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Pensr Ha @ypHe MOKe Ja €€ HM3pasH H C Kpamxkama mpuzoHoMempuna
gopma
(1.5) s() =”—20+ZA,, cos (nagt + @)
n=1
KBJIETO
(1.6) A, =+a’+b2 , @, :arcrg—bi.

n
Kaxro ce Bmwxaa ot u3pasu (1.1) u (1.5), Bceky NMEpUOJUYEH CUTHAJ MOXE
Ja 6be onucaH KaTo CyMa OT:

a
® [OCTOsHHA ChCTABKa ?0 ,

* 0e30poi MHOrO XapMOHHYHM CBCTABKH C KPATHH YECTOTH N .

Beska xapMonuyHa cheTaka B pesa Ha Dypue ce XapakTepusHpa ¢ aMIiIH-

Tyja A, v HavaiHa dasa @, .
HecToTHaTa 3aBHCHMOCT Ha aMmIMTYIMTE H (hasuTe Ha XapMOHMYHHUTE ChC-
Tam:u C€ Hapuia CBOTBETHO chexmbp na amnaumyoume u gazume. I'pauunoro
H30DP@AEHHE HA CTIEKTHPA CE HAPUYA CHEKmMpanHa Ouazpama. AMIUIMTYIHO=
:zcm'mam H (ha30Bo-uecTOTHATA CrieKTpasiHa AvarpaMa npejcrapingar rpagurd

YECTOTHHTE 3aBUCHMO '

s CTH Ha KoeuumenTnte A, u dasure ¢, ot peaa Ha Dy-
pre. Team rpadmku ca nokazanm cvoTBeTHO Ha (ur. 1.2 u 1.3, Jlpere xapaxrepHe-

10

A
@

\.\lll || oy 5o 6

0 @ 200 30 400 500 600 o |0 o 2(1)03(110‘ \ o

Que. 1.2 Duz 1.3

IMpeAcTaBAHETO Ha CHTHANKTE ¢ pex Ha DypHe MMA MPUHIMITHO 3HAYSHKE 32
TeXHHUA aHan3. BMecTo Aa ce u3yyasa hyHKIMOHANHATA 3aBHCHMOCT Ha CHTHANA B
6e36poii MHOrO TOYKH, AHANHM3BT CE CBEXKIA 0 OMpenedHe Koe(HUMEHTHTE OT
pezna Ha DypHe, KOUTO HANBJIHO IO ONHMCBAT.

XapMoHUUHHTE QYHKIMM (CHHYCOMIHH U KOCHHYCOWIHH), H3MO/I3BAHK KAt
Ga3KCHH MPH Pa3IaraHeTo Ha CIOKHH CHTHANH, HMAT CNIEAHMTE C0UCnEa:

1. VIHBApHAHTHOCT MO OTHOLIGHWE HA NpeoOpasyBaHMSTA B NHHEHHMTE
e/IeKTPHUECKH BEPHTH C MOCTOAHHH NapaMeTpy. EAWHCTBEHO XapMOHHHHHTE TREr=
TeHHs He MPOMEHAT (hOPMATa CH NPH PEMHUHABAHE NPE3 TAKHBA BEPHIH.

2. Bb3MOXKHO € TOUHO pasiaraHe (Teil KaTo peasT & Oe3KpaeH) Ha elleMeH-
TApHM OPTOTOHATHM QYHKLHM, KOWTO OT CBOS CTPAHA HE MOAT 1A Ce MPEACTABAT ¢
JPYTH ChCTABKH.

3a MPAKTHUECKH LE/H Ce MPHeMA, e NEpHONHIHNTE CHrHATH MOraT 1a 6b-
JaT ¢ KpaHHH CIIEKTPH. OcHoBaHKe 32 TOBA Jasa QaKThT, 4& cen onpeneneH H:l
Mep n XapMOHHYHHMTE CBCTABKH B PeAd HA OypHe UMAT NPEHEOPSRMMO Matbit
crolinoeTH. To3M HOMEp 3aBHCH OT KOHKPETHHTE W3HCKBAHMS KbM cumam:rz; g
KAaTO BIIME BHPXY rpetukara ot TPHEIDKSHOTO WM NPEACTABAHE. Ho::::ﬂ% b
periesist 0GHKHOBEHO © OTHOLICHHETO A, =0,14,, KbIeTo A, B A, Ca aMTIHTY,

: ai oT pena Ha dyphe.
Ha ¢CbOTBETHHUTE XRPMOHH'-IHH ChCTABKH e
B3 octopa Ha napasure (1.1) 1 (1.5) cnexrpuTe Ha NepHOANMHHTS

ce xapamepmnpm ChC CACIAHMTE ceoucmea.
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1. Ako cHrHaIBT S(f) ce OrHhcEa © yeTHa (hyHKLMs, CHHYCOHIHHUTE CheTap.

KM B peaa Ha @ypue ca HyJH (re. b, = 0), a aKO ce OMHCBA C HEUETHA — HYJICBH ¢y

KOCHHYCOHIHHMTE ChCTABKH (a,=0);

2 Ako auuara Ha (QUIypHTE, saKIIOUEHH Mex1y abcluCcHaTa OC M ChOTBeT-

HO MONOXKHTEJHUTE W OTPHLATEIHHTE CTOHHOCTH Ha rpadukara Ha ¢YfKuﬂﬂTa
s(7) 3a eqHH MEPHOA ¢ paBHH, [IOCTOAHHATA cheTaBka a, MMa HyJieBa CTOMHOCT,

3. TpaHcaHpaHeTo Ha ¢ynkupATa s(r) mo opaAMHaTHATa 0C MPOMEHs eNnHC-

TBEHO MOCTOSHHATA ChCTABKA d;, & TpaHCIMpaHeTo U 1o abcuucHaTa oc — (hazara

Ha OTAeNHHTE XapMOHHYHH CBHCTABKH;

4. Ako curHaiasT S(f) MpeiacTas.

eHTHTE 4, W b, OT HEroBOTO pa3/jaraHe B pen Ha @ypue ca CyMH OT ChOTBETHHTe

KOE(HLIHEHTH HA XapMOHHYHHTE CBCTABKH Ha TE3H CHTHAJIH;
Thil KATO EIEKTPHUECKATE BEPHTH CE OMHCBAT C KOMIUIEKCHH HHCIIa, Lene-

ch0BPasHO € /1a Ce H3MOJI3BA KOMILIeKCHAMA ¢opma Ha peda Ha Pypue:

s() = ilcn'emeﬂzw = Zénef"“’O’,

n=—oo

/1Ba CyMa OT I10 MPOCTH CHIHAJH, KOEdHIu-

(1.7)

n=——oo
kpaeto C, € KOMIUIEKCHATa aMILTHTYJa Ha XapMOHHYHATa ChCTaBKa C HOMEp n.
Tasu aMIUIMTY/1a ce M3pasaBa ¢ JopmyIiara

(1.8) C, =|C, |e’% =C,(cos@, + jsing,) =a, — jb,,
KBAETO

e
(1.9) = it

7

Ot Te3u m3pasu morar 11a ce M3pasaT CHOTBETHO aMILTHTYAHHMA H (a30Bo-
YECTOTEH CTEKTbP Ha CHTHAJA

(1.10) C,|=+/a2 +b2 ;u @, =—arctgﬁ-

n
CrnekTpannata auarpama Ha TIEPHOJINYHHKA CcUrHai, u3paseHa ¢ (1.7), e cu-
M
€TpHYHa OTHOCHO HAa4aJloTO HA KOOPAMHATHATA CHCTEMA M ChIbpKa CHCTABKH €
OTpHLATenHH YecToTH. ChIlaTa e Npe/icTaBeHa Ha tur. 1.4.

Cﬂ‘
0,5C, 05C, 0;504 0,5C, 0,5€C, 0,5C,
=3uy ~ 20, ] 0 (O 20, 3ml|, 0
Duz, 1.4
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CroTBeTHUTE ChEUpaemy ¢ TIONOKHTENHY |
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JIEHOBETE C TIONOKHTENHY cTe
TIEHHHM TOKA3aTeNy Ce MIOBDAIRRAT B Konrr
PA3ABAT B KOMM-

JIEKCHATa paBHUHA € BEKTO Ly
PH € NBIKMHA -\C OB CKO-
71Cn|s KOUTO ce BLpTsT ¢ Brn )
poCT N, B MOCOKA 00paTHa
P Ha TI0COKATa Ha YacoBHUKOR

C"l = ‘C_n\) H BITIOBH CKOPOCTH, HO
BaTa CTpenKa.
Ha dwur. 1.5 e n3o6pazena s OUHEH CUTHAN
3 SKTOpHaTa IMarpamMa Ha TMepHODHYeH
s(t), KOHTO MOXE A Ce MpPencTaBu che cx00Auy ped Ha @yp:i B To3u cyuait

BCAKA OT BEKTOPHHTE CYMH MOe 1a ce 3o
Pa3H C PE3YNTAHTHYM BEKTOPH ¢ Kpaii-
na neokuHa C, u C_. L .

BBPTALIM CE MO NOCOKA HA HACOBHUKO-

Que. 1.5
a opua Ha peda xa Pypue

Ompuuamenuume yecmomu 6 KOMINIEKCHAM mm
namam Qusuvecku emucvi. Te ca MATEMATHHECKH MOHATHS, NPORSTHHALI

Cla.
YUHA Ha ﬂpeﬂCTaBﬂHe Ha KOMIUIEKCHHTE YH
Ja KOMIIOTHPHH H3UMCICHHS HA CIEKTHPA € HeOOXOAMMO 1a C& H3NQA3BaT

anu. B To3n il ce
Ouckpemuu NO OTHOLIEHHE HA BPEMETO H YeCTOTaTa {:}HFH u B cayvait :
npuarat QUCKpemuume npeoGpasyeani ka @ypue. Te U3PAIABAT BPBIKATA MO

ay nanex JIHCKpEeTeH CHr HAl i HOrOBHA CIEKTHP.

T ———



Ha
LIpacomo OUCKPEMHO npeobpasysare e

N-1 — j=—kn
Ste@)= Y ste "V, (=012, .., N_ 1y

(1.13) S

nero: T @ WHTEpBATBT HA AHCKpETH3ALIAA, 11 — HOMCPET i
KB, .

curHana, N — 6po
o 2z

KaTa B AHCKPETHHS CIIEKTHP, $2 = ey

e Hai criextsp, 7, =nT — NPOABIKHTENHOCT Ha CHTHATIA.

JIY9H OT
e 2T

Ol = kn
119 D=1 Y S0’ N (1=0,1,2, . N2,
k=0

HO Ha JIHCKpeTHOTO npeoGpasysare Ha ®ypue (D) oTpasisa Bpb3kara we
AHCKPETHHS CHTHA W HeroBuA crekTp. 3a pasnuka ot AIIP obave, ToBa ce yy.
BBPIIBA MPH 3HAYHUTEJIHO HaMaJ€HHE Ha obema Ha HCOﬁXOﬂHMHTe H3qHCHEHHx_
brpsoro npeobpasysatie Ha Qypie e BE3MOKHO [1a C& Pealli3Hpa MO pasmuyyy
aIrOPHTMH, KOETO Ce onpejens cbo0pa3Ho pellaBaHaTa 3ajada. AKo JAUCKpPeTUTe
CE€ pasrie/iaT KaTo pe/iuua, OT Hes 110 ONpefe/ieH KpUTEpUH Morar na 6naar Ch3-
JAaJCHH IBE JPYTH PeAHLH — CHOTBETHO Ha JAHCKPETHTE C YeTHH M HEUETHH HOMe-
pa. Taka Ch3aJeHuTE PeaHuH ce PasaenAaT OTHOBO I10 CBIIIHA [PHHLIHII, JA0KaTo ce
AOCTHTHE MHHMMaieH Gpoii Ha uckperdTe B TAX. TO3M HaYHMK €€ Hapu4a paspe-
JUIHE 110 Bpeme. ONTHMANEH e BapHaHTBT, KOraTo OpoAT Ha aucKpeTHTe N e TOYHg
CTENEH Ha 2.
: 3;_1[ (;:)paBHeHHe MO’KEM Jia nzocotmm, 4€ NnpH obpaborkara Ha N = 8 AHCKpeTH
€3 3 —DR¢
BB (D,Iie E clasi;ffoﬁxo}iurln 2N -3.8 =128 onepauuu, a koraro ce H3I10J13Ba
: g, »3.8log, =36 onepauun. MMonsara or BII® e ocobeno
3abenexuma npy I10-TOJIEMH CcTOkHHOCTH Ha N

Anropurs
PHTEMET Ha BII® e sanoken ppp BCHYKH KOMIIOTHPHH [Iporpamu
y

a curHanure. Tpa6ea na ce orGenesr H (ak-

(1.15) ay

nzw
KbeTo sz/T e Koeduwmen

TET Ha 3ampipa
He, B
CTORHOCTH 1a 1 ce noNyyapa g a n=123.
n

I1 g
T PH MaJIKH
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@ypue (TITID) ce omucea ¢ 3pas, ' 1

AT HA AMCKPETHATE OTYETH Ha TO3H CHIHAT, k — HOMEPBT Ha CheTag,

=~ — HHTEpPBAILT MEXKIY JIBE CbCeaIHY Che

Obpamnomo OUCKPEmHO npeobpasysane na Lypue (OLI®D) mosxe ha ce

Bwpsomo npeobpasysane Ha Pypue (BI1D) e anropuTeM, KOHTO aHANOpyy.

LSRR AS

1. Ileproanunure NParos
cveraB. KonkoTto no-manka e NPONLBKUTEHO
AMMHA UMITYNICHA TIOPEANIA, TONKOBA Ho-Gor
no-rofsaM 6poi 6aBHO HamansBamw o amrm

2. XapMOHHYHHUTE CHCTARKH o Mabk
CMEKTBPA Ha TIEPHOAHYHHISA CHIHAL,

e it XTI g s
PABA M3UCKBaHeTO nk =1,2,3... ca Hynn.

4. Dpormageme Ha NPaBOLIBIHMS UMITYNC Ce OMPEAeNAT om eucuume Xap-
MORUUHYU CbCMAGKU B CTIEKTHPA, & XOPUIOHMAnHUmMeE yuacmsyu — ot XApMOHUY-
HUMe CLCMABKU C MAIKU HoMepa.

CrHeKTpa/IHMAT AHANM3 HA CHIHAMTE AR BHIMOKHOCT 32 pelliaBaHe Ha
pasJIMYHH NPAKTHYECKH 3aa4d. Hal-vecto Te ca cnemmure.

e M3ciensane Ha npoMeHuTE B NapameTpute Ha MIEPHONMYHY CHTHATH NpH
MPEMHHABAHE TIPE3 ENEKTPOHHM M KOMYHHKAUMOHHU CHCTEMH C UEN mpe-
[laBaHE Ha CHIHAJIMTE C JOMyCTHMH 3ary0H U H3KPUBSBAHHS;

e OnpezensHe HAa NapaMeTPHTE HA NPOSKTHPAHH ENEKTPOHHM W KOMYHHKA-
LIMOHHH CHCTeMH LIEN MpeJaBaHe Ha CHTHAWTE ¢ AOMYCTHMHU 3aryou U us-
KPHBSBaHHSL.

Ilpy pellaBaHe Ha Te3W 3aJaun TPAOBA A Ce OLEHABAT CHLOMHOUEHUAMA
mexcoy AYX Ha ChOTBETHHTE YCTPONCTBA U @MMAUMYOHO-YeCmomHume cnexm-

PAIHU auaapcmu Ha MepHOAH4HH CHUTHATH.

aT € HeWHus CNIEKTEP, T.€. ChObpka
HTYNa YIeHORE.

