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MUHANDISLIK GRAFIKASI FANLARINI SINERGETIK KOMPETENT -
LIK ASOSIDA INTEGRATSIYALASH

Annotatsiya: Ushbu maqolada bo'lajak mutaxassislarning muhandislik grafikasi
fanlarini o'zlashtirishida sinergetik kompetentlikni shakllantirish va fanlararo inte-
gratsiyani ta'minlashning nazariy-metodik asoslari yoritiigan. Chizmachilik, geomet-
riya, 3D modellashtirish va tasviriy san'at elementlarini o'’zaro bog'liglikda o'qitishning
pedagogik imkoniyatlari tahlil gilingan. Sinergetik yondashuv vositasida talabalarning
fazoviy tasavvurini, divergent fikrlashini hamda grafik kompetentligini oshirish modeli
taklif etilgan.

Kalit so'zlar: muhandislik grafikasi, sinergetik kompetentlik, integratsiya, fazoviy
tasavvur, ragamli modellashtirish, SketchUp, fanlararo bog'liglik, pedagogik siner-
getika.

AHHOTaumAa: B gaHHOM cTaTbe OCBeLWaTCca TEOPETUKO-METOANYECKNE OCHOBDI
hopMMPOBaHUS CUHEPreTUYECKON KOMNETEHTHOCTN U obecneyeHna mexamcunnnu-
HaApPHOW WHTErpauun npuv OCBOEHUN NPEAMETOB WHXEHEepHOW rpadukn Byaywmmm
cneunanuctamu. [MpoaHanuanpoBaHbl nefarornyeckme BO3MOXHOCTU  OByYeHns
yepyeHuto, reomeTpum, 3D-MOOENMPOBAHUIO U ANieMEHTaM U306pa3nTenbHOro mc-
KycCTBa BO B3auMocCBsA3uW. [lpeanoxeHa mogerb MOBbILWEHUS NPOCTPaHCTBEHHOIO
BOOBGpaXeHns, ANBEPreHTHOro MbILUIEHUS Y TPpatdNHeCKON KOMNETEHTHOCTU CTYAEH-
TOB Ha OCHOBE CUMHEpPreTM4eckoro nogxoaa.

KrnitoueBble cnoBa: vHXeHepHada rpadpmka, cuHepreTudeckasi KOMNeTeHTHOCTb,
WHTEerpauusi, nNPOCTPaHCTBEHHOE BoOoObOpaxeHue, UMcpoBOEe MOOENMPOBaHME,
SketchUp, mexxagncuunnuHapHas cBa3b, negarorndeckas CUHepreTuka.

Abstract: This article highlights the theoretical and methodological foundations of
developing synergetic competence and ensuring interdisciplinary integration in mas-
tering engineering graphics disciplines by future specialists. The pedagogical possi-
bilities of teaching drawing, geometry, 3D modeling, and fine arts elements in inter-
relation are analyzed. A model for enhancing students' spatial imagination, divergent
thinking, and graphical competence based on a synergetic approach is proposed.

Keywords: engineering graphics, synergetic competence, integration, spatial im-
agination, digital modeling, SketchUp, interdisciplinary connection, pedagogical syn-

ergetics.
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Zamonaviy  muhandislik  va
loyihalash ta'limida raqamli
texnologiyalarning tezkor kirib kelishi
chizmachilik va muhandislik grafikasi
fanlarini o'qitish metodikasini tubdan
gayta ko'rib chigishni talab etmoqda.
Bugungi kunda deyarli barcha mu-
handislik, arxitektura va dizayn kom-
paniyalari o'z ish jarayonlarida CAD
Computer-Aided Design - Kompyuter
yordamida loyihalash, CAE Computer-
Aided Engineering - Kompyuter
yordamida muhandislik va CAM Com-
puter-Aided Manufacturing -
Kompyuter yordamida ishlab chiqarish
kabi dasturiy ta'minotlardan foydala-
nadi. Qo'lda chizish amaliyoti ishlab
chigarish va loyihalashning asosiy bos-
gichlaridan deyarli butunlay chiqib
ketgan. Bitiruvchilar ishga kirishgach,
darhol ushbu ragamli vositalarda ish-
lashga qodir bo'lishlari shart. Ta'lim tiz-
imi bitiruvchilarni real ish sharoitlariga
tayyorlashi, ularga ragobatbardosh
ko'nikmalarni berishi kerak. An'anaviy
metodlar bilan cheklanish, talabalarni
zamonaviy mehnat bozoriga tayyorla-
maydi.

Muhandislik — grafikasi fanlarini
sinergetik kompitentlikda integratsiya-
lashda ragamli vositalar loyihalash ja-
rayonini sezilarli darajada tezlashtiradi.
Loyihalarni  o'zgartirish,  tahrirlash,
nusxalash va turli variantlarni yaratish
go'lda chizishga nisbatan ancha oson
va tezdir. Sababi ragamli vositalar in-
son omili tufayli yuzaga keladigan xato-
larni minimallashtiradi va loyihaning
yuqori aniqgligini ta'minlaydi. Bu esa

ISSN: 2992 - 8974
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loyihaning amalga oshirilishida va ish-
lab chiqarishda katta iqtisodiy samara-
dorlikka erishishga yordam beradi.
An'anaviy grafik ta'limda bilimlar tarqoq
holda berilib, geometriya, chizmachilik,
loyihalash va badiiy-kompozitsion aso-
slar o'rtasidagi uzviylik yetarlicha
ta'minlanmaydi.

An'anaviy grafik ta'limda, aso-
san, 2D ko'rinishlar ortografik
proyeksiyalar bilan cheklangan.
Raqgamli texnologiyalar esa 3D model-
lashtirish, animatsiya, fazoviy reallik va
kengaytirilgan reallik orqali loyihani har
tomonlama, realistik tarzda ko'rish im-
konini beradi. Sababi bu imkoniyatlar
loyiha g'oyasini mijozlarga,
hamkasblarga va ishlab
chigaruvchilarga yanada tushunarli va
jozibali tarzda yetkazishga yordam be-
radi. Dizayn xatolarini erta bos-
gichlarda aniglash va bartaraf etishga
imkon beradi, bu esa vaqt va resurs-
larni tejaydi.

Sinergetika bu murakkab, 0'z-0
me'yorlashtiruvchi va ochiq tizimlarning
0'z-0'zini tashkil etish gonuniyatlarini
o'rganuvchi fan sifatida pedagogikaga
integratsiyalashganda, talabaning
bilimlarni -~ mustaqil  sintez  qilish
ko'nikmasini shakllantiradi. Muhandis-
lik grafikasi fanlarini sinergetik kompe-
tentlik asosida integratsiyalash o'quv
jarayonini chiziqgli bir yo'nalishli yon-
dashuvdan ko'p o'lchamli va ijodiy tiz-
imga o'tkazish imkonini beradi (1-
jadval).

1-jadval

https://journals.afu.uz/index.php/AFUISN
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Model bloklari Boshqarfjv va Peda_aqoglk hamda sinergetik
mazmuniy unsurlar | tavsifi
1. Talabalarda muhandislik-grafik
masalalarni kompleks va vari-
Magsad va . . . ,
. Bosh magsad ativ yechishga qaratilgan siner-
magsadli blok : Lo
getik kompetentlikni rivojlan-
tirish.

Fazoviy-mantigiy va tasviriylik
fikrlashining uyg'unlashishi;
An'anaviy va ragamli (3D)

Kutilayotgan natijalar vositalarni erkin va sintez qilib

go'llash;
Nostandart va murakkab mu-
handislik-dizayn muammo-

lariga kreativ yechim topish.

2. Sinergetik yondashuv (0'z-0'zini
. tashkillashtirish, ko'p variantli-
Metodologik va . : :
nazariv blok Asoiy yondashuvlar lik), Integrativ yondashuv (fan-
y lararo bog'liglik), Kompetentlik
va Loyihaviy yondashuvlar.
Tizimlilik, ochiglik, bifurkatsiya
Ta'lim tamoyilari (ko'p I:JSU”I | yech|r'n ta-nlow),
nostatsionarlik, an'anaviy va
zamonaviy vositalar uzviyligi.

3. Mazmuniy-inte- Proektsiyalash nazariyasi,
grativ blok | Chizmachi geometriya | kesim va qirgimlar, standartlar,
(Fanlararo sin- | va Chizmachilik aniq mantiqiy-geometrik
tez) shakllantirish.

. Fazoviy parametriklik, 3D vi-
Raqgamli . : .
.S zualizatsiya, obyektlarni real
[gdeiiagntnsh vaqt rejimida tahlil gilish va
(SketchUp, SAPR) | srakilantirish.

3. : Proportsiya, simmetriya/asim-
Mazmuniy- . \ , : '

. . Tasviriy san'at va | metriya, ritm, yorug'-soya, rang
integrativ  blok o ) .

. Kompozitsiya va estetik muvozanat gonuni-
(davomi) yatlari

Tektonika, ergonomika, kon-
struktiv mustahkamlik va
funksional loyihalash.
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Baholash  va
diagnostika
bloki

Kompetentlik
mezonlari

4. Processual- Masalani  tahlil  qilish va
. 1-bosqich: Analitik- | gog'ozda g'oya hamda loyihan-
metodik  blok e . , . .
(Bosgichiar) eskizli mg.qo I.d.a ch|Z|Iga.n. dastlabki
eskizlarini shakllantirish.
Eskizni SketchUp kabi 3D
2-bosqich: Sinergetik- | dasturlarga ko'chirish, hajmli
ragamli (3D) modelni  yaratish, tekstura
hamda yoritishni sozlash.
3D modeldan avtomatik 2D ish-
3-bosqich: chi chizmalarni va kesimlarni
Konstruktiv-yakuniy ajratib olish hamda
standartlarga moslash.
5. Kognitiv: Geometrik va tasviriy

bilimlarni chuqur egallaganlik.

Amaliy-amaliyot: Ragamli va
an'anaviy grafika vositalarini
sintez qila olish.

Kreativ: Nostandart shakllarni
yaratish va bifurkatsion
(mugobil) yechimlar taklif etish.

Diagnostika vositalari

Integratsiyalashgan grafik
loyihalar taqdimoti, portfoliolar,
muammoli-ijodiy topshiriglar va
3D modellarning to'g'riligi.

Muhandislik  grafikasi fanlarini
o'gitishda sinergetik kompetentlikni
shakllantirish ta'limga juda katta va
kompleks giymat beradi. Bu shunchaki
bir nechta ko'nikmalarni egallashdan
ko'ra ko'prog narsani anglatadi; bu turli
bilimlarni, ko'nikmalarni va yondashu-
vlarni bir butun qilib, ularning umumiy
samaradorligini oshirishni nazarda tu-
tadi. Talabalar nafagat qo'lda chizish
goidalarini yoki CAD dasturlarining
funksiyalarini  alohida-alohida  o'r-
ganadilar, balki ularning Dbir-birini
ganday to'ldirishini, gachon va qaysi
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usuldan foydalanish samaraliroq ekan-
ligini tushunadilar. Bu ularga mu-
handislik grafikasi tushunchasini butun
bir tizim sifatida idrok etishga yordam
beradi. Buning foydasi nazariy bilimlar
amaliy ko'nikmalar bilan, an'anaviy
usullar zamonaviy texnologiyalar bilan
uyg'unlashadi, bu esa mavzuni yanada
chuqur o'zlashtirishga olib keladi.
Sinergetik kompetentlikka ega
talaba muhandislik muammosini tahlil
gilishda fagat bir yondashuvga
tayanmaydi. U muammoning
mohiyatini tushunish uchun qo'lda

https://journals.afu.uz/index.php/AFUISN
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eskizlar chizishi, keyinroq uni CADda
modellashtirishi, kerak bo'lsa, tahlil
dasturlaridan foydalanishi va natijalarni
turli formatlarda taqdim etishi mumkin.
Bu ularga murakkab muhandislik vazi-
falarini turli burchaklardan ko'rib chi-
gish va eng optimal yechimni topishga
imkon beradi. Turli vositalar va yon-
dashuvlarni  birlashtirish imkoniyati
talabalarga cheklangan doirada
fikrlashdan xalos bo'lib, yangi va noo-
datiy yechimlarni topishga undaydi.
Ular dizayn jarayonida eksperimentlar
o'tkazish, turli variantlarni sinab ko'rish
va eng yaxshi natijaga erishish uchun
turli usullarni sinergetik tarzda qo'llash
imkoniyatiga ega bo'ladilar. Bu ularni
kelajakda innovatsion mahsulotlar va
texnologiyalar yaratishga qodir mutax-
assislar sifatida shakllantiradi.
Proyeksion chizmachilik fanini
sinergetik kompetentlik asosida inte-
gratsiyalashdan asosiy magsadi bu
talabalarni nafagat chizishning texnik ji-
hatlarini o'rganishga, balki ushbu bilim-
larni  zamonaviy =~ muhandislik  va
loyihalash jarayonlarida samarali qo'l-
lay oladigan, keng qamrovli va mos-
lashuvchan mutaxassislar qilib tayyor-
lashdir. Talabalar proyeksion chiz-
machilikning  fundamental  qonuni-
yatlarini (ortografik proyeksiyalar, ak-
sonometriya, kesimlar, qirgimlar va
boshgalar) nafagat yoddan bilishlari,
balki ularning nima uchun kerakligini,
real ob'ektlarni tasvirlashda qanday
go'llanilishini va ularning CAD dastur-
larida qganday aks etishini chuqur
tushunishlari kerak. Bu ularga 2D chiz-
madan 3D modelni tasavvur qilish va
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aksincha, 3D modeldan 2D chizmalarni
to'g'ri  yaratish qobiliyatini  beradi.
proyeksion chizmachilik fanini siner-
getik kompetentlik asosida inte-
gratsiyalashdan maqgsad — talabalarni
shunchaki chizuvchi emas, balki
chuqur bilimga, keng ko'lamli amaliy
ko'nikmalarga, moslashuvchanlikka va
muammolarni  kompleks hal qilish
gobiliyatiga ega bo'lgan, zamonaviy
muhandislik sohasining har qganday
talabiga javob bera oladigan yetuk mu-
handis-loyihachi qilib tayyorlashdir.
Bu ularning kelajakdagi kasbiy muvaf-
faqgiyatining kaliti hisoblanadi.
Geometrik chizmachilik  fanini
sinergetik kompetentlik asosida inte-
gratsiyalash talabalarga juda ko'p mu-
him afzalliklar va ko'nikmalar beradi.
Bu yondashuv ularni nafaqat chizish-
ning texnik jihatlarini o'rganishga, balki
bu bilimlarni real dunyo muammolarini
hal qilishda samarali qo'llash qobili-
yatiga ega bo'lgan, keng gamrovli va
moslashuvchan mutaxassislar qilib
tayyorlashga garatilgan. Talabalar ge-
ometrik yasashlar va prinsiplarni real
muhandislik yoki dizayn muammolarini
hal qilishda go'llashni o'rganadilar. Ma-
salan, berilgan shartlar asosida optimal
shakl topish, murakkab bog'lanishlarni
loyihalash yoki konstruktiv xatolarni ge-
ometrik tahlil orqali aniglash. Bu ularn-
ing tanqidiy fikrlash va ijodiy yechimlar
topish qobiliyatini oshiradi. Fan fagat
nazariy geometrik qoidalarni o'rgatish
bilan cheklanmay, ularni amaliy
loyihalash va ishlab chigarish jarayon-
lari bilan bog'laydi. Talabalar chizilgan
geometrik shakllarning qanday qilib
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real ob'ektlarga aylanishini, material-
larning xususiyatlari va ishlab chigarish
texnologiyalarining geometriyaga
ganday ta'sir gilishini tushunadilar. Ge-
ometrik chizmachilikni matematika,
fizika, materialshunoslik, mashinaso-
zlik, arxitektura va dizayn kabi boshga
fanlar bilan integratsiyalash orqgali tala-
balar bilimlarning o'zaro bog'ligligini
tushunadilar. Bu ularga murakkab
loyihalarga kompleks yondashish im-
konini beradi.

Mashinasozlik chizmachiligi
fanini sinergetik kompetentlik asosida
integratsiyalash talabalarga juda katta
afzalliklar beradi, chunki bu yondashuv
ularni nafagat chizishning texnik qoida-
larini biladigan mutaxassis, balki butun
ishlab chiqarish jarayonini tushunadi-
gan, muammolarni kompleks hal gila
oladigan va innovatsion yechimlar topa
oladigan muhandis qilib shakllantiradi.
Talabalar detalni chizishda nafagat un-
ing geometrik shaklini, balki uning
ganday materialdan yasalishi, ganday
texnologiya bilan ishlov  Dberilishi,
ganday yuklamalarga bardosh berishi,
boshga detallar bilan ganday o'zaro
ta'sirda bo'lishi va ganday yig'ilishi kabi
omillarni ham hisobga olishni o'r-
ganadilar. Bu ularda chuqur va tizimli
muhandislik fikrlashini = rivojlantiradi.
Fan fagat nazariy bilimlarni emas, balki
ularni  real loyihalash va ishlab
chiqarish vazifalarida qo'llashni o'rga-
tadi. Talabalar chizmadagi har bir ele-
ment (o'lcham, qo'yilgan o'lcham, yu-
zaning g'adir-budurligi) ishlab chigarish
xarajatlari, detalning funksional
xususiyatlari va yig'ish jarayoniga
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ganday ta'sir qilishini tushunib yetadi-
lar. Bu ularga optimal va samarali
yechimlar topishga yordam beradi.
Sinergetik yondashuv talabalarga nafa-
gat chizmalarni o'gish va yaratishni,
balki ulardagi ma'lumotlar asosida
texnik, igtisodiy va funksional jihatdan
asosli qarorlar gabul gilishni o'rgatadi.
Masalan, ganday qo'yilgan o'lchamlar
optimal ekanligini, qaysi materialdan
foydalanish eng magsadga muvofiglig-
ini aniglash. Yugorida sanab o'tilgan
barcha kompetensiyalar talabalarni za-
monaviy sanoatning talablariga javob
bera oladigan, keng gamrovli bilim va
ko'nikmalarga ega, tez o'zgaruvchan
texnologik muhitga moslasha oladigan
yugori malakali mutaxassislar qilib
tayyorlaydi. Bu ularning ishga joylash-
ish imkoniyatlarini oshiradi va kasbiy
faoliyatida muvaffaqgiyatga erishish-
lariga yordam beradi.

Topografik chizmachilik  fanini
sinergetik kompetentlik asosida inte-
gratsiyalash talabalarga nafagat xarita
chizishning texnik qoidalarini o'rgatadi,
balki ularni Yer yuzasi hagidagi ma'lu-
motlarni yig'ish, gayta ishlash, tahlil qi-
lish va ulardan amaliy magsadlarda
foydalanish bo'yicha keng gamrovli bi-
lim va ko'nikmalarga ega bo'lgan mu-
taxassislar qilib tayyorlaydi. Talabalar
topografik chizmani shunchaki tasvir
emas, balki Yer yuzasi haqgidagi ma'lu-
motlarning yig'indisi sifatida gabul qi-
lishni o'rganadilar. Ular relyefning
shakllanishi, suv havzalarining oqimi,
o'simlik goplamining tagsimlanishi kabi
tabiiy jarayonlar bilan birga, inson faoli-
yati (qurilish, yo'llar) ta'sirini ham
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tushunishadi. Bu ularda hududga nis-
batan kompleks va tizimli yondashuvni
shakllantiradi. Sinergetik yondashuv
talabalarni nafaqat an'anaviy chizish
usullari, balki GPS, GLONASS kabi
sun'iy yo'ldosh navigatsiya tizimlari,
dronlar, LIDAR (lazerli skanerlash),
aerofotosuratlar, GIS dasturlari
(ArcGIS, QGIS) va CAD dasturlari (Au-
toCAD Civil 3D) kabi zamonaviy
texnologiyalardan foydalanishga o'rga-
tadi. Bu ularni ragamli asrning tal-
ablariga javob beradigan mutaxassislar
gilib tayyorlaydi. Yuqorida sanab o'til-
gan sinergetik kompetensiyalar tala-
balarni geodeziya, kartografiya,
qurilish, yer kadastri, shaharsozlik,
ekologiya, gishlog xo'jaligi va mudofaa
kabi ko'plab sohalarda talab yuqori bo'l-
gan, keng gamrovli bilim va ko'nikma-
larga ega mutaxassislar qilib tayyor-
laydi. Bu ularning ishga joylashish im-
koniyatlarini sezilarli darajada oshiradi.

Arxitekturaviy chizmachilik fanini
sinergetik kompetentlik asosida inte-
gratsiyalash shunchaki bino chizish

texnikasini o'rgatishdan ko'ra, ancha
kengroq va chuqurroq yondashuvni an-
glatadi. Bu yondashuv arxitektura so-
hasida faoliyat yurituvchi mutax-
assislarni nafagat chizishga, balki
loyihalashning barcha bosqichlarida
kompleks fikrlashga, turli fanlararo
bilimlarni birlashtirishga va zamonaviy
texnologiyalardan  samarali  foyda-
lanishga  o'rgatishda fundamental
ahamiyatga ega. Arxitekturaviy chizma
endi fagat estetik tasvir emas, balki
bino haqgidagi barcha ma'lumotlarni
(konstruktiv, muhandislik, ekologik, igti-
sodiy) o'zida mujassam etgan yagona
hujjatga aylanadi. Sinergetik yon-
dashuv talabalarga loyihani bir butun-
likda ko'rish, uning har bir elementi
boshqalar bilan ganday bog'ligligini
tushunish imkonini beradi. Masalan,
devor chizmasi nafaqgat uning shaklini,
balki uning yuk ko'tarish qobiliyatini, is-
siglik izolyatsiyasini, elektr simlari va
quvurlarning  joylashuvini ham o'z
ichiga oladi.
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TASVIRIY SAN’AT FANLARI MAZMUNINI INTERGATIV O‘QITISHDA
ZAMONAVIY YUTUQLARIGA MUOFIQ RIVOJLATIRISH

Annotatsiya: Ushbu maqolada tasviriy san’at fanlari mazmunini integrativ
yondashuv asosida hamda zamonaviy fan va texnika yutuglariga mos ravishda
rivojlantirish masalalari yoritilgan. Tasviriy san’atni boshga turdosh fanlar va ragamli
texnologiyalar bilan o‘zaro bog‘lab o'qitishning pedagogik va metodik imkoniyatlari
tahlil qilingan. Integrativ ta’'lim o‘quvchilarning fazoviy tasavvurini, ijodiy fikrlashini
hamda amaliy ko'nikmalarini rivojlantirishdagi samaradorligi ko‘rsatib berilgan.

Kalit so‘zlar: tasviriy san’at, integrativ o‘qitish, zamonaviy yutuglar, interfaol
usullar, ijodiy fikrlash, ragamli texnologiyalar, pedagogik yondashuv.

AHHOTauua: B gaHHOM cTaTbe ocBelarTCa BOMNPOCHI Pa3BUTUS COAEPKaHUA
npeaMeToB n3o06pasnTenibHOro0 UCKycCTBa Ha OCHOBE MHTErpaTMBHOMO NoAxo4a u B
COOTBETCTBMU C COBPEMEHHBLIMWU JOCTYIKEHUAMMU HAYKN N TEXHUKN. [1poaHanmsnpo-
BaHbl nejarormyeckne m mMetTogmyeckme BO3MOXHOCTW npenogaBaHus mnsobpasu-
TEeNbHOro UCKYyCCTBa BO B3aMMOCBSA3M C APYrMMU CMEXHbIMU ANCUUNITIMHAMMK U Undo-
poBbIMU TexHonornsmu. lNMokaszaHa 3PPEKTUBHOCTb UHTErPaTUBHOIO 00y4eHus B
pas3BUTUN NPOCTPaHCTBEHHOIO BOOBpaXKeHUs, TBOPHECKOrO MbILLIEHUS U MPaKTMye-
CKMX HaBbIKOB Y4aLLMXCA.

