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PE®EPAT

Humnnomuas pabota, 41 crpanuma, 18 pucyHkoB (cxembl, TpadUKH, PUCYHKH),
3 npusnoxeHus, 36 HICTOUHUKOB.

KBAHTOBAS KPUIITOI'PA®US, OIITUYECKASI CUCTEMA, KBAHTOBBIN
I[TPOTOKOJI BBg4, [TOJIAAPU3ALIMOHHOE KOJIMPOBAHUE,
OKCIIEPUMEHTAJIbHAA VYCTAHOBKA, IIEPEJAYA CHI'HAJIA HA
BOKOBBIX HACTOTAX, QBER, OIITUMAJIbHBIE ITAPAMETPBI.

Obwvexm ucciedosanusi — cxeMma BKCHepHMeHTaHBHOﬁ YCTAaHOBKH CUCTCMBI KBAaHTOBOU
KOMMYHHKAIIUU Ha OOKOBBIX YacTOTax.

Llenru pabomer — mnopoOpaTh ONTUMAJIBHBIE MApaMETPbl MEpelayd CUTHAJIa [0
AKCIIEPUMEHTAILHON CXE€M€ KBAaHTOBOM KOMMYHHUKAIMM Ha OOKOBBIX YacTOTax C
MCIOJIb30BaHMEM NpoTokoina BB&4.

Hcxoast U3 cxembl SKCIEPUMEHTAIbHOM YCTAaHOBKM B OJIOKE OTMpABUTENS Jia3ep
TEHEPUPYET HENPEPhIBHOE U3IyYCHUE Ha OMNPEJeJICHHON JIMHE BOJHBL. ITO
U3NydeHue mojaBepraercs (a3oBOW MOIYISIIIUH, B PE3ylbTaTe KOTOPOW B CIEKTpPE
CUTHAJIa TOSIBIIAIOTCS JBa OOKOBBIX KOMIIOHEHTA, OTCTOSIIIME OT IIEHTPaJIbHOU
YacTOTHI JIA3€PHOTO CUTHAJIa Ha BEJIIMYMHY YAaCTOThI MOAYJIUPYIOLIErO paarnovacToT-
HOTO cUTHaJIa. MOIIIHOCTh CUTHAIa Ha OOKOBBIX YaCTOTaX PEryJIMpyeTcsl N3MEHEHUEM
aMIUTATYAbl MOJYJUPYIOIIEro curHaga. ONTHYECKUd CHUTHANI, TE€HEPUPYEMBIil
Ja3epoM, MOCTYyNaeT MO KBAHTOBOMY KaHaly B MPUEMHBIN MOAYJIb U CIEAyeT K
NOJIIPU3AIIMOHHOMY  cBeTojenuTento. B HEM curHan pasngensercs Ha JBa
OPTOTOHAJIBHBIX KOMITOHEHTA, KaXbI W3 KOTOPBIX MOAYJIUpYyeTcss Ha (a3oBOM
Moxayisitope. Jlamee KOMIIOHEHThI CUTHaJlIa COEAMHSIIOTCS HA  ONTHYECKOM
COCIMHUTEJIE W CIeAYIOT Ha onTudyeckuil ¢uiabTp. CUrHaqm Ha OCHOBHOM YacTOTe
OTPa)KaeTCsl OT ONTUYECKOro (uiabTpa, clalOblii (KBAaHTOBBIM) CUTHAJ Ha OOKOBBIX
4acTOTaxX MPOXOJUT uepe3 GUIBTP U 3aTEM PETUCTPUPYETCS IETEKTOPOM OJMHOUYHBIX
($hOTOHOB.

st apdexTrBHOM Mepenavyn curHaiga ObUTH TOI00paHbl OMpeeTHHBIC MapaMeTphl,
TaKhe KaKk JJIMHA JIMHUW TIepe/ladyd M 4acTOTa MOAYJIUPYIOIEero curHama. Jjis aToro
OBLIM MOCTPOSHBI MaTeMaTHYECKHUE MOJICIH CHUTHAJIa, 3aBUCUMOCTH Kod(dduimeHra
omuOOK OT JUITMHBI JIMHUM TIepeladn, MOACIMPOBAHUE CIICKTPOB CUTHAIA C Pa3HBIMHU
3HAYEHUSAMH YaCTOTHl MOIYJISIIIUM, a 3aTeM CPaBHEHUE TOJYYCHHBIX PE3YJIbTaTOB C
XapaKTEPUCTUKAMU TMPUOOPOB, HCIOJB30BAaHHBIX B YCTAHOBKE I BBIOOpA
ONTHMAJIBHBIX MTAPaMETPOB.



POD®EPAT

JpimiomHas mpana, 41 craponka, 18 mamonkay (cxemsl, rpadiki, MaTIOHKI),
3 manaTka, 36 KphIHII.

KBAHTABAA KPBIIITATPA®IA, AIITBIUHAA CICTOMA, KBAHTABbDI
I[TPATAKOJI BB&4, TTAJISIPBI3ALIBIMHAE KAJTABAHHE,
OKCIIEPBIMEHTAJIbHASL VCTAHOVKA, TIEPAJIAUA CITHAJIY HA
BAKABBIX  YACTOTAX, QBER, AIITBIMAJIbHBIA I[TAPMETPBI.

Ab'exm Oacnedasannss — cxeMa SKCIEphIMEHTAIbHAN YCTAHOYKI CiCTIMBI KBaHTaBail
KaMyHIKaI[bll Ha 0aKaBbIX YaCTOTaX.

