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YUKSOK GORGINLIKLi VO YUKSOK TEZLIKLi ELEKTRIK SOBALARINDA
ENERJI (;};:VRILMa EFFEKTIVLIYININ VO ELEKTROMAQNIT PROSESLORIN
MUASIR INNOVATIV TEXNOLOGIYALAR O9SASINDA TODQIiQi

CAVADOVA M.M., ROSULOV RUZIi VAQIF OGLU

Xiilasa. Bu maqalada yiiksak garginlikli va yiiksak tezlikli elektrik sobalarinda enerji ¢evrilma
proseslarinin somaraliliyi, elektromaqnit hadisalarin dinamikasi va son illarda tatbiq edilon innovativ
texnologiyalar kompleks sakilda arasdirilir. Tadgiqat ¢arcivasinda yiiksak tezlikli sahanin material
daxilinda istilik yaranmasina tasiri, carayan sixliginin paylanma qanunauygunluglari va sath effekti
(skin-effect) kimi fiziki proseslor nazori va tatbiqi baximdan tahlil olunur. Xiisusilo induksion va
dielektrik qizdirma sistemlarinda enerji otiiriilmasinin effektivliyi, giic elektronikasimin rolu va
yarumkegirici agar elementlorin (IGBT, MOSFET va s.) tatbiqi naticasinda alda olunan texnoloji
ustiinliiklor miiqayisali sakildo qiymatlandirilir. Maqalads yiiksak garginlikli elektrik sobalarinda
elektromagnit sahalarin paylanmas, istilik balansinin formalagsmast va istilik itkilorinin azaldilmast
mexanizmlari sistemli sakildo arasdirilir. Enerji ¢evrilma amsalimin yiiksaldilmasi ti¢iin rezonans
rejimlorinin optimallagdiriimasi, tezlik tonzimloma sistemlarinin totbigi vo avtomatlasdiriimis
idaraetma bloklarinin inteqrasiyasi kimi miiasir yanasmalar asaslandirilir. Homginin materialin fiziki
xtisusiyyatlorinin — elektrik keciriciliyi, magnit kegiriciliyi va dielektrik sabitinin — istilik
generasiyasina tasiri eksperimental va nazari aspektds izah olunur. Yiiksak tezlikli va yiiksak
gorginlikli sobalarda enerji samaraliliyinin artiriimasi yalniz konstruktiv dayisikliklarlo deyil, ham da
raqamsal idaraetma, impuls modulyasiyast va adaptiv giic tanzimlonmasi sistemlorinin tatbiqi ilo
miimkiindiir. Miiasir texnologiyalarin inteqrasiyast enerji itkilorinin azaldilmasina, temperaturun
daha daqiq idara olunmasina va texnoloji proseslorin keyfiyyatinin yiiksaldilmasina sorait yaradir.
Innovativ texniki hallarin tatbigi sanaye tipli elektrik sobalarinda mahsuldarhigin artirilmasina va
enerji resurslarindan samarali istifadaya xidmat edir.

Acar sozlar: yiiksok gorginlik, yiiksaok tezlik, elektrik sobasi, induksion qizdirma, elektromagqnit
saha, enerji cevrilmasi, rezonans rejimi, giic elektronikasi, enerji somaraliliyi.

Abstract. This article presents a comprehensive investigation of energy conversion efficiency,
electromagnetic processes, and recent technological innovations in high-voltage and high-frequency
electric furnaces. The study analyzes the influence of high-frequency electromagnetic fields on heat
generation within materials, current density distribution, and physical phenomena such as the skin
effect from both theoretical and applied perspectives. Particular attention is given to induction and
dielectric heating systems, evaluating the efficiency of energy transfer and the technological
advantages achieved through modern power electronic components such as IGBTs and MOSFETs.
The distribution of electromagnetic fields, formation of thermal balance, and mechanisms for
reducing heat losses in high-voltage electric furnaces are systematically examined. Modern
approaches aimed at improving energy conversion efficiency—such as resonance mode optimization,
frequency control systems, and integration of automated control units—are technically substantiated.
The study also considers the influence of material properties, including electrical conductivity,
magnetic permeability, and dielectric constant, on heat generation processes. The research
demonstrates that improving energy efficiency in high-frequency and high-voltage furnaces requires
not only structural modifications but also the implementation of digital control systems, pulse
modulation techniques, and adaptive power regulation methods. The integration of innovative
technologies contributes to reduced energy losses, precise temperature control, and improved
technological process quality. Ultimately, the application of advanced technical solutions enhances
productivity and ensures more efficient utilization of energy resources in industrial electric furnace
Systems.
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Giris

Miiasir sonaye istehsalinda yiiksok temperatur tolob edon texnoloji proseslorin hoyata
kecirilmosi tigiin elektrik sobalar1 genis totbiq olunur. Xiisusilo metallurgiya, masingayirma,
materialslinasliq vo yarimkecirici sonayesinds yiiksok gorginlikli vo yiiksok tezlikli elektrik sobalari
yiiksok mohsuldarliq vo doqiqlik tomin edon osas avadanliqlardan biri hesab edilir. [1] Bu tip
sobalarda istilik enerjisi birbasa elektromaqnit proseslor vasitasilo generasiya olundugundan enerji
¢evrilmo mexanizmi anonavi miigavimatli qizdirma sistemlarindon forqlonir vo daha miirokkab fiziki
proseslora asaslanir. Yiiksok tezlikli elektrik sahasinin material daxilinds yaratdig1 girdab caroyanlari
va ya dielektrik itkilor istilik yaranmasinin asas monboyini toskil edir. Bu proseslordo coroyan
sixliginin paylanmasi, soth effekti (skin-effect), maqnit sahasinin intensivliyi vo tezliyin qiymati
istilik generasiyasinin effektivliyino birbasa tosir gostorir. Xiisusilo yiiksok gorginlik rejimindo
elektromaqnit sahonin sabitliyi, izolyasiya sistemlorinin etibarlilig1 vo tohliikosizlik masaloalori xiisusi
ohomiyyat dasiyir. Bu sobabdon yiiksok gorginlikli vo yliksok tezlikli sobalarin konstruktiv vo
funksional xiisusiyyatlorinin elmi asaslarla arasdirilmasi aktual mosalo kimi ¢ixis edir. [2, s. 37-45]

Son illords giic elektronikasi sahasinde aldo edilon nailiyystlor — IGBT vo MOSFET tipli
yarimkegirici agarlarin totbiqi, impuls-eni modulyasiyasi (PWM), rezonans invertor texnologiyalari
va rogamsal idaraetma sistemlori — elektrik sobalarinin texniki gostaricilorinin shamiyyaetli deracada
yaxsilagdirilmasina imkan vermisdir. Bu yeniliklor enerji ¢gevrilma omsalinin yiiksaldilmasing, istilik
prosesinin daha doqiq tonzimlonmosino vo enerji itkilorinin azaldilmasina sorait yaradir.
Avtomatlasdirilmis nozarst sistemlorinin totbiqi temperaturun real vaxt rejiminds izlonilmasine vo
optimal is rejiminin tomin olunmasina imkan verir.Yiiksok tezlikli vo yiiksok gorginlikli elektrik
sobalarinda bas veron elektromaqnit vo istilik proseslorinin qarsilighh slaqesi miirokkab xarakter
dasiyir vo ¢oxsayli fiziki parametrlordon asilidir. Materialin elektrik keciriciliyi, maqnit kegiriciliyi
vo dielektrik xiisusiyyotlori istilik generasiyasinin intensivliyini miioyyon edon asas amillordir. Buna
gora do hom nozori modellogdirma, hom do eksperimental todqiqatlar vasitosilo bu parametrlorin
tosirinin dyranilmasi miihiim elmi shamiyyat kasb edir. [3, s. 22-30]

Tahlil

Yiiksok gorginlikli vo yiiksok tezlikli elektrik sobalarinda bas veron proseslorin tohlili
elektromaqnit saha nozariyyasi, istilik otiiriilmasi va giic elektronikasi prinsiplorine asaslanir. Bu tip
sobalarda enerji ¢evrilmasi asason doyison elektromaqnit sahasinin tosiri altinda material daxilindo
yaranan girdab coroyanlart vo ya dielektrik itkilor hesabina hoyata kegirilir. Yiiksok tezlik artdiqca
coroyan sixligr materialin soth qatinda comlonir ki, bu da soth effekti (skin-effect) ilo izah olunur.
Naticado istilik osason materialin sothindo generasiya olunur va istilik keciriciliyi hesabina daxilo
yayilir. Bu prosesin intensivliyi tezlik, maqgnit sahosinin giicii vo materialin elektrik kegiriciliyi ilo
mioyyon edilir. Yiiksok gorginlik rejiminds elektromaqnit sahonin paylanmasi ve izolyasiya
sistemlorinin dayaniqlilig1 xiisusi ohomiyyot dasiyir. Gorginliyin artmasi dielektrik desilmo riskini
yiiksolda bilor, bu iso sobanin tohliikesiz istismarina monfi tosir gostorir. Bu baximdan miiasir
konstruksiyalarda ¢oxqatl izolyasiya materiallarinin totbiqi, saho intensivliyinin optimallagdiriimasi
vo impuls xarakterli qidalanma sistemlori genis istifado olunur. Rezonans invertor sxemlorinin totbiqi
159 enerji Otliriilmosinin daha effektiv va stabil hoyata kegirilmosino imkan yaradir. [4, s. 55-62]

Enerji ¢cevrilma somoraliliyinin tohlili gostarir ki, anonavi miiqavimatli qizdirma sistemlori ilo
miiqayisado yiiksok tezlikli induksion sobalar daha yiiksok faydali is omsalina malikdir. [S] Bunun
osas sobobi istiliyin birbasa qizdirilan material daxilindo generasiya olunmasi va araliq istilik 6tiirmo
morhololorinin minimallasdiriimasidir. Impuls-eni modulyasiyast (PWM) vo tezlik tonzimlomo
mexanizmlari vasitosilo enerji sorfiyyati real vaxt rejimindo optimallagdirila bilir. Bu enerji itkilorinin
azalmasina va temperaturun doqiq idars edilmasing sorait yaradir.

Elektromaqnit va istilik proseslorinin qarsiliql slagasi riyazi modellosdirma vasitosilo do tohlil
olunur. [6] Maksvel tonliklori osasinda saho paylanmasinin hesablanmasi vo istilik kegiriciliyi
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tonliklori ilo birlikdo inteqrasiya olunmus model qurulmasi temperatur sahosinin zaman iizro
doyismosini miioyyon etmoyo imkan verir. Bu ciir kompleks model yanasmasi konstruktiv
parametrlorin — bobin formasi, niive materiali, tezlik intervali vo gilic soviyyesi —
optimallagsdirilmasina sorait yaradir. [7] Yiksok gorginlikli vo yiiksok tezlikli elektrik sobalarinda son
texnoloji yeniliklor asason {i¢ istiqgamotds comlanir: giic elektronikasinin tokmillagdirilmasi, rogomsal
idaraetma sistemlorinin totbiqi vo enerji itkilorinin azaldilmasi.

Cadval 1. Yiiksak garginlikli v yiiksak tezlikli elektrik sobalarinda texnoloji yeniliklorin

analitik qiymoatlondirilmasi

Tohlil istiqgamati Movcufi Innovativ yenilik Texniki natico
texnologiya
. . . Klassik induksion Rezonans invertor vo PWM Faydali is amsalinin
Enerji ¢evrilmasi .
qizdirma idaraetmo artmasi
Elektromaqnit saha Sabit tezlikli Adaptiv tezlik Soth effektinin
paylanmasi sistem tonzimlonmasi optimallagdirilmasi
Giic elektronikasi Tiristor asash I(.}.BT/MOS.F E.T asash Enerji itkilerinin azalmasi
sxem ylksok tezlikli agarlar
Idaroetmo sistemi  Analog nozarot . Rogamsal Ve Temp er'a.tu run daqiq
mikroprosessorlu idaroetmo stabilizasiyasi

Enerji sorfiyyatinin
optimallagdirilmasi

Moanba: https://www.taylorfrancis.com/books/mono/10.1201/9781315117485/handbook-
induction-heating-valery-rudnev-raymond-cook-loveless

Cadvaldo yiiksok gorginlikli vo yiiksok tezlikli elektrik sobalarinda totbiq olunan asas texnoloji
elementlor vo onlarin miiasir innovativ hallorlo miigayisosi sistemli gokildo togdim edilmisdir. Tohlil
gostarir ki, klassik induksion va sabit tezlikli sistemlorlo miiqayisados rezonans invertorlarin vo PWM
osasli idareetmanin totbiqi enerji ¢evrilma amsalin artirir vo giic itkilorini azaldir. IGBT vo MOSFET
tipli yarimkegirici agarlarin istifadasi yliksok tezlik diapazonunda daha stabil va effektiv islomo rejimi
yaradir. Adaptiv tezlik vo gilic tonzimlomo mexanizmlori iso soth effektinin optimal soviyyado
saxlanmasina va istilik prosesinin doqiq idare olunmasina imkan verir. Rogomsal mikroprosessorlu
nazarat sistemlori temperaturun sabitliyini tomin edorak texnoloji prosesin keyfiyyatini yiiksaldir.

Son illorin asas yeniliklori enerji somaoraliliyinin artirilmasi, elektromaqnit proseslorin
optimallagdirilmasi vo idarsetms sistemlorinin roqomsallasdirilmasi istiqametinde comlonmisdir. Bu
noticolor mogqgalonin  yekun hissosindo  iimumilogdirilorok praktiki  vo elmi noticalorin
formalasdirilmasina osas yaradir. Aparilmig aragdirma vo miiqayisoli tohlil gostorir ki, yliksok
gorginlikli vo yiiksok tezlikli elektrik sobalarinda son texnoloji yeniliklor enerji c¢evrilmo
mexanizmlorinin tokmillogdirilmasi vo elektromaqnit proseslorin daha doqiq idare olunmasi
istigamoatindo mithlim iraliloyislor tomin etmisdir. Miiasir giic elektronikasi elementlorinin — xiisusilo
IGBT vo MOSFET osasli acarlarin — totbiqi yiiksok tezlik rejiminde daha stabil ve samarali is soraiti
yaratmisdir. [8, s. 18-24]

Rezonans invertor texnologiyalar1 vo impuls-eni modulyasiyas: enerji itkilorinin azalmasina,
faydali is omsalinin yiiksolmosina va istilik prosesinin optimallasdirilmasina sorait yaradir. Adaptiv
tezlik vo glic tonzimlonmasi ise materialin fiziki xiisusiyyotlorine uygun dinamik idareetmo imkani
verarok texnoloji prosesin keyfiyyotini artirir. [9] Rogomsal idaroetmo vo avtomatlasdiriimig
monitoring sistemlarinin inteqrasiyast temperaturun real vaxt rejiminde nozarotds saxlanmasina va
tohliikasizlik soviyyasinin yiiksaldilmosino imkan verir. Bu iso sonaye istehsalinda mohsuldarligin
artmasina va enerji resurslarindan daha somorali istifadoys xidmaot edir. [10, s. 29-35]

Yiiksok gorginlikli vo yiiksok tezlikli elektrik sobalarinda innovativ texnologiyalarin totbiqi
yalniz enerji somoaroliliyinin artirilmasi ilo mohdudlagsmir, hom do texnoloji proseslorin sabitliyini,
tohliikasizliyini vo iqtisadi somoraliliyini tomin edon osas amil kimi ¢ixis edir. Kompleks elmi

Enerji somoraliliyi  Sabit giic rejimi  Adaptiv giic tonzimlonmasi
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yanasma vo miasir texniki hallorin totbiqi bu sahado davamli inkisafin asas istiqgamatini miioyyan
edir.
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PEIIEHUE METOJOM KOHEYHBIX PASHOCTEM OJTHOM 3AJIAYA
JJIAA HAT'PY KEHHOI'O JTU®PEPEHIIMAJIBHOI'O YPABHEHUA
I'MITEPBOJIMYECKOI'O THUIIA
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Houent kadenpsl YpaBHeHui MaTemaTndeckoit ¢pusnku bakunckoro I'ocynapcTBeHHOTO
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KEPUMOBA ACS XABWUJI I'bI3bI
MaructpanT kadenpsl YpaBHeHuit Matematndeckoi Gpusnku bakunckoro I'ocynapcTBeHHOTO
VYuuBepcurera, baky, AzepOaiiixan

Annomauusn. B pabome 0aHO npumerenue mMemood KOHEUHbIX PA3HOCMel K PeueHU0 00HOU
3a0a4u 018 HASPYHCEHHO20 OUPPePeHYUANLHO20 YPABHEHUSL 2UNEPOONULECKO20 MUNA C 2PDAHUYHBIMU
VCAOBUAMU, COOEPACAWUMU YACTIHBIE NPOU3BOOHbIE UCKOMO20 peuleHus no NpoCmpaHCmMEeHHOU
nepemennou. Ilocmpoena coomeemcmsylowas pasHOCMHAA 3A0ayd, ANNPOKCUMUPYIOWAST MY
3a0a4y co 6MopuIM NOPSAOKOM MOYHOCIU U OAH MeMOO peuleHus: 3moil 3a0adu.

