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[ &z ML HOddY dcéter dhftsd LiEzjlksmw &shd" 2 d &
fsLosdzv jIs toj OdzdL s9Ols! o' MsSCsCOYjMiso j dadzlze & tcOW
Engine (tcOLtcOBBlOddz SR Odzdf 998 EgisalzGamepsdy BT
tcOL tcOBtSIsyYyds 0dz d dzistelz d3j dzls * Hdzw MtsL HOdzdwW HJ IsOd
tsfme J M j ded W d Oded 30ydd, Yylsts HJjdzOjIs dotoio 52 i
LOR9OIsr 908 hddz [ 2] .

RMicdz' L soaOdzdj 1 Issets Hadep§ GsEHBYY HdmIls Jiddisg @ jolO
kjrndsdkscd?2, kOCdR $0OC ftsyjHEZdOw ¢jdjeoydw ¢
cOL dessBtcOL ) Jetesor n Myj zOtcdjo d YtHH]teY o Ols!

it OL tcOB tsls ¢ Oi lolgty jffeytadz 2 dh BBz sl dzyOslssic’
MiBw dgjMmMCtsdzr ¢ts Cdzsyjorna 1 sOftse. I Mmj dzOyddzOj Isfy

2O Colstster n Wtstediddtokzjsmw tfdse dzOw dHijw deter , j)
Gjdzj edtolkzs Isimpw dHJd, f tetso SHAplsdgy ¢ sd M) dazH @& 0 @ dzdtg O L ¢
1 d 2 d3H qHLE 2z dzls ( GDD) ) Colsstesds f sHtctsB dats s

mMeydlsde § dzddedd d + dzj d3d dalsT gdzlsj e j 2 MO. v 0C 2
ftosHody jdzedWw ftesi SISO [5].

1 smdzy 1 Issets dzOyd dzO jdsdpvis 1 fflstedasfj Clstef jtaHsoo GDtalpdlevj. dz! ]t
MsLHOs sMw fteslslsdfr detr, Cbtter ] foLodwEIls B
Clts sy jls B Is! { tots fiflds@dzCelsjjts f) offwi fofscdm 'L zoj dCD¥ H dzv B
Ctsdzyd fydd. 10 L Issd3 bBOY pdisPOg deWastcligf thtzy dGte!
nlzHtsy J Mise j dzdzts § sW stedzdzy dzd J , Yyeo j Istseo OW f Odzd Istc ©
Fdzd C Odz: dzz Olsdzsm? § o lz.

10 10 ftsdLeosHMse O dOyd dzOj Isfmw M Mmise j dzdz
MdiBwY MSLHOd] JhkissdoOBBGekd Dtz dJotwtsos?2 dJ - O
CRYf sdgj dzlstse o ctslstsakzs detk. StSBRBOdZH O ©OL OB Bk
sCtekyjddvy, §jthmtdoy 2, O0dddkZ3Oydd, LebkStsera +WW

ClOf ftoesdLotsHMisa O dsyjls L OdY I dzd dz0 g d Is jOdz'd dats
mMdzsy desmisd dceter . SBEROZHO tOLKOBBIsYdSEtse dceter H
Ybtse " wtBiMmfjudls! yj ashmisdshis! dete’ d MdzOy | dedzlz®

sdzt Yyjor @3 Gz delstsdz wodzw jIsfyw Isj MisdtesorOdzefgite " .dzC
10 Msdtesoa Odzedd d dettsoats] IsjMmMsdeseo Oded)  tsL o ts5dzv
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odzdw jls dzO tsBhd2 EMfjr SCStdj ydetsets ftesHEZzC 0.
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sO¢dr C0OC Steam dqdzd Pl ayStation Store, WwWodzw jls
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sLdZ2ZOyOjls orfkzmM¢ (OB sE dz¥ difsth OO azziaipd v das o SG ¢t
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L Istsls 1 1sOf fLottdwjls tay tausls QOE s € iz ¢ tc Qs P
iz yh dls' ftesyj M tcOLtcOBSISSCd deso" 7 dcete [ 4] .

ltetsj SIsdtelzj &3OY detcO® HtoejHMsOoadzw jIs MtsBB?2 Mmd ik
Codzstcsdzd tetso Ols' o fMmj O jSIsr Mmjd MEBsAL W2 Mise j dadz
d fpastey Ztosy OV, EatH LO Yydotlsdy &3, Mmlstesdlsj dz' Mise
ftesdLoO jHY dgdgr 3 ftesHESISOR]. |1 Oy des tslsdzgiIsdls! , yls
SBOL A, Ykt §tsMmisj fJ dadets Efqdzsy dzvIs! L OmMOMEO dz
tcOMmisj dzd 2 , d LOSCOdydeOwW LkftcOQodzjdedj dz Ctolztf dzr o
ydotslsdy 7. Skt sBimMfjudls fsHHjteyOddj ddsjtjmo

JHddd3 dL Bhdsodz' = OCyd dzZlstse dqeter MlsOdzgj s J vy t
1 dzj a3 dgls dofast tciskisyle Ols! MW f sHtetsBdzr d3d MY teOo sydz
fsiisezls dqetesC Od3 dzkyh j ftsdwlils! fteddzydtfr tOBTsIsT
ftoJ HMisOodzj dZO © odH] ddzlsjtcOCIsdo dzr-Gc toc,0d3dzBEE Qo dejr
ZzO L OCtej tf dzj dzd J O dids2dzlz ) Getztc § d3jLtelz fted §MOHC tc
ted Ctsd3d dzH Oyd d slsdesmdls j dz¢ dzts ftoej Hf sylsdlsj dz' dgr A
Octetslsjrndesdzsedyj MSdr 6 jteOydwrs d odesdds" = o jhj
MtesC OfF kBtteCd HA& C Oz B2 H U d Clesoss t j |s st t5dzy s te
fsHAtH BEHjI ftedBidey &z d ¢ ErtsHkz L O ydotlsdz &i3qd,
sMse J dzdzsmlsw d3 MsH j ey OdedwY  HtesHizSIsdo dzsmisd ¢ O3 H

[ BtcOLtS9OIsj dzt dgr 2 ftslsjdzydOdz adHjBsdGete Yy jbMm
f smdzy H dzd J GSHT . ldHjidceter , i Mz d-~ ftcOo ddz' ¢
ddzmistezdzj dzglstsdz Hdzw tBbEYyjddw d tOLodIsdw tOL dzd ydz
Csif jlsjdyd? o yoOfmksd Mjd MCsasLw2mse j dedzasEs f ots
dotclk d@ydets MydlsOls! dzj Sslstster i3 SBGOL 59 Olsj dzt dz" &3
mMdzzy dls+ ddemlstelzdzj delstsds Hdzw tsBEZYj dedw d tOLoadlsdw
My dz MEBAtsLY2IMlse j dzdesets ftetsdL o sHMIse O.

IdHjdcte’ ety Osls deiB&ialkz, dwgs | B@§lsdo dzl
ftod dzgd BOs s tejh jdedv d dRsckls osdHjlk! ©jLkzd Okr
sBlkzyjdd®, c¢Hj BBEZYyOshdjMmw MlsOdesowlilsmw EZyOfmlsdzd ¢
O dzgj fftesMmlsts Ltcdlsj dzv dzd d My dr@= 5 He @ s\ W sz ls safi ¢ tf t5S® d3
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l Oy dzets fsdgedzdisj sdatets dzj HBdydzr L Od3d dzwIs! IstcOHC
Metstej j] HBYBddYIs! dh. 1JjftOodd desj §ted d3j daj dad j
ftedoifMmisd ¢ Yo jtorndsisdecdBz EfMmMetjded® L dzOded?2 d &z

zd " Csds ko dzj Usijdg™ v d i€z dz@ EyY ej. R d3j dedels
ddzls j ctcdtetso Ols dgceter 9 ®BtOLBOOIs]j dzd dz" 2 ftetsyg M
Zyoh dnmw.

stesdzd fjtej ydmdzj dedesec s dqetesC O3 BHjls HEMiskz] dats
2O Mmetsj 2 Is] teteduststiseddid U do,d3B fOlded idedi§yd idls tds jeflardjys H s
Mtesdlsj dz Mlso ©  bkdzkzyh jddw). wteotej d3j dzdz" § Isj n dzts
dmMfsdz LsoOdzed] oBLtBRsodw B « dMistsydzed C s | dzj toc
fsLotdvWw dctets COdzetsidigfoy jM@ldze 1+ WW jCIlsdo desmls: Mmoatsj 2

Vodzj COIsjdzt dets? B mrOdedCts?2 doete'r BEHjIS isHj dzd to
fseHT dO Mmjdz ME AL W2Mmlse jdader | ftotsyj MMmr . 1 j Mc
fsMOHCB2 LOMERdES B ZOodydkmEeso OHY M o to ] iHifbElsy wis'dzd ,
oy Ow, TOSCEBER ddj B3 L OfOMmMse d foHEtSlstso Cts2 €
Md dz MEtsAatLWwIMIse j dzedetse s HtesdLotsHMIsea O Mmddz dats L
Octetsdzj Isj stetsdzsedyj Mm< dn nOtcBkisptcd gl § Sz yeAsdBBH O j
BsHj zdteso Odzd® Octetsdijlsj stesdsecdyuiMSdrn kfmdksed?2
10fteddzj tc, HBYH! dBsyjl MftshmtseMmisotse Ols! tsMmiskz to
LOItstf dzj ded®s ftsdzj 2, O L Ofpzh dzd o Ovs dtfsts dntyH G BY 5[ ldt€ jlzemih
Hf sdzdzd Isj dz! detsdz f sdzdeod tOMmlisj dzd 2 .

[Hds?2 dL Sdsyjoern shMtej ddzgsMlsj2 dceter MmlsOdzg s
ftesyj M, SCtktter?2 BkHjlk OHOfldEss Ok MW §H ©O
ZOydzzls ) ftesfmisj2h g8 HSGEH Odgj i ClEs@E KR 5 S @S H B M A Of
Ziesd "dds Stsddyjmsotsd ydotslkd' 7. 1t Kjitej fesd
Ckdz sEtcOd3, Y dotldser &3 d Ijrdsdzcedw dz, yYlsts § L 9 S
BZOMh sOB ' Motsjcets ntsLWwW2Mmlse O, YlOC Y 24§ tc ® Ddepatzd j§ W
ftosdmatsH dIs! ) tcj Odzy detsd3 o toj d3j dzd , Yylsts ftodHOMm
o tso dzj yJ dzdetsfls+ . RGtetsCd HBsdzy dgr BkzHEIs Eydlsr 9 Ols
tcOL dzd ydz" = L OHOY, BEZH! Ists Mt ERZtotsy QW jdefd {disEHz
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Bsckzls o¢ dzs YyOls! desor j twjedbdy HdzW dMmMmdzi Hise Odzd"
fsLotsdvs hd?2 ftsd LsoOlsjdzvds sBd3j ded o Ols* MW s 7 Istsd3
Motsdddd W j tedsOi], fMsL HOo OW Mstseh jMisets JHJdsE
MsydOdz: desj oL OddssH j2Mlsad) odgzlsted doeter, des d
CspptEOlsdodesdy EftcOo dzj dadd W j te BO] .

10 bkjSkhd2 dcdjdls ftosjCl dORHdIMW dzO flscC
sflsddzOdz dzr » 9 OtcdOdzlstse MBLHOdY v B' ZO s tcj
MisteOlsj cdw, ColbtstcOV fLotsdzv jls o dy ¥ @tk d totsjo tdsts
Ckdz skztcOBd (tedfyp. 1) . dilstsdls tkdjlksdls:, vyl dO H
fsMOHCO  fsyjmm oLtOh doOdd™ {Idfi Skd kkt. |
fsH tojdz jW &) MisdesMmisd, yYlsts dzkey ddO Ltdiiptdeolst?j HedRVdz j
Octetsdesddd yj MSdr Htesyj Miftse .

tdfm. 1. 1tdj LOMjwddts] Ljtedses & Skd sktwOdkd Mt

tdMmztemr Hdv dedEsH jlafc ddj fjal" j3Dfctetse " j fteshist
Rdzlsjtcdzjls € OC Mo 5B 5HIdztsH Geddyy dp tsfifpdstc\P@igy,j d3f jitcdetso OwW
f bstcetsots? f dzsh OHSCd FAB tls Ctsdi3f Odzdd Epi c Game

lted MLHOdd oy dMfsd LEzjlsmy, odL zOdz dgr 2
Bl ueprints Mmmlstsdls dL 9odL zZOdz! dz" = das@ dzdg zjL dzts deW
MsLHOdY fodv Ljtdserna Ckd bkte dsH' s dmOdz dz

1. 1 tdizydls! HOddz" | Mf 202 dz20. 1 +Istsdz dzsHj dzO
Mdzso OB, Isjtctcdlststcds, Ctslsstelzs BEHjIs L Odegd i3OI
Ckdz sEtcOdd .
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BSHjdzd, o dgOh j BB MzEyoj It tejdgisg¥, M Eyjlbsd J

4. wjdfdzjtc M zO2 dzO. | HOdzdesdz fdzzyoOj, kL jdz c
Yy zdisd3, s jfls! Jjcets ctcOdzdy d o dzzlstej dzdzj 2 Mmistelz

5. JJdzgjtcOlstste MisOlsdquydets?2 MilsSd LOYftsdzdw jls f sdzj

tdfm. 2. BRIKPri cPOEZPEHBYISOyd:s §tshmjotse §H ] d!

[BtcOL s9 Ols j dz' dz" 2 ftslsjdydoOdz odHitdcete dzgj s ts
Motslse jlsMlsezs hdrn yYyjdzj?2 d L OHOUY. Rn oL B35y dztsyls
Ctedbsdud MStsjy & hdzjdedj d B ez id§ @OL sz OE §EC bz
getetsar j W stcdzOIs T fitemtf j Cisdoe dz" d3d H dzw sBtcOL 59
M ydodzdL qtcso Odzdzr | o dHjBdGEter wodzwe Isfpw dzgj Istsdz
90Oy dzr di3 L dzj B3y delssdyZ Mo tej di3gd dedese s BB OL 59 Olsj dz! dzts @

t OOELOIsr 9 O GZOW dete® ftodL oaOdzO MlsOls! dzj Is ts
Jdzilstezd3j delstsds Hdzw L dzOCStsBMlse © f Mjdz MEBotL W2
ftododzj yjdedes BsdzsHY yd € 12 90ydets?2 MW jtej d
fteddeydtf O ftesdL awrRfijlsed Q didgs@' ffctsmtz C ydd .

[ dlsjtcOkiO

1. 1 jtetso Q rRauOdp. 5 JCc. YdSCdzdud mMSdn Ctsdzj B Odzd W
nOtcOCIsjtedMmisds [/ 1 Okzydz § dmmdzj Hs9 Odzed W d tLOL
d3d I H 2 dzO e ts H ef R0 SdsQ@flapjdiss 52 € tsdzW § to J(flzfy § dets d3fs azv? » b &
BOwIsO )HQ2 J tsakztsH § Y dzr 2: RteCklsMEd?2 ctsmkzH Omise j dzde'
[ Y Jj9MS G, -5200 PDAN.DEWLD. 54 0
Unreal Engi ne: 9 tsLURIS st dck.qi/3LPxX ted d3j te ' .
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1 dx dzj o Otelstse MS o 2  dsdplzjH tfednids jo
G. yddd 9 Otlstso ME,

Fdrefrt T ovrr ARV Arwed o 1 [ [ AMUNDA MODELER

l gmdzseadwrn yYydWtkttseots? IstcOdzMW Sted3Oyd d-f ta =iy dirkrsOided
MlsOdzso dlsmw MlscOIsjeduyuiMéd 90y dets?2 LOHOYJ?2 Hzv €
ftesyd Mmhse dzj Iksdz! €8 Mdzdy O4Is L OOl d ftser h O
cdB ¢ sntse 7 s Bz Hdzvw OHOfIOYydd € B Mistets d3j dgw v h

JHddd3 dL zOdB sdzj J fsfzdzwtcde" = ddzistelzdzy dzlstso
ftosyj MMOdd wWodzw jlsfqw Camunda Model er. [dz Lot
BdL iy Mihse M o Mif s@xzn Gtel©OA@zdBPMN ( Business Pro
Cslster 2 ftojHsMsOQodzw jls EkddW¥dydttse Odzdzr 2 wLr ¢ H
BdL @O dzdIsd ¢ Od3, bOSC d bindduimMédd M jydoddmlsod

stesdsy BPMN, Mmkh jifmMlsoeketls d Htkzedj  SHSSGEH] | G (
UML d EPC, ®GHd@OSt BPMN B&ZOEtSHO®Y Motj?2 ddisj
st j MsteOydd oy Mmse sMlsOjilsmMw dzOdB sdzj | o sl
sjrdzsdzscedd dMSEmmise j dzdetsets ddzlsj dzadzy SIsO ( Al)
( RPA) fsmisy §jdedets L d3j dgwels ftsHRtSH & q tcOo dzj dz
fJjtemfjSIlsdes Hdzv BPMN d Camunda Modeler [5].

]l HOdzdzs?2 MIsOIs! j BEHEIL ttOMidiclstej dz2@ o 5L d3tsy dzts
Shdetso dzr § WekdSydd, ftoddhjter §tedads) dzpdeds'OS ] Py iz
HOdz! dzj 2h jets wOLoadlsdw BPMN d jeéts ddzlsjcteOydd fy

Cotsdzt ydqv fsHnontsHtse ¢ Btwpupd ges®deds BdL dzj M

t Odzj J dBH ] dzd efsteOygdiimBa] LEijdgse r 0 Odzs !  dzO- Isj € M
e j BOA, Ylsts L Gelsi©OsH{dz"Odgts] &  Af @edEO dzd L . 4 twOLadls(d
MisOdzH OtelsdL Jqtetso Odzdz" §| deslsOydd, so¢dj ¢0O0¢ BPMN,
st dmMOdedw ftesyj MmMtse. Camunda Model er, tfdtcOwm!

BsH j dzdtetso Ols ! dzs fdm Ol tc O dzelg 'O dz'f dgttsdg § o to J d3d dzd ,
Cstef steOIsdodzr § MdMmisj a3 [ 3] .

dstcOQodzjdzdj BPMN f Htezedd&dd deslsOydw ozd

BPMN (Business Process Model and Notation

MisOdzH Otelstsd3 H dzv  dBtstf t§ EHad joftsfg ©atzd v s 1B dp®© U ifisishOyfiglsfa 2 YsI©
CO¢ UML (Unified Model i-chrgi vLeam gRiragee s sq EhPad n()E\
tcOL OB BSISOdzdz’ 2 HAzW ftotsjClsdtetso Odzgd W ff tets@ tc O dgd3dzts G
HJWIsjdzt desiisd, GCtbtster j dsclkzls M sdg' LgBod®dsH Crgwis HISh
Y IsEts?2 wstedj dzsOydg 2 &0 dmi sdzdzj dzd 4 , C Off d MBIPJMIIO ~ ,E
WsCEEMdokzj sy dz2O0 d&BsHj zdteseo Odzdd sy mMipse M OF
ltojddiszh jMmsets BPMN L OCdzg yojlsmw o | ¢t {fdodzlyj dt®ygd
Yyksts Hj&OJIs jets BdziJ HftojJHYBYlsdIsjdzt dgr &5 Hdzw d Mt
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I sH]j dzdtctseo OAfftg syg dyindgpm M Iy tsdz! L s9 Odzedj d3 B P Mi
otsMmistcj Btso Odzets o tcOL dzd ydzr n Slstc Omdifvted d3j bz jBIChpas s
OQolstsBOIdL Oydd ®BtcOBISd LOVWeaBE dO CtojHdIsT d
LHtcOotstsnteOdzj dzdd f jets fdtsh i 8 dBsHjdzdtokze s Ot
ftetsyd Mmr EftcOodzj dzedvw ftsMlisOaC OB d ME zOHs PR3 k1
tcOBBYdy ftesyj mmr, Yybsts MmMismsemlsokzjls f§tseor h jdads
fmozd 3 § dad ¢ st j oOydtsdadzr R ted MC so . Camunda Model
ftesh Ojls ftesjCdesoOdzd fHtesyj mMmtse, tBJ MTJj udecC
stej B @BdaB dL dzaj MO.

VLMIsOdzsoa € © Camunda Model er

1.1 jtej H dOyYyodsd ttOBtSlIs! dzgj sBrBBHIJABS EMIsOdtse d s
Wi ndows, macOS d Linux [4].

21 jteji2Hdl] dO tWdmudd@dz' dzr 2 MO21s

3.6 0Yy02Iy tomdzj Hdzt 8 e@eftcmds Camunda Mod

4 uMmMsOdesoadisy d L Of.EMmisdisy ftoddztsy § ded §

[Mdesodz" J { dzj &3 dzelst BPMN ©®© Camunda Model er

ltod MtsL HOefdeds ygjdnind@j i Camunda Model er dMmif tsdz
1 dzj d3j delsr BPMN [ 2] :

T alsOtclstsoats] MtsB ' 9 fgo yO8asa rfttc sk d)to) ) H O dzdzts 2
sBr Yydesjy MsOwlktsots] Mt Isdj, dddyddtkzeh jji f§ttsyy

T10OHOYd TeTdsski=lzy j&3r J HJ2Msoadw.

o I tdz Ls9aOjd MEdJ Ts®HOIIs (Wg@Mmlsduasiy) dzso j ¢

o djtwoadmdzr §j] LOHOYY" (Sezdzv ¥ sy T@s kEBOISd yd M< d
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utsotcj di3j dedetsj] tsBh jlsots QWlsid o dasdzwd fiff jsteld H @jds d
EHsBdats?2 d Ctsdizf OC sHzats 2 f & tf tiygsge'C s BRYVWzcg , BEzse dMisd € j
O IOSCYJ 9 ydWtser n mMdmisj 3OR dHjdelsdW¥WdeOydd.
ddz stedBOyde, MmMr &zCd, CtdsOCldy j HOdd j d HEBkeL
WodzW jIsfpw t©OLKOBESISS O ( dzfistctz a3y olzldss afidsty dias  dcjj @ pad © 6
fsdigsh 8 wirCO ftosctcOBRISEIs o O W d oRgst havdej H @R Is fy
L CsdesdBd S 2, fLotsdzvw OoltsdizOIdL Jteseo Ols! sy MM’
1 tod dQRE sH O Btsy dzts oA Hy) Is!  dzO

QRECtsH (QuickdBResffpsdmlsQodzv jIs MtsB?2 Ho kzd3j tcdsr
Yy tecdz' » C 9o OHKGOIsto tcdfidzRj ditscgdzlssdizp JHY B! jets Mistclz§
L odzj d3d dals ' : Lsdzdtelzs M dj B3OS jter , ¥ stedzOls dzOw  d da &
shdess, f(odmite’ jsdffOdistdzd) Mhdzedpdzls' , BOMCJ
tejL jtco dzOwW tsB dzZOMIs .

lted dMYf sdz L-SsHOsE] do ARz EZydilsr o Ols! otstf totsfmr B
Odze sted lsBse N d¥tetso Odzdw d vyYditese' n §osAhdigp2 shE
fsHHjd&Sd [2, f. 38].

{ mdzso dz" |  tiste jOt WP tg &

Tor MsC OwW MetstetsMmis! Mydlsr 9 Odad v ;

TotL i) detsfils! R tcOdgj dedW BBsdzr hdr GBI ¥ &idse H Odade

iEmlss2 ydotsfis: € fsotejHjddwd;

TfSHHJEBYCO tOLddydsy » Isdftse ddaW tsteOydi dH 6 Is)j £
TCli3f OCIsdzr 2 tOLBjte d EHsBMseats M sdz! L s Oded W
ToL @3tsy desMmis! h dWtecseo OdedWw H Odgdz - ;
iotsL i3y desfyls! o MstceOdo Odzdv dzsetslsdf 5o ;

Tf sHHJ oY CO omgjHEsdw; = QR
TotsL @3y desfls! wslsfmdzi ydo Odedw d OdzOdzdIsd ¢ d ME Odzed

O per o

BT S
O[> P |

{ dfy) tod &3 ¢ ©HRO
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QR Code — Structure
Model 2005 — ISO/IEC 18004:2006

1; & "Darx”

-——an

0, « "Light”
= Bits « Modules (nominal color/reflectance)
Version (1sV<40): SizemNXN; Nmd+V+17 =» N modules

Quiet Zone: 4Ni; =4-mod light margin surrounding cell

:: [ Separators: 6N:; 1x8 » 45 mods

"t | =MW 1D/Finder/Positioning/Orientation: 3M:; 7x7 = 147 mods
:: W Alignment: K No; Ke{0,1,6,13,22,33,46); 5x5 = 25.K mods
ne |l "m Timing: 2N 1X(N-16) = 2+(N—16) mods

E [ WEE Format Info: 5N:; 1x8, 16, 3 = 31 mods
€9 B Version Info: 2N« V=7 only; 3%6 = 0 ¥ 36 mods

SNANGaEA®
NANN RN

io Content: Cell \ Artifacts = Data(&Pads) + EDC(&Remainder)
E.Q.: V=3 = 29°-(45+147425+26+3140)=567 content mods

© 2012 Weter Tuved

Additional Notes

“Light"/"dark™ are understood relative to per-symbol global threshold (reflectance midway between minimum and maximum for the symbol). Polarity can be
reversed (0,«"dark”, 1,+"light”) — if decoder cannot locate finder patterns, try reversing polarity (only one polarity can be valid). Other variations may also
be supported, depending on the reader/decoder (e.g., physical/3D markings, such as dice-like dot/peen dimples). Easily depicted in ASCII, too (using *, )

Corner features (quiet zone, finder patterns, separators) enable identification, location, rotational orientation, reflectance polarity.

Timing patterns (alternating reflectance) supports symbol density, version/size to be determined, and provide positions for determining row/col coordinates
(rectangular, not just square).

Alignment pattems, located symmetrically about diagonal, supports symbol distortions to be detected/corrected
Ne: 0 (V=1); 1(2=V=6); 6 (7=V=13); 13 (14=V=<20); 22 (21=V=27); 33 (28=V=34); 46 (35=V=40)

Version info: 7=V=40 only (not present in our sample); 2 copies, each 18 bits (6 data, 12 EDC); encodes value V ; special-snake/zigzag layout; unmasked.

Version info EDC uses binary Golay 18,6 ECC (=3-bit correction). The Fi[X] polynomial of degree = 6 whose coefficients are bits 17-12 (which encode V),
multiplied by X'**=X", is divided by designated generator polynomial X' 4 X" 4 X294 X 4+ X"+ X°+X*+ 1, and the remainder polynomial's coefficients are taken
as bits 11-0. See ISO/IEC spec, §D.2, for error detection/correction procedure

Damage to fixed patterns (deviation from Ideal appearance of comer features, timing patterns, alignment patterns) can be evaluated, for quality control
purposes (see ISONEC 15415 Print Quality specification)

{ fBultelzS sz&®H QR

l COyjmbej GMmdso dese s d @RMsticHzsR] dals 'Odz H alzv B t6 Q dizj o
Bd&ZzOGtsHOKY jet ftwotsMistslsy d hdesSCdd oL d@i3sy desfls v o3
"qgrcode’ (€jpaswdydB]QR ~PyQtS5" (MLHOd] ctkOW

1 dBdzdslsj SO grcode WwWodzv jlIlsfywn sHdM 26 jddEj =Sa@egosds d
Pyt hon. 2O ftojHtsMisOoadzw jIs kHtse dzf 5 H fodzi s © k2 dzgf dg
Mz dzesmisd d M ttOL dz" &3 dzOMistets2 € OB .

ImMdese dzr | i IstsH™ BdHAdslsi $d cqrcodeé

1. QRCode()i ML HOY Is EHHJOSIs fGR o tsdzv W L OH Qodjsts i df vO,tc C
cOL Bjtc d ktese jd@ Ctsttej Sydd shdesd.

2. add_data(data)i H sB Qo dzW j Is HGddz j ©® QR

 datai lstetsSC s 2 Isdf HOdzdz =

3. make(fit=True) i ¢ j dzj ted tolz j Is -CdfHsAs d Yo IQRBOIsd yd MSd  SH
tcOL d3j t6 H Odzdz’ - .

T ftisfydqvw, ClststcOV QRS isifiBties doO L tef] Lied3 JHI©O dzdz" - .

4. make_image(fill_color="black’, back_color='white)i MtsL HOY Is dL 8 &8O ® j fild .
otsL sy detsmls' 8 L OHOdegdWw Yo jlstse f jtejHdzjets d L OHdzj

T fill_colori yo PQRSC tsH O

1 back coloriye jIs W tsdz0O.
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koM sets esfkzH Ottmise j dedese s &

5. save(filename) Msn e Odzv j Is McE J dgf B tes@ Ddlzdz” 2 QR

1 filenamei dzOL 9 Odzdj o' nBHdEse s W 02 dzO.

1 OMmMstes?2CCd BdBdZdBIsj €d ¢cqgrcodee

T versioniL OHOY Is tOEEY to( VIR 11 dzOs dzlj Gz’ "aa@ s Az' " d2 )

1 error_correctioni tetso j dz2 Ctstetej CSydd tshdets¢ (LOW, ME
sftej Hj dzv sChisfi2 ,C-&ds@fiRB ZH jIs EMlss2yde ¢ fwsotc]yHjddW

ol OtcOdBJIste r _ c dzrifrticelootdzvqgins Ctstete Cydj2 WREBBEO,
vsdzj Hze W dj ydbbr ey SCodmlngQdelodentsmiskzgf dzr o §0O0CjIsy

1. ERROR_CORRECTLT [ sy cdzs dMmff cOo dls! Ctsdts 7% ddd &j

2. ERRORCORRECTM ( f 5 Ed@sdzy ®dgdizs) dMmf tcOo dIs! t5€C 5 dzts
shdetsC.

3. ERROR_CORRECTQi [ sy dzs M teOo dls! ©Ctsdts 25% ddzd d

4. ERROR_CORRECTH.i [ sy dzts dMfteOodls! tCtsdts 30% ddzd

1 box_sizei e OL d3d t6 tSH dzts eCEs HAGS Holz dfwd CQIR} dzW - .

o) OtcOMgxIssietsf tej Hj dzv jIs, MEtsdz ¢ §d¢ MO BH OOdzd |

M borderi € sdzd yj mMsots fzmlsr ~CWAQP.J ¢ 8 CtcOVWAd QR

o}l OtcOdfpdes sf tcj HjdzW jIs Itsdzh Jdzz tORE i1 4 L dz@ g fs dz
WodzW jIsmw a3 dzd BOdz! dzf B L dzOYd ded j B3 Msc dzOMmdes MY J ud

t OLteOBBISC O dwOYyoOodzom: M dqLkyjddw IstcjBtseo Oded 2
GJdel cOISSHHOS QR 1 © L Issdz { sOfj Br dzd ftetslsj Misdtetse O
cqrcodeée, ftrLotsdvshd) sflkdidL dtese OIS s Hotdgj. " dpgd@ls ,
B' dsBHOo dzj dz f sdz' L so Olsjdzt MSd?2 ddelsjteWj2m [6],
QREBHO d MhtOdew Is Jets o WO2d l AatHj IsjMmisdt
Pz yh j 20 tOBtSISO M tOL dzd ydzr &3d W stedzOlsOd3d H Odzd
Stcj B 5o Qufdi2s 3¢ dfd¥ d ML HOdzdW B OLSEDHERS .9 jMdd 64 d

10 1Issd3 1 1sO0fj B"rdzd fHteslsj Misdetseo Odzr tcOL dzd ydz
10Ojd3 Brdz HisBOQoadzjdz i sdz' L soaOlsjdz' MEd2 ddalsj teW j 2
sdf CQRHO d MhtcOdwAst H jj Glisj figls iteRedd dzdlwv B dzd EfMls ts(
Zdzzyh j dzO ttOBBISO M ©OL dzd ydzr d3d W sted3OIlsOd3d H Odzdz’ n

I OLtcOBtSIsOdzdztsy Jtoddztsy J dedJ ff SL o SAEWgHS {tds@iz! dzctsupdk
sdf se:

sjCMmMs&'sH QR

i dt d;

Cdes ©OC Isdz" § H Odzde § ;
H O dzdz" -fi; Wi

dzts d3j t6 O ddisjp dzifW S MS ;

emaitsse " j dzd W :

GjthzsS Oydtsdedz § o34 IsCd;

Miyr &S d dz0 s ddd o MsydOod df & fMmjlswa:

dHd dzesdW S Oydesdede' § HOdzdz" | ( 2Oftedd3jte, odL dlIsc

=A =4 =4 4 -4 -4 4 -4 -
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S OteMmise j dedetsc s [z

1 d> daj ® omMStsets ¢k

1 MsB " Isdw € Odzj dzH Oto W ;
TisHSCdZEyijdedy & Zoom d Skype;

2 QR-Teol — b

BribepeTe kakoi QR-K04 Bel XOTWTE COZAETH:

[E Tekc [ Couinka j

[ CoxpaHuTe QR-+04

BeeauTe

[n\rsu | |

tdBRAZSj ¥ j2 1 o tcOdd

]l HOdz dpj@RI"dfsy dz0@ HBtOBSISC O WEkd€ ydtsdzOdzO, 9 ¢ dzt
QRC SH 59 , O OS¢y ] MMizspdmOBE HiEY o FisOdzj dzd™w H Oc
Ef tcOo dzj-Caf M O@R. s Oyjifyldsas] diglpr s sl £ s OB sIsOs h g2 ¢
dzj eCts YydlsOls'tsH HfjitelgdddepOAsls © d] 5, 2022, M. 43]

]l HOdzdzets?2 MlsOIs! j B dz cOfMidBtsistej dz s ' Is-Cts@IUste OB t
Mcj HMlsoe Odsd Pyt hon. RMItsd LtsoaOdzdj wL" SO Pyt hon
Oolstsdetsdzdz 2 dJdemistclzdzj dzls, Ctlststdar 7 dgtvy olOnf o dfj dgv I«
fsCOL Odz, € opsts IRs O sfpw  OCIskzOdz dz" i3 fMtej HMlsoa tsdz Yy
GjdzgjteOydw f ftsdish ! 8 Pyt hon wWedw jlsqw EHBBAZ o5 d

[ dlsj OGO

l.ibktetseo QREEBHT 9 yqwWwtetse ts2 L Csdetsazd € J I1j w9
S rdzsdzsec §. BO2R.45

2.1 sdzeg ts9 l . rR., sdHBtej dzC 5 QRCBBHtso [ jtslsH ' SH O
RzW stcd3O Yy d tsdzdzOW 2 8 2 2 mutl. O2pABs ls+ .

3 dWVWdydodz dzOv Mmistc Qe piRebd ¢ B e sSEJ 9t hub. com/ | i
qrcbodOBO BBtOM jddw: 26.02.2025) .

4. [WdydOdz! dgy2 hip@2Ils URL: ht t(psQld @ wewe @hyjt dadpwn:. 02

5. Mayer C. The Art of CleanmMmCode. No Starch

6.Py Qt 5 Document at i oonc.. qtURLo:/5( tdfaatrtpesynti/@dsd® t m|
sBtcOh:j d&f6'. 02. 2025) .

