ResearchGate Google Scholar J@&] Rl

Scientific Journal
HAYYHAS 3QE1KE.I-!\PHOC§|TIEIQ§ .11 ! @ Impact Facit_hy
LIBRARY.RU ©A° 0 M ' \

CYBERLENINKA

e-ISSN(Online) 2709-1201

MEXIYHAPOJHbBIM HAYYHO-IIPAKTUYECKUN JKYPHAJI

-\ ENDLESS LIGHT IN SCIENCE

NO 4

31 MAH 2025
AcTaHa, KazaxcTaH

Irc-els.com



Impact Factor: SJIF 2023 - 5.95 MesxayHapOAHbIH HAYYHBIA
2024 - 5.99 »)kypHas Endless Light in Science

MEXJIYHAPOJIHBIA HAYYHBIN JKYPHAJI «kENDLESS LIGHT IN SCIENCE»

INTERNATIONAL SCIENTIFIC JOURNAL «ENDLESS LIGHT IN SCIENCE»

AELS

Main editor: G. Shulenbaev

Editorial colleague:
B. Kuspanova
Sh Abyhanova

International editorial board:
R. Stepanov (Russia)
T. Khushruz (Uzbekistan)
A. Azizbek (Uzbekistan)
F. Doflat (Azerbaijan)

International scientific journal «Endless Light in Science», includes reports of scientists,
students, undergraduates and school teachers from different countries (Kazakhstan, Tajikistan,
Azerbaijan, Russia, Uzbekistan, China, Turkey, Belarus, Kyrgyzstan, Moldova, Turkmenistan,
Georgia, Bulgaria, Mongolia). The materials in the collection will be of interest to the scientific
community for further integration of science and education.

MexayHapoauslii Hay4HbIH KypHaa «Endless Light in Science», BkiroyaroT TOKIaIbI
yu€HBIX, CTYIEHTOB, MAarUCTPAaHTOB M YydHWTelned kol u3 pasHeix crpad (Kaszaxcras,
Tamxukucran, AsepoOaiimkan, Poccus, Y30ekucrtan, Kurait, Typuus, benapyce, Keipreizcran,
Monnasusi, Typkmenuctan, ['py3us, bonrapus, Mounronus). Matepuansl cOopHHKa OyayT
WHTEPECHBI HAyYHON OOIIECTBEHHOCTH ISl JalIbHEHUIeH HHTETPAIlUi HAYKA U 00pa30BaHMS.

31 masn 2025 .
Actana, Ka3zaxcran

0 “MexayHapojHbIH Hay4HO-UccaegoBaTenbckul neHTp “Endless Light in Science”



TEXHUYECKHE HAYKH
Impact Factor: SJIF 2023 - 5.95 et seences T
2024 - 5.99

DOI 10.24412/2709-1201-2025-31-3-5
UOT 621.311.2.22
OSMOS VO 9KS OSMOS USULU

ROSAD TELMAN OGLU iSMAYILOV
Azorbaycan Memarliq vo Insaat Universitetinin dosenti

OLIYUSIF SIRIN OGLU KORIMOV
Azorbaycan Memarliq vo Ingaat Universitetinin magistranti

Xiilasa. Osmos qurgusu — suyun torkibindaki duzilari, kimyavi maddalari, mikroorganizmlori
Vo digor ¢irklondiricilori tamizlomak iigiin istifado olunan sutomizlayici texnologiyadir. Belo
qurgular adaton i¢cmali suyun alda olunmasinda, sanayeda vo laboratoriyalarda tamiz suya olan
ehtiyacin garsilanmasinda istifads olunur.

Osmos — yarimkegirici membran vasitasilo az duzlu sudan ¢ox duzlu suya dogru suyun
horokatidir.

Revers osmos (oks 0smos) — bu prosesin tarsina gevrilmasi demokdir. Burada tozyiq vasitasilo
su, duzlu va ¢irkli torafdon yarimkegirici membran vasitasilo tomiz (az duzlu vs ya duzsuz) torofo
kegir. Bu zaman suyun torkibindoaki duzlar, bakteriyalar va digor ¢irklor membranda galir.

Osmos qurgusunun asas hissalari:

1. ©vvalcadan filtrasiya sistemi — iri hissaciklori, xloru va girklari tomizlayir.

2. Yarimkegirici membran — asas tomizlomo prosesi burada gedir. Tokca duz deyil, viruslar,
bakteriyalar vo agir metallar1 da saxlayir.

3. Tozyiq nasosu — suya yiiksak tozyiq totbiq edorok membrandan kegmasini tomin edir.

4. Tomiz su (permeat) ¢ixis1 — istifads tigiin hazir, tomiz sudur.

5. Konsentrat ¢ixisi — tullanti su vo ¢irklorin toplandig xott.

Revers osmos (oks osmos) qurgularinin totbig sahslori genisdir vo suyun tomizlonmasi,
duzsuzlagdirilmasi vo xiisusi toyinatli suyun hazirlanmasi kimi miixtolif saholords istifado olunur.
Asagida osas totbiq saholori timumilosdirilmisdir:

- Evistifadagilari ti¢iin: Evlarda kran suyunun zararli maddslordan tomizlonmasi tigiin istifada
olunur.
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- Kond va sohor infrastrukturunda: Bozi bdolgoalordo igmoli suyun tomizlonmasi {iglin
morkazlosdirilmis revers osmos sistemlori qurasdirilir.

- Suvarma sistemlari {igiin duzsuz ve tomiz suyun tamin edilmasi

- Torpaq duzlulugunun azaldilmasi ti¢lin tomiz suya ehtiyac olan arazilords istifads olunur.

Osmos (xiisusilo oks osmos) texnologiyasi isitma sistemlarinds do vacib rol oynayir. Bu
sistemlordo suyun keyfiyyati istilik avadanliglarinin uzundmirliliiyti vo effektivliyi ii¢iin ¢ox
onamlidir.

Qazanlarda istifads olunan su yiiksok temperaturda buxara ¢evrilir. ©goar suyun ig¢inds duzlar,
minerallar va digor ¢irklor olarsa, bu maddslor, gatilagsma amola gatirarak istilik 6tiirmasini zaiflada,
korroziya yarada, qazani va borular1 zodaloys vo ya tixaya bilor.

Tobii osmosda, su molekullar1 daha asagi konsentrasiyali bir miihitdon daha yiiksok
konsentrasiyali miihita dogru harokat edir. Osmos qurgulari bu prinsipi istifado edarok, membran
vasitasilo ¢irklori, duzlar1 vo digar maddolori tomizlayarok suyun keyfiyyatini artirir.

Oks osmos (RO) iisulu, tabii 0sSmos prosesinin oksina isloyan va suyun tomizlonmoasi {igiin
genis istifado olunan bir filtrasiya texnologiyasidir. Bu prosesds, yliksok tozyiq totbiq edarak, suyun
daha yiiksok konsentrasiyali miihitdon (¢irkli su, duzlu su vo s.) daha asag1 konsentrasiyali miihito
dogru kegmasi tomin edilir. Oks osmos, selektiv membranlardan istifado edarok suyu tomizlayir vo
cirk, duz, bakteriya va digar zararli maddolori suyun i¢indon ayirir.

Oks 0smos, suyu tomizlomak {igiin istifado olunan bir n6v membran filtrasiya tisuludur. Osas
prinsiplori agagidakilardir:

Oks osmos qurgusunda istifads edilon membran ¢ox kigik gézenekloro malikdir vo yalniz su
molekullarinin kegmasina imkan verir. Bu membran, suyun ig¢indoki miixtalif ¢irklori, duzlari,
mikroorganizmlori va digar zararli maddolori saxlayir.

jp Sutechizot
(tezyiq altinda)

1.5.C. Membran
= __veraqler

Cirkli su, oks osmos membranindan kegir vo suyun igindoki ¢irklor ayrilir. Membran vasitasilo
tomizlonmis su iso "permeat” (tomiz su) kimi adlandirilir va bu su istifados {igiin alverislidir.

Oks osmos texnologiyalari, son illordo ¢ox bdyiik inkisaflar kegirmisdir. Bu inkisaflar
sistemlorin daha somorali, enerjiya gonast edon vo uzun Omiirlii olmasina imkan vermisdir. ks
osmos sistemlarinds asagidaki texnoloji inkisaflar miisahido olunur:

- Yeni nosil membranlar, daha yiikksok su kegirmo siirotino vo daha yaxsi filtrasiya
gabiliyyatino malikdir. Polimer vo keramika materiallar1 tizorinds edilon tokmillosdirmalar,
membranlarin 6mriinii uzatmis vo suyun daha tomiz alinmasim tomin etmisdir.

- Oks osmos sistemlori, enerji istehlaki baximindan yiiksok effektivliklo tochiz edilir. Yeni
texnologiyalar, yiiksok tozyiq totbiq edorkon daha az enerji sorf etmoys imkan verir. Bu
texnologiyalar, oks osmos sistemlorinin daha genis miqyasda totbiqini miimkiin edir.

- Oks osmos sistemlorinin optimallagdirilmasi iglin avtomatlasdirilmis nozarat vo monitoring
sistemlori inkisaf etdirilmisdir. Bu sistemlor, suyun keyfiyystini vo prosesin effektivliyini real
vaxtda izlomays imkan verir.

Azorbaycanda bir ¢ox bolgalorda, xiisusan do suyun keyfiyyatinin asagi oldugu vo ya tabii
sirin su moanbalarinin qit oldugu orazilorde oks osmos sistemi igmali suyun tomizlonmasi tigiin
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istifads edilir. Bu texnologiya, suyun duzlu va ya g¢irkli oldugu arazilords, masalon, Xozar danizi
sahilinda, igmali suyun keyfiyyatini artirmaq magsadils tatbiq olunur.

Oks osmos, Azorbaycan kimi su resurslart mohdud olan vo suyun keyfiyyati zoif olan
Olkalords tomiz igmali su aldo etmok va sanaye proseslorini optimallagdirmaq ti¢iin shamiyyatli bir
texnologiyadir. Lakin bu texnologiyanin effektiv totbiqi tigiin enerji istehlaki, texniki xidmot vo
infrastruktur mosalalarine xiisusi diqqat yetirilmalidir.

Bu texnologiyanin Azorbaycanda daha effektiv totbiqi ti¢lin enerjinin samorali istifadssi,
ekoloji tosirlorin azaldilmasi, avtomatlasdirma vo innovativ texnologiyalarin totbigi vacibdir. Bu
yanasmalar hom igtisadi Somaraliliyi artirar, hom do otraf miihito olan tasiri minimuma endiror.

Oks osmos texnologiyasi istilik tachizati ii¢lin alave suyun hazirlanmasinda etibarli va ekoloji
cohotdon somorali {isuldur. Bu texnologiyanin kapital qoyulusu yiiksok olsa da, uzunmiiddatli
dovrda gonast vo texniki tstiinliiklor tamin edir. Galacak tadqgiqatlarda membran texnologiyasinin
enerji Sorfiyyatinin azaldilmasi, modul sistemlorin totbigi vo hibrit tomizlomo sistemloari ilo
birlosdirilmasi kimi istiqgamatlor 6n plandadir.
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Annomayun. B cmamve paccmampuearomes mouku CONpUKOCHOBEHUsSL MeHCOY KOHYenyuell
VMHBIX 20p0008 U UHCMPYMeHmapuem Hetipomapkemunea. Iloouepkueaemcs, umo ycmoudugoe
passumue u yugposas mpancgopmayus 20poOCKoOl cpedbl mMpedOyiom He MOAbKO GHeOpPeHUs.
MEeXHONo2U, HO U yyema 2IyOUHHLIX NOB8edeHYecKUxX @Haxkxmopog eopodican. Hcnonvsosanue
HelpoMapKemuHea no360Jiem noevlcums 3QhekmusHocms  Yu@posuix cepsucos, coerams
g3aumooeticmeue 2pa)coan ¢ 20pooom 0oaee UHMYUMUBHbIM, d MAKJICe NOBbICUMb YPOBEHDL
008epus u yuacmus Hacelenus 8 ynpaeieHuu. Paboma Oasupyemcs na cunmese OaHHBIX U3
obnacmu yugdpoeo2o ypoaHuzMa u KOCHUMUBHBIX HAYK.

Knwueewie cnosa: yugposas mpancgopmayus, HetipomapremuHe, YMHblil 20poo, nogeoeHue
20POJICAH.

HeiipomapkeTunr mnpeacraBiseT co0oi MEXIUCHMIUIMHAPHOE HAalpaBlIeHUE, KOTOpOoe
00BbEeIMHACT MAPKETHHT, ICUXOJIOTHIO M HEHPOHAYKY JUTSI U3YUSHHS PEaKIUi YeT0OBEYECKOTO MO3Tra
Ha MAapKETUHTOBbIE CTHUMYJbl. B yCIOBUSX BBICOKONH KOHKYPEHLMH U HH(POPMALMOHHOTO
MEPEHACHIIIEHNS TPAIULIMOHHbIE METOAbl MAPKETUHIA, TAKHE KAK OMPOCHI U (POKYC-TPYIIIIbI, YACTO
OKa3bIBAIOTCS HEJOCTATOYHO TOYHBIMM, TIIOCKOJIBKY 3aBUCAT OT CYOBEKTHBHBIX OTBETOB.
HeiipomapkeTHHT, HampOTWB, TPENOCTABISIET OOBEKTHBHBIE JMJAaHHBIE O TIOACO3HATEIHHBIX
IIpoLecCcax, YTO AEJAET €ro MOIIHBIM MHCTPYMEHTOM [UIsl KOMIIAHWH, CTPEMSIIUXCS IOBBICUTH
KOHKYPEHTOCIIOCOOHOCTb.

Cormacho Kotnepy u  ApMCTpOHry, HEUpPOMApKETHHI M3y4dyaeT HEHpOHHBIE U
(U3HONIOrMYecKre CUTHANbI Ui MOHUMaHMWs MOTHMBAaLUKA U MPEANOYTEHUN MOTpeOuTeNel, YTo
MI03BOJIIET IPOrHO3UPOBATh UX MTOBEACHHUE TOUHEE, YEM TPAJAULIMOHHBIE MeTOAB! [ 1]. B oTinuune ot
OINPOCOB, aHKET WM (POKYC-TPYII, 3aBUCSIIUX OT CYOBEKTUBHBIX OTBETOB, HEHPOMAapKETHUHT
u3MepsieT 0OBbEKTUBHBIE MOKA3aTeNIH, TaKue KaK aKTMBHOCTb MO3Ta, JIBWXKEHHE TJa3 M 4acToTa
ceplleyHbIX cokpalneHuid. MccrienoBaHusl MOKa3bIBalOT, YTO 10 95% pelmeHuil npuHUMAaroTCs
MI0JICO3HATENIBHO, UYTO JENAaeT TPAJULIMOHHbBIE METO/IbI MEHEE HAJEC)KHBIMH [2].

HeiipomapkeTunr Havan ¢opmupoBatbes B KoHIe 1990-x - nagane 2000-x ronoB, koraa
HellpoHayKa cTaja JOCTYIHOM JJIsi KOMMEPYECKUX MPUIIOKEHUH HIKe NpuBeAeHbl B Tabnuue |
KJIFOUYEBBIE Tallbl PA3BUTUS HEMPOMAapKETHHTA.

Tabmuma 1 - KimroueBbie 3Tanbl pa3BUTHS HEHPOMapKETHHTA

Ner\rr | TMepuon OnucaHue KJI0YEBOro dTarna pa3BUTHSI HEHPOMapKETHHTa
1 1990 IlepBbie sxcniepumenTsl ¢ PMPT 11 u3yueHus peakuu Mo3ra
2 2002 BBenenne TepMuHA < «HEHPOMApKeTHMHI» W  HAyajo €ro
TOMYJISIPU3ALINH.
3 2004 Boixon  kuurm  «Buyology»  Maptuna  Jluaactpoma,
TIOITYJISIPU3UPOBABIICH KOHIETIIMIO Yepe3 aHaIW3 BIMSHUS Ha
MI0JICO3HAHUE
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4 2007 Co3nanue 5abopaTopuu HEHpOMapKeTHHra B YHHBEPCHUTETE
Omopu ¢ areHTcTBoM BrightHouse, ykpenusiee Hayunyro 6a3y
5 2010 Pacmmpenue npumeHeHus B IU(PPOBOM MapKETHHTE
[Tpumeuanue — Jlanubie u3 UCTOUHUKOB [2], [3], [4].

Kak nokasano B Tabnwuue 1, mepsbie sxciepuMenTs ¢ GMPT aist nzydeHus peakiuu Mo3ra
Ha pexyiaMmy npoBouinch B 1990-e roas.

Tepmun «HelipomapkeTuHr» 0611 BBeZieH B 2002 roay Asne CMHUTCOM, KOTOPBIH HCITOJIb30BA
(GYHKLIMOHATIBHYI0 MarHUTHO-pe30HaHCHYI0 Tomorpaduio (GMPT) nns ananusza peakuuii Ha
MapKETHHTOBbIE CTUMYJIBI [3].

B 2004 roay Bemia xuura «Buyology» M. Jlunactpoma, KoTopasi MOMyJIsipU3UpOBaia
KOHIICTIIINIO Yepe3 aHAIH3 BIUSHUSA OPEHIOB Ha Moco3HaHue [2].

B 2007 roxy co3nana nepsasi nabopaTopust HEHpoMapKeTHHra B YHHUBEPCUTETE DMOPH C
areHTcTBOM BrightHouse, ykpenusiiee Hayunyto 6a3y.

HeitpomapkeTtunr B 2010-e roxy Havai MHUPOKO UCIONB30BaThCS B MU(POBOM MapKETHHTE
[4].

B Kazaxcrane HeilpoMapKeTHUHI HaXxOJUTCA HA HAYaJbHOW CTaJAuH, HO €ro MOTEHLMAJ IS
puTeiiia, akTUBHO oOcyxmaercs [5].

HelipomapkeTHHT TpUMEHSET COBPEMEHHBIE TEXHOJIOTUU ISl aHamu3a GU3HOIOTHYECKUX U
HEUPOHHBIX peakiui JItoiei. BOT KitoueBbie METOIBI:

1. ®ynkunonanpHas MarHMTHO-PE30HAHCHAs ToMorpagus (pMPT)
DTOT METOJI MO3BOJISIET OTCJIEKUBATH AKTUBHOCTh MO3ra B peajbHOM BPEMEHHU.

Pucynok 1 - [Ipumep hyHKIIMOHATBEHOM MarHUTHO-PE30HAHCHOM ToMOrpaduu

Ha Pucynke 1, MPT mnoka3biBaeT, kakue 00JACTHM MO3ra akTHUBHPYIOTCS B OTBET Ha
MapKETHHIOBBIE CTUMYJIbI, [IOMOTasl IIOHSATH, YTO BBI3BIBAET MHTEPEC, YAOBOIBCTBUE HIIU JOBEPHE.

2. DnextposHuedanorpadpus (33I')

O0I" u3MepsieT MEKTPUUYECKYIO AKTUBHOCTh MO3Tra PUCYHOK 2.
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3NeKTpoAbI

ronoBHOMU

sanucbk 330

Pucynok 2 - [Ipumep anexrposnmnedanorpapumn

Kax BugHo Ha pucyHke 2, O3I' mo3Bojss OLEHUTh YPOBEHb BHUMAHUS, SMOLIMOHAIBHOIO
OTKJIMKAa W BOBJICUEHHOCTH MNOTPEOMTENs MPH MPOCMOTPE peKJIaMbl WIM B3aUMOJCHCTBUU C
IIPOJYKTOM.

3. OrtcnexxuBaHue NBIWKEHUS 11a3 (eye-tracking).

C mOMOIIBIO CIIEIUANIBHBIX YCTPOUCTB (DUKCUPYETCS, HA YTO MMEHHO CMOTPHUT YEIIOBEK
MOKa3aHO Ha PUCYHKE 3.

Heat map
analysis of eye
gaze

Pucynok 3 - OrcnexxuBanue ABrkeHUs a3 (eye-tracking)

Ha pucynke 3 HarisgHO AEMOHCTPUPYET, YTO eye-tracking momMoraeT ONTUMHU3HPOBATH
IM3aiiH pEeKJIaMbl, YIMAKOBKM WJIH Be0-CalTOB, BBIIENSS D3JEMEHTHI, KOTOpPBIC IPHUBICKAIOT
BHUMaHUE.

3.Anamu3 mumuku (facial coding).

Hcnonb3yst kaMepbl ¥ allTOPUTMBI, 3TOT METOJ] PACIIO3HAET IMOIIMU TIO0 BBIPAKEHUIO JIUIIA,
YTO MO3BOJISIET OICHUTH SMOIIMOHAILHYIO PEAKIIMIO Ha MPOYKT WU PEKIaMy.
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HeiipomapkeTHUHT MpenocTaBiasieT psAd  BO3MOXKHOCTEW: pe3yJbTaThl OCHOBaHbl Ha
(U3NONOTHYECKUX PEAKIMAX, a HE Ha CYOBEKTHBHBIX MHEHHUSAX MOTpeOuTeneil; IMo3BOJSIET
CO3J1aBaTh MaTepuasbl, KOTOPHIE BBI3BIBAIOT HYXXHBIE AMOIMH; MOMOTraeT COCPENOTOYMUTHCS HaA
caMbIX 3 (EKTUBHBIX JIEMEHTAX PeKIaMbl WIH AU3aiiHa.

HelipomapkeTHHr - 3TO WHHOBAI[MOHHOE HaIpaBi€HHE, KOTOPOE MEHSET MOAXO0d K
MapKETUHTY, M03BOJISAA 3arjsSHYTh B MOJCO3HAHME JItOJel. biaromaps MCnoab30BaHUIO0 HAyUHBIX
METOJ0OB M TE€XHOJIOTHM, KOMIAHUU IOJY4Yar0T TOYHBIC TAHHBIE O MOBEJCHUHU JIFOJIEH U CO3JAI0T
CTpaTeruy, KOTOpbIE ACUCTBUTEIbHO paboTarorT. TakuMm 00pazom, HEMpOMapKETHWHT BBILIEN 3a
npeenpl Ou3Heca.

Hudposas Tpanchopmanus ropoacKoi cpeabl HalleJeHa Ha MOBBIINICHHE KauecTBa JKU3HHU,
YCTOMUYMBOE PA3BUTHE U BOBJICYEHUE IPAKJAH B ylpaBiieHHE TopoaoM. OTHAKO KIIFOUEBOU BHI30B
— 3TO HE MPOCTO BHEIPEHHME TEXHOJIOTUM, a aJaNnTallds PELIEHUI K peaJlbHOMY MOBEIEHUIO U
BOCHPUATHIO TOPOXKaH. 371eCh M BO3ZHUKAET TOUKA MepeceyeHUs C HelpoMapKeTHHIOM — 00JIacThIO,
U3Yy4alolleld TOBEJEHYECKUE U  KOTHUTHBHBIE pEAaKIMM Ha CTUMYJbl  OKpY)Karolen
cpenpi(Tabiuial) [6].

YMHBIH TOpOog— 3T0 cuctema, ucrnonbdytomas WMKT, untepuer Bemein (IoT), Oonbimne
JaHHBIE W KMCKYCCTBEHHBIM MHTEUIEKT [UIsi ONTHMH3AlMU TOPOACKON HH(PACTPyKTYypHI,
TPAHCIIOPTa, PHEPTETUKU U yrpasieHus [7]. Ero nens — ynydineHnue ropoJICKoi cpejibl, CHUKEHUE
W3/IEPKEK, POCT YUACTHsI HACEIICHUS U SKOJIIOTMYECKasi yCTOMYUBOCTb.

HeiipomapkeTHHT — 3TO TPUMEHEHUE 3HAHUI U3 HEUPOHAYK, ITOBEICHYECKOW IICUXOJIOTUH U
KOTHUTUBHON HEHPOOMONOTUU JUIsi TMPOTHO3MPOBAHUS W YIpPaBICHHUS peaklued dYeloBeKka Ha
ctuMyisl [8]. B KOHTEKCTe ropoja 3T0 03HA4YaeT MOACITUPOBAHUE TOPOJICKOI cpebl, IH(POBHIX
nHTep(eiicoB 1 cepBUCOB Ha OCHOBE aHAIN3a YMOLIMOHAIBHBIX M KOTHUTUBHBIX PEAKIUi rpaskIaH.

Tabnuna 2 - Touku nepeceveHus
O6nacTe yMHOTO TOpoAa Bo3mokHOCTH HEpOMapKeTHHTa
A/B TECTUPOBAHUE uHTep(deiicos,
OTCJIC)KUBAHHE BU3YaJIbHOTO BHUMAHUSA [9]
OMOLMOHAJBHBIA  OTKJIMK HAa MapLIpyThl,
onTUMH3alMs BU3yanbHoOU nogauu [10]
AHanu3 mpeanoYTeHWH C IIOMOINBIO eye-
tracking u EEG [11]
[ToBpimienne  3QQPEKTUBHOCTH  HAPYKHOM
pexsiambl Ha ocHoBe peakiuu [[THC [12]
OrneHka BOBJICYEHHOCTH W JIOBEpHUS Uepe3
OonoMerpuueckue mokasarend [13]

Hudpossie mIaTGOPMBI H CEPBUCHI

Tpancnopt u HaBUTaALUA

['pamocTpouTENLCTBO U OJAr0yCTPOHCTBO

I'opoackas pexiama 1 ”HGOPMHUPOBAHUE

OOpatHas CBs3b rpakaaH

Tlpakmuueckue xeticbl U MeHCOYHAPOOHBLU ONBIM.

Bapcenona nmpumeHsieT OMOMETPUYECKH aHAIM3 OTKIIMKA TPa)KIaH Ha IUQPPOBLIC MaHEIH
obmecTtBeHHOU nH(popmaruu [14].

Cunramyp TECTHUPYET YyMHBIE OCTAHOBKM C QJalTHUBHBIM BHU3YyaJbHbIM KOHTEHTOM,
OCHOBBIBAIOIIMMCS Ha MaTTepHaX ABMXKEHUs rias3 [15].

Toponto BHempwi HHTEPPEHCH TOPOJCKUX MPUIOKEHUH C  ONTHMH3UPOBAHHOM
KOTHUTUBHOM Harpy3koit Ha ocHoBe fMRI u D0I'-nannbix [16].

Pexomenoayuu ons peanuzayuu ¢ Kazaxcmane.

