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Dolzarbligi: hozirgi kunda Qoraqalpog‘iston Respublikasi va Orolbo‘yi hududida havo ifloslanishi, tuzli
aerozollar tarqalishi hamda yoz faslidagi yuqori haroratlar aholi salomatligiga jiddiy ta’sir ko‘rsatmoqda.
Mintaqaning iqlim sharoitida shamol bilan ko‘chib keluvchi mayda tuz zarrachalari (PM10, PM2.5, PM1.0)
ko‘plab respirator kasalliklarni kuchaytirmoqda, ichki binolardagi havo sifati esa talab darajasida emas. Shu bilan
birga, mavjud konditsioner va havo tozalagich qurilmalarining aksariyati yuqori elektr sarfiga ega bo‘lib, ularning
filtrlari sho‘r havo sharoitida tez ifloslanadi va xizmat ko‘rsatish xarajati oshadi. Quyosh energiyasiga boy, ammo
issiq va quruq bo‘lgan mazkur hududda energiya tejovchi, avtonom va sho‘r havoda barqaror ishlay oladigan
qurilmalarga ehtiyoj ortib bormoqda. Shu nuqtayi nazardan, kapillyar bug‘lanish asosida ishlaydigan, ikki
tomonlama havo oqimidan foydalanuvchi va HEPA filtratsiya bilan jihozlangan yangi turdagi qurilmani ishlab
chiqish amaliy va ilmiy jihatdan juda dolzarb hisoblanadi. Ushbu texnologiyaning afzalligi shundaki, u energiya
manbasini deyarli talab etmaydi, quyosh paneli va past quvvatli ventilyator yordamida avtonom ravishda ishlaydi,
havoni bir vaqtning o‘zida namlaydi, sovitadi va tozalaydi, sho‘r zarrachalarga nisbatan barqaror hisoblanadi.
Buning natijasida aholi turar-joylari, maktablar, shifoxonalar, ofislar va ijtimoiy binolarda havo sifatini
yaxshilash imkoni paydo bo‘ladi. Shu bilan birga, bunday qurilmaning mahalliy xom-ashyolarga tayanib ishlab
chiqilishi va xizmat ko‘rsatish arzonligi uni iqtisodiy jihatdan raqobatbardosh gqiladi. Qurilmaning energiya
tejovchi xususiyatlari va past ekspluatatsion xarajatlari uni keng ko‘lamda joriy etish hamda tijoratlashtirish
imkoniyatini oshiradi.

Magsad: Qoraqalpog‘iston sharoitiga mos, kapillyar bug‘lanishga asoslangan, ikki yo‘nalishli havo oqimidan
foydalanuvchi energiya-tejamkor havo tozalash va passiv sovitish qurilmasini yaratish, uning aerodinamik va
termodinamik xususiyatlarini ilmiy jihatdan asoslash hamda muqobil energiya manbalarida barqaror ishlash
samaradorligini eksperimental baholashdan iborat.

Usullar: tadqiqotda aerodinamik hisob-kitoblar, Bernulli qonuniga asoslangan havo tezligi-bosim taqsimoti
tahlili, kapillyar materialning bug‘lanish samaradorligini laboratoriya sharoitida o‘lchash, HEPA -filtratsiya orqali
chang va tuz zarrachalarining kamayishi bo‘yicha eksperimental baholash usullari qo‘llanildi.

Natijalar: tadqiqot natijalariga ko‘ra, kapillyar bug‘lanish orqali passiv sovitish 5-10°C harorat pasayishini
ta’minlashi, HEPA-filtr orqali havodagi zarrachalar (PM10, PM2.5, PM1.0) sezilarli darajada kamayishi va
qurilmaning umumiy energiya sarfi an’anaviy ventilyatsiya-sovitish uskunalariga nisbatan ancha past ekani
aniqlandi. Quyosh paneli bilan birlashtirilganda qurilma to‘liq avtonom ishlash imkoniga ega bo‘1di.

