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PREZIDENT
SHAVKAT MIRZIYOYEVNING
GLOBAL EKOLOGIK
JAMG'ARMANING SAKKIZINCHI
ASSAMBLEYASI
ISHTIROKCHILARIGA TABRIGI

GLOBAL EKOLOGIK JAMG'ARMANING SAKKIZINCHI
ASSAMBLEYASI ISHTIROKCHILARIGA

Hurmatli delegatsiyalar rahbarlari!

Hurmatli assambleya ishtirokchilari!

Xonimlar va janoblar!

Sizlarni asrlar davomida Sharq va G‘arbni, turli
madaniyat va sivilizatsiyalarni, ilm-fan va amaliy
bilimlarni bog‘lab kelgan qadimiy Samargand shahrida
samimiy qutlash biz uchun ulkan sharafdir.

Bugungi yig‘ilish 5-iyun - Butunjahon atrof-muhit kuni
arafasida o‘tayotgani alohida ramziy ma’noga ega. Shu
munosabat bilan anjuman ishtirokchilarini ushbu muhim
sana bilan chin dildan tabriklayman.

Barchangiz yaxshi xabardorsiz, bugungi kunda insoniyat
misli ko‘rilmagan ingirozlar - iqlim o‘zgarishi, biologik
xilma-xillikning yo‘qolib borishi, atrof-muhit ifloslanishi
kabi tahdidlarga duch kelmoqda.

Bu kabi muammolarni hal etishda Global ekologik
jamg‘arma alohida o‘rin egallab kelmoqda. 186 ta
davlatni birlashtirgan ushbu noyob global hamkorlik
platformasi hozirga qadar 170 milliard AQSh dollaridan
ziyod mablag‘ni ekologik loyihalar uchun safarbar etgani
tahsinga sazovordir.

Ming afsuski, iglim o‘zgarishi oqgibatida yuzaga
kelgan cho‘llanish, yer degradatsiyasi, muzliklarning
erishi va suv tangqisligi Markaziy Osiyo uchun asosiy
tahdid bo‘lib qolmoqda. Jahon banki tahliliga ko‘ra,
mintagamizda gariyb 37 million kishi suv tanqisligi kuchli
bo‘lgan hududlarda yashamoqda va 2050-yilga borib, bu
ko‘rsatkich 75 millionga yetishi mumkin.

Hurmatli anjuman ishtirokchilari!

Yangi O‘zbekiston mavjud muammolar ko‘lamiga
garamay, ekologik transformatsiyani yangi taraqqiyot
modeli sifatida ko‘rmoqgda. Shu bois, biz tizimli loyiha
boshqaruviga o‘tib, atmosfera havosini muhofaza
qilish, bioxilma-xillik, chiqindilarni boshqarish,
ko ‘kalamzorlashtirish, ekologik ta’lim va madaniyatni
gamrab olgan beshta milliy loyihani amalga oshirmogdamiz.

Mazkur tashabbuslar doirasida 2030-yilga qadar
muhofaza etiladigan tabiiy hududlar maydonini respublika
hududining 21 foizigacha kengaytirish, havoga zararli
tashlamalarni 10,5 foizga qisqartirish hamda har bir
hududda dendrologiya va botanika bog‘larini tashkil etish
rejalashtirilgan.
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Chigindilardan energiya ishlab chiqarish bo‘yicha
joriy yilda 2 ta, kelgusi ikki yilda yana 9 ta zavodni
ishga tushirish belgilangan, ular yiliga 5,5 million tonna
chiqindini qayta ishlash orgali 1,1 million tonna issigxona
gazlari tashlamalarini gisqartirishga yordam beradi.

Mamlakatimizda ekologik ta’lim va ilm-fanning
yagona ekotizimi shakllantirilib, “Green University”
negizida 10 ta ilmiy-tadqiqot instituti va markaz hamda
14 ta “yashil” texnikum birlashtirildi, qariyb 2 million
yoshning ekologik savodxonligini oshirish jarayoni
boshlab yuborildi.

Biz o‘tgan asrda yuz bergan Orol fojiasiga yangicha
yondashib, uning ogibatlarini bartaraf etish, Orolbo‘yi
hududini tiklanish, ilm-fan va innovatsiyalar maydoniga
aylantirish yo‘lida 2 million gektardan ortiq unumdorligini
yo‘qotgan yerlarni qayta tiklamogdamiz.

Mintagaviy sa’y-harakatlarni birlashtirish va amaliy
yechimlarni joriy etish magsadida “Eco Expo Central
Asia” platformasi yo‘lga qo‘yildi, u hududlar va sanoatdagi
ekologik muammolarni hal etishga qaratilgan loyihalarga
moliyaviy resurslar va “yashil” yechimlarni jalb etishga
xizmat giladi.

Fursatdan foydalanib, Sizlarni tashkil etilgan ko ‘rgaz-
maga taklif gilaman. Yashil loyihalarimiz manfaatli
kelishuvlarga asos bo‘ladi degan umiddaman.

Qadrli do‘stlar!

Albatta, iglim o‘zgarishining tobora kuchayib borayotgan
salbiy ta’siri bizdan tezkor amaliy qadamlarni talab
gilmoqda. Assambleya doirasida bir gator tashabbuslarni
ilgari surmoqchimiz va ularni hayotga tatbiq etishda
Sizlarning qo‘llab-quvvatlashingiz biz uchun muhim
ahamiyatga ega.

Birinchidan. Samargandni “Markaziy Osiyoning yashil
investitsiyalar va innovatsiyalar poytaxti” deb e’lon gilishni
taklif etamiz.

Biz Samargandni mintaqaviy “yashil igtisodiyot”,
barqgaror rivojlanish va iqlim moliyasi markaziga
aylantirishni, shaharni pilot “yashil hudud” sifatida
rivojlantirishni hamda ushbu tajribani keyinchalik
respublikaning boshqa shaharlariga ham tatbiq etishni
magsad qilganmiz.

Ikkinchidan. Bundan 600 yil mugaddam Mirzo
Ulug‘bek Samarqandni ilm-fan markaziga aylantirgan
bo‘lsa, bugungi kunda Kolumbiya universitetining
Barqaror rivojlanish markazi hamkorligida Markaziy Osiyo
atrof-muhit va iglim o‘zgarishini o‘rganish universiteti
goshida Ulug‘bek nomidagi Barqaror rivojlanish ilmiy-
tadqiqot instituti tashkil etilmoqgda.

Institut hududlar va iqtisodiyot tarmoglarini yashil va
barqaror rivojlanish asosida transformatsiya gilish, xalqaro
ilmiy markazlar va moliya institutlarini jalb etish bo‘yicha
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yetakchi ilmiy-tahliliy platforma bo‘ladi, uning strategik
boshqaruvi esa Prezident huzuridagi Vasiylik kengashi
orqali amalga oshiriladi.

Uchinchidan. 1qlim o‘zgarishining salbiy oqibatlariga
qarshi samarali yechimlar ishlab chiqish magsadida Iglim
o‘zgarishi va gidrometeorologiya milliy markazi tashkil
etilmoqda.

Markaz gidrometeorologiya, erta ogohlantirish,
glyatsiologiya, iqlim ta’sirini baholash va issigxona
gazlari monitoringini uyg‘unlashtirib, iglim prognozlari,
modellashtirish, moslashuv va mitigatsiya dasturlari,
mintagaviy hamkorlik hamda WMO GAW va NASA
AERONET dasturlarida ishtirok etish uchun institutsional
zamin yaratadi.

To ‘rtinchidan. Yaqinda Qozog‘iston Prezidenti bilan
“Toza havo” davlatlararo konsorsiumini tashkil etish
bo‘yicha kelishuvga erishdik. Uning faoliyati “yashil”
moliyani jalb etish, o‘rmon-melioratsiya, ilmiy tadqiqotlar,
sanoatni ekologik modernizatsiya qilish hamda monitoring
va nazoratni kuchaytirishga qaratilgan. Mintaganing
barcha davlatlarini Konsorsium faoliyatiga qo‘shilishga
taklif etamiz.

Beshinchidan. Cho‘llanishga qarshi kurash instituti
negizida Orolbo‘yida cho‘llanish oqgibatlarini yumshatish,
“yashil” qalgonlar barpo etish va iglim moslashuviga
qaratilgan “cho‘l igtisodiyoti” tashabbusini ilgari surib,
uni GEFning ustuvor yo‘nalishlari bilan hamohang holda
xalqaro moliyaviy hamda texnik ko‘mak asosida amalga
oshirishni taklif etamiz.

Oltinchidan. 2027-yilgi Toshkent investitsiya forumi
“Barqaror rivojlanish va yashil investitsiyalar” mavzusida
o‘tkazilib, uning doirasida “Eco Expo Central Asia”
xalqaro ko ‘rgazmasi tashkil etiladi.

Forumda har bir hudud yashil investitsiyalarni jalb
qilish uchun kamida 100 ta istigbolli loyihani tayyorlab,
investorlarga taqdim etadi.

Yana bir muhim tashabbusimizni e’lon qilmoqchiman.
O‘zbekiston Global ekologik jamg‘arma donor mamlakatlari
qatoriga qo‘shilishga tayyor. Biz Jamg‘arma Kengashi
a’zosi sifatida qo‘shma mintaqaviy tashabbuslarni amaliy
qo ‘llab-quvvatlash va hamkorlikni kengaytirishni magsad
qilganmiz.

Bugun o‘z ishini boshlayotgan mazkur Assambleya
ekologik hamkorlikning yangi mintagaviy arxitekturasini
shakllantirishda muhim maydonga aylanishiga qat’iy
ishonaman.

Anjuman ishiga ulkan muvaffagiyatlar, barchangizga
yangi yutuglar va omad, oilaviy baxt-saodat va farovonlik
tilayman.

Shavkat MIRZIYOYEY,
O‘zbekiston Respublikasi Prezidenti.



SAMARQAND EKOLOGIK

KUN TARTIBI ATROFIDA
DUNYONI

BIRLASHTIRDI

Samargandda 30-may - 6-iyun kunlari yilning ekologiya
sohasidagi eng muhim xalgaro tadbirlaridan biri Global
ekologik jamg‘armaning (GEF) VIII Assambleyasi va
uning doirasida “Eco Expo Central Asia 2026” xalqaro
ko‘rgazmasi o‘tkazildi.

Mazkur tadbirlarda 180 dan ortiq davlatdan vazirlar va
soha mas'ullari, xalgaro tashkilotlar rahbarlari, biznes,
ilmiy jamoatchilik, fugarolik jamiyati vakillari gatnashdi.
Assambleya doirasida yugori darajadagi yalpi majlislar,
vazirlar uchrashuvlari, mavzuli davra suhbatlari, fugarolik
jamiyati forumlari, loyihalar tagdimotlari tashkil etildi.

0‘zbekiston mezhonlik gilgan ushbu xalgaro anjuman
tafsilotlariga quyida batafsil to‘xtalib o‘tamiz.

GEF KENGASHINING 71-YIG‘ILISHI:
USTUVOR YO‘NALISHLAR

Global ekologik jamg‘armaning VIII Assambleyasi hamda
“Eco Expo Central Asia 2026” xalqaro ko‘rgazmasi arafasida
o‘tkazilgan GEF kengashining 71-yig‘ilishida fondga a’zo 186
mamlakat vakillari, xalqaro tashkilotlar, moliyaviy institutlar,
ekologik agentliklar, fugarolik jamiyati va xususiy sektor
vakillari ishtirok etdi.
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Tadbirning ochilish marosimida O°‘zbekiston Respublikasi
Prezidentining ekologiya masalalari bo‘yicha maslahatchisi,
Ekologiya va iglim o‘zgarishi milliy qo‘mitasi raisi Aziz
Abduhakimov, Global ekologik fond bosh direktori hamda
strategiya va operatsiyalar bo‘yicha direktori Klod Gaskon nutq
so‘zladi.

Aziz. Abduhakimov GEF Assambleyasi va unga hamroh
tadbirlarning Samarqandda o‘tkazilishi O‘zbekiston uchun katta
sharaf ekanligini ta’kidladi.
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— Asrlar davomida Sa-
marqand turli git'alardagi
insonlar, madaniyatlar va
g'oyalarni bog'lab kelgan,
— dedi A. Abduhakimov.

— Bugun esa shahar umu-
miy ekologik muammolarni
hal etish yo'lidagi global
hamkorlik markazi sifatida
barchamizni birlashtir-
mogqda.

Assambleyaning bu yilgi mavzusi — “2030-yil uchun
so‘nggi intilish” — ekologik ingiroz kuchayib borayotgan va
atrof-muhitni muhofaza qilish bo‘yicha xalgaro majburiyatlarni
bajarish uchun vaqt tobora gisqarayotgan sharoitda, aynigsa,
dolzarb ekani qayd etildi.

O‘zbekiston GEF bilan uzoq yillik hamkorlikni yuksak
gadrlashi ta’kidlandi. Hamkorlik yillari davomida jamg‘arma
mamlakatga biologik xilma-xillikni saqglash, jumladan, gor
goplonini muhofaza qilish, Orolbo‘yi ekotizimlarini tiklash,
iglimga chidamlilikni oshirish, yer va chigindilarni bargaror
boshqarish tizimlarini takomillashtirishda ko ‘maklashdi.

Bugungi kunda O‘zbekistondagi GEF loyihalari portfeli
umumiy giymati 56 million AQSH dollariga teng bo‘lgan
13 ta loyihani o‘z ichiga oladi. Bundan tashqari, giymati 30
million dollardan ortiq bo‘lgan 5 ta yangi loyiha portfeli ham
shakllantirilgan.

Yig‘ilishning birinchi kuni 2026 - 2030-yillarga mo‘ljallangan
GEF-9 moliyalashtirish siklining ustuvor yo‘nalishlari, ekologik
moliyalashtirish mexanizmlarini takomillashtirish, hamkorlikni
kengaytirish hamda global ekologik magsadlarga erishish uchun
resurslarni samarali tagsimlash masalalariga bag‘ishlandi.

Kun tartibidagi asosiy mavzulardan biri GEF trast
jamg ‘armasini to‘qqizinchi bor to‘ldirish bo‘yicha muzokaralar
yakunlari bo‘ldi. Fondning boshqaruv organlari investisiya
strategiyasi, resurslarni tagsimlashning yangi yondashuvlari
va moliyalashtirishning ustuvor yo‘nalishlarini ko‘rib chiqdi.
Ta’kidlanishicha, GEF-9 mablag‘larining dastlabki umumiy
hajmi 3,9 milliard AQSH dollarini tashkil etadi. Shu bilan
birga, donor mamlakatlar Jahon banki tomonidan yakuniy garor
tasdiglanguniga gadar qo‘shimcha badallar e’lon qilishi mumkin.

Muhokamalar davomida davlatlar vakillari eng kam rivojlangan
mamlakatlar, kichik orol rivojlanayotgan davlatlar, shuningdek,
mahalliy va tub aholi jamoalarini qo‘llab-quvvatlashni
kuchaytirish zarurligini ta’kidlashdi. Transchegaraviy ekologik
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loyihalarni kengaytirish, aralash moliyalashtirish mexanizmlarini
rivojlantirish hamda xususiy sektorni tabiatni muhofaza qilish
tashabbuslariga kengroq jalb etish masalalariga alohida e’tibor
qaratildi.

Shuningdek, 2026-yil iyun oyiga mo‘ljallangan GEF
ishchi rejasi ham ko‘rib chigildi. U 19 ta mamlakatda amalga
oshiriladigan 16 ta loyihani 0°z ichiga oladi. Ushbu loyihalarga
141,4 million AQSH dollari migdorida mablag* ajratilishi va 828
million dollardan ortiq qo‘shimcha hamkorlik mablag‘lari jalb
qilinishi kutilmoqgda. Aralash moliyalashtirish mexanizmlarining
muvaffaqiyatli qo‘llanishiga misol sifatida O‘zbekistonda amalga
oshirilayotgan «Uzbekistan Risk Mitigation Facility» loyihasi
alohida e’tirof etildi.

Kengash GEFning 2027-moliyaviy yil uchun korporativ
byudjeti, fond hamkorlik tarmog‘i faoliyati samaradorligini
oshirish, ijrochi agentliklar sonini kengaytirish hamda GEF-9
doirasida STAR resurslarini tagsimlash tizimini takomillashtirish
masalalarini muhokama qildi. Ekologik siyosatning ilmiy
asoslarini mustahkamlash masalalariga ham katta e’tibor
qgaratildi. Yig‘ilishda global haroratning oshishi, kuchli issiqlik
to‘lqinlarining oqibatlari, dunyo okeanlari uchun xavf-xatarlar,
plastik chigindilar bilan ifloslanish va PFAS birikmalarining
tarqalishi kabi zamonaviy ekologik muammolar yuzasidan
tahliliy ma’lumotlar tagdim etildi. Shuningdek, ilmiy asoslangan
qarorlar gabul gilish va ekologik siyosatni tizimli ravishda
transformatsiya qilishning muhimligi ta’kidlandi.

HAMKORLIK MEMORANDUMI
IMZOLANDI

31-may kuni Samarqandagi “Silk Road Samarkand”
majmuasida O‘zbekiston Respublikasi va Global ekologik
fondning (GEF) VIII Assambleyasi bayroqlarini tantanali
ko ‘tarish marosimi bo‘lib o‘tdi. Unda O ‘zbekiston Respublikasi
Prezidentining ekologiya masalalari bo‘yicha maslahatchisi,
Ekologiya va iqlim o‘zgarishi milliy qo‘mitasi raisi Aziz
Abduhakimov, Global ekologik fond bosh direktori hamda
strategiya va operatsiyalar bo‘yicha direktori Klod Gaskon
ishtirok etdi.
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Ushbu marosim dunyoning turli mamlakatlari, xalgaro
tashkilotlar, moliyaviy institutlar vakillari va ekologiya
sohasidagi ekspertlarni birlashtirgan eng yirik xalqaro ekolo-
gik tadbirlardan birining boshlanishi ramzi bo‘ldi.
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Rasmiy gismdan so‘ng GEF Kotibiyati va O‘zbekiston
Respublikasi Ekologiya va iglim o‘zgarishi milliy qo‘mitasi
o‘rtasida Hamkorlik memorandumi imzolandi. Ushbu hujjat
ikki tomonlama hamkorlikni mustahkamlashga qaratilgan bo‘lib,
Ekologiya milliy qo‘mitasi xodimlari uchun GEF Kotibiyatida
amaliyot o‘tash va kasbiy tajriba almashish imkoniyatlarini
yaratishni nazarda tutadi.

Memorandum doirasida tomonlar iglim o°zgarishi, bioxilma-
xillikni saqlash, yerlarning degradatsiyasiga qarshi kurash,
kimyoviy moddalar va chiqgindilarni boshqarish sohalarida
hamkorlikni rivojlantirish, shuningdek, xalgaro va milliy
ekologik tuzilmalar o‘rtasidagi institusional aloqalarni
mustahkamlashga kelishib oldi.

Assambleya doirasida Ekologiya va iqlim o‘zgarishi milliy
qo ‘mitasi huzuridagi O ‘rmonlar va yashil hududlarni ko‘paytirish
hamda cho‘llanishga qarshi kurashish agentligi direktori Erkin
Muhiddinov hamda Yaponiyaning Sanoat, ma’naviy va madaniy
taraqqiyot tashkiloti (OISCA) ijrochi vise-prezidenti Nagaisi
Yasuaki o‘rtasida uchrashuv bo‘lib o‘tdi.

Uchrashuvda tomonlar hamkorlikni yanada mustahkamlashga
qaratilgan o‘zaro anglashuv memorandumini imzoladi. Hujjatga
muvofiq, mamlakatimizda yangi o‘rmonlar barpo etish va mu-
hofaza qilish, shuningdek, o‘rmonlardan barqaror foydalanishni
ta’minlash bo‘yicha qo‘shma chora-tadbirlar izchil amalga
oshiriladi. Yaponiyalik mutaxassislar bilan hamkorlikda respub-
likaning qurg‘oqchil va degradatsiyaga uchragan hududlarida
cho‘llanishning oldini olish hamda atmosfera havosining to-
zaligini ta’minlash magsadida “yashil goplamalar” barpo etiladi.

Shu bilan birga, o‘rmon xo‘jaligi sohasida ilmiy tajriba
almashinuvi yo‘lga qo‘yiladi. Seminarlar, treninglar, o‘quv
kurslari va forumlarni birgalikda tashkil etish rejalashtirilgan.

BIOXAVFSIZLIK TIZIMINI
MUSTAHKAMLASHGA
OARATILGAN LOYIHA

“O“zbekistonda bioxavfsizlik tashabbusining ishga tushirilishi:
Kartaxena protokolini targ‘ib qilish” mavzusidagi sayd-ivent
Global ekologik fond tomonidan moliyalashtirilayotgan
“Kartaxena bioxavfsizlik protokoliga muvofiq O‘zbekistonda
milliy bioxavfsizlik tizimini joriy etish” loyihasining rasmiy
ishga tushirilishiga bag‘ishlandi.

Tadbir O‘zbekistonning xalqgaro ekologik majburiyatlari,
xususan, Kartaxena bioxavfsizlik protokoliga muvofiq milliy
bioxavfsizlik tizimini mustahkamlashga qaratilgan loyiha
magsadlari va kutilayotgan natijalarini tagdim etish uchun yuqori
darajadagi mulogot maydoniga aylandi.

Tadbir ishtirokchilariga O‘zbekiston Respublikasi
Prezidentining ekologiya masalalari bo‘yicha maslahatchisi
— Ekologiya va iglim o‘zgarishi milliy qo‘mitasi raisi Aziz
Abduhakimov, Tabiatni muhofaza qilish xalqaro ittifoqi
(IUCN) bosh direktori Gretel Agilar, Global ekologik fond
(GEF) va BMTning Ozig-ovqat va qgishloq xo‘jaligi tashkiloti
(FAO) bo‘linmasi rahbari Jeffri Griffin hamda Bioxilma-xillik
to‘g‘risidagi konvensiya kotibiyati Amalga oshirishni qo‘llab-
quvvatlash guruhi direktori Asad Naqvi tabrik so‘zlari bilan



murojaat qildi. IUCNning Shargiy Yevropa va Markaziy Osiyo
bo‘yicha mintaqaviy direktori Oliver Avramoski esa moderator
sifatida ishtirok etdi.
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Aziz Abduhakimov o'z nutqida loyihaning ishga tushi-
rilishi ekologik boshqaruv doirasidan ancha kengroq
ahamiyatga ega ekanini va O'zbekistonning iqtisodiy
rivojlanishi hamda savdo integratsiyasi bilan bevosita
bog'ligligini ta'kidladi. Qayd etilishicha, mamlakat-
ning Jahon savdo tashkilotiga a'zo bo'lish yo'lidagi
harakatlari jarayonida qgishloq xo'jaligi savdosi va
sanitariya choralariga oid xalqaro standartlarga mos,
shaffof hamda ilmiy asoslangan bioxavfsizlik tizimini
shakllantirish alohida ahamiyat kasb etmoqda.

Shuningdek, Yevroosiyoning muhim tranzit yo‘laklari bo‘ylab
joylashgan davlat sifatida O ‘zbekiston tirik modifikatsiyalangan
organizmlarning transchegaraviy harakati bilan bog ‘liq xavflarga
tobora ko‘proq duch kelayotgani ta’kidlandi. Shu munosabat
bilan laboratoriya salohiyatini rivojlantirish, monitoring
tizimlarini takomillashtirish va chegara nazoratini kuchaytirish
strategik ustuvor yo‘nalish sifatida baholandi.

Tadbir davomida loyiha bioxavfsizlik sohasidagi milliy
siyosat va normativ-huqugiy bazani takomillashtirish, idoralararo
muvofiqglashtirishni mustahkamlash, texnik va laboratoriya
salohiyatini rivojlantirish, shuningdek, tirik modifikatsiyalangan
organizmlar bilan bog‘liq xavflarni baholash, monitoring qilish
va boshqarish tizimlarini takomillashtirishga xizmat qilishi
qayd etildi.
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Ishtirokchilar bioxavfsizlik, bioxilma-xillikni asrash va
ekologik xavfsizlik sohasidagi xalqaro majburiyatlarni samarali
amalga oshirish muhimligini, shuningdek, ushbu yo‘nalishdagi
milliy nazorat va tezkor javob mexanizmlarini yanada
kuchaytirish zarurligini ta’kidladi.

Sayd-ivent doirasida O‘zbekiston Respublikasi Ekologiya
va iqlim o‘zgarishi milliy qo‘mitasi, Tabiatni muhofaza qilish
xalqaro ittifoqi (IUCN) hamda BMTning Oziq-ovgat va gishloq
xo‘jaligi tashkiloti (FAO) o‘rtasida Magsadlar to‘g‘risidagi
bayonot imzolash marosimi bo‘lib o‘tdi.

Mazkur hujjat bioxilma-xillikni saqlash, bioxavfsizlikni
ta’minlash, tabiiy resurslarni barqaror boshqarish, iqlim
barqarorligini mustahkamlash va ekotizimlarni tiklash
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sohalaridagi hamkorlikni rivojlantirishga garatilgan.

Tomonlar milliy salohiyatni mustahkamlash, institusional
muvofiglashtirishni takomillashtirish, ilmiy-texnik hamkorlikni
rivojlantirish hamda bioxavfsizlik va atrof-muhitni muhofaza
qilish sohasidagi xalqgaro standartlarni joriy etishni qo‘llab-
quvvatlash borasida hamkorlik gilish niyatlarini bildirdilar.
Shuningdek, mamlakatlarga global ekologik majburiyatlarni
aniq milliy harakatlar va amaliy choralarga aylantirishda
ko‘maklashuvchi xalgaro hamkorlik va Global ekologik
jamg‘arma mexanizmlarining o‘rni alohida ta’kidlandi.

“ECO EXPO CENTRAL ASIA 2026” —
SAMARALI PLATFORMA

3-iyun kuni Samarqandda “Eco Expo Central Asia 2026”
xalqaro ekologik ko‘rgazmasining rasmiy ochilish marosimi
bo‘lib o‘tdi. Unda dunyoning 100 dan ortiq mamlakatidan
ekologiya va atrof-muhit muhofazasi sohasi xodimlari, xalgaro
tashkilotlar rahbarlari, diplomatik korpus vakillari, investorlar,
ekologik mahsulotlar ishlab chiqaruvchilar, ekoinnovatorlar,
mabhalliy va xalgaro ekspertlar gatnashdi.

Marosimda O‘zbekiston Respublikasi Prezidentining
ekologiya masalalari bo‘yicha maslahatchisi - Ekologiya va
iglim o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov, BMT
Bosh kotibi o‘rinbosari - atrof-muhit bo‘yicha dasturi (UNEP)
ijrochi direktori Inger Andersen hamda Tabiatni muhofaza gilish
xalqaro ittifoqi (IUCN) bosh direktori Gretel Agilar so‘zga
chiqib, O‘zbekistonda ikkinchi marta o‘tkazilayotgan mazkur
ko ‘rgazmaning ahamiyatiga e’tibor qaratdi.
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- "Eco Expo Central Asia 2026" xalgaro ekologik
ko'rgazmasi nafagat O'zbekiston, balki Markaziy
Osiyo uchun juda muhim ahamiyatga ega tadbir
bo'lib, bu mintaqa davlatlari o'rtasida ekologiya

va atrof-muhitni muhofaza qilish borasida amaliy
hamkorlikni mustahkamlash, investisiyaviy jozibador
ekologik loyihalarni ishlab chigish, yangi go'shma
tashabbuslarni yo'lga go'yish va uzoq muddatli
xalgaro hamkorlikni mustahkamlash uchun samarali
platforma vazifasini o'tashiga ishonamiz, — dedi Aziz
Abduhakimov. — Shu bilan birga ushbu ko'rgazma
Markaziy Osiyo va jahon hamjamiyati o'rtasida
innovatsiyalar, investisiyalar, bilim va aniq yechimlarni
birlashtiruvchi "yashil” texnologik ko'prikni yaratish
yo'lidagi muhim katalizatorga aylanadi. Chunki fo-
rumning asosiy g'oyasi iqtisodiyotni eng ilg'or "yashil”
texnologiyalarni joriy etish orqali rivojlantirish va ayni
paytda atrof-muhitni kelajak avliodlar uchun
asrab-avaylashdan iborat.

Aziz Abduhakimov, shuningdek, Samarqand shahrining
ekologik diplomatiya, “yashil” moliyalashtirish va barqaror
texnologiyalarni ilgari surish bo‘yicha xalgaro maydon sifatidagi
roli tobora ortib borayotganini ta’kidladi.

“Eco Expo Central Asia” ko‘rgazmasi ekologik bargarorlikni
mustahkamlash, “yashil” iqtisodiyotni rivojlantirish, innovasion
ekologik texnologiyalarni joriy etish hamda barqaror rivojlanish
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va atrof-muhitni muhofaza qilish sohasida xalqaro hamkorlikni
kengaytirishga qaratilgan.

2025-yilda Toshkent shahrida o‘tkazilgan “Eco Expo Central
Asia 2025” xalqaro ko‘rgazmasi Markaziy Osiyodagi shu
miqyosdagi ilk ekologik ko‘rgazma bo‘lgandi. Unda qariyb
7,5 ming nafar mahalliy va xorijiy ishtirokchilar qatnashgan
va forum yakunlari bo‘yicha Jahon banki, Osiyo taraqqgiyot
banki, BMT, YUNESKO, Yevropa Ittifoqi, GIZ va KOICA kabi
xalqaro tashkilotlar bilan hamkorlikda amalga oshiriladigan
130 dan ortiq ekologik loyiha va dasturlar bo‘yicha kelishuvlar
imzolangan edi. Joriy yil esa bu ragamlar yanada salmoqli
bo‘lishi kutilmogda. Sababi bu yilgi ko‘rgazmada 10 mingga
yaqin mahalliy va xorijiy ishtirokchi qatnashmoqda, ekologik
mahsulot va xizmatlarni namoyish etuvchi 70 ga yaqin pavilon
tashkil etilgan. Bundan tashqari, ekoinnovatorlarning ilg‘or
ishlanmalarini namoyish etish magsadida O°‘zbekiston va
Markaziy Osiyo mamlakatlaridan taqdim etilgan startap loyihalar
uchun qo‘shimcha 20 ta pavilon yaratildi.

O‘zbekiston Respublikasi Ekologiya va iglim o‘zgarishi
milliy qo‘mitasi hamda “Business Congress Management”
(BCM) kompaniyasi hamkorligida tashkil etilgan ko‘rgazmada
Global yashil o‘sish instituti, Osiyo taraqgiyot banki, Yevropa
tiklanish va taraqqgiyot banki kabi yetakchi xalqaro tashkilotlar
ishtirok etdi.

Shuningdek, “Vision Invest” (Saudiya Arabistoni), SUEZ
(Fransiya), “Cevia Environment” (Xitoy), KOMOTO (Yaponiya),
EPSOY (Finlyandiya), “Siberian Wellness” (Rossiya), “Bell
Energy” (BAA) va “Oizom Instruments” (Hindiston) kabi yirik
xorijiy kompaniyalar, yurtimizdagi Navoiy kon-metallurgiya
kombinati, Olmaliq kon-metallurgiya kombinati, AKFA, Jizzax
akkumulyator zavodi hamda “O‘zkimyosanoat” AJ o‘z mahsulot
va xizmatlarini namoyish qildi.

Ko‘rgazmada mintagaviy ekologik loyihalarni shakllantirish
masalasiga alohida e’tibor qaratildi. Mamlakatning barcha
hududlari iglim o‘zgarishiga moslashish, tabiiy resurslardan
oqilona foydalanish va ekologik barqarorlikni ta’minlashga
qgaratilgan aniq loyiha takliflarini tayyorlagan. Ushbu tashabbuslar
xalgaro donorlar va investorlar e’tiboriga havola etildi.

Ko‘rgazma doirasida “yashil” energetika, chiqindilarni
gayta ishlash, suv resurslarini boshqarish, iqlim o‘zgarishiga
moslashish va barqaror rivojlanish masalalariga bag‘ishlangan
50 dan ortiq sayd-iventar, tematik forumlar, tagdimotlar va
mulogotlar o‘tkazildi.
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EKOLOGIK FAOLIYAT E’TIROFI

BMT Yevropa iqtisodiy komissiyasining (UNECE) Ekologik
faoliyat samaradorligini baholash dasturi doirasida tayyorlangan
O‘zbekistonning Ekologik faoliyat samaradorligi bo‘yicha
to‘rtinchi sharhi (Environmental Performance Review - EPR)
taqdimoti bo‘lib o‘tdi.

To‘rtinchi sharh 2025-yil noyabr oyida UNECEning Ekologik
siyosat qo‘mitasi tomonidan rasman tasdiglangan bo‘lib,
O‘zbekistonning ekologik islohotlar, iglim siyosati va barqaror
rivojlanish sohalaridagi yutuglarini aks ettiruvchi muhim xalqaro
hujjat hisoblanadi.

Tadbirda nutq so‘zlagan Ekologiya vaziri o‘rinbosari
Jusipbek Kazbekov mamlakatda amalga oshirilayotgan
ekologik islohotlarning izchilligini hamda “yashil”
transformatsiyani ilgari surishda xalgaro hamkorlikning
ahamiyatini ta’kidladi.

Tadbirda UNECE Atrof-muhit va o‘rmon xo°jaligi bo‘limi
direktori Paola Deda, Germaniya, Italiya va Shveysariya
hukumatlari vakillari hamda sharhni tayyorlashda ishtirok etgan
xalqaro ekspertlar ma’ruza qildi.

To‘rtinchi sharhning asosiy xulosalari tagdimoti davomida
O‘zbekistonda ekologik siyosat va islohotlar samaradorligini
baholash natijalari e’lon qilindi. Unda mamlakatning ekologik
boshgaruv tizimini rivojlantirish borasidagi sezilarli yutuglari,
jumladan, Ekologiya va iqlim o‘zgarishi milliy qo‘mitasi tashkil
etilgani, ekologik monitoring tizimlari rivojlantirilgani, “Yashil
makon” umummilliy loyihasining amalga oshirilayotgani,
qayta tiklanuvchi energetika loyihalarining ilgari surilayotgani
hamda bioxilma-xillikni saglash bo‘yicha chora-tadbirlarning
kuchaytirilgani e’tirof etildi.

SAMARADORLIGINING | UHIINUHI SHARHI
MILLIY TAQDIMOT

Sharh natijalariga ko‘ra, O‘zbekiston Ekologik faoliyat
samaradorligi bo‘yicha uchinchi sharh doirasida berilgan
tavsiyalarning 77 foizini to‘liq yoki gqisman amalga oshirgan
yoxud ularni bajarish jarayonida. Yangi sharh 45 ta tavsiyani
0°z ichiga oladi va BMTning Bargaror rivojlanish magsadlari
doirasidagi 12 magsad bo‘yicha 41 ta ko‘rsatkichni gamrab
oladi.

Tadbir davomida mamlakat ekologik siyosatining kelgusi
ustuvor yo‘nalishlariga alohida e’tibor garatildi. Jumladan,
iglim bo‘yicha harakatlarni kuchaytirish, tabiatga asoslangan
yechimlarni joriy etish, ekologik boshgaruv tizimini
takomillashtirish hamda 2026 - 2030-yillarda sharh tavsiyalarini
amalga oshirish bo‘yicha “yo‘l xaritasi”ni ishlab chigish
masalalari muhokama qilindi.



Tadbir doirasida O‘zbekistonning Ekologik faoliyat
samaradorligi bo‘yicha to‘rtinchi sharhini topshirishning ramziy
marosimi ham bo‘lib o‘tdi. Ishtirokchilar xalqaro hamkorlikni
yanada mustahkamlash, jamoatchilikning ekologik masalalardan
xabardorligini oshirish va mintagada ekologik barqarorlikni
birgalikda ilgari surish muhimligini ta’kidladi.

Mazkur sayd-ivent O‘zbekistonning atrof-muhitni muhofaza
qilish sohasidagi yutuqlarini namoyish etish, shuningdek,
milliy ekologik va iglim kun tartibini amalga oshirish bo‘yicha
navbatdagi gadamlarni muhokama qilish uchun muhim platforma
bo‘lib xizmat qildi.

HAMKORLIKNI RIVOJLANTIRISH
MASALALARI — MUHOKAMA
MARKAZIDA

Xalqgaro ko‘rgazma doirasida O°‘zbekiston Respublikasi
Prezidentining ekologiya masalalari bo‘yicha maslahatchisi
— Ekologiya va iglim o‘zgarishi milliy qo‘mitasi raisi Aziz
Abduhakimov ekologiya, barqaror rivojlanish, iqlimga
bardoshlilik va “yashil” innovatsiyalar sohalarida hamkorlikni
rivojlantirishga bag‘ishlangan qator ikki tomonlama uchrashuvlar
o‘tkazdi.

Muhim uchrashuvlardan biri Tabiatni muhofaza qilish xalgaro
ittifogqi (IUCN) bosh direktori Gretel Agilar bilan bo‘lib o‘tdi.
Tomonlar biologik xilma-xillikni asrash, tabiatga asoslangan
yechimlarni (Nature-based Solutions) ilgari surish, muhofaza
etiladigan tabiiy hududlarni boshgarishni takomillashtirish va
ekoturizmni rivojlantirish masalalarini muhokama qildi.

Uchrashuvda bioxilma-xillikni asrash bo‘yicha yangilangan
Milliy strategiya va harakatlar rejasini (NBSAP) tayyorlash,
Markaziy Osiyoning Mintaqaviy Qizil ro‘yxatini yaratish
hamda mintaqadagi transchegaraviy muhofaza etiladigan
hududlarni rivojlantirish masalalariga alohida e’tibor qaratildi.
O‘zbekiston tomoni IUCNning Toshkentdagi mintagaviy ofisi
bilan hamkorlikni faollashtirish va Global ekologik fondning
yangi GEF-9 sikli doirasida qo‘shma loyihalar tayyorlashni
taklif etdi. Shuningdek, “Green University”’ni ekologik ta’lim
va ilm-fan bo‘yicha mintagaviy platforma sifatida rivojlantirish,
jumladan, IUCN Ekologik huquqg akademiyasi bilan hamkorlik
qilish va xalgaro ta’lim amaliyotlarini joriy etish masalalari ham
muhokama qilindi.

BMThning Sanoatni rivojlantirish tashkiloti (UNIDO) Bosh
direktori o ‘rinbosari va Global hamkorlik hamda tashqi aloqalar
direksiyasi boshqgaruvchi direktori Fatu Haydar bilan bo‘lib
o‘tgan uchrashuvda “yashil” sanoatlashtirish, ekologik toza
texnologiyalarni joriy etish va sanoatni modernizatsiya qilish
masalalari ko‘rib chigildi.
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Aziz Abduhakimov O’zbekistonda ekologik kun tartibi
davlat siyosatining ustuvor yo'nalishlaridan biriga
aylanganini, Ekologiya vazirligining Ekologiya va iglim
o'zgarishi milliy go'mitasiga aylantirilgani esa barqa-
ror rivojlanish masalalariga yangicha institusional
yondashuvning ifodasi ekanini ta'kidladi.

EKOLOGIYA XABARNOMASI = N22/2026

Muzokaralar davomida ko‘kalamzorlashtirish, bioxilma-
xillikni muhofaza qilish, chigindilarni boshqarish, havo sifatini
yaxshilash va ekologik ta’limni rivojlantirish bo‘yicha asosiy
milliy tashabbuslar taqdim etildi. Shuningdek, UNIDO bilan
eng yaxshi mavjud texnologiyalarni (BAT) joriy etish uchun
normativ-huquqiy bazani ishlab chigish, iglim innovatsiyalarini
go‘llab-quvvatlash hamda «Global Cleantech Innovation
Programme (GCIP)» doirasida startaplarni rivojlantirish
masalalari muhokama gilindi.

Tomonlar iglim tahlili, erta ogohlantirish tizimlari va mos-
lashuv moliyalashtirishini rivojlantirishga garatilgan “Climate
Technology Innovation for Climate Resiliyencye in Uzbekistan”
loyihasini amalga oshirish istigbollarini ham ko‘rib chiqdi.

Yana bir muhim uchrashuv «National Geographic Sociyety»
tashkilotining ilm-fan va innovatsiyalar bo‘yicha direktori Ian
Miller bilan bo‘lib o‘tdi. Suhbat davomida O°‘zbekiston va
Markaziy Osiyoning tabiiy merosini xalgaro miqyosda targ‘ib
qilish, ilmiy tadqiqotlar, ekologik ma’rifat va hujjatli filmlar
yaratish sohasidagi hamkorlik masalalari muhokama qilindi.
O‘zbekiston tomoni xalqaro ahamiyatga ega tabiiy hududlar,
jumladan, YUNESKO Butunjahon merosi ro‘yxatiga kiritilgan
G‘arbiy Tyanshan va “Turonning sovuq qishki cho‘llari”,
shuningdek, Ramsar konvensiyasi ro‘yxatiga kiritilgan suv-
botqoq hududlari hagida ma’lumot berdi. Aziz Abduhakimov
Orolbo‘yi mintagasi, tog‘ va cho‘l ekotizimlariga qo‘shma ilmiy
ekspedisiyalar tashkil etish, shuningdek, Markaziy Osiyoning
tabiiy boyliklari haqgidagi global xabardorlikni oshirishga
qaratilgan hujjatli filmlar, fotoloyihalar va ragamli kontent
yaratishni taklif qildi.

Ko‘rgazma doirasida Oman Atrof-muhitni muhofaza qilish
boshgarmasi prezidenti Abdulla bin Ali Al-Amri bilan ham
uchrashuv bo‘lib o‘tdi. Tomonlar cho‘llanishga qarshi kurash,
suv resurslarini boshqarish, chigindilar bilan ishlash va bioxilma-
xillikni asrash sohalaridagi amaliy hamkorlik istigbollarini
muhokama qildi.

O‘zbekiston «Green University» huzuridagi Cho‘llanishga
qgarshi kurash va cho‘l igtisodiyotini rivojlantirish mintagaviy
tadqiqot markazi bazasida qurg‘oqchilikka chidamli o‘simliklar
hamda qumlarni mustahkamlash texnologiyalari bo‘yicha
go‘shma tadgiqotlar olib borishni taklif etdi.

Bundan tashqari, alohida muhofaza etiladigan tabiiy
hududlarni boshqarish tajribasi almashinuvi, ta’lim dasturlarini
tashkil etish va ikki mamlakat oliy ta’lim muassasalari o‘rtasida
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akademik almashinuvlarni yo‘lga qo‘yish tashabbuslari ham
ko‘rib chiqildi.

O‘tkazilgan uchrashuvlar O‘zbekistonning ekologik
diplomatiya, bargaror rivojlanish, “yashil” igtisodiyot va iglim
kun tartibi sohalarida xalqaro hamkorlikni rivojlantiruvchi
mintaqaviy markaz sifatidagi roli tobora ortib borayotganini
yana bir bor tasdigladi.

YAGONA MINTAQAVIY PLATFORMA
YARATISH TAKLIF ETILDI

“O‘zbekistonda pestisidlar va xavfli kimyoviy moddalarni
boshgqarish tizimini mustahkamlash: milliy taraqgiyot, hamkorlik
va kelgusi qadamlar” mavzusidagi sayd-ivent xavfli kimyoviy
moddalar va pestisidlarni ularning butun hayotiy sikli davomida
boshqarish bo‘yicha milliy tizimni takomillashtirish masalalariga
bag‘ishlandi.

Mazkur tadbir O‘zbekistonda xavfli kimyoviy moddalar
bilan ekologik jihatdan xavfsiz muomala qilish sohasida amalga
oshirilayotgan islohotlarni mamlakatning Bazel, Rotterdam va
Stokgolm konvensiyalari doirasidagi xalqaro majburiyatlariga
muvofiq ravishda muhokama gilish uchun yuqori darajadagi
platformaga aylandi.

Tadbirda O ‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi - Ekologiya va iqlim
o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov, Bazel,
Rotterdam va Stokgolm konvensiyalari ijrochi kotibi Rolf Payet,
BMT Taraqqiyot dasturining (UNDP) O ‘zbekistondagi doimiy
vakili Akiko Fujii, shuningdek, BMTning Ozig-ovqat va gishlog
xo‘jaligi tashkiloti (FAO), Yevropa Ittifogi va boshga xalqaro
hamkor tashkilotlar vakillari ishtirok etdi.

G6

— Bugungi kunda Markaziy Osiyo o'zaro ishonch,
ilmiy hamkorlik, umumiy mas'uliyat va mintaganing
ekologik xavfsizligi barchamizning umumiy vazifamiz
ekanini anglashga asoslangan ekologik hamkorlik-
ning yangi madaniyatini shakllantirmoqgda. Biz Mar-
kaziy Osiyoda pestisidlar, xavfli kimyoviy moddalar va
chigindilarni boshqarish bo'yicha yagona mintaqaviy
platforma yaratishni taklif gilamiz. Bu muvofiglash-
tirishni kuchaytirish, bilim almashish va qo'shma loyi-
halarni amalga oshirish imkonini beradi, — dedi Aziz
Abduhakimov.

Tadbir davomida ishtirokchilar xavfli kimyoviy moddalar va
pestisidlarni boshgarishga kompleks yondashuvni rivojlantirish
masalalarini muhokama qildi. Jumladan, normativ-huquqiy
bazani takomillashtirish, institusional salohiyatni mustahkamlash,
monitoring va laboratoriya nazorati tizimlarini rivojlantirish,
shuningdek, bargaror gishloq xo‘jaligi amaliyotlarini joriy etish
masalalariga e’tibor garatildi.

Muddati o‘tgan pestisidlarni inventarizatsiya qilish, xavfli
chigindilar bilan muomala qilish, atrof-muhitning barqaror
organik ifloslantiruvchi moddalar (POPs va PFAS) bilan
ifloslanishining oldini olish hamda o‘ta xavfli pestisidlardan
foydalanish bilan bog‘liq xavflarni kamaytirish masalalari ham
muhokama qilindi.
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Texnik sessiya doirasida FAO vakillari O‘zbekistonda
pestisidlarning hayotiy siklini boshqgarishning yaxlit tizimini
shakllantirish bo‘yicha yondashuvlarni taqdim etdi. Ular
xavfli kimyoviy moddalar to‘planib qolishining oldini olish,
chigindilarni utilizatsiya qilish infratuzilmasini rivojlantirish va
gishlog xo‘jaligini yuritishning xavfsiz usullarini targ ‘ib etishga
qgaratilgan chora-tadbirlar hagida ma’lumot berdi.

Bundan tashgari, UNDP vakillari Stokgolm konvensiyasi
doirasida amalga oshiriladigan yangi loyiha bo‘yicha rejalarni
taqdim etdi. Mazkur loyiha ifloslangan hududlar muammolarini
hal etish va to‘plangan ekologik zararni bartaraf etishga
qaratilgan.

Muhokamalar yakunida kelgusidagi ishlarning ustuvor
yo‘nalishlari belgilab olindi.

IHT MAMLAKATLARI ATROF-
MUHIT VAZIRLARINING
OLTINCHI YIG‘ILISHI

3-iyun kuni Samargandda Igtisodiy hamkorlik tashkilotiga
a’zo mamlakatlar atrof-muhit vazirlarining 6-yig‘ilishi bo‘lib
o‘tdi. Tadbirda IHTga a’zo davlatlar delegatsiyalari, IHT kotibi-
yati rahbariyati va xalqaro hamkor tashkilotlar vakillari ishtirok
etdi. Tadbirni ochib bergan O ‘zbekiston Respublikasi Preziden-
tining ekologiya masalalari bo‘yicha maslahatchisi — Ekologiya
va iqlim o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov
ushbu uchrashuvning ahamiyatini alohida ta’kidladi.

Go

— Bugun 12 yil ichida birinchi marta IHTga a’zo dav-
latlarning atrof-muhit vazirlari zamonaviy ekologik
muammolarni hal gilish bo'yicha muvofiglashtirilgan
yondashuvlarni ishlab chigish uchun yig'ildi, — dedi
qo'mita raisi.

Mintagadagi mamlakatlar o‘rtasida amaliy hamkorlikni
mustahkamlash, aynigsa, qo‘shma ekologik tashabbuslarni
ilgari surish, bilim va eng yaxshi amaliyotlarni almashishda
tobora muhim ahamiyat kasb etayotganiga e’tiborni qaratdi.
Ko‘rib chigish uchun taqdim etilgan hujjatlar — IHTning 2026
- 2030-yillarga mo‘ljallangan Atrof-muhitni muhofaza qilish
bo ‘yicha doiraviy dasturi, iglim va bioxilma-xillik bo‘yicha ish



dasturlari va Samarqand deklaratsiyasi — mintaqaviy ekologik
sheriklikning yangi bosqgichi uchun muhim poydevor bo‘lib
xizmat qiladi.

Uchrashuv davomida ishtirokchilar [HTga a’zo davlatlarning
atrof-muhitni muhofaza qilish, iglim o°zgarishi, barqaror tabiatni
boshgarish va yerlar degradatsiyasining oldini olish sohalaridagi
milliy ustuvorliklarini muhokama gilishdi. Cho‘llanishga garshi
kurashish, ilmiy-texnik hamkorlikni rivojlantirish, barqaror
o‘rmon xo‘jaligini boshqarish, qum va chang bo‘ronlarining
oldini olishga alohida e’tibor garatildi.

Tadbirda so‘zga chiggan O‘zbekiston tomoni mintaqaviy
ekologik hamkorlikni mustahkamlash bo‘yicha asosiy
tashabbuslarni taqdim etdi. Prezident Shavkat Mirziyoyev
rahbarligida mamlakat o‘zaro ishonch, mintagaviy hamkorlik
va umumiy ekologik muammolarni birgalikda hal qilish
tamoyillarini izchil ilgari surayotgani ta’kidlandi.

O’zbekistonning yerlarning degradatsiyasi va
cho'llanishga garshi kurashishdagi tashabbuslariga
alohida e'tibor garatildi. Xususan, “Green Universi-
ty" qoshidagi Cho'llanishga qarshi kurash va cho'l
iqtisodiyoti ilmiy-tadqgigot instituti faoliyati, shu-
ningdek, O'zbekistonning IHT mamlakatlari bilan
ilmiy tadgiqotlar, texnologiyalar almashinuvi va
qo'shma sinov loyihalarini amalga oshirishda ham-
korlikni kengaytirishga tayyorligi qayd etildi.

Bundan tashqari, ishtirokchilarga IHTga a'zo
davlatlar uchun 2026 - 2030-yillarga mo'ljallangan,
cho'l hududlarida o'rmonzorlarni barpo etishga
qaratilgan transchegaraviy «Yashil dastur»niishlab
chiqish tashabbusi tagdim etildi. O'zbekiston tomoni
IHTning Atrof-muhitga oid hamkorlik bo'yicha yuqori
darajadagi platformasi doirasida qum va chang
bo'ronlari uchun mintagaviy erta ogohlantirish
tizimini ishlab chigishni ham taklif gildi.

Uchrashuv yakunida ishtirokchilar IHTning 2026 -
2030-yillarga mo‘ljallangan Atrof-muhit bo‘yicha hamkorlik
doiraviy dasturini va uning tematik ilovalarini, jumladan,
iglim o‘zgarishi va bioxilma-xillik bo‘yicha ish dasturlarini
ma’qulladi. Mintaqaviy ekologik hamkorlik bo‘yicha Samargand
deklaratsiyasi qabul qilindi.
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MARKAZIY OSIYO VA UNEP:
EKOLOGIK HAMKORLIK
KENGAYTIRILADI

Global ekologik fondning (GEF) VIII Assambleyasi doirasida
Markaziy Osiyo atrof-muhit vazirlari va BMTning Atrof-muhit
dasturi (UNEP) ijrochi direktori Inger Andersen o‘rtasida
uchrashuv bo‘lib o‘tdi. Uchrashuvda O ‘zbekiston Respublikasi
Prezidentining ekologiya masalalari bo‘yicha maslahatchisi
— Ekologiya va iglim o‘zgarishi milliy qo‘mitasi raisi Aziz
Abduhakimov, Qozog ‘iston ekologiya va tabiiy resurslar vaziri
Yerlan Nisanbayev, Tojikiston hukumati huzuridagi Atrof-
muhitni muhofaza qgilish qo‘mitasi raisi Bahodur Sheralizoda
hamda Qirg‘iziston va Turkmaniston vakillari ishtirok etdi.

Uchrashuvda tomonlar mintaqaviy ekologik hamkorlikning
ustuvor yo‘nalishlari va UNEP bilan hamkorlikni yanada
mustahkamlash masalalarini muhokama qilishdi. Unda so‘nggi
yillarda Markaziy Osiyoda atrof-muhitni muhofaza qilish
va iqlim kun tartibi mintagaviy davlat rahbarlari darajasida
misli ko‘rilmagan e’tiborga sazovor bo‘lgani ta’kidlandi. Buni
2025-yilgi Samarqand iglim forumi va Ostonada bo‘lib o‘tgan
Mintaqaviy ekologik sammit tasdigladi.

Muzokaralarning asosiy mavzularidan biri havo sifatini
yaxshilash va Toza havo uchun davlatlararo koalisiyani
rivojlantirish tashabbusi bo‘ldi. Ishtirokchilar qum va chang
bo ‘ronlarining Markaziy Osiyo shaharlari aholisi salomatligi
va atrof-muhitiga ta’sirini kamaytirishga qaratilgan mintagaviy
loyihani UNEP bilan birgalikda ishlab chiqish masalasini
muhokama qilishdi. Ushbu tashabbus oxir-ogibat havo sifatini
monitoring qilish va prognozlash tizimlari, atrof-mubhit
ma’lumotlari almashinuvi va transchegaraviy ifloslanishni
kamaytirish choralarini muvofiglashtirishni o‘z ichiga olgan
to‘lagonli mintagaviy dasturga aylanishi mumkinligi ta’kidlandi.
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Shuningdek, Markaziy Osiyoda atrof-muhit o‘zgarishlarining
mintagaviy atlasini yaratish tashabbusiga alohida e’tibor
qaratildi. O‘zbekiston 2025-yilda UNEP ko‘magida ishga
tushirilgan Milliy atrof-mubhit atlasini ishlab chiqish tajribasini
taqdim etdi. Shu asosda mintagadagi mamlakatlarning ekologik
ma’lumotlarini birlashtirgan va Markaziy Osiyodagi ekologik
tendensiyalarni har tomonlama baholaydigan yagona mintagaviy
atlas yaratish taklif qilindi.
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Uchrashuvda, shu bilan birga, Markaziy Osiyo mamla-
katlarining Monreal protokoli doirasidagi o‘rni, qolaversa,
mintaganing BMT tizimi va UNEPdagi institusional vakilligi
muhokama qilindi. Tomonlar Markaziy Osiyoning xalgaro
ekologik jarayonlardagi rolini kuchaytirish muhimligini va
mintaqadagi mamlakatlarning hozirgi ehtiyojlarini to‘liqroq
gondirish zarurligini ta’kidladi.

Uchrashuv ishtirokchilari Markaziy Osiyoda barqaror
rivojlanish, ekologik barqarorlik va iglim xavfsizligini ta’minlash
magsadida UNEP bilan hamkorlikni yanada mustahkamlashga
qizigishlarini tasdigladi.

MUHIM TASHABBUSLAR
ILGARI SURILDI

4-iyun kuni “Silk Road Samarkand” majmuasi Kongress
markazida Global ekologik jamg‘armaning (GEF) VIII Assam-
bleyasi ochilish marosimi o‘tkazildi. O‘zbekiston Respublikasi
Prezidenti Shavkat Mirziyoyevning Assambleya ishtirokchilariga
tabrigini Prezident Administratsiyasi rahbari Saida Mirziyoyeva
o‘qib eshittirdi.

Davlatimiz rahbari o‘z tabrigida bugungi kunda insoniyat
misli ko‘rilmagan ingirozlar - iglim o‘zgarishi, biologik xil-
ma-xillikning yo‘qolib borishi, atrof-muhit ifloslanishi kabi
tahdidlarga duch kelayotganini gayd etib, bu kabi muammolarni
hal etishda Global ekologik jamg‘arma alohida o‘rin egallab
kelayotganini ta’kidlagan.

Shu bilan birga, mamlakatimizda ekologik transformatsiya
yangi taraqqiyot modeli sifatida ko‘rilayotgani va tizimli lo-
yiha boshqaruviga o‘tib, atmosfera havosini muhofaza qilish,
bioxilma-xillik, chigindilarni boshqarish, ko ‘kalamzorlashtirish,
ekologik ta’lim va madaniyatni gamrab olgan beshta milliy loyiha
amalga oshirilayotgani alohida qayd etilgan.

Tabrikda Prezidentimiz tomonidan bir qator tashabbuslar
ham ilgari surildi. Jumladan, Samargandni “Markaziy Osiyoning
yashil investisiyalar va innovatsiyalar poytaxti” deb e’lon gilish
taklif etildi. Kolumbiya universitetining Barqaror rivojlanish
markazi bilan hamkorlikda Markaziy Osiyo atrof-muhit va iglim
o‘zgarishini o‘rganish universiteti qoshida Ulug‘bek nomidagi
Bargaror rivojlanish ilmiy-tadqiqot instituti tashkil etilayotgani
ma’lum qilindi. Iqlim o‘zgarishining salbiy ogibatlariga garshi
samarali yechimlar ishlab chigish magsadida Iglim o‘zgarishi va
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gidrometeorologiya milliy markazi tashkil etilayotgani bildirildi.
Cho‘llanishga qarshi kurash instituti negizida Orolbo‘yida
cho‘llanish ogqibatlarini yumshatish, “yashil” qalqonlar barpo
etish va iqlim moslashuviga qaratilgan “cho‘l iqtisodiyoti”
tashabbusi ilgari surilib, uni Global ekologik jamg‘armaning
ustuvor yo‘nalishlari bilan hamohang holda xalqaro moliyaviy
hamda texnik ko‘mak asosida amalga oshirishni taklif etildi.

Bundan tashqari, 2027-yilgi Toshkent investisiya forumi
“Barqaror rivojlanish va yashil investisiyalar” mavzusida
o‘tkazilishi va uning doirasida “Eco Expo Central Asia” xalqaro
ko‘rgazmasi tashkil etilishi tashabbusi ilgari surildi.

E’tiborli jihati, davlatimiz rahbari tabrigida O‘zbekiston
Global ekologik jamg‘arma donor mamlakatlari qatoriga
qo‘shilishga tayyorligi ma’lum gilindi.

Marosimda BMT Bosh kotibi o‘rinbosari - atrof-mubhit
bo‘yicha dasturi (UNEP) ijrochi direktori Inger Andersen,
BMTning Bazel, Rotterdam va Stokgolm konvensiyalari
ijrochi kotibi Rolf Payet, Global ekologik jamg‘arma bosh
direktori hamda strategiya va operatsiyalar bo‘yicha direktori
Klod Gaskon so‘zga chiqib, Global ekologik jamg‘armaning
VIII Assambleyasi yuksak saviyada tashkil etilgani uchun
mamlakatimiz rahbariyatiga minnatdorlik bildirdi hamda global
ekologik muammolarni hal etishda mazkur xalqaro forumning
ahamiyatiga to‘xtaldi.
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- Bundan 35 yil avval, 1991-yilda tashkil etilgan
Global ekologik jamg'arma (GEF) ma'lum bir hudud
va davlatlarga emas, balki butun dunyo atrof-mu-
hitiga salbiy ta'sir ko'rsatayotgan muammolarni
bartaraf etish, ularning oldini olish va global ekologik
tahdidlarga qarshi kurashishni o'z oldiga maqsad
qilib go'ygandi, — dedi BMT Bosh kotibi o'rinbosari -
atrof-muhit bo'yicha dasturi (UNEP) ijrochi direktori
Inger Andersen. - Va bugun ushbu tashkilot dunyo
davlatlarini o'z atrofida birlashtirib, bu magsadlar
yo'lida ish olib bormoqda, ekologik muammolarga sa-
marali yechimlarini taklif etmoqda. Bu yechimlar a'zo
davlatlarga atrof-muhitni himoya qilish, ifloslanishga
qarshi kurashish va ekologik barqarorlikni ta'minlash-
da milliy harakatlar rejalarini ishlab chigish va amalga
oshirishga yordam bermoqda.

O‘zbekiston 1995-yilda GEFga qo‘shilganidan buyon turli
milliy va mintagaviy grantlar orqali muhim natijalarga erishib
kelmogda. Bu grantlar noyob landshaftlarni asrash, ozon qatlamiga
zarar yetkazuvchi moddalarni bosgichma-bosqich kamaytirish,
kam uglerodli transport tizimlarini rivojlantirish uchun tezkor



avtobus yo‘laklarini joriy etish hamda ekologik muammolarni
hal etish salohiyatini oshirishga xizmat qildi. Jumladan, Markaziy
Osiyo transchegaraviy bioxilma-xillik loyihasi va Orol dengizi
havzasi dasturlari orqali davlatlararo ekologik boshqaruv va iglim
bargarorligi mustahkamlandi. Mamlakatimiz GEF ko‘magida
ozig-ovqat tizimlari, yer resurslari va ekotizimlarni tiklash das-
turlarida ishtirok etmoqda.

Mutaxassislarning ta’kidlashicha, Global ekologik jamg‘ar-
maning VIII Assambleyasi global ekologik magsadlarga erishish
bo‘yicha tezlashtirilgan yo‘l xaritasini belgilaydi. Samarqanddagi
forum dasturi doirasida iglim o‘zgarishi va uning ogibatlariga
bardoshlilikni oshirish, bioxilma-xillikni saglash, yer degradat-
siyasi va cho‘llanishga qgarshi kurash, suv resurslarini boshqarish
hamda atrof-muhit ifloslanishini kamaytirish kabi masalalar
muhokama qilinmoqda. Jamg‘armaning 2026 - 2030-yillarga
mo‘ljallangan yangi moliyaviy dasturiga (GEF-9) alohida e’tibor
qaratilib, tabiat, iglim va ifloslanishga qarshi kurash masalalarini
birlashtiruvchi kompleks yondashuv ishlab chigiladi.

ENG YAXSHI STARTAP
LOYIHALAR TAODIRLANDI

“Eco Expo Cyentral Asia 2026” xalqaro ekologik
ko‘rgazmasining taqdirlash marosimida startap loyihalarning
eng yaxshilari e’tirof etildi. Ko‘rgazma doirasida 37 ta startap
loyiha taqdim gilingandi.

“SAWAB?” startap loyihasi 1-o0‘ringa munosib ko ‘rildi. Ushbu
loyiha mualliflari namanganlik Saidamir Agzamov va Boburbek
Asqarov ozig-ovqat isrofgarchiligini kamaytirishga innovat-
sion yondashgani e’tiborga molik.

Qoraqalpog‘iston Respublikasidan Shahida Karlibayeva
va Miyratdin Ajiniyazovning “ECOPOTS” startap loyihasi
2-o‘rinni egalladi. Loyihada qo‘y juni chigindilarini biologik
parchalanadigan, o‘simliklar ekiladigan idishlarga aylantirish
orqgali ekologik bargaror yechim yaratilgan, bu esa plastik
ifloslanishni kamaytirishga hissa qo‘shadi.

3-0°rin Toshkent shahridan Akbarali Turdiyev va uning
jamoasi tegishli “SMART FOREST” startap loyihasiga nasib
etdi. Loyihada sun’iy intellekt asosidagi innovasion ekologik
monitoring yechimlari ishlab chigilgan bo‘lib, bu o‘rmonlarni
muhofaza qilish, yong‘inlarni erta aniglash hamda aqlli gishlog
x0‘jaligi texnologiyalarini rivojlantirishga qaratilgan.

Shuningdek, Buxoro viloyatidan

Muhriddin Yoqubov va Muinjon

Naimovning “Eco Mikrogreens” startap
'ﬁ loyihasi atrof-muhitga sezilarli ijobiy

'_-l—' >’ ta’sir ko‘rsatgani hamda ekologik
@ e & barqarorlikni ta’minlashga qo‘shgan
422" | munosibhissasi uchun “Atrof-muhitgaeng

Tadbirga katta ta’sir ko‘rsatgan loyiha”, Toshkent

shahridan Oyatulloh Abdujabborovning
“Eco Brick” loyihasi esa innovasion,
texnologiyalarga asoslangan va istigbolli

bag'ishlangan
videorolikni

tomosha . oo . .
. ekologik yechimni taqdim etgani uchun
qilish uchun N i . . o
Eng innovasion ekologik yechim
skanerlang

nominatsiyalari bilan taqdirlandi.

EKOLOGIYA XABARNOMASI = N°2/2026
MINTAQAVIY SHARH YUZASIDAN
SAMARQAND BAYONOTI

3-iyun kuni «Silk Road Samarkand» ko‘rgazma majmua-
sida “Markaziy Osiyo ekologik faoliyati samaradorligining
mintaqaviy sharhi: tematik qamrovni tasdiqlash va amaliy
bosqichni boshlash” mavzusida o‘tkazilgan tadbir BMTning
Yevropa igtisodiy komissiyasi (UNECE), O‘zbekiston Respub-
likasi Ekologiya va iglim o‘zgarishi milliy qo‘mitasi hamda
xalqaro hamkorlar tomonidan tashkil etildi. U ekologiya, iqlim
barqarorligi va tabiiy resurslarni barqaror boshqarish sohalarida
mintagaviy hamkorlikni mustahkamlash uchun muhim muloqot
maydoni bo‘ldi.
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Tadbirda O ‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi — Ekologiya va iglim
o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov ekologik
xavfsizlik va mintaganing barqaror igtisodiy o°sishini ta’'minlash
uchun xalgaro hamkorlikni rivojlantirish, yashil texnologiyalarni
joriy etish va barqaror moliyalashtirish mexanizmlarini
kengaytirish muhimligini ta’kidladi.

Qo‘mita raisi bugungi kunda Markaziy Osiyo o‘zaro
ishonch, ilmiy hamkorlik va barqaror kelajak uchun umumiy
mas’uliyat tamoyillariga asoslangan yangi ekologik hamkorlik
arxitekturasini shakllantirayotganiga e’tiborni garatdi. Uning
fikricha, mintaqa davlatlariga nafaqat siyosiy muloqot,
balki yagona tahliliy baza, ekologik monitoring bo‘yicha
muvofiglashtirilgan yondashuvlar, yashil moliyalashtirishni
rivojlantirish va qo‘shma iglim tashabbuslarini amalga oshirish
ham zarur.

Tadbirda Qozog‘iston ekologiya va tabiiy resurslar vaziri
Yerlan Nisanbayev hamda Tojikiston Hukumati huzuridagi Atrof-
muhitni muhofaza qilish qo‘mitasi raisi Bahodur Sheralizoda
ham ma’ruza qildi.

UNECEning Atrof-muhit va o‘rmon xo‘jaligi bo‘limi
direktori Paola Deda mintagaviy sharhning ekologik boshgaruvni
mustahkamlash, muvofiqlashtirishni takomillashtirish va
Markaziy Osiyo mamlakatlari o‘rtasida natijaga yo‘naltirilgan
hamkorlikni rivojlantirishdagi amaliy ahamiyatiga urg‘u berdi.

Ishtirokchilar Markaziy Osiyo davlatlari iglim o‘zgarishi, suv
resurslari taqchilligi, havo ifloslanishi, yerlarning degradatsiyasi,
bioxilma-xillikning kamayishi hamda aholi salomatligi uchun
xavflarning ortishi kabi umumiy ekologik muammolarga duch
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kelayotganini qayd etib, bu masalalar muvofiglashtirilgan
mintaqaviy yechimlar va hamjihat yondashuvlarni talab qilishini
ta’kidladi.

Tadbirda Markaziy Osiyo ekologik faoliyati samaradorligi
bo‘yicha mintaqaviy sharhning asosiy mavzuviy yo‘nalishlari:
iglim, havo sifati va jamoat salomatligi, gishloq xo‘jaligi,
ekotizimlar va energetika barqarorligini ta’minlash uchun suv
resurslaridan ogilona foydalanish, bioxilma-xillik va ekotizimlar,
chigindilar va kimyoviy moddalarga oid ma'lumotlar ham
taqdim etildi.

Shuningdek, «yashil» moliyalashtirish, ekologik monitoring,
standartlarni uyg ‘unlashtirish, ekologik axborotdan foydalanish
imkoniyatlarini kengaytirish, tabiiy ofatlar xavfini kamaytirish
va institusional hamkorlikni mustahkamlash kabi sohalararo
masalalarga alohida e’tibor qaratildi.

UNECE vakili Angela Sochirka mintaqaviy sharhni amalga
oshirishning keyingi bosqichlarini taqdim etdi. Unga ko‘ra,
loyiha 2026-2028-yillarda amalga oshirilib, tahliliy ishlar, milliy
maslahatlashuvlar va mintaqaviy muloqot jarayonlarini gamrab
oladi. Yakuniy tavsiyalar 2028-yilda bo‘lib o‘tadigan “Yevropa
uchun atrof-muhit” o‘ninchi vazirlar konferensiyasida taqdim
etilishi rejalashtirilgan.

Tadbir yakunida Markaziy Osiyo ekologik faoliyati
samaradorligi bo‘yicha mintaqaviy sharh yuzasidan Samarqand
bayonotini imzolash marosimi bo‘lib o‘tdi. Mazkur hujjat
mintaqa davlatlarining qo‘shma ekologik harakatlar va
mintaqaviy tashabbuslarni amaliy jihatdan ro‘yobga chiqgarishga
sodiqligini tasdigladi.

FUQAROLIK JAMIYATI
TASHKILOTLARI FORUMI

Global ekologik fond (GEF)ning 8-Assambleyasi doirasida
ekologik NNTlar, xalqaro tashkilotlar, yoshlar va ayollar
birlashmalari, mahalliy hamda tub aholi vakillari, shuningdek,
davlat tuzilmalari va rivojlanish hamkorlarini birlashtirgan
Fugarolik jamiyati tashkilotlari forumi bo‘lib o‘tdi.

Forumda O°‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi — Ekologiya va iqlim
o‘zgarishi milliy qo ‘mitasi raisi Aziz Abduhakimov O ‘zbekiston
uchun Fuqarolik jamiyati forumi shunchaki qo‘shimcha tadbir
emas, balki global ekologik jarayonning muhim qismi ekanini
ta’kidladi.

Zamonaviy ekologik muammolar — iqlim o‘zgarishi,
yerlarning degradatsiyasi, suv resurslari tangisligi, bioxilma-
xillikning yo‘qolishi, atrof-muhit ifloslanishi va chang-to‘zon
bo‘ronlari — bevosita aholi salomatligi, ozig-ovqat xavfsizligi,
bandlik va hududlarning bargarorligiga ta’sir ko ‘rsatmoqda.

Tadbirda fuqarolik jamiyatining mahalliy ekologik
muammolarni aniqlash, ekologik xabardorlikni oshirish va
joylarda amaliy yechimlarni amalga oshirishdagi muhim roli
alohida qayd etildi. O‘zbekiston fuqarolik jamiyati institutlari
bilan hamkorlikni izchil mustahkamlab, aholining ekologik
axborotdan foydalanish imkoniyatlarini kengaytirib bormoqda.

2025-yil mart oyida O‘zbekistonning atrof-muhitga oid
axborotdan foydalanish, qarorlar qabul qilish jarayonida
jamoatchilik ishtiroki va ekologik masalalarda adolatga erishish
bo‘yicha Orxus konvensiyasiga qo‘shilgan. Ushbu qadam
ekologik boshgaruvda ochiqlik, shaffoflik va jamoatchilik
ishtirokining huquqiy asoslarini mustahkamlaydi.

GO

Aziz Abduhakimov Markaziy Osiyo mamlakatlari bu-
gungi kunda nodavlat tashkilotlarning faol ishtirokida
yangi mintaqgaviy ekologik hamkorlik platformalari-

ni shakllantirayotganini ta’kidladi. Shu bilan birga,
mintagadagi ekologik NNTlar institusional salohiyatni
yanada kuchaytirish, ma’lumotlarga kirish imkoniyati-
ni kengaytirish, moliyalashtirish va garor qabul gilish
mexanizmlarida ishtirok etish bo'yicha go'shimcha
qo'llab-quvvatlashga muhtoj ekani qayd etildi.

Shu munosabat bilan O‘zbekiston GEF-9 yangi moliyalash-
tirish davri doirasida fuqgarolik jamiyati rolini kuchaytirish
tarafdori ekanini bildirib, quyidagi yo‘nalishlarni taklif etdi:
salohiyatni oshirish dasturlari, bevosita moliyalashtirish
mexanizmlari, kichik grantlar, yoshlar va ayollar tashkilotlarini
qo‘llab-quvvatlash hamda tajriba almashish bo‘yicha mintaqaviy
platformalar yaratish.

Amaliy tashabbuslar sifatida quyidagilar ilgari surildi:

- ekologik tadgiqotlar va monitoringda NNTIlar ishtirokini
kengaytirish;

- jamoatchilik ekologik monitoringi platformalarini
rivojlantirish;

- ekotizimlarni tiklash, o‘rmonlashtirish, chigindilarni
boshqarish va suvni tejash sohalaridagi mahalliy tashabbuslarni
qo‘llab-quvvatlash;

- Markaziy Osiyo ekologik NNTlarining mintaqaviy
tarmog‘ini yaratish;

- fuqarolik jamiyati, xususiy sektor va xalqaro tashkilotlar
o‘rtasidagi hamkorlikni mustahkamlash.

O‘zbekistonda fuqarolik jamiyati allagachon iqlim
o‘zgarishiga qarshi kurash, bioxilma-xillikni saglash, yer degra-
datsiyasiga qarshi choralar ko‘rish va ekologik madaniyatni
rivojlantirishda muhim rol o‘ynayotgani ta’kidlandi. Forum
GEF-9 yangi moliyalashtirish davri uchun fuqarolik jamiyati
taklif va tashabbuslarini ishlab chigish, shuningdek, bargaror
rivojlanish va atrof-muhitni muhofaza qilish sohasida xalgaro
tashkilotlar, davlat tuzilmalari va jamoat birlashmalari o‘rtasidagi
hamkorlikni kuchaytirish uchun muhim maydon bo‘ldi.



MARKAZIY OSIYONING
«YASHIL» INVESTISIYALARI
VA IQLIM INNOVATSIYALARI
MUHOKAMASI

“Yashil» investisiyalar va innovatsiyalar” mavzusidagi yalpi
sessiya barqaror moliyalashtirish, ekologik texnologiyalar va
«yashil» igtisodiyot sohasida xalgaro hamkorlikni rivojlantirish
masalalariga bag‘ishlandi. Tadbir ekologik investisiyalarni jalb
etishning zamonaviy yondashuvlari, innovasion yechimlarni
joriy etish hamda iglim o‘zgarishi bilan bog‘liq tahdidlar va
ekologik xavflar kuchayib borayotgan sharoitda Markaziy Osiyo
mamlakatlarida bargaror rivojlanishni ilgari surish masalalarini
muhokama qilish maydoniga aylandi.

O‘zbekiston Respublikasi Prezidentining ekologiya masalalari
bo‘yicha maslahatchisi — Ekologiya va iglim o°zgarishi milliy
qo‘mitasi raisi Aziz Abduhakimov so‘zga chiqib, mintaganing
ekologik xavfsizligi va barqaror igtisodiy o‘sishini ta’minlash
uchun xalqaro hamkorlikni rivojlantirish, yashil texnologiyalarni
joriy etish va barqaror moliyalashtirish mexanizmlarini
kengaytirish muhimligini ta’kidladi.

G6

— O'zbekiston uchun «yashil» transformatsiya endi
faqat xalgaro iqlim kun tartibining bir qismi emas,
balki davlat taraqqiyot strategiyasining muhim
elementi hisoblanadi. Bugungi kunda mamlakat iglim
majburiyatlarini shakllantirish bosqichidan ularni
amaliyotga tatbiq etish bosgichiga izchil o'tmoqda.
Biz investisiyalar, innovatsiyalar va texnologiyalar
integratsiyasi iglim bilan bog'liq tahdidlarni bargaror
iqtisodiy o'sish uchun yangi imkoniyatlarga aylanti-
rishiga ishonamiz, — dedi A. Abduhakimov.

Yalpi muhokamada Qozog‘iston Respublikasi ekologiya va
tabiiy resurslar vaziri Yerlan Nisanbayev, Tojikiston Respublikasi
Hukumati huzuridagi Atrof-muhitni muhofaza gilish qo‘mitasi
raisi Bahodur Sheralizoda, Serbiya Respublikasi atrof-muhitni
muhofaza qilish vaziri Sara Pavkov hamda «Vision Invest»
kompaniyasi prezidenti va bosh ijrochi direktori Omar Al-Midani
ishtirok etdi.

Sessiya davomida «yashil» investisiyalar va barqaror
moliyalashtirishni rivojlantirish, biznes va sanoatda ESG
tamoyillarini joriy etish, qayta tiklanuvchi energetika va ekologik
toza transportni rivojlantirish, iglim innovatsiyalari sohasida
xalqaro hamkorlikni kengaytirish istigbollari muhokama qilindi.

Shuningdek, aylanma iqtisodiyot (circular economy), «clean-
tech» yechimlarini joriy etish, chigindilarni qayta ishlash,
suv tejovchi texnologiyalar va barqaror gishloq xo‘jaligini
rivojlantirish masalalariga alohida e’tibor garatildi.

Ishtirokchilar ekologik loyihalarni amalga oshirish, iglimga
bardoshlilikni kuchaytirish hamda innovasion yechimlarni
Markaziy Osiyo mamlakatlarida keng joriy etish uchun xalgaro
moliyaviy resurslarni jalb gilish mexanizmlarini ham ko ‘rib
chiqdi.

Muhokamalar davomida «yashil» texnologiyalarni
rivojlantirish, ekologik mas’uliyatli biznesni qo‘llab-quvvatlash
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va mintaqaviy hamkorlikni mustahkamlash bargaror rivojlanish
hamda iglim o°zgarishi ogibatlariga samarali javob gaytarishning
asosiy shartlaridan biri ekani qayd etildi.

Bundan tashqari, degradatsiyaga uchragan landshaftlarni
tiklash, cho‘llanishga qarshi kurashish, suv va iqlimga
bardoshlilikni oshirish, shuningdek, investisiyalarni jalb
etish va qo‘shma ekologik tashabbuslarni ilgari surish uchun
B2B (biznesdan biznesga) va B2G (biznesdan davlatga)
platformalarini rivojlantirish masalalari ham muhokama
markazida bo‘ldi.

Yuqori darajadagi yalpi sessiya xalgaro muloqotni
mustahkamlash, mintaganing investisiyaviy salohiyatini
namoyish etish hamda yashil iqtisodiyot va barqaror rivojlanish
sohalaridagi innovasion yechimlarni ilgari surish uchun muhim
maydon bo‘lib xizmat qildi.

KO‘ZGAZMA YAKUNI VA
HAMKORLIKNING YANGI
ISTIQBOLLARI

Samargand shahrida “Eco Expo Cyentral Asia 2026 ekologik
ko‘rgazmasi 0°z ishini yakunladi. Ushbu tadbir O‘zbekistonda
ekologik bargarorlikni mustahkamlash, ilg‘or va innovasion
“yashil texnologiyalar”ni joriy etish, shuningdek, ekologik
loyihalarni amalga oshirish uchun “yashil” moliyalashtirish
va investisiyalarni jalb etishga qaratilgan samarali xalgaro
platformani yaratish yo‘lidagi muhim tashabbus bo‘ldi.

Tadbirda 10 mingga yaqin xorijiy va mahalliy ishtirokchilar
qatnashdi. Ular orasida xalqaro tashkilotlar rahbarlari va
vakillari, diplomatik korpus a’zolari, shuningdek, yirik xalgaro
va mahalliy kompaniyalar vakillari bor. Mazkur xalgaro
ko‘rgazmaning Samarqandda o‘tkazilishi O‘zbekiston uchun
ekologik barqarorlik, “yashil” iqtisodiyot va iglim kun tartibi
yo‘nalishlarida global hamkorlikni kengaytirish bo‘yicha noyob
imkoniyatlar yaratdi.

Ko‘rgazma doirasida O‘zbekiston va Markaziy Osiyo
davlatlarining eko-innovatorlari tomonidan ishlab chigilgan
startap loyihalar namoyish etildi. Shuningdek, xalqaro
investorlar va moliyaviy institutlar bilan alogalar o‘rnatish
hamda ushbu tashabbuslarni keyinchalik moliyalashtirish uchun
keng imkoniyatlar yaratildi. Ushbu imkoniyatlardan samarali
foydalanish magsadida tadbirni yuqori saviyada tashkil etish
bo‘yicha qator strategik vazifalar amalga oshirildi.

Ko‘rgazmada ekologik mahsulotlar va xizmatlarga
bag‘ishlangan 116 ta pavillonn tashkil etildi. Unda nufuzli
xalqaro tashkilot va kompaniyalar, shuningdek, yirik mahalliy
korxonalar o‘z pavilonlari bilan ishtirok etdi. Bundan tashqari,
eko-innovatorlarning yangi innovasion startap loyihalarini
namoyish etish uchun qo‘shimcha ravishda 37 ta stend faoliyat
yuritdi.

Mamlakatning barcha hududlari iglim o‘zgarishiga moslashish
va ekologik barqarorlikni ta’minlashga qaratilgan, o‘z
hududlarining salohiyatini aks ettiruvchi loyiha paketlarini
taqdim etdi. Ushbu tashabbuslar donorlar va investorlar e’tiboriga
havola qilindi.
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Ko‘rgazma davomida xalqaro tashkilotlar va kompaniyalar
bilan “yashil” energetika, iqlim o‘zgarishiga moslashish, suv
resurslarini boshqarish, chigindilarni gayta ishlash va boshqga
ekologik yo‘nalishlarda amaliy hamkorlikni kengaytirishga
qaratilgan 300 ga yaqin bitim va kelishuvlar imzolandi.
Xalqaro ko‘rgazma doirasida 50 dan ortiq sayd-iventar, mulogot
maydonchalari va tematik tadbirlar tashkil etildi.

Umuman olganda, mazkur tadbirni tashkil etishdagi kompleks
va strategik yondashuv O°‘zbekiston uchun iglim va ekologiya
sohalariga yirik investisiyalarni jalb etish, ilg‘or xalqaro tajribani
joriy etish hamda mintaqaviy va xalgaro hamkorlikni yangi
bosqichga olib chigish imkoniyatlarini yaratmoqda.

CAWLN MINTAQAVIY DASTURIGA
START BERILDI

Global ekologik fond (GEF) VIII Assambleyasi doirasida
“Markaziy Osiyo va undan tashqarida yer va suv resurslari
sohasida hamkorlikni shakllantirish” mavzusidagi davra suhbati
suv va yer resurslarini barqaror boshgarish sohasida mintaqaviy
hamkorlikni mustahkamlashga bag‘ishlandi.

Tadbirda O ‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi - Ekologiya va iqlim
o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov, Qozog ‘iston
Respublikasi Ekologiya va tabiiy resurslar vaziri Yerlan
Nisanbayev, Tojikiston Respublikasi Hukumati huzuridagi Atrof-
mubhitni muhofaza gilish qo‘mitasi raisi Bahodur Sheralizoda,
Shveysariyaning Federal atrof-muhitni muhofaza qilish idorasi
direktori Katrin Shneyeberger, Ozig-ovqat va gishloq xo‘jaligi
tashkiloti (FAO) bosh direktorining birinchi o ‘rinbosari Godfrey
Maguyenzi Global ekologik fond (GEF) bosh direktori va
strategiya hamda operatsiyalar bo‘yicha direktori Klod Gaskon
ishtirok etdi.

degradatsiyaga uchragan ekotizimlarni tiklash hamda Markaziy
Osiyoda suv xavfsizligini mustahkamlash masalalarini
muhokama gildilar.

Tadbirda Aziz Abduhakimov O ‘zbekiston tabiatga asoslangan
yechimlarni uzoq muddatli suv xavfsizligi, iqlim bargarorligi va
mintaganing barqaror rivojlanishining asosi sifatida ko ‘rishini
ta’kidladi. Qayd etilishicha, O‘zbekiston suv resurslarining
qariyb 80 foizi mamlakat tashqarisida shakllanadi, yerlarning
degradatsiyasi, cho‘llanish va daryolar oqimining o‘zgarishi
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esa ozig-ovgat xavfsizligi hamda aholi farovonligiga bevosita
ta’sir ko ‘rsatadi.

Amudaryo bo‘ylab joylashgan to‘qay o‘rmonlari va suv-
botqoq ekotizimlarini tiklash, Orol dengizining qurigan tubini
o‘rmonlashtirish, degradatsiyaga uchragan yaylovlarni gayta
tiklash hamda suvni tejovchi texnologiyalarni keng joriy etish
masalalariga alohida e’tibor garatildi.
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Aziz Abduhakimov suv, yer, ekotizimlar va iglim
o'rtasidagi o'zaro bog'liglikni hisobga olgan holda
Amudaryo va Sirdaryo havzalarini kompleks boshqa-
rishga o'tish zarurligini ta'kidladi. Shuningdek, min-
tagaviy darajada go'shma monitoringni kuchaytirish,
ma'lumotlar almashinuvi va ilmiy asoslangan
qarorlar qabul gilish muhimligi qayd etildi.

