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import numpy as np

import matplotlib.pyplot as plt

hbar = 1.8

kB = 1.0

omega = 1.0

t = np.linspace(©, 10, 1000)
thermal_occupation(T):
if T == @:

return 0.0

330060l 3obsfowadols gm®mIMwom. dmgeol 39b-
AOSMMO 0005 5GHOL 0L, MM oM gdmbigreo dmg-
B0l 09MH3M0 335305 BbLIBEZMZL LolGYsby

return 1.8 / (np.exp(hbar * omega / (kB * T)) - 1.8)
decoherence_rate(T, gamma©=0.85):

nT = thermal_occupation(T)

return gamma@ * (1 + 2 * nT)

quantum_signal(t, T):
gamma = decoherence_rate(T)

return np.exp(-gamma * t) * np.cos(omega * t)

T_cryogenic = 9.01
T_higher = 1.8

signal_cryogenic = quantum_signal(t, T_cryogenic)
signal higher = quantum_signal(t, T_higher)

plt.figure(figsize=(8, 5))

plt.plot(t, signal_cryogenic, label=f"Cryogenic T = {T_cryogenic}")
plt.plot(t, signal_higher, label=f"Higher T = {T_higher}")

plt.xlabel("Time")

plt.ylabel("Quantum Signal Amplitude”)
plt.title("Quantum Signal Decoherence vs Temperature"

plt.legend()
plt.grid(
plt.show()

0mJd9000 B EHY930IM0 3OMEgLYOOL 0bEHYBLOZM-
05L.  OHMEILSE B9939MGHMMS Yobmzads by

39@306l, :gMdmero 93600 36157GH03Ms© JOYds, 53
306MHMd9dT0 56Mgdml dogh 0bmEoMgdmo sybHbg-

0900L 5EdsMdS F0b0Boerm0s s ©Y3M3gMgb00L

ISSN 1512-0996
www.shromebi.gtu.ge

LboBdo®g “9obermgzgds mogol 134966 EHWG, 9..
»099m3560 3993965@MMOL wododl. LodmEszool
390093900 @3boYmxl, HMI 3HoMmagbmwmsb dosb-

©@MgdME $gd39MeG Moty (Bsgswmomo, T = 0.01

Ly-ols IHMIGdO — Works of GTU
Ne2 (540), 2026

43


http://www.shromebi.gtu.ge/

3m330mBgHeo dgabogdgds — Computer Science

Be®domgdmwo ghmgMmadom) Logbowro 0bs@Bvwy-
B90L MbEOEsE0MH bobosml OO EMHMOL #sb3sz-
@Md530, beagwm dobo 5330 MEolL hobdmds bgero
Q5 319309. 9B 0M0MGOL 339G 96EMEMdOL bob-
3Md03mMd5HY O BIBNMO LEHOBOMOHMBOL Toogn
©mbgby. 99000690000 Torser $Hgd39Me@MMsby 3o,
(05990oms, T = 1.0) dmbg-5069@F5060L Aobsfowg-
oob §93M0 9600369mzbs 0BMEYds, Moz 0f393L
©93396096300L  LoBdsmol  BEEL.  LodwsEzoE®
30583039 gl 50LEbgds Logbowol LHMsg gjudmbgb-
30996 Bsb3MdsT0. M30¢s30930 I3 EOHMI0 356 -
393L 5930@MEsL s LobGYds LMz gowsool
0653037600 Hmbslieadmdols dymdstmgmdsdo. so-
B0dbmeo Ji3g3s SLobogl mgMBmws 0bwEomy-
DY@ ©YBIBoMYILS @ 96IMRIHOFNW  Cgsg-
Log0sl, HMIEGdOE 05 3356G MO LobEYIgOOL ;MgMm-
60530 509O00s FsLEGM-gobFHMEgdgdoL Lodv)s-
@adom. 990937900 bs®olbmdMogzs@ Fgglodsdgds 0d
0960 IMEmEobl, HMmdwol dobgz0ms3 ©g-
3039696300 M (T-2) M3M3OHMIMOE0YE0s Jo6g-
9l bdomeol L3gdGHMvwo Lod3z3mMoz0Ls s MYM-
dmwo m3m3s300b. 9dbdgmodgb@ol sbowwobo sB39-
B90L, M 3MoMmygbmer M9g0ddo Loabogrol s33¢no-
GO 5 BoBo LEGIVOWNM0S, M3 BOHOL 0bRM®-
05300L Lobm 995300Ls S ©sdw)ds3900L dglad-
@POEWMdsL. gb 4obLagzMMgdom Ib0dzbgemgzsbos
339660 358MmM30m0  9HJoEgIBMdOLIMZOL,
Lo@OE WMR039M0 M39Mo30900L LOBMLEY 3M0GHO-
3L HOL MO 3N3JHIBALMdOL
bsba@dwogmdstby. dowswo $Hgddgmo@@ol dgdob-

