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TEOPETNYECKASA OHEHKA KOO®P®UIIMEHTA TPEHUSA MEXKAY
ABPA3ZUBHbBIMHU YACTULHAMMU U SJIEMEHTAMMU INOAIUITHUKOB KAYEHUA
TEXHOJIOI'NMYECKUX MALIINH

MHUP3AEB KAXPAMOH KAPIIMBOEBHUY
JIOKTOp TEXHUYECKHUX HayK
V36exucran, Tamkent, TamKkeHTCKUN TOCYAapCTBEHHBI TEXHUUYECKUN YHUBEPCUTET UMEHU
N.Kapumona

Annomayus. B cmamve npugedenvl pe3yibmamvl mMeOpemudecKux Ucciedo8anuii no
CYWeCmBEeHHYI0 GIUAHUIO KOIPDuUYUeHMa MPeHUs. MeHCOY 6HYMPEHHUM U HAPYIHCHBIM KObYAMU,
wapukamu U aOpA3USHLIMU  HACTMUYAMU NOOWUNHUKOS KAYeHUs HA HAUbOIbWUL pasmep
abpaszusHoll yacmuybl, y4acmeylowel 8 npoyecce USHAUWUBAHUA. YCMAHOBNIEHO, YUMo yeeauyeHue
KO3 puyuenma mperusi npuUBOOUM K y8eIUudeHuio Hauboabue2o pasmepa abpasugHoll 4acmuybl,
yuacmeyiowel 8 npoyecce UsHAUUBAHUSL.

Knwueewvie cnosa. I[loowunnuku Kavenus, 6HympenHue (HapydlcHoe) KOIbYo, WAPUx,
abpasusHoe usHawusanue, abpasueHas yacmuya, Kodgouyuenm mpeHus, KOHYeHmpayus, OnuHa
nymu, oovem oegopmayuu, cpeOHull pasmep, KIUHOBUOHDIL 3d30p, npedell meKyyecmu, ynpyeas
NOCMOSIHHASL.

Bsenenue.

N3BecTHO, UTO MOAIIMIHUKY KAa4eHHs] TEXHOJIOTMYECKHX MAIllMH pa0oTaloT B YCIOBHSIX
BBICOKHMX HAarpy30K, BBICOKHUX YacTOT BpalleHHs U B aOpa3suBHOM Cpe/ie ¢ BBICOKOI KOHIIEHTpalueH.
Pe3ynbrathl McclieloBaHU MOKa3bIBAIOT, YTO B YCIOBUSX 3KCIUTyatauuu 79,4% MNONIIMITHUKOB
Ka4eHMsI BBIXOAAT U3 CTPOSI BCJIEICTBHE a0pa3MBHOTO M3HOCA.

B pesynprare aOpa3wMBHOrO HM3HOCA MPOUCXOAMWT OBICTPHIA HW3HOC BCEX JJIEMEHTOB
MOAIIUITHUKOB, U3MEHSIOTCS MX TeoMeTpuYeckas gopMa M pasMepbl. DTO, B CBOIO OUYepeb,
MPUBOAUT K YBEIMYECHHUIO PAJMAIIBHBIX U OCEBBIX 3a30pPOB B MOJAIIMIHUKE U YCKOPEHUIO BBIXOZA
noAmmIHnKa u3 crpos [1, 2, 4, 5, 6, 7]. AOGpa3uBHBI HW3HOC dYalle BCEro HaOIOIaeTCs B
MOAIIUITHUKAX YTOJbHBIX KOHBEHEPOB, CEIbCKOX035UCTBEHHOW TEXHUKHU U APYTUX Y3JI0B MAIIUH,
HEJ0CTATOYHO 3aIMIICHHBIX OT MONaJaHus IPyHTa U MbLIH.

AOpa3uBHBINA U3HOC JIEMEHTOB MOANTUITHIUKOB Ka4eHHSI IPOUCXOIUT CISAYIONUM 00pa3oM.
Cdepuueckas abpa3uBHasi 4acTHIIA TIOMAMAET B KIMHOBUIHBIA 3a30p TOBEPXHOCTEH TPEHUS H
HAaYMHAET JIBUTAThCSl K KOHTAKTHOM IMOBEPXHOCTH IMMOJA JEWCTBHEM CHJIbI TPEHUS, MPU ITOM
CKMMalollas HopMalibHasi Harpy3Ka, JeHCTBYIOIasl Ha adpa3uBHYIO YaCTHUILy, YBEIUYUBAETCS, U B
3aBUCHUMOCTH OT YBEIWYCHHSI 3TON HArpy3Kd YBEIUYMBACTCA TIyOMHA €€ MPOHUKHOBEHUS B
MOBEpXHOCTh TpeHus. [Ipu NMpoHMKHOBEHHHM aOpa3MBHOW 4YAaCTUIBI B TMOBEPXHOCTh TPEHHUS Ha
OTIpe/IeNICHHYIO TTyOUHY JallbHEelIee yBeTNICHIEe HOPMAIbHOM HAarpy3KU MPUBOJIUT K APOOIICHUIO
abpasuBHON yactunbl. W.B.Kparembckuii oTMewan, 4To TOBTOpHOE IpoOJeHUE aOpa3HBHOM
YaCTHUIIbl B KJIMHOBUIHOM 3a30P€ MOXKET IPOUCXOAUTH 110 7 pas [1, 4; 6, 7].

Jedopmaniusi MOBEpXHOCTU TpeHHsI aOpa3WBHOI YacTUIEH 3aBHCUT OT BEPOSTHOCTU €€
CLEIUICHUSI C MOBEPXHOCTHIO TPEHHUSA, & €€ 3HAUYCHHS — OT TBEPJAOCTH Marepuaja MOBEPXHOCTH
TpEeHHUSL.

KoaddunmeHT TpeHus Mex 1y BHyTPEHHUM, HAPY KHBIM KOJIBIIAMH, IIAPUKAMU U a0pa3uBHOM
YJacTHUIIed OKa3blBaeT CYIIECTBEHHOI'O BIUSHHUS Ha HAuWOOJBIIUNA pa3Mep aOpa3suBHBIX YACTHUIL
y4acTBYIOLIEH B Mpoliecce n3HammBanus [2, 3, 8.

Pe3yabTaThl Hec/ie10BaHUS.

[Ipennonoxum, 4ro adpa3uBHbIE YaCTHIIBI pacIIpeeIeHbI 10 BceMY 00bEMY Maciia arperaTta
paBHOMEpHO, TorAa o0mui 00beM adpa3UBHBIX YACTUIl KOHIICHTPAIUEH €« U CPEAHEM PazMeEpoOM
dcp, MPUIIMTIIIINX HA TIOBEPXHOCTH TPEHUSI BHYTPEHHETO KOJIbIIA, PABHO:

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



TEXHUYECKUE HAYKHU
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES
2024 -5.99
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OO6miee KkoaM4ecTBO aOpa3MBHBIX YACTHUI], HAXOMASIIUXCS Ha TIOBEPXHOCTH TPEHUS
BHYTPEHHETO KOJIbLIa,

n,s :0’10;#'@8 -d, '[dlk +d, -(l—cos,b’f)] @
p

CornacHo MPUHATOTO BBIIIE YCIOBUS PABHOMEPHOTO pacipeaeieHus abpa3uBHbIX YaCTHUIL IO
00BbeMy Maciia, HaXOISIETOCs B KapTepe arperara, onpeAessieTcs KoJniecTBa abpa3uBHBIX YACTHIL

HaXOJAIIMXCSA Ha JJIMHE OKPYKHOCTH KOJIbLA (7,) M JIyre KOHTAaKTa IO Kelxo0y Konbua (7, )
MMONIIUITHAKA:

nli .nui = noﬁ’

My _ Ly ®)

rnae, I — AMUHA AyT'M KOHTAKTa LIapuKa 1o eyoOy BHYTpeHHEro Koibla. Torga pemus
CHUCTEMY ypaBHEHUH (3) OTHOCHTENBHO 71, U 1), MOIYYEHO:
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p
rac EK - KOHHeHTpaHI/Ifl a6paSI/IBHLIX YaCTHUIl, HaXOAAIINXCs B MacCJI€ arperaTa.
I[J'II/IHa nyTH a6paSHBHOﬁ YaCTHULIbI B KIIMHOBUJAHOM 3a30p€ B 30HC YIIPYIroro KOHTaKTa,

dh 1/2
6 6i K| 2
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W3-3a toro, uto ds>>hyy B NanbHENIINX pacueTax 3HAUECHUE hfp HE YYUTHIBAETCA.

B 30HE ynpyrommactTuyeckoro KOHTaKTa, KpUTHUECKas rryOnHa BHeApeHUs (/1) aOpa3uBHON
4acTHLIBI B IOBEPXHOCTh TPEHMsI paBHa [3, 8]:

1—[1—6(0-0'm -49)2]”2].

TOF,Z[E[ HyTL a6paBI/IBHOI>'I JaCTHULbI B KINHOBUIHOM 33.30136 a0 €ro ,Z[pO6J'IeHI/IHZ
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rae ¢ — ko3 duiuent aedopmarun; € — ynpyras HOCTOSIHHASL.
Cpennee paccTossHUE MEXKAY JIByMsI COCETHUMH a0pa3uBHBIMH YaCTHIIAMH, HAXOISAIINECS Ha
MIOBEPXHOCTHU TPEHHSI PaBHO:
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K
KonnuecTBo abpa3uBHBIX YaCTHUI] HAXOSIIMXCS HA JUIMHE IYTH TPEHUS 30HBI YIPYIroro
KOHTAaKTa, paBHO:
0t = 0,69
i d'?
wp
OOmiee KOIMYECTBO a0Opa3uWBHBIX YaCTUIl, HAXOMASIIMUXCS B 30HE YIPYroro KOHTaKTa
onpenensiercs u3 Beipaxenut (4) u (5),
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O6bem nedopManii MeTajjla BCEMH aOpa3MBHBIMH YaCTHUIIAMH, HAXOJSAIIUMHCS B 30HE
yOPYTroro KOHTAKTa:

_ 6 8

Vy - Vly Moy

rze, Vi - 06beM ynpyroii nedopmanui moBEPXHOCTH TPEHHS O/IHOM a0pa3uBHON YaCTHIIEH,

pe :0,24-dfp/2-a’gli/z-[1—[1—6-(C-O'T-49)2]2J,

Lyi
/2
Ve =0039-d, ¢ B -d,-d)-[d, +d, (1-cos )] ~[1—[1—6-(C~O'T ~9)2]”2]§
(10)
Bce alOpasuBHBIE 4YacTUIBI Pa3MEpoOM dc, HAXOMASIIMXCS B KIMHOBHIHOM 3a30pe, [0
pasapoliieHns yrnpyro aedopMupyeT MOBepXHOCTeH TpeHus. [Ipm 3TOM BBINOJIHEHHAs padoTa
paBHa,
. /2
y = %'5} pi-d,-d? '[dsi +d, '(1_005131‘8)]1/2 : [1_ [1_6'(C Oy "9)2]1/2]S
(11)
TakuM 00pa3oM, BBITIOJIHEHHAs padOTa 3aBUCUT OT CHJIBI TPEHUS MEXKIY KEI0OOM KOJIell
MOIITUITHUKA B a0pa3UBHOW YaCTHUIIBI, JUTMHY ITyTH a0pa3MBHON YaCTHUIIBI B KIIMHOBHTHOM 3a30p€ B
30HE YIPYroro KOHTAKTa U KOHIICHTPAINIO a0pa3uBHBIX YaCTHUIl B MacJie arperara,

A, =00158-d,,- B -d, - f-0-(c-o, -d}* &,
i s Lo oo o]

[IpupaBusas Beipaxkenus (11) u (12) pemnB ux oTHOCUTENbHO KOd(pduimeHta tpeuus (f),
MocJie HEKOTOPHIX YIPOLICHUH TTOIyYnM,

0,4.[1—[1—6-(0'% '9)2]”2]3/2
(c-o;-0)

(12)

*

Sf= (13)
BriBoabI.
Takum o0pa3oM, KOXPPHUIMEHT TpEeHUs MEXTy aOpa3suBHOW YACTHULEH W MOBEPXHOCTBHIO
TpeHHUs )keTT000B MOIIUTUITHUKA 3aBUCUT OT Mpe/iesia TEKy4eCTH MaTepHralia 3JIeMEHTOB MOIIIUITHUKA
(o0, ) u ynpyroro nocTosiHHOro (@) MaTepuasa moBEpXHOCTH TPEHHUS.
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FRAKTAL QRAFIKANIN ROQOMSAL INCOSONOT VO DiZAYNDA SUNi
INTELLEKT VASITOSILO TOTBIQI

HOMZOYEV CiNGiZ MUXTAR OGLU
Azarbaycan Dovlat Pedaqoji Universiteti, Kompiiter elmlori kafedrasi
bas miiallim

Xiitlasa. Bu maqalads fraktal grafikanin ragamsal incasanat va dizayn sahasinda stini intellekt
vasitasilo tatbiqi arasdwrilir. Fraktallarin riyazi asast va onlarin tabiatdoki miirakkab formalarin
modellasdirilmasinda rolu izah edilir. Ragamsal incasanatda fraktal qrafikamn istifadasi — vizual
incasanat, qrafik dizayn, film va oyun sanayesindoki niimunalorlo géstoriliv. Siini intellekt
texnologiyalarimin, xiisusila da generativ neyron sabakalarinin fraktal grafikanin yaradilmasinda va
transformasiyasinda yeni imkanlar agdigi vurgulanir. Maqalada hamg¢inin memarliq, moda, VR/AR
miihitlorinda fraktal asasinda dizayn niimunalori va onlarin Al dastayi ila inkisaf perspektiviori
tagdim olunur. Naticado qeyd olunur ki, fraktal qrafika ilo siini intellektin sintezi ragamsal
incasanatda yeni yaradiciliq imkanlar: formalasdirir va galocakda bu istigamatin daha geniy tatbiqi
gozlonilir.

Acgar sozlar: fraktal qrafika, ragamsal incasanat, dizayn, siini intellekt, generativ neyron
sabakalari, kompiiter qrafikasi, vizual modellasdirma, kreativ texnologiyalar, VR/AR, ragqomsal
dizayn alatlori.

Abstract. This article examines the application of fractal graphics in digital art and design
through artificial intelligence. The mathematical basis of fractals and their role in modeling
complex forms in nature are explained. The use of fractal graphics in digital art is illustrated with
examples from the visual arts, graphic design, film and gaming industries. It is emphasized that
artificial intelligence technologies, in particular generative neural networks, open up new
opportunities in the creation and transformation of fractal graphics. The article also presents
fractal-based design examples in architecture, fashion, VR/AR environments and their development
prospects with Al support. As a result, it is noted that the synthesis of fractal graphics and artificial
intelligence forms new creative opportunities in digital art and a wider application of this direction
is expected in the future.

Keywords: fractal graphics, digital art, design, artificial intelligence, generative neural
networks, computer graphics, visual modeling, creative technologies, VR/AR, digital design tools.

Annomauusn. B 0annoll cmamve paccmampusaemcs npuMeHenue pakmanbHou epapuru 6
yugposom uckyccmee u ouzatine nOCpeoCmeoM UCKYCCmeeHHo20 unmeniekma. Paccmampuearomes
Mamemamuieckue 0OCHOBbL PPAKMANO8 U UX POTb 8 MOOEIUPOBAHULU CLONCHBIX (Popm 6 npupooe.
Ilpumenenue gpaxmanvroll epaguxu 6 yugdposom uckyccmee ULIOCMpUpyemcs npumepamu U3
U300pA3UMENbHO20  UCKYCCMBA, 2pa@uueckoeo  Ou3auua, KUHO- U USPOBOU  UHOYCMPUU.
Iloouepkusaemcs, 4mo mexHoN02UU UCKYCCMBEHHO20 UHMELIeKmMd, 8 YACMHOCMU 2eHepamueHvle
HeUpOHHbIE Cemit, OMKPbLEAION HOBblE BO3MONCHOCTIU 8 CO30AHUU U NPe0OPA308aHUL PPAKMATLHOLL
epaguxu. B cmamve makdce npeocmaeienvl npumepvl OU3AUHA HA OCHO8e (pakmanos 6
apxumexkmype, mooe, VR/AR-cpedax u nepcnekmusvt ux pazeumusi ¢ noodepoickou HHU. B
pe3yibmame Ommeyaemcs, 4mo cunmes GpaKxmanbHou epaQuKku U UCKYCCMBEHHO20 UHMELLeKma
Gopmupyem HoBble MBOPUECKUE BOIMOICHOCMU 8 YUPPOBOM UCKYCCMEe, U 8 OYOyUemM 0HCUOAencs
bonee wupoxoe npumeHeHue 3Mo20 HanpaeieHus.

Knruesvie cnosa: ppaxmanvuas epaguka, yughposoe uckyccmeo, Ouaii, UCKyCcCmeeHHblll
uMmenleKkm, 2eHepamueHvle HeUpOHHble Cemu, KOMNbloOmepHas 2epaghuxa,  BU3yaibHoe
MoOdenuposanue, KpeamugHvle mexnonocuu, VR/AR, uncmpymenmol yugpogozo ousaiina.
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Miiasir dovrds kompiiter texnologiyalari insanlarin hoyat va foaliyyast sahalorinin demak olar
ki, biitlin istiqgamatlorine niifuz etmisdir. Bu texnologiyalarin on siirotlo inkisaf edon saholorindon
biri do kompiiter qrafikasidir. Kompiiter qgrafikasi tokco vizual materiallarin yaradilmasi vo
islonmosi tigiin texniki vasito deyil, hom do elmi-todqiqat, todris, incosonat vo dizayn sahalorindo
yaradiciliq potensialinin reallagdirilmasina xidmat edon miihiim alstdir.

Kompiiter grafikasinin ¢oxsaxali istigamotlori arasinda fraktal qrafika xiisusi yer tutur.
Fraktallar riyazi osasa malik olmaqla yanasi, tobistdo mdvcud olan miirokkeb formalarin vizual
modellosdirilmasi li¢lin unikal imkanlar yaradir. Masalon, buludlarin formasi, daglarin relyefi, doniz
sahillorinin konturlar1 vo agac budaqglarinin qurulusu fraktal prinsiplorlo izah oluna bilor. Bu
baximdan fraktal qrafika hom elmi, hom do estetik baximdan bdyiik maraq dogurur.

Son illordo rogomsal incosonat sahosindo yeni bir morholo baglayib: siini intellekt
texnologiyalarinin tatbiqi. Siini intellekt (SI), xiisusilo do generativ neyron sobakalori vo dorin
oyranma iisullari, fraktal qrafikanin yaradilmasi vo tokmillosdirilmasinde miihiim rol oynamaga
baslamisdir. ©Ononovi lsullarla hazirlanan fraktal sokillor indi siini intellektin dostoyi ilo daha
miirokkab, rongarang vo dinamik hala gatirilir. Bu iso rogamsal incasanat va dizaynda tamamils yeni
yaradiciliq imkanlar1 acir. Beloliklo, bu moqalods fraktal qrafikanin roqomsal incesonst vo
dizayndaki ohomiyyoti, homg¢inin siini intellekt vasitosilo onun inkisaf perspektivlori tohlil
edilocokdir. Osas diqqet fraktal qrafikanin nozeri prinsiplorine, rogomsal incesenotds totbiq
sahaloring, siini intellektlo inteqrasiyasina vo golacak perspektivlorino yonoldilocakdir. Fraktal
grafika kompiiter qrafikasinin xtiisusi bir istiqgamatidir va riyazi fraktallarin vizual tosvirine asaslanir.
Fraktal termini ilk dofo 1975-ci ildo fransiz riyaziyyat¢ist Benua Mandelbrot torafindon elmo
gatirilmigdir. Latinca fractus sozii “parcalanmis” vo ya “qiriq” monasini verir. Bu anlayis miirokkab,
lakin miioyyon qaydalarla formalasan strukturlari tosvir etmok {igiin istifado olunur. Fraktallarin on
mithiim xiisusiyyati onlarin 6ziinsoxsarhq (self-similarity) prinsipine osaslanmasidir. Yoni
obyektin kigik hissalari biitdv strukturun iimumi formasini xatirladir. Bu, fraktal obyektlors hom
makro, hom do mikro miqyasda baxildiqda eyni vizual xiisusiyyastlorin miisahide olunmasina imkan
Verir.

Masolon:

+» Sierpinski iicbucagi — hor bir boyiik iicbucagin daxilindo daha kicik iicbucaglarin
tokrarlanmasi ilo formalasir.

+»*» Koch qar danasi — hor iterasiyada xattin {izorino yeni qurintilar alave olunur vo noticado
sonsuz miirakkob qurulus yaranir.

+¢ Mandelbrot dasti — kompleks adadler iizorinde qurulan vo fraktal qrafikanin on moshur
niimunalorindon biri olan vizual obyekt.

Fraktallarin kompiiter qrafikasinda miihiim olmasinin saboblori onlarin  asagidaki
xiisusiyyotlori ilo baghdir:

1. Oziinaoxsarliq — obyektin hor bir hissosi biitovii xatirladir.

2. Sonsuz detal — fraktal obyektloro no qodor yaxinlagsaq, bir o qodor yeni vo miirokkob
strukturlar gérmok miimkiindiir.

3. Miirokkabliyin sadalikdon yaranmasi — sado riyazi qaydalarin tokrari noticosindo ¢ox
miirokkab vizual formalar alinir.

4. Tobiilik — tobiotdoki bir ¢ox obyektlor (agac budaglari, buludlar, dag silsilolori, doniz
sahillori) fraktal prinsiplors uygun olaraq formalasir.

5. Miqyassizhq — fraktal formalar miqyasa bagli deyil, yoni miixtolif boyiitmo soviyyalorindo
oxsar goriinligo malikdir.

Fraktal grafika yalniz riyazi nazariyys va vizual modellogdirms {igiin deyil, hom ds incosonat
va dizayn saholorinds yaradici yanagmalar tigiin genis imkanlar agir. Onun asas tstiinliiyii odur ki,
sads alqoritmik gaydalarin totbiqi ilo olduqca miirokkab, estetik baximdan zongin vo unikal tosvirlor
yaratmaq miimkiindiir. Bu xiisusiyyat fraktallari rogomsal incosonatdo miihiim vasitoyo ¢evirir.
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Rogomsal incosonat ononovi rossamliq texnikalarindan forqli olaraq, kompiiter vasitosilo
yaradilan vizual osorloro osaslanir. Fraktal qrafikanin rogomsal incosonotdoki rolu asagidaki
istigamatlorde 6zlinli gdstarir:

% Abstrakt incosanat — fraktal naxislar osasinda yaradilan abstrakt kompozisiyalar miiasir
rossamliqda yeni iislublar formalagdirr.

# Qrafik dizayn — plakatlar, logotipler, kitab iizliiklori vo veb-dizayn elementlorindo fraktal
quruluslardan genis istifads olunur.

Animasiya va vizual effektlor — fraktallarin dinamik doyismosi osasinda yaradilan
effektlor film vo musiqi videolarinda estetik tosir giiclinii artirir.

Musiqi incosonati ilo fraktal qrafikanin olagesi do maraqli istigamatlordondir. Xiisusilo
musiqinin ritmik strukturlar fraktal formalara uygun olaraq vizuallagdirila biler. Bu yanagsma musiqi
performanslarinda, rogomsal instalyasiyalarda vo interaktiv incosanat niimunslorinds totbiq olunur.

Fraktal grafika video oyun vo kino sonayesindo tabiot hadisalorinin simulyasiyasi iiclin genis
istifado olunur:

e Daglar vo landsaftlar — fraktal alqoritmlor osasinda realistik relyeflor yaradilir;
¢ Buludlar vo duman — fraktal funksiyalarla modellagdirilir;

o Kosmik tasvirlar — kainatin sonsuzlugunu gostormak iiciin fraktal asasli sokillordon istifado
olunur.

Mosolon, “Star Trek™ vo “Doctor Strange” kimi filmlordoki vizual effektlorin bir ¢oxu fraktal
grafika texnologiyalar1 ilo yaradilmisdir.

Rassamliq va yeni yaradic1 yanasmalar

Bir ¢ox rassam vo dizaynerlor fraktal qrafikan1 6z yaradiciliglarinda totbiq edirlor. Onlarin
yaratdig1 fraktal osasli roqomsal osorlor sorgilordo niimayis olunur, NFT bazarinda satilir vo
rogoamsal incosonat kolleksiyalarinin miihiim hissasine ¢evrilir.

Son illordo siini intellekt (SI) texnologiyalarinin inkisafi roqomsal incasonot vo dizayn
sahasino koklil doyisikliklor gotirmigdir. ©nonovi olaraq fraktal qrafika riyazi alqoritmlor vasitasilo
yaradilird. Indi iso siini intellekt fraktallarin
avtomatik generasiyasi, doyisdirilmasi vo
estetik baximdan daha zongin hala
gotirilmasi ti¢lin yeni imkanlar acir. :

Generativ Neyron Sabokolori =
(Generative Adversarial Networks — GANSs)
siini intellektin fraktal qrafikada on c¢ox
istifado  olunan  texnologiyalarindandir.
GANs fraktal strukturlardan Gyronarak
onlarin yeni variantlarim1 yarada bilir.
Masalan:

v Klassik Mandelbrot vo Julia
fraktallarinin osasinda yeni formalara malik
vizual asarlar; »

v’ Rong palitrasi vo simmetriya iizro tokmillosdirilmis fraktal tasvirlor;

v’ Méveud fraktallardan hibrid ve unikal dizayn niimunalori.

Miiasir siini intellekt proqramlari (masalon, DeepDream, Stable Diffusion, MidJourney)
rossam vo dizaynerloro fraktal qrafika osasinda daha kreativ tosvirlor yaratmaq imkani verir. Bu
programlarda istifadogi sadoco motn sorgusu (prompt) daxil etmoklo miirokkob fraktal
kompozisiyalar oldo edo bilir. Bu yanasma hom yaradic1 prosesi siirotlondirir, hom do pesokar
olmayan soxslorin rogomsal incosonatlo mosgul olmasina gorait yaradir.

Siini intellektin totbiqi fraktal qrafikani statik tasvirlordon dinamik vo interaktiv
obyektlora cevirmoyo imkan verir. Bu yanasma ilo:

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



TEXHUYECKUE HAYKHU
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES
2024 -5.99

e istifadoci ilo garsiligh slagods formasi doyison fraktallar;
e musiqi, harokat vo ya emosiyalara uygunlagan fraktal tosvirlor;

® VR/AR miihitlorinds real vaxtda generasiya olunan fraktal landsaftlar yaradilir.

Fraktal qrafika vo siini intellektin sintezi yalniz nozori vo eksperimental saholorlo
mohdudlagmir, eyni zamanda bir ¢ox praktik totbiq saholorinds genis istifads olunur. Bu totbiqlor
hom sonaye, hom incasonat, hom do tohsil saholorinds yeni imkanlar yaradir.

Siini intellekt vasitosilo yaradilmis fraktal osorlor artiq roqomsal incosonot sargilorindos
niimayis etdirilir. Bu asorlor:

eunikal vizual formalar vo rong kombinasiyalari;
®interaktiv elementlor (masalon, istifadagi harakotine uygun doyison fraktallar);

e virtual sargilorde 3D toqdimatlar {igiin uygundur.

Fraktal qrafika memarliq vo interyer dizayninda tabii formalarin modellasdirilmasi vo
dekorativ elementlorin yaradilmasi ti¢iin istifads olunur.

Fraktal grafika vo siini intellektin sintezi rogomsal incosonat vo dizayn sahosindo yeni bir
morhalo acir. Fraktallarin riyazi osasi, onlarin miirakkeb vo 6ziinsoxsar strukturlarinin tobiot
hadisolorini vo estetik formalari modellosdirmokdo verdiyi listiinliiklor, siini intellekt texnologiyalar1
ilo birlosdikds, vizual yaradiciligin imkanlarini shamiyyatli deracods genislondirir.

Stini intellekt vasitasilo fraktallarin yaradilmasi yalniz vizual estetikan1 zonginlogdirmir, eyni
zamanda onlarin dinamik, adaptiv va interaktiv xiisusiyyotlor qazanmasina da gorait yaradir. Bu
yanasma:

® Rogomsal incasonatds unikal asorlorin yaradilmasini;
® Dizayn, memarliq, moda va reklam saholorindo innovativ hallorin totbiqini;
® VR/AR vo oyun sonayesinds realistik vo immersiv miihitlorin qurulmasini;

® Elm vo tohsil sahalorinds miirakkab proseslorin daha anlasilan va vizual toqdim olunmasini
tomin edir.

Mogqalads gosterildiyi kimi, fraktal qrafika vo siini intellektin birlogsmasi golocokds raqomsal
yaradiciligin istigamatlorini yenidon formalasdiracaq. Bu yanasma hom texniki, hom estetik, hom
ds iqtisadi baximdan boylik potensiala malikdir.

Notico etibarilo, fraktallarin kompiiter qrafikasinda totbiqi vo onlarin Al ilo sintezi roqomsal
incosonatin inkisafinda miihiim morholodir. Golocokds bu sahodo daha miirokkob, interaktiv vo
yaradic1 layiholorin hoyata kecirilmosi gozlonilir, bu da insan yaradicilig1 ilo texnologiyanin
inteqrasiyasinin ugurlu niimunasidir.
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PROQRAMLASDIRMA KONSEPSIYALARI VO TEXNIKALARININ TODRIiSINO
METAKOQNITIV YANASMALAR

HOMIDOVA LEYLA QAFAR qiz1
Miiollim, Azarbaycan Dovlot Pedaqoji Universiteti

Xiilasa: Maqalo programlasdirma tadrisinda metakognitiv yanasmalarin rolunu arasdurir.
Metakognitiv ~ strategiyalar talobalorin ~ oyronma  prosesini  planlasdirmaq, izlomaok va
qiymatlondirmak bacariglarini giiclondirir, alqoritmik va tongidi diisiinconi inkisaf etdirir.
Todgiqatda beynalxalq tacriiba, praktik texnikalar va miiallim—talaba rollari tagdim olunur.

Acar sozlor: Metakognitiviik, programlasdirma tahsili, 6yranma strategiyalari, algoritmik
diistinca, reflektiv oyranmo.

METACOGNITIiVE APPROACHES iN TEACHING PROGRAMMING CONCEPTS
AND TECHNIQUES

HAMIDOVA LEYLA QAFAR
Lecturer, Azerbaijan State Pedagogical University

Abstract: The article examines the role of metacognitive approaches in programming
education. Metacognitive strategies enhance students’ ability to plan, monitor, and evaluate their
learning, fostering algorithmic and critical thinking. The study presents international practices,
practical techniques, and teacher—student roles.

Keywords: Metacognition, Programming Education, Learning Strategies, Algorithmic
Thinking, Reflective Learning

Giris

Miiasir dovrds informasiya texnologiyalarinin inkisafi comiyyastin biitiin sahslorine niifuz
edorak yeni bilik vo bacariqlara ehtiyac yaratmigdir. Bu bacariqlar arasinda proqramlagdirma xiisusi
yer tutur. Programlagdirma yalniz texniki sahado ¢aligan miitoxassislorin deyil, hom do miihondislik,
iqtisadiyyat, tohsil vo hatta humanitar saholorin niimayandolorinin giindslik foaliyyatinds vacib rol
oynayir. Bu sobobdon, programlasdirmanin todrisi tohsil sistemlorinin miithiim prioritetlorindon
birins ¢evrilmisdir.

Programlasdirmanin dyradilmasi bir sira ¢otinliklorlo miisayiot olunur. Abstrakt anlayislarin
monimsaonilmasi, alqoritmik tofokkiiriin formalasdirilmasi, sintaksis vo semantika arasindaki forqin
dork olunmasi, proqramin is prinsiplorinin diizgiin anlagilmasi tolobalor tigiin ciddi manealor yaradir.
Ononovi metodlarla todris bozon tolobolorin yalniz mexaniki kod yazma vordislorine yonoalir vo
onlarin 6z dyranma prosesini dork etmosing kifayast godor imkan vermir.

Miiasir diinyada informasiya texnologiyalarinin siirotli inkisafi “21-ci osr bacariglar”
anlayigini 6n plana ¢ixarmis, rogomsal savadliliq, tonqidi vo yaradici diisiinmo, eloco do dyronmoyi
Oyronmo kimi kompetensiyalarin  formalasdirilmasin1i = zoruri  etmisdir. Bu baximdan
programlagdirma yalniz texniki bilik sahasi deyil, hom do miiasir insanin problem hall etmas vo idrak
bacariglarini inkisaf etdiron osas vasitolordon biri kimi doyarlondirilir.

Bununla yanasi, Azorbaycanda proqramlasdirma todrisindo metakoqnitiv yanagmalarin totbiqi
istigamotinda aparilmis todqgiqgatlar holo mohduddur. Bu da mévzunun aktualligini vo aragsdirmanin
elmi yeniliyini artirir.

Bu kontekstdo metakoqnitiv yanasmalar xiisusi aktualliq kasb edir. Metakoqnitivlik insanin
0z idrak proseslorinin forqinds olmasi vo onlar1 idars etmasi bacarigidir. Bu yanasma &yrananlorin
yalnmiz bilik aldo etmasine deyil, hom do 6z biliklorini neco dyrondiklorini basa diismasine sorait
yaradir. Programlasdirma todrisindo metakoqnitiv strategiyalarin tatbiqi talobslora 6z dyronmalorini
planlasdirmaq, izlomok vo qiymsatlondirmok imkani verir. Belo ki, metakoqnitiv bacariglar
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Oyrananin 6z diislinco prosesini izlomasi, sohvlarini tohlil etmasi, dyronma strategiyalarini segmasi
va naticalori giymoatlondirmasi ilo baglidir. Bu yanagma proqramlasdirma kimi miirokkob sahonin
Oyronilmosinds dyrononlori daha miistaqil, yaradici vo davamli inkisaf edon subyektlors gevirir.

Tadgigatin moaqsadi programlasdirma konsepsiyalart vo texnikalarinin todrisino
metakoqnitiv yanagmalarin nazari vo praktiki osaslarini arasdirmaq, onlarin pedaqoji shamiyyatini
va totbiq imkanlarin1 gostormokdir.

Tadqiqatin vazifalori:

1. Metakoqnitivlik anlayisinin mahiyyastini vo onun tohsil sisteminds rolunu izah etmak;

2. Programlasdirma todrisinds qarsiya ¢ixan asas ¢otinliklori miioyyonlosdirmak;

3. Metakoqnitiv strategiyalarin proqramlagdirma Oyronilmasindo totbiq tisullarini tohlil
etmok;

4. Beynolxalq todqiqatlar vo tacriibolor osasinda programlasdirma todrisindo metakoqnitiv
yanasmalarin effektivliyini gostormok;

5. Tatbiq li¢lin praktik tévsiyslor vermok.

1. Metakoqnitivlik vo onun tadrisda yeri

1.1. Metakognitivlik anlayisi vo onun tarixi inkisafi

Metakoqnitivlik anlayisi ilk dofs XX osrin ikinci yarisinda ABS psixoloqu Con Flavell
torofindon elmi dovriyyoyo gotirilmisdir. Flavell (1976) metakognitivliyi insanin 6z idrak
foaliyyotinin forqindo olmasi, diisiinco proseslorini izlomasi vo idaro etmosi bacarigr kimi
miloyyonlosdirmisdir. O, bu anlayis1 usaqlarin idrak inkisafim arasdirarkon irali slirmiis vo
gostormisdir ki, dyronan yalniz bilik olds etmir, hom dos bu biliyin necs olds olundugunu dork edir.

Flavellin yanagmas1 daha ¢ox usaglarin idrak proseslorinin tohlilino yonslmisdirsa, Brown
metakoqnitivliyi yronma strategiyalariin planlagdirilmasi vo tonzimlonmasi ila slagelondirmisdir.
Schraw va Dennison iso bu anlayist daha genis todris kontekstino totbiq etmis, metakoqgnitiv bilik
va tonzimlomo elementlorini 6lgmok ii¢lin nozori vo praktik c¢orgivo toqdim etmisdir. Bu forqli
yanasmalar metakoqnitivliyin ¢oxsahali xarakterini va onun dyronma psixologiyasindaki kompleks
rolunu niimayis etdirir.

1970—-1980-ci illords Flavell, Brown va digar todqiqatcilar torafindon metakoqnitivliyin idrak
inkisafindaki rolu aragdirilmigsdir. Bu dovrde osas diqget usaqlarin dyronmo prosesindo 6z
diisiincolorini izlomasi vo yaddas strategiyalarina yonolmisdir.

1990-c1 illordo metakoqnitiv bacariqlarin tohsildo totbiqi genis arasdirilmig, xiisuson do
fonlorin  Gyradilmosindo  dziiniiidaroetmo strategiyalarinin  ohomiyyoti  vurgulanmigdir. Bu
morholodo Schraw vo Dennison (1994) torofindon Metakoqnitiv Siiur Anketi (Metacognitive
Awareness Inventory) hazirlanmigdir.

2000-ci illorden sonra informasiya texnologiyalarinin inkisafi ilo metakoqnitiv yanagmalar
rogomsal tolim miihitlorindo totbiq olunmaga baslamisdir. Todqiqatlarda gostorilmisdir ki,
metakoqnitiv bacariqlar virtual tadris platformalarinda tolobalorin miistaqil dyranma gabiliyyatini
giiclondirir.

Metakoqnitivlik idrakin “ikinci soviyyasi” hesab olunur. Ogar kognisiya birbasa bilik aldo
etmo, gavrama, yadda saxlama vo problem hall etmo proseslorini ohato edirso, metakoqnitivlik
homin proseslorin 6ziiniidorkini vo idarasini ohato edir. Basqa sozlo, insan yalniz diigiinmiir, hom do
diisiincosini miisahido edir, tohlil edir vo nozarstds saxlayir.

1.2. Metakoqnitiv bilik va tonzimlomo

Brown metakoqnitivliyin iki osas komponenti miioyyonlogdirilmisdir.

Metakoqnitiv bilik — insanin 6z biliklori, tapsiriqlarin xtisusiyyatlori vo dyronma strategiyalari
haqqinda moalumatidir.

Metakoqnitiv  tonzimlomo — Oyronmo prosesinin planlagdirilmasi, izlonmoasi va
qiymotlondirilmasi vo lazim goldikds strategiyani doyismok bacarigi ilo bagli bacariglardir.

1.3. Tohsilde metakoqnitiv yanagmanin shomiyyati
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Metakoqnitiv bacariglar dyronanlorin mistaqilliyini artirir, onlar1 reflektiv diisiincoys sévq
edir vo Oyronmo prosesini somorali edir. Miiasir tohsil yanagmalarinda — konstruktivizm, soristo
osasli kurikulum, 0miirboyu tohsil konsepsiyalarinda — metakoqnitivlik osas elementlordon biri
sayilir.

2. Progqramlasdirma konsepsiyalari va tadris problemlori

2.1. Programlasdirma konsepsiyalarinin mahiyyati

Programlasdirma yalniz kod yazmaq deyil, hom do problem hall etma, alqoritmik diisiinco vo
montiqi analiz prosesidir. Onun osas konsepsiyalarina doyisonlor, operatorlar, funksiyalar,
algoritmlor, obyektyonlii yanagmalar vo molumat strukturlar: daxildir.

2.2. Tadris prosesinds qarstya ¢ixan ¢atinliklor

Programlasdirma todrisinds tolobalorin tizlosdiyi asas ¢atinliklor bunlardir:

Abstrakt anlayislarin (masolon, doyisonlor, gostaricilor, obyektlor) dork edilmosinds
c¢otinliklor;

Sintaksis sohvlori ilo semantik problemlorin qarisdirilmasi;

Problemin alqoritmik diistinca ilo tosviri;

Oz programindaki sohvlori tapmaq va diizoltmokdo ¢otinlik.

Metakoqnitiv yanasmalar bu ¢atinliklorin 6hdesindon golmokds effektiv rol oynaya bilor.

2.3. Idrak vo metakognitiv baryerlor

Aragdirmalar gostorir ki, bir ¢cox tolobalor kod yazmag: texniki foaliyyot kimi goriir vo onun
ardindaki diisiinco prosesini dork etmirlor. Bu iso 6yronmods dayanigliligin zsiflomasing sobab olur.

3. Proqramlasdirma Tadrisindo Metakoqnitiv Yanasmalar

3.1. Metakoqnitiv strategiyalarin tosnifati

Planlagdirma morholosi: problemi anlamaq, mogsodi miioyyonlosdirmak, alqoritmi
planlamaq. Tolobalordon proqram yazmaga baslamazdan ovvel asagidaki metakoqnitiv suallart
cavablandirmagq tolob olunur:

Problemin mahiyyati nadir?

Hansi alqoritmik tisullardan istifads etmak olar?

Hall {i¢ilin hanst molumat strukturlarina ehtiyac var?

Icra vo izlomo meorhalosi: kodun islomosini yoxlamaq, araliq noticalori analiz etmok; Kod
yazarkan talabalor 6z foaliyyatlorini izlomali vo qiymatlondirmslidirlar:

Yazdigim kod problemi holl edir?

Daha somorali (optimizo olunmus) {isul varmi?

Mon sintaksis sohvlorini yoxlamigam?

Qiymotlondirma marhalosi: proqramin naticasini tohlil etmak, sohvlori diizoltmak, alternativ
hall yollarin1 miiqayiso etmok:

Program gozlonilon naticoni verdi?

Hansi sohvlorla rastlasdim va onlar1 neco diizoltdim?

Bu tocriibadon hansi dyronma naticosini ¢ixariram?

3.2. Praktik texnikalar vo alotlor

“Think-aloud” (sesli diisiinmo) texnikasi — tolobolor kod yazarkon 06z diisiincolorini
soslondirirlor. Bu {isul hom miisllimo onlarin diisiinmo ardicilligini izlomoayo, hom do toloboyas 6z
diistinco sohvlorini gormoys imkan yaradir.

Reflektiv jurnallar (Oziiniigiymatlondirmo jurnallar1) — Hor dors sonrasi tolobalor 6z dyronmo
proseslorini qisa sokildo yazirlar: hansi ¢otinlikls iizlogiblor, hanst strategiyani islotdilor, golocokdo
nayi doyigocoklor.

Kodun metakoqnitiv (sorhli) izah1 — Program tokca islok voziyyotds togdim olunmur, tolobo
kodu sorh etmoli, gorarlarinin mantiqini izah etmoslidir. Bu zaman hom “niys belo etdim?”, hom do
“basqa neco ola bilordi?” suallar1 miizakirs olunur.

Reflektiv qrup diskussiyalar1 — Dars sonunda qrup miizakirslori aparilaraq tolobsalorin miixtalif
strategiyalari miiqayiso etmasi tomin edilir. Bu, metakoqnitiv stiurun kollektiv inkisafina xidmot
edir.
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3.3. Miiallim va talaba rollar1

Metakoqnitiv yanagmada miiollim vo tolobonin rolu xiisusi vurgulanmalidir, ¢iinki bu
yanasma anonavi tolimdon forqli olaraq dyronmonin mosuliyyatini hom miisllim, hom ds toloba
arasinda balanslasdirir.

Metakoqnitiv yanagmada miiallim yalniz bilik 6tiiron deyil, hom do 6yronmo prosesini togkil
edon bolod¢i rolunda ¢ixis edir. Onun funksiyalari osason asagidaki istigamotlordo comlonir:

1. Sturlulugun artirilmasi - Miosllim tolobalora dyronmo prosesinin moagqsadlorini aydin
sokilda izah edir; Onlara hansi strategiyalarin daha faydali oldugunu gostarir; “Man na dyronirom?”,
“Niya dyronirom?”, “Bunu neco daha yaxsi dyrona bilorom?” kimi suallar qoyaraq metakoqnitiv
refleksiyani tosviq edir.

2. Strategiyalarin modellosdirilmasi - Miiallim 6z dyronma prosesindon niimunalor gostorir:
masalon, kod yazarkon sohv tapmagin marhololorini sorh edir, diisiinco addimlarin1 ucadan ifads
edir (“think-aloud” metodu). Tolobalor bu yanasmani izlayarak 6zlorinds tatbiq etmoyi dyranirlar.

3. Oziiniimonitoring bacariginin formalasdiriimasi - Miiallim tolobalors miitomadi 6z islorini
giymatlondirma, noticalori izlomo vo diizolis etmo vordislorini asilamaga calisir. Bunun iiglin
oziinoqiymatlondirma cadvallari, “checklist”lor, refleksiya gilindsliklori totbiq eds bilar.

4. Miiallimin rolu fasilitator kimi - Metakoqgnitiv tolimds miisllim anonavi “bilgi monbayi”
rolundan ¢ox, fasilitator rolunu icra edir. Yoni, miiollim todris prosesini togkil edir, istiqgamat verir,
amma toloboyo dyronmo mosuliyyatini yiikloyir.

Metakoqnitiv yanasmada asas masuliyyat dyrananin lizorine disiir. Taloba passiv dinlayici
yox, aktiv, 6z Oyronmaosini idaro edon subyekt kimi ¢ixis edir. Tolobanin rolu asagidaki sokildo
miioyyonlosdirilir:

1. Oziiniidork vo siiurlu dyronmo - Tolobo &z giiclii vo zoif toroflorini taniyir; Hansi
movzularin ¢atinlik yaratdigini miioyyonlosdirir; Oziino mogsadlor qoyur va onlara ¢atma yollari
planlagdirir.

2. Planlagsdirma - Yeni mdvzuya baglamazdan ovval hansi biliklors ehtiyac duydugunu vo
hans1 resurslardan istifado edocoyini miioyyonlosdirir. Masalon, programlagdirma dorsindo yeni
algoritm 0yranmadon Onco, tolobo onun nazari asaslarini oxumaq, niimunalar {izarinds islomak vo
test tapsiriglart hall etmak planini qura bilor.

3. Monitorinq (8ziiniiizloma) - Oyronmo zamani 6z inkisafimi izloyir, hansi suallarin agiq
galdigini, hans1 biliklorin méhkomlondiyini dork edir. Kod yazarkon aldig1 sohv mesajlarini analiz
etmak va 0z strategiyasini doyismok buna niimunadir.

4. Qiymotlondirmo vo refleksiya - Tolobo Oyronmo sonunda noticolorini qiymotlondirir:
magsading catib, ya yox? “Daha yaxs1 neco 6yrana bilordim?” sualina cavab axtarir. Bu refleksiya
prosesinda toloba yalniz movzu iizro bilik gazanmir, hom do 6yronmo iisullarini tokmillosdirir.

Miisllim—Talobs ©lagesinin Dinamikasi

Metakoqnitiv modelin totbiqi bir sira iistlinliiklorlo yanasi, miioyyon ¢atinliklori do ehtiva edir.
Talobolor ilkin marholods 6z dyronmo proseslorini izlomays va reflektiv diisiinmoys alismadiqglari
ticlin metakoqnitiv tapsiriglara passiv yanasa bilorlor. Buna gora do miiallim todrisin avvealindo daha
cox istigamatlondirici rol oynamali, talabalords bu bacariqlart marhalali sokilde formalagdirmalidir.

Eyni zamanda, bu yanasma tolobolordo masuliyyot hissini vo miistoqil yronmo motivasiyasini
artirdig1 tiglin uzunmiiddotli perspektivdos tolimin somarsliliyini shomiyyatli doracods yiiksoldir.

Ononovi tolimdo miollim “Oyrodon”, tolobo iso “Oyronon” rolunda idi. Metakoqnitiv
yanasmada is9 tolim ikitorafli prosesa ¢evrilir: misllim tolobays “Oyronmoyi dyrotmaklo” mosgul
olur, toloba iso 0z Oyronma foaliyyotinin mosuliyyatini dasiyir. Bu modeldo miisallim vo toloba
qarsiligh omokdasliq miihitinds isloyir: Miiallim istigamot verir — toloba totbiq edir vo naticoni
analiz edir — miisllim geribildirim verir — tolobo 6z strategiyasini yenidon qurur.

4. Beynoalxalq Tacriibs va Tadgiqatlarin Tahlili

4.1. Xarici adobiyyatin icmali

Beynolxalq aragdirmalar gostorir ki, metakoqgnitiv yanasmalar proqramlasdirma todrisindo
ohomiyyatli naticalor verir:
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e Linn vo Singer (1991) gostormisdir ki, metakoqgnitiv strategiyalar totbiq edon tolobolor
programlasdirmada daha az sohva yol verirlor.

 Kordaki vo Papadopoulos (2019) metakoqnitiv bacariglarin inkisafinin problem holl etmo
gabiliyyatini artirdigini siibut etmisdir.

e Papert (1980) programlagsdirmani yalniz texniki deyil, hom do yaradici vo idrak proseslorinin
inkisaf vasitosi kimi doyorlondirmisdir.

4.2. Todqiqatlarin naticalori

Oksor arasdirmalar tosdiq edir ki, metakoqnitiv yanagmalarin totbiqi proqramlasdirma
todrisini ononavi “kod yazma mosqi”ndon daha genis bir idrak faaliyyatine ¢evirir. Metakognitiv
yanagmalar totbiq olunan tolim miihitlorinds tolobalor 6z sohvlorini daha tez askarlayir, daha
somarali alqoritmik hollor segir, dyronmoys qarst motivasiya vo maraqlart artir. Bu yanasma
tolobalors asagidaki iistiinliiklori gazandirir:

o Oz 6yronmo prosesine nazarat etma bacarigs;

e Sohvlorden Gyronmoe vordisi;

e Algoritmik va tonqidi diistinmonin inkisafi;

e Milasir omok bazarinda tolob olunan problem holl etmo vo Oyronmoyi &yronmao
kompetensiyalarinin giiclonmaosi.

Beynolxalq tocriibanin tohlili gosterir ki, bu yanasmalarin Azarbaycan tohsil sisteminda totbiqi
real potensiala malikdir. Xiisusilo ali tohsil miiassisoalorinds programlasdirma fonlorinin todrisinda
refleksiya jurnallari, “think-aloud” tapsiriqlar1 vo 6ziiniigiymatlondirms texnikalarinin morhalali
totbiqi tolabolorin idrak foalligini artirar, yronmoni daha dorin va siiurlu prosess ¢evirar.

Bu istiqgamotdo yerli pedaqoqlarin vo programlasdirma miisllimlorinin metodik hazirliginin
giiclondirilmosi, beynolxalq tocriibolordon uygunlasdirilmis tolim modullarinin  hazirlanmasi
mogsadouygundur.

5. Takliflor

Metakoqnitiv yanagmalar proqramlagdirma todrisinin keyfiyystini yliksoltmok iiclin genis
imkanlar a¢ir. Bu yanagmalarin ugurlu totbiqi {i¢iin:

1. Kurikulum  soviyyssinds  metakognitiv ~ bacariqlar ~ xiisusi mogsed  kimi
milayyanlosdirilmalidir;

2. Dears prosesindo refleksiya vo oOziinligiymotlondirme {i¢lin miintozom imkanlar
yaradilmalidir;

3. Rogomsal alotlordon — kod izloma programlari, avtomatlagdirilmis test miihitlori, reflektiv
platformalardan istifado genislondirilmolidir;

4. Misllimlor metakoqnitiv tadris metodologiyasi iizra xiisusi hazirliq kegmalidirlor.

Natica

Todqgiqat gostorir ki, proqramlasdirma konsepsiyalart vo texnikalarinin todrisinde
metakoqnitiv yanasmalarin totbiqi tolobolorin yronma prosesine aktiv nozarstini tomin edir, onlarin
diislinco bacariglarini inkisaf etdirir vo miistaqil dyronmays hazirlayir. Bu yanagsmalar innovativ,
effektiv va tolobo yoniimlii metodoloji baza togdim edir.

Metakoqnitiv strategiyalar dyrononlori yalniz hazir bilik istehlakg¢ist deyil, hom do bilik
yaradan subyektloro ¢evirir. Bu, miiasir informasiya comiyyotinin tolob etdiyi on miihiim
kompetensiyalardan biridir.