Yerlarning degradatsiyasi va cho‘llanishga qarshi kurash
doirasida O‘zbekistonning sho‘r va qurg‘oqchilikka chidamli
o‘simliklardan foydalangan holda galofit bog‘larini yaratish
tashabbusi taqdim etildi. Ushbu loyiha, avvalo, Orolbo‘yi
hududida ekotizimlarni tiklash va iglimga chidamlilikni
oshirishga qaratilgan.

Shuningdek, yaqinda tasdiglangan va Global ekologik fond
tomonidan moliyalashtirilayotgan “Markaziy Osiyoda suv va
yerning o ‘zaro bog‘ligligi” (CAWLN) dasturini amalga oshirish
masalalariga ham alohida e’tibor berildi. Dastur ekotizimlarni
tiklash, suv xavfsizligini mustahkamlash va tabiiy resurslarni
integratsiyalashgan hamda ilmiy asoslangan yondashuvlar
asosida barqaror boshqarishni rivojlantirishga qaratilgan.

XALQARO ANJUMAN YAKUNLARI
SARHISOBI

Joriy yilning 30-mayidan 6-iyunigacha Samarqgand
zamonamizning eng muhim ekologik muammolarini muhokama
qilish uchun global maydonga aylandi. Bu yerda Global ekologik
fond (GEF)ning VIII Assambleyasi va GEF Kengashining
71-yig‘ilishi bo‘lib o‘tdi. Assambleya tarixda ilk bor Markaziy
Osiyoda tashkil etilib, 186 mamlakat vakillari, xalqaro
tashkilotlar, moliyaviy institutlar, ilmiy doiralar, biznes, fugarolik
jamiyati, yoshlar va mahalliy xalglar vakillarini birlashtirdi.

Forumning O°‘zbekistonda o‘tkazilishi mamlakat va butun
Markaziy Osiyo mintagasining global ekologik hamda iqlim
kun tartibini ilgari surishdagi roli tobora ortib borayotganining
e’tirofi bo‘ldi. Assambleya kun tartibida O‘zbekiston
Respublikasi Prezidenti Shavkat Mirziyoyevning forumning
ochilish marosimida ilgari surgan tashabbuslari alohida o‘rin
egalladi. Xususan, davlatimiz rahbari Samarqandga “Markaziy
Osiyoning yashil investisiyalar va innovatsiyalar poytaxti”
magomini berish tashabbusi bilan chiqdi. Ushbu platforma yashil
moliyalashtirishni jalb etish, ekologik texnologiyalarni targ‘ib
qilish, ilmiy hamkorlikni rivojlantirish va barqaror rivojlanish
sohasidagi ilg‘or yechimlarni joriy etishga xizmat giladi.
Tashabbus Samarqandning mintagadagi ekologik diplomatiya va
yashil transformatsiyaning muhim markazlaridan biri sifatidagi
mavgeini yanada mustahkamlashga qaratilgan.



Yana bir muhim bayonot O‘zbekistonning Global ekologik
fond donor mamlakatiga aylanishi haqgidagi qaror bo‘ldi.
Xalgaro hamjamiyat bu gadamni mamlakatning nafaqat xalgaro
qo ‘llab-quvvatlash mexanizmlaridan foydalanishga, balki global
ekologik muammolarni hal etishga o°z hissasini qo‘shishga
tayyor ekanining dalili sifatida qabul qildi.

Tadbir yakunlarini sarhisob qgilar ekan, GEF VIII Assambleyasi
raisi, O‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi Ekologiya va iglim o‘zga-
rishi milliy qo‘mitasi raisi Aziz Abduhakimov Assambleya
global ekologik kun tartibini ilgari surish, xalgaro hamkorlikni
mustahkamlash va davlatlar hamda tashkilotlar o‘rtasida
ishonchni kuchaytirishga xizmat gilganini ta’kidladi.
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— Qadimiy Samarqgandda o'tgan kunlar davomida biz
global ekologik kun tartibini ilgari surishga, hamkor-
lik va o'zaro ishonchni mustahkamlashga muvaffaq
bo'ldik. Assambleya doirasida to'qqizta yuqori dara-
jadagi davra suhbati, ellikdan ortiq qo'shimcha tad-
birlar, o'nlab ikki tomonlama uchrashuvlar va ekspert
muhokamalari o'tkazildi. GEF Kengashi GEF-9 dasturiy
yo'nalishlari, yangilangan STAR tizimi, GEF ish dasturi
va yangi moliyaviy sikldagi integratsiyalashgan das-
turlarni amalga oshirish mexanizmlari bo'yicha muhim
qarorlarni qabul qildi, — dedi A.Abduhakimov.

GEF-8 mablag‘larining deyarli to‘liq o‘zlashtirilgani va
yangi dasturiy garorlarning tasdiglanishi “Tabiat - Iglim -
Ifloslanish” integratsiyalashgan yondashuviga asoslangan
GEF-9 dasturini ishga tushirish uchun mustahkam poydevor
yaratadi. Shuningdek, mahalliy hamjamiyatlar va tub aholi
vakillarini qo‘llab-quvvatlash hamda ularning ishtirokini
kengaytirish zarurligi alohida qayd etildi. Shu magsadda
GEF-9 mablag‘larining kamida 20 foizini tub xalqglar va
mahalliy hamjamiyatlarga yo‘naltirish rejalashtirilmoqda.

Assambleya doirasida umumiy giymati 80 million dollardan
ortiq bo‘lgan milliy va mintaqaviy ekologik loyihalarni amalga
oshirish bo‘yicha kelishuvlarga erishildi. Bundan tashqari,
Markaziy Osiyo mamlakatlari yirik yirtgich mushuksimon
hayvonlar va ularning ekotizimlarini muhofaza qilish bo‘yicha
mintaqaviy dastur ishlab chigish hamda uni GEF-9 doirasida
ilgari surish hagida kelishib oldilar.

Forumning muhim natijalaridan biri sifatida Markaziy
Osiyoda suv va yer resurslarini bargaror boshqarishga garatilgan
“Cyentral Asia Water and Land Nexus” (CAWLN) mintagaviy
dasturiga rasman start berildi. Dastur g‘oyasi ilk bor GEFning
Vankuverdagi avvalgi Assambleyasida ilgari surilgan edi.
Samarqgandda esa u samarali xalqaro hamkorlik va izchil
davomiylikning amaliy namunasi sifatida hayotga tatbiq etildi.

Forum yakunlarini sarhisob gilar ekan, GEFning bosh direktori
hamda strategiya va operatsiyalar bo‘yicha direktori Klod
Gaskon Assambleyaning eng katta yutug‘i xalgaro hamkorlikni
mustahkamlash va global ekologik muammolarga birgalikda
yechim topish bo‘lganini ta’kidladi. Uning so‘zlariga ko‘ra,
aynan davlatlar, xalqaro tashkilotlar, biznes va fugarolik jamiyati
sa’y-harakatlarini birlashtirish keng ko ‘lamli o‘zgarishlar hamda
barqaror kelajak uchun zarur sharoitlarni yaratadi.
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Assambleya muhokamalarining markazida ekologik
moliyalashtirishni safarbar etish, xususiy sektor ishtirokini
kengaytirish, innovasion moliyaviy vositalarni joriy etish
va tabiatni muhofaza qilishga yo‘naltirilgan investisiyalar
samaradorligini oshirish masalalari turdi.

Shuningdek, yaqin yillarda global ekologik siyosatning
ustuvor yo‘nalishlarini belgilab beradigan yangi moliyaviy
davr — GEF-9 dasturiga tayyorgarlik masalalariga alohida
e’tibor garatildi.

Ishtirokchilar ekologik magsadlarga erishish tizimli islohotlar
va davlatlar, xalqaro tashkilotlar, biznes hamda jamiyat
o‘rtasidagi yaqin hamkorliksiz mumkin emasligini ta’kidladilar.

GEFning Ilmiy-texnik maslahat guruhi raisi Rozina Birbaum
jahon igtisodiyotining yarmidan ko ‘pi bevosita tabiiy kapitalga
bog‘ligligini, biroq tabiiy ekotizimlarga yo‘naltirilayotgan
investisiyalar hanuz yetarli emasligini qayd etdi. Xalgaro
moliya institutlari va xususiy sektor vakillari global kapitalni
ekologik loyihalarga faolroq jalb etishga hamda atrof-mubhit
degradatsiyasini igtisodiy bargarorlikka ta’sir qiluvchi asosiy
omillardan biri sifatida ko‘rib chigishga chagirdilar.

Assambleya doirasida fuqarolik jamiyati, yoshlar, ayollar, tub
xalglar va mahalliy hamjamiyatlarning roliga ham katta e’tibor
qaratildi. Ishtirokchilar ekologik siyosatni samarali amalga
oshirish keng jamoatchilik ishtirokisiz mumkin emasligini bir
necha bor ta’kidladi. Shu munosabat bilan “Butun jamiyat
yondashuvi” (Whole-of-Sociyety Approach) tamoyili GEF-9
dasturining asosiy elementlaridan biri sifatida e tirof etildi.

Assambleya bilan bir vaqtda Samarqandda “Eco Expo
Cyentral Asia 2026” xalgaro ko‘rgazmasi ham bo‘lib o‘tdi.
Tadbir dunyoning 150 dan ortiqg mamlakatidan qariyb 10 ming
ishtirokchini birlashtirdi. Ko‘rgazmada 120 dan ortiq pavilyon,
ekologik startaplar, innovasion texnologiyalar hamda barqaror
rivojlanish va yashil igtisodiyot sohasidagi investisiyaviy
loyihalar namoyish etildi.

Ko‘rgazma yakunlariga ko‘ra, umumiy qiymati qariyb
520 million dollar bo‘lgan 300 ga yaqin yashil loyiha va
tashabbuslarni amalga oshirish bo‘yicha kelishuvlarga
erishildi. Shu munosabat bilan Aziz Abduhakimov xalgaro
hamkorlarni 2027-yilda Toshkent xalgaro investisiya forumi
doirasida o‘tkaziladigan va barqaror rivojlanish hamda yashil
investisiyalarga bag‘ishlanadigan “Eco Expo Cyentral Asia
2027” ko‘rgazmasida ishtirok etishga taklif qildi.

Xalgaro media-monitoringning dastlabki ma’lumotlariga
ko‘ra, GEFning VIII Assambleyasi dunyoning 70 dan ortiq
mamlakatidagi ommaviy axborot vositalarida 15 tilda qariyb
500 marta tilga olingan. Bu esa forumga bo ‘lgan yuqori xalqaro
giziqish va O‘zbekistonning ekologik diplomatiyadagi roli tobora
ortib borayotganidan dalolat beradi.

Samargandda bo‘lib o‘tgan GEFning VIII Assambleyasi
nafaqat yilning eng yirik xalqaro ekologik maydoniga
aylandi, balki 2030-yilgacha bo‘lgan global bargaror
rivojlanish maqgsadlariga erishish yo‘lidagi hal qiluvchi
davrga tayyorgarlikning muhim bosqichi ham bo‘ldi. Qabul
qilingan qarorlar, ishga tushirilgan dasturlar va shakllantirilgan
hamkorliklar yaqin yillarda xalgaro ekologik hamkorlikning
asosiy yo ‘nalishlarini belgilab beradi hamda yanada bargaror va
ekologik xavfsiz kelajakka o‘tishga xizmat giladi.
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U‘ZBEKISTUN PREZIDENTI MARKAZIY USIYUI]A I[lLIM VA EKULUGIYAMUAMMULARINI
HAL QILISH BO‘YICHA YANGI TASHABBUSLARNI ILGARI SURDI

O‘zbekiston Respublikasi Prezidenti Shavkat Mirziyoyev 22-aprel kuni Ostona shahrida bo‘lib o‘tgan
Mintaqaviy ekologik sammitning ochilish marosimida ishtirok etdi.

Tadbirda Qozog‘iston Prezidenti Qasim-Jomart Togayev,
Qirg ‘iziston Prezidenti Sadir Japarov, Tojikiston Prezidenti Emo-
mali Rahmon, Turkmaniston Prezidenti Serdar Berdimuhame-
dov, Mo‘g‘uliston Prezidenti Uxnaagiyn Xurelsux, Armaniston
Prezidenti Vaagn Xachaturyan, Gruziya Prezidenti Mixail Ka-
velashvili va Ozarbayjon Bosh vaziri Ali Asadov hamda xalqaro
va mintaqaviy tashkilotlar rahbarlari ham gatnashdi.

Davlatimiz rahbari o‘z nutqida Qozog‘iston Respublikasi
Prezidenti Qasim-Jomart Toqayevni sammitning muvaffaqiyatli
tashkil etilgani bilan samimiy tabriklab, uning ekologik xavf-
xatarlarning o‘zaro bog‘ligligi va ularni birgalikda hal qilish
zarurligini o‘zida mujassam etgan “Barqaror kelajak uchun
umumiy nigoh” degan bosh g‘oyasini to ‘liq qo‘llab-quvvatlashini
bildirdi.

Prezidentimiz mazkur uchrashuv o‘tgan yili Samargand iqlim
forumida boshlangan muloqotning mantiqiy davomi ekanini
ta’kidlab, Markaziy Osiyo davlatlarining ekologik diplomatiyasi
tizimli va izchil tus olib, sifat jihatidan yangi bosqichga
ko ‘tarilayotganidan mamnunligini ta’kidladi.

O‘zbekiston yetakchisi qayd etganidek, bugungi kunda
ekologik muammolarni global igqlim o‘zgarishlaridan ayri holda
ko‘rib chigib bo‘Imaydi.
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- Global isish suratlarining tezlashishi davom
etmoqda, Markaziy Osiyo mintagasida esa harorat
ikki barobar tezroq ko'tarilmogda. Mintaga
muzliklarining gariyb uchdan bir gismi yo‘goldi,
yog ‘ingarchilik tartibining beqgarorligi kuzatilmoqda,
suv resurslari tangisligi ortib bormogda. Yer
maydonlarining 80 million gektari allagachon
degradatsiyaga uchradi, - dedi davlatimiz rahbari.

Global ekologik birdamlik zaiflashayotganidan chuqur
xavotir bildirildi. Rivojlanayotgan mamlakatlar iglim o°zgarishi
bilan bog‘liq moliyalashtirish, ilg‘or texnologiyalar va
innovatsiyalardan o‘z vaqtida va adolatli foydalanish imkoniyati
bilan ta’minlanishi muhimligi ta’kidlandi.

Markaziy Osiyo davlatlari atrof-muhitni muhofaza qilish
masalalarini mintaqaviy hamkorlikning eng muhim ustuvor
yo ‘nalishi darajasiga ko ‘tarishga muvaffaq bo‘lgani mamnuniyat
bilan gayd etildi.



Buni “yashil” kun tartibini ilgari
surish, iglim o‘zgarishiga moslashish
va atrof-muhitni muhofaza qilish
bo‘yicha bir qator muhim, strate-
gik ahamiyatga ega mintaqaviy
dasturlarning gabul gilingani ham
tasdiglamoqda.

Davlatimiz rahbari O ‘zbekistonda
ekologik barqarorlikni ta’minlash
bo‘yicha ko ‘rilayotgan tizimli chora-
tadbirlarga alohida to‘xtalib o‘tdi.

- “Yashil makon” loyihasi doirasida gariyb
1 milliard tup daraxt va buta ekildi. Orol dengizining
qurigan tubida 2 million gektardan ortiq maydonda
o‘rmonzorlar barpo etilib, yangi “yashil belbog*lar
yaratilmogda. Bizning tashabbusimiz hilan BMT Bosh
Assambleyasining “0‘rmonlashtirish va o‘rmonlarni
tiklash bo'yicha harakatlar o'n yilligi” rezolyutsiyasi
qabul gilindi, - dedi 0‘zbekiston yetakchisi.

Bundan tashgari, suvni tejash borasidagi keng ko‘lamli sa’y-
harakatlar natijasida yiliga 10 milliard kub metr suv iqtisod
qilinmogda. Mamlakatimizning generatsiya quvvatlarida
“yashil” energetika ulushi allagachon 30 foizga yetdi,
2030-yilning oxiriga borib esa 50 foizdan oshadi.

Parij bitimi bo ‘yicha zararli chigindilarni 35 foizga kamaytirish
majburiyati muddatidan oldin bajarilib, 2035-yilgacha ularni ikki
barobar gisqartirish bo‘yicha yangi marra belgilandi.

Chigindilardan energiya ishlab chigarish bo‘yicha loyihalar
faol amalga oshirilmoqda. Joriy yilda chigindilarni yoqish
bo‘yicha ikkita yangi zavod ishga tushiriladi, yana 9 tasi esa
kelgusi ikki yil davomida faoliyatini boshlaydi. Ularning ishga
tushirilishi har yili 5,5 million tonna chiqindini utilizatsiya qilish,
2,2 milliard kilovatt-soat elektr energiyasi ishlab chiqarish,
shuningdek, chigindilar hajmini 1 million tonnadan ortiqqa
qgisqartirish imkonini beradi.

Davlatimiz rahbari o‘z nutgida Markaziy Osiyodagi iglim
va ekologiya muammolarini hal gilish bo‘yicha bir qator aniq
tashabbuslarni ilgari surdi.

Atmosfera havosining sifati yomonlashayotgan sharoitda
“Markaziy Osiyoning toza havosi” davlatlararo konsorsiumini
ta’sis etish taklifi bildirildi. Konsorsium sanoatni modernizatsiya
qilib, havoga chiqarilayotgan zararli moddalar uchun tozalash
tizimlarini joriy etadigan “yashil” moliyalashtirishning qo‘shma
operatoriga aylanishi mumkin.

Prezidentimiz Toshkentdagi Yashil universitet huzurida
faoliyat yuritayotgan Cho‘llanishga qarshi kurashish,
qurg ‘oqchilikning oldini olish hamda qum va chang bo‘ronlari
hagida barvaqt ogohlantirish markaziga mintagaviy magom
berish muhimligini ta’kidladi. Markaz bazasida ilmiy salohiyatni
birlashtirish yerlarning degradatsiyasi hamda tuz va changli
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bo‘ronlarni monitoring gilish bo‘yicha kuchli tizimni yaratish
imkonini berishi ta’kidlandi.

Texnologik o‘tish jarayonlarini tezlashtirish uchun imtiyozli
bojxona tartiblari va ekomahsulotlar uchun sertifikatlarni o‘zaro
tan olishni nazarda tutuvchi “Markaziy Osiyo yashil savdo
yo‘lagi”ni shakllantirish tashabbusi ilgari surildi.

Markaziy Osiyo iglim loyihalarining yagona investitsiya
portfelini yaratish dolzarb masala ekanligi qayd etildi. Bu
mintagani rivojlantirish bo‘yicha yaxlit strategiya bilan harakat
gilish imkonini yaratib, sheriklarda uni amalga oshirishga bo‘lgan
qizigishni kuchaytiradi.

Markaziy Osiyo atrof-muhitidagi o‘zgarishlarning yagona
mintagaviy atlasi yaratilishi mintagadagi cho‘llanish, tuproq
degradatsiyasi jarayonlari va suv resurslari holati dinamikasini
yaqqol ifoda etadigan fundamental ilmiy-tahliliy bazaga aylanishi
mumkKin.

Biologik xilma-xillikni saglash uchun “Markaziy Osiyo
Qizil kitobi”ni ishlab chigish, bu jarayonda Xalqaro tabiatni
muhofaza qilish ittifogining Toshkentdagi mintagaviy ofisini
muvofiglashtiruvchi sifatida belgilash taklif gilindi.

Yoshlar orasida iglim kun tartibi va ekologik madaniyatni
ilgari surish uchun 2027-yilda O ‘zbekistonda Butunjahon yoshlar
iglim forumini o‘tkazishga tayyorlik bildirildi.

Davlatimiz rahbari so‘zining yakunida tadbir ishtirokchilarini
shu yil Samargandda bo‘lib o‘tadigan Global ekologik fondning
sakkizinchi assambleyasi va Suvni tejash bo‘yicha butunjahon
forumida ishtirok etishga taklif etdi.
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0°ZBEKISTON PREZIDENTI

OROLNI QUTQARISH XALQARO
JAMG'ARMASIGA RAISLIKNING

USTUVOR YO'NALISHLARINI
BELGILAB BERDI

O‘zbekiston Respublikasi Prezidenti Shavkat Mirziyoyev
22-aprel kuni Orolni qutqarish xalgaro jamg‘armasi (OQX]J)
ta’sischi davlatlari rahbarlari kengashining navbatdagi
yig‘ilishida ishtirok etdi.

Qozog‘iston Prezidenti Qasim-Jomart Togayev raisligida
o‘tgan tadbirda Qirg ‘iziston Prezidenti Sadir Japarov, Tojikiston
Prezidenti Emomali Rahmon, Turkmaniston Prezidenti Serdar
Berdimuhamedov va OQX]Jning Ijroiya qo‘mitasi raisi Asxat
Orazbay ham gatnashdi.

Kun tartibiga muvofiq, Qozog ‘istonning 2023 - 2026-yillarda
0QX]ga raisligining natijalari sarhisob qilinib, Orol dengizi
havzasida ekologiya, suv resurslarini boshqarish va ijtimoiy-
iqtisodiy holatni yaxshilashning dolzarb masalalari yuzasidan
fikr almashildi.

O‘zbekiston Prezidenti o‘z nutgida Orolni qutqarish xalqaro
jamg‘armasi noyob mintaqaviy tuzilma sifatida faoliyat
yuritib kelayotganini, Markaziy Osiyoda suv taqchilligining
kuchayishiga sabab bo‘layotgan iglim o‘zgarishlari va suv
iste’moli ko ‘payib borayotgan sharoitda uning roli va ahamiyati
yanada ortayotganini ta’kidladi.

- EKSPERTLARNING BAHOLARIGA KO‘RA,
2040-YILGA BORIB, OROL DENGIZI HAVZASI-
DA SUV RESURSLARI TAQCHILLIGI DEYARLI
IKKI BAROBAR - YILIGA 20 MILLIARD KUB
METRGACHA OSHISHI MUMKIN. BU ICHIM-
LIK SUVI TA’MINOTI, EKOLOGIYA, AGRAR
SEKTOR, ENERGETIKA VA IJTIMOIY BAROQA-
RORLIK UCHUN QO‘SHIMCHA XAVF-XATAR-
LARNI YUZAGA KELTIRADI, - DEDI SHAVKAT
MIRZIYOYEV.

J

Shunday bir paytda mintaga mamlakatlari suv resurslaridan
foydalanish samaradorligi bo‘yicha eng quyi o‘rinlarni egallab
turibdi. Qishloq xo‘jaligida bir dollar miqdoridagi qo‘shilgan
giymatni yaratish uchun mamlakatlarimiz deyarli uch kub metr
suv sarf etmogda, dunyoda esa bu ko‘rsatkich o‘rtacha ikki
barobar kam.

Davlatimiz rahbari O‘zbekistonda suvdan foydalanish
samaradorligini oshirish bo ‘yicha ko ‘rilayotgan chora-tadbirlarga
batafsil to‘xtalib o‘tdi. Qisqa muddatda O ‘zbekistondagi
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barcha sug‘oriladigan yerlarning 60 foizida suvni tejaydigan
texnologiyalar joriy etildi, irrigatsiya tarmogqlarini betonlash
40 foizga yetkazildi. Nasos stansiyalarini modernizatsiya qilish
hisobiga suv xo‘jaligida energiya iste’moli qariyb 30 foizga
qisqartirildi.

Olti yuz mingdan ortiq suvdan foydalanuvchilar va 4 million
gektardan ziyod sug‘oriladigan yerlarni gamrab oladigan yagona
raqamli ma’lumotlar bazasi shakllantirilmoqda.

Mazkur loyihalar amalga oshirilishi tufayli har yili 10 milliard
kub metrdan ortiq suv resurslarini tejash ta’minlanmoqda.
2030-yilga borib esa bu ko‘rsatkich 15 milliard kub metrni
tashkil etadi.

Ushbu chora-tadbirlarning barchasi kompleks va izchil
xarakterga ega bo‘lib, o‘tgan yili gabul gilingan Suv kodeksida
o‘z ifodasini topgan.

Mamlakatimiz yetakchisi O‘zbekiston jamg‘armani
mintaqaviy integratsiyaning muhim drayverlaridan biriga
aylantirishga erishishni magsad qilganini bildirdi. Shu munosabat
bilan O‘zbekistonning kelgusi yildan boshlanadigan OQX]ga
raisligi davridagi ustuvor yo‘nalishlarga to‘xtalib o‘tdi.

Avvalo, jamg‘armaning faoliyatini rivojlantirish va
modernizatsiya qilish, uning tuzilmasi va shartnomaviy-huquqiy
bazasini takomillashtirish zarurligi qayd etildi. Jamg‘arma
organlarining vakolatlarini kengaytirish, ularning magomi va
mas’uliyatini oshirish bo‘yicha takliflar qo‘llab-quvvatlandi.

Qirg‘izistonning Orolni qutqarish xalqaro jamg‘armasi
faoliyatidagi to‘laqonli ishtiroki qayta tiklanishiga umid
bildirildi. Bu jamg‘armaning yanada mutanosib va uzoq muddatli
qarorlar gabul qilishiga xizmat qilishi ta’kidlandi.

O‘zbekiston yetakchisi OQX] kun tartibini Markaziy Osiyo
davlatlari rahbarlarining Maslahat uchrashuvlari qarorlari bilan
uyg ‘unlashtirishga chaqirdi. Maslahat uchrashuvlari davomida
oliy darajada kelishilgan barqaror rivojlanishning ustuvor
yo‘nalishlari jamg‘armaning tarmoq mexanizmlari orqgali ham
amaliyotga tatbiq etilishi mumkinligi ta’kidlandi.

Jamg‘arma dastur va loyihalari samaradorligini oshirish
muhimligi qayd etildi. Shu munosabat bilan Orol dengizi havzasi
bo‘yicha to‘rtinchi dastur ijrosi monitoringiga samaradorlikning
muhim ko ‘rsatkichlarini kiritish taklif qilindi. Bu ijobiy
o‘zgarishlarni kuzatish, muammoli jihatlarni aniglash hamda
xalqaro hamkorlardan qo‘shimcha mablag‘lar va texnik ko ‘mak
jalb etishga yordam beradi.

Ustuvor dasturlar uchun mavjud ta’sirchan moliyalashtirish
vositalaridan foydalanish zarurligi ta’kidlandi. Xususan,
BMThning Orolbo‘yi mintaqasi uchun Inson xavfsizligi bo‘yicha
ko‘psheriklik trast fondining mandati va geografik gamrovini
butun Orol dengizi havzasiga kengaytirish imkoniyatini ko‘rib
chiqish taklifi bildirildi.

- BU BARCHA DAVLATLARIMIZ HUDUDI-
DA HAYOTIY MUHIM EKOLOGIK VA IJTI-
MOIY-IQTISODIY LOYIHALARNI AMALGA
OSHIRISH UCHUN MAQSADLI INVESTITSI-
YALARNI YO‘NALTIRISH IMKONINI BERADI,

- DEDI SHAVKAT MIRZIYOYEV. )
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OQX] va boshqga mintaqaviy tuzilmalar o‘rtasida faol
hamkorlikni yo‘lga qo‘yish masalasining dolzarbligiga urg‘u
berildi. Jamg‘arma suv-energetika masalalari, muzliklar va
tog* ekotizimlarini saqlash, iqlim o‘zgarishiga moslashish,
cho‘llanishga qarshi kurashish bo‘yicha samarali mintagaviy
platformalar bilan amaliy hamkorlikni yo‘lga qo‘yishi zarur.
Bunga misol sifatida jamg‘armaga Toshkentdagi Yashil
universitet qoshidagi Cho‘llanishga qarshi kurashish markazi
bilan hamkorlikda magsadli loyihalarni amalga oshirish taklif
etildi.

O‘zbekiston Prezidenti xalglarimizning suvga hayot manbai
sifatida ehtiyotkorlik bilan munosabatda bo ‘lish borasidagi ko‘p
asrlik an’analarini qayta tiklash zaruratiga alohida e’tibor qaratdi.

- KO‘RINIB TURIBDIKI,AGAR JAMIYATNING
SUVGA BO‘LGAN MUNOSABATI O‘ZGARMASA,
HECH QANDAY MUHANDISLIK YECHIMLARI
KUTILGAN SAMARANI BERMAYDI. UZLUKSIZ
TA’LIM TIZIMI ORQALI - MAKTABGACHA
TA’LIM DARAJASIDAN TO MUTAXASSISLARNI
TAYYORLASHGACHA - SUVDAN OQILONA
FOYDALANISHNI HAR BIR KISHINING KUNDA-
LIK ODATIGA, UMUMIY MADANIY KODIMIZGA
AYLANTIRISHGA INTILISHIMIZ LOZIM, - DEDI
DAVLATIMIZ RAHBARI. )

Shuningdek, asosiy qismi fermerlar va sanoatchilarni suvni
tejovchi zamonaviy texnologiyalardan foydalanishga amaliy
jihatdan o‘rgatadigan “Kelajak suvi” mintagaviy dasturini ishga
tushirish taklif etildi.

O‘zbekiston yetakchisi Afg‘oniston bilan konstruktiv
hamkorlikni mustahkamlash va uni iqlim, ekologiya, gishloq
va suv xo‘jaligi masalalari bo‘yicha mintagaviy hamkorlikka
jalb etish muhimligini ta’kidladi. Bugungi kunda Afg‘onistonda
qirg‘oglarni mustahkamlash va melioratsiya ishlarini olib borish
uchun xalgaro donorlarning moliyaviy mablag‘larini jalb etish
dolzarbdir.

Istigbolda Orol havzasidagi barcha mamlakatlar, shu
jumladan, Afg‘onistonning huquq va majburiyatlarini hisobga
olgan holda suv resurslarini tagsimlash bo‘yicha mintagaviy
shartnomaviy-huquqiy bazani shakllantirish zarur.

Davlatimiz rahbari so‘zining yakunida 2026 - 2036-yillarni
“Markaziy Osiyoda suvdan ogilona foydalanish bo‘yicha amaliy
harakatlar o‘n yilligi” deb e’lon gilish va mintaga mamlakatlarida
Suv haftaliklarini muntazam o‘tkazib borishga garatilgan
tashabbuslar amalga oshirilishining qo‘llab-quvvatlanishiga
umid bildirdi.

O‘zbekiston Prezidenti qo‘shni mamlakatlar yetakchilarini
shu yilning sentabr oyida Samarqgandda bo‘lib o‘tadigan Suvni
tejash bo‘yicha butunjahon forumida ishtirok etishga yana bir
bor taklif etdi.

OQX] vyig‘ilishida Qozog‘iston, Qirg‘iziston, Tojikiston va
Turkmaniston rahbarlari ham so‘zga chiqdilar.

Tadbir yakunida yetakchilar Ostona bayonotini, Qozog ‘iston
raisligining borishi to‘g ‘risida, 26-martni Xalgaro Orol dengizi,
Amudaryo hamda Sirdaryo kuni deb e’lon gilish to‘g‘risida
hamda O ‘zbekiston yetakchisini 2027 - 2029-yillarda jamg‘arma
prezidenti etib saylash to‘g‘risidagi qarorlarni imzoladilar.
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EKOLOGLAR VA
FAOLLARNING ATROF-MUHITNI
MUHOFAZA QILISHDAGI
HISSASI E'TIROF ETILDI

Ekologiya va iglim o'zgarishi milliy
go'mitasida 5-iyun — Butunjahon atrof-
muhit kuniga bag'ishlangan “Tabiat
himoyachisi” ko'krak nishonini
topshirish marosimi bo'lib o'tdi.

Mukofotlarni O‘zbekiston Respublikasi Prezidentining
ekologiya masalalari bo‘yicha maslahatchisi — Ekologiya
va iglim o‘zgarishi milliy qo‘mitasi raisi Aziz Abduhakimov
topshirdi. Ko ‘krak nishoni bilan qo‘mitaning mas’ul xodimlari,
tizim tashkilotlari va hududiy bo‘linmalar vakillari, hamkor
tashkilotlar, ommaviy axborot vositalari vakillari hamda
ekoaktivistlar taqdirlandi.

Marosimni ochib bergan A.Abduhakimov keyingi yillarda
O‘zbekiston Respublikasi Prezidenti rahbarligida ekologik
xavfsizlik va atrof-muhitni muhofaza qilish davlat siyosatining
ustuvor yo‘nalishlaridan biriga aylanganini ta’kidladi. Qo‘mita
raisi o‘z nutgida bugungi kunda O°‘zbekiston ekologik kun
tartibidagi dolzarb masalalarni hal etishda xalgaro hamkorlikka
alohida ahamiyat qaratayotganini qayd etdi.

Shuningdek, O‘zbekistonda mintaqaviy va xalqaro ekologik
hamkorlikni rivojlantirish bo‘yicha keng ko‘lamli ishlar olib
borilayotgani ta’kidlandi. Xususan, 31-maydan 6-iyungacha
Samargandda Global ekologik fondning VIII Assambleyasi
hamda “Eco Expo Cyentral Asia 2026” xalgaro ko‘rgazmasi
muvaffaqgiyatli o‘tkazildi. Ushbu tadbirlar O‘zbekistonning
ekologik texnologiyalar, investisiyalar va ilg‘or xalqaro
tajriba almashinuvi uchun muhim maydon sifatidagi roli ortib
borayotganini namoyon etdi.
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Tadbirga
bag'ishlangan
videorolikni
tomosha
qilish uchun
skanerlang

A.Abduhakimov Butunjahon atrof-muhit kuni nafaqat
bayram, balki har bir insonning kelajak avlodlar oldidagi katta
mas’uliyati ekanini gayd etdi.

44

— Tabiatni himoya qilish fagat davlat
organlari yoki alohida mutaxassislarning
vazifasi emas. Bu har bir fugaro uchun hayot
tarziga aylanishi kerak bo'lgan umuminsoniy
gadriyatdir. Bugun atrof-muhitni gancha-
lik asrasak, kelajak avlodlarga shunchalik
sog'lom va farovon hayot goldiramiz. Shu
bois barchani ekologik tashabbuslarda faol
ishtirok etishga, tabiatga ehtiyotkorona
munosabatda bo'lishga hamda mamlaka-
timizning “yashil” rivojlanish magsadlarini
amalga oshirishga munosib hissa go'shishga
chaqiramiz, — dedi go'mita raisi.

))

Tadbir davomida “Tabiat himoyachisi” ko ‘krak nishoni
bilan Ekologiya qo‘mitasi, uning tizim tashkilotlari va hududiy
bo‘linmalarining 62 nafar faol xodimi, shuningdek, hamkor
tuzilmalar, ilmiy hamjamiyat, madaniyat, yoshlar va jamoat
tashkilotlari vakillari taqdirlandi. Mukofotlanganlar orasida
vazirlik va idoralar, Zamin xalqaro jamoat fondi, Xalgaro
suv resurslarini boshqarish instituti (IWMI), O‘zbekiston
Respublikasi Fanlar akademiyasi Botanika instituti, O ‘zbekiston
Yoshlar teatri, “Yosh ekologlar” harakati kengashi vakillari,
shuningdek, ekofaollar va OAV vakillari bor.

Umuman olganda, joriy yilda respublika bo‘ylab atrof-muhitni
muhofaza qilish, ekologik madaniyatni rivojlantirish va barqaror
rivojlanish tamoyillarini ilgari surishga katta hissa qo‘shgan
169 nafar fugaro “Tabiat himoyachisi” ko‘krak nishoni bilan
taqdirlandi.



5-7-iyun kunlari Istanbul shahrida “Antaliyaga
yo'l: iglim harakati sifatida nol chigindi” (The Road to
Antalya: Zero Waste as Climate Action) mavzusidagi
xalqaro «Zero Waste Forum 2026» doirasida
“Sanoatning ekologik modernizatsiyasi: “Nol chigindi”
konsepsiyasi va sirkulyar igtisodiyot istigbollari”
mavzusidagi yugori darajadagi vazirlar sessiyasi
bo'lib o'tdi. Unda O’zbekiston Respublikasi Ekologiya
va iglim o'zgarishi milliy qo'mitasi delegatsiyasi
ishtirok etdi.

4D o> =

«ZERO WASTE FORUM 2026» DOIRASIDA
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O°“zbekiston tomoni iqlim kun tartibi va COP31 tayyorgarligi
doirasida bir gator tashabbuslarni ham ilgari surdi. Jumladan,
chiqgindilarni oddiy utilizatsiya qilish amaliyotidan resurslardan
samarali foydalanish tizimiga o‘tish, ekologik boshqaruvda
ragamlashtirish va sun’iy intellektdan foydalanishni rivojlantirish
taklif etildi. Materiallarning hayotiy siklini monitoring qilish va
chigindilarni gayta ishlash hajmlarini real vaqt rejimida kuzatib
borish imkonini beruvchi yagona mintagaviy ragamli platformani
yaratish muhimligi qayd etildi.

Nutg davomida xalgaro ekologik hamkorlik
masalasiga alohida e'tibor qaratildi. Samar-
qandda bo'lib o'tgan GEF VIII Assambleyasi ham-
da «Eco Expo Central Asia 2026» xalqaro ko'rgaz-
masi O’zbekistonning ko'p tomonlama ekologik
diplomatiya va “yashil” igtisodiyot tamoyillariga
sodiqligini tasdiglashi ta'kidlandi.

Forum doirasida O ‘zbekiston delegatsiyasi xalgaro hamkorlar
bilan gator ikki tomonlama uchrashuvlar o‘tkazdi. Jumladan,
UN-Habitat, UNCTAD, BMT texnologiyalar banki, shuningdek,
Germaniya va Turkiya vakillari bilan muzokaralar olib borildi.
Uchrashuvlarda bargaror urbanizatsiya, chigindilarni boshqarish,
“yashil” texnologiyalarni rivojlantirish, ekologik ta’lim va
COP31 uchun go‘shma tashabbuslarni tayyorlash masalalari
muhokama qilindi.

HAMKORLIK MUSTAHKAMLANMOQDA

«Zero Waste» xalgaro forumi 100 dan ortiq davlat vakillarini,
jumladan, 30 ga yaqin xorijiy mamlakatlar vazirliklari
rahbarlarini, shuningdek, BMT tuzilmalari, BMT Aholi punktlari
bo‘yicha dasturi (UN-Habitat), BMTning savdo va taraqqiyot
bo‘yicha konferensiyasi (UNCTAD), ilmiy muassasalar va
xususiy sektor vakillarini birlashtirdi.

Vazirlar sessiyasida O‘zbekiston Respublikasi Ekologiya va
iglim o‘zgarishi milliy qo‘mitasi vakillari “Nol chiqindi” tamoyili
bugungi kunda shunchaki ekologik tashabbus emas, balki
barqaror rivojlanish va texnologik suverenitetning yangi modeli
sifatida shakllanayotganini ta’kidladi. Chigindilar atrof-muhit
ifloslanishining asosiy omillaridan biri bo‘lib, iglim o‘zgarishi,
bioxilma-xillikning kamayishi va global ekologik vaziyatning
yomonlashuviga bevosita ta’sir ko ‘rsatishi qayd etildi.

Shuningdek, O‘zbekistonda chiqindilar bilan ishlash
sohasi amalga oshirilayotgan ekologik islohotlarning ustuvor
yo‘nalishlaridan biri etib belgilanganligi ta’kidlandi. Mamlakatda
sirkulyar iqtisodiyot tamoyillari izchil joriy etilmoqda,
chigindilarni boshqarish infratuzilmasi modernizatsiya
gilinmoqda hamda chiqgindilardan energiya ishlab chiqarish
loyihalari amalga oshirilmoqda. Xususan, joriy yilda ikkita
chiqindini yoqish zavodini ishga tushirish, keyingi yillarda
esa yana to‘qqgizta shunday obyektni foydalanishga topshirish
rejalashtirilgan. Bu yiliga 5,5 million tonnagacha chigindini
qgayta ishlash va issigxona gazlari chigindilarini sezilarli darajada
kamaytirish imkonini beradi.

UN-Habitat ijrochi direktori Anaklaudiya Rossbax bilan
bo‘lib o‘tgan uchrashuvda O°‘zbekiston tomoni mamlakatda
amalga oshirilayotgan ekologik islohotlar va Orolbo‘yi inqirozi
oqibatlarini yumshatish bo‘yicha chora-tadbirlarni taqgdim etdi.
Mintaganing bargaror rivojlanishi, Orol dengizining qurigan
tubida o ‘rmonzorlar barpo etish va «Green University» loyihasini
rivojlantirish masalalariga alohida e’tibor garatildi. Shuningdek,
O‘zbekistonda UN-Habitatning mintagaviy vakolatxonasini
ochish istigbollari muhokama qilindi. Uchrashuv yakunida
2027-yilda Samargandda xalgaro «World Cleanup Day» aksiya-
sini o‘tkazish bo‘yicha amaliy ishlarni boshlashga kelishib olindi.

UNCTAD bosh kotibi Rebeka Grinspan bilan uchrashuvda
esa O‘zbekistonning ekologiya va chiqindilarni boshgarish
sohasidagi xalqaro tashabbuslari yuqori baholandi. Tomonlar
UNCTAD shafeligida O‘zbekistonda chigindilarni boshgarish
bo‘yicha xalgaro forum tashkil etish masalasida hamkorlik
qilishga kelishib oldilar.

Germaniya, BMTning Texnologiyalar banki hamda Turkiya
tomoni vakillari bilan o‘tkazilgan muzokaralarda uglerod izini
kamaytirish, transport sohasini ekologiyalashtirish, “yashil”
texnologiyalar transferi, shuningdek, ayollar va yoshlarni
ekologik kun tartibiga keng jalb etish bo‘yicha qo‘shma
tashabbuslar muhokama qilindi.

Uchrashuvlar yakunida amaliy hamkorlikni kengaytirish
hamda qo‘shma ekologik loyihalarni amalga oshirish yuzasidan
kelishuvlarga erishildi.
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0°ZBEKISTON BONNDA IQLIM
MAJBURIYATLARINI AMALGA
OSHIRISHDAGI YUTUQLARINI

FMCP3 SESSIYASIDA TAQDIM ETDI

13-iyun kuni Milliy iglim markazi direktori Farrux
Sattarov boshchiligidagi O‘zbekiston Respublikasi
delegatsiyasi Germaniyaning Bonn shahrida bo‘lib
o‘tgan Taraqgiyotni ko‘p tomonlama ko‘rib chigish
bo‘yicha ishchi guruhning uchinchi sessiyasi (FMCP3)
da ishtirok etdi.

Ma’lumot uchun, FMCP3 BMTning Iglim o‘zga-
rishi bo‘yicha Hadli Konvensiyasi doirasidagi Yor-
damchi organlarning 64-sessiyasi (SB 64) doirasida
o‘tkazildi. Ushbu sessiya Parij kelishuvining asosiy
mexanizmlaridan biri bo‘lib, mamlakatlar o‘rtasida
milliy iglim majburiyatlarini bajarish bo‘yicha ochiq
axborot almashinuvi orqali shaffoflikni oshirish va
o‘zaro ishonchni mustahkamlashga xizmat qiladi.
Jarayon ilg‘or tajribalarni ommalashtirish va iqlim
o‘zgarishiga qarshi kurashishda xalqaro hamkorlikni
rivojlantirishga ko‘maklashadi.

Yig‘ilish davomida O‘zbekiston delegatsiyasi milliy
iglim majburiyatlarini bajarish, gayta tiklanuvchi
energiya manbalarini rivojlantirish, energiya sa-
maradorligini oshirish hamda iqtisodiyotning iglim
xavflariga chidamliligini mustahkamlash borasida
amalga oshirilayotgan islohot va tashabbuslar nati-
jalarini taqdim etdi.

o

UZBEKISTAN ;

O'zbekiston shaffoflikni samarali iglim
siyosatining ajralmas gismi deb bilishini
va Parij kelishuvining Kengaytirilgan shaffoflik
tizimi doirasidagi majburiyatlariga sodig golayot-
ganini ta'kidladi. U iglim o'zgarishi Markaziy Osiyo
mamlakatlariga sezilarli ta'sir ko'rsatayotgani, suv
resurslari tanqisligi, yerlarning degradatsiyasi va
muzliklarning erishi kabi muammolarni yanada
kuchaytirayotganini gayd etdi.

»

Shuningdek, yangilangan Milliy miqyosda belgilangan
hissa (NDC) dasturiga alohida e’tibor qaratildi. Unga ko‘ra,
O“zbekiston 2035-yilgacha 2010-yil darajasiga nisbatan YAIM
birligiga to‘g‘ri keladigan issigxona gazlari tashlamalarini
50 foizga kamaytirish majburiyatini olgan. Igtisodiyotning
uglerod sig‘imini 35 foizga kamaytirish bo‘yicha avvalgi
magsad muddatidan oldin bajarilgani, hozirda esa yanada
yugori natijalarga erishish uchun qo‘shimcha choralar amalga
oshirilayotgani ta’kidlandi.

Bundan tashgari, quyosh va shamol energetikasi sohasidagi
yirik loyihalar tufayli mamlakatning o‘rnatilgan elektr ishlab
chigarish quvvatlarida “yashil” energiya ulushi qariyb 30 foizga
yetgani, 2030-yilga borib esa bu ko ‘rsatkich 50 foizdan oshishi
prognoz qilinayotgani gayd etildi.

Iqlim o‘zgarishiga moslashish yo‘nalishida O ‘zbekiston suv
resurslaridan ogilona foydalanish bo‘yicha chora-tadbirlarni
davom ettirmoqda. Suvni tejovchi texnologiyalarning keng
joriy etilishi natijasida har yili qariyb 10 milliard kub metr
suv tejalmoqda.

Qolaversa, mamlakat milliy iglim boshqaruvi tizimini izchil
takomillashtirmoqda, issigxona gazlari inventarizatsiyasi tizimini
mustahkamlamoqda, ma’lumotlarni yig‘ish mexanizmlarini
rivojlantirmogda hamda iglim hisobotlarini tayyorlash salohi-
yatini oshirmoqda.

O‘zbekiston bundan buyon ham global iglim jarayonlarida
faol ishtirok etish, xalgaro hamkorlikni mustahkamlash, iglim
moliyalashtirishini jalb gilish va zamonaviy texnologiyalarni
joriy etish orqali Parij kelishuvi magsadlariga erishish hamda
iglim o‘zgarishiga chidamlilikni oshirish yo‘lida izchil faoliyat
olib borishni rejalashtirmoqgda.

Sessiyado so'zga chiggan Farrux Sattarov




27-MAY KUNI MARKAZIY OSIYO ATROF-
MUHIT VA [QLIM 0°ZGARISHINI 0°RGANISH
UNIVERSITETINING (GREEN UNIVERSITY)
MASOFAVIY TA'LIMGA IXTISOSLASHGAN
RAQAMLI BOLINMASI BO‘LGAN DIGITAL-
FILIALI TAQDIMOTI BO‘LIB O°TDI.

TADBIRDA EKOLOGIYA VA 1QLIM 0°ZGA-
RISHIMILLIY QO‘MITASI HUZURIDAGI “GREEN
UNIVERSITY” REKTORI BAXTIYOR PULATOV,
IQLIM O“ZGARISHI MILLIY MARKAZI VA-
KILLARI, “NEODIGITAL COMPANY” TEXNIK
DIREKTORI SHOHJAHON HAKIMOV, LOYI-
HA RAHBARI SAULA MUQADAMOVA, SHU-
NINGDEK, HR VA PR MASALALARI BO‘YICHA
MASLAHATCHI DANATA DAVRONOVA ISHTI-
ROK ETDI.

Ekolo ik ta llm sohasidagi

ital-filial konseplya51

Taqdimot davom%kologlya iglim o‘zgarishi va bargaror
rivojlanish yo‘nalishlari bo‘yicha ingliz tilida ta’lim beruvchi,
to‘liq akkreditatsiyadan o‘tgan onlayn universitet modeli
namoyish etildi.

Shuningdek, loyiha nafaqat O‘zbekistonga, balki Markaziy
Osiyo davlatlariga, istigbolda esa xalqaro auditoriyaga ham
mo‘ljallangani ta’kidlandi.

Taqdim etilgan konsepsiyaga ko‘ra, Digital-filial
quyidagilarni nazarda tutadi: “Green University”
bazasida masofaviy ta’lim jarayonini tashkil etish;
raqamli ta’lim platformasidan foydalanish; proktoring
va talabalarni qo‘llab-quvvatlash tizimini joriy etish;
davlat namunasidagi “Green University” diplomlarini
beruvchi dasturlarni yo‘lga qo‘yish; O‘zbekiston
hududlari hamda Markaziy Osiyo mamlakatlaridagi
talabalar uchun ekologik ta’lim imkoniyatlarini
kengaytirish.

EKOLOGIYA XABARNOMAS
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Tadbirda ragamli platformani “UzCloud” server infratuzil-
masida joylashtirish, ta’lim muhitini esa “Moodle LMS” tizimi
asosida yuritish rejalashtirilayotganligi alohida ta’kidlandi.

Taqdimot davomida ragamli universitet arxitekturasi,
loyihaning moliyaviy modeli, ishga tushirish va operasion
boshqaruv bosgichlari, shuningdek, talabalarni tyutorlik asosida
go‘llab-quvvatlash konsepsiyasi ham namoyish etildi. Bundan
tashqari, loyiha universitet kutubxonalari, ilmiy jurnallari va
ilmiy-tadgiqot platformalarini raqamlashtirishni ham nazarda
tutadi.

Loyiha zamonaviy masofaviy ta’lim tizimini rivojlantirish,
ekologik ta’lim dasturlari ommabopligini oshirish hamda “Green
University’ning ekologiya va iglim tadqiqotlari yo‘nalishidagi
ixtisoslashgan ta’lim markazi sifatidagi xalgaro mavqeini
mustahkamlashga qaratilgan.

Loyihani to‘liq ishga tushirish uchun to‘rt oy muddat
belgilangan bo‘lib, uni amalga oshirishning birinchi yilida
2 ming nafargacha talaba va tinglovchini jalb etish rejalashtirilgan.
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XITOYNING CHO'LLANISHGA QARSHI KURASH
SOHASIDAGI ILG'OR TAJRIBASI O'RGANILMOQDA

18-may kuni Ekologiya va iglim o'zgarishi milliy go'mitasi huzuridagi “Green University“ga qarashli Markaziy

EKOLOGIYA XABARNOMASI

Osiyo ekologiya va atrof-muhit tadgigotlari markazida “HSK: Xitoyda ta'lim” mavzusidagi lll O'zbekiston

forumi ochilish marosimi bo'lib o'tdi.

Unda O‘zbekiston Respublikasi
Prezidentining ekologiya masalalari
bo‘yicha maslahatchisi — Ekologiya
qo‘mitasi raisi Aziz Abduhakimov, Xitoy
Xalq Respublikasining O ‘zbekiston
Respublikasidagi Elchixonasi vakili
Sun Changdun, Xitoy Ta’lim vazirligi
huzuridagi Xitoy va xorijiy tillar
almashinuvi va hamkorlik markazi,
“Chinese Testing International” bosh
direktor o‘rinbosari Lyu Syaolun, Xitoy
oliy ta’lim muassasalari vakili, Lanchjou
universiteti vakili Li Chunlin, “Green
University” rektori, professor Baxtiyor
Pulatov, XXR va mahalliy universitetlar
professorlari, talabalar ishtirok etdi.

Tadbirda nutq so‘zlagan Aziz Abduhakimov Xitoy bilan
ta’lim, ilm-fan, innovatsiyalar va barqaror rivojlanish sohalaridagi
hamkorlik tobora mustahkamlanib borayotganligini ta’kidladi.

— Green University"ga Xitoyning 26 ta yetakchi
universiteti vakillarining tashrif buyurishi ikki mam-
lakat o'rtasidagi akademik hamkorlik va o'zaro
ishonch tobora mustahkamlanib borayotganining
yorqin ifodasidir, — dedi qo'mita raisi. — Mazkur
forum uzoq muddatli institusional hamkorlikni
mustahkamlash, akademik almashinuvni kengay-
tirish hamda atrof-muhitni muhofaza qilish, iglim
bargarorligi, "yashil” texnologiyalar, cho'llanishga
qarshi kurash va barqaror rivojlanish kabi muhim
yo'nalishlarda go'shma ilmiy tadqgiqotlarni rivojlan-
tirish uchun muhim platforma bo'lib xizmat giladi.

Forum davomida ishtirokchilar Xitoy universitetlarining
ta’lim dasturlari, bakalavriat, magistratura va doktorantura
yo‘nalishlari, grant va stipendiya imkoniyatlari, HSK imtihoni
hamda hujjat topshirish tartibi bo‘yicha bevosita ma’lumot olish
imkoniyatiga ega bo‘ldi. Shuningdek, forum doirasida Xitoy
universitetlari vakillari bilan uchrashuvlar, ta’lim dasturlari
tagdimotlari hamda O ‘zbekiston va Xitoy oliy ta’lim muassasalari
o‘rtasida hamkorlik imkoniyatlari muhokama gilindi.

Bundan tashqari, forumning mantiqiy davomi sifatida
“Markaziy Osiyoda cho‘llanishga garshi kurash texnologiyalari”
mavzusida xalqaro o‘quv seminari ham bo‘lib o‘tdi. Seminar
Xitoy fanlar akademiyasi tarkibidagi Shinjon ekologiya va
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geografiya instituti, “Shimoli-g‘arbiy ekologiya, atrof-muhit va
resurslar instituti” hamda XXR Ta’lim vazirligi huzuridagi Til
bo‘yicha ta’lim va hamkorlik markazi bilan hamkorlikda tashkil
etildi. Asosiy magsad “Xitoy — Markaziy Osiyo umumiy kelajak
hamjamiyati” tashabbusini amaliy mazmun bilan boyitish hamda
davlat rahbarlari darajasida erishilgan kelishuvlarni amalga
oshirishga hissa qo‘shishdir.

Shuningdek, seminardan Xitoyning cho‘llanishga qgarshi
kurash sohasidagi ilg‘or tajribasini o‘rganish magsad qilin-
gandi. Unda cho ‘llanishning oldini olish, suvni tejovchi gishloq
xo‘jaligi, sho‘rlangan yerlarni rekultivatsiya qilish, ekologik
tiklash va yer resurslaridan samarali foydalanish bo‘yicha
ilg‘or texnologiyalar, mahsulotlar va amaliy yechimlar taqdim
etildi. Qolaversa, ilmiy-texnikaviy va sanoat kooperatsiyasi
bo‘yicha mintaqaviy platformani shakllantirish hamda “Xitoy
texnologiyalari + Markaziy Osiyo amaliyoti” modelini
mahalliylashtirish rag ‘batlantirildi.

Seminarda 60 dan ortiq xitoylik olim va mutaxassislar
“Green University” hamda uning tizim tashkilotlarning qariyb
60 nafar mutaxassislari bilan birgalikda ilmiy almashinuv,
amaliy treninglar va dala hamkorligida ishtirok etdi. Kun
tartibiga Jizzaxda joylashgan galofit bog‘i hamda Toshkent
viloyatiga tashriflar amalga oshirilish kiritildi. Natijada
Cho‘llanishga qarshi kurashish va cho‘l iqtisodiyotini
rivojlantirish ilmiy-tadqiqot instituti mintagada cho‘llanishga
qarshi kurash bo‘yicha doimiy o‘quv va malaka oshirish
markazi sifatida rivojlantiriladi.

Seminar Xitoy — Markaziy Osiyo hamkorligi doirasida
cho‘llanishga garshi kurashni mintagaviy hamkorlikning ustuvor
yo‘nalishlaridan biri sifatida rivojlantirish, ekologik bargaror
taraqgiyotni ta’minlash va resurslarni tejashga asoslangan
“yashil” igtisodiyot tamoyillarini keng joriy etishga xizmat qiladi.



0'ZBEKISTON AQSHDA

0°RMONLARNI TIKLASH BO°YICHA
TASHABBUSLARINI TAQDIM ETDI

O‘zbekiston Respublikasi Prezidentining ekologiya masalalari
bo‘yicha maslahatchisi — Ekologiya va iqlim o‘zgarishi milliy qo‘mitasi
raisi Aziz Abduhakimov boshchiligidagi delegatsiya AQSHning Nyu-
York shahrida bo‘lib o‘tgan BMT O‘rmonlar bo‘yicha forumining
21-sessiyasida qatnashdi. Forumda, shuningdek, O°‘zbekiston
Respublikasining BMTdagi doimiy vakili Ulug‘bek Lapasov ham

ishtirok etdi.

Forum ishida BMTga a’zo davlatlar delegatsiyalari, vazirlar,
sohaga oid agentliklar va xalqaro tashkilotlar rahbarlari,
shuningdek, ekologik konvensiyalarning ijrochi direktorlari
qatnashdi. Tadbir davomida global o‘rmon siyosatining ustuvor
yo‘nalishlari, jumladan, BMTning O ‘rmonlar bo‘yicha strategik
rejasini amalga oshirish, “Global o‘rmonlar hisoboti - 2026”ni
tayyorlash, shu bilan birga, o‘rmon sektorini iglim va suv kun
tartibiga integratsiya qilish masalalari muhokama gilindi.

Forumning ochilish marosimida so‘zga chiqgqan Aziz
Abduhakimov cho‘llanish va iglim o‘zgarishiga qarshi kurashda
o‘rmonlarning muhim o‘rin tutishini ta’kidlab, Orol dengizi
fojiasiga alohida to‘xtaldi. Unga ko‘ra, dengizning qurigan
hududi Orolqum cho‘liga aylangan.

Shuningdek, O‘zbekiston Prezidenti Shavkat
Mirziyoyev tashabbusi bilan amalga oshirilayotgan “Yashil
makon” umummilliy loyihasi doirasida so‘nggi besh vyil
davomida mamlakatda 1 milliarddan ortiq daraxt ekilgani,
ko ‘kalamzorlashtirish darajasi esa 8 foizdan 14 foizga oshgani
qayd etildi. Mazkur ko‘rsatkichni 2030-yilga borib 30 foizga
yetkazish rejalashtirilgan.

Forumda O°‘zbekiston va Kongo Respublikasi tomonidan
ilgari surilgan 2027 - 2036-yillarni BMT shafeligida “O‘rmon
barpo etish va o‘rmonlarni tiklash bo‘yicha harakatlar o‘n yilligi”
deb e’lon qilish tashabbusiga alohida e’tibor garatildi.

Amaliy chora-tadbirlar sifatida o‘rmon barpo etish bo‘yicha
Global yo‘l xaritasini ishlab chiqish, cho‘llanishga garshi
kurashda xalgaro hamkorlikni kengaytirish, qurg‘oqchilikka
chidamli daraxt va o‘simlik turlarini targ‘ib gilish, shuningdek,
chang va qum bo‘ronlari haqida erta ogohlantirish tizimlarini
yaratish taklif etildi.
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Bundan tashqari, Markaziy Osiyo davlatla-
rining 2035-yilgacha 1,5 million gektar may-
donda transchegaraviy o ‘rmonlar barpo etishni
nazarda tutuvchi “Yashil qalgon” mintaqaviy
tashabbusi ham taqdim etildi.

Forum doirasida O‘zbekiston tashabbusi
bilan BMTning Ozig-ovqat va gishloq xo‘jaligi
tashkiloti (FAO) bilan hamkorlikda maxsus
sayd-ivent ham tashkil etildi. Tadbir o‘rmon-
larni tiklash, suv xavfsizligini ta’minlash va
iqlim bargarorligini oshirish uchun tabiatga
asoslangan yechimlarni ilgari surishga bag ‘ish-
landi.

Sayd-ivent davomida xalgaro hamkorlarga O‘zbekistonda
ko ‘kalamzorlashtirish, o‘rmon melioratsiyasi va degradatsiyaga
uchragan vyerlarni tiklash yo‘nalishida amalga oshirilayotgan
islohotlarning amaliy natijalari taqdim etildi. Xususan, “Yashil
makon” loyihasining keng ko ‘lamda amalga oshirilishi, Orol den-
gizining qurigan tubida o ‘rmonzorlar barpo etilishi, shuningdek,
iglim o‘zgarishiga moslashishning zamonaviy mexanizmlarini
joriy etish masalalariga alohida e’tibor garatildi.

—

Ta’kidlanganidek, O‘zbekiston Respublikasi Prezidenti
tashabbusi bilan amalga oshirilayotgan “Yashil makon”,
“Biomeros”, “Toza havo”, “Chigindidan xoli hudud” va
“Ekologik madaniyat” milliy dasturlari degradatsiyaga uchragan
yerlarni tiklash, cho‘llanishga qarshi kurashish, shaharlarda
ko ‘kalamzorlashtirishni rivojlantirish, bioxilma-xillikni asrash
hamda mamlakatning iglim bargarorligini mustahkamlashga

xizmat qilmoqda.
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NUKUSDA EKOLOGIK

EKOLOGIK-MARIFIY TADBIRLAR
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FESTIVAL O‘TKAZILDI

Nukus shahridagi markaziy bog‘da 26-may kuni “Bizni
birlashtirgan sayg‘oq” yoshlar ekologik festivali bo‘lib o‘tdi.
Tadbir “Sayg‘oq kuni” dasturi turkumiga yakun yasadi hamda
Xalqaro bioxilma-xillik kuniga bag‘ishlandi.

Festival Qoraqalpog‘iston Respublikasi Ekologiya va
iglim o‘zgarishi milliy qo‘mitasi, Qoraqalpog‘istonning
go‘riglanadigan tabiiy hududlari xodimlari, “Sayg‘oqgni saglash
alyansi” xalqaro tashkiloti, “Ekomaktab” NNT volontyorlari
hamda O ‘zbekiston Respublikasi Fanlar akademiyasi Zoologiya
instituti ekspertlari ko‘magida tashkil etildi.

Ma’lumot uchun, joriy yilda ekologik tashabbus o‘zining
yubiley sanasini nishonlamogda — bundan roppa-rosa 20 vyil
avval “Sayg‘oq kuni” ilk bor Ustyurt maktablarida Zoologiya
instituti olimlari tashabbuskor guruhi, “Ekomaktab” NNT
hamda “Sayg‘oglarni muhofaza qilish ittifoqi” xalqaro tashkiloti
ko‘magida o‘tkazilgandi. O‘tgan ikki o‘n yil davomida
ushbu bayram nafagat Qoraqalpog‘istonda, balki sayg‘oq
yashaydigan boshga hududlarda — Qozog‘iston, Qalmog‘iston
va Mo‘g‘ulistonda ham mashhur bo‘lib ketdi.

An’anaga ko‘ra, “Sayg‘oq kuni” doirasida maktablarda
ochiq ekologik darslar, tabiatni muhofaza qilish aksiyalari,
“Sayg‘oq kubogi” uchun sport musobagalari — marafonlar,
velosiped poygalari, futbol, voleybol va basketbol bellashuvlari,
shuningdek, qiziqarli ekologik kvestlar tashkil etiladi. Har
bir aholi punktida yoshlarning tashabbuslari va qizigishlarini
inobatga olgan holda o°ziga xos tadbirlar dasturi shakllantiriladi.

Tadbirda Nukus, Mo ‘ynoq shaharlari hamda Qoragalpog ‘iston
Respublikasining Qo ‘ng ‘irot tumanidagi Jasliq, Qoragalpog ‘iston
va Qirqqiz gishloglaridagi maktab o‘quvchilari ishtirok etdi.
Mazkur hududlarda faoliyat yuritayotgan “Sayg‘oq do‘stlari”
bolalar va yoshlar ekologik klublari a’zolari ham festivalda
gatnashdi. Ushbu klublarning o‘qituvchi va murabbiylari ekologik
yetakchilar sifatida bolalar hamda yoshlarni tabiatni muhofaza
qilish aksiyalari, mahallalarni obodonlashtirish va mahalliy flora
hamda faunani asrash ishlariga ruhlantirib kelmogda. Amaliy
tashabbuslar orqali yosh avlodda ekologik madaniyat va atrof-
mubhitga mas’uliyatli munosabat shakllanmogqda.

Mazkur tadbirlar sayg‘oqlar yashash hududlariga yaqin
joylashgan aholi punktlari aholisi, bolalar va yoshlar o‘rtasida
ekologik targ‘ibot hamda tabiatni muhofaza gilish faoliyatini
rivojlantirishga garatilgan. Sayg‘oq O‘zbekiston Respublikasi
Qizil kitobi va Xalqaro tabiatni muhofaza qilish ittifogining Qizil
ro ‘yxatiga Kiritilgan yo‘qolib borayotgan noyob tur hisoblanadi.
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“ONA ZAMIN”
SPEKTAKLI PREMYERASI

22-may kuni O ‘zbekiston davlat yosh tomoshabinlar teatrida
Ekologiya va iglim o°zgarishi milliy qo‘mitasi bilan hamkorlikda
“Ona zamin” spektakli premerasi bo‘lib o‘tdi.

Tadbirda Ekologiya qo‘mitasi rais maslahatchisi Alisher
Salomov mamlakatimizda ekologik madaniyatni oshirishga
alohida e’tibor garatilayotganini ta’kidladi. «Ona zamin»
spektakli ham yosh avlodning ekologik ongini yuksaltirish,
eko-madaniyati va mas’uliyatini oshirishga hissa qo‘shishini
qayd etdi.

“ — “Ona zamin” — bolalarga mo‘ljallangan
ekologiya mavzusidagi ilk spektakl. Uning bosh g ‘oya-
si — inson va tabiat. Ya’ni odamzotning salbiy faoliyati
oqibatida tabiat inqirozga yuz tutishini va, aksincha,
har bir qilayotgan ishimizda borligni asrashni o ‘yla-
sak, ertaga shu zaminda o ‘zimiz sog ‘lom yashashimiz,
farzandlarimiz o ‘ynab-quvnab ulg ‘ayishi mumkinligini

singdirishdir, — dedi A. Salomov. ,’

Yozuvchi Madina Mo‘minova asari asosida tayyorlangan
spektaklda insoniyat va tabiat o‘rtasidagi munosabat ta’sirchan
ifodalangan. Unda tomoshabinlar Ona zamin nomidan tabiatga
ehtiyotkor munosabatda bo‘lishga chagiriladi.

“ — Hamma narsaning javobi bor. Biz bugun suvni
isrof qilsak, daraxtlarni sindirsak, qushlarga ozor ber-
sak, ertaga buning javobi og‘ir bo ‘ladi. Yoshlarga bu
tushunchani singdirish, tabiat ne’matlaridan tejamkor-
lik bilan foydalanishni singdirishni maqsad qilganmiz.
Agar spektaklni ko ‘rgan bolajonlarda tabiatga mehr
uyg ‘onsa, isrofgarchilikka yo ‘l qo ‘ymasa, maqsadimiz-
ga erishgan bo‘lamiz, — dedi O ‘“zbekistonda xizmat

ko ‘rsatgan artist Farida Umarova. ”

Spektakl rags, monolog, qo‘shiq va turli sahna epizodlari
orqali yosh tomoshabinlarni tabiatni asrash, uning qadriga yetish
va ekologik mas’uliyat hagida chuqur mushohada yuritishga
chorlaydi. Sahna asarida zamonaviy, vizual yechimlardan keng
foydalanilgan. Shuningdek, maxsus effektlar orqali tabiatning
ifloslangan va qayta tiklangan holati aks ettirilgan.

Aktyorlar zamonaviy xoreografiya elementlari yordamida
sanoat rivoji, chigindixonalar, daraxtlar kesilishi, suvning
ifloslanishi, o‘simlik va hayvonot dunyosi nobud bo‘lishining
salbiy oqibatlarini sahna harakatlari orqali namoyon etganlar.




“ARTepa” galereyasida
noodatiy ko‘rgazma

21-may kuni Ekologiya va iqlim o ‘zgarishi milliy qo ‘mitasi huzuridagi

“Green University”ning “ARTepa” galereyasida shveysariyalik

rassom Peter Ershmanning “Qo ‘g ‘irchoqlar” (“Marionettes”) nomli

ko ‘rgazmasi ochilish marosimi bo ‘lib o ‘tdi.

Tadbirda O ‘zbekiston Respublikasi Prezidentining ekologiya
masalalari bo‘yicha maslahatchisi — Ekologiya qo‘mitasi
raisi Aziz Abduhakimov, Birlashgan Arab Amirliklarining
O‘zbekistondagi Favqulodda va Muxtor elchisi Said Matar al-
Qamziy, Shveysariya elchixonasining mintaqaviy maslahatchisi
Denis Pisoni, xorijiy diplomatik korpus vakillari, BMT Ozig-
ovqat va qgishloq xo‘jaligi tashkiloti (FAO), Global yashil o‘sish
instituti, Jahon banki, xalqgaro institutlar vakillari, yosh eko-
faollar va ommaviy axborot vositalari xodimlari ishtirok etdi.

Ko‘rgazmani ochib bergan Aziz Abduhakimov rassom
oddiy takrorlanuvchi harakatlar va sahnalar orgali zamonaviy
hayot insonlarga, jamiyatga va atrof-muhitga ganday ta’sir
ko‘rsatayotgani hagida chuqurroq o‘ylab ko‘rishga undashini
ta’kidladi.

— "Qo'g'irchoglar” timsoliinsonlar ba'zan bir xil golipda,
kundalik odatlar girdobida yashalb, o'z xatti-harakatlari
va tanlovlari jamiyat hamda atrof-muhitga ganday ta'sir
qgilayotganini sezmay golishini ifodalaydi, — dedi go'mita
raisi. — Shu bilan birga, ko'rgazma mas'uliyat va ongli
yondashuv hagida muhim g'oyani ham ilgari suradi. U
insonning fikrlashi va xulg-atvoridagi hatto kichik o'zga-
rishlar ham jamiyat, atrof-muhit va tabiat bilan uyg'un
munosabatlarda ijobiy o'zgarishlarga olib kelishi mum-
kinligini ko'rsatadi.

Ma’lumot uchun, Peter Ershmann yigirma yildan ortiq vaqt
davomida videoinstallyasiya yo‘nalishida ijod gilib kelmogda.
U ragamli «tableaux vivants» — o‘ziga xos “jonli suratlar’ni
yaratadi. Ularda gahramonlar bir xil harakat va odatiy ishlarni
qayta-qayta takrorlaydi. Bu doimiy harakatlar zamonaviy
hayotning kundalik marosimlarini eslatib, insonga ta’sir
qgiluvchi tizimlar — texnologiyalar, ijtimoiy me’yorlar, igtisodiy
jarayonlar va ekologik o‘zgarishlarning metaforasiga aylanadi.

Ko‘rgazma sekinlashtirilgan ritm va yashirin ichki ziddiyatlarga
ega bo‘lgan bir qator makonlar sifatida namoyon bo‘ladi. Unda
gahramonlar go ‘yo erkinlik va bo‘ysunish oralig‘ida mavjuddek
ko‘rinadi. Qo‘g‘irchoglar obrazi ekspozisiyaning asosiy
metaforasiga aylanadi — u insonni uning kundalik hayotini bir
vaqtning o‘zida shakllantiruvchi va cheklovchi tizimlar ichidagi
timsol sifatida aks ettiradi.
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Tadbirga
bag'ishlangan
videorolikni
tomosha
qilish uchun

skanerlang

Shveysariyalik rassomning ko ‘rgazmasi O ‘zbekistonda ilk
bor tashkil etildi. Mazkur ko ‘rgazma tomoshabinni atrof-muhitga
zarar keltiradigan bir xil xatolarni takrorlamaslikka, tabiatni
asrash borasida mas’uliyatli bo‘lishga chagiradi.

— Bugungi kunda yangi texnologiyalar, dunyoning
ganday o'zgarishi va tabiatga ta'siri hagida ko'plab savol-
lar mavjud. Rassom sifatida shuni angladimki, asarlarim-
ning o'zi emas, balkiinsonlar uchrashib, suhbat quradigan
muhit ko'prog ahamiyatga ega. Biz "Green University”
galereyasidamiz. Shu sababli mening istagim — tabiat,
suv, o'rmonlar, o'simliklar va atrofimizdagi barcha narsalar
hagida aynan shu yerda suhbatlashishdir. Chunki tasvirla-
rim hagigiy dunyo bilan bog'lig. Ular kompyuter tomonidan
yaratilgan sun'iy obrazlar emas, balki real hayotdan olin-
gan tasvirlardir. Bugungi kunda dunyo o'zgarib bormogda
va oldimizda juda muhim garorlar turibdi. Menimcha,
"ARTepa” aynan shu mavzularni namoyich etish uchun
mukammal maskandir, — dedi rassom.

Peter Ershmann ko ‘rgazma nega aynan “Qo‘g‘irchoqglar” deb
nomlanganiga izoh berdi:

— So'nggi 25 yil davomida yaratgan videolarimni gay-
ta ko'rib chigganimda, aynan shu mavzu vagti-vaqgti
bilan takrorlanib kelganini angladim. 25 yildan beri har yili
shu g'oya yana gaytib keladi. Atrofdagi dunyoni kuzatar
ekanman va kameradan foydalanganimda, insonlar va
tabiat o'rtasidagi bog'ligliklarni ko'raman. Go'yo ular
tashqaridan keladigan gandaydir kuchsiz hech narsa qgila
olmaydigandek tuyuladi. Qo'g'irchoglar ham aynan mana
shu yashirin kuchlarni ifodalaydi. Asosiy mavzu ham shu.

BAA elchisi Said Matar al-Qamziy ushbu ko‘rgazma
O‘zbekiston yoshlari uchun san’atning yangicha turi hagida
o‘ylashga ilhom beradigan katta innovasion turtki ekanligini
qayd etdi.

— Peter Ershmanning asarlari san‘atning yangicha
ko'rinishi bo'lib, inson va tabiat uyg'unligini juda ta'sirchan
hamda innovasion usulda namoyon etadi. Asarlarda
elektron texnologiyalar va zamonaviy texnikaning inson
hayotiga ta'siri ham chuqur aks ettirilgan, — dedi u.

Astronomiya parkida joylashgan galereyadagi ko‘rgazma
31-iyulgacha davom etdi. 29
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SEASONAL EVALUATION OF A CYCLONE-BASED
PM:.;s SAMPLING SYSTEM UNDER DRY CONTINENTAL
CONDITIONS: A CASE STUDY OF TASHKENT
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Abstract. This study evaluates the seasonal effects on the particle collection performance of a cyclone-based PM, ; sampling
system under arid and semi-arid climatic conditions, using Tashkent city as a representative case study. The system, developed at
Keio University, consisted of a PM, ; real impactor, cyclone separator, and downstream backup filter, and was operated from March
2025 to April 2026. Reference PM, ; data were obtained from a Horiba air quality monitoring station located approximately 1.4
km from the sampling site. The results showed clear seasonal variability, with the lowest PM, , levels in summer and the highest
concentrations in autumn. Differences between Horiba, cyclone, and backup filter measurements were mainly associated with differ-
ences in particle size distribution, airflow stability, and meteorological conditions. Overall, the cyclone-based system demonstrated
stable operation and reliable aerosol collection for further gravimetric, chemical, and toxicological analyses.

Keywords: PV, ;, semi-ambient conditions, cyclone sampling, cyclone-based sampling system, particle collection efficiency,
seasonal variability, meteorological influence.

Annotatsiya. Ushbu tadqiqotda Toshkent shahri misolida qurg‘oqchil va yarim qurg‘oqchil iglim sharoitida siklon asosidagi
PM, . namuna olish tizimining zarrachalarni yig‘ish samaradorligiga mavsumiy o‘zgaruvchanlikning ta’siti baholandi. Keio
universitetida ishlab chiqgilgan ushbu tizim PM, , real impaktori, siklon separatori va siklondan keyin o‘rnatilgan backup filtrdan
iborat bo‘lib, bu tizim yordamida 2025-yil mart oyidan 2026-yil aprel oyigacha bo‘lgan davrda namunalar yig’ildi. Tagqoslash
uchun PM, ; bo‘yicha ma’lumotlar namuna olish joyidan taxminan 1,4 km masofada joylashgan Horiba havo sifati monitoring
stansiyasidan olindi. Natijalar PM, , konsentratsiyasida aniq mavsumiy o ‘zgaruvchanlik mavjudligini ko ‘rsatdi, jumladan, eng past
PM, , darajalari yozda, eng yuqori konsentratsiyalar esa kuzda kuzatildi. Horiba, siklon va zaxira filtr o’lchovlari orasidagi farglar
asosan zarrachalar hajmining tagsimlanishi, havo ogimining barqarorligi va meteorologik sharoitlardagi farglar bilan bog’liq edi.
Umuman olganda, siklon asosidagi tizim keyingi gravimetrik, kimyoviy va toksikologik tahlillar uchun barqaror ishlash hamda
ishonchli aerosol yig‘ish imkoniyatini namoyon etdi.

Kalit so‘zlar: PM, ;, yarim ochiq muhit sharoiti, siklonli namuna olish, siklon asosidagi namuna olish tizimi, zarrachalarni
yig‘ish samaradorligi, mavsumiy o‘zgaruvchanlik, meteorologik ta’sir.

AwnHoTaums. B 1aHHOM 1CCIET0BaHMI OLIEHMBAIOCH BIIVISIHIE CE30HHON M3MEHYMBOCTY Ha 3B MEKTVBHOCTD YIIaBIMBaHS YaCTHMIL
cucremoli ot6opa mpo6 PM, ; Ha OCHOBe IVK/IOHA B YCJIOBUSAX aPUIHOTO M CEMUaPUAHOTO K/MMATa, Ipyu 3TOM ropop, TamikeHnT
ObIT BEIOpaH B KaUeCTBe perpeseHTaTUBHOrO npumepa. Cucrema, paspaboranHas B YHuBepcutere Keito, cocTosia 13 peajbHOTo
umnakropa PM, ., IMK/IOHHOTO cenaparopa 1 yCTaHOB/IEHHOTO MOCJIe IIMK/IOHA pe3epBHOro GuiIbTpa 1 SKCILTyaTpoBasach C MapTa
2025 ropa mo ampestb 2026 rofa. Pedpepenthbie anHbie 1o PM, . 6bi Mo/yueHbl CO CTaHLMM MOHUTOPMHTA KauecTBa BO3ayXa
Horiba, pacnosioskeHHoii puMepHO B 1,4 KM OT MecTa ot6opa po6. Pe3ysibTraThl oKasasiyi BhIPaXKEHHYIO CE30HHYO M3MEHUMBOCTb:
camble Hu3KMe ypoBHM PM, . Habmionamich 1eToM, a camble BbICOKME KOHIIEHTPALMHM, OCeHbI0. Pasmums Mexy usMmepeHusaMu
¢ nomornpio ¢mibTpoB Horiba, nykioHa u pesepBHOro (GuibTpa 6bUTM B OCHOBHOM CBSI3aHbI C PasjMuusIMM B PacIpeneieHun
YaCTHIL TI0 pasMepaMm, CTabMIbHOCTHM BO3MYIIIHOTO MTOTOKA 1 METEOPOJIOTMUECKUX YCIOBUSIX. B 11€/10M, IIMK/IOHHAS CHCTeMa Mpo-
JIEMOHCTPUPOBaja CTabMIbHYI0 paboTy M HamEKHbIN cOOp aspo30Jieii AJisl TTOCIEAYIOMIMX IPaBUMETPUUECKUX, XUMUUECKUX U
TOKCMKOJIOTMYE€CKUX aHa/IM30B.

KiroueBbie cnoBa: PM, ., OMyOTKPBITbIE YCIOBKS, IMKJIOHHBI 0OTGOP MPOO, cicTeMa OTGOpa MPpob Ha OCHOBE IMUKJIOHA, 3¢-
(eKTUBHOCTD Y/IaBIMBAHMS YaCTHII, CE30HHAsK 3MEHUMBOCTb, METEOPOJIOTMUECKOE BIISIHIE.

1. Introduction can remain suspended in the atmosphere for extended periods and

Fine particulate matter (PM, ), defined as airborne particles  penetrate deeply into the human respiratory system. Long-term
with an aerodynamic diameter smaller than 2.5 pm, is considered  exposure to elevated PM, . concentrations has been associated
one of the major environmental and public health challenges in ~ with respiratory diseases, cardiovascular disorders, impaired
urban atmospheric studies. Due to their small size, PM, , particles  lung function, and increased mortality risk [1,2].
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Rapid urbanization, industrial emissions, vehicular activity,
construction processes, and natural dust transport significantly
contribute to increasing PM, ;. concentrations in many urban
regions. In semi-arid and continental climates, particulate
accumulation is additionally intensified by dust resuspension
and unstable meteorological conditions. Seasonal atmospheric
stagnation and limited dispersion may further enhance aerosol
accumulation in densely populated areas [3,4].

Accurate PM, ; collection and characterization are essential
for environmental monitoring and aerosol research. Conventional
filtration-based sampling methods are widely used for particulate
collection because of its high collection efficiency. However,
filter-based sampling often requires mechanical or chemical
extraction of particles deposited on the filter substrate, a
process that can result in the loss of certain PM constituents
and potentially modify the intrinsic toxicity of the collected
particles. In addition, the chemical composition of filter-collected
samples may be affected by sampling artifacts arising from gas
adsorption, particle-gas interactions, chemical transformations,
volatilization of semi-volatile compounds, and other ambient
atmospheric processes [5,6].

To avoid the issues related to filter sampling, researchers have
investigated cyclone devices to collect PM samples globally
[7-10]. Cyclone separators provide an effective aerodynamic
approach for particle size-selective separation prior to filtration.
Tangential airflow inside the cyclone chamber generates
rotational vortex motion and centrifugal forces that separate
particles according to their aerodynamic diameter and inertia.
Larger particles are move toward the cyclone wall by centrifugal
force and collected in the lower chamber, while smaller particles
(i.e., particles with aerodynamic diameters smaller than cut-off
diameter D, of cyclone) remain entrained in the inner vortex
and pass to the downstream filter installed after the cyclone [7,8].

Recent studies on cyclone-assisted aerosol sampling
systems have demonstrated improved particle classification
efficiency, and enhanced stability of fine particulate collection
during continuous operation. Advances in cyclone geometry
optimization and airflow regulation have additionally improved
aerodynamic separation performance and operational reliability
of cyclone-based aerosol systems [9-11].

This study aimed to evaluate the influence of seasonal
variability on the PM, . collection performance of a cyclone
under urban semi-ambient operating conditions. Experimental
PM, . sampling was conducted using a cyclone-based sampling
system developed at Keio University, Japan. The efficiency of
the cyclone-based sampling system was assessed by comparing
the collected PM, . mass concentrations with reference data
obtained from a high-accuracy meteorological and air quality
monitoring station. The main novelty of this study is the
integration of cyclone-based PM, . sampling with long-term
aerosol monitoring under controlled semi-ambient laboratory
conditions, enabling the evaluation of seasonal variations in
cyclone collection performance.

2. Methodology

2.1 The cyclone separation theory and evaluation methods

The cyclone separator operates on the principle of aerodynamic
particle classification generated by rotational airflow inside the
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cyclone chamber (Fig.1). During operation, particle-laden
air enters the cyclone tangentially through the inlet section,
producing a strong swirling vortex structure. This flow field
typically consists of an outer downward spiral vortex and an
inner upward vortex directed toward the outlet [7,12].

'N Fluid = fine particle

Coarse pmjcic
Fig. 1. Particle motion and aerodynamic separation
mechanism inside the cyclone separator.

Particles with larger aerodynamic diameters and higher inertia
are transported toward the cyclone wall under the influence of
centrifugal forces and are subsequently deposited in the lower
collection chamber. In contrast, smaller particles with lower
inertia are able to follow the upward vortex stream and penetrate
through the cyclone outlet, where they are collected on a backup
filter installed downstream of the cyclone [8,13].

The separation performance of a cyclone is strongly affected
by airflow stability, vortex intensity, particle residence time,
and cyclone geometry [14]. An optimized cylindrical-conical
configuration improves aerodynamic stability and promotes the
downward migration of coarse particles, while the tangential
inlet geometry reduces direct particle short-circuiting toward the
outlet section [15-17]. Previous Computational Fluid Dynamics
(CFD) studies have also demonstrated that optimized cyclone
geometries can enhance particle classification efficiency and
reduce internal flow disturbances [8,18].

The experimental cyclone-assisted sampling configuration
was assembled under controlled laboratory conditions to
evaluate PM . sampling performance and airflow behavior
[11]. A vacuum pump was used to maintain a continuous airflow
through the system, while a flow regulation unit was applied to
minimize operational fluctuations during long-duration sampling
experiments [19-21].

The cyclone separator, consisting of a cylindrical upper body
and a conical lower section, served as the main aerodynamic
particle classification unit [9]. The tangential inlet was designed
to generate a stable vortex and improve centrifugal separation
efficiency [10]. In the sampling configuration, coarse particles
larger than 2.5 pym were initially removed by a real impactor,
whereas fine particles with aerodynamic diameters smaller
than 2.5 pm were directed into the cyclone and subsequently
collected on the backup filter installed downstream of the cyclone
[5,6]. This configuration was designed to ensure stable vortex
formation, effective coarse particle pre-separation, reduced
backup filter overloading, and continuous PM, ; collection during
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long-duration laboratory operation [11].