[MunoTHeie 30HBI HelipoaHanu3a B TeMupray Ajisl OLIEHKH peakluu Ha HU(POBBIE CEPBUCHI.
Cymb pexomenoayuu. CO3aHUE SKCIEPUMEHTAJIBHBIX IJIOA0K B 00IIECTBEHHBIX POCTPAHCTBAX
— TaKHUX KaK FOpOJCKHE IUIOIIAJIA, OCTAHOBKHU, MAPKU — € MOBEACHUE I'PAXKIAH U3Yy4aeTcs C
MOMOIIBI0 MHCTPYMEHTOB HelpomapkeTunra: eye-tracking, anamms smormii depe3 Kamepsl,
CEHCOPBI CTpecca, U3MEPEHUE NOTOKA JIFOJIEH U TOUEK BHUMAHUS.
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L]env: OnipenenuTh, Kak )KUTENU pearupyroT Ha UPpoBbie HHTEp(deich (TropocKue MaHeNy,
TEpMUHAJIBI, TPUIOXKEHHUS), Kakhe LBeTa, (OPMYIHMPOBKH, BU3YaJbHbIC CHUTHAJbI BBI3BIBAIOT
HauOOJIBIIINNA OTKJIUK, JOBEPHE U KOMQOPT.

Ilpumep peanuzayuu: B Temupray — y Bxozna B IIOH win Ha nieHTpanbHON OCTaHOBKE —
MO>KHO YCTAHOBHUTH JATUUKH, PUKCUPYIOLIUE B3IJISIbI MOJIb30BaTENIel U OLIEHWBATh PEaKIMK Ha
uHpopMaIHuIo (HarpuMep, paciyucaHue aBTO0yCOB WM UHTEPQEc FIeKTPOHHON oYepean).

Odicudaembiti  pezynomam:  YIydllIEeHHE I10JIb30BAaTENILCKOTO HMHTEpdeiica TropoacKux
U(POBBIX CEPBHUCOB; TOBBILIICHUE JOBEPUS U BOCIIPUATHUS "TOpoia Kak mapTHEpa'.

Brenpenue eye-tracking B ropoJickoe IiiaHupoBaHUE U OJ1ar0yCTPOKCTBO.

Cymb pexomenOayuu:  TIPUMEHEHUE TEXHOJOTMU CIEXKEHMs 3a JBMUKECHHMEM Iua3 (eye-
tracking) mpu pa3paboTke apXUTEKTYPHBIX M BH3YaJIbHBIX PEIICHUI — OT BBIBECOK W yKa3arelen
JI0 YJIIMYHOTO TU3aiiHA.

Kak amo pabomaem: Ha 3Tane NpOEKTUPOBAHUS TOPOACKON Cpelbl TECTUPYIOTCS MAKETHI C
MIOMOIIBIO OOPOBOJIBIIEB, KOTOPHIM TMPEANaraloT «IpodTH» 1o 1udpoBoi 3D-Monenu yauisl.
CrnenuanbHble KaMepbl (PUKCHPYIOT, Ha UTO U KaK JI0JTr0 YeJIOBEK CMOTPHUT, YTO BbI3bIBAET HHTEPEC,
paspa’keHue WIN MyTaHUILy.

Ilpumenenue 6 Kazaxcmane: B IEHTpAJIbHOUN YacTu Topojaa TemupTay MOKHO ITPOBECTH €ye-
tracking-ananus makeroB B VR-oukax. Ha sTame yTBepkicHHsS MPOCKTOB OJIaroycTpoWCTBA —
UCKJIIOUNTh BU3YaJIbHBIN IIyM, YTOYHUTh pa3MElLIeHUE 3HAKOB, MyCOPHBIX 0aKOB, HABUTALUH.

Ilpeumywecmsa: TIOBBIIIEHNWE BHU3yaJbHOTO KOMQOpTa; MpeAOTBpalieHHe ''meperpy3ku’
nHpopMalnnei; CHUKEHHE CTpecca y TOpOKaH.

Hcnonk3oBanne OHOMETPUUYECKON 00paTHOM CBSI3U B pa3padOTKe MU(POBBIX TOCYCIYT.

Cymb pexomenOoayuu: OLIEHKA PEAKLUU IpaXk1aH Ha HHTEPEHChI 3JIE€KTPOHHBIX FOCYCIYT —
gepe3 gatyuku DI, MyIbCOMETPB, MUMHUYECKYI0 aHAIUTHKY. DTO OCOOCHHO BAXKHO ISl TAKUX
miargpopm, kak eGov.kz, MmoounbHble npunoxkeHust LLOHOB u ropo/ickux cepBHCOB.

Kax smo pabomaem: nonp30BaTessiM TpeJiaraeTcsi IPOMTH Yepe3 ONpeesIeHHBIN MpoIiece
(HarmpuMep, oopMIIeHUE YCIIYTH OHJIAMH), IPU 3TOM CHUMAIOTCS IOKa3aHUs CTpecca, HalPsKeHUS,
BHUMAaHUs, 3aMHTEPECOBAHHOCTH.

Ilpumep 6 Kazaxcmane: aHanu3 peaklUUd CTYIEHTOB U MEHCHOHEPOB IPU HCIIOJIb30BAaHUU

uudpoBbix Tocycayr B Temupray — JUIsi BBISIBICHHS CJIOXKHBIX IIaroB W '"y3KuX Mect';
TECTHUpPOBaHUE UHTEP(HEHCOB TOPOACKUX YaT-00TOB C MPUMEHEHHUEM OIICHKH YPOBHSI KOTHUTHUBHOM
Harpy3KH.

Pezynemamer: ynydmenne UX-nu3aiiHa NOPTAIOB; MOBBILICHUE JTOCTYIIHOCTU U YAOOCTBa
roCyciyT; CHIDKEHUE CTpaxa U HeJJoBepus K LU(POBbIM HHTEpdelicaM y MOKUIBIX JIIOJIEH.

Co3nanue ropockoii 1adbopaTopuu HUPPOBOro MOBEACHHUS.

Cyms pexomenoayuu: GopMUPOBAHNE MYJIbTUAUCIUILIIMHAPHOTO LIEHTPA (JJTabopaTopuu) mpu
BY3e wnu MyHuUnMnmamuTeTe, CIELHMAIU3UPYIOLIETOCSs HA HM3YYEHMM IOBEJEHYECKHX MOJENEH
rpaxkjaaH B uudpoBoii cpene.

Dynxyuu nabopamopuu: TPOBEICHHE HEWPOMApKETHHTOBBIX HCCIIEAOBaHUM; 00paboTka
JAHHBIX O LHU(POBBIX MPUBBIUKAX U MPEANOUYTEHUAX; pa3padoTKa peKOMEHIAUN 110 TOPOACKOMY
IU3aiiHy U U(PPOBBIM CEpBUCAM.

I0e u kak: B Temupray — Ha 0a3e KaparaHauHCKOTo WMHAYCTPHAIBHOTO YHHBEPCHUTETA
MO>KHO co311aTh JIabopaTopuio nudpoBOro MoBe1eHYECKOro MOACIUPOBAHNS.

Pe3ynomamei: pa3paboTka rOpOJCKUX PELIEHUH, OCHOBAHHBIX Ha INIyOMHHOM aHaJINUTHKE;
MOJIrOTOBKA CIHELUAINCTOB HOBOTO IMOKOJECHHUS: HEWPOAHAIUTHKOB, YPOAHHCTOB-TIOBEACHYECKIX
CIEIIUAJIACTOB.

O0ocHOBaHME M WHUIMMPOBAHUE TPOEKTA CO3MaHUs JaOOpaTOpPHH, OpraHU3AIMOHHBIC,
KaJpOBbI€, METOI0JIOTMUECKUE U HHPPACTPYKTYPHBIE ACHIEKTHI.

Lenv coz0anus nabopamopuu. GopMUpOBaHHE HAYYHO-TIPAKTHUYECKOW 0a3bl AJIs aHAIHM3a
MOBEJICHUSI TpakJjaH B IU(POBOI TOPOICKOI cpelie ¢ MPUMEHEHHEM METO/10B HEHpOMapKeTHHTa,
UX-aHaIUTUKU U KOTHUTUBHON HEHMPOHAYKH.
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ObocHosanue: monNepKKa HMHULMATUBBL «YMHbIM Temupray»; ydactue B 1U(POBOMH
TpaHchopMalMK PETUOHA; OJATrO0TOBKA KaIpOB B 001aCTH IU(PPOBOTo ypOaHH3Ma U TOBEIEHYECKOM
aHAJTUTUKH

Tabnuna 3 - DopMupoBaHHe CTPYKTYphI JaOopaTOpUu

Hanpasnenue OTBETCTBEHHBIE [Tpumep 3amau
Hayunoe ITpodeccopa Kadeap «IT», | Hayunas KOOpIMHAIIUS,
PYKOBOJICTBO «CTpoHTENHCTBA», JKOHOMHUKHY U OM3HECA» | MyOJTUKAIIMU, TPAHTHI
. CrenuanucTsl o UX/ULVR/AR, | llpoToTuniupoBanue, ecye-
Texnuueckuit 610K . .
HEHPOTEXHOJIOTUSIM tracking, aHanu3 TaHHBIX
. Pa3pabotka METOIUK
Metoanueckuii .
6110k [lcuxomoru, ypOaHHUCTHI, CCIIEIOBATETN HaOII0IeHU T "
TECTUPOBAHUS
OO6yuyenue u VYyacTue B uUccIeqOBaHUSAX,
CTyaeHThl 1 MarucTpaHTh
PAaKTHKA CTa’KUPOBKHU

Pesynbratr: chopmMupoBaHHBIN MITAT U IUIAH MEPOTIPHUSITHIA.

Hngpacmpyxmypnoe ocnawjenue.

ba3oBoe obopynoBanue: eye-tracking-ycrpoiictsa (HaCTOJBHbIC HIIH MOOWIIBHBIC); KAMEPBI C
Emotion Al (ananmu3 mMumukm); mynscomerpbl, natyuka GSR (ctpecc); Vr-oukum + mopenu
ropojckoit cpezsl (Unity/Unreal); paGoune cTaHluuy AJis aHANIHU3a JAHHBIX.

[Mporpammuoe obecnieuenue: Tobii Pro Lab / iMotions / FaceReader. ITnardopmbr UX-
aHanuTuku (Hanpumep, Hotjar, Lookback). O6pa6otka: SPSS / R / Python / Tableau.

[lomemnienne: otTaenpHas ayAMTOPUS C BO3MOXHOCTBIO 3aTEMHEHUs, BHICO(HKCANNY;
CMOTpOBasi 30Ha JJIsl SKCIIEPUMEHTOB ¢ MakeTamMu/VR

Memooonozus u pabouue mooyau 1abopamopuu.

OcnoBHble Moaynu: UX-monenupoBanue wunTepgeiicoB ans rocycnyr. IloBenenueckuii
aHamu3 TOopoiacKoi HaBuramuu. OIEHKa KOTHUTHBHOM HArpy3kd LUQPOBBIX pEIICHUH.
HccnenoBanus BoBIe4EHHOCTH B IUPpoBLIe MIaTGopmbl (4aT-60Thl, QR-cepBHCH U TIp.)

Meronasl: Habmonenue in situ (8 LIOH, Tpancmopte u T.1.); eye-tracking & facial coding;
O6uomeTpHuuecKkas oOpaTHas CBs3b; ONPOCHl U KOTHUTUBHOE TECTUPOBAHUE.

Bapuanmul ¢punancuposanusa u napmuépcmea.

Hctounuku: BHyTpeHHud rpant KapUV (Hampumep, B pamMkax HaydHOW WHUIIMATUBBI).
I'panTel MunucrepcTBa Hayku U Bbiciiero ooOpa3zoBanus PK. [Iporpammel iudpoBusanuu akumara.
[MaptépctBo ¢ QARMET, KEGOC, IIOH Temupray.

Bosmoxusie maptaépel: SmartCity Kazakhstan. MexyHapo/iHble YHUBEPCUTETHI (JIBOMHBIE
JTUTUIOMBI, 0OMeH omnbIToM). Kommepueckue IT-kommanuu (Hanpumep, CTS, BI Group Digital).

Ooicudaemvie pezynomamot. [IpoBefeHne NPUKIAJHBIX HCCIEAOBAHUM 1O IU(pPOBOMY
noBeneHUI0 rpaxaad. llognepkka HUQPPOBBIX WHUIMATUB Topoaa Temupray. Bosneuenue
CTY/IEHTOB B peajibHble ypOaHnuctuueckue 3aaaun. Cozganue miaTGopmsl JUIs IOJTy4EHHs IPAaHTOB
1 HayuHbIX myOnukanmid. [lognepxka rocctpykryp B ynyumeHnd UX 1 HUGPOBBIX CEPBHCOB.

[MudpoBas TpaHchopmaiusi yMHBIX TOPOJOB TpeOyer OoJsiee TIIyOOKOTO TIOHMMAaHUS
MOBEICHUYECKUX peakUuii rpaxaaH. [[puHIMIIb HelipoMapKeTUHTa IO3BOJISIFOT HE IPOCTO BHEAPSTH
TEXHOJIOTUH, a (POPMHUPOBATH FOPOJCKYIO CPEly, OTBEUAIOLIYI0 KOTHUTUBHBIM U SMOLIMOHAIbHBIM
OKHJIaHUSAM JI0JIe. DTO OTKpBIBAET MyTh K 00Jiee YeI0BEYHOMY, aJalTUBHOMY U 3(PHEKTUBHOMY
YIpaBJICHUIO TOpoiaMu Oy TyLIero.
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BEKTYPCBIHOBA JIWJIHYPA ITYJIAT KbI3bI
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AJINTAMYPATOB TUMYP KOLIMYPAT VYJIbl
accucTeHT, Hykycckuil rocyaapCTBEHHBIM TEXHUYECKUM YHUBEPCUTET
PecnyOiuka Y36ekuctan, r.Hykyc

Annomayun. B cmamve paccmampueaemcsi MemooOukda peuleHusi 3a0ay UHmMepnosyuu
@yHKYuUll, 3a0aHHbIX 8 MAOIUYHOU Ghopme, C UCNONLIOBAHUEM BO3MONCHOCTEL MAMEMAMUYECKO20
nakema MathCAD. [lpusedenvl npumepvl noOCMpoeHus JIUHEUHOU U  NOJUHOMUAIBHOU
UHMEPNOIAYUOHHBIX DYHKYULL HA OCHOBE IKCHEePUMEHMANbHLIX OaHHblX. [Iposedeno cpasneHue
PE3YIbMAmMOo8 Pa3iuyHbIX Menmoo08 UHMEPNONAYUU U COENAHbl 8bl80ObL O YELeCO0OPAZHOCIU
UCNONBL308AHUSL NOTUHOMUATLHBIX MOOeIell BbICOKOU CMeneHu.

Knwueevie cnosa: @ynxyus, unmepnonsyus, mabauya, aneeOpauyecKuti NnoIUHOM,
MathCAD, sexmopeut

Beenenue

B npouecce pemeHuss MHOTUX TEXHMUYECKHX 3ahay TpeOyeTcs Hanuyue (yHKIHOHATIBHON
3aBUCHUMOCTHU MEXIY OJIHOM BEIMYMHOMN U Ipyroi. B O0NbIIMHCTBE CIydaeB TaKylO CBSI3b MOYHO
NOJyYUTh AHAIUTHYECKU. BO MHOTMX ciydasiX NMpPOBOAATCS SKCIEPUMEHTAJIbHBIE UCCIEI0BAHUS
TEXHUYECKHX 00BEKTOB. B 3TOM citydae 3a/1aeTcsi HEKOTOpOE 3HaYCHHE YIPABIISIONIETO ITapamMeTpa
(3HaueHWe apryMeHTa X) W BBIUMCIACTCS COOTBETCTBYIONIEE €My 3HAa4CHHWE BBIXOJHOTO
(uccnemyemoro) mapamerpa (3HadeHue (yHKIMH Yy). B Takux cioydasx 3KCIIEpUMEHTAJIbHBIC
pe3yiIbTaThl y; PACCUUTHIBAIOTCA 110 3HaYeHusIM X;, i = 0,1,2,...,n. MoxHO cKka3aTh, 4TO (PyHKIUSA
3ajaHa B TaOnuuyHOM (opme. OnHako i JalbHEHIIEro HCCIIEAOBaHUS HEOOXOIUMO HaWTH
(GYHKUIMOHAIBHYIO 3aBUCUMOCTh Y(X), 3HaUCHHE Y KOTOPOM MOXXHO MOJYYUTh C HEKOTOPOM
TOYHOCTBIO JIJIs1 JIFOOOT'O TTPOU3BOJIBHOTO 3HAUEHUS apryMEHTa X. B BRIUMCITUTETLHON MaTeMaTHKE
HaXOXKJICHUE TaKOM 3aBHCHMOCTH HAa3bIBAETCS pEIIEHUEM 3a/ayd amnlpoKCUMalMU (QYHKIUH,
3a1aHHOM B TabnuuHou dopme[1,3].

MaTtepuajibl H METO/AbI HCCIEA0BAHUSA

OnauM w3 Hambosiee PacHpPOCTPAHEHHBIX METOJOB ANMPOKCHMAIUN (DYHKIUH SBIISECTCS
UHTEepHOoSIIMA. VHTepnosauus UCIoNb3yeTcsl, KOrAa 3HaueHus (pyHKIMU 3a/1aHbl B TaOJIMYHOM
Buge. B  pesymprare pemieHWs ~ 3aJadyd  WHTEPHOJSIMHM  JIMHHUS, COOTBETCTBYIOIIAS
MHTEPHOSIIMOHHON (PYHKIINH, YCIOBHO MepecekaeT BCce TOUKU 3aJJaHHbIX JaHHBIX. B aTOM ciyyae
TOYKH CUYHMTAIOTCS y3JIaMH MHTeprnoysinuu[S]. B manHOW cTaThe M3 BCeX BO3MOXKHBIX BAPHAHTOB
MHTEPHOJISIIIMU Mbl PACCMOTPUM TOJIBKO MHTEPIIOJIALIUIO TIOJTMHOMOM.

Iycte Gyukuus y = f(x) ompeneneHa Ha JaHHOM IOIEPEYHOM cedyeHHH [a, b]. 3HaueHus
by y; = f(x;) B xaxmoi x; (i =0,1,...,n)TouKe 3TOrO MEpECEUYCHHs H3BECTHBI.
BbruucnuTh 3HaUCHUsE 3TOI (YHKIMU B IPYTUX TOYKax mepecedeHus [a, b] mubo oueHb CIOXKHO,
7100 HEBO3MOKHO. OOBIUHO B TAKUX CIIydasx BMecTo GyHKUUH f (X) JenaeTcs OMbITKA MOTYYUTh
IPUOJIMKEHHYIO 3aBUCUMOCTh, KOTOPYIO MO>KHO HCIIOJIb30BaTh I BBIYMCICHUS IPUOIMKEHHBIX
3HaueHuit Qynkiuu. [log npubmwkenneMm ¢ydkuuu f(x) Ha mepecedenuu [a, b] monmmaercs
HekoTopasi apyras (yHkuus ¢@(x), ompeAeseHHas Ha 3TOM IE€PECEYCHUH, 3HAYEHUs KOTOPOM
JOCTaTOYHO OJHM3KM K COOTBETCTBYIOUMM 3HadeHusM QyHkimu f(x) (f(x) = ¢@(x)). B atom
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cirydae o(x) byHKIUSA Ha3bIBACTCS byHKITIEH WHTEPIIOJISIIIHH, a  TOYKH
Xg, X1, X2, - - ., XoHA3BIBAKOTCS y371aMU UHTEpHOJIAMu[ 1,3].

Tenepb paccMOTpUM, KakK PeUIUTh 3a7a4y UHTEPIOIAINN (DYHKINHU, 3aJaHHOW B TAaOJIUIHON
dopme B MaTtematudeckoii cucteme MathCAD .

Tabmuma 1
x| 0,1 1 2 3 4 5 6 7 8 9
y | 20,2 7,84 5,94 4,01 3,77 4,23 3,38 | 3,03 3,04 3,15

TpeOyercss TOCTPOUTH JUHCHHBIE W TOJUHOMHAIBHBIC (ITOJIMHOM JIEBATOH CTCIICHHM)
uHTepnonsuuonHbie ¢yHKmU. [Ipy 3ToM cornacHo (opmyrne HHTEPHONSIIHH HEO0OXO0TUMO
BBIYMCIIUTH 3HAYCHHS () YHKITUH TIPU 3HAYCHHSIX apryMeHTa X, KOTOpbIii paseH 1,3; 2,6; 4,4;5,9; 7.1;
8,75.

Pe3yabTaThl U 00CYKIEHUS

Jlyis peleHus MOCTABJICHHOM 3aa4M MPEJACTaBUM JaHHbBIC, IIPeICTaBICHHbIC B Ta0aume 1 B
cucreme MathCAD B Buze TabnuIIbl 3HAYCHUIH X U Y, T.€. B BUJIC OT/ICIbHBIX BEKTOPOB 3HAYCHUI
X U Yy ¥ COOTBETCTBYIOIIETO MM Ha0opa TOYEK Ha TUIOCKOCTH X — Y. JIJIsg 3TOro BBEJAEM TAOIHILY
«Toukn» B Bume pazmMepHoit matpuibl 10 X 2 1 3aMoTHUM €€ TaHHBIMU U3 Ta0muisr 1.
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Puc.1l. Buzyanuzamus TabauIibl 3HaYSHUH: 3aJaHUe pa3Mepa MacCHBa U 3alI0JIHCHHE
MaCcCHuBa 3HAYCHUSIMHU
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Puc. 2. l3BnedeHne 3Ha4eHNS BEKTOPOB X M Y U3 TAOJHIIBI (2) ¥ MPOBEPKA MPABUITHBHOCTH
9TOM oneparuu (0)
3areM CTpOUTCS quarpamma, Ha KOTOPO#H 110 TOPU30HTATBHON OCH OTKJIAIBIBAIOTCS 3HAUCHUS
BEKTOpa X, a 0 BEPTHKAILHOW OCH — 3Ha4eHus BekTopa y. CieayeT OTMETHTh, YTO W3HAYAIHHO
9Ta IuarpaMma u300pa)xxeHa B BUJE CIUIOIIHON JTUHUH.

Annotate Selection...

% Cut
Copy
Paste

CeoiicTea...

Trace...

Zoom...

Disable Evaluation
Graph [

j——-g o

D & @]

Puc. 3. IlocTpoeHue nuarpaMmbl Ha OCHOBE 3HAUE€HUN BEKTOPOB X U Y
Jlns mpeoOpa3zoBaHUs uarpaMMbl B TOUEUHYIO CUCTEMY HEOOXOAMMO MOABECTH Kypcop K
MIPOM3BOJIBHOW YacTU JIMHUM W B MOSBUBIICICS MaHeIM HaxaTb Ha cTpoky «®Popmat». Ha
nosiBUBLICHcS maHenn «@DopMaTHpoBaHME BBIOPAHHOTO rpaduka» BBHIOEPUTE  BKIAJIKY
«TpaccupoBka» W 3amaiiTe mapaMeTphl 3aTyXaHUs JIMHUH JUIsE KpuBoil 1 B cTronmbuax «CuMBOIY,
«upuna cumBona» u «JIunusy. Toraa Ha tuarpamMe OyZeT BUJIHA TOJIBKO cUCTEMa TOUYeK. Takum
00pa3oM, MBI IMEeM TaOJIMIHOE U TOYCUHOE MPEICTABICHUE 3aJaHHBIX JaHHBIX. [2].
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Puc. 4. IlpeobpazoBanue nuarpamMmbl B BUA «CUCTEMBI TOUYEK X U Y»

Teneps, 4TOOBI HHTEPIOIMPOBATH 3aJaHHYIO (DYHKIIHIO, HEOOXOIMMO JOOABUTH K AHArpaMMe
elle HECKOJbKO JHMHHMA, WHTEPIONHUPYIOIIMX CUCTEMY Todek. [y 3Toro 3amaercst AUCKpETHas
MepeMeHHas XX, KOTopas U3MEHSETCs OT MEPBOT0 3HAYEHUS X 0 MOCIEIHETO Xq ¢ marom 0,1[3].

Z[HH OTOr'0 UCIOJIB3YCTCs KHOIIKA BLI60pa QJIEMCHTA BEKTOpa X IO MHACKCY M KHOIIKa 3aJlaHUsA
Juaria3oHa 3HAYCHMI NEPEMCHHBIX.
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Puc. 5. Haznauenue nuckpeTHoi nepeMeHHoi xx ¢ marom 0,1

Hns  peanmsanuu  juHedHOW uHTepnoisiuu B MathCAD  wumeercs  mpouemypa

«linterp(X,y,XX)», aprymeHTamu KOTOpO#l sBisieTcsi cucrema Touek (X;,y;) W JUCKPETHBIX

nepeMeHHbIX XX[4]. Pe3ynbraTel TaKOH HHTEPIONSLUN MPEACTABICHB Ha pUCyHKe 6. W3 Hero

BUJHO, YTO 3aJaHHBIC TOYKH COCAUHCHBI OTPE3KaMU MPAMBIX.
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Puc. 6. JIuneitHas UHTEPHOJALMSA TOYCUHBIX JAHHBIX

B MathCAD wumeercst npouemypa «regress(x,y,n)» st BBIIOJHEHUS WHTEPIOJSIMU C

UCIOJIb30BaHWEM TNoJMuHOMUANbHONW (yHKIMHU[2,5]. B manHoil 3agaue nmano 10 Todek, modITOMY

MHTEPHOJSIIMOHHASA QYHKIUS OyIeT nmpeacTaBiiaTh coooi monmHoM 9-it crenenn (Puc.7). Cnenyer

OTMETHTb, YTO 3aja4a OnpeAcIeHus] KO3PPUIIMSHTOB MHOTOUYJICHA CBOJIUTCS K PEIICHUIO CUCTEMBI
JUHENHBIX anreOpanyecKkux YpaBHEHHH € IJI0X0 00YCIIOBIEHHON MaTpuLEeH.
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Puc. 7. JIlunelinas u monuHOMuUa bHast (9-i CTENEHN ) MHTEPIIONSIHS JAHHBIX

v.35.97 = 3.463

pol@{5.9) = 3.403
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3ak/aueHue

Takum 00pa3omM, MbI TIOJYYUIIM MHOTOUJICH, TTPOXOJISIINN Yepe3 BCE Y3JIbI MHTEPIOJISIITUN
rpada (Puc. 7). 3mech Takke mNepedMcClCHbl 3HAYeHHS (DYHKIMM Ui 3a/JaHHBIX 3HAUYCHHM
apryMeHTa, KOTOpbhIE HE COBMAJAIOT C JAHHBIMHU JaHHOW TaOnuIel. PacueTsl mpoBOAWIHCH C
MCIIOJIb30BAHUEM JIMHEHHOW MHTEPHOJSIMOHHON QyHKImu «linterpy» u GpopMmysbl HHTEPIOIAIUN
JUIs. MHOTOUIeHa 9-i creneHu. Paznuuusi Mexy HUMHU BUAHBI B MOCleIHUX YacTax. [IpuunHoi
3TOTO SBISETCS MI0Xasi 00YCIOBICHHOCTh PEIICHUS 3aa91 HHTEPIOJSIINN MHOTOUIeHOB. [1o AToii
MPUYHHE PEKOMEHIYETCSI BBITIOJHATH MOJTMHOMHAIBHYIO MHTEPIOJSAIUIO MTPU MaJIbIX 3HAYEHUSIX
CTEINEHHU MOJIMHOMA B JIPYTUX MPOrpaMMax.
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Abstract: The increasing demand for high-quality protein sources and the need for sustainable
meat production have prompted interest in the valorization of animal by-products. Among these,
collagen-rich tissues—such as fetlock joints, trachea, and esophageal muscle—serve as promising
raw materials for the production of enzymatic hydrolysates. This review explores the current state
and future prospects of utilizing enzymatically hydrolyzed collagen in the meat processing industry.
Emphasis is placed on the biochemical characteristics of collagen, comparative analysis of
hydrolysis methods, functional properties of the resulting hydrolysates, and their potential
applications in developing nutritionally enhanced and technologically improved meat products.
Enzymatic hydrolysis is highlighted as a superior method due to its mild processing conditions,
preservation of amino acid integrity, and production of bioactive peptides. The review concludes by
discussing the relevance of collagen hydrolysates in meeting modern consumer demands for safe,
Sfunctional, and protein-rich food products.