Erfdwodsse .., stsmls,Ro5s. u.



https://github.com/lincolnloop/python-qrcode
https://github.com/lincolnloop/python-qrcode
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

1B Od. ¢. [
1dydzej o OtclssoaMS 2 ctsMkzHOwmlse
G. 1dxdzj 9 Otclstsea M¢C

1ot [Bsd 1oV EHDARF I EHSILL 131010
1t R 1 [ [WULKAN AP

Il HOdzdlzts?2 MIsOI! j tOMMdzOlstcdo OjIsfMw B OL 59 OW ( dz
CteOWdud MEsets or Yukan@PIf o f sd3tsh d

IsmMétsdz S22 o7 atsH S tsdifdztsy dedds? d ¢ © OEY tzg ¢ Mdz 2
Cslsstesets o MBotej d3j dedetsds S s+ ¥ Isj teg ftodmMkzlsmiso |
Cslstster 2 Mftets SIsdqetso Odz MY §J ydodz! dets wHdzw e h j daed v
weo dzw j Isfpw dzO0 dzd yd jAPI, € O s gis & dzdztshigdste [ jsls LOLH shis Of
dmf sdz L so Odzedw Hdzvw t©WOLWOBBISYdS O, sO¢ d or ML
ftoj HIMisOmWBL,dz o RIREX5 O 9VulRaB.15s OYHARIddy JIs Mo sc
ftoj qd3zh j Mlse © d dzj HisMls OWWEHZY tetOiBldstisdslz  frfcagtsyigajdisp |4 tas)C
Yy dzd ftesj ClsO, Hdzw Ctshtsttsets tsdz BkHjIs dhfsdz L 9

Vulkan 7 Ctetsmmy dzOIs W BSR¢ dg palzdz' @ OB Blaff 3fiPp 26t OW dE 52, !
ftoj HBMISOa dzW jIs BBdzj §J dej f sMtcj Hinlse jdedz" 2 HEBMiskY
ftoJ HdOL dzOyJ dz H dz¥ b gzl tzisdizeb | , ff oz g Hdad fIs dzOG tolz L ¢
ftosyy Mihsts, Btsdzg 4 dzj f sMmtcj HMise j dzdzse 8 S Bdzlstetsdzy
Ctesmmyf dzOsW tstcdzj dedets s d , ZmMistcOdzi X4 ¥ ] .dzgj His MzPis ¢ G2
OB Mistc QRIYaP§ dzOHT 9 Oj s d dhtsls &cPledis@ BE RIS tstafLa HOY J
CteOWdud MSd2 orotsH wOMIWEedoOjIsmwy d&O BEdZ! M j Isr
MisOls! §j ddzedydOdzdL Oydw d dzOMmMlstes?2 O 1 dzj 3 delstse B Iz
f sdzdetsy j dedz” § §ted d3j ter tdOR s | cos SEWHYD Odits lalg® H s C &
tczC sodsHie zZC O &O Ctltstetsy ftoj HMIsOodzj &zZO o tOL HJ

[ d&zv tcOBARIss nj tco Iz syJj tej H! dzVikaiSBKH (BdftsareL O G to L
devel opment kit), fMH j dzOIs ! 1 Ists By dzts dzO
https://vulkan.lunarg.com v OWVulkenOk] Htoj HisMIsOoa dzw jIs o tsL Y dats Ml
L Iss2 LOHOYd 9 ©OMHRBEOR HOddts?2 MisOIls: d BEHJI dMmi
GLFW, v Istsy 4 dzj sBrn 5HJ i3t M O2Us@G tc Iz Ledls ‘tc O B fip
https://www.glfw.org/download.html

1 s sealkénizy o dzv j Isfqw  H S oAPKz! dig togeBo rda@ YO dzsdz tc OB |
ftctso JtEtfBH jteyx doOjIsmqywy dzd tsdz 9adHJ B¢ Oktsisdz] afts 2H t6fOQ 4
VulkanSDKdzO ~ tsH d dBinf OO B dzj vkculz@xe sH dnddzd fted L Of 2mC J
Ctezlswh d2mw CEkdundlG dzs é®lyfffstsdg My ~Btetsh s, 9 ol
mMtso &3 MIsd BsMiIs: o©dHjBCOtlsT d HEOQo jtotso .

1 smdzy dzOMistcO©d o Olp Githw Hiiptf jsridzdsQLds QB t§ € Ol Odzs6
HtsB Oo dzv ¢ ISifigudef Odf Cufstf sdzdzed IsJ dz' dz" § C OlsOdztse gb, B dO8 dzd
9 LOodMmddsMmisd ¢ tcteyklnksl@béH tsfibn@.boézy & Isfpw ¢



https://vulkan.lunarg.com/
https://www.glfw.org/download.html
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poMC et Gz Okhise j zlzsc s L

R, zOC tsdzj vy, By dets ftodmiskzt pls'o s O de@if tB)© Ay §
fsstejBlzjlsmMw dddydOdzdL Jtese Ols d doOfmktesdlIs: d3dz
fsCOLOdRts o kOBAJYy) dO tedfm. 1.

[ dzZv EHBBMISO9 O ttOLtSB! Y d3 dzgj sBrtsHd BBz dded ydoOdzdiL

T MyWindow i 2 tcQOdzd Is ddeW stedzsOyd® B Jw§ dzj dzOh j et {f toc

7 MyDevice i R tcOQdzd Is d dg¥ ts¢ktiz@agad,® VkPiysicalDevice VkDevice,
VkSurfaceKHR, VkCommandPool, VkDebugUtilsMessengerEXTd dzj M ¢ vkQudug n
[ Odzdz § € dzOMMmr te Velkamly talG NIy dp Getadsiig yj M dd3 OH O Is §

1 MySwapChaini n te Odzd Is d da¥% ¥kBvlgripihKHR{sVkFormat, VKExtent2D,
VKRenderPass d o JVKinsatgete @kDeviceMemory, VkimageView, VkSemaphore d
VkFence 10 fqyyl {tIsdr S dzOMMmMtse BEZHJjI tojceclkdzdttse Ols -

1 MyPipelinei n tcOdzed Is d dzt kiipeglihg, d 6C s Ste " 19 s 0y duSOdp 5B to
ontBHWhda hj2Hjttse d ftol s5BtOLSo OdedY dr © dL sSBtS

T MyAppiBEkHjls RrtcOdzdIls! ddzaW stedzOyds B oaMmjnm MBLHO
drn OBkl Htekd f)] Hiekesd d fd Lso Olsj dzj ds.

t OLBjtoy d3 oadzzlstcj dzedzj j EMmistots? Mis o s 9B L jdzAs\gddzda’ s
MtsH j .o Ols 4 .

MyWindow: fted ddzdydOoOdzdL Oydd witdth, he@ht O dafidovdsanfeO tc © d3j
MsLHOY sfMw sCdes d dzOfMlstcOdo O Isfw  jets Meots2Mise O.
Vkinstance, ddg¥ sted3OYydv s SCMyRetwde § d3HiGHCBIEtds. v o

—— YYuan.

Queve(s} Heaps(s)
213|[2](5 g g
g § g g % % —.| Command Buffir | l RenderPass |
(&} "~
= F I | Subpasses | Dependencies |
e e | RenderPass “ Dispateh ” Pipeline Barriers |
e Attachment(s) I —;{ Input Artachment{s} | —»{ Subpass indices I
[ s
I Application l o image format | [ color artachmentis) | [ pipeline Stageiags |
—.{ Device ” Thread ” Thread I Load Store Ops Resalve I Access Flags I
Bind Pipeline T Attachement(s)
I a | I 2. J I Draw
i 1
[¢ | [ Descriptorset |
C [ |

G Framebuffer Memory Heap

| Pipeline

GlsL "~ SPIRV-Taok m i H
2
o

t dfm. 1. v OBHgE s sodvOdidgiy) d3j dzlstse o Vul kan AF

RenderPass
Attachment
Attachment
Attachment
gl |3
3
=al | F
3
Rk

Shader Modules
RenderPass

Viewport State

a8
3
a
2
8
=
3
5
>

Input Assembly State

Depth Stencil State
Calee Blend State

Tesseliation State

AMDI1 | RADEON

MyDevice: fted dddydoddr. Oydd {f tcdMgiViogow.ls dnr W@ yzls fr
Vkinstance, 9 C Blststesdy S OL T 9 0Ojlsfqy dJdeW stcdzOydw s dzOh §
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

odLEZOddL Ols&sR)O o dffdsvz: L 2] f3r = tcOMh d tc jvddiflatich d
layery . g dzts d 9 0dzdHOYydq f sHCdzt YO Isipw ¢ 9orL" 90,
otLddCOshdrn hdetst¢ d dMfisd Lkzslsmwy ftcd HJjBOG
dzO fy Is tc O kR ulgUiMessengerEXT, B IRts BEZHjIs ftoj HisSMIsOo dzv Is
otsLdd SO hdrn hdBS¢ OR ) EHsB SR HEZY yj dztsej $oO
i tod dzts ) Yktasfance)( ¢ jtoJ HOY Isfqw  Hdzw Mo w L d M VkSAOridas.d3 1§ tc d
[ Odzj j] dzgj sBatSHdB@S or BteOls! dhietsdy sk dgrodzd ¢ tc O W dia i
dzy dykRhysicalDevice 1 O tfhdatse j o' BtcOdzdesects o9 dH j SOHOY Isj to

SUjBjHj2, MBLHOY MY dxBevifey | Mty olsf)ls tas? fiisdzds” j |
COW dujMSdds OH Of ¥kQueteds s 1 @& Oakz” t§ BsDyyy § b rda¥ s totsiy j o j H W R
sdets BEHjls Mftsd Lso Ol . 1 Oyds, o Mmkkzyo] dnfsd

f sHCdzt ydls: d = VkDedce fmtslL H © tzif) fzj H dz¥ & syj toj H! ML
VkCommandPool, dL SCtlststetsets dzOh § f tod dztsyzy dzdfjm § s Hzelzj dzd ¥
Hsf sdzdzj dzdy €& {1 Istsd3z MdzjHkjlk ftejHEmd@tslstejlst cjlisls

MySwapChain: ftcd ddzdydodzdr Oydd { tcifiypguB®Od Is (s dnifnj GAS |
VKExtent2D. 1 O tfdztse j ML H Odzdzts MkDedis & 'd B J IO Sl figw Lz fipds t5 &
ML H KkSsvapChain, ©O KkKBE&maj, VKExtent2D d o j S Iststc L de&imapelzd 2 Is «
Cslsster | ntcOdgvls dqdeW stedgOyde s WstediOlsj, tOMmMh dtcj dz
gL sBtcOY j dad 2 . [ dzw ¢ Oy HMRIDage gt LsH @Ol fj Wad W dzitfts tc fkOts)
f toj HMis Oidaggeatesh, o oMW 11O ddW stcd3OyYydw fMshtcOda” j Is
VKkRenderPass Ctlstster 2 fdmroa0Ojls ftosatsH toj dzH JteO dL SI
MtsL H OKkFAafmebuffer, Clsster 2 RtcOdzdls elstsoakzy Cy pdzhdsH 2
Il mw dJdaW stedsOydw tsB BRZWW jtORr IsOC Y| tvYKSemaghorgls nw
dVkFence fftoj HdzOL dzOyj dzdzr | Hdzw Mdder esdzdL Oydd f§tetsy
Gjllsjter d HjMbkzSIststs.

MyPipeline:  fted ddedydOdzdL Oydd Wybdvize WRgnderPasd) " dz¢ Iz
VkPipelineLayoutd f kIsd € W O2d&zOd3 CO)yHtsets dqL L OteOdzi 4 MSt
toj Odzd L & j o5 VHBImdenVOdizlg H dzv C Oy HBets dL dMfsd L EzJ d&3r -
VkPipelineL O dfmdls tsls dzd n dzOf toV RREkGraphipsRifelmdtupatginf dils tc z ¢
s L H\@PimBline, Colster 2 tsfdmr a0jIls o j Mm! ydedz sBtcOB s
dLBBtOyjded]. 14 LOB"90jd&3 ftes G iblsjter d HJMstk

MyApp: MBLHOYIs 1 CL j & dzwter ¢ OYkRipetineH 1 ts dz@f i F dz< «
ML HOY Isw ' B&KPipeldd gydat, dz Cslstste” 2 fsLoatsdzdls o Mmdzkz y«
dL d&3j dzvIs' § 5o j Hdgjdzdlits d3ffjdRdadjtddase MyfSivapch@iniissLtH. O Yy lthyw o J
L dzO0yJ dzdvRCorsrdatidBuffer, C slstster 2 ftsL otsdzdls " asHdls! [t
dLtsBtcOY jdzd" RzO0 {1 nmidzlzj@ddL zZj &3 or otsH dL SBOY j oz
ftod dztsy § ded W .

lted o jtehddzdesds M j 2 H | BeRf) Ytsw tod®c QY Uzlsdlg® dgc df f) 2 H |
20 Wedf®)) todazzydd dqLtsBttOy jdzdy Istej Zeotsdz! did@d) [ OC M
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#version 450
layout(location = @) out vec3 fragColor;

vec2 positions[3] = vec2[](
vec2(0.0, -0.5),
vec2(0.5, 0.5),
vec2(-0.5, 0.5)

X

vec3 colors[3] = vec3[](
vec3(1.0, 0.0, 0.0),
vec3(0.0, 1.0, 0.0),
vec3(0.0, 0.0, 1.0)
);

void main() {
gl_Position = vect(positions[gl_VertexIndex], 0.0, 1.0);
fragColor = colors[gl_VertexIndex];

}
tdmMsBA. 9 jthdddzsegts M jIAIH WO
#version 450
layout(location = 0) in vec3 fragColor;
layout(location = 0) out vecHd outColor;
void main() {
outColor = vecd(fragColor, 1.0);
}
tdm. 3. stH WKOEd] dzZsdzsegts " J2AHJ GO
i MyApp - X

tdfm. 4. 1 tsdziz YO jide ¢ Ol tc Astaglizjc s dzr dzd € [ OC Mo j
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1 > dzj o sso MECséts EtsMizH Otefise j dzdetse s Lz

14d Mty dz0 ¢ s d3f\dagas ) dztsfiplsiz) B @r tsls 52 dzOMistots 2 ¢
Mdzsy dzs J toj dzOMilstetsd Is ¢ Xy o' stskssadr s 7 tcHadrtg @asklz 6
dLBBtOY J ded 2 , Yylsts fsLotdzdls dmftsd L tse Ols! Ctslstso
stejBlzse hdn COyjMmlse jdzdesects oadL ZOdz! dese s Msf teso Y H

[ dlsjcOkiO

l.itedHOMmMBses . ¢. vtcOodzgjded] cCcwOWJquiBldd dzAApPmMS d
2022 -4 (1711)-77. EBN JBOXBR.

2.y 1. 1. ltesj Ssdesoa Odzdy Otendlsj Clsizter tc J dat
Vul kan [/ / 1 0kydz 2 OfMmY§ HE7IEDNQIBIMN. . 5, -~ 4. wu.

BtwBtso.sisdd.j o PdzPdzdL ftesdLotsHdsgdz &BMIsPi c &8O
Vul kan // VII dOkEzyde 2 Westtkzds Isj dzj S-s@s2izz.dzd € ®ls) dtdd
XXVI1 [ i HLIEdO tc daijdasied ywgnAydts € tsdzW jite B dzylasd B cy O BOWRA
HtOBOO: 1 soasdyMEd2 efmMizH OteMmise j dzdzr R s tzdiAdle ¢ Godn,d s |
4. -277.®€DN FGZAMI.

Anddzdd t.5. ¢dOdzdL Mteotcj di3j dzder = ctwcOW dud MSdn
otstf tetsfmr Hisfisd ) J ded W d ddedztseo Oydd: B tstoded € dz
[ i HEdOtSH dzts & O WOz jddipS 52 € sdaW | to jtedzy d2(Q 2 2¢ dz=dw HOQ .
[Bh jMise s fn 56 e Oded yJ dzdats ? tsdsfig fiy dzjimHst® o] @sigtsdryisfn & d 2
1L Cdsdi3dudi MSdr d MydoOdz dz = ftesyd Mitseo e64.6EDN ) dzts d3
JRXMNX.

5. Vulkan Tutorial.URL: https://vulkantutorial.com(H © B @ ) Is 2702202k

E) kB Odz, 2025, § .
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1" Bddz,lisdizrddz rR. 1
l sdzetsetcOHME 2 cetsMmizH OteMmise j dadz 2
G. ] sdzetsGtcOH ,

Fdrel Rt LI OV RE OR [tuds1dt 201 052 Moot [
ARTRY[HdsodCc uwRJUVYRHWwRCS s2hHbrtrvf1drr1RrRC

Il HOdzdzs?2 tcOBtls] wWOMMBOIScdes Oj sy ftesyj M MsL
O OS] ddksictOydw MmMdmisjdz CBRf! s lsjtcdzetse s L tej
M s detsmis§ 2 .

Gazeboi | Ists dtsh dzOW  &zO W stedz® H dzv ) dj dglasdrpis @b iz 6
hdtetsC d?2 M j Clste d dzhistclz dzj dzlsts o H dzw BsHj &zZdtctso O
tesBtslsslsjrdzedy MSdr MdMmlsjds [ 2] . [d2O HSHHjtydo Oj
ODE, Bull et d DART, Yybsts fsLotsdwjls Istsydes dsHJ
stesdzy Issets, Gazebo dqddzksjcecttdtlkzjlsmw M ROS (Robot
d bifMbdteso Oded] HtosetoOBBdses B M Jj yd ddy HE&Y

ltesyd M wtSsLHOddwY [ tSHJ dzd

l jtcor &3 h OQetsd3 o MeLHOdd W&sHjdkd B" &z s tcj
h Qe h jets B sdiPf sdz! 4 Bds@ dze ZBA D H dzW-d3tdrHsjL dadO dzf # B 3l
o Cdzg yovw oefmj Jet SR tsdzj dals' : Cstelf 2, dzs 6 d , F
LM stelsdictso OdzO o W isted3Ols, ftsHHjtyJo O] di3r 2 Gazel
Format ). 1 O tdxofiyizjdd8Q] dits HYjtglg'H fiidssB SIS O.

t dhGazebo d&sHjdz sBBISO

sdzj HEsE hddis 1 sOfsd3 MsOZO dOMtes2 ¢ O WdL dyd MSd
sftejH]dddad BOMMHE, dJdjtwyds, Ibtjddj d Htkzecdj !
tesBslsO. Clsts ff tsL o tsdzdtfdsse jsHsjudiafs] ditsts g telds] @ tsep Qs L dzd y dz’
HodYJdedy 65 dzgjtosodes? ftsojtendesmisd ddzd oL Od d&I3sH J§

[ dzv EZftcOodzj dgdv totsBtslssdy d tBteOB®ISSCd HOdzdgr = f
l ROS. Clsts 9 Cdzt yodzts MmtsL H Odaddpj dLwdztstpe dde Ols jj dizv B36 S
HOdzgdzr = ) HOLydStse d odLEZOddL Oydd MmMthisswddw to
dgmf sdz’ L s9 Ols! cetslssor j BdBddlsjCd d ddhmistckzdj dzlsT
Hicedrmr LOHOY [ 4] .
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poMC et Gz Okhise j zlzsc s L

Rdzalsj etcOydw wdfmlsjdz sovstf ' s Isjtedetsdts | toj dad

[ dzv EdzEyh j ddwvw dOeodeOydtsdzder = M smtse detsmlsj 2 h
MdMmlsj BO Cdif! s lsjtedatsets Licjdedw. Clts o Cdz¢ yoOdzts d
dLtsBtOY jdzd?2 HdW B dOteky jddw ftjfwismisod?2 d § dzO

J Gazebo B'" &z dBisk @dzdzgzdzf € Od3j te' , Csltster j d
COoOdzgj 67, EZMsOdetso dzj dzdz" §| O sl . GCIsd COdjter B
o' MsCdd3 OLJN jdzdi &3 d yYyofmlsslsts?2 COHtBO, Yt
Colistf ! s Isjtedetsets Ltcjdedw [ 2] .

[ dzZvte@®@BBISCd qLBBKGOY jdd?2 M CORBjte B"™ dzd My szt L
CteOj 9, Md ey degsOydw d tcOMY sL dzO0o Oded § sBl jJCIsts
sB dzZOtclzy do Ols! ftojtfwilsimisodw  § zOdzdtetse Ols* BjL B (
ftoJ HMNlsOo dzfegey fH3tfelz FOBBIST C O o' .

File Panels Help

(“S)intecact " Move Camena _iSelect Focus Camera Measere .~ 20PoseEstimate o~ 20GosiPose @ PutlshPomt -
£ Displays ° e Views
v Fixed Frame OK - ~rorn =
@ crid J Type: Orbil (rviz_dela Zero
& Camera - Current View  Orbit (rviz)
, NearClip... 0,01
bnvert Z Axis
Target Fra... <Fixed Frame>
Distance 4,32328
Focal Shap... 0,05
Focal Shap.
i Yaw 0,3053%98
2 PointCloud2 Pitch 0,8503%98
v v Status: Ok + Focal Paint  -1.1544;0.32378
+ Topic Jkinect/points
Selectable v
Style Flat Squares
Size (m) 0,01
Alpha 1
Topic
topic to subscribe to.
Add
o Image °
Save Remove Rename

D Time

The class requited lor this paned, ‘tviz_common/Time', could not be loaded.

Error:

According to the loaded plugin descriptions the class rviz_common/Time with base class type rviz_common::Panel does not exist, Declared types are
slam oolhox:SlamToolboaxPluain

Reset 4lps

t Bl ftejnjojddj chzedd o fttshstOdmises j

[ Odzdz" J M CORBjte d twjLizd sOIsT sBtOBBISSCd dL
ZOo de Oydsdedes? MdMmilsj Bs?2 tesBtslsO. Clsts § L o tsdzd dzts
stcOj SIststedd o L @O dazdglsdf ffsts] toslsmiso d?2 d dL d3j dzj
[4].

ttsLHOddj] Gazebo B@BsHjdzd hOcOsh jes twsBtslsO d d
fsLotsdzddzd L dOydlsj dz@ dets Ekdzzyh d s Jets dz0eodceOydtsc
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ftoj HsMIsOa ddz d3tsh dz' gz d aad)is jodzdisg t6as © dzd v YdLrduyd medna
ddzls j ctcOydd fp ROS, ybt fsLeottdddts ML HOI! tj Odk
BHEM jd&B d3FF § dzOdedteclzj &3 dMmf sdz' L s Ols! 1 Isk d&tsH Jj dz@
dzsor n Odzestedlsdiitce EfHcd@y d @@ Jd AzOte tf & ©lytH a .

djtcosftcdosH MG996R

djtcosftcdotsH MGO996R dMmMfssd L kjlsmw wHdzv §toj yduL
9" anHdse s 9 OkzO. [dz MMmissdls dL { dzj CIstesHe e Olsj d
BdzsC O bkftcOodzj dzadw . G dzj € Is toldsteichf jcfipdsty ¥dz! + dijtotg dsBitc Oa Iz g
ML HOo OW otcOh Olsj dzv dats § Ho dxdJ dzd J . t JHEC ISt Iz d3]
Ctozlswh d?2 disd3j dels. 1 tslsjdzydtsdsjste L d3j ew jls ketsd f
1L dzj Sstedyd MSd2 MdcecdzOdz, € l'sAer R dzyf G tolf HOQ dsdg v dzdfizO.
Bdzs¢ EZftcOodzj dzdwvw MtcOodzedo OjIs dL d3j toj dede’ 2 EZcetsdz  ts
O tcOo dzj dzdj o©teON jdegdWw 1 dzj ClstesHOodEOIlsjdzv [ 3] .

{dBujcosfedotsH MGI996R Mt Mdvks?2 S his:

fbd sdyf dzj Sfiste PCA9685

[bdz Isdf dzj C fstei FPICALIBEBIE] L d etso OdzdzOW B C ot n j
o jlssHdBHOBY d Hekeddd EhsHE2 pEdad, PEBYBRS &
16 COdzOdzsoe dzgj L Oodmddsts Hieke ©ls HiEkeO d § &HC dz 1
12C [6].
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t dMf kd sdfdjSmste PCA968S

] st ORBBO 2O dMOdZO d20 wiLr ¢j Python fp dfMmf sd
[0 ddedydOdzdL qtelzjls MjtcosftedoatsHr , kMmlsOdzOo dzd e O}
o' fsdzdgv jIs IsjfMmlssor 2 Mmyj dzgOted 2, 9 Coltetsda ¢ OYH
Ho d jdsd Wdzd dzd 3O dz! dzesets His BOSC M BOdz! desects k6 dzO [ 6]

[ &z f dlsOdedw dMftsd LEzjlsmMw Bis¢ §dlsO0ddd® EI e
ftc] SBtcOL 59 0OIsj dz2 dzOftewy jded¥w HB 20¢ 300 JlIs M toj

[ dlsjtcOkiO

1L.HWL7-02C -Ax6i s Gyroscope and 202A3c.0URLer om
ht t owwl f r cloimtr o dlWOCBET Ml

2. Koenig N., Howar d-RAbotGasemail atAorMuf or | nd
Proceedings of the | EEE/RSJ International Con
2129564

B3MOORSer.va ORBht t yBvE e rsvhoo in® 9r6

4.Quigley M., Gerkey B.
Berner A.

, Smart W. D. , Wheel e
, Ferguson D.-SokFkoboéeeRdIboteOpalratROF: S
of the I EEE InternatcosnahdCAntfemafBb@&O0on2 Rodot

5. Ras ptPaBMoyg.@I0 2BRLht t ps: / / cl(ckOls @ /8eLAFGMNI.V 05. 07

6. TCA5ABt GI2ZCMul ti.2loeBrRthttps://clck.ru/ 3LUyAA
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lt{rsuvrt IOV RIUSIBREARSLT LB
t {1 eR(ltlvg

clf 1 RrRUJtRLUL forrsRARY ] [U

1 ofRY Ytrrfruvivds [1]¢uUR

4 So tej d3zj dzdz’ J Bd Hdyd dz ¢ d 4 MstcOR O " § C sz Odzd ¢
Oo stsdi3OIste ®yHdidmtse, Mo w L Odzde" = M dBsdzdlststed dzc sd3 d3g
1 O) dztsfyls HOdzdztse s ftetsyj MMO BEMdzce dj O ¢ OC¢ L
ftslstcj Bdetsfils! 8 o Mmdedy jdedd tedmMSso d fwsorhjddd + W

oL cf ¢fses wWodwjlsw JstEal ddd@L crdgBH] tBWL Olj dz o
MstcOr s OdzdwY d OCIldodes dMid LEjls dJdeW sted@3OYd 5
HyWlilsj dz2 dztsfis(d . [Mdsodz | WEdydd MbsicOntsac? ¢ 5k
oLOddsHj2Mbsady M i HdyddzmSid digfls zQst 8 'He darfty disfe, S 16
LO d~ dMm{ sdzdzj dzd § .

R daW tste 3Oy d ts dzdzO W mMdMmisj 3G  H dzv Bsdzd Issted dze ©  d3d
fcLotsdzdls OQolstsBOIsdL Jtetso Ols! Htetsyj MM MBSO H Odzds'
mMomMisswddwYy LHBKse! W tOBBISdd S o .

[Bhd] EnNMksoOgdws Odzedw HEtsdyd ECOLT 90Is!, o yOfls

1) o9dH MtcOrtoa0OdzdY d JjeB ftej HAZJ Is;

2) EmMdzsedw dL 3 dzgj dzgd™w MlstcOrR s s2 Mz ddzd @
MstcOr s Odzd Htoj HEMBOItcdo O ls IsOCts] dL dBJ dzj dzd § ;

3) OO d GBYWLOddzEMisd ¢ BpwEHAA VL Mlsttetsdz HBG

4) Bl jdB3 Slso jIsfise j dzdztsMmisd MistcOrRtsoa 52 Stec OdzedL C

5) o dd&kh jMmilse j didggdg sfgls is@Actg HQdigj dizd v tcOL d3j 6O Lk

6) d&@ilstsH ftejHjdzjddY ttoOLd&jttd SCtsifJjdhoydd d
MstcOr s OdzdwY Htoej HEMBOItcdo O ¢ SEMiskz dzj dzgd™w s tsB

7) mMismss tftwjHjdjddYy d 2§ &zOk' MsttOrBots?2 (&

8) Mfsmtss d MmMfshtss ddHjS$MOoydd f(toj i3d2,
ftocjHEMBOtcdo O Is ddzv j S MOyds ;

9) fotewHES d Efdzcedw odzjMmjdedw dL dgi ded dzd?2 o
dzj s tej HJdzj dede" 2 MtesC

l10Mmdzadw d MiesCd twOmMlsstey jdzdv HtSetsostcO® C O H
tcOfMmiststey jdedw, JjMdzd tsBh dj EMmdzsedw MlstcOrRtso OdzadW

ltejHMisOoddz BtecOdzdL Oydsdedzzs Mistelz € Is Eftedz  (fifiledss. O =
ted ).

It c&zOo j2 MBEPERgthNCs2 CodkfOdkdd &ORsHdlMW
fsHYyddzj dzdd dzOR tsHWIsfw MdzjHEZe h dj fBSHEGCOLH,j dzj dad v :

i WddOdeitse O Mz B O (BEZARGEOMzISjtedW) ;

i SlsHjdz Ctef StcOIsdo detsets MistcOR 59 Odad v ;
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t dfittc OdzdL Oyd sdzdzO" MistezClskztc® ¢ i3 Oded d

VidAree [naftfJrvRrRe JUrTRARVESI LS ot om[l o1 RC

l sy j M) W sttddj ddY EjHdyddhises MiscOn s Odzd "
L sOf s9, dzOf tcOo dzj dzdz' = dzO 1 &eYjjhftlsiduwjdesdnjls df @R LOE@EsELS
Czd jdzstsdy d fMlstOntcots? CiRf Oddj2. sddjdas ddzdydd
fMizzy Bk Sty Odzdd, ylbsts sy jls Brils! fHj dzOdets £ O 1y
fazOlW steglz. 1 dmMfjlsujte Mtss@®y Ists dz§ tzd § tzls gf Bz Y ¢ § da
f sy 4 dzOdzd W = .

vl j ydoOdzdmls SCtdif Oddd OdzOdzdL dtelzjls f slstej B datsflsc
MistcOR 5 Odad W . ] Oy dzs ftese jMmisd yYjbStsj BI WidsjC
His Sdzdzd Is j dz! dzf &3 MistcOR tso Oded j df,dzl 5lctEse o s § Qrdegetic s ¢
sfMdetso j MeteOdzdes? dJdeW stedBOydd Wosddokzj sy flsts
Hj2MlseaedY HBEBotStc®, tCOL A tc MistcOrRtsots?2 MEzdzdzr , kM
ftoj HsMISOo dzv jIsw oL i3Sy desMls ' o fomALhs d3dHlss e &) (s
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

1 sfpdzj fsHYdMOdedw ftsdzdmMO ddeW stedzgOydw € dzd j oz
Yyj dzlstcOdzd L s Odedzlz® BOLEZ HOdzdzgr . Clsts cOtcOdglsdtelzj Is
Eftetsh Ojls HOM dzgj 2" 2% ©OBBIE ff t€Hizly’ dzlsdaa dflz oY tsoi dalists
dtlstcOR s OW C R Odzdw MEh jMlsodzv jIs € dzlstetsdz L O
ftoj HsMISOo dzj dzed j d3 d3d Hd yd dzm < d ~ Zfmdziz ¢ . ¢ dMmilsj &30
RO sz dzOdzd v € OC Cdzdj dzZls Oz, OS¢ d d&Bj wd Wi dndg o L&

Clstsls ftesyj MM eiMfjydeaOjls or MsC d2 Ftese J dz
MstcORsots?2 SR Odedd  WW jiClsdoades ZfteQoadzvIs! Mmotsdd3
{Jt1d 1R VAREQSUIN L fRY[E#SOC BULZV 8U? S{fI[ 88
trzoérfam 101 oy

t OL OB Ols ' dziog teFRO Y ¢ dzdzO W MdMmlsj BO ¢ sded Iststed dze
MslstczHdzd S soa e BRkHjIs Mdazkzydls! sMdetso dz" d3 d dzfls te Iz o3,
ZfteOodzf dzdV d3j Hdyddzmsé ddzd hMdslsteOdd, tBJMYfjude O
ftesyd MiMse . [ Mdzse dzr j dz® Otm PYFls* ¢ fisdefiplc GO H say dzs yOb |

l.o0olss®ROISdL Jietso Odzdatsj] o jHjdedj BOL'™ HOdzdz 7 Bj+

eBLHOd) d fSHHjtyCO yYj dlsttOdzdL so Odzdzts?2 B OL T
Mo jHjddY 8 &jHdyddemWSdr hdslksteOr MtslstelzH dzdC 59
tsB Mdzg O dzd 2 d tjStsdi3jdiOydd ottOyy ?. Clts L o tsc
dqdeW sted3Oydd d BddddBdL Jtese Ols! o jtosWilsdesMmis! ©h dBts

2. Astocdzsdtoctso Odzedj wlsyjlstse 5 ftesatsyHjddd dsi Hd ydec

l 5L i3y detsfyls ! Gjdzj todtctso Odg ' ff GstésQudglsls tc Ofdgs s @IS df sy
ftoesatsyHjddY Bhdisltese , CsdzdyjmMsoats MtslstclzH dzd € 50
fdzj HEs h jets SMBskeO. Ckd lyjl' BkZHkls §sdjL d
f dzOdzdtetso Odedd RBj esftedwisd?2 5 kzdzbaCisdeds Mtshmistsw dz

Bstodzstesdzr MtesStse ftoso jHjddV dBjHShMBSISese d (

it OLtcOBISCO BB rOdzdL BO OolstsBOIdL Jictso Odzdzse s § t
sfkslstese, Clstste’ 2 BkHjlk SlfwOo dvis: d&Of sdid dzO dzgd
sftej HMsswh 7 thHhdkslksteOR . Clsts MdedL dls o jtetsWisdatsfyls
sBj Mt jydls Mtslse jlsMlsodj L OCBdsHOIsjdz/ dgF d3 Istcj B s59O

4. ¢ dzOdzd L LWWJiClsde desflsd tcOB SilsT fMlstcOR tso 52 ¢
Bsdzd Isstcd dzg O

ldzjHtcj dzadj OdzOdzd Isd yj M S F dzSdddzmts jollz iz ddss Ble d oHdaE s &
B HEMB3sISteses d of Weodzj dedWw Isjdznj dzyd?2 o MmMtsMmissw dzd
fsdiisy jls o ftoddewlsdd EftcOodzj deyjmMSdr tojh jded?2 d o

50ftcOQoadzjdzedj twdMC ORI LHBKSO ! W MslstelzH dzgd S 59 :

t 4 OdzdL Oydw BizR O dmfy jazisCeod ted ME SO, Mo w L Odgdz’
MtslstelzH dzd € s 9, dz0O smdztso J H Odzdz" n s &3d Hd yd dzlm € d
Motsjotej d3gj dzdzs toj Ocdtctso Ols ZzO (Y Blsj dzyd Odz! dz" J z
ftosdtOBRB 5 dzyh jddt LuHtttse! v MlstckzH dd 5o .
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Anpreprarness 4: 0,18
Ansrepriariesa 5: 0,13 M & [ Coeoe
B anwarena e il
WTOre, AyNwas: AreTepratnea 2 (0 sHavenmem 0,24 » 1
.
- 2 |03%1
0142 0.2
=) » | > [uir
0034 0256
- e 4 (0345
= 045 oS PO —
N e s |09%4
" 0324 005 f
_ & |0075

Haime mywpo
AN TepHaTSy

' 19

b}

[* 2
-

t dMCCLOdzdzOY WistcdzO o 9 SHO HOdzdg' 7, B¢ dzts

[OstedyO® Ctdsjttdjo d Od’ sjtdOsde f(oHEEs ds &

v OB dZdYyO 4
[ OdyO Stwdlsjtedjeo d Odz IsjtedzOIlsd e

[ G0 dgs ulssqdis] [B) jd sdkdiejd [ OMAs| 4 Ok OdH
0,05 0,408 0,137 0,28 0,11 0,143
0,143 0,186 0,041 0,28 0,482 0,143
0,034 0,266 0,323 0,28 0,308 0,143
0,045 0,045 0,199 0,118 0,066 0,429
0,324 0,095 0,299 0,042 0,034 0,143

56 d&zZOMdets tcOMMdZOtcedo Oj 3" d3 L Of tets O3, ZC OL Odz
ftosdtcOBBO ftoj Hdzsy d dzO, yYbts sflsdBOdz d' ds o Red Odals
T GeelyCoolray

]l Motej di3gj dedz" = kffdzsce dw R, CGGEHO tor dztsed lDjods sdAstsiB
dL o3j dzj ded W, or Btstc Y SHAtHWH j2 BtsH j dzd MlsOdetso dIs
CdBsO2mMSédn By dzHBSD, W©WOded 4 BOZSdL ©®jMlsdzr =, ftedot
ftosBdz B2 dzj HEMISOBCO ddaW stedzZOydd d f sdzd 3Odzd W,
stcj B so Odzd Vv d3.