Knwoueevie cnosa: Hacpyscennoe ypasHenue, YpasHeHue 2unepOOIULecKkozo  Mmund,
AnnpoOKCUMayus, PA3HOCMHAsL 340a4a, NO2PEeUHOCHb ANNPOKCUMAYUL.

1. IlocTanoBka 3aga4uu
IIycte TpeOyercss HaAlTH HENpEepHIBHYIO B 3aMKHYTOH TNPSMOYTOJIBHOM  00JIacTH

D= {0 <x<L0Lt<LT } byHkIM©O © =u(x,t), yIOBJICTBOPSIONIYIO YPAaBHECHHUIO

2 2
% —a(x, t)% +bu(x, 1)+ bu(x, i)+ byu(x,b,) + f(x.0),
t X
O<x<!l,0<t<T,
(1)
IPAHUYHBIM YCIIOBHAM
M +au(0,t) = 1, (1),
5 ?)lc ) 0<t<T,
u(l,t
——=+ fu(l,t) = u, (1),
ot
()
1 Ha4aJIbHBIM YCJIOBUSAM
uw0) = (0, P, (), 0<x<l,
t
3 -
3necy a(x,t) > a, > 0— HempepbIBHAsA B paccMaTpuBaeMoii oonactu D gynkuus, b, b,
b,,a, f— JIeHCTBUTEIIbHBIC uncna,ty,t, € (0,T], f(x,1), 1, (1), 1ty (1), (x), 0, (x) —

W3BECTHBIC HETIPEPBIBHBIC (DYHKITHH.

B Hacrosimelt pabote x pemenuro 3amaun (1)-(3) Oyaem NpuMEHSITh METON KOHEUHBIX
pasuocteii. C 3Toi 11e/1bI0, CHAaYaIa B 3aMKHYTOH 0611acTH D ONpeieiM CeTOYHYI0 00/1aCTh, 3aTeM
B OTOW CETOYHOM 00JIACTH TTOCTPOUM Pa3HOCTHYIO 3a/1ady, almpoKcuMupyronryro 3aaaqy (1)-(3) co

BTOPBIM MOPSAKOM TOYHOCTHU. [locie 3Toro majauM aaropuT™M perieHus: MOCTPOEHHON pa3HOCTHOM
3a/lauH.

2. IlocTpoeHue pa3HOCTHOM 3a1a4u
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Ilycte N =2, j, =2 2— HarypanbeHble yncina. Pazgennm otpesok x €[0,/] Ha N, a t €[0,7]
Ha j, paBHbIX u4acTed. Toukum JeneHHs HSTUX OTPE3KOB O0O3HAYMM  yepes
x, =nh,n=0,1,..,N,

/ .. . T .
h=— u t;=j7,j=0l..j, 7= j—, COOTBETCTBEHHO. UHUCIIO j, BBIOEPEM TaKUM
0

00pa3om, 4TOObI TOUKH f; U f, ObUIM Cpew Touek ¢; = j7, j = O0,l,..., jo. Ilycts £ = ji7, 1) = j,T.
MHoxecTBO TOYEK (X, ,7;) 0003HAYMM HYePE3 @),
@y =%, 51,0, 1= 012,00, N, j=0,12,, j, }.
B Teopun pa3HOCTHBIX CXEM MHOXKECTBO @), HA3bIBAIOT CETKOW B oOiactu D, a TOYKH
(x, ,;)— y3mamu 3TOM CETKH.

Paccmorpum ypasnenue (1) B y3nax (x, ), n=L2,.,N=1,j=12,.,j,, CCTKH @), :

0%u(x,.t;) 0%u(x,.t;) ) )
T:a(xnatj)a— bu(x tj)+blu(xnatl)+b2u(xn’t2)+f(xna J)
X

n=12,..,N-1j=12,.,j,. 4)

W3BectHO, uTO, ecnu (yHKumMs u =u(x,t) umeer B obmactu D = {0 <x<l,0<t<T }
OTpaHUYCHHBIC YaCTHBIC MPOU3BOIHBIC IO IEPEMEHHBIM X U { JIO YETBEPTOTrO MOPSIKA

82u(xn,tj) _ u(x,,t ;) —2u(x,,t;) +u(x,,t; ) +0(12)

ot? r?
52u(xn,tj) B U(X,5 ;) —2u(x, 1 ;) +u(x, ,1;) O(hz)
2 - 2 +
Ox h
C y4erom 3TuX paBeHCTB, U3 (4) MOIy4YHM CIIpaBeJINBOCTh PABEHCTB
u(xn’thrl) _Zu('xn’t])—i_u(xn’tjfl) _ a(x ¢ )u(anrl’tj) _zu(xn>t])+u(xn l’tj) n
2 n>"j 2
T h
T bu(x, 1)+ buu(x, 1)) + by, B) + f(x,,6)+ Ol +72 ), n =12, ., N1,
j = 1,2,...,]0 _1.
)
Terieps paccMOTpUM rpaHUYHBIC yCIOBUSA (2) Tipw £ =¢;, j=12,..., j, :
ou(0,2;)
" +au(09tj):ﬂl(t_j)a 12 . 6
au(l ) J=5 9""]0 ( )
+pu(l,t;) =1y (1)),
HpeI[l'IOJ'IO)KI/IM, 9T0 ypaBHeHHe (1) BBHIMOJHAETCS M Ha ydacTKax rpaHunbl x =0 n x =1/
obmactu D.

ITo popmyne Teinopa umeem:
ou(0,t.) 2 0’u(0,t,) 3 Ou(x,t.) -
u(x,t;)=u(0,t,)+x e ——+ ——, 0<X¥<ux
Ox 20 ox 3 ox
Ecnu B 3TOM paBEHCTBE MOJIOKUM X = /1, TO IOJIYYUM CIIPaBEAJINBOCTh PABEHCTBA

ou(0,t;) 2 *u(0,t;) pd u(x,1;)
+— +— ,
ox 2l o’ 3 &’

u(hyt;)=u(0,t;)+h

nin
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u(h,t ;)—u(0,t . ou(0,t; 0%u(0,1 ;
(h,1;) —u(0,7;) _ ou( ,)+£ ( f)+0(h2)
h Ox 21 ox?
VYuureiBas 37i€ch NEPBOE YCIOBUE B (6) U TO MPEANONIOKEHHE, UTO ypaBHeHUE (1) BbIMIONIHAETCS
unpu x =0, IpUXOAUM K CIEYIOIEMY PAaBEHCTBY:

u(h,t;)—u(0,t,) ho | 0%u(0,z)) _
; z—au(O,tj)+,u1(tj)+2a(0’tj) pvE —bu(0,1;) = bu(0,7,) —
—byu(0,5,) — £ (0, )]+ W2 ), =12, j5 ~1.
o%u(0,t;)

3aMEHHUB B 3THX PABCHCTBAX MMPOU3BOJHYIO COOTBCTCTBYIOIIIUM Pa3HOCTHBIM

2
ot
BBIPAKCHUCM, ITOJTYYHUM CIIPABCAJIMBOCTD CIICAYIOINIUX PAaBCHCTB:

u(ht ) =u(0t,)  h w(0,t;,)~2u(0,t,)+u(0t, ) [ bh J
— : +la+——u(0,z,)+
h 2a(0,1,) 72 2a(0,1;) ’
b byh 2, a
o OIS0 =0 (0,])f(0 )+ 00 +22),
j :1,2,...,j0 _1.

(7)

AHanornyHeIM 00pa3oM, Uconb3ys Gopmyiy Teitopa, BTopoe rpaHudHOe yciaoBue B (6), U
TO MPEATONIOXKEHUE, 4To ypaBHeHHE (1) BBIMOMHIECTCS M Ha rpaHuue X =/ obmactu D, TOIyYuM
CIPaBEAJIMBOCTD CJIEAYIOIIErO PABEHCTBA:

u(l,tj)—u(l—h,tj) h u(l,tj+1)—2u(l,tj)+u([’tj71) ( bh j
" +| - u(l,t;)+
h 2a(l,t ) - YR
bh ~ P 2 2
)", (Z Subi =+ (Z’tj)f(l,tj)+0(h +7?),

j = 1,2,...,j0 _1.
®)

OTt6paceiBas B paBeHCTBax (5), (7), (8) cmaraemsbie mopsiaka O(h2 +7° ) 1 0003HAYUB MPU 3TOM

HpI/I6J'II/I)KeHHBIe 3HAa4YCHUA u(xn . ]) uepe3 yn , IOJIYYHM CIIPABCAJIMBOCTD CICAYIOIIUX PAaBCHCTB:

B T et S Ut S OO .. it .
2a(0,¢,) .2 h 2a(0,¢;) | °  2a (Ot) )
b2h J2 _ gJ
2 (O,tj)yo =Jfd >
it =2y) +y) Via =2 +yi, L
3 —a(x,,t;)="—— L—by) —by) —byy? =1,

n=12,.,N-1,
)

h VAR, YV RN yj _yj_ bh ) b h .
_ YN J’ZN YN YN TN - iy — pi -
2a(l,t;) T h 2a(l,t;) 2a(l,t;)
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b
2 (lt ) fNa
rac
1 =m)————f0.t)), f,] =f(x,.t;), n=12,..,N-1,
2 <0, ()

- h I =12, —1

fN ﬂZ( ) 2a (l )f(’tj)aj_ siesenes Jo T 14

K ypaBHenusim (9) npucoeqMHUM HadaJlbHbIE YCIOBUS
=0 (xn)a yrlz =0 (xn)+ P, (xn), n= 051,"'>Na
(10)

MOJIyYSHHBIC U3 HAYAJIbHBIX YCI0BHi (3).

Taxum 00pa3oM, MbI TOCTPOMIIM Pa3HOCTHYIO 3a1auy (9)-(10), anmpokcuMHUpYIOLIYIO 3a7ady
(1)<(3) ¢ Tounoctsio O(h> +72).

PaznocTHas 3amaya (9)-(10) ectb ssBHas pa3HOCTHas 3ajava (sSBHas pa3HOCTHas cxema). [Ipu
pelIeHNH MTPUKIIAIHBIX 3314, 1[eleco00pa3HO UCTIONb30BaTh HEIBHbBIE pa3HOCTHBIE cXeMbl. Mcxons
13 SBHOHM pa3HOCTHOM cxeMbl (9)-(10), mocTporM COOTBETCTBYIOIIYIO HESIBHYIO cxemy. J[is aToro
pa3HOCTHBIE ypaBHEeHUs (9), CHauasa nepenuiieM B CIeyIOnEeM BU/IE:

=2 4y 2a(0i)) v -y _[2“"(0»6)
h

+b])’({ _bly({l _bZJ’({Z =

72 h h
2a(0 )
= k 0,
1 J J J
yrjt+ _2yn+yn Y _2yn+yn— i j
> —a(x,,t;)—"H— L—by) —byy) —by =1

n=12,.,N-1,
(11)

41 ' -1 j j

v 2wty 2aGh) yy -y (20a(0) A G s

3 + - —O0 Yy O YN =D YN =

T h h h
2a (l t;) _ _
= fN’ ] = 1,2,...,]0 _1
Ilycte o — neiicTBUTENBbHBIA HapaMeTp. VX0 W3 MOCIEAHUX Pa3HOCTHBIX YPaBHEHHUIA,
PacCMOTPUM CJIEYIOIINE Pa3HOCTHBIE YPABHEHHUS, 3aBUCSIIINE OT napaMeTpa o

v =2y + ¥ Za(o’tj)( W™ L g y°+ay{_1_yé_lJ_
h

r? h h

2aa(0.1,) 2a(0,t)) -

_(TJ_"[)J( ¢ +(1-20)y + v ) by —byyi =- n ~1d
j+1_2 j j—l
Yo TSV g, VAl + (= 20)y] + oyl )= bloyi ™ + (1200 + oy )-

T

_blyjl bzy = j n=12,..,N-1,
(12)
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1 1 1 i j —1 —1

0 e 4 BN A AT D) DG e (20N TR YN Y]

72 h h h
2Ba(l,t)) . 2a(l.t;) -,
( P ( =20y + vk 1)— byl —byyf? = p —fi
j = 1,2,...,]0 _1.
3necs Ayl = Vi1 ZZ” Yot f/,n=0,]1,..,N, onpenensiorcs uepe3 f. u o.

OueBunHo, yto, npu o =0, pa3HOCTHbIE ypaBHeHMs (12) coBmagaer ¢ pPa3HOCTHBIMHU

ypaBHeHusaMH (11) .
[lepenumem HauanbHbIe yenoBus (10) B Buze

Vo =0(x,), ¥y =0,(x,), n=0L...N, (13)
rae ¢,(x,) =@ (x,)+1m,(x,), n=0,1...,N.

3. Pemienne pasnoctHoii 3aagaun (12)-(13)
Jns pemenust pasHoctHou 3amaun (12), (13), mepenumem pasHocTHbie ypaBHeHHs (12) B

CJICTYIOIIEM BHJIC:

| . . .
Coyé+1 b({ /! +d({J’0 _eoJ’1 +coy0 béY{ ]913’61 _bzyéz =g({,

—alyl eyl —alylt —elyl +d]y] —e yn+1—a’y,ill+c it —alyli -
—bly bzy’zzgn, =12,..,.N—1,
(14)
_aNy]jV+11 +CNy]]V+1 _eNyN 1 +dNyN _aNyN 1 +chN —byy bz)’zj\/2 =g
j :1,2,...,j0 _1.
3xech
1 20u(0,¢ ) - 20u(0,t ) 2 2(1 20)a(0,t )
cl =—+ —1 ah)-bo, bl = ——2= =—— 1—ah)—
02 i b by h> 4o 2z B> (-ak)
. 2(1-20)a(0,z;) coou(x,,t;)) . 1 2ou(x,,t;)
—b(l—ZG), 60 = h2 , a',i =h—2, Ci :T_2+h—2 bU,
1-20)a(x,, . 201-20)a(x,,
! 22( wt) d,{:—%+ ( 22( ) -b(1-20), n=1.2,..,N -1,
T
- 20u(l,t; . 20‘alt - 2(0-20)a(l,t;
g 2 L 2 20200ad)
h r? h? h
. 2(1-20)a(l,t . 2a(0,t;) - . S
d]]\/ =_% ( 2 ( )(1+18h)5 gé =_(—j)f0]> gr{ =fnj5 n=1a2>---:N_1>
T h h
; 2a(l,t )
= fis J=12,0 0 —1.

