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D L Annotatsiya: Mazkur maqolada O‘zbekiston sharoitida pnevmoniya kasalligini alveolyar
< ELO‘ darajada matematik modellashtirishning ilmiy va amaliy ahamiyati yoritilgan. Tadgigotda
QD Y pnevmoniyaning patofiziologik jarayonlari, xususan alveolalarda gaz almashinuvi
_— § buzilishi, yallig‘lanish jarayonlari va immun javob mexanizmlari tahlil qilinadi.
g ug._; Shuningdek, atmosfera havosining ifloslanishi, aynigsa PM2.5 va PM10 zarralarining
-) S yuqori konsentratsiyasi kasallik og‘irligiga ta’siri mintaqaviy misollar asosida ko‘rib
7 = o chigiladi. Matematik modellashtirish yordamida alveolyar darajadagi jarayonlarni
= prognozlash, kasallik dinamikasini baholash va davolash samaradorligini aniglash
o T% imkoniyatlari asoslab berilgan. Olingan natijalar O‘zbekiston hududiy ekologik omillarini

C‘j O hisobga olgan holda pnevmoniyani erta aniqlash, og‘ir asoratlarni kamaytirish va sog‘liqni

g 2 saqlash tizimida innovatsion yondashuvlarni joriy etishda muhim ahamiyat kasb etadi.

G- *E Kalit so‘zlar: pnevmoniya, alveola, PM2.5, PM10, alveolyar makrofaglar, biofizika,
+ = .= prognozlash.

4; Y AumoTammsa: B 1aHHOH cTaThe OCBEIIaeTCs HAYyYHOE M TPAKTHUECKOE 3HAUYCHHE

™~ 1 MaTeMaTH4ecKoro MOJICTUPOBAHUS ITHEBMOHMHM Ha albBEOJSIPHOM YPOBHE B YCIOBHUSAX

E:: g V3bekncrana. B wuccnenoBaHuu aHANM3UPYIOTCS NATO(OU3MOIOTUYECKUE IPOIIECCHI

== < nHEeBMOHHMHM, B YACTHOCTH, HApyIICHHE T'a3000MEHA B AalbBEONAX, BOCHAIUTEIbHBIC

cl_f' a3 NpOIEeCChl W MEXaHW3Mbl HMMYHHOTO OTBeTa. Takke paccMaTpUBAETCs BIHSHHE
E S 3arpsi3HeHUs aTMOCc(EepHOro BO3Ayxa, OCOOCHHO BHICOKMX KOHIEHTpauui yactul PM2.5 u
e PM10, na TsokecTh 3a00neBaHHMS Ha pErHOHANBHBIX MpuMepax. OOOCHOBBIBAIOTCA

BO3MOYXHOCTH MTPOTHO3UPOBAHUS MPOIIECCOB HA aTbBEOJIIPHOM YPOBHE, OLIEHKH JTUHAMUKH
3aboneBanusi ©  omnpeneneHuss  dPEGEKTUBHOCTH  JIEUEHUS C  HCIOJIb30BaHUEM
MaTEeMaTHYEeCKOro MoJenupoBaHus. [lomydyeHHbIe pe3ynbTaThl UMEIOT OOJIBIIOE 3HAYCHUE
JUIsl paHHEW UAarHOCTUKH MTHEBMOHHH, CHIDKCHUS TSKEIBIX OCJOKHEHWW W BHEIPEHUS
WHHOBAITMOHHBIX TOJIXOJ0B B CHCTEMY 3IPAaBOOXPAHEHUS C YYCTOM PETHOHAIBHBIX

INTERNATIONAL

9KOJIOTUYECKHX (PaKTOPOB Y30eKHcTaHa.
KiioueBble cioBa: mHeBMOHUS, anbBeosnbl, PM2.5, PM10, ansBeonspHbsie Makpodaru,

onodusnka, IPOrHO3UPOBAHUE.

Abstract: This article highlights the scientific and practical significance of mathematical
modeling of pneumonia at the alveolar level in the conditions of Uzbekistan. The study
analyzes the pathophysiological processes of pneumonia, in particular, impaired gas
exchange in the alveoli, inflammatory processes and immune response mechanisms. Also,

94


mailto:sh.boltibayev@gmail.com
mailto:a2126ek2301@gmail.com

ﬁgrl £

._a

‘onferences

10N

al (
Open Access | Scientific Online | Conference Proceedings

CTICE

RECENT SCIENTIFIC DISCOVERIES AND METHODOLOGICAL RESEARCH.
International online conference.

Date: 7" April-2026

the impact of atmospheric air pollution, especially high concentrations of PM2.5 and
PM10 particles, on the severity of the disease is considered based on regional examples.
The possibilities of forecasting processes at the alveolar level, assessing the dynamics of
the disease and determining the effectiveness of treatment using mathematical modeling
are substantiated. The results obtained are of great importance for early detection of
pneumonia, reducing severe complications and introducing innovative approaches in the
healthcare system, taking into account the regional ecological factors of Uzbekistan.
Keywords: pneumonia, alveolus, PM2.5, PM10, alveolar macrophages, biophysics,
forecasting.