RiMfsdz! L soOdzed] fJtosctcOBRBB ddeW stedzOyd tsdzdets? f SHH
2O BjlssH] BtscsCtedlsjtcdOdz! degsets OdzgOdzd L O, 1§ 5L 9 5
Jets fsLteOyds &3 d dztse d ydz ds. 1 ZOGEsH Otew OSC dd
OolstsisBddzd s 90yder &3 Ctedlsj tod W 3, dets d ftoddavls
ddzn o dHEZOd dzr | HteiHftsylsiddy Cddj dsOo.

vsO0Cdds tBtOL s, ftej HIMisOo dzj dzdz" 2 @ §JtSHAtSH HJ di3sd
Msotcj d3j dzdz" = OdzOdzd Isd yj M dr d dzMis talz d3j QFls@, HEBY ] fiidf
sBptshdzseo Odzdz" 2 d ttOyYydtsdzOdzr dz" 2 o' Btstc Qo lstsd3tss d dzw
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1 > dzj o sso MECséts EtsMizH Otefise j dzdetse s Lz

it OLtcOBSIsOdzdzOY oSt OBBRBO Bsy jls dMfsdz L 59 Ols i
d Hdw twjhjddy hdesStets SCtkzcO OCIkzOd dz'tsde L OH
fsMlsOoah dSCtse d dsecdMmisdyj MSdr &BOteh tckzlstso dzO tsfdats
dzOH § 3 desis d , fsHBBt SRR ey MEts2 djHodydBsmisd
Oteg dzH ", gdW tcOMistezC Iskzter d § dzsh OHd, 9" Bstc Bt
fmls sd 3tsfg ledy j dzd v , ftesHBd dIsj dz detsfylsd S Ek2temoO, o¢ ¢
LOO jHJddW. OS] flosettOBBO dBsyils ftoddzj dwis! fmw
sztcdMmisdud MSdr dZOftcOodzj dzed?2 dzO tsfydeso | BEHYJ IO,
stcOdzml Stels dzts 2, HEYdsflzdfddetsGsddd 4§ tstelsW j dzv  d dzo j Misd yd 2
d dzdCoeodHdetsmisd OCIsdotse. | cffidddlsjd ds otL @ty j d
20 shksej CoOkdWJdSOydd Mfjydodkdmstss, Mmistsd ksl
OMMmttels d &3 dasl®y |lsdsoLClpfspdz’ 7 Milkj2 M Eyjiktsd Mifesnho,
dLHjtenj ¢, 0] sOC Y J 9" BfsSte ftctsc tc Odzdzdzts G ts sB j Mt
WEdeC ydosdzOdz! detsfyls! , Mbstsddsimis! ddyjdLd?2, Mo d3j ils

vsO0Cddz tsBteOL ts5d3, ¢cdB S sMmis! OadzjxeddRe j feth®ciAs @aigdy'ls *
ftoedd3dd degwlils! JjJ o twOLddyder = MWjttOr  Cdtsd3dcd J
Bdzjj tsBGMdztse Odzdz’ o, 1LWWjiClsdoder &3 d OHOffIsdtetsa C
ftsdz L tso Olsj dzj 2.

[ dlsj OO

1. 10ObdjefmeoOw 1 .1. sisg@shM@jod df Hitc.,] . 4 dlcO:
cOLodlsdj: OCkEZOd dz" | otftesfr . vy jBtsEMOwr, 2023

2. reC¢tse ¢. 1. wtsydOd dzOW B F IO Metsiygls! 1 e d
vydls®, 2021. 334 f.

3. sdmjdje ¢.6¢., skeO2 o.RrR.' joOoBEBERND [jROC
fMdrdscdd B bsBsisddn i MEdd fosHatsH' d ftOCIsdyd
yiBBCMOEr, 2024. 172 f.

4. [idOdiH 1.). RAdVsttdOydsdsds j MdMmlsjd d Is,
ROk ydy & lstekHse . -3)jlshipl tled . 20QRS s 252 f).

5. wkHOCwoe J.¢. [ilsHr dmCkfflke j ddzscts d dzls
[&MSCo0O, 2024. 150 f.

EskdzdStso O Gdztse. Q 2085 ¢c.




2MC OV fls 2 t§ @ALS QO S 620 L Q Eatzy |
H

koM sets esfkzH Ottmise j dedese s &

| Oteddz . [ .
1 dx dzj o Otelstso MS 2 wdsdnpizjH toedfnids
G. WidygOtclssomMC, t

s o3 t o4 [ uv3 R [t MET FRAMEWORK

s d&zOfmMMmr Hdzv OBl M CcOWEItgH daz] AANE D H redsimdsec
System. Drawi ng. { dzd M oOa tsafvsods d3d O Bfts KS@ 'Oy J dzd W ¢
tcOfMmistcso ™ i3 ( dzOBtste IssYd §) d o] CkistcdzOdgdes2( ¢ s @
cOMMdzOIstcd o O sw ¢ ZzOMMr tOBBIr f cLOWdEB2 o
wodzw jIsfqw  dzj bisdz 5 k¢ dziz Bodsy Ldztyy detEfEdacfRworks dzts O Y -
or weo dzj dzd § dzz yh d - ftcOCIsd¢ H dzw cOL tcOBtsSIsyds so,

fteddztsy j azp) |
Il sdzt hddemlse s ¢ t@MshyuidNSHEzEHD Isdf s dzOR tsH d Isfy
System. Drawing. |1 dgjdz jfls: Cd&zOmMmr, f§tjHMIsSOs dzv

l esMmistcOdzMiso s dd3j dz System. Drawing tftejHjdvjl
CazOmmse, 1OSCdr ¢ Re cCalnagrl ,e.Pdi rstOB d&fiyzie §qd o yd md
sdi2 M. 320]

v OB dzd yO
[Mdetso dz' § Isdfr { tctSydemazing o © dd3j dz

s dzO i 1 OL dzOyj ded §

Bitmap ltcjHMIsOoadzw jIs fodzslsdes Hdzw tod mMtseo Odzdw o
d . §.)

Brush [ BiI JClIsr CdMmlsi?2 dmMftsd L ke lshhy wHdzv L OY B
Wdekts, sO¢dr €0O0¢ ftwwdhskzetsdz dzgd S d, 1 dzdzd
JMis: Mgas2 Col or

Graphics ltcjHMIsOoadzw jIs e jtorn detis! tdMmtseo Odzdw (
dLBBtOY jdzd?2 d citsdBilstedyd M da " OB dztsdzts o

Image Image i OB Mistc OGS Isdz" 2 BOL o 2 C zOGmm, ftod HE
CzOMmMMtse Bi t map, mager Adi @at sor Odzg BGPigiy J

Pen }jteiiwsts tsBi jJCIsr, dMftsd Lkzj &3 J Hdv tdMm
MisOIsdyj MSdr Moat2MmMlses, otLottOh O8N dn t jn

s dzO @riphics

s dzO@yéphicso NET Frameworky o dzw j Isfpw  yOMmlis! ¥ Systembydsvin@idzmils o O
ftcij HBMIsSOoadzWw jIs BBilstsH' HdzW tdftse Odd™w dzO tOL dzd Yz
d Hked] cOVWduimMédd SCtdsy CMlsr. [dz LotV ]IS
tedmMtse Oded d dzd dzd 2L, O fits{cdzdzjtedzd Jis J EERBEMIS] AL 61d i stsd3 [

[Mdeso dz" | oBL @iy desfilsd € dzOMMO Graphics:

1. tdmMtse Odzdy Wdelkts: [ By des todMmtse Ols! dzd dzd d ,
Gj sd3j sded uy pdlzte" .

2. 10ftsdzdzj dzdj Wdekte: s dzOMmMM Lotk jls L Of tsdzd

3. tdmMsoOdedj IsjSMsO: [ tsydes or eatsHdIls! Isj CMls
cOL dzd ydzr = htcdWistse d Mmisddzj 2.
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Is

1 d X dzd oME et EsMmMikzHOtMmlse | dedese s Iz

4. (1 0OBtslsO M dqLBBKLOYJjddwdsd: OlstsL aftedz'B jol®©Y | Ged Iz
o' fsdzdzV Is! s jteOydd M §d&Mmjdvid.
1 ted o34 dzd dzd@GrapllicdzO fnfn ©
1. RddydqOdzdL Oydw ctO¥Wdyud mMitsets tsBl j CI50O:
g = Graphics.Fromimage(bm);
g. Clear (Color.White); [/ JuydmkCO WtsdO BJ d d
2 t Mo Odedd dzddzd?2: o tBtOBSSlIsYyd<ey MmMserisdw N
g. brawLine(new Pen(penColor, penWi dth), px,
3 t Mo Odzdj Wdekt: o tBttOBSSlsYydsy MmMsBrIsdw M
g. Fill Rectangle(currentBrush, c¢X, c¢cY, sX, s
g.DrawRectangle(currentPen, cX, cY, sX, sN}; d f £ itsdizls & to
4. 1jtjtedmMsetO PictureBox: o tBtOBSSlIsydsj Mt
Graphics g = e. Graphics; [/ 1tdZkzy0Ojd ctcOW dL
g. Fill Rectangle(currentBrush, c¢X, c¢cY, sX, s
g.DrawRectangle(currentPen, cX, cY, sX, sY}; Mz £ dg dzls & tc
5. 10dzdoa¢ 0O B8B&OMISd yYyojlstsdz: o diBjlssHi Fill:
bm. Set Pi xel (x, y, new_clr); [/ uvimlsOdzOo dzdoe O}
S dzO Rgn
s dzOmefip NET Frameworld Mtf sdz! L j IsmMw Hdzw tedMmtse OdzdwV dzd dz
sBl JCIsOn, Grgphifsd ~f d OfSsL otsdzW jIs L OH Q9 Ols! ye dls, h d
BkzHEI dzOtgdPtemO Be.n wo dzv jIsqw yOMmls' ¥ f tosMmistcOdzMmlise
stsdzmlstezC Istster
Pe@olcoor) or MsLHOJIs §jtets M L OHOdMzdzr &3 yodlstsdz d
Pe@o lcoorlfolrwagt:h mMsLHOjIs f jtets ) L OHOdzdzr &3 yoJ
gots2mlse O:
Col@orl:off sdzz yOjls ddzd LOHOJIs yodls jtcO.
fl ovatdt f sdzkyOjls ddzd L OHOjIs hdeddk fjtcO.
T DashSbygseSt yfitedzk yOjls ddzd L OHOjIs Mmisddz dzd
fzdzC Isd tcelzO)y . d Is.
TfJdBHT
T Dipsoe: BmMotBtYHOjIs ] Mkztehr , dMfsd L kzj BB J |
1 ted o34 dad dzdPen € dzOMMO
1. uBLHOd) JK0:
Penp=newPer(ColorBlack, 1) ; // u#tLHOddj jtcO® yjtedztsets
Penerase= newPer(ColorWhite, 10) ; [/ / uBLHOd] fjttO BJ dzts@
2. tdmtse Odedj dzddzd?2: MeuseWeve OB tslsyd ¢ j Mt Isdw
g.DrawLingnewPer(penColorpenWidth,px,py) ; [/ / (1 dmkjd3 dzddzede m Isy
3. tdmMseoaOdedj Wdceclktc: MausedB tc OB slsyd<¢j MmMtser" Isdw
g.DrawRectangl@eurrentPencX, cY,sX,sY) ; [/ / t d Mzdgsiz & tsdizlsdzdsS @ tc W
g.DrawEllips€currentPencX, cY,sX,sY) ; [/ {(dmkj &3 S dzlskztc 1 dzdzd §f fr

1
il
1
il
il
1
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g. DrawLine(currentPen, c¢X, c¢cY, x, vy); |1l 1td

4. [MmMetsBtsyHjddd tjMktemMse: 1 tmdz dhifsd L s9 Od

currentPeispos¢ ) ; // [MosBBHHBPE toj Mzt

s dzO Byfrph

s dzOByfigheo NET Frameworkw 9 dzw j Isfqpw OB Mistc OC Isdz" d3 € dzO s dz,
M2 ddMmlstezdzj dzls Hdzw L Of sdzdzed dzgdwv B &ZOMIsj 2 dzO
CteOWdud M3 ftosctcOBBzIdtetse Odzd d H dzw sftcj HJ dzj dzd v
ftowRBskzesdz ded € d, L dzdzd f M.NET drramevotk §)d¢f § | Mldsackeizi Is  dizj ¢
ftesdL o s5H dz' = BfusizO &) & dBoligBsish TextureBrush LinearGradientBrushd
H tc 2z ¢4dcd5].

I Mdzsea dz" § ~ QtdO K siiOdnPls Br u s h:

1. dBMIstcOCIsdzr 2 € dzOMmM: Brush wodzw jlsinpw OBMmIsts
Bsydlsd MBLHOIY 1 CL jBBfdzvwte Brush dzOftew dslze . 1 d&3j Ml
ftosdLotsHdz » §C dzOMMtse .

2. RMisdz Ls90dzd] © cteOVAdgLIgsH BR utsdi g i@ dzgy L dztg
Fill Rectangl e, Fill EIl'l'i pse, d Hkzedn, Yylstser
sj CMskztets? .

3. VitcQodzjdedd tod MtemOdid: [Bi jCIst Brush o
f st ssdsz o9 Oy dzts tsMmo tsB S HOIHE] ddézy dfF 56 HYds stBdzd dBLtBAE! Y (
Clsts sy des MHj dZO! ) fsdiigsh 1 8 &BilssHO Di spose() .

1 ted o34 daj dzdByustE dzO MmO

l.atsL H Qdgdngs d

Brush currentBrush = new SolidBrush(brushColor);

1 HJ M fMsL H CBplidBsh s@tsE&k™ 2 BLRHjIs dMiddt desE®Is
Yo JjIlssdyz, st HJdzj trdshQBloro f j toj d3j dzdzts 2

2. 10zdeaC 0O Wdcklkts:

g.FillRectanglécurrentBrushcX, cY,sX,sY) ; [/ 1 O0dzdeo Oj &3 § teW di3gtsz ¢ s dz!

g. FillEIl'lipse(currentBrush, c X, cY, s X, sY)

Il 1tIsdrs MlstetsC On ¢ tsHFDIRefténtles dEillELifag, Is s Isdsjels §H § to d dz
sBi PldbH dzv L Of sdzdzj dedw Mtsslse jIsMmisezse h da Wdekts.

3. MmMmetsBtsyHjdd] tjMmMkztemtse:

currentBrustDispos€);

1 sfpdzj L Oo jteh jdedWw todMmtseo Odedw 9 Oy dets tsMBrisB tsH d Is
Yylstser dLBJYOlbd. EIsjyd ¢ fOokvis

s dzO Bjtimap
s dzOBjtimap © NET Frameworkff tcJ HMls Qo dzv jIs MtsB B2 ttOMsticso 5§
By dzs dMmMf sdz L 59 Ols! H dzw tcOB SIS M ctOWdec2.

sBtcOB OIsT 9 Ols! dLtsBteOy jdedWw o BIOR PEG BENG WHidctdzdz@ISSO |
Bitmapw & dzv j Isfqpw  y Ofls! ¢ Sysiemblndsving dzR)isE 8o s tetcj H 5MiIs O o
tcOBtslsr ) ctcOWdets?2 d dLBBteOY j ded W d3d .
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[Mdzsodz" | oL sy deslsd € dzOMMO Bi t map:

1. uBLHOdd] dLEBBWKOY jded?2: [ Bydets fMtsL HO9 Ols!  da
yo jIstso ez f Odzd Is

2. 106kzLCO dqLBBKBGOYjdd2: Bitmap foLotsdwjl |
d Htekedr dMmlstsydzd S o .

3. RLABjdej dzdd HdEMmddzd2: [tsydes §fsdz2yOls: d EMf
fsigsh ' ¢ d3jlssHise Get Pi xel d SetPixel.

4. tdMmsoOdedj: o Gftagthfiics, sdio)®@dsets ) Bi tn
dLtsBtOy jdedd, dMmid L k2w ©WOL dzdyds j dJdeistelzdzj dals’ |,

5. HtsntcOdzj dzdj dLBBtOY J ded 2 : Bitmap {ftLotdvj
" sted3OIsOn, dMftsdz L W d3gi IstsH Save.

1 tod 3 dzj dzdBjtmay dzO MO

1. RddydOdzdL Oydw:

bm = newBitmap(pic.Width, pic.Heigh);

g = GraphicsFromimagébm);

g.Clea(Color.White); // { yd M€ @Q dzy 3] Istsd3

pic.lImage=bm; //v M Is O dasd I€ FPctreBox

1 HJ M! MsL HOJ IsfBitmapgdty o t DL dg B tic @ @3dp, fn tPictareBods Mg o z &
MLHO] si@raphicg | §&Ebstcr 2 foLotsdzwjls tedMmMse Ols! dzO 1 Is

2. t dmMtse Odzd 4 : ) 34 Is motu@BoxPictureModseMove & OC
pictureBoxPictureMouseUp dmtf sdz' L zj ISGrgphics siezwj C cd Mtseo Odzd W
ftowdBszesdz! dzd § st8 dgO HicdE s O § d 6 Iz

g. DbrawLine(new Pen(pencColor, penWi dth), px,

g. Fill Rectangle(currentBrush, c¢X, c¢Y, sX, s

3. dBntcOdzj dzgdj dL 5B tc Oy Jad§tipMenwoltentZjicls ¢ 1 $ B & jod@dlz
MertcOdzv j IsMBMPs W sted3OIs §

pic.Image.Save(saveFileDialog.FileName, System.Drawing.Imaging.ImageFormat.Bmp);

4. 1 Otz €O dL 5B tcOy J daplStripMenultend€ijidk 8 HQJG tc B3 © jo ks 1§
dLBBtOYyJddd dL W O2dO:

Image image = Image.FromFile(filePath);

pic.Image=image

5. 10dzde ¢ 0O sHEIKMM SHzBiinfagHEtH L Odzd o ¢ d B &ZOMIsd vy
Yyoilb §d&mjdz?:

bm.SetPixe{x,y,newclr) ; [/ / uvMlsOdzOos d&zdo Oj &3 dztseo ™ 2 Yo j Is

s dzO hmfge

s dzOfipigge © NET Frameworkf to j H MIsOQoa dzWw jIs MtsB 52 OB MIstcOC
dL 5B 6Oy j daf vddidf~. s Hf Isfw o  BystentDtavingfyls odjn § dsdig dz &z § Is )
LOGtkzL $d, BtOBISSCd d GltBtOyjddY dL sBMPOY j dd
JPEGPNGd Ht©BedR. [144] .
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1 d X dzd ssoMSEsEts esMmMizu OteMmise j dzdzsed s Iz

ImMdsodzr | R OtOCIsjtedMmMisdSd ¢S dEzOMMO | mage:

1. 106tekzL SO dqLBBBOY Jdd?2: [ Bydes LOGtelzy Ols! dL
dmstsyded ¢ tso .

2. ANtSted3BOIsT dLtsBtcOy j ded 2 : s zOMmfm HYtsHHjtey o OJ
o ¢ dzg yowv BMP, JPEF&E, GIF, PNG (

3. [BtOBSBISCO JqLBBLOY jdd?2: [ tsydets L dsj dawlis: du
f costcOydo Ols! d ftdd3d dgwlils' tOL dzdydzer § Wddz' Ister .

4. JtoWduimSdy tfjttOydd: s &zOmfm | mage yYoOfmilsts
Colstster 2 Hftoj HsSMIsOo d®daethw d3geB® s £ s B WO jodzdhss .

} tod d3d dzj dzdlhag€ dzOfmfm O

1. 10c6tekEzL €O dqLBBtOY j dad W :

Image image = Image.FromFile(filePath);

piclmage=image [/ / uvMmMlsOdzOes dzdeo O] &3 L PEttedByx] dedztsj dL 5B

Il 1Istsd3 WtcOedzj dzlsy S BHO dLBBtOY Jddj L 5O Otslg i i3
YdtedL HdOtsetsotsy Cdzts, d bk Mmisaa@Bodzd o O Isfqw o 1 dz

2. utsnttOdzj dzdy dL sSBtOY § ded W :

pic.ImageSavdsaveFileDialog-ileName SystemDrawingImaginglmageFormaBmp);

1HJ M dL tsBt.OY j dzdRictureBols ts its @ e ® paistp Js M)as tBROE 2 dz

3. 10BBISO M  dihg tpf tgdz! L lr | GliPisateRgis SHEs dzlz y j dzd W
i d ¢ mjSedPixeld dzv dL d3j dzgj dedv yo jlsO gdEmjdzv. Clsts 5L ot
LO&zde ¢ d tsBd&ZOMIsd Yo j lstsds:

Colorold_color=bm.GetPixe(x,y); //} sdzyOj d3 yojl d¢fj dw

bm.SetPixe{x,y,newclr) ; [/ / uvmMsOdkzOs dzdo Oj &3 detsea ™ 2 yo jls

Il COyijmbej fteddij tO tcPaint® B W@ IHI02Af Qc2d20zts5(xfij dgzd | to ¢

r

| T 1
o Parx - a x

Qsfr O nporpasse

Bsaresn B 3
. UCHCNE : g 2liz)le

apewn s e

He
GRS —— ————
e

e/
— —— — .y
e — =

tdm. lwddtsyjddd c¢PaintXeé
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1 d X dzd ssoMSEsEts esMmMizu OteMmise j dzdzsed s Iz

]l HOdzdzts?2 MlsOlss j B" dzd teOMMmditsiste jaac OWCFEs Q2] 98 | .
Framewor k, dO@asHwhddjmw o ftetsmisteOdegMlseoj dd3j dz Sy
CdzOMmMmr , sO¢dJ CO¢ Graphics, Pen, Brush, Bit
otsL sy desmisd d Gteddsjdzgjdedj o ©OLWOBSISU BBy O O
cOL OB SIs Odz Waietkedztshy Jfdmf{djdsjcdzj dzd J O3 € dzO ) NeEtBramev®KsIs T i

[ dlsjcOkiO

1. o¢o¢twcOdzdjo C.t. [idgbtsH d MjHMsSa O t0OL LOBTSIS
sdB@Bosdz dzOkC d: BB Y HEZAdZOtEEHdzr 226.dz0Okz ydz" 2 Y EtedzOdz. 2
2. dlztee w.t. JojHjdedj o { tisEuOHO o5dostds ooz j2 0d2®
3. 1Ekmje r.r1r. uBLHOd] tStddktsets ftoddtsyj ddw

Il e Mmettedzd € J: | X joPX isdiQuy bk @2@Y dEiaDlz y dpez dzd G
. rdf zdztf OB.§ tcd Odzr I m [ J ) H H deCE tsHfdgg 2 ¢ dz@ 2 \§dstsizl | to
2022. -182. 160

4. uveCOyjo 1-¢., mdzjsetsmstesjo 1. 4. C#. 1 ttsct
H4Odk bIsjteBlztee, 2020. 318 M.

5. zkhOteddz® R. °., sbkL' Bddz ¢. sic. Ll BpEOEPAAFI O

fdsmQuas // [sHjdd, Mmdmbsjda , Mmilsd o CtdsBdt],
148.

Ef Oted dz 2025 [ .
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oMEBSEE EBMkHOEMiss j ezse s I

[T MideS s .
1 dxy daj o Otclstso NS d 2 26 tziddd w0 @ tsfiple &
G. 1dxdzj » Blghgy MC

LRI LHBARY T[T ¢suvNPER BLE
O/ PV I ®RYR[J(HIBR APsUL[ U U0
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M j ydodzdL dqtetso Odzdz'tcf] i3Y t6 dzC wdlaf. OdDDdzdL © o tcj d3j dzdz’ R
BO2 jMsemMCdn dsHjdj?2 R &syjls fwjHdsydls! Bsd
MsOlsdmMisduyud M¢djy BIilssHT YyOMlsts toj OdzdL so Odz"r © B JB
BOh d dzdese s SBEYJ d2dV, wqlgEmMOfzez@ 5. j 65 BBdzj § Edzd

[ Oh ddzdetsy tsBEZYJ dzd §

lted orBBste] HtosctcOBBdsets Jdemisteczdsj dzels© Hdzv tc OB
Cdzs yior &dd OMf iSO wWodwe Isfpw BOMddedetsy B EYJ dzd
sftsB j degdetslsd C O3 HBGEts WL CO { totsaBtg Ok dsucs Qlzddzd H |
BON dJdzdes s sBEZYJjd2dd B ZOGGSH Ot dsikitdgardzTessdrBlazd sls j € |
PyTorch B jMfjudoeOshdd o' MsSks ftsdLotsHdlsj d dash
sOCyJ ftoj HdEZOGO] s d dztpeetafzrapfatpBorest ls@&eflgls CORIsEz] Ols
LWWiClkdodesisd d Wkd€ ydtsdzOdzlz.

VHiBMlsoats M sdz L so Odad W

Rdzls jteW j2f)  MejHO tOL©LOBEISC

[ d&zv Pyt hon flsddOdz dz@ dsd W o dzv ¢ Is fupytedNdttsbpdis O G Is d ¢
dHjOdz dz" § Hdzw + S jtedd3j dzlstse d odL zOdzdel PyfHik i H O
tcOL tcOB tslsC d VECAlde PyChams alzy' Ctolztf dzf 7 ftotsj € IRStadia | R
ftcj HsMIsOQodzwe h OV EHtsBdZ 2 ddelsjteWj2f HdzW tcOBBIST
Csff dzj Cmdz" = Blsyj Is RMarligowf N sdz' L s Odzed J &3

sddzsOCidMm d fesmsslsO tBkyj dd

Python orHjdvjlkmvw Mmoetj?2 fHttshisslsts?2 d ddaskzd
JH]JOdz! dg" d3 o' BBBtesdy HozW dtseadyuStseo o JtetseicOBRJ tets
Mzsy dzr 2 MddzesOCMdMm, yYbts d@Bsyjls LOzHddIls! dL EZyy

t OBslsO f H Odadz i3

Python #®$hk&fgdagfls HEZY ttOBtlsr ) Btsdz h dd&3d H Oda
sOCddizDadkOS d ddzlsjcteOydd M B dZOYd &3d § dzOIlsW stc d3C
ddmistczdzj dzls™ H dzv 5B tc OBdplgrY datataliledzdztzE , szOSC difsc B BS 21
ftesdLotsH s dOsAsEsdm e dz@ Btdz dd&3zd dzOB tcOdBBd H

ltesdLotsHdIs] dzf desfls: d BOMh IsOBdtelzj d3tsmls!

Pyt hon, B dzOG sH OteW fme G/CR+ , d dissj jcdfQiyyldde O jfits
ftesdLotsHdlsj dz dgsfls! , ©Msejdds o LOHOYOS, bkijsl
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1 > dzj o oMCtsés EetsMmMizHOteMmilse j dzdetse s Lz

d sy dls B Is! sulyflslz dz' deteds,d LASttsh 5 M tcOo dzw j Ispw iy
LOHOY, GHJ MEstsMmls! daf wWodzw jbMmw Ctodlsdui mMcddz W
utssBh jMlsots d fBHH Y CO
{BO wLrCO dikijels OCIkdods § MmMtstsBh jMise O, dzs sda
sstsBh jMlsets Pyt hon dB todfjdys U Lisdztstids@Ltd@@ Bdids yd €S s d L
Hj &zOjIls jet tsldzdyder &3 dMmlstsydzd S sd3 L dzOdzed 2 Hdzv N ( (e
Msstetsdz" , Btdzi j M jydodzdL qtecseo Odes d ttdj dZisdtetse O
ltedd3j e dMf sdzt L tso Odzed W
HtcOo dzd d3 olisd dysLRAoNdzO fted d3j 6y Blsydlstse M o' o ts
dBtsH j dzd dzd dzj 2 dets? tj Gty Mindd.
[ d dzj Zedp@tc jomyithgn!
import pandas as pd
import statsmodels.api as sm
#)1 OC tclz O &2@" -
data = pd.read_csv(‘data.csv’)
X =data[['X1', 'X217]
y =data['y]
# 1 sBOoadzjdedj SCtdemisOdalsr d §tsmistesj dedj dBsH | dzd
X =sm.add_constant(X)
model = sm.OLS(y, X).fit()
print(model.summary())

OLS Regression Results

Dep. Variable: y -Rjuared: 0.978
Model: OLS Adj-8yuared: 0.976
Method: Last Squares -Btatistic: 450.2
Date: Mon, 01 Jan 2024 Profs{&istic): 2.15&5
Time: 12:00:00 Lagkelihood: -50.123
No. Observations: 30 AIC: 106.2

Df Residuals: 27 BIC: 110.5
Df Model: 2

Covariance Type: nonrobust

coef std err t P>t [0.025 0.975]
const 2.4567 0.123 19.987 0.000 2.203 2.710
X1 1.2345 0.045 27.432 0.000 1.142 1.327
X2 0.5678 0.067 8.476 0.000 0.430 0.706
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Omnibus: 1.234 DuriWatson: 2.012
Prob(Omnibus): 0.540 Jardpeza (JB): 0.987
Skew: -0.123 Prob(JB): 0.610
Kurtosis: 2.567 Cond. No. 12.3
Notes:

[1] Standard Errors assume that the covariance matrix of the eromnsastly specified.

[ ddzj 2 2OV tejcetej Mipdw o R:
# 1 0ctekzL CO HOdzdz R

data < read.csv('data.csv')

#1 s Mis tc ERsdzq jdzd

model < Im(y ~ X1 + X2, data=data)
summary(model)

Call:
Im(formula = y~ X1 + X2, data = data)

Residuals:
Min  1Q Median 3Q Max
-1.1234-0.4567 0.0123 0.3456 1.2345

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 2.45670 0.12345 19.987 <1Be**

X1 1.23450 0.04500 27.432 <-26 ***
X2 0.56780 0.06700 8.476 1-2®***
Signif. codes: O 6***% 0.001 o6**6 0.01 o6*06 O

Residual standard error: 0.5678 on 27 degrees of freedom
Multiple R-squared: 0.978, Adjwst Rsquared: 0.976
F-statistic: 450.2 on 2 and 27 DF;vplue: < 2.2€16

[ 2% z2OC dzv Hdgse s MteOo dzj dzgd v oL dgtsy dzgsfyls j2 R
fsmstesdd i O dzdds D dagzlz «
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vsOBd&ZdYyO 1
dtcOo dzd Isj dz dzOW s OB dzd yO

stedlsj ted ? Python (statsmodels) R (base)
I sHictsB dzr 2-sgleaY Bd(] OC tsdzd ydz" 2 wlsyy
ddzls j o Odz' ) YdJ e, )
[ Bojtedlsjdz dzr f©O© ([0.025, 0.975 4l

1
i nssmwoss g | PEEOE @sEEm, (Varl
v J Mis dzO

Bl dz ISCfQBdZddeZUQOLOdZ Cond. No. fLdls

LEOLOdedy Etetsi , _ .
L &z0yd istsfls d pL dzOyj dedwW, dets B Llf OtcC dtetso,0) (

VHEBMso s OdzO| 2" k¢ dzze oy deleSeE 5 | d ' Mstes?2 Gy dz

s0OC¢ dbtse, & BsyJdB MtcOo ddmdPytlipd dz' dz | d MmdzOB T
1 dzs pr d RBJdezfpr COYHBGEES wiLr CO
Python
1 dz¢ mr
fvded e jtemOdz! desfls! , ftetsfisslsO tsBlkzyjddw, ddzsj cte
[ ddzlzfnpr :
Tfddejd MfjuydodzdL dtetsejCdz jHisdziz fifrissOmiistofiflsdd Cdgldzts sisjtdn Is ¢
R:
1 dze mr
P shder j] MbOlsdmsduyimMeédy 0O0Cjlsr , tsls dzd ydzOw 9 «
OCOHjBIYj MS B2 MjH .
[ ddzzfr :
Tadztsydr 2 MddsoStmdm, d&jddd TtSHARBHIIS HAY B ]

ANtSsted3OIls o' 9 BH

[ dzv Istsets yYlstse ™ fedrjedtOus ! d dafifdste Hz@jdeltls @, Mtstsilse j Isf
fslstej Bdeslswdz, ftojHMIsOadds kS sotsHMlsoats fts fSHBTS

t Stz dzH Oydd s or Btstelz

( Mdzd o cOBtslsOjlsj o tsBd&OMIsd &ONJddses sBLE
ddzmistczdzj dzls HdzZw OOz B ®wBdzdey Bz, 3Pyt bswsdg.z [ M
fMowiL 0O M OCOHJ BIUIMEdBd dMmdzy Hse Odzd W 3 d dzd M
s¢COL Ol Mw BBdZjJ YBSHABHWH JA.

1 OC dz¥ yJ deqd J

Python d R ftcjHmMsOoadzwels Msets?2 Ho O dtsh dr 7 ddz
Edd Ccd®dg §toj ddi3zh j Mise O. Pyt hon Hi Bcdemistedtclz j Is |
hdesSsets M jSktc® L OHOY, o ¢ dzéto @ Vic O BEO B ¢ Hzdztfj diz
dMmmdzj Hise Odad v . R tMmlsOjlsmw MIsOdzH Otelstsdz Hdzw Mt J
Il 7Bt &3y HEZz dislssd ¢ s dRotgjmefdz” = §lstej BdetsMmisy 2 d  t
JTlsddzOdz: dgr d3 tjh jdedj s dBsyjls MIsOIs! Ctsdi3B d dzd te s ©
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©Of ed d3j 6, UJj epy odePddithlojnt yksts f§sLosdvjls dL o
q dzfls ez d3j dzls O.

[ dlsj OO

l1.Castro, O., Bruneau, P., Sottet ,-Pdrfo&maoc
Python to Develop Data ScienA€Magcgdmplathhge Sue
1-3 Oh.tst:p/ / doi . org/ 10. 1145/ 3617588

2.He hman, E. , & Xi e, S. (2021) . Doing Bette
Practices in Psyhahaoplsadi/deli . Do02g8M@0e[51313747 / 25152 4
3. Manuel, J., & Reyes, M. (2022). Data Visua

byStep Approach Using R and PythonJose Manuel
2022, 292 pageernhanomatck St Afdeti onbg/ RéVvILEWL/
4. St aples, T. (2022). Expansion aRoyaVolSoti e
Open Scihetntcpes,: /1/0doi . org/ 10. 1098/ rsos. 221550
5.Vol oshki md,ov@.,, AKQv & Si pakov, R. (2024) .
Pyt hon for Advanced DRt B0 0O Re d@mal gls | s .
https://doi.org/10.12688/f1000research. 149391

Ef OtSrsey ., 1 jG2PHj 9 O o
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SeMCBEtE Gz Okhise j zlzgsc s L

[Odzczh jo ¢. 1., [htsdses O .
l sdzetsctcOH ME d2 dstg e Quig i€ od j2 dzdz'd] o
G. | tsdzc t$ dstdn@nH]f W

tor1t o1 fusd [rRspgdadftiuls wrRuuU[ ] 3
rifc fdrrRuftrRy4VDOVERBOr b YRS LU I BH

4 tcOL oglsqgdfigzdilsj dz' dz@ » oL Iy desMmisj 2 tSHAdAEC ted M
ftostf 2MC dets 2 M s dzsMisd B J MY tctso SH dz" A Mdlsj 2 s
odzj Hicj dgdW 1 dzj di3j dzlsts® R dzls jtodzj sO o jh j2 © MOB J fto
tcOBBIs] ftol HMls Edz]dz@®cidE)® ) P tco j todets?2 § sd@3dzOIsT ok
BBd ¢ totsC tsdzls BiMAzAz] P o tsSL dBsy detsls © fJ6&hy BGERY, H O dzdz'
dqdzsj ctcdtetso OdzdzOwW fy Mjtco jtodz d3 tsBtStkzHisSo Odzd 4 d3. © (
dzOB stc® HOILYyd¢ tse, OdzO dzd L] to tf azO Kz tc RO Is i 5 CisDs COEd Y J
sBtstickHtso Oz o hilsOlsdesdz ey ddsd HEklsjdz fsHOyYd MM
ftocsHtsdzy j ded J df foiQiB Sffiste d o BH W. Isfqw Mo JHJj ddWw t HBGH dzdz]
ftesj Ss0O.