Takum oOpa3oM, Mbl JOJDKHBI HAlTH pelleHue pPa3sHOCTHBIX ypaBHeHuil (14),
YAOBJIETBOPSIOIEE HAa4YaIbHBIM ycaoBHsM (13).
Pa3nocthyto 3anauy (15), (13) MokHO 3amucath B CIEAYIOLIEM MAaTPUYHOM BUJIE:

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



OU3UKO-MATEMATUYECKHE HAYKHU

Impact Factor: SJIF 2023 - 5.95 PHYSICAL AND MATHEMATICAL SCIENCES

2024 - 5.99
Ay 4 C oyl + Ay =By =By =gl =120 -1,
(15)
V=0, ¥ =0, (16)
rac
¢ -bj 0 0 0 0
-al ¢ -al 0 0 0
4 = 0 —a-zj c-zj —a-zj 0 0
J 5
0 0 0 0 —al, ¢, —-al,
0 0 0 00 —aj, <}
di -e/ 0 0 00 0
—el d/  -e 0 0 0 0
0 -ef df -e .. 00 0
C, = :
0 0 0 0 0 —el, di, —-el,
o 0 0 0 0 0 —el d}
b, 0 0 00 0 gl
0 b, 0 00 0 gl
B, = : : Jk=12,  gl=| .|,
0 0 0 .. 0 b O gl
0 0 0 .. 00 b gl
@1 (x0) ?,(x0)
@1 (x7) ?,(x))
Q= , 0, =
@1 (Xy_p) @y (xy_p)
@ (xy) @2 (xy)
Pa3nocTHBIE ypaBHeHus (15) nepenuiem B CleIyIOIIEM BUIE:
4y* +Cy' + 4y’ - By =B,y =g,
4,0° +Coy* + Ay y' =Byt - B,y = g2,
Ay* + Gy’ + A3y* =By =By = ¢,
(17)

Jo—1 Jo=2 Jo=3 A 2 — o2
ALy +C Ly +A4; Ly =By =B, y? =g,
Jo Jo~1 Jo=2 A 2 — ool
Ay +C Ly + ALy —By" =B,y =g" .
[locreHue ypaBHEHHUsI, C YIETOM HaYalIbHBIX yCIOBUH (16) U TOrO, 4TO MATPHILl A; HMEIOT

JMaroHAJIbHBIE TTPE00IaIaHusI, MOYKEM MIPUBECTHU K CIEAYIOIIEMY BUIY:
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v’ :Pl(BQ’jl + B,y )+Ql )
y3 :Pz(Blyjl +B,y’? )+Q2 5
y4 :}33(31)’1l +B,y”? )+Q3 )

yh = P (Blyjl + Bzyjz )"‘ Qs
y? = P, (31)/'/‘1 + Bzyj2 )"‘ 0,4,

yo = P (B1)’j1 + B,y )+ Oyt 5
rie P, 0;, j=L2,..j,-1-

(18)

HU3BCCTHLIC MATpPUIIBI. JIerko MOXKHO npoBCpUTH, 4YTO,

HampuMep, nepsbie MaTpuLel Py, O, j =1,2,..., ONpenestoTcs paBeHCTBAMH

A :Al_la o =—Afl(C1¢z _gl)_%: P, :Az_l(E_CzAl_ll 0, =—A2_1(C2Q1 _gz)_@,

Hcnonp3yst paBenctBa (18) chauanma ompenensem B,y’' + B,y’?. Jlns 3toro obe dvactu

PaBEHCTB, JIEBbIC YaCTH KOTOPBIX paBHbI y’/' u /2, ymHOkaem cneBaHa B, u B,. CxiaapiBas

9TH JIBa PaBEHCTBA, TIOJIyYHM PaBEHCTBO, U3 KOTOPOrO MOkeM Haitu B, y’' + B, y’2. Ilocne sToro

HaliJIecHHOe BbIpaxkeHue s B)y’' + B,y’? moncrasisist B mpaBeix dacTsx paBeHcTB (18) moxem

Haittn y2, y°....,y’°, T.e. pemenne 3amaqn (15)-(16).

1. Xankummer 3.®. O pemieHUd U yCTOMYMBOCTH OAHOM PA3HOCTHOM 3aJlaud Ui JIMHEWMHOTO

HarpyXeHHoro auddepeHnnanbHOro ypaBHEHUs THIEpOOIMYECKOro Tuma. BecTHHK

JIMTEPATYPA

bakunckoro YHuBepcutera, cepus (pusnko-MmareMaTuieckux Hayk, 2023, Nel, c.44-61.

2. Camapckuii A.A., Huxonaes E.C. Metoap! pelieHust ceTOUHbIX ypaBHEHUH. Mocksa, «Haykay,

1978, 592 c.
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https://doi.org/10.5281/zenodo.19335828
VK 519.633

PEIIEHUE OJTHOM 3AJIAYM JIJISI YPABHEHUS TUITEPBOJIMYECKOT' O
THUITA C HHTET'PAJIBHBIMMU YCJIOBUAMU METOA0OM
KOHEYHBIX PASHOCTEHN

XAHKHNIIUEB 3AKUP ®APMAH OI'JIbI
Houent kadenpsl YpaBHeHui MaTemaTndeckoit ¢pusnku bakunckoro I'ocynapcTBeHHOTO
VYHuuBepcurera, baky, AzepOaiiixan

NCAEB MUPBAXAB PAMHUH OI'JIbI
MaructpanT kadenpsl YpaBHeHuit Matematndeckoi Gpusnku bakunckoro I'ocynapcTBeHHOTO
VYuuBepcurera, baky, AzepOaiiixan

Annomayusn. B pabome paccmompena oona 3adaua 015 ypasHeHus cunepooiudeckoeo mund
C UHMESPANbHLIMU YCI0BUAMY. 3aMEHU8 UHMEZPANbHbIX YCIO08UL HEeNOKANbHbIMU CPAHUYHBIMU
VCAOBUAMY, K PEeueHuto NONYYeHHOU HOBOU 3a0ayu NPUMEHEeH MemoO KOHEYHbIX PA3ZHOCMell.
Ilocmpoena coomeemcmeyowas pasHoOCmMHAs 3a0a4a, ANAPOKCUMUPYIOWAS MY 3A0aY) CO 8MOPbIM
NOPAOKOM MOYHOCIU U OAHO peeHUe NOCMPOEHHOU PA3HOCMHOU 3A0ayU.

Knrwoueewie cnosa: Ypasnenue cunepb6oiuiecko2o muna, UHmMeepaibHule YCio8us, pazHoCmHAs
3a0aua, NOPEWHOCHb ANNPOKCUMAYUL, PeueHIe PA3SHOCMHOU 3A0ayu.

1. IlocTanoBka 3aga4uu
Haiitu HenpepbIBHYIO B 3aMKHYTO# oOsiactu D = {O <x<L,0<t<LT } byukuuio u =u(x,t),
YIIOBJIETBOPSIIOIIYIO0 YPABHEHUIO

2 2
UL _ () CHD | ety + £t 0<x<1,0<1<T,
ot ox
(1)
T'paHUYHBIM YCJIOBUAM
[
[erGuCx.ndx=p(2),
(l’ 0<t<T,
[erutx,tydx= 1, (1),
0
(2)
1 HAYAJIbHBIM yc.]'IOBI/IﬂM
u(x,0) = ¢, (x), @ —.(x), 0<x<l.
(3)

3neck a(x)=a >0, f(x,1), 1, (¢), 14, (t), ¢, (X), ¢, (x)—U3BECTHBIE HENPEPBIBHBIC (QYHKIHU
CBOUX apryMEHTOB, b — NeHCTBUTENBHOE YUCIIO.
[Mpennomnaraercs, uto GyHKIMHU ¢, (X) U C,(X) yIOBIECTBOPSIOT CIEAYIOIINM YCIOBUSIM:
{(a (xX)cy (x))" = ay¢ (%),
(a(x)cy ()" = ayc, (x).

3nech a; U a, — JCHUCTBUTEJbHBIEC YHUCIIA.

(4)

W3 nocnenHux ycioBuii cieayet, uto GyHKuuu a(x), c¢;(x) u c,(x)— SBIAIOTCS U JIBAXKIbI
muddepeHpyeMbIMA QYHKIHASIMU.
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Hns pemienust 3anaun (1)-(4) MeTo10M KOHEUHBIX PAa3HOCTEH, CHavalla, UCIOIb3Ysl YCIOBUS
(4), rpannyHbIC yCIIOBHS (2) 3aMEHUM HEJNOKAJIBHBIMU TpaHUYHBIMH yciaoBusamu [1]. Tlocne atoro, k
PEIICHUIO MOJTyYeHHON HOBOM 3a7aun Oy/ieM MPUMEHSTh METO/I KOHEUHBIX Pa3HOCTEH.

2. lIpuBenenne 3axaum (1) — (4) k 3aga4e ¢ HEJIOKAIbHBIMU IPAHUYHBIMH YCJIOBUSIMH
PaccmoTpuM cHadana mepBoe WMHTErpalibHOe ycioBue B (2) u mpoauddepeHimpyeMm ode
YaCTH TOTO YCJIOBHS JBa pasa Mo MePEMEHHOH ¢ :

km>6“x” dx= pl(0).

OTCIOI[a ¢ yueTroM ypaBHeHus (1), momydnm:

[ cl(x)£a(x)a QuSD | ety + £, t)jdx (0

0

NN

| cl(x)a(x)a ”(" D g +bj ¢, ()u(x, £)dx + j e, (x) f (x,)dx = pl(t)

0

1 (xn . ’

jcha(> = 1))~ b 1 (1)~ [, (6).f (e, )d 5)
0 0

PaccMoTpuM uHTErpat B IEBOK YaCTH 3TOTO PABEHCTBA U IIPUMEHUM K dTOMY UHTErpaiy, ABa
pasza Ghopmysly MHTETPUPOBAHMS IO 4YacTsAM. [Ipu 3TOM JIETKO MOXHO TOJIYYUTH CIPABEITUBOCTH
paBeHCTBa

jq@ﬁ()

0

? u(x t) 8u(x NI

dx = ¢, (x) a (x) 2220 @wwwﬁ

x=[
+a, 4 (2).
x=0

x=0

C yyeTom 3T0TO paBeHCTBa, paBeHCTBO (5) MOKEM NepenucaTh B BUAC

& a0 (¢ (a () =0~ @ D0~ chmfxxryu

x=0

Hcnonb3ys BTopoe MHTErpalbHOE YCIOBHE U BTOPOE YCIOBHUE B (4), aHAJIOTHUYHBIM 00pa3oM
MIOJIy4YHM CIIPABEIJIMBOCTh PAaBEHCTBA

x=[

ou(x,0)|" —(cy(x)a (x))’u(x, 1)

x=0

¢y (W)a(x)——

/
= w5 (1) = (ay + )iy () = [ e, (x) f (x, £)dlx .
0

x=0

Takum oOpa3oM, wuHTErpajdbHble YycloBusi (2), ¢ ydeTroM ycioBuid (4) 3aMEHWIU
HEJIOKaJbHBIMU I'PAHUYHBIMH YCJIOBUSIMU

ou(l,t) 8u(0 t)

d\()— == d\(0) ———=+d{(0)u(0,0) —d{(Du(l,t) = v, (1),

X
au(z £) au(o £)

dy (1) ———~d,(0)

—d;(0)u(0,8) = d;y (Du(l,1) = v, (1),
(6)

Trac
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)
di (x) = ¢, (Da(x), v () = 1] (0) = (a +b)p (1)~ [ e (x).f (x.0)dx, k=12,
0

ou(lty - ou(0,0)

2

Ecnu uckmounTh U3 3THX JABYX I'PAHUYHBIX YCHOBI/Iﬁ, CHa4alia

ox ox
TO HOHy‘II/IM CHeHyIOHII/Ie HCIIOKAJIBHEBIC rpaHHqHBIe YCJ'IOBI/IH:
ou(0,¢
é ) 4 you0.0) + yul.) = o, (1),
o 0<t<T, @)
LD | 5 u(0,6)+ S.ul,t) = 0, (),
3nech
_ d{(0)-d,(I)-d;(0)-d,(I) _dy(D)-dy()—d,y()-d|(])

"0 0 -d,(0d ) T d (0dy(0) - dy (Ddy(0)

- di(0) d,(0)~d»(0)-di(0) o _ d1(0)-d3(0)~d,(0)-d{(])

dy(1)d,(0)—d, (Dd,(0) L dy(1)dy(0)~ dy ()d, (0)
o, (1) = d, (v, (1) —d,(Dv,(?) . ()= d,(0)-v,(1)—d, (0)"/2(0.
d,(Nd,(0)—d,()d,(0) d,(Nd,(0)—d,()d,(0)

Takum o6pa3om, Mbl 3aJ1a4y C HHTErpaIbHBIMU yclIoBUsAMU (1) - (4) 3aMeHMIN SKBUBAJICHTHON
ell ¢ HeJIOKAJIbHBIMY TPaHUYHBIMU ycloBUsMU 3anaueii (1), (7), (3).

3. Annpokcumanus 3agaum (1), (7), (3)
B 3aMKHyTOil NpSIMOYroibHON obmactu D = {O <x<[,0<5¢t<T }, CHauvaJia OmpeAcIuM

ceTouHyto obnacts. [lycte N =2, j, > 2~ dukcupoBaHHbIe HaTypaibHble yucaa. Otpe3ok [0, /]
ocu Ox pazgenuM Ha N, ortpe3ok [0,7] ocu Ot Ha j, paBHBIX 4acTe€d U TOYKU JIEJICHHUS
obo3Hauum uepe3 x, =nh, n=0,12,..,N, n 1, =Jt, ] =0,12,..., j,, COOTBETCTBEHHO. 3]1€Ch
h=1/N, t=T/j, Oupenenum B obnactu D ceTKy

@y = (%, 52;), 1= 012,00, N, j=0,12,., o .

Paccmorpum ypasrenne (1) B ysnax (x,,¢;), n=12,.,N -1, j=12,.., j, -1, cetkn @, :
O%u(x, 1) 0%u(x, 1)
n2tj Knolj

6t—2 a(xn)ax—erbu(xm D+ f(x,.t;). 8)

W3BectHO, 4yTO, ecnu GyHKIMS u =u(x,t) umeer B obmactm D = {0 <x<l,0<t<T }

OrpaHUYCHHBIC YaCTHBIC TPOU3BOJHBIC 10 YECTBCPTOIr'O IMOPsAJIKa 110 Ka)KHOﬁ H3 NCPECMCHHBIX X H t,
TO CIIPpaBCAJINBLI PaBCHCTBA

0%u(x, .t u(x, . ,t;)—2u(x,,t;)+u(x,,t;
(;r; J): ( n+l J) (hr; j) ( 1 J)+O(h2)7
X

2
O u(x,,t;) u(xn,t_l-+1)—2u(xn, 1) +u(x,,t; )
ot* r?
C y4eroMm 3TuX paBeHCTB, U3 paBeHCTBA (8) MOIyYNM CIIpaBEUIMBOCTh PABEHCTB
u(x,,t ;) —2u(x,,t;) +u(x,,t;) u(X,iy51;) = 2u(x, ;) +u(x,,t;)
> =a(x,) +

T h2
P buCe,,t) + £t )+ O + 72 n =12, N =1, j =12, jy — 1. )

+0(?) n=12 N=1, =12, jy —1.
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Teneps paznoxum pyHkumio u = u(x,?;), no popmyine Teinopa B okpectHoCTH TOUKH (0,7;) !

ou(0,,) +£82u(0,tj) +x_383u()7,tj)

u(x,t.)=u(0,t,)+x , 0<X <ux
(x2,)=u(0.1,) Ox 21 o’ 3 o’
Ilpu x =/ 3TO paBEHCTBO MPUHUMAET BHI
ou(0,¢ . 2 0%u(0,¢, 3 0%u(X, {
( ’)+h— ( ]) " (x.1) , 0<X <h.

u(h,t,)=u(0,t,)+h
(ht))=u01,) ox 21 ox? 3' ox’

[Ipennonoxum, uro ypaBHeHue (1) BbimomnHsercs U Ha rpanune x =0 obmactu D. Torna c

yueToM ypaBHeHHs (1) W mepBoro rpaHu4Horo yciosus B (7), U3 MOCIETHET0 PaBEHCTBA, MOCIHE
3JIEMEHTapHBIX MPeoOpa30BaHUM. MOTYUYUM CIIPABEAIUBOCTb PABEHCTBA!

ho 0%u(0,t;) bh u(h,t;)—u(0,t,) ~
2a(0) % _(0 ()] (0,2;)— P —nu(l,t;)=

:2—(())f(0t) 0,t)+O), j =12, jo —1.

