dlhjec jpidpechdbogmia[e ghkl _c¢c kmi_j qgeb\e ~Zg
klZzg k_j_"h\bsZz ?n_dlb\geklv nmgdpehgm\Zggy \ke}€ kbkl_fb [_al
\eN r\b~rdhkle IZ ydhkle \bjer_ggy pbo dhgneedle\ m f_j "« pbnjh\h]h

:gZe*a hklZggeo "hkee” gv e<>hik¢erdZpgy > @ ihdZam} s
ljZ"bpecges i**oh”b "h dhfimewvyZplr€ghgec kbXkdefyd p_gljZeeah\Zg_
leZgm\Zggy Koawf fekpP d_j_a \bkhdm h[gbkex\Zevgm kdezZ~g-
\jZaeb\eklv ~h \e~Afh\ p_gljZevogdhdkesa\@addlgblv ijh |_ sh
N p_gljZeeah\Zge f_Ih~b ahdj_fZ deZkbqgbc ijhlhdhe dhgljZdlgh€
BURWRFRO &13 1Z jeaghfzgphgfb ZmAp-aiggrmZejh]gkiedeklv 1Z
deklv 1jhl_ ~"hkee”"  _gdgmxlv@sihge gadkMb kljZz "Zxlv \e~ ijh[e_fb
@hfmgedZpecgh]h \DimoemM m\Z}livieg\igohih MrhghhklZdgZnedm
\k_j_"~bge pbnjh\h]h NV cglexr_gge deByddllkhe sh ijba\h”*blv ~h
g_ijbimklbfbo azZljbfhd

ljhZzgZeeam}fh " 1Zevger_gZc[eevr jhaih\kx”" _ge IZb_n_dlb\ge
gZp*€ m fmevlibZ] glgbo kbkl _fZo “ey djZsh]h jhamfeggy €0ge0 |
ljhihdhe dhgljzdigh€ f_j_ "« &13 I|jg-€hjhafleybEsdZ klZg~Zjl "ey
fmevibZ] _glgbo kbkl_f pbnjh\ha@\ktly bhdkedh\e e " blvijifplZpey
Amgl _ g~ jm f_g ~ j hlhehrm} azZ\"Zpdyx|\Z]ijgibbabgs& f g " |
h[bjZ} gZcdjsm\Z Zxqgb gZ k\hxgmlkglw j&ZaKhz}l}\e g "heedb Ih
i_jr_ m \_ebdbo kbkl_fZo rbjhdhfh\gZ jhakbedzZ azZiblhl 7DVN $C
jx} gZ~fejgbc ljZned > @j_Y«dsh \Z] _gle\ « dh” g gZ”"kbeZ} ijhihab
f_ g _"~" _jih\bg_g h[jh[blb ih\erhfe_gv azZ dhjhldzeflbke <Zjlh |
ijh ydeklv jer _gv f _Ih"m deZkbggbc &13 } © Z"e[gbf2 Ze]hjblfhf e
[Zevgh&fZievghkle GZc[eevrbc g _"heed ey aZklhkm\Zggy f_Ih"m i
pbnjh\bo ~\ecgbdes\ kdezZ”gbo kbkl_f ihey]Z} m Ihfm sh q_j a \_e
"tHe_gv yde ihlje[gh h[jh[blb ihdb Ijb\Z} ijhp_"mhdbdZgfh |m klZg k
afegblbky jh[eygb h[jZg_ jer_ggy g_ZdimZedpbdh>\@bsh} \g4Zc g_
hilbfZevgeklv ih"Zevrbo ~ec KmqZkge “hkee”" ggy ijhbhgmxlv fh”
dez” \\ _"klygyZevgbo ghjf Z[h \bdhjbklZggy fmjZrbgboesZe]hjblfe\
azZpe€ fZjrimlbaZp+€ ih\eAhfe_g¥hlighdgZkih gf¢¢vrmxlv h[gbkex\Zev
kdezZz”rgeklv kZfh]lh Z] _glZ > @

F_oZgeafb Zmdpehge\ 1Z }i jn JadAbygwdkljmf glhf "~ey azZ”~Zq
jhairkrem j_kmijkedeeNddb\heyxlv fZdkbfeam\Zlb dhjbkgeklv kbkl_fb F
aZagZqgZ}lvwkhykeer" fldyo@ Zmdpehgb \jZaeb\e "h fZgeimeypec =« \
kdez~gbo kljzZl_]ec ih\_7~egdb Z]_gle\ M détggddd\klishpbkemV\ingh”\e
hlez”"gZgg¥] Mlb gzZklh } dhhi_jZlb\gbfb KkieevgZ \eZkgeklv i*"ijb}
dmj _glgZ ijbjh~"Z Zmdpehge\ fh ' [mlb gZ”ebrdh\hx 1Z g n_dlb\gh
jZIb\ge Zmdpehgb klI\hjxxlv agZgqge aZljbfdb sh g_ijbimklbfh “ey
Zp-ec
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F _1Z "hkee  _#lkghvgf_IThx pe}€ jh[hlb } jhajh[e_ggywf_Ih"m
gy dhgneedle\ m fmevibZ] _glgec kbkl_fe pbnjh\bo ~\ecgBde\ kde
[_ai_gm\ZIbf_ ~_p_gljZeeaZpex fZkrlZ[h\Zgeklv |1Z gbagd_ dhfr
gy Hdjef Ihl]h g_h[o**ghx qZklIblgkt& jpplylbhjajh[e_gh]lh f_Ih”m
chlh ithje\gyggy a \«*hfbfb ie*oh”Zfb

<bdezZ” _ggy hkgh\gh]h fZl _jeZenmrénker aggy ggy ~Zp_gljz
pe€ i*” gZk \bjer_ggy dhgneedle\ IZ dhfmged@prEym _pecliphafe |
©lhjle\2 fo" Z] ghzZ®malh” _ggy? fe  gbfb gZ hkgh\e ih™e[ghkle
dh™ _g Z]_gl fZzlbf_ j_Zeeah\gbc dhfmgedZpecgbc je\_gvg sh \e~]
gy d_jm\Zggy IZ j_Zdpex gZ aZ*Zqe+ gb dhgneedlb m kbkl_fe

KI\hj_ggy gh\h]h f_Ih"m %% jmgim}lvky gy \®pghgbgEFykgnaihgy
[*jdh\h]h ie*"kbe_ggy j_Zdpe<€ ijb a[s]m iZjZf_Ilje\ ihqzZldB\h]h \i
Ib p_ ihgyHyammpkh_ahgZgk "ha\hey} i_j_ "*Z\ZIlb _g_jlex d fZdkbf
Ib\geklIxegnhjfZpecgbo kbkl _fZo ZgZebhhfjfZgp )y Jl&Zkd\fevgbc
j_kmjkerih\ergh -2hegkZlhj ihkbeZ} ihqzZldh\bc azZibin okbefx m f_
h[jh[ey} ebr_ le aZi@llmhgdd&lwa[s]Zxlwkygh]h ihlhqgbf kPZghf
ieroe™ i_j_]Imdm}lvky a dhgp_ipubistiSulzfeeghz & fZglddagh
jmlbazZpe€ Ze_ ~h~Z} "bgZfeqgbc dhfihg_gl klimiegv \egih\e~rgt
km afegx}lvky \ qZke aZe_ "gh™Metd&hbdgm Z] _glZz

Jhaleyg_fh ~ [Zevger_ | _Zeepex f_oZgeafe\ dhfmgedZp+€ \ f
ible\ G_0Zc m kbkl_fe eglghjhdhkdezZ”gh€ kbklthnggr}L}gl‘g\
IR -, Dh g Zagﬂ fhf_gl gAklokm}lvidyh)hf ki Zjsss
[Z]Zlh\bf jghfm |jhkltﬁ- hagZd

el s s e el e (el g elh, (1)

N3RS & +\ dihj neabggbo iZjzf_ljs\ dhhj*bgZlb r\jes€-klv
I_fi_jZIij \e[jZpey sh hljbfm}lvky a k_gkhje\ neabggh]h h[ }c
§ +\ _dlhj dhfi_| _gpec 1Z j_kmjke\ Ibi h[ezZ gH#iggyb "hklm
eep_ga*€ \eewlyZ iZf
RS +\ dlhj pee c 1Z ah[h\ yaZgv ihlhqg_ a&f\MZggy q_jlZ

KlIZg dh gh]lh Z] _glzZz fh™_ [mlb jharbj_gbc [eevrbf gZ[hjhf
gZkldh\h \iebgmlb gZ qZk h[gbke _gv ijhl_azZ\"'*b aZeldrzZ}lvky
evgbdZ kbkILZBh™ dh”_g Z]_gl fZ} sg”b\e"mZepkbbdgzdhjfazjzdl
ih\geklx Z[h gqzZzkldh\h koh”blbkv gb g_ koh”blbkv «a gZ[hjhf 0Z
gle\

<eNjih\ergh m i_\gbc fhf_gltegdpezI|B] _ idllj_[m} dhfgrgfdZp-€ a
Z] _glzfb ey \bjedhggeedlm gb i_\gh€ azZ”Zqges \eg Zlbtﬁ(} j_ahg

sh az”*"Z}lvky gZklmigbf \_dlhjhf

(2)
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EE: :\ dlhj \bfh] ~h \bdHhgBkm}Ivky \_dlhjhf klZgm Z]_glZ

Hiij-hjbu aZiblm
EiqZk “blly a@imém live, TTL);

aiihj-] ZdIb\Zpe+€ j_ahgZgkm fegefZevg_ hpegdEh)e”rih\erghkle \_dl
M k\hx q_jlm-¥ddbgZ\pe hljbfmxlv j_ahgZgkge aZiblb IZ h[gbkex
j_ahgzZgkm kimisgv \erih\eAghkle aZib|AESM §daey qZhHd DHdkaw

\eAih\eAghkle ﬁ]ggnzﬁ' Py nmgdpey } \bagZqZevgbf nzdlhjhf ~ey dt

jhfhlb f_Ih~m 1Z fh>_ \bagZqZlbkv «g”b\egimdefvgbkilja}d]enZrav

gZ gZy\ge nZdlhjb >ey ijbdezZzigdagkhmdgdpe-y[imld \bagZqg_gZ yd a\Z
dhkbgmkgzZ ih”"e[geklv a mjZom\Zggyf h[f_"m\Zevgbo nzZdlhjs\ yd
fZxlv hrgzZdh\m jhafejgeklv

. _ : ©)
4 tnmgdpey O_\ekZc”"Z sh azZ[_ai_qm} \bdhgZa@@yblmjkldbo h
gZijbdezZz”™ gZy\geklv dhgdj_lgh]lh egkljmf_glm

M k\hx q_jlm h[gbke _ggy agZqg_ggy dhkbgmkgh€ inmedghkle azZ]|
gZc[eevr i*”"oh”ysh]h Z] _glZz a gZk[xemMrihx[gkenjke\ Kk _ j " \keo
Ibo sh ijhcreb az”~Zge h[f_~_ggy AgZqg_ggy ijehjbl_Immm~_ ijhihj)
\Zlb h[gbke _g_agZqg_ggy "ey ijbr\bbkhdlgiyehjpH[dgblo aZible\

lekey h[gbke _ggy agZq _ggy j_ahgZgkm nhjf\ybHINg¥\py i GZ v Z].
\eNrfegm \e”N [egZjgh€ eh]ldb JhHVbHiInkkyy f _Ih” j_ahgZghglblor aZible\ \'
efhlejgekgm 1Z gZkh\m aZe_ "geklv j Zdpe+€ \eN kbeb hedlmgZgkm (
M"ey Z]_Hl\bangZ}lvky h[_jgiperghjih\_ebgbgb j_ahgzZgkm

.Ii-.:if'r':'_.'.:: . ',ILI _— ""'_';:.: : . (4)
"_Mi[Zah\bc qZkh\bc -ﬁl;jd\lign-p-}gl gmledXhkhihfh]lhx ydh]h
fh gz j_]Imex\Zlb gzZkdeevdb kbevgh af_grm}lvkevmgakgZeadgh\ere ij
g_ggy j_ahﬁgklrerZ aZe "geklv ]ZjzZglm} sh Z] gl a gZc\bskt

\eNih\ergh@lZckbevgerbf j atgWedgki\feklv i _jrbf P_ “hal\hey} egepeZl
ijbcgylb i_jrm ~ \Zeergm \e chme)BestiLWVWagZqgh kddhdkgmxqgb
hgedm\Zggy ihje\gygh aes a[hjhf mkeoL Zdhhh afthp ed\bf&18ZheZgl d
eb Z] -ggmpeZlhjm m i_\ghfm ijhfe'dm gZkm ihlje[gh a*[gZlb mke \e’
l[*\\bdhgZ\pe\ |Z hpegblb €0 sh gZkldh\h a[eevrblv rZgk h[jZggy g:
\4+zZglzZz k_j_™ fh eb\bo

Hdj_fh \Zjlh mlhqgblb ijhp_k h[jh[db kdeZ*"gbo dhgreesdls\ m kt
[meZkv kblmzZpey aZ ydh€ ~\Z Z] glb dhgarjphdieza2ZfZb\gbc j_kmj
gbamkljeebky m \mavdhfih dhpslbyYj | hljbfZ} IThc @d\XBdigma
ibl ea \bsbf ijehjbl_Ihf :] _gl a gb gqbf ijehjbl_Ihf hljblfokkly ©gZdza?
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I1Z hgedm} k\h}€ q_jlb Ydsh ijehjbl_Ib je\ge \bdhjbklAYmxlvky
ijehjbl_le\ kbkl_fb Z[h \biZ~dh\e agZqg_ggy “ey i_j_jZomgdm ag.

HI"_ ijhp_k dhfmgedZpe+€ aZ”ey \bjer_ggy dhgneedhm gb jf
oh”blv gZklmige nZab

1. GZ"kbeZggy (PLVWigFRr@<Zlhj \by\ey} dhgneedl ghijbdeZzZ”
am}lvky \boe® a eZ”"m i**rbighdz >Zee+ Z] gl nhjfnihglgdbj) \bfl
jh[hl a egkljmf_glhf ; 1Z gZ*"kbeZzZ} \eMih\erglglc\aZibl m f_j_"m Z

2. lhlebgzZggy 1Z j_ahgZgk $EVRUSWLRQgpe.cHHVRQDDFE
\bdhgZ\pe hljbfmxlv ih\e*hfe_ggy |Z h[gbkexxlv agZfghokgy j_ah
aZiblm Ydsh Z]_gl g_ nY4h\ZfEZ}\mih\ergeklv gb ' qZ aZ fegefZz
g_9ggy Ih ih~ZevrZ h[jh[dZ amibgylvkhib dhzhhd\hey} agba

3. LbfgzZzkh\Z fh*meypey 7HPSRUDJIb0RGX\@DWAlRZDXIv mfh\z
aZiblm h[gbkexxlv agZq_ggy aZljbfdb IZ \klZghteXxxdy hZtif _j "
\eNe Ydsh ihlhqgbc Z]_g!l hljbfm} ih\e*hfe_ggy sheygrdZiZl]_gl
"h aZdegq_ggy |IZcf_jzZ \eg kdZkh\m} k\hx \e?ijZygdy \\*hdhZ } v

4. <e"Imd |Z nedkZpey S5HVSRQVWHCcf&GRPIPgWPH @QWchbsbf j_
gZlkghf kijZpvh\m} i_jrbf « \eg gZ"kbeZ} ihgepfeZltpgm A]ijdlimabp
}x \bdhgZlb azZibl 1gepeZlhj hljbfZ\rbK _jifmitb@ple ihpregx} €0 -
gZ"kbez} ieMI\_j~" _ggy |IZ kb]gZe \e~fegb "ey egrbo

<e”Nih\ergh hljbfm}fh gZkimigmkeé¢sH)ghfipiblkch ~ey \bdhgZggy
j_ahgzZgkgh]lh azZziblm ~ey ~\ho Z] _gl*\ "ey \biZz*dm dhkeb h”bg
1Zf Z sgtige

Root Agent (Initiator) Resonance Bus Agent A (Relevant) Agent B (Irrelevant)

Step 1: Semantic Ping

L Broadcast(RequestVector, Threshold=0.8)

Root Agent (Initiator) Resonance Bus Agent A (Relevant) Agent B (Irrelevant)

Jbkghd>«Z]jZfZ ihkee*h\ghkl_c "ey ijbdeZ”m \bdhgiZmgy j_ah
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>ey j_ZeeaZpe+€ f_|Ih*m kljmdkmkE f2] pipligh\h]h ~\ecgbdZ fZ} [nm
jharbj_gzZ ki_peZeecah\Zgbfb fh meyfb-ZjolagdlmljgZZ-D¥sieO L H |
,QWHQWLRQ ~hih\gx}Ilvky ©J_ahgzZgkgbf rzjhf2 5HVRQDQFH /D\
ghfm je\ge Z[kljZdpe€ [eb q_ ~h f_j_"Dhfihg egl_jsh dkMh\e”rZ} az
j_ahgZgkges aZiblb \dexqZ} gZklmige fh"me-

1. Fh*mev kijbcgylly 3HUFHSWDbRQIPRI&GXCH g+k\gkhR¥X
neabggh]h "\ecgbdZz

2. =_9g_jZlhj ijhneex 3URILOHK h*bMgZHWW RMdh\ex} \_dlhj klZgm
Z] _glz

3. DhfizjZlhj ahgZgkm 5HVRQDQRHBEcCRPIDYDWRWB’kd_ h[gb
e_ggy nmRdpe€fh"mev } fZI_fZlbggbf y*jhf f_Ih"m IKXZgb}f [mlb hilk
"ey \_dlhjgbo hi_jZp-c

4. Dhgljhe_j dhfmgedZp+*€ &RPPXQL&EDWihR Q& RZQheXRIGOHU
"hfe_gv a mggygmjlZajZoh\Zgh€ azZljbfdb

<e~ih\e~rgh hljbfm}fh gZklmigm "eZ]jZfm dhfidhg_gle\ Z]_glZ jbk

Digital twin architecture with Resonance Requests Method support

Digital Twin Agent

[High-Level Logic

(]
Standard BDI Core

(Belief-Desire-Intention)

Physical environment

|
{
|
i
Updlate Beliefg : : [}
I RawBam~ "~ 17 Dynamic change of agent state 10T Sensors
T T
ve | |
| |
| |

Sensor Data
|

|
|
e bresp [ . a L=
o {Cammunlcatlon Controller Resuit | Resonance Comparator
R val

Network [ntarface (R valuey )
Resonance Request |

Math core
Fast computing R

)

an
L_resp calculation Vector operations

Jbkgld>+2]jZzfZ dhfihg_gle\ Z]_glZ pbnjh\h]h "\ecgbdZ
a isrljbfdhxhgZgkgbo aZible\

:gZee+a hljbfZzgbo j_amewl Zlhke«”" ggy jhajh[emghhle A jlh”"
eeah\Zg_ijh]jzZzfg_ aZ[_ai_q_ggy "ey sofelZpechmhih]HrR~fleW\Zggy a.
ijh]jZzfm\Zggyn3\¥eKR\bdhgdbkgy Highte}\h]lh fh"_ex\Bggy\bod hj
kKlZgZ [*[e®iinPgZA hley” m gZ ijbr\b”r_ggy jh[hlb f_Ih"m 7~ey fZI|_ fz
h[gbkes_pmeb aZklhkh\Zge gbk _evgdMumP¢b [¢[eehl

>ey fhr _ex\Zggy [meh h[jZgh kp_gZjec i_j fes _ggyhth[hle\ ih ki

gZ Il _j_™ Z]_glzfb klhyeh azZ\*"Zggy \bdhgZlb \sifgdh\e aZy\d
\jZoh\mxqgb gZklmige h[f_"_ggyb \ma\ed\skhohféhdm\fZgggbch
azZjy™ [Z1Zj_c h[f_~ _gZ deevdeklv adjydglhpv klZgysdjZgh€ ~_ fh
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kljZpe€ gZ \_ebdbo kbkl_fZo deevdeklv Z]_gle\ afegx\ZeZkv \e~
\ZeZkv deevdeklv azZ\"Zgv gZ i_j_feggzZdhym >y gde\ ghT'h ex\Zggy
Alm\Zehkv m kbkl_fZo ~_aZklhkh\Zgh jeage f_Ih dnaedfimgedZp
jhajh[e_gbc f_|Ih” j_ahgZgkgbo aZible\ f_oZgeaf vky _ ilhAmg\
leh[Zevgh]iif Zreivgh]h jer_gighlhidhe dhgljZddjgh€ &13 ijb ydhfm
azZib\le”ih\erv ¢~ _ \er dh ghlh Z]_glZz

>ey ihje\gyggy [meb h[jZge gZklmige ihdZagbdb f_Iljbdb _n
1. tk_j_~gec gZk ma]lh”™ _ggy \*”N ihy\b aZiblahlmh mdeZ"Zc¢
W +tkmfzZjgZ deevdekiles_ghAerhhf _j "¢ gZ h”"g_ azZ\"Zggy
8 +\erkhlhd mkiergh \bdhgZgbo Zama\N\zZgv |Zcf
 +\e~"obe_ggy m agZc”™_ghlh jer_ggy \e~vghhh_Ibggh hi

gec qZk ma]w_ggfye A fhgkljmxlv sh f_ozgeaf i_j_]hWije\ } g
gerbf g _j a kdez”~ge ¢l _jZIb\ge ijhp_~mjb Ihj]e\ "ey "hkm]g _ggy
fm sh klz} djblbgyb200b
LZ[ebpy
K_j_"gec qzk m{@ figgy

DeevdeK]v| CNP(ContractNet | F_oZgdiaj H hje\ RRM(Resonance
gl+\N) Protocol) (Negotiatior) RequesMethod)
20 125 214 38
50 293 547 45
100 648 112 58
200 1451 3813 82

CNP ihdZam} eegecg_ ajhklzZQ@y aKdjdvehdlb f g " "ghcatmr _
jhleylb ijhihabpe€ \¢e®* mkeo \eevgbo Z] gle\ GZIlhfeklv f Ih™ j_
fhgkljm} gZc\bsm klZ[eevgeklv QZk j Zdpe+€ ajhklZ} g_agZqgh
al[eevr_gges deevdhkle Z] gle\ m jZas\ LZdZ ih\_"egdzZ e _]d
Z]_olgepeZlhj g_ q_dZ} \eMih\er _c \eA mkeo Z -dbdhgZApiy jrdijh
aj_ahgm\zZ\ \erjh\erZ\ mkef \bfh]Zf [1Z fZ\ gZcdjZsm h@gegdm \:
ijhihgh\Zgbc f_Ih” fZ} Kle Z 2 jdoe lql g

LZ[ebpy
gV
DeevdeK]v | CNP(ContractNet F_oZgdiaj H\hje\ RRM(Resonance
gle{N) Protocol) (Negotiation) RequesMethod)
20 42 68 5.4
50 107 165 6.2
100 239 341 7.1
200 416 725 8.5
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W 4 Zife\ e A _fhgtolfv

sh f_Ih~ j_ahgZgkgbo azZible\ kijzZ\”e aZ[_ai_gm} agb gy ljZnedn
je\gygICNP hkdeevdb ih\e*hfe_ggy ijhihabmpr€ gF klbe Ax\okdrdbf
je\g_f IhrCME\MMih\erZxIv fZCc _ dgkeZ\eaMb

[+~ gZk hgbke_ggy \e*khldZ mkierghf#es hg\"¢Zlopi\E Z&a hK g v
ijh\Ze _gbf ydsh\dhgEk\gpv[m\ agZc”_gbc aZ ~hivhghddcd qZk
Zml

LZ[ebpy

<e"khlhd mkiergh \bdhgZi# azZ\"Zgv

DeevdeK]v | CNP(ContractNet | F_oZgdiaj _H hje\ RRM(Resonance
gl+{N) Protocol) (Negotiatior) RequesMethod)
20 99.5% 99.9% 99.2%
50 98.2% 99.5% 98.9%
100 913% 88.5% 97.4%
200 76.5% 629% 94.8%

Hljbfzge ~Zge lZjdZamxlv sh ijb fZehfmegE\@gg2afdiqg ]
\hje\ } gZc[eevr _n_Hbdygf NH200 n_dIb\gekdkwbdgbo f_Ih~e\ jeadh
iZz"Z} &13 kljz " ~zZ} \e™ i _j \ZglZ _ggy q_j]lb ih\e~rhfiédhjo¥% Z f_o0Zc
\k_ [*evr_ gZlbdz}lvkidmdZ IZkde+eyldb\BljZqZxlv gZ™hqEZXK]E|gZ
malh”” _ggy ihdb kbImZpeygxhlkkyk| Ffellaf j ahgZgkgbo azZible\ a[_
\bkhdm j_amevizZlb\geklv ! aZ\"ydb r\brdhkle Hfigesvg ijbcgylb
jer_ggy fbll}\h ge¢” rmdzZlb «~_Zevg_ gZ”~lh "h\]h medz}l Zalxe sdbkgh\d
agZq_gv I|z{erobe_ggy \+" I_hj_IlbqggZ®8 hstbfimamzZqgzZ\kyZi_j_" a

imkdhf 'dh]h ijhlJhgm fh*_ex\Zggy

LZ[ebpy
hilbfmfm

<e”obe_ggy \*”" |_hj_Ilbq Zmm

DeevdeK]v| CNP(ContractNet| F_oZgdaf f\hp\ RRM(Resonance
gl+{N) Protocol) (Negotiatior) RequesMethod)
20 12.4% 1.5% 5.8%
50 14.8% 2.2% 6.5%
100 18.2% 3.8% 7.9%
200 24.5% 5.1% 9.2%

Yd [Zgbfh f _Ih~ j ahgZgkgbo azible\ ihkimiz}ihwkygE oZgeafm |
sh ihykgx}lvky r\brdbf \b[hjlbfd @&\ pgylZ2 ey iYylysr\brdh*€ |Z
af_gr_ggy ljZnedm F _|Ih” fh ' kihgmdzZidebhghZggyhtZ gzZlh]h
olh i_jrbf ©aj_ahgm\z\2 gZijbdezZ” q_j_a djZsbc azZjyh[zZIZ]j_€ ¢
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ob "Ze- l[jhl_ aZijhihgh\Zgbc f_Ih™ klZRE¥ghkdyeVvdisrmmgdp
j_ahgZgkm \jZoh\m} dhfie_dkgbc klZg Z]_glZ ijb f_grbo aZzZljzIZ

<bkgh\dib” gZk pvh]h “hkee*”" _ggy [meh jhajh[e_ghWt_Ih" j_
l«\ 550 sh aZ[_ai_gm} f_oZgeafb dhhj*bgZpe+€ |Z \bjer_ggy dl
glgbo kbkl_fZo pbnjh\bo *\ecgbde\ AZ mfh\b "bgZfeqqgdl€og_\ba
j_kmjke\ hljbfzgh fzl_fZlbgge aZe_"ghkle nmgdp+€ j_ahgZgkm
hibkZgh 1Z ijhzZzgZeesah\Zgh \o*"A-ljZ A\bld*ge ahjdj_fZ \_dlhjb ki
Z]_dl4Z ihjh]h\e agZq_ggy j_ahgZgkm kihkh[b €0 hljbfZggy

GZ hkgh\e ijh\_~ gh]h ZgZeeam \klZgh\e_gh sh _n_dlb\ge-
kmll}\h aZe_"blv \eN ki_peZevgh]h gZeZrilm\Zggy Z”Zilb\gh]h
Z] _glBdhgZ\py ~h azZiblm |Ijb ehdhohily¥ZZ _|jZo dhfmgedZpecg_
l1Z" _ggy kbkl_fb gzZz[m\zZ} klZ[sevgh]h fegefmfm a fZc _ dhgklZg
fh~re@Kk) g_aZe_"gh \eN deevdhkle ZZmlglpX shm_Uddb\gm neevljZpex :
fe' Z]_gdhdepeZlhjhf « \bdhgzZ\pyfb LZgahge[mhelbeddbdggy f_Ih*m
Ahihfh]lhx ijh]jZfgh€ j_ZeeaZpe€ efelZpecgh€ fh*_ees ©jhamfghl]h
a \bdhjbklZggyf [*[eshl_db 6LP3\ Ijh\_~_ge _dki_jbf_glb ihdZe
geklv nmgdpehgm\Zggy IZdh€ kbkl_fb a hilbfgafvdizgZedirIh\Zgh
al\hebeh agbablb IjZned gZ ihgz”" ihje\gygh a deZkbqgghbf ijh
f_j_ "+ &13 Ihje\gyevgbc ZgZee+a ihdZaz\ \bkhdm _n_Zlb\gekl
ijhihgh\Zgh€ fmevibZ]_glgh€ Zjoel_dImjb a hilbf42vghzglzeZrl}l
j_ahgzZgkgh€ \az}fhne€

lh~"Zevre “"hkee” " _ggy [m” mlv kijyfh\Zge gZ hpegdmblhqgghkl
fZevgbo jer_gv af_gr_ggy \**"obe_ggy \** ]Jeh[Zevgh]h kilbfmfn
[« ch]lh jhihlb \ J_I_jh]_ggbo k_j_"h\bsZo Hdjef Ih]lh {m mlv ij
j*Zglb ih[m~h\b nmgdp+€ j_ahgZgkm ahdj_fZ ea aZklhEm\Zgg)
\gZggy S5HLQIRUFHPHQW /HDUQLQJ I1Z \e~rih\e~rgh mfh\b c ff
kiI\hj _ggy Z~Zilb\gbo phbgjhdblok®tezZz~gbo de[_jneabqggbo kbkl _f

E1L?J:LMJ:

LX.XX < IX % 9RJIJHO(+HXVHU DQG / -dDgpry 5.6InCeatixy W U\
&RQFHSWLRQ DQG 3HUFHSWLRQ ~ -RXUQDRP.B3®EBQ XIDFW XU
2. Grieves M.Digital Twin: Mitigating Unpredictable, Undesirable Emergent Bedt@ain
Comgdex Systems / M. Grieves, J. Vickers // Transdisciplinary Perspectives on Complex Sy
tems.- Springer, 2017- P. 854.13.
3. Wooldridge M.An Introduction to MultiAgent Systems / M. Wooldridge.2nd ed.-
Chichester : Wiley, 2009.484 p.
4. H < :1ZfZgxd Kimke _fZ :gZeea f_Ih”e\ \bjer _ggy dhfdngbglde\ m f
fh™_ee pbnjh\h]h ~\ecgbdZ kdez~gh€ kbkl_fb >hih\gpv€gZ
| F D- DI1 ©lheel_ogedz?2 -118. K
5. Chikoti, Santosh. Conflict Resolution Techniques in MAlgent Systems: Technical &R
view. European Modern Studies Journal. 9., 2025, P.R8481
6. 3UHWHO ( IDYPD-DURHUR/YOSHDPR\D $ *RAYENOIEerBs il XOW L
Support of DigitalTwins: A Survey // Lecture Notes in Computer Scied@022. £Vol.
13259. +P. 5244633
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7. Smith R. G.The Contract Net Protocol: Higbevel Communication and Control in adi
tributed Problem Solver / R. G. Smith // IEEE Transactions on Comput&®#80.- Vol. C-
29, No. 12- P. 11044113.
8. Boella G.Norm-Based Contract Ne®rotocol for Coordination in MukAgent Sytems /
G. Boella, L. van der Torre // IEEE International Conference on Intelligent Agent Teehnol
gy. - 2008.
9. ResmeritaS. Conflict Resolution in MultiAgent Systems / S. Resmerita, M. ydenn //
Proceedings of #12004 American Control Conferene004.
10. Gao SAn Improved Contract Net Protocol for Task Allocation in Mi#{iient Sytems /
S. Gao, H. Lei, D. Wang // Algorithmg. 2019.2 Vol. 12, No. 4.2 P. 70.
11. Ferreira PAuction and Contract Net Protocols in KMuAgent Systems / P. Feira, N.
Baloian // Journal of Theoretical and Applied Electronic Commessed&tch- 2013.
12. Aheleroff, S. MulttAgent Systems in Support of Digital Twins: A Survey / S. Aheleroff,
et al. // ResearchGate2022. +P. 1-18.
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Resonance request method for conflict resolution in the multiagent systems
of the digtal twins

Various approaches to organizing interaction and coordination in distributed systems
are considered. The ceatized approach has a big disadvantage due toabdlly limits and
single points of failure. The classic decentralized approach cannot be used in some cases due
to the high communication overhead and latency. One of such cases is the conflict resolution
in multi-agent digital twins, where the Resonanegurest Method can be really useful.

The purpose of the research is to develop a method of creating a communication and
conflict resolution mechanism, which will provide the possibility of detemgnithe gotimal
task allocation based on state similarity.

The paper examines the interaction dynamics of the system "iniiexecutor". Under
the condition of dynamic environments, the mathematical model of the resonance function
and selective query filteringzas obtained. In view of the use in cypéysical systems, the
input and output parameters of the method were described and analyzed, as well ab-the met
ods of obtaining them.

As a result of the evaluation of the speed of the method using Python simaathal-
ification of the search way for the optimal sensitivity threshold waggsed.

The comparative analysis showed the high efficiency of the proposed coordination sy
tem with optimally adjusted resonance parameters. The proposed method allows&othedu
communication traffic by approximately 90% compared to standard protocols. Also, the
method made it possible to speed up the requests processing by an averdgetiofes, e-
duce the load on the network and handle cases whesinmgalcoordinations a rather diff-
cult problem.

The input and output parameters of the method and ways of obtaining thenewere d
scribed and analyzed. A comparative numerical analysis showed the high efficiency of the
functioning of such a conflict resolution system witkiroally adjusted parameters of the
resonance requests.
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DOI110.34189156299455-162-2026-07
UDC 004.9:37
DH :h~x K F <h\d
1GL?J:DLB<GBC-¥?KMJK A <B<Q?GGY 1GNHJF:LBDB
M A:DE:>:0 A:=:EVGH2 K?J?>GVH2 HK<I1LB
1A I1>DEXQ?GGYE=RGL:

:ghlzZpey GZ\_~ gh h]ey”™ hk\elgvh]h ijhp_km a egnhjfZlbdb m aZc
j_"gvh€ hk\elb \ mfh\Zo \ijhnEjMb goohAH€ MdjZ€gkvdh€ Rihheb Jha]e
kmqgZkge pbnjh\e egkljmf_glb a hj]J]ZgeaZpe+€ 1Z ijh\_"~ _ggy hk\elgvh,
gh €0 g_"heesdb I1Z g_\e”rih\erghkle j_nhjfe AZijhihgh\ZgZ IZ jhajh][
key gl _jZdlb\ghlhkmjkm a \b\g_ggdhbdondgfazZklhkm\iZyggfZR1
IhrZgh j_amevlZlb | _klm\Zggy jhajh[db |1Z ~hke*”" _ggy _n_dlb\g!
rimggh]h gl _en dldangZevghfm ijhp_ke \b\qg_ggy *gnhjfZlbdb
Dexgh\e kehdjZkinjk hk\elZ rIimqggbc <gl_e dl egnhjfkVd&z gh\Z |
r dh e Apenaj python javascript

IhklZgh\dZ ijh[eGEbkvh]h~ge m kn_je aZ]Zevgh€ k_jk*gvh€ hk\e
IN\h hk\elb ¢ gZmdb MdjzZz€gb \ijh\Z*"" m} j_nhjfm Gh\h€ mdjZ€gkv
kKijyfh\Zgm gZ ~hdhjeggm afegm nhjfZlm ih"ZqgeZgKbkZefghjh fZI _je
gx\Zggy agZgv mqgge\ 2€ f _|IZ ihey]Z} m i_j oh”e \en |[jA bpecgh€ f
N ee gZ\gZggy gZ hkgh\e dhfi_| _glgekgh]h ie"oh”m shx%jmglm}lvk
gh\bo mfegv ¢« gZ\bghd g_h[oe”*gbo ey "blly m kmdZkeghfm kmkie
reklv gZy\gbo gzZ\qZevgboZdphpffH¥bp keanjke\ klI\hjx\Zebky ey is"ljbfi
deZkbggbo nhjf gZ\gZggy 1ihklZ} iblZggy €0 \e~rih\erghkle gh\bf \I
\blv \bdebd "~ey hk\elgvh€ kbkl_fb hkdeevdb \bgbdZz} Zhlj_[Z m |
AN ggggh\Zpecgbo aZkh[e\ a”Zlgbo aZzZ[_ai_qblb egl_jZdlb\geklv
ijhp_km gzZ\qZggy Z IZdh" h[f}dlIb\geklv hpegx\Zggy ch]h j _amevlZ

J nhjfZ GMR afegx} jhev mgbl_ey ydbc klZ} nZkbeekmhjhf hk\
Z g_ebr_ "~ _j ehf agzZgh]k @ecm?}igky ki\hj ggy dhfnbjlgh]lh k_j_
sZ ey jha\bldm mqgge\ \bdhjbklZggy kmgZkgbo | _oghegh]ec 1Z gl
kljmf_gle\ m gZ\qZevgbc ijhp_k LZdbf qbghf GMR \eAdjb\Z} gh\
mdjZ€gkvdh€ hk\elb Ze_ \h"ghqzZkhlidib\bllz jihgajh[abtZ}fb hk\elgeo
ijh]jZf 1Z \erih\e~rgbo j_kmjke\ aZ\*"Zggy ihrmdm _n_dlb\gbo jer_gv
[Z i™ljbfdb ijhp_km gZ\qZdgpyho ijhong\p

:gZe*a hklZggeo "hkee”"" g+ Pbm[b¥dzZg«kdjmf glb klZxlv " ~Ze
\Z eb\erbfthR\elgvhfm ijhp_ke ~hihfZ]Zxqgb ajh[blb ch]h [eevr kljmd
~n_dlb\gbf IZ ijb\Z[eb\bf <hgb rbjhdh \bdhjbklh\mxlvkm ey aZ[ ¢

¢ :hAx D H <h\®0R6F
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ighkle mgzZkgbdes\ gZ\gZevgh]lh ijhp_km =<gl_jzZdlb\gh]lh th”*Zggy
azZpe€ ijhp_km gZ\gqZggy

Al*gh a hklzZggefb "hkee”r” _ggyfb 1lgklbImIm pbnjh\eaZpe€ h
[meh \by\le_gh > @ sh 7~ey hjl]ZgeaZpe€ 1Z a”eckg_g@gy "bk
\qgZggy j_kihg”_glb \bdhjbklh\m\Zeb |Zde pbnjhivy84%kljmf_g
Zoom = Kcl gZ\qgZevgh]h 22 8%;ZBoogle workspace for educatien

FecDeZk ?e_dljhggbc sh2_ggbdGZ\qZevgZ ieZbhhjfZ g
\qgZevgh]h aZte3®4 Mmelegramt13,3%; Padlet+11%; FlippedClassroonx10,9%;
Microsoft Office 365+7,6%;Microsoft Teams+4,7%; WhatsApp+3,3%; Moodle +3,2%.

>ey ijh\_~_ggy mjhde\ |Z ihaZdeZkgbo aZoh”e\ mqgbl_e-
gbld aZzklhkh\m\Zeb 1Zd- j_ ks34, GadUldg i d <k _ hk tril%;
<k_mdjzZz€gkvdZz rd heZl,Gog EdErg + khpeZevge f_j "¢ )DFHE
1 QV W D24 B Learning.uat21,4%; Prometheus ;eh]b_j_~ \e “Zmpg
sh™ _ggbdb ik22%; Kahoott Pbnjh\Z hk\elZ 8®&%?* Chsstimet

\e” hmjhdb gZ LJD ©DbEb? || Z2g d&&65,5%; Edpuzzletl,4%);
TED +1,1%.

Mlef nmgdpehgZe aZagZq_gbo ieZlinhjf g_ -ihipagX\Z ggoc |Zey
g_ a”Zlgbc ih\geklx aZ”~h\hevgblb \bfh]b j_nhjfb Ahdj dZ \ gb
ah\Zg_ hpegx\Zggy azZ ]jmiZfb jhajbh[dm |d«XkkfbdkiibedZ Djef Ih]
aZagZq_ge- ieZlnhjfb g_ aZ[_ai_qikylae m_ireghdmexh dhfi_|_glg:
hje}glh\Zgh]h ie?oh”m 1Z i_jklgg¥esaZp+€ gZ\qZ

Ae kljefdbf jhalbldhf rimqggh]lh egl_e_dlm ihklZeh 1Zdh" ibl.
AT ggy m kn_jmm MkYehkee”" ggyo dZn_"jb chyfmhgetd@Zycegigbo |_og
eh]Jec \ hk\ele nZdmevl_Im ijbjh”*gbgbo gZmd « |I_oghehFfec Mge\
o0ZkzZjzdozZf m LZ€eZg”"e az o \igbZ gZeegladi\| _ogheh]ec R
j_amevlZlb gZ\qZggy \bbhgBklBEgrhkb 35,60% |1Z ~ _deevdZ ZgZe-
oh”~e\ ahdj_fZ gh\elge aZklhkm\Zggy Zelhjblfled 'L ¥H d&gx\ HhV
gh\e % (57 > @ AZ]Zevgbc ZgZee<a \by\b\ agZqgbc ihablb\gbc j

(Hedgesg = 0,86, 95%c "“h\ejgbc @l PZ > @ sh k\ergblv ijh
i_j_\Z]b gl _]jZp+€ R1 \ hk\elm Hkh[eb\h€ m\‘ZhbewZkxegdghym} \
Ib\gh]h RddgesJ >1 > @ yde ijh~ _fhgkljm\Zeb g

ihablb\gbc \ieb\ gZ j_amewZkbmgZyd?\ggH)ZadZggy |Z madlklhk
\ejlmZevgh€ j_Zevghkle ihdZaZeb ihfsjgbteddesd H0gs,co5%n d

>1- > @ lh~e yd kbkl_fb mijZ\eeggy gZieZymlyjffb /0" 1Z R:
fhgkljm\zZeb i_jki_dlb\gbc ijhl_  kljb¥Zidedge® g \¥e 08,62, 95%
>1 > @ > @

HI"_ egl_]jZpey rimqggh]h «gl_e_dIm \ hk\elg} k_j_MMh\bs_ fl

s _ggx ydhkle gZ\gZggy aZ\"ydb gZ”~"Zggx i_jkhgZeesah\Zgh€ ~h
aZk\h}ggy gh\bo agZgv <h~ghqgZk Kmgghgihh&tklgedZxhkkmijkb
yd mdjZ€gkvde [1Zd ¢ k\elh\e Z[h g_ fzZxlv 1Zdh]h nmgdpehgZe
hif_"_ghfm nhjfZle Lhfm ZdImZevgthkddZ“gadqjZd}bj\rgehj] kmjKm

a \b\g_ggy cgnhjfZlbdb gZ hkgh\e kmqgzZkgbbedgmb jfygpbcH\BOih\e-
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Ibf_ gh\elgef klzg~zZjlzf GMR 1Z {ZRIbpAd "yl i"ljbfdb mqgge\
m gZyg¥

F _1Z "hke*”  _§gyhx “hkee"" _ggy } i*"\bs_ggy _nvghBhghkle g2zZ\
ijhp_km a egnhjfZlbdb reyohf kl\hj_ggy -=jglkm4kimb\ag gib ¥ [
rimqgqgh]h egl_e_dIm \e?ih\eAgh ~h \bfh] j_ndh#b R&dh\délE MdjZ€gk

Hkgh\gZ qZklbg¥ \bjer_ggy ihklZ\e_gh€ azZ”~Zqes [meh aZijhihgh
jhie_gh «gl_jzZdIb\jgkenjk[m \b]ey®fe_dglesjon]lh aZk[6lKi# g dNA ]
evgZ Zjoel_«dimjZdib\gh-jh Kmjkm gZ\_~_gZ gZ jbk KAN\_jgZ qZzZkl
ih\e~rZ} aZ h[jh[dm aZible\ Z\l_glbnedZpex dhjbkim\Zgyboa[_j_"_gg
\azZ}fh”ex a [Zahx ~"Zgbo * ah\gergefb k_j\ekzZfb ahdjdfd a $3, rl
Dee}glkvdZz qakIb@i gm} \e*h[jZ _ggy e<gl_jn_ckm dhjbkim\zqz -
\azZ}fh”rex m\_7~_ggy |Z \e?ijZ\e_ggy "Zgbo Dhjbklim\Zge \qbl_e-
lhjb rdheb fh ' mlv aZohtbkmgkZag _j[_ a *gl_jn_ck m [jZma_je [_a ijt
A“h ijbkljhx

KopueTtyBadi: IHTepdenC KOpUCTYBa4a v
- BYMTEN; Bpay3epi
- Y4eHb; (P poHTEHA-4YACTHHA)
- aaMiHICTpaTop Bootstrap, JavaScript

A

h J

EekeHA-4acTHHA:
- aBTOpM3aUina;
- CTBOPEHHA 33B0aHHb;
- BUKDHaHHA 33BJaHb;
- NepeBipka sianosigen;
- poGoTa agMiHicTpaTopa 3
YUHAMK T3 BYUTENAMM

Python Flask
/ o L\ _____
| [
Basa gaHuX l Li-arest :
SOLA}te , | (API OpenaAl-mini-5 -
( ) : 30BHILLUMII cepsic) |
[
| _________ 4

Jbkmghdz]ZevgZ Zjoel _dImjZ «gl_jzckimjgmlh \ |

Klhjegdb-)\ ¥mjkm a]jmih\Zge aJe*gh jhe_c dhjbkim\Zqges\ ydbfb
|z Z~fegekljZlhjb rdheb

<gbl_ev fZ} fh eb\eklv klI\hjx\ZIb azZz\"Zggy ljvho Ibie\ azZ\~"Zgc
\eNih\erAx | _klh\pggZ\aZZ\"Zggy gZ ijh]jZfm\2dygyibkZIhgd fgZ
fhle 3\WKRQ >h az\~Zgv «a ijh]jZzfm\Zggy \qbl_ev fh™ h m\efdgmlb
fhlm R4 _glZ Il+key \enijZ\e_ggy aZ\"Zgv \gbl_ev fh _ gZ \e~ih\e~
j_leygmlb j_amevlZl \b"dhpgdg ghhbagoh ] h

Dees}glkvdZ gZklbgzZz j_Zeeah\ZgZ a \bdhjbklZggyf fh\b jhafeldk
kilbee\ &66 >ey ijbkdhj_ggy gZibkZggy dh”m dee<}glkvdh€ qZklbg
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rZlehgeaZlhj -LQMD AZ “hihfh]Jhx pvh]h[jZdkhjmm][gkhZghgg hdijb
gZ klhjegdZo reyohf kl\hj_gd@yeklgrjedEd€o ih*"Zevrh]h jharbj_g
egre klhjegdb ;meh kl\hj_gh gZkdfreilggbklmp[edly kem [h\bo klhje
rZ[ehg klhjeghd Z~fegekljZlhjZ rZ[ehg klhjeghd mqgy 1Z \qbl_
ki\hj_gg¥\"Zggy \qbl_ey 1Z rZ[ehg klhjeghd \bdhgZggyhaz\*Zg:
]Jhx nj_cf\hjdZ %RRWVWUDS [meh hj]J]Zgeah\Zgh dZjdZk klhjeg
ihg_glb

>bazZcg ]jZneqgh]h egl_jn_ckm dhjbkIm\ZqZ [meh hpadilhhgZgh
Agefhd _dpdgjm eckm klhjegdb \oh”m ij_"klZ\e_gh gZ jbk

HapuaznbHa ratdopma Tonoswa  Indopmauin  Bxin

VBilITH Ha cepBic

© 2025 Mnaropma s 3aspans. Bogio K. O.

JbkmghtKlhjegdZ \oh~m gZ +gl_jZdkimigkbc \_[

;_d_gZklbgz <gl_jzdIb\gkhhjRm[ [meZ jhajh[e_gZ fh\dix ijh]j.
gy 3\WKRQ gZ hkgh\e nj_cf\hjdm )ODVN ydbc ijbEbvkqngd< "e
aZ Kki_pbned\SiHA YWeb Server Gateway InterfaceX \oh”blv Hkib kid Phllets
Projects

>ey \eMijZ\e_ggy \**ih\e~ _¢c mqge*\ [meh \bdhjbklZghzf_oZg-
[ _ ai_gm} a”eckg_ggy ZkbgaZhobho"BHAZ4B je\ 1Z "ha\heAZIDb
NZge m nhjfZle -621

>ey dh ' gh€ klhjegdb gZ [_d_g”e [meh gZeZrlh\Zgh myo UR
eb jha”ee_ge * al]jmih\Zges \ hdj_fe nZceb azZ “hihfh]l]hx f_oZg-a
"halheb\ jha”eeblb eh]edm klhjeghd mqdkj2z2\qhkéne) h@eddidk kljz
IZ nmgdpec h[jh[db ~Zgbo

Mke "Zge dhjbklim\Zqge\ 1Z azZz\"Zgv a[_je]lZxlvky m [Zaes "Zg
SQLite. SQLite- p_ e_]dZ \[m~h\ZgZ j_eypecgZ kbkl_fzZ d_jmWggy [Z
a\hey} a[_j*]ZIb \kx [Zam ~"Adbe-\ g gihflip_[m} dhgne]myZpe-€ 1Z
lhighx Mlef m ihr"Zevrhfm aZieZgh\Zgh-j_geyp«tgd ki Kidlfgrih d_ |
\Zggy [ZaZfb "Zgbo 3RVWJUHG64/

<aZ}fh”~ey a [Zahx "Zgbo gZ [_d_g”e \eA"[m\Z}Ivky m \b]Jey”"
xlvky aZ ~hihfh]hd _[¢pe TOLWH ydZ \dexqg_gzhIimdki ZJVVZKIB @
>h~Z\ZIb m [Zam ~"Zgbo azZ\"Zggy hpegdb I1Z j_ameviZlb jha\{
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mqge 1Zd « \qbl_ee >h”Z\ZIb Z[h \b"Zeylb dhjbkIm\Zqg#\ a [Zab *.
fegekljZlhjb gZ \e~ihhyégddokl

1gl_]ljZp~¥Z]RflZ [meZ j_Zeecah\ZgZ aZ ~hihfljinx fhP"_g¢« 2SHQ$
ihe Jr_gZ \_jkey \_ebdh€ fh\gh€ fh" _ee 2SHQS$, ydZ gZcdjZs_ i-
azZggy ihklz\e_gh€ az~zZqe \ mfh\Zo h[f_"_gh]lh \bdhjbklZggy nmg¢
Jh[hlZfla®" _eex 2SHIQ$, areckgx}lvky halZlhxhi[e[eshl_db RSHQDL fh\k
S\WKRQ M ]Jheh\ghfm nZcee+ DIB3gS\yldned ZgZebrlie*"dexq_ggy 1Zd
azZz”"Zgbc [Zah\bc ijhfil m ydhfm \dZazZge egkljmdp*€ ~h jh[hlb
jha\fyaZgge aZ\yZgptya\ffyam\Zlb az\"Zggy aZ gvh]h NjzZ]f_gl dh”
\eMih\enrZ} aZ aZiinkgd R 1gZ\_~ _gh gZ jbk

from openai import OpenAl

client = OpenAl(api_key=o0s.getenv("OPENAI_API_KEY"))

@app.route("/ai_help", methods=["POST"])

def ai_help():
dat a = request.get_json()

messages = data.get("messages”, [])

if not any(msg["role"] == "system" for msg in messages):
system_prompt = (
Lb 2 ~h[jhabgeb\bc ihfeqgbd mqgy a ijh]jZfm\Zggy
G_ jha\fyamc azZ”~Zgm ih\geklx
AZfeklv pvh]lh klZ\ gZ\e*ge aZiblZggy ihykgxc
ijbgpbib
AhihfzZ]Zc ajhamfelb ¢« agZclb jer _ggy kZfhklecgh
)
messages.insert(0, {"role": "system", "content":
system_prompt })
messages.insert(1, {"role": "user", "content"; Hkv
azZ\"Zggfiask_text}'}

try:
response = client.chat.completions.create(
model="gpt - 3.5 - turbo",
messages=messages,
temperature=0.7
)
JbkmghdNjZ]f _gl dh”m nmgdpe€ sh \e*"iht2|ZjgbZ aZimkd R1

M i_jrhfm jyrdm gZ ih”"Zghfm njZ]f_gle ijh]jZfgh]h dh”m e’
[[e*hl| opehai fh\bPython ydZ m ~jm]hfm jy~dm “ha\hARl} [Z+*"dexqgblb
jhaihqzlb jh[hlm a gZ~kb\eZbgglk_pDpaHAImMInI- Hdjef ijhfilm m
ith\er*hfe _ggy "h”Z}Ivky |_dkl kzZfh]lh-ZZ\gZgqgyijsBk[hRMZ\Z\ aZ]Zevg
ierdZadb Z ie"dZam\zZ\ yd \bdhgm\Zlb dhgdj_43] @l ANZggy A"ZI
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fbllI}\h gzZz~Z\ZIb sgnhjfZpex fhdjbbbhgm\ZIifbke ggy 1Z fhlib\Zpex
R1Z] _glZ ke \bdhjbklh\m\ZIlb “ey ie~"dZahd |Z aZhohqg_ggy ]Je
ebr_ ~ey r\b”dbo \+B]h\+" ¢

Eh]edZz \aZzZ}fh”"e€ a e+gl_e _dimZevgbf ihfeqgbdhf \bg_k_g
DLBFKDW MV M gvhfmm)\ZheeyahthZglevigbf \edghf IZnMZggdgpex &
afeklm azZ\"Zggy [_aihk_j_~gvh a Zklbj\gd [lghdmk\h[jh[db aZil
ZdIb\eam}lvky gZlbkdZzZ@§xglyifhéglizd ddliekey ghlh |_dkl azZ\"Zggy |z
\eNih\ergbfb egkljmdpeyfb i_fh™rZelvkMjZhf_gl ijh]jZfgh]l]h_dh”m
Zeeam} p_c f_oZgeaf gZ\_"_gh gZ jbk

fetch("/ai_help", {
method: "POST",

headers: {

"Content - Type": "application/json"
h
body: JSON.stringify({

task:tas  KkText,

messages: messageHistor )

)

.then(response => response.json())
.then(data => {
const aiReply = data.reply;
chatContainer.innerHTML += "<p><strong> R Kk/strong>
${aiReply}</p>T;
messageHi story.push({ role: "assistant", content:
aiReply });
)
JbkmghaNjZ]f gl dh m d_jm\Zggy fh*"ZevZdb§N2dghf R1

ce]lhjblf jh[hlbZR1glZ i_j _"~[ZqZ} \bdhgZggy Zkbgojlggh]h a
\_jghlh fZjrjmlm DLBKHOS aZzZ ~hihfhljtee fadhimt 2k WK "~ R «
ijh ihlhqg_ azZ\~"Zggy |Z <klhjex "eZeh]m m nhjfzZle -6BehdM jZa
egnhjfZpey ijh a[ec \b\h”blvky dhjbkim\Zgm Z | _ogeqgeg” _|Ze-
khee LZdbc i*"0o*” aZ[_ai_gqm} gZdgtlgyudEdl bjgbpax$s&é R1Z
sh "hal\hey} j Zeeam\Zlb «djbfdchiB\§ mZe~rgZ\qZejpgdmhkm [

Agefhd gzZklbgb _djzZgm i "gEkgih[heély Rbklh]h az\"¥ggy ij_
e gh gZ jbk GZ gvhfm gzZ\_"~ gZ klhjegdZ Nhd hmidygyy pehdZg
"ey gZibkZggy dh*m IZ [ehd aZimbf.gjyllhdpZIm ca R1

‘: ;ﬁglrl:c;:xora Bizg LII

g{m Tipituin! 5 061 pasiBparincs is 3anqatton. A, 1o Came Tt e posynties

;ﬁﬂlmmmmwm MONKHA BHBECTH IOCE H. 1L 1acKa
/$35

. W 3nmaiino! Y Python ans nimeIemise TeRCTY 15 eXpar ko tia print()’. o6 ninecTit CAGNO “HPIBET, MOHCT IAIHETH TAKIN 10T
*“*python print"npusiT™) *** Capodyit necTi Nell KOF ¥ CHOCHY CCPCIOTII 31K 3AMYCKY PYthon | NEperngnD PesyauTar.

Jbkmghdjbdez” aZimkdm ~hihfh]b R1 gZ klhjegpe \bdhgZgg
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>ey jh[hlb ad&8q_f-R1 _glZ "h”~Zldh\h ie*"dexq_gZ [*[e*hl_dZ GR
} gmleb\e ~Zge < |hfmpzZXigkyam jafeggec k_j_ ~mXlteZ \shHR Y
h[oe~rgbf gzZkZfi_j_~ aZ”ey [_ai_db-aZ&yhkargdim§hajp[e_ghfm g
[Za* )ODVN e+a nZcehf dhgne]lmjZpe+€ \bdhjbklZgh [¢[eZI_dm GRW
pecgbc nZce I1Z jhdelxq$3yhkdbfb “ey ijh]jZzfb q_j_a klzZzg~Zjlgbc <g
n_ck LZdbc i*”"o*™ aZ[_ai_gqm} gZe_ "gbc je\_gv [_ai_dmlm hk\elgvh€
xgb sh “hklmi *“h ihlm ghkl_c rImggh]h «gl_e_dlm aZebrblvky aZol
;meh ijh\_"~ _gh |_kIim\Zggy jhgjlkmjkgm]h dH)he &yZ "hihfh]hx
egkljmf_@obdgle Lighthouse [meZ i_j \ej_gZ _n_dlb\geklv jh[hlb ch]h hk
klhjeghd J_amevlZlb ihdZaZeb sh icehlgZ Yjjknyjlkol kjifdjdhgh]h \_
\ZgZ « ijZpx} gZe_"gbf gbghf klhjegdb az\ZglZ mxIwkyZ\r\b~rdh « d
gbf Agefhd _djZgm j_amevlZle\ | _kim\Zggy klhjegdb \gbl_ey gzZ\_~*

EdextusHicTs HoctynHicte Ontumanshi Onmim. nowyk.

91

EdekTMBHICTbL

A 040 50-89 ® 90100

MNOKASHUKH p pHYTH

Jbkmghtdl _amevlZIb I_klm\Zggy klhjegdb \gbl_ey

GZ [Zae+ >geijh\kvdh]h Eep_x <« f >geijh [meh ijh\_~ gh ~hk
dib\ghkle \bdhjbklZggy R1 m gg\&Zewyddm ijjHy]hf h[f_~ gh]h gqZk
mjhdm hijZpvh\m\Zeb gh\m | _fm gZ isehdftb \| Jk#aE kegl m Zdlo
]JimiZzo >ey i_jrh€ Jjmib ~hklimi ~h ~hihfh]b R1 [m\ \e~Adjblbc Ih”"
]Jimib ~hklmi “h ~hihfh]b R1 [m\ azZdjblbc mipgefb \ddhglggug kZfh
lecgh€ jh[hlb [meZ i_j \¢j gZ ydeklv \bdhgZggy pbo az\"Zgv aZ d.
[Zee\ 1Z gZkm \bljZqg_gh]hitmMgoyfKIgEkbkdibdZ j _ameviZls\ aZ aZagZ
dZl _]lhjeyfb gZ\_" gZ gZ jbktp_Aimlijanika ~MxhRHA] Z ]jmipZ_;

]imiz [_a “hihfh]b R1
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JbkmghKIZIbklbgge j_ameviZlb a n_dlb\ghkle \bdhjbklZ¢

Al*~gh hljbfZgbo j_amevlZls\ fh gZ ajh[blb \bkgh\hd& sh rlr
ablb\gh \ieb\Z} gZ ydeklv aZk\h}ggywadjZ g¢wnké¢jpHl_ glkainjiowx h\»
mfh\Zo h[f_"_gh]lh gZkm 1Z g_\_ebdh€ \b[ejdb hljbfZgh j_ame
[jZ Zlb ] _g_jZevgm kmdmigeklv "Zgbo HI _ hljbfZge jZamevlZ
evrbo "hke*”” _gv gZ rbjrbo \b[ejdZo Ahdj_fZ b} "hKpe@gybf ijr
hdj_fh ~ey fheh”rh€ rdheb Xrh€ "gvhEZEdHKI ijh\_klb “hke+s”" _ggy
mqge\ aZdeZ”s\ hk\elb jeagbo Ibie\ « nhjf \eZkghkle

lj_"klZ\e_gbc egl_jzdip\gmgk\fh gZ jhalhjgmlb gZ k_j\_je e
\eg kIZ} "hkimigbf b&kyZ\bghhjg_jl[j&Zmd j "ey dhjbkim\ggkleath g2y
gbo “hkimim ~h f_j "« 1gl _jg_| 1jb pvhfm mqgge I1Z \gbl_ee fh™m
\ {j_kmjkm aypgm?r ijbkljhx P_ } ajmggbf \ mfh\Zo kvh]h” _ggy
[j_[m} \bdhjbklZggy dkfiflxda\h2y} \bdhgm\Zlb azZ\~"ZggyklZ hljbi
Imi "h gZ\qZevgbo fZIl _jeZee\ a | _e_nhgm Ih\gZ egkljmdpey ~h
gl _jZdlIb\ghih Rmjkm jZahf ea \boe~rgbf dh~hf kbkl_tbba{_j]Z}
OneDrive[7].

<bkgh\dlI\hj_gh hk\ebdgkl¢gmf_ gl m \b]Jey”e ogl_jZdIlkbrhgkih \_|
ydbc ih}*gm} ihim geklv ] _g_jZlb\ghlh rimqgd&bbhibeglZg d|hy fda k
\_{jhajh[db NmgdpehgZe -+gl_jZdkinjkimjiha¥Z”h\hevgy} \bfh]zf
MdjZ€gkvdh€ Rdheb <b[ej ki_8dWKR@®ghebMwN &RWHQY ~“halh
Ib gZ”ecgm |Z [_ai_ggm Zjoel_dimjm qeld_ jhaf_"m\Zghy dhgn
liZzfghl]h dh"m sh ]ZjZglmg_ aXmBklhghb j_kmjke\ |1Z klZ[eevgekl
| jki_dIlb\b ihrZevrBo ghvkehey]zZxlv \ jggrbpmgdpeh-gZlemjkm
fh” _jgeaZpe€ MyzZeZ Xl glzZ 1Z \ijh\Z"" _gge ]Jeb[rh€ ZgZeelbdb
"hky]Jg_gv sh kijbylbf_ kI\hj_ggx peeckgh]h pbnjh\h]Jh kk _j_ ~h\
ghlhzdee Z"m ih\gh€ azZ]Zevgh€ k_j _~gvh€ hk\elb

E1L?J:LMJ:
1. Gzmfd&gzZl KmqgzZkgbc i _~Z]h] Ilvxlhj fh™_jZlhj gZ\«]EZlhj nZ
Ilh  \gbl_e&ANRL: https://naurok.com.ua/suchasmugdagogyutor-moderatomavigator
fasilitator-chi-prostevchitel326839.html
2.;bdh\ < X H\qZjmd H < 1\Zgxd 1 Zeviljggaind& mHZ k gb=
klZzg \bdhjbklZggy pbnjh\bo aZkh[e\ "ey hj]Z3gZhm£ \" & K Heg/ L
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aZlZevgh€ k_j _~gvh€ hk\elb j _ameviZdbhhfBEpmtgeggly ogheh]«€ « a
kh[b gZ\qZggyK-18.
3.Jincheng Z., Thada J., Rukthin, MetaAnalysis of Artificial Intelligence in Education.

Higher Education Studie€anadian Center of Science and Education. 2025. Vol. 15, N. 2. P.

189-210.

4. Hedges L. V.Distribution theory for Glass' estimator of effect size and reladtoh&ors

Journal of Educational Statisticd981.Vol. 6, N. 2 P. 1071.28.

5.;h~x D <h\d K 1gl_jzZ4dlbRhagbk & Yb\q_ggy cgnhjfZibdbh \ dhgl_dk
\h€ mdjZ€gkvdh€Irdifttzdbqg_ 1Z ijh]jZzfg_ aZ[_ai_q_ggy °*ml_e _dlimZe
kl_f FIA-26R5) L_ab ~hih\er ¢ ;0111 Fe gZjhZdheggZéndin\gn |

gpe€ >geii ebklhiz”Zz ] 1" aZ]Zevghx j_"Zdpe}x H F Dek_ev
jh >GM -86.

6. ;h~"x D <h\d K 1gl_jzZdjlbRobhk & pZ\gZggy <gnhjfZbbdb a <gl_]j
R1Z] _gllZ jki_dlb\ge gZijyfdb kmgZkgh€ _e dljhgedb -eginhjfZpecghb
gbo kbfkl 0(,&8025) L _ab ~hih\er" ¢ gZ ; <k_mdjZggkhbdggegZmdh\h

dhgn_j gpe*€ ebklhiz"z j f >geijh >geijh\kvdbc gdbpehgZevghb
| | «f g He _ky =hgqZjZ |l OE«jZ-8L>2 &
7. ;h”"x D <boe"gbc dhn gl _jZdlH\dkmhk m URL]

https://1drv.ms/f/c/c7517a483258278e/IgA1TICYK9eJSIKtGOVjIf6WAZYPFIFENISBWINAbO
EvXFc?e=EVearl
8.Xu T., Tong R., Liang J., Fan X., Li H., Wen Q. Foundation Models for Education:
Promises and ProspectEEE Intelligent System&024.Vol. 39, N. 3 P. @-24.
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Interactive web resource for teaching computer science ingral secondary education
with Al agent integration

The paper presents the design, implementation, and evaluation ofeaactive web
based educational resource that aimed at supporting the teaching and learning of computer
science in general secondargugation within the framework of the New Ukrainian School
reform. The study's relevance is determined by the ongoing digtiah of education and the
growing demand for flexible, interactive, and studesrtered learning environments that
correspond tanodern educational standards.

The proposed web resource integrates contemporary web technologies and includes
role-based access for students, teachers, and administrators, enabling the creatiomg-compl
tion, and assessment of various types of learningte&&ecial attention is given to theant
gration of an Albased assistant, which provides contextual support for students duong pr
gramming tasks and can be enabled or disabled by the teacher depending on pedagegical o
jectives.

The research methodologfQIFOXGHY DQ HYDOXDWLRQ RI rWKH V\
mance, usability, and reliability, as well as an experimentajgarison of learning outcomes
for students working with and without Al assistance. The results indicate tsaipported
learning can poisively influence learning efficiency without repleQJ WKH WHDFKHUY
the educational pocess.

The developed solution demonstrates the potential -@hAanced educational digital
platforms to support competenbgsed learning and persolized instuction. It can serve as
a foundation for further development of digital educational systems aligned with the princ
ples of the New Ukrainian School. The results demonstrate the effectiveness and feasibility of
using Al agents to improve the quality andse@alization of computer science education.
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cgghlZpMklZIle \bdhgZdgihfie_dkd ke _gdgve_fZlbdd*]hlh\db
g _g_-jfff\ozZged¥gZijhf dhgkljmdlihfkvdgheh]egghEIh\dbj
gbpl\Z mfh\zZoklZgpecgidiqZggmfhle dh}ggbklZghf MdjZ€g-
H[% jmglhyAgtkbkl_mijZ\eeglght}\bf pbdehbjh[{@LM) ydnmg”*&f _
|Zevghdgkljmf_ _gimjfm\Zgogonjh\lwdfi | gpoc g -fZoZg-Lh\ _

N gh _lZevgithge\gyevdlg@ZeZpoesl dimpimgdpehgZdwvebbkl clz
eep_gaccgded€bdiph\e~rglkdaelh\bieZInhjf |Zdb oSigrdens Teamcenter,
'‘DVVDXOW 6\VWqgPHV "(;3(5,(1&(1Z3\A&qb:ddyc&m&L G or-
Enterprise. Jhaleygimldgeq@ki_dlibj]ZgeaXpeZe Jginkiimi@d iblZggy
egnhjfZpecigla€ .dkdp_glh\ZmghzZ]gzi _j \Z]Zgh\zZz~" _gdylgbagygh<€
ieZlnhjfb ey \b\g_ggyhp_keV_ogheh]egghhhfm\ZggmijZ\eeggy
Kh[e\ZjlekIX nhjfm\Zgchdmf_glap=€ar KLMAZijhihgh\Zdh”bqgg-
j_dhf_g"Zpr®hegl_ljZpj~@&aghje"gb® &$0 &$( 3/0 kbkl_f m }”*bgbc
hk\elgec ijhklej mge\_jkbl_Im

Dexqgh\e kPEMZK bkl _flpbnjh\NfZgknhjfZmdpe|BbklZgpeg&daZg,gy
mijZ\eegdyl}\bf pbdehfihgkljmdlihfkvdgheh]egdZhlh\d\bjlh
gbpl\ZnijZ\eeg@y g_jgbfbgbfpbnjh\ih&\elgrjh klej

IhklZgh\dZ ijh[eKfilbgZkgbc _1Zi jhalbldm k\elh\h]h fZrbgh[m”"m\
jZdl_jbam}livky i_j_oh”~hf ~h dhgp_ip*€ ©lgdbdbmiZldip\hfaklZ} gdexqgh
ebr_ neabgg_ \bjh[gbq_ h[eZ”"gZggy Z c pbnjh\e *Zgeh M pec iZjz
j_ggy gh\h]lh \bjh[m IljZzgknhjfm}lvky m klI\hj_ggy ch]lh pbnjh\h]h “
7ZLQ ydbc kmijh\hA""m} ijh~mdl gZ \keo _1ZiZo \ede&gjdhlibg]h\h
ijh_dIm\Zggy ~h _dkiemZlZp+€ |1Z mlbesaZp+€ <e”ihlergh afegxx
\bfh]b "h eg-fgopZyedZ KmqgzZkgbc nZoes\_pv ih\bg_g \heh”elb g_ et
3D-fh~_ex\Zggy &$' Z ¢ dhfi_l_gpeyfb jh[hlb \ }*bghfm egnhjfZp
kKlhjtee?ijb}fkl\Z jhamfelb ijbgpbib mijZ\eeggy ~Zgbfb ijh \bje[ 3"
|_ogheh]eqgh€ i**]hlh\db &$%$33 [Z ieZzgm\Zggy j_kmjke\ (53

< mfh\Zo \h}ggh]lh klZgm \ MdjZ€ge* kbkl_fZ \bsh€_jl_®geqgh€ h
[_aij_p_"_glgbf \bdebdot~geR[xa_q_ggy ydhkle g hllg\digh€e i-"]
mfh\Zo Ijb\Zeh]h ~bklZgpecgh]lh gZ\qZggy 1Z g_klZ[«&vghkle egn
"bpecgZ fh”_ev gZ\qZggy sh [Zam}lvky gZ neabqgec xjbkmlghkle
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|_jgbo dezZkZo 1Z eZ[hjZlhjeyo mge\_j\hbE[hmihkt2Z k Bk bpZ k¢ d
P_ijba\_eh ~h jhajb\m fe¢ | _hj Ibgqgbfb agZggyfb |Z ijmdlbqgghb
A _glb fh'mlv \b\gblb |_hjex f_oZgeafe\ Ze_ \ljZqZxlv fh eb\s
eep_gaeccgbf ijhfbkeh\bf ijh]jZzfgbf aZ[_ai_q_ggf¥Z} ktm gda\bqZ
jh[hgbo klZgpec |1Z aZobs_gbo ehdZevgbo f_j_

Hkh[eb\h€ ]Jhkljhlb gZ[m\Z} ijh[e_fZ-Id loghlgmiridg kid kb ]
\bjh[gbpl\Z DLI< Ydsh ]J_hf_ljbgg_ fh"_ex\ZggXetlam\ZIpZgld
i_jkhgZevgbo ghmi[mdZo kim”_glpX\gZe#%lgihdh|hpkkb k& $' Ih
ijhp_kb dhe_dlb\gh€ jh[hlb mijzZ\eeggy \_jkeyfb “hdmfogle\ m;
gheh]eqgh]h ghjfm\Zggy \bfZ]Zxlv jhalhjlZggy kdeZMglbjd k< j\_j¢
mfh\Zo [e_dZmle\ fe]jZpe€ kim~_gle\ [Z[fbdeghlhgnegZ gl hZghy
A<H \bgbdZz} gzZ]JZevgZz ihlj_[Z m ihrmdm [Z \ijh\Z~" _gge ijh]]j
ih}*gm\Zeb ofZjgm Zjoel_dIimjm gbavdes \bfh]bggdhn dekl}ghiivddirh
Ahklimigeklv |Z ih\gm \e?ih\e~rgeklv \elgbagygbf klZgKyyrzf >K
1lghjm\Zggy pe+}€ ijh[e_fb azZ]jh " m} \bimkdhf nZoe\pe\ g_ ]hlh\
\bjh[gbpl\Z sh } djblbqgbf jbabdhf “ey iskey\h}ggh€ \R*"[m~h\|
| _gpeZem MdjZ€ghb

:gZe*a hklZggeo “hkee""_gv kjhpe[efdBdZc mijZz\béigdhf"
pbdehf \bjh[m } ij_~f_Ihf %jmglh\gbo “hkee”"_gv mglE\eVigeec g:
hkgh\b 3/0 yd kljZl_]Jeqgh]h i**oh”m ~h [sag_km \bdeZ”_ge* m
:\lhj \bagzqz} 3/0 g_ ijhklh yd gzZ[-dijdiljgfgghph & yd <gl_]jh\
egnjiZpecgm kljZl_Jex sh h[ }*gm} ex”_c ijhp_kb IZ |I_bgheh]es:
\bo ~\ecgbde\ ydzZ } yrjhf kkikdkgbo6_8Z@vgh jhadjblh m ~hke-
F =jelazZ 1Z >° <ed _jkZ > @ "~_ h[%jmglh\Zgh g _h[oe*geklv
fhn _ee a qqgbb h[ }dIhf m j_Zevghfm qZke Pe jh[hlb nhjfmxIv |_
"hkee”"" _ggy h~gzd \hgb hje}glh\Zge i_j \Z'gh gZ klZ[eevges _d
IT-egnjZkljmdImjm g_ \jZoh\mxqgb ki_pbnedm djbah\bo mfh\

IblZggy pbnjh\h€ ljZgknhjfZpe«€ \Oph&gh R\nmibh\ 2 \h}ggh]h k
ZdIb\gh jhaley~Zxlvky m \elgbagygec i_jeh”bpe LZd ZgZe-+a i
g_jgbo nZoe\pe\ m-gZwydkhebhdihigbgbo p_gljZo | _ogeqgbo mge\_jk
dZam} sh egl_]jdAB*%8B/&$0 &BOKI_f m gzZ\qgZdpglkckiijby} nh
fm\Zggx dexgh\bo pbnjh\bo dhfi_|_gpec 1Z gZ[eb _gdathhk\elge
ijhfbkeh\hkle > @ 1gre “hkee”"  _ggy \dZamxlv gZ g_H[o*~ghk
Ilhjkvdhogheh]egqgbo [Za "Zgbo « \ijh\Z~"_ggy Zbvihfgubai\hgbo :
Ibfeamxlv _e_dljhgges “h\e*gbdb mijzZ\eeggy “hkimihf « \bdhgZg
jZpec yd Rt€zg¢z\qZevghlh ijhp_km \ | _ogeqgbo A<H MdjZ€ghb
aZagZly sh njz]f_glzZjg_ \b\g_ggy hdj_fbo ijh]jZzfgbo iZd_l\ g
peeckgh]h gy\ghg bll}\bc pbde \bjh[m <Z eb\bf Zki_dlhf } «gl_
g_jgbo I1Z mijz\eegkvdbo "Zgbo M k\h€c ijZpes p*XGBD0>Z2® jhe
(53 kbkl_f yd hkgh\m pbnjh\h€ |ljZgknhjfZpe«€ fZrbgh[m~e\gbo i-
gZ g_h[oe"rgeklv i@dreeZdbpdh\h€ Z\IhfZlbazZpe-€2

ljhl _ ZgZeea gZy\gbo im[eedZpec "ha\lhey} \by\blb gbadm g
ISSN 15629945 (Print) 77
ISSN 27077977 (Online)




Kbkl fgeoghedl](62 206 ©6\VWHP WHFKQRORJLHV?2

>hfegm\Zggy aZoe<"gbo ijbdez”e\ ;eevreklv "hked _gv nhdn
"mdlZo k\elh\boxét'HRPHQV 7HDPFHQWHU > @ 'DWiNdDHIOW 6\VWql
ljb pvhfm g_"hklzlgvh m\Z]b ijb”eey}lvky ijh[e_fzf Z"ZglZp+€ pbo
kvdbo klzg”~Zjle\ hnhjfe_ggy |_ogeqgh€ ~hdmf_glZpe-£€ >KLM
>KLM > @ sh } djblbggbf ey i*~]lhlh\db g _g_je\ hyde ijZpx\z
\hfm ihMedjZ€gb

L _ogeqge [Z) }jb 1kgmxqe f_Ih*bdb qZklh <]Jghjnbxlv |_ogeq
klZgpecgh]h gZ\qZggy gbavdZ ijhimkdgZ a”*Zlgeklv dZgZe-+\ a\ y:
Kim~_gle\ IblZzggy ihje\gyggy \Z dbo de-<}glkivigbol MZ9dlad+\ |Z
jer_gm dhgl_dkle "hklimighkle *ey kim™h&kllZI\gkhele gh g

<elgbagygbc khnl [Ilhijb gZy\geklv ihlm'gbo mdjZ€gkvdbo jh
ieZlnhjfb-(GWHUSULVH > @ m gZmdh\ec el _jZImje [jZdm} dhfie
"hkee”  _gv yde [ asklZ\@Xe b -hgbgadpyedh]h hNAfbhZIg\ZRh]Zfb kzf_ \
jhajeae hk\elgvh]h ihl_gpeZem QZklh \elgbagyge kbkl_fb jhaley”Z
[mo]Zel_jey kdez”" Ilh~e yd €oge fh eb\hkle m kn_je 31 3/0 1Z |_
Ilh\db aZebrzZxlvky ihaZ m\Z]lhx "hkee?gbde\

LZdbf gbghf ZdImZevgeklv "Zgh€ jh[hlb amfhle_gZ g_h[o*"Qg-"
ijh]Zebgm 1Z gzZ”*Zlb gZmdh\h h[%jmglh\Zge j_dhf_g~Zpe+€ sh
K_j_"h\bsz yd_ [ \e?ih\e~"Zeh kmqzZkgbf klzg"zjlzf ,62 > @ \jZo
gZpehgZevgh]h fZrbgh[tZ*miiiZech _n_dlib\gbf \ mfh\Zo ~bklZgpecgh
\h}ggh]h gZkm

F_1Z ~hkee”" _ggy ihey]Z} m ijh\_"~_gge kbkl_fgh]lh ihje\gye\
nmgdpehgZevgbo fh eb\hkl_c-kinkdZkgtey /D[_ai_q_ggy ih\gh]lh pb
dhgkljmdlhjlkvodgheh]eqgh€ i**dhiphgdpl\Z \ mfh\Zo ~"bklZgpecgh€ hk)\
hpegpe €0 |_0ogeggh€ ~“hklimighkle |Z \erih\e~rghkle \bfh]Zf mdjZ€gkyv
gy

<bdezZz”™_ggy hkgh\gh]h fZl_jeZenmjhpké&er"]tndly\dpg bipjlhZ
gZ dhgkljmdthjlogdhlreh]egghfm je\ge \cdagfgghiXvkgeZ geklx egnh
fZpecgbo \az}fha\fyade\ fe° dhgkljmdlhjkvdbfb 1Z |I_ogheh]eqgbfk
hkh[eb\h ZdImZeeam}lvky aZ mfh\ “"bklZgpecgh]lh gZ\pZgoy ?n_dI
agzZqghx fejhx aZe_"blv \e~ ijh]jZfgbo aZkh[s\ ydgmaflmaiagmxlv n
3D-fh~_eyfb |_ogheh]eqgbfb fZjrimlZfb [Z kmijh\erghx ~hdmf_glZp
mfh\ ZdImZevgbf } ZgZe-«a kdnkt)Zfk g bid J2AO*m €0 nmgdpehlgZevgbo fh
kl _c « ijbrZlighkle “h \bdhjbklZggy \ hk\elgvhfm ijhp_ke

:gZee+a pbo ieZlnhjf KW gkdhdge \e~rfegghkle €0 Zjoeh dimjb nm
gZevgbo fh eb\hkl_c IZ ijb”rZlghkle ~h \bdhjbklZggy \ bk\elgvhfm
kl_fZ 6LHPHQV 7THDPFHQWHU } h”ge}x a gZcihrbj_gerbo m k\ele |
klzg”nZjlhf "ey Z_jhdhkfeqgh€ cjZAbkidhlevgh&€ kbevgbfb klhjhgzfb }
]Jeb[hdZ e<gl_ljZp-kb&l&H'x 1; IZ "k\hs_f 6LPFHQWHU Z IZdh" jha\l
f_ozZgeafb mijzZ\eeggy dhgnelmjZpeyfb \bjh[e\ sh feklydv agZggm
g_gl*\ <h”ghqzZk dezZkbqyZgeZjoe-l_dlbjkZl pfd}€ j_kmjkh}fghx IZ
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\bfz]z} ihim gh]h Zizjzlgh]lh azZ[_ai_q_ggy * klZ[eevghlh dZgZ
gx} €€ \bdhjbklZggy \ mfh\Zo "bklZgpecgh]h gdaegldgy$ FONZlyYd
RUNVSDFHh\tpZz&ge+fzZz} pe h[f_"_ggy ijhl_ ch]h jijjmEZaggggbidhl
k_j\_jgbo j_kmjke\ « \bkhdh€idjkKlegZedZps® }7ijh[e_fZlbggbf aZz
g_klZ[eevgh]h _g_j]lhihklZqZggy Dj+f Ih]h ZdzZ~_feqgege*p_ga:
gy ih\fYfyazZge a ijb\fyadhx ~h egnjZkljmdIimjb dhgdjblgfljh aZc
mkdez”~gx} jh[hIm kim”_gle\ ihaZ mge\_jkbl_Ilkvdbfb eZ[hjZlhjey

leZlnhjfz 'DVVDXOW 6\VWgPHV '(;3(5,(1&( j_Zeeam} e<gr
iehoe”N \e~rfhleyxqbkv \er nZceh\h€ fh”_ee a[_j*]lZggy -~Zgbo
hje}glh\Zgh€ [Zab 1Z dh#gthkiyen[eabggZ gZ"Z} ihim ge «§kljmf_g
gh€ g g _j*€ |Z fh™ _ex\Zggy kdeZ”gbo hi\lbkthZg\gyh? gtzidh « €Ev b rah
ijhp_ke h[f_"m}lvky \bfh]zZfb ~h kHd&ZHseb gdrlghblk «@l}jadggy
kdez"rgeklx egl_jn_ckm dhjbklm\AgpekIx \bkYidkdb gZ\elv az Z
feqggbfb ijh]jzfzfb >h~Zldh\bf g_"heedhf } g_~hklZlgy DB"ZilZp-
fh] /KD> sh afmrm} kim”_gle\ \bdhgm\ZIb agZqgm qgZklbgm
lhjkvdh€ “hdmf_glZp+*€ \jmggm

PLM-kbkl_fZ 37& :LQGFKLOQZdankZhheljih[leyeZky a mj-Zom\Zg
Zjoel _dIimjb sh aZ[_ai_qm} ajmqggbc \e*"Ze gbc ~“hkimiZ -« jh[hl
jZlgbo aZkh[e\ k_j_~gvh]h deZkm AgZqghx i_j_\Z]lhx hegl_]jZ
ih\g_gh€ j_Zevghkle 1Z 1gl_jg_Im j_q_@eyah\mhalhegyX\gZjevge
gZj*€ a \bdhjbklzggyf pbnjh\bo "\ecgbde\ j Zevgh]h h[®#Z"gZgc¢
geklv gZeZrim\Zgaphpekg\ ke ki_pbnedm hdj_fbo gZ\gZevgbo
f_"m} €€ Jgmqgdeklv m dhgl_dkle hk\elgeo ijh]jzf

Hdj_fh€ m\zZ]bhadkampybagygZz kbQWHUSULVH ydZ hh}~gm}
gZevgeklv 3'0 1Z &%$33 + jhajh[ey}lvky a mjZom\Zggyf[]j_Ze-c
gbpl\Zz GZ \e~rfegm \e” [eevrhkle gZijngy gblogZB/@zZ[_ai_gm} ih
\eNrih\ergeklv \bfh]zf gZpehgZeVghbodylZ2g"ZKILM Z\IhfZbbggh nh
gb fZjrjmlge I1Z hi_jZpecges dZjlb Z IZdh  egrm | _ogheh]Jeggm ~h
"h\ergbdb h[eZ”"gZggy egkljmf_glm c fZl_jeZees\ Z I1Zdh” \[m
ajZzomgdm j_"bfe\ jeaZggy 1Z ghjf gqZkm  Xixdw garhh Zrib kd mvn hg FZ e
g_ Z j_Zevg_ I_ogheh]eqg_" ghjhm\EZgg¥Z]hx } -gl_JjZpey *g _g
jer_gv a _dhghfegqgbfb ihdZagbdzZfb sh ~ha\hey} \ j_"bfe j_Zev
\ieb\ \b[hjm fZl _jeZees\ « | _ogheh]ec gZ ieZgh\rZyklgpK\ZjkKeinlyZ\Db |
gh]h Zi#Hle}glZz fh[eevgh]h aZklhkmgdm |1Z ehyevgh€ ZdzZ”_feqg
gh€ gZ aZzdezZ”b \bsh€ hk\elb MdjzZz€gb jh[blv px kbkl_dm hkh]
dhbklZzggy \ mfh\Zo ~"bklZgpecgh]h |Z aferZgh]lh gZ\qZggy

< |Z[ebpe gZ\hé&rlgjhg_ihje\gyggy kbkl_f aZbdegxghibsth dj
\ieb\zZxlv gZ ydeklv hk\elgvh]h ijhp_km Hj]l]ZgeaZpey ~bklZgp-
\hA*"m}lvky kmll}\bfb \bdebdzfb ahdj_fzZ sh”h Zizjgdlgh}h azZ[_
;eevreklv ijhn_kecgbo -&HKkI3/0 \HZZXIv gZy\ghkle \bkdilhgpro*m
ljiZneggbo ijhp_khje\ [h”re yd m kim~_gle\ \"hfZ a”_[eevirh]h ~hk
[mMmdb Z[h ¢]jh\e ID H~”gbf ea _n_dlb\gbo jer_gv } aZklhkm\Zggy
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Jhjlz} k_j\_jb \ejimZeeazZpe€ Z kim~_glb hljbfmxlv "hklmi ~h \e¢jIm
j_"h\bs g_j-§Zmla_j ijb pvhfm \ke h[gbkex\Zevge ijhp_jkb \bdhgmx

\ _je

LZ[ebpy

Dhfie _dkgbc ZgZkb&l3f0rey i+ Bhih\dg-fiedZgede\
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k_j\_jgm egnjZkljmdIimjm mge\_jkbl _Im |IZ aZ[_ai_gqm} khZ[eevg
A gle\' m *"bklZgpecghfm k_j_~h\bse

< mfh\Zo \ecgb 1Z h[f_" kgh\|hgaoygdg-+\_jkbl_I<he HhZqyegy vl A
\boh”blv gZ i_jrbc ieZg AZdmie\ley dhf_jpecgbo eep_gaec aZ
g_"hky ghx <h”ghqzZk -0@WHyrSULZVH > @ Zdlb\gh i*~ljbfm} hk
gZ”"Zxqgb g_ ebr_ ~hklmi ~h 1A fZlIcjsfZém "blggZl_]Jeqghh\Z eb\h
amfelb sh iekey aZzZ\_jr_ggy \ecgb ihqgg_Ivky fZkrlZ[gZ \e"[m
MdjZ€gb Ile?ijb}fkI\Zf agZ~h[eylvky nZoe+\pe yde jhamfdxlv ki_r
jh[gbpl\Z \fexlv ijZpx\ZIb a gZpehgZevghx ghpliglbaghgbfZiat x |-
Ihf gZ khlgyo i*”ijb}fklI\

<bkgh\dbbklZgpecgZ i*"]hlh\dZf @Zgegdi*\\bfZ]Z} i_j _oh”m
njZlf_glzZjghlh hk\h}ggy hdj_fbo egkljmf_gle\ ~"bkidhggey 8k@h]h
ieZlnhjf sh az[_ai_gmxlv kbkl_fg_ fbke_gfoyd¥ oddkljdjrldgphhar
em \bjh[m gZ\elv aZ \e*kmlghkle neabqgh€ ijZdlkdkl _:fgitedta km
am} sh aZoe<”ge jer_ggy ihijb I_dghehdxdgnkmllj}\y h[f_~_ggy
fZkh\h]lh \ijh\zZz~" _ggy \ mfh\Zo “bklZgpecgh]lh gZ\dghglpwal\bkhd
e_geklv \en kiZ[eevgh]h egl_jg_Im kdezZ~geklv Z"ZilZp+€ "h g:
\bkhdZ \Zjleklv eep_ga-c

<elgbagygZ kbk(IQWHWUSULVH \bjeagy}lvky ih\ghx Vvebith\e"g-el
klzg”rzjlzf gZy\geklx ]J]hlh\bo |_ogheh}gdqgbjh\Zg\b g bdjdkdjmf_gl
fb mijzZz\eeggy ~"Zgbfb 1Z |I_ogheh]eqgbfb ijhp_kzZfb fh eb\eklx
lZ j_kmjkgh]h iezgm\Zggy \ j_"bfe j_ Zevgh]h gZkmz fhklenigekl
gbc dee}gl Z I1Zdh™ mdjzZ€ghfh\gbf ¢gl_jn_ ckdfakth ggZ K dja argeoyc}
pbnjh\bc ijhp_k \e” ijh_dIm\Zggy ~h ieZgm\Zggy |Z gmfm\Zgg
N _gle\ Jeb[hd_ jhamfeggy \azZ}fhazZe_"ghkle eg”_g_jgbo jer_gv |z
Ah jh[hlb m gXZgphhmgAdjh[gbghfm k_j_"h\bse

GZc[eevr _n_dlb\ghx }fh’[je%gdZ\qgZggy vydZ ih}*gm} hagZc
eh]edhx k\elh\blbb&I0Of |1Z *_IZevgm ijZdIbqg(®@ WHNISTULVH aZ[_:
xgb [ZezZgk fe  Jeh[Zevgbf ijhn_kecgbf k\elh]Jey”rhf « Jhlh\geklx
g_jgbo jer_gv m j_Zevgbo mfh\Zobbmd|&H€gkZgghh f
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Strategies ofiigital transformaion in the training of mechanical engineers
under distance learning conditions

This study addresses the challenges of training mechanical engineers in design and
technological production under distance learning imposed by martial law in Ukraine. The
sudde shift to remote education revealed significant gaps in practical training, especially in
access to industriajrade software for collaborative design, version control, and techiolog
cal data management. Product Lifecycle Management (PLM) systems amdag¢geels for
developing digital competencies and underdiag the full product lifecycle.

