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Annotatsiya

Mazkur magolada 650 nm to‘lqin uzunligiga ega lazer asosida gisqa masofali optik simsiz aloga
tizimining samaradorligi tahlil gilinadi. Tadgiqotda optik uzatish muhitining xususiyatlari, signalning
so‘nishi, shovqinlar ta’siri hamda qabul qiluvchi qurilmaning sezgirligi kabi omillar ko‘rib chigilgan.
Shuningdek, lazer nuri orqali ma’lumot uzatishda yuzaga keladigan yo‘qotishlar va ularning aloga
sifatiga ta’siri amaliy va nazariy jihatdan baholangan.

Ish davomida qisqa masofalarda yuqori tezlikda va ishonchli ma’lumot uzatishni ta’minlash
imkoniyatlari aniglangan. 650 nm diapazondagi lazerlarning optik simsiz aloga tizimlarida
go‘llanilishi energiya samaradorligi va kam xarajatli yechim sifatida asoslab berilgan. Tadqiqot
natijalari optik simsiz aloga texnologiyalarini takomillashtirish hamda ularni amaliyotga joriy etishda
muhim ahamiyat kasb etadi.

Kalit so‘zlar: optik simsiz aloga, 650 nm lazer, signal so‘nishi, shovqin, uzatish
samaradorligi, gisga masofa.

AHHOTAIHSA

B nmanHo# cTathe mpoBOAUTCS aHAINU3 YPPEKTUBHOCTH CHCTEMBI ONITHUYECKOW OeCIpoBOIHON
CBs3HM Ha OCHOBC Jia3€pa C ,Z[J'II/IHOI‘/'I BoaHEI 650 HM IJIs1 KOPOTKUX

paCCTOHHHﬁ. B HCCIICAOBAaHHUU PACCMOTPCHBI TaKHC q)aKTOpBI, KaK XapaKTCPpHUCTUKU
OIITHYECKOH Cpeabl nepcaavun, 3aTyXaHUeC CUT'HaJIa, BIIMAHUC IIYMOB, a4 TaKKC YYBCTBHUTCIBHOCTH
IMPpUEMHOT'O yCTpOfICTBa. KpOMe TOTO, C TCOpeTI/I‘leCKOﬁ u HpaKTquCKOﬁ TOYCK 3pCHUA OLICHCHBI
MOTEPpHU IIPHU Iepeaavc JaHHBIX C IOMOIIBIO JIA3CPHOTO U3JIYYCHUA U UX BIIMAHUC HA KAYCCTBO CBS3U.

B X04€ pa6OTLI BBLIABIIEHBI BO3MOYKHOCTH OO€CIICUeHHUS BBICOKOCKOpOCTHOﬁ u HaIIe)KHofI
nepeaayn JaHHbIX Ha KOPOTKUEC PACCTOSHUA. HpI/IMCHeHI/IC JIa3C€POB B JHUAIIA30HC 650 HM B cucTeEMax

OINTUYECKOM 66CHp0BOIIH0171 CBs131 000CHOBAHO KakK 3Hepr03¢)(beKTI/IBHOC 1 OKOHOMHUYECCKHU BBII'OJJHOC
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peuicHuc. Pe3yJIBTaTbI HCCIICAOBAaHHUA HWMCIOT Ba)XHOC 3HAUCHUC i1 COBCPUHICHCTBOBAHUA
TEXHOJIOI'MI ONTHYECKON OECIIPOBOIHON CBSA3HM U UX BHEIPEHMSI B IIPAKTUKY.

KiroueBble cioBa: onrudeckas OecrpoBOJHAs CBs3b, jasep 650 HM, 3aTyxaHue CUTHAIA,
LIyM.

Abstract

This article analyzes the efficiency of a short-range optical wireless communication system
based on a 650 nm wavelength laser. The study considers factors such as the characteristics of the
optical transmission medium, signal attenuation, noise effects, and receiver sensitivity. In addition,
losses occurring during data transmission via laser radiation and their impact on communication
quality are evaluated from both theoretical and practical perspectives.

The study identifies the possibilities of ensuring high-speed and reliable data transmission over
short distances. The use of 650 nm lasers in optical wireless communication systems is justified as an
energy-efficient and cost-effective solution. The research results are of significant importance for
improving optical wireless communication technologies and their practical implementation.

Keywords: optical wireless communication, 650 nm laser, signal attenuation, noise,

transmission efficiency,

KIRISH

XXI asrda axborot uzatish texnologiyalarida sezilarli o‘zgarishlar yuz bermoqda. Fotonika va
kvant optikasi sohasidagi yutuglar nafagat ilmiy izlanishlar, balki amaliy aloga tizimlariga ham joriy
qilinmoqda. So‘nggi yillarda yorug‘lik asosida axborot uzatish texnologiyasi — Li-Fi (Light Fidelity)
konsepsiyasi jadal rivojlanmoqda. Ushbu texnologiya elektromagnit to‘lginlarning radio diapazoni
o‘rniga optik diapazondan foydalanib, yuqori tezlikda va xavfsiz aloga imkoniyatlarini tagdim etadi
[1].