AmnanornyasiM oOpa3oM nipu x =/ obnactu D, NOTyYUM:

no 0u(lt;) bh u(l,t;)—u(l—h,t;) ~
2a(l) %) +[§1+2a( j (I,t;)+ P +0gu(0,¢;) =
:2—(1)f(zr Y+ @,(t)+OR2), =120 jy —1.

3aMCHUB B MOCJICAHUX NABYX PAaBCHCTBAX YaCTHBIC IPOU3BOJHBIC BTOpPOTO IOpsAKa II0 t,c
COOTBETCTBYIOIIMMHU PA3HOCTHBIMH  BBIPAXXCHUAMH, IIOJYUYUM CIHPABCAJIMBOCTE CJICAYIOIIUX

PaBEHCTB:

h u(O,th)—2u(O,tj)+u(O,tj_1)_ bh u(ot)_u(h,tj)—u(O,tj)_
2a(0) 72 *" 24(0) ' h
~rullat) =5 (O)f(Ot) o (t;)+ Ol +72), (10)
bt =2 et (o bh ) )=y
2a(0) 72 J h
+Su(0,1,) = h()f(l,t Y+ o, (t,)+ O+ ) =12 jy 1. (11)
a

W3 HavanbHBIX ycnoBuil (3) numeem:
u(x,,0)=¢,(x,), u(x,,7) =p,(x,)+ 0(73), n=01...,N,
(12)

rmue
2

j— T 14
P2(%,) = 01 (x,) 70 (x,) + —-(a (5, )@l(x,) + by (x,) + £ (%,.0)).
Ot6paceiBast B paBeHcTBax (10)-(11) cinaraemsie mopsiaka O(h2 +r2) u B paseHctBe (12)
cliaraeMoe Mmopsijika O(r3 ) 1 0003HAYMB [IPU STOM NIPUOIMKEHHOE 3HAYEHUE U(X,,!;) YEPE3 vl
MOJTYYUM CJIEAYIONIYI0 Pa3HOCTHYIO 3ajady, anmpokcumupytomyto 3amzaay (1), (7), (3) ¢
TOYHOCTBIO O(h2 +7’
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ooyt =2y + ¥ bh ;v -y N
_ 4+ J J — ],
24(0) 2 Yo 24(0) Yo — A —nyn =Jo
]+1 2 ]+ j*l _2
N hy2 Iy g, =120, N
T
ho oyt =2yl +yi! R bh ; ;. .
13 48yl + TN s —— |yl =, =12, 0 1,
(13) Za(l) 2 0Y0 1 2a(1) vy =Sy J Jo
ye=9/(x,), ¥y =0,(x,), n=0,..,N. (14)
3xmech
i 0.t )= (t,), £/ =f(x,.t;),n=12,..,N—1 fi =——— f(l,t;)+
/6 oy (O)f( D=o (@), 1= f(x,,t;), 1 (l)f( i)

+o,(t;), j=12,..,j, —1.
PasnocTtHas 3amaua (13)-(14) ect sBHas pa3HOCTHas 3ajada, T.K. 3Has 3HAYCHHS] MCKOMOM
1 :
(yHKUMKM HA CIOSIX [ ={; | W [ =1, T.c. 3HAUCHNUS y:=m y), n=01,..,N, 1o siBHBIM hopMyIam,

nosrydeHHbIM 3 (13), MOXHO HAWTH 3HAYCHUS y,ﬁ” n=0,1,...,N. Ho Takas 3a1a4a 0 JHOBPEMEHHO
MMEET CJEAYIOUMH HEJOCTaTOK: JUIsi yCTOWYMBOTO HAXOXKICHHS 3HAYEHUS  PEIICHUs
y,’frl n=0,1,..,N, depe3 3HaucHUs y,{_l u y,{ ,n=0,1,..,N, TpeGyeTcsi BbINIOJHEHNE HEKOTOPOTO
COOTHOIIICHUS MKy IIaraMu 7 M 7 CETKH. DTO COOTHOIICHUE HAJIaraeT Ha IIar 7 CETKU TaKoe
OTpAaHMYCHHE, YTO YHCIO CIOEB [ ={; CETKM CYLICCTBEHHO BO3pACTacT. A 5TO INPUBOIUT K

CYILIECTBEHHOMY YBEIMYECHHIO anreOpanueckux omnepanuif. [loaTtomy mpu pemeHun mpHUKIaTHbIX
3a1a4 I/ICHOJ'IBSYIOT, TaK Ha3bIBA€MBIC, HCIBHBIC pa3HOCTHLIe 3aayu.

Hcnonb3ys siBHYIO pa3HOCTHYIO 3amady (13)-(14) mocTpouM COOTBETCTBYIOIILYIO HESBHYIO
pasHOoCTHYX 3amady. IlycTe o — [elcTBUTENbHBIA napaMeTrp. PaccMoTpum  Cleayrouryro
Pa3HOCTHYIO 3a1a4y, 3aBHcsm1y}o OT IapameTpa o :

ho oyt =2yl + v [ bh
0

1 +1
200 2 *m‘ﬂ( 20 <)

Jj+l

1 - .
—h( =200 + i )-nlo i +1=20)p) + it )= 14

o) 4oyl =L oy 0] J 2v/ +
Yn yzn Yn _a(xn)[o_ynﬂ )};r; yn—l +(1_2O_)yn+1 }-lyzn ynl
T
J+l -2 Jj+l + J+l
yn+1 J];z V-1 J byn — n , = 1,2,“.,]\[—1’ (15)

h i =29 + i + 6,(ovd
2a(l) 72

1 +
— o+ a-200i, o)+ (5 T

T4 (1-20)y] + oy )-

1

200 hj( I -20)v] + i )= 1,

Jj=12,..5, -1,
yn =(/71(xn), y,], Zaz(xn): n:()ala---aN- (16)

Crnenyer OTMETUTH, UTO HEsIBHAS pa3HocTHAs 3amava (15)-(16) mpu o =0 coBmagaer ¢ aBHOMH
paszHocTHOH 3amaueii (13), (14).
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4. Pemenne pa3HoctHoii 3axaun (15)-(16)
[Tepenumem pazHocTHbIe ypaBHeHuUs (15) B ciienyromemM Buie:

h boh o| ; o ;
— — 700 +— i ==/ —y oy - +(1-20)x%
{21261(0) 24(0) Yo h}yo h)’1 N1 VN 22a(0) ( )

bh 1 - 1-20 ; h boh o| i
X| ——+yy—— | Vi —————y/ —y,(1-20)y{ + — —yoo+— i -
_;)ﬁ] 1_710'J’zjv1:foja

ca(x,) ; 1 2ca(x,) ; ca(x,) ; a(x,) ;
STy L 2T gy - T 1202y -

2 2a(x,) ; a(x,) ; oca(x,) ;4
_(T_Z_ 2 (1—20‘)—b(1—20')jy,{—(1—20') 2 Vi - 2 ST+
+(T%+%—MJMI —%f”)y;{:i £ n=12, N,

- ~ h boh ol ; . 1-20
Syo it =Lyt 4 + +80+— |y +8,(1-20)y] ——=yI_, —
R N B R 0 (1=20) 15 =— — v

h bh 1 ; 1 O g h boh
- -(1-20 +0,+— ||y +0,0- v ——yi + + +
L_za(l) ( )(2(1(1) 1 hﬂ)’N 00 ") 7 YN {21%2(1) 2a(l)

O = ; . .
+5la+ﬂy-;vl =1, j=12,,j, 1.

OtH Pa3HOCTHBIC YpaBHCHHS, UCIIOJIb3YS IIPOCTHIC 0603Ha‘leHI/Iﬂ, MOXHO IEPEIUCAaTh B BUJC

coyy —doy{ —eg v = Poyi = qoyi —royi ey —doy{T —eg yi =17

_bny;i:rl1 +cnyr{+1 _bn yi:ll _pnyrjz—l _qnyz _pnyi-%—l _bnyli:ll +cnyi4_1 _bn yi;ll = nj’
n=12,..,N-1,

(17)

ex vy —by i Fey v Pyl —an i — v Fenyg T —by i ey v = £

=120 jo 1,
rac
h boh o o h
Cy = - Y00+ d = € =710, Py = +(1_2O-)X
® T or2q) 2a0) U R RN 2200

- 2
x( bh +y0—l}q0:ﬁ,r0:y1(1—20'),bn:Ua(x”),c :L+M—ba,

2a(0) h h h? o2 h?
2
py=-20) 20 g 2 24 ooy 12005, = T4 o1a N
h T h h
o h boh o 1-20
ey =0,0,by =—,cy = + + 0,0 +—, =0,(1-20), =,
N 0 NT N Zz'za(l) 2a() 1 3 PN =9 qn i
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2024 -5.99
ry = —(1-20) bh +51+l,eN:50c7,bN:z,cN: 2h +b0h+
T a(l) 2a(l) h h 2t%a(l) 2a(l)
+@0+g.
h

Mp! JODKHBI HAWTH pelieHne ypaBHeHuH (17), KoTopoe yI0BIETBOPSET HadaJIbHBIM YCIOBHSM
(16). Ins pemeHus 3Toi 3ajauu HauMHaeM ¢ nepsoro 3HadeHus j=1. Ilpu j=1, ¢ yuerom

HayanbHbIX ycinoBud (16), u3z (17) moiaydum Clenyroulyto CHUCTeMYy JHMHEHHBIX alreOpandecKux
. 2 2 2
YPaBHEHUH — TPEXTOYCUHYIO PA3HOCTHYIO 33J]a4y OTHOCHTEIBHO Vi, Vi s ooy Vi -

co¥o —doyi —eyy = g6
_bny;%—l +C‘ny5 _bny13+l = g;%’ n= 1727""N_1> (18)
eNyg _bNyiz\f—l +ch12V = gzzv-

COFJ‘IaCHO [2 c 90- 93] pemeHI/Ie ATOM pPa3HOCTHOM 3a/1a4u MOKEM MCKAaTh B BUJIC

yi=ul+yv:i+yrwr, n=01,..,N. (19)
B34B B 9TuX paBeHcTBax 7 =0 U n = N, JI€rko MOXeM MOITyYUTh CIPaBEUINBOCTH PABEHCTB
20002 21 w2 2 — vl — 2 _
uy =0, vy =L wy =0, uy =0,vy =0, wy =1. (20)

W3 nepBoro u nocnenxero ypasHeHuil B (18), ¢ yuerom paBeHcTB (19) nomyunm:
2 _ g (2 4 v202 4 2 2 _ 2
CoVo —do\ty T YoV1I TIYNWI )J=€ VN =&o>

2 2 2.2 2 2 2 2
exyo —byluy_ +yovya t Ynwya JFenyn =8y

WIH
{(Co _do"lz)yg _(eo +d0W12)J’12v =g§ +do”12,
(ey _bN"zZv—1 )yé +cy _bNWZZV—l = gi/ +bN”12V—1-

21
el W3 ypaBHeHHii B (18) mpu n=12,...,N —1, ¢ yaetom (19) momyunm:
= b, Uy +Y§Vay + YuWa) +C, Uy + yova + yawa) -
= b, (U1 + YoVast + YuWar) = &n» n=12, N1,
170071
(bt s + Cytty =bytt) + 95 (=b,vy s +¢,vy =b,vy)+
+yN( -b, w L, te, w -b wn+1) gn, n=12,...N-1,
Otn paBeHCTBa 6yz[yT BBIHOJIHSITI:CSI, eCIIH
—bu’ +cur—bul, =g>, n=12,.,N-1

_bnv -1 +Cnv bnvn+1 = 0, n= 1,2,...,N—1;

—bw: +c,wo—bw, =0,n=12,.N-1.

[lycTb HaliieHbl pelIeHUs] ITUX TPEXTOUEUHBIX PAa3HOCTHBIX YPaBHEHUH, YJOBIETBOPSIOMINX
ycnoBusM (20). [Tocne HaxoXxaeHUS pEIICeHUH STUX TPEXTOUYEUYHBIX PA3HOCTHBIX YpPaBHEHWM, U3

. . 2 2
cUCTeMBbl anreOpanyeckux ypaBHeHUH (21) jmerko moxeMm Haltu y; W Yy. 3aTeM HUCHONb3ys

2 2 2 2
paBeHcTBa (19) MoxxHO onpeaenuTs pemenue 3aaauu (18) - vy, ¥y, V5 ,...,Vy. llocie 3Toro MoxxHo

MEePEXO/IUTh K PEIICHUIO 33/1a4y JJIsl pa3HOCTHBIX ypaBHeHul (17) nmpu j = 2. Pemias aHanoruyHeIM

3 .3 3 3
00pa3oM 3Ty 3a7a4y MOXKHO ONPEAETUTb Y, Vi, V3., V- IIPOJOIKHAB 3TOT IPOLIECC 10 3HAYECHUS

J = Jo —1, MOXXHO HaifTu pemieHue pasHocTHoU 3anaun (17), (16).
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Annotation. The article explores the didactic possibilities of using game technologies in
mastering abstract concepts found in the optics section of the high school physics course. It is argued
that the theoretical and model nature of optical phenomena complicates students' conceptual
understanding. The study was conducted using a quasi-experimental method, comparing the learning
outcomes of the experimental and control groups of 8th graders. The experimental group used
interactive quizzes, virtual laboratories, simulations, and group game elements. The results of the
pre-test and post-test showed that game-based learning increases the quality of education. Statistical
analysis confirmed the significant difference between the groups. The survey results revealed an
increase in students' learning motivation and cognitive activity. The results of the study show that
game technologies are an effective pedagogical tool that reduces conceptual errors in optics and
contributes to the systematic acquisition of knowledge.

Keywords: optics, game technologies, conceptual errors, conceptual understanding,
gamification, physics teaching

Introduction

In the modern education system, it is more important for students to consciously understand
concepts than to mechanically master knowledge. The optics section occupies a special place in the
subject of physics, but the abstract nature of the properties of light and optical phenomena poses
difficulties for students.

In traditional teaching methods, students often remain as receivers of ready-made information,
and their activity is low. This leads to a decrease in students' interest in the subject. To solve these
problems, there is a need to introduce innovative pedagogical technologies into the teaching process.
As many studies have shown, students often memorize formulas, but do not fully understand the
nature of light and the causes and effects of optical phenomena. As a result, they can solve problems,
but their ability to apply physical principles in new situations and visualize them remains weak. To
reduce this problem, it has been shown that not only formulas, but also conceptual understanding and
program-oriented activities are important in teaching [1]. The Spectro-Uno card game developed by
Sardinola and colleagues significantly improved students' conceptual understanding of the topic of
light [2]. A. Vondmagegn, M. Mengesha, and F. Eshetu in their works consider the difficulties in
teaching the topic of geometric optics in physics. The authors emphasize that traditional teaching
methods cannot fully form students' conceptual understanding. To address this issue, online
platforms, virtual labs, and traditional classroom learning have been integrated into a single system.
Research findings have shown that not only do they deepen students’ theoretical understanding, but
they also increase their interest in the subject [3]. Tolentino and colleagues developed a strategic
intervention material based on the game «Light Warsy». The study used game-based learning
technology to increase students’ interest and ensure active participation. The game was designed as a
hybrid card and board game format and was developed based on the ADDIE model. Research findings
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have shown that the game «Light Wars» increased students’ conceptual understanding of interference
and diffraction [4].

Thus, gamified learning has a number of advantages. First, the introduction of game elements,
such as points and badges, into the learning process has been proven to be an effective way to make
learning more interesting. Game mechanisms act as learning rewards, offering students visible signs
of their achievements and successes. Such an approach increases the motivation not only to better
master the learning material, but also to apply the acquired knowledge in real life situations [5]. The
second important aspect of gamification is its contribution to the development of team spirit and
collective success. It is carried out by encouraging friendly competition, which not only emphasizes
individual achievements, but also contributes to the overall progress of the team towards its goals [6].
The third aspect of gamification is its incentive to develop innovative and creative abilities, while the
fourth important aspect is to significantly strengthen the process of effective organization of feedback
and analysis of the effectiveness of students' learning activities. When students score low points, this
serves as a clear signal that they are opening the door to improvement and development. A game-like
environment allows for tracking progress and identifying areas that require additional work, which in
turn contributes to improving student skills [7].