HOMEp CbABPKAT OcHOBHAMA yacm ot

1.3. 3apnaHue
1. Ta ce CBCTABAT CHMYJIALMOHHH MONSMH 32 HICICABAHE HA mm& "
()a30BO-YECTOTHHS CTIEKTP HA CTIE/HKTE NEPHOHHHH TECTOBH CHEHAMHE
a) TpHoHooOpaseH;
6) MpABOBIBIHM HMITYJICH;

B) TrayCOBH HMITYJICH.

- "
2. Jla ce M3C/EABAT EKONEPHMEHTATHO AMILIHTYAHA yecTOTHHA W (asoso-
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[HANHTE TIPH MPOMSHA HA pasTHIHH TEXHH MApaAMETPH. Jla

KTpaJHH JuarpamMH.
[IHOHHH MOAETH M ce M3CJIeABaT EKCrIepHMEHTAa -

51 CMEKTBP Ha M3X0/1a Ha CIEeJHHUTE CHCTEMH:

4ecTOTEH CeKThp Ha CH
ce HAyepTasT Moy YeHHTE Ce
3. Jla ce cheTaBAT CHMY1A

HO AMIUTHTY/IHO- U (ha30BO-4HECTOTHH
a) MHTerpHpaa,
6) awnhepeHLUHpaLa;
B) 3aKbCHHUTE/IHA,
r) C ABYCTPaHHO OrpaHHUCHHE Ha HHBOTO Ha CHUrHana,
KOraTo Ha BXOAA Ha CHCTEMHTE € MojaleHa ropeMLa MPABOBIbJIHH HMITYJICH.
4. Jla ce HayepTasAT CNIEKTPATHHTE JAMArpaMM Ha BXOJa W H3XOJIa HA ChOT-
BeTHHTE CHCTEMH H Cé HarpaBH aHalH3 Ha TAXHOTO M3MEHEHHE.

1.4. MeTogu4ecku ykasaHus

1.4.1. Cocmasane HA CUMYTAYUOHEH Moden 3a u3cieosane

Ha cReKmMbpa Ha NEPUOOUYHI CUZHATTH

B cpenara Ha NpOrpaMHHS NAKET MATLAB, ¢ noMoiura Ha OHbIHOTEKATY
SIMULINK, crekThpbT Ha TpHOHOOOpasHHTE MEPHOAMYHH CHIHAIH MOXE na ce
M3C/IeBA Upe3 Cle/iHaTa pHMepHa cxema (¢ur. 1)

‘
Repeatng Power Spectral
Sequence Density
Duz. 1.7

: I CHEPHPAHETO Ha TPHOHOOOpa3HWA CHMrHal ce Mojiyd4aBa upe3 GOk
Repeating Sequence’. Ot mentoTo Ha 6n0ka Morar aa ce 3aganar aMIUIUTyAaTa u
NEPHO/IA (4YecTOTaTa) Ha reHepupaHuTe CHrHanu. CHrHAIMTE MOraT Jla ce u3che/-
BaT BbB BpeMeBata obsiact ypes Goka ‘Scopel’. 3a u3cnenBane u BHU3YalU3alus
Ha IpoLieca B YecToTHaTa 06acT e BiuioMeH 6ok ‘Power Spectral Density’. Ypes

T034 010K ce nokasea B rpad
MHYEH BUJ TUILTHOCTTA HA EHEPrHHAHMA
H3CIIENBAHMA CUTHAJT, . s

CroteeTHaTa MOmMUKALMA Ha Tasu Cxema e rokaszada Ha ¢ur. 1.8 u Moxke aa
ciognc?;z?a ngu mcnez’maﬂe CHEKThPa HA NPaBOBIBAHMTE UMITYICH, OT MEHIOTO Ha
”;)OHHW; rs:nH Oeg,i?f; rr:}c:gaT Ja Cf'B Jajanar amniuTyaara, nepyoaa (vectorara) U
ke PHPAHHUTE MMNYJICH KATO NPOLEHTH OT nepdoaa. 3a re-

yeoBr ummyncu B SIMULINK e CLIIECTBYBA ClIELNANM3HPAH I'e-

Hepartop. B 1o an
% 51 5 ;erMa_ 314 Clly4an reeparoprr TpAGBa na ce eunresupa. Ha ¢ur, 1.9 e no-
14 32 CNEKTPAsIeH aHAM3 Ha FayCOBH UMIy/icH

16
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Pulse Power Spectral
Generator Density

Scopai

e ‘Step’ — renepupa nenra (ckok)

e ‘Matlab Function’ — & To3u 6110k ce 3

aJasa :
YCOBHUS UMITyJIC. ByHiamaTa, koaTo omicea ra-

‘Product’ — usebpuis OCTH!
a8 YMHOXXEHHE MITH JENeHNe Ha uTe,
CHIHAJIMTE, NOCTHIH-
JIM Ha [BaTa BXOAa.
3au
SCJICNBAHE W BU3yalnn3alKMa HAa MPOLECA B YECTOTHATA OONACT & BRI~

13 o, >
ueH 6nok ‘Power Spectral Density’. Curnanure morar [a Ce W3CNeBAT BLB Bpe-
MeBara 0bsact upes 6noka 'Scopel’.

1.4.2. Cvcmasane Ha cumynayuonen Moden 3a uscnedsane
HA CREKMBPA Ha U3X00a HA 3a0adeHume cucmemu

3a u3cneqBaHe Ha HHTErpUpaHe Ha MPAaBOLIEIHMTE HMIYICH B HECTOTHATAR
¥ BpeMeBaTa 00/1acT MoKe [a Ce M3MON3Ba cXemara nokasana Ha gur.1.10. Murer-
pPHpaHETO Ha MMMYJCHTE Ce W3BbpuiBa B Grnok ‘Integrator’. Ypes Gnoxosete
‘Power Spectral Density’ u ‘Scopel’ ce HaG/onasa CHrHATA HA BXONA HA WHTEr-
paTopa ChOTBETHO B YECTOTHATA M BpemeBaTa odnact. Buokosere “Power Spectral
Densityl’ 1 ’Scope2’ noka3par chOTBETHO B HECTOTHATA H BPEMeBATa ofnact us-
MEHEHHSATA Ha M3XOAHHS CHIHAIL.

CuMyJIaUMOHHHTE CXEMU 32 H3CNSABAHE Ha nHdepeHUHpane, 3AKbCHEHUE H
JIBYCTPAHHO OrpAHHYEHHE HA MPABOBIBIHHTE HMIYICH Cd ananomqtm’ Ha npeac-
Tasenara Ha (ur. 1.10. B To3u cny4ail Ha MACTOTO Ha Gnok ‘Integrator’ ce nocTa-

. L. » » . A »
BAT ChOTBeTHO Ook ‘Derivative’, ‘Transport Delay” win Saturation’.

l"lpe;lnomeume cXeMH MOorar aa ce H3NON3BAT 34 H3CeABAHS CMNEeKTHPA H Ha
cayuail Ha MSCTOTO Ha Gnoka

, TO3H
ApYrute curhanu ot T. 1 Ha 3aJaHHETO. B
‘Pulse Generator’ e He0OXOAHMO A& C@ MOCTABAT ChOTBETHHTS GnOKOBE 3@ FeHepH-

paHe Ha M3cneaABaHuTe CHIHAJIH,

17
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Power Spectral
GePUIsraewr e cle sl Density1
ne
|
tral

PD“S;,.?S?;G Scope2

Scopel

Quz. 1.10

Konmponnu 6vnpoct

1. leunmpalite MORATHATA CMIGKTBP M CMEKTPA/IHA [HATPAMA Ha FEPHOALHCH

CHTHAL.
9 Kou cBoiicTBa Ha XapMOHHYHHTE yHKLHMM TH MPaBAT 0c00EHO MPHIOKHMU

KaTO OpTOrOHANHH 6a3HCHH QYHKUHH TpH pas/araHeTo Ha CHrHald B pea Ha Dy-
pre?
3. JlepuHmpaiiTe MOHATHETO KOE(PHUMEHT Ha 3aMbJIBAHE Ha MPaBOBIBIHU UMITYJI-
CH U 0bsCHETe HErOBOTO BJIHAHHE BBPXY CIIEKTHPA HM.
4. HauepraiiTe aMILIHTYHO-4ECTOTHHTE CICKTPAIHH JuarpaMHd Ha MpaBOBbIBIEH
TepHOMYEH CHIHAJ 32 JIBE CTOHHOCTH Ha Koe(HIMEHTa Ha 3alTbJIBaHe.
5. Ha kakeu ycnoBus Tps6Ba 1a OTroBaps AajeH MepHOMUEH CUrHall, 32 1a MOXe
na 61€ pasnoxeH B pea Ha Qypue?
6. Kakbs € CMHCBIBT Ha OTPHUATETHHTE YECTOTH OT KOMILIEKCHaTa (opma Ha
pena Ha @ypue?
7. KakBu ca cBOWCTBATa Ha CIIEKTPHTE Ha NEPHOAWYHUTE CUrHAIM?

18

YNPAKHEHUE Nop

e ErT el

KOPENAUMOHEH AHANM3 1 curHAnlﬁzlzé

2.1. Uen Ha ynpaxHeHueto

mexHume Ce0UCmea Npu pasnuuny anay
cuMynayuoHHu Modenu ¢ MATLAB ( SIA/I();(L);:J U Yuppoau cuznanu na ocnosama na

2.2. TeopeTU4HU CBepeHus

Kopenaumsra mexny apa curnana ce H3M0/I3Ba
BaHE Ha CHIHAJIK B YC/IOBMATA HA HHTEH3WBHM ¢
ca CpPaBHMTEHO cadu.

TIpH OTKPHBAHE W Pa3mo3Ha-
MYIIEHWA WKW KOTATO CUTHANHTE

Kopenaumonnure dynkunu wpasssar konuuecrreno BpB3KaTa (Kopenauu-
sTa) Ha CUTHANUTE B PA3NNYHU MOMEHTH OT BpEMETO., Hea curnana s,(f)u s, (1)

ca HeKopennpaHu (aGComoTHO He3aBHCMMM), aKO TAXHOTO CKanapHO MpOM3BEe:
HUe, ChOTBETHO B3aHMHATa UM EHEPrHs, € Hyla, T.e

ElZ = (sl: 32) = I-‘l(t)SZ(I) dr=0.

ChluecTByBaT 1Ba BHIA KOPENAUMOHHH QYHKUMH — ABTOKOpENauHOHHA W
B3aHMHOKOpEaLMOHHA.

(2.1)

2.2.1. Aemokopenayuonna Qynxkyua (Autocorrelation Function)

Asmoxopenayuonnama ¢ynxyus (AK®) na nepuoduven u Ha HenepuooUer
OemepMUHUPAH CUSHAI NOKA36A 6Pb3KAMA MedCOY CUSHANG U HE2080MO Konue,
uzMecmeHo 66 epemMemo. Ta ce onpedens cbomeemHo om uspasume:

» =

(2.2) w(r)=-1— s(t)s(t - 7)dt
T T

: 2

2.3) w(r) = jsu)s(:-r)dx.

-0

KBAETO 7 © Mapamerhbp, XapakTepHIHpail HIMECTBAHETO HA KOMHETO KA CHE

CNpAMO OpHryuHamna,

[paHMLMTE HA HHTErPUPAHE B uapas (2,3) 3a peannure CHIHAH C& Qnpane-

19



a l'IpHBD‘bl‘BJIEH ﬂMl‘lyJIG, HETOB!

ca noKasaHu rimd)mtm*e H fen
aHe

) BBB BPEMETO H cporsernata AK®.
ncraBsHe Ha AK® moxe aa ce YCTaHOBH, 1
Korato M3MECTBAHETO Ha Konue'ro e mo-ron
a curnana, AK® = 0. e LN i A
B mryq:n & u3noN3BAHA HOPMUPAHA AK®, KosTo ce Hapuia OLle Koepuyu
enn Ha Kopenayus v ce neduHNpa ¢ M3pasa

__y@
&3 ERE

s(t) 4
A

ropaTa aBTOKOpeJal
XUHYHH:

(2.8)

(2.9)

EHepruiiHusr ¢
4eCTOTHHA cnempﬂ e.
Ormﬂ,‘aamw

\v(r)

\| | 2. Koaworo edpexrmsnara wip
% NO-TOIAIMA, TONKOBA HHTEPE
' ABTOKOpE/IaUHOHHATA (ByHR
ananornyxo Ha AK® Ha a

* savana u&

Ipu R(7)=1 Bpb3kara mexy KONMETO U OPUIrMHA/A HA CUIHAJIA € CHiHA, a [
R(r)=0 ppikara e cnaba, 1.e. curianute ca Hekopenupanu. Tesu jige yC/IOB
Ca O JHa4eHNE TIPU OTKPUBAHE W PA3No3HABAHE HA CUTHAIMTE HA (poHa Ha LIyM.
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Quz. 2.2

are Ha MOCOMEHHTE MO-TOPe MpoLEypH C€ MOJYHaBaT ChoT-

Lo el e AK® (JJAK®), CbOTBETHO Ha MEPHOIHYEH U He-

BeTHHTE H3pa3H 3a J.IPlCerTHaTa
nepuonuqeﬂ CHUTHaJl: it

s T
(2.10) yT) =~ ZN;(kT)s[( nT1,

k=——

2

@.11) wT)= Y skDsl(k - T,

KbaeTo k MpencTaB/siBa MOPEAHHAT HOMED Ha JIMCKPETHHA OTYET Ha CHTHana, a
N — oBmuaT 6poi Ha JUCKPETHHTE CTOHHOCTH.

WnTepec 3a npaKTHKaTa NpeAcTaBnABa MapaMeTbpbT UHMepP8al HA Kopena-
yus. Toa e CTOMHOCTTa 7, NPH KOATO nopmupanara K@ craea npeHeOpekumMo

manka, T.e. R(7;) =Ry (7) = 0,1R(7). 3a auckperante KO HHTEPBATBT HA KO-

penais € LAI0 HMCTI0, YMHOKEHO M0 MHTepBajia Ha JIMCKPETH3ALIHS.
Beuuky cBoiicTpa Ha ananorosure AK® ca B cria M 3a JUCKPETHHTE AK®.

2.2.2. Bsaumnoropenayuonna gynxyus (Cross Correlation Function)

BaaumHokopenaunorHata ¢yukuns (BK®) nokazsa Bpb3kara MExAy ABa
CHrHa/a, M3MECTEHH eIMH CIPAMO JIpyr BB BpemeTo ¢ 7. T ce ae(uHupa Chllo
33 TMIEPHOJIMYHY M HENEPHOAMYHH CHIHANH, KaTo u3pasure 3a BK®D ca cpoTBeTHO

(2.12)

Wip(7) = 81(1)s, (¢ = 7)dt

b

2

3
Hz:t TNIEPUOAMYHH CHTHAIN (aKO NEPUOJNYHNTE CUIHAIIM MMAT €MH M ChIIM NepHo/)

—_—

4
i

)

I-*‘x ()5, (t = 7)dt

-0

(2.13) Wip(7) =

22

42 HENEPHOANYHM CHUTHAmM,

AHanoruuHo Ha JIAK® ce rom R iR
A it SN W T

W3pA3UTE 33 NIEPUONNYHY CHIHamy (aqu::a 2 AMCKpeTHata BK® (IBK®), kato
{111 MEPHO1) ¥ HEMIEPHOANYHH CHrHany “ngﬂmm CHTHANU UMaT e nag's-

0 ca: e

N
(2.14) N L '
A o kz“wf‘("”szi(k—n)ﬂ'

; .
(2.15) Via(nT) =y 5, (KT)s,[(k ~m)TY.

k=-co

I'paHUIUTE Ha MHTErpupaH
€ B W3pazu (2.13) » ATHHUTE ©
ce OMNpEeeNAT OT TAXHATA NPOABIKHTENHOCT A S FLe

Baxnu cBoicTRa Ha BK® ca:

1. BK® He e 3ambmkuren
HO 1a 6b1e yerHa
aprymeHTa 7. (ynkums no orHoweHue Ha

2. MakcumymsT Ha BK® He e sansmiwrenso na 6uae npu 7=0. Tosu
MaKCHMYM 3aBHCH OT OCOOEHOCTHTE Ha [BATa CHIHANa, B KOS OBNACT OT BPEMETO
Te ce MpernoKpHBaT MaKCHMAITHO.

