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METHODOLOGICAL FOUNDATIONS FOR ORGANIZING
ROBOTICS CLASSES IN PRESCHOOL EDUCATIONAL
INSTITUTIONS

Axmedova Gulrux Rustam qizi
Second-Year Student, Faculty of Preschool and Primary Education, Nukus State
Pedagogical Institute named after Ajiniyaz
Abstract
This article examines the scientific and methodological foundations of organizing
innovative robotics and elementary engineering classes in the modern preschool
education system.
Keywords
preschool education, robotics, STEAM approach, divergent thinking, cognitive
development, elementary modeling, algorithmic literacy, interactive environment.
MAKTABGACHA TA’LIM TASHKILOTLARIDA ROBOTOTEXNIKA
MASHG‘ULOTLARINI TASHKIL ETISHNING METODIK ASOSLARI
Axmedova Gulrux Rustam qgizi
Ajiniyoz nomidagi Nukus davlat pedagogika instituti
Maktabgacha va boshlang‘ich ta’lim fakulteti 2-kurs talabasi
Annotatsiya. Ushbu maqolada zamonaviy maktabgacha ta’lim tizimida
innovatsion texnologiyalar, xususan, robototexnika va elementar muhandislik
mashg ulotlarini tashkil etishning ilmiy-metodik asoslari tadgiq gilingan.
Tayanch so‘zlar: maktabgacha ta’lim, robototexnika, STEAM yondashuv,
divergent tafakkur, kognitiv rivojlanish, elementar modellashtirish, algoritmik

savodxonlik, interaktiv muhit.
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AHHOTauMsl. B 1aHHOW cTaThbe MCCIENYIOTCA HAYYHO-METOAUYECKHUE OCHOBBI
OpraHMU3allid HWHHOBAIIMOHHBIX 3aHATUH MO POOOTOTEXHUKE U DIIEMEHTApHOMY
KOHCTPYHUPOBAHUIO B COBPEMEHHOM CHCTEME JIOIIKOJIHLHOTO 00pa30BaHuUsI.

KioueBble cjioBa: J0mKoOIbHOE oOOpasoBaHue, poOoTtoTexHuka, STEAM-
MOAXO0/, JWUBEPIC€HTHOE MBIIIJICHHE, KOTHUTUBHOE pa3BUTHUE, DJIEMEHTApPHOE

MOJCINPOBAHUC, AJITOPUTMHUYICCKASA I'PaMOTHOCTh, MHTCPAKTHBHAA CPC/a.

Kirish. XXI asr - yuqori texnologiyalar va global ragamlashtirish davri. Bugungi
kunda jamiyatning barcha sohalarida bo‘lgani kabi, ta’lim tizimida ham tub islohotlar
amalga oshirilmoqda. Axborot oqimi shiddat bilan o‘sayotgan bir davrda maktabgacha
ta’lim tashkilotlari (MTT) oldiga fagatgina bolalarga tayyor bilimlarni berish emas,
balki ularda mustaqil fikrlash, tahlil gilish, muammoli vaziyatlardan chigish va ijodiy
yondashuv (kreativlik) ko‘nikmalarini erta yoshdan shakllantirish vazifasi qo‘yilmoqda.

Maktabgacha yoshdagi bolalik davri inson shaxsiyatining poydevori qo‘yiladigan,
kognitiv jarayonlar eng jadal rivojlanadigan bosgich hisoblanadi. Psixologik va
pedagogik tadqgiqotlar shuni ko‘rsatadiki, bu yoshdagi bolalarning fikrlashi asosan
ko‘rgazmali-obrazli va ko‘rgazmali-harakatli xarakterga ega. Ya’ni, bola tashqi olamni
shunchaki eshitish orgali emas, balki narsalarni ushlab ko‘rish, ularni gismlarga ajratish
va qayta yig‘ish, ya’ni amaliy faoliyat orqali mukammal anglaydi. Shu nuqtai nazardan,
MTT tizimiga elementar muhandislik va robototexnika elementlarini joriy etish
zamonaviy innovatsion pedagogikaning eng samarali vositalaridan biriga aylandi.
Robototexnika mashg‘ulotlari bolalarni quruq yodlashdan qutqgarib, ta’limni jonli va
gizigarli kashfiyotlar jarayoniga aylantirish imkonini beradi.

Robototexnika mashg‘ulotlarining pedagogik imkoniyatlarini tushunish uchun
avvalo bolalar psixologiyasi va tafakkur rivojlanishi gonuniyatlariga murojaat qilish

lozim. Mashhur psixolog Jan Piaje of‘zining kognitiv rivojlanish nazariyasida
4
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maktabgacha yoshdagi bolalarni "operatsiyagacha bo‘lgan davr" (preoperational stage)
vakillari deb ataydi. Bu davrda bolalar ramziy fikrlashni boshlasalar-da, ularning
mantiqiy operatsiyalarni bajarish qobiliyati hali to‘liq shakllanmagan bo‘ladi. Lev
Vigotskiy esa bolaning rivojlanishida "yaqin rivojlanish zonasi" (zone of proximal
development) tushunchasini Kiritib, bolaning kattalar yordamida va maxsus tashkil
etilgan muhitda o‘z imkoniyatlaridan ancha yuqori natijalarga erisha olishini isbotlagan.

Robototexnika aynan mana shu ikki nazariyaning amaliy sintezidir. Konstruktor
detallari bilan ishlash, muayyan mexanizmlarni yaratish jarayonida bolada mavhum
tushunchalar (fazoviy o‘lcham, muvozanat, og‘irlik markazi, simmetriya) aniq shaklga
kiradi. Bola harakat gilayotgan obyektdagi sabab-oqibat bog‘lanishlarini 0‘z ko‘zi bilan
ko‘radi. Masalan, agar u tishli g‘ildirakni (shesternya) noto‘g‘ri joylashtirsa, robot
harakatlanmaydi. Bu esa bolaga xatosini darhol anglash va uni tuzatish uchun mantiqiy
tahlil gilish imkonini beradi. Natijada bolada fagatgina mexanik xotira emas, balki
chuqur analitik va sintetik tafakkur rivojlanadi.

Zamonaviy ta’lim standartlarida STEAM (Science, Technology, Engineering,
Arts, Mathematics) yondashuvi yetakchi o‘rin tutadi. Robototexnika ushbu besh
komponentni o‘zida mujassam etgan mukammal fanlararo ko‘prikdir. Mashg‘ulotlar
jarayonida ta’lim yo‘nalishlari quyidagicha integratsiyalashadi:

-Matematika: Bolalar detallarni shakli, o‘lchami va rangi bo‘yicha guruhlaydilar,
simmetriya qoidalariga rioya qiladilar, modelning o‘ng va chap tomonlarini
mutanosiblashtiradilar, robot yo‘lini aniglashda qadamlarni (masofani) sanaydilar.

-Muhandislik va Texnologiya: O‘qlar, g‘ildiraklar, richaglar va bloklar kabi oddiy
mexanizmlarning ishlash prinsiplarini o‘rganadilar. Maxsus dasturlar yordamida

robotga buyruq berish orgali ilk algoritmik savodxonlikni egallaydilar.
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-San’at va Ijodkorlik: Har bir bola o‘zi yaratgan robot dizayniga individual
yondashadi. Uni estetik jihatdan bezatadi, ranglar kombinatsiyasini tanlaydi, modelga
obraz va xarakter beradi.

-Nutq va Muloqot: Bola 0°z loyihasini himoya qiladi, uning nima vazifa bajarishini
so‘zlab beradi. Bu esa bolaning lug‘at boyligini oshiradi, monologik nutqini va o‘z
fikrini dadil bayon etish ko‘nikmalarini yuzaga chigaradi.

Yosh guruhlari bo‘yicha robototexnikani tashkil etish metodikasi. MTTda
robototexnika mashg‘ulotlari bolalarning yosh va psixofiziologik xususiyatlaridan kelib
chiqgan holda, qat’iy izchillik bilan tashkil etilishi lozim. Metodika quyidagi yosh
guruhlariga bo‘linadi:

1. Kichik va o‘rta guruhlar (3-4, 4-5 yosh) - Sensor va motorika rivojlanishi.
Bu davrda asosiy e’tibor bolaning qo‘l mayda motorikasini rivojlantirishga garatiladi.
Bu yoshdagi bolalarga yirik hajmli, o‘zaro oson birikadigan konstruktorlar (masalan,
LEGO) beriladi. Mashg‘ulotlar o‘yin tarzida olib boriladi. Bolalar ranglar, geometrik
shakllar, buyumlarning balandligi va kengligini farqlashni o‘rganadilar. Metodik vazifa
- bolada detalni detallarga qo‘shish orqali butun bir obyektni (uy, minora, daraxt, hayvon
shakli) yaratish ko‘nikmasini hosil qilishdir.

2. Katta guruh (5-6 yosh) - Elementar muhandislik poydevori. 5-6 yoshli
bolalarda fazoviy tasavvur sezilarli darajada kengayadi. Ushbu bosqgichda
mashg‘ulotlarga oddiy mexanizmlar unsurlari kiritiladi. Bolalar tishli g‘ildiraklarning
bir-birini aylantirishi, o‘qlarning vazifasi bilan tanishadilar. Bolalar maxsus
tayyorlangan tematik gilamchalar ustida robot “asalari”ni kerakli manzilga (masalan,
gul oldiga yoki uyiga) olib borish uchun uning ustidagi tugmachalarni bosib, oddiy
chizigli algoritmlar tuzadilar.

3. Maktabga tayyorlov guruhi (6-7 yosh) - llmiy-amaliy robototexnika. Bu

guruhda mashg‘ulotlar yanada tizimli va ilmiy xarakterga ega bo‘ladi. Bolalar sensorlar
B
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(masofani o‘lchash, rangni aniqlash sensorlari) va motorlar bilan ishlaydigan
robototexnika to‘plamlari (LEGO Education) bilan ishlay boshlaydilar.

Mashg‘ulotlarni tashkil etishning innovatsion pedagogik texnologiyalari.
Robototexnika mashg‘ulotlari an’anaviy ta’lim uslubidagi “tarbiyachi ko‘rsatadi - bola
takrorlaydi” sxemasidan mutlaqo farq qilishi kerak. Aks holda mashg‘ulot o‘zining
ijjodiy qgiymatini  yogotadi. Zamonaviy metodikada quyidagi interaktiv
texnologiyalardan foydalanish tavsiya etiladi:

Muammoli-izlanuvchan metod: Tarbiyachi mashg‘ulot boshida muammoni
o‘rtaga tashlaydi. Masalan: “Bolalar, bizning robotimiz loydan o‘ta olmayapti, uning
g‘ildiraklarini qanday o‘zgartirsak, u loyga botib qolmaydi?”. Bolalar o‘zlari mustaqil
ravishda yechimlar qidiradilar, kengroq shinalar yoki g‘ildirak o‘rniga gusenitsalar
qo‘yib ko‘radilar.

Loyiha metodi (Project-based learning): Bolalar kichik jamoalarga (2-3
kishidan) bo‘linib, uzoqroq muddatli bitta umumiy loyiha ustida ishlaydilar. Masalan,
“Kelajak ekologik shahri” yoki “Kosmik stansiya”. Har bir guruh o‘zining maxsus
binosi yoki robotini yasaydi va oxirida loyihalar birlashtiriladi. Bu metod jamoada
ishlash va hamkorlik (collaborative) kompetensiyalarini yuksaltiradi.

Divergent topshiriglar tizimi: Bolalarga yagona to‘g‘ri yechimi bo‘lmagan
vazifalar beriladi. Masalan, “Shunday o‘yinchoq yasangki, u yuk tashiydigan bo‘lsin”.
Bolalarning har biri oz tasavvuridagi mutlaqo turlicha bo‘lgan transport vositalarini
kashf giladilar. Bu jarayon bolani qoliplardan chiqishga o‘rgatadi.

Xulosa o‘rnida ta’kidlash lozimki, maktabgacha ta’lim tashkilotlarida
robototexnika mashg‘ulotlarini tizimli va metodik jihatdan to‘g‘ri yo‘lga qo‘yish -
kelajak jamiyati uchun yugori intellektual salohiyatga ega, kreativ va tangidiy
fikrlaydigan avlodni tarbiyalashning muhim kafolatidir. Robototexnika shunchaki

zamonaviy trend yoki o‘yin emas, balki bolaning yashirin kognitiv imkoniyatlarini
7 —
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yuzaga chigaruvchi kuchli pedagogik platformadir. Ushbu yo‘nalishning
samaradorligini yanada oshirish uchun MTTlarni zamonaviy moddiy-texnik bazalar
(konstruktor to‘plamlari, ragamli vositalar) bilan ta’minlash, tarbiyachilarning STEAM
va robototexnika sohasidagi metodik malakalarini doimiy ravishda oshirib borish hamda
milliy ta’lim xususiyatlarini hisobga olgan metodik qo‘llanmalarni ko‘paytirish davlat
miqyosidagi dolzarb pedagogik vazifalardan biri bo‘lib qolishi zarur.
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TWO-ENERGY X-RAY ABSORBSIOMETRY RESULTS IN
PATIENTS WITH TYPE 2 DIABETES WITH SARCOPENIA

Yusupova Shakhnoza Kadirzhanovna

Andijan State Medical Institute, UZ Doctor of Medical Sciences, Professor, Head
of the Department of Hospital Therapy and Endocrinology

Izatillaev Azizbek Avazbek o‘g‘li

Doctor "A" Private Clinic

Abstract

Today, type 2 diabetes mellitus (T2DM) and sarcopenia (SA) are becoming
increasingly common diseases. The question of whether the onset of type 2 diabetes
increases the risk of developing CA or vice versa has long been under study. Both
conditions are associated with negative changes in the state of skeletal muscles, which
in turn can lead to impaired physical function, decreased quality of life, and increased
mortality risk. Improper nutrition can exacerbate both type 2 diabetes and SA. T2DM
and SA are linked by a vicious circle of events that intensify and worsen each other.
Muscle insulin resistance appears to be a pathophysiological link between type 2
diabetes and CA. [1].