[dCtesftesy) MMstedow hd@d] R ¢ 6tz &RVIBIB4EA © id
GSMGPRSIi3BH BB 0 0. 1 tesctcOdtdi3de’ 2 S tSH dOf dMOHALEG d MY t
fMte j STM32CubelDE [ Isd3i Isdd3, ylsts o wlsCterlstsdz HsMiskzy i J
OdzOdzts 6 d ydzlz ¢ W 2 deCoyd@dizdss jdsifyjdse d j  d3d q H ESTMBARS teds € 5 ¢
GPRS®B3sH j d3gsds (htt ps:// clck.ru/ 3Gg4fv). Mmtsls w o
sMse j dzgdets o ¢ sSgHSELETBH 56 BOIskq jes § dzis s dzt&lzs H d zifs s dz
SftcOoHOdts dzgdL C82 yYJjdets?, HtMlskzf detsMmis! 8 o ff tosH Oy
Hsf EmMC O h drn tkzydess?2 dBsdels Oy . J ZOMmlstswh j 2 tOL to
fitejHOYJ?2 ¢ 0L Oslkydts MEERH(EdD ,sC0L'dp O s Hisfls(

l e tcOBRBBO Hdzw EftcOQodzwe h jets oi3d¢ tes€ tsdzls te s dzdzj
¢ J Oy tsdzdats FreeRTO8)Is L dPz de€dify § ted o § H § dFreeRTAEBH O ydf ~
oLOdBsHj2Mlsad] o dMratHdsdl § tcEHdhisiswh Rt OB/l |

toj WOSIbtsted dzadD tcOEH B te[" 6 ](.Is O d3OkzIs' , ©OL d&3j 67 BEW Jtetse
LOGsdzse syds' 2 W O2 dz; Hdzw ctwkff dqtetsoCd §J o d3j dzdz
(s B j OO, o dzOy dztsmils ) , Colsster | j dig @aRj Jts IsHitg @

MstczCskEtc® Sensor Dat a; EHOdzj dzO yOMmls! wlkzdzC yd?2,
ffstsise jlsmisedd M fteddydfsd tsBJMmfjyddd” DRY (Do
BsHbEzdzjd SI MB80O0O0O Bf &ZO orf Hj dzj dzO 9 SlsH jindeitedz’CAsz & B
ftots] ATSCOs 3O dzH "™ B dzd ddze§ Of Efmdzd tetso Odz" AT_sBilsgshy dz! dz'
] B dzts @ dzj dzdzr 2 CBBH BlzH jIs sfkzpdzdCtso Odz o tslsH j dz
(https:/iclck.ru/3Gg4f6).

[ dzv or atsHO Mdzizy j B dzats?2 d dzl¥ tstc 3O ylE(figv od dflsdSRSH jodZsigz
] &ZzOMmilstswh j2 ttOBBIS] HoEY lstsBteOy jdzdw JdaeW sted30y(d
ftstse M jdzd2 o BICwsftesyj Mmtstedalz® Md mis e3laf gfrday 2d diks
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Ctodalstetsdzazj toj SH1106 ) tOLtejh jdad j o3 12C &Ev6 4, O Bifislsts j
HdMyf dzj j &3 d MY Sdz' L 5o CUMBO6HtHS//dick RISGUZD st m3 2

Janyck MavaneHeix sanay

DefaultTask
GelDataTask
DebugTask
SIM800SendTask

SIMB00StartTask
MessHandierTask StartDetaultTask

BuinNONHRST MHULMANKIaLWNO Moayna SIMBOO,
nepeaaeT ynpaanexne 3afave COeMHeHs ¢ StanSIM800Task

MQTT-cepeepoM, 3asepuasTca

Ecnu PING se npowen, sanyckaesm coeguHesre c MQTT o ] - l
"| StatMQTTConnectTask

BoinanuRer noakniosesne k MQTT-cepaepy »
sasepwaer paboTy, nepegaer yhpasnemie agavye

3agava n K
AR DPOReH NPOBEPKN COBAUHEHNR

COoeaMHEHNR
PINGStartTask — Ovepean
3anava ans nesat™ B
3afasa ana L—» debugQueueHandle —————»  StartDebugTask  KOHCONL OTNAA0NHBIX
0GpatoTkn AanMbiX C COOBWEHUIA?
AaTunos

StartGetDataTask ——>» SIMB00SendQueueHandie ——»  StartSIMB00SendTask

Beper nandbie 4NA OTNPEBKN
KX OYepean \ OTNPasnseT no

[_V RxSIM800QueuveHandle USART 8 SIMB00O
L StartMessHandierTask

USER_UART_IRQHandler

HUTaeT NPUHATHIE KOMMaHIM
O6paboTyik NPUHATEIX JaHHLIX ot SIMB00 moayns
no UART BLINONHABT MX

StanGetFirmware

3anpawmsasrt ¢ cepsepa
HOBYIO BEDCHIO NPOLLKMBIA W
sanycxaer oOHoanenne

tdm. 1. 10HOYd FreeRTOS d dr o9LOd®sHj2MIsad] o

RMMAtsHdOwY o jtemdw Eflstets? flsdn® O fdzdudzO s tsts O diAD §f
fdsOoded i &3 tsIs Mmilsd 12 1, das MdzOyoOdzO dzOf tew 3 § dzd 4
Hdzw fded y J dedw dzOctelzL € dzO dzd dzj 2 dz" 2 .

ststslse jIsmise jdedes ftod BlsSdzts yidedd fpjlsd kfMmlstets Ml
[ dzv EZMmMistcOdzj dzd ¥ OL BOPB sf OOz @B e H dzOW MdMmilsj &3O, fto
sls Milsd M tiLjtcodtesoOdedj &3 tSIs BOIOtj d d ddzlsg d
1HjFNTo R sH Bl dMistsydz@ ¢ OUTIPIS Qdgdiv dZD5 f dlsOded j fr j ¢
BAT i 6OLJ j 8 Hsday] dfdeH CREE S b Bz dzv s st ® ( d My sz L k2 j Isfw
Cdmdzslsdz 2 @ OSCkBkdvlstste) . o f§odshi s ] dj dedat



https://clck.ru/3Gg4jn

XXVII 1 mj esmind 2 ME OW  Mls 2th tg @AYlg d)t O ¢ @20 z QEalzy |
Otcls s H

1 d dzj o sso MECséts EtsMizH Otefise j dzdetse s Lz

@O Wy jddj LOBYWHIO MOEOkdsrdp” ko§@.dsj Ekhsies s s
sBjMfjudeOw f silstsw dadaitesj Ltg G eask ¢ Ofs®ney Gow 1B Qo o
RO tewy jdedw, Ekffstes2filsots OoakbtdkOdyujmMSd §JtjCds
Bjftejter odasils! dsddlssteddzeO d §jtejHOuyd HOdd 2.

P3

QUT_PLUS| > 1

U2 LM2596 P-OUT
- 1 E] =
N PLUS [D>—2+In  +ouTPP—< i K1
H . ] HJR1-2C-L-12VDC
_,__ -IN —OUT—_L v H>—=8 1o ] |||-G—NI}
=— = ouT pLUS [ >—2 “ L3 ouT MINUS
GND GND B rLUs [ >—2—1" "L 1L B MINUS

1 EKD_IDL“IGND

P OUT —__ | B PLUS

e ADI Do
2 - B_PLUS
11— BT MINUS
PRI ——=(2

BAT . 5kQ [ 100n
h 4

CHARGE | W

Ut LM317T

1
ADI[ > AD]
P_OUT[—5>—3 ouUTpuT maaL
D2 INPUT

IN_PLUS[ >
1N4007

—__ | B_ MINUS

GND

tdfm. 2. ltddydfdOod doOw MmMRj B0 dsHEzdY tjL jt

[ dzw fseor hjdadvinls ¢ j Lidiffridshjdds” Br dzO toj OdzdL s9 OdzC
slsCdzt yjdedw Mmjtco jtceO, OCIsdodtokzj dzOv EfMmistets? Mise tsd3
MdkzoOyd?2 (or MsCOW Isj @B jtcOlskzte®, o dzOy desfyls! , L OH
fJteijHOYyYd MmMdca@wB Lz PEH@C BBz ' ydmdzd Is§ dz' dg" 2 kL § dz,
sBtcOBOIsT 908 h d2 1 Istsls Mdc dzOdz. 1 dav8 5moefy Lidtc jdtfiptds@iz’ 3 ¢

bz stcedlsdz Oo Otcd2 dzese s tslsCdzt yJ dedw o HMIsOo dzj dz
dzO todiSy
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JeMon Ha rNaBHon JoyepHue Hoaw 'nasuan Hona
MukpoKoHTpONNEP JaTunkm
HoAE KnacTepa Knacrepa Knacrepa

'
! 3anp0C HA CUNHTWBEMME JaMHKX
'

'
Coobluerne ob aHOMaNUK

A4

Currans! 0 sasepuenu

NEHKNAAHLIX NPaUSCCoa
»

WndopMsynn o sapepuenns
NOUKNALHLIX NPOUSCCos
Curnan o sasepuenuu
PABOTH CHCTEMBI

CurHansi 0 3a8epiuesiu
NPUKNARKRIX NPOUSCCOoa

VIRGOpHaUAR O 3aa8puwiern

NPMKNAQHEX NPOUSCCos
S e e 00 8 ik et w0 03 eai0n o 0,18 o2 om o}

Chrman o sasepwesinm
PaboTe CHCTeMBbI

tdf. 3. 1 dOcHeCasiay fdadffykih HdkY O Od2 dascts t5ls§ dzs

l dzj Htcj dzd BsHydzd Jtej HMSOLOdedwW (BEHJIS M
gmMrtsHdts?2 Ordlsy Slskzter mMdMmisJ d&3" . vitffgts! sdz0 9 €«
(vDSs) , BdCtesftoetsy] MMstedzlzr Mybgls? Bz § dze @Ol 2 tc® '
odtlszOdz: dzsds Mjtco jtoj t©OL o j todzfk e NPT toB tc G Otdzd (L 1
dzO W Pythénjn d MY sdz' L s9 OdzdFlpsk W@ jIQQFoSjic CBBSH j dz! cf te56
284] CdHA]imlce j o MAzEy dls ftotsd3j ) z@TUdcdC | B desdf o
Cdzd § dzls O3] . [ SH J dz! o dssestiz iz @] tc s200 dztf ¥ dztstp J B H j d
MsssOMdud MEdd ctOHd | dzls dz' [dgizOm fzdfis Asjdls  ( SAEDERIE gD e
HOdzdzr = M H@lEwWdS tsdnwvd dzO0 dzj 2, HOMzj J fkBdzdSfEkjls ftc
Mstetsdls ctcOWdSd d MsrtcOdzy jIs dr Bythgn@f g sz F azO
f ©¢C jds tsg pandasscikit-learn matplotlib, seaborn
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Prediction Model (€———

2.2.1 YreHune
AaHbiX C
3.1 MNyGnukauua npeackazaHns [ATYHKOB
No NPOMUTAHHLIM A3HHBIM Tonux
2.2.2 Ytenuwe gaHHbiX C GaTYMKOoB Tonuk predictions sensor data
Tonuk sensor_data -
l

Web Client-Server | 3.2.1'iTenne npeacxasanis nanomgq Broker
Tonuk predictions
2.1 NyBGnukayms AaHHBIX ¢ AaTYUKOB n3‘2-2c::::::n
Tonuk sensor_data pea
Tonuk
1.1 Onpoc Aar4vKkoB pas B8 MUHYTY, predictions

)

Hatumku MukpOKOHTponnep
1.2 [laHHble ¢ gaTtynkos

Y

4 OTtnpaska aBapWHOro curHana
COM-nopt

Daemon

tdm. 4. 1 d0O¢tOBdHPd i§ldsjElz degt€ daduisitsfte d dzc O

ltej HMC OL Oded § Isj B j tOIskztcr fsLodw jls ftoj o] dal
ftesBdzj 3" . 1 Oftcdd3j te, JMmdzd ftej HMCOL 90OjIlsmw Htcj o
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gd¥W stedzOydj2 d oLOddBtsHj2Mlsad) dBwiyHEZ dsH! &B3d: 1
sOC Yy j mMtso toj d3j elfddzQjls W Htdalg'j o dzjuls f s e 2 + drfmd Is@E
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COyjMmMlsots tsBteOL s9OIsjdzt desets ftesyj MMO. ¢ dzj € Istectsdad
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fsdzyj dzd” HOdsdzr 7 d Mo tOdzj ded¥ HOdzdzr &. | Odz' dzj 2
fesosHdlsMY &0 Sdif’ slsjt].
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Gjftojter oder & MkkzyO22ddy & CtdjBOdd?2 osCttke dzgj CBIst
LIsdR CtdzjBOdd? dj ddsjjls Mmih jMmise jdedz & dL d3j dzj dzgd
Ylsts HOdzdz' § M OCMJ dzj edEEzeGiEd@ & Isfakiny BIdz' & tistOy j i

Nepuoa onworo o6opora
Ha TpeHawepe

tdf. 4. 1©OY¥dS f) dMEtsHA & HOdd & ftsdizyjdd 2 »

] jtco sdgOYOdz! des dgj sBrSHd MBS teOLBdIS! f tsdzlzyJj dadz |
(tej OdzdL Oydd) . 1 1 Isdrn §jtodsHPE] dfistyuiztse jz,0 dazg dsts &
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1 d X dzd ssoMSEsEts esMmMizu OteMmise j dzdzsed s Iz

sBtstesls § jHOdz] 2 o) dzslstej dzOy J 6O, dzd B ts 186z glzo I B dzts !
wodzOW ff jtoedsHdydetsfls:! .

r dzvw sftejHjdddv fjtdsHtses ¥dLdud MEs2 OCIsdo da
sBtcOBBISCd OO ScgbsO0fig) dzfss FlsigO o™ MBSC B2 sy
OCIkdodzsmisd d ¢CazOMMdW dydtese Ols! odH" WdLdud ME 2

Bpema 1 nepuog 2 nepwon 3 nepuoa 4 nepuol 5 nepwog & nepwoa 7 nepwos 8 nepuog 9 nepwon 10 nepwog 11 nepuog
0 -3067 -2601 -2639 -2076 -2926 -2593 -2850 -3299 -3224 -2567 -2822
0.005 -2586 -2636 -2648 -3021 -2941 -2651 -2882 -3287 3231 -2578 -2866
001 2620 2661 2669 2562 2960 2676 <2926 <3294 3234 2601 2897
0,015 -26832 -2676 -2734 -2594 -2979 -2697 -2957 -3284 -3239 -2608 -2925
0.02 -2648 -2678 -232t -2685 -3024 -2r28 -2089 -33056 -3265 -2603 -2817
0,025 -2661 -2700 -2437 -2637 -3048 2762 -3010 -2829 -3285 -2636 -2859
003 2705 2752 2546 2673 2571 L2794  .3038 2881 3206 2687 2009
0,035 -2743 -2786 -2007 -2704 -2597 -2790 -2563 -2907 -2826 -2764 -2828
0.04 -2794 -2308 -2122 -2742 -2622 -2784 -2590 -2926 -2843 -2343 -2849
0,045 2306 2319 -2165 2774 -2646 2314 -2614 -2957 -2883 -2408 -2886
0,05 -2350 2352 -2208 -2811 26874 -2340 -2644 -2976 2922 -2440 2929
0,055 -2411 -2428 -2239 -2351 -2693 -23 -2689 -3020 -2957 -2466 -2973
0,06 -2469 -2637 -2268 -2401 -2739 -2432 -2718 -an7 -2993 -2500 -3037
0,065 -2551 2072 -2303 2442 2306 2464 -2343 2848 -3012 2540 -2573
0.07 -2096 -2070 -1820 -2485 2317 -2532 -2398 -2883 -3053 -2078 -2508
0,075 -2154 -2072 -1B05 -2540 -2474 -2085 -24726 -2922 -2594 -2114 -2617
0,08 2212 -2105 -2264 -2103 -2534 2141 -2491 -2961 -2642 -2137 -2661
0,085 2266 2180 2243 2201 2541 2175 <2540 2998 2723 2146 2749
009 -2272 -2256 -2231 -2257 -2050 -2189 -2067 -3040 -2775 -2187 -2343
0,095 2267 -2273 -2253 -2252 -2068 2174 -2108 -3068 -2323 -2263 -2423
01 2259 2267 2278 2215 -2148 2155 2147 -2805 -2381 -1814 2471
0,105 -2269 2260 2207 -2184 2155 2212 -2169 2837 2463 -1851 2528
011 -2294 -2257 -1793 -2199 -2148 -2293 -2178 -2084 -2534 -1866 -2053
0115 -1821 -2258 -2301 -2250 -2148 1842 -2184 -2135 -2087 -1852 -2066
0,12 1813 2252 2292 2298 2176 1838 2188 2781 2120 <1806 2155
0,125 -2304 -2285 -2278 -1800 -2184 -1822 -2207 -2320 2130 -2250 2189
013 -2291 -1812 -2265 -1798 2177 -1817 -2229 -2381 -2150 -2230 -2198
0,135 -2303 -1810 -2249 -2290 2179 -1827 -2235 -2450 2174 -2257 -2198
014 1793 1802 2266 2294 2220 ~1859 2220 2521 2207 2275 2220
0,145 -1794 -1789 -2279 -1793 -2265 -1873 -2220 -2556 -2229 -2294 -2245
015 -2299 1763 -2261 -1806 -1801 -1876 -2221 -2560 -2254 -2299 -2251

tdfp. 5. [ Odeder § YtHJdzjdede j 2O ©OQode §

l jtcor &3 degiflsGm j dzj ded W fjtecdtsHtso YdLrdyd mMEs2 G
OCfj dzj esd3j Istc® ftosotsHddzifw Htod Htsdii3shd Excel . 1
OdzOdzdL j otcj d3j dedetsets tWHO d o' Hjdzjdedd R OtOCIsj te
fsdzzyj dzdzr | tsls OC fipvdsjiwts dgj IS ), ¢ Istjstelzdelzts s OB dzd y Iz,
sHdts?2 dL fMj2 EMistjddy. 1t Wttt cttO¥WdCO d
WoLr OCIsdodesMmisd ( dzOf tod dBJ to, sBtstesls f jHOdAzj 2
Mo ttOdey dedz’ | oBq € tets$ ts dislsug tipfdsj’ to tsidgzd IS ES EEGiFlds  § Oy H t

lIsste" &3 3 ssHsdZ tsftej HJdzjdedWw  jtedsHBse WdLdudfr
WEdC ydd OelstsS stetcj dzv ydd. Cltsls ftsHatsH dMfsd Lz
fsLodvs h s QoalssdiOIdyi MSd OdgBT HH b lss' o oty aldy wadsdd d
or ydmdzw jIs MmMsjtfjdd MrtsHMlsa O MdedzOdzO M jets 4 €
otejdBjded. 1 dSd Oobtsitttejdv"ydd E2SOLTr 908 ls dzO® toj G
fsBBscOjls SftcjH]ddls: ROOfIsdtcdh j H dzdgld Bdzo Gtz is OC
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{dfh. 6. |GOYdS OolstCic) dvydsddas? YedaSydd

vtejlsy dds B IssHBR BHtej HYdzd dedw HJjtedsHtse WdL dy.
HOdzdzr = ROY§ Bd GR BEAO YO ZO dz2O0 Mdc dzOdz dzOS dz@isj a Az S /W
Colsster 2 MedkzOYdoOjls "k d eorBtsMmr, MchtOdw W
f sz yj dedesd@3 Me dzOy j degdesd3 fd ¢ dzOdzy dh Elsfw  dztsC Odz! dzg
LdzOyd dedv a3 EmMCtstej ded v . Rdzlsj tco Odzr BiqHE 1Isddd
o3 BOcOC Isj todz ted fiH)0.d y QEAR2 (MY smse YL odv s
fitedsHduyimcd) yded HOY] ftod dOdzdudd " Ekzdtsse o

] sfdzj twOLBdjded™w HOddz 5 f) OC ] dzj tots d3jtbsqfe) dzO
OmMMudlr e 0j s C et d¥Nyigdaizlz * yJj & & dzCfytddf dztsy § dzd J
tcOMMuyudls 98 O0jls St WWdydj dals dzddzj 2 dets? Ctstetej dzv yd d
L IsOdztsdzdz” d3d L dzOyJ ded v o3d .

l tjLEkd O] ByjdSd St WWdydjdsO Cttej dzv Yy
ftoetse cOdHEBOMNI W EddtcOL s HasMis@, BJE, JLHO dzO o j dzfs

l s otcf MY Jj tod d3J diflsted=dn’ j k2 ftotso j oW dzOM! oL BS
sftcjHjdzjddy dzj MStsdz Sdrn odHBe 0OCIsdoe dzsfylsd ntSH-
Emistes2Misets M HOLyYydStsd ddzj teyd Odg! diEsRe deOdfiffctdg@cO
ZOtclz )y des?2 yYOMmisd ctdsfdBy.dzd dzj o 52 descd (

) toj L zdif tstOesjin j HAflzr Etso f f sdgtsh 8 e Odzd L ts98 C
dHj dZlsd¥dseoydd Wdrduyud ME¢s?2 OCIkde desMmisd, dzO hdesoe
WEedzC yd2 oMy OCIsdodashlegH pzfzder f tcOo  dz' dzts
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tdfp. 7. L ©O¥dC M feddjdj dedj 3 Wdadz' SO MCsdz

a MpnACKEHNE MOHWTOPUHIE PU3MYECKON BKTMEHOCTH — X

Bribop daitna ¢ wexogHeivmm gandeimi: 2/Diplom/Diplom_last_ver/save_in_fileftest_2/new/bike_| Obaop |I MocTpoute rpatmk

Knomka nma
Bribop draiina ¢ ganueivin:  |/Diplom/Diplom_last_ver/data/bike_2.txt Obaop 3amycKa ajropHIMa
HoCTOeHHA Tpadima

Bribop daiina co wkanoi epemenn: | |1/Diplom/Diplom_last_ver/data/time_line_bike_2 txt Obaop
[0.9165971381161465, 0.6287136223342705, 0.22501588379806156] =

Knoma nna eelbopa myTH

Koaddmuyment = 0.9165971381161465 thaiimos

AKTMBHOCTE BENOTPEHAKED

O0nacTe 0TobpaKeHHA
pe3vILETATa paboT
TIPOTPAMMEL

Knonka zanycka anropHTMa
onpeneneHiA GUzHHeCcKoi
AKTHEHOCTH

Knomka ERxoma u3
3anyck | Brixog, | TpIIOKeE

tdim. 8. RdbjWj2Mm feddsyjdd? EsdkdbsttddeO Ho dd:(
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oM tsets ctsfizH

OtefMmlilse § dzdesGc 5 Iz

tdm. 9. wrjdBO SCtjfdjddy dthddsects EMistets? |

J sjCkhj2 tjoOoddLOydd HEZY o' wWodzjdzadWw Isdf O H
ctozydzs?2 e tOBBIST l  H Odzdzr d3q . J ZOMmlstswh jj otcj o3
Cslstesddz dzd 2 to s dzdzOW i ls! sBlzyo,jlsmw 20 H Odzdz" -
f sHC dzt YOJ i3 shdzlSite mRfR jiadstE, ftedyj 38 sBkYydiddj o4 HJIlsMmw
fdMmisj 30~ (o' UdBMp s je@fide'""d- o MtsMisOsj OV duj M
fted fsishd MfJiydod dz" » ftesctcORBBd « §O0CjIstse dz
AtsSHJ sBlzyd dzd v tc®j P HY B L OC sz 9 Y dZ' 2 W02 d
f sHC dztg yoOjlsfmw 9 ftesiCls ftosctcOdizdz' H dzw Bd S totsC t
dzj Qtetsdedets? MmjIsd ( ®0OfgtPEadalzE OdezjuOlgdf O OCIsd o detsfls «
f totsc tc Od3A3" H dzw ls O MOdgzls ztf tk@p Wz ¥ MydsAs  df dfisCots if
toj OdzdL s Odgdes?2 L HjM! or ydgmdzdilsj dz' daets?2 fdflsi d3r .

] ZOMmiIstswh j j otej BBW toj OdzdL s9 Odz fteddzj 6 B EZYJ
O¢C M dzj toffstEzy IsdetOy § dzdgf E etsC sdzlstetsdzdzj ez Raspberry Pi
[ 2] . J HOdzOdzg Blr j Il3sMW  jtoj dzj Misd dzj 2 esdzdzlz Mmj Is!
OCIsdodesflsd 5 fsCOLOdzgdWd3 OCMJ dzj tetsd3zd SO, dzO d My
STM32.
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1. BetedsOGdz 1 . . uvittedw ojtwisdasMmisj2 d dBOIJ BC
Hdzw ol sdL H.: [ MO dz' MisadB 05 P2 1Is, 2023.

28sHdUYd ,MigyMLf.. sdzedc O twjyditflstse / fjt. ) Odzcd
ltejfmfy, 2023. 298 .

3. MPU-9250 Product SpecificationRevision 1.1 // TDK InvenSensd® d y d O dg Od'ls?
2016. URL:https://clckru/3LVIzp( H OIs© tsBttONM jdzgdw: 20.02.2025) .

4. MPU-9250 Register Map and DescriptionsRevision 1.6 // TDK InvenSen$ed y d O dz! dzr 2
fn © 2&15.URL: https://clck.ru/3LVKAT(H O s ® tc O h : R@AP.2025).
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oMEBSEE EBMkHOEMiss j ezse s I

zdqhC€dde r. R.
1dy dzj o Oc s OB Milse j dzdz’ 2 Lk d
G. 1 dxdzj © Otclstseo MC

gt 0l LV VR tUrSUtRARRI RRYy (s [ 1 TTR1tlddLRC

O ez lsOYdwH Odzgdzts?2 MOl j fesosHdglMy fMeOs dzdls
HgdZOBd U MS et (osctOBBdess Oddy COC djlssHE

{ OMiisOlstedo O Isfqw  d8 feddydfr tOsslk' , otj dj dadz
LWWjCkdodatsils: o tOLd&Judy & My &zOtedwR. ¢ dzOdzd L
Okcstedsdise, IsOCdHAsc®sON ) ddd MdjsdsdgOynd d t©j " j dzg
dMisd L sPOdPd f ccctcOBBdtess Odd” Python. 1€ d

sjtod3d desdzse v, MtcOodedlsj dz! dgr 2 OdzOdzdL, fted dzd ter
fs orBfstol BB3j stsH O. 1 0 thdetse § f sdzkz yj dzdzr = tcj L
ftej HY sylsdlsj dz datsfylsed LS GoeydHfsdedsts fifldsH nttbst Gz dztseo d 2 L OH (

sdzs yjor j ei&ac®dy, HJZOBIUI MEts] ftotectcORBB] oo
Oz sted s s o .

J ot i3 dedzs 3 ot OBBItetso Odzdd orf Biste  dgj Is
mMih jMmise j dzdets] o dzdwdedy dzO GtetsdL B BHJ{sPzezderglipls i ff t
tejh jdeds BHdes?2 d Iss?2 X j ftetspdzj d&3¥ dBsekzls Mmkh j Mise
Ydlsoj dsmisd SsHO d OHOfIdtelkzj ddsmisd ¢ tOL dzd ydgr o3
LOdzd 3O Is toj Stemdw d HddZOBduyui Mty fescteOBBdiess

t 4 ¢ efydo dzw j sw  d3tsh dz" d3 d dzmistczd3sj dzlstsds, § sL o tsdzv
dHjdsdyde" § YBSHLOHOYd, tjhOjdj Ibjd3 N4 &jlIstsH
ftcdosH(Is! C LdOydlsjdz desdzsz § tslstcj B dzj dzd & f O3V Is «
qdaod ui Mési (e c@aiyEisd®dd dMf sz Lkjls Misats
tcjLizdz sOlsse o' ydMmdzj dzd 2 , Yybsts tosLotsdzwjls dLBBj O
MsCtOh OjIs ote] d3j dadzz® Mdztsy detsfyls Odze sted Is BBO. J H
Odz0dzdL Lt Isdr d3j IssHtse jfif dylzjhdg’ fifls e r v addg jHdidffryls @flsRC W atc o
dimf sdz! L tso Odzq v .

v tedf dgdzOd3d ud MSC 5§ 1§ tesce O BidtetgedOdiidij ted ¢ Odem ¢ d o
dimmdzj Hs9 O j dzj 53  dYUOCHE R s H@EZRFOILEESH] 1OGOSIST
sflsd B3Odz detsec s EkftcOo dzj daftsdzidz. + W ¥sislsls g iddists Hte j th tOUs !
fesyd M’ fteddwisdw " jded?, Bdded B L ez o Y
HddzOBd yj MSts] ftesctcOBBItetso Odzedj HtodtsBtej dzs h qtets§
tcOL dzd ydz' = B &ZOMkwrn, sOCdnr ¢ OQls (@§OD,d dzdisty dztisdBdzCuq , d
iMlsjMmlse jdedesegts WL rCO  twtsBtlstslsj-ded$ O.

tdSktemdodz § 3 IsBBHT , o Moty ByJtedH' , ddzj & Is
otcj &3 d20 BOIj BOISdSd dMf sdz! L se Odzd Hteddzydtfr , Mo
fsmMstesj dzgdvw § sdgf HiEBOBY @b izl 8O0 s stcj d3. 1l ftc
hdesS s ftodd3j daw d&zOfp! M tOLoadlkdjdz WL Cso orf MsC 5G
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koM sets esfkzH Ottmise j dedese s &

Br dzd o Mmistetsj dz a3 = Odzd L d3r o] CtemMdoadzgr = or L otse
ZzOC sdzed ydzs?2 L Of dfid fndztsyndg'Bn dz@ize B tc JUs@FSO YO R , d &34
tjSktemde dzgze MistezCkktez, KOSHE COC GBLOBBKCO HJ
Bsdzy § &BjdCd] fBHLOHOUYU]. TOJRBEBEREOQLSEH EH O
toj CE@ffdos dzd Htsdzed YW His'f totg @undsPls dzv 5 Is MtsBts2 dBts”
Otenj dzOdzy ftesCEteOBIBRd MisO.

fjSkiemEs BjlstsH foscOBBdtess Oddy, fttd Sttt
HtsfMisd y § dzd v BOLtSoatsegts Mmdzzyow. Clstsls § SHASH LW
d Misd Mise j dadzlz®  to jlsCiziactdrm d odptdid stc diigiiitdedz ¢ SB R BHO HJjtej o' Jo
[JHd2OC s jets Bidsody d3 dzj HEMISOISS s5d3 wWodzw jIsfqw o tsL o3
1 MY sdzgj dzyd Odz! dz" 2 tetsfyls otcj d3j dad o' §f sdzdgj ded W 4 tod

[ ddzOodisd ud MS tsd 1§ toisicldeO dpigdidfidcal O dedsis stetsdz Mdztsy dzOW |
ZO ftsHL OHOYd, tojLzdz sOIst Clsster n MtsntcOdgw 8 Isfw

or ydmdzj dzedws. Clsls §SHOGH G§oLosdvjls MmkhjMmlsej
or ydmdzj dzed2, vyt HjdkOjls jct @@y daszkls d ddaj © daf ds.
dzj HsMisOIsdsSsB 5 S H d d3ts iyls - 0T Hjdzj ded" HEY sddedls dz' c

ftesdsd Y zlssydzr = L dzOy4d dzd 2 .

ASteBzzdtese ¢ d O@wttdsEROds®E 0L OB ISCd Oddts
stz zdtese C d O s tadsls &t ayd Mazongd fdzjsdP@ylk 5 65 C L C

T 1 Odets dzOIskztc Ode. datsyjte j g ) tefg W n-sg r yydnigafss 1 A d B 5dz0 Y
fsfdzj Hise Ols j 2 dzsfls! AdBBdOyyd i teiomj diQels iy to]
phiOE¢ ™0t p 0¢ ch "¢ ¢l jtBatH Bt dzOQtsHdzt dzaOQ§ Calgdzts ¢

11 Odets szisy jfisots ftjndjlsss, 0CdHEE dHEHRE st
plkcBrE. vOCY] HOMS etOddyj ddi &0 oief o BOfdr dsf
COCE2 OBttt fjHdjlsss MAjrnbkjl §s&BlylsL ddasd
stsdksmis: , daj ftjorhow ftod stk ctOddyjddi
COEMOB O """ B T0d 6 oN mph T T Q

{ OLOBBISCO OWEsSEHsBEp,.& ftedhskzfdls: ¢, Mios
cOmMMdssisted 3 tod Odzd L Oyds -Bdztsts tmd Bdg®o Ao B Bz ded Y 1
G CLOC] f) dMftd LcoOdkdjd ©jCbtehds dsets § SHREBHO
[2]. tjiOddLOYydY {lsdf Odkcttdlsdtss § L o sdde sdsd ¢ d
O OCy,] Gyjddls! 1 WWjClkdodasfyls! COyHBEE dL dad~H

ftslstejBdzj dgdw  Ocgwisd .
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koM sets esfkzH Ottmise j dedese s &

vsOBd&ZdYyO 1
¢z stedIlsd3 o " mifeislzj\pEdfiydzO A d B 5dz20 YU

tdSktemdoady 2 i ls [ ilstsH HJdOBd Yy MEtsEts
def fib_recursive(n): def fib_dp(n):
ifn<=1: dp =[O0, 1] + [O] * (n1)
return n foriin range(2, n+1):
return fib_recursive@i) + fib_recursive(r2) dp[i] = dp[i-1] + dp[i-2]
return dp[n]

vOBd&ZdYO 2
ddzestedlsds oy " jdedw LOHOYd B te¥ CL OCJ

tdStemdgd s R [ ilstsH HddOBdyd MEtsEts
def knapsack_recursive(W, w, c, n): def knapsack_dp(W, w, ¢, n):
ifn==0o0rwW==0: dp =[[0 for _in range(W + 1)] for _in range(n
return O 1)]
if win-1] > W: foriinrange(1, n + 1):
return knapsack_recursive(W, w, e1h for winrange(1, W + 1):
else: if wi-1] <= w:
return max(c[Al] + knapsack_recursive(W dpli]lw] = max(c[i-1] + dp[ir1][w T w[i-
w[n-1], w, c, nl), 1]], dp[i-1][w])
knapsack_recursive(W, w, ¢;10) else:
dpli][w] = dpli-1][w]
return dp[n][W]

O Z2OdzdL qtelzw Ho O Odzetsted s RO, tcj Odzd L 59 Odzdz’ d
ftosctcOBRBRBY totso OEAF g Is Jdgts y dztsy ls ts ted Ctemd o dzr 2 d&3J stBH
d3d H dzj dzdzd J . Clss MowLOdes M + CMMYf sdej dzyd Ozt dzr oz kzo |
ftcdotsHdIs ¢ L dzOydlsj dz' dzts 3z tesfmis iz o toj d34 dzd 9 |
ftosctcOBB tetso Odzd v , dzOtf de'tsusty & @ dzdes dzOls @B oY dztfefit] ff St
or ydmdzj dzgd?2 Mmkh jMmlse j dedes MsC e O OJ Isfmyw .

vjd3 dgg d3zjdzj J, tod Sktemdodz 2 d&jIssH BB EZOHOJIs W
d dqdzszdlsdodes f sdewisj dz, s jdedets fted tjh jdedd L O
HOdzdzr EOW Oe3qd d Cdi3B d &zOIs stcdzr d3d MstczC Isztc ©d3d . ]
ftoesctcOBB tetso Odzd 4§ stci BzJ Is Hisf sdzdzed Is J dz! dats 2 f Oc
or ydmdzj dzd 2 , Yylksts sy jIs BT Is! Ctedilsdydzr d3 9 Emdztse d

v OB d&ZdYyoO 3
stcQodzj dzadj d3j ssH SO
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¢ N oi ®6,0%

. float4i ydmMdzs M f dmssdzd yd Msots Wdr dud MSd

PhysicalHealth |\ "o ¢ 52 Sls 0 fiss fRj Hdzd d5 L dzOy

MentalHealth float64di yd mMdzts M § dds sdzd ud Mlse s d3j dzls Odz' dzts
ssYys 2 slIs 0 Hts 30 Mt Mmted Hdzd

1 0dzdydj btekzHdesMmisj 2 M

Diffwalking objecti Is j ¢ s 50 O {{ :’(g.lglé,g@f d& 2 §OydJdso
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GHY TFUOMIsEF O Is jHard dePiz(oTCF )fit 0 o KB E&GEdedY 10O
HsC kR dzgs® (I DF) Hd&v fmzsce © At O.
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Latent

Space

Encoder Decoder

t t

Input Data Encoded Data Reconstructed Data

tdc.anl O ttOBBSISr VAE
tdLizdz IsOIsT

1 sz BERZYjddy o&BsHj d B z0O ftetslsj Misd tctso OdzO
gqdzH o dHEZOdZdL Jtetso Odzdz' = ftodL dzOC s0 dgO MtstsB M j dad W
s j dadW dz0 Odes 3O dd3)j J dstedkOd d&f j (




COw fls 2t i§ @ALS d)e O C @20 2 & ety |
H

oMCBEE GBMkHOGHSs j deesc s b

Owwubka peKoHCTpYKUWKM no coobuieHnam

—8— OLWnbKa PeKOHCTPYKLUUM o
-== Topor = 0,0015
@
0.0025 4
o

>
s
b= §
x
Z 0.0020 -
-
v
X
o
x
o
Q
Ll
x
< 0.0015 1
3
(o)

0.0010 +

'l‘n-'

0 200 400 600 800 1000
Homep coobweHun

t g} 8 ME Odzts BOdzd 2 LVISEO dif jofolf) ffisdd y g Ocdzd L d e ts0 Odzdz 7

OwnbKa pekoHCTPYKLMKU No coobuieHnam

0.0010

~@~ OwunbKa pexoHCTPYKUMK ’
==« [lopor = 0.0015
0.0025 - ]

=

=

=

% 0,0020 -

B

(¥}

x

]

e

& 0.0015 -

n

x

]

=

|

(=}

0.0005 -

0 200 400 600 800 1000
Homep coobuienunn

t dfm) SEMS OdetskOdkd2 VAE BjL dhMisd LsoOddY Mfjyd:¢

ldLEOkzdL Oydw toj L zdz! sOIstse ftotsH | s dzMmisted tctso Od
qdzHndodHEZOddL Jtetso Odzdzr = ftedL dzOC 58 Stz G 8B digs  dnrtf Weddc
Odets 30 dzd d . ] sts 3j otjdw dMftsdy L so Odedj BSHJ dz
ftedL dzZOCtso oL OddisHA,2 MBesldwY o T6Lotdzdddzts B dOtlzy
HsfMisdedzs M sMisOQoddBtse s kZtotso dzv Issydesmisd .