KntoyeBble cnoBa: nsobpasntenbHOe NCKYCCTBO, MHTErpaTuBHoe obyyeHne, co-
BPEMEHHbIe OOCTUMXEHUS, MHTEPaKTUBHbIE MeTOobl, TBOPYECKOE MbILLSIEHNE, LUD-
pPOBblE TEXHOSIOrNN, Negarorndeckum nogxos.

Abstract: This article highlights the development of the content of fine arts disci-
plines based on an integrative approach and in accordance with modern scientific
and technological achievements. The pedagogical and methodological possibilities
of teaching fine arts in interrelation with related disciplines and digital technologies
are analyzed. The effectiveness of integrative learning in developing students’ spatial
imagination, creative thinking, and practical skills is demonstrated.

Keywords: fine arts, integrative teaching, modern achievements, interactive
methods, creative thinking, digital technologies, pedagogical approach.

Zamonaviy ta’lim tizimining ustu- ularni fan-texnika va san’atning so‘nggi
vor vazifalaridan biri yosh avlodda yutuglari bilan uyg‘un holda tarbiya-
mantiqiy, ijodiy va fazoviy fikrlash lashdan iboratdir. Fotografiya ixtiro qi-
ko‘nikmalarini  shakllantirish hamda linmaguncha, insonlar, vogealar, joylar,
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ilmiy kashfiyotlar va boshga har ganday
narsani fazoviy tarzda gayd etishning
yagona yo'li rasm chizish edi. Rassom-
lar  portretlar  yaratgan, tarixiy
vogealarni tasvirlagan, xaritalar
chizgan, botanik va anatomik illyus-
tratsiyalar tayyorlagan. Bu san’atning
asosiy funksiyalaridan biri edi. Savodx-
onlik darajasi past bo‘lgan davrlarda
tasviriy san’at diniy, siyosiy va ijtimoiy
g'oyalarni keng omma tushunadigan
tilda yetkazishning muhim vositasi
bo‘lgan.

O‘rta asrlardan to Uyg‘onish dav-
rigacha, san’at asosan hunarmand-
chilik sifatida o‘rganilgan. Shogirdlar
ustalardan rasm chizish, bo‘yash,
haykaltaroshlik kabi amaliy ko‘nikma-
larni o‘zlashtirishgan. Bu jarayonda
texnik mahorat, materiallarni bilish va
tasvirlash qobiliyati birinchi o‘rinda tur-
gan. Dastlabki san’at akademiyalari
ham (masalan, Fransiya Qirollik Ras-
somlik va Haykaltaroshlik Akademi-
yasi) klassik san’at qoidalariga, anato-
miya, perspektiva va kompozitsiya kabi
fundamental chizish ko‘nikmalariga
katta e’tibor bergan. Bu ko‘nikmalar
san’atning  probitasi  (Ingres ay-
tganidek) hisoblangan. San’atning fal-
safiy, sotsiologik yoki psixologik jihat-
dan chuqur tahlil gilinishi, uning estetik
giymati va ma’nosi haqidagi munozara-
lar nisbatan keyingi davrlarga to‘g'ri ke-
ladi. "San’at san’at uchun" degan g‘oya
yoki san’atning shunchaki go‘zallikdan
tashqari boshga ma’nolarga ega ekan-
ligi hagidagi tushunchalar Modernizm
davrida keng targaldi. Ungacha, san’at-
ning asosiy vazifasi ob’ektiv dunyoni

ISSN: 2992 - 8974

L4

imkon qadar aniqg aks ettirish deb
hisoblangan.

Ko‘p vyillar davomida san’at
ta’limi asosan texnik ko‘nikmalarni
o‘rgatishga qaratilgan edi. San’at tarixi,
san’atshunoslik, estetika kabi fanlar
alohida akademik fanlar sifatida nis-
batan keyinroq shakllandi va san’at
maktablarining o‘quv dasturlariga to‘liq
integratsiya ~ qilinmadi. = San’atning
ijtimoiy funksiyasi asosan diniy ibodat
joylarini bezash, hukmdorlarni
ulug‘lash, boylarning uyini bezatish
yoki shunchaki buyurtma asosida ishlar
yaratishdan iborat bo‘lgan. Bu vazi-
falarni bajarish uchun rassomlardan bi-
rinchi navbatda tasvirlash mahorati
talab gilingan.

Tasviriy san’atning uzoq vaqt
davomida asosan amaliy ko‘nikmalarni
shakllantiruvchi vosita sifatida qara-
lishi, uning tarixiy zarurati, hunarmand-
chilik an’analari, akademik ta’limning
dastlabki yo‘nalishi va falsafiy tushun-
chalarning evolyutsiyasi bilan bog'lig.
Faqgatgina XX asrga kelib, fotografi-
yaning paydo bo'lishi, modernizmning
rivojlanishi va san’at nazariyasining
chuqurlashishi bilan tasviriy san’atning
nafaqat amaliy mahorat, balki chuqur
intellektual, ~ falsafiy ~va ijtimoiy
mazmunga ega bo‘lgan fan sifatida
tushunilishi kengaydi. Tasviriy san’at
fani uzoq vyillar davomida fagat amaliy
rasm chizish yoki tasvirlash ko‘nikma-
larini shakllantiruvchi vosita sifatida
garalib kelgan bo‘lsa, bugungi ragamli
jamiyatda ushbu fanning o‘qgitish
metodikasi va mazmunini tubdan isloh
qilish talab etilmoqda.
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Tasviriy san’at fanlarini boshqa
sohalar — xususan, muhandislik grafi-
kasi, me’morchilik, dizayn, axborot
texnologiyalari va geometriya bilan in-
tegratsiyalashgan holda o‘qitish
o‘quvchilarning dunyoqarashini ken-
gaytiradi. Ragamli texnologiyalar, 3D
modellashtirish va kompyuter grafikasi
rivojlangan davrda tasviriy san’at
ta’limini an’anaviy qoliplar bilan che-
klab bo‘lmaydi. Shu sababli, fan
mazmunini_integratsiyalash va zamo-
naviy ilmiy-texnik yutuglar bilan boyit-
ish davr talabiga aylanmoqda.

San’at ijodiy, nostandart
fikrlashni, hissiy idrokni va go‘zallikni
yaratishni o‘rgatsa, texnik fanlar (mu-
handislik grafikasi, geometriya) tizimli,
mantiqiy yondashuvni, aniqglikni va
muammolarni ratsional hal qilishni
talab qiladi. Bu ikki yondashuvning
birlashuvi talabalarga har qanday
muammoni har tomonlama (ham es-
tetik, ham funksional) ko‘rib chiqish va
samarali, innovatsion yechimlar topish
imkonini beradi.

Bugungi axborotlashgan va tez
suratlarda yangilanayotgan dunyoda
ma’lumotni tasvirlar orqali tushunish,
tahlil qilish va samarali yetkazish juda
muhim. Tasviriy san’at talabalarga
fazoviy tilni, kompozitsiya, rang nazari-
yasi, shakl va binoni tushunishni o‘rga-
tadi. Bu ko‘nikmalar dizayn interyer,
grafik, veb, mahsulot, me’morchilik va
axborot texnologiyalari dizayn, ma’lu-
motlarni  vizuallashtirish  sohalarida
g‘oyalarni aniq va jozibali tarzda ifoda-
lash uchun zarurdir. Muhandislik,
me’morchilik va dizayn kabi sohalarda
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nafaqat funksionallik va samaradorlik,
balki estetik go‘zallik, foydalanuvchi
qulayligi va hissiy tajriba ham muhim
ahamiyatga ega. San’atning inte-
gratsiyasi texnik mutaxassislarga o'z
ishlariga badiiy did, uyg‘unlik, joziba va
insonparvarlik tamoyillarini gqo‘shishga
yordam beradi. Natijada nafagat
funksional, balki fazoviy jihatdan ham
jozibali mahsulotlar, binolar va inter-
feyslar yaratiladi.

Tasviriy san’at fanlari mazmunini
fanlararo integratsiya hamda zamo-
naviy pedagogik va ragamli
texnologiyalar yutuglari asosida
takomillashtirishning  nazariy-metodik
omillarini ishlab chigish hamda uning
samaradorligini asoslab berish. Tasvi-
riy san’atni boshqa fanlar bilan bog‘lash
talabalarning  dunyoqgarashini  ken-
gaytiradi va ularga san’atni kengroq
kontekstda tushunishga yordam be-
radi. Talabalar muayyan  san’at
loyihasini (masalan, jamoat instally-
atsiyasi, tematik ko‘rgazma, kitob
illyustratsiyasi) boshidan oxirigacha
mustaqil yoki guruh bo'lib bajaradi. Bu
ularning amaliy ko‘nikmalarini, muam-
molarni hal qilish qobiliyatini va ja-
moada ishlash malakasini rivojlantiradi.
San’at orqali ijtimoiy, ekologik yoki
madaniy muammolarni o‘rganish va
ularga vizual yechimlar taklif qilish. Bu
tanqidiy fikrlash va ijtimoiy mas’uliyatni
shakllantiradi.

Ko‘pgina yirik kashfiyotlar va in-
novatsiyalar turli sohalarning kesish-
gan nuqtasida paydo bo‘ladi. San’at va
texnologiyaning integratsiyasi tala-
balarni  an’anaviy = chegaralardan
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tashqariga chigib, yangi, kreativ
yechimlar yaratishga undaydi. Misol
uchun, ragamli san’at, interaktiv instal-
lyatsiyalar, virtual reallik VR va ken-
gaytirilgan reallik AR loyihalari san’at,
IT va dizaynning uyg‘unlashuvi na-
tijasidir. Zamonaviy mehnat bozori fa-
gat tor mutaxassislikni emas, balki
keng dunyoqarashga ega, turli
ko‘nikmalarni egallagan va moslashu-
vchan mutaxassislarni talab giladi. In-
tegratsiyalashgan ta’lim bitiruvchilarni
dizayner, arxitektor, o'yin ishlab
chiquvchi, veb-dizayner, mahsulot
dizayneri, 3D rassom kabi keng
doiradagi kasblarga tayyorlaydi. Bu
ularning ishga joylashish imkoni-
yatlarini oshiradi va kelajakdagi kasbiy
o'sishi uchun mustahkam zamin yara-
tadi. Tasviriy san’at talabalarga fazoviy
tasavvurni, aniglikni, proportsiya va
masshtabni tushunishni o‘rgatadi. Bu
esa muhandislik chizmalarini o‘qish va
yaratish uchun asos bo‘ladi. Chizma
geometriya esa shakllar, tuzilmalar va
kompozitsiyaning matematik asoslarini
beradi.

San’at me’morlarga estetik didni,
makonni his gilishni, ranglar va materi-
allar uyg‘unligini tushunishni o‘rgatadi.
Me’morchilik esa san’atga funksional
va amaliy yondashuvni, inson ehtiyojla-
rini hisobga olishni qo‘shadi. Tasviriy
san’at dizaynerlarga kompozitsiya,
rang nazariyasi, vizual ierarxiya kabi
fundamental prinsiplarni beradi. Dizayn
esa bu prinsiplarni muayyan muam-
moni hal qilish, foydalanuvchi tajri-
basini yaxshilash va magsadli auditori-
yaga Yyetkazish uchun qo‘llashni
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o‘rgatadi. Ragamli san’at, veb-dizayn,
UlI/UX dizayn, 3D modellashtirish, ani-
matsiya kabi sohalar tasviriy san’at
ko‘nikmalarini  IT  vositalari  bilan
birlashtiradi. Bu talabalarga ragamli
muhitda ijod qilish va zamonaviy
texnologiyalardan samarali foydalanish
imkonini beradi.

Tasviriy san’atni integrativ o‘qit-
ishning nazariy-metodologik asoslarini
tahlil gilish ta’limga juda ko‘p gimmatli
narsalarni beradi. Bu shunchaki
yaxshiroq o‘qitish degani emas, balki
ta’lim jarayonini  tubdan takomil-
lashtirishga xizmat giladigan chuqur
tushunchalar va amaliy yechimlarni
tagdim etadi. Talabalarga san’atni
boshqga fanlar (muhandislik grafikasi,
dizayn, texnologiya, ekologiya, bosh-
lang‘ich ta’lim, maktabgacha ta’lim,
tarix, matematika, fizika, adabiyot, IT)
bilan o‘zaro bog'liglikda tushunish im-
konini beradi. Bu esa ularga mavzularni
yuzaki emas, balki chuqur, kompleks
va kontekstual tarzda o‘zlashtirishga
yordam beradi. Ular san’atning jamiyat,
fan va texnologiya bilan qganday
bog'ligligini = anglaydilar. Nazariy-
metodologik tahlil bu bog'ligliklarni
ganday qilib eng samarali tarzda ochib
berish, qgaysi fanlararo aloqgalar eng
ma’noli ekanligini aniglashga yordam
beradi.

Tanqidiy  fikrlash, kreativlik,
muammolarni hal qilish, hamkorlik va
kommunikatsiya  kabi  zamonaviy
ko‘nikmalarni rivojlantirish uchun mus-
tahkam asos yaratadi. Integrativ yon-
dashuv talabalardan turli sohalardagi
bilimlarni  birlashtirib, real hayotiy
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muammolarga ijodiy yechim topishni
talab qiladi. O‘quv jarayonini yanada
giziqarli va mazmunli giladi.

Xulosa shuki yuqoridagi tahlillar
shuni ko‘rsatadiki, tasviriy san’at fanlari
mazmunini integrativ o‘qitishda zamo-
naviy yutuglarga muvofiq rivojlantirish
bugungi ta’lim tizimining eng dolzarb va
strategik yo‘nalishlaridan biridir.
An’anaviy yondashuvlar endilikda 21-
asr talablariga to'lig javob bera olma-
yotgan bir  sharoitda, san’atni
texnologiya, = muhandislik, dizayn,
me’'morchilik va boshga fanlar bilan

uyg‘unlashtirish orqgali o‘quvchilarning
kompleks fikrlash qobiliyatini, ijodiy
salohiyatini va tanqidiy ko‘nikmalarini
shakllantirish mumkin.

Integrativ ta’lim nafaqat tala-
balarda chuqur fazoviy savodxonlikni
va estetik didni rivojlantiradi, balki
ularni kelajakning fanlararo kasblariga
tayyorlaydi. Bu yondashuv o‘quv ja-
rayonini yanada giziqarli, mazmunli va
amaliy = ahamiyatga ega qiladi,
o‘quvchilarning motivatsiyasini oshiradi
va ularni real hayotiy muammolarga in-
novatsion yechimlar topishga undaydi.
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GNSS VA RADIOLOKATSION INTERFEROMETRIYA (InSAR) USUL-
LARINI'INTEGRATSIYALASH ASOSIDA TUPROQLI TO'G'ONLAR DE-
FORMATSIYASINI KOMPLEKS MONITORING QILISH (TO'POLON
TO'G'ONI MISOLIDA)

Annotatsiya. Gidrotexnika inshootlari deformatsiyasini kuzatishda qo'llanila-
yotgan sun'iy yo'ldosh navigatsiya tizimlari (GNSS) va radiolokatsion interferometriya
(InSAR) usullarining har biri o'ziga xos fazoviy va vaqtiy cheklovlarga ega: GNSS
uzluksiz, ammo nuqtaviy ma'lumot beradi; INSAR keng hududni retrospektiv gamrab
oladi, biroq deformatsiyani faqat yo'ldoshning ko'rish chizig'i (LOS) bo'yicha bir o'l-
chamli proyeksiyada qayd etadi. Mazkur maqolada ikki usulni yagona metodologik
doirada birlashtirishning uch bosgqichli sxemasi — fazoviy moslashtirish, GNSS siljish
vektorini ko'rish chizig'iga proyeksiyalash va qoldiq deformatsiyani baholash — aso-
slab berilgan hamda u To'polon tuprogli to'g'oni (Surxondaryo viloyati) misolida si-
novdan o'tkazilgan. To'g'onda 2024-yildan buyon ishlab turgan o'nta stansiyali ko'p
tizimli GNSS tarmog'i gorizontal bo'yicha +2 mm, vertikal bo'yicha £4 mm aniqlikni
ta'minlaydi; Sentinel-1 ma'lumotlari asosida 2020-2024-yillar uchun bajarilgan PS-
INSAR (6 233 nugta) va SBAS (18 391 nuqta) tahlillari esa to'g'on va suv ombori
hududini to'lig gamrab olgan. lkkala texnologiya ham deformatsiyaning quyi b'ef
tomon yo'nalganligini bir-biridan mustagqil ravishda tasdiglaydi: GNSS bo'yicha gori-
zontal siljish azimuti 170-190°, InSAR bo'yicha esa maksimal cho'kish aynan quyi
b'ef zonasida qayd etilgan. Shu bilan birga, ikki usul to'g'onning turli gismlarini
gamrab olishi aniglandi — GNSS asosan toj zonasini, INSAR esa bermalar va
yuklanmagan qiyalikni. Bu holat ularning o'zaro almashinuvchi emas, balki o'zaro
to'ldiruvchi ekanligini ko'rsatadi va kompleks monitoring tizimini shakllantirish za-
ruratini asoslaydi.

Kalit so'zlar: GNSS; InSAR; PS-InSAR; SBAS; integratsiyalashgan monitor-
ing; deformatsiya; tuproqli to'g'on; ko'rish chizig'i; To'polon to'g'oni.

Kirish. To'g'onlar xavfsizligini bo'lib, inshootning yoshi, balandligi va
nazorat gilish gidrotexnika qurilishi suv sig'imi ortishi bilan uning ahamiyati
amaliyotining asosiy talablaridan biri oshib boradi [1]. Klassik geodezik
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usullar — triangulyatsiya, trilateratsiya,
poligonometriya va aniq nivelirlash —
millimetr darajasidagi aniqlikni ta'min-
lay olsa-da, ular davriy kuzatuv kampa-
niyalariga asoslangani sababli defor-
matsiya jarayonining uzluksiz dina-
mikasini to'liq aks ettira olmaydi [2].

So'nggi yigirma yil ichida bu che-
klovni bartaraf etishga qaratilgan ikkita
texnologiya keng targaldi. Birinchisi —
sun'ly yo'ldosh navigatsiya tizimlari
(GNSS): ko'p tizimli gabul gilgichlar uch
o'lchamli  koordinatalarni  uzluksiz,
avtomatlashtirilgan tarzda va millimetr
anigligida gayd etadi [3]. Ikkinchisi —
radiolokatsion interferometriya  (In-
SAR): bir hududning turli vaqgtlarda olin-
gan radiolokatsion tasvirlari orasidagi
faza farqini tahlil qilish orgali sirtning
millimetr darajasidagi siljishini masofa-
dan, keng hudud bo'ylab va retrospek-
tiv aniglash imkonini beradi [4; 5].

Birog ~amaliyotda bu ikki
texnologiya ko'pincha bir-biridan mus-
tagil ravishda, alohida hisobotlar
doirasida qo'llaniladi. Natijada ularning
bir-birini to'ldiruvchi  imkoniyatlaridan
to'liq foydalanilmaydi. Aslida GNSS va
INSAR fazoviy hamda vaqtiy o'lchov
bo'yicha  bir-biriga  garama-garshi
xususiyatlarga ega: GNSS vaqt bo'yi-
cha zich, ammo fazo bo'yicha o'ta
siyrak; InSAR esa aksincha — fazo
bo'yicha zich, vaqt bo'yicha diskret.
Bundan tashqari, GNSS siljishning
uchta mustaqil tashkil etuvchisini be-
radi, InNSAR esa ularning yagona
proyeksiyasini o'lchaydi, ya'ni GNSS
ma'lumotlari INSAR natijalarini tarkibiy
gismlarga ajratishda mustaqil cheklov
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(constraint) vazifasini bajarishi mumkin
[4].

Mazkur maqolaning magsadi ikki
gismdan iborat. Birinchidan, GNSS va
INSAR ma'lumotlarini yagona metod-
ologik doirada solishtirish va inte-
gratsiyalashning  bosgichma-bosqich
sxemasini  asoslash. Ikkinchidan,
ushbu sxemani To'polon  tuproqli
to'g'oni misolida qo'llash, ikki usul na-
tijalarining o'zaro muvofigligini va ularn-
ing fazoviy gamrovidagi farglarni
baholash.

Materiallar va usullar. 2.1. Ikki
usulning o'lchash geometriyasidagi
tub farqi. GNSS monitoringida har bir
kuzatuv nuqgtasi uchun boshlang'ich
(nol) siklda aniglangan koordinatalar
(Xo, Yo, Zo) tayanch sifatida gabul qi-
linadi va keyingi har bir siklning koordi-
natalari (X_t, Y_t, Z t) ulardan
avtomatik ravishda ayiriladi:
AX=Xt-Xo; AY=Y _t-Yq; AZ=

Zt-2Z, (1)
bu yerda AZ < 0 cho'kishni, AZ > 0 esa
ko'tarilishni bildiradi. Gorizontal siljish-
ning to'liq giymati gorizontal tashkil etu-

vchilarning  Evklid normasi sifatida
hisoblanadi:

d_hor = AL = V(AX2 + AY?)  (2)

uning shimolga nisbatan azimuti esa
kvadrantni to'g'ri aniglashni kafolat-
lovchi ikki  argumentli arktangens
funksiyasi orqali topiladi:

a = atan2(AY, AX) (3)

INSAR usulida esa ikkita radiolo-
katsion tasvir orasidagi kuzatilgan faza
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farqi bir necha tashkil etuvchidan iborat
bo'ladi [6]:

¢ _obs =@ topo + ¢ def+ ¢ _atm +
¢_orb + @ noise (4)

bu yerda ¢_topo — relyefga bog'liq
topografik faza; ¢_def — haqiqiy defor-
matsiya fazasi; ¢_atm — troposfera va
ionosferadagi kechikishdan yuzaga ke-
ladigan atmosfera fazasi; ¢ _orb — or-
bital xatolik; ¢ _noise — shovqin tashkil
etuvchisi. Ajratib olingan ¢_def faqat
yo'ldoshning ko'rish chizig'i bo'ylab
siljishni beradi va uning uch o'lchamli
tashkil etuvchilar  bilan bog'ligligi
quyidagicha ifodalanadi [4]:

d_LOS =d_E-sinB:sina -
d_N-sinB-cosa + d_U-cosB  (5)
bu yerda d_E, d N, d U — mos rav-
ishda sharqiy, shimoliy va vertikal tash-
kil etuvchilar; 8 — radiolokatorning
tushish burchagi; a — yo'ldosh orbitasi-
ning azimuti.

(1-(3) va (5) tenglamalarni
giyoslash integratsiyaning  asosiy
metodologik xulosasini beradi: GNSS
uchta mustaqil o'lchov beradi, INSAR
esa ularning bitta chizigli kombi-
natsiyasini o'lchaydi. Demak, ma'lu-
motlarni birlashtirish assimetrik xarak-
terga ega — GNSS natijalari (5)
tenglama orqali InSAR o'Ichoviga ay-
nan keltirilishi mumkin, teskarisi esa
go'shimcha faraz yoki ikkinchi orbital
yo'nalish bo'yicha tasvirlarsiz mumkin
emas.

2.2. Fazoviy va vaqtiy o'lcham-
larning qiyosiy tavsifi. Ikki texnologi-
yaning monitoring nugtai nazaridan
asosiy xususiyatlari 1-jadvalda
umumlashtiriigan.  Jadval  ko'rsat-
ishicha, ular bir xil vazifani bajaruvchi
muqobil vositalar emas, balki turli o'l-
chov o'glari bo'ylab ishlovchi to'ldiru-
vchi vositalardir.