Kalit so‘zlar: quyosh energiyasi, kapillyar bug‘lanish, passiv sovitish, HEPA-filtr, aerodinamika, Bernulli
gonuni, energiya samaradorligi, havo tozalash, avtonom tizim.
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AxTyajbHOCTB: B Hactosiiee Bpems B PecnyOmnuke Kapakanmakcran u [Ipuapaibe 3arpsi3HeHne BO3AyXa, pac-
IPOCTPAHEHHUE COJIEBBIX a3pO30JIeii, a TaK)Ke BHICOKHE JIETHUE TEMIIepaTyphl OKa3bIBAIOT CEPhE3HOE BO3/ICHCTBHE
Ha 3JI0pOBbE HacelieHus1. MenkoaucnepcHbie coieBbie yactuipl (PM10, PM2.5, PM1.0), nepeHocuMbie BETPOM B
KJIMMaTHYECKUX YCJIOBHSIX PETHOHA, YCHIIMBAIOT Pa3BUTHE PECHHMPATOPHBIX 3a00JieBaHHi, a Ka4yeCTBO BO3yXa
BHYTPH IOMEIIEHNI 0cTaéTcsi HIDKE HOPMATHUBHBIX TpeboBaHuil. Kpome TOro, GONBIIMHCTBO CYIIECTBYIOIIMX
KOHJIUIIMOHEPOB U BO3AYXOOUHCTUTEINCH XapaKTEePU3YIOTCS BHICOKHM JHEPTrONoTpeOiIeHneM; HX QUIBTPBI OBICT-
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PO 3aCOPSIOTCS B YCIOBHSAX COJIEHOTO BO3/yXa, YTO MPUBOIUT K POCTY IKCIUTYaTaI[MOHHBIX pacxoloB. B pernone,
6oraToM COJHEYHOH 3Hepruel, HO OTIMYAIOIIEMCs JKapKUM M CYXHM KIMMaTOM, BO3pacTaéT NOTpeOHOCTH B
9Heprod(HHEeKTUBHBIX, ABTOHOMHBIX YCTPOWCTBAX, CIOCOOHBIX CTAOMIBLHO paboTaTh B coneBoii cpeme. C 3Toi
TOYKH 3pEHHMS pa3pabOTKa HOBOIO THIIA YCTPOHUCTBA, (PyHKIMOHUPYIOLIEro Ha OCHOBE KAaWUIIPHOTO UCTIAPEHHS,
HCIIOJIB3YIOIIETO JBYXCTOPOHHMI BO3MYIIHBIA MOTOK M ocHaméHHoro HEPA -punbTpamueii, IBIseTcs aKTyalb-
HOH KakK B MPAaKTHYECKOM, TaK M B HAyYHOM OTHOIIEHUH. IIpenMyIecTBO JaHHON TEXHOIOTMHU 3aKITIOYaeTCs B
TOM, 4TO OHA IPAKTHYECKH He TpeOyeT BHEIIHEro SHeprocHaOXeHHs, paboTaeT aBTOHOMHO 32 CUET CONHEYHOU
HaHeNW W MAaJOMOIIHOTO BEHTHWIISITOPA, OJHOBPEMEHHO YBIAXKHSIET, OXJIAKAACT M OYHIIAET BO3IYyX, a TaKKe
YCTOHYMBA K BO3IEHCTBHIO COJIEBBIX YacTHI. B pesyibraTe MosBIETCS BO3MOXKHOCTD YIIYUIIHTh Ka4ECTBO BO3-
JIyXa B )KWJIBIX JOMax, IIKOJIaX, MEIHUIIMHCKHUX YUPEXKICHUIX, orcax M COIMMANBHEIX 34aHuIX. Hapsany ¢ atum
MPOU3BOJICTBO TAKOTO YCTPOKUCTBA HA OCHOBE MECTHOTO CHIPBSI M HU3Kas CTOMMOCTb OOCITy>KMBaHHUS IENA0T €ro
9KOHOMHYECKH KOHKYPEHTOCIOCOOHBIM. DHEepro3GeKTUBHOCTh M HU3KHE 3KCILTyaTAIIMOHHBIE PACXOJBI MOBBI-
MIA0T TTOTEHNHUAN MUPOKOTO BHEAPEHHS 1 KOMMEPLUAIN3alluH yCTPONCTBA.