For over ten years, researchers have noted the overlap between the metabolic states
of SA and type 2 diabetes mellitus (DM2) [1-3]. This coincidence is observed in adults
of all ages, but is increasingly occurring in older adults [ 4-6]. CA is defined as
exhaustion or loss of muscle tissue; ASM occurs when there 1s an imbalance between
the synthesis and decomposition of muscle proteins [ 7 ]. Type 2 diabetes is a common
metabolic disorder characterized by changes in carbohydrate metabolism resulting from
decreased insulin sensitivity in target tissues along with a relative deficiency in insulin
secretion. Type 2 diabetes is also characterized by disorders in protein and lipid

metabolism [8, 9].
9
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A wide range of causes contributes to the overlap of type 2 diabetes and SA and the
associated adverse consequences. These include malnutrition (excessive and insufficient
nutrition, especially caused by the presence of other chronic and acute diseases) and low
physical activity. It should be noted that chronic diseases such as obesity and diabetes
mellitus type 2 are associated with inflammation and oxidative stress, which in turn leads
to impaired protein metabolism, muscle loss, and weakness [10]. Such loss of muscle
mass can be exacerbated by intra-muscular fat deposition, leading to a deterioration in
muscle function [11]. SA in adults with overweight or obesity, known as sarcopenic
obesity, is a common phenomenon but may remain unnoticed due to excess body weight.
In other cases, acute critical illnesses, cancer, and other chronic inflammatory diseases
can lead to malnutrition and weight loss, which in turn accelerates the decline of muscle
mass and strength [12]. Furthermore, a sedentary lifestyle—due to illness, disability, or
lifestyle—increases the risk of muscle loss even further. Such links between skeletal
muscle loss, malnutrition, low physical activity, and type 2 diabetes are common among
adults > 65 years old, but this link may begin even before age 65 and worsen over time.

Numerous studies have shown that excess adipose tissue increases overall mortality
and that people with low muscle mass have a higher mortality rate [12, 13], which
supports the idea that an optimal body composition, ensuring a balance between fat and
muscle mass, is a crucial component of healthy aging.

According to the study by Hong SH et al., an increase in the percentage of adipose
tissue is closely related to a decrease in muscle mass and function, which is particularly
noticeable in patients with diabetes. Patients with type 2 diabetes have hyperinsulinemia
caused by insulin resistance, which promotes fat synthesis and inhibits its breakdown.
An increase in adipose tissue stimulates the secretion of various cytokines and

accelerates muscle catabolism, leading to sarcopenia. A decrease in muscle mass leads
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to a weakening of the target tissues' response to insulin and exacerbates insulin
resistance, forming a vicious circle and leading to unfavorable clinical outcomes [14].

More and more data indicate a close correlation between type 2 diabetes mellitus
(T2DM) and sarcopenia, with T2DM patients often exhibiting obesity. However, studies
examining the relationship between body fat percentage (BFMP) and sarcopenia are
currently limited.

The above served as the basis for this study.

KEY WORDS

Type 2 diabetes, sarcopenia, carbohydrate metabolism

AHHOTAIMUA. Ceroans caxapubiii quabdet 2 tuma (CJ12) u capkonenus (CA)
CTaHOBATCA BCe OoJiee pacmpoCTpaHCHHBIMU 3a0oJjieBaHUSIMH. Bompoc o ToM,
yBenuuuBaeT i Hadano C/[2 puck pa3Butust CA win Ha000pOT, TaBHO HAXOJUTCS B
craauu ucciuenoBanusa. O0a COCTOSIHUS CBS3aHbl C HETAaTUBHBIMU WM3MEHEHUSMH B
COCTOSIHUM CKEJICTHBIX MBIIIII, YTO, B CBOIO OYEpPEib, MOKET IIPUBECTH K HAPYIIICHHUIO
busnueckoii GyHKIINHA, CHUYKCHUIO Ka4eCTBA KU3HU U TTOBBIIIIEHUIO PUCKAa CMEPTHOCTH.
HenpaBunsHoe nutanue MoxeT ycyryouts kak ClI2, tak u CA. CJ12 u CA cBsi3aHbl
MMOPOYHBIM KPYTOM COOBITHIA, KOTOpPHIE YCHWIMBAIOT W YXYIIIAIOT JOPYyr JApyTa.
NHCYyIMHOPE3UCTEHTHOCTh MBIIII, MO-BUIUMOMY, SIBISETCS MATO(PU3UOIOTHYECKUM
3peHoM Mexay CJI2 u CA. [1].

bonee pecstTm ner wucciemoBaTend OTMEYAIOT COBMAJACHHE METAOOIMYECKUX
cocrosanii  CA wu caxapHoro guabera 2 tuma (CI2) [1-3]. Dto coBmaneHue
HAOJIIOTaeTCsl y B3POCTBIX BCEX BO3PACTOB, HO BCE Yallleé BCTPEUACTCS y B3POCIBIX
crapiero Bo3pacra [ 4-6]. CA onpenensieTcs Kak HCTOLICHUE WIN IOTEPS MBIIICYHON
TkaHu; ACM BO3HHKaeT TpH AucOaTaHCce MEXKIy CHHTE30M U PACIajOM MBIMICYHBIX
oenkoB [/ ]. CJI2 — pacnpoCcTpaHEHHOE METa0OJIMYECKOe PacCTPOMCTBO,

XapaKTCpu3yromeccss HU3MCHCHUCM YIJICBOJIHOI'O oOMeHa B PE3yJIbTAaTC CHHUIKCHUS
i
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YYBCTBUTEIBHOCTH K HMHCYJIMHY B TKaHSAX-MHUIICHIX Hapsay € OTHOCUTEIbHBIM
aepuuuToM cexkpeuuu uHcyiauHa. CJI2 Takke XapakTepusyeTcsi HapyUIEHUSIMU
MeTabonmmu3Ma OeskoB u aunuaoB [ 8, 9.

[upoxuii criekTp npuurH criocodcTByeT nepekpoiThio C/12 u CA u cBA3aHHBIM C
STUM HEOJIaronpusaTHBIM NocaencTBUAM. K HUM OTHOCATCS HenoenaHue (M30bITOYHOE
Y HEJOCTAaTOYHOE MUTAHUE, OCOOEHHO BBI3BAHHOE HAJMYHMEM JPYTHX XPOHUYECKHUX U
OCTpBIX 3a00JIeBaHUN) U HU3Kas (u3nyeckas aKTUBHOCTb. CleayeT OTMETHUTh, UYTO
XpOHHUYECKHE 3a00sIeBaHUs, Takue Kak oxxupeHue u CJI2, cBsi3aHbl ¢ BOCHAJIEHUEM U
OKHUCJIUTENBHBIM CTPECCOM, UTO, B CBOIO OYEpE/b, IPUBOAUT K HAPYLIEHUIO OEIKOBOTO
oOMeHa, motepe MplieyHou TkaHu U cnadoctu [ 10 |. Takast motepst MbIIIEYHONM MacChl
MOXET YCYryOnsiTbCd BHYTPUMBILIIEYHBIM OTJIOKEHHUEM >KHpa, YTO MPHUBOJUT K
yXyaueHuto MeimedyHoil pynkuuu [ 11 ]. CA 'y B3pocibix ¢ U30BITOYHBIM BECOM WIIH
OKHPEHUEM, Ha3blBacMasi CapKOIIEHUYECKUM OKHPEHUEM, SABJIAETCS
pacupoCTpaHEHHBIM  SBJICHHMEM, HO MOXET OCTaBaThCi HE3aMEUECHHOM M3-3a
M30BITOYHOM Macchl Tela. B Apyrux cioyyasx ocTpble KpUTHUECKHE 3a00JIeBaHuUs, paK U
ApyTryue XpOHUYECKHE BOCHANUTEIbHbBIE 3a00JI€BaHUS MOTYT IPUBOJIUTH K HEAOETAHUIO
Y MOTEPE Macchl T€Ja, YTO, B CBOIO OUYEPE]Ib, YCKOPSIET CHUYKEHHE MBILLIEYHON MacChl U
cunel [ 12]. Kpome Toro, MallomoABMKHBIA 00pa3 >KW3HHM — U3-3a OOJIC3HH,
MHBAJIMTHOCTH WM o0Opa3za >KM3HM — ele OoJbllie YBEJIMYMBAET PUCK NOTEpU
MBIIIEYHOM Macchl. Takue CBA3M MEXAY IOTEpEl CKEJIETHOW MBIIIEYHOM MAacCCHhl,
HEeJOCIaHUeM, HHU3KOM (U3NYECKOM aKTUBHOCTBIO M CaxapHbIM auabeToM 2 Tuma
pacnpocTpaHEHbl CPEU B3POCIHbIX > 65 JIeT, HO 3Ta CBSI3b MOXKET HA4aThCs Aaxe 710 65
JIET M YXYyAIIAThCS CO BPEMEHEM.

MHoOrounciaeHHblE HUCCIEIOBaHMUs TOKa3aldh, YTO H30BITOK >KHPOBOM TKaHU
YBEIUYMBAET OOIIYI0 CMEPTHOCTb, a Yy JIIOAEH C HU3KOM MBIIIEYHOH Maccou

HaOromaercst Oojiee BBICOKHMN YpPOBEHb CMepTHOCTH, [ 12, 13], uro moaTBepkaaeT
12
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UJICI0 O TOM, YTO ONTHMAJIBHBIA COCTaB Teja, 00eCTICUnBAIONIUN OanaHC KUPOBOW U
MBIIIEYHOM MACChI, SIBISIETCS BaXKHBIM KOMIIOHEHTOM 30pPOBOr'0O CTapEHUSI.

Cornacno uccnenosanuto Hong SH et al., yBennueHnue npoieHTa >kupoBoil TKaHU
TECHO CBSI3aHO CO CHMKEHUEM MBIIICYHON MacChl ¥ (DYHKIIHH, YTO OCOOCHHO 3aMETHO Y
NaluMeHToB ¢ auaderoM. Y TMalMeHToB C JuabeToM 2 TUNA HaOIogaeTcs
TUTIEPUHCYJIMHEMHUSI, BbI3BAHHAS MHCYJHUHOPE3UCTEHTHOCTHIO, KOTOpasi CIOCOOCTBYET
CHUHTE3y JKHpa U TOAABISET €ro pacilelieHHe. YBEIWYCHUE >KUPOBOM TKAHU
CTUMYJIUPYET CEKPELMIO PA3IUYHBIX IUTOKMHOB M YCKOPSET KaTaOOJIM3M MBIIIIII,
NpUBOJA K capkoneHuu. CHM)XKEHUE MBIIIEYHOM MacChl MPUBOJUT K OCIJIa0JIEHUIO
pEaKIMM IIeJIEBBIX TKAaHEW Ha WHCYJIMH W YCYTyOJIsIeT HHCYJIUHOPE3UCTEHTHOCTb,
00pa3ysi 3aMKHYTBIA MOPOYHBIM KPYT U MPUBOJAS K HEOJIAronpUsITHBIM KIMHUYECKUM
ucxoznam [ 14].

Bce Gonbliie JaHHBIX CBUACTEIBCTBYET O TECHOW B3aMMOCBSI3U MEX]y CaxapHBIM
muadbetrom 2 tuna (C2) u capkomnenuei, npu 3toM y mnauumeHtoB ¢ CJ/I2 wacto
HaOmrogaeTcss oxxkupeHue. OJHAKO UCCIENOBAaHUS, W3YYAIOIIUE CBSI3b MEXKIY
npoiieHToM xupoBoi Maccel Tena ([IDKMT) u capkomenwueit, B HacTosilee BpeMms
OTPaHUYCHBI.

BrinieykazanHoe SIBUJIOCH OCHOBAHUEM JIJISI HACTOSIIIIETO UCCIEA0OBAHUS.

KJIFOUEBBIE CJIOBA: CJI 2, capkoneHus, yIjeBOAHbIN 0OMeH

HOEJb NUCCIIEJOBAHUSA — oueHuts pe3ynbraThl JIBYXIHEPIreTUUECKOU
PEHTICHOBCKOM abCOpOIMOMETpUN Yy MAIMEHTOB C CaxapHbIM auabeToM 2 TUma ¢
CapKOTICHUEN

MATEPHUAJI 1 METObI NHCCIIEJOBAHUMSA. B uccnenoBanue BKIFOYUIN
35 manMeHToB B BO3pacTe OT 55 1o 65 neT, cpenu KOTOphIX ObUTH 17 My»X4YuH CO
cpenHuM Bo3pactoM 58,3+3.5 roga 1 18 KEHIIUH CO CpeaHUM Bo3pacTtoM 59,6+3,8

roga. . Kontponesnyto rpynny cocrasuim 20 mur ¢ C/I 2.
13
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[TarmenTs! ObUIM pacmipenenieHbl Ha 2 Tpymmsl: 1 rpynmna — nanuedtsl ¢ C/[2 +
capkorieHust — 35 denoBek, 2 rpynmna — nanueHTsl ¢ CII2 6e3 capkonenun— 20 muil.

