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AnnHorauus. B gaHHo paboTe npoBeneH aHanu3 OBYX CUMMHAmNOB C LIENbI HAXOXOEHWSI MX CrEKTparibHOM MNoTHOCTW. Bbinu
MOCTPOEHbl rpadpukM  CMEKTPOB, C MOMOLLUBIO $3blka MporpammupoBaHus Python, 4TO NO3BOMMMO HArMsAHO OLEHWUTb
pacrnipeaeneHve aHeprum no Yactotam. OLeHEHO pasnuyme CUrHamNoB Mo SHEPrUKM, YCTaHOBIEHA 3aBUCUMOCTb MEXY aMMnuUTyaon
W ANUTENBHOCTLIO CUTHANOB. M3y4eHbl NpakTuieckve NPUMEHEHNSI CUTHAMNOB B LIMGPPOBOV 06paboTke M TENEKOMMYHUKALWMOHHBIX

cucrtemMax, 4YTo noavYepkmBaeT UX BaXXHOCTb B COBPEMEHHbLIX TEXHOMNOMMAX nepenayun Manopmaumm.

KioueBble cioa. AMMNMTYda, BEKTOpHasi OvarpaMma, BpPEMEHHOW WHTepBarl, KOMMMEKCHas 3KCMOHeHUManbHash (yHKUMS,
KOCUHycouaarnbHasi BOMHA, MeTof Yaruya, MoZynsiuMsi, OKHO [aHHbIX, nepuoporpaMma, psg ®ypbe, curdan, cnekrparbHas

MIOTHOCTb, ¢hasa, YacToTa, LUYM, 3HEPTUS.

B coBpeMeHHOM Mupe, OXBa4EHHOM MOTOKaMM MHAOPMaLUUN U AaHHbIX, aHanm3 cUrHanoB CTaHOBUTCS
Ba)kHewLwen obnacTbio UccrnenoBaTenbCKon 1 NpuknagHon aesatenbHOcTU. CnekTparbHbI aHanmn3 cUMrHaros,
NPeACTaBnsAWNA COO0N U3yYeHe pacnpedeneHnst CUrHanoB Mo 4acToTam, 3aHsif LeHTpanbHoe MEeCTO B
TakMx OUCUMMIIMHAX, kak obpaboTka ayamo, paamocBs3b, OMOMEAMUMHCKAA WHXEHEPUS U MHOTUX APYruX.
OQHUM U3 KMHYEBLIX acrnekToB B 3TOM 06racTy siBNsieTCsl NOHMMaHWEe TOro, Kak pasfuyHble CUrHanbl BegyT
cebs B 4acTOTHOM 0OnacT, 4YTO HemnocpeaCTBEHHO CBSA3aHO C WX BPEMEHHbIMW XapakTepucTMkamu u
CBONCTBaMW.

CnekTpanbHas MMOTHOCTb MOLUHOCTM CUrHana CrAyXWT BaXHbIM WHCTPYMEHTOM [ONS  OLEHKM
pacnpeneneHnst aHeprm curHanoe no vactotram. OHa NO3BONSIET UCCreaoBaTeNsM U MHXeHepaM BbISIBNATb
NPUCYTCTBME Pa3fUYHbIX YacTOT, UX aMNAMTyay W, CrefoBaTterbHO, AaeT BO3MOXHOCTbL MPOBOAMTL Pa3fnyHble
BMAbl aHanM3a, BKoYas unbTpauuio, pacno3HaBaHme U Knaccugukaumio CUrHarnoe.

B aTow paboTe Mbl COCPENOTOYUM BHUMAHWE Ha aHanu3e AByX CUrHasoB:

S (t) = a-cos2nfyt, €Y
S,(t) = a - e/?mht, (2)
CurHan Si(t) npegcraBnsieT cobol KOcUHycoupanbHyl BOMHY, a curHan Sp(f) — KOMMMEKCHy

SKCMOHeHUManbHyto yHkumio. Oba curHana UMerT OAMHAKOBYK 4acToTy M aMnnuTygy, COOTBETCTBEHHO
paBHble 50 'y 1 1 B, 4To NpeaocTaBnseT YHUKaNbHYO BO3MOXHOCTb Afsi cpaBHUTENbHOro aHanusa. OCHOBHON
3agadent JaHHoW paboThbl ABMSIETCS OLEeHKa CNeKTpanbHbIX MIOTHOCTEN AAaHHbIX CUrHAOB.