Kirish va masalaning dolzarbligi. Pnevmoniya kasalligi dunyo miqgyosida va
xususan O'zbekiston sog'ligni saglash tizimida eng dolzarb muammolardan biri bo'lib
golmogda. Alveolyar darajadagi patofiziologik jarayonlarni tushunish va ularni matematik
modellashtirish orqgali prognozlash zamonaviy tibbiyot va biofizikaning ustuvor
yo'nalishlaridan biridir [1]. Pnevmoniya o'pkaning gaz almashinuvi sodir bo'ladigan asosiy
birligi — alveolalarning suyuglik, yiring yoki yallig'lanish ekssudati bilan to'lishi
natijasida nafas olish funksiyasining buzilishi bilan xarakterlanadi [2]. O'zbekistonning
o'ziga xos ekologik sharoitlari, xususan, atmosfera havosidagi chang miqgdorining
yugoriligi va sanoat hududlaridagi PM2.5 hamda PM10 zarralarining konsentratsiyasi
pnevmoniya patogenezini yanada murakkablashtiradi [3].

Hozirgi kunda ilmiy tadqiqotlarni fagatgina Kklinik kuzatuvlar bilan cheklab
bo'lmaydi. Matematik modellashtirish kasallikning dinamikasini, immun tizimining
javobini va terapevtik choralarning samaradorligini oldindan baholash imkonini beradi [5].
O'zbekiston Respublikasining innovatsion rivojlanish strategiyasi doirasida matematik
modellashtirish va sun'iy intellekt texnologiyalarini tibbiyotga joriy etish ustuvor vazifa
sifatida belgilangan [6]. Ushbu hisobotda pnevmoniya kasalligini alveolyar darajada
modellashtirishning nazariy asoslari, O'zbekistondagi ekologik omillarning ta'siri va ushbu
sohada amalga oshirilishi lozim bo'lgan ilmiy loyihalar hagida batafsil ma'lumot beriladi.

O'zbekistondagi ekologik omillar: PM2.5 va PM10 ta'siri. O'zbekistonning havo
sifati ko'rsatkichlari pnevmoniya kasalligining og'irlik darajasiga bevosita ta'sir ko'rsatadi.
Xususan, chang zarralari va sanoat chigindilari alveolyar makrofaglarning funksiyasini
susaytiradi va yallig'lanishni kuchaytiradi [3].

Mintagaviy tahlil: Toshkent, Namangan va boshga hududlar. Tadgiqgotlar shuni
ko'rsatadiki, PM2.5 konsentratsiyasi yuqgori bo'lgan hududlarda bolalar o'rtasida og'ir
pnevmoniya holatlari sezilarli darajada ko'p [4].

- ) INTERNATIONAL Internat

Havoning ifloslanish | Og'ir  pnevmoniya Nafas
Hudud . : etishmovchiligi (RF)
PM2. lushi (% ..
darajasi ( 5) ulushi (%) darajasi (%)
Toshkent shahri JSST me'yoridan 6-8 | 70-75% 65-70% (I1 darajali
baravar yuqori RF 15-18%)
Qashgadaryo Yuqgori (sanoat va | 65-68% 60% (Il darajali RF
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chang) 10-12%)

Namangan Yugori (paxta | >60% (taxminiy) 50-60%
tozalash sanoati)

Surxondaryo Yugori (chang | >60% 50% (Il darajali RF
bo'ronlari) 8-10%)

Buxoro Nisbatan past/o'rtacha | 40-45% <40%

Namangan viloyatining Pop va Chust tumanlaridagi paxta tozalash zavodlari
atrofida o'tkazilgan o'rganishlar shuni ko'rsatadiki, chang tarkibidagi paxta tolalari va
mineral zarralar alveolyar darajada surunkali yallig'lanishni keltirib chigaradi. Bunday
hududlarda PM2.5 darajasi 200 pg/m* gacha yetishi aholi orasida nafas olish tizimi
kasalliklarini 2.5 baravarga oshirishi aniglangan [7].

Zarralarning alveolalarga kirib borish mexanikasi. PM2.5 zarralari (diametri 2.5
mikrondan kichik) terminal bronxiolalardan o'tib, alveolalarga osonlik bilan yetib boradi.
Ularning depozitsiyasi uchta asosiy fizik mexanizmga bog'lig:

Inertsial cho'kish: Katta zarralarning nafas yo'llari burilishlarida urilishi.

Gravitatsion sedimentatsiya: Alveolalarning pastki gismlarida zarralarning og'irlik
kuchi ta'sirida to'planishi [8].

Braun diffuziyasi: Ultra-mayda zarralarning gaz molekulalari bilan to'gnashib,
alveola devoriga yopishishi [9].

Matematik modellashtirishda ushbu zarralar "immun tizimini ingibitorlovchi omil"
sifatida Kkiritilishi lozim. Chang zarralari bilan yuklangan makrofaglar bakteriyalarni
fagotsitoz qilish qobiliyatini yo'gotadi, bu esa pnevmoniyaning yanada og'ir kechishiga
sabab bo'ladi [3].

Pnevmoniya kasalligini alveolyar darajada matematik modellashtirish O'zbekiston
tibbiyot fani uchun yangi ufglar ochadi. Bu nafagat nazariy tadgigot, balki aholi
salomatligini saglashda amaliy ahamiyatga ega bo'lgan vositadir. Aynigsa, hududiy
ekologik omillar (PM2.5, chang, sanoat chigindilari) hisobga olingan modellar
kasallikning og'ir asoratlarini oldindan ko'rish va o'lim ko'rsatkichlarini kamaytirishga
xizmat qiladi.

Pnevmoniyani modellashtirish orqgali biz nafagat kasallikni o'rganamiz, balki inson
hayotini saglab qolish uchun kuchli intellektual qurol yaratamiz. Bu esa Yangi
O'zbekistonning ilmiy salohiyatini namoyon etuvchi eng muhim ko'rsatkichlardan biri
bo'ladi.
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