After each experiment, the exposed filters were carefully
removed from the sampling system and preserved under
controlled laboratory conditions for subsequent gravimetric and
physicochemical analyses.

Particle size distribution measurement for cyclone-based
sampling devices, expressed through the particle penetration
equation [22], is an important parameter for evaluating the
sampling performance of the cyclone and assessing the potential
health risks associated with particulate matter exposure [23,24].
This is particularly relevant because many health-relevant aerosol
components, including transition metals, heavy metals, water-
soluble fractions, and insoluble fractions, are predominantly
concentrated in the fine particle size range of typical atmospheric
aerosols [25].

An increase in the sampling flow rate generally decreases
particle penetration through the cyclone by strengthening
centrifugal separation [26]. However, excessively high flow rates
may increase turbulence intensity inside the cyclone, which can
cause the loss or re-entrainment of small and low-inertia particles
[27]. Therefore, particle penetration measurement is essential
for determining cyclone cut-off characteristics, evaluating PM,
classification efficiency, and optimizing the operational flow
conditions of cyclone-assisted sampling systems.

2.2. Study area and sampling location

PM, . sampling experiments were conducted in Tashkent city,
Uzbekistan, from March 2025 to April 2026. The monitoring
site was located on the 3rd-floor balcony of the Uzbek-Japan
Innovation Center of Youth under semi-ambient outdoor
conditions. The sampling location was selected to represent
urban atmospheric environments influenced by traffic activity,
urban dust transport, and surrounding anthropogenic emissions.

Tashkent is the largest and most densely populated city in
Uzbekistan with a continental semi-arid climate characterized
by hot summers, cold winters, relatively low precipitation, and
seasonal atmospheric stagnation conditions. The monitoring
site was situated near urban traffic zones and residential areas
where atmospheric particulate accumulation is influenced by
vehicle emissions, construction activities, dust resuspension,
and domestic heating sources. Natural gas is widely used for
transportation and residential heating in Tashkent, while coal
and wood combustion may additionally contribute to seasonal
aerosol accumulation during cold periods.

2.3. Collection Samples of PM ,

PM , . samples were collected using the cyclone-based
sampling system developed at Keio University, Japan [11]. The
experimental sampling configuration enabled simultaneous
collection of fine particulate matter on a downstream backup
filter and inside the lower cyclone collection chamber. Fine
PM, . particles passing through the cyclone vortex were collected
on a quartz fiber filter with a diameter of 90 mm, while larger
and denser particulate fractions separated by centrifugal forces
accumulated inside the container installed at the bottom section
of the cyclone separator [10,11].

Sampling experiments were conducted from March 2025
to April 2026 on the 3rd-floor balcony of the Uzbek-Japan
Innovation Center of Youth in Tashkent under semi-ambient
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atmospheric conditions. The cyclone airflow rate was maintained
between 78 L/min and 85 L/min throughout the experimental
investigation in order to ensure stable vortex formation and
continuous aerodynamic particle separation during long-duration
operation.

The developed cyclone-assisted sampling system provided
effective pre-separation of coarse particles, reduced excessive
filter loading, and enabled continuous accumulation of suspended
PM, . aerosol fractions suitable for subsequent gravimetric
and physicochemical analysis. Collected powder samples
accumulated inside the glass collection chamber exhibited
concentrated dark particulate characteristics indicating successful
collection of atmospheric fine aerosol components.

g PM, g Real Tmpactor

Cyclone

Fig. 2. Schematic drawing (a) and picture (b) of
cyclone-based PM, ; sampling system.

Collected PM,  samples and deposited particulate materials
were preserved under controlled laboratory conditions for
subsequent laboratory analysis. Temporal variations in PM,
concentrations and aerosol accumulation behavior were further
assessed using continuous atmospheric monitoring data obtained
from a high-accuracy Horiba air quality monitoring system
installed approximately 1.4 km away from the sampling location.

2.4 Meteorological Data Measurement

Ambient PM, ; concentration data were additionally obtained
from a high-precision atmospheric air quality monitoring system
manufactured by Horiba. The monitoring station was installed
in the Almazar district of Tashkent. The distance between the
Horiba atmospheric monitoring station and the experimental
PM, . sampling site was approximately 1.4 km at coordinates
41.350605° N, 69.224970° E. The Horiba PM, , dataset was



used as supplementary reference information to characterize the
ambient fine particulate matter concentration in the surrounding
urban area during the sampling period and to support the
interpretation of the experimentally collected PM, . samples and
compare the efficiency of the PM, ; Real Impactor.

3. RESULTS AND DISCUSSION

3.1 PM, , Sample Collection

PM, , samples were collected using using the opinable cy-
clone-based sampling system developed at Keio University,
Japan [11]. The experimental setup consisted of a PM, , real
impactor, a cyclone separator, and a backup filter arranged
downstream of the cyclone to capture fine particulate matter.

PM, . samples was collected over periods of 20-35 days per
set, depending on atmospheric particulate concentrations, at the
3rd-floor balcony of the Uzbek-Japan Innovation Center of Youth
in Tashkent during March 2025 and Aprel 2026.

The collected samples exhibited distinct visual characteristics.
The PM, , real impactor showed residual particulate deposition
after sampling (Fig. 3a), while the backup filter installed after
the cyclone captured suspended very small particles penetrate
cyclone (Fig. 3b). The powder sample collected between 50 mg
150 mg for each sampling period using the cyclone appeared as a
concentrated, powder particulate mass, demonstrating successful
accumulation of fine aerosol fractions suitable for subsequent
gravimetric and chemical analysis (Fig. 3c).

{a) PM2.s real impactor after sampling.

I

(b} Backup filter installed after cyclone

= R ==y

10 mm
—

Fig. 3. PM, , sample collection and deposition observed
during laboratory experiments: (a) PM, , real impactor
after sampling; (b) Backup filter installed after cyclone;
(c) Powder sample collected using cyclone.

3.2 Temporal and Seasonal Variation of PM, . Concentration

Seasonal variation of PM, , concentration was evaluated from
March 2025 to April 2026 in order to assess the performance of
the cyclone-assisted PM, . sampling system. PM, . concentrations
were measured using data obtained from the HORIBA monitoring
station, cyclone, backup filter (BF), and combined BF+Cyclone
measurements. In this study, PM, ; concentration measured using
the HORIBA monitoring station were considered the primary
reference values for evaluating the cyclone-assisted sampling
system because the HORIBA instrument was equipped with
high-precision sensors, provided stable long-term monitoring
performance under different seasonal conditions, and was located
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in close proximity to the experimental sampling site.

During the spring season, PM, . concentration measured
HORIBA measurements showed noticeable differences
compared with concentrations obtained from the cyclone and
BF+Cyclone systems. Cyclone and BF+Cyclone measurements
demonstrated relatively elevated concentration values during this
period, suggesting that the cyclone-assisted system may have
additionally collected particles larger than the PM, . aerodynamic
fraction. In contrast, BF measurements alone remained
comparatively low. This behavior indicates that a portion of
fine particles may have been retained within the internal cyclone
chamber, or that the concentration of ultrafine particles reaching
the backup filter was limited due to relatively lower fine aerosol
loading in the ambient atmosphere.

During the summer season, PM, , concentrations remained
relatively low across all measurement systems. HORIBA data
indicated lower atmospheric PM, , concentrations compared
with spring and autumn periods. Cyclone and BF+Cyclone
measurements also remained at relatively low levels and showed
closer agreement with the reference HORIBA values. Reduced
PM, . accumulation during summer was likely associated with
enhanced atmospheric mixing, stronger wind circulation,
increased vertical dispersion, and the absence of seasonal heating
sources. The very low BF concentrations observed during this
period further suggest that only limited fine particulate mass
passed through the cyclone system and reached the backup
filter stage.

Autumn showed the highest PM, , concentrations compared
with the other seasons throughout the sampling period.
Particularly during late October and early November, HORIBA
concentrations exceeded 100 pg/m®. Cyclone and BF+Cyclone
concentrations also increased during this interval. However,
their values remained significantly lower than the HORIBA
measurements. This discrepancy suggests that the cyclone-
assisted sampling system may not have completely captured
the total atmospheric PM, . mass under elevated aerosol
loading conditions. Additionally, environmental factors such as
atmospheric humidity, particle size distribution, aerodynamic
particle behavior, and airflow stability likely influenced the
separation and collection efficiency of the cyclone and backup
filter system. BF concentrations also remained relatively low
during autumn, indicating that a substantial portion of particulate
matter may have accumulated within the cyclone chamber or
upstream sections of the sampling system rather than on the
backup filter.

During the winter season, HORIBA PM, . concentrations
remained lower than the extreme autumn peak values but still
exhibited considerably elevated atmospheric particulate levels.
In several sampling periods, particularly during February
2026, BF+Cyclone concentrations approached the HORIBA
measurements, while BF concentrations also increased
noticeably. These observations suggest that fine particulate
fractions may have been captured more efficiently by the
backup filter system during winter atmospheric conditions.
Low temperature, atmospheric inversion, reduced boundary
layer height, and increased domestic heating emissions likely
contributed to enhanced PM, . accumulation during winter.

33



N22/2026 +  EKOLOGIYA XABARNOMAS|

However, incomplete agreement between cyclone-assisted
measurements and HORIBA values may additionally be
associated with atmospheric humidity, hygroscopic particle
growth, and airflow instability within the sampling system.

Overall, the monitoring results demonstrated that the cyclone-
assisted sampling system successfully reflected the general
seasonal variability of atmospheric PM, . concentration. Increased
aerosol accumulation observed during autumn and winter periods
was consistently reflected in both cyclone and BF+Cyclone
measurements. Nevertheless, the observed differences relative
to HORIBA measurements indicate that cyclone separation
efficiency, particle deposition behavior, fine particle transport to
the backup filter, and meteorological influences all affected the
overall sampling performance of the system. The obtained results
confirm that the cyclone-assisted PM, . sampling configuration
can be effectively applied for seasonal aerosol monitoring
and atmospheric particulate accumulation studies under urban
environmental conditions.

Several major factors may have influenced the collection
efficiency of the cyclone and backup filter (BF) system. First,
the performance of the cyclone separator strongly depends on
the aerodynamic diameter, density, and inertial properties of
suspended particles [5-8]. Relatively larger or higher-inertia
particles tend to collide with the cyclone wall and accumulate
within the collection chamber, whereas finer particles remain
suspended within the vortex core and continue toward the
downstream backup filter [7,8,12-17].

Second, airflow velocity and flow stability play a critical role
in aerodynamic particle separation [12-18,27]. If the tangential
airflow and vortex structure inside the cyclone are not sufficiently
stable, the separation efficiency may decrease significantly [13-
17]. Even small fluctuations in airflow conditions can alter the
fraction of particles deposited on the cyclone wall or transported
through the system toward the backup filter [16-18,27].
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Third, atmospheric humidity and temperature may
considerably affect sampling performance [3,5,6]. Under
conditions of elevated relative humidity, PM, . particles may
undergo hygroscopic growth, increased adhesion behavior,
or enhanced deposition onto cyclone surfaces [3,5,6]. These
processes can reduce the particulate mass reaching the backup
filter and may additionally influence cyclone collection efficiency
under different seasonal atmospheric conditions [3,20,21].

Fourth, the HORIBA real-time atmospheric monitoring
station continuously measures ambient PM, . concentrations,
whereas BF and cyclone measurements are based on particulate
mass accumulated over a defined sampling period [5,6,21].
Therefore, discrepancies between HORIBA measurements and
cyclone-assisted sampling results are not solely associated with
collection efficiency, but also reflect differences in measurement
principles, temporal integration, sampling duration, and varying
meteorological conditions during the monitoring campaign
[3,5,6,21]. Several interrupted intervals visible in Fig. 4 were
associated with temporary technical interruptions during
the monitoring campaign, including calibration procedures,
airflow stabilization adjustments, maintenance operations,
filter replacement processes, and temporary shutdowns of the
cyclone-assisted sampling system. Despite these interruptions,
the monitoring results remained sufficiently stable for evaluating
temporal PM, . variability and seasonal aerosol accumulation
behavior throughout the investigation period [3,20].

The obtained results demonstrated clear seasonal variability
of atmospheric PM, ; concentration under urban environmental
conditions. Elevated PM, . accumulation was primarily observed
during autumn and winter periods characterized by intensified
aerosol loading and weaker atmospheric dispersion, whereas
lower concentrations occurred during warmer periods associated
with improved atmospheric circulation and enhanced aerosol
dispersion behavior.
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Fig. 4. Temporal variation of PM2.5 concentration obtained from Horiba monitoring data, backup filter measurements,
cyclone separator sampling, and combined BF+Cyc experimental analysis during the monitoring period.
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3.3 Influence of Meteorological Conditions and System
Performance

Meteorological conditions significantly affected PM,
accumulation, aerosol dispersion, and airborne particle
movement during the experimental investigation. Variations
in temperature, relative humidity, wind velocity, atmospheric
stability, and precipitation directly influenced particulate
concentration behavior throughout the monitoring campaign
[3,5,20]. Additionally, atmospheric turbulence and airflow
characteristics play an important role in particle transport and
separation behavior, influencing aerosol dynamics under varying
environmental conditions. [4,27].

Elevated PM, ; concentrations were generally associated with
weak atmospheric circulation, limited dispersion conditions, and
intensified dust resuspension during dry environmental periods
[3,4]. Lower particulate concentrations observed during several
monitoring intervals were related to improved atmospheric
ventilation, enhanced turbulent mixing, and precipitation-
driven aerosol removal processes [5,20]. Increased atmospheric
moisture additionally influenced aerosol behavior through
hygroscopic particle growth, thereby modifying particle size
and deposition characteristics [5,6].

Despite varying environmental conditions, the developed
cyclone-assisted configuration maintained stable operational
performance and reliable PM, ; collection behavior throughout
prolonged experiments [7,8,22]. The tangential airflow entering
the cyclone chamber generated a stable rotational vortex structure
that promoted effective aerodynamic separation according to
particle size and inertia [12,16]. Larger particles accumulated
inside the lower collection chamber, while finer PM, ; particles
remained suspended within the inner vortex and continued toward
the downstream filtration stage [13,14].

The cyclone pre-separation stage reduced excessive dust
loading on the filter surface and improved deposition uniformity
during continuous operation [8,9,21]. Stable airflow conditions
additionally contributed to repeatable aerosol accumulation
behavior and improved sample preservation by minimizing
coarse particle contamination during monitoring processes [6,11].

The obtained observations confirmed that the developed
cyclone-based PM, ; system demonstrated stable operational
performance, effective aerodynamic particle separation, and
reliable long-duration aerosol monitoring capability under
laboratory and semi-ambient environmental conditions.

4. Conclusion

This study evaluated the seasonal PM, ; collection perfor-
mance of a cyclone-based sampling system under urban
semi-ambient laboratory conditions in Tashkent, Uzbekistan.
The experimental system, consisting of a PM, ; real impactor,
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cyclone separator, and downstream backup filter, was operated
over a long-term monitoring period from March 2025 to April
2026. The obtained results demonstrated that the cyclone-
assisted configuration was capable of collecting fine particulate
matter continuously and provided sufficient particulate mass
for subsequent gravimetric and physicochemical analysis.
The collected powder samples accumulated in the cyclone
chamber confirmed the effective aerodynamic separation and
concentration of atmospheric aerosol particles.

Seasonal variations in PM, . concentration were clearly
observed during the monitoring campaign. Lower PM, . levels
were generally recorded during the summer period, likely due
to stronger atmospheric mixing, enhanced vertical dispersion,
and reduced contribution from seasonal heating sources. In
contrast, autumn showed the highest PM, . concentrations during
the entire sampling period, with elevated aerosol loading also
observed during winter. These seasonal patterns were reflected in
the cyclone and BF+Cyclone measurements, indicating that the
cyclone-assisted system was able to capture the general temporal
variability of atmospheric PM, , under urban environmental
conditions. The study used HORIBA monitoring data as reference
information because the station provided stable long-term
PM, . observations and was located approximately 1.4 km from
the experimental sampling site.

The comparison between HORIBA, cyclone, backup
filter, and combined BF+Cyclone measurements showed that
differences among the methods were influenced not only by
collection efficiency, but also by measurement principles,
temporal integration, sampling duration, particle size
distribution, airflow stability, and meteorological conditions.
The results suggest that cyclone performance was affected by
aerodynamic particle properties, vortex stability, humidity,
temperature, and seasonal atmospheric dispersion conditions. In
particular, hygroscopic growth and enhanced particle adhesion
under humid conditions may have influenced particle deposition
on cyclone surfaces and reduced the particulate mass reaching
the backup filter.

The cyclone-based PM, ; sampling system demonstrated
stable operational performance, effective aerodynamic particle
separation, and reliable long-duration aerosol monitoring
capability. The system can be considered a useful approach
for seasonal PM, , sampling and aerosol accumulation studies,
especially when the collection of particulate matter for further
chemical, toxicological, or physicochemical analysis is required.
Future studies should include detailed calibration of cyclone cut-
off performance, particle-size-resolved collection efficiency, and
chemical comparison of cyclone-collected particles and backup
filter samples under different meteorological conditions.

REFERENCES

1. Pope, C. A., & Dockery, D. W. (2006). Health effects of fine particulate air pollution: Lines that connect. Journal of the Air
& Waste Management Association, 56(6), 709-742. https://doi.org/10.1080/10473289.2006.10464485

2. Brook, R. D., Rajagopalan, S., Pope, C. A., Brook, J. R., Bhatnagar, A., Diez-Roux, A. V., Holguin, F., Hong, Y., Luepker, R.
V., Mittleman, M. A., Peters, A., Siscovick, D., Smith, S. C., Whitsel, L., & Kaufman, ]. D. (2010). Particulate matter air pollution
and cardiovascular disease. Circulation, 121(21), 2331-2378. https://doi.org/10.1161/CIR.0b013e3181dbecel

3. Tai, A. P. K., Mickley, L. J., & Jacob, D. J. (2010). Correlations between fine particulate matter (PM2.5) and meteorological
variables in the United States. Atmospheric Environment, 44(32), 3976-3984. https://doi.org/10.1016/j.atmosenv.2010.06.060

35



N22/2026 +  EKOLOGIYA XABARNOMAS|

4. Shao, Y., Wyrwoll, K. H., Chappell, A., Huang, ]., Lin, Z., McTainsh, G. H., Mikami, M., Tanaka, T. Y., Wang, X., & Yoon,
S.(2011). Dust cycle: An emerging core theme in Earth system science. Aeolian Research, 2(4), 181-204. https://doi.org/10.1016/j.
aeolia.2011.02.001

5. Hinds, W. C. (1999). Aerosol technology: Properties, behavior, and measurement of airborne particles (2nd ed.). Wiley.
https://doi.org/10.1002/9781118591973

6. Baron, P. A., & Willeke, K. (2001). Aerosol measurement: Principles, techniques, and applications (2nd ed.). Wiley.

7. Kenny, L. C., Gussman, R. A., & Meyer, M. B. (2000). Development of a sharp-cut cyclone for ambient aerosol monitoring
applications. Aerosol Science and Technology, 32(4), 338-358. https://doi.org/10.1080/027868200303669

8. Tsai, C. J., Huang, C. H., Chen, S. C., & Ho, C. E. (2004). Performance of PM2.5 cyclone samplers. Journal of Aerosol
Science, 35(4), 479-491. https://doi.org/10.1016/j.jaerosci.2003.10.004

9. Okuda, T., Isobe, R., Nagai, Y., Okahisa, S., Funato, K., & Inoue, K. (2015). Development of a high-volume PM2.5 parti-
cle sampler using impactor and cyclone techniques. Aerosol and Air Quality Research, 15(3), 759-767. https://doi.org/10.4209/
aaqr.2014.09.0194

10. Alimov, Z. B., Youn, H., Iwata, A., Nakano, K., Okamoto, T., Sasaki, A., Katori, T., & Okuda, T. (2022). Comparison of the
chemical characteristics and toxicity of PM2.5 collected using different sizes of cyclones. Asian Journal of Atmospheric Environ-
ment, 16(3), 2022062.

11. Nishita-Hara, C., Nakano, K., Iwata, A., Bin Mohd Nor, M. A., Mori, T., Youn, H., & Okuda, T. (2024). Development of an
openable small cyclone for atmospheric particulate matter sampling for toxicological experiments. Aerosol Science and Technology,
58(6), 681-693. https://doi.org/10.1080/02786826.2024.2328638

12. Chu, K. W., Wang, B., Xu, D. L., Chen, Y. X., & Yu, A. B. (2009). CFD-DEM simulation of the gas-solid flow in a cyclone
separator. Chemical Engineering Science, 64(10), 2236-2249. https://doi.org/10.1016/j.ces.2009.01.024

13. Gao, S., Li, B., & Wang, H. (2017). CFD analysis of cyclone separator performance and particle trajectories. Chemical
Engineering Research and Design, 121, 1-12. https://doi.org/10.1016/j.cherd.2017.02.015

14. 1, B., Zheng, C., & Zhou, H. (2014). Numerical simulation of gas-particle flow in cyclone separators. Powder Technology,
258, 333-344. https://doi.org/10.1016/j.powtec.2014.03.035

15. Sun, G., Zhang, L., & Chen, J. (2019). Numerical simulation of turbulent flow behavior in cyclone separators. Powder
Technology, 345, 402-412. https://doi.org/10.1016/j.powtec.2019.01.027

16. Zhao, B., Su, Y., & Zhang, . (2006). Simulation of gas flow pattern and separation efficiency in cyclone separators. Chemical
Engineering Journal, 123(1-2), 109-116. https://doi.org/10.1016/j.cej.2006.07.005

17. Avci, A., & Karagoz, 1. (2003). Effects of flow and geometrical parameters on the collection efficiency in cyclone separators.
Journal of Aerosol Science, 34(7), 937-955. https://doi.org/10.1016/S0021-8502(03)00054-3

18. Chuah, T. G., Gimbun, J., & Choong, T. S. Y. (2006). A CFD study of the effect of cone dimensions on cyclone hydrody-
namics and performance. Powder Technology, 162(2), 126-132. https://doi.org/10.1016/j.powtec.2005.12.007

19. Kim, S., Jaques, P. A., Chang, M. C., Froines, J. R., & Sioutas, C. (2021). PM2.5 collected using cyclonic separation causes
stronger biological responses than filtration-based sampling. Environmental Research, 191, 110490. https://doi.org/10.1016/j.
envres.2020.110490

20. Heal, M. R., Kumar, P., & Harrison, R. M. (2012). Particles, air quality, policy and health. Chemical Society Reviews, 41(19),
6606-6630. https://doi.org/10.1039/C2CS35076 A

21. Chen, B. T., Yeh, H. C., & Cheng, Y. S. (2004). Evaluation of aerosol samplers for PM2.5 collection efficiency. Atmospheric
Environment, 38(14), 2069-2078. https://doi.org/10.1016/j.atmosenv.2004.01.009

22. Youn, J. S., Han, S.,Yj, J. S., Kang, D. 1., Jang, K. W.; Jung, Y. W,, Park, Y. K., & Jeon, K. J. (2021). Development of PM10
and PM2.5 cyclones for small sampling ports at stationary sources: Numerical and experimental study. Environmental Research,
193, 110507. https://doi.org/10.1016/j.envres.2020.110507

23. McCreanor, J., Cullinan, P., Nieuwenhuijsen, M. J., Stewart-Evans, ]., Malliarou, E., Jarup, L., Harrington, R., Svartengren,
M., Han, . K., Ohman-Strickland, P., Chung, K. F., & Zhang, J. (2007). Respiratory effects of exposure to diesel traffic in persons
with asthma. The New England Journal of Medicine, 357(23), 2348-2358. https://doi.org/10.1056/NEJMo0a071535

24. Grahame, T. J., & Schlesinger, R. B. (2010). Cardiovascular health and particulate vehicular emissions: A critical evaluation
of the evidence. Air Quality, Atmosphere & Health, 3(1), 3-27. https://doi.org/10.1007/s11869-009-0047-x

25. De Kok, T. M., Driece, H. A., Hogervorst, J. G., & Briedé, ]. J. (2006). Toxicological assessment of ambient and traffic-re-
lated particulate matter: A review of recent studies. Mutation Research/Reviews in Mutation Research, 613(2-3), 103-122. https://
doi.org/10.1016/j.mrrev.2006.07.001

26. Youn, J. S., Han, S.,Yj, J. S., Kang, D. 1., Jang, K. W.; Jung, Y. W,, Park, Y. K., & Jeon, K. J. (2021). Development of PM10
and PM2.5 cyclones for small sampling ports at stationary sources: Numerical and experimental study. Environmental Research,
193, 110507. https://doi.org/10.1016/j.envres.2020.110507

27. Li, X., Jianhua, Y., Yuchun, C., Mingjiang, N., & Kefa, C. (2003). Numerical simulation of the effects of turbulence intensity
and boundary layer on separation efficiency in a cyclone separator. Chemical Engineering Journal, 95(1), 235-240. https://doi.
org/10.1016/S1385-8947(03)00109-8

36



EKOLOGIYA XABARNOMASI = N22/2026

SPATIOTEMPORAL ANALYSIS OF CO EMISSIONS
IN TASHKENT CITY IN SUMMER

Sharipov Shavkat Mukhamajanovich,

Doctor of Geographical Sciences (DSc), Professor.
e-mail: sh.sharipov@nuu.uz

Zaripov Shakhboz Bozorboy ogli,

PhD student.

e-mail: shaxbozzaripov6@gmail.com.

Ismatova Nilufar Ravshan Kkizi,

Doctor of Philosophy (PhD) in Geographical Sciences.
e-mail: ismatovanilufar31@gmail.com.

National University of Uzbekistan named after Mirzo Ulugbek,
Faculty of Geography and Geoinformation Systems.

Abstract. This research examines long-term changes in the concentrations of major air pollutant-carbon monoxide (CO) - in
Tashkent city over a 30-year period from 1994 to 2023 in summer. The study aims to evaluate quantitative trends of this pollutant,
develop spatial distribution maps, and determine the main sources of atmospheric pollution. The analysis is based on data obtained
from 12 air quality monitoring stations managed by the Hydrometeorological Service of the Republic of Uzbekistan. Geographic
Information System (GIS) techniques was applied for spatial assessment, with the Inverse Distance Weighting (IDW) method
implemented in ArcGIS Pro. Seasonal distribution maps for pollutant was generated at five-year intervals. In addition, trend analysis
was carried out using graphical representation and descriptive statistical methods. The findings reveal that CO concentrations was
highest during the period from 1994 to 2003, followed by a marked decrease beginning in 2008. Overall, the study contributes
valuable scientific evidence to support air quality management and environmental protection efforts in Tashkent.

Key words: Tashkent city, air pollution, carbon monoxide (CO), GIS analysis, IDW interpolation, environmental monitoring,
statistical analysis.

Annotatsiya. Ushbu maqgolada Toshkent shahrida yoz mavsumida 1994 - 2023-yillar oralig‘ida uglerod oksidi (CO)
konsentratsiyasining uzoq muddatli dinamikasi tahlil gilingan. Tadqiqotning magsadi CO ning vaqt bo‘yicha o‘zgarish
tendensiyalarini migdoriy baholash, uning fazoviy tagsimlanish xususiyatlarini aniqlash hamda atmosfera ifloslanishining asosiy
manbalarini aniglashdan iborat. Tadgiqot uchun O‘zbekiston Respublikasi Gidrometeorologiya xizmati markazi fondidan 12 ta
atmosfera havosini monitoring qilish stansiyalari bo‘yicha olingan ma’lumotlar bazasi shakllantirildi. Fazoviy tahlil Geografik
axborot tizimlari (GIS) asosida amalga oshirilib, ArcGIS Pro muhitida Inverse Distance Weighting (IDW) interpolatsiya usuli
go‘llanildi. CO konsentratsiyasining mavsumiy fazoviy tagsimlanish xaritalari 5 yillik intervallar kesimida ishlab chiqildi. Trend
tahlili grafik vizualizatsiya hamda tavsifiy statistik usullar asosida bajarildi.. Natijalar CO konsentratsiyasining 1994 - 2003-yillar
oralig‘ida yuqori darajada bo‘lganligini, 2008-yildan boshlab esa barqaror pasayish tendensiyasi kuzatilganligini ko ‘rsatdi. Olingan
natijalar shahar hududida atmosfera havosi sifatini baholash, uning monitoring tizimini takomillashtirish hamda ekologik boshqaruv
qarorlarini ilmiy asoslashda muhim ahamiyat kasb etadi.

Kalit so‘zlar: Toshkent shahri, havo ifloslanishi, uglerod monooksidi, GAT tahlili, IDW usuli, atrof-muhit monitoring, statistic
tahlil.

Awnnoranus. B faHHOM MccieqoBaHuM pacCMaTPUBAIOTCS JOJITOCPOYHbIE M3MEHEH VST KOHLIEHTPALMK OTHOTO 13 OCHOBHbIX 3a-
I'psI3HUTENIEeN aTMOCcepHoro Bosayxa — okcuga ymiepoga (CO) — B TamikeHT B jieTHui nepuoy, 3a 30-y1eTHnit uHtepsan ¢ 1994
no 2023 rompl. Llenbio paGoThl ABISIETCS KOMMUECTBEHHASI OlIEHKA BPEMEHHBIX TEHIEHIMI M3MEHEHUSI JaHHOTO 3arpsisHUTEN,
MOCTPOEHNE KapT €ro MPOCTPAHCTBEHHOTO PACIIPENEIEHNs], 8 TAK)KE BbISIBIEHME OCHOBHbIX ICTOYHVUKOB 3arpsisHEHMsT aTMOChepbI.
AHanu3 0CHOBaH Ha JaHHBIX 12 CTaHIMIT MOHUTOPMHTA KaUueCcTBa aTMOC(hePHOT0 BO3yXa, HAXOAAIINXCS B Benenun ['apomereo-
posormyeckoit cyskosl Pecrybnukn Y36ekucTan. [y mpoCcTpaHCTBEHHON OLIEHKY TIPUMEHSTMCh METOIbI TeOMHGBOPMAIMOHHBIX
cuctem (T'VIC), mpy 3TOM MHTEPIIOMSIMS BBITIOMHSIACh METOIOM OOpaTHBIX B3BellleHHbIX pacctosuuii (IDW) B mporpammHoit cpenie
ArcGIS Pro. KapTbl ce30HHOTrO pacripeiesieHus 3arpsisHUTeSst Ol IOCTPOEHBI C MHTEPBAJIOM B ISITh JieT. Kpome Toro, aHanmms
TEH/IeHIIT TPOBOAMIICS C VICTIOIb30BaHMeM rpaduueckmux METOIOB ¥ OMMCATETbHON CTATUCTUKI. Pe3ybraThl Mcc/ienoBaHus mo-
Kasaji, 4To MakcUMasibHble 3HaueHust KoHeHTpaunyu CO Habmomamick B iepuon 1994-2003 rr., mociie uero, HaunHas ¢ 2008 ropa,
OTMEYAeTCs BRIPAKEHHAS TEH/IEHIVS K CHYKEHMIO. B 11€/10M MoJTyueHHbIe Pesy/bTaThl PECTaBISIOT COO0 3HAUMMBbIN HayYHbIN
BKJIaJl B 0O0CHOBAHME MeD TI0 YIIPaBJIEHIIO KaueCTBOM aTMOC(EPHOro BO3yXa 1 OXpaHe OKPYKarolel cpefbl B ropose TallkeHTe.

KnioueBsie ciioBa: ropop TarikeHT, 3arpssHenye Bosmyxa, okeup, yriepona (CO), 'MC-ananus, unrepnosnsiys IDW, skoio-
TUYECKNIT MOHUTOPYHT, CTaTUCTUYECKUIT aHAJIN3.

1. INTRODUCTION urbanization, the growing number of motor vehicles, industrial
In recent decades, air pollution in urban environments expansion, and increasing energy demand have led to the
has emerged as a critical environmental challenge. Rapid excessive release of atmospheric pollutants, including CO,,
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CO, SO, NOy, 03, PM,.5, and PM4q (Han et al., 2011; Bollen
& Brick, 2014; Cheng et al., 2016). These emissions not only
contribute to global climate change and the formation of acid
rain (Wang & Wang, 1995; Wang et al., 2001; Christoph et
al., 2015; Zhou et al., 2022), but also influence atmospheric
photochemical processes through the interaction of primary and
secondary pollutants (Kuttler and Strassburger, 1999; Derwent
et al., 2003; Masiol et al., 2014). Moreover, exposure to these
pollutants poses serious risks to human health, as demonstrated
by numerous epidemiological and environmental studies (Salam
et al., 2005; Bell, 2006; Pepe et al., 2011; Li et al., 2016, 2017;
Nili et al., 2016; Puts et al., 2020; Gao et al., 2021; Bhat et
al., 2021; Parrella et al., 2023; Xu et al., 2023; Fajar, 2025).
Consequently, reducing atmospheric pollutant concentrations
has become a priority at both national and international levels
and is recognized as a key environmental objective under the
United Nations Framework Convention on Climate Change
(UNFCCC) (Street, 2000; Nam et al., 2013; Yang & Teng, 2018;
Li & Xu, 2020).

Globally, air pollution remains one of the most pressing
environmental problems, with widespread implications for
public health and ecosystem stability (Novan, 2017; Diao
et al., 2020; Mohammad, 2025). Tashkent-the political,
economic, and cultural center of the Republic of Uzbekistan
and the country’s most highly urbanized city-has experienced
substantial population growth and economic development in
recent years. This rapid expansion of the energy, transport,
and industrial sectors has resulted in increased emissions of
harmful atmospheric substances, including CO, NO2, SO, CO,,
particulate matter (PM), and aerosols. In addition, Tashkent’s
geographical setting on a foothill plain, combined with its sharply
continental climate, low annual precipitation, and prevailing
wind conditions, promotes the prolonged accumulation of
pollutants in the atmosphere rather than their natural dispersion.
These factors limit both horizontal and vertical air movement,
intensify temperature inversion events and photochemical
reactions, and ultimately exacerbate air pollution levels.
Therefore, continuous air quality monitoring, long-term analysis
of pollutant concentration trends, and assessment of their spatial
distribution in Tashkent are of considerable scientific and
practical importance.

In recent years, numerous international studies have focused
on monitoring key atmospheric pollutants such as SO,, NOy, CO,
€Oz, PM, ., and PM, as well as on analyzing their spatial and
temporal distribution using Geographic Information System
(GIS) techniques (Chen et al., 2015). For example, Li et al.
(2018) investigated and mapped major air pollutants in China
during 2015-2016 while incorporating meteorological factors
into their analysis. Sun et al. (2018) examined the long-term
dynamics of harmful gas emissions across Chinese cities
over a 64-year period, reporting declining trends in SO, and
NOy concentrations alongside an increase in volatile organic
compounds (VOCs). Similarly, Yoo et al. (2015) analyzed long-
term air pollution trends in South Korea in relation to land use
patterns. In Mexico City, Luis et al. (2015) applied GIS-based
methods, including the Inverse Distance Weighting (IDW)
approach, to assess the dispersion of atmospheric pollutants (see
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also Jung, 2019). Jumaah et al. (2019) evaluated air quality in
Kuala Lumpur using IDW and Ordinary Least Squares (OLS)
models, highlighting the effectiveness of these methods in
capturing pollution dynamics. In Iran, Masroor et al. (2020)
employed both Kriging and IDW techniques to estimate PM,
concentrations in Tehran. In the United Kingdom, Duggan
(2024) demonstrated that not only fuel type but also vehicle age
significantly influences CO emissions from the transport sector.
Overall, numerous studies (e.g., Somvanshi et al., 2019; Han et
al., 2011; Alkabbani et al., 2022) confirm that the integration
of GIS technologies with statistical methods provides a robust
framework for accurately characterizing the spatial distribution,
temporal variability, and underlying processes of atmospheric
pollution.

The main aim of this study is to examine the temporal
dynamics of the major gas contributing to air pollution in
Tashkent city-carbon monoxide (CO) over the period from
1994 to 2023 in summer. Based on the analysis results,
seasonal distribution maps will be developed, and the key
sources influencing ambient concentrations of CO will
be identified. For this purpose, data covering the 30-year
study period were obtained from the archival records of the
Hydrometeorological Service Agency under the Ministry of
Ecology, Environmental Protection, and Climate Change
of the Republic of Uzbekistan, the State Committee of the
Republic of Uzbekistan on Statistics, as well as relevant
scientific literature.

In urban areas, the primary sources of carbon monoxide
emissions are associated with oxygen-deficient (incomplete)
combustion processes, particularly from motor vehicles,
industrial activities, residential heating systems, coal-, oil-
, and gas-fired power plants, industrial boilers, and waste
incineration facilities (Oke, 2025). Based on these emission
sources, the factors affecting variations in CO concentrations
were further analyzed.

2. MATERIALS AND METHODS

This research analyzes the spatial and temporal variability
of carbon monoxide (CO) concentrations in the atmosphere
of Tashkent city over a 30-year period spanning from
1994 to 2023. The methodological framework of the study
consists of several key stages, including data acquisition,
initial data processing, spatial analysis using Geographic
Information System (GIS) tools, the generation of distribution
maps through the Inverse Distance Weighting (IDW)
interpolation technique, and statistical analysis. Furthermore,
supplementary statistical information required for the study
was sourced from the National Statistical Committee of
Uzbekistan (State Committee of the Republic of Uzbekistan
on Statistics, 2025).

2.1. Study area

Tashkent is the capital of the Republic of Uzbekistan and
functions as the country’s main political and cultural hub. The
city is located on an extensive piedmont plain at the foothills of
the Western Tien Shan Mountains. Covering an area of approx-
imately 410 km?, Tashkent is administratively divided into 12
districts. As of January 1, 2025, the city’s permanent population
was estimated at about 3,112,800 inhabitants.



2.2. Data collection and description of air pollutant
emissions

To assess the air pollution status in Tashkent city, data on the
amounts of carbon monoxide (CO) emitted into the atmosphere
from 1994 to 2023 were obtained from the archives of the
Hydrometeorological Service Agency under the Ministry of
Ecology, Environmental Protection, and Climate Change of
the Republic of Uzbekistan. These data were collected from
12 monitoring stations located in various parts of the city for
each month of every year within the study period. Using the
monthly data, seasonal averages were calculated. For example,
to determine the average value for the summer season, the mean
concentration for June, July and August was computed for each
monitoring station.

3. RESULTS AND DISCUSSION

3.1. Seasonal variations of carbon monoxide (CO) in urban
air from 1994 to 2023 in summer

As illustrated in Figure 1 and 2, the amount of carbon mon-
oxide (CO) emitted into the urban atmosphere has generally de-
creased in summer between 1994 and 2023. The highest seasonal
CO concentrations for the entire study period were recorded in
1994. During that year, the average CO level in winter exceed-
ed 3000 pug/m®. By 2003, the wintertime CO concentration
had declined to approximately 1800-1900 ug/m?, and further
decreased to around 1500 pg/m® by 2008. However, during the
subsequent five-year period, CO levels again rose above 2000
pg/m?®. A declining trend resumed after 2013. In the most recent
five-year period (post-2018), CO concentrations began to rise

EKOLOGIYA XABARNOMASI = N22/2026

once more. By 2023, the average CO level in most parts of the
city ranged from 1600 to 2000 pg/m?®, with eastern areas reaching
up to 2600 pug/md.

In summer, 1994 also exhibited the highest CO values among
all studied years. On average, summer CO concentrations were
higher than those in winter, spring, or autumn. In 1994, levels
across most of the city exceeded 3000 pg/m®. This decreased by
2008, when summer concentrations averaged between 2200 and
2300 pg/m®. A consistent downward trend was observed after
2013. The highest summer CO levels during the study period
were recorded between 1998 and 2003. By 2023, average summer
concentrations in the northern, western, and southern parts of the
city ranged from 1600 to 2000 pg/m?.

Based on the analysis of maps and diagrams, it can be
concluded that the concentrations of all emitted pollutants sharply
increased during the period from 1994 to 2003. Over the studied
period, the level of CO generally showed a decreasing trend.
Air pollutants originate from both natural and anthropogenic
sources. Natural sources of air pollution include volcanic activity,
wildfires, dust storms, oceans, and others. Anthropogenic sources
comprise industry, municipal services, transportation, and
others (Richard, 1994; Richard, 2016; Zhao, 2021). Urban air
pollution is predominantly influenced by anthropogenic factors,
and Tashkent city is no exception. As the largest metropolis in
our region, Tashkent has experienced in recent years industrial
growth, an increase in the number of vehicles, and intensified
construction activities, all of which negatively impact the
ecological situation, particularly air quality.

Seasonal CO Pollution: Tashkent City in Summer
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Fig.1. Seasonal variation in CO emissions into the air in Tashkent city during summer between 1994 and 2008

Source: own study
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Fig.2. Seasonal variation in CO emissions into the air in Tashkent city during summer between 2013 and 2023

Source: own study.

The rapid urbanization process, population growth, and
expansion of industrial and other sectors in Tashkent city have
also led to an increase in the number of vehicles. Consequently,
numerous ecological issues related to transportation have
emerged, among which air pollution has become particularly
pressing. Incomplete combustion of fuel in automobile engines
results in the emission of (1) nitrogen oxides (NOy); (2) sulfur
dioxide (SOy); (3) carbon dioxide (CO,); (4) fine particulate
matter (PM, ; and PM,); and (5) unburned hydrocarbons (CH).
These emissions contribute to deteriorating human health,
acid rain, smog formation, and global warming, among other
problems.

As of January 1, 2023, the number of privately owned pas-
senger cars in Tashkent amounted to approximately 638,800.
On average, around 1,1 million vehicles operate daily in the
city, including 850,000 registered in Tashkent and 250,000 en-
tering from surrounding regions. The increase in the number of
private vehicles contributes to the worsening of environmental
conditions, an increase in road traffic accidents, and a reduction
in traffic speed to 9-11 km/h during peak congestion hours (Zi-
yayev, Vohidov, 2022).

Analysis of maps illustrating the seasonal dynamics of
CO emissions reveals that during the period from 1994 to
2008-particularly in the summer-the levels of CO released into
the atmosphere were significantly higher compared to recent
years. This indicates a decline in CO emissions over the study
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period when compared to the early 1990s. However, in recent
years, there has been a relative increase in CO levels during
the winter season. Although the total number of vehicles has
increased, the overall volume of CO emissions has declined due
to several contributing factors: (1) Technological modernization
of vehicles - including the adoption of new, environmentally
friendly, and more efficient engines, as well as the widespread
implementation of catalytic converters and other exhaust
purification systems; (2) Fleet renewal and improvement of
public transport systems; (3)Regulatory changes and improved
monitoring of emissions from vehicles and industrial facilities,
along with the relocation of major polluting industries from city
centers to peripheral areas; (4) Transition to cleaner fuel sources
in energy production; (5) Improvement in fuel quality used by
the transport sector.

4. CONCLUSION

This study analyzed the seasonal dynamics of carbon
monoxide (CO) and sulfur dioxide (SO;) emissions in the air
of Tashkent city over the period from 1994 to 2023. The results
indicate that although the amounts of these gases released into
the atmosphere have decreased compared to 1994, a recent
upward trend has been observed. During the study period, the
highest emission levels for all three pollutants were recorded in
2003. Seasonal analysis revealed that CO concentrations peaked
during the summer, while SO, levels were highest in winter
and lowest in summer and autumn. This pattern is primarily




attributed to the increased use of fuel oil and other heating fuels
during the cold season. The analysis demonstrated that industrial
activity, construction, and the transport sector in Tashkent play
significant roles in the emission of air pollutants. Changes in
the share of fuel oil usage at the Tashkent Thermal Power Plant
(TPP) directly affected the volume of pollutant gases emitted
into the city’s atmosphere. In recent years, the most polluting
industrial enterprises in the city center have been relocated to
the outskirts. Additionally, the proportion of industries related
to coke and petroleum refining, rubber and plastic products,
chemical manufacturing, and fabricated metal products has
decreased, whereas the share of metallurgical production has
increased. Furthermore, there has been a sharp increase in
construction activities in the city, accompanied by a reduction in
green spaces. The number of vehicles and the types of fuel they
use have also significantly influenced the amount of pollutant
gases emitted into the air.

Proposals and recommendations for preventing air pollution
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in Tashkent City: (1) modernization and optimization of
industrial enterprises’ locations; (2) it is necessary to implement
innovative technologies that reduce pollution in metallurgy
and other industrial sectors; (3) improvement of fuel quality
in TPP; (4) at thermal power plants like TashTPP, the use of
fuel oil should be reduced, and the transition to natural gas
and other environmentally clean fuels should be encouraged;
(5) improvement of the transport system of Tashkent and fuel
quality; (6) increase the number of public transport vehicles and
introduce modern, low-emission electric and gas vehicles; (7)
to reduce the number of private cars, optimize parking and road
infrastructure, and expand pedestrian and bicycle lanes; (8) pay
special attention to preserving and increasing green spaces, and
expand green areas in new construction projects (9) in multi-
storey building construction, maintain wind flow and increase
wind speed by considering aerodynamic calculations; (10) raise
public awareness about air quality and environmental issues
through educational campaigns.
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Abstract. This is not a secret that Africa considered as the poorest continent in the world. Countries across this continent face
extreme weather conditions, and so many regions have been severely affected by climate change. This is especially surprising
given that Africa contributes only 2-3% to global greenhouse gas emissions. Despite this low contribution, it is viewed as the most
vulnerable region in the world. In this paper, one of the countries most heavily impacted by climate change: Chad. The country
continues to face serious challenges not only from an environmental perspective but also in terms of economic hardship and the
well-being of its local population. The key problems Chad is currently experiencing, assessed its vulnerability to climate hazards,
and proposed both short-term and long-term solutions for each major issue.

Keywords: climate change, adaptation, vulnerability assessment, water scarcity, Lake Chad Basin.

Abstract. Afrikani dunyodagi eng qgashshoq qit’a deb bilish sir emas. Ushbu qit’aning mamlakatlari ekstremal ob-havo
sharoitlariga duch kelmogda va ko’plab mintagalar iglim o’zgarishiga jiddiy ta’sir ko’rsatdi. Bu, aynigsa, Afrikaning global issigxona
gazlari chigindilariga atigi 2-3% hissa qo’shayotganini hisobga olsak, ajablanarli. Bu past hissaga garamay, unga dunyodagi eng zaif
mintaga sifatida qaraladi. Ushbu maqolada iglim o’zgarishidan eng ko’p ta’sirlangan mamlakatlardan biri: Chad. Mamlakat nafaqat
ekologik nuqtai nazardan, balki igtisodiy qiyinchiliklar va mahalliy aholi farovonligi nuqtai nazaridan ham jiddiy muammolarga
duch kelishda davom etmoqda. Chad hozirda boshdan kechirayotgan asosiy muammolar, iqlim xavf-xatarlariga nisbatan zaifligi
baholandi va har bir asosiy muammo uchun gisqa muddatli va uzoq muddatli yechimlarni taklif gilindi.

Kalit so’zlar: Iqlim o’zgarishi, moslashish, zaiflikni baholash, suv tanqisligi, Chad ko’li havzasi.

AnHoranus. JTo He cekperT, uTo AGpyKa cUUTaeTCs CaMbIM GeJHBIM KOHTMHEHTOM B Mype. CTpaHbI 3TOrO KOHTMHEHTA CTaJl-
KMBAIOTCS C 9KCTPEMAJTbHBIMM TTOTOAHBIMM YCIOBUSIMYU, ¥ MHOTHME DErMOHBI ObUIM CePbe3HO 3aTPOHYTHI V3MEHEeHUeM KiMMaTa.
OTO 0COGEHHO YAMBUTEIBHO, YUUTHIBAST, YTO AQprKa BHOCUT JIMIIb 2-3% B I106aIbHbIe BBIOPOCHI ITaPHUKOBBIX ra3oB. Hecmotpst
Ha 3TOT HM3KUIA BKJIAZ, OHA CUMTAETCS CaMbIM YSI3BMMBIM DETMOHOM B Mupe. B 3Tol cTaThe paccMaTpyBaeTCsl OGHA U3 CTPaH,
Hanbosee CUJIBHO TOCTPAJaBIIMX OT M3MeHeHMs kmumara: Uap. CrpaHa MpORO/DKAaeT CTaJIKMBATBCS C CEPhe3HBIMM BBI30OBAMM
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HE TOJIBKO C 9KOJIOTMYECKO TOYKY 3PEHMS, HO U B TJIaHE SKOHOMUYECKUX TPYAHOCTEN U 61arornoyunsi MECTHOTO HacesieHus. B
CTaThe OLEHMBAIOTCS KJTIOUEBbIE MPOOJIEMbI, C KOTOPBIMU CTajKuBaeTcs Yaj, ero yss3sBMMOCTb K KJIMMAaTUYeCKUM OIaCHOCTSIM, a
TaKyKe MPEIJIararTCs KPaTKOCPOUHbIE 1 OJITOCPOYHbIE PEIeHNsT /ISt KaXKa0Ji OCHOBHOM MPOGIEMBI.

KitroueBble ¢j10Ba: M3MeHeHMe KiMMara, afanTaiysi, OlleHKa YI3BUMMOCTH, AeuimT Bogsl, 6acceiid ozepa Yas.

Introduction.

Chad, the fifth-largest country in Africa, covers approximately
1.3 million km? and includes three major bioclimatic zones: Saha-
ran, Sahelian, and Sudanian [1]. The country’s economy is poorly
diversified and relies heavily on climate-sensitive sectors such as
agriculture, livestock production, and oil extraction [2]. Although
Chad contributes only around 0.2% of global greenhouse gas
emissions, it remains one of the countries most vulnerable to
the impacts of climate change [3]. This imbalance between low
emissions and high vulnerability makes Chad an important case
for climate adaptation research. The relevance of this study lies
in the growing environmental and humanitarian crisis caused by
climate change in the Lake Chad Basin. Rising temperatures,
prolonged droughts, desertification, irregular rainfall, and wa-
ter scarcity are seriously affecting food security, public health,
agricultural productivity, and economic stability [4]. According
to reports from the United Nations Development Programme,
droughts and desertification in northern Chad continue to reduce
fertile land and increase pressure on local communities [5]. The
Lake Chad Basin has lost nearly 90% of its surface water over the
past decades, shrinking from about 25,000 km? to nearly 2,000
km? [6]. This environmental degradation has contributed to one
of the most severe humanitarian crises in Africa, threatening the
livelihoods of millions of people who depend on the lake for
agriculture, fishing, and livestock [7].

Many researchers and international institutions have studied
the relationship between climate change and vulnerability in
African countries. Previous studies emphasize that countries
with weak infrastructure, limited economic diversification, and
dependence on natural resources are especially exposed to cli-
mate hazards [8]. Scholars have also highlighted that the Sahel
region, including Chad, experiences higher risks of drought, land
degradation, forced migration, food insecurity, and conflict over
natural resources [9]. Reports by the Intergovernmental Panel on
Climate Change, United Nations Environment Programme, and
UNDP stress the urgent need for adaptation strategies focused
on sustainable agriculture, water management, and community
resilience [10]. The object of this research is the impact of climate
change on Chad, particularly within the Lake Chad Basin region.
The study focuses on assessing the country’s environmental and
socio-economic vulnerability to climate hazards and identifying
both short-term and long-term adaptation measures. The purpose
of this paper is to analyze the major climate-related challenges
facing Chad and propose practical solutions that can improve
environmental sustainability, economic stability, and the liveli-
hoods and health of local communities.

Methodology

This study uses a qualitative approach to assess climate vul-
nerability and examine the impact of climate change on Chad,
particularly in the Lake Chad basin region (figure 1). The study
is based on a secondary analysis of data collected by international
organizations, scientific reports, academic literature, and environ-
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mental databases. The sources include reports from the United
Nations Development Programme, UNICEF, the United Nations
Environment Programme, and the Intergovernmental Panel on
Climate Change, and humanitarian organizations working in
Chad. The methodology consisted of four main stages. Firstly,
based on the analysis of literature and environmental reports,
climate-related hazards for Chad were identified. The main haz-
ards included droughts, water scarcity, desertification, decreased
rainfall, groundwater depletion, and the shrinking area of Lake
Chad. Secondly, a vulnerability assessment was conducted to
evaluate how these hazards affect communities, infrastructure,
local economies, healthcare, and the natural environment.
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Figure 1. Map of Africa and Chad

Thirdly, the study employed a qualitative risk assessment
method using two indicators: severity and probability. Each
identified hazard was assessed according to its potential impact
and likelihood of occurrence. Risk levels were categorized as
moderate, high, and extreme. This approach helped identify
the most serious climate threats facing northern Chad. Finally,
adaptation measures were developed based on the identified
risks. Both short-term and long-term responses were proposed
to address each major problem. Adaptation strategies aimed to
improve water resource management, public health, agricultural
sustainability, infrastructure, and environmental protection.
The proposed measures were evaluated in terms of feasibility,
sustainability, and potential effectiveness in reducing climate
vulnerability.

Results and vulnerability assessment

Chad is one of the Least Developed Countries (LDCs) in the
world and is highly vulnerable to climate change. The country
is recognized as one of the hottest in the world, with about 75%
of its territory being desert. Chad suffers from periodic droughts,
desertification, floods, and locust plagues. Since the 1970s, Chad
has already experienced an increase in mean annual temperature
of 0.7°C. Temperature is rising faster in Chad than the global
average, and is projected to increase by 1.0-3.4°C by the 2060s.
These changes threaten food security due to the vulnerability of
agriculture, livestock, fisheries, and land use sectors to climate
change [11].
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Table 1.
Risk assessment table: water scarcity in Northern Chad
Hazards Risk assessment table Severity Likelihood Risk level
Lack of clean water Childhood mortality due to diseases 5 (Catastrophic) 5 (Very likely) Extreme
Lack of clean water Spread of waterborne diseases 4 (Major) 5 (Very likely) High
Low precipitation Failing water infrastructure 4 (Major) 4 (Likely) High
Droughts, water scarcity Agriculture and livestock decline 4 (Major) 5 (Very likely) High
. Drying of Lake Chad and . .
Droughts, evaporation e 5 (Catastrophic) 4 (Likely) Extreme

The hazard is extremely serious. Water scarcity in Chad
is one of the worst forms of extreme poverty, and many people
are at risk of contracting waterborne diseases, including cholera
and colitis [12]. According to official figures, about 7,000 people
in Chad die each year from diseases caused by polluted water
[13]. The primary hazards threatening the water shortage are
droughts and precipitation level drop; secondary impacts include
evaporation, groundwater depletion and shrinking of key water
bodies such as Lake Chad. Community and people: In Chad,
15,900 children under the age of five die from diarrhea every
year. About 90% of these deaths are related to unclean water and
poor sanitation and hygiene [14].

Critical services: Insufficient water supply makes it impos-
sible to meet basic needs such as washing and cooking, forcing
people to turn to unsafe sources and increasing the risk of wa-
terborne diseases such as diarrhea and cholera [15].

Buildings and infrastructure: Chad faces a critical shortage
of water infrastructure, particularly in rural areas. The lack of
proper wells, pipelines, and water treatment facilities prevents
access to clean water, forcing the population to rely on polluted
sources. Water supply and sanitation infrastructure is insufficient
and often poorly maintained [16].

Local economy: Collapse of tourism and effected farming,
fishing, and livestock herding. Prolonged drought has acceler-

ated the process of desertification, which has led to a reduction
in areas suitable for growing crops and livestock, as well as the
relocation of livestock pastures further south [17].

Natural environment: Falling groundwater levels, heavy
evaporation, reduction in the flow of the major rivers of the order
of 30 to 60% and the progressive drying up of Lake Chad [18].

Results

Discussion and Adaptation planning

Several actions can be taken for these problems:

1. Childhood mortality due to diseases: For short term, the
use of salts for oral rehydration (OR) + Zinc Additives should
be widespread between local population. Because OPC prevents
death by replenishing the loss of fluids and electrolytes - it is
cheap, easy to use and saves lives. While zinc reduces the dura-
tion and severity of diarrhea and helps, prevent its recurrence in
the future. When these two used correctly, OPC + zinc combined
can reduce mortality from diarrhea by more than 90%. This can be
quickly distributed in clinics, among local medical professionals
and mobile teams [19].

Long term, safe drinking water, use of improved sanitation and
hand washing with soap, reduces children’s exposure to harm-
ful pathogens by ensuring proper sanitation, and good hygiene
practice. It is important to promote hygiene education in schools,
because it will help children built good habits from childhood.

Table 2.
Short-term and long-term responses to water scarcity and environmental challenges in the Lake Chad region
Consequences Short-term Long-term Cost
Childhood mortali- Widespread use of salts for oral SRS L TR0 M S L

ty due to diseases rehydration (OR) + Zinc Additives

and hand washing with soap. Promote hygiene

Low-Medium
education in schools.

Educate local people (parent to child)

Strengthen water resource management poli-

infrastructure ;
(temporary water treatment solution).

Spread of about sanitation. Awareness-raising . . . s s .
. . . . cies, ensuring equitable distribution of water, Medium
waterborne diseases| campaigns based on radio or mobile .
. preventing overuse...
devices.
Construct efficient irrigation systems, water
. Unsafe and not clean water could be e gation sy ’
Failing water . . .. | storage facilities, and reservoirs. Ensure the use .
filtrated through mobile filtration units High

of climate-resilient materials and the involve-
ment of the public in maintenance.

Promoting sustainable agricultural
techniques such as agroforestry, crop
diversification, and soil conservation

Agriculture and
livestock decline

Use modern technologies such as satellite data
and weather forecasting systems to predict
water needs and monitor resource availability

Medium-High

Drying of Lake
Chad and ground-
water depletion

Water harvesting and storage, collect-
ing rainwater in rainy seasons, natural
replenishment zones or sand dams.

Channel water from the Ubangi River in the

Democratic Republic of the Congo Very high
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2. Spread of waterborne diseases: short term, to educate
local people (parent to child) about sanitation. Because poor
sanitation puts children at risk of childhood diseases and mal-
nutrition that can affect their overall development, learning
and, later in life, economic opportunities. Awareness-raising
campaigns through radio or mobile devices are effective because
they can quickly reach large and remote populations with vital
healthcare information. This helps educate communities on
disease prevention and healthy practices, reducing illness and
improving public health [20].

Long term: Strengthening water resource management
policies ensures that water is dispersed fairly among people,
preventing conflicts and promoting social equity. Effective regu-
lation aids control overuse and address water scarcity, supporting
long-term sustainability and resilience to climate change.

3. Failing water infrastructure: short term, water filtration
through mobile filtration units (temporary water treatment
solution). Small, portable water purification systems that can
be moved to remote or emergency-affected areas. They remove
bacteria, viruses, and contaminants from dirty or unsafe water
sources. It also ensures that even transported water is clean and
safe, reducing disease risk.

Long term: Constructing efficient irrigation systems, storage
facilities, and reservoirs helps ensure a reliable water supply
during droughts or irregular rainfall, reducing the risk of crop
failure and food insecurity. Using climate-resilient tools and
involving the citizens in maintenance improves durability and
sustainability, empowering communities to adapt to climate
change.

W =
Figure 2. The water shortage crisis in Chad. [21, 22]

= v

4. Agriculture and livestock decline: short term promoting
sustainable agricultural techniques such as agroforestry, crop
diversification, and soil conservation can help maintain healthy
ecosystems and improve soil fertility. These methods reduce
farmers’ dependence on a single crop or resource, making them
stronger to climate-related shocks like droughts or floods. As a
result, agricultural productivity increases sustainably, helping to
prevent the decline of both crops and livestock.

Long term: Using modern technologies like satellite data and
weather forecasting allows for accurate prediction of water needs
and better monitoring of water resources, helping to prevent
shortages or overuse. Introducing of low-cost and water-saving
irrigation methods allows farmers to optimize water use, increase
crop yields and adapt to changing climatic conditions. Together,
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these strategies enhance the sustainability of agriculture and the
sustainability of water resources.

5. Drying of Lake Chad and groundwater depletion: short
term, water harvesting and storage, collecting rainwater in rainy
seasons, especially in natural replenishment zones. Areas where
rainwater can infiltrate into the ground and recharge groundwater.
These zones are often protected from farming or construction.

Long term: An ambitious plan to restore the lake to its former
glory involves a multibillion-dollar project that will channel
water from the Ubangi River in the Democratic Republic of the
Congo, which is 2,400 km from the lake. In 2018, a feasibility
study of the project was already carried out.

Evaluation of each action plan

This adaptation strategy will be effective-not only because of
the positive evaluation outcomes, but also due to the nature of
the solutions themselves. These proposed actions are realistic,
manageable, and sustainable. They are designed to be easy to
implement, clearly understood by local communities, and, most
importantly, they directly address the region’s most pressing cli-
mate risks. Each solution has been selected with both short- and
long-term resilience in mind. Furthermore, this strategy is flexible
and can be adapted as new challenges emerge. If challenges
arise, the actions outlined can be changed accordingly to ensure
continued relevance and effectiveness. Collaboration will be key
to this process. By working closely with professors, scientists,
climate experts, and local stakeholders, we will continuously
monitor, evaluate, and refine the strategy to ensure it meets the
evolving needs of the people of Chad [23]. Through collective
effort and informed decision-making, this adaptation plan has
the potential to bring meaningful, lasting change.

Conclusion

Chad is one of the countries most vulnerable to climate
change, facing serious challenges related to persistent drought,
water scarcity and environmental degradation. Although its
contribution to global greenhouse gas emissions is insignificant,
the effects of climate change, have led to serious humanitarian,
economic, and environmental crises. The situation requires the
adoption of urgent adaptation strategies.

This paper identifies five key impacts of climate change on
Chad: child mortality due to waterborne diseases, the spread of
diseases due to unsafe water, the destruction of water supply
infrastructure, the decline of agriculture, and the drying up of
water sources. For each issue, both short-term and long-term
adaptation measures were proposed. Priority solutions such as
promoting the treatment of acute respiratory viral infections,
improving sanitation, educating the public, and implementing
water collection systems are best solutions to reduce the risks
associated with climate change in a cost-effective and commu-
nity-oriented manner.

Addressing Chad’s climate vulnerability requires a multi-lay-
ered approach involving local communities, national authorities,
and international partners. Well-planned, flexible and compre-
hensive adaptation measures can not only increase resilience to
climate hazards, but also improve living conditions and ensure
the long-term sustainability of the Chadian population. In con-
clusion, I firmly believe that this strategy will work due to its
foundation in sustainable adaptation planning.
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MANZARALI DARAXTLARNING KO‘KARUVCHANLIGINI
BAHOLASHDA ZAMONAVIY TEXNOLOGIYALARNI
QO‘LLASH

Samiyev Lugmon Naimovich,

texnika fanlari doktori, dotsent,

“TIQXMMI” milliy tadgigot universiteti.

Sobirov Ulmas Alikulovich,

mustaqil izlanuvchi,

Atrof-muhit va tabiatni muhofaza qilish texnologiyalari ilmiy-tadgiqot instituti.

Annotatsiya. Respublikamizda ekologik bargarorlikni ta’minlash, yashil hududlarni kengaytirish va aholi uchun qulay ekologik
mubhit yaratish magsadida keng ko‘lamli islohotlar amalga oshirilmoqda. Xususan, “Yashil makon” umummilliy loyihasi doirasi-
da har yili millionlab daraxt va buta ko‘chatlari ekilmoqda. Biroq ekilgan daraxtlarning ko ‘karuvchanlik darajasini ilmiy asosda
aniqlash, ularning ekologik holatini baholash hamda monitoring gilishning yagona metodologiyasi va standart mezonlari yetarli
darajada ishlab chigilmagan. Toshkent shahri misolida manzarali daraxtlarning ko ‘karuvchanlik darajasini aniglash texnologiyalari
va baholash mezonlarini ishlab chigish muhim ilmiy va amaliy ahamiyat kasb etadi.

Shu sababli manzarali daraxtlarning ekologik holatini baholash, ularning ko ‘karuvchanlik darajasini aniglash va monitoring
gilishning zamonaviy texnologiyalarini ishlab chigishga qaratilgan ilmiy tadqiqotlarga alohida e’tibor qaratilmogda.

Mazkur ilmiy tadgigot natijalari respublikamiz shaharlarini ko ‘kalamzorlashtirish jarayonining samaradorligini oshirish, ekologik
monitoring tizimini takomillashtirish va yashil infratuzilmani boshqarishda muhim o‘rin tutadi.

Kalit so‘zlar: geografik axborot tizimlari (GIS), GNSS koordinatalari, dron tasvirlari va Sentinel-2 sun’iy yo‘ldosh ma’lumotlari,
daraxt turlarining o‘rtacha NDVI qiymatlari.

Abstract. The Republic of Uzbekistan is implementing large-scale reforms aimed at ensuring environmental sustainability,
expanding green areas, and creating a favorable ecological environment for the population. In particular, within the framework of
the nationwide “Yashil Makon” (Green Space) initiative, millions of tree and shrub seedlings are planted annually.

However, a unified methodology and standardized assessment criteria for the scientific determination of the survival rate of
planted trees, the evaluation of their ecological condition, and the implementation of systematic monitoring have not yet been
sufficiently developed. Therefore, the development of technologies and assessment criteria for determining the survival rate of
ornamental trees, using the city of Tashkent as a case study, is of significant scientific and practical importance.

For this reason, special attention is being given to scientific research aimed at developing modern technologies for assessing the
ecological condition of ornamental trees, determining their survival rate, and establishing effective monitoring systems.

The results of this research will play an important role in improving the effectiveness of urban greening initiatives throughout
the Republic, enhancing environmental monitoring systems, and supporting the efficient management of urban green infrastructure.

Keywords: Geographic Information Systems (GIS), Global Navigation Satellite System (GNSS) coordinates, aerial imagery
acquired using Unmanned Aerial Vehicles (UAVs), Sentinel-2 satellite data, and average values of the Normalized Difference
Vegetation Index (NDVI) for different tree species.

Annortanms. B Pecniyonike Y36ekucTaH peann3syroTcst MacluTabHble pedopMbl, HallpaBieHHbIe Ha 0becreueHye 9KOIOTMueCckon
YCTOVMUMBOCTH, PACILMPEHNe 3eIEHbIX HaCaKIeHWI M CO3IaHue G1arompysTHON SKOJIOTMYeCKOM Cpefbl 171 HaceseHusl. B yactHoCTH,
B paMKax OOIIeHatSiOHAIBHOTO ITpoeKTa « SIIvT MakoH» («3eJIéHOe IPOCTPAHCTBO» ) €KErOTHO BbICAKMBAIOTCSI MYJUTMOHBI Ca)KEHIIEB
JepeBbeB M KYCTapPHUKOB.

BmecTe c TeMm, Ha CerogHAIIHMI JeHb HENOCTATOUHO Pa3paboTaHbl eqyHas METOLOJIOTHUS M CTaHAAPTU3UPOBAHHbIE KPUTEPUU
IJISI HAyYHO 060CHOBAHHOTO OTIpeiesIeHNsl YPOBHSI ITPYKMBAEMOCTH BbICASKEHHBIX IePEBbEB, OLIEHKY X SKOJIOTMYECKOTO COCTOSTHYS
¥ OpraHy3atsiv CUCTEMHOTO MOHUTOPUHTA. B 9T0I CBSA3Y pa3paboTKa TEXHOIOTMI U KPUTEPUEB OLEHKM YPOBHSI IPYKUBAEMOCTH
JeKOPATVBHBIX IPEBECHBIX HACAKAEHWII Ha ITpuMepe ropoza TalkeHTa MpefCcTaBssieT cO601 BasKHYIO HAYUHYIO U TPAKTUYECKYIO
3a/1auy.

[Tostromy ocoboe BHMMaHMe YaemseTcs IPOBELEeHMIO HayUHBIX MCCIIeIOBAHNIT, HANIPABIEHHBIX Ha Pa3paboTKy COBPEMEeHHbIX
TEXHOJIOTMI OLIEHKM 3KOJIOTMYECKOTO COCTOSIHUSI NEeKOPATMBHBIX JlepeBbeB, OIpe/iesIeHMs] YPOBHS MUX NPIDKUBAEMOCTH U
OCYILLEeCTB/IEHNS] MOHUTOPYHTA.

Pe3sysbTaThl JAaHHOTO HayYHOTO MCCIENOBAHNS IMEIOT BaXKHOE 3HaUeHMe /17151 TOBbILIeHNS 3 (HEKTUBHOCTH IIPOIIECCOB O3€IeHEHVIS
ropoznoB Pecmy6ivky, cOBeplIeHCTBOBaHMSI CUCTEMBI HKOJIOIMYECKOTO MOHUTOPYMHTA, @ Takke A1 obecredeHust 3G deKTMBHOTO
yIpaB/IeHyst 3eJIEHOM MHPPACTPYKTYPOI FTOPOACKUX TEPPUTOPHUIA.

KiioueBbie cioBa: eorpaduueckue nHpopmatsionHble cuctembl (GIS), koopayHaThl 17100aIbHBIX HABUTatSiOHHBIX CITY THUKOBBIX
cucrem (GNSS), aspodoTrocHnmKY, TOTyUeHHbIe C UCTIOAb30BaHMEM OeCIMIOTHBIX JieTaTelbHbIX annapatoB (BPLA), nanHble
cryTHUKOB Sentinel-2, a Takke cpeHMe 3HaUeHUS HOPMAJIM30BAaHHOTO pa3HOCTHOro BereratsioHHoro mHpekca (NDVI) mist
Da3IMYHBIX BUJOB APEBECHBIX HACAKIEHMIL.
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1. KIRISH.

So‘nggi vyillarda aholi sonining ortishi, sanoatning jadal
rivojlanishi tufayli ekotizimlar xavfga yuz tutmoqda. Aynigsa,
tabiiy va texnogen ta’sirlar natijasida yer degradatsiyasi, suv
tanqisligi, o‘simlik va hayvon turlarining kamayishi, ekotizim-
larning qisqarishi, daraxtlarning kesilishi oqibatida yashillik
darajasini kamayishi, iqlim o‘zgarishi, havoning ifloslanishi
kabi ekologik muammolar salmog ‘i ortmoqda [1-5].

Ushbu ta’sirlar natijasida yuzaga kelayotgan ekologik muam-
molar nafagat mahalliy va mintagaviy, balki global miqyosda
ham kengayib bormoqda. Global iglim o’zgarishi natijasida
yerlar degradatsiyasi, ichimlik suvining, o‘simlik va hayvonot
dunyosining kamayishi, tabiiy landshaftlar va ekotizimlarning
qisqarishi, daraxtlarning noqonuniy kesilishi va atmosferaning
ifloslanishi kabi muammolar atrof-muhitga va jamiyatga tiklan-
mas zarar yetkazmoqda [6-10].

BMT ma’lumotlariga ko‘ra, 2022-yil holatiga dunyo aholisi
56.2% shaharlarda yashaydi, bu ko‘rsatkich 2050-yilga kelib
70% ga yetishi prognoz qilinmogda. Jahon sog‘ligni saglash
tashkiloti (WHO) 2023-yilda e’lon gilgan hisobotida, havo
ifloslanishi har yili 7 millionga yaqin insonning erta o‘limiga
sabab bo‘lishini ko ‘rsatdi [11-12].

O‘zbekiston o‘rmon va daraxt qoplami nisbatan kam
bo‘lgan mamlakatlar gatoriga kiradi, bu esa sanoat va ishlab
chiqarishning jadal rivojlanishi sharoitida ekologik xavflarni
kuchaytirishi mumkin [13]. Toshkent shahri yuqori dara-
jada urbanizatsiyalashgan hudud bo‘lib, aholi sonining tez
o‘sishi, transport yuklamasining ortishi va yashil hududlar
ulushining kamayishi shahar ekotizimiga salbiy bosim ko ‘rsat-
moqda [14,15]. 2026-yil holatiga ko‘ra, Toshkent aholisi
3,2 million nafardan oshgan [14].

Shu sababli “Yashil makon” umummilliy loyihasi doirasida
har yili ikki yuz millionlab daraxt va buta ko‘chatlarini ekish
tashabbusi ilgari surildi. Bu tashabbus shahar va qgishloglarda
yashi maydonlarni kengaytirishga xamza shahar yashil infratu-
zilmasi ekologik barqarorlikni ta’minlovchi asosiy elementlar-
dan biri sifatida qaraladi [1].

Yashil infratuzilmaning eng muhim ekologik funksiyalaridan
biri atmosfera havosini tozalash hisoblanadi. Daraxtlar barglari
va shox-shabbalari orqali chang zarrachalarini ushlab qoladi,
karbonat angidrid gazini yutadi va fotosintez jarayonida kislo-
rod ishlab chiqaradi. Tadgiqotlar natijalariga ko‘ra, yirik shahar
daraxtlari yiliga o‘rtacha 20-25 kg gacha karbonat angidrid
gazini yutishi mumkin [16]. Ayrim tadqiqotchilar tomonidan
shahar daraxtlari PM2.5 va PM10 zarrachalarining konsentrat-
siyasini 15-45 % gacha kamaytirishi aniglangan [17].

Bunda esa ekilgan daraxt va buta ko‘chatlarining ko ‘ka-
ruvchanlik darajasini ilmiy asosda aniglash, baholash mezon-
larini ishlab chigish hozirgi kunnng dolzarb vazifasi hisobland.i.

So‘nggi yillarda masofaviy zondlash texnologiyalari yor-
damida daraxtlarning atmosfera havosini tozalashdagi roli yana-
da chuqur o‘rganilmoqda. Sentinel-2 va Landsat ma’lumotlari
asosida hisoblangan NDVI, EVI va SAVI indekslari daraxtlar-
ning vegetativ holatini baholash imkonini beradi. Yuqori NDVI
giymatlari odatda katta biomassa va yuqori fotosintetik faollik
bilan bog‘liq bo‘lib, bu daraxtlarning karbon yutish salohiyati
yuqoriligini ko ‘rsatadi [18].

EKOLOGIYA XABARNOMASI = N22/2026

Dron texnologiyalarining rivojlanishi daraxtlarning ekologik
xizmatlarini baholash imkoniyatlarini kengaytirdi. Yuqori
aniglikdagi multispektral tasvirlar yordamida daraxtlarning
sog‘lomlik darajasi, barg zichligi, biomassasi va atmosferani
tozalash potensiali aniglanmoqda [19].

1.1. GIS texnologiyalari asosida daraxtlar reyestrini
shakllantirish

Urban ekotizimlarni samarali boshqarish, yashil hudud-
larning ekologik holatini monitoring gilish hamda ko ‘kalam-
zorlashtirish siyosatini ilmiy asosda rejalashtirish uchun
daraxtlar reyestrini yaratish muhim ahamiyat kasb etadi.
So‘nggi yillarda dunyoning ko‘plab shaharlarida daraxtlarni
inventarizatsiya gilish va monitoring qilishda geografik ax-
borot tizimlari (GIS) keng qo‘llanilmoqda. GIS texnologiyalari
yordamida daraxtlarning geografik joylashuvi, biologik holati,
ekologik ko‘rsatkichlari va vaqt davomida yuz berayotgan
o‘zgarishlarni yagona ma’lumotlar bazasida saqlash hamda
tahlil qilish imkoniyati yaratiladi.

Mazkur tadqiqotda Toshkent shahri hududida joylashgan
manzarali daraxtlar uchun GIS asosidagi ragamli reyestr ishlab
chiqildi. Reyestrni shakllantirish jarayonida dala kuzatuvlari,
GNSS koordinatalari, dron tasvirlari, Sentinel-2 sun’iy yo‘ldosh
ma’lumotlari hamda ArcGIS Pro dasturiy muhiti integratsiyalash-
gan holda qo‘llanildi.

GIS reyestrini yaratishning asosiy magsadi har bir daraxt
uchun yagona identifikatsion ma’lumotlar bazasini shakllantirish,
daraxtlarning ekologik holatini real vaqt rejimida monitoring
qilish va urban yashil infratuzilmani boshqarishda garor gabul
qilish tizimiga ilmiy asos yaratishdan iborat bo‘ldi.

Tadqgiqot davomida har bir daraxt uchun quyidagi atribut
ma’lumotlari shakllantirildi:

Tadqiqot hududida jami 1245 ta daraxt bo ‘yicha ma’lumotlar
yig‘ildi va geoma’lumotlar bazasiga kiritildi. Har bir daraxt
ArcGIS Pro muhitida nuqtaviy obyekt sifatida shakllantirildi.

1+jadval
GIS reyestrining asosiy atributlari
T.r Ko‘rsatkich Birlik
1 Daraxt ID ragami dona
2 Daraxt turi matn
3 Kenglik koordinatasi gradus
4 Uzunlik koordinatasi gradus
5 Balandlik m
6 Toj diametri m
7 Toj qoplami %
8 Barg zichligi %
9 NDVI indeks
10 KDI reytingi indeks
11 Fitosanitar holat ball
12 Vegetatsiya davomiyligi kun

Daraxtlar joylashuvining fazoviy aniqligini ta’minlash
magqgsadida WGS 1984 UTM Zone 42N koordinata tizimidan
foydalanildi. GNSS qabul qilgichlari yordamida aniglangan
koordinatalar ArcGIS Pro muhitiga import qilinib, geodatabase
shakllantirildi.
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GIS ASOSIDAGI DARAXTLAR REYESTRINI SHAKLLANTIRISHNING UMUMIY SXEMASI
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Monitoring natijalari, yangi malumotiar va
dala kuzatuviar asosida reyestr muntazam
yangilanadi
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TOSHKENT SHAHRI DARAXTLAR REYESTRINING GIS BAZASI
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Koordinatalar anigligini baholash uchun o‘rtacha kvadratik
xatolik (RMSE) hisoblandi:

RMSE =/[(E(x; - %)°)/n]

bu yerda:

RMSE - o‘rtacha kvadratik xatolik;

x; — haqiqiy koordinata;

X; — o‘lchangan koordinata;

n - kuzatuvlar soni.

Hisoblash natijalariga ko ‘ra koordinatalarning o‘rtacha aniqli-
gi #0,7 m ni tashkil etdi. Ushbu natija urban monitoring ishlari
uchun yetarli aniqlik darajasini ko ‘rsatadi.

GIS bazasiga kiritilgan ma’lumotlar asosida daraxtlarning
hududiy tagsimlanishi tahlil gilindi. Natijalarga ko‘ra daraxt-
larning eng yugqori zichligi Yunusobod, Mirzo Ulug‘bek va
Yakkasaroy tumanlarida kuzatildi.

2-jadval
Tumanlar kesimida reyestrga Kkiritilgan daraxtlar soni
Tuman Daraxtlar soni
Yunusobod 187
Mirzo Ulug ‘bek 174
Chilonzor 161
Yakkasaroy 143
Shayxontohur 132
Uchtepa 118
Olmazor 112
Sergeli 90
Bektemir 68
Yashnobod 60

EKOLOGIYA XABARNOMASI = N22/2026

Keyingi bosqgichda GIS reyestri dron monitoringi natijalari
bilan integratsiyalashtirildi. RGB va multispektral tasvirlar yor-
damida har bir daraxtning toj maydoni, toj qoplami va vegetatsion
holati avtomatik ravishda aniglanib, atribut jadvaliga qo‘shildi.

Toj qoplami quyidagi tenglama orqali hisoblandi:

CC=(Ac/At) x 100

bu yerda:

CC - toj qoplami (%);

Ac - daraxt tojining proyeksiya maydoni (m?);

At - kuzatilayotgan umumiy maydon (m?).

Daraxtlarning vegetatsion holatini baholash uchun Sentinel-2
ma’lumotlari asosida NDVI giymatlari hisoblandi. NDVI o‘sim-
liklarning yashillik darajasi va fotosintetik faolligini ifodalovchi
muhim ko‘rsatkich hisoblanadi.

NDVI = (NIR - RED) / (NIR + RED)

bu yerda:

NIR - yagqin infraqizil diapazon;

RED - qizil diapazon.

Natijalarga ko‘ra daraxtlarning NDVI giymatlari 0,42-0,87
oralig‘ida o‘zgargan. Eng yuqori NDVI ko‘rsatkichlari chinor
va qayrag ‘och daraxtlarida qayd etildi.

GIS reyestri asosida daraxtlarning ekologik holati KDI-ERS
tizimi yordamida baholandi. Har bir daraxt uchun ekologik
reyting avtomatik ravishda hisoblandi va fazoviy xaritada aks
ettirildi.

KDI = 0.30NDVI + 0.20CC + 0.20PH + 0.15FS + 0.15VI

bu yerda:

NDVI - vegetatsiya indeksi;
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CC - toj qoplami;

PH - fenologik holat ko ‘rsatkichi;
FS - fitosanitar baholash;

VI - vegetatsiya rivojlanish indeksi.

3-jadval
Asosiy daraxt turlarining o‘rtacha NDVI giymatlari

Daraxt turi NDVI
Chinor 0.82
Qayrag‘och 0.78
Akatsiya 0.74
Sofora 0.70
Kashtan 0.65
Archa 0.60
Qarag‘ay 0.55

Natijalar shuni ko‘rsatdiki, GIS texnologiyalari asosida
yaratilgan daraxtlar reyestri urban yashil hududlarni bosh-
qarish, daraxtlarning ekologik holatini monitoring qilish va
ko ‘kalamzorlashtirish strategiyalarini ishlab chigishda yugqori
samaradorlikka ega. Shuningdek, ishlab chiqilgan reyestr keyingi
bosqichlarda dron monitoringi va sun’iy intellekt algoritmlari
bilan integratsiyalashtirilgan holda avtomatik monitoring plat-
formasini yaratish uchun asos bo‘lib xizmat giladi.

1.2. Sentinel-2 va dron ma’lumotlari asosida ko‘karuv-
chanlikni aniqlash modeli

Shahar ekotizimlarida manzarali daraxtlarning ko ‘karuv-
chanlik darajasini aniglash ekologik monitoringning muhim
yo‘nalishlaridan biri hisoblanadi. An’anaviy dala kuzatuvlari
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ko‘p mehnat talab gilishi, katta hududlarni gisqa muddatda
gamrab olish imkoniyatining cheklanganligi va inson omiliga
bog‘ligligi sababli so‘nggi yillarda masofaviy zondlash tex-
nologiyalaridan keng foydalanilmogda. Xususan, Sentinel-2
sun’iy yo‘ldoshi ma’lumotlari va uchuvchisiz uchish apparat-
lari (dronlar) yordamida olingan yuqori aniqlikdagi tasvirlar
daraxtlarning vegetatsion holatini baholashda samarali vosita
sifatida qo‘llanilmoqda.

Mazkur tadgiqotda Toshkent shahri hududidagi manzarali
daraxtlarning ko‘karuvchanlik darajasini baholash uchun
Sentinel-2 MSI tasvirlari, dron ortofotolari, multispektral tas-
virlar va dala kuzatuvlari ma’lumotlari integratsiyalashtirildi.
Tadgiqotning asosiy magsadi daraxtlarning ko ‘karuvchanligini
avtomatik aniglovchi va baholovchi fazoviy model ishlab chi-
qgishdan iborat bo‘ldi.

Tadqgiqotda Sentinel-2 Level-2A ma’lumotlari Google Earth
Engine platformasi orqali yuklab olindi. Bulutlilik darajasi
10% dan kam bo‘lgan tasvirlar tanlandi. Tahlilda quyidagi
spektral diapazonlardan foydalanildi:

4-jadval
Sentinel-2 spektral diapazonlari
Band To‘lgin uzunligi (nm) Qo‘llanilishi
B2 490 Ko‘k
B3 560 Yashil
B4 665 Qizil
B8 842 NIR
B11 1610 SWIR




EKOLOGIYA XABARNOMASI = N22/2026

SENTINEL-2 VA DRON MA'LUMOTLARI ASOSIDA KO‘KARUVCHANLIKNI
BAHOLASH MODELINING UMUMIY SXEMASI
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5-rasm. Sentinel-2 va dron ma’lumotlari asosida ko ‘karuvchanlikni baholash modelining umumiy sxemasi

Vegetatsiya holatini baholash uchun NDVT indeksi hisoblandi.
NDVI = (NIR - RED) / (NIR + RED)
bu yerda:
NIR — B8 diapazoni;
RED — B4 diapazoni.
NDVI giymatlari asosida daraxtlarning vegetatsion holati
quyidagicha klassifikatsiya qilindi:

5-jadval
NDVI bo‘yicha ko ‘karuvchanlik darajalari

NDVI Holat

<0.20 Juda past
0.20-0.40 Past
0.40-0.60 O‘rtacha
0.60-0.80 Yaxshi

>0.80 Juda yaxshi

Natijalarga ko ‘ra Toshkent shahri hududidagi daraxtlarning
asosiy gismi 0.60-0.80 oralig‘idagi NDVI qiymatlariga ega
bo‘lib, bu yaxshi vegetatsion holat mavjudligini ko ‘rsatdi.

Sun’iy yo‘ldosh ma’lumotlarining fazoviy anigligini oshi-
rish magsadida DJI Mavic 3 Multispectral droni yordamida
aerotasvirga olish ishlari amalga oshirildi. Dron orqali RGB va
multispektral tasvirlar yig‘ildi.

Segmentatsiya natijasida har bir daraxt uchun quyidagi
parametrlar hisoblandi:

@ Toj maydoni (m?);

@ Toj diametri (m);

@ Toj qoplami (%);

@ Vegetatsion indekslar;

@ Barg zichligi;

@ Fitosanitar holat.