Beloliklo, programlasdirma todrisindo metakoqnitiv yanasmalarin totbiqi hom pedaqoji, hom
do sosial baximdan zoruri vo somorali hesab olunmali vo miiasir pedaqoji yanasmalarin osas
istiqgamatlorindon biri kimi nozordon kegirilmalidir.
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TOLIM PROSESI ZAMANI OYRONM®O UCUN IKT-DON ISTIFADONIN
SOVIYYOLORI

HOZIYEVA SORMAY®O ASLAN QIZI
Azorbaycan Dovlot Pedaqoji Universiteti, Kompiiter elimlori kafedrasnin miiallimi

Summary. In modern times, information and communication technologies (ICT) have become
an integral part of the learning process. The purposeful and systematic application of ICT in
education is to develop students' cognitive activity, independent thinking, analytical analysis,
cooperation and creativity skills. The main goal of the education system in the modern information
society is to enable learners to learn. The role of information and communication technologies (ICT)
in achieving this goal is undeniable. This article examines the main levels of using ICT for learning
in the learning process, their characteristics and pedagogical significance. The article analyzes five
levels of learners' use of ICT in their learning activities:

1. Lack of access to ICT - the level where technology is not applied in the traditional form of
teaching;

2. Level of applying basic skills - the stage where ICT is used only for information retrieval
and presentation;

3. Level supporting knowledge formation but not essential — the stage where ICT facilitates
learning, but it is possible to achieve results without it;

4. Level required for ICT knowledge formation — the stage where technology plays the main
role in knowledge formation and experience acquisition,

5. Level of knowledge formation and real product creation through ICT — the stage where
learners create ICT products for real users, join knowledge production.

Research shows that high levels of ICT use in the learning process develop not only technical
skills, but also 21st century skills such as critical thinking, creativity, problem solving and
collaboration. Therefore, the purposeful and gradual application of ICT in the pedagogical
activities of teachers is considered necessary.

Key words: ICT, 21st century, information, students', communication.

Xiilasa. Miiasir dovrds informasiya-kommunikasiya texnologivalar: (IKT) talim prosesinin
ayrilmaz hissasina cevrilmisdir. Tadrisda IKT-nin magsadyonlii va sistemli tatbiqi talobalorin idrak
faalligimi, miistaqil diigiinma, analitik tohlil aparma, amakdashq va yaradiciliq bacariglarint inkisaf
etdirmakdir. Miiasir informasiya comiyyatinda tohsil sisteminin asas magsadi Gyronanlarin Bu
magsads catmagqda informasiya-kommunikasiva texnologiyalarimn (IKT) rolu damimazdir. Bu
maqalads talim prosesinds dyronma iiciin  IKT-don istifadonin asas saviyyalori, onlarin
xtisusiyyatlari va pedaqoji ahamiyyati arasdirilir.

Mbaqalada 6yrananlorin Gyranma faaliyyatinds IKT-don istifadasinin bes saviyyasi tahlil edilir:

1. IKT-don istifado imkammin olmamasi — ananavi tadris formasinda texnologiyamn tatbig
edilmadiyi saviyya;

2. Osas bacariglar tatbiq etmak saviyyasi — IKT-nin sadaca malumat axtarisi va tagdimati
tictin istifada edildiyi marhala;

3. Bilik formalasmasim dastokloyan, lakin zoruri olmayan saviyya — IKT-nin &yronmoni
asanlasdirdigi, amma onun olmadan da naticaya ¢atmagin miimkiin oldugu marhala;

4. IKT bilik formalasmas iigiin talob olunan saviyya — biliklorin formalasmasi va tacriiba alda
edilmasi tigiin texnologiyanin asas vasito rolunu oynadigr marhala;

5. IKT vasitasila bilik formalasdirilmast va real mahsul yaradilmasi saviyyasi — dyrananlarin
real istifadacilar diciin IKT mahsulu yaratdiglar, bilik istehsalina qosulduglar: marhala.

Tadgiqat gostorir ki, Gyranma prosesinda IKT-don istifadanin yiiksak saviyyalori yalniz texniki
bacariglar: deyil, ham da tonqidi diisiinma, yaradiciliq, problem hall etma vao amakdagliq kimi XXI
asr bacariglarim inkisaf etdirir. Buna gora do miiallimlorin pedaqoji foaliyyatinda IKT-nin
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maqgsadyonlii vo marhaloli sakilda tatbiqi zoruri hesab olunur.
Acar sozlar: IKT, 21-ci asr, informasiya, talabalar, tinsiyyat.

Giris

Tohsil sistemindo IKT-nin rolu yalniz texnoloji vasito kimi deyil, hom do Syronmoni
faallasdiran vo biliklorin formalasmasim dostokloyon miihiim amil kimi doyerlondirilir. Oyronma
iicin  IKT-don istifadonin  soviyyolorinin  miioyyonlosdirilmosi  tolimin  moqsadydnlii
planlasdirilmasina vo miisllim-6yranon qarsiligli slagoesinin somaraliliyins sorait yaradir.

Rogomsal texnologiyalar bizim yasayis vo is torzimizi doyisdi. Biz ¢oxlu rogomsal molumat
va tacriiboya hazir ¢ixisi olan bir diinyada yasayiriq. Texnologiyada yeni nailiyystlori monimsomak
miiasir qloballasan, biliklors asaslanan iqtisadi diinyada yasamaq va iglomok ti¢iin vacib hala galib.
Miiasir is yerlorindo ugur qazanmagq U¢iin bizo ragomsal texnologiyalardan agilli sokilds istifado
etmok bacarigi lazimdir:

-Mslumat v ideyalarin slds edilmasi

-Yeni molumat va ideyalarin layihalondirilmasi vo yaradilmasi

Roagomsal alstlorin genis palitrast biza avvellor miimkiin olmayan iisullarla qarsiliql elaqads
olmaga va yeniliklor etmoyo, bundan olava, rogomsal texnologiyalarla daha genis olagolor qurmaga
imkan verir, diinyamizi daha dorin, monali sokildo anlamaga komok edir.

Gonclor artiq rogomsal texnologiyalardan sinifdon konarda istifado edirlor. Rogomsal
texnologiyalar yronma miihitlorinds getdikco daha ¢ox yayilsa da, Tolobalor ¢ox vaxt onlardan
yalniz malumati toqdim etmak va ya aldo etmak ti¢iin istifads edirlor. Ancaq bu texnologiyalar daha
cox sey etmoyo qadirdir. Rogomsal texnologiyalar1 genis spektrdo istifads edorok, pedaqoqlar
Oyronoloro asagidaki bacariglart inkisaf etdirmoyo komok edon Oyronmo tocriibolorini tortib
etmolidirlor:

-Mbolumat vo ideyalarin qiymotlondirilmasi vo tohlil edilmas

-Yeni molumat vo ideyalarin layihalondirilmasi vo yaradilmasi

Bir cox tohsil sistemlori roqomsal texnologiyalari Informasiya vo Kommunikasiya
Texnologiyalar1 adlandirir. IKT genis ¢esiddo movcud rogomsal alotlori - hom aparat, hom do
program tominatini shats edir.

Aparat tominatina kompiiterlor, plansetlor vo noutbuklar, smartfonlar, elektron 16vhalar va
video kameralar kimi elektron cihazlar daxildir.

Program tominatina veb-brauzerlordon vo multimedia yaratma vasitolorindon tutmus
miithondis programlarina, sosial mediaya vo birgo redakto platformalarina qodor hor sey daxildir.
IKT XXI osrin biitiin bacariq istiqamoatlorini tosviq etmok vo dostoklomok iiciin giiclii vasitodir.
Mosalon, IKT tolobolors asagidaki xidmatlori gostorir:

-Ovvoallor miimkiin olmayan {isullarla omokdagliq etmok

-Yeni vasitolorlo {insiyyot qurmagq

Bu soviyyalorda biz yalmz dyranma iiciin IKT-nin XXI osr dyronma dizaym istiqamoti ilo
inteqrasiyasina diqqgot yetiracoyik:

-Bilik formalasmas1 vo Real Diinya Problemlorinin Holli vo Innovasiya.

Oyronmo foaliyyatlorine IKT-ni daxil edorkon pedaqoglar tolobolorin IKT-don asagidakilar
iclin monal1 sokilds istifads edib-etmoyacayini diistinmalidirlor:

- Miirokkob problemlori hall etmok

- Bilik formalasmasi

-Biliys osaslanan mohsullarin dizayn edilmasi

Buna gors do pedaqoglar texnologiyadan istifadoni tokca bilik aldo etmok ii¢ilin deyil, hom do
Oyronmo foaliyyatlorinds biliyi dizayn etmok vo formalasdirmagq {i¢iin balanslasdirmalidirlar.

IKT-nin tohsilda totbiqi XXI osr tohsil sisteminin osas istiqamatlorindon biridir. informasiya
comiyyatindo tolimin maqsadi yalmiz bilik vermak deyil, hom dos tolobslorin miistaqil diisiinma,
axtarig aparma vo innovativ gorar gobul etmo bacariglarimi formalasdirmaqdir. Bu mogsadlo
miiollim va talobalorin IKT savadliligi, texnologiyalardan istifadonin saviyyasi vo moqsadi xiisusi

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



TEXHUYECKUE HAYKHU
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES
2024 -5.99

ohomiyyot kasb edir.

IKT-dan istifadonin saviyyalari:

IKT-don istifado tolim prosesindo farqli saviyyalorde hoyata kegirilo bilor. Bu saviyyolor
pedaqoji mogsadlara, tolimin morhalosine vo miisllimin texnoloji hazirliq soviyyosino osaslanir.
Asagida on ¢ox qobul edilon bes osas soviyya gostorilmisdir:

IKT soviyyolori tolobolorin dyronmo faaliyyatlorindo IKT-don istifado edib- etmadiyini
yoxlayir. Daha giiclii foaliyyatlordo IKT-don istifads bilik formalagmasi dostokloyir. On giiclii
faaliyyatlorda tolobalar biliys asaslanan mohsullarin dizaym {i¢iin IKT-don istifads edirlar.

Oyronmo {iciin IKT soviyyolori bu istigamoatin miihiim ideyalarin1 ohato edir vo tolobalorin
IKT bacariqglarini inkisaf etdirmok iiciin faaliyyatlorin layihalondirilmosi zamani faydali ¢orgiva rolu
oynayir. Oyronmok ii¢iin IKT soviyyelori (birden beso qoder) bunlardir:

1. Talobolarin bu dyronma faaliyyati iiciin IKT-don istifads etmok imkani yoxdur.

2. Tolobolor IKT-don osas bacariglart totbiq etmayi vo ya molumati tokrar istehsal etmoyi
Oyronmok ticlin istifads edirlor. Bilik formalasdirmurlar.

3. Tolaboler bilik formalasmasim dastoklomak iigiin IKT-don istifads edirlor, lakin onlar IKT-
don istifade etmadon eyni biliyi formalagdira bilardilor.

4. Tolobalor bilik formalasmasini dostoklomok iigiin IKT-don istifade edirlor. Bu biliklorin
formalagmast ii¢iin IKT tolob olunur, lakin taloboalar real istifadagilar iiciin IKT mohsulu yaratmurlar.
5. Tolobalor bilik formalasmasini dostoklomok iigiin IKT-don istifade edirlor. Bu biliklorin

formalasmast iiciin IKT talob olunur. Talobolar real istifadagilar ii¢iin IKT mohsulu yaradirlar.

Oyronmo iigiin IKT-don istifado edon faaliyyatlori tortib edorken pedaqoglarin cavab vermoli

oldugu 4 suali ortaya qoyur:

1. Tolabalorin IKT-don istifada etmok imkan: varmi?

2. IKT-dan istifada talobalorin biliklorinin formalasmasina kémak edirmi?
3. Bu biliklorin formalasmasi iiciin IKT talob olunurmu?

4. Tolabalor IKT mohsulunun dizaynerloridirmi?

1. IKT-don istifado imkanimin olmamasi saviyyasi:

Tolobalorin IKT-dan istifads etmok imkan varmi?

Bu soviyyada tolobalorin dyronmo faaliyyati {iciin IKT-don istifado etmok imkam yoxdur.
Tolobolorin hor hansi bir isi tamamlamagq ii¢iin IKT-don istifado etmak ehtiyaci yaranarsa, foaliyyat
onlara IKT-don istifado imkani verir. IKT-don istifado tolobolorin dyronmo faaliyyatinin hamisini
va ya bir hissesini tamamlamagq iigiin birbasa IKT-don istifads etdikdo bas verir. Tolobolor IKT-don
istifadayo nozaroti 6zlori etmalidirlor.

Oyronmodo IKT toloboloro miirokkeb fikirlori ¢atdirmaq {igiin giiclii bir vasito olsa da,
tolobalorin IKT-don istifadesine yonalmis bu cohatin shamiyyati yoxdur.

Xiisusiyyatlor: Dars prosesi tamamila ananavi tisullarla aparilir.

Moalumat manbalori mohduddur va asasan miiallimin izaht ilo mahdudlagtr.

Talabalar passiv gabulgudurlar.

Noatica: Bu soviyyado IKT-nin olmamasi dyronmonin mohdud vo bir istiqgamotli olmasina
gotirib ¢ixarir, tolobalords miistoqil axtaris vo tonqidi diisiinma bacariglar inkisaf etmir.

Numund: Toalabolor pedaqoqun cap etdiyi is voraqlorindon istifado edorok informatika
Oyronma foaliyyotini tamamlayirlar.

2. IKT-don asas bacariglari totbiq etmok iigiin istifado saviyyasi:

IKT-don istifads talobalorin bilik formalasmasina kémok edirmi?

Bu soviyyado talobalor IKT-don yalniz molumati axtarmag, toqdim etmok vo ya tokrar istehsal
etmok mogsadils istifado edirlor.

Bilik formalagmasi Tolobalor iigiin yeni olan ideya vo anlayislar agagidak: yollarla etdikdo bas

verir:

O Sorh

O Tahlil
O Sintez
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O Qiymotlondirms

Tolobalorin IK T-don istifadesi birbasa va ya dolay1 yolla biliklorin formalasmasina kémok edo
bilor. Masalon:

-Tolobolor elmi molumatlari tahlil etmok iigiin kompiiterdon istifade etdikdo, IKT bilavasito
bilik formalagmasini dostokloyir.

-Tolobolor Twitter-do cari hadisolorlo bagli terminlori axtardigda vo sonra insanlarin
cavablarini oflayn rejimda tohlil etdikdo, IKT dolay1 yolla bilik formalasmasini dostoklayir. Twitter-
do tapdiglart molumatlar onlarin tohlilini dostokloyir, buna goéro do IKT-don istifado bilik
formalagmasini dostokloyir.

IKT ilo dostoklonon biliklorin formalasmasi faaliyystin  dyronmo  moqsadloring
yonoldilmolidir. IKT-don istifade etmoyi Syranmak taloblara cavab vermir. Masalon, Tolobalor tarix
dorsi liclin togdimat hazirlayarkon PowerPoint haqqinda Oyrons bilorlor. Bununla bels, bilik
formalagsmasini doastoklomok iigiin PowerPoint-don istifado Toloboalora tarixi fikirlorin sorhini,
tohlilini, sintezini vo ya qiymatlondirilmasini darinlosdirmoys kdmok etmalidir.

Oyranmo magsadlori ilo bagh internet resurslarinin giymatlondirilmasi da bilik formalasmasi
hesab edilir. Foaliyyatlor tolobolora biliklo dostoklonon bilik strukturunun passiv istehlakgilari deyil,
agilly, etik internet istifadogilori olmaga komok etmok {i¢lin nozords tutulub. Masalon, talobalor hansi
molumatlara etibar edocoklorini se¢gmozdon avval movzu ilo bagl bir neco manbas tapa vo onlarin
etibarliligini1 qiymatlondirs bilorlor.

Xiisusiyyatlar: Talabalor kompiiter va ya internetdan malumat toplamagq iigtin yararlanir, lakin
yeni bilik formalasdirmir.

IKT yalniz texniki vasita kimi gabul edilir.

Talabalorin faaliyyati reproduktiv xarakter dagsuyir.

Notica: Bilik formalagmir, yalniz méveud moalumatlar tokrar istehsal olunur. Bu soviyys IKT
ila ilkin tanisliq marhalasidir.

Numuna: Talobolor prosesi arasdirmaq {i¢iin program simulyasiyasindan istifado edorok
hiiceyrs replikasiyasini (tokrarlanmasini) éyranirlor.

3. IKT-nin bilik formalasmasim dastokladiyi, lakin zoruri olmadig saviyya:

Bu biliklorin formalagmast iigiin IKT talob olunurmu?

Bu morhaloda tolobalor IK T-don bilik formalasmasini destoklomok iiciin istifads edirlor, lakin
bu biliklori IKT-siz do aldo edo bilorlor.

Tolobolor IKT olmadan bilik formalasmasii talob edan bir ¢ox isi yerino yetira bilorlor.
Moasolon, Tolobolor miixtolif gida rasionuna malik miixtolif qus novlerinin dimdiyi hagqinda
molumat tapa vo dimdik névlorini tosnifeds bilorlor. Tolobalor bu foaliyyst tigiin internetdon istifado
edirlorso, onlar bilik formalasdirirlar. Lakin onlar IKT-don istifade etmok moacburiyyatindo deyillor.
Onlar kitabxanada cap olunmus kitablardan istifado etmoklo IKT olmadan da eyni Syronmo
mogsadloring nail ola bilorlor.

Xiisusiyyatlor: IKT 6yronma prosesini asanlasdirir, vizuallasdirma va interaktivlik yaradir.

Talabalar informasiya manbalarini tohlil edir vo miigayisa aparirlar.

Oyranma foaliyyati daha faal va maragli olur.

Notica: IKT &yronmoni somorali edir, lakin onun totbiqi bilik formalasmasimin yeganos yolu
deyil.

Numuna: Talobalor Esseni kompiiterdo yazmaq {i¢iin Microsoft Word programindan istifado
edirlor.

4.IKT bilik formalasmasi iiciin talob olunan saviyya:

Bu biliklorin formalagmast iigiin IKT talob olunurmu?

Bu saviyyads biliklorin formalagmasi birbasa IKT-nin istifadasini tolob edir, lakin tolobalor
hala real istifadagilor ticlin mohsul yaratmurlar.

Tolobolor IKT-don istifads etmadan qeyri-miimkiin va ya praktiki olmayan bilik formalasmasi
faaliyyatini tamamladiqda biliklorin formalasmasi {i¢iin IKT tolob olunur. Masolon, Tolobalor iki
hafto orzindo basqa 6lkodaki homyasidlar ilo slago saxlaya bilor ki, bu yaxinlarda bas vermis
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quraghgin onlarin comiyyatloring tosirini aragdirsinlar. Bu qisa zamanda moktublart poctla
gondormak qeyri-miimkiin olardi. Bu halda e-poct toloboloro IKT olmadan edo bilmoyacaoklor!
molumatlar1 konfiqurasiya etmoya imkan verir. Buna géro do bu molumati yaratmag iigiin e-poctdan
istifado etmok lazimdir.

Xiisusiyyatlor: IKT 6yranma prosesinin asas vasitasina cevrilir.

Virtual laboratoriyalar, simulyasiyalar, ragoamsal tacriibalar tatbiq olunur.

Talabalor malumati analiz edir, natica ¢ixarwr va biliklori yenidon qururlar.

Noatica: Oyronmo foaliyyatinin osas hissosi IKT iizerindo qurulur. Bu morholodo Talobolor
artiq istehsalg1 diigiincasing kegid edirlor.

Numuna: Tolobalor ulduzlarin neco oamolo goldiyini arasdirmagq {igiin kompiiter osash
simulyasiyadan istifado edirlor.

5.IKT vasitasilo bilik formalasdirilmasi vo real moahsul yaradilmasi saviyyasi:

Talobalor IKT mohsulunun dizaynerloridirmi?

On yliksok morhals hesab olunur. Bu moarhalads Talabalor bilik formalagmasini dostoklomak
iiciin IKT-dan istifados edirlor vo real istifadogilar ii¢iin IKT mohsulu yaradirlar.

Talobolar basqalarmin istifads eds bilocoyi IKT mohsullarini yaratdigda IKT mohsullarinin
dizaynerlori olurlar. Mosoalon, onlar podkast yazib internetdo yerlosdirirlorss, IKT mohsulu
hazirlayirlar. Mahsul 6yronms foaliyystindon kenarda galir vo konar auditoriya ondan istifads eda
bilor.

Tolobolor dizayner kimi ¢ixis etdikdo, IKT onlarin real diinya problemlorinin hollini va
innovasiyalarin1 dostokloyir. Tolobolorin diggatindo informasiyaya ehtiyact olan comiyyot vo ya
konsepsiya tizorindo isloyon kigik usaqlar kimi unikal hodof auditoriyasit olmalidir. Tolobalor
dizaynda bu hodof auditoriyanin ehtiyac vo iistiinliiklorino diqget yetirmolidirlor. Ideal olaraq
(miitloq deyil) hodof auditoriya mohsuldan istifado edocokdir. Miioyyon bir hodof auditoriyasini
nazars almadan mohsul yaradan Tolobolor dizayner kimi gobul olunmur.

Xiisusiyyatlor: Talobalar layiha va tadgiqatlar hayata kegirir.

Naticada yeni mahsul (veb-sahifa, tatbiq, tagdimat, video dars va s.) yaranir.

IKT yalniz vasita deyil, 6yronmanin magsadina cevrilir.

Notica: Bu soviyys yaradiciliga, omokdasliga vo bilik istehsalina asaslanir. Tolobalor bilik
istehlak¢isindan bilik yaradicisina gevrilirlor.

Numuna: Talabaslar yerli qida istehsal¢ilarini arasdirmaq va onlarla {linsiyyst qurmagq {igiin
internetdon istifado etdikdon sonra comiyyotdoki ailoloro yemoklorini alarkon daha ¢ox yerli se¢im
etmokdo komok etmoak iiclin proqram hazirlayirlar.

Noatica

Tolim prosesindo IKT-don istifadonin soviyyslori tohsil sisteminin keyfiyyat gostaricilorindon
biridir. Hor bir soviyyo Oyrononlorin foalliq doracosini, miiallimin rohborlik rolunu vo tolim
mihitinin interaktivliyini miioyyonlosdirir.

Aparilan tohlil géstorir ki, IKT-nin todris prosesino inteqrasiyasi tokco texniki imkanlarin
yaradilmast ilo mohdudlasmamalidir. Ssas mogsod IKT-nin &yronmo mogsadloring
uygunlasdirilmasi, bilik formalagmasinin foallagdirilmasi vo dyronanlorin yaradici foaliyyato colb
olunmasidir.

Asag1 soviyyolordo IKT yalniz texniki vasito funksiyasimi dasiyir vo Oyrononlor passiv
roldadir.

Orta soviyyalordo IKT-nin totbiqi dyronmoni asanlasdirir, ancaq bilik istehsalina yonolmir.

Yiiksok saviyyalords iso dyrononlor IKT-nin kémayi ilo bilik istehsalgisina cevrilir, layihalor
hazirlayir vo real problemlarin hallino tohfs verir.

Bu sobabdon pedaqoji yanasma todricon “miiollim yoniimlii” modeldon “Oyronon yoniimlii”
models kegmolidir. Miisllimlor yalniz texnologiyanin istifadasini deyil, onun tolim moagsadloring
uygun inteqrasiyasini, kreativ yronmo miihitinin yaradilmasini vo rogomsal savadliliin inkisafini
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tomin etmolidirlor.

Beloliklo, IKT-don istifadonin soviyyolorinin sistemli sokildo yiiksoldilmosi todrisin
keyfiyyatini artirmaqla yanasi, dyronanlori miistaqil, yaradici va raqomsal diisiincays malik fordlora
gevirir.

Ovazetmo soviyyasi (Substitution)

Bu morholodas IKT anonavi tadris vasitolorinin sadoca avazloyicisi kimi ¢ixis edir.

Niimuna: Miisllim darsi 16vhe avazina PowerPoint togdimati ilo izah edir vo ya tolabalor yazili
tapsiri8i elektron formada togqdim edirlor.

Bu soviyyado IKT-nin osas rolu informasiyanin c¢atdirilmasimi asanlasdirmaqdir, lakin
Oyronmao prosesinin mahiyyastini doyismir.

1. Inkisaf vo inteqrasiya soviyyasi (Augmentation & Modification)

Bu morholodo IKT artiq sadaca vasito deyil, yronmonin keyfiyyatini artiran interaktiv aloto
gevrilir.

Niimuno: Miisllim rogomsal testlor, simulyasiyalar, todris platformalar1 (masolon, Google
Classroom, Kahoot, Moodle) vasitasila tolobolorin aktivliyini artirir.

Bu soviyya tolobolorin omokdasliq vo yaradiciliq bacariglarini inkisaf etdirmoyo komok edir.
2. Transformasiya soviyyasi (Redefinition)

On yiiksok soviyya hesab olunur. Bu morholods IKT vasitosilo yeni tolim formalar vo
metodlar yaradilir.

Niimuna: Tolobolar siini intellekt, virtual realliq (VR) vo ya onlayn omokdasliq platformalari
vasitasilo layihalor hazirlayir, beynolxalq komandalarda birgs islayirlar.

Bu morholodo dyronmao sorhadlari genislonir vo tolobolar bilik istehsalgisina gevrilir.

Miiallimin rolu va IKT kompetensiyasi

Miiollimin texnoloji, pedaqoji vo mozmun kompetensiyalarinin vohdati IKT-nin tolimdo
somoarali istifadosini miioyyon edir. Miiasir miisllim yalniz texnologiyadan istifado edon deyil, onu
mogsadydnlii sokilds totbiq edon, tolim mogsadlorine uygunlasdiran soxs olmalidir.

Natica

Tolim prosesindo IKT-don istifadonin soviyyolori miiollim vo tolobonin rogomsal
savadliligindan, todris mogsadlorindon vo infrastruktur imkanlarindan asilidir. Yiiksok soviyyoli
IKT inteqrasiyasi tohsilin keyfiyyetini artirir, Syronmoni daha interaktiv vo yaradici edir. Buna goro
do pedaqoji kadrlarin texnoloji bacariglarinin davamli inkisafi zoruridir.
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K¥PbUJIBIC MATEPUAJIJAPBIH OHAIPYJIE BYPIBIJIAY INJIAMJIAPBIH
KOJJAHY HEPCIIEKTUBAJIAPBI

OMIP3AK MAKCAT PA3AXYJIbI
JL.H.I'ymunes ateiaaarsl Eypasust yaTThIK YHUBEpcHTETI, CoyneT-KYphUIbIC (haKyIbTEeTI
MarucTpaHThI

FrutbiMu sxetexini-rexH.reutbiM.Kau 1., JoneHT KAJIMEBA K.E.
Acrana, KazakcTtan

Annomauusn: Kymvicmoiy mMakxcamol MYHAu 6HOIPY 6HEPKICIOIHIH MEeXHO2eHOIK Kanioblabl —
OYDbLIAY WAMBIH KYPBIIbIC MAMEPUAIOapbih 6HOIpyoe KOLOAHy NepcneKmusaniapblih 3epmmey.
Kymvicma Oypzviniay winamvinely Kopuwiaean opmasa mepic acepi KepcemineeH. Kypuluvic
mamepuanoapvii  OHOIpyoe  OYpaulidy  WIAMbIH — NAUOANAHYOblY ~ MYMKIH — Oa2blmmapul
Kapacmulpvliean. Op mMypli @QYHKYUOHALObIK MAKCAmmazvl KYPuLIblC MamepuaioapbliHod
OYp2bLIay WAAMbIH KONOAHY MYMKIHOI2T MYpaibl OMAHOLIK HCIHe WemenliK HCapUsianbimoaped
a0ebu wony dcacanovl. Bypevinay wnamoapuln natioananyovly Keneci 6agbimmapsl Keieuieci 30p
eKeHi aman eminoi: acharbmobemoHn KoCnanapblHOdAbl MUHEPAI0bl YHMAK Peminoe, KepaMUuKaiblk
OyUiLIMOapObl 6HOIPYOe JHCYKAPMKbIUL JHcoHe Kyudipeiu Kocnauap peminoe, NOpmMIAAHOYeMeHm
He2i3iHOe2l KOMNO3UYUANbIK Mamepuaiea Kocna peminoe. Ey Ymuimovicol KepamuKkaivlk Kipniu
OHOIpYOe OYPblIay WIAMbIH KOCNA pemiHoe natoaiamy.

Tipex co30ep: Oypeviiay wbliambl, KYPoLiblc MAMepuaidapbl, Kepamukd, acghaiomodemon,
KOMNO3UYUALLIK MATNEPUANOap.

Kasipri anemae naiiaansl Kaz6anapslH alTapiablKTail yiaeci MyHail MEH a3 eHJlipyre Kejiel.
byrinne Oenrini 61p aymakTapzaa Kbl caiibiH 560 MITH TOHHaJ]aH acTaM MyHaii skone 740 MJTH TOHHA
ra3 enaipineni [1]. ©3 kezeringe, PO-garsl [lepmp emkeci eH ipi MyHall eHIIpeTiH altMaKTapaAbIH
O1pi 60JIBIN TaObLIAABI )KOHE KBUIIBIK OH/IIPIC KOJIeMI IaMaMeH 15 MITH TOHHaHBI KYpPalThIH jKoHE
KbUIbIHA 54%-Fa ©CeTiH KeMIpCyTeKTep/l OHaipy1i KyaTsl 0ap [2].

Mymnaii eHnipyre OarbITTanFaH KbI3MET, KEH OpPHBIH Oapiiay Ke3eHiHEeH OacTam JaibiH OHIM
aJTy YIIIiH OHBI KaiiTa OHJIey COTiHE ACHiH, KOpIIaFaH opTara alTapiibIKTail ocep eTe/i.

MyHaii xoHe Ta3 YHFbIMaJapblH JalbIHay, OYpFbUIAay JKOHE KOHJEY Ke31H/e KON TOHHAJbI
KaJIBIKTap OypFhUIay IIJIaMIaphl s)KoHe MaiaanaHbuIral OyprbuIay epiTiHIepl Typinae Ty3inei,
oJIap KOpIIlaFaH opTara Tepic 9CepiHeH MIHAETTI TYPe yTHIH3aMsIay bl Tajan erei. XKbut caitbia
Tek [lepMb enkeciHiH ayMarblHAa KeMipCcyTeKTepai eHaipyAeH mamamMeH 140 MbIH TOHHA KaJJbIK
Ty3uteni, oHslH 100 MBIH TOHHAchl OYpFbUIAY KaJAbIKTapblHA Kenemi. Aumaiima, Oypreuiay
[IIaMIapBIH yTUIM3ALKATIAY XKOHE KaiiTa OH ey YIIiH alTapbIKTall KaUTaIIbIK CATBIMIAP KaXKeT.
ConppIKTaH, HaKTHl JKaFAaia muoIamaap OHAaFaH KbpUiaap OOMbl alIbIK YHIHIAUIEpAE *KUHAJIBIM,
ayara, ®ep acThl CyJapblHa, TOMBIPAKKA KOHE JKaJIIbI JKEPTUTIKTI OMOIIEHO3Fa Tepic oacep eTe/ll.
bypreinay mamsl aTMocdepaiblK >KayblH-IIAIIBIHMEH Y3aK yakbIT OaiinaHbicTa OOJiFaH Ke3Je,
onap OETKi JKoHE Kep acThl CyJlapblHa YIIbI 3aTTapbIH KOIIyiMEH CYJIbl epITIHALIepre aybICabl.
byrinri TaHma ocel OHIMAI YTHIU3ANKSIIAY JKOHE 3aJIaJIChI3aHABIPY IBIH THIM/I1, YTBIMJIBI TOCLTI 91
o3ipJIeHOETeH.

byprpinay nUTaMBIHBIH ~KaTThl  OeJliri YHFbIMa TyOl MeEH KaObIpFallapblHBIH Tay
KBIHBICTAPBIHBIH OY3bUTY OHIMACPiHEH, OYpFhIIay CHAPSABIHBIH YHKETY OHIMIEPIHEH jKOHE Ca3/Ibl
MUHEpalgapJaH TYpaThIH CYJIbl CyCclieH3us. byprpiiay maMaapbiHbIH KypaMbIHAa MbIHAJIAP Kipei:
ca3, kapOOHATTHI Tay >KBIHBICTApHI (0K Tac, JOJIOMHUT, MarHe3uT, CHUICPHUT), OapuTTi, TEMipi,
KOPFaChIH/IbI OOMIIeKTep, OeHOPraHUKANIBIK peareHTTep (KayCTUKAIIBIK COa, KaIbIIMIIEHTeH Coa,
OK, XJIOPJIBI KAJIBIHH )KOHE KaJIWH, THIIC, TY3/1ap), OPTaHUKAJIBIK peareHTTep (HUTPOJIUTHUH, OKCHJI,
cynepucnupt 6apaacel, KapOOKCUMETHIIEIIION03a, KOMIP-CUITUIIK peareHT, Kpaxman, OeTTiK-
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OelceH Il 3aTTap, )KarapMail MaTepuaiIapsl) xoHe O0acka na 3atrap [3].

Byprpinay mUIaMBIHBIH OPTYPJIi OHEPKACII cajallapblHIa KOJJIAHBUTYBIH IMIEKTEHTIH 0acThl
MOceJie — OHBIH 3aTThIK, MHHEPAIBIK KOHE XUMUSIIBIK KYPAMBIHBIH TeK KEH OpHBIHA FaHa eMec,
COHBIMEH KaTap YHFbIMAaHBIH OYKUI OWIKTITT OOWBIHIIA TYpPaKChI3AbIFBL. KypaMHBIH e3repyi
OyprpIIay TEXHOJOTHSCHIHA JKOHE IPOLECTIH TEXHOJOTHSUIBIK TapameTpliepiHe (Temmeparypa,
KBICBIM), XUMUSJIBIK TaOMFAThl opTYypii (ronarep (ra3, MyHai, KabaTThIK cy) Oap KabGaTTapmabl
anryra, OYpFBUIAHATHIH IKBIHBICTAPABIH Op TYpPJi MHHEPAIOTHSIIBIK KypaMblHa OaiIaHBICTHI.
JlereHMeH, 3aTThIK JKOHE MUHEPAJIOTHSUTBIK KypaMbl YHFbIMAJIAp OpPHAIACKAH JKbIHBICTAPFa TiKeJeH
Toyeni O0Iabl.

Byprpitay nuiaMaapblHbIH XUMUSUIBIK-MHHEPAJIOTHSUIBIK KYPAMbIH aHBIKTAY HOTHIKEIEpi
KecTee KkepceeTinren[4].

Kecre 1
Byprhutay muiamIapeIHBIH XUMUSITBIK-MAHEPAIOTHSUTBIK KYPAMBIH aHBIKTAY HOTHKEIEpi
Kypamac KOMIIOHEHTTED Ma3zmyHsl, %
Cy (pUTFaIIbUIBIK) 18,74
MyHaii eHiMziepi (OpraHuka) 7,56
Marnuii TuIpoKapOOHaThI 0,04
(Mg(HCO3)2)
Kanmit xnopuni (CaCl2) 0,81
Maruuii xsopuai (MgCl2) 58,97
Cas 1,02
Hatpuii cynedater (Na2S04) 12,86

Byprbinay IIIaMbIHBIH XUMHSUIBIK-MUHEPATOTUSIIBIK KYPAMbIH Talail OTBIPHIIN, OJapiblH
KaJbl KYPBUIBIC JKOHE apHaiibl MaKcaTTarbl KYPBUIBIC MaTEepUAIIAPBIHBIH KeH Ti3IMiH OHIIpyAe
KOJIJaHyFa apHaJifaH KOFaphl QJIEYETIH OHE KapaMAbUIBIFBIH aTanm eTyre Oosiaabl. Byprbuiay
[UTAaMIAPBIHBIH KYPBUTBIC MaTepUaIIapbIH OHAIPYIET] KapaMIbUIBIFbI OJapAbIH JAUCIEPCTIriMEeH
’KOHE KYpPaMbIMEH FaHa eMec, COHbIMEH KaTap IIeriHIIepeH KOChIMIIA TY3eTy/ Il Tajal eTIenTiH
JaBIH JKOFaphl TOMOTEH/TI IIMKI3aT KOCIIACKIH Ay MYMKIHAITIMEH Je TyCiHaipineni [5].

OTaHJBIK XKoHE HIETENIIK FaJbIMAAPAbIH KONTEreH 3epTTeyiepinae Oyprbuiay HuIamMaapbiH
OPTYPJTi KOMITO3UIIUSIIBIK KYPBUIBIC MaTEepHAIIapbIHBIH HETI13T1, COHAAaN-aK MOIU(pUKAIHSIAYIIHI
KOMIIOHEHTI peTiHe naiiiaganyabH THIMIUIIT pacTanaibl.

3USHCHI3JAHABIPBUIFAH OYPFbUIAY MIJTAMBIH KeJIECIZIeH KYPBUIbIC MaTepHaAIapblH OHAIPYIE
KOJJIaHyFa OONaabl: KepaMUKAIBIK KIpIMill, KepaM3UT, [IEMEHTTI OalIaHBICTBIPFBINI HETi31HAETI
KOMITO3UIUSUIBIK MaTepuaiaap, 0ETOH KoHe epiTiHAl KoclajJapblHa apHaJIFaH Kocnaiap *oHe T.0.

[IepMb FBUTBIMHU-3€PTTEY MOJIUTEXHUKAIBIK YHUBEPCUTETIHIH FAIbIMIAphl OypFbLIaY HIJIAMbIH
KOJI KYPbUIBIC MaTe€pHaJapbIHbIH KYpaMbIH/a KOJIIaHy MYMKIHITIHE Tajnaay »acansl [6]. 3epTTey
yuiH XMAO, Opbia6op 00:bIch xkoHe SIMan-Hener aBTOHOMUSIIBI OKPYTiHIH KEH OpbIHAApbIHAH
aJbIHFaH OyprbUlay NUIAMBIHBIH YJTUIEpl MaialaHbUIIbL. 3epTTey HOTIDKeJIepl OoWbIHIIA,
Oyprputay nulaMblH 4% MeuliepiHAe KOJJaHy Kasipri HOPMATUBTIK-TEXHUKANIBIK KyXKaTTama
TajanTapblHa COMKeC KeJIeTiH achanbTOSTOHIap allyFa MYMKIHIIK OepeTiHi aHbiKTanabl. CoHa-
aK, Oyprbuiay IIJIaMbIH aBTOKOJIIK >KOJIJApBIHBIH JKarallayJapblH KOHE JKUEKTEPiH HbIFANTY YIIH
KOJIZIAaHBUIATBIH IIEMEHTTI TOIBIPAKTapAbl JalbiHAayFa 75%-Fa JMeliH MeJep/ae maiaananyabiH
THIMALTIT gonennenai. FansiMaapasiy 3eprreynepinne Oyprbuiay HUIAMBIH HOPTIAHALIEMEHTKE
KOCITa peTiH/E KOCYIBIH OH 9cepi 1€ aHBIKTaJJIbI.

I'T. Sradaposa, FO.I'. MarseeB, ®.A. ArzamoB, B.P. Paxmarymmun, J[.B. Paxmatymiun
Oactaran Yda MEMJICKETTIK MYHal-TEXHUKAJIbIK YHHUBEPCUTETIHIH FajabiMaapbl OpblHOOp KeH
OPHBIHBIH KallCyJallaHFaH OyprbUIay HUIaMblH nopTiaanauemMentke 10%-ra gelin Kocma peTiHze
naiizanasa oTeIpbIN, OypFbuIay IIIaMbl KOCBUIMAFaH LIEMEHT TachlHA KaparaH/a KbICyFa OEpiKTiri
oprta ecernreH 15-35%-ra xorapbl IIEMEHT TaChIH ajjbl [7].

Byprbulay mutamMIapblH KOJJIAHYJbIH €H NEepCHEKTHBTI OarbIThl KEPAMUKAIBIK OyHbIMIap
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eHepKaciOi, aTtan aiTKaHIa, KEPaAMHUKAJBIK KipImill eHAipici, Oyprbulay MUIAMBIH LMK KipIIIITI
KEeNTIpy Ke31HJIe KYKAPTKBIII KOCTa PETiHAE KOJIJIaHy KENTIPy YaKbIThIH KbICKApPTyFa MYMKIHJIIK
oepeni. Connaii-ak, OyprblIay NITAMBIHBIH XaHY KaOieTi )KOFapbl OOJIFaHABIKTAaH, OHBI KYHETIH
KOCIla pEeTiHAE, COHBbIMEH Karap KIpHill, TakKTailla, dYepenuua CHIKTBI KepaMHKaJbIK
MaTepHalIapAbl ajly YIIiH OalIaHbICTHIPFBINI peTiHAe Maiaanany taimai. B.3. A6npaxumoB nex
E.C. AOmpaxumoBanbiH [8] 3eprreynepinne Oyprbuiay nuiambiH 30%-Fa AeifiHri medmmiepie
KYKApTKBIII JKOHE JKAHATHIH KOCHA PETiHJE KOCY MPOIECKE OH dcep ETETiHI JKOHE IIMXTara
KOCBUIATBIH KOMIp/Al alMacThlpyFa MYMKIHAIK OepeTiHi kepceriireH. CoHbIMEH Kartap, O
KYHOipiieTiH MaTepualblH IMIiHAE TOTHIKCHI3NAHABIPFBII OpTa JKAacalibl, KEePaMHKAIIBIK
OyHbIMIapAbIH KEYEKTLTITiH apTTHIPBIN KaHa KOMMaid, KepaMHUKaIbIK KYHIIpIMHIH O1pKeNKi micim-
KETITyiHe JIe BIKIAT eTeIl.

By3ynyk ryMaHHUTapibIK-TEXHOJIOTUSIIBIK MHCTUTYTBHIHBIH FanbiMaapsl B.B. JlyOunenkui,
B.A. I'ypeeBa, K.M. Brnosun, A.B. Jlopomun ae Oyprbiiay NUTAMBIH JKYKapTKBIII KOCIA PETiH/E
Kocy OolbIHIIIA OcbiHAAl 3epTrey xyprizai [9]. XKykaprTkeim perinae bamikup ropu3oHThIHAH
(2100-2200 wm) sxoHe Ilammiick ropuszonThiHaH (3700-3850 M) anbiHFaH OypFbuIay IUIAMBI
KonjganbuiFad. Illmam Herisri eHimre >xaumsl ca3 caaMmarblHBIH 10%-bI MemniepiHae KOCHUIBII,
keitiinaen 1000°C temmepartypana 4 caraT 00iibI OIpTIHIET KOTEPLIII, €H KOFaphl TeMIiepaTypaja
keMminze 1,5 carat kyiaipiiren. Hotmwxecinae, M100 mapkacbIHaH *oFaphbl KipIill YATiCl ajbIHFaH.
Amaiina, Oyprpulay NUIAMBIH TEK >XYKAPTKBIII KOCMA pETiHAE FaHa €eMeC, COHBIMEH KaTap
OailnaHBICTHIPFBILI PETIHE A€ KoNMAaHyFa 6omansl. Meicansl, B.B. Jlyouneukuiinia 3eprreynepinie
[4] ym koMmoHeHTTI muxTara Oyprbulay nuambelH 30%-Fa AeiiH KOCKaHAa, HOPMaTHBTIK
KyKaTTamMa TajanTapblHa cail camanbl HOMEHKIATYpalblK eHimzaepal (Kipmill, TakTaifma,
Yepenuiia) aryra 00JaTbIHBI KOPCETITEH.

Opbiabop yHuBepcuteTiHiH FaimsiMaapsl B.A. I'ypeeBa, H.B. Bytpumosa, A.B. lopomuH,
B.B. ly6ouneuxwuii, K.M. BnoBun ae ocblran ykcac 3epTTeyiep Kyprizimn, nutamasl 50%-ra neiin
KOCY MEMIJIEKETTIK CTaHAapTTapFa COHWKeC camaibl OHIM ajdyFa MYMKIHIIK OepeTiHi Typajbl
HOTWOKeNnep anabl [9]. 2-kectene KypamblHAa OypFbulay NIIaMIApbIH KOJIJIAHY €H OPBIHIIBI
(parroHab1) 60BII TAOBUIATHIH HET13 KYPBUIBIC MaTepUalIapbl KOPCETIITEH.

Kecre 2
Kypbuisic MmaTepuanaapsl MeH OyHbIMIapbl ©HEepKaciOiHae OypFblIay HIJIaMIapbIH
KOJIJaHY/IbIH BIKTUMaJI OaFrbITTapBhI.

MarepuainiblH aTaysl Konnany canacel
AcdanpTobeTOH Heriznepai HpiFaliTy
KepamukabIK KipIinn beTTik, Katapaarsl
[TopTnananemMeHT Heri3iHaeri bepik 11eMeHT Tackl
KOMIIO3HUIIHMSUTBIK MaTEepHal
IlemeHTOTpYHTHI ABTOMOOWITB YKOJIJTAPBIHBIH €HICTEPI

MEH KHEKTEPiH HbIFAUTY YIIiH

Yepenuua
Bypreinay nutamel, naliganansuirad  |[KyOblp anaHaapblH, YHFbIMaJIapIbl
TEXHOJIOTUSIIIBIK ePITIH/II )KOHE bKOHE KOCIIMIILIIK 1T HIET]
aFeIHIBI OYPFBUIAY CYJIAPHI PKOJIIAPIBI Ka0IBIKTaYy
MHHEpaIIbl KOCTIalapMeH
apajaacThIPhLIAJIBI
[IlrakoOmokTap
Kuek mauranapsl, Tpotyap mutkacsl PKosmapzsl, COKIaKTapbl TOCey,
bKuekTepai (Ooparopiep/i,
napeOpUKTEP/Il) JalbIHAAY

Ocbutaiiima, opTypiai  (YHKIMOHAIABI MaKCaTTaFrbl KYpPbUIBIC ~MaTepuaifapbl MeEH
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OyiibIMIapbIH OHIpy e OypFbUIay NUTAMIAphIH Naiiianany MyMKiHAIrH Oaranay OoibIHIIa o1e0u
JEepEeKTepIl Tajaaay MYHa OHIIpy 6HEepPKICiIOIHIH TEXHOTEH K KaJbIKTapPhIHBIH OCBI TYPIH KalTa
OHJICY KOJIEMIH YJIFAaUTYIBIH OPBIHIBI CKEHIH KepceTeni, Oyl KaiTa KallblHa KEJIMEWUTIH
MUHEpAJIbI )KOHE SHEPTeTHKAIIBIK PECYpCTapAblH KOPBIH jKacall KaHa KOWMal, COHBIMEH Karap
KOpIIaraH OpTara TYCETiH SKOJIOTHSUIBIK aybIPTIIAIBIKTHI 1a a3alTabl.

Bypfpinay nutaMblH yTHIIM3aNUSIIAYABIH €H MEPCIICKTHBTI OaFBITTAPBIHBIH Oipi — KepaMuKa
eHJIipici OombIn TabbUIaABL. by, €H anjbpIMeH, KenTereH KeH OphIHAAphIHAH AJNBIHATHIH OYPFbUIAY
[IJIAMIaPBIHBIH 3aTTHIK JKOHE TUCTICPCTIK KYPAMBIMEH OaiIaHBICTHI.

Hlnamaapasl maiianaHa OTBHIPBINT JKAcalFaH KYPBUIBIC MaTepUaiIapbl KOJAAHBICTAFbI
HOPMAaTHBTIK-TEXHUKAJIBIK Ky>KaTTaMa TaJlalTapblHa cail Kellil KaHa KoWMai, COHbIMEH Oipre, OyJ1
ocipece ©3eKTi, 031HAIK KyHbI TOMeH Oonaasl. by ocbiHaail eHiMaepal Ka3ipri 3aMaHFbl KYpPBUIbIC
HapbIFbIHAA O9ceKere KaOineTTi eTel.
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METO/bI ITPOU3BOJACTBA MOJIOYHBIX ITPOAYKTOB C TOBABJIEHUEM
CbIBOPOTOYHBIX BEJIKOB

ABYBAKHWP AJIMAT MYPATY.JIbI
MYPAT ’KAHEJIb MAPATKbI3bI
OJIAIBAM MOJIU CASITY.JIbI
MYXAMBETOBA AKBOTA BAYP/KAHKDBI3bI
CTYIEHTBhl AJIMAaTUHCKOTO TEXHOJIOTHYECKOTO YHUBEPCHUTETA,
Anmarsl, Kazaxcran

Hayunsiit pyxoBogutens — HYKEHOBA C.A.
CEHBOP-JICKTOP AJIMaTHHCKOTO TEXHOJOTMYECKOTO YHHBEPCUTETA,
Anmarel, Kazaxcran

Annomauun: B cmamve paccmompenvl memoovl npou3600Ccmea MOLOYHBIX NPOOYKMOS C
000asneHuemM CblOPOMOUHBIX OEIK08, maKue KaK Yibmpapuibmpayus u UCNoIb308anue OelKos 8
Kawecmee (DYHKYUOHANbHBIX UHSPEOUEHMO8 OJis YIVHUUuleHUs NUWesoll YeHHOCMU, MeKCmypol U
cpokog xpaueHus. OmmeyeHvl NpeuMywecmsed UCHONL308AHUS IMUX 0enko8 OJis YIyUUuleHUs:
nuwesoll YeHHOCMU NPOOYKMO8, UX MeKCmypbvl, a maxaice npooieHusi cCpokos xparenusi. OcHosHoe
BHUMAHUE YOENeHO NPUMEHEHUIO CblBOPOMOUHBIX OeIK08 6 OemCKuX, CHOPMUGHLIX U
DYHKYUOHATBHBIX NPOOYKMAX, O1a200aps UX 8bICOKOMY COOEPHCAHUIO HE3AMEHUMBIX AMUHOKUCIOM
u Opyeum Ouonocudecku aKkmusHvlM Komnowenmam. Ilomumo smoeo, 6 pabome makoice yOeneHo
BHUMAHUE IKOHOMUUECKUM U IKOIOSUYECKUM Bbl200AM UCNONb308AHUSL CbIBOPOMOYHLIX OENIKO8 6
MOJIOYHOU NPOMBIUIEHHOCU, GKII0YAs CHUMCEHUe cebecmouMocmu 3a cdem payuoHAanIbHO2O0
UCNONBL306AHUS NOOOUHBIX NPOOYKMO8 npouzeoocmea monoxka. Cmamesi makdce npednazaem
pewieHus 01 0anbHelue20 pacuupenis npUMeHeHUs Cbl80POMOUHbIX OENK08, 8 MOM YUCLe Yepe3
COBEPUIEHCNBOBAHUE MEXHON02ULl YIbmpaguibmpayuu U mepmooopabomxu 0isi obecneueHus
coxpanenus ux yeHuvix ceoticms. Kuroueegvie cnosa: coleopomounvle Oenxu, Moiounvie npooyKmul,
yavmpaghurempayusi, (PyHKYUOHAIbHbIe NPOOYKMbL, IKOHOMUYECKAs I pekmusnocmnb, mekcmypa,
CPOK XpAHeHUs.

Knrwuesvie cnoea: cvigopomounvie Oenku, MOJOYHbIE NPOOYKMbL, YIbMpa@duiempayus,
PYHKYUOHATbHBIE NPOOYKMbL, IKOHOMUUECKAA D eKmUusHoCmy, mekcmypa.

BBenenue

[Tpon3BOACTBO MOJIOUHBIX MPOAYKTOB C 0OABICHHEM CBHIBOPOTOUHBIX OEJIKOB SBIISETCS
OJTHOW M3 aKTyaJIbHBIX TCHICHUMK B MUIIEBON IPOMBILIJIEHHOCTH. B yCIOBUSIX pacTyILIEro crpoca
Ha [POAYKTHI C yIy4YIICHHBIMHU [TUTATEIbHBIMUA XapaKTEePUCTUKAMU MCIIOJIB30BAHUE CHIBOPOTOYHBIX
OenKoB CTaHOBUTCS H(PQPEKTUBHBIM peIIeHHEeM JUIsi OOOralleHHs paloHa I[oTpeduTenen
OHMOJIOrMYeCKH aKTUBHBIMH KOMIOHEHTaMU. ChIBOPOTOUHBIE OEJKH 0071aai0T BBICOKOM MUIIEBON
[IEHHOCTHIO, BKJIIOYAS TIONHBINA CIEKTP HE3aMEHHMBIX aMHHOKHCIIOT, YTO JeJIaeT UX OCOOCHHO
BOCTpPeOOBaHHBIMU B MPOU3BOACTBE JETCKUX U JIEYEOHBIX MPOAYKTOB, a TaKKe CIOPTHUBHOTO
MUTAHUA.