Recent research emphasizes the strategic role of PLM in integrating design, process
planning, and production data, supporting the use of digital twins and symizhrg virtual
and physical product models. Integrating PLM with CAD/CAM/CAE systems in higher tec
nical education enhances digital skills and aligns programs with industry needs. However,
adaptation of PLM platforms tcemote learning conditions, nationatandards, and limited
IT infrastructure is not yet fully explored.

The study evaluates modern PLM systemSiemens Teamcenter, Dassault
3DEXPERIENCE, PTC Windchill, and the domestieERterprise platform- considering
functionality, technical accessiliif, compliance with DSTU standards, web availability, VDI
compatibility, and cost efficiency for higher education.

The study concludes that effective digital transformation requires combining exposure
to global PLM concepts with hands practice in natnally adapted platforms. A hybrigpa
proach fosters systemic understanding of the product lifecycle, practical readiness for local
manufacturing, and competencies aligned with industry standards. Methodologicat-reco

ISSN 15629945 (Print) 83
ISSN 27077977 (Online)


https://plm.sw.siemens.com/en-US/teamcenter/teamcenter-x-cloud-plm/
https://it.ua/products/rd/upravlenie-zhiznennym-ciklom-izdelija-plm

Kbkl _fheoghedl](62) 206 ©6\VWHP WHFKQRORJLHV?2
mendations are provided for integratirdijverse CAD/CAM/CAE/PLM tools into a unified
digital educational environment.

Keywords: PLM systems, digital transformation of education, distance learningd; pro
uct lifecycle management, design and technological training, engineestagmhnagement,
digital educational environment.
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H K<hedh\kvH#lbX GederbgZz
FH>?EX<:GGY KBKL?FB Q?J= >EY =?G?JHRPULBFR(RH<:GBO
L?DKL1< M <BKHDHG:<:GL:@?GHFM K?J?>H<BS1

:ghlZpey Jh[hlZ ijbk\yg_gZ jhajh[pe kbkl _fb "ey Z\IhfZlbah\Z¢
hilbfah\Zgbo | _dkle\ a ih"Zevrbf fh™ _ex\Zggyf kbkl _fbbqg_j] "e
ljZl gZ kl\hj_ggy ydekgh]h dhgl_glm kijhs _ggy ijhp_kma]_g_jZ]
i_q_ggy €0 \e*ih\erghkle KmgYEgbf>6k2"" dggxafeo \aZ}fh”e€ a
Rik_j\ekzZfb "ey IZippb€edajhp_km ] _g jZpe+€ |_dkle\ \ mfhvZo h[f_
deklv aZible\ IZ r\b~rdeklv h[jh[db "Zgbo Ighy dZygwegbbkjesr*gv "e
Z\IhfZlbggh€ ] g _jZp*€ dhgl_glm m |Ihfm gbkee jhaJeygmle k _
gl _e dim [Zde yd &KDWIZIY [Mejpb Abnee g+ h[f_~ _ggy kgmxqgb
ih\fyazge i_j \Z'gh a €ogvhx g_"hklzZlgvhx fZkrlZ[h\Zgeklx Z
APl. Kbgl _ah\@&s fZ “ey \bjer_gdghEhgdprzZqe Z"Zilh\Zgbc Zkbgc
fhr _exxgbc Ze]lhjblf a”eckg_g_ fh"_gxVZpgipillbdka hfAlzgbdo | _
kle\<r"hkdhgZe gge Ze]HhNébd &KR ]\ekZfb azZ[_ai_gmxlv klZ[eevq
~n_dlb\gm jh[hIm ~ha\heyxlv g_ ebr_a” _r _\blb ijhp_k gZih\g_
c ajh[blb ch]l]h fzdkbfZevgh _n_dlb\gbf a[_je]Zxobgydskivgl dk
ihklmiz}lvky jh[lhe kiFfcgbo dhiejZcl_je\
Dextyeke h\SEO hilbfeah\Zge | _dkkh jR&Ebkot fZ

lhklZgh\dZ ijhpeHklIZgges jhdb klZeb i_j_ehfgbfb m kn_je Z\
azZ\"ydb kljefdhfm jha\bldm |I_ogheh]ec rim&dh]hlggljraf ddhb ¢Z
hkgh\e fZrbggh]lh gZ\qZggy 1Zdes yd g _cjhf_j "« "ey ] g _jZp+£€
fh eb\hkle ~ey Z\IhfZlbaZpagd dibgllnyllZ egrbojhlpalge\k JZger _
gZibkzggy klZl_c hibke\ Ih\Zje\ « fZjd_Ibg]h\bgZfddb ps Bex\k \ b f Z
dbo j_kmjke\ h”gZd kvh]h”*gk p\fikbbedkZldl\bdhgm\Zlbbpx jh[h
khdbf je\g_f ydhkle 1Z r\brdhkle

Dhf _jpecg-kRKI fb \"_  ~hkyleb je\gy ijb ydhfm \hgb Hh ' mlv
n_kecgbo dhiejZcl_je\ m [Z]Zlvho aZ " eddhdh]te]hzhgfZggy ZgZ
xlv \_ebde h[ky]b | _dklh\bo *"Zgbo <felmxgb klbeeklbdm |IZ eh]
P_ ~ha\hey} klI\hjx\zZIb I_dklb sh \erih\e~rZxlv \bfh]Zf ydhkle
hilbfeaZpe€

SEO (Search Engine Optimizatio®)p _ dhfie _dh~f\ o kljZIl _]Jec ZBbgfh\
gZ ihdjZs_ggy ihabpec \_[kZcle\ m j _ameviZlIZo ihrmdh\bo kbl
Hilbfeah\Zge | _dklb ih\bgge [mIb mgedZevgbfb feklblb j_ e \Zg

<« <hedh\kvdbc H K Geda02bgZ H X
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\eMih\e~rZIb \bfh]Zf Ze]lhjblfe\ jZg m\Zggy <ijjih\Z”k_Kkld#hj Rdlgyn i
dhgl_glm ~ha\hey} g_ ebr_ Z\IhfZlbam\ZIb ch]h gZibkZggy Ze_ c
ge \bfh]b 6(2 "ey "hky]g_ggy djZsbo j_amevlZle\ m ihrmdh\bo kbkl

\IhfZlbaZpey ijhp_km gZih\g_ggy kZcle\ dhgl_glhf ¢kh[eb\h Zc
| _jg-fiZabge\ fZjd_Ibg]lh\bo Z]_glkl\ [eh]_je\ IZ egnhjtZpecgbo ie
r_ "ey gZibkzZggy IZ hilbfeazZpe+€ \_ebdh]h h[ky]m |_dkhe\ ihlje[gh
fZg”™b dhiejZcl_je\ 1Z j_~Zdlhje\ sh \bfZ]Zeh agZqgbo nkgZgkh\bo \
|Zggy-RX_gv “"tea\haf_grblb \bljZlb gZ kl\hj_ggy dhgl_gim jh[eyqgb
p_k [sevr "hkIimigbf *ey fZeh]h |Z kJjZaQg¥hhh|heaa\d & mf\ R\
afegx}lvky ¢ jbghd pbnjh\h]l]h dhgl_glm JIhrmdh\e kbkl_fb ihklecgh
Zelhjblfb jZg m\Zggy shhRRAIdkx}s \bdebdbhiklyf«sa(2pe€ :blhfzZl
ah\ZgzZ ]_g_jZpey |_dkle\ ih\bggZ g_ ebr_ azZ[_ai_gm\ZIlb ydekg_ g
\eMih\erZIb kmqgZkgbf \bfh]zZf 6(2 1Zdbf yd mgedZevgekdv j_e_\Zg
I1Zggy dexgh\bo kee\ m ijZ\bevwvghim\8hg]ZpPkhajh[db Jgrmhgdbo Ze]h
fe\ yde \jZoh\mxlv afegb m ihrmdh\bo Ze]hjblfZo « Z*ZilmxlIvky ~h

Djef Ih]lh ijh[e_fZ \bkhdhgz\zZglz _ghkle kbkl_f Z\IhfZlbazZp-€
\k_ [*evr ZdImZevghx <bdhjlgkliZpgg RAfZ]Z}Z[dew dkmr\k"d-e
Ix h[jh[db "Zgbo 1Z h[f_"_ggyfb k_j\eke\ ;Z]ZIlh ieZlnhjt gZdezZ"Zx
evdeklv h*ghqzZkgbo azZible\ sh fh _ kih\eevgx\Zlb ijhp_k fZkh\h]h
glm Lhfm g_h[oe~gh jhajh[eylb _n_dlb\ge kbkl_fb qfejjgbypde aZ[_ai
jhaih~ee gz\ZglzZ _ggy 1Z fegefeamxlv azZljbfdb \ ] _g_jZpe€ |_dkle\

S__ h~gbf \bdebdhf } ie~ljbfdZ jeagbo nhjfZle\ IZ kitddrklbdb |_d
jeage ]Zemae [*ag_km fZxlv k\h€ \bfh]b ~h dhgl_glm Ggijbdez”~ h
g-fZ]Zabgm im}j gldh€ kljmdImjb 1Z Zdp_glm gZ dexqgh\bo ozZjzdl_
yd klZlle "ey [eh]e\ \bfZ]Zxlv [sevr ijbjh*gh]h klbex \bdeZ"m Jhaj
gh€ kbkl_fb z\IhfzZlbazpe+€ ih\bggZ i_j_"[ZqZlb fh ebljklv gZeZrln
]_g_jZpe€ Z"ZilZpe€bidv dh@gl_glm |Z «gl_]jZpex a egrbfb k_j\ekZfb
h[jh[db I_dkle\

< jzZzfdZo pe<}€ jh[hlb } jhalJey”Z}Ivky ijhp_k kl\hj_gd&y kbkl_fb -
\Zgh€ ]_g_jZpri€bé(2h\Zgbo |_dkle\ a ih"Zevrbf fh*_ex\Zggyf kbkl,
"ey agb _ggy \bll)\alj gggk ydekgh]h dhgl_glm Djef Ih]h 4Jhaley”~Z}lv
afb \az}fh”e£k aj\RKZfb sh ~halheyxlv hilbfeam\ZIlb ijhp_k ]_g_jZp-
mfh\Zo h[f_"_gv gZ deevdeklv azZible\ |1Z r\b”rdeklv h[jh[db ~Zgbo

:gZeea *kgmxgbbogzr kghi]h*gergegrh}gv dkevdZ sgkljmf_gle\ e
Z\IhfZlbggh€ ]_g_jZp<*€ hibke\ Ih\Zje\ yde \bdhjbklh\mxdvky dhfiZg
gy ijhp_km gZih\g_ggy kZcle\ dhgl_glhf ;eevreklv ea pmo jer_gv -«
eyjge kbkl_fb mijZ\eeggy dhgl_glhf -&ZJ&@alZgh KhoeaXlitgy} r\b” dh
kKIVhjx\ZIb |I_dklb [_a aZemqg_ggy dhiejZcl_je\ Ijhl_ skgdmxqge kbkl_
f_"_gv IZ ijh[e_f yde aZ\Z Zxlv €0 rbjhdhfm \bdhjbklZggx \ ijhfbk
[Zo
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1. H[f _"_geklv ieZlpMreklv jer_gv kl\hj_ge "ey dhgdj_Ilgbo i€
I Zdbo yd 6 KRSLI\ 2SHQ&DUW :RUG3UHVYV |Z «gre P_ hagZqz
Zjoel_dimjhx @bbjfe « \hgb g_ fh ' mlv [mIb e_]Jdh Z~Zilh\Zge "ey
Z[h fZzkrhe4ge gZ \_ebdes h[ky]b dhgl_glm

2. G_"hklZlgy Jgmqdeklv .gZeZrdkjhZigVbo jer_gv g_ "“halheyxlv
dhjbkim\zqgzf \ieb\Zlb gZ _gZjZfpegbl]dkim 1Zde yd klbeeklbdZ gz
"h\"bgZ | _dklm je\ _gv " I1ZesaZp+€ Z[h ki_pbnedZ \bdihjbklZgg}y
[blv |Zde kbkl_fb fZehijb”"Zlgbfb "ey [sag_g¢b\ytimZlehghihliv”o
"m “h dhgl_glm

3. < kmlgeklvhdpZeazZpk@§mxqge jer_ggy fZc _ g_ \jZoh\mxlv 6
hilbfeaZpex Ahdj_fZ \hgb g_ a”eckgxxlv i_j \ejdm gZ ImgedZev
Ibggh \Z eb\bf "ey i*"HadpggykZclm m ihrmdh\koj kdrkke VlZd -«
Z\IhfZlbggh a]_g_jh\Zgmhildkbkllhlb "m[evh\Zgbc dhgl_gl sh g_]
\ieb\Z} gZ jZggynkZhjeghd m ihrmdh\bo kbkl_fZo

4. G_fh eb\eklv fZkh\h€ ;JeegrpXpwe&gkljmf_gle\ g_ i_j "[ZqZxl
eb\hkle fZkh\h€ ]_g_jzZzmgad\adgey lighp_khf kl\hj_ggy dhgl_glm
gZ\Zglz _gbo k_j_"h\bsZo ;eevreklv k_j\eke\ g_ ie*ljbfanxlv kbk
\h~Ablv "h azljbfhd m ]_g_jZpe€ Z[h i_j_\ZglZ _ggy k_j\mkm ijb I
kle aZible\ kgtphqz

5. ljh[e_fzZ "h\"bgd h&le | .dkbMreklv kbkl_f kl\hjxxlv dhjhlide |
aZlZevge hibkb yde g_ feklylv *hklZlgvh€ deevdhkle mgedZevgl
agb ™ m} €ogx _n_dlb\geklv yd egkljmf_gle\ *ey i**"\bs_ggy dhg\ _
gle\

Hdj_fh \Zjlh jha]evypgRrébsieZ]eg R1 &RQWHBRady Ghiat8®TW R U
SRZHUHG DUWLFOH JHQHUDWRU > @ P_ jer_ggy [Zam}lvky
Z\IhfzZlbggh ]_g_jm\ZIlb I_dklb [_aihk_j_"gvh g_j_a *gl_gn_ck :F
db ahjm 6(2 p_c i*"o** A} agfyhyg Dhjbkim\zZzqg g_ fh _ wzZ"Zlb
deklv dexgh\bo kee\ sh mkdezZ”gx} gZeZrlm\Zggy dhglegim ie”"
Jhjblfe\ LZdh" \erkmlgy i_j_\ejdZ gZ mgedZevgeklv sh fh _ ijl
"m[eedZle\ dhgl_glm 1Z g_]ZIbjdh mébgoybkg&Zlm Ih kmle p_c
ebr_ kijhs_gbf egl_jn_ckhf ~ey \erijZ\dbhaZeble)_ah"R241dh\h€
jh[db 1_dkim sh h[f_"m} ch]h _n_dlb\geklv m ijhfbkeh\hfm
5DQNLQJ > @ } dhfiegdkkjgbff §(Rf sh \dexqgaklsh Zegpdeeam |_dkl
I1Z ] _g_jZpe+€ dhgl_glm

Hkgh\ge hkh[eb\hkle

1. 1gl_]jZpey dexghikojk&ehalhey} Jgmqgdh gZeZrlh\m\ZIb d
\Z sh kijby} kI\hj_ghgixb6¢ah\zZgh]lh dhgl_glm

2. :gZee-lbdz |_dkle\ «4{db]jblglim\Zg hljbfm} jhadésllmdmkadg d
[\ \dexqZxqb €0 \e?ih\e~rgeklv ihrmdh\bf aZkkrlZzf 1Z j_clbg]b yd

3. H[f_" _ggy m |_a KkZlple€&Zz g_ i_j_"~[ZgqZ} fZkh\m ]_g_jZp-ex
ijZpx} a dh gbf azZiblhf hdj_fh sh mih\eevgx} ijhp_k dhgl_glgh
ebdbo kZcle\
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4. Fhige [ _ggy¥y 6( 5DQNLQJ i**ljbfm} ebr_ Zg]leeckvdm fh\m
&KDW*37 ijZpx} a [Z]ZIvfzZz fh\Zfb h~ghqZkgh

5. <erkmlgeklv i_j_\ejdb mygkdZ\ekgokldZz} \[m*h\Zgh]h <gkljmf_g
"ey i_j_\ejdb I _dklm gZ mgedZevgeklv sh } \Z eb\bf nZdlhjhf *"ey 6

<bdeZrkgh\gh]lh fZl_jeZem ~hkey klglgyy ggy |_dkle\ m kbkl_fe [r
h[jZgbc k_j\ek &KDW*37 \er 2SHQR1 Hkgh\gbfb ijbgbgZfb \b[l
K_j\ekm }

x<bkhdZ ydeklv |I_dkle\ |Z anZlgeklv Z*"Zilm\ZIb klbelv gZibkZgg
klm\ZqZz

x=gmqgdeklvZmmg\ZZegge iZjZf_Ilje\ ]_g_jZp+*€ sh “ha\hley} kl\hjx\Z
jhlide 1Zd « jhalhjgmle hibkb Ih\Zje\

xFh eb\eklv egl_ljZp+€ q_j_a $3, sh “halhey} Z\IHZplb&am\ZIb ij
| _dkle\ m*h” ZIdm

cevl_jgZlb\ge jer_ggy 1Zde yd *LW+XE & R®dD RH | B4 d i HS 62€H
\hgb g_ i**oh”ylv "ey pe}€ aZ”"Zqe* a gZklmigbo ijbgbg

xGitHub Copilot +hje}glh\Zgbc i_j \Z gh gZ ]_g_jZpex ijh]jZzfgh]lh dh
Z"Zilh\Zgbc "ey klI\hj_ggy dhf_jpecgh]h dhgl_glm

xDeepSeektihdZam} fZem klZ[eevgeklv IZhhfh\ bgbyl shkle\ sh
djblbggh \Z eb\h Neiyb6{2h\Zgh]h dhgl_glm

xGrok +Hje}glZpe}x gZ g_nhjfZevgbc klbev 1Z Imfhj sh fh _ [mlb
gbf "ey klI\hj_ggy dhf_jpecgh]h dhgl_glm

1gl_J]jZpey k_j\eke\ i_j \ejdb mgedZevghkle

HArgbf ea \Z eb\bo Zidihldl-Rbjkl_fb } i_j \ejdZ mgedZ&vghkle a]_
ghl]h dhgl_glm >ey pvh]h ieZgm}lvky +gl_J]jZpey 1Zdbo k_j\eke\ vyd

xCopyleakstgZ”~Z} ihIm ge egkljmf_glb ~ey i_j_\ejdb I_dkle\ gZ "m|[
Aljbfm} $3, 1Z azZz[_ai_gm} r\bAdm h[jh[dm aZible\

xDuplicheckertihimeyjgbc k_j\¢ek ajmggbc ~ey r\brdh€ i[j \ejdb g_\
Kyl]e\ I_dkIm

xPrepostseat h*bg *a \ZjeZgle\ ey i_j \ejdb mgedZevghkle a "h"ZI¢
f_glZfb 6ZhZesam

<b[ej "_deevdho k_j\eke\ "ha\lhey} ie*\bsblb Ihggeklv i_j_\ejdb
dhjdlgm h[jh[dm dhgl_glm sh djblbqghij)Zked¥lgdek B¢yl Hkdee
db kbkl_fz [m”~_ ijZpx\ZIlb m \bkhdhgzZ\ZglZ _ghfm k_j_&h\bse \Z
jh[db } j_ZeesaZpey _n_dIlb\gh€ kbkl_fb q_j] Q_j]b “hal\heylv je\gl
gZ\ZglZz _ggyZiblzdb mgbdzlb i_j \ZglZ _ggy k_j\ekm ¥ g_jZp-€ |
[_ai_gm\ZIlb klZ[sevgm jh[hIm gZ\elv ijb \_ebdec deevdhkle dhjbklm

Hkgh\ge ijbgpbib hjl]ZgeaZp+*€ q_j]

xljehjblbaZpey aZfitbleb\eklv ijbkdhj_gh]h h[jh[e_ggybdjblbggh \:
\bo azZible\

xH[f_"_ggy h”"ghqgZkgb# a&ZZillie\q_ggy je\ghfejgh]lh gzZ\ZglZ _gg
$3, &KDW*37 1Z k_j\ekb i_j_\ejdb mgedZevghkle
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x:\IhfZlbqg_ ih\lhj_ggy aZible\ mzj&airh|hlfbegyp \IjZle_"Zgbo
j_al_ogeqge a[h€

LZdbf gbghf ie”0” “h jhajh[ebbqZhN\bl[dymigZIldm ydghkgh
ieZlnhjfb \bdhjbklZggy &KDW?*37 ~ey ] _g_jZp+€ |_dKl=\dbegl_]j.
mgedZevghkle |Z j ZeeaZpex _n_dlb\gh€ kbkl_fb q_j] "€y klZ][-
\ZglzZz" _gbo mfh\Zo

<b[ej Il_ogheh]ec jhajh[doh}\djlelb\bf _1Zihf ki\hj_ggy egnhjf
gbo kbkl_f hkdeevdb kzZf_ \e” gvh]lh aZe_"Zlv ijh"mdlbdgeklv
geklv « fh eb\eklv ih~"Zevrh]h jharbj_ggy nmgdpehgZembM jzZfd.
kilhim}lvky kl_d | _ogheh]ec ~h kd@HAPnCodadnjter, \MySQY ] yQuery,
+70/ %Y RRWVWUDS <b[ej dh'gh€ a pbo | _ogheh]styébmfhhe gb
"halheyxlv kl\hjblb _n_dlb\gm kbkl_fm ]_g_jZp*€ dhgl_glm

Fhr_ex\Zggy kbkl_fb q_j] %jmglm}livky gZ jhajh[pe Ze]hjb
ihlhdbhfec 1Z nmgdpehgm\Zggy dhfihg_gle\ kbkl_fb Hkgh\gZ f_
Jhjblfm \e~rh[jZ ZIb ih\_~egdm kbkl_fb 1Zdbf gbghf sh[ \hgZ [m
gZ[eb _gZ ~“h j_Zevgh]lh ijhp_km Ze_ \h~ghqzZk aZebrzZezZky _
h[gbkex\Zevgbo j_kmjke\

>ey hpegdb ijh*mdlb\ghkle kbkl_fb IZ \bagZq_ggy j_Zevgbo
g_jZpex |1Z i_j_\ejdb mgedZdelVgfrlalr\DBgdBo |_dkle\ [meZ ijh\_"_g
ijZzdlbggbo \bfejx\Zgv >hke+e”" _ggy ijh\h”*behky m k_j_Zh\bse
[eb _g_ ~h jh[hlgb&brkl_fb Mke \bfejx\Zggy a”eckgx\Zeblky gZ h
ghfm azZ[_ai_q_gge a fegefZevgbfb nhgh\bfb gz\zZglz  _ggyfb
gZ j_amevlZlb

>ey ]_g_jZpe€ I_dkle\ \bdhjbklh\m\Z\ky R3, ydb W1 BYfmAZY
azZibl gz klI\hj_ggy hha]lhjdklim h[ky]hf \e~ Ah kbf\hee
g_JjZpe+€ aZfejy\ky ithgbgZxqgb a fhf_glm gZ”"kbeZggy aZiblm « "t
\gh]lh I_dkim ;meh a”“eckg_gh i ylv g_aZe_"gbo kijh[ jJ_amevl.:
ebp-

LZ[ebpy
QZKk ih\_jg_dgyeXterk_ Ch&@GPT

< kijh[b QZk | _g_jZp*€ k_dmg~rb

1 34

41

57

46

2
3
4 39
5
K_j_"gec gZk ]_g_jZp*€ | _dklm kdeZ\ ijb[ebagh k _ dmg”
\e"obe _ggy m j_amevlzZlZo fh mlv [mlb kijbgbg_ge dhep\Zggyft

\ | &KDWm3i_\ge fhf _glb qZkm Z I1Zdh" kdeZ”ge+klx aZiblm
<Z eb\bf Zki_dlhf } hpegdZ deevdhkle Ihd_ge\ sh \bdlhjbklh

ps€ | _dkim < k_j _~gvhfm kbf\hee\ \sAih\s~Z} ijb[ebagh
ghf 7~ey | _dklm h[kykhf  kbfihehljr[gh \eA Ah lhd g
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<Zjleklv \bdhjbklZggy B3kde3zm" 7} az \oe*gbo lhd_g-\ IZ

\boe*gbo IPH_¢@«<ey hrghlh azZiblm k_j_"gy \Zjleklv [m”_

1. <o*”ge lhd_gb [

2. <boe~ge* |hd_gb .015=1%0.045

3. AZ]ZevgZ \Zjleklv h~gh]lh aZiblm

>ey ihje\gyggy \bdhjbkd-Ag¥YER7dhrim} aZ lhdg\o*"gbo
| Z az \boe?*gbo sh fZc _ \*"\eqe “hjh°'q_ LZdbthqgbghf ~"ey
fghlh ijh}dIm \b[-jR*37eevr hfttlggh h[% jmglh\Zgbf hkdeevdb \eg az
gm} ijbcgylgbc [ZezZgk fe  ydeklx |Z \bljZIZfb

lekey ] _g_jZpe+€ | _dkim gzZklimigbf _1Zihf } i_j_\ejdZ mgedZevgtl
Ki_peZeeah\Zgb& _h@ekrtgM f_"Zo _dki_jbf_glm [meh h[jZgh ihimey
\eIlCopyleaks ydbc ijhcrh\ I_klm\Zggy m ifylb g_aZe_"gbo «”~_glbqgghb
h[jh[db \bfejx\Z\ky ZgZeh]eqghflekinfkli[gim az\ZglZz _ggy |_dklim -
hljbfZggy j_amévbmmv|ZIib gZ\_~_gh m IZ[ebp-

LZ[ebdy
QZk ih\_jg_ggy \e"ih\Copyleakg\*km

< kijh[b QZk o\bebghb

1 12,0

2 19,2

3 9,2

4 14,4

5 16,4
M k_j_~gvhfm ijhp_k i_j_\ejdb mgedZevghkle aZcfzZ\I o\bebg

I}\bc ihdZagbd hkdeevdb \ mfh\Zo fZkh\h€ ] g _jZpe+€ thgl_glm |Z
"mlv klZlb ©\mavdbf \fkekap ktrkimfe A\Z Zxgb gZ p_ "~hpeevgh jha]e
"eb\hkle hilbfeaZpe€ _IZim i_j_\ejdb gZijbdezZz” aZ jZomghd \bdh
K_j\eke\ Z[h iZjZe_evgh€ h[jh[db I_dkle\
:kbgojhggzZ h[jh[dZ.IMdIiZrébpgZ\_~ gh deevdeklv |_dkle\ yde fh
h[jh[eylbky izZjzZe dwhgfih]shzk teagbo k_j\eke\ Z[h egkljmf_gle\
LZ[ebpy
QZk ih\_jg _ggy \*"ih\cCopylkakp\ sk m

Igkljmf_gl k_j\e FZdkbfZevgZ deevdeklv iZjZe e\
Copyleaks 50
Duplichecker 15

&KDW*37 Zkbkl]| 30

HlijbfZzge j_arbek\NqZIv ijh g_h[oe”geklv _n_dlb\ghjkelieZgm\Zgq
"ey aZ[_ai_qgq_ggy klZ[eevgh€ jh[hlb kbkl_fb <bdhjbkjghgy q_j] *
jhaih”eeylb gzZ\ZglZ" _ggy sh hkh[eb\h \Z eb\h m \biZz*"kim jh[hlb a
IXx aZible\ m j_Zevghfm R&«™ \j|Zbdhhm\Zlb sh azZljbfdb m \eMih\eny
fh mlv afegx\Zlbky aZe_ "gh \«” ah\gergeo nZdlhje\ 1Zdbo yd aZ\Zc
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Z[h h[f_"_ggy r\b~rdhkle azZible\ |hfm ih~Zevre _dki_jbfZglb fh"
e*a \ieb\m pbo gbggbd-\
ljZdIbqgge \bfejih @b \klZgh\blb hje}glh\ge gZkb \bdhgZggy
gbo hi_jZpeg_jZp+€ |I_dkim IZ ch]h mgedZecaZp+€ K_j_Rgec qZ

Im kdez”~Z} k_dmg”b m lhc gZk yd i_j \ejdZ mgedZevghkle
o\bebgb Kbkl_fz fzm\iZtbjf[jh[dm ~_kylde\ |I_dkle\ h*ghqgqZkgh
&KDW=*37 Zkbkl_glb a~Zl_g ]_g_jm\ZIb ~h | _dkle\ iZjZe _ev
N h | _dkle\ Z 'XSObDFKHFNHU

<jZoh\mxqgb pe 0ZjZdl_jbklbdb [meZ i_j_"[Zq_gZ kbkl_fZ a
e* g jydZ “ha\heblv je\ghfejgh jhaih?eeylb gzZ\ZglZz _ggy fe ]_
kZfb mgedZecaZpe+€ |Z ah\gergefb i_j \ejdZfb LZdbf gbghf az\
ey]Z} \ ZgZee+ae+ 1Z hilbfeaZpe€ jh[hlb IZdh€ kbkl_fb gZ hkgh\e
[je\ « | _obeqly[f_"_gv

GZ hkgh\e jhajZomgde\ ijh*mdlb\ghkle kbkl_fb "ey azZy\r
\bkgh\ddh _nepe}lglb az\zZglzZz _ghkle gZ _1ZiZ6h]jjHpx¥HagylZ! 6§ 2

Iz ! 8§ \eNih\ergh \dZamxlv gZ gbavdbc je\ _gv gZ\Zg!
~n_bBlg_ nmgdpehgm\Zggy pbo dhfihg_gle\ ea \ _ebdpbfkemfkbkhf |
\bdhjbklh\mxlvky ebr_gi*ghqZk _I1Zi mgedZecaZpe+€ ~_fhgkljm}
glz" _ggy ! sh fzc _ ~hky]zZ} djblbqgh]lh je\gy P_ k\e
&RS\OHDNY giZzpx »« k\h€o fh eb\hkl_c¢c Z kzZf ijhp_k mgedZe-a:
h[{f_"n&vgbf gbggbdhf mke}€ kbkl_fb K2zf_ Ihfm ~ey ih~"Zevrh]h
h[jZgZ ZkbgojhggZ pbdeeqgZ fh”_ev Mke aZ”Zqe h[jh[eyXxlvky
"halhey} kbkl_fe aZikkldlblhzZjZze evgbo ijhp_ke\ [_a [ehdm\Zg
ihlhdmh'dz az~zZqz fz} k\ec klZImk \bdhgZggy LVBSURFHVVL(
sh “ha\hey} dhgljhex\ZIb h[jh[dm [_a hqgedm\Zggy aZ\_jr_gagy
ieMjbfm}ijh[dm ~h ZdINghpogadzZzdh™ _g k_j\ek h*ghgzZzkgh Hdj_fZz
ijbree_gzZ azZ[_ai_q_ggx ih\gh€ zZ\lhghfghkle kbkl_fb h[jaA[db A
Ngh€ eZkhjmdIimjb gZ [Zas SDEELWO04 qb ih~e[gbo [jhd_je\ ih\e”]
ijhklm Ze_gZ”~ecgm fh”_ev gijjhpp_ kbhgD\exh3Z jhev Iml_\er\_~_
oZgeafm [ehdm\Zggy IORFN q_j_a nZce JHQHUDWHBERUNHU
gh g_[m”~_aZims_gh deevdZ \hjd_je\ P_c f_oZgeaf "halhey} k
g_jlh\m kbkl_fm ydzZ g_ ihlj_[mljhéklaadiph dhg aZeh blv \e
jhggeoj\leke\ Z[h egl_jn_cke\ \azZ}fh”e€ M \biZz"dm a[h€\ kbkl_fZ
h[jh[dm azZz”*Zq g_ ihjmrmxqgb peeeskghkle *Zgbo

M gzZ\_"~ _gec gkoqfe4dj_"klZ\e_gh eh]edm jh[hlb kbkl_fb vyd.
j_\ejy} *BhijZzpvh\m}l 6dRIb m \bkhdhgz\zZglzZz  _ghfm Zkbbojhggh
se Ko_fzZ gz jbk \erh[jZz Z} ihkee”rh\ge |Z mfh\ge _1Zgbh q_j_:
azZ\"Zggy ihgbgzxqgb a fhf_glm ch]h kl\hj_ggy ~h fhf_gIm \b\_~*
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Hakonuyyeay HOBWX 3a0a4  [eHepauin TekcTy MepeEipxa yHikansHocTl SEO-LonpaukBaHHA
®—> LH1 4)®—> LH2 LH3 4D®—>
7Y

Jbkmgh-ko_ fZ fhxXxgeh]h Ze]hjblfm

YHikansHicTe =80%

GZ hkgh\e ih[mArK\Zgh€[d\ jhajh[e_gbc -Zkbdecrjqglgibi £ ]
ydbc \jZoh\m} ki_pbnedm \bkhdhgz\zZglzZz  _gh]lh k_jhAgbsZ 1Z i_j
\azZ}fhnex fo' dexqgh\bfb ierkbkl _fZfb ] g _jZpe}x i_j \e¢gdhx mgedZe
azZpe}x Z lzdhhigZdpx\Zggyf | _dklm

M \biZz*"dm ydsh mgedZevgeklv } g "hklZlgvhx fhyblv az\"
m nZam ih\lhjgh€ ] g jZp+€ *ca aZemq_ggyf "h~2Zldh\boZegkljmdp-ec
evghkle

ce]lhjblf ih[m~h\Zgbc m \b]Jey~efplhdle fh[lyldbbZkbgojhiggh€ h[qgb
ex\Zevgh€ kbkl _fb P_gljZevgbf e f glhf pe}€ kljmdInZjb } \bagZ
KImim ih~fe€ sh \eNih\enrZ} aZ i_j o™ fo [ZiZfb h[jh[dZ\ aZe_"gh
ge\ h[kem]h\m\Zggy

Kbkl _fz Z\IhfZlbah\Zgh€ JhdlbjfZak&€Zz§b3dh dhgl _glm j Zeesah\Zg
jZfdZo Zjoel _dimjgh€ fhfewver RREMKHBEOOHU 09& sh aZ{_ai_gm} ¢
e_ggy eh]edb fh”_ees \eMih\erZxlv aZ "hklmi &B [eAdgihd &bgljhe _jb
|Z fZjrimlbaZpex Z ij_"kdZ\eglggy cknhjpk

Hdjef hkgh\gh€ nmgdpehgZevghkle ih\fyaZgh€ a fhg* _ex\Zggyf
ghx ]1_g_jZpe}x dhgl_glm m f_"Zo kbkl_flbhfihgeaH\Zyghbec &¥(J _
i_gm}

X Z\l _glbnedZpex dhjbkIm\Zqe\

x fh eb\eklv kI\hj_ggy ijh}dle\ « jha”ee_Ikgdkied]ag ghtdgbo

X gZeZrim\zZggy iZjzZf _lje\ ] _g _jZp*€ ahdj_fzZ \b[ej Zkbkl _gle\

X ajmggbc *gl_jn_ck "ey i_j_Jey®m neevljZpe€ j_"Z]lm\Zggy |Z
g_jh\Zgbo j_amevliZle\

&50 gZklbgzZ j _Zeeah\ZgZ m \blJey”~e deZkbqggbo klhjeghd a dhg
ydbo \erih\e”rZ} aZ k\hx qZklbgm eh]edb GZijbdezZ® *HQHUDWHZ&
hi_jZp+€ 1ih\YfyaZge a gq_j]Zfb aZz*"Zq €0 aZimkdhf afeghx klZge\ -
dbc dhgljhe_j ijZpx} a \e*ih\e~Agbfb fh”_eyfb 1Z \bdebd}z} ij_"~klZ\
fhnhe€ gbéthm\zqg f F_oZgeaf h[jh[db aZ”~"Zq ih[m~h\Zgbc gZ a[_j°*]-
eypecgec [Zae "Zgbo Dh'gzZ az~zZqzZ fzZ} klZImk LVBSURFHVVLQJ
[}\hfm pbdee hqedm\Zggy h[jh[dZ aZ\_jr_ggy ihfbedZ Ihsh KIZ
_1zZizf-KWo _fbZz “"hal\heyxlv \erkeerdh\m\ZIlb ~“bgZfedm \bddhgZggy Dh
dZikmevh\ZgzZ \ hdjjlibck&/sh aZimkdzZ}Ivky q_j_a kbkl_fgm dhfzZg’
"bge ijhp_km j Zeeam}lvky ih\gZ eh]edZ aZzZibl "h $3, |hg_ jZpe+<€
\e _ggy "Zgbo m_|jZja<Z mgedZevghkle 1Z 6(2 afegZ klZImkm azZ”Zq-
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>ey mijZ\eeggy q_jlhx az”~Zq kl\hj_gbfdr™mhghhpcsihhybdkhgm}
jhev ~“bki_lg_jZ <eg ihklecgh kdZgm} [Zam gZ gZy\gdglw azZ”Z
LVBSURFHVVLQJ e ijbcfZy jgh\ggy&hp_&Z\Nimlkb pvhim \jZo
\m}lvky fZdkbfZevg_ "himklbf_gzZ\ZglZ  _ggy g_ [*evr_ azZ”:
k_j\ek ] _g_jZp+*€ >bki_Ilq_j i_j_\ejy} gZy\geklv azZ”Zq @& q_ja-
\"Zggy vyde ihlj_[mxIv h[jh[db H”ghlgRkgdheengikihex3dIbygbo a
a\_jlZzxgb m\Zlm gZ klZzg LVBSURFHVVLQJ ydbc g_ ih\bg_g i
j_™ aZimkdhf dh 'gh€ az~Zqe+ \eg afegx} €€ klZImk sh “hal\hey
klZg \bdhgZggy >ey h[jh[db dhfZg”" ~bki-ijgp] legep2[Zersiam X!
dhj_dlgm \az}fh?ex a kbkl_fhx LZdh \eg j Zeeam} aZobkl \e~
Ahihfh]l]hx nZceh\h]h [ehdm\Zggy Ydsh eesfel “hky]Jgmlbc kbkl.
VOHHS ilekey gh]h ih\lhjgh i_j_\ejy} klZgkylZdviyZ|Zedly kp
fe' r\bArdeklix h[jh[db [Z klZ[sevgekIx jh[hIlb ah\gergeo kej\eke\
dZeeaZpe+€ Ihsh

Kbkl_fZ [meZ jhalhjgmlZ gZ \b”ee_ghfm k_j\_je a 0ZjzZdl_j
i_j_\bsmxlv fegefZevge \bfh]b "h g_€ K_j\_jfthkKQE$ @YD ij;HR Qh!
E- *a lZzdlh\hx gZklhlhx *+] 1Z yrjZfb Z 1Zzdh™ hi_jZlb
h[ky]hf =; aydbo m k_j_"*gvhfm \bdhjbklh\m\Zehky Yebavdh
gh€ jh[hlb kbkl_fb

M ijhp_ke |I_klm\Zggy 1Z j_Zevgh]h \bdabkdEb9Zgl_ " Hmgeh]t
kmll}\h]lh gz\ZglZz _ggy gZ j_kmjkb kbkl_fb P_ ihykgxklvky Ib
ex\Zevge aZ”"Zqe j_Ze+sah\Zge \ jZfdZo hdj_fh€ kbkl_fb q_j] yd
\er hkgh\gh]h gl_jn_ckm Q_j]b g_ kl\hjxxlv aZc\bo*hlagh\bo
eyxlv _n_dlb\gh jhaih”?eeylb aZz”*Zq+ \ qZke sh aZih[*]Z} iedh\Dbf

A Zjoel_dlmjgh€ Ilhgdb ahjm IZdh™ [meh \'blh jer_g¥v kijyfh
pex \bdhjbklZggy j_kmjke\ M ydhkle nj_cf\hpdrklhé&y gllin bt j\_
klZgh &R GH,UQlydbc \bjeagyl}lvky \bkhdhx ijh*mdlb\gekdx [Z fe
\Zggyf iZf{yle >ey \aZ}fh"e€ a [Zahx "Zgbo aZfeklv ihlWghpeggl
I Zgh 4XHU\ %XLOGHU-aZipitdib d40\64/ P_ ~halhebehv af_grb
deklv a\_jg_gv "h [Z&BridbjbfAh[dm dh gh]lh aZiblm dZ ggmghc
gZ”ebrdh\h€ Z[kljZdp-€

GZ jbk ithdZzazZzgbc gZzk \bljZzg_gbc gZ h[jh[dm dh gh€ a
\brgh sh ajhklZggy qZkm \eA[m\Z}Ivky ihklmih\h ~h i_\gh]h i
klZ[eeeam}lvkykdx}IMky Ibf sh i_jre aZiblb ijhoh”ylv [_a q_j]b
Ze_\" _ i*key deevdho ~_kylde\ azZible\ ihgbgZ}lvky gZdhibg_gg
k_j\ekm M j_amevlZle gZk i_j_\ejdb ihgbgz} ajhklzZlb &he_ i<ke
jx}Ivky ijb[ebéadghecgbc k_j_"gec gqZk h[jh[db P_ ~hal\hey} ajh[b
gZ\elv a mjZom\Zggyf mih\eevg_ggy kbkl_fZ \ peehfm klZ[eeV
| _fi \bdhgZggy
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Jbkmghtd=jZned qZkm h[jh[db \keo aZy\hd

GZ jbk ihdZazZgbc jhadezZ”™ q¥ko ihldjZlmo hkgghZpey mgedZe
geklv 1Z 6(2 GZc[eevrbc h[ky] qZkm ijbiz~zZ} kzf_gzZ _1Zi i_j_\e
ihfZjZzgg _\Z ahgZz =_g _jZpey aZcfZ} g \ _ebdbrak]Zfeegfeakbgec

gm gZkldm a_e_gbc P_ i*M\_jA"m} Jeimlavadbf $hk pk § Kigklf b }
kzf \azZ}fh~ey a ah\gergef k_j\ekhf &RS\OHDNV <Zjlh aZagZqgblb
aZimkdzZebky \ Zkbgojhgghfm j_"bfe Ihfm dh g_ kljb[dhih”e[g_ ajh
fbf gZzkee~rdhf q_jlh\h]h aZlhjm gZ _1Zis mgedZevghkle

GZ jkdim]h\Z ~eZ]jzZzfZ ydZ ihdZam} qZkldm dh gh]lh a _1Zie\ m
;eevr mke}€ |ljb\Zehkle ijbiz"Z} kzZf_ gzZ _1Zi i_j \egdb mgedZe:
kljm} djblbggeklv “"Zgh]h dhfihg _glZ m azZ]Zevgec Zjoel _dIimje LZ
afhlm gZhgghnedmdgkdb \mavd_fekp_  kbkl _fb |Z \bagfZlgblb \ ydh
kee™ ijh\h”~blb hilbfeaZpex
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SEO
reHepauis

B leHepauin: 46.1c¢
@@ YHikanbHicTb: 1753.3 ¢
B SEO: 10.4c

YHiKanbHIiCTh

Jbkmghtdlhaih”ee_ggy aZljZq_gh]lh gZkm fe° nZaZzZfb

<bkgh\dKI\hj_gZ \bkhdhijh~mdlb\gzZz Z\lhghfgZ kpbkim¥Zlba"z
|_dklb hibke\ Th\Zje\ i_j \ejylb €0 gZ mgedZevg=-\Kifh]Zf \mih\e
j_"bfe j Zevgh]lh qZkm reyohf ih[m”~h\b ijh]jZfgh]lh aZklhkm
nj_cf\hjdm &RGH,JQLWHU <a \bdhjbklZggyf fh”_ees ZkBhgojhggl
ghgzZkiglhh[eylb \_ebdm deevdeklv aZy\hd AZ\“ydb \bdhjbklZggx
exxgh]h Ze]hjbkfon f&4 ~ey q_jlh\h€ h[jh[db \"Zehky ~hk¥]lb hilt
eZgkm fe  r\b~rdeklx ]_g_jZp*€ 9gzZ\ZglzZz _ggyf gZ kbkl_fm I1Z yd
[Z1m
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Modeling a queue system for generation of sgatimized texts
in a highly loaded envirament

The work is dedicated to tlikevelopment of a system for automated generation of SEO
optimized texts with subsequent modeling of the queue system to reduce the costs of creating
high-quality content, simplify the process of generating texts and ensure their compliance
with modern SEQequirements. Research on mechanisms of interaction withriices to
optimize the process of generating texts under conditions of restrictions on the nunméer of r
guests and data processing speed. Studies of existing solutions for automatic content gener
tion were conducted, including the consideration of services based on artificialgietek,
such as ChatGPT. As a result, limitations of existing approaches were identified, neainly r
lated to their insufficient scalability or API limitations. A$ghene was synthesized to solve
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a specific problem, an asynchronous modeling algorithm was adapted, and a modeling of the
gueue system of SEptimized texts was carried out. Improved algorithms forréadeng
with Al services ensure stable and efficient opera allowing not only to reduce the cost of
the content filling process, but also to make it as efficient as possible, while magntiie
quality of the texts at a level that is not inferior to the work of professional cdpysvri
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< < Kiejegp_\ H < Kiejegp_\Z [/ K
SHKE1>@?GGY ?N?DLB<GHKL1 J?:E1A:P12
FIDJHK?J<1KGH2 KBKL?FB FHG1LHJBG=M DHJBKLM<:Q]1
L: J?KMJK1< OF:JGH2 IE:LNHJFB $:6

:ghlZpey Jhajh[e_gh ijhlhlbi fedjhk_j\ekgh€ kbkl_fhhZdqgelshjbg:
j_kmjke\ ofZjgh€ ieZlnhjfb $:6 aZzkh[Zfb fh\ ijh]jZfm\Zglgy & =
i_jbf_glZzevg_ | _kim\Zggy ijhmdlb\ghkle fedjhk j\eke\ gZ _da_
ijh\_~ _gh ZgdbplaklBggy &38 hi_jZlb\gh€ iZffyle 1Zj\pXkn Xe"ih'
IZdh ™ jhajh[e_gh f _Ih~"bdm ihje\gyevgh€ hpegdb _n_dlbAghkle j
gZ} aZdhghfejghkle afegb ijh mdlb\ghkle ie” jeagbfb je\gyfb gZ
fZge j_ameviZIib \bagZqgdg«xkiv  aplkehkm\Zggy aZagZq ng\Wzog gly\ ijh
& *« *R \ kbkl_fZo _e_dljhggh€ dhf_jp+e€ a ofiZjjhtaxbfkdemydIimijlt
e _ggy ijh \b[ej | _ogheh]ec "ey fedjhk _j\ekgbo kbkl f fhgelhjbg]r
Dexqgh\e keh\Z fedjhk_j\ekb fhgelhjbg] $86 (& dIBbRy*KIm &3k
jkb

lhklZgh\dZ ijh[eJlil\blhd _e_dljhggh€ dhf_jpe€ \bfZ]Z} ijZp
ebdbfb h[ky]Zfb "Zgbo agZqghx deevdeklx dhjbklm\zZzg®\ 1Z "b
\ZglZ _ggy < 1Zdbo mfh\Zo \Z eb\h ie*ljbfm\ZIlb klZ[semgm jh[l
jh\h€ ieZlnhjfb ahdj_fZ dhgljhex\ZIlb nmgdpehgm\Zggy j_kmjk
[Z[+\ aZklhkmgdes\ [Z \bdhjbklZggy ofZjgbo k_j_ _~h\bs ifba\_eh
k_j\ekgh€ Zjoel _dimjb > @ ydZ jhaih”eey} eh]Jedm kbklZfb fe ¢
fb P_ aZ[gmi} fZkrlZ[h\Zgeklv ¢« fh eb\eklv hghle _ggy hldj fbo k
gdb \ke}€ kbkl fb :gZeea \eZklb\hkl c ¢ ydhkle j ZeeaZpe€ fe
fh eb\eklv \bagzZqgblb 1Z azZ[_ai_qblb klZ[sevgeklv nmgdpehgm\Z
evgeklv “hkee"mboey diZz g _h[oe*geklx i**\bs _ggy _n_dlb\ghkle
fedjhk _j\ekgbo kbkl _f m ofZjgbo k_j ~h\bsZo _e_dljhggh€ dhf_
nNhjfAWS q_j_a ihje\gyggy j_ZeeaZpec gZ jeagbo fh\Zo ijh]jZfm\
"hpeevghkle €0 \bdhjbkdgg¥\a2ylk gbo kbkl _fZo ahdj fz aZz
kiZ[eevghkle IZ ijh*mdIb\ghkle dhfihg_gle\ kbkl_fb hiltkfeaZpe€
ex\Zevgbo « f j_ ° \bo j_kmjke\ ie*\bs gge r\brdh”e€ h[jh[db &
I1Z n_dlb\ghkle mijZ\eeggy j_kmblgZfte g fy\Zod\ ggy

:gZe+*a hklZggeso "hkees”"  gv HnimppegrZimEeedZp+€ $:6 > @ ¢
dhfie _dkg_ | _ogeqgg_ h[%jmgIm\Zggymkihkjhk jmkgdlokkdhk!| fZo
dmf_glZpey $:6 hibkmJAmadorkClpudWatchaZ[d_gm} a[bjhdgpgydm c

<« Kiejegp_\.,Kkejegp \Z H < >n026Z / K
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ZgZee+a f_ljbd "mjgZee\ IZ ih”ec bkl thhfahfg Igke\ilkhgh]h dhgljhex
ijh~mdlb\ghkle ¢ klZgkhm$ke\ |Adh» >h dexqgh\bo _e_f_gle\ gZe_ "Z
f_Ijbdb \bdhjbklZggy &38 izffyle aZzZljbfhd eh]lb ,pZ ¢Zjreeah\Zge
gZeZrlh\Zgejlbey Z\IhfZlbggh]h j_Z]m\Zggy gZ afegb klIZgm kbkl_f
o*” "hal\hey} \by\eylb ZghfZe+€ ¢ hi_jZIb\gh hilbfeam\ZIb jh[hlm Kk
K_j_"h\bse $:6 < jh[hle > @ [mehfrZielvihighdo\Z gbc eype~
[_aij_j\gh]h eg'bgejbg]lm ijh~mdlIfodghklej\ekgbo kbkl_fZo reyohf a\fTy
fe' Zjoel_dlmjhx kbkl_fb 1Z ~"Zgbfb fhgelhjbg]lm < jh[hle > @ [meh
fZlbggbc ZgZeea egkljmf_gle\ "HY2SV « fékgtlhgbphmhlfecjiok _ j\meh
hpeg_\gbb\ ofgh€ fedjhk_j\ekgh€ Zjoel_dlmjb gZ ijh*mgikh\geklv ~h".
eygmthljbdb ijh mdlb\gEkl\e*]mdmkdogjmi a*Zlgeklv fZkrlZ[h\Zgeklv
gZ”hecgeklv 7"ey ihje\gQ@IVLFOBIRX|G*l_dImj ea fhgheelgbfip < jh[hle
gmlhmgenedh\Zgoblthjblgg fhkljj\eke\ ea aZklhkm\Zggyf BURPHWKHXV
yd fZkrlZ[h\Zgh]h jer_ggy “ey a[hjm f_Iljbd dhgnelmjZpe€ ZeZjfe\ -«
ijh~ mdlb\ghkleshirs\lgx} fhgelhjbg] $:6 &ORXG:DWFKZl2hb'v/djp_kex}
jharbj_gh]lh fhgelhjbgpkd "y Kdaih”ee_gbo kbkl_f < jh[hle > @ a
hley” f_Ih”~e\ IZ hpeg_gh kmqgZkge | _ogedb ey hi_jZlb\gh]h \by\e
am ijbgbg a[h€\hm}glh\ekgbo |Z fedjhk_j\ekgbo ofZjgbho x*h~ZldZo
gh\hx gZklbghx fhgelhjbglm 4gyaggacghkle :e_ fh eb\hkle ih"Zevr
]h \*hkdhgzZe _jhayblldm ~Zgh]lh gZijyfdm ~hkee”"  _gv s_ g_ \bq_jiZg
[mxIv jhaley™m

F_I1Z "hkee"" ilggy]Z} m i**\bs_ggy _n_dlb\ghkle fedhhk_j\ekgh]tl
jbglm dhjbkim\zZqge\ ¢« j_kmjke\ ofRjghreeyeBnihjffdgyggy chlh j_Ze
azZpec aZkh[Zfb fh\ ijh]jZfm\Zggy & <+ *R |1Z ZgZeeam hlgbfZgbo j_c
g_ggy “hpeevghkle aZklhkm\Zggy dh gh€ fh\b m \bkhdhgz\zZglzZ  _
jhggh€ dhf_jpe-€

Hkgh\gZ qzkbegZijhlhlbim fedjhkkp\lkgh€[meh jhalhjgmlh reklv
_da_fieyje\ $PD]JRQ (& jbkmghd gZ hi_jZpecgec kbkl_fe /LQX[ 8
feklylv ih ~\Z fedjhk_j\ekb dh _g hdjef k_j\ekm Z\l_glbnedZp-€
hdj_fh H~”bg _da_fieyj \b”*ee_gh i*” [Zam &Zigbyj®\6AXIVvMbks _d
_da_fieyjm W PLFUR sh fzZz} "\Z eh]eqge ijhp_khjge y*jz 1IZ =;
<ke \maeb jhalZrh\Zge \ h*gec 93¥_a \b’xeé@eghlx KIh\h]h ijhlhlbim
aZ[_ai_gmxqgb f_j_"_\m eaheypex |Z \aZ}fh?ex fe gk gjgykZfp >ey a
" \h€ ~"hkImighkle [Z \aZ}fh”e€ fedjhk_j\eke\ gZeZrlh\Zgr ijZ\beZ ]j
al\heyxlv \o*”*gbc ljZned gZ 1Zde* ihjlb 7&3 \bdhaZzkbhimPlhvky "ey
egl_jn_cke\ k_j\eke\ 7&3 aZklhkhtayivigy gey | Z74Z&mi_qm}
s_ gmi_j_~Zgm ~Zgbo fe dhjbkIim\ZqzZfb 1Z k_j\ekZfb \flexqzZxqgb Z
dm ieZl_"+\ mijZ\eeggy k_keyfb 1Z i_j_~Zgm f_Iljbd 7&a3 ijbagZc
g_ggy “h _da_fieyje\ q_j_a 66+ <bdhjbklh\m}lvky ey d_jm\Zggy
kbkl_fpha]lhjlZzggy k_j\eke\ 1Z ~eZ]lghklbdb jh[hlb ijhdjbllbien 7&3

¢
s
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Ney ier"dexq_ggy ~“h [Zab ~"Zgbo 0\64/ <maeb a fedjhk_j\ekZfk
aZiblb "h [Zab "Zgbo “ey klI\hj_ggy |IZ hljbfZggy *gnhjfZpe€

(=1 SRt
Instances (1/6) o S J“mm“fd;a @ (connec t ) (Cinstance state v ) (Cactions v ) ((Launch instances | ¥
('@ Find instance by attribute or tag (case-sensitive) | [ running ¥ | 1 (5]
B Nemep v | Instance D | instancestate ¥ | Instancetype v | Status check | Alarmstatus | AvailabilityZone v | Public IPv4 DNS v | PubliclPva... v | ElasticIP
() Auth-Node -0b80996dd63fc67b @Rumning @ @ t3micro @ 3/3 checkspassec  Viewalarms +  eu-north-1a ec2-51-20-71-154u-n... 512071154
] Audit-Metrics-Node i-0e7afeafo4d5d28b2 @Rumning @ @ tmicro @ 3/3 checkspassec  Viewalarms +  eu-north-1a ec2-13-60-48-97.eu-no...  13.60.48.97
) User-Session-Node -014bb31bccad2db6 @Running @ @ t3.micro @ 3/3 checkspassec  Viewalarms +  eu-north-Ta ec2-16-171-55-121.eu-...  16.171.55.121
) Product-Cart-Nade i-0ea9a3d3bb21e8280 @FRuning @ @ t3micro @ 3/3 checkspassec  Viewalarms +  eu-north-1a c2-51-21-135-165.eu-...  51.21.135.165
()  Order-Payment-Node  i-0fe830ebs0a0egale @Rumning @ @ t3micro @ 3/3 checks passec  Viewalarms +  eu-north-1a c2-51-21-253-232eu-.. 5121253232
[ @ o i-06f31018568d20bF @rumning @ @ t3micro @ 3/3 checks passec  Viewalarms +  eu-north-1a ec2-13-51-47-247eun...  13.51.47.247
.

Jbkmghtdj ~klZ\e_ggy jhalhjgmélgpe\ dalhfgkhee $:6

GZ[*j \o**gbo Ihghd hohiex} ih\gbc "bll}\bc pbde \ak}fh"«€
| _fhx IZ h[jh[db-{jlag_ke\ Q_j aaZimdB j_Zeecah\Zgh i_j _Vejdm ijz
Imim d_jm\Zggy k_keyfb 1Z dhgljhev Zdlb\ghkle H&j _fai]jmib
gmxlv hljbfZzggy afegm I1Z d_jm\Zggy "Zgbfb <e”ih\e?ejgZ aZzZib
fZle -621 LZdbf gbghf kljmdImjzZmyvyghb[gZi*Zpdh™h ih[m~h\b kbk
N _dh'gZ ]jmizZ aZible\ j_Zeeam} hdj_fm gzZklbgm eh]edb Z \aZz
}Wwky g_j_a klZzg”*ZjlbahgZgpn+CkB

>ey jh[hlb a kbkl_fhx |Z €€ fh*"meyfb jhajh[e_gh «glZjn_ck
}fhrex dhjbkim\zZqzZ a fedjhk_j\ekZfb 1Z klZlbklbggbfb ~Zgbfb jk

Metrics Service  Orag Cepsicu  MeTpukn Mo

3aranbHWii ornAg cucteMu

AxusHi cepaicn

9

CraH Mikpocepsicis

Cepaic Cratye Octania meT) pUKa CPU (avg) RAM (avg) Respense (avg)
Auth-Node [ active | 52% 78 MB 70ms.
User-Session-Node [ ociie | 143210 55% s0me 74ms
rodu [ octive | 49% 72 M8 76 ms
Order-Payment-Node [ octive ] 143215 66% 95 M8 s2ms
udit-Nod: [ active | 45% 70 MB 65ms.

Jb

=~

mghdlgnhjfZpecgZ "hrdZ k_j\ekm f_Iljbd

;ehd az]Zldvdg]ley m kbkl_fb \erh[jZ Z} k_j_"gedldZkghyrih\e-
&38 e« iZffyle dhgdj_Ilgbo fedjhk_j\eke\ Ahdj_fZ j_Zeeah\Zgh il
[hjm fedjhk_j\eke\ 1Z €0 f_Ijbd aZ qzZkhf >_IZeeah\Zgejf_Iljbdb
fZpex ijh jh[hlm bdfiedjphk _j\eke\ m kbklkdrjKEKkED h\Zggy aZz i_\g
i_jeh™ >ey dh gh]lh k_j\ekm nedkmxlvky [Zde iZjzf_ljb 1bi hi_
&38 hl[ky] iZzffyle qzZk \erih¥Z4hljZaZibdhbnF _Ijbdb a[bjZxlIvky
Ney j_ZeeaZpec gZ *Raseyl}sihje\gx\ZIb ijh*mdlb\geklv mkih b\:
jke\ fe' fh\Zfb =jZneqg_ \e*h[jZ _ggy f_ljbd nhjfm}lvky gZ hl
agzZq_gv “ey \e"kl_"_ggy lj_g~e\ azZz\ZglZ _ggy &38 \bldhjbklZz
\eNe k_jleke\ m j_Zevghfm gzZ&eihdZpeply idZ2kh\m ihkeeM\geklv
jkg_ 09d¥Z ggy |Z mgedZevges ** _glnedZlhjb "ey dh ' gh€ hi_jZpe¢

GZ jbkmgdm gzZ\_~_gh ihje\gyggy Ih]h yd fedjhk_jZe«kb gZ
gbo azZ h[jzgbf gqzkhf kih " b\Zxlv j_kmjkb kbkl_fb
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lpadiuHe NopiBHAHHA pecypcie Go vs C#

[ 60CPU% ] GoRAMMB Go Response ms [] C# CPU % [__] C# RAM MB ] C# Response

180
160 g e _\\/
140
100
: M/w
60
40

Jbkmghtd=jZnegq ihje\gyggy j_kmjke\ & <+ *R aZ qZkhf

Hdj _fh jhajh[e_gh <gl_jn_ck "ey fhgelhjbg]m _hk dhAekghkle ih"e,
=jZned \e~ h[jZ Z} _n_dlb\geklv jh[hlb k_j\ekmnZAQ Y lda d[4pgH adhjbk
gZk jbkmghd [z ~ _fhgkljm} yd afrlgkXbwkyddejxdgmjkh}fghkle k_
\ekm i*” gZk \bdhgZggy hi_jZpec >h~Zldh\h gZ klhjegpe gZ\_" gt
aZlZevgZ deevdeklv azZj_}kljh\Zgbo dhjbklm\Zqge\ deevdeklv Zdlb\g
evdeklv Zdlb\gbo k_kec LZdhys gt AxtkyZ™djhgheh]ex ih”ec yde
\er[m\Zebky m k_j\eke Z\|l _glbnedZpes€ 1Z mijZ\eeggy k_keyfb ijhly]h

>Zge k_j\ekm dhjbkim\zZqge\ \e~rh[jZ ZxIv kibkhd azZj_}kljh\Zgbo
aZagZqgq_ggyf €ogvh]lh klZImkm ~Zlb j_ }kljZp+*€ I1Z gZkm hklZggvh]t

Mertpuku Authentication Service
Tepioa nepernsy

JbhghdtF _Ijbdb k_j\ekm Z\l_glbnedZp+€

>ey ihje\gyggy _n_dlb\ghkle jh[hlb fedjhk_j\eke\ [m\ jhajh[e_g
fhle 3+3 ydbc fh”r _ex} ih\_7~egdm dhjbkIm\ZqgZ i qZk \aZ}fh”«€ a
KIZIbklbdm \enrih\er ¢ Kdjbil a*eckaXiibk Nhxk+jAZBm f _Ijlbbd ih\l
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jXxxgqb hi_jZpe€ m iZd_|Zo \bagZq_gh]h jhafejm sh ~“ha\lhey} e«fe
\geklv deevdho dhjbkIim\Zqge\ <bdhjbklZggy iZd_Igh€ h[kh[db az
Ibqg_ gZ\ZglZ _ggy 9Z k_j\ek zZ~"_ aZiblb Ybd&EghhxhflyhiZijfZe
oZgeafm FXUOBPXOWL Z jZbhmewlZIlp]dkighyh”ray ih*"Zevrh]lh Z
>ey aZih[*]Zggy gZ~fejgh]lh i_j \ZglZ _ggy fe izZd_|Zfbei_j "[Z
Im} azZljbfdm fe " "Neyfb Kdjbil nedkm} \erih\e/re k jNeksthhZ[h ihf]
a\hey} hpegblb klZ[eevgeklv o r\brdh”ex fedjhk_j\ekm ?dki_jbf_
\h~"b\ky reyohf ihkee*h\gh]h a[eevr_ggy deevdhkle h*ghgZkgbo
Ilhx hpegdb ch]lh ijh~mdlb\ghkle 1Z \bdhjbklZggy j_kmjke\ 1Z]e
e_ggyzZiydm \bdhjbklZggy j_kmjke\ ie” qZk aZible\ \ kbkl_fe ahf[]j
=jZned N _fhgkljm} afegm \bdhjbklZggy j_kmjke\ fedjhk_jAekm f_|
]h egl_j\Zem k_dmg”~b *ey j _ZeeaZpec gZ *R 1Z & >e&y *R ih
ky \eAx ~h x \bdhjbklZggy hi_jZIb\gth€ " ylx0L% & qzZk \e-
\eNe \Zjex}lvky \e” ~h xfk >ey & &38 afegx}livky \enr x A
i Zfyla\en “h x0L% Z qZk\as~ih\Wwhe xfk >Zge ™~ _fhgkljn
[*evrblkhd_ kih b\Zggy j_kmjke\ o ih\eevgerbc qZk \e”rih\&"e jhje!
am} gZ [*evrbc \ieb\ h*ghadZkghphamidlb\geklv k_j\ekm

LZ[ebpy
<bljzlb j_kmjke\ fedjhk_j\ekm f_Iljbd ie" gZ\ZglZ _gg

Deevdeklv iX]j 100 200 300
gbo azible)
J Z2aZpe+y a \bdhjbklzggyf *2 k_j _"ge agZq_
CPU, % 51,34 66,56 79,52
5$0 8VDJH 75 96 126
5HVSRQVH 7 72 92 118
J _ZeeaZpey a \bdhjbklZggyf & k_j_"ge* agZz
CPU, % 56,6 74,63 85,63
5$0 8VDJH 158 163 171
5HVSRQVH 7 91 122,8 1478
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lpadiuHe NopiBHAHHA pecypciB Go vs C#

C——JcocPu% ] GoRAMMB Go Response ms [ c#CPU % [] C# RAMMB ] C# Response ms
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Jbkmghtd=jZned ihje\gyggy \bdhjbklZggy j_kmjke\ "ey & 1Z *F

>ey \bagZq_ggy ih\_7~egdb azZklhkmgdm i*" |Ijb\ZebfzZgzZ\ZglZ ¢
gh | _klm\Zggy a ihfejgbf gzZ\ZglzZz" _ggyf ijhly]hf o\bebg jbkmghd
ljbdb ~ fhgkljmxlv ihgZtZgtdzn ggy gZ ijhp_khj "ey h[ho j ZeeaZp-
liZnedZ &38 8WLOL]DWLRQ k\e*gblv sh azZ h~rgzZdh\h]h ihfejgh]h
\bdhjbklZggy ijhp_khjZ ~ey j ZeeaZp+*€ gZ & } \bsbfb g “"ey j_
\e h[jZ  _gh m es\ec gZklbBgealdamdttBE\Zgh | _kim\Zggy & Zm ihje\gyg
\hx gZklbghx sh \e~ih\e~rZ} gZ\ZglZ _ggx k_j\ekm gZ *R AZ f_Ijb
ljZnedm 1Z deevdhkle iZd_le\ g_ kihkl_je]Z}Ivky kmll}\bo \erfegghk
ykgblb ajhklZggy ijhp_khjghpwy gZA¥Z §tZkmdghkle hagZd h[f_~_gv a
egnjZkljmdImjb hljbfZge j _amevlZlb \dZamxlv sh is"\bs g agZq_

m j ZeeaZpe+*€ gZ & ih\YfyaZg_i_j \Z'gh a hkh[eb\hklyfb \bdhgZg
gvhx fh” _eex h[jh[db aZible\

i-Oe7afeaf94d5d28b2 (Audit-Metrics-Node) B & v

[ o] Ecﬂl:ﬂ:;:r:s in the CWAgent namespace & (configure Cloudwatch agent ) (" Manage detailed monitoring )

C® Alarm recommen dations © @ mvestigatewith Al -new [ T 3h  12h  1d  3d 1w Custom [ || Localtimezone v | (@ Boplorereiated )

CPU utilization (%) [0 Network in (bytes) [0 Network out (bytes) [0 Network packets in (count) (0]

Percent o Bes . pyes . comt

uuuuuuuuuuuuuuuuuuuuu

JbkmghdFhgejbg] j_kmjke\ _da_fieyjm (& fedjhk_j\ekZ f_ljbd

<bkgh\db Zeeah\Zgh 1Z "hkee”" _gh fedjhk_j\ekgm kbkl_fm fhgel
Im\Zqge\ ¢ j_kmjke\ ofZjgh€ ieZlnhjfb $:6 Z [Zdh" ijh\_~_gh ihje\¢
"ho j_ZeeaZpec k_j\ekm f _Ijbd gZefh\\Z20I1\hj |1dgyYRgZA\ZgZZ" ggy ¢
[eb  _gh]lh *h j_Zevgh€ ih\_"egdb dhjbkim\Zqges\ jhajh[e_gh kdjbil
gm} iZjZe_evg_ \bdhga&Zidpy+378[KkbdbIBerih\er ¢ k_j\ekm M f_"Zc
_dki_jbf_glm \bdhgZgh k_jex gZ\ZglZ m\Ziegwgba[dekte\ggsfid [Z
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evdhkle h*ghgZkgbo azZible\ HIljbfZzge j_amevlZIlb "ha\kebeb i
lZggy ijhp_khjgbo j_kmjke\ hi_jZIb\gh€ iZf{yle 1Z gZk \Ne”ih\en
ge\ gZ\ZglZ _ggy Ilhje\gyggy k_j _"g*0 agZq_gVv xhtkeZajZ&e klZ][-
aZpeyfb sh jirn™\}llvky yd [Z[ebqggbfb ~Zgbfb 1Zd « ]jZneqgbfb
fhgelhjbg]lm \ k_j_"h\bse $:6 (& >h~Zldh\bc ZgZeea f_ljbd Ijk
gZ\ZglzZz _ggy aZk\e~gb\ sh az \e*kmlghkle kmll}\bo \e~fegghkl
dmzZldeevdhkle iZd_Ie\ ie"\bs_g_ \bdhjbklZggy &38 \ | _ZeesaZp-£€
eb\hklyfb \bdhgZggy dh”m 1Z fh~_ee+ h[jh[db aZible\ LZdbf gb
AT ggy i*M\_jr"beh sh j_ZeeaZpey fedjhk_j\ekgh€ kbkl_¥b fhgell
dh\bo mfhZdlZjbam}lvky f_grbf \bdhjbklZggyf &38 |Z hi_jzZIlb\
f_grbf gqZkhf \eMih\e”e jhje\gygh a j_ZeeaZpe}x gZ & sh k\ergk
\bdhjbklzggy ijb ih[m~h\e fedjhk_j\ekgbo kbkl_f fhgelhpbg]m \
sZo
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Research on the efficiency of implementing a microservice system
for monitoring users and resources on the AWS cloud platform

The relevance of thistudy is driven by the need to improve the effectiveness of monito
ing microservicebased systems in cloud environments faommerce, pdicularly on the
AWS platform. This is achieved through a comparative analysigptémentations developed
in different programming languages and an assessment of their suitability for use in high
load systems. Special attention is given to ensuring the stability and performance of system
components, optimizing the utilization of catimy and network resources, incréag the
speed of user request processing, angroving the efficiency of resource management under
dynamically changing load conditions. The paper considers key aspects of studyingcthe effe
tiveness of the microservice system for monitoring users androesoof the AWS cloud pa
form, implemented using C# and Go. The results of performance and resource utiligation b
tween implementations in the C# and Go programming languages were analyzedrtondete
the feasibility of using each language wt@nmercesystems with a cloud aritecture. To
reproduce a load close to real user behavior, a PHP script was develibgedvides par&
lel execution of HTTP requests and collection of service respaosts#ics. A series of load
tests were performed with a ghaal increase in the number of simultaneous requests. The
results obtained allow to analyze the use of processwurces, RAM, and service response
time at different load levels. Comparison of average values showed a stable diffezence b
tween implementatns, which is confirmed by both tabular data and graphical monitoring
results in the AWS EC2 environmentd&ional analysis of longerm moderate load metrics
showed that in the absence of significant differences in network traffic and the number of
padets, the increased CPU utilization in the C# implementation is due to the peculiarities of
code execution and the request processing model. Thus, the conducted study confirmed that
the implementation of the metrics microservice on Go demonstrates lompuiztional e-
source consumption and shorter response time under the same load conditions, which justifies
the feasibility of its use when building microservice monitoring systems in cloud renviro
ments.
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STUDY OF THE NON-STATIONARY TEMPERATURE FIELD
ALONG THE THICKNESS OF A MULTILAYER EXTERNAL WALL PANEL OF A
RESIDENTIAL BUILDING IN WINTER

Abstract. Solved the relevant problem of studying thestatiorary temperature field along
the thickness of a multilayer external wall panel of a residential building with daily &uctu
tions in ambient temperature in the winter period.

Key words: multilayer external wall panel, temperature field,-atationary calcution, in-
sulation of a residential building, enclosing structure.

Introduction . In winter, the problem of heating residential buildings andrgjcheat in
them becomes relevant. The main problem is taking into account the daily change in ambient
temperatre, which requires nestationary calculations of thenperature field of enclosing
structures that have a multilayer structure. The study of thestadionary temperature field
and heat fluxes of multilayer wall panels of buildings will allow for tberect design of the
geometric parameters of the layers of thetemal wall panels and the optimal selection of
insulation materials. This direction is dedicated to the study of the problem of energst conse
vation #a relevant problem of modern timesUkraine.

Analysis of recentresearch and publications Residential, cultural, administive and
industrial buildings are large consumers of thermal energy. Accordingptrts, up to 50%
of energy consumed can be saved annually in the stock of redicamdianonresidential
buildings through energgaving measures. Considering the fact that heat loss through buil
ing envelopes accounts for up to 80% of all total heat losses [3], thermal calculatiordef buil
ing envelopes becomes relevant.

Calculating theemperature field in the enclosing parts of buildings is also relevant for
the implementation of many factors, including:

tenergy efficiencythermal calculation allows you to determine the geometric p@aram
ters of enclosing structures and optimally setbermal insulation material, which leads to
minimizing heat loss and, as a result, reducing heating costs;

tpreventing destructionthe calculated temperature field prevents the formation of
condensation and mold in the rooms, which can lead to theajrdestration of structures;

tenduranceextending theenduranceof building structures is possible by taking into
account the heat resistance and strength of their materials, which is based on the calculation of
the thermal field of enclosing structures

< DavetsHV FBonina DV., 2026
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tthermal protection and accordance with building codesrmal calculation ensures
accordancef enclosing structures with the requirements of modern building codes and reg
lations in terms of thermal protection and safety;

+comfort maintaining optiml indoor temperatures without sudden changes is critically
important for creating comfortable living or working conditions for people.

In work [4], a study of heat flows and an analysis of heat losses of opaque external e
closures of heated premises wasdaucted, taking into account various heets for assessing
the heatshielding properties of external walls: without taking inteaunt heatonducting
inclusions (external walls in the heat engineering calculation are a homogeneous opaque e
closure); takng into account heatonducting inclusionscaording to the standards in force in
Ukraine and according to the European standard, as well as instrumental determination of the
characteristics of thermal protection. It has been shown that taking into adoean
conducting inclusions, even for a building without complex structural solutions fap-encl
sures, leads to an increase in heat loss of up to 14%, which may change the energy efficiency
class of the building.

In paper [5], a simplified discrete anal@gypresented in a dimensionless form, was d
veloped for the numerical solution of unsteady heat transfer problems. This was achieved by
using a onalimensional initial model. The use of such a model is@efit for solving most
practically important prdems. The stability of numerical calculations at large time discret
zation steps and high accuracy of calculations on extremely small computational grids are
shown.

The article [6] is devoted to the study of unsteady heat conduction in a solid wall and
contains mathematical modeling of asymmetric heating and cooling of the wall due e impe
fect heat transfer from both sides. The method used to obtairelgticah solution in a long
time process is presented. The solution method allowsttonothe tempetare distribution
in the heated (cooled) wall using the Laplace diam. Its validity is verified by numerical
calculation using the COMSOL Multiphysics seére. In the example that was tested, the
maximum difference between theahical and numericasolutions was about 3.5%, taking
into account the possible maximum and minimum temperatures in the wall under given cond
tions.

The thermal response of a building's envelope has a significant impact on the overall
comfort conditions in the room, as wedl an the energy efficiency of bdihgs. Most Central
and Northern European countries focus mainly on optimizing the efficiency of buildings du
ing the heating season. However, future projections show the potential for a significant i
crease in cooling demmd due to building overheating. In this context, the focus of the
paper [7] was on assessing the transient performance of different facade walls (light and
heavy building systems) during typical Central European summer conditions. In addition to
the influence of wall composition, the effects of orientation and-imggmsity passive cooling
on thermal response were also investigated. The results showed significant differences in the
thermal behavior of eastsouth, and wesfacing walls.
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Thus, the revie of recent studies shows that, despite the significant influence of many
factors on the thermal state of building structures, the issue of conductirgtationary
thermal calculation of a multilayer enclosing structure remains relevant, especiatywmih
ter period.

The purpose of the study: to investigate the nestationary distribution of the temger
ture field along the thickness of a faayer wall panel of a residential badihg depending on
the daily change in ambient temperature in the wirgeogd.

Presentation ofthe main material of the study.Calculated cases of the location of
building materials in the layers of the wall panel and their coefficients ohieonductivity
are presented in the table 1.

Table 1
The location of building matels in the layers of the wall panel
and their thermal conductivity coefficient®kcal/(m h grad
Wall panel layers

Material Concrete inner| Cement fibro- | Mineral wool | Concrete outer

of a layer textured layer lite plate textured layer
Layer thick- 80 20 55 40

ness, mm

Number 1 5 3 4

of a layer

0
kcal 1,400 0,130 0,060 1,400

m "h grad

The scheme of the arrangement of layers in a multilayer wall panel in relation te the i
terior and the environment is shown in Fig. 1.

Fig. 2 shows a graph df¢ temperature of a fodmyer wall panel each layeggending
on time, taking into account changes in ambient air temperature.

The nonstationary calculation of the temperature field in a{flayer flat wall, illustra-
ed by the lines in Fig2, was obtaied using the methodology thagsdribed in [3].