Mezon GNSS

INSAR (PS-InSAR / SBAS)

O'Ichov turi

Uch o'lchamli mutlaq
koordinata

Ko'rish chizig'i bo'yicha bir o'l-
chamli proyeksiya

Fazoviy zichlik

Siyrak (o'nlab stansiya)

Zich (minglab nugqta)

Vaqtiy diskretlik

Uzluksiz, 24/7

Yo'ldosh gaytish davriga
bog'liq

Retrospektivlik

Faqat o'rnatilgan paytdan

Arxiv tasvirlar hisobiga

boshlab o'tmishga garatilgan
Vertikal aniglik + 4 mm = 1-3 mm (PS) /= 5-10 mm
(SBAS)
Gorizontal aniglik +2 mm Orbita yo'nalishiga bog'liq,
bilvosita

Asosiy cheklov

Nugqtalar soni va joylashuvi

Barqaror qaytaruvchi nugtalar
zichligi
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Mezon GNSS

INSAR (PS-InSAR / SBAS)

zona nugtalar

Qamrab oladigan | Toj va bermalardagi tanlangan

To'g'on, bermalar, qirg'oqglar,
suv ombori atrofi

1-jadval. GNSS va InSAR texnologiyalarining monitoring imkoniyatlari bo'yicha qiyo-

siy tavsifi [2; 4; 7; 8].

2.3. Integratsiyalash sxemasi.
Ikki manba ma'lumotlarini birlashtirish
uchun quyidagi uch bosqichli tartib tak-
lif etiladi.

Birinchi bosqgich — fazoviy mos-
lashtirish. Har bir GNSS stansiyasi
atrofida r radiusli bufer zona ajratiladi
va shu zonaga tushgan bargaror gay-
taruvchi (PS) yoki SBAS nugtalarining
deformatsiya qgiymatlari tanlab olinadi.
Buferning o'lchami inshoot elementin-
ing o'lchamidan kichik, ammo statistik
ishonchli tanlanma hosil giladigan da-
rajada katta bo'lishi kerak.

Ikkinchi bosgich — geometrik
keltirish. GNSS bo'yicha aniglangan
uch  o'lchamli ~ siljish  vektori (5)
tenglama  yordamida yo'ldoshning
ko'rish chizig'iga proyeksiyalanadi:

d_LOSAGNSS = AY-sinB-sina -

AX-sinB-cosa + AZ-cos® (6)
bunda AX, AY, AZ (1) tenglamadan oli-
nadi. Bu amal ikki manbani bir xil o'l-
chov o'qgiga keltiradi va ularni bevosita
solishtirish imkonini beradi.

Uchinchi bosqgich — qoldigni
baholash. Bir xil o'gga keltirilgan
giymatlar farqi hisoblanadi:

A _res =d_LOS?AINnSAR -

d_LOSAGNSS (7)
Agar |A_res| ikki usulning birlashtirilgan
o'rtacha kvadratik xatoligidan
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oshmasa, natijalar o'zaro muvofiq deb
gabul qilinadi; oshgan taqdirda esa
fargning manbai (turli tayanch tizim,
turli kuzatuv davri, PS nugqtalarining
yetishmasligi yoki hagiqiy lokal defor-
matsiya) alohida tahlil qilinadi.

2.4. Tadgiqot ob’ekti va ma'lu-
motlar bazasi. Tadqiqot ob'ekti sifatida
Surxondaryo viloyatidagi  To'polon
tuprogli to'g'oni tanlangan. To'g'onda
ikkala texnologiya ham amalda joriy
etilgan bo'lib, bu ularni bir xil inshoot
uchun qgiyoslash imkonini beradi.

GNSS gismi. Onlayn monitoring
tizimini loyihalash  2019-yil avgust
oyida "To'polon GES" AJ buyurtmasi
asosida boshlangan; 2024-yil fevral
oyida "Gidrotexmonitoring" MChJ mu-
taxassislari CHC Navigation kompani-
yasi bilan hamkorlikda iStar rusumli
doimiy GNSS qabul qilgichlarini o'r-
natib, HCmonitor dasturiy platformasini
sozlagan va tizimni to'liq ishga tu-
shirgan [9; 10]. Jami o'nta stansiya joy-
lashtirilgan: to'rttasi (GNSS-1-GNSS-
4) to'g'on tojida (965 m belgi), uchtasi
(GNSS-5-GNSS-7) 919 m bermada,
ikkitasi (GNSS-8, GNSS-9) 875 m ber-
mada va bitta baza stansiyasi (GNSS-
10) deformatsiya zonasidan 500 m dan
ortig masofada, bargaror tog' jinsi aso-
sida. Tizim statik rejimda gorizontal
bo'yicha £ 2 mm, vertikal bo'yicha + 4
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mm aniglikni ta'minlaydi va GPS,
GLONASS, BeiDou hamda Galileo tiz-
imlaridan birgalikda foydalanadi.

INSAR gismi. O'zbekiston
Respublikasi Prezidentining 2023-yil
16-maydagi  PQ-158-sonli  Qarori

ijrosini ta'minlash doirasida To'polon
suv ombori to'g'oni zilzilabardoshligini
radiolokatsion kosmik suratlarni inter-
ferometrik gayta ishlash asosida
baholash bo'yicha ilmiy-amaliy tadqgiqot
bajarilgan [11; 12]. 2020-yil yanvaridan
2024-yil iyuniga gadar olingan Senti-
nel-1 C-diapazon (A = 5,5 sm) radiolo-
katsion ma'lumotlari PS-InSAR va
SBAS usullarida qayta ishlangan. PS-
INSAR tahlili suv ombori va to'g'on
hududi bo'ylab 6 233 ta tayanch
nugtani, to'g'onning 0'zi bo'yicha esa
250 ta nazorat nuqtasini gamrab olgan;
SBAS tahlili 18 391 ta nugtani, shun-
dan 256 tasini to'g'onning o'zida
gamragan. To'polon hududi uchun
tushish burchagi 6 odatda 31-47°
oralig'ida bo'lib [13], (5) tenglamaga
ko'ra vertikal tashkil etuvchining ko'rish
chizig'iga qo'shgan hissasi cos8 =
0,66-0,86 ni tashkil etadi.

Natijalar. 3.1. GNSS kuzatu-
vlari natijalari. To'g'on toji zonasidagi
barcha  stansiyalar bo'yicha (3)
tenglama asosida hisoblangan gori-
zontal siljish azimuti a = 170-190° ni
tashkil etadi, ya'ni siljish quyi b'ef
tomon yo'nalgan. Bir-biridan mustaqil
stansiyalarda yo'nalishning bir xilligi
deformatsiyaning asosiy harakatlantir-
uvchi omili suv omboridan keladigan
gidrostatik bosim ekanligini ko'rsatadi.
Eng katta qiymat to'g'on tojida
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joylashgan GNSS-3 stansiyasida gayd
etilgan: to'plangan gorizontal siljish 28
mm ga yetgan, bu Xalgaro yirik to'g'on-
lar komissiyasi (ICOLD) ushbu sinf in-
shootlari uchun tavsiya etadigan 30
mm chegaraviy giymatdan atigi 2 mm
past [1].

3.2. InSAR tahlili natijalari. PS-
INSAR usuli bo'yicha suv. ombori va
to'g'on hududining to'liq tahlili (6 233
nuqgta) quyi b'ef tomonida maksimal
cho'kish —214,74 mm, suv omborining
chap qirg'og'ida esa maksimal
ko'tarilish +54,54 mm  ekanligini
aniglagan; barcha nuqtalar bo'yicha
o'rtacha yillik deformatsiya tezligi —0,68
mmlyil. To'g'onning 0'zi bo'yicha ba-
jarilgan tahlil (250 nuqta) quyi b'ef ber-
malarida 35 mm dan 210 mm gacha
cho'kishni qayd etgan; kuzatuv davri
mobaynida to'g'onning umumiy defor-
matsiyasi —38,55 mm ni, o'rtacha vyillik
cho'kish esa —-8,69 mmlyil ni tashkil
etgan [12].

SBAS usuli bo'yicha o'sha tar-
mogq (18 391 nugqta) tahlili quyi b'efda
maksimal cho'kish -113,91 mm va o'ng
girg'oqda maksimal ko'tarilish +41,38
mm ni ko'rsatgan, o'rtacha vyillik tezlik
-0,40 mmlyil. Gorizontal bo'yicha
maksimal sharqqa siljish +137,31 mm
bo'lib, u aynan to'g'onning yuklanma-
gan quyi b'ef giyaligiga to'g'ri keladi va
o'rtacha yillik 30,94 mml/yil tezlikka mos
keladi — bu giymat alohida e'tibor talab
giladigan zona sifatida ajratilgan [12].

3.3. Ikki usul natijalarining qiy-
osiy tahlili. 2-jadvalda ikki texnologiya
bilan olingan asosiy ko'rsatkichlar
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solishtirilgan. Solishtirish ikki muhim
natijani beradi.

Ko'rsatkich GNSS (2024- InSAR (2020- Talgin
y.dan) 2024-y.)
Deformatsiya Azimut 170-190° | Maksimal cho'kish | Ikki usul mustaqil rav-
yo'nalishi (quyi b'ef) quyi b'efda ishda bir xil yo'nalishni
tasdiglaydi
Asosiy gamrov | To'g'on toji (965 m) | Bermalar, qiyalik, | Qamrov zonalari bir-
zonasi qirg'oqlar birini to'ldiradi
Eng katta 28 mm (GNSS-3) +137,31 mm Turli zonalar, bevosita
gorizontal (yuklanmagan solishtirib bo'Imaydi
giymat giyalik)
Vertikal tezlik Uzluksiz qayd -8,69 mmlyil INSAR uzoq davrli
etiladi (to'g'on, PSI) trendni beradi
Kuzatuv davri Uzluksiz, real vaqt Retrospektiv, Vaqt o'qi bo'yicha
arxivga to'ldiruvchilik
asoslangan

2-jadval. To'polon to'g'onida GNSS va InSAR usullari bilan olingan natijalarning qiy-
osiy tahlili [9-12].

Birinchidan,  deformatsiyaning solishtirish metodologik jihatdan no-

yo'nalishi bo'yicha ikki usul bir-birini
mustaqil ravishda tasdiglaydi: GNSS
azimuti quyi b'efni ko'rsatadi va INSAR
maksimal cho'kish zonasi ham aynan
shu tomonda joylashgan. Bu muvofiglik
natijalarning asboblar xatoligi emas,
balki haqiqiy fizik jarayon ekanligini
kuchaytiradi.

Ikkinchidan, ikki usul to'g'onning
turli gismlarini qamrab olgan. GNSS
stansiyalarining aksariyati toj va yuqori
bermalarda joylashgan bo'lsa, INnSAR
bo'yicha eng katta faollik quyi b'efning
yuklanmagan qiyaligida aniglangan —
ya'ni GNSS tarmog'i zich gamramagan
hududda. Shu sababli 28 mm va
137,31 mm qgiymatlarini bevosita
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to'g'ri bo'ladi: ular turli nuqtalarga, turli
davrlarga va turli o'Ichov geometriya-
siga tegishli. Aynan shu holat (7)
tenglamaga asoslangan qgoldiq tahlilini
o'tkazish uchun umumiy nuqtalar za-
rurligini ko'rsatadi.

Muhokama. Olingan natijalar in-
tegratsiyalashgan yondashuvning bir
necha afzalligini ko'rsatadi. Avvalo, In-
SAR to'g'onning  GNSS tarmog'i
gamramagan zonalarida deformatsiya
o'chog'ini aniglashi mumkin: To'polon
misolida yuklanmagan quyi b'ef
giyaligida qayd etilgan 30,94 mm/yil te-
zlik shunday o'choqdir. Ushbu natija
GNSS tarmog'ini kengaytirish yoki
go'shimcha nazorat nugtalarini aynan
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shu zonaga joylashtirish uchun asos
bo'lib xizmat giladi. Teskari yo'nalishda
esa GNSS ma'lumotlari (6) tenglama
orqali INSAR uchun mustaqil tayanch
va nazorat vazifasini bajaradi: INSAR
faqgat bir o'lchamli proyeksiyani o'l-
chagani sababli, uning natijalarini
vertikal va gorizontal tashkil etu-
vchilarga ajratish uchun tashqi cheklov
talab etiladi va GNSS bunday cheklovni
ta'minlaydi [4].

Xalgaro tajriba ham shunday
kompleks yondashuvni go'llab-
quvvatlaydi. Gruziyadagi Enguri gum-
bazsimon to'g'onida DAMAST loyihasi
doirasida 2020-yildan buyon o'nta
doimiy GNSS stansiyasi ishlatilib, toj
siljishi 8 sm gacha qayd etilgan va suv
ombori to'lish hamda bo'shatish davr-
larida deformatsiya yo'lining farglanishi
— gisterezis effekti — aniglangan [14].
Meksikadagi Sanalona to'g'onida suv
sathi va siljish o'rtasidagi korrelyatsiya
koeffitsienti r = 0,97 ni tashkil etgan
[15]. Xitoydagi suv ombori to'g'onida
ko'p tizimli GNSS ishlov berish faqat
GPS asosidagi yechimga nisbatan
aniqlikni 35 % ga oshirgani ko'rsatilgan
[16]. INSAR yo'nalishida esa Xitoydagi
to'g'on bo'yicha uzoq muddatli tahlil
klassik geodezik o'lchovlar bilan r =
0,93 korrelyatsiyani bergan [17]. Bu na-
tijalar To'polon bo'yicha olingan
xulosalarning fizik jihatdan
asoslanganligini tasdiglaydi.

Shu bilan birga, integratsiya-
lashda bir qator cheklovlarni hisobga
olish zarur. Birinchidan, ikki tizimning
kuzatuv davrlari to'lig mos kelmaydi: In-
SAR tahlili 2020-2024-yillarni, GNSS
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tarmog'i esa 2024-yildan keyingi davrni
gamraydi. To'liq qiymatli qoldig tahlili
uchun ikkala tizimning kesishgan dauvri
bo'yicha ma'lumotlar to'planishi kerak.
Ikkinchidan, PS-InSAR barqaror qayta-
ruvchi nuqtalarga tayangani sababli
o'simlik qoplamli va bo'shoq gruntli
hududlarda samaradorligi pasayadi;
ochig bermalar va suv ombori
girg'oglari uchun SBAS afzalroq [7].
Uchinchidan, PS-InSAR va SBAS na-
tijalarini.  nugtama-nuqta solishtirish
metodologik  jihatdan cheklangan,
chunki ular turli algoritmlar va turli tay-
anch tarmoglarga asoslanadi [8; 18].
To'rtinchidan, GNSS uchun troposfera
tuzatmasining aniqligi to'g'on toji va
quyi bermalar orasidagi sezilarli
balandlik fargiga (= 90 m) sezgir bo'lib,
mahalliy meteorologik ma'lumotlar bi-
lan tekshirib borish tavsiya etiladi.

Umuman olganda, GNSS va In-
SAR o'rtasidagi tanlov masalasini qo'y-
ish metodologik jihatdan noto'g'ri: ular
bir-birini almashtirmaydi. Shuningdek,
ikkalasi ham klassik geodezik usullarni
— triangulyatsiya, trilateratsiya va aniq
nivelirlashni — o'rnini bosmaydi, balki
ular bilan birgalikda ko'p bosgichli mon-
itoring tizimini tashkil etadi [2; 3].

Xulosa. Magolada GNSS va In-
SAR ma'lumotlarini yagona metod-
ologik doirada integratsiyalashning uch
bosqichli sxemasi — fazoviy mos-
lashtirish, GNSS vektorini  ko'rish
chizig'iga proyeksiyalash va qoldiq de-
formatsiyani baholash — asoslab
berildi hamda To'polon tuproqli to'g'oni
misolida qo'llanildi.
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Tahlil natijalari quyidagilarni ko'r-
satdi. Birinchidan, ikkala texnologiya
ham deformatsiyaning quyi b'ef tomon
yo'nalganligini bir-biridan mustaqil rav-
ishda tasdiglaydi, bu esa gidrostatik
yuklanishning asosiy omil ekanligini
kuchaytiradi. Ikkinchidan, ular to'g'on-
ning turli zonalarini gamrab oladi:
GNSS toj zonasida 28 mm gacha
to'plangan gorizontal siljishni qayd
etgan bo'lsa, INSAR yuklanmagan quyi

assimetrik bo'lib, GNSS InSAR uchun
mustaqil cheklov beradi, INSAR esa
GNSS tarmog'ini optimal joylashtirish
uchun fazoviy asos yaratadi.

Shu asosda To'polon to'g'oni
uchun quyidagilar tavsiya etiladi: ikkala
tizimning kesishgan kuzatuv —davri
bo'yicha (7) tenglamaga asoslangan
goldiq tahlilini muntazam bajarish; In-
SAR aniglagan faol zonaga qo'shimcha
GNSS nugtalarini joylashtirish; hamda

b'ef qiyaligida 30,94 mml/yil tezlikdagi
faol zonani aniglagan. Uchinchidan,
ikki usul o'lchov geometriyasi jihatidan

ikki tizimni yagona tayanch koordinata
asosiga keltirish.

Foydalanilgan adabiyotlar ro‘yxati

[1] ICOLD. Dam Safety Guidelines. International Commission on Large Dams. —
Paris: ICOLD, 2022.

[2] Scaioni M., Marsella M., Crosetto M., Tornatore V., Wang J. Geodetic and Re-
mote-Sensing Sensors for Dam Deformation Monitoring // Sensors. — 2018. — Vol.
18, Ne11. — P. 3682.

[3] Chen M., Zhang H. GNSS-based deformation monitoring methodology for hydrau-
lic structures // Journal of Geodesy. — 2018. — Vol. 92, Ne4. — P. 341-358.

[4] Massonnet D., Feigl K.L. Radar interferometry and its application to changes in
the earth's surface // Reviews of Geophysics. — 1998. — Vol. 36, Ne4. — P. 441—
500.

[5] Rosen P.A., Hensley S., Joughin |.R. Synthetic aperture radar interferometry //
Proceedings of the IEEE. — 2000. — Vol. 88, Ne3. — P. 333-382.

[6] Hanssen R.F. Radar Interferometry: Data Interpretation and Error Analysis. —
Dordrecht: Kluwer Academic Publishers, 2001. — 308 p.

[7] Ashrafzadeh A., Karimzadeh S. Advanced InSAR analysis for dam surface moni-
toring // Bulletin of Engineering Geology and the Environment. — 2021. — Vol. 80,
Ne6. — P. 4535-4552.

[8] Ferretti A., Prati C., Rocca F. Permanent Scatterers in SAR Interferometry // IEEE
Transactions on Geoscience and Remote Sensing. — 2001. — Vol. 39, Ne1. — P.
8-20.

[9] CHC Navigation iStar GNSS qabul qilgich texnik ko'rsatkichlari. — URL:
https://www.chcnav.com/product-detail/istar (murojaat sanasi: 15.03.2025).

\ 4

ISSN: 2992 - 8974

https://journals.afu.uz/index.php/AFUISN



GIL ALFRAGANUS
FOZZ

xalgaro ilmiy jurnal

[10] HCmonitor GNSS monitoring dasturiy ta'minoti. CHC Navigation (Chcnav) kom-
paniyasi. — URL: https://www.chcnav.com (murojaat sanasi: 20.01.2025).

[11] O'zbekiston Respublikasi Prezidentining 2023-yil 16-maydagi PQ-158-sonli
Qarori "To'polon suv ombori to'g'oni zilzilabardoshligini radiolokatsion kosmik su-
ratlarni interferometrik qayta ishlash va natijalarni tahlil qilish asosida baholash
to'g'risida". — Toshkent, 2023.

[12] Texnik-analitik hisobot: To'polon suv omborida amalga oshirilgan ishlar yuzasi-
dan. — Toshkent: "Gidrotexmonitoring" MChdJ, 2024.

[13] Sentinel-1 Mission Guide. European Space Agency. — URL: https://senti-
nel.esa.int/web/sentinel/missions/sentinel-1 (murojaat sanasi: 05.04.2025).

[14] DAMAST Consortium. Remote Sensing and Geodetic Monitoring of the Enguri
High Arch Dam, Georgia // Remote Sensing. — 2020. — Vol. 12, Ne24. — P. 4006.

[15] Vazquez-Ontiveros J.R., Hernandez-Andrade D. GNSS monitoring of the Sana-
lona earthfill dam: correlation of displacement and water level // Journal of Surveying
Engineering. — 2021. — Vol. 147, Ne1. — 04020022.

[16] Xiao R., Yu C., He X. Multi-GNSS Monitoring of Reservoir Dam Deformation //
Remote Sensing. — 2022. — Vol. 14, Ne2. — 284 p.

[17] Guo Y., Tong L. Geodetic monitoring of Xiaolangdi dam using PS-InSAR and
levelling methods // Engineering Geology. — 2019. — Vol. 257. — P. 105-117.

[18] Berardino P., Fornaro G., Lanari R., Sansosti E. A new algorithm for surface
deformation monitoring based on small baseline differential SAR interferograms //
IEEE Transactions on Geoscience and Remote Sensing. — 2002. — Vol. 40, Ne11.
— P. 2375-2383.

[19] ShNK 2.02.02-20. Gidrotexnika inshootlari. Asosiy loyiha goidalari. O'zbekiston
Respublikasi Qurilish vazirligi. — Toshkent, 2020.

[20] Xujaev, M. (2020). Mahmudkhuja Behbudiy as a leader of jadid reforms. The
Light of Islam, 3, 39-47.

[21] Evlen, H., Juraev, D., Ziyamukhamedova, U., Khujaev, M., & Jalilov, F. (2025).
PLA/Ti6AI4V composite scaffolds for bone tissue engineering: mechanical and ther-
mal properties via FDM and bioprinting. Journal of Biomaterials Science, Polymer
Edition, 1-25.

[22] Abduraimova, N., Sharopova, N., Khujaev, M., Sapayev, V., Fattoyeva, O., &
Yusufov, S. (2025). Economic development through analysis of the education and
entrepreneurship impacts. Economic  Annals-XXI/Ekonomiénij Casopis-XXl,
214(3/4), 84.

[23] Isoxonovich, M. X. (2022). Middle Ages Movarounnahr Rulers in the Views OF
Researchers. European Journal of Innovation in Nonformal Education, 2(6), 134-136.

ISSN: 2992 - 8974
https://journals.afu.uz/index.php/AFUISN




q‘_ ALFRAGANUS
FDZZ

xalgaro ilmiy jurnal

[24] Xujayev, M. I. (2018). THE COVERAGE OF THE PROBLEM OF NATION-
ALARITY AND ITS ROLE ON THE PRESENT DAY IN AHMAD ZAKI VALADI"S
WORK. MupoBas Hayka, (6 (15)), 61-63.

[25] XyxaeB, M. L. (2018). AXMAL 3AKN BANNONNHUHT OUHNN-GATNICADUIN
MEPOCUHWHI UNANS3NAPW. In UHHOBaUWOHHbIE NOAXOAbl B COBPEMEHHON HayKe
(pp. 177-182).

[26] Khujaev, M. (2024). AHMED ZAKI: ON THE IDEAS OF THE PHILOSOPHY OF
HISTORY. OkoHoMuKka 1 couuym, (1 (116)), 235-239.

