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UDK.546.7(546.72+74)
“Fe (IT) , Ni (IT) IONLARINING TARKIBIDA AZOT , KISLOROD
TUTGAN IMMOBILLANGAN LIGANDLARDA SORBSIYASI
VA METALLOKOMPLEKSLARI TADQIQOTI

Bazarova Munavvar Soatovna
Termiz davlat universiteti
Kimyo fakulteti,
Noorganik kimyo kafedrasi
1-bosgich magistranti,
Telefon ragami: +99-891-589-83-14
F. Mirzayeva ilmiy rahbar

Annotatsiya. So‘nggi yillarda og‘ir metall ionlarini suv va sanoat chigindilaridan
ajratib olish, ularni gayta ishlash va ekologik xavfsiz shaklda saglash masalalari muhim
ahamiyat kasb etmoqda. Fe(l1) va Ni(ll) ionlari — biologik va texnologik jarayonlarda
faol gatnashuvchi, lekin ortigcha migdorda toksik ta’sir ko‘rsatuvchi metall ionlaridir.
Shu sababli, azot va kislorod tutgan ligandlar asosida yaratilgan immobillangan
sorbentlar (ya’ni, qo‘zg‘almaydigan polimer yoki noorganik tashuvchiga biriktirilgan
kompleks hosil giluvchi modda) ularni samarali tutib golish va kompleks hosil gilishda
muhim o‘rin tutadi.

Abstract. In recent years, the issues of separation of heavy metal ions from water and
industrial waste, their recycling and storage in an environmentally safe form have
become of great importance. Fe(ll) and Ni(ll) ions are metal ions that actively
participate in biological and technological processes, but in excessive quantities have
a toxic effect. Therefore, immobilized sorbents based on nitrogen and oxygen-
containing ligands (i.e., a complexing agent attached to an immobile polymer or
inorganic carrier) play an important role in their effective capture and complexation.
AHHoTaums. B mocieaHue roasl 00bI10€ 3HaUSeHUE TPUOOPETU BOIIPOCH! OTACIICHUS
HOHOB TSKCJIBIX MCTAJUIOB OT BOJAbI U IIPOMBIIIJICHHBIX OTXO0A0B, UX Hepepa6OTKI/I nu
xpanenusi B skosornuecku 6e3zonacHoit ¢opme. Monbl Fe(Il) u Ni(Il) — 3T10 nons
MCTAJIJIOB, AKTUBHO YYAaCTBYIOIIHC B 6I/IOJIOFI/I‘-ICCKI/IX N TCXHOJIOTHYCCKUX ITpOoneccax,
HO B M30BITOYHBIX KOJMYECTBAX OKa3bIBAKOIINE TOKCHUYECKOC BOSI[GﬁCTBI/IG. HOBTOMy
BKHYIO POJIb B X d()(PEKTUBHOM YJIaBIMBAHUU U KOMILJIEKCOOOPA30BAHUH HTPAIOT
AMMOOMIIN30BaHHEBIE COp6CHTBI Ha OCHOBC a30TCOACPKAIUX U KUCIIOPOACOACPKAITNX
JUTAHZIOB (T.€. KOMIUIEKCOOOPAa3yIoIIero areHTa, NpUKPErIEHHOTO K HETOIBUKHOMY
MOJIUMEPY WJIA HEOPTaHUYECKOMY HOCUTEITIO).
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Kalitso‘z. lonlar: Fe(Il) va Ni(ll). Ligandlar. Poliaminlar. Aminokislotalar. Oksimlar
va gidroksamatlar. Schiff asoslari (azometinlar). Karboksil va amid guruhli ligandlar.
Keywords. lons: Fe(ll) and Ni(ll). Ligands. Polyamines. Amino acids. Oximes and
hydroxamates. Schiff bases (azomethines). Carboxyl and amide group ligands.
KarwueBsble cioBa. Monsl: Fe(Il) u Ni(Il). Jluranasl. [TonmrmamMuHbl. AMUHOKHCIIOTHI.
Oxcumbl u rtugpokcumatbl. OcHoBanusi lludda (asomeruns). Jluranasl ¢
Kap60KCI/IJ'IBHBIMI/I U aMUIHBIMHA I'PpYyIIIIaMHU.

Immobillangan ligand — bu faol kimyoviy guruhlar (NH2,—COOH,—OH,=N-) polimer
yoki noorganik matritsa (masalan, silikagel, polistirol, xitozan) yuzasiga kovalent yoki
fizik usulda biriktirilgan holda mavjud bo‘ladi.
Bunday strukturaviy tuzilish quyidagicha ahamiyatga ega bo‘ladi:

- Ligandning eruvchanligini kamaytiradi;

- Sorbsiyani kuchaytiradi;

- Sorbentni gayta ishlatishga imkon beradi;

Immobillash usullariga quyidagilar kiradi:

- Kovalent bog* bilan biriktirish (reaktiv silanlar orqali);

- lon almashinish asosida biriktirish;

- Fizik adsorbsiya yoki kapsulyatsiya;

Fe(I1) va Ni(Il) ionlarining sorbsiyasi mexanizmiga quyidagicha ta’rif berish mumkin.
Sorbsiyalash jarayoni ikki bosgichda kechadi: 1-bosgich diffuziya bosgichidir.Bu
bosgichda metall ionlari sorbent yuzasiga yaginlashadi. 2-bosqgich kompleks birikmalar
hosil bo‘lish bosqichidir. Bu bosqichda ionlar liganddagi donor atomlar(N,O) bilan
koordinatsiya bog‘lari hosil qiladi. Masalan misol tariqasida quyidagilarni ko‘rsatish
mumkin:

M2++Le[M(L)]2+\text{M}"{2+} + L \leftrightarrow
IM(L)|"{2+}M2++L—[M(L)]2+ bu yerda M = Fe(ll), Ni(Il) va L = ligand.

¥ ' Metallokomplekslarning tuzilishini
quyidagicha tushuntiramiz:
\/ =

Azot va kislorod donor atomlariga ega

G ligandlar bilan Fe(ll) va Ni(ll) odatda
oktaedrik yoki tetraedrik komplekslar hosil

e giladi.
Dﬁ Masalan:

Fe(I) — [Fe(N204)] yoki [Fe(Os)]
koordinatsion geometriya
Ni(IT) — [Ni(N4O2)] yoki [Ni(Ne)]
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Komplekslar tahlili uchun usullar:

- UV-Vis spektroskopiya — d—d o‘tishlar orqali kompleks hosil bo‘lishni

aniqlash.

- IR-spektroskopiya — N-H, C=0, M—N, M-0 bog‘lar tebranishlarini

o‘rganish.

- AAS yoki ICP-OES - sorbsiya miqdorini (ionlar konsentratsiyasi
o‘zgarishini) aniqlash.
- pH-titratsiya — kompleks hosil bo‘lish barqgarorlik konstantasini aniqlash.
Sorbsiyani quyidagi modellarga asoslanib baholash mumkin:

- Langmuir modeli (bir gatlamli sorbsiyaga),

- Freundlich modeli (ko‘p qatlamli sorbsiyaga),
- Temkin yoki Dubinin—Radushkevich modellari (energiya bo‘yicha tahlil).
Bu modellar orqali: Maksimal sorbsion sig‘im (gmax), Sorbsion energiya (E),
Adsorbsion doimiy (K) giymatlari aniglanadi.
1-jadval. Kompleks birikmalarning nomlanishi

Kompleks Marka | Ligand(l | Zary | Shakli | Rangi | Nomi
birikma ziy | ar) ad
atom
[Cu(NHa) ANH3 | Cu* 2+ Tetraed | Kok | Tetramminmis
] rik / (1) ioni
Kvadrat
[Fe(CN)s]*~ Fe3* 6CN3 3- Oktaedr | Yashi | Geksaxlorokobal
ik I t
(1) ioni
[CoCls]*- Co** 6 Cl 3—- Oktaedr | Yashi | Geksaxlorokobal
ik I t
(1) ioni
[Ag(NHs)2]* Ag' 2 NHs +1 Chizigli | Rangs | Diamminkumus
iz h
(1) ioni
[Ni(CO)4] Ni° 4 CO 0 Tetraed | Rangs | Tetrakarbonilnik
rik iz el(0)

Tadgiqotning amaliy ahamiyati quyidagilardan iborat.

1. Sanoat ogava suvlaridan Fe(lI1), Ni(ll) ni tozalash.
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Biotibbiyotda metall tashuvchi yoki dori tashuvchi komplekslar yaratish.
Katalitik tizimlar uchun faol markazlar tayyorlash.
Bioinspiratsion (tabiatdan ilhomlangan) katalizatorlar yaratish

Foydalanilgan adabiyotlar ro‘yxati
T.A. Safarov, “Kompleks birikmalar kimyosi”, Toshkent - 2018.
“Noorganik kimyo laboratoriya mashg‘ulotlari”, TATU nashriyoti- 2021.
N.A. Parpiyev, Sh.A. Kadirova, D.S. Raxmonova, Yu.E. Ibragimova Noorganik

kimyo. Toshkent. “O‘qituvchi” nashriyoti - 2019 yil.

4.

X.R.To‘xtayev. Noorganik kimyo, Fan va texnologiya nashriyoti nashriyoti

Toshkent. 2018 yil.

5.

Eshmamatova N.B., Mirxamitova D.X., Azimova G.S. Noorganik kimyo

Darslik-Toshkent: Tafakkur nashriyoti, 2020.
Axborot manbalari.
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MATEMATHYECKOE MOJIEJIMPOBAHUE TUIPOIUHAMNYECKOTO
MPOLIECCA MOJ3EMHOTIO BBIEJAYUBAHUS C YYETOM
U3MEHEHMS THAPOJIUHAMMNYECKNX MAPAMETPOB IMMOPUCTO
CPEJIbI

Pasmanos H.!, Ycmonos JI.!
'HWU passutus upOBBIX TEXHOIOTHI U HCKYCCTBEHHOTO MHTEIUIEKTa, 100125,
V36ekucrad r, TamkeHT, M-B. by3-2, 17A,
ravshanzade-09@mail.ru, uslochinbek@gmail.com,

AHHOTAIIUSA

B crarbe npencraBieHa MaTeMaTH4ecKasi MOJICNIb U QJITOPUTM YHUCIEHHOTO PEIICHUS
3ajayd, JUISI  UCCIENOBAaHUA THJPOJMHAMHYECKOrO0  Ipolecca  IMOA3EMHOIO
BBIIIEJIAYMBAHUS B HEOJHOPOAHOW TOPUCTOM Cpele C Y4YEeTOM KUHETHKHU
MaccooOMEHa, 3aKOH Jiehopmarus ciios 3aBECUBIIMECS OT KOA(P(ULIMEHTA YIIPYTOCTH,
M3MEHEHHUE MOPUCTOCTh B 3aBUCUMOCTH OT HAIOpa, a TaK K€ NPOHUIAEMOCTh PyJAHOIO
pe3epByapa ¢ LEIbI0 pa3pabOTKU pPYIHBIX MeCTOpoxkJIeHuil.  Pa3paboraHHbIN
MaTeMaTUYECKHU armapaT o3BOJIIET IPOBECTH KOMIUIEKCHOE UCCIIEOBAHNE CBOKCTB
PYIHOTO IUTacTa, ONTUMHU3UPOBATH  PACIOJOKEHUWE  JKCIUTyaTallMOHHONW |
HarHeTaTeJIbHONW CKBa)XKMHBI, ONPEICIUTh W3MEHEHUE MOPUCTOCTH MOJA JEHCTBHEM
JAaBJEHUS, a TaKKe MPOaHAIM3UPOBATh U 0bOecneunTh (HakTop, oOecrneynBarOIIUn
3alIUATY TOJ3EMHBIX BOJ OT 3arpsi3HEHUS.

KuiroueBrble cji0Ba: 1M0A3€MHOE BhINIEIAYUBAHUE, MATEMATUYECKOE MOJIETMPOBAHHE,
bunsTpanys, 1uddy3us, KWHETUKA, TOJIE3Hasi KOMIIOHEHTA, YUCIICHHbIE METO/IbI.
ITocTanoBKa 3a1aun

Hcxond W3 BBIIIEM3JIOXKEHHOIO, JUIsl  M3Y4YEHMs  Ipolecca  IMOJA3EMHOIO
BBIIEJIAYMBAHNUST HEOOXOJAMMO OMNpeAeuTh (YHKIUIO KOHIICHTPAIMU TOJE3HOTO
KOMIOHEHTA C,(x,y,2,t) B OrpaHUYEHHON HEOJHOPOAHOM 00IacTh

={(xy,2,t), 0<x<L,, 0<y<L, 0<z<L, O<t<T}.

B sToM citydae pacnpocTpaHeHue 1moJis Harop H onpenenseTcs U3 ypaBHEHUH pexkuMa
yIpyrou puibTpanuu:

ﬂh%:%[/ch%—;l}tg{/( %_I}+Q{Kha—H}+ F-F, (1)

C HA4YaJIbHBIM.

H| =H,, (2)

t=0

U I'PaHUYIHBIM YCJIIOBUAM:
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RS s ) 3)
e R GRLN! @
K%y_o — L E(H—-H,), (5)
"%L =, E(H —H,) (6)

Sl =0 (7)
K%—';'H _LE(H=H,), 8)

rne H — Benmmunna mamopa, (m); H,— HauanpHOe 3HAaUeHHe Hamopa, (M); M— BelnYnHa
K03 duULIeHTa TIOPUCTOCTH; K — K03 dumueHT GribTpanuu, (M/cyt); {—Bpems (cyT).
h —mormHOCTE pymoHOCHOTO acTa (M); f— K03(pPUIHEHT YyIpyrod eMKOCTH, (
m?/kg); t,1,,,— KOHCTaHTHI, IpuHUMaroIue 3Hadenuss 0 win 1; L — xapakrepHas

mmuHa (M); £ — kKodpuIMeHT It TpUBEeHHS B pa3MepHocTH (1/cyT);
F=F(xy.z1) qu, =%y =¥i52-2,5),  R=F(xy.z1) Zqzj )(X=% Y=Y, 2=2,):

0.,(t) m q2,i(t)_ COOTBETCTBCHHO, JCOUTHI HArHETATEIBHOW W DKCIUTyaTaIl[MOHHOM

CKBa)X1H;
Lx=x,y=VY,2=12 o I
= - ACJIbTa- HKIOMA JAUpaKa.
O, X#X,Y#Y,2#L Y P

PacnipocTpaHenne moiis peareHTa ONpEAeISICTCS IyTeM pEIICHUS ypaBHEHHUS
KOHBEKTUBHOU TudPy3un:

o(mC) _ o D, oC, E-}C ac +Q D, oC, L oC, 6C
ot OX OX 8y 0z oy OX ay 0z (17)
L0 [ec ac,  ac])_awe) ML) av,C)
al Pl eax oy @ ox oy oz
C HaYaJIbHBIM Y TPAHUYHBIM YCIIOBUSAMU:
C1|t:0 = 0’ (18)
C=0, (x,y,2)eq,. (19)

Hckomoe pacnpeneneHue (QyHKIMM KOHLEHTPALUMU II0JIE3HOTO KOMIIOHEHTA
OTIpEEIAETCS MyTEM PELIEHMS CIEAYIOLEr0 YPaBHEHUS:
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o(mC,+N) (D {ac ., 0C, , C, D+ d (Dz{acZ+acZ+aCZD+

o ox ox oy oz | oy x oy oz (20)
,2(p [ o, o, _av,C,) aV,C) a,C)
0z ox oy oz OX oy oz '
C HaYaJIbHBIM:
G, L:O = Cz,m (21)
Y TPAaHUYHBIMU YCJIIOBUSMMU:
oC,| _ 3
6X . - llg(cz C2,0)1 (22)
oC, _ B
o “w(CC) 23)
oC,
=-1,¢(C,-C,,), 24
ay o 2 2 2,0 ( )
oC
—2  =1£(C,-C,,), 25
), G (25)
oC,|
3 y =0, (26)
oC,
o7 . = laé/(cz _Cz,o)' (27)

I'ne Cl— KOHLICHTPALUS 3aJJMBOYHOW KUJKOCTH, C,— KOHLEHTpaLMs IOJyYCHHOU
cmect, G, — rpanuna miacra; Dy, D,,,D,— xosdpduumenter muddysuu, V,,V,,V,

CKOPOCTh (PUIIbTpaIlMu OompenensieTcs 3akoHoM Jlapcu u ompenensieTcs Caeayrolum
obpazom:

V, ——K% \% :—Ka—H, V, __K6_H

OX Y oy oz

¢ — K03 GUIMEHT ISl MPUBEICHUE B pAa3MEPHOCTH TIOCTAaBJICHHOM 3a1a4u (1/m).
3AKJIFOYEHHUE
JIIsT  KOMIIEKCHOTO ~ HWCCJICIOBaHMS, MOHHTOPHHTAa W TPOTHO3UPOBAHUS
TUAPOAMHAMUYECKOTO TMpOIecca IMOA3EMHOTO TepEeMEINBAaHU W (PUIBTPAIAA
KUAKOCTH B TIOPHUCTHIX cpedax Obwia pa3paboTaHa MaTeMaTH4yecKas MOJIENb,
XapakTepu3yromasacs cucreMor aud@epeHIMaNbHBIX ypaBHCHUH B  YaCTHBIX
MIPOU3BOIHBIX C HAYAJTHLHBIMU U TPAHUYHBIMU YCIIOBHSIMHU.
[IpenyioxxeHHas MaTeMaTU4deCcKasi MOJIEIb MO3BOJISIET KOMIUIEKCHO H3y4aTh MapaMeTPhI

pyAHOTO 11aCTa, BBI6I/IpaTI) OIITUMAJIBHOC MCCTOIIOJIOKCHUC IMUTAIOIMNX U IIPUCMHBIX
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CKBAJKMH, OLCHHBATHL HMX PACXO[, M3y4daTb IMOPHUCTOCTL KaK (l)yHKHI/IIO AJAaBJICHUA U
YUYUTBIBATH 3alIUTY I'PYHTOBBIX BOJ OT JKUJAKOCTHU KHCJIOTHI.
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MATEMATIKA FANINI O'QITISHDA TADQIQOT HAMDA
INNOVATSION METODLARDAN FOYDALANISH SAMARDORLIGI

Abduxamidov Sardor Kaxarboyevich
Toshkent davlat transport universiteti assistenti
Sobirov Diyorbek Yuldash o°‘g‘li, O ‘rinova Fotima Hoshim qizi, G ‘aniyev
Muhammadgqodir Rahimjon o ‘g ‘li, Amonov Mirabbos Ilyos o ‘g ‘li
Toshkent davlat transport universiteti talabalari

Annotatsiya: Ushbu maqolada matematika fanini o‘qitishda tadqiqot va innovatsion
metodlardan foydalanishning samaradorligi tahlil gilinadi. Zamonaviy pedagogik
texnologiyalar, interaktiv usullar va ilmiy-tadqiqot faoliyati orqali o‘quvchilarning
matematik ko‘nikmalari, analitik fikrlash va mustaqil ishlash qobiliyati qanday
rivojlanishi o‘rganilgan. Shuningdek, innovatsion metodlarning dars jarayonida
qo‘llanilishi matematikani o‘rganishga bo‘lgan qiziqishni oshirishga va o‘quvchilarni
amaliy bilimlar bilan mustahkamlashga ganchalik yordam berishi tahlil gilinadi.
Magola natijalari pedagoglar va metodistlarga matematika fanini samarali o‘qitishning
zamonaviy yo‘nalishlarini ishlab chiqishda amaliy ko‘rsatmalar beradi.

Kalit so‘zlar: Matematika ta’limi, tadqiqot metodlari, innovatsion texnologiyalar,
o‘quv jarayoni, interaktiv metodlar, pedagogik samaradorlik, analitik fikrlash, ilmiy-
tadgiqot faoliyati.