Analysis of the graph in Fig. 2 shows that line4 8nd 4 have a noticeable effect et d
creasing ambient temperature (the lines have a clearly expressed temperature minimum).
Lines :2 and 23 almost do notontain such minima, which indicates sufficient thermalins
lation properties of layer Zmineral wool plate. The line 1, which models the temperature on
the inner surface of a residential building, has an almost rectilinear shape and proves that
comforable temperature conditions inside the ¢had) by this model of the arrangement of
layers in the wall panel are ensured.
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residential environment
premises
+35%¢C i om
-5C
to
0
=25 C

Figurel - Scheme of a multilayer external wall panel:
1 +concrete inner textured layer;&ement fibrolite;
3 +mineral wool pate; 4 +tconcrete outer textured layer

30 temp,
grad C
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Figure 2 - Distribution of the temperature field along the thickness
of a fourlayer external wall panel depending on the ambient air temperature:
air in room zindoor air; 1 +the inner surface of a wall indar
1-2, 2-3, 34 contact surfaces of layers 1 and 2, 2 and 3, 3 and 4
respectively; 4touter surface of the outer layer; air atambient air
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Analysis of calculations shows that the effect of low ambient air temperature on the
temperature inside thrdom when it passes through a multilayer enclosing building structure
can be reduced by one or both of two methods:

tirstly, by increasing the thickness of the thermal insulation layer;

tsecondly by choosing a thermal insulation material with the ldvpessible thermal
conductivity coefficient.

7KH SUHVHQWHG UHVXOWYV ZHUH WHVWHG DW WKH W
DQG 6SEEH" >

Conclusions In the course of the task, the following types of work wergezhout and
the following contusions were obtained:

1) the problem of heat saving and the need to use thermal insulation c@agncmB-
sidered

2) the methodology and basic principles of conducting-stationary thermal calcat
tions of a multilayer flat walvere studied

3) non-stationary calculations of temperatures through a-fayer flat wall t&ing into
account the daily change in ambient temperature in the winter pegigdcaried out

4)a graph of the temperature through thickness of the multilayer wall depending on
time has been constructedhich allows determining the geometric parameters of each layer
of the multilayer external flat wall of a residential building and optimally selecting the type of
thermal insulation material;

5) ways to reduce the impact of daily dluations in air temperature in winter on indoor
temperatur@re proposed
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M.l. Tverdostup
HARMONIC INDUCTOR -TO-FREQUENCY CONVERTER BASED ON
IMPEDANCE CONVERTER

Abstract.Objective- increased sensitivity of-Fetrically inductance converter. Found ma
agement conditions Slope conversion measuring generator based on a combination of the
operating circuit by varying the parametric elementary sensor inductance compensation i
cluded in the oscillator, resonant circuit.

Keywords: inductance, resistance, impedance, sensor, genaratobined operating otulit,
frequency increment, compensatiaensitivity, Fmeter.

Introduction . In modern devices, measurement and control method is widely used F
meters, allowing relatively easy to convert the reactans sensor frequency harmorae oscill
tions [1]. The disadvantage of this method is its limited $eitgito a change in the oo
trolled parameter. So, urgent is the establishment of tools to increase the sensitivity of the
method of control fneters.

In [2,3] laid the foundations for the synthesis of impedance converters on operational
amplifiers. Condlsions [4] indicate the usefulness of the combination of pleeating circuit
to create a measuring generator with controlled sensitivity.

Formulation of the problem. The aim is to develop-meter sensitive to chgas in the
parametric sensor inductance.

Main part. Measuring generator based on a linear combination of the operating circuit
(LCOC)is shown in Fig. 1. The linear combination of the operatirgrdim with inductive
impedance in the negative feedback loop is the presence of a chstiactembnation of
feedback, and the fact that the external drive sigdabtndU; received in phase to both woos
da operational amplifier DA2. From the findings of the work [4], the input impedance is

LCOC
-3 (1)

5™ +integrated inductok |mpedance and internal resistance ©0R;,Rs
- the active resistance of the circuit combined feedback amplifier DAZ2,;
iR M - complex impedance paraHebnnectedesstanc& and capae
tyﬁ n= U2/U1, U1 andUz driving voltage signals. Repeater on DA1 amplifier with asresi
tive dividerR., R<is a source of excitation voltag# , U; -phase input voltage. The ratio of
the stress field calpe represented by the ratio of the dividerstess in the form of

(2)

< Tverdostup M., 2026
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while the input impedance expressed by the parameters of the scheme will be

®3)

Figure 1- MeasuringLCOC generator based on (a);
LCOC equivalentrepresentation (b)

It is also true that represented by the input parameters is

H: lin + NLiny (4)
where riy, Lin - input resistance and inductance. Then (3) and (4) the expressicivefand
inductive component input impedance

®)
(6)

showing that in this schemé,; inductance and internal resistangas converted into thent
put inductancé., and resistance, (with the multiplication factor equal to

(7)

which, whenRg >> Ra, can take larger values. From (5) it follows that multiplication
resistancer; is accompanied by compensation negative active component of the input
impedance equalCOC

(8)

‘R( )‘ . rp at the input resistanae, : 0, which indicates the possibility of a significant

increase in thguality factor inductance.
From (6) it follows that multiplication by m inductante ratio occurs simultaneously
with a decrease in its initial value Ig#

%, which will be called the compensating

inductance. 4 Expression (6) in the form
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f. ; :l'.:i'.r!i-[i:..r .lin'l:- 1._' . (9)
Suppose that under the influence of a controlled parameter of the indudtanté¢he
sensor changes by, thi&; input inductance becomé€OC

(10)

up
(11)

(12)

LA S [ a F SRR = . [t can be seen ththe absolute increment of the input

inductance is determined by multiplying the coefficientand the relative increaséhe value
of the compensating inductantg This shows that the possible scaliigD H Kdudance
sensor with control values of sensitivity to the monitored parameters.

To the input capacitance connecte@OC ﬁ which with the input inductance

mforms an oscillating circuivith a resonance frequency

(13)

From (5) it follows that if the conditiom;< [ I in the circuit there is a negative

resistive component of the input impedah€OC to compensate ohmic losses in the circuit
and provides a stationary harmonic oscillations at the resonant frequency (13), which, subject
to (9) is vie

From (15) we see that the frequency increment is substantially increased when
m. The latter justifies the possibility of increasing the sensitivity-ofeters based on
LCOCtoL; inductance change parametric sensor.

Experimental verification of the expressions(14) and (15) was carriedout on
the measumg generator (Fig.1l), assembledon operational amplifiersICL7650 with
inductance L; = 21 mH, capacitancﬁ ) DQG DQ LQLWLDO UDWH RI

shows the experimental module incremﬁfrequency generator @ficremental inductance

Msensor by varying the values of the compensating inducﬂufmm 0 to 17.23 mH.
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Experimental data show that, dependig M linear; while compensating inductance

m (curve 5) sensitivy to Mminimum and 7.5 Hz/mH, while increasing the value
increases  the sensitivim (depending I 4), so wherﬂz 17.23 mH (1 relationship)

increases the sensitivity of five times to 39.2 Hz/mH. This confirmglleatagnitude of the
compensating inductantﬁ, relative to the initial inductancﬁsensor can be controlled

oscillator sensitivity measuring conditions witig

'
|af|,Hz 1

MNe | Ly, mH im
404 1 [ 1723 | 2368
1211499 [1638
3 | 10,83 | 1020
3o+ | 4 7.06 | 7.61
11 5 0

20

10—

0 1 ] 1 T T | L I T I —

0.2 0.4 0.6 0.8 10 12

Figure 2 xiIncrement frequency generator as a functibﬁ L: inductance sensor for diffe

ent values compensating inductahce

Experimental family conversion features (Fig. 3) changing the compensatingance
from O (relation 5) to 17.23 mH (1 relationship) also support an increase in the steepness of
the conversion characteristics Wm.

Calculated according td4) and (15) are in good agreement with the axrpamtal data,
the difference (due to nonidea sectional amplifiers and precision nmgasievices) are not
pre-exceeds 5%.

Conclusion Studies measuring the generator on the basis of a linear @imbiof the
operating circuit showed aftélowing:

- compensation for sensor initial inductance while multiplying its incremélois sou
to manage the change, you often measuring oscillator;

- changing the frequency measuring generator-sabstantially detenined by the via
ue of the compensating inductance;

- the use of measuring generator based on linear combinate operating schemes can |
crease the sensitivity ofifaeters to a change in inductance of the parametric transducer.
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Figure 3- Characteristicef the measuring conversion generator
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.V. Ponomarev
ARCHITECTURE OF A SECURE CRYPTOCURRENCY WALLET
BASED ON AIR-GAP AND MULTISIGNATURE MECHANISMS

Abstract.The study addresses the vulnerabilities of cryptocurrency wallets to netttarrksa

A secure crosglatform architecture is proposed, integrating Aap, PSBT, and Mf-N
multisignature rechanisms. The solution implements isolated online and offline modules with
transaction data exchange via QR codes. Results demonstrate that this architeptural a
proach effectively ensures private key isolation and enhances the security of digital asset
transactions.

Keywords: cryptocurrency wallet, AiGap, cold storage, multisignature, PSBT, QR code,
blockchain, offline signing, crogdatform application.

Problem statement The rapid growth in cryptocurrency transaction volumes has
intensified the focuon secure asset storage and protection mechanisms. Cryptocurrency
wallets constitute a fundamental component of blockchain infrastructure, enabling user
interaction with decentralized networks. However, they also represent a critical vulnerability
within this ecosystem. Unlike traditional financial systems, where security is enforced by
centralized regulatory entities, decentralized architectures transfer full responsibility for asset
protection to individual users.

Cryptocurrency wallets are generallysddied into two categories: hot wallets and cold
wallets, distinguished primarily by their connectivity to the Internet and corresponding
security characteristics. Hot wallets operate on devices with continuous network access,
offering high usability foroutine transactions. This category encompasses software solutions
such as Trust Wallet and MetaMask, as well as mobile and web applications provided by
cryptocurrency exchanges. Nevertheless, persistent connectivity significantly increases
exposure to cydr threats. Common attack vectors include phishing, malware (e.g., spyware
and clipboard hijackers), and exploitation of zdey vulnerabilities in operating systems
such as Android, i0S, and Windows. According to Chainalysis, a substantial proportion of
cryptocurrency asset losses result from compromises of hot wallets through browser
extensions and mobile platforms [1].

Conversely, cold wallets are designed to maintain complete isolation from online
environments, prioritizing maximum security. This clagdudes paper wallets and hardware
wallets. Paper wallets provide full offline storage but are susceptible to physical damage, loss,
or destruction, rendering them impractical for frequent use.

< Ponomarev 1.\.2026
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Hardware wallets, exemplified by Ledger and Trezor, secureatp keys within
dedicated hardware modules, thereby mitigating remote compromise risks. However, these
devices exhibit functional limitations and remain vulnerable to specific threats, including
supply chain attacks, partial opacity of source code, sl associated with physical
connectivity via USB, Bluetooth, or NFC, which introduce additional attack surfaces.

To increase the security of transactions in the blockchain, a-sngiature mechanism
Is used, which requires several independent sigesitiar confirm the opation. Instead of a
single private key, the Mf-N rule is used, where N is the total number of owners and M is
the minimum number of signatures required to complete a transaction. This appevacispr
unauthorized access, as compising a single key does not allow the transaction to be co
pleted. In the Bitcoin blockchain, mulignature is implemented through scripts (e.g.,
P2WSH) and the B2 74 Partially Signed Bitcoin Transaction (PSBT) format [2], and in the
Ethereum blockcha, through smart contracts such as Safe with threshold and permission
logic [3].

A common cybersecurity practice to protect critical data, such as privategnaptic
keys or confidential transactions, is the use ofgapped devices. These are compiiar
hardware systems that are physically isolated from any network c@am® including the
Internet, local networks, and wireless interfaces. Such isolation means that the device has no
active network ports or radio channels, making it inaccessibleniote attacks. Intecaon
with such devices is carried out via offline data transfer methods, such as QR codes or USB
media, which allows you to maintairolation and minimize the risks of compromise.

Thus, it is relevant to consider a combination ®fesal technologies for ensuring the
security of cryptocurrency wallets.

Analysis of the latest research and publicationsThe security of cryptocurrency Wwa
lets remains a key topic of current research. The paper by Guri et al. [4] addresses the problem
of private key leakage even from isolated @apped) systems. The authors destate the
possibility of attacks through side channels (electromagnetic, acoustic), which calls B#o que
tion the absolute security of offline devices.

The study by Homoliak el. [5] proposes the concept of SmartOTPs, afaetor al-
thentication mechanism for smart contracts that uses QR codes and hash chains to transmit
signatures offline. This solution increases the security of transactions without losing-conve
ience.

Anothe important direction is the standardization of the transaction signing process.
Homoliak et al. (2024) review modern approaches to msigtiature and PSBT, which allow
for collective control of assets [6]. CertiK [7] analyzes PSBTnhetabilities in DeFprojects
and offers recommendations for secure implementation, including SIGHASH verification and
avoiding UTXO dust.

The study by Das et al. [8] focuses on threshold signatures, which provide toasgac
and efficiency for multparty protocols. This iespecially relevant for cold wallets, where
minimizing the risk of compromise is important.

Special attention is paid to hardware wallets. Dabrowski et al. [9] showed architectural
shortcomings of popular solutions (Ledger, Trezor), in particular supplylc® ULVNV aRL
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al. [10] performed a largscale analysis of 17 hardware wallet models, revealing implement
tion problems, although the cryptographic algorithms remain robust.

Comparative studies (Haryadi et al. [11], Lim et al. [12]) demonstrate edffte-
tween the convenience of hot wallets and the security of cold wallets. Hyluitbss are
considered a promising direction that combines the advantages oppotlaches.

In general, current work emphasizes the need for a comprehensive apprcaatid-
nation of Air-Gap, multisignature, PSBT and cryptographic protection of local dataetdecr
secure and convenient cryptocurrency wallets.

Purpose of the researchThe aim of the research is to develop an architecture aad cr
ate a crosgplatform ayptocurrency wallet that provides:

1) physical isolation of private keys (A@ap) during the signing process;

2) use of the PSBT standard for secure data exchange between online and offline mo
ules;

3) integration of the QR process for transferring taatisn data between isolated env
ronments, which eliminates direct network connection and incregsstnce to attacks;

4) implementation of a muigignature mechanism for collective control esets;

5) use of cryptographic algorithms to protect ltheal database.

Presentation of the main research materiaWhen developing a croggatform
wallet application, cold storage technologies-gaipped devices, data transfer using QR
codes and muksignatures are combined in a single architecture.

To achieve maximum security, the wallet is divided into two physical modules: the
online Watcher module and the offline Signer module.

In addition, the system is structured according to the principle of althrelearchite-
ture: Core, Transport, Ul.

The Qore level includes cryptographic primitives, key management and-sigiature
logic. The Transport level implements Akap, PSBT exchange between modules via QR
codes. The Ul interface level is responsible for transaction reareayg, address book and
credential verification (Fig. 1).

Watcher Signer
Ul Layer Ul Layer
Transport Layer QR Codes Transport Layer
(Air-Gapped) (Air-Gapped)
Core Layer [ KeyVault ]
PSBT Logic

[ AuthManager }

Core Layer

Figure 1- Architecture of a twanodule wallet with a threger structure
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7KH RQOLQH :DWFKHU PRGXOH LV LQVWDOOHG ®Q WKH
cess. It connects to blockchains (Bitcoin, Ethereum) to ob&lances and transaction bist
ry. It stores only the extended public key (xPub), which allows generating all wddleisaes
for receiving funds, but does not allow spending them. It forms the initial transaction structure
(UTXO for BTC, Nonce for ETH) ashvisualizes it in the form of a QR code. tcapts the
signed transaction from the offline module and sends it to the blockchain network.

The offline Signer module is installed on an isolated device (without a SIM ca+#i, Wi
and Bluetooth). It generatéise Seed phrase and private keys, encrypts them and stores them
LQ WKH GDWDEDVH 7KHQ LW UHDGV WKH 45 FRGH-IURP
rameters and applies a digital signature in an isolatgdomment.

The wallet initialization process critical and occurs exclusively in the offline Signer
module. A cryptographically stable random number generator (CSPRNG) is usedraiagyene
a 256bit sequence. A checksum is added to it, after which the data is divided into groups of
11 bits. Each giup corresponds to a word from the E3® dictionary, which results in a 24
word seed phrase that is used to restore the wallet. The seed phrase is convertdatto 512
binary data (seed) using the PBKDF2 function with 2048 iterations of HH8ANB512. Ac-
cording to the BIP44 standard, a hierarchical derivation structure is used, which determines
the order of key and address generation [14]. This approach allows one wallet to malrage mu
tiple cryptocurrencies (Bitcoin, Ethereum) and different types of addresse

Key storage is implemented using the binlSQLite database, while encryption is used
to protect confidential information, where the user's password serves as the basis for genera
ing the encryption key. The PBKDF2 function is used to convert thavpeggo a 256bit
AES key, and all data in the keys table, including the seed phrase and private kegs, are e
crypted using the AE@56-CBC algorithm before being written to the database. This a
proach guarantees that even in the event of theft of theedawmit gaining access to the file
system, the attacker will not be able to read the keys without knowing the password.

The algorithm for working with a mulBignature wallet via the Aigap interface ao-
sists of the following stages.

First, in the Watchemodule, the user forms a transaction, specifying the recipieht's a
dress and the amount. The application receives current data from the blockchain, creates a
PSBT package and displays it as a QR code.

Next, each of the M signature participants opens tgaeSimodule on their offlineed
vice and scans this code. After that, Signer module decrypts the transaction, shostalthe d

S6HQGLQJ %7& WR EF T JHH %7& DQGrWKH X\
mation. For authorization, a passwoscentered, based on which the private keyetsypted.
Then the module digitally signs the transaction, clears the memory and generates a new QR
code with a partially signed transaction.

Watcher module sequentially scans all signed codes from M offlirdules checks
their validity and forms the final PSBT with the--N threshold. When the number ofsi
natures reaches the threshold, the transaction becomes valid and is broadcast to the blockchain
network.
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The clientlevel implementation of the wallet rdoles is made using modern cross
platform technologies. The mobile interface is built on Vue.js in combination with the Quasar
Framework, which provides adaptive design and component atcngeApache Cordova is
XWLOL]J]HG WR DFFHVV dapkiiti€s HsvidhFabl the cénizta @rntiDile Btorage, by
integrating native APIs into the web application.

The desktop implementation is based on Electron, enabling the application to run as a
native app on Windows, macOS, and Linux while maintaining a dntioelebase. In parallel,
the Progressive Web App (PWA) mode is supported for working in a browser with offline
cading and push notifications.

Specialized libraries are used to work with blockchains:

T E L WIbHR2L feriv®herating and processing PSBTngmting keys, signatures and
working with the UTXO model.

¥ HW KH ioMinteracting with Ethereurnompatible networks, including generating
transactions, calculating EIPL2 hashes, verifying signatures and calling smart contracts.

Conclusions.The poposed twemodule architecture ensures private key isolatioh-wit
in an offline environment, eliminating netwebased compromise risks. By integrating-Air
Gap, PSBT, and Mf-N multisignature with robust AE356 encryption, the system achieves
high securiy without sacrificing usability. The crogdatform implementation provides aiun
fied user experience across mobile and desktop devices. Ultimately, the developed solution
effectively balances hardwalevel protection, cryptographic transparency, andctional
accessibility.
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:joel _dImjzZ [_ai_qgh]h djbilh]ZfZgpy gZ hkgh\e f 0Zg-a
Air-*DS 1Z fmevilbie®ibkm

KmqgZkgbc klZg de[_JEZemadbpbnjh\bo Zdlb\e\ k\ergblv ijh
\jZaeb\sklv ]ZfZgpe\ ~h f_j "~ \bo ZlZd 1Z riblmgkvdh]h IA
i*M\_jA"mxlv sh gZ\elv eahevh\zZge kbkl_fbffhhimlwn\[hglb gkdha
ih[egge dZgZeb sh \bfz]z} \ijh\z"" _gdfy 224l @mj2bd kbbb v:idimZe
gbfb gzZijyfdzZfb “hkee”" _gv } \bd¢nNdKhZ BHYoklZ2ey mgenedZpe€ i
"Zgbo 1Z ijhlhdhes\ fmevibie”ibkm ey mkmg _ggy }*"bgk€ lhqgdl
gbo ZizZjzZlgbo jer _gv \dZam} gZ jbabdb aZdjblbo ZZjofhZ\dImj s
gbf kI\hj _ggy \e~djblbo kbkl_f ea neabgghx caheype}x dexqge\

F _Ihx jh[hlb } ijh}dIm\Zggy 1Z | ZeeaZpey Zjoel _dimjb djh
djbilh]zfZgpy sh ih}*gm}*Dsh*efLdeabggh€ ecaheype€ ijb\Zlg
klzg™zZjl 36%7 ~ey [_ai_q@Bpbfib[flgrh oZgead «f'mkelvdof-A “ey
dhe_dlb\gh]lh mijzZ\eeggy Zdlb\Zfb

AZijhihgh\ZgZ Zjoel _dlmjzZz [Zam}Ivky gZ jha”ee_gdr kbkl_
gZevge fh "meefhhRgedcgDWFKHU -fA"mMeeeZ6d JQHU Fh” mev
\eMih\enrZ} aZ fhgelhjbgdgpehld nhjfm\Zggy ljZgaZdpec af_j°]-
im[eeqge dexge Fh"mev 6LJQHU nmgdpehgm} gZ ijbkljh€ [_a 1
[ _ai_gmxqgb ]_g_jZpex |Z a[_je]l]Zggy ijb\ZIlgbo dexge\ m aZrb
64/LWH <aZzZ}fhney fe' fhAmeyfb ade tlagmZlerkybq ¢ggl-dh”ek 45
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sh \bdexqZzZ} ijyfbc pbnjh\bc dhglzdl fe k_j ~h\bszZfb bh]jzfgzZ j_
dhgZgZ gZ kl_dm 9XH MV IZ 4XDVDU sh jZahf ea &RUGRYD 1Z (¢
aZklhkmgdm gZ $QGURLG L26 :LQGRZV[EAaHKKkQX[ a }*"bghx dh”h\

Jhajh[e_gZ "\hje\g_\Z Zjoel_dIlmjZ _n_dlb\gh e<ahex} ijb\Zlge d
" \bo aZ]ljha aZ[_ai_gmxgb \bkhdm klecdeklv ~h \er""Zeg gbo Z1Zd
NZjle\ 36%7 1Z fmevibie?ibkm ]JZjZglm} ijhahjeklv ljZgalZdpec 1Z fh
e_dlb\gh]h dixggjh® dhrlizZzfb DjhkieZlnhjfgbc i**0o*” “ha\hey} fZkrlZz
jer_ggy gZ jeage Ibib ijbkljh€\ Zeefgke]fZxqb dgdhfijhfekghx [_ai_dhx
l1Z ajmqgeklix "ey degp_\h]h dhjbkim\zZqz

lhghfZjvh\ 1]hj <heh”bfbdhdbaqhp_gl dZn_"jb _e_dljlxggbo h[gbke
\Zevgbo fZrbg nZdmevl_Im neabdb _e_dljhgedb [Z dhfifxl_jgbo kb
gZpehgZevgh]h mge\_gkikiyHogq zfiZH

ORCID: https://orcid.org/000900971392885

Ponomarev Igor Volodimirovich +candidate of technical sciences, associate professor of
the department of electronic computers of the faculty of physics electronics and computer sy
tems of the Oles Honchar Dnipro National University.

ORCID: https://orcid.org/000900971392885

124 ISSN 15629945 (Print)
ISSN 27077977 (Online)


https://orcid.org/0009-0009-7139-2885
https://orcid.org/0009-0009-7139-2885

Kbkl flgeoghedl](d62) 206 ©6\VWHP WHFKQRORJLHV?
DOI 1034185156299455-162-202%6-14
M>D

< K O0zZg”_pvdbc = < KkKkmadig\kivdbc
DHG<?/JG: 1?J?>:Q: ;EHD1< NJ?CF1<
< A:RMFE?GBO D:G:E:O DHFITXL?JGBO F?J?@

ghlZpeybagZq_gh aZe_ "geklv aZ]Zevgh€ deevdmkie®ihj{2#qgbo
AhrZldm “h\"bgb \edgZle ehflhejmkkergh€ i _j ~Zqe Ijb g_\_eb
ihfbehd % @0’ « \bdhjbklZggen\edglZeardeklv ihrdh”" _gbo nj_cfe\
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ihfbedb
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ljb i_j _~Z\Zgge* nj_cfe\ ih g_gZ”*cghfm dZgZem a &z\zZ"~Zfb \h
agbo ijh[e_f > @ Dheb ihrdh”" _ggy nj_cfm \eA[m\Z}Ivky \k_j_~I

ihrdh~” _gh]lh nj_cfm fh _ ihklmiblb h”_j m\Zgm iecager_ qbf gz~
N _deewdZcfe\ sh jhalZrh\Zge [_aihk_j "gghfaZeihrddZgZevgbc
j*\_gv h™_j m\ZqgZ ih\bg_g i_j_"~zZ\Zlb nj_cfb f_j_ "~ \hfmhje\gx \ ihk

jy*dm Lhfm gZ ijbcfZxqgec klhjhge ih\bggZ \bdhjbklh\mWZIbkv [mn_
deklv dhfejhd \ ydsomi}_peevdeklv nj_cfe\ m \edge Z IZdh  azZklhkh\
oZgeaf khjlm\Zgagy

GZc[eevr qZklh gZ ijZdlbpe aZklhkh\mxlvky ~"\Z pZabblyo i«*oh”
ihfbehd ijb dhg\_}jgec h[jh[p-

| _jrbc kihke[ gZab\Z}Ivky ih\njg<egyifhgy]Z} \ e]gmjknbZgg-
nj_cfe\ yde i_j "Zxlvky azZ ihfbedh\bf >ey pbo nj_cfb\ ieM\_jr" _
eZ}lvky Ydsh \edgh \e?ijZ\gbdZ azZih\gblvky jZger_ qbf aZdegqgbl
ieM\_j~" _ggy dhg\_}j ihgbgz} ijhklhx\ZIb Dheb °~ azZdegqblvky q
\eNijZ\gbd\2g ihqg_ i_j_"zZ\ZIlb ih\lhjgh \e*jZam °~ mke nj_cfb yde
ieM\_j~r" _ggy ihgbgzZxgb a ihrdh”"_gh]lh nj_cfm LZdbag i*”0o*” ijb
kb\ghkle azZz\zZ” ijb\h”~blv ~h \IKlbgbgi{lgigmiE€dgh€ a~Zlghkle dZgZem
a[eevr_gge \edgZZlyZ jjbglibo afeg Iml g_ \eA"[m\Z}Ivky

1grz az]ZevgZ kljzIl_]Jey h[jh[db ihfbehd ijb dhg\_}jlgec i_j_"Zq
\Z}Ivky \b[ejdh\bf ih\lhjhf > @ <hgZzZ ihey]z} \ Ihfm sh h”_j m\Zz
n_jgec iZfyle mke \ejge nj_cfb h”*_jdiy_glfifiekpycim Ijb pvhfm
ihrdh~” _gbc nj_cf \erdb”Z}Ivkygg_ lgggyqaZKdhe hgedm\Zggy ie"I\_j~ _
\eNijZ\gbd \enijZ\ey} dhiex leevdb kZfh]h klIZjh]h nj_cfm gz ydt
ieM\ _jA" _ggy Ydsh py kijh[Z \*"ZeZky h”_j m\Zq [m™ \Rfmfhae i_j_
j*\gx gZdhibg_ge* nj_cfb \ gZe_ "ghfm ihjy*dm <b[ejdh\bc ih\lhj o
al[eevr_ggy iZf{yypZeeghlh je\gy h*_j " m\ZqZz

Dmfmeylb\gbc Ibi ie”I\_j~" _ggy \\Z2°Z} sh ydsh ihkimiz} ie"l\_
nj_ch Ih nj_chd), (- e lzd ~Bélkh Mmke ihi_j_~ge nj_cfb \\Z Zxlvk
ieM\ _jA" _gbfb P_ agb ™ m} gzZ~ecgeklv jh[hlb \ dZgZeZo a az\zZz"Zfb

Yd [meh mdzZazgh \bs_ \ ijhp_ke i_j ~Zqgqe* nj_cfe\ "Zgbo \ aZr
\bgbdzxlv ijh[e_fb ih\fyazge a ihrdh”  _ggyf [*l*\\ZZQhfo azZ\zZ"Zfl
‘mlv fZIb \gmljergx ijbjh m h[mfh\e_gm Pgdepn_jstlgpejx "Kxlvky
\ dZzgzZzeZo f_j_~ Hkh[eb\h p_ ZdImZevgh \ kmgqZkgbo Ywkhdhr\b"d
gheh]e€ i_j_~Zqge egnhjfZpe€ \ ydbo j_Zeeamxlv i**\bs_ggy secevghk
NZxlkwy Ah\gerge azZ\Z”"b \ k_j_~h\bse i_j_~Zqge "Zgbo \ObgbdzZxlv \g
fZzgelgbo ~° _j_ e \bijhfegx\Zggy _e_dljhfZ]gelgh€ _g_j]*€ yde fh°
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Ilhklzgh\dz az*®&ke+"blb ijhp_k dhg\_}jgh€ i_j_~Zqg [ehde\ nj_
nhjfZpg€ dzZgZevghfm je\ge \ aZrmfe_gbo dZgZeZo dhfifxl_jgbo f_
aZe_"geklv aZ]Zevgh€ deevdhkle nj_cfe\ i_j ~Zgbo mkiergh « ihrdh’
\eA h[T}fm ~h”rZldm sh i_j_"Z}Ivky ~h\'bgb \edgZ e« <fh\ejghkle ct
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NZge <bagzZfblbggly gZ “h\"bgm \edhg ijb jeagbo je\gyo <gl_gk
ihfbehd

Hkgh\gZ qzZklblgZthkes”  _gge f_oZgeafe\ i_j "Zqge egnhjfZpe
ghfm k_j _"h\bse gZc[eevr gZklh \bdhjbklh\mxlv *"bkdj ZygZzkec m q.
[ a iZffyltZzdhfm dZgkee ihfbedb } g _aZe_ "gbfb « je\glbffggh jhe
ih jhajy"Zo egnhjfZpe€ sh i_j "4} Idxyiba@Zq&xloZth\'bgm nj_cf
|Z «fh\ejgeklv ihfbedb \ h*"ghfm jhajy”s nj %fh \EALIW\HJDRUhUYI
efh\ejgeklv ITh]lh shm\ botb[m”_ mkiergh i_j ~Zgbc Ih[lh i_j "~Z
ihrdh~™ _gbthje\gx}

Rs (L R)E R Ry R) (@ R, ®

N Po1= Poo=Pos «  Pp =Py,

ljbimklbfh sh i_j_~"ZqZ -esgnhjfzZpe€ a”eckgx}lvky gZ d:
dhfifxl_j@H_j_ "+ a \bdhjbklZggyf dhlagh]hn\ndgZ*hVUtba]texy g_fh
kihgzldm kblmZpex dheb je\ gv rBER-310 \hebdmf ihey ~Zgbo
nj_cfm ijbcf_fh klZzg~Zjlghx \e~ih\e"gh ~h | _ogheh]E=WKHUQ
N % E AZ]lmghtlioch kdez~Z} % Ih[lh ijb[ebagh \eN AN
NZgbo |hfm \ ih"Zevrbo jhajZomgdZo fb g_ [m”~_fh ch]h ijbcfZzl

1fh\ejgeklv mkiergh€ i_j _"Zqe dhhaghflhfhedpeZ geh nhjfmes
Ahje\gx}

S TR wl R 2)
>epn=6 Pws ljb pvhfRys [h[lh \ i_jrhfm gZ[eb _gge fh’
\WZ"ZIb sh mke nj_cfe\ dhlagh]h \edgZ mkijprmghZgBohéylvkygmh
ohqg «lZHgvh fZeZ Ze degp_\Z efh\ejgeklv ihrdh”" _ggy nj_cfe\ \
Pwp=1-Pws=0,035. (3)
<e”Nih\ergh ~h pvh]lh ijb i_j "Zqge agZqgh€ dgewdhkf{fgh]bfe\
AhArZldm A~ _ydZ qZklbgZ nj_cfe\ [m”_ ihrdh"" _gZ
Jhaleyg fh i_j ~Zgm ~"h”ZIMgn jh[cffeAhfJIha[T}fh p_c ~“h”ZIlh
[ehdbnmj cfe\' \ dh ghfm [ehpe Lml jhafej [ehdm kie\iZhZ} a jh
agZgbfh azZ]Zevgm deevd<cdbx [Ehd®\Zgpo mkiergh « ihrdh”" _gbo
j _"ZgqeQyd Lh~ne
(4)

N efh\ejgeklv mkiergh€ i_j ~Zqe [ehdZ nj_cfe\ hhdph]h \efleg2z\ f_
\bagZplvky nhjfmehx

lekey "Zghlh _1Zim i_j_"~Zqe \edghnakait¥X}INMKyhg@Z ~h\ bgn
[ehdZ IThrdh”~" _ge \ ijhp_ke i_j_~Zqge nj_cfb \byleyxlvky \eo~j
azZdegq_ggxZhzloi hgedm\Zggy i*M\_j~" _ggy $&goz[lg_ijBIbYgh]h
i\ _jAT _ggy 1$%. GZ AMjm]hfm _1Zie i _fg2grjpefbhkdéaxgzZxlvky |
gZklmigbc [ehd ¢ "hih\gxxlvky gZkimigbfb ihkee*h\gbfb_az ghf
j_~zZ\Z}fh]lh “h~Zldm Ydsh <gl_gkb\geklv az\zZ”~ } g_\_ebdhx fh
]bf _1zZihf aZdvgym}lRZggy ihrdh”?” _gbo gZ i_jrhfm _1Zie nj_cfe)
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pvhlh _1Zim [rmb\ekKhv jhalZrm\Zlb mke nj_cfb i_jrh]lh [ehdm \ ihke
aZ ghf_jzfb ihjy*dm ¢ \e?ijZ\blb gZ dZgZevgbc je\_gv h*_j " m\ZqZ

Jhaleyg_fh p_c ijhp_k [eevr "hdeZ2 ghbgZklipbdeZzh ~h”Zlhd

ydbc ihlje[gh i_j ~Zlb fZ} h[1}f F< "~h\'bgZ fj céimg ¢d * jZger
| _gkb\geklv azZ\Z” 0ZjzZdl_jba0h}0¥%40% (5>h\ bgZ \edgZ afegx}livky
\e “h HA j Zge "Zge ij_"klZ\e_ge* \ IZ[ebp-
AZlevgZ deevdeklv nj_cfe\ i_j ~Zgbo mkiergh “Zgrdh”" _gbo i]
LZ[ebpy
N %(5 -7 BER=10° %(5 -°
Ps No/n Q Ps No/n Q Ps No/n Q

6 0,965 | 167 172 0,931 | 167 177 0,698 | 167 216

8 0,953 | 125 131 0,908 | 125 137 0,619 | 125 173

10 0,942 | 100 106 0,887 | 100 111 0,549 | 100 145

12 0,931 83 89 0,856 83 95 0,487 83 126

15 0,914 67 73 0,835 67 78 0,407 67 107

20 0,887 50 56 0,787 50 61 0,301 50 85

25 0,861 40 46 0,741 40 50 0,223 40 71

30 0,835 33 38 0,698 33 43 0,165 33 60

35 0,811 29 34 0,657 29 38 0,122 29 54

40 0,787 25 30 0,619 25 35 0,091 25 48

Yd \b~rgh a |Z]e ijb a[eevr_gge "h\'bgb \edgZ \Nyghkg_\e~0b¢
Q afeevrm}lvky P_c _n_dl kmllI}\h ie*"kbex}lvkgkh)lghkl[leeaZ\gges gl _
lh[lh \_ebgbgb % (5 1grbfb keh\Zfb deevidtkilvj ikbld{glyy \ddhg
g_h[o**@dby nhjfm\Zggy \*jgh€ i_jrhq_jlh\h€ ihkees~*h\ghkle nj_cfe\
ky af[eevrmxgb \ k\hx g_j]Jm azZljbfdm i_j ~Zqe "Zgbo Zh"ZldZ G.
e_ghkle \erghkgh]h \e@iNgn)Ng/g \** ~h\"bgb nddlm4-agb@ ag
q_ggyo % (5

gZevagbdZ[& caZe_ "ghlglZbKk ihdZamBijba[eevr_dg& bgb
\edg¥Z-+gl_gkb\ghXR\{BER) deevd-Wldjb\e_ g0 z*zip cfelydg_|
oergih j ~"ZlpzZrjm]hfmZirtjb aZih\g_dbragh\srdgygZkImiglefhdhf
nj_cfelafeevrm}iiPky gZkimigbc [ehd feldbhe y Yz i _jrhfm _|Zie
nj_cfb 1Zd « gZklimige aZ ihkee~h\geklx nj_cfb yde i_j ~Zxlvky i
ihje\gygh g_\_ebdhfm je\ge ihfbédh@Z\%¢5ijb-\_ebdec ~"h\'bge \edgZ
n deevdeklv dhiec nj_cfe\ lgkyim kKdlezZ”e \edgZ gZ ~jm]lhfm _1Zie g
\bsm}

lib % (5 ©® py deevdeklv \°_ kdez~Z} Ih[lh g_ fh gZ \bdexqgbl
klbgZ a pbo \bdjb\e_gbo gZ i_jrhfm _1Zie i_j_"NZde\bjdjble_[gZ”_ ih\
ijb i _j_"~"Zqe gZ “"jm]lhfm _[Zie”eIm\MacNh \elddgezz P_ ijb\_~_ ~h ihfelgh
al[eevr_ggy aZljbfdb g_h[o**gh€ "ey nhjfm\Zggy \¢jgh€hihke+s”"h\gh
lhdm sh ihklmibez a f_j_ ~ \h]hdZ\gy¥ \ehijzdzgZevgbc je\ _gv
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lib is"\bs_ghfm je\ge azZ\Z"® ok mzZpey\tknihl]sjrm}lvky sh
\erh[jZz Z}Ivky \_jogvhx djb\hx gZ jbk Ydsh ijbh gdveebedkifim \
\bdjb\e_gbo gZ i_jrhfm _1Zie i_j_~Zqe nj_cfe\ gZ[eb m\}iglkky "h
\"_ kdez"Zz} ljb pvhfm ekgm} kmlI}\Z «fh\ejgwuiMv \bdjhjldklZg:
lhlh _1Zie\ i_j_"~Zqge ~“ey nhjfm\Zggy g_h[o**gh€ ihkees*h\ghkle n
pvhlh y\bszZ yd_ kmll}\h af_grm} kfm]m ijhimkdzZggy f\j_"+ 1ih
“bgm \ed@Z ANhb % (5 *en  ijb % (57"
100
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BimHOoCcHE BIAXIIIEHHS

JbRghld <e*ghkag[eevr_ggy aZ]Zevgh€ deevdhkim\np gdfe\
\edqZ ¥ % (5 -7 "BER=10° v% (5 -°

<bkgh\dbhkee”  gh ijhp_k dhg\_}jgh€ i_j_~Zqe nj_afe\ egnl
]Jhfm je\ge \ aZrmfe_gbo dZgZeZo dhfifxl_jgbo f_j_"lhkBdhkle f
gh ]Zmkh\kvdbc dzZgzZe [_a iZffyle \ ydhfm [elh\e \gibbedt } g_
jhaih”ee _gbfb ih jhajy*Zo sgnhjfZpe€ sh i_j_~Z}Ivky QLgl_gkb'
jZ ZYlvky izjzf_Iljhf %(5 %LW (UURU 5DWH

| _j_~"ZqZ +gnhjfZpe€ a”eckgx}ltky[@aZd¢himjfhcfe\l jhafej [eh
kie\iz~"zZ} a jhafejhf dhlagh]h \edgZ <bagZq_gh aZe_"geklv azZ]
i_j _"Zgbo mkiergh ¢ ihrdh”” _gbo ijb i_j_"Zqe \e® h[T}fm ~h~ZI
"h\"bgb \edgZ ¢ efh\ejghkle mkiergh€ m_j_~Zqe ch]h [ehd

IlhdZazZgh sh ijb a[eevr_gge “h\"'bgb \edgZ « gl _\lklghkle
\bdjb\e_gbo az\z~Zfb nj_cfe\ yde g_h[oe*gh i_j_"ZIlb g& ~jm]h
ge dhlagh]h \edgZ gZkImigbf [ehdhf nj_cfe\ a[eevrm}lvky

ljb ihje\gygh g_\_ebdhifbgh\dye % (5" gZ\+lv ijb \_eBibg+~h
\edgZ deevdeklv dhiec nj_cfe\ sh i_j "Zxlvky m kdezZ”"e \edgZ
i_j_\bsm} lib %{5py deevdeklv \_ kdez~"Z} Ih[Ih gZklb
nj_cfe\ [m”_ ih\lhjgh \bdjb\e_gZ giZb "injlHfAge_IZie « m\ec”_ \
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lj_Ivh]lh \edgZ P_ ijb\_~_~h a[eevr_ggy gZkm g_h[o*™gh]h “ey nt
ghkle nj_cfe\ sh ihklmibez a f_j_ "~ _\h]h je\gy \e?ijZ\gbdZ Ijb is"\t
azZ\Z" %(5° kblmZpey s_ kmll}\h ih]ejrqn}I¢hymidb[b kmll}\h]h
af_gr_ggy kfm]b ijhimkdzZggy f_j_"¢ ihlje[gh h[f_"hlb i4h\"bgm \ed
%(5 Pen ijb % (5"
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The pipeline transmission of frame blocks in noisy computer channels

The process of pipeline transmission of information frames at the second level in noisy
channels of computer networks has been studied. As a medetena Gaussian memoryless
channel, in which bit errors are independent and uniformly distributed over the bits of the
transmitted information. The error intensity is reflected by the BER (Bit Error Rate) param
ter. Information is transmitted using frandocks, the size of the blocks mmdes with the
size of the sliding window. The dependence of the total number of frames transmittest succes
fully and damaged during transmission on the volume of the transmitted application, the
length of the window andhé¢ probability of its successful transmission has been determined.
Analysis of the obtained data shows that with increasing window length and interfarence i
tensity (BER), the number of frames distorted at the first stage of transmission increases. The
distorted frames must be transmitted at the second stage when fillingding stindow with
the next block of frames. This next block contains both the frames distorted at the first stage
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and the frames following in sequence, which are transmitted foirshéimhe. It is shown that
ZLWK D UHODWLYHO\ VPD'Ga tHdJuse tf theé Dviliddw %qBained40
standard frames, the number of copies of damaged frames transmitted as part of the window
at the second stage does not exceed 20%. At BERhiOnumber is lmeady 40%, i.e. some
of these frames will be +@istorted during transmission at the second stage and wilhbe i
cluded in the third window. This will lead to an increase in the time required to form the same
sequence of frames that amry from the third network layer. At higher irfierence levels

% (5 %), the situation worsens sigiténtly. If, with a small window of n=8, the number
of frames distorted at the first stage of transmission approaches 40, then at n=40 it is already
92%. In this case, there is a significant probipiof using the third and fourth stages of
transmission to form the required sequence of frames. To avoid a significant reduction in
network throughput, it is necessary to limit the window length to DW % (5 ® and
n=20 at BER=1C".
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G HFZI\}}\Z
IHJ1<GYEVGBC :G:E1A
?N?DLB<GHKL1 A:KISHERY 1:L?2JG1<

:ghlZgy JhalJeygmlh 1Z kbkl_fZlbah\Zgh hkh[eb\hkle j ZemaZp+€ hkg
\Zevgbo izZl_jge\ fh\Zfb ijh]jZfm\Zggy & & B3\ WKRQ yZ -DYD 1Ij
evgbc ZgZeeaZp¥c iZl_jge\ <bagZq_gh kieevge jbRdDhTZAdriegghkls
j_ZesaZpe€ iZl_jge\ aZe_ "gh \e” je\gy IbicaZpe€ |1Z f _oZgeafe\ d_jm!
Dexgh\e keh\zZz izl _jg )DFWRU\ OHWKRG $EVWUDFW )DFWRU\
ihje\gyevgbeeZ g ZecazZpey fh\b ijh]jZfm\Zggy

<kImi HAgbf ea dexgh\bo egkljmf-tyjle\g {2 ghdh ijh}dIim\Zggy }
iZl_jgb ijh}dim\Zggy yde y\eyxlv kh[hx nhjfZeeah\Zge g _j \ej_g° i
gy Ibih\bo Zjoel _dimjgbo ijh[e_f Hkh[eb\cflekly ikjh2Zeylge azZ
iZl_jgb ijh}dlm\Zggy hkgh\gbf az\~"Zggyf ydbo } Zpklghm\Zggy ij
h[T}dle\ IZ af _gr_ggy aZe_ "ghkl_c fe dhfihg_glzZfb kblkl_fb <bdh
Am\Zevgbo iZl_jge\ “hal\heyldngbdB\fyadb dh” m ~h dhgdj Igbo d
kijhsm} jharbj_ggy kbkW\bfvml}iZ€i€ klecdeklv “h afeg

:dimZevgeklv "hkee”" ggy iZl_jge\ ijh}dim\Zggy h[nhfh\e _gZ Ib:
p_k kiI\hj_ggy h[T}dle\ qzZzklh klIZz} " _j_ehf Zjoel_dImjgbd ijh[e_f m
fgbo kbkl _fZo G _dhj_dlglgbh]Z geadeaf egepeZecazZpe€ MT}dle\ fh _
Ablb "h gzZ~fejgh€ a\fyaZghkle dhfihg _gle\ “m[ex\Zgdywyagyhh*m mkd
I1Z agb™ _ggy ydhkle ijh]jZfgh]lh aZhfai_q_ggy aZ]

<bdhjbklZggy iZl_jge\ gqZklh \bdebdZ} Ijm~ghse dj\fgyaZges a \b
]h iZl _jgZ hkh[eb\hklyfb j ZeeaZpe+€ jeagbfb fh\Zfb ijh{jZfm\Zggy
evghkle aZklhkm\zZggy \ j_Zevgbo ijh}dlZo Hkh[eb\h p\ ZdImZevgl
gbo ijh}dle\ dheb h~gZ c |Z kZfZ Zjoel _dlimjgZ <" vy j _deecam}lvky
fb izjz"blfzfb fh”*_eyfb IbicazpdlE dZ jim\aZZogrwfiZffyllx

F _lhx klZHeha]lJey® hkh[eb\hkl c j ZeeaZp+*€ hkgh\gbo ihjh”" " m\
jg*\ \bdhgZggy ihje\gyevgh]h ZgZesam Z |ZdhgbbpagdkxhWggydieb\r
Zjoel _dIimjge jer_ggqgwy iljh]lydtgh]lh dh m

Hkgh\gZ qzZklbeg4gr_ iZl_jgb hibkzZeb *DQJ RI )RXU d6R) > @ K.
gvh€ jh[hlb izZl_jgb ihgZeb \oh”blb “h mge\_jkBle\kngdbg dnEjke\ Kk
ijh]jzfghlh azZz[_ai_q_ggy |Z dhjihjzlb\gbo ijZdIbd

G_h[oe*gbf _1Zihfgpw ifhje\gyevgh]h ZgZeeam } h[% | mglh\Zgbc
j_"h\bs ijh]jZzfm\zZggy 1Z egkljmf_gle\ jhajh[db yde aZ[lai_gmxlv k

¢ FZI\}}\Z G2026
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\hjx\Zgeklv j_amevlZle\ « ajmqgeklv ZgZeecam < jh[hle \Ddhjbkl!
gbo k_j_"h\bsZ jhajh[db ;nZdydkl}zg"ZjlZfb ey \erih\R”*gbo fl
1iZfm\ Z §Pg5].

>ey j_ZeecaZpe€ 1Z | _klm\zZggy izZl_jge\ fh\zZfb & &h 1Z 3\V
\bs_ OLFURVRIW 9LVXDO 6WXGLR'‘hXbsey, QiViH ODYLD , ' (

>ey aZ[_ai_qgq_ggy dhj_dlighkleKIZ je/alvhgxAZIph \b dd pkkkyl h\m\
klzg~zZjlge [¢[e*hl_db fh\ ijh]jZfm\Zggy [_a aZemqg_ggy klhjhg
mgbdgmlb \ieb\m ah\gergeo hilbfeaZpec mgenedh\Zgh eh]edm ij
pe€ iZl_jge\ \bdhgm\Zeb h~gZdh\e "efn |Zd EZe gy «ilnljw \ gob\ddgpb k1Z g h
A"h\Zge aZkh[b \bfejx\Zggy gqZkm \bdhgZggy "“hklimige m \e”ih\
\Zggy aZ[_ai_g_gh h”rgzZdh\e mfh\b aZimkdm ijh]jZzf ahdj_fZ :
N _ p_ fheb\h 1Z \bfdg_ggy aZc\bo nhgh\bo Hjhp N} mijki\_~
\Zggy k_j_~h\bs sh[ i_j _dhgZlbky m dhj_dlghkle gZeZrgm\Zgv
gy > @

> |Zevgh ijhzgzZeecah\Zgh ifylv dexgh\bo ihjh""m\Zevgbo
OHWKRG S$EVWUDFW )DFWRU\ %XLOGHU 3URWRWYSHhIZ 6
kn_jm azZklhkm\zZggy i_j_\Z]lb h[f_"_ggydZjdkiBYg K pm giZmoeZ k g
ijh]ljZzfgbo kbkl_fZo >ey aZ[_ai_q_ggy dhj_dlghkle 1Z hjf}dIb\g
gb j _Zeecah\m\Zebky a h”gzZdh\dbmjdix]eesdh R hlal\lmebeh [_aihk_j_
ihje\gx\ZIb hljbfZge jer_ggy J_ZeecaZpe+€ [meb \bdhgZge a mjZ¢
dh gh€ fh\b ijh]jZzfm\Zggy ahdj_fZ fh" _e c IbicazZp+€ KkbglZdk!
oZgeafe\ d_jm\Zggy iZfYyllx 1Z klZzg”~Zjlgbo [*[e<hl_d

>ey ihje\gyevgh]h ZgZe+sam khpgx§zehggyaZ bL£dbfb djbl_jeyfb

xdeevdeklv jyrde\ dh"m /2&

xkdez~geklv gZibkZggy IZ h[ky] rZ[ehggh]h dh”m

xIlbieaZpey 1Z €€ \ieb\ gZ Zjoel_dImjgm kljh]eklv

xajmqgeklv j_ZeeaZpe+€ |IZ qblZ[_evgeklv dh”*m

xihl_gpecgZ _n_dlb\geklv \bdhgZggyik2 yhokel€[ &iphk@dim dh

| _jrbf jhaley”Z\ky RatorydMethod,"ey ch]h h[f}dIb\gh]h lZgZe-ar
jbklh\m\ZezZkv h~gzZdh\Z eh]eqgZ j ZeecaZpey ddbZ BURXXFNZS
BURGXFW% aZklhkh\m\zez Z[kljZzdlgbc &UHDWRY \hAH}dIb k

g gbc IDFWRU\ PHWKRG \bdhgm\ZeZ h”"gZdh\m deevdeklv hi
gZ\_" g m IZ[ebpyo | Z

LZ[ebpy

AZ]lZevg_ ihje\gyggy

C++ ~95 <bhkdbc <bkhdz GZc[eevrbc dhgljh
kdez”~gbc
Java ~90 <bhkdbc K_jrgy DeZkbqggbc tRehg
C# ~70 K_j*gec K_j*rgv-h Kbglzdkbqgdbs lgigy
gbavdz
Python ~50 Gbhwalbc GbavdZ GZcdhjhlrbc « gZd]ax
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LZ[ebpy
Fh\z <ieb\ gZ izl _jg |
C++ 1Zl _jg ihlje[gbc “ey dhgljhex
Java 1Z1_jg Zjoel_ddmg klzg"ZzZjl
C# 1ZI_jg fh gZ kijhklblb
Python 1Z1_jg gZklh dhgp_ilmZevghbc

>ey aZ[_ai_qgq_ggy dhj_dlghkle 1Z \e~[\hjx\Zghkle jKIZmplevIZIe\ Zg
N glbggm eh]egqgm kljmAbstract FeZtoryjgeZdy \keo ghlbjvho fhmijh]jzf
\Zggy>@ @&<&Zpey [Zam}lvky gZ dezZkdlgyghfh &R)IZds kieevge 0ZjZd
jbklbdb \bagzZqg_gh ~\Z Ibib Z[kljZzdlgbo ijh"mdls\ @URGKFWS$ 3L
AMZ kef_ckI\Z dhgdj_lgbo ijh~mdle\ )DPLO\ [IZ )DPLO\WD kKI\hj_gt
dm a f_Ih~zlip_ghy dh gh]lh Ibim ijh*"mdle\ de-s}glkdexggthaijZpx}
Z[kljZzdpeyfb [_a agZggy dhgdj Igbo deZkes\ aZzZfegZ na[jbdb ih\ge
\h klI\hjx\Zgbo h[f}dIls\ [_a fh*bnedZpe+€ dee}glZ J _amevlZlb ihje
|Z[ebpyo IZ

LZ[ebpy
AZ]Zevg_ ihje\gyggy

C++ ~150 >m’_ \bkh <bkhdZz FZdkbfzevgz kljh]eklv
d_jm\Zggy iZffyllx
Java ~145 >m’_ \bkh Kj_"gvh DeZkbqgqgbc _I1Zehg *
\bkhdZz fZkrlZ[m}lIvky
C# ~130 <bk b K_j_"gy F_gr_ rZ[ehggh]h dh~
Java

Python  ~95 Gbavdbc GbavdZz GZcdhfizdlgerZ j_Zeea

LZ[ebpy
Fh\z <ieb\ gZ iZl_gj |
C++ 1Zl _jg djblbggh \Z eb\bc ey [_ai_db |IZ dh¢
Java 1ZI_jg } Zjoel_dlmjgbf klZg"Zjlhf
C# >ha\hey} kijhkliblp{xZdewa¥ljZlb kljmdImjb
Python 1Z1_jg ghkblv dhgp_ilmZevgbc ozZjzdl_j

>ey ZgZeeam Budlbdejgk¥bdhjbklZgh h”gZdh\m eh]eggm fh”_ev ih
kdez”~ghlh h[f}dlZ ydZ ih\geklx \erih\e~rZ} deZ\glbggkdmZhiglkan *R)
ijh~mdl a ljvhfz qzRBIbyx™® 3DUW% 3DUWE& \bagZq_dh «gl_jn_ck
km} ih_1Zig_ klI\hj_ggy ijh mdIm j_Zeeah\Zgh &RQFUHWH%»XLOGF
kdez~"Zggy \bdhjbklZzgh "'LUHFWRU sh az~Z} nedkh\Zdbc ihjy~hd
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fm} ]Jhlh\bc ijh*"mdl ebaZ\ijkeggy dhgkljmx\Zggy J_ameviZlb
gZ\_~_g* m |Z[ebpyo IZ

LZ[ebpy
AZ]Zevg_ ihje\gyggy
C++ ~120 <bkdbc <bkhdz FZdkbfzZevgbc dr
fegefZevge UMNQ&XILLP H
Java ~115 <bhkdbc Kj _"gvh DZghgeqg4 *Z)aZp-y
\bkhdZz
C# ~105 Kj_~gec K_jrgy F _gr_rZ[ehggh]h dh”"m
Python  ~80 Gbabc GbavdzZz GZcdhfizdlgerZ j _Zeeaz
LZ[ebpy
Fh\z <ieb\ gZ iZl_jg |
C++ aZ[_ai_qm} kljh]lbc dhgljhev kljmdImj
Java iIZl_jg nhjfZeeam} kdk gl djb
C# gZklh dhf[egm}lvkygh |@ Xadk@H
Python fZ} [sevr_ dhgp_ilmZevgbc oZjzZdl_]

>ey ijh\_~ _ggy dhj_dlgh]h ihje\gyevghPtotdypeeramkbizzgh jgZz
A glbggm dhgp_ilmZevgm fh~_ev \bagZq_gh +gl_jmH ckj3URW
Zesah\Zgh &RQFUHWH3URWRW\SH a "\hfZ iheyfb klZgm )LHC
}vky reyohf kl\hj_ggy gh\h]lh h[f}dlZ Ih]l]h ~ deZkm a dhbiex\Zgg
dhjbklZzgh BSURWRW\SH S5HJLWWW\ibyldbcechaljliZ}Z§oijdehfgb azZz d
dee}glkvdbc dh” ijZpx} \bdexqgh gq_j_a f_oZgeaf dehgyodwagy
gZ\_~_g* m |Z[ebpyo |IZ

LZ[ebpy
AZ]lZevg_ ihje\gyggy
C++ ~110 <bkdbc <bkhdZz Ih\gbc dhgljhev gz~ i.
Java ~100 <bhkdbc K_j_"gy <e~rfh\Z \eA” &ORQHDE
[_ai_dm
C# ~90 Kj_"~gec Gbawvdh ljhklZ 1Z gbklZ j_Zee-a
k_j_"gy
Python ~70 Gbabc Gbavdz GZcdhjhlrbc 1Z gZeoc
gerbc dh”
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LZ[ebpy
Fh\z <ieb\ gZ izl _jg |
C++ SURWRW\SH g_h[ei"glhhYeyHiex\Zggy
Java 1Zl _jg aZfegx} g [_ai_ggbc &ORQHDE(
C# Qeldz [_ai_qgZ fh”"_ev dehgm\Zggy
Python BURWRWI\SH qZklh azZfegx}lvky FRS\

>ey ijh\_~ ggy dhj_dlgh]h ihje\gyevgh§Fmglewpz\ddmkbzglh jgZ
hr"gZdh\m eh]eggm fh” _gb\ihlgn*"k\Blbgqg_ihe_yd_a[_jf]Z} }*bgbc
ieyj deZkm ijb\Zlgbc dhgkljmdlhj sh mg_fh eb\ex} klI\hj_ggy h[T]
esqgbc klzZlbggbc f_Ih™ “hkimim vydbc i_j \ejy} qgb <kgm} _da_fi
kiI\hjx} ch]l]h ih\_jlZ} ihkbeZggy agi¥eZbw himje\dyggy gZ\_~ _ge m
|Z[ebpyo IZ
LZ[ebpy

AZlZevg_ihje\gyggy

C++ 45 <bkhdbc K_j_"*gy Ihlj_[m} jmqggh]lh d._

1ZfYyllx
Java 40 K_j_"gec K_j_"gy DeZkbqggb<i«*R)y"
C# 38 Gbavdbc Gbavdz GZc[eevr dhfiZzdHpAg
Ibieah\ZgzZ \_jkey
Python 30 FegefZevglk FegefZevc Eh]eqgZ efelZpbyhifbe\Zz
LZ[ebpy
Fh\z <ieb\ gZ izl _jg |
C++ Ih\gbc dhgljhev gzZ” izZffyllx
Java Y\g_ jha”ee_ggy \**ih\e~Zevghkl_c
C# J ZecaZpenilpdhR[iai_qgghx
Python <erkmlgeklv km\hjbo h[f_"_gv gZ klI\hj_gg

1Zl _jg 6LQJOHWRQ m \keo j ZeeaZpeyo ih\geklx \eNih\enrZ} de:
|1Z ijZpx} «*_glbgqgh a Ihgdb ahjm de<s}glkvdh]lh dh*mmzZighly_ \b[ej fh
kmll}\h \ieb\2}lkgyd dh"m kdezZ~geklv j ZeeaZpe+€ dhgljdev gZ”™ j_k
Ib\geklv \bdhgZggy

& } gZcdjZsbf dhfijhfekhf fe° gblZ[_evgeklx dhfizdlgeklx 1Z
& "hpeevgbc m kbkl _fZo a djblbggbfb \bfh]Zfb ~h r\bArdh”e€ 3\W
Ney r\b~rdh]hhipniim\Zggy -DYD aZ[_ai_gqm} deZkbggm gZ”ecgm |Z |
ZecalZpex

<bkgh\d®&®AZ j_amevlzlIZfb ijh\_~ _gh]h ZgZeesamPythbAgh\e gh sh
[ _ai_gm} gZcf_grbc h[ky] dh*m |Z gZcgb gbc ihje] \oh"" _ggy “"ey
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""m\Zevgbo iZl_jgeblwEg§hdjmgghx ey ijhlhlbim\Zggy 1Z r\b~d]
<h”rghqgZk "bgZfeqgZ |IbieazZpey af_grm} je\_gv nhjfZevgh]h dhg
gx\Zlb ie~ljbfdm \_ebdbo kbkl_f

Fh\Z# ijh~_fhgkljm\ZeZ hilbfZevgbc [ZeZgk fe  kljh]eklx Z
ajmqgeklix Zpe€eaFh\Z "ha\hey} j_Zeeah\m\ZIb jghhd fmgadeilye. iz
gZdezZ”gbfb \bljzZlZfb ihje\gygh a -DYD a[_j*]Zxqgb ijb pvhfm i
icaZpe+€ |1Z kmgZkgbo fhi\gbo dhgkljmdpec

Fh\ZdavaazZ[_ai_gm} gZc[eevr nhjfZeecah\Zgbc |Z gZfydrgpeqgbc
pe€ ihjh""m\Zevgbo iZl_jge\ sh jh[blv €€ ajmgghx “eld \f ebdbo
A hkh[eb\_ agZq_ggy fZxlv i*~ljbfdZ fZkrlZ[h\Zgeklv 0Z q-ld_
Imjgbo klzg”zZjle\ JZahf ea Ibf p_ kmijh\h” " m}livky [Zgghlxf h[ky
deevdeklx rZ[ehggbo dhgkljmdp-c

Fh\Z++ m k\hx q_jlm gZ~Z} gZc\bsbc je\_gv dhgljthex gz~
| _gpecgh gZcdjZsm ijh~mdlb\geklv h"rgZd j_ZeeaZpey ihjh* m
fhlhx } gZc[eevr kdeZ”"ghx a Ilhqdb ahjm kbglZdklk mZ |& ej\wng\lzfg g
dh]gelb\gbf gzZ\zZglzZz _ggyf gZ jhajh[gbdZz

AZ]lZehf j_amevlZlb ~“hkee”"_ggy i*"\_j~"mxlv sh _n_dlb\
ihjh""m\Zevgbo iZl_jge\ agZqghx fejhx aZe_"blv g_ ebr_ \en kZ
h[jZgh€ fh\b ijh]jZfm\Zggy 1Z djbKlZgwy jybd ijh}dim\Zggy g_ }
mge\_jkZevgbf jer_ggyf h”gzZd aZ mfh\b h[%jmglh\Zgh]h aZzZkl
i*"\bsmxlv ydeklv Zjoel_dImjb ijh]pZfgdyh kizismixlv ch]lh jha\blh
kmijh\en
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Comparative analysis of the effectiveness of pattern application

The paper presents a comprehensive theoretical and practiahy} sfucreational d-
sign patterns. The main attention was focused on the analysis of the mechanisms of object
creation, reducing the coupling between system components and increasing the lével of a
straction of architectural solutions. Five key patternsavanalyzed in detail: Factory Met
od, Abstract Factory, Builder, Prototype and Setgh. The implementation of the patterns
was performed in the programming languages C#, C++, Python and Java. To ensure the co
rectness and objectivity of the analysis, @dkterns were implemented with the same logical
structure, which allowed for direct comparison of the obtained solutions. The impéement
tions accounted for the specific characteristics of each programming language, inclygting ty
ing models, syntdic constucts, memory management mechanisms and standard libraries.

For comparative analysis, the implementations were evaluated according to the follo
ing criteria:

¥ OXPEHU RI OLQHV RI FRGH /2&

¥ FRPSOH[LW\ RI ZULWLQJ DQG DPRXQW RI WHPSODWH FR(

¥ W\ S L @Iimpda@t@n architectural rigor;

f HDVH RI LPSOHPHQWDWLRQ DQG UHDGDELOLW\ RI WKH F

¥ SRWHQWLDO SHUIRUPDQFH DQG IHDWXUHV RI FRPSLODW

According to the results of the analysis, Python provides the smallest amount of code
and the lowest tieshold of entry for implementing generative patterns, which makes-it co
venient for prototyping and rapid development. At the same time, dynamic typing reduces the
level of formal control and can complicate the support of largesys.

C# demonstrated ¢éhoptimal balance between architectural rigor and ease ofampl
mentation. The language allows implementing generative patterns with lower overimead co
pared to Java, while maintaining the advantages of static typing and modern langumge co
structs.

Java prowdes the most formalized and canonical approach to implementingageeer
patterns, making it suitable for large enterprise systems where maintainability, $idyalabi
and strict adherence to architectural standards are of particulgpartance. Howeverthis
comes with a larger amount of code and a significant number of template constructs.

C++, in turn, provides the highest level of control over resources and potentially the
best performance, however, the implementation of generative patterns in thusdenis the
most complex in terms of syntax, memory management, and overall cognitive load @n the d
veloper.

The conclusions and practical results obtained in the work can be usebidct-o
oriented programming, as well as in the practical activitiessoftware developers when
choosing architectural solutions for real software projects.

FZI\}}I\Z GZlZe*ey He dkZagy1tjg\gZhp_gl ~hp_gl dZn_"jbb e _dljhggb
kex\Zevgbo fZrbg >geijh\kvdbc gZpehgZehgbkymghygjkjpd | of
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D XHkljh\kvdaZ ;hjbkxd

1GNHJF:P1CGBKL?F: >EY =?2G?J:P12 AH;J:@?GV
A FH@B<1KLX N?>?J:LB<GH=H G:<Q:GGY
L: > HG:<Q:GGY =?G?J:LB<GBO FH>?E?C

:ghlZpey M jh[hle jhalJeygmlh jhajh[dm [Z “hkee”" _ggy egnhjfZ
] o _jEZpah[jZ _gv gZ hkgh\e kmqgqZkgbo ] _g _jZlb\gbo fh™_e _c rl
ieNljbfdhx n_”" _jZlb\gh]lh gzZ\qZggy 1Z f_oZgeafe\ "hgZbqZggy
kl _fZ hje}glh\ZgZ gZ aZ[_ai_q_ggy _n_dlb\gh€ ] g jZpH€ \eam?Z
gZkgbf a[_j_  _ggyf dpgogtkle *Zgbo dhjbkim\Zqge\ sh } hkh[eb\
\ mfh\Zo h[f_~ _gh]lh “hklmim ~h p_gljZeeah\Zgbo gZ[hje\ *Zgbo
F_Thx jh[hlb } jhajh[dZ e<gnhjfZpecgh€ kbkl_fb ~ey ] _§_jZp+£€
eb\ekIx n_~ jZlb\gh]h gZ\qZggy 1Z "hgZ\qgZgegyc] g _jZlb\gbo fh
Jhajh[e_gZ <gnhjfZpecgZ kbkl_fz fh _ ZImlaAbdhghkbZzgr_\Z eb
gZ\gZlb ] _g_jZlb\ge fh" e+ [_a i_j ~Zqe ~"Zgbo gZ k_j\_j sl
dhgne” gpecghx egnhjfZpe£€

M fZc[mlgvhfm ieZgm}lvky jharbj _ggy nmgdpehgmhegbh&Ze "k | _
\Zggy ih\ghpeggh€ j _}kljZpe€ 1Z Z\IhjbazZpe+€ fh eb\eklv-aZklhk
Z"NZil_j*\ h~rghqgzZkgh af[eevr_ggy “hklmigbo "eyhd'Z\eqqZ&qagy |Z ]
ZeecaZYhyZldhWeohjblfaeyn "~ jZIb\gh]h gZ\gqZggy

Dexgh\e keh\z fgebhgdggy ~"bnmaecge fh™ _ee g cjhf-j " Z
afz]l]zZevge f_j_ "¢ | _klm\Zggy \ZjeZpecges Z\Ilhdh*m\Zevgbdb n_

<klmidimZevgeklv pe}€ | _fb h[mfhle_gZ kljefdbf jhatWldhf h]
]h gZ\qZggy « rimggh]lh gl _ehkllaZxqBAfbzddfhl]aZzfb ~h aZobklm i
gZevgbo ~"Zghbo

- KmqgZkge ] _g _jZlb\ge fh™® _ees ihlj_[mxlv \_ebdbo »h[ky]e\ -
\Zevgbo ihim ghkl_¢ sh mkdezZ”gx} p_gljZeeah\Zg_gZ\qZggy

- N_”™ jZlb\g_ gZ\gZggy ~Z} fh eb\eklv gZ\qZlb fh™b e [_ai
kljhydhjbklm\Zqge\ aZ[_ai_gqmxqgb aZobkl "Zgbo

- Jhaih”ee _gbc i*"o” af_grm} gZ\ZglZ ggy gZ p_gljZevg-

F _Ihx jh[hlb } jhajh[dZ sgnhjfZpecgh€ kbkl fb ey J_ g jZp-
eb\eklix n_" _jZlb\gh]h gZ\qZggy |Z “hgZ\qZggy ] _g _jZlb\gbo fh

<bdeZyg hkgh\ghlh fzZIl FefenzZlb&dh]Zevges f_j_ "¢ *HQHULI
$GYHUVDULDO 1HWZRUNV *$1V yl\eyxlv kh[hx fh*_es m yd
jZlhj 1Z "bkdjbfegZlhj gZ\qZxlvky m ijhp_ke afZ]lZggy > @

< Hkljh\kvdZ D X :hjbROg6 < |
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GAN- h"bg *a Ze]l]hdblBkbqggh]h fZrbggh]h gZ\gqZggy [_ey mqgb]l

Kmlv e~ € \ dhf[egZpe+€ "\ho g_cjhf_j_" ijb ydec h”"ghqgzZkgh ijZ
fb ]1_g_jzZlhj « ~bkdjefegZlhj

AZ\"Zggy ]_gxjKkdlhyXZIb h[jZab aZ~"Zgh€ dZl_]hje€

AZ\"Zggy "“"bkdjbfbgzZflhjZlbky jhaicagZlb kl\hj_gbc h[jZa

LzZzdbf qbghf ]_g_jzZlhj ]_g_jm} i_\ge h[jZab GZijbdgz” dZjlbg
ebgqy Z “bkdjefegzZlhj gzZfzZ]Z}Ivky \bagZqgblb h[ebqqy gZ_ [meh gb
gZ\qZ}lvky gZkleevdb sh ]_g_jZlhj ]_g_jm} “hkblv j_Zee+klbgge* h[e

>bkdjefegZlhj >ey jhaieagzZ\Zggy \bdhjbklh\mxlvky a]lhjldh\e g
&11 &11 fh'_ jhaieagZ\ZIlb h[jZab gZ dZjlbgdZo gZijpdezZ” \b~"e
jZ _ggy h[ebqgqy hshnh] g _cjhggzZ f_j_"Z gZ\gbeZky shkv jhaiecag.
ihlje[gh h[jh[blb \_ebdm deevdeklv ah[jZz _gv ~_ feklylvky h[
Ney idm

>bnmaecge fhr_ee '"LIIX¥Y¥pL RQe@ZRGH®VZIb\gbo fh®*_e_c azZkgh
gZ ijhp_ke "h"rZ\Zggy tbofiiZz "hzZ¥q@gHggy g_cjhf_j_ "« \e~rghlex\ZIb \bo
jhaih?ee > @

IDWHQW 'LIIXVLRQ ORGHOV [/'0 \bdhjbklh\m} _gdh”_j ~ey
[*evr dhfiZzdlg_ eZl _glg_ ijhklej /[/'0 “ha\hey} ijZpx\ZIbza f_grbfb |
gbo sh kmll}\h kdhjhgm} h[dhKkidx¥»Z@vge \b

<boe”rg_ah[jZb a@adhy*hihfhlhx _gdh”] Rhjx}Ivky gZ eZl _glgbc
\_dlhj hagydpe"gh a nhjfmehx

¥="(h 1)

"_b-ah[jZ _ggy
¥teZl _glg_ myle _ggy BhghlgolovzjZzdl _jbklibdbOah[jZ  _ggy
"+ gdh”_
lekenZ\ _jr_glgay _jZp=€kmfdhelZd glglbbodlhyB”_dh”m}aldy
jZ° _gephihfh]lhx dh” &ad]«"athjfme Rk
B &\ @)
"B \e*ghlead[jZ _ggy
W \-"ghleegl glmy\e_ggy
&- > _dh”™_j
<bdhjbk¢¥gzZ| glghhklhjmhaleydf grblihafej *Zgbo shHygrkHhj
gZk gZ\qZggy |Z h[ky] g _h[oe*gh€ iZf yle Djef Ihl]h eZl _glge my\e
rmfm sh ihdjZsm} ydeklv \e*gh\le _gbo ah[jZ _gv gZ \boh?"e
6WDEOH 'LIIXVLRQ ij "klZ\y} &XKhjhajh[Begazpey ]bg jZp+€ \
khdhydekgbo ahfizkgl\wdklh\lbidoke\ > @
:joel __dInsiableDiffusion \dexqZ} |jb dhfihg\ZgkZpecgbc Z\Ehdh”*m\
e v g b\VAE | dklh\bc _gdNét jHkEKmghd
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JNlaTeHTHMIA npocTip Ymosa
E B ==
Tekcr
Ol @HHA
U-Net — ana suganeHHs wymy
X(T-1) —<- ,_ e : -2-=- Cen:::::uua
%8 D o) o1 Q
X &Y KV K v K v K v |
N |
MpocTip IVI I I

Jbkmghdjoel_dIrBfableDiffusion

<ZjeZpecgbc Z\Ilhdh"m\Zevgbd 9%$( \bdhjbklh\m}Ivizy "ey i
_gw\ eZl_glgm \WkllZ\gZ\iZdb

L_dklh\bgdh”i jj_I\hjxk_dklhismdzZzadm f[_~dpP ydbc k gb
eh\bf \_dlhjhf sh \erh[jZz Z} k_fZglbggPccafdkl N g]Imbdhjbkl
\m}lvky *ey dh gh]h djhdm a\hjhligh]l]h “bnmaecgh]h ijhp_km yd

UNet t*bnmae+cgZ g _cjhggzZz f_j_ "Z sh gzZ\qZ}lvkyrmfpg4ZqgZlb
dh ghfdjhdn

6WDEOH 'LIIXVLRQ } ]Jgmqgdhx 1Z ihilm ghpZ Zegd{jiZzdlmgyhx ~
AZ\"ydrdjblhfimoe~rghdm~megl_]jZparRA \hgZh __n_dlb\dh \
dhjbklh\m\ZIlbky ijb jhaih”ee _ghfm gzZ\gZgge ”~_ hkh[eb\h \Z'e
kmjke\ 1Z aZobkl "Zgbo P_ jh[blv €€ hilb&Z&vghbkimgthphjjhf "ey
ajhey}lvky

G _a\Z Zxqb gZnydkkldd ] g jh\Zgbo ah[jZ  _gv “~bnmaecge-
deevdeklv iZjzZzf _Ije\ sh jh[blv €0 gZ\gZggy 9gZ gh\bo bZgbo \«c
>ey \bjer _ggy pe<}€ ijh[e_fb \bdhjbklih\m}lvky {Rdtk® /R5
Adapatation) [5].

HkolpzZz «~_y /R5% ihey]Z} \ Ihfm sh[ aZebrblb \boebdges \Z]b
fb azfhjh  _gbfb <« ~h~ZIlb "h gbo gbavdhpZgthkiv highh'eg\ gggyy ih
gh€ fZljbpe /R5% gZ\qZ} ~\e agZqgh f_gre fZIljbpe

>Zghbichp ik _"klZ\e _ghjdme Bk

9 =90+ 709, 3)
NO-jerkmfdhXZh\fZIjbpyZjm
9p-aZfhjh" fgZjbpyZ]lhljbfZeZ j ~"[Zqg foh€e-
"9 - gbavdhje\@ZzNZbl\g "h"zZ\Zgyty\Z] /RBE }dp-y \bjZz  _g_ q_]j
fZljbpthe$
#D! NG $ D! ON- mqdZIljbpa3rZipAE
N jZgENZilZpe€
@ jhafejgekbwerghjinklihjmzZjm
G jhafejgekov~ghijhklhjnZjm
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>Zgbc i*”o*™ "hal\hey} agZqgh agbablb deevdeklv i@jZf_Ilje\ sh
GM"hNi @ G sh djblbgqgh \Z eb\h ijb \bdhjbkbAgfh* *bnma-mdgh\Zo
h[f_"_gbo h[gbkex\Zevgbo j_kmjke\ Z[h ey i_jkhgZeesah\Zgh€ ]_g_

N_" jZIb\g_ gZ¥pZgdylh™ fZrbggh]lh gZ\gZggy m ydhfm fh”_e
xlvky gZ jhaih”ee_gbo ijbkljhyo [_a i_j_"Zqe ehdZevgbo ~"Zgbo
kK j\_j > @

ljhp_k n_”~_jZIb\gh]h gZ\qZggy fZ} <l_jZIb\gm ijhpg "mjm \aZ]
ljZevgbf k_j\_jhf « fgh  _ghx dee<}gle\ yde fZxlv \eZkges gZ[hjb ~Zg
_1Zie kK_j\_j egepeZecam} Jeh[Zevgm fh”_ev e« \enijZ\ey} €€ iZjZf_1I]j
dee}glzf HIjbfit\*bev dh _g dee}gl ijh\h~blv ehdZevg_IbgZ\qZggy g
\Zlgbo dhjbkIm\Zevgbpvdbo *Zgbo g_ i_j_~Zxqgb kZfe ~"Zge Z ebr_
"ey hgh\e_ggy ehdZevgbo dhiec fh®_ees Iekey aZ\_jr_ggy ehdZevg
gZ"kbeZxlv gZ k_j\_jn@gh\eéjbgk\h€o fh?_e_c "ey Z]j_]ZIp*€ i*key ¢
p_k ih\lhjx}Ivky jbkmghd

Local Local
training training
[———— Global Global SR
77 = J[: = model model _ ¥ O !
\ g - 2 - ’
~oy |2 M R Central S5 lD <--
g server 4 ==
Y o
Model Model
Model - Y. Model
update -7 ‘s N update
W 7 1 --.
, e Global \
0 5] ik Global A a8 b
‘e O model (| <--
Local Local
training training

Jbkmgh&o fz_~ jZlb\gd¥gZggy

N "~ jZIb\g_ gZ\gqZggy “bnmaescgbo fh™_e_c
FedAvgxp_ h”bg *a gZcihimeyjgerbo Ze]hjblfe\ n_~ jZhb\gh]h gzZ\
\Zgbc gZjnmg _ggy ehdZevgbo hgh\le _gv fh* _e ¢ g9gZ\q_gbo gz "~z

=eh[ZevgZ fh” _ev ij_"klZ\e_gZ izZjzZf_ljzZfb yde hghlexxlvky a]s”*gh
K

WD) — Z Ny m£t+lj,
n

k=1 (4)
A AMD L izZizE ljleh[Zevdh& el jzZp+4;
ACD - izjzf lihdZevgirx egZde«}gbh 2| jZp*4€;
Jg-deevdKigbpde-}gGZ
J-aZlZedgevdskdgbo
--aZlZedgevdekdv}gle\
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G_a\zZz zZxgb gZ k\hx ijhklhim 1Z _n_dlb\geklv \ mfh\Zo h
YJHG$YJ kibdzZ}Ivky a Ijm~rghszabgijhdlihl*gbfb "ZgbfbmM 1Zdb
Zpeyo ehdZevge fh”_ee fh mlv kbevgh \e*"obeylbky \eN Jeh[Z
a[* geklv Z[h gZ\h~blv *h g_klecdbo j_amevIZle\

Yd [Zah\bc Ze]hjblf n_”_jZlb\gh]h gZ\gZggy m k\h}fm ahklZ
tgZ™ecg _rbjilg_ jer_ggy yd_ \eMjeagy}lvky ijhklhlhx j_ZeeaZp<-€

LoRA =p_ f_Ih” “hgZ\gqZggy \_ebdbo fh*_e_c ydbc "h”*Z} ~h
rZje\ gbavdhjzZglh\«#f2|NBGf $ D] @N "N+tjZg] & @=*jhafejb
\boe"gbo rZjs\ M2 fe&thg\qZghkycdZ]LORA gZ\qZZIljbp# « $ a&Z
ebrzxqgb \ZphhnZgbfb

:e]hjblFedExLora[7], jhajh[e_d'ey jh[hlb a \_ebdhfzkrlzZlhgbfb fh
fb fhr_eyfb \bjerm} ijh[e_fm azZ ~hihfh]l]hx aZebrdh\h]h hgh\e_

nhjfmes
1 ZK 1 ZK 1 ZK

k=1 k=1

awt (5)

A 9P thghle g« iZjZf_Ijb aZfhjh' _gR€lfh”_es "ey
9oPxiZjZf_ljb aZfhjh  _gh€ fh"_eR gZ |l _jZp-€
$P1Z#L+tehdZevge fZljbpe ¢Z dee}gle
"9P+dhjb]lmxqg_ hgh\le_ggy vyd_ dhfi_gkm} jeagbpx feZ Mk_j_"g.
jhf mk_j_~g_gbo fZljbpv
-tdeevdeklv dees}gle\

M YHG/R5% iZjzf_ljb [Zah\h®,fhgheexxlvky gZ dpZgqlgim
gZ\gZggwnmZdlbglgdhgZqzkldig\Z\gZzdgah\h€ fh" _e-

<jZoh\mxqb hkh[eb\hkle 1Z i_j \Z]b"é§gh¢haik i@ Z hbhg
]hgzZ\qZdgRA \ ahklZknigdmjZgbZe]hjbFedExLORA +ydhilbfZevg
jer_ggyeyhj dIgHE 1Zp+€ |Z i**"\bs _gge ydhkle fh™ _e-

Kbkl _fZ sh jhajh[ey}lvkly j} defoklhkmgdblagZqg _gbf ey ]
g _jZp*€ "~hgzZ\gZgg¥ |Z &]jZlBpgbo fhr eZeZil/RB$Sm jZfdZo n
AN jZlb\gh]lh gzZ\gZggy Kbkl _fzZz kdez”~zZ}Ivky a k_j\_jgh€ 1z d
\az}fh?exlv KW[hxhf j "«q_ j APl K_j\_areckgm}jZ\eedghy eyfb
al_jelZggy 1Z Z]j_1Zpe*x hgh\e jYwvgZp dx dTegimh "Zgbfb Be<+}glk\
kilbgz az[_ai_gm} \azZ}fh?ex dhjbkim\ZgzZ a kbkl_fhx ZhlZzdh" \
N e clZ jh[hlm a *"Zgbfb

>eZ]jZfZ ihkeerh\ghkle ij ~klZ\e _gZ gZ jbkmgdm meexkljn
\ZqZ dee<}glkvdh€ « k_jthjgZ2d®pZkibighp_ke n_~_jZIb\gh]lh gZ\o
NeZljZfe \e~Ah[jZ _gh dexgh\e _1Zib jh[hlb kbkl_fb hljbhZggy fh
gZ\qZggy gZ”kbeZggy hgh\le _gv I1Z €0 Z]j_]Zpey gZ k_j\_j=
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Krient Krien
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momgem/LoRA Hapcinasmsa
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signpasxy mogem/LoRA JOHAEYeHOT
“|| momemiLloRA
-~ 3bepesenta
:‘ OTPIMAHOTO
eRIEMITIAPA
BuBeneHHA MOBMOMIEHHA IligTeepuera HJ.U.‘IJ AXyHOK
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JbkmghdeZ]jZilZke+"h\ghkt jZIb\gZ\gZggy

FedFlowServéd) aZklhkmagdWdhjbklZggyf nj_cf\hjdm )ODWN sh j_Ze
[hIm k JA8]l. K_j\_j hjl]Zgeah\Zgbc azZ fh”"mevgbf ijbgpbihf a \bdhj
hdj_fbo k_j\eke\ dh _g a ydbo \e*ih\e”"Z} aZ \bdhgZdggyg dhgdj_Igt
jZpex 88, 8QLYHUVIAHMWIQLMAXH Z]j_]ZpewmaimZceZdbjhiBAbbc
ieroe aai_gm} fZkrlZz[h\Zge+klv qgblZgeklv dh”"m 1Z kijhsm} kmijh\e~

JHG)ORZ } dee}glkvdbf ~h”azdphdi_gmbcajmqggbc gl _jn_ck ~»
\az}fh”e€ a k_j\_jhf hljbfZggy sgnhjfZp/EZHHAEiIfhfb eZ IZah" ~h
\hey} dhjbkim\zZqzf ijZpx\Zlb a ehdZevgbfb "Zgbfb

AZ[_ai_gm}

- <aZzZ}fh”ex a k_j\_jhf

- Jh[hlm a *"ZI1Zk_I1Zfb

- =_g_jZpex ah[jZ _gv

- GZ\qZggy fh™ _e -cZ¢ZR5\

J _ZecaZpex dhjbkim\Zevgbpvdh]h egl_jn_ckm
l[jbdez”b | _dklihi\thjim ij_"~klZ\e_gh gZ jbkmgdm
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¢ "Van_Gogh, outdoors, sky, cloud, "

"signature, no_humans, night, traditional_media, "
"moon, night_sky, scenery, full moon, "
"mountain, crescent_moon, acrylic_paint_(medium)"

JbkmghdjbdeZ”b | _dklh\h]h hibkm

L_kim\Zggy ¢ ZgZe-a .j>amd\plgedb ydhkle n_~_jZIb\dh]h gzZ\
dhjbklh\m\ZezZkv f_IljbdZ )," sh ihje\gx\ZeZ jhaih?eeb a]_g_jh
j_Zevgbo "Zgbo IYWdbaRjEkih\m\Zebky ah[jZ _ggy-K_1Z jMelfZzgZ
ghlh "bj_dlhjz 2SHQ$, Fh”_ev 6WDEOH 'LIIXVLRQ Za "hgZz
ky gZ i ylb dee<}glZo a g_je\ghfejgbf jhaih”eehf ~Zgbo
GZ\gzZggy ijhoh”beh m IjbejMdmig djhde\ gZ dh ghfm deZ}gle jh;
ky gZ hkgh\e h[kylm ~Zgbo jhafejm [ZIqZ |I1Z gbkeZ _iho aZ h*
dh'ghlh jZmg”m azZz ~hihfh]lhx ihlhggh€ \_jke€ fh"_e* ] ky_jm\Ze
gh\e ydbo jhajZoh\m\ZehKysagBqgl &gly\D€ \b[ejdb >ey ihje\gygg
ijh\h*"behky p_gljZeeah\Zg_ gZ\gqZggy fh"_ees gZ ih\ghfa gZ[hj:
q_ggy f_ljbdb )," "ey p_gljZecsahYZ2ZMBh gZ\qZggy

J amevlZlb \keo ijh\_~ gbo _dki_jbf_gle\ gzZ\_~ gh \ IZ[ebp

LZ[ebby
J amevlZlb _dki_jbf_gle\

JZm( Dee<}yl Dee-}gl De-}gl De}qgll De}gl:]j_Jh\ZgzZ fh

1 178,39 165,66 147,22 166,21 175,23 150,51
2 168,57 155,09 140,83 150,42 162,77 138,04
3 160,48 150,5 135,77 152,39 157,26 133,85

?dki_jbf_glb ihddda&eb ihdjZs_ggy ydhkle fhr_ees a dh gbf j
AN jZlb\ghlh gZ\gZggy g_a\Z Zxqb gZ \e~fegghkle \ h[ky]Zo "Z
)," Z]j_1h\Zgh€ fh" _es klZ[sevgth &kgb ghxllwkyh ajhklZggyZydhkle
" gvOhqZ p_gljZzeecah\Zg_gl\glZfgmgyg Hfhije "Zgbo ~Z} djZse j_a
n_ " jZlb\gbc i*”"0o*” a \bdhjbklZggyf /R5% aZebrz}Ivky _n_dlb\
hfgbkex\Zevgbo j_kmjkZo 1Z ] _ | _jh]_gghkle ~Zgbo aZ[_ai_qr
ydeklv ah[jZ  _gv |Z agb mxqgb jbabdddhbhlhijm "¢lybhongdpehgZev
| kim\Zggy khbakd flnkgh¥bbkp g¥ib Mke | _klb mkiergh ijhc” _gh
i*M\_jA"m} dhj_dlgm jh[him j_ZbgatNAgbo dhfi

<bkgh\dd j _amevlZle [meh jhajh[e_gh egnhjfZpecgm kbkl -
ah[jZz  _gv a fh eb\Wk|XIb\gh]h gzZ\qZggy |Z "hgZ\gZggy ] 9 _jZ
e_c

Jhajh[e&ZegnhjfZpAklgk! Zfh" _ [mlb \bdhik&Z\*Zggyo bth \Z e
gzZ\qZlb ] _g_jZlb\ge fh™ _es [_a i_j _"~"Zge "~"Zgbo gaAaZlobklj s
dhgne"_gp=gghjfZp-€
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Information system for image generation with the possibility of federated learning

and further training of generative models

The paper discusses the development and research of an information system for image
generation basedn modern generative artificial intelligence models with support forrfede
ated learning and retraining mechanisms. The proposed system is focused on ensuaring effe
tive generation of visual content while maintaining the confidentiality of user data, which
especially relevant in conditions of limited access to centralized data sets.

