BOLALAR O’YIN MAYDONCHASINIG PIEZOELEKTRIK
TEXNOLOGIYALARINING ERGANOMIK VA EKOLOGIK
OPTIMALLASHTIRILISHI.
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Ushbu tezisda bolalar o’yin maydonchalarida piezoelektirik texnologiyalarning ergonomik va
ckologik optimallashtirilishiga bag’ishlangan. Tadqiqot bolalarning harakat energiyasini elektr
energiyasiga aylantirish orqali interaktiv tizimlarni avtonom quvvatlantirish imkoniyatlari o’rganilgan.
Ergonomik jihatdan bolalar antropometriyasi va xavfsiz standarstlariga moslashtirilgan piezo qoplamalar
taklif etilgan bo’lib, ekologik samaradorlik va energiya tejamkorligi hisob-kitoblari keltirilgan. Natijada
o’yin maydonchalarini maydonchalarini barqaror va aqilli gilish bo’yicha amaliy tavsiyalar ishlab
chigilgan.

JaHHblll me3uc nocesujeH 3p20HOMUMecKOl U 3K0/02u4ecKol onmumu3ayuu
Nbe303/1eKMpU4ecKux mexHo/102u HA 0emcKuxX uzposblx njaowadkax. B uccaedosaHuu
U3y4armcst 803MOICHOCMU A8MOHOMHO20 NUMAHUSI UHMEPAKMUBHbIX cUCmeMd 3d c4em
npeo6paszosaHusi KuHemu4eckol 3Hepaut. IIpedsoxceHbl Nbe3onokpblmus, Komopbwle
3ape2oHOMUYeCcKUl adanmupo8aHbl K 0emcKol aHmponomMempuu u cmaHdapmam
6e3onacHocmu, a makxice npugedeHbl pacuemsl 3Ko/02uveckol 3ggekmusHocmu u
3HepaocbepesceHusl. B pesysbmame paspabomaHel npakmuyveckue pekomeHOAyuu no
C030aHUI0 ycMOU1UBbLIX U Y MHbBIX U2POBbIX NAOWAOOK.

This thesis is dedicated to the ergonomic and ecological optimization of piezoelectric technologies in
children’s playgrounds. The research explores the possibilities of autonomously powering interdctive systems
by converting the kinetic energy of children’s movements into electrical energy. Piezoelectric coatings, which
are ergonomically adapted to children’s anthropometryand safety standards, are proposed, and calculation
for ecological efficiency and energy savings are presented. As a result, practical recommendations for
creating sustainable and smart playgrounds have been developed.

Kalit so’zlar: bolalar 0’yin maydonchalari, piezoelektrik elementlar, energiya yig'ish erganomika,
ckologik optimallashtirish, interaktiv tizimlar, harakat energiyasi, barqaror rivojlanishi.
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KiroyeBble cyioBa: demckue uzpogble KOMNJAEKCbl, Nbe303jeKmpuyeckue
3/leMeHMbl, C60p IHEp2UU, IP2OHOMUKA, IKO102UHeCKasl ONMUMU3AYUSL, UHMePaKMUBHble
cucmeMbl, KUHEMUYeCcKasi IHepausi, ycmoliyusoe pazsumue.

Key words: children’s playgraunds, piczoelectric elements, energy harvesting, ergonomics,
ecological optimization, interactive systems, kinetic energy, sustainable development.

Zamonaviy shahar mubhitida bolalar oyin maydonchalarini nafagat jismoniy
rivojlanish uchun, qolaversa ekologik barqarorlik va energiya tejamkorligi uchun ham
muhim.

Piezoelektrik texnologiyalar bolalarning harakat energiyasini elektr energiyasiga
aylantirib, interaktiv tizimlarni quvvatlanish imkonini beradi, bu esa uglerod izini
kamaytiradi va bolalar salomatligini qo’llab quvvatlaydi. Bolalar o’yin maydonchalarida
piezoelektrik elementlarni erganomik (bolalarning yoshi, bo’yi va harakatiga moslik) va
ckalogik (energiya oshishi va atrof muhitga ta’siri) jihatdan optimallashtirish orqgali
avtonom interaktiv tizimlarni loyihalashtirish.

Piezoelektrik goplamalarni bolalar antropometriyasi va xavfsizlik standartlariga
moslashtirilga holda optimallashtirish modellari taklif etilgan bo’lib, bu energiya yig'ish
smaradorligini 20-30% oshirishi mumkin.

Antopometrik o’lchovlar 3-7 bolalar uchun piezoelektrik materiallar (PVDF, PZT)
modellashtirish (COMSOL yoki ANSYS dasturlari), labaratoriya va amaliy sinovlar
energiya chigimi hisobi, xavsizlik bahosi. Piezo pollar va elementlar bolalarning tabiiy
harakatlariga moslashtirilgan yumshoq qoplamalar jarohatlarini oldini oladi, interaktiv
effektlar oyin qizigishini oshiradi. Bolalar harakatidan vyigilgan  energiya oyin
maydonchasining yoritish va sensorli tizimlarni quvvatlantiradi, bu tarmoq energiyasiga
bogliglikni kamaytirib, yiliga 50-70% energiya tejaydi shunda CO: emissiyasini
qgisqartiradi.

Taklif etilgan modellar asosida loyihalashtirilgan o‘yin majmuasi prototipi energiya
samaradorligini oshirib, bolalar faolligini 15-20% rag‘batlantirishi va ekologik foyda berishi
isbotlandi. Piezoelektrik texnologiyalarning ergonomik va ekologik optimallashtirilishi
bolalar o‘yin maydonchalarini barqaror va xavfsiz giladi, shahar infratuzilmasida yangi
avlod “aqlli” maydonchalar yaratishga asos bo‘ladi.
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