UccnenoBanne ObUIO BBINIOJIHEHO Ha 0a3e  OTAelieHUs  JAuabeTosoruu
Angmxkanckoro punuana PCHIIML Dunokpunonoruu M3 PY3

Kpumepuu exmovenus: CJ 2, capkonieHUs1, MY>KYHUHbI, KEHITUHBI

Kpumepuu uckniouenus: B WCCIEAOBAaHHE HE OBUIM BKIIOYEHBI OOJIBHBIE C
TSYKETBIMU COITyTCTBYIOUIUMU 3a00JIEBaHUSIMU

MeTtonsl uccnenoBaHus — OOIIEKIMHUYECKHE, Ouoxumuueckue (OumupyOuH,
npsamoit, Henpsimont, AJIT, ACT, I[ITH, koarynorpamma, CPb, rtoko3a, IIUKUpOBaHHBIN
reMOIIOOHNH, TIIFOKO30-TOJIEPAHTHBIA TECT), TOpMOHajbHbIe ( WHCYnMHH, C-mentun),
aHTponomeTpuueckue pacuerbl (poct (cM), Bec (kr), UMT (kr/m2), OT, Ob) u
uHcTpyMeHTanbHble: OKI, peHTreHorpadust OpraHoB TpyqHOW KIETKH, KHUCTEBas
JTUHAMOMETPUS, IBYXOHEPreTHUECKasi PEHTIC€HOBCKas a0COPOIMOMETPHUSI , TECT XOJIbOBI

Craructuueckoe nporpammuoe odecneuenue Microsoft Excel u STATISTICA 6
WCIIOJIB30BAJIOCH JUIsl CTAaTUCTUYECKOro aHaimsa, U p <0,05 cuuramoce 3HaYMMON
pazHuueid. KomnuecTBeHHbIE TaHHBIE C HOPMAJIbHBIM PACIPEIECICHUEM BhIPAXKalld KaK
Cpe/Hee 3HaYeHUe U cTaHapTHoe oTkiIoHeHue (M = SD).

PE3VYJIBTATBI NCCIIEJOBAHUS. Kak y MyX4YWH, TaK U Yy JKEHILUH, MO
CpPaBHEHUIO C TpyHmoil 0e3 CapKONEeHWH, 4YacToTa CapKONEHUH 3HAYUTENIBHO
yBelnuuBanach ¢ Bo3pactoM, MMT 3HauuTEeNnbHO CHMXKANCA, a COOTHOLIECHUE
anpOymuHa k kpearnauHy B Mouye (UACR) ObUTO BBINIE B TPYyMNE C CapKOIICHUEH. Y
MY>KYUH C CapKOIIEHHEW ObLI HIXKE YPOBEHb MpeaibOyMUHA, a y JKEHUIMH — OoJee
JUIMTENIbHBIN cTax auabera, Oonee Hu3kui ypoBeHb remornoomna, AJIT, ACT u
TPUTIIUIIEPUIIOB, OoOJiee BBIPAKCHHAs] OCTEONEHHMs M OoJiee BBICOKAsh 4YacToTa

nuadbeTuuecKor neprudepruieckoi HeHponaTuu.
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Nunexkc wmaccel Tena (MMT) DOMOXKHUTENBHO KOPPEIMPOBAI € HHJIEKCOM
MmbimieyHo Maccel (MMM) y ob6oux monoB (Myxuunbsl: R = 0,536, P< 0,001,
xeHnuel: R = 0,589, P< 0,001), a mpoueHT upoBoii Maccel Tena (IDKMT)
OTPULIATENBHO KOPpPEIUpoBaJl ¢ cuwiod xBara (MyxuuHbl: R= —0,187, P= 0,003;
xeHnubel: R =—0,108, P =0,029). Habmronanack MoioXuTeIbHAs KOPPEISIIUSI MEKITY
BFP u tectom 5-TCST (myxuunsl: R = 0,199, P = 0,001; xenuuusl: R = 0,144, P =
0,003). ¥V xenun npon IDKMT mnonoxutensHo koppemupoBan ¢ UMM (R =
0,107, P =0,029). Ognako 3HauNMBIX cBsi3eil Mexxay UIMT u MbltieuHnoi criton y o0oux
MIOJIOB OOHAPY’KEHO HEe OBLIO.

BbIBO/JbI. Haie uccienoBanue mokasaio, 4To 00jiee BHICOKUM MPOIICHT KUpa
B OpraHu3Me CBS3aH C IOBBIIICHHBIM PUCKOM CApKONECHUH y MAIMEHTOB CPEIHET0 U
MTO’KUAJIOTO BO3pACTa C CaXxapHbIM JAMA0ETOM 2 THNA, U 3Ta B3aUMOCBS3b HE 3aBHCHUT OT
nona, Bo3pacra u UMT.
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Volatile Micro-Climatic Conditions
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Abstract

The accelerating integration of solar photovoltaic (PV) systems into modern power grids
has introduced unprecedented challenges in grid stability due to the stochastic nature of
solar irradiance. Accurate short-term power forecasting is a critical operational
requirement for energy dispatching, yet traditional physical and statistical models
frequently fail to capture rapid generation transients caused by local micro-climatic
shifts. This paper presents a comprehensive comparative evaluation of traditional
machine learning (ML) algorithms—including Support Vector Regression (SVR),
Random Forest (RF), and Artificial Neural Networks (ANN) - against advanced
sequential architectures like Long Short-Term Memory (LSTM) networks. Furthermore,
this study introduces a novel theoretical methodology: an Adaptive Hybrid Ensemble
Framework that integrates localized micro-climatic variables such as real-time Cloud
Cover Indices (CCI) and Aerosol Optical Depth (AOD). Through rigorous analytical
projections, we demonstrate how this hybrid approach theoretically minimizes error
metrics during volatile weather conditions, significantly outperforming standalone
models and providing a robust pathway for real-time smart grid management.
Keywords

Solar Power Forecasting, Grid Stability, Time-Series Analysis, Hybrid Ensemble
Models, Cloud Cover Index, Photovoltaic Systems, Machine Learning.

1. Introduction
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The transition towards sustainable energy ecosystems relies heavily on the scalability of
solar photovoltaic (PV) generation. However, the operational reality of solar energy is
fundamentally hampered by its intermittency. Unlike dispatchable fossil-fuel generators,
PV output is entirely dependent on meteorological conditions, making it highly
susceptible to sudden ramp-up or ramp-down events. When passing clouds obscure a
solar array, the power output can plummet by up to 70% within a matter of seconds. For
smart grids striving to maintain a delicate balance between supply and demand, these
unpredicted fluctuations lead to severe frequency deviations, necessitating costly
spinning reserves and hindering overall market efficiency.

Historically, grid operators relied on Numerical Weather Prediction (NWP) systems to
forecast solar availability. While NWPs are effective for macro-level, days-ahead
forecasting, their coarse spatial and temporal resolutions render them inadequate for sub-
hourly, site-specific predictions. The transition toward data-driven approaches has thus
become imperative. Machine Learning (ML) techniques have proven highly capable of
mapping the complex, non-linear relationships between meteorological variables and
PV power output without requiring explicit physical modeling of the PV arrays.
Despite the widespread adoption of ML in energy forecasting, a significant research gap
remains in handling extreme weather volatility. Most existing models are trained on
standard meteorological parameters (ambient temperature, humidity, wind speed, and
global horizontal irradiance), largely ignoring highly localized, transient micro-climatic
factors. This study addresses this gap by conducting a comparative analysis of
established ML algorithms and proposing an advanced hybrid framework designed
specifically to penalize and correct the prediction lag commonly observed during sudden
atmospheric disturbances.

2. Literature Review and Algorithmic Baselines

The application of ML in solar forecasting has evolved from simple regression

19
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techniques to complex, multi-layered architectures. Support Vector Regression (SVR)
has been widely utilized due to its structural risk minimization principle, which
effectively prevents overfitting in smaller datasets. SVR maps non-linear data into a
high-dimensional feature space, establishing a margin of tolerance that provides robust
baseline forecasts during stable weather. However, SVR often struggles with
computational scalability and hyperparameter sensitivity when applied to massive, high-
frequency time-series data.

Tree-based ensemble methods, particularly Random Forest (RF), have gained traction
due to their inherent ability to handle non-linear interactions and provide feature
importance metrics. By aggregating the predictions of numerous decision trees, RF
effectively reduces variance. Yet, because tree-based models make predictions based on
terminal node averages, they historically fail to extrapolate values beyond the training
data range, limiting their effectiveness during unprecedented weather anomalies.
Artificial Neural Networks (ANNs), functioning as universal approximators, offer
superior pattern recognition capabilities. Standard feed-forward ANNs effectively
capture the diurnal cycle of solar generation. However, they lack the architectural
memory required to process temporal dependencies inherent in meteorological data. To
overcome this, Recurrent Neural Networks, specifically Long Short-Term Memory
(LSTM) models, have become the state-of-the-art for time-series forecasting. LSTMs
utilize a system of gating mechanisms (input, forget, and output gates) to regulate the
flow of information, allowing them to retain long-term atmospheric trends while
instantly reacting to short-term changes.

While LSTMs dominate current literature, they are not immune to the "lag effect"—a
phenomenon where the model correctly predicts a drop in power, but with a slight
temporal delay, which is highly detrimental to real-time grid dispatching.

3. Proposed Methodology: The Adaptive Hybrid Ensemble Framework

20
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To mitigate the individual weaknesses of standalone algorithms, this paper proposes an
architecture that shifts away from homogeneous modeling toward a heterogeneous
ensemble framework. The proposed methodology operates on a three-tier architecture:
3.1. Data Acquisition and Feature Engineering

Traditional models rely heavily on Global Horizontal Irradiance (GHI). The proposed
model expands the feature space by incorporating two critical micro-climatic indices:
Cloud Cover Index (CCI): Derived from geostationary satellite imagery, quantifying the
exact opacity and movement trajectory of cloud formations directly above the PV site.
Aerosol Optical Depth (AOD): A measure of the extinction of the solar beam by
atmospheric particles (dust, smoke, pollution), which significantly impacts the actual
irradiance reaching the panels.

3.2. Algorithm Selection and Pre-processing

The input data is first processed through a normalization pipeline to ensure zero-mean
and unit variance, preventing gradient saturation in deep learning components. The
framework utilizes a dual-pathway processing system. The first pathway employs an
LSTM network tasked strictly with analyzing the time-series continuity of the historical
PV output and GHI. The second pathway utilizes a Random Forest algorithm focused
entirely on the non-linear, instantaneous relationships between the auxiliary features
(CCI, AOD, temperature, wind speed).

3.3. Meta-Learner Integration

The core novelty of this research is the integration layer. Rather than a simple weighted
average, the outputs of the LSTM and RF pathways are fed into a localized Meta-Learner
(a lightweight Gradient Boosting Machine). The Meta-Learner dynamically assigns
weights to the underlying models based on current weather stability. During clear-sky
days, the Meta-Learner biases toward the stable, historical trends of the LSTM. During
highly volatile days (detected via sudden spikes in the CCI), it shifts weight toward the
2]
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RF, which is theoretically more adept at mapping the instantaneous, non-linear drops in
power caused by rapid shading.

4. Analytical Projections and Performance Evaluation

To rigorously evaluate the expected performance of the proposed framework against
traditional ML baselines (SVR, RF, ANN, LSTM), standard statistical error metrics are
utilized. The primary evaluation criteria are the Root Mean Square Error (RMSE) and
the Mean Absolute Percentage Error (MAPE).

The RMSE is highly sensitive to large outliers, making it an excellent metric for

evaluating how models handle sudden power drops:

N
1
RMSE = |2 (i = 9)?
i=1

The MAPE provides a relative measure of error, easily interpretable by grid operators:
100 v 7
MAPE:_Z|yl 3’1|
N &1y
l=

y
(Where 3NS§ is the number of samples, $y i$ is the actual PV output, and $\hat{y} i$ is

the forecasted value).

4.1. Expected Results Analysis

Based on theoretical modeling and extrapolation from current state-of-the-art
benchmarks, the analytical projections indicate a clear hierarchy in predictive accuracy.
However, the divergence in performance becomes stark during high-volatility scenarios
characterized by fragmented cloud cover. In these projections, SVR and standard ANNs
exhibit significant performance degradation, with MAPE values theoretically exceeding
15%. Standalone LSTMs handle the volatility better, maintaining an expected MAPE
around 8-10%, but they continue to demonstrate the aforementioned temporal lag during

sharp irradiance drops. The proposed Adaptive Hybrid Ensemble Framework is projected
22
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to achieve superior stabilization. By leveraging the Meta-Learner's ability to dynamically
shift reliance to the CCI-informed Random Forest pathway during transient events, the
framework is anticipated to reduce the overall RMSE by approximately 18-22%
compared to the standalone LSTM. More importantly, the inclusion of micro-climatic
data theoretically eliminates the temporal forecasting lag, providing grid operators with
highly accurate ramp-down alerts minutes before the physical generation drops.

4.2. Computational Efficiency vs. Accuracy Trade-off

While deep learning models and ensemble frameworks inherently demand significant
computational overhead during the training phase, their deployment in inference mode
(real-time forecasting) is remarkably efficient. The proposed framework restricts the
deep learning pathway solely to sequence analysis, preventing the dimensional
explosion that occurs when feeding all raw meteorological data directly into recurrent
layers. This architectural optimization ensures that inference times remain well within
the sub-second threshold required for real-time dispatch systems.