Toj maydoni quyidagi formula yordamida aniglandi:

CA=m x (D/2)*

bu yerda:

CA — toj maydoni (m?);

D — toj diametri (m).

XULOSA

Mazkur tadgiqotda GIS, dron monitoringi, Sentinel-2 ma’lu-
motlari va sun’iy intellekt texnologiyalarini integratsiyalash
asosida Toshkent shahri hududidagi daraxtlar ragamli GIS re-
yestri shakllantirildi va har bir daraxt bo‘yicha ekologik ma’lu-
motlar bazasi yaratildi.

GIS bazasiga kiritilgan ma’lumotlar asosida daraxtlarning
hududiy tagsimlanishi tahlil qilindi, daraxtlarning vegetatsion
holati, toj qgoplami, daraxtlar reyestrining NDVI xaritasi, fsosiy
daraxt turlarining o‘rtacha NDVTI qiymatlari shakllantirildi.

Sentinel-2 va dron ma’lumotlari asosida ko‘karuvchan-
likni baholash modelining umumiy sxemasi, NDVI bo‘yicha
ko ‘karuvchanlik darajalari shakllantirildi.

Olingan natijalar kelgusida “Yashil makon” loyihasi doirasida
daraxtlarni monitoring qilish, ekologik reytinglash va yashil
infratuzilmani boshqarish tizimlarini takomillashtirish uchun
ilmiy-amaliy asos bo‘lib xizmat qiladi.
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BIOXILMA-XILLIKNI SAQLASHDA EKOLOGIK
YONDASHUVLAR VA YASHIL HUDUDLAR
RIVOJLANISHINING O‘RNI

Masharipov Adamboy Atanazarovich,
Abu Rayhon Beruniy nomidagi Urganch davlat universiteti dotsenti.

Annotatsiya. Ushbu magolada O‘zbekiston sharoitida bioxilma-xillikni saglashda ekologik yondashuvlar va yashil hududlar
rivojlanishining o‘rni ilmiy asosda tahlil gilinadi. Tadgigot davomida mamlakat hududidagi noyob va yo‘qolib borayotgan o‘simlik
hamda hayvon turlarining hozirgi holati, ularning ekologik ahamiyati va ularga ta’sir etuvchi antropogen omillar tizimli yondashuv
asosida o‘rganildi. Shuningdek, muhofaza etiladigan tabiiy hududlar tarmog ‘ining rivojlanish dinamikasi, Qizil kitobga kiritilgan
turlar sonining o‘zgarishi hamda ekologik monitoring tizimining samaradorligi baholandi. Natijalar bioxilma-xillikni saglashda
bioindikatorlar, GIS texnologiyalari va kompleks monitoring tizimlaridan foydalanish muhim ahamiyatga ega ekanligini ko ‘rsatdi.
Tadgiqot yakunida yashil hududlarni ilmiy asosda tashkil etish, mahalliy (endemik) turlardan foydalanish va barqaror boshqaruv
mexanizmlarini joriy etish bo‘yicha ilmiy-amaliy tavsiyalar ishlab chiqildi.

Kalit so‘zlar: bioxilma-xillik, ekologik yondashuvlar, yashil hududlar, Qizil kitob, endemik turlar, ekologik monitoring, bio-
indikatorlar, GIS texnologiyalari, muhofaza etiladigan hududlar, barqaror rivojlanish.
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Abstract. This article provides a scientific analysis of ecological approaches to biodiversity conservation and the role of green
area development in Uzbekistan. The study examines the current status of rare and endangered plant and animal species, their
ecological significance, and the impact of anthropogenic factors using a systematic approach. It also evaluates the development
dynamics of protected natural areas, changes in the number of species listed in the Red Data Book, and the effectiveness of eco-
logical monitoring systems. The results indicate that the use of bioindicators, GIS technologies, and integrated monitoring systems
plays a crucial role in biodiversity conservation. The study proposes scientifically grounded recommendations for the development
of green areas, the use of local endemic species, and the implementation of sustainable management mechanisms.

Keywords: biodiversity, ecological approaches, green areas, Red Data Book, endemic species, ecological monitoring, bioindi-

cators, GIS technologies, protected areas, sustainable development.

1. KIRISH.

Bioxilma-xillik — tirik organizmlarning genetik, tur va
ekotizim darajasidagi xilma-xilligi bo‘lib, u tabiat barqarorligi
va insoniyat farovonligining muhim ekologik asosi hisoblanadi.
Ekotizim xizmatlari, jumladan, modda va energiya aylanishi,
iglimni tartibga solish, tuproq unumdorligini saqglash, suv
resurslarini muhofaza qilish hamda ozig-ovqat xavfsizligini
ta’minlash bevosita bioxilma-xillik bilan bog‘lig. Shu sababli
bioxilma-xillikni saglash masalasi global ekologik siyosatning
ustuvor yo ‘nalishlaridan biri sifatida e’tirof etilmogda.

Hozirgi davrda bioxilma-xillikning keskin kamayib borishi
insoniyat oldidagi eng dolzarb ekologik muammolardan biri
hisoblanadi. Bu jarayon asosan antropogen omillar — iqlim
o‘zgarishi, yer resurslarining degradatsiyasi, suv tangisligi,
urbanizatsiya, ortigcha yaylov yuklamasi hamda brakonerlik
bilan bog ‘lig. O ‘zbekiston sharoitida ushbu muammolar yanada
murakkablashib, aynigsa, Orolbo‘yi hududidagi ekologik ingiroz,
sug ‘oriladigan yerlarning sho ‘rlanishi va tabiiy ekotizimlarning

buzilishi bioxilma-xillikka jiddiy salbiy ta’sir ko‘rsatmogqda.

Shu bilan birga, O ‘zbekiston bioxilma-xillik jihatidan Marka-
ziy Osiyoda yetakchi hududlardan biri bo‘lib, mamlakat hudu-
dida 4300 dan ortiq o‘simlik va 16 mingga yaqin hayvon turlari
mavjud. Ularning ma’lum gismi endemik va noyob hisoblanadi,
bu esa ularni muhofaza qilish zaruratini yanada kuchaytiradi.
So‘nggi vyillarda davlat tomonidan muhofaza etiladigan tabiiy
hududlar tarmog‘ini kengaytirish, yashil hududlarni rivojlan-
tirish va ekologik barqarorlikni ta’minlashga qaratilgan qator
tashabbuslar amalga oshirilmogda. Xususan, muhofaza etiladigan
hududlar ulushining qariyb 14 foizga yetishi bioxilma-xillikni
saglash yo‘lidagi muhim natijalardan biri hisoblanadi.

Biroq amaliyot shuni ko ‘rsatadiki, bioxilma-xillikni saglash
fagat hududlarni kengaytirish bilan cheklanmaydi. Ushbu ja-
rayon ekologik yondashuvlarga asoslangan holda olib borilishi,
ya’ni bioindikatorlar, ekologik monitoring, GIS texnologiyalari
va tizimli tahlil usullaridan foydalanishni talab etadi. Aynigsa,
yashil hududlar rivojlanishini ilmiy asosda tashkil etish, mahal-
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liy (endemik) turlardan foydalanish va ekotizim xususiyatlarini
hisobga olish muhim ahamiyat kasb etadi.

Tadgiqotning magsadi — O°‘zbekiston sharoitida bioxil-
ma-xillikni saglashda ekologik yondashuvlar va yashil hududlar
rivojlanishining o‘rnini ilmiy asosda baholashdan iborat.

Tadqiqot vazifalari quyidagilardan iborat:

@ bioxilma-xillikning hozirgi holatini va uning asosiy
ekologik xususiyatlarini tahlil qilish;

@ noyob va yo‘qolib borayotgan turlar dinamikasini baholash;

@ bioxilma-xillikka ta’sir etuvchi antropogen va tabiiy
omillarni aniglash;

@ yashil hududlar tizimining rivojlanish darajasi va ekologik
samaradorligini baholash;

@ bioxilma-xillikni saglashda ekologik yondashuvlarning
ahamiyatini aniqlash.

Tadgiqot obyekti sifatida O‘zbekiston Respublikasining
asosiy tabiiy-ekologik hududlari — cho‘l (Qizilqum, Ustyurt),
tog® (Tyan-Shan, Pomir-Oloy), voha va to’qay ekotizimlari
tanlandi. Ushbu hududlar bioxilma-xillikning asosiy markazlari
bo‘lib, turli ekologik sharoitlar va antropogen yuklama darajasi
bilan farglanadi.

Tadqiqot predmeti esa mazkur hududlarda uchraydigan
noyob va yo‘qolib borayotgan o‘simlik hamda hayvon turlari,
ularning populyatsion holati, tarqalish xususiyatlari hamda yashil
hududlar bilan o‘zaro bog‘ligligidan iborat.

Tadqiqotning ilmiy ahamiyati shundan iboratki, unda
bioxilma-xillikni saglashga ta’sir etuvchi ekologik va antropogen
omillar tizimli ravishda tahlil qilinadi, zamonaviy ekologik
yondashuvlar — bioindikatorlar, GIS texnologiyalari va
monitoring tizimlari asosida baholanadi hamda ularning
samaradorligi ilmiy jihatdan asoslab beriladi.

Tadqiqotning amaliy ahamiyati esa bioxilma-xillikni
saqglash bo‘yicha samarali boshqaruv mexanizmlarini ishlab
chiqish, yashil hududlarni ilmiy asosda tashkil etish, mahalliy
va moslashuvchan turlardan foydalanish hamda ekologik
monitoring tizimini takomillashtirish imkoniyatlari bilan
belgilanadi. Ushbu natijalar gishloq xo‘jaligi, tabiatni muhofaza
qilish, hududiy rejalashtirish va ekologik siyosatni shakllantirish
jarayonlarida muhim ahamiyat kasb etadi.

2. MATERIALLAR VA USULLAR.

Mazkur tadgiqotda O°‘zbekiston hududida bioxilma-
xillikni saglash jarayonlarini baholash hamda yashil hududlar
rivojlanishining ekologik samaradorligini aniglash magsadida
kompleks va tizimli metodologik yondashuv qo ‘llanildi. Tadqigot
ekologiya, biogeografiya va agroekologiya fanlari kesishmasida
olib borilib, turli tabiiy-ekologik hududlar kesimida bioxilma-
xillik holati tahlil qilindi.

Tadgiqot jarayonida ma’lumotlar bazasi sifatida O ‘zbekiston
Respublikasi Qizil kitobi (2019-yil nashri va yangilanayotgan
ma’lumotlar), Xalqaro tabiatni muhofaza qilish ittifoqi (IUCN)
ma’lumotlari, Biologik xilma-xillik to‘g‘risidagi konvensiya
(CBD) hisobotlari, ekologiya va atrof-muhitni muhofaza gilish
sohasidagi milliy tashkilotlar materiallari, ilmiy maqolalar,
monografiyalar hamda ekologik monitoring natijalaridan
foydalanildi.

Tadgiqot davomida bir qator ilmiy metodlar qo‘llanildi.
Avvalo, adabiyotlar tahlili orqali bioxilma-xillikni saglashning
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nazariy asoslari, global va mintagaviy tendensiyalar hamda ilmiy
yondashuvlar tizimli ravishda o‘rganildi. Statistik tahlil usullari
yordamida Qizil kitobga kiritilgan turlar soni, ularning hududlar
bo‘yicha tagsimlanishi va vaqt davomida o‘zgarish dinamikasi
baholandi. Taqqoslash usuli orqali turli ekotizimlar kesimida
bioxilma-xillik darajasi hamda yashil hududlar tashkil etilgan
va tabiiy holatda saglanib qolgan hududlar o‘rtasidagi farglar
aniglanib, ularning ekologik samaradorligi tahlil qilindi.

Tizimli yondashuv asosida bioxilma-xillikka ta’sir etuvchi
asosiy omillar — iglim o‘zgarishi, suv resurslari holati, yer
degradatsiyasi va antropogen bosim o‘zaro bog‘liglikda
kompleks tarzda o‘rganildi. Ekotizimlarning ekologik holatini
aniqlashda bioindikatorlar usuli muhim ahamiyat kasb etdi.
Jumladan, o‘simlik biomassa ko‘rsatkichlari, populyatsiya
zichligi va tur xilma-xilligi kabi ko ‘rsatkichlar orqali ekotizim
barqarorligi baholandi.

Tadqiqot izchil bosgichlarda amalga oshirildi, ya’ni dastlab
ilmiy manbalar yig‘ilib, tahlil qilindi, so‘ng statistik ma’lumotlar
umumlashtirildi va ekotizimlar kesimida taqqoslovchi tahlil
o‘tkazildi. Keyingi bosqichda yashil hududlar rivojlanishining
ekologik samaradorligi baholanib, yakunda olingan natijalar
asosida ilmiy xulosalar va amaliy tavsiyalar ishlab chiqildi.

3. NATIJALAR VA MUNOZARA.

Tadgiqot natijalari O ‘zbekiston hududida bioxilma-xillikning
yuqori darajada shakllanganligini, biroq uning barqarorligi
bir qator ekologik va antropogen omillar ta’sirida izdan
chigayotganini ko‘rsatdi. Tahlillar mamlakat hududida 4300
dan ortiq o‘simlik turlari va 16 mingga yaqin hayvon turlari
mavjudligini tasdiglab, ularning 8 - 10 foizini endemik turlar
tashkil etadi. Ushbu ko ‘rsatkichlar O‘zbekistonni Markaziy
Osiyoda bioxilma-xillik markazlaridan biri sifatida baholash
imkonini beradi.

Qizil kitob ma’lumotlari asosida olib borilgan tahlillar shuni
ko ‘rsatdiki, noyob va yo‘qolib borayotgan turlar soni vaqt o ‘tishi
bilan ortib bormoqda. Xususan, 2019-yilgi nashrda 314 o‘simlik
va 200 dan ortiq hayvon turlari kiritilgan bo‘lsa, yangi nashrda
bu ko ‘rsatkichlarning ortishi kuzatilmoqgda. Bu holat bioxilma-
xillikni saglashga qaratilgan choralar mavijud bo‘lishiga qaramay,
ekologik tahdidlar saglanib golayotganini ko ‘rsatadi (1-jadval).

1-jadval
O‘zbekiston bioxilma-xilligi asosiy ko‘rsatkichlari
Ko‘rsatkich Miqdor Izoh
Umumiy turlar soni | ~27 000+ Flor? va.fall.ma. .
umumiy yig ‘indisi
. Asosan tog* va voha
Yuksak o‘simliklar 4500 hududlarida
Endemik turlar ulushi 8-10% Mabhalliy noyob turlar
Hayvonlar umumiy ~16 000 Turli sistematik
soni guruhlar
Qizil kitobga kiritilgan
o*simliklar (2019) 314 Muhofaza talab turlar
Muhofaza hududlari So‘nggi yillardagi
. 14% .
ulushi kengayish

Hududlar kesimida olib borilgan tagqoslovchi tahlillar
natijasida bioxilma-xillikning eng yuqori darajasi tog‘li
hududlarda (Tyan-Shan va Pomir-Oloy tizmalari) hamda to’qay



ekotizimlarida kuzatilishi aniglandi. Cho‘l hududlarida esa turlar
soni nisbatan kam bo‘lsa-da, ular o‘ziga xos ekologik moslashuv
xususiyatlariga ega bo‘lgan noyob turlar bilan ajralib turadi.
Shu bilan birga, sug‘oriladigan agroekotizimlarda antropogen
bosimning yuqoriligi tufayli bioxilma-xillik darajasi pasayish
tendensiyasiga ega ekanligi aniglandi (2-jadval).

2-jadval
Ekotizimlar bo‘yicha bioxilma-xillik darajasi
EKkotizim turi Blomlm?-xflhk Sabab
darajasi
] . . Ekologik xilma-
Tog* hududlari Yuqori illik
To’gay o‘rmonlari Yuqori B resur.slarlga
yagin
Cho‘1 hududlari O‘rtacha Moslashgan turlar
Agroekotizimlar Past Antropogen bosim

Turlar sonining ortib borishi bioxilma-xillikka tahdid ku-
chayib borayotganini ko‘rsatadi. Shu bilan birga, monitoring
tizimi takomillashayotganini ham bildiradi.

Muhofaza etiladigan tabiiy hududlar tizimi tahlili natijasida
so‘nggi yillarda ularning maydoni sezilarli darajada kengay-
gani qayd etildi. Hozirgi kunda muhofaza etiladigan hududlar
umumiy maydoni 6 million gektardan ortigni tashkil etib,
mamlakat hududining qariyb 14 foizini egallaydi. Yangi milliy
tabiat bog‘larining tashkil etilishi va mavjud hududlarning
kengaytirilishi bioxilma-xillikni saqlashda ijobiy natijalar
bermoqda.

Biroq ekologik monitoring natijalari bioxilma-xillikka salbiy
ta’sir etuvchi asosiy omillar hali ham dolzarb ekanligini ko ‘rsat-
di. Jumladan, iglim o‘zgarishi natijasida haroratning oshishi va
qurg‘oqchilik kuchayishi, yerlarning sho‘rlanishi va degradat-
siyasi, suv resurslarining kamayishi, ortiqgcha yaylov yuklamasi
hamda brakonerlik kabi omillar ko‘plab turlar populyatsiyasining
qisqarishiga olib kelmoqda (1-rasm).

Suv tangisligi Brakonerlik

Suv
tangisligi

15% 10%

20%

YA
Antropogen

bosim degradatsiyasi

1-rasm. Ekologik tahdidlar taqsimoti

Ekologik yondashuvlar samaradorligini baholash natijalari
shuni ko‘rsatdiki, bioindikatorlar asosida olib borilgan
monitoring ekotizim holatini aniq baholash imkonini beradi.
O‘simlik biomassa ko ‘rsatkichlari, tur xilma-xilligi indekslari
orqali ekotizim bargarorligi va degradatsiya darajasi aniglanib,
ekologik holatga baho berish imkoniyati kengaydi.

Yashil hududlar rivojlanishining tahlili natijalari shuni
ko‘rsatdiki, to‘g‘ri tashkil etilgan ko ‘kalamzorlashtirish ishlari
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ekotizimlarning tiklanishiga, havo sifatining yaxshilanishiga
va ayrim turlar uchun yashash muhitining kengayishiga ijobiy
ta’sir ko‘rsatadi. Biroq ayrim hududlarda noto‘g‘ri tur tanlash,
suv resurslarini yetarli hisobga olmaslik va monitoring tizimi-
ning sustligi sababli kutilgan natijalarga to‘liq erishilmayotgani
ko’rish mumkin.

Umuman olganda, olingan natijalar bioxilma-xillikni saglash-
da ekologik yondashuvlar va yashil hududlar rivojlanishining
muhim o‘rin tutishini tasdiglaydi. Shu bilan birga, ushbu ja-
rayonni yanada samarali tashkil etish uchun ilmiy asoslangan,
tizimli va integratsiyalashgan boshqaruv mexanizmlarini joriy
etish zarurligi aniglandi.

Olingan natijalar O‘zbekiston hududida bioxilma-xillikning
yuqori darajada shakllanganligini tasdiglagan bo‘lsa-da, uning
barqarorligi turli ekologik va antropogen omillar ta’sirida izdan
chiqayotganini ko‘rsatdi. Bu holat global tendensiyalar bilan
uyg‘un bo‘lib, bioxilma-xillikning kamayishi butun dunyoda
kuzatilayotgan ekologik muammolar bilan bevosita bog‘liq
ekanligini tasdiglaydi.

Tadgiqot natijalariga ko‘ra, O ‘zbekistonda bioxilma-xillikning
hududiy tagsimlanishi ekologik sharoitlarga kuchli darajada
bog‘lig. Tog‘li hududlarda va to’gay ekotizimlarida turlar xilma-
xilligining yuqori bo‘lishi ushbu hududlarning nisbatan kamrogq
antropogen bosim ostida ekanligi bilan izohlanadi. Aksincha,
sug ‘oriladigan agroekotizimlarda bioxilma-xillikning kamayishi
yer resurslaridan intensiv foydalanish, kimyoviy vositalar
qo‘llanilishi va suv resurslarining noto‘g‘ri boshqarilishi bilan
bog‘lig. Bu holat agroekotizimlarda ekologik yondashuvlarni
kuchaytirish zarurligini ko ‘rsatadi.

Qizil kitob turlari sonining ortib borishi bir tomondan
monitoring tizimining rivojlanayotganini bildirsa, boshqa
tomondan bioxilma-xillikka tahdidlar kuchayib borayotganini
ham anglatadi. Bu esa mavjud muhofaza choralarining yetarli
darajada samarali emasligini ko ‘rsatadi va ularni takomillashtirish
zarurligini taqozo etadi. Aynigsa, iglim o‘zgarishi, qurg ‘oqchilik
va sho‘rlanish kabi omillar Markaziy Osiyo sharoitida bioxilma-
xillik uchun asosiy xavf omillari sifatida namoyon bo‘lmoqda.

Muhofaza etiladigan tabiiy hududlar tizimining kengaytirilishi
bioxilma-xillikni saglashda muhim ijobiy natija sifatida
baholanishi mumkin. Biroq tadgiqot natijalari shuni ko ‘rsatdiki,
ushbu hududlarning samaradorligi faqatgina ularning maydonini
kengaytirish bilan emas, balki boshqaruv sifatini oshirish, ilmiy
monitoringni kuchaytirish va mahalliy ekologik sharoitlarga mos
yondashuvlarni joriy etish bilan belgilanadi. Bu esa bioxilma-
xillikni saqlashda hududiy yondashuv va differensial boshgaruv
zarurligini ko ‘rsatadi.

Ekologik yondashuvlarning ahamiyati, aynigsa, bioindi-
katorlar va ekologik monitoring tizimlari orgali yagqol namoyon
bo‘ldi. Bioindikatorlar yordamida ekotizimlarning real holatini
aniglash, yashirin degradatsiya jarayonlarini erta bosqichda
aniqlash va prognoz qilish imkoniyati mavjud. Bu esa ekologik
boshqaruvda ilmiy asoslangan qarorlar gabul qilishga xizmat
giladi. Shuningdek, GIS texnologiyalarining qo‘llanilishi
bioxilma-xillikni hududiy tahlil qilish, ekologik muammoli
zonalarni aniglash va ularni boshqarishda samarali vosita
ekanligini qayd etish mumkin.

Yashil hududlar rivojlanishi bioxilma-xillikni saglashning
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muhim komponenti sifatida namoyon bo‘ldi. To‘g‘ri tashkil
etilgan yashil hududlar ekotizimlarni tiklash, mikroiglimni
yaxshilash va turlar uchun yashash muhitini kengaytirishga xizmat
giladi. Biroq ayrim hollarda noto‘g‘ri tur tanlash, suv resurslarini
hisobga olmaslik va ilmiy yondashuvning yetishmasligi ushbu
tashabbuslarning samaradorligini pasaytirishi mumkin. Bu
esa yashil hududlarni tashkil etishda ekologik moslik va ilmiy
asoslangan rejalashtirish muhimligini ko ‘rsatadi.

Shuningdek, xalqaro tajriba bilan solishtirilganda,
bioxilma-xillikni saglashda kompleks va integratsiyalashgan
yondashuvlarning ustunligi yagqol namoyon bo‘ladi. Xalqaro
tashkilotlar tomonidan tavsiya etilgan yondashuvlar bioxilma-
xillikni saqlashda ekologik, iqtisodiy va ijtimoiy omillarni
uyg ‘unlashtirish zarurligini ta’kidlaydi. O‘zbekiston sharoitida
ham ushbu yondashuvlarni milliy siyosat va amaliyot bilan
integratsiyalash muhim ahamiyatga ega.

Umuman olganda, tadqiqot natijalari bioxilma-xillikni
saqlashda ekologik yondashuvlar va yashil hududlar
rivojlanishining o‘zaro uzviy bog‘ligligini ko‘rsatadi. Ushbu
yo‘nalishda ilmiy asoslangan boshgaruv mexanizmlarini joriy
etish, ekologik monitoringni takomillashtirish va innovatsion
texnologiyalarni keng qo‘llash bioxilma-xillikni saglash
samaradorligini oshirishning asosiy sharti hisoblanadi.

4. XULOSA.

Mazkur tadgiqot natijalari O‘zbekiston hududida bioxilma-
xillikning yuqori darajada shakllanganligini, biroq uning
barqarorligi zamonaviy ekologik va antropogen omillar ta’sirida
sezilarli darajada zaiflashayotganini ko ‘rsatdi. Olingan natijalar
bioxilma-xillikni saglash jarayoni murakkab va ko‘p omilli
tizim ekanligini hamda uni samarali boshqarish uchun kompleks

ekologik yondashuvlar zarurligini tasdigladi.

Tadqiqot davomida aniglanishicha, mamlakat hududida
mavjud noyob va endemik turlar sonining ortib borishi bir
tomondan monitoring tizimining rivojlanayotganini ko ‘rsatsa,
ikkinchi tomondan bioxilma-xillikka tahdidlar kuchayib
borayotganidan dalolat beradi. Aynigsa, iqlim o‘zgarishi, yer
degradatsiyasi, sho‘rlanish, suv resurslarining kamayishi va
antropogen bosim bioxilma-xillik uchun asosiy xavf omillari
sifatida namoyon bo‘lmoqda.

Muhofaza etiladigan tabiiy hududlar tarmog‘ining
kengaytirilishi bioxilma-xillikni saglash yo‘lidagi muhim ijobiy
natija sifatida baholanishi mumkin. Biroq tadgiqot natijalari
shuni ko ‘rsatdiki, fagat hududlar maydonini kengaytirish yetarli
emas, balki ularni ilmiy asosda boshqarish, ekologik monitoring
tizimini kuchaytirish va hududiy xususiyatlarni hisobga olgan
holda differensial yondashuvlarni joriy etish zarur.

Yashil hududlar rivojlanishi bioxilma-xillikni saglashning
muhim yo‘nalishlaridan biri sifatida baholandi. To‘g‘ri
tashkil etilgan yashil hududlar ekotizimlarning tiklanishi,
mikroiglimning yaxshilanishi va turlar uchun yashash muhitining
kengayishiga ijobiy ta’sir ko‘rsatadi. Shu bilan birga, yashil
hududlarni tashkil etishda mahalliy (endemik) turlardan
foydalanish, suv resurslarini hisobga olish va ilmiy asoslangan
rejalashtirish muhim ahamiyat kasb etadi.

Umuman olganda, bioxilma-xillikni saqlash ekologik,
igtisodiy va ijtimoiy yondashuvlarning uyg‘unlashuvini talab
etadi. Ushbu yo‘nalishda ilmiy asoslangan strategiyalarni ishlab
chiqish va amaliyotga joriy etish O°‘zbekistonning ekologik
bargaror rivojlanishini ta’minlashda muhim omil bo‘lib xizmat
qiladi.
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“MARKAZIY QIZILQUM” MILLIY TABIAT BOG’IDA
UCHRAYDIGAN EMINIUM (BLUME) SCHOTT (ARACEAE)
TURINING BIOEKOLOGIK XUSUSIYATLARI

Adilov Sobitjon Uktamovich,
G’ulomov G’ofir Komil 0’g’li,
“Markaziy Qizilqum” milliy tabiat bog‘i katta ilmiy xodimlari.

Annotatsiya. Ushbu magolada “Markaziy Qizilqum” milliy tabiat bog‘i hududida o’suvchi, Araceae (Kuchaladoshlar) oilasiga
mansub, Eminium (Blume) Schott turining tarqalishi, ekologik muhitga moslashuvi, zaharliligi va dekarativ xususiyatlari o’rganilgan.
O’simlikning cho’l sharoitidagi hayotiy sikli, morfologik xususiyatlari va u bilan bog’liq biologik tavsiflar hagida ilmiy ma’lumotlar
keltirilgan. Shuningdek, o’simlikning tabiatdagi ahamiyati va uni saglash bo’yicha tavsiyalar berilgan.

Kalit so’zlar: Eminium, Araceae, Markaziy Qizilqum, cho’l florasi, zaharli o’simlik, bioekologiya.

Abstract. This article examines the distribution, ecological adaptation, toxicity, and ornamental properties of Eminium (Blume)
Schott, a species belonging to the Araceae family, growing in the Central Kyzylkum National Nature Park. Scientific data on the
plant’s life cycle under desert conditions, its morphological features, and related biological characteristics are presented. The study
also highlights the ecological significance of the species and provides recommendations for its conservation.

Keywords: Eminium, Araceae, Central Kyzylkum, desert flora, poisonous plant, bioecology.

AnHoTauus. B maHHON cTaThbe M3y4yeHbI paclpoCTpaHeHMe, SKOJOrMUeCcKast afanTalys, TOKCUYHOCTh U TeKOpaTUBHbIE
cBorictBa Buga Eminium (Blume) Schott, oTHocsIerocst kK cemeiictTBy Araceae, mpou3pacTaroliero Ha repputopum LleHTpaabHO-
KbI3bIIKYMCKOTO HaIMOHAILHOTO PUPOTHOrO mapka. [IpuBemneHbl HayuyHble JAHHbIE O JKU3HEHHOM IVKJIe PACTEHUS B YCJIOBUSIX
MYCTBIHY, €r0 MOP(MOJOrMUECKUX OCOOEHHOCTSIX U CBS3aHHBIX C HUMM GMOJOTMYECKMX XapaKTepucTukax. B paboTe Takske
PAacCMOTPEHO 3HAUEHMe JAHHOTO BU/IA B IPUPOTHON Cpeie ¥ TPeJIoKeHbl PEKOMEH/IAINY 10 er0 COXPaHEHMIO.

KmoueBsbie cnioBa: Eminium, Araceae, LlenTpanbHbiii KbI3blkyM, mycTbhiHHAS (iopa, IMOBUTOE PacTeHNe, GYI0IKOIOTHS.

1. KIRISH.

Cho‘l hududlarining florasini o‘rganish botanika fanining
muhim yo ‘nalishlaridan biri hisoblanadi. Markaziy Osiyo hududi
o‘zining murakkab iglim sharoiti va o‘simliklar xilma-xilligi
bilan ajralib turadi [1,2]. Ushbu hudud floristik rayonlashtirish
nuqtai nazaridan ham alohida o‘rin egallaydi [12].

Qizilqum cho‘li esa mintaqadagi eng yirik cho‘l hududlari-
dan biri bo‘lib, bu yerda ko‘plab ekologik moslashgan o‘simlik
turlari shakllangan [3]. Araceae oilasi vakillari dunyoning turli
hududlarida keng targalgan bo‘lib, ularning sistematikasi va
biologik xususiyatlari ko‘plab olimlar tomonidan o‘rganilgan.
Ushbu oilaning ilmiy tasnifi dastlab Heinrich Wilhelm Schott
tomonidan ishlab chiqilgan [7]. Keyinchalik Adolf Engler
tomonidan o‘simliklarning sistematikasi yanada takomillashtiril-
gan [11].

Markaziy Osiyo florasini o ‘rganishda Korovin, Kamelin kabi
olimlarning ilmiy ishlari muhim ahamiyatga ega bo‘lib, ular
mintaqa o‘simliklarining ekologik va geobotanik xususiyatlarini
chuqur tahlil gilganlar [5,10].

O‘zbekiston florasini o‘rganishda ham ko‘plab ilmiy izlan-
ishlar olib borilgan bo‘lib, ularning natijalari o‘simliklarning
tarqalishi va ekologik moslashuvini aniglashga xizmat gilgan [4].
Shunga qaramay, Eminium turkumiga mansub o‘simliklarning
Markaziy Qizilqum hududidagi bioekologik xususiyatlari etarli
darajada o‘rganilmagan. Shu sababli ushbu tadgiqot Eminium
turining targalishi va ekologik moslashuvini ilmiy jihatdan tahlil
qilishga qaratilgan.

O‘zbekistonning eng yirik muhofaza etiladigan hududlaridan
biri - “Markaziy Qizilqum” milliy tabiat bog‘i Preziden-
timizning 2022-yil 16-fevraldagi PQ-131-son garori asosida

tashkil etilgan [8,9].

Mazkur hudud cho‘l ekotizimlarini, noyob flora va fauna tur-
larini muhofaza qilishda muhim ahamiyatga ega. Hudud iglimi
keskin kontinental bo‘lib, yozda nihoyatda issiq va qurug, gishda
esa sovuq bo‘ladi [21]. Shu sababli bu yerda o‘suvchi o‘simliklar
ekstremal ekologik sharoitlarga moslashgan. Qizilqum cho ‘lining
o‘simlik qoplami asosan saksovul, boyalich, shuvog, teresken
kabi turlardan tashkil topgan [23]. Shu o‘simliklar orasida bi-
ologik va ekologik jihatdan muhim bo‘lgan Eminium (Blume)
Schott turi ham uchraydi.

2. MATERIALLAR VA USLUBLAR.

Tadqiqot manbai sifatida cho‘l sharoitiga moslashgan Emini-
um (Blume) Schott tanlab olindi. Tadgiqot ishlari 2023-2024-yil-
lar davomida “Markaziy Qizilqum” milliy tabiat bog‘ining turli
geobotanik uchastkalarida olib borildi. Dala tajribalari oldindan
ishlab chiqgilgan reja asosida tashkil etilib, o‘simliklarning
unib chiqishi, o‘sishi, rivojlanishi, yashovchanligi muntazam
kuzatib borildi. Biometrik o‘Ichovlar (o‘simlik bo‘yi, poya va
barglarining soni, rivoji va boshgalar) o‘simlikshunoslik va
introduksiya sohasida umum qabul gilingan uslublar asosida
amalga oshirildi [2,6].

Tadqiqot jarayonida quyidagi metodik yondashuvlar
qo‘llanildi: dala kuzatuv usuli - o‘simliklarning tabiiy sharoit-
dagi holatini muntazam gayd etish [15]; floristik inventarizatsiya
- hudud florasining tur tarkibini aniglash va ro‘yxatga olish [16];
geobotanik tavsiflash - o°simlik qoplami va fitotsenozlarning
tuzilishini o‘rganish [17]; morfologik tahlil - o‘simlik
organlarining tashqi belgilari va o‘zgaruvchanligini baholash
[18]; fitotsenotik tahlil - o‘simlik jamoalarining tarkibi va
o‘zaro bog ‘ligligini aniglash [20]. Shuningdek, mavijud herbariy
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materiallari bilan solishtirma tahlillar olib borildi. Qo‘llanilgan
barcha usullar botanik va geobotanik tadgiqotlarda keng
go‘llaniladigan, ilmiy jihatdan asoslangan metodlar hisoblanadi
[13,14].

3. NATIJALAR VA MUNOZARA.

Dala kuzatuvlari natijasida Eminium (Blume) Schott turining
Markaziy Qizilqum hududida asosan qumli tuproglarda uchrashi
aniglandi. O‘simlik bahor oylarida vegetatsiya davriga kirib,
gisqa muddat ichida gullash va meva hosil qilish jarayonini
yakunlaydi. Fenologik kuzatuvlar shuni ko‘rsatdiki, Eminium
turi cho‘l sharoitiga yuqori darajada moslashgan bo‘lib, suv
tanqisligi va yuqori haroratlarga chidamliligi bilan ajralib turadi
[22]. O‘simlikning ildiz tizimi chuqur joylashgan bo‘lib, bu
unga tuprogning pastki qatlamlaridagi namlikdan foydalanish
imkonini beradi.

Rasm. Eminium (Blume) Schott.
Tadqiqot jarayonida “Markaziy Qizilqum” milliy tabiat
bog‘ining turli uchastkalarida 1 gektar maydonlarga ajratilgan
monitoring nuqtalarida Eminium (Blume) Schott turlarining
zichligi, vegetatsiya davomiyligi, yashash muhitidagi o‘zgarish-
larga nisbatan reaksiyasi kuzatildi. Quyidagi jadvallarda ushbu
ma’lumotlar tizimlashtirilgan:
1-jadval
Eminium (Blume) Schott turining 1 gektardagi uchrash
soni (2023-2024-yil bahorgi kuzatuvlarga ko‘ra)

Gektardagi o‘sim-
Monitoring uchastkasi lik soni (dona)
2023-yil | 2024-yil
qumli hudud (1-kuzatuv nugqtasi) 42 45
qumli-shag‘alli (2-kuzatuv nuqtasi) 65 54
qumli hudud (3-kuzatuv nugqtasi) 38 42
shag’alli hudud (4-kuzatuv nuqtasi) 71 59
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2-jadval
Vegetatsiya davri davomiyligi
BOC I Boshlan.ish Tugash | Davomiylik
sanasi sanasi (kun)
Vegetatsiya
boshlanishi 10-15.03. |25-30.05. 10-15
Gullash bosqichi 01.04. 15.04. 15
Meva hosil bo‘lishi 20.04. 10.05 20
Qurish, vegetatsiya
o 25.05. 01-05.06 5-10
Umumiy vegetatsiya 15.03 01.06 75-80
davomiyligi ) ’

Yuqoridagi jadvallardan ko ‘rinib turibdiki, Eminium (Blume)
Schott turi bahor oylarida qisqga muddatli, ammo intensiv hayotiy
davrga ega. Bu holat uning cho‘l sharoitiga ekologik moslash-
ganligidan dalolat beradi. Floristik inventarizatsiya asosida
aniglanishicha, Eminium turi alohida-alohida uchastkada
uchraydi. Bu uchastkalar turli balandlik va tuproq tarkibiga
ega bo‘lib, o‘simlik har bir joyda o‘ziga xos fitotsenotik
muhitda yashaydi. Unga ko‘proq hamrohlik giluvchi turlar
sifatida Peganum harmala, Calligonum spp., Salsola arbus-
cula, Ephedra strobilacea va Astragalus turlari qayd etildi.
Bu esa Eminium turining cho‘l o‘simliklari bilan barqaror
ekologik o‘ringa ega ekanligini ko‘rsatadi [24].

Morfologik tahlillar natijasida o‘simlikning vegetativ
qismlari (barg, poya) va generativ gismlari (gullari, mevalari)
to‘liq tavsiflandi. Barglar ko‘proq bazal joylashuvga ega
bo‘lib, ularning ustki gismida mumli qatlam mavjud. Gullari
qo‘ng‘ir-to’q qizg’ish (baxmal) rangda bo‘lib, spiral shaklida
o’ralib joylashgan. Mevalari urug‘ga boy va kuchli zahar
saglovchi moddaga ega ekanligi aniglandi. Ushbu tahlillar
natijasida barglarning bazal joylashuvi, galin kutikula gavati
hamda generativ organlarning o‘ziga xos tuzilishi aniglangan
[19]. Eminium turining areali avval faqat Qizilqum cho‘lining
ayrim hududlarida qayd etilgan bo‘lsa, ushbu tadgiqot orqali
uning Markaziy Qizilqum hududida ham keng tarqalganligi
aniqlandi [1,25].

Olingan tadqgiqot natijalariga asoslanib, Eminium (Blume)
Schott turini saqlab qolish va uning populyatsiyasini
barqarorlashtirish magsadida bir gator ilmiy-amaliy choralar
ishlab chiqish magsadga muvofiq hisoblanadi. Avvalo, turning
populyatsiya holatini muntazam nazorat qilish maqgsadida
doimiy monitoring tizimini yo‘lga qo‘yish orqali uning sonidagi
o‘zgarishlar dinamikasi tahlil gilinadi va o‘z vaqtida zarur
choralar ko‘rish imkoniyati yaratiladi. Shuningdek, ushbu tur
cho‘l ekotizimlarining muhim qismi sifatida milliy va hududiy
ekologik muhofaza dasturlariga kiritilishi lozim.

Mahalliy aholi o‘rtasida o‘simlikning zaharliligi va ekologik
ahamiyati hagida tushuntirish-targ ‘ibot ishlarini olib borish ham
muhim hisoblanadi. Eminium turining farmakologik va biologik
xususiyatlarini chuqur o‘rganish magsadida ilmiy-tadqiqot
institutlari bilan hamkorlikni kuchaytirish tavsiya etiladi. Shu
bilan birga, zamonaviy GIS va boshqa ragamli texnologiyalar
asosida turning tarqalish arealini aniqlash, xaritalashtirish va
uzoq muddatli monitoringni tashkil etish muhim ahamiyat kasb
etadi.



4. XULOSA.

O‘simlik namunalarini botanika bog‘lari va gerbariy
fondlarida saqlash ularning genetik va morfologik
xususiyatlarini tadqiq etish imkonini beradi. Milliy tabiat
bog‘i hududida ekologik ta’lim va ekoturizm yo‘nalishlarini
rivojlantirish orgali ushbu tur va boshqa noyob o‘simliklar
haqgida keng jamoatchilikning xabardorligini oshirish mumkin.
Yugqoridagi chora-tadbirlarni amalga oshirish uchun tashqi va
ichki grantlar asosida ilmiy loyihalarni moliyalashtirish muhim
omil hisoblanadi. Ushbu tavsiyalar orqali Eminium (Blume)
Schott turini saglab qolish, undan ogilona foydalanish va cho‘l
ekotizimlarining barqarorligini ta’minlashda muhim omil bo‘lib
xizmat qiladi.
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Eminium (Blume) Schott turi “Markaziy Qizilqum” milliy
tabiat bog ‘i hududining ekologik sharoitlariga yuqori darajada
moslashgan, biogeotsenotik kompleksning muhim tarkibiy
gismlaridan biridir. O‘simlikning qumli joylarda uchrashi,
qisqa vegetatsiya davriga ega bo‘lishi, chuqur ildiz sistemasi
va barglarining qalin kutikulali tuzilmasi cho‘l sharoitida ya-
shashga moslashganligidan dalolat beradi. Uning zaharliligi
bir tomondan ehtiyotkorlik bilan yondashishni talab qilsa,
ikkinchi tomondan uning biologik himoya vositasi sifatida
tabiiy ekotizimda muhim rol o ‘ynashini anglatadi. Shu sababli
ushbu turning o‘ziga xos xususiyatlarini chuqur o‘rganish,
kelgusida dorivor yoki pestitsid xususiyatlarining ilmiy aso-
slangan yo‘l bilan tadqiq gilinishiga zamin yaratadi.
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®OPMUPOBAHUE AKTUBHOI'O BUODJTOKA U 30HbI
CTPATUOUKAIINUA B PBIBOBOJIHLIX ITPYAAX IIPU
MHTEHCHUBHOM BbIPAIHLINBAHUHU PbIbbI

'KapumoB Hapuman A6ayBaxuToBiny,

'Kypamb6aeBa Moxupa baxpamosHa,

12KysaToB Ackap Kapakynosuu, DSc nokropanr,

SMy6apak Tyitin kusu IllepoyTaeBHa, cTyneHT,

"HayuHo-1cciienoBaTe/IbCk1it MHCTUTYT OKPYIKAIOIIel CPebl ¥ TIPUPOSOOXPAHHBIX TEXHOIOT M,
? Alfraganus university,

STalkeHTCKIIT TOCYIAPCTBEHHBIN arpapHblii YHUBEPCUTET.

Amnnoranus. B cratbe paccMaTpuBaroTCs poiiecchl hopMUpoBaHyst aKTUBHOTO 6MO(JIOKa 1 30HBI CTpaTUbUKALIMA B PhIGOBOTHBIX
Mpyaax Mpy MHTEHCHBHOM BbIpanBaHui pbiObl. [TokasaHa B3aMMOCBS3b MEKIY BBICOKOI TIOTHOCTDIO MOCAIKM, HAKOTLJIEHNEM
OpraHMyYecKMx BelIeCTB, Pa3sBUTIEM MUKPOOPTaHM3MOB M BEPTMKAJbHBIM pasfesieHreM BOZHOM Tomim. PaccmaTpuBaioTcs
ycioBust hopMupoBaHus 6ModIoKa, IPUUMHBI BOSHUKHOBEHMS CTPATUMUKAINN, UX BIUSIHME Ha TYIPOXMMUUECKUI PEKUM TIpya
" TIPOMYKTUBHOCTDb PhIGOBOAHBIX X035MCTB Y36ekucTaHa. [IpemcTaBieHbl pakTMUecke peKoMeHIalMi TI0 YIIPaBIeHMIO STUMM
MIPOLIECCAaMM JIJIST TTOBBIIIIEH ST 9KOJIOTMUECKOI YCTOMYMBOCTY U 9(PEKTUBHOCTY MHTEHCMBHOTO PhIOOBOICTBA.

KiroueBbie c/ioBa: MHTEHCHBHOE PhIOOBOACTBO, 6MOGIIOK, cTpaTMduUKalys, KaueCTBO BOMAbI, TIPYI0BOE PbIGOBOACTBO,
9KOJIOTMYUECKAsT YCTONUMBOCTb.

Abstract. This article examines the formation of active biofloc and stratification zones in fish ponds under intensive aquaculture
conditions. The relationship between stocking density, organic matter accumulation, microbial activity, and vertical water column
separation is analyzed. Environmental risks associated with intensive aquaculture are identified and practical recommendations for
water quality management are proposed. The results can be applied in fish farming systems of Uzbekistan to improve productivity
and environmental sustainability.

Keywords: intensive aquaculture, biofloc, stratification, fish pond, water quality, sustainability.

Annotatsiya. Maqolada intensiv baliq yetishtirish sharoitida baliqchilik hovuzlarida bioflok hosil bo‘lishi va suv gatlamlarining
stratifikatsiyasi jarayonlari ko‘rib chigilgan. Yuqori zichlikda baliq yetishtirishda organik moddalar to‘planishi, mikroorganizmlar
rivojlanishi hamda suv gatlamlarining vertikal ajralishi o‘rtasidagi bog‘liglik aniglangan. Intensiv baliqchilikda ekologik xavflar

baholangan va suv sifatini boshqarish bo‘yicha amaliy tavsiyalar ishlab chigilgan.
Kalit so’zlar: intensiv baliqchilik, bioflok, stratifikatsiya, baligchilik hovuzi, suv sifati, ekologik barqarorlik.

1. BBEOJEHUE

Buodiiok - 310 mpobuoTHyeckas Gopmysia, COCTOSIIAS U3
Pa3BUTOrO GAKTEPUATBLHOTO COOBIIIECTBA.

Crpatudukaims - 9To MpoIecc BO3AEICTBMS Ha CeMeHa
XOJIofa ¥ BJIarM, CTUMY/IMPYIOLIMIA TipopacTanue. B mpupope
OH TIPOVICXOMUT eCTeCTBEHHO, KOT[ia BECHOJ TeMIepaTypa Iio-
BBIIIIAETCsI, BOAHbIE (GUTO-GIOPa BHIXOMSAT U3 epyoza MOKOS U
HaYy/HAEeT 1IBETEHE BOIBI.

B mocnenune rompl B V3bekucTaHe aKTUBHO Pa3BUBAETCS
MHTEHCUBHOE PbIGOBOMICTBO, XapaKTePU3YIOIIeecs: BbICOKOM
TUIOTHOCTBIO TIOCAZIKYM PBIOBI, yBeIMUeHeM 06bEMOB KOPMJIEHMST
M POCTOM OPTaHMYECKOI HArpy3Ky Ha BOFTOEMBI. DT (HakTOpbI
MIPUBOMSAT K M3MEHEHUIO KaK TUIPOXMMUUYECKUX, TaK U TUIPO-
6GMOJIOTMYECKUX TPOIIECCOB B PHIOGOBOMHBIX Mpymax. OmHuMu
13 HauboJiee BaKHBIX MPOIIECCOB SIBISIOTCS — (hopMupoBaHye
aKTUBHOTO 6M0(}IIOKa, — 30HBI CTPATVdUKALINY BOMIBIL.

O6a mporiecca OKa3bIBAIOT CYIII€CTBEHHOE BIMSHNE HA KUC-
JIOPOMHBIV PEKUM ¥ IPyTUe TUAPOXUMUUYECKYE TOoKa3aTesn
BOZIbI ¥ MTPOAYKTUBHOCTbh PHIGOBOIHBIX XO3SMICTB B IieJioM. B
HEeJIIX YIUIOTHEHVsI MOCaAKy MpymoB dhepMephbl MepexomsiT Ha
MIPUHYAMUTETbHOE O6oraleHe MPYI0B KMCIOPOIOM UCTONb3Ys
TPV 9TOM a3PaTOPhI /IS YBEIMUEHNS IIIOTHOCTY TIOCAKV PhIOBI
- 3TO ycTpovicTBa (Iubdy30pHbIe, TOBEPXHOCTHBIE, CTPYIHBIE),
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006eCreynBaroIIe MHTEHCUBHOE HACBIIIEHNE BOIbI KUCIOPOLOM
(mo 10-12 wmr/n), yoanenme Bpennbix razop C CO2, meraH) u
nepemernBatme cjioeB. OHM O3BOJISIIOT IIOBBICUTh IVIOTHOCTD
MocafgKy pbibbl B 2-3 pasa, YCKOPUTh POCT ¥ MPeNOTBPAaTUTh
3amopsI [14].

IMonnmanme MmexaHU3MOB GopMMpoBaHNs 61o¢IIoKa 1 CTpa-
TUGMKALMY TTO3BOJISIET MOBBICUTH 3PPEKTUBHOCTD YIIPABIEHMS
pr6OBO,CLHbIMI/I InpygaMu Ipy MHTEHCUMBHOM BbIpallilMBaHUU
PBHIOBI.

2. MATEPUAJIBI U METOJbI UCCJIEDOBAHUSA

B xome mcciienoBaHusi MCIOIb30BAINCH: aHAINU3 HAYUHOM
JIATEPATYPbl, CPABHUTEJIbHBI aHA/IN3 MHTEHCUBHBIX TEXHOJIO-
IMii pbIGOBOACTBA, IMAPOOMOIOrMUeCKIe HAabTIONEeHNS], aHATU3
TUIPOXUMMUECKIX [TOKasaTesieil Bofbl, 06001IeHe TaHHbIX
PBIGOBOIHBIX X03s1/CTB Y36ekucrana 9, 10,11,12,13,15,19,20].

VccnemoBanysi mpoBOOWIINCH HAa PHIOOBOIHBIX TPYHAX MH-
TEHCMBHOTO Tuma ray6yuHoit 1,2-1,5 M pyu BbICOKOI MIIOTHOCTH
MOCAJK! PhIOHI.

3. PE3VJIBTATBI 1 OBCYXXJIEHUE

Brodiok - 3TO TeXHOIOTYsI, IPU KOTOPOJ B3BEIIIEHHBIE
yacTuIll B Bofie (OpraHuka, OCTaTKy KOpMa, SKCKPEMEHTbBI) He
MPOCTO OCEMNAIOT, a CBSI3HIBAIOTCSI B XJIOMbSI U MCIIOJb3YIOTCS
cucremoni. CucreMa aKBaKyJIbTYpbl, B KOTOPOJ MCIOJIb3YeTCst



«MUKpPOOHAsT GMOTEXHOIOTHS /ISl TIOBBIIIEHUST 3P PEKTUBHO-
CTYM U YICTIOJIb30BaHMsI PhIOHBIX KOPMOB. TOKCHYHBIE BellleCTBa,
TaKyMe KaK a30TUCThbIe COeNMHEHMS, 00pabaThIBAIOTCS U TPE0D-
pasyloTcsl B IOJIE3HBIV MPOMYKT, HalpuMep, GesIoK, KOTOPIi
MCTIONB3YeTCs B KaUueCTBe JOIMOIHUTEIbHOTO KOpMa IJIsl PbI6 U
pakooGpasHbix» [1]%

[1py MHTEHCHBHOM BbIPALIMBAHVM PbIOBI IPOMCXOOUT HAKO-
TJIEHME OpPraHMyYeckuX BelecTB B BogHOM cpefne. OCHOBHbIMM
MCTOYHMKAMY OPTaHNYeCKMX BEILECTB SIBJISIOTCS: KOMOMKOPMA,
9KCKPEMEHTHI PbIObI, OTMEPILNIT DUTOIIAHKTOH, MMKPOOPTaH3-
Mbl, OpraHMyecKye B3BellleHHbIe BelecTna [4, 18].

B ycCI0BMSIX TIOBBILIIEHHON OPraHNYeckoil Harpy3Ku Mpouc-
XOIOUT pasBUTHE TeTepoTPodHBIX GakTepuii, GOPMUPYIOIINX
6moduiok. B Tabmuie 1 npuBoasTCS OCHOBHbIE (aKTOPbI GOp-
MUpOBaHus 61odiIoKa.

Tabnuya 1
OcuoBHbIe hakTopb! hopmmpoBanus 6uodioka

Bnusinue Ha opmupoBanme

dakTo
P 6modmoka
Bbicokas mI0THOCTD VBennueHne opraHnueCcKmx

MTOCAIKN OTXOZIOB

MurencuBHOe .
PocT opranmnueckoi Harpysku
KOpMJIEHE
Asparus [MopaepskaHue MUKPOOPTaHM3MOB

Wcrounuk yraepona AxTtuBusanys 6akrepuin
YcropeHre MUKpOGMOIOTMYeCKUX

IMpoeccoB

Temmepatypa BOmbI

[Tpn pobGaBiaeHMM MCTOYHMKOB YIJIEPOLA YBEJIUUMBAETCS
cootHouienne CN, UTO ycKOpsieT pa3BUTHE reTepoTPOdHBIX
6akrepnit (Tabmn.2), [6,7].

Ta6nuya 2

UcTounuku yriepopa ans opmupoBanus 6uoduioka

Hcrounuk yriepopa
[Taroka
Caxap

[TieHnyHbIE OTPYOU

Pucoseie orpy6u

Oco6eHHOCTY IPYMEHEHUST
BeicTpoe popmupoBanmue 61odIioka
BeicTpoe pasButie 6akTepuit
MennenHoe GhopMupoBaHue
JlONOTHUTETBHBIN KOPM
CrabuibHoe pasBuUTHe GakTepuit

Kpaxman

AxTMBHBIN 61MO(IIOK MpeCcTaBseT coboii arperarsbl, COCTO-
sime u3: 6aKkTepuii, BOLOPOCEN, IIPOCTENIIINX OPTaHN3MOB,
JeTPUTA, OPraHNUECKUX YACTMUII.

Buodsiok BeImoNHSET caenyiomue GyHKIMUU: CHUKEHME
aMMMaKa, yIydllieHyie KauecTBa BOIbI, JOMOJIHUTENIbHbI KOPM
(mpocrteiiiive), TOBBIIIEHME TPOSYKTUBHOCTI.

®dopmmpoBaHue 30HbI CTpaTUdUKAIMY, TPU UHTEHCUBHOM
BBIPALVBAHMY PBIOBI B TIpynax GopMupyeTcsl BepTUKaIbHAs
cTpaTudUKaIys BOLHOM TOJIIIN.

Tabnuya 3
XapaKTepucTHKa €/10eB cTpaTuduKanum

EKOLOGIYA XABARNOMASI = N22/2026

OcHOBHbIE TPUUNHBI CTPATUGUKALVIN: TeMIIePaTypHbIe Pa3-
JIAUVSL, PA3/IM4MS TVIOTHOCTY BOIbI, HAKOTIJIEHNE OpTaHNJyeCKUX
BeILIeCTB, OTCYTCTBME IMepeMelnnBaHusi. B tabmuie 3 npuso-
JUTCST XapaKTepUCTHKa CI0eB cTparudukanmm [2].

B HmKHEM cJioe MPOMCXOIUT pasjioskeHye ¥ pacllernyieHye
OpraHMYeCKMX BEIeCTB, BKIOYast ocefaronimii 6Modiok.

Cxema pbIOOBOJHOIO MPyAa NMPY MHTEHCUBHOM BbI-
pammBanun. Cxema dhopmupoBanusi 6mnodioka u crpatudu-
Kaiy: BepxHuil cyioii (3MMIMMHUOH): aKTUBHBIN 6MOQIIOK,
(UTOMIAHKTOH, BICOKAsI KOHLIEHTPAIVSI KUCJIOPOAA, aKTUBHAST
pbiba. CpenHuit C10M (TePMOKJIIMH) TIepeXOHast 30Ha U CHIDKe-
HYe Kycaopopa. HyskHmit ¢1oii (TMIIOMMMHMOH) — HaKOIIeHNe,
OpraHMyYeCcKMX BEIIeCTB, pasjiokeHne 6muodsoka, o6pasoBaHme
amMuMaka 1 obpasoBaHue cepoonopoza [7].

B3aumocBs3b 6uodoka u crparnduranyum — Brodiok
(opmupyeTcs mpenMyILecTBEeHHO B BepXHeM cJioe Bozpbl. [TocTe-
TIEHHO YaCTULIbI 610dIIOKa OCEJAI0T Ha THO, I7ie TIO[BEPraroTCs
Da3NOKEHMIO, UTO TPUBOLUT K CHIDKEHMIO KUCJIOPOLA, HAKO-
TUIEHMIO TOKCUYHBIX BEIIECTB, YCUIeHUIO cTparudukanmy [8].

[Tpu nmepemerMBaHuM BOLbI BO3MOKHBI: CHUKEHME KIUCIIO-
poJia U CTpecc phIOHI.

Bawsmocsn b Guodnoka
wapanpuawm

~— BRo§inos 0CeeT Ha A0
,1 Paznowesme

¥ Kucnopog
A Towciul

3 Younesme crpatideiagim

__ Mepemewmanme sogse

S, N

& Crpece prafies

e aprammon
EHUE GHoqino

Puc. 1. Cxema pbIGOBOZHOTO MPYAA IIPY MHTEHCUBHOM
BbIpAIIMBAHUN

[TpakTuueckoe sHaueHue 1is1 pbiboBoncTea (Tabi.4).

Ta6nuua 4
ITonoxuTenbHbIE ¥ OTpHUIIATEIbHbIE 3()(PEeKThI

ITonoxkurenbHOE
IIpouecc Pucku
BJIMSTHYE

. Ocepanne

brodmok JlonOTHUTENBHBIN KOPM a
OpraHuKu
Hedurur

Crpatudukariys Crabumsarnys cJIoeB ¢
KMcIopona

Jlns yrpaBieHus mporeccaMy peKOMeHIYeTCsl: MCIONb30-
BaHMe a’dpanyu, IepeMeIlBaHue BOLbI, KOHTPOJb TJIyOMHBI,
KOHTPOJIb KOpMiIeHs [2,9,14,11].

[Tpaktrnueckue pekomenpaiyu (Ta6i1.5)

Tabnuya 5
- Coﬂep)}(a}[ne OnrumasbHbIe mapaMeTpbI
C10¥ BOABI XapaKkTepucTHKa
Kucjaopoaa Ilokasarenb OnTumasbHOe 3HaueHye

IdmumumHKoH | Térutast Boxa, 610¢Iok Beicokoe [Cny6una npyna 1,2-1,5m
MeTa/MMHIOH TlepexomHbIit €10 Cpennee Kucnopop, 4-5 mr/n
'unonuvHnoH XosonHast Boa, Wi Huskoe Temmneparypa 24-30°C

IInoTHOCTH OCAIKYU NHTeHcuBHas
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CrarucTuKa pasBUTHUSI MHTEHCMBHOIO PbIOOBOJACTBA B
V36ekucrane. [To maHHbIM MUHMCTEPCTBA CEIBCKOTO XO3SIM-
crBa Pecniy6imky Y36eKucTaH U OTpacyieBbIX UCC/IeIOBaHNUI, B
MOCJIeHYIE TOMIbI HAGIIOMAeTCST YCTOMUMBBIN POCT PhIGOBOIHON
orpaciin (Ta6m.6), [5].

Tabnuya 6
JuHaMMKa Mpou3BOACTBA PHIOBI B Y3GeKucTaHe

Tog, O6beM IIPOU3BOACTBA, ThIC. TOHH

2016 94

2018 120

2020 144

2022 165

2024 180

2025 60ee 206

Pocrt nipon3BoacTBa 06y C/IOB/IEH: BHEIPEHVEM NHTEHCUBHBIX
TEXHOJIOT M, YBEJIMUEHEM IIOTHOCTY TTOCAKY, PACIIPEHVIEM
MIPYZOBBIX XO3SIICTB, BHEAPEHNEM 6MOGIIOK TeXHOIOrMit [3].

B yoroBusx Ysbekucrana crpatudukaims oCoO6GeHHO BbI-
paykeHa B JIETHMIA TePYO, KOrja TeMIiepaTypa BOMbl B Mpymax
npocturaer 28-32°C, UTO yCUIMBAET MPOLIECChI Pas3IOKeHMs
OopraHnuecKux BelecTs 1 popmupoBaHye 61odioka. B roskHbIX
M LEHTPAJIbHBIX PErMOHAX CTPAHbI MHTEHCUBHbIE TEXHOJIOTUM

IIPUMEHSOTCSI HaI/IGOHee AKTMBHO, UTO IIOBbIIIAET aKTYyaJIbHOCThb
yIpaBiieHMs1 mponeccamu crpatudukanmym n GopMmupoBaHMS
6unodroka [4].
Ta6nuua 7
OcHoOBHbIE IP00/IEMbI MHTEHCUBHOIO PHIGOBOACTBA
V36ekucraHa

Biusiaue
YXypleHne KayecTBa BOJbI
HakonsieHne opranuku
Crparuduranms Bombt
CHIDKeHIe KICIopozaa

IIpo6ema
BbICcOKast IOTHOCTD IIOCAIKMA

VI36bITOUHOE KOpMIIEH e
Hepocratounas asparyst

Bbicokas Temmeparypa
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MOBBICUTDH SKOJIOTMYECKYIO YCTOMUMBOCTb M MPOSYKTUBHOCTh
PBHIOOBOIHBIX XO3SIMCTB Y36ekucraHa. @opmupoBanue 61o-
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Abstract. Lake ecosystems are highly sensitive to climate variability, nutrient enrichment, hydrological changes and anthro-
pogenic pressure. Their degradation is reflected in declining water quality, eutrophication, algal blooms, shoreline transformation,
biodiversity loss and reduced ecosystem services. This review analyzes Scopus-indexed publications on lake ecosystems published
between 2015 and 2026, with emphasis on water quality, eutrophication, environmental monitoring, remote sensing and restoration.
The bibliometric results show that Environmental Science is the dominant subject area, while publication activity has increased
notably after 2020. China, the United States and Canada are the leading countries in this research field. VOSviewer keyword analysis
identified two main thematic clusters: water pollution, monitoring and sediment chemistry; and lake ecosystem, eutrophication,
nutrients, phytoplankton and climate change. The study concludes that effective lake ecosystem management should integrate
nutrient-load reduction, sediment control, phytoplankton monitoring, macrophyte restoration, shoreline protection, remote sensing
indicators and long-term field observations. These findings are relevant for environmental assessment of arid and semi-arid lake
systems, including the Aydar-Arnasoy lake system.

Keywords: lake ecosystem; water quality; eutrophication; phytoplankton; remote sensing; environmental monitoring; nutrient
dynamics; ecosystem restoration.

Annotatsiya. Ushbu magolada ko’l ekotizimlarining degradatsiyasi, suv sifati 0’zgarishi, eutrofikatsiya, fitoplankton rivojlanishi,
monitoring va tiklash ustuvorliklari Scopus bazasidagi ilmiy manbalar asosida ingliz tilida tahlil qilindi. Tadgiqot 2015-2026-yillar
oralig’ida chop etilgan maqolalarga asoslangan. Bibliometrik tahlil natijalari Environmental Science yo’nalishi yetakchi ekanini,
mamlakatlar kesimida Xitoy, AQSH va Kanada ilmiy nashrlar soni bo’yicha ustunligini hamda VOSviewer tarmog’ida suv sifati,
eutrofikatsiya, ozuqga elementlari, fitoplankton va ekologik monitoring asosiy konseptlar ekanini ko’rsatdi. Tadqiqotda ta’kidla-
nishicha, ko‘l ekotizimini samarali boshqarish ozuqga yukini kamaytirish, cho‘kindilarni nazorat gilish, fitoplankton monitoringi,
makrofitlarni tiklash, girg‘oglarni himoya qilish, masofadan zondlash ko ‘rsatkichlari va uzoq muddatli dala kuzatuvlarini oz ichiga
olishi kerak. Ushbu natijalar qurg‘oqchil va yarim qurg‘oqchil ko‘llar tizimi, jumladan, Aydar-Arnasoy ko‘llar tizimini ekologik
baholash uchun dolzarbdir.

Kalit sozlar: ko’l ekotizimi; suv sifati; eutrofikatsiya; fitoplankton; masofadan zondlash; ekologik monitoring; tiklash.

AuHoTranus. B craTbe Ha aHIIMIICKOM SI3bIKE PAaCCMOTPEHbBI JErpajialiys 03ePHbIX IKOCKUCTEM, AMHAMMKA KAueCTBa BOMIbI,
9BTpOdUMKaIMS, pasBUTHE QUTOIJIAHKTOHA, IKOJIOTMUECKUI MOHUTOPHHT Y TIPMOPUTETHI BOCCTAHOBJIEHNS HA OCHOBE MyO/IMKALINIA,
MHIEKCUPYeMbIX B 6ase Scopus. AHa/M3 OCHOBaH Ha 647 mokymenTax 3a 2015-2026 rogsl. Pesyibrarsl OKasbIBaiOT IIpeodiafiaHie
HarpasieHus: Environmental Science, Begyinyio posb Kuras, CILIA n Kananel, a Takske K/ItoueBoe 3HaU€HMe MOHSITHI water qual-
ity, eutrophication, nutrients, phytoplankton and environmental monitoring B ceT¥ COBMECTHOI BCTPEUAEMOCTY KITFOUEBBIX CJIOB.
B mccemoBannm fenaetcst BHIBOI O TOM, UTO 3P QEKTUBHOE YIIpaB/IeHye SKOCKCTEMOI 03€ep JTOJDKHO MHTErPUPOBATh CHIUKEHYE
HArpysKky Ha IUTaTesIbHbIe BEIeCTBa, KOHTPOJIb 0CAJKOB, MOHUTOPUHT (DMTOIUIAHKTOHA, BOCCTAHOB/IEHNE MaKPODUTOB, 3aIIUTY
6eperoBoit JIMHMY, TIOKA3ATEJTV IMCTaHIIIOHHOTO 30HMPOBAHMS 1 JOJITOCPOYHbIE [0JIEBbIE HAGTIONEH ST, DTV BbIBOJIbI aKTYa/IbHBI
JIJIs SKOJIOTMUECKOM OLIEHKM apUAHBIX ¥ MOJyapUIHBIX 03€PHBIX CUCTEM, BKIoUast Aiimap-ApHaCcOCKYIO CUCTEMY O3€p.

KiroueBble ¢/1oBa: 03epHast 9KOCKUCTEMA; KaYeCTBO BObI; IBTPOdMKaIst; HDUTOIVIAHKTOH; AMCTAHI[IOHHOE 30HIMPOBAHNE,;
9KOJIOTMYECKII MOHUTOPYHT; BOCCTAHOBJIEHME.

1. INTRODUCTION. algal blooms, sediment nutrient release, water level alteration and

Lake ecosystems perform essential ecological, hydrological
and socio-economic functions. They regulate local water
balance, support aquatic and riparian biodiversity, accumulate
and transform nutrients, provide drinking and irrigation water,
and serve as natural indicators of climate and land-use change.
However, lakes are also vulnerable because their ecological
condition depends on the balance between inflow, outflow,
evaporation, sediment processes, catchment management and
biological feedbacks. Recent literature shows that eutrophication,

phytoplankton shifts are among the most frequently investigated
problems in lake ecosystem research [1-7].

The degradation of lake ecosystems is not limited to water
chemistry. It also includes hydromorphological and biological
changes: the loss of submerged macrophytes, dominance of
cyanobacteria, reduced transparency, decline of sensitive aquatic
species, shoreline erosion and the accumulation of pollutants
in bottom sediments. In shallow lakes, these processes may
become self-reinforcing because nutrients released from
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sediments support algal growth, while algal turbidity reduces
light availability for macrophytes. As a result, the lake may shift
from a clear-water state to a turbid-water state, and restoration
becomes more difficult [4,7,10,31,34].

The selected Scopus dataset demonstrates that the topic
of lake ecosystem assessment is developing rapidly and is
increasingly connected with remote sensing, machine learning,
nutrient modelling and ecosystem restoration. Studies from
China, North America and Europe dominate the dataset, but the
scientific concepts are directly relevant for arid and semi-arid
regions, where lake ecosystems face additional pressure from
evaporation, salinization and unstable hydrological inflows.
This is important for the ecological assessment of inland lake
systems in Central Asia, including the Aydar-Arnasoy lake
system, where shoreline dynamics, salinity, vegetation decline
and water quality monitoring require integrated methodological
approaches.

The aim of this review is to synthesize the main scientific
directions of lake ecosystem research based on Scopus
bibliometric data and to identify practical restoration and
monitoring priorities for local environmental assessment. The
specific objectives are: (i) to describe the bibliometric structure of
publications by year, subject area and country; (ii) to interpret the
VOSviewer keyword network; (iii) to review the main ecological
mechanisms of lake degradation; and (iv) to propose an integrated
monitoring and restoration framework for lake ecosystems.

2. MATERIALS AND METHODS.

The bibliometric dataset was obtained from the Scopus
database using a search query focused on lake ecosystems and
water quality. The search expression was: TITLE-ABS-KEY
(“lake ecosystem” AND “water quality”) AND PUBYEAR
> 2014 AND PUBYEAR < 2027. The results were limited
to the Environmental Science subject area, article document
type, English language and a set of exact keywords connected
with lake ecosystems, environmental factors, remote sensing,
environmental protection, environmental change, ecosystem
restoration and environmental impact. After filtering, 647
documents were retained for analysis.

Table 1.
Search strategy and bibliometric dataset characteristics.
Parameter Description
Database Scopus
Search field Title, abstract and keywords
«lake ecosystem» AND
Core search terms .
«water quality»
Publication period 2015-2026
Document type Article
Language English
Final dataset 647 documents
Scopus Analyze Results,
Main analysis tools VOSviewer, MapChart and
descriptive synthesis

The analysis combined descriptive bibliometrics and
qualitative review. Descriptive bibliometrics included the annual
number of publications, distribution by subject area and country-
level distribution of scientific output. The thematic structure
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was interpreted using the VOSviewer keyword co-occurrence
network. In this network, larger nodes represent more frequent
terms, links indicate co-occurrence relations, and colors represent
thematic clusters. The bibliometric analysis was not treated as
a substitute for ecological interpretation; rather, it was used to
identify dominant research directions and to structure the review
around the most frequent scientific concepts.

The review of ecological mechanisms was based on the
most relevant Scopus-indexed studies in the dataset. Priority
was given to publications dealing with nutrient retention,
phytoplankton dynamics, eutrophication, sediment-water
exchange, remote sensing of chlorophyll-a and turbidity, water
level management, restoration measures and climate-related
pressures [1-6,14,18,21,24,36-38].

3. RESULTS AND DISCUSSION.

The annual distribution of publications confirms a sustained
increase in scientific attention to lake ecosystem and water quality
studies during 2015-2026. The dataset contains 46 documents
in 2015 and reaches 99 documents in 2025. The number of
publications is especially high after 2020, which can be linked
to the expansion of satellite monitoring, machine learning
methods, ecosystem-service modelling and the global concern
about harmful algal blooms under climate change [5,14,21,22].
The lower value in 2026 reflects the incomplete publication year
rather than a real decline in research activity.

annual distribution of Scopus-indexed lake ecosystem publications
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Figure 1. Annual distribution of Scopus-indexed

publications on lake ecosystems and water quality

(2015-2026).

Source: author calculation based on the exported Scopus

dataset.

The subject-area distribution shows that Environmental
Science is the leading discipline, accounting for 56.1% of the
dataset. This is expected because lake ecosystem degradation is
primarily evaluated through environmental indicators such as
nutrients, pollutants, chlorophyll-a, sediment quality, aquatic
organisms and ecological status. Agricultural and Biological
Sciences account for 11.6%, reflecting the role of catchment land
use, aquatic biodiversity, macrophytes and trophic interactions.
Engineering accounts for 5.6%, which indicates the importance
of modelling, water treatment, restoration infrastructure and
monitoring technologies. Other fields, including Earth and
Planetary Sciences, Social Sciences and Decision Sciences,
demonstrate the interdisciplinary character of lake ecosystem
research.
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Figure 2. Subject-area structure of the Scopus dataset.
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The map-based country analysis indicates that China is the
dominant contributor, with 334 documents. This reflects the
high scientific attention to large shallow lakes such as Taihu,
Dianchi and Poyang, where eutrophication, algal blooms,
water level regulation and nutrient control are major research
and management issues [2,4,17,19,33-35]. The United States
is the second major contributor with 102 documents, followed
by Canada with 56 documents. European countries such as the
United Kingdom, Poland, Germany, the Netherlands, France and
Italy are also represented among the leading contributors. Since
Scopus country statistics are often based on author affiliations,
the total country count may exceed the number of documents
due to international co-authorship.

The VOSviewer keyword network reveals the conceptual
structure of the lake ecosystem literature. The most central
terms are “water quality”, “lake ecosystem”, “lakes”, “lake”,
“eutrophication”, “phytoplankton”, “nutrients”, “nitrogen”,
“phosphorus”, “environmental monitoring” and “climate
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change”. The network shows that lake ecosystem studies are
strongly organized around water quality and nutrient dynamics.
This confirms that eutrophication remains one of the main
scientific and practical challenges in lake management [1,3-
5,12,15,35].

Two large thematic clusters can be interpreted from the
network. The green cluster is associated with environmental
monitoring, water pollution, water pollutants, chemical
composition, procedures, sediment and lake water. This cluster
represents the analytical and monitoring dimension of lake
studies, including chemical assessment, pollution control and
sediment-water interactions [31,39,43,44]. The red cluster is
associated with lake ecosystem, water quality, eutrophication,
phytoplankton, nutrients, nitrogen, phosphorus, algal bloom,
chlorophyll-a and climate change. This cluster reflects the
ecological process dimension, where nutrient enrichment and
climate factors influence primary production, algal bloom risk
and ecosystem state [3,5,7,12,24,40].

The reviewed literature identifies nutrient enrichment as the
most frequent driver of water quality deterioration. Nitrogen and
phosphorus inputs from agricultural runoff, urban wastewater,
industrial discharge and internal sediment loading stimulate
excessive phytoplankton growth. In many shallow lakes,
phosphorus release from bottom sediments is intensified by wind-
induced resuspension, oxygen deficit, water level fluctuations
and changes in hydrodynamic conditions [31,34,39,43]. This
process explains why restoration may not succeed immediately
after external nutrient inputs are reduced: the lake can continue
to receive nutrients from its own sediments.

Phytoplankton dynamics are another key indicator of lake
condition. High nutrient concentration, warm temperature and
stable water columns can promote harmful algal blooms. The
literature shows that phytoplankton response depends not only

Crealed with mop<harl.net

Figure 3. Distribution of lake ecosystem publications by country.
Source: author visualization based on Scopus Analyze Results using MapChart.
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Figure 4. Keyword co-occurrence network of lake ecosystem research generated in VOSviewer.

Source: author analysis based on Scopus keywords.

on nutrient concentration but also on human activity intensity,
micronutrients, temperature, hydrological connectivity and
food-web structure [3,12,24,40,45]. In practical monitoring,
chlorophyll-a, cyanobacterial biomass, transparency, total
phosphorus, total nitrogen and dissolved oxygen are therefore
important indicators for ecological assessment.

Water level alteration is also critical. Lake water level
influences shoreline habitats, sediment exposure, resuspension
intensity, connectivity with wetlands and dilution capacity.
Studies show that water level management can shape ecological
stability and water quality outcomes [17,29]. In arid and semi-
arid regions, evaporation and reduced inflow may additionally
increase salinity and concentrate pollutants. For this reason,
lake restoration must be connected with catchment-scale water
allocation and long-term hydrological monitoring.

Climate change interacts with nutrient enrichment and
may intensify eutrophication. Warmer conditions can increase
metabolic rates, extend stratification periods, support bloom-
forming cyanobacteria and alter phytoplankton composition
[3,5,6]. Climate-sensitive restoration planning must therefore
consider the combined effect of nutrient reduction, water level
regulation, temperature trends and biological feedbacks rather
than treating each driver separately.

Remote sensing has become one of the fastest-growing
approaches in lake ecosystem research. Satellite data allow
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repeated monitoring of chlorophyll-a, turbidity, suspended
matter, surface temperature, shoreline change and water extent.
Landsat, Sentinel-2 MSI, Sentinel-3 OLCI and hyperspectral
observations are commonly used to detect water quality
dynamics across space and time [18,21,22,26-28,37,38]. The
use of machine learning and neural networks has improved the
estimation of chlorophyll-a and turbidity, although calibration
with field measurements remains essential.

For local environmental assessment, remote sensing should
not replace laboratory and field observations. Instead, it should
support integrated monitoring. For example, satellite-derived
chlorophyll-a or turbidity can identify hotspots, while field
sampling can confirm nutrient concentrations, salinity, dissolved
oxygen and biological indicators. This combined approach is
especially useful for large or remote lake systems where regular
field monitoring is expensive. In the case of inland lakes in arid
zones, remote sensing can also help map exposed shorelines,
vegetation degradation and seasonal changes in water surface
area.

The literature suggests that lake restoration should be planned
as a phased and adaptive process. The first priority is reduction
of external nutrient loading from the catchment. Without control
of phosphorus and nitrogen inputs, internal measures such as
dredging, aeration or biological manipulation may produce only
temporary results [2,15,33,35,36]. The second priority is control



of internal nutrient cycling, especially sediment phosphorus
release. Measures may include sediment capping, dredging,
oxygenation, hydrological regulation and macrophyte restoration,
depending on lake type and economic feasibility [7,16,20,31,39].

Macrophyte restoration is particularly important in shallow
lakes because aquatic plants stabilize sediments, compete with
phytoplankton for nutrients, improve habitat complexity and
support a clear-water state [7,25,42]. However, macrophyte
recovery requires suitable light conditions, stable water levels
and reduced turbidity. Therefore, vegetation restoration should
be linked with nutrient management and sediment control.

For lake-margin ecosystems in arid and semi-arid regions,
restoration should also include shoreline and riparian-zone
measures. These may involve native vegetation establishment,
erosion control, protection from uncontrolled grazing,
improvement of soil moisture conditions and prevention of
saline dust formation on exposed lake beds. Although the Scopus
dataset is dominated by water quality and eutrophication studies,
its findings can be extended to shoreline ecosystem management
because nutrient, sediment, vegetation and hydrological
processes are interconnected.

The results of the review are relevant for local OAK-
indexed journals because they provide a scientifically grounded
framework that can be adapted to national and regional lake
systems. For Uzbekistan and Central Asian inland waters, lake
ecosystem assessment should combine three levels of analysis:
(i) water quality and hydrochemical monitoring; (ii) remote
sensing-based spatial monitoring; and (iii) field-based ecological
observations of vegetation, shoreline change and anthropogenic
pressure. Such integration is important for lake systems affected
by salinization, fluctuating inflows, evaporation and land-use
pressure.

In practical terms, the methodology can be applied to the
Aydar-Arnasoy lake system by combining satellite-based water
surface mapping, NDVI analysis of shoreline vegetation, field
sampling of water and soil salinity, and assessment of ecological
restoration measures in degraded coastal zones. The Scopus
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evidence shows that water quality indicators should be interpreted
together with nutrient dynamics, phytoplankton response,
sediment processes and hydrological regime. This is essential
because a lake may appear stable in terms of surface area while
its ecological condition is deteriorating due to salinity, nutrient
accumulation or biological imbalance.

4. CONCLUSION.

This review analyzed 647 Scopus-indexed articles on lake
ecosystems and water quality published during 2015-2026.
The bibliometric results show that lake ecosystem research
is dominated by Environmental Science and is strongly
focused on water quality, eutrophication, nutrient dynamics,
phytoplankton, environmental monitoring and remote sensing.
The annual trend indicates increased scientific attention after
2020, while the country distribution demonstrates the leading
role of China, the United States and Canada. The VOSviewer
keyword network revealed two main thematic clusters:
monitoring-pollution-sediment and ecosystem-eutrophication-
nutrient-phytoplankton.

The literature confirms that lake ecosystem degradation is
a multi-factor process driven by nutrient enrichment, internal
sediment loading, water level alteration, climate change,
anthropogenic pressure and biological feedbacks. Effective
restoration requires integrated management rather than single
technical measures. Nutrient-load reduction, sediment control,
macrophyte restoration, shoreline protection, remote sensing-
based monitoring and long-term field observations should be
combined in one adaptive framework.

For local environmental assessment, the main scientific
implication is that lake ecosystem monitoring should move from
isolated water quality measurements to integrated ecosystem
diagnosis. This means that chemical, biological, hydrological,
geomorphological and remote sensing indicators must be
interpreted together. Such an approach can support evidence-
based restoration planning for inland lake ecosystems, including
arid and semi-arid lake systems where salinization, vegetation
loss and shoreline degradation are major ecological risks.
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IQLIMIY OMILLAR TA’SIRIDA QO‘QON VOHASI
EKOTIZIMLARINING TRANSFORMATSIYASI VA
EKOLOGIK HOLATI TAHLILI

Meliboyeva Feruzaxon Solijonovna,
Qo‘qon davlat universiteti Geografiya va iqtisodiyot kafedrasi katta o‘gituvchisi,
geografiya fanlari bo‘yicha falsafa doktori (PhD).

Annotatsiya. Ushbu maqolada Markaziy Osiyoning iglimiy o‘zgarishlarga eng zaif hududlaridan biri hisoblangan Qo‘qon
vohasining 1930 - 2022-yillar oralig‘idagi meteorologik ko‘rsatkichlari va vegetatsiya qoplami dinamikasi tahlil gilingan. Tad-
gigotning magsadi uzoq yillik iglimiy trendlarning voha ekotizimlariga ta’sirini miqdoriy va sifat jihatidan baholashdan iborat.
Ishda statistik tahlil, chiziqgli regressiya modellari hamda Landsat 7/8 sun’iy yo‘ldosh ma’lumotlari asosida masofadan zondlash
(RS) usullaridan foydalanildi. Olingan natijalarga ko‘ra, o‘rganilayotgan davr mobaynida o‘rtacha yillik havo harorati barqaror
ravishda yiliga 0.0330C ga ko‘tarilib, umumiy isish koeffitsiyenti 3.030C ni tashkil etgan. Aynigsa, qish va kuz fasllarida isish
sur’atining yugqoriligi (a=0.0418 va a=0.0395) aniglandi. NDVI (Normallashgan nisbiy vegetatsiya indeksi) xaritalari tahlili shuni
ko‘rsatdiki, harorat ko‘tarilishi va urbanizatsiya jarayonlarining jadallashishi voha markazida “issiqlik oroli” effektini hosil qilib,
tabiiy o‘simliklar qoplami va qgishloq xo‘jaligi yerlariga antropogen bosimni oshirmoqda. Tadgiqot yakunida iglim o‘zgarishi
sharoitida hududning ekologik barqarorligini saglash, suv resurslaridan ogilona foydalanish va “yashil iqtisodiyot” tamoyillarini
joriy etish bo‘yicha ilmiy asoslangan tavsiyalar ishlab chiqilgan.

Kalit so‘zlar: iqlim o‘zgarishi, Qo‘qon vohasi, havo harorati trendi, atmosfera yog‘inlari, NDVI indeksi, masofadan zondlash,
urbanizatsiya, ekologik bargarorlik, Landsat sun’iy yo‘ldosh tasvirlari, antropogen bosim.

Abstract. This article analyzes the dynamics of meteorological indicators and vegetation cover of the Kokand oasis, one of the
most vulnerable regions of Central Asia to climate change, covering the period from 1930 to 2022. The study aims to quantitatively
and qualitatively assess the impact of long-term climatic trends on the oasis ecosystems. The research utilizes statistical analysis,
linear regression models, and remote sensing (RS) techniques based on Landsat 7/8 satellite data. According to the results, the
average annual air temperature during the study period increased steadily by 0.033°C per year, with a total warming coefficient
of 3.03°C. It was found that the highest warming rates occur during the winter and autumn seasons (a=0.0418 and a=0.0395, re-
spectively). Analysis of NDVI (Normalized Difference Vegetation Index) maps revealed that rising temperatures and accelerating
urbanization processes create a “heat island” effect in the center of the oasis, increasing anthropogenic pressure on natural vegetation
and agricultural land. The study concludes with science-based recommendations for maintaining the ecological stability of the
region, ensuring the rational use of water resources, and implementing “green economy” principles in the context of climate change.