] O¢ dz¥ g ded §

l AtH] dhfgdzir O ded8 slsOdz d ftesls i Misdteso Odz s
OolsstemME e s Misddzv -0 dUDdASKYIs OrrR MJadlde g risegnd dzdojtc d O H d




COw fls 2t i§ @ALS d)e O C @20 2 & ety |
H

oMCBEE GBMkHOGHSs j deesc s b

Oolstst dgS sSH j tes O ) Myj sOdedd M ddzHdodHEZOX]L Jts
LWWiClkdodss 5B dzOtclzy drod@isy | doERBZOdIsfsH 1 degy JIs BT Is
dqHjdelsdWdeOydd Htsdzdsdyj MSts?2 ftosf OcCOdzH d d30dzd
90 dgr &3 dqdemistclzdzj delstsdz o Motej d3dj deder 7 kEMdzseo dW m  d dz

[ dlsjcOkiO
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Technol odgi €s.: 2022.

2.Tang X. Author identification of |literary
Heliyon. 2024. Vol. 10, no. 3.
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r dzv tebkyJ dzdv dGBsHjdzd YOLOvVvS5 dMmftsd L s Odziw G
d OpenCV. 1 0fmMbtets2¢C0O BlzYyjddw o€ dzs6 yOdzO:

it OLdB3jtc 9antSHASEES LBBWLOY jdedV: 4161 416;

Tydmdzts 1 ff 57 10;

it OL di3j &6 BOIYO: 16;

ITRM sdz! L sot©Ori\jj dpdetg H d3sH jdzd yol ov5n. pt ;

T{ffIsddi3dL Olsste: SGD f momentum 0. 9;

inzdz¢ ydqw f¢tslsjtes: CloU Loss.

tdLizdz SO tBERYJ ddW dBBSHJ &zd Mts teOdeW dzd fy! o W
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ZOBdzsdzdzets ] ftotsctcORBBItetso Odedj, dBilstsHr d ¢ dzOmMmr
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£ peoject /| Mainjava -
B 1 // AScrpaxrasit wpace, onpesencvuMd wabnonuei metToa ~
2 abstract class Search {
3 / Wabnownsin meTogs

" g

public final int search(int[] array, int target) {
/ KONKR M3CCHBa ANA COPTHPOBKM

£ int[] sortedArray = array.clone();
7 sort{sortedArray); // War copTeposkm
8 return find({sortedArray, target); // Wiar nowucka
2t G
10 '/ MeToR COPTMPORKM
11 protected abstract void sort(int[] array);
12 // MeTop nowcka
113 protected abstract int find(int[] array, int target);
f14 )
15 // Noaxnacc ANk GHHEPHOTO NOWMCKE
1£ class BSearch extends Search {
17 eOverride
=13 protected void sort(int[] array) {
19 [ PRANNBAUNE COPTHPOBKN NYBsipoKom
20 for (int i = @; i < array.length - 1; i++) {
21 for (int j = @; j < array.length - 1 « i; j4+) {
22 if (array[3) > array[j + 1]) {
23 int temp = array{j];
24 array[j] = array[] + 1];
25 array[j + 1) = temp;

tdfm. 1. [t osC dL MSdfkO dO wiLr¢j J

AN

o grojecs - @ Mainjave X 2N
F:T } -
25 }
g2 }

3e Qverride
a31 protected int find(int[] array, int target) {

fint left = 9;
33 int right = array.length - 1;
34 while (left <= right) {

35 int mid = left + (right - left) / 2;
36 if (array[mid] == target) {

37 return mid; // 3nemext nalged

38

39 if (array[mid] < target) {

48 left = mid + 1;

4] } else {

42 right = mid - 1;

43 }

4z }

45 return ~1; // JneMeHT HE HaWgex

a6 }

47 }

48 // Nogknacc gnn NNHEAHOTO NOWMCKa

49 class LSearch extends Search {

58 =Qverride
=51 protected void sort(int[] array) {

52 // ANA NUHERHOrC NOMCKA COPTHPORXA We TpebGyaTca, NOITOMY 3TOT METOA Nycroi -

tdfm. 2. [lerest dL MStdflkO dO wiLrCj J:
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Bs: S -
54 #Ovarride
protected int find(int[) arcay, int target) {
for {int 1 = @; i < array.length; i++) {
if (array[i] == target) {
return i; INeMeNT MaRaen
}
}
return -1; IneMEMT He HaRkpew

}

L project L Mainjava c

£3 }
64 OCHOBHON KNACL, PeANNIYRUNK MPIMEP HCNOND3OBAMNR
65 public class Main {
public static void main(String[] args) {
Search search;

68 BuHapHul noucx
69 search = new BSearch();
78 int[] numbers = {2, 1, 4, 5, 3};

int target = 3;
int result = search.search(numbers, target);
System.out.println{"HHgexc HahgeH=oro anemeHTa (GuHapemid nouck): " + result);
74 NHeVHEW NOMCK
. search = new LSearch();
76 result = search.search(numbers, target);
77 System.out.println("Mnaexc HaRaenworo snemenTa (NuHedMsd nonwek): " + result);

tdfm. 3. [kt osC dL MStdfkO dO wiLr¢j J:
9 }

@ Comnie * I r Gl fMe=p

alermminsted s Mun [ve Appiabion] ChUBers\AGm N, Desktop!, eaenc Jesss\echipse\pluging\org achipse jst] open o hatspot fre habwind 2 aio 64 2105 20240426 1550 re\ i javaw exe (20 ¢

HHgexc wakaennoro snementa (Sumapuwi novcx): 2
Mupexc walkgewnoro snemesra (Aumeduwi nowck): 4

tdm. 4. §HugussOtdw

)| HOdzdztsdz f tod o3 tod Search WwWodw jlsfmqw OBMlstcOS Is
MtczClskztcz Odetstedls®kBO fsdms O. 1 sHSC &zOMfp BSearch
LSearchi dzd dzj 2 dzr 2 fsdm¢, ) G zOo dzsd3 § dzOMMJ Mai n
h OB dztstelzdatsjGls sH O.

ltejdddzh jMlsoa © d dgj HsMIsOIsCd M OB dzsdzdz” = d3j IstsH 59

ltej ddi3zh jMlsoa O dMf sdz' L so Odgdw™w h OB dztsdzdz = d3j IstsH
fjtejudmdzdls' MmdzjHkzs hddz sSBteOL 5:

1. [ detsE tsC o Ols dats | dimf sdz! L s9 Odzd j CtsH O: sBh Ow
tc] Odzd L Sod@ dE@® LsH] M tsdz' L 50 OdzgO® Mdetso O o tOL dzd ydzr -

2. uvftesh jddj IiMmsdtesoOddw: Ekdzdoe jtemOdz dgr §j to.
ftotsh dzd detsy jMlsots ftetseo jtosS dzO twOL dg" 7 Mdzeyow i .

3. Rdzls j cteOydw M cdzzetsSdds tBEkyj ddj d3: mMyJ f dz
skEyjddjdz HOMIs otsL Bsy desMmis! MsL HOdegdWw cSdBtcdHdz n
YJ telsr sBtsdn . Clts fMddz des bkdzkeyh dls € Oyj mMlsots ¢ dz
LOHOYO~R .

4. ¢oltsdBOIdL Oydw tOLKOBBISEd: OoaltsdizOIsdL Oydw
dficdz L so Odzgdw h OB dzsdzgdz" » dBjlstsHisea By jls L dzOydlsj
ftesjClstsoe d f§wor mMdls! gdr €0OyJ Mmboe ts. t OL OB ISE C
Gjdzjtcdtctso Odzde CtHO d2O tsMdese j h OB dizsdzseo By jIs B
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

[HAZOC s Mistdis dzisHgsdflisdIs YO :

1. wdzsy dsfMmils! : dMfitsd L soOdegd] h OB dzsdzseo sy J Is
ftesctcORBBI MIsr @kl dzj fodvls!, ¢CO¢C Bdd tOBBISOS

2. 10adMmddismis: Bl Codlsj SMsO: dgj Cslstster j h OBC
o BfitjR]dgjodedetly, dzdBt HAW s tcj i ddgdaic EEEz6G BC
dzd + W W Jj € Is (hthpsrcldkdu/3GYKtb)

l1jtemf jSIsder t©wOLoadlsdw hOBdztsdedzr » i lssHtse d ¢€d

4 twOLodldjd sjrdesdzsed? d ko jdzdyjdedj dz sBI j B
ddzssOoydd oBOhdqddsets tBlRzyjddw M IsttOHdydddz i3
Bdzij OHOfIlsdodzr § MmdMmisg d3r , Clstster | M stss dzf
dzj sBrsHd BsMisd ftsdzdtsets ffjtoj Mdislste® Mmizh jMmlselzs h A
Edzdo j tmOdsHID nn fiflsiGalzs e dIsfqwy o Btsdzii OCkEZOd dats?
HsY sdzdzgj dz@ @ detseo ™ d©3d § SH - SH O], sOCddid CO¢ dMmf sd
sBEyjddy HEZY MLHOdY Bdjj Masyd n d 41 ¥W¥jiCld

v OC Y J ) sB dzOMIsd toj ¢ zdzd tetso Odzd I tc ORSR ,G d ) dz jtcHOlz e
dmSkMmmlse j dzdesec s d dzls j dzdzj € 18,0 ki jtftopjteid] wadzz 5 LV 2 @B G C
t siimd2MEts?2 AjHjtOYdd 486 10 tClkwettw 2019 ¢.

1 06 dz8s yg ded §

Z OB dzfts dzdz" | B IstsHT d C dzO ) figrdzfm v t@ el j& deldifyvds  dpts h dz
cOLtcOBBIsydStsos RR. [dzd fssLotsdzwels ML HO Ols! B 5d
) MsftcsotsyHjdzedd G BBH. 1 d Mdstslstow ZO dzj S slstster j
LdzOydlsjdzt dets fsor ipdls! 1 WW jClsdo datsls ts Btg Antf tg Qugj tsbis v
5B dZOMIsd dMmSemMmise j dzdzetscts ddglsj dzdzj SsO®. | Oz dzgj 2
COLcOBSISCE dsorn hOBdsdss  fBHARSHESe, Ekydlkr o0

[ dlsjtcOkiO

1. o¢otelssh CddzO . uw., wOWdkzddadd rlsj ddzj, ¢ lsriz QadzOd
mMdMmilsj &3 o L Oh dIsj ddeW stcdzOydd [/ / R dzH ZMis @9 Odz' da
https://doi.org/10.47576/2948886 2023 4 69

2. 1l jdzdS s RrR. 1., godhyve ¢. 1. RMMdzi Hise Odzd J
tcOL tcOBSIsC | §tod dztsy tisGePds j/d2' dg @z ydets dzOdz H dzv MiskH j ¢
¢cStudNete. 27/021. -~ 5. 4. 1

3. Il BGHOdWzs 9 4. R. , ssmiss Cs9 O . 1., [ &

ftoesj Slsdtcsoa OdzdY odHjBdGt HMAzYW Wstedizdzdtctseo OdzdW SE
dmffdzj Hse Ols j dz' " [ B@@®B2) 2082 48

4 . Il dygj dzlsd 2 . 1., zdh Oj e .. U mdetsdzse d W
Mh dtsmisj 2 H&ZY odLEOd dtsets ftojHMisOodzj dedw f tesls
OolstsBOIsdL dtctso Odzdats 2 GJjdej cOydd ¢COtclstsmn j thd1/:/ U
R stedBOYydtsdedz’ j Isjodegscesedid9 &. 12, 2021. -~ 5 (
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5. 1 tdzdé¢tse 1 .d. ltwddjdzgj dedjy dzsC Odz? dz" = B d dzOts
L di3syd?2 // [ iHEdRZOtSHA 2 dzOkzydzr 2 Y kztddOer ¢l j Mmisdz

6. Bk S.R., [BEOVNJOGyYdY . HlsOsdD HJOB Isdyy
sfdeseo | dzgj Qtetsdzder 7 Milsji?2 // wdMmlsj digder 2 OdzG2kdL
https://doi.org/10.21122/230992320223-12-21.

7. s skzdzdd ¢.1 ., Sy OCtse d. . rekzomlskzy j dac
fsHmdmisj d©sdd RBOM Jdzdesets Ltcjdedw MmjtcodMmder » tesBBISt
dmimdzi Hse Olsj dz MEtse s dzdlsirmndadyd MEBsEets Ekdzdoe jtefmd
sjrdsdzsedd, MmdMmilsj d3r4 9z {f e®O1dZj6dzd v . 2024 . ~

8 [OdHYXdjo0O ¢.t. [ jlsdslsi'tsdas@ it O Bfts IsfCdgn Istietiztsizs te O d3
ftetseo j o€ d ftcOo ddz dztsmisfifrn | ts Mdz@ o dixifiEdve | B dftEs ¢ tc O o3
[ iyHEdOHd 2 dOkzyds 2 ) EZztodOdz 9%78)) R BHC MdzOEC d & .

9 1dSBdkzOjdeSts .1., zOfOdddz 1. | shisd Od dzfn@df jo -
tcOB SiIsT ftew d3gr =, Mo jtolssyder = d toj Sktetoj dalsdz" = dzj
RAdW stedgOydtsdedz | Isjrndsdi8EJ . vt t Ps: 20 AWIA22004 g/ 10
9-4-0-3.

10 dlsOtedyStsaO® 5. 1., sUsdBON j o MBSO j & .d&30" d Gzt
sBlkzyjddw HEY OMmMftsL dzOs OdzdwY IsjSMmistsar 7 " OB dzts dats
o' mMhdr EyisBdgr m LO9jHJdd2: l setsdyy MS d2 to-p& d tsdz:
https://doi.org/10 21685/207205920223-2
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oMmMEtsets Mk temlse j dzdzsc s Iz

| @Bz O v . ¢.
1dydzej o OtclssoaMS 2 ctsMkzuOwihlse
G. 1dxdzj 9 Otclstsea M¢C

T o1t Juse 1t fdtHIdnzrrRre
rfc ¢1¢I O 1 frforargm 1 oyt o IrDIRWRE O

4 tOLoadkdjd3 Isjrdsdzsecd?2 Mo tcj d3j dadzetsj LHicO9o t5°
sBi j 3O HOdde ~¢ J dil lgtstlz & Is iyw o tcj L zdz sOIsj 34
HJOGcdesmMisd S d, dzj yidedv d dBsdedlststeddzc© § OydJ delstsoe .
LOf dMmd, ZzOB stcOIststede” §| OdzOdzd L ', &3d H] yd g€ § 2 M lsfa,
o dzW ¥ Isfpw Y dedzs’ sz UM i BC DUy Mise © BIHIYddMC d A
stejBljls MfjydodzdL Jtetse Odzdz" § ddeMmistclzd3j dzlsT d §tsH
Csdzdyd Mlsos ddeW sted3OYydd d dL odzj € Ols+ fsdzj Lide" § L
BBsh dzr 2 ddeMmistclz d3j dzls, oGstslsEOts'dL dtfctso Otsdzw s s@ j M O dzC
Stsydz § ftesedesLr dzO tsmdetse j dMmlssted yd M drs H Odzdz" n

sBBotej A3 dgdz" J ISjrdesdzsedd OdzOdzdL O HOdzdzr = © d3J H
sBkyjddi dcecttOjls o {1 Itd3 ftesyj Mg € dzs yd dewz © tc @estEdS .
f) Btsd hddi3d tBJ jBOR] &iHdyddnmis2 Jdbtstt3oydd,
ftesedzsL qtetso Odzedjy BBAdZjLdzj 2 d odzgj HieW Is! f J 8B4)ts dzO dz(
I M) odedB3ZOdedd BEHJjdzwjlkmw dMftsd Lo OdedH dzwdzj 2 t6
sBteOBBISCd 1 dzj Slstetsdzdz" = BJHdqyddzlmScdas S Owls, zOB 5
MlsOls! j a3’ cOmMmdislstedds HO O thdtsoads = ¢ dZOMMO BEs
LOBBdzj 90ded2: Isj, uybt t©OBBIOsIs M IsOBdzd ydzr &3 H(
deBtcOy J dzd W .

[ Mdeso dets?2 OCyjdzls BEHjIs MHj ZzOdz dzO Oterndlsj Clskzt
ftoesdLotsHdIsj dz' desfplsd. 1 t©ORE OR HOdgdesets dMmMmdzj Hise
stsydesmisd ftesedesL Jtetso Odad v, dzJ LOktcOcedoe O I1sOCC
f slstcj B dztsfyls ) or ydmdzdilsj dzv dz" = tofsfigf wdj B2 , ldz20 ) ¢
Fazzyh 0jIsfpw COydmMsots HJOcGdtMIsdSd d fHtwjHmMEOL Od
I WWJClsdoedzr ] ddsHjdzd © COYHBAR dqL ttOMMdzOlstedo O4 d3"

[ dzv OdzOdzd L O o 5L RBodafyfls’) 2L QBdSiEjdatQ dffti? B " dzd
Otcrndlsj Slskzter dgj 2totsdzdzr = Milsj?2 dzO ftoddzi ted S 5dzC tc |
ftotseo tsH d dzd iy ! dzO B AL 1j 5 IHCQa@lzdE t5.d3 Md jMr] s iy 4 fMsH j toy O
fOydj dzsOrn BIsH j dzj ded 2  d dzlsQwdzind f @zts dzts LIS j, .6 O §] f [z dz! ol Q@
ftoseo jHjdede" § BjHJuddemMSdy fesyjruikzter [S5]. [BLBE

1. Random Forest 1 Ists OdzlmOdzB dzj o7 2 d3J IsStsH, smdzts 9 O dzdz" 2
tcjh O h QA Hjtejo' jo. SO)YHBY HJ tc] oBtSS tc© § Iz WA disdlfsy Wa
fsLotsdzw jIs MmdedL dls! twdmM¢ fjtejtsBlzyd ddwy (tdm. 1).

¢
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t dfm. 1. ltwddjte tcOBSISTr Random Forest

ltejddiszh j Mise O:

fTor MsC OV ItsydesMmis! dzO IsOB dzd ydz" = H Odzdz" =~ ;

igmlsts2ydetsmils: ¢ hiezddz d or BtesmOd;

ToBL d3tsy desmls: ddzlsj eftoj sOydd o Oy desmisd ftedL dzOC

1 d HEMIsOIsC d:

idgd dzj J 1+ WWJiCldojdz dzO HOdzgdzr » M or MsC 52 tOL d3d

istejBlzjls L dzOydlsj dz' dz@f =« orf" ydmdzdIlsgj dz' dz" = toj Miztem

2. XGBoosti + Iss GtOHdJ dzlsdzr 2 B EMIsd dzG , Colstster 2 Mmiste
COYHOW dL Colter n Ctote] C(stegfdfiz j s tsh dBSCd ftejHT HE

00)

-02\ - - :
-0.2 oo 02 ) o6 o8 10 12

tdm. 2. lwddjtc tOBESIST XGBoost
ltejddszh j Milse O:

ior MsC OVW btsydsimis! d MEtsttsMmis! OB ;
iIfSHHJKY SO § OteOdzdzj dz dgr = o' ydmdzj ded 2 ;
TotsL sy detsils! tOBtslsr ) ftetsf zh j dade” &3 H Odzdz” dzd .
1 HESMIsOIEC (:

iMC dzsdzdesmis! ¢ fjteisBblyjdeds fHtod dzjdf;tceOo ddz' dzts?
ifdzsy desis: ddelsjtef tojlsOydd dEsH J dzd .
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3. 1j2tsdd j filkd, OCd] COC Bhascshds2d j
Hdz" OdzOdzd L © s Q(Btelzfffry. dz' F) .H Odzdz’ =

BXOITHOH N
CIIOH CKPEHITBIE CIIOH

tdfm. 3. lwddydf ©OBsl' &kscshds2d 7 ]t

ltojddszh j Mlse O:

TotsL sy detsfls! sH j dzdtetseo OdedWw fdztsy dg 7= dzgj dzd dzj 2 &

icdBStsMmls: o dOMtes2¢Cj Otendlsj Slskzter .

1 JHBMISOISE (:

istcjBlzt s Btsdz hséts BBI jdBO HOdzeder = HdzW BB EZYJ ded

ifdzsy desmis! ddelsjteftcjlsOydd tojL zdz sOlstse .

[BLiStc BBBHJjdzj2 Hdzv OdzOdzdL O BjHIyddemMSdr dL 5Bk

luo jtelstsydz j dzj 2 esidaddstg it jsyd QNINJ tetso Odzdz’ §  dz]
sBtcOBBISSd qLtBKOY jdd2. [dd dmfsd Lksls Mo jtelstsy
ftodL dzOGC 59 .

ltej ddilzh j Milse O:

PTor MsC OV btsydesfmls! dzO@ L OHOYOR C kZOMMdW d< oOoydd

ToL BBtsy dz®fb s BOIdyj MEtsets dqLodzj yjdedvw ftodL dzOC s

1 jHEBMEOIC d:

istejBlzt s Btsdz! htsegts BB j BO HOdzdz" 7 Hdzw BB EZYJ dad

ior MsCOw or ydmdzdisj dzv dzgOw fdztsy detsfls! .

2.UNeti 1 ss OttnidljSlsktc®, ©OLtOBSISOdEZOY HA&Y L O
MemMissdls dL CtHdtese gt jOH df dzjH grEseBQ) taliledh dife@,L ! & .

ltej ddszh j Milse O:

ier MsC OwW IssydetsMmils: dzO L OHOYOs Mjcedzi desOydd;

TotsL sy detsfls! tcOBtslsr M dqLsBWLOY jddYydkd o MsC ¢

1 JHEsMIsOIS d:

istejBlzjls L dOydlsj dz? dzr = or ydgmdzdlsj dzt dzr = toj Mztem

ifdzsy desfils! dzOMlstes2Cd S jtcf OO Istetso .

. tcOdMW sitciddgtic” Otern dlsj Clskzter , tsMdatse Odzade” | dzO 3] -
dmMfsdz’ L s OIs! MW HoEzY OdOEZJL O BiHJyddmS¢das L sBKO

C,nn. 193
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

ltej ddilzh j Milse O:

TotsL sy detsils! LkdzOo dzd o9 Ols! HtsdzetsMtesydz" j L Oa dMmd

for MsC OVW Iktsydesfmls! dzO L OHOYOr S ZOMMdW dEoOoydd

1 iBMIsOIsC d:

ior MsCOw or ydmdzdisj dzv dzgOw fdztsy detsmls! ;

istejBlztls Btsdz! htsets BB j BO HOdzdz" 7 Hdzw B EZYJ ded

lteso jHijB 1 S jteddsj dels Hdzw yjdeSd 1+ WWjClIlsdo da
B sted € d:

ifaccuracy (ltsydtsfimls: ): HBdv fttOosdd dz » { totsc dat

iprecision (lstcQdefods dis: fcGdamctdOL Odedzr 7 § sdzsy d s,

irecall (fodzdslsO): HkY oty dlsjd d' s Mdazkzyo

ifllscore: MmMjHdzjj ccOted3sdzdyd MStsy precision d

tdJLizdz 5Ol Hd&vw IsOBdzdydz 7 HOdzdz" & :

[ sHj dz Accuracy Precision Recall
Random Forest 0.92 0.91 0.90
XGBoost 0.94 0.93 0.92
MLP 0.89 0.88 0.87

fJLEde O HdY BjHdyddmSdan dLsBtOY j dad 2

[ BH J dz Accuracy Precision Recall
CNN 0.95 0.94 0.93
U-Net 0.96 0.95 0.94
Uil Odzm W tste d3d 0.97 0.96 0.95

lteso JHj dadetsy diMmdzj Hse Odzdy Y tSL O Bsdzd dzs dzj Istsdz
fsHoSHtsSe ¢ ftotsedetsL qieso Odzd®s L OBtsdzj 98 Oded 2, dets (
HjdzOtIs Isj ddzd ddz'J OtendlsjSClskzter dzj Qtetsdadz" » My Is
sdf s HOPe®@y BEddj tc, EBsHJd, ttOBSBISOENd] M IsOB dd1
Random Forest d Gradient Boosting, ftHj d3tsdzmle
M smtse dztsMmis LWWjSlsdodes BtcOBOOIsr 9 Ols! MistckzC Iskz
zOB StcOlststodzlzff ,  BO@dOIE ] s fOydj dzgsOGr d tjL zdz' s0OIs
Odze stedIsdzgr MtsB j dzdes mstech 5 MPtcOQodwe Ismw M L OHOY
gdr daj L Osj dad dizr s Hdzv HtosedesL Jqtetso Odedww L OBtsdzj 9 O
Hiczes?2 Miststofdzf Yyd O L JBsBtcOy jdzd?2, IOSCdrm COC t
s U, stcjBlzjlIs Bidzj J mdztsy dz' - f SHRBHBY. 1 HJ M [
sMdztso Odedz" § dzO Mo jtolstsyds « dgj Qtetsdzdz = MJlswa, GCBL
LWWiSlsdedz 2 ddzfplOBIsdRgE dpls ogfdz'z Oz dzf = H Odzdz =. [ H dzC
Btsdz! h jj oded &3Oded j [kH jidMugjrlsfip] Cldstdz@odfigly, ts tafdg jdaooud® dz!  dzts
sBtOBBISSd JMisiMmlse jdzdese s WL r CO, des EmMy jhdes OHC
vicOdzmW sted3zd tef , nls U dajn sF @T meirs, i df sCOL T 908 lIs o MGk
M smMtse detsisd Eydls™ 9 Ols! cdzsBOdz! dz" j] L Oo dfmd dzsmisd
Ylsts tsmtsB j dades 9 Oy dets HdzW OdzOdzdL O fdzsy dgr =7 g HA Yy
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

ftej dd3zh j Mise Is tc O defisiint tc d3f Ao s al3O My Is®B dtelz | I Mis ' ts 0
sBlzyOls: Mv dzO@ BBdZ' hdr tBI j ©3OR HOdzdz" =, yYlsts H j dzC
stcjBlshdr or MsC 2 Istsydesflsd, sO¢dr €0OC¢ HJOQG dzt
orvodzjdedj G ObBdzscd? dIX stc@dddzd ff te diplsi @lrjiddedni. Is(tejde Iz
or ydmdzdisg dz' dzr » t6j Mztemtsoe Yysts disyjls BT Is! SCto
Eytej yHJjded?2.

1l Oy des tslsd3jIsdls!, ybts o' Btste BBsHjdzd L OodMmdls dai
LOHOYd. 1 0fted dzd to, mdzdzj th OB s daPtc tsdN@atze i Us® B dzd y dz
ftej Hf sylsdlsj dz dz Bdzi 4 ftetsmisr j d ddzlsjteftejlsdtek
tjctej Mipdw ddzd Hijtejo!w tejh jdd?2, shtsjdds jhdd
odzdwels dz0 fftescdatsL . |1 datdsBygOyq teagdd®Y Y] G@RQdaEPL @
Pydls Mmdztsy dzr = oLOddsMeaw L j 2, Btsdzj J fmMdztsy dzr J Ot
sSCOLT 90 Ismw  dzj L Od3j dzd d3" d3d .

s tetsd3j ss¢ ts, ) ftesyj MMmj dmimdzj Hiso Odzd v B dzd
1 0fted d3j to, daj Msslstecw! daBtswj dgjsE ¢ tc BastlsBdfisdn ) s OB
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ftcjotsMotsHdls IstcOHdYyd dedz | fSHRSH' , sO¢dj co¢
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fteduddets?2 §wlsjted Ltjddw [2]. wuwtstsBh Oj BOW ©OMY to
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sWIlsOd BsMS sy duj M dj BjlStHT dfMmdzj Hse Odzd v & dz
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toj Isd dz®@f Ol diimdiBsistew dzO L dzOydlsj dz' dz" 2 ftetsetej M o t
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ftedL dzOC d, dLoedzf yd dedz’ j dteo tsego nls O H JzjtRB 6 OY Pk
ftcj SBtcOL ts9 " 9 Odzd M ) i Olsyd H dzw Btsdzj J HjlsOdz
dLBBtOY JddW fBSHOOMM! d&O o9~BH Hokd ftjHO Od L
dL o dzj wd dzd 4 ftodL dz2OSC 59 . r odzg 4 , § 5 dzizdulg miatzs g " 2§ toad jL
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® 2021 cetHbkz, Mmbtsdls dL Mo jtolssydss?2 dzj 2 tots dadats 2
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MisOls! d MOodeddzd HoOj] OtendlsjSClskzter YOLOvS8 d YO
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i sdzlz yj dz" aB3d dzd B3O dz! dets B lZyJ dzdz” d3d tcOB tslsdzd ¢ Od3d
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toj s dzestf Olsd J 2.
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1dudf stej deS s |
1dydzej o OtclssoaMS 2 ctsMkzuOwihlse
G. 1dxdzj 9 Otclstsea M¢C

tor1t o fusd r1rutfdsefulRr R TTOFIAREL JRA d
Red [[ 27 1o vrRrffoliBsgm [ v  MICNN,CNN)

Il fsmdzjHddy HiMwisddzjIsdw Isjrdesdzsedd tsBtcOB SIS
ftcdtsBtcj dzd L dzOydlsj dz' detsjy w©WOLodIsdj, vyt tBkMmMdatsse
sO¢ d ftwtsctcj MMtsdz © ©B dZOMIsd OdzestcdIlsd@Bses GOI d dzdats
P sdzi j OCkEZzOd dF » d otsMmistejBtso Odzdegr = L OHOY o |
dLtsBtOY J dzd W = . ClsO LOHOYO dzj btd ¢ fttdeodz € OJ
hdqesCt] ftoddgd dzj dedj o ©WOL dzdyder = ¥ j tcOR, o ¢ dz¥ YO
d &jHdyddlk.

AJdz¥ HOdzdzsets dMMmdzj Hise OdedWw WwWodzw jIsfpw OdzOdzd L
tcOMf sL dz2OdedY dzdy dz2O0 dL tsBwOY jd2dWwr, O IOCYyj o Mt
CslsstcOv sy JIs BrIs! ftodd3j dzj dzO o tOL dzd ydzO ¥ d tfB dzC
dzd y .

[ dzZv HtsfMisdy j dzdw HOdzdets?2 yJjdzd B"™ dzd f tsfyls Oo dzj dz

1.1tese jMisd tsBLBWK OtendlsjSClkte Motej dzgi dedz” = d3j Ist

2. mMEeh jmMlsoedls! fYtsHetsktsoa Sk HOdd = d Okzcdj dzls Oyo

Bl fsdzdzd s ftetsyjmm sBkzydiddw d 90ddHOydd.

41 tetse j Misd { € ffOjdm{d d3jtedpla 'z dof Is@dz ts o

[ dzv 5B dzOtelzy j dedw dzdy o tcOL tcEaBkCECafed Candohigjornl j Is fr
Net works (MTCNN). Clstsls d3jIstsH tj OdzdL sa Odz i My
MTCNN L OGCdzt yojlsmw o dhif sdz’ L s9 OdzdidP-N&RN=E t C-FfyOOH
Net , Clstster j§ fsdzj Htse Olsj dz dets kdzzyh OWw ftcj HiNG
cOMYf sL dzOPBezd d (R gpos al Net wor k) : or f sdzdgw jIs Gt
ftslsj dzydOdz! dzr §| B d&ZOMIsd, MtsHjtey Ohdj ddyo.

- RNet (Ref i rzds sNgizyjy RPN OBEB tcOMr o OW  dztsy dz" § Mt
d BEdzkzyh Ov d&sStodkdL Oyds ddy.

- ONet (Out pustr Nsededmvojrisk Jissydzlze Hilsj Syde d&zdy d
ssy¢d dzdyo (edzOLB®38fsMm, ttsls) [3, M. 336

v OB d&zdYyoO 1
dtorn dlsj MECANE @35 H § dzd

- I ABBHds?2 Mizs?2: dJLtsBtOY jddj tOL d3j f
- oY twlstsydzr 2 Mdzs?2 1: 10 Wddz stetse

PRelLU.

- wdzs?2 B jJHddzj dedw 1: &GOS fd &3O dz' dzts
cOL i3j esd3 BEC dzO 2 x 2.

- oY tlssyds 2 Mdzs?2 2: 16 W d dO Sddaftoe0
PReLU.

- doY twlstsydzr 2 Mdzs?2 3: 32 Wddz steO to
PRelLU.

) d dztsls dzOw -
Net)
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oMCBEE GBMkHOGHSs j deesc s b

- oY telssyds 2 Mdzs?2 4: 2 dgj2tetsdzO Hdz
Softmax.

- w9y wlssyder 2 Mdzs?2 5: 4 dzgj 2ttsdzO Hdz
ftowdiszetsdz! dz = t5B dzOMIsj 2.

- I ABBHds?2 Mdzs?2: dLtsBteOY jddj tOL d3j f
- oY telssydsr 2 Mdzs?2 1: 28 Wddz' Istetso
PReLU.

- wdzs? BB JHJdgj dzdv 1: BOSCMdd&3Odz dats
- oY tolssyds 2 Mdzs?2 2: 48 Wddfvwist©O€d d

PReLU.
lto] BBtOL 28 |- wdzts?2 B JHddzj dedw 2: BOSC Md BOdz! dats|
g s - oY twlstsydzr 2 Mdzs?2 3: 64 Wddz steO to
(R-Net) PReLU.

- 1l sdzdzetsfmils! 8 Mo w L Odadz” 2 Mdzs2: 128 dgf
- JrasHds?2 Mmdzs?2 1 :fMfiRd Wdgj SRAosddg@  HWdizvdzS
Softmax.

-l r AtHdEs? Mmdzts?2 2: 4 dgj 2tetsdzO H dzw
ftow ke tsdz dzr = BB &ZOMIsj 2.

- JABBHds?2 Mdzs?2: dLtsBteOY jddj tOL d3j f
- doY telssyds 2 Mmdzs?2 1: 32 Wddz steO 1o
PReLU.

