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Jannas pa®oTa MOCBSIIEHA OLIEHKE BIMSHHUS pPa3iIMYHBIX aTMOC(HEpHBIX SIBICHUI Ha MapaMeTpbl
0ecrpoBOTHOM ONTHUYECKOW CBSI3U. AKTYyaJIbHOCTh pPa0OTHI CBf3aHAa C OIpeAeeHHEM BO3MOKHOCTH
peanu3anuy TeXHOJIOTHH KBaHTOBOTO pacnpenenenus kirouer (KPK) B OTKpBITBIX onTHUeCKUX KaHaax.

[Toctpoenue OGecripoBomHoro KPK ocnmoxusieTcs cnenmdukoit ropoackor cpeapl. CIOXKHBIA penbed
MOJICTUJIAIONIEH TMOBEPXHOCTH (POPMUPYET CHOPAAMYECKYI0 JTUHAMHUKY TpPOHOC(EpHBIX MPOLECCOB,
MPUBOJISAIIYIO K MEJTKOMACIITAOHOM TPU3EMHOM TYpPOYJIEHTHOCTH CO CJIOKHOW MPOCTPAaHCTBEHHO-BPEMEHHOM
cTpykTypoil. TypOyieHTHbIE UCKaXKEHHS BBI3BIBAIOT CUMHTHILISIIUH, pacOKYCUPOBKY IydKa U QIIyKTyaluu
BOJTHOBOTO (PpOHTA, CYIIIECTBEHHO CHIKaroITe 3G HEeKTUBHOCTH pHUEMa IMPH BBOIE aTMOC(EPHOTO U3y ICHHS
B OITHYECKOE BOJOKHO. [Iporiecchl HOCAT OUHAMHUYECKHH XapakTep U COMPOBOKIAIOTCS H3MEHEHHEM
aMIUIMTYAHBIX TOTEPh B KaHAJE PACIpPOCTPaHEHMs M3IY4YEHHs BIUIOTH O MOJHOW HEBO3MOXKHOCTH CBS3H,
pUYeM JJF000ro, He TOJIBKO KBAaHTOBOTO THMA. /11 aTMOChEpHBIX KaHAJIOB TpeOyeTcs pelieHne KOMITJIEKCHOM
3aJIauy: CTAaTUIECKOM ONTUMHU3AIUH onTHYecKkuX cucteM (morepu <20-30 nb Ha Bceli Tpacce) 1 TMHAMUYECKOM
KOMIIEHCAIMH TypOYyJIEHTHBIX UCKa)KEHUH.

N3mepenns mpoBogminuck Ha Tpacce IiauHOM 3500 MEeTpoB MPOJIOKEHHOM HAJ IJIOTHOM TOPOJCKOMN
3acTpoiikol B TeueHue 14 cytok. Tpacca npoxoaunia HaJ )KUJBIMUA IOMaMH, TOPOJICKUM MapKOM, MAJIbIMH U
KPYTHBIMU aBTOJIOPOTaMHU, a TAKXKE HAJl )KeJIe3HOI Toporoii. Takas moacTuiaoas moBepXHOCTh 3HAYUTENLHO
OTJIMYAETCS OT YCJIOBUN paclpOCTPaHEHUs M3IYUYEHHS HaJ CTENbIO MM BOJHOW MOBEPXHOCTHIO, T.K. UMEET
oYard pe3koro U3MeHEHUs TypOyICeHTHOCTH aTMOC(hEpHI.

HcnpiTaTenbHoe 00OpyAOBaHME BKIIOYANO B ceOsl JIBa TEPMHHAJA ONTHYECKOW CBSI3U CO CBETOBBIM
nuameTpom 85 mMm. TepMuHaibI ObIITH 000PYI0BaHBI CUCTEMAaMHU aBTOMATHYECKOW PETYTMPOBKU MOIITHOCTH U
Mo I/Iep KaHus TTapauIeILHOCTH Oocei n3nydeHus nHpopmannonHoro kanamna (MHK 1550 am, pacxoaumocTh
0.15Mmpan), cimyxeOnbM kKaHamoM HaBeieHus (CJIK 850 Hm, pacxonumocts 1 Mpan). OHa TouKa pacmosiaraiach
Ha BbicoTe 80 M, BTopast — 30 M Hax ypoBHEM 3eMJid. PUKCUPOBATUCH 3HAYCHUSI IPUHUMAEMON MOITHOCTH,
YPOBHSI MOIITHOCTH E€PeIaTYMKOB, TOKa3aHUS KOOPAUHATOPA C 00€UX CTOPOH C TEMIIOM 2 OTCYETa B CEKYH/Y.
Kpowme toro, 66110 m3MepeHo 3HaueHue ypoBHs npuHuMaeMoro curaana MHK B monoce 10 KI'ty ¢ pukcanmeit
pe3yabTaTOB Ha ocuiiorpade.