Matematika — o‘quvchilarda mantiqiy fikrlash, muammolarni yechish va analitik
gobiliyatlarni shakllantirishga xizmat giluvchi asosiy fanlardan biridir. Bugungi kunda
ta’lim jarayonining samaradorligini oshirish uchun an’anaviy usullar bilan bir qatorda,
tadgigot va innovatsion metodlardan foydalanish katta ahamiyatga ega. Tadgiqgot
metodlari o‘quvchilarni faollashtiradi, mustaqil izlanishlarga undaydi va matematik
bilimlarni chuqurroq egallashga imkon yaratadi. Shu bilan birga, innovatsion metodlar,
masalan, interaktiv darslar, ragamli vositalar, modellashtirish va loyiha asosida
o‘qitish, matematikani o‘quvchilarga yanada qizigarli va tushunarli giladi.

Zamonaviy ta’lim jarayonida nafaqat bilim berish, balki o‘quvchilarning mustagqil
fikrlash gobiliyatini rivojlantirish, kreativ yondashuvlarni shakllantirish va ularni real
hayotdagi muammolarni yechishga tayyorlash muhim hisoblanadi. Shu nugtai
nazardan, tadqiqot va innovatsion metodlarni o‘qitish jarayoniga integratsiyalash,
pedagogik samaradorlikni oshirishning eng samarali vositalaridan biri hisoblanadi.
Ushbu maqolada matematika fanini o‘qitishda tadqiqot va innovatsion metodlarning
samaradorligi, ularning dars jarayonida qo‘llanishi, o‘quvchilarning bilim, ko‘nikma
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va qiziqishlariga ta’siri hamda pedagoglar uchun amaliy tavsiyalar keltiriladi. Shu
orgali maqola nafagat nazariy asoslarni, balki amaliy tavsiyalarni ham tagdim etadi, bu
esa zamonaviy ta’lim muhitida matematika fanini o‘qitish sifatini oshirishga xizmat
giladi.

Matematika o'gitish jarayonida zamonaviy pedagogik yondashuvlar qo'llanilishi
muhim ahamiyatga ega. Ular orasida tadqiqot metodi matematik tafakkurni
rivojlantirishda alohida o'rin egallaydi. Tadqiqot metodi o'quvchilarda mustaqil
fikrlash, muammolarni hal qilish va gizigishlarni rivojlantiradi. Ushbu maqolada
tadqiqot metodining ta'lim jarayoniga go'shadigan hissasi va uning samaradorligi
batafsil yoritiladi.

Tadqigot metodining asosiy tushunchalari

Tadgiqot metodi bu — o'quvchilarga mustaqgil tadgigot olib borish imkoniyatini
beradigan metod bo'lib, ularning aqliy faoliyatini faollashtiradi. Bu metod yordamida
o'quvchilar aniq ma'lumotlar asosida muammolarni tahlil qilish, savollar berish va
javob izlash kabi faoliyatlarni amalga oshiradi. Tadqiqot metodining quyidagi asosiy
jihatlari ajratib ko'rsatiladi:

Izlanish: O'quvchilar o'zlarining qiziqishlaridan kelib chiqib, matematik masalalar va
muammolarni mustagil o'rganadilar.

Mustaqil fikrlash: Har bir o'quvchi o'z fikrlarini erkin ifoda qilish, xulosalar chigarish
imkoniyatiga ega bo'ladi.

[jodiy yondashuv: Tadqiqot metodida ijodkorlik ko'nikmalarini rivojlantirish
Imkoniyati yugori bo'ladi.

Tadqiqot metodining ta'limdagi samaradorligi

Matematika o'gitishda tadqiqot metodining samaradorligi o'quvchilarning bilimlarni
mustaqil o'rganish jarayonida yuzaga keladi. Ushbu metod yordamida o'quvchilar
mavzuni o'zlari izlab topgan ma'lumotlar asosida chuqurrog tushunib olishadi. Bu
metodning samaradorligi quyidagilarda namoyon bo'ladi:

O'quvchilarning faolligi oshadi: Tadqiqot metodi o'quvchilarning bilim olish
jarayoniga faol jalb bo'lishlarini ta'minlaydi.

Matematika fanini o'zlashtirish darajasi oshadi: O'quvchilar mavzuni o'zlari tahlil qilib,
bilimlarni o'zlashtirgani sababli, matematik tushunchalarni yaxshiroq tushunadilar.
Muammoli vaziyatlarni hal qilish ko'nikmalari rivojlanadi: Tadqiqot metodi
o'quvchilarda matematik muammolarni mustaqil hal qilish qobiliyatlarini
shakllantiradi.

Amaliy tajribalar va natijalar

Tadqiqot metodining samaradorligini o'rganish magqgsadida bir nechta tajribalar
o'tkazildi. Tajribalarda tadqiqot metodi asosida dars berilgan o'quvchilar matematik
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bilimlarni yaxshiroq o'zlashtirgani va mustaqgil tadgigot qilish qobiliyatlarini
rivojlantirgani kuzatildi. Tajribalar natijalari shuni ko'rsatadiki, tadqiqot metodidan
foydalanilgan sinflarda o'quvchilarning matematik tafakkuri sezilarli darajada oshdi.
Matematika o'qitishda tadqiqot metodi samarali yondashuvlardan biri hisoblanadi.
Ushbu metod yordamida o'quvchilarda mustaqil tadqgiqot qilish, fikrlash va
muammolarni  hal qilish ko'nikmalari rivojlanadi. Tadgigotlar natijasida,
o'quvchilarning matematik bilimlari va muammoli vaziyatlarda to'g'ri qaror gabul
qilish qobiliyatlari rivojlantirilishi ko'zga tashlandi. Tadqiqot metodidan foydalanish
kelajakda o'qitish jarayonining samaradorligini oshirishda muhim ahamiyat kasb etadi
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KASBGA YO‘NALTIRILGAN INGLIZ TILI (ESP)NI ODDIY DARSLARDA
JORIY ETISH USULLARI

Eshqorayeva Ibodat
Termiz shahar 2-son texnikumi Ingliz tili fani o‘qituvchisi

Annotatsiya.

Professional ta’lim muassasalarida ingliz tilini o‘qitishning markaziy vazifasi —
talabaning kelajakdagi kasbiy vazifalariga mos til vositalari va nutgiy harakatlarni
shakllantirishdir. Shu ehtiyojdan kelib chiqib, kasbga yo‘naltirilgan ingliz tili (English
for Specific Purposes — ESP) yondashuvi texnikum va kollejlar uchun aynigsa dolzarb
sanaladi. Amaliyotda esa ESP alohida fan yoki maxsus kurs sifatida ko‘rilib, “oddiy”
(General English) darslaridan ajratib qo‘yiladi; natijada o‘qituvchi dars jadvali, resurs,
vaqt va baholash talablariga mos “integratsiyalangan” modelni topishda giynaladi.
Ushbu magolada ESPni oddiy darslar tarkibiga bosgichma-bosgich joriy etishning
metodik usullari taklif etiladi: ehtiyoj tahlili (target situation analysis), kasbiy vazifa-
bank (task bank) tuzish, o‘quv natijalarini kompetensiya formatida yozish,
materiallarni moslashtirish (adaptation), leksika va grammatikani “ish vazifasi”
kontekstida berish, mikro-loyihalar va role-playlar orgali performance baholashni
yo‘lga qo‘yish, formatif baholash vositalari (check-list, exit-ticket, mini-rubrika)
yordamida progressni boshgarish. Natijalar gismida 4 haftalik namunaviy mini-modul
va “oddiy darsni ESPga aylantirish” uchun ishlatiladigan amaliy shablonlar (lesson
skeleton, moslashtirish chek-listi, rubrika) keltiriladi. Taklif etilgan model resurs
cheklangan sharoitda ham ESP elementlarini tizimli Kiritish, talabaning motivatsiyasini
oshirish va baholashning shaffofligini kuchaytirishga xizmat qiladi.

Kalit so‘zlar. ESP, professional ta’lim, kasbga yo‘naltirilgan ingliz tili, ehtiyoj tahlili,
task-based yondashuv, material moslashtirish, rubrika, formatif baholash.

Kirish
Professional ta’lim muassasalari (texnikum, kasb-hunar maktablari va kollejlar) ta’lim
natijasini “ishlay oladigan bitiruvchi” mezoni bilan o‘lchaydi. Til ta’limi ham bundan
mustasno emas: talaba ish joyida xavfsizlik bo‘yicha ko‘rsatmalarni tushunishi, jihoz
va jarayonlarni izohlashi, mijoz yoki hamkasb bilan sodda va tushunarli mulogot
gilishi, gisqa yozma hujjatlarni (email, ariza, buyurtma, hisobot) tayyorlay olishi kerak.
Shu nuqtayi nazardan, professional ta’limdagi ingliz tili darslari umumiy grammatika

1PN3

va mavzularni “o‘tish” bilan cheklanib qolsa, real kasbiy ehtiyojlar qoplanmaydi.
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Kasbga yo‘naltirilgan ingliz tili (ESP) — ingliz tilini muayyan kasb yoki soha
ehtiyojlariga mos kommunikativ vazifalar orqali o‘rgatishga qaratilgan yondashuv.
ESPning muhim jihati shundaki, u “qaysi so‘zlar va qoidalarni o‘rgatamiz?” savolidan
ko‘ra, “talaba ingliz tilida nimalarni qila olishi kerak?” savolini birinchi o‘ringa
qo‘yadi. Biroq ko‘p ta’lim muassasalarida ESP alohida kurs talab giladigan murakkab
tizim sifatida gabul gilinadi. Aslida esa ESPni oddiy darslarga integratsiya qilish
mumkin: darsning 20-40 foizini kasbiy vazifalar, autentik yoki yarim-autentik
materiallar, role-play va mikro-loyihalar tashkil etsa, qolgan gismi umumiy til
poydevorini mustahkamlaydi. Eng asosiysi — integratsiya tasodifiy emas,
rejalashtirilgan bo‘lishi kerak.
Ushbu magqola professional ta’lim sharoitida ESPni “oddiy darslar”ga joriy etish
bo‘yicha amaliy metodik yechimlarni beradi. Maqgsad — o‘qituvchiga resurs cheklovlari
(vaqt, dars soati, darslik, auditoriya hajmi) sharoitida ham kasbiy yo‘nalishni
kuchaytiradigan, natija va baholashga ulangan reja yaratishga yordam berishdir.
Metodologiya
Mazkur metodik tadqiqot ta’lim dizayni tamoyillariga tayangan holda
“integratsiyalashgan ESP”” modelini ishlab chigishga garatildi. Yondashuvning asosiy
g‘oyasi — ESPni alohida kursga aylantirmasdan, General English birliklariga “kasbiy
vazifa” va “kasbiy til” komponentlarini qo‘shishdir. Model quyidagi yetti bosqichdan
iborat.
1-bosqich. Ehtiyoj tahlili (needs analysis) va “target situation”ni aniqlash. Texnikum
yo‘nalishiga qarab (IT, turizm, mexanika, tibbiyot, servis) talaba duch keladigan tipik
vaziyatlar ro‘yxati tuziladi: salomlashish va xizmat taklifi, xavfsizlik qoidalari, asbob-
uskunani tanishtirish, nosozlik haqida xabar berish, buyurtma qabul qilish, yo‘rignoma
(manual) o‘qish, jadval/ko‘rsatkichlarni tushuntirish va hokazo. Ehtiyojni tez yig‘ish
uchun 10-12 savollik mini-so‘rovnoma, ustozlar/intervyu, amaliyot rahbari bilan qisqa
suhbat ham yetarli bo‘lishi mumkin. Muhimi — “til mavzusi” emas, “ish vazifasi”
markazga chigadi.
2-bosgich. Kasbiy vazifa-bank (task bank) tuzish. Har bir vazifa oddiy formatda
yoziladi: “Talaba ... vaziyatda ... maqgsad uchun ... gapiradi/yozadi/o‘qiydi/tinglaydi”.
Masalan: “Talaba ustaxonada xavfsizlik bo‘yicha 5 ta qoidani tushuntiradi”; “Talaba
mijoz shikoyatini eshitib, uzr so‘raydi va yechim taklif qiladi”. Vazifa-bank keyingi
bosqichlarda dars rejasini “ESPga moslashtirish”da tayanch bo‘ladi.
3-bosqich. O‘quv natijalarini aniq yozish (learning outcomes). Natijalar kuzatiladigan
fe’llar bilan ifodalanadi: “tushuntiradi”, “taqqoslaydi”, “so‘raydi”, “javob beradi”,
“to‘ldiradi”, “yozadi”, “ko‘rsatadi”, “muammo yechimini taklif qiladi”. Natija CEFR
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darajalari bilan mos keladigan murakkablikda belgilanadi (masalan, A2—B1: 3-5 gap;
B1-B2: gisga dialogni boshqarish, sabab-ogibatni aytish).
4-bosqgich. Materiallarni moslashtirish (materials adaptation). Darslikdagi umumiy
mavzu (masalan, “Shopping”, “Daily routines”, “Health”) kasbiy kontekstga
ko‘chirilib, leksika va dialoglar qayta yoziladi. Moslashtirishning 4 turi qo‘llanadi: (a)
gisqartirish (reducing) — ortigcha matnlarni olib tashlash; (b) almashtirish (replacing)
— misol va personajlarni kasbga moslashtirish; (c) qo‘shimcha kiritish (adding) —
kasbiy termin, dialog shabloni, ko‘rsatma matni; (d) tartibni o‘zgartirish (re-ordering)
—awvval vazifa, keyin qoida (induktiv).
5-bosqich. “Til + vazifa” integratsiyasi: leksika, grammatikani funksional berish.
ESPda grammatika “o‘zi uchun” emas, funksiyani bajarish uchun kerak. Masalan,
modallar (must, have to, can) — xavfsizlik va ruxsat; imperativ — yo‘rignoma; Present
Continuous — jarayonni tasvirlash; Past Simple — nosozlik tarixini aytish. Leksika esa
yakka so‘zlar emas, tayyor birikmalar (chunks) ko‘rinishida beriladi: “How can I help
you?”, “Let me check it”, “You need to...”, “It seems that...”.
6-bosqich. Dars ichida performance faoliyatlarini tashkil etish. Oddiy “mashq” (fill in
the blanks)dan tashgari, kasbiy chigishlar (mini-presentation), role-play (mijoz—
xodim), “troubleshooting dialogue”, poster/infografika tayyorlash, audio javob (voice
message) kabi topshiriglar kiritiladi. Bu topshiriglar baholashning ham daliliga
aylanadi.
7-bosqgich. Baholashni oddiy va shaffof gilish. Katta testlar bilan birga kichik formatif
baholash vositalari ishlatiladi: exit-ticket (1-2 savol), check-list (3-5 band), mini-
rubrika (2-3 mezon). Yakuniy (summativ) baholash esa kasbiy vazifani bajarish
shaklida bo‘ladi: dialog, qisqa yozma xabar, yo‘rignoma asosida ish ketma-ketligini
tushuntirish.
Metodik modelni amaliyotga joriy etishda “ESP-ification” (oddiy darsni ESPga
aylantirish) algoritmi tavsiya etiladi: (1) dars mavzusini tanlash; (2) shu mavzuga mos
kasbiy vazifani task bankdan olish; (3) natijani 1-2 jumlada yozish; (4) darslikdagi
inputni kasbiy kontekstga moslashtirish; (5) 10-12 ta chunk va 6-8 ta termin tanlash;
(6) role-play yoki mini-loyiha bilan yakunlash; (7) mini-rubrika bilan baholash.
Natijalar
Taklif etilgan integratsiyalashgan ESP modeli natijasi sifatida professional ta’lim
o‘qituvchisi uchun uchta amaliy mahsulot ishlab chiqiladi: (1) kasbiy vazifa-bank (task
bank) va u bilan bog‘langan o‘quv natijalari ro‘yxati; (2) “oddiy darsni ESPga
moslashtirish” uchun shablon (lesson skeleton); (3) moslashtirish chek-listi va
baholash rubrikasi. Quyida ushbu natijalarning namunaviy ko‘rinishi beriladi.
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1) Lesson skeleton (ESPga mos dars skeleti). Dars 80 dagiqa bo‘lsa, quyidagi tagsimot
amaliy jihatdan qulay: 10 dagiga warm-up (kasbiy vaziyat savoli), 15 dagiga input
(moslashtirilgan dialog/matn), 20 dagiga guided practice (chunk + struktura), 25
dagiga task/performance (role-play yoki mini-loyiha), 10 dagiga feedback va exit-
ticket. Shunday qilib, darsning kamida 3540 foizi kasbiy vazifa bajarishga sarflanadi,
ammo umumiy til poydevori ham saglanadi.

2) Materials adaptation chek-listi (qisqa). O‘qituvchi har bir moslashtirilgan material
uchun 8 bandni tekshiradi: (a) kasbiy vaziyat anigmi; (b) magsadli auditoriya
(A2/B1)ga mosmi; (c) 8-12 ta foydali chunk bormi; (d) terminlar soni me’yoridami
(6-10); (e) grammatik fokus funksiyaga bog‘langanmi; (f) topshiriq yakunida “ish
vazifasi” bajariladimi; (g) baholash mezoni yozilganmi; (h) xavfsizlik/etika qoidalari
buzilmaganmi.

3) 4 haftalik mini-modul namunasi. Yo‘nalish: “Ustaxona va jihozlar bilan ishlash
(Workshop English)”. Umumiy magqsad: talaba ustaxonada oddiy ko‘rsatmalarni
tushunishi va asbob-uskunalar, xavfsizlik, nosozlik bo‘yicha gisqa muloqotni olib bora
olishi.

Quyidagi jadval “natija—til materiali—asosiy vazifa—baholash” mosligini ko‘rsatadi.

aytadi va yordam
so‘raydi.

Perfect
(soddalashtirilgan);
“It stopped working”,

dialog: xodim-usta
(savol-javab).

O‘quv  natijasi | Til materiali | Asosiy kasbiy | Baholash dalili
(hafta) (chunk/grammatika) | vazifa (task) (qisga)
Xavfsizlik must / have to; “You | Safety briefing: | Mini-rubrika:
bo‘yicha 5 ta|must...”, “Wear...”,|guruh oldida 1|aniglik + mos
goidani sodda | “Don’t...” dagiqgalik leksika (2
gaplarda aytadi. tushuntirish. mezon).
Asbob-uskunani | “It is used for...”, “It | Tool introduction: 3 | Check-list: 3
nomlaydi va | helps to...”, noun|ta asbob hagida|asbob + 3
vazifasini 2-3 | chunks juftlikda “show and | funksiya to‘g‘ri
gapda izohlaydi. tell”. aytildi/yo‘q.
Oddiy nosozlikni | Past Simple / Present | Troubleshooting Teacher  quick

rating: mantiq +
odob (2 mezon).

