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1 JABOPATOPHA POBOTA Ne 5
MOJIEJTFOBAHHSI KAHAJTY 3B’SI3KY 3
BUKOPUCTAHHSIM BIHAPHOI ®A30BOI MAHIITYJISIIIT
(BPSK)

1.1 Mera podotn

1.1.1 OgnaifomuTucsi 3 NpUHOUNAMU TMOOYJOBH MOIYJIATOPIB i
JIEMOJTYJIITOPIB JUIsl CUTHANIB 3 JIBIHKOBOIO (pa30BOI0 MaHimysiiero ®M-2
(BPSK) 3 BukopucTaHHsIM MeTOIiB TN POBOT 0OpPOOKH CUTHAIIIB.

1.1.2 3a ponomororo EOM ekcCHepuMEHTAIBHO BiJIIPalIOBaTH
METOAMKY  (opMyBaHHS  MOIYJIOIOYOTO  CUTHANy, KaHAJIbHHX 1
pamiouactotHrx cumBoiiB BPSK momynsaTopiB, po3riasHyTH 0COOMHMBOCTI
o0y IOBY IEMOIYIIATOPIB.

1.1.3 Bugnauutu 3anexHicTh koedimienta 6itoBoi mommiku (BER)
BiJI CHEPreTUYHHNX XapaKTePUCTUK KaHAITy.

1.2 3aBaanHA HA MiATOTOBKY 0 BUKOHAHHS Ja00paTOPHOL podoTn

I[Mporiec 3MiHK MOTOYHOI (ha3u HECYdOro KOJMBAHHS 3a 3aKOHOM
MOIyJIALIT BigoMul sk (ha3oBa MOAYJIALiS. Y 3aralbHOMY BHUIJISAL (hazo-
MOJIyJIbOBaHE KOJMBAHHS MOKHA MIPEICTaBUTH Y BUTIIsii [1]:

s[t.b(t)] = C-cos{2afyt+ ¢ [b(t)] } = Re{C-exp{j [b(t)]}- exp[j2f,t] }

ne C- ammutityna curnany, fo — Hecyda dactora, ¢- 3Ha4eHHs (a3u
MOJIyJIbOBAHOI'O CUTHAIY, b(t) — MOAYIIFOI0YA MOCIIAOBHICTb.

3 anamizy (1.1) BurumBae, mo iHdopMmamisa, SKa MICTUTBCA Y
MOJYJIIOIOUYOMY cuTHali b(t), 3aKoqoBaHa y KOMIUICKCHIH 0OOBigHIM
CUTHAITY, 10 MTePEIAETHCS:

c=C-eplip[t)]) (L2)
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[Biiikoa (6iHapHa) ¢aszoBa maHinmymsimis (OM-2) abo aHTIiCEKOIO
BPSK — ne mnaifnpocrima ¢opma nudpposoi ¢azoBoi momymsmii. B
3aNIe)KHOCTI BiJ] 3HAYEHHS MOMYJIIOIYOTO CHUTHANY BiIXWICHHS (a3u
MOJIyJIbOBAaHOT'O CUTHATY Bif (pa3sy HEMOIYJIOBAHOTO CUTHAIY CKJIamae abo
0°, abo 180°, ToOTO, Ma€ nBa AUCKPETHHX 3HA4YCHHA. SKIo mis ¢a3o-
MOJYJIbOBAHOTO CHTHANy MPUUAHATH 3araibHuil onwuc 3rigHo (1.1), To mis
OM-2 NoBWHHI BUKOHYBAaTHCS PIBHOCTI:

o[b(t)]=0 npu b(t)=1, ¢[b(t)]=7 npn b(t)=—1; 0<t<T.

B pesympraTi MOmympoBaHWiT curHam (GOPMYETBCS 3 JIBOX
pamiocumBoiB $1(t), Sx(t), 10 BU3HAYAIOTHCS BUPA3AMH:

S1(t)=Ccos(mgt),
Sy(t)=-Ccos(wot).

KommuiekcHa 00BiHA 1IHOTO CHTHAITY HE 3MIHIOETHCS HAa 1HTEpBai
CHUMBOIY i, BiAmoBinHo 10 (1.2), MOke puiiMaTH HACTYITHI 3HAYEHHSL:

C(t)=C mpu b(t)=1, C(t)=-C npu b(t)=-1, O<i<T.

SIk BiZIOMO, MOAYJIbOBAaHHMH CHIHAI MOXKHA OTPUMATH LUISIXOM
HEePEMHOXKEHHsT MO/IyJforo4ol nociigoBHocti b(t) Ha curHam Hecydoi
yactoTH [1]:

s(t)=Db(t)- Ccos(wqt) (1.3).

ne b(t) moaymorounii curHan y gpopmari NRZ 6e3 mocTiiiHOT CKJ1a70BOi.

OCKUTbKM ~ MOAYNIOIOYMI  cuTHal b(t) mpencraBise  coOOrO
CHHXPOHHUH BHIIAIKOBUH IBiliKOBHI curHai 3 piBHsIMHU +1 i -1 B OCHOBHIl
cMy3i gactor 3 GitoBoro mBuakicTio f,=1/T,, TO MOIyIBOBaHMII CHUTHAI
CKIIaIaeThes 3 mpoTwiexkHux (Ha 180°) dazoMaHimyIbOBaHUX CHUTHATBHHUX
pamiocumBomiB  sy(t) 1 sp(t). BimnosigHo iHdopmariis mMicTuThes y dasi
MOJyJIbOBAHOTO CHTHAIY:
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s(t)=b(t)- Ccos{mgt + @[ b(t)]1}. (1.4)
ne ¢[b(t)]=0° a6o 180 °.

OCHOBHOIO OCOOJHBICTIO C(POPMOBAHOTO PAiIOCHTHAITY € CTPUOKH
¢azu Ha 180° mig yac 3MiHM TOJSPHOCTI MOAYIIOIOYOTO CHTHAIY, TOOTO
po3puBHicTh ¢azu. Came 151 pO3PUBHICTh MOTOYHOI (Pa3u MPU3BOIUTH IO
TOTO, WIO CHEKTpajbHa UIJIBHICTh MOTYXKHOCTI it PM-2 3HauHO
BIJIPI3HAETHCA BiJl HYJISI Y HETIPUITYCTUMIH CMy31 9acToT.

Jis 3MEHIIEHHsI CMYTH 4acTOT y CUCTeMax i3 3acTocyBaHHsIM OM-2
BUKOPHCTOBYIOThH JOJATKOBY (PiJIbTpaLlif0.

Ha puc.1.1 npencrasnena cnpolneHa CTPYKTYpHa cxeMa peajizarii
KaHally 3B 53Ky 3 BUKopuctanasm BPSK.

Ha cTpykTypHi#t cxemi 3 METO CIIPOIICHHS aHali3y BUCOKOYACTOTHI
TPaKTH TiepelaBada 1 mpuiiMada, a TaKoXK BJIACTUBOCTI KaHAIy 3B’S3KY
BimoOpakeHI  eKBIBAJICHTHUM CMYTrOBHUM  (imbTpoM, SKAH  iMITye
XapaKTePUCTUKU TIOCIIZJIOBHOTO BKIIOUEHHS TepelaBaIbHOTO CMYTOBOTO
¢inpTpa, KaHAIBHOTO (LIBTPa Ta MPUIIMAILHOTO CMyToBOTO (inbTpa [2].

Kackanse 3°€THAHHA MEPEIABAILHOTO, KAHAIBHOTO
1 MPUHMATBHOTO CMYTOBHUX (DUIBTPIB

Moaymrop Hemonymsirop
t
20 [IpuiimManbHuif IToporosui
_’ OHY ASTEKTOP

Cxema
IIOHOBJICHH S
HECY4O0i

OnopHuit
TeHeparop

Pucynok 1.1 — ExBiBanieHTHa MOJ1e)Ih KaHAJY 3B 3Ky 3 BUKOPUCTAHHSIM
metory BPSK

Pobory korepentHoro aemonymsropa curHainise BPSK  Oinbim
JETaJbHO PO3TJSIHEMO 3a JIOMIOMOTOK (DYHKI[IOHAILHOI CXEMH, SKY
300pakeHo Ha puc. 1.2.

Korepentna  ngemomynsimist  mepenbauae  QopMmyBaHHS — Ha
npuiiManbHOMy 0OIll HEecydoro KOJHBaHHS CHH(A3HOTO 3 HECYYHM
KOJIMBaHHAM MepeaaBava (omopuuii curnan K, (t) va puc.1.2). s uporo y
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npuiiMadi BUKOPUCTOBYIOTHCS CXEMH IOHOBJICHHS HECYYOTO KOJHMBAHHS 3
MIPUMHATOrO CUTHANY.

CaM mporec IeMOIyJSAIIi peami3yeThCsl MIITXOM IIEPEMHOKEHHSIM
MPUIHATOTO MOMYJIbOBAHOTO CHUTHANY pajgiodacToTH r(t) (3 oOMexeHOro
CMYTOI0) 3 IOHOBJICHOIO HEMOIYIIOBaHOIO Hecyqoro K, (t)=Kcoswot.

oI

> X ®HY

r(®) a(mi(t)

Kon(t)
Pucynok 1.2 — ®ynkuioHanbHa cxema JeMoaysTopa st Metony BPSK

MaremaTHYHO CHTHAJ Ha BUXOJIi MEPEMHOXKYBaua (SK MPaBuUjIo, IO
poib BuKOHye (azoBuii nerekrop) mo HY dinbTpanii Bu3HaYaeThHCS
BUpasom [2]:

s(t)=r(t)- K, (t)=r(t)- Kcos(o,t) = ws)
=C, (t)cos[w,t + @(t)]- Kcos(w,t) = %C, K{cos[p(t)]+ cos[2m,t + ¢(t)] .

ne 1(t) curHan Ha BXoJii Jemoyisitopa, C, — aMILIiTy1a IPUHHSATOTO
curHaiy, K — aMIutityZja moHOBJIEHOTO HECYYOTO KOJIMBAHHS.

®inerp HmwxkHIX dYactor (DPHY) wHa QyHKOiOHANMBHIA cxemi
JEMOYJIATOPa HEOOXTHWUH Ui TPUAYIICHHS TapMOHIYHOI CKJIQJOBOI 3
4acTOTOR 2met. B pesymbrati Ha Buxomi ®HY dopmyeTscs kopucHuUit
CUTHAaJ, SKWi MIiCTUTH iH(OpMaIlito po 3Ha4eHHs da3u ¢(t):

Rax(0) = 3 C.Kooslp(t)] (1.6)

VY upomy Bupasi C,K/2 — nocriitauii koedittient, cos[@(t)] — 3minHmi
y 4aci MOJyJIIOIOUMH CUTHA 3 0OMEXeHOoIo cMyroto, ipu ¢(t)=0° abo 180°
BiH piBHsETHCA +1 abo -1 BiamosinHO. Hampyra gemMonya0BaHOTO CUTHATY
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NpOMopLiiHa KOCHHYCYy pi3HHLI ()a30BUX KYTIB MK NPHHHSATOIO
MOJYJIIOBAHOIO HECYYOIO 1 TIOHOBJICHOIO 3 TOYHICTIO 10 (a3u HECYdOr —
T00TO, UIA CHUCTeMH, SKa CKJIaJaeThcs 3 mepeMHOXyBada i DHY,
CIIpaBeUTMBUI TEepMiH KOrepeHTHHH (a3oBuit merekTop abo da3oBwit
JEMOAYIISATOP.

Ha puc.1.1 B cxemi MomynsaTopa 3aCTOCOBYETHCS TIEPEAMOTYIISAIITHA
HU3bKOYACcTOTHA  inabTpamis. JloBememMo IOMUIBHICT caMe  Takoi
HU3bKOYACTOTHOI IEPEAMOAYIISIIIHHOT (hinbTpartii.

1.2.1 ExBiBajJleHTHiCTh KOT€peHTHOT0 MoOJeMy i MoaeMy B OCHOBHiii
cMy3i yactot

B mpuHIMTi, MOXIIMBa peartizalis JiHIKHOTO MOMYJISTOpa 3a IBOMa
pi3HUMHU  anropuTMamu  QimbTpamii, a came, MMOCTMOAYJALIHHOIO
binbTpariero i mepeaMOAyNALiiHO0 ¢inbTpamicro — (puc. 1.3). s
nepuioro BapianTy (puc.1.3a) Ha BHXOAI MOIYJIATOpa 3aCTOCOBAaHO
pamiodacrotHuii cmyroBuii GineTp (CD).

Ane, AN BEIMKOTO KIJAcy CHCTEM MOAYISiI 1 KOTrepeHTHOI
JEMOAYIISIT CKIagHi CMYroBi (QIBTPU pagio — i MPOMIDKHOI 4acTOTH 3
BY3bKOIO CMYTOIO TIPOITyCKaHHS MOXYyTh OyTH 3aMiHEHI Ha BiTHOCHO
npocti ®HY B ocHOBHi# cMy3i gactort (puc.1.3 6) [2].

Ha(f) Hi(f)

l'Iepe;Laaa;mHuﬁ S'(t.) ﬂ.]’[cpcﬂaganbﬂnﬁ
CMYTOBHI (UIBTP Si(f) A dHY

hs(t) hi(t)

a) 0)

Pucynox 1.3 — Moxuusi peanizanii mogyistopa BPSK 3
noctdinpTpariero (a) 1 nepeAMOAYIISLIHHOK (inbTparieto (0)

HilficHo, 11 OCHOBHOi CMYrH 4YacTOT MOXHa JOBECTH
€KBIBaJICHTHICTh JIIHIHHO MOJYJIbOBaHHX CHTHATIB Pajio 1 TPOMIXHOT
4acTOT 31 CMYroBOIO (UIbTpalli€l0 CUTHANaM 3 HHU3bKOYAaCTOTHOIO
nepeAMONYJISIIIMHOI Ta MICIAMOLYJSLIHHOI (UIbTpali€el0 B OCHOBHIN
cMy3i gactot [2].
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JliHiliHO MOIyNbOBaHWI CHUTHAT — 1€ CUTHAT 3 JIHIHHUM
MEPEeTBOPEHHSM CIeKTpa a00 CHrHaj, SKUH MOXXKHA pO3IIAJATH SIK
pe3ynpTaT aMIUTITy[HOI MOIyNsAii 3 JBoMa OIYHMMH CMyTramMd i
OPUIYNICHO0 HECydor 4actotor (aHrmiiicekoro  Double-sideband
Supressed-Carrier Amplitude Modulation, abpesiatypa DSB-SC-AM).

JilficHo, B pe3yibTaTi Takoi omeparlii CHEeKTp MOIYIIOIY0ro
CUTHAITy TEPEHOCUTHCS TaKMM YHHOM, IO BiH PO3TAlIOBYETHCS HABKOJIO
Hecydoi 4vacToTH. Po3yMiHHS 1poro (akTy OO3BOJMTH 3aCTOCOBYBATH
oinbm npoctuit ®HY 3aMicTh OUTBIT CKIIQIHOTO CMYTOBOTO (DiIBTPY.

Slkmo miHIAHWA MOAYNATOP MICTUTH TUIBKH TIEPEIMOIYIISAIIAHUI
¢inetp HY, TO y BiAMOBIAHOCTI A0 CTPYKTYPHOI CXEMH MOIYJISITOpa
(puc.1.30) MomyIbOBaHHUIT CUTHAT MOXKHA MTOJATH Y BUTIISLI [2]:

s(t) =[a(t)*h,_(©)]-c(t), (1.7)

ne a(t) — moaymorounii curnain, hy (t) — imnynecHa xapaktepuctuka ®HY,
* — 03HAYae OTEPAIifo 3TOPTKH, SIKa BU3HAYAETHCS SIK:

a(t)xh,(t)= Ta(r)-h(t-r)dr.

Slkmo 3acrocyBatm meperBopenHs Dyp’e mo (1.7), TO 3
ypaxyBaHHSIM TOTrO (akTy, MO0 3ropTKa (QYHKIIA y dacoBili o0macTi
BIJITIOBi/Ia€ TIEPEMHOXEHHIO (YHKIIA B YacTOTHIM 00jacTi, a 3roprka
GYHKIIA B YacTOTHIM OOJACTi BiJMOBijae MepeMHOXKEHHIO (YHKIIH B
4acoBiif 001aCcTi MOYKHA OTPUMATH:

S(F) =[A®)- HL (H)]* C(F) (1.8)

Amnaniz Bupaszy (1.8) cBiguuTh, MO 3ropTKa HU3BKOYACTOTHOTO
CIIeKTpa CUTHANY (BUpa3 y KBaJIpaTHUX JIy’KKaX) 3 CHTHAJIOM CHHYCOiTHOT
Hecydol Hajae CHEeKTp 3 JBOMa OIYHMMH CMyTraMd pO3TallOBaHHUMH
HaBKOJIO HECy4oi. SIKII0 MOIyJIOYMH CHUTHAlN HE MICTHTh IOCTIHHO1
CKJagoBoi, TO pe3ynbryrounii curHan € DSB-SC-AM curnamom. lle
CTBEp/KEHHSI € CIIPAaBEUIUBUM SIK JUIsl aHAJIIOTOBUX, TaK 1 MU(POBUX
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MOJYJIIOIOUMX CHTHaiB. BiadineTpoBaHWil CHTHam BHU3HAYUTHCA TaKUM
BUPa30M:

S,(F)=[AF-f,)-H (F-f)+AFf+f,)-H_(f+f)]. (1.9)

Slkmo x MiHIMHWA MOAYIATOP MICTUTH TiNBKHU MIiCIISAMOMYISLIHHUN
cmyroswuii himeTp (puc.1.3a), To

s(t)=[a(t)-c(t)]+ hg(t) (1.10)

ne hg(t)- iMmynbcHa XapakTepuCTHKa CMyroBoro (¢inbTpa, a
BiJINIOBiIHE TIepeTBOpeHHsI Dyp’e Hajae HACTYITHE:

S, () =[AM)*C(D)]- Hg () =[A(F - fo) + A(f +1,)]- Hg () (1.11)

AMIDTITYAHI ~ CHEKTpH CHTHANIB 3  TEePeAMOAYIAMIHHOK i
MOCTMOAYIIALIWHOIO (inbTpamieto 3a Bupazamu (1.9), (1.11) exBiBasieHTHI,
SIKILIO:

S1(f)=Sz(f),

a6o
[HL (F - fo) + HL(f +fo)]= Hg(f) (1.12)

3 (1.12) BUXOUTH, II0O YMOBa €KBiBaJEHTHOCTI 33J0BOJILHSETHCS,
skio Hg(f) — mepemaBanmbHa ¢yHKINS cMyroBoro (igbTpa Taka K, SIK
nepenaBaibha ¢yukiis Hy (f) ®HY, ae 3Mimena rmo 4acToTi TAKMM YHHOM,
100 11 eHTp PO3TaIOBYBaBCsl Ha HECyYiil 4acTOTi. J[ist BUKOHAHHS YMOBH
ekBiBajieHTHOCTI CP MOBMHEH MaTH MepeaBajbHy (QYHKIIIO CUMETPHUYHY
BIJTHOCHO HECYYOi 4aCTOTH. BUCHOBKH 111010 €KBiBAJIEHTHOCTI CMYTOBOTO i
HU3bKOYACTOTHOI'O KaHAJIIB KOI'€PEHTHOI'O MpHiiMaya MPAaKTHYHO TOTOXHI
[2].

Ane, HEOOXIHO BIAMITHTH, 110 3MEHIICHHS CMYTH 4YacTOT ILISIXOM
HU3bKOYACTOTHOI  (pimbTpallii MOKEe CYIPOBOJIKYBATHUCS 3’ SBJICHHSIM



11

JOJATKOBOI MIKCHUMBOJIBHOI iHTepdepeHLii i, BIAMOBIIHO A0 3pOCTaHHS
HAMOBIpHOCTI OITOBOI TOMUIIKH.