- wdzs?2 B jHJdzj dedw 1: &BOS fd &3O dz' dzts
- oY twlstsydzr 2 Mdzs?2 2: 64 Wddz steO to

PRelLU.
- wdzs?2 Bl jHddzi dzdw 2: BOC fd Z3Odz dzts,
- w9y teltsyds 2 Mdzts?2 3: 64 Wdd OEB® Jte
PRelLU.

-l sdzdetsfls! 8 e w L Odade 2 Mdzs?2: 256 dz
- Jr AatHds?2 fMdzs?2 1: 2 dgj 2tetsdzO H dzw
Softmax.

- Jr AatHds?2 M2 2: 4 dzgj QtetsdzO H dzw
v diiczetsdz! dzf = BB A&ZOMIS] 2.

-:[Bj J_quzwsh
(O-Net)

10 tedpd&gte®@y j dz § edMACHN. HJ2Mmlse W

1 sfdzj BB dzOtelzy j dzedWw dzdy M dMftsdz L s Odgd j &3 MT CN
ftoj HsSB EZYJ dzgdzOVY  BtsH § dzt tcOL tcOB tsls Odadzlz & h dMmf tsdz
ftoj HMIsOo dzj dadats?2 BtsH j dzd o O figdlf Viste IsiaSip pAGdzdzRd y g tsfh Is
MesMmMisswh OW dL OtrndlsjClslkzter dzj MEBd S drn Ektetsodzj 2 M
fdzts[jlo, . 113].




¢ ow M p

Ote

S @20 b G eatz?

s th ¢ @Als
HOtMlse § dzdzse 5 Iz

oMStsets €Mk

l Convi 3x3  Cony: 3x3  Conv: 3x3 Q face l
I MP: 2x2 l i 2cl'w'-ll'lcmlou |
xIx
| :., boundln&, box |
| I‘LEI‘(.SSIOII |
input size 5\5“0 3\3(16 1x1x32 a Im,ml landmark |
| 12x12x3 localization
S PR [ N S U U |\ |, || S T 57
K I gl 5| e e e g
r Conv: 3x3  Conv: 3\3 Conv:2x2  fully 1
| MDP: 3\3 Mp R ANEEL I] face classification |
l = @ al] n bounding box I
| regression |
| inputsize 1yci08 4~‘4~<48 3x3x64 128 \[] Facial landmark |
| 24x24x3 Iolocalizall(m |
____________ N O o st i s o et s
| Conv: 3x3 Conv: 3x3 Conv:3x3  Conv:2x2  fully & 1
| MP: 3x3 _ MP: 3x3 MP: 2x2 connect g face classiication |
| =) [ ” ’ = @ = [] [I bounding box regression :
4
I |
input size . , [ Facial tandmark tocalization |
| G060 mow  tims we sos meiieisms i
tdfy. Yteddeydf HJ2Mmise g9OIMTCNN [5, f. 900

ddzsd thdeser

COWN dits 1 F dedy tof 4357] f).

v OB d&ZdYO 2

1355

dsdzsd o dzgjtesfmjlswrn ftoj HdOL dzOyj der
oy tolstdpelsdj] |([ftodL dzOCtso dL dJLtsBtOy jdd?2. [Jded ¢t
(Convolutional Layers) |(WHt®) € ontHdz d3 HOdgdzr d3, ylstser orfF
sj SMlskter  Wistod3 .

vdsd B .Hq.fr]dzlsq’ Fdsd dz# h O Is tOL d3j .6 C Otelsr ftedL
(mmmLaa$4 ddz¥f SteBOydy . [dd §SESCOs s fMddL dls!
gLay bz yh O s bhlss2 ydosmls! & fdj " j ded
l sdzdzsils ¢ fMmdztsd o fRskxRdgfipdlsl d € Oydes dz0 tsmdzese §
mMzsd (Ful | ymey telstsydz d3gd Mmdzsw dsd. [ ded ©BI j HJdW
Layers) CdzOMmMmr B jC sdzg yizd yts d dzd dzj
" AotsHdzs?2 Mo AntsHdets? Mdzs?2 dMsdz L izjls WEkdC yde
Layer) foiHMCOLOdzdwY 9 jtosWilsdetsisj 2 C dzOmMMmts
10 tedimikzdz¢d 2 HJ Bsdhistedolzj shv Otendilsj ClsktcO 1
Convolutional Pooling
Layer Layer Fully Connected
Layers
a 1%}
Input Layer o B Qutput
Layer
= ‘ 5t
— O |35 O
—_— —_— —’Dllll.m—b
A m]
O 73]
O 15

{ d.9 . CNN

dtendlsjClskztcO ftojHilOs dzj dzdets?

[ 6
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#BfSte HOdzdzr =. | dzv tBERZYjddw dzOh j2 hBSHjdzd o
dL 5B tcOy J ddgfitrd gzd Yy @B tstc HOdzdzr » B'" d&z MsBtOdz dL tsIs¢€
stcj dzgdtcsosydz" 2 d o9 OdzdHOYydtsdzdzr 2 dzOB tste’ .

- vtej dzdtoso syds” 2 dzgOBBte: 9 Cdz¥ yoOjls o MmMiBw -850 ¢
dzd y .

-1 OdzdHOYydsdedz” 2 dzOBtstc: 9 C dzt yOJ Is dou tsfipjteBOW - 8dBJR ¢
dzd y .

ltcj HSBtOBBISC O HOdzdz =~ . l1jteJH BBbkyjddjdd dEtsH,
ftcj HSBtWOBBISS ], ©Cdz® yovw dL d3j dzi dzdy t©OL d3j 0O, dztsts

- RLABjdzgj dzd] ©OLBJtcO: oM dqLsBDY 4 df@UB] dizid? dL

- 1ted3OdzdL Oyd VW dL sBteOy j dzgd W Blr dzd destcd3OdzdL s
LdzOyj dzd?2 d MmlsOdzH Otelsdz’ 7 ISRz dE,dzdB?) .Hd&zY € OY HBG S
-ltcjtsBteOL 59 Odad j ) Isj dzL tster : gL sBtcOY j ded W B '

dMmyf sdz' L Py Dded € ho

bz d3j desOydw HQefdgjidzdwvy de'8) GakP Istcj dzdtetse sydz' n
sBSBh O h g8 MyshMsedshisj?2 &sHjdkd & Jhfsd Lse 0
o ¢ dz¢t yoOjls o MmMjsw Mzkyo2dzr § ftojsBLOL S OdzdwY Lt
BOMN IsOBdJtetso Odedy d dL B dej dedj Wil tsflsd.

1 totsyj figfy j g™ BSHjdzd oCdz yojls o MmjiBw daj MCts
sByMfjydoeOsls +WWjClksdodesy tBERZUYjdd d ftsejttll
tcOfMmdiislstedds COYHT 2 dL {tIsdr 1 IsOftse.

RdzdydOdzdL Oydw hBtsH jdzd wWodzw jlsqw dzOyOdz! daWdz 1 Is
LCL B dzvte dsHjdzd, BitjHjdvjlsmw WkdSydw st
syjddoOjl shdeCd &sHjdkd, O sflsdidL Okt B dso &

[ dzv  dgOh j 2 d3tsHj dzd 3~ detfg il ddzy i3 Wz iy f s
wodzw jIsfpw MlsOdzH Otcls dDqz S dz@ fisfipdsitiz] CHOdg'd dL OH[ d2O d L o3
ftoJ HMC OL Odade™ d3d d dMmisd dede” &3 d3j ¢ O3 ¢ dzOmMmse .
Clstster 2 MtsyjlbOjls o MmMjej ftojddkkzh jMlsoa O Odetstedls
B Mstetsj] d MlsOBddz detsj tBEZYJ ded J .

vtej dgd osoysnfddz. 2 uvtcj dzgdtetso syds" 2 yYydSdz o Cdzt yo, s
jujddj Sttt n ®sHjd SBkyOjlkmw dO bkt ddess
dzj MCtsdz? €drn h Oe o :

1.1 jtojdBijh doOdedj HOdedzr n: dzO COYHBER {Ofj GBI
dLBj ) Ols! g Oafgfsfipc) dits{flstsls f stcWHCO  sHOYd HOdgds r
My shtse dshlsd.

2.t OL HJ dzj dzd-§ Oz B3 wialf dzdz" | -81Q sy ds H' dzvdzOs fadsidfizdd L Oy
sB Ly ded B8.Osfudfdzd sL otsdzv 6 Is sBdatso dzw Is! 9 j MO dtsH j dzd
d MisOB d dzdOditlg diis ™ .

Bl tevdis] ftosERmoiHyazdd RO M O] dBBHj dz i tc(
HOdzedz" | (dLtsBtOy jdedwV) d o' ydgfmdzw jls ftcjHME OL Odzed"




XXVII ] mj esmid 2 ME OW  Mmis zth tg @AUlg dh§ O ¢ @20 4 EHatz j
H

1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

o' ydmdzj dzgdj OCIdoOyd?2 dzgO© efMmjnr MW s &sHjdf, dzO
fydzts § .

4.1 7 ydimdzj dzdd Ytsisjte! : ftsmdi of udmdy ddv ftojHMmC
CslssteOY dLBjtw jls shdeCk &jyHk ftjHMSOL Odzdz d3q

l OdzdH Oydw. 1 tfMmdzy COYHEB2 1 ftsnd dBsHjdz2 tsyj dzd o
] Odzd H Oy s dzf fsls BsdzdIststed Is! ftesdLotsHdIsj dz detsfyls:
dmfsdz? LsoeOdzdm! ot otej W BEZYJdJY, d fttjHBIKLO

l OdzdH Oydw oCdzt yoOjls MmdzjHkzs hdj 1 0Ofr :

1.1 jioj BN doOded] o90dzdHOydtsdedz" = HOdzdzr =: o Odzd H
Yystser dJqLOyBOBsMIsd tsls fsteWHSCO ff sHOYd HOdzdz = .

21 oW Bts] ftosatsyHjdedj dz0 o OdzdH Oydsdedzr 7 H Odzdz
HOdgdz" J d o' ydfmdzw jls ftej HMSCOL Odzedw € &zOfMmMmse .

31T ydmdzj dedj o90dzdHOyYydtsdedz" = f tslsj to! : AlzdzS ydw
ftoJ HMEC OL Odzdz" = ¢ (rOMjfpdz ~o BEfBsOyJd sddzscts dzOB St O

4.l Yyd dz€ 0 Bjilsteds: twOMmMmydlsr 9 08 Ismw d3jIsted SF, IsOC
BjteO. Clsd Bijbtedéd fisLosdwsls syjddls!' ftosdL otsHd
d o"woadl! oBLMBsydr J ftetsBdzi o3 .

Il 5 ote] A3 digBHizigddzdeOy dzts f sMistsw dzdes Mdzj HdIs! L O
dzj sBrsHdBsMisd Ctetej Slsdtetso Ols! cdf jtof OtcOBj Ister .
sBlkyj ddvy, #H$OSEIJO ddhddzdyj Mot 1 §fsa, L dOydlsj dz
L WWJjClsdoe detsfldry. d§s8H5jjdzd [ 2,

1.Epoch ((fBsr0O): 1Iss SHd&O §tsddOvw JlsjtwOydw vy
HOdzdzts A3 12 eppcBE L &ZOYOjls, yYlss dHjls fjtcoOW 1 fsn0O
1 srnO® 9Cdzs yojls o MjBw ftesatsyHjdedj ofmjr Istcj dedtc

2.TrainLoss (uvtcjddtesestsydOw flsjtew): 1Ists d3j Isted ¢
BtsH j dz! ftej HMCOLT 90jIs tjLikd? IsOIsT 2O Istoj dzdtetse
dimy sdz' L so Odzed § d3 W zdzS yd d - fdmslgisid d d( dd@ifdc M3 Be), , & Stisl
O~ sy H] dd j MBI @dzdef dgd Hd d Misd dzdz" B L dzOyJ ded ¥ &3d .

3.Train Accuracy (uvte]jddttss sydzOv Issydesfmls! ) :
BsHjdzd dzO Istej dzdtetso syder » HOdzdzr n. uBsydesfls! ¢ O]
CzOMMdW dydtetse Odz0 dzj 2tetsfj s & .

4.Val Loss () slggsy dBtso G3zEmc@qg O, OdOdztse d ydzOw
or ydmdzw jlsmmw dzO 9 0dzdHOydsdzdesdy dzOB sty HOdgdzr ».
fsmdzy COYHB2 1 §ftad, yYlstser EBjHdJI! Mw, yYlsts BSHJ

5.Val Accur acys Qdodon@zdipls)!: dedsts ftesyj dzls § cOo d dz
ZO 9 0dzdHOYdtsdedzr = H Odzdz" - . v sydatsmls ¢ ZO o OdzdH Oy
COBISOl! dzO datso ' 7 HOdedz' 7, Stlbtster n tdzO® daj o dH|

Its otejds" COYHEB2 {isnd fsdmMisHdls fMdjHEshjj:

- sHjtcsAasHdls yYjtejL o fj Istcj dzd tetso sydz J H O dz
dimMfsdz' Lso Oded j i3 By sSHO tBKOIsdses twOMY teisistc Odsj dz
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poMC et Gz Okhise j zlzsc s L

-1 sfydzj ftotsn Y HJ dad W o fmd n Istcj dzgd tes@ sydz" n H C
9 Odzd H Oydtsdzdzsd3 dzOB Sty H Odzde’ =~ .

-1 2Oy dzdvy sl dz@ besjdzdtetsosydsr = d 9 OdzdHOY(
slsfdzi ¥ do Odedwy ftesyd MMO B EZYJ ded v .

vO0Cdd3 tsBteOL sd3, & O H ' @/25temdch, traif Itss, trath aec, val sss,yds ) w
ace, 1Ists BLdOYOjls, Yyl B" &zO L Oo j o3P dgH dO Isi &
L1sOf 4 Brdzd MsnttOdzj dz@ d o' 9 jHjdr HdzvW O0dzOdzdL O.

tdickdzvtedL Oydy foddscOjls dBtsHjdzd dLBjy Ol (it
Pazzyh OjIs jvy ftesdLoeotHdIs] dz¢ dzsfls! dzO o Odzd H Oy ts dzdz

10 tedmizdz¢y 3 dqLtsBWLOY jdz ftesyd M sBRZYJdzdw CNN

tdB. Ywsyjmhn sekzyjddw CNN

10Cdzs yjdedd s fetsyjmmkz tsBlZYyjddy d 2 0ddHOYydd
90 dzr &3 { sOfsdz 9 wWOLWGOBEISE] 1 WWJjClsdedets?2 d3gsH j dzd
dddydOddL Oyd® &BsHjdd, It] ddess dqdzct ¢y @coapdl
tcj ekdzvtedL Oyde .

CCMmY J od d3gd dzlsr . ] ~nsH) 1 SMyjtedd3j dzlstse BT dzd  da
BtsH j dzd :

- vydMmdzs (nthes e rdsadgsyj Mlsets + §f 57, 9 Iiyddedg 6Gtsl
dzOh j &3 Mz yoj o3 dmf sdz' L s OdzdO d2 SztsR ff WA s dyls s '] Is
3 H j dzd .

-1 OL 3] to( B Otsg L tsdedzwgj)Miso s ftod d3j tetso , sBtcOB Ols' ¢
disjtOyde. [ dMftsd Lsoa0O0dzd ttOL dBBjte BOISYO 32, yYlst
d MlsOBddz detsfls 8 cteOHdj dzsdzsets Mf 2MC O.

- itstetsMis! (©eeayjnddfi®tc Ordgjtlsete), : tsftej Hjdzvwe h 2, dzOf
sBdzsodzv jIs MmMeatsd o MO dz2O GCOYHEB2 dlsjteOydd. [
tsB i My Judls! d3jHdzjdedetsj, dats ko jte] dedatsy Edzzy" j ded
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S H

soMSBSE EsMkHOBMse j dedzese s L

- AzdC ydv (fIiwisjstefdgncd N szt L so @ ddp | & z-dzEzipeEtnd d
(Cross EnfbptetOloSEsskh st fSHAatSHdIS HdY L OHOY ¢ d&

-t didUOlptste ngrzeo ) BtcOdzd tAfdsadniiyls ©®tsts BI j H O
zyh dj SOouj fisAda GdpdRMSPls gty MY j udo O B Mistelzé
MotsHd Bshls! .

[ dzv shmkh jMmlsodzi dzgdv OdzOdzdL © Istsydesmisd d ©OB SISt
By stedSd Hdzw COyjmlsoO tsyjdzedo Odedw-Biss ydefmisd d O

[T OCY) ftose j dzd OdzOdadcLo rPer,e c\lstsiBo n , Iz BRjeHcdald /| f) wq
dzj ssd®8 dd fds ¢ ZOMMdW¥W Jydteckzjls Btsdz! hddzmlse s dLt
Csdzd yj Mlsots dztsy dzgr » McOB OIsT 9 Odzed?2 d Gtotstf 2h j dedz” n
sBdZOHOjIs o MsCdd3 ktetso dzgj d3 Istsydesfls d

10 tedmMkzdzS ] 6 dLtBKGOYj 2O 1 oatsdzt ydqw tBbkyd ddw C

td®. Cotdz ydqw wtBlkzyj ddw CNN

[ M) odddB3Odd)y MdazjHkjls BEHJj ddls: BOdzOdzmiz d3.
LdzOyjded™ Bjdrn HBjlstedS §sCOLT 908, ylt &sHj d
fsdzsy dlsjdzi dgr j, OC d tslsted yOlsj dz' de'lzpy j HAtE Odd ™y, Y

tdJLikzdz sOIst L CMYf jtod di3gd dzlstse . 1 s tojLzdz sOIs O
ftotsH | 3sdzmistcdtctso OdzO o' MsC k8 Istsydesmis! d ftetsdL ot
stcj dzgd totso sydesds dzOBtstcj HOdzdze' = MisMisOo d i@ 698 %,C IsG
Mogljd Msokjlk & Attshj2 BSBhOsH |2 M shss datsl
CazommMdW¥ Jydtese Ols+  twOdzj J dedodHdd3" § dL tsSBWOY J ded v .

J dsjtcOlskztc®

1RO dzV RO Jidzf dz, s zdqd@3sdOEMiBjorj d&BjlstsHT d
Yy dzseo j SO 5 dLtsBtoOY | dddOkz ydiaf yO d/Mmhdz) @ sle @dzd dzr jo
2021 .-12(192)-114. 111

2.840dz degdSts9, 1. ¢. Vtdd3jdejdedy Mtsotej d3j dzdzr 7 d
sB dzOtolzy j dedw dzdy dzO dL BsBtO)y jdedd / 1. ¢. o0Odz dz
sBh j Mise ts: Mo toj d3j dadats § Mtsmistsw dad § d fjtehqyjcisd
d3j My H z dzOtc s HIlEls@, s s tes@ifniizd H Ode dzv 2 0s2(B30 M dzts H Otc : sksC
CsfmMizH OtcMmise j dedz” 2 OGtOtcdz 2 kdzedojtemMd-BgB. dad3j ded Rr.
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1 d X dzd oME et EsMmMikzHOtMmlse | dedese s Iz

B ukzzOdE B OdelV d dztsa Q RN .S Oydw dzdydesmisd Mmkei j Cls
B3 stsHts9 Gz tsC BGE s tsB Iz yffj telgdty s tc @ L S IstggAs fels( 1 g 7/ -
1 Odztsls j n dzsrizaS ff 3O Yyd W . 6 OH d 53 )=:dzd ¢ GOIs J g R @ dz' 1 md
BsdztsH § X dzs A tc @OKR g ugfs M ¢ 52 Ctsdg?¥ J toj dzyd d, J &BBM S, 18
GsfizH OtMise j dzdz" 2 IsJ ~ dfddgfij Gy d P d3fipSdaf{e Jr &2 iflls g Bdzd)ig » § G
Fdzdo j temdIs j3I8:54D023. ¢

4. Gu M. , Liu X., Feng J. Classroom face det
Signal , | mage and uvWi déo. Pad-A486XRxs5 ng. 2022.

5. Khan S. S. et alb.asMTdCNNMtcH:g dleit@NMi omsp@i red
/ The Vi sual Compliz..erg-9 P02 .

6.Xu B., Yu Y., Shouming W, Guanyi c. ., Hon¢c
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COw fls 2t i§ @ALS d)e O C @20 2 & ety |
H

poMC et Gz Okhise j zlzsc s L

] Otc O B o
1 d) dzj 8 OteE s @& Misdad edgdzs Pd Is j
Gl d X dad o Ot Isthdnfd ¥

toal [y 1ol oRIRIICLSIT OV I DT RBEBUL
I 1 {f{efluvd tred] 4 fPYTHON

1 toj sBtcOL 59 Odzd JTTIHijCldds As jon deydsc v, S lssteOw s
dL IkjSMkO o cedztsMm. 1 jttoOW Isj - dzsdBIcd® HHimgwH fiflsaot
Jjhy 9 1968 (cEBHbEZ, HB 1kt eHO BdkO s8¢0 dj
ofjtco" J HOLBOBBISO®RZO H&YW Isjnrn d&fHJ2, (bt j dMm
Br zZO OHOfIsdteseo OdzO H dzw Htclze d n yHEzp?2 .o dedjfnus j d3C
ftcjtsBtcOLEZjIs IsjS¢Mls o wJjy', OdOdzdLdtkzw d BBKLOBO
JMsimlse jdzdzsets wL " CO (Natur al Language Proces
Yydhwtctsots?2 tBtOBBISCd MdJedzOdzse ( Di gssB®DL tS9 @adeh Y
sSBicOBBISOdzdZztets s CMIsO o MddzlsjL dqetseo Odzgdets] t©J Yd 9t
ftesetcOBBRO, ©LOMY L dZO¥ h OW yj dzse j yd MS k¥ toj y' d MM
9 Bloajls dzgO0 SCtsi3OdHEZ [ 1] .

RMY sdz' L H8Olsatgg mw Ismw ¢ OC :

il Mifstsc Olsj dz! detsjy MtejHMlsets Hdzw dz# H]2 M dOkzh | d

i) cdzsmMsots? fod@shddé Hdzw MdzOBtseadHwWh da fd L ts

T ufmMstes2MmMlseots Hdzw HJjIs] 2, Cslstster 2 B J M j ydoe O
ddztsmilstcOdzdz" = WL '™ Cso.

Ujmdesdzsedw Hdzvw jiCtdnjsse O Liggou@ dzds'OClsy j dMmf sdz! L 2] |

TalskzH j dzlsT

Tdgdzzh Olsj dzd OkHJd S dzd G ;

ifsHd M dOtlzh jddydkd tjud.

dlskH jdzlsT . dwlskHjdalsT L O3 dzOs s BBdz hj ddal stcd
d oadLEZOd dsdz W stedzZOIsOR. Clsts { tctwdPhOish @19 s I Halslis,tc
CSEHO otmMftcdatB®iiBEz | { htftsps: / / s pe alki Dits o m/)r.u.
U jmndatsERSH S o tsdzw jIs fsdisy! MlskzHjdesOdg M tscteOdad yj d
Zsose s dqdzd MisOsets @O tod OdzQ dzlst dzgzfs'c Iz Is d FHY 5 dzO B
Hdzw fdMm! i3] dzdetsec s d3OIs j ted O dzO, sO¢ C0O0¢ ded dzj &

~

hedWlssds. wlskHjdlsr, Stltserj dLEZyOsl Od dzd?2 ms d2
4 fBsh 15 (o] sBLOLSo Odzdv s S GlO@ Ods ' 8 Plgt  dRsdsl s d;
Eudls! v ydlsOls: . rRMysd L kv dMS kMl oTTSkdtddd disi d

ZOkzydls! mMw BBdzjJ byddkz ftosdL dtsh jddi MmMdztse .

4 dzzh Ol j dzd OkHdSdede. [ dv OSHR ctkf§r oz Hj?2
L Odzd BOW )G tsHstsd® .j 10z Hd OCYJ dBscEkls Mozkh Ok, 0O d
fOmMmMdods d3 L OdevIsdjds d dzgj Slsded d3Ojls Mmistsdzl S5 Ed3mls
f sdzdetsfls' 86 otodzj SO drn o fHttsyjmm §toshmdizh do Oda
dzs Hj 2.
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

TISftcddzgd BOj Is dzt B2 IsjSCMsser 2 WO2dz d oL otOh O
{Brydzs IsjSfls o ctdsih JMfwddnhd] sz shddrigd ) tzdzu
HSC Zd3j dzls H dzw dzs H j 2 f dzOtelkzh jdzedw dsd L tcj dzd VW d
dmf sdz' a g B@MWIs] M ftoddsyjddvdkdd, odHjBJdettOR, O
EmMtcs? Mise OnR sO¢dy C0O0¢C fdzOdzh jIs ddzd EfMmlstets? Mmise
ftoj sSBtlcOL 89" 9 Ols! dL sj SMIs® o OkHdB HdA&W dz¢#Hj?2
Cslstster sy tlesMmisd o BeERyjddd, BOCHJ dBsecdzd ydls
csdzsy ftoedd3zj dgwIsfmw ZzOf tod d&34 to, 9 OoltsdiBOIdL Jtetso
ftesj SlsOr M ISt Isr @ dMatsHdz d@3 € SH 5.

wubkzh jMmlsoakzjls o 0tedOdals’ d dzilstelzd3y dals t5p dzefi dar s fif) 17 S dzt
sO0¢dr WsttddOIOR, C0O¢ oMbt dedzgzt WERS yder o tsBts
9 j-@dzMistclz 3] dzls " GoogleDdcdc d 3fste ster §j dBsckzls ydlsOls! o Mdzkz
vOCY] Byl LOGtkzL ! fJtoddzsy pbzdjIsHdgd s@®BL j ¢ 5dz
9" BtcOdzdzz® o Od3d MlsOIs: 8 dJdzd Isj ¢ Mmis.

O3 §J twOmMftesMmisteOdzj dzdz" § My smss’ M sdz' L 59 Odzq

il dqtelszOodz dgr j OofmmdMmlisj dalsr . [ded wodzwe Ismw SHC
9 0tcd Odzlstse M sdz' L 59 Odad W Isj - dats dzts G dozd dif tds)jlsRims=tdr@Listdy
Cortana [ BtoOM j dzd § CsdzsfmMsosédts OMMdMmisj des© ¢ dzts €
sftcj Hj dzj dadz" AL OH O deds’ GRS, cdzs s sdsz OMMd Misj dalsz  dzj t
Hdzw f sdzdetsets WkdeS ydosdzdtetso Odzdw [ 3] .

fuMmstets2 Miso O Hdzv yYdsdedla{.wv a2 Clsdejsisits thdzdz” = € dzd @
ftcj sBtcOL 8o Odzgd" IsjECMlsO o tj Yy’ . [ 2O t©OBBIOjIs
Licjdedd 3, dets d sy jls MisOl: 1 WWiClskdodsy 8 M stsB s
sBh jddw fm ki, (v ypbBSgdzdodzpgEPdsimisd. v O
1 dzj Clstctsdzdz” = Kindg.c W o dzv j Isfyw

T vy SMmMssar j ftoetsygd Mmr . r dzw ssets YlstsB'" ftcj 5B
sjCMseor 2 oy Mhsts. O 2 tOMY tciMciosdiiyodddz 2 d
Cstes?2 fcLodw jIs ML HOe Ol dMEEMMmise j dedzr 2 € tsdzls §

t O sL dzOo Odzd j SSBJ yftso spg &fgtesdwy, CslsstcOw
toj Yy’ o IjStMmls. 1wjsBOLBoOdd) ttguyd o Isj ¢Mmls yo
f sdzdzts s © slsdzd yoj Ismicd sl Of)fstsic dzO adgidisfH O¢ s dis MOt
EHjdvjlsmwy dqHjdksdWdSOydd ctdsmtser » d&sHj dzj 2 dzs
frlsOjlsmw dujdzalsd¥ dydtese Ols+ ftotsdL detsd d3"-gpeedh dzts 9 O
recognitionaast/).

Udnds@BdmPB sIsOjls Mdzj Hkze h dd3 B tcOL 5A3:

T4 d2ZOYyOdzO Ekffstcs2fMmlsots LOYdMr oa0jls csdzsmMseots?2 L O

1 Oljd3 dej 2tctsfj Is! sBtOh OjIsmwy ¢ Moetsdd3 M OB dzis d
Mzcetsdd ddzd Mdzse tsdz. [ Odzj j tsB tc OBz Is finlztsth ts tc 'OH B d @
Mdzso © tsdz@ o MlsOoadzw jIs fts Ctsdelsj SMiskz. 1 tjLlzdz IsOIs




COw fls 2t i§ @ALS d)e O C @20 2 & ety |

poMC et Gz Okhise j zlzsc s L

f sdzz yOj Isfmw f Jtoj ©BH teJ ud eoffice lsujnéwiglitter/kéhkabotaep s : / /
raspoznavanieechi/).

SSTf ted d3d dzv j sfyw o IS digijWntddgdSdd, o flsitefifss dzO0 dz! dzsG 5
BjHdyYyddey (f fsREsh! s codzstosets fsish dzdi O Voic

| cdzsmMsots? fsdii3sch dzdS¢ Voice2Med IsjSEMmMsO f sL o s5dzw
ddztt stedzOydd ) 1 dzj € Istetsdedz’ J &34 Hdyddem < d 4 COtclsr
StcOdzlMCtedB Jteso Ols! OkHdts d odH]jJtLOfdmd, 1 ¢ tsdztsdyw
stcceOdzdL Oydd, BMmMoBtYHOW drn s tklsddazsets IstckzH O

[ &z Issets yYlstse' ftcj sSBtcOL 59 Ols! sj ¢Mmils o tj y' ,
pyttsx3.

import pyttsx3

1 dB dzd SiyffsBB830 § tsL otsdzv j Is ftcj SsBtcOL S " 9 Ols! Isj ¢ Ml
dazdydodzdr Oydd Heody¢CO dMmfitsd L jIsmw MstetsC O.

engine= pyttsx3.init()

[ dzv f sdzzyJ dedw HEsMiskzY dzf ~ oetBrdperiy s & Isdsfipt sigfziisusta j I fis
f sz yOls! L dzOyJ dzdvw OlstcdBEZzISO.

voices= enginegetPropertgvoices)

g4 ftdish s s foasPEz JstsPdIls M dmMtse ofmin HEMisEY d A
MfdmMC O HBsMiskzfdzr » etz dMftsdz L jIsmw MistetsC d:

for index, voice in enumerate(voices):

print(f"Voice {index}: {voice.name}i {voice.languages}")

[ jlstsaet Property fsLotsdzw j Is EMlsOdzOo dzd 9 Ols !
dHj dzZsd¥W dS Olsstc® H&Y ctdtsMO ddets X Jj dhMcd2, d&dst
dZz0 Odze dzd 2 MmMSsd3 wiLr Cj.

enginesetPropertfvoice, voiceg1].id)

text = "Hi! This is an example of tex¢-voice conversion with speaker selection on Python."

textt = "ltdojls! Clsts fteddsjtc ftoj sBtocOL 59 OdzgdWw Is
1 dlstsdz "

4 dzZOyoOdzO f jtcor 2 HCItste soatstedls dzO Odes dzd 2 M€ tsd

engine.setProperty(‘'voice', voices[1].id)

engine.say(text)

engine.setProperty(‘'voice', voices[0].id)

engine.say(textl)

[ dzZv Issets yYlstsB ' ftc] sBtcOL ts9'" 9 Ols! sj € frgBy 90O G ts¢
runAndWaiteo r f sdzdzgw jIs 1 Istsls dijIssH HEts Isjn f St, ftsC0O
ftocjHdzy j e 5  shzg 1 ssets fjtejrtsHdl €& MdzjHlzs h j2

engine.runAndWait()

10 tdMm. 1 fteijHMIsOodzj dz CStsH (totsG tc O3y’ Hdzv f tc
tojLlzdz! SOIs o' ftsdzdgj dedW JtesetcOBZdZr (tedm. 2) .
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ksoMC et csMkzHOEmise j dedgse s b

t dfMm. 1. ltwetcOdrgdBdz" 2 CSBBH Hdzv fHto] cBtoOL 5o Odzd W

C:\Users\aleks\PycharmProjects\Text_and_golos\.venv\Scripts\python.ex
Voice 0: Microsoft Irina Desktop - Russian - []

Voice 1: Microsoft David Desktop - English (United States) -

1
Voice 2: Microsoft Zira Desktop - English (United States) -
3

Voice 3: Microsoft Hazel Desktop - English (Great Britain) -

Process finished with exit code O

tdm. 2. (jLkd O orf fisdzdzj dzd¥ HleElCOBB HAY ftoj s

it O sL dzZ0o Odzed ] ctdzsMtse 52 dzte y dR[( dzdsg I€ jidsd R B
import speech_recognition as speech_r

import pyaudio

import wave

1 OtcO3y ster L O didd :L oSO MMmistsw s
ichunkisftejHjdvjIls Wistedsk OkHdts Mmdc dzOdzO;
TfrtiL OHOJ s L dzOyjdzdy O dzdlskzH ' ;

T chameli C OdzOdz L Ofdmd Lo k¢ O;

Tratel yomlstsis© HdmétdlsdL Oydd;

irecseci Hdzd dzO L O dMmd ;

T outputi dzOL 9 Odzd § W O2 dzO.

JftejHjdvjid §O0OtcOdi3j Ister LOYdMd LokCO.
CHUNK = 1024

FRT =pyaudio.palntl6

CHAN =1

RT =44100
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

REC_SEC =5

OUTPUT = "output.wav"

[ &zv Isse s ylstse'" t©OBBISOIs! fn L ByAudflity s ¥l, yYWdEHdE dBfik
LOf dfMm" 9 Ols HOdzdzr | © ®&OMMde d SCBEHO L Of dMMm! L O
dmy sdz' L 2y Svmded iz fls 3 ) .

p = pyaudio.PyAudio()

stream p.open( =CHAN,

=CHUNK)

ec')
nes = []
i in je(0, int(RT / CHUNK * REC_SEC)):
data = stream.read(CHUNK)
frames.append(data)

't ("done")

stream.stop_stream()
stream.close()

p.terminate()

w = wave.open(OUTPUT,

w.setnchannels (CHAN)
w.setsampwidth(p.get_sample_size(FRT))
w.setframerate(RT)

w.writeframes(b''.join(frames))

w.close()
t dm. 3. {OBtslsO M folssCsd PyAudi o d LOfdm

r dzv twOmf sL dz0o Odzdw e dzsEMO o IsjCMmls dMf sdzr L k2]
dmf sdz! Ly mw WEzdétydd d dEOMtes2-JHlssduzd COMY 6L 6
ki stBw@i oFi |l e, LOfdh jd3 HOdzdzr | © W 0O2

r = speech_r.Recognizer()

source = speech_r.AudioFile(‘output.wav')

1 sfdzy L Istsets ZzOd3 dzj 5B~ SH d BB dzOyOls i tctsmdziz
fsdzzyj dzdz" § HOdzdz" §J o f jtoj o3 dedzlzes . w  Sstsh & sdz§f Phs
PdzOdzw s+ f tsMiststetsdzdzed ] L obkCd o Odsavgvf OREACtSY Cd [ 2]

with source as tt:

r.adjust_for_ambient_noise(tt)
content = r.record(tt)
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

1 JBBaBHd®BS E2COL Ols! &ZzO COCtdg wL'"Cj] ceBoatstdls |
OltcdlBadznisguage. [ MmMdzd toj y dzj tOmMftsL d&zOj Isfmw, ddse
sOCtsd3 Mz yOJ ddeW stedzZOydw dzgj Btsyils B Is! fftejHJ d

text r.recognize_google(content,
(' ‘ 1N + text)

pt speech_r.UnknownValueErronr:
c

pt speech_r.RequestError as e:

("Owwn epBu - HaBaHunA q | .format(e))

tdMm. 4. 1 tccetcOdd3dzr 2 CtSH HdzW o] SBteOL 5o Odzgd W L
10 tedfkdeCd 5 f o] HMIOERBE] dedag | tcOdgy 50 820 OEAE ¢ t

“s\aleks\PycharmProjects

done

Bbl ckazanu: lpuseTr

tdm. 5. (OMfL&ZOoOdedy czsMmMets?2 tj yd ¢

vO0Cdd3 BBEOLISA, Bf dzd dL Eyd dzr fHtetsyd Mmr (toj sB 16
9 cCbdzsmMtseolzy topPyhon Mu f fgREI 8 8 B dB dZdtsls ] PytsxBpeec
tcOLtcOBBIsydsd d@Etsckzls tj OdzdL ts9 Ols! 1 Isd ftoj sBOL 5
fsomMijHdzgj odz" ] LOHOYd d ftsdiscOjls ttOL o doOls! ots 3

[ dlsj OO

1. rOtcS s [ . 1., [ O " Hise [ . ¢. 1§ M CissonC Issdzts |
Odze stedIsdstses twOMY sL dz0O9 Odz@W 2B ud Ols/] & @oz" E ez® ty d t¥ickz
CtsdaW j toj dzyd d ( ~2GBB O talEWfipStgw 2220 2 2 GtsH O) . MmOB Ofg

GMmMkzH OteMmlise j dgdz" 2 kdze88.J dIsjls, 2022. w. 83

2. sOLdOUJIO T .1. 1 ®BHY L dOptOaln /c/s dsing av {fis
2021: MmMettedzd ¢ MIlsOIsj 2 XXXMWlIfdzifHjoHOdsdzQim tfrHCdECes Cdn
25 OQoeckfmMsO 2021 EtHO). 1 jdzL @3 1 OCO d 1 tetsmo jh

3. stdtsf jdzr €5 1 .s., 163dHOjo | stzshtsp sy Odetf dc
NztedzOdzsds ) dMf sdz L s Oded § A3 dzsC Odz! dgf = 6 MEteMmMse
Mesteded ¢ dzOkzyder = IstckkHtses. mOBOttsaME: uvdntstst j Odsf
85-88.