393590 30 LoOLEJIOL ;3935 096N MsbEMmzEIds

b3¢m-ob 3Gm3gdo — Works of GTU
Ne2 (540), 2026

44

30sb03MM ©0bBsd03sl, MG 3356EHMMO Lm3ghHdm-
Do3om0o 9399GJ0 LPMoxns 08egds 250Mgdmbmsb
06 gbloHo  MYH®ogMmMJdggdol sdm. sLsbod-
65300, H@A FoHdmpgboeo Im@gwo 5ol ggbmag-
Bragmyom®o dosbEwmgds o 96O 0mzoeolobgdl
g3gs dgboderm dozmmbzm3wmer 99JdoboBbal, Gemym-
0355 BJMHo©O bAow©0, 56550330 3OHMEILYdO
9b 965350bsHows3 Mo MOMNogHmddggdgdo. dovy-
b9©35 530bd, 030 935830MmE sbobogl $Hgd3gmod -
6ol 353960l doMHoms 3gbgbEosl 3356¢) e boy-
Bocnbg. LMW HE0WEOO 89IRJIO 5LEHMIOL, HMI
$993965GHmOL 993060905 33960 3m3gMgbd -
@mdol d9b6s6RMbgd0L gMm-gMmo 8003500 bEHEs-
393095 Q5 300G MEWMsb Joobemgdmwo 3o6H™mdg-
00 5OBYOOMSE 5IXMIJLYOL Loabserol obsdo3 MM
LEHOdOEOHMBL. 58M0YS©, Bo@oMgdMwo Lodwmems-
30160 9JL3960896¢ 0 Jdbol MgmGome Logwydzgwl
&99396M5GH MO0 Mg708900L Mm3EH0dobsgoolsmzgol
5 00935 BomEabmdMog FoMmBmyqbsl 0dsbyg, mvy
OHMYMO 033Wgds 33956EHMM0 Logbowol s83woEHyEs
5 bLoEgMEbEol MM 3MHOMYGBMEO s 3MSIMOMYY-
6o 306HMmdgd0L 9sMgdoLsl. sdsdgdom, 3bodg-
Boermgobos 00obodbmlb, GMmI dmgwdo gs8mygbg-
do ©93m39M9bzool 3m9n0309bEH0 ImoEsgl Hm-
3063 BL3MDEBME golLosL, oLy MgHIMWs LEOTY-
oMM 3OHMEILBIOL, M3 LsTMoEgdsl 0dwg3s
39939605&HmOHOL BOHOLMD gHmow 450BsMML M-
3063 9696393030 OHgmsgdusgool, oby isbwGmo
©IBRIHBoMIOOL 3owo. B GHgd3gMedwMoby
©®306069dL bermzsbo faOGowolb Feddegog-
00, MHMIMId03 3396¢)M0 3539970l 30L9dL Hor-