Henn: Cozganne sHepro3HHEeKTUBHOIO BO3YXOOUHCTHOTO U TTACCUBHOTO OXJIAXKAAIOLIET0 YCTPOICTBA, aJanTh-
poBaHHOTO K ycnoBusiM KapakanmakcTaHa, OCHOBAaHHOTO Ha KaIMJULIPHOM HCIAPEHHU U HCHOJB3YIOIIETo JBYX-
HaIlpaBJICHHBIA BO3IYIIHBIH MOTOK; HAYYHOE 0OOCHOBAHHUE €TO adPOJMHAMUYECKAX M TEPMOANHAMHYECKHX Xa-
PaKTEepHCTHK, a TakKe IKCIePHMEHTaIbHAs OLleHKa (P (EeKTHBHOCTH CTaOMIBHOM paboTHl yCTPOWCTBA MPH HPH-
MEHCHUH aJIbTePHATHBHBIX UCTOYHUKOB SHEPTHU.

MeTtoabl: B nccnenoBanuy ObIIM NPUMEHEHBI METOIBI a3POAMHAMHYECKHX PacuéToB, aHAIU3 PACHpeNeTIeHHS
CKOPOCTH U JaBJI€HMS BO3/IyXa Ha OCHOBE 3akoHa bepHymim, mabopaTtopHble n3MepeHus 3()(HeKTUBHOCTH HCIa-
PEHUs KamWUIIPHOTO MaTepHaia, a TakKe SKCIEPHMEHTaIbHAs OLCHKA CTENECHH CHIKEHUS KOHLEHTPAIUH IbI-
JIEBBIX M COJNEBBIX yacTull nocpeacrsom HEPA-¢puisTpanmu.

PesyabTatsel: Ilo pe3ynpTaraM HcCeIOBaHHUs yCTaHOBJIEHO, YTO TACCUBHOE OXJIAXAEHHE 3a CUET KallWIUIIPHOTO
ucrapeHust obecriednBaeT cHIbKeHne Temmeparypsl Ha 5—10 °C, HEPA-¢GunbTpanus cymecTBEeHHO yMEHbIIAET
KOHIIGHTPALIMIO a3pO30JIBHEIX YacTHll B Bo3ayxe (PM10, PM2.5, PM1.0), a o0mee sHepronoTpeblieHue yCTpoii-
CTBa 3HAYMTENIFHO HIDKE MO CPAaBHEHHIO C TPAJAWIIMOHHBIMU CHCTEMaMHU BEeHTHIALMH U oxnaxaeHus. [Ipu uHTe-
Tpalyy ¢ COTHEYHOH MaHeIbl0 YCTPOHCTBO MOTydaeT BO3MOKHOCTD MOTHOCTBIO aBTOHOMHOM paOOTEhI.
KuroueBble cjioBa: CONHEYHas >HEPrus, KAMWULIPHOE HCIapeHHe, nmaccuBHoe oxnaxkaeHue, HEPA-¢umbtp,
a’poMHAMHUKA, 3aK0H bepHymm, sHepro’h(heKTuBHOCTH, OYNCTKA BO3LyXa, aBBTOHOMHAs CHCTEMA.