4. stsyUluso,0 eteso [ .1 . U jtejidadlzsg dtefiz o stz =izt
Young people and science: results and pe+ spec
ftcOCIsdyd ME ts2 Csdg Jtojdzydd Mz dzlstse d dEsdztsH' ;
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5. mzsf jdzStsoa 0O ¢. 5., Jtwdhblzdtse w.uw., 1 ]Jjdzse I
toj y' d0 thmddss | tOL ddydser » Wteds Mddzlsj L © // 1 0ky
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oMEBSEE EBMkHOEMiss j ezse s I

1

Jeh ddz0 ¢ . ¢ .
t sMMd2MSd2 ctMkzHOLmlse j dzdz 2 zquJmmq i
. [BMSoe

AVl sARIV O PV tdddam RLEUT LIOUY I3
g OJ LI JIRUSO[R INIKGA M

VnBBH o PDhtdafic@sMMd2 MEBes tr 2¢O or Lo Odz fslstcj B
flesctcOBd3detsdzlz  d dzmistelz d3j dzls iz H dzw OQIEBIdzHata®OMiniAgd dzdz' -
(ddzlsj dzdzy ClskzOdzt dz" 2 OdOdzdL HOdzdz" =) Hd&W dMftsd L ts
tquv dzgjWisd d c@aBE ddd§.dzd RrR. [ . |

l Oydzr &3 OMf JSCIssd3 ftced o' BSte] dJdeMmlstckzdzi dzlsO OB K
dimmdzj Hs9 Odzd ] JjJeBB oaBLABBYydsMisj2. Cktls syl Mip M

ltesyd M iMisdteso Odzedw sy dzts t6OL HJ dzd s dzO Ho C

W lkdC ydtsdzOdz! detsy Isj mMisdtetse Odzd 4 ,

Tdzj WkdzC ydsdzOdz! detsjy IsjMmisdtetso Odzed 4 .

SOYH"2 o9dH bijmsdqseo OdzdwY B EZOHOJIs MBS YJ
cORBE OF OB M ddmistekzdzj dzs Odsd ddzlsj dzdzj € Iskz Odz! &
ftotso jtcC ] Ctttej ClsdesMmisd or f tsdzdzj dlzd &y ¢ i@ L o3 iz da jyud 2
tcj] Odz! dets sz yOj 3" d3. v {1 Ists?2 LOHOYJ?2 MftcOe dzv j Isfy

v 0O¢, Mtsec zOMdets MIsOdzH Oclsdes Zz ¢ dzs M Oted © Isj tod
ftesctcOBB3desets tsBiMfjyddedw (https:/ § glisqgdndsalreys.oiOs
ftcj HMIsOo dzv j Is e 52 ftesyd M ftcse jtcC d Mtsslse
WizdeC ydosdzOdz! dz" d3 Istej B so Odzd W ds.
fdtscdy dMmMmdzj Hs9 Olsj dzd Y dMr o0l fesyjmm Isjf
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[HAZOCts, MmMotej di3gj dedz™ § toj OdzdL Oydd cdzketsSdrn Ot
toj h j dzd W o3qd , SRP&EIdUd LKoO£ky RelLU, PRelLU, ELU.
tcOMf totsMistcOdzj dadz™ = Wodzw jIsmw Htedd3jdaj dadj 17 ff tow d3dzj
dmf sdz' L ¥ Is Mdzj Hize hky WERIyde OCIsde Oydd, W tste dzlz
A | A@ohc
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RELU otLotONOjls L dOyjddj x, 1 tgtinsizffo des ez
WldsS ydw d3jdzjj btejBteoOljd dz@ § orf ydmddlsj d dzF s
MfecisdHO, OS CO¢ fusdLotHdls Bdjj fshsrj &O

L ZEBsCdj dzgjQtesdzdz j OwndljClikzter ddjsils jmlsj
royxd o MmMojtelstsyds = dzgj 2tetsdzdz" = M lswa, GHJ CBdzd-
COMtej Hjdjddy ojMmo, Csddyjmlset 6yjdj ddz 5 L dzO
ftcjorhOjl ¢dzdyjmMsets tBEYOEMdAr MAzEyoje. CIlsts d
or Bt d.

JHdzd &3 dL YBHABHBEO & tjhjdede L Ists?2 ftetsBdzj d3F |
Cltsls 3j IstsH, dzj sty dz0 Motss fteshisslsk, HJ B
tsfydzts 0 dzOWEkz 3§ Jdatz'h dIs! L dzdh dzgge s M JydoOdzdL Oyds BIsH |

BtcOIls! dzg@zCiyidedv Hitczcdrn dzj 2tetsdzetse [ 6] . 1 ftetsyd M
Mz yO2dzr &3 tsBEOL 3 IS dzs yos Ismw ) L OHOdzdets?2 9 | 1
ftosHBdY Of sfw BjL dL d3j dzj dzd 2 . vsO0CdJ Mz yo2dz" J
"sttdRdese Odedj MESL Qo Maessidz 2, kdkzyh OY jYy BB
4).

td#. ltedd3itc tcOBBIST OketstdlsdsO Dr opout

ltetso jHjdade" 2 OdzgOdzdL f s5COL Odz, ybsts Hdzw 1+ WWjCIsd
NdMstse sfflsdiOdz dz" &3 Otendlsy CIskzteOd3d (WCoNdx¥) & Ixff Wiy J fifso
Hedze sMiesydets?2 CtcOIsC ot gl dedes?2 f OdgwiIs! 8 (LSTM) .
Mo tsj 2 M s detsisd 1 WW jClsdodes tBteOBOIST 9 Ols! d
f OtcOd3j stetso, HJj BsdeMistcdtelzes s or MsC ks HtetsdLwasH s
]l MtcOodzj dedd M f sdzdesmo W L des? digsH jdz' ¥, CNN B dzOH
Eftetsh Ojls d EfMSstwjls fttsyjmim tBkyj ddw, 0O kOG:
fMsstesdy , LSTM, $0O¢ ©OLdMGssdHdshis! tj¢ ztte] dlsd A
sBtcOBBISCd §fMdzj Hise Olsj dz' desfilsj 2 HOdzdz =, so¢dn
M sMse detsfyls ! LOf sd3d dzO s Hesdze simiesydz" § L Os dmd d3ts
Ctsdzlsj SMMis d dMmststedwy y jfMmstses dceteOsls 90y dzkz® totsdz
dLodgwWj etesistcOdzMmise j degder = HtodL dzOSCtse d LSTM Hdzw
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By jls MisOl! flsddOd df &3 tejh jdedj B Hdw ML HOdad W
3ifmlsse .

[ dlsj OO

1.0¢c0Oj9o9 R.R. ¢(dzOdzdL §tsdaWlisd?2 dgj 2 tetsdedzOW jfipj Is!
Mo jtolssydes?2 dzj 2tetsMmMjlsd ftod B shd BsHEY Tenso
sBifmfdudddi Mmdhisjd o ftesd hdj ddts?2 d-2htsydod dzts

2.1 j tesmimd2 M s sBh jMlsets cGdzzrn dr: -2 dURG Odz' dz
https://voginfo.r H OISO tsBtOh jdzedw 09. 01. 2025) .

BrosstewlsCddzO, . 1. JtotsecdtsL qtetsoOdzedj to" dzC O
O tshmdztse § toj Cktej dzlsdets? dgj 2tetsdedets? Mmilsd // Cont i
2021. -~ 26822). 4. 62

4rdzdfmjjo C€.[. 10OL6OBBICO MdMmlsj ¥ ©WOMY L dzOs
COLOaMEtSets wL T CO // 1 0kyde 224B8BMY jSCIs. 2024. wu.

S.stsfipffse | . ¢. 1 dzdwdedji dOMisteOdo Oj BB 7  OtcOdJ Is
COyjMmMbsots ftoj HMEC OB W dE ®Y JIJOWH s IsYf s // 1 tcsB
- 1(58)59. uw. 48

6.R. 1. SCSHBfdqtdumMStsjy dMmMmdjHtse Odzedj o dzdw dzdw Dr
sBlzujdedd [/ / [ J HdzjdeCdeotswjdeEEWO WlzCisddts) o deyd W dstsdztsH
zkZRtseo O, dfdEeded g  sMimd2MEs?2 OCOHj B dzOEZS: d
Bd Yy HEZdZOtSHAZ &3 ZyOfB §j dgOw 1 R drc2Die tTHI, H QBB S H ! 1 jd
GtsMikzHOteMmilse jdzgdz" 2 Isjrdesdzsecduyj mMSd?2 kdzde jtemdilsjls d

7.LSTM 1T fyjIsd Htdets?2 Oy At te/ts/y dzm® B-2025. RO Is] .
https:// habr.com/ru/ companies/ wunderfund/ art.

El otsCtsW ' j26025R . 5 .
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

v OtcOB Odztd, g @ s Glf.dzOms OdFs.oly . stsdzyj di€tse | .

| sz 5 teOHMS 2 dst i iz Qud i€ edf j2 dzdzrd o
G . ] sdze s tcOH ,

’l sz sEtOHMS d2 comzHdEn®e sddyl MOEAJ @ dz
6. Il bBkzits@tcOH,

torlrtuvzlorrr LAMMBS 1] Cc |

sriffredddridedyrffres] dvarY [ H

rR1UOSRsrR & RulgUROFIuvr1ARGI O [

INYorffrreevlrce] dBINMRIL ®I

[JHdB2 dqL OSCIkkzOd d' » BBM&OMISj2 WwWeodw jlsmw tOL o
CdzOMMduj ME B2 ddj Sbdvteds? HJdOBISd tOL dd ydr A
(i dztsf totso tsH dgippllsj’,, dda@iCudtkitalzdj L OtewW HO) o O datz afd
Mozsy desmis’ ¥, C OteH  dzOdz! dz" d3 BB tOL s5d3 9o dzdwe h j 2 dzO
wodw jlsfw fsHBEGt ®BsHjdkd mMdhsetscts fsdv, Hj2Mse
1 OtV HE M ~ttetsh sHEpjeh d 30 te jftuspgiidiky Jted ud M¢ d Bd d
B N OtsBdesets oL Od diztsH JiB Midzg bW tcOa o f sOdzs fided §f S - SH,
or ydmdzw jIsfmw fJtcj Ho OtedlIsj dz! des tsB EZUYJ dedets?2 dzj 2 to s dzdzts
Hdzw tBhkydddvy dhf cdi o @d4E gz )i g es s OBOMYJ SO dzc
CoOdalssos? disdzj Szdzwtedets?2 HddZ2OBISd, MBHjwy OMdj
2O COYH"2 dL Obtdktse MddoOr d 1 dzjteedd Mmdmilsj dzr . |
T sz yj dedj Md dztso tsi6,5 H tsffdy Iz findzts2s ydddskdhtgd Q ¢3M S o B dzis © &
des ftod d3j ded Bsects Hdzv fdMmilsj ds, HsfMisky dr = Hdzvw dfMmf
Bsdzj Cdvieds? HJOKBISH o Mddkz Bd i ©OL &) tse
Yyd izd dMmfmdzj Hise Olsj dzwik”  cafE st figthe': toj " Ols

T o"Btste HjMCtedf s, dzOd B tsdzj j OHJ CoO0OIdzs s
Ostsgtse d dq&jendimw o MmdMmisj Bi Mdddjstedd;

ior Btstc Otendlsj Slkzter Milkd d BjlssHdSd BEZYJ ddw

iWstcdgdtoctso Odzdj BBEZYOEh j2 orBtstcld OCHdd 'sBtcOL
ZOdetsdzj j R OOCIsjtods j HdzW toj Odz' desets Hoady j dedw
Miststcsdz ftoj HsMIsOo dIs! Hisfis Ols sy dats § Ctsdzd yj Mlso
dzj 2tetsdgdzs? Milsd §tsMmistesdls! CzZOHS dj e jten datsfylsd
dmtf szt Isimw Hdzw o' ydmdzj dedv M dzseo segts ff sdzvv )

i ZOMlstes2C O ddsjcwwOydd §lsjdydodzd, Wstdkdilk.
BsHj zdtetso OdzdY Bj lssH Okd € &OMMduj MS 2 &sdj S kdvts

lidtwor j Isted LOHOYd o® BB hj2 Bitej Blsdsmwismw
1 OHOYO ddzlsjcecteOydd dzj 2tetsmilsjotsets fslsjdydodzd o
tjhOjlmw MddOkd fsctcOBBdmlstss (ftod ML H O]
sBlkyOls: dzjQtctsdzde" | Mild) d MmdMmlsj d3dz" = OH diBd ded MIs te

TtcOL 9 jtolsr o OdgdyOYf O J Istizp 2 totsaelizr | M lsd;

i MBSk d dOMbes2Ck §OCjlktss dBisdj Sz e
M sd L so Odzdv dzgj 2tetsfMjlsjotsets §lsjdydodzd dO ddkj
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

itcOMY OtcOdzdzj dzd @ Odzd j teOMyjlstse M Eyjbtsd tshmte j o
f glszyd OdzO, o ydmdzdlsj dz! dz@ = o BL BBy desMmisj 2 dd3j ¥ M jc

Ajdzo 8 dzgOflstswh j2 tOBSIsT WwWodzw jlsfw dzOfgibisas 2 € O
MowLCj M fOSjtsd BsHj dzdtetse Odzd v Bj Is ts LABIMPSHZRO f ) d
CdzOfmlsjtcj I BkzctsetcOHMEtSEs EtsMikzH OteMmise j dzdzetse s Isj ~
hdesSCtsets tcOMY OteOdzdzj dzd @ Oded v teOMyYj Istso .

g J PaNN] 2] o - sHEchNetPachf ®F j & W o dzv j Is ipwSchHN&{j 4 |d3dzd [ugj j?
LIsd Milkd Gldshmwishy ¢ cdetOBWSO ' fizs | Hsfipls Q ofidsj' dzf o  frpadHL
BitcO oL OdBsHj2Msodw dBIYHE ddid. [ tkdesd dhmif sd
LOtcj Stsdij dzHtsoa Oah drn MmjBWw  sOedftddo %L g -V dndzisji R mw daP
fsmistetsj dzgdw ff tslsj dzayd O d2®H j B fiplsO e[ty d3dAtpdztisy da RO dags dzj €
dZOf ted d3j te, f sdzd Bj tetso . vOCd| fpd fmls g d3r qddsj ¢ Is
BOC tetsdBsdzj C zdzr Colstster § H s dzy dz' BN Is! ftej HMIsOo
f sdzdzsmo W L dzOW fjls' dBse dzO MW tstcd3d te tste IO dzo jj tedizlzes tc @3N
dzj 2tetsdgdz” | Milsd fteiHMsOoadzwe smw § jtemdf jCisdoe dzr d3d

1 OCJckNetPackl d3d jJ Is o BL sy desmis! dJdzlsj cteOydd m § O0¢J
H d dzO d3AQARIMPS, SHA&ZOCB ©tojBlzjls kZHBodzj lsotstePdat® € joW H ¢
ftejHTr HEN j2 tOBtSls] [ 1] B ' dAMMPS fi) s fztizh dzp e NE LS @ls
W 02 dzBahNetPack fsLodzvs h QW or ff tsdzdgw Is BsHj zZdtcse O
Bsdzj Cdvtedets?2 HdZOBISd M dMmf sdz L 5o Odzed Getie d de® o ts
c@YdujmMetsds EMSstedlsj dzj . mtslsw HddzW dsHjdzd, MtsHJt
PHOdsM:! ftdizydks: WdLrduyjmeéd ojteds 2 tojL zdz sOIs

MshtcOdew dz Cted Mls Odzdzd yj MS kz® MstckzC skztolz, 0] or yd
Csteie] dzdfpts o Odz@uJ ded W i3, dL o Mmlsdz’ B drL + CMYJtedds]
sBtOL Y' , MsHjtyO0hdy Merhj dimMéitd ¢dr IrmMwy O

sctcOded yj dedztsfils' 8 Bl j BO f OBV djiepBesodBchmisg tcf
L Oo d i d d3ts ) SAMMAPo+'SchiNefPacks Is f GCURPASIOL . 7 f ted n SH d dzts iy
Cdz¢ ydq MmAMMBSEZS 8 Odz! dgs d3j ssHtsd3 f 4 6 B 5 tESOhNetlfackip o "
EmMisOdatso sydz | mMCtedfIsr f4td MisOdzd B' Is! O¢C sz Odz
ftciHftcddzwIsO § s r BAMBIPSfiB e HdH jftedCCiEs20 ) Betirdgpagly = W O
Ctsdzls j Ddpketely § sfmdzj HEE N dd3 ©OL 9 jtelsr 9 0dzdj 53 L ssets €
CdzOMmisjtej 1 tsdzgy vuv.

[ dzZv MmtsL HOtaYgMps B Ftc®r @z ML H Datkeffiijelzj Hize h 2

1 0 tMmdzse 2 B ' middisgcudalls.”7. tdevetwb@t? 2 . 0 4, fesmMitsd ¢k
shdtsodzr = L OoadMmddssmisj 2, i dMmnodekzhNetPaek sW d yd Odzr dzts

FROM nvidia/cuda:11.7-tlevetubuntu22.04 AS cuda

VHOdZzY jd&3 tj CUDAdIstEeHItsd Sk ftod Bdetsodzj dadd
tcjfsLdstctf" dBEZHAOB (1 sMiskf L Oftejh vy dg) .

RUN rm-f /etc/apt/sources.list.d/cudibuntu2204x86_64.list

[Bdzsodzj dzdy ddeW stedBOyYydd s § OCjIsOn o tjtfiL st
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RUN aptupdate&& aptinstall vim wgetgit cmakei'y

ViNls Oddythdh O v Mis QapsB-FSHJ BB ~  OC J Isso .

RUN apt install buildessential zliblglev libncurses@®lev libgdbmdev libnss3dev libssidev
libreadlinedev libffi-dev libsqlite3dev wget libbz2deviy

4 ¢ Oydo OdzdPythoBte 7 énO sW d yqd Odzr detsets MOAISO d Jjets

RUN wget htts://www.python.org/ftp/python/3.9.7/Pythéh9.7.tgz && tar -xvf Python
3.9.7.t9z

]l SsHetssts9 C O sy MMO MmMeBBtes d, &ZOMmMlstes2 C O ¢ O
sflsdddL Oydd Hdzw By jddwvw ftesdLotsHdlsj d dsmisd

RUN cd Pythor3.9.7/ && .[configure--enableoptimizations

bolssBOISdL Oydw ftesyd MMO (o] sBteOL 59 Odzd W dfma:
BdBdzdtslsj ¢d d Htkedy dzjtsBrtsHdd3 jJ OtlsjWwoOClIsr .

RUN cd Pythor3.9.7/ && make

v s © dédythdh.0

RUN cd Python3.9.7/ && makealtinstall

VMisOdats o & @ J HIS tdassdzdad f OC J IsO.

RUN aptget install pythondip iy

VM Odas® & P d dZstsmis § 2

RUN  pip3 install torch==2.0.1+cull7  torchvision torchaudio--indexurl
https://download.pytorch.org/whl/cull7 numpy

v s O dasbNetRack.

RUN pip3 install--upgrade schnetpack

s &zt dz ts © &ded js L JUASNEPG W

RUN git clone--depth 1 https://github.com/lammps/lammps.git

4 ¢ Oydo Odzd 4f O ¥ YR Hzts & dzw f SH HLAMMPSdihisfi@y pE8d3 W 02
SchNetPack

RUN wagethttps://clck.ru/3LVUHF

RUN wagethttps://clck.ru/3LVUJL

stsfdtetse Odzed § ofgAstiy P lg@ts dL a3 dgj ded™ Hdzv ff ted d3d dzj ¢

COPY patch_lammps.sh patch_lammps.sh

Cltsls MCtedlfls delzy dets ME Oy O lshttps:fcleljra A \OIKL Is | dz' dzts ff t

[ O0dzj 4, 9 lIssds MStedyflsy, CO¢ ECOLOMs o [6],
MisOdzH Otels @ZCC +1+7 .y 1 4

H4HJ] d&ZzOIs! MCtedfls dMmff sdzdgw j A3’ 3.

RUN chmodu+x patch lammpssh

1 0f 2Mmisd s S tediflas Gn Ofdefte Qi jlelefmggdS Is S t6 d

RUN ./patch_lammps.sh lammps/

g4 SL H@dgdejj ¢ lbudde d d

RUN mkdir lammps/build

4 B ts tt AMDVPS.
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RUN cd lammps/build && cmake ../crkea

-DCMAKE_PREFIX_PATH="python3c

'import torch;print(torch.utils.cmake_prefix_path)"

-DMKL_INCLUDE_DIR=/usr/include

s 5 &3 d dAMMPS.

RUN cd lammps/build && make$(nproc)

1 O EME Ctsd3OdzH T sBtsdzsy¢S d, Yylstser © HOdz! dzgj 2" J
LOo jteh jdedd S BBRBOdZHT CBf dzvydd

CMD ["basH]

Il Hdt] ¢ Dudedfiles Mz §f sd3y "y dz MCtedt Is, odzsmwh d2 d
meBtstcC d.

ddzestedIlsd3 MBIAMNMREf ey B @Us@o dzj dz dzO tedmbkzdzC j 1.

HOOOXOAMMLIX NAKOTON MOCXOOMONo Kona

l

Knonuposavne }_ Yeranoska python-nakerose

nvidia/cuda-11.7 .N Crauvsanne _‘ Komrmnsiumn Python 3.9 wa

Ckaunsanune hannos

patch_lammps -

penoantopus LAMMPS torch n schnetpack

—

A 4
Pepaktuposanve ckaveHHbix channos 8
cooTBeTcTeum ¢ TpeboBalnamu

. A

3anyck ckpunta
patch_lammps.sh

C pKa Komnunsiums
PS LAMMPS

tdfm. 1. odestkdlsd MeseSd § OS¢ 0O ¥IOAMMPS Sc hiNeH HPate

[BtoOL MtsBdteOdziw dL H J BgckelfileCiaxdgQ dzHes2] tc Ot ts dzts y

dockerbuild . it lammps 17

Il Cdi30dzH | Is sy D&ketdileteDmiog dets y judeso Isj S 20 j 21T Hd ]
tlammps 17 ESOL" 90l dzO dd3v MseBdteOj didscts tsBteOL O.

I sz MetsteCd tBOL O, Cdlsj2dzite LOfEME Odzhw ¢

docker run -td --name=lammps_17 --network=host --add
host="host.docker.internal:172.17.0.1" lammps_17

SdOdzZH O dockebDockerfi sdzls PP Ez L Oz BMdzSdisL O OY G,
Ylsts € tstelzlsg Rdgjls L Of kh jdz o Wiodatsotsdy teiydad3d, 1d o1 i
nameslammps 17 L OHOY Is dd3v ¢ tsiddsnpri-bpgtigPls j & ©B O 4 Is 6 d3, (
fsLodwjls SCBdsg 2dzj ez dMmYf @ Jqam Ol Is tsf jjldnjlse s 2Is iRls
Colststets? Do@dHlzh jldz + stsd3 tejy ddzsd C sdzlsip-Qdzsjcmpylgts (¢
BOh d dzO.
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1 Otc O dspddhest"hostdockerinternat 1 72 . 17. 0. 1" ftsLotsdvjls ¢t
by MzteMOdK, L Of eBQhdddezjds diOstdodkefiisezgal [ 2O thtss pdedzts
mMdzz yow CSEHO Ctsdalsj 2 dzj izl B ez dets o M &3OIsL BY ZMJ «
&ZOof ted di3d 6, Htd tOLOBEBISE .

l Ctdzyy StsdB@BOdZHT ECOLT™ 90Oj Ismw d d3dockés B tgGnday, I t&
dzy dzOR SHJIsMw dztsG O d2ocpEHub. sts tsdz dh §j Isfpw  dzO

Il shdlf 2¢O SCdzlsj 2 dzj 6O, dzj 5B BH J d3ts dfcierpsigp ted Is !
(RS BROdZHO or atsHdls MfdmMsS eoeMmir LOYENjddzr = €t

(base) root@user-virtual-machine:~/docker# docker ps -a

CONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES
ef62b12704ee  lammps_17 "/opt/nvidia/nvidia_.." 9 seconds ago Up 5 seconds lammps_17

tdm. 2. vfdhness cdhjse oo diddis | &34

1 Olsjd3, dzj BBatSHd®BES ots2Ilsd o I|djdggHdzOdz € tsdzls j 2 dzj
docker exeeit ef /bin/bash.

s s 3O dpakerexeciiteff sH ¢ dz¢ YyOjIsfqw € ExJj tOBtlsOs M j i3z ¢
ddzd Cbtesetts dzOyqddzOjilsmw M ef, o ddzsj tcOCIsd o dzts d3
1 Otc O3 Istc HintbaBi d2H 'z fryC O J Isbadshs delzitsstaydk 2C sdzls j 2 dzj 6 O.

Il MOy S tsdzlsj 2 dzj tcj B rasgi@nedqmplet O dzOdzH g &L j this dtcd W
example d fjijtejrnttsH o ML exadgezr HJj CSlssted® cd a

[ Odz§ B3O dzH O B]

wget https://raw.githubusercontent.com/atomistigchinelearning/
schnetpack/master/interfadesnmps/examples/aspirin/aspirin_md.in,

wget https://raw.githubusercontent.com/atomigti@chinelearning/
schnetpack/ master/interfaces/ | ammps/ exampl es/

wget https://raw.githubusercontent.com/atomistigchinelearning/
schnetpack/mster/interfaces/lammps/examples/aspirin/best_model

Br dzd mMm¢ OyOds dzj sBrSHd B j HAzY tcOL oV tels™ 9 Odgd ¥
W02 dz .

[ Odzy P k& if§COg diplisyS 5 BBO dzH ts 2

spkdeploy./best model./deployed model

1 Ols j d3, dzj sB - SH d d&Bts LOf EMmisd s fjtots] BsH |
Bedzj Cdzvtcdets?2 HddZOBdJSESd © LAMMPS f dMmf sdzr L tso Odzd

Nlammps/build/Imp-in ./aspirin_md.in

rdzv or atsHO dL Codzlsj 2 dzj teddt ( ELjIs.dz' 1 BBINEAMWY o € 6 d
Csdzls j 2dzj 6O Bdz ftoesHBdy Ojls tOBSIOI! | dzts f sdz! L t5¢

ZsC Oodz! detsets ntsMisO.
root@user-virtual-machine: /aspirin-example# exit
exit
(base) root@user-virtual-machine:~/docker# cat Dockerfile

tdm. 3. IrasH dL CBdzlsj 2dzj 60O
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sOCdd 5B tcOL HagkerS fiytzsy QAMMRDY 5L o 5 dzd dzts LAMMPE f € Ols -
BiL (Mitd LsoO0dd"Y Hsfsdddlsjd d'a Sdyj?2 MNet
£COLOdzd j 5 Bdztsy j flse j dBEDA[LS dzs yj2 d fklsd HE

[ dlsjcOkiO

1. ¢BHEGORBOdse [ .[] ., stdyjditss I.rR., [EGCI W
or ydmdzdls j dz' dets?2  + % Wizl Sclisdh Odiag iy Is Jo  dIfs@C j Is LAMMPS
fslsjdydOkd® o&jyOssdhscts oL OdksHj2Miseadw, {sdkzy.
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] HOdzdzts?2 tOBBI] tOMMBElstejd' WL Stor j dBSHJC

GJdzj 6OyYdd Odz' Isj tedzOIsd o dz" = Isj CMmistsar A s dMOdzd 2
iMlsjMmlse jdadgsegts WL CO (NLP). Ajdhyimhigizj H &0 detf ®
Gjdzj edtetso Ols! i dMOddwY, OHOfIsdtttseo Odzdzr §j ¢ Ctdel ts
jets nOtOCIkjtedMmisdSd, Ctdalsj Sls dMmftsdzr L so Odedw™w

[ sk dsmls! d fsdWisdtsmls:  sdz' L 59 Olgfjsdfyfy &
90y dzr i3 WOCIktsteORRd, MfsmMtse-MBI BEsd d dd dilisfg ff f digs | Is d
Its d3djtej tetsMisO tcOL destsBtcOL W EfMlstets2fise d f dzOIlsW
d dzls j € dzjidls j dzls Iz, L OH Oddzls | dsls dfip sztsH(Ofdm{ds' s dzf <z = d dzls §
MsOdzso W iIsfpw o My Btsdzj J OCLEkzOdz dz' d3q . ] fMewiL d M
dzj § sdgv Isdz" § sj SMmMistser §j sSfdmMOdzdw + dzj d3j dzelstse  d dzls,
oL OdhisH j2Mlsad ] fsdz' L so Olsj dzj 2, sMmtse J dedzts  Hdzw |
sctcOded Y edgsBdets s i3, dsoduysSd ddzd §d L s Olsj dzd

[ sk detsfyls! ddzlsj teW j 2ftse wWodzWw jlsfqw o Oy dets?2 tsB
MsLHOdd ] bjrdtdksed?2, SCltter j &tcekls B Is! dhf ts
WdLduj MSdr o tsfyfigeispy Hidssa@dep  tRisC OL ¥ an@R s, s of todfditisg
o fMmj d i dzj Msslse j sMiso s Is MIsOdzH Otels OB HEsMiskzy
fsdz Ls9Olsjdzj?2 M ddzo Odzd H detsfiyls ! & .

JHdzdd3 dL sMmdzets o dz' n O tc @9 dzj dzd 2 dfmMmdzj H 59 Odad
Mih j Miso EsChlsgfrs fitdsO ML HOdzds Odz' Isj tedzOlsdo dzsegts Isj €
Besedj tOLwOBSlIsyded dai bkEHJjdzvsls HEdy deycStlseOdzd dg@
ftcdosHdl € dzgj HsMIsOtsydes?2 HBMiskY desMmisd d deV stedBGOY

lted oL OdBtsH jAMEBDISEHd3 Md dafj B d3ts Bydjddzddg’ dgiz  fftstalef drtds o
MsOdkS do Ojlsfyw ) ©OL destsetcOL dzr &5 1 dzj d3j dzls Odkd  d dzls .
detsdeCd, fdz?" Hd&ZY 99tHO IsjSMisO d cedi j e, dzC d .
Clstster 2 Mmazzydls MowiL ks hdds L o dats @zekilasimis ' ¢ s dztc Ezas
[ dzv  Edzkyh jddv ddskdlsde dzsets  sded BOdzdw Wz dzS yd 2
L dzj Bj dels OyOmbts dmisd Lkskksmw kkjChmsor j fsHmSOLS
ClsO IjCMmstso OV JdaW sted3OYydw SCtodilsd uj fifSvd fos@y' deGs oHOHEY,]
ddzls j oW j 2 s, yls ts, 9 Mots syjtej H' , mMf smMtse Mise
dmyf sdz' L so Oded® (o dAgytep@ dadzd o B
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

JHBRZOSCt 90y ds §HYJ el dzzls | Yylsts kMg jhdr 2 ddz
fsdz LsoOlsjdz MCddz st ' Istsdg. € 8 Xo b5 o @Odgr dpOj Isd dzf dzls j to
s d of jyOldzj dedv ftsdz L sS9OIjdzj?2 Bls oL OddBsH M
BjiyHEZ Ul d UX tftejH]jdwvjl, ZOMS sdz! €t EHBB dats
ftoddzsy jdedj, Ul o C tsdzj lpuads aidzylsdststg j dacdixffiylgi‘ls dozOdzty!
sBtcOL 503, 1 dzj d3j dals ' ul, sOo¢dj GC0O0¢ IbjSCbsar j
Edzzyh j dzds ®Bh jets UX, BjiMfjudeOw Btdjj ¢dzssC
dqdzls j oW j 2 HO.

ddz Isj tcdzOls d o dgr s jIKjiElEM)jislsd(dotelzdy jad ks tetsdzr o B MY
Hdzw MdzOBtsoadHWwh dr ddzd dai L tewydes dz® HJ 2, Clstster §
(MSteddztedHjter ). [dz dzgj btsd S5 fBSE0Ojls fsd Lso O
d fsLosdYjlk & §sdzudBydEs sty &) tiztzs | | datizs | ©W j 2

lcOoddzt desy dMmMfsdz L 8o Odedj Odz Isj tedzOIsd o dese s Is§
M smMseMmlsokzjls ddzS dzt L Jodetsfisd [ 6] s jrSds @ WeWQjxSdissd, o dn
Brdz StcOlSdds (CteslsSdj Wists O te o Sdgd dsisEdets daj eyl
ddz¥ sted3OIsdo dz' &3 d fSHdesL dzOydz' of, s dmr 9 OW MisHj toy
Ctsdzlsj SMisj [5]. [(Mdzd tcOLtcOBBIYdS fteOoddz dets s C
MCtoeddztcdH jto fdeWIlsdes Lo kydls f Odelsidez@ls jdddzd, — yudstss
sftcj Hj dzv dgdzOW € dzetsff GO 2 Ig JO {f tefigfleldj teo§ dztlfOC @ jtBIstf ttOo €
dLtsBtOy jdz CBsdzo j tels. l 3 Mss fJtesMmMistsets " dL sBteOy J
" sftcOQoadlsy ' M dLtsBLOYJ dzd J A3 ¢ wige jftddsjOd' My ls Quelsdrsj dzddjj |
dLBBtO)y jdes d COC 1 Ists 9L OddBsHj2Mlsoakzjls M ddalsj oW

sEOHdUdBddz | §BHABHT € MLHOddY kjSCMmsser o
stz H tsd3, Yylsts HJjd&zOjIs dr daj Ibtsd ¢t IstckzH Y i3S d d3d
OHOf Isdtclzj df'L digy dzvCs h d dsmw Ctsdzlsj SMisOds d f slstej B dzts
MCtoddztcdH j t6  sdzEyOdz dzlzy dzlz® ddeW stedzOyde , tcOL tc OF
oty di3j ded d Md dz

iHsBOoadls! fsHYfdmd d sfidmMOodd] ¢ COYHBREZ 1 dzj o

T dzOMmMistesdlis! § tcOo d dz! dgr v i telagwdgy tsifls Sfoj; toj € dzs yJ dzd

imMCtrils! Hdv MCtddzcdH jtcO® Isj 1 dzj d3gj dzls’, Clstster
iftetso jtedls: ofpy 18 9 Hjdz d dMfttOoadls! hde¢
[ Odzdz" J L IsOf " dzgj 5B~ SH d d3ts MH J dzOIs H dzW COYHTB

fsSHHjtY do OlsfijdzjoH K@y 20 jJtedd, ylsts IstejBlzjls BEd !
ftcdyddzsj E Btsd "hddzlmlseoa O ftosctcOBRd dzj Is f sdzdetsyj dzdz
dzgEnj2. 1 MmoewrLd fp {Isdds otsLdedCOjIs f slstcj B datsmls!
GJjdzgj cOydd Odzislg fdz®led o dff hlstster | BzHEIL Efttsh Ols!
fsor hOl! HMlzf dtshis! tj Metemtse HddzY dtHj2 M Gt
otsftoes & dgj sBratSHIBSMIsd ttOLOBESISCd dtser n, BBdzj
JHddd3 d1L dzdr Wodws lsmw shE azsdztrs § ‘BB WGCO® SIE S
ftcj HMsOoadzv s Is MsBts?2 dZOBtSiK BilssHBse d Odzetstdlsd@itse
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

Jqdzsjteftej sdteso Ols? d GJjdzgjtedtetso Ols! yJ dztseo j yd mc&d2
ftcsHoe ddzz dztsfy! B dZOGtsH Otcw tcOL o dds drt  fijdiEzjB2s ¢ BEldss  HBIIA
otsL sy detsisd Hdzv OQoaltsdBOIsdL Oydd ML HOdY Isj ¢ Mmists

Clsd bjrdzsdziedd d@scbkls O0dzOdzdL dtetseo Ols!  ddzlsj toj M
MOy d IsjSMmistser m HOdMdz » (BISLTor, Ctd3d3j dzsOted d )
Ctsdzlsq] didsj C sd3j dzH Oyd d .