Sk BimoMO MiHIMangbHE 3HAYEHHS CMYTH TIPOITYCKaHHS U
BUKOHAHHS YMOBH BIACYTHOCTI MIDKCHUMBOJIBHUX CIIOTBOPEHb HaJae
Teopema HalikBicTa: SIKIIIO KOPOTKI CHHXPOHHI IMITyJIbCH TEpEeNaloThes 3
9aCTOTOI0 HMOBTOpEHHS f;, CHMBOJIB B CEKyHIy depe3 KaHal, SKHH Mae
iTealbHy TPSAMOKYTHY YaCTOTHY XapakTEPUCTHKY 3 YacTOTOIO 3pi3y
fy=fs/2, To BigKIMKKM Ha i IMIOYJIbCH MOXHA CHOCTEPIraTH HE3aJIEKHO,
TOOTO 6€3 M’k CHMBOJIBHUX CIIOTBOPEHB.

JInst cuHTe3y KaHaIy 3 MPSIMOKYTHOIO YaCTOTHOIO XapaKTEPHCTHKOIO
1 HSCKIHUCHHHMM 3aTYXaHHSM 3a MEKaMU CMYTH MPOITyCKaHHS HEOOXITHO Y
GinbTpi 3aCTOCOBYBAaTH HECKIHYEHHY KUIBKICTH JIaHOK. Jlo TOro *X cmaj
OIYHMX TENIOCTOK IMITYJIbCHOI XapaKTEePHUCTUKU ISl TAaKOTO (ibTpa CTa€
Jy’Xe TOBUIBHMM, MO MPU3BOAMIO O 10 HENPHUITyCTHMOTO 3POCTaHHS
M1KCUMBOJIBHUX CIIOTBOPEHb TIPU OYAb-SIKUX HETOYHOCTSIX y (inbTpamii
Ta CHMBOJNBHIM CHHXpOHI3alii (3Ha4eHHS WMOBIPHOCTI ITOMHUIIKOBOTO
npuiiomy oxHoro OiTa Py, HabmmKkanocs 6u o 0,5).

ToMmy, Ha TpaKTHIi 3aCTOCOBYIOTH (UIBTPH, SIKi 33JOBOJILHSIOTH
Teopemi HaiikBicTa mpo dacTkoBy cuMmeTpito. YacToTHa XapakTepUCTHKA
Takux (QUIBTPIB CUMETPUYHA BiTHOCHO 4acTOTH HaiikBicTa, 10 CyMiCcHO 3
NiHIHOI (DAa309acTOTHOIO XapaKTEpPHCTHUKOI 3abe3rnedye mnepenaqy 0es3
MI>XCUMBOJIbHUX CIIOTBOPEHb.

Opniero 3 (QyHKIiA, MO 3370BONBHAE Teopemi HaiikBicTa mpo
YaCTKOBY CHUMETPIIO 1 HalJacTilie BUKOPHCTOBYETHCS TPH ampOKCHMaIii
YacTOTHOI XapaKTEPUCTHKUA KaHaly € (YHKIS MiJHECEHOTO KOCHHYCY.
AMIUTITYJHO - YacTOTHA XapaKTEPUCTHKAa TaKOI'o KaHATy BHU3HAYAETHCS
BUpasom [2]:

1 OScoSM
Ts
H(jo( = {cos? E{Q—M} B ) B
4o Ts Ts Ts
0 >7t(1+a)
Ts
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ne Ts — TpuBamicTh CHMBONY, O — KaHaIbHUH KOeQillieHT
3akpyrieHas. [Ipu o=0 ¢opmyeTbess GiAbTp 3 MPSIMOKYTHOIO 1/1€aIbHOIO
YaCTOTHOI0 XapaKTePUCTHKOI 3 MIiHIMAJIBHOIO CMYTOIO IPOITYCKaHHS
fn=1/(2T;), T06TO (inBTP, sIKMHi HEMOXIMBO peamizyBatu. Ilpu 0=0,5
BiZOyBa€ThCS pO3IIUPEHH CMYTH npoityckanHs Ha 50%, y To# yac sk npu
o=] mupWHA CMyTH TPOIMYCKaHHS y JBa pa3u Ounbla 3a MiHIMaIbHY
TEOPETHYHY CMYTY.

Teopernuno Ha uwactoTti f=(1+o)fy 3aTyxaHHs QinbTpa HECKIHUCHHO
Benuke. Ha mpakTuii 3aTyxaHHs, sK MPaBHJIO, 3a1aeThes Ha piBHI 20...50
b B 3aJeXHOCTI BiJl piBHS 3aBaj Bif CyCiIHBOTO KaHATY.

[MponemoHcTpyeMo miepeBary migxoay ekBiBaieHTHoi HY dinbrpamii
JUTSL CHCTEM 3 BiJIHOCHO HU3bKOIO IBUIKICTIO TIEpEAaBaHHs OITiB.

[IpumyctrMo, 1m0 HEOOXiMHO CHPOEKTYBAaTH JIHIMHMNA MBIMKOBHA
MoaynsaTop At mBuAKocTi mepenadi f=1/T—=10 k6it/c. Moaymowunit
curHan mnojaetscst y ¢opmati NRZ 6e3 mocTiiiHO ckiamoBoi, yacToTa
Hecyyoro konuBaHHsA 2000 MI'n, nomycTuMe po3MIMPEHHSI CMYTH 4acTOT
30% (TobOTO, BU3HAYAETHCS YACTOTA, HA SAKiM 3aTyxaHHs (inbTpa cTaHe
piBaum 30 1b).

Monynsitop pearizoBaHo 3a JIOTIOMOT 01O 3MillyBayda
(mepemHoXxyBaua) 3 mepenmonyisniiaum ®HY y mepmomy BapiaHTi i
nicisamonyisininumM CO y npyromy BapiaHTi. 3HadeHHS KoediLieHTa
3aKkpyriieHHS piBHAETbCA o =0,3, OCKinbKH JonmyckaeTbest 30% po3mmpeHHs
CMYTH 4aCTOT.

Ha puc. 1.4a, 1.46 300paxeHi 4yacTtoTHi xapakrepuctuku OHY i
cMyroBoro QijabTpa, ki 3a10BOJBHAIOTH TeopeMi HalikBicra.

H(f)

0db

-30 db -30 db

} n
fn=5kl'u 6,5 kl'y £, &l 1999,995 M 2000 MI'm  2000,005 MI'ig £, My

a) 0)

Pucynok 1.4 — AUX ¢opmyrounx ®HY Ta cMyrosoro ¢inasTpis, 1110 3a{0BOJIBHAIOTH YMOBI
nepenadi 6e3 Mi>KCHMBOJIBHHX CIIOTBOPEHb
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3HadyeHHs1 CMyrW TpomyckaHHsi 3a piBHeM -30 ab gma OHY
(puc.1.4a) piBHsETBCS:

f =(1+o)fy =(1+w)2T = (1+0,3)-5=6,5[6Ad].

Hnst emyroBoro ¢inerpa AUX, BiAMOBIAHO A0 MTPOBEACHOTO aHAII3Y,
BiII3epKAITIOEThECA BimHOCHO dacToTd Hocis 2000 MI'tp (puc.1.4 6). Ha
AUYX ¢inbTpiB Takox BiIOOpaXXeHO Mil0 aMIUTITYAHOTO KOPEKTOopa THITY
X/sinx.

Hns  mepemawi 06e3 MIKCHMBOJNBHHX CIIOTBOPEHb HEOOXiTHO
3a0e3MeYUTH JHIHHICTh (Aa304acTOTHOI XapakTEPUCTUKH (QiNbTpiB. AJe,
it HaBegeHoro C® MpakTUYHO HEMOXJIMBO peajli3yBaTH JIHIHHY
¢dazovactoTHy xapaktepuctuky. Kpim TOro, Oymp-sike 3MilICHHA
neHTpanpHOi  wactotn  ¢imsTpa (2000 MIm) npu3BOgUTH IO
HETPUITYCTUMOI acuMeTpii. Y Tol ke yac exBiBanenTHHH OHY Moxe OyTtn
pealri3oBaHO BiIHOCHO MPOCTHMH 3aC00aMH SK aHAJIOTOBOI, TaK i HU(POBOT
00pOOKY CUTHAITIB.

Tomy 3a ocHoBY ans moOynoBu monyistopa BPSK obupaerscs
BapiaHT 3  MEpPeAMOAYJHILIHHOI  QimbTpamielo 3a  JOMOMOTOI0
exsiBaslenTHOro ®HY Haiikgicra.

1.2.2 CrpykrypHa cxema mogemy BPSK

Ha mincraBi mMomenmi kaHamy 3B’S3Ky 3 BHKOpUCTaHHSM BPSK
(puc.1.1) BU3HAYMMO CTPYKTYPHI CXEMH MEpeaBalbHOTO 1 MPUAMAIBHOTO
TPAKTiB i BU3HAYMMO OCHOBHI 3a/1a4i, sIKi BAHOCATHCS] HA MO/ICITIOBAHHSI.

Sk BumnIMBaEe 3 TONEpPEAHBOro aHalizy, pamiocursan 3 BPSK
MOIYJIALIED  (DOPMYEThCS  LUISXOM  IEPEMHOXKEHHS  ITOCIIIJOBHOCTI
nuppoBUX JaHWUX 1 TapMoHIYHOI Hecydoi. Jlnms 3a0esnedeHHs mepenadi
iHpopmanii B KaHam 3B’SA3Ky 0e3 MIDKCHUMBOJIbHOI iHTepdepeHuii
HEOOXiZIHO JUII  MOJYJIOIOUOi  TIOCHIJIOBHOCTI  3acTocyBath  (iIbTp
Haiiksicra.

BignosigHo B crpykTypHid cxemi Mmoamynstopa BPSK, sxa Oyne
BUKOPHCTOBYBAaTHCS IIiJi Yac MOJCIIOBaHHSA HEOOXIIHO IepeadadunTH
reHeparlito BXiIHUX MU(POBUX JaHUX, IepeTBOPEHH: iX 10 ¢popmary NRZ
1 HoAasbIry 00pPOKY MOIYNIOIOUOTO CUTHAITY Y hopMytodomMy (GiIbTpi.
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Ane, mig wac peamizanii ¢inerpa HalikBicTa HeoOXinHO BpaxyBatu
TOW QakT, mo Takii 00poOwi mimisraroTe iHQopMamiini OiTH K Yy
nepenaBaIbHOMY, TaK i B IPHHMAIbHOMY TpakTax. ToMmy, SIKIIO TO3HAYUTH
nepenaBanbHy GyHKIi0 GineTpa Haiiksicta (Bupas 1.13) wepes Gy, To, K
B IepelaBajlbHOMY, TaK 1 B MNPUAMAJIBHOMY TpaKTax HEOOXiTHO
peanizyBati oxHAaKoOBi ¢inbTpu 3 mnepemaBadbHuMH GyHKIIIMHA Gy(f)=

G/(f)=yGn(f). 3 (1.13) Buxomurh, WO NepeAaBalbHA (QYHKIIA
¢hopMyrodoro QibTpa MOIYIATOPA BUSHAYUTHCS SIK

1 Os|f|s(12_?:)
o Ts n(1-a) (1-a) (1+a)
IHGH | = cos {4a[zﬂ|f| Mo } 9 < X0 (1.1
0 |f|>(1+_°0
2Ts

Taxwuii GinbTp BiOMUIA SIK KOpiHb KBaIpaTHUH 3 ¢dinbTpa Haliksicra i
no3HavaeTbes K v RC .
IMITysTbCHA XapaKTepUCTHKA TAKOTO (LIbTpa BU3HAYAETHCS SK:

gt(t)=gr(t)=%~%~sin{2n(1—a)i}+
4o.-t

Ty
iy
b (1.15)
+i . Lbz . 003{27[(14- a)i}.
4 [4a -t Ty
1_
Ty

Ha mnpakrtumi ¢opmyrounii  ¢inerp HaiikBicta peani3yerbes sk
mudposuil GinbTp 3 KiHIEBOIO iMITyJbcHOIO Xapaktepuctukoro (FIR -
¢binbTp) Ha miACTaBl JTiHIA 3aTPUMKH Ta CyMaTOpiB.

Sx nmpaBuno, B cyyacHid amaparypi 1nmdpoBa  (dinbrparii
BHUKOHYEThCS 3a gonomoroto Tak 3Banoi DSPH (digital signal processor
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hardware) amapatypu, sika nepenbauae 3acTOCyBaHHS LHH(POBUX METOIIB
00poOKH CUTHAJIIB 13 BAKOPUCTaHHS IM()POBUX CUTHABHHUX MPOLECOPIB.

OmauM 3 TakuX THIIOBUX METOMIB IH(poBOi 0OpOOKH € omeparris
TepeANCKPETH3AITii.

Iepeauckperusarris (resampling) — 1ie 3MiHa YacTOTH AUCKPETH3AIIIT
TUCKpEeTHOTO  (Halwacrtime  IU(POBOTO0)  CHTHANY.  AJTOPUTMH
MIEPEeTUCKPETH3aIlli IIMPOKO 3aCTOCOBYIOTHCA TIiAl Yac 0OpOOKH 3BYKOBHX
CHUTHAJIiB, pa/IilOCUTHANIB 1 300paKeHb.

Bigniky curHamiB, 10 BiJNOBiAIOTh HOBOMY 3HAYCHHIO YacCTOTH
JMUCKpeTH3alii O0YHCIIOIOTHCS BXKE 3 BITIKAMU, SKi Oy/lH OTpHMaHi, 1 He
HeCyTh HOBOI iH(opmarii. IIporiec MiABUINEHHS YacTOTH ITUCKPETH3ALil
HA3MBaIOTh IHTEPIIOJIAIIEI0, 3 TOHWKEHHSI — ISITUMAIII€l0.

[lepenuckpern3amiss Moke OyTH SK aHaJOrOBOIO, KOIMH 3
MiBUIICHOK YacTOTOK OepyThCS BIAIKM IMOYATKOBOTO CHUTHANY, TaK i
OUQPOBOI0 KONHM BXKE MK ICHYIOUMMH BiJUliIKAMH  BCTaBJISIFOTHCS
JIOJIATKOBI, 10 PO3paxoBaHi 3a JOMOMOK iHTepmofsiii. [Hmuit crocio
OTPUMAaHHS MMPOMDKHUX BiIUTIKIB 3aKIIOYA€THCS Y BCTABJICHHI HYJIHOBHX
BIJUTIKIB MK ICHYFOUMMHU, IICJIS YOTO IMOCIIJOBHICTh MiAjisrae mudpoBii
¢inprpanii. B anamoroBo-unpoBoMy MepeTBOPIOBaUi BUKOPHUCTOBYETHCS
aHaJIOTOBA MEPEIUCKPETH3Allis, a Y UG PO-aHATIOTOBOMY TIepETBOPIOBAY] —
ugposa.

IneanbHa iHTEpHONAIiS JO3BOJSE TOYHO TOHOBHTH 3HAYCHHS
CHUTHAJIy y NPOMDKHUX Bimmikax. CTaHZapTHUI adropuT™M iHTEPHOJIALI]
CUTHAJTY 3 IUTHM KOe(iI[iEHTOM 3aKII0YAETHCS Y HACTYITHOMY'
1)BinOyBa€ThCsl BCTaBKa HYJLOBHUX BIJUTIKIB Ha MICI€ BIJUTKIB, SKi
HEOOX1THO O0YUCIIUTH
2) ¢dinpTpanis curHay mu@poBUM (QUTBTPOM HIDKHIX YacTOT, JUIS TOTO
100 YCYHYTH CHEKTpallbHI CKJIaJlOBI CHTHAIY, SIKUX 3aBiloMO He OyJo y
BXIJIHOMY CUTHaJI 3TiJIHO 3 TeopeMoro KoTenbHrKOBa

B aHrmomoBHiii TexHiYHIN JiTeparTypi Iepmuii 3 IUX eTamiB
no3HayaeTbess TepMiHoM upsampling (imkomu tepmin upsampling B3arani
BUKOPUCTOBYIOTh SIK CHHOHIM iHTeprnioismii). [linm wac mporpamHoi
peamizanii iHTepnossWii HYJIHOBI BiUIIKM HE NPUUMAIOTh YYacTi Yy
0o0YMCIIeHH] BHXiZHOTO cHrHamy QiTbTpa, IO JO03BOJIE ONTHMi3yBaTH
MPOLIEC OOYUHCIICHHS.

Konu nepeauckpeTusaiiisi BigOyBaeTbCcs Ha YacTOTI, sIKAa y JCKiIbKa
pasiB  mepeBMLIy€ 3HAYCHHS YaCTOTHHM JUCKpETH3alii 3a TeopeMolo
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KotenpHrKOBa, TO BUKOPUCTOBYIOTh TEPMiH NEpAUCKPETH3ALIIS 13 3amacom
10 YacToTi (aHIJIOMOBHUIA TepMiH - oversampling).

3acTocyBaHHS TaKoi MEPAUCKPETH3AIlIl HaJla€ HACTYIIHI ITepPBary:

— MOKJIUBICTh BUKOPHCTOBYBATH OUIBII MTPOCTUH aHATIOTOBUH (iIbTp
JUTSI 3aI100IraHHs HaKJIaJaHHS CIICKTPIB TUCKPETH30BAHOTO CUTHAITY;

— MOKJIUBICTh BUKOpHUCTOBYBAaTH ALIIl 3 MEHIIIOIO pO3PSAHICTIO.

Takwmif ke TiaXix BUKOPUCTOBYETHCS 1 U1 TIOHOBJICHHS CUTHATY 10
Horo BimiKaM Ui CHPOLICHHS aHAJIOTOBOTO (iibTpa MOHOBICHHS a0o
PEKOHCTPYKIHHOTO (QiIbTpa

[lepenuckpernsamist i3 3armacoM IO YacTOTI 3aCTOCOBYETHCS IS
ciportenns peamizamii [AIT i ALIL [ificHo 11 aHaJIOTOBO-ITUGPOBUX
cucreM Ha Bxomi AIIIl i1 Buxomi IIAIl HeoOXiZHO BCTaHOBIIIOBATH
aHanoroBuil QineTp 3 miHiitHOI AUX y pobodoMy [iama3oHi 4acToT i 3
PI3KHM CITaIoM 3a HoT0 MeXKaMHU.

Peanizanis Takoro (uibTpa AOCTaTHBO CKiagHa. Lle MOsSCHIOEThCS
TUM (aKTOM, IO CIEKTP JUCKPETH30BAHOTO CHTHANTY MAae€ MepioguyHHi
XapakTep, TOOTO B HbOMY 3’ SIBKSIFOTBCS 13€pKajIbHI BiIOOpaKEHHS CIIEKTPa
HEIMCKPETU30BaHOTO CUTHATY Ha TapMOHIKaxX 4acTOTH JUCKpETH3alli, SKi
HEOOXIHO MPHUIYIIUTH. Y TOW e dYac MiJg dYac 30UIBLICHHS 4YacTOTH
MUCKpeTH3amii J3epKainbHi BiOOpaXKEHHS CHEeKTpa Ha TapMOHIKax
BiJICYBaIOThCS Bijl CIEKTPa OCHOBHOTO CHTHAY.

[amuMu cimoBaMu, KOJIM MIXK BIJTIKAMH BCTaBIISIOTHECS J01aTKOBO K
HYJIiB, TO TIOYATKOBUI CIEKTp MPOCTO TMOBTOpIOEThCss K pasiB Ha
rapMOHIKaXx HOBOI YaCTOTH AWCKpeTH3allii. Ane npu 30UIbIIeHIH 4acTOTH
Il CKJIaJIOBI pO3TAIlIOBaHI 3HAYHO JaJii IO YacTOTI BiJ CIIEKTPa OCHOBHOTO
CUTHAITy, 1[0 CYTTE€BO 3MEHIIYE BUMOTH JI0 KPYTH3HH CIaJy YacTOTHOI
XapaKTepUCTUKH (DiTbTpa.

Jpyra nepeBara nepencKpeTH3ailii i3 3a1acom 1o 4acToTi MoJIsIrae y
TOMY, IIO MIOMHJIKM KBaHTYBAaHHS 1[0 PO3MOJUTIOTECS M0 YChOMY CIIEKTPY
CUTHAITy, 1[0 KBAHTYETHCS , MiJ Yac 30UIBINCHHS YAaCTOTH JUCKPETH3AIlil
NEePepO3NOAUIIOTECS 1O 3HAYHO MIMPINIA CMy31 4acTOT, IO 3MEHIIYE
NIyMH KBaHTYBaHHS JIIsi OCHOBHOTO CHTHaly. Big3Hadaerbes 1o
301IBLIEHHS YacTOTH MAMCKPETU3alii y/ABIUlI 3MEHIIye piBEHb IIyMiB
KBaHTyBaHHs Ha 371b.