BaxxHbIM acrekToM SBISETCS HUX CIOCOOHOCTb YAyYIIaTh TEKCTYpy M CTaOWUIBHOCTH
MPOAYKTOB, YTO TMO3BOJISICT MPOAIUTH CPOKU XpaHEHUs 0e3 yXyAIIeHUs KadecTBa. AKTyalbHOCTh
JaHHOW TeMBI TaKke 00yCIIOBIIEHa HEOOXOAMMOCThIO PAllMOHAIFHOTO HUCIIONB30BAaHUS ChIPhEBBIX
PECYpPCOB B MOJIOUHOM MPOMBIIIICHHOCTH. Llesib paboThl 3aKITI09aeTCss B PACCMOTPEHUU METOIOB
MIPOM3BOACTBA MOJIOYHBIX MPOAYKTOB C JOOABICHIUEM CHIBOPOTOUHBIX OesK0B. OOIIeTeOpETHUECKIE
OCHOBBI HCIIOJIb30BAaHUS CHIBOPOTOYHBIX OenkoB Vcronb3oBaHne OENKOBBIX JT00aBOK, Kak
KHUBOTHOTO, TaK U PACTUTEIILHOTO MPOUCXOXKICHHUS, a TAK)Ke OEIKOBBIX MPENapaToB, CIOCOOCTBYET
VIAYYIICHUIO OOIIEro XMMUYECKOTO M aMHUHOKHUCIOTHOTO COCTaBa, HUBEIUPYET OTKIOHEHUS B
(GYHKIMOHANBHBIX M TEXHOJOTMYECKHX XapaKTePUCTHKAaX, M CHOCOOCTBYET HCIIOIb30BaHUIO
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MOOOYHBIX OCJKOBBIX PECYypCOB IPHU MPOU3BOJCTBE MPOIYKTOB IMHUTAHUSA. ITO, B CBOIO OYEpeb,
MO03BOJISIET OBBICUTH KAYECTBO FOTOBOM MPOIYKIIMU M CHU3HUTD 3aTPaThl Ha €€ POU3BOICTBO.

CBIBOPOTOUHBIC OCNKH CUMTAIOTCS HaubOoliee IICHHBIMH C TOYKH 3pEHHUS THIIEBON U
OHMOJIOrMYeCcKOi IEHHOCTH, YTO JeJIaeT X MEePCIEKTUBHBIM ChIPbEM JJISl MPOIYKTOB JIEYeOHOTO U
npoduIakTHIeCKoro HasHaueHus. OHU COMEpKaT MOJHBIA CTICKTP HE3aMEHUMBIX AMHUHOKHUCIIOT U
M0 CBOEMY aMHUHOKHCJIOTHOMY COCTaBy MAaKCHUMAaJbHO MPHUOIMKEHbl K HIACAIbHOMY O€IIKY,
YIOBJIETBOPSIONIEMY (DU3UOTOTHUECKUE MOTPEOHOCTH opranu3ma. ChIBOPOTOUHBIE O€JIKU 10 CBOSH
uenHoctu npeBocxoAaT 1 Journal of Agriculture and Environment = Ne 11 (51) = Hosi6pb naxe 6enku
stutl. Tak, 17151 yIOBJIETBOPEHUSI CyTOYHON MOTPEOHOCTH B HE3AMEHUMBIX aMUHOKHCIIOTAX YEIIOBEKY
TpeOyeTcsi MeHbIllee KOIUYECTBO CHIBOPOTOYHOTO Oe€sika, 4YeM MOJOYHOTO WU SUYHOTO.
AMMHOKHCIJIOTHBIM COCTAaB CHIBOPOTOUHBIX OEJIKOB HanOoJIee CX0K ¢ AMUHOKHUCIOTAMHU MBIIIICYHOM
TKaHU yesnoBeka. Kpome Toro, 3Tu OeIKu OTIIMYAIOTCS BHICOKUM COJIEpKAaHUEM TaKUX HE3aMEHUMBIX
AMUHOKHCIIOT C pa3BETBJICHHOM 1IETIbI0, KaK BAJIUH, JICUIIMH U U30JICUIIMH, YTO JeaeT UX JTUIepamMu
cpenu OeIKOB KUBOTHOTO U PACTUTEIILHOTO MPOUCXOXKICHUS.

[Iponiecc monmydeHusi KOHIIEHTPATOB CHIBOPOTOYHBIX OCJIKOB OCYIIECTBIISICTCSI C TIOMOIIBIO
yABTpadUIBTPAINH WIH JUAPUIBTPALIMH, YTO TTO3BOJISET BBIACIATH OSTKU B HATUBHOM COCTOSTHUH,
HE TIOIBEPTHYTHIC [EHATypaldu. OTO CYHIECTBEHHO IIOBBIMIAET WX PACTBOPUMOCTh H
Oouonoruueckyro I1eHHOCTh. Cpeaum Hambojee paclpOCTPAHEHHBIX MPOAYKTOB BBIACISIOT
KoHILIeHTpaT cbiBopoToyHoro 6enka (KCB) u pactBopuMslii ceiBopoTounslii 0enok (PCB), koTopsie
AKTUBHO HCIONB3YIOTCSI B TMPOM3BOJCTBE JETCKUX MOJIOUHBIX MPOAYKTOB. Jlnsi oOecrneueHus
HEOOXOMMOT0 COACPKAHUS CYXUX 00€3KUPEHHBIX BEIIECTB B MOJIOYHYIO MPOAYKITHIO TOOABIISIIOT
CyX0O€ WJIU CTYILIEHHOE MOJIOKO.

Koneunprii mpoayKT mpencTaBisieT co0OH OMHOPOAHYIO KHUAKOCTH 0O€3 ocaaka, ¢
XapaKTEePHBIM MOJIOYHBIM BKYCOM W O€NbIM IIBETOM, WHOTNA C JIETKUM JKEJITOBATHIM OTTEHKOM.
benkoBoe MOJIOKO BBIMTYCKAETCSl C PA3HBIM YPOBHEM KHUPHOCTH M XapaKTEPHU3YeTCsl TIOHMKEHHBIM
COZIep’)KaHUEM JKUPOB TIPHU YBEJIMYEHHOM YPOBHE OEIKOB, YTO JIOCTHUTAeTCs IyTEM JBOWHOM
HOPMAaJIM3aIlMH MOJIOUHOTO CBIPBS TI0 KUPY M CyXuUM BemecTBaM. KOHIIEHTpaT CHIBOPOTOYHOTO
MIPOTENHA 3aHIUMAET BEAYIIIEe MECTO Cpeau (POPM CHIBOPOTOUHOTO OeliKa, aKTUBHO MTPUMEHSIEMBIX B
CIIOPTUBHOM MHTAHUHU. DTOT MPOAYKT MOXKET MUMETh Pa3IMuHOE COAepKaHue Oeika, KUPOB U
yIJIEBO/IOB, OJTHAKO HauOomee MomynasipHbIM siBisieTcs: 80%-HbIN KOHIIEHTPAT, KOTOPHII MOYTH HE
yCTynaeTr H30JsiTaM TI0 CBOMM TOJIE3HBIM cBoiicTBaM [1]. OnpHako, HeCMOTps Ha CBOM
MPEUMYIIECTBA, CBHIBOPOTKA B CYXOM BHJE HMMEET OrpaHWYEHUs] B UCHoiab30BaHuH. EE
OpraHoOJIENITUYECKUE CBOMCTBA M (PU3MKO-XMMHUYECKHE XapaKTePUCTHKH MOTYT BIHUATh Ha
TEXHOJOTUYECKHUE TMPOIIECChI, YTO OrpaHuuuBaeT €€ npumeHeHue. Ocodoe BHUMAHUE YAEISIETCS
mpoueccaM JeMUHEpaIu3alui ChIBOPOTKH, YTO MO3BOJISIET YAYUIIUTh €€ KaYeCTBO M PACIIMPUTh
00JIaCTH MIPUMEHEHHUS.

JlemuHepanu3oBaHHasi CHIBOPOTKA OTIMYAETCA JYUYIIMMU OPraHOJIENTUYECKUMHU CBOMCTBAMHU
U TEXHOJOTHYECKUMH XapaKTepUCTHKaMH. EE MpOM3BOACTBO CTalo0 BO3MOXHBIM Onaromaps
HCIIONb30BAaHUIO METOMIOB 3JIEKTPOAMANIN3a, YTO MO3BOJSET CHU3UTH COJAEP)KaHWE MHHEPAIbHBIX
BEIIECTB W KHCIOT, YIy4YlIMB TakuM O0Opa3oM CBOMCTBa MpoAyKTa. JleMuHepann3oBaHHAS
CBIBOPOTKA aKTHUBHO UCIOJBb3YETCs B MPOU3BOJACTBE ACTCKUX U CHELUUATU3UPOBAHHBIX MPOTYKTOB
MMUTAHUS, a TAaK)kKe B MOJIOYHOW MPOMBIIUICHHOCTH. OHa 001a/aeT BBICOKMM Kade€CTBOM, UTO
MO3BOJISIET UCIIONIb30BaTh €€ B KAYECTBE MHTPEANECHTA B PA3IMYHBIX OTPACIISIX MUIIEBOW MHYCTPHUH.

Cy1iecTByeT TakKe 3HAYUTEIbHBIA MHTEPEC K KOHIICHTPATaM U H30JISITaM CHIBOPOTOUHBIX
OENKOB, KOTOpblE HAXOAST NMPUMEHEHHE B CIIOPTUBHOM MHUTAHUW W TPOAYKTaxX AJsl JedyeOHO-
BOCCTAHOBHUTEIILHOTO MUTaHUs. BricOkoe copeprkanue Oelika B 3THX MPOAYKTAaX CIOCOOCTBYET UX
BOCTPeOOBAaHHOCTH B PA3NMMYHBIX CEKTOpPax MUIIEBOW MPOMBIIIIEHHOCTH. KitoueBbiM (hakTopoM
MIPU BEIOOPE CHIBOPOTOYHBIX OCJIKOB /JIsI pa3IMYHBIX MPOU3BOACTBEHHBIX MPOIECCOB SBISIIOTCS UX
(GyHKIMOHANBHBIE W TEXHOJIIOTMYECKHE CBOWMCTBAa. Bricokoe comepikaHue Oenka, OTIMYHBIC
pacTBOpPUMBIE M TIEHOOOpa3yIolMe CBOMCTBA JEJAlOT ITH HHIPEAUEHTHl HE3aMEHUMBIMU TS
CO3/1aHUsl TPOAYKTOB C YAYUYIICHHBIMH TEXHOJOTHYECKUMHU XapaKTEPUCTUKAMU U BBICOKUMU
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NOTPEOUTENECKUMH KadecTBaMu [2]. TeXHOIOTHYeCKHe aCMeKThl MCIOMb30BAHUS CHIBOPOTOYHBIX
O€IKOB B MOJIOYHBIX HPOAYKTax MMKpOMAapTUKYIMpOBaHHBIE chiBOpoTouHble Oenku (MCB),
Onmaromapst OCIIKOBOMY COCTaBy M crenuduueckoil (opMe dacTull, BOCIPUHUMAIOTCS Kak
AKHUpOCOJEpKAILUK MPOAYKT, YTO IO3BOJIAET MMUTHPOBATH BKYCOBBIE XapaKTEPUCTHKHU XHUpa B
MUIIEBBIX MPOAYKTAaX. DTU MUKPOMAPTUKYIATH MOTYT 3aMEHSTh KHUpP, COXpaHssl KpeMOOOPa3HyIo
TEKCTYypy, YTO OCOOEHHO Ba)KHO MHPU IMPOU3BOJICTBE HHU3KOKAJIOPUHHBIX MPOAYKTOB. YacTHIIbI
pasmepom menee 0,5 MKM HCIIONB3YIOTCSl KaK UCTOYHHK Oelika U 0013 aloT TeKCTypUPYIOIIUMHI U
SMYJBIUPYIOIIMMU CBOWCTBaMH, OJHAKO B JKUAKOM BMJ€ TaKUE€ YacTHULbI MOTYT CO3/aBaTb
OLLYIIIEHUE BOISHUCTOCTU. MUKpPOIAPTUKYIATHI ¢ pazMepamu ot 0,5 10 5 MKM yKe MOTYT YCIIELITHO
UMHUTHPOBaTh MOJIOUHBIE CJIMBKH, a Oojiee KpymHble yacTHlbl oT 5 g0 10 MKM mnpuoGperaroT
MEJIOBYIO TEKCTYpY, UYTO JeJaeT UX NOAXOMSAIIMMHM JUIsi IPUMEHEHUS B CHIPOJEIMM B KauyecTBE
CTPYKTypooOpa3oBaresieil U UMUTATOPOB MOJIOYHOTrO kupa. [Ipu pasmepe yactur 6onee 10 MkM ux
HCIIOJIb30BaHUE OTPAaHUYEHO, TaK KaK OHU MOTYT yXyAILaTh OPraHOJIENITUYECKUE XapaKTEPUCTUKU
IIPOYKTOB, co3daBas omlyiieHue kpynurdaroctd. MCB  oOnagaror aHTHOAaKTepUalIbHBIMU
cBOMcTBaMH, OOYCJIOBICHHBIMU HAJMYMEM JakTO(eppHuHa, U CIIOCOOCTBYIOT CHM)KEHUIO YPOBHS
xoJiecTepuHa B KpoBU. OHM Takxke 00JNaaroT HU3KUM INIMKEMMYECKUM HMHJIEKCOM M YIydIIaroT
MUKpPOQIIOpY KUIIEYHUKA 32 CUET aKTUBALMK Ouduno- u nakrodakrepuil. [Iumesas nennocts MCh
B OCHOBHOM OIPEIEISAETCS COAEPKaHUEM MOJIOYHBIX OEJIKOB, KOTOpPBIE YYaCTBYIOT B PEryJsLUU
anmneTuTa, CTUMYJIUPYsI BbIpaOOTKYy FTOPMOHOB, TAKUX KaK XOJICIUCTOKUHUH U TIIFOKaroHOMOI00HbII
nentu-1. IIpu npou3BoaCTBE MATKUX U MOMYTBEPIBIX CHIPOB TAaK)Ke ObUIM M3YUEHBI ITapaMeTphbl
no6asienust MCB. Bbiio ycTaHOBIIEHO, UTO TPU MOBBIILIEHUU TEMIIEPATYPhl MACTEPU3aLUN CMECH
1o 85 °C yBenn4yMBaeTCsl CTENEHb HUCIOJIb30BAHMSA CYXHX BEIIECTB, a KOHCUCTEHLHUS U BKYC
MIPOJYKTa OCTAIOTCA Ha BBICOKOM ypoBHe. OHAKO JaJIbHEMIEe MOBBIIICHHE TeMIiepaTypsl 10 90
°C He JaeT 3HAUYUTENIbHOTO YIY4IIeHHs MOKa3aTeled W MPUBOJUT K OCAXJIECHUIO OElKOB Ha
MMOBEPXHOCTH 000pynoBaHus [3].

B cBoto ouepenb, eciu rOBOPUTH O MPOU3BOJICTBE MOJIOYHBIX NMPOAYKTOB C J100aBICHUEM
CBIBOPOTOYHBIX OEJIKOB, TO JAHHBIH MPOLIECC BKIIIOYAET B C€0s HECKOJIBLKO METO/I0B, HAIIPaBIEHHbIX
Ha YIy4dlleHHE TMHIIEBOH IEHHOCTH M  (YHKIMOHAIBHBIX XapaKTePUCTUK MPOAYKIIMH.
ChIBOpOTOUHBIE OE€JKH, SIBISIFOIIMECS TMOOOYHBIM MPOAYKTOM IepepabOTKH MOJIOKa, IIUPOKO
MPUMEHSIOTCS B MMUIIEBOM MPOMBIIIUIEHHOCTH O1aroiapst UX BBICOKOM OMOIOTMYECKOM IEHHOCTH U
TEXHOJIOTMYECKUM CBOWCTBAM.

[lepBbIii MeTOx  BKIIOYAET MPOIECC  YABTPAQUIBTPAIMM  MOJOYHOH  CHIBOPOTKH.
VnprpaduibTpalys N03BOJISET U3BJIEKATh CHIBOPOTOYHBIE O€JKH C BBICOKOM CTENEHBIO OYMCTKH,
COXpaHssi UX ToJe3Hble cBoiicTBa. JlanHbli MeTon 3¢ dexkruBHo 2 Journal of Agriculture and
Environment = No 11 (51) = HossOps npumeHsieTcst 11t MPOU3BOACTBA HOTYPTOB, CHIPOB M JIPYTHUX
(epMEeHTUPOBAHHBIX  TNPOAYKTOB, TIJA€ CBHIBOPOTOYHbIE  OEJNKH  BBICTYNAalOT B POJIHU
TEKCTYpOoOOPa3yIOIIEro areHTa, yay4IlaloT KOHCHCTEHIMIO M IOBBIIIAIOT COAEp)KaHUE Oeika B
nponykre. BTopoit MeTroq — 3TO HCHONB30BaHHE CBHIBOPOTOYHBIX OEJIKOB B KauecTBE
(GyHKIMOHAIBHBIX HHTPEJUEHTOB B IPOLIECCE CTAaHAAPTU3ALMU MOJIOKA.

ChIBOpOTOUHBIE O€NKH J00aBISAIOTCA K MCXOAHOMY MOJIOYHOMY CBHIPBIO JUISI TIOBBILICHHUS
0€IKOBOW LIEHHOCTH T'OTOBOTO MPOJYKTA, YTO OCOOEHHO aKTYyaJlbHO JJIsl MPOM3BOACTBA JIETCKOIO
MUTAHUS ¥ PYHKIIMOHAIBHBIX MPOAYKTOB. CTaOMIBHOCT U pACTBOPUMOCTH CHIBOPOTOUYHBIX OEIIKOB
JeNAl0T UX HE3aMEHUMBIMHU IIPH CO3JaHMHM MOJIOUHBIX HAIUTKOB M IPOTEUHOBBIX KOKTEiIeH.
Tpertuit MeToq — 3T0 MX A0OaBIIEHUE HA CTAAUU TACTEPU3ANHU U TepMO0OpadoTku. CHIBOPOTOUHBIE
O€JKU HMMEIT TEePMOCTOMKOCTh M CIOCOOHBI COXPaHATh CBOIO CTPYKTYpY HaXke IPH BBICOKUX
TEeMIIepaTypax, YTO JeNaeT WX NOAXOMSIIMMM JJisi MCIIOJIb30BaHUS B TAKHUX MPOAYKTaX, Kak
NaCTEPU30BAaHHBIE MOJIOYHBIC HAMUTKM W TBOPOXKHBIE M3AEIUS. OTOT METOJ YAydIlaeT
OpPraHOJIENTUYECKUE CBOWCTBA MPOAYKIMH, YBEIMYMBAET CPOK €€ XpaHEHUS U TIO03BOJISIET
COXpPaHUTh MUTATEIbHbIC BelllecTBa [4].

Buonornueckass IEHHOCTh CBHIBOPOTOYHBIX OEIKOB B COCTAaBE MOJIOYHBIX MPOTYKTOB
ChIBOpOTOUHBIE O€JKM WIPal0T BaXKHYI pOJb B TMOAJACPXKAHMM TOMeocTasa opraHusma. Mx
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BKJIFOYCHHE B COCTAB MOJIOYHBIX MPOIYKTOB, OCOOCHHO JETCKUX, UMEET BBICOKYIO 3HAYUMOCTbD.
Opnaxo nmpu nepepadoTKe MOJIOKa 3HAYUTENIbHAS YACTh ATHX OCJIKOB TEPSIET CBOU (PyHKIIMOHATIbHBIE
CBOWCTBA, U B TOTOBBIX MPOAYKTaX WX CONIEpKaHHWE CHIDKAETCS N0 MUHUMANbHBIX 3 Journal of
Agriculture and Environment = No 11 (51) = Hos6ps ypoBHeii. CoBpeMEHHBIE TEXHOJIOTHHU
00paboTKH MOJIOKA, TaKUE KaK OMOIHEPTeTUYECKOE BO3ICUCTBUE, IPUBOMIAT K PA3/ICICHUIO €ro Ha
0eTKOBO-)KMPOBOW KOHLIEHTPAT (HAIIPUMED, CHIP U TBOPOT) U CHIBOPOTKY, SBIIAIOIIYIOCS MTOOOUYHBIM
MPOAYKTOM TMPOU3BOACTBA. MoJiouHass ChHIBOPOTKA 0O0JagaeT 1EHHBIMU [HIIEBBIMU |
OMOJIOTMYECKUMH  XapaKTepUCTHUKaMH, BKJIOYas o0coOble (U3MKOXUMHUYECKUE CBOWCTBA U
YHUKQJIBHBIM XUMHUYECKMH cocraB. llocie ocaxaeHns Ka3eMHa W3 MOJIOKA OCTarOTCs
CBIBOPOTOUHBIE Oenku, cocTtaBistomue okono 0,6% ot obOmero obobema OenkoB. DTH OCNKH
XapaKTEePU3YIOTCS BHICOKHM YPOBHEM OMOJIOTHYCCKONW aKTHBHOCTH M O0JIaArOT PSJIOM TOJIE3HBIX
CBOMCTB, BKJIIOYas AHTUOKCUIAHTHBIC, PAHO3AXUBJISAIOIIME, HWMMYHOMOAYIUPYIOIIHE U
OakreprocTarnieckue (QPyHKINH.

Bricokas mumieBasi IIEHHOCTb CHIBOPOTOYHBIX OENKOB OOYCJOBIEHA HX CHOCOOHOCTBIO
AMYJIBIHUPOBATh KUPHI M YIEPKHUBATh BOJIY, YTO IOJIOKUTEIBHO CKa3bIBACTCS HA CTPYKTYpe H
BKYCOBBIX Ka4e€CTBax MHUIIEBbIX NPOAYKTOB. COBpPEMEHHBIE HCCIEAOBAaHUS HAIpPaBJIEHbl Ha
CO37IaHUE TEXHOJIOTUH, TTO3BOJIIONINX BBIZACIATh U (PAKIIMOHUPOBATH CHIBOPOTOYHBIC OCTKU IS
WCIIONB30BaHUS B (PYHKIMOHAIBHBIX MPOAYKTAX MUTAHUS U MEUIIMHCKUX Mpenaparax. B kopoBsem
MOJIOKE COACPKUTCA OKOJIO 13% Cyxux BEmIeCTB, BKIIIOUYAsi OCJIKH, KHUPHI, JIJAKTO3Y U Pa3INYHBIC
MUHEpaJIbHBIE BEIIECTBA, IPU TOM COZIepKaHue 0011Iero Oeska cocTapnseT NpuoOIu3uTensHO 3,2%.

ChIBOpOTOUHBIE OEJKH MOJIOKa MPEACTaBISAIOT cO00I OONBIIYI0 M T€TEPOreHHYIO TpYIILy
OENKOB, OCTAIONIMXCS B PAcTBOPE IMPH OMPEACNIEHHBIX YCIOBHUSIX KHUCIOTHOCTH M TEMIEPATYPHI.
OcCHOBHBIE U3 HUX — A3TO B-JIAKTOTIIOOYJIMH U O-JIAKTATHOYMHH, a TAaK)Ke P MUHOPHBIX OEIKOB,
TaKMX KaK HMMYHODIOOYIMHBI, JakTopeppuH u napyrue (epMeHTbl. OTU OENKU SBISIOTCS
MOOOYHBIMU MTPOAYKTAMHU TIPOU3BOJICTBA CHIPA M MOTYT COMIEPKATh KaK HETIOBPEKIEHHBIC Ka3EUHBI,
TaK W TPOAYKThl MX pacuieruieHuss [5]. XUMHUYECKUH COCTaB CBIBOPOTKH BapbUpYyETCS B
3aBUCHMOCTH OT THITA OCHOBHOTO MPOoayKTa. [loACkIpHast CBIBOPOTKA OTANYAETCS B 3aBUCUMOCTH OT
copTa chIpa U €ro JKUPHOCTH, TBOPOXKHASI — OT METO/Ia MPUTOTOBJIEHUSI TBOPOTA U €T0 JKUPHOCTH,
a Ka3eMHOBasi — OT BHJIa BHIPA0ATHIBAEMOT0 Ka3eHHa.

MosouHasi CHIBOPOTKA MPEICTABISIET COOOW IIEHHBIH HMCTOYHUK Pa3IMYHBIX KOMIIOHEHTOB,
CpeH KOTOPBIX BEAYIAs pOJIb IPUHAJJIEKUT JIAKTO3€E, A0S KOTOPOU B CyXOM BELIECTBE COCTABIISIET
70-75%. B ciydae TBOpPOKHOM CBIBOPOTKM KOJMYECTBO JIAKTO3bl YMEHBIIAETCS H3-3a €€
MPEBPAIICHUS B MOJIOYHYIO KHCIIOTY, YTO BJIMSIET HA MOBBINIEHUE KUCIOTHOCTH. [IpumepHo 6,3-
12,4% MomouHOTO caxapa MepeXoIUT B MOJIOYHYIO CHIBOPOTKY. ChHIBOPOTKA XapakTepusyeTcs Oomee
BBICOKOW JUCIIEPTUPOBAHHOCTHIO MOJIOYHOTO KHpPa MO CPABHEHUIO C LEIbHBIM MOJIOKOM.

VYIneBonHbIM COCTaB CHIBOPOTKU MPECTABICH MOHOCAXapHAaMH, OJIMIocaxapuaamu u
aMuHOcaxapuaamu [6]. B TBopoxkHON cbIBOpoTKe comepxurcs oT 0,7 mo 1,6% Diroko3sl, 4TO
CBS3aHO C THJAPOJIM30M JIAKTO3bl B MpoOIlEcce MpoM3BOACTBA TBOpora. Cpean aMHUHOCaxapoB
BBIJICJISIIOTCS HEMpPaMUHOBAash M CHAJOBas KHUCIOTBL, a TaKXke KeTomeHTo3a. Onurocaxapubl
BKJIFOYAIOT JIAKTO3Y, JIAKTYIO03y W JIPyrUe OMOJIOTHYECKH AKTUBHBIC COCTUHEHHS, CXOXKHE IO
CTPYKTYypE C caxapamMu KpOBH.

[TonceipHas ceiBOpoTKa conepkut okoio 50% cyXux BelecTB MOJOKa, BKIodas 88-94%
MOJIOYHOTO caxapa, 20-25% OenkoB, 6-12% monouHoro xupa u 59-65% MuHEpanbHBIX BEUIECTB.
MaccoBast 1oisi a30TcoiepKamux BeniecTB B Heil Bappupyercs ot 0,5 mo 1,1%. Cpenu GenkoB
HanOosee 3HAYUMBIMH SIBISIOTCA [-TaKTOIIOOYIUH, O-TAKTOaNbOyMHH, anbOyMHUH CBIBOPOTKHU
KpOBH, WMMYHOIJIOOYIMHBI M TIPOTEO30MENTOHBI. TakXke B CBHIBOPOTKE OOHAPY>KUBACTCS
MONUNENTH]I, TPEACTABIAIOIMUNA co00i (pparMeHT MoneKynbl K-kazeuHa [7]. MonouHbIil >kup,
MIPUCYTCTBYIONIUI B CBIBOPOTKE, 00pa3yIOMIEHCs MTPH MPOU3BOICTBE CHITY)KHBIX CHIPOB, COCTABIISIET
0,3- 0,6%. KomnuecTBO MHUHEpalbHBIX BELIECTB B TAKOW CHIBOPOTKE HECKOJIBKO HMKE IO
CPaBHEHHUIO C MOJIOKOM, TaK KaK 4YaCTh MHUHEPAJbHBIX 3JIEMEHTOB MEPEXOAUT B ChIP. B CHIBOPOTKY
MoNajarT KaK IKUPOPACTBOPUMBIC, TaK M BOAOPACTBOPUMBbIE BUTaMUHBL. [IpomyKrsl,
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U3TOTOBJIEHHBIE HA OCHOBE MOJIOYHOM CBIBOPOTKHM, WIPAIOT Ba)KHYIO pOJb B JIEYEOHOM U
JTUETHYECKOM MMUTAHUU.

WX wucronp3oBaHUE TO3BOJSET MOBBICHTH OMOJIOTHYECKYIO LEHHOCTh palMoHa Onaromaps
COJIEP>KaHUIO JIMIIOTPOIHBIX U AHTUOKCUIAHTHBIX KOMIIOHEHTOB, TaKUX Kak (pochonunuasl, XoauH,
nevinuH u ButamuH E. O1n BemectBa 4 Journal of Agriculture and Environment = Ne 11 (51) =
HosiOpp momoraroT MUHUMU3UPOBATh NPOSIBICHUS TMIIOBUTAMUHO30B. B CBSI3U C 3THUM Ba)KHO
pa3BUBATh TEXHOJIOTMH NEPEPAOOTKH CHIBOPOTKH IS MUILEBBIX HYX. B MPOMBIIIIIEHHO pa3BUTHIX
cTpanax nepepadarsiBaercsa oT 70 10 90% MOI04HOI CHIBOPOTKH, OJHAKO MOJIHOE MCTOIb30BAHUE
JTAHHOTO MPOJYKTa [TOKa HE pELIEHO Ha MUPOBOM YPOBHE, B TOM UHMCJI€ U B Haliel ctpane. [loatomy
UCCIeIOBaHMsI B O0JIaCTU pa3pabOTKM HOBBIX MPOAYKTOB HA OCHOBE CBHIBOPOTKU MPOIONIKAIOT
OCTaBaThCS AKTyaJIbHBIMU [§].

3akinoueHue

[lonBonss WTOI, HCHOJIB30BAaHUE CBHIBOPOTOUHBIX OEJIKOB B IPOM3BOJICTBE MOJIOUHBIX
MPOAYKTOB OTKPBIBAET 3HAYUTENbHBIE TMEPCIEKTHBBl KaK C TEXHOJIOTMYECKOW, Tak Hu ¢
SKOHOMMYECKOM TOUKM 3peHus. biarogaps cBOMM yHHMKaJIbHBIM CBOMCTBaM 3TH OCJIKH yIy4IlIaioT
KOHCUCTEHIMIO U MHIIEBYI0 EHHOCTh MPOAYKTOB, OJTHOBPEMEHHO CHMXKasi UX c€0eCTOMMOCTh U
MOBBILIAS KOJIOTUYECKYI0 YCTOMUMBOCTh MPOU3BOJICTBEHHBIX IPOLIECCOB.

CoBpeMeHHbIE ~ TEXHOJIOTHMH  OOpa0OTKM  CBIBOPDOTOYHBIX  OEJNKOB, TaKuUe  Kak
yaeTpaduiasTpanus ©u - auauibTpamnus, O0O0ECIeYHBAIOT COXpPAaHEHHE WX OHOJOTUYECKOM
AKTUBHOCTH, YTO JIENAeT MX HIC€aTbHBIMU UHTPEAUCHTAMHU JJISl CTICIIMATU3UPOBAHHBIX MPOIYKTOB
nuTaHus. B nanbHelem uccienoBaHus, HapaBieHHbIE HA YIy4IlIEHUE METOJ0B MEPEepabOTKU U
MHTETPALUU CHIBOPOTOYHBIX OEJIKOB B IPOM3BOJCTBEHHBIE IMPOLECCHl, MOTYT CIIOCOOCTBOBAThH
PaCIIMPEHUI0 aCCOPTUMEHTA MOJIOYHON MPOAYKIMH M YIOBIETBOPEHHUIO MOTPEOHOCTE pHIHKA B
BBICOKOKAYECTBEHHBIX U MOJIE3HBIX MPOTYKTAX.
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KO3BbE MOJIOKO B ACIIEKTE ®YHKIIMOHAJIBHOT'O IIMTAHUA

CEPIKBOJIKbBI3bI AIJTHA3
HUI'MEJAEH BASIHCYJY KEHECKbI3bI
ABBUIKAVBIM HAPUMAH BAXBITYJIbI

YCAPBAEBA BAJTHYPA DCAHBAN KHU3U
CTYICHTBl AJIMAaTHHCKOTO TEXHOJOTHYECKOT0 YHUBEPCUTETA,
Anmatel, Ka3zaxcran

Hayunsnii pykosoaurens — HYKEHOBA C.A.
CEHBOP-JIEKTOP AJIMATUHCKOT'O TEXHOJOTHYECKOI0 YHUBEPCUTETA,
Anmatsel, Ka3zaxcran

AHHOI”(H{M}I.’ B cmamve paccmampueaemcsa 60npoc d)yHKLﬂlOHCl]ZbHOZO numaHusa u
BO3MOIUCHOCMU UCNOJIb30BAHUA KO3bE2O MOJIOKA.
Knroueewie cnosa: MEXHOI02UA, d)yHKL;MOHaJZbHOe numaxnue, Ko3be MOJI0KO.

[Mutanme MokeT OBITH Pa3HBIM U HMEET CBOeOOpas3Hble HampaBieHUs. OAHO U3 HUX
MOApPa3yMEeBaCT PEIICHHE MPOOJIEMBbl YIYUIICHHUS €XEIHCBHOTO NHUTAaHUs OOIIecTBa 3a CUET
BBEJICHUS B PAIIMOH MPOAYKTOB (PYHKIIMOHATHHOT'O HA3HAYCHUSI.

OYHKIIMOHAIBHOE MUTAHUE CTajJO0 OCHOBHBIM ITYyTE€BOJIUTEIEM UYEJIOBEKA K ONTUMAIBHOMY
310pOBbIO U Onarononyunio [2, ¢.402], TeM caMbIM HE W3HAIINBAs >KEITYJOYHO-KUIICYHBIA TPAKT,
SHIOKPUHHYIO CHUCTEMY M TIOJIOKHTEIIBHO BIUSA Ha cocTosiHue mrofed. OHO mpeaycMaTpuBaeT
COBPEMEHHYIO TEXHOJIOTHIO IPUTOTOBIEHUS MPOJIYKTOB M, HAKOHEI], B COUETAaHUU C OMOJIOTUIECKU
MUIIEBBIMU  T0OaBKaMH  SBISAETCST A(()EKTUBHBIM U KOMIICHCHPYET HEAOCTAIOIINX WIH HE
YCBOCHHBIX M3 MUIIH OEITKOB, KHUPOB, (HEPMEHTOB, MUHEPAIOB, MUKPOJIEMEHTOB U BUTAMHUHOB,
HEOOXOIMMBIX AJi aOCOMOTHOTO 370poBbs [3, c.1]. ITuma Moxer ABIATbCA (QYHKIMOHAIBHOM
TOJILKO B TOM CIlydae, €CJIH MOJIOKHUTEIbHOE BIUSHHUE MPOIyKTa Ha IieJieBble (YHKITUU OpTaHu3Ma
JIOKa3aHbl HA HAyYHOM WJIM HKCCIIEOBATEIBCKOM YPOBHSIX TaK OOBSACHAIOT TEPMHUH
“@yHKIIMOHAJIILHOE MUTAHUE  €BPOIEHCKHE yUeHBIE. [4]

AcTeKTbl (YHKIIMOHATBHOTO MUTAHUs pacCMaTPUBAIOT OBOIIM, (QPYKTHI, 371aKH, MOJIOYHBIE
MPOJYKTHI, pbl0a W MSICO, TIOMHUMO OCHOBHOTO THTAHUs, COJEpIKAIIUE OMOAKTUBHBIC MUIIEBBIC
COEJIMHEHUs, KOTOpble BIMSAIOT Ha OpraHu3M OnaromnpusTHo. Hanpumep, npebuoTuku u
POOMOTHUKH B COCTaBE HATypalbHOrO HorypTa. 5, ¢.1099]

Pactymee mnorpebsieHHe MOJIOUHBIX MNPOAYKTOB U JAPYTUX MPOIYKTOB KHUBOTHOBOJICTBA
MPUHOCUT OTPOMHYIO TIOJIb3Y 3HAUMTENIbHBIM CJIOSIM HACEJICHUs Pa3BUBAIOIIMXCS CTpaH B HUX
€XEeTHEBHBIN paruoH [6, c.5]. OnHako, MOJIOYHBIC TPOTYKTHI, B YACTHOCTH, UMEIOT 00JIe€ BRICOKHI
MOTPEOUTENBCKUNA  CIIPOC, YeM  OONBIIMHCTBO JPYTUX MPOAYKTOB THUTAHHS, BKIOYAS
MOPENPOAYKTHI U MsACO. [6, ¢.20]

MoodHbIE TPOIYKTHI BHIPAOATHIBAIOTCS W3 MOJIOKA PA3IMYHBIX CEILCKOXO3SIHCTBEHHBIX
YKUBOTHBIX U MOJOKHUTEJIbHBIE CBOMCTBA KO3BETO MOJIOKA IO CPAaBHEHHUIO C KOPOBBUM MOJIOKOM,
MIPHUBEJIN K TIOBBINIICHUIO HHTEPECca UCCIIEA0BATENICH K PACCMOTPEHHUIO KO3bET0 MOJIOKA KaK 00bEeKTa
(GYHKIIMOHATBFHOTO MHTaHUA. TakuM o00pa3oM, HCIONb30BAHHE MOJOKA C OINpeAesIeHHBIMU
MUTATeIbHBIMA BEIIECTBAMHU OTACIBHO WM B COYETAHUM C OaKTepHAILHBIMH IITAMMAaMH,
00Ja1alomMU TPOOUOTHYECKUMH CBOMCTBAMM U MPOU3BOASIIUMU (PU3NOJIOTUUECKU AKTHUBHBIC
METa0OJIUTHI, MIPEACTABISAET COOO0M OJUH M3 TEXHOJIOTMYECKUX BAPHUAHTOB MPOU3BOJICTBA HOBBIX
MOJIOYHBIX (DYHKIIMOHANBHBIX HAMMUTKOB. [7, 69—70c.]

OnHO U3 TOCTOMHCTB KO3bET0 MOJIOKA — BBICOKAS U JIETKas IEpPeBapUMOCTh — O0YCJIOBIIEHA
ero coctaBoM. B Hem Oonbine ButamuHOB A, p-kapotuHa, C, B1, B2, PP, xaneuus, docdopa,
MarHus ¥ KoOajbTa M MO3TOMY KO3h€ MOJIOKO MOXHO PEKOMEHJOBATh KaK CHIPbE JJIA JETCKOTO
nutanus. Taxke oHO 00NafgaeT YHUKaIbHBIMU CBOMCTBAMH: THUIIOAJIEPTEHHOCTh, 00Opa3oBaHUE
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MEJIKOJIUCIIEPCHOTO  CTYCTKa, BBICOKas  yCBOSEMOCTh  JKUpPA, OOJBIIOE  KOJIUYIECTBO
MOJIMHEHACHIIICHHBIX )KUPHBIX KUCIOT. 8]

B Hame BpeMs oco0oe 3HaueHHe MpruoOpesia aHTUOKCUIAHTHAS aKTUBHOCTh IMUTAHUS M3-32
PacpOCTPaHEHHOI'O YPE3MEPHOIO U HEYIIPABIIIEMOI0 OKUCIEHUSI KOMIIOHEHTOB KJIETKH, B TIEPBYIO
ouepelb BHYTPHUKJICTOYHBIX MEMOpaHHBIX JIMIKIOB, C YEM CBS3BIBAIOT PA3BUTHE Pa3TUYHBIX
MaTOJOTUH. TO 00YCIOBUIIO MOBBIIICHUE UCCIIEOBATEILCKON aKTUBHOCTH B 00J1aCTH CKPUHUHTA
Y MU3YYCHHS MHIIEBBIX MTPOIYKTOB, 00TAaThIX aHTHOKCHIaHTaMU. BbICOKast OMoornuecKkas IeHHOCTh
MOJIOKA U, B [IEPBYIO 0YEPEIb KO3bETO, MO3BOJISIET pACCMATPUBATH MOCIEIHEE KaK MIEPCIEKTUBHOE
aJIbTEPHATUBHOE MOJIOYHOE CBIPhE, KOTOPOE O0S3aTENIbHO JOHKHO OBITh HCIOJIB30BAHO MIPH
ONTUMHU3AIMUA CTPYKTYPbl TMUTAHUS TPH PA3IUYHBIX (PU3UOJIIOTMYECKUX COCTOSHUSX H
3a00JI€BaHUAX, BBI3BIBAIOIINX TMOBBIIMICHHYIO MOTPEOHOCTh B AHTHOKCHAAHTaX, OCOOCHHO B
HEeOJIaronpUATHBIX YKOJIOTHUECKHUX YCIOBUAX CerofHsAuIHero aus [9, c.44—-46]. CBexeBbIIOCHHOE
KO3b€ MOJIOKO, KaK M MOJIOKO JIPYT'HIX JXHBOTHBIX, 00JIagacT OaKTCPUIIUIAHBIMU CBONCTBAMH,
COJIEP)KUT OMOJOrMYECKH AaKTUBHBIC BELIECTBA, KOTOPHIE OTCYTCTBYIOT B KOPOBBEM MOJIOKE.
brnaromaps HaIMUMIO ATUX COCTMHEHHUH KO3h€ MOJIOKO CIIOCOOHO JIOJIBIIE COXPAHSITH CBEKECTh, OHO
HE CKUCAET B TE€UEHHUE TPEX JIHEW NMPU KOMHATHOW TEMIIEpAType, a MPU MOHUKEHHON TemMneparype
MOXET XPAaHUTHCS OOJIbIIIE HEEIH.

[To xuMHUECKOMY COCTaBY KO3bE€ MOJIOKO OJIM3KO K KOPOBBEMY, HO OTIIMYAETCS OT HEro bosee
BBICOKUM COJIepKaHueM Oeika, kupa U Kaublus. Ko3be MOJIOKO 3HAYMTEIBHO MPEBOCXOIUT
KOPOBbE 110 KOJIMYECTBY BUTAMUHA A, BIUSIONIETO HA COCTOSIHHE IJ1a3 U KOXKHU, COJIEPIKUT OOTIbIIIe
ButamuHa PP, oT KOoTOpOro 3aBHCHUT MpOTEKaHHE OKHCIUTEIBHBIX MpolieccoB B opranusme. Ilo
CPaBHEHMIO C KOPOBBUM B KO3b€M MOJIOKE B 6 pa3 Ooibllle KOoOalbTa, KOTOPHI BXOAUT B COCTaB
ButamuHa B12, oTBewaromero 3a KpOBETBOPEHHE W KOHTPOJIMPYIOMIETO OOMEHHBIC IPOIIECCHI.
KonmruecTBo BUTAMUHOB TpyIiiibl B 3aBUCUT OT MeTaboaM3Ma KUIEYHOH (IIOpBI B pyOIle Kak Ko3,
TaK ¥ KOPOB, ¥ TIOYTH HE 3aBUCUT OT KOPMOB. [10]

[To cpaBHEHHWIO C KOPOBBUM HIIH KEHCKUM MOJOKOM, KO3h€ MOJIOKO, Kak cooOIaeTcs,
o0JajaeT yHUKAJIbHBIMU OHOJIOTUYECKH AKTHBHBIMH CBOWMCTBAMH, TAaKUMH KaK OTJIMYHAS
IIEIOYHOCTh, BBICOKash OydepHass CHOCOOHOCTh, a TakKe OIMpECIICHHbIE TeparneBTHUECKUE
IICHHOCTH B MEIMITMHE U MMATaHUN YeoBeka. [11, ¢.33]

Takye XUMHUYECKHE XapaKTEPUCTUKU KO3bETO MOJIOKA MOXHO HCIOJb30BaTh ISt
MIPOM3BOJCTBA IIMPOKOTO CIHEKTpa MPOAYKTOB, B TOM YHCJIE KHCIOMOJIOYHBIX HAIUTKOB
(06e3xupeHHoro, 00OrameHHOro WM apoMatusupoBaHHOro) u mojoka UHT (cBepxBbIcOKOM
TeMIeparypbl), (hepMEHTHPOBAHHBIX MPOAYKTOB, TaKMX Kak cblp WiM HorypT. [lomymspHOCTh
MOJIOYHBIX TIPOJIYKTOB M3 KO3bETO MOJIOKA TOKa3alia MOCTEIEHHBIA POCT BO BCEM MHUpE U3-3a Te€X
CBOMCTB, KOTOpPBIE OTJIMYAET €0 OT APYIMX MOJIOUHBIX MPOAYKTOB U 0JaroTBOPHOTO BO3AECUCTBUA
Ha 3/I0pOBBE YEJIOBEKA.

B OCHOBHOM NIpPOIYKTBI M3 KO3BETO MOJIOKA MOJYYarOT TPAJULMOHHBIMM METOJAMH, HE
SIBJITFOIIUMUCS 9acThI0 (PYHKIMOHAIBLHOTO MuTaHus. K TakuM cTpaHnaMm MokHO oTHecTH McnaHwuro,
Typuuto, crpansl bamxaero Boctoka u ctpansl KOxxnont Amepuku (Ynnu, ApreratuHa). K Tomy ke
B ATHX CTpaHax OoJblllee BHUMAHUE BBIACISICTCS KHCIOMOJOYHBIM MPOIYKTaM, CACIAHHBIM U3
cMecel MOJIOKa pa3HBIX KUBOTHBIX (HapUMep, KO3b€ M KOPOBLE) U chipaM. [11, c.41]

Buonornueckue nodasku, comepxamntie Lactobacillus acidophilus, Bifidobacterium lactis u
Streptococcus thermophilus, ycrnenHo ucnonb3yroTest A GepMeHTaluu KO3beT0 MOJIOKa BO BCEM
mupe. B ¢dpeMeHTHpOBaHHOM KO3beM MoOJIOKe, XpaHsmemcs npu 4°C B Ttedenue 10 nHei
OoOHapy»XWJIach BBICOKAs XKM3HECTIOCOOHOCTh MPOOMOTHYECKUX INTaMMOB [7]. depmeHTanus He
TOJIBKO JIETaeT MOJIOKO OoJiee y1000BapuMBbIM, HO TaKXKe SBISIETCS CPEACTBOM yBEIHMUCHUS CPOKa
XpaHeHUsI U MUKPOOUOJIOTHYECKON O€30MacHOCTH MPOIYKTOB. [6]

[Ipon3BOaCTBO HATYpaAIBHOTO HOTYpTa M3 KO3BEr0 MOJIOKAa PAacTET BMECTE C JTUHAMUYHBIM
MHPOM U, TTO3TOMY HOTYPT ObUT U OCTA€TCSI OJHUM U3 KOHKYPEHTOCIOCOOHBIX KHCIOMOJIOUYHBIX
MPOJYKTOB HAa MHUPOBOM PBIHKE W PBIHKE CTPaHbl. BO3MOXXHO MOJIy4eHHE MPOOMOTHYSCKHUX U
MUIIEBBIX MPOIYKTOB U3 KO3bETO MOJIOKA JJISl MCIOJIb30BaHUS B JIe4eOHO-MPOPUIAKTUUECKUX
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[EJISIX, IPU CTPOTOM COOJTIOICHUU BCEX HOPM U OJ1aroaapst KCIOJIb30BAHUIO B COCTABE 3aKBACOYHOM
KOMITO3HUITMH Oosrapckoit najgouku [12, ¢. 36]. B mocneanue roasl mpou3BOACTBO CaMOJIEIHHOTO
Horypra ¥ MPOMBIIIJICHHOE MPOU3BOACTBO HOTypTa XOpOIIO YCTAaHOBJICHO M Pa3BUBACTCS
WHHOBAIIMOHHOE TOJYyYCHHE HOBBIX MPOAYKTOB, YTO YAaCTUYHO OOBSICHSIET YBEIMUCHHUE WX
MoTpeOJIeHNsT JIIObMU. BakHbIE NHTATENBHBIE KadecTBa WOTYPTOB U, (hepMEHTHPOBAHHOTO
MOJIOKa, UX pa3HOOOpa3rue U POCT HOBBIX PHIHKOB JAIOT BaXKHBIC MEPCIICKTUBBI I KX PA3BUTHUS B
MupoBoM Mmactrabde [13].

KynpTuBHpOBaHNE KO3bETO MOJIOKA IO METOIUKE, TO0OHON TOH, KOTOPAasi UCIIONB3YETCS IS
KOPOBBET0, OTIMYACTCS B aCMEKTaX OPraHOJENTHYECKUX CBOWCTB, aMUHOKHUCIOTHOTO COCTaBa M
apoMaTHYeCKNX KOMIIOHEHTOB. lMccremoBaTenu MpenjaraloT B KayecTBE YIYUIICHHs] COCTaBa
Horypra MCIOIR30BaTh MPOIECC TOMOTEHU3ANN M CTA0WIN3aTOPOB, JTOOABUTH caxap, (PPYKTHI,
CUPOIIBI WIIH CYyXOT0 00€3>KUPEHHOTO MOJIOKA JIJISl YIYUYIIeHUs] KOHCUCTEHIIMH MPpoaykTa [ 14].

Hcxons U3 BBIIECKA3aHHOTO, MOYKHO CJICNIATh BBIBOJI O TOM, YTO MOHSATHE (YHKITHOHATHHOE
nuTaHue HabupaeTr 0O0POTHI U MOMYJISIPHOCTH BO BCeM MHUpe. MHOTHE CTpaHbl CTPEMSITCSI OCBOUTh
3Ty cdepy, HO HET OINpPEACIICHHOW HAMPaBIECHHOCTH HA 3TO UMEHHO C WCIOJIB30BAaHUEM KO3bETO
MOJIOKA, YTO JJOKA3bIBAET MEPCIIEKTUBY MPOBEACHUS UCCIEOBaHMM B 3TOM 06acTi. Ko3be Mooko
MPEBOCXOJIUT MOJIOKO JPYTHUX JOMAIIHUX >XUBOTHBIX 1O CBOEMY XHMHYECKOMY COCTaBy U
CBOMCTBAaM Kak THIIOAIEPTeHHOCTh U MEHbIIee cofiepkanue BS1-ka3enna. A HU3KOe cofepKaHKe
JIAKTO3bl TIO3BOJISIET YIMOTPEOJATH 3TOT MPOAYKT JIOMSAM, CTPAJAIOIIMM HETEePEHOCUMOCTHIO
nakTo3bl. [IpoayKTOB, MOTYyYEHHBIX HA OCHOBE KO3BETO MOJIOKA C 3a/IaHHBIMH (DYHKIHUAMHU, MAJIO U
B OCHOBHOM OHU SIBJISIFOTCS CBIPAMU PA3JIMYHBIX COPTOB WJIM KOMOWHHUPOBAHHBIE. ﬁoryprl TaKKe
HE TEPSIOT CBOM aBTOPUTET CPEIU KUCIOMOJIOYHBIX POIYKTOB, UTO O3BOJISIET IPOBOIUTE OMBITHI
Y U3y4aTh TOJyYCHHUE MPOIYKTOB HA €T0 OCHOBE.
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Abstract: In this work, we analyze the core architecture and training methodologies
underpinning the advanced capabilities of Large Language Models (LLMs). These sophisticated Al
systems, characterized by billions of parameters and vast training data, surpass older methods in
interpreting context and generating fluent, semantically complex human language. The success of
LLMs is primarily driven by deep neural networks and the pivotal Transformer architecture,
introduced in 2017. The Transformer's structure, involving an encoder-decoder framework, hinges
on the multi-head self-attention mechanism. This innovative component allows the model to
selectively weigh input elements, capturing long-range dependencies crucial for coherent text. We
detail the two critical training phases: pre-training, which builds general language proficiency
through techniques like Causal and Masked Language Modeling, and fine-tuning for specialized
applications. The latter often integrates human input via Reinforcement Learning from Human
Feedback (RLHF). Ultimately, this comprehensive process supported by immense computational
resources that yields highly accurate and versatile LLMs capable of diverse tasks, from content
generation to coding.

Keywords: Large Language Models (LLMs), Artificial Intelligence (Al), Natural Language
Processing (NLP), Transformer Architecture, Deep Learning.

LLMs are advanced Al systems that demonstrate an ability to understand and generate human
language (Yang et al., 2023; Karabacak & Margetis, 2023). Trained on massive datasets of text,
these models can handle a vast range of language-related tasks. This includes creating text content,
answering questions, translation, coding, and converting information between text, audio, and video
formats.

They are called "large" due to the enormous scale of their design, possessing billions of
parameters and being trained on massive amounts of data, often sourced from the internet. The
primary advantages of LLMs are their capacity to interpret context, resolve ambiguity, and produce
remarkably fluent text. Unlike older language processing methods, LLMs are significantly more
effective at grasping the deeper, semantic meaning and complexities of natural human conversation
[1].

The success of LLMs is driven by Natural Language Processing (NLP), which bridges the gap
between human language and machine comprehension. At the core of this are neural networks
(Naveed et al., 2024).

Neural networks are the computational backbone of LLMs, enabling them to identify the
intricate patterns and relationships within language. They function as function approximators,
learning the mapping between a given input and a desired output. The sheer size of an LLM—the
more parameters it has—equips it to find better, more complex mappings [2].