5. Conclusion

Accurate predictive modeling is no longer just a mathematical optimization problem,; it
1s the fundamental prerequisite for achieving high-penetration renewable energy grids.
This comparative analysis theoretically demonstrates that while traditional machine
learning algorithms like SVR and RF provide solid baselines, they lack the temporal
awareness required for volatile climates. Conversely, while LSTMs excel in temporal
dynamics, they struggle with abrupt, non-linear atmospheric anomalies without
extensive feature engineering. The theoretical deployment of an Adaptive Hybrid
Ensemble Framework—integrating Long Short-Term Memory networks with Random
Forests via a dynamic Meta-Learner, and augmented by specific micro-climatic indices
(Cloud Cover and Aerosol Optical Depth)—presents a highly robust solution. By
minimizing forecasting errors (RMSE and MAPE) during extreme weather fluctuations,
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this approach provides a critical tool for minimizing the operational reliance on spinning
reserves. Future empirical research must focus on validating this theoretical framework
using longitudinal, high-frequency datasets across diverse geographical and climatic
zones to fully realize its potential in real-world smart grid applications.

References

[1] M. Q. Raza, M. Nadarajah, and C. Ekanayake, "On recent advances in PV output
power forecast," Solar Energy, vol. 136, pp. 254-267, 2016.

[2] A. Mellit and A. M. Pavan, "A 24-h forecast of solar irradiance using artificial neural
network: Application for performance prediction of a grid-connected PV plant at Trieste,
Italy," Solar Energy, vol. 84, no. 5, pp. 807-821, 2010.

[3] J. Wang, P. Li, R. Ran, Y. Che, and Y. Zhou, "A short-term photovoltaic power
prediction model based on an extreme learning machine optimized by improved sparrow
search algorithm," Energy Reports, vol. 8, pp. 586-595, 2022.

[4] K. Benmouiza and A. Cheknane, "Forecasting hourly global solar irradiance using
hybrid hidden Markov model," Energy Conversion and Management, vol. 76, pp. 614-
625, 2013.

[5]Y. K. Wu, C. R. Chen, and H. A. Rahman, "A Novel Hybrid Model for Short-Term
Forecasting in PV Power Generation," IEEE Transactions on Industry Applications, vol.
50, no. 5, pp. 3068-3076, 2014.

[6] S. Ghimire, R. C. Deo, H. Wang, M. S. Al-Awadhi, D. Casillas-Pérez, and S. Salcedo-
Sanz, "Deep learning neural networks trained with MODIS satellite-derived predictors
for long-term global solar radiation forecasting," Energy Conversion and Management,
vol. 216, p. 112923, 2020.

[7] Z. Li, A. M. Foley, C. H. Grapenthin, and H. L. Macpherson, "A comprehensive
review of time-series forecasting of solar power using deep learning," Renewable and
Sustainable Energy Reviews, vol. 154, p. 111812, 2022.

24

@ INNOPUBLICATION.COM




“KELAJAK TEXNOLDGIYALARI VA SUN'TY INTELLEKT"

nomli respublika ilmiy-amaliy masofaviy konferensiyasi
VOLUME-1, ISSUE-4, 2026

TECHNICAL AND ECONOMIC PROSPECTS OF RENEWABLE

ENERGY SOURCES
Berdiyev Usmon Tolib o‘g‘li
Yangiyer Branch of the Tashkent Institute of Chemical Technology
ORCID: 0009-0009-7320-4219 E-mail: usmonberdiyevS@gmail.com

Allanazarov Ravshan Shavkat o‘g‘li
Yangiyer Branch of the Tashkent Institute of Chemical Technology
Phone: +998 97 909 26 05

E-mail: ravshanjonallanazarov@gmail.com

Abstract

Renewable energy portfolios are conventionally sized around a single dominant
resource, with wind or storage added later as supplementary capacity rather than as
components selected jointly against a shared resource-complementarity objective. This
sequential design practice leaves substantial value on the table: solar-dominated
portfolios curtail excess midday generation while remaining short of evening demand,
and storage is frequently oversized for arbitrage purposes that a better-coordinated
generation mix would have made unnecessary. This study proposes a Complementarity-
Weighted Hybrid Dispatch (CWHD) framework, in which photovoltaic, wind, and
battery-storage capacities are sized jointly according to a time-resolved
complementarity index that quantifies the degree to which each resource's generation
profile offsets the others' shortfalls, and dispatch is subsequently optimized against real -
time price and demand signals rather than fixed priority rules. The framework was
evaluated for a representative arid-region hybrid plant through comparative modeling of
three configurations: a solar-only baseline, a conventional solar-wind-storage portfolio
sized independently by resource, and the proposed CWHD-optimized configuration.

The proposed configuration reduced curtailment from 11.3% to 3.7%, lowered the
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levelized cost of electricity to 34.5 USD/MWh, and increased twenty-year net present
value by 73% relative to the standard portfolio, while also reducing revenue volatility,
indicating that complementarity-aware sizing offers a more capital-efficient pathway to
firm renewable output than sequential capacity addition.

Keywords: renewable energy; hybrid power systems; resource complementarity;
battery energy storage; levelized cost of electricity; capacity sizing optimization;
investment risk.

AHHOTALUSA

[Toprdenn BO30OHOBIAEMBIX HMCTOYHUKOB DSHEPrUU TPAAUIMOHHO (HOPMHUPYIOTCA
BOKPYI' OOAHOI'O AOMHHHUPYIOHICTO peCypcCa, IIpU 3TOM BCTpOBad ICHCpALlUA HWIN
HaKOIITUTCJIIN SHCPIrun I[O6aBJI$IIOT Cia BIIOCJICACTBHUHM KAaK BCIIOMOI'aTCJIbHBIC MOIITHOCTH,
a HE BI)I6I/IpaIOTCH COBMCCTHO Ha OCHOBC CIMHOI'O KPHUTCPHUA B3aMMOIOIIOJIHACMOCTH
PECYPCOB. Taxkas IIOCJICA0BATCIIbHAA IIpaKTHKa IMPOCKTHUPOBAHHA OCTaBJISIECT
3HAQYUTEIBHBI SKOHOMHUYECKUM TMOTEHIHAJl HEpeaJu30BaHHBIM: TOpTQenun ¢
npeo0IaaHeM COJHEYHOW TeHEpali OTPAHMYMBAIOT M30BITOYHYIO BBIPAOOTKY B
AHCBHBIC YaCbl, OCTAaBasCh ITPH 9TOM I[G(I)I/IHI/ITHBIMI/I B Be'-IepHI/Iﬁ nmepuoa, a HAKOIUTCIIN
SHEPrUM  3a4acTyl0 H30BITOYHO  PACCUMTHIBAIOTCS JJIA  Lened  apOurpaxka,
HEO0OXOAMMOCTh B KOTOPOM MOTJIa Obl OBITh CHMKEHA MpU 00JIee CKOOPAMHUPOBAHHOM
COCTaBE TEHEPUPYIOIIMX MOUIHOCTEW. B HaCTOfIIEM HMCCIENOBAHUM NPEIIIOKEHA
MOJICNIb  B3BEIICHHOW TI0 KOMIUIEMEHTApPHOCTH THOPUIHOW IHUCTIETYEPHU3AINN
(Complementarity-Weighted Hybrid Dispatch, CWHD), B KOTOpOii MOIIHOCTH
Q)OTOSHGKTPI/I‘ICCKI/IX, BCTPOBBIX KW HAKOIUTCIBHBIX YCTAHOBOK OIIPCACIAIOTCA
COBMCCTHO Ha OCHOBC BPCMCHHOI'O MHACKCA B3aWMMOAOIIOIHACMOCTHU, KOJITHMYCCTBCHHO
OIICHUBAIOIETO CTENEeHb, B KOTOPON TE€HEPALMOHHBIA MPOPUIL KaXKIOro pecypca
KOMIICHCUPYCT I[e(l)I/II_[I/IT APYyTrux, a Jucricracpusanus BIIOCICACTBUHA OIITUMU3HUPYCTCA
M0 CUTHAJIaM IIEHBl W CIpoca B PEaJlbHOM BpeMeHH. Mojens ampoOupoBaHa s
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TUTIOBOM THOPUIHOW CTaHIIMKM B 3aCylUIMBOM PETHOHE NYTEM CPaBHUTEIBHOTO
MojenupoBaHus TpEX KoHuryparuid. [IpennokeHHas KoHUTypamus CHU3MIA
orpannueHue BeIpaboTku ¢ 11,3% mo 3,7%, cHu3WIA TPHUBEAEHHYIO CTOMMOCTD
anektposnepruu 10 34,5 nomn. CIIA/MBT'4 u yBenuuuia YUCTYIO HPUBEIEHHYIO
CTOUMOCTH 3a IIBaIILIaTI/IJICTHI/II\/JI IICpuoa Ha 73% 1o CPaBHCHHUIO CO CTaHAAaPTHBIM
noptdenem.

Knroueeswie cnosa: 80300H06I51EMbLE UCMOYHUKU JHepouu, 2u6pu0Hbl€ JHepeemudecKue
CUcCmembsl, KOMNIEMEHMAPHOCNb pecypcos, HAKonumeau JIHepcuu, npuee()é'HHaﬂ
CMOUMOCNb IJIEKNPOIREP2UU, ONMUMUIAYUSL MOUHOCMU, uﬂeecmuuummblﬁ PUCK.
Annotatsiya

Qayta tiklanuvchi energiya manbalari portfellari an‘anaviy ravishda bitta ustuvor manba
atrofida shakllantiriladi, shamol energiyasi yoki energiya to'plagichlari esa keyinchalik
go'shimcha quvvat sifatida, resurslarning o'zaro to'ldiruvchanligi bo'yicha umumiy
mezon asosida birgalikda tanlanmasdan go'shiladi. Bunday ketma-ket loyihalash
amaliyoti sezilarli igtisodiy salohiyatni ishlatilmay qoldiradi: quyosh energiyasi ustunlik
giladigan portfellar kunduzgi ortigcha ishlab chigarishni cheklaydi, lekin kechki vaqtda
talabni qondira olmaydi, energiya to'plagichlari esa ko'pincha yaxshiroq
muvofiqlashtirilgan ishlab chiqarish tarkibi zarur gilmaydigan arbitraj magsadlari uchun
ortigcha o'lchamda loyihalanadi. Ushbu tadgiqotda Komplementarlikka Asoslangan
Gibrid Dispetcherlik (CWHD) modeli taklif etiladi, unda fotoelektr, shamol va
akkumulyator quvvatlari har bir resursning ishlab chiqgarish profili boshqgalarning
tanqgisligini gay darajada qoplashini miqgdoriy baholovchi vaqt bo'yicha aniglangan
komplementarlik indeksi asosida birgalikda o'lchamlanadi, dispetcherlik esa
keyinchalik gat'iy ustuvorlik goidalari o'rniga real vaqtdagi narx va talab signallariga
garab optimallashtiriladi. Model qurg'oqchil hududdagi tipik gibrid stansiya misolida
uch konfiguratsiyani giyosiy modellashtirish orgali sinovdan o'tkazildi. Taklif etilgan
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konfiguratsiya ishlab chigarishni cheklashni 11,3% dan 3,7% gacha kamaytirdi, elektr
energiyasining keltirilgan giymatini 34,5 AQSh dollari/MVt-soatgacha pasaytirdi va
yigirma yillik davr uchun sof keltirilgan giymatni standart portfelga nisbatan 73% ga
oshirdi.

Kalit so'zlar: gayta tiklanuvchi energiya manbalari; gibrid energiya tizimlari;
resurslarning o'zaro to'ldiruvchanligi; akkumulyator energiya to'plagichlari; elektr
energiyasining keltirilgan giymati; quvvatni o'lchamlash optimallashtirish; investitsiya
xavfi.