3. BK® Ha 2 nepHoiMyHy CHTHaNa ¢ eHaKBA YeCTOTa, HO ¢ pasnuHHa dopma
€ ChLLO MEPHOAMYHA QYHKIWSA, HO Ha APTyMEHTa 7 ,aHe Ha | .

4. KoraTo 1Ba MepHOAMYHH XapMOHHYHH CHIHANA Ca C KPATHN HeCTOTH, T&
ca OPTOrOHATHH H CNeaoBatenHo TaxHara BK® = 0, T.e. Te ca Hekopenmpanu.

5. Tlpu pa3msHa Ha MeCTaTa Ha [BATa CHTHANA Ce Noyyasat pasniHn BKO.

2.3. 3apaHue

1. Jla ce ChCTABAT CHMYNALMOHHH MOEIH H C& W3CTE/BAT SKCMEpHMEHTA-
1o AK® Ha ClieIHHTE CHIHAIH:

a) NpaBOBLIbIICH;

6) TproHOOOpaseH;

B) raycos.
Ila ce aHamusupar H HauepTaaT ChOTBETHHTE rpadHHHM 3ABMCHMOCTH 3a

clrytanTe, Korato CHUrHanuTe ca ﬂepHOIIH‘lH.ﬂ 1 HeMepHOAHYHM.
2. )la ce ChCTaBiAT cumynauuonﬂn MO H H3cnenBar e&cnepmemnuo

BK® Ha curuaiuTe OT T. | 32 ClydanTe, KOraro:
a) CUrHA/IMTE Ca NEePHOILHIHH,

6) CHCHAIMTE Ca HEerepHOAHHH,
oTBETHHTE PAQHUHH 3ABHCHMOCTH.

Jla ce aHATH3MPAT H HAHEPTAAT Cb AR
3. JTa ce Ch3faLe CHMYALHOHEH wonen 1 ce hicnensa AK® na i

n() - Gan
s, () = (1) + (), xorato S(t) @ NPABOBIHICH nepioanven curnan, a n(f) - @

LIYM.



o uzcne @
" 2.4.1. CumynayuoRHu MOOETN 3a U3CNe0saNe na AK il
| B ‘épena'ra Ha MpOrpaMHHs MaKeT MATLAB, ¢ nomolinra Ha Ou I
SULINE Peanmauux'ra na AK® Ha nepHOAHYeH npanosrbnzﬂs;:mjﬂ
nace oé’smt;cTnu ¢ MOMOLLTA HA ClieiHaTa puMepHa cxema (¢ur. 2.3).

Auto
Gei:l,s:mr Comelator

Due. 2.3

3a cumynupate Ha AK® Ha HernepHOJAHYEH MPaBOBIBIEH CHUTHAN MosXe fa
Ce H3II0JI3Ba ClIe/IHaTa IpMMeEpPHA cxema (¢ur. 2.4). i

JUL

Pulse > SE

Genemator

Product Auto
Comelator

Duz 2.4

To ananoruyen naunn morar sa ce CB3/aNaT CUMYIALIMOHHMTE MOJEIH 3a u3e-
aHe Ha AKD na nipyrute sapanenu curnany, Heobxommmo e Ha mscroro Ha Gnoka :
e Generator’ 1a ce irouar CBOTBETHHTE reHEPATOPH Ha Te3H CHIrHAH,

Cumynayuonnu mooenu 3q uscueosane na BK@

 3a peanwsaunata na BK® ya ne
» © TOMOWITa Ha GUGAMOTEKaTA S
“pHia cxema (dur. 2.5),

PHOIMYHHM NPAaBOBLILIEH W TPHBIbIIEH CHIT-
IMULINK mose sa ce manonssa cieaHara

uscnenrane Ha BK® na apyru

2.4.3. Hacnedsane ?
‘»;i? L

B HacTosuero ygnwm. 1
Ha MATLAB, ce u3cnensar Mw

CHIHA/IH (T.€. Bb3MOKHHTE CTORHOCTH

PEIHM, KATO NPEABAPHTENHO €
Kato npumep e nmocr

Ha dur, 2.7 ew
BAH CHIHAI, 3814, i
151,050, 0; 0




oz kv §

Tuii ka0 AK® Ha niepHoanHeH CHIHA CBIIIO € MepHONHHA QYHKLHA, umii-
70 MepHOZ CHBMAZA C TO3H HA CAMHA CUTHAl, JOCTATLHHO € M3CIIEIBAHETO J1a ce
HM3BBPIIH CAMO 3 €IHH TIEPHOA, OnpenensHeto Ha JJAK® B cbOTBETCTBHE C (2.10)
M3HCKBA [TbPBOHAYATHO 3a/1aBaHe CTONHOCT HA JMCKPETHOTO M3MECTBAHE 1. Ko-
FaTO n mpHeMe OTPHLATE/HA CTOHHOCT, KOMMETO Ha CHIHAla H30CTaBa CHpPAMO
OpHrHHANA, @ IPH MONOXKHTEHA — H30BP3BA.

Hexka n=0. Toraa 3a eqHH NEpHOI

S(kT) =11110000 ;

s[(k-n)T]  =11110000.

Mzuncnasanero Ha JJAK® H3HCKBa H3BBPLIBAHE HA OMEpaLMHTE: b

1) mopaspsaHO yMHOXaBaHe — ~17ce moiy4aBa B cllyuas, KOraTo M JBaTa

paspszaca ,,1”.
Toraga Lie ce Nony4u:
s(kT) =11110000

26 X
s[(k—n)T] =11110000
w(0T) = TTTI0000
2) cymMHpaHe Ha CBABPKAHHETO HA paspeauTe B MO ;

) YYEHHUA pe3yaTar

(1+1+1+1+0+0+0+0=4)u nenenue na 6pos Ha oruerure (N =8).

Cnenosarento w(0T)=4/8=0,5.

Ilpun=1:

s(kT) =11110000;

s[(k-n)T] =01111000, 3
y(T) = 01110000 , &

- Crenosarentio y/(IT) =3/8 = 0,375,
 3a onpeiensme Ha eaun mepuox or JIAK® e HeoBX0AUMO Ja ce 3aiajd

: ol N
Mﬂpmﬂanor o uo—z- (B cnyyas o1 - 4 a0 4),

A
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[poueaypHTe 32 suncnssane Ha AKQ Ha HerepHOMHEH CHIHAT €A aHATIOT Y-

MM Ha TOCOYEHHTE M0-TOPE C Ta3M pasiiKa, e MpH sanvca Ha OpUrHHANIA W KOMHETo,

BCHUIKY CTOMHOCTH H3BBH HHTEPBA/IA 1A W3CITE/IBaHe Ce MpHemar 3a HyJiH.
Ilpn n3uncrsBane Ha BK® ce n3nonspar aHUIOrHHH npoLEeAypPH Karo ce

BaeMe B npeaBHa, Y€ S (kT)=s(kT) n s, [(k = nT]= s[(k - n)T].
[pauuHHAT pHTEpdeic Ha nporpamara 3a onpejeisiHE Ha pi |

TpHpaH Ha (HT. 2.9
Cien 3a71aBaHe Ha CTOMHOCTHTE OT MEHIOTO C€ M34HCIABA JIBK® 3a BCSIKO 1 Ha

dyHKUMATA W,,(nT) W MONYHEHUAT pesy/ITar ce NpeAcTaed BBB BHI Ha rpaduKa.

BK® e unroc-

Konmpoanu esnpocu

|. 3ammuieTe aHATHTHYHUTE W3PA3H, C KOHUTO ce omnpejens AK® Ha nepHoAUYCH H

HerepHOIHYEH aHATIOTOB H IHCKPETCH CHTHal.
2 3amumieTe aHATHTHYHHTE H3PasH, C KOMTO C€ onpenesis BK® Ha nepuoauHeH H
HErepHOANYEH aHAIOroB H IHCKPETCH CHTHAJL.

3. Kaxsn ceoiicTsa nputexasar AK® H BK®?

4. 3amuuieTe B AHATHTHYEH BHJI H3pasbT 32 BPb3KaTa MEIY €HEPTHIHHS CIIEKTHP
u AK® Ha npaBOBIbJIHHSA CHIHAIL.

5. Kax ce onpeaesT Koe(HUHEHTHT HA K
6. Kakso e BIHAHHETO Ha HavaiHara (a3
auyeH curHan’?

opeJiallis U HHTePBAaIbT Ha Kopenarms?
a BbpXy M3MeHeHHeTo Ha K@ Ha nepHo-

Jupanume CueHa.

3.2. TeOpeTU4HU CBEACHUA

Moaynauusita € GusHuecku npouec, 1pH Kot
reH curHai (HocuTesl Ha MHdOpMaumsiTa) ce npenaco CIEKTHPBT Ha HUCKOYECTO-
A BBB BHC
nact. ToBa /1aBa BH3MOKHOCT 32 NPENABaHe Ha CHrHANM Ha rgkoqeﬂmm 06-
CBLIHOCTTA HA MpOLECa MOAYNALKSA Ce CBEKIA 10 CleqHOTO Enem; Pa3CTOAHUA.
- EniH ot napaverpure

(al,a7,as,...,a") Ha BHCOKOYECTOTEH CH
. rHan a(t) = f(a
payag,...,an), “apeqeﬂ

Hocelll, Cé U3MEHS BbB BPEMETO B TAKT ¢ HHCKOYECTOTHUS C (t)
urnan s(t), Hocuren
na uHopmauuaTa. B pesynTar Ha ToBa ce nmonyyasa BucokouecTOTE :
yeH MOJIYJIMPaH, KOHTO - i
4 TIpUTe)KaBA KA4ECTBEHO HOBO cBoiicTBO. Toi mpumoduea
WH(OPMALIHATA, KOATO MbPBOHAYAIHO Ce € ChABIKANA B chrHana s(f) . OfuksoBes0
. H
B KAUECTBOTO Ha HOCELL CUIHAJI CE M3MOI3BA XAPMOHWYHO TPEIITEHUE OT BHa
(3.1) a(t) = Aycos(awyt +@p) -
IIpy W3MEHEHHE BHB BPEMETO CAMO HA HEroBaTa AMILIUTYAA CE MOMyHasa
aMnumyOHO-MOOYIUPAH CUSHAN, YMHTO MATEMATHYECKH MOZEN &
’) —
(3.2) app (1) = Agll+ ms(t)]cos(ayt + @) -
B npezcraBeHaTa no-rope 3aBUCHMOCT BENMUHHATA m Ce HApUYa Koeghuyu-
enm Ha Moodyrayus.
KOrato HMCKOYECTOTHHAT (MOXYIHpALL CHEHAM) & XaPMOHHUHO TpenTeHue
OT BHJ1a
(3.3) s(t) = A, cos(21+@q)

ce mojyyasa eaHoToHanHa AM, HHATO rpaduka ¢ NOKasaHa Ha ¢dur. 3.1. Couara

ce OMMeBa ¢ H3pasa
(3.4) (1) = Agll + meos(@1+ @gllcos(@ht £ ),
a koepuyuennom na AM e

_f_\_n';_ Anax = Anin

An Amux ¥ Aﬂ\il\ G
B oGuus cysail 1031 KOeQHUMSHT @ OTHHTA NOOTAS/HO 38 TO/ONKHTRNHA

.

(3.5) o2

2



3.7

Quz. 3.1
Mowrocmma

uaga ot (3.7) npu

o
aHE Ha ChOTBETHH MaTeMﬂTPI‘lCCK]’I Hpeoﬁpasygaﬂ

Ma OT xapMOHPI‘{HPI Tli

Cnen H3BBLPLIB
MOJKe 71a ce M3pa3H KaTo Cy

JTBT, PEACTABEH C (3.4),

(3.6) a (1) = Ay cos(@y? +@) +—m;'¥cos[(a)0 — )t + @y —qJ'Q]f i

+—+”';4Qcos[(a)0 + D+ @y + 0ol

Te3n TpenTeHHs CHCTABAT CMEKTbpa HA AM cHrHasu, YMATO AMAU)
wecmomHA CnexmpaiHa Ouazpamd e Niokasana Ha Qur. 3075

/

At A
0
mAy L)
2 2 yMHO)KeHPle Ha HOCELIHA 1 Moz.w 1
HaIM MoTaT /1a ObaT MoJyHeHH npk
Hala BBPXY uenuﬂeiiﬂu @IIeMEHTH
0y ~Q 0 @+ Q g
Duz, 3.2

JIMpALL CHIHAIL
(3.10)

TO Ha M3XO0a My ¢

I
BHWC“Z!:';‘:ETC%NBPM CLCTaBKA C YecToTaTa HA HOCELIMS CHrHal M Al
HecToTh (@~ £2) u (ay + £2) . Korato MO/ S pALLMAT

€ CIIOKHO TpernTe
| “Tl;‘ opu:“:TB oc"eKT'bpa, HAPE/I ¢ XapMOHMYHaTa ¢ yecToTaTa HA
CHrHas, cf Pat oGe cmpanuvunu nenmy o criekTpasin enetaski. C




12 .
4 a i 4’ + A, coS.QH'--""z e COSZ‘Q’ azAon C()S(a)o = g).i 4
)’ 22 (Aﬂz ) el 2 h{.

Al
G cos2apt + ay-

3l ol 1
(31D ay 4, cosayt + cos(ey + D+ o
Ha noayyeHHA cioKeH curHa € Mo ]
CniekTbpBT
A
vy +Q i
0 Q 2Q g e wy i - .
Quz 3.4

yre (3.6) u (3.11) cTaBa ACHO, Y€ 32 11a ChOTBerg.

cpaBHsABaHe Ha H3pa3
g op JleMeHT Ha MAMeMamuecKus Moden ya

¢ HeMHHA €
TBa CMCHANBT Ha H3X0/a Ha HEJIH
AM curHai, CHIMAT TpA0Ba 1 ChABPKA CHCTABKHTE ¢ 4ecToTH (@Wy—.Q), @ n
(wy+£2). OcTaHainTe CHEKTPAIHH chCTAaBKH Morat Ja ObJar eJlMMHUHUpaHy ¢
HOMOLLTA Ha IOIXO/SII CElIEKTHBEH EIEMEHT (JIEHTOB ¢untep).
Ha gur. 3.5 e nokasana 610koBaTa cXeMa Ha aMITTHTYIEH MOYJIaTop.

Ug
Us Henun U
€eH AM
) Ountbp
eNeMeHT

Duz. 3.5

3a HamanABaHe Ha eHeprufiHuTe 3ary6u, KOMTO ce nosy4aBar npH amiid:
TYIHata MONylauWs ce W3nomsea T.Hap, Gaiancia amMRAUmMyoHa  MoOyiayiA
(BAM). Ipu nes or CTIEKTbPA Ha MOAY/IMPAHHA CHrHAJT Ce npemMaxpa cheTaBKaTd ¢
AECTOTATa Ha HOCEILNA CHIHAJI, KaKTO € NOKA3aHO Ha (ur. 3.6.