O06paboTka MoIy4eHHOTO MaccHBa JAHHBIX IMMO3BOJIMIIO CIIENIATh BBIBOJI, UTO MPHU MCIIOIB30BAHUH JAHHOTO
tuna obopyaoBanus noctynHocts kanana KPK wa tpacce 3500 m He mpeBbimaer 12.5% B aeHb. OueHku
MoKa3aju, 4yTo MpH cokparieHuu Tpaccsl 10 2000 M 10CcTymTHOCTh MOXKET Bo3pacTH 110 66.4%. Emie Gonbiiee
3HayeHue qoctynHocty kanana KPK B ropoackux ycrnoBusix BO3MOXKHO yAacTCs OTYUUTh 38 CHET TPUMEHEHUS
CUCTEM aJIJallTUBHOM ONTHKHU.

HeB0o3MOXKHO TPUMEHHUTh HUMEIOUIYIOCS TEOpHUI0 TYpOYJIEHTHOCTH K KOHKPETHOH TOpOACKOW cpene
(3 dactHoW Oecenbl ¢ aupekTopom HMHcTHTyTa Teoperndueckord ¢usukn wum. JI. JI. Jlangay
yneH-kopp. PAH U. B. KonmokonoBeim).
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This paper assesses the impact of various atmospheric phenomena on wireless optical communication
parameters. The relevance of this work lies in determining the feasibility of implementing quantum key
distribution (QKD) technology in open optical channels.
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The design of a wireless QKD is complicated by the specifics of the urban environment. The complex
terrain of the underlying surface generates sporadic dynamics of tropospheric processes, leading to small-
scale ground turbulence with a complex spatiotemporal structure. Turbulent distortions cause scintillations,
beam defocusing, and wavefront fluctuations, significantly reducing reception efficienc when atmospheric
radiation is introduced into an optical fiber. These processes are dynamic in nature and are accompanied by
changes in amplitude losses in the radiation propagation channel, sometimes even completely preventing
communication, including any type, not just quantum. Atmospheric channels require a complex solution:
static optimization of optical systems (loss < 20-30 dB over the entire path) and dynamic compensation for
turbulent distortions.

Measurements were conducted over a 3.500-meter path laid over a dense urban area for 14 days. The path
passed over residential buildings, a city park, small and large highways, and a railway. This underlying surface
differs significantly from the conditions of radiation propagation over steppe or water, as it contains areas of
sharp changes in atmospheric turbulence.

The test equipment included two optical communication terminals with an 85 mm clear aperture. The
terminals were equipped with an automatic power control system and a system for maintaining the parallelism
of the radiation axes of the data channel (1550 nm ILC, 0.15 mrad divergence) and the service guidance
channel (850 nm SLC, 1 mrad divergence). One point was located at an altitude of 80 meters, the second at an
altitude of 30 meters above ground level. Received power, transmitter power levels, and coordinator readings
were recorded at a rate of two samples per second on both sides. In addition, the received signal level of the
INC was measured in a 10 kHz band, with the results recorded on an oscilloscope.

Processing the resulting dataset allowed us to conclude that, when using this type of equipment, the
availability of the QKD channel over a 3.500-meter path does not exceed 12.5% per day. Estimates showed
that by shortening the path to 2.000 meters, availability could increase to 66.4%. Even greater availability of
the QKD channel in urban environments could be achieved through the use of adaptive optics systems.

It is impossible to apply existing turbulence theory to a specific urban environment (from a private
conversation with Corresponding Member of RAS 1. V. Kolokolov, Director of the Landau Institute of
Theoretical Physics).
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