Tpyowr kongepenyuu PPB-29, 30.06 — 04.07.2025, Kaszans

Cexyus 4. Pacnpocmpanenue onmudeckux 60 6 ammocgepe u 1azeproe 30HOUposanue npupoOHbIX cpeo;
gomonura u paouogomonuxa

YK 535.317.2 DOI: 10.26907/rwp29.2025.328-330

MEPEJJAYA KBAHTOBBIX CUTHAJIOB C UCIIOJIb30OBAHUEM
ATMOC®EPHOM TPACCBHI.
BAPUAHT ITOCTPOEHUS JINH30BOM OIITUYECKOU CUCTEMBI

P.M. Anees, B.H. I'puropnes, A. B. JleontbeB, M. A. Umkukos, A. 0. HoBukoB

AO «Hayuno npoussoocmeennas kopnopayust « Cucmemol npeyu3uoHH020 npudOpOCmpoeHusy,
Mocxea, Poccus, OSP-Kazan@npk-spp.ru

AHHoTauusi. B mocnenHue TOABI HAOMIOZAETCS AKTUBHOE pPAa3BUTHE KBAHTOBBIX KOMMYHHUKAIUH,
COTIPOBOJKIAIOIIEECS JOCTIKCHUEM pPsiia BBLAAIONUXCS pe3yiabTaToB. COBpEeMEHHBIE HCCIEIOBAHUS B JaHHOU
00acTé B 3HAYUTEIBHON CTENEHM COCPENOTOUEHBI Ha MH)KEHEPHBIX acleKTaX, HAlpaBJICHHBIX Ha IOBBIIICHNE
JIAIBHOCTH W CKOPOCTH TIepejayd KBaHTOBOH uHpopmanmu. OgHAKO, HECMOTPS Ha 3HAYUTEIBbHBIC YCIIEXH,
CYIIECTBYET PsJl (yHIAMEHTAIbHBIX Ipo0ieM, MpensITCTBYIOMNX NalbHelmeMy mporpeccy. OnHoil u3
KIIIOUEBBIX MPOOJIEM SIBJISACTCS PACXOXKACHHE MEXIy HICATU3UPOBAHHBIMU TEOPETHUECKHMHU MOJICISIMH U
peaTbHBIMU  OKCIIEPUMEHTAIBHBIMU CXEMaMH. OTO pPACXOKAEHHE O00YyCIOBIEHO MHOXECTBOM (aKTOpOB,
BKJIIOYasl HECOBEPILICHCTBA OOOpPYNOBaHMS, IOTEPU CUTHAlAa W JpPYrHe TEXHUUYECKHe orpanuueHus. s
MIPEOJIOJICHHST 3THX TPyIHOCTEH TpeOyercs MpoBeieHHE Ooiee CIIOKHBIX W JICTAIM3UPOBAHHBIX PACUETOB,
YUUTBHIBAIOMINX BCE ACMEKTHl (DYHKIMOHMPOBAHMS KBAHTOBBIX crcTeM. Oco0oe BHHMAaHHME B HCCIIEIOBAHMIX
yzensercs: mpobneMe Tepesadl KBAaHTOBOTO CHTHANA B CBOOOJHOM IIPOCTPAHCTBE, YTO TPEACTABISCT COOOM
CJIOKHYIO TEXHHUYECKYIO 3ajady. B OTuInune OT BOJIOKOHHO-ONTHYECKHX JIMHUH CBSI3H, UCTIOJIb30BAHUE KOTOPBIX
3HAUUTEIBHO YNPOILAET MPOLEcC Mepeaadn, nepeaada KBaHTOBOrO CUrHajga 0e3 ONTHYECKUX BOJIOKOH TpeOyeT
pa3pabOTKM HOBBIX METOJIOB U TeXHoJoruil. Takum 06pa3om, pa3BUTHE KBAHTOBBIX KOMMYHHKAIUH MPOJIOKAET
CTaJIKMBAThCS C PSIJIOM BBI30BOB, TPEOYIOUIUX ITyOOKHX TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX UCCIICIOBaHUI.
OpHako, Gnarojapsi yCWIHSM Hay4HOTO COOOIIECTBA, NMPOTPECC B JIAHHOW 00JAaCTH MPOJOIDKAET YCKOPSATHCS,
OTKpPBIBasi HOBbIE BO3MOYKHOCTH ISl IPUMEHEHUSI KBAHTOBBIX TEXHOJIOTHI B pa3lIMuHbIX cepax.

KaroueBnie ciaoBa: IK-nmama3oH, BOJIOKOHHAs ONTHKA, aTMOC(epHas BCTaBKY, CHUCTEMBI HaBeICHHUS,
KBaHTOBBIE JINHUY CBSI3U, KBAHTOBAS ONTHKA, JIA3€PHbIEC IUHU CBSI3U

Transmission of quantum signals using atmospheric path.
Option for constructing a lens optical system

R.M. Aleev, V.N. Grigoriev, A. V. Leontiev, M. A. Chizhikov, A. Yu. Novikov

Abstract. In recent years, quantum communications have been actively developing, accompanied by a number
of outstanding results. Modern research in this area is largely focused on engineering aspects aimed at increasing
the range and speed of quantum information transmission. However, despite significant success, there are a
number of fundamental problems that hinder further progress. One of the key problems is the discrepancy
between idealized theoretical models and real experimental schemes. This discrepancy is due to many factors,
including equipment imperfections, signal losses, and other technical limitations. To overcome these difficulties,
more complex and detailed calculations are required that take into account all aspects of the functioning of
quantum systems. Particular attention in the research is paid to the problem of transmitting a quantum signal in
free space, which is a complex technical task. Unlike fiber-optic communication lines, the use of which
significantly simplifies the transmission process, transmitting a quantum signal without optical fibers requires
the development of new methods and technologies. Thus, the development of quantum communications
continues to face a number of challenges that require deep theoretical and experimental research. However,
thanks to the efforts of the scientific community, progress in this area continues to accelerate, opening up new
opportunities for the application of quantum technologies in various fields.