Mazkur maqolada 650 nm to‘lqin uzunligiga ega, 5 mW quvvatli lazer yordamida qisqa
masofada (1-3 metr) audio signal uzatish va quyosh paneli yordamida gabul gilish tajribasi o‘tkazildi.
Tadgigotning asosiy magsadi — lazer nuri orgali modulyatsiyalangan signalni gabul qilish
samaradorligini baholash va nazariy hisob-kitoblardan iborat.

Nazariy asoslar. Optik aloga tizimlari odatda quyidagi bloklardan iborat: manba (lazer diodi),
modulyator, uzatish muhiti (havo), gabul giluvchi (fotodetektor) va dekoder. Audio signalni lazer
orgali uzatishda modulyatsiya jarayoni tabiiy ravishda yuz beradi: telefon audiosignali lazer quvvatini
o‘zgaruvchan qilib, nur intensivligini modulyatsiya qiladi [2]. Lazer nurlanishining quvvat zichligi

quyidagi formula bilan aniglanadi:
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I 4 (N
bu yerda: 1r) = —

I(r) —masofa r dagi yorug‘lik intensivligi (W/m?), P — lazer quvvati (W),

r —manba va gabul giluvchi orasidagi masofa (m).

Fotodetektor sifatida ishlatilayotgan quyosh paneli tushayotgan yorug‘lik ogimini elektr
tokiga aylantiradi. Fototok quyidagicha ifodalanadi:

Iph =R - Prec(2)
bu yerda:
R — fotodetektor sezgirligi (A/W),
Prec —Qabul giluvchi yuzasiga tushayotgan quvvat (W).

Eksperimental gism. Tajriba sxemasi quyidagicha tashkil etildi:

Telefonning audio chigishi (3.5 mm naushnik uchi) lazer diodiga ulanadi. Lazer diod 4.5 V (3 ta
1.5 V batareya) bilan ta’minlandi. Lazer nuri havo orqali targalib, gabul giluvchi qurilma sifatida
26.5 cm x15.8 cm (taxminan 0.04 m?) yuzaga ega 6 W quyosh paneliga yo‘naltirildi [3]. Quyosh
paneli chigishi oddiy karnayga ulandi. Masofa uch xil qiymatda sinovdan o‘tkazildi: 1 m, 2 m va 3
m.

1-rasm. Sinov jarayoni

Hisob-kitoblar. Lazer quvvati: P=5 mW=0.005 W, quyosh panelining yuzasi: S=0.04 m?,

1-masofa. r=1 m.I(1) = 0.005 _ 3.9810 4,W47r-12m2 —

Prec(1)=I(1)-$=3.98-10*-4-102=1.592 - 10 5W

2-masofa. r=2 m.I(2) = 0.005 _ 9.95-10" 5,W47r-22m2 —
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Prec(2)=1(2)-$=9.95-105-4-102=3.98-10¢ W

3-masofa. r=3 m.I(3) = 0.005 = 4.42*10‘5,W4n-22m2 —

Prec(3)=13)-S=4.42-105-4-102=1.768 - 10 6,W

1-jadval.
Sinov natijalari.
Masofa, m Qabul quvvati (W)
1 1.592-105
2 3.98-10°
3 1.768-10°°

Hisob-kitoblardan ko‘rinadiki, masofa oshishi bilan gabul giluvchida quvvat tez kamayadi.
Tajriba davomida telefon orgali uzatilgan audio signal quyosh paneli yordamida muvaffagiyatli gabul
gilindi va karnay orqali eshitildi. Masofa ortgani sayin signalning aniqligi pasayishi kuzatildi, ammo
3 metrda ham musiga eshitilishi mumkin bo‘ldi. Fon yorug‘ligi va xona yoritilishi gabul gilingan
signallarga sezilarli ta’sir ko‘rsatdi. Maxsus fotodiodlar ishlatilganda sezgirlik yuqoriroq bo‘ladi va
masofa kengayadi. Shunga garamay, oddiy quyosh paneli yordamida audio signalni yorug*‘lik orgali
uzatishning oddiy tajribasi amalga oshirildi.

Xulosa. Ushbu tadgigotda 650 nm lazer yordamida gisqa masofada audio signallarni simsiz
uzatish va quyosh paneli yordamida gabul gilish muvaffagiyatli amalga oshirildi.1-3 metr oralig‘ida
signal gabul gilindi. Masofa ortishi bilan signal quvvati tez kamayishi aniglandi. Oddiy komponentlar
yordamida optik simsiz aloga tizimi qurish mumkinligi isbotlandi. Natijalar yorug‘lik asosidagi aloga

tizimlari (Li-Fi)ni oddiy sharoitlarda ham sinash mumkinligini ko ‘rsatadi.
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