Towmy, micis rereparii BXiJHUX JaHUX Y BULJISAL HU(POBUX BIIJIIKIB,
B MOJIEJIi KaHaJly IPOIOHYETHCS peali3yBaTH ONEPalliio MepeaucKpeTH3aril
13 3anmacom 1o yactoti. [lopsaok mnepenuckperusauii NPUHHATO PiBHUM 8,



17

110 O3HaYae, 0 HOBA YacTOTa AMCKpeTH3alii y 8 pa3iB Oinblia 3a 4acToTy
CJTiIKyBaHHS UQpPOBHUX BUOIpOK CUTHAaIy. Peanizyetbcst
MEPETUCKPETH3AIliA [UIIXOM BCTAHOBJICHHS 7 HYJIBOBHX BIUTIKIB TIiCIIA
KOXKHOTO iH(pOopMariiftHoro OiTy.

BignosigHo m0 ¢inbTpa HAAXOAWTH BXKE MNEPEAUCKPETU30BAHUI
CUTHaJ, Ha BHUXOHI QinmbTpa GopMyeThcsi BiAUIBTPOBaHUI CHUTHAT ¥y
BHTJISII IU(PPOBUX BiIUTIKIB.

Hns peamizanii 6e3mocepenubo (azoBoi momynsnii y 3minryBadi,
AKHI pearizye QYHKIII0 MepeMHOXyBada, HEOOXiIHO MEepPeTBOPUTH CUTHAI
Ha HOTO BXOJi JI0 aHAJIOTOBOi (POPMHU 3a ITOTOMOTO0 IH(PO-aHATIOTOBOTO
nepetBoproBaua (LIAII). Pe3ynbpTyrounii curHan micisi mepeMHOXyBayva i €
CUTHAJIOM SIKUH MepeacThCsl Yepe3 KaHam 3B’ 3KY.

BinmoBigaa ctpykrypHa cxema moxymstopa BPSK curnamy, sxa
BHOpaHa 3a OCHOBY JIJIsl MOJIEITIOBaHHS 300pakeHa Ha puc.1.5.

/\/7
Teneparop b(t) CDOp‘MyIO‘[HH Ludpo-ananorosuii Cayrosuit
A ¢bineTp | mnepeTBOprOBaY diTBT
A nepeaasaya (LLAIT) p
Ccos2nfot

Pucynok 1.5 — CtpykrypHa cxema moayistopa BPSK curnamy

Posrnstnemo Ounibln fgeTanbHille CTPYKTYpHY CXeMy NpUIMAaIbHOTO
TPaKTy 1 BU3HAYMMO OCHOBHI 3ajaui, sIKi HEOOXIJHO BiOOpPa3UTH B MPOLIEC]
MO/JICIIFOBAHHS.

CTpykTypHa cxema IpHHMalbHOTO TpakTy i merony BPSK, ska
MPOTIOHYETHCS JIJIsl MOJIENTIOBaHHsI, 300pakeHa Ha puc.1.6.
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T

AHaNOroBo-

1(t) CMAy]-OBy[ﬁ OHY |l uud)pm;y[ﬁ.

GbinsTp neptTrOpIoBad

(ALIT)
Kcos2mfot
Cbnp_my-}.olmﬁ dazorwuii Toporosuii “ob()
d)]f,lh[p KOMITEHCATO npucTpiii "
npuiiMada

Pucynoxk 1.7 — CtpykTypHa cxeMa NpHUHMalbHOTO TPakTy A MeToxy BPSK

Ha mpuitmansHoMy Oomi TpUHAHSATHI aHTEHOIO CHTHAI, TO-TIepIIe,
MPOXOIUTh Yepe3 CMYToBUH (PiIbTp, SKWi 3a0e3redye MPUAYIICHHS YCiX
M03aCMYrOBUX 3aBaJIOBHUX CHTHaliB. HacTymHMM KpOKOM BHCTYyHae
NIEPEeHECEeHHs] PalioCUTHAIy /0 OCHOBHOI CMYTM 4acToT. SIK BHIUIMBAE 3
puc.1.6, npu HbOMY BUKOPHUCTOBY€ETHCS CX€Ma KOT'€PEHTHOTO IPUOMY, IS
SKOT Ha MpUAMaTEHOMY 0OIi (JOPMYETHCS TIOHOBJIEHE HECY4Ye KOJIHMBaHHS.
B pesynbraTi nepeMHOXKEHHS MPUHHATOTO CHTHATY 1 TIOHOBJIEHOI HeCcy4ol
micnst @HY yTBOprO€ThCsl cHTHAll B OCHOBHIM CMy31 4YacTOT 3 SIKOTO
HEOOXiIHO BUIUINTH iHPOPMAIIIHY MTOCITiAOBHICTb.

OckinbkH Ha TpUAManbHOMY OOIi 3aCTOCOBYETHCS TaKHd Ke
dopmyrounii uppoBuil QinbTp JRC , IK 1 Ha TepenaBajIbHOMY OOIIi, TO
CUTHAJI 3HOBY HEOOXiJTHO MOAAaTH Yy BUTISAL UPPOBUX BUOIPOK, IS 4OTO
BUKOPUCTOBYETHCS aHAJIOroBO-IM(poBuii mneperBoproBau (ALIIT). [us
BiZI(IIbTPOBAHOTO JUCKPETU30BAHOTO CHUTHATY HEOOXiJHO 0OpaTH TOYKY
CHHXPOHI3alii 1 MPOBECTH Ollepalilo 3BOPOTHY MepeIUCKpeTH3aLlil.

OcTaHHIM KPOKOM € 3aCTOCYBaHHS IOPOTOBOTO IPHUCTPOIO, SIKUH
npuiiMae pillleHHS 32 MPOCTUM AITOPUTMOM: SIKIO 3HAYCHHS BUOIPKH
Oinpie 0, TO MPUMMAETHCS pilIeHHS PO NPUHOM JIOTiuHOI “oguHULI ”,
AKIIO K 3HayeHHsA BHOIpkM MeHme 0, TO NPUIMAEThCS PIMICHHS NPO
NPUHAOM JIOTIYHOTO “HYNS ” .
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Ha Buxoni moporoBoro mpuctporo ¢Gopmyersesi U(POBUIl cHHTAT
N

N
by . SAxmio 3aBagu i mym B cucteMi Mami, To by (t)=Dby (t—1), TOOTO

BUXIJIHUH JEeMOIyJbOBaHMI ab0 pEreHEepOBaHUIl CUTHAN PIBHAETHCS
CUTHAJY JiKepena iHpopmailii i3 3aTpUMKOI0 Ha T (3aTpUMKa B 00JIaTHAHHI
1 TTiJT 9ac PO3MOBCIOHKCHHS PaliOXBHIIb) .

1.3 Peautizauiss nporpamuoro aaropurmy aiasi AWGN kanaiy

OCHOBHOIO METOIO J1Ta00paTOpHOi POOOTH € CTBOPEHHS MOJEI, sKa
BIJINIOBiIa€ OCHOBHUM acmekTaMm peanizaiii mogemy BPSK B ocHoBHii
CMy3l 4acTOT 3 ypaxyBaHHSIM OCOOJHMBOCTEH METOZAIB HU(POBOI 0OpOOKH
CUTHAJIB. 3 METOI0 TNEBHOI'O CIPOIICHHS 3aJayi ITOHOBJICHHS HECY4YOro
KOJINBAHHS, & TAKOX MUTAHHS TAKTOBOI CHHXPOHI3allil He pO3TIISIAI0ThCA.

Ha mepmomy ertami AOCHiIKEHb TOJIIOBHOIO 33/Ja4e€l0 BHCTYIIA€
CTBOpPEHHS MOJENI KaHally 3B’s3Ky 3 ypaXxyBaHHSIM BIUIMBY TUIBKH OL10TO
oryMy — TakWid KaHal B TEXHI4YHiId mitepaTypi Bigomuii sk AWGN
(Additive White Gaussian Noise) xama.

MopentoBaHHsT TPOBOIUTUMEThCS B cepepoBuini Matlab, moBa
NpOTpaMyBaHHSl  SIKOTO  alTOPUTMIYHO ONHM3bKa JI0  MPOTrpaMHUX
ANTOPUTMIB, IO 3aCTOCOBYIOTHCS y HU(PPOBUX CHUTHAIBHHUX MPOIECOPaX,
SKi 3BUYAHO BUKOPUCTOBYIOTHCS JUTsI pealtizalii CydacCHHX MOJIEMIB.

VY BIAMOBITHOCTI /10 MPOBEACHOIO aHamizy Ha puc.l.7 300paxkeHa
0JIOK-CXeMa aNrOpUTMY MOJICITIOBaHHS MOJIEMa.

Jus MonenroBaHHS mporecy Moxynsmii 3a meromom BPSK i
po3paxyHKy #iMoBipHOCTI GiToBOi momuiku (abo BER — Bit Error Ratio)
BUKOPUCTOBYIOTBCSI OCHOBHA MporpaMa i TpH MiANpOrpamMH, MOBHHN
JiCTUHT sAKMX HaBemeHo y momatky A [3]. OCHOBHOIO MpOrpaMor0 €
nporpama bpsk.m.

1.3.1 Onuc ocHOBHOY MporpamMu

[Mo-neprire BBOISATHCS MOYATKOBI JaHi JJIsl MOJIEIIOBaHHS. BBenemo
TaKi O3HAYEHHS:

sr [kOiT/c] — MBHIKICT NIepeiadi CUMBOJIIB;

br [k6iT/c] — mBHAKICTH Niepeaadi iHpopManiiHux OiTiB;
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M| — KiTBKICTh OITiB, 110 MEPEAAIOTHCS 33 OJUH CUMBOJL. SIK BiOMO,
KUIBKICTh  OITiB, IO MEPEHOCATHCS 3a OJWH CHUMBOJ BH3HAYAETHCA
HaCTymHUM BupazoMm: ml=log;M, ne M — ocHoBa o00paHOi cHCTEMH
yuciieHHs. OCKINBKY aHami3yeThes ABiiikoBa (azoBa Maimymsmis (BPSK,
M=2), To 04eBUHO, 110 ISl TAKOTO BapianTy ml=1;

nd — KiTBKICTh MEpelaHUX CUMBOJIB, IS IKUX OyJe MPOBOJUTHCS
PO3paxyHOK WMOBIPHOCTI TOMMJIKOBOTO TPUHOMY 3a OJHY peali3alliro
BUIIAJIKOBOT'O TIpoLiecy (OAWH LUK MOJIEIIOBAHHS);

ebn0 — movaTkoBe 3HAYCHHS €HEPrii, 10 MPUXOAUTHCS HA OIUH OIT
Ey, mo cmekrpampHOi miimpHOCTI mymy No. Sk Bimomo, y mumdpoBux
cUCTEeMax 3B’S13Ky aHAJOTOM BiJHOIICHHS CUTHAI/IIYM, SIKE XapaKTepU3ye
aHaJoroBi CHCTeMH, BHCTymae came mapametp Ep/No, OCKinbku uist
muppoBoi CHUCTEeMH HEOOXiMHO BpPaxOBYBaTH IIBUIKICTh TepeIaBaHHS
iH(hopMaIifHUX OiTiB Yy BU3HAYCHIN CMY31 4acTOT.

IPOINT — mopsimok nepeucKpuTH3ALI.
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PucyHok 1.7- Brok-cxema anroputmy MozentoBanHs Mogemy BPSK
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B TepmiHax anropuTMidHOi MOBH MpPOrpaMyBaHHS CepelIOBHILA
Matlab 6ok BBeAEHHs MOYATKOBHX JaHUX HAaOyBa€ HACTYMHOTO BHUITIALY

[3]:

% bpsk.m

% Simulation program to realize BPSK transmission system
% FAFAAK *Preparatin partr*xxsrrsiriik
sr=256000.0; % Symbol rate

mi=1; % ml : Number of modulation levels
br=sr.*ml; % bit rate

nd=100; % Number of symbols

ebn0=3; % Eb/NO

IPOINT=8; % Number of oversamples

[epmi Tpu psaKH, IO MOYNUHAIOTHCS 3 CUMBOIY %, € KOMEHTapsIMHU
NporpaMu, SKi BH3HA4YalOTh iM’S TOJOBHOI mporpamu bpsk.m, meron
monyisanii - BPSK i, BimacHe, BiIOKPEMIIIOIOTH MiJArOTOBYHME OJOK JUIsI
3aBJlaHHA OCHOBHUX NAapaMETpPiB KaHAIY 3B’S3KY.

[lIBuakicTes TiepenaBaHHS CHMBONIB SI 3amana piBHow 256000
oiT/c, abo 256 kOiT/c, KiIbKICTh OITIB ml, M0 TEPEHOCATHCA 3a OIHUH
pamiocumBoN, SK Oyno Bm3HaueHo, s BPSK piBHS€TbCS opmHMII,
BiMOBiMHO OiTOBa IIBHAKICTE br BHU3HAYAETHCA SK  Pe3yNdbTaT
MePEMHOKEHHSI CUMBOJIBHOI MIBHJKOCTI Ha mapaMeTp ml, 10 y BHMAAKY
BPSK o3Hauae, 1110 0iTOBa MIBUIKICTH PIBHIAETHCS CUMBOJIBHIN ITBUIKOCTI.

KinpkicTh CHMBOIIIB, 1110 MiJIATAIOTh aHAIZY AJIS OJHIET peaizarii
BUIIAJKOBOTO Tporiecy mpuitHaTa piBHOWO nd=100, moyaTkoBe 3HAYCHHS
napametpy Ep/NO=3 1b.

Ockinbkn  po3MIsLmaeTeesi LUQpOBa peamizalis MOAEMy, TO
3aCTOCOBYETHCS OTIepallisl mepeAncKpeTH3aii MuPpoBuX BUOIPOK CUTHAITY
1, BIIMTOBITHO, TIOPSIJIOK MEpeUCKPETH3allii B IPOrpamMi NPUHHATO PIBHUM
IPOINT=8.

Hactynzaum 0110k0M mporpaMu € 3aBIaHHS IapaMeTpiB GOpMyr0doro
¢inprpa Haiikpicra.

Ockinbkn,  Gopmyroumii  QUIBTp  3aCTOCOBYEThCS K Ha
nepeAaBalbHOMY, TaK 1 Ha NpUAMaIbHOMY OOLIi, TO 3aCTOCOBYETHCS (PLIBTP

“kopiHb KBajgpaTHHU ~ 3 QinbTpa Haliksicta abo ¢inetp tuny +RC . s

MOJICITIOBAHHSI BIIKJIMKY Takoro (igbTpa Ha BXIJIHY MOCTIIOBHICTH JaHUX
HEOOXiTHO OOUYHCIIUTH IMITyTIbCHY MEPEXiIHY XapaKTEPUCTHKY QilIbTpa.
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Koebimientn  imMmymbcHOi  xapaktepucTukd  dimetpa  VRC
PO3paxoByIOThca Ha mifcTaBi BUpasy (1.15) 3a momomororo migmporpamu
hrollfcoef(irfn, IPOINT,sr,alfs,1/0)

BinmoBigHo HacTymHHN OJIOK MPOTpaMH Ma€ TaKUHA BUTIIS!
%******************F I Iter I nltlal Izatl 0n***********************

irfn=21;% Number of taps

alfs=0.5; % Rolloff factor

[xh]=hrollfcoef(irfn, IPOINT,sr,alfs,1);
% Tranamitter filter coefficients

[xh2]=hrollfcoef(irfn, IPOINT ,sr,alfs,0);
% Receiver filter coefficients

%*********************************************************

[MapameTrpamu mianporpaMu € KiJbKiCTh JiHIA 3aTpUMKH (imbTpa
irfn, panime BU3HAYEHI MOPSIOK TMEPEIUCKPETH3AIIT IPOINT i
CHMBOJIbHA INBUIKICTH SF, a Takok Koedirient 3akpyrienus alfs.
3HaueHHs1 OCTaHHBOTO I’siToro mapamerpa ¢ynkuii hrollfcoef, sike moxe
npuiiMaTH 3HaYeHHS a0o 1, abo 0, BU3HAYa€ MPHHAICKHICTH QUIBTPaA JI0
nepesaBavya KaHay 3B’ 3Ky (BiAMOBIAHMI TapaMeTp piBHAETECA 1), abo 1o
npuiiMada (rmapaMeTp NpuiHATO piBHUM 0).

Jnst MozentoBaHHS KUIBKICTH JIiHIA 3aTPUMKH TMPHHAHATA PiBHOIO
irfn=21, a 3nauenns koedirienra 3akpyrierns alfs=0.5.

UYacroTa Ha sKkiii 3aryxaHHs ¢inbTpa skHaiimeHme Ha 30 nb Oyme
MEHIITNM MOPIBHIHO 31 CMYT'OI0 POITYCKAHHS BU3HAYUTHCS SIK:

f 5oa,=(1+0,5)-256-10°/2 =1,5-128=192[6Ad].

AMILTITY/IHO-4aCTOTHA i (azouacToTHa XapaKTePUCTUKU
dopmyrouoro ¢inbTpa, 10 OTpUMaHi 3a gomomororo nporpamu hrollfcoef,
JUTSE CHMBOJIBHOI IIBUAKOCTI 256 KOiT/c 300paxkeHi Ha puc.1.8.

SAx BugHO 3 puc. 1.8 dazouyacrorHa xapakrepuctuka (hinbTpa JiHIHA
y cMy3i TporyckaHHs (UIBTpa, MO € HEOOXiJHOI YMOBOIO Mia dYac
peaiizaiii popmyrodoro ¢ineTpa.

Ha puc.1.9 mpencrasiena iMmnyiabcHa XapaKTEpUCTHKA (GOPMYIOUOTo

¢ineTpa+/RC .



Pucynok 1.8 — AMIIIiTY 1HO-9acTOTHA 1 Pa304acTOTHA XapaKTEPUCTUKH (HOPMYIOUOTO
¢dinpTpa HailikBicTa
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Pucynok 1.9 — ImnynbcHa xapakrepuctika ¢popmyroudoro ¢inaprpa Haiiksicra

[Tomani moYMHAETHCS OCHOBHE TLJIO MIPOTPAMH.

BBeieMo HacTyIHI MO3HAYEHHS:

Nl0OP — KiBKICTP IUKITIB MOJIETIOBAHHS;

nod — KiJIbKicTh MepeiaHuX OiTiB;

NOe— KiJBKICTh TOMHJIKOBO JIEKOJOBAaHUX OITIB HAa TpUAMAaNBHIH
CTOPOHI.

st Toro, 1m00 aJieKBaTHO BU3HAYHTH WMOBIPHICHI XapaKTEPHUCTUKU
KaHaIy 3B’A3Ky 3aJaMO KiNbKICTh IMKIIB MOJETIOBAaHHA (KiJBbKICTh
peatizailiif BUIIaAKOBOIO MpOIeCy s mociigoBHocTi 3 100 0iT) 0CTAaTHHO
BEIMKOIO - mpuiiMaemo 3HadeHHss  nloop=1000. [TouaTtkoBi 3HaueHHS
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KUTBKOCTI TepeJaHuX 1 TOMHJIKOBO JIEKOJOBAaHUX OITiB NPUAMAIOTHCS
PIBHHMH HYITIO.

3MiHHY IMKIy [O3HAYUMO dYepe3 iii, a MoYaToK IHKIY 3371a€ThCs
omeparopom for iii=1:nloop. BiamoBiguuii pparmeHt mporpamu HabyBae
HACTYIHOT'O BUTTISITY:
Qp*rxk *rkxkkxStart calculations Heokkkkokokkokokokokeok *
nloop=1000; % Number of simulation loops
noe=0; % Number of error data
nod=0; % Number of transmitted data

for iii=1:nloop
Tino yukny
end
[Ticns Bu3HAUEHHS yCiX 3MiIHHUX MOXHA MPUCTYIHUTH O€3M0cepeIHbO
JI0 CTBOPEHHSI MOJIETi KaHaly 3B’s3Ky 3 BHKOpUcTaHHSIM metomy BPSK y
BiJITOBITHOCTI 3 OJIOK-CXEMOIO alNTopuT™My pHcC.1.7 (TLI0 MUKITY).
[To-miepiie, reHepyeThCsl BUNAAKOBA iH(OpMAaIiiHA MOCIIIOBHICTh
yci eneMeHTH sikoi oOuparoThes 3 ancambmio {0,1}. BxigHi maHi 3amatoTecs

y BUTJISIII BeKTOpa po3mMipHicTio 1*nd-ml 3a momomororo omeparopa:
%******************Data generatiOn***********************

datal=rand(1,nd*ml)>0.5 % rand: built in function.