Key words: collagen hydrolysate, enzymatic hydrolysis, animal by-products, meat processing,
protein functionality, functional foods

Introduction: The processing of livestock generates a substantial volume of by-products,
many of which remain underutilized for human consumption despite their considerable biochemical
potential. The industrial valorization of these by-products, particularly those rich in connective
tissue, not only contributes to improved resource efficiency but also enhances the economic
sustainability of meat production systems. When compared to the direct sale of unprocessed organ
meats, the transformation of low-value offal into functional protein ingredients has been shown to
increase enterprise profitability while contributing to cost stabilization in primary meat markets
[1,2].

Among the most promising components of such by-products is collagen—a structural protein
with high water- and fat-binding capacity, as well as notable gelling properties. These functional
characteristics make collagen-rich materials highly suitable for use in processed meat products, such
as cooked and semi-smoked sausages, frankfurters, meat loaves, and comminuted meat
preparations. In addition to their technological functionality, collagen-derived peptides obtained
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through enzymatic hydrolysis possess documented biological activity, including positive effects on
gut motility, skin health, and connective tissue regeneration.

Despite the proven utility of enzymatically hydrolyzed collagen (EHC), several barriers
continue to hinder its widespread adoption in food production. These include persistent
misconceptions regarding the nutritional and biological value of organ-derived proteins, as well as
the complexity and limited efficiency of traditional processing technologies. However, recent
advances in enzymatic hydrolysis methods have enabled the production of highly bioavailable
collagen hydrolysates from by-products such as spleen, lung, rumen, trachea, and esophageal tissue,
which are known to contain 15-25% total protein and, in some cases, up to 70% collagen relative
to total protein mass.

Moreover, studies have demonstrated that these by-products exhibit a higher concentration of
salt-soluble proteins compared to skeletal muscle tissue, indicating their potential to serve as a
valuable source of functional protein ingredients. Integrating enzymatic collagen hydrolysates into
meat formulations offers multiple benefits, including improved protein quality, enhanced functional
properties, and the development of health-oriented meat products that meet current consumer
demands for nutritious and safe food [3,4].

The aim of the review is to provide a comprehensive analysis of current scientific literature
on the enzymatic hydrolysis of collagen derived from meat industry by-products. The review
focuses on the biochemical composition of collagen-rich raw materials, hydrolysis technologies,
functional and nutritional properties of collagen hydrolysates, and their potential applications in the
development of value-added meat products.

Research results: Edible by-products of the second category, such as the fetlock joints of
sheep, cattle, pigs, and horses, represent a valuable source of animal protein suitable for enzymatic
hydrolysis. As shown in Table 1, these raw materials contain significant amounts of protein—
ranging from 22,2% to 27,2%—making them promising substrates for the production of collagen
hydrolysates with high biological and technological functionality [5].

Table 1 - Chemical composition and energy value of second-category animal by-products

TEXHUYECKUE HAYKHU

bl)\/I-T:)T(f dal;t Moisture (%) Protein (%) Fat (%) Ash (%) vaFur;e(rEg/al)
Sheep

fetlock 64,6 +0,40 27,2+0,10 7,8+£0,2 0,8 +£0,02 168,7
joint

Horse

fetlock 68,3+ 0,40 26,7+0,14 3,84+0,2 1,2+0,02 139,4
joint

Cattle

fetlock 65,7+0,40 26,7+0,11 6,5+0,2 1,2+0,03 161,3
joint

Pigfetlock | 555,060 2224010  |2145402 | 08+0,02 281,85
joint [21]

Protein technically can be hydrolysed by acids or alkalis (chemical hydrolysis) or by
proteolytic enzymes (enzymatic hydrolysis).

Collagen is a structural protein with a unique amino acid composition, predominantly found
in nearly all types of connective tissues, including cartilage. Its primary biological function lies in
providing tensile strength and elasticity to tissues. In the human body, collagen is obtained through
dietary sources and specialized nutritional products.

However, native dietary collagen, including gelatin, exhibits extremely low bioavailability
due to its large molecular size and stable triple-helical structure. Efficient absorption requires prior
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enzymatic or chemical processing. One of the most effective methods to enhance its bioavailability
is extensive hydrolysis—a process that cleaves peptide bonds via the addition of water, resulting in
low-molecular-weight nitrogenous compounds [6].

Modern biotechnological approaches allow for the production of hydrolyzed collagen (often
referred to as “active” collagen) from animal-derived raw materials. This form consists of a
bioavailable mixture of free amino acids and small peptides that are rapidly absorbed into the
bloodstream without the need for further digestive breakdown. The resulting hydrolysate represents
a naturally balanced and functional complex with promising applications in medical nutrition,
functional foods, and regenerative medicine.

Acid hydrolysis is one of the classical methods used to break down protein structures into
their constituent amino acids. However, this approach is associated with several critical drawbacks
that limit its applicability in producing biologically active peptides for nutritional or therapeutic use
[7].

During harsh acid hydrolysis, significant degradation and alteration of protein structures
occur. Tryptophan is completely destroyed, and other sensitive amino acids—such as hydroxy acids,
dicarboxylic acids, and proline—undergo partial degradation or racemization. Racemization, the
conversion of L-amino acids to their D-isomers, results in stereoisomers that are poorly absorbed or
biologically inactive. Furthermore, studies have shown that low-molecular-weight peptides, which
typically exhibit high biological activity, may suffer from terminal structural modifications that
prevent proper recognition by cell receptors.

In addition to protein degradation, acid hydrolysis also affects other biomacromolecules, such
as nucleic acids and polysaccharides, resulting in their breakdown. Amino acid degradation may
lead to the formation of by-products such as aldehydes, ammonia, and carbon dioxide. The
breakdown of sugars generates hexoses and S-hydroxymethylfurfural (HMF). These reactive
carbonyl compounds can further interact with newly released amino groups to form melanoidins—
brown, high-molecular-weight polymers that are cytotoxic and interfere with cellular functions
[8.9].

A further concern is the generation of D-isomers of certain non-essential amino acids, which
are not utilized by mammalian cells and may even act as inhibitors of cell proliferation. Moreover,
the use of concentrated acids requires extensive post-reaction neutralization, leading to elevated
levels of residual salts, particularly chlorides and sulfates, which are undesirable in biological
systems. Consequently, hydrolysates obtained by acid hydrolysis often contain high ash content and
non-nutritive nitrogen forms, diminishing their functional and nutritional value.

Alkaline hydrolysis is associated with substantial racemization of amino acids and complete
degradation of key residues such as arginine, lysine, cystine, and cysteine. These transformations
lead to the formation of structurally aberrant compounds that are foreign to human metabolic
systems. The resulting hydrolysates contain dysfunctional peptides and non-physiological by-
products, significantly limiting their applicability in biomedical and nutritional contexts [10].

Enzymatic hydrolysis, by contrast, is conducted using specific proteolytic enzymes under
controlled conditions and is devoid of the major drawbacks inherent to acid and alkaline methods.
This process preserves the stereochemical integrity of amino acids and does not induce the formation
of cytotoxic or racemized products. Although the extent of hydrolysis typically reaches only 70—
80%, the resulting peptides and free amino acids are biocompatible, readily absorbable, and
metabolically active.

From a biochemical perspective, enzymatic hydrolysis replicates the natural proteolytic
processes occurring in the gastrointestinal tract, particularly those mediated by animal-derived
endopeptidases. This biomimetic approach enables the production of functionally active protein
hydrolysates with preserved nutritional and physiological properties, making them suitable for use
in clinical nutrition, sports supplementation, and the development of functional food ingredients

[11].
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Comparative evaluations have demonstrated that enzymatic hydrolysates exhibit significantly
higher biological activity than acid- or alkali-derived counterparts obtained from equivalent
collagen-containing raw materials. Due to their low caloric value, collagen hydrolysates are
particularly suitable for use in specialized nutrition for athletes and individuals with metabolic
disorders. These hydrolysates are well tolerated by the human body and are associated with a range
of physiological benefits, including improvements in skin condition, hair strength, and nail integrity.

Chemical (acid and alkaline) hydrolysis is difficult to regulate. Chemical hydrolysis results in
a product with impaired nutritional and biological properties. Chemical hydrolysis can destroy L-
forms of amino acids, form D-forms of amino acids and form a number of toxic substances such as
lysine-alanine dipeptide. Enzymatic hydrolysis proceeds under mild conditions: at pH 6-8,
temperature 40-60°C, which excludes the occurrence of conditions under which the destruction and
transformation of amino acids and other undesirable side reactions occur. The amino acid
composition in the protein hydrolysate obtained by enzymatic hydrolysis is identical to the amino
acid composition of the original protein. Thus, enzymatic hydrolysis is best suited for food
applications [12-14].

In the process of hydrolysis, the protein molecule, which is a chain composed of amino acids,
is split into smaller fragments. In this process, the protein loses its properties, but the resulting
hydrolysed mixture can acquire a number of useful properties.

Protein hydrolysis is a well-known method of modifying their functional properties: solubility,
viscosity, emulsifying and foaming properties and, more importantly, increasing their biological
value as a result of protein cleavage into fragments of different molecular weight [9].

In comparison with the original, not cleaved proteins, protein hydrolysates have the following
advantages: they create a significantly lower load on the digestive organs for digestion before
assimilation; they are quickly assimilated by the body after intake; they are available for nutrition
of people with various disorders and diseases of the digestive organs that make it impossible to
digest conventional proteins; they do not contain native proteins that can cause allergenic reactions;
they have better solubility, thermal stability and high stability of the containing proteins.

The direct stimulatory effect of collagen hydrolysate on collagen synthesis in chondrocytes
has been scientifically confirmed. Enzymatically hydrolyzed collagen is derived from collagen-rich
animal tissues such as skin and bones and is characterized by a high content of glycine and proline—
amino acids critically involved in the biosynthesis of type II collagen, the primary structural
component of cartilage [15].

Unlike gelatin, which is also obtained from collagen-containing tissues but through acid or
alkaline hydrolysis, enzymatic hydrolysates do not form gels. Instead, they are fully water-soluble
and composed of low-molecular-weight peptides ranging from 3 to 6 kDa (in contrast to gelatin,
where protein fractions typically exceed 100 kDa). This molecular profile facilitates efficient
gastrointestinal absorption and targeted distribution to physiological sites such as cartilage, skin,
and its appendages.

Thus, the enzymatic hydrolysis of collagen represents an ecologically sustainable,
biocompatible, and technologically feasible approach for the production of bioactive protein
preparations with broad applications in functional foods, clinical nutrition, and regenerative health
technologies [16].

The application of hydrolysates in food production has several important aspects:

1. They give emulsifying, moisture-binding properties and solubility to the finished products.
A small hydrolysis, causing the cleavage of less than 10% of peptide bonds, causes an improvement
in the emulsifying properties of proteins, which is very important in dressings, spreads and
emulsified meat products. It also increases the degree of hydration of proteins, which is important
for very many varieties of food products.

2. Adsorption kinetics of hydrolysates. The absorption of protein substances in the body
occurs both in the form of free amino acids and in the form of peptides. Only short peptides (mainly
di- and tripeptides) are digested, and the digestion of peptides in the intestine is more efficient than

0 “MexayHapoJHBIA HAyYHO-UCCIefoBaTenbcKui 1eHTp “Endless Light in Science”



TEXHUYECKHE HAYKH
Impact Factor: SJIF 2023 - 5.95  HNIEAL SCTENCES
2024 - 5.99

the digestion of free amino acids due to the presence of a specific peptide transport system in the
intestine, in which the final cleavage of peptides into amino acids occurs under the action of
peptidases located in the cytoplasm of enterocyte cells. The amino acids released are transported
into the bloodstream.

Therefore, protein hydrolysates with a high degree of hydrolysis, consisting mainly of a
mixture of free amino acids and short chain length peptides, are best suited for use in speciality food
formulations. Such hydrolysates do not require digestion and are rapidly adsorbed in the body.

3. biologically active properties of hydrolysates. A promising trend of isolation of biologically
active peptides from animal and plant protein hydrolysates and use of these hydrolysates in the
composition of functional food products has been recently discovered. Biologically active peptides
are peptides consisting of amino acid sequences inside intact proteins that are able to influence
physiological functions of the organism: antioxidant, antimicrobial, antihypertensive, cholesterol-
lowering, antithrombotic and immunomodulatory effects. Basically, such peptides consist of 3-20
amino acid residues and are isolated from intact proteins by enzymatic hydrolysis using specially
selected proteases.

4. Degree of antigenicity of hydrolysates. In patients suffering from protein allergy, ingestion
of protein or partially hydrolysed protein may provoke an immune response accompanied by a
pronounced allergenic reaction. This intolerance is due to the body's specific reaction to certain
amino acid sequences (epitopes) contained in proteins. Hydrolysis is accompanied by the
destruction of epitopes, which reduces the degree of antigenicity of proteins. Hydrolysates with
reduced antigenic activity are widely used in hypoallergenic mixtures used for the nutrition of
infants suffering from intolerance to milk proteins.

Currently, the problems related to the limited resources of animal protein need to be solved.
According to the latest UN data, more than 800 million people on Earth are permanently
malnourished, and one third of the world's population suffers from an acute deficit of animal protein.

Currently, the agrarian sector of our country's economy is facing a systemic challenge that
predetermines the need to update the scientific, informational, technical and technological base of
the agro-industrial complex on a qualitatively new basis, the need to transition to a qualitatively new
innovative type of development [17].

The analysis of statistical data has shown that the reserves of protein-containing raw materials
are significant, and they are only partially processed into food and feed products.

It is necessary to use all resources more rationally. The specific weight of raw materials of
animal origin in the cost of production reaches 94-96%, which dictates the need for its economical
use. Rational use of secondary resources is important because it allows to solve the problem of
creating low- and zero-waste environmentally safe technologies in industrial conditions.

Nutrition of the majority of the adult population does not meet the principles of healthy eating
due to the consumption of food products containing a large amount of fat of animal origin and simple
carbohydrates, lack of vegetables and fruits, fish and seafood in the diet, which leads to the growth
of excess body weight and obesity, the prevalence of which over the past 8-9 years has increased
from 19 to 23%, increasing the risk of diabetes, cardiovascular diseases and other diseases [18,19].

A significant part of the working population is deprived of the opportunity to eat properly
during working hours, especially in small and medium-sized enterprises, which adversely affects
the health of workers All this indicates the need to develop programmes aimed at optimising the
nutrition of the population.

Conclusion: In general, the use of protein hydrolysates provides not only nutritional value
but also delivers a range of biologically active peptides with proven physiological effects. These
peptides have been shown to reduce angiotensin levels, thereby contributing to the prevention and
management of hypertension. Furthermore, recent studies indicate that a diet enriched with meat
protein hydrolysates holds promise for supporting glycemic control in individuals with diabetes
mellitus by reducing blood glucose levels. In addition to their antihypertensive and
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antihyperglycemic properties, hydrolysates also exhibit notable antioxidant and antimicrobial
activities, further enhancing their potential as functional food components.

Thus, the application of enzymatic preparations for the production of protein hydrolysates
represents a highly relevant and innovative direction in modern food biotechnology. The resulting
hydrolysates are already being utilized in various sectors of the food industry, with particular
importance in the meat processing sector. These protein-based additives not only improve the
nutritional profile of products but also enhance their functional and sensory characteristics,
contributing to the development of safe, high-quality, and health-promoting meat products.
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OBOCHOBAHUME METOJ0OB BOAOU30JALNOHHBIX PABOT B I'A30BbIX
I'A3OKOHAEHCATHbBIX CKBAKMHAX

Ko HYPUIIUHOB
000 «Uz-Gas Projects»

B.3. AIU30B
«Hedprexumun» NOHX AH PVY3

b.1ll. AKPAMOB, E.A. EBCTA®EEB
®dunman Poccuiickoro rocynapcTBeHHOro yHUBepcuTeTa Hedtr U raza (HUY) umenu .M.
I'yoxuna B ropone TamkenTe.

Annomayun. B cmamve paccmompensl meopemuieckue acnekmol bl00pa U npuMeHeHus.
B000U3ONAYUOHHBIX MEXHOA02UL NPU 0OBOOHEHUU 2A308bIX U 2A30KOHOECHCAMHBIX CKEANCUH.
Ilpusedena  knaccuguxkayusi  Memooos, NPOBEOEH  KPpUMU4ecKull — aHAIUu3  NPUYUH  UX
HeagpekmusHocmu, a makice 000CHOBAHbL PEKOMeHOAYUU No VIVYUIEHUIO pe3VIbmamos
PEMOHMHO-UZONAYUOHHBIX padbom. [Ipedcmasien 0030p 2e0n1020-(hu3uuecKkux NpuyvuH NPUmMoxa
800bl, A MaKdJce OaAHA CCLLIKA HA CXeMy OCHOBHbIX MEXAHU3MO8 O00B00HEHUSI CKBANCUH.
IIpeonoscenvt  Hanpasienus NOBbIUEHUS — CENeKMUBHOCMU — U3OJAYUOHHBIX — COCMABO8 U
MUHUMUZAYUU 800000ECNedeHUsl CKEANCUH.

Knrwoueevie cnosa: 00600HeHue, B000U30NAYUOHHBIE DAOOMYL, CENEKMUBHAS U30TAYUA,
2a308ble CKBANCUHBI, PEMOHMHO-UZOIAYUOHHbIE MePONPUIMUs, 8000NPUMOK, IPPHEeKmusHoCmb,
2epmMemu3ayusl.

Beegenne. O0BogHEHNE MTPOAYKTUBHBIX CKBaXMH — OJIHA U3 HanOoJee paclpOoCTPaHEHHBIX
U KPUTUYECKH 3HAYMMBIX TNpoOJeM NpU HKCIUTyaTallid Ta30BbIX M Ta30KOHIACHCATHBIX
MECTOPOKIEHUI. DTOT MPOLIECC COMTPOBOXKIAETCS CHUKEHUEM JIeOHTa ras3a, najieHueM II1acTOBOIO
JIaBJICHUS,, yYMEHBIIEHUEM KOd(p(UIMEHTAa W3BJICYEHUs IMOJE3HBIX KOMIIOHEHTOB, a TaKXkKe
3HAYUTEIBHBIM POCTOM ONEPAIMOHHBIX 3aTpaT Ha MpOoIecChl 00€3BOKMBAaHUS, Cemapaniu M
YTUIM3ALMHU TTOMMYTHOH MIacTOBOM BOABL. B TXKENBIX caydasx BHICOKAs CTENEHb 00BOJIHEHHOCTH
MIPUBOJINT K MIPEKIEBPEMEHHOMY BBIBOJTY CKB)KUH M3 IKCIUTyaTaIlH, YTO HAMIPSIMYIO OTPaKACTCS
Ha SKOHOMHYECKHMX IIOKa3aTelsX pa3palOTKM MECTOPOXKIEHHS M COKpAIlaeT CpOK €ro
peHTa0eTbHON HKCILTyaTal|H.

OCHOBHBIMM HMCTOYHUKAMHU TOCTYIUIGHHS BOJBI B NPOJYKTUBHBIE HMHTEPBAJbl SBISIOTCS
MOJIONMIBEHHBIE ¥ 3aKOHTYpHBIE BOJBI, MHUTpAIMsl KOTOPHIX OOYCJIOBJICHa WM3MEHEHUEM
THJIPOAMHAMUYECKOTO peXrMa IJ1acTa, HapylIeHneM OajaHca MeX/y IJIACTOBBIMU JJABICHUSMU U
aKTUBHBIM OTOOPOM yrieBoAopoAoB. CylIEeCTBEHHYIO POJIb B Pa3BUTUU OOBOJHEHHOCTH MOTYT
UrpaTh TakKe HETePMETUYHOCTb HKCIUIYaTallMOHHOW KOJIOHHBI, HAIWYME HEYYTEHHBIX TPEIIHH,
KaHaJIOB B LIEMEHTHOM KaMHE U HapyIIEHUE LIEJJOCTHOCTH U30JIILIMOHHOTO SKpaHa.

[IpumeneHre BOAOM3OJSAIMOHHBIX TEXHOJIOTMH — OIWH U3 HambOonee 3P(PEeKTUBHBIX
CrIOCOOOB  TMOBBILIEHHUS NPOAYKTUBHOCTH OOBOJHEHHBIX CKBAXKMH M INPOJUICHUS  HUX
HKCIUTYaTAalMOHHOTO pecypca. TeM He MeHee, B YCIOBUSAX CIIOKHOTO I'€0JOIMYECKOTO CTPOCHHS,
HU3KOH M3y4eHHOCTH (WIBTPALMOHHO-EMKOCTHBIX CBOMCTB IUIACTa, a TaKXe IPHU HAIUYUU
TPELIMHHO-TIOPOBOTO  KOJJIEKTOPa, BBIOOP ONTHUMAILHOTO METO/a BOJOU3OISIIUN TpedyeT
KOMILIEKCHOT'O aHAJIN3a M TIIATEJIbHOI0 TEOPETUYECKOI0 0OOCHOBAHUS.

CoBpeMeHHbIE TOAXO0/IbI K BOJOU3O0JISIMH BKIIOYAIOT HE TOJIBKO IPUMEHEHHE KIACCHYECKUX
METOZI0OB (LIEMEHTalUsl, TaMIIOHAXHbIE COCTaBbl), HO U HCIOJb30BAHUE HWHHOBAIIMOHHBIX
CCJICKTUBHBIX ~ PEAareHTOB, TIOJMMEPHBIX W  HAHOCTPYKTYPHBIX  CHCTEM,  CIIOCOOHBIX
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B3aUMOJICHICTBOBATh C BOJOHACHIIEHHBIMH 30HaMH 0€3 CHWXCHHUS MPOHHMIIAEMOCTH [IJIsl Tasa.
Y4uThIBas 3HAYUMOCTH JAHHOW MPOOJIEMBI, 3a/1aueii HACTOAIIEH PadOTHI SABISIETCS PACCMOTPEHUE
CYLIECTBYIOIIMX TEXHOJIOTMH BOJIOM3OJIALIMU B Ta30BbIX CKBa)KMHAX, KPUTEpUEB UX BbIOOpa, a
TaK)Ke NMEPCIIeKTUBHBIX HAMIPABICHUN TOBBIICHHS d()PEKTUBHOCTH MTOTOOHBIX MEPOIIPHUSITHIA.
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Puc. 1 Cxema, HuIIOCTPUPYIOIAsi NIPUYUHBI 00BOIHEHUS CKBAKUH

0030p cymecTBYIOIIMX METOA0B BOJTOU30ISIIIUOHHBIX padoT. COBpeMEHHBIE TEXHOJIOTUU
BOJOU3O0JISILIUY JICJIATCS Ha TP OCHOBHBIX HANPABIICHUS:

1. Mexannuyeckune MeToAbl. K MEXaHWYECKMM METOIaM OTHOCSITCA:

® [IECMEHTUPOBAHKE 30HBI BOJONPUTOKA;

® yCTaHOBKA MOCTOB, TAaKEPOB, MEXaHUYECKUX MPOOOK;

® KOMIIOHOBKM C HCIOJIb30BaHUEM OYpPHIIBHBIX U OOCAJHBIX KOJIOHH JJISi MEPEeKpPbITHUS
HMHTEPBAJIOB.

[IpeumyiecTBa: npocToTa peannu3aluu, BBICOKAsI MEXaHUYECKask TPOYHOCTb.

HenocrtaTku: OTCYyTCTBHE CEIEKTHBHOCTH, BO3MOXXHOCTH MEPEKPBITHUS Ta30HOCHBIX 30H,
3aTpyaHEHHBINA JOCTYII K IJIACTy B OyAyLIEM.

[IpumMeHuMBl TPEUMYIECTBEHHO B CJydae HaJWU4Ms KaBEepH, TPEIIUH, HapylIeHUN
FEPMETUYHOCTHU HKCILTYaTallMOHHOM KOJIOHHBI [1].

2. XuMn4yeckue MeToabl

XUMHUECKHE METOAbl MPEeANojaraloT 3aKayky B IUIACT PEareHTOB, CO3/aI0IIMX
HEpacTBOPHUMBIE WK Tesieo0pa3Hble Oapbepbl. ITU peareHThl MOT'YT ObITh:

® HeCEJICKTUBHBIMU  (IIEMEHT, H3BECTKOBO-THIICOBBIE CMECH, KpPEMHUHOpPraHMYECKUE
KHUIKOCTH);

® CCIIGKTUBHBIMHU  (TTOJMMEPBI, pPEAareHThl Ha OCHOBE TMOJIMAKpWIamMHuaa, KapOaMuna,
(beHoapopManbAETUIHBIX CMOJI).