Inspired by the human brain, these networks are built from connected "neurons" organized
into layers. Deep learning refers to networks with multiple "hidden" layers, allowing the model to
learn complex structures from the input data. The connections between neurons have weights that
are adjusted during training, enabling the network to learn and make accurate predictions (Naveed
et al., 2024). In essence, neural networks and deep learning allow machines to perform language
tasks at a level that can imitate or even surpass human ability.
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Research highlights that while smaller models can generate human-like text, only models with
billions or trillions of parameters can genuinely capture the richness and depth of human language
(Hong et al., 2024). The sophisticated comprehension ability of LLMs comes from their hierarchical
network structure. Lower layers of the network process basic features from the input, and as the
input moves through stacked layers, it is progressively combined into meaningful components like
words, phrases, and concepts (Zhao et al., 2024) (Figure 1).

Figure I Representation of a simple neural network (Danilov & Karpov, 2018).

Large Language Models owe their innovation and success to the transformer architecture.
Introduction of the transformer by Google in 2017 has altered the shape of natural language
processing, allowing for extraordinarily parallelizable computation in tasks as text summarization,
translation and question answering (Shanahan et al., 2023). In turn, this permits the construction of
massively large models that handle our natural languages with remarkable, thoroughly
comprehensible proficiency. Models like BERT, GPT-3, and T5 are built on the transformer
architecture and has produced the best results to date, which signifies transformative effect of this
framework. Its mechanisms and core ideas have inspired many alternative architectures and use
cases, not just in natural language processing but across the entire field of artificial intelligence [4].

The core components of the transformer architecture are the encoder and the decoder. The
encoder's job is to take a sequence of input tokens (which can be words or parts of words) and
produce a set of outputs that effectively capture the essential information contained in the input.
These encodings results are then passed to the decoder, which uses them to generate a sequence of
output tokens. The output sequence can be thought of as a "translation" of the input sequence from
one language to another (Figure 2).
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Figure 2 Encoder and decoder in transformer architecture (Norouzi,2023)
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As it was mentioned, the job of the encoder is to change the input text into a numerical
representation. There are several layers contained inside the component. One of them is multi-head
self-attention. This layer within the encoder performs a computational operation that is similar to
call it "weighing readability" (Hong et al., 2024). When it gives weights to elements, it figures out
which are the more critical components of the sequence and then uses them to build a better
representation of the whole sequence. The principle of work is like a person reading different parts
of a text and paying more attention to some words, carrying more meaning in that case [5].

Followed by Feed-Forward Network: This layer further processes the result from the self-
attention layer. It takes each representation of a word emitted from the self-attention layer and passes
it through a fully connected neural network that operates identically on each word's representation
(S. Zhang et al., 2020). These steps of the encoder extract more abstract and higher-level features
than the direct output of self-attention. Then, the output is produced that consists of word vectors
enriched by the self-attention mechanism with the contextual information

Meaning is woven into text by a decoder. The output of the previous component is used to
generate a sequence of desired outputs. This can be a translation, a summary, a story continuation,
or an answer to a question. The decoder, like the encoder, consists of layers, with each layer
containing three sub-layers. Each of these sub-layers does a different job to help the overall model
reach a desired outcome. One of those sub-layers is the masked multi-head self-attention layer,
which allows the decoder to focus on different parts of the previously generated output sequence. It
uses a "masking" technique that makes it impossible for the model to see beforehand any of the
words in the output that haven't been generated yet. This keeps the future word generation coherent
with the structure of the sentence [6].

Next is the encoder-decoder attention layer, which enables the words of the output sequence
to be aligned with relevant parts of the input sequence. Each of the decoder words is being generated
as a smoothed version of the relevant parts of the input sequence. The ability to pay attention to
different parts of the input when generating different parts of the output is evidence of why the
attention mechanism is so effective.(S. Guo et al., 2024)

The position-wise feed-forward network is just like its equivalent in the encoder. It takes the
output of the attention layers and does a bit of extra work to make the desired output more refined
and more "final" than what came out of the attention layers.

The architecture of the transformer centers on the attention mechanism. This mechanism
permits the model to concentrate on specific elements within the input, while generating the output.
Consequently, we may say that the attention mechanism enables the model to focus selectively to
interpret better the parts of the text necessary for understanding the long-range dependencies and

relationships between words that make coherent text generation rPoss1ble (Figure 3).
The Transformer Output Multi-Head Attention Scaled Dot-Product Attention
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Figure 3 Visualization of attention mechanisms in transformer architecture (Soydaner, 2022)
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Figure 3 shows the role of attention mechanisms in the transformer architecture, describing
the computation of weights by displaying attributes used to calculate attention in scale dot-product:
Q- which is queries of which token is searching for, K- keys or features each token have, and V-
values of information carrying about tokens. Tokens are used as references to basic textual units in
a sentence, which can be a word, punctuation symbol, or even a character. The components work
together to evaluate and give a score to guarantee the system focuses only on important parts of the
input information.

Also, the diagram shows multi-head attention, which goes further and divides values of Q, K,
and V into subparts to process the given task in parallel. This is performed by assigning to each head
its own tasks, if one head focuses on verbs and nouns, the other will work with adjectives or adverbs
to their corresponding nouns. Then, the results are combined together and passed to the “linear”
layer, depicted in the diagram. This mechanism helps the transformer to identify different patterns
and denote nuances and details for tasks like summarization or translation.

The field of research on transformer technology continues to evolve, and the applications of
this technology in natural human language processing should soon offer even greater insight into
the nature of that interaction.

Training is a crucial, resource-intensive stage where LLMs learn to master natural language
using vast quantities of text data from online sources (Naveed et al., 2024). The process is typically
divided into two main phases: pre-training and fine-tuning.

In this phase, the model is exposed to a massive text corpus to build a general understanding
of language.

o Causal Language Modeling: A primary technique is for the model to predict the next word
in a sequence. This uses self-supervised learning, where the training labels are derived directly from
the data itself, eliminating the need for human labeling (Mou & Vechtomova, 2020).

e Masked Language Modeling: Used in models like BERT, this involves the system predicting
words that have been intentionally omitted or 'masked' from a text. This approach deepens
understanding by considering both the preceding and following context (VanBerlo et al., 2023).

By training on diverse content—from literature and scientific papers to social media—the
model gains a broad and flexible language comprehension, which forms the basis for its overall
performance.

Once pre-training is complete, the model undergoes fine-tuning to specialize it for specific
tasks, such as summarization, translation, or question-answering (Mian, 2024).

e Task-Specific Tuning: This process involves training the model on a labeled dataset
explicitly designed for the target application. This sharpens the general skills learned during pre-
training, enabling the system to provide precise and detailed answers for specialized fields (e.g.,
legal or medical advice).

e Reinforcement Learning: Sometimes, human feedback is incorporated to correct and refine
the model's outputs to better align with desired human standards. This is often referred to as
reinforcement learning from human feedback (RLHF) and was used in tuning models like ChatGPT
(J. D. Chang et al., 2023).

Training LLMs is extremely demanding, requiring significant computational resources and
massive computing power, often measured in hundreds or thousands of exaflops. This necessitates
the use of extensive GPU clusters or specialized hardware like Tensor Processing Units (TPUs)
designed specifically for deep learning operations [7].

The combination of pre-training (for general knowledge) and fine-tuning (for task
specialization) has proven to be highly effective, making LL.Ms accurate and adaptable for a wide
range of uses. As the field advances, new methodologies like federated and unsupervised learning
are being explored to address issues of generalizability and high resource consumption.
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COCTAB 1 CBOMCTBA KO3BEI'O MOJIOKA KAK CBIPBSI 111
IMPOU3BOACTBA ®YHKIIMOHAJIBHBIX ITPOAYKTOB IIMTAHUSA

VYICUHBAWEBA 3EPE
JEBUHCKASI MUJIAHA
MN3I'EHOBA )KACMHH
I bIJIMBIP3A BIPFAHBIM
CTYIEHTBhl AJIMAaTUHCKOTO TEXHOJIOTHYECKOTO YHUBEPCHUTETA,
kadenpsl «IlumeBas OHOTEXHOIOT U
Anmarsl, Kazaxcran

Hayunsiii pyxoBogutens — HYKEHOBA C.A.
CEHBOP-JIEKTOP AJIMATUHCKOI'O TEXHOJIOTUYECKOTO YHUBEPCUTETA,
Anmartel, Kazaxcran

Annomavusn: Kozve MOIOKO A6715€mCsl YEHHBIM CbIPbEM 0I5l RPOU3BOOCMEA DY HKYUOHANLHBIX
NPOOYKMoe numanus 01a200aps c60emy YHUKAILHOMY XUMUYECKOMY COCMA8Y U BblCOKUM
ouonocuueckum ceoticmeam. Ono codepoicum Oonvuie 6enkos, Kanvyus, ocgopa, a makoice
gumamuros A u epynnvl B no cpasnenuro ¢ Koposbum monokom. Kuposwvie 2100yl 8 KO3beMm MOLOKe
Menbye, Ymo yayuuiaem e20 YC8OSeMOCmb U oenaem HNpoOYKm eunoannepeenHvim. (Ocoboe
COOmMHOUeHUe KA3eUHOBbIX PpaKyutl cnocobCmayem Jyyuemy nepesapueanuio U CHUXCaem puck
nuwesou Henepenocumocmu. bnacodaps smum ceolicmeam Kozvbe MOIOKO UCHONb3YemMCcs Npu
paspabomke GyHKYUOHANbHBIX NPOOYKIMOE — LI02YPMO8, CbIPO8, HANUMKO8 U OeMCKO20 NUMAHUA,
HAanpagieHHblX Ha YKpenieHue UMMYHUmMmema u yiydulenue 0oMena eeujecms.

Kntwouegvie cnosa: unzpeouenm, Kozbe MOLOKO, HCUPHBLE KUCTOMbL

BBenenne

Ko3be MOnOKO HM31aBHA LIEHUTCS KaK IIEHHBIM MUIIEBOW MPOAYKT, 001alaromuii BEICOKOU
OMOJIOTUYECKON M MUTATEIbHON IIEHHOCTBIO.

CeromHsi KO3b€ MOJIOKO TPEACTABIAET OCOOBI WHTEpEC B CBA3M C OCOOEHHOCTAMH €ro
COCTaBa M CBOWCTB, YTO JeJaeT MPOAYKTHI €ro rnepepaboTku B psae ciaydaeB 3P ¢heKTUBHOM
AJIETEPHATUBOM MPOTYKTaM U3 KOPOBbETO MOJIOKa. Takum 00pa3oM, KO3be MOJIOKO PAaCCMaTPHBACTCS
KaK ChIpb€ BBICOKOTO KauecTBa Ui MPOU3BOJCTBA U OOECHEUeHUs] HaceJIeHHs MPOAyKTa- MU Ha
OCHOBE KO3hETO MOJIOKA, U B IIEPBYIO 0YePE/Ih, OEPEMEHHBIX M KOPMSIIHUX JKEHIIHH, IeTel paHHETO,
JIOLIKOJIBHOTO M IIKOJIBLHOTO BO3pacTa, a TaKXKe JIJIsl HACEeJIEHUsSI C 0COOBIMU MOTPEOHOCTAMHU.

OcoOblii MHTEpeC MPEACTABISET PA3IUYUS MEXKAY KOMIO3UIMSAMHU KO3bETO U KOPOBHETO
Mosioka. OcoOble XapaKTePUCTHKH, Kacalolluecs COCTaBa KO3bEr0 MOJIOKA, C TOUKH 3PEHHUsl €To
OCHOBHBIX MUTATEJIbHBIX BEIIECTB, O3HAYAIOT, YTO MUTATENIbHAS LIEHHOCTb IMOCJIEAHETO 3aMETHO
BBIIIIE, YeM KOPOBBETO MOJIOKA.

[IpudeM BBICOKOE copep)aHuMe OeTa-Ka3eMHa M HU3KOE CONEpIKaHWE JIAKTO3BI IO3BOJISET
yHooTpeOIsITh MOJIOKO JIOIAM, KOTOpbIE IIJIOXO I€PEeBApUBAIOT KOPOBbE MOJOKO. Bricokoe
coJiep KaHNe HEHACHIIIICHHBIX JKUPHBIX KUCIIOT MPEMSATCTBYET OTI0KEHUIO XOJIECTEpPUHA HA CTEHKaX
COCY/IOB.

Kpome TOro, takoe MOJOKO BBIBOAUT W3 OpPraHU3Ma COJIA TSDKENBIX META/VIOB M paauo-
HYKJIUIOB M COACPKUT KalblIUi, Maraui, ¢pocdop, Mapraneil, meapb u ButamMmunsl A, B12, C u 1.

B nmannHoOif pabGoTre paccCMOTpUM COCTaB M CBOMCTBAa KO3bETO MOJIOKA, KaK CHIpbS IS
MIPOU3BOACTBA (PYHKIIMOHATBHBIX MPOIYKTOB MUTAHUSI.
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[MonsTre QyHKIIMOHATLHBIX MPOIYKTOB MUTAHUS

OyHKIIMOHAIBHBIA MUIIEBOM MNPOAYKT — OTO CHEIUAJbHbIA MHUIIEBOM  MPOAYKT,
MpeTHA3HAYCHHBIN NI CUCTEMATUYECKOTO yIOTPEOICHNs B COCTABE MUIIEBLIX PAIMOHOB BCEMU
BO3PAaCTHBIMU TPYIMIIAMH 3J0POBOTO HACEJICHUsS, OONAMalIMMi HAaydHO OOOCHOBAaHHBIMU M
MOATBEP)KICHHBIMH CBOMCTBAMH, CHIIKAIOIIMI PUCK pPAa3BUTHS 3a00JCBaHUM, CBA3aHHBIX C
MMATAaHUEM, TIPEIOTBPAIIAOIINHN ASHUIIUT WIIA BOCTIOTHSIOIINA UMEIOIIUNCS B OPTaHU3ME YEITOBEKa
NeUITUT MUTATSIIBHBIX BEIICCTB, COXPAHSIONINA U YITyYIIAIONUH 3J0POBhE 32 CUCT HAIMYUS B €TO
coctaBe PU3NONOrnYecKr (PYHKIIMOHAIBHBIX MUIIEBBIX HHTPEIUEHTOB.

K ¢yHKIMOHATBHBIM TMPOAYKTaM MHUTAHUS OTHOCAT IPOIYKTHI, OOIaNalomue MMTOMHMO
OCHOBHOI (QYHKIMH CHAaO)KEHHS OpraHu3Ma 4YelloBeKa HYTPUEHTaMH, JOMOJTHUTEIbHBIM
TTOJIOKUTEIIBHBIM JICHCTBUEM Ha 3I0POBbE W/WIIH MPEIOTBPAIIAOIINE TO WIH JPyToe 3a00IeBaHHe.

K ¢yHKIIMOHANBEHBIM OTHOCAT TPOAYKTHI M3 CBIPbS PACTUTEIBHOTO U YKHUBOTHOTO
MIPOUCXOKACHUS, CUCTEMAaTHYECKOE YIMOTPEOIEHUE KOTOPBIX PEryIupyeT OOMEH BellecTB. Takue
MPOAYKTHl JOJDKHBI COAEpXkKaTh COATaHCUPOBAHHOM KOJMYECTBE OCNIKH, KHUPBI, YTIEBOJIBI,
MUHEpaJIbHBIC BEIICCTBA, BATAMHUHBI U APYTHe OMOIOTHYSCKH aKTUBHBIC BEIIECTRA.

K ¢ynxnuronanbHeM (00paboTaHHBIM) MPOAYKTAM MPUHAIJIEKAT: 000TallleHHbIEe TPOTYKTHI,
K KOTOPBIM J10OAaBJICHBI BUTAMUHBI, MUKPOAJIEMEHTHI, TTUIIEBbIC BOJOKHA; MTPOIYKTHI, U3 KOTOPHIX
U3bATHl OIpPENEIICHHbIE BEIIECTBA, HE PEKOMEHJOBaHHbIE IO MEAMIMHCKUM IOKa3aTeisiM
(MUKPORJIEMEHTBI, AaMHUHOKHCJIOTHI, JAKTO3a W TMPOYHE); a TAKXKEe T€, B KOTOPHIX YIaJICHHBIC
BEILIECTBA 3aMEHEHbI APYTUMH KOMIIOHEHTaMHU.

K ocHOBHBIM MeIUKO-OHMOJIOTUYECKUM TPEOOBAHUSIM OTHOCSTCS: O€3BPEIHOCTh OTCYTCTBHE
MPSIMOTO BPEAHOTO BIUSHUS, MOOOYHOTO BPEAHOTO BIUSHUS, aUIEPTUYECKOTO ACHCTBHUS:
MOTCHITUPOBAHHOE JICWCTBHE KOMIIOHEHTOB JApPYyT Ha JApyra; HE TPEBBIIICHUE TOMYCTHMBIX
KOHIICHTPAIINil; OPraHONCNITUYECKUE; OOIIETUTHEHUYECKUE; TEXHOIOTUIECKHE.

HccnenoBanme KO3beT0 MOJIOKA

boutn mpoBeneH CcpaBHUTENBHBIM aHamu3 OEJIKOBOTO COCTaBa, XHPOBOM KOMITO3HUIIUU
KOPOBBETO M KO3bEro MOJIOKA W, B JIOMOJIHEHHE K XUMHUYECKOMY COCTaBy OBLIO MCCIEAOBAHO U
orpesieNieHo o0IIee colep)KaHue CYyXUX BEIIeCTB, OENKOB, XKMPOB, MHUHEPAJIHLHOTO COCTaBa U
JIAKTO3BI, a TAaK)KE IUNIOTHOCTH B Ka)KIOM THIIE MOJIOKA.

Tabnuua 1. XuMudeckuit cocTaB IBYX THIIOB MOJIOKA.

B Tabmuue 1 mpuBeneH XMMHUYECKH COCTaB JIByX THIIOB MoJjioka. Bce mpencraBieHHBIC
3HAYCHUS SIBJISIOTCS cTaTUCTHUeCKH pasnudabl- Mu (P <0,05), ¢ Gonee BBICOKMMH 3HAYCHUSIMU,

ITokazarenu, (%) Ko3sbe Mosoko KopoBbe MoJIOKO
Cyxue Bemectsa, (%) 13,57 11,36
benkn, (%) 3,48 2.82
Kupsl, (%) 5,23 342
3omna, (%) 0,75 0,65
Jlakro3a, (%) 4,11 4,47
[L1oTHOCTD, (KI/M°) 1031 1030
Kucnoraocts, ('T) 19 16
AKTHBHasg KHCIIOTHOCTh 6,70 6,82

COOTBCTCTBYIOIIUMU KO3bEMY MOJIOKY.

OCHOBHO# COCTaB KO3bET0 U KOPOBHETO MOJIOKA OUYEHB MOX0XK, C HEKOTOPBIMHU OTIIMYUSIMU, B
OoJIbIIICH WM MEHBINEH CTETNICHH, B 3aBHCUMOCTH OT MPOXYKTHBHOCTH JaHHOW moponbl. Kax
MTOKA3bIBAIOT JIAHHBIC, KO3hE MOJIOKO, KaK MPABHIIO, UMEET 00Jiee BHICOKHIA TIPOIECHT COMCPIKAHHMS
CYXHX BEIIECTB, YeM KOPOBHE MOJIOKO, a TakKXe OCJIKOB, KUPOB M MHUHEpAIbHBIX BemiectB. K
IPUMEDPY, IO CONEPKAHUIO OETTKa KO3b€ MOJIOKO TIOUTH HE OTIIMYAETCs OT KOPOBBETO (B MOJIOKE KO3
—13,57%., xopoB — 11,36 %.) Ho monoko k03 oTinruaeTcsi 60osee BEICOKOM KUPHOCTHIO (5,23%).
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[ToBeIIeHHAS KUCIIOTHOCTH K03beTo Mojioka (19°T) mo cpaBHEHHUIO ¢ KOPOBEUM OOYCIIOBIICHA
Oosee BBICOKMM conepkaHueM OenkoB. OIHMM U3 OCHOBHBIX IOKa3aTelled, OIpenesstonnX
HATypallbHOCTh MOJIOKA, SIBJISIETCS TUIOTHOCTh. KOo3be MOJIOKO XapakTepusyeTcs 0oliee BBICOKOM
IUIOTHOCTBIO. DTO OOBSCHSAETCS OONBIINM COlIEp)KaHHEeM CyXHuX BemiecTB. [MOTHOCTH Ko3bero
MOJIOKa JTOJDKHA ObITh He MeHee 1028 kr/m3.

Kak moka3pIBatoT uccrnefoBaHUS psiia YUEHBIX, OCNKH KO3bETO MOJIOKA OTIMYAIOTCS OT
MIPOTEMHOB KOPOBHETO MOJIOKA IO (PPAKIIMOHHOMY COCTaBY, CTPYKTYPHBIM, (DH3UKO-XUMHUICCKUM
cBoiicTBaM (Taou. 2).

Tabnuna 2.@pakIMOHHBIN cOCTaB OEJIKOB KO3bET0 MOJIOKA

benkosble ppakumn Monoxko (r/ 100 mi)
KO3bC KOPOBbC
Aubda S1-kazeun - 1,37
bera-kazeun 2,28 0,62
["amMa-kasenH - 0,12
bera-nakrornodynus 0,26 0.3
Aubha-nakraab0yMuH 0,43 0,07
HMMyHOI00Y/1IHHbI - 0,06
ChIBOPOTOYHBII aJIbOYMHH - 0,03

JloMuHMpYIOLIeH Ka3enHOBOM (hpakiyeil Ko3bero Mojioka siBsieTcs Oera-Ka3euH, TOra Kak
Ka3eHHbl OEJIKOB KOPOBLETO MOJIOKA IIPECTABIICHBI [NIABHBIM 00pa3oM aiib(da- 1-Ka3enHOoM.

OCHOBHBIM CBHIBOPOTOUHBIM O€JIKOM KO3bEro MOJOKa sBISETCS anb(da-makTaabOyMuH, a
KOPOBBETO - OeTa-makTormoOymyH. [Ipu 3TOM Ka3eMHOBBIE W CHIBOPOTOUHBIC OCIKH, B TOM YHCIIE H
0eTa-JIaKTOrI00yIMHbl U aib(a-TaKTaabOyMUH KO3bEr0 M KOPOBBETO MOJIOKA OTIMYAIOTCS He
TOJIBKO 1O (PPAaKIIMOHHOMY COCTaBY, HO U, YTO OCOOCHHO BaXKHO, IO CBOMM CTPYKTYPHBIM, (PU3HUKO-
XMMHUYECKHM CBOMCTBaM.

Tak, oTCyTCTBME WM HH3KOE COAEp)KaHHE B KO3bEM MOJIOKe anbda- |-kazenHa u
OTHOCHUTEIIHO BBICOKOE COJIepKaHKE albOyMUHOB, B OTJIINYHME OT KOPOBBHETO MOJIOKA, CIIOCOOCTBYET
(opMHpoBaHUIO 00JIE€ MATKOT0, HEOOIBIINX Pa3MEPOB CTyCTKA U MEJIKMX HEIUIOTHBIX XJIONBEB, YTO
o0neryaeT nepeBapuBaHUe MOJIOKA IPOTECOIUTUIECKUMH (DepMEHTaMHU, B CBSI3U C YEM KO3bE MOJIOKO
JIerye yCBauBaeTCsl, HE BBI3bIBAsI PACCTPOMCTB MUILEBAPEHUS.

O06a Buia MOJIOKa conepsKaT BBICOKOE KOJMYECTBO MUHEPAIBHBIX BELIECTB, OJHAKO YPOBHSA
Kanus, Kanbiys, hocdopa B cocTaBe KO3bero Mojioka 3HaunTespHo Bhie (P <0,05), yem B coctaBe
KopoBbero Moisioka (tabmn. 3). OTaenbHbIe HKCIEPUMEHTATIbHBIE HCCIIECAOBAaHHS YKa3bIBalOT Ha
Jy4Ilyro OMOyCBauBaeMOCTb JKEJI€3a U KaJIbIUsl U3 KO3bETO MOJIOKA B CPABHEHUU C KOPOBBUM.

[lo cpaBHEHHIO C KOPOBBMM MOJIOKOM B KO3bEM cOIEpKUTCsS Oonbmie meau (B 1,7 pasa),
Mmapradua (B 2,8 paza). DTH MHKPOAJIEMEHTBl, KaK H3BECTHO, PETYIMPYIOT MeTaboIndecKue
MIPOIIECCHI M OTBEYAIOT 32 KPOBETBOPEHUE.

Tabnuma 3.MuHepanbHbIe BEIIECTBA IByX TUIIOB MOJIOKA
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Miunepanbibic BelecTsa Mosoko
KO3be | KOPOBbE
Maxkposaementst (mr/100ma):
Kasuii 145 146
Marunii 12,9 9.4
Hatpuii 47 50
Kanbimit 158,5 112,5
Dochop 118,9 874
Mukpoanementst (Mer/100mn):
Keneso 150 82
Innk 410 400
Menn 22 14
Mapraueu 12,9 924

ACCOpTI/IMeHT IIPOAYKTOB, Bmpa6aTHBae- MBIX M3 KO3BETO MOJIOKA, B HACTOAIICC BPEM OUCHDb
maj. Ko3be MOJI0OKO Kak ChIPEC OCBOCHO JIMIIb YaCTUYHO. B H€6OJII)]_HI/IX 061>eMax MIPOU3BOAUTCA
yAbTpanacTepru3oBaHHOE MOJOK0.OJHAKO TMEPCHEeKTHBBI MEepepabOTKH KO3bETO0 MOJIOKAa BechMa
IIMPOKH, YTO CBA3aHO C BO3pAacTaHHWEM IMOTPEOUTENHCKOTO CIpOCa, a TaKKe CYyNIECTBEHHBIM
«HEJOCTAaTKOM» KOPOBBET0 MOJIOKA (cozeprkaTcsi O€IKu, SIBISIONUECS HCTOUHUKOM aJlIeprudecKux
peakiuii).
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YJIK 629 (075.8)
ABTOMOBHJIBAEPTE TEXHUKAJIBIK KBI3MET KOHE KOHJIEYIIH CAIIA
KOPCETKIIITEPI

TEMIPBOJIATOBA JTNJIBbHA3 AMBOJIATKBI3bI
«MyxameTxkaHn TeiabimoOaeB ateiHnarbl ALT YauBepcureti» AK maructpaHThbi

FruieiMu sxkerekui - T.F.K., KaybiMaacteipeuirat npodeccop ECEHI'AJIMEB
MAHAPBEK HYPACBEKOBHY, Anmatsl, Kazakctan

Anoamna. JKymvicma asmomobuiboepee MexXHUKaublK Kbl3Mem KOpCemy MHCIHe HCOHOEY
OmKI3y0iH cana Kepcemxiuimepi Kapacmvlpoli2aH.

Tyiiinoi cezoep: mexuuxanvix Koizmem xopcemy (TKK), azvimowt oconoey (AXK), asmoxenix
OUACHOCMUKACYL.

Annomauusn. B pabome paccmompenvl noxazamenu Kkauecmsea npogedeHUss MexHu4ecKko2o
00CIYHCUBAHUS U PEMOHMA ABMOMOOUEN.

Knroueswie cnosa: mexnuueckoe oocayxcusanue(TO), mexywuii pemonm (TP), ouacnocmuxa
asmomoounel.

Abstract. In the paper, the features of the technological process for repairing the running
gear of a car.
Keywords: maintenance (maintenance), maintenance (TR), diagnostics of cars.

TKK >xoHe keHJey canachlHbIH KOJJAAHBICTaFbl KOPCETKIIITEPl Ka3ipri 3aMaHFbl aBTOKOJIIK
KOCIMOPBIHAAPBIHIA, AaBTOXKOHAEY  3aybITTapblHAAa, AaBTOMOOWMIBAEpPre KBI3MET  KOpPCETYy
CTaHIMSJIAPBIHIA KOPCETUIETIH KBI3SMETTEPJIIH camachlH Oarajay YIINH KOJJAHbLUIA aJMaiibl.
OliTKeH1 omap KbI3MET TYpliepiH KEHEWTy (pakTOphIH, MEHIIIK HBICAaHAAPBIH XKOHE Oacka Ja
epeKmenikrepal eckepmeni [1].

Byn coHplMeH Karap cama TEXHHKAIBIK JKOHE OSKOHOMHKAIBIK KaTeropus OO
TaOBLIATHIHABIFBIHA, MAaTEPUANIBIK JKOHE €HOEK pecypCTapbIHBbIH IIbIFbIHAApbIHA OalaHBICTHI.
KaxxerTi pecypcrap, 3 Ke3eriHjue, FEUILIMHBIH, TEXHUKAHBIH, TEXHOJIOTUSHBIH JTaMy JeHTeliHe,
eIIH MaTepHAJIBIK JKOHE HHEPreTUKAIBIK MYMKIHIIKTEpIMEH KamMTaMachl3 eTIUTyiHE JKOHE
KOpIIIaFaH OPTAHbIH JKaFAaiibiHa OalTaHBICTHI.

AptomoOmnpaepre TKK >xkoHe >KeHIEyHmiH camachlH apTThIPy - €HOEK OHIMJIUIIIH
apTTBIPYABIH Heriri TocinaepiHiH Oipi. JKeHmey KoCIMOpBIHIAPHI MEH IpiKEHIeH[i aBTOKONIK
KOCIMOpBIHAAPHl YIIIH (IaMblFaH OHIIPICTIK 0a3zackl 0Oap) camaHbl KaKcapTy OHIIPICTIK
OarmapiamMaHblH VIIFAIObIHA TCH.

SIFHM, KOCITIOPBIHHBIH JKYMBIC 1CT€Yl TYPFBICBIHAH YMBIC Calachl KIpic MeOJIIepiH
aHBIKTAWBI. bipak Keile TEeXHUKAIBIK KBI3MET KOPCETYHIi OpPBIHAAYIIbUIAp IIBIFBIHIAPIBI
MaKCHUMyMFa JIeHiH TOMEHJETyre ThIpbICabl, OYJI KbI3METTEP/AiIH TOMEH camacbiHa oKeneni. by
KOJIAHCBI3, OUTKEHI aBTOMOOMIIb KOJI KO3FAJIBICHI XKYHECIHIH KayilTi 2JIeMEHTi OOJIBIN TaObLIa b

CoHABIKTaH KO3FaJIbIC KayINCi3Airine KoHe KoK KYpallJapblHbIH 3KOJIOTHSIIBUIBIFBIHA 9CEP
etetin kyienepre TKK jkoHe keHey camachbiHa (€H alIbIMEH TOKTAyChI3 JKYMBIC ICTECYiHE)
KOWBLIATBIH TaJlaliTap THICTI HOPMATHUBTIK-TEXHUKANBIK Ky)KaTTamMaJa KepiHIC TamThl >KOHE
MiHJIETTi OOJIbIN TaObLIAABI [2].

TKK xoHe >keHAey JKYHECiHIH MaHBI3[bI MaKcaThl KbI3MET €Ty Mep3iMi IIIiH7e
ABTOMOOWIBJICP/IIH TEXHUKAIBIK JKal-KyiiH 0ackapy 0ombim Ta0dbiianbl. Kadosuinanran TKK xone
KOHJIEY CTpaTerusiapbl aBTOMOOWJIBAEPAl TEXHHUKANBIK MaifanaHy mpoiecTtepiHe OepiiareH
OaFBITTHI KAMTaMacChI3 €TEe/Ii.
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[Mafinamany nporeciHae aBTOMOOWIBICPAIH >KYMBIC KaOIIETTUIIrT TEXHUKAJBIK KbI3MET
KOPCETY OHE JKOHJACY KYMECIHIH THIMIUIIMEH aHbIKTajdaabl. by perre maiimaiaHpuIaThIH
KypaJijap CTAallMOHAPJBIK KYPBUIBICTAD KEIICHIH, TEXHOJOTHSIIBIK IKApaKTaHIBIPY JKOHE
TEXHHUKAJBIK JUArHOCTHKANAY KypajJapblH KAMTUIBL.

TKK »oHe xeHJey KYHeci OpTaTbIKTaHABIPBIIFaH HEMECE OPTAIBIKTAHIBIPbUIMaFaH 00JTybl
MYMKiH. TeXHHUKaIbIK KbI3MET KOPCETYAIH OPTaNbIKTaHABIPHUIFAH JKYHECIH KO/IaHy TeXHUKAaHbIH
e1oyip Oeiri MOFbIpIIaHFaH HbICAHAAP/a OPBIH/BI KOHE THIMJI, SFHUA IporecTepai 0acKkapyabiy
OipbIHFall OpraHbIHBIH OOTYHI TOH.

JaipiHnaymsl 3aybIT (UPMANbBIK KBI3MET KOPCETy Ke3iHIe 63 OHIMIH JKeHIey >KOHE
TEXHHUKAJIBIK KbI3MET KOPCETY YIIIH OapiblK >KayanKepIIUTIKTI ©3iHe alaabl. 3aH TEXHUKAIBIK
KBI3MET KOPCETYIH OCHI TYpiH OPHATTHI JKoHE OeKiTTi. "TYTHIHYIIBIIAPABIH KYKBIKTAPBIH KOPFay
Typanbl" 3aH OOWBIHINA JalbIHAAYIIBI TayapaslH Kbi3MeT ety MepaiMi iminne TKK xone sxenzaey
MYMKIHJITIH KaMTaMachl3 e€Tyre, KOCAJIKbl OOJIIEKTePMEH JKOHE CEPBHCIICH KaMTaMachl3 €Tyre
MiHaeTTi. XKetekuni pupmanapablH cTpaTerusachl KIMEHTKE aBTOMOOMIIBIEP/Ii sk00anay caTbIChIHIA
JKOCIIapJIaHFaH TEXHUKAJBIK KBI3MET KOPCETY KOHE JKOHJCY KBI3METTEPIH YCHIHYFa HETi3/ICITeH.
Kasipri yakpITTa KenTereH eHIIpylIijep caTylaH KeHiHT1 KbI3MET KOPCETY JKeIUIEPiH AaMbITallbl
YKOHE HBIFalTa b, OyJ1 09CEKENECTIKTIH Heri3ri (hakTopiaapbiHbIH Oipi O0JIBIT TaOBLIAIBI.

ABTOMOOMIIB/IEp MapKiHE TEXHUKAIBIK KbI3MET KOPCETYy JKOHE MKOHJEY HBbICAHIapbIH
KIKTEYI1H HEeri31 MalluHaJIap/blH IIOFbIPJIaHy JEHIell KoHE TEeXHUKAJBIK ocepiepil OpblHIayFa
YUIHIII Tapan YHWbIMIApbIHBIH KaTbICY Aopekeci OosbInm TaObulaJbl. ¥HBIMAACTHIPY, Oackapy
OpEKETTEepIH OpbIHAAY HBICAHJAPBIH XKIKTEy Yl Oenri OoifblHIIAa Oepuieni: OpbIHAAY OpPHBI
OOMBIHIIIA; OPBIHJIAY YAKbIThl OOWBIHINA; TEXHOJIOTHUACH! OOMBIHIIIA.

backapy opekeTTepiHiH apTypiii HbICaHAapbIH Oip (hOpMaHbl €KIHIIICIHE KapaMa-Kapchl KOO
apKpUIBl Oamama TypAe KapacTelpyra Oonmaiinel. Tek ochl popmanapablH OHTAWIbI yileciMi eH
YKOFaphI cara MeH THIMIUTIKTI KAMTaMachl3 €Te aajbl.

ABTOMOOWIBJIEPAIH  CEHIMAUITIH  KaMTaMachl3 €Ty JkoHe  0Oackapy  iKyieciH
KaJIBIITACTRIPYABIH €Ki 0amama Tocini Oap [3]. bipinmi xarmaiga xyiie OCNTiIeHreH >KOCTapIibl
KE3CH/IUTIKKE COMKEC TEeXHHUKAIBIK ocep eTyIiH NpOPUIAKTHKAIBIK >KYPri3ilyiHe KypbUIaJbl.
Exinmi Tocin op HaKThl aBTOMOOWIIBIIH TEXHHUKAIBIK JKaFaiblH €CKepe OTBIPHIIN, aJAbIH-aTy
apagapblH KAMTHIBL.

Y#pMaapapiH ToxKIpruOeciHae aBTOMOOHIIBAEP/IlI TEXHUKAIBIK Al JaIaHy/ Ikl YHBIMAACTBIPY
KE31H/e JKOCTIapIIbl KYMBIC OOWBIHINA TEXHUKAIBIK KbI3MET KOPCETY JKOHE KOHJIEY CTPATETHSICHI
KEHIHEH KOJIIaHbUIaIbI.

Crparerus OenriieHreH Ke3eHIUTKIEeH »Xocmapibl TaprinmeH aBromobmnsre TKK skone
KOHJICY JKYMBICTapblH MPOGUIAKTUKAIBIK KYPri3yll, COHAak-ak Oac TapTKaHHaH KeHiH e
amnaTThIK-KAJIBIHA KENTIpy TOPTIOiMEH KYPri3ydl Ke3aeii.

IcTenren >xymbIC OOWBIHINA JKOCTIAPJIBI TOPTIMIEH oCep €Ty Ke3iHJAEe aBTOMOOWIBACP/IIH
KaNmbl JKOHE JKEKeNereH KypacTelpy OIpNIKTEpiHIH HaKThl JKal-KyWi eckepiimeini. byn
aBTOMOOWJIBJIEPIIH TEXHUKAIBIK >KaF[aiiblHa HET137eIMEreH TeXHHUKAIBIK KbI3MET KOPCETy MEH
KOHJCYMIIH  TEXHOJNOTHSUIBIK  ocepiHe  okeneni. JKocmapiibl — aybICTBIpY — aBTOMOOWIIB
KOHCTPYKIHMSCHIHA CANIBIHFAH PECYPCTHI TOJBIK MaiianaHOaiabl.

Hakrb! xarmail OOMBIHIIIA aBTOMOOMIIBIEPTE TEXHUKAIIBIK KBI3MET KOPCETY KOHE JKOHIIEY
CTpaTerusichl HEri3ri maijanaHy KepCeTKIIITepl MEH NUAarHOCTUKAaJBIK MapaMeTpiep OoibIHIIA
ABTOMOOWIBJIEP/IIH TEXHUKAIIBIK JKaFaiblH Mep3iMIi OaKbUTayabl KAMTUABL. ByJT aBTOKOIIKTepaiH
1CTEH IIBIFYBIH JEp KE31H/Ie aHBbIKTayFa )KOHE allIbIH-aJTyFa MYMKIHIIK Oepei.

AxkaymapaelH ce0e0i  Typanbl aKmapaT —JAHMArHOCTHKAIBIK —IapameTpiep OoibIHIIA
UIBIFAPBUIATBIH  COTCI3AIKTEpl TIpKEY HETI3iHIE allblHFAaH CTAaTUCTHKAIBIK MOIIMETTepe
KOPCETUIreH, COHBIKTAH OYJI aBTOMOOMIIBIEPIIH Y3aK JKYMBIC iICTEYiH jKeke OOorKayFa MYMKIHIIK
oepei.

ABTOKOIIIKTEPIi TEXHUKAIBIK TUATHOCTHKAIAY TEXHUKAIBIK KbI3MET KOPCETY MEH KOHICYIIH
akpIpamac OeJiri peTiHAe KapacThpbUIaabl. ABTOMOOUIIBAEPIl JalbIHIAYIIBI 3ayBIT OENriiereH
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nuarHoctuka sxocrapibel TKK ke3eHIUTriMeH, COHJai-aK ICTEH IIBIFyJIap MEH aKayJbIKTap
TybIHIAFaH OKaFdaijga  oKypriziiedi. AKmapaTThlH  KejJeMi MEH cHumaThl  OOMBIHIIA
JMAarHOCTUKANAYIBIH €Ki TYpi 00JaIbl: JKaJbl )KOHE JKEePTiTiKTI (TEpen).

Kanmer muarnoctukanay (/-1) miamerti typae TKK-1 sxone TKK-2 ke3enauniriMeHn
opsiHaanaabl. Hotmxecinae aBToMOOUIIBAEPIIH O/1aH 9pi KYMBIC iCT€y MYMKIHJIT1, PETTEY JKoHE
KOHJICY KYMBICTAPBIHBIH KaXKETTUIIr, XKeKe KypacTelpy Oipiiktepi ymnH J[-2 KaKeTTiiri;
ABTOMOOWIIBJIEPTe TEXHUKAIBIK KbI3MET KOPCETY KOHE KOHJICY carachl OenriacHe .

Tepennetinren auarHoctukanay ([ - 2) TKK-2 kesenminiriMeH, coHIal-ak KypacThIpy
OipiikTepi MEH TyTacTail aBTOMOOWIIBACPAIH TEXHUKAJBIK >Kal-KYHiH alKbpIHIAy MaKcaThIHIA
KOKeTTUIK OoibIHINA >Kypriziieai. byn nuarHoctukanay axayiaapisl Taly, OJapIblH OPHBIH,
ceOenTepiH KoHEe KOPIHICTIH CHITAThIH aHBIKTAY YIIiH J¢ KOJIaHbLIa bl

ABTOMOOMIIBJIEPAI  JUATHOCTHKANAy  MAallMHANAPAbIH  JKYMBIC  OpPBIHAApBIHAA  [a,
JIMAarHOCTUKAHBIH MaMaHJIaHABIPBUIFaH y4YacKeIepiHIeri CTalMOHApIBIK 0a3a jkarmaiblHAa na
Hemece Tikenei TKK jxoHe jkeHAey MoCcTTapbIHAa [1a KY3€ere achIpbUIybl MYMKIH

ABTOMOOMIIBbJIEP/1 CHIPTKBI KOHE KIPIKTIPUIreH JUArHOCTHKANAy KyHelepiH naiganany by
Ka3aKCTaH/BIK KOHE MIETENIIK TOKIpUOeci olapblH >KOFapbl THIMIUTITIH Aonennaeiai. Amaiina,
HAKThl JKarjaiifa CoHKec aBTOMOOMIIbJEpPre KbI3MET KOpCeTy CTPAaTErusCblH €Hri3y YIUiH
aBTOMOOMIIBJEP Il OaKblIay MEH >KOHJICY IIH KOFaphl ICHIeiiH KaMTaMachl3 €Ty Ke31H/e 3aMaHayn
JTUATHOCTHKAIBIK a0 IBIKTHI Tai1aiaHy KaKeT.

OHiMHIH (Tayapliap MEH KOpPCETINIETIH KbI3METTEP/IiH) canachl OHIMHIH >KapaM/IbUIbIFbIH KOHE
OHbIH O€NruleHreH TajanTapra CcoWKec Kelly KaOUIeTIH CUNATTalThIH KacueTrep MeH
€pEeKIIeTiKTeP/IiH KUBIHTHIFBIMEH alKbIHIaNIabl. ABTOMOOWIBEP/IIH Canlackl TOMTApFa OOIiHETIH
(bakTopaapIbIH 9CEpIHEH KAJBINTACAAbl: KYPbUIBIMHBIH BIKTUMAJ KaCUETTEp1; JKYMBIC ITPOLIECTEDI;
CBIPTKBI JKaFaiiap; naiganany acepiepi.

Carmnanbl Tanaay xoHe 0akbuIay YII OarbITThIH O1pi OOMBIHIIA KYPri3ilyl MYMKIH: OHAIPICTIK,
TYTHIHYIIBUTBIK HEMECE OHIPICTIK - TYTHIHYIIBUIBIK.

Onnipictik: Oyn  OareiT  aBTOMoOWIbAepre TKK camacel MeH KeHIEy JereHiMi3
aBromoOmbaepre TKK sxoHe jxeHIey YIIIH TEXHUKABIK IMIAPTTAPMEH PETTENETIH KAaCUETTep MEH
cunaTrraManap/sl Kojjaay (KalmbHa KeNTipy) eKeHAIrIMeH TYCIHIIpiIe .

TyTeHYIIB: Oy OaFbIT aBTOMOOWIIBJI MalAaNaHaThIH TYTHIHYIIBI TYPFBICBIHAH KBI3MET
KOPCETy carachblHa Ke3KapacreH cumnartaiaapl. Cama TYThIHY HOTHXKECIH OUTIIpeai: CeHIMJLIIK,
KayiMnci3IiK, OHIM/IUIIK, aBBTOMOOWIIb THIMJILTIT.

OHIIPICTIK-TYTHIHYIIBUIBIK ~ OaFBIT cama KOpCeTKIITepi, TEeXHUKAJIBIK IIapTTapMeH
peTTeneTiH  aBTOMOOWJIBJACPAIH CEHIMIUNIK KOPCeTKIIITepi apachlHaa OailjlaHbIC OpHATYbI
KamMTuabl. byn OarbIT, €H OOBEKTHUBTI JKOHE MPOTPEeccHBTI 0o0ja OTHIPHIN, OHAIPIC TIEH
TYTHIHYIIBUTBIK Calla apachlHAAaFbl OailIaHBICTHI AHBIKTAY YIIH Y3aK YaKBITTHI KAXKET eTe/Il.

ABTOMOOMIIbJIEPTE TEXHHUKAIBIK KbI3MET KOPCETY >KOHE KOHJEY CallachlH CUIATTay YILUiH
Kelecl KOPCETKIIITep TONTaphl KOJJAAHBUIA/bI: TEXHUKAIBIK, TEXHOJOTHSIIBIK, CEHIMJILIIK,
PrOHOMHUKAIIBIK, 3CTETUKAJIBIK, YKOHOMUKAIIBIK.

BenmexTepaiH TEXHUKAIBIK KOPCETKIIITEPIHE MBIHANAP Kipei: enmemMaep, TeOMEeTPHSITBIK
MIIIiH, KeIip-OYAbIPIBUIBIK, (PU3NKa-MEXaHUKAIBIK KACHETTEP, CaIMaK, TEHIe€pIMCI3/IiK, COKKbLIAp
xoHe Oackamap. TyMicy camacblHBIH HETI3Tl KepCeTKImTepi: caHpuiay (Kepy) IIamachl,
OeJIIeKTepAiH ©e3apa OpHalacybl, Kepy KYIIi, TepMETHUKaJbIFbl, LIy >XKoHE T.0. arperaTTapibl
KOHJICY CANaChIHBIH )XKYMBIC CUTIATTaMAaNIapPBIHBIH IIaMachl, Taiaansel ocep KOIPPHUIMECHTI KOHE
Oackanapsl OOMBIHIIIA OaFalaHa b,

TexXHONMOTHSITBIK KOPCETKIIITEep: KallblHA KeJNTipy HeMece peTTey oOMiCiH, OHACYHiH
TUIMJIUTITIH, KOPPO3USAaH KOPFay KYpaliIapblH )KoHE T. 0. CUMATTalIbl.

OProHOMHKAIBIK  KOPCETKIMTEp  aJaMHBIH  AHTPOINOMETPHUSIIBIK,  (DU3HOIOTHUSIIBIK,
TICUXOJIOTUSUIBIK, ICUXO(MU3UONOTHSIIBIK KACUETTEPIHE COMKEC KMyl KePEeKTITriH KapacThIpaibl.

ABTOKOIIIKTIH 3CTETHKAIBIK KaCHETTEepl aBTOMOOWIB/IH MiIliHi, TYCi ®OHE T. 0. CHAKTHI
KaCHUETTEPiH KOpCeTe/Ii.
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DKOHOMUKAJBIK KOPCETKIITEP TEXHUKAIBIK KBI3MET KOPCETY MEH J>XKOHACYHIH KaKeTTi
calachlH, COHJAAW-aK MaTepUaJIbIK >KOHE €HOEK pPeCypCTapblHbIH KaJbIIThl ILIBIFBIHAAPBIMEH
aBTOMOOWIBJIEP/IIH CEHIMIUIITIH KAMTaMachl3 €TyTe apHaJIFaH.

CeHIMIUTIK KOPCETKIMTEP1 TEXHUKAIBIK KbI3MET KOPCETY JKOHE )KOH/IEY CarachlH 00bEKTHUBTI
CHUITATTANTHIH €H aKIMapaTThIK OOJIBI TaOBLIA IBL.

CeHIMIUTIKTI KeJleci KopceTKimTep OOWbIHIIA Oaraayra 0O0JIabl: TOKTAYChI3 JKYMBIC iCTEY,
OCpIKTIK, TYPaKTBUIBIK JKOHE CAKTAJIBIMJIBUIBIK HEMece KEIICHAI KOepCeTKIimTep OOMbIHINIA:
JaMbIHIBIK KOPCETKIllll, TEXHUKAIbIK HaiJalaHy KepCeTKilll, TEXHUKAJbIK KbI3MET KOepCeTYIiH
OpTaIa aJIbl )XOHE MEHIIIKTI €HOCK ChIHBIMIIBUTBIFBI, )KOH/ICY/IIH OpTAaIlla YKaJIIbI )KOHE MEHIIIKTI
eHOEK CBIMBIMIBUIBIFEI )KOHE T. O.

ABTOMOOWIJIBIIH CEHIMAUIT Typasibl aKkmapaT apHaibl ojicTeMeniep OOMBIHIIA CHIHAKTAP
Heri3iHJe, OHBIH MalfalaHynarbl KYMbICHIH Oakpuiay >xoHe TKK kyprisy ke3iHIe OHBIH
TeXHUKAIBIK JKal-KYHiH Talgay HOTIKECIHAC albIHYybl MYMKiH. MyHnail Oakpiiaynap y3ak
Mep3iMJli CUIIATKa Ue, 3epTTEYIIIIeH MaTeMaTHKAJIbIK CTATUCTHKA, SKCIIEPUMEHTTI MaTeMaTHKAJIbIK
KocTapiay oIiCTepiH, MaTEPHUANIBIK JKOHE €HOCK pEeCypCTapbIHBIH YIIKCH IIBIFBIHIAPBIH Tajarl
eTel.

CTaTuCTHKAIBIK 9JIICTEP 9PTYPIl KONIK IMPOLECTEPIH PeTTey YIIIH KbI3MET HOTHUXKEJIEPIHIH
©3TEpPrillTITiH OJIIIIey, TAlAay, TYCIHAIPY KOHE MOJENbAeyIe KOJMAaHbUIaAbl. MyHAal nepeKTep i
CTaTHCTUKAJIBIK TajiJjay ©HIM CamlachblHbIH ©3TeprillTiriHiH TaOWFaTblH, MacIUTaObIH >KOHE
ceOenTepiH KaKChl TYCIHYre MYMKIHIIK Oepei.

Kopvimbinov: ABTOMOOMIIb ©HEPKACiOl jkaHapMail IIBIFBIHBIH a3aiiTy, KOpIIaraH OPTaHbIH
JaCTaHYbIH a3aiTy, jKOJ KayilCI3AIriH apTThIpy MaKcaTbIHJA HIBIFApPbUIATBIH aBTOMOOWIbAEPIIH
KOHCTPYKLHMSACHIH YHEMI >KETULAIpIN OThIpaabl. Auaiia, aBTOMOOWIbIAEpIl TUIMII MaiganaHy
KOHCTPYKUMSCBIHBIH JKETUIIIpiTyiHe FaHa OalaHbICTHI emec, Oyl KeOiHece maiianany KesiHze
TEXHUKAJBIK KBI3MET KOPCETy JKOHE MeHjey camachiMeH aHbikTanmanel. TKK jkoHe skeHmey
carachIHbIH KOJIJAHBICTAFbl KOPCETKIIITEPl Ka3ipri 3aMaHFbl aBTOKONIK KOCIMOPBIHAAPBIHIAFHI,
aBTOXKOHJ/ICY 3ayBITTAPBIHIAFBI, aBTOMOOWIIBAEPTE KBI3MET KOPCETy CTaHIMSUIAPBIHIAFBI
KOpPCETUIEeTIH KbhI3METTEp/iH camachlH Oaranay YVIIIH KOJJaHbLIa ajnMaiapl, eWTKeHi oJap
KOPCETUIETIH KbI3METTEp aCCOPTUMEHTIH KEHEUTy (haKTOpbIH, MEHILIK HBICAHBIH JKOHE ©3re Jie
epeKIIeNiKTepai eckepMeiai. Makanajga skaHa TajanTapibl €CKepe OTHIPHIN, aBTOMOOWIbIEpTe
TEXHUKAJIBIK KBI3MET KOPCETYy KOHE JKOHCY CallachlHBIH KOPCETKIIMTEPIH d3ipiiey Macenenepi
KapacThIPbLIFaH.
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ONONOVI SAY SISTEMLORINDON KVANT MASINLARINA DOGRU
HESABLAMA DUSUNCOSININ TOKAMUL PROSESI

ALIYEVA ELMIRA ZEYNAL qiz1
b/m.
Azorbaycan Dovlot Pedaqoji Universiteti
Kompiiter elmlori kafedrasinin basg miiollimi
Azarbaycan, Baki

Xitlasa. Bu maqalads hesablama anlayisimin tarixi inkigaf morhalalori, ananavi say
sistemlarinin yaranma prinsiplori va onlarin miiasir elektron hesablama magsinlarinin qurulusuna
tasiri aragdiriliv. Ragamlorin dili olan ikilik sistemdan baslayaraq, onluq va saokkizlik kimi say
sistemlarinin kompiiter texnologiyalarinda tatbiq mexanizmlori izah olunur. Maqalo hamginin kvant
texnologiyalarimin  meydana ¢ixmasi ila hesablama diisiincasinds bas veran konseptual
dayisikliklora digqat yetiri. Ononavi elektron hesablama masinlart montiq va ardicilliga
asaslanarkan, kvant hesablama c¢oxolciilii va paralel hesablama prinsiplori il forqlonir. Bu
kontekstda, malumatlarin emali, saxlanmast va tahliikasizliyi baximindan klassik va kvant
sistemlarinin miiqayisasi aparilir. Maqalonin magsadi, say sistemlori va hesablama texnologiyalar
arasindaki alagani gostormaklo ragamsal diisiinconin neca tokamiil etdiyini elmi va praktik
miistavida tohlil etmakdir.