905396L 5 LOHEsE 396 By gds. Fglodedolo,

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

3m330mBgHeo dgabogdgds — Computer Science

00bESE 0©ISWME 3M0MYbMm 306:Mmdg0d0, Loy-
Bogool Lewmwo 3mblgMzsEos 99vdergdgE0s, 0dEs
dobo Logmabeol Mm 360dgbgarmgbs 0bMgds.
#BO® Jo05 3HYa3gMeGMoby 3o 39Mgdmb b3gdd-
o 5093360039 939JGHMGOO BIOMOMZYOs, 0BO-
©7%5 BMbmbm®mo o BMEHM™bMOO dmEgdol sddo-
3mds, ®53 BOHEOL 313¢0by0L 9B9dEHMOMDL LOLEY-
3sLd 5 oMMl Jmobl. LodNwsgoeo sbsewobo
31939 3393¢g3L Lodwgoergdal Fg3s535Lmm 336G MEMO
Logbool boMolbmdM0gz0 Fobslioomgdegdo, HmM-
0355 BOBNOHO JMMGE(305 S 9bgMYgEH03M0o bds-
00EMHMBS. s5939 50LB0BBs305, HMB B 3nd3g-
3Gy MbEOWs309d0L  39MHOMEYEIMds  330-
gomE 99656Bmbgdm@0s, Gog dormmomgdl 3s80-
AM™bosbom 25bLyBOZOMEO JMMYMY™m3560 ©Obs-
9030L ©MdoboMmgdsBy. Bowowo gddgMod ol d9a-
0b3935d0 30 5330GHMEOL LHMsRo Rsbdmds 5930~
90l 53300390500 MUI0Es309d0L MM IbMOL,
653 3054303 BOM©agL 3356EHMMHO M39M309-
00l dglOEgdOlL BobX ML, g BodBHmMo goblo-
3MoMmgdom  960d3bqwm3zsb0s 335630
003900L 256bmM 3090 gd0LOL, Losa M39Ma0gdol

SO M-

05650000g30Mds Mbs LOmMEEIL ©Y3M39696-
309009. MOl A9BIMMMIdOL  39ML3gdEHogs80

d9L59gdY0s 5M9TMIMZNI0 9B39JBJOOL BsBIMZo,
LosE 3oM9dmL IgblogMgds 493w gbsl sbgbl Lob-
3900l 0658035y s ©Y3M3gMgbEool 3MmEglo
305M 5oL §obs 9Judmbgbiom®mo. sbgm 8gdmbag-
3500, 05 $g839M5E¥IMsDg G90degds dsdm3e0b-
gL 303960963 MMdol bsfowmdmogzo swygbs b
Mb30WHE0MM0 ©Y3M3gMYb30s. HoMIm®agbowo Lo-
99030000 9Ju39M0096E0 bsmars sh3969dL F9o-
3965¢OHoL 3o3wgbol 3mbsdgb@e 3Hgbwgbiosl

ISSN 1512-0996
www.shromebi.gtu.ge

@5 JIbol Mom©gbmd®mog Rs®BML, MHMIOlL RsMy-

@gddo 8godegds dgx3obgl 3356@MMmOo  LobEgdol
30050 bsdwdom M9:000.

©5l33bs

Bo@otgdyends  Lodvwogo®ds  9gudgMHodgb@ds
3H90s5©  §oMImabobs  3Hgd3gMed Mol 13wbsdgb-
GO0 Mo 33563 MM Loabswol obsdozsdo s
296B53MmMgd0m dobo 3m39MHgbEmEmdols dgbstbvy-
B9d0b 36Hm3gLdo. dmEYEomYdol F9EIRsI© ©OEIL-
GO, HMI 30066 Josbermgdwmer 3oMm-
09080, OHMELSE MYMIMOo sxBbYdIOOL Fawrowo
365gdBH0o3mwo 90b0dwdsdgs @oyzsbowo, 33956¢wm-
60 LobEBgds oELLBL 0BsMPMHEYOL MUGOSEOME bo-
Losmls, beagmm 533eo@ Mol Bobdmds 3080bstmgmdls
3900569000 bgo @gddom. gl domomgdl ©g3m39-
696300L  Lohdsol T9d3oMgdsHg s F9MgIMLMSE

LMBEHO 9B9JGHOO0 393obyol sOLYdMBdSBY. F9wY-
2390, 33956¢MM0 06830063305 6530 gds© 99390 9ds-
6905 JAMO30L, M3 3M0G03ws© 36503369 m-
395605 3s0owo LOBNLEHOL FoTMmMZWoDO s boob-
BOI>30Mm 3OM3LYd0LIMZ0L. Lodmsgools Jgmy
9570080, LooE GJI39MoGWIMS 89oMgd0m dows-
oo, bsmwo godmbPbs mgMImwo ™3M3s300L
DO 29630MHMOJIMWO 9539dHI00. F9M9IMbgo
9mgd0L 5dGH035300L 99 0BMHPIds IRsHO-
M900L s 969MHRYBH03Wo MgEsgbOE00L SEBSMMDYS,
53 9JL3MbgbEo Mo  9330MYOL  Logbsewol  533-
oGl EMMJ0. 53 306MHMdJOT0 3356E@MMHO MUz0-
530900 LEMORs© JMHgds s LoLEYIs Webem3zEIds
33036 J39300 Mg70aL, LG 33960 Lm3gm-