CyLiecTByeT MHOXECTBO METOAOB Afsi PELUeHMs] 3a4ay CNeKTpanbHOro aHanmaa BPEMEHHbIX PSAoB,
OfHaKo, OAHUM K3 3EKTUBHBLIX CMNOCODOB OLIEHMBAHUSA CnekTpa siBnsieTcsl Metod Yanya. OH nossonsieT
Momny4YMTb OLIEHKY CMEKTparbHOM MAOTHOCTU MPSMO HA OCHOBE MCXOZHOro Habopa AaHHbIX. A MMEHHO, 3TOT
MeTon BKIMOYAET YCPEAHEHWE OLIEHOK CMEKTpanbHOW MMOTHOCTM OJ1s1 HECKOMbKUX CErMEHTOB CUrHana, yto
NMOMOraeT YMEHBLUMTb LUYM U YIYYLUUTD OLLEHKY.

Mbl umeeM B BMAY BblMMCIUTENbHbLIN anropyuTM, BKMYawowmin B cebs pasbueHue Bcero mHTepsana
HabnogeHnss onnHbl N Ha KOHEYHOE YMCMO HENEpPEKPbLIBAIOWMXCA WM YaCTMYHO NepeKpbiBatoLMXCS
CerMeHToB AnvHbl M < N, BblMMCINEHUE MO KaXAOMY M3 HUX NepuoaorpaMmMbl 1 ee nocneaylollee ocpeaHeHne
no ymcny cermeHToB AnuHbl M. Mpu aToM, roBopsi 0 NeprogorpamMmme, BolYUCASEMON NO KaXXAOMY U3 CErMEHTOB
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ONvHbl M, Mbl UMeeM B BUAY ee MOAMMULIMPOBAHHYIO BEPCUIO, OnpeaensemMyto JaHHbIM COOTHOLLEHVEM:

2 -1

18(w) = Zb(k)X(k)e”“" ZHZ b2(k) 3)
k=1 k=1

3necb B = {b(k),k =1,M}— TaK HasblBaeMOe OKHO [aHHbIX, MCMOMb3yeMoe [ns [OMHOXEHUs!
(HepaBHOMEpHOrO B3BelUMBaHWs) oTpeska peanmsaumm {X(k),k = 1, M}. MocnenosatensHocTs b(k) ualle
BCEro nnaBHO YObIBAET OT CepeauHbl OTpe3ka peanunsaumm K ero Kpasm, Yem JOCTUraeTcs CriaxuBaHue Kpaes
peanu3aumMnm U B KOHEYHOM CYETE YMEHbLUEHNEe CMeLleHust (CUCTEMATUYEeCKON OLIMOKM CMeLLeHus)
nepuogorpaMmmbl. bonbluoe yncno pasHoobpasHbIX OKOH MOXHO Havtu B [1-3]. B HacToswen pabote B
KayecTBe CrNaXuBaloLUMX OKOH AaHHbIX B Npu MOCTPOEHWM OLIEHKM Yanya MCnonb3yem pasnoXeHue B psf
®Pypbe Npy NONMHOMUANBHBIX TPUFOHOMETPUYECKUX sapax Tuna [kekcoHa [4].

Cnegyowum aTanomM BbIYMCIEHNS CNEKTPAnbHOW MIOTHOCTM CUrHarnoB CTaHeT paspaboTka koaa,
NPOAEMOHCTPUPOBAHHOIO Ha pUCyHKe 1, rae Mbl AeTanbHO PAacCMOTPUM M MOAYEPKHEM, KaK 3Tarbl reHepaumm
CWUrHamoB, WX CMEKTpanbHOro aHanuM3a W Bu3yanu3auuMu B3auMMOCBS3aHbl W AOMNOMHAT Opyr Apyra,
obecneynBas NONHOE NOHMMaHWE CNeKTParbHbIX XapakTePUCTUK ABYX CUTHASOB.

import numpy as np
import matplotlib.pyplot as plt
from scipy.signal import welch

4 MapameTpsl CUMHANDE
fs = 1888 # YacTOTa AMCKPETA3aUMK (ru)
[t = np.arange(@, 1.8, 1/fs)} # BpemAa 0T @ 40 1 CEKYHOW

BpamMeTpsl CHIHAN0E

# AMIAMTYAE

# YacToTa ana 51 (ru)
# YacToTa ana S2 (ru)

]
R

¢ Curnans
S1=a * np.cos(2 * np.pl * fe_1 * t} # Curhan 1
52 =a * np.exp(1j * 2 * np.pi * fe_2 * t) # Curnan 2

