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OmnuM w3 Benymux mnpennpustuii PockocMoca mo pa3paboTke W MPOU3BOJICTBY Ja3€PHBIX CHCTEM
Pa3JIMYHOr0 Ha3HAYEHUS, B TOM YHUCJIE, CACTEM JIA3EPHOM CIYTHUKOBOM 1aIbHOMETPUHU U BBICOKOCKOPOCTHOM
Ja3epHON CBSI3M, SBISICTCS HAYYHO-TIPOM3BOACTBEHHas Koprnoparus «CUCTeMbl NPEIU3UOHHOTO
npubopoctpoeHus» (AO «HIIK «CIIII»). JIazepHbIie CHCTEMBI B CITy THUKOBOM JAIIbBHOMETPUN, KOCMHYECKOMH
reo/Ie3ul W HaBHUTAIlUM — 3TO, MPEXKJe BCero, Oojee BBICOKAas TOYHOCTh M3MepeHui. Hemoctatkom
HCTIOJIb3YEMBIX JIA3€PHBIX CUCTEM SIBIISIETCS 3aBUCHUMOCTb UX MPOU3BOAUTEIIBHOCTH OT METEOYCIIOBUH, B
YaCTHOCTH, OT HAJIM4YUsl 00JJaKOB M@Ky Ha3eMHBIM ITYHKTOM U KocMudeckuM ammaparom (KA). Omaako
B 3KcrepuMeHTax, npoefeHHbIX B AO «HIIK «CIIIl», Habntoganuch OTAENbHbBIE YCHEUIHbIE CEaHCHI
CIIyTHUKOBOM JIa3€pHOM J1aJJbHOMETPHUH B yCIOBUSIX 00slayHOCTH [1, 2].

[IpoBeeHO TEOpEeTHYECKOE HMCCIIEOBAHNE BO3MOKHOCTH (DYHKIMOHHUPOBAHMS Ja3epHBIX CTAHIMU TPU
HAJIMYHH OTIPEICIIEHHBIX ()OpM 00JIaKOB, IPUMEHHUTEIBHO K XapaKTePUCTHKAM HA3€MHOTO 1 00pTOBOTO OJIOKOB
0e33aIpoCcHO JIazepHO TanpHOMeTpHuH. [Iporiece pactipocTpaHeHus Ta3epHOTo H3IYYCHHS B aTMochepe mpu
HAJTMYUU CIIOUCTOOOPA3HBIX 00JIAKOB BEPXHETO M CPEIAHETO SIPYCOB MOJICIIMPOBAJICS C TTIOMOIIBIO JTOKATLHOM
oueHkn merona Monte-Kapino [3]. Mcnonp30BaHbl MareMaTH4eCKUE MOJEIHU MOJIEKYJISIPHO-a3pO30JIbHOM
aTMocdeps! st 1TUHBL BOTHBI 0.532 MKM, ¢ BKJIIFOUEHHEM ONTHYECKUX XaAPAKTEPHUCTUK KPHUCTATUIMICCKON
CpPEIbI TSI arPEeTaTHBIX CTPYKTYP JICJSTHBIX 9acTHIL [4, 5S|. BBIMOTHEHBI pacdeThl IepeHoca CyOHAHOCEKYH/THBIX
JIA3epHBIX UMIYJIbCOB HAa3€MHBIX CTAaHIMK Ha BBICOKOOpOMUTANIbHBIE W HU3KoOpOuTanmbHbie KA. Tlomydenst
KOA(P(UIIMEHTHI OCNabJICHUsI MPSIMOTO M PACCESTHHOTO H3IYYCHHH, UMITYJIbCHBIC XapPAaKTEPUCTHKH TPacce
pacrpoCTpaHEHUsT U3JIY4YEHUsI U onThuueckue curHaibl Ha Oopty KA. M3yueHo BiusiHME mapaMeTpoB
KPpUCTAJNIMYCCKUX 00J1aKOB Ha MMPOCTPAHCTBECHHO-BPCMCHHBIC U SHECPICTUYCCKUEC XAPAKTCPUCTUKHU TIPAMOTO
U PacCEessHHOIO0 KOMIIOHEHTOB JIa3€pPHOI0 M3JIy4E€HHs Ha BXOJ€ NPUEMHONW OOpTOBOM ammaparypbl HpH
Pa3IMyYHBIX yriax pacxoJIMMOCTH UCXOJHOTO UMITyJibca U Bu3npoBaHus Ha KA [5, 6].