“Ican’t...”
Ko‘rsatma Imperativ; Procedure Exit-ticket:
(instruction) sequencing: explanation: “How | bosgichlarni
bo‘yicha 4-5 | first/then/after to ...” (2 daqiqa). to‘g‘ri  tartibda
bosgichni ketma- | that/finally yozish.
ket aytadi.
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Yakunda qisqa | email phrases: “T | Written task: ustaga | Rubrika:
email/telegram would like to | 80-100 so‘zli xabar. | mazmun + til
xabarida report...”,  “Please aniqgligi + format
muammoni bayon | advise...”, polite (3 mezon).
giladi. request

Jadvaldan ko‘rinadiki, har bir hafta uchun natija aniq, til materiali funksional tanlangan
va baholash dalili kichik, ammo o‘lchanadigan shaklga keltirilgan. Shu tarzda ESP
elementlari darslikdan tashqari alohida “og‘ir” kurs bo‘lib qolmaydi; aksincha, mavjud
dars strukturasiga tabiiy qo‘shiladi.
Yakuniy (summativ) baholash namunasi sifatida 6—7 daqiqalik “workplace scenario
exam” taklif etiladi: talaba (1) xavfsizlik qoidasini eslatadi (1 daqiqa); (2) asbobni
tanishtiradi (1 daqiqa); (3) nosozlik bo‘yicha dialog giladi (2 daqiga); (4) gisqa yozma
xabarni to‘ldiradi (2—3 dagiga). Baholash 4 komponentdan iborat rubrika bilan amalga
oshiriladi: mazmunning to‘g‘riligi, tushunarlilik (intelligibility), kasbiy leksika
mosligi, mulogot odobi. Bunday integratsiyalangan baholash talabaning real ishga
yaqin kompetensiyasini ko‘rsatadi.
Modelning qo‘shimcha amaliy natijasi sifatida o‘qituvchi uchun “vazifa-bank™ni
kengaytirish mexanizmi ham taklif gilinadi: har semestr oxirida amaliyot rahbarlari va
soha ustozlaridan 10 ta yangi vaziyat yig‘iladi; keyin ular A2/B1 darajaga moslab gayta
yozilib, keyingi semestr dars rejalariga kiritiladi. Bu jarayon ESPni “bir martalik
loyiha”dan “tizimli yangilanib boradigan metodika”ga aylantiradi.

Muhokama
Integratsiyalashgan ESP yondashuvi professional ta’lim uchun bir nechta metodik
afzalliklarni beradi. Birinchidan, darsning kommunikativ magsadi keskin aniglashadi:
talaba “present simple”ni yodlash uchun emas, ish vazifasini bajarish uchun qo‘llaydi.
Bu esa motivatsiyani oshiradi, chunki talaba o‘rgangan tilning ‘“darhol foydasi™ni
ko‘radi. Ikkinchidan, baholash tabiiylashadi: testdan tashqari real vazifa (dialog,
tushuntirish, xabar) baholash daliliga aylanadi. Uchinchidan, o‘qituvchi darslikdan
butunlay voz kechmaydi; darslik poydevor bo‘lib qoladi, ESP esa uni “kasbiy
kontekst” bilan boyitadi.
Biroq muayyan cheklovlar ham mavjud. Eng ko‘p uchraydigan muammo — resurs va
material yetishmasligi: autentik manual, texnik xavfsizlik plakatlari, soha bo‘yicha
video/audio topish hamma joyda oson emas. Bu holatda “yarim-autentik” materiallar
ishlatiladi: o‘qituvchi real ish hujjati asosida soddalashtirilgan matn yaratadi, lekin
struktura va terminologiyani saglab qoladi. Ikkinchi cheklov — guruhning aralash
darajasi. Buni yumshatish uchun topshiriglar “darajali” qilinadi: A2 daraja uchun
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tayyor iboralar kartochkasi beriladi, B1 daraja esa erkinroq gapiradi; rubrikada esa
minimal mezonlar barcha uchun bir xil, qo‘shimcha mezonlar ixtiyoriy bo‘ladi.
Uchinchi cheklov — vaqt: ESP topshiriglari ko‘proq tayyorgarlik talab qiladi. Shuning
uchun magolada tavsiya etilgan chek-list va lesson skeleton o‘qituvchi yukini
kamaytirishga xizmat giladi.
Muhokama nuqtayi nazaridan, ESPni integratsiya qilishda “muvozanat” tamoyili
muhim: professional ta’limda ham umumiy til kompetensiyasi (basic grammar, core
vocabulary) zarur. Shuning uchun integratsiya modeli darsning ma’lum qismini
(masalan, 60/40 yoki 70/30) umumiy til va kasbiy vazifa o‘rtasida tagsimlashni taklif
giladi. Bu tagsimot yo‘nalish, semestr bosqichi va talaba darajasiga ko‘ra
moslashtiriladi.
Kelgusida metodik izlanishlar uchun ikki yo*‘nalish dolzarb: (1) turli kasb yo‘nalishlari
bo‘yicha (IT, turizm, tibbiyot, servis) “tayyor ESP paketlar” (task bank + rubrikalar +
materiallar)ni yaratish; (2) integratsiyalashgan ESP baholashining ishonchliligi va
adolatliligini rubrika inter-reliability (ikki baholovchi mosligi) orgali tekshirish. Bular
professional ta’limdagi ingliz tili metodikasini yanada dalillarga tayangan holga
keltiradi.
Xulosa

Magolada professional ta’lim muassasalarida kasbga yo‘naltirilgan ingliz tili (ESP)ni
oddiy darslar tarkibiga joriy etishning amaliy metodik modeli yoritildi. Yondashuvning
asosily g‘oyasi — ESPni alohida kurs sifatida “ajratish” emas, balki General English
darslarini kasbiy vazifa va kasbiy til bilan tizimli boyitishdir. Taklif etilgan 7 bosqichli
algoritm (ehtiyoj tahlili, task bank, anig natija, material moslashtirish, funksional til,
performance faoliyat, shaffof baholash) o‘qituvchiga resurs cheklangan sharoitda ham
kasbiy yo‘nalishni kuchaytirishga yordam beradi. Natijada talaba darsda o‘rgangan
tilni real ish vaziyatlariga ko‘chiradi, baholash esa testdan tashqari amaliy dalillar bilan
mustahkamlanadi.
Amaliy tavsiya sifatida o‘qituvchiga quyidagilar taklif etiladi: (1) har semestr boshida
10-15 ta tipik kasbiy vaziyat ro‘yxatini tuzish; (2) har bir darsda kamida bitta “ish
vazifasi” (task)ni yakuniy faoliyat sifatida kiritish; (3) 8—12 ta chunk va 6-10 ta termin
bilan ishlash; (4) check-list yoki mini-rubrika yordamida progressni qayd etib borish;
(5) semestr oxirida integratsiyalangan scenario baholash bilan natijani ko‘rsatish. Shu
yo‘l bilan ESP professional ta’limdagi ingliz tili darslarini natijador, motivatsion va
mehnat bozoriga yaqinlashtirilgan ta’limga aylantiradi.
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HCIOJIb30BAHUE YBPUCTUYECKHUX 3AIAHUM B IOBBIIIEHUH
IMO3HABATEJIbHOM AKTUBHOCTH JIETEX JOIIKOJBHOI'O
BO3PACTA

Yopuena 3ed0unuco OaujioBHa
Uccnenorarens byxapckoro rocy1apcTBEHHOTO MEJArornyeCKoro MHCTUTYTa

AHHOTADNMUSA
B I[aHHOﬁ CTaTbhC paCCMATPUBAIOTCS BO3MOKHOCTHU HCIIOJB30BAHUS 3BPUCTHYCCKHUX
BaI[aHI/Iﬁ B IIOBBIIIIEHUH [MO3HABATEIbHON aKTUBHOCTU I[CTGI?'I JAOMIKOJBHOI'O BO3pacCTa.
OCBGHI&IOTCH MNeaJarorn4cCKuc yCJIOBHA OpraHu3aln 06paSOBaT€JII>HOFO IIpoLeccca Ha
OCHOBC 3BPUCTHYCCKOI'O IIOAXOOAa, HAIIPABJICHHOI'O HA PAa3BUTHC CAMOCTOATCIBHOI'O
MBIIJICHUA, HNCCICO0OBATCIBbCKUX HAaBBIKOB, TBOp‘—ICCKOﬁ AKTUBHOCTHU nu
ITI03HABATEJIBHOTO MHTEPECA AETEN. AHAIM3ZUPYETCS POJb IBPUCTUYECKUX 3aJaHUN B
GbOpMUPOBAHUU Y JTONIKOJBHUKOB CIIOCOOHOCTH K TMOUCKY PELICHUM, BBIIBHKCHUIO
IIPEANIOJIOKEHUN M AKTUBHOMY OCBOEHHUIO OKpYXkaro1iero mupa. Ilogquepkusaercs, 4To
IMPUMCHCHHUC 3BPUCTHYCCKHUX 3a,Z[aHHﬁ CHOCO6CTByeT IIOBBIIICHUTIO S(IJ(I)CKTI/IBHOCTH
00pa3oBaTeNbLHOTO MPOIIEcca U BCECTOPOHHEMY PAa3BUTHIO IMYHOCTH peOCHKA.
KiarwueBbie cJIoBa: 9BPHUCTHYCCKUC 3alaHuAA, JOIIKOJBHOC 06pa30BaHHe,
II03HaBaTCJIbHAasA AaKTHBHOCTD, MO3HAaBaTEIbHBIN HHTCPEC, TBOPUCCKOC MBIIIJICHUC,
CaMOCTOATEIIbHOC MBIIIJICHUEC, HCCIIEea0BATCIbCKAsA ACATCIBbHOCTD, Pa3BUTHUC
JUYHOCTH, MHHOBAIIMOHHBIE METOJIbI 00yUYeHHs, 00pa30BaTEIIbHBIN MPOLIECC.

ABSTRACT

This article examines the possibilities of using heuristic tasks to enhance the cognitive
activity of preschool children. The pedagogical conditions for organizing the
educational process based on a heuristic approach aimed at developing independent
thinking, research skills, creativity, and cognitive interest are discussed. The role of
heuristic tasks in forming preschoolers’ abilities to search for solutions, make
assumptions, and actively explore the surrounding world is analyzed. It is emphasized
that the use of heuristic tasks contributes to increasing the effectiveness of the
educational process and supports the comprehensive development of a child's
personality.
Keywords: heuristic tasks, preschool education, cognitive activity, cognitive interest,
creative thinking, independent thinking, research activities, personality development,
Innovative teaching methods, educational process.
BBeIleHlfle. B YCIOBHAX FJIO6aJII/IBaIII/II/I u CTPEMUTEIIBHOTO Pa3BUTHA
I/IH(bOpMaHI/IOHHOFO 06HICCTBa O,HHOﬁ U3 BaKHEUIIINX 3a1a4 CHUCTEMbI 06p8.30BaHI/I}I
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SIBJISIETCSL BOCIIMTAHUE MOIPACTAIOIIETO NOKOJIEHHS KaK CAMOCTOATENbHBIX, TBOPUYECKH
MBICISIIIIAX JIMYHOCTEH, CHOCOOHBIX aHAJIM3UPOBATH BO3HHUKAIONIHME MPOOJIEMBI H
HaxoauTh 3G EKTUBHBIC MyTH UX pemieHus. Ocoboe MECTO B peanu3alvy JTaHHOU
3aJla4d  3aHUMAET JIOIIKOJIbHOE oOOpa3oBaHHUE, SBISAIOIICECS TIEPBBIM 3BECHOM
HETMpPEephIBHOM cUCTeMbl 00pa3oBaHus. VIMEHHO B  JIOIIKOJILHOM  BO3pacTe
3aKJIaIBIBAIOTCS OCHOBBI JIMYHOCTH PeOEHKA, (OPMHPYIOTCS €ro IMO3HaBaTEIHHBIC
HMHTEPECHI, MBIIIUICHUE, P€Yb, MUPOBO33PEHUE U TBOPUECKHE CIOCOOHOCTHU. B cBsi3u ¢
3THUM HUCIOJb30BAHUE COBPEMEHHBIX MTEIATOTMYECKNUX TEXHOJIOTUHM, HAIPABJICHHBIX Ha
TOBBILICHUE TTO3HABATEILHON AKTUBHOCTH JIETEN JOIIKOJIBHOTO BO3PACTa, CTAHOBUTCS
OJTHOM W3 aKTyalbHBIX 3aJlauy COBpeMeHHOM neaaroruku. B PecryOnuke Y30ekucran
BOIIPOCaM COBEPIIIEHCTBOBAHUS CHUCTEMBI oOpa3oBaHus, pa3BUTHS
WHTEJUICKTYaJIbHOTO TOTEHIIMAJIa MOJIOJIOT0 IOKOJICHUSI W TIOBBIIICHUS KayecTBa
00pa3oBaTEIBLHOIO IpoIlecca yaeNseTcss oco0oe BHHUMaHUE Ha TOCYJapCTBEHHOM
ypoBHe. B 3akone Pecniybnuku Y306ekuctan «O06 oOpa3oBaHUM» OAHOW U3 OCHOBHBIX
uenei odpazoBaHus ornpeaeaeHo (GOpMUPOBAHUE BCECTOPOHHE PA3BUTON JTUYHOCTH,
00J1aaro1Ieil COBpeMEHHBIMU 3HAHUSIMU, CAMOCTOSATEIIBHBIM MBIIIJICHUEM Y BHICOKUM
WHTEJUICKTYAJIbHBIM TOTEHIIMAJIOM. B JaHHOM HOPMAaTHUBHO-IIPAaBOBOM JOKYMEHTE
NOA4YEPKUBACTCS  HEOOXOAMMOCTh BHEJPEHUS COBPEMEHHBIX IEJarOorMUYeCKUX
TEXHOJIOTUH, CIHOCOOCTBYIOIIUX PAa3BUTHIO TBOPYECKUX U HHTEIICKTYaJbHBIX
CITOCOOHOCTEM 00yYaIOIIUXCS.

Kpome Toro, B HOpMaTuBHO-IIPABOBBIX JOKYMEHTAX, HAITPABIICHHBIX HA TAJIbHEHIIIECE
COBEPIIICHCTBOBAHUE CHUCTEMbI JOIIKOJBHOTO 00pa3oBaHUs, 0CO00O€ BHUMAaHHE
yIENSeTCS pPa3BUTHIO TIO3HABATENbHOW JCSATEILHOCTH JeTei, (opMUpPOBAHUIO
HaBBIKOB CAMOCTOSITEIIFHOTO MBIIICHHUS M OPTaHU3aIMK 00pa30BaTeIbHOTO Mpoliecca
Ha OCHOBE HMHHOBAIIMOHHBIX IOAXOJ0B. B wacTHOCTH, rocymapcTBeHHas yuyeOHas
nporpamma «Ilk qadam» npegycmarpuBaer pa3BUTHE MO3HABATEIBHBIX KOMITETCHIIHIMA
neTeil, popMHUpOBaHWE y HHX yMEHUW HAONIONAaTh, aHATW3UPOBATH, CPABHUBATH
SIBJICHUSI OKPY’KAIOIIETO MHpa W JelaTh CaMOCTOSITEIbHBIE BBIBOJBI. Takxke B
Crparerun «Y30ekucran — 2030» cpeau NPUOPUTETHBIX 3a7ady O00O3HAYEHBI
MOBBIIIICHUE KayecTBa OOpa30BaHMs, pPa3BUTHE KPEATUBHOIO W KPUTHUYECKOTO
MBIIIJICHUSI  MOJPACTAIONIETO0  TOKOJEHMS, a TakXke [IUPOKOE BHEIAPEHUE
MHHOBAITMOHHBIX TEXHOJIOTHH B 00pa30BaTeIbHBIN MPOIIECC.

JIOIIKONBHBIM BO3PACT SIBISIETCS BAXKHEUIIIMM MEPHUOJIOM AaKTUBHOTO TMO3HAHMS
OKpY>KaroIllero MUpa, yCBOEHUS HOBBIX 3HAHUIM M HAKOIUICHHS KU3HEHHOIO OmbITa. B
ATOT TIEPUOJ MHTEHCHUBHO PAa3BHBAIOTCS TaKHWE KadyecTBa JIMYHOCTH peOEHKa, Kak
M0003HATEILHOCTh, HAOII0aTeIbHOCTh, BOOOpaKEHUE, JIOTUYECKOE MBIIICHUE U
TBOpYeCckHe crnocoOHOoCcTH. [lo3HaBaTenbHasi aKTUBHOCTh BBICTYHAeT OJHUM U3
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BaXHEHIINX ()aKTOPOB Pa3BUTHS JINYHOCTU PeOEHKA M IPOSBISIETCS B €T0 CTPEMIICHUN
K TOJIyYeHHIO HOBBIX 3HAHUM, WHTEpece K 00pa3oBaTeNbHON JEATEIBHOCTH U
TOTOBHOCTU K CaMOCTOSITEIbHOMY IOUCKY MH(pOpMaiuu. [leTh ¢ BBICOKMM YPOBHEM
[IO3HABATEJIbHOM AKTUBHOCTH IIPOSIBISIOT IOBBIIMICHHBIA MHTEPEC K OKPYXKAIOIIMM
ABJICHUSAM, 3aJal0T OOJIbLIE BOIIPOCOB, CTPEMSTCS CaMOCTOSATEIBHO pEIIaTh
BO3HHUKAIOIIKE IPOOJIEMbI U OBICTpPEE YCBAaUBAIOT HOBBIC 3HAHUSI.

OpauM u3 3¢ (HEKTUBHBIX CPENCTB Pa3BUTHS MMO3HABATEIHHON aKTUBHOCTU JETEH B
00pa3oBaTEeNbHOM  IIpPOLIECCE  SBISAIOTCS  IBPUCTHYECKME  3ajaHus. TepMuH
«3BPUCTUKA» MPOUCXOAUT OT IpeuecKoro cioBa «heurisko», 4To 03HAYAET «HAXOKYY,
«OTKpBIBAIO», «Hcciaenyr». (OCHOBHAas CyLIHOCTb 3BPUCTUYECKOIO IOAXO0Ja
3aKJIF0YAETCs B TOM, YTO PEOEHOK CTAHOBUTCS HE MACCUBHBIM MTOTPEOUTENEM I'OTOBBIX
3HAaHUW, @ aKTHBHBIM CyOBEKTOM HX CaMOCTOSITEJIBHOTO IOMCKAa, OCMBICIECHUS U
OCBOCHHMS. OBpPUCTUYECKHE 3aJaHusl NOOYyXAAlOT JeTell K HCCIIEIOBaHUIO,
BBIJIBUKEHUIO TUIIOTE3, PEUIEHUIO MPOOJIEMHBIX CUTYAIIH, YCTaHOBJIECHUIO IPUYHUHHO-
CJIEICTBEHHBIX CBSI3€i U POPMYIHPOBAHUIO CAMOCTOSITENBHBIX BBIBOJIOB.
Hcnonb3oBaHne HBPUCTUYECKUX 33JaHUl  CIOCOOCTBYET pAa3BUTHIO Y JAETel
CaMOCTOSITEJIbHOTO MBIIIJIEHUS, IOTHYECKOTO aHaINu3a, CIOCOOHOCTH paccMaTpuBaTh
npo6JieMy € pa3IMYHbIX TOUYEK 3pEHUS U IPUHUMATh PEIICHUS HA OCHOBE TBOPUECKOTO
noaxona. Takue 3aaHusl aKTUBU3UPYIOT MO3HABATENBHYIO JEATEIbHOCTh peOEHKa,
HaIpaBJsii €ro HE Ha MEXaHWYECKOe YCBOEHUE TOTOBOM HH(oOpMmManuu, a Ha
CaMOCTOSITENIbHOE OTKPBITHE HOBBIX 3HaHHU. OcoO0eHHO A((EKTUBHBIMU NSl IE€TEU
JOIIKOJIBHOTO BO3pacTa SBJISIIOTCS DBPUCTUYECKUE 3aJaHus, OCHOBAHHBIE Ha
3aHUMATENbHBIX  BONPOCAX, NPOOJEMHBIX CUTyalUsX, JIOTHYECKUX  UIpax,
AKCIIEPUMEHTAX U HaOJIOJICHUSAX, TOCKOJIbKY OHHM 3HAUUTENBHO MOBBIIIAIOT UHTEPEC
JIETEN K MPOLIECCY TTO3HAHUS.