Ilo T031 Hauun ce OCurypsaea nyneeq MOUWHOCH B peisiM Ha OTCHLCTBHE HA

HH OT HCOﬁXO[.lHMOCT’J"a 34 BLICTAHORY B
Ejlolaega a
HE Ha OTHOLIEHUETO CHFHHJI-UI)/M B TIIpuemuara CTpana -

32

HEHWA B NpuemumTe yeTpoicTsa, NOPOAS:
AHE B TAX Ha Hoceumn curHa, KakTo U Hi

fipHt MOJLYJIMPalil HHCKOUECTOTe ) gap;'m ":’:M Wm@m
@pan (1) = Agmcos (1 + Po)cos (Hfﬂme A

(3.12) _mAy [ Ot +@g) =
7 oSl -0)r—g, ‘¢Q]+-m§l

osl(on+ Qe+ g1 g).

i
2

miy
2
y—Q

W+ Q A

Quz. 3.6

VIHTEpeCHO YCHBLPLICHCTBAHE HA MPUHIMNA Ha 0GMKHOBeHaTa AM o dop-
MHPAHETO Ha CUTHaJIa Hpe3 MOJABaHe Ha MHIOT-CHTHANA HA HOCEIIOTO TPeNTeHe i
caMO e[HaTa CTpaHW4HA NeHta. ToBa e W3BecTHaTa ednorenmosa amMniumyona
moodynayus (EJIAM) wn T.Hap. SSB-curnanu (or anrnmiickn e3ux Single Side
Band). Ts HaMHpa IIMPOKO MPHIIOKEHHE, 3AOTO & N0-U3FOAHA B SHEPrHItHO OT-
HOLIEHHE U JIBYKPATHO CHKPAIllaBa IEHTAaTa Ha 3aeMaHHUTe YECTOTH, HO OTHOMIEHH-
€TO CHTHAJI-IIYM B MPHEMHATa CTPaHa Ce BIIOLIABA OLie noseve. Tosa oQnekvasa
pa3nonaraHeTo Ha MOBEYE KAHAIM, KATO C& Ch3JaBaT No-A00pH YCnOoBHA 3a H30Ar-
BaHE Ha BIIMSIHHETO MEXJAY chceaHuTe kKaHann. EJIAM Hamupa ronsMo npHioxe-
HHE TPH CHCTEMHTE C YECTOTHO YIUIBTHABAHE HA KAHANWTE.

SSB-cHrHanbT NpU MOAYJIHpALL XapPMOHHYEH CHIHAT CE QMKCBA C YpasHe-
HHE OT BHJA

(3.13) g (1) = Ay cOS(@ + @) +%C03[(w0 +Q)t +@, +@al

3.3. 3apaHue

1. Jla ce cumyaupa npoueckt Ha AM npH NOAXOARIO uadpann iﬁﬁ:
33 MOAYJIMPALLHs H HOCELUHS CHIHAIH W KOR(HUHEHTA HA Mwma
MIO/ABAT W HAMEPTAAT CHOTBETHHTE rPAHKH 32 HAKOIKY CTOMHH Ha KoeQuu-

enTa Ha Momyaums m npu m< 1.
IpEMOY AL H C8
2. Jla ce CHMy/HpA NPOLECHT HA ANGOKA MOAYIALHA 1 PR

HAYEPTAAT CHLOTBOTHHTE IPauKH.

33




3. JTa ce cuMyanpa mpoLEecHT Ha EAM u EJIAM (SSB).

HaTa
4. Jla ce W34ucaAT pavain '
: a1 3a €IHMH IEepH )
Haj) MOLIHOCT, CpeaHHTE MOLLHOCTH Ha AM CHIH; | PHOL Ha HOCeuI
W eIMH nepuoa Ha ympaBJisiB
CpeAHH MOLIHOCTH.
5. Jla ce HavyepTadT
u EJIAM.

ALK CHTHATH,

CreKTpATHHTE AMarpaMi Ha CHMYIIHPaHHTE B T. 3 | Al

3.4. MeTognyecku yKa3aHus

3.4.1. Cumpnupane na npoweca AM
B cpenara Ha mporpaMHHs MakeT MATLAB, c nomolra Ha GuﬁnuoTeKaTa
SIMULINK, pean3alusTa Ha aMIUTHTYAHA MOJTy TALHA MOX€ 11a Ce OChllecTRy it
Gasara Ha MaTeMaTH4ECKHTe 3aBHCHMOCTH, YPE3 KOHTO CE ONMCBA Tpoueca, K.
noy3Baiiki H3passT OT hopMyna (3.4) Moxe 1a ¢& CHHTC3Hpa MIPHMEPHaTa cxey,
or ¢ur. 3.7 3a noydaBaHe Ha CHTHATH C aMIUIHTY/IHA MO/Ly TalHs.

o gl

Hold Buffer Spectum

%
Signal Generator2’ ce reHepupar pec-
e rHait. Ypes taxuara HacTpoika moran
# HCCTOTaTa Ha reHepupaHmTe crHamm, B
: :
y CHT Ha aMruITy IHa Moy taums, CHr-
ec’ra obu1act upes Goka "Scope’. 3a use-
TOTHATA O
bt Or1act ca Brmovenn noce-
I' ¥ ‘Spectrum Scope’.

‘ _ 3.4.2. Cumynupane ng npoyeca EAM

Manonsgaiixy y i
3pasa
Pa3a ot dopmysa (3.12) mosxke Aa 6uae cun a cleA

(B peXxHM Ha OTCHCTBHE HA MOy THpap,

KaKTO M MHHHMATHHTE U Makchy,
Hy

nata MPUMEPHA cXema (¢,
Ty[Ha MOAY LKA,

=

Signal
Genarawrl

Signal
Genemawnr2

Duz. 3.8
3.4.3. Cumynupane na nrpoueca ETTAM

Jla ce M3MON3Ba METOAA Ha Nedasupanero

CpoTBeTHaTa peamwsaums na
MATLAB (SIMULINK) e nokasana na dur. 3.9. B wero porpaMHara cpema ma
3aTopa CHOTBETHO 32 HOCELIOTO U MOID’ﬂHpaluo'm. g C€ H3NomeaT pa neda-
HHE.

o0ooo
0

Signal
eneratwri
>
ety >
Product » D
1
3 ™
Integrator —
0ooo
0
Signal
enematw2
1 ol
§
Integratr1 Productl ;
Wokd Bufler  Specmum
Que. 3.9



- AMIUIHTY/AHO-MOAYHPAHH CHIHAT)
[ANTYIHO-MOZY/IADaH CHTHA/ C e[Ha CTPaHHYHa
| YMHOKHTE/IA M3MBIHABAT PONIATA Ha GanancHu Mony.

: 1. morar ,t(a ce m3cienBaT BBB BpemeBata onacT upes Gnor

ok "Sﬁ@ea” 3a u3cieiBaHe W BH3yalH3alus Ha mpoleca B ‘lBGTOTHE,lTa ?ancr‘ ca

. BRmloueHn rocenoRatento Grokoere ‘Zero-Order Hold', ‘Buffer’ u ‘Spectru
Scope’.

Konmponuu evnpocu

1. 3amo npu npenaBaHe HA CHIHAM HA TOJEMH Pa3CTOSHHS Ce M3IMON3BA MPOLE-
CBT Ha MOTynaLHs?
2. KakBo chabpiaHHe ce Blara B MOHATHETO NMpeHacAHe Ha criekThpa Ha HY cur-
Han BB BY 06nact? B kakBO OTHOIIEHHE C€ HAMHPAT MOMEXIY CH HOCELMST H
MOJy/IHPALLHAT CHTHa? .
3. Kakeu enreMeHTH ca HeoOXOZHMM 3a OCBHIIECTBABAHE HA AMIUIUTYAHA MOAyJia-
uns? OBscHeTe TeXHHTE (DYHKIHH.
4. Kak ce onpenens Koe(HUHEHTBT Ha aMIUTATYIHA MOZyIaums? 3aimo TIpH TIpe-
MOZyNalHs BE3HHKBAT M3KPHBABAHHSA B MPE/IaBAHHMTE CHOOILEHHS? '
5. Hauepraiite BekTopHata mMarpama Ha AM curban. Hauepraiite ammiutynHo- n
(hasoBo-uecToTHaTa My criekTpanHa XapaKTepHCTHKA.
6. Kax ce onpenens moursocrra Ha AM curnana B PEXKHM Ha OTChCTBHE Ha MOAY-
JIMpalll CHTHAT, a CBUIO M MHHHMA/HAaTa H MaKCHMaHaTa My MowHocT? Kakea e

CpeaHaTa MOUIHOCT Ha PaIMOCHTHANA 33 eAHH MIEPHO/L Ha MOAYJIMPAILIOTO TpenTe-
Hue?

- 7. Kaxeu Henoctatsum nputesxasa aMIUTMTYTHATA MOJLy /1L’

8. Kakeu pasHoBnanocTn Ha AMIUIMTY/IHaTa Moy naLms noskasare? Hauepraiite
CTEKTPATIHHTE UM AHarpamy,

¢
i

4.1, Len Ha ynpaxme
Vnpasicnenuemo u
wecmomHo- U asoeo-mody | =
smipane 6 MATLAB (SIMULINK). :;
4.2. TeOPETUYHU CBeeHun
4.2.1. Cuznanu c v2n06a modyrayy

‘berosama Ma&yylm .,(
»2b/i Ha HOCEILOTO TPEMTeHye B

3a CHTHana C bIIIOBA MOAY/IALWs
4.1)

KBAETO: S it
ag (1) = Agcosy e ymicumsr
w(t) = eyt +kS() — dasosmsr srx
(), — MECTOTATA HA HOCEIIOTO TPEnTeH:
k — koedHIMeHT 32 mpammm ) b

S(1) — dyHKums, onucsauma Haver

BrBABT /(1) B 3aBHCHMOCT OT YNPABIIABALLNA ¢
‘briiopata Momynaums e no-M3roAHa oT

e

TOTHA JIEHTA W MO Ta3W MNPHYHHA B PaAHOpas
Ha YITPaKbCHTE BbJIHH. = :
XapakTepHa 3a bI/IOBATA MOAYJIALIHS ¢

e
a9

Hexka ynpasnssauiusr
(4.3)

Yectorara Ha MOJY/IHPAK



cos 21 = A, cos 21+,

= +k1A¢M G
gy (1) = 40 octute. B

ok JeHT 33 H3paBHABAHE HA pHaMER TPakTHYegr = S
xpaero ky e koedHl cobpazyBaneTo Ha HATIPEXKCHMETO B MeCToTa; 4. 3
P e Ha 4ecToTara M C€ HapHua et m‘,; :

peanu3aliH toii oTpassBa Il
uMa 3Ha4YeHHe Ha amrmmyna

Ha yecmonama. .
(DasoBHAT BIbJ HA MOy IHpaHoTe p
wm

Ha n3MeHeHH!
[TeHHe ce Moiy4YaBa Chrilackg « 2
i y

sin Q¢

T.C.

=yt +

4.5) Wy (1) = f(ﬂb + Aw,, cos 1) dt = Tt

ToraBa H3pa3bT KOHTO OIHCBA cUrHaza ¢ yecTOTHA MOAYJIALIHS, €

= g ;

(46) a!{M(t) =AOCOS(//L{M (f)——' A()COS([UO[ m[ll sin Qt) )
yecmomHud .Maoyﬂalﬂlﬂ.

KBIETO /My, € UHOEKCOI HA
A@m ) sapycn OT 4ECTOTATA HA YTIPAB/IABALUMA CHIHay

ScHo €, e My, =
cTapey rpaQuKMTE HA HOCELLOTO H YNPaBIisBaigoy,

Ha ¢ur. 4.1 ca npea qM
TpenTeHue M Ha MOAYJIHpaHUd CHTHAIL Or rpaduKara Ha CHTHaNA Ny, yg
yIpap/IsBallloTo TPENTEHHE HEroBaTa Yector,

MpH MONOKHTEIHA HApACTBAHHA HA
chio pacte W oGparHo. Taka MOJYTHPaHOTO TpenTeHHe Ce NPEBPBIIA B HOCHTe,

Ha ChODOILEHHETO.
Cucnanume ¢ (azo6a MoOynayus ce nOAy¥asam npu usMenenue na Dazamg
HA HOCEUJoIO Mpenmenue 6 3asUCUMocn OM YRpasaA6aiyus CueHan.
Heka HOCEIIOTO TPENTEHHE € C YECTOTA () W Ce OMHCBA H3pasa
ay(1) = Ay cos ayt = Ay cos iy (t).
H3xoxnakikn oT Je(MHULHAATA 32 CHIHAMA C (pa30Ba MOIYJIalus HEroBara
AMIUTHTY/Ia € MOCTOAHHA, @ Ce M3MeHd camMo (a3oBMAT BrbJ1. 3aTOBa Hali-061oro

(4.7)

OTHCaHKe UMa BUJIA

(4.8) app (1) = Ay Cos Wy (1).
AKO M3MeHeHusTa H

A ynpaBlsBallyWA CHTHAJ Ce '

S(r) , hazousr vrug e TREASTD 6 R

KBJETO k, € Koe ;
2 Guument 3a H3paBHABAHE Ha pasmepHOCTHTE, B NMpaKTHKATA TO3H

KoedHuuenT o
% pazmzzgﬂ Ba nipeo6pasysanero ya HANpeXeHHeTo B YecToTa
KIAHUA cJ1 Yyau 3 g
BMCHMOCTTa YHaH CHRaITBT ¢ (hasoBa Modynauna ce onucEa ohe 3l

(4.10)
Hex “om (1) = A cosla + k,8 1)
a,yn ’
@.11) YIpae/spaumsy CHIHATL € XapMonuyo TPeInTeHue, 1.e
a4y(t)= A, cos 21, i

38

ao(t)T
a(f)
ay(f) 4

Que. 4.1

Daz0BHAT BI'bJI €
(4.12) W (1) = @yt +kyAgyy €08 21 = &y t+mg cos A1,

KBAETO My, = kyAp), HMa IHAEHHE HA AMILIHTYAA A@, Ha H3MEHEHHETO Ha daso-

BHSL BIBJT M Ce HApUHA uHOeKe Ha asosama MOQYAAYUR.
B 1031 cayyail ha30B0 MOYJIHPAHOTO TPRNITSHHE €& ONHCBa ¢

agy (1) = dg cos(ayf + my 008 £21),
@ Hapa3dBa B TOBY, Ue B ckoQuTe Ha Noc-
BHs CHHyC. [lpyrata pasausa
[lpH uectroTHATA MOy aLHs

(4.13)

Paznnkara mexay (4.6) u (4.13) ¢
NEAHMA M3Pa3 Ce ChALPKA KOSHHYC, AOKATO B IThP
MEICLY OIHCAHHATA € B HHAGKCHTE HA MOYTALHATA,

9



A0, 1€, HHICKEET Ha (asopa MORY nayy,
=A@

My ="0 s CHIHA: NTeHHe, KaKTo :
" ynpasnnsamom Tpe > E HH q,aaﬁ.ﬁm

[1I0TO Ha QUL 4.2. Ha ¢ur. 4.26 ¢ Thuga Mgy

noxaaal?:) o C IUTBTHA — (ha30BO-MOAYTHPaHKg CHpy i

cTOI‘,jHQCTH Ha yﬂpaBJ’lHBaLUOTO TPEI‘[T?
wkaa ce, 4e 1l
App (f) .B

g4, a P OTPHLIATENHY — ‘
T cprnai unpesapea g BaTapMOL:ynauna ce S
Hue, MOAyIHpaHHi ose aa ce cpo0pasH, 1€ iz CPMpoRg,
CHO M :
ga. [Ipu TOBA JI€

14 ¢ 4ecTOTHa H o6pamo.