%************************************************************

MosxirBa peanizailisi MOCHIIOBHOCTI BXIJIHUX JaHUX IOJIAHUX Y
BUTIIAAI TUPPOBUX BiMIIKIB 300paxkena Ha puc. 1.10 (mokazani meprmi
IBAAUATh  BIJUIIKIB, KUIBKICTH BIJUIIKIB BHU3HAYAE€THCA  BIAMNOBIIHHM
orepaTopoM BUBOJY cepenoBuina Matlab).
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Pucynoxk 1.10 - BxizHa nOCIiIOBHICTb JaHUX y BUIIISAL BiJUTIKIB
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HactymHuM KpOKOM € TepeTBOPEHHS OIHOMNOSAPHUX LUPPOBUX
BiJUTIKiB Ha JBOXMOJSIPHY MOCHiZoBHOCTH Y (opmati NRZ (T0OTO piBeHb
JIOTIYHOI ONWHUIN BiamoBimae muppoBoMy BiIIIKY 3 piBHeM +1, a piBeHB
JIOTIYHOTO HYJISl TU(PPOBOMY BILTIKY 3 piBHEM -1):

%******************BPSK ModuIation********************

datal=data.*2-1;.

Pesynbrar mepeTBOpPEHHS TMOCITIIOBHOCTI BXiJHOI ITOCIHIiJOBHOCTI
BiUTiKiB 10 popmaTy NRZ 3006paxkeHo Ha puc.1.11.

Jnist BUBOAY pe3yJIbTaTiB MOAEIIOBaHHS Y BUIIIsLI rpadikis puc.1.10,
puc.1.11 (mocaimoBHOCTI U(PPOBUX BiUTIKIB) MiCIs 3aKiHUCHHS TiJla [IUKITY
3aCTOCOBaHi Taki oreparopu Mathlab:
figure; stem(0:20,data(1:21),'DisplayName’,'data");
figure; stem(0:20,datal(1:21),'DisplayName’,'datal’);.
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Pucynoxk 1.11 — INocninoBHicTh BXiTHUX BifIiKiB y popmari NRZ

Jayi mpoBOAMTHCS oOlepallis MepeaucKpeTu3aliii, a caMe Ha
4acOBOMY IHTEPBaJIi, IO BiJIMOBia€ TPUBAIOCTI OJHOrO OiTa MPOBOJAUTHCS
JT0JIaBaHHS HYJIbOBUX BIJJIIKIB 3TiTHO 3 00paHUM TOPSIKOM JAMCKPETH3AIII.

Omeparist  mepeAnucKpeTn3amii  BHKOHYETbCS 33  JIONIOMOTOIO
nianporpamu oversamp (datal,nd,IPOINT) (momatok A3):

[data?]= oversamp(datal,nd,IPOINT);.

PesynpTar BHKOHaHHA omepanii MepeaucKpeTh3amii s BXiAHOI
nociioBHocTi y ¢popmati NRZ BigoOpakeHo Ha puc.1.12.

CdopmoBaHi BLTIKK y BiIOBIIHOCTI 3 ()YHKIIOHATBHOK CXEMOIO
MOJYJISITOpa MiUIAraloTh 00podui y hopmyrodomy ¢inetpi Haiiksicra. fAx
BIJOMO CHUTHal Ha BHXOAI OyIb-AKOTO (iNnbTpa MOXHA OTpUMATH 32
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JOMOMOTOI0 ~ Omepauii 3ropTKA BXiJHOTO CHUTHATY W  IMIYJIBCHOI
XapaKTepUCTUKU QiIbTpa.
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Pucynok 1.12 — ITocninoBHICT BXiJHUX BiJUIIKIB ITICIIS IepeIUCKpeTH3ALT

Jus peamizarii 3ropTku 3acTOCOBY€eThCsl BOymoBaHa (yHKItisi Matlab
conv (convolution):
%********************BPSK Modulation *kkkhkhkkk *kk*k
data3=conv(data2,xh);.
% *

* k% *k*% ** ** * k% *k %k *k*% *kkkkk*k * k%

Buxigawii curaan dopmyrouoro ®HY y Burasai mocmigoBHOCTI
mupoBUX BIUIKIB, AK pPE3ylbTaT BUKOHAHHS OCTAaHHBOTO OIlepaTopa
300pakeHo Ha puc.1.13.

Pucynok 1.13— Curnan Ha Buxozi ¢popmyrouoro ¢insrpa Haiiksicra

OckinbKy 0e31ocepeIHbO MPOIIEC PaaiodacTOTHOT MOIYJIALIT, a came
MePEMHOKEHHS BiZI(QIIbTPOBAHOTO CUTHATY 3 CHTHAJIOM HECY4Oi 4acTOTH
3IACHIOETHCS AHAJIOTOBUMH 3ac00aMu, TO OTPUMAHHWN CHTHAT y BUTJISI
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u¢poBUX BiUTIKIB HeoOXinHO nogatu a0 LIAIl i el aHamoroBuii cCUrHaN
nmomatd Jgo 3MinryBada. ®Dopma momymrorouoro curHamy micis [[ATT
mokazaHa Ha puc.l.14. Busig rpadika puc.1.14 (ToOTO BXKE peanbHOTrO

aHAJIOTOBOTO MOJIYJIIOIOYOTO CHMBOITY) PEalli3yEThCA TAKUM OIIEPATOPOM:
figure;plot(0:20*IPOINT,data3(1:20*IPOINT+1),'DisplayName’,'data");.

15
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Pucynok 1.14 — ChopmoBanmii curnan ua suxomi [JATT

CdopmoBaHuii curHal BUKOPUCTOBYETBCS I 0O€3MOCEPEIHBOL
MOJYJISIii BHCOKOYACTOTHOI HECY4oi 3 HACTYMHHAM MiICWICHHSIM Yy
Pasio4acTOTHOMY TPaKTi 1 Imepemadero 10 KaHaly 3B S3KY.

Ha mnpwuiiManpHOMYy OOl CHTHaN TiAJMsATae BIUIMBY OLI0TO
rayciBcbkoro mymy - (AWGN) kaHa.

BusnaunMo anroputm BBeleHHA O1IOro IIyMy OO0 HpUHMAaIbHOTO
TPaKTy KaHay 3B’SI3KY, @ TAKOXK BU3HAUYMMO 3B’ 5I30K MIXK HAIIPYTOI0 LIYyMY,
110 JI0JIA€ThCs 10 KaHaiy, i mapameTpom En/No. Enepris, 1110 npuxoanTbest
Ha oauH OIT Ey Bu3HavaeThes 3 cmiBBigHOMeHHs [2,3]:

E,=PT, =5FC [Br- c/6ur], (1.16)

ne P, — noryxkuicts curnany, F=1/T, — 6iToBa MIBHIKICTH
BinoBigHo criekTpanbHy MIUTBHICTS yMy No MOYXKHa BU3HAYUTH SIK:
N, = o [Br/I'u]
0= E T/1 0|, (117)

ne P, — moryxHicTe curHaimy, R — cuMBoibHA MIBUAKICTB, SAKY
MOYKHA IPUAHSITH PIBHOIO CMY3i IPOITyCKaHHS MpHiiMaya.
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Toni noeanyroun (1.16), (1.17) moxkHa oTpuMmaru:

5_(&)5
0 Pﬂ F ,

abo

(1.18)

Ockinekn Ep/Ng 3amaeThes, sk mpaBuiio, B AennOenax, TO MOYKHA
OCTaHHE PIBHSHHS 3aIIUCATH Y BUTJISII:

P R
Pm =_c. W . (119)
10 10

[Ipu MopemoBaHHI TPHUIYCKAEMO, MO0 aMIUTTyAa ITOCIiJOBHOCTI
JAHUX BHMIPIOETHCS y BOJIbTaX, TOMY UIYMOBHI CUTHAI, SIKA JOJA€THCS
JI0 KaHAJIbHUX CHMBOJIIB, TAKOXX TIOBHHEH MaTH po3MipHicTh [BosbT].

BpaxoByroun, mo s 3arajJpbHOTO BapiaHTy 3actocyBaHHs [, Q
MOJIYJISITOPIB, IIYM OJJHAKOBO po3nofiieHui B I Ta Q kaHamax MoaynsTopa,
TO OCTaTOYHO BBEAEMO IIyMOBY Hampyry attn sk

attn=_|=-P. . (1.19)

m

N

B niporpami 11e#i anropuT™ peaizoBaHO HACTYITHUMH OTIEPaTOPaMH:
%******************Attenuation CalcuIation*******************
spow=sum(data3.*data3)/nd;
% sum: built in function
attn=0.5*spow*sr/br*10.~(-ebn0/10);
attn=sqrt(attn); % sqrt: built in function
****************Add Whlte GaUSSIanNOISE (AWG N)************
inoise=randn(1,length(data3)).*attn; % add white Gaussian noise
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B pesynpTari curaaig Ha HU3BKOYACTOTHOMY BXOJi EMOIYNATOpa
PO3TIIIAETHCS K CyMa CUTHAJTy MepeJaHoro uepe3 KaHai 3B’s3Ky data3 i
rayciBcbkoro mymy (AWGN kanan):

datad=data3+inoise;.

C curHanm OCHOBHOI CMYIH 4YacTOT Ha BXOAl JEMOAYIsATOpa 3
BpaxyBaHHSIM IIyMiB  KaHaly 3B’s3Ky, SKOrO OTPHMaHO 3a TaKolo
MOJCILTIO, 300pakeHo Ha puc.1.15.

0 20 40 B0 a0 100 120 140 160

Pucynoxk 1.15 — Cymim currany 3 mryMoM Ha BXOJIi IEMOAYJISATOPA

Ha mnpuiimansHOMY OOl  3aCTOCOBYETHCS Takuii ke (iIBTp
HaiikBicra, sk i Ha mnepemaBaibHOMy Oomi. KoedimieHTn immynscHOT
XapaKTepUCTUKH (iabTpa JRC Busnaueni y mporpami sik Mmacus [xh2].

BipmoBigHo ans 3xiticHenHs (inbTpamnii He0OXiHO aHAJOTIYHO JI0
MOJYJISITOpa  pealli3yBaTh 3ropTKY BXIiJHOTO CHUTHAITY JIEMOJYJIATOpa 3
IMITYJIbCHOO XapaKTEPUCTUKOIO (BibTpa:

data5=conv(data4,xh2);.

Huckpernuii curan Ha Buxoni ¢opmyrwuoro ¢imbTpa (datal)
300pakeHo Ha puc.1.16.
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Pucynok 1.16 — Curnan Ha Buxoai Gpopmyrodoro ¢inetpa HaiikBicra y npuitmaui (data5)

Ane, 3 anamizy puc.1.16 oueBMAHO, MO B TPOIEC] AEMOIYIIALMIT
BUXIJHUX JaHUX HEOOXiTHO BpaxyBaTH 3aTPUMKy IHUCKPETH30BaHOTO
CUTHaJy, SIKa BUHHUKAE 4Yepe3 HASBHICTH JiHIA 3aTpUMKH y LHU(POBOMY
¢biapTpi.

TpuBanmicTh 3aTpUMKH BH3HAYAETHCS JOBXKHHOIO Bekropa [xh].
BinmoBigHO IS KOKHOTO 3aCTOCyBaHHsS (YHKIII 3rOpTKHM conv.m 4Yac
3arpuMkn Bu3Ha4uuThCA K (irfn+IPOINT)/2. Ockinbku 3acTOCOBYIOTBHCS
IBi QYHKIIT conv.m, TO MOBHUM Yac 3aTpuMKH ckiane irfn+[POINT.

Ockinbku micias (opMyrodoro (uibTpa CHUTHAI IIE Mae€ BUIJIAL
NEepPEeIMCKPETU30BAHOTO  CUTHANy, TO 3BOPOTHWH mporec  (ToOTO
1M030aBIIEHHS TEPEIUCKPETH3AITii) [OBHHEH TIOYMHATUCS 3 BIJUTIKY
irfn*IPOINT+1. 1o 3MiHHYy 1T03HauuMO ik sampl.

Tenep, gKmo 3 MOCHiZOBHOCTI Ha BUXOAi (opmyrodoro ¢inerpa
BUJIUTUTH KOKHY 8-My BHOIpKY MOYHHAIOYH 3 TOYATKOBOT TOUKM sampl, TO
OTPHMAEMO JIEMOJYJIbOBAaHUN JUCKPETU30BAaHUM CUTHAI y  BUTJIIII
JIBOXIIOJIAPHUX BHOIPOK 3 YacTOTOKO IMOBTOpPeHHS 256 kOiT/C, sKi
no3HauMMo sk data6:

sampl=irfn*IPOINT+1

data6=data5(sampl:8:8*nd+samp1-1);.

Bigmorigao Ha puc.1.17 300pakeHO MOCIIIOBHICTD JBOXIOJSAPHHUX
JIEMOJTyTbOBAaHHUX BI/ITIKiB.
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Pucynok 1.17 — JleMoaynsoBaHa JBOMOJSIPHA MOCHIIOBHICTh BUXITHUX JaHUX

Cam mporiec hopMyBaHHS JEMOTYITHOBAHOT TIOCTITOBHOCTI y BUTIISI
nupoBUX BIUIKIB, fKa CKiIamaerbes 3 ancamOmo {0,1} peamizyerbes
TaKUM OTIEPaTOPOM:

% xR HAxRRAFFBPSK Demodulation**xkarrkx
[demodata]=data6>0;.

B pesymbrati po0OTM TOPOrOBOrO MPHCTPOID HA  BUXOII
Iemonynsitopa  Oyae  copMmMoBaHa — TMOCHIJOBHICTE Y BHIIIAML
JIEMOJTyTHOBaHHUX IH(PPOBUX BiAIIKIB, SKi CKIIAAA0OThCs 3 aHcambiio {0,1}.

i po3paxyHKy MMOBIPHOCTI IMOMHJIKOBOTO HPUHOMY OJHOTO OiTa
HEOOXiTHO BU3HAYMTH BiJIHOIICHHS KUTBKOCTI IIOMHUIIKOBO MPUHHSITHX OiTiB
JIO 3araibHOT KUTBKOCTI yCiX mepenanux OiTiB.

Jis  BH3HAuYEHHS  KUIBKOCTI  TNEpeJaHuX JIaHUX  HEOOXIJIHO
pO3paxyBaTH JIOBXKWHY BeKTopa JaHux. B Tepminax Matlab Taky omepariito
MOXHa BHKOHAaTH 3a JOMoMororo BOymoBaHoi QyHkmii “length”.
BusHaunMo y mporpami KiJbKiCTh MepelaHMX HaHHX sK 3MiHHY Nod
(number of data).

Po3paxyHOK KITBKOCTI TOMHIIOK TPOBOAMTHECS 3a  HACTYITHUM
anroputMoM. CIIo4aTKy IPOBOJUTHLCS BiHIMAHHS BiJ OTHONMEHHHX OiTiB
mepemanoi  BXimHOI mocmimoBHocTi mammx (data) BigmosimHMXx OiTiB
JIEMOIYJILOBAHOI MTOCIiTIOBHOCTI Ha mpuiiMaasHOMYy 6ot (demodata).

SKII0 TOMUIIOK Ha TPUHMATBHOMY OOIli HE BHSIBIIEHO, TO OTPUMAEMO
HYJIBOBUI BEKTOp JOBXHHOIO ‘“nod” (KUIBKICTh JaHMX). Y BHOAIKY X
3’SBJICHHS IIOMMJIKOBO JIEKOJOBaHUX OITiB, TO OTPUMAEMO BEKTOP
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JIOBXXKHUHOIO “nod” B SIKOMy Ha MO3UINSAX, IO BiINOBIIaIOTh MOMHIKOBO
JIEKOAOBAaHUM OiTaM 3’ sIBIISAThCA 3HaYeHHs +1 abo -1.

3acTocyBaBIIN OMNeEpaIliio BHIIJICHAS a0COMOTHOTO 3HAYEHHS MOYKHA
OTpUMATH BEKTOp, SKWH MaTUMe OJWHWYHI 3HAYEHHS Ha TTOMHIIKOBHX
NOo3MLIsAX. SIKII0 Terep MPOBECTH Omepauilo apu(GMETHYHOTO NOJaBaHHS
yCiX e1eMeHTiB c(hOpMOBAHOTO BEKTOPA, TO OTPHUMAEMO 3araibHy KiJTbKICTh
MMOMMJIOK, SIKI BHHUKIIU IIiJl 9ac AeMOXyJslii. BusHaunMo po3paxoBaHy 3a
TaKMM aJITOPUTMOM KITBKICTh MOMHWIOK SK 3MiHHY “noe” (number of
errors)

[licns mpoBeneHHS 3a3HAaYEHWX IMPOLEAYP MOXKHA PO3paxyBaTH
HMOBIPHICTF TIOMHJIKOBOTO TPHHAOMY OJHOTO 0iTa K BiJHONICHHS
KUTBKOCTI IOMUJIKOBO MPHUHAHATHX OiTiB O 3arajibHOI KUTBKOCTI MepeIanux
oiTiB. B Tepminax Matlab, mocnmigoBHICTE orepariii Taka:

% * * k% * xBit Error Rate (BER)********************
noe2=sum(abs(data-demodata));
% sum: built in function
nod2=length(datal); % length: built in function
noe=noe+noe2;
nod=nod+nodz;
end % for iii=1:nloop
QpFrxxEIIIIXXIIIIFFFOQutput result koo ok
ber=noe/nod;.

TeopeTnunuii BUpa3 naias HMOBIPHOCTI TMOMHIIKOBOTO TPUHOMY
onHoro Oita abo koedimnienta 6iToBoi nommnku (BER) nns AWGN kanary
3 BuUKopucTaHHsM BPSK mnpu ymoBi BiIHOCHOTO KOAyBaHHS IaHUX 1
peaizallii KOrepeHTHOT0 JeTeKTyBaHHs Ma€ Takuil Burisi: [2,3]:

BER gpsik awen = 0,5erfc(\/E,/N,) . (1.20)

Jns 3agaHux y mnporpami Dpsk.m mowyaTkoBHX yYMOB BHBIA
pe3ynbTaTiB, MO0 WMOBIPHOCTI MOMHJIKOBOTO mpuioMy, Oyje
BUBOJIUTHCS TUTBKH JUTS OJJHOTO KOHKpeTHOro 3HaueHHs Ey/No.

Jlns orpumanns rpadiunoi 3anexnocti BER=F(Ey/Ng) HeoOxinHO
CTBOPUTH HOBHUH m-daiin mix Ha3Boro bpsk_ber.m. IlpaktuyHo BiH
NOBTOpPIOE JicTHHT (airy bpsk.m, ane, 3 Mmeroro dopmyBaHHs rpadidHOl
sanexnocti BER=F(E,/Ng) mnepen ocHoBHuM 1ukioMm (omeparop for
iii=1:nloop) cTBOpPrOETHCS 10AaTKOBHUIT ITUKI 32 apameTpoM Ep/Ny |
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3 1i€:0 METO BBOJSTHCS TPH HOBUX MACHBH:
1) ebn0_array — macus 3uadens Ey/Ng Bix 0 10 35 1b 3 kpokowm 1 1b;
2) ber_array — macuB 3naueHb BER, sikuii BU3HAUaeThCs 3a pe3ybTaTaMu
MOJEIIOBAaHHA Ul BianoBigHux 3Ha4eHb Ey/No;
3) ber_array_theory — macuB 3Hauenr BER, skuii Bu3HauaeThes 3
teopetryroro Bupaszy (1.20) mis Bimnosinuux 3ua4eHb Ey/Ng .