ISSN: 2992 - 8974
https://journals.afu.uz/index.php/AFUISN




GIL ALFRAGANUS
FOZZ

xalgaro ilmiy jurnal

UDK: 514.18:004.92

Haqberdiyev B.R

p.f.f.d., dots

Alfraganus universiteti,

Umumkasbiy fanlar kafedrasi mudiri

e-mail: bahtiyor.hagberdiyev@mail.ru

ORCID: 0000-0002-2208-7827

Abdukarimova G.D

TIQXMMI Milliy tadqiqot universiteti tayanch doktoranti
e-mail: g_abdukarimova@ftiiame.uz

ORCID: 0009-0006-4165-4694

FAZOVIY GEOMETRIK OBYEKTLARNI PARAMETRIK MODEL-
LASHTIRISH VA PROYEKSIYALARNI HOSIL QILISH USULLARINING
QIYOSIY TAHLILI

Annotatsiya. Grafik topshiriglarni avtomatik generatsiya qilish tizimini
loyihalash uchun fazoviy obyektni ganday tasvirlash va uning ortogonal proyeksiya-
larini gay tarzda hosil gilish masalasi hal etilishi lozim. Magolada qgattiq jismlarni tas-
virlashning asosiy usullari — konstruktiv fazoviy geometriya (CSG), chegaraviy tas-
virlash (B-rep), protsedurali-grammatik va poligonal to'r modellari — beshta mezon
bo'yicha giyosiy tahlil gilingan. Tahlil ko'rsatdiki, topshiriq generatsiyasi masalasi
uchun CSG va B-rep tasvirlarining gibrid go'llanilishi optimal hisoblanadi: CSG para-
metrik boshqaruv va regulyarlashtiriigan Bul amallarini, B-rep esa proyeksiyalarni
qurish uchun zarur topologik axborotni ta'minlaydi. Proyeksiya hosil qilishning
markaziy hisoblash masalasi ko'rinmas chiziglarni aniglash bo'lib, klassik algorit-
mlarning murakkabligi eng yomon holatda O(n?) tartibda shakllanadi. Jism va uning
proyeksiyalari o'rtasidagi muvofiglikni tekshirishda Eyler—Puankare munosabati za-
ruriy shart sifatida qo'llanilishi, biroq u yetarli shart bo'la olmasligi asoslangan.
Shuningdek, uch ortogonal proyeksiyadan jismni tiklash masalasining bir giymatli
yechilmasligi generatsiya gilinadigan topshiriglar uchun to'g'ridan-to'g'ri metodologik
ogibatga ega ekani ko'rsatilgan. Natijalar generativ. modul arxitekturasi uchun
asoslangan tanlov qilish imkonini beradi.

Kalit so'zlar: parametrik modellashtirish; konstruktiv fazoviy geometriya; che-
garaviy tasvirlash; ortogonal proyeksiya; ko'rinmas chiziglarni yo'qotish; geometrik
cheklovlar tizimi; Eyler—Puankare formulasi; jismni tiklash; CAD.

AHHOTaumA. [1na NpOEKTUPOBAHUS CUCTEMbI aBTOMAaTUYECKOW reHepaumn rpa-
duyecknx 3agaHum Heobxoammo pelnTb BOMPOC O crnocobe npeacraBneHus
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NPOCTPaAHCTBEHHOIO O6BHEKTa N MOCTPOEHUSA ero OPTOroHasnbHbIX Npoekumi. B cTa-
Tbe NPOBEAEH CpaBHUTENbHbIN aHanM3 OCHOBHbIX CNOcoboB NpeacTaBneHns TBEP-
AblX TeN — KOHCTPYKTMBHOM 6r104HON reomeTpumn (CSG), rpaHMYHOro npeacrasne-
HuA (B-rep), npouenypHo-rpaMmaTMyYeCKNX 1 NONMIroHanbHbIX CETOYHbIX Moaernen —
No NATU KpuTepuam. AHanus nokasars, 4YTo And 3ajayu reHepauuu 3agaHuin onTu-
MarnbHbIM aBnseTcs rmbpmngHoe npumeHeHme CSG mn B-rep: CSG obecneunsBaeT na-
pameTpuyeckoe ynpasneHne n perynsipusoBaHHble 6ynesbl onepauun, a B-rep —
TONOMOrMYECKy0 MHGOPMaLuio, HeobxoaMmyto Ans NOCTPOEHUS Npoekuun. LleH-
TpanbHOW BblMUCAUTENBHOW 3aJadyen MOCTPOEHNA NPOeKUnn siBngeTcs onpenene-
HWEe HEBUAUMbBIX JIMHUA, NPUYEM CINOXHOCTb KITaCCUYECKUX anropuTMoB B XyALLeMm
cny4vae coctasnseT nopsgka O(n?). O6ocHOBaHO, YTO COOTHOLEHNE Jdnnepa-Ilyan-
Kape npuMeHsieTca Kak Heobxoammoe ycrnoBme NpoBEPKM COOTBETCTBUA Tena u ero
NPOEKLMNA, HO HE MOXET CMYXWUTb LOCTATOYHbIM ycrioBneM. [lokaszaHO Takxe, 4YTo
HEeO4HO3HA4YHOCTb peLleHus 3aavyn BOCCTAHOBMEHUS Tena no TpéM OpTOroHarsb-
HbIM MPOEKUUAM MMeET HenocpenCTBEHHbIE METOLONOrMYeckne nocneacTsnsa ans
reHepupyeMbix 3agaHnin. PesynbTaTbl NO3BOASAIOT OCYLLECTBUTE OOOCHOBAHHbIN Bbl-
BOp apxXuTEKTYpbl reHepaTUBHOIO MOy S,

Kno4yeBble cnoBa: napameTpuyeckoe MOOenupoBaHUE; KOHCTPYKTMBHAadA
OGno4Has reomeTpus; rpaHUMYHOE NPeacTaBneHne; oOpToroHanbHas NpoekUns; yoane-
HME HEBUAOUMBIX NUHUW;, CUCTEMA FEOMETPUYECKUX OrpaHuyeHun; dopmyna -
nepa-IllyaHkape; BocctaHoBrneHue tena; CArlIP.

Abstract. Designing a system for
the automatic generation of graphic
tasks requires resolving how a spatial
object is to be represented and how its
orthographic projections are to be pro-
duced. This paper comparatively anal-
yses the principal solid representation
schemes — constructive solid geome-
try (CSG), boundary representation (B-
rep), procedural-grammatical models
and polygonal meshes — against five
criteria. The analysis shows that a hy-
brid use of CSG and B-rep is optimal
for the task-generation problem: CSG
provides parametric control and regu-
larised Boolean operations, while B-rep
supplies the topological information re-
quired for constructing projections. The
central computational problem in
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projection construction is hidden-line
determination, with classical algorithms
exhibiting worst-case complexity of or-
der O(n?). It is substantiated that the
Euler—Poincaré relation serves as a
necessary condition for verifying the
consistency between a solid and its
projections, but cannot serve as a suf-
ficient one. It is further shown that the
non-uniqueness of solid reconstruction
from three orthographic views has di-
rect methodological consequences for
the generated tasks. The results ena-
ble a justified choice of architecture for
the generative module.

Keywords: parametric modelling;
constructive solid geometry; boundary
representation; orthographic
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projection; hidden-line removal; geo-
metric constraint system; Euler—Poin-
caré formula; solid reconstruction;
CAD.

Kirish. Muhandislik grafikasi
bo'yicha o'quv topshiriglari bankini
go'lda tuzish mehnat talab qiluvchi ja-
rayon bo'lib, u bir necha jiddiy che-
klovga ega: variantlar soni chega-
ralangan, topshiriglar takrorlanadi va
vaqt o'tishi bilan javoblari tarqaladi.
Ushbu muammoning tizimli yechimi —
fazoviy  obyektlarni ~va ularning
proyeksiyalarini avtomatik ravishda
sintez qiluvchi generativ modul yarat-
ishdir.

Bunday modulni loyihalashda ikki
tamal masalasi hal etilishi lozim. Bi-
rinchisi — fazoviy obyektni ganday tas-
virlash: tanlangan tasvirlash sxemasi
parametrik boshgaruvni, geometrik
to'g'rilikni va keyingi gayta ishlash im-
konini ta'minlashi kerak. Ikkinchisi —
sintez qilingan obyektning uch ortogo-
nal proyeksiyasini ganday hosil qilish,
xususan ko'rinmas chiziglarni ganday
aniglash.

Qattiq jismlarni tasvirlash nazari-
yasining formal asoslari — tasvirlash
sxemalariga qo'yiladigan to'g'rilik, bir
giymatlilik va to'liglik talablari — Re-
quicha va Voelckerning ishlarida bayon
etilgan [1; 2]. Parametrik loyihalash so-
hasida geometrik cheklovlar tizimini
yechish markaziy masala bo'lib
golmoqda; bu yo'nalishning so'nggi o'n
besh vyildagi holati batafsil sharhlarda
umumlashtiriigan [3; 4]. Ko'rinmas
chiziglarni  yo'gotish  masalasining
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klassik yechimlari esa bugungi kunda
sanoat geometrik yadrolarida standart
funksiya sifatida amalga oshirilgan [5;
6].

So'nggi vyillarda soha jiddiy
o'zgardi: yirik CAD-model to'plamlari [7]
va parametrik konstruksiya ketma-ket-
liklarini o'z ichiga olgan ma'lumotlar ba-
zalari [8] paydo bo'lganidan so'ng,
modellarni generativ tarzda sintez qi-
lish mustaqil tadqiqot yo'nalishiga
aylandi [9; 10]. Ayni paytda bu ishlarn-
ing deyarli barchasi sanoat va teskari
injiniring vazifalariga qaratilgan; o'quv
topshirig'ini boshgariladigan murakka-
blik bilan generatsiya qilish masalasi
ular doirasida qo'yilmagan. Mazkur
tahlil aynan shu bo'shligni
aniglashtirishga qaratilgan.

Mazkur magqolaning magsadi —
mavjud tasvirlash = sxemalari va
proyeksiya hosil qilish usullarini grafik
topshiriglarni avtomatik generatsiya qi-
lish vazifasi nuqtayi nazaridan qiyosiy
tahlil qilish hamda generativ.- modul
uchun asoslangan tanlovni
shakllantirishdir.

Materiallar va usullar. Tadqiqot
giyosiy-analitik usulda bajarilgan. Ax-
borot bazasini to'rt guruh manba tashkil
etadi: gattiq jismlarni tasvirlash nazari-
yasi va geometrik cheklovlarni yechish
[1-6; 11]; CAD-modellarni ma'lu-
motlarga asoslangan generatsiya qilish
va tanib olish bo'yicha so'nggi yillardagi
ishlar [7-10; 12; 13]; ortogonal
proyeksiyalardan jismni tiklash masa-
lasi [14—16]; chizmalarni avtomatik
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baholash sohasidagi amaliy ishlanma-
lar [17-20].

Manbalarning nashr yiliga alohida
talab qo'yildi. Kompyuter grafikasi va
CAD sohasi jadal yangilanayotgani
bois asosiy tahliliy yuk 2015-yildan
keyin chop etilgan ishlarga yuklandi;
ro'yxatdagi manbalarning yarmidan
ko'pi shu davrga tegishli. Undan av-
valgi ishlar faqat bir holatda — agar
ular tasvirlash sxemasi yoki algoritmn-
ing birlamchi  manbasi bo'lsa —
keltirildi. Masalan, konstruktiv fazoviy
geometriya yoki miqdoriy ko'rinmaslik
tushunchasi uchun yangiroq nashrga
havola qilish ilmiy jihatdan noto'g'ri
bo'lar edi, chunki bu tushunchalar ay-
nan o'sha ishlarda kiritilgan. Klassik al-
goritmlarning hozirgi holati esa ularning
zamonaviy geometrik yadrolardagi
amalga oshirilishi orgali baholandi.

Tasvirlash sxemalarini giyoslash
uchun beshta mezon belgilandi: (1)
parametrik boshqgaruv imkoniyati —
obyekt shaklini sonli parametrlar orqgali
boshgarish; (2) Bul amallarini qo'llash
imkoniyati; (3) topologik axborotning
mavjudligi — qirralar, yoglar va cho'qqi-
lar  oO'rtasidagi  bog'lanishlar; (4)
proyeksiyalarni bevosita qurish qulay-
ligi; (5) geometrik to'g'rilikni tekshirish
imkoniyati.

Ortogonal proyeksiyalash ma-
tematik jihatdan quyidagi akslantirish
bilan ifodalanadi. XOY tekisligiga
proyeksiyalash uchun:

m2z(X,y,2)=(x,y); P_z=diag(1, 1,
0) ()
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Uch ko'rinishli chizma uchun mos
ravishda mm_z, Tm_y va 1m_x akslantirish-
lari gqo'llaniladi. Bunda jismning har bir
girrasi tekislikdagi kesmaga akslanadi,
birog bu akslantirish bir qiymatli
bo'lImaydi: turli chuqurlikdagi nugqtalar
bitta proyeksiya nuqtasiga tushishi
mumkin. Aynan shu holat ko'rinmas
chiziglarni aniglash masalasini keltirib
chigaradi.

Bul amallari gattiq jismlar sinfida
yopiq  bo'lishi uchun ular reg-
ulyarlashtirilgan shaklda qo'llaniladi [1]:

Au*B=cl(intftAuB)); AN*B=
cl(intftANB)); AV*B=cl(int(A\B
)) (@)

bu yerda int — to'plamning ichki
gismi; cl — yopilishi. Regulyarlashtirish
natijasida nolinchi qalinlikdagi «osilib
golgan» yoq va qirralar yo'qotiladi, na-
tija esa doimo to'g'ri gattiq jism bo'lib
goladi.

Hosil gilingan chegaraviy mod-
elning topologik izchilligi Eyler—Pu-
ankare munosabati orqali tekshiriladi:

V-E+F-R=2(S-G) (3)

bu yerda V — cho'qqilar soni; E —
girralar; F — yoqlar; R — yoqlardagi
ichki konturlar (halgalar) soni; S —
bog'langan komponentlar soni; G —
jinsi (teshiklar soni). Cheklovlar tizimin-
ing aniglanganlik darajasi esa erkinlik
darajalarining balansi bo'yicha
baholanadi:

DOF = 2_idof(g_i) - 2_j dof(c_j) (4)

bu yerda dof(g_i) — i-geometrik
element erkinlik darajalari soni; dof(c_j)
— j-cheklov tomonidan olib
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tashlanadigan erkinlik darajalari soni.
DOF = 0 bo'lganda tizim to'liq
aniglangan, DOF > 0 bo'lganda kam
aniglangan, DOF < 0 bo'lganda esa or-
tigcha aniglangan hisoblanadi [3; 4].

Algoritmlarning  hisoblash  mu-
rakkabligi kirish primitivliari soni n ga
nisbatan asimptotik baholandi.

Natijalar. Tasvirlash sxemalarin-
ing beshta mezon bo'yicha gqiyosiy

tahlili 1-jadvalda keltirilgan.

Sxema Parametrik Bul Topologik | Proyeksiya| To'g'rilikni
boshqaruv | amallari | axborot qurish tekshirish
CSG Yugqori Tabiiy, Bevosita Bilvosita | Kafolatlangan
(konstruktiv) sxemaga yo'q (B-rep ga | (konstruksiya
X0S o'tish or- bo'yicha)
gali)
B-rep O'rtacha | Murakkab To'liq Bevosita Eyler—
(chegaraviy) (chegara Puankare
hisoblash) bo'yicha
Protsedurali | Juda yuqori | Bilvosita Yo'q Bilvosita Qoidalar
/ grammatik bilan
cheklanadi
Poligonal Past Taqribiy Qisman Bevosita, | Cheklangan
to'r ammo
taqgribiy

1-jadval. Qattiq jismlarni tasvirlash sxemalarining topshiriq generatsiyasi vazifasi
nuqgtayi nazaridan qiyosiy tahlili [1; 2; 11; 12] asosida muallif tomonidan tuzilgan.

Jadval birinchi asosiy natijani be-
radi: birorta sxema beshta mezonning
barchasi bo'yicha ustunlikka ega emas.
CSG parametrik boshqaruv va Bul
amallarida kuchli, biroq unda qirralar va
yoglar o'rtasidagi bog'lanishlar
bevosita saglanmaydi, shu bois undan
proyeksiya qurish uchun avval che-
garaviy modelga o'tish talab etiladi. B-
rep esa aksincha — proyeksiya qurish
uchun barcha zarur topologik axborotni
beradi, ammo parametrik o'zgartirishlar
va Bul amallari unda ancha murakkab
kechadi. Shu sababli generativ modul
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uchun gibrid yondashuv asoslangan
hisoblanadi: obyekt CSG daraxti sifat-
ida parametrik tarzda sintez qilinadi,
so'ng chegara hisoblash (boundary
evaluation) protsedurasi orqali B-rep
ga aylantiriladi va proyeksiyalar shu
modeldan quriladi. Ushbu ikki tas-
virlash o'rtasidagi o'tish nazariy jihat-
dan Requicha va Voelcker tomonidan
asoslangan [2] va bugungi kunda ochiq
hamda tijoriy geometrik yadrolarda
standart protsedura sifatida amalga
oshirilgan. Ma'lumotlarga asoslangan
zamonaviy yondashuvlarda ham CSG-

https://journals.afu.uz/index.php/AFUISN



GI|I.= ALFRAGANUS

xalgaro ilmiy jurnal

tipidagi eskiz—ekstruziya ketma-ketligi akslantirish 0'z-o0'zicha triviial bo'lib,

va chegaraviy model o'rtasidagi ikki-

asosiy hisoblash yuki ko'rinuvchanlikni

yoglama bog'liglik markaziy g'oya bo'lib
golmoqda [9; 10; 12].

aniglashga

to'g'ri
algoritmlarning  qgiyosiy

keladi.
tavsifi

jadvalda berilgan.

Ikkinchi natija — proyeksiya
qurishning hisoblash  yadrosi. (1)
Yondashuv Yili Asosiy Murakkabligi Qo'llash
g'oya chegarasi
Migdoriy 1967 Har bir O(n?) tartibda Chiziqli tasvirlar
ko'rinmaslik girra uchun tabiiy; egri
(Appel) bo'ylab sirtlarda
ko'rinmas- go'shimcha ishlov
lik sonini talab etadi [5]
kuzatish
Poligonlarni 1977 Tasvirni Kesishishlar Kirish va chigish
maydon bo'yi- rekursiv soniga bog'liq formati bir xil;
cha saralash bo'lish va gayta ishlashga
(Weiler-Ather- poligon- qulay [6]
ton) larni kesish
Zamonaviy 2015+ Klassik Amalda chizigli- | Tayyor interfeys;
geometrik yechim- logarifmik alohida
yadrolar larning dasturlash talab
sanoat etilmaydi
amalga
oshirilishi

Klassik

2-jadval. Ko'rinmas chiziglarni yo'qotish yondashuvlarining giyosiy tavsifi [5; 6] aso-
sida; oxirgi qator zamonaviy amaliyotni aks ettiradi.

Jadvaldan ko'rinadiki, klassik al-
goritmlarning murakkabligi kirish primi-
tivlari soniga nisbatan kvadratik tarti-
bda shakllanadi. Bu o'quv topshiriglari
uchun cheklov hisoblanmaydi: tala-
baga beriladigan jism odatda 20-60
girradan iborat bo'lib, bunday o'lcham-
larda kvadratik algoritm ham real vaqt
rejimida bajariladi. Demak, generativ
modul uchun algoritm tanlashda tezlik
emas, balki natijaning aniqgligi va
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chigish formatining vektor ko'rinishida
bo'lishi hal giluvchi mezon bo'ladi — bu
jihatdan poligonlarni maydon bo'yicha
saralashga asoslangan yondashuv
ustunlikka ega, chunki uning chiqish
formati kirish formati bilan bir xil bo'lib,
keyingi qayta ishlash imkonini beradi
[6]. Amalda bu funksiya alohida
dasturlashni talab qgilmaydi: zamonaviy
geometrik yadrolar vektor chiqishli
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proyeksiyalashni tayyor interfeys sifat-
ida tagdim etadi.

Uchinchi natija (3) munosabatning
go'llanish chegarasiga tegishli. Eyler—
Puankare formulasi hosil gilingan che-
garaviy modelning topologik izchilligini
tekshirishning arzon va samarali
vositasi hisoblanadi. Biroq u zaruriy
shart bo'lgani holda yetarli shart emas:
munosabatni ganoatlantiruvchi, ammo
geometrik jihatdan noto'g'ri (masalan,
0'z-0'zini kesuvchi) model ham quirilishi
mumkin. Shu sababli generativ mod-
ulda topologik tekshiruv geometrik tek-
shiruv. — vyoglarning o'zaro kesish-
masligi va qattiq jism shartining ba-
jarilishi — bilan to'ldirilishi lozim.

To'rtinchi va metodologik jihatdan
eng muhim natija teskari masalaga —
uch ortogonal proyeksiyadan jismni ti-
klashga tegishli. Wesley va Markow-
skyning klassik ishlarida bu masa-
laning yechimi ko'pyoqlar sinfi uchun
qurilgan [14; 15], keyinchalik u egri sirtli
jismlarga kengaytirilgan; yo'nalishning
umumiy holati alohida sharhda tizim-
lashtiriigan [16]. Barcha manbalar bir
masalani qayd etadi: proyeksiyalar
to'plami jismni bir giymatli aniglamaydi
— bitta uch ko'rinishli chizmaga bir
necha turli jism mos kelishi mumkin va
bunday holatlarda algoritm bir nechta
yechim hosil giladi [16]. So'nggi yillarda
bu masalaga ma'lumotlarga
asoslangan yondashuvlar ham
go'llanilmoqda [9; 13], biroq ular ham
bir giymatlilikni kafolatlamaydi.
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Ushbu holat topshiriq gener-
atsiyasi uchun bevosita ogibatga ega.
Agar talabaga «uch proyeksiya bo'yi-
cha jismni tiklang» tipidagi topshiriq
berilsa, generator hosil  qilgan
proyeksiyalar to'plamining bir giymatli-
ligini oldindan tekshirishi shart; aks
holda talabaning formal jihatdan to'g'ri,
ammo etalondan farq qiluvchi javobi
noto'g'ri deb baholanadi. Bu esa
baholash tizimining validligini buzadi.
Shu sababli generativ. modulda ikki
meXxanizmdan biri ko'zda tutilishi lozim:
yo bir qgiymatlilikni kafolatlovchi che-
klovlar tizimi joriy etiladi, yo topshiriq
ko'p yechimli sifatida rasmiylashtirilib,
baholash mezoni shunga moslashtiri-
ladi.

Beshinchi natija — geometrik ji-
hatdan asosli distraktorlar masalasi. 1-
jadvalda ko'rsatilgan parametrik
boshgaruv imkoniyati aynan shu vazifa
uchun qgo'l keladi: noto'g'ri javob vari-
antlari tasodifiy tarzda emas, balki eta-
lon jismning parametrlarini boshqari-
ladigan  tarzda o'zgartirish  (qirra
chuqurligini  almashtirish, ko'rinmas
chizigni ko'rinuvchiga aylantirish, kesim
yo'nalishini o'zgartirish) yo'li bilan sin-
tez qilinadi. Bunday distraktorlar sina-
luvchiga ularni fazoviy tahlilsiz chet-
lashtirish imkonini bermaydi va top-
shirigning konstrukt validligini oshiradi.

Tahlil natijalari
umumlashtirilgan.

3-jadvalda
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Vazifa

Tanlangan yechim

Asoslash

Obyektni sintez

CSG daraxti +

Parametrik boshqgaruv va

qilish parametrlar vektori Bul amallarining tabiiyligi [1;
2]

To'g'rilikni Regulyarlashtiriigan Bul Natija doimo to'g'ri qattiq

ta'minlash amallari (2) jism bo'lib goladi [1]

Cheklovlarni Erkinlik darajalari balansi | Ortigcha va kam aniglangan

boshqarish 4) holatlarni oldini olish [3; 4]

Proyeksiyalarni

B-rep ga o'tish + vektor

Topologik axborot zarurligi;

sintez qilish

boshqariladigan buzish

qurish chiqishli HLR algoritmi chiqish formatining qayta
ishlanuvchanligi [2; 6]
Topologik Eyler—Puankare munosa- | Zaruriy, ammo yetarli bo'l-
tekshirish bati (3) + geometrik tek- magan shart
shiruv
Distraktorlarni Parametrlarni Chetlashtirish

strategiyasining oldini olish

Bir giymatlilikni
nazorat qilish

Proyeksiyalar to'plamini
oldindan tekshirish

Tiklash masalasining ko'p
yechimliligi [14—16]

3-jadval. Generativ modul uchun tanlangan yechimlar va ularning asoslanishi (muallif

tahlili natijasi).