[# HaXOWAEHWE CMEKTPaAbHalX MAOTHOCTER C YAYYWEHHSMA NaPaMETRaMK

nperseg = 512 # YBEAWYEHWE ANWHal CErmeHTa anA Gonee AETAanbHOrO aHaNM3a
f1, Pxxl = welch(S1, fs, nperseg=nperseg)

2, Pxx2 = welch({np.real(s2), fs, nperseg=nperssg)

4 MocTpoEHWE TPagUKDE
plt.figure(figsize=(12, 8))

|# rpaguk ana curiana 1

plt.subplot(2, 1, 1)

plt.semilogy(f1, Pxxi1, color='blue', linewidth=2)
plt.title('CnexkTpanchaa NACTHOCTE CMrHana S1', fontsize=14)
plt.xlabel('4acToTa (ru)', fontsize=12)

plt.ylabel('CnekTpanetHasa MACTHOCTE (V~2/Tu)’, fontsize=12)
plt.xlim(@, 288) +# OrpaHM4eHME NC OCH X ANR nyuwere oTolpamenda
plt.grid(True}

plt.axvline(x=fe_1, color="red', linestyle="--", label="fe = 5@ ru"}
plt.legend()

¢ rpaguk ans curnana 2

plt.subplot(2, 1, 2}

plt.semilogy(f2, Pxx2, color='green', linewidth=2})
plt.title("CnekTpanshaa NAOTHOCTE CUrHana 52°, fontsize=14)
plt.xlabel('YacToTa (ru)', fontsize=12)
plt.ylabel('CnekTpankkas naoThocTe (W~2/ru)’, fontsize=12)
plt.x1im(8, 288) # OrpaHWdeHWe nNo ocu X ANa Ayuwero oTobpaweHua
plt.grid(True}

plt.tight_layout(}
plt.show(}

PucyHok 1 — Kod drist oueHKu criekmparbHoU rminomHocmu cuzgHanos Si(t) u Sa(t)

Mocne oaToro pesynbTaTbl BU3yanu3UPYOTCS C TMOMOLLBLI rpadMKkoB, YTO MOMOXET HarnsgHo
NMPOUNIIOCTPUPOBATL Ha PUCYHKE 2 XapaKTepPUCTUKN CUTHaIoB B YacTOTHOM obracTu.
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PucyHok 2 — 'paghuku criekmparsibHbIX romHocmel cueHanos S1 u S2

lMpoaHanu3mMpoBaB PUCYHOK 2, MOXHO cAenaTtb BbiBO4. [padumkm BusyanbHO COBNagatoT, 3TO
OXM1AaeMo M3-3a CXOXKECTW YaCTOTbl U aMNAUTYAbl, HO BaXHO YYUTbIBaTb, YTO OHM MOFYT UMETb pasHble asbl
W gpyrve xapaktepuctukn. Ha nepsom rpadvke BUOHO 3HauuTeNbHOE MUKMpOBaHWe Ha 4vactoTte 50 Iy, yto
COOTBETCTBYET 4YacTOTe curHana, nomnarasice Ha c¢opmyny 1. 3T0 NoaTBEpXKAaET, YTO CUrHam MMeeT SApKO
BbIPaXXEHHYI0 YaCTOTHYI0 COCTaBMsioLWy0. YObiBaHME MPOMCXOAMT HA 4acTtoTax oTnudHbIX oT 50 Iy, yTO
CBMOETENbCTBYET O TOM, YTO CMrHaM B OCHOBHOM COCPeOOTOYeH BOKPYr 3TOW YacToTbl. Ha BTOpom rpaduke
BMOHO Boree paBHOMEpPHOe pacnpefeneHne CnekTpanbHOW MAOTHOCTU, 6e3 APKO BblpaKEeHHbIX MUKOB. JTO
CBSI3aHO C TeM, 4TO, Msad Ha dopmyny 2, MOXHO CKasaTb, YTO CUrHam SBMASEeTCA KOMMIEKCHbIM
SKCMOHEHUMarnbHbIM, KOTOPbI HE WMMEeT peanbHOW amnnuMTydbl B KiaccuyeckoM cmbicne. CnekTpanbHas
NMOTHOCTb Takke yObiBaeT, HO HE TaK Pe3ko, Kak y curHana Si(t).