3mBoEool 95399GJO0 3M9dBH03NIWO® PG sGOL S3-
3063905000. 506086490 89980 056b390M 800 Moo

Ly-ols IHMIGdO — Works of GTU
Ne2 (540), 2026

45


http://www.shromebi.gtu.ge/

3m330mBgHeo dgabogdgds — Computer Science

3396@ 60 LobBgdgdol mgm@momE 3MMmAbnbIPPMb  gMHo-gMm 05356 Fo3MMLZM3ME 356M539GHML, Om-
©5 5QdLGHOHIOL, MM GgI3gMsGOS PoMImoygbl  Igwog obLaB3MsgL dozMmligm3mwo  3356¢wMo
36395900l FEYMOMBSL.

@OoBIHIAIOS

Zanardi, P., & Venuti, L. C. (2007). Quantum computation: A new paradigm. Cambridge University Press.
Sergienko, A. V. (2005). Quantum communications and cryptography. CRC Press.

Wiseman, H. M., & Milburn, G. J. (2009). Quantum measurement and control. Cambridge University Press.
Scully, M. O., & Zubairy, M. S. (1997). Quantum optics. Cambridge University Press.

Shankar, R. (1994). Principles of quantum mechanics. Springer.

Wilde, M. M. (2017). Quantum information theory. Cambridge University Press.

N ok W

Berman, P. R., & Malinovsky, V. S. (2011). Principles of laser spectroscopy and quantum optics. Princeton

University Press.

b3¢m-ob 3Gm3gdo — Works of GTU ISSN 1512-0996
Ne2 (540), 2026 www.shromebi.gtu.ge
46


http://www.shromebi.gtu.ge/

3m330mBgHeo dgabogdgds — Computer Science

UDC 621.391:530.145; 004.1; 004.4, 530.145.
SCOPUS CODE 1701
https://doi.org/10.36073/1512-0996-2026-2-37-47

Analysis of Quantum Signals in Cryogenic and Non-cryogenic Environments

Mariam Janelidze Georgian Technical University, faculty of informatics and Management systems,
academic candidate, Georgia

E-mail: mariamjanelidze100@gmail.com

Reviewers:

N. Abzianidze, Georgian Technical University, Faculty of Informatics and Control Systems, Associate Professor
E-mail: n.abzianidze@gtu.ge

G. Goderdzishvili, Georgian Technical University, Faculty of Informatics and Control Systems, Professor
E-mail: g.goderdzishvili@gtu.ge

Abstract. The study of quantum signals is one of the fundamental and strategic directions of telecommunications
and engineering sciences, as it is directly related to the in-depth understanding of the laws of matter and energy at
the microscopic level and the transition to a new stage of telecommunications systems, as well as the formation of
new principles of information transmission and processing and the development of technological innovations. A
quantum signal, as a physical object carrying a quantum state, be it a photon, an electron, a qubit localized in a
superconducting circuit, or an atomic spin system, contains information encoded through superposition and
quantum entanglement. It is thanks to these properties that it becomes possible to perform tasks that are either
practically inaccessible or extremely resource-intensive within the framework of classical physics. For example,
computational models based on the principles of quantum mechanics provide the basis for quantum systems, which
potentially radically change the speed and efficiency of data processing, while quantum communication provides
fundamentally secure channels for information transmission, which is especially important in light of modern
cybersecurity challenges. Comparative studies of quantum signals in cryogenic and non-cryogenic environments

provide important theoretical results.

Keywords: Argon; Bose-Einstein Distribution; Chemical Inertness; Coherence; Decoherence; Hamilton; Helium;
Ionic Bonds; Master Equations; Neon; Qubit; Quantum Mechanics; Quantum Signals; Schrédinger Equation; Spin

System; Telecommunications.
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