1984
3aBHCH OT yecToTaTa Hi yrpas

I'pacpuruTE Ha HOCE

cHurHan, ca
MOy THPaHHA 'rpeﬂTeH"c ay

0
noKa3aHo HOCELIO pi MOTOXKHTEHH

ay(1)

a)

Duz. 4.2

4.2.2. Cnexmpu na cuznany ¢ b2106a MOOynayun

Koraro HHICKCHT Ha HYECTOTHA M
MOZIYNMpaHus curuan C€ OIHCRA ¢

(4.15)

onynauus m > 1, CIHEKThPBLT HA Y€CTOTHO:

ayy = A,Jo(rnm)cosa)ﬂt + A,)ZJ

n=|

A (m,,)cos(@), + nQ)t +

4 2 (=1)" 5, (m, Y cos(ay - nGy.
n=|

KbAETO J’,,(ma,');(n=0,l,2,,..) e fec

m e
Aw, _anpn ¢aaoBﬂTa (] g

Closara (ym T “TH peji He
apryMeis 1, byHKums o1 IBPBY PO K N=TH Pe-ﬂ#l

40

M311013BaHKH ropHus M3pa3 moxce
cuenand ¢ YeCmomua Modynayug ¢,
Jocewomo mpenmenye y 6836poﬁ
cumMempuiHO CNPAMO Hest u gy
(n=12 ). Teopemuuno Hecmomnamq Jienm
momna MOOYAAYUA e beskpaiiyg Wupokq y K&: i |
us¢wHpEONO. IMEDKCXY Tauckale. Oy A 3o "onana 3a qpyaig ce npe :
MosKe 13 C€ YCTPOU CaMo eaun kapan it Hanp“;:aﬂa ACHO, Ye g SR iy
foTH caMO e[lHA PanHOCTaAHUMy o YeCTOTHa Mﬁﬂynap? emﬁm mz’mw :
peprasa To31 u3Boa. Toit 6u Gy norpeiy M. T

ony e KA 0525 onpo-
Geceno » 0 HE ce meve npe, ToATenN
CTBOTO, Y€ JIOBHTE byHKImy npM n > ;m CIBMT 0GCToATE N-

ha ce gy, g
Cvcmoy o, e
MHO20 ¢y o
wteqaeau,'

curHasa ¢ Y€CTOTHa MOAyJianusg e

(4.16) Buy =20Q(m,, +1)= 2Adm,, + Q).

[Mo-TouHuU PE3YNTaTH Morar hace Tlomyyar ot H3paza
(417) BqM =2.Q(l+mw+."mm).

Haii-rpy6a ouenka 3a wmpusara ua HECTOTHaTa ne,

¢ HTa MOKe 1a ce jaje 2a
4eCTO CPELUAHUA Cilydak my, >>1. Ot (4.16) cnexpa

(4.18) Byy =2Qm, = 24w,

Tvit kaTo ca pasnpoctpanesu npa CTAHZAPTA 33 YeCTOTHATA NEBMALMS
4f,, =50kHz n Af =75kHz e sBHo, ye mmpusara Ha yectorsara 7IEHTa € CBOT-
seTHO no-ronama ot 100 kHz u 150 kHz.

Korato WHAEKCHT Ha uyecToTHA MoOnymauus m,, <<1 3a cmekrbpa Ha UM
CHTHajla € B CHJIa, TOraBa

Aypp = Ag COS Wyt — A sin @yt sin Q1 =

4.19) L Y- m,.,2Ao afln ~ Q)H'"_wz“im(% + Q).

m
OT nociaeHKUs M3pa3 CleNBa, Ye BEKTOPBT -L;'l (Qur. 4.3), ¢ kot e

NpeaCTaRs [07HATA CTPAHMYHA YECTOTHA ChCTABKA, TPSOBA 1A HMA NPOTHEONO-
JIOKHA [0COKA B CPABHEHHE ¢ TA3H, KOATO @ BbB BEKTOPHATA HATPAMA HA CHIHATA
C AMIUTMTYZIHA MO TALIHA.

,Z[;Zm nemﬂga, NPEACTARSLH CTPAHHHHHTE CHCTABKH, C& BHRTAT B mm;;
NIOKHH TIOCOKH, CYMHPAT ge ¢ Ay it 0Gpasysat BeKTopa Ay HO meﬂﬂmpﬂil:m
HA BLPTEHE, PECNICKTHBHO YECTOTATA B 3ABHCHMOCT OT YIPARNABALLIA CHTHAT,
Nydasa ce @iy, (), Clensa 18 ce OTORIOKH H NOBATA HA ﬂﬁmj‘:&m i
MO aUMA, Thil KATO Aqgy > Ag 1 PANIHKATA MEXULY TAX SABHCH !W.. ‘ f‘-l___"
LS CHPHAU,



aMa Ha HeCTOTHO-MOZY/IMPAHK: CHIHAI € Nokaggyy 3
aTa JHarp

CrniekTpaliH
¢ur. 4.4.
A
Ay
myAo
2
W= —>
0 J- (1)0 (DO aE Q @
_myAy
2l
Duz. 4.4

[llupurara Ha vecToTHata NenTa npu m << 1 ¢ paBHa Ha 2£2, KaKTO MpH ay:

OT JA€BHALIMATA Ha HYECTOTATA,

Korato monynupaumar CHTHAJI He e xa
JIBE HUCKH YecToTH £,

H £, B cniekThpa Ha HECTOTHO-MOY/IMpaHsA CHUPHAJI, 00K
HECTOTHTE (4,

40yt 2, 05120, ayt 242,, npucHCTBAT M KOMOHHMPAHH He

T0TH |
OT BUAa 0y £ 2 £ 0, ¢ penyy BEIMONKHM 3Haun, AmmuTyaure Ha Tel
CBETABKA 3aBHCAT OT Npomspeieiye

und. Ako ce AonycHe, ye MOAYnany

42

TUMTyiHa Moaynaums. Tosu pesynrar nokassa, ue NPH MHOrO MaJiKd CTOMHOCTH =
Ha MHICKCA Ha YeCTOTHA MOJly/iaLns, LIMPOYHHATA Ha YECTOTHATA JIEHTA HE 3aBHCH

PMOHHMYEH, HarnpuMep CheTaBeH 0t

Ia Ce ochluecTrABa OT LA rpyAa HACKOME: &
TOTHH CHrHam ¢ yeeropy 2,0 %O AT wpall
|} 7y ’

10 pasa WIIH 110 HECTOTa, We ce exeroy o R
OTB"na wy ini.Ql i...tnN.QN, KblieTo n]“rﬂ‘"‘ﬁﬂ 5 g oy

3a CreKTEPA HA CHMHANA ¢ (asopy ““Hynam%ﬂ?m 2
rHi M3BOAH. 32 ENHAKBOCT Bu yopno i mj“‘mm@ Tpass
apy (1)) YNPABIABAMMAT Curhan 1y ce ST Klane Ha mpay (4,13, &5
EjHa OT PA3THKATE B CPABHERME Cre orre "a ay(t)=

KTBpa Ha y ; { ;
ce U3PA3ARS, B TORA, 4E IMILIATY.IGT el ot O :Ziwmo_mwmm W% CHrHan
MeHTHT Ha OecenoBuTe hyHkimy o m, BBy CHTHan, Tyj; tazo-

a) m<< 1.

6) m>> 1.

Jla ce u3cnenpar TIPOLIECUTE BER B
yepTaiT ChOTBETHUTE FpadHKH.

2. Ila ce M3CIeBa BIMSAHHETO Ha dbopmara u amnn
CHrHaJl BHPXY CTIEKTBPA HA HECTOTHO- H (asoro
HA4YePTaAT ChOTBETHUTE rpaduKH.

3. Jla ce u3Cne/Ba BAMAHMETO HA YeCTOTATA Ha HOCEUUA CHIHAN BBPXY
CMeKkTbpa M UIMPOYMHATA HA HECTOTHATA JIGHTA HA HeCTOTHO- W (asoso-
MOJLy/IMPaHHTE CHIHaiH. [la ce HauepTasT choTBETHHUTE rpaduki.

4. Jla ce M3YHMCIAT YECTOTHHTE JIGHTH Ha CHMYTHpaHuTe B T. | 1 T. 2 uee-
TOTHO-MOZYJIMPAaHH CHTHAIH 32 CIIy4anTe, Korato m >> 1.

PEMEBATA U 4ecToTHATA 0BMaCT M ce wa-

HTYJaTa Ha MOy MpauIHa
“MORynMpanuTe currani. [a ce

4.4. MeTooM4ecKku ykasaHus
4.4.1. Cumynupane Ha npoyeca 4ecmomHna Mooya1ayua

B cpenara na nporpavums naker MATLAB, no-TouHo ¢ nomoura Ha ouo-
nunotekata SIMULINK, peannzauusara Ha YeCTOTHO-MOAY/IMPAHO rpemenz ommle-
Jla ce OChLIECTBH HA Ga3zara HA MATEMATHYECKMTE 3ABHCHMOCTH, © KOUTO

Ba MpoOLECHT, i 4.7) MOXe na
H3non3eaiikk m3pasa ot hopmyna (4.2) 1 3amect qanar::r(la 2nrﬂama ¢
Ce CHHTe3Mpa npHMepHara cxema or Qur. 4.5 3a noay

HECTOTHA MOJLYIALIMS. i : v MOXKE

Moﬂyﬁpamum cHrHaI ce 3a/apa ot Gnoka Slgna; mmm
Aa GbJie H3GpaH ¢ pasnuuHa GOpMA: CHHYCOHAANHA, m::nwnwmmdu "
Ap. Or MeHI0TO Ha GnoKa ¢e 3a1aBa aMIUTHTYAATA Hace » ok ‘Constant’.
decrorara My £2. Heerorara Ha HOCGLLHS CHIHAL @ ce Janasa

“



rara & (1ad/V): C KT eaT E
s ‘Gain’. Jesnaunara 1 ¥ e
‘ﬁ:f ﬁnemanuo BpEL VPR

Vo HER

=—

qu"g

\oKe 1@ C& CHHTE3Hpa mp
¢ pasoBa MOy TALLMS.

a {2 —vecTOTATa HA YTIPABAABALMs ¢
- Moty TMPAUIHAT CUTHa ce 3

aTa’
S b)) e RomEmO MU

o Ha O710Ka Ce 3a/1asa aMrumry;ugm
YecToTara Ha HOCEIMS CUrHam

Trigonometric

or
LT Function

Signal
Generator

oooo
% 750

Signal
Zero-Order Generator
Hold

duz. 4.5

: CHrHATBT 0T H3xoza Ha 61oka ‘Gain’ ce cymupa ¢ To3u oT 6110k ‘Cong;
B Gnoka ‘Sum’. [lonyueHusT pesyiTar ce HTerpupa B 610ka ‘Integrator’
. nasa Ha Bxoga Ha 610ka ‘Trigonometric Function’ — cos. Ha n3xona wa 6ok
" T0JTy4aBa YeCTOTHO-MOAYIMPAHHUAT CHTHAIL. .
: Cuntesnpanara cxema j1aBa Bb3MOJKHOCT Ja ce Hab/mo/1aBa 1 H3ciepa
- leca Ha 4ecTOTHa MOJIY/lallig KaKTo BbB BpemeBaTa obiacT upes Gioka ‘Scop:
- TaKa W B HeCTOTHaTa 061acT. 3a TasH LeJI ca M3M0I3BAHH MOC/Ie0BATENHO CBI
HuTe 6110k0Be ‘Zero-Order Hold’, ‘Buffer’, ‘Spectrum Scope’.
Ypes cumynaunsta Ha npoweca yecToTHa MOJIyJIalks MOTaT /1A Ce H3Bb
0-32/1E1604€HH M3CIE/BAHNS, CBHP3AHH C NpoMAHATAa HA NMAPAMETPHTE Ha MO
JIMpALIKA CUTHAM M HHJIEKCA Ha YeCTOTHATA MOJy/lalus, 3a 1a ce aHann3upa

 TAXHOTO BIIMAHHE BBpXY CIIEKTLpa Ha ‘lCCTOTHO-MO,[[YJIHpaHHﬂ CHrHaJ. :
CIEABAHNUA MOTaT j1a BKJIKOYBAT:

X

Produet

Constant

Dz A6 o e

JleBHauMATa W MHAGKCHT HA YECTOTHA MOZYMALMA MO}

eKCTIEPHMEHTAIHO OT H3pasa
(426) Mg =MM =V¢p,
KbJETO Ay, € ChOTBETHO AMIIHTYAATa, a 2 — HecT’
HaJl. '

Or 6noka ‘Clock’ ce 3anasa Bpemero £, a “
: P ' CHIHAJI @ CYMHPa Che
* [lpomana na (opmara na MOIYIUPAILHA CHrHA; 6nok ‘Product’. M3xoQHuAT CHr cymupa

Ipomsna na AMILTHTY/1aTa Ha MOy AupaLms CHrHAL; cos. Ha u3xona na Gnoka ce nomy4asa (asos

CHHTe3npaHaTa eXeMa 1aBa Bh3MONHOCT A3 ¢¢
lieca Ha (pazosa MOAY/ALMA KAKTO BBB B ‘
Ka i B uecrorHara obnact. 3a Tasu uen ¢a
Te Gnokone ‘Zero-Order Hold', ‘Buffer’

npOMﬂHﬂ Ha YecTorara ya HOCeLIus CHruan;
.

" HPOMHHB Ha uHpekea Ha HECTOTHATA

2 MOJIyJIatius,
 Hpomauara ya napaverpure ce H3BHPLIBA

OT MEHIOTO Ha GrioKkoBeTe B €




Ha rlpoueca “b a Py
Ypes cumyJ1auH S cpbp3ati c npoMﬂHaTa Ha rnapamMeTpHre el

e/lB 3a ja ce Mogy,
o3BG mc:ujllexca Ha (pa3oBaTd MO amfu cu i Ra“‘ﬁ‘e
H B H rHan. a3
MpaLIHs curHal Hrepn 1 ¢azoBo-MOAYT! P an l‘[pomm._
psHue BBPXY © GI0KOBETE B CXeMara. Hary
i ce u3BBpLIBA OT MeHIOTO Ha i
Ha napaMeTpHTe

Konmponnu 66npoctt
asate’

oyiaLuA MosH
1. KaxeH BHI0BE BrUI0Ba MOAY: o ce MpefcTaBs qCCTOTHO—Moqyan

2. Hanuiete aHaTHTHYHHAT H3pas, © KOHT
?Ir(};axts ¢ crieKTsphT Ha 4ecTOTHO-MOTY/THPaHHA c;guaj;zl B
4. HauepTaiTe BeKTOpHAaTa muarpama Ha ‘ieCTOTHO- nyaB ,E) A fm
5. HamwuueTe aHaIHTHIHUAT u3pas, C KOMTO C€ TpedCT: BO Moﬂyﬂldpaﬂux
cHrHA H 00SCHETE KaKbB € BUMIBT Ha HETOBHA CIEKTBP-
6. Kaxsu ca OCHOBHHTE pasnnKH MEKIY 4eCTOTHO- M (ha30BO-MOIYIHPaHHTe -4

Hana?
7. Kakeu €
TyaHara?

a rlpCllHMCTBaTa Ha BrioBaTa Moay-1alHsi B CpaBHEHHE ¢ amy,.

a30Ba MoayJ1allisd MOTaT Ja ce “ﬁiﬁg

5.4 Lien Ha yNPAKHEHAC TG

LJenma Ha ynpasicHenuemo e da ce uscnedsam exg
me aMnJJumyOHO—uMn)UICHa, 4303060-uMnyncua ‘lecmom: CPuMenmann, 0 npoyecy-
¥ O x

yo-UMnYICHA MOOYTayus. upes cumynupare & MATLAR (Slecmu wupoyuy-

5.2. TeOpeTU4HU CBEAEHUA

MmmysicHaTa MOIYNalMs HAMHPA WHPOKO NMpunowkenue s
4a oOpa00TKaTa M MPEHACAHETO Ha curnanu. Hocemoro TPenTeHM
\Ofy/1aLks TPE/CTaBIBa 00HMKHOBEHO mepromMuHa NopeaMiEa :-;“p“ s
cyvas 1e OpAe pa3riefaHa MOPeAHNATA OT NPABOBIbIHM MMITy/IcH “Mgne“' 3
sana Ha Qur. 5.16, 3a KoATo: 4 e amnnuTynata; T — nepuonsr Ha non:z ) mtu&
— POAB/IKUTEIHOCTTA HA MMITYJICHTE. i
[Tony4eHHAT B PE3YNTAT HA MOZYTALUATA CHTHAN ChbALPKA HHAOPMALATA,
HoceHa OT yNpaBIABaLLMs cHrHas (Gur. 5.1a). Tlo 034 Haumk nocheHAST ce npe-
f1aBa C MOPEIULA OT JUCKPETHH OT4eTH. OTTYK Cliesa, e NEpHONBT Ha WMy
HaTa MopeanLa TpsAGBa 1a OTrORaps Ha yCNOBHETO oT Teopemara Ha Halikyuer

1
Sl TS
(5.1) 5

m

Penuia obmacta

kpaeto F,, e Hali-BHMCOKaTa 4eCTOTa B CMEKTHPA HA YNPABNABALLMA CHEHAL.