1. Introduction and Objective

The global expansion of renewable generation has been accompanied by a persistent
design habit that predates the technologies themselves: capacity is added resource by
resource, with each addition justified against its own standalone economics rather than
against the marginal contribution it makes to the portfolio's overall reliability and cost.
This practice was defensible when renewable penetration was low and any additional
clean capacity displaced fossil generation nearly one-for-one, but it becomes
economically costly once penetration rises to the point where curtailment, storage
overbuild, and revenue cannibalization among co-located resources start to dominate
project economics. In solar-dominated systems located in arid and semi-arid regions,
this manifests concretely as a midday generation surplus that exceeds transmission or
demand capacity, followed by an evening shortfall that must be met by fossil back-up
or oversized storage procured largely for that single purpose. The scientific problem
addressed in this study is the absence of a sizing methodology that treats resource
complementarity — the degree to which one technology's generation profile fills the
temporal gaps left by another — as a first-order design variable rather than an incidental
outcome of sequential capacity addition. The objective is to formalize a time-resolved
complementarity index for joint photovoltaic-wind-storage sizing, to embed this index
28
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within an optimization-based dispatch strategy responsive to price and demand signals,
and to quantify the resulting technical and economic gains against both a single-resource
baseline and a conventional multi-resource portfolio sized without explicit
complementarity optimization. The novelty of the proposed Complementarity-Weighted
Hybrid Dispatch framework lies in three elements: (i) a normalized, time-resolved
complementarity index computed directly from resource-specific generation time series
rather than from aggregate annual capacity factors, allowing the sizing algorithm to
detect and exploit sub-daily and seasonal offsetting patterns that annual statistics
conceal; (ii) a joint capacity-and-dispatch optimization in which storage sizing is derived
as a residual of the complementarity achieved by the generation mix, rather than as an
independently specified arbitrage asset; and (iii) an explicit link between the resulting
reduction in revenue volatility and the discount rate applied in project financing,
allowing the technical design to be connected directly to investment risk pricing.
2. Methodology and Analytical Setup
The framework was developed and tested in four stages using eight years of hourly solar
irradiance and wind-speed reanalysis data for a representative arid-region site, cross-
validated against two years of ground-station measurements. In the first stage, the
baseline configuration — a solar-only plant sized to meet the site's average annual
demand — was characterized to establish reference capacity factor, curtailment, and cost
figures.
In the second stage, a time-resolved complementarity index (CI) was defined for each
hour t as

Cl(t) =1 — |gPV(1) — gWind(1)| / (gPV(1) + gWind(t) + ¢),
where gPV/(t) and gWind(t) denote the normalized generation output of the photovoltaic
and wind resources at hour t and ¢ is a small constant preventing division by zero; the
index approaches unity when the two resources' outputs are perfectly offsetting and
29
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approaches zero when their generation coincides or when both are simultaneously idle.
The annualized average of CI(t), together with its seasonal and diurnal distribution, was
used as the primary criterion for selecting candidate PV-to-wind capacity ratios, in place
of the conventional practice of sizing each resource against its own standalone levelized
cost. In the third stage, three configurations were constructed for comparative
evaluation: (a) the solar-only baseline; (b) the existing standard approach, in which wind
and battery capacity are added to the solar baseline using conventional independent
sizing rules calibrated to each technology's own economics; and (c) the proposed CWHD
configuration, in which PV-to-wind capacity ratio is selected to maximize the
annualized complementarity index subject to a land and grid-interconnection constraint,
and battery capacity is subsequently sized only to cover the residual mismatch that
complementarity-optimized generation cannot itself resolve. Dispatch in the CWHD
configuration was further optimized using a rolling horizon algorithm that charges
storage preferentially during periods of high complementarity-driven surplus and
discharges against forecast evening price peaks. In the fourth stage, each configuration
was evaluated economically using discounted cash-flow analysis over a twenty-year
project horizon at a discount rate of 10%, with the discount rate for the CWHD
configuration additionally cross-checked against a risk-adjusted rate reflecting its
measured reduction in revenue volatility, following standard project-finance practice of
linking cash-flow stability to the cost of capital.

3. Results and Discussion

The comparative technical and economic results across the three configurations are

summarized in Table 1.

Parameter Baseline / Control | Existing Standard |Proposed Integrated
Model (solar-only, | Approach (solar +| Approach (CWHD
fixed dispatch) |wind, static sizing) framework)
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(coefficient of

variation), %

Installed capacity, MW 20/0/0 14/8/4 MWh 12/9/6 MWh
(PV /' Wind / BESS)
Annual capacity factor, 24.1 31.6 38.4
%
Curtailed generation, % 9.8 11.3 3.7
of gross output
Firm (dispatchable) 12 34 58
capacity share, %
Levelized Cost of 46.2 41.8 34.5
Electricity, USD/MWh
Battery equivalent full — 187 264
cycles, per year
Total capital 16.4 22.9 24.6
investment, million
USD
Net Present VValue over 6.1 114 19.7
20 years, million USD
(r=10%)
Internal Rate of Return, 12.9 154 19.1
%
Simple payback period, 7.8 6.9 5.7
years
Revenue volatility 28.4 21.7 13.2

Table 1. Comparative technical and economic performance of the three configurations.
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The proposed CWHD configuration achieves a lower curtailment rate (3.7%) than both
the solar-only baseline (9.8%) and, notably, the standard multi-resource portfolio
(11.3%), despite the latter already including wind and storage capacity. This
counterintuitive result arises because the standard portfolio's wind capacity was selected
using standalone wind-resource economics without reference to its temporal relationship
to the existing solar profile, in this instance producing a wind addition whose peak output
substantially overlaps with existing midday solar surplus rather than filling the evening
gap; the complementarity-optimized configuration instead selects a PV-to-wind ratio
explicitly biased toward the offsetting portion of the wind resource's diurnal profile,
even at a modest sacrifice in wind-only capacity factor. This sizing difference
propagates directly into storage requirements: because the CWHD generation mix
already resolves a larger share of the temporal mismatch before any storage is added,
the battery capacity required to reach a comparable firm-capacity share is only
marginally larger than in the standard configuration (6 MWh versus 4 MWh) despite
delivering a substantially higher firm-capacity share (58% versus 34%), indicating that
the additional storage is being deployed against a genuinely residual gap rather than
compensating for a poorly matched generation mix. The consequence is a levelized cost
of electricity of 34.5 USD/MWh, below both alternative configurations, and a twenty-
year NPV of 19.7 million USD, 73% higher than the standard portfolio despite only an
8% increase in total capital investment. The reduction in revenue volatility, from 21.7%
to 13.2% coefficient of variation, is economically significant beyond its direct effect on
cash-flow predictability: applying the measured volatility reduction to the project's
financing terms through a standard risk-adjusted discount-rate relationship implies a
financing cost approximately 60—90 basis points lower than the standard portfolio would
obtain, a saving not captured in the headline NPV figure above but material to the
project's bankability in practice.
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4. Conclusion

This study demonstrates that the technical and economic prospects of renewable energy
portfolios depend substantially on whether generation resources are sized against a
shared complementarity objective or added sequentially against their own standalone
economics. The proposed Complementarity-Weighted Hybrid Dispatch framework, by
embedding a time-resolved complementarity index directly into joint capacity sizing and
coupling it with price-responsive dispatch, reduced curtailment to a third of the level
observed in a conventionally sized multi-resource portfolio, lowered the levelized cost
of electricity below both alternative configurations, and increased twenty-year net
present value by 73% while simultaneously reducing revenue volatility.

The practical significance of these findings for renewable energy developers and
financiers is that complementarity-aware sizing offers a capital-efficient alternative to
storage overbuild as the default response to variability, particularly in regions where
solar and wind resources exhibit exploitable diurnal or seasonal offsetting patterns.
Future research should extend the complementarity index to include hydropower and
demand-side flexibility as additional portfolio components, test the framework's
sensitivity to inter-annual resource variability beyond the eight-year record used here,
and validate the approach through operational data from an implemented hybrid plant to
confirm that modeled complementarity gains are realized under actual grid-dispatch
conditions.
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Abstract
This article scientifically and theoretically substantiates the fact that the formation and
development of Inclusive Education is a continuous pedagogical process that develops
on the basis of the ideas of humanity, equality and social justice.
Keywords
inclusive education, segregated, integrated, concept, social empathy, social adaptation.
O zbekistonda inklyuziv ta’limni rivojlantirish islohotlarida inklyuziv modelga
o‘tish bosqichlari
Aslonov Madamin Mansurovich
Pedagogika fanlari falsafa doktori (PhD), dotsent
Annotatsiya: Ushbu magolada Inklyuziv ta’limning shakllanishi va rivojlanishi-bu
insonparvarlik, tenglik va ijtimoiy adolat g‘oyalari asosida taraqqiy etgan uzluksiz
pedagogik jarayon ekanligi ilmiy-nazariy jihatdan asoslangan.
Tayanch so’zlar: inklyuziv ta’lim, segregatsiyalashgan, integratsiyalashgan,
konsepsiyasi, ijtimoiy empatiya, ijtimoiy moslashuv.
JTanbl Nepexoa K HHKJIK3MBHOI Mo/1eJid B pepopMax 1o pasBuTuio
HHKJIIO3MBHOI0 00pa30BaHud B Y30eKHCTaHe
AnHOTanus: B 1aHHOM cTaThe HAYYHO U TEOPETUIECKU 0OOCHOBBIBAETCS TOT (PAKT, UTO
dbopMupoBaHHEe U pPa3BUTHUE WHKJIIO3UBHOTO 0Opa30oBaHUsl TPEACTaBIsAeT CcoOOM
HENPEPBIBHBIA  II€IarOrMYeCKUid IPOLIECC, pa3BUBAIOLLMNICA HAa OCHOBE WAEU
rymaHn3ma, paBCHCTBA U COHHaHBHOﬁ CIIpaBCAJIMBOCTH.

KirueBble ¢cj10Ba: HHKIHO3HMBHOE 06pa?>0BaHI/I€, CCIrpCrupOBaHHOC, UHTCIPHUPOBAHHOC,
da
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KOHIEMIIHS, COI[MAlIbHAs AMIATHS, COLIMATbHAs a/larTaIusl.
Kirish. O‘zbekiston Respublikasida so‘nggi yillarda inklyuziv ta’limni rivojlantirish
davlat siyosatining muhim yo‘nalishiga aylandi. 2020-yilda gabul qilingan “Ta’lim
to‘g‘risida”gi Qonunda hamda “Nogironligi bo‘lgan shaxslarni qo‘llab-quvvatlash
to‘g‘risidagi” qonunlarda barcha fuqgarolarning ta’lim olish huquqi kafolatlangan.
Shuningdek, “Inklyuziv ta’limni rivojlantirish konsepsiyasi (2021-2030-yillar)”’da
umumta’lim muassasalarida inklyuziv pedagogik muhitni yaratish, o‘qituvchilarni qayta
tayyorlash, metodik resurslarni kengaytirish va psixologik xizmatni kuchaytirish asosiy
vazifalar sifatida belgilangan.

Mazkur islohotlar inklyuziv ta’limni nafaqat ijtimoiy, balki pedagogik innovatsiya
sifatida ham e’tirof etish imkonini bermoqda.

Inklyuziv ta’limning shakllanishi va rivojlanishi-bu insonparvarlik, tenglik va ijtimoiy
adolat g‘oyalari asosida taraqqiy etgan uzluksiz pedagogik jarayondir.

Tadqgigot metodologiyasi. U tarixan maxsus (segregatsiyalashgan) ta’lim tizimidan
umumiy (integratsiyalashgan), so‘ng esa to‘liq inklyuziv modelga o‘tish bosqichlarini
o‘z ichiga oladi. Ushbu bosgichlar jamiyatda nogironligi yoki alohida ta'lim ehtiyojiga
ega bo‘lgan shaxslarning ijtimoiy maqomini tan olish, ularni ta’lim tizimiga integratsiya
qilish va har bir bola uchun mos ta’lim imkoniyatlarini yaratish yo‘lida amalga
oshirilgan bosgichma-bosgich islohotlar bilan chambarchas bog‘ligdir.

1. Boshlang‘ich bosqich: Segregatsiyalashgan (ajratilgan) ta’lim tizimi.

Inklyuziv ta’lim g‘oyasi paydo bo‘lishidan avval dunyo mamlakatlarida nogironligi
bo‘lgan bolalar uchun maxsus, alohida maktablar tashkil etilgan edi. Bu bosqich XIX
asr oxiri-XX asr boshlariga to‘g‘ri keladi.

« Alohida ta'lim ehtiyojiga ega bo‘lgan bolalar “alohida” deb qaralib, ularning ta’limi
jamiyatdan ajratilgan muassasalarda olib borilgan.

* Bunday tizim “himoya” vazifasini bajargan bo‘lsa-da, u bolalarni ijtimoiy
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izolyatsiyada saglab golgan.
* Pedagogik modelda asosiy magqgsad-defektni tuzatish, emas, balki shaxsni
jjtimoiylashtirish bo‘lmagan. Bu davrda ta’limning asosiy shiori “maxsus bola — maxsus
maktab” tamoyiliga asoslangan edi.

2. Integratsiyalashgan ta’lim bosqichi (1950-1980-yillar).

Ikkinchi bosqichda nogironligi bo‘lgan bolalarni jamiyat hayotiga yaqinlashtirish
g‘oyasi shakllandi. Ta’lim jarayonida ularni umumta’lim maktablariga qisman
integratsiya qilish amaliyoti paydo bo‘ldi.

» Ayrim bolalar maxsus sinflar yoki maxsus o‘quv dasturlari orqali umumta’lim tizimiga
jalb etildi.

* Ular o‘qituvchi va psixolog nazorati ostida individual dasturlar asosida o‘qitila
boshlandi.

» Pedagogik yondashuv “ijtimoiy moslashuv” konsepsiyasiga asoslandi. Bu davrda
o‘qituvchining roli o‘zgara boshladi: u endi fagat bilim beruvchi emas, balki
moslashtiruvchi va qo‘llab-quvvatlovchi shaxs sifatida garalgan. Integratsion
modelning afzalligi shundaki, u nogironligi bo‘lgan o‘quvchilarni jamiyatga
yaqinlashtirdi. Biroq bu tizim hali ham “asosiy” va “maxsus” o‘quvchilar o‘rtasida
fargni to‘liq yo‘qota olmagan.

3. Inklyuziv ta’lim konsepsiyasining shakllanish bosqichi (1980-2000-yillar)

XX asrning oxiriga kelib, inson huquglari, ijtimoiy tenglik va adolat tamoyillari asosida
inklyuziv ta’lim falsafasi shakllandi. Bu bosqichda ta’lim siyosati “barcha uchun ta’lim”
tamoyiliga asoslandi. Muhim tarixiy vogealar:

* 1975 y.-AQShda “Individuals with Disabilities Education Act (IDEA)” gabul qilinib,
nogiron bolalar uchun ta’limning huquqiy asoslari mustahkamlandi.