Keywords: Climate change, Kokand oasis, air temperature trend, atmospheric precipitation, NDVI index, remote sensing,
urbanization, ecological stability, Landsat satellite imagery, anthropogenic pressure

AnHOTanusa. B naHHOM cTaTbe aHaIM3UPYETCs AMHAMUKA METEOPOJIOTMUYECKUX MOKa3aTesell ¥ PacTUTENbHOTO MOKPOBa
KoxkaHckoro oasuca, sBsOIIerocst OOHUM 13 Haubosiee YSI3BUMbIX PeTMOHOB LleHTpaibHOI A3ui K KITMMaTHYeCKUM U3MEHEHUSIM,
3a nepuop 1930 - 2022 rr. Lenbio uccaenoBanus SIBISETCS KOJMMUECTBEHHAs M KaYeCTBEHHAS OLEHKA BJIMSHUS JOJITOCPOUHBIX
KJIMMaTUYECKUX TPEHIOB Ha KOCUCTEMBI 0asuca. B paboTe MCMOIb30BAIUCh METOObI CTATUCTUUECKOTO aHa/I13a, MOZAEN
JIVHEJHOW perpeccui, a Takske MeTONbI OUCTaHLMOHHOro 3oHauposaHus (RS) Ha ocHoBe cryTHMKOBBIX maHHbIX Landsat 7/8.
CortacHO TOTyYeHHbIM Pe3yJTbTaTaM, 38 MUCCIeLYEMbIN TePUOL, CPeIHEr0f0Bast TEMIIEpaTypa BO3AyXa CTaOMUIBbHO MOBBIIIANACH Ha
0,033°C B rog, a o61mit KosdduimeHT norerienus cocrasui 3,03°C. YcTaHOBIIEHO, YTO HauboIee BbICOKME TEMIIbI TOTETUIEHMS
XapaKTepHbI 1151 3UMHero 1 ocednero nepuonos (a=0,0418 n a=0,0395 coorBerctBenHo). Anamms kapr NDVI (HopmansoBadHbii
OTHOCUTEJIbHbIN MHAEKC PACTUTENBHOCTI) TOKA3aJl, YTO MOBBILIIEHME TEMITEPATYPHI M YCKOPEHNME MPOILIeCCOB YPOaHKU3aIIMM CO3OAI0T
adekr «ocTpoBa Teria» B LIEHTPe 0a3KCa, YTO YCUIIMBAET AaHTPOIIOTEHHOE JIaBJIeH1e Ha eCTECTBEHHbBIN PACTUTE bHbIN TOKPOB U
CeJTbCKOXO3SICTBEHHbIE YTOIbsl. B 3aBepiiieH1e 1ccienoBaHust paspaboTaHbl HAyYHO 060 CHOBAHHbIE PEKOMEH/IALIVN TT0 COXPAHEHMIO
9KOJIOTMYECKOI YCTOMUMBOCTH PETVIOHA, PAIIMOHAIBHOMY VICTIOb30BaHMIO BOSHBIX PECYPCOB U BHEIPEHUIO TIPUHIUIIOB “3eJIeHO
9KOHOMMKI™~ B YCJIOBUSIX M3MEHEHUsI KIMMaTa.

KnioueBsbie cinoBa: Vsmenenne kiumara, KokaHackuit 0asuc, TpeH[ TeMIlepaTypbl BO3AyXa, aTMOCGhEpHbIe OCAIKM,
ungekc NDVI, nucraHumMoHHOe 30HIMPOBaHMe, ypOaHU3alMsl, IKOJIOTMUECKasT YCTOMUMBOCTb, CITYTHUKOBbIE cHMMKM Landsat,
AHTPOIIOTEHHOE JaBJIeHME.

1. KIRISH. balki mintagaviy migyosda ob-havo rejimining keskin o‘zgarishi,

Insoniyatning xo‘jalik faoliyati ta’sirida yuzaga kelayotgan ekstremal meteorologik hodisalarning takrorlanishi va tabiiy
global iglim o‘zgarishlari bugungi kunda dunyo hamjamiyati ekotizimlarning degradatsiyasiga sabab bo‘lmoqda [15,20].
oldida turgan eng murakkab muammolardan biriga aylandi Markaziy Osiyo mintagasi o‘zining geografik joylashuvi va
[17,23]. Atmosferada parnik gazlarining ortishi natijasida tabiiy-iglimiy sharoitlariga ko‘ra, bunday o‘zgarishlarga nisbatan
kuzatilayotgan global isish nafaqat qutb muzliklarining erishi, eng zaif hududlardan biri hisoblanadi [1,5,21].
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Markaziy Osiyo mintagasida iglim o°‘zgarishining o‘simliklar
qoplamiga ta’sirini o ‘rganish bo ‘yicha olib borilgan fundamental
tadqiqotlar shuni ko‘rsatadiki, 1998-yildan keyin havo
haroratining ko‘tarilishi va yog‘in miqdorining o‘zgarishi
natijasida tabiiy vegetatsiya ko ‘rsatkichlarida (NDVT) pasayish
trendi kuzatila boshlagan [1,9]. Bu esa voha landshaftlarining
iglimiy transformatsiyasini uzoq yillik meteorologik ma’lumotlar
asosida tahlil qilishni taqozo etadi [13,15].

Iqlim o‘zgarishlarining tabiiy va madaniy o‘simliklar
goplamiga ta’sirini baholashda masofadan zondlash usullari va
geoaxborot tizimlari (GIS) texnologiyalari alohida ahamiyat kasb
etmoqda [7,16]. Sun’iy yo‘ldoshlardan olinadigan ma’lumotlar
asosida hisoblanadigan NDVI (Normalashgan differensial
vegetatsiya indeksi) ko‘rsatkichi o‘simliklar zichligi va
salomatligini masofadan turib monitoring gilishda eng ishonchli
indikator hisoblanadi [7,8]. Xususan, so‘ngi tadgiqotlarda
Google Earth Engine (GEE) kabi bulutli platformalar yordamida
olingan uzoq muddatli ma’lumotlar shuni ko ‘rsatadiki,
cho‘l mintaqalaridagi voha ekotizimlarida o‘simlik qoplami
(FVC) dinamikasi nafaqat iglimiy drayverlar, balki intensiv
antropogen omillar ta’sirida ham shakllanmoqda [2,3]. X. Li
va uning hammualliflari tomonidan olib borilgan tahlillar voha
hududlarida inson omili iqlimiy salbiy o‘zgarishlarni ma’lum
darajada kompensatsiya qilishi va hududiy barqgarorlikni
ta’minlovchi asosiy kuch ekanligini isbotlagan [2,4,6].
O‘zbekiston sharoitida iqlim isishining salbiy oqibatlari
suv resurslarining kamayishi, cho‘llanish jarayonlarining
jadallashishi va gishloq xo‘jaligi ekinlari vegetatsiya davrining
o‘zgarishida yagqol namoyon bo‘lmoqda [10,11,14]. Farg‘ona
vodiysining muhim igtisodiy va demografik markazlaridan biri
bo‘lgan Qo‘qon vohasi uzoq yillik dehqonchilik tarixiga ega
bo‘lib, bu yerda yer va suv resurslaridan intensiv foydalaniladi
[22]. Hududning iqlimiy ko ‘rsatkichlari, xususan, havo harorati
va yog‘in miqdorining deyarli bir asrlik (1930 - 2022-yy.)
dinamikasini tahlil gilish, mintaqadagi iglimiy tendensiyalarni
tushunish va kelajakdagi o‘zgarishlarni prognoz gilish imkonini
beradi. Ushbu tadqiqotning dolzarbligi Qo‘qon vohasidagi uzoq
muddatli meteorologik o°‘zgarishlarni zamonaviy NDVI xaritalari
bilan integratsiya gilgan holda kompleks tahlil etish zarurati
bilan belgilanadi. Tadqiqotning magsadi — 1930-yildan hozirgi
davrgacha bo‘lgan vaqt oralig‘ida hudud iglimidagi asosiy
trendlarni aniglash va iglimiy omillarning o‘simlik goplami
dinamikasidagi rolini baholashdan iborat.

2. MATERIALLAR VA USLUBLAR.

Ushbu tadgigotda Qo‘qon vohasining iglimiy o ‘zgarishlarini
tahlil gilish uchun o‘zaro bog‘liq bo‘lgan ikki xil ma’lumotlar
majmuasidan foydalanildi: meteorologik kuzatuv natijalari va
sun’iy yo‘ldosh orqali olingan masofadan zondlash ma’lumotlari.

1. Meteorologik ma’lumotlar tahlili. Tadgigotning iglimiy
gismi uchun Qo‘qon meteorologik stansiyasining 1930 -
2022-yillarni o‘z ichiga olgan uzoq yillik ma’lumotlari asos
qilib olindi. Ma’lumotlarga matematik-statistik ishlov berishda
chizigli regressiya usuli qo‘llanildi. Trendning bargarorligini
aniglash uchun quyidagi tenglamadan foydalanildi:

y=ax+b

Bunda a koeffitsiyenti o‘rganilayotgan ko ‘rsatkichning vaqt

birligi ichidagi o‘zgarish sur’atini, determinatsiya koeffitsiyenti

EKOLOGIYA XABARNOMASI = N22/2026

(R?) esa olingan trendning statistik ishonchliligini ifodalaydi.

2. Sun’iy yo‘ldosh ma’lumotlari va tahlil usullari. Hududning
o‘simlik goplami dinamikasini o‘rganish magsadida Landsat
7 (ETM+) va Landsat 8 (OLI) sun’iy yo‘ldoshlaridan
olingan ko‘p spektrli tasvirlardan foydalanildi. O‘simlik
goplami o‘zgarishlarini tahlil gilishda X. Li va boshqgalar
[2] tomonidan qo‘llanilgan metodik yondashuvga asoslanib,
voha landshaftlarining fazoviy-vagtinchalik dinamikasi NDVI
(Normalashgan differensial vegetatsiya indeksi) orqali baholandi.
NDVI ko‘rsatkichi quyidagi formula asosida hisoblandi:

NIR — RED
NDVI = IR ¥ RED

Bunda NIR — spektrning yaqin infraqizil diapazoni,
RED — qizil diapazoni. Tasvirlarga ragamli ishlov berish
ArcGIS dasturiy ta’minoti muhitida amalga oshirildi. Tahlil
jarayonida vegetatsiya davrining faol o‘sish davri hisoblangan
may oyidagi bulutsiz Landsat tasvirlari tanlab olindi. Bu voha
ekotizimlarining maksimal yashillik darajasini aniq baholash
imkonini berdi.

Shuningdek, vegetatsiya o‘zgarishlarining bargarorligini
aniglashda o‘zgarishlar trendi tahlil qilindi, bu esa uzoq muddatli
iglimiy tebranishlar fonida o‘simliklar qoplamining qayta
tiklanish xususiyatlarini baholash imkonini berdi [2,8].

3. Tadgiqot obyekti va hududiy gamrovi. Tadgiqot obyekti
sifatida Qo‘qon vohasining sug‘oriladigan dehqonchilik
maydonlari, aholi punktlari va ularga tutash bo‘lgan tabiiy
landshaftlar olindi. Masofadan zondlash ma’lumotlari yordamida
olingan natijalar iglimiy grafiklar bilan giyosiy tahlil qilindi.
Bu esa iglim isishining bevosita vegetatsiya qoplamiga ta’sirini
hududiy kesimda ko‘rish imkonini berdi [13,22].

3. NATIJALAR VA MUNOZARA

Havo harorati ko ‘rsatkichlarining ko‘p yillik miqdoriy
dinamikasi va termal o‘zgarishlar. Qo‘qon meteorologik
stansiyasining deyarli bir asrlik (1930 - 2022-yillar) ma’lumotlari
tahlili shuni ko ‘rsatadiki, hududda iglim isishining sur’atlari
kutilganidan ancha yugqori [15,20]. O‘rtacha yillik harorat
trendi y = 0.033x + 12.79 chiziqli regressiya tenglamasi
bilan ifodalanib, 92 yil davomida harorat o‘rtacha 3.03°C ga
ko‘tarilgan. Biz aniglagan ushbu ko‘rsatkich V.E. Chub [15]
tomonidan O°‘zbekistonning arid mintagalari uchun keltirilgan
iglimiy tendensiyalarga to‘la mos keladi va lokal migyosda isish
jadallashayotganini ko ‘rsatadi.

Ushbu ko ‘rsatkich mintagada har o‘n yillikda harorat o‘rtacha
0.33°C ga o‘sayotganini tasdiglaydi, bu esa global isishning
o‘rtacha sur’atlaridan deyarli ikki barobar ko‘pdir [17,21].

Tadqiqot obyekti sifatida olingan Qo‘qon vohasida gishki
haroratning 3.84°C ga (trend koeffitsiyenti a = 0.0418) va
kuzgi haroratning 3.63° C ga (a = 0.0395) keskin ko‘tarilishi
voha ekotizimlarining fenologik davrlariga bevosita ta’sir
ko‘rsatmoqda. Xususan, qish faslining yumshashi va vegetatsiya
davrining muddatidan oldin boshlanishi o‘simliklarning sovuqqa
chidamliligini kamaytirib, ularning fiziologik zaifligini oshiradi
[1,5]- X. Li va boshqalar [2] tomonidan Alar vohasida o ‘tkazilgan
tadgiqotlarda ham arid mintagalardagi harorat ko ‘tarilishi
bug‘lanishni keskin oshirib, o‘simlik qoplamining issiglik
stresiga moyilligini kuchaytirishi, bu esa o‘z navbatida tuproq
namligining jadal kamayishiga olib kelishi ta’kidlangan.
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1-rasm. Qo‘qon vohasining
1930 - 2022-yillardagi o‘rtacha
yillik va mavsumiy havo
harorati o‘zgarishi grafiklari.
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2. Atmosfera yog‘inlari dinamikasi va gidrologik balansning buzilishi. 1936-yildan buyon yillik yog‘in migdori o‘rtacha
58.2 mm ga (a = 0.6329) ko‘paygan bo‘Isa-da, bu o°sish juda beqaror xarakterga ega (R? = 0.0949).
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2-rasm. Qo‘qon vohasining 1936 — 2022-yillardagi yillik va mavsumiy atmosfera yog‘inlari miqdori dinamikasi.

Shuni alohida ta’kidlash joizki, yog‘in miqdorining biroz
ortishi haroratning 3°C dan ko‘proqqga o°‘sishi natijasida yuzaga
kelgan potensial evapotranspiratsiya (bug‘lanish) darajasini
mutlaqo qoplay olmaydi [11,21].

Solishtirma tahlil: Bunday mantiqiy nomutanosiblik
arid hududlarda gidrologik qurg‘oqchillik xavfini yanada
kuchaytiradi. Alar vohasidagi tajriba shuni ko ‘rsatadiki, bunday
hududlarda vegetatsiya qoplamining bargarorligi ko‘p jihatdan
tabiiy meteorologik yog‘inlarga emas, balki sun’iy sug‘orish va
suv resurslarini samarali boshqarish strategiyalariga bog ‘ligdir
[2,3,6]. Bizning natijalarimiz Qo‘qon vohasida namlik
tanqisligiga garamay NDVT ko ‘rsatkichlarining ijobiy saglanib
qolishi fagatgina mintaqadagi intensiv irrigatsiya tizimi va inson
omili hisobiga ekanligini ilmiy jihatdan tasdiglaydi [13,22]. Bu
esa, 0‘z navbatida, voha ekotizimining tabiiy namlikka bo‘lgan
bog‘ligligi kamayib, texnogen omillarga to‘liq garam bo‘lib
golganini anglatadi.

3. NDVI ko‘rsatkichlari: Iglim isishi sharoitida o‘simlik
goplamining barqarorligi Landsat (2010 - 2022-yy.) tasvirlari
asosida olingan fazoviy tahlillar voha ekotizimlarining iglimiy
isish sharoitidagi bargarorlik darajasini baholash imkonini beradi
[7,18,19].
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Ekologik chidamlilik tahlili: Alar vohasida o‘tkazilgan
30 vyillik tadgiqotlarda o‘simlik qoplamining (FVC) barqaror
o‘sish trendi (R? = 0.867) kuzatilgan bo‘lib, o‘sish sur’ati har
o‘n yillikda 8.2% ni tashkil etgan [2]. Qo‘qon vohasida ham
sug ‘oriladigan dehqonchilik maydonlarida NDVT ko ‘rsatkichlari
(0.6-0.8) yuqori darajada saglanib qolayotgani aniqlandi [13].
Bu shuni anglatadiki, inson tomonidan yaratilgan “voha effekti”
atrofdagi cho‘l va adirlardan kelayotgan issiq havo oqimlarini
va iglimiy bosimni muvaffaqiyatli yumshatib, o‘simliklar uchun
qulay mikroiqglim yaratmoqda [9,23].

Hurst koeffitsiyenti va istigbolli bashorat: Alar vohasi
hududining katta qismida (81.7%) o‘simlik goplamining o‘sish
trendi kelajakda ham davom etishi (musbat persistensiya)
aniglangan [2,8]. Bizning Qo‘qon vohasi uchun olgan NDVI
tahlillarimiz ham ushbu persistensiya qonuniyatiga mos
keladi. Hurst koeffitsiyentining H > 0.5 giymati Qo‘qon
vohasida vegetatsiya barqarorligi tasodifiy emas, balki tizimli
xarakterga ega ekanligini va bu ijobiy trend kelajakda ham
saglanishini bashorat giladi. Bu esa, agarda sug‘orish rejimi
va agrotexnik tadbirlar barqaror davom ettirilsa, hududdagi
yashil maydonlarning uzoq muddatli bargarorligini ta’minlash
mumkinligini ko ‘rsatadi [4,6].
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4. Urbanizatsiya bosimi va landshaftlarning antropogen
transformatsiyasi. So‘nggi o‘n vyilliklarda (2010 - 2022-yy.)
NDVI xaritalarida voha hududida urbanizatsiya zonalarining
kengayishi va natijada yashil maydonlarning bo‘linishi (frag-
mentatsiya) yaqqol kuzatilmoqda [12,16]. NDVI tahlillari shuni
ko‘rsatadiki, so‘nggi 12 yil ichida Qo‘qon shahrining urba-
nizatsiyalashgan maydonlari asosan shimoliy va shimoli-shar-
qiy yo‘nalishlar bo‘ylab kengaygan. Bu jarayon sug ‘oriladigan
unumdor yerlarning kamayishiga sabab bo‘lmoqda. Alar vohasi
misolida ko ‘rsatilganidek, aynan urbanizatsiya va ekologik
siyosat o‘simlik qoplamidagi fazoviy o‘zgarishlarning asosiy
drayverlaridir [2,4]. Qo‘qon shahrining tartibsiz kengayishi
natijasida hosil bo‘layotgan “shahar issiglik oroli” effekti lokal
haroratning fon ko ‘rsatkichlaridan ham ko‘proq ko ‘tarilishiga
sabab bo‘lmoqda [12]. Bu esa atrofdagi mikro-ekotizimlarning
degradatsiyasiga va biologik xilma-xillikning kamayishiga olib
keluvchi qo‘shimcha antropogen bosim sifatida baholanadi
[10,22].

Tadqgiqot davomida olingan meteorologik va masofadan
zondlash (NDVI) ma’lumotlari umulashtirilib, Qo‘qon vohasi
ekotizimlarining iglimiy transformatsiyasi va ekologik bargaro-
rligi miqdoriy va sifat ko ‘rsatkichlari asosida giyosiy baholandi
(1-jadval).

4. XULOSA

Qo‘qgon vohasining uzoq yillik meteorologik ma’lumotlari
va masofadan zondlash ko ‘rsatkichlarini kompleks tahlil qilish
asosida quyidagi ilmiy xulosalarga kelindi:

1. 1930 - 2022-yillar oralig‘idagi deyarli bir asrlik davrda
havo haroratining chizigli regressiya tahlili hududda o‘rtacha
yillik harorat 3.03°C ga ko‘tarilganini ko‘rsatdi. Bu global
isish sur’atlaridan qariyb 2 barobar yuqori bo‘lib, aynigsa,
qishki (+3.84°C) va kuzgi (+3.63°C) mavsumlarda isishning
jadallashuvi voha landshaftlarining termal transformatsiyaga
uchrayotganidan dalolat beradi.

2. Tadqiqotda iqlim isishi fonida o‘simlik qoplamining
(NDVI) barqarorligi birinchi marta Hurst (H) koeffitsiyenti
orqali bashorat qilindi. Natijalar (H > 0.5) shuni ko ‘rsatdiki,
gidrologik defitsit va isish bosimiga garamay, vohada
vegetatsiya ko‘rsatkichlari (0.6-0.8) yuqori barqarorlikka
ega. Bu “voha effekti” va inson tomonidan boshqariladigan
irrigatsiya tizimi iqlimiy salbiy o‘zgarishlarni muvaffaqiyatli
kompensatsiya qilayotganini isbotlovchi yangi ilmiy
yechimdir.

1-jadval
Qo‘qon vohasining iqlimiy va ekologik holati bo‘yicha umumiy baholash
Baholash ko‘rsatkichi Miqdoriy trend Baholash mezoni Hududning sifat bahosi
IPCC xalqaro standarti .. .
0,

Havo harorat +3.03°C (>0.2°C/10 il) Jadal isish holatida
P Kam va beqaror Gidrologik balans buzilishi L .
Atmosfera yog‘inlari (R=0,09) (defitsit) Suv tangisligi xavfi yuqori

o . NDVI shkalasi .
O‘simliklar (NDVT) 0.6-0.8 (yaxshi) G5 A i) Ekologik barqaror
Urbanizatsiya BLE TV Issiglik oroli effekti Antropogen bosim ortib bormoqda
kengaygan

Izoh: Hududiy iqlimiy o ‘zgarishlar IPCC xalqaro standartlari, o ‘simlik goplami holati esa NDVI (0.1-1.0) shkalasi hamda
Hurst (H > 0.5) persistensiya koeffitsiyenti mezonlari asosida qiyosiy baholangan.
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3. Landsat 7/8 tasvirlari yordamida olingan fazoviy tahlillar
urbanizatsiya jarayonlari voha markazida “issiqlik oroli”
effektini kuchaytirayotganini anigladi. Amaliy jihatdan, Qo‘qon
shahrining shimoliy va shimoli-sharqgiy yo‘nalishdagi tartibsiz
kengayishi unumdor sug‘oriladigan yerlarning gisqarishiga olib
kelmoqda.

4. Tadqiqot natijalari kelajakda hududni ijtimoiy-iqtisodiy
rivojlantirish rejalarida “yashil iqtisodiyot” tamoyillaridan
foydalanish, suv tejovchi texnologiyalarni joriy etish va
shaharsozlikda yashil belbog‘larni ko‘paytirish orqali “issiglik
oroli” ta’sirini yumshatish zarurligini ko‘rsatadi. Bu chora-
tadbirlar iglim o°zgarishi sharoitida Qo‘qon vohasining ekologik

chidamliligini oshirishga xizmat qiladi.
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QASHQADARYO VILOYATIDA SANOAT OBYEKTLARI
ATROFIDA EKOLOGIK XAVF HUDUDLARINI GAT ASOSIDA
RAYONLASHTIRISH

Aminov Xamza Xusanovich,

Atrof-muhit va tabiatni muhofaza qilish texnologiyalari ilmiy-tadqiqot instituti direktor o‘rinbosari,

texnika fanlari falsafa doktori (PhD), professor.

Annotatsiya. Magolada Qashqgadaryo viloyatida sanoat obyektlari atrofida ekologik xavf hududlarini aniglash va rayonlash-
tirish uchun GAT hamda masofaviy zondlash ma’lumotlariga asoslangan yondashuv ishlab chiqildi.

Tadgiqotda sanoat manbalari joylashuvi, shamol yo‘nalishi, relyef, suv obyektlari, aholi punktlari, yashil qoplama holati va
atmosfera indikatorlari yagona geoma’lumotlar modelida birlashtirildi. Ekologik xavf manba zichligi, tarqalish ehtimoli, landshaft
sezgirligi va biologik javob belgilarining og‘irlangan indekslari orqali baholandi.

Natijalar sanoat manbalariga yaqin va shamol osti yo‘nalishidagi maydonlarda ekologik xavf ko‘proq to‘planishini ko ‘rsatadi.
Taklif etilgan rayonlashtirish modeli monitoring punktlarini joylashtirish, yashil bufer zonalarni rejalashtirish va hududiy boshqaruv

qarorlarini asoslash uchun amaliy ahamiyatga ega.

Kalit so‘zlar: GAT, ekologik xavf, rayonlashtirish, sanoat obyektlari, atmosfera ifloslanishi, masofaviy zondlash, yashil bufer

zona, Qashqadaryo.

AnHoTanms. B craTbe pa3paboTaH MOIXON K BbISIBJIEHUIO M PAOHVPOBAHMIO 30H 9KOJIOTMYECKOTO PUCKA BOKPYT MPOMBIILIIEHHbIX
o6bekToB KarkagappuHckoit obmacty Ha ocHoBe ['MIC ¥ JaHHBIX JUCTAHIIMOHHOTO 30HIMPOBAHMSI.

B enmHoOM reoHpOpMAaIMOHHO Moie 00beIMHEHbI pa3MellieHNe TPOMbILIIEHHBIX MICTOYHUKOB, HAIIpaB/IeHKe BETPa, pejbed,
BOIHbIE 06BEKTBI, HACETIEHHbIE ITYHKTbI, COCTOSTHIE 3€JIEHOTO TIOKPOBA 1 aTMOCQEepHbIe MHAMKATOPbI. DKOJIOTMUECKUI PUCK OIIeHEH
yepe3 B3BEILIEHHbIE TTOKA3aTeJ IJIOTHOCTY MICTOYHMKOB, BEPOSTHOCTH ITEPEHOCA 3ar PA3HUTEIEN, JITAaHAILAQTHON TyBCTBUTETHOCTYI

" BGMOIOTMYECKON peakLyn.

[MonyuyeHHbIe pe3y/bTaThl MOKA3bIBAIOT, UTO PUCK KOHIIEHTPUPYETCS BOIM3M MPOMBILIIEHHBIX MCTOYHMKOB U B TOABETPEHHBIX
HarnpasieHusiX. [IpensioskeHHas MofesTb Mojie3Ha AJis1 pa3MelleHus] TyHKTOB MOHUTOPMHTA, IPOeKTUPOBAHMS 3e/IeHbIX OydepHbIX
30H ¥ 000CHOBAHMSI TEPPUTOPUAIIBHBIX YIIPaBIeHUECKMX PelleHMI.

KnioueBnie cioBa: ['VIC, skonormveckuit puck, paiioHMpOBaHue, POMBIIIEHHbIe 0OBEKThI, 3arpsisHeHre aTMoCGhepsl,
JVICTaHLMOHHOe 30HAMpPOBaHMe, 3eeHas 6ydepHas 30Ha, Karikanapbsi.

Abstract. The article develops an approach for identifying and zoning ecological risk areas around industrial facilities in

Kashkadarya Region using GIS and remote sensing data.

The model integrates the location of industrial sources, wind direction, relief, water bodies, settlements, vegetation condition and
atmospheric indicators in a single geodatabase. Ecological risk is assessed through weighted indicators of source density, pollutant

transfer probability, landscape sensitivity and biological response.

The findings show that ecological risk is concentrated near industrial sources and along downwind directions. The proposed
zoning model is useful for locating monitoring points, planning green buffer zones and supporting territorial environmental

management decisions.

Key words: GIS, ecological risk, zoning, industrial facilities, air pollution, remote sensing, green buffer zone, Kashkadarya.

1. KIRISH

Sanoat obyektlari atrofida ekologik xavfning shakllanishi
ko‘p omilli jarayondir. Ifloslantiruvchi manba quvvati,
chiqarilayotgan moddaning fizik-kimyoviy xususiyati, shamol
tezligi va yo‘nalishi, relyef, suv obyektlariga yaqinlik, yashil
goplama holati hamda aholi punktlari joylashuvi xavf darajasini
belgilovchi asosiy omillar hisoblanadi [4, 10, 14].

An’anaviy ekologik nazorat ko‘pincha alohida nugtaviy
o‘lchovlarga tayanadi. Biroq sanoat ta’siri fazoviy jihatdan
notekis tarqaladi: manbaga yaqin hududlar, shamol osti
yo‘nalishlari, pastgam maydonlar va suv tarmogqlariga yaqin
zonalarda ifloslanish ehtimoli yugoriroq bo‘ladi. Shu sababli
GAT va masofaviy zondlash ma’lumotlarini birlashtirgan
rayonlashtirish modeli amaliy ahamiyat kasb etadi [13, 15, 16].

Tadqiqotning magsadi Qashqadaryo viloyati sanoat ob-
yektlari atrofida ekologik xavf hududlarini aniqlash va

rayonlashtirish uchun indikatorlar tizimi hamda GAT asosi-
dagi baholash modelini taklif etishdan iborat.

Tadqgiqot obyekti Qashqadaryo viloyatining sanoatlashgan
hududlari, xususan, neft-gaz, energetika, transport va gishloq
tabiiy qurg ‘oqchilik, shamol faolligi, suv resurslari cheklanganligi
va antropogen yuklama birgalikda ekologik xavfni kuchaytirishi
mumkKin.

[Imiy muammo shundan iboratki, sanoat manbalari ta’sirini
fagat korxona yoki alohida ifloslantiruvchi modda bo‘yicha
baholash xavfning real fazoviy ko‘rinishini to‘liq ochib ber-
maydi. Xavf hududlarini aniqlashda manba zichligi, tarqalish
yo‘nalishi, landshaft sezgirligi va biologik javob belgilarini
yagona GAT modelida birlashtirish zarur.

2. MATERIALLAR VA USULLAR

Tadgiqotda GAT asosidagi ko‘p mezonli baholash yondashuvi
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1-jadval

Ekologik xavfni GAT asosida baholash mezonlari

Mezon Indikatorlar Vazn Ekologik mazmuni
M - manba yuklamasi korxona va chiqindi manbalari zichligi 0,30 texnogen bosimning boshlang‘ich darajasi
T - tarqalish ehtimoli shamol yo‘nalishi, relyef, masofa 0,20 ifloslantiruvchi moddalar ko‘chish imkoniyati
L - landshaft sezgirligi suv obyektlari, pastqamlik, qurg‘oqchilik 0,20 mubhitning ifloslanishga chidamliligi
B - biologik javob NDVI, RECI, yashil qoplama uzluksizligi 0,15 o‘simliklarning stressga reaksiyasi
A - ijtimoiy yaqinlik aholi punkti va xo‘jalik obyektlari 0,15 inson va xo‘jalik tizimlariga xavf

go‘llanildi. Sanoat manbalari nugtalari, shamol yo‘nalishlari,
relyef, suv obyektlari, aholi punktlari, yashil qoplama, transport
yo‘laklari va monitoring natijalari alohida gatlamlar sifatida
shakllantirildi. Har bir gatlam ekologik xavfga qo‘shadigan
ulushiga qarab normalizatsiya qilindi.

Ekologik xavf indeksi quyidagi umumiy mantiqga asoslandi:
ERI = 0,30M + 0,20T + 0,20L + 0,15B + 0,15A. Bu yerda
M - sanoat manbalari zichligi va emissiya yuklamasi, T - shamol
orqali tarqalish ehtimoli, L. - landshaft va suv-tuproq sezgirligi,
B - yashil qoplama/bioindikator holati, A - aholi punktlari va
xo‘jalik obyektlariga yaqinlik. Indeks giymati past, o‘rta, yuqori
va juda yuqori xavf zonalariga ajratildi.

Masofaviy zondlash natijalari vegetatsiya holatini aniglashda,
Sentinel-5P va atmosfera kuzatuv ma’lumotlari esa gazsimon
birikmalar tarqalishini talgin qgilishda metodik asos sifatida
go‘llanildi. Natijalar dala kuzatuvlari va statistik ko ‘rsatkichlar
bilan solishtirildi [17, 18, 19].

Gk Ekologik xavf Indeksining tarkibly mezonlari
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1-rasm. Ekologik xavf indeksida mezonlar ulushining
diagrammali ko ‘rinishi

Diagramma ekologik xavf indeksida manba yuklamasi
asosiy belgilovchi mezon ekanini ko ‘rsatadi. Targalish ehtimoli
va landshaft sezgirligi ham xavfning hududiy to‘planishida
muhim o‘rin tutadi. Biologik javob hamda ijtimoiy yaqinlik
ko‘rsatkichlari esa ekologik xavfni amaliy boshqaruv qarorlariga
bog ‘lash imkonini beradi.

3. NATIJALAR VA MUHOKAMA

Dissertatsiya materiallarida sanoat manbalariga yaqin tajriba
maydonlarida atmosfera ko ‘rsatkichlari nazorat hududlariga
nisbatan yuqoriroq qayd etilgan. Bu farq, aynigsa, gazsimon
birikmalar va azot oksidlari bo‘yicha biologik indikatorlar
bilan bog‘liq holda talgin qilinadi. NDVI, RECI va xlorofill
ko ‘rsatkichlarining pasayishi atmosferadagi texnogen omillarni
erta aniglashda muhim signal bo‘lishi mumkin.

Tajriba va nazorat hududlari o‘rtasidagi farglar GAT
xaritalarida manbaga yaqinlik, shamol osti yo‘nalishi va yashil
goplama holati bilan birgalikda ko‘rilganda anigroq namoyon
bo ‘ladi. Bu sanoat ekologiyasida nuqtaviy o‘Ichovlardan fazoviy-
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tizimli baholashga o‘tish zarurligini ko ‘rsatadi.
2-jadval
Sanoat manbalariga yaqin va nazorat hududlarida
ayrim atmosfera indikatorlari

Indikator Taj rlba' Nazorat. Talgin
maydoni | maydoni
Co, 410 400 @anba yaqinida fon
giymatdan yuqoriroq
CH, 28 1.2 neft-ga}z .fao}lyatlga
sezgir indikator
S.O.4/ sulfaF 0,13 0,05 aerc’)z.oll Ya d‘lang—g?z
birikmalari ta’sirini ko ‘rsatadi
transport va sanoat
NOx 0,25 0,08 yonish jarayonlari bilan
bog‘liq

Atmosfera indikatorlarining nazorat hududiga nisbatan farglanishl
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2-rasm. Atmosfera indikatorlarining tajriba va nazorat
maydonlari bo‘yicha nisbiy farqlanishi

Nisbiy ko‘rsatkichlar sanoat manbasiga yaqin hududlarda
metan, sulfat birikmalari va azot oksidlari bo‘yicha farq CO2
ga nisbatan kuchliroq namoyon bo‘lishini ko ‘rsatadi. Bu holat
sanoat zonalarida monitoring fagat umumiy fon giymatlarini
emas, balki komponentlar kesimidagi nisbiy o‘zgarishlarni ham
gamrab olishi zarurligini asoslaydi.

GAT rayonlashtirish natijasida sanoat manbalariga bevosita
yaqin hududlar, shamol yo‘nalishi bo‘yicha pastqam zonalar va
yashil qoplama uzluksizligi buzilgan maydonlar birlamchi xavf
hududlari sifatida ajratiladi. O‘rta xavf zonalari esa manbadan
nisbatan uzoq, biroq transport yo‘laklari, suv obyektlari yoki
qishloq xo‘jaligi maydonlariga yaqin joylashgan hududlardan
iborat bo‘lishi mumkin.

Taklif etilgan model ekologik xavfni fagat mavjud ifloslanish
holati sifatida emas, balki kelgusida ifloslanish kuchayishi
mumkin bo‘lgan makon sifatida ham ko ‘rishga imkon beradi.
Bu esa monitoring punktlari sonini rejalashtirish, yashil bufer
zonalarni joylashtirish va korxonalar bo‘yicha profilaktik
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3-jadval.

Ekologik xavf zonalarining GAT asosidagi tavsifi

Zona Asosiy belgilar Monitoring tartibi Boshgaruv chorasi
Past xavf manbadan uzoq, yashil qoplama barqaror yillik kuzatuv profilaktik nazorat
O‘rta xavf transport yoki suv obyektlariga yaqin, mavsumiy stress | yarim yillik monitoring yashil goplamani saglash

Yugqori xavf manbaga yaqin yoki shamol osti yo‘nalishida

choraklik monitoring bufer zona va emissiya nazorati

pastqam, manbaga juda yaqin,

[Eopatienba bioindikator stress kuchli

tezkor ekologik cheklov va

SNt e tiklash ishlari

GAT modeli asosida boshqaruv garorlarini tanlash

4-jadval

Qaror yo‘nalishi

Modeldan olinadigan ma’lumot

Kutiladigan natija

Monitoring punktlari

xavf konsentratsiyasi va shamol yo‘nalishi

aniq joylashuv va samarali kuzatuv

Yashil bufer zona

manba-masofa-yashil qoplama alogasi

chang-gaz oqimini kamaytirish

Laboratoriya nazorati

suv-tuproq sezgir hududlari

bioakkumulyatsiya xavfini erta aniglash

Hududiy rejalashtirish

past/o‘rta/yuqori xavf xaritalari

ekologik xavfsiz boshgaruv qarorlari

nazoratni kuchaytirishga xizmat giladi.

GAT asosidagi rayonlashtirish sanoat hududlarida ekologik
monitoringni magsadli tashkil etish imkonini beradi. Bunda
monitoring punktlari tasodifiy emas, balki xavf to‘planishi
mumkin bo‘lgan yo‘nalishlar bo‘yicha joylashtiriladi. Natijada
dala kuzatuvlari, laboratoriya tahlillari va masofaviy zondlash
ma’lumotlari bir-birini to‘ldiradi.

Modeldan korxona sanitariya-himoya zonalarini baholash,
yangi yashil bufer polosalarini loyihalash, aholi punktlariga
yaqin hududlarda profilaktik nazoratni kuchaytirish va biologik
resurslarni muhofaza qilish bo‘yicha hududiy dasturlarni ishlab
chiqishda foydalanish mumkin.

XULOSA

1. Qashgadaryo viloyati sanoat hududlarida ekologik xavf fa-

zoviy jihatdan notekis targaladi, uni baholashda manba yuklama-
si, shamol yo‘nalishi, landshaft sezgirligi, yashil goplama holati
va aholi punktlariga yaqinlik birgalikda hisobga olinishi lozim.

2. Taklif etilgan ERI modeli ekologik xavfni past, o‘rta, yuqori
va juda yuqori zonalarga ajratish orqali monitoringni magsadli
tashkil etish imkonini beradi.

3. Sanoat manbalariga yaqin hududlarda atmosfera indika-
torlari nazorat hududlariga nisbatan yuqoriroq bo‘lishi GAT
va masofaviy zondlash monitoringini dala kuzatuvlari bilan
birlashtirish zarurligini asoslaydi.

4. Rayonlashtirish natijalari yashil bufer zonalarni joylashti-
rish, emissiya nazoratini kuchaytirish, suv-tuproq namunalarini
rejalashtirish va biologik resurslarni muhofaza gilishda amaliy
go‘llanishi mumkin.
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SIRDARYO HAVZASI KOLLEKTOR-ZOVUR TARMOQLARI
SUV OQIMI DINAMIKASI, STATISTIK TAHLILI VA
PROGNOZI (O‘ZBEKISTON HUDUDI)

Gapporov Xayrillo Lutpillaevich,
mustaqil tadgiqotchi, g.f.n., dotsent,
Kulmatov Rashid Anorovich,
O°zMU professori, g.f.d.

Annotatsiya. Ushbu tadgiqotda O ‘zbekistonning Sirdaryo havzasi hududidagi kollektor-zovur tarmoglarida suv sarfi va min-
erallashuv darajasining 2010 - 2024-yillardagi o‘zgarishlari statistik jihatdan baholandi hamda 2050-yilgacha bo‘lgan prognoz
ssenariylari ishlab chiqildi. Tadgiqot Andijon, Namangan, Farg‘ona, Toshkent, Jizzax va Sirdaryo viloyatlarini gamrab olgan.
Suv sarfi, yillik ogim hajmi va minerallashuv ko ‘rsatkichlarini tahlil qilishda Ordinary Least Squares (OLS) chizigli regressiyasi,
Mann-Kendall noparametrik trend testi, Sen slope baholash usuli va Pirson korrelyatsiya tahlili qo‘llanildi. Natijalar Namangan (8 =
-0.150 m%/s/yil, p < 0.001), Sirdaryo (B = —0.119 m*/s/yil, p = 0.002) va Farg‘ona (B = —0.138 m%/s/yil, p = 0.028) viloyatlarida suv
sarfining statistik ahamiyatli kamayish tendensiyasini ko ‘rsatdi. Jizzax viloyatida kollektor-zovur tarmoglarida minerallashuv dara-
jasining yuqoriligi (o ‘rtacha 3.77 g/1) ikkilamchi tuproq sho ‘rlanishi xavfini kuchaytirayotganini ko ‘rsatdi. Prognoz natijalari ayrim
hududlarda kelgusida kollektor-zovur suvlari hajmi sezilarli gisqarishi mumkinligini ko ‘rsatdi. Shuningdek, Orol dengizi deltasiga
suv yetkazib berish hajmida statistik ahamiyatli pasayish trendi aniglandi. Olingan natijalar suv resurslarini boshqarish, irrigatsiya
tizimlarini modernizatsiya gilish va ekologik barqarorlikni ta’minlash bo‘yicha garorlar gabul gilishda muhim ahamiyatga ega.

Kalit so‘zlar: Sirdaryo havzasi, kollektor-zovur tarmoglari, suv sarfi, minerallashuv, Mann-Kendall testi, chizigli regressiya,
prognoz, Orol dengizi, suv xo‘jaligi, Markaziy Osiyo.

AnHOTanMs. B 1aHHOM MCCIeIOBaHMY CTATUMCTUUECKYU OIleHEHbI M3MEHEHVs PacXofia BOMAbI M CTEMEeHM MMUHEpPaIu3aluu B
KOJUTEKTOPHO-IpeHaskHbIX ceTsix 6acceitHa peku Chipmapbs Ha TeppuTopuu Ysbekucrada 3a nepuop 2010 - 2024 rogos, a Takske
paspaboranbl porHosueie cieHapyn g0 2050 ropa. Viccimemosanye oxBarbiBaeT AHIVKAHCKYI0, Hamanranckyro, @epraickyio,
Tamikentckyio, Ixkusakckyio u ChIpAapbMHCKYIO0 06aacTy. [ aHamM3a rmokasaresieil pacxoma BOfbl, TOIOBOrO 06bEéMa CTOKA 1
MUHEpaIU3aIMyU IPUMEHSUTMCh METOJ, JIMHEHOW Perpeccyuy Mo MeTomy HauMeHbImX KBaapartoB (OLS), HemapameTpuueckuii
TecT TpeHna ManHa-KeHmasia, onieHka HakioHa o Metony CeHa M KOppessIiMOHHbI aHamu3 [InpcoHa. Pe3ynbraThbl BbISIBUIN
CTaTMCTUYECKM 3HAUMMYIO TeHAEHIVIO K CHWKeHMIO pacxoma Bopbl B Hamanranckon (B = -0,150 m%/c/rom, p < 0,001),
Coippapbuuckoi (B = 0,119 m%c/ron, p = 0,002) u ®epranckoit (B = —0,138 m%c/rom, p = 0,028) obnactax. B [Ixmsakckoit
006J1acTy BLICOKMI YPOBEHD MUHEPATM3AIIMYU KOJUIEKTOPHO-APEHAKHBIX BOJ, (B CpemHeM 3,77 T/7) CBUIETENbCTBYET 00 YCUTIEHUM
pUCKa BTOPMYHOTO 3aCONIeHMsT TTIOYB. [IpOrHO3HbIE Pe3yIbTaThl MOKA3aJIN, UTO B PSI/IE PETMOHOB 06BHEM KOJIEKTOPHO-APEHAKHBIX
BOZ, B OyIyIlleM MOYKET CYILIECTBEHHO COKPaTuUThbCs. Kpome TOTO, BbISB/IEHA CTATUCTUUECKY 3HAUMMAsT TEHAEHIMS K CHUKEHUIO
06bEMa BOIOMOAAUY B JesbTy Apaabckoro Mopst. IToyyeHHbIe pe3yibTaThbl MMEIOT BayKHOE 3HAYeHVIe /IS TPUHSTHUS PelLlieHuii B
006s1aCTM YIIpaBIeHNsI BOOHBIMY PECYPCaMy, MOIEPHU3ALIVM UPPUTAIIVIOHHBIX CUCTEM U 06eCIIeYeH s SKOIOTUIeCKO YCTOMUNMBOCTH.

KimoueBble cyioBa: 6acceiid CbIpaapby, KOJIEKTOPHO-IPEHAKHBIE CETH, PACXO, BOAbI, MyHepam3anyst, TecT Manua-Kenpasna,
JIMHElHAsI perpeccus, mporHo3, ApaabCcKoe MOpe, BOTHOEe X03siicTBO, LlenTpasbHas Asus.

Abstract. This study statistically evaluates changes in water discharge and mineralization levels in the collector-drainage
networks of the Syr Darya basin in Uzbekistan over the period 2010 - 2024, and develops forecast scenarios through 2050. The
research covers the Andijan, Namangan, Fergana, Tashkent, Jizzakh, and Syrdarya regions. Ordinary Least Squares (OLS) linear
regression, the Mann-Kendall non-parametric trend test, Sen’s slope estimator, and Pearson correlation analysis were applied to
analyze water discharge, annual runoff volume, and mineralization indicators. The results revealed statistically significant declining
trends in water discharge in Namangan (B = -0.150 m®/s/year, p < 0.001), Syrdarya (B = -0.119 m%/s/year, p = 0.002), and Fergana
(B = -0.138 m®/s/year, p = 0.028) regions. In Jizzakh region, the elevated mineralization level of collector-drainage waters (mean
3.77 g/L) indicates an increasing risk of secondary soil salinization. Forecast results suggest that collector-drainage water volumes
in certain areas may decline considerably in the future. Furthermore, a statistically significant downward trend was identified in
the volume of water delivered to the Aral Sea delta. The findings are of considerable importance for decision-making in the areas
of water resource management, irrigation system modernization, and ensuring ecological sustainability.

Keywords: Syr Darya basin, collector-drainage networks, water discharge, mineralization, Mann-Kendall test, linear regression,
forecast, Aral Sea, water management, Central Asia.

1. KIRISH hosil bo‘ladi va umumiy uzunligi taxminan 2212 km. ni tashkil

Sirdaryo daryosi Markaziy Osiyodagi eng muhim transche- etadi [1]. Ushbu havza mintaganing ijtimoiy-iqtisodiy rivoj-
garaviy suv tizimlaridan biri hisoblanadi. Daryo Tyan-Shan lanishida strategik ahamiyatga ega bo‘lib, 30 milliondan ortiq
tog‘laridagi Norin va Qoradaryo irmoqlarining qo‘shilishidan  aholini ichimlik va sug‘orish suvi bilan ta’minlaydi [2].
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O‘zbekiston sharoitida kollektor-zovur tarmoglari sug‘ori-
ladigan yerlarning meliorativ holatini saqlash, yer osti suvlari
sathini tartibga solish va ortigcha minerallashgan suvlarni chiqa-
rib yuborishda muhim ahamiyatga ega. So‘nggi yillarda iglim
o‘zgarishi, aholi sonining ortishi va suv resurslariga bo‘lgan
ehtiyojning kuchayishi havzaning gidrologik holatiga sezilarli
ta’sir ko ‘rsatmoqda.

Ma’lumotlariga ko‘ra, XXI asr o‘rtalariga kelib Markaziy
Osiyoda o‘rtacha harorat 1.5-2.5°C ga oshishi kutilmoqda [3,4].
Bu esa muzliklarning qisqarishi, bug‘lanishning ortishi va suv
resurslari tanqisligining kuchayishiga olib kelishi mumkin[5].

[Imiy adabiyotlarda Markaziy Osiyo suv resurslarining
umumiy gidrologik holati va sug‘orish tizimlari tahlil qgilingan
bo‘lsa-da [6-9], O‘zbekistonning Sirdaryo havzasida kollek-
tor-zovur tarmoqlarining uzoq muddatli statistik tahlili, mine-
rallashuv dinamikasi va prognoz baholash ishlari yetarli dara-
jada o‘rganilmagan.

Orol dengizi havzasidagi kollektor-zovur suvlari (KZS)
mintaga uchun muhim ekologik va suv-xo‘jalik muammosini
tashkil etadi. Tadgiqotlariga ko‘ra, intensiv yer o‘zlashtirish
davrida mintakaning umumiy suv resurslari (110-115 km?®)
ning 39-40 km® drenaj suvlari sifatida shakllangan bo‘lsa,
so‘nggi vyillarda bu ko‘rsatkich 32-34 km® gacha kamaygan
[10]. Ma’lumotlariga ko ‘ra, umumiy KZS hajmining taxminan
51%i (18-20 km®) daryolarga quyilib, ularga 110-120 min.
tonna tuz tushishiga olib kelishi aniglangan. Yana 36% tabiiy
pasttekisliklarga tushishi va fagatgina 13% takroriy sug‘orishga
ishlatilishi qayd etilgan. Sirdaryo havzasi bo‘yicha, xususan,
O‘zbekiston hududidan sug‘orishga ishlatilgan suv hajmining
32,5% (taxminan 18,4 km?®) zovur suvi sifatida qaytadi [10].

Markaziy Osiyo kollektor-zovur ogimi va sug ‘orishda foyda-
lanish imkoniyatlarini baholashga bag ‘ishlangan monografiyada
1990 - 1999-yillar uchun jami drenaj hajmi yiliga 28-33,5 km?
ni, 2000 - 2009-yillar uchun esa o‘rtacha 30 km®/yil ni tashkil
etgani qayd etilgan [11].

O‘tkazilgan tadqgiqotlar Markaziy Osiyo sug‘oriladigan
maydonlarida KZSning sifat tarkibini batafsil tavsiflaydi.
Tadqiqotchilar KZSning minerallashuvi daryo suvinikidan ancha
yugori ekanligini - Sirdaryo havzasida 1,7-4,2 g/l oralig‘ida,
Amudaryo havzasida esa 3,5-4,2 g/ gacha kuzatilishini aniglagan
[12].

Mavjud ilmiy ishlar asosan umumiy gidrologik jarayonlarni
yoritishga qaratilgan bo‘lib, viloyatlar kesimidagi suv sarfi va
minerallashuvning uzoq muddatli o‘zgarishlarini kompleks
baholashga oid tadgiqotlar yetarli emas. Shu nuqtai nazardan
mazkur tadqiqot Sirdaryo havzasidagi kollektor-zovur
tarmoglarining hududiy va vaqtinchalik o‘zgarishlarini statistik
jihatdan baholashga qaratilgan.

Tadqiqotning asosiy magsadlari quyidagilardan iborat:

- 2010 - 2024-yillar davomida Sirdaryo havzasidagi
kollektor-zovur tarmoqlari suv sarfi va minerallashuv darajasi
dinamikasini tahlil gilish;

- OLS regressiyasi va Mann-Kendall testi asosida gidrologik
trendlarni baholash;

- Suv sarfi va minerallashuv o ‘rtasidagi o‘zaro bog ‘ligliklarni
aniglash;
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- 2050-yilgacha bo‘lgan gidrologik prognozlarni ishlab
chiqgish.

2. TADQIQOT OBYEKTI

Tadqiqot O‘zbekistonning Sirdaryo havzasiga kiruvchi
Andijon, Namangan, Farg‘ona, Toshkent, Jizzax va Sirdaryo
viloyatlarini gamrab oladi. Ushbu hududlar irrigatsiya darajasi,
iglim sharoiti va gidrologik xususiyatlari bo‘yicha o‘zaro
farglanadi.

Jami 30 dan ortiq asosiy kollektor-zovur tarmoglari bo‘yicha
suv sarfi, yillik ogim hajmi, minerallashuv darajasi va tuz
yuklamasi ko ‘rsatkichlari tahlil gilindi.

3. MATERIALLAR VA METODLAR

3.1. Ma’lumotlar bazasi

Asosiy ma’lumotlar O‘zbekiston Suv xo‘jaligi vazirligining
2010 - 2025-yillarga oid asosiy kollektorlar va zovur suvlarining
sifat tarkibi monitoringi materiallari asosida shakllantirildi.
Statistik tahlillarda fagat to‘liq kuzatuv gatoriga ega bo‘lgan
2010 - 2024-yillar ma’lumotlari (n = 15) qo‘llanildi. Viloyatlar
bo‘yicha o‘rtacha suv sarfi alohida kollektorlar ko ‘rsatkichlarining
arifmetik o‘rtachasi sifatida hisoblandi. Minerallashuv darajasi
esa ogim-vaznli o‘rtacha orgali baholandi:

M(viloyat) = £(Qi x Mi) / £Qi

Bu yerda: Qi — kollektor suv sarfi; Mi — minerallashuv
darajasi.

Tuz yuklamasi quyidagi formula asosida hisoblandi:

T=VxM

Buyerda: T — tuz yuklamasi; V — vyillik oqim hajmi; M —
minerallashuv darajasi.

3.2. Statistik tahlil metodlari

Tadqiqotda tasviriy statistika (Descriptive Statistics), chizigli
regressiya, Mann-Kendall trend testi, Sen slope baholash usuli
va Pirson korrelyatsiya tahlili go‘llanildi.

Tasviriy statistika - o ‘rtacha arifmetik (), standart og‘ish (o),
o‘zgaruvchanlik koeffitsienti (CV = 0/X x 100%), minimum va
maksimum qgiymatlar, kvartillararo oraliq (IQR) tahlili bajarildi.

OLS chiziqli regressiya modeli quyidagi tenglama asosida
baholandi:

Yt=a+ Bt +et, bunda 8 - vaqt bo‘yicha o‘zgarish koeffitsienti.

Model natijalarini interpretatsiya gilishdan oldin qoldiglar
normalligi Shapiro-Wilk testi orqali tekshirildi. OLS modeli
yillik gidrologik qatorlarning taxminan chizigli xususiyatga ega
ekanligi sababli tanlandi.

Mann-Kendall noparametrik trend testi [13-15] gidrologik
ma’lumotlarda normal tagsimot talab gilinmaganligi va kichik
tanlanmalar uchun bargaror hisoblanganligi sababli qo‘llanildi.
S = Xi<j sgn(xj - xi) statistikasi orqali monoton trendning
mavjudligi aniglandi. Sen slop estimatori s = median|[(xj - xi)/
(j = 1)] trend kattaligini ochiqlashda ishlatildi [16].

Pirson korrelyatsiya tahlili: rxy = X(xi - %) (yi - 7) / V[Z(xi -
%)% 2(yi - )?]. Viloyatlararo va suv sarfi-minerallashuv juftlari
o‘rtasidagi chizigli bog‘liglar aniglandi.

Prognozlash jarayonida 2025 - 2050-yillar uchun 95%
ishonchli oraligli chiziqli modellar ishlatildi. ¥t = & + ft (t =
2025-2050); ¥t £ t(a/2,n-2) x sV[1 + 1/n + (t-1)?/5(ti-t)?].

Barcha statistik tahlillar Python 3.11 muhitida SciPy 1.11,
NumPy 1.26 va Matplotlib 3.8 paketlari orqali amalga oshirildi.
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4. NATIJALAR

4.1. Suv sarfi dinamikasi

2010 - 2024-yillar davomida tahlil gilingan hududlarda suv
sarfi dinamikasi turlicha tendensiyalarni namoyon qildi (1,2-
rasm). Statistik tahlil natijalari 1-jadvalda keltirilgan.

Namangan, Sirdaryo va Farg‘ona viloyatlarida statistik
ahamiyatli kamayish trendlari kuzatildi. Xususan, Namangan
viloyatida eng yuqori manfiy trend qayd etildi (§ = -0.150
m¥s/yil, R* = 0.757, p < 0.001). Bu holat yuqori oqimda
suv miqdorining kamayishi, havo harorati oshishi hisobiga
bug ‘lanishning kuchayishi va sug‘orish tizimlaridagi o ‘zgarishlar
bilan bog‘liq bo‘lishi mumkin. 2050-yilga prognoz 5.78 m%s,
2010-yilga nisbatan 51 %ga kamayishi kutilmogda.

Namangan viloyati bo‘yicha bunday kamayishni bir nechta
omil bilan tushuntirish mumkin. Eng asosiy sabab — Norin daryosi
yuqori ogimidagi muzlik zaxiralarining tizimli kamayishidir,
Tyan-Shan muzliklari 1961 - 2012-yillar mobaynida massasi-
ning 27%ni va maydonining 18% ini yo‘qotgan [17], so‘nggi
kuzatuvlarga ko ‘ra maydon kamayish sur’ati yiliga 0,87-1,49%
gatezlashgan [18]. Bu qisqa muddatda ogimni vaqtincha oshirsa-

da, muzlik zaxiralari tugashi bilan daryo oqimi noanigligi ortadi.
Ikkinchi omil — sug‘orish tizimlarini modernizatsiya gilish,
zamonaviy sug‘orish usullarida suv o‘simliklar tomonidan
to‘ligroq o‘zlashtiriladi, drenaj tarmog‘iga tushadigan gaytim
suvi esa kamayadi [19, 20]. Uchinchi omil — iglim o‘zgarishi,
Markaziy Osiyoda 1979 - 2011-yillar mobaynida o‘rtacha yillik
harorat har o‘n yilda 0,32°C sur’atda oshgan, bu global o‘rtacha
ko‘rsatkichdan sezilarli darajada yuqori [21]. Uzoq muddatli
tendensiya hisobida umumiy isish 1,0-1,5°C ga baholanadi [22].
Iglim isishi bug‘lanishni kuchaytirib, drenajga chigadigan suv
hajmini yanada kamaytiradi.

Sirdaryo viloyatida ham suv sarfining ishonchli kamayishi
kuzatildi (B =-0.119 m*/s/yil, p = 0.002). Prognoz natijalariga
ko‘ra, 2050-yilga kelib suv sarfi kritik darajada qisqarishi
mumkin. Bu esa kollektor-zovur tizimlari faoliyatining
barqarorligiga salbiy ta’sir ko‘rsatishi mumkin. 2050-yilga
prognoz 0.32 m3/s, 2010-yilga nisbatan 93%ga kamayishi
kutilmoqda.

Sirdaryo viloyatidagi prognozni uning gidrologik joylashuvi
bilan tushuntirish mumkin. Viloyat o‘rta ogimda joylashgan.

1-jadval.
Kollektor suv sarfi bo‘yicha tasviriy statistika ma’lumotlari, OLS va Sen trend va
2050-yilga prognoz ko‘rsatkichlari (2010 — 2024). *p<0.05, **p<0.01, ***p<0.001.
- O‘rtacha OLS B Sen 3 2 ] o 2050 Prognoz
VLo %) | sy | mysyin | N | PAvmat | VOO |

Andijon 14.51 +0.142 +0.138 0.189 0.106 9.8 19.2
Jizzax 3.52 +0.080 +0.077 0.496 0.003 ** 14.0 6.2
Namangan 10.73 -0.150 -0.148 0.757 <0.001 *** 6.9 5.8
Sirdaryo 4.24 -0.119 -0.121 0.544 0.002 ** 16.4 0.3
Toshkent 3.20 +0.035 +0.033 0.360 0.018 * 8.0 44
Farg‘ona 9.25 -0.138 -0.141 0.319 0.028 * 11.4 4.7
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1-rasm. Viloyatlar kollektorlari o‘rtacha suv sarfi dinamikasi va OLS trend chiziglari (2010 - 2024).
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Yugqori ogimda joylashgan viloyatlar sug‘orishga suv olganidan
so‘ng qolgan suv hajmigina Sirdaryoga tushadi. Shu sababli
yugqoridagi suv sarfi kamaysa, Sirdaryo viloyatidagi kollektorlarga
kiradigan suv ham proporsional ravishda kamayadi - kaskad
effekti kuzatiladi [2, 23]. Qo‘shimcha omil sifatida ushbu
hududda tuprogning tabiiy drenaji past bo‘lib, tarixan oshigcha
sug‘orish normalari belgilangan, normativ normalarga o‘tish
drenaj hajmini tezda kamaytiradi.

Farg‘ona viloyatidagi manfiy trendlar ( = -0.138, p = 0.028,
R? = 0.319) vodiy hududida suv iste’molining ortishi va
gidrologik noustuvorlik bilan bog‘liq bo‘lishi mumkin.

Farg‘ona viloyatida trend aniq kuzatilsa-da, R* = 0.319
ko ‘rsatkichi uning bir emas, bir nechta omil ta’siri ostida
shakllanishini bildiradi. Birinchidan, vodiyda sug‘orilgan
maydonlarning kengayishi sug‘orishga sarflanadigan suv
hajmini oshirdi va bu bir vaqtda daryoga qaytadigan drenaj
suvini nisbatan kamaytiradi. Ikkinchidan, kanallarni betonlash
va tomchilatib sug‘orishga bosgichma-bosqich o‘tish drenaj suvi
miqdorini pasaytirmoqda [19]. Uchinchidan, yog‘ingarchilik
miqdorining yildan-yilga o‘zgaruvchanligi trendga ta’sir
ko‘rsatadi [3,4]. Natijada Farg‘onadagi trend sug ‘orish rejimi va
iglim omillarining bir xil og‘irlikka ega bo‘lmagan birgalikdagi
ta’sirini aks ettiradi.

Jizzax viloyatida aksincha, suv sarfining o‘sish tendensiyasi
kuzatildi (B = +0.080 m%s/yil, p = 0.003). Mazkur tendensiya
yer osti suvlari sathining ko‘tarilishi va drenaj oqimlarining
ko‘payishi bilan izohlanishi mumkin. Toshkent viloyatida ham
ishonchli o‘sish tendensiyasi (8 = +0.035, p = 0.018, R? = 0.360)
kuzatildi.

Jizzax viloyatidagi o‘sish tendensiyasi ko‘proq hududning
meliorativ xususiyatlari bilan bog‘liq. Jizzax tekisligi tabiatan
sho‘rlanishga moyil va tabiiy drenaji past. Sho‘rlangan
yerlarni tuzsizlantirish uchun jadal yuvish suvlari beriladi, bu
zovurlarga tushadigan suv hajmini oshiradi [24,25]. Bundan
tashqari, keyingi o‘n yilliklarda Jizzax dashtida yangi irrigatsiya
obyektlari ishga tushirilishi eski drenaj tarmoglariga yuk tushirdi
va ularning ish hajmini tizimli ravishda ko‘paytirdi [24,25].

EKOLOGIYA XABARNOMASI = N22/2026
Toshkent viloyatidagi o‘sish (8 = +0.035 m%/s/yil) esa boshgacha
xususiyatga ega: bu yerda shahar va sanoat oqova suvlarining
kollektor tarmoqlariga qo‘shilishi va Chirchig-Ohangaron
irrigatsiya tizimi kengayishi asosiy rol o‘ynaydi.

Andijon viloyatida o‘rtacha suv sarfi 14.51 m¥%s, chizigli
regressiya 3 = +0.142 m%s/yil trend ko ‘rsatdi, lekin bu statistik
jihatdan ahamiyatli emas (p = 0.106, R* = 0.189). 2022 -
2024-yillardagi yuqori ko‘rsatkichlar (17.85 va 17.47 m%s)
Farg‘ona vodiysida normadan oshiq yog ‘ingarchilik bilan bog‘liq
bo‘lishi mumkin. Shuningdek, Andijon viloyatida trendning
statistik jihatdan aniglanmasligi xo‘jalik faoliyatiga kuchliroq
bog‘lig. Sababi Norin va Qoradaryodan ogim Andijon va
Uchqo ‘rg‘on suv omborlari orqali barqarorlashtiriladi, shu bois
kollektor sarfi tabiiy ogim tebranishlariga emas, balki xo‘jalik
faoliyatiga kuchliroq bog‘liq [2].

4.2. Minerallashuv tahlili

Kollektor-zovur suvlari minerallashuv darajalari hududlar
kesimida sezilarli farq qildi (3-rasm, 2-jadval).

Eng yuqori minerallashuv Jizzax viloyatida qayd etildi -
o‘rtacha 3.77 g/1 (2.81-4.31 g/l oralig‘ida), bu irrigatsiya suvlari
uchun tavsiya etilgan me’yorlardan ancha yugori hisoblanadi.

Jizzax viloyatida minerallashuvning o‘sish tendensiyasi
(+0.040 g/1/yil) kelajakda ikkilamchi tuproq sho ‘rlanishi xavfining
kuchayishini ko ‘rsatadi. 2050-yilga kelib, minerallashuv 5.5 g/l
dan oshishini ko‘rsatmogqda, natijada tuprogning ikkilamchi
sho‘rlanishi kuchayib, gishloq xo‘jaligi yerlarining meliorativ
holati yomonlashishi ehtimoli ortishi mumkin [26].

Jizzax viloyatidagi minerallashuvning tizimli o‘sishi (+0.040
g/1/yil) uchta o‘zaro bog‘liq jarayonning birgalikdagi natijasidir.
Birinchidan, sho‘rlangan yerlarni tuzsizlantirish uchun ko‘proq
yuvish suvi beriladi, tuproqdagi tuzlar erib kollektorga yuqori
konsentratsiyali suv olib chigadi [24, 25]. Ikkinchidan, aridlashuv
kuchayishi bilan ochiq kanallardan bug‘lanish ortadi, suv
kamayadi, ammo tuzlar qoladi, demak konsentratsiya oshadi [6].
Uchinchidan, drenaj suvini mahalliy sug‘orishga qayta ishlatish
ko‘paygan sari tuzlangan suv tuproq orgali yana o‘tib, yanada
to‘yingan holda zovurga qaytadi [25, 26].
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2-jadval
Kollektor-zovur suvlari minerallashuvi (g/1), o‘rtacha va trend (T o‘sish, | kamayish) ma’lumotlari

Viloyat 2010 2013 2016 2019 2022 2024 O‘rtacha Trend
Andijon 0.844 1.018 0.834 0.792 0.786 0.650 0.872 1 -0.016
Jizzax 3.399 3.674 4.005 3.270 3.815 4.200 3.772 T+0.040
Namangan 0.785 0.741 0.917 0.969 0.901 0.639 0.838 1+0.010
Sirdaryo 2.544 2.617 2.629 2.272 2.278 2.225 2.445 1-0.021
Toshkent 1.203 1.250 1.447 1.352 0.954 1.056 1.247 1-0.010
Farg‘ona 1.456 1.345 1.527 1.514 1.540 1.457 1.497 1+0.005

Andijon va Namangan viloyatlarida minerallashuv
ko ‘rsatkichlari nisbatan barqaror (0.64-1.04 g/1) saglangan
bo‘lsa, Sirdaryo viloyatida o‘rtacha minerallashuv - 2.45 g/,
yuqori bo‘lishiga garamasdan, ma’lum darajada pasayish
tendensiyasi (-0.021 g/l/yil) kuzatildi.

Andijon va Namangan viloyatlarida minerallashuv
darajasining (0.64-1.04 g/1) bargaror saqlanganligi, bu viloyatlar
bevosita daryoning yuqori ogimda joylashganligi, kollektor-
zovur tarmog ‘i yer osti suvlari sathini nazoratda ushlab, kapillyar
tuzlanishning oldini olishi, hududdagi nisbatan yugqori o‘simlik
goplami va biologik jarayonlar suv-tuz balansini tezroq tiklashga
imkon berishi bilan izohlanadi.
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Sirdaryo viloyatida minerallashuv yuqori (2.45 g/I) — ammo
trend manfiy (-0.021 g/l/yil). Bu zohiriy ziddiyatning kaliti
suyultirish effektidadir: viloyat o‘rta ogqimda joylashganligi
sababli yuqoridan oqib keladigan nisbatan kam tuzli Sirdaryo suvi
kollektor suvlarini suyultiradi. Tuproq sho‘rlanishini nazoratda
ushlash magsadida yuvish me’yorlarini optimallashtirish ishlari
ham tuproqdan eriydigan tuz miqdorini cheklaydi [2].

4.3. Korrelyatsiya tahlili

Viloyatlararo suv sarfi bo‘yicha Pirson korrelyatsiya tahlili
Andijon - Farg‘ona (r = 0.41) va Andijon - Namangan (r = 0.32)
hududlari o‘rtasida musbat gidrologik bog‘liglik mavjudligini
ko‘rsatdi(4,5-rasm). Bu hududlarda umumiy iglim va irrigatsiya
omillari ta’siri ustun ekanligini anglatadi.

3-rasm. Kollektor-zovur suvlari minerallashuv darajasi xaritasi (g/1), 2010 - 2024.
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4-rasm. Pirson korrelyatsiya matritsalari: suv sarfi va minerallashuv (n = 15, 2010 - 2024).
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Jizzax viloyati boshqga viloyatlar bilan zaif va salbiy sarfi kamayganda kollektor chuqurroq tuzli tuproq gatlamlardan
korrelyatsiya (|r] < 0.25) namoyon etib, mustaqil gidrologik suv ola boshlaydi, natijada minerallashuv keskin oshadi (4-rasm)
xususiyatlarni namoyon qildi. Jizzax viloyatida suv sarfi va Olingan natijalar Markaziy Osiyoda iglim o‘zgarishi ta’sirida
minerallashuv o ‘rtasida manfiy korrelyatsiya (r = =0.56, p < 0.05)  suv resurslari bargarorligi pasayib borayotganini ko ‘rsatuvchi
aniglandi, bu yuqori suv sarfi sharoitida suyultirish effekti ilmiy tadgiqotlar bilan muvofiq keladi.
ustunligini ko ‘rsatadi, ya’ni suv sarfi oshganda kollektorga tuproq 5. PROGNOZ
orqali yuvilib tushgan kam tuzli suv tushadi, natijada umumiy Chiziqli regressiya modeli asosida 2025 - 2050-yillar uchun
konsentratsiya pasayadi. Namangan viloyatida esa kuchli  95% ishonchli oraliq bilan prognoz tuzildi (6-rasm). Tuzilgan
konsentratsiya effekti kuzatildi (r = -0.73, p < 0.01), ya’ni suv  prognoz modellari hududlar kesimida sezilarli farglarni namoyon
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5-rasm. Suv sarfi va minerallashuv orasidagi bog‘liglik diagrammalari.
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6-rasm. Kollektor-zovur suvlari sarfi 2050-yilgacha prognoz (95% ishonchli oraliq bilan).
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qildi. Ishonchli oraliglar 2030-yildan keyin sezilarli kengayadi,
bu chizigli prognoz modelining chizigsiz o‘zgarish va chegara
effektlarini to‘liq aks ettira olmasligidan kelib chiqadi.

Sirdaryo va uning irmogqlari uchun tuzilgan mavsumiy re-
gressiya modellarida 2030-yildan keyingi noaniglik oraliglari-
ning kengayishi barcha Markaziy Osiyo havzalari uchun umumiy
xususiyat sanaladi [27]. Muzlik zaxiralariga bog‘liq gidrologik
prognozlarda 2040-yildan keyingi vaqt gorizonti uchun noaniqlik
doirasining keskin ortishini aniglangan [5]. Bu holat prognoz
modelining kamchiligi emas, balki iglim tizimining o‘zidagi
obyektiv noaniglikni aks ettiradi.

Sirdaryo viloyatida suv sarfi 2050-yilga kelib 2010-yilga
nisbatan 93% qisqarishi, ya’ni 0.32 m3/s gacha (95% CI:
0.00-1.85) kamayishi mumkin. Namangan - 5.78 m®%/s (-51%),
Farg‘ona — 4.70 m%/s (-51%) viloyatlarida ham sezilarli pasayish
tendensiyasi prognoz gilinmogda. Aksincha, Jizzax — 6.17 m%/s
(+91%) viloyatida suv sarfining o‘sishi saglanib qolishi mumkin.
Biroq bu ijobiy gidrologik holat emas, balki yer osti suvlari
bilan bog‘liq muammolar kuchayishini anglatishi mumkin.
Bu adabiyotlarda tavsiflangan gidrologik dinamikaga muvofiq
keladi [24].

Jahon bankining O°‘zbekiston iglim va taraqqgiyot hisobotida
Sirdaryo havzasida 2°C isish ssenariyida ham suv resurslari
2050-yilga qadar 5% ga kamayishi prognoz gilingan, ayrim
irmoqlar bo‘yicha 30-40% li kamayish kutilmoqda [28].
Qirg‘iziston transchegaraviy daryolari uchun SSP4.5 va SSP8.5
ssenariylarida 2050 - 2080-yillar uchun ogim 15-50% ga
kamayishini prognoz gilingan [29]. Sirdaryo havzasi bo‘yicha
51% li prognoz ushbu diapazonga mos keladi.

2030-yildan keyin ishonchli oraliglarning kengayishi uzoq
muddatli gidrologik prognozlarda noaniglik darajasi ortib
borishini ko‘rsatadi. Markaziy Osiyo irmoglari uchun MODIS
gor qoplami ma’lumotlari asosida mavsumiy prognozning
2030-yildan keyin ishonchliligi pasayishini ko‘rsatdi. Bunga
asosiy sabab qor yog‘ish rejimining yildan-yilga keskin
o‘zgaruvchanligidir [30].

6. OROL DENGIZIGA SUV QUYILISHI

Sirdaryo deltasiga 2010 - 2023-yillar vegetatsiya davrida

(aprel-sentyabr) berilgan suv hajmlarini (3-jadval) hamda
dinamikasi o‘rganildi va prognozlashtirildi (7-rasm).

Orol dengiziga suv berilishi prognozi global iqlim o°‘zgarishi
tadqiqotlari kontekstida muhim ahamiyatga ega. Sirdaryo
deltasiga berilgan suv hajmining 1960 - 2000-yillarda 50
km?®/yil dan juda past ko‘rsatkichlargacha pasayishi tarixan
tasdiglangan [31, 32]. Tadgiqotlarga ko‘ra, 2023 -2050-yillarda
Orol dengizi havzasiga berilgan suv hajmi yana 20-30% ga
kamayishi kutilmoqda [33]. Shu sababli Sirdaryo deltasiga
berilgan suv hajmining mazkur tadgiqotda aniglangan kamayish
tendensiyasi nafagat gidrologik, balki ekologik va mintaqaviy
siyosiy ahamiyatga ham ega.

Tahlil natijalari Sirdaryo deltasiga suv yetkazib berish
hajmlarida keskin yillararo o‘zgaruvchanlik mavjudligini
ko‘rsatdi.

2010 (4,260 min.m?®, rejaning 174%) va 2017 (4,224 mln.m3,
310%) yillarda yuqori suv ta’minoti kuzatilgan bo‘lsa, 2020 -
2021-yillarda (mos ravishda 484 min.m® (46%) va 321 mln.m®)
tarixiy minimum gayd etildi. Xususan, 2021-yilda rejalashtirilgan
suv hajmining faqat 25.4% qismi amalga oshirilgan.

2010 - 2023-yillar davomida Orol dengiziga Sirdaryo orqali
berilgan suv miqdori yildan-yilga juda keskin o‘zgargan. Bunday
noaniqlikning asosiy sabablaridan biri suv resurslarini irrigatsiya
va gidroenergetika magsadlarida ishlatilishi bilan bog‘liq [34].
2020-2021-yillardagi kam qor, tog* irmoqlari zaxirasining
kritik darajaga tushishi va transchegaraviy muvofiglashtirish
bo‘shliglari birgalikda yuzaga keltirdi [2, 34].

Mann-Kendall testi natijalari umumiy manfiy trendning
statistik ahamiyatli ekanligini tasdigladi (p = 0.008).

Vegetatsiyadan tashqari davrda ham shunday tendensiya
kuzatildi: 2021-2022-yillar mavsumida 202 mln.m? (rejaning
18.1%) - kuzatuv davridagi eng past ko‘rsatkich. Chizigli
prognoz 2050-yilga keskin kamayishni ko‘rsatmoqda, bu esa
adabiyotlarda tavsiflangan ekologik bosimning ortishiga olib
kelishi mumkin [31, 32].

Orol dengiziga suv berilishining uzoq muddatli kamayishi
yirik suv omborlari gidroenergetika rejimiga o‘tkazilishi,
yugori ogim viloyatlarida sug‘orish undirmasining ortishi, iglim

3-jadval.
Sirdaryo deltasiga 2010 — 2023-yillar vegetatsiya davrida suv berilishi hajmlari

Yil Apr May Iyun Tyul Aug Sep Reja min.m?® Fakt mln.m® %

2010 682 806 728 822 530 692 2444 4260 174.3
2011 928 335 139 68 50 53 1803 1573 87.3
2012 816 386 140 56 254 402 2894 2054 71.0
2013 570 404 167 64 52 217 2422 1474 60.9
2014 247 621 288 233 211 399 1900 1999 105.2
2015 461 268 120 59 78 245 2459 1231 50.1
2016 70 51 44 214 183 638 1804 1200 66.5
2017 790 945 723 613 549 604 1363 4224 309.9
2018 360 247 82 45 16 63 1752 813 46.4
2019 145 195 93 69 90 131 1409 723 51.3
2020 134 113 70 75 26 66 1053 484 46.0
2021 134 116 11 23 17 20 1262 321 25.4
2022 130 128 44 50 70 0 815 422 51.8
2023 300 60 26 20 11 17 996 434 43.6
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o‘zgarishi natijasida suv resurslarining bug ‘lanishi kuchayishi va
yerga shimilishning ortishi bilan izohlanadi [6, 34].

Ushbu holat Orolbo‘yi hududida ekologik muammolar
saglanib golayotganini hamda mintaqada suv tagsimotini yanada
samarali tashkil etish zarurligini ko ‘rsatadi.

7. INTEGRAL STATISTIK TAHLIL

O‘zgaruvchanlik koeffitsienti tahlili Sirdaryo viloyatida suv
sarfi CV = 16.4% - eng yuqori beqarorlikni ko‘rsatdi. Jizzax
viloyatida minerallashuv CV = 18.3% - suv sifati beqarorligi
yugori. O‘zbekistonning Sirdaryo havzasi bo‘yicha sarflagan suv
o‘rtacha 9.83 km® (2010 - 2024), statistik jihatdan ahamiyatli
trend aniglanmadi (B = —0.025 km®/yil, p = 0.38). Jami havza
bo‘yicha tuz yuklamasi 2010-yildagi 1983 ming tn.dan
2024-yilda 1885 ming tn.ga (-4.9%) tushdi (8-rasm).

8. MUHOKAMA

Olingan natijalar mavjud adabiyotlar bilan tagqoslaganda,
Sirdaryo havzasidagi kollektor-zovur suvlari kamayish
tendensiyalari Markaziy Osiyo trendlariga mos keladi.
Adabiyotlarda sug‘oriladigan maydonlardagi o‘simlik
goplamasining o‘zgarishi suv mavjudligi bilan chambarchas
bog‘ligligini isbotlagan [9]. Namangandagi ishonchli kamayish
(R% = 0.757) ikkita asosiy omil - muz-qor zaxiralarining
kamayishi [6] va issiqlik sharoitida bug‘lanishning kuchayishi
natijasida yuqori ogimdan keladigan suv miqdorining kamayishi
bilan izohlanishi mumkin.

Sirdaryo viloyatidagi vaziyat alohida kollektor-zovur
tizimi funksional samaradorligining sezilarli pasayishi
tufayli bo‘lishi mumkin. Bu holat Xorazm mintagasi uchun
o‘xshash sharoitlarni tavsiflangan modellar natijalari bilan
mos keladi [24]. Jizzax viloyatidagi kollektor-zovur suvlari
minerallashuvining o‘sish tendensiyasi adabiyotlarda
tasvirlangan tuz balansi mexanizmlari bilan mos [26]. Jizzax
viloyatida suv sarfi oshgan sayin minerallashuv pasayishi
(r = -0.56) suyultirish effektini, Namanganda (r = -0.73)
konsentratsiya effektini ko ‘rsatadi.

Orol dengiziga suv berilishining jiddiy kamayishi (2010-yilda
4,260 min.m*dan 2021-yilda 321 mln.m®ga) [31] va bu Orol
dengizini qutqarish xalgaro jamg‘armasi doirasida tavsiflangan
tizimli suv tanqisligi bilan mos keladi. 2017-yildagi anomaliya
(4,224 mln.m®, 310%) yirik suv omborlaridan doimiy suv
chiqarilishi imkoniyatini isbotlaydi [6].

8.1. Cheklovlar

Tadqiqotning ayrim cheklovlarini qayd etish lozim.
Birinchidan, kuzatuv davrining nisbatan qisqa ekanligi (n =
15 yil) uzoq muddatli gidroiglim o‘zgaruvchanligini to‘liq
baholash imkonini cheklashi mumkin. Shu sababli Mann-Kendall
testi asosiy xulosa chiqarish vositasi sifatida qo‘llanildi, OLS
regressiya esa qo‘shimcha tasdiglovchi usul sifatida ishlatildi.

Ikkinchidan, chiziqli prognoz modeli chegara effektlari va
chizigsiz bog‘ligliklarni to‘liq aks ettirmasligi ehtimoldan xoli
emas.

Uchinchidan, viloyat darajasidagi agregatsiya mahalliy
hududiy tafovutlarni yumshatishi mumkin.

Kelgusidagi tadqiqotlarda CMIP6 iqlim ssenariylari,
masofadan zondlash ma’lumotlari hamda SWAT va VIC kabi
gidrologik modellar bilan integratsiyalashgan yondashuvlarni
qo‘llash magsadga muvofiq hisoblanadi.
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9. XULOSALAR

Tadgiqot natijalari Sirdaryo havzasidagi kollektor-zovur
tarmoglari gidrologiyasida muhim hududiy va vaqtinchalik
o‘zgarishlar mavjudligini ko ‘rsatdi.

Namangan (B = -0.150 m%s/yil, R* = 0.757, p < 0.001),
Sirdaryo (f = -0.119, p = 0.002) va Farg‘ona (§ = -0.138,
p = 0.028) viloyatlarida statistik jihatdan ishonchli kamayish
tendensiyasi OLS va Mann-Kendall testlari orgali tasdiglandi.
Namangandagi R%=0.757 ko ‘rsatkichi 15 yillik gidroiglim qatori
uchun nihoyatda yuqori - vaqt omili dispersiyaning 75.7% ni
izohlaydi.

Jizzax (f = +0.080, p = 0.003) va Toshkent ( = +0.035,
p = 0.018) viloyatlarida ishonchli o‘sish tendensiyasi aniglandi.

2050-yilgacha bo‘lgan prognozlar ayrim hududlarda
kollektor-zovur tizimlari funksional samaradorligining keskin
pasayishini ko ‘rsatmoqda. 2050-yilga kelib, Sirdaryo viloyatida
kollektorlar suv sarfi 0.32 m%s (-93%), Namanganda 5.78 m%/s
(-51%), Farg‘onada 4.70 m%/s (-51%) prognoz gilinmoqda.
Ushbu prognozlar mintagaviy suv xo‘jaligi infratuzilmasini
rejalashtirish darajasida e’tibor garatilishi lozimligini anglatadi.

Jizzax viloyatida o ‘rtacha minerallashuv 3.77 g/l — normativ
chegaradan 2-4 barobar ortiq, o‘sish tendensiyasi (+0.040 g/l/
yil) 2050-yilga 5.5 g/ldan oshishini ko‘rsatmoqda. Jizzax
viloyatida minerallashuv darajasining yugqoriligi va uning o‘sish
tendensiyasi gishloq xo‘jaligi uchun jiddiy ekologik xavflarni
keltirib chigarishi mumkin

Orol dengiziga suv berilishi (MK: S = =57, p = 0.008)
ishonchli kamayish ko‘rsatdi. 2021-yilda rejaning 25.4% ijro
etildi — tarixiy minimum. Orol dengiziga suv yetkazib berish
hajmlarining kamayishi havzadagi ekologik bosimning ortib
borayotganini tasdiglaydi.

Namangan (r = —0.73, p < 0.01) va Jizzax (r = =0.56, p < 0.05)
viloyatlarida suv sarfi va minerallashuv o‘rtasida konsentratsiya
va suyultirish effektlari tasdiglandi.

Tadgiqot natijalari suv resurslarini boshqarish, gidromeliorativ
tizimlarni takomillashtirish va iglim o‘zgarishiga moslashish
bo‘yicha amaliy chora-tadbirlarni ishlab chigishda foydalanilishi
mumkin.

10. AMALIY TAVSIYALAR

Tadqiqot natijalariga asoslanib, quyidagi amaliy chora-
tadbirlar tavsiya etiladi:

Namangan, Sirdaryo va Farg‘ona viloyatlarida tomchilatib
sug‘orish tizimlarini kengaytirish suv sarfini 30-50% tejash
imkonini beradi. Shuningdek, suv tangisligi yuqori bo‘lgan
hududlarda suv tejovchi irrigatsiya texnologiyalarini keng joriy
etish. Suv resurslarini muvofiglashtirish davlatlararo komissiyasi
(ICWC) tajribalari 35-45% tejashni tasdiglagan [6].

Jizzax viloyatida yuqori minerallashgan kollektor
suvlarini tozalash texnologiyalarini, jumladan, tuzsizlantirish
texnologiyalari (teskari osmos, elektrodializ) rivojlantirish. Bu
kollektor-zovur suvlarini gishloq xo‘jaligi uchun ishlatishga
yaroqli resursga aylantiradi [26].

Orol dengiziga suv berilishini oshirish uchun Orol dengizini
qutqarish xalgaro jamg‘armasi ta’sischi davlatlari o‘rtasida suv
tagsimoti kvotalarini qayta ko‘rib chigish va Sirdaryo deltasi
uchun majburiy minimal ekologik ogim (1,200-1,500 mln.m%/
vegetatsiya) belgilash zarur [32].
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Orol dengizi deltasiga mavsumiy suv berilishini rejalashtirishda 2050-yilgacha prognoz ssenariylarni O ‘zbekistonning iglim
ko‘p magsadli optimallashtirish usullarini qo‘llash tavsiya etiladi ~ o‘zgarishiga moslashish dasturi va suv sektorini rivojlantirish
[35]. dasturiga kiritish zarur.