Materials and methods

The choice of the section «Optics» as an object of study in the physics course has its own
methodological significance. Optics, while being one of the fundamental branches of physics, is a
section that is very abstract in content, full of complex theoretical concepts, and poses certain
difficulties for students to perceive.

Explaining topics such as light propagation, reflection and refraction, lens properties, and the
principles of operation of modern optical instruments through innovative game technologies rather
than traditional reproducible methods is an effective way to simplify complex material. This approach
allows students to experience theoretical knowledge visually and practically, and to retain the material
in their long-term memory.

In order to form a system of fundamental knowledge for students in the optics department, it is
first necessary to study its structural classification (Figure 1):

1. Geometric optics. This section studies the laws of rectilinear propagation of light in
homogeneous transparent media, without taking into account the wave and quantum nature of light.
The main attention is paid to the geometric models of light rays, the laws of reflection and refraction,
as well as the principles of image formation in optical systems.

2. Wave optics. Here, light is considered as an electromagnetic wave. The section studies
fundamental phenomena in which the wave properties of light are clearly observed:

e Interference (superposition of waves);

« Diffraction (going around obstacles);

e Polarization (regulation of the direction of oscillation);

e Dispersion (the decomposition of light into a spectrum).

3. Quantum optics. A section that studies the propagation of light and the processes of its
interaction with matter (photoelectric effect, luminescence, etc.) from the perspective of a flow of
photons (light quanta). At this stage, students develop a modern physical understanding of the duality
of light (particle-wave duality).

Systematic teaching of these three structural divisions of optics increases students' cognitive
activity and provides the basis for a deep understanding of physical phenomena.
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Structural Divisions of Optics
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Figure 1. Structural classification of the optics department
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Conceptual understanding is the ability of a student to understand physical laws and apply them
in different situations. Perkins describes conceptual understanding as the ability to perform various
cognitive actions related to a concept, namely, the ability to explain, apply, and transfer knowledge
to new situations [8].

The acquisition of scientific concepts occurs at three levels: macroscopic, submicroscopic, and
symbolic. The weak connection between these levels limits students' conceptual understanding [9].
This problem is especially evident in the optics section, where students have difficulty relating
visually observed phenomena to physical models and formulas of light. In this context, the use of
game technologies can connect these levels and allow students to understand optical concepts in a
meaningful way.

Figure 2 shows the formation of conceptual understanding through gaming technologies.
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Figure 2. Formation of a conceptual understanding

Many studies have shown that the introduction of game technologies into the learning process
increases students' conceptual understanding, motivation for learning, and activity [10]. The study
was conducted using a quasi-experimental method. Two parallel classes of 8th grade students
participated in the experiment. In the experimental group, the section of physics «Optics» was taught
using game technologies, while in the control group, traditional teaching methods were used. The
following methods were used in the study:

e preliminary test (pre-test);
final test (post-test);
survey;
control;
statistical analysis.

Game elements used in the experimental group: interactive quizzes; virtual laboratories;
simulations (PhET); group competitions; role-playing games.

In the lesson structure, game elements were introduced at the following stages:

1. The period of curiosity — Draw students' attention to the lesson through the game «Who is
faster?»;

2. The period of learning a new lesson — performing practical tasks through simulations;

3. Approval period — solving problems in a game format;

4. Conclusion period — Systematize knowledge through the game «Saykestender;

5. Reflection period — students' self-assessment.

The control group used traditional methods: teacher explanations, working with a textbook, and
problem solving.

Results and discussions

The results of the study showed that there were significant positive changes in the experimental
group. According to the pre-test results, the initial level of both groups was similar. However, in the

post-test results, the average score of the experimental group increased significantly, as shown in
Table 1.

Table 1. Pre-test / post-test results (15 points)

Group Pre-test Post-test Difference
Experimental 7.8 13.4 5.6
Control 8.1 9.6 1.5
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The results of statistical analysis (Mann—Whitney test) showed that the difference between the
experimental and control groups was statistically significant. According to the table, the critical value
of the U-criterion was equal to 64. Since the obtained empirical value is less than this critical value,
the null hypothesis (HO) is rejected. Therefore, the alternative hypothesis (H1) is accepted. In other
words, we conclude that the use of gaming technologies has a more positive effect on the quality of
students' education than traditional teaching methods.

The survey results also showed that students rated learning through games positively. Students
noted that the lessons were interesting, that the games helped them understand, and that they were

more engaged (Table 2).
Table 2. Survey results (average score)
Indicator Average score (out of 5)
The lesson was interesting. 4.6
Games helped to understand 4.7
I understood the topic well. 4.5
I was active. 4.4
Conclusion

The effect of using game technologies in teaching the optics section of physics on students'
conceptual understanding, learning motivation, and cognitive activity was experimentally studied.
The effectiveness of game-based learning was proven by analyzing the results of the pre-test, final
test, and questionnaire. The results of the study showed that lessons based on game technologies in
the experimental group contributed to significantly higher results in comparison with the initial level
of knowledge of students. When comparing the results of the pre-test and post-test, it was found that
the level of knowledge of students in the experimental group on the propagation of light, reflection,
refraction, and properties of lenses significantly increased. In the control group, no such significant
increase was observed. Statistical analysis (Mann-Whitney U-test and Z-statistic) also confirmed that
this difference was statistically significant (p = 0.007 < 0.05). This proves that gaming technologies
can be an effective tool in the learning process.

In conclusion, game technologies are an important didactic tool in mastering abstract concepts
in the optics department. Therefore, the systematic use of game technologies in teaching physics is
an effective way to improve the quality of education.
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Abstract: This scientific article provides a comprehensive and detailed examination of the most
effective modern methods for integrating complex elements of cosmology into the standard high
school physics curriculum. The primary focus of the work is a profound analysis of their direct impact
on the qualitative level of students' knowledge. In the course of the study, the pedagogical
effectiveness of the practical application of such innovative digital tools as interactive simulations
from the Stellarium and PhET platforms was analyzed in detail. Additionally, up-to-date, high-quality
video materials provided by the world's leading space agencies, NASA and ESA, were introduced
into the educational process, allowing for significant visualization of the studied material. The
practical significance of the work is confirmed by the results of a large-scale pedagogical experiment
successfully conducted among 1 1th-grade students at School-Lyceum in Almaty. The empirical data
obtained during the study clearly confirmed a substantial increase in students' cognitive activity. The
final indicators demonstrated a steady improvement in the academic performance of students by an
average of 10—15%, which proves the feasibility of wide-scale implementation of digital educational
resources in the modern school education system.

Key words: cosmology, digital educational resources, simulations, physics course, pedagogical
experiment, STEM, interdisciplinary communication.

Introduction

In the modern era of globalization, the education system is undergoing a process of
transformation in accordance with the rapid development of science and technology. One of the main
priorities of the educational policy of the Republic of Kazakhstan is to supplement the content of
education with modern scientific achievements and to digitalize the learning process. In Article 5 of
the Law of the Republic of Kazakhstan "On Education," the primary task of the education system is
established as the creation of conditions for the intellectual and spiritual development of the
individual. In this regard, the integration of cosmology elements into the school physics course not
only deepens the fundamental scientific knowledge of students but also paves the way for their
understanding of a holistic scientific picture of the world.

Cosmology is a fundamental branch of science that studies the origin, structure, and laws of the
evolutionary development of the Universe. Its significance in the school curriculum is clearly outlined
in the State Mandatory Standard of General Secondary Education (SMSGE) approved by the Ministry
of Education of the Republic of Kazakhstan. According to the SMSGE requirements, scientific
literacy demands that students possess the ability to perceive the world from a scientific perspective
and understand scientific models and theories. Integrating cosmological concepts — such as the Big
Bang, the red shift of galaxies, and the accelerated expansion of the Universe — into the physics course
fosters the development of students' critical thinking and enables them to establish direct connections
with modern science.
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However, certain methodological contradictions and difficulties arise in teaching cosmology at
the school level. Firstly, the immense scale and abstract nature of cosmic phenomena are complex for
students to perceive. Secondly, the static texts and images found in traditional textbooks cannot fully
depict the dynamic processes in the Universe, such as stellar evolution or the curvature of space-time.
In this regard, as emphasized in the Concept for the Development of Education in the Republic of
Kazakhstan until 2025, the implementation of STEM and STEAM approaches and the widespread
use of digital educational resources (DER) have become an urgent necessity.

Digital educational resources — simulations, animations, interactive models, and virtual
laboratories — allow complex scientific concepts to be delivered in a visual and accessible language.
International research indicates that integrating visual and auditory information based on multimedia
learning theory significantly improves students' memory and cognitive activity. Modeling
cosmological phenomena in a digital format helps transform the student from a passive listener into
an active researcher.

The study is grounded in Richard Mayer’s Multimedia Learning Theory and the concepts of
domestic scholars (Nurgalieva S.K., Zhanatbekova N.Zh.) regarding the application of digital
technologies. International scientific works have proven the effectiveness of digital simulations and
animations in teaching natural sciences. For instance, Rutten, van Joolingen, and van der Veen
showed through a systematic review that computer simulations have a positive impact on the mastery
of scientific concepts [2]. Meta-analysis results conducted by Hillmayr, Ziernwald, and colleagues
have identified that digital tools significantly enhance student academic achievement in science and
mathematics subjects [3]. Furthermore, Beksultan and colleague Zhaksibaeva demonstrated that the
use of PhET simulations improves students' understanding of physical phenomena and strengthens
their motivation for lessons [4].

Specific evidence regarding the effectiveness of digital planetariums and programs such as
Stellarium in teaching astronomy is provided in the study by Bayimbetova, which states that the
visualization of astronomical phenomena plays a crucial role in forming students' spatial
understanding [5]. Furthermore, the latest UNESCO report recommends the use of technology in
education as a primary tool for developing students' research abilities [6].

Materials and Methods

This research work was conducted at the Suyunbay Lyceum School No. 143, located in Almaty.
Fifteen 11th-grade students from the natural sciences and mathematics direction were selected as the
subjects of the study. The primary instructional material used in the learning process was the
"Physics" textbook for the 11th grade, authored by N. A. Zakirova [7]. The "Cosmology" unit,
covered in the final fourth quarter of this textbook, formed the main substantive basis of the research.
This unit encompasses complex scientific topics such as the stellar world, the relationship between
the Sun and the Earth, planetary systems of stars, the Galaxy and the discovery of other galaxies, the
Big Bang theory, as well as the evolution of the Universe and the future prospects of space
exploration.

Digital resources and methods used:

o Interactive simulations (Stellarium, PhET): Visualization of planetary motion and the
universal law of gravitation.

» Visual materials: Video lessons based on NASA and ESA materials.

e Pedagogical experiment: The experimental group was taught using innovative digital
methods, while the control group was taught using the traditional method.

In choosing the research methods, the works of both Kazakhstani and foreign scientists
dedicated to the use of digital educational resources in teaching school physics were taken as a basis.
Among them, particular attention was paid to research focused on visualization, multimedia learning,
the use of digital platforms, and the enhancement of cognitive activity.

To expand on these foundations, the study first integrates the Methodology of using digital
technologies in school physics [8] as proposed by Nurgalieva and Kangozhin, which provides a
specific framework for technical subjects. This is further supported by the research of Khamzaeva
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and Nurgali [9], whose work emphasizes the pedagogical potential of digital education and how these
tools can be effectively embedded into modern teaching practices. The study also draws upon the
findings of Seitova [10] regarding the use of multimedia resources in STEM education, alongside the
specialized research into epistemic games and education [11] by Zhanatbekova and Mailybaeva.
These insights are synthesized with Kenzhaliev’s [12] broader analysis of the role of digital
educational resources in the modern classroom and the cognitive foundations of Richard Mayer’s
Multimedia Learning theory [13], which serves as the overarching theoretical basis for our
conclusions.

The scientific principles of the aforementioned scholars served as the methodological
foundation for our study. For instance, Richard Mayer’s Multimedia Learning Theory facilitated
effective material mastery by simultaneously engaging students' visual and auditory channels. The
concept of "epistemic games" by V. Seitova was integrated into the process of modeling and
investigating cosmological phenomena. Furthermore, the practices proposed in the works of
Kazakhstani scholars N. Zh. Zhanatbekova and G. S. Mailybaeva provided guidance for integrating
digital simulations and multimedia tasks into the lesson structure.

Consequently, the research materials and methods were fully implemented during the
pedagogical experiment, enabling a comprehensive evaluation of the effectiveness of digital
educational resources.

Results and discussions

A survey was conducted among students to obtain the results of the experiment. This survey
was structured based on five key criteria for determining student knowledge levels: interest in space,
understanding of scientific terms, ability to present a model of the Universe, critical thinking, and
recognition of interdisciplinary connections. These criteria allowed for a comprehensive assessment
of the students' mastery of cosmology. The survey results showed an increase in students' interest in
the subject, a deeper understanding of scientific concepts, and significant development in their
thinking, analysis, and modeling abilities. Furthermore, it was observed that by recognizing
interdisciplinary links, the students' worldview expanded and a scientific outlook was formed. Figure
1 presents the results of the survey conducted according to these five main criteria in the form of a
chart; the bar chart indicates that student knowledge levels increased within the range of 10-15%.

Change in the level of mastery of the cosmology topic based on
5 criteria

m After Experiment (%) Before Experiment (%)
I 5o
47

I 3
50

Recognition of interdisciplinary connections

Critical thinking

I 58
45

60
48

I 64

52

Ability to present a model of the Universe
Understanding of scientific terms

Interest in space

Figure 1 — Change in the level of mastery of the cosmology topic based on 5 criteria.

In Table 1, in order to present the data shown in the chart in a more precise and structured
manner, the information is provided in the following tabular format.
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Table 1. Criterial results on the topic of «Cosmology»

Ne | Criterian Before Experiment | After Experiment (%) | Growth
(%) (%)

1 | Interest in space 52 64 12

2 | Understanding of 48 60 12
scientific terms

3 | Ability to present a 45 58 13
model of the Universe

4 | Critical thinking 50 63 13

5 | Recognition of 47 59 12
interdisciplinary
connections

The effectiveness of the teaching methods used in the study is clearly reflected in the changes
across the five main criteria presented in the chart and table.

As a result of comparing the initial and final levels, it was observed that student mastery across
all criteria increased within the range of 10—15%. This growth proves the effectiveness of utilizing
interactive, visual, and modeling methods in the educational process.

e The level of interest in space increased from 52% to 64%. This indicates that the use of video
materials and simulations had a positive impact on capturing students' attention.

» Regarding the criteria for understanding scientific terms and the ability to present a model of
the Universe, the growth was 12% and 13% respectively. This signifies that students' skills in the
practical application of theoretical concepts have improved.

« Significant positive changes were also observed in the indicators for critical thinking and the
recognition of interdisciplinary connections (with increases of 13% and 12%). This demonstrates the
students' striving for a deep understanding of the topic and their ability to establish links with other
subjects.

Thus, based on the data from the chart and table, it has been proven that integrated teaching of
cosmology elements is an effective method that yields concrete results in increasing the scientific
literacy and motivation of students. This approach demonstrates an update to teaching not only from
a substantive but also from a methodological perspective.

At the beginning of the experiment, the level of student interest in cosmic topics was
approximately 52%. This indicator reflected a superficial understanding of space among students and
a lack of engaging visual content during lessons. To address this issue, video materials (NASA clips),
fragments of documentaries, and interactive simulations (Stellarium, PhET) were utilized. As the
visual and interactive nature of the lessons increased, so did student interest, ultimately reaching 64%
by the conclusion of the study.

Furthermore, the level of understanding of scientific terms at the initial stage was 48%. This
pointed to gaps in the students' thematic vocabulary and proved the necessity of specialized work
with terminology. In this regard, activities involving a terminological dictionary were organized, and
interactive presentations and schematic tasks were introduced. Students began applying new terms in
specific contexts, which allowed their level of comprehension to increase to 60%.

Furthermore, the level of understanding of scientific terms at the initial stage was 48%. This
indicated gaps in the students' thematic vocabulary and demonstrated the need for specialized work
with terminology. In this regard, activities involving a terminological dictionary were organized
during lessons, and interactive presentations and schematic tasks were introduced. Students began to
apply new terms within specific contexts, which allowed their level of comprehension to increase to
60%.