Mpn cpaBHeHMn curHanoB Si(t) 1 Sy(f) MO 3HEpPrMM Mbl MOXEM BbISBUTb, YTO SHEpPrusa curHana
ABMSAETCH BaXKHbIM MHOUKATOPOM €ro MOLLHOCTM W1, KaK CNeacTBue, ero Bo3genctams Ha cuctemy. CurHan Si(t)
UMeeT 4eTKo onpederneHHylo YacToTy pasHyto 50 'L 1 BbICOKYIO SHepruio B 9Tonm obnactu, Yto genaet ero
bonee nogxoaawmm Ans NpUnoXeHnn, Tpebyowmx geTanbHOro aHanusa 4acTtoTel (Hanpyumep, B paguocsssn),
a Tawke BygeT noneseH B 3agayax, rae BaXXHO KOHKPETHOE BblAerieHne 4YacToThbl.

B Hawem cnyvae pasnuuua B 3HepreTudeckux xapaktepuctukax Si(t) m Sy(f) moryt ObiTb
npoaHanM3vpoBaHbl Yepes UX cnekTpanbHble NAoTHOCTU. CurHan S;(t) MMeeT KOHEYHY 1 (DUKCUPOBAaHHYIO
SHeprui B npegenax OAHOro nepuoga, a curHan S,(t) MoxeT umeTb GECKOHEYHYH 3Heprut, ecrnv ero
paccmaTpuBaTth Ha 6ECKOHEYHOM BPEMEHHOM MHTEpBare, YTO AeNnaeT ero MeHee nogxodsiumm Ans aHanvaa B
KIMaccuU4eCckoM MOHWMAaHWUN 3HEPTUM, HO MONE3HbIM B TEOPETUYECKNX pacyeTax U MPUIOXKEHUsIX, CBA3aHHbIX C
hazoBon nHdopmaunen.

Wccnegyemble curHamnbl MOryT ObiTb MpYMEHEHbl B Pas3fnuuHbIX 3adayax umdpoBon o6paboTku
CUrHanoB, BKMoYasi KoMnpeccuto, unbTpaLmio, JeTEKUMIO U pacrno3HaBaHue curHanoB. CurHanbsl Si(t) un Si(t)
MOryT ObITb MONe3Hbl B TENEKOMMYHWMKAUMOHHBLIX CUCTeMax, rae BakHbl TOYKM CXOACTBA M pasnuumna B
obpaboTke curHanos. Hanmpumep, KOCuHycoumpanbHble BOSHbI MOMYT WCMOMb30BaTbCA B MOZYNAUMM Ans
nepegayn MHAMOPMaLUn, a KOMMIEKCHbIE 3KCNOHeHUManbHble yHKUMM — B 3a4a4aX, CBA3aHHbIX C (ha30BOW

MaHWNynaUMen UM BeKTOPHOM AnarpamMmmon.

CnucoK ucrnosb308aHHbIX UCMOYHUKOE:

1. XKypbeHko, W.I'. AHanu3 cmayuoHapHbIX U 0OHOPOOHbIX criyHalHbix cucmem / W.I. XKypberko. — M. : U3d-eo Mock. yH-ma, 1987. — 240 c.
2. bpunnuHdxep, [. BpemeHHblie psdbl. Obpabomka GaHHbIX u meopusi / . BpunnuHdxep. — M.:Mup, 1980. — 536 ¢

3. Kay, S.M. Modern Spectral Estimation: Theory and Application / S.M. Kay. — Englewood Cliffs ( NJ):Prentice-Hall, 1988. — 543 p.

46



61-5 HayyHasi KOH¢hepeHUUs acrupaHmos, MasucmpaHmos u cmydeHmoes bI'YUP, 2025 e.
4. Anekcees, B. I. OueHka criekmparbHou rnomHocmu mura Yanya. Criyyati duckpemHoeo apaymeHma / B. I'. Anekcees // Aemomempusi.

—2001. —Ne6.—C. 92,

INVESTIGATION OF THE CHARACTERISTICS OF MEASURING
TELECOMMUNICATION SIGNALS

Zmachynskaya U.A.%, student of the gr..361403, Marshalova K.Z.2, student of the gr.361401
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Filchenkova T.M. — Senior Lecturer

Annotation. In this paper, two signals are analyzed in order to find their spectral density. Graphs of the
spectra were constructed using the python programming language, which made it possible to visually
assess the distribution of energy across frequencies. The difference in energy between the signals is
estimated, and the relationship between the amplitude and duration of the signals is established.
Practical applications of signals in digital processing and telecommunication systems have been studied,
which underlines their importance in modern information transmission technologies.

Keywords. Amplitude, vector diagram, time interval, complex exponential function, cosine wave, Welch
method, modulation, data window, periodogram, Fourier series, signal, spectral density, phase,
frequency, noise, energy.
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