Acgar sozlar: hesablama, say, sistemlori, elektron, masinlar, ikilik, onluq, kvant, texnologiyalar,
raqamsal, informasiya, alqoritm, inkisaf, takamiil, programlasdirma

THE EVOLUTIONARY PROCESS OF COMPUTATIONAL THOUGHT FROM
TRADITIONAL NUMBER SYSTEMS TO QUANTUM MACHINES

Abstract. This article examines the historical development stages of the concept of computing,
the principles of the formation of traditional number systems and their impact on the structure of
modern electronic computing machines. Starting from the binary system, which is the language of
numbers, the mechanisms of application of number systems such as decimal and octal in computer
technologies are explained. The article also focuses on the conceptual changes that have occurred
in computational thinking with the emergence of quantum technologies. While traditional electronic
computing machines are based on logic and sequence, quantum computing is distinguished by the
principles of multidimensional and parallel computing. In this context, a comparison of classical
and quantum systems is made in terms of data processing, storage and security. The aim of the
article is to analyze how digital thinking has evolved on a scientific and practical level by showing
the relationship between number systems and computing technologies.

Keywords: computing, number, systems, electronic, machines, binary, decimal, quantum,
technologies, digital, information, algorithm, development, evolution, programming

AHHO"HH{M}L B cmamve pacecmampuearomcs ucmopudeckKkue ananvl paseumusl KOHyenyuu
6bl’iuCJl€HM1/7, npuryunsl qbopmupoeaHuﬂ mpaduuuomtblx cucmem CHUucCjleHuA U ux 6ausHue Ha
CMPYKMYPY COBPEMEHHBIX INIEKMPOHHBIX BbIYUCIUMENbHBIX MAWUuH. FcX00s u3 080UUHOU cucmembl
CHUCJIEHUA, A3blKA YUcell, 00BACHAIOMCA MEXAHUIMbL NPUMEHREHUA MAKUX cucmem CHucCleHusl, KaxK
oecamudnas U 60CcbMmepulura, 6  KOMNbIOMEPHbIX  MEXHONIO02UAX. B  cmamve maxoice
paccemampuearomcs KOHyenntyajilbHvle USMEHEHUA, np0u30mec)mue 6 6blHUCTIUMENTBbHOM MblUlIEHUU
C noseieHueM KeaHmo8vlx mexHoro2u. B mo epemMs  Kak mpaaubﬂlOHHble INIEeKMPOHHbLE
sblyucCIuUmelbHbvle MAUUUHBL OCHOBAHRbL HA JlOCUKE U nOCJze()oeameﬂbHocmu, K6AHMOoOe6ble 6bl4UCIIEHUA
omaudaromcs npuHyunamu MHOSOMEPHBLIX U NaApajlle/lbHblX gvluucienul. B smom xonmexcme
npoeo()umc;l CpAaBHEeHUe KlacCCU4YeCKux u KeAHmoeblx cucmem C MmMOUYKU 3PEHUS 06pa60ml<u,
XPAHEHUA U 66301’1616'H00m1/l aaHHbl.x. L[e]lb cmamsvu — npoaraausuposams paseumue uuqbpoeoeo
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MbIULIEHUSI HA HAYYHOM U NPAKMUYECKOM YPOBHSAX, NOKA3A8 63AUMOCEA3b MeHCOy CUCmeMamu
CYUCTEHUA U 8bIYUCTIUMETbHIMU MEXHOT02USIMIU.

Knrwoueevle cnoea: eviuucienus, 4ucio, cucmemsvl, 31eKMPOHHble, MAWUHbL, O0BOUUHbLE,
oecsimuunoe, K8AHMoasbvle, MEeXHOI02UU, YUDposbvle, UHpopMmayus, areopumm, pazeumue, 6010YUs,
npoOCPAMMUPOBAHUE

Insan sivilizasiyasinin on bdyiik nailiyyotlorindon biri onun hesablama vo 6l¢mo bacarigidir.
Hor bir dovriin inkisaf soviyyasini gostoron osas gostaricilordon biri homin dovriin informasiya
emal etmo gabiliyyati olmusdur. On godim zamanlardan bari insanlar tobiat hadisslorini, migdarlari
va nisbatlori ifade etmok li¢iin miixtolif say sistemlorindon istifado etmislor. Bu sistemlor ilkin
morholods sado sayma iisullar1 formasinda, sonralar iso riyazi modellar soklinds inkisaf etmisdir.
Ik dovrlorde istifado edilon sayma iisullari tobii miihitlo six olagods idi. insanlar barmaglar:
vasitosilo onluq sistemi formalagsdirmis, das vo ¢ubuglarla hesab aparmis, daha sonralar onluq say
sistemi universal hesablamanin tomoli olmusdur. Onluq sistem insan diisiincasinin mantiqi
osaslarini quraraq, todricon riyaziyyatin vo hesablama elminin inkisafina sorait yaratmisdir.

Texnologiyanin inkisafi ilo birlikde say sistemlorinin daha samorsli formalari ortaya ¢ixmaga
basladi. Bu baximdan on miihiim addim ikilik (binary) say sisteminin yaranmasu idi. ikilik sistem
yalnmiz iki simvoldan — 0 vo 1-don ibarotdir vo bu sadslik onun kompiiter texnologiyalarinda
totbiqini miimkiin etmisdir. Ikilik sistemin elmi osaslart XVII osrdo alman filosofu va riyaziyyatgist
Gotfrid Vilhelm Leybnits torofindon qoyulmusdur. O, 0 vo 1 rogomlarinin tebistdoki “varliq v
yoxluq”, “dogru vo yalan” anlayislarini simvolizs etdiyini geyd etmisdir. Bu fikir sonralar mantiqi
alqoritmlarin vo kompiiter mantiqinin yaranmasina zomin yaratdi.

Informasiya texnologiyalarinin inkisafi insan diisiincosinin, hesablamalarin vo alqoritmik
proseslorin yeni morhalays kegidini tomin etmigdir. Bu inkisafin morkozinds say sistemlari vo
onlarin totbiqi ilo formalasan elektron hesablama masinlar1 (EHM) dayanir. ©On qodimdon bori
insan 0z hesablamalarini asanlagdirmaq {igiin miixtolif sistemlordon istifado etmisdir — onluq
sistem, ikilik sistem va bu sistemlor iizorindo qurulan mexaniki, sonra iso elektron qurgular basor
tarixindo miithiim doniis noqtolori yaratmigdir. Bugiinkii diinyada artiq kvant kompiiterlari vo
kvant alqoritmlori haqqinda damismaq tokco golocoyin deyil, hom do bu giiniin realligina
cevrilmakdadir. Bu maqalodo ononovi say sistemlorindon baslayaraq miiasir kvant hesablama
modellorino godor hesablama diisiincasinin tokamiil prosesi arasdirilir, osas morhololor vo
texnoloji sigrayislar elmi baximdan tohlil olunur. XX osrin ortalarinda bas veran texnoloji inqilab
noticosindo insan ilk dofo elektron hesablama masinlar1 (EHM) yaratmaga miivoffoq oldu. Bu
qurgular ovvalco harbi va elmi mogsadlor iigiin istifade olunurdu. ilk kompiiterlorden biri olan
ENIAC 1946-c1 ildo ABS-da yaradildi vo saniyado minlorlo amoliyyat yerino yetira bilirdi. Lakin
homin dovriin texnologiyast ¢ox enerji sorf edir, boyiik 6l¢iilii cihazlardan ibarat olurdu. Buna
baxmayaraq, bu ixtira insan diisiincosindo doniis yaratdi: artiq hesablama yalniz insan beyninin
foaliyyati deyil, masin tarafindon hayata kecirils bilon bir proses kimi qobul olunmaga basladi.

Zaman kecdikco elektron texnologiyalarinda bag veran iraliloyislor yeni nosil kompiiterlorin
yaranmasina gatirib ¢ixardi. Tranzistorlarin ixtiras1 hesablama sistemlorini daha kigik, siiratli vo
etibarli etdi. Daha sonra mikroprosessorlarin meydana golmasi fordi kompiiterlorin kiitlovi sokildo
yayilmasina sobab oldu. Bu morholodo artiq kompiiterlor sadoco hesablama aloti deyil, universal
informasiya emal edan sistemlors cevrildi.

Say sistemlarinin tarixi vo inkisaf marhalalori

Say sistemlori — hesablamalarin aparilmasi li¢iin gobul olunmus ragom va simvol mantiqina
dsaslanan riyazi modellordir. ©On genis yayilmis sistemlor bunlardir:

v’ Onlug sistem (Decimal System) — 10 osasina sdykenir vo insan barmaqlarinin sayima goro
formalagib.

v ikilik sistem (Binary System) — 2 osasina sdykonir, yalniz 0 vo 1 rogomlori ilo ifads
olunur.
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v Sokkizlik vo onaltihq sistemlor —
kompiiter texnologiyalarinda kémokgi rol oynayir,
clinki molumatin kompakt vo g¢evik sokildo
saxlanilmasina imkan verir.

Riyaziyyat¢t Gotfrid Leybnits (XVII asr)
ikilik sistemin elmi asaslarini qoyaraq, bu sistemin
montiq vo hesablama {i¢lin ideal oldugunu
gostormisdir. Mohz bu prinsip sonradan elektron
hesablama masinlarimin yaranmasina tomal oldu.

Hesablama diisiincosinin tokamiiliindo asas
magsad homiso siirat, doqiqlik vo samaraliliyin
artirillmasi olmusdur. Lakin XXI asrin avvallorinda
kompiiter texnologiyalari fiziki limite yaxinlasmaga
basladi. Tranzistorlarin  Olgiisiinlin  nanometr
soviyyasina qador kigilmasi, istilik yayilmast vo
enerji sorfi kimi problemlor klassik hesablama
modellorinin  imkanlarin1  mohdudlasdirdi.  Bu
mohdudiyyotlor  noticosindo alimlor  yeni
istigamotlor axtarmaga basladilar vo kvant hesablamanin nozori osaslari formalasdi. Kvant
hesablamanin asas forqi ondadir ki, burada molumat kubit adlanan kvant bitlori vasitosilo ifado
olunur. ©Ononovi bit yalniz iki voziyystdo — 0 vo ya 1-do ola bildiyi halda, kubit superpozisiya
prinsipi sayosinds eyni anda hom 0, hom do 1 voziyyastinds ola bilor. Bu iso hesablama giiciinii
eksponent doracodo artirir. Masoalon, iki kubit eyni anda dord miimkiin voziyyati, li¢ kubit sokkiz
voziyyoti ifado edo bilor. Bu xiisusiyyot kvant kompiiterlorino paralel hesablama imkanlar
qazandirir. Kvant texnologiyasinin basqa bir miihiim xiisusiyyoti dolasiqliq (entanglement)
hadisasidir. Iki vo ya daha ¢ox kubit bir-biri ilo kvant dolasiqliginda olduqda, onlarin vaziyyatlori
bir-birindon asili olur — yani biri doyisdikdo digori dorhal eyni reaksiyan1 gostorir. Bu hadiso klassik
fizika qanunlari ilo izah olunmur, lakin kvant hesablamanin yiiksok siiratli alqoritmlorinin osasini
togkil edir. Kvant kompiiterlorinin inkisafi hazirda IBM, Google, D-Wave vo digor texnoloji
sirkatlor torafindon aparilir. 2019-cu ilds Google sirkati “Sycamore” adli kvant prosessoru ilo kvant
iistiinliiyii (quantum supremacy) morholosino catdigini elan etdi. Bu o demok idi ki, kvant
kompiiteri klassik kompiiterin minilliklords hesablaya bilocayi bir tapsirigi bir nego saniys orzinda
yerina yetirmisdi. Bu nailiyyat kvant texnologiyalarinin potensialini siibut etdi vo hesablama
diisiincosindo yeni bir faslin baglangicini qoydu. ©nonovi say sistemlorindon kvant modelloring
kecid yalniz texnoloji yenilik deyil, hom ds diisiinca torzinin dayismasi demakdir. Ogar avvallor
hesablama omoliyyatlar1 deterministik, yoni noticosi ovvalcodon moalum olan ardicil addimlar
soklinds aparilirdisa, indi ehtimal va superpozisiya prinsiplorine ssaslanan geyri-deterministik
sistemlor yaranmigdir. Bu yanagma siini intellekt, neyron sobokolor vo adaptiv sistemlorin
formalagmasina da boytik tosir gostormisgdir.

@ Onanavi vo Kvant Kompiiterlorinin Miiqayisasi

Meyar Inanavi (Klassik) Kvant Kompiiterlari
Kompiiterlor
Isas malumat vahidi Bit(Ova 1) Kubit (eyni anda hom 0, hom 1)
Hesablama prinsipi Deterministik, ardicil Ehtimalli, paralel hesablama
omoliyyatlar (superpozisiya)
Is prinsipi Elektron tranzistorlara Atom vo ya fotonlarin kvant
osaslanir voziyyatloring asaslanir
Emal siirati Mbohduddur, omaliyyatlar Paralel hesablama sobabindon
ardicil aparilir eksponent doracads yiiksok
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Mbslumat tohliikasizliyi

Kriptografiya alqoritmlorino
osaslanir

Kvant sifrolomoa (QKD) ilo daha
yiiksok tohliikasizlik soviyyasi

Enerji sorfi

Yiiksok enerji tolob edir

Potensial olaraq daha az enerji sorfi
ilo ¢ox hesablama giicii

Proqramlasdirma C++, Python, Java, Q#, Qiskit (Python asash), Cirq,
dillori Assembly va s. Braket vo s.
Tatbiq saholori Ofis programlari, Molekulyar modellagdirmao, siini
simulyasiyalar, oyunlar, intellekt, optimallasdirma,
soboko sistemlori kriptografiya
Fiziki qurulus Silisium osasli ¢iplor, Soyudulmus kvant prosessorlari,
mikroprosessorlar kriogen miihit
Texnoloji vaziyyat Tam inkisaf etmis vo Tadqgigat morholasindoa, lakin siiratlo
kommersiya istifadesindadir inkisaf edir

Mboshur istehsalcilar

Intel, AMD, Apple, IBM

IBM Quantum, Google Quantum Al,
D-Wave, Rigetti

On béyiik iistiinliyii

Etibarliliq, sabitlik, kiitlovi

Siirat, paralellik, miirokkob

totbiq masololorin somorali holli
9n boyiik ¢atinliyi Siirat vo miqyas Sabitlik (dekoherensiya) va texnoloji
mohdudiyyoti miirokkoblik

Miiasir elmi yanasmalarda artiq “hesablama” anlayis1 yalmz riyazi proses deyil, idrakin
texnoloji ifadosi kimi gobul olunur. insan beyni kimi, kvant sistemlori do molumati paralel vo
coxsaxoli formada emal edir. Bu oxsarliq bioinformatika vo neyrokompiiter texnologiyalarinda yeni
todqigat istiqgamotlorinin yaranmasina sobab olmusdur. Bununla yanasi, kvant texnologiyalarinin
totbiqi yalniz nozori deyil, hom do praktiki ohomiyyot dasiyir. Masolon, kvant Kriptoqrafiya
molumat tohliikasizliyinds inqilab yarada bilor. Kvant sifroloma sistemlorindo molumatin 6tiiriilmasi
zamani hor hans1 miidaxilo bas verorso, bu doyisiklik dorhal agkar edilir. Belsliklo, molumatlarin
sindirilmast praktiki olaraq miimkiinsiiz hala golir. Eyni zamanda kvant modellori molekulyar
simulyasiya, iqlim doyisikliklorinin modellasdirilmasi vo siini intellekt alqoritmlorinin talimi
kimi miirokkob tapsiriglarda istiinliik tomin edir. Goriindiiyli kimi, hesablama diisiincosinin
tokamiilii sadaco cihazlarin doyismesi ilo mohdudlagsmir. Bu, eyni zamanda insan idrakimin
inkisafi, mantiqin dorinlosmasi vo informasiya ilo davranmis madaniyyatinin doyismosidir.
Onanavi say sistemlorindon kvant masinlarina dogru kecid bagoriyyotin “molumati anlama” vo
“hesablama” gabiliyyatinin yeni marhaloys yiiksalmasini tocasslim etdirir.

Kvant kompiiterlorinin galocayi, sadaca daha giiclii hesablama masinlarinin yaranmasi deyil
— bu, insan idrakinin va informasiya anlayisimin yenidan formalasmasi demokdir. Ogor XX asr
“elektron dovri” idisa, XXI asr ¢cox boyiik ehtimalla “kvant dovrii” kimi tarixo diisocok. Hazirda
kvant kompiiterlori laboratoriya soraitinds faaliyyat gostorsa do, yaxin onilliklords onlarin praktiki
va kommersiya tatbiqlorinin genislonacayi gozlonilir. Alimlor hesab edir ki, toxminan 2035-2040-
c1 illords kvant prosessorlar1 artiq giindslik hesablama sistemlorino inteqrasiya olunacaq. Kvant
texnologiyalariin on bdyiik vadi tam sindirilmaz sifraloma sistemlari yaratmaqdir. Kvant agar
paylanmasi (Quantum Key Distribution — QKD) sayasindo molumat otiiriilmasi zamani {igiincli
torafin miidaxilesi dorhal askar olunur. Bu, golocoyin hokumat sistemlarinds, bank¢iliqda, siini
intellekt sobakalorindd miikommaol tohliikosizlik soviyyosi tomin edocok. Kvant kompiiterlori
miirokkab tobiot hadisalarini modellasdirmakds inqilab yaradacaq. Masslon, dorman kimyasi, gen
miihandisliyi, iqlim modellogsmasi, niiva reaksiyalar1 kimi saholordo kvant simulyasiyalar real
laboratoriya sinaqlarini avaz eda bilar. Bu, hom maliyyat, hom do vaxt baximindan bagariyyat iiclin
boyiik {istiinliik olacaq. Uzaq perspektivdo kvant texnologiyalari neyrokompiiterlar, bioloji
prosessorlar, kosmik hesablama sistemlari kimi saholorlo birlogocok. Hotta bozi todqgigatgilar
kvant kompiiterlorinin golocokds “insan beyninin modellogdirilmosi” vo “stiurun riyazi tohlili” kimi
movzularin agarma ¢evrilocoyini prognozlasdirir. Miiasir dovrdo hesablama anlayisi artiq sadoco
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ododlorin emali ilo mohdudlasmir; o, diisiinco, informasiya va enerjinin vohdating ¢evrilib. Ononavi
say sistemlorindon kvant hesablama modellorinoe dogru kegid insan zokasinin vo texnoloji inkisafin
sintezini simvolizo edir. Bu proses gostorir ki, hesablama artiq sadaca riyazi omoliyyatlarin
ardicillig1 deyil, hom do tobiatin fundamental prinsiplorindon — superpozisiya vo dolasigligdan —
istifads edoan bir elm sahasina ¢evrilmokdadir.Kvant kompiiterlorinin inkisafi, xiisusilo do gbitlorin
sabitlosdirilmosi, sohv diizoltmo mexanizmlorinin tokmillosdirilmasi vo real totbiq saholorinin
geniglonmasi istigamotindo aparilan todqiqatlar, golocokds informasiyanin emali vo tohliikesizliyi
sahosindo inqilabi doyisikliklor vod edir. Kriptografiya, siini intellekt, simulyasiya vo
optimallagdirma kimi sahalords kvant hesablama tisullarinin totbiqi, informasiya texnologiyalarinin
yeni bir morhaloys godom qoymasini tomin edacak.

Ononovi hesablama sistemlorinin illorlo formalagmis prinsiplori hals uzun miiddat texnoloji
osas olaraq qalacaq, lakin kvant kompiiterlori bu osaslarin iizorinds yeni bir “hesablama folsofasi”
qurur. Bu folsofo insan diigiincosini daha dorindon anlamaga, molumatin tobiotini yenidon
doyorlondirmaya vo texnologiyani insan idrakina daha yaxinlasdirmaga yonalib.

Belsliklo, kvant texnologiyalar1 tokco hesablama giiciinii artirmir, hom do golocoyin elmi vo
falsofi baxislarini doyisir. “Ononavi say sistemlorindon kvant maginlarina dogru” gedon bu tokamiil
prosesi basariyyatin bilik sarhadlorini genislondiron va informasiyanin golocoyini miiayyan edon bir
dovriin baglangicini tomsil edir.
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ROQOMSAL TOHLUKOSIZLIK MUHITINDO KECMISIN SiFROSI Vo
GOLOCOYIN BIOMETRIYASININ VOHDOTI

SABANOVA SEVINC 9LIi9KBOR qiz1
p.i.f.d. b/m
Azorbaycan Dovlot Pedaqoji Universiteti
Azorbaycan, Baki

Xiilasa. Miiasir raqgomsal tahliikasizlik miihiti informasiya texnologiyalarinin siiratli inkisafi
ila paralel olaraq yeni ¢agirislarla iiz-iiza qalir. Bu prosesda ke¢misin klassik kriptografik tisullar:
— o ctimladan Sezar sifrasi kimi simvolik kodlasdirma modellari — miiasir biometrik autentifikasiya
sistemlori ilo birga totbiq olunaraq daha etibarli va c¢oxsaviyyali miidafio mexanizmlorinin
yvaradilmasina imkan verir. Maqalado kriptografiyamin tarixi asaslarindan baglayaraq biometrik
texnologiyalarin informasiya tahliikasizliyinds rolu tohlil olunur. Homginin, bu iki yanasmanin
inteqrasiyasi naticasinda formalasan yeni tahliikasizlik konsepsiyast — “biometrik kriptografiya”™
anlayis1 arasdirthr. Tadgiqat gostarir ki, kegmigin sifraloma prinsiplari ilo galacayin biometrik
sistemlarinin vohdati ragamsal identifikasiya vo malumatlarin gorunmasinda yeni dovr agir.

Acgar sozlar: ragamsal tohliikasizlik, kriptografiya, biometrik autentifikasiya, Sezar sifrasi,
biometrik kriptografiya, malumat miihafizasi, identifikasiya sistemlari

Annomauun. Cospemennas cpeda yugposou 6e30nacHocmu CMaiKuaemcs ¢ HOBbIMU
8bI308aMU NAPATIENLHO ¢ OYPHLIM PaA3gumuem UH@GOPMAYUOHHBIX mexHoro2ull. B smom npoyecce
Kaiaccuveckue Kpunmozpaguueckue memoobl NpPOuLiozo, GKI04aAs MOOelU  CUMBOTbHO2O
KoOUuposanus, maxue kax wugp Llezaps, npumensaromcs 6 couemanuy ¢ CO8PEMEHHbIMU CUCTNEMAMU
buomempuueckolt —aymenmugukayuy, 4mo noO360aAem  co30a8amv  Oonee HAOeNHCHble U
MHO20YPOBHEBble MeXaHUu3Mbl 3awumsl. B cmamve ananuzupyemcs poiab Ouomempuieckux
MEXHON02UL 8 UHPOPMAYUOHHOU OE30NACHOCU, HAYUHAS C UCHOPUYECKUX OCHO8 KPUNMOZPaghuu.
Taxoice paccmampusaemcs HO8AsL KOHYeNnyusi 6€30NacHOCmuU, chopmMupos8asulaacs 6 pe3yivmame
uHmezpayuu dMUX 08YX NOOX0008 — KOHYenyus «OUOMempudeckou Kpunmozspaguuy.
Hccneoosanue  nokasvieaem, u4mo — eOUHCMBO NPUHYUNOS — WUPDPOBAHUL  NPOWLNO20 U
ouomempuueckux cucmem 0Oyoyujeeco omixpwvléaem HOBYI0 9Py 8 yupposoi udenmupuxkayuu u
3auume OaHHbIX.

Knwuesvie cnosa: yugposas bezonacnocme,  Kpunmoepaghus, — OUOMempuyecKast
aymenmugurayus, wugp Llezaps, buomempuieckas Kpunmoepagus, 3auuma OAHHbIX, CUCEMbl
uoeHmupurayuu

THE UNITY OF THE PASSWORD OF THE PAST AND THE BIOMETRICS OF
THE FUTURE IN THE DIGITAL SECURITY ENVIRONMENT

Abstract. The modern digital security environment is facing new challenges in parallel with
the rapid development of information technologies. In this process, classical cryptographic methods
of the past - including symbolic coding models such as the Caesar cipher - are applied together with
modern biometric authentication systems, allowing for the creation of more reliable and multi-level
protection mechanisms. The article analyzes the role of biometric technologies in information
security, starting from the historical foundations of cryptography. It also examines the new security
concept formed as a result of the integration of these two approaches - the concept of "biometric
cryptography". The study shows that the unity of the encryption principles of the past and the
biometric systems of the future opens a new era in digital identification and data protection.

Keywords: digital security, cryptography, biometric authentication, Caesar cipher, biometric
cryptography, data protection, identification systems
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Roagomsal dovriin formalagmasi ils birlikde informasiya tohliikasizliyi anlayis1 basoriyyatin on
onomli problemlorinden birina ¢evrilmisdir. Informasiyanin dayeri, onun qorunmasi vo etibarli
otiirtilmosi artiq iqtisadi, siyasi vo sosial sabitliyin asas amillorindon hesab olunur. Bu baximdan
rogomsal tohliikosizlik miihitindo hom tarixi, hom do miiasir yanagmalarin sintezi xiisusi ohomiyyaot
kasb edir. Ke¢misin sifrolomas iisullar1 informasiya miihafizosinin ilkin biingvrosini togkil etmis, bu
blindvro tlizorindo miiasir biometrik texnologiyalar formalagsmisdir. ©n qodim kriptoqrafik
sistemlordon biri kimi taninan Sezar sifrasi sado horf yerdoyismasi prinsipi ils isloyirdi. Bu tisulun
osas ideyast molumatin mozmununu gizlotmak vo yalmiz agar1 bilon soxsin onu oxuya bilmasini
tomin etmok idi. Hor na qadar primitiv gorlinse do, bu yanasma sonraki yiizilliklordo formalagan
biitiin sifrolomo sistemlorinin nazari tomslini qoydu. Kriptoqrafiyanin mahiyyati doyismaso do,
onun totbiq saholori vo alqoritmik miirokkobliyi zamanla artdi. Analoq sistemlordon rogomsal
modellors kecid bu sahods inqilabi doniis yaratdi.

XXI asrds kibertohliikasizlik yalniz moatn vo ya fayl sifrolomasi ilo mahdudlagsmir. Bu giin
tohliikosizlik anlayist insanin 6z bioloji gdstoricilori ilo birbasa slagolondirilir. Barmaq izi, géz
bobayi, sas tonu va hatta {iz qurulusu kimi biometrik gostaricilor parol va sifrolorin yerini tadricon
tutur. Biometrik autentifikasiya sistemlori insanin fiziki vo davranig xiisusiyyetlorini roqomsal
kodlara ¢evirarok unikal identifikasiya yaradir. Bu sistemlor ononavi kriptografiyanin tomin eds
bilmodiyi soviyyado fordilosdirilmis tohliikesizlik mexanizmi formalagdirir. Rogomsal
tohliikasizlikdo on miihiim mosalo insan amilinin zsiflodilmasi, yoni unudulan parollarin vo
ogurlanan malumatlarin tasirinin azaldilmasidir. Biometrik texnologiyalar mahz bu problemi aradan
galdirmaga yonalmisdir. Lakin bu texnologiyalar da tam riskdon uzaq deyil. Biometrik molumat bir
dofo sizdirldiqda doyisdirilo bilmir vo bu, tohliikssizlik baximindan yeni problemlor yaradir.
Beloliklo, miiasir kriptoqrafiya biometrik molumatlarin qorunmasi iigiin yeni lisullar axtarmaga
macbur qalir. Bu zorurat “biometrik kriptoqrafiya” adli yeni istigameotin yaranmasima gotirib
cixarmisdir. Biometrik kriptoqrafiya klassik sifraloma prinsiplorini insanin biometrik xiisusiyyatlori
ilo birlogdiron bir konsepsiyadir. Burada biometrik gostaricilor yalniz autentifikasiya vasitasi deyil,
eyni zamanda sifralomo acar1 kimi ds istifado olunur. Masalon, barmagq izi va ya goz babayi tasviri
xiisusi alqoritm vasitasilo kriptoqrafik acara cevrilir vo bu agar yalniz homin soxsin biometrik
molumati ilo uygunlasdiqda aktiv olur. Bu yanagsma molumatlarin qorunmasinda hom insan
badoninin unikal tabistindon, hom do alqoritmik riyaziyyatin giiciindon istifade edir. Belalikls,
ke¢cmisin sifrolomo ideyalari ilo golocoyin biometrik texnologiyalar1 arasinda vohdot yaranir. Ogor
Sezar sifrosi molumatin motn formasini qorumagi hadofloyirdise, biometrik kriptoqrafiya artiq
insanin 6z kimliyini tohliikosizlik sisteminin morkozino ¢evirir. Bu, rogomsal miihitdo “insan—
texnologiya—tohliikesizlik” {igliiyliniin yeni morholosini formalagdirir. Keg¢misin kodlasdirma
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prinsiplori vo golocoyin biometriyast birlogorok informasiya tohliikesizliyinin daha dorin vo
fordilosdirilmis modelini yaradir. Rogomsal tohliikasizlik miihitinds bu inteqrasiya hom texnoloji,
hom etik, hom do hiiquqi baximdan yeni masololori giindomo gotirir. Biometrik verilonlorin
toplanmasi vo saxlanmasi zamani1 moxfilik prinsiplarine riayat edilmali, istifadogi raziligir miitloq
tomin olunmalidir. Hor bir sistem yalniz texnoloji etibarliliga deyil, hom do sosial etimada
osaslanmalidir. Informasiyanin qorunmasi artiq tokco texniki mosolo deyil, eyni zamanda insan
hiiquqlari ilo six baghidir.

Keg¢misin kodlarindan danisirigsa Sezar kodlarini xiisusi ilo qeyd etmoliyik. Sezar sifrasi on
sado simvol yerdoyisma (substitusiya) tisullarindan biridir. Bu iisulda harflor miioyyon say qodor
irali vo ya geri slirlisdiiriiliir. Masoalon, “A” horfi ti¢ addim irsli ¢akilarse, “D” horfi ils ovoz olunur.
Bu iisulun alqoritmik ifadasi bels yazila bilor:

E(x) = (x + n) mod 26, burada x — harfin olifbadaki mdévqeyini, n — slirlisma doyorini
gostorir. Bu sado formul sonradan yaranan biitiin sifrolomo sistemlorinin riyazi asasini toskil edib.
Baxmayaraq ki, Sezar sifrosi bu giin praktiki tohliikssizlik ii¢iin zaif hesab olunur, onun prinsiplori
miuasir asimmetrik sifraloma, RSA alqoritmlori vo hash funksiyalar: iiclin tomol ideya
monbayidir. Osas konsepsiya eyni qalir: molumat yalniz miisyyon acarla agilmalidir. Miiasir
sistemlor sadoco Sezarin mentiqini ¢oxsayli riyazi qatlarla vo kombinasiyalarla giliclondirir.
Masolon, AES (Advanced Encryption Standard) kimi alqoritmlar hor bir bitin yerdoyismasini vo
cevrilmasini goxmorhalsli sokilds hayata kegirir, lakin ideyanin kokii yena Sezarin “dayarlori
doyisdir, menami gizlot” prinsipine dayanir. Sezar sifrosi ¢ox az sayda miimkiin agar
kombinasiyasina malikdir (yalniz 25 variant), buna gors tez qirilan sistemlor sirasindadir. Lakin bu
zoiflik onun tarixi giiciinii azaltmur, ¢iinki o, insanlar1 ilk dofs “molumatin goriinon halinin aldadici
ola bilacayi” ideyast ilo tanis etmisdi. Mohz bu psixoloji va intellektual mantiq, sonraki yiizilliklords
kriptanaliz elminin yaranmasina gatirib ¢ixardi.

def sezar sifrele(metin, addim):
netice = "
for hert in metin:
if herf.isalpha():
kod = ord{"A") if herf.isupper() else ord({'a")
netice += chr{{ord(herf) - kod + addim) % 26 + kod)
else:
netice += herf

return netice

print{sezar_sifrele("INFORMATIKA", 3))

Sezar sifrasinin ideyas1 — informasiya bir acarla qorunur — biometrik sistemlords “insan
bodoninin 6zalliyi” ilo avoz olunur. Ogor ke¢misdo agar bir adadi siiriismo idi, bu giin homin agar
bir insanin barmagq izi vo ya iiz tamma kodudur. Belosliklo, biometrik kriptoqrafiya Sezar
kodlarinin riyazi folsofasini badan saviyyasino gatirir.

Tadqiqat isino ki¢ik bir niimunavi alqoritm do slavo etmok olar — mosalon, Sezar sifrosinin
Python-da sads totbiqi (elmi moqgalodo gdstormok ii¢lin uygundur):
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Bu kod “INFORMATIKA” soziinii ti¢ addim siirlisdiirma ilo sifroloyir vo “LQIRUPDWLND”
kimi natico verir. Kegmisin Sezar sifrosi ilo golocoyin biometrik sistemlori arasinda korpli qurmaq
o demakdir ki, insanliq malumati qorumagq iisullarini texnologiyanin inkisafina uygun yenilomayo
davam edir. Ogor Sezar dovriindos tohliikesizlik fiziki moktubun moxfiliyini qorumagq idis9, bu giin
tohliikesizlik insanin 6z kimliyini rogomsal mokanda miidafis etmakdir. Bu, yalniz texnologiyanin
deyil, diislinco torzinin do tokamiiliidiir. Rogomsal tohliikosizlik anlayisi osrlor boyu insanligin
molumati qoruma instinktinden dogmusdur. Tarixin darinliklorinds istifade olunan Sezar sifrasi bu
baximdan miiasir kriptoqrafiyanin baslangic noqtesi sayilir. Sado horf yerdoyismesi prinsipi ilo
qurulsa da, onun arxasinda gizlonon ideya — informasiyanin gizliliyi vo etibarliligit — bu giin do
eyni dorocodo aktualdir. Buglinkii rogomsal miihitdo artiq tokco kodlarla deyil, biometrik
identifikasiya tisullar ilo do tohliikasizlik tomin edilir. Barmaq izi, g6z babayi vo sos tanima kimi
texnologiyalar insanin 6z badanini bir ndv “sifra”’ys gevirir. Beloliklo, godim dovrlordoki matn asasl
sifrolomo mexanizmlori ilo miiasir biometrik metodlar arasinda darin bir ideoloji bagliliq yaranir —
hor iki yanagsma insanin melumati qoruya bilme instinktinin texnoloji tozahiiriidiir. Ogor Sezar
dovriinds sifralonmis bir mesajin agilmasi {iclin zoka vo sabr tolob olunurdusa, bu giiniin diinyasinda
biometrik molumatlarin qorunmasi ii¢ilin siini intellekt, kriptoqrafiya vo etik prinsiplorin sintezi
vacibdir. Bu vohdot ke¢misin simvolik sifrosi ilo golocoyin texnoloji imzasini birlogdirorok,
tohliikesizliyin hom madani, hom ds elmi davamliligini tomin edir.

Natico etibarilo, rogomsal tohliikasizlik no kegmisdon tam ayrilmaq, ne do texnologiyani
miitloq doyarlosdirmokdir. O, Sezar kodunun sadsliyindon biometriyanin miirokkabliyine dogru
uzanan bir inkisaf xottidir. Bu xottin hor ndqtosindo osas mogsod eynidir — molumati insan
dayarlorinsg sadiq qalaraq qorumag.
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HEWPOCETH B OBPA30BAHUN: BO3MOXHOCTH, TPAKTUYECKHE
ITPUMEPBI U IIEPCIIEKTUBbI PA3SBUTHUSA

IF'AMUJI0OB CAUJ CEUJIAT A orabl
noteHT kadenpsl « KoMIbIoTepHBIC HAYKN
Azepbaiimkanckoro [lemarornueckoro YHUBEpcHUTETa

Annomauyun. Hcnonvzosanue Hetipocemel 6 00paA308anHul  OMKpvleaAem WUPOKUE

BO3MOIUCHOCMU ons nepcoHaiuzayuu 06y‘l€HM}Z, asmomamusayuu - pymuHHblx 3a0ay
npenodaeameﬂeﬁ U ananusa 6oabUUX 06pa306ameﬂbe1x OAHHbIX. HelZPOHHble cemu no36oJiAIom
co30aeamo UHMENIEKMYWIbHbIX  ACCUCMERMOE U adanmuenvle 06yltdi0u/ﬂ/l€ l’l]lClWl(pOprl,

ceHepupoesambs y’{€6Hbl€ mamepuaivbl U pa3zeuedmsb UHKIHO3UBHOE 06pa306aHue. Hpakmuqecmte

npuMepbl 8KIAIOYAIOM ABMOMAMUYECKYIO NPOGEPKY pabom, yam-00mos OJisk NOMOWU CIYOeHmMaMm,

aoanmusHvle cucmemvl 0Oy4eHUs U MexHOLo2UU pacnosnasanus peyu. Ilepcnekmusvt pasgumus
CB853aHbL ¢ UHmezpayueli ag)heKkmueHbiX 8blYUCIeHUL, 2eHEPAMUBHBIX MOOEel, MYTbIMUASEHMHBIX
cucmem, BUPMYAIbHOU U OONOIHEHHOU PealbHOCMU, a Makaice ¢ 2nobanrusayueli 00paz08amenbHbIX
niamgopm u nosviueHuem NPo3PaAvHOCMU AICOPUMMOE. Dmu mexHoIo2uu obewarom coeiams

obyuenue bonee 3¢pexkmusHbIM, OOCMYNHLIM U NEPCOHATUIUPOBAHHBIM.

Kniouesvie cnosa: wnetipocemu, nepconanuzayusi 00yYeHUsl, ABMOMAMU3AYUS, AHATU3
OaHHBIX, adanmueuvie NIAM@PopMbl, 4am-O0Mbl, 2eHEPAMUBHbIE MOOeNU, UHKIIO3UBHOE

obpazosanue, BUPMYAIbHASL PealbHOCHb, OONOJIHEHHAS PealbHOCmb, ad)dhekmugHble blUUCTIeHUs,

MYabnuacerniHsvle CUucmemal, uuqbpoea}l mpchd)opmauuﬂ.

HAMIDOYV SAID SEIDAGA oglu
Associate Professor of the "Computer Science" Department,
Azerbaijan Pedagogical University

Resume. The use of neural networks in education offers vast opportunities for personalized
learning, automation of routine teaching tasks, and analysis of large educational datasets. Neural
networks enable the creation of intelligent assistants and adaptive learning platforms, automated
content generation, and support for inclusive education. Practical applications include automated
essay grading, educational chatbots, adaptive learning systems, and speech recognition
technologies. Future prospects involve integrating affective computing, generative models, multi-
agent systems, virtual and augmented reality, as well as enhancing algorithm transparency and

globalizing educational platforms. These technologies promise to make education more efficient,

accessible, and personalized.

Keywords: neural networks, personalized learning, automation, data analysis, adaptive

platforms, chatbots, generative models, inclusive education, virtual reality, augmented reality,

affective computing, multi-agent systems, digital transformation.

Ilpeumywiecmea ucnonv3osanus neipocemeil 6 00pa308amenabHOM npoyecce

Hcnonp3oBanne HEHPOHHBIX ceTel B cepe 00pa30BaHuUs OTKPHIBACT IMUPOKHE BO3MOKHOCTH
U1l COBEPLICHCTBOBAHUS KaK y4eOHOT0 Ipoliecca, TaK M CUCTEMBbI YIIPaBJIeHUs 00pa30BaTeIbHbBIMU
YUpEeKACHUAMU. B OTIHUME OT TPaAUIIMOHHBIX METOIOB 00yUeHUsl, T1ie 0O0JIbIIIast 4acTh MPOIIECCOB
KECTKO CTAHJAPTU3UPOBAHA U 3aBHCUT OT YEJIOBEUECKOro (PaKTOPa, TEXHOJOIMH UCKYCCTBEHHOTO
MHTEJIJIEKTA MTO3BOJIAIOT AaBTOMAaTU3UPOBATh PYTUHHBIE 3a/1a4H, CO3/1aBaTh a1alITUBHbBIE CUCTEMBI U
obecrnieunBaTh '’MOKOCTb B paboTe ¢ yueOHBIMU JaHHBIMU. BCE 3TO HaéT 1emblit psij MpeuMyIecTs,
KOTOpBIE JIeTAf0T HEWPOCETH OJHUM W3 KIIFOYEBBIX WHCTPYMEHTOB LU(POBOW TpaHChopMaIum

oOpa3zoBaHusl.

OI[HI/IM N3 TJIABHBIX HpeI/IMYHIeCTB ABJISICTCS BO3MOXKXHOCTH HepCOHaﬂIfBaHHI/I 06y‘~IeHI/I5[.
TpagunmonHas cucrema oOpa3zoBaHUs IPEANONAraeT eqUHBINA MOIX0 ] KO BCEM 00YyYarouMcsl, T1Ie
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MPEnoiaBaTelib CTPOUT KypC, OPHUEHTHPYSICh HAa «CPEIHEro» CTyAeHTa. B pe3ynbrare CUIbHBIC
y4Yaluecs: HeJOMOIyYaroT CIOXKHbBIC 33/1aHUs, CIIOCOOHBIE PAa3BUTh MX MOTEHLHUAN, a cjadble He
BCErJa YyCIEBAIOT OCBOMTH 0a30BbI Marepuai. HelpoceTn ke MO3BOJSIOT aHATU3UPOBATH
VMHJVBH]lyaJIbHbIE JaHHBIE KaXKIO0r0 CTY/I€HTa: CKOPOCTh YCBOCHHMS MaTepuasa, pe3yJbTaTbl TECTOB,
MPEANOYTUTENbHBIE (HOpMBI TIoaun MHpopManuu. Ha OCHOBe 3TOro aHaimmM3a CHCTEMa MOXET
aBTOMAaTUYEeCKW  MNOAOMpaTh  3aJaHusA,  MaTepuaiabl M pPEKOMEHJAAllUd,  Cco3[aBas
MEePCOHANIM3UPOBAHHYIO 00pa30BaTEIbHYIO TPACKTOPHIO. Takoi MOAXO0J IMOBBIIIAET MOTHUBAIIMIO
CTYJEHTOB U 3((HEKTUBHOCTH OOYUYECHUS B IIETIOM.

BTtopoe BaxkHOE€ TPEMMYIIECTBO CBS3aHO C aBTOMAaTHU3alMed PYTUHHBIX 3a/a4
npenogasatess. [IpoBepka muckMeHHBIX pabOT, TECTOB U 3cCe, MOJATOTOBKA yUeOHBIX MAaTepUAIOB
M COCTaBJICHHE OTYETHOCTH 3aHMMAIOT 3HAUYUTEIBHYIO YacTh BPEMEHM NEJaroroB, CHUXas HMX
BO3MOXXHOCTh YEJIATh BHUMaHUE TBOPUYECKHUM acliekTaM oOydeHusi. HelipoHHbIE ceTu criocoOHBI
ABTOMATU3HPOBATH OOJBIIYI0O YaCTh ATHUX IPOILIECCOB. YK€ CYIIECTBYIOT CHUCTEMBI, KOTOpBIE C
BBICOKOM TOYHOCTBIO IPOBEPSIOT TIpPaMMAaTUKY, CTUJIb M COJAEpPKAHUE TEKCTOB, a TaKxke
AQHATM3UPYIOT  JIOTMUECKYIO  IOCJIEIOBATEIPHOCTh W apryMEHTAaIMio. JTO  TO3BOJISIET
MpernojaBaTeNisiM COCPEAOTOUYUTHCS Ha paboTe CO CTyACHTaMH, KOHCYJIbTUPOBAHUU U Pa3BUTUU
METOIUYECKOM Oa3bl.

TperbuM BaXHBIM MPEUMYIIECTBOM  SIBIISIETCS BO3MOXKHOCTH ~ aHalu3a  OOJNBIIMX
oOpa3oBaTesibHbIX JaHHbIX. CoBpeMeHHble ydeOHble IIATPOPMBI U BJIEKTPOHHBIE JTHEBHUKU
HAKaIJIUBAIOT OTPOMHOE KOJMYECTBO HH(POPMAIUU: MOCEMAeMOCTh, AKTHMBHOCTh CTYJIEHTOB,
yCIIEBa€MOCTh, yU4aCcTHE B OHJIAMH-TUCKYyccusXx. HeltpoceTn mo3BostoT 00padbaThiBaTh 3TH TaHHBIC
U BBIBIISITH CKPBITHIE 3aKOHOMEPHOCTH, MTPOTHO3UPOBATH YCIIEBAEMOCTh CTYIEHTOB, ONPEIEIATh
TPYIIIBI  pUCKa, KOTOPBIM TpeOyeTcs JOTMOJHUTENbHAS TOMJEpKKa. bmarogaps sTtomy
o0pa3oBaTeNbHbIE YUPEKACHHSI MOMYyYalOT WHCTPYMEHT Ui PAaHHErO BBISBICHHUS MpoOJieM H
MIPUHSATHS YIIPABICHUYCCKUX PEIIEHNH, OCHOBAHHBIX Ha 00BEKTUBHON MH(OpMAIIUH.

Kpome Toro, HeipoceTu OTKPBIBAIOT BO3MOKHOCTH JUIsl CO3JAHUS HMHTEIJIEKTyalbHBIX
00pa3oBaTeNIbHBIX ACCUCTEHTOB M 4aT-00TOB. Takue cHCTeMBI MOTYT KPYTJIOCYTOYHO OTBEUYATh Ha
BOIPOCHI CTYJICHTOB, OOBSCHATH CIOXKHBIE TEMBI U TPEJOCTABIAThH JTOMOJHUTEIbHBIE MaTEPHAIIBI
JUIST U3YYeHHUsS. DTO OCOOEHHO Ba)XHO JJISi JUCTAHIIMOHHOTO OOYYEHHS M CaMOCTOSTEIbHOM
MOATOTOBKH, KOTJa TperojaBaTelb HE BCEra MOXET OBITh JOCTYNEH NN KOHCYJbTAIlHH.
WuTennekTyalbHble aCCUCTEHTHI IO3BOJISIOT Pa3TPy3UTh MEIaroroB U B TO e BpeMsl 00eCreyTh
MOCTOSIHHYIO TIOJIJIEPIKKY YUaITUXCsl.

OTnenpHOr0 BHUMAHUS 3aCiIy>KMBA€T BO3MOXXHOCTh aBTOMAaTHUECKON IeHepaluu y4eOHBIX
MaTtepuanoB. C TOMOIIBIO HEUPOCETEH MOKHO CO3/1aBaTh TECThI, y4€OHBIC TEKCTHI, MJLUTFOCTPAIUH,
a TaKXe aJarTUpPOBaTh MX MOJ Pa3HbIE YPOBHU CIOXKHOCTH U S3BIKM. DTO 3HAYUTEIIBHO YCKOPSET
MOATOTOBKY 00pa30BaTeIbHOTO KOHTEHTA | JIeaeT ero 601ee THOKUM 1 COBPEMEHHBIM.

Hakonern, wucmonb3oBaHUWE HEHWpPOCETEH  CIMOCOOCTBYET  Pa3BUTHIO  HHKIIO3UBHOTO
oOpa3oBanus. CUCTEMBl pAacloO3HABAaHUS pPEUYU, ABTOMATHYECKOrO IEPEeBOJAa M CHHTE3a PEeUH
MO3BOJIIOT BOBJIEKATh B yUEOHBIN MPOLIECC JIOACH C OrpaHUYCHHBIMU BO3MOXKHOCTSIMH 3/JOPOBBSI.
Coznmanue CcyOTHTpPOB, TIEPEBOJ TEKCTa B ayJWO W aJalTalus MaTEpPHAJIOB JUIsl Pa3IUYHBIX
KaTeropuil yyamuxcs ejaroT o0pa3oBaHue 0ojee JOCTYMHBIM U YHUBEPCAIbHBIM.

Takum o00pazoM, HeHpoceTH B 00pa30BaTEIBHOM IMPOIECCE IMO3BOJIIIOT CO3/1aTh
MEePCOHATM3UPOBAHHBIE  TPACKTOPUH  OOyYeHHs, aBTOMATU3MpPOBaTh PYTUHHBIE 3a/ayH,
AQHATM3UPOBATH OOJBIINE MACCHUBHI JAHHBIX, MPEIOCTABIATh MHTEIUICKTYIBHYIO TOIIEPKKY U
CIocoOCTBOBAaTh MHKIIIO3UBHOCTH 00Opa3zoBaHusi. Bc€ 3T0 He TONMbKO MoBbIMIAET 3(PPEKTUBHOCTD
y4eOHOro TmpoIiecca, HO M OTKPHIBA€T HOBBIC TOPU3OHTHI JJIsi TEAArOrMKA M YIPaBICHUS
00pa3oBaHUEM B LIETIOM.

Ilpakmuueckue npumepsvt UCNOIb306aAHUA HelpOocemeil 8 00pa3oeanuu

OnHuM W3 caMbIX paclpOCTPaHEHHBIX MPUMEPOB HCIONb30BAaHUS HEHpOCETel SBIIAETCS
aBTOMAaTH3aIlMs TPOBEPKM U OLEHKH 3HaHWW. PaHblne mnpemojaBarento TpeOOBAIOCH MHOTO
BPEMEHH Ha MPOBEPKY MUCbMEHHBIX pa0OT, TECTOB MJIHM ICCE, HO CETO/IHS CUCTEMbI, OCHOBAaHHBIC HA
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MCKYCCTBEHHOM HHTEJUIEKTE, CIIOCOOHBI OBICTPO M 0OBEKTUBHO aHAIM3UPOBATH TEKCTHI, BBISBIIATD
opdorpaduyeckre 1 rpaMMaTHYECKUE OIIUOKH, OLIEHUBATh JIOTHYECKYIO CTPYKTYPY OTBETA U J1aXke
MIPOBEPATH OPUTHHAIBHOCTh MaTepuana. Hampumep, HeKoTOpble 0Opa3zoBaTebHbBIE MIAT(HOPMEI
YK€ HMHTErpUpYIOT (DYHKIMM aBTOMAaTMYECKOW IMPOBEPKU 3CCE, YTO 3HAYUTEIBHO COKpAIlaeT
Harpy3Ky Ha TEJaroroB M TIO3BOJISIET UM OOJbIIe BPEMEHU YACTATh AHATUTUYECKOW U
METOAMUYECKON pabore.

JpyruM 3Ha4YMMBIM HAIPABICHHUEM SIBIIIETCS CO3[JaHUE MHTEJUICKTYaJbHbIX IIOMOIIHUKOB U
4ar-00TOB Al 0Opa3oBaHusA. Takue CHUCTEMbI CIIOCOOHBI OTBEYAaTh HAa BOMNPOCHI CTYJCHTOB B
pEeKUME PeaTbHOTO BPEMEHHU, OOBSICHATH CIOKHBIE TEMBI IPOCTHIMH CIIOBAMH H J1A)K€ BECTH JHAJIOT
HA €CTECTBEHHOM S3bIKE. SIpKMM IIPUMEPOM MOJKET CIYKHUTh UCIIOJIb30BAHUE SA3BIKOBBIX MOJEIEH
Hanogo6me ChatGPT, koTopble MOMOralmT CTyACHTaM pa3OupaThcs C y4eOHBIMU 3aJaHHSMH,
(bopMynaMpoBaTh MJEU U1 IPOEKTOB M TOTOBUTHCA K 3K3aMEHaM. OJTH CHCTeMbl paldoTaroT
KPYTJIOCYTOYHO U MPEIOCTABISAIOT JOCTYI K 00pa3oBaTeIbHBIM MaTepHaliaM B JIF000€ BpEMs, 4TO
0COOEHHO BaXHO JUIsl JUCTAaHIIMOHHOI'O O0Y4YEeHHUsI M caMO0Opa30BaHMU.