Investigation of the Performance of a Low-Energy
Capillary-Evaporative Air Purification Device in
the Dust- and Salt-Laden Environment of
Karakalpakstan

Kamal M. Reymov!, Asliddin G. Komilov?, Azizbek E. Kalmuratov'»

' DSc, Prof, Karakalpak State  University, Nukus, 230100, Uzbekistan; kamal-reymov@gmail.com
https://orcid.org/0000-0002-2520-6422

2 DSc, Prof, National Renewable Energy Research Institute, Tashkent, 100095, Uzbekistan asliddin@rambler.ru,
https://orcid.org/0000-0002-5406-0477

19 K arakalpak State University, Nukus, 230100, Uzbekistan; azizbekgalmuratov4@gmail.com

Relevance: Currently, in the Republic of Karakalpakstan and the Aral Sea region, air pollution, the spread of
saline aerosols, and high summer temperatures have a significant impact on public health. Fine salt particles
(PM10, PM2.5, PM1.0), transported by wind under the region’s climatic conditions, exacerbate respiratory dis-
eases, while indoor air quality remains below regulatory standards. In addition, most existing air conditioners and
air purifiers are characterized by high energy consumption; their filters quickly become clogged in saline air,
leading to increased operational costs. In a region rich in solar energy yet characterized by hot and arid weather,
the demand for energy-efficient, autonomous devices capable of stable operation in a saline environment is grow-
ing. From this perspective, the development of a new type of device based on capillary evaporation, utilizing a
bidirectional airflow and equipped with HEPA filtration, is highly relevant both scientifically and practically. The
advantage of this technology lies in its minimal demand for external power, its autonomous operation using a
solar panel and a low-power fan, and its ability to simultaneously humidify, cool, and purify the air while remain-
ing resistant to salt particles. As a result, the device can improve indoor air quality in residential buildings,
schools, hospitals, offices, and public facilities. Furthermore, manufacturing such a device using local raw mate-
rials and ensuring low maintenance costs make it economically competitive. Its energy efficiency and low operat-
ing expenses increase the potential for large-scale implementation and commercialization.

Aim: Development of an energy-efficient air purification and passive cooling device adapted to the climatic con-
ditions of Karakalpakstan, based on capillary evaporation and utilizing bidirectional airflow; scientific justifica-
tion of its aerodynamic and thermodynamic characteristics, as well as experimental evaluation of the device’s
operational stability and performance when powered by alternative energy sources.

Methods: The study employed aerodynamic calculation methods, analysis of air velocity and pressure distribu-
tion based on Bernoulli’s principle, laboratory measurements of the evaporation efficiency of the capillary mate-
rial, as well as an experimental assessment of the reduction in dust and salt particle concentrations achieved
through HEPA filtration.
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Results: The study results indicate that passive cooling via capillary evaporation provides a temperature reduc-
tion of 5-10 °C, HEPA filtration significantly decreases the concentration of airborne particles (PM10, PM2.5,
PM1.0), and the device’s overall energy consumption is substantially lower compared to conventional ventilation
and cooling systems. When integrated with a solar panel, the device is capable of fully autonomous operation.
Keywords: solar energy, capillary evaporation, passive cooling, HEPA filter, acrodynamics, Bernoulli’s princi-
ple, energy efficiency, air purification, autonomous system

1. Kirish (Introduction)

Qoraqalpog‘istonning ekologik jihatdan murakkab sharoiti, havodagi yuqori tuz konsentratsiyasi
va chang zarrachalarining ko‘pligi aholi salomatligi va turmush sharoitiga jiddiy ta’sir ko‘rsatib
kelmoqda. Aynigsa, yoz faslida qurg‘oq, issiq va sho‘r havo sharoitida an’anaviy sovitish va havo
tozalash qurilmalari samaradorligi keskin pasayadi. Mavjud elektr energiyasi iste’moli yuqori bo‘lgan
havo tozalagichlar va konditsionerlar na iqtisodiy, na ekologik jihatdan maqgbul yechim hisoblanadi.
Shu munosabat bilan energiya tejamkor, past xarajatli va mahalliy iglim sharoitiga mos innovatsion
texnologiyalarni ishlab chiqish dolzarb vazifa sifatida namoyon bo‘lmoqda.