* 1990 y.-Jahon Sog‘ligni Saqglash Tashkiloti (WHO) va UNESCO tomonidan
integratsion ta’lim global konsepsiya darajasiga ko‘tarildi.
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* 1994 y.-Salamanka deklaratsiyasi (Ispaniya) qabul gilindi. Unda “ta’lim tizimi barcha

bolalar uchun ochiq bo‘lishi kerak™ degan prinsip rasman e’lon qilindi.

* 2000 y.-Dakar Forumi (Education for All)-butun dunyo bo‘yicha inklyuziv ta’limni

rivojlantirishning strategik yo‘nalishlarini belgiladi. Bu bosqichda inklyuziv ta’lim

shunchaki “maxsus bolalar uchun imkoniyat™ emas, balki umumiy ta’lim tizimini isloh

qilish g‘oyasi sifatida qaraldi.

4. Zamonaviy bosqich: Inklyuziv ta’limni tizimli rivojlantirish (2000-yillardan

hozirgacha).

Bugungi kunda inklyuziv ta’lim-bu davlat siyosatining ajralmas qismi, global ta’lim

paradigmasining markaziy yo‘nalishidir. Bu bosqichning asosiy xususiyatlari

quyidagilardan iborat:

Normativ-huqugiy asoslarning mustahkamlanishi-Birlashgan Millatlar Tashkilotining

Nogironlar huquqlari to‘g‘risidagi konvensiyasi (2006 y.) ta’limda tenglikni

konstitutsion darajada kafolatlaydi. UNESCO, UNICEF, OECD kabi tashkilotlar

inklyuziv ta’limni barqaror rivojlanish magsadlari (SDG-4) bilan bog‘lab, global

miqgyosda targ‘ib etmoqda.

Ragamli va texnologik integratsiya-Zamonaviy inklyuziv ta’limda elektron

platformalar, virtual laboratoriyalar, audiovizual vositalar, AR/VR texnologiyalar

qo‘llanilmoqda.-Masalan, ragamli yordamchi vositalar (screen reader, voice assistant,

tactile displays) alohida ta’lim ehtiyojiga ega bo‘lgan o‘quvchilarga ta’lim olishda yangi

imkoniyatlar yaratmoqda.

Pedagogik modelning insonparvarlashuvi-O‘qituvchi endi “ta’lim beruvchi” emas, balki

“shaxsiy rivojlanishni boshqaruvchi” hamkor sifatida garaladi.

— Ta’lim jarayonida differensial, konstruktivistik va refleksiv yondashuvlar qo‘llaniladi.

Ko‘p tomonlama hamkorlik tizimi — O‘qituvchi, psixolog, ota-ona, tibbiy mutaxassislar

va jamiyat institutlari o‘rtasida faol muloqot yo‘lga qo‘yilgan.
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— “Hamkorlikda o‘qitish” (co-teaching) va “mentoring” tizimlari keng joriy etilmoqda.

5. O‘zbekiston sharoitida inklyuziv ta’lim rivojlanish bosqichlari. O‘zbekistonda
inklyuziv ta’lim konsepsiyasi mustaqillikdan so‘ng bosqichmabosqich shakllanib bordi:
* 1997 y. — “Ta’lim to‘g‘risida”gi Qonun va “Kadrlar tayyorlash milliy dasturi”da
barcha fugarolarning teng ta’lim olish huquqi belgilandi.

* 2019 y. — Prezidentning “Nogironligi bo‘lgan shaxslarni qo‘llab-quvvatlash
to‘g‘risida”gi farmoni bilan inklyuziv ta’lim davlat siyosati darajasiga ko‘tarildi.

» 2020-2023 yillar — “Inklyuziv ta’limni rivojlantirish konsepsiyasi” ishlab chiqilib,
maktabgacha, umumiy o‘rta va oliy ta’lim tizimlarida bosqichma-bosgich joriy etila
boshlandi.

 Bugungi kunda — alohida ta’lim ehtiyoj bo"lgan bolalar uchun moslashtirilgan o‘quv
dasturlari, “inclusive class”, “resource center” va “support team”lar jarayonga tatbiq
gilinmoqda. Natijada O‘zbekistonda inklyuziv ta’lim endi ijtimoiy tashabbus emas,
balki milliy pedagogik siyosatning strategik yo‘nalishiga aylangan.

Inklyuziv ta’lim rivojlanishining umumiy tendensiyalari

1. Global miqyosda inklyuziv ta’lim universal qadriyatga aylandi;

2. Ta’lim muassasalari moslashuvchan, ochiq va ragamli integratsiyalashgan tizimga
o‘tmoqda;

3. O‘qituvchilarning kasbiy tayyorgarligida inklyuziv kompetensiyalar ajralmas qismga
aylangan;

4. Pedagogik diagnostika va individual rivojlanish  xaritalari  ta’limni
individuallashtirishning asosiy vositasiga aylandi;

5. Inklyuziv madaniyat va ijtimoiy empatiya ta’limning yangi etik paradigmasi sifatida
shakllanmoqda.

Inklyuziv ta’lim rivojlanishining bosqichlari-bu insonni “ta’lim ob’ekti”dan “ta’lim
sub’ekti’ga aylantirish tarixidir. Agar dastlabki bosqichlarda magsad fagat maxsus
349
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ehtiyojli bolalarni himoya qilish bo‘lgan bo‘lsa, bugungi kunda inklyuziv ta’limning
vazifasi jamiyatning barcha a’zolarini birgalikda o‘rganish va rivojlanish jarayoniga jalb
etishdir. Demak, inklyuziv ta’limning rivojlanish bosqichlari insoniyatning ma’naviy va
madaniy evolyutsiyasini aks ettiradi-ajratishdan  birlashtirishga, yordamdan
hamkorlikka, nazoratdan erkinlikka tomon bo‘lgan tarixiy harakatdir.

Inklyuziv ta’lim tizimi o‘z mohiyatiga ko‘ra insonparvarlik, adolat, tenglik va hamkorlik
g‘oyalariga tayanadi. U nafaqat pedagogik yondashuv, balki ijtimoiyfalsafiy konsepsiya
sifatida ham qaraladi. Inklyuziv ta’limning tamoyillari ta’lim jarayonining barcha
ishtirokchilari-o‘qituvchi, o‘quvchi, ota-ona va jamiyat uchun yagona gadriyatlar
tizimini shakllantiradi. Bu tamoyillar har bir o‘quvchi shaxsining imkoniyatlarini tan
olish, uni rivojlantirish, himoya qilish va ijtimoiy hayotga faol jalb etish uchun zarur
pedagogik asosni belgilaydi.

1.Insonparvarlik tamoyili. Insonparvarlik-inklyuziv ta’limning poydevoridir. U har bir
insonning gadr-qimmati, erkinligi va o‘ziga xosligini tan olishni nazarda tutadi.
O‘qituvchi o‘quvchini fagat bilim oluvchi subyekt emas, balki o‘z his-tuyg‘ulari, orzu-
intilishlari va imkoniyatlariga ega shaxs sifatida ko‘radi. Bu tamoyilga ko‘ra, ta’limning
asosiy vazifasi-“hammani bir xil qilish” emas, balki har bir o‘quvchini 0‘z imkoniyatlari
doirasida rivojlantirishdir.

2.Teng imkoniyatlar tamoyili. Inklyuziv ta’lim barcha o‘quvchilarga-jinsidan,
millatidan, sog‘lig‘idan yoki 1ijtimoiy holatidan qat’i nazar-ta’lim olishda teng
imkoniyatlarni yaratishni nazarda tutadi.

* Har bir bola ta’lim jarayonida to‘siglarsiz ishtirok etishi kerak;

* O‘quv muhitida diskriminatsiya va ajratish holatlariga yo‘l qo‘yilmaydji;

» Ta’lim resurslari (darsliklar, texnologiyalar, vositalar) hamma uchun ochiq bo‘lishi

lozim.
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Bu tamoyil BMT Nogironlar huquqlari to‘g‘risidagi konvensiyasi (2006) va Salamanka
deklaratsiyasi (1994)da mustahkamlab qo‘yilgan.

Mazmuni: ta’limdagi adolat-farglilikni bartaraf etish emas, mos sharoit yaratish orgali
teng natijaga erishishdir.

3. Individual yondashuv tamoyili. Inklyuziv ta’limning eng muhim jihati-har bir
o‘quvchining shaxsiy imkoniyatlari va o‘rganish uslublarini inobatga olishdir.

* Ta’lim mazmuni, metodlari va baholash mezonlari o‘quvchining psixologik,
intellektual va jismoniy xususiyatlariga moslashtiriladi;

* Individual ta’lim rejalari (ITR) asosida o‘quvchi uchun shaxsiy rivojlanish
trayektoriyasi belgilanadi;

* Differensial o‘qitish va refleksiv monitoring asosiy vositalar sifatida qo‘llaniladi. Bu
tamoyil L.S.Vygotskiyning “yaqin rivojlanish zonasi” nazariyasiga asoslanadi:
o‘qituvchi o‘quvchining hozirgi darajasini emas, uning imkoniyat doirasini
rivojlantirishi kerak.

4. Moslashuvchanlik tamoyili. Moslashuvchanlik-ta’lim tizimining turli ehtiyojlarga
moslashish qobiliyatidir. Inklyuziv muhitda bu tamoyil quyidagicha namoyon bo‘ladi:
* o‘quv dasturlari, metodlar va baholash tizimi shaxsning imkoniyatiga qarab
o‘zgartiriladi;

e ta’lim muhiti (sinf xonasi, texnik vositalar, kommunikatsiya shakllari) har bir
o‘quvchiga qulay bo‘lishi uchun qayta loyihalanadi;

5. Hamkorlik va ijtimoiy sheriklik tamoyili. Inklyuziv ta’limning muvaffaqgiyati ko‘p
jihatdan pedagog, psixolog, ota-ona, defektolog, jamiyat va mahalla institutlarining
hamkorligiga bog‘liq.

* O‘qituvchi va psixolog o‘quvchining rivojlanish xaritasini birgalikda ishlab chigadi;

» Ota-onalar ta’lim jarayonining faol ishtirokchisiga aylanadi;
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* Jamiyat a’zolari (nodavlat tashkilotlar, volontyorlar, media) ijtimoiy
go‘llabquvvatlashni ta’minlaydi. Bu tamoyil “ta’lim — jamoaviy mas’uliyat” degan
g‘oyani ifodalaydi.

6. Empatiya va ijobiy psixologik muhit tamoyili. Inklyuziv muhitda o‘qituvchi
o‘quvchilarga nafagat bilim, balki emosional qo‘llab-quvvatlash beradi. Empatiya
tamoyili-boshgani tushunish, his etish va gabul gilish gobiliyatiga asoslanadi.

* O‘qituvchi va o‘quvchi o‘rtasidagi muloqot ishonch, iliglik va o‘zaro hurmat asosida
quriladi;

* Sinfda “tanqid emas, yordam” mubhitini yaratish muhimdir;

* Har bir o‘quvchining muvaffaqiyati qadrlanadi, kichik natijalar ham e’tirof etiladi. Bu
tamoyil G.O. Ball, D.Kolb va K.Rodjersning “refleksiv-emotsional ta’lim” nazariyasiga
tayanadi.

7. Rivojlantiruvchi ta’lim tamoyili. Inklyuziv ta’limning magsadi-o‘quvchiga tayyor
bilimni berish emas, balki uni mustaqil o‘rganish, fikrlash va o‘zini rivojlantirishga
yo‘naltirishdir.

 Ta’lim jarayonida faol, interfaol va tajriba asosidagi metodlar qo‘llaniladi;

* O‘quvchining kognitiv, emotsional va 1jtimoiy kompetensiyalari birgalikda
rivojlanadi; « Baholash jarayoni raqobat emas, shaxsiy o‘sish mezoniga asoslanadi.
Mazmuni: inklyuziv ta’lim-bu “o‘rgatish” emas, “rivojlantirish” jarayonidir.

8. Tolerantlik va ijtimoiy integratsiya tamoyili. Inklyuziv ta’lim jamiyatda ijtimoiy
birdamlik va bag‘rikenglikni shakllantirishga xizmat qiladi. Tolerantlik tamoyili:

» farqlilikni tabiiy gadriyat sifatida gabul qilish;

« turli ehtiyojli bolalar bilan birgalikda o‘rganishni ijobiy tajriba sifatida ko‘rish;

* o‘quvchilarni insonlar o‘rtasidagi farglarni hurmat qilishga o‘rgatish. Bu tamoyil orqali
inklyuziv ta’lim shaxsiy darajadagi hamdardlikni ijtimoiy darajadagi solidarlikka
aylantiradi.
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9. Raqgamli ochiqlik va innovatsionlik tamoyili. Zamonaviy inklyuziv ta’lim raqamli

texnologiyalarsiz tasavvur etilmaydi.

* Elektron resurslar, onlayn platformalar, virtual laboratoriyalar orqali ta’lim

Imkoniyatlari kengayadi;

 alohida ta’'lim ehtiyojlari bo’lgan o‘quvchilar uchun sun’iy intellekt asosida

moslashtirilgan dasturlar qo‘llaniladi;

 Ta’lim muhitida “ochiglik” — ma’lumot va resurslarning barcha uchun teng

tagsimlanishini anglatadi. Bu tamoyil “Digital Inclusion” konsepsiyasiga asoslanadi —

ya’ni raqamli texnologiyalar yordamida ijtimoiy tenglikni ta’minlash.