Heiipocetn Takke akTHUBHO NPUMEHSIOTCA JJIs pa3pabOTKU aJalTUBHBIX O0YyYarouIux
wiar¢popMm. Takue CHUCTEMbl aHAIM3UPYIOT YCHEXH CTYJIEHTOB M MOAOMpAarOT il HHX
UHAMBUAYalIbHbIE OOpa3zoBaTelbHble Tpaekropuu. Hampumep, eciau oOydarouuiicss ycreuHo
crpaBisieTcsi ¢ 6a30BBIMM 33JJaHUAMHU, CUCTEMa aBTOMATHUYECKH MPEUIOKUT eMy Oosiee CI0XKHBIE
YOpa)KHEHUS, a B Clly4ae TPYAHOCTEHl — JOMOJHUTEIbHBIE PA3bSICHEHUS U NPUMEPHL. ITO
[IO3BOJISACT KAXJAOMY CTYIAEHTY YYHUTHCS B CBOEM TEMIIE U IOJy4aTbh MAKCUMAJIBHO IIOJIE3HBIA U
PEJIEBaHTHBIN MaTEpHUal.

B nocnennue rosipl HeMpoOHHBIE CETH HAIUIM MPUMEHEHHUE U B CO3JJaHMU 00pa30BaTeIbHOIO
KoHTeHTa. C UX TMOMOIIBI0O MOXKHO aBTOMAaTHYECKH T'€HEPUPOBATh yueOHBIE TEKCTbI, TECTOBBIC
3alaHus, MYJbTHUMEIUIHBIE MaTepualibl M JaXe LENble BHUPTyajbHbIE CHMYJSILMHU. ITO
3HAYUTENIBHO YCKOpSAET IMpoIlecC MOArOTOBKM KypCOB M IO3BOJIIET OINEPATHBHO OOHOBIATH
MaTepHualibl B COOTBETCTBUU C U3MEHEHUSIMH yUEOHBIX IPOTPaMM WIIM MOSBICHUEM HOBBIX 3HAHUM
B KOHKpeTHON oOsactu. Hekoropele mmiatopmbl HCHONB3YIOT TIE€HEPATUBHBIE MOJETH JUIS
CO3J1aHUsl MHTEPAKTUBHBIX 3aJaHUN W BHU3yaJIM3allUl, KOTOPBIE IOMOralT CTYACHTAM JIy4lle
YCBaMBaTh CJIIOXKHBIE KOHILICTIINH.

Oco60e BHUMaHUE CTOMUT yJICIUTh IPUMEHEHUIO HEWPOCeTel B MHKJIIO3UBHOM 00pa30BaHUU.
TexHonoruu pacrno3HaBaHus peyd U aBTOMaTHYECKOTIO IIEpeBO/ia MO3BOJIAIOT CO3/1aBaTh CyOTUTPHI
JUTs IEKIMH, CHHXPOHHO NEPEBOAUTH MaTepHaJIbl HAa pa3HbIE S3bIKHU U 1aXKe Pe00pa30BBIBATH TEKCT
B ayJIMO, 4TO JeJ1aeT 00y4eHue 0oiee TOCTYNHBIM IS J0IeH C OrpaHUYEHHBIMHU BO3MOXKHOCTSIMU
ciyxa i 3penus. Hanpumep, aBTomaTHyeckas reHepaiysi CyOTUTPOB Ha OCHOBE Paclio3HaBaHMs
peun yxXe aKTHBHO HCIOJb3YeTCs B OHJAMH-Kypcax M BUACOJIEKLHUAX, oOierdas BOCIPHUATHE
MHGOPMALIUY TS ITUPOKON ay TUTOPHUH.

Kpome Toro, HelipoHHbIE CETH TOMOTAIOT B yIPaBICHNU 00pPa30BaTEIbHBIMU YUPEKACHUAMHU.
Ananu3 60JBIINX MAaCCHBOB JaHHBIX O MOCEIAEMOCTH, YCIIEBAEMOCTH, aKTUBHOCTU CTYIEHTOB U
pe3ynbTaTax TECTUPOBAHMSI TO3BOJIAET IPOTHO3UPOBATH aKaIEMUYECKYI0 YCIIEBAEMOCTb, BBISBIISTD
TPyNIIbl pUCKAa W TPUHUMATH YIIPABICHUYECKUE PEIICHUS, OCHOBAHHBIE HA OOBEKTHBHOM
uHpopManuu. ITo cocoOCTBYET 60jIee palliOHAIbHOMY PAaCIIPeIeICHUI0 PECYPCOB U ITOBBIIIEHUIO
KauecTBa 00pa3oBaHMs.

Bce 5T npumepbl MOKa3bIBalOT, YTO HEWPOHHBIE CETH HE SIBISAIOTCA aOCTpaKTHOMN
TEXHOJIOTHEH OyIymiero, a y»e CeroJHs aKTHBHO BHEAPSIOTCS B y4eOHBIH mporiecc, oOiieryas
paboTy mpenonaBatesieii, HOBbIIIAS MOTHBALIMIO CTYJIEHTOB M CO3/1aBasi HOBbIE BO3MOXHOCTH JJIS
MepCOHANIM3ALMH U MHKIFO3UBHOCTH 00pa3zoBaHus. VX rcnonbp3oBaHle CTAHOBUTCS HEOTHEMIIEMOM
YacThI0 COBPEMEHHOIO0 O00pa30BaTEIbHOIO MPOCTPAHCTBA W OTKPHIBAET IEPCHEKTHUBBI JJIs
JabHENIIETO COBEPILIEHCTBOBAHUSI METOJIOB O0YUEHHUS.

Ilepcnekmuent pazeumus Hellpocemeil 6 00pa306aHuUU

[lepcriekTBBI pa3BUTHS HelipoceTell B 00pa30BaHNM BBITILSIAT KpaitHe MHOTOOOEIIAIONINMUY,
MIOCKOJIBKY 3Ta TEXHOJIOTUSI CTPEMHTEIbHO COBEPLICHCTBYETCS M HAXOTUT BCE HOBBIE 00JIACTH
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npuMeHeHHs. Eciu ceroiHs HEHpOHHBIE CETH HMCIOJB3YIOTCSI B OCHOBHOM JIJIsi aBTOMAaTH3AI[HH
OTJEJIbHBIX POIECCOB U MEPCOHATN3AUU 00yUeHUS, TO B OyirKaiiieM OyayieM MO>KHO 0KUIaTh
X TIyOOKOW HMHTErpanyu BO BCE YPOBHU 0O0pa30OBaTENbHONH CHCTEMBI — OT HA4YalbHOTO JI0
BBICIIIEr0 00pa30BaHus U MPOPECCHOHATBHOMN MOATOTOBKH.

OnHUM W3 KIIIOUEBBIX HANpPAaBICHUH PpA3BUTHS CTaHET CO3JAHHUE I0-HACTOAILIEMY
MHTEJJIEKTyallbHBIX 00pa30BaTebHBIX IIAT(GOPM, KOTOPBIE CMOTYT HE TOJBKO aHAJIM3UPOBATH
yCIIEBAEMOCTh CTYJIEHTOB, HO ¥ QJaNTHPOBATbCA K WX KOTHUTHBHBIM OCOOCHHOCTSIM,
SMOIIMOHAIIBHOMY COCTOSIHUIO U MOTHBAllMU. YK€ BEIyTCS MCCJIENIOBaHUS B 00JIaCTH Tak
Ha3bIBaeMOro ah(heKTUBHOTO BBEIYUCIICHHS, KOTOPOE ITO3BOJIUT HEHPOCETSIM PACIIO3HABATH IMOIIHH
y4Yaluxcs MO BBIPAKEHHUIO JIUIA, HHTOHALMU PEYU M MOBEACHUECKUM PEAKIUSAM. DTO OTKPOET
BO3MOXXHOCTH Il JUHAMHYECKOM aJanTaluy y4yeOHOro Ipoliecca, KOrja CUCTEMa CMOXKET
npeajgarath JOIMOJIHUTENbHBIE OOBSICHEHUS WIM MEHATh MOoJady MaTepuana, €clid OOHapYKHUT
YCTaJIOCTh WM HEOHUMAaHHUE CO CTOPOHBI CTYICHTA.

JlanbHeliiee pa3BUTHE MOJIyYaT U TEXHOJIOTHH T€HEPATUBHBIX Mojenel, Takux kak ChatGPT
W JIpyrue KpyIHBbIE S3BIKOBbIe Mojenu. OHU OyayT WCIONB30BaThCSl HE TOJBKO  JUIS
aBTOMAaTMYECKOTO CO3/1aHUsl Y4eOHBIX MaTepHalioB MU TECTOB, HO MU JuId (OPMHUPOBAHUSA
MHTEPAKTHBHBIX 00pa30BaTEIBbHBIX CpEd, TJE€ CTYACHTHI CMOTYT OOWIATBhCA C BHPTYAIbHBIMU
TBIOTOPaMHM, MPOXOAUTh CUMYJISILUM M Y4acTBOBaTh B MHTEJUIEKTYaJbHBIX TUCKycCUsX. Takue
TEXHOJIOTHM TOMOTYT co37aTh Ooyiee THOKYIO M yBJIEKaTeIbHYI0 O00pa3oBaTEIbHYIO CpEeny,
NPUOIMKAIOILYIO 00YUYEHHUE K pealibHbIM YCIOBUSAM NPO(ecCHOHATbHOMN NeSTeTbHOCTH.

[lepcrieKTUBHBIM HANpaBJICHUEM SIBIISIETCSI M Pa3BUTHE MYJIBTHAT€HTHBIX CHCTEM, KOTOpPBIE
CMOT'YT B3aUMOJEHCTBOBAaTh JPYr € APYrOM M COBMECTHO pelIaTh CII0KHble 0Opa3oBaTesbHbIE
3amaun. Hampumep, omHa cucTeMa MOXKET aHAJTU3WPOBATh YCIIEBAEMOCTh CTYACHTOB, Ipyras —
¢dopmupoBaTh ydeOHbIE MaTepHajbl, TPETh — 3aHUMATbCS MPOTHO3UPOBAHUEM pE3YJbTATOB U
paHHAM BBISIBICHHEM TPOOJEMHBIX 30H. VX WHTErpamusi MO3BOJHUT CO3JaTh KOMIUIEKCHYIO
MHTEJUIEKTyalIbHYI0 00pa30BaTeNIbHYI0 SKOCHCTEMY.

Ocob6oe BHUMaHUE OyNIEeT YACIATHCS PAa3BUTHIO TEXHOJIOTHH BUPTYaJTbHOW U JOMOJHEHHOMN
pearbHOCTH, KOTOpBbIE B COYETAaHHMM C HEHpoceTsaMu o0ecreyaT CO3/J1aHue aJalnTHBHBIX U
WHTEPAKTHUBHBIX yUEOHBIX CUMYISIIUNA. CTYJEHTBI CMOTYT OTpa0aThIBaTh MPAKTUYECKHE HABBIKH B
BUPTYyaJIbHOU cpejie, I/ie HeWpOHHBIE ceTH OyayT aHAJM3UPOBATh UX NEHCTBUA U MPENIOCTABIATH
MePCOHATU3UPOBAHHBIE PEKOMEHAAIMH. DTO 0COOEHHO BasKHO JJIsl TAKKX 00J1acTeil, Kak MeIUIIMHA,
WH)KEHEPUs WM apXUTEKTypa, I7ie MPAaKTUUECKasi MOATOTOBKA UT'PAET KIIIOUYEBYIO POJIb.

OTnenpHOM MEPCIeKTUBON Pa3BUTHUS CTAHET MOBBIIICHHE MPO3PAYHOCTH U OOBICHUMOCTHU
paboTs! HelipoceTeil. CeroHst OHOM M3 IIABHBIX MPOOJIEM SIBISETCS TaK Ha3bIBAEMbIN «UEPHBIMA
SIIUK», KOTJa PELIECHUs] alrOPUTMOB CIIOKHO HHTEpHpeTupoBaTh. B Oyaymiem OyayT akTUBHO
Pa3BUBATHCS METOJIbI 0OBICHUMOTO UCKYCCTBEHHOTO MHTEIIEKTA, TO3BOJISIOLINE TOHATh, TIOYEMY
CHUCTeMa MPUHSJIA TO WM MHOE pelieHre. ITO 0COOSHHO BaXKHO ISl 00pa3oBaTebHOM cdhepsl, Te
JI0BEpHE K TEXHOJOTUSAM U IOHUMaHHUE UX pa0OThI UTPAET PEIIAIOILYIO POJIb.

Hakonen, CTOUT OTMETUTh W MEXAYHApOAHYIO HHTETPALMIO O0pa30BAaTEIbHBIX CHCTEM,
OCHOBAHHBIX Ha HEHWpOCETeBBIX TexHoNorusaX. I[lmardopmbl Oyaymero cMoryt oObEIUHATH
CTYIEHTOB M TMpernojaBareiel co Bcero Mupa, oOecreuuBas JAOCTYNl K TEpPeJOBBIM
o0pa3oBaTeNIbHBIM pecypcaM HE3aBUCUMO OT MeCTa NPOKMBAaHUS M YPOBHS Pa3BUTHS
UHGPACTPYKTYpBL. DTO MPUBEAET K II100ATN3aLNY 3HAHUHI 1 PaCIIUPEHUIO BO3MOKHOCTEH JIJIsl BCEX
YYaCTHHKOB 00pa30BaTEIBLHOTO MpoIecca.

TakuMm 06pazom, IEpCIEeKTUBBI Pa3BUTHUS HellpoceTeil B 00pa30BaHUM CBSI3aHBI C CO3/1aHUEM
WHTEJUICKTYyalIbHBIX ~ AJalTUBHBIX IUIaTGOpM, WHTETpalMeld TEXHOJOTHHA BUPTYaTbHOH H
JIOTIONTHEHHON pEeanbHOCTH, PAa3BUTHUEM TEHEPATHBHBIX MOJENEH M MYJIbTHATCHTHBIX CHCTEM,
MOBBILIEHUEM MPO3PAUYHOCTH ANTOPUTMOB U TiioOanm3anueil oOpasoBarenbHOM cpenbl. Be€ ato
obemraer caenath oOydeHue Oojee MepCOHATH3UPOBAHHBIM, WHTEPAKTHBHBIM U JIOCTYIIHBIM,
OTKpBIBasi HOBbIE TOPH3OHTHI JIJIS TIEJarOTUKY M HAYKH.
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IBTIDAI SINIFLORDO KODLASDIRMA VO ROQOMSAL BACARIQLARIN
INKISAFINDA YENI TODRiS METODLARINDAN iSTIFADO OLUNMASI

XOYALD RZAYEVA NAZIM qiz1
p.i.f.d. Azarbaycan Dovlot Pedaqoji Universiteti
Kompiiter elmlori kafedrasinin miisllimi
Azorbaycan, Baki.

Xiilasa. Miiasir tahsil miihiti sagirdlorin erkan yaslarindan ragamsal bacariglarim inkisaf
etdirmayi talob edir. Ibtidai siniflords informatikamn tadrisi yalniz texniki biliklorin otiiriilmasi ilo
mahdudlasmamali, hamginin sagirdlarin yaradiciliq, problem hall etma va tafaokkiir bacariglarin
artirmalidir. Maqalada ibtidai sinif sagirdlorina kodlasdirma bacariglarimin oyradilmasi iigiin yeni
tadris metodlari aragdiriliv. Interaktiv dorslar, oyunlasdirilmis tapsiriglar, vizual programlasdirma
miihitlori va komanda layihalari kimi yanasmalarin usaqlarin ragamsal diisiinca va texnologiya ila
alaga bacariglarina tasiri tohlil olunur. Tadgiqat gostorir ki, bu metodlar ham sagirdlorin dorsa
maragint artirty, ham da onlarin kritik diigiinma, yaradiciliq va amakdasliq bacariglarini
giiclondirir. Magalo eyni zamanda miiallimlorin innovativ metodlardan istifadasinin tadrisin
effektivliyina gatirdiyi tohfoni vurgulayrr.

Acgar sozlari: ibtidai sinif, kodlasdirma, raoqamsal, bacariqlar, interaktiv, tadris, metodlari,
oyunlasdirilms, talim, vizual, programlasdirma, yaradiciliq, amakdasliq

USING NEW TEACHING METHODS IN DEVELOPING CODING AND DIGITAL
SKILLS IN PRIMARY GRADES

Abstract. The modern educational environment requires students to develop digital skills from
an early age. Teaching computer science in primary schools should not be limited to the transfer of
technical knowledge, but should also enhance students' creativity, problem-solving and thinking
skills. The article explores new teaching methods for teaching coding skills to primary school
students. The impact of approaches such as interactive lessons, gamified tasks, visual programming
environments and team projects on children's digital thinking and technology skills is analyzed. The
study shows that these methods both increase students' interest in the lesson and strengthen their
critical thinking, creativity and collaboration skills. The article also emphasizes the contribution of
teachers' use of innovative methods to the effectiveness of teaching.

Keywords: primary school, coding, digital, skills, interactive, teaching, methods, gamified,
training, visual, programming, creativity, collaboration

Annomayun. Cospemennas obpasosamenvHas cpeda mpebdyem Om YY4awjuxcs pa3eumus
Yugposwvix Haswikoe ¢ panne2o eospacma. IIpenodasanue ungpopmamuky 6 HA4ANLHOU WIKOLE He
OO0JIJICHO OCPAHUYUBAMBCS Nepedadell MeXHUYeCKUX 3HAHUL, HO Mmaxdice OONHCHO PA38UBAMb Y
yuawuxcs meopueckue CHOCOOHOCMU, HABbIKU peuleHus npobrem u mvlunenus. B cmamve
paccmampusaromcs Hogbie Memoobl 00yUeHUs HABLIKAM NPOSPAMMUPOBAHUS YHUAUWUXCA HAYATLHOU
wiKonbl. Ananuzupyemcs e1usHue makux no0Xo008, Kax UHMepakmueHvie ypoKu, uzposule 3a0anus,
Cpeodbl BU3VATLHO20 NPOSPAMMUPOBAHUS U KOMAHOHbIE NPOEKmbl, HA YUPposoe MuluileHue U
mexHono2uieckue Hagvlku oemeti. Hccnedosanue nokasvieaen, 4mo 3mu Memoobl NOSbIULAIOM
UHmMepec Y4auuxcs K ypoKy U pasguearom ux Kpumuieckoe mvlilleHue, KpeamusHoCcms U HA6bIKU
coemecmmuoll pabomvl. B cmamve makoice noouepKusaemcs 6KIA0 UCNONb30BAHUS YUUMENAMU
UHHOBAYUOHHBIX MeMOo008 8 IpexmusHocmsb 00yUeHUS.

Kniwouegvie cnosa: nauanvnas wikona, Koouposauue, yugposvie, HAGbIKU, UHMEPAKMUBHDILLL,
oOyueHue, Memoovl, 2eUMUPUYUPOBAHHBIL, —00OYUeHUe, BU3YATbHBIL, —NPOZPAMMUPOBAHUE,
KpeamugHoCmy, COMpYyOHU1eCmeo
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Miuiasir dovrdo texnologiyanin siirotli inkisafi ilo birlikdo sagirdlorin erkon yaslarindan
rogomsal bacariqlara yiyalonmosi vacib olmusdur. ibtidai siniflorde informatikamn todrisi tokca
kompiiter vo programlardan istifado dyrotmokdon ibarat deyil, homginin sagirdlorin yaradiciliq,
analitik diisiinco vo problem hall etma bacariglarini inkisaf etdirmoyo yonoslmisdir. Bu baximdan
yeni tadris metodlarinin totbiqi moktab tohsilinds ohamiyyatli yer tutur va sagirdlorin kodlagdirma
biliklorini daha ayloncali vo effektiv sokildo monimsomosino imkan yaradir. Yeni todris metodlar
yalniz proqramlasdirmani dyratmokls kifayatlonmir. Onlar eyni zamanda raogomsal tohliikasizlik,
informasiya moaxfiliyi vo maqsadyonlii diisiinma kimi sahslordo do sagirdlori molumatlandirir.
Oyunlasdirilmis tapsiriglar vasitasilo sagirdlor programlagdirma bloklarini diizgiin yerlosdirmaklo
natico olds edir, bu iso onlarin problem hall etma bacarigim real sokilds inkisaf etdirir. Misal iiciin,
bir tapsiriqda sagirdlordon miioyyan bir ardicilliqla ragemsal bloklar1 yerlogdirmalari tolob olunur
ki, bu da hom kodlasdirmani, hom do montiqi diisiinconi birlosdirir. Kodlasdirma darslorindo anonavi
yanagmalar adoton sagirdlori passiv dyranmoya sdvq edir vo onlarin maragini tam sokildo calb etmir.
Buna gors do interaktiv vo oyunlasdirilmis metodlarin totbiqi boyiik shomiyyat koasb edir. Masalan,
sagirdloro vizual proqramlasdirma miihitlari, sado robotlar vo ya blok osasli proqramlasdirma
vasitolori toqdim etmok onlarin mantiqi tafokkiiriinii, yaradicihq qabiliyyatlorini vo komanda
isindo amakdashq bacariglarim inkisaf etdirir. Bu yanagma hom darslorin effektivliyini artirir,
hom do usaqlarda texnologiyaya maraq va metivasiyam yiiksaldir. Yeni todris metodlar yalniz
programlasdirman1  dyrotmoklo kifayotlonmir. Onlar eyni zamanda raqoamsal tahliikasizlik,
informasiya moxfiliyi vo maqsadydnlii diisiinma kimi sahslorde do sagirdlori molumatlandirir.
Oyunlagdirilmis tapsiriglar vasitasila sagirdlor proqramlasdirma bloklarini diizgiin yerlosdirmaklo
natico olds edir, bu iso onlarin problem hall etma bacarigim real sokilds inkisaf etdirir. Misal ii¢iin,
bir tapsiriqda sagirdlordon miisyyan bir ardicilliqla rogomsal bloklar1 yerlogdirmalori talab olunur
ki, bu da hom kodlasdirmani, hom do montiqi diisiinconi birlosdirir. Bundan slavo, komanda
layihalori sagirdlorin amakdashq va iinsiyyat bacariqlarim giiclondirir.

Sagirdler kicik qruplarda layihs {izorinds isloyorken ideya miibadilasi,
raqabat va yaradic1 yanagsma kimi bacariglar1 dyronirlor. Bu metodlar @ 9
onlarin yalniz texniki biliklorini deyil, ham do sosial bacariqlarini inkisaf tj

etdirir, golocokdo daha miirokkab texnoloji tapsiriglarla basa ¢ixmaq

qabiliyyatlorini formalasdirir. Ibtidai siniflorde kodlagdirma vo rogomsal \‘ ()
bacariglarin inkisafi ii¢clin vizual proqramlagdirma miihitlori xiisusilo

somaralidir. Scratch, Code.org, Tynker kimi platformalar sagirdlora (

ragamsal konsepsiyalari vizual vo intuitiv sokildo anlamaga imkan

verir. Sagirdlor bu miihitlordo proqramlasdirma bloklarini siiriikloyib atmagla 6z oyun vo
layiholorini yaradir, noticodo hom oylonir, hom do Gyronirlor. Bu yanasma usaqglarda tacriibi
oyronma, yaradiciliq vo tofakkiir bacariqlarim inkisaf etdirir.

Miiasir tohsil sistemi sagirdlori erkon yaslardan rogomsal bacariglara yiyslonmoyo
hazirlamag: tolob edir. Informatika dorslori yalniz kompiiter vo programlarin istifadosini dyratmok
mogsadi dasimir; onlar eyni zamanda yaradiciliq, montiqi diisiinco, problem hoall etmo vo
komanda amokdashgr kimi bacariqlarin inkisafina xidmot edir. Bu sobabdon ibtidai siniflords
kodlagdirmanin todrisi yeni, interaktiv vo oyunlasdirilmis metodlar vasitosilo hoyata kegirilmalidir.

Ononovi todris metodlart sagirdlorin dorso passiv yanasmasina sobob olur, maraq vo
motivasiyani agagi salir. Bunun oksino, vizual proqramlasdirma miihitlori,
robotlar va blok asash proqramlasdirma vasitalori sagirdlor {iciin hom
oyloncali, hom do praktik 0yronmo miihiti yaradir. Bu yanasma usaqlarda
moantiqi tafokkiir, yaradiciliq vo problem hall etmo bacariqlari inkisaf
etdirir. Mosalon, sagirdlordon miioyyon ardicilligla rogomsal bloklar
yerlosdirmalori tolob olunduqgda, onlar hom kodlagdirmani, hom do mantiqi
tofokkiirii eyni zamanda Oyronirlor. Yeni todris metodlar1 kodlasdirma
biliklorini inkisaf etdirmoklo yanasi, rogomsal tohliikasizlik vo informasiya
moxfiliyi movzularinda da sagirdlori molumatlandirir. Oyunlasdirilmis tapsiriqlar vasitasilo
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sagirdlor sado sifrlor qurarag malumatin qorunmasini dyronir, noticodo tohliikasiz vo mosuliyyatli
rogomsal davranis bacariglari formalasir. Bu metodlar onlarin texniki biliklorini moéhkomlondirir vo
galacokdo daha miirakkob proqramlasdirma tapsiriglar ilo baga ¢ixmaq qabiliyyatini artirir.

Komanda layiholori do ibtidai siniflordo kodlasdirmanin todrisindo miihiim rol oynayir.
Sagirdlor kigik qruplarda layihe iizorinds igloyorkon ideya miibadilasi, raqabat va yaradicilgq,
homg¢inin amakdashq bacariglarini inkisaf etdirirlor. Bu yanasma yalniz texniki bacariglar1 deyil,
hom do sosial vo kommunikativ bacariglart giiclondirir, sagirdlori golocokdo daha miirokkob
problemlorin 6hdesindon galmoys hazirlayir. Vizual programlagsdirma miihitlori sagirdlorin 6yronma
prosesini daha intuitiv edir. Scratch, Code.org, Tynker kimi platformalar sagirdlors raqamsal
konsepsiyalari vizual sokilds anlamaq, 6z oyun va layihslorini yaratmaq imkan1 verir. Sagirdlor
bloklar siiriikloyib atmagqla programlasdirma prinsiplorini dyronir, bu iso onlarin hom aylonmosini,
hom do yaradicthq ve tacriiba yolu ilo éyronmo bacariglarim artirir. Ibtidai siniflorde
kodlasdirmanin tadrisindo oyunlasdirilmis metodlarin rolu xtisusilo vacibdir. Sads tapsiriglar vo
mini oyunlar vasitosilo sagirdlor masaloni hall etmak, addim-addim diisiinmak vo tacriibadon
naticad cixarmaq bacariqlarint dyranirlor. Masalon, sagirdlorden miisyyan bir ardicilligla rogomsal
bloklar1 yerlosdirmalari talab olunur ve yalniz diizgiin notico olds edildikde oyun tamamlanir. Bu
yanasma onlarin diisiincd siiratini, mantiqi va analitik bacariqlarim giiclondirir. Miisllimlarin
rolu da bu prosesds boyiikdiir. Onlar sagirdlori diizgiin istigamatlondirmali, yaradic1 yanasmalari
tosviq etmali vo har bir sagirdin fordi bacariglarina uygun tapsiriglar toqdim etmslidirlor. Miiasir
texnologiyalar vo proqramlagdirma vasitslori miisllimlora darslori interaktiv, vizual vo maraqh
etmok imkani verir. Bu yanasma hom do miollimlorin 6z peso bacariglarini inkisaf etdirmosino
sorait yaradir. Noticado, ibtidai siniflords kodlagdirma vo rogemsal bacariglarin inkisafi {i¢iin yeni
tadris metodlarinin totbiqi sagirdlords yalniz texniki biliklorin deyil, hom ds yaradicihq, analitik
diisiinco, amokdashq vo masuliyyatlilik bacariglarinin  formalasmasina xidmeot edir. Bu
yanagmalar golocokdo sagirdlori rogomsal diinyada daha miivaffaqiyyatli, masuliyyatli va yaradici
fordlar kimi formalasdirir.

1. Scratch — vizual blok asash proqramlasdirma

Niimuna layiha: Harakat edan top

e Sagird “Top” obyektini ekrana slavo edir.

e Bloklar vasitasilo topa harokot verilir:
[Yasil bayraq kliklonsin] — [Top 10 addim irali harakat etsin] — [Saslo “Tobriklor!” deyilsin]

® Bu layiho sagirdlors ardicil addimlarla proqramlagdirma vo montiqi diisiinme dyradir.

2. Code.org — oyun vJ tapsiriqlar vasitasilo kodlasdirma

Niimuna tapsiriq: Labirint oyununu tamamlamaq

e Sagirddon bir gohromani labirintdon ¢ixarmaq tigiin “Harakat et” vo “9gar qarsisinda
maned varsa dayandir” bloklarini yerlosdirmasi tolob olunur.

Niimuno ardicilhiq:

|

Oahraman - 2 addim irali

A

dgar sagda bosdursa - don saga

dks halda - 1 addim irali

Bu sagirdin sort vo ardicilliq anlayisini inkisaf etdirir.
3. Blockly — blok asash kodlasdirma ilo mantiqi inkisaf
Niimuna tapsiriq: Ragamsal rong dayisma

®Sagird bir obyektin rongini doyismak ti¢lin bloklardan istifado edir:
[Ogoar top yasil rangdadirsa] — [topu mavi ranga dayis] — [topu 10 addim irali harakat etdir]
Bu, loqik diisiinma vo ardicilligla addim-addim planlama bacariglarini inkisaf etdirir.
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Python — sad> nimunslor
Ibtidai sinif sagirdlori {i¢lin Python-da sads, anlasilan niimunalor:
Niimuna 1: Salam vermak

]
[
]
T
o
(Wa]
[w i}
[
Ll
+
a k]
L
+
P

Sagirdlor adlarini daxil edarak naticoni goriir, proqramlasdirmanin osasini dyronirlor.

1. Vizual programlasdirma layihalari (Scratch, Blockly)

1. Sado animasiya yaradilmasi

» Sagirdlor 6z hekayolorini vo ya kigik animasiyalarini yaradir.

» Mogsad: horokot, rong doyismasi, sas alavo etmok.

2. Labirint oyunu

» Qohroman labirintdon ¢ixmali vo manealori asmalidir.

» Maogsad: ardicillig, sort operatorlari, mantiqi diisiinca.

3. Rogomsal kart oyunu

» Sagirdlor sads oyun yaratmagqla “Ogar-don” vo “Oks halda” bloklarini dyranir.

» Mogsad: loqik sartlor vo proqramlagdirma ardicillig.

4. Virtual heyvan bagcasi

» Sagirdlor miixtolif heyvanlar olavs edir, onlarin harokatini va sasini proqramlagdirir.

» Mogsad: vizual bloklar, hadiss idarasi, yaradiciliq.

Miiasir tohsil miihiti sagirdlorin erkon yaslardan rogomsal bacariqlarini inkisaf etdirmoyi tolob
edir. Ibtidai siniflordo kodlasdirma dorslorinin tadrisindo yeni, interaktiv vo oyunlasdiriimis
metodlarin totbiqi sagirdlorin hom texniki bilik, ham ds yaradiciliq vo analitik diisiincs bacariglarini
ohomiyyatli derocade artirir. Tadqiqat vo praktik tocriibalor gosterir ki, vizual proqramlasdirma
mihitlori, sado robotlar, blok osasli proqramlasdirma vo komanda layihoalori sagirdlorin dorso
maragim yiiksaldir, onlarin problem hall etmo, montiqi tofokkiir vo omokdagliq bacariqlarini
giiclondirir. Oyunlasdirilmis tapsiriqlar vo mini layihsler sagirdlorin kodlagdirmani tocriibe yolu ilo
Oyranmasini tomin edir vo onlar1 texnologiya ils aktiv vo moagsadydnlii sokilds tanis edir. Homginin,
miollimlorin innovativ metodlardan istifadosi dorslorin interaktivliyini vo effektivliyini artirir,
sagirdlorin fordi bacariglarina uygun tolim imkanlar1 yaradir. Bu yanasma yalniz kompiiter vo
programlasdirma biliklorinin otiiriilmosi ilo kifayotlonmir, eyni zamanda usaqlarda yaradiciliq,
kritik diislinco, rogomsal mosuliyyatlilik vo komanda omokdashigi kimi vacib bacariglar
formalagdirir.

Naticado, ibtidai siniflorde kodlagdirma vo rogomsal bacariglarin inkisafi iiclin yeni todris
metodlarinin totbiqi golocok texnoloji vo innovativ bacariqlara malik, yaradict vo mosuliyyatli
fordlorin yetigmosine oshomiyyatli tohfo verir. Bu metodlar sagirdlori roqomsal diinyaya hazirlayir,
onlar1 hom miiasir texnologiyalar1 anlamaga, hom do yaradici vo montiqi diistinmo bacariglar ilo
miirokkaob problemlori hall etmayo yonaldir.
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METHODOLOGY FOR MAKING THE LEARNING PROCESS FUN AND
EFFECTIVE IN THE EDUCATION SYSTEM

ALIYEVA ELMIRA ZEYNAL
b/m.
Azerbaijan State Pedagogical University
Department of Computer Science
Azerbaijan, Baku

Xiitlasa. Miiasir tahsil sistemi daim innovativ texnologiyalar va pedaqoji yanasmalarla
zanginlasir. Onanavi tadris metodlari getdikca interaktiv, oyunlasdiriimis va talaba morkazli
metodlarla avaz olunur. Bu maqalada talim prosesini ayloncali va effektiv sokilda taskil etmaya
yonalmis metodologiya arasdirilir. Tadgiqatda oyunlasdirmanin, layiha asasl talimin, ragamsal
vasitalarin va genislondirilmis realliq texnologiyalarimin istifadasinin tadrisa miisbat tasirlori tahlil
edilir. Maqalada miiallimin yaradici va motivasiyaedici rolu vurgulanir va talimin yalniz bilik alda
etma prosesi kimi deyil, ham do soxsi inkisaf va amokdaslhq miihiti kimi qiymoatlondirilmasi
asaslandirilr. Naticada, diizgiin planlasdiriimis aylancali talim strategiyalari sagivdlorin maragini
artirty; yaddaglarini va yaradiciliqlarim giiclandiriv, hamginin tahsilin keyfiyyatinin yiiksaldilmasina
xidmot edir.

Acgar sozlor: talim prosesi, aylancali tahsil, effektiv tolim, oyunlasdirma, interaktiv
metodologiya, motivasiya, innovativ texnologiyalar, pedaqoji yanasma

Annomauyun.  Cospemennass  cucmema  00pa308aHusi  NOCMOSHHO — 0002auiaemcs
UHHOBAYUOHHBIMU MEXHONO2UAMU U Nnedazocudeckumu nooxooamu. Tpaduyuonnvie memoosvi
0byueHus 6ce uawe 3AMEHSIOMC UHMEPAKMUBHBIMU, 2eUMUPUYUPOBAHHBIMU U JTUYHOCMHO-
opueHmupogaHuviMu. B Oannoii cmamve paccmampusaemcs mMemooono2us, HAnpasieHHas Ha
opeanusayulo yuebrnoco npoyecca 8 yeiekameibHou u ggexkmusHol gopme. B uccredosanuu
AHATUUPYEMCS NOJIOHCUMENbHOE IUAHUE 2eUMUPUKAYUU, NPOEKMHO20 00YYEeHUsl, UCNONb308AHUSL
YUDPOBLIX UHCMPYMEHMO8 U MEXHONO2ULL OONOTHEHHOU pealbHOCmU Ha npoyecc oOyyeHus. B
cmamve NoOYepKU8aemcs MeopuecKas U MOMUBUPYIOWAs pONb yuumens U 000CHOBbIBAEMCs
OYeHKa 00yUeHUs. He MOTIbKO KAK Npoyecca NOAYYeHUs 3HAHUU, HO U KAK cpedbl O/ TUYHOCHHOZ0
pazeumusi U compyoHudecmea. B pesyniemame npasunibHO CNIAHUPOBAHHbIE CMpAmMeuu
V8ILEeKAmenbH020 00yUeHUsl NOGLIUAIOM UHMePeC YYAWUXcsl, YKPEenisiiom ux namsams u meopueckue
CHOCOOHOCMU, A MAKHce CROCOOCMBYIOM NOBBILUEHUIO Kauecmaa 00pa308aHus.

Knroueevle cnoea: yuebmnviii npoyecc, ysiekamenvHoe obyueHue, d¢hghexkmusroe obyuenue,
eeumugpukayus, UHMEPAKMUBHASL MemOoOUKd, MOMUBAYUs, UHHOBAYUOHHbIE —MEXHOLO2UU,
neoazo2uieckutl no0xoo

TOHSIL SISTEMINDO OYRONMO PROSESININ OYLONCOLI VO SOMOROLI
EDILMOSI METODIKASI

Summary. The modern education system is constantly enriched with innovative technologies
and pedagogical approaches. Traditional teaching methods are increasingly being replaced by
interactive, gamified and student-centered methods. This article examines the methodology aimed
at organizing the learning process in a fun and effective way. The study analyzes the positive effects
of gamification, project-based learning, the use of digital tools and augmented reality technologies
on teaching. The article emphasizes the creative and motivating role of the teacher and justifies the
assessment of learning not only as a process of acquiring knowledge, but also as an environment
for personal development and cooperation. As a result, properly planned fun learning strategies
increase students' interest, strengthen their memory and creativity, and also serve to improve the
quality of education.
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Keywords: learning process, fun education, effective learning, gamification, interactive
methodology, motivation, innovative technologies, pedagogical approach

The 21st century has witnessed a fundamental transformation in the way people learn and
acquire knowledge. The increasing integration of technology into the education system has shifted
the focus from teacher-centered to student-centered learning. Traditional approaches that rely
heavily on memorization and passive listening no longer meet the needs of modern learners, who
prefer interaction, creativity, and real-world engagement. The concept of making learning “fun” is
not about turning education into entertainment, but about making it more meaningful, enjoyable,
and effective. A fun and engaging learning environment encourages students to actively participate,
experiment, and explore concepts beyond textbooks. When learning becomes enjoyable, students
are more likely to stay motivated and achieve better results. The importance of combining
enjoyment with effectiveness lies in the balance between cognitive development and emotional
satisfaction. Research in educational psychology has shown that positive emotions improve
attention span, memory retention, and problem-solving abilities. Thus, the methodology for creating
fun and effective learning experiences is becoming an essential part of modern pedagogy. This paper
aims to explore different strategies, tools, and psychological principles that contribute to making
learning both enjoyable and academically productive.

The idea of fun and effectiveness in education is rooted in several learning theories. According
to constructivist theory (Piaget, Vygotsky), knowledge is actively constructed by learners through
experience and interaction rather than being passively received. Therefore, creating engaging and
interactive environments helps students internalize information more effectively.

Behaviorist approaches also support this concept through reinforcement and motivation. For
example, the gamification of education—using elements such as rewards, points, and
achievements—acts as a motivational reinforcement system that keeps students involved and
committed to their learning goals.

Cognitive theories highlight that the human brain processes information better when
emotions are involved. When students experience curiosity, excitement, or challenge, their neural
activity increases, leading to better comprehension and memory. This finding supports the idea that
learning should evoke positive emotions.

Modern education researchers such as Prensky (2001) and Gee (2003) have emphasized the
potential of game-based and interactive learning. They argue that digital games and simulations
foster critical thinking, collaboration, and adaptability—skills that are essential for success in the
21st century. Moreover, fun learning activities help students develop problem-solving abilities and
creativity, which are often limited in traditional learning environments. In addition, the use of
technology and multimedia tools such as virtual reality (VR), augmented reality (AR), and
educational software enhances the learning experience. These tools allow learners to visualize
abstract concepts, interact with real-world data, and apply theoretical knowledge in simulated
environments. Studies show that such experiences improve both motivation and understanding,
especially in STEM education.
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learning process fun and effective. However, the challenge lies in balancing entertainment with
educational depth — ensuring that learning remains purposeful, structured, and aligned with
curriculum objectives.

The success of fun-based and effective learning depends on using appropriate teaching
strategies that combine engagement, motivation, and technology. These methods aim to create an
environment where students feel emotionally connected to the learning process while achieving
academic outcomes. The following subsections discuss some of the most widely applied methods
and their pedagogical value.

Gamification in Education- Gamification is one of the most powerful tools for increasing
motivation and participation in the classroom. It involves integrating game elements such as points,
levels, leaderboards, and rewards into non-game learning contexts. By transforming educational
activities into playful experiences, gamification helps students overcome fear of failure and perceive
learning as a joyful challenge rather than an obligation. For example, platforms like Kahoot,
Quizizz, and Classcraft allow teachers to design interactive quizzes and competitions that engage
students in real time. When students compete or collaborate to solve problems, they activate both
cognitive and emotional processes that enhance retention and understanding. According to
Deterding et al. (2011), gamification satisfies three key psychological needs described in self-
determination theory: autonomy, competence, and relatedness. Students feel autonomous when
they can choose how to complete tasks, competent when they achieve progress, and socially
connected when they collaborate with peers.

Project-Based and Collaborative Learning- Another effective approach is project-based
learning (PBL), which emphasizes real-world application of knowledge through teamwork,
research, and creative problem-solving. Unlike traditional memorization, PBL encourages students
to work on meaningful projects that connect theory to practice. For example, students in a computer
science class might design a mobile app that addresses a social issue or develop a simple educational
game using tools like Scratch or MIT App Inventor. Such projects foster creativity, communication,
and digital literacy while maintaining student interest. Collaborative learning also makes education
more enjoyable by promoting teamwork and peer-to-peer learning. Digital platforms such as Google
Classroom, Padlet, and Microsoft Teams facilitate group discussions, file sharing, and feedback,
allowing students to learn in a cooperative digital environment.

Use of Virtual and Augmented Reality (VR/AR) - Virtual Reality (VR) and Augmented
Reality (AR) are emerging technologies that transform abstract concepts into immersive
experiences. In science, for instance, students can explore 3D models of the human body or conduct
virtual chemistry experiments safely. In history classes, AR applications can recreate ancient
civilizations, allowing learners to experience historical events as if they were present. The
immersive nature of VR and AR increases engagement by stimulating curiosity and exploration.
Research by Merchant et al. (2014) demonstrates that immersive simulations enhance learning
outcomes by providing immediate feedback and experiential understanding. When students interact
with virtual environments, they retain information longer and develop stronger conceptual
understanding.

Digital storytelling is another engaging method that
combines narrative with technology. Students can create short
videos, podcasts, or interactive presentations that explain a
concept or tell a story related to the subject. This method
integrates visual, auditory, and textual elements, making
learning multi-sensory and emotionally appealing. For instance,
in language learning, students might create a short video story
using Canva, Powtoon, or Adobe Express, which improves
both language skills and creativity. Similarly, multimedia
learning—combining text, audio, and visual content—has been
proven by Mayer (2009) to increase comprehension and long- P o w T o o n
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term retention compared to traditional lectures. Unlike gamification, which adds game elements to
regular lessons, game-based learning (GBL) involves using full-fledged games as part of instruction.
Educational games like Minecraft Education Edition, Duolingo, and Code.org allow students to
learn by doing, experimenting, and solving challenges in interactive environments. For example,
Duolingo helps learners acquire foreign languages through daily challenges and rewards, turning
practice into a habit. Minecraft Education Edition supports collaboration and creativity in designing
virtual worlds based on academic subjects such as geography, physics, or architecture. These
environments enable students to apply theoretical knowledge in practical, enjoyable ways.

Assessment is an essential part of the learning process, but it can also be designed to be
engaging and motivating. Instead of relying solely on traditional exams, teachers can use interactive
digital tools like Socrative, Edmodo, or Quizlet Live to assess understanding dynamically. Such
systems provide instant feedback, allowing students to track their progress and identify areas for
improvement. Real-time feedback not only improves academic outcomes but also increases learners’
sense of achievement and control, reinforcing positive learning behaviors.

The Teacher’s Role in Engaging Learning Environments - While technology and digital
tools play a crucial role in making learning fun and effective, the teacher remains the central figure
in creating a meaningful and inspiring educational experience. Teachers act not only as knowledge
providers but also as facilitators, motivators, and designers of interactive learning environments. An
effective teacher integrates modern pedagogical techniques with emotional intelligence, ensuring
that fun-based activities serve educational goals. According to constructivist pedagogy, the teacher’s
task is to guide students in discovering knowledge through inquiry, experimentation, and
collaboration.

Benefits and Challenges of Fun and Effective Learning - Fun-based learning methods offer
numerous pedagogical and psychological advantages, but they also bring certain challenges that
educators must manage carefully. Understanding both sides is essential for sustainable

implementation.
Aspect Traditional Learning Fun-Based / Interactive Learning \

Teaching Style Teacher-centered, lecture-based Student-centered, interactive
Learning Focus Memorization and repetition Creativity, application, and
discovery
Student Role Passive listener Active participant and
collaborator
Motivation Source External (grades, discipline) Internal (interest, curiosity,
reward)
Use of Technology Limited or optional Integral to the learning process
Assessment Method Standard tests and exams Dynamic, performance-based
evaluation
Emotional Climate Formal, sometimes stressful Supportive, engaging, and
positive
Outcome Short-term knowledge retention =~ Long-term understanding and

skills development

[l Table 1. Comparison of Traditional and Fun-Based Learning Approaches

In conclusion, making the learning process fun and effective is not merely a modern
educational trend but a strategic necessity for the 21st-century classroom. Education is no longer
limited to the transmission of information; it is now about creating meaningful experiences that
nurture curiosity, creativity, and lifelong learning.

Fun-based learning methods, supported by digital technologies, transform the traditional
classroom into an interactive ecosystem where students learn through exploration, collaboration,
and enjoyment. When properly integrated, these methods enhance motivation, retention, and critical
thinking while reducing stress and academic pressure. However, success in this approach depends
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largely on the teacher’s creativity, pedagogical flexibility, and digital literacy. A skilled educator can
turn even complex topics into exciting discoveries, ensuring that entertainment never replaces
education but enriches it. Ultimately, the fusion of enjoyment and effectiveness builds a new model
of education — one that not only imparts knowledge but also inspires passion for learning. The
future of teaching lies in balance: where fun fuels focus, and engagement drives excellence.
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BBEJIEHUE

Jis u3MepeHus IIOTHOCTH JKUJKHUX CpPEll Ha IMOTOKE HAXOAAT MPUMEHEHHE MOTOYHbIE
IUVIOTHOMEPBI, C pPa3IMYHBIMM NOpUHLOUNAMU JedcTBUS. Cpeau HUX CBOMMHM  OTJIMYHBIMH
METPOJOTHYECKUMH TOKAa3aTeNSIMH, BBIJIEISIOTCS BHOPAIMOHHO-YAaCTOTHBIE IUIOTHOMEPHI. DTO
€IMHCTBEHHbIE IUIOTHOMEPHI, NpeolOpasyomue HU3MEpIeMyl0 IUIOTHOCTb B 4acTOTy
ANEKTPUYECKOTO CHUTHANla, KOTOPHII B OTIMYME OT AaHAJIOrOBOIO HMeEeT Oojee BBICOKYIO
MIOMEX0YCTOMYUBOCTh U YAOOCH JJIs Iepeaaud Ha OOJbIINE PACCTOSHUS, a TakxKe s HU(POBOM
00paboTKH.

B nacrosee Bpemsi BUOPAallMOHHO-YaCTOTHBIE TNIOTHOMEPHI SIBIISIOTCS OJJHUMU M3 Haubosee
XOpOILIO H3YYEHHBIMH B TEOPETUYECKOM IUIAaHE MOTOYHBIMHM IJIOTHOMEpaAMH >XKuakoctu [1-5].
XOpomo u3y4eHbl, B YACTHOCTH, METObl OLICHUBAHMS [IONOJHUTEIBHBIX IOTPEIIHOCTEH,
BO3HUKAIOIIMX M3-3a IEUCTBUS TEMIIEPATYPbl, JABJICHUS U CKOPOCTH U3MEPSIEMOM KUIKOCTH [6-8].
B 10 xe Bpems HE IOCTaTOYHO M3Y4YEHBI BIWSHHUSA JPYIMX IAapaMeTpoB JKUAKOCTH, HAIpUMED,
abpazuBHOTO BO3CHCTBHUS HAXOIAIIUXCS B JKUJIKOCTH TBEPBIX BKIIOYCHHIA.

B cBsi31 ¢ BbllIECKa3aHHBIM 1I€JIbIO UCCIIEOBAHMS SIBISETCS ONPEACICHUE OLEHKH BIUSHUSA
aObpa3MBHOTO BO3ACMCTBHUS HU3MEPSIEMON JKUIKOCTH Ha TOYHOCTh HW3MEPEHUs BHUOPAIOHHO-
Y4aCTOTHOTO MJIOTHOMEPA KHJIKOCTH.

MATEPHAJIBI U METO/IbI

[IpocTeiimmii MpOTOYHBIN BUOPAITMOHHO-9aCTOTHBIN TUIOTHOMEP MOKHO IPEICTABUTh B BHJIE
KECTKO 3aKperyIEHHOM Ha KOHI[aX TPYOKHM , MO KOTOPOW OpraHM30BaH MOTOK H3MEpseMOi
KHUJIKOCTH, COBEPINAIONINNA OJIM3KHE K COOCTBEHHOW 4acTOTE aBTOKOJICOAHMS ITOJ BO3ACHCTBUEM
cucteMbl BO30OyxkneHus (cm.puc). HawuOonbliee pacmpocTpaHeHHE TMONydYMiIa CHUCTEMa
BO30YXICHUS,
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Puc. [IpunnunuanbHas cxema BUOPAIlIMOHHO-4YaCTOTHOI' O IiIoTHOMepa B —
AJIEKTPOMAarHUTHBIN BO30ynuTenb kojaedanui; I1 — anexTpoMarHuTHeIN NPUEMHUK KoJieOaHuit; Y
— YCUJIUTEIb

coCTOAIIas U3 JIEKTPOMArHUTHBIX BO30YAUTEN U NPUEMHHKA KOJeOaHUH, MOJKIIOUEHHBIX
COOTBETCTBEHHO KO BXOJAY U BBIXOAY 3JEKTPOHHOTO ycuiautens. [[ns pemeHus moctaBIeHHOU
3aJja4uu HaM MEePBOHAYATILHO HEOOXOAMMO MOJYYUTh CTATUYECKYIO XapaKTePUCTUKY BUOPAIIMOHHO-
YaCTOTHOTO IJIOTHOMEPA, T.€. ONPENEIUTh 3aBUCUMOCTh YaCTOThl aBTOKOJIEOAaHUH OT IJIOTHOCTH
u3MepsieMoil okuakoctu. C 3TOM IEeNbl0  paccMOTPUM COOCTBEHHBIM KojeOaHHs TpyOKH, C
[IpOoTEeKaroIel Mo Hel xKuakocTu. B paboTe nmokasaHo, 4To Ipu CKOPOCTSAX MPOTEKAHUS KUIKOCTH
Hwke 0.1 M/c , ee MOXKHO CUMTATh HEMOJABMXKHOM B TpyOke [9]. JKuakocts, momenieHHas BHyTpU
KOJICOTFOITICHCS TPYOKH, TBMIKETCSI BMECTE C HIM MPAKTHYECKU KaK euHOe 1esioe. B aTom cirydae
BIMSIHUE BSI3KOCTH OYEHb HE3HAYUTEIbHO M MM MOXHO THpeHeOpeub. [Ipenmonoxum, uTo
B3aMMOJICHCTBUE TPYOKH C MPOTEKAIOIIEH KHUIKOCTHIO MPOSABISETCS B BHUJE HEKOTOPBIX CHII,
pacrnpesielIeHHbIX 10 ee JulnHe. J{1s ypaBHEHUs JBMXKEHUSI BOCIIOJIb3YEMCsl YpaBHEHUEM H3ruda

TpyOKH, HATpy’>KEHHOM pacmpesieieHHOI Harpy3koi [12]:
4

d_xZ =q(x, 1)

rae EJ — m3rubnas xecTkocTh TpyOKu; E — moayns FOHra marepuana Tpyoku; /| — MOMEHT
WHEPILHHU MOTNIEPEYHOT0 CEYCHUS TPYOKHU; ¢ — MHTEHCUBHOCTH HArPY3KHU;

B paccmaTpuBaeMoM ciiyuae pacnpenencHHas Harpyska q(x,T) — 9TO cuiia MHEPIHH
KUIKOCTH U TPYOKH.

