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KBAHTOBOE PACIIPEJAEJIEHUE KJIFOYA, I[MTPOTOKOJIbI
KOANMPOBAHUA, BUTOBASA CKOPOCTDH, BOJIOKOHHO-OIITUYECKAA
CUCTEMA, JABUHHBII ®OTOJINO/]

OOBEKT UCClIeIOBaHUS — KBAHTOBBIE BOJIOKOHHO-ONITUYECKUE KaHAJIBI CBS3H.

[lens paboThl — paccMOTpeHHE MPOTOKOJIOB KBAHTOBOW KpumTorpaduu,
MCCJIEIOBAHUE CKOPOCTH (POPMHUPOBAHUS KBAHTOBOTO paclpeleieHUs] KIo4a B
BOJIOKOHHO-ONITHYECKUX CHCTEMaX KBAaHTOBOW KpuUNTOrpaduu Ha pa3HbIX JITUHAX
BOJIH TIPH UCIONIb30BaHUU Si- u InGaAs-1aBUHHBIX ()OTOIHOIOB.

Pa3zpaborana MaTreMaTHu4ecKast MOJENb, OMUCHIBAOIIAS
MOMEXOYCTOMYMNBOCTh CHUCTEM KBAaHTOBOWM KpHUMNTOrpauu i OIEHKU OUTOBOM
ckopoctd (GOpMHUPOBAHUS KBAaHTOBOTO pacHpelesieHusl KIo4ya MpU KOIUPOBAHUU
4yepe3 BpEMEHHBIE CIBUTH.

YcTaHOBI€HO, YTO MHUHHMMAJIbHAsE BEPOSTHOCTH MPOIyCKa CHUTHaia OyaeT
HAOIIOAATHCS IPU MUHUMYME JHUCTIEPCUU G, KOTOPasi, B CBOIO OY€pelb, 3aBUCHUT OT
JUIUTETLHOCTH UMITYJIbCHOW XapaKTEPUCTUKU MPUEMHOTro OJIOKa T MpPHU YCIOBUU
E=t/10=12 mna Si-JIOH u &E~=t/t=10 mua InGaAs-JI®J], rme 1=2 HC—
JUIMTEIBHOCTh HMCXOJHOTO CUTHAJIBHOTO HWMIyJbca. JlaHHbIE 3HayYeHUs G
JOCTUTAIOTCS TIPU BEIIMYMHE HArpy304YHBIX compoTuBieHud R=4 MOwm mis Si-
JO u R=2,5 MOwm s InGaAs-JIOI.

[TonydyeHo, uto ypoBeHb Kod(duimenta kBaHToBbIx ommbOok Q-BER=11%
OyneT BBIMOMHATHCA TpHU 3HadeHUsIX U,,=33 B mana Si-JIOHA u U,,,=42 B nns
InGaAs-JIO/I.

BrisBiieHBI 3aBUCUMOCTH OMTOBOM CKOPOCTH (HOPMUPOBAHUS KBAHTOBOTO
pacrpeneneHus Kiro4a OT JIJIMHbI BOJIOKOHHO-ONTHYECKOM 1nuHuu. [loka3aHo, 4To
JUISL IJIMHBI OJJTHOMOJIOBOT'O BOJIOKHA /10 2,5 KM MPEANOYTHUTENIbHEE UCHOJb30BATh
nepeady JTaHHBIX Ha JjMHE BOJIHBI 0,85 MKkM ¢ ucrnonb3oBanueM Si-JIDJI, a mis
0oJee JIMHHBIX BOJIOKOH HeoOxoaumo npumeHsaTh InGaAs-JID]], paboratomue Ha
JUTMHE BOJIHBI 1,55 MKM.

VY CTaHOBIIEHO, YTO MOTEPU HA CTHIKOBKY MOTYT MPUBOJHUTH K YMEHBIIECHUIO
CKOPOCTH T€HEpallMi KBAaHTOBOT'O pacIlpelesieHns KI4a [0 JIBYyX pa3. ITo
HEOOXOJMMO YUYUTHIBATH TMPH MPOCKTUPOBAHUU BOJIOKOHHO-ONTUYECKUX CHUCTEM
KBaHTOBOW KpUNTOrpadum.
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KBAHTABAE PASMEPKABAHHE KJIFOYA, I[TPATAKOJIbI
KAJJABAHHA, BITABAA XVYTKACIHb, BAJIAKOHHA-AIITBIYHASA
CICTOMA, JTABIHHEI ®OTAIbIE]]

AQ'exT macienaBaHHs — KBAHTABbISl BaJJAKOHHA-ANTHIYHBIS KaHAJBI CYBS31.
Mbta paboThl — pasmisii mparakojay KBaHTaBail Kpeimrarpadii, JacienaBaHHE
XyTKacii (¢apmipaBaHHS KBaHTaBara pa3MepKaBaHHS Kiloya Y BajJaKOHHa-
anTBIYHBIX CICTAIMaX KBaHTaBaill KpbIlTarpadii Ha pPO3HBIX JAY>KBIHAX XBajlb P
BbIKapbeIcTaHHI Si- 1 InGaAs-naBiHHBIX QoTanbIénay.