10. Uzluksizlik va barqarorlik tamoyili. Inklyuziv ta’lim bir martalik loyiha emas, balki

uzluksiz rivojlanish jarayonidir.

 Ta’limning barcha bosgichlarida (maktabgacha, umumiy, oliy, kasbiy) inklyuzivlik

prinsiplari davomiy bo‘lishi kerak;

* O‘qituvchilar malakasini oshirish, o‘quv dasturlarini yangilash jarayoni muntazam

amalga oshiriladi;

Xulosa. Davlat siyosatida inklyuziv ta’limni barqaror qo‘llab-quvvatlash mexanizmlari

ishlab chiqiladi. Inklyuziv ta’limning tamoyillari-bu insonni markazga qo‘ygan, tenglik

va hamkorlikka asoslangan yangi pedagogik madaniyatdir. U ta’limni nafaqat bilish,

balki insoniylik, bag‘rikenglik va empatiyani tarbiyalovchi tizimga aylantiradi. Demak,

inklyuziv ta’lim tamoyillari quyidagi umumiy g‘oyani ifodalaydi: “Hech kim chetda

golmasin, har bir inson 0°‘z imkoniyatiga ko‘ra o‘rganish va rivojlanish huquqiga ega.”

Inklyuziv ta'lim zamonaviy ta'lim tizimining ajralmas qismi bo‘lib, uning samaradorligi

ilmiy asoslangan boshqaruv tizimiga bog‘liq ekanligi asoslanadi.
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Development of an Intelligent Personalized Clothing Design System

Based on Machine Learning Methods and Digital Anthropometry
Karimberdiyeva Mohinur Sherzod qizi
Researcher
ORCID: 0009-0005-5431-6283
E-mail: Mokhinurr6@gmail.com
Abstract
This article examines modern approaches to the development of an intelligent
personalized clothing design system based on machine learning methods and digital
anthropometry. It substantiates the relevance of integrating artificial intelligence into
clothing design processes while taking into account the individual anthropometric
characteristics of users. The main stages of the intelligent system's operation are
presented, and the advantages of applying digital anthropometry and machine learning
algorithms to improve design accuracy, reduce production costs, and enhance customer
satisfaction are discussed.
Keywords
artificial intelligence, machine learning, digital anthropometry, personalized
clothing design, 3D scanning, digital technologies, light industry.
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AHHoTanus. B ctatbe paccMaTpuBaloTCs COBPEMEHHBIE MOAXOMbI K pa3paboTke
UHTEJUICKTYaJIlbHOM CHUCTEMBI IIE€PCOHAIM3UPOBAHHOIO IIPOCKTUPOBAHUS  ONEKIBI,
OCHOBAaHHOM Ha METOAAaX MAalIMHHOIO OOydyeHuss U LU(POBON aHTPOIIOMETPUH.
Ob6ocHOBaHa aKTyaJdbHOCTh BHEIPEHMS MCKYCCTBEHHOTO HHTEJUIEKTa B IPOLIECCHI
MOJICJIMPOBAHMS  ONEXKIbl C YYETOM HHJIMBHUIYaJIbHBIX aHTPOIOMETPUYECKHUX
napamMeTpoB 4esoBeka. llpencraBieHbl OCHOBHBIE JTamnbl (PYHKIIMOHHPOBAHUS
MHTEJUIEKTYaJIbHOM CHUCTEMBI, PACKPBIThl IMPEUMYIIECTBA MPUMEHEHUS LU(PPOBOH
AHTPONIOMETPUM M AJITOPUTMOB MAILIMHHOTO OOy4Y€HHUs [UIsl HOBBIIIEHUS TOYHOCTH
MPOCKTUPOBAHMS,  CHW)KEHHMSI  IPOU3BOJACTBEHHBIX  3aTparl M IOBBILIEHUS
YAOBJIETBOPEHHOCTU NMOTPEOUTENEH.

KuiroueBble ¢JI0Ba: NCKYCCTBEHHBIN MHTEIUIEKT, MAIIMHHOE 00y4YeHHe, IU(PpoBas
AHTPOIIOMETPHUS, IEPCOHATIM3UPOBAHHOE MPOEKTUPOBAHUE OACK/bI, 3D-CKaHUPOBAHHKE,
1u(pOBbIE TEXHOJIOTUH, JIETKas IPOMBIIIIJIEHHOCTb.

CoBpeMeHHass HWHIYCTpHUS MOABI TEPEKUBAET dTall DIyOOKOH HU(pPOBOH
TpaHcpopmaluu, 00yCIOBICHHON HIMPOKUM BHEJIPEHUEM TEXHOJIOTUI HCKYCCTBEHHOTO
WHTEJUIeKTa, MammuHHOTO 00yuenust (Machine Learning) u uudpoBoit aHTpOIIOMETPHH.
TpaaumoHHbIe METOIBI TPOEKTUPOBAHUS OJEK Il OPUEHTUPOBAHBI IPEUMYILECTBEHHO
Ha CTaHJAPTHBIE Pa3MEPHBIC TPU3HAKHU YEJIOBEKA, YTO HEPEIKO MPUBOAUT K CHUKCHUIO
SPrOHOMUYHOCTH W3JENUH, YBEIUYEHHUIO TMPOU3BOACTBEHHBIX 3aTparT M POCTY
KOJIMYECTBA BO3BPATOB FOTOBOM MPOAYKUUU. B 3THUX yClOBUSIX 0COOYIO aKTyalbHOCTh
npuoOperaeT pa3paboTka UHTEIUICKTYalbHBIX CHCTEM MEPCOHAIM3UPOBAHHOIO
MPOCKTUPOBAHUS OJIEKIbI, CIIOCOOHBIX YUYUTHIBATH MHAMBHUAYaJbHbIE OCOOEHHOCTHU
TEJIOCTIOXKEHHSI KaXKJIOTO MOTPEOUTENsI U aBTOMAaTuYeckKd (pOpMHUpOBaTh ONTHUMAJIbHBIC
KOHCTPYKTUBHBIE MMapaMeTpbl nzaenus.[1]

[lepcoHanu3upoOBaHHOE MPOEKTUPOBAHUE TMPEACTABISIET COOONW HMHTErpaIuio

COBPEMEHHBIX LU(POBBIX TEXHOJIOTUH H3MEPEHUS! YEIOBEUYECKOrO Tejla, METOIO0B
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aHanuza Oonbimux naHHeIX (Big Data), anropuTMOB MamIMHHOTO OOy4eHHUS U
ABTOMAaTU3UPOBAaHHBIX cucTeM KoHcTpyupoBaHus onexabl (CAD/CAM). OcHoBHOM
LEJIbI0 TTOIOOHBIX MHTEIJIEKTYaIbHBIX CHCTEM SIBIISIETCSL cOo3aHue HMUGPOBONA MOJETH
YeJI0BEKa, MO3BOJSIONICH MaKCUMAJIbHO TOYHO OIPEIEIUTh aHTPOIOMETPUYECCKUE
XapaKTepUCTUKHU TOJIb30BaTEIsl U Ha UX OCHOBE C(HOPMUPOBATH HMHIWBHUIYaTbHBINA
uudpoBoit mabnoH Oymaymiero wu3aenus. Takoll MOAXON CYIIECTBEHHO MOBBIIIACT
KA4eCTBO MOCAAKU OJICK/bl, MUHUMHU3UPYET KOJIMYECTBO MPUMEPOK U CIIOCOOCTBYET
Pa3BUTHIO KOHIICTIIIUYA MacCOBOM kacTomu3anuu (Mass Customization).[2]

B nocneanue roasl oco00e BHUMaHHE YAENSIETCS HUCIOIb30BAHUIO TEXHOJIOTUMA
TPEXMEPHOTO CKaHUPOBaHUs Tea yesnoBeka. CoBpeMeHHbie 3 D-ckaHephl MO3BOJISIOT 32
HECKOJIbKO CEKYHJI OJYYUTh COTHU aHTPOMOMETPUUYECKUX TapaMeTPOB, HEJOCTYITHBIX
Mpyd  TPAAWIMOHHBIX  W3MepeHUsX. [lodydeHHbIE  JaHHBIE  aBTOMATHYCCKH
npeoOpa3yroTcs B UMPOBYIO MOJIETb, KOTOPAsi CIIYKUT MCXOIHON MH(DOPMAITMOHHON
0a3zoi JIs1 MOCJEIYIONIET0 MAIIMHHOTO aHanu3a. brarogapsi BBICOKOW TOYHOCTH
nudpoBasi aHTPOMOMETPHUSI 3HAYUTEIBHO TPEBOCXOAUT KIACCUYECKHE METObI
M3MepeHuil u obecrneuynBaeT 00BEKTUBHOCTD MOTYYAEMbIX PE3YABTATOB.[3]

MeTtonpl MAaIlIMHHOTO OOYyYE€HHUs CYIIECTBEHHO PpACIIUPAIOT BO3MOXHOCTHU
1M (poBOI aHTPOTIOMETPUHU. AJITOPUTMBI UCKYCCTBEHHBIX HEUPOHHBIX ceTeit, Random
Forest, Support Vector Machine, Gradient Boosting u ri1y00okoro o0y4eHus CIIOCOOHBI
aHAJM3UPOBATh OOJIBIITNE MACCUBBI aHTPOITOMETPHUCCKUX JTAHHBIX, BBISBIISATH CKPBITHIC
3aKOHOMEPHOCTH  MEXIy [apamMeTpaMd Tejla 4YelloBeKa UM  aBTOMAaTHYECKH
MIPOTHO3UPOBATh ONTUMAJIbHBIC KOHCTPYKTUBHBIC PEIICHHSI TPU TPOCKTHPOBAHWUN
onexapl. Ilpu HAKOIIIEHWM HOBBIX JIAHHBIX  WHTEJUICKTyallbHas  CHUCTEMa
CaMOCTOSITEJIbBHO COBEPILICHCTBYET MareéMarTH4ecKHUe MOJENd MPOTrHO3UPOBAHUS,

MOCTENEHHO MOBBIIIAA TOYHOCTh PEKOMEH AN U Ka4€CTBO TOTOBBIX M3AEIUN.[4]
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Oco0yt0 posib UTparOT TEXHOJIOTHH KoMmbioTepHOro 3peHust (Computer Vision),
MIO3BOJISIONIME TONydaTh AHTPOIOMETPUYECKHE JaHHBIE HE TOJBKO MOCPEIACTBOM
npodeccnoHabHbIX 3D-CKkaHepoB, HO ¥ TIPU TOMOIIM OOBIYHBIX MOOMIIBHBIX
ycTpoiictB. Hcnmonp3oBanue ¢otorpaduii yeaoBeka, BBHIMOTHEHHBIX C HECKOJIBKHUX
PaKypcoB, MO3BOJISIET MOCTPOUTH HUGPOBON aBaTap IMOJH30BATENSI U aBTOMATHYECKU
OTIPENICTATh OCHOBHBIE pa3MEpHBIC XapakTepucTUku. [lomoOHBIE TEXHOJIOTHH
3HAYUTEIBHO PACHIUPSIOT JOCTYIMHOCTH TEPCOHATM3UPOBAHHOTO TIPOSKTHUPOBAHUS
ONCK/Ibl M JICNIAl0T BO3MOXKHBIM HX IIMPOKOE TMPUMEHEHHE B DJICKTPOHHOMN
KOMMEPIUHU. [S]

NHuTemnexTyanpHas cucTeMa NepCcoHaIN3UPOBAHHOTO MPOESKTUPOBAHUS BKIIOYAET
HECKOJIPKO B3aMMOCBSI3aHHBIX (DYHKIIMOHAJIBHBIX Momyided. Ha mepBom srare
OCYIIECTBIIACTCS COOp aHTPOIMOMETPUYECKUX JaHHBIX IOCPEACTBOM IHH(PPOBOTO
CKaHUPOBAHUS JINOO KOMIBIOTEPHOTO 3pEHHUS. 3aTeM MPOU3BOIUTCS TPeBApUTEIbHAS
00paboTka nH(pOpMaIY, YCTpAaHEHUE IIIYMOB U HOpMaiu3alus JaHHbIX. Clienyomuii
dTanm MpeAyCMaTpUBaeT MPUMEHEHHWE aJITOPUTMOB MAIIMHHOTO OOy4YeHUs st
KJIacCU(PUKAIMKM THUTIOB TEJIOCIOXKEHUS, TMPOTHO3UPOBAHMS IMAPaMETPOB TOCAIKU
W3JICTUST U aBTOMATHYECKOW TeHEpAIMM KOHCTPYKTHBHBIX JICKal. 3aKIIFOUUTEIbHBINA
ATanm BKJIIOYAET BUPTYaJbHYI0 MNPUMEPKY OACKIbI, aHalu3 KadyecTBa IOCAJIKH U
KOPPEKTUPOBKY IU(POBOM MOICTN W3ICAUS 10 TOJYyYCHHS ONTHMAIBHOTO
pe3ynbTara.[6]

BaxxHbIM TIpPEeMMYIIECTBOM TPUMEHEHHUS HMHTEIUICKTyaJIbHBIX  TEXHOJOTUMN
SIBJISIETCS. BO3MOXKHOCTB CO3JIaHMs caMoo0yyJaroieiics: cuctemsl. [locie kaxmoit HoBoOM
MPUMEPKH TIOJB30BaTEh OIEHWBAET Ka4eCTBO IOCAIKH ONEKIbI, a TMOJTydeHHas
oOpaTHasi CBsI3b MOCTyHmaeT B 0a3y MaHHBIX CHUCTEMbl. AJITOPUTMBI MAIIMHHOTO
0oOydYeHHsI HCIOJB3YIOT HAKOIICHHBIM OMBIT IS TOCIEAYIOMEH KOPPEKTUPOBKHU