Muhokama. Olingan natijalar
mavjud adabiyotdagi ikki yo'nalishning
— geometrik modellashtirish va ta'lim
tizimlarini avtomatlashtirish — kesish-
masida joylashadi. Geometrik model-
lashtirish sohasida tasvirlash sxemalari
va proyeksiya algoritmlari yetarli dara-
jada ishlab chigilgan bo'lib, ular sanoat
CAD tizimlarida o'nlab yillardan buyon
go'llanilmoqda. Ta'lim sohasida esa
asosiy e'tibor teskari masalaga —
talaba tomonidan bajarilgan chizmani
avtomatik baholashga qaratilgan:
so'nggi yillarda DXF fayllarni etalon bi-
lan qiyoslash, geometrik belgilarni
ajratib olish va goidalarga asoslangan
xato aniglash tizimlari yaratilib, ular

ISSN: 2992 - 8974

¢

ming donadan ortiq talaba ishida si-
novdan o'tkazilgan [17; 18]. Kompyuter
ko'rish usullariga tayanadigan muqobil
yechimlar ham taklif etilgan [19].

Shu bilan birga, to'g'ri masala —
topshirigning o'zini geometrik jihatdan
boshgariladigan tarzda sintez qilish —
sezilarli darajada kam o'rganilgan.
Mavjud ishlar asosan tayyor top-
shiriglar bankidan foydalanadi, gener-
atsiya esa amalda shablonlarni takror-
lash bilan cheklanadi. Ushbu bo'shliq
mazkur tadgigot uchun  asosiy
yo'nalishni belgilaydi: parametrik gen-
eratsiyani nafaqat shakl xilma-xilligini,
balki topshirigning geometrik
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murakkabligini ham boshqariladigan qi-
lib qurish. Bunday boshgaruvning ped-
agogik ahamiyati fazoviy ko'nikmalarni
magsadli mashq orqali rivojlantirish sa-
maradorligi bilan asoslanadi: CAD mu-
hitidagi mashqlar va fazoviy vizual-
izatsiya ko'nikmalari o'rtasidagi
bogd'liglik yaqginda o'tkazilgan empirik
tadqiqotda tasdiglangan [13].

Amalga oshirish nuqtayi nazari-
dan muhim jihat shundaki, sanoat CAD
yadrolari  (jumladan ochig kodli ge-
ometrik yadrolar) CSG-B-rep o'tishini
va vektor chigishli proyeksiyalash im-
koniyatini standart funksiya sifatida
taqdim etadi. Bu holat generativ mod-
ulni noldan yozish zaruratini bartaraf
etadi va tadqiqot diggatini algoritmik
yangilik joylashgan qismga — mu-
rakkablikni  boshqarish ~ va  dis-
traktorlarni sintez qgilishga — qgaratish
imkonini beradi. Mahalliy tadgiqotlarda
ham CAD vositalarini o'quv jarayoniga
integratsiya gilish yo'nalishi
rivojlanmoqgda [20], biroq topshirigni
avtomatik sintez gilish masalasi ko'taril-
magan.

Tadgiqotning cheklovlarini qayd
etish lozim. Birinchidan, 2-jadvaldagi
murakkablik baholari asimptotik xarak-
terga ega bo'lib, real ishlash tezligi
amalga oshirish tafsilotlariga va ma'lu-
motlar tuzilmasiga sezilarli bog'liq; shu
bois ular tanlov uchun yagona mezon
bo'la olmaydi. Ikkinchidan, tahlil ikki o'l-
chamli ortogonal proyeksiyalar bilan
cheklandi — aksonometrik tasvirlar,
kesimlar va girgimlar alohida ko'rib chi-
gishni talab etadi. Uchinchidan, tiklash
masalasining bir giymatliligini
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tekshirish algoritmik jihatdan gimmat
bo'lishi mumkin va uning generatsiya
jarayoniga ganday integratsiya qilinishi
alohida tadqgigot mavzusidir. To'rtinchi-
dan, maqolada keltirilgan qiyosiy
baholar adabiyot tahliliga asoslangan
bo'lib, ular hisoblash tajribasi bilan
tasdiglanishi lozim.

Xulosa. Maqgolada fazoviy ge-
ometrik obyektlarni parametrik model-
lashtirish  va ularning  ortogonal
proyeksiyalarini hosil qilish usullari
grafik topshiriglarni avtomatik gener-
atsiya qilish vazifasi nuqtayi nazaridan
qgiyosiy tahlil gilindi.

Tahlil quyidagi xulosalarga olib
keldi. Birinchidan, tasvirlash sxe-
malarining hech biri belgilangan beshta
mezonning barchasi bo'yicha ustun
emas, shu sababli generativ modul
uchun CSG va B-rep tasvirlarining gi-
brid qo'llanilishi asoslangan: para-
metrik ~ sintez CSG  darajasida,
proyeksiyalash esa chegaraviy model
darajasida amalga oshiriladi. Ikkinchi-
dan, proyeksiya qurishning hisoblash

yadrosi ko'rinmas chiziglarni
aniglashdan iborat bo'lib, klassik algo-
ritmlarning  kvadratik = murakkabligi

o'quv topshiriglari o'lchamlarida che-
klov hisoblanmaydi; tanlovda hal qilu-
vchi - mezon chiqgish formatining vektor
ko'rinishida bo'lishidir.

Uchinchidan, Eyler—Puankare
munosabati topologik izchillikni tek-
shirishning zaruriy, ammo yetarli bo'l-
magan sharti hisoblanadi va u ge-
ometrik tekshiruv bilan to'ldirilishi lozim.
To'rtinchidan, uch ortogonal
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proyeksiyadan jismni tiklash masalas-
ining ko'p yechimliligi generatsiya qi-
linadigan topshiriglar uchun bevosita
metodologik ogibatga ega: proyeksiya-
lar to'plamining bir giymatliligi oldindan

Olingan natijalar generativ modul
arxitekturasi uchun asoslangan tanlov
gilish  imkonini  beradi.  Keyingi
tadqigotda parametrik sintez algorit-
mini ishlab chiqgish, topshirigning ge-

ometrik murakkablik metrikasini
shakllantirish hamda tanlangan
yechimlarni hisoblash tajribasi orqgali
tekshirish vazifalari belgilanadi.

tekshiriilmasa, baholash tizimining val-
idligi buziladi.
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DIDACTIC SYSTEM FOR FORMING THE PROFESSIONAL COMPETENCE
OF FUTURE ENGINEERS BASED ON AN INTEGRATIVE APPROACH

Abstract: The article presents methods for the targeted and effective use of
digital educational resources in the world's leading higher education institutions and
research centers, as well as large-scale research on introducing modern educational
technologies into the educational process that contribute to the formation of technical
thinking, spatial imagination, and creative thinking in students.

Keywords: digital educational resources, higher education, pedagogical activ-
ity, professional development, technical thinking, creative thinking.

AHHOTauua: B ctatbe npencrasneHbl MeTOAbI LeneBoro u ayekTUBHOro uc-
noNb3oBaHus LMGPOoBLIX 06pasoBaTefbHbIX PECYPCOB B BEAYLLMX BbICLUNX YY4EOHbIX
3aBefeHNsX U Hay4YyHo-UccnenoBaTeNbCKMX LEeHTpax Mupa, a Takke LuMpokomac-
WtabHble ncecrneaoBaHnst NO BHEOPEHUIO B yYEBHbIN NpoLecc coBpeMEHHbIX obpa-
30BaTesIbHbIX TEXHOMOMMI, CNOCOBCTBYIOLLNX (POPMUPOBAHUIO Y YHALLNXCA TEXHUNYE-
CKOTO MbILLIEHWS], MTPOCTPAHCTBEHHOIO BOOBPaXKEHMS U KPeaTUBHOTO MbILUNEHUS.

KniouyeBble cnoBa: undposble obpasoBaTenbHble pecypchl, Boicluee obpaso-
BaHWe, negarornyeckas AesTenbHOCTb, NpogeccnoHanbHoe pasBuUTue, TEeXHUYe-
CKO€ MbILUNIeHNE, TBOPYECKOE MbILLIIEHME.

related to specific activities, and devel-

Introduction.

Consistent work is being carried
out in the republic's education system
to improve the quality of education and
the effective organization of the educa-
tional process in higher education insti-
tutions, which are an important link in
continuous education [4]. In particular,
providing students with meaningful and
practical knowledge in a short period of
time, forming skills and competencies

ISSN: 2992 - 8974

\ 4

oping their creative and intellectual po-
tential is manifested as one of the pri-
ority tasks of the educational process
[3]. In today's information society, the
introduction of innovative approaches
to the field of education and the use of
modern educational technologies are
becoming an objective necessity. In
particular, in the information educa-
tional environment, it is becoming
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increasingly important to improve the
professional competence of higher ed-
ucation students based on modern
graphic programs and to improve ped-
agogical mechanisms aimed at devel-
oping their intellectual potential [1].

Literature review.

Analysis of the research problem
shows that scientific research on the
problems of improving professional
competence has been conducted by
domestic pedagogical scholars such as
Sh.S. Sharipov, N.A. Muslimov, R.K.
Choriev, U.K. Tolipov, Z.K. Ismailova,
O.A. Kuysinov, D.A. Mustafoeva, M.M.
Kodirov, A. Jumanov, and others.
According to N.A. Muslimov,
professional = competence  means
mastering advanced technologies that
enrich professional-pedagogical
knowledge, skills, and abilities, and
being able to use modern tools,
techniques, and technologies. In the
research of K.A. Grebennikov, the
pedagogical and professional aspects
of using computer graphics in the
process of  teaching general
professional disciplines in the specialty
"Hydroenergy" in higher educational
institutions  were analyzed. In the
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research work conducted by E.M.
Tretyakova, the technology for
designing and implementing the
content of the subject "Engineering
Computer Graphics" for the specialty of
hydropower in higher education
institutions was developed [5].

Research methodology.

Based on the analysis of the
opinions  of the aforementioned
scholars, we have provided our own
author's definition of the concept of
students' professional competence.

Professional competence of
students - acquiring specific skills in
using various technical devices and
computer  technologies,  obtaining
information from various sources,
using it effectively in a generalized
form, and developing skills in analytical
data reconstruction "Includes
knowledge of the characteristics of
information flows in the field of science
and  professional activity. "The
structural ~ structure of graphic
competence developed during the
teaching of general professional and
specialized disciplines ("Engineering
Computer Graphics") developed by us.
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PROFESSIONAL COMPETENCE
Educational-design.
Scientific-research. : : Developing the goals
Organizing Acadelml{/cl:-%r(}fessw-- and objectives of | Organizational-
academic and PR iR education, the | graph. Preparing a
: ands designing, and content of academic :
scientific-research e dncalional : hydroelectric
work; observing |°r8anizing cducational) - material, forms, engineer
2 1..: O | activities; developing, methods, and SR
creativeabilities; determining, and designs of didactic organizing the
conducting predicting the e production process,
professional- professional software tools for | creating academic
pedagogical qualities of a hydroec |  monitoring the and graphic
ac;t1v1ty q51ng engineer results of profess- environments
innovation sional-pedagogical
activity.

Figure 1. Structure of professional competence.

Applied graphics is considered
one of the primary tools of design and
construction activities. It is directly
linked to the educational design pro-
cess and the content of graphic educa-
tion, allowing students to apply the
knowledge gained from general cul-
tural, psychological-pedagogical, gen-
eral professional, and specialized sub-
jects within a single system.

Analysis and discussion of re-
sults.

In the process of teaching general
professional disciplines, great attention
was paid to the introduction of
interactive  electronic  educational
resources in the creation of educational
and methodological support that allows
students to develop their professional
competencies. We  consider it
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appropriate to use the "SCORE"
methodology in the process of
developing the professional

competence of hydraulic engineers.

The "SCORE" method is one of
the effective methods aimed at search-
ing, sorting, analyzing information, and
finding solutions to problematic situa-
tions.

Within the framework of the study,
the possibilities of applying the
"SCORE" methodology were
considered on the topic "Processes of
mutual intersection of planes and
topographic surfaces in  numerical
projections, i.e., an apparel area" [1].
The role of this methodology in
increasing educational effectiveness
and the procedure for its application in
the practical training process are
reflected in Figure 2.
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SCORE: 5 key stages in the methodology for processes of
mutual intersection of planes and topographic surfaces in
number-labeled projections (access platform).

9

-
Z> Symptom (difficulty) — The complexity of visualizing the
‘ spatial position of plane intersection lines

Cause (reasons) — it is occurring that one plane absorbs
another plane (author’s phrase)

>,

Z:>[ Outcome (expected result) — To enhance spatial visualization

~

J/

Resource (sources) — To strengthen positional concepts about

planes
J
Effect (result) — The transition to the result, i.e., clarity is
restored, the intersection line of the surfaces has been found
Figure 2. Application of the "SCORE" method
Symptoms, i.e., the main Result:
To eliminate the identified

problem: Visualizing the intersection
lines of planes in space creates certain
difficulties for students. As a result,
they have difficulty fully understanding
which line is given or not given, as well
as the position of the intersection line in
space.
Reasons:

The main reasons for this problem are
explained by insufficient formation of
positional concepts regarding surfaces
and their relative positions, as well as a
lack of skills acquired through practical
training.
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shortcomings, it is first necessary to
focus on providing consistent and
understandable coverage of the topic
during the educational process.
Especially in problems related to
determining the intersection lines of
planes with each other or with a
topographic surface, the teacher's
speech, behavior, deep mastery of the
topic, and ability to explain each point
of the intersection line separately are of
great importance [1]. In this process,
the teacher's professional skills, the
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ability to present the topic in a clear and
logical sequence, the ability to explain
the structure of the practical session to
students in advance, and strict
adherence to the established stages
are considered essential components.
Sources:
In this methodological process, a
sufficient level of knowledge, skills, and
abilities, the availability of practical
training necessary to achieve the set
goal, and the ability to foresee the final
result serve as important resources.
Effects, i.e., efficiency: The
teacher should solve the problem not
directly through a ready-made solution,
but by creating conditions for students

to think independently and find a
solution. Encouraging students to
research, motivating them, and guiding
them to independently find a way out of
a problematic situation allows for the
achievement of the  expected
educational result.

When using the SCORE model in
the technical field, the professional
experience and methodological skills of
the teacher are of particular importance
in the process of problem analysis,
determination of expected results, and
their achievement [6]. The structural
composition of this process is shown in
Fig. 2.a, b.

Fig. 2.a. Problem occurrence
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Figure 2.b. The solution to the problem

Conclusions and suggestions.

Analysis of empirical research re-
sults allows for the consideration of the
following proven cases:

1. The level of general technical
thinking among technical students is
above average.

2. The traditional educational
process in  higher educational
institutions specializing in technical
education contributes to the
development of technical thinking. This
indicator of development is a
progressive, but not stable, dynamics
of the level of technical thinking.

3. Assessing students' success in
subjects related to technical thinking
cannot serve as an indicator of the
development of this type of thinking,
which is of professional importance for
an engineer.
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4. There is no equal clarity
between the level of development of
technical thinking and the level of
inclination to activity in the field of
technology. At the same time, the
following personal relationships were
identified:

5. Reflective ~ analysis,  which
reflects the process of developing
technical  thinking, caused great
difficulties for students: during the
process of obtaining engineering
information, questions regarding the
nature of this thinking and ways to
develop it were the most difficult.

6.The lists of subjects that
develop technical thinking, compiled
based on the answers of teachers and
students, differ from each other, in
particular, teachers do not pay
attention to the importance of such
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subjects as engineering graphics and computer science.
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Tarixiy-madaniy meros hududlarida geodezik monitoring va kartografik
modellashtirishda sun'iy intellekt hamda neyron tarmoglarni qo'llash-
ning funksional-texnik imkoniyatlari

Annotatsiya. Mazkur maqolada tarixiy-madaniy meros obyektlari joylashgan
Toshkent, Samarqand va Xiva shaharlari hududlarining geoekologik barqarorligini
ta'minlashda sun'iy intellekt texnologiyalari va neyron tarmoq algoritmlarining ge-
odezik monitoring hamda kartografik modellashtirish jarayonlaridagi funksional-
texnik imkoniyatlari tahlil gilingan. Tadgiqotning maqgsadi — masofadan zondlash, ra-
dar interferometriyasi (INSAR) va geoaxborot tizimlari (GAT) ma'lumotlarini chuqur
o'rganish (deep learning) algoritmlari bilan integratsiyalashning ilmiy-uslubiy asosla-
rini ishlab chigishdan iborat. Tadqgiqot metodikasi sifatida konvolyutsion neyron tar-
moglar (CNN) yordamida yer goplami va bino zichligini segmentatsiya qilish, uzoq-
gisqa muddatli xotira tarmogqlari (LSTM) orqali vaqt gatorlari asosida iglim va harorat
dinamikasini bashoratlash, tasodifiy o'rmon (Random Forest) va gradient buster
(LightGBM/GBDT) algoritmlari yordamida cho'kish hamda degradatsiya xavfini tas-
niflash usullaridan foydalanildi. Natijada, har uch shahar uchun tarixiy yodgorliklarn-
ing geotexnik holatini nazorat gilishga xizmat giluvchi umumlashgan funksional
sxema va algoritmlarning giyosiy jadvali ishlab chiqildi; Xiva ichki shahri uchun namlik
va cho'kish, Samargand me'moriy majmualari uchun tuproq sho'rlanishi va gumbaz
deformatsiyasi, Toshkent tarixiy kvartallari uchun esa jadal urbanizatsiya bosimi aso-
siy geoekologik xavf omillari sifatida aniglandi. Tadqiqot xulosalari sun'iy intellekt
asosidagi monitoring modulini Milliy geoportal va Yagona kadastr tizimiga inte-
gratsiyalash bo'yicha amaliy tavsiyalar ishlab chigishga xizmat qiladi hamda disser-
tatsiyaning keyingi boblarida go'llaniladigan uslubiy asosni tashkil etadi.

Kalit so'zlar: sun'iy intellekt; neyron tarmoglar; geodezik monitoring; karto-
grafik modellashtirish; geoekologik barqarorlik; tarixiy-madaniy meros; InSAR;
masofadan zondlash; chuqur o'rganish; Milliy geoportal.
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AHHOTauuma: B ctaTtbe aHanmn3npyoTcs PyHKUMOHAIbHbIE U TEXHUYECKMNE BO3-
MOXHOCTW TEXHOMOMMN UCKYCCTBEHHOIO MHTENSIeKTa U anropuTMoB HENPOHHbIX Ce-
Te — B YaCTHOCTU, B paMKax MpoL,eccoB reoe3nyeckoro MOHUTOPUHra 1 kapTorpa-
dunyeckoro MogenupoBaHua — ans obecnevyeHnsi reo3KoNorM4eckon yCTonumBocTum
ropogos TawkeHT, Camapkang n Xuea, obnagaroLmx 3Ha4uMbiM UCTOPUKO-KYNbTYp-
HbIM Hacreamem. Llenbio nccnegosanusa asndetcsa paspaboTka HayvyHO-MeToande-
CKMUX OCHOB MHTerpaumm AaHHbIX OUCTaHLMOHHOIO 30HANPOBaHUSA, pagapHOn UHTEpP-
depomeTpun (INSAR) 1 reonHdopmaLmoHHbix cuctem (MAC) ¢ anroputmamu rny6o-
Koro oby4yeHusi. MeTogonorna nccrnegoBaHns Bktovana Takme MeTofbl, Kak cermeH-
Taumsa TUNOB 3EMHOIO NOKPOBa M NIOTHOCTU 3aCTPOMKK C UCMOSIb30BaHMEM CBEPTOY-
HbIX HenpoHHbIX ceTer (CNN), NnporHo3MpoBaHue AWHAMUKU KNumaTta U Temnepa-
TYpPbl HA OCHOBE BPEMEHHbIX PSA0B C NPUMEHEHMEM CeTeN C JONToN KpaTKOCPOYHON
namaTtbto (LSTM), a Takke knaccudmkaumio pUCKOB NPOCaAKM rPyHTa 1 Aerpagauuu
TEPPUTOPUIA C MOMOLLBIO anropuTMOB «CrydanHbin necy» (Random Forest) n rpagu-
eHTHoro 6yctuHra (LightGBM/GBDT). B pesynbtaTe 6bina paspabotaHa 0600LLeH-
Has (PyHKUMOHaNbHaA cxema U cocTaBfieHa CcpaBHUTEeNbHasa Tabnvua anroputMoB
AJ11 MOHUTOPUHIa re0TEXHNYECKOro COCTOSHUS UCTOPUYECKMX MaMATHUKOB BO BCEX
Tpex ropofgax; Oblfiv BbISBIEHbl KIOYEBbIE E03KONOrnvyeckne akTopbl pucka:
BNAXXHOCTb N NpocagKa rpyHTa ansi NICTOpPUYECcKoro LeHTpa XuBbl; 3acorieHne rnoys
n gecopmMaumns KynonbHbIX KOHCTPYKLUMA AN apXUTEKTYPHbIX KoMnriekcoB Camap-
KaHda; a Takke [aBreHuve CTpemuTernbHon ypbaHmsaumm Ha UCTOpUYEeCcKne Keap-
Tanbl TawkeHTa. Pe3ynbTaTbl MCCNeoBaHUsA CryXaT OCHOBOW AN pa3paboTku
NpaKTUYECKUX pekoMeHZaumn No NHTerpaumm Moaynsa MoHUTopuHra Ha 6ase I/ B
HaunoHnanbHbIN reonopTtan n EguHyo cucteMy KagacTtpa, a Takke OpMUpyoT Me-
Togonorudeckyto 6asy onga nocneayrowmnx rnas gucceptauun.

KritoueBble cnoBa: NCKYCCTBEHHbLIN UHTENNEKT; HEMPOHHbIE CETU; reoaesun-
YEeCKUA MOHUTOPVIHI; KapTorpaduyeckoe MoLenupoBaHue; reo3Konornyeckas
YCTOMYMBOCTb; NCTOPUKO-KYNbTypHOE Hacneaue; INSAR; oucTtaHUMOHHOE 30HANPO-
BaHue; rnybokoe oby4veHne; HaunoHansHbIA reonopTarn.

Annatation: This article analyzes the functional and technical capabilities of
artificial intelligence technologies and neural network algorithms—specifically within
geodetic monitoring and cartographic modeling processes—for ensuring the geo-
ecological stability of the cities of Tashkent, Samarkand, and Khiva, which house
significant historical and cultural heritage sites. The study aims to develop scientific
and methodological foundations for integrating data from remote sensing, radar in-
terferometry (INSAR), and geographic information systems (GIS) with deep learning
algorithms. The research methodology employed techniques such as land cover and
building density segmentation using convolutional neural networks (CNN), climate
and temperature dynamics forecasting based on time series via long short-term
memory (LSTM) networks, and the classification of subsidence and degradation risks
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using Random Forest and gradient boosting (LightGBM/GBDT) algorithms. As a re-
sult, a generalized functional scheme and a comparative table of algorithms were
developed to monitor the geotechnical condition of historical monuments in all three
cities; specific primary geo-ecological risk factors were identified: moisture and sub-
sidence for the inner city of Khiva; soil salinity and dome deformation for Samarkand’s
architectural complexes; and rapid urbanization pressure for Tashkent’s historical
quarters. The research findings serve to develop practical recommendations for in-
tegrating the Al-based monitoring module into the National Geoportal and the Unified
Cadastre System, and form the methodological basis for the subsequent chapters of

the dissertation.

Keywords: artificial intelligence; neural networks; geodetic monitoring; carto-
graphic modeling; geo-ecological stability; historical-cultural heritage; INSAR; remote

sensing; deep learning; National Geoportal.

1. Kirish

O'zbekistonning Toshkent,
Samarqgand va Xiva shaharlari nafaqat
milliy, balki jahon tarixiy-madaniy
merosining muhim  tarkibiy = qismi
hisoblanadi — Samarqgand va Xivaning
tarixiy  markazlari ~ YUNESKOning
Butunjahon merosi ro'yxatiga kiritilgan.
Ushbu hududlarda antropogen
bosimning kuchayishi (jadal
urbanizatsiya, turizm oqimining ortishi,
muhandislik-kommunikatsiya
tarmoglarining kengayishi) va tabiiy
omillar (tuproq sho'rlanishi, yer osti
suvlari sathining o'zgarishi, seysmik
faollik, iglim  o'zgarishi)  tarixiy
obyektlarning  geotexnik  holatiga
uzluksiz salbiy ta'sir ko'rsatmoqda. Shu
sababli tarixiy shaharlar hududlarining
geoekologik barqarorligini geodezik-
kartografik vositalar  bilan uzluksiz
kuzatib borish dolzarb ilmiy-amaliy
ahamiyat kasb etadi.

