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39696305 0fj393L 96> FbmemE 3900GHJdOL Ly3dgH-
3BoEooL 3563, M09 MbOESE0gdOL 533-
@oGHMOOL (330Gl S BIBMOO FoIBOOL Fot-
0cagdbols. gb, 030l TbMOZ, F93blL sbgbl 3356-
GO0 Loaborgdol LobHLBHIbg s CBFMOTs300L do-
©53990L LobEMMdsBY. 3980FJO0L Aobwoggds Jug-
30, 296M90mb 1b39dGOo 3MBGHGMEO s Logbswols
LobJOMboBsEgos 36083bgErm3zbs 967w gdl g3m3g-
696300l 36m3gLL, Moz BOEOL GHYwrg3mdbozsgov-
60 39605309001 9839dGHMIOMBL. LodMwsEgoeo sbs-
@obHo 399903gd0L  ©)3m39MHYbEooL ©obsdogol dg-
Lobiogero  dg3609M90L  5demgal  Tglsdergdenmdsls
deboemEbgeo  30mabmbo 8gddbsb  m3@odsgrmo
C numpy as np
t matplotlib.

hbar = 1.0

gamma = 9.85

time steps = 10@

dt = 0.1

temperatures = [0.01, 0.1, 9.5, 1.8]

rho® = np.array([[0.5, @.5],

9.5, 8.5]11)
lindblad_decay(rho, gamma, dt):

3905300 3565893 Mm9d0m. 50bodbmo doymds
565 dbMmE 2obLEHBOZMOZL Avo3gdol Logbsenols
LoBEMMBOL BPZIMU, M09 235993l Lodroegdsl
39943650 LEMSEJA0JO0 3900GHJOOL HEZDY, WMYO-
37960 M39M530900L 3Mm6gJ300Dg s BIowyMol dobo-
95¢0D30sBY. 3396¢MM0 Logbowgdol q3m3gMab-
305 56M0b 3356¢MM0 LobBgdgdol obsobol, m3Eo-
90Bs300Ls S MLITOMbM 0bxMMTsz00L As3Egd0l
doM0ms©o  Lsbmdo. dobo 06 MHEOLEO3obmEmo
AgLHogs 99MH0BIBL  3396GH«E gdobogsl, Jodosl,
3M330@gMme Lodoaogdls s 0bxMm®Ts0re
A9J5mma0g0l, Gog 0bs9gmm3zg 3356@ Mo Lob-
&99900L 33930 Laxrwydzgel Jabob.

Lindblad master equation for a single qubit

sigma z = np.array([[1, @],

return rho + drho

results = {}

for T in temperatures:
decoherence factor = 1 + T
rho = rho®.copy()
coherence = []
for t in range(time_steps):

a, -111)
drho = -gamma * (np.dot(sigma_z, np.dot(rho, sigma_z))

- rho) * dt

rho = lindblad decay(rho, gamma * decoherence_factor, dt)
coherence.append(np.abs(rho[0,1]))

results[T] = coherence
.figure(figsize=(8,6)