Gidrometeorologik monitoring tarmog‘ini kuchaytirish: Kelgusidagi tadgiqotlar CMIP6 iglim ssenariylari va SWAT

avtomatlashtirilgan IoT (narsalar interneti) sensorlar va sun’iy ~ va VIC gidrologik modellari bilan integratsiyani nazarda tutishi
yo‘ldosh ma’lumotlarini real vaqt rejimida gayta ishlovchi kerak bo‘lish tavsiya etiladi.
tizimga integratsiyalash tavsiya etiladi.
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PAMOHUPOBAHUE IO UHTEPBAJIY KPUTUUYECKHUX
IVTYBUH 3AJTETAHUA 'PYHTOBbBIX BO/JI (HA IPUMEPE
BACCEMHA PEKU KAIIIKAJTAPBS)

Mypapos Llyxpar OaunoBuy,

HayuHo-uccienoBaTenbCKimii MHCTUTYT OKPYSKAIOILEeH Cpefbl M IPUPOLOOXPAHHBIX TEXHOIOT U
npu LA yHuBepcuTeTe n3ydeHys OKpyskaroleit cpenbl 1 u3meneHus kimmara (Green University),
TypnueBa ®epy3a AnuiiepoBHa,

KaprimHckuit rocynapcTBeHHbIN TEXHUUECKWIA YHUBEPCUTET.

Awunorauys. [IprBOIUTCS MeTaIbHbIN AaHAIN3 KPUTHIECKMX MHTEPBAJIOB ITYOVH 3a/1eraHist B 3aBYCUMOCTH OT MYHEPaJM3aIii
IPYHTOBBIX BOJI I10 arpoyvactkam KatikagapsuHckoit o6macti. Ha 0CHOBe MHOTOJIETHYX IMZIPOre0IOrMYeCKMX JAHHBIX BBIITOTHEHO
DajiOHMPOBaHME TEPPUTOPIN TIO CTEIIEHM MEIVOPATHBHOTO PUCKA. Bbijie/IeHbI IITh 30H: 6/1aroNnpusTHast, OTHOCUTEIBHO 61aronpu-
SITHAsI, YMEPEHHOT'O PYUCKA, BBICOKOTO PUCKA ¥ KPUTMUECKas. YCTaHOBJIEHO, UTO Hanbosiee GIaronpysTHbIE YCIOBUS XapaKTePHBI
st Kura6ekoro u [laxprcab3ckoro paiioHOB, TOTIa Kak Haubojiee HampssKEHHAS MeJIMopaTiMBHAs 0OCTaHOBKA HaOJIOIAeTcs B
I'ysapckom paiioHe 1 B OTAeIbHbIX MaccuBax KapiHckoro u MybapeKkcKkoro paitoHoB. ITpejioskeHHast METOIMKA paliOHMPOBaHMST
MOKeT ObITh VCIIOJIb30BaHa JIJISI MOHUTOPYMHTA ¥ YIIPABJIEHNSI SKOTUIPOIOTMIECKMM PEKMMOM OPOIIAEMbIX 3eMeJb B YCJIOBUSX
APUIHBIX 3eMeJTb.

KiioueBble ¢JI0Ba: IPyHTOBbIE BOIbI, KPUTMUECKIE TTYOMHBI, MYUHEPAJIM3aLNsl, PaiOHMPOBaHMe, MeIOPATUBHOE COCTOSTHIE,
BTOpMYHOe 3acosieHne, KanikagapbuHckas 06/1acThb.

Annotatsiya. Qashqadaryo viloyati agrohududlari bo‘yicha sizot suvlari minerallashuviga bog‘liq holda ularning kritik yotish
chuqurliklari intervalining batafsil tahlili keltirilgan. Ko‘p yillik gidrogeologik ma’lumotlar asosida hudud meliorativ xavf darajasi
bo‘yicha rayonlashtirilgan. Besh ta zona ajratilgan: qulay, nisbatan qulay, o‘rtacha xavfli, yuqori xavfli va kritik. Tadgiqot natijalariga
ko‘ra, eng qulay meliorativ sharoit Kitob va Shahrisabz tumanlariga xos bo‘Isa, eng murakkab meliorativ vaziyat G ‘uzor tumanida
hamda Qarshi va Muborak tumanlarining ayrim massivlarida kuzatiladi. Taklif etilgan rayonlashtirish uslubiyati arid hududlarda
sug‘oriladigan yerlarning ekologik-gidrologik rejimini monitoring qilish va boshqarishda qo‘llanishi mumkin.

Kalit so‘zlar: sizot suvlari, kritik chuqurliklar, minerallashuv, rayonlashtirish, meliorativ holat, ikkilamchi sho‘rlanish, Qash-
qadaryo viloyati.

Abstract. A detailed analysis of the critical groundwater depth intervals as a function of groundwater mineralization across
the agricultural areas of the Kashkadarya Region is presented. Based on long-term hydrogeological data, the territory was zoned
according to the degree of land reclamation (meliorative) risk. Five zones were identified: favorable, relatively favorable, moder-
ate-risk, high-risk, and critical. The results indicate that the most favorable meliorative conditions are characteristic of Kitab and
Shakhrisabz districts, whereas the most severe land reclamation conditions are observed in Guzar District and in certain irrigation
massifs of the Karshi and Mubarek districts. The proposed zoning methodology can be applied for monitoring and managing the
eco-hydrological regime of irrigated lands under arid conditions.

Keywords: groundwater, critical depths, mineralization, zoning, reclamation condition, secondary salinization, Kashkadarya

region.

1. BBEOEHUE.

B cepenmue XX Beka B CBSI3M C IIVPOKUM Pa3BUTIEM OCBO-
€HMsI apUIIHBIX 3eMesib, aKTUBU3VPOBAIICH MCCIENOBAHVS 1O
JIeTaIbHOMY M3yUYeHUIO TeppuUTopuii. PalioHupoBaHme uppura-
IIMOHHO-OCBOEHHBIX 3eMejib ocyiecTBieHo B.P.Bono6yeBbiMm,
MeJIMopaTuBHbIe cxeMbl paspaboransl B.M. JlerocraeBbiM,
B.C.Konbkosbm [10] u M.M.ILmocuunom [15], metomuka ru-
JIPOTE0JIOTO-MEIMOPATUBHOTO PAalOHMPOBAHUS MPEAJIOKEHA
M.M.KpsinoBsim. CyiiecTBeHHbli BKiag BHEC B.A.Kosga,
BBIMIOJIHUBIIINI PaliOHMPOBaHME OPOIIAEMbIX TEPPUTOPUI C
YYETOM MOYBEHHO-TUPOTEOIOTMUECKUX YCIIOBUIA. MeTtonmuye-
CKYI€ OCHOBBI TMIPOTE0JIOTMYECKOTO PAVIOHMPOBAHMS JIJIS LeJIei
Mesmoparyy paspadorana H.B.Porosckas [12].

PasBuTue arpokjaumaTuieckoro u Qusmuko-reorpapuue-
CKOTO paiioHMpoBaHus cBsizaHO ¢ paboramu JI.H.BabyiikuHa,
H.A.Koras, [I./.111amixo, a Takske A.3.I'enycoa, B.B.T'op6yHoBa,
H.B.Kumbepra, A.H.Heican6aes [14]. IIpunImIs rugporeoso-

I'MYECKOro paiioHmpoBaHust Obutn yTounenbl J1.M.Kauem. VHske-
HEPHO-TE0JIOTMYECKOe PAIOHMPOBAHNE TEPPUTOPUY BBITTOITHEHO
I.A.MagnsHoBbIM 11 C.M. KOChIMOBBIM, a KapTy I POre0Ioro-
MeJIMOpaTUBHOTO parionupoBanus coctasmi H.H. Xomskn6aes. B
MOCJIEYIONIME TOIbI BOITPOCHI TUAPOTE0IOTO-MEeIMOPATUBHOTO
paiionupoBaHus nonyumiu passutue B Tpymax O.K.Jlaure,
W.I1.CuanoB [17], B.A.Koszsl, M.M.KpsioBa, B.B.Centornna
[18], O.M.Kama, B.A.T'etinna, A.M.1lepyenko, B.I.Txauyk,
N.A.Ckabannanosuua, H.H.Xomxu6aesa, Tynsranosa X.T.
u 1p [19]. TlouBeHHO-TeorpadmvecKoe pariOHNPOBaHKE OBLIO
BbInosTHeHO [TouBeHHbIM MHCTHTYTOM MM. B.B.[lokyuaesa [13].
MenmopaTuBHO-BOIOXO3SMCTBEHHbIE ACTIEKThI MOTYUWIIY pa3-
BuTHe B paborax JI.B.Jlyunu-BapkoBckoro u B.A.JlyxoBHOrO,
B KOTODPBIX YUUTHIBAICH COIMATbHO-IKOHOMUYECKIEe (HaKkTo-
por ocBoeHust Tepputopuit [8]. B 1990-e romp! mccnenoBanis
6bUTY HaIpaBJIeHbl HA COBEPIIEHCTBOBAHVE TMAPOMOIY/ILHOTO
paitonupoBanust (corpyguuku YsHUMX mop pyKkoBomCTBOM
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H.®.Becnanosa, 1992; A.Apmuskynos, 1993) u obocHoBaHMe
U POJIOTO-BOLOXO3SIICTBEHHBIX OIIEHOK OPOLIAEeMbIX 3eMeJlb
(I.51.PatkoBuu, 1993). MeTopmosiornueckyie MpUHIMITbI TOYBEH-
HO-MeJIMOPaTUBHOTO PaiOHMPOBAHMSI CUCTEMATU3UPOBAHbI B
tpymax A.B.[yuun-bapkosckoro, I.M.Kartia, B.M. JlerocraeBa,
B.B.Eroposa, B.P.IlIpenepa, [.I"Pemmerosa [16], A.M.I1Iynbruna
[24]. TIpyHUMITEL ¥ CXeMBI TUIPOIOTUYECKOTO PalfOHUPOBAHMSI
paspaboraubl B.JL.Iyabuem [25].

B konie XX - Havasie XXI Beka Iosryumiv pasBUTHE SKOJIO-
rUYecKme HarpasseHust parionmposBanyst. aeturyramm HUTITU
«Armocdepa» n HITXL], «Oxom0rust BOZHOTO X03MCTBa» OblIa
pa3paboTaHa METOHOJIOTHSI IKOJIOTMUECKOTO PailOHMPOBAHMS.
[TouBeHHO-arpoMenMOpaTMBHOE PalOHMPOBAHNME BBIIIOTHEHO
[I.C.BynrakoBbIM, TUAPOXUMUYECKOE PAMIOHMPOBAHNE OPO-
IIIaeMbIX TepPpUTOpPUIi ocyuiecTsieHo J./.UembapucoBbiM u
C.P.IIIappieBbiM [22]. TeopeTnueckue 0CHOBbI (HOPMUPOBAHMS
BOZIOXO3SIICTBEHHBIX KOMIIJIEKCOB M COOTBETCTBYIOLIEIO BOZO-
X03s1/icTBeHHOTO parioHupoBanust (BXP) 6eimm paspaboTaHsl B
tpygax [ B.Bopomnaesa, I X .Mcmaitbuiosa, B.M.®énoposa, H.H.
3axaposckoii, H.P.Xampaesa u B.A.[lyxosHoro [4,5,9,10,20].

C.Y.[IxananoB cumuraert, uto: «Cpeny METOmOIOrMYeCKUX
MIPUEMOB, YICIIOb3YeMbIX MPU UCCIELOBAHUM OCOOEHHOCTEN
DEr1OHOB, 3aCTY>KMBAIOT BHUMAaHMS CJIefyolye: 30HMpOBaHN e
Tepputopun; MeTop noteH1anoB passuTtus; Merop «puopu-
TETOB OTPACJIEBBIX U PAMOHHBIX» [7].

PajionnpoBaHue 1Mo MHTEpBAJIaM KPUTMIECKUX DIyOUH 3a-
JIeTaHMsI TPYHTOBBIX BOJ, SABJISIETCS Ba>KHBIM MHCTPYMEHTOM OJISA
OLE€HKM U IIpenoTBpalleHNsI HEraTUBHbBIX I'MAPO3KOJIOTNYECKUX
YCJIOBUIL B 30He aspalyin.

2. METOIbI 1 UCCJIEHOBAHNS.

Mertozpl paiiloHMPOBaHMSI BKJIFOUAIOT 0OOOIIEHNE JaHHBIX
0 MMHepa/IM3alyy T'PYHTOBBIX BOJL U COJIeCOLeps>KaHue II0YB,
MOCTpOeHYe rPadMKOB 3aBUCUMOCTH ITUX ITAPaMETPOB U OIpe-
OeJIeHNe KPpUTUYeCKMUX MHTEPBAJIOB 3aJIeraHNA 'PYHTOBBIX BOI B
BuJIe TaBINIIBI, & TAKKE CO3/IaHMe IKOTUIPOreoIOrnyecKmx KapT
PalioHMPOBaHMSI IO KPUTUIECKYM MHTEPBAJIaM 3aJIeraHusi IpyH-
TOBBIX BOJL B pa3pe3e palioHOB 1 061aCTH AJIS BETeTAL[IOHHOTO U
HeBereTaLMOHHOTO MePHUOZOB C MICMOIb30BaHKeM reorHbopMa-
myonHbIx cucteM (ARC GIS PRO). Kpurnueckne nHTepBass
5-10 M cuMTaIOTCSA 30HAMM BBICOKOIO PMCKA M3-3a CUJIBHOIO
MOHVISKEeHVe TPYHTOBBIX BOJ, TZe TPOSIB/ISIETCS] TOYBEHHAS 3a-
cyxa B 30He aspalyi, Torja Kak rryouHbl 6osee 20 M CBSI3aHbI
C OOJITOCPOYHBIMM PUCKaMM 13-3a I/IHTeHCI/IBHOf/l SKCIUTyaTalun
TIOI3€MHBIX BOA. AHa/M3bl MTOKA3bIBAIOT, YTO PaliOHMPOBaHME
TIIO3BOJIIET HAYUYHO-TIIPAKTUYECKU O6OCHOB8.TI) OIITUMaJIbHbIEe
rapameTpbl SKOTMIPOIOTMYECKOTO PESKVMA OPOILIAEMbIX 3eMeJTb,
CBOEBPEMEHHO BBISIBJISITh 30HbI PUCKA 3aCOIEHMS U TIepeyBIIask-
HEeHMs, IIOBBIIIATDH Bd)q)EKTI/IBHOCTb VICITIOJIb30OBaHMsI BOOHBIX
pecypcoB, obecreunBaTh yCTOMUYMBOE (PYHKIIVMOHMPOBaHME
MUKPOOPTaHU3MOB ¥ SMUCCUIO YTJIEKMCIIOTO rasa.

AHanu3 JaHHBIX MO arpoyvactkam Kutabckoro paitoHa
(puc.1) moka3pIBaeT, YTO CpeHEMHOTOIETHSIS MYUHEPAIU3ALIS
IPYHTOBBIX BOJ, OCTAETCSI HU3KOM U CTabMIbHOM KaK B Berera-
LIMOHHbIN, TaK ¥ B HEBEreTaI[VIOHHbIN TIePUO/IbI, USMEHSETCS B
mpenenax 0,56-0,82 r/n. 910 yKkasbiBaeT Ha 0COOBIN THUAPOXU-
MUYECKWIA PesKUM Tie BO3MOKHO Pa3BUTYE MTPOIIeCCOB OCOJIOH-
1eBaHys Tpedyrollee TIaTeIbHOE M3yUYeHre MeTaMophu3aiyn
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XMMMNUYECKOI'o COCTaBa I'PYHTOBBIX BO/,.
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OKOJIOTMYECKY AOMYCTUMbIe (KPUTUUECKME) MHTEPBaIbI
DIyOMH 3aJIeTaHusl TPYHTOBBIX BOJ AJISI arpOyYacTKOB pajioHa
BapbMPYIOT B JOCTATOYHO LIMPOKMX Tpenenax — or 1,3-1,7 m
(arpoyuacrok JK.Typaues) no 2,3-2,7 m (arpoyuyactox Haspys).
MuHnMasbHbIe KPUTHYECKHUE TITYOMHBI XapaKTePHbI IJIS yUacT-
KOB, PacCIOJIO’KeHHbIX B 30HE aKTVBHOTO MHMMIBTPAIMOHHOTO
MIUTAHUS U TIPEArOPHOTO pestbeda, Te mpy OIU3KOM 3ajIeraHyum
TPYHTOBBIX BOJ, COXPAHSIETCS] XOPOLIMI adpallMOHHbIA PeskKUM
TIOYB 32 CYET BBICOKOI MMPOHMIIAEMOCTH TT0YBbI. Bosee riryb6okme
MHTEPBAJIbI OTMEYAIOTCSI Ha YIACTKAX C OTHOCUTETLHO BEIPOBHEH-
HBIM peJibe)OM U JIOKAIbHBIMM aKKYMY/ISITUBHBIMU YCIIOBYUSIMM.

CpaBHMTEbHBIN AHAIN3 BETeTAIMOHHOTO 1 HeBereTalVIoH-
HOTO TIePUOZIOB TIOKA3bIBAET, YTO B OONBILIMHCTBE arpOyvacTKOB
(Takue kak Kura6, M.Bob6oes, 111.YmapoB, HaBpy3) Habmona-
€TCs1 HeKOTOPOe IMOHVKeHMe YPOBHS TPYHTOBBIX BOZ, B BereTa-
[VIOHHBIN TIePHOJ, YTO CBSI3aHO C MOBBIIIEHHBIM 3260pOM 151
TIOJINBA CEeTbCKOXO3SMICTBEHHBIX KYJIBTYD UTO BeIeT K BHICOKMM
GbusnveckuM MCTIapeHMsIM U aKTMBHOM TpaHcmupanym. [Tpu
9TOM MMHEpPaIM3alMs IPYHTOBBIX BOZ, He YBEIMUMBAETCS, UTO
CBUJIETENILCTBYET 00 3P(PEKTUBHOM €CTECTBEHHOM JIPEHMPOBA-
HUM TEPPUTOPUML.

B nenom Kurabckmit pailoH OTHOCUTCSI K TEPPUTOPUSIM C
Haubosee GIArONMPUITHBIMU MeTVOPATUBHBIMM YCAOBUSIMU B
npenenax KamikagapeuHckon obmacti. Huskas MyHepamsanyst
TPYHTOBBIX BOJ, B COUETAHMMU C AOITYCTUMBIMU [ITyOMHAMM UX
3aJIeraHust Co3aéT B HACTOSILIEE BPEMSI IOBOJIBHO YCTONUMBBIN
9KOT'YIPOIOTMYECKIIA PEKUM TTOYB.
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Anamis maunbix [1laxpuca63ckoro paiiona (Puc.2) xapak- pEs KT KO HIFTEALI F i A rani rpyMTomax: o Hpassimichoro pafions (60
ATPOVRAC TAM, T RETCTAUNONNLH nepao )
TepusyeT CPaBHUTEIbHO HEOOJbIINe KPUTHUYECKIe TTYOMHbBI w-a.?-s
3ajieraHust [pyHTOBbIX BOZ, (1,6-2,1 M B BereTalioHHbIN epuo, ad o s
u 2,0-2,8 M B HeBereTaIIOHHbIN MIepyo) MPY HU3KOI MUHepa-
ymsauuu (0,62-0,70 r/m). Takoe coueTaHye 00ycCI0BIEHO HpeS-
TOPHBIM TIOJIOKEHVEM paiioHa, BbICOKOW IPEeHNPOBAHHOCTBIO
TePPUTOPUM U aKTUBHBIM €CTeCTBEHHBIM Bomoo6meHoM. [lake y
[IPY OTHOCUTEJIbHO OJIM3KOM 3aJIeraHMy IPYHTOBBIX BOJ, PUCK ey
BTOPMYHOTO 3aCOJIEHMs] OCTAETCst MMHMMAa/IbHBIM. OfHaKo ¢ yyue- e o
TOM TEOPMY MeTaMOP(U3aLY XMMUIECKOTO COCTABA TPYHTOBBIX oo = = e
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OHHbIN mepuop). MuHepanu3aiyst TPYHTOBBIX BOJ, M3MEHSIETCST .  :

or 1,27 go 3,51 /1, 4TO CBUOETENLCTBYET O BbIPAKEHHO
BHYTPUPAOHHON HEOTHOPOZHOCTH. Pasmnuns 06ycC/IOBIeHbI
JIUTOJIOTMYECKOI TIeCTPOTOM, HEOMMHAKOBOM MHTEHCUBHOCTHIO
OPOLLEHMS Y JIOKAJIbHBIMU YCJIOBYUSIMMU IpEHaKa.

Ilns YUnpakumuckoro paiiona (Puc.4) xapakTepHbl TTyOUMHbI g —
3aj1eraHys I'PYHTOBBIX BOZ B MHTepBaJe 2,0-3,3 M npyu MuHepa- an—— s
ymsauym ot 0,64 10 3,45 r/n. HabmogaeTcs couetaHne yuyacTKoB kit e ——
C GIIATONIPUSTHBIM TVPOXUMUUECKIM PEKMMOM M JIOKAIBHBIX — wzsa1 ' 4 s
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IUYECKUM PESKMMOM. Puc.4. UnpakKumHCKUI paiioH
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Kamammuckuii paiion (Puc.5) ornuaercs Hanbosee Heba-
TONIPUSATHBIMMU yCIOBUsIMI. KpuTnueckie riyOouHbI 3aeraHms
I'PYHTOBBIX BOZ, OCTUTAIOT 2,1-4,6 M, TPV 5TOM MUHEPAM3aTIMS
cocrasjser 1,8-8,0 r/n. Beicokast MyHepaim3aiysi py OTHOCH-
TEJIbHO [TyOOKMX YPOBHSX IPYHTOBBIX BOJ, CBUETETbCTBYET O
¢1260M eCcTeCTBEHHOM JPeHMPOBAHUM Y HAKOTIJIEHVHM COJiel 3a
CYET MHTEHCUBHOTO (DM3MUECKOTO MCIIaPeHNsT UPPUTALMOHHbBIX
BOZI.

Kaprma sparriveckor rrepaia riySis waeranms ryrmossx not Kamamsmckoro paiona w_:'#_e

(Mo arpoyHAETRAM, T BENETANNORNTIT Nepro)
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Puc. 5. KamammHckuii paios

B Humranckom paitore (Puc. 6) ryGuHbBI 3a1€TaHust IPYHTO-
BBIX BOZI, KOJIEBMIOTCS OT 2,3 10 4,0 M, MMHepamM3aIyst yCToNIu-
BO MOBbIIIIeHa (2,6-4,6 r/m). PaBHMHHDIN pebed 1 3aMenIeHHbIN
BOIOOOMEH CIIOCOOCTBYIOT (OPMUPOBAHNIO YCTaHOBUBIIEMY
COJIEBOMY PESKMMY, UTO TPeByeT MOCTOSTHHOTO MOHUTOPYMHTA.

T'ysapckuit paiioH (Pyc.7) xapakTepusyeTcst COueTaHUeM IITy-
GOKOTO 3ajIeraHyst 'PYHTOBBIX BOJ, (10 5,4 M) ¥ KpajiHe BbICOKO
muHepamm3sanum (0o 9,9 r/m). To yka3bIBaeT Ha KPUTUUECKOE
COCTOSIHME MEJIMOPATUBHOM OOCTAHOBKM M BBICOKMI PUCK Te-
rpajiaiyy OpoIIaeMbIX 3€Meib.

HOns Kapumuckoro paiona (Puc. 8) xapakrtepHa He-
OJHODPOJIHbIE YCJOBMUS: TJYOMHBI 3aJ€eraHus TPYHTOBBIX
BOI usMeHsoTCa ot 1,8 mo 4,5 M, MuHepanusauus — OT
2,6 no 8,6 r/n. VInTeHCHBHOE OpOIlIeHNe M BbICOKasi aHTPOITO-
TeHHas Harpyska 06y C/IaB/IMBaIOT JIOKAJIbHbIE 30HbI HEOIarompy-
SITHOT'O KOTMIPOJIOTMUECKOTO COCTOSIHYSI 3eMEJTb.

B Kacanckom n KacouHckoMm paiioHaX KpUTUYeCKue Iyou-
HBI COCTaBIAIOT 2,6-4,5 M npyu MuHepamusauuu 2,7-5,5 r/m.
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Puc.6. Humauckumit paiiox

Tapra KpUTHAIECKDTO IITepIana rovhni seraiig myvirons soa Nysapexoro paiona
(M0 ArpoyHOETERM, H BEITTIUN0 A neprog)
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Puc. 9. Kacauckuit 1 KacOuHCKMIA paitoHbI
IaHHble paiioHbl XapaKTE€PU3YIOTCS YCTOWUYMBBHIMU CPEIHVMMU
3HAUEHUSIMM TOKA3aTeNIell ¥ OTHOCSATCS K 30HE YMEPEHHOTO
9KOTMIPOJIOTYECKOTO PUCKA.

ITnst My6apekckoro 1 MUpHIIIKOPCKOTO PaiioHOB XapaKTepHbI
[TYBMHBI 3aJ1eraHus TPYHTOBbIX Bop, 2,0-5,2 M 1 MuHepansanys
3,3-8,1 r/n. Cyl1ieCTBEHHYIO POJIb UT'PAET TeXHOTeHHas Harpy3Kka
U HEJOCTaTOuHAs 3D(HEKTUBHOCTD IPEHAXKHBIX CUCTEM.

4. BAK/TIOYEHUE

AHamu3 KPUTUYECKUX MHTEPBAJIOB [JIYOMH 3ajieraHus u
CPeIHEMHOTOJIETHEN MUHEPaIU3al1i IPYHTOBBIX BOJ, [0 arpo-
yuyacTKaM Mo3BonsIo Tepputopuio KaiikagapbuHckon obmactu
nuddepeHINpPOBaTh Ha 30HbI, XapaKTePU3YIOIINeCs PasIMIHON
CTEIEHbIO TYIPOIKOIOIMUECKOI YCTOINYMBOCTHIO 30HBI a9PaLiiut.

o
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I 30ona (6narompustHas) oxBarbiBaeT Kurabekuit u [lax-
pucab3CcKuil paioHbl, a TAKKe OTHeNbHble arpoydyacTku SIKk-
Kabarckoro paivoHa. [Ijiss TaHHOJ 30HBI XapaKTePHbI HU3Kast
MuHepamm3aius (Kak mpasmio, menee 1,0 1/i), u HerTy60KOe
3ajieraHye TPyHTOBBIX BOJI, YCTOMUMBBIN BOLOOOMEH CO3/IaloIIe
MIPeNOChUIKMA [JISl COLOBOTO 3aCOJIeHMsI MIOYB.

11 30Ha (OTHOCUTETbHO 6;TarONPKSATHAST) BKITFOUAET OCHOBHYIO
yacTh SIKkkabarckoro M YmpakumMHCKOTO paioHOB. 30eCh OTMe-
YaI0TCS yMepeHHast MUHepaM3alysi M Ce30HHAs U3MEHUMBOCTh
YpOBHei1 IpyHTOBBIX BOZ. [Ipu cob/oneHN peryiaMeHTOB BOZLO-
MO/Ib30BaHMsI M IKCIUTYaTalMM OPEHaXKHBIX CUCTEM IKOTUIPO-
JIOTMYeCKOe COCTOSTHME 30HBI a9palyii OCTAETCS YCTOMYMBBIM.

IIT 30Ha (YMepeHHOro 3KOTMAPOIOTMYECKOrO PUCKA) MPEf-
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Puc.10. My6aperckuit ¥ MUPUIITKOPCKUIA PAiOHBI

craBieHa Kacanckum u KacOunckum paitonamu. [ Heé
XapaKTepHbI CpeHMe TTOKA3aTe M MUHEPATU3ALMU 1 [TyOUHbI
3aJIeraHyst 'PYHTOBBIX BOJ, TIPM KOTOPBIX HAPYILIEHVE PEXIMOB
OpOLIIEHS ¥ HeOCTAaTOYHas! 3 (EKTUBHOCTD JPEHAKa CETH IIPHU-
BOJUT K Pa3BUTHIO IIPOLIECCOB BTOPUYHOTO 3aCOJIEHVIS.

IV 30Ha (BBICOKOTO IKOIMIPOIOTMUECKOTO PUCKA) OXBATHIBAET
KamaumHckuit, Humanckmit 1 MUPHIIKOPCKUIA PalioHbL. DTH
TEPPUTOPUY XaPAKTEPUIYIOTCS MOBbILIEHHON MUHEpaTM3alMel
TPYHTOBBIX BOJ, ¥ HEAOCTATOYHOM 3 (HEKTUBHOCTBIO €CTECTBEH-
HOTO ¥ UCKYCCTBEHHOTO IPEHUPOBAHYISI, YTO (HOPMUPYET YCTOM-
YMBYIO COJIEBYIO HATPY3KY HA MOYBEHHBIN MOKPOB.

V 30Ha (KpuTHUecKas) BKIoUaer ['ysapckuii paiioH U OT-
IebHble MaccyBbl KapumHckoro u My6apeKkcKkoro paioHOB.
JInst [aHHOV 30HBI XapaKTePHbI BBHICOKME U IKCTPEMaJIbHbIE
3HAUEeHUs] MMHEpPAIU3alMU TPYHTOBBIX BOZ B COYETAHMU CO
CJIOXKHBIMM TUAPOTEOIOTUYECKUMU YCIOBUSIMHU, UTO TpebyeT
MPMOPUTETHOTO IPOBEAEHMS] KOMILJIEKCA SKOJIOTO-MeTMOPATUB-
HBIX MEPOIIPUITHIL.

Taxum 06pa3oM, BbIIEIEHbI CIENYIOIINE YKPYITHEHHbIE 30HbI:
I — 6maronpustras (Kutabekuii, [llaxpucab3ckiuit paitoHbl
U OTHeNbHbIe arpoyvyacTku $SIkkabarckoro pajiona); II — or-
HOCUTEJIbHO GaronpusiTHast (OCHOBHasI 4acTh $IKKabGarckoro
n YupakumHckoro paitonoB); III — 30Ha ymepeHHOro pucka
(Kacanckmit u Kacbunckuii paiionsl); [V — 30Ha BBICOKOTO
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pucka (Kamartmackuit, Hutanckuit, MupuInkopcKiuii paioHbl);
V — kputnueckas 3oHa (I'y3apckuii paitoH, OTebHbIe MaCCUBBI
Kapumsckoro 1 My6apekckoro paioHOB).

[Mpeumy1ecTsa mpejiaraeMoro paiioHMpPOBaHYS

[MpenyioskeHHast cxema 061aaeT PSIOM MPUHIUITUATbHBIX
TPENMYILIECTB:

- OCHOBaHa Ha PaKTUYeCKIX JaHHBIX MO arpoyvactkam (187)
M MHOTOJIETHUX HaOMIONEeHNsIX;

— VUUTBIBAET CE30HHYIO IMHAMMKY YPOBHS M MUHEPAIM3aLN
I'PYHTOBBIX BOJ;

- MHTEerpupyeMa B reomH(bOpMAaIMOHHbIE CUCTEMbI U KapTO-
rpacduyeckie MaTepyabl;

— MOJXET UCIIOJIb30BaThCSI [IJIs1 IPOTHO3MPOBAHMS ITPOLIECCOB
Ierpajaiuy OpoLIaeMbIX 3eMeJb U ONTUMM3ALUY BOLOXO3SIiA-
CTBEHHbBIX MEPOIPUSITHUIL.

Takum o6pasom, paspaboTaHHast METOAMKA PaiOHMPOBAHSE
N0 MHTEpPBAJIaM 3ajIeTaHusI KPUTUUECKOTO YPOBHSI I'PYHTOBBIX
BOJL, TIO3BOJISIET HAYYHO OOOCHOBBIBATH OMTYMAJIbHBIE PEKUMBI
DEry/IMPOBaHKS YPOBHS TPYHTOBBIX BO, /ISl Pa3/IMUHbIX SKOTHU-
IPOJIOTMYUECKUX YCIOBUII 30HBI a3palyu, 06ecreunBast IpemoT-
BpallleHe TIOYBEHHON 3aCyXy, MOAJepsKaHye GMOIOrMYecKoi
aKTMBHOCTHU MOYB, cHyskeHue smuccuu COz u popmMupoBaHye
6/1aroNMpPUSATHBIX YCIOBUIA IS yCTONUMBOTO (GYHKI[VIOHMPOBAHYIS
TIOYBEHHO-PACTUTEIbHBIX 9KOCUCTEM aPUIHON 30HbI.
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TOG* MUZLIKLARI JOYLASHGAN HUDUDLARDA QISHKI
YOG ‘INLAR MIQDORINI RADIOLOKATSION KUZATUVLAR
ASOSIDA BAHOLASH
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Annotatsiya. Markaziy Osiyo tog ‘li hududlarida suv resurslari miqdorini aniq baholash va prognoz qilishda atmosfera yog‘inlari
hamda muzliklarning rejimi haqidagi ma’lumotlar asosiy omillardan hisoblanadi. Ushbu magqolada ilk bor O ‘zbekiston sharoitida
Toshkent meteorologik radiolokatori (MRL) ma’lumotlarini, glyatsiologik kuzatuvlar bilan uyg‘unlashtirgan holda, tahlil qilish
natijalari yoritilgan. Tadgiqot davomida radiolokatorlar yordamida atmosfera yog‘inlari jadalligi, ularning hududiy targalishi va
bulutlilik maydonlari aniglandi. Olingan ma’lumotlar Piskom va Chimyon meteostansiyalari ko ‘rsatkichlari bilan kalibrlanib, 2024-
yil qish mavsumida qor zaxiralarining shakllanish sharoitlari geoaxborot texnologiyalari (GAT) yordamida baholandi. Natijalarning
ko‘rsatishicha, radiolokatsiya usuli murakkab relyefli tog‘li hududlarda qishki yog‘inlarning fazoviy tagsimlanishi va ularning
miqdoriy tavsiflarini baholash imkonini beradi. Olingan natijalar muzlik havzalarida qor zaxiralarining shakllanish sharoitlarini
aniqlash hamda suv resurslarini prognozlashda muhim axborot manbai hisoblanadi.

Kalit so‘zlar: G arbiy Tyan-Shan, tog’ muzliklari, radiolokatorlar, atmosfera yog‘inlari, GAT, suv resurslari, Z-R bog‘lanishi,
qor zaxiralarini baholash.

AwnnHoranus. TouHas olleHKa ¥ MPOrHO3MPOBAHYE BOTHBIX PECYPCOB B FOPHBIX paiioHax LleHTpasnbHOM A3uy BO MHOTOM 3a-
BUCSIT OT JOCTOBEPHOCTHM HAHHBIX 00 aTMOCQEPHBIX 0CafKaX U COCTOSTHUM JIETHUKOB. B MaHHOI cTaThbe, BIIEPBbIE [T YCIIOBUIA
V36ekucTaHa MpeCTaBIeHbl Pesy/IbTaThl KOMIUIEKCHOTO aHaIn3a JaHHbIX TalllkKeHTCKOr0 MeTeOpOJIOrMUYeCKOro paamosioKaTopa
(MPJT), cOBMEIIEHHBIX C TISILMOJIOTMYECKMMM HAOMIOEeHNIMNU. B xofe mccienoBans ¢ MCIOIb30BAaHMEM PaiMOTIOKAIIMOHHBIX
JAHHBIX ObLIM OMPe/e/IeHbl MHTEHCUBHOCTh aTMOC(EPHBIX OCAIKOB, 0COOEHHOCTHM MX TIPOCTPAHCTBEHHOTO PACIIPENeIeHNMS U Xa-
PaKTePUCTUKY 0OJIaYHbIX MoJ1eN. [TomyueHHbIe JaHHbIe ObLIY OTKAIMOPOBaHbI 110 HabmofeHusIM MeTeoctaHmmi [Tckem u UnmraH,
a iy 3umHero ce3oHa 2024 roza ¢ ucrnonb3oBanneM reomrdopmanoHHbIx TexHonorui (I'VIC) 66ut1 BbINOTHEHbI OLIEHKM Y CIIOBUI
(dhopmMuUpoBaHus CHErosarmacoB. Pe3ynbraThl MCCIeNOBaHMs MMOKa3aiu, YTO PaayoIOKAIMOHHbI METOJ, MO3BOJISIeT 3PQPEKTUBHO
OLIEHMBATb MPOCTPAHCTBEHHOE PacIipefe/ieHe U KOJIMUECTBEHHbIE XapaKTEPUCTUKY 3UMHUX OCAIKOB B YCJIOBUSIX CJIOKHOTO
ropHoro penbeda. [TosyueHHbIe faHHbIE SBISIOTCS BasKHBIM MCTOUHMKOM MH(OPMALIMM /IS aHaJT3a TIPOLeCCOB (hOPMMPOBaHMSE
CHEro3anacoB B JIETHMKOBbIX 6acCeNHaX ¥ MPOrHO3MPOBAHMSI BOOHBIX PECYPCOB PErMOHA.

KitroueBnbie ciioBa: 3anagubiii TsHb-111aHb, rOpHbIe JTETHMKM, PaAMOJIOKaTOPhI, aTMOCchepHbie ocagku, ['IC, BomHbie pecypchl,
3aBMCUMOCTD Z-R, OlleHKa CHErosaracos.

Abstract. Accurate assessment and forecasting of water resources in the mountainous regions of Central Asia largely depend on
reliable information regarding atmospheric precipitation and glacier conditions. This study presents, for the first time in Uzbekistan,
the results of an integrated analysis combining data from the Tashkent Meteorological Radar (MRL) with glaciological observations.
Radar observations were used to determine precipitation intensity, spatial distribution patterns, and cloud field characteristics. The
obtained data were calibrated using observations from the Pskem and Chimgan meteorological stations, and GIS-based techniques
were applied to assess snow accumulation conditions during the 2024 winter season. The results demonstrate that radar-based
methods provide an effective tool for evaluating the spatial distribution and quantitative characteristics of winter precipitation in
complex mountainous terrain. The obtained findings constitute an important source of information for investigating snow accu-
mulation processes within glacier basins and for improving regional water resource forecasting.

Key words: Western Tien Shan, mountain glaciers, weather radars, atmospheric precipitation, GIS, water resources, Z-R rela-
tionship, snowpack assessment.

1. KIRISH. yog‘inlarining aniq baholanishi suv balansi tadqiqotlari,
Markaziy Osiyoda suv resurslari asosan atmosfera yog‘inlari ~ gidrologik jarayonlarni prognoz qilish va ularga iqlim
va muzliklarning erishidan hosil bo‘lgan suvlar hissasigabog‘liq  o‘zgarishlari ta’sirini o‘rganishda muhim ahamiyat kasb etadi.
bo‘lib, ular mintaganing iqtisodiy-ijtimoiy bargarorligi uchun So‘nggi o°n yillikda meteorologik radiolokatorlar yordamida
hal qiluvchi ahamiyatga ega [17]. Tog‘li hududlarda atmosfera  atmosfera yog‘inlarini yuqori aniglikda baholash imkoniyati
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yaratildi [2,3,5,14]. Ushbu texnologiya atmosfera yog ‘inlarining
jadalligi va hududiy tarqgalishini uzluksiz kuzatish hamda
miqdoriy baholash imkonini beradi. Radiolokatsion ma’lumotlar
tog‘li hududlarda qor zaxiralarining shakllanish sharoitlarini,
muzliklarning oziglanish manbalarini hamda suv resurslarining
shakllanish jarayonlarini o‘rganishga qaratilgan glyatsiologik
tadqiqotlarda muhim ahamiyat kasb etadi [1,4,8,16,17].

Toshkent MRL shunday joylashganki, u G‘arbiy Tyan-Shan
tog‘ tizmalari va tarmoglarining katta qismini qamrab oladi
(1-rasm). Bu hududda ko‘plab tog‘ muzliklari joylashgan.
Toshkent MRLdan tadgiqot hududidagi muzliklargacha bo‘lgan
masofa 168,4 km ni tashkil etadi (2-rasm). Radiolokatorning
bunday qulay joylashuvi murakkab tog* relyefi sharoitida
atmosfera yog ‘inlarining fazoviy va vaqt bo‘yicha tagsimlanishini
kuzatish, ularning jadalligini baholash hamda muzlik havzalarida
qor zaxiralarining shakllanish jarayonlarini o‘rganish imkonini
beradi. Bu esa tog‘li hududlarda suv resurslarini baholash va
gidrometeorologik xavf-xatarlarni prognoz qilishda muhim
ahamiyat kasb etadi [6,10].

Tadgiqotning magqsadi va vazifalari. Radiolokatorlarining
masofaviy kuzatuv ma’lumotlari asosida tog‘ muzliklari
joylashgan hududlarda qishki yog‘inlar migdorini baholash
uslubini takomillashtirish hamda yog‘inlarning fazoviy-vaqt
bo‘yicha tagsimlanishi xususiyatlarini aniglashdan iborat. Ushbu
magsadga erishish uchun quyidagi vazifalar belgilandi:

Toshkent meteorologik radiolokatori ma’lumotlari asosida
qishki atmosfera yog ‘inlarining jadalligi va hududiy tagsimlanish
xususiyatlarini aniglash hamda ularni miqdoriy baholash;

radiolokatsion baholash natijalarini Piskom va Chimyon
meteostansiyalarining kuzatuv ma’lumotlari bilan tagqqoslash
hamda hisoblashlarning aniqligini baholash;

radiolokatsion ma’lumotlar asosida muzlik havzalarida
qishki yog‘inlarning hududiy tagsimlanishini tahlil qilish va qor
zaxiralari shakllanish sharoitlarini baholash.

Tadqigotning ilmiy yangiligi. O‘zbekiston sharoitida
Toshkent meteorologik radiolokatori ma’lumotlari Piskom va
Chimyon meteostansiyalari kuzatuvlari bilan kalibrlanib, G ‘arbiy
Tyan-Shan muzlik havzalarida gishki yog‘inlarni baholashning
kompleks yondashuvi ishlab chiqildi. Radiolokatsion ma’lumotlar
asosida yog ‘inlar hududiy tagsimlanishi aniglanib, qor zaxiralari
shakllanish sharoitlarini baholash imkoniyati ko ‘rsatildi.
Ushbu tadgiqotda radiolokatsion aks ettirish ko‘rsatkichlari
va meteostansiya kuzatuvlari o‘rtasidagi bog‘lanish statistik
usullar yordamida aniglandi hamda tog‘li hududlar uchun
moslashtirilgan yog‘inlarni baholash yondashuvi taklif etildi.

2. MATERIALLAR VA USLUBLAR.

2.1. Tadgiqot obyekti. G‘arbiy Tyan-Shandagi iglimiy farglar
joyning mutlaq balandligiga, relyefiga va ekspozitsiyasiga
bog‘lig. O‘rtacha yillik havo harorati noldan yugqori. Eng issiq
oy - iyul bo‘lib, o‘rtacha oylik harorat 20 °C atrofida, eng yuqori
giymatlar 30+40 °C oraligda o‘zgarib turadi. Yanvarda harorat
hamma joyda manfiy (-3 °C dan -8 °C gacha, baland tog‘li
mintaqgada -15° gacha), eng past ko‘rsatkichlar deyarli hamma
joyda-30 °C ga, ba’zi joylarda esa hatto -40 °C ga yetadi. Noldan
past harorat kuzatilmaydigan davr hududning katta gismida 200
kundan kam. Atmosfera yog ‘inlari migdori 200 mm dan oshadji,
shamolga ro‘para yonbag‘irlarda, ayrim hollarda, 500 mm va
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undan ko‘progga yetadi. Eng ko‘p yog‘inlar (25-65 mm) mart-
aprel oylarida tushadi; eng quruq oy - iyul, 5-10 mm yog‘in
tushadi. Qor gqoplami bu yerda noyabrdan martgacha yotadi,
uning balandligi ayrim joylarda 250-270 sm ga yetadi [19].

- - =~ - T — —

2-rasm. Toshkent meteorologik radiolokatori va

Barqroq muzligining joylashishi

2.2. Tadqiqot uslubi

Tadqiqotda meteorologik radiolokatsiya, qiyosiy tahlil,
geoaxborot tizimlari (GAT) hamda fazoviy tahlil usullaridan
foydalanildi. Qo‘llanilgan metodologiya quyidagi bosqichlarni
0°z ichiga oladi:

- qish mavsumida kuzatish olib borish giyin bo‘lgan baland
tog‘li hududlarda atmosfera yog‘inlarini baholash uchun
Toshkent meteorologik radiolokatori (MRL) ma’lumotlaridan
foydalanildi. Radiolokatsion kuzatuvlar atmosfera yog‘inlarining
hududiy tagsimlanishi va jadalligini uzluksiz monitoring gilish
imkonini berdi;

- radiolokatordan olingan ma’lumotlarning ishonchliligini
oshirish magsadida ular Piskom va Chimyon meteostansiyalarining
yer usti kuzatuv ma’lumotlari bilan tagqoslandi va kalibrlash
ishlari amalga oshirildi;

- to‘plangan ma’lumotlar ArcGIS dasturida gayta ishlanib,
raqamli relyef modeli asosida atmosfera yog ‘inlarining hududiy
tagsimlanishi tahlil qilindi hamda muzlik havzalarida qor
zaxiralari shakllanish sharoitlari baholandi.

Radiolokatsion ma’lumotlar muzlik havzalariga tushayotgan
qgishki yog‘inlar miqdorini hamda qor zaxiralarining shakllanish
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sharoitlarini baholash imkonini beradi. Bu esa kelgusida
muzliklardan to‘yinadigan daryolar oqimini prognoz qilish va
suv resurslarini samarali boshqarish uchun muhim ahamiyat
kasb etadi [17].

So‘nggi o‘n vyilliklardagi kuzatuvlar Markaziy Osiyodagi
ko‘plab muzliklarda qisqarish tendensiyasi kuzatilayotganligini
ko‘rsatmoqda [8, 20, 21]. Shu sababli muzlik havzalarida
qishki yog‘inlarning miqdoriy tavsiflarini aniglash hamda qor
zaxiralarining shakllanish jarayonlarini o‘rganish dolzarb ilmiy
vazifalardan biri hisoblanadi.

An’anaviy glyatsiologik kuzatuvlar natijasida muzlik yuza-
sining alohida nuqtalarida ma’lumotlar olinadi. Meteorologik
radiolokatorlar esa katta hududlarda atmosfera yog‘inlari mig-
dori va hududiy tagsimlanishini real vaqt rejimida kuzatish
imkonini beradi. Bu ayniqsa murakkab tog‘ relyefi sharoitida
muhim ahamiyatga ega. Radiolokatsion ma’lumotlar muzlik
havzalariga qor ko‘rinishida tushayotgan yog‘inlarni baholash
hamda glatsial-nival jarayonlarni tadqiq etishda muhim axborot
manbai hisoblanadi [13].

3. NATIJALAR VA MUNOZARA.

Meteorologik radiolokatorlar atmosfera yog‘inlari jadalligi,
hududiy tagsimlanishi va vaqt bo‘yicha o‘zgaruvchanligini
yuqori aniqlikda kuzatish imkonini beradi [3]. Bunday
ma’lumotlar, aynigsa, kuzatuv tarmoqlari siyrak joylashgan tog‘li
hududlarda gishki yog‘inlar migdorini baholash hamda muzlik
havzalarida qor zaxiralari shakllanish sharoitlarini aniglashda
muhim ahamiyatga ega [19].

Piskom daryosi havzasining yuqori gismlarida atmosfera
yog‘inlari miqdori ancha ko‘p bo‘ladi. Piskom daryosining
yugqori vodiylarida yillik atmosfera yog‘inlari 1500-2000 mm
gacha yetishi mumkin. Atmosfera yog‘inlarining uchdan ikki
gismi qish va bahor oylariga to‘g‘ri keladi. Mart - atmosfera
yog‘inlari eng ko‘p tushadigan oy hisoblanadi. O ‘rganilayotgan
havzada yillik atmosfera yog‘inlarining 20% dan ortig‘i aynan
shu oyda gayd etiladi.

Piskom meteostansiyasi ma’lumotlariga ko‘ra, 1937-yildan
2020-yilgacha bo‘lgan kuzatuv davrida eng ko‘p atmosfera
yog‘inlari sersuv 1969-yilda qayd etilgan bo‘lib, 1651,7 mm
ni tashkil etgan. Shuningdek, sersuv 1993-yilda ham atmosfera
yog‘inlari migdori yugqori bo‘lib, uning yillik qiymati 1386,2
mm ga teng bo‘lgan.

Atmosfera yog‘inlarini miqdoriy baholash magsadida
radiolokatordan olingan ma’lumotlar Piskom va Chimyon
meteostansiyalarining kuzatuvlari asosida kalibrlanib,
verifikatsiya qilindi (3-rasm). Radiolokatsion kuzatuvlar
yordamida yog‘in jadalligi (R, mm/soat) hamda yog‘inlar
kuzatilgan bulutlilik maydoni (A, km?) aniglandi [18].

Yog‘in jadalligini baholashda radiolokatsion aks ettirish
(Z) va yog‘in jadalligi (R) o‘rtasidagi hududiy bog‘lanishdan
foydalanildi. G‘arbiy Tyan-Shan hududi uchun ilgari o‘tkazilgan
kalibrlash ishlari natijasida quyidagi Z-R munosabati tavsiya
etilgan:

Z = 186,6R>**, (1)

bu yerda: Z - radiolokatsion aks ettirish koeffitsienti
(mm®m™), R - yog‘in jadalligi (mm/soat).

Ushbu bog‘lanish standart Marshall-Palmer (Z = 200R®)
modeliga nisbatan yugqori aniglikni ta’minlab, tog‘li hududlar-
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da yog‘inlarni baholash uchun moslashtirilgan hududiy model
hisoblanadi [3].

Tog‘li hududlarda radiolokatsion yog‘inlarni baholash
aniqligi orografik to‘silish, signalning so‘nishi, yog‘inlarning
vertikal profili (VPR) hamda Z-R bog‘lanishidagi noaniqliklar
bilan cheklanadi. Shu sababli ushbu tadgiqotda G‘arbiy Tyan-
Shan sharoiti uchun hududiy kalibrlangan Z-R munosabatidan
foydalanildi. Hududiy koeffitsientlarni qo‘llash radiolokatsion
baholashdagi sistematik va tasodifiy xatolarni kamaytirishga
xizmat qiladi.

Radiolokatsion ma’lumotlar asosida dastlab yog‘in jadalligi
(R, mm/soat) baholandi. Yog‘in miqdori kuzatuv davri
davomiyligini hisobga olgan holda quyidagi munosabat orqali
aniglandi:

P=R-t, 2)

buyerda: P-yog‘inmiqdori (mm); R - yog‘injadalligi (mm/soat);
t - yog‘in kuzatilgan vaqt oralig‘i (soat).

Yog‘in hajmini aniglash uchun yog‘in migdori qatlami (H) va
yog‘in tushgan maydon (A) qiymatlaridan foydalanildi:

V=A-H, (3)

buyerda: V - yog‘inhajmi (m®); A - yog‘intushgan maydon (m?);
H - yog‘in qatlami galinligi (m).

Hisoblashlarda maydon giymatlari km? dan m?* ga, yog‘in
miqdori esa mm dan m ga o‘tkazildi: A(m?)=A(km?)x10°.

Mazkur yondashuv radiolokatsion kuzatuvlar asosida
yog‘inlarning hududiy tagsimlanishi hamda umumiy hajmini
baholash imkonini beradi.

Tt T C BV A e R & e R &

3-rasm. Toshkent meteorologik radiolokatoridan
olingan bulutlilik tasviri

Atmosfera yog‘inlari holatlari 2024-yil qish mavsumi uchun
aniglandi. Hisoblangan giymatlar stansiya ma’lumotlari bilan
yaqin mos tushgan. Masalan, 15.01.2024-y. Piskomda 28,2
mm atmosfera yog‘inlari qayd etilgan bo‘lib, radiolokatsiya
ma’lumotlari asosida olib borilgan hisoblashlar natijasida 17,2
mm atrofidagi atmosfera yog‘inlari aniglangan (4-rasm).

Jadval ma’lumotlari radiolokatsion baholash natijalari bilan
meteostansiya kuzatuvlari o‘rtasida qonigarli moslik mavjudligini
ko‘rsatadi. Radiolokatsion va meteostansiya ma’lumotlari o ‘rta-
sidagi tafovutlar 1,1-11,0 mm oralig‘ida kuzatildi. Eng katta farq
15.01.2024-yil sanasida gayd etilgan bo‘lib, bu tog ‘li hududlarga
x0s bo‘lgan orografik omillar, yog ‘inlarning fazoviy notekis tag-
simlanishi, radiolokator nurining relyef tomonidan gisman to‘si-
lishi hamda signalning masofa bo‘yicha so‘nishi bilan izohlanadi.
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1-jadval

Radiolokatsion baholash va meteostansiya kuzatuvlari asosida atmosfera yog‘inlari miqdorlarining tagqoslanishi

Sana MS R, mm/soat A, km? Meteostansiya yog‘ini, mm | Radiolokatsion baholash, mm
15.01.2024 Piskom 16,4 10,5 28,2 17,2
29.01.2024 Chimyon 16,4 19,9 33,2 32,6
07.02.2024 | Chimyon 16,4 13,9 20,6 22,8
16.02.2024 Chimyon 16,4 12,9 23,9 21,1
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4-rasm. Piskom va Chimyon meteostansiyalari joylashgan hududlarda kuzatilgan bulutlilik maydoni

(15.01.2024 y., 16.02.2024 y.)

Ushbu omillar ayrim hollarda yog‘inlar migdorining kam yoki
ortigcha baholanishiga olib kelishi mumkin. Shunga garamay,
hududiy kalibrlangan Z-R modeli yordamida sistematik xatolar
sezilarli kamayganligi hamda olingan natijalar radiolokatsion
kuzatuvlarning gishki yog‘inlarni operativ baholash uchun
amaliy jihatdan yetarli aniglikka ega ekanligini ko ‘rsatdi.

Radiolokatsion kuzatuvlar asosida olingan yog‘inlar ba-
holari Piskom havzasidagi muzliklar tarqalgan baland tog‘li
hududlarga tatbiq etildi. Qish mavsumida manfiy haroratlarning
ustunligi sababli aniglangan yog‘inlar miqdorining katta gismi
qgattiq yog‘in ko‘rinishida yog‘ishi qabul gilindi. Mazkur qattiq
yog‘in mavsumiy qor zaxiralarining shakllanishida hamda mu-
zliklarning akkumulyatsiya zonalarini oziglantirishda muhim
omil sifatida baholandi.

Tahlillar shuni ko‘rsatdiki, radiolokatsion kuzatuvlar tog‘li
hududlarda atmosfera yog‘inlarining hududiy tagsimlanishini
aniglash va baholashda muhim axborot manbai hisoblanadi.
Olingan natijalar radiolokatsion ma’lumotlardan foydalanish
qgishki yog‘inlarni baholashda samarali yondashuv ekanligini
tasdigladi. Avvalgi tadqiqotlarda G‘arbiy Tyan-Shan hududi
uchun ishlab chigilgan hududiy Z-R bog‘lanishining aniqligi
radiolokatsion baholash natijalarini Piskom va Chimyon
meteostansiyalarining kuzatuv ma’lumotlari bilan taqqoslash
orqali verifikatsiya gilingan [15]. Natijada modelning yuqori
aniglikka ega ekanligi aniqglanib, o‘rtacha sistematik xatolik
(Bias) 0,122 mm/soat, o‘rtacha kvadratik xatolik (RMSE)
0,951 mm/soat hamda determinatsiya koeffitsienti (R%) 0,872
ga teng bo‘lgan. Mazkur ko ‘rsatkichlar radiolokatsion baholash
natijalarining yer usti kuzatuvlari bilan yuqori darajada mos

kelishini tasdiglaydi hamda hududiy kalibrlangan Z-R modelidan
muzlik havzalarida qishki yog‘inlarni miqdoriy baholashda
foydalanish mumkinligini ko ‘rsatadi.

Zamonaviy radiolokatorlar yordamida olingan ma’lumotlar
tog‘li hududlarda atmosfera yog‘inlarining kuchli hududiy va
vagqt bo‘yicha o‘zgaruvchanligini ko‘rsatdi. Yoz mavsumida muz-
liklardan hosil bo‘ladigan ogim daryolar to‘yinishida muhim rol
o‘ynaydi. Oxirgi 20 yilda Piskom havzasida muzlik maydonlarining
12-15 % qisqarishi kuzatildi, bu esa suv balansining sezilarli
o‘zgarishiga olib kelmoqda [6,20]. Radiolokatsiya va glyatsi-
ologik ma’lumotlarni uyg‘un qo‘llash suv resurslarini baho-
lashda va xavf-xatarlarni oldindan aniglashda samarali ekanligi
aniglandi [9,13,14,15,17]. Bu usul yordamida kelgusida sel xav-
fini oldindan prognoz qilishni amaliyotga tatbiq qilish mumkin.

4. XULOSA.

Bajarilgan tadqiqot natijalarining tahlillari asosida quyidagi
xulosalarga kelindi:

radiolokatorlar tog‘li hududlarda atmosfera yog‘inlarining
fazoviy va vaqt bo‘yicha o‘zgaruvchanligini yuqori aniglikda
qayd etishda samarali vosita ekanligi tasdiglandi. Radiolokatsion
ma’lumotlardan foydalanish meteostansiyalar mavjud bo‘Imagan
baland tog‘li hududlarda yog ‘inlarning hududiy tagsimlanishini
va miqdoriy tavsiflarini baholash imkonini beradj;

2024-yil qish mavsumi uchun radiolokator yordamida
baholangan atmosfera yog‘inlari miqdori Piskom va Chimyon
meteostansiyalarining kuzatuv ma’lumotlari bilan moslikni
ko‘rsatdi. Olingan natijalar radiolokatsion kuzatuvlarning qishki
yog‘inlarni operativ baholash uchun amaliy jihatdan yetarli
aniglikka ega ekanligini tasdigladi;
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radiolokatsion ma’lumotlarni yer usti kuzatuvlari bilan qishki yog‘inlarning hududiy tagsimlanish xususiyatlarini
uyg‘unlashtirish muzlik havzalarida qishki yog‘inlarning aniglashda muhim ahamiyatga ega. Mazkur yondashuv kelgusida
miqdoriy tavsiflarini baholash imkonini beradi. Olingan natijalar ~ suv resurslarini baholash va gidrometeorologik xavf-xatarlarni
muzlik havzalarining oziglanish sharoitlarini tavsiflash hamda prognozlash tizimlarida qo‘llanilishi mumkin.
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AnHoTanus. B crarbe mpeicTaBieH KpUTHUYECKMIA aHAIN3 MHOTOJIETHEN JVIHAMMKM BOZHO-COJIEBOTO HOaslaHca M Mesopa-
TUBHOTO COCTOSTHMSI OpolillaeMbIxX 3emesib Kereiinmiickoro paiionHa (Pecny6nnka Kapakanmakcran) 3a mepuop 2001-2024 rr.
YcTaHOBJIEHO, UTO, HECMOTPSI Ha POCT aBCOMIOTHOTO MPUXOJA COJIeli C OpOCUTeNbHONM Bomon B 2024 1. (Ha 227 ThIC. T BbIIIE
yposus 2001 1.), UTOroBOE rofoBOe COJIEHAKOIUIEHNME B IIOUBOIPYHTAX COKPATUIOCh BIBoe — ¢ 99,63 mo 49,52 Thic. T. [laHHbI
3 deKT ZOCTUTHYT 3a CUeT MHTeHCUDUKALVM PABOThI KOJUIEKTOPHO-IPEHAsKHOI CETU U MOBbILIeHNUS 3 ()EKTUBHOCTU BHIHOCA
coneii. ABTOpaMu BbISIBJIEHA KOPPEISALVSI MEKAY CTATUCTUUECKUM YIyUIIeHUeM CTPYKTYPbI 3eMeJbHOro (GOHZa U U3MeHe-
HMEM aJMUHMCTPATUBHBIX rpaHul] paitoHa B 2019 r., mpuBepumMmM K ABYKPATHOMY COKpALIEHUIO UCCIeayeMoli Tomanu. B
conocTtaBuMbii mepuop 2019-2024 rr. 3aduKkcupoBaHa MOJIOKNUTeIbHAS TpaHChOopMalys IOUB: IJIOLAAb CUIbHO3aCOIeHHbIX
MaccuBOB yMeHblmtach Ha 1,022 Toic. ra. O60CHOBaHO, YTO JOMMHUPYIOIINI CYIbGaTHO-XJIOPUIHbIN TUIT 3aCOJIEHNUS B YC-
JIOBUSIX BedUIMTa BOEHBIX PECYPCOB TpeOyeT BHeIPeHYISI TEXHOIOT M JIa3epHO IIAHMPOBKY ¥ MG POBOTO MOHUTOPUHTA [IJIs
HpeNoTBpalleHMs] Jerpajalluy I'yMyCOBOTO CJIOSI.

KiroueBble ¢j10Ba: BOTHO-COJIEBOI GajlaHC, MeTMOPALMsI, MUHEPaIu3alyisl, APEHaKHBI CTOK, CYIb(MaTHO-XIOPUIHOE 3aCO-
nenue, Amynapbs, Kereimitckoro paioH.

Abstract. This article presents a critical analysis of the long-term dynamics of the water-salt balance and reclamation status of
irrigated lands in the Kegeyli district (Republic of Karakalpakstan) for the period 2001-2024. It was found that, despite a significant
increase in absolute salt input with irrigation water in 2024 (227 thousand tons higher than in 2001), the final annual salt accumulation
in the soil profile decreased by half — from 99.63 to 49.52 thousand tons. This effect was achieved through the intensification of
the collector-drainage network and increased efficiency of salt removal. The authors identified a correlation between the statistical
improvement in the land fund structure and the administrative border changes in 2019, which led to a twofold reduction in the study
area. During the comparable period of 2019-2024, a positive transformation of soils was recorded: the area of highly saline massifs
decreased by 1,022 thousand hectares. It is substantiated that the dominant sulphate-chloride type of salinity under conditions of
water scarcity requires the implementation of laser leveling technologies and digital monitoring to prevent humus layer degradation.

Keywords: water-salt balance, land reclamation, mineralization, drainage runoff, sulphate-chloride salinity, Amu Darya, Kegeyli
district.

Amnnoranus. Magolada 2001-2024-yillar davri uchun Kegeyli tumani (Qoragalpog ‘iston Respublikasi) sug ‘oriladigan yerlarining
suv-tuz balansi va meliorativ holati ko‘p yillik dinamikasining tangidiy tahlili keltirilgan. Aniglanishicha, 2024-yilda sug‘orish
suvi bilan tuzlarning kelishi 2001-yilga nisbatan 227 ming tonnaga oshgan bo‘lsa-da, tuprog-gruntlardagi yakuniy yillik tuz
to‘planishi ikki baravarga — 99,63 ming tonnadan 49,52 ming tonnagacha kamaygan. Ushbu natija kollektor-drenaz tarmoglarining
ishini jadallashtirish va tuzlarni chiqarib yuborish samaradorligining oshishi hisobiga erishilgan. Mualliflar tomonidan yer fondi
tuzilmasining statistik yaxshilanishi 2019-yildagi tuman ma’muriy chegaralarining o‘zgarishi (o‘rganilayotgan maydonning ikki
baravar gisqgarishi) bilan bog‘ligligi aniglangan. 2019-2024-yillar oralig‘idagi davrda tuproglarning ijobiy transformatsiyasi
qayd etildi: kuchli sho‘rlangan massivlar maydoni 1,022 ming gektarga kamaygan. Suv resurslari taqchilligi sharoitida hukmron
sulfat-xloridli sho‘rlanish tipi gumus qatlamining degradatsiyasining oldini olish uchun lazerli tekislash va ragamli monitoring
texnologiyalarini joriy etishni talab qilishi asoslab berilgan.

Kalit so‘zlar: suv-tuz balansi, melioratsiya, minerallashish, drenaj oqimi, sulfat-xloridli sho‘rlanish, Amudaryo, Kegeyli tumani.

BBEJEHMHE. U3 HUX TIPUTOHbIE 1715 oporieHysi-1,6 muH.ra. Kapakaimakckast
Pecmy6mvika Kapakanmakcran (PK) pacronoskeHa B kpaittei  4acTb KbI3bIkyMoB 3aHyuMaeT 5 MiiH.ra. Ha BocToke oHa rpaHu-
ceBepo-3anafHoif yacTy Y3bekucrana. O6Last ommams Tepputo-  YUT ¢ Hapomiickoit n Byxapckoii o6macTsivu, Ha 1ore 1 Ioro-3arazie
pvn PK 167,1 kM2, uto cocTasiset 37% mnomany Yabexkucrana, ¢ Pecrybmukoit TypkmenucTaH, Ha ceBepe, ceBepe-3amajie 1 cepe-
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pe-Boctoke ¢ Pecrryomikoii Kasaxcran. Teppuropust pecrryOmku
IIPOCTMPAETCS B 30HE MYCThIHb YMEPEHHOI'O TI0SICa, B KOTOPYIO
BXO[IMT IOSKHASI YaCTh YChIXAIOIIETO APabCKOTO MODSI M HU30BbSI
p.Amynapbu. B opoiiiaemoit 30He B OTpaciiv CeJIbCKOTO XO3SCTBO
ucrosnbzyercst 6osee 500 Toic.ra [19].

Kparkue cBeseHus o paiione. Kereiniickuii paiiox
pacrosioxkeH (42°46'36" c.m. 59°36'28" B.1) B 30He HM3KOTO
€CTeCTBEHHOTO YBJIASKHEHMSI Ha MpaBoM Gepery Amynapbu -
OCHOBHOM BOTHOV apTe€puy PErMoHa, OT KOTOPOW 3aBUCST BCe
OpOCUTENIbHbIE CYCTEMBI.

Oxoso 26 000 ra TeppuTOopuM paiioHa - OpOILIaeMbIe 3€MJIU C
PasBUTBIMM KaHaJIaMM, BKJTrouast Keremminckuii KaHast, OTXOfst-
11Mie OPOCUTENIbHBIE CETH U IpeBHMI KaHas «KyyaHbIii-kapma»
(6BIBILIAST TPOTOKA AMYZAPBHI).

[To knumaTnve ckuM ycoBusim Tepputopust Pecrry6miku Ka-
paKaJIMaKkCTaH pasgesisieTcs Ha IBe 30HbI: IOSKHYIO U CEBepPHYIO.
IOskHas yacTp XapakTepusyeTcs: 6osiee BHICOKMMU TeMIIepaTy-
pamm BO3Zyxa U IJIUTeIbHbIMU Ge3MOPO3HbIMM TiepuonaMu. B
CeBepHOI 30He, KyZia OTHOCUTCS 1 Tepputopun Kererimitckoro
pajioHa CpegHerofioBasi Temreparypa rnpumepHo Ha 3 - 4 °C
HIKe 1 6e3MOpO3HbIi epuop Ha 12 - 16 gHel kopoue, yeM B
10KHOV 30He. CpeHErofoBas TemMIiepaTypa BO34yxa HesbThl
usMeHsieTcst cpaBHuTeNbHO Majio ot + 10 °C go + 12 °C. Jletom
cpenHeMecsiyHas Temriepatypa Bbiiie 20 °C, MakcMMasbHast TeM-
nepaTypa JOXOAMT 10 Tutioc 43 — 44 °C, a 3MMOV MUHUMaJIbHasT
1o munyc 25 - 30 °C. Besmoposusii nepuop, gymrces 200 - 230
JIHEel, a CyMMa MOJIOKUTEIbHbIX Temrepatyp cocrasser 4000
°C. KomnuectBo ocagkoB - HesHaunTteapHoe - 80 — 100 mm B
ron. Ocagky BBIIAJAIOT MPEMMYIIeCTBeHHO 3uMont (29 %) u
BecHON (42 %). MakcumasabHOe KOIMYEeCTBO HAGMIONAeTCs B
maprte 1 anpesie. CHeXXHbIV TOKPOB HeycToiuuB. CpeqHeronosas
cropocTb Betpa 3.4 — 5.4 m/c. CuJIbHBIMM BeTPaMy OT/IMYAETCS
BEeCHA, YaCTUYHO OCeHb. MaKCUMaITbHAsI CKOPOCTb BETPA MPEBbI-
mraet 20 m/cek. OTHOCKTEIbHAS BJIayKHOCTb BO3yXa BO3PAcTaeT
c tora Ha ceep [7-10].

B 2000 r. niomianb obecreyeHHast IpeHa)koM ObUIa paBHA
23,31 ThiC. Ta, B 2016 1. 23,39 ThIC.Ta, B 2017 1. 23,71 ThIC.TQ, B
2020r. 23,40 Toic.ra, B 2021 1. 23,38 ThIC.Ta, B 2023T. 23,35 THIC.
ra, B 2024 r. 23,35 ThIC.I'A.

B 1999-2000 rr. ymesnpHasi MPOTSSKEHHOCTh SpeHaxka Ha
opoliiaeMoii Iioiaay 6su1a paBHa 1999r. - 39,84 Tric.ra, 2000
I. - 38,90 Thic.ra, B 2002-2003 rT. 06111851 TPOTSSKEHHOCTD KOJI-
JIEKTOPHO-ZIpEHaskHbIe ceTu Oblia paBHa B 9Ty rofsl 1749,0 km,
B2016-2017 rr.- 1574,6 xm, B 2021-2022 rr.- 1154,7 kM, B 2023-
2024 rr.- 1154,7 xm (B CBSI3M C aIMUHUCTPATUBHBIM [€JIeHIEM
tepputopyun Kereiummiickoro paiioHa).

OpocuTtenbHas Bofa Ha OpollIaeMble paiioHa MOCTYIAeT IO
kaHasiaM Kereiuin n KyyaHsii-skapma, py 3TOM pycjio KaHaia
Kereinmm npoxogut uepe3 YnmbaiickoM paiioHe, pycio KaHaia
Kyyanbiii-skapma npoxogut yepe3 Kapaysskckom paitoHe u
Taxtakymnbipckom paione Ha [1K-697 pasBersiisieTcst Ha Tpu
MeHbIIMX KaHasa 1o gyuHe (Y36ekucraH skam, Mail kam u
Kyyanbimi-kapma) (puc.1).

Kparkas usyuenHocts Borpoca. B.A.Kosna B 1947 r. ipu
Hamicaumu MoHorpabuu «IIponcxoskaeHne 1 PesKUM 3aCoJIeH-
HBIX TOYB» ONMUCAJI OCOOEHHOCTU COJIEHAKOIIJIEHNE B [eJIbTe
Amynapbu.
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ABTOp mMCa, YTO B paclpeesieHnyt 3aCOJIEHHBIX TTOYB
IeJIbThI MMEEeTCsT OMpe/ieieHHasi 3aKOHOMEPHOCTD: HaiiMe 3a-
COJIEHHbIE TTOYBbI- «KOMPHbIE 3€MJIM» U MPECHbIE TPYHTOBbIE
BOJIbI IIPMJIETAlOT K AMygapbe M KPYITHbIM MPPUTAIMOHHBIM
KaHaJlaM, 3a 9TOV KaMpHOJ 30HON CTeleHb 3acOJIeHMs TOYB
BospacraeT k nepudepun oasuca. B.A.Kopga Taxkke mpuBésn
MQpsl pacrpeneneHus obIIeN MOy 3eMeJib OPOIIaeMbIX
30HbI KereinmiickoM pajioHe IO pasHbIM THUIIaM IOYB, B 3T
TOZIbI: a)JTyTOBbIE MOYBBI AABHEro opouienust 3auumManm 28062;
6)oporiraembie 6010THbIE TO4YBbI 1625; B)canonunkm -13125; 1)
necku- 4750 u 1) utoro 47562ra[6].

M.A.ITaukoBeiM B 1974 1. 6bUIO OMYGAMKOBAHO yueOHOE
noco6ue «MeJopaTBHOE IOYBOBEEHME» B KOTOPOM OH IIPH
OIMCAHMY TTOYBEHHO-MEIMOPATUBHBIX XapaKTEPUCTUK 3aCO-
JIEHHBIX II0YB, TAaKK€ PACCMOTPEJ 3TO MPOBIeMy U B [€JIbTe
Awmynmapbu. ABTOp micaj, YTO OCHOBHBIM MCTOUHMKOM COJIei
B [TOYBEHHOI 1 I'PYHTOBOI BOJIE SIBJISIETCS PeuHOI Bombl. [Toj-
TOK COJIeli C OKPY3KaIOIIEeN eJIbTY MJIaTO-00pasHbIX MOTHSTHUIA,
CJIOSKEHHBIX COJIEHOCHBIMM [TOPOJAMIA HUUTOSKEH M3-3a OEIHOCTI
9TUX PaliOHOB I'PYHTOBBIM Bofamu. OH TakyKe IPUBOIUT CJIEMY-
IOIL[Y€ JaHHbIE OOIIIErO MOCTYIUIEHNS COJIEN B [eJIbTY C BOLaMM
Amymapbu Ipy CpeJHerofoBOM JKUIKOM CTOKe B 48 Km®, cocTaBs-
nstet pu cpepHent myHepamsanyu 0,48 r/m - 18,9 mH.TH[13].

3.1.Yembapucos u B.A.Baxputausaos B 1989 r. ony6mko-
Ba/ yueOHoe mocobe «['MapoXumust PEUHBIX APEHasKHBIX BOT
Cpenneit Asun», TIpy 9TOM OHU TIPUBOISAT CJIEAYIOIINE TaHHbIE
o KACCP 3a 1983-1986 rr.. a)BesMumHa OpoIIaeMoi TIola-
nevi 6bi1a paBHa 433 ThiC.ra, 6)00JIST 3aCOEHHBIX MOYB- 95% B)
o6t Bogosabop- 11-12 km®; r)cpenHsist BesimuyHa MyUHepaJi-
3a1uy Bozbl p.AMymapbu y ruaponocta Temup6ait - 1,62 rp/i,
mpeo6afaroliyii XMMUYECKI COCTaB Cy/Ib()aTHO-XIOPUIHBIN
- MarHyeBo-KanbpiyeBo-Hatpuesbnt (CX - MKH)[17].

@®.M.PaxumbaeB B cBoeit MoHOrpapuu «MemopaTuBHOE
COCTOSIHVME OPOIIIAeMbIX 3eMeJib (Ha IPUMEpe HU30BbEB AMy-
JOapbiu)» MOAPOOHO PacCMOTpPes MeIMOPAaTUBHbBIN YCIOBMUS
OpOIlIaeMbIX MacCUBOB B psie panioHoB KapakasmakcraHa mmog
BJIVISTH/EM TIOJIMBOB CEJIbCKOXO3SIICTBEHHBIX KYJIBTY], IPOIIECCHI
(bopMMpoBaHNMs peXMMa IPYHTOBBIX BOM Ha OPOIIAEMbIX Tep-
PUTOPWMSIX, LEJIVIHHBIX M 3QJIESKHBIX 3€MJISIX, HAXOMSIIMXCS TTOf
BJIVISTHMEM ODOILIEHVIs], IOCTYIUIEHS] BOSHBIX MCTOUHUKOB [ 14].

A.B.Mamb6eTHa3apoB paccMaTpuBasi MyTU TOBBIIIEHNUS
3(HeRTMBHOCTM OPOCKUTEIbHBIX BOJ HAa OPOIIAEMBIX 3EMJISX
Pecniy6nmku KapakasmakcTad Mpeaioskui paiioOHMpPOBaHME
paccMaTpuMBaeMO TEPPUTOPUM C YUETOM HOBOW METOIVKMU



TUAPOMOJY/IBHOTO PaiOHMPOBAHNE, [IPY 3TOM B BbIJEJEHHBIX
IUAPOMOIYJTBHBIX PAliOHAX MM Pa3paboTaHbl HAYYHO 060CHOBAH-
HbIe PEeXXMMbI OPOLIEHMST XJIOMYATHMKA IPY 6OPO3AKOBOM IOJIMBE
U C UCIIOJIb30BaHMEM IEPEABIVKHOTO MOMMBHOTO JIoTKa-50 [7].

H.B.Peitvmos., XX.T.AnnaiioB ykasbiBas, uto [Ipuapasbe siB-
JISIETCSI 30HOM UCITBITAHVISI MHHOBALIMI M TEXHOIOT WA TIPY 9KOJIO-
IUYECKUX, CUTYALIMSI OTMETIIIN, UTO B TIEPCIIEKTVIBE HEOOXOMMMA
OpraHm3anysi IIOCTOSTHHOTO MOHUTOPUHTA COCTOSTHMST IeTbTHI U
OCYIIEHHOTO HA ApPanbCKOTO MOPSI C TIOMOIIBIO KOCMMUYECKIX
HaOMIONEHMI ¥ HA3eMHBIX KCIIeOMINIL; a Takke paspaboTka
CTparervu yrnpasieHusl BOGHbIMYU PeCYypCaMi B YCIIOBUSIX Upe3-
BBIYAIHBIX ¥ KOHQIUKTHBIX cutyarmit [15].

A.T.@aizysiaeBa, u3yuasi 3aCOJIEHHOCTb TTOYB HEKOTOPBIX
paiioHoB KapakasmakcraHa ImpoBeJia uccaenosanus B MyitHak-
ckoM, Unmbaiickom 1 AMYyIapbMHCKOM paiioHaX AJIST OLEHKU
COCTOSIHUSI TIOYB, NTPU KOTOPOM VICC/IEIOBAIOCH TOYBEHHOE 3a-
coJieHMe, 9TU UCCIeLOBaHVs MTOKA3aIN, YTO BCe 06pasibl IIOUB
SIBJISIIOTCS 32COJIEHHBIMM M XapaKTepPU3YIOTCSI CMeIlaHHbIM
3acoeHneM: CybhaTHO-XJIOPUAHBIM, XJIOPUTHO-CYIbQaTHBIM
u cynboarHbM [16].

3.1lI.Haypei36aeBa, IpoBeJia aHaJIM3 JerpagupoBaH-
HBIX MOYB B ycsioBusix Kapakanmakcrana ormevasi, 4to B
CBSI3U C YXYALIEHVEeM MeVOPATMBHOTO COCTOSIHUSI TIOUB
CHIKAETCSI KAYeCTBO TIOYBEHHOTO TUIONOPOAMSL. DTOT GaKT
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CTOPOHbI, aHAJIU3 JUHAMMKM 3aCOJIEHHbIX TUIOIIA/IEN TOKa3bIBAET
COKpalleHre Hanbosiee qerpagpoBaHHbIX 3eMeJib U POCT JOJIH
He3aCOJIEHHBIX U J1a603aCOIEHHBIX TTOYB.

HanHas cutyanysi oTpaskaer creuuduky ycaosuin Cesep-
Horo [Ipuapasnbs, rae oKaabHbIe MeJMOpaTUBHbIE YIyYIIeHNs
peanu3yroTcs Ha oHe OOIIEro YXY/IIIeHVSI BOTOXO03SIICTBEHHOM
aKTMBHOCTU B 6acceitHe Amymapbu. DT (GakTbl HEOOXOZUMO
YUUTBIBATb IIPU IMIPOBEOEHMNM KOMIIJIEKCHOI'O YIIpaBJI€HUS BO-
THBIMM Y 3eMeJIbHBIMM PeCcypcamy paitoHa, OPMEeHTUPOBAHHOTO
He TOJIbKO Ha COKpallleHNe TIONIafIeN 3aCOo/IeH s, HO 1 Ha CTa-
6MUIM3aIMIO BOLHO-COIEBOrO GaslaHCa B TIepPCIIeKTUBE.

JMHaMMKa BOTHO-COJIEBOTO 0a/IaHCa OPOILIAEMbIX 3eMeIb.
MHOro/IeTHSISI [YHAMMKA BOJHO-COJIEBOTO HalaHCa OPOILIaeMbIX
3eMesnb Kereimmiickoro paifoHa ¢ y4yeToM B MPUXOZHOM YaCTh
BeJIMUMHbBI BOI03a60pa Ha OPOLIEHNE, B M/IH.M®, MYHepaIi3aLm
OpPOCUTEJIbHBIX BOJI, B T/JI, CyMMapHOT'0O BOZi03ab0pa Ha Opolile-
HMe€, B MJIH.M®, MOCTYIUIEHMUS COJIeH C OPOCUTEIbHON BOLO, B
TBIC.TH; B pacxo,uﬁoﬁ YaCTU CTOK KOJIJIEKTOPHO-APEHA>KHBIX BO
B, MJIH.M®, MMHepaau3aly, B I/J1; KOJMYEeCTBA BbIHECEHHBIX
COJIel, B TBIC.TH COJIeli TIpuBeaeHa B Tabi. 1.

Tabnuya 1
OueHKa BOJHO-CO/IEBOTr0 (GaJIaHCca OpPOIIaeMbIX 3eMellb
Kereitsiniickoro paiiona 3a 2001-2024 rr.

(cocmaenena asmopamu_no QaHHbIM MEIUOPAMUBHOU IKCNEQUUUU)

TMOUepKMBaeT BaKHOCTb M3yUeHMsI KOJMMUeCTBa TyMyca TpuxoxHas PacxogHas o

) NIUTaTeJIbHBIX BelleCTB B II0YBAX 3TOrO peruoHa. s 4acThb 5l 4acThb g
KOMIIJIEKCHOT'O M3y4eHMs CBOVCTB II0YB, C YUYETOM YPOBHS % | § L . E g °§" E
MX 3aCOJIeHNs ¥ TMPOJOJIKUTETHHOCTH TIOJMBHOTO MEpPH- = E §’§ E| gE g =S B,~[ 5= 8 E
. Lo 2SS | sZal 5B | %A zog| o8| S8
ona, GbuTy BbIGpaHbl AMymapbuHCKuii u Unmbaiickmit | Toper | 2 &= g8~ Z 9 ExE| 2E¢ g g :‘“:.
paitonsr [11]. g8 & §§f« BB g2 §§>_< EE[ 52
[11.0.M B TPOBeZIS I 6HOe U TTy6OKOe Ha- SSE| 558 & NEE| GEE| A £ 8

YDAIOB TPOBeZT TIOAPOGHOE U 1yGOKOe Ha EXE | 285 ¢ % 2 2eE =

y4HOe 060CHOBaHYE BONOYCTOWUYMBOCTY apUIHBIX Tep- =Eg E &8 = E S E 2 Z

puTopwmii rora Y36eKucraHa, Omcas pe3ysibTaThl aHaM3a ° © =
MHOTOJIETHMX MCC/IeNOBaHMI IUaposiorndeckux, ruapo- | 2001 90,6 1,4 127,8 | 7,7 3,7 28,21 | 99,63
reoJIOrMYeCcKMX ¥ MOYBEHHO-MeIopaTuBHbIx yemoswii | 2002 | 301,9 1,0 306,7 | 20,0 2,8 56,4 | 250,3
pasmumuHbIX pajioHoB Kamkamapbunckoit u Cypxanga- | 2003 | 5634 1,1 641,2 | 77,6 2,9 227,1 | 414,1
PBUHCKOI1 obstacreit [8]. 2004 599,8 1,1 656,8 | 96,6 3,6 351,5 | 305,2
METOIOJIOT S UCCJIEJOBAHUSL. 2005 729,5 1,0 6974 | 1344 3,2 429,1 | 268,2
VuuTbIBas Le/lb IPOBeIeHHbIX MccenoBanmii B ganHoii | 2006 | 627,0 L1 701,0 | 146,6 3,6 525,9 | 175,1
cratbe, GbUIa PacCMOTpeHa AMHaMMKa BogHO-conmeporo | 2007 | 571,6 1,1 | 6424 | 1154 3,3 | 386,4 | 256,1
GasaHCca OpOLIaeMbIX 3eMesb U AuHamuka usmeHenns | 2008 | 236,1 1,3 2991 | 70,3 46 | 322,7| -23,6
IIOIAZell ¢ pas/MYHbIM 3aconeHyeM mouB, Ha ocHose | 2009 | 750,6 L1 | 8159 109,8 3,0 | 331,6 | 484,3
03HaKOMJIEH!s TOIOBbIX OTYeTOB MemuopatusHoil skc- | 2010 | 9891 0,9 9149 2253 33 | 751,6 | 163,3
nemmiym Kereituiickoro paiiona sa 2001-2024 rr [18]. | 2011 | 3986 1,1 4528 | 60,7 4,2 |257,0] 1958
C y4eTOM ITPOBE/IeHHOTO aHa/IM3a 6bIo BbIsBIeHO, yto B | 2012 | 7948 1,0 7694 | 1151 4,0 | 462,5 | 306,9
2024 r. o cpasHenno ¢ 2001 r. Ha oporaemsre oy mo- | 2013 | 600,1 1,0 |5893| 705 4,6 | 324,7 | 264,6
cTymuo Ha 227 ThIC.TH corneit Gonbiue (Tabm.1); a Takke s | 2014 | 580,4 1,1 | 6454 | 60,0 46 |2739] 3715
2024 r. o cpasrenmo ¢ 2010 1. wiomans cumbHo M oveny | 2015 | 7459 0,9 6877 | 1224 3,6 | 4404 | 247,4
CUJTBHO 3aCONeHHbIe 3eMelTb yMeHbImach Ha 4,20 Teic.ra. | 2016 | 600,6 10 16096 | 1192 | 41 |4928] 1168
OBOBIIEHUE PE3V/IBTATOB. 2017 653,5 1,1 694,0 | 140,4 4,0 562,5 | 131,5
TTonyueHHble pe3y/IbTaThi CBUIETENbCTBYIOT O mpo- | 2018 | 326,2 1,1 ] 367,3| 75,1 48 3529 144
TMBOPEUNMBOM XapakTepe MeMopaTuBHbIX mpoueccos B | 2019 | 608,2 10 [597,2| 81,8 40 | 330,2 | 267,1
Kerejtmiickom paitore. C 0gHoit cTopoHsl, MHoroserHmit | 2020 3574 1,2 412,83 | 694 4,7 324,8 | 88,0
BOJIHO-COJIEBOI GAslaHC CBUZETeIbCTBYET 0 mpogomka- | 2021 | 3124 1,2 | 3752 | 434 49 | 2126 ] 162,5
IOILEMCs HAKOIIEHUHM cofieii B cucteMe opomaembix | 2022 | 3441 1,0 |360,6 | 49,0 39 | 1953|1674
3eMeJib, 06YCIOBIEHHOM BogofeduuutoM 1 Hepocra- | 2023 | 374,3 1,2 | 430,6 | 58,1 40 2310|1996
TOYHO 3 PEKTUBHOCTBIO ApeHaskHOoro croka. C Apyroii 2024 | 377,0 0,9 3548 | 79,5 3,8 305,3 | 49,52
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JuHaMMKa B Pa3/IMIHON CTEIeHN 3aCO/IeHHbIX II0LIA el
Ha 0pPOLIaeMbIX 3eMeJIsiX. MHOTOJIeTHSIS JYHAMMKA OPOIIaeMbIX
3eMeJlb, a TAKKE B Pas3/IMUHONM CTEIeH! 3aCOJIEHHBIX IJIOIIazel
C y4YeTOM He3aCOJIeHHbIX, €J1ab0 3aCOJIEHHBIX, CpelHee 3aco-
JIEHHBIX ¥ CUJTBHO ¥ OY€Hb CYJThHO 3aCOJIEHHBIX 3eMerb Kereii-
JIMIICKOTO pajioHa MpuBeeHa B Tab.2.