BiamnoBigHO UK peasTi3oBaHO TAKUMHU OTIEPATOPAMH:

ebn0_array=0:1:35;

ber_array=zeros(length(ebn0_array),1);

ber_array_theory=zeros(length(ebnO_array),1);

for ebn0_loop=1: length(ebn0_array) ;

ebn0=ebn0_array (ebn0_loop) ;
for iii=1:nloop
Tino yukny
end

Jus BuBogy pesynbraTiB mogo BER HeoOXimHO micisi OCHOBHOTO
UKy BU3HAYUTH PO3PaxXOBaHI MaCUBU IIOMUIIOK, a CaMe:

ber_array(ebn0_loop)=ber;

ber_array_theory(ebn0_loop)=0.5*erfc(sqrt(10”(ebn0_array...
(ebn0_loop)/10)));

end % for ebn0_loop.

I'padixk HEOOXigHO BHWBECTH Yy HAIMBIOTAPU(PMIYHOMY MacIITaoi,
To0TO A5t Koedinienta BER 3acrocyBaru norapudmivamii Macita0, a muis
Ew/No 3acTocyBaru miniiinuit Macmtab y nb. I 1[bOTO 3aCTOCOBYIOTHCS
TaKi ONepaTopH:

h=semilogy(ebn(_array, ber_array,’o’, ebn0_array, ber_array_theory);

set(h,{‘DisplayName’},{‘Experiment’,’Theory’});

legend show.

I'padiuni 3anexxHocti ans1 BER, 1o BUBOIATBCS sIK pe3ynbTaT
MOJICITIOBAHHS 3a 3alpONOHOBAaHUM aJTOPUTMOM, BIIMOBITAIOTH
EKCIIEpUMEHTY (IMOo3HaueHHS SIK '0°) 1 TeopeTnyHomy Bupasy (1.20),
IO JO03BOJISIE OLIHUTH aJIeKBaTHICTb MOJEJI KaHaly 3B S3KYy 3
BUKOpUCTaHHSIM  Meroqy BPSK  ocHOBHMM  TeopeTMuHUM
TIOJIOKECHHSM.

1.4 ExciepuMeHTalIbHa YaCTHHA
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1.4.1 Biakputu cepenosuine Matlab. CTBoputi HOBY THPEKTOPiiO
(manxy) LABS, B siky HEOOXiTHO pO3MICTUTH OCHOBHY IPOTPaMYy, a TaKOX
yci miamporpamu, o HeoOXiTHI 71 MOAETIOBaHHSI.

1.4.2 CkomitoBati (aiin ocHOBHOI mporpamu bpsk.m,, sKuii
3HAXOMUTBCSA Y JOJATKy A METOOUYHUX BKAa3iBOK, 1 TMOBEPHYTHUCS MO
cepenosuina Matlab.

1.43 Bigkputu Ha maHeni iHcTpyMeHTiB  MeHio File 1y
BIIKPHUBLIOMYCSl BiKHI 0OpaTH KOMaHIy CTBOpEHHs HOBoro M-cgaiiry.
BceraButn  cxomifioBaHUH tdaitm  bpsk mo pemaktopa. 306epertu
ckomiioBanuii Qaiin mix im’am bpsk.m y cTBopeniit nupexropii LABS .

1.44 CkomitoBatn y pnomatky A mignporpamy hrollcoef.m, i
MOBTOPHUTHU TIPOLEAYPY CTBOpEHHS HOBOro M-daiimy B aupekrtopii LABS.
daiin 30eperty mia iM’siM, o moBToproe Ha3By (Gyukiii —hrollcoef.

1.4.5 CkomitoBatd y JA0AaTKy A miamporpamy oversamp.m, IIo
BUKOHYE ONeEpaliio MepeANCKpeTH3alii, 1 TOBTOPHTH MPOLEIYPY
CTBOpeHHS HOBOrO M-¢aiimy B mupektopii LAB2.Qaiin 30epertu mifg
iM’sIM, 1110 TIOBTOPIOE HA3BY (DYHKIIIT —OvVersamp.

[licns BUKOHAHHS BH3HAYEHUX MYHKTIB B OCHOBHOMY BiKHI
cepenosuina Matlab yci tpu M-¢aitnn noBuHHI BigoOpasHTHCS Yy IO
noroyHoi aupekropii (Current Directory) — puc.1.18.

Shorteuts (7] Howto Add [7] What's Mew

Current Directory 0 8 X |Command Windov—————————— |
BEE - > |

All Files Type Size  Date Mo

) bpsk.m hetfile 3KB 12.08.1€

) hrallfcoef. m -file 2 KB 12.05.1%

] versamp.m W-ile 1 KB 12.05.14

Pucynok 1.19 — HeoOxinnuii Habip M-gaiiniB y aupekropii LABS5.

1.4.6 YV xomangHiii ctpouni BikHa (Command Window) HaOpatu
Ha3By OCHOBHOI IporpamMu bpsk i 3armycTUTH aHaji3 HATUCKAHHSAM KJIaBiIIi
Enter.

SIKIO CHHTAaKCUYHI MOMMIIKK Y MPOrpaMax BiJICYyTHI, TO HA IUCIUICH
y KOMaHIHOMY BIiKHI IOBHHEH BimoOpa3uTHcs NOTik 3HadeHb BER mms
KOXHOI peaitizaiii BUIaaKoBOI mociigoBHOCTI 3 100 OiT BiAMOBIIHO 10
3agaHoro nukiy nloop i s 3aganoro 3HaueHHs Ep/No.
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1.4.7 3adikcyBatu emopy KONKMBaHb Y KOHTPOJBHUX TOYKAX CXEMHU.
Sk Oyno BHM3HAYCHO BIIOBIMHI JaHI BUBOASTHCA y BHUIIISII TpadikiB 3a
nmoromororo omnepatopiB figure; stem (...), akmo rpadivyHa 3aJeXHICTH
BIJIMIOBila€ AWCKpeTHOMY curHamy, abo  figure; plot (...), sxmo
BiZITBOPIOETHCSI HEMIEPEPBHUIA CUTHAI.

1.4.8. TIoBTOPUTH €KCIIEpUMEHT TP OinbiioMy 3HaueHHI Ep/Ng.=12
nb. Jlns mboro HeoOXiTHO BIAKPUTH TOJOBHY mporpaMy bpsk.m i 3MiHUTH
y OJI011i 3aBaHHs BXiJHHUX [apaMeTpiB 3HaUCHHS apameTpy ebn0=12,

JonatkoBo, I OlIbIIOI  HAOYHOCTI  JeMOHcTpamii  omepamii
nepeAucKpeTu3anii MpoBecTH BHUBIiI MOCJIIZOBHOCTI mepeAMCKPeTH30BAHUX
Bxiinux gauux (y mporpami ne data2) tinbku auisi 1Box ingopmauiiinux 6itis.

Jdasi uboro y OJioni omeparopiB BHBOAY BBeCTH HeOOXiAHI 3MiHH B
onepaTropi BUBOAY:

figure; stem(0:20*IPOINT,data2(1:20*IPOINT+1), DisplayName','data2");
36epirtu 3MiHu y ¢aiini bpsk,m HaTHCKAHHSIM Ha KHOTIKY Save.

1.4.9 Otpumaru rpadivuHy 3aleXKHICTh WMOBIPHOCTI HOMHIKOBOT'O
npuiiomy 6ita (abo koediienra BER) Bin Bignomennst Ey/No.

Jis poro HEOOXiAHO B IOAaTKy A CKomioBaTH nporpamy bpsk ber
1 po3MicTuTH 11 sik M-(haiin y Tiif ke nupextopii LABS (To6t0 B nupexTopii
LABS5 mnoBunHiI 3Haxomutucs dotupu M-daiinmu bpsk.m, bpsk ber.m,
hrollcoef.m, oversamp.m).

HaOpatn y xomanmmiii crpouri bpsk ber i 3amyctutu aHamis.
Pesynbratom pobotu mporpamu BucTynae rpadik samexHocti BER Big
En/No.

Otpumanuii Tpadik TOJAETHCS HE JIOCHTH Y 3PYyYHOMY BHIJISIII.
JiticHO,0cKibKH WMOBIpHICTh MOXKe TpuiiMaTu 3Ha4eHHs Big 0 mo 1, To
Npy aBTOMaTHYHOMY BHOOpi Macimitaly ans oci Y MiHIMajdbHE 3HAUCHHS
HWMOBIpHOCTI  BiJIOBiTae 10 (puc.1.19), mo B mNpuUHIMII HE Mae
¢i3uuHOTO CEeHCy.

ToMy HE0oOXiTHO Ha MaHeNi IHCTPYMEHTIB BiIKpUTH BKiIaiaky Edit i
imiriroBatn KoMauay Axes properties (puc.1.20).
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J Figure 9 A=
Fie Ek Vew et Tods Dwhop Wi Hop »
Dedas  *aa®® ¢ 08/ =0

Tt odea,

Pucynok 1.19 — ITouatkoBuii Bua 3anexuocti BER Big Eb/NO

) [Figure 9 [H]E]E]
Fie [G00) View nsert Tooks Desitop Window Help ]
D g0@Eso

Copy Figure

Colormap,
Find Files

Clear Fire
Clear Cammand Window \

Clear Conmand Histary \
Cloar Workspare ‘

0
10
o

Pucynok 1.20 — Bubip maciirady rpadika

[Ticns  3aBaHTaXeHHS  BIJKPUETBCS  TOJIE,  SIKE  JO3BOJISIE
BCTaHOBIIIOBaTH MacmTa0d rpadiky. HartwcHyrm kHomky Y Axis i
BCTAHOBMTH Jlialla30H 3HAa4YeHb WMOBIpHOCTI 1o oci opauHat Big 0,00001
(10°) no 1. HaruckaHHAM Ha Tode rpadiuHoi 3aJeKHOCTI OTPUMATH
rpadik y 3py4HOMY BUIJIS/I Ui peajbHUX 3HA4Y€Hb OITOBOT [IOMUJIKH.

1.5 3micr 3BiTY

151 CrpykrypHi CcXeMH MOJIYJSATOPIB 1 JEMOIYJSATOPIB, IO
JOCHIDKYIOThCS. biiok-cxema anropuTMmy nporpamu.
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1.5.2 Pe3ynbpTaTti eKcepUMEHTANIBHUX AOCIHIIKEHb Yy BUTIISAL CIIOp
KOJIMBaHb JUII  YCiX KOHTPOJBHHUX TOYOK CXeMH Ta TpadiuHux
3aJIEKHOCTEM.

1.5.3 Jlictusru nporpam

1.5.4 BucHOBKH 32 pe3yabTaTaMH POOOTH.

1.6 KontpoabHi 3anuTanHs

. OcobxmBocTi TUPPOBUX METOIIB MOIYJISAIII.

. ABitikoBa ¢a3osa MaHimymsis. [[oHATTS KOMIUIEKCHOT 0OBITHOI.

. [ToHATTS cCUTHAILHOTO Cy3ip’sl.

. dyHKIiOHANBEHA cxeMa MoaysTopa BPSK.

. OyHKIIIOHAIbHA CXeMa KOTepeHTHOro Aemomayistopa BPSK.

. [lpuznavenus gopmyroyoro ¢insTpa.

. Bumoru 1o dpopmyrodoro ¢inbrpa.

. SIk mporpaMHO peanizyeThes oneparttis Gpinprparii?

. SIKe CTIiBBiTHOIIIEHHS OITUCYE 3B’ SI30K MK BiTHOMIECHHSIM CHUTHAJ/ IIIYyM i
napameTpoM Ey/Ng?

10. SIk BBOAMUTHCS IIyM Y MOJIEII BiIOBITHO /10 3a1aHoro 3HaueHHs Ep/Ng?
11. Meronuka Bu3zHaueuasa BER.

12. Tosicanty Bu3Ha4YeHHs QyHKIIT erfc.

13. INosicauTH CeHe oneparii mepeArcKpeTH3anii y 4acTOTHiH 00acTi.

14. TlpuBecTn emtopw KOIWBaHb JJIs JBOX I1H(POpPMAMIHHUX OITIB [0
MEPEIUCKPETU3AIIIN 1 TCIIS epeIUCKPeTH3allil.

O 0 1O\ LN KW —

2 JIABOPATOPHA POBOTA Ne 6

JOCJIIVKEHHSA KAHAJTY 3B’A3KY 3 YACTOTHO-
HECEJEKTUBHUMU 3ABMUPAHHAMU

2.1 Meta pobotn

2.1.1 OsHalloMuTHCS 3 OCHOBHUMHU AacCIEKTaMU IIPOSBICHHA
3aBMHpaHb Y KaHai 3B 3Ky 3 PyXOMUMH 00’ €KTaMHU
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2.1.2 3a pomomororo EOM ekcnepuMEHTaqbHO BiANpPAlIOBATH
METOANKY MOJIETIOBAHHS YaCTOTHO-HECEIEKTUBHUX 3aBMHUPAHb.

2.2 3aBnaHHS Ha MiATOTOBKY /10 BUKOHAHHS JIA00paTOPHOI po6oTH
2.2.1 Kanax 3 peJieiBCbKUMH 3aBMHPAHHAMHI

Ha Tpaci Bix aHTeHM 0a30BOi CTaHIIIi 0 aHTEHU MOOIIBHOI CTaHIIT
CHUTHAJ MiAJATae BIUIMBY DPI3HOMAaHITHUX TEPEIIKO/A, TaKuX SK JepeBa,
OyxmiBmi, 1HImI BimOWBaKOYl TMOBEpXHi, a BCepelWHi OYAWHKIB 10
BiJI3HAYCHMX MEPEUIKOJ JOJAIOThCS CJIEMEHTH BHYTPIIHLOTO iHTEp €py. B
pe3ynbTaTi, dYepe3 e(ekTH BIOOWTTA pamioXBWIb, TUGPaKIii Ta
PO3CIIOBaHHS YTBOPIOETHCS OaraTonpoMeHeBa KapTHHA PO3MOBCIOKEHHS.
XBWIIS Bl aHTeHU 0a30BO1 CTaHIIT PO3NOBCIOKYETHCA Y BCIX HaMpsAMax, i
JI0 MOOLUTFHOI CTaHII{ 3 Pi3HOI 3aTPUMKOI0 HAAXOISATH OKPIM OCHOBHOTO
e JeKijabKa mpoMeHiB (puc.2.1).

B pesynprari ix cynepnosuuii y Todlli NPUHAOMY 3MIHIOETHCS
aMIUTITy/la CUTHalTy, a Takok Woro ¢asza. nykryarii curHamy 3a
aMILTITY/I010, ()a30f0 Ta KyTOM HAIpsIMy Yy TOYIll MPHUIAOMY TIPU3BOIATH IO
edexTy gKkuil oTpuMaB Ha3By (penunry. OeuHr NPU3BOAUTE JI0 3’ SIBICHHS
YaCTOTHO-CEJICKTUBHUX Ta MIBHJKUX 3aBMHPaHb (PeneiBChKi 3aBMUPAHHS)
AKi TPU3BOAATH IO  HENPUITYCTHMOTO  30UIBIIEHHS  WMOBIPHOCTI
MTOMHITKOBOTO TIpHiioMy a0o koedimieata BER.

[Magaroua N-a xBuJjIs (BiOMTa a00 K pe3y/ibTaT Audpakiiii Ha

MIEPEIKO/I1) IPUXoAUTh 10 aHTeHn MC mig KyToM (9n BIJTHOCHO HAIPsSIMy

pyxy MC (puc. 2.1).

Pucynok 2.1 — LimtocTpariist 6araTronpoMeHeBOT0 PO3IIOBCIOIKEHHS
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PiBHsiHHS Takol XBUIII OyJie MaTh BUTJIS
fo (t) = Re[en (h exp j(2AD)], (2.1)

ne Re[.] o3Hawae milicHy dYacTWHY KOMIUIEKCHOTO 4YHCINA, SKE
penpe3eHTye Cco0OK KOMIUIEKCHY OOBIOHY XBHJ, O[O0 HAAXOIUTH 3

BiamosigHOro Hampsimy, f. - wactora curmamy, mo mepemactecs BC, a

4

e, (t) BusHauaeTsest Takum Bupazom [3]:

27(L, —vtcosb,) N
A

e (t) =Rn () exp J'(— ¢nj =X O+ ya®), (22)

ne L, - noexwuna musixy Big BC B merpax, v - mBuakicts MC B m/c, 4 -
JOBXHHA XBWJII B MeTpax, R, u ¢n - oOBigHa 1 (a3a magaroyoi N-i XBUII,
X, (t) u y,(t) - cundasua u kBanparypua cknanosi €, (t) Bixnosinso.

[lagaroya N-a XBUIIS 3CyBae Hecydy dactoty Ha VCOS6, /A T'u, ueit

epeKkT BiZOMHI SK JONIUIEpIBCHKMN 3CyB. MakcuMmaiabHe 3HAuYeHHS
JIONIIEPIBCHKOTO 3CYBY PiBHSETbCA V/ A, KONM HAmpsAM Majardoi XBUII
30iraerbces 3 HanpsiMoM pyxy MC.

Lle BimoOpakaeTbest y piBHsiHHI (2.3) s npuitaaToi xBuii r(t), sika
€ CHHTE30M YCiX Bi/I3HAYCHUX IaJJaF0UUX XBHJIb.

N N
r(t) = Zrn (t) = ReHZ r, (t)]exp j(27zfct)} =
n=1 n=1

(2.3)
= Re[(x(t) +iy(t))(cos 2af .t + jsin2af t)] = x(t) cos 2af .t — y(t)sin 24~ t,
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N N
e x()= Z Xxp() w  y)= Z yn(t)  xapaxrepusyroTbcs
n=1 n=1
HOPMAaJBFHAM 3aKOHOM PO3IOALTY 3 CepenHiM 3HadeHHsM piBHEM 0 u
qucnepciero o . OYHKINiSE po3MOALTY MITBHOCTI HMOBIPHOCTI Ma€ BUTJISIT

1 X2 +y?
p(x,y) = 2exp[ 2y J (2.4)
2no 20

e x =x(t), y = y().
Okpim TOro, Ta * cama QyHkuis r(t) Moxxe OyTH BH3HAueHa 4epes3
3HAYEHHS aMIUTITYH 1 (pa3u MPUHHATOT XBUIIL:

r(t) = R(t)cos(2A:t + O(t)), (2.5)

ac

R(t)=R=4x°+Vy?, (2.6)

1

3amiHro0un 3MiHHI, MOKHa (2.4) nepeTBopuTH Ha 3anexHicts P(R,6H):

P(R,0) = 1 5 exp{ R® ] (2.8)

2no - 267

InTerpytoun (2.8) mo € Ha npomixkky Bix 0 10 2 i o R Ha iHTepBai
BiJ 0 10 HECKIHYEHHOCTI BiJIIOBITHO OTPUMAEMO:

R R2
p(R) =?9XP(— FJ (2.9)

p(0) :Zi . (2.10)
T
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3 nux piBHSAHb BUXOAWTH, L0 (UIyKTYyawii 0OBiqHOI BiZOyBalOTECS 3a
peNeiBCbKIM pO3MOILIOM, a (pa3oBi QIryKTyarlii piBHOMIpPHI B 3aBMHPAHHIX
Ha TPaci pO3MOBCIOIKCHHS.

Bignosigno no puc. 2.1, MC mnpuiiMae pagioxBuwii 3 KyTOM
HaAXOMKEHHA 0,, 10 po3noiiieHuid piBHOMIpHO, a N — mopsakoBui
HOMED XBHJI, 110 HaaxoauTh 10 MC.

Toni, GaykTyauii 3aBMUpaHb MOKHA MoJaTH y BUDIIs [3]:

r) =x@+j-y(t)=

2 & (m 27 1
= sin| — |cos4 2af, cos| — |t ¢ + ——=co0s(2af 1) |+ (2.11
{ N1+1nZ:l: [NJ { ¢ [NJ} IN, +1 ( d)} (2.11)

Nl
+i iZ:sin M | cosd 2f , cos 2m |
Nl n=1 N]_ Nl

1(N .
e Ny = Sl —1|, fq-9acrora monnepicekoro scysy .

[pu oMy cripaBeIMBI HACTYITHI CITiBBiTHOIICHHSL:

ELX2 ()] = ELy2 (1)] = %

(2.12)
E[X, (1)yo ()] =O.