So'nggi o'n yilikda xalgaro
tadqgigotchilar tomonidan masofadan
zondlash va geoaxborot
texnologiyalarini sun'iy intellekt
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algoritmlari =~ bilan  uyg'unlashtirish
borasida keng tajriba to'plangan.
Xususan, B. Cuca va hammualliflari
Yevropa madaniy meros obyektlaridagi
shikastlanishlarni masofadan zondlash
va Yer kuzatuvi ma'lumotlari asosida
monitoring qilish bo'yicha ilmiy va
amaliy adabiyotlarni tizimli tahlil qilib,
integratsiyalashgan monitoring
tizimlarining ustuvorligini asoslagan [9].
P. Ezquerro va  hammualliflari
Italiyaning Pistoya tarixiy shahrida

INSAR radar interferometriyasi
ma'lumotlaridan foydalanib,
binolarning cho'kishga nisbatan

zaifligini baholovchi = modelni ishlab
chiggan [8]. G. Caspari va P. Crespo
konvolyutsion neyron tarmoglar (CNN)
yordamida  arxeologik  obyektlarni
sun'iy yo'ldosh tasvirlaridan avtomatik
aniglash imkoniyatini ko'rsatgan [10], L.
Ma va hammualliflari esa masofadan
zondlash sohasida chuqur o'rganish
algoritmlarining go'llanilish
yo'nalishlarini umumlashtirgan meta-
tahlil tagdim etgan [11]. Muallifning
oldingi tadqiqotlarida ham ushbu
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yo'nalish rivojlantiriigan: Ugam-Chatkal
milliy bog'i hududida iglim va kriosfera
dinamikasini geodezik monitoring qilish
tajribasi xalgaro Scopus bazasidagi
nashrda yoritilgan [1], milliy geoportalni
sun'iy  intellekt  vositalari bilan
takomillashtirish masalalari [2] hamda
adaptiv. boshgaruv tizimlarida sun'iy
intellekt va  neyron  tarmoglarni
go'llashning funksional-texnik
imkoniyatlari [3] alohida tadqiq etilgan.
Bundan tashqgari, uch shahar —
Toshkent, Samargand va Xivaning
madaniy meros zonalaridagi
geoekologik vaziyatning qiyosiy
geografik  tahlili ~ [4] va ushbu
hududlarda yer yuzasi haroratining
o'zgarish  dinamikasi  [5]  muallif
tomonidan ilgari o'rganilgan  bo'lib,
mazkur magqola shu tadgiqotlar bilan
uzviy bogd'liq holda ularning uslubiy
asosini kengaytiradi.

Shu bilan  birga, xalgaro
tajribaning ko'lami kengayib
borayotganiga garamay, O'zbekiston
sharoitida — xususan, xom g'isht va
paxsa devor konstruksiyalariga ega
an'anaviy tarixiy qurilish tipologiyasi,
mahalliy iglim-gidrogeologik sharoit
hamda millly SKS-95 koordinatalar
tizimi va Yagona kadastr tizimi
doirasida — sun'iy intellekt va neyron
tarmoq algoritmlarini geodezik
monitoring va kartografik
modellashtirish  jarayonlariga tizimli
integratsiyalash  bo'yicha  yagona
uslubiy yondashuv hali to'liq
shakllanmagan. Milliy geoportal va
kadastr tizimlari asosan klassik GAT
tahlili vositalariga tayanadi,
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avtomatlashtirilgan o'zgarishlarni
aniglash  (change detection) va
bashoratli tahlil funksiyalari amalda
cheklangan, bu esa muallifning oldingi
giyosiy tahlilida [4] va harorat
dinamikasi tadqiqotida [5] ham gisman
ta'kidlangan.

Yugoridagilardan kelib chigqib,
mazkur ~maqolaning maqgsadi —
Toshkent, Samargand va Xiva
shaharlarining tarixiy-madaniy meros
hududlarida geoekologik bargarorlikni
ta'minlash maqgsadida geodezik
monitoring va kartografik
modellashtirish jarayonlarida
go'llanilishi. mumkin  bo'lgan  sun'iy
intellekt va neyron tarmoq usullarining
funksional-texnik imkoniyatlarini
tizimlashtirish, ularning har bir shahar
uchun geoekologik xavf omillariga
mosligini aniglash va Milliy geoportalga
integratsiyalash uchun umumlashgan
funksional sxema taklif etishdan iborat.

2. Materiallar va usullar

Tadqiqot obyekti sifatida
Toshkent shahrining tarixiy kvartallari
(Eski shahar hududi), Samargand
shahrining Registon, Shohi Zinda va
atrofidagi bufer zonalari, hamda Xiva
shahrining Ichon-Qal'a tarixiy yadrosi
tanlab olindi. Tahlil uchun quyidagi
ma'lumot manbalaridan foydalanish
nazarda tutildi: Sentinel-1 radar (SAR)
va Sentinel-2/Landsat optik sun'iy
yo'ldosh tasvirlari, uchuvchisiz uchish
apparatlari  (UAV) orqali olingan
ortofotoplanlar va ragamli relef modeli
(RRM) ma'lumotlari, mabhalliy
geodezik-markshayder o'lchash
natijalari hamda Millly geoportal va
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kadastr tizimining vektor qatlamlari.
Barcha fazoviy ma'lumotlar O'zbek-
iston Respublikasining SKS-95 koordi-
natalar tizimiga keltirilgan holda gayta
ishlashga mo'ljallangan.

Uslubiy jihatdan tadqiqot to'rt
yo'nalishdagi sun'iy intellekt va neyron
tarmoq algoritmlarini gamrab oladi. Bi-
rinchidan, konvolyutsion neyron tar-
mogqlar (CNN) yordamida optik tasvirlar
asosida yer qoplami sinflari va bino zi-
chligi segmentatsiyasi amalga oshiri-
ladi, bu yondashuv arxeologik va
meros obyektlarini aniglashda xalqaro
tajribada o'z samaradorligini ko'rsatgan
[10; 11]. Ikkinchidan, uzog-gisqa
muddatli xotira tarmoqlari (LSTM/RNN)
ko'p yillik harorat, yog'in va muzlik-iglim
ko'rsatkichlarining vaqt qatorlarini tahlil
gilib, kelgusi davr uchun klimatik-

kriosferik dinamikani bashoratlashda
go'llaniladi — bu yondashuv muallif-
ning Ugam-Chatkal milliy bog'idagi
monitoring tajribasi [1] va yer yuzasi
harorati dinamikasi tadgiqotiga [5] ta-
yanadi. Uchinchidan, tasodifiy o'rmon
(Random Forest) va gradient buster
(LightGBM, GBDT) algoritmlari InNSAR
orqali aniglangan cho'kish tezligi ko'r-
satkichlarini gidrogeologik, litologik va
antropogen omillar bilan birlashtirib,
xavf darajasini tasniflash uchun ishlati-
ladi, bu Pistoya tarixiy shahri misolida
sinovdan o'tgan yondashuvga mos ke-
ladi [8]. To'rtinchidan, gibrid CNN-
BiGRU-Attention tipidagi tarmogqlar
fazoviy-vaqtinchalik INSAR seriyalarini
birgalikda tahlil qgilib, deformatsiyaning
kelgusi giymatlarini bashoratlash im-
konini beradi.

1-jadval. Sun'iy intellekt va neyron tarmoq algoritmlarining geodezik
monitoringdagi funksional imkoniyatlari

vaqgt qatorlari

Algoritm turi Kirish ma'lumotlari Bajaradigan vazifasi Manba
CNN Sentinel-2/UAV optik Yer qoplami va bino zi- [10; 11]
(segmentatsiya) tasvirlar chligini tasniflash
LSTM / RNN Ko'p yillik harorat, iglim Klimatik-kriosferik [1; 5]

dinamikani bashoratlash

Random Forest /

INSAR cho'kish tezligi +| Cho'kish va degradatsiya [8]

LightGBM / GBDT gidrogeologik omillar xavfini tasniflash
CNN-BiGRU- Fazoviy-vaqtinchalik | Deformatsiyani bashoratli [8]
Attention (gibrid) INSAR seriyasi monitoring qilish
Geospatial risk- Ko'p manbali GAT Meros obyektlari bo'yicha [9]
scoring Al gatlamlari xavf reytingini

shakllantirish

Yuqoridagi algoritmlarni yagona
monitoring tsikliga birlashtirish
magqgsadida quyidagi besh bosqichli

L 4

funksional sxema ishlab chiqildi (2-
jadval): ma'lumot yig'ish, oldindan
ishlov berish, sun'iy intellekt asosida
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tahlil, kartografik modellashtirish va ketma-ket va qayta aloqa (feedback)
garor qabul qilish bosqichlari o'zaro tamoyili asosida bog'langan.
2-jadval. Sun'iy intellekt asosidagi geodezik monitoring va kartografik
modellashtirishning funksional sxemasi

Bosgqich Mazmuni Kutilayotgan natija

1. Ma'lumot | SAR/optik sun'iy yo'ldosh tasvirlari,
yig'ish UAV ortofoto, geodezik o'Ichash va
kadastr qatlamlarini jamlash

Yagona ma'lumotlar bazasi

2. Oldindan Radiometrik-geometrik tuzatish, Standartlashtirilgan fazoviy
ishlov berish | SKS-95 tizimiga keltirish, shovqin- gatlamlar

larni tozalash
3. Al/neyron CNN segmentatsiyasi, LSTM ba- Tasniflangan va
tarmoq tahlili shorati, RF/GBDT tasniflash, In- bashoratlangan ko'rsatkichlar

SAR-Al fuziyasi

4. Kartografik
modellashtirish

Xavf xaritalari, dinamik gatlamlar,
3D vizualizatsiya shakllantirish

Interaktiv kartografik model

5. Qaror gabul | Milliy geoportal va Yagona kadastr
qilish tizimiga natijalarni uzatish, moni-
toring tsiklini yangilash

cha tavsiyalar

3. Natijalar

Tadgiqot natijasida sun'iy intel-
lekt va neyron tarmoq algoritmlarining
Toshkent, Samargand va Xiva shahar-
laridagi tarixiy-madaniy meros
obyektlari uchun tegishliligi shahar kes-
imida farglanishi aniglandi. Bunga
sabab har bir shahar geologik-
gidrologik sharoiti, qurilish tipologiyasi
va antropogen bosim darajasining
0'ziga xosligidir. Xiva shahrining Ichon-
Qal'a tarixiy yadrosida paxsa va xom
g'ishtdan qurilgan devorlarning namlik
ta'sirida yemirilishi va mahalliy cho'kish
jarayonlari ustuvor xavf omili hisobla-
nadi, shu sababli bu yerda CNN aso-
sidagi segmentatsiya usulini Random
Forest tasniflagichi bilan birlashtirish
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devor asos gismidagi namlik zonalarini
avtomatik aniglash imkonini beradi. Sa-
margand shahridagi Registon va Shohi
Zinda majmualarida tuproq sho'rlanishi
hamda gumbaz-minoralarning milli-
metrik darajadagi deformatsiyasi aso-
siy muammo bo'lib, bunday holatlarda
INSAR ma'lumotlarini CNN-BiGRU-At-
tention gibrid tarmog'i bilan tahlil gilish
erta bashoratlash imkoniyatini yaratadi.
Toshkent shahrining tarixiy kvartallar-
ida esa jadal urbanizatsiya, yer osti su-
vlari sathining o'zgarishi va qurilish
bosimi ustuvor omil bo'lib, bu yerda
LSTM vaqt qatori tahlili va geospatial
risk-scoring  usullarining  birgalikda
go'llanilishi magsadga muvofiqdir.
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3-jadval. Shaharlar kesimida geoekologik xavf omillari va tavsiya eti-
ladigan AI/NN usullari

Shahar / obyekt | Asosiy geoekologik | Tavsiya etiladigan Kutilayotgan
xavf omili AI/NN usul natija
Xiva (lchon- Namlik ko'tarilishi, ma- CNN seg- Namlik zonalarini
Qal'a) halliy cho'kish, paxsa | mentatsiyasi + Ran- avtomatik
devorlarning yemirilishi dom Forest tas- aniglash
niflash
Samargand Tuproq sho'rlanishi, INSAR + CNN- Millimetrik
(Registon, Shohi | gumbaz va minora de- BiGRU-Attention deformatsiyani
Zinda) formatsiyasi erta bashoratlash
Toshkent (tarixiy | Jadal urbanizatsiya, LSTM vaqt qatori Urbanizatsiya
kvartallar) qurilish bosimi, yer osti | tahlili + geospatial bosimi dina-
suvlari sathi o'zgarishi risk-scoring mikasini uzoq
muddatli ba-
shoratlash
Shuningdek, ishlab chiqilgan meros obyektlari, arxeologik CNN

besh bosqichli funksional sxema (2-
jadval) har uch shahar uchun umumiy
metodologik asos bo'lib xizmat qilishi,
birog uchinchi bosgichdagi (Al/neyron
tarmoq tahlili) aniqg algoritm tanlovi ma-
halliy geoekologik sharoitga mos-
lashtirilishi lozimligi aniglandi. Bu esa
milliy ~ geoportal tarkibida yagona,
ammo moslashuvchan sun'iy intellekt
modulini yaratish imkoniyatini ko'rsa-
tadi.

4. Muhokama
Olib borilgan tahlil kirish gismida
ilgari  surilgan taxminni — O'zbek-

istonda tarixiy shaharlar hududlarini
geodezik-kartografik monitoring qi-
lishda sun'iy intellekt va neyron tarmoq
algoritmlarining tizimli integratsiyasi
hali yetarlicha rivojlanmaganligini —
tasdigladi. Shu bilan birga, xalgaro
tajriba (Pistoya, Yevropa madaniy
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tadqiqgotlari) [8; 9; 10; 11] O'zbekiston
sharoitiga moslashtirilgan holda
go'llanilishi mumkinligini ko'rsatdi, biroq
bunda bir qator cheklovlarni hisobga
olish zarur. Birinchidan, xom g'isht va
paxsa konstruksiyali tarixiy binolar
uchun maxsus belgilangan (label qilin-
gan) o'quv ma'lumotlar to'plamining
yo'qligi CNN va boshga chuqur o'rgan-
ish modellarining aniqligini pasaytirishi
mumkin, shu sababli Toshkent, Samar-
gand va Xiva bo'yicha UAV va InSAR
arxividan milliy o'quv ma'lumotlar ba-
zasini shakllantirish ustuvor vazifa
hisoblanadi. Ikkinchidan, sun'iy intellekt
modulini Milliy geoportal va Yagona ka-
dastr tizimiga integratsiyalash SKS-95
koordinatalar tizimi va "Ragamli
O'zbekiston" dasturi doirasida bel-
gilangan texnik-me'yoriy talablarga mu-
vofiglashtirilishini talab giladi.
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Uchinchidan, hisoblash infratuzilmasi
va ma'lumotlarni saqglash quvvatiga
bo'lgan ehtiyoj, aynigsa vaqt gatori va
radar ma'lumotlarini real vaqt rejimida
gayta ishlashda, alohida investitsiya va
texnik tayyorgarlikni tagozo etadi.
Amaliy nuqtai nazardan, ishlab
chigilgan funksional sxema va qiyosiy
jadval (2- va 3-jadvallar) muallifning il-
gari e'lon qilingan tadqiqotlari — milliy
geoportalni sun'iy intellekt vositalari bi-
lan takomillashtirish  [2], adaptiv
boshqaruv tizimlarida neyron tar-
mogqlarni qo'llash [3], ragamli kadastr
texnologiyalari [6] va veb-kartografiya
sohasidagi nazariy masalalar [7] — bi-
lan uzviy bog'liq holda, ularni tarixiy-
madaniy meros hududlariga nisbatan
ixtisoslashtiradi. Kelgusi tadgiqotlarda
ushbu funksional sxemaning bitta tan-
langan obyekt (masalan, Xiva Ichon-

Qal'asi) misolida amaliy sinovdan o't-
kazilishi, olingan natijalarning
an'anaviy geodezik o'lchash usullari bi-
lan solishtirilishi va aniqglik ko'rsat-
kichlarining statistik baholanishi disser-
tatsiyaning navbatdagi boblarida yori-
tiladi.

5. Xulosa

Sun'iy intellekt va neyron tarmoq
algoritmlarini geodezik monitoring va
kartografik modellashtirish  jarayon-
lariga integratsiyalash Toshkent, Sa-
marqgand va Xiva shaharlaridagi tarixiy-
madaniy meros obyektlarining ge-
oekologik barqarorligini ta'minlashda
sifat jihatidan yangi bosqichga o'tish
imkonini beradi, biroq bu jarayon ma-
halliy sharoitga moslashtirilgan uslubiy
asos, o'quv ma'lumotlar bazasi va insti-
tutsional tayyorgarlikni talab etadi.
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Abstract.

After the independence of Uzbekistan, a significant increase in the
development process in the socio-economic sphere is noticeable. Depending on the
increase in the cultural level and material well-being of the population of the repubilic,
its activity, purchasing power, demand for sports, entertainment and other public
service institutions will also increase. In recent years, the arrival of foreign tourists to
our republic has increased significantly. Foreign businessmen attend scientific
conferences, symposia, and creative meetings held in our country. visits of diplomats
became significantly more active. All this creates an objective condition for the rapid
development of buildings, hotels, and shopping centers aimed at serving public
interests. The government of Uzbekistan has included the acceleration of the
development of scientific and technical development and the construction of
residential, public and industrial buildings, the strengthening of the material and
technical base of new building materials and construction among the priority
directions.

Keywords.Buildings,structures,constructive,spatial,practical,technical,econo
my.

INTRODUCTION.

After the independence of
Uzbekistan, a significant increase in
the development process in the socio-
economic  sphere is noticeable.

for the rapid development of buildings,
hotels, and shopping centers aimed at
serving public interests. The
government of Uzbekistan has
included the acceleration of the

Depending on the increase in the
cultural level and material well-being of
the population of the republic, its
activity, purchasing power, demand for
sports, entertainment and other public
service institutions will also increase. In
recent years, the arrival of foreign
tourists to our republic has increased
significantly. Visits of  foreign
businessmen and diplomats to
scientific conferences, symposiums,
and creative meetings held in our
country have significantly increased.
All this creates and objective conditions
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development of scientific and technical
development and the construction of
residential, public and industrial
buildings, the strengthening of the
material and technical base of new
building materials and construction
among the priority directions.
LITERATURE REVIEW.

One of the prominent factors for
the study of the memory of the
mountain regions of the Republic of
Uzbekistan is V.L. Vyatkin, V.V.
Barthold, M.E. Masson, Ya.G.
Gulomov, G.A. Pugachenkova, L.I.
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Rempel, O.A. Sukharova, A.A.
Samenov, A.S. Uralov M.l. Akhmedov
D.A. The scientific works of Nazilov and
others are related.

There are hundreds of works of
foreign scholars in this regard.
Generalization of the architecture of
existing sanatoriums in Uzbekistan and
the experience of their construction and
study of the historical development of
R.R. Abdurasulov, V.A. Voronika, V.D.
Dimitriev, P.Zokhidov, I.l. Notkin, V.A.
Nilsin, S.N. Poluponov, N.I. Sodikov.
R.T. Toshtemirov D.A. Scientific works
of Nozilov and others are devoted.

Among the works on the
architecture = of  sanatoriums  in
Uzbekistan and the problems of their
development and restoration, D.A.
Nazilov, A.A. Shukurov, N.I. Sadikov,
A.S. Uralov. R.T. Toshtemirov, D.A.
Nozilov, Rakhimov K.J. and others'
scientific works are noteworthy.

Nowadays, scientists of UzNITII
urban  planning, Republican  Art
Institute named after Khamza, TAQI
and SamDAAQ faculties are engaged in
the development of modern recreation
centers and  their  restoration,
preservation and use for modern
purposes.

Purpose and tasks of the work.
Designing and development of
recreation and health facilities is
considered in the integrated system of
architectural urban planning,
identifying the advanced technologies
of sanatoriums and recreation
complexes in our country and abroad
and developing project proposals for
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creating recreation and health facilities
based on the modern architecture and
urban planning system in the
conditions of the mountainous regions
of Uzbekistan.

- To study and analyze the experience
of sanatoriums of our Republic and
foreign countries;

-Analysis  of  architectural-planning
compositional and artistic solutions of
recreation and wellness complexes in
mountain areas;

- To study the experience of
construction of recreation,
accommodation and sanatoriums;

- Designing and developing modern
requirements for recreation and
wellness complexes in mountain areas,
as well as providing a project proposal.
METHODOLOGY.

Requirements for the quality of
design and construction of newly built
objects are increasing. The main
criteria for the design of public buildings
are a high level of comfort that ensures
an increase in labor productivity,
savings that contribute to a decrease in
capital and operating costs, and a high
level of their architectural-artistic
characteristics.

Public = buildings and their
complexes are artificially created
environments designed to carry out
one or more interrelated processes of
human life. The main factor of public
buildings and structures is to achieve
the basis of its spatial planning to serve
the society during the life activity of a
person. So there are factors to
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consider. These are: social, urban
planning, natural.

- To study and analyze the experience
of sanatoriums of our Republic and
foreign countries;

-Analysis of architectural-planning
compositional and artistic solutions of
recreation and wellness complexes in
mountain areas;

- To study the experience of
construction of recreation,
accommodation and sanatoriums;

- Designing and developing modern
requirements for recreation and
wellness complexes in mountain areas,
as well as providing a project proposal.

Public buildings are designed for
the temporary visit of a large number of
visitors (theater, hotel, department
store, stadium, etc.). Therefore,
communication , the reception and
rescue of visitors are particular
importance for public buildings. In this
regard, great attention is paid to
horizontal and vertical connectors of
public buildings (lobbies, corridors,
ramps, elevators, escalators, etc.).
Also, one of the characteristic features
of public buildings is the presence of
rooms (halls) intended for a large
number of people [Akhmadov M.S
2005 -45].

Usually, public buildings are
located in residential areas. It occupies
a central position in a city or village and
serves as the main object in the
creation of architectural ensembles
[Nazilov D.A2001. -30].

The buildings of the tourist resort
are built for the purpose of short-term
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living of people and providing services
based on cultural and household
needs. Such structures must be
equipped with all kinds of necessary
communal facilities (water, sewerage,
heating devices, etc.) and be provided
with a service complex based on
modern QMQ.

Tourist resorts build in cities, working-
class settlements and rural areas.

The construction of special
tourist resorts is widespread, including
tourist resorts, hotels, tourist resorts
for athletes, etc.

Classification of tourist resorts

Depending on comfort, capacity
and technical equipment, as well as the
volume of services offered, tourist
resorts in Uzbekistan and the
international arena are divided into 5
types of construction.

Rooms can accommodate from
one to four people. Rooms with five or
more beds are included in the general
housing category (dormitory).

Plumbing equipment of the
rooms can be different: full (washbasin,
toilet, bathtub, bidet) or reduced
(washbasin, bathtub or shower). There
is also a more reduced system: a sink,
a toilet or a single sink.

The number, type, living space
and plumbing equipment of the tourist
resort buildings, motels and campsites
are accepted according to the
construction level table [Nazilov D.A
2001. -40]

Tourist resorts are divided into
the following types according to their
purpose and nature of use: general
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type, camping, tourist, sportsmen,
transients, motels for motorists, etc. All
these have their own characteristics,
and it is necessary to take them into
account in the project.

Tourist resorts of general type
should meet the needs of all citizens,
including delegations, guests, business
travelers, sports tourists, and others.
Therefore, tourist resorts can have
different categories and different room
systems [5].