AHamm3 u pe3ynbTaThl UCCIEIOBAHNS.

AHanu3s MHOTO/IeTHel AMHAMMUKY BOJHO-COJIEBOTO Oa/IaH-
ca opolIaeMbIX 3eMeJIb. « AHAIM3 AMHAMUKY BOJHO-COJIEBOTO
6aJlaHca opollIaeMbIX 3eMesb Kereiimmiickoro paiioHa 3a epuof,
2001-2024 rr. 1eMOHCTPUPYET CJAOKHYIO TpaHCHOPMALIMIO IPO-
neccoB coneHarorienyst [18]. CornacHo panHbM Tabmmmpr 1,
CyMMapHOe MOCTYIIJIEHMe COJIeli C OPOCUTENIbHON Bofovi B 2024
r. coctaBuio 354,80 Tric. TH, uTO Ha 226,96 ThIC. TH (B 2,8 pasa)
Boire ypoBHs 2001 roga (Ta6m.1). OmHako npsiMoe CpaBHEHVE
MIPUXOIHBIX yacTel HGajaHca 6e3 yuyera ApeHasKHOTO CTOKa SIB-
JISIETCSI METOZIONIOTMYECKY HEBEPHBIM.

KiroueBbIM MHAMKATOPOM 37eCh BhICTyTIaeT KoadduuyeHT
s dexTuBHOCTH ApeHaxka. Eciu B 2001 1. KoyuteKTOpHO-ZIpe-
HasKHbIE CETU BBIHOCUIIM JINIIIb 22 % MOCTyMUBLIMX coseii (28,21
ThIC. TH), TO K 2024 . aTOT MMOKasareJb goctur 86% (305,28 Thic.
TH). Takum 06pasoM, HECMOTPSI Ha POCT MUHEPATIM30BAHHOTO
pUTOKA 13 AMyapby, UTOTOBOE TOIOBOE HAKOIIJIEHVE COJIei
B nouBeHHoOM mpodute B 2024 1. cokpatuiaoch 1o 49,52 Thic.
TH, 4TO BABOe MeHbIire okasaress 2001 roma (99,63 Thic. TH).

OrpunaresbHblii coeBot 6ananc 2008 roma (-23,6 ThIC. TH)
OOBSICHSAETCST HE HU3KMM CTOKOM, @ KPUTUUECKUM COUYETaHUEM
(haxkTOpOB: pe3KMM COKpailleHneM Bomo3abopa (mo 236,1 MiH
M%) TIpM COXPaHEHUM BBICOKOJ MHTEHCUBHOCTY BbIMbIBAHMSI
COJIeVi U3 H/KHYX TOPM30HTOB 3@ CYET BLICOKOI MUHEPATU3ALVN
IPEHaKHBIX BOJ, (4,6 T/7). DTO MOATBEPKAAET TE3UC O TOM, UTO
MeJIOPaTMBHOE COCTOSTHME PaioHa B MOC/IeIHIME TObI TOAIEP-
JKMBAETCS PEUMYIIIECTBEHHO 3a CUET MHTeHCUDUKALM paboThl
IpeHaka, a He KaueCTBa OPOCUTETHHO BOIBI».

AHanu3 AMHAMMKY IUIOIIAZEI C Pas/IMYHOM CTEIIeHbIO 3a-
COJIEHMSI. « AHaJIM3 pacTpeiesieHyst 3eMeJTb TI0 CTETIEHM 3aCOTIeH-
HoCTH TpebyeT myddepeHIIMpOBaHHOTO TOAX0/A B CBSI3Y C aMM-
HUCTPaTUBHO-TeppUTOpUabHbIMI M3MeHeHusmu 2018-2019 rr
[19]. Pe3roe corpartieHue 06111l VIOV OPOIIIAEMBIX 3€MeJTb
parioHa ¢ 53,86 Tbic. ra 1o 28,06 ThIC. ra (1ouTH B 2 pasa) BHEC/IO
CYILIECTBEHHbIE KOPPEKTUBBI B CTATUCTNYECKYIO OTUETHOCTD.

Tem He MeHee, COMOCTaBJIEHME JaHHbBIX 38 CTAOMIIbHBIN Tie-
puop 2019-2024 rr. BeISIB/SET BaskHbIE 3aKOHOMEPHOCTH. JoJist
CUJTbHO3aCOJIEHHBIX U OY€Hb CYJTbHO3aCOIEHHBIX 3eMeJTb COKpa-
TviIach ¢ 6,28% (1,76 Toic. ra) no 2,27% (0,738 Teic. ra) [9,12].
STOT MPOLIECC COMPOBONKAAIICS POCTOM TUIONIAZIEN CpeHe3aco-
JIeHHbIX 3eMeJb Ha 2,97 Thic. ra (¢ 7,99 mo 10,96 Thic. ra). Takas
IVMHAMMKA YKa3bIBaeT Ha MPOLIECC «CMATYEHMS» 3aCOTEHNS: TTOT
BJIMSTHMEM TIPOMBIBHBIX TIOJIMBOB Hambosiee JerpaaupoBaHHbIE
YUYaCTKM Nepeln B KaTeropuio cpenHesacoeHHbIx [10].

VYBenuueHne 10/ He3acoIeHHbIX 3eMeJib 10 34,77 % k 2024
rony Ha (oHe coKpaileHust 06I1ero seMeIbHOro GoHIa CBUIe-
TEJILCTBYET O TOM, YTO MEJIMOPATUBHbIE MEPOITPUSITUS (OUMCTKA
KOJIJIEKTOPOB, JIa3epHasl TJIAaHMPOBKA) CKOHLIEHTPUPOBAHbI Ha
HaubosIee MPOAYKTUBHBIX MaCCHBaX, OCTABIIMXCS B COCTaBe paii-
ona rmocyie 2019 ropa. OgHaKko coxpaHeH e BLICOKOTO MPOIEHTa
CpemHe3aCcoNeHHBIX OB (33,76 %) B yCJIOBUSIX [eUIUTA BOIbI
Amymapbi OCTaeTCst 30HO BBICOKOTO PUCKa JIJIsT YPOSKATHOCTH
XJIOITYATHYUKA Y 3€PHOBBIX KYJIbTYP».

BiusiHue xuMu3Ma 3acoyieHMs Ha IJI00poaye I0YB

«HccnemoBanus BeIABMIM TTpeobiaiaHue B paiioHe Cy/b-
¢amuo-xnopudnozo tumna 3aconenus [16,17]. C HayuHO
TOYUKM 3PEHMST 3TO O3HAYAET BBICOKYIO TOKCUYHOCTD TIOUBEHHOTO
pacTBOpa Il PAaCTEHWI B BEreTallMOHHbIN Mepuop. XIOPU/IbI,
06s1a/iast BbICOKOJ TIOIBMKHOCTBIO, OBICTPO HAKAIUIMBAIOTCS B
KOPHeo6MTaeMOM CJI0e TIPU MCTIapeHUM TPYHTOBBIX BOf, [6,13].
CynbdaThl ke CrOCOGCTBYIOT YIJIOTHEHUIO TTOYBEHHOM CTPYK-
TYPBI ¥ CHVDKEHUIO €€ aspariyin.

Tabnuya 2
MHoro/IeTHSSA AMHAMUKA B Pa3/IMUHONM CTEIeH 3aCO/IeHHbIX IUIOA el OpoIIaeMbIX 3eMeThb
Oo6miasa B TOM uricIe 1Mo cTeneHy 3aCOJIeHHOCTH, Ta

opoiraemMas CUJIBHO ¥ OY€Hb

Tonpl He3aCoJIeHHbIe €/1a60 3aCco/IeHHbIe cpeaHe3acoJIeHHbIe
IJI0Iaab CUJIBHO 3aCOJIeHHbIE
TBIC. T ThIC.TA % ThIC.TA % ThIC.TA % ThIC.Ta %
1 2 3 4 5 6 7 8 9 10

2010 53,89 7,16 13,29 14,10 26,16 27,69 51,38 4,94 9,17
2011 53,89 8,18 15,18 10,93 20,28 30,13 55,91 4,65 8,63
2012 53,88 8,18 15,18 10,93 20,29 30,12 55,90 4,65 8,63
2013 53,88 8,18 15,18 10,93 20,29 30,12 55,90 4,65 8,62
2014 53,88 9,56 17,75 11,85 21,99 27,97 51,91 4,50 8,35
2015 53,38 9,56 17,75 11,85 21,99 27,97 51,91 4,50 8,35
2016 53,88 9,56 17,75 11,85 21,99 27,97 51,91 4,50 8,35
2017 53,88 13,21 24,52 12,41 23,03 24,32 45,13 3,94 7,31
2018 53,86 13,21 24,53 12,41 23,04 24,30 45,11 3,94 7,31
2019 28,06 9,45 33,68 8,86 31,56 7,99 28,48 1,76 6,28
2020 32,38 12,53 38,68 9,90 30,58 9,70 29,95 0,25 0,78
2021 32,38 12,53 38,68 9,90 30,58 9,70 29,95 0,25 0,78
2022 32,38 12,53 38,68 9,97 30,78 9,63 29,75 0,25 0,78
2023 32,44 11,28 34,78 9,47 29,20 10,95 33,75 0,74 2,27
2024 32,45 11,28 34,77 9,472 29,19 10,96 33,77 0,738 2,27
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IaHHbI GakT OOBSICHSET, IOYEMY MPOCTOTO COKPAIIEHUS
IUIOIAZIeN 3aCOJIeHNs HeIOCTATOYHO MJIT BOCCTAHOBJIEHMS
wionoponus [11]. Heobxomyma agamTauusi arpoTeXHNYeCKUX
MIPUEMOB: MCIIOTb30BaHME CEPOOPraHMIeCcKuX ygobpeHmit
IUIsT HEMTpaMM3aluy COoJIeN ¥ BHEAPEHME CUCTEM KarleJbHOTO
OpOIIIeHNs, KOTOPbIe MOAAEPKUBAIOT «ITPOMBIBHOM PEKUM» B
JIOKaJIbHOM 30HE KOPHE, He JOIMyCKasi BTOPUYHOTO 3aCOJIEHMS
ripu Hu3KoM KauecTBe Bozbl (0,9-1,4 r/m)».

BroIsBIeHHbIE HEOCTATKIUA:

- B OPOCUTEJIbHBIX KaHA/IaX MHOTIA HaO/omaeTcs euimr
BOIbI — BOZA M3 AMyapby 4aCTO MMOCTYIIaeT B OrPaHNYEHHOM
KOJIMYECTBE ¥ MO3TOMY He XBaTaeT AJis MOJHOLEHHOTO OpO-
LIIEHMST, 0COOEHHO B BECEHHE-OCEHHME TTEPUOIbI, UTO CHIUKAET
5 PEKTUBHOCTb MEMOPATUBHBIX paboT;

- K COKaJIeHUIO, HA HEKOTOPBIX YUaCTKAX HAOIIONAeTC S HU3-
Kast 3p(HeKTUBHOCTb OPOCUTENbHBIX CETEI, I0ITOMY YaCTh BOIbI
TepsIeTCsl B KaHAIax U [OYBe, 13-3a Uero 0 PACTEHMI TOXOLUT
JIVILIb 9aCTb 3a0paHHOI BOLBI;

- YuUMTHIBasl HAOJIOMAIOIIEECS Pas3MUHOe 3aCOJIEeHNEe OPo-
IIaeMbIX 3eMeJIb U yXyOlieHre KauyeCTBa OPOCUTEJIbHbIX BO[I,
HEo6XOIMMO TPYHMMATD MTPAKTUIEeCKME MepPhI 10 YIYYIIeHUIO
MEJIMOPATUBHOIO COCTOSTHMSI 3€METb.

CBsI3b NMPOBEAEHHBIX UCCIENOBAHUI C 3KOJIOTUIECKUM
cocTosiHMeM paiioHa. [IpoBe/ieHHbIE MCC/IETOBaHMS HAMTPSIMYIO
CBA3aHbI C KPUTUYECKUM 3KOJIOTMUYECKMM COCTOSHMEM Kereﬁ[—
JIMIICKOTO paiioHa ¥ B 1enoM Pecry6nuku Kapakanmakcras,
HaXO[ILENCS B 30HE HETaTMBHOTO BJIMSIHVS BbICHIXAIOIIETO
Apabckroro Mopsi.

CBsI3b 1CCIIENOBAHMIA C SKOJIOTUEN TIPOSIBIISIETCS B CJIEYIO-
IIMX aCIeKTax:

e nerpagauysd IOYB M OIYCTbIHMBaHMeE: MCCIed0BaHMs 1100~
YepKMBAIOT, UTO 13-33 YXY/IIIEHUS] MEIMOPATUBHOIO CO-
CTOSIHUSI CHIKAETCsl TUIOLOPOAME MAXOTHBIX 3€Meb. JTO
YacTh IJI06aJIbHOTO MPOLiecca Aerpaialiniy [OYB B PETMOHE,
YCUTMBAIOLIETOCST SKCTPEMATbHBIMY TOYBEHHO-K/TMMATHUe-
CKMMU YCJIOBUSIMM,

* YaCTO HAOJIIOMAETCSt BOMOMEPUIINT: YCTAHOBJIEHO, UTO 06b-
embl Bogo3abopa 13 Amymapbu K 2024 1. 3HaUUTEIBHO CO-
kpaTmmck (¢ 989,1 1o 377,0 miH M%), uTo OTpaskaeT obiiee
MICTOIIIEHME BOAHBIX PECYpPCOB GacceiiHa peku U OOIIyI0
Heb6JIarONPUSITHYI0 BOZOXO3SIMCTBEHHYIO OOCTAaHOBKY B
Cesepuom [Ipuapasbe;

* B OT/Ie/IbHBIX MECTaxX HaOJIONAeTCsl BTOPUYUHOE 3aCOJIeHe
MOYB: MOHUTOPUHT BOJHO-COJIEBOrO GajaHCa BBISBUI
YCTOUMBOE HaKoIUIeHe cosieil B mouBe. B 2024 r. Ha mosist
MOCTYIIVIIO Ha 227 ThIC.TH cojielt 6osbiiie, yeM B 2001 1., uto
BE[eT K M3MEHEHMIO TIPUPOISHOTO BOIHO-COIEBOTO PEXXMMA
TePPUTOPMUIL;

* OTMEUAeTCs 3arps3HEHVe OPOCUTEIbHOI BOJBI: MCCIIENO-
BaHMS TTOATBEPXKAAIOT HA/IMUME CMEIIAHHOTO 3aCOJIEHMS
(cynbdaTHO-XJIOPUIHOTO U JIp.), YTO XapaKTEPHO MJIST 30H
9KOJIOTMYECKOTO OeACTBUS U TpebyeT MOCTOSHHOTO KOC-
MMUYECKOI'o ¥ Ha3€MHOI'O MOHMUTOPUHI'A COCTOSIHMS O€JIbThI
Amynapby;

® B CTaTbe MpeajaraloTCda MpakKTUYeCKne Mepbl (Kaneanoe
opollieHe, 6ypeHne CKBaKMH) KaK CII0Co6 afianTaryn Ceslb-
CKOTO XO3$I/1CTBA K M3MEHSIOIIVIMCSI TPUPOAHBIM YCIOBUSIM U
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MIPeIOTBPAIIIEeHISI JaJIbHEMIIIETO SKOJIOTMYEeCKOTo KOJIIarca.
Takum 06pa3oM, OMHAMMKA 3aCOJIEHUSI ¥ BOIHO-COJIEBOTO
6aJlaHCa OPOIIAeMbIX 3€MeJIb CITYSKUT KJTIOUEBbIM MHAMKATOPOM
TOT'O, HACKOJIbKO YCIIeIIHO (MY HET) PerMOH CITPaBJISIeTCSI C M0-
CJIEACTBUSIMU A PaTbCKOTO KPU3MCa.

AMUHUCTpaTUBHBIE MepbI IO YIYYIIEeHUIO:

- B KapakasmakcraHe B LIeJIOM, BKJIOUasi paiioHbl Kak Ke-
TeJUTMIICKIIL, TIPUHSITBI TOCYAapPCTBEHHbIE Mepbl 110 Pa3BUTUIO
Mppurauyy 1 yJydileHyio Mejopanyy, ¢ akLieHTOM Ha PeKOH-
CTPYKUMIO ¥ PEMOHT OPOCUTE/IbHBIX Y JIPEHAaKHBbIX CUCTEM, a
TaK)Ke BHEAPEHME BOIOCOeperarolx TEXHOIOT M 1 IU(PPOBOTO
KOHTPOJISI 33 UCIIOJIb30BaHMEM BOAHBIX PECYPCOB. DTU YCUIIUS
ouIMaIbHO OTpaskeHbl B IIOCTAHOBIEHMSIX 110 PETMOHY, TIPH-
HThIX B iepuon, 2020-2023 rogos [1,2,3].

IIpakTHUYecKue peKOMeH AL,

- Ha ocHOBe mpoBeeHHOTO aHasM3a AJIs YAYYIIeHNsT MeJIu-
OpaTMBHOTO COCTOSIHMSI 3eMesib Kereymiickoro pajioHa Ipej-
JIAraloTCsl CIenyIolIye Mepbl:

- Buegnpenne Bogoc6eperatoumx texHonorui. Lnpokoe
MCITO/Ib30BaHME CUCTEM KareJbHOTO OPOIIEHNs ¥ TeXHOIOT i
IVICKPETHOTO IOJIMBA B COOTBETCTBMU C mpuoputetamu Kou-
Heniyu pa3suTus BogHoro xo3ssicrsa Ha 2020-2030 roget [1] 1
Mep TI0 COBEpIIIEHCTBOBAaHUIO BHEIPEHMS] BOOOCOHEPEraroInx
TEXHOJIOTUI B CeJTbCKOM X03siCTBe [2].

- VHrerpupoBaHHOe ympaBjeHue pecypcamu. Ilepexon K
MIPUHIMIIAM MHTETPYPOBAHHOTO YITpaB/IeH st BOTHBIMM pecypca-
v (MY BP), 0co6eHHO B HM30BbSIX AMYIapby, /151 06eCTieueHst
YCTOMUMBOCTH apuaHbIX TeppuTopuii |5, 8].

- ArporexHinyeckye Mepbl ¥ CeMeHOBOACTBO. [ToBbIiieHe
MPOOYKTUBHOCTY 3eMejIb uepe3 pasBUTIE CUCTEMbI C€MeHO-
BOJICTBA XJIOMUATHMKA M BHEIPEHME COJIEYCTONYMBBIX COPTOB
COIJIaCHO rOCYJ,apCTBEHHBIM Mporpammam [3].

- I'"IC-monuTOpUHr. PeryinsipHoe 1CHoib30BaHKe TEXHOIO-
rwii 'YIC 1 gyCcTaHIMOHHOTO 30HAMPOBAHNS 1JIS1 OTIEPATUBHOTO
KaprorpadupoBaHyst ypOBHEN 3aCOTIEHHOCTH Y CBOEBPEMEHHOTO
MIPOBe/IeHMs TIPOMBIBHBIX MOMBOB [9,12].

- Bopbb6a ¢ gerpaparyent mous. [IpoBeneHue KoMIiekca
MeJIMOPATUBHBIX MEPOIPUSITUIA TIO MPeLOTBPAIeHUIO JIeTrpa-
Janyu mouB B yoroBmax Kapakasmakcrana, OCHOBbIBasCh Ha
pe3ysibTaTax MHOTOJIETHEro aHasm3a cocTostHums 3emens [10, 11].

- IIpaBoBoe perymmpoBanme. CTporoe cobmoneHne HOpM
M TIPaBMJI PalMOHAIBLHOTO MCIOJIb30BaHMsI BOMHBIX PECYPCOB,
YCTaHOBJIEHHBIX BomHbIM KomekcoM Pecny6suku Ysbeku-
cTaH [4].

BbIBO/bI:

1. IunaMuka BOZHO-COJIEBOTO OaIaHca. AHAIN3 32 TIEPUOT
2001-2024 rr. nokasaii, uto B 2001 r. cymmapHbIi Bogo3abop
Ha oporeHue cocTapisu 90,6 MIH M3, MUHepanu3aLus BOJbI
— 1,41 t/n, a nmpuxon, conent — 127,84 toic. T. [Ipu BhIHOCE
yepes KoJuleKTOpHO-ApeHaxHyio cetb (K C) 28,21 Thic. T
coJielt, rofoBoe HakorieHue coctaBmio 99,63 teic. T. K 2024
I., HeCMOTpSI Ha pocT Bogo3abopa o 377,03 md M u npuxopa
coneti 10 354,80 ThIC. T, TOMOBOE COIEHAKOIIIEHME COKPATMIIOCH
BaBoe — 10 49,52 ThiC.TH. DTO JOCTUIHYTO 38 CYET IOBBIILIEHNSI
sdderTrBHOCTY pabOTHI ApeHaKa (BBIHOC COJIE YBETMUMICS C
22% 1o 86% ot mpuTOKa).

2. Tpanchopmanus 3emenbHOro GoHAa. YCTaHOBJIEHO,
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YTO CTATUCTUUECKOE YITyUIlIeHe MeIOPaTUBHBIX TIOKa3aTesel
nocsie 2019 1. BO MHOTOM CBSI3aHO C M3MEHeHMeM agMMUHU-
CTpaTUMBHBIX TpaHull Kereimmitckoro paiioHa U JBYKpaTHBIM
cokparienyem ero mioramm (¢ 53,86 mo 28,06 Teic. ra). Tem He
MeHee, B conoctaBumbiii epuop 2019-2024 rr. 3adukcrpoBaHa
peaJibHasl TIOJIOKUTE/IbHAs AMHAMMKA: TJIOIIabh CUJIbHO3aCO-
JIEHHBbIX 3eMeJib yMeHbIaach Ha 1,022 Thic. ra, a IJIOIIAAb
He3aCOJIEHHbIX MOYB yBeauumiach Ha 1,83 Thic. ra.

3. Biimsinue Ha 3K0J10TMIO M TUI0HOpoaue. [Tpeobiaaronmii
Cynb(aTHO-XIOPUIHBIN TUIT 3aCOJIEHNS B YCJIOBUSIX COKPAIIIEHMST
Bomo3abopa 13 Amymapby (B 2,5 pasa 1o CpaBHEHMIO C MTMKOBBIMIA
rOZaMu) CO3MAET BBICOKVE PUCKY BTOPUYHOTO 3aCOJIEHNUS. DTO

TpebyeT He TOJIbKO mopaepskanust paborsl KIIC, HO 11 BHegpeHus
aJlafTUBHBIX TEXHOJIOTWIA: JIa3€PHOM TJIAHMPOBKY TTOJIEH, 1imd-
POBOTO MOHMTOPYHI'A Y KaIleJIbHOTO OPOIIIEHMS [JIsT COXPaHEHMST
T'YMYCOBOTO CJIOSL.

4. TlepcnieKTUBbI MCCIeIOBAHMIA. BhIsBIeHHbIE TEHIEHINN
MOATBEP)KAAIOT HEOOXOMUMOCTb TPOBEIEHMS CIEeNUATbHbBIX
TIOJIEBBIX MCCJIENOBAHMI JIJISI IETATBHOTO U3YUYEHMS M3MEeHEHMST
CTeTeHM 3aCOJIEHHOCTY Ha PAa3/IMYHbIX TUTIaX TIOYB M Pa3paboTKu
JIOKQJIbHBIX KapT MEJIMOPATUBHOTO PAiOHMPOBAHVSI.

B nanbHeliiiieM HeOGXOAMMO IIPOBECTH IIOJIEBbIE UCCIEIOBA-
HYS TIO MI3YUEHUIO M3MEHEHMST CTETIeHb 3aCOIEHHBIX 3eMeJTb Ha
Da3IMYHBIX MO TUIIAM TTOYBAX.
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PABPABOTKA BBICOKOAKTUBHOI'O KATAJIU3ATOPA
CPEJHETEMIIEPATYPHOH KOHBEPCHUM (CTK) HA
OCHOBE OTPABOTAHHOTI'O ’KEJE30XPOMOBOI'O

KATAJIN3ATOPA

Kagupos CogukkoH YKTaM0OBMY,

CTapILNiA TIpernogaBaresib,

®epraHckuii roCyqapCTBEHHbIN TEXHUYECKUN YHUBEPCUTET.

Hanaxomkaes A6ay/to TypcyHoBuY,

JIOKTODP TEXHUUECUX HAyK, Tpodeccop,

TalIKeHTCKMI rOCYIapCTBEHHBIN TeXHUUeCKuii yHuBepcuTeT umenu M.A.Kapumoga.

AnHoTanusa. B uccienoBaHuy npejsioskeHa yCOBepPLUIEHCTBOBAaHHASI TEXHOJIOTUSI MepepaboTKyM OTPabOTaHHBIX
’KeJIe30XPOMOBBIX KaTalIn3aTOPOB CpefHEeTeMIIepaTypPHO KOHBEPCHUM OKCHA YIJIepoyia C MOTyYeHneM HOBOTO KaTaIUTUUeCKOTO
Marepuaja ¢ 3aJaHHBIMU CTPYKTYPHO-TEKCTYPHBIMM XapakTepuctukamu. [IpoBeeHa KOMIIEKCHAs OljeHKa (pa3oBOro u
3JIEMEHTHOTO COCTaBa, IIOPUCTON CTPYKTYPBI U KaTaTUTUYECKMX CBOJCTB Ha CTAOVUSIX TePMUUECKON 06pabOTKY, KUCIOTHOTO
BBILIIEJIAYMBAHYSI, COBMECTHOTO OCAXXIEeHVsI COeIVHEeHUN Kejle3a M XPOMa, NMPOKaaMBaHMUSI ¥ (OPMUPOBAHUSI aKTUBHOM
MarHeTuTOBO (a3bl. YCTAaHOBIEHO 06pa30BaHMe HAHOCTPYKTYPUPOBAHHOTO TBepAoro pacTBopa cucteMsl Fe-Cr-O ¢ pa3Butoi
Me30II0PUCTOCTBIO Y YIEIbHOM IIOBePXHOCTHIO 82-96 M%/T. [To/TyYeHHbIN KaTalau3aTop JeMOHCTPUPYET BHICOKYIO 3((EKTUBHOCTD
B peakuuu BopasiHOro rasosoro casura (kouBepcus CO mo 96 % mpu 400 °C, cesleKTMBHOCTD MO BOZOPORY cBbilie 99 %)
M YCTOMYMBOCTD TIPY IJIMTETbHOM 3KCIUTyaTalyu. PaspaboraHHbI mogxon obecreunBaeT u3BiedeHye fo 90 % skenmesa u3
BTOPUYHOTO ChIPBSI, CHIKEHME TIPOU3BOACTBEHHBIX 3aTPAT ¥ MYHUMM3AIMIO SKOJIOTMUeCKOI HaTPy3KH, UTO MTOATBEPKIAET ero
MPaKTUIECKYIO0 3HAUVMOCTb B KOHTEKCTE pecypcocOepeskeHys U MPUHIMUIIOB IMPKYJISIPHON SKOHOMMUKIU.

KitroueBbie c/10Ba: kejie30-XpOMOBBIE KaTaIUTUIeCKIE CYICTEMBbI; peaKiyisi BOOSHOTO Ta30BOro CABUTa (CpeIHeTeMIIepaTypHbI
DEXXNUM); yTUIM3AIMS U TepepaboTKa OTPabOTaHHBIX KaTaaM3aTopos; okcyupHast cuctema Fe-Cr-O; dopmupoBaHye MarHe TUTOBO
(basbl; HAHOCTPYKTYPMPOBAHHBIE MaTePHMaIbl; MEe30TIOPYCTAsI OPraHM3aLysI TOBEPXHOCTH; KaTaIUTHIecKast 3PeKTUBHOCTD 1
CTabUIIBHOCTD; pecypcHast 3G PeKTUBHOCTD; IPUHIUIIBI 38MKHYTOTO MaTepyaabHOTO IIMKJIA.

Abstract. The study proposes an advanced technology for recycling spent iron-chromium catalysts used in the medium-
temperature conversion of carbon monoxide, enabling the production of a new catalytic material with tailored structural and
textural characteristics. A comprehensive evaluation of the phase and elemental composition, porous structure, and catalytic
properties was carried out at the stages of thermal treatment, acid leaching, co-precipitation of iron and chromium compounds,
calcination, and formation of the active magnetite phase. The formation of a nanostructured solid solution within the Fe-Cr-O
system with well-developed mesoporosity and a specific surface area of 82-96 m?%g was established. The obtained catalyst
demonstrates high efficiency in the water-gas shift reaction (CO conversion up to 96% at 400 °C, hydrogen selectivity above
99%) and stability during long-term operation. The developed approach ensures up to 90% iron recovery from secondary raw
materials, reduces production costs, and minimizes environmental impact, confirming its practical significance in the context
of resource conservation and circular economy principles.

Keywords: iron-chromium catalytic systems; water-gas shift reaction (medium-temperature regime); utilization and
recycling of spent catalysts; Fe-Cr-O oxide system; formation of the magnetite phase; nanostructured materials; mesoporous
surface organization; catalytic efficiency and stability; resource efficiency; closed-loop material cycle principles.

Annotatsiya. Mazkur tadgiqotda uglerod oksidining o‘rta haroratli konversiyasida qo‘llanilgan ishlatilgan temir-xrom
katalizatorlarini gayta ishlashning takomillashtirilgan texnologiyasi ishlab chigildi hamda belgilangan strukturaviy va teksturaviy
xususiyatlarga ega yangi katalitik material olish asoslab berildi. Jarayonning termik ishlov berish, kislotali eritmada yuvish,
temir va xrom gidroksidlarini birgalikda cho‘ktirish, kalsinatsiya gilish va faol magnetit fazasini hosil gilish bosgichlarida
materialning fazaviy va element tarkibi, g‘ovak tuzilishi hamda katalitik xossalari kompleks ravishda o‘rganildi. Natijalar
Fe-Cr-O tizimiga mansub nanostrukturali qattiq eritma rivojlangan mezog‘ovak tuzilishga va 82-96 m?/g solishtirma sirt
maydoniga ega holda shakllanishini ko ‘rsatdi. Olingan katalizator suv-gaz siljish reaksiyasida yuqori samaradorlikni namoyon
etdi (400 °C da CO konversiyasi 96 % gacha, vodorod bo‘yicha selektivlik 99 % dan yuqori) hamda uzoq muddatli ishlash
jarayonida barqarorligini saglab qoldi. Taklif etilgan texnologiya ikkilamchi xomashyodan temirni 90 % gacha ajratib olish,
ishlab chiqarish xarajatlarini kamaytirish va ekologik yuklamani gisqartirish imkonini beradi. Bu esa uning resurslarni tejash
hamda aylana igtisodiyot tamoyillariga mos keluvchi amaliy ahamiyatini tasdiglaydi.

Kalit so‘zlar: temir-xrom katalitik tizimlari; suv-gaz siljish reaksiyasi; o‘rta haroratli konversiya; ishlatilgan katalizatorlarni
qayta ishlash; Fe-Cr-O oksid tizimi; magnetit fazasi; nanostrukturali materiallar; mezog‘ovak tuzilma; katalitik faollik va
barqarorlik; resurs tejamkorligi; aylana igtisodiyot.
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1. BBEOEHUE.

[TpousBomcTBO amMmmuaka B Pecry6iike Y36eKucTaH qeMOH-
CTPUPYET YCTOMYMBYIO TEHIEHLIMIO K MOCTENeHHOMY M CUCTe-
MaTMYECKOMY POCTY, UTO OTPaskaeT yKpeIyIeHe POJIM CTPAHbI
B CTPYKType HaI[VIOHAJIbHOM XMMMUYECKON TPOMBILIUIEHHOCTH.
B Hacrosiee Bpemst mosist Pecrry6mku B MMPOBOM IIPOM3BOJL-
CTBe amMMmaka cocrasiaser npubmmsurensuo 0,4-0,5 %, uto
9KBMBAJIEHTHO 00bEéMY okojio 0,7-0,9 maH ToHH B rom. [Tpm
COXpaHEHUY TeKYIIMX MPOU3BOACTBEHHBIX MOIIHOCTEN COBO-
KYITHas MOTPeGHOCTbh OTEUEeCTBEHHbBIX TIPEAIPUSITII B KaTaIu-
3aropax cpenHeremieparypHoii Kousepcun (CTK) moHookcuma
yIJIepofia olieHMBaeTcs Ha yposHe 20-25 TouH exkeromHo [1,2].
JaHHas TeHIEHIVSI CBUIETENbCTBYET O IOCIeS0BaTeIbHOM
pacIIMpeHny IPOU3BOLCTBEHHBIX MOLTHOCTEN, MOIePHU3ALN
TEXHOJIOTMYECKMX IPOIIECCOB M OPYEHTALIMM Ha YIOBJIETBOPEHNEe
BHYTPEHHETO CIPOCca Ha a30THbIe COeIVHEHMsI, MCIIOIb3yeMble
IS TPOM3BOICTBA MYHEPAJIbHBIX YI0OPEHWIT, Q30THOM KMCJIOTBI
M Pa3HOOOPA3HBIX XMMUYECKUX MPOAYKTOB IPOMBIIIIEHHOTO
HasHaueHusl. [IpumeHeHne coBpeMeHHbIX Katam3atopos CTK
MO3BOJISIET CYLIECTBEHHO MOBBIILATH 3P (HEKTUBHOCTD ITPOLIECCOB
CUHTe3a aMMMaKa, OMHOBPEMEHHO CHYKAs HepreTnyeckue u
9KOJIOTMYECKME U3IEPIKKY IIPOMBIIIUIEHHBIX IPOU3BOACTB[3,4,5].
Bmecre ¢ TeMm, 10 3KCIepPTHBIM OL[EHKaM, IO/l OTeve CTBEHHbIX
KaraamM3aTopoB He mpesbiuaer 10-50 %, uro momuépkuBaeT
BBICOKYIO 3aBMCMMOCTb OTPACAM OT MMIIOPTA U OIpenesser
HEOOXOOVMOCTb Pa3BUTHSI COOCTBEHHBIX TEXHOJIOI I CUHTE3a,
pereHepanuyu ¥ KOMIUIEKCHO} MepepaboTKM KaTaJan3aTOPHbIX
cucreM. Pa3paboTka HalyIOHaIbHbIX TEXHOJIOTMUECKMX PEIIEHNIA
B IaHHOV 006J1acTM 06ecreuBaeT CTPATErnuecKyr0 He3aBUCH-
MOCTb a30THOV IIPOMBbIIIIJIEHHOCTY ¥ CIIOCOOCTBYET YKPEIIEHNIO
KOHKYPEHTOCIIOCOOHOCTM Ha MEXIYHAPOTHOM PbIHKE.

C TeXHOJIOTMYEeCKONM TOUKM 3PEHMsT CTaausl CpelHeTeMIepa-
TypHOI KoHBepcuy CO BOISHBIM MApOM SIBJISIETCS] KPUTUUECKU
BaKHBIM 3TarloM BOZOPONHOTO IK/IA B arperarax CMHTe3a aM-
muaxa. [pouecc nposomurcs mnpu temneparype 350-450 °C u
nasyienyn 2,5-3,5 MIla u obecrieunBaeTr Kak JOIOIHUTEIbHOE
o6pasoBaHue BOLOPOAA, TaK U CHIsKeHne koHeHTpatmn CO 1o
0,3-0,5 % 06BEMHBIX, UTO TTOJTHOCTHIO COOTBETCTBYET TpeboBa-
HYSIM IOCJIEMYIONIMX CTaZMiA OUMCTKY Fa30BOM CMECH U TIOBbIILIA-
eT 3 PEKTUBHOCTD KaTaIUTHIeCKOI 06paboTKI. DHHEKTUBHOCTD
JAHHOTO TEXHOJIOTMYECKOTO JTara OIpefesisieTCs] COBOKYITHO-
CTBIO (PUBUKO-XMMMUECKMX XaPAKTEPUCTUK SKEJIE30-XPOMOBBIX
KaTayimsatopoB Ha ocHoBe cucteMbl FeyO3-CryOz. TummuHbi
TIPOMBIIIUTEHHbI Kataymsatop copepskut 70-85 mac. % FeyOs,
8-12 mac. % Cr,03 u 1-3 mMac. % CTPYKTYPHBIX M TEKCTYPHbBIX
I06aBOK, 06€eCIIeuMBaOILIMX CTAOMIBHOCTD 1 JOJITOBEYHOCTD Ka-
Tam3aropa. B mporiecce skcrutyaraiymm, CperHsIs POROKUTEb-
HOCTb KOTOPO¥ COCTABJISIET 3-5 JIeT, KaTaju3aTop MOCTENeHHO
TepsieT akTMBHOCTb. CHIDKeHMe QYHKIMOHAIBHOM aKTUBHOCTU
006YyCJIOB/IEHO TePMUYECKVM CIIeKaHMeM YacTHlLl, yMeHbILIEHeM
yaensHoii nosepxHocTy ¢ 80-100 mo 20-30 mM2/r, merpajauyeii no-
PUCTOV CTPYKTYPBI, & TAKKe OTPaBIeHMEM COIMHEHNSIMM CEPbI
M OPYTMMM MIPUMECSIMU TEXHOJIOTMUECKOro rasa. B pesynbrare
crenieHb KoHBepcuu CO cHIsKaeTCs ¢ epBoHayaIbHbIX 94-96 %
no 85-88 %, uTO HEraTMBHO OTPAKAETCS HA TEXHMKO-IKOHO-
MUUECKMX TIOKA3aTeIsIX arperaToB U MPUBOAUT K YBETMIEHUIO
cebectoMMocTy ponyKimun[6,7]. ExkeronHo Ha TPeanpusiTusIX
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06pasyloTcsl 3HaUMTE IbHbIE OOBEMbBI OTPAOOTAHHBIX KaTasIM3a-
TOpPOB, cofepskarmx 10 75-80 % skesesa, uTo CO3MAET BO3MOK-
HOCTH JIJI1 UX TIOBTOPHOT'O VICTIO/Ib30BAHS B KAU€CTBE 1IEHHOTO
BTOPUYHOTO ChIpbst. COBpeMeHHbIe KOHIIETIVN pecypcochepeske-
HMST U LIVIPKYJISIPHOM SKOHOMMKM TIPE[TIONAraroT MaKCUMaIbHOe
BOBJIEUEH€ BTOPMYUHBIX MaTEPUA/IOB B IIPOM3BOACTBEHHBIN LIMKIT
Y MUHMMM3ALMI0 06pa3oBaHusI OMACHBIX OTXOMOB. IlepepaboT-
Ka orpaboranubix KataysmsaropoB CTK mosBossieT u3Biekatb
1o 85-92 % skenesa u GopMupoBaTh HOBYIO aKTMBHYIO (hasy c
TIATEbHO KOHTPOIMPYEMBIMM TEKCTYPHBIMM XapaKTePUCTH-
kamu. KitioueBbIM yCI0BMEM MOTYUEHNsE BbICOKOI(D(DEKTUBHOTO
KaTaau3aropa SBJSIeTCS CMHTEe3 BbICOKOOVMCIIEPCHOIO OKCHUIA
JeJiesa C yie/bHOI moBepxHocThio 70-120 MY/, uto obecneun-
BaeT GopMUPOBAHYE Pa3BUTON TIOPUCTON CTPYKTYPbI, BBICOKYIO
KaTaIMTUIECKYIO aKTUBHOCTD Y JOJTOBPEMEHHYIO CTaGMITbHOCTD
paboThI KaTaM3aTopa B MPOMBILIUIEHHBIX YCI0BYsX.[8,9,10]

[MepcreKkTUBHBIM HAIIPaBIEHNEM COBEPIIIEHCTBOBAHMS TEXHO-
JIOTVIV CUHTE3a SIBJIIETCSI IPYMEHEH € METOIOB MEXaHOXIMIYe-
ckoit aktuBamu (MXA), cmocob6CTBYIOMIMX MHTEHCUDYKALN
TBEpHODa3HbIX peakiuii, yckopeHuto A1 dy3MOHHBIX MPOLeC-
COB M CHVMIKEHUIO TeMrepaTypbl GopMUPOBaHUST heppUTHBIX
(as. MccnenoBaHms mokasasim, YTO MCIIOb30BaHVe OKCAIaTHON
TeXHOJIOTMM TO3BOJISIET CHU3UTh TEMIIepaTypy oO6pa3oBaHMs
KasnbuueBoro ¢deppura ¢ 900-950 °C (mpm TpaguIMOHHOM
KepammuyeckoMm cuHTese) no 650-700 °C, a menHoro Qeppura
— ¢ 800 °C mo 400-450 °C. Takoe CHUKEHME TEMIIEPATYPBI
ob6ecrieunBaer 3koHOMMIO SHeprun Ha 20-30 % u cmocobeTBy-
et ¢hopMupoBaHMIO Hosiee MEJKOOVCIIEPCHOW ¥ OJHOPOTHOM
CTPYKTYPbI aKTUBHOI (hasbl, YTO MOBBIIIAET €€ KaTaauTUye-
CKy10 3G deKTUBHOCTb. BBeeHe MPOMOTHUPYIOIIMX J0OABOK,
TaKMX KaK (heppuThl HUKEJST M MapraHiia B KOJIMYECTBE OKOJIO
0,5 mac. %, mo3BossieT CHMKATh 0Opa3oBaHMe MOBOUYHBIX CO-
eIMHEeHMI aMMMaKa 1 aMMHOB B KoHgeHcare Ha 30-35 %, uto
TIOJIOKUTENIBHO CKa3bIBA€TCSl HA IKOJIOTMUECKMX ITOKa3aTessx
TEXHOJIOTMYECKOTO MPOLIeCCa U TMOBbILIAET KaueCTBO KOHEUHOTO
nponykra [11,12,13].

Takum o6pasom, paspaboTKa HayyHO OOOCHOBAHHOW U
TEXHOJIOTMYeCcKy 3(HEKTUBHON METOIUKY TIOTyUeHNsT KaTau-
3aTopa CperHEeTeMIIepaTypPHOV KOHBEPCUM U3 OTPabOTaHHbIX
sKeJIe30CoAepsKallMX KaTaan3aTopoB SIBJSIETCS] aKTyaabHONM U
CTpaTernyecky BayKHOM 3afaueit AJig XMMUYECKOM OTpaciin.
Perienne ganHo 3agauy I03BoJIsIeT u3Biekarh 10 90 % skenesa
U3 BTOPUYHOTO ChIPbsl, GOPMIUPOBATDH KATAIU3ATOD C YAeTbHOM
nosepxHocTbio 70-120 M¥T ¥ HOCTUraTh CTEeNeHy KOHBEpCUM
CO 94-96 % npu 400 °C, a Takke CHIKaTh Ce6ECTOMMOCTD
mpou3BozcTBa Ha 25-40 % Mo cpaBHEHMIO C UCIIOIb30BAHMEM
MIePBUYHOTO ChIPbsl. Peaym3anyst Takoro moaxona CocooCcTByeT
TIOBBILIIEHNIO TEXHOJIOTMUECKON HE3aBUCUMOCTHM, KOHKYPEHTO-
CIIOCOBHOCTH U YCTOMUYMBOTO Pa3BUTHSI OTEUECTBEHHON a30THOM
MPOMBIIIIEHHOCTH.

2. METObI NCCJIENOBAHUNSI.

B kauecTBe 1CXOIHOTO ChIPbSI UCIIOIb30BAJICS OTPAOOTaHHBIN
>KeJIe30XPOMOBBII KaTaInu3aTop CpegHeTeMIIepaTypHOl KOHBep-
cun (CTK), skcruryaTrpoBaBIIMIICS HAa TPOU3BOACTBE aMMMaKa
(AO «Farg‘onaazot», Y36ekncrat). OCHOBHOI (ha30BbIl COCTAB
Brimovan Fe,Os, FezO4 u CryOs, a Takke mpumecu CEPHMUCTBIX
COeIVHEHWIA U YTIIePOAMUCTBIX OTIOKEHWIA.



g XxuMMUyeckoit mnepepaboTKy MPUMEHSUIUCH PeaKTUBbI
aHAIMTUYECKOI uncTOThI: asoTHas kuciaora (HNOs, 65 %),
rugpokeng, Hatpust (NaOH), kap6oHaT HaTpust ¥ TUCTMILUIUPO-
BaHHas Bozia. Bce pacTBopbl roToBmmch ¢ TouHoCThio $0,0001 r
Ha aHAJIMTUYECKMX BECaXx.

WcxopHblit KaTaaus3aTop MOABEPrasy MEXaHUUeCKOMY M3-
MeJibueHuio 1o pasmepa vactur <0,1 mm u cymike mpu 105 °C
10 TIOCTOSTHHOM MacChl. [ yiasieHust yIyiepoayuCThbIX ¥ CEPHM-
CTBIX MPUMECEN OCYIIECTB/ISIM TePMUUYECKYIO PereHepauuio
mpu 500 °C B Teuenme 3 u B BO3myIIHON aTMocdepe. [Tanee
matepuan obpabarsiBam 30 % pacrBopom HNOs mpu 110 °C
B TeyeHue 8 U C MOCTOSHHBIM [TepeMeIlBaHMeM, QUIBTPOBAJIN
¥ TIPOMBIBAJIV UCTUJTMPOBAHHOM BOJOV 10 HelTpasibHOro pH
(6,5-7,0). ®opmupoBaHe aKTUBHO (hasbl IPOBOIVIIA METOIOM
coBmectHoro coocaxaenust Fe(OH)s u Cr(OH)s u3 pactBopoB
Fe(NOs)3-9H20 u Cr(NOs)s-9H20 nipy MOISIPHOM COOTHOIIIEHNUM
Fe:Cr = 9:1. Ocaxpmenne ocyiectsisui gobasnedvem 25 %
NaOH nipu 70 °C mo pH 8-9. Ocanok BeigepskuBas mpu 70 °C
1 u (cTapenue), GuabTPOBaIY, TPOMBIBAJIM IO YIATEHNUS HUTPAT-
moHoB u cym ipu 110 °C [14,15].

[MTpokanmBaume ocyiiectsasn npu 450 °C B Teuenne 4 u
115 hopMumpoBaHust OKCUAHOM CTPYKTYpbl FeaO3-CraOs. TIpo-
KaJIEHHBIIA TOPOLIOK cMettBa ¢ 10 % macc. rceBqo6EMUTOM 1
BOJOV [0 TTOTYYEHMS TVIAaCTUYHOM MacChl M GOPMOBAIM LIVIJINH-
JIpUYECKHe IPaHy/Ibl JUaMeTpoM 4-5 MM METOIOM 3KCTPYSUM.
CdopmuposanHble rpanybl cyumm mpy 120 °C u nogsepraim
okoHuaresibHOMY npokanBanmio mpu 450 °C. Tepen karamtu-
YeCKMMU UCITBITAHUSIMM 06Pasiibl BOCCTAHABIMBAIM B Ta30BOI
cmecy 10 % Hy/Ny ipu 380 °C B TeueHme 6 4, yTo 06eCrednBaIo
yacTuuHoe BoccTaHoBieHne Fe,Os no FesO4 — akTuBHOM (asbl
KaTaamM3aTopa.

3. PE3VJIBTATBI 1 OBCVKJIEHUE.

[TepepaboTka OTPabOTAHHOTO 3KEJIe30XPOMOBOIO KaTaJIu-
3aropa CTK mosBoimia mosyuntb mMatepuasns ¢ OLHOPOIHOM
CTPYKTYPOU U KOHTPOIMpPyeMOoi1 TekcTypoit. [IpenBapuresbHas
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Tepmuyueckast pererepaist mpu 500 °C ymassiia yriepoaucTbie
Y CEPHICTBIE TIPUMECH, a TTocienytoiias o6paborka 30 % HNOs
ob6ecrieunBaa nsBneuenne 88-91 % skenesa u HelTpaIM3aIUIO
KMUCIOTHBIX ocTaTkoB (pH 6,5-7,0).

Mertop, coBmecTHOro coocasknenus: ruaporennos Fe(OH)s
n Cr(OH)z mpu Fe:Cr = 9:1 chopmupoBan ofHOPOSHBI Tpe-
kypcop. [TpokaymBanue mpu 450 °C obecrieunsio 06pasoBaHme
okcugHOV CcTpYKTYpbl FesO3-CryOs ¢ HaHOKpUCTALIMYECKOM
crpykrypoii. [lob6asnenne 10 % 1ceBgo6EémMuTa TOBBICHIIO Me-
XaHMYECKYIO TIPOYHOCTD TPAHYIL.

Boccranosnenne B 10 % Ha/N, mpu 380 °C mpuseso K
yacTuyHomy mpeBpatiennio Fe,Os B FesO4 — aktuBHYIO (asy
karaymsaropa. AHam3bl XRD noprBepamm GpazoByro uncToTy 1
OOHOPOAHOCTDb CTPYKTYPBI. KaTanutuueckue ucrbITaHMs ITOKa-
3aJIM BBICOKYIO aKTMBHOCTD U CE€JIEKTMBHOCTD, UTO IIOATBEPXKAAET
TOTOBHOCTb MaTepyasa K MPYMEHEHUIO B CPeIHETEMIIEPATY PHOI
koHBepcuy CO BogsiHbIM apoM [16].

PentreHoa3oBblii aHaMM3 MOBTOPHO CHMHTE3MPOBAHHOTO
SKeIe300KCUJHOTO CpeJHeTeMIIepaTypHOro KaTajau3atopa
BoINoHeH Ha andpakromerpe SHIMADZU XRD-6100 c uc-
nonb3oBaryeM usnyuenns CuKa (A = 1,5406 A). CbéM JaHHBIX
ocyllecTBsics B reomerpun 0-20 B guanasoHe yrioB 20 =
5-70° npu HampsKeHWM peHTreHOBCKoil TpyOku 40 KB 1 Toke
30 mA. CkopoCTb CKaHMPOBaHMS COCTaBJsiaa 2°/MWH, IIar
perucrpaum — 0,05°; 4to 06GecreunBaeT KOPPEKTHYIO UIEH-
TUGUKALINIO KpUcTanyeckux das. (Puc.1)

[MonyyeHHas gudpakTorpaMma XapakTepusyeTcsl Halmumuem
BBIPAsKEHHBIX IV(DPAKIMOHHBIX MAaKCUMYMOB, YKa3bIBAIOILIMX
Ha IIPEUMYIIIECTBEHHO KPUCTA/INMYECKOE COCTOSIHIE TOBTOPHO
CUHTe3VPOBaHHOTO Marepuasa. Haubosnee MHTEHCUBHBIN IuUd-
PaKIMOHHBI MUK HabmomaeTcst pu 20 = 45,12° (d = 2,008 A)
u npuHAT 3a 100 % oTHOCKMTENbHO MHTEHCUBHOCTU. Takke
3abuKCHMPOBaHbI MHTEHCVBHBIE peduiexcel ipu 20 = 38,17° (d =
2,356 A), 40,73° (d = 2,213 A), 41,98° (d = 2,150 A) u 43,58°
(d=2,075 A).

£

4000 —

3000 —

2000 il

1000 —

m 20 ao

Puc.1 PeutreHorpammsbi TBepaoi ¢passl HoBbIE CTK

x i | il
et My Y s *1_' Wi 'ng) #

— . Ty —— g T - v
40 50 &0 70
Thaets-2Thetn (deal

m



N22/2026 «  EKOLOGIYA XABARNOMAS]
£ 2000 Frati=
o E
- 3000 4 AR T 4 = TR — i il

T I S

1000 —3
2 4000 — Smacthing Prafis
ki 3000

2000

1000 —
g 4000 B G. Subtract Prafile
= 3000 —

2000 E

1000
2 4000 Wom1 Prafie
(=3
= 3000 -4

2000

1000 3
o 2000 Feaa
= 000

2000 =

1000
x_: 4000 9 2 ymlmmm-Err L 1. Pm
S 3
- 000 —

2000 4

1000 —

03 —e . S NN —— ST —— LIS 1 T RPN [ ! P ; -

o
Theta-2Theta (deg)

Puc.2 Penrrenorpammbl TBepaoii ¢asbl HoBbIi CTK u3 shift max100

CormocraByieHye 9KCIIePUMEeHTaIbHbIX 3HAUEHWI MEXKIUIO-
CKOCTHBIX PACCTOSTHII C STAJIOHHBIMM JAaHHBIMY [TOKA3bIBAET, YTO
OCHOBHAsI YacTh AUQPAKIMOHHBIX OTPasKeHUI! COOTBETCTBYET
(aze remaruta (a-FexOs). YacTyHOE MepekphITHE OTHETbHBIX
pedIiekCOB ¢ XapaKTepUCTUUeCKUMM JIMHUSIMU MarHeTuTa
(Fes04) momyckaeT BO3MOSKHOCTb TPUCYTCTBUSI JaHHOV (hasbl
B HE3HAUMTEJIbHOM KoJinuecTse. [Ipu 9ToM ciiemyeT OTMeTUTb,
YTO OfHO3HAUHasl KOJIMUYeCTBeHHas OlleHKa (ha3oBOTO COCTaBa
o pauHbiM XRD 6e3 mpuMeHeHMs MEeTOIOB PUTBEJTbIOBCKOTO
YTOYHEHMSI He TIPeACTaBsieTcsi BO3MOyKHOM. (Puc.2.)

3HaueHus MUPUHBI JUPPAKIMOHHBIX MMKOB Ha MOJIOBUHE
BBICOTHI, Haxopsumecs B guanasone 0,9-1,1°, cBumeresnnb-
CTBYIOT O BBICOKOV CTPYKTYPHOI AUCIIEPCHOCTH TIOJYYEHHOTO
Marepuasa, a Takske O HaJIMUUY TUIIMYHBIX Te(eKTOB KpucTas-
JIMyeckoy pemétku. Takue XapaKTepyuCTUKM XapaKTepHbI s
5KeJIe300KCHUIHBIX KaTaJIu3aTopoB, 06Pa30BaHHBIX B Pe3ysibTaTe
XMMMUYECKOTO MMOBTOPHOTO CMHTE3a, YTO YKa3bIBaeT Ha (hopMu-
pOBaHNe HAaHOCTPYKTYPUPOBAHHOI OKCUIHOI (hasbl C BHICOKO
MMOBEPXHOCTHOV aKTMBHOCTHIO. JIaHHBIN MMama3oH IUPUHBI
MMMKOB OTpaskaeT MEJKOAMCIIEPCHYIO TIPUPOAY KPUCTAJUIUTOB,
OIIHAaKO KOJIMYECTBEHHas! Ol[eHKa PasMepoB KPUCTA/UTMTOB Ha
JAHHOM 3Tarle 9KCIIepMMeHTa He TPOBOMIACE, UTO O6YC/IOB/IEHO
MCCIIeOBaTeNbCKMM aKIIeHTOM Ha (a30Boii MaeHTUDMKAINMN U
CTPYKTYPHOII OfHOpomHOCTH Matepuaia [17, 18, 19].

OTcyTcTBMe Ha AUbpaKTOrpaMMe MHTEHCUBHBIX PedIeKCcoB,
He OTHOCSIIIMXCS K KeJe300KCUIHbIM (asaM, yKasblBaeT Ha
MUHMMAaJIbHOE TIPUCYTCTBME TIOCTOPOHHUX KPUCTAINIECKUK
BKJTFOUEHMIA U TIOATBEPSKAAET JOCTAaTOUHYIO (a3oBYIO UMUCTOTY
MOBTOPHO CHHTE3MPOBaHHOTO KaTam3atopa. Takast unctoTa da3s
SIBJISIETCST KPUTUUIECKM BXKHOM 111 0GecrieueHns: CTabuIbHOM
KaTaJUTUUECKO aKTUBHOCTY M BOCIIPOM3BOIVMOCTH PE3yiib-
TATOB B MOCJEAYIOIINX TEXHOJOTMUECKUX U JJaBOPaTOPHbIX
ucneitauusix [20]. Bonee Toro, nosmydyeHHble gaHHbIE TO3BOJIS-
10T YTBEPyKIATh, YTO BbIOpAHHAs METOAMKA XMMMUUECKOTO TI0-
BTOPHOTO cuHTe3a 3¢ (HeKTUBHO obecneunBaeT GopMUpOBaHNe
11eJIeBOJ aKTUBHOI JKeJIe300KCUIHON (hasbl C KOHTPOIUPYEMOI
TEKCTYPOJi ¥ BBICOKOV CTPYKTYPHO! OTHOPOTHOCTbHIO, UTO SIB-
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JISIeTCS KITIOUeBbIM (haKTOPOM JIJIs1 Ia/TbHEMIIIEr0 MCIIOb30BaHMs
KaTajau3aTopa B PeakiysiX CpemlHeTeMIIepaTypHOI KOHBEPCUM
CO BOISHBIM ITapOM.

4. 3AKJTIOYEHMUE.

BeimosnHeHHOe 1ccieioBaHye HAMpaBIeHO Ha PellieHNe aKTy-
aJIbHOI HAyYHO-TeXHMUECKOI 3a/1a4M, CBI3aHHOH C pa3paboTKoi
BbICOKO3(DDEKTMBHOI 1 pecypcocOeperaroliei TeXHOIOT MUY TT0-
JIYYEeHUST JKeJIe30XPOMOBOT0O KaTan3aTopa CpegJHeTeMIIeparyp-
HOVI KOHBEPCUY OKCHIA YIJIEPOZA U3 OTPABOTAHHOTO MTPOMBIIII-
JIEHHOTO ChIpbs. [TpoBeIEH KOMIIJIEKCHBII IKCIIEPYMEHTATbHBIN
KOMILJIEKC, BKJIFOUAIOIIMIA 3Talbl TEPMUUECKON pereHeparinmu,
KUCJIOTHOTO BBIIe/IaYMBaHMsI, COBMECTHOTO COOCaKIEHMUS
TUIPOKCUIOB Kejie3a M XPOMa, a TaKKe KOHTPOJUPYEMYIO
TepMMUUIECKYI0 06PaBbOTKY ¥ BOCCTaHOBJIEHME aKTUBHOM (asbl.
Taxkoit ogxom Mo3BOJISIET HE TOJIBKO (GOPMMUPOBATH BHICOKOAK-
TUBHBIIA KaTaau3aTop, HO 1 3(heKTMBHO BOBJEKATb BTOPUUHOE
skeJie30comepskalliee ChIpb€ B 3aMKHYTBIN TTPOM3BOICTBEHHBIN
LVKJI, MUHVMM3UPYSI 0Opa30BaHye OMACHbIX OTXOIOB U CHIDKAST
9KOJIOTMYUECKYIO HarPy3Ky Ha OKPYsKAIOIIYIO CPeLy.

[MpemBapuTtenbHas TepMmuyeckast 06paboTKka OTPaboOTaHHOTO
karaymsaropa rpu 500 °C B Bo3gy1HoI aTMocepe obecreursa-
€T [OJTHOE yIaJIeHe YIJIEPOAUCTBIX OTIOKEHWIA U OKUCIIEHNE He-
CTabUITbHBIX (ha3, HOpMUPYS CTPYKTYPHO Hosiee YIOPSAOUeHHYIO
OKCUIHYIO cucTeMy. JlanbHeliliee KMCIOTHOE BblllleauBaHe
crniocobeTByeT u3BaevdeHnio 1o 88-91 % skenesa u ymaneHuIo
CepHUCTBIX coemuHenuit 1o ypoBHs menee 0,02 mac. %, uTo
MOATBEPKIaeT BbICOKYIO 3(h(heKTUBHOCTb TMepepaboTKU U
TEeXHOJIOTMYECKYIO 11e1eCO06Pa3sHOCTb BHIOPAHHONM CXEMBI.
IlaHHBII TIPOIIECC MO3BOJISET CYILECTBEHHO COKPATUTh BEIOPOCHI
TOKCUMYHBIX COEIVHEHWIi, YMEHbIIINTh HArpy3Ky Ha CUCTEMbI
OUMCTKY TPOMBIIIJIEHHBIX CTOYHBIX BOA ¥ MUHMMM3UPOBATH
06pasoBaHMe CePHICTHIX U YITIEPOIMCTHIX OTXOMOB, UTO MIMEeT
MIPSIMOE TIOJIOKUTEIbHOE BIIMSTHVIE Ha SKOJIOTMYECKYI0 6e30mac-
HOCTb ITPOM3BOZICTBA.

Merton coBmecTHOro coocaxkaenust ruaporcunoB Fe(OH)s
un Cr(OH)z mpu cTporo KOHTpoJaupyembix 3HaueHusx pH u
TeMITepaTypbl MO3BOJISIET TIOMYUNTH OMHOPOIHBINA PEKYPCOop C



PaBHOMEpHBIM pacrpezeseHieM KOMIIOHEHTOB Ha MOJIEKYJISIP-
HoM ypoBHe. TTocte npokanmBanus mpu 450 °C dopmupyercs
reMaTuTONono6Hast CTPyKTypa TBEpAoro pacTBopa Fe,0s—-Cra0s
C HAHOKPUCTATTMIECKUM XapaKTepoM (pasMep KpUCTATUTOB
18-24 um), uTo OGeceurBaeT yBeaMueHMe JOIM MOBEPXHOCT-
HBIX aTOMOB UM CO3[aHME BbICOKOAKTVMBHBIX KaTaJUTIUECKUX
1eHTpoB. Misomopduoe samemienve Fe** nonamu Cr¥* dpopmu-
pYeT TBEPABIN paCTBOP 3aMeILeHs 1 JIOKaJIbHbIE e(PeKThbI KpU-
CTaJTMYECKOM PEIIETKY, OBBIILIASI TOABVYKHOCTD PEIIETOYHOTO
KMCJIOPOJIA ¥ YCKOPSIST 3JIeMeHTapHbIe CTAUM PeaKLIMy BOLSHOTO
rasoBoro cziBura. Takum 06pa3oM, XpOM BBIMIOHSIET ABOMHYIO
GYHKUMIO: CTPYKTYPHOTO CTabMIM3ATOPA M 3JIEKTPOHHOTO MO-
mudukaropa akTMBHOM (asbl, 06ecreunBasi JOIrOBpeMeHHYI0
CTabUIIbHOCTD KaTaIUTUYECKMUX CBOJICTB.

TekcTypHble yccienoBanms mokasaa GopMUpPOBaHME pPas-
BUTOJ ME30IIOPUCTO CTPYKTYPBI C YAETbHON MOBEPXHOCTHIO
82-96 m¥r u ob6wémom mop 0,28-0,34 cm®/r. TIpeobnamanue
Me3ornop auameTpoM 8-20 HM CO3[aéT ONTUMAaJIbHbIE YCJIOBUS
1151 iubdysun peareHToB, MMHUMU3MPYeT BHYTpUaddy3mnoH-
Hble OTpaHNYeHNs 1 CocobeTByeT 3heKTUBHON peammn3anyn
KaTaymTryeckux peakimii. Beempenue 10 mac. % mnceBno6émuTa
bopmupyeT oycrepcHyIo aaIOMOOKCHIHYIO MATPUILY, TIOBbILIA-
IOIIYI0 MEXaHWYECKYI0 TPOYHOCTh I'PAHYIT U MX YCTOMUMBOCTD K
CrieKaHmIo mpy pabounx Temmeparypax 350-450 °C.

BoccraHoBiieHne MpoKaJEHHOTO MaTepuasa B ra30Boii CMecu
10 % Ha/Ny ipu 380 °C obecrnieunBaeT 4aCTUUHYIO TpaHCHOP-
maiuio rematuta B marHetut (FesO4), akTuBHYIO (asy Kara-
smmsaropa. Crabumsupytoiee Bimsinve CroO3 mpefoTBpaliaer
Yype3MepHOe BOCCTAHOBJIEHVE O META/UIMYeCKOro Kejiesza U
COXpaHsIeT ONTMUMAaJIbHBINA (Ha30BbIM COCTAB Ha MPOTSKEHUU
JUTUTEbHOM SKCILUTyaTaLun.

KaranuTnueckue mucrbITaHKUs MOATBEPIOIN BBICOKYIO aK-
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TUBHOCTb pa3pabOTaHHOTO Marepuasa: CTerneHb KOHBEePCUU
CO mocturaer 93-96 % mpu 400 °C u 88-91 % mpu 350 °C
P CEJIEKTYBHOCTH TI0 Bomopoxy Bbiie 99 %. B teuenue 120
YacoB HeNpepbIBHON PabOThl CHVKEHNME aKTMBHOCTY He TIpe-
BbIlIaeT 2-3 %, UTO CBUAETEIbCTBYET O BHICOKOM CTPYKTYPHOM
M TepMMUYECKOI CTabMJIbHOCTU Karajm3aropa. [1o cpaBHEHMIO
C UCXOLHBIM OTPabGOTAHHBIM MaTepUaJOM HabGJIOAETCs Cy-
IIeCTBEHHOE YITyYllleHMe SKCIUTYaTalMOHHbIX XapaKTePUCTHK,
00YyCJIOB/IEHHOE TIOBBIIIEHMEM IVICIIEPCHOCTH, ONTUMU3ALIMeN
TEKCTYPHBIX [1apaMeTPOB M PABHOMEPHBIM paclipefesieHreM
aKTUBHBIX IIEHTPOB.

OKosiornyecKkasi 3HauyMMOCTb Pa3pabOTaHHO TeXHOJIOTUN
MPOSIBIISIETCSI B COKPAILEHMM HAKOIUIEHMST XPOMCOZEPsKaIX
OTXOMIOB, CHMXXEHUU BbIOPOCOB TOKCUYHBIX COENVMHEHUN,
yMeHbLIeHVM Harpy3Ku Ha BOLHbIE U TOYBEHHbIE JKOCUCTEMBI,
a TaKKe B MVHMMM3ALUY SHEPTeTUYECKUX U MaTepuaTbHbIX
3aTpar. Vcronb30BaHue BTOPUYHOTO ChIPbSI O3BOJISIET CHUUTD
ce6eCTOMMOCTb IIPOM3BOACTBA KaTajmsaropa Ha 25-35 %, uto
JIeJIaeT MPOIIeCC SKOHOMMUYECKM 3P PEKTUBHBIM U SKOJIOTMYECKM
YCTOMYMBBIM, COOTBETCTBYS TPUHLIMIIAM IIMPKYJISIPHOI SKOHO-
MUKJ M YCTOMUVMBOTO PA3BUTHMSI XVMIUECKO TPOMBIIIEHHOCTH.

Takum 06pa3oM, COBOKYITHOCTb MOJIyUeHHBIX (DA30OBBIX,
CTPYKTYPHBIX, TEKCTYPHBIX U KaTaJIUTUUECKMUX JAHHBIX MOJ-
TBEPXKAaeT HAyYHYI0 0OOCHOBAaHHOCTD MPEIJIOKEHHON TEXHO-
Jorv. PaspaboraHHbIl MOgXoH 06ecreunBaeT MpOU3BOACTBO
BBICOKOI(Q(GEKTUBHOIO Keae30XpOMOBOr0 KaTajausaropa
cpegHeTeMIIepaTypHO KOHBEPCHM, COTIOCTABMMOTO C IPOMBIILI-
JIEHHBIMY aHAQJIOTaMM, ¥ OTKPBIBAET MEePCIeKTUBbI IS Hajlb-
HeJIIIel ONTYMM3ALMY ITPOLIECCOB pereHepalny 1 MOBTOPHOTO
CUHTEe3a KaTaaM3aTOPHBIX CUCTEM, CTIOCOOCTBYS OITHOBPEMEHHO
9KOHOMUUECKOM 3P(PEKTUBHOCTY U 3HAUUTETBHOMY CHVKEHUIO
9KOJIOTMYECKOM HArPy3KM Ha IPOMBILIIEHHbIE TPOM3BOACTBA.
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ALYUMINIY KOMPOZIT QOPLAMALI PLASTINKALARINING
FITOPATOGEN ZAMBURUG‘LARGA NISBATAN ANTIFUNGAL
TA’SIRI
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Annotatsiya. Ushbu tadqiqotda 3 xil alyuminiy kompozit qoplamali plastinkalarining turli fitopatogen zamburug‘ shtammlariga
nisbatan fungitsidlik faolligi o‘rganildi. Tajribalar natijasida alyuminiy ionlarining ajralib chiqishi zamburug hujayra devori va
membranasiga ta’sir ko‘rsatib, ularning o‘sishi va rivojlanishini susaytirishi aniglandi. Olingan natijalar alyuminiy materiallarining
tibbiyot, ozig-ovgat sanoati va qgishloq xo‘jaligida antimikrob vosita hamda mikroorganizmlarni saqlashda qo‘llaniladigan sorbent
sifatida qo‘llanish imkoniyatini ko ‘rsatadi.

Kalit so‘zlar: alyuminiy, fungitsidlik, zamburug‘lar, antifungal faollik, fungitsidlik indeksi, sorbent metall ionlari.

AnHoTanus. B nanHom uccienoBaHuy usyveHa QyHTMIMOHAS aKTUBHOCTb TPEX TUIIOB aJIOMUHMEBBIX KOMIIO3UTHBIX IMO-
KPBITUI HA IJIACTMHKAX B OTHOIIEHMM Pa3IMYHBIX IITAMMOB (DUTOMATOreHHbIX IPUOOB. Pe3ybraThl 9KCIIEPUMEHTOB OKa3aM,
YTO BbICBOOOK/I€HME MOHOB aJIIOMMHMSI OKa3bIBaeT BO3[elCTBME Ha KJIeTOUHYIO CTeHKY ¥ MeMOpaHy TpuboB, MOAABIsIS X POCT
u passutue. [lonyueHHble TaHHbIE CBUAETEILCTBYIOT O IEPCIEKTUBHOCTY MPUMEHeHVs ATIOMMHMEBbIX MaTepuaioB B MeIulIMHe,
MIILLEeBO} MTPOMBIIIIEHHOCTM M CeJIbCKOM XO3SI/ICTBe B KaueCTBe aHTMMMKPOOHOTO CPelCTBa, a TAaKKe B KauecTBe COpOeHTa IS
COXpaHeHusI I KOHTPOJISI MMKPOOPTaHM3MOB.

KnioueBble cnoBa: amoMuHmii, GyHIUIMIHAS aKTUBHOCTb, IPUOBI, aHTUYHIaJIbHAST aKTUBHOCTD, MHIEKC QYHIUILIMIHOCTH,
COpOEHT, MOHBI MEeTaJIIOB.

Abstract. This study investigates the fungicidal activity of three types of aluminum composite-coated plates against various
strains of phytopathogenic fungi. The experimental results demonstrated that the release of aluminum ions affects the fungal cell
wall and membrane, thereby inhibiting their growth and development. The obtained findings indicate the potential application of
aluminum-based materials in medicine, the food industry, and agriculture as antimicrobial agents, as well as sorbent materials for

microbial preservation and control.

Keywords: aluminum, fungicidal activity, fungi, antifungal activity, fungicidal index, sorbent, metal ions.

1. KIRISH.

Zamburug* infeksiyalari va biopovonlar sanoat, tibbiyot va
gishloq xo‘jaligida jiddiy muammolardan hisoblanadi. Ko‘plab
an’anaviy fungitsidlar (mis, sulfur, organik sintetik moddalar)
yuqori samaradorlikka ega bo‘lsa-da, ularning toksikligi va
ekologik xavfi katta.

So‘nggi yillarda metallar va ularning oksidlariga asoslangan
ekologik toza fungitsidlar tadqiqot markazida turibdi. Shulardan
biri alyuminiy va uning oksidlari (Al;03) bo‘lib, ularning
mikroblarga va zamburug ‘larga nisbatan ingibirlovchi ta’siri
aniglangan.

Ushbu ishning magsadi — alyuminiy plastinkalari zambu-
rug‘larga nisbatan fungitsidlik yoki fungistatik ta’sirini labo-
ratoriya sharoitida aniglash va uni an’anaviy materiallar bilan
taqqoslash.

Alyuminiy plastinkalarning zamburug‘larga fungitsidlik
ta’siri mexanizmi bir nechta fizik-kimyoviy omillar orqali amalga
oshadi [1]. Bunda ionlar chigishi va oksidlanish ta’siriga ko‘ra,
alyuminiy sirti havo va namlik ta’sirida Al,Os (alyuminiy oksi-
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di) qatlami bilan goplanadi. Bu qatlamdan ma’lum sharoitlarda
(masalan, yuqori namlik, kislota yoki ishqorli muhitda) AI**
ionlari ajralib chigishi mumkin. Bu ionlar zamburug‘ hujay-
ralariga quyidagicha ta’sir giladi: hujayra devori va membranasi
strukturasini buzadi, lipidlar bilan reaksiyaga kirishib, ularni
denaturasiya qgiladi; fermentlar faolligini susaytiradi, chunki
alyuminiy ionlari fermentlardagi metall kofaktorlar (masalan,
Mg?*, Fe*) bilan raqobatlashadi; oksidlovchi stressni kuchayti-
radi: alyuminiy reaktiv kislorod shakllarini ko‘paytiradi va
antioksidant tizimni izdan chiqaradi [2].

Fizik ta’sir (kontakt yoki sirt ta’siri)da alyuminiy sirtidagi
oksid qatlami, ya’ni zamburug* sporalarining sirtga yopishishini
qiyinlashtiradi;

qattiq sirtdagi kam suyuglik adsorbsiyasi sababli sporaning
o‘sish uchun zarur mikronamlik muhiti vujudga kelmaydi;
ushbu sirtdagi elektrostatik zaryad ham mikrob hujayralari bilan
noqulay o‘zaro ta’sirga olib keladi.

Alyuminiy ionlari muhitning pH darajasiga sezgir: kislotali
muhitda (pH < 5) AI®* ionlari ko‘proq ajralib chiqadi va



fungitsidlik ta’sir kuchayadi. Neytral yoki ishqoriy muhitda bu
ta’sir kamayadi, chunki AI(OH)s to‘planib, faollik pasayadi [3]

Biologik ta’sir natijasida alyuminiy plastinka bilan to‘g‘ridan-
to‘g‘ri aloga gilgan zamburug® hujayralarida: hujayra devori
buziladi; sitoplazmatik ogsillar denaturasiyalanadi; metabolizm
faoliyati sekinlashadi yoki to‘xtaydi; sporalarning o‘sishi va
ko‘payishi to‘xtaydi.

Alyuminiyning zamburug‘larga qarshi ta’sir mexanizmini
an’anaviy fungitsidlar (aynigsa mis, oltingugurt va kimyoviy
fungitsidlar) bilan tagqoslama tahlil shaklida keltirilgan [4].

2. MATERIALLAR VA USULLAR

2.1. Kerakli materiallar va jihozlar.

Asbob-uskunalar: petri likobchalari (steril), avtoklav yoki
sterilizasiya uskunasi, termostat (28-30°C), laminar shkaf,
gaz alangasi, mikropipetkalar, shpatel, alyuminiy kompozit
qoplamali plastinkalar (steril).

Reaktivlar va oziqa muhitlar: Chapeka-Doks muhiti
(Shapeka-Doxe Agar), distillangan suv, etanol (70%) -
sterilizasiya uchun, 0,9 % li natriy xlorning fiziologik eritmasi
- yuvish uchun.

2.2. Tadqiqot obyektlari.

Zamburug® kulturalari: Fusarium oxysporum, Fusarium
culmorum, Alternariya alternata, Rizoctoni solani, Aspergillus
niger.
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Tadqiqot bosqichlari: alyuminiy plastinkalarni tayyorlash;
plastinkalarni etanol bilan yuvish va distillangan suvda
chayish; avtoklavda 121°C da 15 daqiqa sterillash; zamburug*
kulturalarini tayyorlash; tanlangan zamburug‘ shtammini
Chapeka-Doks agarli muhitiga ekish, 28-30°C da 48-72 soat
davomida termostatda inkubasiya qilindi; Spora suspenziyasini
steril distillangan suvda ekishga tayyorlab olindi (taxminan
108 spora/ml), biotest (kontakt usuli); Yangi Chapeka-Doks
agarli Petri likobchasiga zamburug® suspenziyasidan 0,1 ml
quyildi va shpatel bilan teng tagsimlanib, gazon usulida ekildi;
agar ustiga alyuminiy plastinka qo‘yib chiqildi (steril holda);
Petri likobchalari termostatga inkubasyaga joylashtirildi
(25 * 2 °C, 3-7 kun). Natijalarni baholashda quyidagi jadval-
dan foydalaniladi.

2.3. Natijalarni hisoblash (ixtiyoriy).

Fungitsidlik indeks (FI) quyidagicha hisoblanishi mumkin:
(D,-D,) x100
FI(%)=—""

D

Buyerda: D, — nazorat namunasidagi koloniya diametri (mm)

D, — alyuminiy plastinka atrofidagi koloniya diametri (mm).

Xulosa gilganda, agar FI > 70% bo‘lsa — kuchli fungitsidlik

ta’sir; 30-70% o‘rtacha fungistatik ta’sir; < 30% —kam ta’sir
yoki ta’sirsiz.

1-jadval

Ta’sir mexanizmi Asosiy ta’sir

Natija

AI®* ionlari chigishi

Ferment va membrana buzilishi

Zamburug ‘ning o ‘sishi to‘xtaydi

Fizik sirt ta’siri

Spora yopishishi giyinlashadi

Koloniya shakllanmaydi

Oksidlanish stress

ROS orqali hujayra shikastlanishi

Zamburug‘ nobud bo‘ladi

2-jadval
Ta’sir manbai va mexanizmi bo‘yicha solishtirma jadval
. . . . Mis fungitsidlari (masalan, Oltingugurt (S) va
Belgl/mexanizm Alyuminiy (AD bordos aralashmasi, CuSQ,) kimyoviy fungitsidlar
lari ik
Faol modda AP* ionlari, Al Oy sirti Cu?* ionlari  atomlari, organi

molekulalar

Hujayra devori va membranasi bilan
reaksiya fermentlarni ingibirlash ROS
orqali oksidlanish stress

Asosiy ta’sir
mexanizmi

Protein va fermentlarning
SH-gruppalarini oksidlaydi,
membranani buzadi

Metabolizmni to‘sadi,
sulfgidril reaksiyalarini
to ‘xtatadi

Kontakt yoki

. e Asosan kontakt ta’sir (sirtda)
sistemalik ta’sir

Kontakt va gisman sistemalik

Asosan sistemalik
(organik turlari)

Turli muhitlarda faollik

pH ta’siri Kislotali muhitda faol Neytral muhitda barqaror .
saqlanadi
Zamburug ga tasir Sekin (bir necha soat yoki kun ichida) O‘rtacha tezlikda Juda tez (dagigalarda yoki
tezligi soatlarda)
Toksiklik S . O ‘rtacha, fitotoksik bo‘lishi Ba’zilari yuqori toksik
(o‘simlik/inson) HEHE IO E mumkin (organik sintetiklar)
Bargarorlik . . Yomg‘irda yuvilib ketishi P .
i) Uzoq vaqt sirtda saqlanadi mumkin Ko‘pchilik tez parchalanadi
Iqtisodiy . . . . Qimmat (organik
samaradorlik Arzon va qayta ishlanuvchi O‘rta narxli dmielln)
3-jadval
Kriteriy Tavsif

Zona ingibitsiyasi (mm)

Agar alyuminiy atrofida zamburug‘ o‘smagan halga hosil bo‘lsa - bu fungitsidlik ta’sir

O‘sish tezligi

Nazorat bilan solishtiring - agar o°sish sekin bo‘lsa, fungistatik ta’sir

Mikroskop tahlili

Spora yoki gifa morfologiyasida buzilish bo‘Isa, alyuminiy ionlarining ta’siri aniglanadi.
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3. NATIJALAR VA MUNOZARA

Alyuminiyning afzalliklariga ko‘ra, ekologik xavfsiz - mis
va kimyoviy fungitsidlarga nisbatan inson va hayvon uchun
kam zaharli.

Yashil texnologiyalar bilan mos - alyuminiy plastinka yoki sirt
goplamasi sifatida ishlatilganda kimyoviy chiqindi chigarmaydi.
Bargaror sirt ta’siri - alyuminiy oksidi gatlami uzoq muddatli
himoya beradi. Qayta ishlanadi - alyuminiy chiqindisini qayta
eritib, qayta qo‘llash mumkin. Shu bilan bir gatorda ayrim
kamchiliklari ham mavjud bo‘lib, sistemalik ta’siri yo‘q — ya’ni
o‘simlik to‘gimalariga kirib, ichki zamburug ‘larni yo‘q qilmaydi;
faollik muhitga bog‘liq — yugqori pH (ishqoriy muhit) yoki past
namlikda ta’sir kamayadi; sekin ta’sir etuvchi — tezkor kasallik
targalishi sharoitida samarasiz bo ‘lishi mumkin.

Xulosa gilib aytganda, alyuminiy materiallari zamburug ‘larga
qarshi ekologik toza, uzoq muddatli himoya beruvchi, past
toksiklikka ega kontakt fungitsid sifatida garalishi mumkin. Mis
yoki kimyoviy fungitsidlar esa tez ta’sir etuvchi, ammo yugqori
toksiklik va muhitda ifloslanish xavfi bor vositalardir.

Quyida alyuminiy plastinkalari zamburug‘larga nisbatan
antifungal ta’sirini aniqlash uchun laboratoriya biotest usuli
amalga oshirildi. Tadqiqotimizning maqsadi alyuminiy
plastinkalarning turli zamburug® shtammlariga (masalan,

Qotishma: GDN ZnAl kesigi, Qoplama: 18% y-Al203, 46% ZnAl1204, 26% ZnO, Qalinligi: 50 mkm

Fusarium oxysporum Fusarium culmorum, Alternariya alternata,
Rizoctoni solani, Aspergillus niger) nisbatan fungitsidlik yoki
fungistatik ta’sir darajasini baholashdan iborat (1, 2, 3-rasmlar).

Yuqoridagi 1-rasmda fitopatogen va zamburug‘larga GDN
ZnAl alyuminiy kompozitli plastinkalarning antifungal ta’siri
bor yoki yo‘qligini tekshirish magsadida Chapeka Doks ozuga
mubhitida o‘stirilganda Fusarium culmorum da - 18 mm,
Alternaria alternata da - 27 mm fungidsidlik faolligi namoyon
bo‘ldi.

2-rasmda alyuminiy qoplamali D16 plastinkasining
fitopatogenlarga nisbatan Fusarium culmorum da - 49 mm,
Alternaria alternata da - 28 mm, Rhizoctonia solani - 3 mm
antifungal faolligi kuzatildi.

Yuqorida keltirilgan 2-rasmda alyuminiy kompozit qoplamali
AMg6 plastinkasining fitopatogenlarga nisbatan Fusarium
culmorum da - 49 mm, Alternaria alternata da - 28 mm,
Rhizoctonia solani — 2 mm antifungal faolligi kuzatildi.