Kapillyar bug‘lanish, past bosimli aerodinamik zona va ikki yoqlama filtratsiya tamoyilini
birlashtirgan gibrid havo tozalash qurilmalari Qoraqalpog‘iston sharoiti uchun istigbolli texnik yechim
sifatida qaralmoqda. Bu kabi qurilmalar minimal energiya sarfi bilan havoni namlash, passiv sovitish
va aerozollardan tozalash imkonini yaratadi. Aynigsa, quyosh energiyasidan avtonom foydalanish
imkoniyati texnologiyani bioiqlimiy sharoitga yanada moslashtiradi. Zamonaviy filtrlash va bug‘lanib
sovitish usullarining uyg‘unlashuvi orqali sho‘r va changli havo oqimini samarali tarzda qayta ishlash,
ekologik xavfli hududlarda inson salomatligi uchun qulay mikroklimat shakllantirish imkoni paydo
bo‘ladi.

Keltirilgan omillar energiya tejamkor, modulli va xizmat ko‘rsatishi arzon bo‘lgan avtonom havo
tozalash qurilmalarini yaratish zaruratini belgilab bermoqda. Shu bois mazkur tadqiqotda
Qoraqgalpog‘iston iqlim sharoitiga mos, kapillyar bug‘lanish va past bosimli aerodinamikaga
asoslangan innovatsion havo tozalash qurilmasining texnik yechimlari, ishlash tamoyili va
samaradorligi ilmiy jihatdan asoslab beriladi.

2. Materiallar va usullar (Methods and materials)

Ushbu tadqiqotda quyosh energiyasida avtonom ishlaydigan, kapillyar bug‘lanish va past bosimli
aerodinamik jarayonlarga asoslangan havo tozalash va sovitish qurilmasining energetik, termodinamik
va aerodinamik parametrlari o‘rganildi. Tadqiqot usullari qurilmaning ishlash mexanizmini matematik
tavsiflash, unda sodir bo‘ladigan issiqlik almashinuvi, bug‘lanish jarayoni, havo oqimining dinamikasi
va filtratsiya samaradorligini baholashga qaratilgan [1].

Bu ishlash tamoyili Bernulli qonuniga va bosimlar farqiga asoslangan (1-rasm).

2.1. Kapillyar bug‘lanish jarayonining matematik modeli

Kapillyar strukturadagi suvning bug‘lanishi havoning haroratini pasaytiruvchi asosiy jarayon
bo‘lib, bu protsess energiya sarfi talab qilmaydi. Bug‘lanish orqali havo sovishi quyidagi tenglama
bilan aniqlanadi:

Q(ﬂ't‘ =My T

bunda:

Qev - bug‘lanish hisobiga olinadigan issiqlik (Vt),

m,, - vaqt birligida bug‘langan suv massasi (kg/s),

1 - suvning bug‘lanish yashirin issiqligi (= 2.26-10° J/kg).
Sovutilgan havo harorati:

Q(i'ﬂ

,I‘(}ut = Ti n N
Myir Cp

bunda:
mqir - havo massaviy sarfi (kg/s),
¢p - havo issiqlik sig‘imi (= 1005 XK/(xr-K)).
2.2. Past bosim hosil qgilish va Bernulli gonuniga asoslangan havo so‘rilish modeli
Ventilyator kapillyar orqali sovitilgan havoni tezlashtirgan paytda orqa tomonda past bosim zonasi
paydo bo‘ladi. Bu jarayon ikki yon tomonga joylashtirilgan filtrlardan havoni tabiiy ravishda so‘rib
olishga imkon beradi (2-rasm). Bernulli tenglamasi quyidagicha qo‘llanildi:

L o,
P+ Epv = const

Shunga ko‘ra, ventilyatordan keyin havo tezligi ortsa:
v>v = P<P

hosil bo‘lgan bosim farqi esa:
28
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AP = R‘m}m Pfu.'n

filtr orqali havo oqimining hosil bo‘lishiga sabab bo‘ladi:
AP
TR

bunda R/ - filtrning gidrodinamik qarshiligi.