.legend()
.grid(
.show()
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o63m@p9bowo bLodmwsEorMo 33930l dobsbo
0y™ 399903 0b 3m396MHg6EHwwmdol obsdozol dglfog-
s bbgosbbgs $9d3gMs@uIdmer 306MHMmdgdd0, Mog
L53w95¢gdL 03935 go9BoEoBEIL 3356@ G0 Log-
Bogrgdol ©g3m3ghgbiool 3GmEglgdo. 9dudgcmodgb-
30 8MmEIomgds 37d0G0L 060305H 3gMdm-
D006 dyMmdsMmgmdsl s dolo obsdozol 3gwro-
@05l obdmo@ol  AsliBgM-296GHMEgdols  Lo-
3995 gd0m. 930396096300 FoMOmoagbos 3oMmqdml
b90mddgqdol  LodMErsEosl, MmMAGELSEG  3MOOGHO
2396030L, bewm #Hq339MmoGHMOHMEo 350599BHMId0
24590949bgdm@s 0dobm30L, GMA gobolisBrzmml Loy -
Bogrol sTsbobxgdol bLobdoMy Mgownm® 3Gomyg-
B ©s MBOHM Forsw GHgd3gModwmgdHy. Lodws-
300> Bmbo3gdgdds 5B3965, MM sdswo BgddgMo-
&M69d0L 306Hmdgddo (T=0.01 K) 39303 gd0l 3m3g-
M9bGHMEMds 99650PMbgdos F9sMgdom oo
Omoom. off-diagonal gargdgbgdo domswo Lodwwoy-
6ol dgmby M®BgdM©s, Brog G0MmOmMgdEs B¥)3gHdm-
BoEool 99656:B6gd5BY. $H9d396MoEIMoL DML
9o (T=0.1-1K) ©g3m3g6gbiool Lobdstg 860d3-
Byrmzbo Bo¢)ewmds. 99©ad@, 3rBoGOL b3g-
H3D0o30s LMoz 0H®393m©s, Mg HoMdmoygb-
5 339560 Logbseols 3608369356 @sdsbobyxg-
05L. 33930l Bstengddo dgddbognds LodwyensEosd
9b3gbs, MM 399803HgooL dogh sbbmM 09w gdmEo
3396@ 60 WMy03MH0 M3gMo30900 33MgIml Bgdmd-
0900000l 200m 396036 LoBYLEIL. 3gHdme, ,off-
diagonal® gergdgb@gool 99930690 300306 0fj393L
993000090 ,CNOT*, ,Hadamard“ s ,Toffoli“ ggo-
09030, M3 boblL Mbgsdl ©g3m3ghHhgbiool 3Godo-
399 3530965 3356EHMMO Logbosol BMLEHO dos-
3930b BgbONWYsbY.  33BEHNO0  HYEg3mIYBogs-
300l 3mb@adu@do, Fomswo GHga3gmodmms of393L