The research analyzes the architecture of the information system, the principles of int
gration of generative models, as well as approaches to organizing federated leaming, i
which model parameters are updated on local nodes without transmitting the output data to
the central server. Particular attention is paid to methods of retraining models, which allow
the system to adapt to new types of images, styles and user reqtsrdorérg operation.

The performance and efficiency of the proposed system are evaluated in terms of the
guality of generated images, learning speed and resistance to changes in input da&. The r
sults obtained confirm the feasibility of using a federapgdroach and further training of
generative models to create scalable, adaptive, and secure image generation inforngation sy
tems.
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In the future, it is planned to expand the functionality of the system, including adding
full registration and authorizatiorthe ability to use multiple LORA adapters simultaneously,
increasing the number of models available for training and generation, and implemeating a
ditional algorithms for federated learning.

Hkljh\kvdZ DZIl_jbgz %X ggl d 1 g "hp_ghkdid@pegighog |_
gheh]ec » kbkl_f GG1 >F_I1 MdjZ€gkvdh]h ~_j Z\gh]h mge\_jkbl
ORCID: https//orcid.org/0000-:000293754121

;hjbkxd <heh”bfbj |I_IjliXiegklj dZn_~jb egnhjfZpecgbo | _ogheh]ec
GG1l >F_11 Mdjz€gkvdhhhnmgqg\Zjhighl] Im gZmdb « |_ogheh]ec
ORCID: https://orcid.org/000900806966523

Ostrovska Kateryna - tAssociate Professor, Candidate of Technical Sciences, Associate
Professor of the Department of Information Technologies and Systems, NNI DMetl, iUkrain
an State University of Science and Technology.

ORCID: https://orcid.org/000@00293754121

Borysiuk Volodymyr - Master of the Department of Information Technologies arste8ys,

NNI DMetl, Ukrainian State University of Science and Technology.

ORCID: https//orcid.org/000900080696 6523

ISSN 15629945 (Print) 147
ISSN 27077977 (Online)



Kbkl fgeoghedl](l62) 206 ©6\VWHP WHFKQRORJLHV?
DOI 1034185156299455-162-2026-17
M>D

| < <o \kvdbc H K Kz\_gdh
IH<?>1GDH<? IJHN1EX<:GGY DHJBKLM<:Q1<
L: <BY<E?GGY :GHF:E1C G: HKGH<1 =?2G?LBQGH=H :E=HJBLFM

:ghlZpey M kmqgZkgbo dhjihjZlb\gbo k_j ~“h\bsZo ih\_"~egdZ dhjbk
jbklibdb "hklmim "h "Zghoafmgkxlvky sh mkdezZ”gx} \byke _ggy <gk.
dbo egpb”_gle\ ¢ gbgedgtiZ}jge o\bee ob[gbBEBAjbbK] mMZo Q _j a
klZlbgge ihjh]lb 1Z gzZ~fejgm jhafejgeklv ijhneee r\b~rdh \ljZqZxlv ZdlI
mfh\ ~j _cnm dhgp_ip*€ Z g_klgfrejgbt\bsird dkiemZjlZpscgm \Z
leklv A | _dlhjz F_Ihx jh[hlb } jhajh[e_ggy f_Ilh*m bbo\WZdgggdh\h]h ij
ydbc \by\ley} ZghfZe+€ azZ \¢”"obe ggyfb \¢eA dhgl_dklimbdbevgh€ ghijf
NZlgbf azZ\"ydb dhgljhex ob[gbo kijZpx\Zgv *klZ[»glvghKKlh\kb]gZe
ghkle AZijhihgh\Zgh ihlhdh\m nhjfZeesaZpex ijhneex a _dkihg_gp-
1Z ] _g_Ibggbc Ze]hjblf "ey hilbfeaZpe€ dhgnelmjZpe€ ~ | _dlhjzZ ie
\Z] ihjh]Z j_ZIm\zZggy « iZjzZf_|jzZz Z"ZilZp*€ a mjZombhggyf rljZne
]Jb \heZlbevgeklv Ze jle\ o kdeZdigkkjlvf fiytb epZ /&8 8«(a dhlyl]j
evh\Zghx afeghx ijhneex ihdZaZeb ihfejg_ajhklZggy ) aZ h”ghqZ
ob[ghihablb\gbo Iljbdb] ggy \heZlbevghkle ihlhdm Ijb\h] af_gr_g
j_~gvhlh “h[hZhZlglgd " _ggy * kdhjhqg_ggy kideWgthklgZhdh\h]h
gZ[hjm hdgadf gbghiexpZdggne]mjZpleydlhjZ aZ"h\eevgy} ijZdlbgge
_dkiemZlZpecge \bfh]b

Dexqgh\e keh\Z ih\ _"egdh\_ijhneex\Zggy 8(%$ egkZc”e jkvde aZ]j
Jhjblf eW[ej hagZd "j_cn dhgp_ip*€ ob[ge Ijb\h]b klZ[eevgeklv Ijl
NZge dhjihjzZlb\gz [_ai_dZ

IhklZgh\dZ ijh[eKfibkl _fb dhjihjZIb\gh€ [_ai_db ~_~ZBe qZKkler_ 1
gmxlv \ k_j "h\bsZo ~_ ih\kyd”® _ggZ Zdlb\geklv dhjbk]jim\zZqge\ g_ f
neex afegxxlvky jhee dhfZg”b egkljmf_glb dZgZeb \akZ}fhne€ Z
Imim “h "Zgbo GZ pvhfm lee egkZc™ hWvdikdedgphé¢ el byipe ggy [h
aeh\fbkgbdb fZkdmxIvky i e_MEkmfdb& dkmfbkle _ggy \*” ghjfb azZa\b
g \ _ebde jhaly]Jgmle \ qZke |IZ jhaih”ee ge fe' deevdhfZhlbiZfb ih”"e
jb Z[h ijhimkdZxlv ih\eevge kp_gZje€ aeh\ ' b\Zgv Z[h ] hg _jmxlv ihl
]b yde ihlje[gh neevlijm\ZIb \Jmggm > @

lh\_~egdh\_ ijhneex\Zggy 8(%$ Ae&\Vhalpky gZhgZ[+j klZlbggbc
ijZ\be h~gzZd \hgh ijbghkblv \eZkgbc gZ[s) _dkiemZlZpecgbo ijh]
aZ\'"b g_a[ZeZgkh\Zge KkijZ\"'ge egpb”™ _glb fahdbkgjZi&Zyxtthpjeee-

¢ <" _\kvdbc | < Kz\2625h H K
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gZklh Dhgl_dkl fZ} agZqgm \Z]m m \bagZgkgtbkcalk\ykidglie e
\Zgv Z[h “hkImie\ fh™_ [mlb ghjfhx “ey h”ge}€ jhee c Ijb\h gbf
>ey |h]l]h sh[ jhakee"m\Zggy ljb\h]b g_ i_j_ I\hjx\ZeZkv 8Z ke-ib
[je[gZ <gl_jij_Ih\Zgeklv ydZ ~hal\heblv knhjfm\ZIk ZfgZ eesrldldm ]
g_1zd > @

GZ\elv ydsh fhr_ev "h[j_ i*"]Zgy}lvky ie® eklhjbdobcZ[hjeh"
iheelbd "hklmim 1Z fegeb\eklv ih\_"egdh\bpbiZlI€gdihjhHiprdhbyh]
g__n_dlb\gbfb < IZdec kbImZpe+€ ydeklv agb m}lZky g _klZ¢vel b
ghkle kblgZees\ G_klZ[eevgeklv Ijb\h] khgh\mhal\th &}k N bfchh jim \_eb
hj]ZgeaZpeyo [h €€ \Zjleklv \bagZqZ}Ivky g_ ebr_ ihfbedZfb
kih\es _gv I1Z qZkhf ZgZeYipdd 3y Zdi_|

<bgbdz} ihlj_[Z \ ddHbo”peey kijyfh\Zgh hilbfeam} kipAdkibgge \e
Nl _dlhjz <Z eb\bf } f_ozZgeaf sh “hal\hey} i*~[bjZlb dhfizdlgl
\bo hagzd « €0 \Z]b i*” az”~Zge h[f_"_ggy af_grmxqgb ab[ge Kkij
xgqb d_jh\Zgm kdez”geklv fh”_eslh?hhexipdpgfZ f]_g_Ibgge Ze]h
ijbjh~rgh ie”oh”ylv "h 1Zdh€ az”~Zqe* yd egkljmf_gl ihrmdm dhfijh
]mjZpec fe Ilhggeklx peghRZgekdk b @

:gZe*a hklZggeo "hkee”" gv iknmmi&egdzZplecy h\e jh[hlly a sgkZ
dh€ ~"dp+s€ malh” " mxlvky \ Thfm sh dexgh\Z kdezZ"geklV ihey]Z
fe\ yd IZdbo Z \ €ogec _dkiemZlZpecgec ijb™rZIghkle gZh_Zevgtk
p_kZo j_Z]lm\Zggy > @ Ydeklv Ze]hjblfm gZijyfm ih\GEgazZgZ
kzZc” _jkvidbogZjeyo agb _ggy ob[gbo Ijb\h] qZklh g_ f_gh pegg_
klZzggy ih\ghlb [h kZf_ ob[ge Z§bwhgB\¥lgddZ2qggy gZ ZgZe<-lbde\

lhlje[gh \jZoh\m\ZIb qZkh\e iZl_jgb 1Z dhgl_dklge aZe_"ghl
hj]ZgeaZp-£€ dhf[egmxuqilb jlelajrZelh \dexqgh a ih\_"egdh\k
|_dklh\bfb > @ LzZdbf qbghf “ey ih[m~Ah\b ih\_7~egdh\hJh hibkm
I[hAmxlv deevdZ Ibie\ gZ[hje\ hagZd a\_”"_ggy Zdlb\ghklk |_fZIb
kim\zZggy f_j "¢ dhfmgedZpec > @yDhfiehtiglgbc dhjbkim\zZqz
NZ} \erAgmligm ijZdlbggm dhjbklv Zkhjphdaibknggy~\hsm} jbabd |
sh fh”_ev ihgg_ j_Z]lm\ZIlb gZ rmf Z[h gZ dhjhldhgqZkges afegb
azZc\e kblJgzeb P_ klI\hjx} ihlj_[m \ hilbfeadZzpeacghg- fafhzazo"b |
dhfizdlge ie"fgh bgb HagggdIv\€o \Z]m

Fmevibklimi_g_\e iZcieZcgb ih}*gmxlv ]Jjm[bc _I1Zji_&mliZggy
N |Zevgbc ZgZee+a ihl_gpecgh i*"hajeebo k_]f_gle\ P_ a@af_grm}
Z° _ggy ¢ \h*"ghqgzk ~“hbd#Zabzkbhmzp+€ dheb kbkl_fz gzfz]z}l
ZgZeesam\Zlb dh gm ~je[gm ih”ex \ ihlhpe P_ j_Zeeam}lvky yd |
"halhey} d_jm\ZIlb dhfijhfekhf fe  IdkegdKixhkZkhegZz"geklx > @

>hkee”” ggy sh knhdmkh\Zge gZ HhibZoaZ\bclyjbbk I hhmxlv
expecge Ze]lhjblfb yd aZke[ "ey \eA[hjm hagZd » gZeZrIim\Zggy i
g_Ilbggbo Zelhjblfe\ ~h ih\_7~egdh\h)hje}glh\Zghdh "\l jogyl \Zg
0Z\gZggy deZkbnedZlhjZ sh <~ glbnemm@gh\\ wexgumdc\gb\e Nicnrmd
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a"Zlgbc _n_dlb\gh h[bjZlb dhf[egZp+*€ hagZd \Z eb\bo “ey " _|_dj
ihrmd \ h[f_"_ghfm ijhklhmZtaihdad pmk m \_ebdbo fZkb\Zo felhd

M f_j_ " _\bo kp_gZjeyo ]_g_Ibqggbc Ze]lhjblf IZdh™ \brdhjbklh\m}I
Im\ZgogyYkbkl_f a[hjm |Z ZgZeesam |jZnedmfgh)dbghZoklghphfigd -

6'1 hilbfeaZpey cfh\ejghkl_c \b[ejdb lIjZnedm ~hal\hey}be*\bsblb _
kl_f \by\e_ggy \lhjlg_gv af_grmxqgb gzZ\ZglZ _ggy gZ dhgljhe_j -
ydeklv * | _dp+€ > @

G aZe_"gh \eM \b[hjm fh”_ee \bagZqg_ggy ZghfZeec é&bdhjbklZgc
Jhjblfm ~ey \e~A[hjm gZc[eevr sgnhjfZlb\gbo hagbo &g px)Zgdkldb o
m ihje\gygge* a [Zah\bfb dhgnelmjZpeyfbh\AhgKkZZ[ej\o Yhi_\ jer_gv
5DQGRP )RUMWRWRMW 1ZdZ kbg_jleydpZZd_a@oyqglrhpdahkle [Z af_gr_ggy
deevdhkle ob[gbo Ijb\h] > @

> |_dpey ZghfZeec \ 1gl_jg_ I+ j_gq_c ~_fhgkljm} kiegvge ijh[e_f
gyf dhjbklm\zqge\ [jZd ~"Zgbo ea i*™I\_jr" _gbf ijZ\"b\bfth *Zgbfb je
lhdeih”ec ~j_cn dhgp_ip*€ 1Z ihlj_[m \ Zz~Zilb\gbo f_Ih~"Zo vyde fh
[ a ihklecgh]h gZ]ey”m ZgZee<slbde\ > @ jhdeypsodvKyejldith~"bg a
egkljmf_gle\ a~zZlgbo dhjb]lm\ZIb jh[hIm ~_|_dlhjzZ \ mfh\Zo afegb
gdb dhjbkZqge\ dhgljhexxqgb kdevdglkliwb[dgbo [jb\h]

AZ mfh\ *j_cnm dhgp_ip*€ hilbfeam\ZIb \ dhjihjBlbkgbe_ kbkl_fZz
ebr_ lhqggeklv jhaicagzZ\Zggy Z c¢ hizdZphchge gAkg=€diklecdeklv
kbl]gzZees\ \bljZlb gZ h[jh[&km ljlofhkmjke\ > @ Hkdeevdp ih\_"egdh
fz \ 8(%% afegx}lvky ijbjh~rgh g_j_a hjl]ZgeaZpecge ijhph kb [_a ijl
evh\Zgh]h gZeZrim\zZggy kbkl_fZ r\b~rdh ihqgbgzZ} \lIjZgZIb Ihqg-klv

<kmgzagbzl_b'y3 m\z]Z aZdhghfejgh afesmblykly|]AZei” bg
jblfm ~"h peezkgrh€dImlkgh€b ~° _j eZ kb]gzZees\ egl_JjZpeya ijhp_k2Z:
\Zggy h[f_"_ggy gZ ~Zge c jhafeldm kie\ekgm\Zggy ijZ\be « fh"_e
i jbfZggy ydhkle \ mfh\ZbZalf«lglv ol@ g b o \Ipla\g] g Z}d vikd* jm
Jhjy”&f _Ijbd Z kbkEofgjzdl_jbklgydbagzqppi*Zlgeklv jer_dgg&d "~h
evgh€lkiemZ|Zp-£€

>j_cn dhgp_ip*€ gZklh ijhy\ey}lvky g_ yd jZah\bhb\gtkdvih™ _e-
I_j_ohne\ fe j "bfZfb ~_ hagZdb afeg fh nalZiq{agbe kel @[hflF Z
dh\Zgbfb k_ahggeklx ¢ dhgl_dklhf > @ heyxhdggygdnh\h]dlhj
fz} z[h z~Zilm\ZIbky Z[h i"ljbfm\ZIb klZ[sevgm iheelbdin dhgk _j\.
h[ho \biz~"dZo ihlje[ge nhjfZevges f_o0Zgeafb d_jm\l2gl@y olZ[@Zgkhf gm
ihablb\gbo Ijb\h]

ljh[e_fm ~j_cnm ~h[j_ \b”gh k_j_" kbkl_f \by\e_ggy alhjlJg_gv |
dm ijhlhdhees\ egnjzZkljmdIimjb 1Z e<gkljmf_gle\ ifjfZ\brdphkle¢h afegb
hagzd « ~_1jZ"Zp+€ fh*_e ¢ GZ"fejgZ aZe_ "ghghhedh\Zghdh]h k
ijhklhjm hagZd i**"\bsm} jbabd g_klecdihgbjgZ}glvibkmAZEely imf sh
gZ ijZdlbpe kl\hjx} o\bee ob[gbo Ijb\h] « gZ~fejg_ gZ\ZglZ _ggy gZ
k\hx g_jlm _\hexpecgZ hilbydbZp ph\Zgh¥m \e [hjmgb Nadhpzd -
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gZeZrim\Zggy €0 \Z] kijyfh\ZgZ gZ klZ[se+saZpex ih\_"~egdb ~_|
azZpex Z[kljzdljpdd f_

Jh[hlb a "bgZfeqgh€ Z"ZilZp+€ dhgp_il*\ \ hgeZcgh¥Yo Zghf
dZamxlv sh ijZzdlbggbc \b]jZr qZklh "HkypZgdakFfazZ) "ybdh” g«
fhr_ee a ihlhdhf Ze_ aZ peghx kdeZ”gerbo ijhp_"mj hgh\e_ggy
ie"dj_kex} g_h[oe~rgeklv \ f_o0ZgeafZo yde "halheyxlv hgh\lex\ZI
[ a g _dhgljhevh\Zgh€ \ljZlb klZ[eevghkle > @

lhklZzgh\dz azy"EglZ jh[hlb ihey]Z} m ih[m~h\e f_Ih"m ih\_
ijhneex\Zggy dhjbkim\Zqge\ ydbc \byley} ZghfZe+<€ gZ hKgh\e \e
evgh€ ghjfb 1Z \h*ghqgZk aZebrzZ}Ivky ijbrZlgbMmZnhZ pjpZEd|lFgdin€
ih\bg_g aZ[_ai_gm\ZIlb fegrlikd¥ pixglr@evijb\h] ajhamfeexm eh]-d
\Zggy * fh eb\eklv Z7rZilZp+€ ~h ihklimih\bo afeg ih\_7eghdb 1Z ki
JjbkIm\zqge\

>ey “hky]lg_ggy f_Ib g_h[oe*gh nhjfZevgh \bagZgblb ih\_~
kmdmigeklv kiZIbkibggbo ozZpbXdghkjbkdhgbKdh\ZqgZ m qZkHl\bo \-d
NZIb fejm \e”obe_ggy ihlhqggh€ ih\_7egdbhlh”*ijfEZme i ]hl hd hej[gdlg
jhajh[blb ijhp_~mjm Z\lhfZlbah\Zgh]h \eA[hjm hagZd « dhj_dp:
gZ~fejgZ jhafejgeklv ih]ejrm} maz]Zégyg} ocgy izj mkdex LZdh  \z
eb\hx } fh eb\eklv dhgljhevh\Zgh afesm\ZIb [ZeZgk fe  gmle
kijZpx\Zggyfb f_ozZgeafm ijbcgylly jer_ggy ijh ZghfZeexb sh djb
ggh]lh \bdhjbklZggy fZéwymo\ kbkl_fZo dhjihjZlb\gh€ [_ai_db

Mah”" gbc f_ozZgeaf ihrmdm dhgne]lmjzZpe€ ~_| _dlhjzZ ien _d
aZ[_ai_qm}lvky \bdhjbklZggyf ] _g_Ibggh]lh Ze]hjblfz ~ey \bag
€0ge*0 \Z] « ihjh]e\ j_Z]lm\Zggy =heh\gZ m\Z]Z ijb*eey}dvky dh
yle_ggy KklZIxeklglgZes\ ¢ gl _jij_lh\Zgeklx Ih[lh gZ le ®ZjzdIl_j
agzZqzZxlv j_Zevgm pegy-kldIB(ZoBek '|3"h\bs

?dki_jbf_glZzevgZ qzklbgz jh[hlb fz} i_j _\ejblb m ydbo kzZf_
ihdZagbdzZfb [ZdZ _\hexpecgh gZeZwsWh\ZgdZ &gyl *\|v]ijZp

<bdez” hkgh\gh]h fZlhled&eknhkl_j_ "~ gv dhjihjzlb\gh]h k_j_-
jhaley”r"zZ}lvky yd kmdmigeklv _e_f_glZjgbo ih”"ec dh'gZ a ydbo
\ qZke jZzahf ea dhgl_dklhf

(1)

Aﬁ i-"_gIbn-dZIthrthi@&qZkh\Z fﬁl&zbi Aﬂgij_kmjk h[f}dh "hkl

imﬁidhgl_dklg-ZIjb[mIb ahdj fZ jh[hgqZ klZgpey ,3 jhev dZg
>ey ih[m~h\b ijhneex ih\_~egdZ Z]j_]m}lvky m cw.\- \edg:

Fgh'bgZ ih~ec dhjt@dnn\ioth- a -ﬁA\_boa@zqu}lvky yd

Coer (on o T)A R, 2)
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A_w +isrfgh bgZ ih~ec dhjﬁkquwkmz- feldb ydbo gZpZemv -

EERENEAEN] (tljb\Zeeklv \edg@" N kg¥d
GZ hkCMBenhjfm}ivky \_dlhj hagzd ih\_~egdb

H krhm\\-@gﬁ tdeevdeklv JHMEY

ang_@@yhagZdb Dhgdj_lgbc\ktlidXe"BEhghdkIimigbf mjgdezf 2Z\I_gl
nNedZpey nZceh\e "e€ f | ° \e af}rgZggy "hklmi *h k_j\eke\ ¢ jh\
UEBA-eh]Zfb gZ ydbo \bdhgm}lvky hpegx\Zggy

Sh[ \jZom\ZIb ~j _cn ih\_"egdb "ey dh'gh€ hagzZdb be*ljbfm}lvk

Jey~e ihdk gpecgh a\Z> _ghlh k_j ~gvh]h a o GEeEM I hf aZ[m\Z

_ _ (5)
WS + dkihg _gpecgh a\Z‘_g¥€’\bh +d\ZY]

Ibgg_ \«"obe_ggy
<e"obe ggy ihlhqgh€ ih\_7"egdb \«* ghé¢hla R\ZghHytkgehgh fZ

(6)

klecdhkle

:ghfZevgeklv ih\_"egdb m \edge hibkm}lvky a\Z" _ghx kmfhx \e~¢
aZ Ibfb hagzdzfb yde ZdIb\h\Xg#*_ dhdimigmjPpelazZ[_ai_gm} d_jh\Z
kdeZ”rgeklv ¢ i**"%jmgly ey gl _jij _|Zpe-€

e

(7)

M3+ kdZeyjgbc kdhj Zghfzevghkle eny u-rﬁ
dZlhj \dexcﬁ;@gyag
Jer_ggy ijh Ijb\h]m aZ"Z}Iﬂlky ihjh]hf

il +\Z]Z hagzZdb
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-
dI&]Zb\h]ZighjfZW +eg”bdZlhjgZ nmgdpe)

H+Ihj ] k|Jpr\Zggy
DhgnelmjZpey ~ | _dlhjZ dh*m}lvish yywhohjgitkighfAbagzZqgz} k
hagzZzd €o \Z]b 1Z izjzZf_|jb Z"ZilZp+€

~§ oinhkn ERRTEN
\zﬂﬂhj-] IJb\i‘ﬁbtdh neps}gl aZ[m\Zggy \ |jhn-e-
KdeZMNgekh”™ e \bfejx}Ilvky qZkldhx Zdlb\gbo hagzd

(10)

im8 +ghjfh\ZgZz kde@gdk-le/vd-klv hagzd
Hi_jZpecgZ klZ[eevgeklv kb]gZee\ nedkm}lvky q_j_a fegeb
G_oﬁctfgh‘bgz dhjbkI mEEg]-td-2vdeklv Ijb\hﬁ:m \edge

K] ). 1)

>ey ¢gl_j\Zem hp-gx\Ziy\H"hblhlg)b dh_nepe}glhlhzmz pjo8 h

yd fejZ g_ kIZ[-evgth-

(12)

+\eAghkgZ \heZIbevg eklv .ﬁ| MY theAhH\e~gh kg} 1Z

AT |M +fZez dhglizlZ

klZzg~Zjlg_ \*~obe_ggy i I}

Nmgdpey ijbklhkh\Zghkle aZ”Z} dhfijhfek fe " ydeklx dby\le g
gbfb rljznzfb Hkdeevdb ihklZgh\dZ jh[hllblZgvgh§ n[ZdZ}b®laz
\kefZ f ljbdZfb peevh\Z nmgdpey ijyfh dZkdZ[eb{g=Kib\kbg Zoe «\
gZ"Nfejgm kdezZ”geklv

(13)

y i) Kie F1-fejZ h[gbke_gZ gZ
\Ze+"Zpecghfm e«gl_j\Ze- Ae@; B nitjigkldz ob[ghihablb\gb
KijZpx\ZcHimaelil + dh_nepe}glb \Z] rljZne\ sh az"Zkipfihkemlbdm
azZe_ gh \eM\Zjlhkle j_Z]lm\Zggy \ hj]l]ZgeaZp-€
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1gl_jij_lh\Zgeklv aZ[_ai_gm}ivky Ibf sh kdhj } \@ gedghx dhfih

kD (14)

?dki_jbf_glb \bdhgZgh gZ im[eeqghfm gZ{hf >m@gZedbc&/8(
feklblv ih~"e€ j Zevgbo deevdho Ibkyg Zghgefeah\Zgbo WhjbkIim\Zqg
]h hpe\Zggy ZghfZevge ih?e€ "hrZxIvky rImqggh iekey i_\gh]h fhf
ijbibkmxlvky dhjb@m%ﬂq‘mgxxlvky gZ klzZlbklbggh [eevr_ koh e gZ

ijhneev LZdZ ihklZgh\dZ ~h[j_ malh” " m}lvkyela]-idhde Zy@ghxZ 8 (% $
Ibpe ZgZee-tddXbpv klecd_ afes _ggy albqgh]h ijhneex yd_ie¢*\bsm}
AN glm Z g_ ZghfZevgZ ih”ey yd 1ZdZ > @

;Zah\e f_Ih~"b \e~[bjZebky 1Zd sh[ ihdjb\ZIbjdbilgve dEZkb 8(%$
Ibklbggbc kdhjbg] gZ hkgh\e ghjfZeeah\Zgbo \**obeldv h_a hilbf
ghdeZkh\s |1Z ZgkzZf[e_\+ fh"_ees ey \by\le_ggy ZghfZeec m \_dlhj
LLL ~\hklmi_g_\bc i¢"o” ea Jjm[bf \er[hjhf dZg” "b"ZIlsh « " _|Ze*a:
ajeebo njz]f_gle\ sh \e h[jZ Z}o-'L.QH@FRDOWWHegdh\e[Bl.ZgZeelbp-
Hdj_fh dhgljhex\Z\klgzZfieb\hexpecgh€ hilbfdajZzmed§_ gk jhlaley”Ze
ky dhgnelmjZpey a Ibf kZfbf gZ[hjhf hagZd Ze_ a nedkh\Zgbfb \
ieNe[jZgbf IjZ"bpecghx \Zee”r"Zpe}x [_a ihrmdm ih ie~fgh'bgZo

AZijhihgh\Zgbc f_Ih” Rilbfhdimk ZsEsE:ar iy "ﬁ az"zZ}
ieAfgh bgm Zd|b\gbﬁ hﬁgZ\cZﬂbtihj-] Ijb\hﬁbiiZjZf_Ij azZ[g gy
= g_Ilbqggbc Ze]lhjblf gZeZrlh\m\zZ\ky \ j_ "bfe hhiedgh]hh|rveypmy i
40t tKkh[bg + ihdheegv Imjgejgbc \e/[afjjfdemMih\shgeklv djhkh\_jm
[ebavdh |Z fmlZpe€ HAB.je\g-

>Zge Z]j_Im\Zebky mD\-AZ-]ngath \bdhjbklZgbklIm\Z g

| Z Ae[ kihkl_j_~ _gv sh ~"Zehli®3 :dghihgvgh bidah~bebky \

\edhg ihablb\gbo ijbdezZ”"e\ sh a[_j*]Z} oZjZdl_jgm "ey
eZgkgeklv * jh[blv Ihggeklv hkh[eb\h gmleb\hx ~h ob[gbo Ijb\h] >
dhgzZgh gZ |I_klh\hfm \e~jeadm iskey «dZe iZZjmf\Agdygihijin]i _j ~gvhfm
gZkh\hfm egl_j\Ze-

LZ[ebpy

lhjs\gyggy azijhihgh\Zghlh f_Ih”"m a [Zah\bfb

F_IhA ﬂ B | AW Complexity
KIZIbkibggbc k@hjbg] 0.058 | 0.028 | 84 | 0.62 1.00
N N ¥

Hoghdezkhiz fh*_eygmty s | 9025 | 76 | 0.60 1.00
ijhklh(ir)

>\hkimi_g_tbarseto-fine i2c | .0 | (019 | 58 | 052 085
ieZc(o)

= hilbfea ZR AN 0093 | 0.013 | 41 | 0.3 035
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M 1Z[elAprZ\_~ _gh j_anmlepmN\ghbggy a [Zah\bfb. fh]|khVgdifdh a
A\ h | Zigdoérseto-fine iZcieZcghf [\heexpecgh€ hilﬂ-aZhd(-IQ} ebr_a

~h sh } g_agZqgbf i3fEsfegggwfm Ibo ihdZagbdZo vyd
gZxlv j_Zevgm \Zjleklv _dkie€emEZldprj& 8\2HE [sevr \bjZ  _gZ QZk
ob[ghihablb\gbo kijZzpx\Zgv af_grm}hvky Ih[lh ijb[ebagh gZ
\erghkghfm \bfeje Z \heBhdewgiklh]iaZ dh_nepe}glhf \ZjeZpe€ i
A h sh \e”ih\enrZ} [ebavdh \e"ghKgjh]hg v glre gy Z
A"h[m af_grm}lvky a Ah ‘"higogyg@iZgldbdz\} gb gbfeevr
ijhlghah\zZghbf

>ey [Zah\bo iMEwdteaykt je\gZ h"bgbpe sh hagzZqz} \lhdhjbklZz
]h ijhklhjm hagzZd Z[h [ebavdh]h ~h gvh]h is*igghdfimjrh_IMeaZzi
g klZgh\blv lh[Ih ZaZlke\wrirdlvky ijb[edbgld hagzd

Af _gr_ggy jhafejghkle ih\_~egdh\h]h ijhneex kijhsm} ihvwkg ggy
"m} jbabd Ihlh sh kbkl_fZ ihqg_ j_Bdekgtbzgz dithghldklgh g_k
kb]J]gZeb ijh*mdmxqgb aZc\e Ijb\h]b

HljbfZzge j_amewkghkxillvky kljmdIimjhx hilbfeaZpes€ ?\hexpec
ih fZl@-mkm\Z} hagZdb yde \byleyxlvky gZ~lh \ZjeZIb\gbfb Z[h
ZghfZevgbfb ih~reyfb GZ ijZdlbpe kZf_|Z#tthg} Klscjdeehfi@Xdbvo
ob[gbo Ijb\h] ijb ladege pgkljmf_gle\ qb -i"""'-:'-i.:ifii'
kljm} sh \e~[ej dhfiZdlgerh]h ie?ijhklhjm hagZd agb " m} hZgk <gl
gZkgbo hjJ]ZgeaZpecgbo ditelg\Z\gv yd <gp

Hi|bf-a2p-ﬁ\|7z1 ihjhﬂmha\hey} af_ CITAMM |h[lh deevdeklv I]

\h] m gZkh\bo \e*jeadZo dheb\Z}Ilvky f_gr_ Z gZ\AglZ _gg
ghfejgerbf >ey \_ebdbo hj]ZgeaZpec af_gr_ggy jeadbo Zede\ m
sm} ijhp_k j_Z]lm\Zggy @& iy ey m} h[gbkex\Zevg_ggZzZ\Zgl.
gy sh hkh[eb\h dhjbkgh \ kbkl_fZo +a \_ebdbf gbkehf dhjb!
dhgnelmjZpey ie"kbex} ihykgx\Zgeklv p_ \ k\hx gq_jlm af_grn
]eihl_ab sh”h ijbjh”b Ijb\h]b ZgZee<lbdhf

<h?ghgzZk \Zjldhg&Zlh sh kp_gZjec ZghfZeec nhjfm}lvky dhg
"hnrz\Zggyf afeg ijhneex ¢ Z[khexlge agZq _ggy f _ljbd \erh[jZ .
\erobe_gv ¢ g_ ]ZjZglmxlv ZgZeh]eqgbo j_ameviZle\ &y \keo
ghkle

<bkgh\d¥ey 8(%$ \ dhjihjZko\jgbhdh\bsZo decqgldki@dipecgZ
ijbrZIgeklv m ijbkmlighkle ~j cnm ih\_7~egdb ~"bk[ZeZQkm I|Z
jerghkPe_i_j I\hj)xaz~"Zgm gZ ihrmd d_jh\Zgh]h dhfijhfekm fe  yd
gy\erkedZgayft\e kdeZ”rgeklx fh™ e

AZijhihgh\Zglme”istthjfZeeam} ih\_"egdh\_ ijhneex\Zggy yd il
oZgeafier_ggiybcfZ}Ivky gZ hkgh\e a\Z eMitd]] h@kddhgdh j Zeesah\Zgz

\ IThfm sh dhgne]mjZp-#E
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Ky jZa « gZaZzZ\ ""b }1Zkiy"[bhZ2xpecgh agmij2bj@dhAZ\ aZ ob[ge Ijb\h]b
g_klZ[eevgeklv kb]gZee\ « gZ~fejgm jhafejgeklv

?dki_jbf_gl gZ-K&68(a dhgljhevh\Zghfggyf ZghfZevgbo ih”ec

iijh~_fhgkljmgZE[sevr \eAgmligbl g nlbdigh]h fkZH~mhdiZzagbdZo
yd \bagZqgZxlv hi dBppkgnkAje"gh a |Z[ebp_x ﬂj}bji*kfl-jagbf
ZegZkldZ ob[ghihablb\gbo kijZpx\Zgv af_grm}lvky a Ah
ihihdm | ] e Ah Z k_j_"g} "h[h\_ﬁg:zaZgIZh_ggy

1ZjZe _evgh <klhlgh agb m}livky kdez”*htkdyyedagheljpjihgiE
dh\h]h ijhklhjm hamZd ashhmkgx\zZgekd¥osr ~ fhgkljm} i_j \Z]m vyd
egkljmf_afl_gr_ggy rmfm 1Z \bje\gx\Zggy ihlhdm Ijby¥hjeligly a[_j_"_
ydhkle \by\e _ggy

l[jbgpbi nhjfm\Zggy *ZIZk_Im < ijh\_~_ggy _dki_jbf oglm g_ ]Zj.
ghl]h _n_dIm 7~ey dhjhldbo \bkhdhjbabdh\bo ~ec Z[h kdeZ”~gbo [Z
gec ljZdlbqggbf ijh~Ah\" _ggyf jh[hlb } i _j \ejdZ f_#hé¢rkpgLEXfprjrec iZe
Z 1Zdh" egl_J]jZpey h[gbkex\Zevgbo h[f_"_gv IZ j_kmjkmbZgZe-slbde\
Jey”e y\8bfeihjh]e\ m nmgdp+€ ijbklhkh\Zghkle sh[ aZ[_ai_qblb \e:
I_j_oe™ \enr dki_jbf_glZevgh]h gZeZrim\Zggy *“h ijhfbkeh\h€ _dkier
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Evolutionary adaptation of DLP policies under concept drift in streaming data

In modern streming DLP systems deployed across cloud and hybrid environments,
fixed policies degrade rapidly due to concept drift. Operators must simultaneously control the
risk-weighted miss cost, limit the falatarm burden, meet latency SLOs, and keep alert
streamsstable under tight memory and compute budgets. These competing objectives are not
adequately balanced by traditional detectors or manual policy tuning.

We present an online evolutionary controller that casts policy adaptation as
constrained multobjectiveoptimization. The method uses a chromosome encoding with drift
aware explorationexploitation switching, an archive of vetted policies for warm starts, a
compact active mixture, and guarded rollbacks for operational safety. On six streams
(synthetic and eal), the controller keeps the integrated cost withit8.8% of the best
EDVHOLQH PHDQ DEVROXWH JDS 8 VXVWDLQV S OD\
rate volatility by 563% while maintaining comparable or lower falgkarm rates.

Two practi@l sensitivities emerge: the drfiate threshold governing the
exploration/exploitation balance, and shdied compute bursts immediately after detected
changes. Warm starts, a compact mixture, and mutdtimlyet guards mitigate these effects
without scrificing responsiveness.

Keywords genetic algorithms, Data Loss Prevention, anomaly detection, concept drift,
cloud security
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[ =Z\j]bexd < F Kljmdh\ > X Maeh
1GL?=JH<:GBEC, AH<:GBC NJ?CF<HJD >EY A:>:Q
G?1?J?J<GH=H IHDJBLLY A =?HF?LJBQGBFB H;F?@?GGYFB

ghlZpey M KklZlle jhalJeygmlh e<gl_]jh\Zg-hzZ & h\iz’gheh]<pe [, gh]h
nj_cf\hjdm 7~ey jhaa®yasnggy i _j j\gh]h ihdjblly a mjZoom\Zggyf ]_h
gbo h[f_ "~ _gv :dimZevgeklv jh[hlb \bagzZqZ}Ilvky rbjhdbf ki_dljhf
az™"Zq ihdjblly \'I| e _dhfmgedZpeyo eh]eklbpe jh[hlhl _ogepe fhgell
1Z ijhklhjhfm ieZgm\Zgge ~_ dgzkhdge*Bkaj "hklZlgefbrq j a kde:
geklv j _Zevgbo ] _hljZneqgbo h[eZkl ¢ ¢ g _h[oes”rgeklv ilbfeam\ZIL
f _Ijb 1hklZzgh\dZ ijh[e_fb ihey]Z} m kl\hj_gge f_Ih~"heh]eqgh]h ie"
ih}Agm\Zlb kdezZ”ges ]_hf_Iljbqgge hi_jZp<Epeh{devm"imjbfta gl

e _dimZevge ijh]lJghage fh® _ees "ey ie"\bs _ggy _n_dlb\ghkle h[gbke
AT ggy } nhjfm\Zggy }*bgh]lh Je[jb”rgh]h nj_cf\hjdm ydbc «gl_]jm}
1z f_f _Ibgge f_Ih”b hilbfeaZpe€ a g_cjhf_j-fhAbéyfV XNBLEROIDWH
hjelglh\Zghx Zjoel _dimjhx egnhjfZpecgh€ kbkl _fb AZijEihgh\Zg- f
xlv jhch\e [Z \hexpecge Ze]hjblfb Z~Zilb\ge rljZnge f dZgeafb g_
kbfZpecge fh™ _ee |Z dhf[egh\Zge i**0oh”b “h hpegdb iehse ihdjblly
AT ggy ij_"klghem \b]Jey”e dhgp_ilmZevgh]h ihje\gyggy f n_dlb\ghkl
ihg _gle\ nj_cf\hjdm 1Z €0 kbg _j] _Ibggh]h \ieb\m gZ Ihggesklv ¢ r\b”"
pe€ <bkgh\db ierdj_kexxlv ijbrZlIgeklv-riglcifhi\dmh}h $FZkrlZz

gbo azZz”Zq ihdjblly 1Z ch]htaglilgpe&erh]lh jha\bldm m gZijyfe "bgzZf:
l1Z [Z]Zlhdjbl_jeZevgbo ihklZgh\hd

Dexgh\e keghliZj _j\g_ ihdjblly ijhklhjh\_ fh~_ex\ZggywZprgh\Z hilb:
f f Ibgqge Ze]hjblfb rimqgbc eglZjotdldi@djz

<kIlmiAZ~"Zges hilbfZevghlh ]J]hhfihidpéyn gZe "Zlv *h nmg~Zf _glZe
gbo ijh[e_f jhafes _ggy h[f}dle\ m ijbdezZ”~gec fZI _fZlbpe 1Z hi_jZ
AT gge <hgb \bgbdzZxlv m gZcjeaghfZgelgerbo ijbdezZz”"gbo dhgl_dl
\Zggy eh]eklbggbo f_j_~ jhafes_ggy f_"bqggbohtnk®hH\bkgbokp_glje\
gbo IZ | e _dhfmgedZpecgbo sgnjZkljmdIimj ~h ieZgm\Zgdy fZjrjmle\
e\ fhgelhjbg]m ~h\deeey gbMmaXlpeg&Zcgbighklhjh\h]h ZgZeeam \ *
kbkl fZo M \keo pbo \biZz*"dZo jha\fyam}livkytkdghglzZalm\ kmllx aZ
h[if ~ _gm deevdeklv h[f}dke\ EZZH jskimazZ[_ai_gblb fZzdkbfZevgh fh"
hohie _ggy aZ”*"Zgh€ h[eZkle Z[h j_Jehge\ ihiblm a mjZom\Zggyf j_Ze
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| j_oen \enr deZkbqggbo ~bkdj_Igbo fh™_e_c ihdjblliMfd g_i_|
amfhle_gbog*grkix \JZom\Zggy kdezZ*gh€ ]_hf_I|j € h[eZkl_c g
gbo ahg hje}glh\Zgbo « Zgeahljhigbo nhjf ahg h[kemyghh&\Zgg:
g_h~*ghjerghkle ihiblm GZ \e~rfegm \enN e~ Zeeah\Zgbo kZldh\bo
NZqe ihdjblly ijZzpxxl¥evgbfb dzZjlh]jZneqgbfb h[f}dIZfbv ihees]h
gh€ nhjfb |Z dhf[egh\Zgbfb ]_hf_Ijbggbfb h[f_"_ggyfb d_ ijba
g_9gg9gy g_lezZz~rdbo [Z]ZIh_dkdpbkK&eWgevagh hhjh]bo peevh\bo nmg
eklhlgh h[f_"m} ijb*"ZIbpekglvodleZkigbo [Z dhf[egZlhjgbo f_Ih"e\

M gbape ijbdeZ~gbo kn_j ahdj_fZ \ eh]eklbpe |Z Ijagkihjle
\Zggyo jh[hlhl_ogepe [_a”jhlh\bo k_gkhjgbo f_j "Zo 1Z kbkl_f
[dh\e \bfh]b \bkm\ZxlIvky ~h klecdhkle 1Z f&kr|Zf\ X5 heb & bfftb" }
g_ ebr_ fzZzdkbfZevgZ iehsZ ihdjblly Z ¢ mjZom\Zggy ahg jbabc
kle gz~fejghkle |Z \e~Afh\hklecdhkle GZijbdeZ” m eh]eklbggbo |
egl_jij_Im\Zlbky yd “hky geklv dee}gle\ a h[f_"_gg¥fh[bEh qZkh
gbo az"zZy& @Z[_ai_q_ggy kihkl_j "~ ggy Z[h dhgljhex Ihjblhjec
afes_ggy aZkh[e\ m i_\gbo ahgZeyadn ]ihhdhH\Dgep\er\erZ\Zggy |
gm\Zggy “eeyghd azZ azZz"Zgbc gZk -nydkilgkgtigbo " isdgeklv k
j_"_gv ea mjZom\zggyf h[f_"_gbo _g_jl_Ibggbo j_kmjke\

lh}*r"gZggy kdezZ”~gh€ ]_hf_Ilje€ [Z]Zlh\bfejgbo ijhklhje\ iZjz
\Zjlhkle h[gbke_ggy peevh\h€ nmgdpe+€ ijbjhrgh2_Yybkib gadlol h k
ieroh”e\ gZkZfi_j_"™ jhchhNbgpghd fZé]lhjblfe\ <hgb ~h[j_ ijbklhkh
leh[Zevgh]h ihrmdm \ g_j_]meyjgboheyxylvr hnjliZzfont¥Zi¥ba\bkhdhyd-e
gZ[eb  _ge jha\fyadb 1zf ~_ kljh]e hilbfeaZpecges f_Ih"bZklZxIv |
e_evgh a pbf Zdlb\gh jha\tfZxlvlylgogheh]s€ yde fh mlv \bkl
kmjh]zlgbfb fh~_eyfb ey gZ[eb _ggy peevh\h€ nmgdpe-€ Z |zZd
fZlIbgghlh gZeZrim\Zggy rljZngbo nmgdpec m azZ”~ZqZo a h[f_"
eklhlg_ ijbkdhj_ggy h[gbke_gv « i**\bs_ggy klZ[eevghkle ihrmdr

G_ f_gr \Zeb\hx } g _g_jgZ kdez~h\zZ ~ey Ih]h shd fzl_fz
jblly i_j_I\hjbebky gZ ijZzdlbggh dhjbkge egkljmf_glb ihlje[ge k
fZpecge |_ogheh]e€ a”Zlge «gl_]jm\ZIlb ]_hf_Iljbgge Mmfoielke gg)
g_cjhf_j_ "dh€fihg_glb IZ «gl_jn_ckb ~h A" _j_ e ijhklhjdkN\EggyZgbo
nhjfZevgbo i**oh”e\ "h ijh}dIm\Zggy Zjoel-djn}gdh\adogdy] ¥ zf h8'0 /
ex\Zggy 7z} afhlm ih[m~Am\ZIb fh*mevge fZkrlZ[h\Zge thbkl_fb
\ZIb jeage f_Ih”b hpidgidldgdy Ze]hjblfb hilbfeazZp-£€

M pec klZlle jhaley”rZ}Ivky «dEZahhk¥gdblecn$, cf\hjd ~ey azZ”Zq
j_j\gh]h ihdjblly a ]_hf_ljbggbfb h[f_"_ggyfb ydbc ih}*gm} jh
f_Ih~b hilbfeazZpe+€ g_cjhf_j_~ _\e ieroh” b ék\kgoph|ZIgRhhilbhgbo
rljZngbo nmgdpec Z lAgllglh0Zg_ xhZ2ggy Zjoel_dIlmjb egnhjfZpe
kbkl_fb F_Ihx jh[hlb } mazZ]Zevgblb gbadm <kgmxgbo i**oh?"e
jZfpe ihdZaZlb €ogx \azZ}kleYbb Ifh redbj\hkle ijZdlbggh]lygyaXklhkn
aZ"ZqZo eh]eklbdb Wbihjhgjhhblkl_ogedb k_gkhjgbo f_j_~ 1Z fhe
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kI\hjxxgb hkgh\m ~ey ih~"Zevrbo “hkes”” _gv m ~bgzZfeqglo « [Z]ZIh
lZgh\dZo azZz”*Zq ihdjblly

:gZeca el _jZImjgb®eZkpagages ihklZgh\db a ZNdr] HdidlK k f Z
[meb knhjfmevh\zZge \ *bkdj_Ilghfm \b]Jey”e yd aZ”ZqZ jhiafes_ggy h
azZpe€ ihdjblly IThghd ihiblm m jh[hle > @ "_\\h”ylvky [Zah\e ihgyl|
JjZ"emkZ ihdjblly 1h~rZevrbc jha\blhd _ij\m\bd Mhjgmex\z gwdbo
h[ezklv ihdjblly jhaley”Z}Ivky yd i*~"fgh 'bgZ _\dees” h\hph ijhklhjm
]Jhim\zZggy fh ' mlv afegx\ZIlb iheh  _ggy 1Z <gre iZjzZf_Kbjd g_i_j_j\g
MaZ]Zevg_gbc hley™ fh”_e_c [_ai_j_j\gh]lh fZzdkbfZevgh]h ihdjbll
|Zggyfbhjfmex\Zggy deZkbnedZp+€ |Z h[gbkex\Zevgh€ kdeZ”gh
jh[hle > @ ~_ ierdj_kex}lvky \Z eb\eklv i_j_oh”m ~h ]_hf_Iljbggh
e_c

Kmqgzkge “hkee”" _ggy ahk_j_~"_ge gZ azZz”~ZqZo ihdjblly ae kd
h[ezZkle 1Z ahg h[keyw]Mimhgge > @ aZijhihgh\Zgh ie”*0oe” gZ hkgh\e
gq_ggh€ hilbfeaZpe+€ ey azZ”Zq [_ai_j_j\gh]lh ihdjblly & ihdjblly ~
gZxlvky yd ie~fgh bgb _\dee<”h\h]h ijhklhjm a g_kdegqg_bghx deevd
dZazZgh sh IZdbc i*”o" VAhld\hegye[mm b ~ey qZklbgbZ_ai_j_j\gb
NZqgq ihdjblly Jhih@b jha\b\ZxlvigexgpbdhjbklZggy ijh]jZfgbo aZkh[e
h[gbkex\Zevgh€ ]_hf_I|js®2eyyfaZ”"&q iZdm\Zggy 1Z ihdjblly nhjfz
g_i_j_j\gbo fhr_e _c¢ fZdkbfZevgh]hhehdpabyg d¥ €o\bdhjbklZggyf g_c¢
gecgh€ hilbfeaZpe€ Ahdj_fZ m > @ jhaley”Zxlvky fH"_ees a "h\e
kem]h\m\Zggy j_l*hgZevghx g_h”ghje~rgeklix ihiblm 1Z aZ[hjhg_gb
[eb Z} fZZIbqge ihklZgh\db ~"h j_Zevgbo kpggZj*€\ aZklhkm\Zz

AZ]lZehf pe jh[hlb ~_fhgkljmxlv sh g_i_j_j\ge aZ”~Zqge ihdjblly
]_hf_lje}x 1Z kdez”gbfb h[f_"_ggyfb aZebrzxlvky h[gbkex\Zevgh kd
ydsh \bdhjbklh\mxlvky ijhkmgmle f Ih”*b gZie\g_kdegq_digh€ hilbfea
\Zges ]_hbglge Ze]lhjblfb P_ fhib\m} Zdlb\g_ aZklhkm\Zghgy f_1Z_\jb
Ne\' a”Zlgbo ijZpx\Zlb a g_lez~rdbfb [Z]ZIh_dklj_fZgbgbdb peevh)
lZzdh™ ihlj_[m \ egnhjfZpecgbo I_ogheh]eyo yde ieMl]jpdoqxbbo «gl_]jZp
|Z hilbfeaZpecgbo dglhfihg

M azZz”"ZqZo g_i_j_j\gh]h ihdjblly peevh\Z nmgdpey aZa\bqZc f:
gbke_gge ehdZevge fZdkbfmfb iezZlh g_lez~de ~"eeygdb kijbql
h[T1}*gZggyf ] _hf_ljbggbo h[ezZkl_c M IZdbo mfh\Zo jh&h\e |1Z _\he
Ibdb ijbjh*"glohé¢ylv *ey ihrmdm gZ[eb  _gbo hilbfmfe\ H~"gbf ea [Zal
} hilbfeaZpey jh}f gqZklbghd 362 aZijhihgh\ZgZ m > @ sh aZ[_a
geaf [ZeZgkm\Zggy fe ~hkee"ZAhmeiix caZll’kydm ih}*gZggx *g_jpecgh
jmom 3hkh[bklh]hlZh3khrpmBiéh ijbly]Zggy” 1grbc jhch\bc Ze]hjblf )
6FKRRO 6HDUFK )66 fh~_ex} dhe_dlb\gm ih\_~egdm jb[gh€ a]jZ:
*g”"b\e"mzZevgh]h egklbgdlib\gh]h « dhe_dIb\gh]h jmoe\ [*h[j_ ijZpx
f_"_gbo kihjZzo >S@ h~gbfrbh_gbf ijbjhjr}glh\Zgbf f_Ih~hf ydbc
ithdZzaz\ _n_dlb\geklv m aZz”~"ZgqZo g_i_j _j\gh€ hilbfeaZpe€ } Ze]hjk
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$OJRULWKP )$ azijhihgh\Zgbc m > @ )$ fh™_ex} ijbly]Zggy
°gl_gkb\ghkle ©k\eleggy? shqg\edgk\peyR\OEZ Mmgapij®lylZggy
\bagZqZ}lvky iZjzf_Iljhf ih]ebgZggy ydbc dhgljhex} jZ"emk "e€

Rbjhdh "hkee~” _gbf } Zelhjblf rimggbo [*'*e $UWLILFLDO
jhaley”"Z} ihimeypex jer_gv yd [* " hebgm Ahletkgekgmagd b édidng ZgZ
gyf ehdZevgh]lh ihrmdm aZcgylbo [* e ¢ ]Jeh[Zevgh€ jha\«~dDb
gbpyfb > @ Hl]ey® kmgzZkgbo fh*bnedZpec $%& \dexfilgh a z~
|1Z f_oZgeafZfb ehdZevgh]h \*hkdhgZe_ggy ih”"Zgho\ maZd]Zevg
"dj_kex}lvky _n_dlb\geklv Zelhjblfm \ aZz*~ZqZo g_i_j_j\@h€ hil
gbo azZz”~"ZqZo > @

Hdj_fbc gZijyf ih\fyaZgbc a f_f_Ibqggbfb Ze]hjblfZflh m ydrk
ch\bc Z[h _\hexpecgbc ihrmd ih}*gm}lvky a ehdZevgbég' | jfeg
gyf M > @ kbkl_fZlbah\Zgh i«*oh”b ~h f_f_Ibggbo f_hh"e\ |Z
r_ gh sh €ogy _n_dlb\geklv agZqgh ajhklz} \ az~ZqzZohl_ \Z e
jer_ggy i*key ]jm[h]h ]Jeh[Zevgh]h ihrmdm M jh[hle > @ aZijhi
]hjblb ey g_i_j_j\gh€ hilbfeaZp+s€ gZ hkgh\e 3eZgpx]e\hehdZev
al\heyxlv Jgmgdh gZeZrlh\m\ZIb Jeb[bgm IZ gZklhlm ehdZevgh€
]*y } hkh[eb\h i_jki_dIb\ghx ey ]_hf_ljbggbo aZz”~Zq ihdjblly *
\eNih\erZaZoh”" _ggy i_jki_dlb\gbo dhgne]mjZpec Z ehdZevghbc
%)*6 aZ lhhgjZzpx\Zggy iheh _gv ¢ hje}glZpec h[f}dIe\ ihdjblly

<bkhdZ h[gbkex\ZevgZ \Zjleklv hpegx\Zggy iehse ihdjblly r
ghx ]_hf_Ije}x jh[blv “hpeevgbdtkdhjbllilfydoo fh”_e_ c "dhe*dbkbqg-
"h VXUURJIDaXHZggy ahdj_fZ gZ hkgh\e Dje]leg]Z Dbh2pegtflZevg
jZ"eZevgbo [Zabkgbo nmgdpec \bdeZ”_gh \ fhghl]jZne€ > @
ih[m~"h\b gZ[eb  _gbo fh”_e ¢ peevhtba\heyydp & m hhghehb Ikbd
deevdeklv *hjh]bo h[gbke_gv

KmqgzZkge | _g”_gp*€ afesmxGAKyYH Qed\BdXWEcgh€ hillbbfeazZpse
1ZIb [m"mxlvky ea aZemq_ggyf Jeb[hdbo g_cjhggbo f_j_~ M jh
ih}*gZggy _\hexpecgbo ZeZlgjbflse\\d@xggh a Zdlb\gbf g&Z\gZggy
Ib\gbf \b[hjhf IThghd “"ey mlhgg_ggy fh”_ee Hkh[eb\bdlygl_j_k
fZxlv Zjoel_dImjb '"HHS 6HWYV > @ yde aZ[_ai_gmxlv eg\Zje.
_e_f_gle\ p_ “ha\hey} dhj_dlghhipgiEx\B[f}dlfgihdjblly afeggh’
jhafejm sh ijbjh~rgh \e~rih\eZdyd hkg neK Mjje\ Z[h ahg h[kem]h\m\Zg

Neabdgnhjfh\Zge g _cjhgge f_j-Inform8dKN¥uLeF Metworks, PINNS),
aZijhihgh\Zge m > @ ~_fhgkljmxlv ie?o® "h idhbiriglkl ZogZe-
ea "Zgbfb ey ih[m/Mm\ [&Vgbo fh” _e ¢ ohqgZ i_jydkyBgehgl hj
"bn_j_gpeZevge je\gyggy aZ]ZevgZ <*_y } i_jki_dlb\ghx « "ey
fh gZ \jZoh\m\ZIb \e~Ahfe kljmdImjge \eZklb\hkle ihdijhllityhnM kmd
jfmxlv i*"%jmgly ey aZklhkm\Zggy g_cjh&knpioeo rlgZrghgg
nmgdpec m azZ”ZqZo g _dbjly\gh]lh ih

M [eevrhkle kmgzZkgbo aZklhkm\Zgv azZ”~Zqe ihdjbllyf j_ Zesa
ie_dkgbo sgnhjfZpecgbo kbkl_f sh ijjhpkkbvredy ijhkdBEfb "Zgbo
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kK _j\ekzZfb fh" _ex\Zggy |Z \eamZecaZp+*€ <Z eb\hx kdeZ”h\hx } \bd
le\ fh~_ex\Zggy ijhljzfgbo kbkl_f ahdj_fz 80/ ydbc j_jlezf_glm} t
gbo ¢ ih\_7~egdh\bo Zki_dle\ ZjoelidVawjb ~ha@hef@Emoh \baAagZq
Ib fh*mees ]_hf_Ijbggbo h[gbke_gv hilbfeaZpecge dhfihg_glb g_cj
| fb Z 1Zdh" <gl_jn_ckb a *,6 k_j\ekZfb \eamZeecaZp+s€hlZ ah\gerge
"meyfb

A | _ogeqgh]lh [hdm ijZdlbggZ j_Ze+saZpey g_i_j dNglgh fhr_e _c
kKibjz}Ivky gZ [*[eehl_db h[gbkex\Zevgh€ ]_hf_lje€ ahdh_fzZ 6KDSH
[b jh[hlb a ijhklhjh\bfb ~Zgbfb Ibim *HR[ZPIQIGOH Ny *FYWKRQ P _
"halhey} \bdhgm\ZIlb Ihqge hi_jZpe€ gZ”™ [Z]ZIhdmIgbdZfb 1Z +grb
h[fdlzfb e<gl_]jm\ZIb ihdjblly a j_HEwghpdbfdzjdgbfb 1Z ijh\h” blb
ijhklhjh\bc ZgZe-a

Shrh azZklhkm\Zgv az”~Zqe ihdjblly } dexqh\bfb ~ey [_a”jhlh\b
j_> ~_ hilbfeazZpey jhafes_ggy \maee\ kijyfh\ZgZ gZ ad[_ai_q_gagy
jbllya\fyaghkle 1Z g jlh_n_dlb\ghkle > @ M jh[hlhl nogepe ihdjk
}vky "ey iezZgm\zZggy ljzZ}dlhjec jh[hle\jBEN [kt Zjllgg¥nm\Zggy
egki_dpe+€ 1Z k_j\ekgh]h h[kem]h\m\ZIggyahHBYHU &I URERWLFV
\ > @knMje [saygXKeeslbdb 1Z \b[hjm fekpv jhalZrm\Zggy W[f}dle\ k_j\
\mxlvky fh~_ee fZdkbfZevgh]h ihdjblly a mjZom\zZggyf ihiblm 1jZg
ghkle 1Z h[f_"_gv k_j_"h\bszZ > @

ljb fhgelhjbg]m ~h\deeey 1Z gZ"a\bqgZcgbo kbhNimglpdZxd¥"Zqge ih
ijb ijh}dIm\zZgge kbkl_f fhgelhjbg]lm ih"_~ azZ[jm~g_gv |_ogh]_ggb
g_h[oe*gh aZ[_ai_qblb gzZz~ecg_ ihdjblly I_jblhjec k_gklgjgbfb f_j_
gyf fh eb\bo \e~Afh\ |1Z fgh 'bggbo jbabde\ M IZdbo kpbrgZjeyo \Z e
"hKy_ggy fZdkbfZevgh€ iehse ihdljlalilyg )y gAanfejghkle klecdhkle
ijZzp_a~zZlghkle kbkl_fb \ mfh\Zo gzZkldh\bo \e~Afh\ P_ fm*"¥Zldh\h ie”"
egl_J]jh\zZgbo nj_cf\hjdZo vyde ih}*gmxlv f_Ih”b hilbfeaZpe€ g_cjhf
le\ » niZjévgbo Zjoel_dImjgbo jer_gv ey ih[m~h\b fZkrl4[h\Zgbo g.
fZpecgbo | _ogheh]ec

NhjfZevgZ ihklZgh\d@_azj"49Z az~"ZqzZ fzdkbfzZevgh]lh ihdjblly
fmex}lvky 1Zdbf gbghf AZ~ZgZz dhfizdRyZ yfdyh "ih gZk | E hd k1 X
h[ezZzklv sh is?ey]zZ} ihdjblIx: £hhf [Ipep\eevghx [Z]Zlhdmlgbdhf
fgh bghx a hl\hjzfb g_j_]meyjghx h[eZklx Z[h dhf[egZpe}x ijhklbo
njZ]f_gle\ G_oZc az”"Zghhfi§dlo\gimhdjbSly.,S, *_ dh gbc h[T}dlI
S - R } dhfizdlghx fgh bghx nedkh\Zgh€ nhjfb 1Z jhafejs\ _esik i
iheelhg kdez”gbbsh[f}dl I

lheh” _ggy dh gh]h 31[\ﬂ}ijthIquR2 \bagzqz}lvky izjzf_1pZfb jhaf
s_ggp (%,Y,,) sh az~rzxlvky \_dlhjhf (¥,209kEdcdm€nhf ih\hjhIm
T {0.2%
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AZnsdkm}fh iheh  _ggy h[eZkl*RihdaEN¥\rb €€ iZjZfeljb jha
s_ggp, (0,0,0) lekey ljZzgknhjfZpe€ ljZgkeype+€ [ZSihAhjhthm h[T]
}fh izjzf_ljbah\Zgb§(D9}dl
Knhjfm}fh kdezZz~gbc izZjZfcIpj§hdEgsh gZa\_fh dhgrme]mjZp-
jblly

(D) :(0) i"ﬁ(p), 1)

AP (P Br) O Y T X % T
lehsZ dhgne]lmjZpe+€ ihdjblly \bagZqZ}lvky ¥a:i@hsaz i_j_|I
h[1}7gZggyf ljZgknhjfh\ZgHoph [i dlsh:

F(p) P (p area :(0) i”ls-»( P)fc;- @

Nmgdpo(p) } g_JezZz*dhx fh _ fZlb jhajb\b 1Z jeadm afegm ]jZ
db aZe_"blv \e~ ] _hf_ljllbgggboe igdkldh\bo gZdezZ”~Zgv
F_lhx hilbfeaZpe+€ } fZdkbfeaZpey p*e}€ nmgdp-£€
maxF (p),
pew

NW-fgh ' bgzZ “himklbfbo iZjzZf_lje\ jhafes_ggy ihdjb\Zxgbo h[f}d
MdzZ" fh ~ _yde gZcihrbj_gere h[f_~ _ggy g& igig¥finghgbjzaf
gbo h[f}WLs\G_oZc azZ@ghhjhg_gbd,ahly, Z * R yde \bagZqZxlv
h[eZkle \ ydbo g_ fh gZ jhalZrh\m\Zlb p_ghmh[fndbeihEdleyd

kzfbfb h[f}dIZfb
NhjfZevgh fZ}fh
(x,¥)<Z i L..n,j L.k (3)

Lzde h[f_"_ggy } kmlI}\bf m kp_gZjeyo dheb \bfzZ]Z}Ivky |
ithaz g_[_ai_qgbfb ahgzfb \klZgh\le_ggy [ZahWibd kilhggtb ihaZz
jhafes ggy fh[eevgbo imgdle\ \ [ _ai_qgbf@Zdvigmyom ihlo izedlgg-

>ey aZklhkm\zggy f_IZ_-\HpRiplth\IZgBo f_Ih" e\ gZkh\mXxddhjbkl
rljzng_ ij_"klz\eyggyi_j_\h~blv aZz*Zgm mfh\gh€ hilbfeazZpe€ \
fm

max F (p) B(p). (4)
A UQrljZngbadh_nepe}gl Z rljZngm(pmagdipzxih yd

n k
P(p) ! 'max 0Z, (.y) .

ilj1
M ihr"Zevrhfm ~himklbfh azZfegx\Zlb "hjEfd«lbNjdgnbggdZjhgge
hpegdb rljZne\ ijh}dpecges hi_jZlhjb dhf[egh\Zge ko_fb
Hkh[eb\hkle azZ”Zq- |1Z kdezZ”rghse hilbfeaZpe€ \bgbdZxl
ijbjh~"mli_jzZp+€ h[f}"*gZggy * i_j _Ibgm fgh bg fZxlv \bkhdm h[q
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geklv hkh[eb\hyiljdz6 & khlgyo G JleZN\dklvalz_§x]j fZevgeklv
nmgdpe€ ih\yazZgjZdaagghashrm\zZggy h[f}dle\ fh mlv *"Z\ZIb ijb]
hrgzdh\_ ihdplkgdsnxlv dhf[egZpecgZpdthgne]rmhT}dlb gZdezZ*Zxlvky Z
©jhaoh”ylvkya gZ hdglhbfe k_]

Deevdeklv afeggbo az”Zq<3n shhjh\gdy €€ gzZz~kdezZ”ghx \ " _ ijl
n>20.

HilbfZevgbc jha\fyahd azZz~Zq- aZe_ "blv yd \e«~ dBhjrbgZl I
dh™ \er \azZ}fgbo gZdez”"ZpVeZkhihéhpdto ijbgbg m ih"Zehwrbo jha”ee
aley"Zxlvky jhch\e 1Z \hexpecge f Ih”*b Jeh[Zevgh]h ihrmdm f_f_
ehdZevgbfb hilbfeaZlhjzZfb kmjh]zlg_ fh~_ex\Zggy nAmgdpe<€ il
hjelglh\ZgZ Zjoel _dimjzZ "ey fh*"mevfph€ | ZeecaZp+€ kbkl

F_1Z _\jbklbqgge Ze]lhjblfb hilB#aZp2€g _i_j _j\gh]lh ihdjblly o0Zjz
| jbam}lvky \bkhdhx jhafejgekIx ijhklhjm izZjzf_Ijs\ g_lezZ*dhx « [Z
ghx peevh\hx nmgdpe}x kdeZ~gbfb ] _hf_ljbqgbfb hi_jdyeyfb i_j_|I
ljZgknhjfZpe€ h[fddd2\y\geklx aZ[hjhg _gbo ahg M IZdbg mfh\Zo de
fegh\Zge f Ih~b sh [ZamxIlvky gZ ]jZ”s}glgec egnhjfZpe€ Z[h j_]n
nmgdpe€ \ljZqZxlv _n_dlb\geklv AgZqgh djZse j_amevlZlb ~ fhgk
f 1Z _\jbklbdb a”zZlgeb\Rdhpae\wgbc ihrmd m kdezZ”~gbo ]hhf_Iljbggbo
jZo

Dexgh\hx hkh[eb\eklx \bdhjbklZggy jhch\bo Ze]hjblfe\ m azZ"Zq
|  sdh” _g Z] _gl Ze]lhjblfm ij_"~klZ\ey} ih\gm dhgnelmjZpex h[f}dls
lh[lh \_dlhj izZjzfp I{®,...P,) & Y% h.,...%X,Y,,] ydbc \bagzZfZz} ihe
" ggy IZ hje}lglZpex \keo h[}dIe\

LZdbf gbgimfo Z] _gle\ m ijhklhje jer_gv \e”rih\e~rZ} ] hf _Iljbqgec |
kljmdImjb ihdjPlly~ha\hey} gl _jij_Im\Zlb iZjZdbldbgf lk&br\jb\
Z[kljzdlighfm ihrmdh\hfmfko fHkeafd v¥d jm\Zdgy X ihfljblly

Gb 'qg_ jhaleygmlh hkgh\ge ihimeypecge Ze]lhjblfb 1Z €o0g-
cgl_jijzd-€

Particle Swarm Optimization (PS@j]. M 362 dh 'gZ gqZklbgdZ p_ ih\gZ dhgne
pey ihdjblly R\b”deklv qZklbgdb \bagZdkdbhghydkdgé&adpfnz{jvky
h[f1}dB(p), i L...,n.<_ebde dhfihg_glb r\b~rdhkle ijba\h”?ylv ~h agZqg
fes_gv IZ ih\hphlfeZeshieZz\gh€ klZ[sevgh€ i_j_ [mHRohigAjbIly
jZf_ljb 362 fZxlv gqeldbc ]_hf_ljdgglhreadbokh«phr \dlagZqZ} <g_
pex dhgnelmjZp+s€ \ _ebde agZq_ggy ijba\h”?ylv "h a[_j_ "~ _ggy gZij)
jeadh€ i_j_[mhhdblbDgbc dh_hepihiolrZ} aZ ehdZevges dhjhdpe<€ h[T}d
djblly gZ hkgh\e \eZkgbo \"Zetprdkehbcgah Knyghlgli} dhmne]
jZpex "h |+}€ sh #cdefh gébhpm ihdijBEdBf gbghf 363etY[}Zedgbc
f_ ozgeaf i_h\hmke}€ kbkl_fb jhafeZzZ\ghyZ[h jeadh Z*"Zilmxgb kljmd]
azZe_"gh \en iZjzZf _Ije\

Fish School Search (FSB]. M )66 dh gZ IjddBE" } dhgne]lmjdjpd}x ih
Lib hkgh\ge hi_jZlhjb fZxlv ]_hf_Iljbqbg”bésiiddegd®ch)jmc}
16€
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ehdZevghfm akm\m [Z h[_jlZggx _e_f_gle\ ihdjbllgah[lhe\g_\_e
jhafes_ggy (%, Y,,)) 1gklbgdlb\gbcZt@pkaj_"g_ggy mkiergbo afeg
AhljZz Z2halh”” _gm i_j_ [m”~h\m jhafes kgpwfhh[AgoledZ a[eedr _ggy
jblly \Z eb\bo "eeygh®hdedkdtg klbkdZggy j\tbard4 qdhy yZ4
ljZgknhjfZpharbj_ggy ijba\h”blv ~“h Zdlb\gh Jhhhd 4 hd gpdoyo
dhgnelmjZkibkdZggy "h nedkZp+€ i_jki_dlb\gh€)b6ihetipby® ihdjb
gh Z~Zilb\gbf ~h kdeZ~gbo ]_hf eR*tZhd&¥%kdhkle aZz[hjhg_gbo ah

Firefly Algorithm (FA)[9]. M )$ e<gl_gkb\gekdgyk\e] gle\ \enrih\enrZ} el
ihdjblly :elhjblf fZ} qgeldm e«glijbilly]lZpgyx “h ykdjZ\bo Z]o_gle\ \e
NZ} jmom ~h dhgnelmjZpec a djZsbf jhalZkog\wwddanjzth[I]hdli\
Zelhjblfe } iZjzf_Ij ihléebgBAbgyZdqdre "WE Njbggbo IjZgknhjfZpec
FzZe Jijba\h”"blvi*he dbo kljb[de\hjmihjhjlbllBx _ebd- *h*je[gh£
lhgdh\h€ dhj_dpe<€ iheh  _gv « hjy$gtapjc ihEppd-abfiineX &vg
fb ] _hf_ljeyfb Ze_ihddhm}gkheZrim\Zggy iZjZf _lje\

Artificial Bee Colony (ABCJ10]. Ljb Ibib [~ ee \bagZqgZxlv jeagedpzEi dlb
ihdjbllIWZcgyle [fdhegbdjhexxlv ehdZevge » nhjfZpe€hdhgndlmjZpe
NZ} lhqdh\bf afejgZbd h[T}HiNk]_je]¥ddih\erZevge aZ \IFbjogZcdj
dhgnelmjZpec ¢ "je[ge fh bnedZp+€ hpiglZvelepinckeh [dDfvedi
gmxlv ih\gbc i_j aZimkd qgZklbgb ihigng¥pe-§ gl\bm ] hf ljbqgc
kljmdImj ihdjbdhy \Z eb\hkigbZ~"gbo h[f_"$&gy 0" _fhgkljm} kbevg
a”zZlgeklv "h ihrmdm gh\bo dhgnelmjZpec |IZ ih"heZggy ehdZevg

Rbjhdbc ki_dlj ih\_~egdh\bo f_oZgeafe\ jeagbo f_IZ-\jbklbc
jeaghfm \az}fh”reylb a ] _hf _Ilje}x ihdjblly

LZ[ebpy mazZ]BEeqfks \eZklb\hkle dh ghlh i "dhhidNgeVvEngZrZ)
0Zjzdl_jbklbdm jhch\bo Ze]hjblfs\ m g i j j\gbo adbHgZo fzdkt
LZ[ebpy
_ Kledeklv| Hjsglh\g]
celhjbl| =€hevall o izevg ydekivdl|R\brdek| Hkh[eb\hk
ihrmd .
fogefmfe| jblly
R\bAdZ ~ag[ K
PSO <bkhdz |K_j ~gy [:zah\z |<bkdz |jbabd \IjZIh
ghfzgy
ANZilb\geklv
FSS <bkhdZ |<bkhdZ |<bsZ az |K_jrgy |kdez~gh€ Ij
hleZkls
. Qmleb\eklv Z
: - lh*e[gZ |K_i"gy¥ | T
FA K_j*gy K_j_"gy PSO gbavdz giﬂjjz ih]ey
F_oZgeafb Z
ABC K_j"gy [<bkhdz ;S—OSh\bS Gbal Z {g‘;‘fjAm‘fJaZhser“hf
fogetie\
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F_f Ibgge Je[jb*"ge Z&Sh@IfbGZ \e~rfegm \er ©gbklbo? jhch\b
_\hexpecgbo f_Ih”e\ f_f Ibggbc itébtZewvglbdjrklhozZklbggbc ihrmd
(PSO, FSS, A& Z[h _\hexpecge Zehubéfbgm hilb {BRE) Neldet
OHDG 3RZHOO Ilhsh

EhdZevgZ hilbfeaZpey \bdhjbglh\gkbl\yc yitheyndh\_~_ggy i
jki_dlb\gbo jer_gv Ih”e yd jhch\bc f_Ih” ijh~h\"m} "hkeZ”" _ggy ijh
evghfm je\ge*ZR deevdZ \Z eb\bo _n_dhdglh]ihjfr Ijblgg_g3~h\_~_
gy’ jer_gkhdzZevge f_Ih”b [_aihk_j _~gvh ijZpxxlv a izZjzf_ljZfb jhal
hje}glZpe+€ h[T}dIl«\ph@aghllg) X % T,.%.¥%,T.<hgb “hsthe
lhggh ihabpehgm\ZIib h[qdNZIbfege{Z Zge i_j _djblly imdjZsm\ZIb
AN ggy a f_"Zfb h[ezZkle dhjb]m\ZIb ihjmr_ggy h[f_~_ghv Lh[lh ]e
jblf 3gzlhez}” dhgnelmjZpex "h "h[j_ ihdjblh€ ahgb Z ehdZevgbc ihc

I ~jm]_ \boe” ea ehdZeVigbl\dZklliindb_ Atb[dhgmxlv Yyeh¢Ze
ihrmd Ze_ fh mlv azZkljy]ZIlb ih[ebam ieZlh Z[h kljmdImdjgbo jhajb
pe€ <[m”*h\Zgbc ehdZevgbc hilbfeazZlhj “ha\hey} r\b~dh jhadb”"m
ascrebky gz g_ijzZ\"b\hfm fZdkbfmfe ~hkee”" m\ZIlb dhrkle ]_hf_Ijb
dmlh\e Thgdb f_"e aZ[hjhg_gbdbakgzZ[sie®hb&hv\az]Zevgh]h Ze]lhjblf

Ihlj 1} ijbkdhj_ggy a[*s ghkle Yd aZagZqg_gh m »gh@h dhf[egm)
| ZehdZevgh]h ihrmdm hkh[eb\h m nhjfe ©ehdZevgbo eZgpx]es\2 js
deklM jZpec |Z ihdjZsm} ydeklv jer _gv m kdeZ”gbo g_i_j j\gbo az”.