Anroput™m  (2.11) peamizoBano mignporpamoro fade.m, mnoBHwmii
mictuHr sikoi HaBouThes y Jonatky b.

MexaHni3Mm 1ii peneiBCbKUX 3aBMHpaHb MOYKHA PO3MIAIATH Y JBOX
acreKTax: Io-lepuie, e 3MiHHa Y 4aci MoBeliHKa KaHaly 3B’s3Ky, a IO-
Ipyre, yacoBe poscitoBaHHA (time spreading) abo yacoBa aucriepcis.

OCHOBHOIO 3aja4ero Ii€l J1abopaTOpHiii pOOOTH € JOCHIIKEHHS
KaTeropiil MOTipLIeHHS SKOCTI 3B’S3Ky uepe3 3MiHHY Y 4aci MOBEIiHKY
KaHasry ab0 4acoBy BapiaOeNbHICTh KaHATY.
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JiiicHO, KaHallM, 110 BHUKOPUCTOBYIOTHCS Y MOOITBHOMY 3B’SI3KYy €
HEeCTal[ilOHApHUMHM, OCKIJIBKH PyX IepeAaBada i mpuidMaya MPU3BOAHUTH B
pe3ynpTaTi 10 3MiHM I[UIAXY pPO3MOBCIOUKeHHA. s mepemaHoro
HENEepepBHOTO KOMWBAHHS Iel e(peKT MPOSBUTHCA Y 3MiHI aMILTITYyau 1
¢azu curHany B npuiiMadi. SIKIIO yci po3cCitodi eleMeHTH, SKi CKIIaJIal0Th
KaHaJ, € CTaliOHaApHUMH, TO TpPH 3YMUHII pyxy amMmIDiTyga i ¢asa
OTPUMAHOTO CHUTHANY OyAyTh 3AJIMIIATHACS MOCTIHHUMH, TOOTO KaHAJ CTa€
HaueOTO CTaliOHapHUM Yy dYaci. SK TiABKM PyX MOHOBUTHCS, MOBEIiHKA
KaHaJy CTa€ 3HOBY 3MiHHOIO Yy Yaci.

Binmosigno, mys Bunaaky MoOiTbHOTO 3B’ SA3KY MPOSBIISIETHCS 4aCOBA
Bapia0enpHICTh KaHally, sIKa BH3HA4Ya€ThCcsl abo Oe3locepeqHbO PyXOM
MOOiTBHOTO a0OHEHTY BiHOCHO TiepeaaBada 0a30Boi cTaHIii, abo
BIIHOCHIM pPYyXOM HaBKOJIMIIHBOTO CEpENOBHINA (HANMPUKIAL, pPyX
aBTOMOOLTIB BiTHOCHO HEMOPYITHOTO a0OHEHTY), M0 MPHU3BOIUTH [0
MOCTIHHOT 3MIiHH Tpac PO3MOBCIOIKEHHS.

[IBuaKicTh 3MiHH PiBHS CHUTHATY YacTO XapaKTEPHU3YIOTh TEPMiHOM
JIOTIIEPiBChKE PO3CiIOBaHHS, SIKE BU3HAYA€E CENEKTHBHUN (3MiHHUIT) y daci
BUTIAJIKOBHI ()a30BHI IIyM Yepe3 BUMAIKOBY YACTOTHY MOAYJIAIIIIO.

XapakTepucTHKa HECTAI[lOHAPHOI MPUPOJM CHTHATY MOXeE OyTH
MpeJICTaBIeHa B OOJIACTI JOMITIEPiBCHKOTO 3CyBYy dacToT. Ha puc. 2.2a
300paskeHa JOIUIEPiBChKa CHEKTpalibHa HIUTBHICTE TOTYXHOCTI (200
JOTITUIEPiBChKU criekTp) S(V) y BUMNIAAI (QyHKIIi Bij AOMIIIEPiBCHKOTO
3CyBY 4acToT v [4].

S(v) [R(AL)|

\ } Ileperopenns Myp’e

fo-fa fo fotfa v At
To

fr, postMpenns crekrpa To=f, vac KorepeHTHOCTI

a) 6)
Pucynok 2.2 — HecramionapHicTh kaHay 3B’S3Ky Y 4acTOTHiH (a) Ta 4acoBiit () obOmactax

Jiss Mozenmi 3 MIUTBHUM PO3MIIEHHSM PO3CIIOYHMX EJIEMEHTIB, 3
BEPTUKAIBHOIO MMPUHMAIOUO0 aHTCHOK 3 TMOCTIHHUM IiJICHIICHHSM,
OJTHOPIIHUM KYTOBHM PO3IOALJIOM BXiJHOTO CHTHAJy IO YCiM KyTaMm B
inTepBasi (0, 2m) 1 HEMOAYJILOBAHMM HEMEPEPBHUM CHTHAJIOM CIIEKTP
CHTHAJIy B TOYIli MPUHAOMY MOKHA TOIaTH 5K [4]:
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1

S() = 2
v—f

., |1-
d f,

PiBHicTh 30epiraerbcss st 3CyBy 4YacTOT, LIO 3HAXOOUTHCS B
iHTepBai +fy B okoJi Hecydoi wactotu fy, 32 MeKaMu I[bOTO iHTEPBATY S(V)
PIBHSIETHCS HYITIO.

3arocTpeHiCTh 1 KpYTICTh CHEKTpa JOIUICPIBCBKUX YacTOT €
HACIIIKOM Pi3Koi BEepXHBOI MEXi JOMNIUIEPIBCBKOTO 3CYBY, SKHI
3YMOBIICHHUH TIEPEMIIIEHHS pPyXoMOi aHTeHHU cepel CTamioOHapHUX
PO3CIIOYHX €JIEMEHTIB B MOJICII IIIJIBHOTO PO3MIIIICHHSI.

Haiibinpma BennumHa (HECKiHYEHICTb) S(V) BiINOBifae BUMAIKY,
KONM PO3CIIOYMI  eNeMEHT 3HAaXOOUTHCS TPSMO TIepell PyXOMOIO
mwiargopmoro aHTeHH abo mo3an Hei. Jlmg Takoro BapiaHTy BenHYMHA
3CYBY YacCTOT MOJIAETHCS TaKOIO (hopMyIoLo:

= (2.13)

V V-,
0

ne ¢=3-10% m/c —mBuaKicTh PO3MOBCIOJKCHHS €JICKTPOMArHiTHUX
XBHIIb, V- BIIHOCHA IIBWJKICTH PyXy MOOUTBHOTO 00’€KTy, fi- poboua
4acToTa.

Sxmio nepenasad i npuiiMad pyxaroThCsl Ha3yCTpid OJHE OJHOMY, TO
3Hauenus fy, momaTHe, a AKIIO BOHU BIIAAISAIOTECS OJHE BiJ OJHOTO , TO fy
Mae BiJI'€MHE 3HAuYCHHS. JSIKIIO pO3CiI0Yi €IEeMEHTH 3HaXOMAThCA Yy
HanpsMKy HEepHEeHANKYISIPHOMY pyXy aHTEHH, TO ISl HUX BEIHMYMHA
YacTOTHOTO 3CYBY PiBHSETHCS HYJIIO.

Le#t momnepiBChbKMII CHEKTp MOXKHA OLIHWUTH LUIAXOM Hepeaadi
TapMOHIYHOTO  CUTHaJy (BY3bKOCMYTOBHM CHTHaJ) 3  HACTYIHHUM
3acrocyBaHHsM Dyp’e — aHaNi3y JUIsI OTPUMAHHS CIIEKTPa MOTYXHOCTI
MPUHHATOT aMILTITYIH.

3HanHs S(V) HaJga€ MOXIMBICTh MPHONHM3HOI OIIHKH BEITHYUHU
PO3LIMPEHHST CIeKTpa AK (QYHKIIT HIBUIKOCTI 3MiHM CTaHy KaHaly.
[upuHa 1OMIepiBCHKOTO CIIEKTpa MOTYKHOCTI f; B TexHIUHIN niTeparypi
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MOJKE MaTH Pi3Hi Ha3BH, 30KpeMa:IONILIEPIBCbKE PO3MIUPEHHS, IIBUKICTh
3aBMHpaHHsI, NIUPUHA CMYTH 3aBMUPAHHS 00 CIICKTPAIBHE PO3IIUPCHHS.

Y 3BHUaliHUX yMOBax 0araTOMPOMEHEBOTO PO3MOBCIOKEHHS
CUI'HAJI HaIXOAMTD 3a JCKIIbKOMA IEPEBIIOMTUMHU IIIISIXaMHU, KOKCH 3 SIKHUX
Ma€ BiJIMiHHI Bij| iHIMUX BiZICTaHb 1 KyT HAaJXOJ/DKCHHs. JlommiepiBChKUiA
3CYB JUIS KO)KHOTO 3 IUX NDIIXiB, SIK MPaBHJIO, pi3HUA. ToMy BIUIMB Ha
NPUAHITAN CUTHAN TPOSIBISIETHCS y BUTIISIII caMe PO3LIMPEHHS TepenaHol
YaCTOTH CUTHAJY, a HE SIK YaCTOTHUM 3CYB.

To0TO, mOIUIEpIBCHKE PO3CIIOBaHHS BH3HAYAETHCS SK IIMPHHA CIICK-
TPy TPUAHATOrO HECYYOro KOJHMBaHHS Yy BHIIAJKy, KOJNU dYepe3 KaHal i3
0araTonpoOMEHEBUM PO3IOBCIOKCHHSIM TMEPEIAETHCSI OJIHE €UHE HEecyde
KOJMBaHHA Ha 4acToTi f. SIKmI0 Mo3HaYMTH MakcMManbHe 3HAYCHHS

JaCTOTH JOILIEPiBCBHKOTO 3CyBY fy, TO uepes mommuepiBchke po3CirOBaHHS

NPUAMAETBCS  «PO3MA3aHU»  CIEKTP  CHIHATY 31 CIIEKTPAIbHUMH
KOMIIOHeHTaMH Mik wactotamu fq—fy 1 fy+fy, ToOTO y cCMmy3i

po3scitoBaHHS f};.

OcCKiNnbKM XapakTepUCTUKH KaHaly 3ajieKaTh BiJl pPO3TALIyBaHHS
nepegaBavya i mpuiiMada, TO 3MiHHa y 4aci INOBEJiHKA CKBiBaJICHTHA
3MIiHHIA TPOCTOPOBIM mMOBeAiHIN. BiamoBimHO dYacoBa BapiaOEIbHICTH
KaHaJy 3B’ 53Ky MOKe OyTH PO3TJISHYTa 1 y 4acOBiif 00IacTi.

Tak, Ha puc. 2.20 300paxena ¢yHkiis R(At) ska Bu3Hauae
MIPOCTOPOBO-YACOBY KOPEJIALINHY (DYHKIIIO: 11€ aBTOKOpPEAIiiiHA (YHKITIS
MIPUIHATOTO CUTHANY 3 NepenaHor cuHycoinor. Oynkimis R(At) Bu3Hauae
CTYIEHb KOpeJsilil MiX BIIKJIMKOM KaHaly Ha CHHYCOily, IO NepeAaHa y
MOMEHT t;, 3 BIIKITUKOM Ha TaKy >k CHHYCOi/y, SIKa Iiepe/iaHa Y MOMEHT t; 1,
BiamoBigHO, At=t,-t;.

3a 1i€r0 3aIeXKHICTIO BBOJAUTHCS TOHATTS 4acy KOTepPeHTHOCTI Ty -
e Mipa O4YiKyBaHOTO 4Yacy, 3a SIKHM XapaKTepHUCTHKa KaHaly CyTTEBO
inBapianTHa. @yHkuis R(At) i mapametp T HecyTb y co0i iHopMariiro mpo
HIBUJKICTh 3aBMUpaHb y KaHami. [ imeanbHOro cramioHapHOrO KaHAly
(nepenasad 1 mpuiiMau abCOOTHO HEPYXOMI) BIJKJIMK KaHATy Oyje Maru
CUIILHY KOpeJsIiio i, BianoBinHo, R(At) sk ¢yHkmis Bix (At) Oyne maru
noctiiiHe 3Ha4yeHHs. {151 BU3HaYeHOT MOJeNi 3 IIUIBHUM PO3TallyBaHHAM
po3cirounx ejxeMeHTiB HopMoBaHa R(At) mae takwii Burisiz [4, 5]:

R(At)=J, (KVAL)
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ne Jo () — dynkuis beccens nepiroro poxy HyJIbOBOTO MOPSAKY, VAt
— npoitnennit nusix, k=2m/A — ¢pa3zoBa 3MiHHA JJIS BUTBHOTO IPOCTOPY.

Hecramionapay npupoay, abo MexaHi3M HIBHAKOCTI 3aBMHPaHb y
KaHaJIi ~MOXHa pPO3MNIAAAaTH 3 TO3UMii KaTeropiii MOTipmICHHA SKOCTI
nepesavi, MO TNPOSBISIIOTHCS Yy BHUIJSAL IIBHIKAX Ta MOBLUIBHHAX
3aBMHPAHb.

Tepmin “mBHAKI 3aBMUpPaHHA  BUKOPUCTOBYIOTHCSI IS  OIHCY
KaHaJIiB, U SIKUX YaC KOT€PEHTHOCTI MEHIIMU 3a TPUBAIICThH MEpeAaHoro
cumBony Ts, T006T0 To<T,. IlIBHAKiI 3aBMUpaHHS OMHCYIOTH YMOBH, KOJH
YacOBHI iHTEpBaJ, y MEXKax SAKOTO MOBEIiHKA KaHATy Ma€ sIBHO BUPayKCHHUN
KOPEJAIINHUIA XapakTep, Majlui TOPIBHSHO 3 YacOM HEOOXITHUM IS
nepesavyi CUMBONY. BinmoBimHO XapakTep 3aBMHpaHb B KaHam Oyze
3MIHIOBATHCS AEKiIbKa pa3iB 3a yac TMepenavi CUMBONY, IO MPHU3BEIE 10
CIIOTBOPEHHS (DOPMH Bi/ICOIMITYJIbCY, a 1Ie, Y CBOIO Yepry, CIPHUSIE YaCTOMY
3’SBICHHIO HEBHIIPABUMHX TOMHJIOK. Taki CIOTBOpEHI iIMIYJIbCH
BUKIMKAIOTh TPOOJIeMH CHHXPOHI3amii 1 TaKoX BHKIWKAIOTh TEeBHI
POOJIEMU JIJIS aJICKBATHOI peatiallii y3ropKeHOro MpHioMy.

SIKIIO K Yac KOrepEeHTHOCTI OLIBIINE 3a Yac MepeaaBaHHs CHMBOIY,
100T0 To>Ts , TO BBaXKA€ETHCS, MO KaHAJ BHOCUTH MOBIUIbHI 3aBMUPAHHS.
st Takoi curyariii, MOJKHa OUiKyBaTH, III0 CTaH KaHAIMy Oy/e 3auIIaThucs
NPaKTUYHO HE3MIHHHUM BIIPOJIOBXK Yacy TepenaBaHHs cHUMBOy. OCHOBHE
TIOTIPIIEHHST SIKOCTI Tepefadi B KaHall 3 TMOBUIBHAM 3aBMHPaHHIM
TIOB’S3aHO 31 3MEHIIICHHSIM BiJTHOIIICHHS CUTHAJI/IIIYM.

HeoOxifmHO BiI3HAYMTH, [0 4Yac KOTEPEHTHOCTI 1 JOMJIEPiBCHKE
PO3IIMPEHHS 3BOPOTHO MPOMOPIIHHI (3 TOYHICTIO JIO TOCTIHHOTO
MHOXHHKa) [4]:

TO 21/ fA,

IO 1 J03BOJISIE PO3IIISAATH JONIUIEPIBCHKE PO3IIUPEHHSA SIK 3BUYANHY
HIBUIKICTH 3aBMHpaHHs B KaHaii. Ha puc.2.2a Ty Bu3HauaBcs sIK iHTEpBal
Yacy BIPOOBXK SKOTO BiJIKIIMK KaHAITy CYTTEBO iHBapiaHTHHH Y Yaci.

Slkmo BU3HAYATH Yac KOTEPEHTHOCTI OLIBII TOYHINIE, a caMme, SK
IHTEpBaJl Yacy BITPOJIOBXK SKOTO Koe(ilieHT Kopensiii Ha MeHmmii 3a 0,5,
TO 3B'SI30K MIXK IIMMH TTapaMeTpaMu HaOyBae BUTIsILY [5]:
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T, =9/(164,).

[IpoBeneHMit aHami3 M0O3BOJISE BHU3HAYUTH KaTETOpii IOTipIICHHS
XapaKTepUCTUK BHACIIIOK HECTAI[IOHAPHOI MPHUPOIN KaHATY SK B 00JacTi
JOMIUIEPiBCHKOTO 3CYBY, TaK 1 Y 4acOBil 00JIaCTi.

B kanani 3B’s13Kky MpUCYTHI IMIBUAKI 3aBMUPAHHSA, SIKIIO IIBUIKICTH
nepenavi cumBoniB 1/T (SKy mpuOIM3HO MOXKHA TMIPUHAHSATH PIBHOIO CMY3i
npomyckanHs W) MeHIIa 3a MBHUIKICTh 3aBMupanb 1/To (1o mpubauzHo
PIBHSETBCS JOMIUIEPIBCBKOMY pO3IIMpPEHHI0). To0TO, MBHUAKI 3aBMUpaHHS
MIPOSIBIISIOTHCS Y KaHai, KO BUKOHYIOTBCS TaKi CITiBBiTHOIICHHS:

W<fy, (2.14)

abo

T, >T,. (2.15)
HaBmaku, B KaHami NPOSIBIIOTECS TIOBUIBHI 3aBMUPAHHSA, SIKIIO
MIBUAKICTh Tepenavi CUTHAJIB Oinblna 3a MBUAKICTH 3aBMUpPaHb. 1T00TO,
o0 YHHKHYTH CHOTBOPEHb CHTHANY, JO SIKUX MPH3BOAATH IIBHIKI
3aBMUpaHHs, HEOOXIJIHO YTBOPUTH KaHAll, KWW MIJUIATac BIUIMBY TUTbKA
MOBUTBHUX 3aBMHpaHb, MO0 1 3a0e3medyeTrbcs 3a pPaxyHOK Oibimoi
HIBUIKOCTI Tepeiadi CUrHATY HOPiBHSHO 31 MIBUAKICTIO 3aBMUpaHsb [4]:

W >y, (2.16)

abo

T, <T,. (2.17)

S

3 piBasgaEg (2.16) MOXHa 3pOOMTH BHCHOBOK, IO IIBUIKICTh
3aBMUpaHb B KaHaJi dYepe3 JIOMILIEPIBChbKE PO3LIMPEHHS BCTAHOBIIOE
HIDKHIO MEXY MIBHJKOCTI Iepefadi CUrHaiy, Jjsl sKoi BiJICYTHI
CIIOTBOPEHHS, SK1 BIACTUBI IIBUIKUM 3aBMHPAHHSIM.

Aute, Ha mpakTuili BUKOHAHHS yMOB (2.16), (2.17) HemocTaTHBO [yist
JOCSATHEHHSI OakaHMX XapaKTEepPUCTHK KaHany. Kpamum Bapiantom Juis
YCYHEHHS IIBUAKHUX 3aBMUPaHb € BUKOHaHHA YMOBU W>>f) (T<<T)).



48

Sxmo 1sg ymMoBa HE BHKOHYETHCS, TO BHUIIaJKOBa YacTOTHA
MOJIYJISILIA, SIKa BUHUKAE Yepe3 3MiHHI JIOIIEPIBCHKI 3CyBH, OyAe CyTTEBO
HOTIPIIyBaTH XapaKTEepUCTUKH cucTeMu. Edexr [loruepa mpu3Boauts 10
9acTOro 3 SBICHHS IOMHJIOK, SIKi HE MOXJIHBO KOMIICHCYBaTH
36inbireHHsM BigHomieHHs Ey/Ng. 1le 0cOOMHBO MPOSIBIAETHCSA B CHCTEMAX
nepeaadi, IKi BAKOPHCTOBYIOTH (ha30BY MOIYIIALIITO.