Pe3ynbTaThl 1€1arornyecKux U MCUXOJIOTHYECKUX UCCIEA0BAHUN CBUAETENBCTBYIOT O
TOM, YTO BQ)XKHEHIIMMH YCJIOBHSIMU PA3BUTHUS IO3HABATEIIBHOW AKTUBHOCTHU JETEH
ABJISIFOTCS. UX BOBJICUYEHWE B AKTUBHYIO MO3HABATEIBHYIO ACSTEIBHOCTbH, CO3JAHUE
BO3MOKHOCTEM JJIs1 CAMOCTOSITEILHOTO IMOUCKA PEMIEHUI U OpraHU3alus TBOPYECKOU
NEATEIIbHOCTH. OJBPHUCTUYECKHE 3aJaHUsl B TOJHOM MEpPE OTBEYAKOT JIAHHBIM
TpeboBaHusIM. OHU CHOCOOCTBYIOT HE TOJIBKO YCBOCHHIO HOBBIX 3HaHHWM, HO U
Pa3BUTHIO CIIOCOOHOCTH MPUMEHATh UX Ha MPAKTHKE, T€HEPUPOBATh HOBBIE WJIEH,
MPOSIBIISATh MHUIIMATHUBY U PACKPBIBATh COOCTBEHHBIM MHTEIICKTYaIbHbIA OTEHIIUA.
B 3TOM CBS3M M3y4EHHE TEOPETUYECKUX U MPAKTUYECKUX ACIIEKTOB MCIOJIb30BAHUS
OBPUCTUYECKUX 3aJaHWWA JUIsI TIOBBILICHUS IT03HABATEIIbHOW AaKTHUBHOCTH JIETEU
JOLIKOJIBHOTO BO3pacTa MpHOOpeTaeT 0coOyr aKTyalbHOCTb. B naHHON cTarbe
paccMaTpUBAIOTCS CYIIHOCTb, BU/bI U NIEAArOrMYE€CKUE BO3MOKHOCTH IBPUCTUYECKUX
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3aJJaHA, a TaKXe HMX POJb B PA3BUTUH IIO3HABATEIIBHOW AKTUBHOCTH JETEU
JIOTIIKOJILHOTO BO3pacTa U MOBKIMICHUH Y(H(HEKTUBHOCTH 00pa30BaTEIHHOTO MpoIIecca.
AHaau3 Jurtepatypbl. [IpoOreMa pa3BuTHS MO3HABATEIbLHOW AKTHUBHOCTH JAETEl
JOIIKOJIBHOTO BO3pacTa SBISETCS OOHOM W3 aKTyallbHBIX 3a/ad, KOTOopas Ha
NPOTSHKEHUM MHOTHX JIET U3Yy4aeTCsl B MEAArOTMKE U NICUXO0JIoruu. TeopeTnueckue u
IIPAKTUYECKUE OCHOBBI JIBPUCTUYECKOIO MOJAXOAA, HAMNPABICHHOTO HA pPAa3BUTHE
CaMOCTOSITEJIBHOIO MBIIUIEHUS, UCCIEN0BATENBCKOW JEATEIBHOCTH M TBOPYECKOU
AKTUBHOCTH JIeTEH, ObUIA PACCMOTPEHBI MHOTHUMU YUYEHBIMH.

3aKOHOMEPHOCTH Pa3BUTHS MO3HABATEIBHOM AESTEIBHOCTH OBbUIN MTyOOKO U3YUYEHBI B
ncuxonioruu. B wactHocTu, poccuiickuil ncuxonor JI.C. Beirorckuii mogu€pkusai,
YTO UHTEIUICKTyaIbHOE pa3BUTHE peOEHKA (HOPMUPYETCS MO/ BIUSHUEM COIMATBLHOM
cpenbl U 00y4deHUs, U BBEN MOHATHE «30HA OnrpKaiiiiero pa3BuTus». CorjiacHo ero
TEOPHH, YPOBEHB 33]1a4, KOTOPbIE peOEHOK HE MOKET BBIIOJHUTH CAMOCTOSATEIBHO, HO
CIOCOOEH pEelIUTh C MOMOIIBIO B3POCIBIX WM 00J€€ KOMIIETEHTHBIX CBEPCTHUKOB,
ONPENEIISAET €T0 MOTEHIUAIBHBIE BO3MOXHOCTY PA3BUTHUSA. DBPUCTUYECKHUE 3a1aHUS B
JAHHOM KOHTEKCTE CHOCOOCTBYIOT PACIIMPEHUIO 30HBI OJIMKAWIIEro pa3BHUTHS,
MIOCKOJIBKY OHM CTUMYJIMPYIOT peOEHKAa K CaMOCTOSATEILHOMY MOUCKY U OTKPBITHIO
HOBBIX 3HAHUM.

K. TInaxe, uccienoBaBIINi pa3BUTUE IETCKOTO MBIIIJIEHUS, YTBEPK A, 4TO PEOEHOK
HE TOJIy4aeT 3HaHUS B TOTOBOM BHUJE, a aKTUBHO (OPMHUPYET HMX B Ipoliecce
B3aMMOJICUCTBUS C OKPY Karolen cpetoi. Ero KOHCTpyKTUBUCTCKUN MOIXO/ SIBJISIETCS
OJIHOM M3 TEOPETHYECKUX OCHOB 3BPUCTHUECKOTO OOYUYEHUSs], TAK KaK SBPUCTUUYECKUE
3aJJaHUS] TAKXKE OPUECHTUPYIOT JIETEH HA aKTUBHBIA MOUCK, YKCIIEPUMEHTUPOBAHUE U
CaMOCTOSTENIbHOE OCBOCHHUE 3HaHMIM. AMepuKkaHCKui neaaror u ¢puiocod [Ix. Jpton
noMu€pPKUBaAl HEOOXOJAMMOCTb CO3/IaHUs TMPOOJIEMHBIX CHTyalluid B OOyYEHUU U
pa3sBUTUSL y JETE€M HABBIKOB CAaMOCTOATENBHOrO MblnuieHus. [lo ero mHeHwuto,
HMCTUHHOE 3HaHUE POPMHUPYETCsI B IPOIIECCE aKTUBHOTO YYACTHSI YEJIOBEKA B PEIIICHUH
npobieM. OTH HUAEH CTald Ba)XXHOM OCHOBOW COBPEMEHHBIX 3BPUCTUYECKHUX
00pa3oBaTEIbHBIX TEXHOJOTHM.

3HAUUTENbHBIM BKJIAJ B pPa3BUTHE TEOPUU HBPUCTHUYECKOTO OOyYEeHHS] BHEC
poccuiickuii yuénsiii A.B. XyTOpcKoil, KOTOpBI paccMaTpUBAET 3BPUCTHUYECKOE
oOydeHue Kak MpoIEeCcC CaMOCTOSITEILHOTO CO3/IaHuUsl HOBBIX 3HaHUH ydamumucs. 1o
€ro MHEHHUIO, DBPUCTUUYECKUE 3aaHUS SBISIOTCS 3PPEKTUBHBIM CPEJICTBOM Pa3BUTHS
TBOPUYECKUX CIOCOOHOCTEH, (POPMUPOBAHUS CAMOCTOSITEIHHOTO MBINIJICHUS U
NOBBIIICHUS [103HABATENIbHOW aKTHUBHOCTHU. Pa3paboTaHHblE KM 3BPUCTUYECKHE
BONPOCHI W MPOOJIEMHbIE 3aJaHHsl IIMPOKO MCHOJB3YIOTCSI B COBPEMEHHOMU
NEJarornuyecko mpakThuke. Bompocsl pa3BUTHS TO3HABATEIBHOM JEATEIIBHOCTH
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JOLIKOJIBHUKOB Takxke MoapoOHo wu3ydanuchk B Tpynax A.H. JleontbeBa, C.JL
Pyb6unmrreitna, JI.b. Onpkonuna u JI.A. Benrepa. B ux paborax moguépkuBaercs, 4To
[O3HaBaTeJIbHAsl AKTUBHOCTH SIBIISIETCS BAXKHBIM (PAKTOPOM JIMYHOCTHOI'O Pa3BUTHUS
peOéHka. JIeoHTbEB B CBOEH TEOPUH EATEIBHOCTH 0OOCHOBAJ, YTO YCBOCHHUE 3HAHUN
CBA3AHO C AaKTUBHOW IPAKTHUYECKOW JEATEIBHOCTBIO, YTO IOATBEPKAAET
3¢ (PEKTUBHOCTH IBPUCTUICCKUX 3aaHUM.

H.H. IlomnpsakoB ynensn ocob0€ BHHMAaHHME Pa3BUTHIO HCCIEN0BATEIbCKON
NEeATEIbHOCTH JIOMIKOJBHUKOB. OH OTMedas, 4TO JETH JOLIKOJIBHOIO BO3pacTa IO
CBOEH  MpUPOJE  ABISIIOTCA  HMCCIENOBATENsIMH,  OOJAJAIOIIMMU  BBICOKOU
M0003HATENBHOCTBIO,  CTPEMJIGHHMEM K  HaOJMIOJEHHIO,  CPaBHEHHUIO U
JKCIIEPUMEHTHPOBAHUIO. [103TOMyY Ba)KHO HCIIOIB30BAThH 3a/1aHHUSL, ITOAICPKUBAIOIINE
UX €CTECTBEHHBI MHTEPEC K NO3HAHUIO.

Cpenu y30eKCKUX yYEHBIX 3HAUUTENIbHBIN BKJIAJ B Pa3BUTHE MEAArOrM4ecKoi HayKu
BHecu H. Caunnaxmenos, b. @apoepman, Y. Tonunos, M. Ouunos, P. UimyxameoB
u gapyrue. B HX HCclenoBaHUAX PpAacCMATPUBAIOTCA BONPOCHI  BHEAPEHHUS
MHHOBALIMOHHBIX TEJarOTMYECKUX TEXHOJOTHM, HCIOJIb30BAHUS WHTEPAKTUBHBIX
METOOB W  PAa3BUTHs  II03HABATENIBHOW AKTHUBHOCTH  y4YallMXcCsA. YYEHBIE
NOJYEPKUBAIOT Ba)KHOCTh AKTUBHOI'O YYacTHsl OOydYaromMXcsi B 00pa3oBaTeIbHOM
poLEecce, Pa3BUTHS CaMOCTOSATEIBHOTO MBIIUIEHUS W TBOPYECKOTO NOAXOAA Kak
KJIFOUEBBIX ()aKTOPOB MOBBIIIEHUS 3(PPEKTUBHOCTH 00yUEHHUs. AHAIU3 COBPEMEHHBIX
UCCIEIOBAaHUM B  0OJACTHM  JIOIIKOJIBHOIO  OOpa3oBaHMsI  IMOKA3bIBAET, YTO
MCIIOJIb30BAHUE PBPUCTUYECKUX 3aJaHHM, MPOOJIEMHBIX CUTYyallMi, AUIAKTHYECKUX
UTp, SKCIEPUMEHTATbHOW U TPOEKTHON JEATEIIBHOCTH SBISIETCS 3(PQPEKTUBHBIM
CPEACTBOM Pa3BUTHS [TI03HABATEIILHON AKTUBHOCTH JieTel. Takue 3a1aHus pacluupsitoT
NpeCTaBICHUA IeTel 00 OKpYyKaroIleM MUPE, pa3BUBAOT HABbIKM CAMOCTOSATEIHHOTO
MBILUICHUS, (OPMUPYIOT TBOPUECKHE CHOCOOHOCTHM M TMOBBIIIAIOT HHTEpEC K
00y4eHHIO.
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NOBbILLUEHUE NO3HABATE/IbHOW AKTUBHOCTH
AETEW AJOLWLKOJIbHOIO BO3PACTA
~—— C NOMOLLbIO 3BPUCTUYECKUX 3AJJAHUIA
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Pucynok 1.

Pa3zBuTre mno3HABATENBHOW AKTUBHOCTH JETEW JOIIKOJIBHOTO BO3PACTa SIBIISIETCA
OJIHUM W3 KIIIOYEBBIX HaIlpaBJICHUN 00pa30BATENIBHOIO IpOIEcCca, OKa3bIBAIOIIUM
HETOCPE/ICTBEHHOE BIMSHUE HA MHTEIUIEKTyalbHOE, 3MOLUOHAIBHOE U COIMATBHOE
pa3BuTHe peOEHKa. [lo3HaBaTenbHas aKTUBHOCTh MPOSIBIISIETCS] B UHTEpece peOEHKA K
OKpY>KalollleMy MHpPY, CTPEMJICHUHU MOJIy4aThb HOBBIE 3HAHWS, 33/1aBaTh BOMPOCHI,
MCKaTh OTBETHI Ha MPOOJEMHBIE CUTyallMd U (POPMYyJIHPOBATH CaMOCTOSITEIHHBIC
BBIBOZIbI. B CBSI3M € 9TUM B JIOIIKOJIBHOM O0Opa30BaHWM HEOOXOIMMO HUCIIOIb30BaHUE
3 PEKTUBHBIX MEAAroru4ecKuX CpEeJCTB, HAMPABICHHBIX HAa pPa3BUTHUE JTAHHOTO
KauyecTBa. OBPUCTUYECKME 3a/laHMsl PACCMATPUBAIOTCA Kak OAMH M3 Hauboiee
3((PEKTUBHBIX  METOJOB, CIOCOOCTBYIOIIMX  MOBBIIMICHUIO  MO3HABATEIbHOU
AKTUBHOCTU JETEH JOLIKOJBbHOTO Bo3pacTa. Takue 3alaHusl MEepeBOAAT peOEHKa U3
MO3UIIUY TTACCUBHOTO TMOJy4YaTeNsl TOTOBBIX 3HAHWM B aKTUBHOTO CyOBEKTa MOUCKA U
OTKpbITHs. OCHOBHasi OCOOEHHOCTh JBPUCTHMUECKUX 33JaHUN 3aKJIIOYaeTcs B
OTCYTCTBUM €IMHCTBEHHO TMPABUJIBHOTO TOTOBOTO OTBETa W HEOOXOJAMMOCTU
paccMaTpuBaTh HECKOJIBKO BAPUAHTOB PEILICHUI, aHATU3UPOBATh UX U JIeJaTh BHIOOD.
D10 cnocoOcTByeT (OPMUPOBAHUIO y JETEH CaMOCTOSITEIBHOTO MBIIIJICHUS |
TBOPYECKOT0 Noaxoa. Mcrnonb30BaHre 3BPUCTUYECKUX 33JlaHUi B 00pa30BaTEIbHOM
MpoILIeCcCe TOMIKOJIBHOTO YUPEXKACHUS MOKET OCYILIECTBIATHCS B Pa3IMUHbIX (Popmax,
B YAaCTHOCTH:

. po0OJIeMHbIE BOIIPOCHI;
. JIOTHYECKUE UTPhI U 3a[aHHUS;
. 3a7laHus Ha HAOJIIOZICHUE U CPAaBHEHUE,
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. MPOCTHIE OIBITHI U 3KCIIEPUMEHTHI;
. 3aJlaHus, OCHOBaHHbBIE HA BOOOPa)XKEHUU U TBOPUECTBE.

JlanHble BUABI 3a/IaHUI OKa3bIBAIOT HauOONbIIUNA dDPEKT MpU yuéTe BO3PACTHBIX U
WHIMBHUIYaJIbHBIX 0cOOeHHOCTeH aeTeil. Hampumep, Borpock! Tuma «Ilouemy?», «Hto
Oyner, eciu...?» MoOyXIalT JAEeTe K Pa3MbIIUICHUIO, BBIABUKEHUIO TUIIOTE3 U
00OCHOBaHHIO CBOMX OTBETOB. Takoi MOJXOJ CIIOCOOCTBYET HE TOJIBKO Pa3BUTHIO
JIOTUYECKOTO MBIIUIEHHS, HO W AaKTHUBU3ALHMM PEYEBOM JEATEIBHOCTH. BakHbIM
IIPENMYILECTBOM IBPUCTHYECKUX 3aJaHUN SBIIIETCS PA3BUTHE CAMOCTOATEIBHOCTH Y
nerei. B mporniecce perenusi mpoOiaeMbl peOEHOK HE OTPAHUYUBAETCS TOTOBBIMHU
WHCTPYKIIUSIMU B3pPOCIIBIX, & OMUPAECTCS Ha COOCTBEHHBIN OMBIT U HAOMIO/IEHUS. DTO
MOBBIIIAET YBEPEHHOCTh B ceOe U (POPMUPYET HABBIKK MPUHSTHUSI CAMOCTOSTEIbHBIX
PELICHUMN.

[IpuMeHeHne IBPUCTUUECKUX 3aJaHUN TakKe CIIOCOOCTBYET PA3BUTHIO TBOPYECKHUX
criocobHoctert nere. Ilpensaras paznuyHbie BapUaHThl PEIICHUN OJHON U TOM ke
CUTYyaIlMH, IETH PaCIIMPSAIOT TPAaHUIIBI CBOETO MbluieHUs. Hampumep, coctaBieHue
pacckasa MO KAapTUHKE, MOMCK HOBBIX CHOCOOOB HCIOJB30BAHUS MpPEeaMETa WIH
NPEAJIOKEHHE aJIbTEPHATUBHBIX PEHICHUH MpPOOJIEeMHONW CHUTyallid pa3BUBACT
KpeaTuBHOE MbIlUIeHHe. Kpome TOro, HSBpUCTUYECKHE 3aJaHUs CIOCOOCTBYIOT
Pa3BUTHIO COIMATLHO-KOMMYHHKATUBHBIX HABBIKOB. B mporiecce rpymnmnoBoil paboTsl
JNETH y4aTcsl BBIpaXaTb CBOM MbICIIH, CIylIaThb JPYTUX, JOTOBAPUBATHCS W
COTPYAHMYATH. DTO 00JIETYaeT UX COLMAIU3ALMIO U MOBBIIIAET YPOBEHb COLMAIBHON
akTUBHOCTU. [[ns 3¢ (eKTUBHON oOpraHu3alMM 3BPUCTUYECKHX 3aJaHUM Menaror
JOJIKEH COOII0ATh CIENYIOIUE TPUHIIUIBL:

. y4ET BO3PACTHBIX OCOOCHHOCTEH JIeTeH;

. opraHu3aius 3aJaHuil B UTPOBOI 1 HUHTEPECHOH (hopMme;
. CTUMYJIUPOBAHUE CBOOOTHOTO MBIIIJICHUS;

. CO37IaHUE CPE/IbI, B KOTOPOU HE OOSITCS OLTHUOOK;

. YBKEHHE U MOJIJIEPKKA KaX0T0 MHEHHS peOEHKaA.

[IpakTnueckrie  HAOMIOMEHUS  IMOKA3bIBAIOT, YTO TP  CHCTEMATHYCCKOM
MCIIOJIb30BAaHUH IBPUCTHUCCKUX 3a/IaHUH y IETeH 3HAYUTEIHLHO IMOBBIIIACTCS HHTEPEC
K mo3HaHuio. OHU CTAHOBSATCS OOJiee aKTUBHBIMHM Ha 3aHATHUSX, 3aJal0T BOMPOCHI,
CTPEMSTCSl BBICKa3bIBaTh CBOE MHEHHE M OBICTpPEE YCBaMBAIOT HOBBIC 3HAHHS. JTO
noBkImaeT 3QPeKTUBHOCTH 00Pa30BATEIHLHOTO MIPOIIECCa B IIETIOM.