CrpaektaBaHa MaTAMaThIYHAs MaJdJib, AaKas amicBae
MepaliKoIayCTOMIIBacIb CICTAM KBaHTaBall KpeinTarpadii Jis aipHKl OiTaBaii
XyTKacil (apMipaBaHHsS KBaHTaBara pasMepKaBaHHs KJIlOouya Mpbl KaJaBaHHI Mpa3
Y4acoOBBIA 3pyXi.

VYcranoyineHa, mMTO MiHIMajdbHAs BEparoJHACIb IPOIYCKYy CIrHAIy Oyn3e
Hazipallia mpbl MIHIMyME JbICTIEpCil ©, sKas, y CBAal0 Yapry, 3aJIeXKbIIb aj
mparsriacii IMIyJbCHAW XapaKTapbICThIKI TMpbIEMHAra OJoka T TMpbl YMOBE
E=1/10=12 mma Si-JI®JL 1 &=1/10=10 nmna InGaAs-JI®J, m3e 1,=2 HC —
mparsriacib  3bIXOJHAra CirHajgpHara IMmyJascy. Jlaa3eHblss 3HAYPHHS O
JacsraroIia Mpbl BENYbIHI Harpy3adHbix cynpamiBay R=4 MOwm mis Si-JIO]] 1
R=2.5 MOwm gns InGaAs-JI®/I.

ATpbiMaHa, MTO Y3pOoBeHb Kad(imbleHTa KBaHTaBbIX MaMbutak Q-BER=11%
Oya3e BBIKOHBalLAa Npbl 3HAUIHHAX U,ep=33 B ansa Si-JIOM 1 U,p=42 B nns
InGaAs-JIO/I.

Briaynenst 3anexxnacii OitaBail  XyTkacii (apMmipaBaHHS KBaHTaBara
pa3MepKaBaHHs KIIIOYa aJi Jay>KbIHI BajaKOHHa-anThiuyHai JiHil. [lakazana, mro
JUIS ayKbIHI aJlHaMojiaBara BaJlakHa Ja 2,5 KM IepaBakKHEH BBIKAPBICTOYBAIlh
nepajgady Jaa3eHbIX Ha gaykbiHi xBaii 0,85 mxm 3 BeikapeicTanHeMm Si-JIDJ], a
JuIst OOJIBII AOVYTIX BajloKHAY HeabxomaHa yxbiBalb InGaAs-JID/], sikis npairyroib
Ha Jay>kbIH1 XBami 1,55 MKM.

Ycranoynena, ImITO CTpaThl Ha CTBIKOYKY MOTYIb MPBIBOI3ING J1a
MaMSHIIDHHSA XYTKacIll TeHepallbli KBaHTaBara pa3sMepKaBaHHSA KJIIOYa Jia JBYX
pazoy. ['ata HeabxoaHa YniyBallh Mpbl MpaeKTaBaHHI BAJIAKOHHA-ANTHIYHBIX CICTAM
KBaHTaBal KpeinTarpadii.
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QUANTUM KEY DISTRIBUTION, ENCODING PROTOCOLS, BIT
RATE, FIBER-OPTIC SYSTEM, AVALANCHE PHOTODIOD

The object of research is quantum fiber-optic communication channels.

The purpose of the work is to consider the protocols of quantum
cryptography, to study the rate of formation of the quantum key distribution in
fiber—optic quantum cryptography systems at different wavelengths using Si- and
InGaAs-avalanche photodiodes.

A mathematical model describing the noise immunity of quantum
cryptography systems has been developed to estimate the bit rate of the formation
of a quantum key distribution when encoding through time shifts.

It is established that the minimum probability of missing a signal will be
observed at a minimum of the variance o, which, in turn, depends on the duration
of the pulse response of the receiving unit 1, provided &,=t/10=12 for Si-APD and
E,=1/1=10 for InGaAs-APD, where 1/=2 ns is the duration of the initial signal
pulse. These values of ¢ are achieved when the load resistances are R=4 MOhm for
Si-APD and R=2.5 MOhm for InGaAs-APD.

It is obtained that the level of the quantum error coefficient BER=11 % will
be performed at the values of Uy=33 V for Si-APD and U;,=42 V for InGaAs-
APD.

The dependences of the bit rate of the quantum key distribution formation on
the length of the fiber-optic line are revealed. It is shown that for a single-mode
fiber length up to 2.5 km, it is preferable to use data transmission at a wavelength
of 0.85 um using Si-APD, and for longer fibers it is necessary to use InGaAs-APD
operating at a wavelength of 1.55 pum.

It has been established that the docking losses can lead to a decrease in the
rate of quantum key distribution generation up to two times. This must be taken
into account when designing fiber-optic quantum cryptography systems.