3a cu€T KOHTPOJIS BSI3KOCTH U BPEMEHH Iefie00pa3oBaHus MOKHO JOOUTHCS MPOHUKHOBEHHS
peareHTa MpeuMYIECTBEHHO B BOJOHACHIIICHHBIE 30HBI. OJTHAKO XUMUYECKUE COCTABBI TPEOYIOT
y4€Ta IIaCTOBOM TeMIEPATyphl, MUHEPATU3AIMH BOJIbI, MPOHUIIAEMOCTH U HAMYHUS TPEIIHH.

Jlis  Ta30BBIX CKBaXHWH AaKTyallbHbI ~ COCTaBbl ¢  THApOoPOOHBIMEH  q00aBKaMH,
MPEeI0TBPAILIAIOIIMMH POHUKHOBEHUE PeareHTa B ra30HaChIIICHHBIE 30HbI [2].

3. CenekTHBHAs U30JISILHSI BOAONPUTOKOB
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CeneKTUBHBIE METO/IbI HAIICJICHBI HA N30MPaTEIhbHYIO0 OJJOKUPOBKY BOJOHOCHBIX HHTEPBAJIOB
0e3 BO3/1eiicTBHSI Ha Ta30HACKIIIIEHHBIC. [IprMepsr:

e 00paTUMBbIE U Hepa3pylIaeMble Tell;

® MUKPOTEJTH, MPOHUKAIOIINE TOJIHKO B BOJOHACHIIIEHHBIC TIOPHI,

® TEPMOYYBCTBUTEIIbHBIC PEAreHTHI;

® HAHOCTPYKTYPUPOBAHHBIE U30JIITOPBI, AKTUBUPYEMbIE BJIArOM.

[IpeumyiiecTBa: BO3MOYKHOCTb COXPAHWUTh MPOAYKTHBHOCTh TI'a30HACBILIEHHBIX 30H,
MUHHUMAJIbHBIE PUCKU CHUKEHUS Ie0uTa rasa.

HepocraTku: YyBCTBUTENBHOCTH K TeMIEpaType, CIO0XHOCTH C KOHTpoiieM (poHTa
nepemMenieHus coctana [3].

IIpo6aembl Hed(p(PeKTHBHOCTH BOJOM3OJALMOHHBLIX Meponpusituid. Hecmotpss Ha
IIUPOKUI apceHal TEXHOJOTUW, MHOTHE PEMOHTHO-U3OJSIMOHHBIE PabOThl TOKAa3bIBAIOT
HEY/I0BJIETBOPUTENIbHBIE PE3YNbTaThl. OCHOBHBIE IPUUMHBI:

e Henocratounas reosioro-npomsiciaoBas uHpopMmanus. be3 TouHOoro omnpeneneHus
WCTOYHUKA BOJIBI H30JISLIMS MOKET OBITh BBIIIOJIHEHA B HEHYXHOU 30HE.

e Huzkas ceneKTUBHOCTh MaT€pUANIOB, UTO MPUBOJIUT K OJIOKMPOBKE raza HapsiAy ¢ BOJOM.

e TexHOJOrMYeCKHe HapylIeHUsl IpU 3aKauke: HECOONIOJCHHE pexuma HarHeTaHus,
HEJ0CTAaTOYHAas Jiera3alus, IpexaeBpeMeHHOe resieo0pa3oBaHue.

e HecoBmMecTMOCTH COCTaBa C MJIACTOBBIMH YCIIOBUSAMMU: Pa3pyIlI€HUE peareHTa pu BEICOKOM
MHHEpAIU3aALNK WK TEMIIEpaType, Iioxasi yCTOWYMBOCTh K CIBUTOBBIM HArpy3Kam.

e Huzkas mpo4YHOCTh CO37aHHOW H30JISIMOHHON CTPYKTYphbl, OCOOEHHO B TPEIIMHOBATBIX
nopojaax [4].

Oti (HaKkTOphl TOAYEPKUBAIOT HEOOXOAMMOCThH IMEpexoja OT IMIMPHYECKOTO MOJAX0Aa K
TEOpeTUYeCKHU 0OOCHOBAHHOMY IMPOESKTHUPOBAHUIO U BHIOOPY METOIOB.

3akiro4eHue

O60CHOBaHHBIN U HAYYHO MOAKPETUIEHHBIN MOAXO0] K BBIOOPY METO/I0B BOJAOU3OISIIMOHHBIX
paboT TO3BOISIET 3HAYUTENFHO TIOBBICUTH A((EKTUBHOCTh OKCIUTyaTalldd Ta30BBIX U
ra30KOH/ICHCATHBIX CKBAXXHH, CHU3UTh YPOBEHb OOBOTHEHHOCTH, @ TAK)KE MPOJUIUTH CPOK CITY>KOBI
JKCITyaTallMOHHOTO (oHma. KiroueBbIMH yCIIOBUSIMH JOCTHKEHHUSI BBICOKOTO pe3yjbTaTa
SIBJIIFOTCSI KOMIUIEKCHBIN aHAINU3 Te0JIOrO-TUAPOJNHAMHYECKUX U TEXHOJOTHYECKUX (haKTOPOB,
KOPPEKTHBII BBIOOp peareHToB ¢ y4€TOM IUIACTOBBIX YCJOBHIA, a Takke oOecreueHre KOHTPOJIs
KayecTBa Ha BCEX dTarax BOJAOU30JIILIMOHHBIX MEPOIIPUIITHIA.

[lepcrieKTMBHBIME ~ HANpaBICHUSMH  PAa3BUTHUS ~ OCTAIOTCA  pa3pabOTKM  HOBBIX
BBICOKOA()(DEKTHBHBIX MOJUMEPHBIX ¥ HAHOKOMIO3HMIIMOHHBIX COCTAaBOB, YCTOMYMBBIX K
arpeccuBHOMN cpefe, 00Ia1alouX BO3MOKHOCTBIO CEJIEKTUBHOTO AEMCTBHSI U CAMOHACTPOMKH Ha
BOJIOHACKIIIIEHHBIE 30HBI. COBpEMEHHBIE TEXHOJIOTHMH JOJDKHBI 00ecreynuBaTh HE TOJBKO
(GUBUYECKYI0 TEepMETH3allMi0, HO M WHTEJUICKTyaJIbHOE B3aMMOJICUCTBHE C HEOIHOPOIHOU
CTPYKTYPOH KOJIJIEKTOPA.

J1J14 OBBIIIEHUS Pe3YJIbTaATUBHOCTH BOJJOU3O0JIILIMOHHBIX pabOT pEKOMEHAYETCSI CIIEYIOINI
AITOPUTM:

1. ['eonoro-ruapoguHaMmu4ecKoe MOJIETTUPOBAHHUE. [Ipumenenue YUCJIEHHOTO
MOJIEIMPOBAHUS MO3BOJISIET CIPOTHO3UPOBATH IMYTH ABUKEHUSI BOJbI, ONPEACIIUTh ONTUMAIIbHbIE
WHTEPBAJIbI U30JIAINHN U 00BEMBI 3aKaUKH [2].

2. Beibop peareHTa ¢ y4eToMm ycIOBUH MecTOpoxkaeHus. HeoObxomuMbl mpenBapuTenbHbIC
UCIIBITAHUS COCTaBA C YIYETOM MUHEpaIn3aluu, TeMIIepaTypshl, 1aBiaeHus. JKenaTeapHo moa0uparhb
COCTaBbl, 0Opasymomme 6apbepbl ¢ KOHTPOIUPYEMOM CEIEKTUBHOCTHIO U a/IalITUBHON BSI3KOCTHIO
[3].

3. MHoroctyneH4arble TeXHOJOTHH. KOMOWHUPOBaHHOE NTPHMEHECHHWE IIEMEHTAIlUH U
XUMHUYECKHUX PEareHTOB MO3BOJISET TI0OUTHCS KaK FepMETHU3alMU, TaK U CEJIEKTUBHOU OJIOKUPOBKH.
Hamnpumep, npensapurenbHas repMeTH3alus TPEUIMH LIEMEHTOM, 3aTEM 3aKauka MUKpPOTEJIs.
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4. Tl'eopusnueckuii koHTposb. Jlo U mocie paboT ’KenaTeabHO MPOBOAUTH KapOTayKHbIE
uccnenosanus: AK, 11C, I'/IV, kaBepHOMETpUIO 1JIs1 OLIEHKU COCTOSIHUS KOJIOHHBI, 30HbI IPUTOKA
u a¢dexTuBHOCTH M30ATIUN [1].

5. MOHMTOpUHT B MEpHOJ JKCIUTyaTanuu. [locie u30msS1uu HEOOXOAMMO OTCIIEKUBATH
JTUHAMUKY JaBJIeHUs, 00BOTHEHHOCTH, neOuTa. Onenka 3pPeKTUBHOCTH JJOJDKHA Oa3UPOBATHCS Ha
KOJINYECTBEHHBIX KPUTEPHX (CHUKEHUE BOJOra30BOr0 (GakTopa, BOCCTAHOBJICHHUE JIaBieHus) [4].

Takum oOpa3oMm, BHEIpPEHHE KOMIUIEKCHOTO, Hay4YHO-OOOCHOBAHHOTO TMOJXOAa C
IIPUMEHEHUEM COBPEMEHHBIX PEAreéHTOB M TEXHOJIOTMHM IIO3BOJUT 3HAUYUTENBHO IIOBBICUTH
3¢ PeKTUBHOCTh Pa3pabOTKH Ta30BBIX MECTOPOXKICHHWA, MUHUMU3UPOBATH MOTEPH TOOBIYU H
YBEITMUUTH PEHTA0EIBHOCTD SKCIUTyaTallui CKBaXXHH B YCIOBUSAX HapacTaromel 00BOJHEHHOCTH.
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Abstract: This paper explores the theoretical underpinnings of chatbot development using
modern machine learning (ML) technologies. As digital communication becomes increasingly
essential across various sectors, chatbots represent a powerful tool for automating responses to user
queries. Traditional rule-based systems have proven limited in flexibility and scalability, prompting
the evolution toward intelligent systems powered by machine learning. The study examines core ML
principles, natural language processing (NLP) techniques, and relevant models applied in
conversational Al It also reviews the literature on state-of-the-art chatbot systems and discusses
the ethical considerations involved. This theoretical foundation aims to support future research and
practical implementations of intelligent conversational agents.
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Introduction

The rapid advancement of artificial intelligence (AI) technologies has significantly
transformed how humans interact with machines. Among the most prominent applications of Al in
everyday life is the chatbot — a conversational agent designed to simulate human-like dialogue.
Chatbots have been adopted across numerous domains, including customer support, education,
healthcare, and e-commerce, where they provide automated responses to user queries, enhancing
both efficiency and accessibility.

Traditionally, chatbots were constructed using rule-based systems, where responses were pre-
programmed based on specific inputs. While effective for simple and repetitive tasks, such systems
lack the flexibility to handle complex, context-dependent conversations. As a result, the focus has
shifted toward machine learning (ML)-based chatbot systems. These systems are capable of learning
from data, adapting to user interactions, and generating more natural and coherent responses through
advanced techniques such as natural language processing (NLP), deep learning, and large-scale
language modeling.

This paper explores the theoretical foundations of chatbot development using machine
learning technologies. It begins with a review of the academic literature on chatbot architectures
and ML applications in natural language understanding. It then delves into the core concepts and
algorithms that support intelligent chatbot behavior, including supervised and unsupervised
learning, NLP pipelines, and dialogue management strategies. Furthermore, the paper highlights the
ethical and practical challenges involved in building intelligent conversational agents, such as data
bias, transparency, and user privacy. By grounding chatbot development in strong theoretical
principles, this study aims to contribute to the broader field of intelligent human-computer
interaction.

Literature Review

The development of chatbots has evolved from simple rule-based systems to complex,
adaptive agents driven by artificial intelligence. Early chatbots such as ELIZA (Weizenbaum, 1966)
and PARRY (Colby, 1975) relied on pattern matching and keyword substitution, offering limited
conversational capabilities. These systems were constrained by their inability to learn or generalize
beyond predefined rules, which limited their usefulness in dynamic environments.
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The emergence of machine learning, particularly natural language processing (NLP), has
enabled the construction of more flexible and intelligent conversational agents. Research by
Jurafsky and Martin (2021) outlines the key advancements in NLP, including techniques such as
part-of-speech tagging, named entity recognition, and dependency parsing, which serve as building
blocks for understanding human language in computational systems.

With the rise of deep learning, neural networks have been employed to model complex
language patterns. Recurrent neural networks (RNNs), long short-term memory (LSTM) networks,
and more recently, transformer-based models such as BERT (Devlin et al., 2019) and GPT (Brown
et al., 2020) have significantly improved the ability of chatbots to generate coherent, context-aware
responses. These models are pre-trained on large corpora and fine-tuned for specific tasks, allowing
for greater generalization and language understanding.

Several studies have focused on integrating machine learning into chatbot systems. Serban et
al. (2016) proposed a hierarchical neural network model for end-to-end dialogue systems, which
demonstrated improved dialogue flow and contextual retention. Similarly, Zhang et al. (2020)
presented a retrieval-based conversational system using dual encoders to rank responses based on
semantic relevance.

Despite significant progress, challenges remain in areas such as intent recognition, multi-turn
conversation management, and personalization. Research by Chen et al. (2021) emphasizes the need
for more interpretable and controllable models, as well as the importance of curating high-quality
datasets for training.

This literature review highlights the trajectory of chatbot development and identifies the
theoretical and technical foundations upon which modern machine learning-based chatbots are built.
The following sections will explore these components in greater detail, with a focus on the key
algorithms, models, and processing techniques involved.

Machine-Learning Fundamentals for Chatbots

Machine learning (ML) lies at the core of modern chatbot development, enabling systems to
process, interpret, and generate human language in dynamic and context-sensitive ways. Chatbots
powered by ML techniques do not rely on rigid, predefined rules but instead learn from data to
improve their performance over time.

Supervised, Unsupervised, and Reinforcement Learning

Supervised learning is one of the most commonly used paradigms in chatbot training. In this
approach, the model learns from labeled datasets containing input-output pairs, such as user
questions and appropriate responses. Algorithms such as decision trees, support vector machines
(SVM), and neural networks are used to map inputs to expected outputs.

Unsupervised learning, in contrast, deals with data that lacks explicit labels. Techniques such
as clustering and dimensionality reduction are often applied in chatbot systems to detect
conversational patterns, user intents, or topic segmentation.

Reinforcement learning (RL) is particularly valuable in optimizing dialogue strategies. In RL-
based chatbots, an agent interacts with users in an environment and receives feedback (rewards)
based on the quality of its responses. Deep reinforcement learning, as demonstrated by systems like
Deep Q-Networks (DQNs), allows chatbots to improve over time by maximizing long-term
conversational success (Li et al., 2016).

Natural Language Processing Techniques

Natural language processing (NLP) is essential for enabling chatbots to understand and
generate human-like language. A standard NLP pipeline includes tokenization (breaking text into
words or subwords), lemmatization (reducing words to their root forms), part-of-speech tagging,
named entity recognition, and intent classification. These processes help the system extract semantic
meaning and conversational context.

Word embedding techniques such as Word2Vec (Mikolov et al., 2013) and GloVe (Pennington
et al., 2014) provide dense vector representations of words that preserve semantic similarity. More
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recent transformer models like BERT and GPT offer contextual embeddings that consider the
position and meaning of words in the surrounding context.

Datasets and Evaluation Metrics

Training ML-based chatbots requires large-scale, diverse, and high-quality datasets.

Commonly used datasets include the Cornell Movie Dialogues Corpus for open-domain
conversations, Persona-Chat for personalized dialogues, and MultiWOZ for multi-domain task-

oriented dialogue modeling.
Evaluating chatbot performance remains a complex task. Common metrics include BLEU

(Bilingual Evaluation Understudy), which measures n-gram overlap with reference responses, and
ROUGE, which evaluates recall-based overlap. The F1 score is used in classification tasks such as

intent detection. Human evaluation remains essential for assessing the coherence, fluency, and
relevance of generated responses.

Understanding these machine learning fundamentals provides the necessary foundation for

building advanced conversational agents. The next section presents a theoretical system architecture
that integrates these concepts into a cohesive chatbot framework.
Theoretical System Architecture

The architecture of a machine learning-based chatbot is composed of several interconnected

components that enable the system to process user input, understand its meaning, generate

appropriate responses, and continuously improve through data-driven learning. While the specific
implementation may vary depending on the use case and domain, most intelligent chatbots share a

similar high-level architecture.
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Fig. 1. System Architecture Diagram
Input Processing Layer
The chatbot interaction begins with the user input, typically in the form of text (or sometimes

speech, which is first converted to text via speech-to-text systems). This raw input is preprocessed

to make it suitable for machine learning models. The preprocessing includes tokenization,
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normalization (such as converting to lowercase and removing punctuation), and sometimes noise
filtering. In multilingual or code-switched environments, language detection may also be necessary.

Natural Language Understanding (NLU)

The core of the understanding component lies in natural language understanding (NLU),
which includes intent classification and entity recognition. Intent classification determines what the
user wants (e.g., asking a question, requesting a service), while entity recognition extracts relevant
information such as names, dates, or specific topics. Modern NLU modules leverage transformer-
based models like BERT, which provide contextual understanding that adapts to a wide variety of
inputs.

Dialogue Management

Once the intent and entities are identified, the system refers to the dialogue management
component. This module is responsible for deciding how the chatbot should respond based on the
current user input, previous conversation history, and predefined dialogue flows. Dialogue managers
can be rule-based, but in ML-based systems, they often rely on reinforcement learning or recurrent
neural networks to manage multi-turn conversations and maintain contextual coherence.

Response Generation

The response generation component formulates the chatbot's reply. There are two primary
approaches: retrieval-based and generative. Retrieval-based systems select the most appropriate
response from a predefined set using similarity metrics, often powered by semantic embeddings.
Generative systems, on the other hand, produce novel responses using sequence-to-sequence models
or transformers like GPT. While generative models offer more flexibility, they also pose greater
risks in terms of coherence and safety.

Integration and Deployment

A fully functioning chatbot integrates with external services such as databases, APIs, and user
management systems. For example, a chatbot in a logistics application may query shipment status
or create orders in real-time. Cloud-based platforms and containerized environments (e.g., using
Docker) support scalable deployment and facilitate updates and maintenance.

Learning and Feedback Loop

One of the most important features of a machine learning-based chatbot is its ability to learn
and adapt over time. User feedback, interaction logs, and error cases are collected to retrain or fine-
tune the model. Active learning techniques can be applied to prioritize the most informative data for
annotation and model updating, improving accuracy with minimal human intervention.

Ethical and Practical Considerations

While machine learning-based chatbots offer significant advantages in terms of automation,
scalability, and user engagement, their development also raises important ethical and practical
concerns. These issues must be addressed thoughtfully to ensure that conversational agents are
reliable, fair, and beneficial to users.

Data Privacy and User Consent

Chatbots often collect and process sensitive user data, including names, locations, contact
details, and personal preferences. Ensuring user privacy and data security is therefore critical.
Developers must adhere to data protection regulations such as the General Data Protection
Regulation (GDPR) or local privacy laws. This includes obtaining explicit user consent,
anonymizing stored data, and limiting data access to only essential components of the system.

In addition, secure communication protocols (such as HTTPS) and encrypted data storage are
essential to prevent unauthorized access or breaches. Privacy by design — integrating privacy
features from the earliest stages of development — is increasingly viewed as a best practice.

Bias in Training Data

One of the most persistent challenges in ML-driven chatbot systems is the presence of bias in
training data. If the data used to train the chatbot reflects societal stereotypes, offensive language,
or imbalanced representation, the chatbot may reproduce or even amplify these issues. This has been
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observed in cases where generative language models produced discriminatory or inappropriate
content.

To mitigate bias, developers must carefully curate training datasets, apply fairness-aware
algorithms, and conduct regular audits of chatbot behavior. Techniques such as counterfactual data
augmentation and adversarial testing can be used to detect and reduce discriminatory outputs.

Transparency and Explainability

As machine learning models — especially deep neural networks — become more complex,
their inner workings become increasingly opaque. This lack of interpretability can be problematic
in domains that require accountability, such as healthcare, finance, or law. Users and developers
alike may need explanations for why a chatbot made a specific decision or response.

Developing explainable Al (XAI) methods, such as attention visualization or feature
attribution, can help demystify chatbot behavior and foster trust. In addition, offering fallback
options or escalation paths to human support can improve user experience and mitigate risks.

Limitations of Current Technologies

Despite recent advancements, ML-based chatbots still face limitations. They may struggle
with ambiguous input, sarcasm, or open-domain questions that fall outside the scope of their
training. They can also generate grammatically correct but contextually inappropriate responses —
especially in generative models.

Furthermore, real-time performance, multilingual support, and domain adaptation continue to
be engineering challenges. Systems must be designed to gracefully handle uncertainty, escalate to
humans when necessary, and remain adaptable to new user needs.

Conclusion

The development of chatbots using machine learning technologies represents a significant
shift from static, rule-based systems to dynamic, intelligent conversational agents capable of
understanding and adapting to human language. This paper has explored the theoretical foundations
that underpin such systems, highlighting the essential roles of supervised and reinforcement
learning, natural language processing, neural architectures, and structured system design.

A review of the literature revealed a steady evolution in chatbot capabilities, driven by
advances in deep learning and natural language understanding. These innovations enable chatbots
to interact more naturally, handle a broader range of queries, and provide more relevant responses.
However, this progress is accompanied by critical ethical and practical concerns, including data
privacy, model bias, and the opacity of complex Al systems. Developers must consider these factors
at every stage of chatbot design and deployment to ensure trust, fairness, and compliance with legal
standards.

As machine learning models become more accessible and powerful, the potential for building
scalable, personalized, and multilingual chatbots continues to grow. Future research may focus on
integrating multimodal inputs (e.g., voice, images), improving cross-lingual understanding, and
designing systems capable of deeper emotional intelligence and social context awareness.

By grounding chatbot development in solid theoretical principles and ethical practices, we can
continue to advance toward intelligent systems that genuinely enhance human-computer interaction
across industries and communities.
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Abstract: This paper presents the practical implementation of an Al-powered chatbot
designed to process user queries through machine learning and natural language processing (NLP)
techniques. The chatbot leverages an intent-based backend architecture, external APIs, and a neural
network trained on labeled data to deliver context-aware responses. It features integrations with
weather services, Wikipedia, and real-time conversion tools, making it a versatile assistant. The
development process included backend structuring in JSON, model training with TF-IDF and word
embeddings, and GUI creation for enhanced user interaction. The paper highlights challenges such
as intent ambiguity and response latency, along with implemented solutions like asynchronous API
handling and modular scaling. Evaluation was carried out using precision, recall, and user
experience testing. The system’s performance demonstrates the potential of combining deep
learning and modular architecture to build efficient and scalable chatbots. The research also
outlines directions for future improvements, including the integration of transformer-based models
and multilingual support.

Keywords: Al-based chatbot, machine learning, natural language processing, intent-based
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Introduction

The development of intelligent chatbots has become a focal point in artificial intelligence (Al)
research and application, offering a powerful means of automating user interaction across industries.
With the rising demand for efficient, round-the-clock communication systems, Al-driven
conversational agents are being widely adopted in domains such as customer support, education,
healthcare, and entertainment. This paper outlines the practical implementation of a chatbot system
powered by machine learning and natural language processing (NLP), built to address user queries
in real time and across multiple subject areas.

Traditional rule-based chatbots, while functional in narrow contexts, often lack adaptability
and scalability. The project described in this study aims to overcome such limitations by utilizing a
machine learning-based model, trained on structured intent data, and augmented by external APIs
for real-world information retrieval. This implementation allows the chatbot to generate dynamic
and context-aware responses to user inputs, supporting a variety of tasks such as weather
forecasting, temperature conversion, and movie information queries.

The primary objective of the system is to enhance the quality of user interaction through
intelligent response generation, made possible by a modular backend, a structured intent-response
architecture, and supervised model training. Key development stages include backend intent
structuring, API integration, training data preparation, performance optimization, and user interface
implementation.

This article presents a comprehensive overview of the development process, identifies key
challenges encountered, and discusses solutions implemented to improve system performance. The
study concludes with an evaluation of chatbot efficiency and a proposal for future enhancements,
such as transformer-based models and multilingual support, to improve adaptability and user
satisfaction.
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System Design and Development Process

The practical implementation of the chatbot system was guided by a modular and scalable
architecture that integrates both predefined intent logic and real-time data retrieval. The design
process emphasized flexibility, ease of maintenance, and the ability to accommodate future
extensions. This section outlines the core components of the system, including the intent-based
backend, functionality modules, and integration mechanisms.

Intent-Based Backend Architecture

At the core of the chatbot lies an intent-based structure implemented in a JSON format. Each
intent is defined by a set of patterns—frequently asked user inputs—and corresponding responses.
When a query is submitted, the system uses tokenization and linguistic analysis to match the input
with the most appropriate intent. This modular structure allows for seamless expansion and
customization, enabling the chatbot to handle new topics or refine responses based on user feedback
without requiring architectural changes.

This approach not only simplifies the addition of new functionalities but also ensures
consistency across conversational flows. Each intent is associated with a response list, allowing for
slight variation in outputs to reduce repetition. Moreover, intent categories are tagged according to
the domain, making it easier to organize and retrieve responses during runtime.

Functionality Extension via External APIs

To move beyond static responses, the chatbot is integrated with several external APIs. These
include a weather API (OpenWeather), which allows the chatbot to deliver real-time meteorological
updates based on user location inputs. Another key feature is the temperature conversion function,
which performs calculations between Celsius and Kelvin, demonstrating the system's ability to
process and transform numerical data.

The chatbot also utilizes Wikipedia’s public API to fetch general knowledge information,
enabling it to answer open-domain queries effectively. Additionally, integration with a movie
database provides the user with detailed film-related data such as titles, plot summaries, cast, and
ratings. This API-driven approach expands the scope of the chatbot significantly, transforming it
from a rule-based FAQ system into a dynamic, intelligent assistant.