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

54

Logbool odsbobyxgdsl, Mol Fgodwgds dsdmof)-
30mb QKD (Quantum Key Distribution) s6 bbgs 3396-
GO0 3OMGHMIMEGool Logbscrol o335, LOT-
WHE0M0 33¢0930L 99939005 8355300 sB39bs, ma
300ma9bmwo o698, 250mygbgds 30w gdgw0s
399003900l 30396M96¢ M mdol dgbo@Pmbadols s
Logbool bBsMOLbboL AsMBEHOMIOOLMZOL. IdSWO
&993965GH e 96003690 mabo  98gMbIdL  ©g3m-
39696300l 3GmEgLL, 065MGRMBYIL BIBME JmMgws-
3OSl @ 5930MdL Loabserol sTsbobxgdols seds-
0MBSL. oMo 5oLy, ImEgdwo 9dudg@odgbEo bobl
Mlg3sdl oMgdml JodoHmo LEsdomMmdol 9b0dg-
Bomdsl, 0bgBGHwo 50Mm9d0L 259mygbgds, Grearym-
M0Ess 3Mambo b 3garomdo, MHBEOMBlgwymals yo-
690mb 3509OHMBsL s IgdMITo LEBBOENH 3v9-
d0GME M3gMo30sL. LOIMEILE0MYMO 33eg3s FoMdms-
Babl, M3 3M00EHIdOL gobersggds, 2sMgdml Bgdmd-
990900l d0b0dsE0bo30s s M3EH0TowMo 3H9d39-
H3OYOULO FIBHOMWO  52FOWYOIL0d HMYMO
33963¥OH0 MA03MH0 M3gMo3E0gdol dglolitryengd-
W5, 0y BJ3mdNb0o3s30M0 3356GH MmO Logbs-
@900l bebE® Fos39dobmZoL FgEYEdE, ©I3M3Y-
636300l 3m330vGHIOMWo BMmEIEotgds FoMdmoo-
390L dewogd obLGHMMIIbBHL 3356GMMo LolEgdgdol
3¢0d0Bo300Ls 5 BdOWMOHMBOLMZ0L. Lod IEs-
GOYIO0 3900939008 EgHIMMO sbscrobo sB3z9bgdU,
63 379903900l 3m396096EGHMMdOL (335 30~
306 99353006905 56> TbmErm© oMMl 3H9d3gMs-
GOME 30OHMBJOL, 50599 LoLEBHJIOL IMsZsbsfo-
@056 5M340FJJHWOL s 3BOGHIOL TGOl MBMO-
96094390900 LEHMMJEHMOL. IMZ5¢3MBOE06 Lob-
&999080, HMEILE3 32100EJO0 3356@MMo BobEsM-
0 3aMIsMmMd5d0s, ©Y3Mm3gMgb3os ghmo 3v9-
do@ob dbMog 0fj393L w060 LoliEgdob, 3396GHwGo
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Logbowol gaMoEsEosl. off-diagonal gegdgb@gdol
5939000905 Loaboewol ToBMoEsdo 459mof3g3l 349-
0039008 B HBYOO 3MMHYSG0JOOL 83563l M3
3963 M9gd0m 933030690 3033¢gJlIMo M-
30399600 M39M030900L GuEMEgdoLLL. FogdE00s,
CNOT o Toffoli ggomgdo, H@Imgdos godmoygbgds
3356316 5aymG01dgddo 0bx3MmETE00L 3oMowganyy-
60 ©53M053900LmM30L, doe0osh MdbmdosMYS ©9-
33969b300L J0ToMm, M6 Mmommgmwo dgzmds
303ICEYO> g 3396 IO BbEsO Juger-
do. 99009350, 3999037gd0ol L3gm3mbogosdo dEocyg
33LOowgdgdog 30 ofiggal 336ANO0 Logbowols go-
53990 3603369cM3z06 ©sTsbobxgdsl. 3356@ M0
$93036035300L 3mbGHJuGTo Fggagdo bobL
godl, M@ Fomoo FJddgho@G«ymol 3oMHMdYddo
399903900l Jogl  goo399o Loabowo 3563l
3M396096¢Mmdsl 39309 MBOM BHOIRs©, o3
bOHEOL  dmbsggdms  dg3mdgdol  dobggbgdganb.
Quantum Key Distribution (QKD)-do sbgoo g3m-
39696305 03936 3396@IM0 gobomgdol asbsfowgdol
©M3035L, B3 300306  509BsBJds  MBOTBOH-
bmgdol 3O0GH03E BO3sML. LodMEsEogdds B30,
™3 Jo05¢0 $H9339M5EH¥IMHoL 306HMdJOT0 379303 gd0b
3M396096¢Mmds  momgdol dmErosbs  0M©39g3s
939 @Mmdo. gb 8990 boBL MUgsdL bsFommgdsl
3990309gbmm 3M0Mma96wo 30MH:MdId0 s 0bgM Y-
o 506900, Moms 80bodmdsdg dgoE0MmEIL H™-
AMOE 0gOIMEo, 0bg Jodom®mo s3Bb9d0d0. ©g3Mm3g-
696300l 3Om3gLol Lodws0MMo 33agz00 b3y
395356005 37003 9d0L 3m3gMHbEHWMdOL G (cohe-
rence time) Lbgoolbzs (3Hgd3gMmo@mes®y. ©odsw
39939M0¢ e Mgg0ddo, T=0.01 K-y, coherence
time 15305M© OO 04, Bog ZolbIMdL, G™I
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37530900 153G 0335 29BOLEBIMML Mm3-
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Abstract. Decoherence of quantum signals is one of the main challenges of modern quantum information systems
and technologies. This phenomenon is defined as the degradation of the coherent state of a quantum system as a result
of environmental influences, which directly affects the information reliability of qubits, as well as the preservation of
oscillations and superposition. Decoherence is a natural process of a quantum system when the system interacts with a
thermally active or other quantum-mechanically active environment. This effect is important both in theoretical
research and in practical quantum devices, including the development of quantum telecommunications, quantum
computing, and high-precision quantum sensors. In cryogenic environments, where the temperature approaches zero
Kelvin, the reduction of thermal excitations ensures the long-term preservation of the quantum signal. Under such
conditions, zero-point fluctuations remain the only source of decoherence, which significantly increases the coherence
of qubits and the possibility of performing complex quantum operations. At relatively high temperatures, bosonic and
color spectrum excitations significantly increase the decoherence rate, which leads to rapid degradation of the quantum

signal and a rapid transition of the system state towards the classical paradigm.

Keywords: CNOT, Hadamard, and Toffoli gates; Cryogenic environment; Decoherence; Inert gases; Quantum

key distribution (QKD); Quantum signals; Superposition; Telecommunications;
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