= _hf_ljbggbc k_gk f_f _Ibggbo Ze]lhjblfe\ meéehdzeNgdjmkids
nhjfm} kljmdImjgh ijZ\bevgm dhgne]mpZexgB[MKMEXX} Bje[ge g
ma]h”" _ghkle agZoh”~btvdmlbfidhnghle\ |hqgge ihabpe€ |IB ihdjZsm}
\geklv i_j_djblly P_ hkh[eb\h dhjbkgh ijb \bdhjbklZgges h[T}dle\
_ecsikb iheelhgb g_kbf_Iljbgge h[eZkle ihdjblly ~_\aZ}fh”ey hje
kiI\hjx} kdez~ge [Z]ZIh_dklj ZBEvge eZg™r

M Z[ebpe gZ\_" g maZzZ]Zevg_ge \eZklb\hkle f f Ibggbo fh”b
Zelhjblfe\

LZ[ebpy
. . Ydekl .l Hlabkexavg .
celhjblf o _gv KlZtevgel \bljZIb Dhf_glZj
PSO + lerbs _gl<bkhdz |G _agZqg-e Kbevgbc [ZeZgk h

BFGS ]h ¢c ehdZevgh]m ih

L] L] N
PSS+ [lunps d>m \bK|Gbavds Klecdsklv ~h kdeR

BFGS - f ljec 1Z atflhgbo a
FA + Ihfejghl, . A - .
BEGS i-’\\b§g‘K—Jﬁgy K_j_"g lheeirm} a[e geklv
?n_dlb\gbc ijb gh
ABC+  llerps d<bkhdz [1hfejge kle qZKIh€ j_egepd
BFGS
r_gv
16¢

ISSN 15629945 (Print)
ISSN 27077977 (Online)



Kbkl fgeoghedl](162 206 ©6\VWHP WHFKQRORJLHV?2

LZdbf gbghf azZ\*ydb ijbjh”*gec ijb”ZIghkle ~h jh[hldp a g_]
lh\Zgbfb 1Z ]_hf_ljbggh kdezZ”gbfb ijhklhjZfb dhgne]mjZpec |l
Zelhjblfb } ihim gbf egkljmf_glhf m az*"Zgdwlly_i2¢gj\gBjEfiHjb
IZ hi_jZlhjb fgxlldm ]_hf_ljbggm egl_jij_IZpex sh ~ha\hey} jha]
hilbfeaZpe€ yd _\hexpecgm i_j _[m~Ah\m kljmdImjb ihdjblly F_
agzZqgh i*"bsmxlv Ihgqgeklv |1Z klZ[eevgeklv jer_gv a[_j*]Zxqgb
h[gbkex\Zevgm kdeZ"g-+klv

G_chf_j_~_\e ie”"oh”b m azZ”"ZqZ&_idjtpgtyf _j_ "o \erekiZxlv de
gh\m jhev m kmgZkgbo f_Ih*"Zo jha\fYfyaZggy aZ~Zq d&eigjay\gh]l
iehse ihdjblly [Z i_j_\ejdZ h[f_"_gv } gZc[eevr \bljZlgbfb dhfih
aZp*€ AjhklzZggysKddZ tjhRIh[eZRles ~h\sevge nhjfb h[T}dIle\ ihd]
ly 1Z gZy\geklv aZ[hjhg_gbo ahg kl\hjxxlv kbImZpex dhgeb dh'g
dpe€ \bfZ]Z} agZqgbo h[gbkex\Zevgbo j_kmjke\ >ey ihhheZgg)
\mxlvky A\ k\lygkgg _cjhf_j_ " _hehlle€g kmjh]zZlg_ fh”_ex\Zggy iehse
I1Z g_cjhdghh\Zge Z*Zilb\ge rljZnge nmgdp-£€

Kmjh]zZlg_ fh”_ex\Zggy iehsHphgdiZllymgdp+€ ihdjblly \'b
\bdhgzZggy hi_jzZpec h[T1}*gZggy I1Z i_j_lbgm kdreB§glya < giAkllib c
j_Zeeamxlvky aZkh[Zfb h[gbkex\Zevgh€ ]_hf_Ilje€ Shgpeljybdez”
lh\Ihj_ggy pbo h[gbke_gv m dh gec ¢l_jZpe+€ jhch\h]lh zZ{h f_f_|I
[blv ijhp_k hilbfeaZpe€ ih\eevgbfrdXZmdEhgh fZk

>ey ijbkdhj_gonwgm}ivky \bdhjbkgh\anhglgr kmjhy]del bZiphdk
fmxlv agZgF@YygZ hkgh\e ihi_j ~geo Ihggbo h[bbkev dgMciZ)dZ f

iZjZf_ljb jhafespg@y,.-.p,) G Y TuX,Y, T ¢ ih\_jlZ} r\brdm hp
gdm ihdjblly

?n_dlb\gzelZjblmjzZz gZ hkgh\<Degpdgptsdhj dlgh ijZpx} b fgh’
gZfb afeggh]h jhafejm 1Z g_ aZe_"blv \e” ihjy*dm h[T}glbe\ “ha
h[f}dl ihdjblly hdj_fh Z ihlef Z]j_Im\ZIlb egnhjfZpex hahif * neg
a[_j*1Z} sg\ZjezZglgjeKdNZGh\ihd 1Z fZkrlZ[m\Zggy h[eZKkle

LZde fh™_ee aZ[_ajbkdihylvggy hpeahd d2aaZ\*ydb i_k] ggx
[*evrhkle \bdebde\ *a 6KDSHO\ m g_cjhi_g@b\ekbw \dghhgngKIb ]e
[Zevge ihrmdb gZ \_ebdbo ahigrewwpalyodeselvaggklor H[gbke v "h

\eN aZ]lZevgh]lhhgdgkeZgm klZ[eevgeklv hikhifeeavdir & mjh]ZligZ
N ev aleZ"" m} g_j_]meyjge njZ]diydypbEpeevh\h€ n

>ey aZ[_ai_qgq_ggy \bkhdh€ Ihqgghkire a bkl h’k ha g bxckje B o « »
gZ jZggeo _|IbZambhp+€ hpegdb \bdhgmxlvky g _cjhkmjh]Zlhf 2zZ ~
r gv ijh\h*blvky mlhgqg_ggy Ihqgbfb ] _nMbljbqgbfb f_Ih”

G cjhgdhjh\zge Z~Zilb\ge rljZngM razdgdm<Eo ihdjbllyga h[f_
gyfb djblbggh \Z eb\h dhgljhex\Zlb ihjmr_gaZ[Hbhogm jharh4th\
\Zlb p_gljb h[f}dls\ m \bagZq_gbo ahgZaogd p«ZkibfZg £ x| vZ prg @ ghrh
\b[hjm dh_nepe}gle\ GZ~Ih fZebc rljZn "himkdZ}bdibjenymggm} Z ¢
ijhp_k hilbfeazZpe€ g_j_a " hjklde ]jZ~<}glb
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<bdhjbklZggy g_cjhggh®y d_jm\Zggy rljZnhf\Mhfz\llbegh Z
ZNZilm\ZIlb rlpZreb "gh \e™ klZgnF ihrmzdmz\qZ}Ivky i_j_ _~[A2qZlb yd a
gZ rljZnm \iebg_ gZ ijh]j_k hilbfeaZpe£€

ljb pvhfm g_fZ} g_h[os”*ghkle jmggh]h iehKdnevikhZfljgn\gZ
nmgdpey kkZBghnZx hilbfeaZpecghl]lh ijhp_km Z g_ ah\gergef nedkh\z
I hf

LZdbc i*”o*” aZ[_ai_gm} [ZeZgk fe ihrmdhf « ~Wlgshzggyf h[
dhgnelmjZpey kbkl_fZlbqgh ihjmrm} h[f_"_ggy Ih f_j_ "B a[sevrm}
Jhjblf aZkljy]Z} m ehdZevghfm ffejgefanigZklidh\h af_grm} wljZn ~hal\l
xgb “hkee”blb gh\e h[ezZkle NzZdlbggh g_ciybgg® dgjm & pim forh
eb\hklydZ kis\\erghkblv agZq_ggy rljZnm ae« kdeZ”™gkklx Ihiheh]«€ I

1gl_]jZpey a jhch\bfblbgghfo Ze]hjblDAfffjegZpey g _cZhkmjh]
le\ o Z~AZilb\gbo rljZne\ kI\hjx} [Z]Zlhje\g_\m Zjoel _dImjm hilbfeaZp:

X jhch\e Zelhjblfb 362 )66 $%4&ehpddnggmxlvimrmjdiklhije
] _hf _ljbggbo izZjzZf Ije\

X g_cjhkmjh]zl azf\bfdgmlZZ*dm hpegdm ihjdjodhyxxdb i
rmd

x f f Ibgge dhfihg _glb ehdZevge hilbfeaZlhjb mlhqggxxlv gZcd
dhgnelmjZp-£€

X g_cjhggbc rljZngbc fh*meNhljjfZgagy} ijhklihjh\bogk[fa
\IjZIb fh eb\hkle "hkee”" m\ZIb gh\s KIg¥l _]+€ jhafes_

LZdZ +gl_]jZpey “"ha\hey} n_dlb\gh ijZpx\Zlb sa afhZqgzfb a *
iZjZf _lje\ a”eckgx\ZIlb hilbfeaZpex gZ g_j _]meyjgbo |IZ mdeZ”~gbo ].
\Zlb \bkhdhydekge dhgne]lmjZpe+e€ gZ\elv m \biZz*"dZo " __lhqgbc jhe
fh eb\MHI _ g _cjhf_j "~ \e | _ogheh]s€ } nmg"Zf_glZmZgdofbdhfihg g
f Ih”~e\ hilbfeaZpe€ azZ”Zq ihdjblly abbabtMnalhelykéx\Zévgm kdeZ
geklwpegx\Zggy peevh\hE\IMMGldpegEh ZMZilm\ZIm dZ2ZlmZo a hf
" ggyfber\bsblb ydekinZ[eevgeklv, I RZkmidZthm\ZIb fh” _ees "h[\_ebdbo h
eZkl _c IZ kdezZz~gbo nhijf

LZdbf gbghf ih}"gZggy g _cjhkmjh]zZle\ Z~Zilb\gbohrljZngbo n
\bo Ze]hjblfe\ nhjfm} _n_dlb\gm gl _e _dimZevgm jZfdm_"ey jha\fy
j\ghlh ihdjbllyemgib& ijhklhjh\bo kp_gZjeyo

UML-hje}glh\Zg_fh”_ex\Zggy Zjoel _dlmjb nj_cf\hjdm ”"ey aZ”"Z
j\gh]lh ihdjbltyey ih[m~h\b gl _]jh\Zgh€ egnhjfZpecgh€ | _ogheh]e«€
azZ™"Zge g_i_j_j\gh]lh ihdjblly ihlje[gZ nhjfZevgZ Zjoel HWflmjZ a”Zlc
ljbgge fh mee+ hilbfeaZpecge Ze]hjblfb g _cjhf_j -~ \e dhfihg_glb Iz
jh\h€ gl _]jZpe€ ?n_dlb\gbf egkljmf_glhf ey hibkm IZdh€ Zjoel ¢
aZ[_ai_gqm} mgenedh\Zg_ \e~h[jZ _ggy kljmdimjgbo « nnbgdpehgZev
kl_fb
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< hkgh\e gZrh]lh ie*"oh"Mm\ZhdeXqhye Zki_dfitb" 88%x\Zgom
gdpehgZevgZ kljmdIimjz kbkl_fb [Z €€ \g@hkaZpyyfhOmhmg¥gB0Hhj
NeZljZfb g_ ihr"Zxlvky m klZIle ]jZneqgehh]ljZd Kl}h€mc aifrlkk 4 eh]edn

NmgdpehgZewmgldnkjl4 kbkl_fb dhgp_ipeMn8g/dp-aD¥élvgZ fh”"_
\bagZqgZ} hkgh\ge kp_gZje€ \azZ}fh”e€ dhjbkim\ZgZ a njhcf\hjdh
ey]Z} m \b”ee_gge* dexgh\bo 7~ec sh hohiexxlv ih\gbc pbde
ihdjby

GZ dhgp_ilmZevghfgapgehgeZemgZ kljmdIimjzZ \debh§lZzRItZde fh

X AZ\ZglZ _ggy ] _hf_lje€ hleZkle ihdjblly | Z aZl[hj
Dhjbkim\zqg fh™_ efihjlm\ZIlb ijhklhjh\e ~Zge m jeagbo ntjfZlZo
khim\zZlb f_Ih”~b ihdjblly \ j_Zevgbo ijhklhjh\bo k_j_~h\bsZo

X Dhgnykmpey iZjZf_lje\ aZ”~Zqge P_ \dexqZ} \b[ej Ibim h[f}d
evdeklv e f _gle\ izZjzf _Ijb ljZgknhjfZpe€ |Z kljmdImjm h[f_~ g

X <b[ej 1Z gZeZrim\Zggy f _Ih m hpegx\Zggy ihdjbllyb Nj_ cf\
dhjbklh\m\zZlb yd r\b~rde ZijhdkbfZpecghqgfelH "tf lIZdgqge Ze]hjbl
sh \Z eb\h ey jeagbo _[Zie\ hilbfeaZpe€

X AZimkd hilbfeaZpecgbo Ze]hjblfe\ Dhjbkim\ZgzZdhgbfio[bjZI!
jhch\bfb f_Ih~rzZfb f_f Ibqgbfb fh*bnedZpeyfb Z[h dhf[s.gh\Zgbf
jhkmjh]zlzfb

X Fhgelhjbg] i_jhlidprheazZpe€ Kbkl _fZ ie~ljbfm} \eamZevg_ \
ihlThgghlh ihdjblly ~bgzZfedb agZq_ggy peevh\h& Zndhgjbkd®dl Z c
ihrmdm

x ?2dkihjl j_amevlzZle\ HilbfZevgZ dhgne]lmjzZpey fh  _h[mlb a
jbklZggy m *,6 m ih"Zevrbd&[jhajego mgddb glm\Zggy

LZdbf gbghf nmgdpehgZevgZzZ ftimgbdye hdjl}kbg}pbde aZ"Zq-
[ ai_gmxqgb ajhamfeebc gl _jn_ck I1Z kljmdImjh\Zgm \azZfh”"ex &
lyfb nj_cf\hjdm

KljmdIimjgz fh”_ev kbkl_fb dhgp_ip*KI&ODIyX fhDI&vDP
agZgZ} \gmljergx hjlj]ZgeaZpex dhfihg_gle\ nj_cf\hjdm €0ge* \aZz
NZevgeklv < hkgh\e ZfoéimdVmple ie"o*” ydbc aZ[_ai_qgim} Jgmgq
jx\Zgeklv « fh eb\eklv aZfegb dhfihly agllde[vegh&feh]edb kbkl_fb

KljmdImjm nj_cf\hjdm fh ' gZ hibkzZlb gq_j_a |Zde i*~kbkl_fb

x =_hf_ljbggZ i**kbkl_fzZ Py ie"kbkl_fZ \e”rih\e~rZ} aZ jh[hl
h[f}dlZfb Ih[lh hibk h[eZkle ihdjblly ij ~klZ\e_ggy aZhhjhg_g!
\Zge h[f}dIlb ihdjblly "h\eevghZpn&jdEZ™ Hi hf_Iljbqgbfb fgh ' bgzZfb
Ibg h[T}*gZggy ih\hjhlb ljZgknhjfZpe€ <hgZ aZ[_ailgqm} g_
gbo h[gbkex\Zevgbo [¢[eehl_d « “halhey} e_]dh ~“h~Z\ZIb gh\e
f_gle\

X lerkbkl _fZ hpegx\Zggy ilhd¢bfhy*me&wesjam} jeage kIjEl _]J*€ h
e_ggy iehse ihdj\pMMy\brdbo keldh\bo ZijhdkbfzZped_tjbdbghgbo ]
Zelhjblfe\ <Z eb\bf }}dbghe€ilZ[kljZdpe€ hphgXXEZmdh]lm ~bgZfeq:
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afegx\zZlb f_Ih” h[gbke_ggy aZe_"gh \e* _1Z%n higlgfrkiZkl£ "hbfh]
Imigbo j_kmjke\

X HilbfeaZpecg_ R~ "pijZevgZ qZklbgZ kbkl_fb sh \delxqZ} ]Jeh[Z¢
\e Zelhjblfb 362 )66 )$ $%& f_f_Ibgqge fhrbnedZp+€ a ehdZe
Z™"Zilb\gbc fh mev rljZngbo nmgdpec g_cjhkmjhpdl iedjhibkdhj_gh:
KljmdIimjgz fh~_ev azZ[_ai_gqm} fh eb\eklv r\brdh€ azfe4b Z[h dhf[
fe\l Z 1Zdh  j_ZeeaZpex iheelbd i_j_fbdzZggy fe ]jm[bfbxZ Ihqgbfb
\Zggy

X K_j\ekge I1Z gl _]jZpecges dhfghg _agdZlefhZiwees ¢fih _dkihjIm
ijhklhjh\bo ~"Zgbo aZzZkh[b \eamZeecaZpe+€ ihbltbldp-£Z apgiZizagyyhil
kp_gZjs€\ P+ dhfihg _glb azZ[_ai_gmxlgekjZdkibkd mibijbhZj Zevgbo
azZ™Zq

LZdbf gb@NL-hje}glh\Zg_ fh” _ex\Zggy “ha\hey} nhjfZevgh \bag
oel_dimjm]jplg\Zgh€ kbkl_fb "ey aZz”~Zq g_i_j_j\gh]h ihdjlxlly g_ ihlj
g_9ggy kzfbenr8BDYjzf \ I_dkl klZIle

NmgdpehgZevgZ kljmdIimjZ hdj_kex} kp_gZj*€ jh[hlb nj_cf\hjd
fhr _ev \azZ}fh”ex ch]h \gmljergeo fh"mes\ LZdbc nmeNO{ZZgeeA[ ai_qgm
pex dhfihg_gle\ fh eb\eklv €0 g_bhgZe goyh \ghmiqgdleklv m \b[hje f_Ih
hpegx\Zggy IZ hilbfeaZpe€ fZkrlZ[h\Zg-kllivjhebojaZzé¥gbo ijh

H[]lh\hj_ggy 1Z \bkdighihgh\Zgbc egl_]jHZagb&Zgibcfnj_c
\hjd ~ey ag”~Zqg _j\gh]lh ihdjblly a ]_hf_Iljbggbfb h[f_"_ggyfb ~ha\t
gh\hfm hkfbkeblb ijhp_k hilbfeaZpe€ ijhklhjh\bo kbkl_f GZ \e~feg
is"oh”e\ sh ihdez”~Zxlvky gZ }”*bgbc Ze]lhjblf Z[h h~*gm f_Ih~*heh
ij_"klz\e_gbc nj_cf\hjd hgYdegmh\t dhfihg_glb f_1Z_ \jbklbggm hill
azZpex g_cjhf_j_ "~ \_ ijbkdhj-gpyolB\B®/ Zjoel _dimjg_ fh"_ex\Zgc
LZdZ «gl_]jZpey ~"Z} afh]lm ijZpx\Zlb a« kdezZ”"gbfb ]_hf_ljbggbfb h
Ibizfb h[f}dle\ ihdjblly 1Z h[f_"_ggyfijgb*"havdvgh€gmixgbhfzZzkrlzZ]
\Zgeklv IZ Zz"Zilb\geklv kbkl_fb

JhalJeygmle jhch\e 1Z f f Iboggefizgehpoxth agZqgge i _jZ\Z]b m aZz
gZo ihdjblly hkdirewdb@gdZ ijbjh*gbf qbghf \eMih\erZ} A"bgZfeqQg-e
[mMAMe ] hf Ijbggh€ dhgnelmjZm£ gl hij IiBpgey hi_jZlhje\ 362
)66 )% IZ $%& "halhey} djZs_ jhamfelb oZjzZdl_j ihrmdm €0
[Zevgh€ |1Z ehdZevgh€ j_ZeecaZpe€ Z IZdh \bagZqghlb hilbfZe
\Zggy iZjzf_lje\ F_f _Ibqge jharbj_ggy i**"kbexxBA"ydgeklv jel
ehdZevgbf f_Ih”Zf hilbfeaZpe€ |Z aZ[_ai_gmxlv i_j2\Z]lm \ aZz
gh ih}*gZlb Jeh[Zevgbc ihrhgdbd fmRh8hggyf dhgnelmjZp-£€

>im]bf \Z eb\bf _e_f _glhf nj_cf\hjdm } \bdhjbklZggyw g_cjhf_j_
Ao\ sh ~“hal\hey} kmll}\h [ghbkerblbewges \bljZIb Kmjh]zZlg_ fh*_ex\z
iehse ihdjblly ~"Z} fh eb\eklv aZfegblb agZqgm qZklbgml lThggbo Z¢
jbggbo hi_jZpec r\b~dbfb ijh]lghazfb g_cjhf_j_"¢ GZlhfeklv Z~Zil
nmgdpe€ gZ hkgh\e g _cjhggbo fh”_e_ cfihlepprl& [isbpr kkihcldbf ~h
17z
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kdez”gbo Ihiheh]eqgbo h[f_"_gv IZ af_grmxlv aZe_"geklv \e” ji
1ZjZf_lje\ JZahf pe "\Z i**oh”b "ha\heyxlv fZkrlZ[m\ZIlb_ hilbfea
kyldzZfb Z[h khigyfb iZjZf_Ilje\ « kdeZ”ghx ]_hf_Iljbgghx kljmdImj

UML-hje}glh\ZgZ Zjoel_dImjzZz ~hih\gx} fzZl_fZIlbggm kdeZ”h\
nhjfZevgbc hibk kljmdImjb 1Z ih\_~egdb kbkl_fb L_dklhmbc ZgZ
}lvky gz -860z]jZzfZo ~Z} qeld_ myle_ggy ijh fh*mevgeklv nj_cf
geklv egl_]jm\ZZke]ghhtftb afegx\Zlb fgkhZydyp ihdjblly ijZpx\ZIlb
jeagbfb nhjfzZzlZfb ijhklhjh\bo ~Zgbo |1Z azZ[_ai_gm\ZIb fh\lhjg_
ihg_gle\ LZdbc i*?0o*” jh[blv kbkl_fm ijbr"Zlghx 7~ey ijZdlbggh
ieZlnhjfZo IjZgkihjlgbo khklhfZogejp» _dheh]egghfm flygelhjbg
rbo ]Zemayo *_ ihdjblly \e?e]jZ} dexgh\m jhev

MaZ]Zevgxxqb azZijhihgh\Zgbc nj_cf\hjd } dhfie_dKgbf jer_
gm} |_hj_Ibggm maZzZ]Zevg_ge*klv Ze]lhjblfeggm Jgmqgdeklv |Z «g
azZzdezMNgh\m “ey kl\hj_ggy =-+gl_]jh\Zgbo =<+gl_e_dIimZevghbo
jha\ffyam\zZIlb rbjhd_ dheh az”~Zq ihdjblly m kdeZ”~gbo « "bgZfs
“h\bsZo

Lzdbf gbghf fh gz ajh[blb 1Zde \bkgh\db ih j_amevlzZIzZf
jh[hle

1. Jhajh[e_gh <dgbjh®¥zah\Zgbc nj_cf\hjd ey azZz”~Zqhg_i_j_j'
djblly a ]_hf_ljbggbfb h[f_"_ggyfb ydbc h[T}*gojhff jIZ \pbklbc
lZ fhr _ex\Zevge i**0h”"b

2. AZijhihgh\Zgh ]_hf_Iljbggh egl_jij_Ih\Zgm f_|Ih”*helh]ex gZe
\bo |Z f_f Ibggbo Zeldhbit®\bsm} n_dlb\geklv Jeh[Zegydijhh |Z
ihrmdm

3. lhdZzazgh jhev g_cjhkmjh]zi2\"2ilp\gblogghZngbo nmgdp-e
ijbkdhj_gge hilbfeazZpe€ IZ h[jh[pe kdeZ~gbo ijhklhjh\bo h[f_"_g

4. <bdhjbklZggyh30{/glh\Zgh€ Zjoel_dlmjb aZ[gekilvgnmZihl"mev
[h\Zgeklv IZ ijZdlbggm j_Zeeah\Zgeklv nj_cf\hjdm

5. AZijhihgh\Zgbc i**0o*” fh™ _ [mlb jharbj_gbc m gZijlyfe "bg:
djblly fmevibZ]_glgbo kbkl_f [Z]ZIhdjbl_jeZevgh€ hillwfeaZp-«€
gbfb ihlhdzfb ~Zgbo

lh*"ydZhkeeggy \bdhgZgh \ jZfdZo 4h}dleHilbfeaZpry Z"Z
Ib\gh]h ]_hf_Iljbggh]h ihdjblly gZ hkgh\e g_qeldh€ eh]edb ]_g
f_j_~ e \ZjeZpecgbo Z\Ihdh”_je\2 aZ negZgkhkh¥Z imkN\edbdb d¢2 gkl
MdjzZz€ghb
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Integrated aibased framework for the continuous coverage probgem
with geometric constraints

Abstract. The paper presents an integrated methodology for abadéd hybrid
framework designed to solve the continuous coverage problem under geometric constraints.
The relevance of this work is driven by the wide range of applications of coverage models in
telecommunications, logistics, robotics, territorial monitoring, and spatial planning, where
classical discrete formulations become insufficient due to the complexity of real geographic
regions and the necessity to optimize continuous parameters. Thenprstaliement focuses
on developing a methodological approach capable of combining complex geometric
operations, global optimization procedures, and intelligent predictive models to enhance
computational efficiency. The aim of the study is to constructfeedriybrid framework that
integrates metaheuristic and memetic optimization methods with neural surrogate models and
a UML-oriented information system architecture. The proposed methods include swarm and
evolutionary algorithms, adaptive penalty mechasismeural approximation models, and
combined techniques for coverage area evaluation. The results are presented in the form of a
conceptual comparison of the efficiency of different framework components and their
synergistic influence on the accuracy anerfprmance of the optimization process. The
conclusions emphasize the applicability of the integratedasked framework to largscale
coverage problems and its potential for further development towards dynamic and multi
criteria problem settings.

Keywords: continuous coverage, spatial modeling, swarm optimization, memetic
algorithms, artificial intelligence, UML architecture.
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HF De}pdh\ :/ R_\_evh\Z < < E
?2N?DL IH<?JOG?<H2 IJM@GHKL1 1JB :G:E1A1 G:GHLJ1SB¢
< :GLBIEHKDHFM IHE1 G:<:GL:@?GV

:ghlZpeyhkee”" gh \ieb\ ih\_jog \h€ ijm ghklnhg# \gjloc gklZg
l[jesbgb Ibim 111 sh fzZ} fekphkdjbo Zgdimhgbo » nhjfZpeyd eegecg
]h leeZ F _o0Zgeqge n_dlb sh \bgbdZxlv [sey ih\_johgvZ ahdj_f
oh\Zgh azZ ~hihfh]l]hx dhglbgmZevghl§Zgh'peeecmhibg@gdZ F_j~hd
Knhjfmevh\Zgh mfh\b je\gh\Z]b gZ ih\_pdg-e klij=\SogdhrZglgdy fe°
ih\_jog_\bfb 1Z hkgh\gbfb gZijm _ggyfb A \bdhjbklZgglyf pbo |
kmxlvky mlhgqg _ge ]jZgbgge mfh\b gZ \ _jogvhfm |IZ gb gvhfm [
ihrZevrhfm ZgZeeamxlvky f Ih~"Zfb | _hje€ nmgdpec aWZle dkght
pvhl]h ZgZeeam nhjfmex}lvky kbg¢bmeyjgp¥ZgElvdgihje\gygdy i_jrh]
jy*dm a y~jhf Ibim Dhre >ey ch]lh jha\fyaZggy \bdhjbkkh\m}Ivk
"hfbo nmgdpec ih fghlhge_gZo Q _[br_\Z i _jrh]lh jh*madZof_Ih~"
pbo fdigle _ge¢\ Jha\fyahd hljbfZgh€ ijb pvhfm kbkl_ fBgeggwcgbo
"hal\hey} hljbfZlb dh_nepe}glb \dZaZgbo jhadezZ”™ gv AgZc"_gZ
gy gZijm  _ggy gZ ijh~*h\" _gge ljesbgb ydZ \bjZ Z}Ivky gl _]jZe
Dhre Iljh\h*"blvKkygqdbc ZgZeea hkh[eb\hkl ¢ gbkeh\h€ j e&ZecaZp:
]hjblfm ydbc \dexqZ} \ZjeZpe+€ deevdhkle kdeZ"h\bo gippltade Z*
ih fghlhge _gZo Q _[br_\Z « deevdhkle \maes\ m d\Z"jZInkjgbo nt
e _ggy \dZaZgh]lh sgAdnt{plgemijheexkljh\ZgZ ite\gBpgdiZgjv fe"

\ _jogef IZ gb gef [_j_]1Zfb ljesbgb Z IZdh" jhaih”ee egrh€ dhfihcg
gZ €€ ijh”"h\" _gge* \ hdhee ijZ\h€ \_jrbgb Ijheexkljh\ZgZ IZdh"
ebgbgagZqgjg\wghfejgh]lh akmdigh]hgpg&Z~Zghlh gZ [_j_]Zdhljesbghb
dZazZgh sh \jZom\Zggy ih\_jog_ _\h€ ijm ghkle kldh &k le\bbhg X"
ljesbgb } f_grhx fedjhf _IjZz Ih~Zevr_ af_gr_ggyf pe}€ ~h\'bgb
kmll}\h€ afegb 0ZjZdl_jm jhaih”®eem gZihmb IgvsbdlwhAhdj [fZ ag
dZ} dhj_g _\Z hkh[eb\eklv gZijm  _gv m \ _jrbgZo ljesbgbb ydZ o2
klZzgge deZkbggh€ fh” _ees ¢ gZijm _ggy \ plogp _ggbhgZo klZxlv kd
Dexqgh\e keh\Z gzZijm™  _ggy ih\ _jog \Z ijm geklv _hjrpflZgpZy Zglb
*gl_lihbn_j_gpecg_ je\gyggy ZgZe<lbqgbc f_Ih"

lhklZzgh\dZ ijh[eJhla]l]eyg_fh Zglbiehkdm ~_nhjfZpex eegecgt
hrghjergh]lh eahljhigh]h I\_j~h]h leeZ sh 4@2kZy pbje\dfihglihm h
ijhklhja I\ejgbfb iZjZze_evghfipfimdmlighEZNh\h€ kbkl_fb dhhj*bg

<« De}pdhV\ HF R_\_evh\zZ : [/, ,26[h"Z < <
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l[jbimklbfh sh pbeeg”j g_kdegg_ggbc m "h\'bgm |Z ie*"*Z}Ivky je\gl
ghfm akm\ghfm gZijm™  _ggx Iljbimklibfh sh pbeesg”j fekiblv hrgm \g
gb sh ijhoh”blv ih \kec "h\ZbgM pbi\d¥m ihi_j_qgghfm i_j_jeae ljesh
aZcfzZ} h[eZ&kkM hkx jbk >ey aZ”Zgh€ ljesbgb Ibim 111 \jZoh\mx
\_jog_\e n_dfi#zZ\ojEh”_ee« ih\_jog_\h€ ijm-ghkrhdmmjlbgZz

:gZeca hklZzgdekes”" _gv « im[BhdZpgenZevgZ fh™_ev sh \jZoh\r
_n_dlb ih\_jog_\h€ f_oZgedb a \bdhjbklZggyf fh*_e+ ihA_jog_\h€ i
ijhihgh\ZgZ \ jh[hlZo > @ * kmll}\h jhal\bgmlZ \ > @ M pec fh”_
}lvky yd lhgdZ ijm gz #7f[7298h a }*"gZgZ a hkgh\gbf I\ hj*bf leehf
\_ih\_jog_ \_gZijm _ggy amfhle_gdhfh\fhj/olgnadm} ]jZgbqgges mfh\b
gZ ih\_joge hkgh\gh]h I\_j~h]h IeeZ yde g_ hohiexxlvkl skgmxqgbfl
jeyfb

Jbkghd GZghljesbgZ \ ijm’igk$ i« "e}x Zglbiehkdh]h gZ\ZglZ  _gog

M fZzdjhkdhieqgbo fh”® _eyo gZijm  _ggy m \ _jrbge ljsgsbgb \by\e\
g_ggbfb sh \e*h[jZ Z} Ihc nZdl sh njhgl Ijesbgb aZa\blwzc \\Z Z}I
kljbf NzZdlbggh g_kdegqg_ggh JhkljzZ ljesltzd ZfX Idhtygling & ki Z}d p
}x hkdeevdb gZkijzZ\*e [eevreklv \ _jrbg ljesbg ih kmle ]} Imibfb a
e _ggy ihjy*dm kmfekgh]h a gZghfzZkrlZ[hf P_ \dZam} gZ |_ sh |
hleZkle ih[ebam \_jrbgb ljesbgb figmidmih gEkhfZZd~E[di*"0h"Db
mkiergh \bdhjbklZge m gbape Zjbde™ gm ighkdhfm \bizZz~dm \
jh[hlZ o6k

Sh klhkm}lvky ih\_jog _\bo _n_dle\ ey ljesbgb IbimBi1l1l Ih €0
"behkv \ jh[Rl@o *jb pvhfm Z\Ihjb jhkbks m\@eb \g_kdg ibo |
~n_dls\ m gZijm  _ggy ih[ebam \ _jrbgb ljestxgbk,, elborim hdfhehf
\ jrbgb ljesbgb ;eevr ih\gbc jha\fyaBA& dglehloggh€ @abc \ > @ Ze
gvhfm g_[meh \jZoh\Zgh fh eb\_ gzZ\ZglZ  _ggy [_j_]*\ ljesbghb

<ieb\ ih\_jog_\h]hmgg@Zy Zglbiehkdm " _nhjfZpex [<fZ]l_jeZem a
fe'nZagbf fedjh\dexq_ggyf [meh \jZoh\Zgh \ jh[hle > @ AZ[_ai_c
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eb\eklv \jZom\Zggy g_<*_Zevgh]h ahdj_fzZ gzZly gh]lh dhglzZdln
jbp_x

F_1Z "hkee". Fgdhx “Zgh€ jh[héeb"} ~dd&ky ljesbgb Ibim 111 m
ghfm leee a mjZom\Zggyf ih\_jog_\bo _n_dls\ mhj&Zfigdoghkise-
=mjlbd&Z j*hdzZz :gZeea ijh\_klb azZz ~hihfh]lhxXgfbdhirhh_dpfizeesd |Z
ZiZjZlm kbg]lmeyjgbdnrg]_ @jheZevgbo je\gydwv akimdgm\@rygzZglz _
gy 9Z g_kdegq_gghkle I1Z gZ [_j_]Zo Iljesbghb IlhdZazlb sh \
ijm ghkle mkm\Z} kbg]lmeyjgeklv gZijm _ggy m \_jrbge Igesbgb |
g_ggbo gZijm _gv m €€ hdhe-

<bdez”_ggy hkgh\gh]h fZl_jeZem ~hke<""_ggy

<bagZqZevges je\gyggy Zglbiehkdh€ az”~Zqe "ey Iljesbg
gZijm _ggAEZ \e*"kmlghkle h[ }fgbo kbe je\gyggy je\gh\Z]b 1Z \ba
sh hibkmxlv A~ _nhjfZpex eegecgh ijm gbo h~”ghjergbo 1Z eahlj
fZxlv \b]ey”

dvl 0,1 1IN0 20, Q)

N CIZF tdhgklzglb EZf_ fZi ljAZe&mh gahjb gZijm  _gg)fEp € nh
\eNih\ergh, Zh~bgbqggbc |I_gahj \ Ijb\bfejghfm ijhklhjbknPel\ye\gyg
hkgh\gbc fZl _jeZe leeZ

lh\_jog_\_ je\gMggly® e« ih\_jog_ _\h€ ijm ghkj hd@jlbgZogy
ljesbgb jhalJey”Z}Ivky yd lhgdZ ijm gz f_f[jZgZ a ijm gibfb dhg
fb \e” hkgh\gh]h fZl _jeZem N Zevgh a }*"gZgZ a gZ\dhebrg-ef
px fhr _ev “h ihklzZ\e _gh€ az~Zq-

Je\gyggy aZebrzxlvky kijz\_"eb\bfb \ hkgh\ghfm fZl jeZ
ih\_joge ljesbgb hibkm}Ivky je\gyggyfb > @
> @div, °1 0, (2)
FoY,2 P VO O, Y, 3)

Iml esg”s dlkagZqZ} \e~ih\eAgm \ _ebgbgm sh } j_amevIZIinf \ieb\r
"ghklm ij_"klzZ\ey} kh[hx h~"bgbqggm ghjfZev ~hljh\ hjoggeddfesbgb
|_gahjhf \ A\h\bfejghfm »j@klhje ihagzZzqgzxlv kljb[hd \e~ih\e~gh-
ebgbgb g _j_a ih\ _jog _\bc rzZ4g \MNmpbghkykvky \e~ih\eA*gh ~h \ _jo
gb gvh€ ih\_johgv rZjm yd ihdzZz&zghlgadggkq _gh ih\_jag _\bc g
ly] AZagZgbfh sh ~h je\gyggy \dexq_gh ebr_ dhfihg_glb ih
[h[Ih " _nhjfZzpe®vghjfh ih\_joge \bdexq_g-
Ilh\_jog_\Z ~b\_jdivgpelyagzZ}lvky \ azZ]Zevghfm \biz~dm vyd
divu div,u, 2ku,
Nk tk_j_"gy djb\bagz Z \_dlhjui Ahifm&d@dylZzd_ h”"ghafzZqgg_ |

"_99y
u u, un

S n-
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A Uug } \erih\ergbf 1Zg]_gpeZevgbf afest ghpiZevgZ dhfihg_glz

\ dlhjd.

Dhfie_dke ij_"~klZ\e_ggy "ey ZglbiehMdhE 2" dnhn jZHd b€e hkdh]h
akm\m \ eahljhighfm ijm ghfmXx*Zg&hkpsbgm Ibim ,,, \_dlhj i_j
fes_gaya dhfihg_guZvbw aZ”~h\hevgy} mfh\Zf

2 2
uxy vxy 0w wxy,—vsz—\;v 0.
X° wy
la kie\\e*ghr_gv Dhre \bledZ} sh dhfihg_glb » nhjfZpe€ azZ"Zxl
1w 1w
=—, =, H ,, #A. 4
B 5w % oy B 4 )

A je\gygagy dhfihg _glb | _gahjzZz gzZijm  _gv fh'gZ aZibkzZlb yd
V. 2RH B v, 2 BH —“&95 (5)

Z sgre dhfihg_glb gZijm  _ggy “hje\gxxlv gmex
Hkdeewdly } ]Zjfhgecghx nmgdpe}x ihaglZgZ}fkijg | gan
"h g_€ ]Zjfhgecgm nmgdpex <\h”yqbzdkfig_ dkgnfhatefidrkZIlb
w ReF z3, Fz wxy il xvy. (6)
NFz } ZgZeelbqghx nmggp-i}xhstsgeS S ihaz f_"Zfb ljesbghb
jbk Lh7je\yyggy fZz}fh

dF w ww 1 W,
—z FCz — I— — .
dz X wy P “w ’
v, ;’Fz Fcz®, i, EPFZ Fc 2% . (7)

Je\gyggy je\gh\Z]b gZ ih\_jldngi-ngqblbtgbjgf_ra\_dlhjb klggnZz
lghlh [Zabkm I|jb\bfejgh]h ijhklhjme [h\gy@mgy hkg mfh\b je\gh\Z]b g.
ith\_joge ljesbgb aZibrmlivky m \b]Jey”"e > @
2e€ o Ving, 0,Ky:°ps Vynng, (8)
"D E:
<jZoh\mxgb sh \ gZrhfm \biZz*dm ghjfZev ~h ih\_joge ljesbgk
\a”h\e, Z[h gZijyydme\gyggy gZ[m\Zxlv \b]Jey™"m

|/x‘;x,x %z J& O’ Vz?x,x ?zz g 01 (9)
v w?v8
a Vv,9 — , 10
w3 ° R e (10)
Vor ¥V G2 "Po VoH® O Y (11)
ANDOE JLG
18C
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A hklZgge+o je\gygv |Z . \bledZxlv kie\\erghr_ggy fe ih
j_1Zo ljesbgb 1Z hkgh\gbfb gZijm  _ggyfb m \b]Jey”e

s P S P
V:z 2 P OV sz P : xz! V;z 2 P OV yzH P : (12)

yz

M pbo je\gyggyo \jZoh\Zgh sh ey \azZ}fha\fhaZyme& ggl |
ih\_joge ~hje\gxxlv ~_nhjfZpeyf m ijbe_Jehfm hkgh\ghHp fZI_je
'z 5 H

yz*

<jZoh\mxqgb ~Zee+ sh jhaley~Z}lvky Zglbiehkdbc akm\

j*\g)
[mIb a\_"~_ge¢ "h \b]Jey”m

wx V2 0. (13)
Ljesbgz Illina ih\_jog_\bf gZlyalyizgqbfh ]jZgbpe yhbOdvhe€
\_jogvhE0 ie\iehsbg agzdzfb i 1z \eMih\ergh Lh”e @ je\gyg
ge mfh\b gZ ih\_joge ljg&badbibkzZlb yd

S

V;Z vz V., 0 gZ \_jogvhfm [_j_a- (14)
W\Sz v V. O gZ gb 'gvhfm [_j_a- (15)

ijbghfm \ V. Z\ Y, W "N, i je\ghfejgkm\gZijm

"_ggy sh ijbdez”_g_ ~“h [_j_]*\ ljesbghb
A je\gygyvVv . a"y d,jysldgb[_j_]b yAh€ a
agZxlv je\ghfejgh]h akm\gh]hggZmhh\bggy¥ [_j_hAd lfsgZbaZzi
kZlb gZkimigbf gbghf
GZ \_jogvhfm [_j_a-
G g e M BV Fae g
GZ gb'gvhfm [_j_a-
v, —)‘f woocp 0% | mz’ VEce F L. (17)
;m~_fh 1Zdh™ \\Z ZIlb sh az”Zg_ je\ghfejg_ gkim}g@Z gZijm" _
kdegqg_gghkle

<jbh\mxqgb | Z a je\gygyv fh'gZ knhjfmex\ZIb mf
l[jesbghb
GZ \_jogvhfm [_j_a-
P —— o P Y
Ej:cz Fef, Y, 5 F_zcF zc (18)
GZ gb gvhfm
I —— o P Y
ETCZ Fef, W 5 F_ZcF zc (19)
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ljb Zglbiehkdec »_nhjfZpe€ ljesbgZ\bBghw shw Lh”"e gZ
hkgh\e j*\gyggy | Z fh'gZ aZibkZlb m \b]Jey”e
gZ \_jogvhfm [_j_a-

gil:cz F e °1/4 Y Pz% F_ZcF z¢ (20)
gZ gb gvhfm
gil:cz F e °1/4 W Pz% F_zcF zc (21)

Hkdeevdb fb ijbimklbeb je\ghfejgbc jhaih”ee gZijmes @X gZ g_kc
[ j_1Zo ljesbgb |Ih gZ hkgh\s i_jrh]lh jeFgyggRcz OfzajkHdb
hljbfm}fh

F z Fc z . (22)
GzZ]lz~zZ}fh > @ sh
Fz Fz *F x F x,F x F x. (23)
KdE\rb je\gyggy | Z fZz}fh

g Fcz Fef Fz F ZC?;)I/%V;Z’ *P, FVzccF z . (24)

<bdhjbklh\mxqgb hljbfm}fh
L:F z Fcz Fcz Fcz 2¥) P | F zc Fczc (25
:e_ al]e*”"gh a | Z fz}fh
Fcz F e Fx Fzc FzcF z.
Lh”e jelgygQgy ijbcfz} \bJey”
PF z Fcz 2\, tP, Fi2 F =c. (26)

>Zee aZibr_fh g_\e*"hfmznmgdgdidx]jZe Ibim Dhre > @

i f tdt i .

2 .tz Si”

Lh~e \jZoh\mxgb \bfh]m h[f_~ ghkle gZijm~ _gvifZ}fhgpyo ljesbi
1 2 f tdt fta” 1 °F tdt 1 *fctdt

Fcx 3 3 , 28
28 .t z° t z5 28,14z 2i5 t z (28)

Fcz (27)

Nft, Foz Fcz , adt da, f(@@ f(a O kdegq_gg_ gZijm'j ggy m \_
rbgZo ljesbghb

A je\gygyv | Z hljbfm}fh 1Zd_ kYol megjmeZegg ]jjh
\gyggy i_jrh]lh ihjy*dm Ibim Dhre ey ¢ t\ed}btfhBanatgdpe€
° f t dt
—/337 sp, fcty 2V |/°,adt0da,fa f a 0. (29

S, tt e e

a
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Jhal\ yazggy kbg]meyjgtim_jegdpirrevgh]h jNdylygidkdb

[ tla, [, t,/Ja m je\gygge Ilh hljbfz}fh
f d df

pardl p dtak 5, e g a (30)

S, [ { d af,
>h~rZIldh\h ihaggqZxdhbd a je\gyggy hljbfm}fh

S P
_Plc«:g dt o_daks 2V, WV, 1d d,gl=g 1 0. (3)
S, [k a d/
Jha\fyahd je\gyggy gZ hkgh\le > @ fZ} \b]Jey”
1 1

96 —— B [df
Jlso 1 [
1 lql[zz tp Spodg‘f?d/
a qd ©
L+ 11,91 9(1 O (32)
Ihfgh b\rb h[b~\e qZk{bgp fgZfh

1 S 1 2d .
0 bl £ L ordr — ] 91 4y

N aP, [,[d [
2 ‘{z |4Z) 1Q1 I
55 lu L d/. (33)

;m~_fh jharmdm\Zlbgnfn g pekxjfe

N

g o :O%Tm[o b 111, (34)

NTo L 1j_"klZ\ew)Jc iheeghfb®@_YZ i_jrhlh jh~m
AZklhkh\mxqgb djZchd@® ngfH)bO « \bdhjbklh\mxqgb je\gyggy
agZoh”bfh sh

N N
g 1 aT 1! a 1
|
m 0 m 0
N N
gl amel: a, 0,T 1 1™, T 1 1. (35)
0

m

0,

m 0

Djef IThlh "heeypdhfm Q_[br_\Z ~jr]lhyh [flZ7}fh
dT, X

mU_, X. 36
dx mi (36)
HI°_ a je\gygyvVv . agZoh”bfh sh
d d N N
9b 4 Tar 3 maU.s, . b 11 @7

do q-o moamm 0[(@Imo
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le"klZ\eyxqgb je\gyggy |z ’\th}fgyggy f
: _ 1 * P8 :
Ga T b E T L m s [O[ml /d[
2y, V, thop
53 lv 7 d/, L { 11]. (38)

<bdhjbklh\m}fh \eZklb\hkle hjlhl]hgZevghkle iheeghfgn Q_ [br_\Z
| ]jZevge kie\\e~rghr_ggy

TU t 41 t? ! m

3I—————dt 9, x n012,..,3l'xdx1(1)

n
1

) P ] - 5 m 0,1,2,... 39
t X ) m 1 m2 ( )

HI°_ gZ hkgh\e j*\gyggy a\h”"blvky “h \b]Jey"m
N v .a 2 VZ |/0

11 ()8 ° P8
I T NS 0T mT, S S .
mloa"‘m[" s 1 a Pg mé’l‘j o1 P b

<b[_j_fh fgh bgm lhghd gd%hdfhsil\%,i 12, N 1 « \_j
C

amevlZle hljbdZkflmigm kbkl _fm eegecgbo Ze] [jZ€gqgbohje\gygv \e~
fbo dh_nepealgle\

N 7 L1 (U8 P8
m:oam Tm /C-)i gl 1 m © £ ©mTV/(-)1|«

2 ‘{z yz .
5 T L1 L2,..N L (40)
<jZoh\mxqgb \eZklb\eklv iheeghfe\ Q_[brT\Zos_jrkdsi jh*m
kbkl_fz a\h”*"blvky ~h gZklmigh]h \b]Jey"m
N a
I'a, cosTNS g §cos§5 s ms codB 7
! ©N et onf) % «>
2 1
vz Nz 18 . )
————cos—,1 L12,.. 4 41
P AN 1 N (41)
ImI' S "C;O + ih\_jog \_ gZijm _ggy < ih*"Zevrhfm [m”_fh iha
a
Vv, g .
S y—PyZ 1 ZS 'yD +gZijm° _ggy 9Z g_kdegq_gghkle
Djef Ih]h a je\gygv ]JjZgbggbo mfh\ fZ}fh
N N
la, 07rey 0, 'a(]" 0" ey N. (42)
m 0 m 0
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HI"_ jha\ yaZggy je\gyggy a\_" _gh ~h jha\ yaZggy kbkl_
\erghkgh g_\erhfbo dla,n<pihdl2evrhfm dh_aspHaidyxlvky ~h
nhjfmeb ey hljbfZggy g_\ghfh€ nmgdp-€
J amevlZlb IZ h[]hWMjpggym jha”eees a”eckgx}lvky gbk _evg_
je\gygyv . Ney NeZiZahgm izZjZf _lje\ ih\_joge hhbfZgbo ¢
A fh kihgzZldm ihje\gyggy a \«*"hfbfb de Zlob ggeyf Gy lph enJeewlg | fh
Zglbiehkdm azZ”"Zgm "ey leeZ a ljesbghxX\ Vomgde\c g holdnkIvKKIEZ g«
azZ”"zZqZ fZ} ZgZee<slbggbc jha\ yalbhdegfZ\\™> g@c gZij
_ i Y,z
A cz Vi yym.

Lhne igho x 0 gZaal AAcz Y i — VX
e igbo x i"0 g2Za,afl: / :
T oia? k¥ Va2 x°
Z ijl i"0 g2va,a( AcCz v iy | X nyzx
oX i ,al %
’ ivaZz x> a2 ¥
I/ x ' X
Lh[lh ¢Ral , —2=,V, 0, , = _ v, o
a® x a® x
P_ hagZqZ} sh
2 10X
v, VY EF z Fcz fPx —— (43)
a® x
GZ jbkgz\_~ _gh kljb[hd gZijm  _ggy \ hdhe+ BgB\hj® \ _jrb

ih\_jog_\hfm gzZijB _glgeafegx}livky \ 2000285 go,. \gmljarg
hfm Ibkdm m |psisg.¥3 J /it ih\_jogfm gZlyjnm.3 J/n? h
"mes akm\m “ey hkgh\ghkh168zUd jkZemS A/ 01 Djb\Z
\eNih\enrZ} ih\_jog_\hfm g&ijMml, dgxS, 005 11+S 001, V +
S, 000 Vv S 0.001 Z djbAR\«~ih\e~rZ} \biZAdm \e~ kmlighkle ih\_
_n_dle\
KeeN aZagZqgblb s igjphebj}lvky reyohf afegb jhbgdfejlomljes
e gZ"Zeafsjjhljesbgb afegx}Ivkyf(&* 01 ~h fdf(S 0,001 A jbk
hg \bArgh sh dheb \ieb\ ih\_jog \h]Jh _n_dIlm klZ} ihje\gygh ¢

klz} [ebavdbf "h deZkbqggh]h \biZ*"dm gZ\eIvr[eé¢yalbjpingdZIijestk
" gv \deZkbgghfm \biZz~"dm } g _kdegq_gghx

Jhaleyg fh | _i_j jhaih”ee gZijm  _gv [*ey \ _jrbg ljesbgb gz
le"klZ\eyxgb nhjfmem \ hljbfm}fh
Pal 138;ia V5

Y 45t 7 t
Ih~"Zevre kKijhs_ggy ijb\h”*ylv *h gZkimigh€ nhjfmeb
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a §
vz XY _P 3 —t 2X Sftdt Vv fz, (44)
2 S a t X y2© Y

ydZ ipp O« aZfegZaol *x asijb\h”blv “h \bjZam

1
%
vaso =&Y w! (45)
2 S s w

\!

\!

)
L]
]
1
]
]
1

W"""—-—...______.

2) :

g(

-5 L

JbkghdJeagbpy gZijm ™ _gv fe' \ _jogef |Z gb'sgedb _j ]1Zfb Ije
\ hdhee €€ ijZ\h€ \_S]er}ViijllZlé 0

J_amevlZIlb jhajZomgdm ih nhjfme- ije \klZje egye |D jbk
_f_ozZgeqgbo « ]_hf_Iljbggbo izZjzf_|jDjslx3UgZhjbkh[mMZL-
“ey Ibo "_ iZjzZf_lje\ sh e<glZ[bkZ\_"_g+ agZq_ggy &Zajon _ggy
ijb Ibo

ajZomgdb ijh\h~bebkv ijb bjghévdhé&dg= ge Ng+m jhadeZ” ggyo

_agzZd.ggnoe gZ jbkijb jeagbo je\gyo IhgghklshjhajZzomgd

jeagh€ deevdhkhe \ma&Z\jZImjgh€ nhjfmeb =ZmkZ ydz \bdhjbklh\m

h[gbke _ggy *gl_]jZem
fZ m klh\igbdm

kZz midbidm"ey g \_ebdh€ deevdhkle gqe_ge\ m jhadeZ” _ggyo
tj_amevlZlb yde \"_ijZdlbggh g_ afegxxlIwkygyh.aleevr_gge g-

18¢€

ISSN 15629945 (Print)
ISSN 27077977 (Online)

GZc[eevr 0ZjZdl_jges j_amAWldjlb ihdZaZ
gZ\_"~_ge j_amevlZIb ey ihje\gygh gm\_ebdh€ Ih



Kbkl flgeoghedl](d62) 206 ©6\VWHP WHFKQRORJLHV?

LZ[lepy
AgZq_9ggy 9gZijig, mgyyjrbge ljesbgb ijb jeagbo je\baj& dmogyrk|e |
S, N 300 N 30 N 300

Noauss 8 Noauss 30 Noavss 30
0.1 0.320365 0.385986 0.508226
0.05 0.369837 0.487465 0.655736
0.01 0.428721 0.759109 1.073008
0.005 0.431797 0.868198 1.257036
0.001 0.427876 1.0327 1.542938

A gZ\_~ gbo jeameNdHBAIl sh \jZom\Zggy ih\_jog_\h€ igm ghkls

]meyjgeklv m \_jrbgZo ljesbgb ¢« “ha\hey} hljggZIlgZkdmngqggyggm
pbo \_jrbgZo

Djef Ih]h ZgZe-a iflagegieéy agZqgh [sevrbophtign} sh

ghjfh\ZgzZz \_ebgbgZ pvhlh gZijm _ggy gZ \«""Ze_gge* \*" \_jrbc
“h agZq_gagy sh malJ]h”"m}lvky a \_ebgbghx ijbdezZ”_gh]h \e~’

AZe_"geklv klglzligm\ _gyV , fe  \_jogef |Z ob[gj_]Zfb bjes
gb\¢«®” \ _ebqgbg je\ghfejgh]h akm\ghﬂﬁw ghjvbag@ggZ}Ivky iZjzZf _1j
S ihdZazZgh 4Zjjbkedb gZijn/, ag® ih[m~h\Zge "ey Ibo "_ f_oZg-
e ]_hf_¢jdbo iZjzf_Ije\ sh o gEdidkZge B§Z jbk

L
1
1
]
]

1.8 T

o, (as.0)/ u

1.6 1}

1.4 ‘I/

1 1,01 1,02 1,03 1,04 1,05
JbrkghdJhaih”ee gZijm  _gv \e~ghkgh iZj&f _|jZ ih\_joge
ey LV 01-1 O
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127 N o, (as,0)/ u

<08 -0.6 -04 0,2

§=0.005 05 4

-1.5

JbrgHd AZe "geklv jg&gippgv Jbkghd AfegZ “"hlbggh]m _gg

.V ,\er\_ebgbg akm\gh]h gZ ijh”"h\"_gge ljesbgb \ aZ¢
9Z [_j_1Zo lj*sbgb \er\ _ebgbg akm\gh]h gZij
9Z €€][Z9q
<bkgh\dbkhkes”" gh \ieb\ ih\_jog \h€ ijm ghkdmgZZZgHm "ey
ljesbgb Ibim ,,, m eegecgh ijm ghfm I\ _j~hfm lees sh agZoh”blvky

gbo akm\gbo gZijm  _gv |Z gZ\ZglZ _gv gZ ih\_joge ljeshgb 1h\_joc
\Zge aZ ~hihfh]hx dhglbgmzZevgh€ fh® _ee =mjlbgZ « Fe\"hdZ AZ
dhfie_dkgh€ afeggh€ ijh[e_fZ a\_~_gZ "h-Xbg]mepjghevghdh_]ph
gyggy Dhre i_jrh]lh ihjy*dm Jha\fyahd pvh]h je\gyggy ih[m~h\Zg
ij_"klZz\e_ggy m \b]Jey”es jhadgiZge gp&Zfi@ fldor \Z « \bdhjbklZggy f_It
dhehdZpsekg®Y pvh]lh jhalfyadm agZc”_ge* gZijm _ggy \ hdhee ljes
"h\"bgZo <klZgh\e _gh sh gZ \e~Afegm \e® deZkbqgh]h jhha\fyadm e
gm\Zggy gZijm _ggy m \_jrbge ljesbgb aZebrzZxlvky kdegqg_ggbfb <
ijm-ghkle kiZzpth\khhg_\b"rgbf dheb “h\'bgZ ljesbgb } f_dirhx fedjhf_
kbex}lvky Zvmbf af _gr_ggyf pe}€ "h\ 'bghb
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Effect of surface elasticity in the analysis of nanocrack
under anti-plane load field

The influence of surface elasticity on the st&sain state of a crack type I, which
occurs under antiplane shear deformations of a linearly elastic body, is investigated.nMecha
ical effects that arise near surfaces, peutarly at the crack faces, are taken into accoust u
ing the Gurtin and Murdoch continuum surfaoeundary model. Equilibrium conditions on
the crack surface are formulated, as well as the relationship between surface and bady stres
es. Using these relatnships, refined boundary catidns are written on the upper and lower
faces of the crack, which are further analyzed using the methods of the theory of complex va
iable functions. As a result of this dgsis, a firstorder singular integredifferential equation
with a Cauchytype kernel is formulated. For its solution, the representation of unknown fun
tions in terms of Gébyshev polynomials of the first kind and the method of collocation on the
nodes of these polynomials are used. The solution of séting system of linear algebraic
equations allows to obtain the coefficients of the specified expansions. A formula fortealcula
ing the stress on the crack extension is found, which is expressed by an integral with a Ca
chy type kernel. A comprehensiveablysis of the peculiarities of the numerical impleraent
tion of the developed algorithm is carried out. It includes variations in the number obeomp
nents in the expansions of unknown functions in @y polynomials and the number of
nodes in Gauss queature formulas for calculang the specified integral. The behavior of
the stress difference between the upper and lower crack faces as well as the distribution of
another stress component on the crack extension is graphically illustrated in the \ofinity
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the right tip. The dependence of these quantities on the values of the uniform shear stress
specified on the crack edges is also illustrated. It is shown that the consideration of surface
elasticity becomes especially noticeable when the crack lenigtssishan a micrometer. Fu
ther decrease of this length leads to significant change of the character of the stress-distrib
tion in the vicinity of the crack tip. In particular, the square root singularity of the stresses at
the crack tips, which is chartaristic for the classical crack model, disappears and the
stresses at these tips become finite.

Keywords: stresses, surface elasticity, crack, antiplane deformation, irdéégoential
equation, analytical method.
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EKDhjyrdegZ H > KlZge-g
F:L?F:LBQG? A:;?AI?Q@GY HILBF1A:P1FUSHPGGY
EH=1KLBQGBO P?Q3L34H?L:IGH=H JHALIEHM™
F:L?J1:EVGBO IHLHDHR?G:JGBC 11>01>

:ghlZpey Jhaleygmlh ~\h _|Zigbc ijhp_k \ZlhanBp-€ngZERV g-Fgy
gbo j_kmjke\ m kbkl _fe dklj_gh€ eh]eklbdb sh \dexqZ} imgd
p_gljb \ZdmZpe+€ |Ijb pvhfm i_j ~[ZqZ}Ivky sh gH%kee ggyng_
f "Zo j_]Jehgm Z \b[e] fekpv a[hjm |IZ p_gljs\ a*sckgoglbokkpa mj
gZj*€\ gZ”~a\bgZcgbo kbImZpec ¢« h[f_~_gv “hkimighkledHxjblhjec
jh[hlb } aZ[_ai_qgq_ggy _n_dlb\gh€ hj]J]ZgeaZp+*€ _\ZdmZpecgbo
reyohf jhajh[e_ggy fzZIl _fZlbggh€ fh”_ees |1Z f_Ih”~e\hhybbliwazZp-€
\bagZlp dhhj*bgZlb deevdeklv IZ fekldeklv imgdle\ a[hjrd « p_gl
dh” jZpehgZevgh jhaih?eeylb ex"kvde IZ fZl _jeZevge ihlhdb fe
FzZl_fZlbgg_ aZ[_ai_q_ggy aZ”Zqe [Zam}lvky gZ dhf[egth\Zghfn
gmZevgbo |1Z “"bkdj_IgbgoZik”ehggly |1Z imgdlb a[hjm jha]ey”*Zxlv
j_j\gh jhaih?ee_g+ \ j_]Jehge Z imgdlb [_aydqgbkhji _ljg<[rh[¥bdhb
Fh” _ev “ha\hey} hilbfZevgh \bagZqZlb a ydbo hpeZlblky \gZk
dhgdj_Ige imgdlb a[hjm 1Z ye@ igbydphgihkieeyxlIvky ~h irhgdle\ [_
]h i _j [m\Zggy a mjZom\Zggyf IZdbo nZdlhje\ yd \e”rklEZgVv 1Z q
deklv h[T}dle\ ¢ jeage kp_gZj*e€ gZ~a\bqgqZcgbo kbImZpecZ LZdbc
igbc ijhp_k _\ZdmZpe+€ « aZ[_ai_ogel}]hiplobgdmb od exdjphagtb d«\ kb
Dexqgh\e keh\Z kp_gZjgbc i*"o” [Z]Zlh_1Zige eh]eklbqglye ijhp_
jec fzZIl _fZlbggZ fh”_ev hilbfeaZpey afdRhdigr"edmfeKkbkdyfgbc
ZJge-a

lhklZzgh\dZ ijh[e<Zbeb\bf gZijyfhf kmgZkdborgKerdh\Hv m ]
emae [_ai_db "Whileye ImfZgelZjgZ eh]eklbdZ sh ahk_j_ 7~ _gZ
j_2ZWZggy gZ gZ~a\bgqZcge kbImZpe€ ijbjhrgh]h [Z | _ogh]_ggh]
pvhlh gZijyfm hkh[eb\Z m\Z]Z ijb~reey}lvky jZpehgZgbo-tj hj]Zg:
p_ke\ ieZgm\Zggx jmom ex~kvdbo e« fZl_jeZevgbo ihlhde\ 1Z af
]ZIb\gbo gZkees"decgpo"ahbegZ

Kmdmigeklv gZmdh\bo i*”oh”e\ « ijZdlbggbo aZoh”e\ Kkijyfl
eh]eklbggbfb ijhp_kzZfb \ mfh\Zo h[f_bkigdhhhqpekdnal@gZy _ghkle
"hpeevgh jhaley”Zlb yd _dklj_gm eh]ekI®dmgv dhmikZnevigesktkl}hg
eh]eklbdb ajhklzZz} ae a[eevr_ggyfgdwe ddZHKkljijbjhl _ogh] _ggbo Z\

<« DhjyrdeBZK KlZg-egZ2bB26>
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\h}ggbo dhgneedle\ yde kmijhddbBfinkhpgeedshghfeqgbfb \IjZI1Zfb
>h~rZldh\bfb gqbggbdzfb jiabgedkiv} hd§}dle\ egnjZkljmdIimjb mkdez”"
mfh\ “hkimim ~h ihkljZz " ~Zebo |_jblhjec I1Z h[f_~ _geklv je kmjke\ m
yo M a\fyadm a pbf \bgbdzZ} ihlj_[Z m kiI\hj_gggmWgdh\gbo fh"
mijZ\eeggy _cgomzZp«sZl_jeZevgbfb ihlhdZfb gZ j_]JehgZevghfm je\ge

HjlZgeaZpey _dklj_gh€ eh]eklbdb i_j_~[ZqZ} ma]lh”  _gm \az}fh
gZk_e_ggy jhaih”eevgbo p_glje\ IljZgkihjlgbogg¥Yklyfed kikewgt j_Z
aZ[_amxv \bdhgZggy _\ZdmZpecgbo » aZ[_ai_gm\Zevglho aZoh"e\
\Zo ?n_dlb\geklv 1Zdh€ hjl]ZgeaZp+€ agZgghx fejhx azZe_"blv \e~
fekpv jhalZrm\Zggy dexgh\bo h[f}dle\ |Z jZpehgZevgh]h jhaih”eem

Yd aZagZqg_gjhadirr@vqZ eh]eklbdZ gz fZdjhje\ge \Jerm} iblZg
g_ggy hilbfZevgh€ deevdhkle 1Z fekpy jhalZrm\Zggy jhaih”eevqgbo
| _jblhje€ sh h[kem]h\m}Ivky \b[hjm ko_fbhjhaihdem {¥1 jgZkog
aZ\"Zgv ih\ yaZgbogyfmjhp\elehf ijhoh”" ggy fZl _jeZevgh]h ihlhdm
jblhje€ jZchgm h[eZkle >ZgZ jh[hlZ ijbk\yg_gZ fzZl _fZkbhgghfm fh~"
feaZpe€ ko _fb ~“\h_I1Zigh]h jhaih”eem fZl _jeZevgbo Z[h b\ZdmZp-cg
\gh€ hjl]ZgeaZpe+€ ljZgkilnjlgpd VbjZthd jeagbo gZ”a\bgZcgbo kbImZ
hkgh\e kp_gZjgh]h i*?oh”m

H[ }dI ~hkee<”'t gjdyw _kb _dklj_gh€ eh]eklbdb \ mfh\Zo gz~a\
kbl ec

lj_ ~f | "hkeer"'£t0gy e+ |Z f_|Ih~b hilbfZevgh]h jhdarhjgbegy kljm
_e_f_gle\ kbkl_f _dlljkidd®d @ "\h_1Zigbf jhaih®vagfofZlkmjke\ \
mfh\Zo g_\bagZq_ghkle

M "hkee”” _gge jh[blvky kijh[Z \jZom\ZIlb g_\bagZh_ghklv ih\fy.
gZ”ha\bqZcgbo kblmzZpec yde fh ' mlv kdeZklbky \ j_Jehgh reyohf jhe
"eb\bo \Zjazgde-ihy\b

:gZe+*a hklZggeo "hkee”" gv FZImfEbtogpece dhfifxl _kxg_fh" _e
\Zggy eh]eklbqgbo ijhp_ke\ \ghkylv \Z eb\bc \g_iKbdleaZ feox jhamfeg
Ahihfz]lzZxlv aZpedZ\e _gbf hkh[Zf ijbcfZlb jZpehgZevge jer_ggy \ |
dhgdmj€gp2z g _klZ[sevghkle GZmdh\e im[eedZp+€ hklZggvh]h "\Z:
kljmxlv jeaghfZgelgeklv ie?oh”e\ [Z f |h”e\ sh aZklhkhAmxlvky "*e:
[e _f jhafes ggy eh]eklbggbo h[f}dle\ gZeZ]h”"" m\Zggy a\fyade\ fe°
N deevdZ ~“hkee™ glvgkdpmxlv rbjhim [Z ihim geklv fZI_tZlbggh]h I.
jblfeqgh]lh azZ[_ai_q_ggy [Z]ZIh_lZigbo ijhp_ke\ jhaih®edm fZ|_jeZe
j_fZz \ dhgl_dkle _\ZdmZypldcgh€ eh]ekl

< jh[hle > @ jhaley~Z}Ivky azZz"ZqZ _\ZdmZpe+€ g#Zbogaggy \ gZ’
mjZom\zZggyf Z\Ih[mkgh€ _\ZdmZp+€ 1Z i_j \ZglZ agZdpZgkhHjlgh€
gZ hilbfZzevgbc \b[ej [_ai_qgbo fekpv AZ"Zg&Zpcpkdy dghXghitbf
gZ ljZgkihjlgec f_j_ "o ~ fekpy mdjblle\ h[bjZxlvky ae* kd&legqg_ggh€
Ibggzht_ev klZlle ih}*gm} azZz”~Zgqm jhafes_ggy h[f}dle\ ha fh”_eex
lhde\ ea mjZom\Zggyf aZlhje\ |h”e yd |Zi a[hjm ex”®_c g_ fh™_ex}l|
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\bdhjbklZgh _\hexpecgbc f_|IZ \jbklbggbc Ze]hjblf ea éhdZevg
al\hey} agZoheb gZ jer_ggy “ey \_ebdhjhafejgbo *“bkdj_Igbo az

>hkee""_ggy > @ ijbk\yq_gZ hilbfeaZpe+€ jhalZrm\Zggy _dKkl
om\zZggyf jbabdm ih\_g_c IZ _n_dlb\ghkle \ZdmZpecgh€ egnjZz
oscgh]h eboz HkghadzZgfbld \e"kdZpgvje\geklv "hkimim ~"E mdjbll
[_ai_gmxqgb _n_dlb\gm ihkem]m “ey gZkboeZopdwe \k mifin Ypo €9 ZF laA
} "bkdj_Ilghx ijhklhjh\hx hilbfeaZpecghx aZ”Zq_x gZ f_j_ "o ~_ i
fekpy ihiblm fzZxlv \Z]b jbabdm \jZohj\Wagrdogn jha _lagp+ ddgmpieev
am\ZIlb \je\gh\Z" _ge \e~klZge \ZdmZpe+€ c g_je\ghkle ~“hkkImim
dZeesaZpe+€ mdjblle\ *ey isrh€ gb aZ]Zevgh€ \ZdmZp+€ g[_a y\g
kihjlm\Zggy Z\Ih[mkZfb HilbfeaZpey a”ctkapxgtehpcqfjilgd \jbklb
gbc ie”"oe™ "ey [Z]ZIhdjbl _jeZevgbo aZ”~"Zq Ilhje\gygh adkgmxq
jblle\ hljbfZgbc ieZg agZqgh af_grm} kmfZjgm _\ZdmZmecgm \e
kimim

‘\lhjb kl1Zlle > @ ijhihgmxlv "\ hdjbl_jeZeViym N hdr'aZZgry gm
\ZdmZpe€ ex™_ ¢ \ mfh\Zo iZg”™ _fe€ ydZ hwdlcqgdKgh_{Zglerhezamm E
jbabd i_j_"Zqe \ejmkm \ mdjbllyo Fh”_ev ghfimkd)Zigrhah\Z g hfin
ijbagzgqz}ivky reyo « mdjblly a mjZom\Zggyf h[f_TihgveshPh fek
\ZglZz _ggy “ey agb _ggy jbabdm azjz  _ggy Jh[hlZ ahlg_j_""_g
gy fe  “hkimigbfb mdjbllyfb erijmimtMeyfZegefeazZpe€ gZkm IZ jb;
hdj_fhlh _1Zim a[hjm m nedkh\Zgbo imgdlZo >ey jha\fyaZggy \
Zelhjblf ydbc “hal\hey} _n_dlb\gh ]_g_jm\Zlb dhfijhfekge kljZI
gZje€\ \zZd@Zgkemxgqb r\b~rdeklv « [ _ai_dm jhafes _ggy ex”"_c

Jh[hlZz > @ ij_"klZ\ey} gh\m hilbfeaZpecgm fh”_ev 4XLFNF
SBUREOHP 4(/3 ydiZz \b}grimg}Z klyafes _ggy kohEZgogyieXfdmzZpe€
mjZom\zZggyf gqZkm _\ZdmZpe+€ [x* _Im IZ [ZeZgkm azVZglZ _g
klz\e _gZ yd azZz~"ZgZ aferZgh]h peehgbkeh\h]h ijh]jZfm\bggy a ¢
kilhim}lvky f_Ih” ihkbpf_gbgov@lZZa_\jbklbdZ ey \_ebdbo Rp_gZj-¢
ey"Z}lvky "bgZfeggbc ihled gZ f_j "

Fh” _ev jhafes ggy koh\bs \ dhgl_dkle ih\_g ¢ sh \jZoh\m]
e_ggy c jeaghlbige ihlj_[b jhaley”Z}Ivky \ jh[hitevib@[TAdlgl hkh
ijhljZzfm\Zgg@IlStZgZesa < jh[hle jh[blvky Zdp-"glhklZz ghitbtm 1Z
] _hijhklhjh\bo ~Zgbo

M jh[hle > @ ijh\_~ gh ZgZeea mfh\ jhafes ggy |Z ifbagZqg_
e_ljmkm a mjZom\zggyf [Zdbo djbl_je€\ yd “hkimigeklv dh ~hje]
gbo mgkH¥ \jZaeb\eklv gZk_e _ggy fekldehkimxhsiky <HOhpb&I5,7,&
|z 7236,6 "ey hpegx\Zggy ihl_gpecgbb fekpVvihd&jbNZyeeae a\Z gl
fekldeklx ~ey jhaih”eem gZk_e_ggy ?\ZdmZpey g_ ih”*eey}lvky
\_a_ggy Ih&sen_ ahk_j_~"m}lvky gZ f_j_~ _\hfm ZgZee+a+ “"hklmigh
| _jeyo

Jh[hlzZz > @ jharbjx} deZkbqgm a4hdgmejhmfelsf ggly \[Zoh\m}
e _gbc \er gZkm ihibl gZ _\ZdmZpex Ih[lh degmdtklimepbilyx vy
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afegx}lvky ijhlyof aZe_"gh \e” gZkm P_\JVib esbélvghikidegZk_e_ggy
g_ } klZehx Fh”_ev ZgZeeam} yde mdjblly \erdjb\ZIb &Z jeagbo q.
Im sh "ha\hey} djZs_ z*"Zilm\ZigkWglyZlem jM klZlle \bdhjbklh\m}
"bgzZfeqgbc jhailmteehlibbdim ~h mdjblle\

>\hnzZagm « "\h_I1Zigm fh”_ev *ey ijhklhjh\h]h jlegt-mllggqy mdjbl
kKlZlle > @ 1_jrZ nZaZzZ \bjerm} ijh[e_fm [ZahYbo |Deylgklef\haZd "jm]Z
s _ggy a mjZom\zZggyf ihlhde\ [jZnedm F_Ih” jha\fyazre\ihggy ih}~gn
Ifb 1Z ljZZglZeea sh “halhey} i**\bsblb _n_dlb\geklv jhafes_ggy a
[ZeZgkhf fe" deevdeklx mdjblle\ «ZaZzdgdbxghx diE'dgmklx

\lhjb > @ jhaley”Zxlv aZ"Zgm jhafes_ggy mdjblle\Zijb \ _ebdh:
dmZzZpe€ yd dhmeighf&@gfm jhafes ggy « fZjrimlbggypfe€slalhHkles
mdjblle\ <bdhjbklh\m}lvky iheeir_gbc d\Zglh\bc ]_g_Iblggbc Ze]hjl
ey} r\brdh agZoh”blb n_dlb\ge ko_fb jhaih®eem gZk_eh ggy a\Z Z
\"'bgm _\ZdmZpecgbo fZjmijg\elelvielgaih*eem ex” ¢ fe' mdjbllyfb
mgbdg_ggy i_j _\ZglZ _gv

M klZlle > @ jhaley”Z}Ivky hpegdZjliathe«e pn a\fen¥ p g\ yie »
\ieb\hf deevdho aZ]jha h*"ghgzZkgh gZijbdeZHb iB§Zege~dmxdkmyd ;)
afegZ kp_gZj-&\adZgxh _n_dlb\geklv mdjbikdv Z2*2Fhlih\ggbc ie"0o"
Ah \b[hjm mdjblle\ a mjZom\Zggyf jb&bjm \P* j¢agblegZljhajh[eylb
mge\_jkZevge ieZgb ey fmevithjbabdh\bo k_j_~

Jh[hlZz > @ ijhihgm} [Z]ZIRprevdakmeg2jhagfesmdjblle\ ijb
g_\bagZg_ghfm ihible Fh”~_ev fegefeam} h”"ghqzZkgh azZ]Zevge \bljZ
|Zgv » deevdeklv g_\eZrlh\Zgbo ex”_c \jZoh\mxqgb gZc]ejre kp_gZjs
[eNroeN '52 \eMjeagyllvky \eN a\bqgZcgbo _&llolbk|l bghghoghhj® [ m}
ih\gh€ egnhjfZpe€ ijh jhaih?ee ipp4falig\qZldpfb gZ[hjZfb jhaih”ee-
P_ jh[blv jer_ggy klecderbhthipb RKbrki_g+ g_\bagZqg_ghkle

M klzlle > @ jhalJey”~Z}lvky \ieb\ "bgzZfedb gZk_e _dgy gZijbdce
geo hke[ mqgjllge"h[b gZ hilbfZevg_ jhafes _ggy mdjblle\ 1Z €0 jha
ihdZam} sh \bdhjbklZggy ebr_ klZlbggbo "Zgbo gZk_e_ggy fh _ i]
~n_dlb\gbo jer_gv « sh \dexqg_ggy gZkh\bo afeg seevghkle gZk_e g
jhaih”ee mdjblle\ adf \gfklEZges 1ZgiZ] 9@y

>hkee”” ggy > @ ijbk\yg_g_jhajh[pe ¢}jZjoeqgh€ fih”_ e« ijhkl
\Zggy ¢ jhaih®sem _\ZdmZpecgbo mdjblle\ a mjgdm\Zkgef gy Zfeq
i*" gZk gZ”a\bgZcgbo kbImZpec Ijhihgm}livky MinfmZigdbic in~"o™ g.
Ibfeam}lvky jhalZrm\Zggy mdjblle\ cazZfZgbfZ2 \ggbfhmpifm A jhaihree
gZk_e_ggy e*a fegefeaZpe}x _\ZdmZpecgbo \e*klZg_c AZdklhkh\Zgh
jblfb "ey \bjer_ggy aZ”Zqe jhalZrm\Zggy c jhaih®eeimdabfglhx ie"\b¢
kle \ZdmZpecgh€ egnjZkmenwdmhppbisddj_kexxlv \Z eb\eklv egl_]jh\Z
ie"oh”m ~h iezZzgm\lZg\ghZ mMejdgdb €0 jhaih”eem ~ey af_gr_ggy gZkm
aZ[_ai_q_ggy djZsh]h "hkimim gZk_e_ggy “h [_ai_gqgbo fekpv
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Jh[hlz > @ ijbX\ylgajh[pe [Z]Zlhdjbl_jeZevgh€ ~\h_IlZigh€
fhr_ee ijh]jZfm\Zggy "“ey ieZgm\Zggy kbkl_fb |jZgkibhglirkegqgy
fZkriZ[gbo dZIzZkljhn Hkgh\gzZ f_1Z A fegejhamm\Z|bbaeéXpekdgVeyg
A"hrZldh\m deevdeklv g_h[ofga&)iAbddbc gZk ljZgkihjlm\Zggy *
\jZoh\mxgb g_\bagZq_gesklv m “hkimighkle fekpv |Z afegge ihlj_
"h jZchge\ KlZf[meZ Z jer_ggy hljbfzgh f_Ih~hf ihdjZs_gftr
$8*0(&21 sh “ha\hey} hptlgbd bkIwmjeragviey”m gZ qZk [Z je\g
Ahkilmim ~h f_~bqgh€ ~hihfh]b

>hkee”"” _ggy > @ ijbk\yg_g_ jhajh[pe fh”_ees ijh}dIm\Zggy
Ibim OKXE)DQG)VSRNH?2 ney fekvdh]h j_]Jehgm a \bdhjbklZggy:
jbazZpe€ AZijhihgh\Zgh [Z]Z2hK _I¥ddbcc \HexqZ} deZkl_jb\azZpex *
e _ggy p_glje\ oZ[*\ a f _|lhx fegefeaZpe+€ ljZgkihjlgbo \bljzl [
fe' 0Z[Zfb Z 1Zdh \bjer _ggy aZ”Zqe jhalZrm\Zggy h[T}Hdle\ o fZ
jlgbo azZzkh[e\ ?dki_jbf glZevgZvightogddBogZely Oh)Re)Fegm ihd?z
sh aZijhihgh\Zgbc i*”o*”™ af _grm} ljZgkihjlge \bljZIb ¢ [ie*\bsm’
kem]h\m\Zggy

>ZgZ jh[hlZ ijbk\yg_gZ fh" _ex\Zggx "\h_IZigh]lh jhd&ih”?eem
p_ke\ GZ \enrfegm \eN fhr_e_c yde jhajhejhginle 5_2a1ziel gha]
NZYlvky }hbgZ ljZghhejkgthggZz kbkl _fZ Ze_ ihlhdb \ gec jhaih”ee
gh \er kp_gZjs€\ gZ”a\bqgqZcgbo kbImzZpkdkysh\ fjh Imhyge kdeZ
ZgZeh]e}x > @

F 1Z “hkee"" KI§dj ggy _n_dlb\gh€ kbkl€Efeh]dklgdbtgZ \bi
"hd jeagbo gZ”a\bgZcgbo kbImZpec \ j_]Jehge regpdif€ Hafth[ees gg
f_Ih~m hilbfeaZpe+€ jhafes_ggy kljmdImjgbo _e_f_gle\ kbkl_fb -
fZl _jeZevgbo ihlhde\ ydZ ~“ha\heblv aZ jeagbo b dilZ g pnkh\
eh]eklbggbo ijhp_ke\ jZpehgZevgh jhaih?eeyxqgb ljZgkihjlge |Z f

<bdezZ”_ggy hkgh\gh]h falajjeygemh |_jblhjex "~ _ydhZh j_]eh
€gb gZ ydec fh ' mlv \eA[mlbky gZ”a\bqZcges kbimZp+*€ GK | _o¢
o¥ZZdl_jm \gZkeedlZk geh]hgy a ihkljz ' ~Zeh€ | _jblhje€ ih¥ggh [n
g_ "h koh\bs Z[h egrbo degp_\bo imgdle\ ?2\ZdmZpey ateckgx}l
dm f_rdZgpe kZfhklecgh ~h[bjZxlvky “h i_j\bggbo fekpvba[hjm
fb JjmizZfpZgkihjimxlvKpfylZ klhdimgdljhafes ggy gZk _e gdty LIJ
lje[gh \bagZgblb hilbfZevges fekpy jhafes _ggy i_j\bggbo imgdl-'
gbo azZ gbfb ahg \ZaymhBphgkyblmg\ZdmZpecgbo ihlhde\ ¢ jhaih”
"hkimigbfb degpm\ddbzfb "ey dh'gh]l]h a fh eb\bo kp_gzlh«€\ jha
qZcgh€ ihhe€ ngF]-_{hx } fegefeaZpey k_j ~Ageo ih \kef kp_gZj
\bljZzl gz _\ZdmZpex yde \jZoh\mxlv kmfZjge amkbeey f_rdZgp
imgdIm a[hjm igpeecjdr fZjrimlghfm gZkm Z[h \eNki¥hagy |E£Dg R hh
LIJ fh eb\m ihlj_[m jharbj_ggy fekldhkle hklZgg-o

GZ jbk ij_"klZz\e_ge* "\Z kp_gZj*€ GK fh eb\hp_dFip\i_jrr
\ZdmZpe€ ijb pvhfm imgdlb i_j\bggh]h d[Hjonlgxk?€av gb tio gy y\
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imgdlb } \bagZq_gbfb aZa~Ze_ ]*~v Ze_ qZklbgZ a gbo_m jZa+ hdj

Ahklimighx
>ey |h[m"h\b fZl_fZlbggh€ fh”_ee« \\_~_fh IZde ihagZqg_ggy

_OSEEEMNCANY -fgh bgZ fh eb\bo kp gZj*€\ GK dh'Zg a ydbo |
}Ivk)ngImlgbfb iZjzf |w _jblhjey ]ﬁgml_mm-y GK

ey +ahgZ h[kem]h\m\Zggyﬁ-’kqow kaq[hgrﬁ\ts-evg-klv_ng
e_ggy ihkljZ>~Zehlh m j_amevlZ|. S

py a[w yde ihljs[gh \b g%

Rl t\Zjleklv Iijjknthgy a fekill ’af[hlgmh\ﬁ m
\b|jZ|b ijb jharbj_gge ihim ghktkkpla\thgh jhajZoh\ZgelgZ h*gm h’

p X j_kmﬂr&cfh\-jg-klv j _ZeeaZp-€
A ¢ i_j_\_a_gho a ﬁkfpry Ith}ﬁZ‘ey kp_gZ

glb yde \bagzZqgzZxlv ijehjbl_Igeklv \bljzZl <« \jZoh\mxIlv ifb\_~ ggy €
]h \b]Jey”m

#deevdekiv e
it +dh_n}p-

() - ueHTpM 1-ro etany
# - UEHTpM 2-ro eTany

+ - HEOCTYMHi LeHTpu 2-ro eTany
(ans o6ox HC)

— - rpaHuULi MK 30HamMun
— - eBaKyaUiliHi NOTOKM

<3§§‘ - TepuTOpist NOTeHLiiHoT HC

Jbkmgha¢\Z kp_gZj*€ GK jhafes _ggy p_glje\ « ahgm\Zggy | _jbl
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B \\ A fh ~h Jha]eyw\ﬂdankk \keo fhoeb\b

jha[blle\ fghﬁg@aﬁ |-’\fgh bg

deZk \keobfboe

Fzl _fZlbqgZ ihklZgh\dZ azZ”~"Zqe jhafes _ggy i_jabdgbodbZimgd]l
ghlh jhaih®**em _\ZdmZpecgbo ihlhde\ a fegefeaZpe}x k_j _~geo0
gZj- yfb GK aZ]Zevgbo \bljzl aZibkm}lvky m IZdbc kihke[

aZ mfh\ gz
- |hIm geklv fe kpv a[hjm

- mke \Zdmch\Zge f_ rngp- Jhalh"-fd)yxr‘n\gkd)/IZafZJd gp_\b
fr w (2)

- fekldeklv degp_\bo imgdle\ koh\bs
oyl PR . ter wn g e ¢ (3)

- jharbj_ggy m jZae g_h[oe~*ghkle fekldhkle i _j\bggbo imgd

(5)

E_]dh ihdzZazlb sh mfh\hx jha\fyaghklgZkdmiagZ ih"vecgZ g_
\geklv
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I il :| " P N (8)

Ydsh degp_\e p_gljb a[hjm jhalZrh\Zge my@d hdh _KpboZjey fm~ v
; lh mfB\ZQZ[m\Z} \b]Jey"m

i::.=:::: 1, |I|. I - (9)

i

AZm\Z _oew \jZom\Zggy fZzdkbfZevgh fh eb\MhZ&Zgm \ZdmZp:
+(7 fh' gz "h~ZIb mfh\m

ettt +k_j_ gy r\b~rdeklv ex*bgb

H[{%]jmglm\Zggy f Ih"m jha\fy@Zggdy aZdiZgmxlvky mfh\b <\
A fh 0Zjzdl_jbklbgee inmfg;dhﬁ)m \b]ey~ne

(10)

(11)
(12)
(13)
(14)

(15)
(16)
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iv a7

(18)

T B i, e, mpwz

<eN azZnNZqydZ } aZ”"Zq_x g_kdegq_ggh\bfejgh]hZAmNZfZdpqggh]
a e \bfb af-bei_j_c"_fh Ah azZ~Zqge ae agifggdgyfédlhdhfi
nmgdeZ \eNjeadm > @

Ajhamfeeh sh

"_ fegefmf |JZ\thq h[qbkex}lvky aZ "hlmklbfbfb gZ[hjZfb

jha\fyaghx z~"_ fh\z c"_ ijh nmgdp-the ydbc } k_iZjZ[_evc
dh gh€ a dhfFEB g_ldlhrjmgdWZgZ himdesc azfdg_gec H[f_ " _g:
"bg-e ]°ev[_jljl"h\k7_IH g9l Djef Ih]h k_j_~ fgh bgb hilbfZevgbo jt
aZ™Zqe hilbfZevge jha\fyadb az~zZq-

>ey hljbfZzggy g_h[o*”*gbo « “hklZlgeo mfh\ hitb¥Zevdhkle ~
nmgdpehgZe EZ]jZg Z \ gZklmighfm \b]Jey”"e
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gZ[*] "\h€kpgbo afe

[m~ _fh gZab\Zlb
ydsh

AZrZqZ "\h€klZ; Mhhafateogidvky 1Zd

20
Kijz\_~eb\hx } |_hj_fZ ~\h€klhkle a]e”gh VA h€ (st{)[neatZ’\Zq-

ih\fyazg- ki-\\-Aghr_ggymekzhkl-jogy liZgv fmeZ “diky
g h[o"‘gh . "thZIgvh -kgm\Zggy kereh\h€ lhqdb
EOEADD, ot B9 00, by, e} { hi,
jha\fyaZggy |ZjbIZtZ’\Zq_d\ *\Ze glgh ihrmdm ke Aeh\k@ﬂlgﬂdb nmgdp
\dZazZge+c fgh bg-
20C
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3 |.I| Jl""|| | 'i || :I-I-Elll.-l I| \ d I hJ b

@ 1} “h\eevgbfb “himklbfbfdb Ze_

(21)

_fth Ah] jha

Py nmgdpey \bagZq_gZ gZ "_ dieee: fhh|}’l:irp[-mItfig;vﬂL tb@

L hj fZz>ey Ih]l]h sh[ "himk [mezZ jha\fyadhf
azZ™"Zq- g_h[o**gh « ~"hkl2Zligwtb

mfhiZ

x&eW \bthg m\ZeZkv gZklmig:

(22)

>h\_~

_g®y h[oe" EE +hilbfZevgbc jhalfyah

g <& o (e
aznzg- -

(23)

(24)

lhdZ _fh sh fZkx"b\ NS
ljbimklbfh ijhibe_"g_

g_
eb\hx } g_je\geklv

KdezZ” _fh gh\m iZjm "himklbfbo nmgdpec *"ey aZ”Zq-
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Jhipishgze-

Jha+[f}fh ZgZeh]eqgbf gbghf <gl_]jz &l

ijZ\e qZklbgb hljbfZgbo kis\\eAghr

il || 2], || | |

sh |JthJ-quv
:gZeh]eqgh fh gZ ijbimkiblb -kgm\zﬁgghi‘-b«gﬁhmgﬁ sh
o LM ot A wen o B g_J.\g.kIV

[mA |hjmrm\ZIbkv mfh\z Hljbfzg_ ijhibjeqqy ~h\h~blv g_h

x"bzeéey \k

20z
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1gl_]jmxgb pe g_je\ghiXea |7 \§Zfeh\mxqb |_ cetkly_fla\ _ g
\bdhgm\ZIlbkv ebr_ gZ fgh‘b,-ngqI_hgmgpyj i2a”"egl_]jZevgh€ nmgdp
g_\ieb\Z} gZ \ _ebgbgm <gl_JjZem hljbfzZ}fh

p° hagZg_ggy ozjzdl_jbkibggbo 1

>h~Zxqb ijZ\hjmqg 1Z e«\hjmqg \ hljbfZgbo g_ﬁo\ghjlblfyZo}fdhhgkl
g_je\ghkle

L _hj _fm ~h\_~ _gh

<bs_ azZz”Zgmmdh\Zgh ~h; aZ”"hgesfZ "\h€klhkle a\h~blv jha\!
thZggvh=€ N h |-IY\rmhdh1€kIhqdb €€ nmgdpehyZred kErglfilzgn - vhfm \

j [ R 'R v e "h\eevgbfb Zeb ~himk

fbfb Lh~e a]-’\gh I hj_fb ’\ey \bagZq_ggy j_rlb dhfihg gl ke
hgZem EZ]jZg Z ihlje[gh Y, Hoa \fyazZlb aZz*Zqm

G_oZf + "h\revgZ n-dkh\Zgﬁlhmdzbam k_iZjz[_evghkle ni
l \erghkgh kmdmighkls k\h€o afsggbo fZ} fekp_ gZklm
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[m~_ jha\fyadhf alizqe ebr_Ih”e dhe&b \bdhgm\

i} “hky]Z}

k\h]h fegefZZ2vgh]h ag

(28)
K_j_~ mkeo jha\fyadhapezy'\@Zgh |le yde } djZcgefb lhqdzZfb ~him

(29)
ahdj fz fZ} fekp_ je\geklv

A pvhlh \bieb\Z} sh k_j_~ dhifWES §! \_ddkgZn} ebr_bhrgZ hA
gbqgZ dhfihg_giz g_faereepghitgimih gz azibkzlb 1zd
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B0g IIIII I

< kbem ~h\eevghkle \lﬁ[hhmthZ}ed\bg agZq_ggy ndhgagpehgZem
R ; ! o, wpc oy M aZibr_Ivky

M kbem ~h\leevghkle \b [t
\bjZam mlhqgbf2@z~Zgm
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ljb pvhfm

je\geklv ea gZklmigh€ kbkl_fb

me Ll MG e i
I JFIEY L [ vy

\bdhgm}lvky ydsh

hl™  ier"klZ\eyxqgb thbfZ@ \db4Z Bl Zmjb "h\eevgbo agZg_ggyo

j_rlb afeggbo gZ[m\Z} \b]Jey™m
(32)
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HI"_ gzZ\_" _ge fejdm\Zggy } “h\_"_ ggyf ngImlgh€ | _hj_fb
L_hj_fZG_oZc \ aZhayedil < i r AN H i b
fZevgbc jha\fyahdbeagZprlIivky gZklmigbfb mfh\zZfb
1) ozZjzdl _jbklibqgge nmgdp € ien"fhxby hsllbflZekaerd Jhﬁblly gZ
ierfgh” bcgh gm a fgi 1,58

2) afe gg- jhal’bj ggy ihim ghkl_c fekldhkle Zmgtey mkeo]h

4} jha\fyadhf az”~Zq-

4) "ey \bey ggy a\‘ﬂyad e\ fe' p_gljZfb i_jrh]lh « ~jm]Jh]lh _1Zie\
hilbfzevgbo \_ﬁbldplblgd \ j_kmjkm féeyghfb’ gh]hZ ke ke -
jha\fyazZlb gZklmigm aZ~Zgqm ee+sgecgh]hjligh]jjzimi\dggy |jZgkih

T

H"  fzIl _fZlbgg_ aZ[_ai_q_ggy azZ”Zqe jhafes ggy ijhfe’
p_glje\ « A\h _1Zigh]h jhaih?*eem j_kmjke\ \ mfh\Zo g _\bggZq _gh
geklx ihy\b jeagbo gZ”a\bqgZcgbo kbImZpec jhajh[e_ghha \bdhj
eh” _gv | _hje€ ygbojepgecgbo azZz”Zq hilbfZevgh]h jha[bll§ fgh'b
klhkle AZklhkm\Zggy aZijhihgh\Zgh]lh is*oh”m ~Z} fh eb\eklv
jha\fyahd "\h_1Zigh€ aZz*"4feaijhvefem_ggwjZom\Zggyf jeagbo kp_
ZgZeeslbgghfm \b]Jey”am ljbhg& gfZzklbgZ ch]lh izZjzf _lje\ } pha\fyar
"gh€ hilbfeaZpecgh€ azZz”"Zqes a g_JeZ”"dhx peevh\hx nmgdpe}x [Z
gbc Ze]lhjblf jha\YfyazZggy azZz”~zZqe fh _ [mlb jhajh[e_gbc gZ hkg
f_Ih~e\ g_lez"rdhEZprdfiZgbtgeigh]ljZfm\Zggy
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<bkgh\db |Z i_jki_dlb\b ih~"Zevrbo MKathle gmZijhihgh\Zgh f
| fZlbggm fh”_ev hilbfeaZpe+€ kbkl_fb _dklj_ iggtef ¢mdtshMeéhfa ~\h_
ex"kvdbo ¢ fZl_jeZevgbo ihlhde\ ydZ ih}*gm} g_i_j_j\gbc ijhklhjh\
eggy a \b[hjhf imgdle\ a[hjm [Z [_ai_qgbo p_glje\ « \jAoh\m} jeag
g_ggy gZ”a\bgZcgbo kblmZpe-c

Jhajh[e_gbc i*”0o*” “ha\hey} \bagZqgZIlb hilbfZevge fAkpy a[hjm
\erge ahgb €0 _\ZdmZpe+€ 1Z jZpehgZevgh jhaihéneklibgekfikvdes ihl
p_gljZfb a mjZom\Zggyf \e*klZge qZkm i_j_fes_ggy |IZ hjZzgkihjlgbc
ihgh\zge fZIl_fZlbqgge ihklZgh\db 1Z f_IhYpbkhZmtvremlbpdgk\Zggy
gZkm _\ZdmZpe+€ |Z ZgZecam gZke*"gZ\*E\Z@Za 2 pb§ZEpyd ok Kkipn
hjlZzgZfb mijzZz\esggy |Z kem [Zfb j_Z]m\Zggy

Jh[hlZ \bdhgZgZ \ jZzfdZo ~_j Z\gh€ [x” _Igh€ gZmdh\h€ |_fZIb
©OFZzZI _fZlbgg_ + dhfifxl_jg_ fh™ _ex\Zggy jZpehgZevgh]h jhaih”eem
kmjke\ m [Z]Zlhje\g_\bo-éjZlgkibpghof Xb kI

E1L?J:LMJ:

1. DhjyrdegZ E K Em[_g_pv > [/ Kbkl_fgbc ZgZxeea 1Z fZ1_
\Zggy qZkhdh\HZigbo ijhp_ke\ jhaih”?eem fZIl_jeZevgbo ihlhde\
technologies, 1(150), 899. https://doi.org/10.34185/15@8451-150-2024-08
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Mathematical modeling of the location of logistics centers
and twestage distribution of raterial flows: ascenario approach

The twestage process of population evacuation and distribution of material resources
in an emergency logistics system, which includes population collection points and evacuation
centers, is examined. It is assumed that the populatioansnuously distbuted across the
region, while the selection of collection points and evacuation centers is carried out conside
ing various emergency scenarios and constraints on territory accessibility and avagable r
sources. The aim of the studyasansure the efficient organization of evacuation and mater
al flows by developing a mathematical model and optimization methods that allow determi
ing the coordinates, number, and capacity of collection points and evacuatitenssas well
as rationallyallocating human and material flows between stages.