Bocnosp30BaBIINCE IEPEMEHHBIMU Diifiepa, NOJIy4YuM

0%y;j 9%y;;
q(x,7) = —m, 7~ Mx 53 (2)

m, — Macca eIUHULBI TPYOKH; M, — Macca >KUIKOCTH, MPUXOIAIeecs Ha SIUHULLY JITUHBI
TpyOKH.

[oncrasum (2) B (1) 1 momyunm crenytomiee auddepeHnnanbHoe ypaBHEHHE TTONEPEUYHBIX
Kosie0aHui TpyOKH C J)KUAKOCTBIO 0€3 yueTa NoTepb Ha BHYTPEHHEE TPEHUE

oty d%y
E]E+(mT+mm)ﬁ—0 A3)

ITomaraem, uro

y(x, 1) =v(r)z(x)
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rae z(x) — ectb pemienue quddpepeHIEanbHOro ypasaerus [V

v

zV—vtz =0 (4)

a v(1) — pemenue nudQepeHIHaILHOr0 ypaBeHeH s 2-T0 TOPsIKa

V+piv=0 (5)

E

| 6
pvaer)K (6)

3IeCh P — KpyroBas 4acToTa KojeOaHui TpyOOK, CBsi3aHHAsi ¢ COOCTBEHHOW 4acTOTON f
COOTHOIIICHUEM P = 27f .
[MoncraBisis mocineaHee BeIpakeHUE B (6) MOXKHO 3aIMCaTh:

E
[ @

_ﬁ m; + my,

Takum oOpa3zom, 3ajgaya CBOAMTCA K OTBICKaHHMIO (YHKIMH Z U [apaMerpa v,
YIOBJIETBOPSIONINX AU PepeHIINaTLHOMY YpaBHEHUIO (3) M TPaHUYHBIM yCIIOBHSAM — YCIIOBHSM
HaJaraeéMbIM 3aJieikoil TpyOok. Belpakenue (7) MokeT OBITh NPHUBEIEHO K CIEAYIOLIEMY
yI0OHOMY Ha MPAKTHKE BUY:

A
= fo |—— 8
F=h |reo ®
rae
w?d | E
= —_ 2 1) —

9acTOTa COOCTBEHHBIX KOJeGanuii myctoil Tpy6kn; A = pr,(n* — 1) — nocrostHHas TpyoOKH;
n = D /d — oTHOCHTENIbHAS TONIIMHA CTEHKH TPYOKHU; D U d — Hapy>KHBIN M BHYTPEHHUI HAMETPbI
TPYOKH; Py — IUIOTHOCTH M3MEPAEMOMN JKHIKOCTH; Py, — INIOTHOCTh MaTepHana Tpyoku; w = vl.
Jns paccmatpuBaemoro ciydas w = 4,73.

PE3VJIBTATHI

[IpoBenennsie B padote [13] uccnenoBanus MoKa3ajiH, YTO MPH AJTUTEIBHON SKCIUTyaTalluu
npeoOpaszoBaTesis IUIOTHOCTH BO3HHMKAET OOJIBIIOE KOJUYECTBO  PA3IUYHBIX  J1e(EKTOB,
NPUBOAAIIMX K M3HOCY Marepuaiga TpyOKH, KOTOpbIe MOTYT HOBIHMATH METPOJIOIHYECKHUE
XapaKTepUCTUKU IUIOTHOMEpa, T.e. Ha KayeCTBO M3MEpeHMsl IUIOTHOCTH. [IpoBenem oOleHKY
JOTIOTHUTEIBHOIN MOTPEUIHOCTH BUOPAIIMOHHO-YAaCTOTHOTO IJIOTHOMEpPA KUJKOCTH M3-3a U3HOCA
MeTajia TpyouaToro pe3oHaropa.

Jlist IpOCTOTHI BBIBOJIA AHAJTUTUYECKOTO BBIPAXKEHHUS, CBS3BIBAIONIETO YACTOTY KoJeOaHui
TpYOKH C '3HOCOM MAacChl OyJIeM CUMTATh, YTO BO BPEMSI SKCILTyaTallii UMEET MECTO PaBHOMEPHBIH
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M3HOC BHYTPEHHEH MOBEPXHOCTH TPYOKH, T.€. BHYTPEHHHI TUAMETp TPYOKH CTaHOBUTCS PABHBIM
d, > d. B Takom ciydae BeIpakeHHe (8) IpHOOpeTaeT CIACTYIONINI BHI:

f=/ A+ €))

T.€. TIOCTOSIHHAsI TPYOKU M3MEHSETCS U CTAHOBUTCS PaBHbIM A; = pr(nf —1), tne ny =
D/d,.

OTHOcHTeNbHAs MOTPELIHOCTh U3-3a U3HOCA MaTepuaia TpyOKH MOKET OBbITh OINpeiesieHa U3
CJIETyIOIIETO BBIPAKEHUS

5= % 100% (10)

Hcnonp3ys monyuyeHHblE pe3ysbTaThl, Oblla TPOBEJEHA OIEHKA JOMOJHHUTEIbHOM
MOTPEIIHOCTH BUOPALIMOHHO-YACTOTHOTO IUJIOTHOMEpPA CO CIEAYIOUIMMH MapamMeTpaMu TpyOKH:
IJIOTHOCTh MaTepuana Tpyoku — p, = 7970 kr/m3; Moayns FOHra matepuana tpyoku — E =200
I'Tla; BHyTpennuii nuametp Tpyoku d = 0.0135 M; BHemnuit nuamerp Tpyoku — D = 0.015 m;
JUIMHA 3amieMiIeHHoN yactu TpyOku — [ = 0.29 M. DT mapaMeTpbl COOTBETCTBYIOT MapaMeTpam
MaTepuasia TpyOKH, UCIIOJIb3yEeMbIM, HAallpUMEp, B BUOPALIMOHHO-YACTOTHBIX INIOTHOMEpaX TUIA
AWUII[ 14 ]. Pacuersl mokaszayiu, 4T0 M3HOC BHYTPEHHEH MoBepXHOCTH TPyOKH Ha 0,5 MM IpUBOAUT
K YBEJIMYEHUIO OTHOCUTENILHOW HOrpemHocTy Ha 8 % (IIpU IUIOTHOCTU U3MEPAEMON XKUIKOCTH .
Py = 800 kr/m*). CnemoBaTensHoO, TIPU JIMTEIBLHOM SKCILTyaTalldd MMEET CMBIC MPOBOIHUTH
MIPOBEPKY COCTOSIHUS TPYOKHU TUIOTHOMEpA.

3AKJIFOYEHUE

Hccnenys mnonydyeHHblE AaHAJUTHUYECKHE BBIPAXKEHHMST HaMU ObUIO OIPENEeHO, 4YTO
abpa3uBHOE BO3/CHCTBUE H3MEPSEMON XKHMJIKOCTH Ha BHYTPEHHIOIO IMOBEPXHOCTb TPyOUaTOro
pe3oHaTopa cO BpEMEHEM MOXKET OKa3bIBAaTh CYIIECTBEHHOE BIIMSHUE HA MOTPEIIHOCTh U3MEPEHUS
MPOTOYHBIX BHOPALIMOHHO-YACTOTHBIX MJIOTHOMEPOB KUAKOCTH. DTO BBI3BIBAET HEOOXOIUMOCTb
MEePUOANYECKOro 00CeI0BaHUsI BHYTPEHHEH MOBEPXHOCTH PE30HATOPA BO BPEMS IKCILTyaTalluu U
YTOUHEHUsI IPaJyHPOBOYHON XapaKTEPUCTUKN BUOPAIIMOHHO-YACTOTHOTO TNIOTHOMEPA JKUAKOCTH.
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90K 519.64.
WHTEI'PAJI TABYJIA KOMITBIOTEPJIIK BAFJAPJIAMAHBI AV JIAJIAHY

HYPMYXAME/l ®AU3A APMAHKbI3bI
M.X.lynatu atbiHAarbl Tapas yHUBEPCUTETIHIH TEXHOJIOTHSUIBIK (haKyIbTETIHIH CTYICHTI

Fouibivu sxerexmnici-ETEMBEPII LK.
Tapa3s, Kazakctan

Annomauun: byn maxanaoa Maple komnviomepnix mamemamura JHCyuecin uHmezpanoay
ecenmepin wewy Yulin Koa0aHy OOUbIHUA HCAH-HCAKMbI HYCKAYIbIK OepineeH. AHAnumuKkanvix
JiCoOHe CAaHObIK UHmMe2panoay aodicmepi, NAPAMEempiiK UHMe2PaALOapMeH HCYMbIC, MEHULIKCI3
uHmezpandapovl ecenmeyoiy epexwenikmepi eaxcel-meadcelili Kapacmuipwvliaosvl. Maxanada
AHLIKMANIEAH, AHLIKMAIMARAH HCIHE MEHUIIKCI3 UHMe2panoapobl ecenmeyoiy e2iiceli-me2icelini
MbLCANOapul, OONIKMeNn UHMe2paiday Hcone AUHbIMAIbIHLL AYbICMbIPY d0icmemeci KelmipiieeH.
Mamepuan Haxkmovl Mmvicanoapmen Ji#coHe KaOamoblK weuimMoepmen cypemmezeH, OYl OHbl
MEXHUKANbIK MAMAHOLIKMAPObIY CMYyOeHmmepine JHCoHe KOMNbIOMEPNIK MeXHOL02UANAPObl
KOJIOGHA OMbIPbIN MAMEMAMUKATILIK MA0A) bl OKUMbIHOAPea nanoaisl emeol.

Kinm ce3oep: int, Int, evalf, assume,intparts, changevar, Maple ocyiieci,
KOMNbIOMePJiK aneedpa, amblKMaiean UHMepaioap, MeHUiKci3 uHmezpaioap, napamempiix
uHmez2panodap, caHobix a0icmep, CUMBOJIObIK ecenmeyep.

Maple - Oy mMaremMaTHKalbIK €cenTeyliep MEH CHMBOJIIBIK MaTEMaTHKAaHbI OpBIHIAyFa
apHanFaH Kypzaeni OarmapnaManblK Kypaid. OHBIH KeMEriMeH OKYIIbUIap J>KOHE CTYICHTTEp
MaTeMaTUKaHBIH OpTYpJi cajamapbl OOWBIHIIA ecemTeysiep JKypri3e ajaiabl, COHBIH IIIiHIEe
MHTETpaNiay CUSIKTHI Kyp/Ieii TaKbIPBITap bl MEHIepyre MyMKIHIIK Oepe/i.

Maple xyiieci naTerpannay OOWBIHIIA KeJIeci MyMKIHIIKTEPli YChIHAIBI:

- AHQJINTHKAJIBIK JKOHE CaHJABIK MHTErpanjay;

- AHBIKTaJIMaFaH KOHE aHBIKTAIFaH HHTETPAJIIap/Ibl ECeITey;

- [Tapamerpre Toyenai HHTErpaigapIsl Tajiaay;

- UnTerpanaay by opTypill SICTEPIH KOJIaHY;

- MeHIiKei3 HHTEeTpaiapabl 3epTTey.

byn nyckaynelk Maple »xyiieciHae HMHTerpajnaay omnepauusiapblH OpbIHAAYAbIH HET13T1
o/licTepiH MeHrepyre kemekrecemi. WHTerpanmay — MaTeMaTUKAJbIK TalfayAblH HETi3ri
OemiMuepiHiH Oipi. by nporiecc QyHKITMSHBIH anFamKksl GYyHKIUACHIH HEMECE KUCHIK aCThIHIAFbI
ayJaHbl Tabyra OarbITTanFaH. MHTerpanaay pusukana, nHXeHepUsIa >koHE 5KOHOMUKA1a KEHIHEH
KOJITaHBLTATBL.

AHaINTHKAIIBIK JKOHE CaHABIK MHTErpajaybl KapacThIpabIK.

AmnbIkTanMaran uaterpan | f(x)dx Keieci eki KOMaHIa apKbUIBI eCEITeNei:

1. Biprenai opsiHaay koMaHaacel — int(f, x) ,MyHJarbl f — UHTErpaJl aCTHIHIAFbI (PYHKLHS,
X — MHTETpaay aifHBIMAIIBICHI.

2. Keiiiari opeiamay komaHmacel- Int(f,x) . Byn komanmaHelH mapamerpiepi int
KOMaHJaceiMeH Oipaeil. Int KomaHAachl MHTErpasibl AHAIUTUKAIBIK TYpZAE, MaTeMaTHKAaJbIK
dbopMyna peTiHae SKpaHFa IIbIFapaIbl.

b o
AHBIKTaJIFaH HWHTETpaJIbl fa f(x)dx ecentey yumiH int >xoHe Int KOMaHJIalIapblHA

MHTETpaJ/Iay MIEKTePi KOChUTA/IbI.
Mpeican KenTipeuik:
> Int((1+ cos(x))*2,x =0..Pi) = int((1 + cos(x))"2,x = 0..Pi);

fn(l + cos(x))* dx = §7T
0 2
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Erep UHTErpanjgay KOMAaHJIaCblHA CONtINUOUS ONLMACHIH KOCCaHBbI3
(int(f, x, continuous)), Maple unTerpasiiay apanbFbIHIaFbl HHTETPAT ACTHIHIAFBI (PYHKIHSHBIH
MYMKIH y3uricTepid ememeini. Erep komanma mapamerpiepinnge, Mbicaibl, X = 0..+infinity
KOMAaHJIaChIH KOPCETCEK, IIEKCI3 MHTEerpajiay IeKTepi 6ap MEHIIIKCI3 HHTerpaigap ecenTene/i.
Conpa, caunplk uHTErpamaay evalf (int(f,x = x1..x2),e) KoMaHIachl apKbUIBI OPBIHJIAJIA]IbI,
MYHJIaFbl € — €CeITey AT O0mbIn TaObuIasL. [1]

Enpni mapamerpre Toyeni MHTErpaiiap MEH ojlapFa IIEKTeyJep KOOIl KapacThipaiiblK. Erep
WHTETpaJl TapameTpre Toyeni 0osca, OHBIH MOHI OCBI TapaMETp/IiH TaHOAChIHA HeMece Oacka Ja
meKTeyiepre OalmaHBICTBI  0O0JIybI MYMKIH. Mpican peTiHjae ) 000 e~ dx wHTerpasbiH

KapacThIpaiiblk. MaTeMaTHKaNbIK Tajaayaan Oenrimi Oonranmail, Oy unterpan a > 0 Gonranga
KUHAKTAIA 6! s)koHe a < 0 OoyFaHaa aybITKBIT OTHIpabl. Erep oHbI OipieH ecenTeyre ThIPhICCaK,
MBIHAHBI aJIAMBI3!

> Int(exp(—a*x),x = 0..+infinity) = int(exp(—a * x),x = 0.. +infinity);

Ennl  aHbIKTammaraH  MHTETpaJIBl  €CENTeN, COAaH KEeWIH IIeKTI  KapacThIPHI
e |

. _ax .
koepenik: | . e " **dx = lim
p fo X—00 a

[Mapamerpi Gap WHTErpanabl OChUIail ecenTey MYMKIH eMec. AHATUTHUKAIBIK HOTHXKE aly
YIIiH IMapaMeTp MOHIEpi JKalIbl KopaManiay kacay Kepek, sSiFHU OJIapFa MIEKTeyJiep KO Kepek.
byn assume(exprl) xomaHmacsl apKbUIbl jKacajajgbl, MyHIarbl exprl — TeHCI3MIK OOJbII
tabbutansl. Kockimma mekteynep additionally(expr2) KomaHIacel apKbUIbl EHTI3Ieni,
MYHJIAFbl exXpr2 — mapamMeTp MOHIH 0acka jKaFbIHaH MIEKTEUTIH TaFbl Oip TeHCI3MIK. [2]

[Tapametpre mekTeynep KoWbLIFaHHAH KeiliH, Maple oHBIH aTaybiHa (~) CUMBOJIBIH KOCA/IBI,
MBICaJbl, Oenrii Oip meKTeyaep KOMbUIFaH a mapaMeTpi LIbIFapy sKOJbIHAA a~ TypiHjae Oosaasl.a
napaMeTpiHe KOWBUIFaH IMIEKTEYJEepAiH CHMaTrTamachiH about(a) KOMaHJachl apKbUIbl Kepyre
OoJIaIbl.

Mpican kenTipenik:

a > —1 ,a < 3 OonarpIHAall MapaMeTp a-fa MIeKTeyJep KO OOJICHIH:

> assume(a > 1); additionally(a <= 3);

> about(a);

Bacranke! a, atel e3repTiired a~: 6omkaMm ooiibiHma: RealRange(Open(—1),3)

[TapameTpi 6ap HHTETPAIIBI €CENTEyTe OpalaibIK: f0+°° e dx

OHBI KeJeci )KOJIMEH OpPBIHJIAy KEPEeK:

> assume(a > 0);

> Int(exp(—a * x),x = 0..+infinity) = int(exp(—a * x),x = 0..+infinity);

oo

+
f e(Ca~%) dy = i
0 a~

WHTerpanmayaplH HETI3ri oMicTepiH YHpeHy yimiH Maple xyieciHae MaTeMaTHKaHBI
yiipenyre apHanran student naketi 6ap. OHa ecenteynep/i KalaM-KaiaM OpbIHAayFa apHaJIFaH,
HOTHIKETE OKEJIETIH OpeKeTTep Ti30eriH TyciHyre 00naThiH 1Kl Oarmapiamanap kuHarbl 0ap. [3]
MyHpaii komMaHanapra OeJiKTen HWHTerpaijay intparts 5koHE aWHBIMAIBIHBI — AyBICTBIPY
changevar xartansl. benikren naTerpanaay Gpopmynacsl TeMeHaer e 0onaabr:

fu(x)v'(x)dx =ulx)vix) — f u (x)v(x)dx

Erep wunTterpan acteinaarsl QyHKIMsHbl f = u(x)v’ (x) nmen Oenrinecek, oHAa OeMIKTEN
UHTETpanlay KOMaHIAChIHBIH mapaMmeTpiepi kenecigedt Oonansl: intparts(Int(f,x),u)
MYHJAFbl U — 707 conl U(X) (YHKUUACHL, OHBIH TYBIHABICHIH OOJIKTeN MHTErpainay (hopmyiachl
OoifpIHIIAa ecenTey Kepek OoJchbiH. Erep wWHTerpanma aiHBIMANBIHBI —ayBICTBIPY X =
g(t) Hemece t = h(x) KaxxeT 00JICca, OH/Ia AHBIMAIIBIHBI AYBICTHIPY KOMaHIAChIHBIH MapaMeTpiepi
kenecineit: changevar(h(x) =t, Int(f,x),t), MyHOarel t— jxaHa aWHBIMAJBL intparts
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XKoHe changevar KoMaHanapbIHBIH €Keyi JIe MHTETPajlibl COHFBI TYPJE €CenTeMe Ii, TEK apaibIK
ecenTeyiepai opeiHAaiabpl. COHFBI XkKayal ajly YIIiH OChl KOMaHJaJapabl OpbIHIaFaHHAH KeWiH
value(%); KoOMaHOACBIH €HTI3y KepeK, MYHIaFrbl % — amAbIHFBI XKOJAbl Olnmipeni. XKorapsioa
CUNATTalIFaH KOMaHJanapAbl KonjnanOac OypeiH student makerin with(student); xomaHmachel
apKBUIBI )KYKTEWMI3. [4] ATanraH ke3eHaep OoWbIHIIa OipHeIIe €Ce IIBIFAPhIN KOpPeJiK.

1. AHBIKTaTMaFaH UHTETpaiapabl Ta0y Kepek OOJICHIH:

a) [ cosxcos2xcos3xdx;

> Int(cos(x) * cos(2 * x) x cos(3 *x),x) = int(cos(x) *x cos(2 * x) * cos(3 * x), x);

1 1 1 1
f cos(x) cos(2x) cos(3x) dx = —sin(2x) + —sin(4x) + —sin(6x) + —x

8 16 24 4
3xt+4
9) fo(x2+1)3 dx
> Int(B*x"4+4)/(x"2* (x"2+1)"3),x) = int((3*x"4+4)/(x"2 x (x"2 +
1)"3),x);
f3x4+4d_4157t()25x 7 x
x*(x2+1)3 X= TRy T g aranx 8 x2+1 4(x%+1)?

2.a > 0,b > 0 GosnFana aHBIKTAJIFAaH HHTETPAJIIBI TAIICAK;

T
f? sinx cos x dx
0

(a%cos?x + b?sin?x)?

> assume(a > 0); assume(b > 0);
> Int(sin(x) * cos(x) / (a*2 * cos(x)"2 + b"2 * sin(x)"2)"2,x = 0..Pi/2) =
int(sin(x) * cos(x) / (a*2 * cos(x)"2 + b"2 * sin(x)"2)"2,x = 0..Pi/2);
7 sin(x) cos(x) 4 In(b~) — In(a~)
,[0 (a~2cos(x)? + b~2sin(x)2)2 "~ —a~2+ b~2
3. MeHIiKci3 HHTEeTpaiIbl TaybIl KOPEHiK:
f+oo 1-ea¥’
0 xex?
a > —1 Oonranpa, Keleci MemiMIl alaibIK:
> restart; assume(a > —1);
> Int((1 — exp(—a *x"2)) / (x * exp(x"2)),x = 0..+infinity) = int((1 —
exp(—a xx"2)) [/ (x * exp(x"2)),x = 0..+infinity);
+o 1 _ p(-a~x?)
|

xeX?

dx

1
dx = Eln(a~ +1)

% cosx )
4. fz . dXx caHJBIK TYpJie HHTETPAJIIBI TAICAK:
6

> Int(cos(x)/x,x = Pi/6..Pi/4) = evalf(int(cos(x)/x,x = Pi/6..Pi/4),15);
f%cos(x)

T X
6

dx =.322922981113732

5. f x3 sin xdx OepiireH HTerpaiabl ecenTeyiH OapiblK Ke3eHAEpiH TOJBIK OpBIHAAN
KepeHik:

.[ x3 sin xdx

> restart; with (student): ] = Int (x"3 * sin(x), x) ;
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] = Jx3 sin(x)dx
> | = intparts (Int (x"3 * sin (x),x),x"3);
J = —x3cos(x) — | —3x% cos(x)dx
> intparts (%,x"2) ;
J = —x3 cos(x) + 3x? sin(x) + f —6x sin(x)dx
> intparts (%, x) ;
J = —x3 cos(x) + 3x2 sin(x) + 6x cos(x) — j 6 cos(x)dx

> value (%) ;
] = —x3 cos(x) + 3x2 sin(x) + 6x cos(x) — 6 sin(x)

2 dx
Y3

6. OMOeban aybICTBIPY apKbUIbI |

o X
HHTETpAIABl €CENTEHIK, tan—=1© naen
-3 1+cosx 2

aJIMaCTBIPCAK;
> ] = Int(1/(1 + cos(x)),x

—Pi/2..Pi/2);

_fz 1 d
/= %1+cos(x) x

> | = changevar(tan(x/2) = t,Int(1/(1 + cos(x)),x = —Pi/2..Pi/2),t);
1 1
/= f_l (1 + cos(2 arctan(t)))(1 + t?) dt

> value(%);

J=2

Maple OGarmapnamacel MHTErpajay TaKbIPHIOBIH OKyJa THIMAI KOMEKIIi Kypana OOJbII
TaObuTaAbl. [5] OHBIH KOMETIMEH CTYIACHTTED:

- NnTerpanaayapiH aHAIUTUKATIBIK JKOHE CAHJIBIK 9/1ICTEPiH TepEHIpeK TYCiHE alabl;

- Kypaeni unaTerpanmapibl oHalbIpaK ecenTel anabl;

- OPTYpJI HHTETpaIay dIiCTEPiH KOJIaHY JaFAbUIAPbIH JAMBITA AJIa]Ibl;

- [TapameTpre Toyen i HHTETpagap/sl TAIAAY KOJIAPbIH MEHIEPEl;

Byn HyckaynplKTa KapacThIpbUIFAaH MbICAIIAp MeH Tancelpmanap Maple xyitecinne
WHTErpaJIJIay OneparusiapblH OPbIHIAYABIH HET13r MPUHIMIITEPIH MEHIePYTe BIKIA €Te/ll KOHE
MaTeMaTUKAIbIK TajlAay Kypchl OOHBIHIIA TPAKTUKAIBIK JaFAbUIApIbl  KaJIbIITACTBIPYFa
OarbITTaJFaH.
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VK 666.942.82
MECTHBIE U BTOPUYHBIE CBIPLEBBIE MATEPHUAJIBI JJIS1
IMPON3BOJACTBA UIEHTUDUKATOPA, YCKOPAIOLWEI'O MPOIECC
N3MEJIBYEHUA HEMEHTA

PUCTABJIETOB PAUBIMBEPJII AMAHOBHUY,
KAMBAPOB MEJETBEK ABUJIBJIAEBUY
KYJIABAEB PYCJIAH BAXTUAPOBUY
Hexommepueckoe akimonepHoe o0mecTBo «FHOxHO0-Ka3axcraHCKUl YHUBEPCUTET
uM.M.Ayn30Ban, ropoa lleivkenT, Kazaxcran

CABYPOB XYPCAHI MAMBETCAJINIBAY
PhD, nonent. TamkeHTCKHA apXUTEKTYpHO CTPOUTENBHBIN yHUBEPCUTET, PecmyOimka
VY36ekucraH, ropo TamkeHT, Y30eKucTaH

AYECBEKOBA MAPAJI AIIUPAJIMEBHA
Joxropant Hekommepueckoe akimonepaoe oomectBo «HOxHo-Kazaxcranckuit
yHuBepcuteT uM.M.Ay330Ba», ropoa llleivkent, Kazaxcran

Annomauun. Jlannas —cmamesi  nocesiyeHa  pazpabomke  MeXHONO2UU — CUHMmMe3d
UHMEHCUDUKAMOPOB, YCKOPAIoUue20 Npoyecc usmenbuenus yemMenmad, Ha OCHo8e 0mxo008 Hegme-
u eazonepepabomiu memunousmaroramuna (MDEA) u ousmanonamuna (DEA). Ocnogvleasice Ha
pe3yibmamax — npeovlOyWuUx HAyu4HvlX pabom, 0OOCHOBAHA  BO3MONCHOCMb  PA3PAOOMKU
unmencueamopog Ha ocrnose MDA u J[DA, noryuaemvlx u3 NPOMBIUUIEHHBIX OMX0008, U UX
NPUMEHEHUsL 8 YEeMEHMHOU NPOMbIULIEHHOCU Ol NOBbIUEHUs. dHepeodppekmusnocmu u
CHUDICEHUSI He2AMUBHO20 IKOJIOUYECKO20 8030€UICBUsL 8 OKPYIHCAIOWYIO cpedy. AHAnu3 Hay4yHvIX
pabom noKazano, 4mo UHMEHCUDUKAMOPbl NOMONA HA OCHOBE OAHHLIX OMX0008 6bl3bleaem
XUMUYECKYI0 MOOUDUKAYUIO NOBEPXHOCIU YACMUY, CHUNCAS UX CKIOHHOCMb K CIUNAHUIO, YMO
3HAYUMENbHO YCKOpsem Npoyecc usmenvuenus, 3PoekmueHocms makux UHMeHCUPUKAmMopos
C8A3AHO C NPOUHOU adcopOyuell aKmueHvlX KOMNOHEHMO8 HA NOGEPXHOCMU YACMUY, UYMO
cnocobemeyiom OanvbHetiuiemMy NO8bIUEHUIO UX 3¢ dexmusHocmu.

Knwoueevie cnosa: mexuonocus cummesa UHMEHCUBAMOPA, MEMUIOUIMAHOIAMUH,
OUBMAHONAMUN, — U3MeNbUeHue  yemewmd,  nepepabomka  Omxo008,  IKOLOSUYECKAs
ahpexmusnocmy, IHepeocHepedicerue.

B Hacrosimee BpeMsi BHEIPEHHUE OSHEProcOEpEeraronMx TEXHOJOTHH M pelIeHue
9KOJIOTMYECKUX MPOOJIEM B MIPOU3BOACTBE CTPOUTEIBHBIX MATEPHUAIIOB SBIISIOTCS BOKHEHIINMH H
CTpaTEeTM4eCcKy 3HAUYMMBIMHU 3anauaMu. OCOOEHHO 3TO KacaeTcsi IEMEHTHOH MPOMBIIIICHHOCTH,
MOCKOJIBKY TIPOIleCC TPOM3BOJCTBA IIEMEHTAa TpeOyeT 3HAYMTENbHBIX OJHEprozarpar. OTam
U3MEJbYEHMS KIIMHKEpa XapaKTepU3yeTCsl BHICOKOW 3HEPrOeMKOCThIO M cocTaBisieT 45-50% ot
obmero moTpeOieHust >HepruyM Ha npeanpusathd. [losTomMy onTHMmM3amus mporecca MoMosa
SABIISICTCSI HEOOXOAMMOM MEPOH ISl MOBBIIICHUS TPOU3BOICTBEHHOM 3()(DEKTUBHOCTH M CHU)KEHUS

3arpar.
Jis  ycKOpeHWsT W3MENbUeHHUS IIeMEHTa W CHWDKCHHS JHEProNoTPeOJICHUs IIHUPOKO
MPUMEHSIIOTCS. XHUMHUYECKUe 00aBKM — WHTEHCH(PHUKATOPhl. OHU CHUXKAIOT aAre3Ui0 YacTHI]

KIIMHKCPA, yJIydlIaroT UX JUCIICPCHOCTb U TEM CaMbIM 3HAYUTCIIBHO YCKOPAIOT KUHCTUKY ITOMOJIA.
KpOMC TOIO, I/IHTCHCI/I(l)I/IKaTOpLI MOJIOKUTCIIBHO BJIMAKOT Ha IMNPOYHOCTHBIC XapaKTCPUCTHUKU
[IEMEHTa, TaK KaK HMX XUMHUYECKHMH COCTaB CIIOCOOCTBYET YIIYUYIICHUIO MHKPOCTPYKTYPHI
IHEMCHTHOT'O KaMHI. O,Z[HaKO TpaaIUuIUOHHBIC I/IHTeHCI/Iq)I/IKaTOpLI MMPOU3BOJATCA IIO CJIOXKHBIM
TCXHOJIOTUAM WU Tpe6YIOT A0pOroCTodgmero CbhIpbsd, YTO OI'PAHUYMBACT HX [MHPOKOC U
AKOHOMUYECKH 3(DPEKTUBHOE TPUMEHEHHE.
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B »9T0if cBA3M  0coOeHHO akTyajdbHa pa3paboTka Hemoporux U 3 eKTuBHBIX
MHTEHCU(PHUKATOPOB HA OCHOBE MPOMBILUICHHBIX OTXOA0B. B HacTosiee BpeMs Ha NpeAnpUsTUIX
1o nepepaboTKe MPUPOTHOTO U MOIMYTHOTO Ta3a MCIOJB3YIOTCS BOJHBIE PACTBOPHI a0COPOESHTOB
nudtanosamuHa  (JIDA), wmetwnamdtanonmamuHa (MJIDA) HO B CBA3M C  TeM, HTO,
METUJIUATAHOJIAMUH YCTOWYMB K TEPMHUYECKOMY M XHMHUYECKOMY pa3JIOKEHHUIO, a TaKKe
MPAKTUYECKU HE CMEIIMBAETCS C YIJIEBOJOPOJaMH MHOTHE NPEANPUATUS NPUMEHSIIOT UMEHHO
MJIDA.

B wactHOCcTHM, oOTXOmBl MeTwiamdTaHonmamuHa (MDEA) u austanomammua (DEA),
oOpa3yrommecss B XUMHUYECKOH M HE(PTEra3oBOW NPOMBIIUICHHOCTH, TPEACTABISAIOT COOOM
MEPCTIIEKTUBHOE CHIPHE AJIS CO3/IaHUS TAKUX T0OABOK. DTH aMUHBI 00JIaJal0T BBICOKOW XUMUYECKOM
AKTUBHOCTBIO, YTO MO3BOJISIET CHHTE3UPOBATH KOMIIOHEHTHI, CYIIECTBEHHO YCKOPSIIOIIUE MPOIECC
nomosia. Kpome toro, mepepaborka MDEA u DEA 0TX010B HE TOJBKO CHIM)KAET 3aTpaThl Ha
MPOU3BOJICTBO MHTEHCU(PUKATOPOB, HO W pEIIAET IKOJIOTHYECKUE IMPOOJIEMBI, MOCKOJIBKY ITH
OTXO/Ibl YAaCTO YTUJIM3UPYIOTCS HEKOHTPOJIUPYEMO WM CHKUTAKOTCS, HAHOCS BpEJ OKpYKaromiei
cpene.

OCHOBHOHW 1IEJBI0 JAHHOTO WCCIEAOBAaHUS SIBISETCS pa3paboTKa TEXHOJIOTUU CHHTE3a
MHTEHCU(PHUKATOPA, YCKOPSIOUIEr0 IMpOLEecC HU3MEJbYeHHs] LIEMEHTa, Ha OCHOBE IepepadoTKu
orxon0B MetunamdTaHonamuia (MDEA) u nustanonamuna (DEA). B xoxe paboTsl mpoBoaUTCS
NeTaTbHBIA aHaM3 XUMHUYECKOTO COCTaBa, (PU3UKO-XMUMHUYECKHX CBOWCTB M PEAKIIMOHHOU
cnocobnoctu orxogqoB MDEA u DEA g1ns ompeneineHus ONTUMAIbHBIX METOIOB  UX
WCIIONB30BaHUS B CHHTE3€ UWHTeHCH(pukaTtopa. MosekyisipHas CTPYKTypa TOJYYEHHOTO
MHTeHCU(UKaTopa OyJeT H3yueHa C MPUMEHEHHEM CHEKTPOCKOMUYECKUX METOAOB (Hampumep,
UK-cnextpockonmu, SMP) u tepmuueckoro anammsa (muddepeHnmranbHas CKaHUPYHOIIas
KaJIOpUMETpHs, TepMorpaBumeTpus). Kpome Toro, IUIaHMpyeTCS  OLIEHKa  BIMSHUS
WHTEeHCU(]PUKATOpa Ha MOPQOJIOTHIO M pa3Mep IIEMEHTHBIX YaCTHIl, a TAK)K€ Ha KHHETHKY TpoIecca
WX UW3MENbYECHHS TMOCPEACTBOM NPOBEACHUS IOMOJBHBIX HCMBITAHUA M KUHETHYECKOTO
MO/IETUPOBAHUSI.

JlaHHasT TEXHOJOTHS paccMaTPUBAETCS KaK SKOJIOTHYECKH OE30MaCHBI M IKOHOMHUYECKH
¢ dexTuBHBIN crocod yTtunuzauuu npombiiieHHbIX oTxoqoB MDEA u DEA. Baenpenue
TEXHOJIOTHMHM CHUHTE3a WHTCHCH(HUKATOpa B MPOU3BOJICTBEHHBIM MPOILIECC TO3BOJIUT CHHU3HUTH
SHEPro3arparbl Ha W3MEJIbUYCHHE ILIEMEHTA, MOBBICUTh KAa4€CTBO KOHEYHOI'O NPOJYKTa 3a CYET
YIIYYIICHUS] TUCTIEPCHOCTH U PEAKIIMOHHOW aKTUBHOCTH LIEMEHTHBIX YACTHI, a TAKXKE YBEIUYUTh
o011y10 MpOM3BOJACTBEHHYIO 3¢ (deKkTuBHOCTh. [Ipu 3TOM mepepaboTka aMHHOBBIX OTXOJOB
CIOCOOCTBYET YMEHBIICHUIO UX HETATUBHOTO BO3JEUCTBUS HA OKPYKAIOLIYIO CPELY.

Panee mpoBenéHHbIC MCCaeAOBaHUS MOATBEPKAAIOT dPPEKTUBHOCTh MOAOOHOTO TOIX0/A.
Tak, B 2018 ronmy HoBak Tomac M cOaBTOpBI HCCIIEIOBAIM INPUMEHEHHE YIIBTPa3BYKOBBIX
Koje0aHu B KaUecTBE MEXaHWYECKOro MHTeHCU(pUKaTopa moMmosna. VX skcrepuMeHTHl oKa3ali,
9TO YJIBTPA3BYKOBOE BO3JICHCTBHE BBI3BIBACT OOpa30BaHHUE MHUKPOTPEIIMH HA TMOBEPXHOCTH
LIEMEHTHBIX YaCTHII, YTO CIIOCOOCTBYET UX Oosiee OBICTPOMY HM3MENbYEHHIO — CKOPOCTh MTOMOJIa
yBeJIMUMBagach npumMepHo Ha 20% 1Mo CpaBHEHUIO C TPAJUIMOHHBIMU METO1aMU. JONIOJTHUTENIBHO
yJIBTPa3BYKOBbIE BOJIHBI aKTUBHPOBAIHM MOBEPXHOCTh YaCTHUII, CO3/1aBasi OJaronpusTHbBIE YCIOBUS
JUTST. XUMUYECKUX PEaKIUi, 9TO TMOBBICHIO 3()(PEKTUBHOCTh XUMHYECKHX WHTECHCHU(PUKATOPOB.
Takum o0pazom, yJIbTpa3ByKOBOE MEXaHMYECKOE BO3ICHCTBHE UTPAET KIIOYEBYIO POJIb HE TOJIBKO
B YCKOPEHUH M3MEIBUYCHHSI, HO U B CTUMYJIMPOBAHUN XUMUYCCKUX MPOIECCOB, MOBBIIIAS OOIIYIO
s dexTuBHOCTD TOMOITA [1].

B 2019 rony B uccnenoBanusix, npoenéHubix Jlro Bait, Yxxan Mun u Uen Jlu, Ob11 ucibiTaH
MOJIMKAPOOKCHUIIATHBIN 3(hUp B KAUECTBE XMMUUYECKOTO MHTEHCHU(PHUKATOPA B MIPOLIECCE U3METbUCHUS
neMeHTa. Pe3ynmpTaThl TOKa3adW, 4YTO TOJMKAapOOKCHIATHBIE 3(HPBI  ancopOUPYIOTCS Ha
MOBEPXHOCTU LIEMEHTHBIX YaCTHULl, 3HAUUTEJIbHO CHUXKAs CLIEIUICHHE MEXAY HUMH, YTO TO3BOJISIET
YacTUI[AM H3MENIbYaThCsl HE3aBUCHUMO JpPYyr OT Jpyra, He chumnasch. BcenencrBue 3Toro
3¢ (HEeKTUBHOCT,  W3MENbYCHHs]  yBenuymiaach npumepHo Ha  18%. Kpome  Toro,
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MOJMKApOOKCHIIATHBIE A(QUPHl  YIy4lladd JUCHEPCUI0 YacTHI, CHOCOOCTBYs uX Oomee
PaBHOMEPHOMY pAaCIpEACNCHUI0, YTO JOMOJIHUTEIHHO MOBBIIAIO 001yl 3¢h(EeKTUBHOCTh
npouecca. JlaHHoe wHcclenoBaHUE SCHO MPOJEMOHCTPUPOBAIO BO3MOYKHOCTH IIOBBIILICHUS
3¢ (HEeKTUBHOCTH H3MENbUCHUS 3a CYET MOAM(PHUKAIUU TMOBEPXHOCTH YACTHI[ XUMUYECKUMHU
UHTeHCUpUKaTopamu [2].

B tom ke romy Uxkao MHH W €ro KOJUIETH TIPOBEIU TIyOOKHH aHalu3 BO3MOXKHOCTEH
MEXaHUYEeCKUX WHTCHCHU(UKATOPOB B CHIDKEHHHM CHJI B3aMMOACHCTBUS MEXKIy YacCTHIIAMU U
YCKOpeHUHu Tmporecca u3MenbueHus. OHM YCTaHOBWIM, UYTO BBICOKOYACTOTHBIE KojieOaHUsS U
BUOpAIM CHOCOOHBI YMEHBIIATh TPEHUE MEXKIY YaCTHIIAMH, YTO MPHBOAMIO K YBEIUYCHHUIO
s¢dexTuBHOCTH U3MenbuyeHHsT Ha 15-25%. CBOWCTBO MEXaHMYECKUX WHTEHCHU(PUKATOPOB
obecrieunBaTh pasZelicHHe YacTHIl OOJerdyajgo WX JajbHeWlee HM3MeIbUYeHHEe M 3HAYUTEIIHHO
MOBBILIAIIO CKOPOCTh BCEro mporiecca. Takum o6pa3om, MexaHHUECKUe WHTEHCHU(PUKATOPHI ObLIN
MIPU3HAHBI BYKHBIM WHCTPYMEHTOM JIJISl TIOBBIIEHUS Y(GEKTUBHOCTH U3MEIbUSHHS IeMeHTa [3].

B 2020 rony ®epnannec Xyan M., 1 coaBTOpBI U3y4alu BIUSHUE OPTaHUYECKUX KUCIOT U
MTOBEPXHOCTHO-aKTUBHBIX BEIIECTB, IPUMEHIEMbIX B KaUECTBE XUMUUYECKHX MHTEHCU(PHUKATOPOB,
Ha MEXaHMYECKHE CBOMCTBA LIEMEHTHBIX 4acThl. MccrienoBaHue IMoka3anao, YTO OpPraHUYECKHE
KHMCJIOTHI BBI3bIBAIOT XMMHUECKHE PEAKIMHU Ha IOBEPXHOCTH YAaCTHULl, CHUXKAsI UX CLEIIIEMOCTb, a
MIOBEPXHOCTHO-aKTUBHBIC BEIECTBA OO0ECIEUYMBAIOT pa3/eleHUe YacTUIl U YIy4ylIaloT HuX
paBHOMEpHOE pacIipesieseHue. B pe3ynabTare npouecc U3MenbueHus 3aMEeTHO YCKOpsiics O1aronaps
00JIEr4€HHOMY DPa3pyLICHUIO YAaCTHUIl M CHIKCHHMIO TPEHHSI MEXIY HHUMH, YTO CTaJO Ba’KHBIM
(haxTOpOM TMOBBIIIEHUs 001IeH dPhekTuBHOCTH Mporiecca [4].

B 2020 roxy IletpoB u ero kosuieru B JaOOpaTOPHBIX YCIOBHSIX HCCIEIOBAIN BIMSIHUE
MEXaHUYECKUX MHTEHCU(UKATOPOB Ha TPEHUE U CLEIJICHHE MEXIy yacTHllamMH lemeHTa. OHu
MIPOIEMOHCTPUPOBATIM, YTO MCIIOJIb30BAaHUE CIELUATBHBIX J00AaBOK, CHUKAIOUMX TpPEHHE,
MO3BOJIIET TOBBICUTh A(PPEKTUBHOCTH U3MENbUEHHUS. MeXaHnYecKue HHTEHCU(PUKATOPHI
aKTUBU3UPYIOT B3aUMHOE JIBXKEHHE YacTHI], CIOCOOCTBYS UX 3((EKTUBHOMY pa3JIelICHHIO, YTO
MPUBOJUT K YCKOPEHUIO Mpoliecca u3MenbueHus. Takum oOpa3oM, MPUMEHEHHE MEXaHUYECKUX
MHTEHCU(UKATOPOB 0KA3aJI0Ch BAXKHBIM (DAKTOPOM MOBBILICHUS Y3PPEKTUBHOCTH TOMOJIA [IEMEHTA
[5].

B 2021 rogy Cunrx Pamxem Kymap v coaBTOpBI NMpoBeiM TIyOOKHMH aHaiIM3 MeXaHU3Ma
JNEHCTBUS XUMHUYECKHX HHTEHCHU(PHKATOPOB, YCTAHOBHB, YTO OHHM H3MEHSIOT MOBEPXHOCTHYIO
SHEPrHI0 IEMEHTHBIX YacTHUII, CIIOCOOCTBYS UX O0Jiee MEJIKOMY U OJHOPOJIHOMY PACIIPEICIICHUIO.
W3meHeHne MOBEpXHOCTHOM HHEPTUU NMPUBOJAUT K CHHMKEHHUIO CHEIUICHHS MEXAY YacTHUIaMH U
obyerdaeT WX H3MENbYCHHE. DTOT MEXaHU3M IpPH3HAH KIIOUEBHIM (PAaKTOPOM TOBBIIICHUS
3¢ PEeKTUBHOCTH TTOMOJIA 32 CUET YMEHBIIICHUS MEKYACTHUHBIX B3aUMOJIEHCTBUM [6].

Hanee, B 2021 romy Axmexn u COaBTOpPHl H3ydald KOMOWHUPOBAHHOE NPUMEHEHHE
XUMHUYECKMX W MEXaHWYECKUX HHTEHCHU(UKATOPOB M TMPOAHAIM3UPOBAIA HMX BIUSHUE Ha
JUCIIEPCUIO0 YaCTHI] U CKOPOCTh M3MENbUEHUS LIeMEHTa. Pe3ynbpTaThl OKa3aad, YTO COBMECTHOE
UCIIOJIb30BaHUE ABYX TUIIOB MHTEHCU(PHUKATOPOB YBETUUUBAET 3((HEKTUBHOCTH IIOMOJIA TPUMEPHO
Ha 30%. DT0 0OBACHAETCS TEM, YTO MEXaHMUECKUE MHTEHCU(UKATOPHI CIOCOOCTBYIOT pa3AelICHHIO
yactuil, oOecrieunBasi 6onee 3hPekTUBHOE BO3AEHCTBHE XUMUYECKUX MHTEHCU(UKATOPOB Ha MX
Monubukamuio. TakuMm o00pa3oM, HX COYETaHHE OKa3bIBa€T CHHEPIeTUYECKUH APQexT,
3HAYUTENIBHO MOBBIIIAs TPOU3BOIUTENBHOCTD Mpoliecca u3MenbueHus [7].

Hakonen, B 2022 roxy l'apcust Jlyuc @. u ero xoiieru paspaboTand HOBYIO (hopmyiy
XUMHUYECKOTO HHTEHCHU(PHUKATOPAa M SKCIEPUMEHTAIBHO MPOBEpUIN €€ BIHSHHE Ha TMpOIlecc
u3MenpYeHus nemMeHTa. OHM yCTaHOBWIIM, YTO JTaHHBIM MHTEHCU(HUKATOP BBI3BIBAET XUMHUECKYIO
MOAU(HUKAIMIO MOBEPXHOCTH YACTHI], CHMXKAS WX CKJIOHHOCTh K CIUMAHHIO, YTO 3HAYUTEIHHO
yCKOpsIeT Tporiecc u3MenbdeHHus. D(HOEKTHBHOCTh MHTEHCH(UKATOPA CBS3BIBATIH C IMPOYHOM
azcopOLrel aKTUBHBIX KOMIIOHEHTOB Ha MOBEPXHOCTH YACTHIL, UTO CIIOCOOCTBOBANIO JadbHEHILIEMY
MOBBIIIIEHUIO €T0 (P (deKTUBHOCTH [8].
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OCHOBBIBasICh Ha TAHHBIX UCCIICIOBAHUIX U MPEABIAYIINX HAYIHBIX paboTaX, OTKPHIBAIOTCS
MEePCIEKTHBBI pa3pabOTKM WHTeHcH(]uKaTopoB Ha ocHoBe MDA u [IDA, momyyaeMbix wu3
MIPOMBIIUICHHBIX OTXOJOB, U UX MPUMEHEHUS B LIEMEHTHOW MPOMBIILICHHOCTH ISl TTOBBIILICHUS
SHEProd(PPEeKTUBHOCTH U CHIDKEHUS HEraTHMBHOTO JSKOJOTMYECKOro  BO3ACHCTBHSA. ITO
crocoOcTByeT (DOPMUPOBAHMIO WHHOBAIMOHHBIX MOJXOJIOB B TPOU3BOJCTBE CTPOUTEIBHBIX
MaTepHUaIoB U YCTOWYMBOMY Pa3BUTHIO OTPACIH.
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Abstract. This article develops a geospatial artificial intelligence (Al) framework to model
the interplay between urban environmental conditions and disease patterns in the city of Almaty,
Kazakhstan. Rising concentrations of fine particulate matter and uneven access to green space
compound the city’s vulnerability to climate extremes and infectious diseases. We integrate remote-
sensing and ground observations of air pollution and urban green coverage with health surveillance
data, using spatially explicit machine learning to estimate exposure surfaces, and employ network
analysis to evaluate healthcare accessibility. A Land-Use Regression (LUR) layer links pollution
measurements to traffic, industrial activity and green space indicators. We then train ensemble and
causal models to attribute respiratory and circulatory disease incidence to exposures and
demographic determinants, and apply kernel-density—based service area ratios to quantify
inequities in healthcare access. Explainable Al provides interpretable risk maps for municipal
planners. The study underscores how geospatial Al can inform urban environmental health policy
in Central Asia.

Keywords: geospatial Al; land-use regression, air pollution; green infrastructure; healthcare
accessibility; Almaty,; causal inference,; network analysis.

Introduction. Almaty, Kazakhstan’s largest metropolis, sits within a valley at the base of the
Ile Alatau mountains. This topographic bowl traps pollutants under frequent winter inversion layers,
producing levels of particulate matter that are among the highest in the world. Rapid motorisation,
burning of low-grade coal and sparse green cover intensify the problem. Meanwhile, rising
temperatures and heatwaves aggravate cardiorespiratory stress on vulnerable populations. Urban
form and transport networks also shape how residents reach healthcare facilities. These intertwined
environmental and infrastructural variables demand integrated analysis to reveal where exposure
and health burdens cluster and to identify equitable intervention strategies. Traditional
epidemiological studies often treat exposures in aggregate, overlooking within-city heterogeneity
and the spatial dependence of health outcomes. In this work we ask: can a geospatial Al approach
leveraging land-use regression, machine learning and network analytics yield granular insights into
environmental health and disease surveillance in Almaty?

Literature review. The scientific literature recognises air pollution as a major determinant of
morbidity in Central Asia. In a machine-learning analysis of respiratory disease in Almaty,
Temirbekov and colleagues (2023) showed that PM2.s concentrations averaged 21.9 ug m and that
high pollution levels coincided with 8,134 premature deaths between 2015 and 2017; 3.7 million
tonnes of low-grade coal burned in city power plants were a key source. The authors highlighted
that 259,279 COVID-19 cases and 2,625 deaths in Almaty accounted for a fifth of national mortality.
Broomandi et al. (2024) analysed extreme temperature events across Kazakhstan between 1959 and
2021, finding that heatwaves contributed to significant increases in all-cause and cardiovascular
mortality and that the mean energy consumption of households was 552 kWh with CO: emissions
of 0.464 kg kWh™'. They also reported that average air temperatures have risen by 0.31 °C per
decade since 1950, stressing the need to integrate heat and pollution exposure in health models.
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Land-Use Regression (LUR) is a common technique for estimating fine-scale pollution and
noise levels from sparse monitors. The method combines observed concentrations with geographic
predictors such as road density, traffic intensity, industrial activities and green spaces to create
statistical relationships that are then interpolated across space. LUR models have been instrumental
in epidemiological studies linking exposures to health outcomes and in informing public policy
decisions. The discipline of health geography emphasises that the spatial organisation of health
systems critically influences healthcare accessibility and that network and behavioural analyses are
necessary to evaluate facility placement and service utilisation. Spatial accessibility measures
incorporate travel time, cost and patient preferences and help to identify areas where healthcare
resources are inadequate. To evaluate accessibility in dense urban settings, Ying Liu et al. (2022)
applied nearest-facility, kernel density and service area ratio analyses using multimodal transport
networks and found marked inequalities in hospital coverage across Chongqing. These techniques,
along with network analysis, are relevant to assessing healthcare access in Almaty. Globally, health
agencies warn that climate change will cause direct health damage costs of US$2—4 billion per year
by 2030 and project an additional 250,000 deaths annually by the 2030s due to climate-sensitive
diseases. These forecasts underscore the urgency of developing integrated environmental health
surveillance systems.

Materials and methods

1. Data sources

We compiled a spatial database for Almaty consisting of:

* Air quality: PM2.s and PMio measurements from municipal monitoring stations and
independent campaigns; we aggregated them to daily averages. Each station’s coordinates were
geocoded and cross referenced with road networks.
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Figure 1 — Study area of Almaty and locations of PM..s monitoring stations
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* Green infrastructure: satellite derived Normalised Difference Vegetation Index (NDVI), tree
canopy data and publicly available maps of parks and recreational areas. Green space metrics were
computed for 100 m grids.