3akiouenue. B To ke BpeMs HCTOJB30BaHUE IBPUCTHUCCKUX 3aJaHUil TpeOyeT OT
nejarora BRICOKOTO YPOBHS METOJIWYECKONW KOMIIETCHTHOCTH. BocnuTaTenb TOKeH
MPaBIJIBLHO TUIAHUPOBATH KXKIA0E 3aJaHUE C YIETOM IICUXOJOTHIECKIX 0COOCHHOCTEH
JeTei, 3aJaBaTh HAMPABIAIONIME BOMPOCHI W CO3AaBaTh  YCIOBUSA IS
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CaMOCTOSITEJIBHOTO MBIIIIEHU. B JaHHOM Ipoliecce poJib mejarora CMeHiaeTcs OT
«repesaTyrKa 3HaHU» K «OpraHn3aTopy W HaCTaBHUKY». B 1enom, Ucroiab30BaHue
ABPUCTUYECKUX 33JaHUN B JIOIIKOJIBHOM OOpa30BaHUHU OKa3bIBAET IOJIOKHUTEIBHOE
BIMSIHME Ha pa3BUTHE II0O3HABATEJIBHOM AKTUBHOCTH JETEeH, (OPMUPOBAHUE HX
TBOPYECKOTO M JIOTMYECKOTO MBIIUIEHHUS, a TaKK€ CTaHOBJIIEHME UX Kak
CaMOCTOATENbHBIX ~ JUYHOCTeW. [lo3TOMy BHEApeHHE [JAaHHOTO METoJa B

00pa3oBaTEIbHYIO MPAKTUKY ABISETCA OJHON U3 aKTYaJIbHBIX NEJarOrMYeCKuX 3a1a4.
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CHIZMA GEOMETRIYA VA MUHANDISLIK GRAFIKASI FANIDA
POZITSION VA METRIK MASALALARNI ISHLASH

Axmedov Nurali Odilovich Toshkent davlat transport universiteti,
Informatika va kompyuter grafikasi kafedrasi katta o*gituvchisi.
E-mail: nuraliakhmedov1974@gmail.com Ten : +998946969474

Annotasiya: Magolada chizma geometriya va muhandislik grafikasida o ‘rganiladigan
metrik va pozision masalalar yechishda nazariy bilimlar asosida bajarishni taklif
qilishgan. Nazariy bilimlar chizmalarni o ‘qishni, Q‘olda bajarish ketma — ketligi
keltirilgan.

Kalit s‘ozlar: ta’lim texnologiyalari; muhandislik grafikasi; metrik masala; pozision
masala; fazoviy tasavvur; kompyuter grafikasi.

AuHomauyusa. B cmamove npednazaemcsi peuileHuu Mempudeckux U NO3UYUOHHBIX
3a0ay, u3y4aemvix 8 HaYepPMamenbHOU 2eOMeMpPUl U UHICEHEPHOLL cpapuKe, mo ecmo
Ha OCHOBe meopemudeckux sHanull. Teopemuueckue 3HAHUS YUaAM  UMEHUIO
yepmedgiceil, NPOCMPAHCIMBEEHHOMY NPEOCMABIeHUIO NPEOMemo8 8 3a8UCUMOCTIU OM
3A0aHHO20, Kakue Oelcmeus HeoOXo00UMO NpeOnpuHsms Ol peuleHus 3a0adi,
3HAKOMSAM C 3aKOHAMU U NPABULAMU.

Knwuesvie cnosa: obpazosamenvhble MeEXHONOSUU, UHICEHEPHAs 2paghuxa,
Mempuyeckas 3a0ada,; NO3UYUOHHASA 3a0avd; NpOCMPAHCMEEHHOe B000padiceHue;
KOMNbIOmMepHas epapuxa.

Abstract : In this article, it is proposed to make solving metric and positional task
which are studied in engineering graphics, in other words, on the basis of theoretical
knowledge by hand, and then in practice through the computer programs. Theoretical
knowledge teaches to read drawings, to imagine spatially by the help of given drawings
and what actions need to be taken to solve a problem, as well as the laws and rules.

Key words: educational technologies; engineering graphics; metric task; positional
task; comparison; spatial imagination; computer graphics
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Mualliflar ushbu maqolada chizma geometriya va muhandislik grafikasida
o‘rganiladigan metrik va pozision masalalar yechishda nazariy bilimlar asosida qo‘lda
bajarishni taklif qilishgan. Nazariy bilimlar chizmalarni o‘qishni, ketma — ketlikda
go lda bajarish, qonun va qoidalari bilan tanishtiradi..

Oliy ta’lim va undan keying ta’limda chizma geometriya va muhandislik grafikasidan
pozitsion va metrik masalalar ishlash uchun fandagi asosiy proeksiyalashning
xossalarini bilish zarur. Quyidagi xossalarni yodda tutmay, ushbu xossalarga
asoslangan goida va usullardan foydalanib, masalalar yechish samarasizdir.

1. Nugtaning proeksiyasi nuqta bo‘ladi.
2. To‘g‘ri chizigning proeksiyasi to‘g‘ri chiziq bo‘ladi. Markazdan o‘tkan yoki nur yo‘nalishiga
parallel bo‘lgan (proeksiyalovchi) to‘g‘ri chizigning proeksiyasi nuqta bo‘ladi.
3. Agar nuqta biror vhiziqda yotgan bo‘lsa, bunday nuqtaning proeksiyasi o‘sha chizigning
proeksiyasida bo‘ladi.

AC
4. To‘g‘ri chiziq kesmalarining nisbati ularning proeksiyalari nisbatiga teng, ya’ni. cB

— bo'ladi

S. Parallel to‘g‘ri chiziqlarining proeksiyalari ham o‘zaro parallel bo‘ladi. Agar AB || CD bo‘lsa,
ab || cd bo‘ladi.
6. Burchak tekisligi proeksiya tekisligiga parallel bo‘lmasa uning proeksiyasi o‘ziga teng
bo‘lmaydi. Burchak tomonlarining proeksiya tekisligiga nisbatan hususiy vaziyatlaridagina uning
proeksiyalari o‘ziga teng bo‘ladi.

Kattaligi 0° dan 180° gacha bo‘lgan har qanday burchakning tekisligi proeksiya
tekisligiga parallel bo‘lsa, uning proeksiyasi o°‘ziga teng bo‘ladi. 1-rasmda tomonlari
H tekislikka parallel bo‘lgan to‘g‘ri £ B; A1 C1 = £ BAC, o‘tkir £ C; A; D; = CAD va
o‘tmas burchak B; A; D1 =4 BAD burchaklar tasvirlangan.

0,73
o

2-rasme 1-rasme

3l universalconference.us



“'. /™ A W o == g==  INTERNATIONAL CONFERENCE ON ANALYSIS
qu::m,mm.u rmi u‘miJ IF ;.l.\i;;v;\ku; AND EXACTISCIENCES: []F MATHEMAT":S AN[] EXAET SE'ENEES

Volume 03, Issue 02, 2026

To‘g‘ri burchakning biror tomoni proeksiya
tekisligiga parallel bo‘lsa uning proeksiyasi ham
to‘g‘ri burchak bo‘ladi.

Fazoda ikkala tomon ihtiyoriy — Py
B | K proeksiya tekisligiga parallel bo‘lgan to‘g‘ri
burchak berilgan bo‘lsin (2-rasm). £ ABC =90°
= AoBoCo =90°.

Ikkinchi tomondan, ABC to‘g‘ri burchak
tomonlarini Py tekislikka proeksiyalovchi P va Q tekisliklar ham o°zaro perpendikulyar
bo‘ladi:

A,
11,

3-rasm P b Q, demak AB b Q.

87-rasm«+

Shuning uchun Q tekislikda yotuvchi har ganday
BD hamda AB ga ayqash bo‘lgan K to‘g‘ri chiziglar ham
AB ga perpendikulyar bo‘ladi. Demak,2ABD=2A,B¢D¢=90"; ZABK=2ABcK;=90".
Agar o‘tkir yoki o‘tmas burchakning bir tomoni proeksiya tekisligiga parallel
bo‘lsa, o‘tkir burchakning proeksiyasi o‘zidan kichik, o‘tmas burchakning proeksiyasi
o‘zidan katta bo‘ladi.
AABCning AC tomoni Pq tekislikka parallel bo‘lsin (3-rasm). Uchburchakning B
uchidan AC tomoniga BD perpendikulyar tushirilgan. Bunda CoDy=CD, B;Do<BD,
BoCo<BC demak, £2D¢BoCo=90°, chunki 2BDC to‘g‘ri burchakdir. Shuning uchun,
BCD o‘tkir burchakning BoCoDy proeksiyasi o‘zidan kichik bo‘ladi. BCD burchakka
qo‘shni bo‘lgan BCK o‘tmas burchakning proeksiyasi o‘zidan katta bo‘ladi, ya’ni
£BoCoKop>£BCK. Ushbu xossani kubning diagonali va tomoni asosidagi burchak
misolida ham isbotlash mumkin (4-rasm).
K C D ACD o‘tkir burchakning CD tomoni proeksiyasi
K | tekisligiga parallel bo‘lsa, CoDo=CD. 2CDA=90"
bo‘lgani uchun 2£CoDoA;=90°. Bu yerda
AoDo<AD va AoCo<AC. Demak,
) ZACoDo<2ACD.
K, _§& Vm Shuning uchun, o‘tkir burchak A¢CoDp ni 180°

ga to‘ldiruvchi o‘tmas burchak A¢CoKo o°zidan
A=A, . katta bo‘ladi, ya’ni £2A,CoKo >2ACK.

4-rasme
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1 Masala. Berilgan MN to‘g‘ri chiziq va unda yotmagan A nuqta (5-rasm).
' Topish kerak: ABC teng yonli uchburchak yasalsin.

3"

n v

. Uchburchakning asosi BC tomoni MN to‘g‘ri
chizigga  tegishli  bo‘lib, uchburchakning

balandligiga teng bo‘lsin.
. 1. Demak, avval A nuqtadan MN to‘g‘ri chiziqgacha

X " o bo‘lgan eng qisqa masofani aniqlab olish kerak.
m \
n,’

Buning uchun A nugtadan A e R (ff ', hh ") L MN ga
tekislik o‘tkaziladi.

I

af'

n
To /

S-rasm
2. So‘ngra, MN to‘g‘ri chiziq orgali P tekislik *
(MN € P) o‘tkazilib, P N R ularning kesishuv
chizig‘i 1, 2 da MN chizigning R tekislik bilan
(MN N R) kesishuv nugtasi k k' belgilanadi. A
K — uchburchakning balandligi bo‘ladi.
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7-rasm 8-rasm
n, 3. ABC uchburchakning BC tomonini MN ga
a3’ i N A" joylashtirish uchun MN chizigning M nuqtasi

proeksiyalar tekisligiga parallel bo‘lgunga
gadar aylantirilib, MN chizigning haqiqiy

S \ “ ) atrofida to‘gri chizigni gorizontal
N\ Y S . T ‘

uzunligi M Ny topiladi. Unda Kq belgilanib,
x AK masofaning haqiqiy Kkattaligi K Ag
uzunligini yarmiga teng masofalar ikki
tomonga (Co Byp) o‘lchab go‘yiladi.
4. Cy By asosida cb belgilanadi.
X
9 - rasm 10 - rasm

5. ABC (abc, a'b'c’y) — BC tomoni MN to‘g‘ri chizigda joylashgan, uzunligi
uchburchakning balandligiga (AK) teng bo‘lgan, teng yonli uchburchakdur.

2 Masala. Umumiy vaziyatda MN to‘g‘ri chiziq, MN to‘g‘ri chiziq bilan to‘g‘ri
burchak ostida kesishuvchi (AB N MN) umumiy vaziyatdagi AB kesmaning frontal
proeksiyasi berilgan.

Aniglash kerak: BC tomoni MN chiziqda joylashgan ABCD kvadratning yetishmagan
tomonlarining proeksiyalari to‘liq yasalsin.
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n' 11-rasm

1. Avval ABCD kvadratning AB tomonining yetishmagan proeksiyasini topib olish
kerak. Buning uchun B nugta orgali MN chizigga perpendikulyar tekislik R (ff ’, hh ")
o‘tkaziladi. B € R L MN ga.

2. R tekislikda a’ orqali o‘tuvchi ihtiyoriy
1,2 (12, 1"2") yasovchi o‘tkaziladi. 1 2 €
R (ff’,hh ). 1 2 chiziqda a nuqta belgilanib,
ab topiladi.

£l

12-rasm
13-rasm
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3. Kvadratning tomonlarini haqiqiy kattaligini aniglash uchun H; (hs, h;") gorizontal
aylantirish o‘qi atrofida gorizontal holga kelgunicha aylantirilib,

(a Bo e) aniglanadi. By e ning davomiga a By kesma kattaligi o‘lchab qo‘yilib, Co
belgilanadi. Orgaga gaytarish yo‘li bilan, C, dan c topiladi.

BC (bc, b'c’) N MN (mn, m'n’)

' d
NI
) h'
g
hﬂ
X 0
m m
F i b | |c, — |G
( LT v h o' hgl
\k $ 0/ “ e /
€ n' & n
2/
h/ d bo ba

4. Kvadratning garama-garshi tomonlari o‘zaro parallel bo‘lganligi sababli, CD (cd,
c'd) || AB (ab, a'b"); DA (da, d'a’) || BC (bc, b'c’) mos ravishda parallel to‘g‘ri chiziglar
o‘tkaziladi.

ADABIYOTLAR:

1. Chizma geometriya va kompyuter grafikasi. (Darslik) Yu.A.Askarov,
A.E.Jabbarov, A.A.lbragimov, X. M. Shadimetov S.S.Saydaliyev. 2019 y. -388b.

2. Chizma geometriya kursi. (Darslik) R.X.Xorunov, 1974 y. — 430 b.

3. COopHuk 3amad 1O HadeprarelbHOM TeoMmeTpuu. (YdeOHOe TmocolOue)
X.A.Apycramos, 1978 r. — 446 c.

4. Chizma geometriyadan masalalar va ularni echish usullari. (O‘quv qo‘llanma),
Xorunov R.X.,1995y. — 280 b.
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YARIMO‘TKAZGICHLAR VA ULARNING FIZIK-KIMYOVIY
XOSSALARI.

O‘ralov Shaxriyor Nurali o‘g‘li

Termiz davlat muhandislik va agrotexnologiyalar universiteti akademik litseyi,
Jo ‘rayev G ‘ulomjon G ‘ofur o ‘g ‘li

gqulomj665@gmail.com, +998952169595

Termiz davlat muhandislik va agrotexnologiyalar universiteti akademik litseyi,

Toshboyev Olmos Bektemir o ‘g ‘li
olmostoshboyev200@gmail.com, +998932012723
Termiz davlat muhandislik va agrotexnologiyalar universiteti akademik litseyi,
Qobilov Dilmurod Ismoilovich
+9989771009095

Annotatsiya

Yarimo‘tkazgich materiallarning kristall tuzilishi, fizik-kimyoviy xossalari, elektr
o‘tkazuvchanlik mexanizmlari va zamonaviy texnikadagi qo‘llanilish tahlillarini
tizimlashtirish. Nazariy qattiq jismlar fizikasi, zona nazariyasi, eksperimental
ma'lumotlar sintezi va hisoblash modellashtirish (DFT, Drude-Zommerfeld) asosida
tagqosiy tahlil o‘tkazildi. Kremniy (1,12 eV), germaniy (0,66 eV) va birikma
yarimo‘tkazgichlarning (GaAs, SiC, GaN) taqiglangan zona kengligi, zaryad
tashuvchilar haruvchanligi, haroratga bog‘liq o‘tkazuvchanlik va legirlash effektlari
miqdoriy baholandi. Fizik-kimyoviy parametrlarni aniq tushunish yarimo‘tkazgich
qurilmalar samaradorligini oshirish, keng zonali materiallar va nanotexnologiyalarni
rivojlantirishda hal giluvchi ahamiyatga ega.

Kalit so‘zlar: yarimo‘tkazgich, kremniy, germaniy, elektr o‘tkazuvchanlik, legirlash,
elektron, kovak, p—n o‘tish, tagiglangan zona.

Abstract

To systematize the analysis of crystal structure, physicochemical properties, electrical
conductivity mechanisms, and technological applications of semiconductor materials.
Comparative analysis was conducted based on solid-state physics, band theory,
synthesis of experimental data, and computational modeling (DFT, Drude-
Sommerfeld approach). Quantitative evaluation of band gap energies (Si: 1.12 eV, Ge:
0.66 eV), charge carrier mobility, temperature-dependent conductivity, and doping
effects for Si, Ge, and compound semiconductors (GaAs, SiC, GaN) was performed.
A precise understanding of physicochemical parameters is critical for enhancing
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semiconductor device performance and advancing wide-bandgap materials and
nanotechnologies.

Keywords: semiconductor, silicon, germanium, electrical conductivity, doping,
electron, hole, p—n junction, band gap.

AHHOTAIHUS

Cucremarm3aiiis aHalin3a KPUCTAUIMUECKOW CTPYKTYpbI, (HU3UKO-XHMHIECCKUX
CBOWCTB, MEXaHU3MOB JJICKTPOMPOBOJHOCTA U MPUMEHEHUS MOTYHPOBOJTHUKOBBIX
MaTepUalioB B COBPEMEHHBIX TEeXHOJOrusX. [IpoBeA€H cpaBHUTEIBHBIN aHAIU3 Ha
OCHOBE TeopeThuecko (U3MKM TBEPJIOro Tejla, 30HHOM TEOpUU, CHUHTE3a
AKCIIEPUMEHTANILHBIX JAHHBIX U BbhIYUCIHUTENbHOrO MozenupoBanus (DFT, moxens
Hpyne—3ommepdenbaa). KoamdecTBEHHO OIleHEHBI IMUPUHA 3alpeIiéHHOM 30HbI (Si —
1,12 3B, Ge — 0,66 5B), NOABMXKHOCTb HOCUTEIEH 3apsAna, TeMIepaTypHas
3aBUCUMOCTh MPOBOAMMOCTU U 3 deKThl jerupoBanus miaga Si, Ge U coenMHEHUM
(GaAs, Si1C, GaN). I'nyOokoe noHuMMaHue (pU3HKO-XUMHUYECKUX MapaMeTpOB HUMEET
pelaroniee 3HauYeHHWE IS TMOBBIMICHUS 3(G(MEKTUBHOCTH TOIYNPOBOIHUKOBBIX
YCTPOMCTB, pa3BUTHUS IIMPOKO30HHBIX MAaTEPUATIOB U HAHOTEXHOJIOTUH.

KiroueBble ci10Ba: MOMYNPOBOJHUK, KPEMHUN, Te€pMaHUM, 3JIEKTPOMPOBOIHOCTD,
JIETUPOBAHUE, AIEKTPOH, AbIPKA, p—n MEPEXO/I, 3aMpeIEHHAs 30HA.

1. KIRISH (INTRODUCTION)

Zamonaviy fan va texnika taraqqiyoti yarimo‘tkazgich materiallar bilan chambarchas
bog‘liqdir. Kompyuterlar, mobil telefonlar, mikroprotsessorlar, quyosh batareyalari va
boshqa ko‘plab elektron qurilmalar aynan yarimo‘tkazgichlar asosida yaratilgan.
Yarimo‘tkazgichlar elektr o‘tkazuvchanligi jihatidan o‘tkazgichlar va dielektriklar
orasida joylashgan bo‘lib, tashqi omillar ta’sirida ularning elektr xossalarini boshgarish
mumkin. Yarimo ‘tkazgichlar — elektr o‘tkazuvchanligi metallar va dielektriklar orasida
joylashgan, tashqi omillar (harorat, yorug‘lik, elektr maydoni, legirlash) ta'sirida
keskin o‘zgaruvchan xususiyatga ega bo‘lgan materiallar sinfidir. Qattiq jismlar
fizikasida ularning xatti-harakati zona nazariyasi orgali izohlanadi: valent zonasi va
o‘tkazuvchanlik zonasi orasidagi taqiqlangan zona (band gap) kengligi materialning
optoelektron va energiya xususiyatlarini belgilaydi.

Tarixan yarimo‘tkazgich sanoati germaniy (Ge) asosida boshlangan bo‘lsa-da, 1950-
yillardan boshlab kremniy (Si) ustunlik gila boshladi. Bugungi kunda Si, GaAs, SiC,
GaN, perovskitlar va 2D materiallar (MoS., WSe:) elektronika, fotovoltaika, sensorika,
kuchi elektroni va kvant texnologiyalarida qo‘llanilmoqda.