The mathematical formulation of the problem is based on a combined use ofi@astin
and discrete approaches: the population and collection points are considered cosdimnuou
distributed within the regio, whereas safe stay points are treated as discrete objects. The
model enables the optimal determination of areas from which the population should gather at
specific collection points and how population flows are distributed to safe stay points, taking
into account factors such as distance, travel time, facility capacity, and different emergency
scenarios. This approach formalizes the stage evacuation process and provides an a
sessment of key logistical indicators of the system.

Key words: scenario appach, multistage logistics processes, area zoning, matthema
ical model, optimization, locatieallocation problems, system analysis.
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a\fyade\
"hkeeNgbpvdly
ghkls

ljbkdhj_ggy_\-j
klm~_glkvdbo H
dmk gZ djblbg
€_ggy

<eamZee+a

Fhr _ex\Zghwnelh]
"bn_j_gpeZevgh

lhe ]Jr_ggy ad
gy kdezZ"dggl

<bdhjbklZggy

kdez~gbf az\~"Zggyf

214

*a gqbk_evgh]h

4 | Z[Klj fZ1l _jeZee\ 7
kl[jmjdzlgjr:jo f_lj=€ a_j_a Jegl_jzdibig=kil [}J|sz|LboeT g1
*gl_jilZp-€ qZg9gy B
= cfenedZpey |IdAjhklZggy j *kKI\hj ggy aZoh
5 le"Vbs ggylb\ge ilmhjfb gz |{~h fzIl _fZlbdlh|{]h gZ\qZevgh]h
fhib\Zp«€ |[R1 ~ey aZemagnqgbc ie"oe™ |\bsZ ithe ]t
Nogle) jha\ffyaZggy a\aZ}fh"e€
1. >hk\e® aZklhkm\Zggy kbkl _fb ODSOH m j Zevgbo mfh\Zo gZ
"ey |_ogeqgbo ki_peZevghkl_c fh _fh ijhebdakMm\iZMhghipd a kij
N glZ “h eKkiblm a ~“bkpbieegb ©OFZI _fZlbgg_ fh™ _ex\Zggy?

jhabRyafbgdhngegp-Zeh§gblo
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je\gygv GZ ijhihabpex \bdezZ”ZqzZ klim?2iedd! rkidji hixk IZDISYD B, \g
kee”hd qh]lh \eg afe] hi_jZlb\gh \\_klIb fZI_fZlbggm fh*_ev aZzZkl
]hjblfb gbk_evgh]h egl_]Jim\ZgdgppfZIGbjlIpmev1Zl > @ Hdjef qbk
jha\fyaZggy ijh]jzZfz \fe} Z\IhfZlbggh ]_g_jm\ZIb ]jZnedpgm \ear
kl_fb\im]Jey”e ljZ}dlhjegha¥ee iZjzf_lje\ jbk

ed (33) — Maple — ]

Jit Insert Format View Table Plot Tools Math Window Help

Blel® 5B & t* av-72-8 I A& T = é
1. ¥ = y+ cosx Solving: y(x):e"+§ o si;x
' Solving: x 2’
2. y+\/;)=0 olving: _y(x):;-{-c)‘2
3. yn_yl_ ZyZO Solving: y(x)zclez.x + Cze—-_x
4. xy+y=e*? Solving: y(x):x—le—:‘J'x'} i
4, xy' +y:e_-x' S()l\/ing: y(x):x_l e,\’d e',z dx
16,6 13s ~ — @

JbkmghekbdhjbklZgggZinhjMeple
Ney jhalfyaZggyy ¢babg_je\gygyVv

2.1grbf ijbdez”~hf _n_dibaghEhj§b ydZ Zdlb\gh \bdhjbklh\m]
\b\q_gge* \bsh€ fZIl _fZlbdb } DR@dUUIDPM$OIEKkhIghigdbec f oZgeaf
Ney eogl_jZdlb\gh]lh jha\fyaZggy rbjhdh]h ki_dljz fzZIl_fZlbggbo
gZke Ch]h nmgdpehgZe \dexqZ} fh eb\eklv jha\l\fyaZggy eesgecg
gl _]jZees\ ~bn_j gpeZevgbo jebglygve\gydxdhjbkpvhfm hkh[eb\e«l
kbkl _fb } ~ fhgkljZpey \keo ijhfe 'gbo _[Zie\ jha\fyaZggy sh ekl
gx eh]edb ih[m~h\b \eMih\ene jbk > @

Hdjef ZgZeeslbqggh]h ikMolfgeZlphalZdh™ ijhihgm} ihIm ' mge egklj
f_glb \eamZeclaZd@gtBqigbo h[T}dle\ 1Zdbo yd nmydpe€akhsgah® qb
ijhklhjh\e djb\e 1Z ih\_joge sh dhjbkgh “ey aZikkdhhdbyZigZeaafd
esgecgh€ Ze] [jb leZlnhjfZz [_j_ yd \badlZg-egegllZjdZebg hpamlogke
ihoe”rge {yd¥vh ylBjdm sh } gZ”a\bqZcgh dhjbkgbf ijb hijZpx\Zg
j_gpeZevgh]h |IZ gl _]jZevgh]h gbke_ggy |Ijb pvhfm ijh]jzZfZ g_
j_amevlzZim Z kmijh\h~*"m} ch]h ihdjhdh\bf ihykg ggyf Kijb
leb[rh]lh jhamfeggy kmightkqgbdjhpec
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¥ WOLFRAM

Solvey’ =y cos x

Solution:

y(x) — Clzesinx‘

Solution: 3
olution eX

R
J g

Find the limit of (14 1/x;, as x >, n>0

Result:

Result:
z3-6z+8=0

Roots:
z=—-2 z=%2i
JbkmghtkbdhjbklZg-ggZi nhjitolfram Alpha
ijb \bdhgZgge jy"“bdgbdgbke gv

3.K_j_" egkljmf_gle\ sh hklzZggef gqZkhf ijh”_fhdlbl\jgrkideb \bkhd!
m fZl_fzZlbggec i*~]hlh\pe fh gz \b 3dibd Al igdlibeyprgm}livky yd
mge\_jkZevgbc pbnjh\bc j_i_Iblhj sh azZ[_ai_gm} kIm~_gle\ rbj
nmgdpehgZevgbo fh eb\hkl_c yd \e~ jha\fyazZggy ijhklbo Ze]_[j-
kdez~gbo azZz”7Zq a fzZIl_fZIlbqggh]lh ZgZeeam |Z ZgZe+slbgqgh€ ]_hf_Ije
JuliusAl } ch]lh a~zZlgeklv gzZz~zZ\ZIb ihdjhdh\e ihykg_ggy sb “ha\hey} |
r f_ozZgegqgh aZk\hx\ZIlb ]Jhlh\e jha\fyadb Z c Jeb[r_ ijhgbdzZlb \ k
ijhp_"mj eh]edmgyh\ZélhjblfeaZpex [Z egl_jij_lZpex j_ameviZle\ >
lhlh pgokljmf_gl ~“hih\gx} |I_dklh\m egnhjfZpex e+gl_jZdIb\gbfb \ean
yde ~Zxlv afh]jm djZs_ ajhamfelb ] _hf_Ijbggbc afekl fZIbfZlbggbo i
dez” ih\_7~egdm nmgdpec jhafes_ggy lhghd « \_dlhje\ @ ijhklhje
"_9gy je\gygv ckJ_p\gish jbk

M \biz*dZo dheb kim”_glb | _ogeqgbo ki_peZevghkl®c gZklh ih
ghszZfb ijb \b\q_gge IZdbo | _f yd “bn_j _gpeZevg_ gbkeZggy djZlg
libggbc ZglukusaAl \bkImiz} ydekgbf ihk_j _~gbdhf fe ' kdemghx Z[kl]j
fzl_fZlbgghx kljmdImjhx [Z a~Zlgeklx kim~_glzZ <gl_jij_Im\Zlb €€ q
gbkex\Zevge c ]_hf_ljbgge hi_jZpe-€

lgriat-egkljmf_glM&thGPTPro(Mathog, sh \bjeagy}lvky \bkhdbf ki

i_g_f mge\ _jkZevghkle 1Z hohie_ggyf rbjizdbfglko jhlaZeeA\N fyd \o/"
_e_f_glzjgh€ ZzZe]_[jb ~h klZlbklbdb ~bkdj_lgh€ fzIl_fzZlbdb 1Z |
MathGPTProa”~Zl_g ]_g_jm\Zlb yd jha\fyadb "h az”~Zq |Zdne ih\ghpeg
ijh\h~" _ge ZgZee<slbgqgbfb dhf_glZjyfb shh dh gh]h*#h\hdmglgjgbke g
jbk

21¢ ISSN 15629945 (Print)

ISSN 27077977 (Online)



Kbkl flgeoghedl](d62) 206 ©6\VWHP WHFKQRORJLHV?

Jbkmghtdlha\ffyaZzggy aZ”"Zqes a ZgZeeslbggh€ ] _hf_ [lje%
\ k_j_~h\ubus Al him~Z\ijyfh€ q_j_a "\« azZz~Zg+* |lhqgdb

Jbkmghdhdjhdh\bc jha\fyahd « ~h\_~ _ggy |_hj_fb
ijh ih~re[geklviigbdm az djbl_je}f $$$ mMathGPTPYD S »

M j Zevghfm gZ\gZevghfm ijhp_ke \bdhjbklZggy ieZlnhjfb 0
hi_jzlb\gh i_j \ejy}lvky ijZ\bevgeklv jer gv "ZfZvwgbko qBE\¢gYlw\
Ze ¢ ijh\h”rblvky kZfhhpegdZ IZ nhjfm}lvky a\hjhlgbc a\fyahd
gyo Glzdez”~ kIm”_gl hijZpvhimxqgb |I_fm klZIbklbggbohjhaih”e
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jbdb fh™_ hljbfZlb g_ ebr_ IThgqgm \e?ih\eAv Ze ¢ ZgZdra \b[hjm n
fbedb m jZa+ €€ gZy\ghkle 1Z j_dhf_g”*Zpe€ sh”h Zevl_jgZlb\gh]h

leZInhjSyhbolaby\ey} kh[hx ihim ' gbc egkljmf_gl sh ki_peZeeam
thdjhdh\hfm jha\fyaZgge fZl_fZlbggbo aZz”~Zq rbjhdh]h Xi_dljZ kde
ah\bo _e_f_gle\ Ze]_[jb ~h \bkhdhje\g_\bo h[gbke_gv fZlI_fZlbggh
j_gpeZevgh]h gbke_ggy_[¢bgdclghlEkledb ¢ dhf[egZlhjbdbZ Hkgh\gZ i
] ZSymbolabihey]Z} \ Ihfm sh kbkl_fZ g_ ebr_ h[gbkex} degp_\bc j_ar
fhgkljm} ihkees~h\gbc eh]eqgbc reyo ~h gvh]h gzZ”Zxqgb klm”_glm
dh”_g _I1Zi jha\YfyazZgdpgoh }Zdgb\dy nhjfm\Zggy ]Jeb[hdh]h jhamfeg:
Zelhjblfe\ fZI_fZlbggh]lh fbke_ggy hkh[eb\h \ dhgl_dklZ kZfhklecg
NZgZfb ie*"\bs_gh€ kdeZ”*ghkle > @ jbk

JbkmghtKdjegrBymbolab® _fhgkljm} jaA§Hy ihoe*gh€ kdeZ*gh€ nmgdp

1gl_jn SgkbolabfZ} nmgdpehgZe ~ey \\_"~ ggy fZI|l_fZlbggbo \bjZa-
gm 1Zd « aZ ~"hihfh]hx ki_peZevgh]h nhjfmevgh]h j _"ZdlhjZ iekey
agZ} kljmdilmjm azZz~Zqge deZkbnedm} €€ aZ Ibihf gZijbdez” jha\f
AT ggy ihoergh€ dyoglogdeliZzezZz 1Z ] g jm} ihdjhdh\_ ihykg _ggy <a
gyf \e~rih\ergbo | _hj_f ijZ\bejb phjHfmeas kdezZ”gbhbeedld®yb
Z[h ljblhghf_ljbqgbfb j«Sgmlpipp#BIhfZlbqgh \bdhgm} i_j H\hj _ggy d
f_ glmxgb dh 'gm 7~ex sh ~"Z} mflglmelbim~ilg\ihjblb fZIl _jehe Z c¢ mk\
fblb ihfbedb m \eZkgbo fejdm\Zggyo <bkhdbQymbdlalyyv fogn dlb\ghkl:
kljm} ijb \b\qg_gge | _f fZl_fZlbgqgh]h ZgZeeam ihoe"ge* {djZgbpe -<gl
peZevge je\gyggy lhsh
>h "™ Z Magle Calculator,jhajh[e _gbc dhfiMapSoft } fh[eevgbf -
kljmf_glhf ydbc ih}*gm} \bkhdhlhqge h[gbkex\Hevgh € hKell\ hflol kb
Maple ea nmgdpehgZevgeklx rimqgh]h gl _e _dlm sh az[_&i_gm} klim~
d_ hljbfZggy j_amevizZim Z c¢ Z\Ihfgdpahfdlgkexh¥kggh]h ijhp_km
Hkh[eb\eklIx ieZlnhjfb } fh eb\eklv jhal\fyaZggy kdezZ~gbo fzZl| _ fZ
ih\fyaZgbo *a ee*gecghx Ze] [jhx qbk_evgbfb f Ih~2Zflh klZIbklbq
kil _fzfb je\gygv h[_jg_gbfb fZljbpyfb Z 1Zdh" az"h§2€b fzZI| fZlb
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\Zggy =heh\ghx i Mapl&Chlgulator} nmgdpey jhaicagZ\Zggy jmdhibk
Aimdh\zZglhfZlbggh]lh |I_dkim azZz ~“hihfh]lhx dzZf_jb kfZjlnhgz Kkl
ijhkdZgm\zZidbegd” a ahrblZ ie*jmgqgbdZ Z[h keZc™Z IZ hljbfZIb
Zc ih\gbc ZgZe<lbqgbc ZgZee+a a ihykg_ggyf mkeo _1Zie\ jbk

J b kmg htflaple Calculator*ey jha\fyazZggy fZIl _fZlbggdogagdfhqg a ihy

>h~rzZlhd a~zZl_g Z\lhfZzlbggh [m"m\ZIb ]jZnedb yd nb ~“\h\bf
\bfejghfm ijhklhje sh "Zeray\Zb ih\_~egdm nmgdpecb "hkes”
Ibgge lhgdb agZoh”blb _dklj_fmfb \bagZqZlb gZijyfdbZajhklZc
dh™ a”eckgx\ZIlb ]JjZneggm gl _jij _IZpex kbkl _f je\gygv > @

Hkh[eb\h pegghx } nmgdpehgZevgeklv h[jh[db fZldggbo
i*"ljbfm} hi_jZpe€ gZ”™ fZI{poplfb [mMmH¢dm \dexqzZxgb fgdh _ggy
ihgm\Zggy agZoh” _ggy \bagZqgbdzZ a\_"_ggyn"h [YZieégdey
o0ZjzZdl _jbklbggh]h iheeghfZ sh jh[blv chkizag aagfgggdhdnzermh [jl
gbk_evfbldn~e\ > @

7.GeoGebratp  eggh\ZpecgZ gl _jZdlb\gZ ieZlnhjfZz yd& ih}”~gn
] [im fzZl _fZlbggbc ZgZeesa * klZlbklbdm \ }*"bghfm nmgdpehgZ
"ha\l\hey} g_ebr_ a”eckgx\Zlb jhajZom\pdipsdge fmlI"mXZblgegh fh”" _
1Z "bgZfeqges kbfmeyp+e€ Hkgh\GdoGehkah [Eb\ekixklv kI\hjhggy ]_
f Iljbggbo dhgkljmdpec a fbll}\hx j_Zdpe}x gZ afegb iZ]jDf Ije\
\h ijb \b\g_gge | _f ih\fyaZgbo e<a ZgZeelbqghx ]_hf_lje}x ]
nmgdpec iYHmANZ]JXbfejgbo h[f}dle\ | _hje}x cfhlejghkl_c e« klZ
ZgZeecahf AZ "hGed®ddixkl m”~ gl fh ™ \eevgh [m~ m\ZIlb ]jZnedb
fh eb\eklx ZgefZpe€ sh ~Z} afhlm ~bgZfeqgh "hkee”"m\ZIlb \ieb
\b]Jey® nmgdp€ GCZtpxkegdb d@afnepe}glb d\Z*jZIbggh€ nmgdp-€
Zevghfm gZke kihkl _je]Z} yd iZjZ[heZ afegx} k\hx hje}glZpex |
gZijyf Jeehd Mge-dzéeGaprkihey]Z} \ gZy\ghikftmey ey ih[m” h\b i
\_johgv h[f}fgbo Iee ijhkhhsh\Zoi\jdlibge\ sh ihlje[gh ijb hiZg
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| f kl_j_hf_ljs€ [Z]ZIh\bfsjghlh ZgZeeam |_hje€ ihey 1Z ~bn_j_g
jbk

Jbkmghdh[m~h\Z ]_hf_Iljbggbo dhgkljmdpGeoGebka] ] h’flh blggeb o
nelmj dheh Iljbdmlgbdibheapyhg la dhhj*bgzlzZfb Ihghd

GeoGebralZzdh™ ie”*ljbfm} ieZlnhjfm &%$6 &RPSXWHU $OJHEUD 6\
jh[blb kbf\heegge h[gbke ggy jha\fyaZggy je\gygv < g je\ghkl_c
liZes\ ~bn_j gpex\Zggy kdhjhg_ggy \bjZas\ghhbsdeihppgggy gZ fgl
ieZlnhjfm _n_dlb\gbf k_j_"h\bs_f ey \bAld_g4gy _dgZ dbg@g!lbdb
Djef Ih)@eoGebranhjfm} j Zevgm fh ethjbklih\Yb\dZIb klZIbklbgge nmgdp-
l1Z fh eb\m ih[m~A"h\m ]Jeklh]jZkexXZpgAf jjhajZomghd k_j_~geo ~bki._
dhj _eypec 1Z j ]j_kec sha ihdMgaulbd ZgZeea a h[jh[dhx _fiejbqgg
NZgbo > @ IZ[e

RImggbc +gl_e _dl az\~ydb k\h€f mgedZevgbf fh ebdkdhklyf dZj
nhjfm} ijhp_k \b\g_ggy \bsh€ fzl fZlbdb kim”_glZfb |I_Bgeqgbo ki
[ _aigm} \bkhdbc azizk zZz~Zilb\ghkle gl _jZdIb\ghkle [Z pergylly ijh:
Igvh]lh ijhp_km sh yd ihe_]Jrm} |Zd < ijbr\b”"rm} aZk\bgdbgy kdezZ"g
dhgp _ipec Ze_ c Kkijbylb jha\bldm ZgZe-+lbggbo gZ\bghg g_h[o<”~g
" g_jgbo |hjfgpecgbo aZ™"Zq > @

<bkgh\dhzZ is*"kmfdjhf\b» gh]h "hke*”" ggy \klZgh\e ggh sh aZzZkl
gy | _ogheh]ec rimggh]h gl _e _dIim \ ijhp_ke \b\q_ggy dgnjkm \bsh¢€
lZfb | _ogeqggbo ki_peZevghkl _c¢c agZqgh afegx} o0ZjZdl_ | gZ\qZevgl
amevlZlb "hky]Zxlvky gq_j_a j_ZeeaZpex ijbgpbie\ Z~2Zilp\gh]h e<gl_
khgZeeah\Zgh]h gzZ\qgZggy sh ~Z} fh eb\eklv [¢sevr _n_dlb\gh aZzZk
gZ\qZevgbc fZl _jeZe Djef Ih]h Z\IhfZlbaZpey jmlbggbo h[gbke g
amevlZleW\bbmdf _grimpdb\g_ 9gZ\ZglZ ggy gZ klm~ _glZz

:gZeea ihdzZaz\ sh -kglgiZkdgeg3b | Kdpley\Wolfram Alpha, Julius
$, ODWK*373UR 6\PERODE O0DSOH &R /FoQidvs B W rhg d'pleR gz e D
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ihlm ge aZkh[b \eamZecaZpe§h[RylwkEpelg\hlelbr dhjbkgbfb ~ey
klecgh]h \b\q_ggy |I_f Ze_c peggbf Zlbipndgqg lgg yif "4y \bdeZ"Z¢

<b\g_gh ijZdlbgge i_j_\Z]b <gl_]jZp+*€ rImggh]h +gl_e_&lm \ fZ
dj_fZ \hgb azZ[_ai_gmxlv *_|Zevges ihyXkggeg@¥N{lg jhbjhya\m I
\bfejgbo ]jZnedes\ « "bgZfeqgbo fh”_e_c kijbyxlv ajhamfeggx Z
[Zzdh™ ~"Zxlv afh]lm klI\hjx\ZIb kbfmeype+€ ¢ Z~Zilb\ge aZ\['Zggy -
ex} fh eb\hkle \b\g_ggy \bsh€ fZI_fZIbdb

>hkee”” _gh \ieb\ 1ZIlhthgfigZ je\_gv agZgv klm” _gle\g <by\e_
kljmf_glb gZ hkgh\e rimqgh]h egl_e_dlm ZdIb\eamxlv jhiamfeggy
pec Kkijbyxlv jhalbldm ZgZee+lbgqgh]h fbke_ggy V&b o hijfroxlv m hk
gZ\gZgges sh } \Z eb\bf _e_f_glhfed]hhh\lddcgftz& [mlgeo <g _g_
H[% jmglh\Zgh “hpeevgeklv \ijhbdHhehjgvgegHbc ijhp_k | _ogeqg
mge\_jkbl_le\ hkdeevdb p_ \e?ihye gp kyrhpbkghiebZps€ hk\elb
iehoeMN aZ[_ai_gm} lhqgeklv jhajZomgde\ieigZjdhfna) FyadbkpD ie"
sm} n_dlb\geklv \bjtregdlgdl eg" g jgbo azZ\"Zgv

LZ[ebpy

lhje\gyevgZ oZjzdIl_jbh&¥XbdRjfbs "h"Zlde\ "ey \b\q_gdhbilitbsh€ fZI

kilm~ _glZfb | _ogeqgbo ki_peZevghkl_c

leZnhjfZ|Ihdjhdh\e ihg . R
ShAhd gy <eam&epey lgl_dgb\gek :~Zdlb\gekl
N
:.Zhddh\jl.z_f'ngZd ]iZnedblLZdbgZfeq(LZd @ZDsy
1. Maple ":)n . J Z_eg ljZz}dlhjee a gafegzZ ¥Zj |kdeZ”gbokh
CPON_I_ORBEC ATz ey (1. e _gv
j*\gygv
b Wolfram Lzd ~gkhZpelLZd ]jZnedb|LZd j_ZevLZd NI
A.I ha \keo _1Zie\ nmgdpec inngZean\IZgg)..a . |bZbZ
P iha\fyazggy [\bo djb\bo |izi# ljs\ |1729 4
LZd egdibj\-.
T (4 A_lZe\kg]jZn_dg ]—Ij\f?f LZdbgZfeqqlZd @ZDey
’ ° — 1 N ie
g_ggy a eh] ibqgbo h[‘ﬂ}dfh ‘ex\Zgg |je\gy KkKlghZ _
. {LZd e<g”b\w
LZd a ZgZee+LZd ]jZnedb|LZd -<+gl_})~ .
4.MathGPTPrO|hf_gIijfb AR\ A gu g+ kbhmet g{)ﬂcy::]hdjhlgt
. . LZdgle jZzal[LZd ie”ljbf(
5. Symbola |- 28 ThKethdiLzd djznedbl, =5 7 2kde zAagbokh
eh]eqgbc reyf{ihoe"gbo -« nf lje e gv
LZd LZd j_ZeviLZd jhai*@g
6. Maple Lzd Z\IbABAA .o qp djblafegz 2Z] |gy |_dkim il
Calculator ihykggy lhqdb I 1Zpey
. LZd is~ljbfd
7. GeoGebra |- 24 kbTihepqlzd h\'—JO.g'LZdF’@Zf'q‘mzmmbo{b|
g b k ggy ZgefZpey 1jZ d@kljmdp.€ZgZe-am
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E1L?J:LMJ:

1. = j_\_gdH., levE€lg &, 1[jZ]*fhEZ:.. <bdhjbklZglgyjh\bheZnhjf
NeyieM\bs_ggyhkliyhn_kecghké elb:dZ” feqge 2R0a<€ < ‘2,
https://doi.org/10.5281/zenodo.11442893
2. De}hiz 1 LxIxgghd H 1 Djmikvdbc Y < >h[jZdxd X < HI
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Using artificial intelligence in the study of higher mathematics by students
of technical specialties: educational effect
This article explores the effectiveness ohgsartificial intelligence (Al) tools in gu
porting the training of technical students in higher mathematics. The aim of the article is to
LQYHVWLIJDWH DQG DVVHVV WKH LPSDFW RI $, SODWIRUPV RC
tion, and development ohalytical thinking in the process of mastering complex mathemat
cal concepts. The research methodology is based on a comparative analysis ofttbeaiun
capabilities of several Al platforms, including Maple, Wolfram Alpha, Julius Al,
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MathGPTPro, Symbola Maple Calculator, and GeoGebra, along with experimental evalu
tion of their effectiveness in realwhtional settings within technical universities.

7TKH VWXG\ ZDV FRQGXFWHG WKURXJK DQ DQDOAVLV RI
teractions with Atools. The findings show that Al platforms significantly reduce the e r
quired for routine calculations such as solving differential egtions or performing matrix
operations- allowing students to focus on conceptual understanding. It was dentedstra
that adaptive Al algorithms provide personalized learning paths by offering optimally cha
lenging tasks and instant feedback, whiohances both motivation and learning efficiency.
Moreover, Al systems support antated theorem proving and modelingcomplex systems,
which fosters research skills and a deeper understanding of the interconnections between
mathematical objects.

The practical value of this study lies in justifying the integration of Al technologies into
the educational process of techaliciniversities, aligning with modern trends of ealimnal
digitalization and contributing to the preparation of qualified engineers with strong &nalyt
cal competencies. The use of Al tools allows for the optimization of higher mathematics i
struction, inproving both the quality of knowledge acquisition and the effectivenessasf ped
gogical interaction. Future research prospects include the development of advanoed alg
rithms for contextual analysis and explainable Al implementation in higheagoloic

Keywords artificial intelligence, technical specialties, digital education, Altfaems,
matematical modeling, mathematical analysis, information technologies.
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>hkee«""_ggy *YPH] > @ \dexqZ} sgh)Lj@pbe’K),'"agdy fekp
agZoh”" _ggy [*hf_~bqggh]lh h[ezZz”gZggy \ j_Zevghfm qgZke sh ~h
\IjZle 1Z aZ[_ai_gm} k\h}qZkg_ | _ogeqg_ h[kem]h\m\Zggy

1grZz agzZqgZ jh[hlZ ie~ Z\IhjkI\hf %RFKHP > @ ij_I"klZ\ey} ~h
nhge\ ydbc “hal\hey}{ ifiZydgbdzf \e~rkl_"m\ZIlb f_"~bqgge ijbkljh€
a_j\m\Zlb h[ez*gZggy IZ _n_dIb\gh d_jm\ZIlb eh]eklbdhx

Djef Ih]Jh $0ODQ ' 6PLWK > @ i*"dj_kexxlv hi_jZpecge i_j_\Z]
a”hjh\fy gZ]lhehrmxgb gZ agb _gge \bljZIl « ie*"\bs_gg¥ yddhghkle "e
djZshfm mijZ\eeggx aZiZkZfb

>hkee”" ggy kbkl_f mijZ\eeggy eedZfb \ ~ j Z\gbo eedZjgyo
.DWKHULQH %DLFNHU > @ e<exkljm} yd 5)," fh _ ihffydrblb IZd-
eede\ ¢ ihdjZsblb \e~kl_"_ggy

Pe "hkee”"  _ggy \dZanebl\wkdZ MZAZevrh]lh jha\bldm 1Z \*hkdhgZe
RFID-l _ogheh]ec m f_~bqggec kn_je hkh[eb\h m dggkldkls ai*\ddbs ggy
1Z n_dlb\ghkle f_~bggh]h h[kem]h\m\Zggy

lekey jhaley™m jh[el Z\lhje\ fh'gZ aZagZqblb sh omgzZ "hkee”’
xlv gbkeges i_j \Z]bl50dgheh]ec m f_"bgqgbo mklZgh\Zo \hgb fzZxl
g_"heede\N_jllh [eevreklv "hkee”r  _gv ahk_j_""_ge gZ \ijh\Z"" _gge* 5
fbo Zki_dlZo 1Zdbo yd eh]eklbdzZ Z[h \e~kl_"_ggy Zdlb\e\ ijhl_ g_f
"h dhfie_dkghl§ZpgE 5)," ea gZy\gbfb f_"bqggbfb egnhjfZpecgbfb ki
LZdh ™ gZzZklh [jZzdm} ZgZeesam \bljzZl gZ \ijh\z~" _ggy IZ ~h\]hkljhdh)
amevlZle\ Djef Ih]Hgvth AbkgZgh iblZzggy dhgne”_gpecghkle *Zgbo
iZpe}gle\ yde } djblbgdbgfdphdmfk _j ~h\bse >ey ih~Zevrhgh jhalbldm
\h \jZoh\m\ZIb pe Zki_dIlb I1Z m"hkdhgZex\ZIb f_oZgeafb aZobklm ~
Zdp_gl gz fzZkrlzZ[h\Zghkle kbkl_f

F_1Z jh[hlbey]Z} \ klI\hj_gge kbkl_fb <~ _glbnedZpe+€ iZpe+}gle\ a
5)," yd;m4{_ fZIb "hklzlgvh \bkhdbc je\_gv aZobs_ghkle ¢« gZ~ecghkl

<bdezZ” ggy hkgh\gh]h fZl _jeZem>hkke4* gggye jhajh[dZ Z
oel_dImjb kbkl_fb <ZjeZIb\geklv-Zjold|lagbd)k'bkl_f } kexqgh\bf Z
i_dlhf ijb €ogvhfm ijh_dim\Zgg-\l4-aghéZgZimbo kn_jZo aZklhkm\Zz
ahdj_fZz m f_"bpbge :joelkdlkhjZ B),' \Zjex\ZIbky \e” ijaklbo ehdZz
gbo dhgnelmjZpec "h kdeZ”~gbo fmevlbje\g_\bo gl _]jh\dgbo f_j_
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jhdbc ki_dlj ijbkljh€\ 1Z «gl_jn_ck&bfey fffZgorI* dimjb aZe_ "bl
\eN ki_pbneqggbo ihlj [ aZzdeZgbo|IZh[KkyM]righ h[jh[eylb

GZ ijhklhfm je\gkb)I_'fzZz fh ' kdez~Zlbfyhd 59b'lZqge\ « [Zah\
[Zab "Zgbo jbk > @

>ey [eevr kdeZ~gbo f_"bggbo mklZgh\ hladBebklhygmxKdibkily fb
bk yde egl_]jmxlv p_gljZeecah\Zg_ a[_je]2pgyb Egddbi _j_ -
"NZgbo 1Z \bkhdbc je\_gv egl_]jZpe€ a egrbjbzZptcbdlgpbfb
kbkl_fzfb > @

JbkmghdZah\Z Zjoel_dlmjZz
hje}glh\Zgldo fkb
Jbkmd £;Zah\Z [Z]Zlhje\g_dZz
ImjZ 5)h'je}glh\Zgbo kbkl

P_"ha\hey} aZ[_ai_qblb dhfie_dkg_ mijZ\eeggy *gnehjfZpe}:
fZ \erNee ggyfb eedZjge > @

<b[e¢j Zjoel _dImjb ey f_~bqggh€ egnhjfZpecgh€ KKV fbrgZ [Z
[Z]&Who nZdlhje\ \dexqgZxgb ki_pbnedm hi_jZph\dgbihlijjh[p_ke\ n
[ ai_pe 1Z dhgne® _gpecghkle "Zgbo Z 1Zdh" fZkrlZ[b gl _]jZp-
Dee}t&kl j\ jgZ Zjoel _dimjzZz } h~rgbf a gZc_n_dlb\gerbo ie?oh”"e\
kbkl f q_ € adg@ngdeklv fZkrlZ[h\Zgeklv 1Z a~Zlgeklv ~h gl _]j
dee}glkvdbo ijbkljh€\

Dee}kl j\ _jgZ fh” _ev i_j ~[ZqZ} p_gljZecaZpex h[jh[db ~Zgl
aZ[_ai_gm} gZ”ecg_ mijZ\e*ggy j_kmjkZfb 1Z p_gljZesah\Zgm
[jZa_jb 1Zd ¢ fh[eevge aZklhkmgdb \azZ}fh”axth|[pa KoghZdhfgdc
$3, sh “ha\hey} e_]Jdh "h”*zZ\ZIlb ghsmhmipdplegmzqrhdhfihg_glb
afeg \ egrbo gZklbgZo kbkl_fb > @
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Jbkmghdjoel _dimjz kbkl_fb

GZ jbk ij_~khz¥gogl _dimjm ydzZ \leex} pe ijbgpbib K_j\_j
dexgh\e nmgdpe+€ I1Zde yd h[jh[dZ aZible\ mijZ\eeggy k_ZgkzZfb 1Z
sh azZ[_ai_gm} h[jh[dm \_ebdbo h[ky]e\ "Zgbo _n_dlb\gh IZ [_ai_
klhkmgdb fh mlv \az}fh?yflbg aj ka j\_ai_qgbc $3, “ey \bdhgZggy az
sh klhkmxlvky f_~bqgbo aZibke\ h[eZ”"gZggy gb egnhjfZpe<€ ijh iZp

cjoel_dImjz 1Zzdh™ ie~ljbfm} jhal]Zzem _gm kljmdImjm h[fegm ~Zgb
kbkl_fZfb [Z gl_]jZpex a egrbfb f_"bqggibitkbghhiAvlpeshbaz[_ai
gm} ]Jgmqgdeklv m ijhp_ke aZ[_ai_q_ggy f_"bggbo ihkend P_qgljZee-
gbo 1Z €0 p_gljZzeeah\ZgZ h[jh[dZ gZ k_j\_je ~ha\lheyxlv \bdhgn
ZgZeeca |Z ] _g_jZpex alele\ ieM\bgmkxjgb hjtkekhyhAnt\Zggy

e~ gZk jhajh[db f_~bqggh€ egnhjfZpecgh€ kbkl_fb gz [Za+ 5),'
N _deevdZ Zevl_jgZlb\gbo Zjoel_dlmj yde fZebggyh€ g_"heedb 1Z h[f

Hrgbf a jhalJeygmlbo \ZjeZgle\ [meZ jhaih?ee _gZ Zjoel_dImjZz
Peerto-3HHU 3 3 ydZ ["heahtkey ~g} a }*"gZggy fe dee}glkvdbfb ijbk
[ _a \bdhjbklZggy p_gljZzeecah\Zgh]h k_j\_jz Py fh*_ev Z} i_j_\Z]b
[h\Zghkle 1Z \bljb\Zehkle kbkl_fb Ijhl_ \hgZ \by\beZkygg__n_dlIb\¢
gy \_ebdbfb h[ky]Zfb gmleb\Vbdgbo”blylgb«evdb klI\hjx} kdeZ”ghse a
ljhe _f “hkimim |1Z aZ[_ai_q_ggyf [_ai_db ~Zgbo sh } dgblbqgh \zZ"°
gh€ kn_jb
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1grbf \ZjeZglhf [mezZ fedjhk_j\ekgZ Zjoel_dIimjz > @ ydzZ ”
kl_fm gz f_gre g_aZe_"ge dhfihgetylbijbyddbiggioXohajh[db 1Z
|_klm\Zggy aZ[_ai_gmxqgb \bkhdm ]Jgmqgdeklv kbkl_fb H~*gZzZd
fedjhk_j\ekZfb 1Z aZ[_ai_q_ggy €0 \aZ}fh”"*€ ml\hjx} kdeZ”*geklv
aZljbfhd m \e*Imdm kbkl_fb [Z a[eevrblbet&kdeZgghbkbvi-gbggbpb
kbkl_fZfbey ZgZeeam ZdImZevghkle jhajh[e_gh€ Zjoel_dImjb ke
kbggbfb

LZ[ebpy
Ihje\gyggy Zjoel_dImj
1 ZjZf _|]j ljhklZ 5}, :Z]1Zlhje\g \ <eZkgZ Zjapd
kbkl fz RFID-kbkl_fZ
KljmdImjZz EhdZevgZh a ;Z]Zlhje\g_\l Dee<}&l j\ _jgZ
\hx [hx Zgbo| k_j\ _jhf IZgd¢ [Z]ZIbf nmgdj
l1Zfb ehf
Dhfihg_glb| RFID-feldb 5, RFID-feldb 5J, RFID-feldb Kk_j
gblzq [ZaZ | gblZqgj\kj [Z| dee}glh[fevgb
NZgbo \_[ fh| \_{*h~ZIdb _f,
deglb AT > hlin]
a Zbl e\
[e~jbfdZ Nl» X G fz} < J*"h~ZIldb| 1gl_]jh\zZgd4
fhleevgnr 2idDb
H[jh[dZgDbo :Zah\Zz K_j\_jggMdZ K_j\_jg@ghfdz
aZible\ [rageh]edhx
f g~ _jhf ;>
FZkrlZ[BEklV Gbavdz K_j_"~gy <bkhdz
;_ai_dz "Zg FegfZevgZ K_j_"gy <bkhdz a W
1Zggyf £29_jZ
;> 1Z @8ogbo
aZible\
=gmqgdeklv Zg Gbavdz K_j_"gy <bkhdz a fk
Ix "hAZggy gh
dhfihgle\
\IhfZlbaZphy H[f "~ _gZ K_j_"~gy <bkhdz ]Jprm\Zg
p_ke\ [ragekh]sdZ
D jm\Zggyqgf | H[f "~ _g_ K_j "g} > |Zeesah\Zg _
gbb ~5bhb ljbfdhx iggle\
esdZjkvdbozj
g_gv |IZ <klhj
jhi
<e/Nih\e/rgeinly Gbavdz K_j_"~gy <bkhdZzZilbhAZg
gZkgbf \bfh] "ey f _~bqggl¥o
gh\ a \bkhdbf
fh]zfb ~h [_a
lZ Ihokhh ~Zgh
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P_gljZeecah\d@<dlglj\_jgZ Zjoel_dImjZ [meZ h[jZgZ yd gZc[eevr \
hkdeevdb \hgZ aZzZ[_ai_gm} _n_dlb\g_ mijZ\eeggy ~Zgbfb \bkhd
ajmqgeklv m ie*ljbfpe 1Z fh eb\eklv fZkrlZ[m\Zggy \Z eb\e "ey f_"b

A[_jelZggy ~Zgbehjs}g\hAgec f_"bggec kbkl_fhjeMylh)Zg-cC
f_"bggec kbkl_fe dexqgh\bf Zki_dlhf } _n_dlb\g_ a[_j*]l]Zggy |Z mijzZ\
aZ[_ai_gm}lvky aZ ~hihfh]hx ki_pesZeeah\Zgh€ [Zab ~"Zf§bo Kljmdl
klZ\e_gZ gZ jbk \dexqZ} jeaBealZktbp\edh\g"Z} aZz hdj_fe ZKki_
f_"bggh€ egnhjfZpe€

LZ[ebpy 8VHUV nedkm} egnhjfZpex ijh dhjbkim\Zqge\ kbkl_fb a
i1Zjhee |Z jhee sh "“hal\hey} ofie_f_glm\ZIlb f_oZgeafb dhgljhex ~hl
g_9ggy [_ai_db "Zgbo LZ[ekpyl VBDWEEQWW iZpe}gle\ \dexqggh a €
gzZfb ~zZlzZfb gzZjh”~"_ggy 1Z dhglzdlghx egmhy§bp p}xgljeze[sach\Zg __
al_j*]lZggy djblbggh \Z eb\bo f_~bqgbo ~"Zgbo

sjoel_dImjz [Zab |Zdh  \dexqZzZ} IZ[ebpe sh a[_je]lZxkv egnhjfzZp
g_9ggy IZ ijlbp yde \azZ}fhih\fyazZge a *"Zgbfb ijh iZpe}gle\ |Z ecdZje\
*gl_]jZpex * mijZ\eeggy f_"bqggbfb aZzZibkzfb GZijbdez” |I|Z[ebp)
nedkm} e<klhjex o\hjh[b sh \dexqZ} \ke f_"bqgge* aZibkb IZ j_amevlZ
jxxgb " _IZevgngrd ZjIdbbggh]h ijhneex iZpe}glZ

Py fh"mevgZ Zjoel_dIlmjZ [Zab ~"Zgbo aZ[_ai_gqmje\aedptr®d \Zj«Z
f_"bggbo egnhjfZpecgbo kbkl_f ~hal\heyxgb e_]Jdh Z*Zilm\ZIlb kbkl
ihlj [ f_"bggh€ mklzZzgh\b Dh _g fh*mev fh _ [[mfb*binhadh\Zgbc
gbc g_aZe_"gh sh kijby} Jgmqgdhkle [Z fZkrlZ[h\Zghklh kbkl_fb
\Z~""m\Zlb gh\e | _ogheh]eqgge jer_ggy [_a g_h[oes~rghkle i_j_[m~h\b \}I

Jbkmghdo fz [Zab ~Zgbo kbkl_fb
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e~ qZk ijh_dImFIDghpy}glh\Zgh€ f_<sdbmgjiEpecgh€ kbkl_fb [m
jhaleygmlh ~_deevdZ Zevl_jgZlb\gbo i**"oh”e\ ~ybldjndchimijp al_
ydbo fZ\ k\h€ i_j \Z]b Ze_ 1Zdh" « agZqgb\lge® e d bd lyjdek hZg gfy

| _jrbc \ZjeZgl \dexqgZzZ\ \bdhjbklZggy " _p_d@4gbeah\ZghE [J ¢
f_"bqgbc ijbkljec gb \mahe fZ\ \eZkgm g_\_ebdm [Zam ~Zgbo
\bkhdbc je\_gv Z\Ihghfe€ 1Z fe] af_grblb dijfA&gdm kdpky §@ pljhl_
N p_gljZeeaZpey mkdeZrgbeZ [ kbgojhgeaZpex "ZAhhozZfidbjeaghbf
\_kIb *h ijh[e_f ea dhgkbkl_gpe}x egnhjfZpe€ > @

l1grbc jhalJeygmlbc \ZjeZgl i_j_"[ZqgZ\ \bdhjbklZggy dR64/ [
dh]h mijzZz\eeggy g_kljmdImjh\Zgbfb f_~bggbfb ~Zgbfb dZdbc i
Ib\ger_ h[jh[eylb \_ebde fZkb\b*"2Fgdy@slii@ fgzkrlZ[h\Zgeklv HA"
1R64/ kbkl_fb fzxlv h[f_"_ggy sh”h ljZzgaZdpecgh€ pe&ekghkle
jZgle€ sh™"h dhgkbkl_gp*€ "Zgbo sh } djblbggbf "ey f_"bqgbo
gZ~Mecgeklv "Zgbo fZxlv \bjerZevg_ agZqg_ggy > @

LZdh  [mledleygmlh egl_]jh\Zge ieZlnhjfb yde h[ }*gmxlv a[._
ZgZeeslbggbfb egkljmf_glzZfb P_c \ZjeZgl fe] aZ[_ai_qgbhkb ihIm"
\hkle \k_j_"bge kZfh€ [Zab ~"Zgbo Ze_ \eg ihlj_[m\Z\ agZqgh
klbpec 1Z kdezZ~gefdB ie™Iljb

A mjZom\zZggyf alJZ”"Zgbo g_"heedes\ [mehKk\bjerjggh 2b[oZllb d«
Imjm a j_eypecghx [Zahx "Zgbo ydZ gZ~Z} kljh]e 1ZjZgl+€ sh”rt
Iz [_ai_db ~"Zgbo P_c i*”o*”™ “ha\hey} aZ[_ai_qblb p_gljZeeah
gbfbrZgbfb e_Jdeklv "hkimim ~h eklhje€ iZpe}glZ IZ \blhdbc je
fb f_~bqggbfb kbkl_fzZfb

<bkgh\dbb\g_ggy |Z \ijh\z~" _glgpgdh)eh]ec m f_"bqgqgbo mklz
\by\beh agZqgbc ihl_gpeZe ey ihdjZs_ggy mijZ\eeggy H_"~bqghb
kee”” _ggy [meh jhaleygmlh jeaghfZgelge Zjoel_dImjge jbr_ggy |
a\_eh "h jhajh[db negZevgbo \_jkec Zjoel_dImj |Z [Za NZgbo |
jbklZggy m f_~bggbo egnhjfZpecgbomklglgly fZ)' 4Zkélbk kijbyel
i*"\bs_ggx IlkgghZz r\brdhkle h[jhiffdpe®nkpe}gle\ Ze_c agZqgh
ZNfegekljzZlb\g_ gZ\ZglZ _ggy 9gZ f_"bqgbc i_jkhgzZe q_j_a 2z\I
mijZ\eesggy e*dZjkvdbfb aZzkh[Zfb IZ ieZgm\Zggy ijbchfe\ LZde
gh\e fh eb\hkle ey bithMZekere”" _gv |Z jhalbldm \ pec djplbggh \
eZkle
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1. Radio Frequency ldentification (RFID) in health care: where areAveGoping review //
Health and Technology+2023.
2. The Adoption and Implementation of RFID Technologies in Health@alsterature Re-
view // Journal of Medical System&2023.
3. The Benefits and Barriers to RFID Technology in HealthcaWSS +2023.
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6. 1 _j_k F Lhfikhg > Ee O <ieb\ | _oglkéh]-99y).,'ZgZ}ghe\ 1Z \
NZgm f_"bdZfJoginadl of Healthcare Management2012. + L <« +K123435.
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FZI_jeZeb kbfihaemimFs@ps \b” g _\e "hf_@ >jed g_\**"hfbc@
8. OzZdef = J_gh J ?2g”_je_ >kbhERkbAgZhd)elhjbg]lm ZdIbAe\ m e+dZj
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Designing anefficient architecturefor an RFID-oriented medical system

Modern healthcare institutions face growing challenges in managing medical data e
fectively and ensuring automation of routine processes. Radio Frequency Idgatifica
(RFID) technology has proven to be a powerful tool for improving patient identificagen, r
ducing human error, and streamlining data access and logistics within hospitals. However,
limited attention has been given in recent studies to comprehentageaition of RFID sg-
tems with existing medical information infrastructures, particularly concerning datagsrote
tion and architectural design.

This paper proposes an efficient cliesgrver architecture for RFIfbased medical sy
tems, aimed at ensuring see and scalable handling of medical records. The researeh an
lyzes a range of architectural approaches, including simple local RFID configurations, peer
to-peer networks, and microservice models, outlining their limitations in the healthcare co
text. As aesult, a custom cliergerver model has been developed using a relational database
and secure ARbased communication between server and multiple client types (weboand m
bile).

The proposed architecture supports centralized data storage and processngese
integrity and confidentiality of patient information, and enables flexible integration with
third-party healthcare platforms. A modular database design is also presented, inclading p
tient profiles, medical history, prescriptions, and user managemen

Comparative analysis demonstrates that the proposed model outperforms traditional
architectures in scalability, automation, and data security. By minimizing administrative
workload and enhancing access to reliable patient data, the system improveg olueére
and opens perspectives for further research and innovation in medical IT solutions.

Keywords:RFID technologies, medical information systems, relational databases, cl
entserver architeture, automation, medical records, patient identificatidata protection.
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= 1 KhdHe Kgh[dh
F?LH>BDB JHAJ:OMGD1< L: ?DKI?JBF?GL:EVGBO >HKE1>@
F?0:G1QGBO:J:DL?JBKLBD L1E @B<BO EBQBGHD
M AGBS?GG1 RD1>GBD1< :DMKLBQGBF KIHKH:HF

ghlZpey A f_|Ihx agbs_ggy rde?*eb\bo dhfZo 1Z €0 ebqlhghd Zd
ajhfe_ge* f_Ih~"bdb jhajZomgde\ 1Z _dki_jbf_glZevgbo ~"thkee"" _
|_jbklbd lee "b\bbgbeHgdhehjzrkvdh]lh "mdzZ Jh[hlZ ijh\h”*blvk
jha”eem ijbdezZz~"gh€ f_oZgedb ©;ehf_o0ZgedzZ2& AZijhihgh\Zghb
\bfejZo f_0Zgeqgbo 0ZjzZdl_jbklbd gh\bc ijbkljec ey ijh\_~ ggy
"hkee”"  _gv f_0Zgegqgbo oZjZdb\ hlekdigdglhd "dhgkljmdlib\gZ ko _fZz
aZobs_gZ izZl_glhf MdjZ€gb gZ \bgZo+*” 1Z dhjbkgm fhh_ev A
jZ"kvdbo "mde\ Zdmklbqggbfb o\beyfb "ha\heblv i_j_clbge” oefe
gy rde~rgbde\ sh Ihdkbqge* "ey ex*"bgb ~h kdihegdhiggh -gb\Klagh
gZ}lvky ZdimzZevgeklv h[jZgh€ |_fb

Dexgh\e keh\Z “b\e leeZ f _0Zgeqge 0ZjZdl_jbklbdb ebqgbgdb
ijbkljec _dki_jbf_glZevge "hkee”  _ggy Zlmkmgbyggbc \ieb\ ag

<klmiH"*gbf a \Z eb\bo jha”eee\ ijbdeZPhHE€ofZ@Zdgedbehf _0Zg-
+tp_gZmdZ vydZ \b\qz} f_oZgeqge* \eZklb\hkle 1Z jmob hb\bo ki
\mxxlvky ijbgpbib IZ f_Ih~"b dezZzkbRyl&rhd@ZzZgAddBeeam} hmob |«
gb I\Zjbg Z 1Zdh" f_oZgeqge 0ZjZdl_jbklbdb Idz\gbijg hj]z
]Zgeafkdd yd [*hf_oZgedZ \bdhjbklh\m} fh~_ee o f |h~b aZzZ]Ze
"ey \b\q_ggy f_o0Zgegqgbo \eZklb\hkl_ ¢ "b\bo IdZgbg |[Efm pee
Ib pe f_Ih~b ~h fh”_ex\Zggy f_ddZjblkdhdo b\bj@ lee jeagh]h Ibim
<ehfe jh[hlb \g_gbo < L =jbgg_gdZ 1 < <h\dzZz K : bGZc”b
Adh\kvdhl]h H = E_cdzZz ? F 1 D DhkvdzZz ? F FZebr_\Z
[_gdz / 3LPRQRY : 7HPSHVW IZ €0 mqgge*\ a \bagZgbggy ih\
\hex”*bgb i*" \ieb\hf \e[jZpecgbo 1Z Zdmkl®qgbo dheb\Zgv >

M -fm klheelle him[eedh\Zgh “hkblv rbjhdm deevdekl®Z gZmdtl
agZqgq_gh ijh ihablb\gbc « g_]Zlb\gbc \ieb\ dheb\Zgv gZ "b\e hj
\ieb\ Zdmklbggbo dhebbgzg¥ gx"hglZz \k_ rbjblagZdklhkm\zZggy
kmqgzZkgec f_~bpbge P_ |_ieh\bc _n_dl \ mevljZa\mdh\ex | _jZie-
a\mdm ey \eamZevgh]h “hke""_ggm a"hpE\ghkbYkvkh]h hj]lzZg
aZklhkm\zZggy \¢[jhZzdmklbqggh@ adhgeb\vgv mh*eZ =p m ijbezZ"Z

< Khdhe = 1 KghZo28 > H
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©<elZnhg2e®dm\Zggy aZo\hjx\Zgv hdj_fbo hj]Zges\ ex*bghb gh\elge |
Ib K : GZc"Z > @

Rde*eb\bc \ieb\ \e[jZpe€ gZ ex”_c yde aZklhkh\mxIk m k\h€c |
ehldb ijZpxxlv \h*eyfbihgke liZgkhklh \bdhjbklh\mxIv ljZ@kihjl ~ey il
"hd rbjhdh 1Z "hdezZ”gh hibkZgh 9 el @ZIMmjysZge+ + iphbecd-"e
\ieb\ yd Zdmklbqgbo rmfe\ [Zd » IhgZevgbo ZdmklIbqghgh dineb\Zgv
p_o0Zo gZ \bjh[gbpl\e Hkh[keO\khierw\s&x\v |+ dheb\Zggy qZklhlzZ vy
al[e]Z}Ivky a j_ahgzZgkghx gZklhlhx \kvh]h leeZ Z[h hdj_fbo hj]Zg:
\bdez”_gh]h fh gz ”~eclb ~h \bkgh\dm ijh i_j_~mfh\b K\hj_ggy Z
kljhx sh gzZ~Z} rde”eb\bc ¢ gZ\elv kf_jV_@Xgthj¢Z\gedf\b]rtler*gbde\ m
keevkvdhfmZhki\e

<" _ \erhfe gZmdh\e jh[hlb \ ydbo ihdZaZgh yd Zdmklbqge ihe
ijbez~Zfb jeagh]h Ibim \azZ}fh”exlv a hjl]ZgeafZfb jeagbo "b\bo <k
\erhfZ jh[hlZ Z\lhje\ Dhrbpv X R Bf cehlhgHgdh H N N_~hj_gdh
H \ ydec \bdezZz”_gh _e_dljhggm dhgp_ipex [hjhlv[b a ]jbamgZfb
h[ }dle\ khp=+ihgmdh\h€ 1Z \bjh[gbgh€ kn_jb > @ < _dki_jb
smjZfb kh[zZzdZfb \e\pyfb ihdZazZgh shmlA2fn{fZanDddmhm \ith\ [meZ ij
Ibe_"gZ nzZae+ k_jp_\bo kdhjhgq_gv m I\Zjbg aZnedkh\ZgZ ih\gZzZ
mKkiergh€ [hjhlv[b aZ ~hihfdg]ho ihemkkb]jbamgzZfb 1Z «grbfb rde~gbd
gZijbdez” dhfZozZfb g_h[o*”*g_ agZggy j_ahgZgKkgibdoh adjjZkblol €0 hj

hjl]Zge\
[jh\_~ g+ gZrmhllhék~rge jh[hlb a "hkes”” ggy \iebbhZzgdmélbqggbo
rde*eb\h]h gZ dhehjz~kvdh]h "'mdZ = 1 Khdhe : < Khdhe H F

gZk rbjhdh \bdmxbkkig\l1zde f_Ih~b [hjhlv[b a dhehjE*lowdbdhe mdZf
ij_izZjzlb f_ozZgeqge f_Ih”"b [hjhlv[b \eAhfe ibehkhkb sh azZly]mxx
ehjzr"kvdbo "mde\ a dmse\ dZjlhn_ex Z ihlef pbo “oxdy\qigbklh aghb:
Ibkdhf agbs_ggy dhehjzrkvdh]h "mdzZ az ~hihfhhx*sgmo "b\bo
khjd\ dZjlhiee g_ijb”r"Zlgbo \ ydhkle € ¢« ~ey dhehjZ’hk\bdiglh "mdZz
azZ\""b hifhagegh gbkle gb fZeh_n_dlb\ge GZijbdez”~ ydsh dmj aZimk
a dZjlhie_x ey Ihl]h sh[ \hgb agbsbeb dhehjZz*"kvdbo ‘'mmde\ Ih dh
jb kdevh\mxdwn" ebkly jhkebg I1Z aZlhilmxlv dmse

M jh[hIBd gZ\_~_gh sh ~ey jhajh[db Zdmklbggh]h kRihkh[m agkhb
eb\h€ dhfZob g_h[o*”*gh fZIlb |Ijb hkgh\ge \_ebgbgb fZkk leeZ rde”
Ideklv « j_ahgZgkgm gZklhlm leeZ

HibkZge \bs_ _n_jdlom¥hi\hx ~ey kl\hj_ggy Zdmklbggbo kihkh[e\
kKlIjh€\ shZxlv alm[gm ~ex gZ hj]l]Zgeafb rde*eb\bo dhfZo \az]Ze-

lhje\gygh a \e~hfbfb f_o0Zgeqgbfb oefeqgbfb 1Z [shelkh]eqgbfb Ki
Ibggbc @Z[gm} agb  _ggy Ijm~hfeklidhkle jh[eled\rg@ hfgdgoh rdp~[Z
\jZoh\m\Zlb sh odh'ggesf c Ilhdkbqgge * ey hj]Zgeafm ex"bgb < Il
Zdmklbggbc kihke[ g_ qbgblv Ihdkbggh€ ~e€
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GZklmigbf djhdhf ih\bgge [mIb \bdhgZge “"hkee”" _ggy a fh
Zdmklbggbfb kihkh[Zfb "b\the tjZdkgdtd]dJhmpgifdZ pvh]lh f_Ih*m
\Z eb\bf az\~"Zggyf P_ \bagzZqgZzZ} ZdImzZekg=RIvd\jjZgh€ |I_fb »

F_1Z « az\"ZAgdhx jh[hlbjhajh[dZ f_Ih”~"bd jhajZomgdg\ 1Z _dk
I Zevgbo “"hkes”” gv f_o0Zgeqgbo o0Zjzdl_jbklbd lesevdhVibo mhigqbg
"ey ih”"Zevrh]h agbs_ggy ebgbghd Zdmklbqggbf kihkh[hf

ljb pvhfm \bjerm\g£bllvige azZ\ plgagin[blb f_Ih~ bdm 1Z ijh\_Kk
jhajZzomgdb hkgh\gbo f _oZgeqgbo 0ZjzZdl_jbklbd lee "b\Wo ebqt
JZf _lje\ leez fZkb leeze+ "hhRIMék] Xg]Z “hjklidhkle j_ahgzZgkgh
reyohf fh*mex\Zggyf lee ebgbghd pbesghbjghibadg@ehf€i "h Ibghf

- 1jh\_kIb h[%]jmgIim\Zggy \ieb\m Zdmklbggbo \bijlfegx\Zg
Ib\geklv Zdmklbqggh]h kihkh[m agbs_ggy ebgbghd

- jhajh[blfblh~"bdm _dki_jbf_glZevgbo \bagZq_gv f_oZgeqgb
l+e "b\bo ebgbghd

- klI\hjblb ijbgpbih\m ko_fm ¢ dhgkljmdpex ijbkljhx ey \bfejx

-ijh\_klb \bfejx\Zggy |1Z ZgZe+a hljbfZgbo j_amevlZle\

-\b”"ZIb j_dhf_g~"Zpe<€ "ey ijh_dim\Zogyjhzedmiep godoobiggy
\bo ebgbghd dhehjzr"kvdh]h "'mdzZ P_ ~“ha\heblv m ihAZevrhfm
jbklbdzfb ijbkljh€\ qgzZklhlhx « Zfieelm”~hx ]_g_jm\Zggy Zdmklb
g_J]Zlb\gh \ieb\ZIb gZ leeh "b\h€ ebgbgdb dhehjz*kvdh]h "mdZz

HMdIhf Wkee~> gglkihkh[b 1Z ijbkljh€ ~ey agbs _ggy rde~gbde
hkgh\e fhr_ex\Zggy IZ kl\hj_ggy f_Ih”bd jhajZomgde\ fboZg-qg
\bo lee rde~*gbde\ jhkebg

lj_~f_Ihf "hkeer""}ddVhj_ggy f_Ih~*bd jhajZomgde\ Ngbalki_jb
\bfejx\Zglo jh[el a \bagZqg_ggy oZjzdl_jbklibd “b\h]h kle]h ebqgb
‘'mdzZ Z 1zZzdh" kI\hj_ggy ijbkljhx ~ey ijh\_~_ggy \bfejx\Zgv

F_Ih*"b "hkeeNZamxlvky gZ |_hj_Ibggbo hkgh\Zo hihgm fzZI_]j
klZgge agZgv a f_Ih”e\ \bfejx\Zevgh€ |_ogedb

lhklizgh\dZ az&«Zhkgh\m jhajh[db Zdmklbqggh]h kihkh[m ydt
alm[gm ~ex gZ leeh "b\h€ ebgbgdb dhehjz”rkvdh]h "mdzZ ihde
g_J]Zlb\gbc \ieb\ Zdmklbggbo dheb\Zgv gZ leeh ex”bgb qb leeh
pvhfm \jZoh\m}fh[gblk &ile\ Zdmklb\®Zlgor dyfze "b\_ leeh fZ} gZc]|[e-e€
_n_dlb\geklv dheb qgzZklhlz \ieb\m 1Z \ezZkgZ qZklhlZ leeZ Kie\
jer_ggy \e*hfbo je\gygv f_o0Zgedb \bagZgblb agZqg_ggy j_ahgZ¢
eb\h ydsh \e~rhfe f_0Zqejdpkdbadjpdh]h leez Lh[lh ]_hf_Iljbqgge i
fZzkz “hjkldeime¥ Xg]Zz

Lhfm ijbimkdz}fh sh leeh "b\h€ ebgbgdb dhehjzZz~2kvdh]h °r
pbeeg”jbgg_ ijm g_ leeh sa klZebf i_j_Ilbghf

>ey agZoh”  _ggy agZq_ggy j_ahgZgkghtEf qékbmhlib IggapZomg
ohf _dki_jbf_glZevgbo “hkee"" _gv [m"_fh \ba@Zdj b fgkni_llybqg
ebgbghd " hjkldeklv fh” mev Xg]Z : ihlef hljbfZ}fh aglly_ggy |j
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leeZ gZ hkgh\e \eAhfbo je\gygvVv ¢ Kie\\e*ghr_gv <bdiZgZdgd pvh]h a
ImZevgeklv h[jZgh€ |_fb

:gZeeslbggbc h]leykzfi_j_» jhaleyg_fh \e~rhfe jh[hlb ijh g_]ZIb\gh
Zdmklbggbo dheb\Zgv gZ ex”_¢ @~Isfth ~h nZdlhje\ g_kijbyleb\r
\ieb\Zxgbo gZ hjl]Zgeaf ex*bgb \e*ghkylvky \ieB\bgmdwddgZklhlgbo
\Zgv ¢« ahdj_fzZ egnjZa\mdm 1A egnjZmimd MM hjin[ Mikbfgn\Z 1 A
<K >e~rdh\kvdh]h 9 *DYUR? F FIZRRQRX Jbfkvdh}hjkRAd&
< L_fi_klI ? 1 :g2p}é¥fyegZ gZ\_"_ge* "Zge ijh rdpZebamh*ex gZ hj
kem]h\mxqgh]h i_jkhgZem ijhfbkeh\bo e« ljZgkihjlgfybjalh}dde\ gZmc
gbavdhgzZklhlgbo Zdmklbggbo dheb\zZgv > @ < MdjzZ€ge jhajt
"h \bdhgZggy ghjfb [_ai_db ijb jh[hle ex®”_c \ mfh\Zo \iZb\m gZ €o
amdh\blebdZgvyv KZgelZjge ghjfb egnjZa\mdm gZ jhRE®)qibp fekpyo? «
OZjzdl_jbklbdhx 1ih ydec jh[eylv hpegdm "€ Zdmklbggbo dheb\Zg
ijbcfzZxlv \_ebgbgm a\mdh\h]h Ibkdm Z[h je\bjgv_ag\mdhh]hMIAkdm \

GZ\eliyb je\ge a\mdh\h]h Ibkdm Ny e \bs_ kee™ h[f_"m\ZIlb gZk i_
AN c \ ahge ihrbj_ggy *egnjZa\mdh\bo o\bev
< > @ hibkzZgh ki_pbneggm ”7ex \e[jZpec |Z gbavdhqZkll

dheb\Zgv gZ hjlJzZgeafb dhkfhgz\le\ h[mfh\le egqZkdhlbsly4dcbdhgzZgkg
eb\erbo hjl]Zge\ ex”bgb e_"Zlv \ "eZiZahgp qZlghjZza\md \bdebdZzZ}
mih\eevg_ggy ahjh\h€ j Zdpe+*€ afegZ jblfe\ "boZggy =« [blly k_jpy
p_gljZzevgh€ g_j\h\h€ kbkl_fb Jheh\gbc [sev \ergm®lyaBijkihdhx <
thgh\Zgz f_Ih*"bdZ \bagZq_ggy j_ahgZgkgbo gzZklhl hj]l]dge+\ dhkfhg
ljhf_oZgeqgbo ZgZeh]ec Jh[hlZ fZ} \Z eb\_ agZq_ggyi *ey ijh_dl
nm\Zggy dheb\Zgv m dZ[bgkgdhljA[&ygZéhkhom jZd_Ib ih\a”h\" ~eey
\b\_* y@Z hj[eIm

LzZzdbf gbghf jh[hlZfb [Z]ZIvho “hkee”gbde\ ihkdeddZglyy sh Zdmk
[Z]Zlvho \bizZz*"dZo fZxlv rde”*eb\bc \ieb\ gZ "b\e hj]j]Zgeafb

< jh[hlZo- >@ gZ\_"~_ge* j_amevlZlb fh”_ex\Zggy f_oZgeqgbo o
lee \bjmke\ yd ijm gbo kijimighhj”® gbc ZgZeslbggbc h]Jey” skgmxqgbo
agbs_ggy \ejmke\ ¢« "h\_"~ gZ ZdImZevgeklv ijh g_h[o*"*deklv agZoh
[m IjhzZgZesah\Zge ~_deevdZ \bizZ"de\ ki_pbnedb ijhgbdZggy \ejmk
]Zg+\ "boZggy ex*bgb Ijh\_~jlmdjdbmgdbghkgh\gbo f_0Zgeqgbo 0Z]
jbklbd leezZ \ejmkm fZkb _AhgEZmkiplke& qzklhlb sh [m”_ alm[ghx "¢
\ejmkm

LZdh\erhfh > @ \bdhjbklZzggy \e¢[jZpecgbo | _ogheh]ec "e)
"hjkldhkle « j ahgZgkgh€ qzZklhlb bgZhdh}gbkdvdpike miwzZ I[jh\h~
ehky \bagZq_ggy peeckghkle leeZ « \b b\Zggy "mde\ iekey \ieb\m
dheb\Zggyfb \ eZ[hjZIhjgb85mfh\Zo >

ljb "hkees”” _gge dheb\Zgv \kvh]h leeZ [eheh]eqgh]h jh[ }dIZ Z[h
]Zge\ \bdebdZghb\dgetgeo f_0Zgeqgbo a[mj_gv Ieeh kg jhaley”
kljmdpex Z[h kbkl_fm a f_oZgeqgbo _e f glegbsh \ihemhgbtbv «g_ jp-
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AN _finm\Zevgbfb ¢ egrbfb \eZklb\hklyfb <b” e o0Zjzdl_j pe\gygv
\Zevge jmob leeZ [*heh]edqghRdjhfbljdIZhh gZklbg \bagZ&qgzZxlvky
Ibfb ZijhdkbfZpeyfb ¢ ijbims_gz&kyhkmiZgegs ydbo ih\bgge \b\h”b
hkgh\gbo azZdhge\ neabdb ~hkee”"m\Zgbo y\bs >ey ih[m~h\b
[*heh]eqgh]h h[ }dIZ g_h[o*"ge "Zdeoghqgh]h kijalkddmjgb 0Zjzdl
kibdb

ljbcgylh ih\_~egdm ijm 'gh]lh leeZ ijhfh”_ex\ZIb az "hihfh
Vyadh]h leeZ aZ ~hihfh]hx ihjrgy m pbeeg”je Ih”e ih\_begdm j_
kl_fb fh'gZ hibkzZIlb \bdhjbklh\mxqbff olhA¢bqgb oddghzlerhlh\bd
jbklh\mxlvky je\gyggy a \bagZq_ggy fZk “hjkldhkl_c IZ_ijm ghlk
o0Zgeqgbo kbkl_f

GZ pec hkgh\e fh'gZ azZibkZlb je\gyggy jmom lee rde”el@a\bo dhf
dh ijm gh€ dheb\Ze{28s2k30] fb

<e"hfbc jZghkhmajh[e_gbc kihke[ ydbc gZ”~Z} alm[gbc \web\ gZ
dhlh "mdZ gZ hkgh\e "e€ gZ gvh]lh Zdmklbggl@hb l\hdyigbe i
I_gl > @ ©Kihke[ \bagZqg_ggy f_oZgeqgbo o0zZjzdl_jbklbd "b\bo
o0Zgeqghfm \ieb\e gZ I<ebhhl€l Z¢gbiglh kbehx a+ afegghx Zfheelm”hx
Ilhx 1Z gZzklmigbf €0 jhajb\hf Gh\bc kihke[ \e~jeagy}lvky Ibf s
gZ leeh « IldZgbgb "b\h€ <klhlb a*eckgxxlv agZdhafegghx kbehx
dheb\zZgv 1Z ZfieeIm~hx ydAghrhjgygxkbed jhajb\m kihemqggbo
leeZ "h €0 iehse i_j_jeam <« qZklhlhx je\gec \eZkgec gZklhle b\

ljh\_~ _ge¢ “hkee*”” _ggy ih \ieb\m alm[gh€ ~+«€ Zdmklbdbggbo d
eb\h]l]h dhfZob HIljbfZgbc ihablb\gbc _n_dl > @y JiZdjlglefigh I
N _deevdZ \ZjeZgle\ dhgkljmdpec Zdmklbqgbd \gbhbfegy\Zghb\s_ighs:
dhehjz”"kvdbo "mde\ Zdmklbqggbfb o\beyfb Ih[Ilh gZ _e Hljh*bg:
[hlb 1Z gZ hkgh\e kbj_g > @

A ZgZeeam gZ\_~ _gbo jh[el ijhihgmfiivky Zdgskipgygblee “b\b
ebgbghd dhehjz”"kvdh]l]h "mdzZ sh ihey]z} \ f_oZgegqghfm \ieb)
gZkimigbf €0 jhajb\hf Ijbghfm f_oZgeggbc \ieb\ gZ leeh a”eck
dheb\Zggyfb a ZfieeIm”~hx a\mdh\h]h Ibkdm \ ih\elpegxshkb?tbje\g
jhajb\m IdZgbg lee ebgqbghd \ €0 iehse i_j Ibgm « gZklhlhx st
kKlhle

Jer_ggy azZ\"Ehgyex}fh leeh "b\h€ ebqgbgdb kijhs_gH pbee-g
ebf i_j_Ibghf < |IZdhfm \biZ*dm ‘&lj§gbd&lfh lo22ZagZclb a \bjZar
[37]:

: 1)
NP-kbeZ sh "e} gZ ebgplgdexlg_klbkdZggy ebgbgdb
<e"hfh sh "ey leeZ pbeesg”jbggh€ nhjfb > @
, 2
ISSN 15629945 (Print) 241

ISSN 27077977 (Online)



Kbkl _fheoghedl](62) 206 ©6\VWHP WHFKQRORJLHV?2
NE-fh"mev iha”h\'gvh€ ijm 'ghkle sh ozjzdfiZljbjemnémhjkldeklv
lh hiej ch]lh ijm ' gbf ~_nikjfZphsfZz ihi_j_qghlh ilsepmagqbgdb
pbeeg”jbggh€dnittpfdf | pbeeg”jbqggh]h leeZ <e”ih\ergh \bjZa "ey ac
agZq_Bagly*mex iha”“h\'gvh€ ijm ghkleagZ hk]ely\Vez}

, (3)
> ~"Mey iehsbgb i_j _Ilbgm fZ}fh

(4)

;Zgbfh sh ihi_j\Zo |j_[Z \bagZlb ]_hf_Iljbqge iZjZf Kjb leeZ eb
gh\e \bfeje\ Lhfm kdez”~Z}fh f_Ih~bdm \bfeje\ sh ~"Zklv gZf fh eb\e
h ]_hf_ljbggbokhXbbZozjzdl_jbklibdZo leezZ éoébgb@dbhexlgbph
klbkdZggy ebgbgdb fh gz hljbfzlb |_°~ leevdb gZ hkgh\e ijh\_~_
Ki_peZevghfm ijbkljh€ J _amevlZlb jhajZomgdm " hjkldhkle iehse if
« fhmey iha”h\"gvh€ ijmbgblgld berlg@Zgkgh€ qZklhlb leeZ aZibkmxlv
|Z[ebpx iekey ijh\_~ ggy \bfeje\

F_Ihr"bdzZ \bfejb¥fejb ijh\h~*bebky \ mfh\Zo ijbfes_gg¥ eZ[hjZIhj
n_"jb | _ogeqgh€ f_ -0Z@-+dbey \bfeje\ \bdhjbklZgbc hilzlalZgbcsbhz
jbkmgdm

Ihkee"h\geklv \bdhgZggy \bfe
<bfejx}fh "h\'bgm |Z Wqghf€
"b\bo ebgbghd sh h[jZjdf ~dplmdk
GZ \Z]Zo fejy}fh I1Z nedkm}:
a ebgbghd
3 @b\m ebgbgdm jhafesm}fh
kljhx AZ ~hihfh]lhx fedjhf_IjZ b«
khlZ leeZ ebqgbgdb
>Ze+* "h dh'gh€ a ebgbghc
g_jae ijbdez"Z}Ivky gZzZ\legi®;, Rpg
Ps, Ps, Ps, [@ \ _ebgbgZ ydbo dhgljh
A"hihfh]lhx fZzgjd P a”“eckgx}lvk)
"hn~rzZ\Zggy ]bjvhd gZ gzZ\ZglZ m)
\Zggy
Jbkmghl Nhlh ijbkljhx lekey gZ\ZglZ _ggy nedkim
Ahihfe'gbo \bfejx\Zev jhf gh\_ agZq_ggy \bkhddbleeZ et
agkljmf_gle\ \Z]b 1Z fec JZom}fh klbk®_ggy