Frontend Interface

To facilitate user interaction, a graphical user interface (GUI) was developed with a minimalist
design, ensuring simplicity and accessibility. The interface features a text input field, a response
display area, and action buttons to send messages. Error handling, suggestions, and conversation
context indicators were implemented to enhance user engagement and reduce interaction friction.

The GUI communicates with the backend via a RESTful API, ensuring that user queries are
seamlessly transferred for processing and response generation. This separation of concerns also
allows for future updates to the backend without affecting the user-facing interface.

Dataset Preparation and Model Training

The chatbot’s ability to understand and respond accurately to user queries is fundamentally
dependent on the quality and structure of its training data. The model was trained using a supervised
learning approach, with a labeled dataset comprising user inputs and associated intent tags. This
section describes the preprocessing pipeline, model architecture, training methodology, and
optimization techniques employed during development.

Dataset Construction and Preprocessing

The initial dataset was built around an intent-response structure. Each intent was defined by a
group of sample patterns (representative user phrases) and matched to one or more predefined
responses. To improve the generalizability of the model, a wide range of sample phrases was
included per intent, capturing lexical and syntactic variation.

Preprocessing included several steps:

« Tokenization, to split sentences into words or subword units;

» Normalization, such as converting text to lowercase and removing punctuation;
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e Stemming and lemmatization, to reduce inflected forms to their root forms;

e Vectorization, using techniques like Term Frequency-Inverse Document Frequency (TF-
IDF) and word embeddings to numerically represent words in semantic space.

These steps ensured that the model could effectively extract linguistic features from user
inputs and generalize beyond seen patterns.

Model Architecture and Training

A feedforward neural network was used for intent classification. The architecture consisted of
an input layer matching the feature vector size, two hidden layers with ReLU activation, and an
output layer using softmax to predict the most likely intent category. The model was trained using
cross-entropy loss and optimized using the Adam optimizer.

To reduce overfitting and improve generalization, dropout layers and batch normalization
were introduced. Regularization techniques, along with early stopping criteria, were applied to
ensure the model did not memorize the training data at the expense of performance on unseen inputs.

*, 'hobbies®, ‘languages’, ‘skills’, “thanks®, ‘work’]
‘can’, ‘data’, 'day', 'do', ‘educ', ‘experi', 'futur', 'good’, ‘goodby’, ‘he’,
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Figure 1. Data Training Processes

Hyperparameter tuning was performed to optimize learning rate, batch size, and the number
of hidden neurons. The model was evaluated using accuracy, precision, recall, and F1-score on a
validation set.

Transfer Learning and Future Adaptation

While the initial model was trained on a relatively simple architecture, the system is designed
to support transfer learning from more advanced language models such as BERT or GPT. These
transformer-based models, pretrained on large corpora, can be fine-tuned on domain-specific intent
data to improve contextual understanding. Their integration is proposed as a future enhancement to
replace or augment the current neural architecture.

Implementation Challenges and Solutions

The implementation of an Al-based chatbot, although promising in functionality and
scalability, inevitably involves technical and conceptual challenges. These obstacles arise at various
stages of development, from intent recognition and external integration to performance optimization
and user interaction design. This section outlines the key challenges encountered during the
chatbot's development and the corresponding solutions applied to ensure stability, responsiveness,
and adaptability.

Ambiguity in User Queries

One of the most significant challenges was the handling of ambiguous or multi-intent user
queries. Many users submitted messages that did not clearly align with a single predefined intent,
causing misclassification and irrelevant responses. The initial model, being a shallow classifier,
lacked contextual memory and struggled with vague phrasing.

To address this, additional training data was incorporated, featuring more diverse phrasing
and borderline examples for each intent. Future improvements will include the implementation of
transformer-based models with contextual embeddings, allowing the system to capture more
nuanced language and better disambiguate complex queries.

Response Latency and External API Delays
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Latency became a concern when the chatbot had to retrieve real-time data from multiple
external sources, such as weather and movie APIs. While the core system responded quickly to
intent-mapped queries, API-dependent features introduced delays, affecting user experience.

To mitigate this, asynchronous API handling was implemented, allowing non-blocking
communication between the chatbot and external services. Additionally, caching mechanisms were
introduced for frequently requested data (e.g., popular movie titles or weather for major cities),
significantly reducing response times.

Integration Complexity

As the number of functionalities grew, managing integration logic became increasingly
complex. Each feature required its own parsing logic, API formatting, error handling, and response
formatting. This complexity threatened scalability and maintainability.

To streamline development, modularization of external services was introduced. Each
function (e.g., weather lookup, temperature conversion, Wikipedia search) was encapsulated into its
own module with standardized input/output interfaces. This allowed the development team to add
or modify features independently, minimizing the risk of introducing system-wide bugs.

System Scalability and Maintenance

Scalability was another concern, particularly in terms of how the chatbot would handle
concurrent user interactions and future expansion. The original implementation used a monolithic
structure that limited flexibility for iterative deployment.

As a solution, the backend was refactored into a modular architecture with stateless
components. This design is compatible with containerization and cloud deployment (e.g., using
Docker), enabling horizontal scaling and simplified maintenance workflows. It also facilitates
continuous integration and delivery (CI/CD), which will support rapid iteration and feature updates
in future versions.

User Interface Limitations

While the backend achieved functional reliability, early feedback revealed that the graphical
user interface (GUI) lacked certain user-friendly features, such as auto-suggestions, input validation,
and dynamic error messaging.

To improve user interaction, enhancements were made to the frontend, including error
prompts for invalid queries, conversational hints, and structured layout improvements. These
changes significantly improved usability and overall user satisfaction.

Testing and Performance Evaluation

To ensure the chatbot met quality standards for accuracy, responsiveness, and usability,
extensive testing and evaluation were conducted throughout the development lifecycle. A
combination of automated benchmarks, manual testing, and user-centered evaluations were used to
assess both the backend performance and the user-facing interaction experience.

\ C:\Users\User\OneDrive\Desktop\learnbot>python chat.py

Le t! (type 'quit' to exit)

You: lweather petaling jaya

Here are the weather details for petaling jaya<bro<braCity: Petaling Jaya<br><br>Temperature: 26°C<br><broWeather Description: few clouds<br><br>Humidity: 974<

You: lweather penang
Here are the weather details for penang<bry<br>City: George Town<br><br>Temperature: 27°C<bri<briweather Description: few clouds<br><broHumidity: 74%<br><browil
You: []

Figure 2. Getting responses by using API

Functional Testing and Intent Accuracy

The primary metric of performance was the chatbot’s ability to correctly classify user inputs
into the appropriate intents. Functional testing was conducted using a validation dataset comprising
inputs not seen during training. Classification accuracy, precision, recall, and F1-score were
calculated to evaluate the model’s effectiveness.

The trained neural network demonstrated strong performance in intent recognition, with
precision and recall scores averaging above 90% across most categories. However, intent overlap
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and ambiguous queries reduced accuracy in certain edge cases. These were addressed through
dataset augmentation and retraining using additional real-world input patterns.

Response Quality and Relevance

Beyond correct intent classification, it was important to measure whether responses were
coherent and contextually appropriate. Manual evaluations were conducted by test users who rated
chatbot replies based on clarity, relevance, and helpfulness.

Testers reported a high degree of satisfaction with the chatbot’s ability to provide concise and
accurate answers. Particularly, API-driven queries such as weather information, temperature
conversions, and Wikipedia searches were highlighted as effective and practical. Slight incoherence
was occasionally noted in multi-intent or vague inputs, underscoring the need for improved context
tracking in future iterations.

(venv) C:\UsersiUser\OneDriveh\Desktophlearnbot>python chat.py
Let's chat! (type 'quit' to exit)
You: Hi

Hi there, how can I help?

You: D

Figure 3. Chatbot Testing

Performance Under Load

The system was subjected to simulated stress tests to evaluate its behavior under high usage
conditions. These tests involved simultaneous queries from multiple virtual users and monitored
response time, memory usage, and error rates.

Results indicated stable performance across a range of user loads, with the chatbot maintaining
acceptable response times even under concurrent interaction conditions. External API calls
exhibited higher latency, which was successfully reduced through caching strategies and
asynchronous processing.

User Experience Evaluation

The chatbot’s graphical interface was also evaluated for usability and accessibility. Test users
interacted with the system in a controlled environment and provided feedback on input clarity, error
messages, visual structure, and overall ease of use.

AZH Chatbot

Hil I'm a chatbot. How can | assist you today?

[fype your message m

Figure 4. User Interface part of the Chatbot

Based on user feedback, enhancements were made to the interface, including input field hints,
error handling mechanisms, and improved message formatting. These changes contributed to a
smoother interaction experience, helping users navigate conversations more effectively.

Evaluation Summary

Evaluation metrics used in the testing phase included:

e Accuracy, precision, recall, F1-score (for intent classification)

e BLEU score (for response relevance in API-generated outputs)

« Latency (average system and API response time in milliseconds)

e User satisfaction score (based on post-interaction surveys)

These comprehensive tests confirmed the chatbot’s functional robustness and laid the
groundwork for future enhancements, including transformer-based response models, multilingual
interaction, and speech recognition integration.
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Conclusion

This paper has presented the practical development and implementation of an Al-powered
chatbot using machine learning and natural language processing techniques. The chatbot was
designed to recognize user intent, generate relevant responses, and provide dynamic functionality
through integration with external APIs. A modular architecture, structured intent-based design, and
interactive GUI contributed to the chatbot’s flexibility, scalability, and usability.

The development process involved several key stages, including dataset preparation, model
training, system optimization, and frontend deployment. The model demonstrated high accuracy in
intent classification, and real-time integrations such as weather retrieval, temperature conversion,
and Wikipedia querying significantly enhanced its usefulness. Performance evaluations confirmed
the system's robustness, reliability, and satisfactory user experience under various operational
conditions.

Nevertheless, the implementation also revealed critical challenges—such as ambiguity in user
queries and latency in external API responses. These were addressed through improvements like
asynchronous request handling, intent refinement, and modular code architecture. Feedback from
user testing informed interface enhancements and guided future development directions.

Planned future improvements include the integration of transformer-based models (e.g.,
BERT, GPT) to enhance contextual awareness and response fluency. Expanding the chatbot’s
multilingual capabilities, adding voice input via speech recognition, and implementing long-term
memory mechanisms are also considered priority advancements. These enhancements aim to
transition the chatbot from a task-oriented assistant into a more adaptive, human-like conversational
agent.

Through the application of modern Al technologies and systematic development
methodology, this study contributes a comprehensive example of how machine learning can be
practically applied to build intelligent, responsive chatbot systems for real-world use cases.
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Aunomauyusn: byn makanada Axmebe KanacvlHbly Meulimmepi MulCANLIHOA — OiHU
MeKemenepoecsi opm  Kayincizoiei owcone oaapobl  JHCOK  JHCOHIHOe2l a3ipaey  wapanapvl
KapacmuipbllieaH.

Tyiiinoi cezoep: epm, epm Kayincizoiei, omip mipwinik Kayincizoiei, cakmawy wapaiapboi,
Kayincizoix wapanapol

AnaM3aTKa TOHETIH Kayill peTiHe OpT OpPKEHUET JaMyBIHBIH €PTEePEK CaThUIAPBIHAA-aK OPBIH
aJIFaH eJli. ©OpT Ka3ipri yakpITTa JIa HET13r1 KayinTUTiKTepAiH Oipi OOJIBIN TaObLTa IbI, OJT XKbUIT CAalbIH
OHJIaFaH MBIH aJjaM OMIpiH aJIblll Kelledi, MIUTHOHIAFraH aJaMIapAbl OacraHachl3 KaJIbIPHIIL,
TYHUESKY3UTIK 9KOHOMHKaFa opacaH 30p 3USH KenTipelni. OpTTIH alJablH aly MEH COHIIpyi
aKmapaTThIK KaMTaMachl3 €Tyre, epT KayilCi3diriH KaMTamMachl3 €Ty CalachlHIarbl >KaHa
MHHOBALMSUIBIK TEXHOJIOTUSIIAP/IbI XKacayFa KaTbICThl KOJAaHOANbI FBUIBIMU d31pJIeMeliep epeKiie
©3CKTLIIKKE He.

Opr kayincizairi MECT 12.1.033-81 GolisiHina pertenei. OpT Kayinci3AiriHiH KaMTaMachi3
eTUTyi agaMIap/IbIH JCHCAYIIBIFBI MEH OMIPiH CaKTayFa YITTHIK OAMIIbIK HETIKTTepl MEH KOpIIaraH
OpTaHbI KOpFayJIarbl MEMJIEKETTIK iC-IIapanapAblH €H 0acThIChI OOJBIN TaObUIAIbI.

OpT Kayilci3airiHiH €H MaHbI3bI TATICKIPMACHI: KYPBUIBIC FUMapaTTapblH KHpayaaH KYTKapy
KOHE ONIapJAbIH OpT KEe3IHIEerl >KOFapFhl TemIepaTypa dcepi Ke3IHIEeri KEeTKUTKTI OepiKTIriH
KamTamachI3 ety [1].

3eprrey obObekTici: AkreOe oOmbichiHAarbl Hyp Facelp memniti MoaceneHiH 3eprreny
nopexeci: 3eprrey 0appichiHaa 2020 KbUTFBI OPT COHIIPY JKOHE aBAPHUSIIBIK-KYTKAPY KYMBICTAPHI
OoibiHIIA Tanpaynap kypriziiai, Hyp Facelp MemniTiHiH epT Kayinci3airi OOHBIHILIA KaIlbl
TajanTapbl MEH KYpbUIBIMAApPBIHA Tajjayjap *KYpri3uiai, MOXKUIIC koHE ac OeiMeciHiue Ooysl
MYMKIH ©pTTi CeHJipy OOWbIHIIIA ecenTeynep >KYPri3iiani, epTeHreH MENNTTEpIiH ©pTEeHY
cebenTepiH aHBIKTAJIBI.

MakcaTThl: MEIIITTepAeri epT Kayinci3airi, opT 0oJFaH Karaiiia KoJjgaHaThIH LIapanapsl,
epexenepl, FUMapaTTblH OPTKE TO3IMAUII1, ©pTTI TyAblpaThlH OObEKTUIEpl >KoHE epT OosiFaH
Karaaiaa agamMaapasl dBaKyausiay xKouuapsl 1.0.

Minnerrepi:

— Memritreperi epT Kayirci3airiHiH TajlanaTapbIHbIH COHKECTIT1.

— MewriTrepzeri epT Kayinci3/ik epexenepiHiy )KYMbIC OapbIChIHIAFbl OPbIHJATYbIH.

— MermritTeri epT COHAIPY KYpaaaapbIMEH KaMTaMachl3 €TiTyi.

— MemriTrepae epT OoJFaH JKaFaaiiia anamaapabl dBaKyarsiay sKOJIaaphl.

XKymbic HOTHXKenepl KOOaJbIK IIEHIMIEpre capanTaMma JKYprizy JKoHEe KOoOalbIK
KyKaTTaMaHbl 93ipiiey IIeHOepiHAe OpT Ke3iHAEC aJaMIapiAblH KO3FalIbIC OaFbITTAPhIHBIH
Kayirmei3airin Oaranay ymIiH, »kaHa xalapiay KypajjapblH >koOanay YIIiH, ©pT Ke3iHjae
KOJIZIAaHBICTaFbl Xabapiay »oHE JBaKyalMsSHbI OacKapy >KYHeJIepiH d31pyiey KoHE KETULIIpY
Ke3iHJle, COHJIali-aK OKYXaTThIFy KUBIHIAPBIH YHBIMAACTHIPY KE31H/e NMaii1amaHbuIybl MyMKiH [2].

FbuibiMu KaHaNbIFBI 3epTTEY OapbhIChIH/IA AJIFALL PET JKaHA FbUIBIMU HOTHIKEJIEP aJbIH/IbI:

0 “MexayHapoJHBIA HAyYHO-UCCIefoBaTenbcKui 1eHTp “Endless Light in Science”



TEXHUYECKHE HAYKH
Impact Factor: SJIF 2023 - 5.95  HNIEAL SCTENCES
2024 - 5.99

-KO3FaJIbIC MApUIPYTHIHBIH KayINCI3/IrH CUIATTalThIH 3 KpUTEpHAJIIbl KEIIeH 11 KOPCETKIII
HEri31HJe OpT Ke3iH/Ie FUMapaTTa aiaMJaap KO3FalbICHIHBIH KAyYIICi3 MapIIPyTTapblH aHBIKTAYIBIH
MaTEeMaTUKaJbIK MOJEI KYpPbLIbI;

- FUMapaTTaFbl aJlaM/1ap KO3FaJIbICBIHBIH KayiIci3 OaFbITTapblH aHBIKTAY/IbIH MaTEMAaTUKAJIBIK
MOJIEJTiHe HETi3/IeIreH OpT Ke3iH/e IBaKyallusiHbl OacKapy/bl aKIapaTThIK-aHATUTHKAIBIK KOJIay
o/licTeMeci MEH alropuTMAEpI 331piIeH ],

JunarpammaNe]l
OpTTi COHIPY YaKbITHI (MTalbI30CH amFaH/Ia)
40
F ot
30
20
10
0
2014 2015 2016 2017 2018 2019
15 muH. geiily 7,2 64 6,1 7,3 8,7 75
30 mun. gediip 11,8 9,6 10,3 13 13,6 14,3
1 car. geitin] 20,1 232 239 238 25,4 26,3
2 car. geiiiH 37,6 27,6 25,2 26,7 25,8 24,7
2 car. apThiy 23,3 329 26,4 29 26,1 27,1
* I

FuGanat opblHAapbIHBIH KayiNCi3iriHe KOWBUIATHIH YKaJIIIbl TaIaNTap

Jinu fumapatrtap MeH [IHUM FUMaparTrap KeLeHAEpiHIH epT KayllCi3Airi YIIiH Herisri
epexenep MeH Tanantapsl. HopMaTuBTik ciitemenep.

Och1 epeskenep )KUHAFbI KeJeCl HOPMATUBTIK CIITEMENepre COMKeC sKacalbIH/IbL:

—T'OCT 12.1.004-91 «Opt Kayincizzairi. XKanmsl Taganrapy.

— I'OCT 30244-94 Kypbuibic Matepuaigapbl. JKaHFBIIITHIFBIH TEKCEPY 9iCTEPI.

— SP 1.13130.2009. OptTen Kopray xyhenepi. DBaKyalus *)oJaapbl MEH IIBIFY KOJIaphl. —
SP 2.13130.2009. Optren kopray xyhenepi. Kopray O0OBEKTiIEpiHIH OTKAa TO3IMIUTITIH
KaMTaMachI3 Ty.

— SP 3.13130.2009. OpTtTen kopray xyienepi. OpT Ke3iHAe ajaaMaapibl dBaKyalusIay bl
€CKepTy KoHe OacKapy xyieci. OpT Kaylnci3airi TajanTapsl

—SP 4.13130.2009. ©Optren Kopray xyienepi. KopranaTelH 00BEKTIIEpIEC OPTTIH TapadyblHa
mekreynep. KeHicTiKTi ocnapiayFa ’oHe KYPhUIBIMABIK IIeIiMepre KOWbIIATHIH TaJlanTap.

— SP 5.13130.2009. ©ptTeH Kopray xyienepi. ABTOMaTThl ©pT JaObUIbl JKOHE COHIIPY
KOHJIBIpFBUIApHI. [[n3aitH HopMagapsl MEH epexerepi.

— SP 6.13130.2009. OptreH Kopray Kydenepi. DIeKTp KaOAbIKTapbl. OpT Kayirci3miri
TaJanTapsbl.

— SP 7.13130.2009. Xbu1bITy, XKenaeTy xKoHe aya Oanrtay. OpTTeH Kopray TananTtapbl.
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— SP 8.13130.2009. Optren kopray xkyhenepi. CBIPTKBI 6pTKE KapChl CyMEH KaOJbIKTay
Ke37epi. OpT Kayinci3airi Tamantapsl.

— SP 10.13130.2009. Optren kopray xyienepi. Imki epTke Kapchl CyMeH a0abpIKTay. OpT
Kayirci3/iri TajganTapel.

—SP 12.13130.2009. XKapbuibIc xoHE OpT Kaylli YIIiH Yii-)KalIapabIH, FUMapaTTapAbIH )KoHE
CBIPTKBI KOHBIPFBUIAPABIH CAaHATTAPBIH aHBIKTAY.

— SP 31-103-99 IlpaBocnaBue miipkeylIepiHiH FUMapaTTapbl, KYpPbUTBICTAPbl MEH KeIIEHIEPi.

— SNIP 23-05-95 Taburu sxoHE )KacaH bl )KapbIKTAH/IBIPY.

— SNIP 35-01-2001 MyMKiHziri mexTeysi anamaap YUIiH FUMapaTTap MeH KypbUIbICTapIbIH
KOJI skeTimaimiri [3].

Minu  2umapammap MeH KYpwliblcmapovl OpHAIACMbIPY Ke3iHoe opm  Kayincizoici
mananmapbl.

1. iau fuMaparThlH OWiK O6NiriHIH eleHAepiHe aBTOMEXaHUKAJBIK OacrangakTap MeH
KOTEPTiIITepJICH OpT COHMIPYIILIEP Kipyl KepeK.

2.OpT ceHipyIIiJepre MOTOp OacmasiakTapblHaH )KoHE aBTOMOOMIIb KOTEPTilITepiHEeH Kipy
Tepesesnepl Oap Ke3-KenreH Oesmelnepre XKoHE FUMapaTTaplblH MIATHIPIAapbiHAa (KOHABIPHUIFAH
KYpBUIBIMAApPBI KOCHaFaHIa - KyMOesnep, MyHapamap, jkKoHe T.0.) epT eTkemuepi OoitbiMeH
UMITOPTTHIK KYTKapy >Ka0AbIKTapbIHBIH TEXHUKAJIBIK MYMKIHAIKTEPIH €CKEPE OTHIPHIN, KAMTaMachl3
eTiTyi KepeK.

3.OpT ceHIIpy MalllMHAJIAPBIHBIH MEIIT ayMarblHA KipylHEe apHalfaH KaKIaHbIH allbLly
omikTiri keminzae 4,5 M, ai eHi -keminae 3,5 M 00JIybI Kepek.

4.OpT ceHIipy MaIlMHAJAPBIHBIH KipeOepicTepi ©pTKe Kapchl THIpPAHTTapFa JKOHE
FUMapaTThiH OapiblK KipeOepicTepiHe, COHAAi-aK aBTOKOJIK KYpaJlAapbIHBIH ©PT COPFBUIAPHIH
KOCY YIIiH 1IIKi ©pTKEe Kapchl CyMEH >KaOJIbIKTay J>XYMECIHIH CBIPTKBI CalalblK KYOBIpIaphI
OPHATBUIFaH KepJIepPre OPHATACTHIPBUTYHI KEPEK.

5. JIinn FUMapaTtTaplaH KepIIiJieC FUMaparrap MEH KYpbUIbICTapFa ACHIHI1 KaIIbIKTHIK,
ONIapIbIH OTKa TO3IMIUTIK JmopekeciHne OaimanpicThl KaszakcTan PcmyOnmkacwelHBIH —«OpT
KAYINCI3MITiHIH TaJanTapbl Typalbl TEXHHUKAJIBIK pPErIaMEeHTTep» 3aHblHA COMKeC KaObUIIaHYBI
KEpexK.

6.ChIpTKBl ©pTKE Kapchl cyMeH jxa0abikray sxyieci SP 8.13130 rtamanTtapbiHa coiikec
»)o0anaHybl KEPeK.

7.Jlinu FUMapaTThl CBIPTKBI OPTTI COHAIPYTe apHAIIFaH CYABIH IIBIFBIHBI, KYPHUIBIMHBIH OTKA
TO3IMIUTIK IOpEKECiHE KapamacTaH, KeM JereHae 1-kecrene KopceTuIreHAe KaOblIIaHybl KEPEK
[4].

Hyp Facoer memniti xannel 4 xabartel rumapar. 1 kabarra 11 Genme, 2 kabaTTa epiepre
apHanFaH Hama3xaH Oenmeci, 3 kabarTa olenmepre apHajaraH HamaszxaH Oenmeci, 4 kabatTta 25
6emme 6ap. Mynapa owuikTiri 63 metp. Kypbeutsic aymanst 3478,9 111.M alibIn sKaThIp, KBl ayJaHbl
1261,2 m.mM. Kypaiinel, KaObIprajapbl TEMIp apMaTOpAaH TOKBUIBIN OETOHABI TaKTalapaaH
JKacaJFaH, €CIKTepl arall, olHekTepl amomenuit ruiactukrep. Fumapar BOPC epr nabwuibiMeH
xabnpiktanrad, (OPT/AKAVIJIBIK/ HA3ZAP AVY]JIAPBIHbBI3 xabapnamachlHbIH pelieci apKbUIbI
xabap OepeTiH epTTi xabapJarbllll OPHATBUIFAH OPT Ja0bUIBI NUICH(IHIH Kaill-KyHiH OakKbuiay
(LILIT);) xy3er xaitpina gabbut Oenricin Oepeni. OTKa Te3IMALIITI kaFbiHaH FuMapat Il neHreiini
Kep Toenene 10 koiima 6ap. Hyp Faceip MemiTiHiH opT Kayincizairine Ka3ipri Tanaa 1 agam sxayan
6epeni. ['mapanT xok. bapnbik kabaTTapna sBykauus >xocnapsl 6ap. JXKanmsl anranaa ept Oonran
JKaraaina agamaapabl dByKalusiay OapbhIChIHIA CHIPTKA IIBIFATBIH 6 ecik 6ap. OHBIH 2-yi xep
tenene. O0nbicThIK «Hyp Faceip» memritinge 12 imki kpan 6ap, ojap Kejeci TOpTiNTe OpHalacKaH:
xeprenene 4 man, Oipinmi kKabatta 4 maHa, ekiHIIl KabaTTa Hama3xaHajaa 4 nmana. Imki cymeH
XKaObIKTay JKEJICIHIEerT KBICBIMHBIH KOFapbUIaybl YACTKIII COPFhUIAPMEH JKY3€Te achIpbUIabl.
ChIPTKBI CyMEH >KaOJbIKTAy YaKbITIIA XYMBIC ICTEMEW i (6pT THAPAHT Tapbl OpHATHUIMAraH).
Kasipri yakpITTa epT rujporapaHa apHainFaH 2 KyAblk Oap. Herisri Opt cenniprim -2. An Kon
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KpaHAapbl MEH epT coHiprim-25. by apbip 6enmenep MeH kabattapaa 6ap. Kym canbiaran Oeiiike
-2. OpTke Kapchl >KolikTep opHanackaH. JKep Tesene epT coprbickl Oap. Memriteri epr
KayIIci3airine JkayanTtsl aJiaM 0apiibIK OpT COHIIPY KypalapblHa )KOHE )KypHAIIJapFa )KayanThl [S].