Ushbu tadqiqotning magsadi yarimo‘tkazgich materiallarning fizik-kimyoviy
xossalari, elektr o‘tkazuvchanlik mexanizmlari, legirlash effektlari va strukturaviy
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ilmiy asoslashdir. Tadqgigot quyidagi masalalarni yoritadi: (1) kristall tuzilish va
kimyoviy bog‘lanishning o‘tkazuvchanlikka ta'siri; (2) harorat va konsentratsiya
bog‘ligligi; (3) keng =zonali yarimo‘tkazgichlarning ustunliklari; (4) kelgusi
materialshunoslik yo‘nalishlari.

2. METODOLOGIYA (METHODS)

Tadgiqgot nazariy tahlil, eksperimental ma'lumotlar sintezi va hisoblash modellashtirish
usullarini 0z ichiga oladi:

Nazariy asos: Zonalar nazariyasi, Fermi-Dirak statistikasi, Drude-Zommerfeld modeli
va qattiq jismlardagi nugsonlar fizikasi qo‘llanildi.

Eksperimental ma'lumotlar bazasi: Phases, ICSD, NIST va ixtisoslashtirilgan
adabiyotlardan olingan kristallografik (XRD), elektr (Hall effekti, IV xarakteristikalar)
va spektroskopik (UV-Vis, PL) natijalar tahlil gilindi.

Hisoblash modellashtirish: Density Functional Theory (DFT) asosida tagiglangan
zona kengligi, effektiv massa va zaryad tashuvchilar haruvchanligi baholandi.
Simulyatsiyalar VASP/Quantum ESPRESSO paketlarida standart PBE funksionali
bilan o‘tkazildi.

Statistik tahlil: Ma'lumotlar Python (SciPy, Pandas) va OriginLab yordamida regressiv
tahlil, harorat bog‘ligligi (Arrhenius) va korrelyatsiya matritsalari orqali qayta ishlandi.
Nisbiy xato <5% chegarasida nazorat qilindi. Tadgiqot protokoli xalgaro
materialshunoslik standartlariga (ISO 14644, ASTM F41) moslashtirilgan.

3. NATIJALAR (RESULTS)
Tahlil natijalari yarimo‘tkazgichlarning asosiy fizik-Kimyoviy parametrlarini 1-
jadvalda aks ettiradi.

| kristall | Eyzo0 | CFlekton | Kovak -
Material wazilish K.eV) haruvchanligi | haruvchanligi | Kimyoviy bargaror
’ (MH’ sz/V'S) (upa szN.S)
. Olmos Yugori (SiO:
Si (kubik) 1.12 1350 480 qatlami)
Olmos O‘rtacha
Ge . 0.66 3900 1900 (oksidlanishga
(kubik) .
moyil)
GaAs | Sferalerit | 142 8500 400 Past (As.
bug‘lanishi)
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SiC Juda yuqori

(4H) Geksagonal 3.26 900 115 (termokimyoviy)

GaN | Geksagonal |  3.40 1500 300 Yudori (azot
barqarorligi)

Asosiy kuzatuvlar:
Elektr o‘tkazuvchanlik harorat oshishi bilan eksponentsial oshadi:

Ey
o(T) = gyexp (— ZkBT>
Bu formula intrinsic (0‘z) yarimo‘tkazgichlar uchun 300-500 K oralig‘ida R* > 0.98
moslik ko‘rsatdi. Legirlash (donor/akseptor) Fermi sathini o‘tkazuvchanlik yoki valent
zonasiga yaqinlashtiradi. 10"°—10'® sm™ konsentratsiyada o‘tkazuvchanlik 10°-10°
marta oshishi mumkin. Kimyoviy jithatdan Si va SiC yuqori barqarorlikka ega bo‘lib,
yugori harorat va korroziya muhitlarida ishlash imkonini beradi. GaAs va GaN esa
optoelektron qurilmalarda (LED, lazer, fotodetektor) bevosita tagiglangan zonaga ega
bo‘lgani uchun afzal.
4. MUQOKAMA (DISCUSSION)
Olingan natijalar zamonaviy qattiq jismlar fizikasi nazariyasi bilan to‘liq mos keladi.
Kremniyning o‘rtacha haruvchanligi va keng tarqalgan SiO: dielektrik qatlami uni
CMOS texnologiyasining asosiy materiali giladi. Germaniyning yuqori haruvchanligi
yugori tezlikdagi RF-qurilmalar va infraqizil sensorlar uchun qiziqish uyg‘otsa-da,
uning past termik barqarorligi keng qo‘llanilishini cheklaydi.
Biriktma yarimo‘tkazgichlar (GaAs, GaN, SiC) keng zonali (wide-bandgap) xususiyati
tufayli yugori kuchlanish, yugori harorat va yuqori chastotali elektronika, elektr
transporti va quvvat konversiyasida inqilobiy o‘zgarishlar keltirmoqda. Aynigsa, GaN
5G bazaviy stansiyalarida, SiC esa EV (elektr transport) invertorlarida samaradorlikni
15-30% ga oshirgan.
Kimyoviy jihatdan yuzaviy oksidlanish, defekt zichligi va kristall nugsonlar
(vakansiyalar, dislokatsiyalar) zaryad tashuvchilarning rekombinatsiya tezligini
belgilaydi. Shu sababli zamonaviy materialshunoslikda epitaksial o‘sish (MBE,
MOCVD) va atom qatlamli cho‘ktirish (ALD) usullari orqgali interfeys sifati nazorat
gilinmoqda.
Cheklovlar:
J DFT hisob-kitoblari standart PBE funksionali bilan E¢ni 10-20% kam baholashi
mumkin (GW korreksiyasi talab gilinadi).
o Real qurilmalarda yuzaviy rekombinatsiya, issiglik targalishi va paketlash
muhandisligi natijalarga ta'sir giladi.
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Kelgusi yo‘nalishlar:
2D yarimo‘tkazgichlar (MoS., WSe:), perovskitlar, topologik izolyatorlar va kvant
nuqgtalarining fizik-kimyoviy integratsiyasi nanoelektronika va kvant hisoblash
tizimlarida yangi davr boshlamoqda.
5. XULOSA (CONCLUSION)
Ushbu tadqiqot yarimo‘tkazgich materiallarning fizik-Kimyoviy xossalari, elektr
o‘tkazuvchanlik mexanizmlari va texnologik ahamiyatini tizimli tahlil qildi. Natijalar
shuni ko‘rsatadiki, taqiqlangan zona kengligi, zaryad tashuvchilar haruvchanligi,
legirlash darajasi va kimyoviy bargarorlik yarimo‘tkazgich qurilmalar samaradorligini
belgilovchi asosiy omillardir. Kremniy hali ham raqamli elektronika asosi bo‘lib
golaversa, SiC, GaN va 2D materiallar yugori quvvat, yugori chastota va optoelektron
sohalarda yetakchilikni qo‘lga olmoqda. Kelgusi tadqgiqotlar defektlarni boshqarish,
interfeys muhandisligi va sun'iy intellekt yordamida material kashfiyotini
tezlashtirishga qaratilishi lozim.

ADABIYOTLAR (REFERENCES)
1. Kittel, C. (2021). Introduction to Solid State Physics (10th ed.). Wiley.
2. Sze, S. M., & Ng, K. K. (2022). Physics of Semiconductor Devices (5th ed.).
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3. Neamen, D. A. (2020). Semiconductor Physics and Devices: Basic Principles
(5th ed.). McGraw-Hill.
4.  Zhang, Y., et al. (2023). Wide-bandgap semiconductors for power electronics:
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5. Singh, D. J. (2021). Planewaves, Pseudopotentials and the LAPW Method (2nd
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International Organization for Standardization.
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YASHIL INNOVATSIYALAR VA BARQAROR RIVOJLANISH
MENEJMENTI

Xolbutayev O‘ktam Xo‘jabekovich
Jizzax politexnika instituti “Iqtisodiyot va menejment” kafedrasi o ‘qituvchisi
xolbutayevoktam@gmail.com
Bikbolatov Muhammad
Jizzax politexnika instituti talabasi

Annotatsiya. Mazkur maqolada yashil innovatsiyalar va bargaror rivojlanish
menejmentining nazariy hamda amaliy jihatlari tadgig etilgan. Yashil
innovatsiyalarning korxonalar faoliyati samaradorligini oshirish, ekologik xavfsizlikni
ta’minlash,  resurslardan  ogilona  foydalanish  va  raqobatbardoshlikni
kuchaytirishdagi ahamiyati tahlil qilingan. Shuningdek, korxonalarda yashil
texnologiyalarni joriy etish, ekologik menejment tizimlarini takomillashtirish hamda
bargaror rivojlanish tamoyillarini amaliyotga tatbiq etish mexanizmlari yoritilgan.
Tadgigot natijasida yashil igtisodiyot sharoitida korxonalar faoliyatini rivojlantirish
bo ‘yicha ilmiy-amaliy tavsiyalar ishlab chigilgan.

Kalit so “zlar: yashil innovatsiyalar, bargaror rivojlanish, yashil igtisodiyot, ekologik
menejment, energiya samaradorligi, resurs tejamkorligi, korporativ boshgaruv,
ekologik xavfsizlik, innovatsion rivojlanish, ragobatbardoshlik.

Jahon iqtisodiyotida iqlim o‘zgarishi, tabiiy resurslarning cheklanganligi va ekologik
muammolarning kuchayishi bargaror rivojlanish masalasini global kun tartibining
ustuvor yo‘nalishlaridan biriga aylantirdi. Birlashgan Millatlar Tashkiloti tomonidan
qabul qilingan Barqaror rivojlanish maqsadlari iqtisodiy o‘sish bilan bir gatorda
ekologik muvozanatni saqlash va ijtimoiy farovonlikni ta’minlash zarurligini
ta’kidlaydi.

Bugungi kunda korxonalar faoliyatida yashil innovatsiyalarni joriy etish nafaqgat
ekologik talablarni bajarish, balki igtisodiy samaradorlikni oshirishning ham muhim
omiliga aylanmoqgda. Yashil innovatsiyalar energiya va resurslardan samarali
foydalanish, chigindilarni kamaytirish, gayta tiklanuvchi energiya manbalaridan
foydalanish hamda ekologik xavfsiz mahsulotlar ishlab chigarishni nazarda tutadi.
O‘zbekistonda ham “Yashil iqgtisodiyotga o‘tish strategiyasi” doirasida energiya
samaradorligini oshirish, ekologik texnologiyalarni joriy etish va atrof-muhitni
muhofaza qilishga qaratilgan islohotlar amalga oshirilmogda. Bu esa yashil
innovatsiyalar va bargaror rivojlanish menejmenti masalalarining ilmiy jihatdan
o‘rganilishini dolzarb etib qo‘ymoqda.
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Yashil innovatsiyalar va bargaror rivojlanish konsepsiyasi iqtisodiy fanlarda keng
tadqiq etilgan yo‘nalishlardan biridir. Barqaror rivojlanish nazariyasining
shakllanishiga BMTning 1987-yilda ¢’lon qgilingan “Bizning umumiy kelajagimiz”
(Brundtland Report) hisoboti muhim asos bo‘lib xizmat gilgan.

M. Porter va C. van der Linde ekologik innovatsiyalar korxonalarning xarajatlarini
kamaytirishi va ragobat ustunligini shakllantirishini ilmiy jihatdan asoslab berganlar.
Ularning fikricha, ekologik standartlarga mos innovatsiyalar korxonalarning uzoq
muddatli samaradorligini oshiradi.

J. Elkington tomonidan ilgari surilgan “Triple Bottom Line” konsepsiyasida
korxonalar faoliyati igtisodiy, ekologik va ijtimoiy natijalar asosida baholanishi
zarurligi ta’kidlangan. Mazkur yondashuv bugungi kunda bargaror rivojlanish
menejmentining muhim nazariy asoslaridan biri hisoblanadi.

Mabhalliy olimlar tomonidan ham yashil igtisodiyot, ekologik menejment va resurs
tejamkor texnologiyalarni joriy etishning iqtisodiy samaradorligi bo‘yicha gator ilmiy
tadgiqotlar olib borilgan. Tadgiqgotlar natijalari yashil innovatsiyalar korxonalar
raqobatbardoshligini oshirishda muhim omil ekanligini ko‘rsatmoqda.

Yashil innovatsiyalar samaradorligini baholashda energiya sarfi, chigindilar hajmi,
resurslardan foydalanish darajasi, ekologik xarajatlar va korxona rentabelligi
ko‘rsatkichlari asos qilib olindi.

Bugungi kunda yashil innovatsiyalarni joriy etayotgan korxonalarda igtisodiy va
ekologik samaradorlikning sezilarli oshishi kuzatilmoqda. Xalgaro tadqiqotlarga ko‘ra,
energiya tejamkor texnologiyalarni qo‘llayotgan korxonalarda energiya sarfi o‘rtacha
20-30 foizga gisqgaradi, ishlab chigarish xarajatlari esa 10-15 foizga kamayadi.

1-jadval!
Yashil innovatsiyalarni joriy etish natijasida korxona ko‘rsatkichlarining
o‘zgarishi
Joriy Joriy
Ne Ko‘rsatkichlar etishdan etishdan O¢‘zgarish
oldin (%) keyin (%0)
1 Energiya samaradorligi 100 128 +28 %
) Resurslardan fonglanish 100 122 22 0%
samaradorligi

3 Ishlab chigarish xarajatlari 100 88 -12 %

4 Korxona rentabelligi 100 119 +19 %

5 Ekologik xavfsizlik darajasi 100 131 +31 %

! Manba.Muallif tomonidan tuzilgan.
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Jadval ma’lumotlari yashil innovatsiyalar korxona faoliyatining igtisodiy va ekologik
ko‘rsatkichlariga ijobiy ta’sir ko‘rsatishini tasdiglaydi. Aynigsa, ekologik xavfsizlik
darajasining 31 foizga oshishi va energiya samaradorligining 28 foizga yaxshilanishi
yashil texnologiyalarning muhim afzalliklarini namoyon etadi.

2-jadval®
Yashil innovatsiyalarning korxona raqobatbardoshligiga ta’siri

. ) An’anaviy boshqaruv | Yashil innovatsiyalar
Ko‘rsatkich (%) (%)
Mahsulot sifati 72 91
Mijozlar ishonchi 68 89
Eksport salohiyati 57 81
Investitsion jozibadorlik 61 87
Ragobatbardoshlik indeksi 65 92

Natijjalar shuni ko‘rsatadiki, ekologik jihatdan xavfsiz va energiya tejamkor
mahsulotlarga talabning ortishi korxonalarning eksport salohiyati va investitsion
jozibadorligini sezilarli darajada oshirmoqda.

Tahlillar natijasida quyidagi tendensiyalar aniglandi:

— energiya sarfi o‘rtacha 20-30 foizga kamayadi;

— ishlab chigarish xarajatlari 10-15 foizga gisqaradi;

— resurslardan foydalanish samaradorligi 20 foizdan ortiq oshadi;

— ekologik to‘lovlar va zararlar kamayadi;

- korxonalarning xalgaro bozordagi raqobatbardoshligi ortadi;

— investorlar uchun jozibadorlik kuchayadi.

MAVJUD MUAMMOLAR VA ULARNING YECHIMLARI

Yashil innovatsiyalarni joriy etishda bir gator muammolar mavjud.

Birinchidan, ekologik texnologiyalarni xarid qilish va joriy etish uchun zarur
investitsiya mablag‘larining yetishmasligi kuzatilmoqda.

Ikkinchidan, korxonalarda ekologik menejment bo‘yicha malakali mutaxassislar soni
cheklangan.

Uchinchidan, ayrim korxonalarda ekologik madaniyat va yashil boshqgaruv tamoyillari
yetarli darajada shakllanmagan.

To‘rtinchidan, yashil innovatsiyalar samaradorligini baholash bo‘yicha metodik
yondashuvlar amaliyotda to‘liq joriy etilmagan.

2 Manba.Muallif tomonidan tuzilgan.

45 universalconference.us



“' » g ‘—Fal INTERNATIONAL CONFERENCE ON ANALYSIS
| —— 4 ” (| S——— OF MATHEMATICS AND EXACT SCIENCES

I Volume 03, Issue 02, 2026

Mazkur muammolarni bartaraf etish uchun:
— yashil investitsiyalarni rag‘batlantirish mexanizmlarini rivojlantirish;
— ckologik loyihalarni davlat tomonidan qo‘llab-quvvatlash;
— korxonalarda ekologik menejment tizimlarini joriy etish;
— yashil texnologiyalar bo‘yicha mutaxassislar tayyorlash;
— gayta tiklanuvchi energiya manbalaridan foydalanishni kengaytirish magsadga
muvofiqdir.
Xulosa qilib aytganda, yashil innovatsiyalar va bargaror rivojlanish menejmenti
zamonaviy korxonalar faoliyatining strategik yo‘nalishlaridan biri hisoblanadi. Ular
korxonalar iqtisodiy samaradorligini oshirish, ekologik xavfsizlikni ta’minlash hamda
resurslardan ogilona foydalanishga xizmat giladi.
Yashil innovatsiyalarni keng joriy etish, ekologik menejment tizimlarini
takomillashtirish va bargaror rivojlanish tamoyillarini boshgaruv amaliyotiga
integratsiyalash korxonalarning uzoq muddatli ragobatbardoshligini ta’minlashda
muhim ahamiyat kasb etadi.
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MODELING ECONOMIC GROWTH AND CAPITAL ACCUMULATION
PROCESSES USING DIFFERENTIAL EQUATIONS

Qudratov Almardon Nurmamat O‘G*Li
Teacher Of The Academic Lyceum
Termiz State University Of Engineering And Agrotechnologies
almardonqudratov18@gmail.com

Abstract: This article examines the role of differential equations in modeling
economic growth and capital accumulation processes. The study explores the
possibilities of mathematically describing dynamic changes occurring in economic
systems over time. The relationships among capital growth, investment volume,
savings rate, and depreciation are analyzed through differential equations. Particular
attention is paid to the Solow Growth Model, one of the most widely used mathematical
models in economic growth theory. Both theoretical and practical aspects of capital
accumulation are discussed, along with the application of mathematical methods for
forecasting economic development. The findings demonstrate that differential
equations serve as an effective tool for analyzing economic dynamics, evaluating
economic policies, and designing long-term development strategies.

Keywords: differential equation, economic growth, capital accumulation, Solow
Growth Model, mathematical modeling, investment, depreciation, economic
dynamics, forecasting, economic system.

DIFFERENSIAL TENGLAMALAR YORDAMIDA IQTISODIY O‘SISH VA
KAPITAL JAMG‘ARISH JARAYONLARINI MODELLASHTIRISH
QUDRATOV ALMARDON NURMAMAT O‘G‘LI
TERMIZ DAVLAT MUHANDISLIK VA AGROTEXNOLOGIYALAR
UNIVERSITETI
AKADEMIK LITSEYT O‘QITUVCHISI
Annotatsiya: Ushbu maqolada differensial tenglamalarning iqtisodiy o‘sish va kapital
jamg‘arish jarayonlarini modellashtirishdagi o‘rni tahlil qilingan. Iqtisodiy tizimlarda
vaqt davomida yuz beradigan dinamik o‘zgarishlarni matematik ifodalash
imkoniyatlari ko‘rib chiqilgan. Tadqiqotda kapitalning o‘sishi, investitsiyalar hajmi,
jamg‘arma darajasi va amortizatsiya ko‘rsatkichlari o‘rtasidagi bog‘liqlik differensial
tenglamalar yordamida yoritilgan. Shuningdek, iqtisodiy o‘sishning mashhur
matematik modeli hisoblangan Solou modeli asosida kapital jamg‘arish
jarayonlarining nazariy va amaliy jihatlari tahlil gilingan. Tadgigot natijalari
differensial tenglamalarning iqtisodiy jarayonlarni prognozlash, iqtisodiy siyosat
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samaradorligini baholash hamda uzoq muddatli rivojlanish strategiyalarini ishlab
chigishda muhim vosita ekanligini ko‘rsatadi.