Tomy, Ha mpakTHIIl Ui YCYHEHHS CIIOTBOPEHB, SKi 3YMOBIEHI
HIBUJKAMH 3aBMUPaHHIMH i, SK HACIiJOK, YaCTOTO 3’SBJICHHS TOMHJIOK,
SAKI HEMOXXJIMBO BHIIPAaBUTH, IIBWAKICTh TMepelayi CUTHAIY MOBHHHA
TIEPEBUIIyBAaTH MBHUKICTh 3aBMUpanb y 100...200 pasis.

[HIMiA MexaHi3M TPOSIBIICHHST PENICIBCHKUX 3aBMUpPaHb - 1€ 4acoBa
qucriepcis  CuUrHalny. Y cepeloBhIli 3 0araTonpoMeHEBUM
PO3MOBCIO/DKEHHSAM Ha aHTEHY NpHiiMada HAIXOJWTh HE TUIBKM TpsMa
XBWIA, a W XBWIi, IO HAAXOIATh 13 3aTPUMKOIO, SK pPe3yJabTaT
nepeBiaOUTTs, TUdPaKIii 1 po3citoBaHHS.

YucneHHl mepeBiIOUTTS MOXYTh MPHU3BOAMTH IO TaKol CHTYyaIlii,
KOJIM OJIMH 1 TOH X€ CHTHaJl MPUXOAWTH J0 NpHiiMada y pi3HI MOMEHTH
yacy. Came 1e sBUIIE i OTpUMao Ha3By 4acoBoi aucmepcii. HasBHicTh
PI3HUX YacOBHX 3aTPUMOK JUISL BiJOMTHX CHTHAJIB 3YMOBIIOE 3’SBIICHHS
MDKCHUMBOJIBHOI iHTEepdepeH i (edekT HakIaaaHHg iHPOpMaIiifHuX OiTiB
OJMH Ha OJiHE, sSKe NpHUiiMad He CHPOMOXHHWH BincoprysaTth). Yacoma
JCTIepCiss OOYMOBJIOE YaCTOTHO-CEIEKTUBHUMA XapaKTep 3aBMHUpaHb 1
MOK€ MPU3BOJUTH JO MOMITHOTO HOTIPIICHHS SIKOCTi 3B’S3KY, @ TaKOX
BUCTYIIa€  YMHHUKOM, M0 OOMEKYy€e  MIBHAKICTh  IepelaBaHHS
iH(pOpMaLliHHIX CUMBOJIIB y KaHaJi.

JocnipkeHHS BIUTMBY YacTOTHO-CEJIEKTUBMHUX 3aBMHpPaHb, SKi
BUHUKAIOTh Yepe3 YacoBY JUCIIEPCIiIO, HA XapaKTEPUCTUKU KaHAIy 3B’s3KY
OyJe nmpoBejieHo B j1abopaTopHii poboTi Ne7.

VY naHiii mabopaTopHOi poOOTI PO3MIIANAETHCS TIMOTETUYHNN KaHaJ,
JUTSL SIKOTO YaCTOTHO-CEJIEKTHBHI Ta IIBUJAKI 3aBMHpAHHS BiJICYTHi, a
OpPOSIBIISIIOTECSL  TUTBKM — TOBIJIBHI  3aBMHpaHHS, SIKI  3YMOBJEHI
HECTAIIOHAPHICTIO KaHaYy.

Hnst  pocnmijpkeHHs BIUIMBY JIONIJIEPIBCBKOIO PO3CIIOBaHHSA Ha
XapakTepUCTUKU KaHaly TMPUAMEMO MAaKCUMallbHY IIBHAKICTE PyXy
MOOLTEHOTO 00’€KTy piBHOIO 120 KM, a 3HaYeHHSI poO0UYOi YACTOTH KaHATy
900 M. 3rigno 3 (2.13) MakcuManbHE 3HAYEHHsI JIOMJIEPIBCHKOTO 3CYBY

pisusterses: f, = V- flc=120-10° - 900-10° /3600-3-10° =100[Ad].
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BignoBigHo mmpuHa AOIIIEPIBCHKOTO PO3CitOBaHHA ab0 MIBHIKICTbH
3aBMUpaHb f; piBHAETHCS NOABIHHOMY 3Ha4eHH!O, T00TO f,=200 I'1I.

Js mBuakocTi mepenadi iHpopMarii R=256 k6iT/c, o4eBHIHO, IO
BUKOHYEThCSI ymoBa R>>(100...200)f;. Sk Oymo Bu3Ha4YeHO, Take
CIIBBITHOIIICHHSI 3a0e3Meuy€e BiJICYTHICTh IIBUIKUX 3aBMUPAaHb B KaHai
3B’S13KY 1 e(heKT MOTIEPIBCHKOTO PO3CIIOBaHHS MPOSBISETHCS SIK YaCTOTHO-
HECEJICKTHUBHI MMOBITbHI 3aBMUPAHHS.

2.2.2 Mopenp kanaiay 3B’s3Ky 3 BukopuctanHsam BPSK 3a nasBuictio
YaCTOTHO-HeceIeKTMBHUX 200 NMOBiTbHUX 3aBMHPaHb

basoBoro mporpamoro [UIsI MOJENIOBaHHS KaHaly 3BS3Ky 3
BukopuctanHsM BPSK 3a ymoBu HasiBHOCTI 3aBMHpaHb y KaHali 3B 3Ky
BHCTYyTIa€ mporpama bpsk.m, sika posrmsayta y JIP NeS.

3MiHHM Y Iporpami miUIAraTAMyTh Y HACTYITHOMY.

ITicna 3aBoaHHS BXIOHUX TOTOKHHX JAaHUX I MOJEIIOBAHHS 1
iHiiam3anii napameTpis popmyrodoro ¢iapTpa JRC BKiI0uaeTbCs 610K
iHimiamzarii mapametpis dheaunry [3].

Ockinbku el 670K TakoX nepeadavyaeTbcss BUKOPUCTOBYBATH 1 JIJIsI
MOJIEJTIOBaHHS YaCTOTHO-CEJICKTHBHUX 3aBMHPaHb, TO JI0 HOTO BKJIIOYEHI
nmapaMeTpH, sKi XapaKkTepH3yIOTh SK HECTAIliOHApHICTh KaHaly, TaK i
4acoBY JAUCIEPCIIO.

Jyis Gitoky iHimiami3arii peIuHTy BBOIATHCS TaKl IO3HAYCHHS:

tstp — MiHIMAaIBHUI KPOK MOJEJIOBAaHHS, SKHH BU3HAYAETHCS
HIBUJIKICTIO mepenadi iHpopmaliii i mopsaKoM AUCKPETH3AIIIT;

iTau — yac HaJXOPKEHHS BIAMOBITHOI 3aTPUMAHOl XBHJII BiJHOCHO
IpsIMOT, HOPMaITi30BaHMI 10 KPOKY MOJICITIOBAHHS;

dlvl — cepenHst MOTYXXHICTh IS BiMOBIAHOI 3aTPUMaHOT XBHJIi, IO
HOpMaJTi30BaHa JI0 PiBHS MPSAMOi XBHII;

thl — nouaTkoBa (haza 3aTpumMaHOi XBUIII;

N0 — KiNbKiCTh XBHWJIb AOCTATHS AJSl NPOSIBICHHSA JOIMJIEPiBCHKOIO
PO3CitOBaHHS;

itnd0 — 3HauYeHHS iHIEKCY 3aBMUPaHb;

itnd1 — moyaTKOBE 3HAUCHHS JIIYMIIBHHUKA 1HIEKCY 3aBMHPaHB;

nowl — cymapHe 3HaYeHHS KUJIBKOCTI MPSMOI Ta 3aTPUMAHUX XBHIIb
(KUTBKICTh NMUISAXIB PO3IIOBCIOJKEHHS);
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fd — wacrora nOTIEPIBCHKOTO PO3CIFOBAHHS;

flat — 3minHa, ska BU3Ha4yae xapaktep 3aBMupanb (skmo flat=1
MOJICIIIOIOTECSI  YaCTOTHO-HECEJIEKTUBHI  3aBMupanHs, skmo flat=0
MOJICITIOIOTHCSI YaCTOTHO-CEJICKTHBHI 3aBMHUPAHH).

Ockinbku Ha nabopatopHy poOoTy NoS BHHOCHUTBCS MOJEITIOBAHHS
3aBMHpaHb, SIKI BH3HAYAIOTHCS YaCOBOIO BapiaOENbHICTIO KaHaTy, TO yci
napaMeTpH, IO BITHOCATBCA JO 3aTPUMAHUX XBHIb ITOKJIQJAIOTHCS
PIBHHMH HYITIO.

Tobto, po3rnsaaeTbes TITBKA OJMH HUISIX PO3MOBCIOMKEHHS XBHII
(3a MOBXHMHOIO) 1 3aTpuMaHi y dYaci XBWJI BiJICyTHI (BIICYTHIH e]exT
MIKCUMBOJIBHUX CIIOTBOPEHB). Y TakoMy pasi 3aBMUpaHHS OynyTh
BU3HAYATHCS MPHUHOIO JONIUIEPiBCHKOTO PO3CIIOBAHHSI.

BinmoBigro 3minHa flat moknanaersest piBHiN oguawmi. [Ipyn mpomy
BBKAETHCA, IO MiHIMAIbHA KIIBKICTh XBWJIb TPU SKiH TPOSBISETHCA
e(eKT JONIIePiBCHKOTO PO3CitOBaHHS MOBUHHA OyTH He meH 6...7 [3].
Tomy 3HaueHHs nmapameTrpa N0 oOupaeMo piBHUM O.

Binmosigawmii 610K iHimiamizanii mapaMmeTpiB GpeauHry IpHiiMae
HACTYIHUU BUJISAA!

%************Fading initialization**********

tstp =1/sr/IPOINT;

itau=0;

divl =0;

th1=[0.0];

no =6;

itndO=nd*IPOINT*100;

itnd1=[1000];

nowl =1;

fd =200;

flat=1;

QprrrrrrrrrrkkEnd of fading initialization***xx*#**x

[Ticas 1poro OJIOKY MPOIEC MOMACIIOBAHHS CUTHAIY y MOIYJISTOPI
NOJIOHUI 10 anropuTMYy, SIKOTO PO3MIIIHYTO y porpami bpsk.m.

30kpeMa TeHepallisi BXiIHUX JaHUX, HEPETBOPEHHS BXIAHHUX JaHHX
no ¢opmaty NRZ 0e3 mocriiiHOi CK/IaJI0OBOi, BHMKOHAHHS oOIeparii
nepeanckpeTusanii, 00podka curnany y ¢opmyrodomy ¢inetpi HaliksicTa,
MOBHICTIO TOTOXKHI.

BBeneHHs1 JOMIUIEPIBCAKOrO PO3CIIOBaHHS 1 YacoBOl AMCHEpCii
CUTHAJy peanmi3yeThcs miAmporpamoro sefade.m., mo sKkoi, sK CKJIagO0Bi
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BXOJIAITh MiAnporpama GopMyBaHHs JONIUICPIBCBKOTO po3citoBanHs fade.m
i manporpaMa GpopMyBaHHS 3aTpUMaHuX XBWIb delay.m.

Jis yMOB, SIKi pO3TIISIIAIOTHCS B TaOOPAaTOpHIA poOOTI — OJIMH TUIAX
PO3MOBCIOMKEHHS (32 MOBXHHOIO), HASABHICTH 6-7 XBWIIb, SKI MPUXOIATH
i pi3HUMHU KyTaMH 1 BiZICYTHICTh 3aTpUMaHUX XBWIb, Iporpama sefade.m
MPAaKTHYHO TpaHCIoE mianporpamy fade.m 1m0 TooBHOI mporpamw, sKa
3a0e3meyye MOJETMIOBAaHHS  PENEiBCBKOTO  pPO3CIIOBaHHS Uil yCiX
BUTIAJIKOBUX TIOCIiZOBHOCTEH HaHUX 33 QJITOPUTMOM, IO BU3HAYAETHCS
BUpaszom (2.11).

Bxiganmu mammmu  uis - migmporpamu - sefade.m  BucTymaioTh
BUXIJIHUI curHan monynsropa (data3 y mporpami i mapamerpu, sKi
BBeJIeH1 y 0ol iHitiamizamii peaunry).

OxpiM TOTO, OCKUTPKH MPOTPaMU MOETOBaHHS (peIuHTY HEO0O0X1THO
PO3MOIIMPUTH TaKOX 1 Ha MeToAu OararomosumiiHoi momyismii (QPSK,
QAM), sKi peani3yroThCs 32 AoNOoMoroto I, Q MOIynsSTOpiB, TO 3aBMHUPaHHS
BBOISITBCSI ofHOYacHO sk B [, Tak i B Q — kaHamum MoxynsTopa 3a
ONHAKOBUM anroputMoM. B Tepminax Mathlab 1e peanizyerbes
HACTYIHOI KOMaHJI010;

QprArr* *xxkkxx*kFading channel A

[ifade,gfade]=sefade(data3,zeros(1,length(data3)),itau,...

divl,th1,n0,itnd1,nowl,length(data3),tstp,fd,flat);.

Ockinbkn s Merony BPSK — BUKOpHCTOBYETHCS TiTBKH OJIWH
KaHaj, TO yci jaHi Q —kaHaly MOKJIaJaloThCs PIBHUMHU HYINIO (oreparop
zeros(1,length(data3))).

HactynmHum Kpokom micisi BBEIEHHS 3aBMUPaHb € OHOBJICHHS
3HAYCHHSI JIYMIbHUKA (1HIEKCY) 3aBMHUPaHb:

% Updata fading counter

itnd1=itnd1+itndo0;.

BBenenns 1poro napamerpy 3adesnedye pisHUN XapakTep 3aBMUPaHb
3a peseiBCbKUM 3aKOHOM JUIsl YCiX XBHIIb, SKI HaAXOJSTh A0 TpHUiiMadva,
Binbm netanpHO (YHKIIIO IIBOTO OMEpaTopa, a TakoX poOOTy MmporpaMu
sefade. m Oyne po3risaHyTO y JabopatopHiii po6oTi Ne7.

BB Ha curnan Ginoro rayciBCbKOro IIymy, a TaKOXK BU3HAUEHHS
BIHOIIIEHHS CHUTHAI/IIIYM Ui 3amaHoro 3HaueHHs Ey/No peamisyerbcs
TOTOXHO mporpami bpsk.m.
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B pesynbTati BXigHi AaHi y JeMOAYISTOPI NPUHMAaIbHOTO TPaKTy (B
OCHOBHI CMy3i 4acToT) 3 YypaxyBaHHSM edQekrty Qenuary i mii
rayciBChKOTO IIIyMy HaOyBaltOTh BUTIISAY:

%****************Add Whlte Gauss'an noise*************
inoise=randn(1,length(data3)).*attn;
data4=ifade+inoise;.

Hani curnan mignsirae o0poo6ui y gopmyrodomy QineTpi npuiiMaya 3
HACTYITHUM BUPIIIEHHSIM TPO MPHAHATHN OIT y MOPOrOBOMY MPHUCTPOL
nofiono po ymcroro merony BPSK. AnropuTMm BH3Ha4YEeHHS 3aJI€KHOCTI
BER Bin Bignomenus Ey/No He 3MIHIOETHCS, 38 €IMHOIO PI3HHUIICIO - HA
rpadik J07aTKOBO BHBOIUTHCA 3anexHICTh BER, sika xapakrepusye kpuBy
peneiBChKOro mopory, ToOTO, 32 YMOBH IPOSIBICHHS TiJIbKH YaCTOTHO-
HECEJICKTHBHUX 1 MOBUILHUX 3aBMHPAHb.

TeopeTnunuii BuUpa3 uisi HMOBIPHOCTI MOMHJIKOBOI'O MNpPUHOMY
onHoro Oita abo koedimnienta 6iToBoi mommnku (BER) mns AWGN kanary
3a HasIBHOCTI YaCTOTHO-HECEIEKTUBHUX 1 MOBUIBHUX 3aMUpPaHb Ma€ TaKUN
BUTJISIL

1
BERBpPsk-FADING = 2 1- 1| (2.18)
1+~
Ey /N

Pe3ynpTaToM MojenIOBaHHs BUCTYNAIOTh IpadivHi 3aI€XKHOCTI
st BER, sixi BiqnoBiaoTh eKcriepuMeHTy (ITO3HA4YeHHs K “0°), 1
TeopeTuyHOMY Bupazy (2.18) (mosHauenns sk *’), a TaKoK
sanexkHocti BER mnms AWGN kanany (mosnadenHst sk ’--7), IO
JIO3BOJISIE  OLIHUTH  aJeKBaTHICTh MOJENlI KaHaly 3B’S3Ky 3
BUKOpUcTaHHAM Metoay BPSK 1 mposBieHHsM edekTy uacoBoi
BapiabeNbHOCTI KaHAy OCHOBHUM TEOPETHYHHUM IMOJIOKEHHSM.
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2.3 ExcnepuMeHTa/IbHA YaCTHHA

2.3.1 Bigkpuru cepenopuiie Matlab. CTBOpUTH HOBY AUPEKTOPIIO
(nmanky) LABG, B siky HE00XiJHO pO3MICTUTH OCHOBHY IIPOTPaMy, a TaKOX
yci miamporpamu, o HeoOXiTHI 71 MOAETIOBaHHS.

2.3.2 CxomitoBatu (aiin ocHoBHOI mporpamu bpsk fading.m, sixwii
3HAXOAUTHCS Y AOAATKY b MeTonnuHux BKa3iBok. BcraBuTth ckomiifioBanmii
¢aitn bpsk fading no pemakropa Matlab. 36epertu ckomiiioBanuii (haiin
mig im’sim bpsk fading.m y ctBopeniit aupexropii LAB6.

2.3.3 CkomitoBat y nomatky A mignporpamy hrollcoef.m, i
MTOBTOPHUTH MPOIIETypy CTBOPEHHS HOBOTO M-(aiiny B nupexTtopii LABG.

2.3.4 CkormitoBaTd y HOOAaTKy A Tiamporpamy oversamp.m, IO
BUKOHYE OIeEpaliio MNepeAncKpeTu3amii, 1 TOBTOPHUTH MPOLEIYPY
CTBOpEHHS] HOBOro M-daiiny B nupekropii LABG.

2.3.5 CkomiroBatu y gogarky b migmporpamy fade.m, i moBTOpuTH
MPOLEAYPY CTBOpeHHS HOBOTO M-daitmy B ampektopii LAB6. ®aiin
30epertTu mij imM’sM, 1110 TIOBTOPIOE Ha3By (yHKii — - fade.

2.3.6 CkoritoBatu y nonatky b miamporpamy delay.m, i moBToputH
MPOLEAYPY CTBOpeHHS HOBOrO M-daitmy B ampekropii LAB6. ®aiin
36eperTy mija iM’siM, 10 MOBTOPIOE Ha3By (yHKii — - delay.

2.3.7 CkomniroBaru y aoaatky b mianporpamy sefade.m, i moBropuTH
MPOLEAYPY CTBOpeHHS HOBOro M-daitmy B ampektopii LAB6. ®aiin
30epertTu mij iM’sM, 1110 OBTOPIOE Ha3By (yHkii — - Sefade.

[Ticns BUKOHAHHS BHIE BU3HAYEHHMX IYHKTIB B OCHOBHOMY BiKHI
cepemosumia Matlab yci 6 M-paiinis  (bpsk_fading.m, hrollcoef.m,
oversamp.m, fade.m, sefade.m, delay.m ) noBunHi BigoOpazutucs y moi
morounoi aupekropii (Current Directory).

2.3.8 Y xomanzHi# crpouni BikHa Command Window HaOpaTtu Ha3By
ocHOBHOI nporpamu bpsk fading i 3amycTuT aHasi3 HaTHCKaHHAM KIIABIIIIi
Enter.

SIKIIO CUHTAKCUYHI MMOMWJIKH Y TPOrpamMax BiJICYTHI, TO Ha JAMCIUICH
y KOMaH/JHOMY BiKHI MOBHHHI BifoOpasutHcs 3HaueHHs BER s koxnoi
peaitizaiiii BHMITAJKOBOI IMOCJIJOBHOCTI BIAIMOBIAHO 0 3aJaHOTO IMKITY
nloop i 3amanoro 3uadenus Ep/No.