Students' skills in presenting a model of the Universe were also at a low level at the beginning
of the study (45%). Difficulties were observed in independently constructing simple models or
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diagrams. To address this, activities such as the creative task "Describe the Universe Yourself," poster
presentations, and group mapping were introduced. Additionally, students' visual thinking abilities
were developed through the creation of thematic infographics. As a result, this indicator reached 58%,
demonstrating an improvement in the students' model-based thinking skills.

In the assessment of critical thinking abilities, the initial level was also recorded at
approximately 50%. Students struggled to provide reasoned answers to complex questions such as
"Does the Universe have a limit?", "Where are we located?", and "Is other life possible?". To solve
this problem, discussions (debates), "Can you prove it?" assignments, and exercises on providing
arguments and counterarguments were conducted. As a result of this work, the students' critical
thinking abilities improved to 63%.

The final criterion — the level of recognition of interdisciplinary connections — initially stood at
47%. Students were unable to fully grasp the links between natural sciences (physics, geography,
biology) and humanities (literature, history). To address this, projects such as the literary and artistic
integration project "Images of the Universe" and research assignments titled "Is Earth Unique in the
Universe?" were implemented. These activities facilitated the students' recognition of logical
connections between different subjects, resulting in the indicator rising to 59%.

Thus, the stable growth of indicators across all five criteria proved the effectiveness of the
selected teaching methods and demonstrated that the integrated teaching of cosmology elements plays
a vital role in expanding students' scientific worldview and increasing their interest in the subject.

Conclusion

As indicated by the research results, integrating cosmology elements into the school physics
course is an effective method for forming students' scientific worldview, increasing their interest in
the subject, and developing functional literacy. The modern methodologies utilized during the
experimental work — video materials, interactive simulations, interdisciplinary assignments, and
research elements — contributed to an increase in students' cognitive activity and facilitated the
improvement of their independent thinking and scientific information analysis skills.

The results obtained across the five main criteria (interest in space, understanding of scientific
terms, ability to present a model of the Universe, critical thinking, and recognition of interdisciplinary
connections) showed a positive dynamic within the range of 10—-15%, proving the effectiveness of
the selected methods. These results fully align with the legislative requirements of the Republic of
Kazakhstan in the field of education and modern educational trends, such as interdisciplinary
integration, STEM approaches, and functional literacy.

In this regard, the systematic application of integrated cosmology elements in school physics
instruction is recommended as an effective way to modernize educational content, enhance students'
scientific potential, and deliver natural science subjects in an engaging and life-connected manner.
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OU3NKAHBIH 2JIEKTPOHUKA BOJIIMIH )KACAHAbI UHTEJJIEKT
IOJICTEPIH KOJIIAHA OTBIPBIII OKBITY

ABIUPAMAHOBA K.111., AKTYPEEBAT.
O.Kyar6ekoB aTbiHarbl XalbIKTap JOCThIFBI yHUBepcuTeTi, [lIsiMkenT, Kazakcran

Kinm ce30ep: scacanovl unmennekm, usuKanibix S9KCHepUMeHm, KoI0aHy, 6oaxicay.
Keywords: artificial intelligence, physical experiment, application, prediction.

TexHomorusi naMplfaH CalbIH PAAMOTEXHUKA OMICTEpPl ONTHKaFa (CHI3BIKTHIK €MEC OITHKA),
MUKPOTOJIKBIHABI TEXHOJOTHSIFA KOHE AJICKTPOHHUKAFa eHil, OyJ1 cajaHbl HUQPPIaHIBIPY YIIIH eTe
MaHBI3JIBl OPEKET €TEeIi.

CIyTHUKTIK >XKoHE MOOMJIBII TapaTry >KYHelepiHiH TEeXHOJOTMACHI Ka3ipri yakbITTa OYKiI
oJlieMJie camajbIK YKOHE CaHJIBIK TYPFBIJaH KOFaphl AaMy JCHTeHiHe KeTTi. byriHri TaHma MOOWMIIbII
CBIMCHI3 OaliJIaHBIC K€3 KEeNTeH eJIiH TeIeKOMMYHHKAIMSUIBIK JKETICIHIH MaHBI3AbI 0eiri O0JbIT
TaOBUIAIEL.

Byt sxymbIc GapbIChIHAA CTYACHTTEP *KaObIK MapaMeTpiiepiH eey koHe Oaranay, COHai-
aK CITyTHUKTIK KOHE YsUTbI OailJIaHbIC )KYHeTepiH ko0anay JaFIbUIapbiH UTePy1 KepEK.

PagnoTexHuka - 3JIE€KTPOMAarHUTTIK TepOenicTep MEeH TOJKBIHAAP (DPM3MKACBIHA HETi3/1eNreH,
CUTHAJIIapAbl TeHepanusuiayabl, Oepymai, KaObUIIayabl >KOHE OHICYHl 3EPTTCUTIH KOJIIaHOAJIbI
UHKeHepiK moH. On pannodu3nkaMeH (OpTaJIBIKTaFbl TOJKBIHAAPABIH TapalyblH 3€pTTEY) KOHE
JNEKTPOHUKAMEH ThIFbI3 OalaHBICTBL, Ka3ipri 3aMaHfbl OalaHbIC, pajap KOHE ecemnTey
TEXHUKACBIHBIH HET131H Kypan/bl.

®dusnka MEH PaJIMOTEXHUKA apachIHIaFbl OalIaHBICTBIH HET13T1 acleKTuIepi:

Herisri Heri3: PammorexHuka snekrpomuHamukara (MakcBemT TeHICYJepiHe), KapThiaai
OTKI3TimTep (hU3UKAChIHA, KBAHTTHIK AJICKTPOHHUKAFA JKOHE TepOeIIic TeOPHUAChIHA HET13AC/ITCH.

XKymbic npunnunTepi: TapaTylibl aHTEHHA 3JIEKTP CUTHAJBIH KEHICTIKTE TapajaThblH KOHE
KaObUIIayIIbl aHTEHHA/1a TOK TYABIPATHIH 3JIEKTPOMArHUTTIK TOJNKBIHIAPFA alfHATABIPAIbI.

balinanbicThI cananap:

Pagunodusuka: backa KyObUIbICTApIbI 3epTTEYTe apHAIFaH PaJAUOKULIIK SIICTepiH 3epPTTEHIl
(panmuocTaMpOHOMHMSAIA, PAJHOCTIEKTPOCKOIHUSIA).

DONeKTpoHWKa: ODHeprusi MeH  aKmaparThl — TYPJAEHAIpY  YILIIH  3JIEKTPOHIAPAbIH
AJIEKTPOMATHUTTIK ©PiCTEPMEH ©3apa SPEKETTeCYl TyPajIbl FHUTBIM.

MamaHabIKTaphl MEH KOJIaHbUTYRL: Pagnonmxenepiepi 6ainaHbic, HABUTaIus, pajaap, 3aTrap
uaTepHeTi (I0T) jkoHe 2NMeKTPOHIBIK KaObIK XKyHenepin xKobanaiiibl )KoHe KYTIll YCTal/Ibl.

Onerre, (HUMKAIBIK KYObUIBICTapbl OOJKAay MOHE MOENbACY CYNEepKOMIIbIOTEpIep MEH
¢bu3nKa 3aHIapbIHa HEeT13IeNITeH TeHIeYIep i KOJIAaHy apKbUIbI XKY3€ere acklpbuIaasl. by TeHaeynep
eTe JKaH-KaKTbl OOJIFaHBIMEH, OYJI OJIap/IbIH JKeKe KYOBUIBICTAp/IbIH KE€KE CHIIaTTaMajapblH MiHCI3
KaiiTanail anaTelHBIH OuLAipMenal. Melcanbl, KemnTereH ajxaMjap OpTa MEKTENTe MAasTHUK
KO3FaJIBICBIHBIH (PM3MKACBIH OKH/bl. HaFbl3 MasTHUK, MbICaJbl, OHAIPICTIK aKaynapra OaillaHBICTHI
dbopmynamapMeH cUNaTTaJFaH WAcalIbl MasTHUKTEH epekmieneneni. On Teopus OolbIHIIA
KO3FraJIMaii/ibl JkoHe OyJ1 MozenbAeyAl Ooikayia KaTellikke dKesnenl. YJIKeH TaOblcTapblHaH KeWiH
¢u3MKaNbIK KyOBUIBICTAp YILUIH apHailbl jkacalfaH HEHPOHABIK >KeJiepre atapiblKTail Hazap
ayJapbuUIbL.

[aMUIIBTOHNIBIK HEHPOHABIK JKEIUIep HEHMpOHMABIK kenije ['aMHIBTOHIBIK KOJAbI JKy3ere
achIpajIbl )KOHE OChLIaiIa (GU3UKaAa «IHEPTUSHBIH CaKTaly 3aHbIH» KaJIbIITACThIpabl. JlereHMeH,
Oyl NUCKpPEeTTI yakKbITTa MYMKIH OojiMaybl MYMKiH, Oysl KeOiHece NpaKTUKaJbIK OKbITY MEH
ecenreynepze 6omanbl. COHbIMEH KaTap, OYpBIHFbI HEHPOH/IBIK JKeJi MOAeTIbAepl Oacka (PU3UKAIIBIK
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3aHgapabpl  eckepmereH. bynm 3eprreyme 013 Oenrimi Oip  auddepeHIHanabp-reOMeTPHSITBIK
KYpPbUIBIM/IbI OOJKANUTBIH SHEPrusiFa HETri3JeNireH TepeH (U3MKaJIbIK MOJENbIIH NPUHLUITEPIH
Tangaiimel3. Byl KypeUIBIMHaH SHEPTUSHBIH CaKTaly 3aHbl MEH MacCaHBIH CaKTaly 3aHbl TaOUFU
TypAe naiiaa 6omazapl. JIMCKPETT] yaKbITTa SHEPIHsIFa HET13eJINeH MIHE3-KYJIBIKThI KAMTaMachl3 €Ty
YILiH FaJbIMAap aBTOMATTHI IUCKPETTI AuddepeHnnanusiiay anropuT™MiH YChIHABI.

FansiMaapabid 3epTTey TOOBI SHEPTUSHBIH CAKTaly 3aHbI CUSKTHI (PU3UKANIBIK 3aHIap/bl KaTaH
CaKTai OTBIPHII, KYOBUIBICTAPABI OOJDKAY YIIiH Maii1aJaHbUTybl MYMKIH JKaHa jKacaH (bl HHTEIICKTKE
HET13/IeJITeH TEXHOJIOTHUSHBI 931pJIeIi.

Byn monens 'amunbTOH MexaHUKachl, JlaHgay TeopHsCHl koHE (a3aablK OpiCTi MOICTBACY
CHSIKTBI JKaJlllbl (PU3MKAJIBIK KyObUIbICTapFa KojjaHblIaael. OFaH MO3MLUS MEH HMMITyJbC (Macca-
cepirme Xyieci CUIKTBI TAOUFU JKYHe JIeN aTalaThlH), YiKemici 6ap Tabury xyie, 60C SHEPTHUSHBI
a3aiTy apKbUIbl aJbIHFAH (QU3MKAIBIK >XyHe (MbIcaibl, (as3ayblK aybicyjap) >koHe MakcBen
TeHaeyepi [2] cuakTel 'aMUIIBTOH TeHAeyIepiHEeH TypaThiH | aMUIIbTOH Kylenepi Kipeai. AJIBIHFbI
3epTTeyJepAiH KOMIIIIr apHalbl kKarailapaa airalikbl €Ki KyileHiH OipiHe Hemece cakKTaily
3aHJapbIH MOJIEIIB/ICY YIIIiH THIM KeH TapasifaHra OarbITTairad. bapibik TeHaeynep i reoMeTpUsiIbIK
TEHJIeyJIep peTiHje ka3zyra Oonaabl. OCklFaH Ha3ap ayaapa OTBIPBII, 3epTTEYLILIEp ONapabl CAHIABIK
ecenTeyiepAl KOJJaHa OTBHIPbIN KahTa »ka3abl. O3 oJicHaMachlHAA alrOpUTMIEP (U3HKAIIBIK
KyObUIbICTap/laH OaKbUIAHATBIH JIEPEKTEpPre Heri3eireH 3Heprust (YHKUUACBIH YHpeHe.l, COAaH
KEH1H CaHBIK dJIEMJIET1 KO3FaJIbIC TEHALYJICPIH Kacan/Ibl.

CoHbIMeH KaTap, KOMIbIOTEPIIIK MOJIEJIbICY YIIIH OChl KO3FAJIbIC THJIEYJIepiH KalTa *Ka3yIbIH
KakeTl KOK [ 1]. MyHBI TEXHUKAJIBIK TYPFbIAAH XKY3€re achlpy YILIH aBTOMATThl AU} QepeHInanusHbl
KOJIJaHa OTBIPBII, MALIMHAJIBIK OKbITY/la KOJJAHBUIATBIH Kepi Tapaly/blH jKaHa CaHJbIK HYCKAChl
’acasabl. By )kaHa ToCiT caHABIK 9JIeMIe YHEPTUSHBIH CAKTaTy 3aHbI CHSKTHI (PU3UKAIBIK 3aHIap bl
cakTayra MYMKIHIIK Oepezi. bys skaHa omicTeMeHi maiiianany ete ceHiMal Oomkamap kacayra
MYMKIHAIK Oepesi ®oHe TOCTYpIIi Mojenbaepae OalKanaThlH YHEPTUSHBIH TaOUFU eMec oCyl MEH
a3al0bIHBIH AJJIBIH alTyFa KeMekTece1i. CUMIUIEKTUKANIBIK TeOMeTpHUs kKoHe PruMan reomeTpuscol [4]
CUSIKTBI TE€OMETpHUSUIBIK ToCUIAep M€ CaHIBIK oyneMre (U3MKaNbIK 3aHAapibl €Hri3y YIIiH
KoJIJaHbu1a el byt o/1icTi KeH ayKbIMabl KyObUTbICTap sl O0JDKayFa KOJAaHyFa MyMKIHIK Oepei.
Mpicanbl, €Ki TaMIIbIHBIH Oipirin KeTy KYOBUIBICHIH ojiap Oip TaMIIblFa aifHajnFaH Ke3Je maiina
00JIaThIH YHEPTHUs MIBIFBIHBIMEH TYCIHIIpYTe 00a bl

Ocbl 9IICTI €Hri3y apKbUIBI OCBl 3€PTTEYJE *KAacalFaH MOJAENIb SHEPTUSHbBIH IIAIIBIPAHKBI
KYOBUIBICTApPBIH €CKEepe OTBIPHIN KEHEWTIi, OyJl PHEeprusi IIBIFBIHBIH JoNI Oaranayra MYMKIHIIK
6epeni. Onapra, MbICabl, MATEpPHUAJIAPIbIH KYPbUIBIM/BIK YHBIMIACTHIPBLTYbI, KpUCTAIAPABIH 6CYi
KOHE JKapbIKIIAKTAPJbIH Tapally MeXaHHKachl karaibl. DHU3UKANBIK KyObUIBICTApIbl Ooinkay
aJIrOpuTM1 OOJIBINT TAaOBUIATBIH MENBHUH aNrOpUTMI KBAHTTBIK MEXAHMKAHBIH TY)KbIPbIMIaMaJIbIK
HET13/IepiH XKaHalla 3epTTeyre MyMKiHAIK Oepei.

binmim 6epy sxyieci XXI raceipma xypaeni tpanchopmarusgan etyae. JocTypii OKBITY
omicTepi omi Ae MaHbI3ABL, Oipak ojap 3aMaHayd TEXHOJIOTHSUIAPABIH MYMKIHIIKTepiHe cail
TOJIBIKTBIPY/Ibl KaXKeT eTelll. bys acipece jkapaThlUIbICTaHy FhUIBIMAAPBIHA KAaThICThI. PHU3UKa MOHI,
ocipece ANEeKTpOHUKA 06JiMi, OKYIIbUIApFa KUBIHIBIK TYIBIPAThIH TaKBIPHIITAP KaTapblHA KaTalbl,
cebeb1 Oyt canma aOCTPaKTiI YFBIMIApFa J)KOHE HAKThI TOXIPUOE jKacayFa HET13/1e/ITeH.