<ke ~Zge \bfejs\ aZghkbfh m IZ[ebpx
JhajZoh\m}fh fh mewnjkgdzklZ leeZ "b\h€ ebqgbmdb >Zge
gde\ aZghkbfh m IZ[ebpx agldd[gbpyoFilghf_j \bfejx\Zggy ijb
ijh\_"*_gge _dki_jGfEQIA]Z leeZ ebdbybhlZ pbebg”®jm sh } |
ehf ebgbddb*eZf_|j pbeeg”jm
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lih\_~_ge+ \bfejb + jhajabrirgdmfdhf ~"ha\heyxlv agZckb j_ahg

lhlifmleeZ "Eetbgbgdb a fZl_fZlbggh]h \bjZzam > @
: (5)
N K- "hjkldeklv |eeZ efbqbagddzZzgkgZ qukihkzZ |+eZ € E\byylp
LZ[ebpy
IhdZazZggy \bfeje\
< | *7 Ot | GT [3v 1T ¢3w 1 3x 1T ¢33y 1T (3z 1
q q g1 GO7 |1 aOf |1 0O7T |1 4aoO1T |1 ao0i
N) m) m) m m m m m
1 |120 |6.0 |5.00 | 0.820 0.930 1.680 1.800 2.180
2 |100 |9.0 |6.00 |0.640 0.875 1.190 1.610 1.840
3 | 150 |10.0 | 7.00 | 0.630 0.755 1.500 1.590 1.950
4 1110 |75 |5.10 | 0.620 0.860 1.180 1.620 1.820
5 (150 |9.0 |5.15 |0.750 0.960 1.210 2.050 2.420
>7Zge* jhajZomgde\ gZ\_~ ge m IZ[ebpes G&Zl[Xkpheexdg khiad@pZq
dZggygbhdiK- hjkldeklv leeZ ebgbegddZ i j Ibgri-IteZme vg]Xx
f-j_ahgZgkgZ .qzklhlz
LZ[ebpy
J amevlZlb jhajZomgde\
< a0 P C, N/m ) PO E, Pa f, Hz
1 0.00082 0.2393 60.96 7.1088
0.00093 0.2636 67.17 7.4623
0.00168 0.1752 0.0000B6 | 44.63 6.0826
0.0018 0.1907 48.59 6.3468
0.00218 0.18 45.86 6.1658
2 0.00064 0.3066 65.09 8.8146
0.000875 | 0.2802 59.50 8.4275
0.00119 0.2473 0.0000283 | 52.51 7.9171
0.00161 0.2132 45.27 7.3513
0.00184 0.2133 45.28 7.3519
3 0.00063 0.3114 56.67 7.2540
0.000755 | 0.3248 59.10 7.4077
0.0015 0.1962 0.0000385 | 35.70 5.7577
0.00159 0.2159 39.29 6.0399
0.00195 0.2012 36.62 5.8310
4 0.00062 0.3164 79.07 8.5389
0.00086 0.2851 71.24 8.1051
0.00118 0.2494 0.0000204 | 62.32 7.5805
0.00162 0.2119 52.95 6.9876
0.00182 0.2156 53.87 7.0481
5 0.00075 0.2616 64.76 6.6484
0.00096 0.2554 63.23 6.5693
0.00121 0.2432 0.0000208 | 60.21 6.4106
0.00205 0.1675 41.46 5.3193
0.00242 0.1621 40.14 5.2342
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H[]h\hj_ggy j_amevlZl.¥_ gdklLZdbgbghfmj_amevIZdkibj
f_glehljbfZge h[o**"gdgish]_hf_ljbddneabdhoZgeqfyZ2d!_jbklbdb
"b\bebgbgbtdg_h[os*gyh[m~hfiBl_fZIbqfHht€ edheb\ZJgheh]eggh]h
h{}dlZzebgbgdbehjzrkvdmd®#HI|jbfZgeaZzag_ggy " hjkldhkl_c l«é& "b\bo ebq
ghd klzgh\eylv \e/ gf "h G f AgZq_ggy fh mey ijm ghkl

1Z AgZq_ggy j_allglhg kodeaZ gb " =p "h =p

<bagZqg_g_ agZq_ggy j_ahgZgkgh€ gqZklhlb ldtm{AIbeejz "ha\hel
kljec sh afh’_ hdZam\Zlb alJm[gm ~ex gZ rde”gbdZ jhkebg

<bfejx\Zevgbc ijbkljec ey j_ZeeaZp+€ |jokijqbiyjlfApec
ebgbgdb dhehjzYrddh\ighkblvky ~h \bfejx\Zevgbo ijbel”e\ « fh _
dhjbklZgbc ~ey agZoh” gy bghgdfzp<c ih*Zevrbo "hkea”" _ggyo p
\heblv agZclb j_ahgZgkgm qZklhlm ebgbghd dhfZob a f_Ihx €0 if
\ieb\hf Zdmklbggbo o\bev gZ Isc °~_ qgZklhle

<e~hfe ijbezZ”b a \bfejx\Zgv f_oZgeqgbo o0ZjzZdl_jbklibd |
dhgkljm@®kdc_"h&¢8 pbo ijbez”e\ } | _ sh \hgb ijbagZqg_jge "ey \bfe
fZpec [m~e\ _evgbo hihj Z g_ "b\bo fZebo azZ jhafejzZfb lee LZdh"
\_ebdm Ihqggeklv \bfejx\Zgv |Ijbkljh€ ijZzpxxlv \ iZje a jhajb\gbfb
a"zZlge dgBEkkecg_ gzZ\ZglzZ _ggmVdhgkelh ajZzadz P_ \ k\hx g_jlm mkd
ijhp_k \bfejx\Zggy "~_nhjfZpec LZde ijbezZ”b g_ ijbagZq_ges "e
\bfejx\ZgvoZgeqgbo 0ZjzZdl_jbklibd "b\bo hjJZgeafe\

<erhfbc ijbkljec \bagZq_ggy ~_nhjfZpe€ de_cdh\bgb > @ st
ah\gergeltjichk hiejgbc klhebd a iehkdhx jh[hghx ih\_jog_x gZ\Z¢
ijbklhkm\Zggy a imzZgkhghf o \efreedh\bf ijbkbAyrafze¢vémxqdlcmf
<eNeedh\bc ijbkljec fZ} ijhahjm rdZem _djZg « \dZa+s\gbd <e+g \bdh
> jklzg”n"Zjlm -8 "ey \bfejx\Zggy ~_nhjfZpe€ de_cdh\bgb i«* \ba
gzZ\zZglz _ggyf ijb pvhfm ~e«Z]ghklm}lvky ydeklv de_cdh\bgb a_jgZz

k_dmg” \ieb\Z} gZ ajZahd de_cdh\bgb a i_\gbf gzZ\ZglzZz" _ggyf
k_dmg” aZ "hihfh]lhx higbhg@hitkmpPdvky ~ nhjfZpey ajZzadz gzZ\ZglZ
agefzZ}lvky « \b"Z}Ivky j_amevlZl Sh[ aZnedkm\ZIlb ~_mhjfZpex \ i
\m}lvky a”*Zlgekihvogle i¢ghimkdzlb k\eleh Deevdeklv k\eleZ sh ijhil
de_cdh\bghx af_grm}lvky a €€ [cevrihx aZdygdZpggpx \bfeje\ ijbezn
\brz} j_amevliZl \ h*bgbpyo \bfejm <>D dh_nepe}gl ydhkle de_cdh)
gylbf "ey aZ]lZevgh]h \bdhjbklZggy m |_ogep-

G_"heedhf \bfejx\Zggy ~"_nhjfZpe€ pbf ijbez~hf } I __sh \ hkgh
nhjfZpe€ ihdez” bgZklezkd cdh\bgb ijhimkdZIlb k\eleh [Ihfm ijbkljec
[mIb aZzklhkh\Zgh ~ey agZoh” _ggy *_nhjfZpec g_ijhahph€ ebqgbgdl
dZ gb egrh€ [¢heh]eqgh€ "b\h€ eklhlb LZdh ™ m ijbkljh€b\bdhjbklh\r
d_gzZ\ZglZ _ggy =<+a afZhgh]mlBgdgkh\Zgbc ~“ey jh[hlb a dhfZoZfb <
lZdh™ g_ hkgZs_gbc g_h[o+*”*gbfb djeie_ggyfb M gvhfmx\e*kmlgy fl
\Zggy 9Z\ZglZz _ggy \ Ilhc gZzk yd m \biZz~*dm \bfeje\ ~ nhjfZpec
[m}lvky afegg_Zg4\9dgl
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< hkgh\m dhibkgm& ko_fb gh\h]h ijbeZz"m > @ ihdezZ"_gZ &
ijbkljhx \bfejx\Zggy ~_nhjfZpec "b\bo ebqbghd dhehjzZz~kvdh]h
ajh[blv fh eb\bf ijh\_klb jhajZomgdb j_ahgZgkgh€ gZklhlb ebqt
eblv _n_dlb\gh agbsm\ZIb pbajhtegyw\ZaedyfibZdmklibggbo o\be
\bagZq_gec.qZklhle

lhklz\e_gZ az~ZqZ \bjerm}lvky Ibf sh \ ijbkljh€ ydbc fekl
Z " m\Zevg_ ijbklhkm\Zggy gh\bf } I_ sh gzZ\ZglZ ' m\Zevg_ ijbk
"ey aZdjeiebdlgy ebqgbgdb a gzZijl2dyrghxihx iZjhx ey j_]mex\Z
\bkhlb klZzdZgm GZ gZijyfgec klZdZgm ijb}*"gZgZ rZjge@h ]hc?
amxlv Ibkd ]Jbjvdb « ~Zee p_c Ibkd i_j_"~Z}Ivky gZ leeh eebgbgdb
ky fZzghf_1j sh ~ha\hey} \bfejylb \ _ebqglygb g¥mZgbfh/bgpdy <bdh
kilh\m}Ivkdjhf_I|j "ey \bfejx\Zggy *_nhjfZpec lee "b\bo ebqgbghd

GZ dj_ke_gge “b\bkv jbkmghd ithdZaZgh ko_fm dhgkljmi
feklblv jZfm |hx~r"g2diglZ m\Zevge ]bjvdb klzdzZzg a gZzZijyf
]mexggy \bkhlb hkdeevdb ebgbgdb fh mlv \erjeagylbky ih ~h\ b
fzghf_I]j

GZ jbkmgdm ihdZazgZ ijbgpbih\Z ko_fzZ \bfejx)\iZZepregh]lh ij
leeZ ebgbgdb dhehjz”rkvdh]lh "mdZz

Jbkmghdd <bfejx\Zevgbc ijbkljec " lneddfZpec
ebgpdb dhehjzrkvdh]lh "mdzZ > @

ljbkljec ijZpx} gZklmigbf gbghf KlzZzdzZzg a gZijyfghgd himlk
iheh” _ggy azZz “hihfh]lhx i**djmgm\Zggy ]J\bglh\hx iZjhxvky \ gvh
ebgbgdZ lekey pvh]h g2igyfgdvky \lhjm ~h fhf_glogbljdhzgby e
gZ\ZglZ m\Zewvjyha AZ "hihfh]lhx fedjhf_IjZ nedkm}lvky \bkhlz
"h leeZ ebgbgdb ih g_jae ijbdezZ"Z}Ivky B ZPZR By, P § yekidye Zfb
gZ ydbo dhglykgxdzZ “hihfh]lhx fzghf_1jZz

| j_~ dh gbf gZklmigbf_ga&\wfgizdjhf_I|jhf nedkm}lvkly “h\ b
gbgdb Z iskey gZ\ZglZ gaggyy €€ klbkg_
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GZ\_~_gbc ijbkljec “ha\hey} ijh\_klb \bfejb f_0Zgeqlgbo 0Zjzdl.
gbghd dhehjz~kvdh]h "mdz Z Ih[lh \bkhIm klbkg_ggy gzZ\Zglz"
"ibgghlh legBgelb Sh ~Zee “halhey} ijh\_klbmglaijZ\eh gy fin€
ijm ghkle iehsbgb i _j Ibgm leeZ | ahgZgkgh€ gZklhlbbLZ jhajh[b
kljec "ey alm[gh€ "«€ dheb\Zggyfb gZ rde*gbdZ jhkebg ebgbgdm
<Z eb\bf fhf_glhf Inslh}lj_[Z \badbkyya qgZzklhlhx al]m[gh€ "«€ ydZ a
ahjm _g_j]_Ibdb ih\bggZ ~hje\gx\ZIlbky j_ahgZgkgec gZklhle leeZ e
ljbkljec sh ijhihgm}livky jhajZoh\Zgbc gZ jh[hlm ah b\bfb ebq
jZ"kvdh]lh "mdz fzZ} gzZz~ecgbc kihke[ \bgepxigdggyY VZol&Zj ygge jhal
]m\Zgkhbkd g_ijhahjbo lee >ey pvh]h \ ch]lh kdezZ”s } gg\ZglZ m\Ze
gy sh fz} klzdzg ~ey al\dj€iebgbgdbjyafghx IZ J\bglh\hx iZjhx ey
j_]lmex\Zggy \bkhlb klZdZgm gZ gZijyfgec lglgdBg]hcijBUZgdZrZ]j
]JhcrZedm hdZamxlv Ibkd ]Jbjvdb « ~Zee gZ leeh ebgbgdiv ~h klZdZ
f_1Ij sh “halhey} \bfbpdob\ g&Z\ZglZ _ggy gZ "b\meéjphgdbgjdireyg }
\bfejx\Zggy ~_nhjfZpec lee "b\bo ebgbghd P_ jh[blvjbhh eb\bf ijh
ajZomgde\ j_ahgZgkgh€ gZklhlb ebgbghd dhfZo 1Z “ha\hey} _n_d
rder"gbdb\jhfegx\Zggyf Zdmklbggbo o\bev
GZmdh\Z gh\bagZz
<i_jr_ aZijhihgh\Zgh \bdhjbklZlb a]lm[gbc \ieb\ Zdmklbgghbc
leeh rde~rgbde\ jhkebg “b\behe¢dylbwhiddhmdzZz
Jhajh[e_ge f_Ih~"bdb \bagZqg_ggy f_o0oZgeqgbo ozZjEZdl_jbklibd
ghd dhehjzrkvdh]l]h "'mdzZ a f_lhx kljzZlb gq_j_a \ieb\ Zdmklbggbfb df
lhx sh ~hje\gx} j_ahgZgkgec gqZklhle ch]h leezZ >ey pvh]h ijhibkZz
jZp*€ \ _dki_jbf_gle a \bagZq_ggy ]_hf_lgdgedpobbZ orzejzZlldhjbklbd
lee "b\bo ebgbghd 1Z ihkee~h\geklv gZklmigbo jhajZomgde\ "hjkld
ghkle 1Z j_ahgZgkgh€ qgzZklhlb Iee "b\bo ebgbghd dhehjg~kvdh]h "

gy hjkldhdkllee "b\bo ebgbghd klZgh\eylv \e” g f ~h G f
fhrmey ijm ghkle \en IZ ~h I1Z AgZq_ggy j_ahgZgkgbo qgqZ
=p *h =p

AZijhihgh\Zgbc 1Z aZobs_gbc iZl_glhf MdjZ€gb gZ dhjbkgr
\bfejx\Zelvg ijbkljec *_nhjlfeZecebqgbgdb dhehjZzrkvodhjbklddgy <
ijbkljhx “ha\hebeh ijh\_klb _dki_jbf_glZevge "hke*”" _ggy a \bagZ
gbo |Z nefbahgeqgbo 0ZjZdl_jbklbd bgad W\behegdbgkvdh]h mdZz

<bkgh\dijh\_~ gbc ZgZe-hjegh f_|Ih~e\ azZkh[e\ |Z fhih*bd vyd-
jbklh\m} [«hf_o0ZgedZ "ey "“"hke+s"GZghkdhto hlfeey”m e<kgmxqgh€ gZm
eel_jZImjb gz\_~_gbc \bkgh\hd sh \e¢[jZpecge |1Z Zdmklbgges dheb\z
ablb\gbc 1Zd « g_]Zlb\gbc \ieb\afgZ ekxYs_bjldprle\ rde”eb\bo dhfZ:
lhshGZ hkgh\e hljbfZgbo j_amevlZle\ fh'gZ \b~ZIlb j_dhf_g~"Zpe+€ a
dhgkljmx\Zggy Zdmklbggbo ijbkljh€\ ~"ey ydbo aZkgh\ZgZ gZ g_]Z
\ieb\m gZ leeZ "b\bo dhfZo
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ljh\_~ _gbc ZgZe+slbgghgnyglydh”e\ [hjhlv[b ae rde*gbdZfb jh
"halheb\ jha”eeblb €0 gZ o-<feqge ij_iZjZIb f_oZgeqgeh_Ih"b |
ehjz"kvdh]h "mdzZ az ~hihfh]l]hx "b\bo hj]J]Zgeafe\ \b\_"~bggy kh
"Zlgbo \ ydhkle €« "ey dhehjzZgkyvdKsthmdfZIh2*b g_ az§ ~b _dFr
gh gbkle [Z fZeh_n_dIb\ge >h\_"* _gZ ZdImZevgeklv ijh g_h[o"q
kihkh[e\ agbs_ggy rde~*gbde*\ jhkebg : kZf_ Zdmklbqggh]h
GZ hkgh\e _dki_jbf_gle\ a \ieb\hf \e[jZpecgbo 1Z Zdmklbqgt
leeZ dhehjz”rkvdbo "mde\ ajh[e_gh \bkgh\hd sh 7“ey jhajh[db
agbs_ggy rde*eb\h€ dhfZob g_h[oe*gh fZIb I1Zde hkgh\ge \_ebi
fejb fZkm leeZ rde”eb\h€ dhfZob “hjkldeklv « j _ahgZgkgm qZzZk
dh\e jh[Mb pe f_0Zgeqge 0ZjZdl_jbklbdb \bagzZq_ddjh{nyg\xaghhdz
alm[gm ~ex Zdmklbggbo o\bev gZ dhehjz”"kvdh]h "mdzZ /| eZ[hj
]b[_e* "mdZ hljbfZzgbc "ey mdZ dhehjz~"kvdh]h fZkhx m f] ijb
kilbggbfb o\beytdhpxzkl =p a je\g_f a\mdh\h]h Ibkdm ny
Jhajh[e_ge f_Ih~"bdb \bagZq_ggy ] _hf-fljbf4gbpgbd mdZdh |
klbd lee "b\bo ebgbghd dhehjz~kvdh]h "mdz 7ey ijh\h*_ggy
ajZomgde\ Lh[lh kihgzZldm ijh\h*ylvkye\bffZjAo] \b&glZ€ dgy fZk
lhlef a \bdhjbklZzggyf gh\h]lh ijbkljhx ijbkljec aZzizl_glh\Zg
<bfejx\Zevgbc ijbkljec *_nhjfZpec ebgbgdb dhehjZ*kvdh]h ojm
gZ dhjbkgm fh”~_ev « Mdjz€gzZz FID * |/
ce_dk}}gdh K < Kgh[dh > H AZy\dzZydeX ahim[e
ijh\h~blvky \ieb\ \bagZq_gbfb kbeZfb gZ leeZ « \bfejx}lvky
Mke pe "Zge _dki_jbf_glm ~hal\heyxlv \bagZqblbky a fh"me
"hjkldeklIx <sbkiizge *Zge \bfejx\Zgv ijb ijh\_~_gge jhajZz@mgde\ |
kihlb leeZ "b\h€ ebqgbgdb HIjbfZge agZg_ggy hjkldhklI\ c lee
eylv \en gf ~h G f AgZq_gdwlfhrmey ijiZz ~h | Z
AgZg_ggy j_ahgZgkgtezZedbklh” =p ~h =p
M i_jki_dlb\e "Zge _dki_jbf_glm 1Z jhajZomgdes\ "havheylv k
klbgge ijbkljh€ sh afh " mlv hdZam\Zlb alm[gmke'bg gZ leeh rde”"¢
E1L?J:LMAS()(5(1K(6

1. >«~dh\kvdbc < K Dhj'bd H <= E cdiRmHo [Z \e[jZp-&
ie"jmggbd Db€EL:f_dkk

2. :LNLSHGLD \eevgZ _gpbdehi_~"ey “h\l_gv KWWSV

3. Dhklxd 1 < <\_" ggy \ [*hf_oZgedm gZ\f Oiak']\ Ev\
iheel _ogedz?d k

4. =eZaldj H GZjbk hkgh\ [hf_o0oZgedb Fm K\l k

5. Khdhe : < Khdhe = B H \ebygbb gbadhqgzZklh
dhe_[Zgbc gZ "b\u_ hjJzgbafu :dmklbq_k#idbc \_klgbd

6. FZeur_ \ W G Bkke ~h\Zgb_ bgnjZayddizjzddd inmib*gt
kgb™ _gby _]h bgl _gkb\ghklb gZ ij _"ijbylbyo "~ e _agh”hjh gh]h
dzg”® |I_og gZmd E_gbgljz® k
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7. =jbgq_gdh < L > ckl\b_ gbadhqgzZklhlgh]h a\mdZ b \b[jZp
:dmklbg_kdbc kbfihabmf ©ODhdgbbhEXgk \ _j kgy j a[ ijZpv Kk
3+ Db€\

8. <h\d B < =jbgg_gdh < L >Zogh\ K E Djb Zgh\kdbc < <
Rmfu ~uoZgby q_eh\ _dZz h[t _dlb\baZpby ZmkdmevIZIb\¢

:dmklbg_kdbc \_klghgp.

9. Khdhe = B >miebs_\Z H F Ju[ZedZ L : H \ha”_ck

bgnjZza\mdh\uo Zdmklbg_kdbo dhe_[Zgbc gZ "b\u_ hj]l]Zgbafu ?dh

20(34), 1525.

10. Khdhe = B Hkh[_gghklb Zdmklbg_kdbo ijhp_kkh\ \
"bzZiZghqgzklhl >g_ijhi_Iljh\kd Ijhfegv k

11. >+*dh\kvdbc < K J_n Hkgh\b Zdmklbqgh€ _dheh
Dejh\h]jz™ -ELXAKkK k

12. =hj[_gdh ? < Khdhe = B GZmqgZy jZ[hlz ™ 1| ¢ [

Dhkvdh ih "bgzZfbqg_kalhdm HBHgzZbgl am ijh"hevguo gZ]jmahd

g _him[ebdh\Zggu_ jZg__ kljZgbpu >gleipii_ H gBgqZngy K _jey
©1lklhjey » neehkhney gZmdb « |#@gedb?
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14. Eyrdh > H GZcn"Z K :dmklbgg_ ihe_ mevljZa\mdh\
"bn_j_gm&gteZ]lghklbdb kemom ex”bgb Fedjhkbkl_fb _e_dljhgec
27(2(121)), 263239 2632398. https://doi.org/10.20535/2528155.mea.263239

15. FHA MdjzZ€ghb KzZgelZjge ghjfb \bjh[gbgh]h rmfm me:
egnjZa\mdm >KG#% Db€\ FHE£MO k

16. :iiZjZl \b[jhZdmklbg_kdh]h \ha”_ckl\by ©<blZnhg? L _oghb
b j_dhf_g”*Zpbb ih ijbf_g_gbx Fhkd\Z Fbga”jZ\ JN J_]1] m~hkll
271/94).

17. Dhrbpv X R E_cdh H = Hf _evqg_gdh H N N_"hj_gdh

?e _(HhggZ dhgp _ipey [hjhlv][b a ]jbamgZfb e« aZolplbl\-kypidde\ khp
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22. Khdhe = B Im]Zzg_\ : K D j r_gbx ijh[e_fu mghbq
Zdmklbg_kdbf kihkh[hf M GZmdh\e gblZggy C>gkijBRvVvdZ hj
>geijh GP:HFM
23. Fhegzj L K Khdhe = 1 <bdhjbklZggy\Ze\gylggy "t
kbkl _f "ey hibkm f_oZgeqgbo o0ZjzZzdl_jbklbd lse \ejmkm M ;;9 F
gZmdh\hdlbgqgZ dhgn_j gpey ©OEx"bgZ + dhkfdkaAgwygeijhj al
| _a k >geijh GP:HF
24. FhegzZj L K Khdhe = 1 YgebpZ @ Zg4 gl fjmkApd ¢
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36. Khdhe = 1 K_\hklvygqgbd < H Fbjhg gdh H K ljb

Ibim ae rdedsy jhkebg gZijbdezZ” dhehjzZz”"kvdh]h "mdz izl MdjzZE€
yXe <
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Methods of calculation and experimental research of mechanical characteristics

of living larvae bodies in the destruction of pests by acoustic means

The paper focuses on the advancement of experimental and analytical methodologies
for examiningthe mechanical properties of living larvae of Leptinotarsa decemlineata{Col
rado potato beetle) to facilitate their eradication through acoustic resonance. The-signif
cance of this research is underscored by the necessity to substitute chemical pest cont
methods, which are detrimental to human health and the environment, with ecological acou
tic technologies. This research is conducted within the domains of applied mechanics and
biomechanics, building upon prior invesdtgns into the acoustic eraditian of detrimental
insects.

The examination of contemporary scientific literature reveals thafflequency acost
tic and vibrational phenomena exert both detrimental and beneficial effects on biologfical ti
sues. Research conducted by V. S. Didkovsk¥i, Mrynchenko, G. I. Sokol, and othersival
dates that resonance phenomena in biological structures can induce structural disruption
when the external frequency aligns with the organism's natural frequency. The autpors su
gest using controlled acoustic wes/to kill pest larvae by taking advantage of their dem
chanical resnance.

To implement this concept, the authors devised a novel methodology for assessing the
PHFKDQLFDO SURSHUWLHV RI OLYLQJ ODUYDH H@p&ERPSDVVLC
Thelarvae were represented as cylindrical elastic entities with a uniform -@stson. A
new measuring tool was created and patented (Patent of Ukraine No. 153662, 2023} for tes
ing deformation in a controlled way with known loads. The setup has a miemraata-
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nometer, and a loading mechanism that can be changed to measure deformation indiving bi
logical specimens very accurately.

The experimental results indicated stiffness values between 0.3248 N/m and 1.1621
1 P <RXQJTV PRGXOXV bR J2QrIPd WaRdPatural resonance frague
cies from 5.23 Hz to 8.54 Hz. These results show that it is possible to get destruotive res
nance with acoustic etters set to these frequencies.

The developed methodologies and instrumentation establishsafbashe design offe
fective acoustic devices for pest magragnt. The use of these kinds of systems will make it
possible to get rid of pests in agulture in a way that is safe for the environment and doesn't
use chemicals. This will greatly lower eagical risks and make sure that crops are protected
in a way that is sustainable.

Keywords living bodies, mechanical characteristics, Colorado potato beetle larvae,
device, experimental research, acoustic influence, destruction.
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/| K Kme_cfZgh\
1GL?E?DLM:EVG: KBKL?F: DE:KBN1D:P12 :M>1HN:CE1<

:ghlzZpey 19l _gkb\g_a[eevr_ggy h[kylm pbnjh\bo frolZlyggybo ~"Zgbo
€0 kljmdImjbazp+€ a f _|Ihx ihe_]Jr_ggy ~hkimim /hayY dkejbklm\zZq:-
kbnedZpey } h~rgbf ea n_dlb\gbo aZkh[e\ hj]ZgeaZp+€ fimabqgbo I\
gZeecah\Zghfm \b[hjm dhfihabpec ¢« ] g jZpe€ j_e \Zglgbo j_dhf_g’
"hkee"  ggy } ZgZe+ca _n_dlb\ghkle ih}*gZggy jeagbo Zim~ehhagZd
\h€ deZkbnedZp+€ sa aZidhkmWAgytyfi [Zd iljhgZ |Z \bagZqg_ggy reyc
ihdjZs _ggy lhqghkle jhaieagZ\Zggy Jhaleygmlh f _|h"H jhajZomg
klhlgbo Zdmklbggbo o0Zjzdl _jbklbd | Zeesah\Zgh Z\IhfZlbggbc i
f lje\ aZ ~“hihfh]hehl|[ef@tuna ijh\_~ gh gZ\qZggy ¢ | _kim\Zggy fh"_
hkgh\e "ZIZBGTAAN AZijhihgh\Zgh f _oZgeaf ihdjZs _ggy ydhkle deZ
reyohf ~h”~"zZIdh\h€ h[jh[db j_amevIZIle\ i _j ~"[Zg_ggy g_cjhf_j "
f _Ih”~e\ “hjkldh]h ffydh]h 1Z jZglE9gyn dEehkim hf ;hjffZge-HIj
j_amevlZlb ~ fhgkljmxlv e<klhlg_i*"\bs _ggy lhgghkle deZkbnedZp-:
[Zah\bfb ie«"oh”Zfb

Dexgh\e keh\Z rIimggbc gl _e _dl g _cjhgge f_j "« fZrbgg_gZ\qZg
gZ kbkl _fzZ jha\fyahd azZ*"Z@-|lpedbklydhkiIpq@aicaglbeqadyp-hn
iZjZf_lje\ fh~_ee f_Ih"b ZgkZf[e gily]hZzhedkma\gZzzdb fmabqgge Zgjb

IhklZgh\dZ ijh[eKipefd_ajhklZggy h[ky]m pbnjh\bohfmabqggbo
abpec kmll}\h mkdezZ”rgx} aZ*"Zgm _n_dlb\ghlbtthhbkZXgym pvh]h
dmevimjghlh gZ~[Zggy ex"kl\Z Fmabqgges k_j\ekb ih\bggs g_Ilsevdb
lhizjzf _ljbggbc ihrmd gzZ”~Zxqgb fh eb\eklv dhjbkIm\Zgzli h[bjZIlb m
abpe€ <djZc \Z eb\hx nmgdpe}x fmabggbo ieZlnhjf } a[Z]Zq_ggy
kemozZqe\ reyohf ij_~klZ\e _ggy gh\bo I\hje\ ~“ey hagZchfe_ggy Ij
ie"[ejdb dhgl_glm fZ} g_ ijhklh ijhihgm\ZIlb ijhkemoZlb gZc[eevr il
sh dhjbkimxlvky ihiblhf m [Z]Zlvho dhjbkIm\Zge\ G_ \Zhlh IZdh™ \~"
km\Zggy fhgmeyjgbo a f _Ihx i**\bs_ggy €0 j_clbg]m YdekgZ j_dhf
kl_ fZ aZemqZ} sg”"b\e"mZevge kfZdb dh gh]lh hdj_fh]h dhjbklm\zZqZz
I\hjb yde a \bkhdhx \ejh]ergeklix [m~mlv ithablb\gh kijbcgyle >ey p
Ib "h m\Z]b yd igpkhd&Zlejsx ijhkemoh\m\Zggy 1Zd « i_j leed dhfihab
"h[Zwky egrbf dhjbklm\zZzqzf a« koh bfb fmabqgbfb kfZzdzZfb H~*gbf
ie"oh”e\ ~h \bjer _ggy pbo ijh[e_f } "Zgjh\Z deZkbnedZpey <hgZ
eb\eklv kljmdIimjm\zZIb fZkb\ jffildpb€ gte§ agmggh]h “hklmim sh ~Z}

<« Kme _cfzZgh\202&
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kemozqZf h[bjzZlb I\hjb \e*ih\eAgh "h €0 eg”b\e"mZevgblo fmabqg
]h  "Zgjh\bc ih”ee kl\hjx} mfh\b ~eyjkihgfm\dlg\gygho ijhnees\ kfz
\keo dhjbkIm\Zqges\ "ey gZ"Zggy i_jkhgZ2pad\Zgtho ghdio dhfihab
\jZoh\mxgb hkh[bkle fmabgge ij_n_j_

:gZe*a hklZggeo "hkee"" _gv »eiyn[bad¥paZggy aZ"Zg Zgjh\
kbnedZpe+€ Zdlb\gh aZklhkh\mxlvky kmqgZkge aZkh[bkelmgigb]h e
ie"oh”e\ fZrbggh]bgyZhB[eb\h€ ihimeyjghkle gZ[meb jeqage Zjo
gbo g_cjhggbo f_j_° lj_gm\Zggy ydbo a”eckgx}lvky gZ hk
Zm~ehhagZd |Z €oge0 dhf[egZp-cC

J _amevlZlb\geklv gZ\qZggy [Z]ZlhrZjh\h]h i_jp_iljhgzZz 0/
g_cjhggbo f_j ° bzZLl1a]hjldh\bo g_cjhggbo f_j ° &11 gZ
f eqZklhlgbo d_ikljZevgbo dh_nepe}gle\ 0)&&V fZ} \Zbeb\_ a
s_ggy lhgghkle Z\IhfZlbgqgh€ deZkbnedZpe+€ Zngbd "Zobb ¢l @
ijh~r_fhgkljh\Zgh “hkylg_ggy |hqghdkflej m2ol6kIHYec%.

<b[ej nmgdpe+€ ZdIb\Zp<€ <klhlgh \ieb\Z} gZ ijhp_jk’ly_gm\Z
Jhaleygm\rb _n_dlIb\geklv aZklhkm\Zggy gZklmigbo nmgdpec Z
RelLU, Leaky5H/8 (/8 ijb gZ\qZgge 0/3 511 1Z &11 2Abygj)\2sgh sh
amevlzZlb kihkl_je]Zxlvky ijb \bdlGHk8Zgage[ /HDNMXqgb 1Mqggeklv
66 1Z "ey 0/3 511 1Z &11 \e~ih\ergh > @ LZdZzZkgkhjMnkglb\ge
a"Zlgeklx /65BN a[_je]ZIlb \e "H}lfgegyaphjZ”e}glZz fZkrlZ[mxqgb €0 -
dh_nepe}lglhf gZ \erfegm \e” 5H/8 ydZ ih\geklx €0 aZgmex}

Dhf[egh\ZgZ Zjoel_dlmjz &11 511 gZ\gqZggy ydh€ a”eckg
l[jvho Ibie\ ki_dljh]jzf a\bgzZcgh€ ki_dljh]jzfb hljbfZzgh€ \ j_an
dhjhldhgzkghlh i_j_I\hj_ggy Nmigi} d6h)7Zfb ydZ nhjfm}livky rey
fzkrlZ[m\Zggy qzZklhl 67ndzZzelaxf_®h fh”~_ex} hkh[eb\hkle Zdmk
kijbcgylly ex”bgbki&dih]jzfb &RQVWDQWRUP ydz az[_ai_q
Ib\gbc jhafej gqZklhlgbo [*g*\ aZ\"ydb \bdhjbkhZogpme-}gkZedg ijh"
fhgkljm\ZeZ [ebavde agZq_ggy |lhgghBk]je-\8fe Zikb n\elwdipjdek 1 Zg g *
ki_dljhljzf 67)7 1Z &47 > @

AZklhkm\Z\rb m ydhkle \oe*gbo ~"Zgbo "\Z |Ibib Zm~eh
f_eki_dljh]jzf "ey gzZ\qZggy ghlbjvho dhfkmh\Z&dho/Byd®s f_j
“Z a "h\]lhljb\Zehx dhjhldhqzZkghx izf{yllx &lle%dbB6é7\@j4dpgbhZz
/1670 &11 *58 d_jh\ZgZz j_dmj_glgZz h”bgbpy Kkijhs_gbc \Z]j
&11 %L*58 ~\hgZzZijZz\e_gZ fh~*bnedZpey *58 [meh \klZdh\e_gh
Ib\gtk ijhr_fhgkljm\ZeZ Zjoel_dIimjzZz &11 %L*58 az[_djbqb\rb |
\bdhjbklZgges 0)&&V+ijp \bdbllZgge-kiedljh]jzf > @

F_1Z ~hkee""_djgvZgZecam\Zlb _n_dlb\geklv ih}*gZggy |j*
Zm~ehhagZd "ey | _ZeecaZpe+€ " Z&jBhe hdhedflebhedZ paZklBkm\Zgc
lhrZjh\h]lh i_jp_iljhgZ 1Z \bagZgblb reyob ihdjZzsAdggyhqghkle j

Hkgh\gbc fZl_jeZe ~"hke>eéy dbkylg_ggy f_Ib [meh jthajh[e_
ljZfg_ aZ[_ai_q_ggy fhihx 3\WKRQ aZemqzZxqgb nj_of\hjd 3\7F
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N e _c g_cjhggbo f_j_ = [[e®HDWW 6VelyNjlhagd b & hbgidydm ok f_1jbd 1Z
ODWSORWOLE "ey ]jZneqgh€ \eamZeecaZpe+€ ijhp_km Ij_gm\Zggy |Z

cjoel_dImjgbf jer_ggyf ey g_cjhggh€ f_j_ "« h[jZghi[Z]ZlhrZjh'
ljhg 0/3> @ m ydhfm gZ ijboh\Zgbo rZjZo \bdhjbklZgh ZdIlb\Zy
PReLU 3DUDPHWULF 5H/8 hkgh\ghx i_j \Z]hx ggn& -} gfgabm_ a[_
liz~e}glz Z ¢ fh eb\eklv Z\IhfZlbgghlh gZeZrim\zZggy izZjzf_Ijz
g_lZlb\gh€ gZklbgb noakgdgt§Zg®yygg_cjhggh€ f_j_ "«

>ey h[gbke_ggy \boe*gbo agZq_gv g_cjhge\ \boskgh]h rZjm
nmgdpey 6RIWPD[ ydZ ih\_jlZ} cfh\ejghkle gZe_ "ghkle “h dh gh]t
jhee nmgdp+€ \lIjZl aZklhkh\m}lvky d&lhjmys2e®@gZ djhk

M ydhkle \oe*"gbo "Zgbo [meh \bdhjbklZzgh ~"ZIZzk_| *7=%$1 > @

Zm~ehnjzZ]f_gle\ ljb\Zee<klx k_dmgn” <hgb je\ghfejgh jhaih*
10gZklmigbo deZke\ ihimeyjgbo "ZgjekdhewahidZgfa 4blze
ihi j_]]l* jhddjlZzhdzl_]lhjey deZkbqgh€ fmabdb sh ih}*gm} gbad!

"Zgje\ kbfnhgex dhgp_jl khgZIm Ihsh OhqzZ a qzZke\ Zglbgghkle |}
deevdeklv deZkbggbo fmabqggbo I\hje\ ijhl_ fh*_ev gZ\lmzZ}Ivky < \I
r_gZ h[f_"_ghfm gidhjegbid» deZkbgqgbo iheenhgegqgbo dhfihabpec
klZ\e _ge \ _e _dljhggbo [ZaZo "Zgbo Mke nZceb a[_j_Z gh m nhjf
klhlZz "bkdj_Ibazpq€ jhajy”g-bity

>ey dh gh]lh njz]f_glZ h[gbke_gh gZklmigbc gZ[*j h-agZd yd g:
k_dmg~gh]lh aZibkm 1Zd « aZ ch]lhkildmghglhagle\kylv

+Chroma Features tojhfZlbgge hagzZdb -Zilg dpk€zZz \« "h[jZjZxlv _g_
] Ibggbc jhaih?ee qZklhl Zm~ehkb]gZem \ f_"Zo hdkzZa\hdmmxqgb £
ojhfZlbggeklx Hkt2gvdplgZ rdZeZ qzZklhl fZ} eh]ZjbnfAggm kljmd

klhlb sh \e”rjeagyxlvky gZ hdlZ\m gZijbdez” =p =p =p
ex"kvdbf \mohf yd h*gZdh\sngglbp®jhfZklZ\eyxlv ki_dljZevgm _g_
m \bJey2peggh]lh \_dlhjz ¢ _[dh\erih\e~rZ} h~rghfm a ie\lhge\ fma

]1Zfb g_aZe_ "gh \«" hdlZ\b
tRoot Mean Square Energy (RMSE)xk _j_"*gvhd\Z*jZlbgg®Z fg hj{dy
]Zevgh€ ihim ghkle Z[h «gl_gkb\ghkle kb]gZem

(1)

A taZ]ZevgZ deevdeklv IhghdzZmni&blgZLkb]gZem \ fhf_gl qZkm
t+Spectral Centroid (SC) £ki_dljZevgbc p z®lZhZ&I_jbam} p_gld fZk ki_
ljZ kb]JgZem \bagZqgzZxgb k_j_"gx qgZklhlm ®&a\ze _‘prhh[gZ Zfieslm

jhaih”ee —g_j]l*€ \ ki_dlje

(2)
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N xdeevdeklv gZklhlgbaddZ&gthlZlh [egm ki_dljZ xZAiesIm"Z
ki_dljZ gZ qZklhle
+Spectral Bandwidth (SB) £rbjbgZ ki_dl}jZ«jhx jhaih®eem qZklhl m ki,
kb]J]gZem hpegx} gZkdeevdb Zfieelm”b qgZklhl \e?*obeyxlvky \e
ki_dljz

(3)

N tdevdeklv gZklhlgbox[ggk\hlZlh [egm ki_dljZ tZAieeIlm"Z
ki_dljZz gZ gZklhletki_dljZevgbc p._gljh€”"

+ Spectral Rolloff + ki_dlj&vgbc jhetpn izZjzf |j sh \bagZqZ} qZk
gb g_ ydh€ kdhgp_gljh\Zgbc az*Zgbc \e~khlhd gZijbdediZ”"
ljZ a\mdh\h]h kb]JgZem

(4)

N tdeevdeklv qZklhligbadZgthlZlh [¢gm Kki_dljZ £ZiecIm”Z
ki_dljZz gZ qZklhkihjh]lh\_ agZq_ggy aZa\bqzz0.8%[bitgdhfv]j
[*gm ki_dljZz "~h ydh]h gZdhibq_gZ i \gZ qzZkldZ kmfzZjgh€ i
\eNih\erZ} h[jZghfm ihjh]h\hfm agZq_ggx

tZero Crossing Rate (ZCR)xqZklhlZ i_j Ibgapgno&yZdl jbklkhdzZ Zm~
kb]J]gZem sh \bagZqgaf-deagd«kihvkb]gZem i _j Ibge\ gmevh\h€ h
gZkm

+Harmonic Component (HC) £]ZjfhgecgZ kdep”"h§ZklbgZ kb]JgZem sh
jZdl_jbam}lvky Ijb\Zebfb iezZ\gbfb ]Zjfhgeqgbfb a\mdZdb Ibih
gbo 1Z ]1Zjfhgeggbo egkljmf_gle\hdyZejbkllgm®yge Z[h “moh\e egklj
<bagzZqZzZ}lvky reyohf aZklhkm\zZggy f_"Zggh\|lh€Enhkv1jZ \a”h\" ¢

+3HUFXVVLYH KRPSRQHOM\gE) kdeg hyZklbgZ kb]gZem
feklblv dhjhlde jeade a\mdb Ibih\e "ey m”"Zjmbdezs g4 nzf[Zg e\
o0Zo _Ib Ihsh JhajZoh\m}lvky aZ ~“hihfh]lhx f_"~eZggh]h neevljZ '

tTempo (BPM zxbeats per minute) 1 _fi r\b~deklv m~Zje\ aZibd@ebgm
gbd sh \bfejx} r\b”rdeklv \bdhgZggy fmabqggh]h I\hjm 1Z o
jblfeggbc « "bgZfeqgbc 0ZjZdl_j

+ Mel-Frequency Cepstral Coefficients (MFCCs) + f _eqZklhlge d_ikljZevg:
dh_nepelHgdb gZ[ej dh_nepe}gle\ yde fh* _exxlv | _f[jZevde 0ZjZd
kb]JgZem > @ >ey ZgZeeam jhajZoh\Zgh i_jre dh_nepe}gle\

>ey dh gh€ ae*q _gbo hagzd azZ \bgyldhf | _fim [med h[gbk
q_ggy IZ "bki_jkey
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GZ\qZggy fh”_ee a”eckg_gh gZ \_dlhje hagZd jhafejgeklx
jhaleygmle Zm~ehhagZdb -kk[gbkg”~gko*ayZ]f_gle\ dhfihabpec Jhai
NZgbo gA4Zeplgbcec \ZeerZpecgbc 1Z | _klh\bc gZ[hjb ijh\_~ gh m Kk

ea aZklhkm\zggyf kljZlbnedh\Zgh€ \hirjdb€E dl Zade\jmzdhijghfm
gZ[hje 7ey i*"\bs_ggy maZ]Zevgxrge€ a&ZlghW-aizagzZqgblb sh \I
10njz]f_gle\ h~grhabggh]h I\hjm ih\bgge gZe_"ZIb ~h h”gh]lh ¢ Ih]h
Z[b mgbdgmlb ©\blhdm egnhjfzZpe€2 fe' gzZ\gZevgbf « |_klh\bf gZ[l
pvhlh ijbgpbim ijba\_~_ ~h Ih]l]h sh fh”_ev |I_kIm\ZIbf_Ivky gz "Z
\hgzZ \"_ [ZgbeZ isgmdZikdjh kihI\hjx} hpegdm €€ mazZ]Zevgxxqgh€ a”.

Hpegx\Zggy ydhkle fh”_ee \bdhgZgh az IZdbfb ihdZagbdzZfb It
\emqgeklv SUHFLVLRQ ihfghbdlz UYFROWKW 13 fZljbpy ihfbehd
(confusion matrix).

>ey Z\IhfZlbah\zZghih Jed?r[WZjZf_Ije\ [meh \bdhjbklZgh fh*mev 2
ydbc j_Zeeam} g_ ebr_ \biZ*dh\bc ihrmd Z[h idh\pfj i@ZaohtkB\Zgbf
aZklhkh\m} egl_e_dimzZevgm KkljZI_]ex hilbfeaZpe+€ gZztkgh\e [ZcCc}k
dj _fz f_Ih”m 7 3dqtructuced Raen Estimator)t hpegx\Zq 1Zja_gZ IIBh \bdhj
klhim} ~ _j_\hih?e[gm kljmdImjm hpegdb jhaih”eem cfh\ejghkl_c

>ey gZ”~Zggy fh~_ee Jgmqgdhkle [meh j_Zeeah\Zgh ~lZgZfeqgm Z]
jh\h]lh i_jp_iljhgzZ ydZ ~“hal\hey} afegx\ZIb deevdeklosjhgbbhhzZgbo r.
dh'ghfm a gbo A7eckg_gh _dki_jbf_gle\ ea \Zjex\Zggyf gZkln
f_lje\ deevdeklv ijboh\ZAdb® rZhe\ deevdeklv g_cjhge\ mZdh ghfm ij
ghfm rZjben Ah dh_nepelgkmzZteqZiglayhges \o" e h de
deklv _tho" Ah

GZ jbkmgdm gZ\_~_gh agZqgq_ggy nmgdpe€ \ljZIl « IThqghkle fh
ijh\_"~_gbo _dki_jbf_gle\

JbkmghtdAgZq _ggy nmgdpe+€ \ljZl « IThgghkle fh® _ee gZ dh ghfm a _
Jei_jizjzf _lje\ fh me_f 2SWXQD
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HljbfZzgEde hilbfZevge Jei_jiZjzZf _|Ijb g_cjhggh€ f_j "¢ deevc
A\ho ijboh\ZgbozxrZjZo djhd gZ¥gZggy dweklv _ihd
GZ jbkmgdm ij_"klz\e_gh Zjoel_dlmjm fh”_ee knhjfh\z
ieNe[jZgbo 1ZjZf _|je\

Jbkmghdjoel _dimjZ g_cjhf_j “« a is”e[jZgbfb h#bKZdlagbfb iZ]

GZ jbkmgdm \e~rh[jZ _gh afegb agZqg_gv nmgdpes€ VIjZI « Il
gh€ 1Z \Zes"Zpecgh€ \b[ejhd m ijhp_ke gZ\gZggy fh™_e-

JbkmghtdbgZfedZ afegb nmgdpe<€ \IjZdzZklhjgaphk\Zig gy f

Yd \brgh a ]jZnedZ i*key _ithob kihkl _je]Z}Ivky agZqg_ aj
gZ \Ze*"Zpecgec \b[ejpe sh k\ergblv ijh thgZlhd i_jhpg28Vvghggy
amibgblb gZ\qZggy kZf_gZ pec _ihZZgdyhmgbddblmygy \d

GZ jbkmgdm gzZ\_~ gh j_amevlZlb deZkbnedZpe<€ gZ\
3k _dmg~gbo njzZ]f_gle\ Zm~eh
>ey Z]j_Im\Zggy j_amevlZle\ i _j_"[Zg_gv g_cjhgmh€ f_j_

abgghfm I\hjm aZklhkh\m\Zebky gZklmige f_hthZ2dpg¥gkZf[e_ _\h]h ]
tHard Votin J "hjkld_ ]Jhehkmxa@idhgyg deZkbnedZlhj jh[blv hdj
ijhljgha Z hklzZlhqg_ jer_ggy ijbcfZ}Ivky gZ hkgh\e [eevrhkle Jhe
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t6RIW 9RWLQJ f yd_ MHehkmnzglgky cfhlejghkle gZe_"ghkle ajz
"h dh ghlh dezZkm sh ]_g_jmxlvky deZmbih\dZdhjky cfh\ejghkle "ey
dh 'gh]l]h deZkm i+skey ghlh h[bjZ}Ivky migfkhxacdZ\c[jgekikx>k @
+t%RUGD &RXQW f tkhi®* pbpefigbc \b” jZg]h\h]h Jhehkm\Zggy n
dh ghfm deZkm ijbagZqZxlvky [Zeb aZe_ “ghg\tghhkfmjhkibRédme€ m |
dh gh]lh deZkbnedZlhjZz DeZk ea gZc[eevrhx kmfhx [Zeb\ \¢* mkeo
jZ}Ylvky yd hklzlhggbc ijh]Jgha > @

Jbkmghtd=Zljbpy ihfbehd deZkbnedZp+<€ g _cjhggh€ f_j_ "

Jbkmghd eexkljm} jhaih”ee dhj_dlgbo IZqggdhjhdbfZghoj ~[Z
f ITh~hf Jhehkm\Zggy ;hj*Z ~ey dh 'gh]l]h deZkm hdj_fh L\hjb deZ
“Zgjm dZglje [meb deZkbnedh\Zge a \bkhdhx lhggeklix [Ih”e yd Ih
“Zgje\ jhd j_]]+di&i dbiy\bezZkv gb ghx sh fh _ [mlb ihykg _gh €0
\ZjeZIb\geklx

JbkmghtdFZljbpy ihfbehd Jhehkm\Zggy f_IhAhf :hjrZ
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M IZ[ebpe gZ\_~ g+ f_ljbdb ydhkle i _j ~[Zq_gv ydZ_aihk_

jh\hlh i_jp_iljMighn 1Zd + ~ey ih}~gZgv ch]lh j_ameviZlishea \e/]
AZtb ZgkZf[e_\h]hdgghkm\Z

LZ[ebpy
F_ljbdb ydhkle i _j ~[Zg_gv fh"_e_c
Model Accuracy | Precision | Recall | Fl-score
MLP 72.7% 73.2% 72.7% | 727%
MLP + Hard Voting 81% 81L7% 81% 80.9%
MLP + Soft Voting 82% 82.6% 82% 81.8%
MLP + Borda Count 83% 83.7% 83% 82.8%

<bkgh\diM jh[hd jha]leygnilHh~ bhajZomg@dhkh\d&@ gZklhlgbo
Zm”~ehha\kZdgh\e sthhh}*gZg@d\+lov_\_ebdhe&vdHKIdbloag Zd b dh
jbklZggehbr €k _|j "gedZqg 1g¥bki_jkmgdhkleergbBdgbeyj gmgZz
gyg_cjhf_j azZ[_ai_fmkbNokdy ameviZagjh\ld& Zkbn«dZpEhk
1Z}Ivky gZ\elv ijb aZklhkm\Zgge \e*ghkgh ijhklh€ Zjaeil jdIimjb g
p_iljhgm a "\hfzZ ijboh\Zgbfb rZjzZfb 1Z g _\_ebdhx deevHdeklx g_
fZIbggbc ie”[ej Jei_jiZjzZf _lje\ f_ghaZ avvidifg]lhx fh *mey 2SWXQD
gh]lh ijh\_~ gh gzZ\qZggy |Z | _klm\Zggy fh” _ee gZ gZ[hjs fma
Ih~ree-k_dmg”~gbo fmabggbo mjb\de\ gZ gZklbg ~ey ljZgm\Zgq
dh™ ihr"Zevr_ h[f}*gZggy i_j_"[Zg_gv “ey dh ghkhzgpgilff fglZz a
[h~e\ “hjkldh]lh ffydh]lh JThehkm\Zggy |Z jZg]lh\h]h ]hehkm\Zggy
ebeb kmll}\h btBb\bsgqgeklv deZkbnedZpe€
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Intelligent audio file classification system

The continuously increasing volume of music compositions highlights the needdor effe
tive organization to ensure convenient user access. Genre dassif is one of the comon
approaches, enabling listeners to select tracks according to thewidual preferences and
receive automated recommendations for new content. The literature review of previbus stu
ies demonstrated that different types offaial neural network architectures are used for
classification, utilizing various audio features and their combinations for training. Using mel
frequency cepstral coefficients (MFCCs) as input data revealed the advantages oti-convol
tional neural network§CNN) over multilayer perceptrons (MLP) and recurrent neurdl ne
works (RNN). Evaluating acttion functions such as Sigmoid, Tanh, ReLU, Ld&édyU,
ELU on MLP, RNN and CNN showed that LeRlef.U achieved the best performance due to
its ability to retainscaled negative gradients, unlike ReLU, which just zeros them oum-A co
bined CNN+RNN architecture provided great results using MFCCs and spectrograms as i
put data. This study aims to analyze the effectiveness of combining various types ofkaudio fe
turesfor genre classification using a multilayer perceptron, as well axpoee methods for
improving classification accuracy. Tirg®main and frequenegomain audio features were
examined. The neural network was trained and tested on the GTZAN datatsehiregri000
audio samples with duration of 30 seconds, 4&ples for each of igenres. The hypeg
rameters were automatically optimized using @munaframework, which applies intelligent
search based on Trestructured Parzen Estimator. Furthermoi postprocessing mech
nism based on hard voting, soft voting, and the Borda count method was introduced. Exper
mental results demonstrate that the proposed ensemble approach significantly enhances the
classification accuracy compared to the baseline mhode

Keywords: artificial intelligence, neural networks, machine feag, intelligent system,
solving classification task, recognition quality metrics, model parameters optimization, e
semble voting methods, audio features, musical genres.
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1K >fblj*}\Z F >fblj_gdh
A:KLHKM<:GGY F?LH>1< F:RBGGH=H Gr<Q:GG
< H;JH;P1 ' K?CKF1QGBO AH;J:@?GV

cghlzZpey M klZIle ij_~klZ\e _gh dhfie_dkgbc | _ogeqgbc h]Jey” aZklh
fZrbgghlh gZ\gZggy FG 1Z ]Jeb[hdh]h gZ\gZggy =G "ey ZgZe-ean
jZ°_gv m ] _hneabqgec jhale?*pe JhaJeyhZdlvHyZlhgdleo fA[Kkyje\

k ckfeqgbo "Zgbo yde [jZ"bpecgh \bfZ]Zxlv fekype\ jmaggh€ gl _jij
lhim}lvky g _h[oe~geklv i \|JhbAhlbmaMZ dgbo f _Ih~e\ ZgZeeam

> |Zevgh hibkmxIvky hkgh\ge Zjoel _dIimjb g_cNegJtaosingt) ™ &11 8
| Z €0 aZklhkm\zZggy ey dexgh\bo azZz\~"Zgv \byle _ggy jhaehfe\ ~*
|1Z deZkbnedZpe+€ eclhnZpec Hkh[eb\Z m\Z]Z ijbreey}lvkhy ijZdlbgg
\Z"" _ggy FG \dexgZxqgb jh[hlm a nhjfZlhf 6[(<*{<e-dl] dd 3f WKRQ
ih"hezZggy Blmepafeq gbo "Zgbo q_j _a kbgl Ibgqgm ] g jZpex |1Z Z
|Zdh  \bdhjbklZggy im[eeqgbo gZ[hje\ "Zgb\wZygy Xh&(erey gZ
<bk\elexxlvky kmqgzZkge gZijyfdb "hkee”" gv ahd) f¥gkxkddhdhgljhe
66/ ”"ey jh[hlb a g _jhafgtpflgbfbeatgathjfh\Zge g _cjhgge f | "«
3,11V "ey gl _]jZp*€ ] _hneabqggbo aZdgihmgedZp2Z€f glhVbagXg ghkle
j_amevlZle\

Dexgh\e keh\Z fZrbgg_ 9Z\gZggy Jeb[hd_ gZ\gqZggy " k_ckfeq
g _cjhgge f_j_ "« ] hneabqggZ2yg\lbyiNelgpgy jhaehfe\ 3\WKRQ 6(*<

<klmihkee”" ggy 1Z 0ZjzZdl _jbklbdZ i*"a_fgh€ qZkllvgbh A _fe+ }
gbfb "ey g _j]l]_Ibggh]h k_dlhjm _dheh]eqgh]h fhgelhjbbg]lm 1Z hpe
abde\ Ijhly]hf " _kylbeelv ' k_ckfeqgZ \egltde-qllpmf [gibdZ "hekyg
\eamZeeaZpe+€ ie”a_fgbo kljmdIimj gZ”~"Zxgb g_hpeg _gge "Zge "ey ¢
\bo j_a_j\mZje\ ihl _gpecgbo fekpv ey k_d\_KkljZp4€Zewpch€px 1Z ~°
_0_jl*€ Py |I_ogheh]ey \bdhjbklh\m} a\mdhb\lofehgb oy ifgbpZpe€
ah[jZ _gv Z[h 3dm[s\" ] _heh]eqgbo nhjfZpec JehghkindieXgB} jog_x
alej \_ebg_agbo h[ky]e\ k_ckfeggbo "Zgbo yde ihlef ie2"Zxlvky g
\Zevgec h[jh[pe ey kI\hj _ggy *gl_jij_Ih\Zgh]h ahpgb _ggy i**a_fgh

HrgZd \ _ebq_agbc h[ky] « kdeZ”geklv kmgZkgbo k* ckfeqgbo
klz\eyxlv agZqge \bdebdb H~g_ ' “hkee”" _ggy fh ] g _jm\ZIlb |
jh[eygb jmggm gl _jij_1Zpex Ijm~hfekldbf qgZkhaZljZlgbf « km[f}dl
Py ijh[e_fZelhdbo "Zgbo™ "h\_eZ ljZ"bpecges f _Ih”b gl Hij |Zpe€ 7l
jxxqb ihibl gZ [eevr _n_dlb\ge HM[Mm}dlb¥grZlezlibqge egkljmf_glb

¢ >fblj«}\TX >fblj_gdh 2026
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M \erih\erv ]Zemav ]_hneabdb aZagZ} pbnjh\h€ IjZgknhjfZy
xgqb f_Ih~b fZrbggh]h gZ&qzZlg@ggyeb[hdh]h gZ\gZggy =G Kkin jh[hc
k_ckfeqgh]h ZgZeeam Pe |I_ogheh]e€ ijhihgmxlv gh\mqgh&Z”b]fmr
]Jeihl -&he}glh\Zgh€ egl_jij_lZpe€ "~h Z\IhfZlbRjh}goh\]Jhgh]hZg
jhaieagzZ\Zggy rZ[ehge\ :e]lhjblfb E&<am\@lb ¥gebq agh [Z]ZI
[mlge gZ[hjb "Zgbo ~ey **_glbnedZp+*€ Ilhgdbo ]_heh]eggbo hkh
Ib ih\lhjx\Zge azZz\~"Zggy |Zde yd \b”ee _ggy jhaehfe\ & aZ[_ai
jx\Zge 1Z h[f}dIb\ge j_ameviZIb P_c a\el gZv"a¥ ldiihtkm\Agglpcf I
rbgghlh gZ\qZggy *h ' k_ckfeqgbo "Zgbo "_IZevgh hibkmxqgb
f _glb j_amevliZlb IZ fZc[mlge gZijyfdb p+}€ r\b~dh jha\b\Zxgh€

lh\ffyazZzge jhjhaZBlhkm\Zggy fZrbggh]lh gZ\gqZggy \ k_kkfeqg-c«
eh _dkihgZgpgh a ZelhjblfZzfb sh \ijh\Zz*""mxlvky ijZzdlbqgh gZ
jh[hghlh ijhp_km h[jh[db 1Z <gl_jij_IZp+s€ E°l_jZImjgbhtgbgZe-a
]_hgZmdh\bo j_ihablhje€\ 1Zdbo yd 6(* 1Z ($*( ihdZamd sh \ij
gh\ghfm ahk_j_ _"Z\lgtZzdBazZp+€ hdj_fbo az\"Zgv ey kdhjhqg_ggy
ihdjZs_ggy _n_dlb\ghkdZllA j_ame

>ey k_ckfeqgh€ gl _jij_IZp*€ hkgh\gbfb peeyfb "eygay klhkm
jhaehfe\ deZkbnedZpey eclhnZpec |Z *_glbheyi@ptwh hlee 1Zdl

<by\e_ggy jhaehfe\ P_ azZ\"Zggy } djblbggbf ~ey khednfeggy
o fe]jZp+€ nex€”re\ Ze_ I|jZ"bpecgh } h*gbf a gZc[eevggh€khaZz
gl _jij_lZpe€ =eb[hd_ gZ\gqZggy hkh[eb\h a \bdhjbklZggyf a]h
j_° &11Z Zjoel_diimjiV8 \by\behky m _ _n_dlb\gbf ¢« j_amevlZz
[h~ b nhjfmexxlv «*_glbnedZpex jhaehfe\ yd ijh[e_fm k_4f_glZp:
kbnedmxqb dh _g \hdk_ev ydhaakbhf>{keg” ggy ihdZamxlv sh
"b gZ hkgh\e &11 fhhmeWb\gbklere [eevr ihkeerh\ge j_amevIZIb
ihje\gygh a fekypyfb g_h[o**gbfb "“ey jmqgh]h \b”ed_ggy
kee""m\Zeb i_j_"h\e Zjoel_dimjb |Zde yddHWDQNBQHW NAZXIDi®©
\ZIb yd ehdZevges 1Zd « ]Jeh[Zglhgemhfkkh[eb\hkl

> eefelZpey ] _hlee ¢ khee 17 glbnedZpey kheygbo ke } djb
Ih\bo [Zk_cgZo Ze_ kdez”~ghx q_j_a ih]zZzg_ k_ckfeqg_ ah[jZ _i
fhr _e«18HW [meb mkiergh aZklhkh\Zge "ey k_]f_glZp+€ pbo kde
i_j_\_jrmxqgb ljZz*bpecges f_|Ih”*b [Zah\Zge gZ Zljb[mlZo hreyohf
kl _c¢c [_aihk_j_"gvh a kbjbo k_ckfeqggbo "Zgbo ZfieeIm”b

DeZkbnedZpey eslhnZpec e« kljZIb]ljZne€ P_ \dexqZ} "_gltk
ihjenr o hkZ”~h\bo k_j_"h\bs a khgk¥eqgghdh jrz{leh\mxIvky hd dhglj
\Zge 1Zd « g_dhgljhevh\Zges f_|Ih”"b gZ\gZggy G_dhgljhevh\Zg
ih}*gmxqb ZgZee+a ]Jheh\gbo dhfihg_gle\ 3&$ "ey af_gjr_ggy jt
]Zgeamxqge dZjlb 620 "ey deZkl_jbazZpe&ke} gpvdllitr Z2g¥ e
h[eZklyo a h[f_"_gbfb ~Zgbfb DhiyVphewde\ZpAxtbl jeage Zjoel_d
&11 \bdhjbklh\mxlvky dheb ~hklmige "Zge* k\_j*eh\bg ~ey fZj
[ aihk_j_"~g} ijh]Jgham\Zggy jhaih®”eem nZpec ih \kvhfm k_ckfeqc¢
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G_a\Zz Zxgb gZ pe mkicob aZzZebrzxlvky agZqge \bd&bdb >_n-|
gbo <klbggbo agZqg_gv } hkgh\gbf \mavdbf fekp_f ~ey dhgljhevh\Z¢
lhjh fh”_ee FG qZklh [hjxlvky a maZ]Zevgx\Zge+klx ~_ fh”_ev g
gZ[hje "Zgbo iijZJj@ghgZ sgrhfm a jeagh]h ]_heh]eqgh]lh kw_j_"h\bsZ
ex\Zeh "hkee*” " _ggy \ gh\bo h[eZkidjogljEZeblo\xd _kgdBShZygy
gZ\qZggy a g_jhafeq_gbo-“ghgyyéh\@Zgabg hcjhggRINNg_"ey -gl
liZp*€ neabggbo aZdédegeNZmdiAQlbnedZpey g_ UQagZay ghoklgdb
Ah\ejb fh"_e-

Peee "hkee” Hkagh\ghx f_Ihx pvh]h alelm } gZ”~Zggy kljmdImjh
dhfie_dkgh]h ZgZeeam aZklhkm\Zggy |1Z jhajh[db Ze]lhjblfe\ fZrbg
jhihlb a ' k_ckfeggbfb alfjDegqgly¥e peee ggykee""

Hley kmqgZkgh]KbklIZgabgqgh "hkee”blb 1Z kbgl_amAZIb ihlhqgg
rZnl aZklhkm\zZgv FG \ k_ckfeqggec gl _jij |Zp+s€ kibjZxgbkv gZ Zd:
l1Z ijhfbkeh\e ijZdlbdb "“ey " glbnedZp+€ dexgh\lb@ fi_Ig™ gpec ~h
eh]ec ¢« \klZgh\e _gbo _IZehge\

> |ZeesaZpey hkgh\gbo: IGZHWZHBhilhteb[e _g_ ihykg _ggy hkgh\gbc
ol _dimj FG < jh[hgbo ijhp_ke\ \bdhjbklh\m\Zgbo ~ey ggmg~Zf _glZ
| jij_1Zps€ \dexqgZxqgb "~ _eefelZpex kbkl_f jixalthdy\gbe« |g@bnkdZp-
Ib]jZneqgm deZkbnedZpex nZpec

Hdj_keblb ijZzdlbggbc jh[hqgb:cHiijhlpZIlb Fg&@kdjeagbc ijmp_k azZklhk
\Zggy FG "h k_ckfeqgbo "Zgbo ihdjb\Zxqgb djbtblgg- dghydbZ 1Zde
h[jh[dZ ~Zgbo kljzl_J*€ klI\hj_ggy d2ywdevgbdbdgf¥gbmavdh]h fekp)
ZghlZpe€ 1Z \bdhjbklZggy im[eeqgbo g4blijdImXGOoy "L \ZEkirZp+£€
fhr e c

1~ _glbnedm\ZIb [Z h[]h\hjblb dexgh\e \bdebdb:Ig hfZc[mlges g
ZgZeeam\Zlb hkgh\ge i_j rdh”b sh azZ\Z Zxlvgxb|BEddhZmedghkZ" ¢
FG \ pec h[eZkle 1Zde yd maZzZ]Zevgx\Zgeklv fhr _e ¢ |Z ihlj_[Z \
\bagZqg_ghkle >hkee”blb f_ "« "hkee”" gwghthetdaZygblzn dabichd h
ljhevh\Zg_ gZ\gZggy sh fzZ} gZ f _le \bjerblb pe \bdebdb 1Z \bagZq
e _dimZevgh€ k_ckfeggh€ gl _jij |Zpe€

F _IhAheh]pylh*heh]e€ aZklhkm\Zggy fZrbggh]h gZ\qZggy ~h
NZgbo hohiexxlv h[jh[dm ~Zgbo klI\hj_ggy gZ\gZevgbo _~Zgbo |1Z
pbneqgbo fh” _e ¢ gZ\qZggy Z"Zilh\Zgbo "gly Z\"Zm€] _heh]eqgh€

H[jh[dZ 1Z i*~]lhlh\dZ ~Zgbo KlzZzg”Zjlgbf nhjfZlhf ey k_ckfec
6(*< ydbc fh™_ [mlb g_ajmqggbf "ey nj_cf\hjde\ FG ?dhkbkl_fzZ 3\
[*[e*hl_db a \e~Adjblbf dh~hf |Zde yd VHJ\LR ey _n_dlb\gh]h gba
lz alZkm 1z VHJ\VDN vydbc \bdhjbklh\m} [DUUD\ |1Z GOhWN ”“ey \bk
\Zgh€ fZgeimeype+€ ~Zgbfb gZ gZ[hjZo ~Zgbo yde aZgZ”lh \_eb
iZfqyle

Lbih\bc jh[hgbc ijhp_k ihgbgZ}lvky a i*~]hlh\db "Zgglyo ydZ \de
ghjfZeeaZl@Ze»g g j*x hagZd >ey [Z]ZIhZI]jbArdepglhf 2gpbfam a
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djhdhf } 1_g_jZpey ~_kylde\ k_ckfeqgbo Zljb[mle\ gZijbdez™ Zf{
j_glgeklv ijbagZq_gbo "ey i*"dj_ke_ggy ki_pbneggbo ] _heh]ec
mijZ\eeggy pbfidbhj\b&hejgbfb ~zZgblfb \(pdhjbklh\m}lvky ZgZee<a ]h
dhfihg_gle\ 3&%$ "~ey af_gr_ggy jhafejghkle 1Z \b[hjm gZc[ee\
g_dhj_evh\Zgbo Zljb[mm\fhéyewo

:ghlZpey gZ\qZevgbo “Zgbo Dhgljhevh\Zg_ g9Z\qZggy gZc
gy [Z]Zlvho azZz\"Zgv kbevgh h[f_~_g_ "~ _nepblhf jhafeq_gbo "Z
deevdZ kljZIl_]ec "ey ih"heZggy pvh]lhsavdh]h fekpy Zghl

FfJIJmqg_ +tZkbklh\Zg_ fZjdm\zZggy ?dki_jl \jmqgm faAjdm} hi
p_k ydbc } ith\leevgbf Ze\blahdhwnd-kgr} *Zge >ey ijbkdhj_ggy
Zkbklh\zge egkljmf_glb fh mlv ijhihgm\zZlb ihqgzZldh\e ihagZq
_dki_jteix*bghx KklI\hjxxgb jh[hgbc ijhp_k 3ex”bgZ \ pbde-’

¥t =_g_jZpey kbgl_Ibggbo *Zgbo Ihim 'ghx Zevl_jgZhb\hx }
ehlgbo fhr_e_c a *~_Zevgh \e*hfbfb hkh[eb\hklyfb gzZipbdez"
dhjbklzZzggy ijyfh]h fh®_ex\Zggy "ey kbfmeype€ \erih\ergbo k_c
g_jm} g_h[f_"_ge *~_Zevgh jhafeq_ge* kbgl_Ibgge "Zge* ey gZ\qg

¥ A[sevr_ggy "ZgbaqP} KRidaj _ggy gh\bo gZ\gqZevgboZajZade\
klhkm\Zggy ljZgknhjfZpec “h skgmxqgbo ~Zgbo I1Zdbo yd ~h~"zZ\
gbo sh afmrm} fh”_ev \b\qZlb [sevr klecde hkh[eb\hkle |Z ihd
=_0g_jZlb\ge afz]zZevge f_j_ "¢ *$1V_ojgdidhkdhjbklh\m\Zghx "ey
] 9 _jZp+*€ gh\bo j_Zee<klbqgbo kbgl _Ibggbo k_ckfeqggbaZo\bevh
Ibklbggbo o0Zjzdl_jbklbd j_ZeviglhdohMAa§dlZ gmxXqgb gZ\qZevgbc gZ

Fhr _ee fZrbggh]h gXiaddhayqgge Zjoel_dimjb FGkhjebbabky
_n_dlb\gbfb "ey aZ\"Zgv k_ckfeqgh€ egl_jij_|Zp-£€

U-1HW 7ey k_]f_glZpe€ jhaehfe\ o khidW :jop\bdgrhjZyghBf_"b
\eamZeecaZpe€ } kmqgZkgbf klZg~Zjlhf ey az\"Zgv k_fZglbqg
N _eefelZpey jhaehfe\ enkdlerjz2d&hRdjh”_j a 3idghbfbk af}*gZggyfb”’
"halhey} €c aZohiex\Zlb hkh[eb\hkle gZ deevdho fZkrl@[Zo ih
|_dklgm egnhjfZpex a Ilhqgbfb ijhklhjh\bfb ~_1Zeyfb ~ey kl\hj_g
f_" k_]f_glZpe€ <ZjeZglb 1ZdelydnuUD Q&BdOHW DQVIRWPHU ~
]h aZohie_ggy "Ze_dhky gbo aZe_"ghkl_c 1Z ihdjZs_gg& dhglb
gbo jhaehfs)\

&11 "ey deZkbnedZpe+*€ nZpec » khee A]hjldh\e g_cjldgge f_j._
Ib\gbfb "ey azZ\"Zgv deZkbnedZp 0 hMe a8&1 ¥ egv\lyfa1} | veleyp adytro g _\

iZlgZo k_ckfeqgbo ~Zgbo ey deZkbnedZpe+<€ p_gljZevgh]h
pkeevy Z[h ki_pbneqgbc Ibi nZpec P_c gZkdjeagbc Ablghgth*ha\r
\b\gzZlb hilbfZzevges “bkdjbfegZlb\ge hkh[ewbhh&!l«Hjbekitdqg gjb &g
NZgbo Zfieelm”b mgbdzZxdahmimpghlh \b[hjm ZIljb[mle\ ;eevr i
fh~r_ee d dh”~_j fh ' mlv deZkbnedm\Zlb peees k_ckfeqge k_dpe+€ \

G_dhgljhevh\ZgZ dezZkl_jbazZpey 3&%$ 1Z 620 >ey ZgZe-ea
h[ezkd a h[f_~_gbfb ~Zgbfb k\_j*reh\bg ihrbj_gbc g_dhgljhevl
ijhp_k 1lekey \bdhjbklZggy 3&% "ey \b[hjm dexgh\bo ZIg[mle\ \
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fhhjl]ZgeamxqgZ dzZjlz 620 "ey deZkl djibgl{Zlpe€h\@Z3hx} gg_cjhgghx

f j_" _x ydzZ \e~h[jZ Zjhabkjlpd "Zlgmklj gZ ' keldm ~_ jeage deZkl_
ij_"klzZz\eyxlv hdj_fe k_ckfebagr]mgp®g¥Fag_ggy ydbo ihlef egl_jij_Im
] _h\q_gbf

?dki_jbf_glWbhajh[dZ 1Z \Ze*"Zpey alZ"Zgbo f_Ih*hely]ec kibjzxl
NZjlbah\zZge _dki_jbfdhglklazgihyf im[eeqgh “hkimigbo _|IZehggbo gZ
gbo Pe gZ[hjb "Zgbo } djblbqgbfb ~ey aZ[_ai_qgq_ggy h[d}dlb\gh]h
gbfb fh~_eyfb 1Z kijbyggy \e*l\hjx\Zgbo "hkee~” _gv Dexqgh\e ihjlZz
kmjke\ \dexqZxlv j_ihablhjec 7TMUUDITXEL¥ZIZIMJe yd =  heh]eqgZ k
[Z KR: 86*6

GZ[*j "Zgbo Ge+"_jeZg”kvdh]h [ehdm ) Hrgbf a gHc[eevr rbjl
\m\Zgbo im[eeqgbo gZ[hjs\ "Zgbo 7~ey ~hkee”" gv FG } G+ _jeZ
jhalzZrh\zgbc gZ fhje \ Iléhgeqdhfm' k_ckfhdke+s"" _ggy \e*hf_ k\h€f
\bkhdhydekgbf ah[jZ _ggyf jeaghfZgelgbo Hklheh\dgegxoZ k&b [eb\

¥ < _ebdhfzZkrlZ[ge kb]fh€r"Zevge deeghnhjfb a \_ebdh€ ~_evlh\h

Tt Hdj _fe k_ckfeqge nZpe€ dZgZeb I1Z iesZge* o\be-

T :ghfZee€ 1Zde yd ]Zah\djZbfZpyfB Y&k* [¢h]_ggh]h ]Zam

t =eb[hdbc kheygbc dmihe P_orl_cg |Z jeages kbkl_fb jhaehfe\

GZ[*j "Zgbo gzZ~Zgbc yd ijh_dl 2SHQG7HFW \dexlqz} ' k_ck
e _gge ihoe~rge h[T}fb ZIjb[mle\ gl _jij_Ih\Zge Jhjbahglb 1Z ~"Zge dZ
k\_jéh\bg Py [Z]ZIZ dhf[egZpey jh[blv ch]h e¥ghfeklglgf*hbijpreyn\Ze
rbjhdh]lh ki_dljm _dki_jbf_gle\ FG \e~ g_dhgljhevh\Zghg dezZkbned
ljhevh\Zgh€ k_]f _glZp+*€ kheygbo lee

GZ[+j "Zgbo dhgdmjkm )25&( 0/ >ey ki _gpbhbgodikld IEIm\Zg
maZzZ]lZevgx\Zghkle Ze]lhjblfe\ \by\e_ggy jhaehfe\ ghj\_gvdbc dhgkt
]Zgeam\iZzddmjk fZrbggh]h gZ\qZggy \ jhpe GZzZ"~Zgbc gZ[*] "Zghb

"ho ' k_ckfeqgbo “hkee"" -cAZae<lMgdlPygghevnm :\kljZe<€

T GZ\qZe%¥%4dges >hkee”  _ggy ihey lolehk jZzahf a ~_kdbfb kbgl_
agZqgdZfb jhaehfe)\

T Keeie |_klh\e ~Zge Kmke~rg} "hkee”r" _ggy :*_ev

= heh]ey 0ZjZdl _jbam}lvky ~“h[j_ \bjZz _ghx ihees]l]hgZevghx kbkl
[¢evr ih\_jog \bo k_dpeyo |Z [eevr kdedkd hkhx"pmaedhgh\x m [eevr
]Jeb[hdec Xxjkvdec k_dpe€ Dhgdmjk fZ\ gZ f |l hpegblb ZHZkdeevdb
klh gZ\q_g* gZ gbklbo kbgl Ibggbo "Zgbo fh mlv ijZpx\Zlb gZ 3g
j_Zevgbo "Zgbo ae kdezZ”~gbfb iZl_jgzZfb jhaelkimNzZggyf hhZeyqgb ch]
ghf "ey maZzZ]Zevgx\Zghkle

J amevlZlb |Z h[]h\AZkdlgkm\Zggy f _|h~*heh]ec fZrbggh]h gZ\qZ
k ckfeqggbo gZ[hje\ "Zgbo ~"Zeh |jZgknhjfZlb\ge j_amevlZIb \h~gh
agZgge \bdebdb |1Z h[eZkle "ey fZc[mlgeo "hkees"  gv

ljh *mdldsklv 1Z ~hky]lg_ggy Z\IhfZlbaZp+€ Fh”_eegFG ihkee"
kljm\Zeb a~zZlgeklv Z\IhfZlbam\ZIlb azZ\*Zggy eglhjmldZpb€\ a- agZz
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r\b~rdhkle 1Z h[f}dIb\ghkle ihje\gygh a jmggbfe fgdy”iHaehfely
fhr _ev Jeb[hdh]h dBE\qZgegfyIm\ZIb peem f_j_ "m jhaehfe\hm ' h[f
"bgb az\"Zggy yd_ aZcgyebxfbgb fdkypdzZz J_ameviZIib } g_
r\brrbfb Ze_ c [*evr ih\lhjx\Zgbfb |1Z f_gr kobevgbfb “h mi_j_~
]h egl_jij_I1ZIlhjz ™M deZkbnedZphetvim@Zp fclprdhdZjide yd 620 fh'r
r\brdh ZgZeeam\ZIb ~_kyldb ZIjb[mle\ h*ghgZkgh \byheyxqgb I
eh]eqge |I_g”*_gp*€ yde } g_ihfelgbfb ey ex”kvdh]h hdzZ A7 Dt
gZ\g_g* gZ ~Zgbo k\_j*reh\bg fh mlv Ihqgh ijd]ghldamXfddc ‘'ajh:
[ _ai_gmxqgb ~_Ieegejfa_j\mZje\ Pe Z\IhfZlbah\Zges jh[hqge ijhp_
] _h\g_gbo \¢«* gm~gbo jmggbo azZz\"Zgv “ha\heyxgb €f ahk_j_~*
gylle jer_gv \bsh]h je\gy

Dexgh\e \bdebdb 1Z fZc[mlge gZijyfdE pG_m¥kd-dkqlmzZebrz}l
deevdZ nmg~Zf_glZevgbo \bdebdes\ sh \baglkeZ&Ivdgyv « ihlhqggbc

MaZ]Zevgx\Zgeklv Hkgh\ghx keZ[deklIx [Z]Zlvho fh”_e_c ]e
€0 g_kijhfh geklv maz]Zevgblb a hrgh]lh k_ckfeqgh]lh ~"hkee”" ¢
_ \b\gblb hkh[eb\hkle ki_pbnegge ey rmfm Z[h iZjZf dje\ a[h
gbo sh ijba\h”blv ~h ih]Zgh€ ijh*mdlb\ghkle gZ gh\boh”Zghbo
l[j_[m} jhajh[db [eevr klecdbo fhégealbc bZdeayd IjZgkn_jg_ gZ\(qz
Z]j_kb\geewaf_ggy "Zgbo

Neabdgnhjfh\Zg_ fZrbgg_ gZ\gZggy >ey ihdjZs_ggy maZ]
\bjer_ggy ijbjh”b 3qghjgh€ kdjbgvdhjesfblhi\ZgEZgbftrhkes"cgBdb
jhajh[eyxlv negmdhfh\Zge g _cjhgge f_j_ "« 3,1IMnxI3, A1 Ymegd e
neabgmyfdhgb 1Zde yd je\gyggy Zdmklbggh€ o\bee [_aihk_j ~g
N ee P_ h[f_"m} fhr_ev "h \bjh[gbphiE*"mpalbaghrijgA*ihdjZsmxq
klecdeklv hkh[eb\h IZzf ~_~Zge jhaje”" _ge Z[h aZrmfe_qg-

GZ\qZggy [_a felhd >_nepbEZgbhafeZaxyrZ}tvky gZc[revrhx i_
dh~hx "ey jhalhjlzggy dhgljhevh\Zgh]lh gzZ\qZgagyjheVBkZIlgzZ[+ jF
gZ\qZggy 66/ ijhihgm} i_j_dhgeb\_ jer_ggy "~halheyxqgb fh"_e
ij_"klz\e_ggy a \_ebq_agbo h[ky]e\ g_jhafeqv ggtto 34ZdbdklIBY¥\(-
fm az\"Zgge" 1Zdhfm yd ijhlJgham\Zggy azZfZzkdh\Zgbo qZklbg
fh~r_ev \b\qz} [Zah\m klIjmdImjm ~Zgbo ydZ ihlef fh™_Hmlb gZ
neqgghlh az\~"Zggy a "m _ g_\_ebdhx deevdeklx felhd

D\ZglbnedZpey g_\bag@Z4_ gh&y jer_gv jhale*db a \bkhdbfb
g_"hklzZzlgvh h~ge}€ ~ | _jfegeklbggh€ i_j_"[Zq_ggy 84 fzZ} gz
Ah\ejm fh~_ees ~h €€ i_j _~[Zq_gv L_ogedb 1Zde yd [Zcgke\kvd:
kzf[ee fTh”_e_c \bdhjbklh\mxIvKyZ12ghlgprgfdhbeb\bo j_&meviZl:
ajeagyxqgb g _\bagzZqg_geklv \er aZrmfe_gbo "Zgbo Ze_ _Zhjgm
fh€ fhr_ee _iekl_feqggm J_amevimxqe dZjlb cfh\ejghkle } gZ[Z
ijbcgylly jer _gv gZ hkgh\e jbabdmj_btAoyh~gZ gl _

<bkgh\hlgl_]jZpey fZrbggh]lh gZ\qZggy \ ZgZe+a ' khckfeqg
agZgZ} dexgh\m _\hexpex \ "hkee”  gge a_fghhe hiksgbbcjoagkm\P
\bjerm} \eZklb\e h[f_~ _ggy jmqgh€ <gl_jijhglZpp€ZevdghoajhkdXZkqlk
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hlky]e\ "Zgbpihgmxqgb 7*jZfZlbqges ihdjZs_ggy \ _n_dlb\ghkle h[T}c
]Jeb[bge ] _heh]eqgh]h jhamfeggy Hkgh\ge azZ\"Zggy <gl_jij_|Zpe-£€
jhaehfe\ kheygbo lee 1Z kljZlb]jZneggbo nZpec |_i_j mkiergh .
Ki_peZeeah\Zgbfb jZfdel]etliimlh gZ\qZggy I|ZdbHMWVYdIB &11V vyde-
ihkee”h\gh i_j_ \_jrihkpedpge f_Ih”b yd aZ r\b*deklx 1Zd » aZ lhqg-ekl

ljZzdIbgg_ aZklhkm\Zggy pbo fhr_e_c i**ljbfm}lvkyhxarbjxxqghx
egkljmf_gle\ a \erdjblbf dh~ hf ey B[jm[ebgyghgbbklimigbbb _1Zehgg
fb gZ[hjzfb "Zgbo yde } g_h[o**gbfb ey \Ze*"Zpe+€ gh\bo Ze]lhjbl
rbjhdh]h \ijh\Zz~" _ggy g_ iha[Z\e_gbc \bdebde\ Djblbgg_ \mavd_
jhafeq_gbo "Zgbo ijh~h\"m} klbfmex\ZIlb eggh\&ZprE \ d[eZkdyo |2
kbgl_Ibggbo "Zgbo 1Z kzZfh dhgljhevh\Zg_ gZ\gZggy

>b\eygbkv \i_j ~ f_“Z ~hkee”"" _gv ahk_j " gZ gz ih[m~h\e
dheeggy °gl_e_dimZevgbo egkljmf_qgle\ egl_jij |Zpe€ yde } g_ ebr_
dbfb gZ~”ecgbfb 1Z aZkemjh\meghh\a\gZijyfdb "hkiddyZsyv
gy maZ]Zevgx\Zghkle fh*_e_c -+gl_]jZpey neabqggbo ijbgpbis\ q_j_:
gZggy [_a felhd gq_j_a 66/ 1Z d\zZglbnedZp<¢y Jelb\tjohfhAZés a 84
ih\ffyazges 1jh]j_k m pbo h[ezZkbkd fRA\ Hderhhkmlv [mlb jhalhjgmle
[*evr rbjhdh 1Z a [*evrhx \i_\g_ge*klx Py Ijb\ZxqZ j_\hexpey ijh’
ljZgknhjfm\zZlb jhev ]_h\g_ghlh gz~Zxqb €f ihlm ge ZgZee<lbqgg-
ijbcgylly [sevr h[%jmglh\ZyjpdglWiZhgdoo jer_gv ijh jgkndkb [Z
ebrg} k_j_"h\bs_ A _fe-
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Application of machine learning methods in the processing
of 3D seismic images

This paper presents a comprehensieehnical review of machine learning (ML) and
deep learning (DL) methods applied to 3D seismic image analysi®phgscal exploration.
The exponential growth in seismic data acquisition has created a "big data" challenge where
single 3D surveys generaterabytes of complex voluime data, making traditional manual
interpretation increasingly impractical and lgective. This work systematically examines the
paradigm shift from hypothestiven manual interpretation to dawdriven automated ga
tern recogpition, addressing the critical need for more efficient, objective, and repeatable a
alytical tools in the energy sector, environmental monitoring, and geological risk assessment.