Y 10BIETBOPABAHETO HA TOBA W3MCKBAHE OCHrypPABA TOYHOTO BHICTAHOBABA-
He Ha YIpaBIsABALIMsA CHIHAI MPH IeMOAYALMATA. Teopemara Ha Halikyuer Moxe
Ja Gblle MpHIOKEHA 33 CHIHANM, YHIHTO CMEKTHP © CHCPEAOTOURH B OrpaHUtEHA

YeCTOTHA JIeHTA.
B 3aBHCHMOCT OT TOBA KOl OT MapaMeTpHTe HA MMMYJCHATA NOPSAMUA &

W3MeHs B 3ABMCHMOCT OT YNPABIABALLAA CHTHAN C8 PASNHMABAT CACAHNTS BIAQ
HMITYJICHA MOZLY/TALMA.

5.2.1. Amnaumyono-umnyaca modyraus (AHM)

Wil €@ H3MEHS AMIUTHTYAaTa HQ UMOYACHTE B 3‘“’

[pu To3u BMA MOAYJAL
5.16), KoiiTo B cayyas & XAPMOHHUHO

CHMOCT OT yrpaBJsiBaiiis curhan (pur.
TPEnTeHne oT BHAA

(5.2) ay (1) = Ay cos @t



9) ‘
uz, 5,1
@D




=0 0tQ 20-Q 200t
duz. 5.2

[1[1pHHATa Ha YeCTOTHATA JIEHTA IPH NPEHACIHETO Ha CHTHaMTe ¢
00HMKHOBEHO Ce MpHeMa, KaTo Ce B3EME I10J] BHHMaHHE ﬂpo,llBJ])KHTeJlHOCTTa Ha
HMITYJICHTE [, , paBHA HA

2z
(5.7) B gy = it
Jerexthpanero Ha AUM curHaia ce M3BbpIIBA C MOMOLITA Ha MHTerpHp;

Lua sepura (¢ur. 5.3). Bepxy pesucropa R, ce cbh3naBa HAMpEeXHTEJIeH Naj ot nog
TOfIHHATa CBCTABKA H CBCTABKATA C HECTOTATa Ha YMpaB/sBaLUMS curHan. Ioeo.

AHHATA CBCTaBKa MOXe Ja 61)1]6 npeMaXHa IT p ACIIUTEIE]
| | ra c OMOILTa Ha pas (51
. JIEH KOH-

u

R

g L . e

o

K,

Duz, 5.3

cosHHE: Ha ¢ur. 5.12 € nokazana rpadmkara o
5 BpeMm Ha MOJIOKHUTENHATa nonymma v
i AMITYJICHTE C€ YBE/IMYARA, a npes BDEMETO Ha g }
quHHo-nmnyncHam Monynaius MMa Be pasHopp i
1. Eonocmpauna HIHM (ELLHM), Emtmmﬁm,' O R
1€ ce W3MECTBA MOJ BIUSHWE Ha YTpaensBamyy cm@ﬁ“ﬁrmmm ]
onioyeHHETO cH. EnHocTpankoTo H3MEHEHHUe 1 THAN, 2 apyrugy
noeHUET0 HE FTYITEHISS RAEhor Gl uiien s
aGeuucnata oc. ToBa oT cBost ctpaka 03HAYABA, Ye ce yaye Cpe, 5
re B 3ABUCHMOCT OT YNIDaBNABAIUS CHrHan: MeHs 2 Ha uMmyncy-
2. Heyempanna LIHM (TUIHM). B vony e

@iy (8 .

CnYuaii npara

BaT CHMETPHYHO B 3aBHCHMOCT OT YMpasissamys o bpowra ce WaMec-
Hexa NPOABIVKUTENHOCTTA Ha MMy caﬁﬂq‘:"maﬂ (bnr.5.12),
TBOM YNpaB/IABALIHA CHIHAIT: YHKUAA Ha Bpewviero 1 mocpene- '
(5.8) () =1(S (1)1, o 1
(5.9) () =75 + V18 (1)
1 aKo
(5.10) S, =sinQ1, 10
(5.11) (1) =75 +Vrsin 2t .

Vr
OTHOLIEHHETO m, =— Tpe
s = PEACTaBNABA HHIekea Ha LM u nokassa ork-

NOHEHHETO OT CPeAHATa MPOIB/IKHTENHOCT Ha ummyncute. Toi ce WMens npo-
MOPUMOHAITHO HA AMILIHTY/IATA HA YNPABABANIHA CHIHAN B FPaRHUATE 0 <m, < |

3a onmucanHe Ha npoueca Ha [LIAM, koraro ynparnssamusT cursan e xap-
MOHHYHO TPEMNTEHE, C& U3XOXK/A OT YPABHEHHETO, KOSTO QNHEBA HEMOYHPAHATA
MMITyJICHA [MOpeaHLa

(5.12) ay(n) :UO_Z+UOZ(%)m(kZR)cosMx,
K=l

kbaeTo ¥ =7/T e KOe(MUMEHTHT Ha 3abIBaHe Ha WMmynchTe. Korato ¥ ce us-

MEHS NePHOAHYHO:
(5.13) (@) = x(1+m,sin2¢), T0

(5.14)  a,()=Uyx(1+m,sin 20+ UQZ(&)sin[(km)(Hmsinﬂﬂlcﬂle .
=

KBIETO (@ € YecTOTATA HA HMITY/ICHTE, & {2 @ YeCTOTATA Ha YNPABINBANINA CHIHAL.
HspaswT che cymarta ot opmya (3.14) MOXe 1a ce NPSACTABH

o g =fa
ST kymsin 21)cos ¥ = (—)x
(5.15) g(m]s'"mﬁm’ e kzﬂkﬂ

X [sin(kyzr) cos (m, kg sin Q1) +cos (kym)singm kym smmlmsm o



HeHHETO 34 LIWM ¢ mbamug g

aB
1 ciien mpeopasyBane ce monyHasa YP

CITeKTBP . sin$21+
(1) =Upx + Yo"t
agm n(kym) o (Bo )cos kax +cos(kym)J (Bp)

(5.16) w( 2 ) [sin(ka+ Q) —sin(ko— il +sin(kzz) T3 (Bp)

+r1 i [cos(k(o+2Q)r+cos(ka;-2_(2);]+cos( KT
A [sin(k(u+3.{2)t+sin(ka)—3.(2)t]+...

xknaero kyr=Bp.
B ciyuas, Korato yn
TepbT Ha LM cBABpKa:
o IOCTONHHA CBCTaBKa, KOATO CC on

) CHrHaJl € XapMOHHYHO Tpe
papJiABaLll perTenye, oy,
penens 0T uspaza Uy ¥ ;

e chCTABKa C uecrorara Ha ympap/isBallHA CUIHajll Ce€ OIIHMCBa ¢ Hipas
£

Upx my sin £21 ;
o CHCTABKH ChC CIIEIHHTE YECTOTH N1y
o (nwy = mL), KpATO N H M camemnuncna (n=0,1, 2, ... )u(m=0,1 2
Beuuks cTpaHHYHO-JIEHTOBH KOMITOHEHTH B CIIEKThpa BB3AEHUCTBAT B’(;;l).
CBII Ha KoeOaHHs HA MHTEH3HTETA, HO PE3y/ITaThT HE € B TIPOMAHA Ha aMIHTy, -
Ta, @ Ha NPOAB/DKHTETHOCTTA Ha HMITYJICHTE. AL
LLlypuHata Ha YECTOTHATA JIEHTA NPH MPEHACAHETO HA CHrHanMTE ¢ 1Ky
ODHKHOBEHO Ce TpHeMa, Kato Ce B3eMe [10Jl BHUMAHHME NpPOABIKHTENHOC
MMITyJICHTE 7, , M € PABHa Ha TTa Ha

L) B s :E-
[

u

JleTeKTHpaHeTo Ha CHIH
any ¢ LITUM ce w3BbpIuB
a
paHeTo Ha AMM curhan. p aHaJIOrMMHO HE TR

5.2.3. Yecmomno-umnyicrna modynayus ( YHUM)

[pu yecror
HO-UMITY.
HHE Ha MMITyJICHTE B 3asui3;[;am MOJIYJIAUKsA Ce M3MEHA YecToTaTa Ha TIOBTOpE
CT OT YIpagJ 7
3aHa rpadukara H ynpaeigeawus curHan. H
4 CHrHan . Ha ¢ur. 5.10 e noka-
¢ YUM. C napactane na aMIUIMTy1aTa Ha ynpagﬁz

a)"i

(—.Q‘J . Tosa o6crosTenciso

1670 Ha YUM curnana, 3a Tasu

B flocieACTBHE Ce AEMOIYIHUpaT.

M, KOHTO
pg0-UMNBYICHA mooynayun (PHM)

VM ce mpoMers $asaTa Ha UMMY/ICHATA MOPEANLIA & 3aBHCHMOCT ot
ran. C HApacTBaHE HA aMIUIMTYIATa Ha YNPABIABALIMA CUTHATL
4 cUTHAJ HApacTBa, a ¢ HaMaIABAHE HA HErOBaTa AMIUATYIA C&

m
gpauyd ¥

apJl
:Ema pia HOCEUM =
QO opa oOpaTHHA ecpexr. TIPOMEHALIMAT CE MAPaMETLP & (azata, T.e. PasnonoKe-

2

oy it JMITyJIca BBB BpeMEBHA MHTEPBAL. OWM e no-ycToiiumea Ha UTyMOBH Bb3- i
HH?TO 5 cpaBHEHNE © AUM u LIUM, ThH KaTo aMIUIUTYAaTa W MPONBILKATEN- %
eicT® ocTaBaT TOCTORHHH. CrnektspsT Ha ®MM e ananoruten Ha crnekrepa Ha 3
Htﬂdwﬁzumanme 1 CB(bPKA CHIIUTE CHCTABKH. o ﬁ
P— mexny @YUM 1 UMM nma chuua XapakTep, KakTo | Npu Henpe-

aTHTe MOTTYTALHH ®M 1 UM. ET0 3a10 [BETE WMITYJICHA MOIYIAMA MOTAT :
" e oGeIHHAT ot OBIIOTO HA3BAHHE BITIOBA MMITY/ICHA MOYNALMS. 3
A Luﬂp"‘ﬂa'l‘a Ha YecToTHaTa JIEHTa MNPH MPEHACAHETO HA CHTHAIMWTE C BrioBa

Ty ICHE MO [yNalus € AHANOTHYHA Ha TasH OMpE/ieNieHa npw AWM u LM,
B cpaBHEHHE € AWM BrioBaTta UMITyJICHA MOZYALMA € MO-YCTOH4HBA Cpe-

my CMY]_LLEHHH.

5.3. 3apaHue

1. Ia ce cuMynHpa W wscmensa mpouecsT Ha AWM B MATLAB
(s[MULINK) [ip¥ XapMOHMYeH MOJyNMpalll CHIHAN 1 HOCEII] CHTHaJl, IPSACTaBeH
o7 OpeaHLa MPaBOBIBIHH ummyncu. Jla ce M3cneasa npoueca BbB BpeMesaTa |
4ecTOTHATA 001ACT M €€ HAuepTaiT CBOTBETHHTE rpaduKky.

2. Jla ce CMMY/IMpa NMPOLECHT Ha AWM npu XapMOHHYEH MOLYTHpalll CHr-
ya1 H HOCELL| CMTHAII, MPeCTaBeH OT MOpeaKLA UMITYICH, 3a71a/IeHa OT PRROBOH-
rens Ha ynpaxHeHueTo. Jla ce M3cieaBa MpOLECHT BbB BPEMEBATA M HSCTOTHATA
ofnacT ¥ ce HauepTasT ChOTBETHHTE rpaduKH.

3. JTa ce cMMyJIMpaT W M3CneABaT npouecute Ha LM, UM u ®HM s
MATLAB (SIMULINK) npu XapMOHHHCH MOZYJIMpalll CHIHA W HOCEIL CHIHATM,
(pefcTaBeH OT NOPEeAHLA NPAaBOBIB/IHI ummyncy. Jla ce H3CNSABAT NPOUESCHTS BbB
BpeMeBaTa M HeCTOTHATA 00IACT U C& HAUEPTAIT CHOTBETHHTE FPAHKH.

4. Jla ce npeACTaBH AHATMTHUHKAT H3Pas 3a Ay (®) 0T L [a ce onpene- i
11 oBLMAT BUZ M A C@ Havueprae qacTra oF AMIUIHTY IHO-4ECTOTHATA CMEKTPAIHA

XapaKTepHCTHKA 3a NBPBHTE 6 xapMOHLNHH HA HOCELMS CHIHAL,
5.4. MeToquuecku yKkasaHus

54.1. Cumynupane na npoueca AHM

5 B cpenara na nporpamuis naxker MATLAB, ¢ nOMOUITA Hi Guénuorexara
MULINK, peausauusta Ha MIIHTYAHO-HMIIICHO MOANAHPAHS TperTeHIe

3



[P—

MepHaTa cxema OT (ur. 5.4,
oT reHepaTop Ha cHHchHﬂaneH,
Cur.