Tourist resorts build in natural,
beautiful corners of nature, near the
sea, rivers, mountains, lakes or forests.

In  our republic, including
provinces, cities and  districts,
significant works have been carried out
in the social life of our republic.
Auxiliary farms were established for the
residents of the village, and favorable
conditions were created for the
construction of land plots and housing
for their management. State programs
have been developed and
implemented on the issues of
protecting human health, improving the
medical culture of the population,
raising the material base and quality of
the educational system, which is one of
the most important issues for us.

Since ancient times,
sanatoriums have been regarded as
places where people can rest and relax
in order to restore their health. Today,
the demand for sanatoriums in modern
cities is increasing year by year. The
system of sanatoriums has a special
place.
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The standard area of the rest
room is 9 m2 for one person, and 12
m2 for two people. But according to
ShNK 208.02-07, these areas can be
changed according to the level of
comfort of the tourist resort and rooms.
It is taken into account that the sanitary
units in the rest rooms have a front
entrance (drum) [QMQ 3.01.08-99. -55]

Equipment in the sanitary unit
depends on the level of comfort of the
room and tourist resorts. The sanitary
unit and the area in front of it is usually
5-6 m2. A wardrobe will be built on the
wall of the front hall. The floor height of
tourist resorts is considered the same
as residential buildings according to the
climatic conditions of the district. The
width of the main corridors should not
be less than 1.8 m. The front gateway
device in each room completely
separates the auxiliary part of the room
from its living part, acting as a sound
barrier between the room and the

corridor.
In order to ensure the
moderation of the internal

microclimate, it is necessary to pay
close attention to the conditions of
natural lighting and ventilation of the
rest rooms. The best directions for rest
rooms are south and southeast. In this
direction, the sunlight penetrates into
the room to a lesser extent in the
summer, and to a large part of the room
in the winter.

When determining the
orientation of the rest rooms, it is
necessary to focus on the attractive
side of the landscape.
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A different aspect of the solution of
living rooms in recreation, tourism and
health rehabilitation facilities is the
planning of special daytime recreation
zones based on functional
requirements.

Planning of living rooms of tourist
resorts, as a rule, is carried out in
corridors with rooms on one or two
sides. The length of the corridor and
the body is determined based on the
dimensions of the construction area
allocated for the tourist resort and fire
safety requirements, using the number
of installed stairs as follows:

residential floor plan with a rectangular
corridor, with rooms on both sides;

- a rectangular one-corridor residential
floor plan with rooms on one side, this
method is used when there is a need
for the rooms of the tourist resort to
have specific purposes;

- the plan of the residential floor is a
closed rectangle, square, or rooms are
located on both sides. The most
appropriate  orientation  of  the
bedrooms is achieved by turning them
horizontally to the positive side in
relation to the corridor.

General type spa, tourist (tourist)
and other types of tourists are included
in the group of dining rooms in rest
areas.

The total number of seats in
restaurants and cafes is calculated on
the basis of 100% of the capacity of
tourist resorts, and is designed on the
basis of 1.8 m of hall area for 1 person.

Self-service catering is provided

in resorts and tourist bases.
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Dining halls are designed in such

a way that they cfeed 50% of the

tourists living in the resorts in one

room, and the standard area of

the hall for 1.

The practical significance of the
research is that the developed scientific
recommendations and conclusions
lead to the preservation of nature and
ecology of sanatoriums and recreation
centers and to the improvement of the
quality of their architectural
environment.

In the introductory part of the
dissertation, the relevance of the
research topic, the purpose and tasks
of the work, the status of the problem,
the  scientific innovation of the
research, the research subject, the
object, the method of execution and its
practical significance are revealed.

Sanatoriums in the mountain
areas of the Republic of Uzbekistan,
their general characteristics, the
process of organization, their place in
the development of society, study of
the facilities of sanatoriums and
recreation centers of our country at the
end of the 19th and the beginning of the
20th century. Based on them, scientific
conclusions are given.

Studying facilities of sanatoriums
built in our republic and foreign
countries.  Architectural planning
analysis of sanatoriums and rest areas.
Theoretical foundations and functional
solutions of memory-planning solutions
of recreation and wellness complexes,
scientific conclusions based on them
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Based on the requirements for
functional planning and memory artistic
and compositional  solutions  of
sanatoriums and recreation
complexes, project proposals have
been made for the Mingchiror, Kaynar
recreation and health center.

In the conclusion part, the
scientific proposal developed on the
basis of the results of the dissertation,
as well as projects and considerations
are given. The topic of the dissertation
was documented in 2 scientific articles
and published in SamDAQI (2015-
2016) scientific conferences of young
scientists and students.

Discussion

The end of the 2nd millennium
BC and the beginning of the 1st
millennium BC are notable for the
large-scale migration of tribes and
peoples in Central Asia, the beginning
of the early Iron Age. During this
period, the main historical and cultural
regions of Central Asia were formed:
Bactria, Margyona, Sogd, Khorezm.
During this period, the first cities, the
centers of agricultural oases, and the
first states are formed in this region.
From this period, the urban culture in
Central Asia develops continuously
and rapidly. Between Syrdarya and
Amudarya, in the oases of Zarafshan
and Kashkadarya, the ancient Sogdian
people and settled farming culture were
formed. From the beginning of the first
century BC, two main oases, Karshi
and Shahrisabz oases, were formed in
Kashkadarya.
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Greek historians who came to
our country with Alexander the Great at
the end of the 4th century AD
remember Nautaka and Nikshapa, two
historical and cultural regions in the
Kashkadarya valley.The remains of
this city are located 5 kilometers
northwest of the present city of Karshi,
1.5 kilometers south of the Erkurgan
fortress [Akhmedov M.K. 1995 -25].

In the early Middle Ages,
noblemen and artisans, weavers and
builders moved here from the old
capital. In the VII-VIIlI centuries, their
workshops protected the main fortress
from the east and south, extended to
the river bank and gradually occupied
the bend on the left bank of
Kashkadarya. During this period, the
fortress walls seriously lose their
defensive value. The inner structure of
the city will change. Undoubtedly, the
palace remained a part of the structure
that housed the ruler's throne and
treasury, a prison and a military
garrison.

The authors of the 10th century
report that the fortifications were
destroyed and even destroyed. The
large areas between the artisans'
quarters and the fortifications were
occupied by markets specialized in the
sale of individual goods. In his work,
the historian Sam'ani describes the
street of jewelers leading to the market
square, the caravanserai of Khan az-
Baziddin, the caravanserai of cloth
trade, and the Jubak bazaar where
fruits are sold [Uralov A.S. 2008. -50].
CONCLUSION.
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The treatment zone is organized
in sanatorium complexes, sanatorium
hotels, and multifunctional complexes
incorporating these institutions.
Usually, a water-mud treatment spa
polyclinic, healing pools are included in
the system of such a zone. It is taken
into account that treatment facilities
and beds are conveniently connected
to each other.

There will be space for healing
water and mud treatment rooms, and
an auxiliary yard will be included here,
where conditions will be created for the
regeneration of healing mud and
storage of mineral water. Cultural and
entertainment facilities are located
away from the zone of dormitory
buildings, in the most visited park
(garden) parts of the complex. As a
rule, these include halls, summer
cinemas, and dance floors [Uralov
A.S..-45].

Each living room has a loggia or
a balcony, which should provide the
residents of the sanatorium with a long
stay in the embrace of nature and fresh
air.

The orientation of the dormitories
of sanatoriums must strictly comply
with  the regulatory requirements.
South and southeast orientation are
positive. In the west and south-west
orientation, if it heats up more than
normal in summer, it cannot retain heat
in winter. In general, the range of
positive orientation depends on the
geographical latitude of the place.

The composition of the group of
treatment and diagnostic rooms of my
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sanatorium depends on the capacity
and field (profile, specialty) of the
sanatorium.

Construction standards and
rules were developed for sanatoriums
intended for the treatment of relatively
common gastrointestinal diseases,
blood circulation, movement and
nervous system (on special orders,
patients with spinal cord damage,
tuberculosis, psychoneurological
diseases, as well as children and
adolescents projects of sanatoriums for
treatment will be developed).

In sanatoriums where treatment
with healing mud is carried out, it is
advisable to place this department on
the same floor from the point of view of
technological requirements and
characteristics. With reliable protection
(isolation) of X-ray rooms, it is
necessary to eliminate the possibility of
the radiation being caught by the
covers and walls and affecting the
patient.

In the process of completing the
Master's dissertation project, as a
result of studying the state of world-
class spas in Sochi, sanatorium
recreation complexes in Dubai, and
health and recreation complexes in
Uzbekistan, spas and sanatoriums,
analyzing their ~advantages and
disadvantages and their economic
efficiency, Mingchinor health resort of
Kitab district, Kashkadarya region, with
a population of 30,000 people, and
according to the functional and
operational, economic, architectural
normative, environmental protection

https://journals.afu.uz/index.php/AFUISN



GIL ALFRAGANUS
FOZZ

xalgaro ilmiy jurnal

requirements, the recreation center is
designed based on the rules and norms
in force in Uzbekistan [Akhmadov M.S.
2005. -40].

Complex processes in sanatoriums
and recreation centers include:
-Infrastructure impact,
movement and
opportunities

- The surface of the future object is
separate from the functional
requirements for different purposes

- Taking into account the zoned
planning ensures that the exploitation
process goes smoothly with the
identification of elements.

1. The planned Mingchinor
health and recreation centers of Kitab
district of Kashkadarya region have the
following advantages compared to
other sanatoriums in Kashkadarya
region:

a) the building is located on the
outskirts of the city and occupies a
large area;

b) the building is located on the
border of the Kitab district in a
convenient area for residents;
REFERENCES:

1. Abduraxmaonov Bobur,

people
engagement

c) | will create comfortable
conditions for people relaxing and
healing due to the fact that the rooms
of the planned building are spacious
and comfortable, there is a fitness club
and an indoor swimming pool in the
center.

2. The project of the building of
the health and recreation center was
determined in conjunction with the
sanitary-technical requirements and
the moderate city climate, the
earthquake-resistant volume-planning
and structural solutions of the building
of the health center, and their
dimensions and configuration.

The farm area and servants'
quarters are usually located outside the
resort and recreation areas, in neutral,
special areas separated from the
recreation and resort areas.The
territory of the complex where buildings
and structures are located should be in
the form of a landscaped park. The
area should be organized in such a way
that the view from the park will allow
you to relax among the green areas.
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Tog'li va tog‘ oldi hududlarda aholi turar joylarini rejalashtirishning
barqaror arxitektura tamoyillari va ularni takomillashtirish yo‘llari

Annotatsiya

Ushbu maqolada O‘zbekistonning tog‘li va tog‘ oldi hududlarida aholi turar
joylarini- rejalashtirishning arxitektura va shaharsozlik tamoyillari tahlil qilingan.
Tadgiqotda Qashgadaryo va Samargand viloyatlaridagi aholi punktlarining tabiiy-
relyef sharoiti, mavjud qurilish amaliyoti hamda ijtimoiy va muhandislik
infratuzilmasining rivojlanish  xususiyatlari o‘rganildi. Qiyosiy tahlil va tizimli
yondashuv asosida tog‘li hududlarda tekis yer maydonlaridan ogilona foydalanish,
gishlog xofjaligi yerlarini saqglab qolish hamda turar joylarni bargaror rivojlantirish
imkoniyatlari baholandi. Tadgigot natijalari tog‘li hududlarda zamonaviy rejalashtirish
yechimlarini qo‘llash, transport-kommunikatsiya va muhandislik infratuzilmasini
takomillashtirish, shuningdek, mahalliy tabiiy va iglimiy sharoitlarga mos arxitektura
yechimlarini ishlab chigish zarurligini ko‘rsatdi. Olingan natijalar tog‘li va tog‘ oldi
hududlarida yangi aholi punktlarini loyihalash hamda mavjud turar joylarni
rekonstruksiya qilishda ilmiy-amaliy asos sifatida foydalanilishi mumkin.

Kalit so‘zlar: tog'li hudud, tog‘ oldi zonasi, aholi turar joylari, arxitektura,
shaharsozlik, rejalashtirish, muhandislik infratuzilmasi, barqaror rivojlanish

AHHOTaAUuA

B naHHOW cTaTbe NpoaHannsnpoBaHbl apXUTEKTYPHbIE U TPafoCTPOUTESbHbIE
NPUHLUMMBI MIAaHUPOBAHNA XUMbIX TEPPUTOPUN B FOPHbLIX U MPearopHbIX panoHax
Pecnybnuku Y3bekuctaH. B kadecTBe 06 bEKTOB MCCNegoBaHUA pacCMOTPEHbI Hace-
néHHble NyHKTbl KawkagapbmHckon n CamapkaHackon obnacren, naydeHbl 0CobeH-
HOCTW MPUPOLHO-pPenbedHbIX YCITOBUI, CYLLLECTBYIOLLEN NPAKTUKN CTPOUTENLCTBA, a
TaKkKe ypoOBEeHb Pa3BUTUS COLMANIbHON U UHXEHEPHO-KOMMYHUKaLNOHHOW MHppa-
CTPYKTYpbl. Ha ocHOBe CpaBHUTENLHOrO aHanu3a M CUCTEMHOro noaxoda AaHa
OLleHKa BO3MOXXHOCTAM paLMOHasIbHOro UCMNOfMb30BaHUA PaBHUHHbLIX 3eMeS1b, CoXpa-
HEHUNS CeNbCKOXO3SIMCTBEHHBIX Yroaun u obecnevyeHnss yCTOMUYNBOrO pasBUTUS XKU-
Nown cpefbl B rOpHbIX Tepputopusax. PesynbTaTbl nccnegoBaHUA NokKasbiBalOT, YTO
NPUMEHEHNE COBPEMEHHbIX MEeTOLOB TeppuUTOpPUaribHOro MraHNPOBaHUSA, COBep-
LLIEHCTBOBaHME TPAHCMOPTHON U MHXEHEPHOM MHPPaCTPYKTYpbl, @ TakKe UCMNoSb30-
BaHWEe apXUTEKTYPHbIX peLleHnin, afanTUPOBaHHbIX K MECTHbIM NPUPOOHO-KNIMMaTK-
YeCKUM YCITOBUSAM, CMOCOBCTBYIOT NOBbLILLEHMIO 3(P(PEKTUBHOCTM NPOCTPAHCTBEHHOM
OopraHu3auuMmM HacenéHHbliX nyHKToB. [lonyyeHHble pesynbTatbl MOryT ObiTb
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Mcnonb3oBaHbl NPU NPOEKTUPOBaAHUN HOBbIX N PEKOHCTPYKUMK CYLLEeCTBYHOLNX

XUnbIX NOCENEHNIN B FTOPHbLIX U MPEeArOpHbIX panoHax.

Knro4yeBble cnoBa: ropHble TEppUTOPUK, NPEearopHbIe panoHbl, XNsble noce-
NEeHns, apxXuTekTypa, rpagoCcTpomTENbCTBO, TEPPUTOPUASIbLHOE NITaHUPOBAHUE, WH-
XeHepHast HpPaCTPyKTypa, yCTOMYMBOE pasBuUTUE.

Abstract

This article examines the architectural and urban planning principles for
residential development in the mountainous and foothill regions of the Republic of
Uzbekistan. The study focuses on settlements located in the Qashgadaryo and
Samarqgand regions, analyzing the influence of natural topography, existing
construction practices, and the level of social and engineering infrastructure
development. Using comparative analysis and a systematic approach, the research
evaluates opportunities for the rational use of flat land, preservation of agricultural
areas, and the sustainable development of residential environments in mountainous
territories. The findings indicate that the implementation of modern spatial planning
approaches, improvement of transport and engineering infrastructure, and the
application of architectural solutions adapted to local climatic and geographical
conditions significantly enhance the efficiency and sustainability of settlement
planning. The results of this study can serve as a scientific and practical basis for the
design of new residential settlements and the reconstruction of existing ones in the
mountainous and foothill areas of Uzbekistan.

Keywords: mountainous regions, foothill areas, residential settlements,
architecture, urban planning, spatial planning, engineering infrastructure, sustainable
development.

Kirish. Davlatimiz rahbari takomillashtirishga qaratilgan keng

tashabbusi bilan so’ngi yillarda aholi
turmush tarzini yaxshilashga qaratilgan
gator  tadbirlar ~  amalga oshib
bormoqgda. Davlat dasturining ishlab
chigilishi va izchillik bilan hayotga joriy
gilinayotgani bu sohada yangi davrni
boshlab berdi.

Mazkur  xaritada  kurishimiz
mumkinki Tojikiston respublikasi bilan
tutash bo’lgan viloyatlar aholi yashash
punktlari 2000m va undan balandda
istigomat qilishlari  ko’rinib  turibdi.
Arxitektura nuqtai nazaridan
rejalashtirilishini tashkil etish, ularda
uy-joy va ijtimoiy ob’ektlar qurilishini
loyihalashtirish tizimini
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ko‘lamli ishlar amalga oshirilmoqda.
So‘nggi  yillarda O‘zbekiston
Respublikasida tog'li va tog® oldi
hududlarini  bargaror  rivojlantirish,
mavjud aholi punktlarini. zamonaviy
talablarga mos ravishda rejalashtirish
hamda yashash sharoitlarini
yaxshilash davlat siyosatining ustuvor
yo‘nalishlaridan biriga aylandi. Ushbu
hududlarning murakkab relyefi,
seysmik faolligi, iglim sharoiti va
cheklangan tekis yer maydonlari aholi
turar joylarini loyihalashda o‘ziga xos
arxitektura va shaharsozlik
yondashuvlarini qo‘llashni talab etadi.
Shu bois tog'li hududlarda tabiiy
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landshaftni saqlab qolgan holda,
ekologik va iqgtisodiy jihatdan samarali
rejalashtirish tamoyillarini ishlab
chigish dolzarb ilmiy-amaliy masala
hisoblanadi.

O‘zbekistonning tog'li
hududlarida qadimdan shakllangan
xalg me’'morchiligi -~ tabily muhitga
moslashganligi - bilan ajralib turadi.
Turar joylar asosan mahalliy qurilish
materiallari,  jumladan tabiiy tosh,
yog‘och va paxsadan barpo etilgan
bo'lib, ular hududning iglimiy va
geologik xususiyatlariga mos ravishda
loyihalashtirilgan. Relyefning qiyaligi
sababli ko'plab uylar yerto‘lali yoki
terassali ko‘rinishda qurilgan, bu esa
yer maydonidan ogilona foydalanish,
bino barqarorligini oshirish  hamda
xo'jalik  faoliyatini samarali tashkil
etishga xizmat qilgan. Aynigsa,
uylarning pastki gismi chorva mollarini
saqlash, yuqori qismi esa yashash va
hovli  sifatida foydalanilishi tog'li
hududlarda yer resurslaridan samarali
foydalanishning an’anaviy usullaridan
biri hisoblanadi.

Tog'li hududlardagi aholi
punktlarining me’moriy-rejaviy tuzilishi
hududning tabiiy-geografik  sharoiti,
demografik tarkibi, xo‘jalik faoliyati va
transport infratuzilmasining rivojlanish
darajasiga  bevosita bog'lig. Shu
sababli turar joylarni rejalashtirishda
landshaft xususiyatlari, quyosh
radiatsiyasi, shamol yo‘nalishi, seysmik
xavfsizlik hamda muhandislik-
kommunikatsiya tarmoqlarini kompleks
hisobga olish muhim ahamiyat kasb
etadi. Zamonaviy arxitektura
yechimlarini milliy me’moriy an’analar
bilan uyg‘unlashtirish nafagat aholi
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yashash sharoitini yaxshilaydi, balki
hududlarning ekologik barqgarorligini
ta’minlashga ham xizmat qiladi.
Metodlar Mazkur tadgiqotning
magqgsadi Qashgadaryo va Samargand
viloyatlarining tog'li va tog® oldi

hududlarida aholi  turar joylarini
rejalashtirishning arxitektura
tamoyillarini— tahlil - qilish, ~— mavjud

me’'moriy tajribalarni baholash hamda
zamonaviy shaharsozlik yondashuvlari
asosida hududlarni barqaror
rivojlantirish  bo‘yicha ilmiy-amaliy
tavsiyalar ishlab chigishdan iborat.
Mazkur tadgigotda O‘zbekiston
Respublikasining tog‘li va tog‘ oldi

hududlarida joylashgan aholi
punktlarini rejalashtirishning arxitektura
tamoyillari kompleks yondashuv

asosida o‘rganildi. Tadqgigot obyekti
sifatida Qashgadaryo va Samargand
viloyatlarining tog'li hududlaridagi turar
joylar tanlandi. Ushbu hududlar tabiiy-
geografik sharoiti, relyef tuzilishi, iglim
xususiyatlari, qurilish an'analari hamda
aholi yashash muhitining o‘ziga xosligi
bilan ajralib turadi.

Tadqigot davomida ilmiy
adabiyotlar, me'yoriy-huquqiy hujjatlar,
shaharsozlik va arxitektura sohasidagi
milliy hamda xorijiy ilmiy manbalar tahlil
qilindi. Shuningdek, tog'li hududlarda
shakllangan an'anaviy turar joylarning
me'moriy-rejaviy yechimlari, mahalliy
qurilish materiallaridan foydalanish
tajribasi hamda hududlarning landshaft
xususiyatlari o‘rganildi.

Tadgiqotda quyidagi ilmiy
metodlardan foydalanildi:

. Qiyosiy tahlil metodi —
Qashqgadaryo va Samargand
viloyatlaridagi tog‘li aholi punktlarining
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rejalashtirish yechimlarini o‘zaro
taqqoslash va ularning umumiy hamda
fargli  jihatlarini  aniglash  uchun

go‘llanildi.

. Tizimli tahlil metodi — aholi
punktlarining  rejalashtirish  tizimi,
transport  tarmogqlari, muhandislik-
kommunikatsiya infratuzilmasi hamda
ijtimoiy obyektlarning o‘zaro
bog'ligligini baholash imkonini berdi.

. Kuzatuv va tavsifiy tahlil

metodi — tog‘li hududlardagi an'anaviy
turar joylarning konstruktiv tuzilishi,
hududiy joylashuvi va = funksional

rejalashtirilishini o‘rganishda
foydalanildi.

. Kartografik tahlil metodi —
hududlarning relyefi, balandlik
ko‘rsatkichlari va yer resurslaridan
foydalanish holatini baholashda
go‘llanildi.

. Grafik va vizual tahlil
metodi — turar joylarning me'moriy
yechimlari, ~ terassali  rejalashtirish
usullari  hamda landshaft bilan
uyg‘unligini baholash uchun
foydalanildi.

Tadqiqot jarayonida

hududlarning tabiiy-relyef sharoiti, iglim
omillari, seysmik faollik darajasi,
qurilish materiallari, yer resurslaridan
foydalanish, aholi zichligi va mavjud
infratuzilmaning  rivojlanish -~ holati
asosiy baholash mezonlari sifatida
gabul qilindi. Olingan ma'lumotlar
statistik, qiyosiy va mantigiy tahlil
usullari  yordamida umumlashtirildi
hamda tog'li hududlarda zamonaviy va
bargaror rejalashtirish tamoyillarini
ishlab chigishda ilmiy asos sifatida
foydalanildi.
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Tadgiqot natijalari hududlarning
tabiiy va ijtimoiy-igtisodiy
xususiyatlarini hisobga olgan holda
aholi turar joylarini rejalashtirish
bo'yicha ilmiy-amaliy tavsiyalar ishlab
chigishga xizmat qildi. Mazkur
yondashuv  tog‘li va tog’" oldi
hududlarida yangi turar joy massivlarini
loyihalash  hamda  mavjud aholi
punktlarini = rekonstruksiya qilishda
samarali arxitektura yechimlarini ishlab
chigish imkonini beradi.