2.3. Filtratsiya jarayoni va HEPA-H13 mosligi
Qurilmada qo‘llaniladigan filtrlar PM10, PM2.5 va PM1.0 zarrachalarini ushlash samaradorligini
baholash uchun Boyman—Stoks modelidan [2] foydalanildi:

A

n=1—-e7?
bunda:
n - filtr samaradorligi,
A - filtr to‘rining aktiv yuzasi,
O- havo sarfi.
HEPA-H13 standarti uchun 1>0,9995 talab qilinadi.

2.4. Quyosh panellari va akkumulyator tizimining energetik modeli

Qurilma 24 soatlik avtonom ishlashini ta’minlash uchun 12 V li ventilyatorning quyidagi quvvati
hisobga olindi:
Pfuud =U-1
O‘rtacha ventilyator iste’moli:
Pion =8 — 12W
Quyosh paneli quvvati:
P — Pload -t
" Mo - H
bunda:
t- ishlash vagqti (sutkada 10-12 soat),
Npv - panel samaradorligi (15-18%),
H - sutkalik insolyatsiya (Qoraqalpog‘istonda =~ 5,5-6,2 kVt-soat/m?).
Akkumulyator sig‘imi:
Cba,l _ }J[uu,d * tm’ght
U-DOD
bunda:
tight - kechasi ishlash vaqti,
DOD - razryad chuqurligi (0,8 qabul qilindi).
Taklif qilinayotgan xavo tozalash va passiv sovitish qurilmasi kapillyar bug‘lanish moduli,
ventilyator, hamda ikki tomonlama havo filtratsiya bloki (HEPA) dan iborat [3-5]. Qurilma devor
teshigiga o‘rnatiladi va ikkita havo yo‘lini ta’minlaydi (3-rasm).

Xona | :
havosi | Fast bisml Xona havosi Xona havo
I Q‘ ' L\"',. Vf
N\
Yugori : ¥ i
bosi :
osim | vf
1s0aRy EHOX
1-rasm. Bernulli modeli. 2-rasm. Aerodinamik zonalar. 3-rasm. Qurilmaning ishlash
Fig.1. Bernoulli model. Fig.2. Aerodynamic zones. prinsipi.
Fig.3. Operating principle of
the device.

3. Natijalar (Results)

Ushbu tadqiqot doirasida taklif etilgan gibrid havo tozalash qurilmasining aerodinamik,
termodinamik va filtratsiya jarayonlari kompleks ravishda tahlil gilindi. Qurilmaning samaradorligini

29

Version 4 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal

Version 4 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

baholash uchun “Triangle (Uchburchak) modeli” hamda ishlash algoritmi asosida tajribaviy va
nazariy hisob-kitoblar amalga oshirildi.

3.1. “Triangle modeli” asosida integral havo sifatini shakllantirish

Taklif etilgan qurilma mutadil harorat, optimal namlik va yuqori darajada tozalangan havoni bir
vaqtning o‘zida hosil qilish imkonini beruvchi uchta asosiy parametrning birlashgan zonasida ishlaydi
[6]. Rasmda keltirilgan “Triangle modeli” qurilmaning asosiy fizik-ekologik afzalliklarini quyidagicha
izohlaydi:

1) Mutadil harorat

Kapillyar material orqali amalga oshadigan bug‘lanib sovitish jarayoni natijasida havo harorati
o‘rtacha 5-12°C ga pasayadi. Bu inson uchun qulay bo‘lgan “comfort range” diapazoniga
yagqinlashishni ta’minlaydi.

2) optimal namlik (40-60%)

Suvning tabiiy bug‘lanishi natijasida xona ichidagi havo namligi fiziologik jihatdan eng qulay
bo‘lgan 40-60% diapazonga keltiriladi. Ushbu diapazon nafas yo‘llari kasalliklarining oldini olishda
muhim hisoblanadi.