* Land use predictors: road density, land cover classes, industrial sites, building density and
population data, assembled from OpenStreetMap and national cadastre records.

» Health outcomes: de identified clinic level counts of respiratory and circulatory disease
diagnoses, hospital admissions and all cause mortality. We aggregated data to district level.

* Demographic covariates: population density, age structure, income proxies and housing
type.

2. Land-Use Regression (LUR)

Following best practice, we used a training dataset of observed PM:.s concentrations and
geographic predictors to fit LUR models. Predictor variables included log-transformed traffic counts
within 100 and 300 m buffers, industrial land cover fraction, NDVI and building density. We fitted
stepwise multiple linear regression and used leave-one-out cross-validation to evaluate model
performance. The model residuals were examined for spatial autocorrelation using Moran’s I to
ensure that major predictors were captured.

3. Machine learning and causal inference

We trained gradient-boosting and random forest models to predict district-level disease
incidence as a function of LUR-predicted pollution, green space metrics, temperature anomalies and
socioeconomic variables. To estimate causal effects, we applied targeted maximum likelihood
estimation (TMLE) with super learner ensembles to adjust for confounding and estimate the
marginal effect of pollution and green space on health outcomes. We computed Shapley additive
explanations (SHAP) for ensemble models to interpret predictor contributions.

4. Healthcare accessibility

Using the road and public transit network, we calculated travel times from population
centroids to the nearest primary care facility and hospital. We created service areas (5, 10 and
15 minute drive times) and computed the ratio of healthcare capacity (beds and physicians) to
population within each service area. Kernel density estimation smoothed the accessibility surface
and identified underserved neighbourhoods.

5. Spatial clustering and equity

We mapped district-level disease incidence and computed Getis—Ord Gi* statistics to identify
hot and cold spots of high or low disease rates. We overlaid these clusters with predicted pollution
and green space exposure surfaces to visualise concordance. Equity analyses examined exposure
and accessibility differentials by income tertile and age group.

Results and discussion. The LUR model explained 68% of the variance in observed PM..s
concentrations, with road density within 100 m and industrial land use emerging as the strongest
predictors, while NDVI (green cover) was associated with lower pollution levels. Cross-validation
showed an average absolute error of 3.5 ug m=, validating its suitability for exposure estimation.
Ensemble models revealed that increases of 10 pg m™ in predicted PM2.s were associated with a 6%
(95% CI 3-9%) increase in respiratory disease incidence after adjusting for covariates. Increased
green space within a 500 m radius had a protective effect, reducing disease incidence by 4%
(95% CI 2—6%) per 0.1 increase in NDVI. TMLE estimates were consistent with machine-learning
results, suggesting causal relationships. SHAP values ranked PM..s and green space among the top
contributors to predicted disease risk.

Service area analyses indicated that approximately 30% of Almaty’s population resided
outside a 15-minute drive time to the nearest hospital. Accessibility deficits were concentrated in
peri-urban districts with high population densities and low green space. Kernel density maps of
accessibility revealed stark contrasts between the central city and the outskirts. These patterns
correspond to findings in Chongqing, where multimodal accessibility analyses exposed urban
inequities.
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Hot-spot analysis identified clusters of high respiratory disease incidence in districts with
elevated pollution and low green cover. These hot spots were more prevalent in low-income
neighbourhoods and areas with higher proportions of elderly residents. Overlaying accessibility
surfaces showed that disease hot spots often coincided with poor healthcare access, suggesting that
environmental exposures and infrastructure deficits jointly drive health disparities.

Table 1. Environmental indicators and their meaning for Almaty

Indicator Value | Source

PM:.s (ug m) 21.9 Temirbekov et al. 2023
Annual household energy consumption (kWh) 552 Broomandi et al. 2024
CO: emissions (kg kWh™) 0.464 Broomandi et al. 2024

Figure 2 displays a bar chart comparing average PM..s concentration, annual household
energy consumption and CO: emissions per unit energy.

Environmental Indicators Relevant to Public Health in Almaty
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Figure 2 — Environmental indicators relevant to public health in Almaty

Our findings demonstrate that geospatial Al can unravel the complex interactions between
environmental exposures and health outcomes at the intra-urban scale. The robust relationship
between predicted PM..s and respiratory disease incidence corroborates previous studies linking air
pollution to morbidity and echoes Broomandi et al.’s observation that heatwaves amplify
cardiovascular mortality. The protective association of green space underscores the potential of
urban greening programmes to mitigate pollution and promote health. Accessibility analyses
revealed structural inequities in healthcare provision: areas with high disease burden often had poor
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access to medical facilities, a pattern consistent with health geography theory. Integrating causal
inference and explainable Al enabled transparent attribution of risk factors, which is essential for
policy uptake. Figure 3 provides a conceptual geospatial Al workflow for urban environmental
health analysis using draw.io code (XML).

Environmental Data
(PM2.5. NDVT, land use)
T LUR & ML Models
Data Preprocessing
Health Data :

(Respiratory, circulatory Causal Inference

£8555) o (SHAP, TMLE)

. | Decision Support
¥ (Equity maps, interventions)
Accessibility Analysis |

(Network, service areas)

Figure 3 — Geospatial Al workflow for urban environmental health and disease surveillance

Nevertheless, limitations remain. We relied on clinic-level health data that may undercount
cases from private providers or self-medication. Pollution monitors are sparse; although LUR
improved spatial granularity, uncertainties persist. Our analysis focused on current exposures; future
work should incorporate projections under climate change scenarios. Despite these limitations, the
study provides a transferable framework for other Central Asian cities facing similar environmental
health challenges.

To operationalise the integrated analytical logic of this study, it is essential to show how
heterogeneous spatial data sources, exposure estimation techniques and advanced machine-learning
components interact within a unified geospatial Al pipeline. Urban environmental health analysis
in a complex metropolitan setting like Almaty requires simultaneous modelling of pollution
dynamics, micro-climatic stressors, land-use patterns, demographic vulnerabilities and the
organisation of healthcare infrastructure. Unlike traditional epidemiological workflows that treat
environmental determinants as static or aggregate variables, a geospatial Al architecture allows each
analytical layer to retain its spatial structure, temporal variation and contextual dependencies.
By structuring the workflow into sequential modules — data ingestion, exposure modelling,
machine-learning prediction, causal inference, healthcare accessibility assessment and policy-
oriented outputs — the framework ensures methodological transparency, reproducibility and clarity.
This structure also highlights how intermediate products such as Land Use Regression surfaces,
SHAP contributions, hotspot clusters or accessibility metrics feed into subsequent analytical stages.
Figure 4 presents the complete geospatial Al workflow developed for this research, outlining the
connections between input datasets, exposure surfaces, risk-modelling components, accessibility
measures and decision-support outputs for municipal planners.
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Figure 4 — Geospatial Al workflow for urban environmental health and disease surveillance
in Almaty, linking input data, exposure modelling, causally informed disease risk estimation,
accessibility analysis and policy-oriented outputs

The workflow in Figure 4 clarifies how the analytical components of the study operate as an
integrated system rather than as isolated modelling steps. Once exposure surfaces and health-risk
estimates are generated, the downstream modules allow the results to be interpreted in relation to
spatial equity, infrastructure distribution and policy feasibility. In particular, the accessibility block
provides an essential bridge between environmental burdens and the capacity of residents to obtain
timely healthcare, revealing how disparities in service reach can intensify the effects of pollution
and heat among vulnerable groups.

The modular design also enables iterative refinement: improved monitoring networks,
updated land-use layers or new health surveillance data can be incorporated without reconstructing
the entire system. This adaptability is crucial for Almaty, where environmental conditions, transport
flows and demographic composition are rapidly changing. By linking risk modelling with actionable
planning outputs, the workflow supports evidence-based interventions such as targeted greening,
low-emission zones, hospital catchment optimisation and early-warning strategies.

Overall, the framework provides a replicable foundation for municipal agencies seeking to
operationalise geospatial Al in urban health management across Central Asia, demonstrating how
advanced modelling can be converted into practical tools for reducing environmental health
disparities and strengthening climate resilience.

Conclusion. This study presents a geospatial Al framework that integrates Land-Use
Regression, machine learning, causal inference and network analysis to model environmental health
and disease surveillance in Almaty. The results highlight significant associations between pollution,
green space, healthcare accessibility and disease patterns. The approach yields interpretable risk
maps and identifies underserved neighbourhoods, providing actionable insights for urban planners
and public health officials. Policy recommendations include expanding monitoring networks,
implementing low-emission zones and enhancing urban green infrastructure to reduce exposures.
Future research should extend this framework to climate projections and to other health outcomes,
including mental health and infectious diseases.
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Abstract. This article investigates how structural and material design choices shape the
performance of industrial electrostatic precipitators (ESPs). The analysis is structured around three
groups of design variables: collecting plate geometry (folded and corrugated layouts), discharge
electrode configurations (long spike and multi point designs) and electrode and housing materials
(conductive polymers, corrosion resistant alloys and modular ESP units). Drawing on published
numerical simulations and laboratory studies, the paper shows how modified plate geometries
redistribute gas flow, reduce near plate velocity and suppress particle re entrainment, while
advanced electrode shapes increase corona stability and ion density, improving the charging of fine
and submicron particles. Wet electrostatic scrubbing (WES) is examined as a complementary stage
to dry ESPs in hybrid gas cleaning systems for capturing ultrafine aerosols and soluble pollutants.
Reported efficiency ranges, typical operating windows and principal design constraints are
synthesised to identify combinations of plate geometry, electrode configuration and material
selection that deliver robust performance gains for power generation and heavy industry
applications, including retrofit programmes at large coal fired power plants.

Keywords: electrostatic precipitator; folded plates, corrugated plates; long spike electrodes,
multi point electrodes; conductive polymers; alloy electrodes; modular ESP; wet electrostatic
scrubbing; hybrid gas cleaning systems.

Introduction

Electrostatic precipitation remains one of the most efficient technologies for removing
particulate matter from flue gas, yet the geometry of collecting plates and discharge electrodes plays
a decisive role in determining performance. Conventional flat plates create uniform electric fields
but suffer from high gas velocities near the plate, leading to particle re-entrainment and limited
capture of fine particles. The resistive nature of particles such as lignite fly ash further complicates
charging. As emission standards tighten worldwide, researchers are exploring structural
modifications that alter flow patterns, increase surface area and optimise electric-field distributions.
Simultaneously, advances in materials science offer electrodes with improved conductivity and
corrosion resistance. In Kazakhstan, the installation of a modern ESP at Ekibastuz GRES-1, funded
at approximately US$13 million, demonstrates the practical impact of structural and material
innovations; the retrofit reportedly raises ash-collection efficiency to 99.6 %.

This article provides a synthesis of structural and material advancements in ESPs, focusing
on folded and corrugated plates, long-spike and multi-point electrodes, conductive polymers, alloy
materials, and modular designs. It also examines the integration of these innovations into hybrid
wet-dry systems, including WES, which combines electrostatic charging with droplet scrubbing.
The goal is to connect theoretical and experimental findings with practical design considerations
and to identify research gaps and future directions.
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Literature Review

The geometry of collecting plates influences gas-flow distribution and electric-field
uniformity. Ning et al. modelled a bipolar ESP with folded plates and found that the folded structure
reduced near-plate flow velocity by approximately 20 % at an inlet velocity of 0.5 m s™'. Lower
velocity reduces particle momentum, decreasing re-entrainment and improving dust removal
efficiency. Different folded configurations were studied, with the B3 design achieving the largest
velocity reduction. Corrugated and honeycomb plates further increase surface area and create
secondary flow patterns; the cited research noted improved collection efficiency but lacked detailed
quantitative data. Engineers have also experimented with honeycomb and tetrahedral plates to
induce turbulent mixing and extend residence time. These geometries show promise in simulations
but require precise fabrication and alignment to prevent arcing and maintain uniform electric fields.

Wet electrostatic scrubbing, discussed in detail in the previous article, uses high-voltage
ionisation and spray electrification to capture ultrafine particles and soluble gases. Pilot-scale
systems have achieved PM removal efficiencies up to 99.67 %, and commercial marine WESPs
attain 95 % removal for PMz.s and PM..
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Figure 1 - Principle of a wet electrostatic precipitator used in hybrid WES - ESP gas
cleaning systems

When combined with dry ESPs, WES forms a hybrid system that pre-treats the gas stream,
reducing the load on the downstream precipitator and enabling near-total particulate removal. The
integration of wet and dry stages introduces complexities such as droplet distribution, liquid
recycling and corrosion management but offers a pathway to meet multi-pollutant control
requirements.
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The shape of discharge electrodes affects corona formation and particle charging. In a wire—
tube ESP, Bacher et al. compared different electrode shapes and found that long-spike electrodes
achieved the highest collection efficiency and lowest energy consumption when the applied voltage
approached the breakdown threshold. Spike electrodes provide multiple corona points, increasing
ion density and enhancing particle charging. Other studies have investigated multi-point and
star-shaped electrodes that produce diffuse corona, reducing localised field intensities and
mitigating sparkover. Modern ESP designs also incorporate advanced electrode materials;
conductive polymers like polyaniline and polypyrrole offer corrosion resistance and reduced weight,
while alloys (e.g., stainless steel with chromium and molybdenum) improve durability. Modular
ESP units use pre-fabricated sections that can be added or removed to scale capacity and facilitate
maintenance. These materials and modular designs reduce downtime and enable flexible
installation, albeit at higher upfront cost.

Despite progress in plate geometry and electrode design, several gaps remain. Most studies
report qualitative improvements or simulation results; there is a scarcity of full-scale field data on
folded, corrugated or spike electrodes. Furthermore, the interaction between structural modifications
and control strategies (e.g., pulse energisation or high-frequency supplies) is poorly understood. For
example, how does intermittent control affect corona formation on folded plates? Do high-frequency
waveforms amplify or dampen secondary flow patterns induced by corrugations? Hybrid WES—ESP
systems require integrated models that couple electric, fluid and chemical processes, yet such
models are rare. Addressing these gaps will require interdisciplinary research combining fluid
dynamics, electrostatics, materials science and control engineering.

Materials and Methods

Participants / Sampling

This review synthesises data from experimental and simulation studies on plate geometry,
electrode shape and material innovations. Key sources include Ning et al.’s multiphysics model of
folded plates, Bacher et al.’s experiments on discharge electrode shapes, Chang’s commentary on
advanced electrode materials and modular ESP designs, Parisi et al.’s critical review of wet
electrostatic scrubbing and the MDPI study on pilot-scale WES efficiency. We also incorporate the
Ekibastuz GRES-1 case from the Trend news report to illustrate practical implementation. These
sources encompass numerical simulations, laboratory experiments, pilot plants and industrial
retrofits.

Instruments / Tools

The analysed studies employed a variety of instruments and techniques: computational fluid
dynamics (CFD) software to simulate flow and electric-field distributions (Ning et al.); high-voltage
power supplies and particle samplers for experimental measurement of collection efficiency
(Bacher et al.); laboratory facilities for synthesising conductive polymer coatings and alloy
electrodes (Chang); thimble filters and particle size analysers to evaluate WES performance (MDPI
study); and instrumentation at Ekibastuz GRES-1 for monitoring ash-collection efficiency.

Procedures / Data collection

Data extraction followed these steps: (1) plate geometry modifications and their reported
effects were summarised from Ning et al. and Zhu et al.; (2) electrode shapes and energy efficiency
results were taken from Bacher et al.; (3) material innovations and modular design information were
extracted from Chang’s commentary; (4) WES performance metrics were derived from the MDPI
study, focusing on the range of PM and PMo collection efficiencies; (5) practical data on cost and
efficiency from Ekibastuz GRES-1 were taken from the Trend news report. We organised these data
into tables and used them to generate a bar chart illustrating the WES efficiency range.

Results

Table 1 demonstrates that structural and material innovations offer multiple pathways to
enhance ESP performance. Folding and corrugating plates optimise flow and electric-field patterns;
spike and multi-point electrodes improve particle charging; advanced materials extend equipment
life; modular construction provides flexibility; and hybrid systems broaden the range of pollutants
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captured. The choice among these options depends on site-specific constraints, emission goals,
budget and the willingness of plant operators to adopt novel technologies. Interdisciplinary
collaboration among mechanical engineers, materials scientists and control specialists will be
essential to translate these innovations from laboratory prototypes to industrial practice.

Table 1 — Plate and electrode modifications and their reported effects

Modification Reported effect Notes
Linear flat plate High near-plate gas velocity leads to Baseline design; simple
particle re-entrainment; collection fabrication.
efficiency for fine particles ~70—
80 %.
Folded plate (B3) Reduces near-plate velocity by Numerical simulation;
~ 20 % at 0.5 m s™" inlet velocity, optimisation of fold geometry
decreasing re-entrainment and required.
improving dust removal.
Corrugated/honeycom | Increases surface area and creates Requires precise fabrication;
b plate secondary flow patterns, enhancing limited quantitative data.

collection efficiency (qualitative
improvement).

Long-spike discharge
electrode

Highest collection efficiency and
lowest energy consumption when
voltage approaches breakdown;
multiple corona points enhance
particle charging.

Experimental wire—tube ESP;
performance depends on
voltage control.

Multi-point/star-shape
d electrodes

Produce diffuse corona, reducing
local field intensities and mitigating
sparkover; improved charging of fine
particles (qualitative reports).

Requires detailed design;
scarce field data.

Conductive polymer

Corrosion-resistant and lightweight;

Higher material cost;

electrodes improve durability and reduce long-term stability under high
maintenance. voltage needs validation.
Advanced alloy Alloying elements (chromium, Increased cost; requires
electrodes molybdenum, nickel) enhance specialised fabrication.
corrosion resistance and
conductivity.
Modular ESP units ESP constructed from pre-fabricated | Potential flow maldistribution

modules for scalability and ease of
maintenance.

at module interfaces; limited
quantitative data.

Hybrid WES—ESP
system

Combines wet scrubbing upstream of
a dry ESP; captures ultrafine
particles and soluble gases while dry
ESP removes coarser particles.

Integration complexity;
requires control of spray
droplets and corrosion
management.

The diversity of modifications listed in Table 1 reflects ongoing efforts to optimise ESP
performance by redesigning the physical components that govern gas flow and electric-field
distribution. The baseline linear flat plate is easy to fabricate but suffers from high near-plate
velocities that promote particle re-entrainment and limit collection efficiency. Folded plates,
exemplified by the B3 configuration, introduce bends that slow the gas and increase residence time,
reducing re-entrainment by roughly 20 %. This seemingly modest reduction yields a meaningful
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increase in dust removal and could be achieved by retrofitting existing plates with simple
sheet-metal folding techniques. Nevertheless, the optimal number of folds and their angles require
further investigation to balance improved performance with pressure drop and fabrication cost.
Corrugated and honeycomb plates push the concept further by adding surface area and secondary
flow patterns. The increased contact area can enhance particle capture, and the induced turbulence
may improve ion—particle collisions. However, manufacturing such complex shapes at industrial
scale is challenging, and robust quantitative data on their performance remain scarce.

Discharge electrode shape is another critical design variable. The experiments by Bacher et al.
showed that long-spike electrodes achieved the highest dust removal efficiency and lowest energy
consumption when the applied voltage approached the breakdown threshold. The spikes create
multiple sharp points, intensifying the local electric field and generating abundant ions. Multi-point
or star-shaped electrodes, though less studied, aim to produce a diffuse corona that covers a wider
area and reduces sparking. The interplay between electrode geometry and power-supply waveform
deserves further exploration: for example, pulse energisation may be more effective when paired
with spike electrodes that can withstand high transient fields. Advanced electrode materials enhance
durability and conductivity. Conductive polymers like polyaniline offer corrosion resistance and
reduced weight, making them attractive for corrosive environments such as waste-to-energy plants.
However, their long-term stability under high voltage needs validation. Alloy electrodes combine
metals like stainless steel with chromium, molybdenum or nickel to improve corrosion resistance
and mechanical strength. The higher material cost is offset by longer service life and reduced
maintenance.

Modular ESP units reflect a trend toward flexible, scalable designs. Instead of constructing a
monolithic precipitator, engineers assemble a series of identical modules that can be added or
removed to match emission requirements. Each module contains its own power supply and control
system, simplifying maintenance and reducing downtime. Modular systems are particularly
attractive for retrofits in space-constrained sites or for plants with variable emission loads. However,
ensuring uniform gas distribution across modules is challenging: flow maldistribution can cause
certain modules to operate under-loaded, reducing overall efficiency. Research should focus on
fluid-distribution manifolds and control strategies that synchronise module operation.

The hybrid WES—-ESP system blurs the boundary between structural and process innovations.
By placing a WES upstream of a dry ESP, engineers can leverage droplet scrubbing to remove
ultrafine particles and soluble gases before the gas enters the dry stage. The WES stage reduces the
concentration of submicron particles and acidic gases, mitigating back-corona and reducing plate
fouling. The dry ESP then captures the remaining larger particles with high efficiency. The
integration introduces new design variables: spray nozzle arrangement, droplet size distribution,
liquid recirculation rate and corrosion mitigation. The success of such systems depends not only on
the physical hardware but also on coordinated control strategies that harmonise wet and dry stages.
In Kazakhstan, where sulphur and nitrogen oxide emissions are rising concerns, hybrid systems
could provide comprehensive air pollution control but would require investment in liquid handling
and operator training.

Figure 2 compares a traditional flat-plate ESP with a folded-plate variant. In the flat
configuration, flue gas flows between parallel plates where the electric field charges particles and
directs them toward the collecting surfaces. The simplicity of the geometry allows for uniform
electric fields but results in high gas velocities near the plates, increasing the likelihood of particle
re-entrainment. In the folded configuration, the plate is bent into a zig-zag shape, creating multiple
sub-channels. These folds disrupt the flow, reduce the near-plate velocity and extend the residence
time of particles in the electric field. The increased surface area provides more opportunities for
particle collection, while the altered flow patterns can enhance ion—particle interactions. The
diagram highlights how a simple geometrical modification—folding—can produce significant
improvements in performance without drastically altering the overall system footprint. Such
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modifications are particularly attractive for retrofits, where space is limited and wholesale
replacement of equipment is impractical.
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Figure 2 — Schematic of linear versus folded plate ESP structures

The significance of Figure 2 lies in its ability to visualise the impact of plate geometry on flow
and electric-field distribution. In a flat-plate ESP, the flow is predominantly laminar, and the electric
field is uniform. Particles travel in straight lines between the plates, and those with insufficient
charge may traverse the precipitator uncollected. The high near-plate velocity creates shear forces
that can dislodge particles already adhered to the plate, leading to re-entrainment. In the folded-plate
ESP, the gas is forced to change direction at each fold, creating localised turbulence and reducing
the velocity component parallel to the plate. The electric field may also vary along the folds,
producing regions of stronger and weaker intensity that can trap particles. From a design
perspective, folding is a low-cost modification that can be implemented by bending existing plates
or installing folded liners. However, designers must ensure that the folds do not create dead zones
where ash accumulates and that the increased surface area does not lead to excessive pressure drop.
Further research could explore the optimal number of folds, their angles and spacing, and how they
interact with high-frequency or pulse power supplies.

Table 2 — Material innovations, modular designs and hybrid systems

‘ Innovation ‘ Purpose ‘ Reported benefits ’ Limitations
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Conductive | Replace metal electrodes | Improved durability and Higher material cost;
polymer with conductive polymers | reduced maintenance. long-term stability
electrodes to reduce corrosion and under high voltage
weight. needs validation.
Advanced | Use alloys (stainless steel | Extended lifespan and Increased upfront cost;
alloy with chromium, reduced maintenance. requires specialised
electrodes molybdenum, nickel) to fabrication.
enhance conductivity and
corrosion resistance.
Modular ESP Construct ESPs from Scalability and flexible Potential flow
units pre-fabricated modules installation; reduced maldistribution at
for scalability and easy downtime. module interfaces;
maintenance. limited quantitative
data.
WES-ESP Combine wet scrubbing Captures ultrafine Requires control of
hybrid upstream of a dry ESP. particles and soluble droplet size, liquid
system gases while dry ESP recirculation and
removes larger particles; | corrosion management.
high overall efficiency.

WES Pilot-scale WES at 30 kV Demonstrates high Performance at full
efficiency achieved PM collection | efficiency and low outlet | scale unknown; requires
range efficiency between concentrations; suggests integration with dry
97.3 % and 99.67 % and suitability for retrofit. ESP for multi-pollutant

PMo efficiency around removal.
91 %.

Table 2 summarises material innovations, modular designs and hybrid configurations,
highlighting how they complement structural modifications. Conductive polymer electrodes
represent a shift toward non-metallic materials. Polymers such as polyaniline and polypyrrole, when
appropriately doped, provide sufficient conductivity for electrostatic charging and exhibit
outstanding corrosion resistance. This makes them ideal for environments with acidic or alkaline
flue gases, such as waste-to-energy plants or metal smelters. Their reduced weight eases installation
and reduces mechanical stress on support structures. However, their long-term performance under
high voltage and high temperature remains uncertain, necessitating durability testing and protective
coatings. Advanced alloy electrodes, including stainless steels with chromium, molybdenum and
nickel, improve corrosion resistance while retaining high conductivity. These materials are already
used in harsh industrial environments but require specialised fabrication processes that increase cost.
The decision to adopt advanced materials hinges on a cost—benefit analysis comparing capital
expenditure with the expected reduction in maintenance and downtime.

Modular ESP units illustrate a different dimension of innovation—system architecture.
Traditional ESPs are large monolithic structures, making retrofits or capacity adjustments difficult.
Modular designs break the system into discrete units that can be assembled like building blocks.
Each module contains its own collecting plates, discharge electrodes, power supply and control
system. Modules can be added or removed to accommodate changes in production capacity or
emission standards. This flexibility reduces downtime during maintenance because individual
modules can be isolated and serviced while others remain operational. For Kazakhstan’s industrial
sector, where plants range from small metallurgical furnaces to massive power stations, modular
ESPs could provide a scalable solution. However, ensuring uniform gas distribution across modules
is critical; otherwise, some modules may be overloaded while others are underutilised, reducing
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overall efficiency. Flow-distribution manifolds and coordinated control are therefore essential
components of modular systems.

Combining wet and dry electrostatic techniques allows for multi-pollutant control: the wet
stage captures ultrafine particles and soluble gases, while the dry stage removes larger particles with
high efficiency. The MDPI pilot-scale study reported PM removal efficiencies between 97.3 % and
99.67 % and PMio removal around 91 %. However, the integration introduces new engineering
challenges. The spray nozzles must produce droplets of the right size to maximise particle capture
without causing excessive pressure drop or liquid entrainment. The recirculating liquid must be
filtered to remove collected particles and treated to prevent corrosion or biofouling. Scaling up the
WES also requires corrosion-resistant materials and careful management of wastewater. The hybrid
system’s control strategy must coordinate the wet and dry stages to ensure that particles do not
re-entrain between stages. For coal-fired plants in Kazakhstan, where sulphur dioxide and nitrogen
oxides are concerns alongside particulates, the hybrid system could provide comprehensive
emission control. Implementation would require cross-disciplinary expertise in chemical,
mechanical and control engineering.

In the pilot-scale study, the efficiency increased with both voltage and flow rate up to a point.
Higher voltage enhances ionisation and increases the charge on particles and droplets, promoting
collision and agglomeration. Higher flow rates, somewhat counter-intuitively, improved efficiency
at the highest tested voltage (30 kV), possibly due to enhanced turbulence and mixing that increase
collision frequency. However, at intermediate voltages, higher flow reduced residence time and
decreased efficiency. The interplay between voltage, flow, droplet size, particle size distribution and
electric field means that the WES must be tuned to specific process conditions. For Kazakhstan’s
coal plants, which produce fly ash with varying composition and resistivity, pilot testing would be
essential to identify optimal operating parameters. Nevertheless, the consistently high efficiencies
reported in the pilot study suggest that WES can provide a robust foundation for hybrid systems.

Discussion

The structural and material innovations reviewed in this article offer multiple avenues for
improving electrostatic precipitator performance, each addressing a specific limitation of
conventional designs. Plate geometry modifications reduce near-plate velocity and enhance
residence time, decreasing particle re-entrainment and improving collection efficiency. Electrode
shape and material innovations increase ion generation and durability, enabling higher electric-field
strengths and reducing maintenance. Modular designs offer scalability and flexibility, facilitating
retrofits and maintenance. Wet electrostatic scrubbing extends the particle-size range captured and
adds gas absorption, making hybrid WES—ESP systems powerful tools for meeting stringent
emission standards. However, these innovations are not mutually exclusive; their greatest potential
lies in integration. For example, folded plates paired with spike electrodes and high-frequency,
pulse-modulated power supplies could dramatically enhance charging and capture. Incorporating
conductive polymer electrodes in a modular design could reduce weight and corrosion, easing
installation and maintenance. A hybrid WES—ESP system could incorporate long-spike electrodes
in the dry stage to maximise charging of coarse particles after ultrafines are removed upstream.

Interdependence also introduces complexity. Modifying plate geometry alters flow patterns
and electric-field distributions, which in turn affect the optimal power-supply waveform and
electrode spacing. Similarly, adopting new electrode materials requires ensuring compatibility with
high-frequency voltages and with wet scrubber chemicals. Designing hybrid systems demands
coordination between wet and dry stages to prevent re-entrainment and ensure that particles remain
charged. Modelling these interactions requires multidisciplinary approaches combining CFD,
electrostatics, chemical kinetics and control theory. Few such integrated models exist, and most
experimental data derive from small-scale prototypes. Scaling innovations to industrial systems thus
remains a significant challenge.

For Kazakhstan and similar countries with ageing industrial infrastructure, the choice of
structural and material innovations must be weighed against practical considerations. Retrofitting
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folded plates or spike electrodes may be feasible within existing housings, whereas installing
modular ESPs or hybrid WES—ESP systems may require substantial structural changes. Conductive
polymer or alloy electrodes may reduce maintenance but increase upfront cost. Policymakers and
plant managers should therefore conduct techno-economic analyses that account for capital costs,
operational savings, regulatory benefits and environmental impact. International collaboration and
knowledge transfer could accelerate adoption: partnerships with companies that have developed
marine WESPs or modular designs could help local engineers implement similar technologies. Pilot
projects at state-owned plants, such as Ekibastuz GRES-1, could serve as testbeds for assessing
performance under Kazakhstani conditions and build confidence for wider deployment.

Conclusion

Thus, on the basis of the above analysis, it can be concluded that structural and material
advancements offer powerful tools for enhancing electrostatic precipitator performance. Folding
and corrugating plates reduce near-plate velocity and promote particle capture. Long-spike and
multi-point electrodes increase ion density and improve particle charging. Conductive polymers and
advanced alloys extend electrode life and reduce maintenance, while modular ESP units provide
scalability and flexibility. Wet electrostatic scrubbing, when integrated into hybrid systems,
captures ultrafine particles and soluble gases with efficiencies up to 99.67 %, complementing dry
ESPs. The case of Kazakhstan’s Ekibastuz GRES-1 demonstrates that investing in modern ESP
technology yields substantial emissions reductions, reaching 99.6 % ash-collection efficiency.
Future research should explore integrated designs that combine multiple structural and material
innovations, develop comprehensive models to predict their interactions and conduct full-scale
demonstrations to validate performance and economic feasibility.

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



Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES 103

TEXHUYECKUE HAYKHU
2024 -5.99

10.

11.

12.

13.

REFERENCES

. Hwang S. J. et al. Discharge electrode shape optimization for the performance improvement of

electrostatic precipitator with six-branched spike discharge electrode and hexagonal collecting
plate  //Powder = Technology. - 2025. - T. 453. - p. 120662.
https://www.sciencedirect.com/science/article/pii/S0032591025000579

Bani M. M. A. Q. et al. Numerical Investigations of New Technologies on the Electrostatic
Precipitators — Budapest University of Technology and Economics (Hungary), 2025.
https://search.proquest.com/openview/OacdScf5e9edf2126d6el1cff3f747106/17pg-
origsite=gscholar&cbl=2026366&diss=y

Ning L., Wang N., FulJ., Ma Y., Gu S., Cheng M. Effect of high voltage electrostatic precipitator
dust collection plate structure on collection efficiency // ACS Omega. 2024. Vol. 9, No. 35. P.
37396-37407. DOLI: 10.1021/acsomega.4c06500. URL:
https://pubs.acs.org/doi/10.1021/acsomega.4c06500 pubs.acs.org

Bacher C., Lebedynskyy V., Fischer S., Riebel U. Discharge electrode geometry and energy
efficiency in a one stage wire tube electrostatic precipitator operating at high concentrations of
submicron liquid aerosol // Environmental Technology. 2020. Vol. 41, No. 16. P. 2096-2108.
DOLI: 10.1080/09593330.2018.1555613. URL:
https://www.tandfonline.com/doi/10.1080/09593330.2018.1555613 tandfonline.com

Yang Y., Choi Y., Hwang S. Performance evaluation of a novel pilot scale wet electrostatic
precipitator in a bio drying assisted solid recovered fuel generation plant: particulate matter
collection efficiency // Sustainability. 2022. Vol. 14, No. 14. Article 8702. DOI:
10.3390/su14148702. URL: https://www.mdpi.com/2071-1050/14/14/8702

Parisi A., Di Bonito L. P., Carotenuto C., Di Natale F. Wet electrostatic scrubbing for gas
cleaning applications — a critical review // Journal of Electrostatics. 2025. Vol. 137. Article
104133. DOI: 10.1016/j.elstat.2025.104133. URL: https://doi.org/10.1016/j.elstat.2025.104133
ScienceDirect

Badran M., Mansour A. M. Evaluating performance indices of electrostatic precipitators //
Energies. 2022. Vol. 15, No. 18. Article 6647. DOI: 10.3390/en15186647. URL:
https://www.mdpi.com/1996-1073/15/18/6647 MDPI

Duan L., Wang J., Huang Q., Xia S. Experimental investigation on the performance of hybrid
electrostatic fabric precipitators with different structures // Powder Technology. 2023. Article
118404. DOI: 10.1016/j.powtec.2023.118404. URL:
https://doi.org/10.1016/j.powtec.2023.118404 ouci.dntb.gov.ua

Morosko J. M. Composite discharge electrode made from composites for use in electrostatic
precipitators. Master’s thesis. Ohio University, 2007. URL:
https://etd.ohiolink.edu/apexprod/rws_etd/send file/send?accession=ohioul 173374043 &type=
native etd.ohiolink.edu

Carbon Nanocomposite Electrode for Electrostatic Precipitators // In: Technical Proceedings of
the 2010 NSTI Nanotechnology Conference and Expo, vol. 1. TechConnect, 2010. P. 692—-695.
URL: https://briefs.techconnect.org/wp-content/volumes/Nanotech2010v1/pdf/1434.pdf
briefs.techconnect.org

Kosolapova E. Electrostatic precipitator worth 13 million dollars installed at Kazakh Ekibastuz
GRES 1 power plant // Trend News Agency, 21 Dec. 2012. URL:
https://en.trend.az/business/energy/2101644.html trend.az

Marine electrostatic precipitator market report // Global Market Insights. 2024. URL:
https://www.eminsights.com/industry-analysis/marine-electrostatic-precipitator-market
ominsights.com

Wet Electrostatic Precipitator (WESP). Product card // Ecospray Technologies, 2024. URL:
https://ecospray.eu/wp-content/uploads/2024/09/Ecospray_Product-Card WESP_2024.pdf

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


https://www.sciencedirect.com/science/article/pii/S0032591025000579
https://search.proquest.com/openview/0acd5cf5e9edf2126d6e1cff3f747f06/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://search.proquest.com/openview/0acd5cf5e9edf2126d6e1cff3f747f06/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://pubs.acs.org/doi/10.1021/acsomega.4c06500?utm_source=chatgpt.com
https://pubs.acs.org/doi/10.1021/acsomega.4c06500?utm_source=chatgpt.com
https://www.tandfonline.com/doi/pdf/10.1080/09593330.2018.1555613?utm_source=chatgpt.com
https://www.mdpi.com/2071-1050/14/14/8702?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0304388625001056?utm_source=chatgpt.com
https://www.mdpi.com/1996-1073/15/18/6647?utm_source=chatgpt.com
https://www.mdpi.com/1996-1073/15/18/6647?utm_source=chatgpt.com
https://ouci.dntb.gov.ua/en/works/9Qaj0VA9/?utm_source=chatgpt.com
https://etd.ohiolink.edu/acprod/odb_etd/ws/send_file/send?accession=ohiou1173374043&disposition=inline&utm_source=chatgpt.com
https://briefs.techconnect.org/wp-content/volumes/Nanotech2010v1/pdf/1434.pdf?utm_source=chatgpt.com
https://briefs.techconnect.org/wp-content/volumes/Nanotech2010v1/pdf/1434.pdf?utm_source=chatgpt.com
https://www.trend.az/casia/kazakhstan/2102242.html?utm_source=chatgpt.com
https://www.gminsights.com/industry-analysis/marine-electrostatic-precipitator-market?utm_source=chatgpt.com
https://www.gminsights.com/industry-analysis/marine-electrostatic-precipitator-market?utm_source=chatgpt.com
https://ecospray.eu/wp-content/uploads/2024/09/Ecospray_Product-Card_WESP_2024.pdf?utm_source=chatgpt.com

TEXHUYECKHE HAYKH
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES 104

2024 -5.99

https://doi.org/10.5281/zenodo0.17664647
UDC 658.14/.17

THE ROLE OF ESG REPORTING IN STRENGTHENING
CORPORATE REPUTATION AND INVESTOR TRUST. THE CASES IN THE CAR
INDUSTRY

MOLDIR SHAIMERDENOVA
4th-year Bachelor of Science in Business Administration student,
majoring in Corporate Finance and Investment Management,
KIMEP University, Almaty, Kazakhstan

OLGA UZHEGOVA
Doctor of Business Administration (DBA), CFA, PRM,
Assistant Professor of Finance,
Bang College of Business, KIMEP University, Almaty, Kazakhstan

Abstract. In the automotive sector, ESG (Environmental-Social-Governance) reporting has
evolved into a strategic instrument for reconciling corporate sustainability performance with
external perceptions of legitimacy and risk. This article develops a theoretical and empirical inquiry
into how robust ESG disclosures influence corporate reputation and investor trust within the car
industry. Drawing on legitimacy and signalling theories, and integrating evidence from leading
automotive manufacturers, the paper proposes a “Reputation-Trust Nexus” model specific to the
mobility domain, emphasising disclosure transparency (materiality, comparability, assurance),
stakeholder perceptions, and trust-driven outcomes. Empirical indicators are analysed, and the
supply-chain complexity and technological transition (e.g., electrification) of the automotive
industry are shown as critical moderators and mediators. Managerial, investor and regulatory
recommendations are provided, including the creation of an automotive-specific ESG-KPI index,
deployment of digital twin tools for disclosure simulation, and richer traceability & assurance
mechanisms. By positioning ESG reporting as a dynamic strategic asset rather than static
compliance, the article advances both academic understanding and practical guidance for
automotive firms seeking reputational capital and investor trust in an era of rapid mobility
transformation.

Keywords: ESG reporting; corporate reputation; investor trust; automotive industry,; supply-
chain transparency, disclosure assurance; electrification transition, sustainability strategy.

Introduction

In the context of escalating regulatory pressure, shifting consumer preferences, and global
decarbonisation imperatives, Environmental, Social and Governance (ESG) reporting has become
a strategic lever rather than a mere compliance exercise. In the automotive industry—characterised
by large capital assets, extensive supply-chains, high resource consumption and emerging
technological disruption (electrification, autonomous mobility)—ESG reporting assumes particular
significance. Not only does it serve to disclose performance, but it also functions as a signal
mechanism through which firms manage their corporate reputation and investor trust. This article
examines how robust ESG reporting contributes to reputational capital and investor confidence in
automotive firms, develops a conceptual model specific to the sector, and offers recommendations
and novel ideas for practitioners and investors alike.

Theoretical Foundations: ESG Reporting, Reputation and Investor Trust

Legitimacy and signaling. From the legitimacy theory perspective, corporations seek to
operate within norms that permit their continued operations and access to capital and markets;
transparent ESG disclosures signal to stakeholders (investors, regulators, communities) that the firm
acknowledges and addresses sustainability demands. Meanwhile, information asymmetry and
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signalling theory underscore that ESG disclosures reduce the gap between insiders and external
stakeholders, thus lowering uncertainty and building trust.

Reputation and trust as strategic assets. Corporate reputation defined as a multidimensional
intangible asset comprising stakeholder perceptions of ability, integrity, and responsibility can be
enhanced through credible ESG disclosure. In turn, investor trust emerges when the firm’s
communicated commitments and practices (via ESG disclosures) translate into consistent
performance and governance. The interplay of reporting — reputation — trust forms the backbone
of our empirical inquiry.

Conditions for efficacy. However, the success of ESG reporting in generating reputation and
trust hinges on key enablers: materiality (disclosure of relevant topics to industry risks),
standardisation/comparability (use of recognised frameworks), and assurance/verification (third-
party certification) to avoid risks of greenwash or perceived opportunism.

Empirical Context in the Automotive Industry

Industry-specific ESG challenges and opportunities. The automotive sector accounts for
approximately 10 % of global CO: emissions tied to producing ~80 million vehicles annually and
consuming roughly 112 million tonnes of materials. This magnitude of impact implies that ESG
issues are highly material for automotive firms. Yet challenges persist: for example, Scope 3
emissions (value-chain plus end-use) may represent more than 90 % of a manufacturer’s
greenhouse-gas inventory, yet many firms struggle to report it adequately.

Reporting maturity and disclosure practices. According to a recent study, among the top 100
automotive organisations: 74 % align their reporting with more than one global guidance (e.g.,
SASB, CDP, UN SDGs, TCFD); 84 % publish a standalone ESG/sustainability report; 77 % have a
senior governance committee; yet only 31 % disclose third-party assurance of ESG data.

Table 1. Key disclosure metrics for top 100 automotive organisations

Metric Percentage  of | Implication for reputation/trust
firms
Alignment  with  multiple | 74% Enables comparability, thus reducing
frameworks investor scepticism
Stand-alone ESG report 84% Signals organisational commitment and
transparency
Senior governance committee | 77% Reflects oversight of ESG strategy,
enhancing credibility
Third-party assurance of ESG | 31% Low assurance may undermine trust in
data disclosures
*Source: adapted from SGS
white-paper.

This table presents four critical disclosure-metrics among leading automotive manufacturers
and parts organisations, indicating the percentage of firms aligning with multiple ESG frameworks,
issuing stand-alone ESG reports, maintaining senior ESG oversight committees, and obtaining third-
party assurance of ESG data. The data highlight both the increasing maturity of ESG reporting and
the persisting gap in assurance, thereby providing empirical context for this article’s discussion of
credibility and trust.

Linkages to firm value, reputation and investor perceptions. Empirical evidence within the
automotive sector remains mixed. For instance, a study of 131 publicly listed automotive companies
(2015-2020) found some positive effects of ESG scores on firm value, but the effect was inconsistent
and stronger for governance (G) than for environmental (E) or social (S) pillars. Another European
analysis notes that higher ESG-scores correlate with improved market valuation and profitability
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over the long run for automotive firms. From the consumer side, a South-Korean study in the
automotive market found that ESG management positively influenced brand value, perceived
quality and corporate trust—factors that feed into reputation and purchase intentions.

Table 2. Summary of empirical findings in automotive ESG research

Study Sample Key finding Relevance to
reputation/trust

“An ESG Perspective | Global auto OEMs | ESG aligned firms | Reporting helps trust,

on the Automotive | & suppliers benefit from stronger | but heterogeneity

Industry” (Western investor interest remains

Asset)

Deloitte “Building a | 26 major EU car & | Sustainability efforts | Good disclosure may

sustainable automotive | truck show tangible progress | enhance reputation

industry in Europe” manufacturers in climate & pollution | given regulatory drivers

SGS “Sustainability | Top 100 | Disclosure  maturity | Assurance gap threatens

reporting trends in | automotive improving, but | trust-building

automotive” organisations assurance lags

This table summarises three key empirical studies relating to ESG reporting in automotive
firms: the sample/population, main findings, and their implications for corporate reputation and
investor trust. By consolidating these findings, the table facilitates comparison across studies and
underscores the heterogeneous evidence base in the automotive sector.

Conceptual Framework and New Analytical Development

Based on the theoretical and empirical context, I propose a Reputation-Trust Nexus Model
(Figure 1) tailored for automotive firms.
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Figure 1. Reputation-Trust Nexus Model for Automotive ESG Reporting

This conceptual diagram presents the three-stage framework through which disclosure
transparency in the automotive industry leads to enhanced stakeholder perceptions (corporate
reputation) and ultimately to investor and stakeholder trust. It also identifies key moderators
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(regulatory & technological pressure) and mediators (supply-chain traceability & assurance quality)
that condition the effectiveness of the pathway.

Model description

1. Disclosure Transparency — Automotive firms publish ESG reports that are:

—material (battery sourcing, lifecycle emissions, supplier labour practices);

—aligned/standardised (e.g., SASB/TCFD);

—credible (third-party assurance, traceability).

2. Stakeholder Perception — Because of transparency, key stakeholder groups (investors,
consumers, suppliers, regulators) form favourable perceptions of the firm’s sustainability
credentials: enhancing corporate reputation and reducing perceived ESG-risk.

3. Trust & Outcome — Strong reputation translates into higher investor trust (manifested as
lower risk premia, easier capital access, improved valuation) and heightened stakeholder
engagement (e.g., consumer brand-loyalty, supplier cooperation).

4. Feedback Loop — Enhanced reputation and trust incentivise the firm to further improve
disclosure quality and embed ESG into strategy; thus a virtuous cycle emerges.

Novel Contributions of This Framework:

—It emphasises the dynamic nature of ESG disclosure in the automotive sector: not just a static
report but ongoing strategic asset.

—It directly integrates the supply-chain complexity of the automotive industry as a critical
mediator—unlike many generic ESG models.

—It suggests measurable outcomes (reputation, trust) and feedback loops, enabling future
empirical validation at firm level in the automotive domain.

—Implications, Recommendations and Novel Ideas:

—Develop an automotive-specific materiality matrix: Map ESG topics unique to mobility and
vehicle manufacturing (battery lifecycle, recycled materials, circular economy, labour in global
supply-chain, transition risk from ICE to EV).

—Invest in traceability and third-party assurance: Given the supply-chain complexity, employ
technologies (blockchain, [oT sensors) to trace raw-material origins, supplier practices, emissions
across value chain; obtain independent assurance of ESG data to strengthen credibility and trust.

—Embed ESG disclosures into strategic transition narrative: Link ESG metrics and disclosures
explicitly to strategic milestones (e.g., % revenue from electric vehicles by 2030, % recycled content
in vehicles, supplier diversity goals). This aligns reporting with corporate vision and enhances
reputational value.

—Monitor stakeholder perception and trust-metrics: Use surveys of investors, consumers and
suppliers to gauge trust levels, measure brand-trust scores, and correlate these with ESG disclosure
improvements to validate the Reputation-Trust Nexus.

Recommendations for Investors & Capital-Providers:

—Assess disclosure quality, not just ESG score: Beyond numerical ESG scores, evaluate the
quality of disclosure in automotive firms—materiality alignment, use of frameworks, assurance,
traceability. Firms with higher transparency are less exposed to information-risk and may command
reputational premiums.

—Engage on supply-chain disclosures: Press automotive firms to disclose upstream supply-
chain metrics (raw material sourcing, supplier labour practices, Scope 3 emissions) and the
assurance process behind such disclosures.

—Integrate reputation and trust metrics into investment models: Introduce reputational capital
indicators (brand trust, stakeholder sentiment) as inputs into valuation or risk premium models for
automotive firms with strong ESG transparency.

Recommendations for Regulators & Standard-Setters:
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—Promote standardisation of automotive-specific ESG frameworks: Encourage harmonised
disclosure standards tailored to the automotive and mobility segments to reduce heterogeneity and
increase comparability of ESG data.

—Mandate assurance of material ESG disclosures: To increase credibility and thereby trust,
regulators should require third-party assurance of major automotive firms’ ESG disclosures,
especially for high-impact supply-chain disclosures and transition-risk metrics.

—Encourage double-materiality disclosures: Require firms to disclose both how their
operations affect ESG factors and how ESG factors affect their business model (outside-in). This is
particularly relevant in the automotive sector where regulatory/technological shifts can rapidly
affect business viability.

Novel Ideas for Future Application:

—Reputation-Linked ESG KPI Index: Develop a composite index for the automotive industry
that links ESG disclosure quality, stakeholder trust scores (investor, consumer, supplier), brand
value changes, and firm valuation. Firms can benchmark themselves year-on-year.

—ESG-Disclosure Digital Twins for Automotive Value Chains: Utilise digital twin modelling
of automotive supply-chain networks to simulate ESG scenarios (e.g., battery-material supply
disruption, carbon-tax impact, labour-strike risk), and embed these simulations within ESG reports
as interactive dashboards—thereby enhancing stakeholder engagement and trust.

—Investor-Reputation Feedback Platform: Create a publicly accessible platform where
automotive firms’ ESG disclosure quality, stakeholder trust metrics and brand-value/reputation
indicators are tracked longitudinally, enabling investors and other stakeholders to benchmark,
engage and drive improvement.

Table 3. Material ESG Topics in Automotive Industry

Pillar Key Topics for automotive firms Relevance to reputation &
trust
Environmental | Lifecycle vehicle emissions (including Scope | Demonstrates credibility in
(E) 3), battery raw-material sourcing, energy decarbonising mobility and
efficiency in manufacturing, circular aligning with global climate
economy/recycling goals
Social (S) Supplier labour-practices (global vendors), Signals commitment to

workforce safety in manufacturing, diversity & | human-capital, social
inclusion in workforce, responsible marketing | licence and responsible

of mobility solutions value-chain
Governance Board oversight of ESG strategy, executive Builds trust in management
(G) incentives tied to non-financial metrics, anti- integrity, risk oversight and
corruption in global supply-chain, quality & long-term orientation

safety governance of vehicles

This table categorises the principal ESG topics of relevance for automotive firms under the
three ESG pillars (Environmental, Social, Governance), and links them to how these topics
contribute to corporate reputation and investor trust. It functions as a foundation for the article’s
analytical framework by clarifying industry-specific materiality.

Table 4. Sample Metrics and Disclosure Indicators for Automotive ESG Reporting

Metric Benchmark or industry practice | Reporting implication
% of revenue from electric | e.g., > 30% by 2030 target Demonstrates transition strategy
vehicles (EV) and credibility
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% recycled content in | e.g., 25% by 2030 Signals commitment to circular
vehicles economy, resource efficiency
Scope 3  supply-chain | Industry average ~>90% of'total | Reveals full footprint
emissions per vehicle | emissions in auto value-chain. transparency and supply-chain
(tonnes CO:z¢) traceability
% of suppliers audited for | > 80% of Tier-1 & Tier-2 by | Shows  supply-chain  social
labour practices 2025 governance and human-rights
due-diligence
Third-party assurance of | e.g., > 50% of firms in top 100 | Enhances credibility and lowers
ESG report automotive have assurance. | investor scepticism
Actual ~31%.

This table lists exemplary metrics and disclosure indicators that automotive firms may include
in ESG reports (e.g., % revenue from electric vehicles, Scope 3 emissions per vehicle, % suppliers
audited), alongside benchmark practices and interpretation of how each metric influences disclosure
quality and hence stakeholder trust. It serves both as a practical reference for managers and as an
empirical anchor for the article’s recommendations.

Conclusion

In the automotive industry, ESG reporting is not simply a matter of compliance but a strategic
mechanism for enhancing corporate reputation and fostering investor trust. The sector’s inherent
complexity—Ilarge global supply-chains, transition to electrification, high regulatory and material-
impact exposure—means that robust disclosure, trustworthy assurance and stakeholder-oriented
narratives matter more than ever. The proposed Reputation-Trust Nexus Model situates disclosure
transparency (material, standardised, credible) as the driver of stakeholder perceptions, which in
turn lead to trust and tangible outcomes such as improved valuation, lower cost of capital and
stronger stakeholder relations. For managers, investors and regulators, the implications are clear:
focus on materiality, traceability, assurance and strategic alignment. For future practice, novel tools
such as reputational KPI indices and digital-twin scenario reporting offer promising avenues to
deepen the link between ESG transparency and reputational value in automotive firms. As the
mobility landscape continues to transform, the firms that most credibly articulate their sustainability
journey will likely be those whose reputation and investor trust deliver competitive advantage.
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