Takum 00pazom, TPUHIMIB 0E33aIPOCHON J1a3epHON NAIBHOMETPHHA MOTYT OBITh PEaTM30BaHBI MPHU
HAIMYMKA Ha HEOOCBOZE MEpHCTHIX (OPM OOJIAKOB BEPXHETO sipyca, a TAaKKe BBICOKOCIOHUCTBHIX OO0JIAKOB
CpPEIHEro sipyca ¢ YCTaHOBJIICHHBIMU OIPAHUYEHUAMU [0 ONTUYECKON TonmuHe. [lomydeHHble pe3yapTarhl
MOATBEPKIAIOT BO3MOKHOCTD IMOBBIIICHHUS TEXHOJOTMYECKOW MTPOU3BOJIUTEIIBHOCTH CUCTEM BBICOKOTOYHOM
CIIyTHUKOBOM JaTbHOMETPUH, TaK KaK TOBTOPSIEMOCTb paccMaTpuBaeMbiX GopM 00IaKOB HaJ TEPPUTOPUEH
P® cocrapnsier 6onee 20%. PesynbraTsl Takke MOTYT OBITh IPUMEHEHBI K JIA3€PHO-CBSA3HBIM CUCTEMaM C
YYETOM XapaKTEPUCTHUK JIA3EPHBIX TEPMUHAIIOB CBS3U.
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Laser systems in satellite rangefinder, space geodesy and navigation are, first of all, a higher accuracy
of measurements. The disadvantage of the laser systems used is that their performance depends on weather
conditions, particularly the presence of clouds between the ground station and the spacecraft. However, in
experiments conducted at JSC RPC PSI, there were some successful sessions of satellite laser rangefinder in
cloudy conditions.

Therefore, a theoretical study was conducted on the possibility of functioning of laser stations in the
presence of certain forms of clouds, in relation to the characteristics of the ground-based and airborne units of
non-request laser rangefinder. The process of propagation of laser radiation in the conditions of the molecular-
aerosol optical model of the atmosphere in the presence of clouds of the upper and middle tiers was simulated
using the local assessment of the Monte Carlo method. Mathematical models of the atmosphere were used for
a laser wavelength of 0.532 um, with the inclusion of the optical characteristics of the crystalline medium for
the aggregate structures of ice particles. Calculations were performed for the transfer of optical radiation from
sub-nanosecond laser pulses from ground-based stations to high- and low-orbit spacecraft. The coefficient of
attenuation of direct and scattered radiation, the pulse characteristics of the radiation propagation paths, and
the optical signals on board the spacecraft were obtained. The influence of the parameters of the upper and
middle tiers of ice-crystal clouds on the spatial-temporal and energy characteristics of the direct and scattered
components of laser radiation at the input of the receiving onboard equipment at various angle of divergence
of the initial pulse y and zenith angle of the spacecraft v has been studied.

Thus, the principles of non-request laser rangefinder can be implemented in the presence of cirrus, cirrostratus
and cirrocumulus clouds of the upper tier on the firmament, as well as altostratus clouds of the middle tier
with established restrictions on the optical thickness and the zenith angle. The presented results confirm the
possibility of increasing the technological performance of high-precision satellite rangefinder systems, as the
repeatability of the considered cloud forms over the territory of the Russian Federation is 20% or more. The
results can also be applied to laser space communication systems, taking into account the characteristics of
laser communication terminals.
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