2.3.9 Otpumaru rpadidHy 3aJeKHICTb HMOBIPHOCTI MOMHIIKOBOTO
npuitomy Oita (a0o xoedinienta BER) Bix Bignomenns Eu/No. I'padiuny
3aJIeKHICTh TIOJATH Y HAIMIBIOTapUPMIYHOMY MacmTabi 3 JianazoHoM
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3MiHM WMOBIPHOCTI Bij 10° no 1. Jianmazon 3minu BigHomeHHs Ey/Ng
3amatu Big 0 mo 35 nb.

2.3.10 TlopiBHATH 3aJEKHOCTI OTpUMaHi 3a pe3yldbTaTaMH
MOJCITIOBAaHHSA 1 TEOpeTHYHHM BHpa3zoM (2.17), a TakoX IPOBECTH
MOPIBHSHHSA 3 aHAJOTIYHOK XapakTepucTukoro it AWGN kanamny s
snagens BER=10°i BER=10".

2.4 3micr 3BiTY

2.4.1 CTpyKTypHi CXE€MH MOAYJATOPIB 1 JEMOIYJSATOPIB, IO
JOCHIDKYIOThCS. Bltok-cxeMa anropuTMy mporpamH.

2.4.2 Tpadiuni 3anexsocti BER=f(E,/Ny) 3a pesynbraramu
MO/JICITIOBAHHSI Ta TEOPSTUIHUM BHPA3OM.

2.4.3 JlicTiHTY Iporpam.

2.4.3 BuCHOBKH 3a pe3ylnbTaTaMu poOOTH.

2.5 KoHTpoJIbHI 3anUTaHHSA

1. [ToHATTS HECTAI[IOHAPHOCTI KaHAy 3B’SI3KY.

2. IosicHATH ceHC TepMiHa JOTIUIEPiBChKE PO3LIMPEHHS.

3 BusHaunTu MakcUMaJbHE 3HAUCHHS AONIUIEPIBCEKOrO 3CYBY MPH
mBUAKOCTI pyxy 90 km/ro.

4. Sk 3aneXuTh AONIUIEPIBCHKUI 3CYB BiJl HAIIPSIMY PyXy aOOHeHTa?

5. IloHSATTS Yacy KOTepEeHTHOCTI.

6 3B’530K MiXK 4aCOM KOT'€PEHTHOCTI 1 JONIIEPIBCHKUM PO3LIMPEHHSIM.

7. SIk BU3HAYAETHCS YaC KOTEPEHTHOCTI 32 YMOBH, 1110 KOe(IlieHT
Kopensii Ha MeHmmii 3a 0,5,

8. YMOBM BUHHKHEHHS IIBUAKHX 3aBMHPAHb.

9. YMOBH BUHUKHEHHS IOBUILHUX 3aBMHUPaHb.

10. TeopeTnunwmii Bupa3 ajst 3aiexxHocTi BER Bix BigHomenus Ep/Ng mist
AWGN kanainy.

11. TeopeTnunwmii Bupa3 ajst 3ajexxHocTi BER Bix BigHomenus Ep/Ng mist
KaHaTy 3 YaCTOTHO-HECEJIEKTUBHIMH 3aBMHPAHHSIMHU.
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JTOJATOK A

Jlictuary porpam ams moaemoBaras Metoxy BPSK mms AWGN kanamy

%bpsk.m

%**************Preparation part*******************
sr=256000.0; % Symbol rate

mi=1;

br=sr.*ml;

nd=100;

ebn0=5;

IPOINT=S;

% ***Ejlter initialization ek

irfn=21;

alfs=0.5;

[xh]=hrollfcoef(irfn, IPOINT, sr, alfs, 1); % Transmission filter coefficients
[xh2]=hrollfcoef(irfn, IPOINT, sr, alfs,0); % Receiver filter coefficients

%************** Start Cal CuIations*****************

nloop=100;

noe=0;

nod=0;

for iii=1:nloop
O ******%* Data generation****** *
data=rand(1,nd*ml)>0.5;
QpFrr* *x*% BPSK Modulation***#xx**xx**

datal=2.*data-1;
[data2]=oversamp(datal, nd, IPOINT);
data3=conv(data2, xh);
%****************Attenuation CalcuIatiOns*********************
spow=sum(data3.*data3)/nd,;
attn=0.5*spow*sr/br*10.”(-ebn0/10);
attn=sqrt(attn);
QpFrrxirrirrkrr Add White Gaussian NQise***#xxkkkikkikkhrrk
inoise=randn(1,length(data3)).*attn;
datad=data3+inoise;
data5=conv(data4,xh2);
sampl=irfn*IPOINT+1;
data6=data5(sampl:8:8*nd+sampl-1);
% * BPSK Demodulation *
[demodata]=data6>0;
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% *******************Bit Error Rate*****************************

noe2=sum(abs(data-demodata));
nod2=length(data);
noe=noe+noez;
nod=nod+nod?2;
fprintf('%d\t%e\n', iii, noe2/nod2);

end

%* *Qunput Results ekl *
ber=noe/nod;
fprintf('%d\t%d\t%d\t%e\n', ebn0, noe, nod, noe/nod);
fid=fopen('BERbpsk.dat','a");
fprintf(fid, %d\t%e\t%\t%f\t\n', ebn0, noe/nod, noe, nod);
fclose(fid);

% *****************End Of fl Ie****************************
figure; stem(0:20,data(1:21),' DisplayName’,'data’);
figure; stem(0:20,datal(1:21),'DisplayName’,'data");
figure; stem(0:20*IPOINT,data2(1:20*IPOINT+1),' DisplayName’,'data2");
figure; stem(0:20*IPOINT,data3(1:20*IPOINT+1),'DisplayName’,'data3");
figure; plot(0:20*IPOINT,data3(1:20*IPOINT+1),' DisplayName’,'data3");
figure; stem(0:20*IPOINT,data4(1:20*IPOINT+1),'DisplayName’,'data4");
figure; plot(0:20*IPOINT,data4(1:20*IPOINT+1),' DisplayName’,'data4");
figure; stem(0:40*IPOINT,data5(1:40*IPOINT+1),'DisplayName’,'data5");
figure; plot(0:40*IPOINT,data5(1:40*IPOINT+1),'DisplayName','data5");
figure; stem(0:20,data6(1:21),'DisplayName’,'data6");
figure; stem(0:20,demodata(1:21),'DisplayName’,'"demodata’);

%********************End *kkhkkhkhkkhkkhkkhkhkhkhkkkx * **

function [xh]=hrollfcoef(irfn,ipoint,sr,alfs,ncc)
%irfn: Number of symbols to use filtering
%ipoint:Number of samples in one symbol
% sr : symbol rate

% alfs: rolloff coefficients

% 1 - transmission filter O - receiving filter
xi=zeros(1,irfn*ipoint+1);
xg=zeros(1,irfn*ipoint+1);

point=ipoint;

tr=sr;

tstp=1.0./tr./ipoint;

n=ipoint .*irfn;
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mid=(n./2)+1,;
subl=4.0*alfs.*tr; % 4* alpha*R_s
for i=1:n
icon=i-mid,;
ym =icon;
if icon==0.0
xt=(1.0-alfs+4.0.*alfs/pi).*tr; % h(0)
else
sub2=16.0.*alfs.*alfs.*ym.*ym./ipoint./ipoint;
if sub2~=1.0
x1=sin(pi*(1.0-alfs)/ipoint*ym)./pi./(1.0-sub2)./ym./tstp;
x2=cos(pi*(1.0+alfs)/ipoint*ym)./pi.*subl./(1.0-sub2);
Xt=x1+x2;
else
xt=alfs.*tr.*((1.0-2.0/pi).*cos...
(pi/4.0/alfs)+ (1.0+2.0./pi).*sin...
(pi/4.0/alfs))./sqrt(2.0);
end % if sub2~=1.0
end % ificon==0
if ncc== % in case of receiver
xh(i)=xt .f/ipoint ./tr; % normalization
elseif ncc==1 % in the case of transmitter
xh(i)=xt ./tr; % normalization
else
error ('ncc error’);
end % if ncc==0
end % for i=1:n
end

% *****************End Of fl Ie****************************

function [ out ] = oversamp ( indata, nsymb, sample )

% insert zero data to input data

Yp** FRkxEEx*R*EVariables sk
% indata : input sequences
% nsymb : number of symbols
% sample : number of oversamples

% * * * * %
out=zeros(1,nsymb*sample);
out(1:sample:1+sample*(nsymb-1))=indata;
end

Qfp FxFAAAIIIIIx kA AAREN Of filgrHrrddkkkddkkkkk stk ddkdeok
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%bpsk_ber.m
%*****************************Preparation part*******************
sr=256000.0; % Symbol rate
ml=1;
br=sr.*ml;
nd=100;
ebn0=10;
IPOINT=S;
% Filter inialization
irfn=21;
alfs=0.5;
[xh]=hrollfcoef(irfn, IPOINT, sr, alfs, 1); % Transmission filter coefficients
[xh2]=hrollfcoef(irfn, IPOINT, sr, alfs,0); % Receiver filter coefficients
%~k*~k~k*********************** Start CalcuIatiOns*********************
nloop=1000;
noe=0;
nod=0;
ebn0_array=0:1:20;
ber_array=zeros(length(ebn0_array),1);
ber_array_theory=zeros(length(ebn0_array),1);
for ebn0_loop=1:length(ebn0_array)
ebn0=ebn0_array(ebn0_loop);

for iii=1:nloop
% *hkkhkkkhkhkkhkhkhkkhkhkhhkhihkihhkiikkx Data generatiOn*********************
data=rand(1,nd*ml)>0.5;
%************************ BPSK MOduIation*******************
datal=2.*data-1;
[data2]=oversamp(datal, nd, IPOINT);
data3=conv(data2, xh);
Qp*xr* FrdkkkxRxE Attenuation Calculations*x*xxxxkx
spow=sum(data3.*data3)/nd;
attn=0.5*spow™*sr/br*10.~(-ebn0/10);
attn=sqrt(attn);
% * Add White Gaussian Noise***#x*#xkxx
inoise=randn(1,length(data3)).*attn;
datad=data3+inoise;
data5=conv(data4,xh2);
sampl=irfn*IPOINT+1;
data6=data5(sampl:8:8*nd+sampl-1);
QpFrrrEdkxIAAI K I A I xx*FFBPSK Demodulationrxsksskk stk
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[demodata]=data6>0;

0/0 *******************Blt Error Rate*****************************

noe2=sum(abs(data-demodata));
nod2=length(data);
noe=noe+noez;

nod=nod+nod2;
fprintf('%d\t%e\n', iii, noe2/nod2);

end

% Ounput Results
ber=noe/nod;

noe=0; nod=0;
ber_array(ebn0_loop)=ber;
ber_array_theory(ebnO_loop)=0.5*erfc(sqrt(10”(ebn0_array(ebn0_loop)/10)));
end

figure;

h=semilogy(ebn0_array,ber_array,'0',ebn0_array,ber_array_theory,"--";

set(h,{'DisplayName’,'DisplayName'},{'Experiment’, Theory})
legend show

fprintf(Eb/NO0=%d\t BER=%e\t NoE=%d\t NoD=%e\n', ebn0, ber, noe, nod);
fid=fopen('BERbpsk.dat','a");

fprintf(fid,'Eb/N0=%d\t BER=%e\t NoE=%f\t NoD=%d\t\n', ebn0, ber, noe, nod);

fclose(fid);

%*****************End Of fl I e****************************
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NOJATOK B

Jlictiary mporpam it moaenroBaHHs Metoy BPSK mnst kanamy 3
PpeNeiBCbKUMH 3aBMUPAHHIMU

%bpsk_fading.m

%*****************************Preparation part*******************
sr=256000.0; % Symbol rate

ml=1;

br=sr.*ml;

nd=100;

ebn0=35;

IPOINT=S;
%****************************Fi Iter inialization*****************
irfn=21;

alfs=0.5;

[xh]=hrollfcoef(irfn, IPOINT, sr, alfs, 1);

[xh2]=hrollfcoef(irfn, IPOINT, sr, alfs,0);% Receiver filter coefficients
%**************************Fading initialization*****************

% time resolution

tstp=1/sr/IPOINT;

% set only direct wave

itau=[0];

divi=[0];

% number of waves

n0=[6];

% initial phase of delayed waves

th1=[0.0];

% number of fading counter to skip

itnd0O=nd*IPOINT*100;

% one fading counter is needed

itnd1=[1000];

% number of direct waves+ number of delayed waves

nowl=1;

% maximum Doppler frequency

fd=200;

% flat fading

flat=1;

QxS Fokok Start calculations A
nloop=1000;
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noe=0;
nod=0;

ebn0_array=0:1:35;
ber_array=zeros(length(ebnO_array),1);
ber_array_theory=zeros(length(ebn0_array),1);

for ebn0_loop=1:length(ebn0_array)
ebn0=ebn0_array(ebn0_loop);

for iii=1:nloop
0/0 *hkkhkhkkkhkhkkhkhkhkkhkhkkhkhhhkhhhkiikkx Data generatiOn********************
data=rand(1,nd*ml)>0.5;
0/0************************ BPSK MOduIation******************
datal=2.*data-1;
[data2]=oversamp(datal,nd,IPOINT);
data3=conv(data2,xh);
% * Attenuation Calculations*****xxkkxkx
spow=sum(data3.*data3)/nd;
attn=0.5*spow*sr/br*10.~(-ebn0/10);
attn=sqrt(attn);

% * Fading channel

[ifade,gfade]=sefade(data3,zeros(1,length(data3)),itau, ...
divl,th1,n0,itnd1,nowl,length(data3),tstp,fd,flat);

% Updata fading counter
itnd1=itnd1+itndO;
%************************Add Wh'te Gauss'an no'se *hkkkhkhkkhkhkkhkhkkhkhkkiikkx
inoise=randn(1,length(data3)).*attn;

datad=ifade+inoise;

datab=conv(data4,xh2);

sampl=irfn*IPOINT+1;

data6=data5(sampl:8:8*nd+sampl-1);

QpFrFEAdIFAA IR F A I XK AFFBPSK Demodulation**rsskkksidkkbdokkkkk

[demodata]=data6>0;

% Bit Error Rate
noe2=sum(abs(data-demodata));
nod2=length(data);
noe=noe+noez2;
nod=nod+nod2;
fprintf('%d\t%e\n', iii, noe2/nod2);
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end
%***************Output Resu Its*********************
ber=noe/nod;
noe=0;
nod=0;
ber_array(ebn0_loop)=ber;
ber_array_theory(ebnO_loop)=0.5*erfc(sqrt(10”(ebn0_array(ebn0_loop)/10)));

ber_array_theoryl(ebn0_loop)=0.5*(1-1./(sqrt(1+1/(10"(ebn0_array...
(ebn0_loop)/10)))));
end

fprintf('Eb/N0=%d\t BER=%e\t NoE=%d\t NoD=%e\n", ebn0, ber, noe, nod);
fid=fopen('BERbpsk.dat','a");

fprintf(fid,'Eb/N0=%d\t BER=%e\t NoE=%f\t NoD=%d\t\n', ebn0, ber, noe, nod);
fclose(fid);

figure;

h=semilogy(ebnQ_array,ber_array,'o',ebnQ_array,ber_array_theory,'--
',ebn0_array,ber_array_theoryl,");
set(h,{'DisplayName'},{'Experiment’,' Theory', Theoryl})

legend show

O ks waarEng Of filswsswsimsiarinsin

% sefade.m
% This function generates frequency selecting fading...

function[iout,qout,ramp,rcos,rsin]=sefade(idata,qdata,itau,dlvl,th,n0,itn,n1,nsamp,...
tstp,fd,flat)

Qp*rx* FkkkdkkkRER variahles FrrrEAR kR *

% idata input Ich data

% qdata input Qch data

% iout output Ich data

% qout output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

% rsin : Cosine value contaminated by fading

%General Definition of Simulation Tools $# % itau : Delay time for each
multipath fading

% dlvl : Attenuation level for each multipath fading
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% th : Initialized phase for each multipath fading

% nO : Number of waves in order to generate each
% multipath fading

% itn : Fading counter for each multipath fading

% n1 : Number of summation for direct and delayed
% waves

% nsamp : Total number of symbols

% tstp : Minimum time resolution

% fd : Maximum doppler frequency

% flat flat fading or not

% (1-flat (only amplitude is fluctuated),0-normal(phase
% and amplitude are fluctuated))
%******************************************************
iout = zeros(1,nsamp);

gout = zeros(1,nsamp);

total_attn = sum(10.7( -1.0.* divl./ 10.0));

for k=1:n1

atts = 10.7(-0.05.* dIvil(K));

if divi(k) == 40.0

atts = 0.0;

end

theta = th(k).* pi./180.0;

[itmp,gtmp] = delay (idata,qdata,nsamp,itau(k));
[itmp3,qtmp3,ramp,rcos,rsin] = fade (itmp,gtmp,...
nsamp,tstp,fd,n0(k),itn(k),flat);

iout = iout + atts .* itmp3 ./ sqrt(total_attn);

gout = qout + atts .* qtmp3 ./ sqrt(total_attn);

end

%******************** end of file *%* *hkhkkhkhkkhkkhkk

% delay.m

% Gives delay to input signal%

function [iout,qout] = delay(idata,qdata,nsamp,idel )

QpFrrk e **** variables *** ek *
% idata input Ich data

% qdata input Qch data

% iout output Ich data

% qout output Qch data

% nsamp Number of samples to be simulated

% idel Number of samples to be delayed
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%******************************************************

iout=zeros(1,nsamp);

gout=zeros(1,nsamp);

if idel ~=0

iout(1:idel) = zeros(1,idel);

gout(1:idel) = zeros(1,idel);

end

iout(idel+1:nsamp) = idata(1:nsamp-idel);
gout(idel+1:nsamp) = gqdata(1:nsamp-idel);

% FrxExxE end of file *xx*rxk*

% fade.m
% Generate Rayleigh fading

function [iout,qout,ramp,rcos,rsin]=fade(idata,qdata,...
nsamp,tstp,fd,no,counter,flat)

Qp*r* FkkkdkkkkER variables FrrEErkkkkkkk ok
% idata : input Ich data

% qdata : input Qch data

% iout : output Ich data

% qout : output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

% rsin : Cosine value contaminated by fading

% nsamp : Number of samples to be simulated

% tstp : Minimum time resolution

% fd : maximum doppler frequency

% no : number of waves in order to generate fading
% counter : fading counter

% flat : flat fading or not

% (1-flat (only amplitude is fluctuated),0-normal
% (phase and amplitude are fluctutated))

%n *k*k * ** *hkkkkhkkkhhkx *k*k * **

if fd ~=0.0

ac0 =sqrt(1.0 ./ (2.0.*(no + 1)));
% power normalized constant(ich)
as0 = sqrt(1.0 ./ (2.0.*n0));



66

% power normalized constant(qch)

icO = counter;

% fading counter

pai = 3.14159265;

wm = 2.0.*pai.*fd;

n=4.*no + 2;

ts = tstp;

wmts = wm.*ts;

paino = pai./no;

xc=zeros(1,nsamp);

xs=zeros(1,nsamp);

ic=[1:nsamp]+icO;

for nn=1:no

cwn = cos( cos(2.0.*pai.*nn./n).*ic.*wmts );
XC = XC + cos(paino.*nn).*cwn;

XS = Xs + sin(paino.*nn).*cwn;

end

cwmt = sqrt(2.0).*cos(ic.*wmts);

xc = (2.0.*xc + cwmt).*acO0;

Xs = 2.0.*xs.*as0;
ramp=sqrt(xc.A2+xs."2);

rcos=xc./ramp;

rsin=xs./ramp;

if flat ==

iout = sqrt(xc.A2+xs.”2).*idata(1:nsamp);
% output signal(ich)

gout = sqrt(xc.A2+xs."2).*qdata(1:nsamp);
% output signal(qch)

else

iout = xc.*idata(1:nsamp) - xs.*qdata(1:nsamp);
% output signal(ich)

gout = xs.*idata(1:nsamp) + xc.*qdata(1:nsamp);
% output signal(qch)

end

else

iout=idata;

gout=qdata;

end

%********************* end Of flle * *