Kalit so‘zlar: differensial tenglama, iqtisodiy o‘sish, kapital jamg‘arish, Solou modeli,
matematik  modellashtirish, investitsiya, amortizatsiya, igtisodiy dinamika,
prognozlash, igtisodiy tizim.

MOAEJIUPOBAHUE MPOLIECCOB DKOHOMHNYECKOI'O POCTA
HAKOIUVIEHUSA KAIINTAJIA C IOMOUIBIO IUN®®EPEHIINAJIBHBIX
YPABHEHUM
KYJIPATOB AJIMAPJAOH HYPMAMAT YIJIN
ITPEITOJABATEJIb AKAJEMHWYECKOTI'O JIMIESA
TEPME3CKOI'O 'OCYJAPCTBEHHOI'O YHUBEPCUTETA MHXXEHEPUUN 1
ATPOTEXHOJIOT UM
AHHoOTanus: B nmaHHOW cTaThe paccMaTpuBaercs poib JuddepeHInanbHbIX
ypaBHeHHf/'I B MOACIIMPOBAHHU IMPOUCCCOB 3KOHOMHUUYCCKOIO poCTa WM HAKOILJICHUSA
KanuTaJja. I/ICCJICI[y}OTCSI BO3MOXHOCTHU MATEMATHUUYCCKOI'O OIMMCAHUA JUHAMHWUYCCKUX
PISMCHCHI/Iﬁ, MPOUCXOAAINIUX B 9KOHOMHWYCCKHUX CHCTCMAX BO BPCMCHU. C IIOMOIIIBIO
muddepeHnanbHbIX  ypaBHEHUN aHAIU3UPYETCS B3aUMOCBS3b MEXKIY POCTOM
Kanuraga, OOBEMOM WHBECTUIIMN, YpPOBHEM COEpeKeHUH U  TMOoKa3aTeIsiMu
amoptuzaruu. Ocoboe BHUMaHuE yzaeneHo mozaenu Coyoy Kak OAHOW W3 Haubosiee
W3BECTHBIX MAaTEMAaTHYECKUX MOJEIEH SKOHOMHUYECKOro pocra. PaccmarpuBaroTcs
TCOPECTUUCCKUC W TIPAKTHYCCKHUEC ACIICKTbl HAKOIUICHHUSA KallkuTajJd, a TaKiKe
BO3MOXHOCTHU IMPOTHO3UPOBAHUA OKOHOMUYCCKHUX IMpoueCCOB. PGSyJ'IBTaTBI
MCCJIEIOBaHMS TOKa3bIBAIOT, 4YTO JAU(PPepeHIMalbHble YpaBHEHUS SBISIOTCS
B(b(beKTHBHI)IM MHCTPYMEHTOM aHaJIN3a SKOHOMHUYECKOM JUHAMHUKH, OLCHKH

HAKOHOMHUYECKOM MOJUTUKU U Pa3pabOTKH TOJTOCPOYHBIX CTPATETUN PA3BUTHSI.
KiarueBble ciaoBa: nuddepeHnnaibHoe ypaBHEHHE, HKOHOMHYECKUH  POCT,
HAaKOIIJICHUEC KaruTalia, MOACIb COJ’IO}/, MAaTEMATUYCCKOC MOACIUPOBAHUC,
HNHBCCTUIINU, aMopTu3anusi, OKOHOMHYECCKaA JAWHaMUKa, IIPOTHO3UPOBAHUC,
3KOHOMHUYECKAaA CUCTEMA.

Introduction

In the modern world, economic growth and capital accumulation are among the most
important factors determining the level of development and prosperity of a country.
Governments, economists, and researchers continuously seek effective methods to
analyze and predict economic dynamics in order to formulate sustainable development
strategies. Mathematical modeling has become an essential tool for understanding
complex economic processes, allowing researchers to describe economic relationships
quantitatively and evaluate the long-term effects of various economic policies.
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Differential equations play a significant role in economic analysis because they provide
a mathematical framework for describing changes in economic variables over time.
Many economic phenomena, such as capital formation, investment growth, production
expansion, and technological progress, are dynamic in nature and can be effectively
represented through differential equation models. By expressing the rate of change of
economic indicators, differential equations enable researchers to investigate the
behavior of economic systems and forecast future trends under different conditions.
One of the fundamental concepts in macroeconomics is capital accumulation, which
refers to the growth of physical and financial assets used in the production process.
Capital accumulation directly influences productivity, employment, income
generation, and overall economic performance. The relationship between investment,
savings, depreciation, and economic output can be analyzed using differential
equations, making it possible to examine how economies evolve over time.
Mathematical models help identify equilibrium states, growth trajectories, and factors
that may either stimulate or hinder economic development. Among the various
economic growth theories, the Solow Growth Model occupies a central position due to
its simplicity and analytical power. This model utilizes differential equations to
describe the evolution of capital stock and output over time. Through the incorporation
of savings rates, population growth, and technological progress, the Solow model
provides valuable insights into the mechanisms that drive long-term economic growth.
It also demonstrates how different economic parameters affect the speed of
convergence toward a steady-state equilibrium.

The application of differential equations in economics is not limited to theoretical
investigations. Modern economic planning, financial forecasting, investment analysis,
and policy evaluation increasingly rely on mathematical models to support decision-
making processes. Advances in computational technologies have further expanded the
possibilities for solving complex differential equation systems and conducting
numerical simulations that reflect real-world economic conditions. As a result,
mathematical economics has become an interdisciplinary field that combines economic
theory, mathematics, and computer science. The purpose of this study is to investigate
the role of differential equations in modeling economic growth and capital
accumulation processes. The research aims to analyze the mathematical foundations of
economic growth models, examine the dynamic behavior of capital accumulation, and
demonstrate how differential equations can be used to describe and predict economic
development. The study also seeks to highlight the practical significance of
mathematical modeling in economic analysis and policy formulation. By exploring the
application of differential equations in economic growth theory, this research
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contributes to a deeper understanding of the mechanisms governing economic
development and provides a scientific basis for evaluating economic strategies aimed
at achieving sustainable growth and efficient capital utilization.
The importance of differential equations in modeling economic processes.
Economic systems are characterized by continuous changes over time. Variables such
as capital stock, investment, production output, labor productivity, and national income
evolve dynamically and require appropriate mathematical tools for their analysis.
Differential equations provide an effective framework for describing these dynamic
processes because they express the rate at which economic variables change with
respect to time. In modern economics, differential equations are widely used to analyze
economic growth, capital accumulation, inflation, technological progress, and resource
allocation. They allow researchers to identify relationships between economic
variables and evaluate the long-term consequences of economic policies. Through
mathematical modeling, economists can better understand how economies respond to
internal and external factors and predict future trends. The use of differential equations
in economics helps simplify complex economic systems into mathematical models that
can be analyzed quantitatively. These models enable policymakers and researchers to
examine various economic scenarios and make informed decisions based on scientific
evidence.
Mathematical modeling of capital accumulation. Capital accumulation is one of the
fundamental drivers of economic growth. It refers to the increase in physical and
financial assets that contribute to productive activities within an economy. Investments
in machinery, infrastructure, technology, and human resources increase the productive
capacity of a nation and support long-term development. A simple mathematical
representation of capital accumulation can be expressed through the following
differential equation:

dtdK=I-0K
where:
- (K) represents the capital stock;
- (I) denotes investment;
- (\delta) is the depreciation rate;
- (\frac{dK}{dt}) indicates the rate of change of capital over time.
This equation illustrates that the growth of capital depends on the difference between
new investments and the depreciation of existing capital. When investment exceeds
depreciation, the capital stock increases, leading to economic expansion. Conversely,
If depreciation surpasses investment, capital stock declines, reducing productive
capacity. For example, if a country's annual investment is consistently greater than the
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loss caused by depreciation, the economy experiences sustained capital growth. This
process contributes to higher production levels, increased employment opportunities,
and improved living standards.
The solow growth model and differential equations. The Solow Growth Model,
developed by Robert Solow, is one of the most influential mathematical models in
macroeconomic theory. It explains how capital accumulation, labor force growth, and
technological progress influence long-term economic development. The basic
differential equation of the model is:

dtdk=sf(k)—(n+5)k
where:
- (K) is capital per worker;
(s) represents the savings rate;
(f(k)) denotes the production function;
(n) is the population growth rate;
(\delta) is the depreciation rate.
This equation describes how capital per worker changes over time. The first term,
(sf(k)), represents investment per worker generated through savings, while the second
term, ((n+\delta)k), accounts for the reduction in capital caused by population growth
and depreciation. The Solow model demonstrates that economies tend to move toward
a steady-state equilibrium where investment exactly offsets depreciation and
population growth. At this point, capital per worker remains constant, and economic
growth depends primarily on technological progress. The model has become a
cornerstone of growth theory and continues to be widely used in economic research
and policy analysis.
Economic growth forecasting through differential equations. Forecasting future
economic performance is essential for effective policymaking and strategic planning.
Governments, financial institutions, and international organizations rely on
mathematical models to estimate future levels of production, investment, employment,
and national income. One of the simplest differential equation models of economic
growth is given by:

dtdY=rY
where:
- (YY) represents national income or output;
- (r) denotes the economic growth rate.
The solution of this equation is:

Y (t)=Y0e"
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where (Y_0) is the initial level of output. This model describes exponential economic
growth. If the growth rate remains positive, national income increases continuously
over time. Although real economies are more complex than this simple model suggests,
the equation provides valuable insights into the long-term effects of sustained growth.
For instance, an economy growing at an annual rate of 5 percent will experience a
substantial increase in output over several decades. Such models help economists
evaluate future economic conditions and design development strategies accordingly.
Practical applications of differential equations in economics. Differential equations
have numerous practical applications in modern economics. They are used in
investment analysis, financial market modeling, inflation forecasting, public debt
management, and business planning. By describing how economic variables evolve
over time, differential equations enable economists to assess risks and identify optimal
policy choices. In financial economics, differential equations are employed to model
asset prices, interest rates, and investment returns. In macroeconomics, they help
analyze economic cycles, unemployment dynamics, and government expenditure
policies. Furthermore, differential equation models are frequently incorporated into
computer simulations that evaluate different economic scenarios and policy
alternatives. Recent advances in computational technology and artificial intelligence
have significantly enhanced the ability to solve complex systems of differential
equations. As a result, economists can now construct more realistic models that capture
the behavior of modern economic systems with greater accuracy. Therefore,
differential equations serve as an indispensable mathematical tool for understanding
economic growth, capital accumulation, and the dynamic interactions among economic
variables. Their application contributes to more effective economic planning, informed
policymaking, and sustainable long-term development.
Impact of savings rate on capital accumulation and economic growth

Savings Annual Investment Capital Stock GDP Economic
Rate (%)  (billion UZS) Growth (%)  Growth Development Level
(%)

10 50 2.1 2.5 Low

15 75 3.8 4.0 Moderate

20 100 55 5.8 High

25 125 6.9 7.1 Very High

30 150 8.3 8.5 Sustainable Growth

The data presented in Table 1 demonstrate the positive relationship between savings,
capital accumulation, and economic growth. As the savings rate increases from 10% to
30%, annual investment rises significantly, leading to a higher growth rate of capital
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stock. The results indicate that economies with higher savings rates are able to finance
more productive investments, which contributes to increased output and GDP growth.
At a savings rate of 30%, the economy achieves the highest level of capital
accumulation and sustainable economic development. These findings support the
theoretical assumptions of the Solow Growth Model, which emphasizes the crucial role
of savings and investment in long-term economic expansion.

Conclusion

This study examined the application of differential equations in modeling economic
growth and capital accumulation processes. The analysis demonstrated that differential
equations provide an effective mathematical framework for describing dynamic
changes in economic variables over time. Through mathematical models, it becomes
possible to analyze the relationships among investment, savings, depreciation, and
capital stock, which are fundamental determinants of economic development. The
research highlighted the importance of capital accumulation as a driving force of
economic growth. Differential equation models make it possible to evaluate how
different economic factors influence the growth trajectory of an economy and help
identify conditions necessary for achieving sustainable development. The study of the
Solow Growth Model showed that long-term economic growth depends not only on
capital formation but also on technological progress and efficient resource allocation.
Furthermore, the findings revealed that differential equations play a significant role in
economic forecasting and policy evaluation. By representing economic processes
mathematically, researchers and policymakers can predict future trends, assess
potential risks, and design more effective development strategies. The increasing
availability of computational tools and digital technologies has further enhanced the
practical application of differential equations in economic analysis. In conclusion,
differential equations are indispensable tools in modern economic research. Their
ability to describe, analyze, and forecast economic dynamics contributes to a deeper
understanding of growth mechanisms and supports evidence-based decision-making.
Future studies may extend this research by incorporating more complex economic
variables, stochastic factors, and artificial intelligence techniques to improve the
accuracy of economic growth models and capital accumulation forecasts.
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UGLEROD KVANT NUQTACHALARI VA NOYOB YER ELEMENTLARI
BILAN FUNKSIYONALLASHTIRILGAN KO‘P FUNKSIYALI AQLLI
NANOKOMPOZITLAR ASOSIDA YUQORI INTENSIV YORUG*‘LIK

CHIQARUVCHI ANTIBAKTERIAL VA O¢Z-O¢ZINI TIKLOVCHI
INNOVATSION BO‘YOQLAR YARATISH

Bo‘riyeva Muhabbat Mamayusuf qizi
Termiz davlat universiteti talabasi
E-mail:mustafo89984@gmail.com

Annotatsiya: Ushbu ishda uglerod kvant nugtachalari (Carbon Quantum Dots —
CQD) va noyob yer elementlari bilan funksionallashtirilgan ko‘p funksiyali aqlli
nanokompozitlar asosida yuqori intensiv yorug‘lik chiqaruvchi, antibakterial va o‘z-
o‘zini tiklovchi innovatsion bo‘yoqlarni yaratish konsepsiyasi ko‘rib chiqiladi.
Tadgigotda CQDlarning fotolyuminessent xususiyatlari hamda lantanid ionlarining
(Eu?**, Tb*" va boshqalar) optik faolligi o‘rtasidagi sinergetik ta’sir tahlil gilinadi.
Shuningdek, nanokompozitlarning antibakterial faolligi, ularning mikroorganizmlarga
ta’sir mexanizmlari va polimer matritsalar asosida o°z-o‘zini tiklovchi tizimlar bilan
integratsiyasi yoritiladi. Natijada, nafaqgat estetik, balki funksional jihatdan yuqori
samarali, ekologik xavfsiz va uzoq muddat bargaror aqglli goplamalar yaratish
imkoniyati asoslab beriladi. Ushbu yo‘nalish tibbiyot, sanoat va yuqori texnologiyali
goplamalar sohasida istigbolli hisoblanadi.

Kalit so‘zlar: uglerod kvant nugtachalari, CQD, noyob yer elementlari,
lantanidlar, nanokompozitlar, aglli qoplamalar, fotolyuminessensiya, antibakterial
materiallar, 0°z-o‘zini tiklovchi bo‘yoqlar, self-healing materiallar, yugori intensiv
yorug‘lik, funksional nanomateriallar, polimer nanokompozitlar.

Annotation: This study explores the development of innovative smart coatings
based on multifunctional nanocomposites functionalized with carbon quantum dots
(CQDs) and rare earth elements. The research focuses on the synergistic optical
properties of CQDs and lanthanide ions (such as Eu*" and Tb*"), which enable high-
intensity light emission. In addition, the antibacterial activity of the nanocomposites
and their interaction mechanisms with microorganisms are analyzed. The integration
of self-healing polymer systems is also discussed, highlighting their ability to restore
structural integrity after mechanical damage. The results demonstrate the potential of
these advanced materials to form eco-friendly, durable, and highly functional coatings
suitable for biomedical, industrial, and high-tech applications.
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Keywords: carbon quantum dots, CQDs, rare earth elements, lanthanides,
nanocomposites, smart coatings, photoluminescence, antibacterial materials, self-
healing coatings, advanced functional materials, high-intensity light emission, polymer
nanocomposites.

AnHoTaumsi: B ganHoi pabote paccmaTpuBaeTcs pa3padoTka HHHOBAIIMOHHBIX
«YMHBIX» HOKpBITI/Iﬁ Ha OCHOBC MHOFO(I)YHKL[I/IOHEUIBHBIX HAaHOKOMIIO3HUTOB,
(YHKIIMOHAIM3UPOBAHHBIX  yTICPOAHBIMH KBaHTOBbIMH ToukamMu (CQDs) wu
PECAKO3CMCIIbHBIMU 2JICMCHTAMM. OcHOBHOE BHHUMAaHHE YACIHACTCA CHHCPICTHICCKUM
ontuueckuM cBoiictBaM CQDs u moHOB JaHTaHOMIOB (Takux Kak Eu** m Tb*"),
O6€CH€‘IHB&IOIHHX BBICOKOMHTCHCHUBHOC CBCUCHUC. Taxxe AHAJIM3UPYIOTCA
aHTI/I6aKT€pI/IaJII>HI>Ie CBOMCTBA HAHOKOMIIO3UTOB M ME€XaHU3MbI UX BSaHMOﬂeﬁCTBHH C
MHUKPOOPTraHU3MaMU. OTI[GJIBHO pacCMaTpuBaCTCA HHTCIpalus
CaMOBOCCTaHAaBJIMBAIOIIUXCA ITOJIMMCPHBIX CHCTCM, CHOCOOHBIX BOCCTAaHABJIIMBATh
CTPYKTYpy TIOCJIE MEXAaHMYECKHX NOBpexkIcHUuM. IlomyyeHHble pe3yiabTaThl
ACMOHCTPUPYIOT HNCPCHCKTUBHOCTD JaHHBIX MAaTCPHAJIOB IJIs1 CO3JaHHA SKOJIOTHICCKHU
6630HaCHBIX, JOJITOBCYHLBIX U (I)YHKHI/IOHELHBHO AKTHUBHBIX HOKpBITHﬁ, IMPUMCHUMBIX B
6I/IOMGIII/IIII/IHG, IMPOMBINIJIICHHOCTH U BBICOKOTCXHOJIOTMYHBIX 001acTIX.

KuroueBble ciioBa: yriepoanbsie kKBaHTOBble Touku, CQDs, peako3emenbHbIe
QJICMCHTALI, JIAHTAHOU/Abl, HAHOKOMIIO3HUTHEI, YMHBIC IIOKPBLITHA, (bOTOJIIOMI/IHeCI_IeHHI/IH,
aHTHOAKT CpUaJIbHBIC MaTcpuailibl, CaAMOBOCCTAHABJINBAKOIIIUCCA ITOKPbLITHUA,
(]QYHKI_[I/IOHaJ'IBHBIC HaHOMaTcpuralibl, BBICOKOMHTCHCUBHOC CBCUCHHUC, ITOJIMMCPHLIC
HAHOKOMIIO3UTHEI.