XKacanner untemnext (Artificial Intelligence — Al) omicTepin cabakka €Hri3y TEK TEOPHUSHBI
MEHrepyre KeMeKTeclei/ll, COHbIMEH KaTap OKyIIbUIapFa BHpTyalJsl TaxXipube kacay,
BU3yaJIM3alUsHBI KapanaibIM TYpJie KaObu1Iay jKoHe 03 OeTiMEH 3epTTey jkacay MYMKIH/IriH Oepei.
Al KypanjgapblH KoJ/laHy ca0aKTblH MHTEPAKTHUBTI, KOPHEKI JKOHE MPAKTUKANIbIK ACHrelae eTyiHe
MYMKIHJTIK TyFbI3a]IbL.

dusnkanarsl 3JMeKTpoHUKAa MeH Al o11icTepiH Ko1aHyIbIH MaHbI3bI

DeKTpoHrKa — Oy (PM3MKa 3aHIBUTBIKTAPBIHBIH KYPBUIFBUIAP apKbUIBI HAKTHI KOJIAHBLTYHL.
MyHzaa TpaH3UCTOp, AMOJ, MHTErpalI[bl CXeMa CHSKTBI 3JIEMEHTTEPAIH JKYMbIC MPUHLUIIH TYCIHY
MaHbI3IBL. J{ocTypiti cabakrapa MyHBI TEK TEOPHSUIBIK TYPJE TYCIHAIPY OKYIIBUIAP YIIiH KUBIH. AJl
Al Kypanaapsl MblHa OaFbITTapa KOMEKTECe I
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1. TeopusuibIK OLTIMI KEHITIETY.

Al-gat6orrap (ChatGPT, DeepSeek) kypaeni mporectepii KapanmaibiM Tinae TYCIHIIpE,
dbopMymanapabl TYCIHIIpin Oepeni >KOHE OKYIIBIHBIH JICHIeiiHe OCHIMIENTeH Cypak-Kayar
XKyprizeni.

2.Buzyanuzanus.

Al kypangapbsl apKbUIbl 3JEKTPOHIAAPIBIH KO3FAIBICHIH aHUMAIIHMSUIIAN KOPCETY, p-n OTIenep
MEH TPaH3UCTOPABIH XYMBICHIH 3D Monenble KepceTy, TOK CHUTHAJINApbiH TpadUKaNbIK TYpIAe
KepceTy MYMKIH/Iri 6ap. by okyuisiapasiH Ke30€H Kepil TYCiHy ASHIeHiH apTThIpaabl.

3.Buptyanasl 3epTxaHanap.

Al KonmalThIH CHUMYyJATOpIAp apKbUIbl OKYIIbUIAp (DU3MKANBIK TxipuOenepal Kayirnci3
OpBIHIAyFa JKOHE CXEMalap[bl JKWHAY, MapaMeTpiepAl e3repTy, HOTHIKEHI Taunay CHSIKTHI
MIPAKTUKAJIBIK SPEKETTEP/Il JKacayFa MyMKIHIIK aajbl.

4.Keke oKpITY 5koHE OeHimMaey.

Al op OKymIBIHBIH OKY JIeHreiliH Oaranam, OeiimzeireH TarchlpMaigap MEH KOCBIMIIA
TYCiIHIipMenep YChIHa ana bl Byt OKyIIbuIap b KbI3BIFYIIBUIBIFBIH aPTTHIPAIBI )KOHE OKY MPOIIECIH
nepoecTeHipei.

Cabak KypbUIbIMBI

du3nKaHbIH 3JeKTpoHUKA OeniMiH Al ozmicTepiMeH ©TKi3y 45 MUHYTTBIK CTaHAAPTTHI cabaKka
OeilimienreH:

1-ke3eH: ¥bIMIACTHIPY jKOHE MOTUBALIUSA (5 MUHYT)

*Al apKpUTHI TaibIHIATFAH KbICKA OeiHepoauk kepceTy. Mbicanbl, «CMapT@oH Kanai KyMbIC
1cTen Al ?»

*DJIeKTPOHUKAHBIH KYHIEINIKTI ©MIp/ier] MaHbI3bIH KOPCETY.

[Ipobnemanbik cypakTap Kor: «JIuo TOKTHI Kaiai OarbITTal 61?7

2-ke3eH: JKaHa TakbIpbINTHI TYCIHAIPY (15 MUHYT)

*Al npesenranusinapsiMer xkymbic (Slidesgo Al, Canva Al): TakpIpbinKa coiikec BU3yallIbl
craiiaTap, aHuManusiap, rpadukTep.

*Al yaT apKbUIBI HHTEPAKTUBTI CYpaK-Kayarl OTKi3y: op OKYIIbI CypakK KOs alajbl, KayanThbl
HAKThl KOHTEKCTE aJa/ibl.

*Tpansucrop, 1o cxemanapblH BUpTyanasl 3D Mozenbie KepceTy.

*@opmyanap MeH oJlapablH (HU3UKAIBIK MaFbIHACKIH Al apKbUTBI TANIIAY .

3-ke3eH: [IpakTukansik sxymeic (15 MuHyT)

*Bupryannel nabopatopusiia cxema >KMHAY: MbICAJbl, TPAH3UCTOPJBIK KYIICUTKIII HeMmece
JIUONTHIK Ti30€K.

*[TapameTpnepai e3repTir, HOTHXKeIEepAl OaKpUIay (TOK, KEpHEY, KeIepri).

*Al apKbUTBI KaTeNEP/Ii TANAAY KOHE TY3eTY YCHIHBICTAPBIH ally.

4-xe3eH: bekity xone 6aranay (10 MuHyT)

*Al OeliiMaenreH TecTTepl KOJJaHY: OKYUIBIHBIH JKayalTapblHAa COMKec CypakTap MeH
TarcelpManap e3repei.

*Op OKYIIIbIFa JKEeKe Kepi OaiaHbic Oepy.

*Hotmxkenep O0ibIHIIIA KOPHITHIH/IBI JKacay.

XKoOGanbIK jx9HE 3epTTEy KYMBICTAPHI

Oxkymbutapra Al kemeriMeH *00aNbIK AKYMBICTAp OPBIHIAY YCHIHBLIAbI:

*«AKBUIIBI JKapBIKTAaHIBIPY KYHECi»

««Temneparypara ce3imMTan 1a0bLT KyHeci»

*«DNEKTPOHBIK TaliMep HEMECEe CUTHAIIM3AIIHS»

Al xypannapsl xo0anapasl OpeIHIAY A

*Xocmap kypyra,

*DJIEKTPOHIBIK CXeMallapibl MOICNbICYTE,

] Ipe3enTanus xacayra,

*Be0-caiiT Hemece OKbITY T1aThopMachiH JalbIHIayFa
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KOMEKTECE]Ii.

byt Tocin oKyIIbUTapABIH 3€PTTEY JaFAbUIAPbIH JaMbITYFa jKOHE MHXKEHEPIIIK oilay KabieTiH
KaJIBINTaCThIPyFa MYMKIHAIK Oepei.

baranay xyieci

Al apkpuisl Oaranay xyieci OipHele KOMIIOHEHTTEH TYpaIbl:

1.®opmaTuBTi Oaranay: cabak OapeicbiHIa Al Kypangapbl apKbUIbl OKYIIBIHBIH MPOTPECIH
OaKpLIay.

2.ABTOMATTHI TECT: 9P OKYIIIbI AeHreiiHe OeHiMIENTeH TeCT TalchIpy.

3. XKo0banbik Oaranay: KpuTepuil OoiiblHINIA Oaramay, NpE3CHTAMA KOHE BHUPTYaJIbI
TOXKIPUOCHIH HOTHXKECIH €CeTKe aly.

4.Kepi Gaitmanbic: Al apKbUTbI )KEKe YCHIHBICTap MEH TY3eTyep oepy.

MyrajimMm MeH OKYIIbI YIIIH apTHIKIIBUIBIKTAPhI

Myraiim yuris:

*Cabakka JaiibIHany yaKbIThl KbICKApabl.

*OKymIbLIapAbIH OCJICEHAUTITIH OaKbUIay KeHUIICH/IL.

*OKBITY MPOIIECIHIH TUIMILUIITIH HAKThI Oaranayra MYMKiHIK Oap.

OKy1b! yHIiH:

*Kypaeni TakpIpbInTap sl OHAM MEHTepY.

[IpakTHKAIIBIK JaFIbI KAJTBIITACTHIPY.

*JIHXeHeplliK oillay xoHe 3epTTey KaOilneTTepiH JaMbITy.

Kayincizaik >koHe 3TuKa

*Al KypangapbIH TeK KOMEKII KypaJl peTiH/e Maiianany KaxerT.

*OKyIIbUIAP IBIH JKEKE JEPEKTePiH KOpFay.

* AKNapaTThiH TYPHICTHIFBIH TEKCEPY, dKaIFaH HEMECe KaTe MOTIMETTEP/AiH aJIbH aly.

Bonanrakka apHaiFaH mepcrieKTHBaIap

Al onicTepiH 37EeKTpOHUKA cabaKTapblHa €HIi3y TeK OuTiM Oepy MpOLECiH KeHUIAETIN KaHa
KOWMai, OKyIIbIIapapl MHKEHEPIIK, [T %oHe FRUIBIME callaFa TablHAayFa MyMKIHIIK Oepe/i.

bosamakra:

*Buptyanel 3epTxaHaiap HaKThl TOKIpUOEIep Il TOIBIK aIMacThIpa ajlaibl.

*Al apKbUTBI aBTOMATTHI )KOOAIIBIK )KYMBICTAp jKacay KEHIHEH KOJAAHBLIA b,

*OKy mporieci aepOeCcTeHAIPLTIIN, OKYIIBIHBIH KbI3BIFYIITBUTBIFBI MAKCUMAJIIBI JICHI€HTe JKEeTE 1.

KopbITbiHBI

®u3MKaHbIH AJICKTPOHUKA OOJIMIH JKacaHIbl WHTEIUICKT OMICTEPIH KOJIAHBIT OKBITYy —
3aMaHayd, TUIM1, KbI3BIKTHI OHE MPAKTUKAIBIK TYPFBIIAH Maigaisl Tacil. byn onic TeopusHb
MEHrepyre, TOKIpuoOe xKacayra KoHe )KOOaBIK )KYMBICTap OpbIHAayFa MYMKIHIIK Oepeni. Al cabakka
€HT'13y apKbUIBI MYFaJTiMIEp YaKbITThl YHEMJCT, OKBITY/IBIH CAlaChlH apTThIPA, all OKYIIbIIAp TePeH
TYCiHY, TMPAKTHKAJIBIK IaFabUIap JKOHE WHXKEHEPNIK Oilay KaOiJIeTiH JaMbITy MYMKIHIITIHE He
OoJaasl.
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I'A3 OHAEY KAJIIBIKTAPBI HEI'I3IHAEI'I HEMEHTTI YHTAKTAY
AKEJEJIETKIIOTEPIHIH HEMEHTTIH KATAIObBI MEH YCTACYBIHA 9CEPIH
3EPTTEY

PUCTABJIETOB P.A., KAMBAPOB M.A., AYECBEKOBA M.A.
M.Oye30B ateingarel OHTYCTIK Kazakcran yHHBEpCUTETI

Tyuin. byn maxanaoa yemenmmi YHmaxmay sceoeioemkiuimepin cunmesoeyoiy oOyeinei KyHei
JHcagoativl MandaHvln, yemenmmi 6HOIpY NpoYeciHiy dHepeus MUIMOINICIH apmmblpyea MHCoHe
yemeHmmiy DUUKA-MEXAHUKAILIK KaCUuemmepin dcakcapmyaa MYMKIHOIK Oepemin YHmaxmay
JrcedendemKiumepin  xcepeinikmi  2az 6Hoey Kaioblkmapvl 006N MAObLIAMbIH  eKIHULTIK
OUSIMAHOIAMUHOED MeH KileM OHOIpICi KaloblKkmapsl HeziziHe cuHmesoey MYMKIHOIel MeH
KOCNAnapovly yemeHm MAcbiHblY OepiKmiK JHCUHAY KUHEeMUKACbl MeH COHebl OepikmiciHe acepiH
3epmmey  Hamudicenepi KopceminceH. Tanday ankomaramuHoepee HezizoenceH YHMAKmMaAy
Jrcedendemxiumepin cunmesoey Ke3iHoe mayoai2an WuKizam OudIMaHoIAMUH MeH 2UOPOIU30EHEEH
NOAUAKPUTIOHUMPUNIOIH NOTUMEPNI-XUMUSTBIK MYPAEHYI APKbLIbl ANy2d OONAMBIHbIH HCIHE YyeMeHM
yaeinepine 10 epamm yHmaxmay dceoendemkiuimepin Kocy apKblivl YeMeHm macblHuly O0acmankul
JHcane conevl bepikmicin apmmuolpea MyMKIHOIK Oepemilii Kepcemmi.

Kinmmi ce30ep: yemenm, YHmakmay oicedenroemkiuimepi, 2az 6HOey KaloblKmapbl,
MemuIOUIMAHOJIAMUH, OUDIMAHOJAMUH, IHEP2Us MUIMOLIIK, OepiKmik.

Kipicne

Kazipri Tanma eHIIpICTIK KaJABIKTapbIH THIMII Oackapy Macesieci oJeMIIK JIeHreiae 03eKTi
60ubIn oThIp. KanaeikTapabl 6aKpuIayChI3 )KHHAKTAY YKOJOTHSUIBIK TeTe-TeHIIKTIH OY3bUTybIHA KOHE
TaOWUFU pecypcTapiblH CapKbUTybIiHA anblll Keneni. COHFBI JKY3 JKbUIJIAFbl ©HEPKOCIN OHAIPICIHIH
KapKbIHIBl J1TaMybl OacTamkbl HIMKi3aTKa CYpPAHBICTHI apTTHIPHIN KaHa KoWMai, ipi Keiempaeri
KaJABIKTapAbIH TYy3l1yiHe ceben Ooiabl. OHAIpiC KOHE TYTHIHY KalJbIKTAPBIHBIH 1IiHAE OachiM
OeuiriH maiganel Ka3oanapasl OHIIpY KIIBIKTAphl Kypainsl (mamamer 92%), an ekiHmn opbIHIa
OHJICYy OHEPKACiOl TYP.

DKOJOTUSIIBIK TYPFbIIaH KayinTi canaiapblH Oipi — MyHall %oHe ra3 eHepkacioi. by camana
KOpIIaFaH OpTara Kepi ocep eTeTiH KalbIKTap, COHBIH iMIiHIe aMUHIIK epiTinaiiep (MDA, /1DA)
KeH kenemae Ty3uieni. COHIBIKTaH oJlap/bl KaiTa eHJEY XKoHe 0acKa eHJIIpIC calaJapblHaa THIMII
naiianany TypakThl JaMy CTPAaTErUAChIHBIH MaHbI3/bl OAFBITHI OOJIBIN TAObUIAIBI.

Kypbuteic MaTepuangapblH OHIIpYAE SHEPrHs YHEMICHTIH TEXHOJOTHSUIAPIBI C€HTi3y KOHE
KOpILIaFraH OpTaHbl KOpFay MacejeNepiH IIenly Kas3ipri YakbITTa CTPAaTeTHSUIBIK MaHbI3IbI
MiHJEeTTepAiH Oipi. by acipece 1ieMeHT eHepKaciOl YIIiH ©Te MaHbI3/Ibl, ce0e01 IIEMEHT OHIpici Kol
MOJIIIEp/Ie PHEPIUsi TYTHIHYJBl KAXKET €Teli, COHBIH IIIHIEe KJIMHKEpJl YHTaKTay HpoIeciHe
3ayBITTaFbl KaJIbl SHEPTUs TYThIHYIBIH 45-50%-bI IIbIFbIHAANATIHBI OeriTi. COHABIKTAH YHTAKTAY
MPOIIECIH OHTAMIAHABIPY OHJIPIC THIMIUIITIH apTTHIPY JKOHE HIBIFBIHIAPIBI a3aiiTyFa MYMKIHIIK
OepeTiH O3eKTI Maceeci.