Keywords: IR range, fiber optics, atmospheric insertion, guidance systems, quantum communication lines,
quantum optics, laser communication lines

OcHoBHad 3a1a4a
B paMkax naHHOTO WCCIEOBaHUS Mpelyiaraercsl pazpadoTka M aHadu3 ONTHYECKOH CHUCTEMBI,
npez{Ha3HaquH017I AJIg TIepeaavu CUrHajioB B JIBYX QHAJIOTMYHBIX IO COCTaBYy KOMIIOHCHTOB W IIpH
3TOM HE3aBUCHMBIX KaHaJaX: KaHaje MaHHbIX M KaHale HaBeACHWs, (QYHKIMOHHPYIOIINX Ha
pa3IMYHBIX JUIMHAX BOJH B quamazone ot 750 um 1o 1590 uM. Ocoboe BHUMaHKE yIeNnseTcs epeaaye
CUTHAJIOB Ha paccTosiHue a0 50 MeTpoB uepe3 arMoc(epHYIO BCTaBKY, NMPH 3TOM MHUHHMHU3UPYS
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onTHYecKue TmoTepu 0Oe3 mpeoOpasoBanmil. HwkHAS rpaHuna >(QQPEeKTUBHOCTH Tepeladd CUTHaIa
MEX/Ty TepeIaloNuM U MTPUEMHBIM OJIOKaMU JTOJDKHA COCTaBIATH HE MeHee 50%.

Jnst ocTHKEHHWS TOCTaBICHHOM Lelu Heo0XoAuMo pa3paboTaTh ONTHYECKYIO CHUCTEMY,
oOecrieunBaronylo (GOpPMUPOBaHUE Y3KOHAIIPABICHHOIO IIy4yka Ha pabodell AJIMHE BOJHBI, C
MOCNeAYIONe MaKCHMalbHO TOYHOH (OKYCHPOBKOM HM3IIydeHHs TepeAaTdrika Ha TOpIE
OJTHOMOJIOBOTO BOJIOKHA MpueMHOro kanana Tuma SMF-28. BaxkHO OTMETHTB, 4YTO H3Iy4YeHHE,
Hcxolsliee ¢ TOpLa OJHOMOAOBOTO BOJIOKHA, MPEICTABISiET cOOOHM TayccoB Iy4OK, C LEHTPOM
MEPeTsUKKU, COBIAJAIOINM C TOPLIOM BOJIOKHA.

C yderom TpeOoBaHMi K 3(PPEKTUBHOCTH TMEpeaadyd CHTHAJIOB, HEOOXOIHWMO OCYIICCTBHTH
axpoMaTH3alfi0 ONTHYECKUX CHCTEM KaK B TNepelaiolieM, TaKk W B TPUEMHOM OJOKax, s
oOecrieueHus] paBHOMEPHOM TTepe/lavud B CIIEKTpalbHBIX AnanazoHax 750-850 um, 1300 uMm, 1550 aM u
1590 HM. DTO MO3BONUT MHHHUMH3MPOBATH BIHSIHUAE JUCIEPCUOHHBIX Y(PQEKTOB Ha KayecTBO
nepeaBaeMbIX CHTHAJOB M OOECIEYHTh CTaOWMIIbHYI0O Pa0OTy CHCTEMbl B Pa3IMYHBIX YCIOBHAX
IKCIUTyaTalHu.

Puc. 1. ATMocdepHbIil KaHaT KBaHTOBOM CBSI3U

OB.: 0.0000 mm

10.00

IMA: 0.000 mm

RMS radius — 3,48
GEO radius — 4,85

Puc. 2. Spot Diagram
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Y coordinate valus

System Efficiency — 0,97
Receiver Efficiency — 0,70
Coupling Efficiency — 0,689 (-1.61 dB)

Puc. 3. DddexTrBHOCTS ITepeaaun JaHHBIX Yepe3 aTMOCHEPHYIO BCTaBKY

3akJjrouenue
[IpousBemeH pacueT ONTUYECKOW CHCTEMBI TEXHOJOTHYHOTO OOBEKTHBA  WMEIOIIETO
axpoMmoTu3anuio B guamnazone ot 750 um 10 1590 um.
JlJiss naHHOW ONTHYECKOM CHUCTeMbI pa3paboTaHa KOHCTPYKTOPCKAsl JOKYMEHTAIMs, U3TOTOBJICH
MaKeTHBIN 00pa3el, IpoBeJeHbI paboThl B JIA0OPATOPHBIX YCIOBUSX, NOATBEPKAAIONINE TEXHUICCKUE
XapaKTePUCTUKH PACYETHON MOJIEITH ONTHYECKON CUCTEMBI.
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