MAaTEeMaTU4ICCKHUX MOI[GJ'IGIZ, 6naroz[ap>1 4CMy TOYHOCTb pCKOMeHI[aL[I/Iﬁ IIOCTCIICHHO
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BOo3pacTtaer. Takoi MexaHuU3M OOeCleunBaeT HENMPEPHIBHOE COBEPIICHCTBOBAHUE
UHTEJUIEKTYyaIbHOU T1aThopMbl 0€3 HE0OXOIMMOCTH MOJTHOTO MEePEenporpaMMUPOBAHUS
aJITOPUTMOB.[ 7]

Crnenyet OTMETUTH, YTO IIUPOKOE BHEPEHUE OAOOHBIX CHCTEM COMPOBOXKIAETCS
PSAAOM HayyHO-TEXHUYEeCKUX mpobiem. Cpenn HUX 0c000€ MECTO 3aHUMAIOT BOIIPOCHI
oOecrieueHus: KOHPUACHIMAIBHOCTH MEPCOHAIBHBIX AHTPONOMETPUYECKUX IaHHBIX,
CTaHJapTU3alMi LU(PPOBBIX MOJEIEH 4YeNIOBEKa, COBMECTUMOCTH MPOrPaMMHOIO
o0ecredeHus pa3IudHbIX IPOU3BOIUTENEH U BBICOKOM CTOMMOCTH MPO(EeCCHOHATBHOIO
o0opynoBanusi. KpoMe Toro, BaxxHOM 3a7adell ocTaercs pa3padOTKa yHUBEPCAIbHBIX
aJITOPUTMOB, CIIOCOOHBIX OJUHAKOBO 3((EKTUBHO paboTarb C pa3IUUYHBIMU
BO3PACTHBIMH, THUYECKUMU U T€HACPHBIMU I'PyIIIaMHA HACENEHUS. [ 8]

Takum o0pa3oMm, HMHTErpamusi METOJ0B MAIllMHHOTO OO0y4YeHus u IudpoBoi
aHTPOINOMETPUH (HOPMHUPYET MPUHIIMITHAIBHO HOBYIO KOHIIETIUIO HHTEIJIEKTYIbHOTO
MPOEKTUPOBAHUS  OACKIbl. Vcrmonap3oBaHME  CaMOOOY4YalOIIMXCS — AJIrOPUTMOB
VCKYCCTBEHHOIO HHTEJUIEKTA II03BOJISIET IEPEUTH OT MAacCOBOIO IPOU3BOJACTBA
CTaHJAPTHBIX PpPa3MEPOB K TMOJIHOCTHK IEPCOHAIM3UPOBAHHOMY HW3TOTOBJICHUIO
m3nenuii. B mepcrnekTuBe JanbHEWIee pa3BUTHE MOAOOHBIX TEXHOJIOTHH OyaeT
CHOCOOCTBOBAaTh  IMOBBIIIEHUIO KOHKYPEHTOCHOCOOHOCTU —MPEANPUSATHH  JIETKOM
MIPOMBIIIEHHOCTH, CHM)KEHUIO MPOU3BOICTBEHHBIX 3aTpar, YAY4YIIECHHUIO KayecTBa
rOTOBOW MPOAYKIUMU U (POPMUPOBAHMIO HOBOTO YpPOBHSA LU(POBU3AIMHU MPOIECCOB
MIPOEKTUPOBAHUS OJEAKBI.[9]
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Methodology of working with texts based on pictures and illustrations
Yusupova Umida Zayniddin qizi
Student, Andijan State Pedagogical Institute

Abstract:

This article discusses the methodology of teaching texts through pictures and
illustrations in primary school reading lessons. It analyzes how visual materials help
students understand text content, enrich imagination, develop logical and creative
thinking, and increase motivation to read. The paper also highlights the effectiveness of
activities such as question-and-answer tasks, storytelling based on illustrations,
sequencing events, and creative exercises in improving text comprehension.

Keywords

pictures, illustrations, text-based learning, reading lessons, reading literacy, visual
learning, creative thinking, interactive methods.

Rasm va ilustratsiyalar asosida matn ustida ishlash metodikasi.
Andijon davlat pedagogika inisituti talbasi
Yusupova Umida Zayniddin gizi

Annotatsiya: Ushbu maqolada boshlang‘ich sinf o‘qish darslarida rasm va
Ilustratsiyalar asosida matn ustida ishlash metodikasi yoritilgan. Rasmli materiallardan
foydalanish orqali o‘quvchilarning matn mazmunini anglash, tasavvurini boyitish,
mantiqiy va ijodiy fikrlashini rivojlantirish hamda o*qishga bo‘lgan qiziqishini oshirish
yo‘llari tahlil gilingan. Shuningdek, ilustratsiyalar asosida savol-javob, hikoya tuzish,
vogealarni ketma-ketlikda tiklash va ijodiy topshiriqlarni tashkil etishning ta’lim
samaradorligiga ta’siri asoslab berilgan.

AHHOTaHI’IH: B cratne pacCMaTpuBaCcTCA MCTOAMUKA pa60TBI C TCKCTOM Ha OCHOBE
PUCYHKOB u I/IJIJIIOCTpaIII/Iﬁ Ha  YpOKax YTCHUA B HaYdaJIbHBIX KJIacCax.

HpO&HaJII/BI/IpOBaHBI BO3MOKHOCTH HCIIOJIb30BaHHUA HAITAHBIX MAaTCepuaioB JIsd
al
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GopMupoBaHHsA TMOHUMAaHMUS  COJCPKAHUS  TEKCTa, Pa3BUTHS  BOOOpaKEHHUS,
JIOTUYECKOTO ¥ TBOPUECKOTO MBIIIUICHHUS, a TAKXKE MOBBIIICHUSI HHTEpPECca yUaluxcs K
yreano. (Oco0oe BHHMaHHE YJEICHO BOINPOCAM OpTraHM3alMk Oecelbl II0
WUTIOCTpAIMsIM, COCTaBJICHUS PACCKa30B, BOCCTAHOBJICHHS MOCIEAOBATEIHLHOCTH
COOBITUI U BBIITOJIHEHUSI TBOPUYECKUX 3a/1aHUM.

Kalit so‘zlar: rasm, ilustratsiya, matn ustida ishlash, o‘qish darsi, o‘qish
savodxonligi, vizual ta’lim, ijodiy fikrlash, interfaol metodlar.

KutoueBble ci10Ba: puCYHOK, WILTIOCTpalusi, paboTa ¢ TEKCTOM, YPOK UTEHUS,
YUTAaTeIbCKasi TPAMOTHOCTh, BH3yaJdbHOEe OOydeHHE, TBOPUYECKOE MBIIUICHNUE,
WHTEPAKTHBHBIC METOJIBI.

Kirish

Boshlang‘ich ta’limda o‘qish darslarining asosiy magsadi o‘quvchilarda ongli
o‘qish, matn mazmunini to‘g‘ri anglash va o‘qilgan material asosida mustaqil fikr
yuritish ko‘nikmalarini shakllantirishdan iborat. Bu jarayonda ko‘rgazmalilik tamoyili
muhim o‘rin tutadi. Ayniqgsa, rasm va ilustratsiyalardan foydalanish o‘quvchilarning
matnni osonroq tushunishiga, vogea-hodisalarni tasavvur gilishiga hamda matn
mazmunini chuqurroq o‘zlashtirishiga yordam beradi. Vizual materiallar kichik
yoshdagi o‘quvchilarning psixologik xususiyatlariga mos bo‘lib, ularning digqatini jalb
giladi, darsga gizigishini oshiradi va faol ishtirok etishga undaydi.

Bugungi kunda ta’lim jarayonida rasm va ilustratsiyalar nafaqat ko‘rgazmali
vosita, balki o‘quvchilarning o‘qish savodxonligini, nutqiy kompetensiyasini, mantiqiy
va ijodiy fikrlashini rivojlantiruvchi samarali pedagogik vosita sifatida e’tirof etilmoqda.
Shu sababli boshlang‘ich sinf o‘qituvchisi matn ustida ishlashda vizual materiallardan
magsadli va metodik jihatdan to‘g‘ri foydalanishi zarur.

Rasm va ilustratsiyalar asosida matn ustida ishlash metodikasi
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Boshlang‘ich sinf o‘quvchilari uchun matnni tushunishda vizual idrok muhim
ahamiyatga ega. Rasm va ilustratsiyalar matndagi voqealarni ko‘z oldiga keltirishga,
gahramonlarni tasavvur qilishga va vogealar o‘rtasidagi bog‘liglikni anglashga yordam
beradi. Aynigsa, badiiy matnlarni o‘rganishda sifatli ilustratsiyalar o‘quvchilarning
matnga bo‘lgan qiziqishini oshirib, o‘qish jarayonini yanada mazmunli giladi.

Matn bilan ishlashni tashkil etishda avvalo ilustratsiyalarni kuzatish va tahlil gilish
tavsiya etiladi. O‘qituvchi o‘quvchilarga rasmni diqgat bilan kuzatishni, undagi
qahramonlar, predmetlar, vogea joyi va harakatlarni aniglashni taklif etadi. “Rasmda
kimlar tasvirlangan?”, “Voqea qayerda sodir bo‘lmoqda?”’, “Qahramonlarning
kayfiyatini ganday baholaysiz?” kabi savollar orqali o‘quvchilarning kuzatuvchanligi va
mantiqgiy fikrlashi rivojlantiriladi. Rasm asosida taxmin gilish metodi ham samarali
hisoblanadi. O‘quvchilarga matn o‘qilmasdan oldin ilustratsiya ko‘rsatiladi va ular rasm
asosida matn mazmunini taxmin qgiladilar. Bu usul bolalarning tasavvurini kengaytiradi,
darsga qiziqishini kuchaytiradi hamda o‘qishga ichki motivatsiyani shakllantiradi. Matn
o‘qilgach, taxminlar haqiqiy mazmun bilan taqqoslanadi va xatolar muhokama gilinadi.

Matnni o°zlashtirishda rasm asosida hikoya tuzish metodi ham keng qo‘llaniladi.
O‘quvchilar ilustratsiyaga garab vogealarni izchil bayon qiladilar, gahramonlarning
harakatlariga tavsif beradilar va o‘z tasavvurlari asosida hikoya yaratadilar. Bu metod
o‘quvchilarning og‘zaki nutqini, lug‘at boyligini va fikrni mantiqiy bayon qilish
ko*‘nikmalarini rivojlantiradi.

Yana bir samarali usul — rasmlar ketma-ketligi asosida vogealarni tiklash
metodidir. O‘quvchilarga bir nechta ilustratsiyalar aralash holda taqgdim etiladi va ular
vogealar ketma-ketligini aniglaydilar. So‘ng ushbu ketma-ketlik asosida matnni gayta
hikoya qiladilar yoki yangi matn tuzadilar. Bunday mashqlar o‘quvchilarda sabab-oqibat

munosabatlarini anglash va izchil fikrlash ko‘nikmalarini shakllantiradi.

a3
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Rasm va ilustratsiyalar ijjodiy topshiriglar bilan uyg‘unlashtirilganda yanada yuqori
natija beradi. Masalan, o‘quvchilarga matnga yangi ilustratsiya chizish, gahramon
obrazini tasvirlash, komiks yaratish yoki vogeaga mos yangi yakun rasmini tayyorlash
vazifalari berilishi mumkin. Bu topshiriglar o‘quvchilarning tasviriy tafakkurini, estetik
didini  va ijodkorligini  rivojlantiradi. Zamonaviy axborot-kommunikatsiya
texnologiyalari rasm va ilustratsiyalar asosida ishlash imkoniyatlarini yanada
kengaytirmoqda. Interaktiv doskalar, elektron darsliklar, animatsiyalar, multimediali
tagdimotlar va raqamli ilustratsiyalar yordamida o‘quvchilar matn mazmunini nafaqat
o°qish, balki ko‘rish va tahlil qilish orgali ham o‘zlashtiradilar. Bu esa o‘qish jarayonini
gizigarli va samarali tashkil etishga xizmat giladi. O‘qituvchi rasm va ilustratsiyalarni
tanlashda ularning mazmuni matnga mos bo‘lishiga, yosh xususiyatlariga javob
berishiga, estetik jihatdan sifatli va tushunarli bo‘lishiga e’tibor gqaratishi lozim.
Shuningdek, vizual materiallar o‘quvchilarning mustaqil fikrlashi va ijodiy faoliyatini
rag‘batlantiradigan topshiriglar bilan boyitilishi kerak. Umuman olganda, rasm va
ilustratsiyalar asosida matn ustida ishlash metodikasi boshlang‘ich sinf o‘quvchilarining
matnni tushunish kompetensiyasini rivojlantirish, o‘qish savodxonligini oshirish,
og‘zaki va yozma nutqini boyitish hamda ijodiy fikrlashini shakllantirishda muhim o‘rin
tutadi. Mazkur metodlardan tizimli foydalanish darslarning samaradorligini oshiradi va
o‘quvchilarning kitobxonlik madaniyatini rivojlantirishga xizmat qiladi.
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