Ocbl MacereHi ey 1iH TUIMAL TOCUT — YHTaKTay XKeleAeTKIIITepiH Kojaany. byin kocnanap
OeJmeKTepAiH KaOBICYbIH TOMEHJETIIN, TUCIIEPCTUIIKTI apTTHIpAbl >KOHE AWIPMEH OHIMAUIITIH
XKOFapbliaTtazsl. HoTwkeciHzne SHeprus WIBIFBIHBI a3aibll, EMEHTTIH camajiblK KepceTKITepi
akcapansl [1-3].

YHTakTay OKeHCNICTKIINTEepi peTiHae keOiHece alKaHOJaMHUHISP (IUITaHOJIAMUH,
TPUATAHOJIAMUH, TPUU3OMPOINAHOIAMUH), TJIMKOJIBAEP (IUITHICHTIIUKOIb, MOJUITHIICHTIIUKOIb),
COHJIai-aK JHMTHOCYNb(OHATTAP, MOJIUKAPOOKCUIIATTAp KOHE MOJHAKPUIATTAp KOJIJaHBLIABL.
Kocmanapasia Memmepi ogette riemeHT MaccachiibiH 0,02—0,08% acnaiasl.
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YHTaKTay >KEICSNISTKIMTEePiHIH ocepi €Ki HEeTI3ri MeXaHW3Mre Heri3enereH. bipiHmmici —
ancoporusabsik ocep (I1.A. PeGunnep addexrici), sFHH kaHa OET Ty3yre KaKeTTi dHEPTUSHBIH
temenzeyi. EkiHmnici — yHrakray OapbiChiHAAa Taiia  OOJATBIH  BJIEKTP  3apsATapblH
OeifrapanTaHaplpy. AJKaHOJIAMUHIEP MEH IMOJIUIVIMKOJIBAEP KOFapbl JUIOJBIIK MOMEHTIHIH
apKachIHJIa 3apsITap bl KOMIICHCAIMsIIAM, OOJIIIeKTepAiH KaiiTa OipiryiHe keaepri kacaiapl. Al eH
THIMJI1 JKEJISTICTKIMITEP OChI €K1 MEXaHU3M/II O1pIKTIpeTiH KeIIeH I Kocrajap OOIbIT TaObLIa b,

Munepanaplk Kocmajgapsl 0ap MOPTIAHALEMEHTTI YHTAaKTay Ke3iHAe TEeXHOIOTHSIIBIK
KUBIH/ABIKTAD TYBIHIANABI. OKTAac KIMHKEpPre KaparaH[a >KEHIJT YHTAKTalaTbIHJBIKTaH, OHBIH
[IaMajiaH ThIC YHTAKTAIybl OPBIH aybl MyMKiH. COHBIMEH KaTap, 9KTac OeiIIeKTepiHiH OeTiHae
AJICKTP 3apsAATApbIHBIH KOHIICHTPALMACHI JKOFaphl 0OOJaabl, OYJI TPOLECTIH CEJEeKTHBTLIITIH
kypaeneuaipeni. COHABIKTAaH MyYHAAl >KyHenepae THIMAI KEeACIICTKIITEPII TaHIAy epeKIie
MaHbI3/bI [4].

FreueiMu omebuertepai Tamgay oneMie IEMEHTTI YHTaKTay MpoOJieMachblHa €peKIle KOHII
OemiHeTiHIH KkepceTeni. MaceneH Wang jkoHe opimrectepi [5] TPUITAHONAMHH MEH TJIMKOIIb
HET131HJer1 JKeAeNIeTKIITEePAIH dCepiH 3epTTen, Oyl KocnaiapAbl KOJJAaHy YHTAaKTay MpPOLECIHIH
SHEpPrus WLIFBIHBIH 12-18% neiliH ToMEeHIeTeTiHIH aHBIKTAIl, HOTH)KECIH/IE IEMEHTTIH MEHILIKTi OeTi
apThlIM, 6acTankpl OEPIKTIK KOPCETKILITEP] )KaKCAPAThIHBIH JIJI€NIIEereH. Y KpauHAaJIbIK 3epTTeyLILIep
[6] momumep Heri3iHAEri MHTEHCU(UKATOpIapbl KOJJaHy YHTaKTay MpPOLECIHIH KHHETUKACHIH
KbUIIaMJIaTaThII, AUIPMEH OHIMIUIIIIH apTThIPAaThIHBIH AaiesnaereH. Fernandez xoHe apinTectepi
[7] opranukanbIK KbIIIKBUIAAP MEH OETTIK OEJICeH Il 3aTTap LIeMEHT OeJIIIeKTepiHiH OETTIK KepilyiH
TeMeHeTin, OepikTiKTi 8—13%-ra apTThIpaThiHbIH aHbIKTaraH. Kobya ToObl [8] cuHTe3nereH
KoM YHKIIUOHATABI JKEJCSNISTKIIITep YHTAKTay MPOIECIHIH dHEPrHus MIBIFBIHBIH 15-25%-Fa neifin
TOMEHIeTeTiHIH, an Assaad [9] 3eprreyinepiHze MoaukapOOKCHIATTap YHTaKTay THIMAUIIH 18-
22%-ra apTTHIpaThIHBIH aHbIKTaraH. Peceinik 3eprreymriiep [10] ankaHomamuHzaep MeH
MOJIUTJIMKOJBACPAIH KIMHKEp JUCHEPCTUIINH apTThIPbIN, OHeprus wWbiFbIHBIH 10-20%-ra
TOMEHJICTETIHIH, COHBIMEH KaTap, HEMEHTTIH THApaTalis KUHETHKACBIH >KaKCApTHIN, OacTamKbl
OEpIKTIK KWHAYbIHA OHTAMJIBI OCep €TETIHIH, aj KaroH rajasiMuaapel [11] Oetrik-Oenceni 3aTrap
OemiekTepAiH OETTIK HYHEPTUsCHIH TOMEHJETIN, arJiOMEpalusSHbl a3alTaThIHBIH, COHBIMEH Oipre
YHTaKTay YaKbIThIH KbICKApPTBII, SHEPTUsl THIMJAUIITTH apTThIpyFa MYMKIH/IK O€peTiHIH KOPCETKEH.
Jlereumen KaszakcTanga IIEMEHTTI YHTAKTay JKEIEJNJCTKIIITEpiH CHUHTE3/ley OaFbIThIHIAFbI
3epTTeyJep KOKTHIH KaChI.

FoutbeiMu  onmebuertepai Tangay YHTaKray SKeACNACTKIIITEpiH CHHTe3neynae OipHere
KOCBUTBICTAP TOOBI KEHIHEH KOJIaHBLIATBIHBIH KOPCETTi, COHBIH immHae OeTTik OenceHii 3arrtap,
OpTaHuKaJIBIK AMUHJEP, TOJIUOJIAP, OJTUrOMepIIep KaHe Kypaeni kocnanap [12, 13], 6ipak onapasiy
IITHAETT €H KOem 3epTTeNreHAepl - MoJMKapOoKcwiar 3(upi HErizaeri >KemenaeTKImTep, Oy
KocTajiap HEMEHT KYHeJIepiHiH *KYMbICKa KaOlIeTTIIIrH j)KaKcapTy YUIIH KIMHKEP IuipMeHIepiHae
YHTaKTayFa KOMEKIIl Kypaal peTiHae KeHiHeH Kohmaneutanel [11-14]. Byn 3eprreynep
noJuKapOoKcunaT 3QUpIepiHiH aacoOpOLMIIBIK KaObIHAAPAbl KaJbIITACTHIPY apKbUIbl I[EMEHT
OOJIIIIEKTEePIHIH arJIOMEpaIsAChIH a3aiTy apKbUIbl YHTAKTay THIMAUINTIH apTThipa aJlaTbIHBIH
kepceTTi. COHBIMEH KaTap, MyH/Iail TOJMMEp/Ii KOJIIaHy LIEMEHT KaMbIPBIHBIH KbUTKBIMAIIBLUTBIFBIH
apTTHIPHIT, CYCYPAHBICBIH TOMEHIETYT€ MYMKIHIIK Oepei.

Marepuanaap MeH 3epTrey daicTepi

bi3 3eprreynepae meMEHTTI YHTAKTay JKEIEIACTKIMTEPiH CUHTE3IeY YIIiH IIHMKI3aT PEeTiHIe
Kaiita eHmenreH HuTpwiI Tammbirel ([TAH, kximem eHipiciHIH KalAbIK ©HIMI), €KIHII PEeTTIK
nudtanosamuH (JIDA) (PetroKazakhstan Oil Products LLC kommaHuschiHAA Ta3abl OHICY/CH
KaJIFaH KalAblK ©HiM), 8% HATPUHl THAPOKCUII EpPITIHIICI, METAHOJI JKOHE TY3 KBIIIKBUIBIH
naigananpanabik. [lomukapbokeunatr sgupiaepi HUTPUI TONTAPbIH THAPOIU3IALY apKbUIbl, SIFHU
ITAH sxorapsl TemmepaTypa MeH KbICBIMJIAa KYIITI CUITIIEpMEH OHICY >KoHE JTepuduKanusiay
apKbpUIbl CHUHTE3IEJI, allbIHFAaH TOJUKApOOH KBIMIKBUIBI (HEMECe OHBIH TY3bl) KBIIIKBLI
KaTaJM3aTOPBIHBIH  KATHICYBIMEH  JIMATAHOJAMHUHMEH  OpeKeTTecTipimin, d>(up  TONTaphlH
(monmukapOokcuat 3gupepi) Ty3emi.
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JADA KangblKTapblH aMUHIIK KYPBUIBIMBIHBIH apKachlHAA THIMAI IKeIenaeTKim Oosa
aJIaTBIHBIH KOpCeTTi. byl KocwkuibicTap Oenmiekrep OeTiHe aacopOIUsUIaHBII, IEKTP 3apsAaTapbiH
OeliTapanTaHbIpa bl XKOHE AUCTIEPCTUTIKTI apTTHIPAIBL.

Cunre3nenren xkenennerkimrepinin ocepi «Cranmapruement» JKIIC M400 wmapkams
[IEMEHTIHIe MEMJIKETTIK CTAaHAAPT TaJanTapbiHA COWKEC 3ePTTEIII.

Hotu:xesiep xoHe Tanaay

ANBIHFAaH KOCHAHBIH IIEMEHT KaMbIpbl OCpIKTITiHE oCepiH aHBIKTay VIIH TIXIpUOeiK
3epTTeyJep KYPri3aik. 3epTTey HOTHKECIHAe KocTanapbl Oap lIEMEHT Tachl YIT1JIEPiHiH ChIFYFa )KOHE
uyre OepiKTiriHe CBHIHAKTAp JKYPri3ingi. ¥HTAaKTay >KeACNACTKIIITEepl Heri3inAeri ynriHig OepikTiri
OakplIay YITiIepiMeH calbIcThipMalsl (1-kecte) 3epTTeni.

Kecte 1 — ¥HTakray *eaenaeTKilrepi Heri3iHaeri IEMEHT TaChIHbIH ChIFyFa () skoHe uyre (0)
OepiKTiri

M400 YVirmaxray anin‘epz[iH CBIFyFa >1<'9He uyre 6epiKTi}"i
Ne noptinanaueme | Cy (M) | KeaenaeTki 2 TOyIiK 7 ToymK 28 ToymiK

1i () i (r) Mlla Mlla Mlla

a \ 0 a \ 0 a ‘ 0

1 2 3 4 5 6 7
2 1000 250 - 17,1 | 3,7 [ 283 | 48 41,1 6,5
3 1000 225 5 223 | 4,1 | 332 5,1 45,9 6,6
4 1000 225 10 23,5 | 44 | 358 53 48,5 7,4
5 1000 225 20 22,71 46 [ 379 ] 5,1 48,9 7,6

1 KecTe HOTHIKEJICPIHEH KOPIHTEHIEH 5 TpaMM YHTaKTay KeACJISTKIII O0ap 1eMEeHT TaChIHBIH
chIFyFa OepiKTiri 6aKpiIay YATiCIMEH calbICThIpFaHaa 2 TOymKTik Mep3imae 30,4%-ra, 7 TOyNiKTeH
keiin 17,3%-ra, an 28 ToynikTeH keiiH 11,6%-Fa >xorapbl 00JaThIHBI aHBIKTAIIBL. Y ITUIEPIiH HyTe
Oepikriri 2 ToymikTeH coH 10,8%-ra, 7 ToymikTeH COoH 6,25%-Fa xoHe 28 ToymikTeH KeliH 1,5%-Fa
YKOFaphl 00J/Ibl. ¥HTAKTAY XKeAenaeTkinm mesmepid 10 T 1eiin apTThIpFaH Ke3/ie IEMEHT TaChIHBIH
ChIFyFa OepikTiri coiikecinme 2 ToynikreH Kedin 37,4%-ra, 7 ToymikTeH coH 26,5%-fa xoHe 28
KyHHeH KeliiH 18,0%-Fa jxoFapbl eKeHi aHbIKTaNAbl. by ynrinepaiy uyre OepikTiri 2 KyHHeH KediH
18,9%-ra, 7 xynaeH keiin 10,4%-¥a sxone 28 xyHHeH keiin 13,8%-ra sxorapsr 6obl. XKexenaeTkinr
KOocCIaHblH MeJmepid 20 © aeiiH apTThIpy HEMEHT Tachl OEPiKTITiHIH MPOMOPIIMOHANIBI apTybIiHA
BIKIIAQJI €TICUTIHIH KepceTeai. byl xeaenaeTKim KocmanapasiH OCTOHHBIH OCpIKTITiH apTThIpya
©T€ MAaHBI3JIbI POJl aTKapaThlHbIH, IIEMEHT apajlaclachiHBIH OIPIHIIUIIIK OHE eKIHIIUIIK
rupaTaIysIcbiHa OCJICCH I KAaTHICATHIHBIH KOPCETe/Ii.

Onapapl KaliTa ©HIEY OHAIPICTIK MIBIFBIHAAPAB TOMEHJETIN KaHa KOWMAaii, IKOJIOTHUSIIBIK
KYKTeMeHi azaitansl. Ocburaiilia, KaJJABIKTApAbl KOJEre jKapaTy MEH JHEpTrus YHeMIeyi
yilslecTipeTiH KeleH/ i MeliM YChIHbUIAbI.

KopbITbIHABI

- Oe0U 10Ty MOJIUAMUTI MOIUANIEKTPOIUTTEPre HET13[IeNITeH YHTAKTay JKeAeNAeTKIITepiH
CUHTE3/CY Ke31H/Ie TaHaIFaH UKi3aT JUITAHOJIAMUH MEH TUIPOJIN3ICHT €H MOJTHAKPUIOHUTPIIIIH
MOJIMMEPITi-XUMHSUTBIK TYPJICHY1 apKbUIbI alTyFa OOJATHIHBIH KOPCETTI.

- 10 rpamMM yHTaKTay >KEISIISTKIMTEPIH KOCY apKBUIBI aJbIHFAH IIEMEHT TACBHIHBIH CBHIFYFa
OepiKTiri colikeciHie 2 ToymikTeH keitid 37,4%-ra, 7 ToymikTeH coH 26,5%-Fa koHe 28 KyHHEeH KeHiH
18,0%-Fa sx0Fapbl O0JIATHIHBIH, all Hyre OepiKTiri 2 KyHHeH KeliH 18,9%-ra, 7 kynHeH keiin 10,4%-
ra JkoHe 28 kyHHeH keHiH 13,8%-ra >xorapbl OosaThiHBIH KepceTTi. Ocpuraiimia, 1000 rpamm
reMeHTKe 10 rpaMM XHUMHUSITBIK KOCIIa KOCY OHTAMIIBI KypaM OOJIATBIHBIH KOPCETTI.

- 3eprreynep AP206102705 «XKeprimkri MmUKi3aTTap HETI3IHAE LIEMEHTTI YHTaKTay
KEICNICTKIIITEPIH J3pJiey JKOHE ally» TPAHTTHIK Kap>KbUIAHIBIPBIIATBIH >K00a KYHTI30emiK
KOCHapbIHA COMKeEC KYPri3ii.
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