3) Ikki tomonlama filtratsiya natijasida toza havo

Ventilyator tomonidagi past bosim zonasi (Bernulli qonuniga asosan) xona ichidagi havoni ikki
tomonlama (HEPA + kapillyar moduli) filtr orqali tortilgan holda tashqi havo oqimiga qo‘shadi. Bu
jarayon:

- PM10, PM2.5, PM1.0 konsentratsiyasini kamaytiradi;

- tuz va chang zarrachalarini kamaytiradi;

- allergogen va biologik aerozollarni bloklaydi.

Natijada “Comfortable Zone” (triangle markazida) qulay ekologik muhit shakllanadi [6].

Dastlabki laboratoriya sharoitida o‘tkazilgan sinovlar taklif etilayotgan qurilmaning bir qator
ekspluatatsion ko‘rsatkichlarini amaliy jihatdan baholash imkonini berdi. Test jarayonida qurilmaning
energiya sarfi, sho‘r havoda ishlash qobiliyati, filtr umri, xizmat ko‘rsatish xarajati, namlash va
sovitish samaradorligi hamda quyosh energiyasida avtonom ishlash imkoniyati HEPA tipidagi havo
tozalagichlar va nasosli evaporative cooler qurilmalari bilan qiyosiy tahlil qilindi.

Olingan natijalar qurilmaning o‘zining konstruktiv xususiyatlari - ya’ni nasossiz bug‘lanish
mexanizmi, kapillyar material, past sarfli ventilyator va ikki tomonlama filtratsiya moduli - uni
mavjud analoglarga nisbatan yakqol ustunliklarni namoyon etganini ko‘rsatdi.

Tajriba natijalarining umumlashtirilgan qiyosiy ko‘rsatkichlari quyidagi jadvalda keltirilgan (1-

jadval).
Mezon HEPA Air Purifier Nasosli ‘(Sablel) Taklif etilayotgan qurilma
Evaporative Cooler
. . Baland (nasos + venti-|  Juda past (faqat ventilyator
Energiya sarfi O‘rta (40—100W) lyator) 8- 12W)

Sho'r havoda ishlash Samarasiz (_to silib Cooling Pa.d tu;dan Mos (kaplll.}/%r mate.rlal tuz-

qoladi) tez tiqiladi dan tigilmaydi)

Filtr umri Qisqa (HEPA tez Cooling Pad tez Uzoq (HEPA + kapillyar
ifloslanadi) ifloslanadi kombinatsiyasi)

. - N -
P O‘rta (filtrlar gim Baland (nasos + pad Juda past (nasos yo‘q, filtr

mat) almashtirish) uzoq umrli)
Namlash imkoniyati Yo‘q Bor (bug‘lanish) Bor (bug‘lanish + kapillyar)
Sovitish samara- . . . Mutadil, barqaror (bug‘lanish
dorligi Yo'q Orta-yuqori + mikromiksing)
Qayta tiklanuvchi To‘liq (PV + past sarfli venti-

Yo‘q Amalda qiyin

energiya manbali lyator)

1-jadval. Havo tozalash qurilmalarining qiyosiy texnik ko‘rsatkichlari.
Table 1. Comparative technical specifications of air purification devices.

4. Munozara (Discussion)

Taklif etilgan kapillyar - bug‘lanishga asoslangan havo tozalash qurilmasiga oid tadqiqot natijalari
shuni ko‘rsatadiki, qurilma an’anaviy havo tozalagichlar va bug‘lantirib sovutgichlarga nisbatan bir
vaqtning o°zida bir nechta muhim funksional ustunliklarni ta’minlaydi.