Natijalar (Results)

Tadqigot natijalari shuni
ko‘rsatdiki, O‘zbekistonning tog‘li va
tog’ oldi hududlarida aholi turar joylarini
rejalashtirish hududning tabiiy-relyef
sharoiti, iglim omillari, seysmik faollik
darajasi hamda mavjud muhandislik
infratuzilmasiga  bevosita  bog'liq.
Qashqgadaryo va Samargand
viloyatlarining tog'li hududlarida olib
borilgan tahlillar ushbu omillar turar
joylarning me'moriy-rejaviy
yechimlariga sezilarli ta'sir ko‘rsatishini
tasdigladi.

Aniglanishicha, tik qiyaliklarda
joylashgan aholi punktlarida terassali
rejalashtirish usuli eng maqgbul yechim
hisoblanadi. Bunday  usul  vyer
maydonidan samarali  foydalanish,
tuproq eroziyasini kamaytirish hamda
binolarning  barqarorligini  oshirish
imkonini beradi.  Shuningdek, turar
joylarning janubiy yoki janubi-shargiy
yo‘nalishda joylashtirilishi tabiiy yoritish
va issiqlik rejimini yaxshilab, energiya
sarfini kamaytirishga xizmat giladi.

Tahlillar  natijasida  mahalliy
qurilish materiallari, jumladan tabiiy
tosh, paxsadan tayyorlangan devorlar
va yog'och konstruksiyalar tog'li
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hududlar uchun iqgtisodiy va
ekologik jihatdan maqbul ekanligi
aniglandi. Ushbu materiallar nafaqat
transport xarajatlarini kamaytiradi, balki

hududning tabiiy-landshaft
xususiyatlarini saglash hamda
binolarning iglimga

moslashuvchanligini oshirishga xizmat
giladi. An'anaviy qurilish tajribasida
uchraydigan yerto‘lali yoki ikki sathli
uylar qiyaliklardan unumli foydalanish
imkonini yaratib, pastki qavatda xo‘jalik
ehtiyojlarini,  yuqori gismda esa
yashash maydonlarini tashkil etishga
imkon beradi.

Hududiy tahlillar davomida aholi
punktlarini joylashuv va funksional
xususiyatlariga ko‘ra to‘rtta asosiy
guruhga ajratish mumkinligi aniglandi.
Birinchi guruh  tog’ etaklarida
joylashgan, yer maydonlari nisbatan
keng bo‘lgan va dehqonchilik hamda
bog‘dorchilik rivojlangan aholi
punktlarini oz ichiga oladi. Ikkinchi
guruh kichik maydonli gishloglar bo'lib,

ularning hududiy rivojlanish
imkoniyatlari ~ cheklangan. Uchinchi
guruh  baland = tog’ hududlarida

joylashgan aholi punktlari bo‘lib, bu
yerda qishloq xofjaligi uchun yaroqli
yerlar juda kam uchraydi. To'rtinchi
guruh esa terassali rejalashtirilgan,
zich joylashgan uy-joylardan iborat
bo'lib, yer resurslaridan maksimal
darajada samarali foydalanish bilan
tavsiflanadi.

Shuningdek, tadgiqot natijalari
transport va muhandislik-
kommunikatsiya infratuzilmasining
rivojlanish darajasi aholi yashash sifati
va hududlarning ijtimoiy-igtisodiy
rivojlanishiga sezilarli ta'sir ko‘rsatishini
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ko‘rsatdi. Yo'l tarmoglari, ichimlik suvi,
elektr energiyasi, gaz ta'minoti hamda
telekommunikatsiya tizimlari yetarli
darajada rivojlangan hududlarda aholi
yashash sharoiti nisbatan qulayligi
kuzatildi. Aksincha, infratuzilmasi sust
rivojlangan tog'li gishloglarda iqtisodiy
faollik  va ijtimoiy = xizmatlardan
foydalanish imkoniyatlari
cheklanganligi aniglandi.

Umuman olganda, olib borilgan
tadqigotlar natijasida tog‘li va tog‘ oldi

hududlarida aholi  turar  joylarini
rejalashtirishda tabiiy-geografik
sharoitlarni, seysmik xavfsizlik
talablarini, mahalliy qurilish

materiallaridan foydalanishni hamda
zamonaviy muhandislik infratuzilmasini
kompleks hisobga olish barqaror va
xavfsiz yashash muhitini
shakllantirishning asosiy omili ekanligi
isbotlandi.

Muhokama (Discussion)

Mazkur tadqiqot natijalari
O‘zbekistonning tog‘li va tog' oldi
hududlarida  aholi  turar  joylarini
rejalashtirish tabiiy-geografik sharoitlar
bilan uzviy bog'ligligini yana bir bor
tasdigladi. Olib borilgan tahlillar shuni
ko‘rsatdiki, hududning relyefi, iglim
sharoiti, geologik tuzilishi va seysmik
faollik  darajasi turar joylarning
me'moriy-rejaviy yechimlariga bevosita
ta'sir ko‘rsatadi. Shu sababli bunday
hududlarda standart = shaharsozlik
yondashuvlarini go‘llash har doim ham
yuqori samaradorlik bermaydi.
Aksincha, har bir hududning tabiiy
xususiyatlarini hisobga olgan holda
individual rejalashtirish  yechimlarini
ishlab chiqish zarur.
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Tadqiqot davomida
aniglangan natijalar D.A. Nozilov
tomonidan tog‘li hududlar arxitekturasi
bo'yicha olib borilgan ilmiy izlanishlar
bilan uyg‘unlik kasb etadi. Muallif tog'li
hududlarda binolarni tabiiy landshaftga
moslashtirish, mahalliy qurilish
materiallaridan foydalanish va relyef
imkoniyatlaridan ogqilona foydalanish
uzoq muddatli barqgaror rivojlanishning
asosiy omillaridan biri  ekanligini
ta'kidlagan. Mazkur tadqiqgot natijalari
ham ushbu ilmiy qarashlarni amaliy
jihatdan tasdiglaydi.

Qashqgadaryo va Samargand
viloyatlarida kuzatilgan an‘anaviy turar
joylar tahlili shuni ko‘rsatdiki, mahalliy
aholining ko‘p asrlik qurilish tajribasi

zamonaviy ekologik arxitektura
tamoyillari bilan uyg‘unlashadi.
Aynigsa, tabiiy tosh, paxsadan

foydalanish, qalin devorlar qurish,
hovlilarni quyosh yo‘nalishiga mos

joylashtirish hamda tabiiy
shamollatishni hisobga olish energiya
samaradorligini  oshirishga ~ xizmat
qiladi. Bugungi kunda  "yashil

arxitektura" yoki "barqgaror qurilish" deb
ataluvchi tamoyillarning aksariyati xalq
me'morchiligida gadimdan
go‘llanilganligini ushbu tadqigot
natijalari ham tasdiglaydi.

Xalgaro tajribani tahlil gilish ham
muhim ahamiyat kasb etadi.
Shveysariya, Avstriya, Yaponiya va
Nepal kabi tog'li mamlakatlarda aholi
punktlarini rejalashtirishda terassali
qurilish, relyefga mos transport
tizimlari, yomg‘ir suvlari boshqaruvi va
ekologik qurilish materiallaridan
foydalanish keng qo‘llaniladi. Ushbu
tajribalarni  O‘zbekiston  sharoitiga
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moslashtirish tog'li hududlarda
yashash sifatini oshirish va
infratuzilmani samarali rivojlantirish
imkonini beradi.

Tadqgigot natijalarida terassali
rejalashtirish  usuli  eng maqgbul
yechimlardan biri sifatida baholandi.
Ushbu usul yer resurslaridan ogilona
foydalanish, tuproq eroziyasining oldini
olish  hamda binolarning seysmik
barqarorligini oshirishga xizmat qiladi.
Aynigsa, qiyaliklarda qurilgan turar
joylarning bosgichma-bosqich
joylashtirilishi = nafaqat  xavfsizlikni
ta'minlaydi, balki landshaftning tabiiy
ko‘rinishini ham saglab goladi.

Muhandislik-kommunikatsiya
infratuzilmasining rivojlanish - darajasi
ham muhim omil sifatida namoyon
bo'ldi. Elektr energiyasi, ichimlik suvi,
kanalizatsiya, internet va transport
tizimlari yetarli darajada rivojlanmagan
hududlarda aholi migratsiyasi
kuchayishi, igtisodiy faollikning
pasayishi va ijtimoiy xizmatlardan
foydalanish imkoniyatlarining
cheklanishi kuzatiladi. Demak, turar
joylarni loyihalash bilan bir gatorda
infratuzilmani kompleks rivojlantirish
ham rejalashtirishning ajralmas qismi
bo'lishi zarur.

Iglim ~omillarining ta'siri ham
tadgiqgot davomida alohida baholandi.
Tog'li hududlarda qish faslining sovuq,
yozning esa mo‘tadil bo'lishi bino
konstruksiyalariga qo‘shimcha talablar
go‘yadi. Issiglikni saglovchi devor

materiallari, energiya tejamkor
derazalar va tabily shamollatish
tizimlaridan  foydalanish  energiya

iste'molini kamaytiradi hamda yashash
qulayligini oshiradi. Shu bois
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zamonaviy loyihalarda passiv
energiya samaradorligi tamoyillarini
go‘llash magsadga muvofiqdir.
Tadgiqot davomida aniglangan
yana bir muhim jihat shundan iboratki,
togli  hududlarda an'anaviy uy-
joylarning funksional rejalashtirilishi
zamonaviy ehtiyojlarga mos ravishda
takomillashtirilishi lozim.  Tarixan
uylarning pastki gismi xo‘jalik ehtiyojlari
uchun xizmat gilgan boflsa, bugungi
kunda ushbu maydonlardan ombor,
texnik xona yoki energiya tizimlarini
joylashtirish uchun foydalanish
mumkin. Bu esa binolarning funksional
samaradorligini oshiradi.
Tadgiqotning yana bir ilmiy

natijasi ~ shundan iboratki, tog'li
hududlarni rejalashtirishda GIS
texnologiyalari, raqamli relyef

modellari, sun'iy yo‘ldosh tasvirlari va
uch o‘lchamli modellashtirish
tizimlaridan foydalanish loyiha sifati va
xavfsizligini sezilarli darajada oshiradi.
Zamonaviy =~ raqamli  texnologiyalar
qurilish  maydonlarini tanlash, ko‘chki
xavfi va seysmik tavakkalchilikni
baholash hamda transport
yo‘nalishlarini optimallashtirish
imkonini beradi.

Shuningdek, tadgigot ayrim
cheklovlarga ham ega. Unda asosan
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Qashqgadaryo va Samarqgand
viloyatlarining tog‘li hududlari o‘rganildi.
Kelgusida Surxondaryo, Jizzax,
Namangan va Farg‘ona viloyatlarining
tog'li hududlarini ham gamrab olgan
keng gamrovli tadgiqotlar olib borilishi
maqgsadga muvofiq. Bu hududlar
o‘rtasidagi o'xshash va farqli jihatlarni
aniglash  umumrespublika miqyosida
yagona  rejalashtirish  tavsiyalarini
ishlab chigishga imkon yaratadi.

Umuman olganda, = mazkur
tadqgigot natijalari tog'li va tog‘ oldi
hududlarida aholi = turar joylarini
rejalashtirishda tabiiy-geografik omillar,
mahalliy -me'morchilik an'analari va
zamonaviy muhandislik yechimlarini
o'zaro  uyg‘unlashtirish ~ zarurligini
ko‘rsatdi. Bunday yondashuv vyer
resurslaridan samarali foydalanish,
ekologik muvozanatni saglash,
seysmik xavfsizlikni oshirish hamda
aholi uchun qulay va barqaror yashash
muhitini yaratishga xizmat qiladi. Shu
jihatdan tadqiqot natijalari nafaqat
ilmiy, balki amaliy ahamiyatga ham ega
bo'lib, ular kelgusida tog‘li hududlarni
rejalashtirish va loyihalash bo‘yicha
normativ  hujjatlar hamda amaliy
loyihalarni takomillashtirishda
foydalanilishi mumkin.
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Qashqgadaryo va Samargand viloyati tog’li hududlar dengiz sathidan balandlik

ko’rinishi.1-rasm

Bunday sharoitda aholi turar joy
uylarini loyihalashda tog'li va tog‘ oldi

zonalarda  loyihalash, tekis  er
maydonlarini  saglash va  qishloq
xo‘jaligi uchun maydonlarni

kengaytirish imkoniyatini yaratadi. Ayni
paytda mamlakatimiz aholisining 51%
gishloq joylarida istiqgomat qiladi.
Bugun  qishloglarimizdagi  turar-joy
massivlarida uy-joylar, tashqi
muhandislik va transport-
kommunikatsiya tizimi, ijtimoiy va bozor
ob’ektlari bilan yanada mukamallik
kasb etmoqda. Bu ishlarni moliyalash,
qurilish ishlari  hukumatimiz e’tibor
markazida turibdi. Mazkur uy-joylar
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sifatli qurilish materiallaridan
qurilmogda. Bu uylar bir necha
avlodlarga xizmat qiladi. Axolisining
miqdoriga ko‘ra ham aynan shu
guruhdagi QFYlari eng katta
ko‘rsatkichlarga ega. Biroq, birinchi va
ikkinchi guruhga tegishli Qishloglari
son jihatdan hali ham ustun bo‘lsada,
ularning ijtimoiy - iqtisodiy rivojlanishi,
infratuzilma tizimining shakllanishda
biroz qiyinchiliklar to‘g‘diradi. Ammo
gishloglarning  tobora yiriklashib,
kengayib borishi bunday muammolarni
hal etish uchun zaruriy imkoniyatlar
yaratadi.
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Togd'li hududlarning aholi uylarining joylashuvi ko'’rinishi. (2 rasm)

O‘zbekiston respublikasi
markaziy osiyo mitagasida joylashgan
bo'lib, to'rt fasl ham teng
tagsimlangandir.  Birinchi  navbatda
O‘zbekistonning tog‘li zonalarida shu
vagtga gadar mahalliy aholi tomonidan

Tog’li hududlarning yashash tarzi (O’zbekiston)3-rasm

;|

[T

Aholi turar joylari va aholi
tomonidan qurilgan binolar tog’li
reylifga o'z navbatida joylashadi va
hovli uchun katta bo‘lmagan maydon
hosil bo‘ladi.
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bunyod etilgan turar joy va aholi
punktlarini har tomonlama tahlil qilish
muhimdir. Bu orqali esa mahalliy aholi
tomonidan qurilgan binolarning tog'li
zonalardagi shart sharoitlari tahlil qilib
o‘tamiz. (2-rasm)

Tabiiy tog‘li sharoitdan kelib
chigib yashash uylari yerto'lali qilib
loyihalanishi, tekis joylashtirish uchun
bu sharoit muhim hisoblanadi. Tog'li
erlarda aholi punktlari turar joylari xalq
memorchilik mavjud matiriallaridan,
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toshdan cho‘pkoridan va paxsali
devorlardan qurilgan. Shuning uchun
ham tog'li aholi punktlarida xalq
arxitekturasi dizayn echimlari tabiiy
qurilish matiriallari bilan

togli  hududlari da  keng

rivojlangan. Biz buni  tahlil qilib
aytishimiz mumKkinKi, qurilish
matiriallari - arzonga  tushishi ~ va

cho‘pkoridan qurilgan uylar esa zilzilga
bardosh bera olishi o'z isbotini topgan.
Tabiiyki tog'li zonalarda tekis yer
maydonlari katta emas, bu sharoitda
togli zonalarda gishloq aholisi erdan
unumli foydalanish uchun tekislik hosil
qilib, yashab kelayotgan uyning osti
esa uy hayvonlariimolllar va qo'y
go‘zilar)ni saqglash, usti esa ekin va uy
uchun hovli sifatida foydalanilgan.
Tod'li zonalari aholi turar joylari reylif
sharoiti, iqlimi demografik tarkibi, va
xo‘jalik turiga qarab turlarga ajratish
mumkin. O‘zbekiston Respublikasida

Tog'li hududlar
joylashuvi (O’zbekiston)

uylarning
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xarakterlangan.  Tog'li  zonalarida
hunarmandchilik ~ va  memorchilik
san’ati madaniyati ko‘proq Farg‘ona
vodiysining

tog° va tog’ oldi zonalari aholining
ijtimoiy gatlamidan kelib chiqib asosiy 4
ta guhuhlarga ajratishimiz mumkin. 1-
Navbatda bo'lib erkin loyihlanandigan
hududlar er maydonlari keng migyosda

bo'lib ~ tog° bag‘ridan  pastroqda
joylashgan bo'lib ekin maydonlari va
bog‘dorchlik = maydonlari  tog‘dan

pastroqda joylashgan bo‘ladi. 2- kichik
aholilar uchun muljallangan  bo'lib,
gishlog maydoni katta bo‘lmaydi.3-
Aholi punklari baland tog‘li joylarda
qurilishga mofjallanadi, ekin va gishloq
xo‘jaligi uchun maydonlari juda kam
bo‘ladi. 4- Aholi punklari uylari kichik
kichik terassali uylarda loyihalanadi.
Kichik hovlili 'uylar, go‘shni hovli bilan
bog‘langan holda loyihalanadi.

Qashgadaryo viloyatida tog'li

zonalarada aholi uylari ikki oilaga
muljallangan bo‘lib, uyning rejasida ikki
xonali uylar, burchakli ayvonlar, uch

https://journals.afu.uz/index.php/AFUISN
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xonali uylarda o‘rtasi ayvon shaklida
bo;ladi. Yashash uylari esa peshayvon
atrofi bo‘ylab joylashadi. Qashqgadaryo
bilan Nurota uylari loyihalari bir biriga
o‘shashdir.

Mazkur  tadgiqot davomida
O‘zbekistonning tog‘li va tog" oldi
hududlarida  aholi turar  joylarini
rejalashtirishning arxitektura tamoyillari
Qashgadaryo va Samargand viloyatlari
misolida ~ kompleks tahlil — qilindi.
Tadqiqot natijalari ushbu hududlarda
aholi punktlarini shakllantirish tabiiy-
geografik sharoitlar, relyef, iglim,

seysmik xavfsizlik, muhandislik
infratuzilmasi hamda mabhalliy qurilish
an’analari bilan chambarchas

bog'ligligini ko‘rsatdi.

Aniglanishicha, tog‘li hududlarda
terassali  rejalashtirish  usullaridan
foydalanish, turar joylarni quyosh
yo‘nalishi va relyef xususiyatlariga mos
joylashtirish, -~ shuningdek,  mahalliy
tabiiy qurilish materiallaridan oqilona
foydalanish yer resurslarini samarali
boshqgarish, qurilish xarajatlarini
kamaytirish hamda binolarning
ekologik va seysmik barqarorligini
oshirishga xizmat giladi. An’anaviy xalq
me’'morchiligi-  tajribasi zamonaviy
arxitektura yechimlari bilan
uyg‘unlashtiriiganda tog‘li hududlarda
qulay, xavfsiz va barqaror yashash
muhitini  shakllantirish imkoniyati
kengayadi.

Tadqgigot davomida transport-
kommunikatsiya va muhandislik
infratuzilmasining  rivojlanishi  aholi
punktlarining ijtimoiy-igtisodiy
taraqqiyotiga sezilarli ta’sir ko‘rsatishi
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aniglandi. Shu sababli yangi turar joy
massivlarini loyihalashda uy-joy
qurilishi bilan bir qatorda avtomobil
yo'llari, ichimlik suvi, elektr energiyasi,
gaz ta'minoti, kanalizatsiya va
telekommunikatsiya tarmoqlarini
kompleks rivojlantirish zarur.

Shuningdek, zamonaviy GIS
texnologiyalari, ragamli relyef modellari
va uch oflchamli = modellashtirish
vositalaridan foydalanish loyiha
yechimlarining anigligini oshirish, tabiiy
xavf-xatarlarni  oldindan  baholash
hamda hududlarni ilmiy asosda
rejalashtirish imkonini beradi. Ushbu
texnologiyalarni amaliyotga keng joriy
etish  tog'li  hududlarni ~ barqaror
rivojlantirishning muhim omillaridan biri
hisoblanadi.

Mazkur  tadqgigotning iimiy
yangiligi tog‘li va tog’ oldi hududlarida
aholi turar joylarini rejalashtirishning
arxitektura tamoyillarini tabiiy-
geografik, ekologik, ijtimoiy = va
muhandislik omillari bilan uzviy bog‘liq
holda kompleks baholash hamda ularni
zamonaviy barqaror rivojlanish
tamoyillari asosida takomillashtirish
bo‘yicha ilmiy-amaliy tavsiyalar ishlab
chigilganligidadir.

Kelgusida ushbu yo‘nalishdagi
tadqgigotlarni O‘zbekistonning boshqga
togli hududlari misolida kengaytirish,
iglim o‘zgarishining = aholi punktlari
rivojlanishiga ta’sirini baholash hamda
energiya tejamkor va ekologik barqaror
uy-joylarni loyihalash bo‘yicha ilmiy
izlanishlarni davom ettirish magsadga
muvofiq hisoblanadi.tog’li va tog‘ oldi
hududlarida aholi  turar joylarini
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rejalashtirishda  tabiiy  landshaftni
saglash, seysmik xavfsizlikni
ta’'minlash, mahalliy qurilish

an’analaridan oqilona foydalanish va
zamonaviy shaharsozlik
texnologiyalarini uyg‘unlashtirish
hududlarning barqgaror rivojlanishini
ta’minlovchi asosiy omillar hisoblanadi.
Mazkur tadqigot natijalari amaliy
loyihalash jarayonlarida, hududlarni

rivojlantirish dasturlarini ishlab
chigishda hamda shaharsozlik
sohasidagi iimiy izlanishlarda

foydalanish uchun ilmiy asos bo'lib
xizmat gilishi mumkin.

Qishlog‘ga X0S turmush
tarzining an’anaviy tizimini o‘zgartirish
gishlog uchun shakllangan va bugungi
kunda mavjud boflgan maishiy
ehtiyojlardan sifatliroq maishiy
xizmatlarni taqdim etishni rivojlantirish
yo'li bilan amalga oshirish mumkin.
Buning  uchun  maishiy  xizmat
ko‘rsatish  obyektlari sonini  keskin
oshirish va ularni imkon qadar tezroq
ishga tushirish talab qilinadi. Uy-joy
qurilishi bilan birga xizmat
ko‘rsatishning ~ mintagaviy  tizimini
yaratish hozirgi kunning eng dolzarb
masalalaridan biri hisoblanadi. Bunda
mahalliy — muhandislik  tarmoglarini
(isitish = tizimi, suv ta’minoti = va
kanalizatsiya), gazlashtirish,

telefonlashtirish  tizimlarini  yaratish
katta ahamiyatga ega.

Samarqgand viloyati Urgut tumani
tog’li zonalarida aholi turar joylari
iglimiy  jihatdan janub tomondan
quyosh tushishi nisbatan kamligi
hisobiga qish anchagina (-40 gradus)
atrofida sovuqg bo’ladi. Yoz faslida esa
nisbatan iliq havo ba'zida yomg'irli
bo’lib o'tadi. Janubiy tomondagi aholi
uylari arzon qurilish matiriallari loydan
uy-joylarini qurishsa, shimol tomonga
garab turgan uy-joylar esa tosh
matiriallaridan bunyod etishadi. Tahlil
natijasida esa buning sababalaridan
birinchi navbatda tog'da toshlarning
ko’pligidadir. Aholi uylarining quyoshga
nisbatan joylashuvi va xonalarning
tartib yonma-yon turishi o’z o’zidan
kelib qolmagan. Bir necha asrlar
davomida bu qulaylik kelib chigganligi
barchamizga ma’lumdir. Bu esa 0z
nomi bilan osha mashxur bizning
“milliy” uylarimizdir. Aytlib o’tilganidek
bu binoning ko'rinishi iglimiy va
mavsumiy shartlar hamda mahalliy ob-
havo sharoitidan  kelib chiggandir.
Tog'li va tog’ oldi hududlarning aholi
uylarining shomollatish tizimiga e’tibor
garatadigan  bo’lsak,  tekisliklarga
nisbatan havo salqgin va shomollatish
tabiiy ravishta baydo bo’ladi.
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