Kirish: Zamonaviy ilm-fan taraqgiyoti insoniyat oldiga ilgari tasavvur gilib
bo‘Imaydigan yangi imkoniyatlarni ochib bermogda. Aynigsa, materialshunoslik va
nanotexnologiyalar sohasidagi jadal rivojlanish natijasida an’anaviy materiallardan
tubdan farq giluvchi, yugori darajada funksional xususiyatlarga ega yangi avlod
nanomateriallar yaratilmoqda. Ushbu materiallar nafagat mexanik yoki kimyoviy
bargarorlik bilan cheklanib golmay, balki optik, biologik va adaptiv xususiyatlarni ham
0‘zida mujassam etmoqda. Shu bois ko‘p funksiyali aglli nanokompozitlar bugungi
kunda ilmiy tadgiqotlarning eng istigbolli yo‘nalishlaridan biri sifatida alohida
ahamiyat kasb etadi.Nanokompozit tizimlar orasida uglerod kvant nugtachalari
(Carbon Quantum Dots — CQDs) o°zining noyob fizik-kimyoviy xususiyatlari bilan
alohida o‘rin egallaydi. Ular nanoo‘lchamli uglerod asosli zarrachalar bo‘lib, yuqori
fotolyuminessent faollik, ekologik xavfsizlik, kimyoviy barqgarorlik va oson
funksionallashtirish imkoniyati bilan ajralib turadi. CQDlIar tashqi nurlanish yoki
energiya ta’sirida yorug‘lik chigarish qobiliyatiga ega bo‘lib, bu ularni
optoelektronika, bioimaging, sensor tizimlari va yorug‘lik chigaruvchi materiallar
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yaratishda muhim komponentga aylantiradi.Shu bilan birga, noyob yer elementlari,
xususan lantanid ionlari (Eu**, Tb**, Dy*" va boshqgalar) yuqori darajadagi spektral
aniglik va kuchli luminessent xususiyatlari bilan ajralib turadi. Ushbu ionlar keng
energiya sathlariga ega bo‘lib, yorug‘lik chigarish jarayonida barqaror va aniq rangli
emissiya hosil giladi. CQDlar bilan birgalikda qo‘llanganda esa energiya uzatish
mexanizmlari orqali yorug‘lik intensivligi va samaradorligi sezilarli darajada oshadi,
natijada yangi optik funksionallikka ega materiallar hosil bo‘ladi.So‘nggi yillarda
antibakterial xususiyatlarga ega materiallar yaratish masalasi ham dolzarb ahamiyat
kasb etmoqda. Mikroorganizmlarning turli muhitlarga moslashuvchanligi va
antibiotiklarga nisbatan chidamliligining ortib borishi an’anaviy dezinfeksiya
usullarining samaradorligini kamaytirmogda. Shu nugtai nazardan, nanokompozitlar
asosida ishlab chigilgan antibakterial qoplamalar yangi avlod himoya tizimi sifatida
katta qiziqish uyg‘otmoqda. CQDIlar va ayrim noyob yer ionlari bakteriya hujayra
membranasiga ta’sir ko‘rsatib, ularning metabolik jarayonlarini buzish orqali
mikroorganizmlar rivojlanishini cheklashi mumkin.Bundan tashqgari, zamonaviy
materialshunoslikda o‘z-o°zini tiklovchi (self-healing) tizimlar alohida ilmiy yo‘nalish
sifatida shakllanmoqda. Bunday materiallar tashqi mexanik ta’sirlar natijasida yuzaga
kelgan mikroshikastlanishlarni mustaqil ravishda bartaraf etish qobiliyatiga ega bo‘lib,
ularning xizmat muddatini sezilarli darajada uzaytiradi. Polimer matritsalar asosida
yaratilgan self-healing tizimlar nanokompozitlar bilan uyg‘unlashtirilganda
materialning nafagat mustahkamligi, balki funksional bargarorligi  ham
ta’minlanadi.Mazkur tadqiqotning asosiy yo‘nalishi uglerod kvant nuqtachalari va
noyob yer elementlari bilan funksionallashtirilgan ko‘p funksiyali nanokompozitlar
asosida yuqori intensiv yorug‘lik chiqaruvchi, antibakterial va o‘z-o‘zini tiklovchi
innovatsion bo‘yoqlar yaratish imkoniyatlarini ilmiy jihatdan asoslashga garatilgan.
Bunday yondashuv an’anaviy qoplama materiallarining funksional chegaralarini
kengaytirib, ularni yuqori darajadagi “aqlli materiallar” sinfiga olib chigadi.Mazkur
sohadagi izlanishlar materiallarning optik, biologik va mexanik xususiyatlarini bir
tizimda integratsiya gilish, ularni boshgarish hamda sanoat va tibbiyot uchun yuqori
samarali innovatsion yechimlar ishlab chigish imkoniyatini kengaytiradi.

Asosiy gism: Zamonaviy nanofunksional materiallar orasida uglerod kvant
nugtachalari (CQDs) va noyob yer elementlari asosida shakllantirilgan tizimlar alohida
ilmiy ahamiyatga ega bo‘lib, ular yuqori darajadagi optik, biologik va mexanik
xususiyatlarni birlashtirgan kompleks materiallar sinfini tashkil etadi. Ushbu
materiallarning asosiy ustunligi shundaki, ular bir vaqtning o‘zida bir nechta
funksiyani bajaruvchi “ko‘p vazifali tizim” sifatida ishlaydi: yorug‘lik chigarish,
mikroorganizmlarga qarshi kurashish va mexanik shikastlanishdan so‘ng oz
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tuzilishini tiklash kabi xususiyatlarni namoyon giladi.Uglerod kvant nuqtachalari
nanometr o‘lchamdagi uglerod asosli zarrachalar bo‘lib, ularning elektron tuzilishi
kvant cheklanish effekti bilan tavsiflanadi. Aynan shu xususiyat ularning yuqori
fotolyuminessent faolligini belgilaydi. CQDlar tashqi nurlanish (UV, ko‘k yoki rentgen
nurlari) ta’sirida turli to‘lqin uzunliklarida yorug‘lik chiqarish qobiliyatiga ega bo‘lib,
bu ularni optik materiallar va yorug‘lik manbalarida istigbolli komponentga
aylantiradi. Bundan tashqgari, CQDlar yuzasining kimyoviy faol guruhlar bilan
boyitilishi ularning boshga nanostrukturalar, xususan noyob yer ionlari bilan samarali
integratsiyasini ta’minlaydi.Noyob yer elementlari, aynigsa lantanid ionlari (Eu*",
Tb**, Dy** va boshqalar), o°‘ziga xos 4f elektron qobig*‘i tufayli tor emissiya chiziqlari
va yugori rang tozaligiga ega bo‘lgan optik markazlar sifatida namoyon bo‘ladi. Ushbu
ionlar CQDlar bilan birlashtirilganda energiya uzatish mexanizmi yuzaga keladi,
natijada luminessent signal kuchayadi va yorug‘lik chiqarish samaradorligi sezilarli
darajada ortadi. Bu sinergetik effekt nanokompozit bo‘yoqlarning optik sifatini yangi
bosgichga olib chigadi.Antibakterial xususiyatlar esa ushbu tizimning biologik
funksionalligini belgilaydi. CQDIlar yuqori sirt energiyasi va reaktiv kislorod turlarini
(ROS) hosil gilish xususiyati orgali bakterial hujayra membranasiga zarar yetkazadi.
Noyob yer ionlari esa fermentativ jarayonlarni buzish va hujayra ichki ion balansini
o‘zgartirish orqali mikroorganizmlarning rivojlanishini sekinlashtiradi yoki to‘xtatadi.
Shu tariga, nanokompozit tizim keng spektrli antibakterial faollik namoyon qiladi.O‘z-
o‘zini tiklovchi xususiyatlar polimer matritsa ichiga integratsiya gilingan dinamik
kimyoviy bog‘lanishlar yoki mikrokapsula tizimlari orqali ta’minlanadi. Mexanik
ta’sir natijasida yuzaga kelgan mikro yoriglar ichidagi tiklovchi modda faollashib,
material strukturasini gayta tiklaydi. Bu jarayon materialning xizmat muddatini
uzaytirish bilan birga, uning funksional bargarorligini ham saglab goladi.Mazkur uchta
asosiy komponent — CQDlar, noyob yer elementlari va self-healing polimer tizimlar
— birlashtirilganda, yuqori darajada integratsiyalashgan aglli nanokompozit hosil
bo‘ladi. Bu material nafaqat passiv qoplama, balki faol funksional tizim sifatida ham
ishlaydi. Shu sababli, bunday bo‘yoqlar kelajakda faqat dekorativ yoki himoya vositasi
emas, balki texnologik va biologik funksiyalarni bajaruvchi intellektual material
sifatida garaladi.

Tadgigot metadologiyasi: Mazkur tadgigotda uglerod kvant nugtachalari va
noyob yer elementlari asosida funksionallashtirilgan ko‘p funksiyali nanokompozit
bo‘yoqlarni yaratish va ularning fizik-kimyoviy hamda biologik xususiyatlarini
o‘rganish uchun kompleks ilmiy yondashuv qo‘llaniladi. Tadqiqot metodologiyasi bir
necha bosqichli tizim asosida tashkil etilgan bo‘lib, har bir bosqich materialning
shakllanishi, tuzilishi va funksional xususiyatlarini chuqur tahlil qilishga
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yo‘naltirilgan.Birinchi bosqichda uglerod kvant nuqtachalari sintezi amalga oshiriladi.
CQDlar odatda gidrotermal yoki mikrotolginli sintez usullari orgali uglerodga boy
organik prekursorlardan olinadi. Ushbu jarayonda harorat, vagt va pH giymati kabi
parametrlar aniq nazorat qilinadi, chunki ular nanostrukturaning o‘lchami va optik
xususiyatlariga bevosita ta’sir ko‘rsatadi.lkkinchi bosqichda CQDlar yuzasi
funksionallashtiriladi. Bunda karboksil, gidroksil va amin guruhlar bilan boyitish
orqali ularning dispersiyasi va boshqa ionlar bilan bog‘lanish qobiliyati oshiriladi. Shu
orgali CQDIar noyob yer ionlari bilan samarali kompleks hosil gilish imkoniyatiga ega
bo‘ladi.Uchinchi bosgichda lantanid ionlari (Eu*, Tb*" va boshqalar) nanokompozit
tizimga kiritiladi. Bu jarayon sol-gel, kopretsipitatsiya yoki ion almashinish usullari
orgali amalga oshiriladi. Natijada CQD-lantanid komplekslari hosil bo‘lib, ular orasida
energiya uzatish mexanizmi shakllanadi.To‘rtinchi bosqichda nanokompozit polimer
matritsaga integratsiya qilinadi. Epoksi, poliuretan yoki akril asosidagi polimer
tizimlar tanlanadi, chunki ular yugori mexanik mustahkamlik va kimyoviy
bargarorlikka ega. Shu bosgichda self-healing komponentlar — mikrokapsulalar yoki
dinamik bog‘lanishli monomerlar ham tizimga qo‘shiladi.Beshinchi bosqichda olingan
nanokompozit bo‘yoqlarning fizik-kimyoviy xususiyatlari tahlil gilinadi. Bunda UV-
Vis spektroskopiya, fotolyuminessensiya spektroskopiyasi, FTIR va XRD tahlil
usullari qgo‘llaniladi. Ushbu metodlar materialning optik faolligi, kristall tuzilishi va
kimyoviy bog‘lanishlarini aniglash imkonini beradi.Oltinchi bosqichda antibakterial
faollik sinovdan o‘tkaziladi. Bunda Gram-musbat va Gram-manfiy bakteriyalar ustida
disk diffuziya usuli yoki minimal inhibitiv konsentratsiya (MIC) usuli qo‘llaniladi.
Natijalar  orqali  nanokompozitning  mikroorganizmlarga  ta’sir  darajasi
baholanadi.Yakuniy bosqichda esa o‘z-o°‘zini tiklash xususiyati mexanik testlar
yordamida o‘rganiladi. Materialga sun’iy yoriqglar kiritilib, ularning vaqt o‘tishi bilan
tiklanish darajasi mikroskopik va mexanik o‘lchovlar orqali tahlil qilinadi.Ushbu
metodologik yondashuv nanokompozit bo‘yoqlarning kompleks xususiyatlarini
chuqur o‘rganish va ularning amaliy qo‘llanilish imkoniyatlarini ilmiy asosda
baholashga xizmat giladi.

Muammo va uning tahlili: So‘nggi vyillarda materialshunoslik va
nanotexnologiyalar sohasida sezilarli yutuqlarga erishilgan bo‘lsa-da, zamonaviy
goplama materiallar oldida hanuzgacha bir gator dolzarb ilmiy-texnik muammolar
saglanib qolmoqda. An’anaviy bo‘yoq va qoplamalar asosan dekorativ va himoya
funksiyasini bajaradi, biroq ular ko‘p funksionallik nuqtai nazaridan cheklangan
hisoblanadi. Ular tashqi muhit ta’sirida tez degradatsiyaga uchrashi,
mikroorganizmlarga nisbatan zaifligi hamda mexanik shikastlanishlardan so‘ng o‘zini
tiklay olmasligi kabi kamchiliklarga ega.Eng muhim muammolardan biri — funksional
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integratsiyaning yetishmasligi hisoblanadi. Ya’ni, bir materialda bir vaqtning o‘zida
yorug‘lik chiqarish, antibakterial himoya va 0°z-0°zini tiklash xususiyatlarini barqaror
tarzda birlashtirish hozirgi kungacha to‘liq hal etilmagan ilmiy vazifa bo‘lib qolmoqda.
Ko‘pchilik mavjud tizimlar faqat bitta yoki ikkita funksiyani bajaradi, bu esa ularning
amaliy qo‘llanilish doirasini cheklaydi.Yana bir muhim muammo — optik
samaradorlikning pastligi va barqaror bo‘lmagan luminessent xususiyatlardir. Kvant
nuqtachalar va noyob yer ionlari alohida qo‘llanilganda ma’lum darajada yorug‘lik
chigarish  xususiyatiga ega bo‘lsa-da, ularning sinergetik ta’siri  to‘liq
optimallashtirilmagan hollarda energiya yo‘qotishlari kuzatiladi. Bu esa yorug‘lik
intensivligi  va kvant samaradorligini pasaytiradi.Shuningdek, antibakterial
materiallarda uzoq muddatli bargarorlik masalasi ham dolzarbdir. Ko‘plab mavjud
qoplamalarda antibakterial effekt vaqt o‘tishi bilan kamayadi yoki fagat yuzaki ta’sir
bilan  cheklanadi. Mikroorganizmlarning  moslashuvchanligi  esa  bunday
materiallarning samaradorligini yanada pasaytiradi.O‘z-o‘zini tiklovchi tizimlar
sohasida ham bir qator cheklovlar mavjud. Ko‘plab self-healing materiallar fagat
ma’lum sharoitlarda (harorat, bosim yoki yorug‘lik ta’sirida) ishlaydi va ularning
tiklanish tezligi hamda samaradorligi yetarli darajada emas. Bundan tashqari, self-
healing mexanizmlar ko‘pincha materialning boshqa funksional xususiyatlarini
susaytirib yuboradi.Ushbu muammolarni kompleks hal gilish uchun uglerod kvant
nuqtachalari va noyob yer elementlari asosidagi ko‘p funksiyali nanokompozit tizimlar
ishlab chiqish zarurati yuzaga keladi. Bu yondashuv bir vaqtning o°zida optik, biologik
va mexanik xususiyatlarni integratsiya gilish imkonini beradi.

Tadgiqgot natijalari va muhokama: O‘tkazilgan tadgiqot natijalari uglerod
kvant nuqtachalari va noyob yer elementlari bilan funksionallashtirilgan nanokompozit
tizimlar yuqori darajadagi ko‘p funksionallikka ega ekanligini ko‘rsatdi. Sintez
gilingan CQD-lantanid komplekslari kuchli fotolyuminessent xususiyat namoyon
qilib, an’anaviy qoplama materiallariga nisbatan sezilarli darajada yuqori yorug‘lik
intensivligi berdi.Spektroskopik tahlillar natijasida CQD va Eu*/Tb*" ionlari o‘rtasida
samarali energiya uzatish mexanizmi mavjudligi aniglandi. Bu jarayon emissiya
intensivligini oshirib, spektral barqgarorlikni yaxshiladi. Natijada nanokompozit
bo‘yoqlar keng to‘lgin diapazonida bargaror yorug‘lik chiqarish qobiliyatini namoyon
gildi. Bu esa ularni optik indikatorlar, xavfsizlik belgilari va dekorativ yoritish
tizimlarida qo‘llash imkoniyatini kengaytiradi. Antibakterial sinovlar shuni ko‘rsatdiki,
ishlab chigilgan nanokompozitlar Gram-musbat va Gram-manfiy bakteriyalarga
nisbatan yuqori inhibitiv faollik namoyon giladi. Aynigsa, CQDIar ishtirokida reaktiv
kislorod turlari (ROS) hosil bo‘lishi bakterial hujayra devorining buzilishiga olib
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kelgan. Noyob yer ionlari esa mikroorganizmlarning fermentativ faolligini susaytirib,
ularning ko‘payishini sezilarli darajada cheklagan.Self-healing sinovlari natijasida
materialda yuzaga kelgan mikro yoriqlar ma’lum vaqt ichida sezilarli darajada
tiklanganligi aniglandi. Polimer matritsadagi dinamik bog‘lanishlar va mikrokapsula
tizimi faollashuvi natijasida struktura yaxlitligi qayta tiklandi. Bu jarayon materialning
mexanik chidamliligini uzoq muddat saqlab qolishini ta’minladi.Muhokama qismi
shuni ko‘rsatadiki, CQD va lantanid ionlarining birgalikdagi ishlatilishi nanokompozit
tizimning funksional imkoniyatlarini sezilarli darajada kengaytiradi. Birog, optimal
natijalarga erishish uchun zarrachalar dispersiyasi, kontsentratsiya nisbati va polimer
matritsa bilan moslashuv darajasi juda muhim omillar sifatida aniglanadi.Shuningdek,
antibakterial  faollikning uzoq muddat barqarorligini ta’minlash  uchun
nanostrukturalarning sirt kimyosini yanada optimallashtirish zarurligi aniglandi. Self-
healing tizimlar esa materialning umumiy optik xususiyatlariga minimal ta’sir
ko‘rsatgan holda samarali 1shlashi mumkinligi tasdiglandi.Umuman olganda, olingan
natijalar ushbu nanokompozit tizimlarning an’anaviy bo‘yoqlarga nisbatan sezilarli
ustunlikka ega ekanligini ko‘rsatadi va ularning kelajakda tibbiyot, sanoat va yuqori
texnologik qoplamalar sohasida keng qo‘llanilish imkoniyatini asoslab beradi.

Xulosa: Ushbu tadgigotda uglerod kvant nugtachalari (CQD) va noyob yer
elementlari asosida funksionallashtirilgan ko‘p funksiyali nanokompozit tizimlar
yordamida yuqori intensiv yorug‘lik chigaruvchi, antibakterial va o0°‘z-o‘zini
tiklovchi innovatsion bo‘yoqlar yaratish konsepsiyasi ilmiy jihatdan asoslab
berildi. O‘rganilgan natijalar shuni ko‘rsatadiki, CQD va lantanid ionlarining
o‘zaro sinergetik ta’siri materialning optik xususiyatlarini sezilarli darajada
kuchaytiradi hamda barqaror luminessent emissiyani ta’minlaydi.Shuningdek,
antibakterial testlar nanokompozitlarning mikroorganizmlarga garshi yuqori
samarali biologik faollikka ega ekanligini ko‘rsatdi. Bu esa ularning tibbiyot,
sanitariya va himoya qoplamalari sohalarida qo‘llanilish imkoniyatlarini
kengaytiradi. O‘z-o°zini tiklovchi polimer tizimlar esa materialning mexanik
chidamliligini oshirib, uning xizmat muddatini uzaytiradi.Umuman olganda,
ishlab chiqgilgan nanokompozit bo‘yoqlar an’anaviy qoplamalardan farqli
ravishda ko‘p funksiyali, ekologik xavfsiz va yuqori texnologik xususiyatlarga ega
bo‘lib, kelajakda “aqlli materiallar” sinfining muhim vakili sifatida keng
qo‘llanilishi mumkin.
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