0 Hz. [TopeanIaTa oT UMy g ‘
safafeH NEpHOA Ha "(’BTOp::ice
L

2 UMITYJICHTE = 10 ms. Cpe
10-

=1kHz .
yCOMIANHHS TEHEPATOp ¢ ¢
BO-

Moke aa ce OC‘bLuCCTBPl c nomoun‘a Ha np
Moxnyaupati#aT curHal

yan Hanpumep ¢ aM al

nony4asa oT reneparop Ha 7

Ha MMITYJICHTE T= ,001 s H npoA

Ho wecToTara Ha pmmy/icHaTa 1o =

Tps6ea Aa ¢€ cpoOpasH; 1€ CHIH

paH ¢ chucrama ¢ Len aa ce ysmecTH Hal aﬁcm;cr:;?y ?Iipl;[:e:-?: ; a‘C*:PlH b

THra TONOXKHTENHA croiiHOCT Ha cuTe Mnp - Gz

4 CUrHaJI, TOJMy4eH

1 qy/Mpai . TOMYMEHMAT ¢

JceHHe Ha MopeauLara OT HUMITY Mrhay

ce nojaBa Ha BX0a paHOTO TPeMTeHHE MOXE a cefpg:
BP

(0
NioaBa W B peanHo ek ocuvm6 ckort. B enyvas e yy5.
pan 6noxa ‘Scope’ 32 .IIOﬂ'b-”HHTenHo enHOBPEMEHHO HaB/IIO/IEHHE HA HOCEIyy
ynpap/isBallis H nmnyncrio-moﬂynnpaﬂﬂﬂ curnan. 32 HabnmoaBaHe Ha Cnem'
e U3MoJ3Ba ‘Spectrum 3

’
pa Ha MOJLy/THPaHOTO penTeHHe © Scope’. H3monssau e By-
thep 3a 3abpKaHe Ha expaHa Ha ociHnocKona Ha OTJIC/IHATE CTIEKTPATHH Cherag

ki Ha HMITYJICHO MOJIyIMpaHoTo TpenTeHHe.

o
yecTOTa 10
KOHMTO ©

uTenHocT H

BaTel

cH U MO,

Scope
> g el
Product D EFT
ﬂ_ﬂ. pelc Buffer  Spectur
Scope
Pulse
Generator
o{
Tirme
Vector
Scope
Quz. 5.4

5.4.2. Cumynupane na npoyeca IITUM

Ionyyae
AHETO Ha KPO
YHHHO-H
€€ OCBILECTBU P MIYJICHO MO,
, aKO 3a HO AYyJAHpaHyu TpenTeHus
CELLO TPENTEHUE Ce W3MOJ3BA Tpubrijmo Han::eo s I;:
JEeH

Uy (1) (dur. 5.5).
TO ce CYMPI
pac
YNpaeaABaluiMa curHas Uy(t) W Cllejl TOBA CYMAPHUAT ik

HaJl ce nojnara
Ha JBYCTpaH I Y I
YCTPAHHO OrpaHuYeHue, ”[)M HapacTBaH
@ Ha aMIUIHTYA

i Monyﬂﬂpam““ CHPHAT UMTTYJICHTE YBenHuasar ¢ ik

patl
Ty A% ce pa3ItaBaT M0 WHMPOYHHa.
uo(t) Y
i’ V—\ 3
t
g+ Uy \/ Rig
uulﬂ.ll(t) Ll R l S
t
t
Quz. 5.5
B nporpaMHui cpena Ha MATLAB (SIMULINK) i
Moy 1paHo TpenTeHue MOXKe Ja ce MOY4H KATO C& W3MON3Ba Clie 0-MMITYICHO
4a cXeMa, NoKasaHa Ha Gur. 5.6. JHATa MpHMep-

o0ooo
[oTe]

Signal
Generator
oooo Sawraton
00
Signal
Generator!
Quz. 5.6
reuepupa monynnpam cnnyconnanen CHrHan ¢
|’ reHepHpa TPHOHO-

Broker ‘Signal Generator’
ammutyaa 2 V u uectota 10 Hz.
ofpasen cHrHas ¢ aMIanTY A} 4Vuue

Baoker ‘Signal Generator

crora 100 Ha. Jleatd CHTHAIIA C@ CYMMpaT W

5




r C€ M0NABAT Ha BXO/IA Ha ABYCTPaHEH OrPAHHYMTEN, 3 KOHTO ¢
HHBO O 1 ropHo HHBO 2 V. IMonyyeHute cHraamy Morar pa c: Ay Hy
BpemeBara obiact upes Gnoka ‘Scope’. 3a H3C/IC/IBaHe Ha cppe "aﬁnloqaaa
HH no’cneaosa'renﬂo CBLpsatuTe G10koBe ‘Zero-Order Holg® K;B Pa ca -Han; By
:S‘cope . Cnektspsr Ha LIIHM-tpentenrero ce Haﬁﬂroﬂa, Uffer,’ ‘Spe i
Spectrum Scope’, g noMom-,:tm’"
g
543 Cumprupane na npoyeca QUM

Ha ¢ur. 5.7 ¢ HITIOCTD
HMIYICHO MoztymHpany Tpen
HMITynIcHO Moaymup

HpaHa ONI0KOBa cxema Ha Moaynary

2 3
TeHn. Toii ce chetom or MOZAYaTop py ks ‘1!)31303(L
aHH TpenTeHus, AndepeHumpao {WHpo

H3MpasuTen, koo g i }'CHJIBHHHO.
aTep,
“() [ M
0 iﬁyﬂamp ,Hm;bepenunpamo
HM YCTpoiicTro Ll

H3NpaByrey

Duz, 5.8 i

56

Hﬁ%

B HataloTo cNSMEN € ANETCIHNNG Sy o
«MHHO-HMIIYNICHO MOLYTHPAHHAT Ciryan o UO‘AaB?:é [MM-1pe
ONTyyagat MHKORews 4 ;

upo o o
pallio YCTPOHMCTBO, Ha YMHTO M3Xopx ce 1y

soT0 W Kpa# Ha HMIYIICHTE OT Wkpouussg

Tlomy4eHHTE CHTHATH MoraT na ce
groka ‘Scope’. CrekTbpbT Ha OUM c
Scope,.

5.4.4. Cumynupane na npoueca YHM

IIpumepHa cxema, no kosTo moke na ce CHMYTHPa MOTyNanMATa B Tpor-
pamHata cpena Ha MATLAB (SIMULINK), e nokasana sa Qur. 5.9.

nooo
(o]
Signal
Generator2
12 o »
. 4|
Constant Wi >
Relatonal Scope
Operator
ooon 1
= ey T g
Signal Integrator _I-L‘- E
Generatorl pat
Zero-Ondar Bufier Spectum
Hold Scope

Que. 5.9

Biokst ‘Signal Generator' reHepHpa ganpumep Tpnou?oﬁpaseu CHFHaN ¢
amnauTysa 2 V 1 yecrora 100 Hz. Baoksr ‘Signal Gem?ratorl ne:l-:epmpa“j::l;:3:;::;—I
MaJieH CHrHal C aMIlnTyad 10 kV u uectora 1 kHz, mm% ce nona:aman S
Ha WHTErpaTop. MHTerpHpaHHAT CHIHAL 3a€AHO © TPHOHOO pasu:t:m i
BIIBAT HA BXOJA HA KOMNApatop, a Ha H3XOAA MYy €€ nonyqanancuo it
[1y/ICHO MOAY/THPAHO Tpentenie. CrekThphT Ha‘ qecm’ruo—;mny‘ i M
HMs CMPHAT MOXE Ja ce naGnonasa upes Gnoka ‘Spectrum conp:3 .Gmm s
sira HA NPOLLECca BB BpeMeBaTa o01acT MOXKE J1a Ce [PECTABH p

51
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Konmponnu ssnpoci

1. Ilpeacrasere aHATHTHYHHA H3PA3, C KOHTO Ce OnmHcRa AHUM CHryy
2. Kakso oTHolieHHe TpA0Ba 1a Gbje CraseHo mMexay HeCTOTY e - :

ynpasassamus curian npn AHM?

3. Havuepraiire cniektpute Ha AUM, LIUM, YUM u dHM CHIHayp,
4. Havepraiite MpHHLHIHATA CXeMa Ha JIETEKTOpa 3a AHM CHFHa_nH
H

[PHHUHITBT HA JETEKTHPaHE.

5. Ilo KaK®B HaYHH Ce H3BLPIIBA AETEKTHPaHeTO Ha LLIM DUM .

6. OT KaKBO 3aBHCH LIHPHHATA HA Y€CTOTHATA JIEHTA NpH MMMy cHG
CHTHATH M Kak ce onpezens?

58

H
06%"%

HHayy
Mo,qy‘,n,lpa}"n\‘5

YAPAKHEHUE pog

WU3CIIEOABAHE HA UnorPopy SUNTPY

¢
i

6.1. Llen Ha yrnpaXHeHueTo

mum :
Analysis (FDA), 3a npoexmupane u anany; Ha edHome,

1o C€ u3cneosam pasnudyHu mexuy Xapaxmepucmuyzy

6.2. TeopeTUYHU CBeAeHUs

LndpoBaTa QUATPAUMS Ce cheToy pg BB3MeHeTBHeTO BEDXY Crie
06paG0TBaHHA CHIHAI YPe3 M34MCIHTeIHY MPoueaypH no onpeneney w?ﬂ::
[IpovsHATa B CMIEKTBPA HA CHIHaNa BOM U o TMPOMSAHA BER o - P k

Lupposute Guntpu (L1D) ce H3MON3Bar 33 burrpams a He :
natd. AkO 00pabOTBaHMTE cHrHamy ca AHAJIOrOBH & HeoOxommMo T?::?i -
peABAPHTENHO IHCKPETH3HPAHH M0 Bpewme, KBAaHTYBaHU M0 HWBO 1 xon"pmibﬂarr

[lpenumcTBaTa Ha UHGpOBHTE $unTpH npen amanorosure €a: To-BHCOKa
TOYHOCT, MO-A00PH XapaKTEPUCTHKHM, Manky Pa3MEpH U BHCOKa HagekAHOCT npu
anapaTHO M3Mb/iHeHHe. Henocrarsumre uy ca i
3aUMATa HA aHAJIOTOBHSA CHIHa M npoGnemu, CBbp3aHu ¢ paGora B peamto peme
NMpH MHOT'O BUCOKH YECTOTH.

CtpykTypata u cokcreara Ha undposuTe driTpu ce OTPassBAT Ype3 CHe-
TeMHaTa (MpeAaBaTenHaTa) UM QyHKLHS,

Ludporure puntpu ca asa ocHosHM BHA — HEPEKYPCHBHH H PEKYDCHBHH.

6.2.1. Hepexypcuernu Kugposu punmpu (HI D)

Hudporusr duntep e HEPEKYPCHBEH, KOraTO H3XOAHMA CHrHan ¥, 3asucH
OT HACTOSIUKA M MMHAIIM MOMEHTH CAMO Ha BXONHHS CHIHAN X - Onucea ce cxe

S———

CIeAHOTO Anepenyno (pasnukoBo) ypasHeHHe

N

M
(61) yl = GOX" + (IIX"_I b S aM A‘Y“_l“ = Zamx,._m 3
=0

KLACTO ag) Ay kil @y . Ca KOe(HUHEHTH.

Peast Ha undposns duntbp ce onpenens or Gpos M. Crpykryphara my
*Xema e nokasama wa g, 6.1, [Mpenasarentara pynkuus va HUD ce moayuasa
b s
llpe * punarane Ha z-npeoGpasysate COPAMO JISBATA H JSCHATA HaCT Ha X
tHOTO ypasHenne

—



Due. 6.1

KakTo ce BmxOa MMITyJICHaTa
 xpaiina peaita. OT TyK Wsa i 2 oyr
TP M — Gurmpu ¢ xp.auua umnyimm
'~ Impulse Response Filters) nnn E@ 0
? HeoGxoanmo u moerarsuno

.

 qoiiuMB € HMITyJICHaTa My

KommiexcHuar yecroren KOE(HILHEHT Ha npejaBane ¢
AaBaTenHata yHKUHA ypes nonarane z = ¢ /7 -

(6.3)

. : M
H(J'w)zao i iR £ iy A Zam‘e"‘

m=

ACT Ha TOPHOTO paBeHcTRo g - (68)

Hata Xapaktepucrika pa HD uma neprommyey Xapaktep (¢ur. 6 b ; abes

PABeH Ha HHTeppan, g AHCKpETHaL My, Flepekoypeniiitre Qumpu uvar creas

' ® MIPOCTa CTPYKTYpa, peanusupar ce ;
H(w)| ® BHHArH ¢a pusuue <M p
® BUHATH Ca YCTOHuHE ;
* IMHeliHa hasoBo-vecToTHa XapaxTe
Henocrarek wa HU® s CpasHeHue

BHCOK pen npu ennaxso BXOZHO
e Ha RAM w10 ysenmuasane Ha B
M0-HeToueH, Thil kato ce onpene

" 6.2.2. Pekypeusnu .
i Haxonnuagqﬁr
0 n r ) - MUt Mopeny,
3n 4n - PR ca gy
Duz, 6, -
60
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Due. 6.3

PexyPCHEHHTE )

3aBHCHMOCTTA Ha H3XOIHHA OT BXOAHHSA CHIH

26
all ce onucpy P am%i;;“:angmﬂéﬂ@
YPaBHeHHe JIeH, T.€. ¢“3m§ Lot :
= X, +01X,,_1 T tay, Xn—M +blYn—1 t..+b THp € ctabuieH, aKﬂA ot
. T teaoc cropen yeromro (.
; & Zam X n-m +meyn—m s 7 Honlocﬂoi-ﬂ-lfﬂemg
m=0 m= : : e 2 | ; paBHHHATA € H3KIIIOYK
KbZeto a,......q,,, b.....by ca KoehHiHenTH, CLOTBETHO OT He - yaBa ce OT MPE.CT:
PeKypcHBHa yacT g $uaThpa. ‘
Mpenasatennary DyHKuMA e MOny4aBa ypes
npeobpasygaye CMPAMO JI9BaTa H achars 194CT Ha tndepeny
(6.10) Y@=aX (D) +a x4 T X @ 4y (g
(6.11) H(z)=Y@ _aq Y4z 4 g gy M

(6.12) H(jw) =% tae/oT totay emiMar
RN it 1= 3, e mar
# AMm:mmo«mmmm "aliﬁﬁepncmxa A m=| At



Duz. 6.4

¢ I0-CTPBMHa YecToTHa XapaKTepHcTHKa TIDH €IHH U cp
Hayapa no-mangk Opoii H3YHCIIeHHy;
® [10-FOsAMO Ovp3oneiicraye 1IpH H3Mon3BaKe ya KaHOHMYHarTa ¢

(opma;
BB3AEHCTBHE HA ;

neiBaHe k =05

(uarpu upes.
ch3faneHu ¢u
Tsa npen.
DYX,

® HeCTOTA H]a AUCKpeTH3al g — | kHz;

® 1€CTOTa Ha cpgay _ 100 Hz;

® P 3ap1aneny Koehuumerry CHOTBETY (! : "

@) S seingnll L 5 s | & b Guralies RO wnrhpa, OB
7 g ‘“4001‘-’-“‘0.24:5;,,......,...‘bl =‘0'509 : k- i ok KTH KAToO € M OpaH ONTHI
S 4 =0,245; g i



Jia MPOMEHH CaMo €MH HITH HAKOKO napaMeTpH. B tosy Chyvai 1
eKTHpa (UATBP BBPXY Bee CB3NAJEH, KAaTO MPOMEHS camo 5
Gurens mapamersp. B ciyuaid, ye TO3H mapameTsp e HeNpHgyg, P
TeHO CH3AANEeHHs OT NporpamMara QHIThP, ce MPOEKTHPA iy, M 33 np%:'%
oT noTpeGHTENs MAPaMEThp H CHOTBETHHTE Haii-no AXOAsTIIY XF; Che 3%%3,;"‘
Jpyra H3KIIOYHTETHA BE3MOXKHOCT, KOATO Mporpamara npenarg Pakye Hcm%
Bpb3ka ¢ GubmHorekara SIMULINK ¢ nen cumynauus ya B € aBroy,. "
Ourensar Moxe Ja ch3fane BUPTYalTHa CHCTEMa, CBCTOSINA ce é’TalImna__ g
CHTHA/TH, NPOEKTHpaHHs (HUITHP H YCTPOMCTBA 33 aHaTu3 Ha cyr re"epamp 1
MeBaTa H yectotHata obnact. @ynkuuata debug MpOBepsiBa C”suaﬂaﬂme i ha
1 1aBa HACOKA 3a PELIEHHE MPH EBEHTYATHO OTKPHT MpoGien. A€Har, CHWI::

BusyanHo norpebuTenckusT uurepdeiic e NpeacTaBey na dur. g
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Tlpu eaHaK®LB pel Ha Guntspa N, duntpure, CHHTE3MpanK o UeGuus 1B,
qpiTeXKaBaT MO-TONAMA CTPLMHOCT O Test Mo BuTopypT. 3a cMetka Ha ToBa ce
josBABAT KONEOAHUA B NCHTATA Ha mponyckane (Yebuwes I) win B nesrara Ha
sanppKane (Heduwes II). Tlpu duntpure no Yebnmes I nerrara ua Jambpikane
e IOCTHTa HYJIEBA CTOHHOCT TO/KOBA GP30 KAKTO NpH Tesw no YeGrues I, a i
qgKOHM HE A J0CTHra u300mo. [MpemuvcTroTo Ha Guntpute no Yebmmes II e, ue
jAMAT MyJICalMK B JICHTATa Ha MPOMyCKaKe.