KopbITbIHIBIIAN KeTle JUIUIOMIBIK TAaKbIPbIT OOWBIHIIA KOHE >KYPTi3UIreH 3epiTTeynep
OapeiceiHaa Hyp Fackip MenniTTiHIH KoHE e FUMapaTTap/IblH Kayilci3irid KYmenTy MaKcaThIHIa
TOMEH/JICT1/IeH YChIHBITA KeNTIPUIII:

— Oprtreri xargaiIbpl y311Kci3 0apiayibl YHBIMIACTHIPY KYMBICTAPBIH KYIIEHTYA1

— Hyp Faceip memiitine ruipanT OpHATYyIbI.

— TyprelH yislep MEH fuUMaparrapia >XaHFbIl MaTepUalfapiAbl IaiJagaHyFa THIABIM
cajiplpca

— Fumaparrapaa, cayna yinepinae, 6a3apiapaa, TYpFbIH Yiiepae KaHmail ga Oip skeHaey
KYMBICTaphI XKYPri3iJice oJ1 Keplie opT CoHaipy OeliMiHe kayanTsl Oip ajgaM Kajarajiaca HeMece
TeXHUKAJIBIK KayIMCi3/IIKTI KajarajaHca.

— Kamry xonpapsin yiranrca

— ABTOMATTHI JaObUI )KOHE OPT COHIIPY XKYHeaepiH KeHIHEeH eHTi3y

— Opt Kayincizairi 0oibIHIIA YHBIMIACTBIPBUIBIT OTBIPFAH iC-IIapajapibl KakcapTy YIIiH
PO UIAKTUKAIIBIK YUBIMAACTHIPYIIBUIBIK )KOHE TEXHUKAJIBIK 1C- IIapasiap/bl )KYHEIl THpe KYPri3y

— «OpT Typallbl €CKepTy MEH 3BaKyalUsHbl 0aCKapyIblH aBTOMATThI KYHECiH» OpHATY/AbI
YCBHIHIBIM, OVJT ’KaFBIMCBI3 cajiiap Kayiri aiTapiablKTail ToMeHaeTel [6].
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KHUCJIOT B COCTABE PA3JIMYHbBIX PACTEHUAX
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HedTerazoBoro ceppuca TamKUKCKOTO TEXHUYECKOTro yHUBepcuTeTa uM. akaa. M.C. Ocumu

HACPEJIUHOBA TAPBUHA MYXPUIUHOBHA
KaHJIUIaT TeXHUYECKUX HAayK, CTApIINH IpernoiaBaTesib Kadeapsl nepepadoTka
SHEProOHOCUTENEH U HeTera3oBoro cepBrca TaKUKCKOTO TEXHHYECKOTO YHUBEPCUTETA UM.
akan. M.C. Ocumu

PAJI’KABOBA MAH3YPA KHEMYI[I[HHOBHA
aCCUCTEHT KadeIpbl OMOXMMHH U TEHETUKU TaPKUKCKOTO Mearornieckoro yHUuBEpCUTeTa
nMeHn C.AHu

Annomauusn. B oannoi cmamve npugedena ungopmayus o e1uUsAHUE 2A308bIX OMX0008 HA
ouoxumuro 0opazoeanus KapOOHO8bIX Kuciomel 6 pacmenusax. Hecmomps na mo, yumo npupooa
Taoorcukucmana 60 cem mupe cuumaemcsi OOHOU U3 CamblX IKOIOSULECKU YUCTBIX MeppUumopull,
cywecmayiom HeKomopbwle Kono2udeckue npooaemsl. Hayunvle uccnedosanus u uccie0o8anus 6
amotl obracmu 0arom 803MONCHOCHb He MOIbKO OYEHUNMb IKONOSUHECKVIO CUMYAyuio 8 pecuoHe,
HO U pazpabomams Hymu YIy4uleHus IK0I02U4ecKou 00CmanosKku. /s 00CmudiceHus smux yenetl
npogedenie IKCNePUMEHMATbHBIX AHAIUZ06 NO ONPeOeIeHUIO GIUSHUSL 2A3000PA3HBIX bLOPOCOE HA
OUOXUMUIO  PACMUMETbHBIX KOMNOHEHMO8 He  AGIAEeMCS  HEe3HAYUMENbHbIM, HO MOdicem
cnocobcmeosams  pewleHuio  npooaemMbl  MemaboIUYecKol  3A8UCUMOCIIU  BEecm8 U  UX
Ouo02UYeCcKOU NPOOYKMUBHOCTNU 8 3A8UCUMOCTU OM JTOKAILHOU CPeObL.

Knrouesvie cnosa: cazosvie omxoobvl, pacmeHnusi, Op2aHu4ecKue KUCiomyl, KUCIOMHOE YUCILO,
IKCMPAKYUSL, XPOMamozpapus, d110am.

Oprannyeckie KHCIOTHI MPUCYTCTBYIOT B COCTAaBE JIOOBIX PACTCHHH M MX MaccoBas JOJIS
paBHa 2%. Ha OCHOBaHMM TPOBEJEHHOTO SKCIEPUMEHTAIFHOIO aHajlN3a YCTAHOBIIEHO, YTO
KOJIMYECTBO KHUCJIOT MakCUMalbHa B (azax OyTOHH3allUK U ceMeHaoOpa30oBaHUs pacTEHH, a Ux
MaccoBasi 10JIs1 HOCTENIEHHO CHIXKAETCS MPU CO3PEBAHHUM IUIOI0B M CEMSTH pacTEeHUI.

OnHOWM W3 NPHYMH YMEHBUICHHS KOJMYECTBA KUCIOT B CEMEHAaX MACIHYHBIX PACTECHHM
ABIsieTCsl 00pa3oBaHUE Macell B UX BEreTaTUBHBIX YacTaX. bruoxumust o6pazoBaHust )KUPOB U Macell
CIIO)KHA, a TPOLECCHl MX MeTaboNM3Ma BKIIOYAIOT HECKOJBKO CTaJAWid. YTIEBOMBI SIBISETCS
KOHEUHBIM ChIpheM B OHOXMMHYECKOW peakuuu MmacioobpasoBanus. Iloxg geiictBuem
OMOKaTaIN3aTOPOB YIJIEBOJBI U3 COOCTBEHHBIX MOJIEKYJ IPOM3BOIUT INIMLIEPUH U OPraHUYECKue
KHUCJIOTHI.

['muuepuH B3auMOJCHCTBYET C BBICOKOMOJIEKYJISIPHBIMM KapOOHOBBIMHM KHCIIOTaMHU IpH
y4yacTuu (pepMeHTa Inna3bl 1 00pa3yeT raunepuabl. [ Tuiepuasl COCTaBIAI0T OCHOBY XUMHYECKOTO
COCTaBa JKUPOB.

[lyrem umccrienoBaHuil M M3y4EHHH YYEHbIE ONPENENIWIM, YTO XJIOPO(GMILT UrpaeT OueHb
BaXKHYIO POJIb B OMOJIOTNYECKOM IPOAYKTUBHOCTH PACTEHUH, B TOM YHUCJIE CBOOOIHBIX U CBSI3aHHBIX
KHUCIOT. XJI0pohuiut obsagaet oco0oif akTHBHOCTBIO B Mpoliecce GpoTocuHTe3a. B cooTBeTCTBUM C
Hay4YHbIMM JIOCTHIKCHUSIMHU HCCIIeoBaTeNel B JaHHOW 00JacTH MOXHO CAENaTh BBIBOJ, 4YTO
OOJIBIIMHCTBO METAa0OJMYECKUX TPOIECCOB, BKJIIOYAs OOpa3oBaHHE CBOOOIHBIX KHCIOT H
CBSI3bIBAHME TJIULIEPUJIOB, TAKXKE SBIISIOTCS OMOXMMHUYECKHMMHU acleKTaMu.
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C yuetoMm storo «Kucnornoe uncio» (KU) BeretaTuBHBIX 4YacTeil MacIMYHBIX PACTEHHH,
SIBJISIFOILIUXCS] OOBEKTOM MCCIIEIOBAHUS, ONIPEICISUIA B COOTBETCTBUU C METOUKOM [ 1-4].
Pe3ynbTaThl peacTaBieHbl HA pUCYHKax 1, 2.
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Pucynok 1 — U3menenusi K4 Ha 3tanax pocra u cospesanus cemssH ATM u BP
230x: ATM - ARCTIUM TOMENTOSUM MILL, BP - BUNIUM PERSICUM; A - ¢a3a
cemenaobpaszoeanus 6 pacmenuu;, b — gpaza npeocospesanus ceman, C - ¢paza nocie noiHoco
CO3peaHuUs ceMsiH
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Pucynok 2 — U3menenne KY npu pocte u co3peBanun ceman GOSSIPIUM HIRSITUM
L, tuna Mexpron u AMPELOPSIS VITIFOLIA (BOISS)

D30x: AVB - AMPELOPSIS VITIFOLIA (BOISS), GhL — s0po cemsan xnonuamnuxa muna
«Mexpeony, A, B, C - ce30HHbIe ¢hasbi.

Kax BuiHO U3 peicTaBIeHHBIX Pe3yabTaTOB, BO BCEX CIydyasX COCTaB BET€TaTHUBHBIX YacTeH
HCCIIEIyeMbIX PACTEHHI NMEET MaKCUMaJIbHOE 3HaYeHHE KUCIOTHOCTHU. [IpH (pa30BbIX mepexoaax,
KOT'/Ia CeMsIHA CO3PEBalOT, 3HAUYEHUE KUCIIOTHOCTH CHUKAETCS.

OTH pe3ynbTaThl IOKA3bIBAIOT, YTO KOJWYECTBO BBICOKOMOJICKYIISPHBIX CBOOOJHBIX
KapOOHOBBIX KHUCJIOT B (ha3e MpopacTaHus 3HAYUTEIHHO BBINIE, Ye€M B JBYX Apyrux (aszax
co3peBaHMsl ceMsiH. [IpyurHa CHMKEHMSI TOKa3aTelslsl KUCIOTHOCTH 3aKJIF0UAeTCsl B TOM, UYTO 3TH
KHCIIOTHI pearupyroT ¢ TIUIEPUHOM CEMsIH MO/ IelcTBUEM (epMEeHTa JUMa3bl U OUOCUHTE3UPYIOT
runepuasl. [ munepuast conepxar kKapOOHOBBIE KUCIOTHI B BUAIE CIOKHBIX 3(upoB. C 3TOM TOUKH
3peHusi B TMpoliecce OIpeNeeHus 4YHcia KHUCIOTHOCTH OHM HE MOTYT HENOCpPEICTBEHHO
B3aMMOJICHCTBOBAThH C TATPAHTOM KaK CBOOOIHBIE KHCIIOTHI.

B nurteparype 510 cuX MOp OTCYTCTBYIOT HaydyHO OOOCHOBAaHHBIE CBEJEHHUS O BIHSHUHU
(haKkTOpOB BHEIIHEW cpe/ibl Ha MeTabOoIMYecKHe MpoLecchl 00pa3oBaHUs OPraHUYECKUX KUCTIOT.

C nenpio u3y4yeHMs BIUSHHUS (PaKTOPOB BHEIIHEH cpelbl Ha MeTaboJMYEecKHe IMPOIECChI
0o0pa30BaHUsl BBHICOKOMOJIEKYJISIPHBIX KHCJIOT B pAcTeHUSIX HaMH OBLIM MPOBEIEHBI DS
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OKCIICPUMCHTAJIBHBIX aHAJIN30B. B X0O€ TMPOBCACHUA OTHUX I/ICCHG}IOB&HI/Iﬁ HaM yaaJloChb
pa3zpaboTaTh HOBBIH METOJ KOJMYECTBEHHOTO aHAJIM3a OPTaHMYECKHUX KHCIOT. TeXHHKa 3TOro
METO/1a aHAIU3UPYETCS U 00CYKIaeTcsl Ha PUCYHKE 3.

Kak BUIHO M3 METOJMKM MPOBEJICHUS aHAJIU3a, KOTOpas MpEACTaBIeHA HAa PUCYHKE 3, JJid
BBIJIEJIEHUS] OPraHWYEeCKOM KHCIOThI W3 COCTaBa HCCJIEIyeMOro MaTepuaia aHalIu3upyemoe
pacteHue nojaBepraroT cyiike. [locne cyliku uccienyemMoe pacTeHUE M3MEIbYaloT C MOMOUIbIO
HeOOJBIION Ta00pPaTOPHON METBHUIIBI U TOMELIAIOT B CIEIHAIbHbIE MAaTPOHBL. 3aTEM MaTPOHBI
nomMeniarT B anmapat Cokciera u SKCTParupyroT XjaopodopmoM o 7 yacos [5-11].

O6beKT HcClIeJ0BaHUS
(BereTaTHUBHBIN YaCTH
pacteHus)

[lomemieHue B
Xnopopopm anmapar <+—— | UsmesbyeHue Cymka
«Cokcyer»
Fopsausas
Ocrarox SKCTpaKIusl — > IKCTpaKT BeinmapuBaHue
(t°=60-65°C)
HeitTpanusa 4 Pasnenenue 0O6paboTka
st BOJTHOTO +— JIUTIU/I0B
pacTBopa ¢ pacTBopa ¢ BOJIHBIM /lannabt
HCl MOMOILbIO pacTBOpoM
l JeJIUTeJbHOH KOH
XoJsioaHas Pasgenenue BrimapuBaH [Tonyyenue
3KCTpaKLus pacTtBopa ve pacTBopa KOHIEHTPAT
CHsCl xJopodopma xsopodopma a
OpraHUYeCcKH
Onpesenenn Brigenenue T ]
KUCJIOT OHKOCJIONH
€ KUCJIOT Jroanusau «— METOZOM as
MEeTO/I0M KHUCJIOT
THTPOBaHHA BBICKaOJIMBaHU XpoMarorpa
q dus

Pucynok 3 — TexHosorus onpeeneHus opraHuuecKux KUCIoT pa3pad0oTaHHBIM METOJIOM
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DKCTpaKIHMIO MPOBOIMIN Ha BOASHON OaHe mpu temmepatype 68-70 °C, B pe3yibTare 4ero
MOJy4Yanu  XJIOPO(QOPMHBIM  AKCTPAKT HCCiIeayeMoro pacTeHusa. [lolyuyeHHBIH HSKCTPaKT
¢dbunpTpoBasn ¢ ucnosb3oBanueM ¢puabTpa «SHOT». 3aTem pactBopuTens (XJI0poPopM) OTASTSITN
OT DKCTpaKTa BHIITAPUBAHHEM.

[locne BhIMapuBaHUs UCCIENYyEMbIH SKCTpakT oOpabaThiBamu BOAHBIM pacTtBopoM 0,1 H.
KaJueBoH menoun. Takas 06paboTka NpUBOJIUT K TOMY, YTO KUCIIOTHI, COJepKAIHecs B IKCTPAKTE,
MpeBpallaloTCsl B WX KalueBble conu. Kak M3BeCTHO, BCE KajHeBble COJMUM Majlo- U
KPYITHOMOJIEKYJISIPHBIX KapOOHOBBIX KHCIJIOT XOPOIIO PAacTBOPHUMBI B BOJE. DTO (PHU3NYECKOE
CBOWCTBO BBI3BIBAECT MEPEXOJl COJEH OPraHMYECKUX KHCJIOT W3 OPraHUYECKOM YacTH CMECH B
HEOPraHMYECKyl0 4YacTb, TO €CTb B BOJHYIO0 4acTb. OTAENsAaM BOJHYI YacTb CMECH OT
XJIOpoOPMHOH (OpraHUYECKON YaCTH) C TIOMOIILIO EIUTEILHON BOPOHKH. B CBs3u ¢ Tem, 4To
IUIOTHOCTH BOJJHOW YaCTH SKCTPAKTA BBIIIE INIOTHOCTH XJIOPO(GOPMHOM YacTH, U3 BOPOHKU CHavaja
OTIENSUTN XJIOPOGOPMHYIO YAaCTh CMECH.

Jis ruaponm3a KaaueBBIX colielt KapOOHOBBIX KUCIIOT Mcmoib3oBanmu pactBop 0,1 H. NCL
[Ipu BBIOTHEHUM STOTO NEHCTBUS TOYKY SKBHBAJICHTHOCTH PEAKIMHU OMPENEISUIM C TOMOIIBIO
YHUBEpCAIbHOrO OyMakHoro wuHAaukaropa. llocine HeWTpamu3auuu pPEaKUOHHOM —Cpenbl
PEaKIMOHHYI0 CMECh MOBTOPHO MOJBEPrajy XOJOJHOW 3KCTpakuuu xjopodopmoM. B kauecte
HKCTpPAreHTa B MPOLECCE HIKCTPAKIIUHU HCTIOIB30BAIH XJIOPOPOPM.

OTOT MeTo1 pabOTHI MOMOTAET MEPEBECTU BHICOKOMOJIEKYISPHbIE OPTaHUYECKHE KUCITOTHI U3
BOJHOM YaCTU PEaKIMOHHOW CMECH B OPraHMYECKyro 4acTb cMecH. C IeNIbl0 CHIKEHUS pacxozaa
MaTepHaoB MPU XpoMaTorpadhuieckoM aHaIN3€ SKCTPAKT BhIMAPUBAIH U Pa30aBIIsLIH.

Jlyist ompeneneHus] BIUSHUS T'a3000pa3HBIX OTXOJOB Ha OMOXHMHIO KHUCIOTOOOPa30BAHUS
WCIIOJIb30BaJIl METOJl TOHKOCIIOMHOW xpomaTorpaduu. XpomaTorpauueckuil aHajan3 KHCIOT
MIPOBOIVIIM B COOTBETCTBUU C TUTepaTypoii [13,14] B xpomarorpadpudeckux cuctemax xjaopodopm
- MEeTaHoI - YKcycHas kucnota (1:1:0,1) u xnopodopm - n3oamunoBslid cnupT - ammuak (2:1:0,1).
B xauecTtBe naeHTrduKaTOpa Npu XpoMaTorpapudeckoM aHalIu3e COCTaBa UCCIEAYyEMbIX PACTCHHUI
ucnonb3oBaiu 0,1% pactBop OpoM(peHOTOBOrO CHHETO.

Takum 00pa3oM, ¢ MTOMOUIBI0 METOAOB (PH3UKO-XMMHUYECKOTO aHaIM3a U OMOXMMUYECKHX
METOJIOB HCCJIEIOBaHMS H3yuyeHa AMHAMHKA W3MEHEHHUS BBICOKOMOJEKYJSPHBIX KapOOHOBBIX
KHMCJIOT. YCTaHOBJIEHO, YTO KOHEYHBIM IPOJYKTOM 00pa30BaHuUs TIMLEPUAOB B BEreTaTHBHBIX
OpraHax MacJIMYHBIX PACTEHUH SBIIAETCS INIIOKO3a. BUOCHHTE3 rMIiepruHa U BBICOKOMOJIEKYIISIPHBIX
KapOOHOBBIX KHUCJIOT MPOUCXOAUT U3 IMoKo3bl. Ilociae 3Toro OGMOXMMHUYECKOTO COOBITHS
BBICOKOMOJIEKYJIIpHbIE KapOOHOBBIE KUCIIOThI PEArUPYIOT € INIMLIEPUHOM U CTAHOBSATCS MPUYMHOM
MOSIBJICHUSI Macesl B BEreTaTUBHBIX YaCTSAX PACTEHUN. DTa peaklys KaTaJUTHUYecKas U MPOTEKAeT ¢
ydacTheM (pepMeHTa JHUIMa3bl.
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Abstract. The article discusses corona discharge devices and apparatuses. The development
of highly efficient ozonators and the creation of environmentally friendly technologies are becoming
important for Kazakhstan. It is known that in order to obtain a corona discharge in gases, it is
necessary to create a high electric field strength by using electrodes of various shapes, in particular
wires and tip electrodes.

In many publications of Kazakhstani scientists, based on theoretical and experimental studies,
various modifications of ozonator cells have been developed and tested, which were the primary
link of all OCD-type ozonators. In all cases, a negative corona was used with constant or alternating
supply voltage. They mainly differ in the configuration and shape of the corona and external
electrodes and the method of purging the discharge zone with atmospheric air. These ozonators were
distinguished by their simplicity of design and ease of operation and significantly benefited in
energy terms compared to their foreign counterparts. As a rule, a high negative potential is applied
to the external electrode, as a result of which an electric discharge occurs between the external and
the corona electrode, in which ozone synthesis occurs. The corona electrode determines the
characteristics of an electric discharge and degrades over time due to erosion, oxidation, and
heating. The similarity of their characteristics, in particular geometric dimensions and
interelectrode distances, is critical in the case of using point electrodes.

Keywords: discharge, corona, external electrodes, negative potential, geometric.

Introduction. Environmental problems are currently global and joint actions of the world
community are needed to solve them, since ecology has no borders and if we have the source of
pollution, then pollution itself affects our neighbors — near and far. Therefore, now more and more
funds are being invested in environmental projects, because the consequences of environmental
disasters can be irreversible. This includes the destruction of the ozone layer, and large-scale
pollution of water resources, soil, and atmospheric air [1].

Of particular relevance with the use of ozone (ozone technology). Considering that
Kazakhstan is one of the most unfavorable CIS countries in terms of ecology, the development and
implementation of these devices for ozone generation and the creation of ozone technology are
currently becoming particularly acute and topical for the ecology of the Republic. Their use
eliminates the occurrence of environmentally harmful substances, significantly improves the quality
of drinking water and reduces carcinogenic impurities in the air basin [1-2].

0 “MexayHapoJHBIA HAyYHO-UCCIefoBaTenbcKui 1eHTp “Endless Light in Science”



TEXHUYECKHE HAYKH
Impact Factor: SJIF 2023 - 5.95  HNIEAL SCTENCES
2024 - 5.99

Ozone is the only widely available and environmentally friendly oxidizing agent that has no
analogues. It is distinguished by the wide variety of reactions it engages in and the ease with which
they occur. In this regard, the field of activity where ozone technology is used is extensive and
diverse. Ozone technology in Kazakhstan is in its infancy, but in more developed countries it has
become widespread and is used in various technological processes of chemical and other industries,
in agriculture and healthcare [1-2]. In this regard, the development of highly efficient ozone
generators for the creation of new processes and devices of ozone technology is becoming
particularly relevant. [3].

Methods and materials. The article uses the most well-known devices for producing ozone.
A device for producing ozone is known, containing an inductor made of dielectric plates with
conductive material applied to them, connected to a high-voltage transformer and blown by a fan.
Corners made of silver with a diameter of 1-1.5 mm and a length of 4-6 mm, mounted on 5 pieces
per 100 cm2, are mounted perpendicular to the conductive material on the dielectric plates [4].

The disadvantage of the known device is the implementation of electrodes with silver needles
with a diameter of 1.0-1.5 mm. Studies show that the efficiency of using needles to generate ozone
is relatively low, and the use of precious metals (silver), respectively, increases the cost of
construction. In addition, the low density (5 pcs/dm2) of the needle arrangement in this design
reduces the performance of the ozonator [5].

A known design for ozonating air, containing a crown electrode — a "comb" with closely
spaced needles and a plate electrode in which the electrodes are separated by H-shaped dielectric
barriers and an air gap, is difficult to manufacture. Graphite paste used in construction can release a
number of harmful substances into the ozone stream. In addition, according to the description, the
capacity of the ozonator per needle does not exceed 10 pA / piece, that is, the specific productivity
is low.

An ozone generator containing a discharge chamber in the form of a rectangular parallelepiped
was also considered, inside of which flat electrodes and dielectric plates for an electrical barrier are
stacked, there are inlet and outlet planes. The output cavity is larger than the input cavity, and a
metal shield with a high negative electrical potential is located in the input cavity. The electrodes in
the form of rectangular metal plates are stacked so that the odd plates are adjacent to one side of the
chamber, and the even plates are adjacent to the other side of the chamber, and the sides themselves
are common high and low voltage busbars, respectively. The opposite sides of the metal electrodes
from the common busbars are separated by dielectric inserts of rectangular cross-section and form
a tight contact between a high-voltage metal busbar, a metal electrode, a dielectric insert and a low-
voltage metal busbar. Heat removal from the electrodes is carried out through common high and
low voltage busbars by finned air or water cooling radiators, which are mounted outside the
discharge chamber [6]. The disadvantages of the above generator are low reliability, the need to
purify oxygen-containing gas, the rigid attachment of the electrical parameters of the barrier
ceramics to the power source, which makes it difficult to achieve an optimal discharge mode in the
chamber, resulting in local overheating in the dielectric layer and uneven distribution of micro-
discharges, which often lead to erosion and destruction of the dielectric plate.

A significant disadvantage of these devices is the labor-intensive manufacturing technology
due to the complexity of manufacturing identical needle electrodes, the need to eliminate
irregularities (scratches, burrs, protrusions) on their surfaces that create spark discharge zones, and
the complexity of the installation process, for example, soldering electrodes, which requires accurate
reproduction of device gaps. All this increases the cost of the device. The corona element in the
form of needles creates a sharply inhomogeneous electric field at the tip, contributing to the
formation and development of spark discharges, especially in the case of uneven tip shape and burrs.
Spark discharges interfere with the operation of the device, as they turn into arc discharges, which
destroy the electrodes and contribute to their oxidation, reducing the reliability of the structure. In
addition, the discharge current from one such tip electrode does not exceed 10 pA, which reduces
the productivity of ozone generation.
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Results and discussions. A team of scientists from Kazakhstan, including the authors of the
article, who have been working on this problem for many years, in accordance with the directions
of providing clean water and air to the population, as well as using ozone for technological purposes
at various enterprises in Kazakhstan, have developed and created small-sized ozonators that are not
inferior to their foreign counterparts. [7-8]. All domestic ozonators have a number of advantages
over foreign ones: small operating volumes, uncritical to atmospheric air pressure and composition,
small dimensions and simple design, due to the synthesis of atmospheric oxygen ozone by corona
discharge from a microwire with a diameter of no more than 100 microns [8-10].