The paper provides an-depth analysis of stataf-the-art neural network echitectures
and their specific applications in seismic interpretation. Convolutional Neural Networks
(CNNs) and WNet architectures are examined for their effectiveness in fault detection,
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achieving clean, consistent results in hours compared to montmamifal work. Advanced
architectures like TransUnet and DualNkt are explored for their ability to capture both
local and global geological features. The study coversesvised learning approaches for
lithofacies classification and stratigraphic integbation, as well as unsupervised methods
combining Principal Component Analysis (PCA) with -®efjanizing Maps (SOM) forxe
ploratory analysis in datdimited regions.

Significant emphasis is placed on practical implementation challenges and solutions.
Thepaper details workflows for handling SEGY format data using Python ecosystems (segyio,
segysak with xarray and dask), strategies for maittibute analysis, and approaches to
overcome the critical bottleneck of labeled training data scarcity througthastyo data ga-
eration, augmentation techniques, and utilization of public datasets (F3, FORCE, UerraN
bis). Emerging research frontiers are thoroughly discussed, includinggadfrvised lear-
ing (SSL) for leveraging unlabeled data, physidermed neual networks (PINNSs) forn-
corporating domain knowledge, and uncertainty quantification (UQ) methods for assessing
model confidence.

Keywords machine learning, deep learning, 3D seismic data, convolutional neural
networks, gophysical interpretation, fautletection, Python, SEGY.
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> = A_e_gph\ D1 RZih\Zeh)
DHGP?IP12H?DLM<:G&BKL?PHGLIJHEKG:GV
AF:L?F:LBQGBGOGBKPBIELIGMFH<:OBKL:GP1CGHIR<1LB

cghlZpey IjhihgnmgHvikg~o" ith_dIim\Zghkl f dhgljhex agZdgv a”h]
\Zqe\ hk\elb a "bkpbieegb ©>bn_j gpeZevg_ gbke_ggy® GZ \e"fegi
gbo kbkl_f dhgljhex agZgv Z\lhjkvdZ jhajh[dZ g_ feklblv [Za azZ\"Z
AZ\"Zggy_jmxlvky m \e~ih\e~rghkle "h knhjfmevh\Zgbo ijZ\be a \b
\biz"dh\dbwk _eA] g _jh\ZgZ azZ~"ZgZ nmgdpey "ey ydh€ |j [Z agZc
j_\ejy}lvky gZ dhj_dlgeklv iekey gh]h ijhihgm}livky a*h[m\Zgm <e*
gZ™"Z}Ivky m \blJemebnZjfg qgbkezZ sh IZdh  } \e~rfegghxhjbkhx Z\Ilhj
ajh[db <bkgh\hd ijh \ejgbc jha\fyahd \eA[m\Z}Ivky gZ ie"klZ\e ihje\
ZgZeeslbggh]h 1Z gbk_evgh]h ~bn_j gpex\Zggy adhdgagZgmgwpe<€
Zjilmf_glm

Dexgh\e keh\Z p*b§lZzgzZz\qzZggy kbkl _fZ dhgljhex agZgk "bn_j gr
e _ggy kbkl _fZ ijZz\be ey ] g _jZpe+*€ aZ\"Zgv Ze]lhjblf hpegdb \enil

IhklZzgh\dZ ijh[eMfph[hle ijhihgm}lvky gh\bc ie?0o”® " ijh_dIm\Zz
kil _f dhgljhex agZgv “ey a“h[m\Zqge\sdik\©bba tbgpbZayyg® qbke
sh \jZoh\m} kmqgZkge \bdebdb ~bklZgpecgh]h gzZ\qZgdghid ihlj [b r
ie"oh”~e "h gZ\gZggy VLjZ"bpecges kbkl_fb dhgljhex agZgv aZa\bq
klZlbgge [Zab aZ\"Zgv ¢ \eNih\e” ¢ sh h[fZ frh}e®hdgkl\jgmgdrkiv I
Zevghlh is”oh”m ~h dh 'gh]h kim”~_glZ :\lhjkvdZ jhajh[dZ dZj~bgZ
\eNr |1Zdbo kbkl_f az\~ydb ~"bgzZfeqghfm ie”"oh”m ~h ] g nZpe+€ azZ\":
xlvky zZ\IhfZlbqgh gZ hkgh\e azZz~Zgbo ijZ\be a \bdKkjb&lZggyf \bizZ
"hal\hey} aZ[_ai_gblb mgedZevgeklv dh ' gh]lh az\"Zggy |1Z Z"ZilZp
fh eb\hkle gihlh a~h[m\ZqZ hk\elb

Al _g_jh\zZge azZ\"Zggy y\eyxlv kh[hx nmgdp+€ ”"ey ydbo g_hJo-
<Z eb\bf _1Zihf } i_j \ejdZ dhj_dlghkhHea&Z\ @ djd Ztch]h ih~"Zggyf
a*h[m\Zgm hk\elb P_ aZ[_ai_gm} mgbdg _ggy ihfbehd m nhjfmex\Z
sm} Ihggeklv dhgljhex Hkh[eb\eklx azZijhihgh\Zgh]h ie*oh”~m }
\eNMih\ere \hgZ ih™Z}Ivky g_ m \b]Jey”e gbkehyh{hfAalgZglbgpogyh€Z m
nhjfmeb sh ~ha\hey} hpegx\ZIb g_leevdb ijZ\bevgeklvhjha\l yadm
amfeggy a*h[m\Zq_f f_Ilgpr»«\2boy|jlZ fZ1 fZIlbggbo ijbgpbie\

:gZe+a hklZggeo "hkes”" gv |ZhahherdZdpogheh]ec m kn_je h[jh[
kbf\hevo\WhgZa+\ gbk _evgbo f_Ih”e\ h[gbke ggy 1Z fZrbggh]h gZ\qz

<« A_e_gph\ > = RZih2@éh\ D 1
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gh\e fh eb\hkle ey klI\hj_ggy *gl_e_dlmZevgbo kbkl_f Zde anZz
Ib 1Z dhgljhex\Zlb agZggy kim”_gle\ sh”~h \b\g_gbo fZI bfZlbqgghb
kl_fb fh milv Z\IgfzlbgyrZilm\zZIbky ~h ihlj_[ dhjbkim\zqZz
*g”"b\e*mZesah\Zgbc i**0*” “h dhgljhex ydhkle agZgv I1Z gZ~Zx
ih*Zevrh]h \"hkdhgZe_ggy g9gZ\qZggy

<jZoh\mxqgb \_ebdm deevdeklv a*h[m\Zqge\ hk\elb m kmqZkg
ihlj_[m N_dIb\ghfm dhgljhee €0g°c0 agZgv a fZl_fZlbdb jhajh]c
egnhjfZpecgbo kbkl_f ~"ey pe}€ peee fh _ fZIlb agZqgbc ijZdlbc
hk\elb 1Z ie*]lhlh\dm nZoes\pe\ m pec h[eZkle LZde kbkl_fb fh m|
j_amevlZle\ gd¥qgadpyai_qblb [eevr h[ }dIb\gm hpegdm alyZgv kil
klmige ey \bdhgzZggy \ f_j42zxI¥ jg }kihZpe€ dhjbkim\zZzqzZz sh jF
ajmqggbfb ey \bdhjbRigZgegng o giZzhp _kZo

HArgbf a IZdbo gZzZijyfde\ } ieZlnhjfb ey kl\d4|mglgjfbl gkae\ P
xlv egkljmf_glb ~ey klI\hj_ggy jeaghfZgelgbo I_kle\ a fZh_fZlbdl
jbklh\mxlv [Zam aZ”*"Zq [ZamxIvky gZ klZg~Zjlbah\Agbgbd[h az
gZ[hjZo az\"Zgv > @ LzZdes kbkl_fb fzZxlv gbadm oZjiefil_jbklb
oh”~e\ sh \bagZqzZxlv €0 nmgdpehgZevges fh eb\hkle

L_klh\e kbkl fb a nedkh\Zgbfb azZz\"ZggyZlz|[yeeyxiNkrkh[tbBc
Ibi kbkl_f ~_ dhjbklm\zqzf ijhihgmxlvky azZz\~"Zggy a [Zab ~Z
\bdez”rZqgzfb Z[h jhajh[gbHtliZfpedbifilkimzdbo kbkl_f }

- gZy\geklv aZza~Ze_]*~v kdezZ”_gbo |_kle\ a \ZjeZglZfb \e/il
iblZzggyfb

- a”*ckg_ggy hpegx\Zggy 9Z ihje\gygges \e*ih\e”re dhjbklm
\eNih\enrAx \ [Zae "Zgbo

- \bdhjbklZggy yd ijZ\beh “ey i_j agjddv [Zph\bbb~dh]h
hpegxogy

ljbdez”~hf 1Zdbo kbkl_f } I _klb gZ hk\elgeo ieZlnhjfZo [1Zdb
\bdez”~Zqges fh ' mlv kl\hjx\ZIlb iblZzggy gZ | _fm >bn_j_gpZZevg_
fb \eAih\e”r ¢ Z[h nhjfmex\Zggyf \e~Adjblbo iblZgv

1gl_jzdlbjgaZl _)jdexqzZxlv aZz\"Zggy sh kijyfh\Zge g¥ «gl_jZ
gZggy a fh eb\eklIx i_j _\ejdb \e”ih\e”r ¢ \ j_Zevghfm qZke HKh]
gz _je\}

-azZ\"Zggy \b[bjzxlvky a nedkh\Zgh]h gZ[hjm ijhl_ fh ' mlv
gZijbdez”™ jeaglybhznZimgdpeyo ~"ey ydbo ihlje[gh agZclb jha\f

-ierdZadb IZ ihdjhdh\bc jha[*] jer_gv "“ey kZfhgzZ\qZggy

- fh eb\eklv egl_]jZp+€ a <grbfb gzZ\qZevgbfb fZl_jeZezfb \
Ibgge "h\ergbdb

ljbdez~hf IZdbo kbkl_f fh gZ gzZa\zZlb .KYD Qd#H§ RIXGR\>Z\q >f @ _
hljbfzZlb az\"Zggy gZ agZoh” _ggy iho*~"gbo bt bikely idhdgraldbdj
Z[h ihykg_ggy
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Kbkl_fb a Z~Zilb\gbf gR\qgKhklyffb sh \bdhjbklh\im@gv[Zam az
Zelhjblfb Zz~Zilb\gh]h gZ\gZggy “ey Z\IhfZkgyvg e i*YhjmrajZ\gy
ie"lhlh\db mggy Hkh[eb\hkle pbo kbkl_f }

-[ZazZz az\"Zgv aZa\bqZc fZ} kljmdImjm a aZ\"Zggyfb jeagh€ kde

- kbkl_fZ ZgZeeam} j_amevlZlb ihi_j_"~geo Kkijh[ « Z"Zilm} gZKkl
[*evr Thggh]h hpegx\Zggy Z[h _“gegyy \&d9KdhgZe

-fh mlv feklblb yd I_hj_Ibqgge 1Zd « ijZzdlbgge aZ\"Zggy

ljbdez”~hf |Zzdh€ kbkl_fb fh _ \bklmizlb $/(.6 $VVHVVPHQW
Knowledge Spaces) [4k kbkl_fZ sh zZ”~Zilm} gZ\qZevglhc\ié2Z\gralx\e® c
mqggy ¢ ijhihgm} gh\¢eyZ8TZmyyggy keZ[dbo agZgv

HgeZdcgZlInhjfb "ey _daZzZf_ge\ 1Z dhgdjpekiylblo fihNddhjbkl
\mxlvky 7~ey ijh\_~_ggy |_kle\ dhgljhevgbo |1Z _dazf_ge\ m j_"bf
<bdez”~Zqe azZ\ZglZ mxlv aZ\"Zggy m [Zam mMXZlyeéo Z \dinc* gZlb \bd
Hkh[eb\hkle pe}€ kbkl_fb IZd-

- fheb\eklv Z\IhfZlbqgh]h hpegx\Zggy azZ\"Zgv gZijbdez” yd:
gbkeh\hx Z[h nmgdpehgZevghx

-ieMjbfdZ jeagbo Ibie\ iblZgv \e~djble iblZggy azZ\~"Zggy a \b]
lhsh

-egl_J]jZpey afEbkI*"bklZgpecgh]h gZ\gZggy ”“ey \e"kin " _ggy ijh’
N glz

ljbdez~hf IZdbo ieZlnhjf } BURFWRULR > @ |Z ([DRGRIW > @
“ey ijh\_"*_ggy-hdaZégg-\

GZ hkgh\e gZz\_~ gbo egnhjfZpecgbo kbkl_f a [ZazZfb az~Zq fh"
dexjh\e hkh[eb\hkle

- nedkh\Zge+klv aZz\"Zgv mke azZ\"Zggy a[_je]lZxlvky b [Za+s "Zgh
kim\zqzZf m i_\gec ihkee*"h\ghkle Z[h \biZz~Adh\hfm ihjy~dm

- Z\IhfZlbgg_ hpegx\Zggy [eevreklv kbkl_f ihje\gx} \eMih\enre d
\eNih\eryfb \ [Zae Z¢BE® Z\IhfZlbggm hpegdm

-ieMjbfdZ jeagbo Ibie\ azZ\"Zgv \dexqZ} azZ\~"Zggy gZ \b[e*] ijZ\Db
\erdjble iblZggy |1Z az\*Zggy ~_ ihlje[gh \\_ke#n fZ[h fg Bonpgim nhjf

-h[f_"_ggy g_a\Z Zxqb gZ gZy\geklv \_ebdbEl [Zehbmd¥ \*"Zgv 1Z
h[f_"m\ZIb \ZjeZlb\geklv azZ\"Zgv hkdeevdb dh g_ azZ\*"Zggy ihlj_
gZeZrim\Zggy

G_"heedZfb kbkl_f ea [Zahx aZ"Zq }

-h[f_"_gZ \ZjeZlb\geklv azZ\"Zggy g_ ]_g_jmxlvky ~“bgzZfeqgh
klb ~h ih\lhj_ggy Z[h i_j_¢[Zgm\Zghkl

-f_gr ]gmqgde \ Z*"ZilZp+€ kbkl_fb aZa\bgZc g_ a”*Zllge Z"Zilm\Z
lhggbc je\_gv agZgv kim”~_glZ \ j_Zevghfm gqZke

-\bkhdz azZze_"geklv \e” ihi_j_"~gvh€ i**]hlh\db [Zab azZ\*"Zgv “
fh eb\bo \ZjeZgle\ g_h[oe*gh ieM]himk¥]|baZ\éEdb \jmggm
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Kmqgqzkg_ ijh]jzfg_ aZ[_ai_q_ggy “ey \b\g_ggy fZl_fZlbdb
\bdhgm\ZIlb kdezZ”~ge h[gbke_ggy Ze_ c ]Jeb[r_ jhamfelb jeag-
K_j_ " gZc[eevr ihimeyjgbo egkljmf_gle\ m pec kn_je fh'gZ \b
MaSOH yde aZ[_ai_qmxlv fh eb\hkle *ey jh[hlb a kbf\tkevgbfb
e_ggyfb

0$7/$% \bdhjbklh\m}lvky ~ey fZl_fZlbggbo h[gbike@<fdgbon |hf
nmgdpec Ch]h fh eb\hkle hohiexxlv kbf\hevg_ ”bklh)\mpporx\Zgc
Symbolic Math ToollR[ qbk_evg_ h[gbke_ggy ihoe*gbo kdeZ”gbo nmg
[mMmAh\m " |1Z ' ]JjZnede*\ *“ey gZhggh]h ij_"~klZ\e_ggy j_adnevlIZle
1Zfb } rbjhdbc gZ[ej fZI_fZlbggbo nmgdpec « fh*mes<\jZp4+Edah f|
egrbfb ijh]jzfzfb 1Zd®OERPX¥YALQN Ijhl_ \Zjleklv eep_ga*€ “hkbl\
_n_dlb\gh]h \bdhjbklZggy g_h[o*”*ge [Zah\e agZggy ijh]jZfm\Zgc¢

Maple £p_ kbkl_fZ sh i*”ljbfm} kbf\hevge h[gbke_ggy 1Z \bdh
jh[hlb fZI_fZlbggbfb \bjZzazfb \dexqgZxqgb “gbn]im\ZmxxZlgg¥gZe-
nmgdpec 1gl_jZdlb\gbc +gl_jn_ck kipdbmZogmpd\diglkes §v Z h[1
[*[e*hl_dZ fZI_fZlbggbo nmgdpec * rZ[ehges\ *hihfZ]Z} r\b~rdh a
amevliZlb H~Mge}x a dexqgh\bo i_j \Z] ODSOH } fh elm\gkly ihdjh
amevlZle\ sh hkh[eb\h dhjbkgh ey kilm~_gle\ o \bddn?}Zygk\ Lz
ZgZeeslbgge 1Zd « gbk_evge f_Ih”b h[gbke_ggy K_j_" @€ g_"he
a*€ |Z h[f_"_gZ «gl_]jZpey a *grbfb ijh]jzfzfb

:gZe*a kmqzZkgbo ~“hkkegMmxglolZgnhjfZpecgbo kbkl_f ~ey d
agzZgv a fzZl_fZlbggbo "bkpbieeg m “~bklZgpecgec hk\ele ihdZa
jer_gv [Zamxlvky gZ \bdhjbklZgge klZIbggbo [Za azZ\"Zyv sh d
ky \eM aZijhihgh\Zgh]h ie*oh”m

F_1Z "hkee” ilkggyiZ} \ jhajh[pe IZ |I_klm\Zgge Ze]hjblfe\ ] _g.
h[gbke _ggy €€ jha\fyadm ihje\gygge ch]lh a jha\TygdhflZde-c
\bkgh\dm ijh \ejgm Z[h g_\ejgm \e”rih\e/y

<bdez”~Zggy hkgh\gh]lh fzZl_jeZenKnfhkfenéx} gy kgihge \
ydbfgZ “mfdm Z\lhje\ ih\bggZ aZ”~h\hevgylb kmqgzZkgZ kbkl_fzZ d

GZy\geklv [Za az\~"Zgv |Z \e~ih\e~_c ihlj_[m} ihklecgh]h

\bdexqgZ} cfh\ejghkle ihfbehd ijb \\h”*e "Zgbo A[ec ihabpex\Zgg
_e_f _glzfbb¥adk az\rZgv [Z \e~ih\e”_c¢ 1Zdh™ [m”~_ ijba\h”~blb
hpegx\Zggy agZgv a~h[m\zZqe+\ LZdbf gqbghf ex”kvdbc nzZdlhj [r
gZ gZ~scrggdpehgnmkiZiglgyb

Hkgh\gbc \bkgh\hd- &bpVvhflh g_ ih\bggZ feklblb [Zab azZ\"Z¢
\eMih\er ¢ AZ\M"Zggy ih\bgge ]_g_jm\Zlbky Z\IhfZlbgqghZgZ i*"}
\be i_j_\ejylbky gZ dhj_dlgeklv I1Z \bjerm\ZIbky \ hdj_fhfm ijh]j

GZ hkgh\e pbo djbl_je€\ [meb \bjer_gh jhajh[eylb kbkl_fm r
RESTFul APl Zjoeldimjb LZdbc i*”0o*” aZ[_ai_gm} Jgmqgdeklv « fZkrl
fb hkdeevdb \e*kmlgeklv klZIbggbo [DZ *fgghonhhamhZM} &aZ\"Zg
lZ Z\IhfZlbam\Zlb €0 i_j_\ejdm HayiqrZre »@mZpm€hphw[jZgh Zjo-l_
5(671X0 $3, yddh} \mbghzZgbf klZzg~rZjlhf m M_[jheajjm[[ee\Zlgec k
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kl_fe 5(671X0O $3, [m~_ \eMih\eMrZIlb aZ ]_g_jZpex azZ\"Zgv i_j_\ejdr
1Z h[jh[dm \e~ih\er ¢ dhjbkim\Zqe\ P_ aZ[_ai_qblv _n_dlb\gm
dee}lglkvdhx 1Z k_j\_jghx qgzZEdhgzftha\heblv fzZkrlZ[m\ZIb kbkl_f
\eMih\ergh ~h ajhklZxqgbo \bfh]

HkdeevdbcthiyB fZl_fZlbgge “"bkpbieegb I|h \erih\d*v gZ az\"Z
[mIb m \b]Jey”~s gqbkeZ yd m [eevrhkle ekgmxgbo kbkl_f Z[h m \b]
\eMih\erv jhaley”rZ}gbkye hydlh a”h[m\Zq ih\bg_g h[jZlb h*g_ a *
\ZjeZgle\ a ydbo ebr_ h”gZ \ejgZ \e”rih\erv Z[h \\_klb \ezZkgbc |
hklZzggvhfm \biz*dm \bkgh\hd ijh \ejgm \e”ih\e~v ijbcfZ}Ivky gZ
[ebavdhkle "\ha dJAehggh]h gdan\fydec feklblvky \ [Zae \k™ih\e*_c |
eZ sh gzZz”~Z} a*h[m\Zgq LZdZ +~_heh]ey fZ} hdjef gbklh |I_ogeqgl
g_"heed Z kzf_ \hgz ~z} fh eb\eklv a~h[m\Zgm \\_klb mfh\gh
jha\ffyamxqgb az*Zgm GZijbdezZ*gpjheavgecqbkénggy? aZ\"Zggy i_j

[ZgZ} h[gbkeblb ihoe*gm ~ ydh€ wnilggpe=€ Ydsh a”~h[m\Zq
iZfylzZz} \bagZq_ggy ihoe"gh€ |h \eg e _]Jdh agZc”_ €€ ijb[ebag_ ac¢

ijbghfm m i_j \Z gec [eevrhkle \bizZz~"de\ €€ |hqgeklv [m”_ peedh
ihje\gygge a j_amevlZlhf ZgZeslbqgh]h ~“bn_j gpex\Zggy Hq_\b~™gh
lZdh]h jha\fyadm a”“h[m\Zgm g_ ihlje[ge* ajgdpax\hgiyjd\b elZosbdge
e f glZjgbo nmpgftipectf _gr 1ZdZ \eMih\eArv [Mm”™_ gl _jij_lh\ZgZ yd \
g_ [m7fygldib\ghx hpegdhx

>ey aZih[e]Zggy 1Zdbo \biz~rde\ kbkl _fZ ih\bggZ hpegx\ZIlb
gzZ"Z}Ivky g_ gbkehf Z nhjfmehx >ey pvh]h [meb \bdhjbklZgg-
MathJax [7].

MathJdax- p_ [¢[e*hl_dZ ~ey \e~h[jZ _ggy fzZl _fZlb<kdhogdhpfme gZ \
<hgZ "~ha\hey} Z\lhfZlbggh i_j _I\hjx\ZIb fzZl _fZlbgge nhjfmeb gZi
nhjfzlZzo \ ]jZneqgbc \b]Jey” vydbc fh gZ \e~*h[jZ ZIb gZ klhjegp-
\e h[jZ ZIb nhjfmeb \ al\bgghfm \b”e sh ihe ]Jrm} kijbagylly fzZIl _f.
| _glm dhpbKElgzZfb

Keenr fZIb gZ m\Zas sh \ aZ]Zevghfm \biZz*dm g_ <kgm} }"bg
nhjfmeb |h[lh h~"bg « lhc kZfbc jha\fyahd az”~Zqge fh ' gZ azZibkZzl
G _o0Zc aZ\~Zggy } \ \bagZqgq_gge* iho**gh€ nmgdp-€

<ejgm \eAih\eAv fh gZ ij_4ilid\ mitbjflide Zfb

,* 1Zzd "Zee <ke pe nhjfmeb } \ejgbfb
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LZdbf gbghf e<gl_jij_Im\Zlb jha\fyahd m \b]Jey”e nhjdmeb yd
Im Z[khexlgh g _fh eb\h Ihlje[_g Ze]lhjblf ydec “halheb\ [b ajl
\ejgm \e”rih\e?v ijb gZy\ghkelevahXgghZjeZgle\ aZibkm nhjfmeb
jhajh[e_gh nmgdpex ydbc i_j_\h”blv nhjfmem a |I_dklh\h]h Ibim
sh "ha\hey} ijh\h”"blb fZI_fZlbggbjRialjZpe€ gz" \

J_axfmxgb \bs_\bdezZ” _g_ kmqzZkgZ <gl_jzZdlb\gZ kbkl_fZ ¢
|_fZlbggbo "bkpbieeg ih\bggZ az”~h\hevgylb IZdbf \bfh]zf

-]1_9g_jZpey azZ\*"Zgv \e*"[m\Z}Ivky gZ i*~klZ\e ijZ\be a \bdhjl
gbk_e

-\eA[m\Z}Ivky hpegdZ \eMih\ere ydZ azZ”Z}Ivky nhjfmehx

-\bkgh\hd ijh \ejgm \eMih\erv } h[T}dIDbyOA4Z lghkdIm aZibk
nhjfmeb

Gb 'g_ [m"mlv jhalJeygmlb fh eb\s reyob ey aZ[_ai_q_ggy I.

= g_jZpey aZ¥WdZgmdezZ” jhaleyg_fh Ze]lhjblf ]_g_jZjp€ az\
rhlh gZcgb qh]lh je\gx jha“eem ©>bn_j gpeZevg_ gbke_ggy?
agZggy a*h[m\ZqZ ijh ihoe~ge e f_glZjakhsdgrym gkmerc\dgb o b gah\be
"bn_j_gpex\Zggy

Q_jlh\_ az\"Zggy ]_g_jm}lvky IZdbf gqbghf

(1)

Nz t+gZlmjZevges \biz~dh\e gbkeZde \bagZqgZxlv
nmgdpex

1+kl_i_g \Z nmgdp-ey
2 +tehZjbnfeggZ nmgdpey;
3tihdZagbdh\Z nmgdp-ey

4 £ljb]lhghf_IljbggZ nmgdp-y
1ZjZf_|ljb nmgdpec h[bjZxIvky \biZz*dh\bf gbghf yd _e_f_glb
jhafejghkle gZijbdez”

Lib]Jhghf _ljbgge nmgdp<+€ \bagZqgqzZxlvky \ 1Zdbc kihke]
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LZzdbf qbghf ] _g_jZpey aZ\"Zggy i_j_"[ZqZ} gZy\geklv r_klb Z
\bo gbk_e "ey \bagZq_ggy dhgdj_Igbo nmgdpec IZ €0 hZjZf_Ilje\ (

\bf gbkeZzZf \eNih\enrZ} 1Zdbc \ZjeZgl aZ"Zq-

_ 2)

celhjblf i_j \dfgd\erih\erJbhha]leyg _fh kbImZpex dheb Ijb a”h[m
h~r j"Zeb azZ\"Zggy m \blJey”e |Z gZ~"Zeb IZdb \eMih\ene
: 3)
; (4)
: ()

Hg \b”gh sh nmgdpey g_ } \ejgbf jha\fyadhf aZ&*Zqe Z nr

\ejge jha\fyadb g _a\Z Zxqgb gogZjtaglh \fiZely® Hqgedm}livky sh kbk
kijhfh gZ <~ glbnedmVydim [amVita\erv yd \ejgm Z[h g_\ejgm

ljb jhajh[pe kbkl_fb dhgljhex agzZgv \bdhjbklh\m\zZ\ky gZklin
Nmgdpey ah[jZ _ggy ydh€ h”_j m} a*~h[m\Zq |1Z nmgdlpyyd ah[jZ _
\eNih\erv } ijhp-Ampgdpeyfb ijh]jZzfghlh fh2meMhijkxxlk lop~g_
agZg_ggy Zjlmf_glm m \boe"g_agZg_bmeddprEdpE€h\>ey vyt ljgh€
g _h[oe*gh sh[ ijb[ebag_ agZg_ggy ihos*"ghé€-anbdpe€a h[a&Zkh" vV
kgm\Zggy nmgdpe+€ [meh \ ~ _ydhfm k_gke [ebavdef *h agZq_ggy il
\bdhjbklZggyf ZgZeslbqgmik\Z9oyj |h[Ih as agZg_ggyfb nmgdpec
lec kZfec Ihqpe

(6)

A f Ihx i*"\bs ggy gZ”ecghkle e glbnedZpiE YXejlgkly Yerih\er ¢
peevgbf i_j \ejylb mfh\m gZ fgh bge Ilhghd

(7)

GZ hkgh\e hibkm fh gz klI\hjblb dhgp_il kbkl_fb ~ey Z\IhfZlbe
jm\Zggy |1Z i_j \ejdb agZgv a | _fb ihoe*gbo nmgdpec fh ' gh kl\hjb]
jbk :

-]1_9_jZpey \bizrdh\Bo kiplkk_fez gz ihgzZldh\hfm _1Zie ]_g_jm} ¢
\biZz*dh\bo gbk_e yde [m”mlv \bdhjbklZge *ey klI\hj_ggy fZI _fZlbqc

-]_ g _jZpey fZ1I _fZlbggR€gZmigldgph¥e a] g jh\Zgbo gbk_e kbkl _fZ
jx} fZ1 _fZlbggbc \bjZza aZ i _\gbfb ijZ\beZfp ga-Zdhg Ocplokne _ggy?2

-nhjfZlm\Zggy \bjZam aZ "hihfhifdk_0DIWKgIdd \bjZa vky_ "Z}I
\ fh mev ODWK-DJ[ “ey dhj_dlgh]h \e*h[jZ  _ggy P_ “hajhey} ij_"k
ghfm ~ey gblZggy \b]Jey”e gZ \_[klhjegp-

-\ _[klhjegdiZekey Ih]h yd\dabphafZlh\Zzgbc « \e*h[jZ mBqgq dhjbkl
\azZ}fh”~e} a \_[klhjegdhx <eg hljbfm} azZ\*"Zggy m \bJey”e fZI|_fZI
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\\h~blv k\hx \erih\eAv m ihe_ \\_~_ggy >m¥qgafmggkidlhrjhljblblky
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<bkgh\dlyZeea j_amevlZle\ gbk_evgbo _dki_jbf_gle\h®ha\lheb\ a
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j_\ejdb “ha\hey} [sevr h[f}dIb\gh hpegblb je\_gv agZgv

G_"heedhf jhajh[e_gh€ kbkl_fb } h[f_"_ggy gZ kdezZ~geklv nhji
klb ah[m\Zq i*key \bdhgZggy azZz\~Zggy |I|jb i**\bsbsgu}l\kygy kdeZ’
cfh\lejgeklv ihfbehdhfjpb LZdb h[f_"_ggy \bdexqgzZxlv fh eB\eklv ]_g_j
"Zgq \bkhdh]h je\gy 1Zd a\Zgbo ©azZz”~Zq a a*jhqdhx?
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Concepts for designing knowledge assessment systems
in mathematical disciphes under distance education conditions

The article presents a novel approach to the design of knowledge assessment systems
for students studying the discipline of Differential Calculus. In contrast to most exissing sy
tems, which rely on fixed databas#sasks and answers, the proposed solutiorothices a
dynamic model that automatically generates tasks based on predefined rules using random
numbers. Each generated task represents a mathematical function for whickriviagive
must be calculated. Bare presenting the task to the student, the system checks its validity.
The answer is submitted not as a numeric value but in the form of a symbolemauathl
expression. This significantly enhances the quality of assessment by enablirajievali
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both correctness and depth of understanding of differentiation methods. Rdeantes in
symbolic computation, numerical methods, and machine learning have opened newipossibil
ties for developing intelligent systems capable of adapting to the individadkrof learners.
Existing platforms? such as Moodle, Khan Academy, ALEKS, Proctorio, axahiSoft 2
offer various testing frameworks. However, they are primarily based on stasitogquieanks,
which often limits their flexibility, adaptability, and aibyl to provide personalized feedback.

This paper outlines the limitations of such systems and highlights the necessity for npere ada
tive and interactive approaches in mathematicdarning environments.

The objective of the study is to develop and testlgorithm for task generationua
tomatic solution computation, comparison with the student's submitted answer, and-determ
nation of the answer's correctness. The study also aims to ensure that the method used allows
for formulabased responses to be avated fairly, even when the same solution is presented
in multiple algebraically equivalent forms. The core of the proposed system is built on a
RESTful API architecture. This allows tasks to be geed in realtime using randomized
parameters and validad programmatically before delivery. The solution also utilizes
MathJax for formatting and displaying mathematical content in a clear, readable manner
within a web interface. An essential component of the system is its capability to intampret sy
bolic expessions and compare them analytically and numerically. The comparison is done by
evaluating the difference between the tmdvmitted derivative and the systgemerated -
lution over a range of values using both symbolic differentiation and numeritael differ-
ence methods.

A specific example is discussed involving the generation of derivative problems from
randomly selected elementary functi@nmlynomial, exponential, logarithmic, and trigmn
metric. The structure of such problems is defined by afse@indomly geerated parameters,
which enables a practically unlimited variety of tasks. The system includes mechanisms to
compare studergubmitted expressions with the reference solution through evaluatiori-at mu
tiple points, reducing the likelihood &dise positives and ensuring objectivity. The findings
suggest that this rulbased task generation approach enables a higher degree of individual
zation and significantly reduces the dependency on static databases. Moreover, assessing
symbolic expressiomather than mere numerical values allows the system to better reflect the
actual understanding and application of calculus concepts by students. The proposed system
was prototyped and visualized through a UML diagram and web interface, demonstrating its
practicality and useicentered design. The results of numerical experiments supporiathe vi
bility of the proposed approach. The system's-balsed task generation and symbole r
sponse evaluation enhance assessment reliability and objectivity. Unlikensysi@ant on
preloaded question banks, the proposed method provides flexibility, reduces mark:al wor
load, and supports deeper learning. However, the current system is best suited for problems
of basic to moderate complexity, as higherel tasks may regqe more sophisticated sy
bolic input and parsing mechanisms.

Keywords: distance learning, knowledge control system, differential calculus, system
of rules for generating tasks, algorithm for evaluating answers.
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M jh[hle ij_~klZ\e_gh dhfie_dkgbc ZgZeea _n_dlb\glgkle ki_dljz
AN _dke\ BHQWLOHQ@Zgge a Z\IhfZlbah\Zgbf ihjhlm\Zggyfjaz f_Ih~hf
Im\Zggy ih\_jog_\bojbihjgyo | sh ihkljz"~Zeb \e~ | _ogh]_ggbo dzZlZ
H[T}dIhf “hkee”"_ggy h[jZgh Zd\Zlhjex dhebrgvh]lh DZoNh\kvdh]h \h
rZnl ydh€ iekey jmcgm\Zggy DZoh\kvdh€ =?K o0ZjZdl_jbam}lvky j
g_h”ghjergeklix gZy\geklx aferZpdld_igtik\Zeghxe [nj_]Jh\hx eege}x >ey
ZgZeesam \bdhjbklZgh hilbgges a«gefkdb] Y@ML GQHIKIhjh\hx jha”eevgh
arZlgeklx sh ~Zeh afh]m hpegblb-kig¢mdlighklhg§hdhh~ghje~rghkle eZg
rZnle\ \dexggh a njZbflglhh*hcfzZfb azZ[heYrgygh@fb h]he_gbf
%jmglhf 1Z fheh”hx jhkebggeklx >ey hpegdb _n_dlb\ghkle \b"ee g
ghlbjb ki_dljZevgexddg?,_dkb':, $:(,VK IZ $:(,QMKih*"ZeviAbf Z
lhfZlbggbf \bagZq_ggyf hilbfZzevgh]h ihjhjm azZz f_Ih~hf Hpm

;e[e dbk

M>D

Abfhley™ =m~*24 <bjh”h\ HKKkKeb\ kbkl_fb nhdmkm\Zlggy gZ gm
eb\eklv 3,5 "ZIlgbKllrkl fge | _ogheh]*€ J ]JehgZevgbc fermmaes\kvdbc
dh\bo ijZpimkd +>geijh + K46 £54.

;meh ijh\_~ _gh ~"hkém*ebdlgkle \bdhjbklZggy ~Zlgbdm [_a eesgal
a\bgZcghx kdeyghx eegahx >hkee+” ihdZazZ\ sh [_a eegab i_j_" k_
\djZc gbavdZ gmleb\eklv ; a eegab kb]gZe[mgok \ihoEfrerIm~rpZas\ k
Dheb ° \bdhjbklh\m\ZezZkv kbe¢yg& @hglkeZ agbd a \boh”m k_gkhj
ith\fyazgh a Ibf sh a\bgZcg_ kdeh g_ ijhimkdZ} e~gnjZq_j\hg_
\eNrih\ergh]lh ~eZiZahgm A e<grh]lh [hdm ijb \bdhjbklZgges k_gkhjzZ |
ij_~"f_Ib sh [meb jhalZrh\Zge m [ebavdk€ ahge [meZ [cev

;e [e3, »el3.

M>D

NZfZgxdl < Kme_ fF# /IK" j_ahgZgkgbo azZible\ ey gbjer_ggy d
needle\ m fmevibZ] _glgbo kbkl_fZo pbnjh\iKdki\sfggbtdebgheh]-£€
J _J*hgZevgbc fe \mae\kvdimd \&bfe ] gjZgpZmkd +>gejih +
K55 +65.

Jhaley”Zxlvky jeage i*~oh”b ~h hjl]ZgeazZpe+€ \azZ}fh”"«€ |Z dhhj”
gbo kbkl_fZzo ahdj_fz \e~hfe ijhlhdheb \bjer_ggy dhgneedle\ m fms
"h\bsZo pbnjh\bo "\ecgbde\ Jhajh[e_gh gh\bc f_Ih~1ZAbjer_ggy
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jhaih”eem j_kmjke\ \ hkgh\e ydh]h e_"blv f_oZgeaf j_altygZgkghb
gmlh iblZggy hilbfZevgh]h gZeZrimhZ glgjh |2 Zidblego\hkle 1Z nmg
j_ahgZgkm "~ey af_gr_ggy dhfmgedZpecgh]lh gzZ\ZglZ g4y f_j_ =
|_fZlbgdm_ev k_e_dlbVhZpge@azZible\ gZ hkgh\e ih*e[ghkle klIZi
GZ\_"_gh neZ]jZfb ihkeer"h\ghkl_c IZ dhfihg_gle\ ey kQkl_f ea
e_ghlh f_Ih*m gZ\_" _gh j_amevlZIb ZgZeesam _n_dlb\ghkle aZl
]h ie"oh™"m Ywgyidige a deZkbqgbfb ijhlhdhezfb Z 1Zdh ™ ~hkee""
ijh]ljZgh€ j_ZeecaZpe+<€ aZe_"gh \eN deevdhkle Z] _gle\ m kbkl_fe

e [e e l[Z[e

M>D

;h~x D H <PRdl&l_jzdlb\gbej\kinjk a \b\g_ggy egnhjfZibdrk
aZdezZ”Zo aZ]lZevhdeh€ hk\elb ea ie*dexd] gplyf KRkl _fgehl_og
eh]e€ J_]JehgZevgbc fe \ma-\kuaHblro aifj«4 g ngkzd +>geijh
2026. + K66 +75.

M klZlle jhaleygmlh jhajh[dm 1Z "hke+s”"  _gpykmgkmz¥dp\gh]h
gZggy e*gnhdbZlmh azZdezZ”Zo azZ]Zevgh€ k_j_~gvh€ hk\elb \ mfr
mdjZ€gkvdh€ rdheb Hkh[eb\m m\Z]Im ijdN-egl@hydglegkZjpmE R.
ierjbfdb mqgge\ i qZk \bdhgZggy aZ\*"Zgv ahdj_fzZ a igh]jZfm\
Imjm kbkl_fb nmgdpgrregodbibee fey jeagbobkhm\ZqdhijlZ j _amevlZ
_dki_jbf_glZevgh]h hpegx\Zggy _n_dIlb\ghkle \bdhjbklZiggy rlm
jbfzZzge j_amevlZIib ieM\_jr mxlvaiimgkneNordyveg!l jZdidXkinge\_[
*a R1 "ey i*"\bs_ggy ydhkdZ pzZ€i gjkVoggZZeevghlh ijhp_km a egnhjfz

e [e ce

M>D

ledeevgyd : < Pb\Kd{Zl G«€ pbnjh\h€ IjZgknhjfZpe€gie"]hlh'
_g_j*h_o0zZgede\ \ mfh\Zo ~“bklzZgpecgh]Klghgdgdggdyoghehjd«€ J_ |
evgbc fe'\mae\kvighbod agfA\bo ijZpwbimkd + >ge-ijh *

K76 +84.

Jhaleygmlh ijh[e_fb ie~]hlhYdboZggedr\jm ~bklZgpecghfm gz\
mfh\Zo \h}ggh]lh klZgm |IjhZgzZeRlahkbgh_iffh\2 gogx ijbrZIgeklv
nhjfm\Zggy pbnjh\boggphriti_kgl GARICABI/CAE |Z \e”rih\erghkle >KLM
AZijhihgh\Zgh j_dhf_g~Zpe€ sh”h _n_dlb\gh]h \ijh\Z”~" gy 3/0
p_k

;* [ el0.

M>D

<hedh\kvdbc H K GedFHivyzZerh2ggy kbkl_fb qg_j] ey ]_9_
SEO-hilbfeah\Zgbo |_dkledimgAbkdlZz _ghfm k_j_ ~KWkde fgehl_og
eh]e€ J_]ehgZevgbc fe \ma-\kua dblro ailj« gdid nykzd +>geijh
2026. + K85 +96.

Jh[hlZ ijbk\yq_gZ jhajh[pe kbkl_fb 7"ey Z\Ihfz$B@h\Zgh€
hilbfeah\Zgbo |_dkle\ a ih*"z@¥gofyfhkblel _fb q_j] >hkeed _ge f_
fb \azZ}fhre€kajRkZfb ~ey hilbfeaZpe€ ijhp_kmHKbgl ZpE€4]|_dkl-
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ko_fzZ ~ey \bjer_ggy dhgdj_Igh€ az~Zqe Z"Zilh\Zgbc Zkbgojhgghbc
jblf a”reckg_g_ fh™_ex\Zggy kb-Wlilbfeaqhplb6(2 dkle\ Z*h&dhg
Zelhjblfb \az}fhtk€ja iRZAb IhdZaZgh sh hkgh\gbf \mavdbf fekp_f
j_\ejdb mgedZevghkle sh h[%jmglh\m} \bdhjbklZggy g_h] « iZjZe_e
ihgh\Zgbc ie”0o™ aZ[_ai_gm} klZ[sevgm jhnIivblkdlkk &h gafy gr_gg
\bkhdh€ ydhkle dhgl_glm

e [e e [Z[e

M>D

Kiejegp_\ < < Kiejegp_\Z H < >hingedZ dggk _n_dlb\ghkle j
ZeesaZpe+€ fedjhk_j\ekgh€ kbkl_fb fhgelhjbg]lm dhjbkim\Zqges\ [Z j_I
ieZlnhjfb $:8 Kbkl _fge | _ogheh]e€ J _]JehgZevgbc fe '\miab\kvdbc afej
ijZpv <bimkd +>geijh + K97 +104.

J_Zeesah\Zgh I1Z "hkee”"_gh fedjhk_j\ekgm kbkl_fm fhgelhjbg]m
kmjke\ ofZjgh€ ieEWShjEblZdh” ijh\_~_gh ihgeXgyewagb”\hd j Ze-a
pec kK_j\ekm f_Ijbd @ZlZo\ZobdhgZgh _dki_jbf_glZevg_ Idklm\Zggy i
Ib\ghkle fedjhk_j\eke\ gZ AWBECieyijhd " gh ZgZeeaghgh@HUbkIZ
hi_jZlb\gh€ iZffyle 1Z gZkm \eMih\eNe Kk j\eke\ DdadihjVorjd[e_gh f
gh€ hpegdb _n_dlb\ghkle j_ZeeaZpec sh \bagZgZmadlbdgghkfejghkle
ie”N jeagbfb je\gyfb gz\ZglZ _ggy HIjbfZzge j_ameviZlb \bagZqzZxlv :
km\Zggy aZagZq_gbo fh\ ijh]jZfm\Zggy \ kbkl_fZo _ex dljhggh€ dhi
oel_dlimjhx sh jharbjx} my\e_ggy ijh \b[ej | _ogheh]ec ~ey fedjhk_
fhgelhjbg]m

e [e e [Z[e

M>D

DjZ\_pv H < FZohghk£+D <ggy g_klZpehgZjghlh ihey |_fi_jZIr
aZ lh\sbghx [Z]ZlhrZjh\h€ ah\gr\Wg& h& gkleg "bleh\h]h [*bgdm \ a
fhibc i_jeh”™ Kbkl _fge | _ogheh]e€ J ]JehgZevgbc fe \mae\kvdbc af-
ijZpv <bimkd +>geijh + K105 £111.

l[jh\_~_gh g_klZpehgZjgbc |I_ieh\bc jhajZomghd qghlbBjbrZjh\h€
gh\h€ iZzg_rmpZom\Zggyf “h[h\h€ afegb |_fi_jZImjb gZ\dhebrgvh]lh il
\bc i_jeh” ih[m~h\Zgh djb\e aZe_"ghkle | _fi_jZImjb dh gh]h rZjm k
gZkm J_amevlZlb jh[hlb fh mlv [mlb \bdhjbklZgbfb ijbvijh}dIm\Zg:
gbo dhgkljmdpec 1Elejntbkeh\bo [m”e\_ev a f_lhx hilbfZevgh]h \b[l!
gh\b”e\ | iehaZobkgbo fZl_jeZee\ 1Z \bagZqg_ggy ]_hf_ljdbggbo iZjzZ
j*\ [Z]ZIhrZjh\h€ ah\gergvh€ klegh\h€ iZg_ee+ "bleh\h]h [m*"bgdm

;e [e7, 062, 1 Z[€l.

M>D A87.4

L\_j~rhklmil=Zjfhgecgbc i_j_I\hjx\Zq eg”mdlb\ghkle \hgZklhlm gZ
\e dhg\_jlhjz «fi_"Z&lorkl_fge | _ogheh]e€ J_]JehgZevgbc fe \mae\kvc
gadh\bo ijZpbimkd +>geijh +K112 +117.
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ljhzgZeeah\Zgh hkh[eb\hkle ih[m~*Z\bg*mdNhyghkge \ZgZklhln
jfhgecgbo dheb\Zgv gZ hkgh\e dhg\ _jlhjZ «fi_"~Zgkm AgZc”"_g
Ibaghx ozZjzdl_jbklbdb i_j_I\hjx\Zggy \bfejx\Zevghlh ]_p_jZlhjZ
lhjz «fi_~Zgkm reyohf afegb kimi_gy dhfi_gkZpeteklihgZzjah\h€ -
jbggh]h "zZ\ZqZ ydbc m\efdgmlhghmj ahgZgkgbc dh

e [e ce

M>D

lhghfZjvh\ djoel_dIlmjzZ [_ai_qgh]lh djbilh]zfZzgpyggdeakgdh\e 1
Air-*DS 1Z fmevibienNitkhk!| _fge | _ogheh]e€ J _JehgZevbghd \mae
gadh\bo ijZpbimkd +>geijh + K118 +124

Jhaley”Z}Ivky Zjoel_dImjZ djbilh]ZfZgpy sh [Zam}lbky gZ |
\Zlgbo dexqe\ \en f_j "¢ AZijhihgh\Zgh "\hje\g_\m kblgl_fm s
eZeth"mey :DWFKHUWfIZhmegZ&LIQHU <azZ}fh”ey fe' gbfb j_Ze-
QR-dh”"b a \bdhjbklzZzggyf klZg”"Zjlm 36%7 sh \bdexqZ} hpbnjh\e
1iZfgZ j_ZeeaZpey \bdhgZgZ gZ kl_dm 9XH MV 4XDVDU &RUC
djhkieZlnhjfgeklv aZklhkmgdggy <b @0 Zjdbladfm fmevidafid "IBkim O
nNjm\Zggy-$(6]ZjZgim} dhe_dlb\gbc dhgljhev 1Z aZobkl RZgbo \
Imim AZijhihgh\Zg_ jer_ggy _n_dlb\gh [ZeZgkm} fe  \bRhdbf je
geklx \bdhjbklZggy

e [e ce

M>D

OZg’pvdbc < K lhemoeg = < Kdbbhghh\lkgdbic jL 2ZqZ [ehd-
nj_cfe\' \ aZrmfe_gbo dZgZeZo dhfifxl_jglblol ffge | _oghéh]e€ J_
gZevgbc fe'\mae\kvdbc a[ejgbd g&rdhkllo ijZpg-ijh +
K125 +131

<bagZqg_gh gkév aZ]Zevgh€ deevdhkle i_j _~Zgbo nj_cfe\ \e”
sh i_j_~Z}Ivky ~h\"bgb \edgzZ 1Z <fh\ejghkle ch]h mkiergh€ i_]j
ijb ihje\gygh g_\_ebdhfm je\ge ihfbehd\b®%libbklZgge \edgZZ \ Q
g”h"Zjlgbo nj_cfe\ deelvdkk?” _gbo nj_cfp\\bsni} ljb % (®
py deevdeklv kdez"Z} * gZklbgZ a gbo m\ec”_ ~h kdeZ”"m |
"h a[eevr_ggy gqZkm g_h[os~*gh]h “ey nhjfm\Zggy |+}€ kihkee*"l
Imibez a f_j_~ _\h]h je\gA«nijjl@ ie*\bs_ghfm je\ge aZ\&H) % (5
kbimzpey s_ kmll}\h ih]ejrm}Ilvky Sh[ mgbdgmlb kmllI}\k]h af_g
dzZzggy f_j_ hise[gh h[f_"blb ~h\"bgm \edgZ ~h Q - ipb @ (5 ijb
BER=106 .

e [e IZ[e e

M>D 04.383

FZI\}}\Z GIHje\gyevgbc ZgZeea _n_dlb\ghkle azZklhkWm\Zggy
Kbkl _fge | _ogheh]«€ J ]JehgZevgbc fe \maes\kvdbc- afprijmkd gZn
1(162). £>g-ijh + K132 +138.

Jhaleygmlh 1Z kbkl_fZlbah\Zgh hkh[eb\Qgklo ijijine\ZacAmetEo hkc
iZI_jge\ fh\Zfb ijh]jZfm\Zggy & & S\WKRQ 1Z -DYD Z4jh\_~_
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eea j_ZeeaZpec iZl_jge\ <bagZq_gh kieevge jbkb |Z \erfegghkle m
iZl_jge\ aZe_"gh \e” je\gy IbicaZptn\Zgfgy Adkfyf-\ d

e [e lZ[.e

M>D

Hkljh\kvdZ D X ;hjbkixghhhgflZpecgZ kbkl_fZ ~ey ]_B_jZpe€ ah
"_gva fh eb\eklx n_~_jZlb\gh]lh gZ\gZggy |Z "hgZ\qZgg® _Jcg_jZlb\gl

Kbkl _fge | _ogheh]«€ J ]ehgZevgbc fe \mae-\kXpgbcc<bafgekdbd gZmd
1(162). +>g-ijh + K139 +£147.

M jh[hle jhalJeygmlh jhajh[dm 1Z “hkee*”" _ggy *gnhjfZpecgh€ kb
pe€ ah[jZ _gv gZ hkgh\e kmqgzZkgbo ] _g_jZlb\gbo fh”_efc rimqgh]h
dhx n_"_jZlb\gh]lh gZ\qZggy |18 Z\gqoZhm-yafe\ "h

;o [®, jbld 1Z[e

M>D

<e' \kvdbc I < KZ\_pgdh " Hglh\_ ijhneex\Zggy dhjbkIim\Zqge\ Iz
\by\e_ggy ZghfZeesc gZ hkgh\e | _g_IbggKlhkZgptrjblforgheh]e€ J_]-
gZevgbc fe'\mae\kvdbc a[ejgbd g&Mditkdo ijZpg-ijh *

K148 159

Jhaleygmlh ijh[je_fm _dkiemZlZpecgh€ ijbr"ZIghkle ik\_"egdh\h¢
Im\Zge\ aZ mfh\ *j_cnm "bk[ZeZgkm |1Z dhgl_dklgh€ felgeb\hkle st
\h]b ¢ g_klZ[sevgbc ihled kil _ igymBh\lH *m ijhneex\Zggy ydbc
al[_je1Z} gl_jij_lh\Zgeklv o Z~AZilb\geklv 1Z fegefeam} rnhf Ze _jle\ A
lhdh\m fh”_ev a \edhgghx ZKhpZmpxcygbf_aZ[m\Zggyf Z dhgne]lmjz
Al _dilz ie~rfgh bgZ hagzZd \Z]b ihje] o iZj2Me]igghZilgpbEqgibf
Zelhjblfhf ea rljzZznzZfb azZz )35 \heZlbevgeklv Ijb\h] -kD8deZ"rg-klv
hljbfzgh ) : )35 : &9BDOHUW : kdez

e [e e [Z[e

M>D

=Z\jbexd / : Kljmdh\ < & X Mglej)h\Zgb-dzZ&h\Zgbc hj_c
\hjd "ey az~Zq g_i_j_j\gh]h ihdjbpblygbfb_hff ~ ggyfKbkl_fge
| _ogheh]*€ J_JehgZevgbc fe \mae\kvdbc al[ejgbidnlgZ mdk\bo ijZpv
>geijh +K160 176,

M klZIls jhalJeygmlh «ggllH{hegm{ZBh\Zgh]h ]J¢[jbrghph nj_cf\
jdm ~ey jha\fYfyaZggy azZ”~Zqe g_i_j_j\gh]h ihdjblly a mjZom\Zggyf
_gv

F_Ihx “"hke*~" _ggy } nhjfm\Zggy }*bgh]h Je[jb~rgh]ljm}_cf\hjdm
f 1Z_\jbklbgge 1Zbdggf f_Ih”"b hilbfeagZpj®f g ~_\bfb VXUURJIDWF
fh~_eyfb 1Z-8p/}glh\Zghx Zjoel_dIlmjhx egnhjfZpecgh€ kbkl_fb

o le
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M>D

De}pdh\ .HR_\_evhYZ Eh[h"Z &n<dl| ih\_jog_\h€ ijm ghkle ij
ZgZee+aes gZghljesbgb \ Zglbiehkdhfm iheKbgkNZfglZzéhggtheJd ]
hgZevgbc fe \mae\kvdbc a[¢jgbd -g€lmdik\do ijEZpgeijh *
K177 +190,

>hkee”"_gh \ieb\ ih\_jog_\h€ ijm ghkfe mijfgXZjgmc &hzg I]j
sbgb Ibim ,,, \ mfh\Zo Zglbiehkdh]h akm\m ;meh \bdEjbklZg
ijm ghkle =mBAbpgpthdZ ydZ \jZoh\m} f_o0oZgeqge _n_dlb [y ih\_j
klhkh\Zgh f_Ih” dhfie_dkgbo nmgdpec]jh ki gj nogoyjeveggl j*\gyg:
a yMhf Ibim Dhre >ey jhal\fYyaZggy aZ~Zqge \bdhjbklZgh ij_"kl.
leyne jw&_[br_\zZ 1Z f_Ih”» dhehdZpe+€ IhdZaZgh sh \jZom\Zgg
ghkle "ha\hey} mgbdgmlb kbg]meyjghkle gZijm _gv m \_jrbgZo
amevizZlib *_fhgkljmxlv kmll}\bc \ieb\ fedjhjhafeje\ [jesbg gZ jh
sh \Z eb\h "ey gZ¢gbf_o

e[ e e [Z[e

M>D

DhjyrdegZ E K KlZgZ4ZfHPgg_ fh~_ex\Zggy jhafesbggy eh’
ggbo p_glje\ 1Z "\h_IlZaghtemhfzZzl_jeZevgbo ihlhde\ kp_/§Zjgbc
Kbkl _fge | _ogheh]e€ J ]JehgZevgbc fe \ma-\kivdipe apijmhkd gzZn
1(162). £>g-eijh + K191 £211

Jhaleygmlh "\h_IlZigbc ijhp_k _\ZdmZp+*€ gZk_e_ggy IZ jha
kmjke\ m kbkl_fe _dklj_gh€ eh]eklbdb ydzZ i_j_"~[ZqZ} jhalZrm
p_glje\ _\ZdmZpe+€ GZk_e_Fo&}IvKkylghdesj\\§\gh jhaih”ee_gbf =z
imgdle\ 1Z p_glje\ a”eckgx}lvky a mjZom\Zggyf kp_gZje€\ gZ"a
f_"_gh€ ~"hklmighkle | _jblhjec 1Z j_kmjke\ F_Ihx } _n_alb\gZ h
gbo e« fZIl_jeZevgbo ihlhde\ aZ "hihh€]Hkx~fZdes fiZZbfgdh”e\ hilbfea.
sh "halheyxlv \bagZqZIlb dhhj*bgZlb deevdeklv ¢ fekldeklv im
_\ZdmzZp+€ Z IZdh  jZpehgZevgh jhaih?eeylb ex”kvde ¢ fZl _jeZe

e[ e e
M>D
KZgzgkha&\_ pwva & = IfzZgkd =mi*"Z<bdhjbklZggy rImaggh]h -

| _e_dIlm m \b\q_gge \bsh€ fzl_fZlbdb kim~_glzZfb | _ogeggbo ki_
lgec _n_dl Kbkl _fge | _ogheh]s€ J ]JehgZevgbc fe \mae\kvdbc
ijZpv <bimkd +>geijh + K212 +225

>hkeer" _ggy i*M\_jr paklb ks hfl$ ,kmlIlI}\h ijbkdhjxxlv \bgilhgZgag
"Zjlgbo fZI_fZlbggbo hi_jZpec "bn_j _gpeZev{abjleqgywpyy afZ?pbm
fZl _fZlbggh]h ZgZee+am "halheyxqgb kilm~_glzZf nhdmkmiE\ZIbky
k\h}ggZlfjeZem :~AZitZ\glhjblfb klI\hjxxlv egrb\e*mZeesahdAZges hk\
jmlb a hilbfZzevghx kdezZ~geklx agb\*Ayvjhkghf ]&@ yadhf ihdjZsm
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UDC 004.85

Kalinina 1.O., Gozhy O.P., Shiyan S.I., Gozhy.O., Pasternak L.Yulntelligent
system for forecasting fuel and lubricant parameters// System technologies. N162) -

Dnipro, 2026- P.3 £14.

The article considers an intelligent forecasting system for monitoring fuel volumes on a
ship. The information system consists of the followingsystems: information collection and
storage subsystem, data preparation subsystem, data analysis and preprocessing subsystem,
modeling subsystem and forecasting subsystem. The experimental part of the study considers
the problem of forecasting the volumef possible filling of fuel storage systems based on a
report on regular data collection on the level and amount of fuel in tanks on a ship. The
information system allows you to obtain highality forecasts of the amount of fuel for tanks
of various tys, as well as generalized indicators.

Bibl. 15, ill. 4, table. 2.

UDC 378, 519.876.5

Honcharov Y.A., Zaytseva T.Aumerical investigation of the contact interaction of
complexshaped bodies using integrated computational platformf System technologies.

N 1(162)- Dnipro, 2026- P15 *26.

The paper presents an approach to solving problems of modeling the contact interaction
of rigid cylindrical punches with an elastic halbace, which combines the use of Ansys for
constructing and solving finite elentemodels and MATLAB for advanced pegstocessing
and visualization. A distinctive feature of the study is the integrated use of numerical methods
and computer visualization tools in different software packages to analyze the contact
interaction of punchesf complex geometry with an elastic isotropic homogeneous half
space. The punches considered have circular, elliptic, and symmetrically deformed elliptic
ring crosssections, which form a doubly connected contact region under a central load in an
axisymmetic problem setting. The results are analyzed and plots are constructed.

Ref. 11, ill. 5.

UDC 004.93, 004.8

Hnatushenko Vik Udovyk L, Heipke Ch Hnatushenko M Applying machine
learning techniques to analyze forest fire impacts on Sentin€l imagery acoss Ukraine
/I System technologies. N162)- Dnipro, 2026- P27 +35.

Utilizing multispectral imagery from the Sentir2lsatellite, we propose an algorithm
based on machine learning models for the detection of burnt forest areas. A new dataset on
forest fires has been created, suitable for semantic segmentation models. The proposed
algorithm uses an approach based on convolutional neural networks (CNN), it was tested on
Sentinel satellite images acquired in October 2022 for the Kinburn Peninsulane)kiai
have an accuracy in terms of loU of 95%.

Refs. 12.
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UDK 528.9:556.3

KavatsO. H .DYWDWSerg,HLHYD . / Bs&sessmeht of the accuracy of
automated mapping methods for water surfaces based on spectral indic#sSystem
technologiesN 1(162)- Dnipro, 2026- P36 45.

The paper presents a comprehensive analysis of the effectiveness of Segpeetral
water indices in combination with automated thresholding using the Otsu method for mapping
surface waters in areas affected by maade disasters. The object of the study was the water
area of the former Kakhovka Reservoir, whose landscape after the destruction of the
Kakhovka HPP is characterized by pronounced spectral heterogeneity, the presence of mixed
pixels, and a fragmented siebine. SentineR optical images of medium spatial resolution
were used for the analysis, which made it possible to assess the impact of spatial and
structural heterogeneity of landscapes, including fragmented water bodies, wetlands, bare soil,
and youngvegetation. Four spectral indicessNDWI, MNDWI, AWEIsh, and AWEInsh+
were used to evaluate water delineation effectiveness, followed by automatic determination of
the optimal threshold using the Otsu method.

Bib. 12, Fig. 3.

UDC 681.586.5

Zimoglyad A.Yu, Guda A.l., Vyrodov O.SThe influence of the focusing system on
the sensitivity of the PIR sensor// System technologies. N162) - Dnipro, 2026-

P46 £54.

A study was conducted to investigate the possibility of using a sensor without a lens and
with a conventional glass lens. The experiment showed that without a lens in front of the
sensor, the latter has extremely low sensitivity. Without a lens, the output signal is 10 times
weaker in amplitude. When a glass lens was used, the signpletely dsappeared from the
sensor output. This is due to the fact that conventional glass does not transmit infrared
radiation of the corresponding range. On the other hand, when using a sensor without a lens,
the reaction to objects located in the near zone wes«y.

Bib. 3, fig. 13.

UDC 004.021

Atamaniuk O.V., Sulema Y.Resonance request method for conflict resolution in
the multiagent systems of the digital twins// System technologies. N162) - Dnipro,

2026: P55 +65.

Various approaches to organiziimgeraction and coordination in distributed systems
are examined, specifically focusing on existing conflict resolution protocols within-multi
agent digital twin environments. A novel method for conflict resolution and resource
allocation is developed, beg on the resonance request mechanism. The study also addresses
the optimal tuning of the adaptive sensitivity threshold and the resonance function to reduce
network communication load, proposing a mathematical model for selective query filtering
based oragent state similarity. Sequence and component diagrams for systems implementing
the developed method are presented. Furthermore, the paper demonstrates the results of an
efficiency analysis comparing the proposed approach with classical protocols, @doagsi
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performance study of the software implementation relative to the number of agents in the

system.
Bibl. 12, ill. 2, tabl. 4.
UDC 004.9:37

Bodiu K.O., Vovk S.M.Interactive web resource for teaching computer science in
general secondary education with Aagent integration // System technologies. N162)-
Dnipro, 2026- P66 *75.

The article presents the development and evaluation of an interacti«baset
resource for teaching computer science in secondary education institutions within the
frameworkof the New Ukrainian School reform. Special attention is paid to tbegratton of
an Al agent as a supportive tool for students while completing tasks, particularly
programming assignments. The system architecture and key functianmefeare descréal.

An experimental study was conducted to assess the impact of Al assistance on learning
outcomes and task completion efficiency. The results demonstrate the effectiveness and
feasibility of using Al agents to improve the quality and personalizationrapuater science
education.

Bibl. 8, fig. 7.

UDC 378.147:621:004.9

Pikilniak A.V., Tsyvinda N.l.Strategies of digital transformation in the training of
mechanical engineers under distance learning condition’s System technologies. N162)

- Dnipro, 2026- P.76 +84.

The article addresses the challenges of training mechanical engineers through distance
learning under wartime conditions. Leading PLM systems are analyzed for their suitability in
developing digital competencies, integrating CAD/CAM/CAE, anthglying with national
standards (DSTU). Recommendations for effective PLM implementation in the educational
process are proposed.

Ref. 10.

uUDC 004

Volkovskyi O.S., Nikishyna O.YuModeling a queue system for generatingsEO-
optimized texts in a highly loadel environment// System technologies. N162)- Dnipro,

2026- P85 +96.

The paper is devoted to the development of a system for the automated generation of
SEGoptimized texts with subsequent modeling of a queue system. Mechanisms of interaction
with Al services aimed at optimizing the text generation process are investigated. A Q
scheme for solving a specific problem is synthesized, an asynchronous modeling algorithm is
adapted, and a queue system for SipOmized texts is modeled. The algorithms of
interaction with Al services are improved. It was shown that the main bottleneck is the stage
of uniqueness verification, which justifies the use of queues and parallel processing. The
proposed approach ensures stable system operation, cost reductioresamdation of high
content quality.

Ref. 3, fig. 4, tabl. 3.
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UDC 004.4:004.738.5

Spirintsev V.V. Spirintseva O.V. Dubina E.Research on the effectiveness of the
implementation of a microservice system for monitoring users and resources of the AWS
cloud platform // System technologies. N162)- Dnipro, 2026- P97 +104

A microservice system for monitoring users and resources of the AWS cloud platform
has been implemented and studied, and a comparative analysis offl@mentations of the
metrics serice in the C# and Go languages has been conducted. Experimental testing of
microservice performance on AWS EC2 instances has been performed, analysis of CPU
usage, RAM usage, and service response time has been conducted, and a methodology for
comparative assessment of implementation effectiveness has been developed, which
determines the patterns of performance changes under different load levels. The results
obtained determine the feasibility of using the specified programming languages in e
commerce systes with cloud architecture, which expands the idea of the choice of
technologies for microservice monitoringseams.

Bibl. 6, ill. 6, table. 1.

UDK 536.212:699.059

DUDYHWYV H 9 0 DStKRAD th&ridnfatbnary temperature field along
the thickness of a multilayer external wall panel of a residential building in winter//
System technologies. N162)- Dnipro, 2026- P.105 +111.

A nonstationary thermal calculation of a felaryer external wall panel wasrcied out,
taking into account the dgichange in ambient air temperature in the winter period; curves of
the temperature dependence of each layer of the wall panel on time were constructed. The
results of the work can be used in the design of enclosing structures of residential and
industrid buildings in order to optimally select types of hehtelding materials and
determine the geometric parameters of individual layers of a multilayer external wall panel of
a residential building.

%e+EO JO) WDEO

8'K +187.4

Tverdostup MI. Harmonic inductor-to-frequency converter based on impedance
converte// System technologies. N162)- Dnipro, 2026- P.112 +117.

The features of the construction of an inductatieeequency converter for harmonic
oscillations based on an impedarmmverter are analysed. Conditions for controlling the
steepness of the conversion characteristic of a measuring generator based on an impedance
converter by changing the degree of compensation of the initial inductance of a parametric
sensor connected goresonant circuit have been found.

Bibl. 4, ill. 3.

UDC 004.056.5:004.41

Ponomarev 1.V Architecture of a secure cryptocurrency wallet based on AkGap
and multisignature mechanisms // System technologies. N162) - Dnipro, 2026
P.118 +124.

The aricle considers a cryptocurrency wallet architecture based on the physical
isolation of private keys from the network. A tdier system consisting of an online Watcher
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module and an offline Signer module is proposed. Interaction between them is implemented
via QR codes using the PSBT standard, which eliminates digital attack vectors. The software
is developed using Vue.s, Quasar, Cordova, and Electron, ensuringplaibssn
compatibility. The use of the Mf-N multisignature mechanism and ARS6 encrygbn
guarantees collective control and data protection against physical access. The proposed
solution effectively balances highvel security with user convenience.

Ref. 14, fig. 1.

UDC 681.3.07

KhandetskyiV.S., Polyhin G.V., Skuratovskyi 1 : The pipeline transmission of
frame blocks in noisy computer channel#/ System technologies. N162)- Dnipro, 2026-

P.125 +131

The dependence of the total number of frames transmitted successfully and damaged
during transmission on the volume of the transmitipglication, the length of the window
and the probability of its successful transmission has been determined. It is shown that with a
UHODWLYHO\ VPDO O "Hhtdutie Wisé) & WeHndzi Sontainech=40 standard
frames, the number of copiesddmaged frames transmitted as part of the window at the se
ond stage does not exceed 20%. At BEREtHIs number is already 40%, i.e. some of these
frames will be redistorted during transmission at the second stage and will be included in the
third window. This will lead to an increase in the time required to form the same sequence of
frames thatekULYHG IURP WKH WKLUG QHWZRUN OD\HU '€$,W KLIKHU
the situation worsens significantly. To avoid a significant reduction in mktthooudput, it
is necessary to limit the window lengthto  DW % (5° andn=20 at BER=10.

Ref. 5,tabl.1,fig. 1.

UDC 004.021; 004.383

Matveeva N.O Comparative analysis of the effectiveness of pattern applicatiofi
System technologies. N162) - Dnipro, 2026- P.132 +138.

The features of implementing basic generative patterns in the C#, C++, Pythoa; and J
va programming languages are considered and systematized. A comparative analysis of pa
tern implementations is performed. Common feataresdiffeences in approaches to pattern
implementation are identified depending on the level of typing and memory management
mechanisms.

Bibl. 7, tabl. 10

UDC 004.8:621.391

Ostrovska K., Borysyuk information system for image generation with the poss
bility of federated learning and further training of generative models // System
technologies. NL(162)- Dnipro, 2026- P.139 +147.

The paper considers the development and research of an information system for image
generation based on modern generadirtéicial intelligence models with support for federa
ed learning and further training mechanisms.

Bibl.9, Fig4, tabl.1
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UDC 004.056.53:004.89

Vizhevskyi P., Savenko (Evolutionary tuning of a UEBA and anomaly detection//
System technologies. N162)- Dnipro, 2026- P.148 £159

This paper addresses the operational limits of user and entity behavior analytics under
drift, class imbalance, and contextual variability, which often yield persistent false alarms and
unstable alert streams. The goal igd&sign a profiling method that remains interpretable and
adaptive while reducing alert noise. We use a streaming wihdsed representation with
exponential forgetting, and apply a genetic algorithm to optimize the detector configuration
(feature sbset,weights, decision threshold, and adaptation parameter) with explicit penalties
for FPR, alert volatility, and model complexity. Experiments on CiLIFS with controlled
proflee FKDQJH LQMHFWLRQ VKRZ PRGHUDWH ) LPSURYHPHQ
gDLQV LQ )35 ; &9BDOHUW ; DQG FRPSOH]JL

Refs. 10, figs. O, tables 1.

UDC 519.688

Havryliuk Y., Strukov V., Uzlov Dintegrated Al-based framework for the contiru-
ous coverage problems with geometric constraintd Systemtechnologies. NL(162) -
Dnipro, 2026- P.160 +176.

The paper presents an integrated methodology for amagéd hybrid frameworked
signed to solve the continuous coverage problem under geometric constraints.

The aim of the study is to construct a uedfihybrid framework that integrates metahe
ristic and memetic optimization methods with neural surrogate models and aotidmted
information system architecture.

Bibl.21.

UDC 539.3

Kletskov O., ShevelevaA., LobodaV. Effect of surface elasticity in theanalysis of
nanocracks under antiplane load field // System technologies. N162)- Dnipro, 2026-
P177 190

The influence of surface elasticity on the stassimin state of a Mode Il crack under
antiplane shear conditions has been investigatedGTlingn Murdoch surface elasticity nde
el, which accounts for mechanical effects near the crack surface, was employed. The method
of complex functions and a singular integtiéferential equation with a Caucktiype kernel
were applied. To solve the problethe unknown functions were expanded in Chebyshev
polynomial series and the collocation method was used. It is shown that accounting for su
face elasticity eliminates the stress singularity at the crack tips. The obtained results reveal a
significant effet of crack microdimensions on the stress distribution, which is important for
nanomechanics.

Bible 14, ill. 5, tab. 1.

UDC 519.8

Koriashkina L.S., Stanina O.DMathematical modeling of the location of logistics
centers and twaostage distribution of materia flows: a scenario approach// System
technologies. NL(162)- Dnipro, 2026- P.191 +211.
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The twostage process of population evacuation and distribution of material resources in
an emergency logistics system, which involves the placement of colledciiais pnd evac+
tion centers, is examined. The population is considered continuously distributed across the
region, while the selection of points and centers accounts for emergency scenarios and limited
accessibility of territories and resources. The &t iefficiently organize evacuation an@im
terial flows using a mathematical model and optimization methods that determineahe loc
tion, number, and capacity of collection points and evacuation centers, as well as rationally
allocate human and material fls between stages.

Bibl. 17, ill. 1.

UDC 004.8:51+378.147

Sachaniukkavets'ka NV., HetmaniukO.l., HudaO.V. The use of artificial intelli-
gence in the study of higher mathematics by students of technical specialties: educatio
al effect// System technotpies. N1(162)- Dnipro, 2026- P212 +225

The study confirms that Al systems significantly accelerate the execution of standard
mathematical operations (such as differential equations and matrix calculations), allowing
students to focus on the conceptuaderstanding of the material. Adaptive Al algorithms
create individualized learning pathways with optimally challenging tasks and instdnt fee
back, enhancing both student motivation and learning outcomes. Al platforms suppert aut
mated theorem proving@G FRPSOH[ V\VWHPV PRGHOLQJ WKHUHE\ IRV
competencies. The practical signdnce of this work lies in substantiating the integration of
Al technologies into tdmical universities, aligning with the broader digital transformatibn
education. Future research will focus on developing contextual algorithms for explainable a
tificial intelligence.

Bibl. 15, fig. 7, tabl. 2

UDC 004.9

Smolenskyi M.M., Sidenko le.\Designing an efficient architecture for an RFID
oriented medical systen // System technologies. N162)- Dnipro, 2026- P226 +236.

The article explores the use of RFID technologies in medical information systems. It
analyzes various architectural approaches and justifies the use of aefit model with a
relationaldatabase. The proposed architecture ensures high scalability, data securify, and e
fective medical data management. Special attention is paid to automation, protection, and
flexible integration with other healthcare IT systems.

Ref. 21, fig. 4, tabl. 1.

UDK 531.7

Sokol GI., Snobko DO. Methods of calculations and experimental studies of the
mecharical characteristics of the bodies of living larvae in the destruction of pests by
acoustic mehods// System technologies. N162)- Dnipro, 2026- P237 +251

In order to destroy harmful insects and their larvae by acoustic means, methods of ca
culations and experimental studies of the mechanical characteristics of the bodies of living
Colorado potato beetle larvae have been developed. The work is carriedtinot the
framework of the section of applied mechanics "Biomechanics". A megiwalfor conducting
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experimental studies of the mechanical characteristics of the bodies of living larvaewas pr
posed and used in the measurements of mechanicatiehets. The design scheme of this
device is protected by a Ukrainian patent for an invention and utility model. The destruction
of Colorado potato beetle larvae by acoustic waves will allow us to move from chemical
methods of pest control, which are toxic tontans, to environmentally friendly, acoustic
methods.

Bibl. 42, ill. 2, tab. 2.

UDC 004.85, 519.688

Suleymanov Y.Intelligent audio file classification system// System technologies.

N 1(162)- Dnipro, 2026- P252 +261

Genre classification effectivenes$ using timedomain and frequenegomain audio
features for training a multilayer perceptron was observed. The hyperparameters were aut
matically optimized using the Optuna framework. Furthermore, agrosessing mechanism
based on hard voting, softtuag, and the Borda count method was introduced. Experimental
results demonstrate that the proposed ensemble approach significantly enhances tha-classific
tion accuracy compared to the baseline model.

Ref. 11, fig. 5, tab. 1.

UDC 004.9

Dmytriieva I.S., Dmyrenko A.M. Application of machine learning methods in the
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The article presents a comprehensive technical review of the application of machine
learning and deelearning methods for analyzing 3D seismic images in geophysical axplor
tion. It addresses the problem of processing terabytes of seismic data, which traditeenally r
quires months of manual interpretation, and justifies the need to transition to autamted
ysis methods.
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The article presents a novel approach to the design of knowledge assessment systems
for students studying the discipline of Differential Calculus. In contrast to most exis§ng sy
tems, which rely on fixed databases of tasks and answers, the proposed saiwgices a
dynamic model that automatically generates tasks based on predefined rules using random
numbers. Each generated task represents a mathematical function for which the derivative
must be calculated. Before presenting the task to the stubergystem checks its vdily.

The answer is submitted not as a numeric value but in the form of a symbolsmatdtial
expression.

Ref. 9.

ISSN 15629945 (Print) 30z
ISSN 27077977 (Online)



Kbkl _fge | ogheh]es€
A;1JGBD G:MDH<B® VJ:
<bimk(62)

=heh\gbc j ~AdlgphpL< K_ee\vhjklh\Z

L _ogeqgbc j_~Zdlhj 1Z k_dp 12 apshigh D X Hkljh\kvdzZ

ArZgh ~h @PEPLPER6 |+"ibkZgh ~h30DRE26:

Nhjfzl o Sjeath]jzn 1Zi+j Ibih]jZn
Mfh\ ~jmd+Zj64 H[eNbrZ\g Z]894
Lbjz" ijbf AZ#0W26

MdjZz€gkvdbc ~_j Z\gbc mge\ _jkbl | gZmdb « | _ogheh]e
GGL@eijh\kvdbc f_IZemj]lecgbc sgklblml
dZn_"jZ 1lgnhjfZpecgbo | _ogheh]ec 1Z kbkl_f 1<D ©Kbkl_fge
49600 >geijh Z k
http:/fjournals.nmetau.edu.uafiex.php/st
K\erhpl\h ijh ~ j"Z\gm | }kljZpex *jmdh\Zgh]h aZkh[m fZkh\h€ «g

K jey D< « \e/ d\eliod




J ~"ZdpecgZ dhe_]ey
K_ees\vhjklh\Z L_lygZ <elZe<€\g
]heh\gbc j_~Zdlhj
"hp_,glzg"b*Zbgeqgbo gZmd
reiZlh\ :gZlheec | _Ijh\bqg
Qe-dhj_kihg™_gl G:G MdjZ€ghb
ijhn_khj ~hdlhj I _ogeqgbo gZm
:jobih\ He_dkzg”j /\]_gech\bqg
ijhn_khj ~hdlhj I _ogeqgbo gZm

:Z[*q_\ K_j]lec :gZlheech\bq
Atp_gl ~hdlhj | _ogegqgbo gZmd

;eehavhjh\ <Zkbev /\]_gh\bqg
ijhn_khj

Ahdlhj nedBdhfZlbggbo gZmd

= q_ N_7nej ?2e_fbjh\bqg
ijhn_khj ~hdlhj I _ogeqgbo gZm
=m~Z :glhg 1]hjh\bqg

aZkl ]lheh\gh]hhjz~zdl
ijhn_khyhdlhj I _ogeqgbo gZmd
=gZlmr_gdh <edlhjey <heh”bfbj
\g_gbc k_dj_1Zj

ijhn_khj ~hdlhj | _ogeqgbo gZm
=gZlmr_gdh <heh”bfbj <heh”Dbf
ijhn_khj ~hdlhj | _ogeqgbo gZm
=h bc He_dkzg”™j I_Ijh\bq
ijhn_khj ~hdlhj | _ogeqgbo gZm
ljvhfeg He_dkZg”j He_]h\bq
ijhn_khj ~hdlhj I _ogeqgbo gZm

Dejeq_gdh Ex"fbeZ He_]*\gZ

ijhn_khj ~hdlhj | _ogeqgbo gZm
K\elebqgbc >fbljh K\ylhaZjh\bq
ijhn_khj ~hdlhj | _ogeqgbo gZm

MdjzZz€gkvdbc ~_j Z\gbc mge\_jktk
|_ogheh]ec GG1 ©l1lgklblml ijhfb
| ogheh]ec® MdjzZ€gZ

lgklbIml I_ogeqgh€ f_o0Zgedb
G:GM « >D:M MdjZ€g

GZpehgZevgbc | ogeqgbc mge\ |

©Db€\kvdbc iheel ogeqgbc egklb

KedhjkvdhMdjz€gZ

-DQ (YDQJHOLVWD 3XUN\Q 8Q
LQ OVWt QDG /DEHP
Mge\_jkbl_1I| «f_ge YgZ /\Zg]_e-kl
gZ™ EZ[_f Q_kvdZ J_kim[eedZ

>geijh\kvdbc gZpehgZevgbc mge]

He_ky =hjgd¥dpz€gZ

KdZeham|[ <eZ”"bkeZ\ <Zkbevh\
ijhn_khj ~hdlhj | _ogeqgbo gZm

OZg”_pvdbc <helK"hfbgh\bqg
ijhn_khj ~hdlhj I _ogeqgbo gZm

M lhjh~kvdbc gZpehgZevgbc mg-

MdjZz€gkvdbc ~_j Z\gbc mge\_jktk
| ogheh]ec GG1 ©1gklblml ijhfb
| ogheh]ec? MdjzZz€gZ
MdjZ€gkvdbc ~_j Z\ghclngderh djk k
| ogheh]ec GG1 ©1gklblml ijhfb
| ogheh]ec? MdjzZ€gZ
GZpehgZevgbc | _ogeggbc mge\ |
©>geijh\kvdZ iheel_ogedz2a Mdjz
Qhjghfhjkvdbc gZpehgZevgbc m¢
| Fhlbeb Mdjz€gZz
MdjZz€gkvdbc ~_j Z\gbc mge\_jktk
| ogheh]ec GG1 ©1gklblml ijhfb
| oghlebh® MdjzZz€gZz
OZjde\kvdbc gZpehgZevgbc mge\
jZ"eh_e_dljhN«ddE€gZ
$NDGHPLD Huwmi@daF]R
DjZde\kvdZ }fjdBg@mjlecgZz Zdz"_
KlZrepZ IhevsZ

Mdjz€gkvdbc ~_j Z\gbc mge\_jktk
| _ogheh]ec GG1 ©>geijh\kvdbc
egnjZkljmdImjb ¢ ljZgkihjlmaMdj:

>geijh\kvdbc gZpehgZevgbc mge]

He_ky =hjgd¥dpz€gZz