Vizual kuzatuvlarda alyuminiy plastinka atrofida ayrim
zamburug ‘larning o‘sishi sustlashgan, ayrimlarida esa zamburug*
plastinka atrafi va uski gismini qoplab o°sib ketganligini ko ‘rish
mumkin. Ushbu vizual tajriba natijalariga ko ‘ra ingibitsiya zonasi
aniglanilib, alyuminiy atrofida o‘sgan koloniyalar diametriga
ko‘ra fungitsidlik indeksi % hisobida topildi.

e

Rizoctoni solani

Alternariya alternata

Fusarium culmorum

Fusarium oxysporum
1-rasm. Fitopatogen zamburug‘larga GDN ZnAl alyuminiy plastinkasining antifungal ta’siri
Qotishma: D16 kesigi, qoplama: 92% y-Al1203, 8% «a-Al1203, galinligi: 40-45 mkm

Fusarium oxysporum

Alternariya alternata

Fusarium culmorum Rizoctoni solani
2-rasm. Fitopatogen zamburug‘larga D16 alyuminiy plastinkasining antifungal ta’siri
Qotishma: AMg6 kesigi, goplama: 100% y-Al203, qalinligi: 50-55 mkm

L owrins

Aspergillus niger

Fusarium culmorum Fusarium oxysporum Rizoctoni solani Alternariya alternata

3-rasm. Fitopatogen zamburug‘larga AMg6 alyuminiy plastinkasining antifungal ta’siri
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4-jadval
Ingibitsiya zonasi
Alyuminiy atrofida koloniya Fungitsidlik indeksi
Zamburug® turi Nazorat diametri (mm) (FI, %)
AMg6 D16 ZnAl AMg6 D16 ZnAl
Fusarium oxysporum 45 0 0 0 0 0 0
Fusarium culmorium 43 20 29 8 53,5 % 32,5% 81,4 %
Alternariya alternata 46 30 28 27 348 % 39,1 % 41,3%
Rizoctoni solani 44 3 2 0 93,2 % 95,4 % 0
Aspergillus niger 42 0 0 0 0 0 0

Alyuminiy goplamali plastinkachalarining fungitsid faolligi
in vitro sharoitda zamburug ‘lar suspenziyasinig 10~ konsentrat-
siyasidan sterillangan Chapeka Doks muhitiga inokulyatsiyala-
nilib, alyuminiy plastinkachalari ozuqa markaziga joylangan.
Nazorat variantida plastinkachalar qo‘yilmagan Chapeka Doks
ishlatildi. Har bir plastinkaning koloniya diametri 3-7 kundan
so‘ng o‘lchandi. Koloniyalar atrofida hosil bo‘lgan zonalar
fungidsidlik indeksi formula yordamida topildi topildi. Bunda
AMg®6 plastinkasida: Fusarium culmorum 41,8 % < 34,8 % Al-
ternariya alternate; D16 plastinkasida: Alternariya alternate 39,1
%< 13,9 % Fusarium culmorium; ZnAl plastinkasida: Fusarium
culmorium 58,1 %< 41,3% Alternariya alternate fungidsidlik
indeksi kuzatildi qolgan kuturalarda antifungal faollik kuzatil-
maganligi sababli fungidsidlik indeksi yuqori bo‘lgan.

Fusarium culmorum — g‘alla ekinlarida ildiz chirish va
boshoq kasalliklarini keltirib chigaruvchi fitopatogen zamburug*
hisoblanadi. Metall ionlari (jumladan AI**) va nanozarrachalar
zamburug‘ hujayra devori tarkibidagi xitin, 3-glyukan va
glikoproteidlar bilan elektrostatik o‘zaro ta’sirga kirishadi.
Bu jarayon: membrana o‘tkazuvchanligining oshishiga,
sitoplazmatik moddalarning tashqi muhitga chiqishiga, osmotik
muvozanatning buzilishiga olib kelishi mumkin. Natijada F.
culmorum mitseliysi o‘sishi susayadi yoki to‘xtaydi. Tadqiqot
natijalari shuni ko ‘rsatadiki, alyuminiy metali yuzasi Fusarium
culmorum ga nisbatan fungitsid ta’sir ko ‘rsatmaydi.

Shunday qilib, Fusarium culmorum ga qarshi kurashda oddiy
alyuminiy plastinka emas, balki ionlashgan yoki modifikasiya
gilingan shakllar nisbatan samaraliroq bo‘lishi mumkin.
Biroq ularning amaliyotda qo‘llanilishi uchun toksikologik va
agroekologik baholash talab etiladi [7, 8, 9, 10,16].

Fusarium oxysporum — ko‘plab gishloq xo‘jalik ekinlarida
(pomidor, bodring, paxta, banan va boshqalar) fuzarioz solish
kasalligini keltirib chiqaruvchi xavfli tuproq zamburug‘i
hisoblanadi. U uzoq vaqt spora holatida saqlanib, o‘simlikning
o‘tkazuvchi to‘qimalarini zararlaydi

Alyuminiy qoplamali plastinka Fusarium oxysporum ga
qarshi samarali fungitsid vosita hisoblanmaydi. Agar alyuminiy
birikmalari antifungal magsadda ishlatilsa, ular odatda ionlashgan
yoki nanoshaklda bo‘lishi kerak. [11, 12, 13].

Alternaria alternata — ko‘plab gishloq xo‘jalik ekinlarida
(pomidor, kartoshka, sitrus, g‘alla va boshqalar) barg dog ‘lanishi
va meva chirish kasalliklarini keltirib chigaruvchi keng tarqalgan
fitopatogen zamburug‘dir. U spora orgali tez targaladi va nam
muhitda faol rivojlanadi. Mavjud ilmiy ma’lumotlar shuni
ko ‘rsatadiki, oddiy metall alyuminiy plastinkasi Alternaria
alternata ga nisbatan kuchli antifungal ta’sirga ega emas. Sabab

alyuminiy yuzasida himoya qiluvchi oksid gatlami (Al,Os) tez
hosil bo‘ladi, bu metallning biologik faolligini kamaytiradi,
neytral muhitda AI** ionlari ajralishi juda cheklangan. Agar ozuga
muhiti mavjud bo‘Isa, zamburug‘ mitseliysi metall yuzasida ham
o‘sishi aniglandi. Shu sababli alyuminiy plastinka ko ‘proq inert
substrat sifatida namoyon bo‘ladi. [14, 15, 16].

Rhizoctonia solani — tuproqda yashovchi xavfli fitopatogen
zamburug® bo‘lib, ko‘plab ekinlarda (kartoshka, paxta,
sabzavotlar, g‘alla va boshqalar) ildiz chirish, poya chirish va
“black scurf” kasalliklarini keltirib chiqaradi. U mitseliy va
sklerotsiy shaklida uzoq vaqt saqlanish qobiliyatiga ega. Mavjud
ilmiy tushunchalarga asosan, alyuminiy plastinkasi Rhizoctonia
solani ga nisbatan kuchli antifungal ta’sir ko‘rsatmaydi. Bunga
sabab, Al;O3 oksid qatlam metallning faolligini cheklaydi.
Neytral va quruq sharoitda Al** ionlari ajralishi juda kam. Ozugqa
muhitida (masalan, PDA agar), R. solani mitseliysi metall atrofida
erkin o°sishi kuzatildi. Alyuminiy kompozit goplamali plastinka
Rhizoctonia solani ga qarshi samarali fungitsid vosita emas ekan.
Uning antifungal ta’siri cheklangan va asosan muhit sharoitiga
bog‘lig. [17, 18,19].

Aspergillus niger — keng tarqalgan mitselial zamburug*
bo‘lib, tuproqda, ozig-ovqat mahsulotlarida va nam muhitlarda
uchraydi. U ayrim holatlarda o‘simlik kasalliklarini keltirib
chigaradi va mikotoksinlar hosil gilishi mumkin.

Bir nechta tadqiqot ishlari Aspergillus niger ning alyuminiy
gotishmalarini tezkor kuchli korroziyaga uchratishini ko ‘rsatadi;
asosiy sabab - zamburug* ajratadigan oksalatkislotasi va organik
kislotalardir.Ushbu tajribalar alyuminiy/follga zamburug‘ga
qarshi emas, balki Aspergillus niger alyuminiyga zarar
yetkazishini ko ‘rsatadi, ya’ni korroziya - zamburug‘ o‘sishini
to‘xtatadigan emas, uning metabolizmi natijasidir. Mavjud
ilmiy ishlar alyuminiy yoki oddiy alyuminiy folga Aspergillus
niger niger ga nisbatan ishonchli antifungal ta’sir ko ‘rsatishini
tasdigqlamaydi. Aksincha, Aspergillus niger alyuminiyni
korroziyaga uchratadi. Antifungal sirtlar uchun mis, nano-
metallar, supergidrofob qoplamalar yoki biotsid moddalar bilan
maxsus funksionallashtirilgan materiallar zarur [20].

IImiy tadgiqotlar shuni ko‘rsatadiki, alyuminiy kompozit
goplamali plastinkalar fitopatogenlarga samarali fungitsid
vosita emas ekan. Demak unda alyuminiy plastinkalarni
sirtida mikroorganizmlarni saglovchi sorbent sifatida go‘llash
mumkinmi degan savol tug ‘iladi. Tadqiqotlarga va adabiyotlarda
keltirilgan ma’lumotlarga ko‘ra, alyuminiy plastinkalarning
yuzasini mikroorganizmlarni saglovchi sorbent (adsorbent)
sifatida qo‘llash mumkin, lekin bu ayrim shartlarga va magsadga
bog‘lig. Sorbent - bu modda yoki material, u molekulalarni,
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ionlarni yoki mikroorganizmlarni yuzasiga tortib oladi va ularni
faol holda saglaydi yoki tarkibini o‘zgartirmaydi. Alyuminiy
va uning qotishmalari yuzasi nozik va aktiv bo‘lganida, ular
bakteriyalar, zoosporalar, virustar va zamburug ‘lar uchun sorbent
vazifasini bajara oladi.Sorbsiya mexanizmiga asosan, fizik
adsorbsiya, ya’ni van-der-vaals kuchlari orqali mikroorganizmlar
yuzaga yopishadi. Bundan tashqari kimyoviy adsorbsiya ya’ni
ionlar orqali yuza bilan aloqa, aynigsa, Al** va qotishma ionlari
asosida amalga oshadi [21, 22, 23].

4. XULOSA VA TAKLIFLAR

Alyuminiy plastinkalari zamburug‘larga nisbatan an’anaviy
mis va sulfur fungitsidlariga garaganda ekologik toza va kam
toksik himoya vositasi hisoblanadi.

Tadgiqot natijalariga ko‘ra, alyuminiy sirtida 38% gacha
fungitsidlik indeks gayd etildi. Bu ta’sir asosan AI** ionlarining
ferment ingibitsiyasi va oksidlanish stress orqali amalga oshadi.
Fitopatogen zamburug‘lar orasidan Fusarium culmorium
hamda Alternariya alternate fungidsidlik indeksi kuzatildi.
Qolgan kuturalarda antifungal faollik kuzatilmadi. Demak,
o‘rganilayotgan alyuminiy kompozit qoplamali plastinkalarimiz
antifungal faollik kuzatilmagan fitopatogenlar uchun sorbent

sifatida qo‘llanilish imkonini berar ekan.

Antifungal faollikni namoyon etishiga ko‘ra esa, alyuminiy
materiallar biotibbiy uskunalar, 0zig-ovqat qoplamalari va sanoat
uskunalarida antizamburug‘ qoplamalar sifatida qo‘llanilishi
mumkin.

Shunday qilib tadqiqotnatijalariga asoslanib shuni aytish
mumkinki, alyuminiy plastinkalarning yuzasini mikroorga-
nizmlarni saglovchi sorbent (adsorbent) sifatida qo‘llash mum-
kin. Sorbent modda yoki material molekulalarni, ionlarni yoki
mikroorganizmlarni yuzasiga tortib oladi va ularni faol holda
saglaydi yoki tarkibini o‘zgartirmaydi. Alyuminiy va uning
qotishmalari yuzasi nozik va aktiv bo‘lganida, ular bakteriyalar,
va zamburug ‘lar uchun sorbent vazifasini bajara oladi.

Ilmiy izlanishlar natijalariga asoslanib, alyuminiyning
turli gotishmalari (Al-Cu, Al-Zn, AlI-Mg) ta’sirini solishtirib
o‘rganish, ion chigishi tezligini nazorat gilish uchun turli pH
muhitlarda tahlil, fizik tahlillar orqali zamburug* hujayralaridagi
o‘zgarishlarni o ‘rganish mumkin. Alyuminiy kompozit qoplamali
plastinka yuzasi nozik va aktiv bo‘lganida, ular bakteriyalar va
zamburug‘lar uchun sorbent vazifasini bajara olishi mumkin
hamda ulardan foydalanish imkoniyatlari mavjud.
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BIOMORF ARXITEKTURA PRINSIPLARINI
O‘ZBEKISTON SHAROITIDA QO‘LLASHNING
EKOLOGIK SAMARADORLIGI

Azimov Farruxbek Zoxidjon o'g’li,
Toshkent Kimyo xalqaro universiteti magistranti.

Annotatsiya. Ushbu tadqiqot biomorf arxitektura prinsiplarini O ‘zbekistonning issiq-qarama-qarshi iglim sharoitida qo‘llashning
ekologik samaradorligini baholashga qaratildi. Magsad biomorf shakllantirish, passiv mikroiglim boshqaruvi va material tanlovi
orgali energiya sarfi, suv iste’moli hamda karbon izini kamaytirish mexanizmlarini aniglashdir. Metodologiya sifatida iglimga
mos dizayn nazariyasi, analogiya asosidagi biomimetik morfologik tahlil, ssenariyli energiya hisoblari va hayotiy sikl baholashga
yaginlashtirilgan ko ‘rsatkichlar majmuasi qo‘llandi. Tadgiqot yangiligi O‘zbekiston sharoitida biomorf geometriyani soyalanish
koeffitsienti, tabiiy shamollatish yo‘llari va evaporativ sovitish bilan bog ‘lab, ekologik natijalarni raqgamli mezonlar orqgali integral-
lashgan holda ko ‘rsatishidadir. Amaliy natija sifatida biomorf elementlarni fasad, tom va hovli tizimlariga joylashtirish bo‘yicha
samaradorlik xaritasi taklif etiladi.

Kalit so‘zlar: biomorf arxitektura; biomimetika; passiv sovitish; tabiiy shamollatish; soyalanish; hayotiy sikl; O ‘zbekiston iglimi.

Annoranusa. Hacrosiee uccienoBaHne HalpaBIeHO Ha OLEHKY 3KOJIOTMYECKON 3QHEKTMBHOCTM TPUMEHeHMs TIPUHLIUIIOB
61MOMOPGhHOI apXUTEKTYPhI B 3KAPKO-KOHTMHEHTAJIbHBIX YCIOBUAX Y30ekucraHa. Llenbio siBisieTcsl BhISIBJIEHME MEXaHU3MOB
CHIDKeHMsSI 3HepronoTpedieH s, BOLZHOTO PacXona U YIJIEPOIHOTo cJiefia 3a cueT 61oMopdHOro hopMoo6pa3oBaHus, TaCCUBHOTO
yIpaBieHyss MYKPOKJIIMATOM ¥ 060CHOBaHHOTO BbIGOPA MaTepuaioB. B KauecTBe METOIOJIOTMM UCIIOIb30BaHbI TEOPETUYECKIE
TIOIXONbI KJIMMATUUECKYU afalTHPOBAHHOTO MPOEKTUPOBaHMSI, OMOMMMETHYECKIIT MOP(OIOrMIecKuil aHaIM3 110 aHAJIOTHH,
CLIeHapHbIe SHepreTUYecKye PacueThl M CUCTEMA MHIMKATOPOB, MPUOMIIKEHHAS K OlleHKe KM3HeHHOro 1yK/a. HayuHas HOBM3HA
COCTOUT B YBsI3Ke 6MOMOPQHOI reoMeTpuyt ¢ KO3POULIMEHTOM 3aTeHeHNs], Ty TSIMM eCTeCTBEHHON BEeHTWISIUK U UCTIAPUTETbHBIM
OXJIaK[eHMEM, a TaK)Ke B MHTErpaibHOM MHTePIpeTaluy 3KOJornueckux 3deKToB uepes KoJMUeCTBEHHbIE KPUTEPUN.
[TpakTuyeckuit pe3yabTaT MpeACTaBIeH B Buie KapThl 3QdeKTUBHOCTU pasMeleHust 610MOPQHBIX 37IeMeHTOB B (acagHbIX,
KPOBEJIbHBIX U JTBOPUKOBBIX CHCTEMAX.

KitroueBble ciroBa: 61oMopdHast apxuUTeKTypa; 61OMMUMeTHKa; TAaCCHMBHOE OXJIaKIEHNE; eCTeCTBeHHAs BEHTWISILVIS; 3aTeHeHMe;
JKM3HEHHBIN VKT, KIMMAaT Y36eKucTaHa.

Abstract. This study evaluates the environmental efficiency of applying biomorphic architecture principles under Uzbekistan’s
hot continental climatic conditions. The objective is to identify mechanisms for reducing energy demand, water use, and carbon
footprint through biomorphic form-making, passive microclimate control, and evidence-based material selection. The methodology
combines climate-responsive design theory, analogy-based biomimetic morphological analysis, scenario-driven energy calcula-
tions, and a set of indicators aligned with life-cycle thinking. The scientific novelty lies in linking biomorphic geometry to shading
coefficients, natural ventilation pathways, and evaporative cooling potentials, and in integrating the resulting ecological impacts
via quantitative metrics. The study also proposes a practical efficiency map for placing biomorphic elements within facade, roof,
and courtyard systems, supporting early-stage decision-making for sustainable architectural design in Uzbekistan.

Keywords: biomorphic architecture; biomimetics; passive cooling; natural ventilation; shading; life-cycle assessment; Uzbe-
kistan climate.

1. KIRISH

Biomorf arxitektura ta’rifi sifatida tirik tabiatdagi shakl,
tuzilma va jarayonlardan ilhomlanib, bino geometriyasi hamda
muhandislik yechimlarini muhit bilan moslashuvchan uyg‘un-
lashtiradigan yondashuv qaraladi. Uning ishlash mexanizmi
shundan iboratki, tabiiy tizimlarda energiya va modda almashinu-
vi minimal yo‘qotishlar bilan tashkil etilgani kabi, arxitekturada
ham shaklning aerodinamikasi, soyalanish geometriyasi, porozlik
va qobiglarning qatlamliligi orgali issiglik oqimlari boshqariladi.
Masalan, termit uyalariga o‘xshash vertikal kanalli tuzilmalarda
konveksiya kuchayib, ichki havoning tabiiy almashinuvi barqa-
rorlashadi yoki kaktus po‘stlog‘idagi nervyura singari rel’yefli
fasadlar quyosh nurlanishini bo‘lib, sirt haroratini pasaytiradi.
O‘zbekiston sharoitida yozda tashqi havo harorati ko‘plab
hududlarda 38 - 42 darajagacha chigishi, yillik yog‘in miqdori

esa tekisliklarda ko‘pincha 100 - 300 millimetr diapazonda
bo‘lishi energiya va suv resurslariga bosimni kuchaytiradi, bu-
ning natijasida binolarning sovitishga ketadigan ulushi umumiy
iste’molda sezilarli bo‘lib goladi. Ilmiy izoh nuqtai nazaridan,
biomorf yondashuvning dolzarbligi iglimiy stresslar ortib bo-
rayotgan sharoitda passiv fizik jarayonlarni faollashtirish orqali
eksploatatsion energiyani kamaytirish va hayotiy sikl bo‘yicha
emissiyalarni pasaytirish imkoniyatida namoyon bo‘ladi [1].
Biomorf arxitektura nafaqat tabiiy shakllarni takrorlash,
balki tabiatda million yillar davomida evolyutsiya natijasida
shakllangan samarali funksional tizimlarni qurilish amaliyotiga
tatbiq etishni ham nazarda tutadi. Biomimetik yondashuv
binolarning energiya sarfini kamaytirish, resurslardan samarali
foydalanish va ekologik barqarorlikni oshirishga xizmat
qilishi ilmiy adabiyotlarda qayd etilgan [7]. Biomimikriya
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konsepsiyasida tabiatni nusxalashdan ko‘ra, uning ishlash
tamoyillaridan o‘rganish asosiy yondashuv sifatida qaraladi [8].

Mavjud ilmiy adabiyotlarda biomorf va biomimetik dizayn
ko‘pincha estetik oqim sifatida noto‘g‘ri toraytiriladi, holbuki
uning ta’rifi funksional analogiyalarni ham gamrab oladi.
Mexanizm jihatdan zamonaviy tadgiqotlar shaklni fagat vizual
o‘xshatish emas, balki issiglik o‘tkazuvchanlik, radiatsion
almashinuv, namlik migratsiyasi va aeratsiya kabi jarayonlarni
boshqaruvchi parametrlar majmui sifatida tahlil giladi. Misol
tariqasida, ikki qavatli nafas oluvchi qobiq tizimlari yoki
o‘simlik bargi stomalariga o‘xshash ochilma-klapan modullari
ichki mikroiglimni sensorli boshqgaruv bilan uyg‘unlashtirib,
tabiiy shamollatishni kuchaytiradi. Ragamli dalillar sifatida
xalqaro manbalarda passiv soyalanish va shamollatish birgalikda
qo‘llanganda sovitish energiyasini 15 - 35 foizgacha qgisqartirishi
mumkinligi ko‘rsatiladi, aynigsa, yuqori quyosh radiatsiyasi
bo‘lgan mintaqalarda bu ko‘rsatkich yuqoriroq bo‘lishi qayd
etiladi [2]. Ilmiy izoh shundan iboratki, O‘zbekistonning quruq
va issiq yozli hududlarida tashqi havoning entalpiyasi yuqori
bo‘lgani uchun sovitish yuklamasi asosan quyoshdan keluvchi
issiglik oqimi va infiltratsiya bilan belgilanadi, shu sababli
biomorf geometriyaning soyalanish va ogim yo ‘naltirishdagi roli
strategik ahamiyat kasb etadi [3]. Biomimetik yondashuvning
asosiy afzalligi shundaki, u tabiiy tizimlarning resurslardan
samarali foydalanish mexanizmlarini qurilish amaliyotiga
moslashtiradi. Tadqiqotlarda tabiatda shakllangan biologik
tizimlar energiya va materiallardan foydalanish bo‘yicha samarali
modellar sifatida e’tirof etiladi [9].

Ushbu tadgigot muammosi sifatida O‘zbekistonda biomorf
arxitektura elementlarini amaliy loyihalarga tatbiq etishda
ekologik samaradorlik ko‘pincha sifatli bayonlar bilan
cheklanib, tizimli ragamli mezonlar bilan asoslanmasligi
keltiriladi. Mexanizm darajasida bu kamchilik shundan kelib
chiqadiki, loyihalashda fasadning shakliy parametrlaridan
tortib, materialning embodied carbon ko ‘rsatkichigacha bo‘lgan
ko‘p omilli bog‘lanishlar yagona integrallashgan ramkada
baholanmaydi. Masalan, biomorf tom goplamasi evaporativ
sovitishni kuchaytirishi mumkin, ammo suv aylanishi va texnik
xizmat xarajatlari hisobga olinmasa, ekologik foyda to‘liq
ochilmaydi. Ragamli jihatdan, mintagada suv ta’minotidagi
yo‘qotishlar va irrigatsiya bosimi fonida binolarda ichimlik
suvini tejash 10 - 20 foizlik miqyosda ham sezilarli ekologik
effekt berishi mumkin, chunki suvning hayotiy sikl energiya izlari
ham mavjud. Ilmiy izoh sifatida maqolaning magsadi biomorf
prinsiplarni O‘zbekiston iglim zonalari uchun mos parametrlar
orqali baholab, energiya, suv va material emissiyalarini
birgalikda ko‘rsatadigan konseptual va hisobiy model taklif
etishdan iborat; vazifalar esa biomorf shakllantirishning asosiy
passiv mexanizmlarini ajratish, ssenariyli solishtirma hisoblar
o‘tkazish va amaliy tavsiyalar tizimini ishlab chigishdir [4].

2. MATERIALLAR VA USLUBLAR

Tadgiqot materiali sifatida O‘zbekistonning issiq-quruq
sharoitlariga xos uch tipologiya tanlandi: ko‘p kvartirali turar joy,
o‘rta qavatli ofis va ta’lim binosi, chunki bu toifalarda sovitish
yuklamasi va odamlar zichligi muhim o‘rin tutadi. Metodologik
mexanizm shundan iborat bo‘ldiki, har bir tip uchun bazaviy
to‘g‘ri burchakli hajm modeli va biomorf modifikatsiyalangan
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hajm modeli tuzildi, so‘ng fasad soyalanish koeffitsienti,
shamollatish ekvivalent ochilma maydoni va tomning radiatsion
muvozanati kabi ko‘rsatkichlar bir xil sharoitda tagqoslandi.
Misol sifatida biomorf modifikatsiya sifatida qovurg‘ali fasad
rel’yefi, chuqurlashtirilgan lodjiya-kavaklar, ventilyatsion
atrium va g‘ovak-perforatsiyali ekranlar kombinatsiyasi
qaraldi, ularning prototipi sifatida barg nervyurasi, qumtepa
aerodinamikasi hamda termit inshootlaridagi konvektiv kanallar
analogiyasi qo‘llandi. Ragamli baholashda ssenariyli energiya
hisoblari uchun soddalashtirilgan issiglik balansi tenglamalari,
quyosh geometriyasi bo‘yicha soya tushish foizi hamda yashil
tom va evaporativ yuzalar uchun latent issiglik ogimi hisoblari
ishlatildi; gqo‘shimcha ravishda materiallar bo‘yicha embodied
carbon uchun adabiyotdagi o‘rtacha koeffitsientlar diapazoni
qabul qilindi. Ilmiy izoh sifatida usullar tanlovi iglimga mos
arxitektura nazariyasi va biomimetik dizayn metodologiyasi bilan
uyg ‘un bo‘lib, erta konsept bosqichda loyihachiga tezkor, ammo
ilmiy asosli qaror gabul qilish imkonini beruvchi indikatorlar
tizimini yaratishga xizmat qildi [5].

Tadqgiqot yondashuvida ekologik samaradorlik ta’rifi uch
komponent yig‘indisi sifatida olindi: eksploatatsion energiya
tejami, suv sarfi optimallashuvi va materiallar hayotiy sikl
emissiyalarining kamayishi. Mexanizm darajasida bu uchlik
o‘zaro bog ‘langan, chunki masalan, ko ‘proq soyalanish sovitish
energiyasini kamaytiradi, sovitish tizimi quvvati pasayganda
sovutgich agentlarining oqishi bilan bog‘liq potensial ta’sir
ham kamayadi, yashil sirtlar esa suv talab gilsa-da, issiglik
orolini pasaytirib, umumiy energiya yukini yengillashtiradi.
Misol tariqasida, perforatsiyali biomorf ekranlar kunduzgi
radiatsiyani filtrlaydi, shu bilan birga kechasi radiatsion
sovish uchun sirtni ochiq qoldirish imkonini beradi, bu esa
diurnal amplituda katta bo‘lgan sharoitlarda foydali. Ragamli
ko ‘rsatkichlar sifatida asosiy indikatorlar quyidagicha belgilandi:
yillik sovitish energiyasi kWh/m?, quyoshdan keluvchi issiglik
ogimi W/m?, suv sarfi litr odam kuniga, embodied carbon esa
kgCOse/m? ga nisbatan. Ilmiy izoh sifatida indikatorlar tanlovi
amaliyotda qo‘llanadigan energiya auditi va hayotiy sikl fikrlash
tamoyillariga mos bo‘lib, natijalarni turli tipologiyalar orasida
solishtirishni metodik jihatdan osonlashtiradi [2].

Ma’lumotlar bazasi sifatida iqlimiy parametrlar uchun
Toshkent, Samarqand va Nukus kabi shaharlarning
umumlashtirilgan meteorologik kuzatuvlariga mos tipik yil
profillari qabul gilindi, chunki bu nugqtalar vodiy-tekislik va
qurg‘oqchil hududlar fargini ifodalaydi. Mexanizm shundan
iboratki, har bir shahar uchun yozgi maksimal harorat, tungi
sovish potensiali va shamol tezligi diapazoni tabiiy shamollatish
samaradorligiga bevosita ta’sir giladi, shuning uchun natijalar
bitta nuqtaga bog‘lab qo‘yilmay, uch iqlimiy ssenariyda
tekshirildi. Misol sifatida, Nukus ssenariysida chang va quruq
shamollar ko ‘proq bo‘lgani uchun fasad porozligi va filtratsiya
masalasi alohida parametr sifatida kiritildi, Toshkentda esa
issiglik oroli effekti ehtimoli tufayli yashil sirtlarning radiatsion
balansi kuchliroq ahamiyat kasb etdi. Ragamli jihatdan shamol
tezligi 1,5 - 4,0 m/s oralig‘ida, yozgi kechki tashqgi havo
harorati ko‘plab kunlarda kunduzgiga nisbatan 8 - 12 daraja
past bo‘lishi mumkinligi kabi tipik giymatlar gabul gilinib,
shamollatish va tungi sovitish potensiali hisoblarda aks ettirildi.



IImiy izoh sifatida bunday ssenariylash O ‘zbekiston hududining
iglimiy heterogenligini hisobga oladi va biomorf yechimlarning
universalligi emas, balki moslashtirish talabini ko ‘rsatadi [3].

Biomorf dizaynning ekologik samaradorligini baholashda
hayotiy sikl tahlili (LCA) muhim metodologik vosita hisoblanadi.
ISO 14044 standartiga ko ‘ra, mahsulot yoki binoning ekologik
ta’siri fagat foydalanish davri bilan emas, balki xomashyo qazib
olish, ishlab chiqarish, ekspluatatsiya va utilizatsiya bosgichlarini
ham gamrab olishi lozim [10]. Shu sababli tadqiqotda
materiallar embodied carbon ko ‘rsatkichlari ham hisobga olindi.
Biofilik dizayn konsepsiyasiga ko‘ra, inson va tabiiy muhit
o‘rtasidagi alogani kuchaytirish binolarning ekologik va ijtimoiy
samaradorligini oshirishga xizmat qiladi [14].

3. NATIJALAR VA MUNOZARA

Olingan natijalarda biomorf shakllantirishning birinchi asosiy
ta’siri soyalanish koeffitsientining oshishi orqali quyoshdan
keluvchi issiglik ogimini kamaytirishda namoyon bo‘ldi. Me-
xanizm darajasida fasad rel’yefi, chuqur lodjiya va ekranning
ko‘p qatlamliligi to‘g‘ridan to‘g‘ri radiatsiyani parchalaydi,
sirtning effektiv nurlanish gabul qilish burchagini kamaytiradi
va oynavandlikka tushadigan energiyani filtrlab beradi. Misol
sifatida, janubiy va g‘arbiy yo‘nalishlarda qovurg‘ali rel’yef
hamda perforatsiyali ekran birgalikda qo‘llanganda ichki sirt-
larning qizishi sezilarli pasaygani, kunduzgi pik soatlarda termik
yuklama yumshagani kuzatildi. Ragamli natijalarda bazaviy
modelga nisbatan quyoshdan keluvchi issiglik yuki 12-28 foiz
diapazonda kamaydi, bu esa yillik sovitish energiyasini tipologi-
yaga qarab 9-22 foiz qgisqartirish bilan mos keldi. Ilmiy izoh
sifatida, issiq-quruq iglimda sovitish yuklamasining katta gismi
radiatsion komponentga to‘g‘ri kelgani sababli geometriyaviy
soyalanishning energiya tejamidagi ulushi yuqori chiqdi.

Ikkinchi natija tabiiy shamollatish yo‘llarini biomorf analogi-
yalar asosida tashkil etish binoning ichki havo almashinuvini
bargarorlashtirishini ko ‘rsatdi. Mexanizm shundan iboratki, atri-
um-kanallar, shamol tutgichga yaqgin bo‘lgan vertikal shaxtalar
va qobiqlardagi poroz zonalar bosim farqini kuchaytirib, stack
effect hamda shamol bosimi bilan boshqgariladigan ogimlarni
faollashtiradi. Misol sifatida, termit uyasiga o‘xshash ko‘p kanalli
yadro yechimida pastki kirishlar soyali hovli tomondan, yugori
chiqishlar esa tom gismidagi ventilyatsion fonarlar orqali tashkil
etilganda, kechasi issiq havo tabiiy chiqib ketishi osonlashdi.
Ragamli ko ‘rsatkichlarda ekvivalent havo almashinuvi 0,6 - 1,2
ACH dan 1,0 - 1,8 ACH gacha oshishi bilan mos trend qayd
etildi, bu esa ayrim kunlarda mexanik ventilyatsiya ehtiyojini
10 - 15 foizgacha kamaytirish potensialini berdi. Ilmiy izoh
sifatida, shamollatishning ortishi chang va shovqin sharoitida
filtratsiya va akustika talablari bilan birga ko ‘rilishi kerak bo‘lsa-
da, to‘g ‘ri zonalash va ikki bosqgichli havo kirishi orqali ekologik
va gigiyenik foyda muvozanatlashishi mumkin.

Uchinchi natija biomorf tom va hovli tizimlari orqali
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mikroiglimni pasaytirish, aynigsa, evaporativ sovitish va radi-
atsion sovishdan birgalikda foydalanilganda, sezilarli ekologik
effekt berishini ko ‘rsatdi. Mexanizm darajasida suvning bug‘la-
nish issiqgligi yuqori bo‘lgani uchun namlangan g‘ovak sirtlar va
yashil gatlamlar havo haroratini mahalliy pasaytiradi, shu bilan
birga tunlari ochiq osmon ostida uzoq to‘Iqinli nurlanish hisobiga
sirt sovishi kuchayadi. Misol sifatida, biomorf botig-hovuzchali
tom rel’yefi kechki payt shabada yo‘nalishiga moslab shakllan-
tirilganda, hovli orqali kiruvchi havo nisbatan salginroq bo‘lib,
ichki zonalarga tarqaldi. Ragamli natijalarda hovli mikroiglimini
1,0 - 2,5 daraja pasaytirish imkoniyati va sovitish energiyasini
qo ‘shimcha 4 - 9 foiz kamaytirish trendi kuzatildi, biroq suv sarfi
ssenariyga garab 3 - 8 litr metr kvadrat kuniga ortishi mumkinligi
ham qayd etildi. [Imiy izoh sifatida, suv resurslari cheklangan
sharoitda evaporativ yechimlar gayta ishlatiladigan texnik suv,
yomg ‘ir suvi yig ‘ish va tomchilatib namlash kabi texnologiyalar
bilan birga joriy etilgandagina ekologik optimal bo‘ladi.

Quyida natijalar solishtirma jadval ko‘rinishida umum-
lashtirildi, bunda ta’rif sifatida bazaviy va biomorf ssenariylar
o‘rtasidagi farq foizlarda berildi va mexanizm sifatida asosiy
haydovchi omil ko‘rsatildi. Mexanizm jadvalda soyalanish,
shamollatish va tom mikroiqlimi kabi uchta yo‘nalish bo‘yicha
ajratildi, bu esa dizayn qarorlarini tezkor tanlashga yordam
beradi. Misol sifatida, ofis tipologiyasida oynavandlik ulushi
yugori bo‘lgani uchun soyalanishdan keladigan foyda eng katta
bo‘lib chiqdi, turar joyda esa tungi shamollatish yaxshiroq ish-
ladi. Ragamli natijalarda sovitish energiyasi tejamining umumiy
diapazoni 13 - 27 foiz, embodied carbonning material tanloviga
bog‘liq kamayishi 6 - 18 foiz, suv sarfi esa yechim turiga garab
minus 5 foizdan plus 12 foizgacha o‘zgarishi aniglandi. Ilmiy
izoh sifatida, bunday tarqalish biomorf arxitektura ekologik
samaradorligini yagona son bilan ifodalashdan ko‘ra, dizayn
paketlari va iglim ssenariylari bo‘yicha ko‘rsatish ilmiyroq
ekanini tasdiglaydi.

Tadqiqotda kimyoviy formulalar bilan ifodalanuvchi ekologik
ko‘rsatkichlar ham normativ darajada izohlash uchun kiritildi,
chunki emissiya hisobida CO2 ekvivalent tushunchasi muhim.
Mexanizm darajasida uglerod izini baholashda asosiy reaksiya
sifatida yoqilg ‘ining oksidlanishi nazariy modeli eslatma sifatida
olinadi, masalan metan uchun CH4 + 202 = CO2 + 2H20 ko‘ri-
nishidagi ideal tenglama issiglik ishlab chiqarish bilan bog‘liq
emissiyani tushuntiradi. Misol sifatida, elektr energiyasi ishlab
chiqarish manbasiga garab 1 kVt soat uchun CO2 ekvivalenti farq
qilgani sababli, sovitish energiyasi gisqarganda emissiya ham
mos ravishda kamayadi. Ragamli ifodada ssenariylar bo‘yicha
1 m? maydon uchun yillik emissiya kamayishi 4 - 14 kgCOqe
da baholandi, bu ko ‘rsatkich katta maydonli jamoat binolarida
ko‘paytma ta’sir beradi. Ilmiy izoh sifatida, formulalarning kiri-
tilishi biomorf arxitekturaning estetik emas, o‘lchanadigan fizik
va kimyoviy oqibatlarga ega dizayn tizimi ekanini ko ‘rsatadi.

Jadval

Bazaviy va biomorf ssenariylar tagqoslanishi, umumlashtirilgan natijalar

Tipologiya Sovitish energiyasi Suv sarfi Embodied carbon Asosiy mexanizm
Turar joy -15% +3% -8% Soyalanish va tungi aeratsiya
Ofis -24% 0% -12% Radiatsion yukni filtrlash
Ta’lim binosi -18% +7% -6% Mikroiqglim va radiatsion sovish
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Natijalar ta’rifi shuni ko‘rsatadiki, O‘zbekiston sharoitida
biomorf prinsiplar eng avvalo quyosh radiatsiyasini boshgarish
va shamollatishni optimallashtirish orqgali ekologik samaradorlik
beradi, bu esa iglimga mos arxitektura bo‘yicha mavjud yon-
dashuvlar bilan uyg‘unlashadi. Mexanizm jihatdan bu topilma
passiv dizayn tamoyillari bilan mos keladi, chunki issig-qurug
iglimlarda soyalanish va termal massa bilan birga aeratsiya
asosiy strategiyalar hisoblanadi, biomorf geometriya esa aynan
shu strategiyalarni murakkab, ammo samarali shaklda kuchay-
tiradi. Misol sifatida, an’anaviy mahalliy me’morchilikdagi
ichki hovli, ayvon va panjarali elementlar biomorf ekranlar va
atrium kanallari bilan zamonaviylashtirilganda, tarixiy tajriba
va innovatsion modellashtirish bir nuqtada uchrashadi. Ragamli
solishtirishda kuzatilgan 13-27 foizlik sovitish energiyasi tejam
diapazoni biomimetik dizayn bo‘yicha xalqaro tadqiqotlardagi
15 - 35 foizlik umumiy diapazon bilan bir yo‘nalishda, ammo
suv sarfi bo‘yicha tarqalish O ‘zbekiston uchun alohida xavf omili
sifatida ajralib chiqdi [2]. [Imiy izoh sifatida, bu natija biomorf
dizaynni O‘zbekistonda qo‘llashda suv-energiya bog‘liqligi,
ya’ni water-energy nexus konsepsiyasi albatta hisobga olinishi
kerakligini ko‘rsatadi [6]. UNEP hisobotlariga ko‘ra, qurilish sek-
tori global energiya iste’'moli va issiqxona gazlari emissiyasining
muhim gismini tashkil etadi. Shu sababli passiv sovitish, tabiiy
shamollatish va quyosh radiatsiyasini boshqarishga asoslangan
biomorf yechimlar ekologik barqarorlikka erishishning istigbolli
yo‘nalishlaridan biri sifatida qaraladi [11].

Mavjud adabiyotlar bilan qiyosiy tahlilda biomorf arxitek-
turaning ko‘pincha yuqori texnologik qobiq materiallariga
bog‘lanishi tangidiy baholandi, chunki bunday materiallar em-
bodied carbonni oshirib yuborishi mumkin. Mexanizm darajasida
bu shundan kelib chigadiki, murakkab kompozitlar va alyuminiy
tizimlar ishlab chigarish energiyasi yuqori, natijada ekspluatat-
sion energiya tejalishi bilan ishlab chiqarish emissiyasi o‘rtasida
kompensatsiya masalasi yuzaga keladi. Misol sifatida, biomorf
ekranlar uchun mahalliy keramika, yog‘och-kompozit yoki tolali
sement kabi nisbatan past emissiyali materiallar tanlansa, shakl-
ning ekologik foydasi hayotiy siklda mustahkamlanadi. Ragamli
jihatdan embodied carbonning 6-18 foiz kamayishi aynan ma-
terial almashtirish va konstruktiv optimallashtirish bilan bog‘liq
bo‘lib, fagat shakl o‘zgarishi bu ko‘rsatkichni yetarli darajada
bermasligi aniglandi. Ilmiy izoh sifatida, biomorf yondashuvni
O‘zbekistonda sanoat bazasi va logistika bilan moslashtirish,
mahalliy xomashyo ulushini oshirish hamda demontaj qili-
nadigan tugunlar orqali qayta foydalanishni ko‘zlash ekologik
samaradorlikni oshiradi [1].

Tadgiqot cheklovlari ta’rifi sifatida hisoblarning sodda-
lashtirilgan ssenariyli modelga tayanishi va real ekspluatatsion
xulg-atvor, servis sifati hamda qurilish sifati kabi omillar to‘lig
gamrab olinmagani qayd etiladi. Mexanizm jihatdan, masalan, ta-
biiy shamollatish samarasi deraza ochish rejimi, chang bo‘ronlari
paytida filtratsiya, shovqin darajasi va foydalanuvchi odatlariga
bog‘liq bo‘lib, bu parametrlar o‘zgaruvchan. Misol sifatida, Nu-
kus ssenariysida shamol kuchli bo‘Isa-da, chang konsentratsiyasi
oshgan kunlarda ochiq shamollatish cheklanishi mumkin, bu
esa hisobiy tejamni real sharoitda pasaytiradi. Ragamli nuqtai
nazardan, sezgirlik tahlilida shamollatish koeffitsienti 20 foizga
kamaytirilsa, sovitish energiyasi tejamidagi ulush 3 - 6 foiz band-
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ga pasayishi mumkinligi ko ‘rsatildi, bu dizaynning boshgaruv
tizimlari bilan integratsiyasini muhim qiladi. Ilmiy izoh sifatida,
kelajak tadqiqotlari uchun to‘liq dinamik simulyatsiya, dala
o‘lchovlari, ichki komfort ko ‘rsatkichlari va suvni gayta ishlatish
texnologiyalarining LCA bahosi bilan boyitilgan metodlar zarur
bo‘ladi, chunki biomorf arxitekturaning ekologik samarasi ko‘p
parametrli tizim sifatida yaxshiroq ochiladi [4].

Olingan natijalar xalgaro tajribalar bilan ham mos keladi. Xu-
susan, IEA ma’lumotlariga ko‘ra, binolar global energiya iste’mo-
lining muhim gismini tashkil etadi va passiv dizayn strategiyala-
rini qo‘llash energiya samaradorligini sezilarli darajada oshiradi
[12]. World Green Building Council hisobotlarida esa binolarning
embodied carbon ulushini kamaytirish uchun mahalliy material-
lardan foydalanish va konstruktiv optimallashtirish muhim omil
sifatida ko‘rsatilgan [13]. Ekologik loyihalash tamoyillariga
ko‘ra, bino shakli va qobig‘ining mahalliy iglimga moslashti-
rilishi energiya tejamkorligi hamda ekologik samaradorlikni
oshiradi [15]. Biomimetik arxitektura yondashuvi bino shaklini
tabiiy obyektlarga o‘xshatish bilan cheklanmay, ekotizimlarning
ishlash tamoyillarini loyihalash jarayoniga integratsiyalashni
ham nazarda tutadi [16]. Ushbu yondashuv tadgiqot natijalarida
aniglangan energiya tejamkorligi va embodied carbon kamayishi
ko‘rsatkichlari bilan ham mos keladi.

Arxitektura va qurilish amaliyotida quyosh radiatsiyasi,
shamol oqimlari va tabiiy yoritishni hisobga olgan loyihalash
energiya samaradorligini oshirishning asosiy omillaridan biri
hisoblanadi. Ilmiy adabiyotlarda iglimga mos shakllantirish va
tabiiy energiya ogimlaridan foydalanish binolarning ekspluatat-
sion energiya sarfini kamaytirishi ko‘rsatilgan [17]. ASHRAE
qo‘llanmalarida tabiiy shamollatish va issiqlik komforti bo‘yicha
tavsiyalar keltirilgan bo‘lib, ular biomorf yechimlarni baholash
uchun muhim nazariy asos yaratadi [18]. Ekologik loyihalash
yondashuvlarida tabiiy landshaft va ekotizimlarni hisobga olish
muhim omil sifatida qaraladi [19], bino qobig‘i va konstruktiv
elementlarning shakli esa energiya samaradorligiga bevosita
ta’sir ko ‘rsatadi [20].

4. XULOSA

Ushbu ilmiy ish biomorf arxitektura prinsiplarini O ‘zbekiston
sharoitida qo‘llash ekologik samaradorlikni, eng avvalo, passiv
soyalanish, tabiiy shamollatish va mikroiglimni boshqarish
mexanizmlari orqali ta’minlashini umumlashtirdi. Tadgiqotda
biomorf geometriya radiatsion issiqlik yukini kamaytirishi,
konvektiv havo almashinuvi yo ‘llarini barqarorlashtirishi va tom
hamda hovli tizimlari orqali lokal sovitish potensialini oshirishi
ko‘rsatildi. Ssenariyli solishtirma baholashlar yillik sovitish
energiyasini tipologiya va iqlimga qarab sezilarli gisqartirish
mumkinligini, material tanlovi va konstruktiv optimallashti-
rish embodied carbonni kamaytirishda muhim rol o‘ynashini,
evaporativ yechimlarda esa suv sarfi bilan bog‘liq muvozanatni
hisobga olish zarurligini jamladi. Natijalar biomorf yonda-
shuvni estetik uslubdan ko‘ra, o‘lchanadigan indikatorlar orqali
baholanadigan iglimga mos dizayn strategiyasi sifatida qo‘l-
lash mumkinligini tasdigladi. Yakunda, O‘zbekiston amaliyo-
tida biomorf elementlarni fasad, tom va hovli darajasida integrat-
siyalash hamda suv va material resurslari bilan uyg‘unlashtirish
ekologik samaradorlikni oshirishning eng istigbolli yo‘nalishi
sifatida sintez qilindi.
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DUNYODAGI HAR BESHINCHI SUV
OMBORI CHO'KINDIGA TO'LIB
BORMOQDA

N

EKOLOGIYA XABARNOMASI

Xitoy Fanlar akademiyasi boshchiligidagi xalgaro olimlar
guruhi tarixda birinchi marta suv omborlarida cho‘kindilar
to‘planishini global migyosda baholash uchun shu turdagi barcha
suv havzalarini, jumladan, ilgari tadgiqotchilar e’tiboridan chetda
golgan kichik suv omborlarini ham qamrab oldi.

Olimlar masofadan zondlash ma’lumotlari, geofazoviy
bazalar va muhandislik hujjatlarini birlashtirgan holda Global
suv omborlari reyestrini (GREI) yaratdi. Natijada dunyo bo‘ylab
550 000 dan ortiq suv omborlari aniglandi. Ma’lum bo ‘lishicha,
ulardan 95 foizdan ortig ‘i bir kvadrat kilometrdan kam maydonni
egallaydi. Aynan shu toifadagi suv havzalari avvalgi ilmiy hisob-
kitoblarda deyarli qayd etilmagan.

Tadgiqot xulosasiga ko‘ra, suv omborlari har o‘n yilda
o‘rtacha 7,3 foiz sig‘imini yo‘qotadi. Har beshinchi suv ombori
allagachon tubiga cho‘kindilar to‘planishi tufayli belgilangan
suv miqdorini jamlay olmaydi.

Aynigsa, qurg‘oqchil hududlarda — AQSHning janubi-
g‘arbi, Yaqin Sharq va Avstraliyaning g‘arbiy gismidagi kichik
suv omborlari qoniqarli holatda emas. Shuningdek, olimlar
16 ta global intensiv cho‘kindi o‘choglarini anigladi, ularning
aksariyati suv tangisligi bo‘lgan yirik sug‘oriladigan gishloq
xo‘jaligi hududlariga to‘g‘ri keladi.

Sayyoramizdagi barcha sug‘oriladigan yerlarning qariyb
25 foizi cho‘kindilar bosish xavfi mavjud hududlarda joylash-
gan. Ushbu hududlarda ikki milliarddan ortiq aholi istiqomat
qiladi, ozig-ovqat va suv xavfsizligiga tahdid soladi.

Tadgiqot mualliflarining baholashiga ko‘ra, tizimli choralar
ko‘rilmasa, 2060-yilga borib dunyodagi suv omborlarining
yarmidan ko ‘pi 0z funksionalini yo‘qotishi mumkin. Cho ‘kindilar
to‘planishi nafaqat ichimlik suvi zaxiralari va sug‘orish
resurslarini, balki gidroelektr energiyasi ishlab chiqarishni, suv
toshginlarida himoya funksiyalarini ham pasaytiradi. Bundan
tashqari, loygani ogim bo‘ylab pastga olib chigish kamayishi
daryolar morfologiyasini o‘zgartiradi, qirg‘oq eroziyasi va
qgirg‘oq ekotizimlarining degradatsiyasini kuchaytiradi.

Suv omborlarini yanada oqilona boshqarish, ularni
cho‘kindidan tozalash suv resurslari va global ozig-ovqat tizimi
barqarorligini ta’minlashning asosiy shartiga aylanmoqda.

Manba: ecosphere.press
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OKEANLAR ANTROPOGEN OMILLAR
BOSIMI OSTIDA...

Dunyoning 86 mamlakatidan 550 nafar ekspert okeanlarning
hozirgi holatiga oid 1600 sahifali hisobotni e’lon qildi. Unda
okean suvlari isishi, ifloslanishi va dengiz jonzotlari haddan
tashqari ovlanishi tufayli Yer sharining quruglik hududlarida
iqlim, ozig-ovqat ta’minoti va milliardlab odamlarning
salomatligi xavf ostida qolayotgani bayon etilgan.

Ma’lumki, okeanlar sayyoramiz yuzasining 70 foizidan
ortig‘ini egallaydi va iqlim boshqaradi, bioxilma-xillik va
dunyo iqgtisodiyotida muhim o‘rinni tutadi. Eksperlarning
ta’kidlashicha, okeanlar har bir insonning kundalik hayotiga ta’sir
ko ‘rsatadi, garcha u girg‘ogdan uzoqda yashasa-da.

Okeanlar ortiqcha issiglik va issigxona gazlarini yutish orqali
iglimni barqarorlashtiradi, insoniyatni dengiz mahsulotlari bilan
oziglantiradi. Afsuski, okeanlarga yuklamalar shiddat bilan ortib
bormoqda. 2024-yilda dunyo aholisi 8,2 milliard kishiga yetdi,
ularning 37 foizi qirg‘ogdan 100 km masofada yashaydi. Aholi
ko‘payishi tabiiy resurslarga talab ortishiga, infratuzilmaning
kengayishiga va chigindilarning ko‘payishiga olib kelmogda.

Asosiy tahdid — iglim o‘zgarishi. Dunyo okeanlarining
sathi avvalgiga nisbatan ikki baravar tezroq ko‘tarilmoqda:
2015-yildagi 1,9 mm dan 2023-yilda 4,3 mm gacha. Agar haro-
rat Syelsiy bo‘yicha 1,5 darajadan oshsa, barcha marjon
riflarining 90 foizi yo‘qotilishi mumkin.

Atrof-muhit ifloslanish, keng tarqalgan. Har yili okeanga
52 million tonna plastik chigindilar tushadi. Suvda 24 trillion
mikroplastik zarrachalari mavjud bo‘lib, bundan dengiz
jonivorlarining 4000 dan ortiq turi zarar ko ‘radi.

Ozig-ovqgat xavfsizligi ham xavf ostida. Okeanlar dunyodagi
hayvon ogsilining 20 foizini ta’minlaydi. Har yili 8 million
tonnadan 14 million tonnagacha baliq noqonuniy ovlanib,
yashirin iqtisodiyotga 9 milliard dollardan 17 milliard
dollargacha daromad keltirmoqda. Okean igtisodiyoti hajmi
yiliga 1,5 trillion dollarga baholanadi, 2030-yilga borib esa
3 trillion dollardan oshishi prognoz gilingan.

Ekspertlar muammolarga yechimlarni ham taklif etdi: tabiatga
yo‘naltirilgan yondashuvlar, zararli chigindilarni kamaytirish
va okeanlarda muhofaza qilinadigan hududlarini kengaytirish,
mamlakatlarning okeanlarni himoya gilish borasidagi sa’y-
harakatlarini tezlashtirish va muvofiglashtirish zarur.

Manba: nia.eco



HAYVONLAR UCHUN OLDINDAN
OGOHLANTIRISH TIZIMI

Xalgaro tadqgiqotchilar guruhi oldindan ogohlashtirish tizimini
ishlab chiqdi, bu bir necha oy avval yovvoyi hayvonlar uchun
ekstremal harorat xavfini baholash imkonini beradi. Ishlanma
iglim prognozlari va 30 mingdan ortiq hayvon turlarining omon
golish harorat chegaralari hagidagi ma’lumotlarga asoslangan.

Tadqiqotchilarning ta’kidlashicha, ushbu model odatiy areal
jaziramaga duch kelishi mumkin bo‘lgan hududlarni aniglashga
ko‘maklashadi. Test sinoviga ko‘ra, 3,5 mingdan ortiq tur eks-
tremal issiq ta’siriga uchragan, ulardan 1,25 mingdan ortig‘i
allagachon zaif yoki yo‘qolib ketish xavfi ostida bo‘lishi mumkin.

Ogohlantirish tizimi atrof-muhitni muhofaza qilish
xizmatlariga monitoringni kuchaytirishdan tortib, yovvoyi
hayvonlarga suv havzalari va vaqtinchalik boshpanalar
yaratishgacha bo‘lgan chora-tadbirlar uchun bir necha oy vagqt
beradi. Bioxilma-xillikni asrab qolishda ham bu tizim samarali
bo‘lishi kutilmogda.

Manba: gismeteo.ru

QUSHLAR SHAMOL TURBINALARINI
CHETLAB O'TADI

Shamol elektr stansiyalari qushlarning halok bo ‘lishiga sabab
bo‘layotgani hagidagi bahslar yillar davomida to‘xtamayapti.
Yevropada o‘tkazilgan ikkita yangi tadgiqot mazkur xavf
bo‘yicha tasavvurlarga jiddiy aniqlik kiritdi.

Shvesiyaning «Vattenfall» energetika kompaniyasi va
«Spoor» texnologiya kompaniyasi vakillari Shotlandiya-
ning Aberdin sohilida joylashgan dengiz shamol elektr
stansiyasida 19 oy davomida kuzatuv olib bordi. Jarayonda
sun’iy intellekt yordamida turbinalar atrofida uchgan 2 mingdan
ortiq qushning parvoz trayektoriyasi tahlil gilindi. Kuzatuvlar
davomida birorta ham qushning turbina parraklari bilan
to‘gqnashgani qayd etilmadi.

Tadqiqot mualliflarining ta’kidlashicha, sun’iy intellekt va
videokuzatuv texnologiyalari avvalgi taxminlarni emas, balki
real holatni xolis baholash imkonini bergan.

Yana bir vyirik tadgiqot Germaniyaning Dengiz shamol
energetikasi uyushmasi tomonidan o‘tkazildi. Olimlar bir yarim
yil davomida radarlar va sun’iy intellektli kameralar orqali
qushlarning 4 milliondan ortiq harakatini o‘rganib chiqdi.
Natijalarga ko‘ra, ko‘chib yuruvchi qushlarning 99,8 foizdan
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ortig‘i shamol turbinalarini xavfsiz tarzda chetlab o‘tgan.
Loyiha ishtirokchilari zamonaviy dengiz shamol elektr
stansiyalari qushlar migratsiyasiga jiddiy xavf tug‘dirmasligini
ta’kidlamoqda. Biroq tabiatni muhofaza qilish tashkilotlari ayrim
noyob qush turlari uchun xavf saglanib qolishini qayd etib,
shamol elektr stansiyalarini qurishda qushlarning migratsiya
yo‘nalishlari va in qo‘yish hududlarini hisobga olish, yirik
yirtgich qushlar inlari atrofida esa muhofaza masofasini saglash
zarurligini ta’kidlamoqda.
Manba: ekogazeta.uz

HINDISTONDA YO'LBARSLARNI
ASRASH UCHUN «QIZIL YO'L»
OCHILDI

Qo‘rigxona hududini kesib o‘tuvchi avtomobil yo‘li
g‘ayrioddiy himoya vositalari bilan jihozlangan. Hindistonning
Madhya-Pradesh shtatida ilk «gizil yo‘l» — haydovchilarni
kameralar va ogohlantiruvchi belgilarsiz tezlikni avtomatik
ravishda pasaytirishga majbur giladigan yorqin qizil qoplamali
shosse gismi qurildi. Shu tarzda hukumat noyob hayvon turlarini
muhofazalashga harakat gilmoqda.

avtomagistralning ikki kilometrlik gismiga 5 millimetrli qizil
termoplastik qatlami surtildi. Bunday qoplamaga duch kelgan
haydovchi kuchsiz tebranishni his giladi va shinalar shovginining
sezilar-sezilmas o‘zgarishini eshitadi, bu tezlikni pasaytirishi
uchun yetarli bo‘ladi.

Tadgigot shuni ko ‘rsatadiki, hayvonlar uchun mo ‘ljallangan
to‘rli to‘siglar va maxsus o‘tish joylari avtomobil yo‘llarida
yirik sutemizuvchilar bilan to‘gqnashuvlar sonini taxminan 83
foizga kamaytiradi. O‘tish joylari bo‘lmagan to‘siglar atigi
54 foiz samara beradi, to‘sigsiz o‘tish joylari esa deyarli
foydasiz.

Manba: moya-planeta.ru

YAPONIYA SAKURADAN MAHRUM
BO'LISHI MUMKIN

Olimlar bu daraxt uchun asosiy xavf, avval taxmin
qilinganidek, bahorning erta boshlanishi emas, balki iglim
o‘zgarishi tufayli yuzaga kelgan anomal iliq gish ekanini
anigladi. Qishning iliq bo‘lishi daraxtning biologik soatini
buzadi: sovuq uzoq davomli bo‘lmaganida sakura uyqudan
uyg‘onmaydi, gullashi 32 kungacha kechikadi, gullari esa kam
va ochilib turishi gisqa muddatli bo‘ladi.
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Aynigsa, sakuraning eng ommabop navi — bir vaqtning
o‘zida ko‘plab g‘unchalar ochishi bilan mashhur bo‘lgan Yosino
xavotir uyg‘otmoqda. Isish o‘simlikni bu qobiliyatdan mahrum
qiladi: janubiy hududlarda, shu jumladan, Kyusyu orolida bunday
daraxtlar allagachon quyuq pushti bulut ko ‘rinishi o‘rniga siyrak
gullarni namoyon etmoqda.

Agar bu tendensiya davom etsa, nafaqat ekotizimga, balki
igtisodiyotga ham zarar yetadi. Xanami an’anasi (sakura gullarini
tomosha qilish) Yaponiyaga har yili taxminan 9,4 milliard dollar
daromad keltiradi. Olimlarning ogohlantirishicha, yaqin o‘n
yilliklarda anomaliya asosiy sayyohlik markazlari — Tokio,
Kioto va Osakaga yetib borishi va kelajak avlodlarni mashhur
pushti sharsharalarni jonli ko ‘rish imkoniyatidan mahrum gilishi
mumkKin.

Manba: EducationEco

XITOYLIK OLIMLAR PLASTIKNI
AVIAYONILG'IGA AYLANTIRISH
USULINI KASHF ETISHDI

Nankin o‘rmon xo‘jaligi universiteti va Sinxua universiteti
tadgiqotchilari plastik chigindilarni yonilg‘iga aylantirishning
yangi va yuqori samarali usulini taqgdim etishdi.

Bu potensial ravishda ulkan resurs bazasini yaratadi va ushbu
chiqgindilarning to‘plangan zaxiralaridan foydalanadi. Yangi
texnologiyaning asosiy afzalliklari uning arzonligi, yuqori
samaradorligi va oldingi yondashuvlarga qaraganda pastroq
harorat va bosimda ishlashidir.

‘ T FLAE S Y &= =

Hammasi pirolizdan boshlanadi, bu yerda plastik 460°C
dan yuqori haroratda gizdirilib, uzun polimer zanjirlari gisqa
uglevodorod gismlariga parchalanadi. Keyingi bosgich maxsus
katalizatorlar yordamida 160°C da gidrogenlashdan iborat.
Olimlar izolyasiya gilingan ruteniy (Ru) markazlarini CoAl
oksidida ajratib olishdi. Bu joylar stirolni atmosferaga yaqin
bosimda etilsiklogeksanga gidrogenlash imkonini beradi. Erigan
plastik odatda gazlar, mumlar, moylar va qurumlarning xaotik
aralashmasini hosil giladi — yangi usul bunga yo‘l qo‘ymaydi.

Asosiy xomashyo polistirol bo‘lib, eng keng tarqalgan
chiqindi materialdir — barcha turdagi qadoglash va bir martalik
ishlatiladigan idish-tovoglar. U qizdirilganda juda yaxshi
parchalanadi. Atom bo‘yicha tagsimlangan Ru markazlariga ega
tandem oqim reaktori an’anaviy yuqori bosimli avtoklavlarga
muvaffaqiyatli alternativa ekanligi isbotlandi. Eng muhimi,
jarayon oson va nisbatan arzon narxlarda kengaytirilishi mumbkin,
bu esa uni mahalliy qo‘llanmalar va sanoat miqyosidagi ishlab
chiqarish uchun moslashtiradi.

126

Tadqiqotchilar hamma narsa alohida Ru atomlariga asoslangan
katalizatorlarning xususiyatlarini o‘rganishga bog‘ligligini
ta’kidlashmoqda. Bu hali ham tajriba sohasi — olimlar plastikni
qayta ishlash jarayonini tubdan o ‘zgartiradigan yangi katalizator
shakllarini yaratishlari mumkin. “Har qanday holatda ham, bu
ish uchun rag‘batlantiruvchi omillar va xomashyo manbalari
sayyorada allagachon yetarli migdorda mavijud”.

Manba: yuz.uz

FRANSIYA O'RMONNI
QUTQARISHGA KIRISHDI

Dunyo bo‘ylab tabiatni muhofaza qilish masalasi tobora
dolzarblashayotgan bir payt Fransiya ayni yo‘nalishda yana bir
dadil gadam tashladi. Mamlakat hukumati 157 000 gektardan
ziyod o‘rmon hududini yangi muhofaza maqomi ostiga oldi.
Bu qaror nafagat daraxt, balki yuzlab hayvon va o‘simlik turi
uchun yashash muhitini saglab qolishga qaratilgan. Shu tariqa
Fransiya 2030-yilgacha kamida 10 foiz hududini qat’iy muhofaza
qilinadigan tabiiy makonga aylantirishdek magsadga yaginlashdi.

Eng katta hudud Janubiy Amerikada joylashgan Fransiya
Gvianasi hissasiga to‘g‘ri keladi. Bu yerda 156 000 gektardan
ortiq tropik o‘rmon maxsus qo ‘riglanadigan hududga aylantirildi.
Mazkur mintaga dunyo miqyosida muhim hisoblangan biologiya
xilma-xilligi markazlaridan biri sanaladi. Mutaxassislar bu
hududdagi ekotizim inson aralashuvisiz saglanishi orgali ko ‘plab
noyob turlar kelajagi ta’minlanishini ta’kidlamoqda.

Mamlakat hududida ham gator qadimiy va tog‘li o‘rmonlar
himoyaga olindi. Endi ayrim joylarda daraxt kesish va xo‘jalik
ishini yuritish butunlay tagiglanadi. Muayyan hududlarda nodir
hayvonlar va o‘simliklarni asrash magsadida maxsus boshqaruv
tizimi joriy etiladi. Bu qaror maxsus muhofaza gilinadigan tabiiy
hududlar ulushini 6,43 foizga yetkazdi.

Mazkur tashabbus jahon bo‘ylab amaldagi umumiy
tendensiyaning bir qismidir. BMT doirasida gabul gilingan
magsadga ko ‘ra, 2030-yilgacha Yer yuzining 30 foiz quruglik va
dengiz hududi muhofaza ostiga olinishi lozim. Afsuski, barcha
davlatlar bir xil yo‘ldan borayotgani yo‘q. Masalan, Braziliyada
ekologiya cheklovini yumshatuvchi qonun qabul qilindi,
AQSHda ham ayrim qo‘riglanadigan hududlardan igtisodiy
manfaat yo‘lida foydalanish bo‘yicha bahs kuchaygan. Shu
asnoda Fransiyaning qarori tabiatni saglash iqtisodiy manfaatdan
ustun qo‘yilishi mumkinligini ko ‘rsatuvchi muhim go‘ng‘iroq
sifatida yangradi.

Manba: OzZA



KAPALAKLAR OMMAVIY
RAVISHDA KO'CHMOGQDA

Global tadgiqot iglim o‘zgarishi butun dunyo bo‘ylab ka-
palaklarning yashash hududlari sezilarli darajada siljishiga sabab
bo‘layotganini ko‘rsatdi. Avstraliyaning Monash universiteti,
Germaniyaning Biologik xilma-xillik bo‘yicha kompleks tad-
qgiqotlar markazi, Yena universiteti hamda Gelmgols ekologik
tadqiqotlar markazi olimlari o‘tkazgan tahlilda kapalak tur-
larining ko‘chishi bo‘yicha 6 mingdan ortiq qayd o‘rganildi.

1 758 ta kapalak turi bo‘yicha ma’lumotlar tahlilida ularning
80 foizi yashash hududlarini kengaytirgani aniglandi. Hududiy
siljishlarning 79 foizi iqlim o‘zgarishi yoki keskin ob-havo
hodisalari bilan bog‘liq bo‘lgan. Shu bilan birga, 27 foiz turning
yashash hududi qisqargan, 22 foiz tur esa balandlik bo‘yicha
ko‘chgan. Tadgiqot natijalari “Nature Ecology & Evolution”
jurnalida chop etilgan.

Kapalaklar yashash hududlarining gorizontal kengayishi bar-
cha git’alarda kuzatilgan bo‘lib, aynigsa, tropik mamlakatlarda
ko‘proq uchraydi. Hududlarning gisqarishi asosan Yevropa va
Shimoliy Amerika kabi mo‘tadil iglim mintaqalarida qayd etil-
gan. Balandlik bo‘yicha ko‘chishlar esa deyarli to‘liq Shimoliy
yarimsharga to‘g‘ri keladi. Bu o‘zgarishlar ko‘lami avvalgi
taxminlardan ancha keng ekanini ko ‘rsatmogqda.

Kapalaklar ekologik o°zgarishlarning dastlabki indikatorlari-
dan biri hisoblanadi. Ularning yashash hududlarini o‘zgartirishi
butun dunyo ekotizimlarida jiddiy o°‘zgarishlar kechayotganidan
darak beradi. Biroq tadqiqot ma’lumotlar yig‘ilishi notekis eka-
nini ham ko‘rsatdi: ayrim Yevropa mamlakatlarida turlarning
yarmidan ko‘pi kuzatilgan bo‘lsa, dunyoning aksariyat mam-
lakatlarida bu ko ‘rsatkich 10 foizdan kam.

Tadgiqotchilar to‘liq manzarani shakllantirish uchun ingliz
tilidagi ilmiy ishlar bilan bir qatorda boshqa tillardagi tadgiqot-
lar va mutaxassislarning ekspert baholaridan ham foydalangan.
Shunga qaramay, Markaziy Afrika, Janubi-Sharqiy Osiyo, Yangi
Gvineya va Amazonka havzasida katta ma’lumot bo‘shliglari
saglanib golmoqda. Biologik xilma-xillikka boy ushbu hududlar
hali yetarlicha o‘rganilmagan.

Olimlar ta’kidlashicha, butun dunyo bo‘ylab yagona standart-
larga asoslangan muvofiglashtirilgan monitoring tizimi bo‘Imasa,
tabiatni muhofaza qilish choralari to‘lig bo‘lmagan ma’lumot-
larga tayanib qolishi mumkin. Shuning uchun turli tillardagi
ma’lumotlarni jalb qilish, mahalliy mutaxassislar ishtirokini
kuchaytirish va kompleks monitoringni yo‘lga qo‘yish muhim.
Fagqat shu yo‘l bilan iglim o°‘zgarishining bioxilma-xillikka ta’siri-
ni aniq baholash va zarur choralarni o‘z vaqtida ko ‘rish mumkin.
Manba: ecosphere.press
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PIROTEXNIKA VOSITALARI
ATROF-MUHITNI IFLOSLANTIRADI

Uchta mustagqil tadgiqot natijalari bayramlar va yirik tadbir-
lardagi mushakbozlik atrof-muhitga kutilganidan ko ‘ra uzogroq
ta’sir qilishini ko‘rsatdi. Pirotexnika vositalari havoga mayda
zarrachalar va turli kimyoviy birikmalar chigaradi, ularning
qoldiglari esa suv ekotizimlariga tushib, daryo va ko‘llarning
kimyoviy tarkibiga ta’sir gilishi mumkin.

Birinchi tadgiqotda ishlatilgan pirotexnika vositalarining suv
ekotizimlariga ta’siri o ‘rganildi. Laboratoriya tajribalari mushak
qoldiqlari suvga kaliy va marganes kabi metall ionlari, fenollar
hamda oltingugurt saqlovchi organik birikmalar ajratishini
ko ‘rsatdi. Qattiq qoldiglar esa suvda erigan organik moddalarn-
ing bir gismini o‘ziga yutib, uning kimyoviy xususiyatlarini
o‘zgartirishi mumkin.

Bunday o‘zgarishlar suvdagi mikroorganizmlarga ta’sir qilib,
ekotizimlardagi tabiiy jarayonlarni buzishi ehtimolini oshiradi.
Aynigsa, yirik bayramlardan keyin pirotexnika qoldiglari mun-
tazam ravishda suv havzalariga tushsa, ekologik ta’sir kuchayishi
mumkin. Shuning uchun mushakbozlikdan keyingi chigindilarni
o°z vaqtida tozalash muhim ahamiyatga ega.

Ikkinchi tadqiqotda Buyuk Britaniyada bir necha kun davom
etgan sport tadbiri vaqtida havo sifati baholandi. Kuzatuvlar
havodagi yirik va mayda zarrachalar miqdori keskin oshganini
ko‘rsatdi. Ifloslanishning asosiy manbalari avtomobil harakati
va umumiy ovqatlanish ob’yektlari bo‘lgan bo‘lsa-da, mayda
zarrachalar konsentratsiyasining alohida o‘sishi tadbirning
ochilish va yopilish marosimlaridagi mushakbozlik bilan bir
vaqtga to‘g‘ri kelgan.

Uchinchi tadgiqotda pirotexnika tarkibida uchraydigan
ayrim kimyoviy birikmalar — aminlar o‘rganildi. Xitoy Yangi
yili davrida havoda aminlar, sulfatlar, kaliy ionlari va mayda
zarrachalar konsentratsiyasi sezilarli darajada oshgani qayd
etildi. Bu moddalar havo sifatini yomonlashtiruvchi va tutun
hosil bo‘lishini kuchaytiruvchi aerozollar shakllanishida ishtirok
etishi mumkin.

Mushakbozlik ommaviy tadbirlar paytidagi ifloslanishning
yagona manbai emas, ammo uning havo sifati va suv ekotizimla-
riga ta’siri ilgari taxmin gilinganidan yuqori ekani aniglanmoqda.
Ekologik ta’sirni kamaytirish uchun bayram va yirik tadbirlardan
keyin pirotexnika qoldiqlarini oz vaqtida tozalash, shuningdek,
mushaklar ishlab chiqarishda atrof-muhitga kamroq zarar yetka-
zuvchi tarkiblardan foydalanish zarur.

Manba: nia.eco
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PUSHTI FLAMINGOLAR O'ZIGA XOS
RANGINI YO'QOTA BOSHLADI

Har yili Keniyaning Buyuk Rift vodiysidagi ko ‘llarga minglab
sayyohlarni jalb giladigan pushti flamingolar o°ziga xos rangini
asta-sekin yo‘qotmoqda. Olimlarning fikricha, bu holat qush-
lar oziglanadigan ishqorli ko‘llardagi ekologik sharoitlarning
o°zgarishi bilan bog‘lig.

Flamingolar patlarining ajoyib pushti tusi karotinoidlar deb
ataluvchi tabiiy pigmentlar ta’sirida paydo bo‘ladi. Bu moddalar
asosan sianobakteriyalar va mikroskopik suv o‘tlarida, xususan,
Spirulina turiga kiruvchi organizmlarda uchraydi. Ana shu mayda
organizmlar kichik flamingolarning asosiy ozuga manbasi hi-
soblanadi. Agar ularning miqdori kamaysa, qushlarning patlari
ham o°‘zining yorgin pushti rangini yo‘qota boshlaydi.

Tadgiqotchilar ma’lum qilishicha, so‘nggi yillarda Buyuk Rift
vodiysidagi ko ‘llarda jiddiy ekologik o‘zgarishlar kuzatilmoqda.
Iqlim o‘zgarishi natijasida kuchli yog‘ingarchiliklar ko ‘payib,
suv sathi oshgan, ko‘plab ko‘llarda esa sho‘rlik va ishqoriylik
darajasi pasaygan. Bu esa flamingolar uchun muhim bo‘Igan suv
o‘tlarining ko ‘payishiga salbiy ta’sir ko‘rsatgan.

Aynigsa, Nakuru va Bogoriya ko‘llaridagi o‘zgarishlar sezilar-
li bo‘lgan. Ilgari bu hududlarda millionlab flamingolar to‘plangan
bo‘lsa, hozir ozuga yetishmasligi sababli qushlar yangi yashash
joylarini izlab ko‘chishga majbur bo‘lmoqda. Qolgan flamingolar
esa avvalgidek yorqin pushti tusga ega emas.

Ekologlarning ta’kidlashicha, bu muammo fagat qushlar tashqi
ko‘rinishining o‘zgarishi bilan cheklanmaydi. Kichik flamingolar
Sharqiy Afrikadagi ishqorli ko ‘llar ekotizimi holatini ko ‘rsatuvchi
muhim tabiiy indikator hisoblanadi. Ularning soni kamayishi va
ko‘chishi iglim o‘zgarishi hamda inson faoliyati natijasida tabi-
atda jiddiy o‘zgarishlar yuz berayotganini anglatadi.

Mutaxassislar fikriga ko‘ra, Keniyaning mashhur «pushti
ko‘llari» kelajagi ulardagi tabiiy suv rejimini saglab qolishga
bog‘liq. Agar suv tarkibidagi o‘zgarishlar davom etsa, mam-
lakat nafagat noyob tabiiy manzaralaridan birini, balki ekotu-
rizm uchun muhim bo‘lgan qimmatli resursini ham yo‘qotishi
mumkKin.
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Manba: ecosphere.press

LAYLAKLAR NEGA CHIQINDIXONANI
TANLAMOQDA?

So‘nggi o‘n yilliklarda Yevropadagi ko‘plab oq laylaklar
ozuqa izlash odatini o‘zgartirib, o‘tloglar, yaylovlar va gishlog
x0‘jaligi maydonlari o‘rniga maishiy chigindi poligonlariga
ko‘prog bora boshladi. Chunki bu yerda ular katta miqdordagi
ozuqgani oson topishi mumkin. Ayrim laylaklar hatto uzoq
masofali migratsiyalarni qisqartirib, chigindixonalarga yaqin
hududlarda golishni afzal ko‘rmoqda.

Bir qarashda, bunday strategiya qushlar uchun foydali
tuyuladi. Aynigsa, qgish faslida tabiiy ozuqa kamaygan paytda
chiqindixonalar bargaror yemak manbai bo‘lib xizmat giladi.
Biroq olimlar bu oson ozuqa laylaklar uchun yashirin xavfni
keltirib chigarayotgan bo‘lishi mumkinligini ta’kidlamoqda.

Chiqgindilar bilan oziglanish qushlar organizmida zararli
ifloslantiruvchi moddalar to‘planishi xavfini oshiradi.
Chigindixonalarda laylaklar plastmassa qoldiqglari, kimyoviy
moddalar, dori vositalari va tabiiy rasioniga xos bo‘lmagan
boshqa aralashmalar mavjud ozugani iste’mol qilishi
mumkin. Bunday ozuqa tarkibi tabiiy yemakdan farq qilgani
uchun organizmdagi oziq moddalar muvozanatini buzadi.

Tadqgiqotchilarning ta’kidlashicha, ozuqaga boy sun’iy
muhit har doim ham sog‘lom ovqatlanishni anglatmaydi.
Chigindixonalarga garamlik laylaklarning fiziologik holatiga,
ko‘payishi va yashab qolishiga ta’sir qilishi, salbiy ogibatlar
esa butun populyasiyaga tarqalishi mumkin. Shu bois oson
topiladigan ozuqa qushlar uchun har doim ham foydali emas.

Biroq laylaklarning chigindixonalarga intilishini faqat
chigindilar bilan izohlab bo‘lmaydi. Qishloq xo‘jaligi
landshaftlarining o‘zgarishi, tabiiy yashash muhitlarining
qisqarishi va iqlim o‘zgarishi ham ularni yangi ozuqa
manbalarini izlashga majbur gilmoqda. Inson faoliyati
natijasida tabiiy muhit o‘zgargani sari qushlar ham o‘z xatti-
harakatlarini moslashtirmoqda.

Oq laylaklar misoli muhim ekologik paradoksni ko ‘rsatadi:
hayvonlar inson tomonidan yaratilgan o‘zgarishlarga tez
moslasha oladi, ammo bunday moslashuv har doim ham
xavfsiz bo‘lavermaydi. Chigindixona qushlarga oson va
barqaror ozuqa berishi mumkin, biroq bu ularning uzoq
muddatli salomatligi va populyasiyasi uchun kutilmagan
ogibatlarga olib kelishi ehtimoldan xoli emas.

Manba: moya-planeta.ru
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"EKOLOGIYA XABARNOMASI" -
IJTIMOIY-IQTISODIY, ILMIY-AMALIY JURNALI
MAQOLALARIGA QO‘YILADIGAN TALABLAR

"EKOLOGIYA XABARNOMASI" ijtimoiy-iqtisodiy, ilmiy-amaliy jurnali tahririyati umumiy sharhdan va axborot
shaklidagi ilmiy maqolalarni nashr uchun gabul gilmaydi. Tahririyatga taqdim etilayotgan qo‘lyozma bo‘yicha muallif ilmiy-
tadqiqot ishi olib borayotgan tashkilot rahbariyatining yo‘llanma xati, maqolani chop etish mumkinligi haqgidagi ekspert
xulosasibo'lishi kerak.

Magqolaning yozilish tili, tuzilishi va tarkibi. Maqolalar o‘zbek, rus va ingliz tillarida qabul gilinadi. Maqola keng omma
uchun tushunarli tilda, grammatika qoidalariga amal gilgan holda yozilgan bo‘lishi kerak. Maqola o‘zida muayyan ilmiy-
tadqiqotning tugal yechimlarini yoki uning bosqichlarini ifodalashi zarur. Sarlavha maqolaning mazmuni to‘g‘risida axborot
bera olishi, imkon gadar gisqa bo‘lishi va umumiy so‘zlardan iborat bo'lib qolmasligi kerak. Odatda ilmiy maqolada
quyidagilar bo‘lishi kerak: universal o‘nlik tasnifi (UDK), maqolaning sarlavhasi (uch tilda), annotatsiyasi (uch tilda), tayanch
so‘zlar (uch tilda), kirish, ko‘rib chigilayotgan muammoning hozirgi holatining tahlili va manbaalarga havolalar, masalaning
qo'yilishi, yechish usuli, natijalar tahlili, xulosa, foydalanilgan adabiyotlar ro‘yxati, muallif(lar) to‘g‘risida ma'lumot.

Magqgolada odatda qabul gilingan atamalardan foydalanish, yangi atama kiritganda, albatta uni aniq asoslab berish kerak.
Fizik kattaliklarning o‘lchov birliklari Xalqaro o‘lchamlar tizimi (SI)ga mos bo‘lishi kerak. Maqolada muallif ozining ishlariga
havolalar soni 20 foizdan oshmasligi kerak.

Magqolaga qo‘yiladigan texnik talablar. Maqolaning sarlavhasi, muallif (lar) va u(lar)ning lavozimi, ilmiy darajasi va ish
joyi, annotatsiya, tayanch so‘zlar (uch tilda) bir ustunda yoziladi. Maqolaning qolgan matnlari ikki ustunda yoziladi. Maqola
MS Word 2003-2010 matn muharririda yozilishi va quyidagi ko‘rsatkichlarga muvofiq qat’iy rasmiylashtirilishi kerak: - A4
formatda, matn sahifasining barcha chekkalarida 2 sm dan joy qoldiriladi, Times New Roman shriftida, maqola uchun shrift
hajmi - 12 pt (jadvallar bundan mustasno), jadvallar uchun shrift kattaligi - 10 pt, qator oralig‘i - 1,15 interval, matn sahifa
kengligi bo‘yicha tekislanadi, xat boshi - 1 sm («Tab» yoki «Probel» tugmalaridan foydalanmasdan).

Quyidagilarga ruxsat etilmaydi: sahifalarni ragamlash, matnda sahifani avtomatik bo‘lishdan foydalanish, matnda
avtomatik havolalardan foydalanish, avtomatik bo‘g‘in ko‘chirish, kamdan-kam hollarda ishlatiladigan yoki gisqartma
harflarni qo‘llash.

Grafikli materiallar (rangli rasmlar, chizmalar, diagrammalar, fotosuratlar) o‘zida tadqiqotning umumlashtirilgan
materiallarini ifodalashi kerak. Grafikli materiallar yuqori sifatli bo‘lishi kerak, agar zarurat tug‘ilsa, tahririyat ushbu
materiallarnialohida faylda 300 dpi dan kam bo‘lmagan o‘lchamda jpg formatda taqdim etishni talab qilishi mumkin. Grafikli
materialning nomi va tartib raqami pastki qismda keltirilishi zarur.

Formulalar va matematik belgilar MS Wordda o‘rnatilgan formatli muharrirda yoki MathType muharriri yordamida
bajarilishi kerak.

Annotatsiya (o‘zbek, rus, ingliz tillarida) - annotatsiya hajmi 100-250 ta so‘zdan iborat bo‘lishi va maqolaning
tuzilishini gisqacha ifodalovchi, axborot shaklida berilishi kerak.

Tayanch so‘zlar (o‘zbek, rus, ingliz tillarida) - 8-10 taso‘z vaiboralardan iborat bo‘lishi kerak.

Kirish. Kirish qismida tadqiqotlarning dolzarbligi va ob’yekti tavsiflanadi. Mavjud ilmiy maqolalarning tahlili keltiriladi.
Chop etilgan adabiyot manbalarida qo‘yilgan ilmiy izlanishlarning ko‘rsatilgan holda muallifning ilmiy ishlari yo‘nalishi
ko‘rsatiladi.

Muammoning yechimlari. Bunda tanlangan usul batafsil tavsiflanadi. Olib borilgan tadqiqotlar, ular ichidan tanlab
olingan optimal natijalar keltiriladi.

Natijalar. Natijalarni asosan jadvallar, grafiklar va boshqa ko‘rinishida keltirilishi mumkin. Ushbu bo‘lim olingan
natijalarni tahlil qilish, ularni sharhlash, boshqa mualliflarning natijalari bilan solishtirishni oz ichiga oladi. Natijalar
tadqiqotning ob’yekti parametrlari o‘rtasidagi munosabatlar mualliflar tomonidan belgilangan maqgolaning asosiy ilmiy
natijalarini umumlashtiruvchi, ma’lumotlarni oz ichiga oladi.

Xulosa. Ilmiy tadqiqotlar doirasida olingan natijalar umumlashtiriladi, maqgbul sharoitlari tanlanadi, ilmiy yangiligi
keltiriladiva amaliyotda qo‘llanishga tavsiyalar berilishi mumkin.

Adabiyotlar. Adabiyotlar ro‘yxati 15 tadan kam bo‘lmagan manbalardan iborat bo‘lishi kerak, Adabiyotlar ro‘yxatiga
darsliklar, o‘quv qo‘llanmalarini kiritish mumkin emas. Barcha manbalarga matnda havolalar berilishi zarur.

Muallif (lar) haqida ma’'lumot: familiyasi, ismi, otasining ismi, lavozimi, ilmiy darajasi va ish joyi. Ushbu ma’lumotlar
magola taqdim etilgan ozbek/rus tilida ham, ingliz tilida ham keltirilishi hamda maqolaning oxirida - adabiyotlar
ro‘yxatidan keyin joylashtirilishi kerak. Yuqoridagi talablarga javob bermaydigan magqolalar ko‘rib chigishga gabul
gilinmaydi va mualliflarga qaytarilmaydi. Maqolalarda keltirilgan ma'lumotlarning haqqoniyligiga muallif(lar) javobgardir.

Murojaat uchun telefonlar: +998 71 277-89-22; +998 71 277-69-83; +998 90 946-22-42
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