To reduce the cost of gas-discharge elements of corona discharge ozonators, increase
productivity and reliability of the design, it is proposed to connect [11-12].

The corona and external electrodes are connected to different poles of the high-voltage power
source, while the corona electrode is made of a rectangular or round metal strip with a thickness of
(0.1-0.3) mm and has external sharp protrusions of any shape with a height of not more than 0.2
mm. The external electrode may have the shape of a rectangle.

The use of metal strips with a thickness of (0.1-0.3) mm facilitates the manufacture of corona
electrodes, increases the accuracy of their manufacture and reproducibility of electrode
characteristics. In addition, the strip can withstand high temperatures. To increase the electric field
strength and increase the discharge current, an external electrode can be used that follows the shape
of the crown electrode. The positive technical characteristics are:

- an increase in the discharge current from each corona element by 2-3 times in comparison
with analogues;

-the cost of manufacturing gas discharge elements is reduced by 3-4 times;

-the service life of the corona elements increases 3-4 times;

-the number of spark gaps between the corona and the external electrode is reduced.

This technical solution is industrially applicable and can be used in the production of corona
discharge ozonators and other electric discharge devices (figure 1).

1 2 3

Figure 1 — Shows one of the authors' latest models
For the manufacture of gas-discharge elements, a sheet (strip) of stainless steel with a

thickness of 0.25 mm was used. Corona electrodes with triangular and rectangular protrusions are
cut out of the sheet by laser cutting on an LF3015LNR/LR type laser cutting machine.
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1 shows a corona electrode made of a strip with a thickness of (S) with trapezoidal protrusions
(1) fixed on an axis (3) and a tubular receiving electrode (2). Section A-A shows the bending of the
protrusions with a height of (H) to form a distance (L) between the tops of the protrusions.

Figure 2 shows an A-A section of the device. AA

§

Figure 2 — Section of the device by A-A

As a result of the reduction of spark disruptions, the service life of the device may increase,
as well as the cost of gas-discharge elements may decrease by 3 times compared to foreign
analogues.

Conclusions. During the tests, the given sample satisfied the following parameters:

- the input voltage does not exceed 4 kV;

- the corona discharge current has increased by 2 times;

- the number of spark holes has decreased.

Figure 3 shows the characteristics of the proposed sample. The results were obtained by
processing on a personal computer [12-13].
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Figure 3 — Voltage characteristic of the device depending on atmospheric pressure
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Figure 3 shows that when the voltage is increased to 4.5 kV, the discharge current increases
to 20 pA. Compared to previous devices, such a peak was reached only at a voltage of more than 6.
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KEPI'UVIIKTI TEXHOJIOTI'UAJIBIK AKAYJIAPBI AP
TOKBIJIFAH KOMITIO3UTTEPIIH MEXAHUKAJIBIK
CUITATTAMAJUIAPBIHBIH MATEMATUKAJIBIK MOIEJIBJAEPIH KOMIIBIOTEPJIIK
ECEINIITEY

AA30B A. O., AXMETOBA C. T., ETEHOBA 9. M.

Komno3unusnelk MaTepuangap eHAIpiCi >KbUT caiiblH apThin Keneni. JKaHa Matepuaniap
’Kacay dHEPreTUKAJIBIK, FAPBIIITHIK, XUMHUSIIBIK KOHE OMOTEXHOJIOTHSIIBIK JIOTHKAIBIK KYHerep i
JaMbITY/1a, KYpPBUIBICTA JKOHE SKOHOMHUKAHBIH Oacka cajaJapblHJA IIENIylll pej aTKapajbl.
MBpIcaibl, a’3pOFaphIITHIK TEXHUKAAa KePAMHUKAIIBIK TAJIIIBIKTApFa HET13/IeJTeH KOMITO3UTTEPICH
YIIAKTapIbIH KaHAThI MEH (PIO3eNIsKBIHBIH JKYK KOTEprilll MaHeNbAepi, FAPbIIITa KYMBIC ICTEUTIH
YJIKEH aHTEHHAJAp[bIH IaHeJbJepl, TypOMHAa KajakTapbl, canTaMa OJIOKTapbl, KOHYCTaphbl,
3BIMBIPAH KO3FAJITKBIILTAPBIHBIH KUMACHIHBIH KIpICTIpyJepl *oHE KapKbIHABI TEPMOMEXaHUKAIIBIK
ocep eTy »KarJalblHJa KOJIJaHBUIATBIH KeNTereH Oacka eHimuep kacanaasl. KoMno3uuusibk
MaTepUalapAaH KOHCTPYKIHIIAP Kacay Ke3iHJe TeXHOJOTUSHBIH JKeTUIIIPiayl TeXHOIOTUsIIBIK
MPOIIECTIH OHTAMJIBI MapaMeTpJepiH, KOJJAHBUIATHIH JKaOJBIKTap MeEH KaOJBIKTapIbIH
TEeXHUKAIBIK JI€HIeHiH, KOMIIO3UIMUIBIK KOHCTPYKLHMSUIAD MEH OJIap[bl OHAIpYre apHaJfaH
)apTeiiail padbpukaTTapabl 0y30aiThIH OaKbUTAYABIH CEHIM/II 9TICTEPiHIH OOYBIMEH aHBIKTAJIaIb.
CoHbBIMEH KaTap, HiJITeH TAIIIBIKTapbl Oap TOKbUIFAH KOMITO3UTTEP I OHIpY/e OHIMHIH Maliganany
KAacHeTTepiH TOMEHAETETIH TEXHOJIOTHUIBIK akaynap cesci3. THUNTIK akaylapra HEri3 KINTepiH
HEMece TOKY/BI OTKi3iI kibepy, KabaTTap/pl TITy Ke3iHe KINTep/IiH Y3UTyl, COHAal-aK, d/IeTTe,
eHiMHIH [lIpiFpic Oakpulay Ke3€HIHJE aHBIKTANATHIH 1MIKI TeCiKTep KaTaabl. TOKbUIFaH
KOMITO3UTTEPl y3aK TaimanaHy Ke3eHiHae OipHeme peT ©3repeTiH CBIPTKBI JKYKTeMesep
KaFdalbIHA )KYMBIC ICTEHTIH KYPbUIBIMIBIK 3JIEMEHTTEp/Ie KOJIJaHy TEXHOJOTHSUIBIK aKayaap/ibl
€CKepe OTBIPBIIT, MaTepUAIIAPIbIH MEXaHUKAIBIK OPEKETIH 00JDKAy KOKETTUIITH aHBIKTANTbI.

TanmbikTapasl jkacay YILIIH KOJJAHBUIATBIH MaTepHaifa OallaHbICThl MaTajap ILIbIHBI
TANIIBIKTApFa, OPraHO MaTajapFa, METaUI HeMece KepaMHKAIIbIK TalIIBIKTapbl Oap MaTaiapra,
COHJai-aKk apanac Martanapra OeimiHeal. OHepkocinTe op Typil TOKY Typiiepi Oap Matanap
Kos1aHbuiabel. EH KapanaiiblM jkoHE KEHIHEH KOJIJaHbLIaThIH-KapanaibiM ToKy (1 a -cypeT), MyHaa
opOip KiIl TeH yYTKa KUBUIBICATHIH JKIMTEPAIH YCTIHI1 )KOHE aCTHIHFBI )KaFbIH/IA CUPEK OTE/Ii.

Atnactel TOKy (10-cypeT) Tept »xinTi Oip KINMEH TOKY apKbUIbl ajblHAIbl. TOKBUIFaH
TOKbUIFaH Ke3/ie (1B-cypeT) Heri3ri %koHe YipeK XKinTepi oJlap bl KECI OTETIH €Ki )KoHE TOPT KINTiH
YCTIHI1 )KOHE aCTBIHFbI KaFbIHAH KE3EKTECII OTEeI].
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[onukpucranapl MaTpuacsl 6ap TOKbUIFaH KOMIIO3UTTEPIH E€pEeKIIeNiri-KapbIKTap, Tepi
Teciri, Oerme 3aTTap CHUAKTBI JOCTYpPJl MaTepuajjapra TOH akayJlapMeH Karap, MaTaHbIH
KYPBUIBIMBIHBIH €PEKIICIIKTEPIMEH JKOHE MaTpHIAaHBl KaJBIITACTHIPY OMICIMEH OalIaHBICTHI
MaTepHaIJIbIH TeK OChI TYpiHE TOH aKaysap naijga 0omysl MyMKiH. MyHail akaynap eHIipiCTiH op
KE3€H] YILIH 9p TypJi 607ybl MYMKiH. Pa KYpBUTBIMBIHBIH €CETITIK TapaMeTpIiepiHEeH aybITKYIapMeH
OailaHBICTHI aKaylap MaTaHbl JalbIHAAY Ke3eHiHAe mnaiga Oonanbl. MyHnall akaymapibiH
KaTapblHA apMaTypaJibIK JKINTEp OaFbITBIHAAFBI AYBITKYJIAp, apMaTypajblK TaKTaJaFrbl KIMTEPIiH
OTyi ’kKaTaabl. MaTpHIIaHBIH KaJIBINTACy KE3€HIH/Ie COHFbl MaTE€PUAIIbIH THIFbI3/IBIFBIHBIH €CETTIK
TapajdyblHaH aybITKyMEeH OalIaHBICTHI aKaynap, COHAal-aK MalbIHABIK OTIepalUsIapbIHIA Maiia
0OMaThIH apMaTypalblK TiH KYPBUIBIMBIHBIH Oy3bUTybl MYMKiH. CoOHIai-aK, TEeXHOJOTHSIIBIK
MPOIIECTIH OY3BUTYBIHBIH CajilapblHAH OChI KE€3EHJIE JKapbhIKTap MEH IIIKI TECIKTep Maiiia OO0yl
MYMKiH.

ToxpuFaH KOMIO3UT (PparMEHTIHIH THIM/II KACHETTEPIH aHBIKTAY ChI3BIKTHIK €MEC TeHEYIIep
KYHECIH HIenry Kaxer:

eil = groit — Fots — Frogh
e5s = — 1201l + Fzo5 — Fo]
ety = — gt Fol — 5ok
et = groff — Foss — Fol
e = —Foit + 5o — ol
e = —jhoitEon — £o3

.

By Tenneynep xxyiecin mernie oTeipeir, FOHra MOmynpAepAiH THIMIII MOHJEPIH alaMbl3:
E* 1 =165 10749 MlIla,

E*3=16509951 MIla.

CanpicTeipy ymiH FOHra MopynpaepaiH MoHIEPIH Keleci ¢opmaynagaH aHATUTHKAIBIK

TYpJZE ecenTeimis:
1 k(2 2y 1N\]"
E.x: — l‘i_ .

MYH/atbl

20 (1 — vy,) (v, — vy)
L4+ p(l—2v,)

EI = 'MEJ', Ul.’i‘. = Uy —

ToKpLIFaH KOMIO3UT KaOATHIHBIH KEPHEYII1 KYHIH Tanay YIIiH YJIKEH KeJeMIeT1 aknapaTThl
eHJIey KaxkeT. ViNreH TallblKTapbl MEH MOJMKPHUCTANIbl MaTpuuackl 6ap TokbuiraH Kommosut
KaOaThIHBIH MaKpOCKOMUSIIBIK OIpTEKTI KepHEYI AepopMalUsIanFaH Kyl Typaibl ecenrtep Heri3
TAJIIBIFBIHBIH OTYl, HET13 TAIIbIFBIHBIH Y3U1yl, HET13 TalIIBIKTapbl MEH YHPEKTIH Yy3ulyi, 1IKi
TEXHOJIOTHSIJIBIK K€YEK TYPIHAET1 )KePTUTIKTI TEXHOJIOTHSIIBIK aKaysiap OOJIFaH Ke3/ie CaHAbIK Typ/ie
menringi. Komnerotepiik ecenteynep HOTHKENEPiH 2,3-cypeTTepAeH Kepyre 0osapl.
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Cypert 3. Ecenrteynep HOTHXeCiH/IE aKayJlapibl aHbIKTAy

Kepneynepnuin, aepopmanusiapiblH jKoHE OJapAblH MHBAPUAHTTAPBIHBIH MOHEPI UIeal bl
MEPUOATHIK KYPBUIBIMBI Oap »oHe KypJeni KepHeyll JedopMalusiaHFaH KypamIapaarsl
KEPruTiKTI TEXHOJIOTUSIIBIK aKayJapablH OOJybIMEH KapamailbIM TOKbUIFAaH TOKbUIFAH KOMIIO3UT
KaOaThIHbIH keke (pparmenTinae Python mporpamMmarnay Tiii kKeMerimMeH jxacajaral OariapiaMablK
XKaOBIKTa €CENTeNI, HOTHKENIEp aJIbIHIbI.
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KOMIIBIOTEPAIH IIOPTATUBTI ECEIITEY MYMKIHAIKTEPIH ) KAKCAPTY
YIITH LIVE TEXHOJIOTUACHI HET'IBIHAE ITIJIAT®OPMA KACAY

OB IIXAJIBIKOB M., AXMETOBA C. T., ETEHOBA 9. M.

Live USB omnepanusuibIK Kyleci maiagaHymbiFa Ke3 KeJIreH KOMIBIOTEPIE TaHBIC KYMBIC
OpTachiH, KoJAaHOamappl KOHE MapaMeTpiiepli ©3iMeH Oipre aybIl XKYpyre MYMKIHIIK Oepy
ApKBUIBI TOYEJICI3 MKEMJI1 KOHE YKEKEJICHIIPUITeH KYMBIC KeHICTITIH KYPYAbl KAMTAMachl3 €TEIi.
KaxetTi OarapiamansIk )kacaKTama >KUBIHTBIFBI Oap sxkykTeneTiH USB (- auckicin aibl Kypy
oeTe maiganpl. DIAMI-AUCK ONTUKAIBIK JHUCKITe KaparaHaa oJjieKaimaa bIHFaiiael skoHe USB
nopTTapsl Kazip op kommbiotepae Oap. Hemikten Linux ymin opsiHpanateiH ¢aitn Windows
KYHeciHe 1CKe KOChUIMaM b, TinTi opTyp i Linux nuctpuOyTuBTEpiHeri Oipael opbIHIaIaThIH
daiin ma KyMbIc icTeMeyi MyMKIiH Jiell oinaibsiHbI3 06a? Mocene MbIHAIa, OPBIHAANATHIH (aiin
oenrinmi O6ip ¢dopmarka ume, Oenriai Oip Mpoleccop apXHTEKTypachblHA apHAFaH HYCKayJapibl
KaMTHU/IbI (HYCKAYJbIK KHUBIHTBIFBI apXUTEKTYpachl) jKoHE Kol karnaiina Oenrimi Oip application
Binary Interface (ABI) acTteiHga KypacTeIppUIFaH Oenriii 0ip HycKajdapablH Oenriiai Oip opTak
(IMHAMHKANBIK) KiTalXxaHaJapblHBIH OOJYBIH KyTeni. Erep omepanusuiblk KyHeHi Jyphic
OopHaTCcaHbI3, OHJa (aiiil icKe KOCBUIAJIbl AKOHE OPBIHAIA b,

3epTTey JKYMBICHIHBIH Heri3ri Makcatel 32 Owurtrik Fedora 14-te coTTi icke KOCBUIFaH
rpadukanbik nHTEpdeiici 6ap kommandanapasl Debian Herizinaeri 64 6utrik Linux quctpuOyTusi
0ap 3aMaHayd KOMITBIOTEP/IE iICKE KOCY.

Instruction Set Architecture (ISA) mpoueccopiplH KaHgal HYCKaylapabl KOJNJANTHIHBIH,
OHBIH JKaJl XYMBICHI KaJlall YHBIMIACTHIPBUIFAHBIH, MPOIECCOP KOIIAUTBIH OPTYPJI JEPEKTEP
TYpPJAEpiHiIH Kajail caKTalaTbIHBIH aHBIKTaiAbl. JKymbIc ycTenaepi MeH HOYTOYKTep YILUIH Kol
*armaina [sa x86 KommaHbIaabl. X86 nen apXUTEKTypaHbIH €Ki HYCKachl TyciHuedi: 32 ouTrik [A-
32 xoHe 64 outtik AMDG64. [InargopmaHblH OUTTLIITT MPOLECCOP PErHCTPIEpiHiH OUTTLIIrIMEH
AHBIKTAJIA I

OpbiHpanatelH (paiin Hemece opTak (AMHAMMKaNBIK) KiTanxaHa Oenrim Oip  Application
Binary Interface (ABI) ascemnma sxacamaael. ABI Oenrimi Gip ISA ymiiH o3ipiaeHreH >xoHe
OpBIHJATATHIH (Qailngapra, KiTamxaHajapra, ONEepalUsUIbIK JKYHEHIH JXKYHeNiK KOHbIpaylapblHa
KOHE OJIapJBIH ©3apa JdpPEKeTTeCyiHe KOWBUIATHIH TOMEH JICHTCHIIi TajamTapibl KaMTHIIbI, aTarl
alTKaH[a:

- pyHKUIMATAp Kalai MIaKpIpbLIa b,

- IEpEKTep JKeJen xKaIra Kajlail cakTaiasl,

- OTIepaIMsIIbIK KYHCHIH JKYHEeTiK KOHbIpayaphl KaJlai rmaia 0oJasl.

Erep P ISA mnpoueccopmen anbikrajica, oHna ABI omepanusiiblk KyHEHIH SAPOCHIMEH
aHbIKTanaasl. Sapo 6ip Hemece Oipuerie ABI-ai xxy3ere aceipaasl. Opbip ISA yirin 6ip Hemece
oipuemre ABI 6omybr Mymkin. Meicansl, ISA AMDG64 yirin Linux skyiecinge System V ABI x86-
64 sxome Windows syiiecinne X64 our Gap. ABI artaynmapeinma, ISA cusikThl, maTacThipyFa
oomanel. Linux, FreeBSD V ABI xyiiecin nadnananaasi: x86 64, 1386, AArch32, AArch64,
Windows ABI x86, x64, ARM 32, ARM64 naiinananaibl.

Kytienik smpo KoHbIpayiapbl MeH KiTanxaHa ¢yHKuussapel Application Program Interface
(API) ammpikraiinel. Erep konmanOa Hemece KiTamxaHa OMNEPAUSUIBIK JKYHEIe >KOK JKYHEiK
KOHBIpayFra HeMece (DyHKIHsSFa Toye Il 00Jica, oJiap AYPHIC )KYMBIC ICTEMEHTI.

OmnepanusuibIK AKyie Heri3ri perinae Oenrini 6ip opbIHAANATHH Gailn murimMid naiatanasisl.
Meicansr, Windows Portable Executable (PE), Linux mimiMin madiganaHagsl — KeOiHece
Executable and Linkable Format (ELF), macOS — Mach-O. Opsinaanatein daiin mimmimi meH ABI
O1p MarbIHa/Ia eMecC.

FruibiMu sxyMbIcTa KOMIIBIOTEP/IiH MOPTATUTBI €CENTEY MYMKIHAIKTEPiH kaKcapTy yuriH Live
USB sxacannpl. Live USB keckiHiH )acay YIIiH KeJleci KaJamaap OpbIHIaIIbI:
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1. Kyi#ieni KypacTelpyapl KoHE KOHGUIypalusulaylbl aBTOMATTaHIBIPY  YIIIH
KonganbutatelH Live USB kypanbin skacay yuriH Linux From Scratch (LFS) nerizinmeri xoct
KyHecin nanpiaaaynan 6acranael. Xoct perinae Kali Linux WSL 2-ne eH a3 opHaTy TaHIaJIbI.
Kaxetti a3ipiey Kypajaapbl, COHbIH imminae build-essential makeri, conmaii-ak gee, g++, binutils,
libc6-dev »xone make opuarbuiasl. JKaHa xkyiie yinin extd dainasik xyieci 6ap 30 I'b emmemai
loop KYpBUIFBICHI jkacanbl skoHe /mnt/Ifs imine opHaTHUIABL. XOCT KYHeciHe TOHETIH KaTepepl
a3alTy YIIH apHaiibl TYOIpiIiK eMec maimananyibl [fsuser KypbULibl, OHBIH aThIHAH KYPacTBIPY
xyprizingi. @aitnra .bashrc Ifsuser apkpuiel LFS KypacTeipyra KaxeTTi opTa ailHbIMaJbLIapbIH
KOH(pUrypamusiay yirH IopMeHIep KOChULIBI. byl malbIHABIK KE€3€H1 KeHIHIpEeK KypacThIpy YIIiH
Ta3a »oHe 0aKbUIAHATHIH OPTAHBI KAMTAMACKI3 €TTi.

2. Keneci kagam Linux From Scratch (LFS) kiTaObiHmarsl HycKaynap/ibl 0acIIbUIBIKKA aia
OTBIPBIT, OAPIBIK KAXKETTI MaKeTTepiH 6acTamKbel KOATAPBIH KYKTEN aixy 00i1bl. KypacTeipyasiH
TYTaCTBIFBI MEH KayiNCi3JiriH KaMTaMachl3 €Ty YIIH Xykrey wget kemerimen LFS kitaObiama
KOPCETUITeH pecMH oOpTajlapAaH Tikened jky3ere acwlpbulgbl. JKykTenreH mnakerrepre Linux
ssapockiabiH 6.1.0, glibe-2.37, binutils-2.40, gcc-12.2.0 Hyckanapbl Kip/i jkoHe 0acka J1a KaKeTTi
yruiauraigap. OpOip KYKTeNreH MyparaTThlH TYTacThiFbl SHA256 kpunrorpadusuiblk Xsmrepi
apkpuUTbl Tekcepinai. Tekcepy yirin sha256sum -c Ifs-checksums.sha256 mopmeni maiigaaaHbUIBL
TyTacTBIKTBI COTTI TEeKCEpreHHEH KeWiH myparaTrap tar-xf mopmeHi apkpuibl /mnt/lfs/sources
KaTaJorblHa HIbIFapbUIs! (1-cyper).

3. YakpITIa XKyHeHi CoTTi Kypy *oHe opHaTylaH KeifiH Herisri LFS kyiiecin KypacTeipy
nporeci 6actanabl. by ke3eH Kojiay nakeTTepiH KYpacThIpyabl )KOHE OPHATYABI KAMTBIIBL. OpOip
OyMaHBI KypacThIpy Ipoleci OipHelle Ke3eHHEH TYpHbl: KOH(UTrypanusiay cleHapuili apKbUIbl
KoH(UTypanusiay, acay apKbUIbl KypacThpy, OpHATy apKbUIbl opHaTy. Makcartel x86 64
apXUTEKTypachl YUIIH OHIMAUIIKTI OHTaWJIaHAbIPY YIIIH Kommwisatop >kanaymanapel CFLAGS
xoHe CXXFLAGS kemMeriMeH KOMIWISIHS TapaMeTpIliepiH TeHILEYre epeKiie Ha3ap aydapblUiabl
YKOHE TaHJaJFaH >KaOJbIKIEH YHICCIMAUTKTI KamTaMachl3 eTTi. OChl Ke3€H asKTaJFaHHaH KeWiH
LFS xyiteci Herisri (pyHKIUMOHANIBLIBIKKA HE OOJABI KOHE KOCBIMINIA MAKEeTTEepAl OJaH Jpi
KOH(HUrypanusiiayra *KoHe OpHaTyFa JalbiH O0JIbI (2-Cyper).

Cyper 1. Kypacteipyasig 6actanysl Kali Linux-ta
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Cyper 2. KypacTelpy HOTHXEC]

Kyitere kipy xyiieci LightDM, MeHemxepaiH >KCHLT JKOHE KbUIIAM AMCIUICHI apKbUIbI
xy3ere aceippiiagbl. LightDM (3-cypet) naitnanaHyislHbl TaHIAY KOHE KYMHSI CO3/I1 €HI13Y YILIiH
KapamaibelM >KOHE TYCIHIKTI WHTepdeicTi KamMTamachl3 eTedi. MHUHHMAaTu3MiHIH apKachlHaa
LightDM xbigam >KyKTenel >KOHE pecypcTaplblH €H a3 MeJIepiH TYThIHaIbl, Oyi ocipece
TEXHHUKAJIBIK CUIaTTaMajaphbl MICKTEYI KYHeep YIIiH 6Te MaHbI3Ibl. be3eHaipy TaKbIPhIITaphIH
TEHIIIEY MYMKIHAIrN TNaiifanaHymibiFa Kipy SKpaHBIHBIH CBHIPTKBI TYPIH ©3 KallayblHa Kapai
OeiiiMaeyre MYMKIHIIK Oepe/ti.

)]

MaHenb UHCTPYMEHTOB

OcHoBHoOIt ¢peliM aBTopusaLmmn

Mons BBOAA NIOTVIHA
¥ napons

Cypert 8. OX-ra xipy Tepeseci

Barnapnamania keneci MOIy/IbIep ICKe aChIPBLIFAH:
- XKykrey moayni (Boot Module)
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- Slnpo moxymni (Kernel Module)

- Moayss initrd (Initial RAM Disk Module)

- Moayns Ty6ip daiinnsik kyiienep (Root Filesystem Module)

- Kyiienik menemkep moay.i (System Manager Module)

- I'padukansik opra momymi (Graphical Environment Module)

- Kocwimmanap mozaymi (Applications Module)

KyxaTTapMeH XKyMbIC icTeyre, KeCKIHAepl eHjaeyre xoHe MHTepHETKe Kipyre apHairaH
KOKETTI OarmapiiaMaliblK KaMTaMmachl3 €Tyl KaMTHTBIH Debian HeriziHIeri TOJBIKKAHIIBI JKOHE
dbynkumnonanasl Live USB omepanusibik skyieci skacannbl. byn memnniM maiigamanyiibira Kes
KEJreH JKarjaiizia TaHbIC >KYMBIC OpTachlHAa KOJ JKETKi3yre MYMKIHAIK Oepe OTBIPBIN, Heris3ri
KOMITHIOTEP/ICH JKOFaphI JICHI e Ier1 TaChIMaJJIaHy/ bl )KOHE TOYEJICI3IIKTI KaMTaMachl3 €Te/Ii.

9JIEBUETTEP.
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DOI 10.24412/2709-1201-2025-31-62-64
RDP TEXHOJIOT'UACBIHA HET'I3JAEJI'EH KAIIBIKTBIKTAH )KYMbIC
KACAY INNIAT®OPMACBIH KOJIJAHY

HUCA Bb., AXMETOBA C. T., ETEHOBA 9. M.