Mbmur npayvsr — mnanadpallb anThIMalbHBIA MapaMeTpbl Nepajaybl CITHATY IIa
JKCIIEphIMEHTAIbHAN CXE€M€ KBaHTaBall KaMyHIKalbll Ha OakaBbIX YacToTax 3
BBIKapBICTAaHHEM IpaTtakoiy BB&4.

3BIXOA3SIUBl 3 CXEMBbl IKCIEPBIMEHTANIbHAN yCTaHOYKI ¥ OJOKYy aAmpayHika jasep
reHepye OecrnepanblHHAE BhIMPAMEHbBAaHHE HA BbI3HAUYaHal AaykblHI XBajil. [aTa
BBIIIPAaMEHbBAHHE TMajBspraeiia ¢azaBail MagyJsllbll, Y BBIHIKY SKOM Yy CHEKTPHI
cirHaiy 3'syysrolia aBa OakaBbIX KaMIIAHCHTA, sKis aJCTarolb aj IPHTpaIbHal
jyacTaThl Jla3epHara CirHaja Ha BEJIYBbIHIO YacTaThl Majayiroyara pajablé4acToTHara
cirHasly. MaryTHaclip CirHasTy Ha 0akaBbIX YaCTOTaX PATYJIOCIIA 3MEHAN aMIUTITY/IbI
MajyJrouara cirHaiay. ANTBIYHBI CITHQJI, TEHEpaBaHbl JlazepaM, TOCTymae ma
KBAaHTaBbIM KaHaJI¢ ¥ MPBIEMHBI MOIYJIb 1 1/13¢ J1a MaNsgpbi3allbliiHara CBeTaa3sIlers.
VY IM cirHanm namssuiseriia Ha JBa apTaraHaJbHBIA KAMIIAHCHTBI, KOXKHBI 3 SIKiX
MajyJoenia Ha ¢azaBblM MOIYyJATAphl. Jlaneil kamMmaHeHThl cirHajga 37ydarolia Ha
ANTBIYHBIM 3JTy4aJIbHIKY 1 17y1lh Ha anTbiuHbl GuieTp. CirHam Ha acHOYHA# dacTare
aJUTIOCTpOYBaeIa aj anThluHara (uibTpa, ciaadbl (KBAHTaBBI) CIrHAJl Ha OaKaBBIX
4acTOTaxX Mpaxoa3illb Tpa3 GiIbTp 1 3aThIM pATICTpYyeNIa AITIKTapaM aa31HOYHBIX
daroHay.

st adexThiyHAN mepagadbl CirHay Obuli magabpaHbl — TapaMmeTphbl, Takis sK
JAyKbIHS JIiHII Tepajadbl 1 4yactata Maayirorouara cirHamy. s rartara ObLii
nady/1aBaHbl MATIMATHIYHBIS MAJIdJI1 CITHAITY, 3aJIeKHACIh Kad(iIbICHTa TaMbUTaK aj]
JayKbIHI JTiHII Tepaaadbl, MaJdJIsBaHHE CIEKTPay CITHAIY 3 PO3HBIMI 3HAYIHHSIMI
4acTOT  MaiyJsBaHHSI, a 3aThiM TIApayHaHHE aTPbIMaHbIX  BBIHIKAY 3
XapaKTapbICThIKaMi MPBIOOpaAYy, BBIKAPBICTAHBIX Ba YCTANEYIBl OIS  BbIOApY
anThIMAJILHBIX ITapaMeTpay.



Abstract

The degree work, 41 pages, 18 drawings (diagrams, graphs, drawings),
3 appendices, 36 sources.

QUANTUM CRYPTOGRAPHY, OPTICAL SYSTEM, QUANTUM PROTOCOL
BB84, POLARIZATION CODING, SIGNAL TRANSMISSION AT SUBCARRIER
FREQUENCIES, QUANTUM BIT ERROR RATE, OPTIMAL PARAMETERS.

The object of the study is a scheme for the experimental installation of a quantum
communication system at subcarrier frequencies.

The purpose of the work is to select the optimal parameters for signal transmission
according to the experimental scheme of quantum communication at subcarrier
frequencies using the BB84 protocol.

Based on the experimental scheme in the sender's block the laser generates continuous
radiation at a certain wavelength. This radiation undergoes phase modulation, as a
result of which two side components appear in the spectrum of the signal, which are
separated from the central frequency of the laser signal by the value of the frequency
of the modulating radio-frequency signal. The signal power at the side frequencies is
controlled by the amplitude of the modulating signal. The optical signal generated by
the laser, arrives on the quantum channel in the receiving module and follows to the
polarization beam splitter. In it, the signal is divided into two orthogonal components,
each of which is modulated on a phase modulator. The signal components are then
connected on the optical connector and follow the optical filter. The signal on the
main frequency is reflected from the optical filter, the weak (quantum) signal at the
side frequencies passes through the filter and is then detected by a single photon
detector.

For the effective transmission of the signal, certain parameters were selected, such as
the transmission line length and the frequency of the modulating signal. For this
purpose, mathematical models of the signal were constructed: the dependence of the
error coefficient on the transmission line length, the simulation of spectrums of the
signal with different values of the modulating frequency, and then the comparison of
the results obtained with the characteristics of the devices used in the experimental
installation for selecting optimal parameters.