Il Ctdzlsj €Mlsy €Jdzgj eOydd Odz' sjtcdzOlsdodzr = Isj € Mist
dmf sdz! L s9 Ols! MW Hd&Y OolbtsBOIdyd MEBEets ML HOdzd W
Ctsdzlsj dgls© d Stdelsj SMlsO jets dmyf tsdz! L so @dgd v S[dB ]y o'
nOteOSIsjtedMmMisdSd dLBBtOY jdedWw (yo4lsO, W stod3r tsB
sj¢Mmls. Clts Mt jdedets sdzjL des HdzW BBz "dr GBI j
fsftsdkdveh JedMY BOLOKR] HOMI &, GHJ isydgs [ dn e
HOXY J dzj o tsL d3tsy dz" 3.

gizh jisolkzsls EMfjhdrj ftoddjter ftoddsj dzgj dedv Is.
Hsfiskzf detsfylsd ddzlsj teW j2Mtsea. | Oftcddzj te, € sd3tf Odzad d,
dz0 y O dzd dmf sdz' L s9 Ols! Odze tsted Is A3 NLP H dzw Qo Ist
do sBtc Oy j dzd W O3, LOGtelZyOj &3 @3 Y tsdz L ts9 Olsj dzv &B( . C s
Hsfiskf dzr d3 Hdzv ftsdz LtsaOlsjdzj?2 M ts6tcOded yJ deder o3d
oLOdBsHj2Msody f) § ZOY Sds? .

[tceedds ftodd3j tesdz Wodzw jlsfqw M sdzr L s Odedj NLP
CodzsmMsor 7 fsHMEOLEBE d BfdmMOded?2 Hdzv ftsdzr L ts9 Olsj ¢
Bsckzls OdzZOdzdL Jctso Ols sCtozy O h vy MtejHlk d fGtoj Ht
Bdzd ¥ Osed g SIsOr d 1 dzj d3j dzlsOr ddzlsj ¥ j 2 MO o tj Odz’ d

gkzh jMmlseokzs Is MlsOlsdyd MS dJ wipr Cmmer j d3tsH j dzd
StcOdzmW stedzj ter [ 2] . [ Mmdzd wOMMdBBOIsted 9 Ols! dzj 2 totsdzdz j

1) tojSCktotoj dzlsdz" jJRNM 2 tetsdedz” 4 M lsd (

2) LSTM (Long ShoHTer m Me mory) d GRU ( Gated Recurrent

2) wjSkwmdods j dej 2tetsdeds” J MmJIsd;

3) Moy wlstsyds j dgj 2tetsdede” § MmJIsd.

tdSktote] dalsdz" §| dziRNtE)sdzdzr § MmdliIsd (

tdSktotej dalsdg” §J dej 2tetsdedz § Mylsd (RNN) dmfsdz L 2]
HOdzdz" = ( dzOf tod o34 tG, Is N9 fisls) s B dzt$ ffds(* ® ts B gaO@ Ots dgd dzO s ! ¢
ftejHr HZh dR 1 dzj 3] dels©Or  sMdzj Hise Olsj dz' dzesisd d d My
L dzj d3j delstso .

vydlsr e Ov ftsMmdzi Hise Olsj dz' desfls! Mdzse, By des
Mzse Otcj ). (L' SBor j dyfslsi'] dafj tff o lodestiy s /Is ofL g tasO . )
SOC ts2 M s desMmisd weodzw j Isfyw 9L dzgtsy dztsMls ¢ G J dzd
9or nHde » o jteWilsdesMmisj2. [ d&BsyJdB 6jdjtcdtctse Ols!
dL MiBw ftojHMIsOo dzve s dzOhtH j Hz@ tletied Pdzd dI  dz@hr C B8
ftcjHMisOoadzv jIs f sMdzj Hise Olsj dz' datsfyls ¢ Mozse ( dzOY tod d
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

Cstew yddz Mmtsihten ded J, d3 10f GafifegjsiHs 9 Ols j dz! dzts iy ls ¢ ftej HMG
sBlkyjddd dzgj 2tesdedzts? fjiIsd, a3 i sHPY d3H 2@ 2 9 rots HA t
fsmMSsd Sk Atlsdd, vuylste' tojLid Ol Br d&z Mdzj Hiz h

td Stote] dzls dzOVY  dzj 2 tetsdzdzOW My Is slsmdzi ydoa Ojls €t
COYHBAR otcj di3gj dgdetsds P Ocj. AdSCdz mSBteOlsdes?2 MmoawiL d fts
fl SHdGSEE o WjAEazdE® HEkzes?2. wltKrlstsj Momistswddj
ntcOdzd Ismw ddW stcedkOydw 5 ftejH" HEZhN R oA"tsHdz R H C
o CZtotej dzls dzOwW  dzj 2 e sdzdzOWY My Is sBtcOB OIS 90jIs Isj¢
ftojHdztsy J dzed d ) o dfg tditsly tsvinded Jncdg tefy IS telg H™ HEZM j et ote] d3f C
RNN ¢cLOftsd3sddzOls* ¢ ftejHr HhNdJ btsySd HOddz = d dff
ZO IsjSkhd?2 tjLEkzd IsOIs.

Il &3 Mlsj Mt Mo jtelstsyds dsd dzj 2tetsdzdz” o3 Mjlsw dsd RNN
GJdzj eOydogd ? sfdfjfie@®L o3y j dedz" = dL tsBOY j dzd 2 . s tsd3B d ¢
Mejdajtcdtctseo Odadz’ | Mzso O ) ftedL dzOC OdRd, dzO22 H j deds’ o3

ltej dd3zh j Miseo O d RNE\G tc O dzd yJ dgd W

VUd b Co@MNEgEpdOs Eydlsr e 0Is! ftejH" HEMdJ { dzj o]
Hy dzOjIs dRE &M HYy @dz' dzOH Oy, GHy 90%jd ¢ dzls RENMyls.
e kzls EZydlsr e Ols! fftejH" HEN ] Mdzce O, Ykt L o tsdzw

] dB S SRNNBsc s ttOBBISOIS! M § sMmdzj Hise Olsj dz' desfls W ¢
dr kdzdoe j tcf Qald Lddzddzpdz’ HadzWis d §f s IRIONEElS chlz Is | BO fista d dfi fridf, ts &
HdzW OdzOdzdL O otej g dedz' » tWHBO, 1SOCda COC W ddzOdzfm
fsdzj Hs9 Olsj dz' desfylsd By jIs 9 Ote! dqteso Ols+ Mmw .

10z Odzdj CGtOHd,j dRNNoRs Glztisd o tse Had F ®Eq 1 totsB dzj d
CGtcOHdJ dzlsts o, Yylsts L OlstekzHdzw jIs B EYJ dzd J dzO@ H dzd &
ftcdojMmisd ¢ btsdkkz, ybkts &@sHjdzd dzgj MBsyjls 1 WWjiClsd

I'rmsCdd o udmdzdlsj dz dz' j RNNOEQIBTz) L dOB Y aj dzf g
9" ydimdzdilsj dz' dgr = toj Mkztemtse, tMtse j dadets H dzv H dzd dzgdz" =
HOdzgdz" . Clts sy jIs MmH RMNX@ES'H dig eddial iBlzdj HdstcHsjcdBjfifds 5w h

LSTM (LongShort-TermMemory)

Long shoritermmemory (LSTM)i sfptsB OW  tc OL dzts[dsd] H dstizfipls ¢ tQtEz totc
dzj Qtetsdzdz’ 7 Milj2, MismMsedOw ¢ seBkyj dd: HSkEss
LSTM L OCdzs yo,lsfmw ) Edzzyh jdedd Mmfsmsedsmisd M,
Hdzdlsj dz dz7 & ddzlsjtco OZOR otej di3j dod, ybt §sBBOO] s
Yyomists eMmlstej yos h ze mwv o B" Yydz' = RNN. [ dO lsdzd ydz
LOoadMmddismisj2, vyt Hjd&Ojls jY dHjOd ds2 HdAEY L OH

[ Mdztso &zOY MkSlskte® LSTM Mmemlstsdls dr wyj26d,
feslswy jdedd Hozdlsj dz' detsets otejdBj ded. 1 Bhdduydj ls Is
stcd thdsodz' | (B sdzj dep'StedElisstster j dzOL ™ 9 O8 Ismyw
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poMC et Gz Okhise j zlzsc s L

]l stetsls O:

1L.IocHdy | (d mtpmls Gt jes)dvs s, COCEkY JdW stedkOyd*
fejHT HED j & f) OYavddegis ‘fdzj Hizj s L

2.utsissw dd Cellj 9B Hatmisi sdj dzsO MsRnteOdzw jls d daW &
MesS. IocHdy | okl BftjHjdvsls, dOMStd C6 ds:

wyd 2¢d.

3.] stesls® L OBF oOgat"Ghitt pis) dzv s s, COCks yOfls!
fjH HEN jets Mefbswddw wyj2¢d fMdjHkzjl LOB" I .
fO&YIsq.

4.l " AtsHdz j ( OteplbQ@actjeis)dzv s s, COCEy dJdaW stcdzkOyd
gL Mmemsswddw wyj2¢d o MmMajHzerhd2 hog. Ckt {1
OCIskzOdz! dzr » HOdzdz" = .

1l sfpdzj btsets COC obtetslsO HftesOdOdzdL qtetso Odzd o n
wyj?2¢d. Clts HtsMisdecOjlsmw fklsjds HtsBOo dzj dedv dztso
EHOdj dzedv EfMmlsOtjoh j2.

LSTM tBEZYyOslsfmw M dhiftsdz L tso Odzdig Qixlzj digf 18 s HEO B |
Csltster 2 Eydlr e0jls ¢€0¢ IsjCkhdj, sO¢ d ftojH"™ H
fsLosdzv jIs LSTM OHOfIdtese Ols! v € § tsfdzj Hise Olsj dz

tdSkemdods j dejtetsdeds § Mjlsd

Jddzeodmisduyd MSd oHtR deso dzj dzdzOW dH W OO0 fgdh 3O OE
f sfdzj Htso Olsj dz' detsfls! , fstesyHOjIs tjSktemdoedz j dzj 2
dzj 2tetsdedzs? fMjilsd wiLr ¢ wOmMimMdiOstcdoea OjIsmw COC f smdzj
MftcOo O dzOdzj os ddzd Mdzj o O dzOf tcOo s, Istftcg H tzlp § iz thzif) ¢
ftojHMsOodzjdzr ©® odHj JjOErRdyujmMSs? §shmdjHEe Ols

dtejo+w ftojHMisOQoadzwe s MtseBts?2 djtwOtendud MEEE Ml
ddzd 2 b3 C O (9o MzeyOJ BddzOtedzsc s H jfiigiiBovO )V, tc Qlrsl
MesMissw h s flasdffdtoes, O c¢cdzdMmls! wdsde Hjtejo O Wodzwe Ist

oY telstsydz" §j dzj 2tetsdedz” § MmJIsd

o jtolssydze J dzi2tetsdzdz" § Milsd (CNN) IstcOH dy(d sdzdzt
dLtsBtOY jdzd?2, BHABOSt dh ftddj dzj dedsp zZBBOBE Y | sBL OB
iMisiMmlse jddsets WL O, o yYyoOfmlsdesMmisd, HdAEW L OHOY ¢

s0O¢ ExJj Ef sdddzOdzsfm: orhj, o Cztetcj delsdz’ §  dzf
dzj 2 tetsdedz” o3 MJ Isw o3 Bsy des df sdz? L s Ols! co¢ Y
dzg 6 OL d3j Y4 dzdz" d3i3. duiotsiBtddOs|yjddzdjy dzj 2 etsdzdz” § Mjlsd rBEts
Ckftsyj S ddd efms fohmdjHte Ol jttsdehbsHyfddt sdacd.

[ dzwv  dzOh j 2 LOHOYd oHatHdl dMftsdz L tseo Oded | a3
Gjdej eOydd IsjSfistso, UbpydbsdoldyyssQyflsddDisd -
dZOL dzOyjdzdj o ddzlsjtel j 2 fj .
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1 d)dzj o Otclstsa ME sEts EsmMkzH OteMmise j dedesets Iz

[ dzv ML HOdzdW ~Btetsh j2 dzgj 2tesMmilsd o Oy dets MisL HOIS
dLBtOY jdedWw ddalsjteW j2MmMse  Mtsslke jlsMmlseakze hdj dd
teOL dzd ydz' = d@dsdsiyddQ@dso, Is

islsCter Isr j BOLT HOdzdgr n: Mmkh jMmMlsokzels dzOBSter H
Coslstster §j E)Jd ddzisls Odzdetslsdtctso Odzdzr § Odz! Isj tedzOIlsd o dz

T CteOknMmstemMddze: ftedodzj yjdedy ¢ dz' LtsoOlsjdzj?2 H
BN dls tsB MY Judls? Otonlszsts B He@dzdg'j -~ ;d

imMseMmlse jdeder | tcOLtcOBSIsCd: MtsLHOdd] MtseMmise j da
fsdizsh 8 1+ CMYf jtolsses tsftcj Hj dzv dzdets? tsB dzOMls (.

1l smdzy MBtStcO HOdzdz' » dzj sSBrtsH MBS fese jMmisd dn
sydmis¢ iz, dstcdzOdzd L Oyds od& dzOUzsls d tots ofiPjda]Y] . & v Gdsj d
dmMfteOo dzj dzdd "M dets¢ d ftedeojHjddj ofMjn t§dmOded?
Ctsdzlsy CMls dmMy sdz' L s OdedWw { dzj o3 dzlstse ddzlsj e § 2 MO,
ftsdzj Ldzg" 5 HdzvW fftsdz' L tso Olsj dzv .

ltetsyd M o jOadpelOygdzOIsdo dzr = s dMOded?2 o C dzt yO4 Is
fjtcotsds 1 IsOfj MdMmlsjBO sdzkyOjls dLtBtOY jddd d
Ctsdzlsj S Mis dmf tsdz! L s Oded v ) . RN sdz' L v dgj IstsH T 9
Mo j tolstsydz J dzj 2 e dadz’ f d fifijsijlsdd®@ (CodBANdzd L ez jIs dL 5Bt
Cdzs yjorn BBl jSbiso d dr ROLOSIjtdmisds. 1 0 thdas:
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4. RMECOIs! dzgjdrLojMmlsder § tjihjdzdw L OHOVY.

[ dzv BsHj dzdtetseo Odedw s dzzyhj oMmMicect Y SHBRAHY IS G
Hdzv tcOBtSIE]. M) sig@Y Od MMmdzj Hise Odedw Mkh jMmlsekze h da
ftoj HY sylsdlsj dz dzr d3d ts¢ AranGai2zfdiNect] seO@)dE. O dzH d H Ols O:

v OB d&zd yo
HtcOodej dzdj wULIT
HUJ T Neodj ArangoDB
I SHHjte do Oj &3 j BsSH ] ] cOW 1 6 OW , -L QayWaanN, |,
CLTS LOfttsMmtse Cypher AQL
] z2OsW sBR@OB IsC Java C++
1 J My dzOIsdzOw 9 j tefpd W glzh | Misg s 100) 4 HOdZ

10 dBsdzj dzls dzOf  MOdedw MlsOls! d dHY s tOL tOBSISE O
fts sfdmoOdede” &3 ftcddzydf Ods. [ dzv jets tOLteOBBISSd BT
dzs o' BBt thisedstpt dzijicd daPpdzj  tosMmistsisT o ntsy HJj dad "
smzsfisbgdydOd d' 7 sScwOddujdkd? §t Bl Y Gz H Odzdz

[ dlsjtcOkiO

LAr @r i/zigOARAGI PURLht t plsc MBZAMOHOISO tsBtOh j
26.02. 2025)

2.Gadesha V. Wh a't i's chiai mMBdMhi hlkoO9gBlBRR 3 .(Co
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koM Bets csfkzHOtmise j dedese s &

AN HEBREB .
1dy dzej o OtclssoaMS 2 etsMkzHOwhlse
G. 1dxdzj 9 Otclstsea M¢C

smy T JLRR Tt Lil1dgumre Jtrfrii8B8m tcer

utso toj d3j dzdz" 2 d3d te nOtOCIsjtedL zj Isfyw H d dzO d3d y dz
fteswodwesfpw o odHJ otej d3dj dzdzr = toW H tsaof. d3j y sy datOp dAf
L dzOyd dzd § Hdzw  fteddgwilsdw tojhjded?2 o tOL dzdydze = K«
B IstsHT sO¢dj COS¢ ftodzddsdd Odz dzOw g cted Mimdw,
ftoj HdZOG O Is w©WOL dzd ydz' § ddzmistclzadzj dzlsr Hdzvw OdzOzd L O
MtcOo dzd Is § dz! dzts 2 LWWJiClsde desflsd d ftcOCIsdyd M 2
otoj gy dgdzr = W HEBSO WodzW jlsmw OCIEZOd dzats?2 L OHOYJ 2 |

) H O dzdzts 2 tcOB tsls § d3r cOMMdiiclstcdds Ho O tshdats:
ftosedzesL Jtetso OdzdWw otej d3j dzdz" = tW HisB Ols ff fgtizd ugfs Gl @ &z’ iz
Bdes e smdzts2 dz" 2 §f jteydflstesdz (MLP) C0O0¢ 3 ssH d&3Oh d o
gisi jIs Metsd Mmtse j dedetsisd, ftej Ji3zh jMlsea ® d el
tcjLEzdz sOIsj tWOBTSIsT .

1 OHOYyd dMmMmdzj Hise Odzad v :

1. utBttOls! d fsHocbBB@l! HOddz | otcj d3j dadz” =
HdzW HOdz! dgj 2N jets OdzOdzd L O.

2. t JOdzdL s9 Ols! dB3tsH j dzd ftioscdzesL qtotse Odzed v : t
otcj d3j dzdz' m tWHBO &0 tMdtse | § sdddsdhkdOd ds?2 tj 6t

3. IBEYydlsidtedso Plstsls diiplsl j dzd : [BEZYdls! fMsL H Odade"
HOdgdz" » d fHtese jfmMisd IsjiMmMsdteseo Odzdd drn ftoscdatsMilsd yd

4 . #tcOo dzd Is L WWiCIlsde dzsls d3j IstsH 59 : t# tc © 9 dzd
fodzzyj dzdz" = f fosd@sh ¢ §sdddsddof) tzgl § tpstPhmnd @
Msslse jIsMisoezs h dj d&jktedc¢d (R], MSE).

5. J[yjdedls: otcjBBidedz' j L OlstcOIs’ : 1 tesO0dzOdzdL Jqtets
oL Jiesoa Odzdj HAEZW COYHEBEB By IstsH O.

6. lttso jMmilsd odLEzOdkzdL Oyde tjLbkzdz sOIssea: 1 dL ¢
9 Cdz6 yov ctwwOWdsed OfftesCMd®BOYdd d ftescdatsL ™ HdzW

l1tcOCIsdyd MSOVW L dzOyd dssmils! HOdzdese s d fMfpdzj H 59 Odzd
oL @3 detsisd Jtod dgd dzj ded¥ MlsObsdmisdu MSEses d dzj s
otcj 3] dedzr = W HBG M Llg cgisdiglsOCowztz™ o' BStO i lsd dzZOd
HOdz! dgj 2N dr ©OLtcOBBISEBE.

ltesedesL Jietse Odzd § 19 tsjsd3Pdz@rdzef sfwd )8 d2 ftetsyj MM 4
L dzOyj ded?2 H Odzdz -, Colsster | dBJdweslsimw ot ot dgd da
f sfdzj H saROIsde@= diz* H j dzd 2 , dqeteOs s o Oy dzlzs tc s dz o ts
1 Csdes i3 € Iz, W dd&zodeimr BB Isj stesdzsedys d ddzyJ dzj tod
fsdzeyjdedy Isyder » d dOHjYydzr 7 ftejHMEOL Oded?2, €C 5k
e hjdedw d { dzOdgd teHsjoXOfpls o Bz H[Ez4 ]d.
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1 d)dzj o Otclstsoa ME sEts EsmMkzH OteMmise j dedese s Iz

l COydmlsej MksOdMmMisdyd MSEtsets dBIISSHO BTN dz o' B s
sHddz dL Mmod3r = Istsydz =~ .

] sdzd dztsdzd O dz! dzOWwis s j s5doy M de'te ] MM sdzdzse s OdzOdzd L O
BN HEZ dzjL Oodmddss? §jtej d3j dedetsy (o L @O ndg di3sthyzz 4 @,
(LdOyj dzdy otcj d3j dzdztscts W H O) dBts H J dzeRte g dsjfiffvi dag . d 1§
Bd stsH fteddz dzv jsfqwy Hdzw Of ftesSCiMdBOYdd HOdzdzr =, ¢
LOoadMmd &Btsisd diyHE §jte] &g dade” d3d . of Cidzdts'f) tste) domdistlz oftfciis
stcOj Clssted?2 HOdgdzr = [ 2] .

Il COyimbke] dj2tetsdzdzsets d3jIssHO BTN dz o' BtcOdz d3dzts

e smdzs2 dz' 2 fJj B YysEs®dzdzasb R zsmis! dzj ? tots dzdats
dzj MSCsdzr Cdr Mdzsjo dzgj 2tetsdetso, Colstster j oL OddBsSHJ 2
tej eted MMdd ddzd ¢ dzOMMdW d<E Oydd. MLP ftcj HfNIsOo dzv j |
Colststets? HOdzdz" | Hoady&liWrh sisdzs B HWESE SL MdasMC sdz! €

rodzj J fjted2uHjd3 ¢ t6jOdzdL Oydd d MtcOodzj dzed® o' B

] HOddzts?2 tOBBIs] dMyd LEzelsmMw He O dOBBKGO HO
tewHr . Clsd HOdzdzr | 9©Cdz¢ yorls dimlststed ygBI dbp OuzleO dJ dz
LO BftejH]jdzjdedzr 2  jtedBBH otej d3j dzd .

Il HOdgdz' | HtojHMIsSOoadzjde © odHj excel WO2dzts:
SlstcO) Ot Is HOIT™ dOBdtHjdd?2 d Motlse jlsMisekze hdj dd

ANBted3Ols HOdzdz" ~: 1 Jtco 5dzOyYOdz! dats frHCOxadz” fiy Is ity HHptsW
ydmjdz Hdzw L dzOyj dzd 2 .

Ol o HMisOodzj dz@ o MstesCtsotsdd WistedzOIlsj 6 %d.
sdfz dateti me HdAv ttOBBIr M ddddd o HOd dzj 2" j d3.

1 20y j ded W ftoj HiNIsOo dzj dz 9 9dHJ ydmdztse r A L daC
W d dzO dzfn tsozdz' d3f3.H O

[ dzw tcj OdzdL Oydd ftctsc tc OBz 6 5 CHO f slstcj B s
BdBdzdislsy ¢: numpy, dateti me, ti me, matpl ot il
sklearn.pipeline, sklearn.neural_network, warnings, matplotlib.ticker, sklearnsnptimas.

[ dzv Ctstetej SIsdzets? OB SIST ftotsc tc Odzd3" B" dzd or" Hj d
slseo j yojls L O tsftejHjodzjdedzgr 2 { SOf HdzW ftescdesL Jqetso

r dzv MmlsOlsdmisdyd Métsets dZiIssHO BT dzd toj OdzdL ts9 Odz
[ B Zzyj dedif sdzd dzts d3d O dz' dzts 2 BtsH j dzd , ANBteddd tetso Odzd |
fodzddzesdzd Odz! dz' » ftoscdesL 8o, 1 dL EZOddL Oydw { tsdzd dats

O dZ2Odztse d ydets, Hdzv dzj Qtosdzdzsets By sSsSHO BT dzd toj O
HOdzdz" ~, [HtejHjdzjdd] d EWmidd) dgHNugds djcssz
ldLEzOdzdL Oydw tjL kdz sOlsse dzj 2tetsmiIs(d.

Il T oBBHT tcOB tSIsT f otsc tc ©Od3A3’ Mshistswils dL s OB dzd y
st dz" » OB dzd yr fm pamslagsh ' ¢ BdBdzdBlsj ¢ d

1 jtco Ow du il EslstfsdzdzOv IsOB dzd yO Bte P dr!. s Olstso ff tot
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oMCBEE GBMkHOGHSs j dadesc s b

| Rata | AcxonHoe 3HaueHue | Annpokc. (Monwuuom) | Nporxo3s (NoneHow) | Annpokc. (HC) | Npornoa (HC) |
[ S e e | S i ] e D R P e R R i e {5 e R | S e e o
| 2012-01-91 | 96.3 | 79.9697 | nan | 98.7741 | nan |
| 2012-82-01 | 109.19 | 79.8339 | nan | 98.1984 | nan |
| 2012-03-01 | 94.86 | 79.76468 | nan | 97.6598 | nan |
| 2012-04-01 | 93.95 | 79.7582 | nan | 97.8841 | nan |
| 2012-085-01 | 81.69 | 79.8111 | nan | 96.5269 | nan |
| 2012-086-01 | B6.39 | 79.9279 | nan | 95.9512 | nan |
| 2012-087-01 | 89.73 | 80.1003 | nan | 95.394 | nan |
| 2012-08-01 | 93.16 | 80,3387 | nan | 94.8183 | nan |
| 2012-69-91 | 96.99 | BO.6373 | nan | 94.26 | nan |
| 2012-10-01 | 91.79 | 80,9827 | nan | 93.7311 | nan |

tqfy. }teddjtedsy 2 odH kOBd&JY' tjLbkd sOkts fitofs

ClsO IsOBEZJYO fLodwjls EodH]jls! HJjIlsOd dkz¥ € Ot
OfftesCMdBOYdd d ftescdetsL r,  sdzkzyj dzedz’ g dztc P L ez digdp" |
s ftescdesL Jicsoa Odzgdd Hd&zvW COYHB2 CtsBYOddd (uBjteBO

Il sstc OV IsiOetEzdlay@®B dzd yoO© otcj d3j ded o f tsdzdzgj dzd W .

Tabnuua BpPeMEHW BLINONHEHUS :
| MeTop
[t i i i S A S S

Bpems o6yyenua (c) | Bpema nporxosa (c) |

I

| :
| NonuHoMuanbHbii (C6epbaHk) | 0 | 0. |
| HeWipoceTesoli (nporHos) (C6epbaHk) | 1.38929 | 0. |
| HeiipoceTesoii (annpokc.) (C6epb6aHk) | 1.39623 | - |
| NonuHomuanbHbii (MTC) I 0 | ©. |
| HeiipoceTesoit (nmporHos) (MTC) | 1.36241 | 0. |
| HetipoceTesoi (annpokc.) (MTC) | 1.35536 | - |

td®B. lteddjtedy 2 odH kOBd&JyY' otj djdd o' §5c

ClsO sOBdZdJYO ftLotdwjls tyj z§©N HEE BJ Bdzé s H @' dfl
Bsdzj j {WWjClsdoeodzr 2 f Ibtsy¢d Ltjddw otej dizgdi ded. [ dzO
d ftosedesL qietso Odgdw HdzW COYHBGEE B IssHO (§ tsdzd daets
COYHB?2 Ctsd3tf Oded (.

vtejls! v isiGstizdloyd@s dzd yoO© oi3j sted & tsBlZYJ ded W

Tabnuua METPUK OBYYEHWUR!:

| Mopens | R? (Annpoxkcumauun) | R* (Nporwos) | MSE (Annpokcemayun) | MSE (Nporwos) |
e o T L i b el ot s Tl A, e ) Bt L e R s P 3 I R o oLl :
| Nonuuomnanvwan (CHepbaux) | 0.645049 | 0.645049 | 2221.77 | 2221.77 |
| Hedpocereasan (CBepbank) | 0.762301 | 0.762301 | 1487.84 | 1487.84 |
| Nonuwomnanewas (MTC) | 0.224839 | 0.224839 | 1165.49 | 1105.49 |
| Hedpoceresam (MTC) | 0.33599 | 0.33599 | 946,969 | 946.969 |

tdB. lwddkjed 2 odH kOBddYy' &jlktedsS sBLEYj

ClkO sOBdZdJYO ftLotdvVjls Ctdzdyj Mise j dedets sy dad Is
LWWjCIsdoe detsmis! . [0 MHjtey dls d deW stedzOyd ® s o
ftose dzsL e €O drASG tSH digY IStsH O.
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H

poMC et Gz Okhss j lzsc s L

v OB d&zd yo
vOBdZdYO M ykemlsoadlsj dz desmilst ¥ ¢ ff OtcOd3] Is
[ sH j dz 1 OcOd3j Ists 1 d&zZO0ud ¢ R MSE
] sdzd dets d3d O dzt dzOw  ( wlsd fjdz §tsdz 2 0.92 | 180.55
] sdzd dets d3d O dzt dzOw  ( wlsj fjdz ¢ tsd 3 0.95 | 135.22
] sdzd dets d3d O dzt dzOw  ( wlsd fjdz §tsd 4 0.94 | 138.91
1 j2smilkjoaOw (g tOLBjt MCtr Is 25 0.96 | 112.15
1d2tsMjlsjoOw (ug [ OLBIt MCtrls 50 0.97 | 94.32
142tM{ BB @B OdC) | OL i3t MCter s 75 0.97 | 96.87
1d2tsMijlsjoOw ([fd (OLBIte MStrls 25 0.95 2.01
1d2tesMijlsjooOw ([fd tOLBIte MCtrls 50 0.96 1.87
1d2tsMijlsjoOw ([fd (OLdBIte MStrls 75 0.96 1.90
] sdzd dets B Odz? dzOwW lsjtfjde §sd 2 0.86| 9.22
] sdzd dets d3d O dzt dzOw  ( wlsd fjdz §tsd 3 0.88 7.99
] sdzd dets d3d O dzt dzOw  ( wlsd fjdz §tsd 4 0.85 9.56
l " oatsHT dz0 shdets o § tcjLEdz sOIstse MtcOo dzj dzd 2 .

foH ] Bsdhlstdtses OO Bdjj of MsCks ksydshls! J ¢
ft5 MieOodzj dedy f (odddsdkdOd ds?2 ©jctjmhdj?2 doO
flsOls d Mls d YHfjSidios dii'lsigster 2 d feshiss?2 o&jlssH, ¢l
OHjCoOlsdy 5 Hdzw ftesiisr & L Ooadmddshlsj?2.

[ dlsjtcOkiO

1. dzlzh § dg€ s d. rR. , o 3ts dz! W dzd dzts o d. 1. 1 toed d3j d
ftosecdzesL qtetso Odzedw otcj d3j dzdzr = W HtSO © L OHOYOR 1 dzj
256 f.

2.R9 Odzts o ) I 1 jlstetso g. ¢ . dtcOQo dzdIsj dzv dg 2
otej 3 dedzr = twWHBO dzO BGfdzse | ¢ sdzd desdzd Odz! dzts?2 6§ G-
H4Odk lsj ez gisjemlztce, 2022. 320 M.

.skLdzj yse ¢. 1., tdHBtos9 O [RBSH.j dz] Y j dpe@® ¢ dzts ¥ gf
otej d3j dedz" = t6W Htso MP M MY tistde! W dsw Didatflg @3 H j Is ed3d dzOyd d .
2023. 180 f.

4. iBjdHdjo 1.1., vdattsdtse R.[. JdBtwdHdz J dSHJ d
smdetse § MIsOIsdMmisdud MSdnr d degel istsdyj IsyteA th, §2OH270 H 520C
S5 d3dtedztse 1. 5., Itdkisea0® [.R. 1ltotscdsL Jqtetso Odad

Bhseshds2 dses § jehjflesdd: O0dOddL d §©0Sisdyj i

EAjHtstetse R. [ .,
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koM sets esfkzH Ottmise j dedese s &

zdhCddz [| sdcdzseo o . R.
1dY dzj o OtelsigE MOG RIS & fsdzdz’ 2 Lk dzd
G. 1dxdzj 9 Otclstsea M¢C

tor1t o1 fusd vofRUUADBEEHC st v (aidm]
gt (r vl ¢PYRHON

[MMdeso dzts?2 ftoddzydyf tOBBlsr MHOBsSsSRBAMD dzd OR ez6 D ¥s f
stsdz, Ut tdzO OolstsdiOIsdyud MSd tstecOsQ Lizdlste ddgalgts ¢ swif)d
Hokd3j todesj HtosMmisteOdzmlsots, MsrtcOdw W Issftsdsedyj ME
Clts HBsMisdecOjlmw L O Mudl SCStdlikztcj dlsdsets B LEZYJ &
9 nBHA 7 HOdzdzr 7. [ MABOMLAD G dzt @4 Is ) ted@B Sfisdzj H z8 h

1. RddydodzdSoNdHsiisdls dL djQtetsdtse, t©OMY sdzt
mMilke¢d (<COtlsr) . SOYHT Y dzjtesdz dqdsj s o4 Clstste o
tcOL 3 odetsisd o"tsHdz = HOdzdz = . 1 im0 ddzdydOdzdL d t
dmt tsddzq jsdg OdzOyOdz! dz" = H Odzdz" = .

2. stdfbkztej dzsdetsyy O @y ek P Ocj tBRZYjddY orf B dt
9jCltstc (BBWGCOL jY HOdzdz =) . [ dzv 1 Is s 5B p i @Sl fatz'c ts (
Matching Unit, BMU)i dzj 2 tctsdz, © j MO (tltetsets dzOdBtsdzj J BdzdL
dL Bj ew jlsfpw M) fosd@sh: s &jbtedCd toOMMistswddy (jold

3. oHOfIlsOYdivinCe jdEffctre b e@ls j &zv d JjeB MMiHJ22 B
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class KohonenNetwork:
def __init__(self, input_size, output_size, learning_rate=0.1, sigma=1.0):
self.input_size = input_size
self.output_size = output_size
self.learning_rate = learning_rate
self.sigma = sigma

self.weights = np.random.rand(ovtput_size, output_size, input_size)
def train(self, data, epochs=5000):
for epoch in range(epochs):
for sample in data:
winner = self.find_winner(sample)
self.update_weights(sample, winner, epoch, epochs)
def find_winner(self, sample): =
distances = np.zeros((self.output_size, self.output_size))
for 1 in range(self.output_size):

for 3 in range(self.output_size):

distances(i, j] = np.linalg.norm(sample - self.weights[i, 3j])
return np.unravel_index(np.argmin(distances), distances.shape)

tdimMs d®mMM KohonenNet wor k
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def update_weights(self, sample, winner, epoch, epochs):
i, 37 = winner
for x in range(self.output_size):
for y in range(self.output_size):
distance = np.linala.norm(np.array([i, j]) - np.array((x, v]))
influence = np.exp(-distancer*2 / (2 » (self.sigmaxx2)))
self.weights{x, y] += self.learning_rate » influence » (sample - self.weights[x, y])
def predict(self, sample):

winner = self.find_winner(sample)

return winner

t dfm. 3. s z0fmMfMm KohonenNet wor k
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