Bunda asosiy o‘rinni “Mutadil-Namlik-Toza havo” tamoyili asosida ishlovchi uchburchak modeli
(Triangle Model) egallaydi. Modelda havoni sovitish (bug‘lanish hisobiga), optimal namlikni saqlash
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va ikki tomonlama filtratsiya orqali havoni chuqur tozalash jarayonlari o‘zaro bog‘langan holda
amalga oshirilishi natijasida inson uchun eng qulay “Comfortable Zone” hosil bo‘ladi (4-rasm).
Algoritm asosida qurilmaning ish prinsipi qgadamma-qadam ravshan namoyon bo‘ladi: havo avval

kapillyar material orqali o‘tib, bug‘lanish hisobiga soviydi;
keyin ventilyator hosil qgilgan past bosimli zonaga yo‘naladi;
so‘ngra ikki yonlama filtrlar orqali xona ichidagi havoni o‘z
tomoniga  tortib, PMI10-PM2.5-PM1.0  zarrachalaridan <A
tozalaydi. Aerodinamik zonalarda (2-rasm) ventilyator § {
ortidagi past bosim effektining filtratsiya jarayonini
kuchaytirishi ilmiy jihatdan Bernulli modeli bilan
asoslanganini ko‘rsatadi. Bu esa qurilmaning passiv rejimda TOZA HAVO
ham yuqori samara bilan ishlashini ta’kidlaydi[7-9]. :
Qiyosiy jadval tahlili qurilmaning amaldagi analoglardan  4-rasm. Xona havosini tozalashning
ustunligini yanada oydinlashtiradi: energiya sarfi ancha past, “Triangle Modeli”.
tuzli havoda ishlash imkoniyati yuqori, filtr umri an’anaviy ~ Fig-4- “Triangle Model” of room air

HEPA qurilmalarga nisbatan uzog, xizmat xarajati esa Purification.

Comfortable
Zone

PM} Tuz}

sezilarli darajada kam. Shu bilan birga qurilmaning akkumulyator-quyosh paneli bilan avtonom
ishlashi uni Orolbo‘yi kabi izolyatsiyalangan, yuqori changli va quruq iqlimli hududlarda juda muhim
texnologik yechimga aylantiradi.

Muhokamadan kelib chiqadigan asosiy xulosa shundan iboratki, taklif etilgan qurilma nafaqat
havoni tozalash, balki xona mikroklimatini barqarorlashtirish, energiya tejash va ekologik xavflarni
kamaytirish nuqtayi nazaridan ham kompleks afzalliklarga ega. Umuman olganda, olingan natijalar bu
texnologiyani Orolbo‘yi va shunga o‘xshash iqlim sharoitiga ega mintaqalarda amaliy joriy etish
uchun yetarli ilmiy-amaliy asos yaratishini ko‘rsatadi. Qurilma arzon, energiyaga kam talabchan,
modulli va texnik xizmat ko‘rsatish soddaligi tufayli katta iqtisodiy va ijtimoiy samara berishi
mumkin.

5. Xulosa (Conclusion)

Taklif etilayogan kapillyar-bug‘lanishga asoslangan havo tozalash va sovitish qurilmasi an’anaviy
HEPA Air Purifier va nasosli evaporative cooler turlariga nisbatan kam energiya sarfi, sho‘r va chang
muhitda ishlash qobiliyati, xizmat xarajatlarining pastligi va modulli tuzilishi bilan ajralib turadi.
Dastlabki tahlillar qurilmaning “Mutadil harorat - Optimal namlik - Toza havo” uchburchak modeli
asosida barqaror mikroklimat yarata olishini ko‘rsatdi. Qayta tiklanuvchi energiya manba esa uni chul
va energiya tanqis hududlarda qo‘llash imkoniyatini kengaytiradi. Shuningdek, filtr-kapillyar kombi-
natsiyasi PM, tuz va chang zarrachalarini samarali kamaytiradi. Umuman, taklif etilgan texnologiya
energiya tejovchi, arzon va ekologik barqaror yechim sifatida yuqori amaliy qiymatga ega.
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