IT camaceiHga KamIbIKTaH JKYMBIC jKacay JEreHiMi3 - OyJI Keii apKbUIbl O1p KYPBUIFBIHBI
KAIIBIKTBIKTaH OacKapyFa apHaJIFaH TEXHOJOTHUS/KOChIMIIIA HEMECE TeXHOJIOTHsIIap/KOChIMIIIAIap
KUBIHTBHIFBL. Heri3iHeH KeHce KOMITBIOTepIH HOYTOYKTeH HeMece KAaIlIbIKTHIKTAaFhl 0Oacka
KOMIIBIOTEP/IeH OacKapy MYMKIHIT1. KalbIKTarbl KOMIBIOTEPMEH HHTEPHET OaillaHBICBIH OpHATY
YKETKUTIKTI )KoHE OHBI KeM Jierenze bamuzaeri sxkaraxkaiian 6ackapyra 0omanbl. KamblkTad sKyMbIC
xKacay Oykinm omem OoiibiHIIa Oip Hemece OipHemie KoMIbIOTepAi Oip kepaeH Oackapy yIIiH
KoJaHbUIaabl. TexHomorus ipi Kopropanusuiap apackima, ocipece IT camaceiHma TaHbIMAIL.
MyH1aii TEXHOJIOTHSIIAP SPTYPIIi KOCITITEP/IE KOMMaHbUIA b, Keiine mymaeM [T canackiHa KaThICTHI
eMec cajanap/a Ja )KYMBIC 1CTeHIi.

RDP — rpaduxansik nHTEp(EHCTI TachIManaay >KoHe KaIlbIKTaFbl dKYMBIC CTaHIMSIAPBIH
Oackapy YIIH KJIMEHT-CepBEp YJTICIH NaljamaHaThlH >KeNIiIik mpoTtokoj. RDP kemerimen
MaigaIlaHyIIbl KAIIBIKTaFbl KOMITBIOTEPIH )KYMBIC YCTEIIIHE TIKEJIeH OHBIH aJJIbIH/Ia OThIPFaHIal
KOJ JKeTKi3e ajanpl. bynm xarrama KopHopaTHBTI >KOHE YH JKeJNiJepiH[e KOChUIyFa apHalFaH
CTaHJapT OOJIBIT TaObLIAIbI.

RDP sxylieciniy HeTi3ri Kypamaac 0esriri MakcaTThl KOMITBIOTEP/IC KYMBIC ICTEHTIH cepBep
XKOHE TalJalaHyIIBIHBIH KYPBUIFBICBIH/IA JKYMBIC ICTEUTIH KIHWEHT Oousbin TaOwuiambl. CepBep
KOCBUIBIM CYpayJapbIH >KiOepy apKbUIbl OHACHII AEpeKTep KYMBIC YCTENiHIH aFbIMIaFrbl KYMi
TypaJibl, a1 KIIMSHT Tai1aJaHyIIbIFa CoJl )KYMBIC YCTEIIIMEH 63apa dpeKeTTeCcyre MyMKIiH/IIK Oepe/ti.

RDP Wrapper Library — Windows KamibIKTarbl )KYMbIC YCTENi KbI3METIHIH CTaHIapPTThI
MYMKIHIIKTEpiH KeHelTyre MyMKiHaiK OepeTiH Kypan. OHbIH keMeriMmen Windows-TeIH Keibip
HYCKaJTapbIH/Ia 9/ICTIKI OOMBIHIIIA KOJ JKETIM1 eMec KOl KOJIJaHYIIbl PeKUMIH KOCYFa 00JIabl.

RDP xitanmxaHacblH OpHATy.

barnapnamansl xxyKkTey.

GitHub xyiiecinmeri RDP Wrapper Library pecmu peno3utopuifine oTiHi3.

MyparatThl OarnapiaMaHbIH COHFBI HYCKACBIMEH Oipre *YKTEeI aIblHbI3.

P omaster = P annen 5T m Abioat

& Come e ROF Wrapper Library
R smyth ot binaryrasster Iniile: don't koss fest chargcter  th e doe @

Releases 5

Ty ROP Wrapper Library v1.62 (Lot

Packages

Contributors 7

Cypet 1. RDP Wrapper Library >xykren any O€TiHiH CKPHHIIOTHI
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®daninmapasl Tapkaty. XKykrenareH ¢aiiabl Ke3 KeNTeH bIHFANIbl KaJITara aliblHbI3 (MbICAIIHI,
C:\RDPWrapper ). Kanrans! amibimn, ¢aiinnapasiH OpHaTBUIFaHbIHA KO3 JKeTKi3iHi3.bat, rdpwrap.ini

XoHe Oackanmapsl 6ap.

rdpwrap-raster

Vinn B
bin
res
src-installer
src-rdpcheck
sre-rdpeonfig
2 src-x36-binarymaster

src-x86-xb4-Fusix
|j .gitattributes
|_1 .gitignore
[ ] LICENSE
I [ READMEmd

|j technical.txt

,.'J,ETE WIMEHEHWA

04,12.2024 8:31
04.12.2024 8:31
04,12.2024 8:31
04.12.2024 8:31
04.,12.2024 8:31
04.12.2024 8:31
04,12.2024 &:31

47 013 50
20.12.2018 20:50

2 20:50

m 201
s el o U U
47 I3 LGN
20.12.2018 20:50

ol

2 20:50

10 201
el el G 200

47 I3 LGN
20.12.2018 20:50

Tun

Manka c daitnamm
Manka c dainamn
Manka ¢ dainamn
Manka c dainamn
Manka c dainamn
Manka c dainamn

Manka c dainnamn

TexcToBBIA AOKYM...

TekcToBBIA A0KY M.,

®aiin
Gaiin "MD"

TexcToBbIi AOKYM...

Pazmep

1KB
1KB
M KB
22 Kb
26 Kb

Cyper 2. KantamaaaH IIbIFapbuUlFaH MyparaT Ma3MYHBIHBIH CKPUHIIIOTHI.

[Topmen >xonbIH oKiMIIi peTiHae ambiHBE. [lopMennai maimananem Qainmap opHamTacKaH

KanTara oTiHi3: bash, kkoars! Tanmay cd C:\RDPWrapper.

OpHaty cuieHapuiiiH icKe KOCHIHBI3: bash install.bat
CueHapuiini opbIHAaFaHHAH KEHiH KaXXeTTi KbI3METTEepAl KOH(HUrypauusiaay OacTanaibl.
Kondurypanusael Tekcepy, 3Tekcepy OarmapiiaMachlH iCKe KOCY YIIIH Keieci MOpMEHII icke
KocblHbI3: bash RDPConf.exe. Ilaiina 6onran Tepesene Tekcepemis: Moprebe kpi3mertep (Wrapper
State: Installed). Yinecimainik (Fully Supported).

TOT KOMMBHOTEP » System Usb-Flash 10w /U (W) > WHI » Install » Uther » HKUFWrap-vI.0.3

-

Wran

wrap
install.bat

|_1 Install-Readme.bxt
85 RDPCheck.exe
% RDPConf.exe

[5] RDPWInst.exe
reboot.bat
uninstall.bat
update.bat

Cypert 3. CotTTi OpHaTBIIFaH jx9He 0apibIK xackul mamaapel 6ap RDPConf tepeseci.

Jlata usmeHeHna Tun Pazmep
RDP Wrapper Configuration *
25.10. Diagnostics
B Wrapper state: Installed ver, 1.5.0.0
-l Service state:  Running
25.10 ; S
Listener state: Listening
25.10
- General Settings
25.10
54 Enable Remote Desktop
25.10

2510 ROPport:

ver. 10.0.19041. 4474
[fully supported]

Authentication Mode

(®) GUI Authentication Only

(O Default RDP Authentication
(O Network Level Authentication

Single session per user

[Hide users on logon screen

OK Cancel

Session Shadowing Mode

(O Disable Shadowing

(®) Full access with user's permission
(O Full access without permission
() view only with user's permission
() view only without permission

Apply View license...
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[Matimananymeuiapael 0ackapy KOHCOJI apKbUIBI KOCcy. backapy Takracel > OKIMIIUTIK
Kypajnaap > TapmarbiHa eTiHi3 Kommnerotepai 6ackapy. XKepriiikTi naiiaganymsuiap k9He TOITap
> [laligananymibliap TapMarbiH TaHIaHbI3.

XKana naiinananymsuiapsl KOCy YILIiH TIHTYIpAiH OH >XaK TyimemririMmeH Oacein, Kana
Mal1aJaHyIIbIHBI )Kacay MopMeHIH TaHAaHb3. [lainananymisl aTeiH, KYIHS CO3/1 KOPCETIHI3 KOHE
KeJeci KipreH keszae Kymnus ce3zi e3repTyail Tanan ety KycOenriciH KOMbIHbI3 .

e
%5 ROPCheck exe
&5 RDPConf.exe
) RDPWMnet.ece

zhan4ik

Cypet 4. backapy KOHCOJIiHE jKaHa MaiaTaHyIbIHbI KOCY Tepe3eci

RDP apkpuibl KalibIKTaH KOJI KETKi3y KeH (YHKIIMOHAIIBUIBIKTB YCBIHAABL. Herisri
apTHIKIIBUIBIKTAP/IBIH KaTapblHA PECYpCTapMEH JKYMBIC ICTEYIIH BIHFAUIBUIBIFBIH, KOMIBIOTEP/IE
(bU3UKaIBIK 00Ny KaXXETTUTITIH OapbIHINA a3alTyabl KOHE Kypaeni jKyhenaepali KaIlbIKThIKTaH
06ackapy MYMKIHIITIH JKaTKpI3yFa Ooiazpl. Bynm apTHIKIIBLUIBIKTAp, dcipece, KbI3METKEpIep 63
MIHACTTEpiH YHICH HeMece Oacka IIalFail >KepJeplCH OpbIHAAl alaThlH KAlIbIKTaFbl KOHE
rHOPHITI )KYMBICTHIH 3aMaHayd TeHACHUUSIIAPHI )KaFIailbIHAA ©3€KTi O0JIBIN TaObLUTaIbI.

KamplkTan Ko KeTKI3yl 3epTTey OaphIChIHIA KayilCi3[iK MOceJeepiHe epeKIIe Hazap
aynapeuiibl. RDP  apkpuibl  KyMBIC — ICTEy JEpeKTepli JKeJli apKbUIbl  TaChIMaJiay/Ibl
KaMTHUTBIH/IBIKTaH, 3USHKECTEPAiH WIa0YybUIIAphl, JIEPEKTEpli ypllay HeMece PYKCAaTChi3 Kipy
CHSIKTBI BIKTUMAJT KayinTepJeH Kopray Kaxet 6omasl. [lndpraynsl, Opannamaysp napameTpiepis,
Kypaeni Kymus ce3fepli, eki Qakropibl ayreHTU(UKauusHbl xoHe VPN TyHHenbaepiH
nmaigalanyIpl Koca ajFaHna, KayilCi3OiKTI apTThIPy OMICTepl KapacThIphUIABL. by mapamap
TOyeKeJIep/l aWTapJbIKTail a3alTyFa KOHE JICPEKTepAiH JKOFaphl JICHIEHIEe KOPFaIybIH
KaMTaMachI3 eTyre MyMKiHJiK Oepe/ti.
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COREL PHOTO-PAINT VO CORELDRAW PROQRAMLARI: QRAFIK DIiZAYN
ALOTLORI VO ONLARIN iSTIiFADO SAHOLORI

HOMZOYEV CiNGiZ MUXTAR OGLU
Azorbaycan Dovlot Pedaqoji Universiteti
“Kompiiter elmlori” kafedrasinin bas mioallimi

Xiilasa. CoreDRAW va Corel PHOTO-PAINT programlart miiasir qrafik dizayn va foto
redakto sahasinda genis istifada olunan pesakar program tominatlaridir. Hor iki program Corel
Corporation torofindon yaradilib vo CorelDRAW Graphics Suite adli grafik paketo daxildir.
CorelDRAW vektor grafikast ila islayan programdir va asasan logo dizayni, brosura, poster, texniki
cizgilor, reklam materiallart va digar ¢ap mahsullarimin hazirlanmasinda istifads olunur. Bu
program yiiksak keyfiyyatli dizaynlar yaratmaq ticiin zangin alatlor doasti, matn tortibati imkanlari
va rong idaraetmasi ilo tochiz olunmusdur. Digor torafdon, Corel PHOTO-PAINT raster asaslt
sokillorla isloyan bir programdir va foto redaktasi, sakil barpasi, ragomsal incasanat va qrafik
manipulyasiyalar itigiin genis imkanlar taqdim edir. Adobe Photoshop-un alternativi kimi taninan
bu program qat (layer) sistemi, miixtalif filtrlor, rang diizalislori va retus alatlori ilo fotosakillori
pesakar saviyyada dayisdirmoak tigiin nazords tutulmusdur. Har iki program farqli magsadlar tigiin
nazards tutulsa da, birlikds istifads edildikds bir-birini tamamlaywr va dizaynerlor iigiin daha
somoarali ig miihiti yaradir. CorelDRAW layihalorina PHOTO-PAINT-da redakto olunmusg sakillori
daxil etmak va ya aksina, miimkiin olur. Bu inteqrasiya dizayn prosesini siiratlondirir va yaradici
imkanlary artirir.

Acgar sozlar: coreldraw, corel photo-paint, corel graphics suite, vektor qrafikast raster
grafikasi, qrafik dizayn programlari, foto redakta programi, corel programlari, qrafik dizayn, foto
redaktasi, vektor dizayni, logo dizaymi, reklam dizayni, rogamsal incasanat, sakil redaktasi alotlori

Summary. CorelDRAW and Corel PHOTO-PAINT are professional software applications
widely used in modern graphic design and photo editing. Both programs were created by Corel
Corporation and are part of the CoreIDRAW Graphics Suite. CoreIDRAW is a vector graphics
program and is mainly used for logo design, brochures, posters, technical drawings, advertising
materials and other printed products. This program is equipped with a rich set of tools, text layout
capabilities and color management to create high-quality designs. On the other hand, Corel photo-
paint is a program that works with raster-based images and offers extensive capabilities for photo
editing, image restoration, digital art and graphic manipulation. Known as an alternative to Adobe
Photoshop, this program is designed to modify photos at a professional level with a layer system,
various filters, color correction and retouching tools. Although both programs are designed for
different purposes, when used together they complement each other and create a more efficient
working environment for designers. It is possible to include images edited in PHOTO-PAINT into
CorelDRAW projects or vice versa. This integration speeds up the design process and increases
creative possibilities.

Keywords: coreldraw, corel photo-paint, corel graphics suite, vector graphics raster
graphics, graphic design programs, photo editing software, corel programs, graphic design, photo
editing, vector design, logo design, advertising design, digital art, image editing tools

Miiasir dovrdo qrafik dizayn hoyatimizin ayrilmaz hissosino ¢evrilmisdir. Reklam, ¢ap
sonayesi, veb dizayn, rogomsal incosonat va tohsil sahasindo grafik proqramlardan genis istifado
olunur. Bu sahads an ¢ox istifado olunan proqramlardan ikisi CorelDRAW va Corel PHOTO-
PAINT programlaridir. Bu proqramlar Corel Corporation torofindon hazirlanmis vo qrafik
dizaynerlor tiglin funksional alatlor toqdim edir. Notico etibarilo, CoreIDRAW va Corel PHOTO-
PAINT miiasir qrafik dizaynin vo rogomsal incasonstin ayrilmaz alstloridir. Bu proqramlarin
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imkanlarin1  6yronmok vo effektiv sokildo istifado etmok,
istifadociyo hom yaradiciliq azadligi verir, ham do pesokar
Saviyyads islor ortaya qoymasina sorait yaradir. Bu magalads har
iki program haqqinda otrafli melumat verilacok, onlarin
funksiyalari, istifado sahalori, stiinliiklori vo forqlori miizakiro
edilacokdir.

Corel PHOTO-PAINT, Corel sirkoti torofindon
hazirlanmis vo raster qrafikasi ilo iglomok {iglin nozords
tutulmus pesokar bir program tominatidir. Bu program asason
foto redaktosi, vizual barpa, rong tonzimlomolori vo ragomsal

rasmlor tizorinds islomak {igiin istifade olunur. CoreIDRAW coiel :

Graphics Suite paketinin bir hissasi olaraq toqdim olunan PH FAINT X5
PHOTO-PAINT, Adobe Photoshop-a giiclii alternativ kimi v

taninir. Corel PHOTO-PAINT proqrami raster asasli (piksel w

osasl) sokillorlo islomoys imkan verir. Onun osas

funksiyalarina asagidakilar daxildir:
» Qat (layer) dastayi: Forqgli vizual elementlori bir- CorelDRAW

birindon asili olmayan sokildo tonzimlomoys imkan verir.

» Effektlor va filtrlor: Soklin vizual goriiniisiinii doyismok tigiin hazir effektlor vo filtrlorlo
zongindir.

> Retus va barpa alatlori: Fotosokillordoki qilisurlarin (Iskslor, ciziglar va s.) aradan
qaldirilmast {igiin nazards tutulmusdur.

> Rong idarsetmoasi: Kontrast, parilti, kolgo vo rong doymasini tonzimlomak {i¢iin genis
imkanlar toqdim edir.

» Maska vo secma alatlori: Soklin yalmiz secilmis hissolorindo doyisikliklor aparmaga
imkan verir.

> Rogomsal rosmlar iiciin firgalar: Istifadoci istodiyi tipdo firgalarla illiistrasiya vo rosm
¢oka biloar.

Bu program fotosokillar va sokillar tizarinda inca redakts islori aparmagq ti¢iin imkanlar toqdim
edir. Sakil tizarinds ayri-ayr1 qatlarda isloma imkani verir. Rong diizalislori, isiqlandirma, konar
effektlori vo digar vizual doyisikliklor ii¢iin zongin effekt kitabxanasini tomin edir. Corel PHOTO-
PAINT-ds gatlar sistemli va ¢evikdir. Bu sistem istifadagiya har bir sokil elementini ayri-ayriliqda
redakts etmoays imkan verir. Corel PHOTO-PAINT-da ronglarls daqiq islomak iiciin CMYK, RGB,
Grayscale vo LAB rong modellari dastoklonir. Bu xiisusilo ¢ap islori tiglin vacibdir. Proqgramda
homginin rong palitralar1 yaratmaq vo saxlamaq miimkiindiir. Daimi tokrar olunan iglori
avtomatlagdirmaq tigiin Corel PHOTO-PAINT VBA (Visual Basic for Applications) doastayi ilo
makrolarin yaradilmasina imkan verir. Belaliklo, eyni proseslari dofalorlo yerino yetirmoak lazim
olmur — makro ila bir kliklo hayata kegirila bilor. PHOTO-PAINT-ds rosm ¢okmak ii¢iin xiisusi
firgalar vo alotlor mévcuddur: 1)Miixtalif firca novlari (aquarelle, charcoal, marker vo s.) 2)Tozyigo
hassas alatlor (qrafik plansetlorlo birgs istifads {igiin uygundur — Wacom va s.) 3)Xott vo forma
alotlori. PHOTO-PAINT hom fordi dizaynerlor, ham do professional studiyalar, nasriyyatlar vo gap
morkazlari tarafindon istifads olunur. O, yiiksak keyfiyyatli islori sarfali vo somarali sokilds yerina
yetirmays imkan verir. PHOTO-PAINT-in iistiinliiklorindan biri do Adobe Photoshop (.PSD)
fayllarin1 oxuya vo redakts eds bilmosidir. Bu isa istifadagiys programlar arasinda rahat kegid
etmays vo komanda ilo islomoys imkan yaradir. Qatlarin soffafligini (opacity) vo qarisdirilma
tisullarimi (blend modes) doyismok kimi miiayyan islori bu programla yerino yetirmok miimkiindiir.

CorelDRAW vektor grafikasi il islomak tigiin nazards tutulmus pesokar dizayn programidir.
Program ilk dofs 1989-cu ilds togdim olunmus va illor arzinds daim yenilonarok miiasir dizayn
toloblarina cavab veran giiclii bir platformaya ¢evrilmisdir.

Proqramin asas xiisusiyyatlori bunlardir:
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« vektor qrafika redaktasi: coreldraw osason vektor formatl sonadlorlos isloyir. bu, sokillorin
Olciisiinii keyfiyyot itkisi olmadan boylitmoya va ki¢iltmoys imkan verir.

e layiho idarasi: poster, brosura, loqo vo digor dizayn layihoalorinin hazirlanmasi {i¢iin ideal
platformadir.

« tipografiya: motnlorin tortibati ii¢iin zongin alatlor toklif edir. fontlarin redaktosi, interaktiv
matn qutular1 vo miixtalif matn effektlori ilo tachiz olunmusdur.

e pdf va digar formatlarla isloma: coreldraw miixtolif fayl formatlarin1 dostokloyir vo
naticalori ¢ap liglin hazir voziyyato gotirmok miimkiindiir.

e cmyk va rgb dastayi: cap vo veb dizayn iigiin miivafiq rong rejimlorini dostokloyir.

Bu program osasan reklam vo ¢ap sonayesi, 10go vo brend dizayni, poster vo brosura
hazirlanmasi,texniki cizgilar vo planlar, illiistrasiya vo rogemsal incasanoat kimi tadgigat sahalorinda
daha ¢ox istifads olunur. CoreDRAW proqrami vektor grafikasi ilo islomak tigiin nazards tutulmus,
logo, afisa, brosura, texniki illiistrasiyalar vo digor dizayn mohsullarinin yaradilmasinda istifado
olunan pesokar alotdir. 1989-cu ildan etibaran istifadays verilmisdir. CoreDRAW matnls iglomak
iclin genis imkanlara malikdir: 1)Coxsaviyyali motn redaktoasi (paragraph/text frame) 2)Sriftlorin
doyisdirilmasi, formatlagdirma 3)Matnin obyekt otrafinda axidilmasi (text wrap) 4)Font Manager
ilo sriftlorin idarasi 5)OpenType dostoyi — dizayn mogsadli srift xiisusiyyatlori . CoreIDRAW —
grafik dizaynerlor, poligrafiya miitoxassislori, marketing is¢ilori va sosial media menecerlari ti¢iin
pesokar va coxsaxoli bir alotdir. Istifado rahatligi, genis alot ¢esidi vo rogemsal kreativlik iigiin
togdim etdiyi imkanlar onu diinyanin an populyar dizayn proqramlarindan birins ¢evirir. Proqram
daxilinds miixtolif hazir sablonlar, ikonlar, formalar, bordiirlor vo dizayn elementlori mévcuddur.
Bu resurslar dizaynerlorin isini siiratlondirir vo yaradiciligi artirir. CoreIDRAW dizaynlarin hom
rogomsal (veb, sosial media) platformalar {igiin, hom do ¢ap {iglin (printer, plotter, UV ¢ap va S.)
hazirlanmasina uygundur. DPI va rong rejimi se¢imi (RGB vo ya CMYK) ilo cap keyfiyyati dogiq

toyin olunur.
Xiisusiyyot Corel PHOTO-PAINT CoreIDRAW
Qrafika novii Raster (piksel osasli) Vektor qrafikasi
Osas istifado sahosi | Foto redaktosi vo roqomsal rosmlor Loqo, brosura, afisa dizayn1
Qat (layer) sistemi Tam dostok Mohdud dostok
Rong tonzimlomosi Otrafli vo inco alotlor Osas rong funksiyalari
Integrasiya CorelDRAW ilg birgs istifads olunur | PHOTO-PAINT il uygun isloyir

Corel PHOTO-PAINT va CorelDRAW programlart har biri 6z sahasinds giiclii vo effektiv
alotlor toqdim edir. Raster vo vektor asasli dizayn ehtiyaclarini qarsilayan bu programlar, pesokar
dizaynerlor tgiin yiiksok Saviyysli is imkanlart yaradir. Onlarin birgs istifadassi ilo yaradici
layiholorin keyfiyyati artir, is proseslori iSo daha siiratli vo rahat sokildo hoyata kegirilir. Hor iKi
program CoreDRAW Graphics Suite tarkibinda galir va birlikda istifads {igiin nazards tutulub. Hor
ikisi istifadog¢inin vizual dizaynlar yaratmasina, redakto etmasino vo saxlamagina imkan verir.
PHOTO-PAINT fayllar1 CorelDRAW-a asanligla &tiiriilo bilor va oksine. Inteqrasiya yiiksokdir.
CoreIDRAW - vektor osash grafika tigiin nozords tutulmus pesokar proqramdir. Bu program
vasitasilo istifadaci istonilon dl¢tido loqolar, vizit kartlar, posterlor, texniki illiistrasiyalar vo digor
grafik dizayn islorini yiiksok keyfiyyatlo hazirlaya bilor. Vektor grafikasinin asas istiinliiyii ondan
ibarotdir ki, dizayn elementlori Slgiisiindon asili olmayaraq keyfiyyatini itirmir vo cap iiciin
miikkommoal uygunluq tomin edir.

Digor torofdon, Corel PHOTO-PAINT proqrami raster qrafikasi ilo isloyir vo asason foto
redaktasi, sokil barpasi, rong korreksiyasi, montaj vo vizual effektlorin totbiqi ti¢iin istifado olunur.
Bu program, fotograflar, rossamlar vo rogomsal incasanstlo mosgul olanlar li¢iin avozolunmaz alot
hesab olunur. O, hamginin siini intellekt asasli funksiyalar, qatlarla isloma sistemi va planset dostayi
ilo diggot gokir.
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Bu iki programin asas forgli cohatlori onlarin istifads sahalorinds vo grafika névlarinds 6ziini
gostarir. CoreIDRAW vektor asasli dizaynlar ii¢iin idealdirsa, Corel PHOTO-PAINT piksel asasli
sokil manipulyasiyasi va fotosakil tizarinds inca islomoalar {i¢iin daha uygundur. Buna baxmayaraq,
onlarin ortaq cahatlori — istifadagi dostu interfeys, pesokar alotlor, yiiksok performans va genis fayl
uygunlugu — bu programlari bir-birini tamamlayan giiclii vasitalors gevirir.

Natica etibarila, har iki program birlikds istifads olunduqda dizaynerin yaradiciliq potensialini
maksimum dorocados artirir. Istor ¢ap mohsullari, istor reklam dizaynlari, istorso do rogemsal sokil
redaktasi sahosinds galisanlar ti¢iin CoreDRAW va Corel PHOTO-PAINT programlart goxsaxali
Vo etibarli dizayn platformasi yaradir.
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