Enuntuuad GHATpH

EAWMNTHYHMTE QUITPH, CPABHEHH C (HITPHTE, CHHTE3UPAHHU Ypes ampoKCH-
vauuuTe Ha BbTBpYBPT, YeOnuies wan Becen, ca onTuMantu, Thil Kato npu emHa-
kb pefl N W rpeiika npu anpoKCHMALUHs MpH TAX WHPHHATA Ha MpeXOAHaTa 06-
nact B AUX e muHuManHa. Tesn QuATpH ce XapaKTepH3MpaT ¢ DaBHOBHIHOBA,
KAKTO B JIEHTaTa Ha MPOMYyCKaHe, Taka W B JISHTATA HA 3aJbP/KaHE, AMILIHTYIHO-
4eCTOTHA XapaKTEepHCTHKA. BpOAT Ha my/icauMuTe B ICHTATA Ha MNpOMyCKaHe
W 3abIKaHe 3aBHCH OT ChOTBETHUA peAl Ha riTspa .

3. 3agaBaHe Ha pena Ha GuiTbpa upes Gnoka Filter Order.

4. 3ajaBaHe Ha 4ECTOTA HA JHCKPETH3ALKA, YSCTOTA Ha npcnycxane, He-
CTOTA Ha Cpe3a M ChOTBETHATA AMMEHCHS Hpe3 6noka Frequency Specifications.

5.  3anaBaHe HAa MHHMMAIHO H MAKCHMATHO HHBO Ha SATHXBAHE, enoT-
BETHO B JIEHTATA HA MPOMYCKAHE W HA 3aBPIKAHE HPES Gnoka Magnitude Specifi-
cations.

6. BbpeaHe HA JaHHH 33 QUATEPA 4Pe3 HKOHKATA Import Filter:

e 32/1a/1aBaHE CTPYKTYpHaTa popma Ha cxeMHa peanH3aLHg Ha unrspa B

6noka Structure Form; y
33/1aBaHE HA KOEDHLHEHTHTE iy u by
tata Numerator n Denominator: :

¢ BbpXy OyToHa Import Filter .
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SHTENAT MOXE [ BHIM CICARHTE XapaKTepHCTH-

Ha (MATHPA CHOTBETHO B AOIS-

@ KJIMKBAaH

@ur. 6.6. WIOCTPHP
Upes nopeauua or OyTOHH norpe
KH: ‘ i
- ype3 OyToHa Magnitude Response;

A Phase Respense;

@YX upe3 Oyrona . e
: MminyneHara XApAKTEPHCTHKA HPEs Gyrona Impulse Responses




: el

eGP ena Ha (UATEPE, nq;@asy;.ﬁ :

mwﬂmmmeﬁl{ﬂ qug6y'rona Filter . ﬁfﬁ rmart
 pann dasata e o

Wormdtor [[1028 00530071 0053008 _Cawr |
Denomielor: 11,000 202621481159 0279] 3 i

Koraro Bxoanusr ¢
ce 100aBsi CHOTBETHO
cymmpar B Giioka
nokasaH Ha ¢ur. 6.8.

e |

Duz. 6.6

Beuuku ropensbpoenn XapaKTEPUCTHKH MOTaT Ja ce BHAAT W

MHCTpYMEHT Filter Visualization Tool, no koiito ce AocTura qg
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L e == 0, SR
_:MHHﬂ. naker MATLAB, ¢ nomoura |

o rara HA IPOTPA , ra CXEMA HA Chrmm
; B cpezara yaa If o Ha CTPYKTYpHATA CXEMa Ha ChBIag
SIMULINK, pea el \iolLTa Ha IPHMEPHATA CXeMa OT dur, 7,
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Moxe Aa ce 0C7 'I.IIEGTBH CIT ‘ "
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Pouwver Spectral
Density
1
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i Manual Gain  Integrator L
Switch
++
Bl Power -S‘i;i;'
Delay i

Gaussian Noise

3aaBa HaYaTHa CTOMHOCT Ha UMITyJica 2, KpaHHa cToiHocT 0 1 T
Ha uvmyica 1 s. Taka reHepHpaHUAT CUTHAT Ce M0/1aBa Ha YCHIBATEN ¢
eHT Ha yCHITBaHe 1, mociieBaH 0T nHTerpatop. Ciie/l TOBa CHIHANTBT ce p

i

ek

JIBa KJIOHA, KATO 110 TOPHHA KJIOH 0CTABa HEMPOMEHEH, a MO JOMHHS — of
MOMOLITA Ha 3aKBCHHTEHA JIHHWA C BPEME HA 3aKbCHEHME, PABHO Ha T
TEIHOCTTA Ha NPaBOBIBAHMA MMIYJIC, ClIEA KOETO Ce MHBepTHpa. [par

C€ CYMHPAT M Ce N0/aBaT Ha BXOJa Ha OCLIHMIIOCKOI, KBIETO ce Habniop

BpeMeBata obniact. 3a HabmiogaBaHe Ha CMEKTbpa Ha CHrHAIMTE ripe;
duntprpane ce n3nonzsa ‘Power Spectral Density’. o
3a u3cnieniBaxe BHAHKETO Ha lIyma KbM cXemaTa MOKe Ja ce .n;;
Patop Ha wym (Gaussian Noise). Curuanst ot reHepaTopa Ha LyM ce
NPABOBIBIIHMA UMITyIC. [Tanu BXOAHUAT CHTHAT We Obe ¢ ulyM WM K
AENA OT MONOKEHHETO Ha Kmoya. Korato kirousr e g FOPHO M0/J102Ke :

JET € 6e3 LWyM, a Korato e g AOJTHO MonokeHue — C lymMm.

S

742,
Crznacyoan urnvp 3a eounuuen Paduoumnync i
Emnnnyy 14
HAT paionmnysic ce sanapa i CHIEIHOTO MATeMATHYES

(122) 50) ={Asm A DS1S ke SR
CRERPLIREYN
1P yenosme, ye Dty 27 € uano yyeo, o
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Quz. 7.5 =

IMpaBoBrBIHAAT HMITYJIC CE TEHEPHPA C MOMOIITA Ha G/10Kk Step,
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duz. 7.7

Topus BXOA Ha NpeBKJIFOHBATEI, KOTO 2
T cHHycOHAATHHA curnan aa 6uaat mpo
yc/i0BHE TPEBKIIIOYBATE/IAT np

¢ HyJieBa CTOWHOCT. OT m3xc

1, KOHTO € 3afaajeH
pT ce mojapa Ha ycuBatell, CJIell KOETO CHrH:

4T ce CBbP3BA AMPEKTHO KBM CyMartop, |
HHA, CTTE]l KOETO 1 TOH ce CBBP3Ba KBbM |
Ja ce MoJaBa Ha BXOJa Ha OCEHM@;{

C momoluTa Ha B
epuoaa 0
JHeHHe Ha TOBA

3aaBa KOJKO 11
yag 2. Ciept H3ME:
oT TpeTHs CH BXO
rouBaTesa CHTHAI
1o 7Ba kioHa — MbPB
fycka npes 3aKbCHUTEIHA

Top. Taka cyMHpaHHAT CH

T (uaTpHpaH CHrHaT. B cucTeMara Moxe na
a mym (B cay4as Giok ‘G
(unTpaumnaTa ce HaGmQ‘u

e
<IN

Habmo1aBa Moy eHHA
myM, Karo ce H3monssa reHepaTop H
T H ClIe

CrieKTbpBT Ha CHTHATHTE TIPE
na Griokosere ‘Power Spectral Density’.

llﬂlﬁ y' >
Sine Wave Power Spectral
Density i
st T
elational 7 -
Suwitch *
Operator :
Manual ©ain [W ] |
Clock Constantt i T it el
1anspo
Delay
o= g

Duz, 7.8

7.4.3. Cyzng,
CY8an durmup sa edunuyen 2ayCo6 UMNYIC :

Faycopuar
"
(yskums MIYAC ¢ Mpencrasen wa Qur, 7.9 u ce Lo
7.9 1 ce onmesa

'
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NpecMATa CIEKTh

(7.27)

ToBa e TaGnuue :

(7.28)



Manual
switch

Random Source

@uez 7.10

CurHaIbT, riomy4eH 0T rexeparopa Ha ugmyncé;, ce nylbﬁ(
sagadeH 1 npeobpasyBat oT ClJyHKLlPIOHaJ'lHHH nok. Cien TOP

ce nojasa Ha BX0Ad pa yonnBatesl cuxoeqmuuem Ha yc"m_’a“él'_ »
unrerpatop. Cneasa cymarop, Ha yuiiTo MOJMOKMTENEH BXO ZNp
cpurHana or puTerpaTopa 1 3aKBCHHTENHO 3BEHO; KATO CUTHAIT
uero ce A406aBs € obpareH 3HaK KbM CBHILHA CyMaTop. PesynTarst
[oMoLIITa Ha OCLHIOCKOM: CrieKThpBT Ha CHTHAIIA CIIEA durTpaiy
niaga ¢ noMolTa Ha Gok ‘Power Spectral Density’.

7.4.4. Cvenacysan guantep 34 nakem nPasovZbIHU UMPYIACU

a chriacyBaHusd (QUATEP € MOAANCH CHIHAI
HY MMITYJICH C MEPUOJ Ha MOBTOpE
To3u curHaja € MoKa3aH

P .
GNP

Je Ja ce MONyYd Ko
unTEp. &

(1.35) e ]
kppeto Ty, (jO) € K
GUATBD 32 EAUHUYEH TP 1BO

Heka Ha BxoAa H
cperon or N Ha Gpoii paBoBrb]l
JBIKHTEIHOCT HA Lenusd CHrHal Ty.
dr. 7.11 1 MoxKe J1a o€ OMHIIE

N
(729) S(t) = Z S(t 2 an ) ’ P Ha ‘ICGTOTHaTa'xg . ?3}’
ksl Tasu 3aBucH ‘
KBIETO Kk € LU0 HHCIIO0. oT HMHYJIQK, B TQQ%
Highid cwnaeyaﬁm :,

()4
BUJL € MokasaHa Ha

Duz, 7,11 .
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Constant Manual Integrator
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Quz. 7.13

(CxemarTa ChIbpka reHepaTop Ha NpaBOBIBIHH HMITYJICH, K@ﬁ_
nocaenoBatensn ummyscu. [loHexke OpoAT Ha NPaBOBIBIHUTE UMILYJT
patopa e Oe3kpaeH, ce H3r0/13Ba NPEBKIIK0YBATE] ‘Switch’, koiiTo orp:
una Gpoit. C moMolTa Ha BTOPUA BXO/l Ha MPeBK/IOYBATENS, KOHTO
Ce 3a1aBa KOJIKO MMIy/Ica OT MopeaMuara fa 6bAaT NMporycHaTH —
Obaar nponycHatd 3 umnysaca. Cnes W3MbIHEHHETO HA TOBA YCIIO
BATEJIAT NPOIYCKa CUrHala OT TPETUA CH BXOM, YMATO 3a/ia/ieHa CTO
Ot u3xoz1a Ha NpeBKIIOYBATENA CUTHAIBT C€ M0/1aBa Ha WHTErpaTop,
CHTHANBT CE pa3jieis N0 1Ba KJIOHA: NBbPBUAT C€ CBbP3Ba AMPEKTHO
4 BTOPUAT — C€ IpOIyCKa Mpe3 3aKbCHUTEHA JIMHUS, ClIell KOETO e
Coluna cymarop. Ilonexe umnyscure ca TPH, HOMBIAHUTENHO €& H3NO)
JABa 6/10Ka 3a 3aKbCHEHHE Ha CHrHajla, KOMTO Ce CBBLP3BAT Mapaie/iHo.
TOp, KaTo C€ CYMUpa H CHIHANLT Npe/n 3aKbeHUTeNHNTE 3BeHa, Taka cyMHpa
CHIHAI Ce TI01aBa Ha BXOJA HA OCUMIIOCKON, KLAETO e HAO/I0/ARA Mol

(uarpupan curna,
cﬂyqﬂ%ﬁ’;ﬁ?gﬁgm*; /a GbAe BLBC/CH WyM ¢ IOMOLILTA HA FeHEpE
01", CHIHAILT OT redepatopa Ha yM Ce ¢

Hana or rene

PATOpa Ha NpasobrLimm umnysien. Cre curH
CHEA prrpaimsTa ce nato, ! p
Adka ¢ nomoutra Ha Gnoxopere ‘Power Spe
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nMKaTa, Y€ Ha BX
yeH QUITHP 3a €,

<)

B MATLAB

MO3KE /14 CE peanu3upa

‘

Relational
Operator

CHPHAN Ce pasaesns Ha JBe, I
BTOPHAT NbLPBO ce 3abass npes.
pHLIATENEH 3HAK KbM ChLLA CYM:
BO C§ paszens, KaTo NbpPBUSAT CHIHAL
ce 3a0aBsl ChC IAKLCHUTEHO 3BEHO
NLpBUA curHan. 3a nofoOpABaHe HA

ce HaGnoaaBa oy eHUIT
B cueremara Moke aa

HAlA OT reHepaTopa Ha n
CueL (pHATPALIHSTA @ HAO




To:m curHam v
71 k — () curHaabT c€ OIHCBA Ka

aHasaor MuYHa Ha cxeMara (

Ma €
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pmecTo §
ayCOB AMITYJTC
ULINK) cl,rnacyBaH (uaTHp 3a naxegjsr
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uypes cxemara oT
H HMHYJICH ce moJjiydaBa KaTo ce npDM

3a 6ok ‘Step’ ce€ 3a[aBaT Tpo
a2 ammuinTyaaTa 0, kpaiiHa et

pea.rm.’mpa
Topeanuua rayces

Ha 67I0KOBETE ‘Step’ 1 ‘Ramp’.
auaHa CTOAHOCT H

ymyica 18
1. 3a 610K Ramp ce 3a/1aBa HAKJIOH Ha c ‘
4 7. Wsanos P. C. Llﬂtﬁﬁ
11eRf

Konmponnu 6vnpoct

1. Kak ce aeunupa onTHMaiH

2. Kaks clIydai Ha ONTHMAHa
3. KaxBo MpeacTaB/iiBa ¢hracyBaHHAT Guntbp?
4. Kak ce onpeJeis Koe(pHLMEHTBT Ha MPE/1aBaHe Ha OITHMAale

BecTHA (YHKLHA 5, (1) na nnchopMalMOHHHA CHIHATl HA BXOAA H
5. KakBo npe/cTaB/IfBa rpeeHuatis QHITBP H KAK npamuqecm;

ata (puirTpanms’?
(punTpaLs nosHaparte?

nmzupa’
6. Kakpa e Bpb3kara MesJly W3XOJAHHA CHIHA Ha ONTHMaTHUS b

171u}c2HHa'ra dyHKLAA Ha HHOPMAaLUNOHHHA curnan?
. Ka 7 |
KBa € BPB3KATa MEJKly MMITY/ICHATA XAPAKTEPUCTHKA Ha TTH! | 12. Georgi
YITMMATHHA Qi | . Georgieva V., Studying o
Proceedings ICEST 2007,

; ngouﬂm MHbOpMALKOHEH CUrHan?
. BramoskHo 1u e
KaTo ONTHMANEH ChriacyBaH (pUATHP Ja ¢ /1384 |
3 13. Georgie . N
: va V., M. N

BMe
¢T0 rpebeHyaT GUATHP U NIPH KAKBH yCII0BHA?
| 8 Environment, Proceedings I



