








npH3HAHHE HA Obirap_
me B [epMaHus, JONPHHECOXa MHOTO 34 MesKIyHapOAHOTO TP D
s e BaHETO HA aHTNHiic
B uH}pOpMaIHOHHATE TEXHONOrHHA CC yTB;pg: ;;;C:;;Ham e cl:{
& pnunara. 1o 4
nog06HO Ha JaTHHCKHA — B MEX oraeEs.
c;c::]ce"nm:rue AHTTAFACKH TEPMHUHH, KOHTO €4 B Memyﬂapoﬂﬂzmbjm fg)em % %*;JCIBB
ciaydail ToBa He € OArcTBO OT 6oraTcTBOTO Ha Gbnrapcil;;a a’ﬁ MaTCMaTHKaTae-
TexHHUEecKaTa THTEPATYP :
0/13Ba TBBP/IE NECTETHBO B e
i Cegs::e"mpaﬂe& R e el Can:un oT MaTeMa';KH
HAKOH Kganomucu. Hanpasenn ca OTCTBIIKH B pa3yMHHO ;P;O P H-
geckara crporocT. Ts e KOMITEHCHpaHa C© passicHeHHUA OTH i cpemam-
Ha MPOIECHTe H TAXHOTO MPHJIOHKHO 3HaYCHHC. IMToco gl cneu“a:“
HOCTaKTHKI;Ta CTOIHOCTH, BBIPEKH TAXHOTO 06CcTOHHO pasTil oce o H-
3
: npmme vpcose. OT Ipyra cTpaHa ¢ MpoABEHa cm,px(aﬂogT oT e o 3Ba-
3Hpa KO;"P eTeH- codTyep, TOpazn JUHAMHKATa B Ta3H O J1ac it Hero
HCT;’ yana axm?nmra Temute B Kypca ca no/0paHH € OP“eHTa'ZII’ZH ! "MePC:!raTa
:g a60TKa Ha CHTHAJIHTE, IPH KOATO KOMITIOTBPBT € 38b/DKHT Ha;mal:;eﬂng € R
sﬁma ca eleMeHTAPHH H H3KITFOYHTEIHO € MeTOIHIECKO MPEN e :
e TIpH 0(hopMAHETO Ha AATOBETE (rnaBuTe) M OTICTHHTE TEMH c% 11 € ocH-
; IO,
rypsBaHe Ha OTHOCHTEIHA caMOCTOATETHOCT (MOIYITHA CTPYKTYpa) JlaHa Hap%ﬂne
Ha ToBa, 9pe3 MoAbop OT TAX MOXe 1a Ce ch3ajie KeJaHa OPHEHTAIHA Ha y9eOna-
Ta Nporpama.
& Korato IpHCTBIHX KbM OKOHYATCIHATA pe/laKiiA Ha PBKONKCA MOTyBCTBax
aKTOD, 3@ KOETO CHhM H3KIHOYHTEHQ
kBanu(HIpaHaTa MOMOII Ha Hay9HHA PEl D,
2
omarogapen!
HHS Ha, =
Ha cTyzeHTHTE N0XenaBaM NPUATHH U [UIOOTBOPHH 3aHHMa I yue6
HHAKAa H TF000B KBM HayKaTa.

Mait, 2008 r. I'. Henor

BBbBEONEHWE
Hymata mHdopmanmn crana Muoro N

“HHQOPMaIMOHEN TexHONOTHN’,

ONyNSPHA MPE3 MOCIEAHATE TOXHHNA:
HHopMauusaTa’”

KiacuuIMpana undopManma”, “sammra Ha
M 1p. ¥ mp. Ta3su TepMUHONOTHA Ce M3MOM3BA OT VBBEBHDPEIHO
MHOTO X0pa W HHCTHUTYIMH. MHOro oTaasHa Geme ce3maneHa Teopus Ha WHGOP-
Manuara. B yaunuinara ce npenogasa aucnumimsara Hugopmamuxa. Ycnopenso
C IIMPOKaTa ynorpeba Ha TEpMHUHONOTUATA ce TIPAKTHKYBAT HaW-Pa3IMdHK TPHIO-
KEHHUA Ha MHQOpPMAaTHKATa B GM3HECA, YNPABIEHUETO W apyrute chepu ot nei-
HOCTTa Ha 0OIIECTBOTO.

CrBceM ecTeCTBEHO Ha TO3M (BOH ce 3apaxna 1 ohopMa HeoOXOANMOCTTA OT
M0-700pe 3aM03HATH XOpPa ChC CHIMHOCTTA W U3MNON3RAHETO HA uHGOpMamusTa, [To

Tasd NPUIHHA TEPMHHBT CE MOJJIATa HAa NPENHM3MPAHE U B TO3M CTPEMEXK BMECTO
CIHO KpaTKO OMpE/e/ieHne Ce M0JTy9aBaT TEBPAE MHOTO ThIKYBAaHHS, KOWTO Haii-
9ecTO 00BLPKBAT HENOCTATBYHO OCBENOMEHHTE IH0003HATENHN HNCHOBS Ha “ChB-
PEMEHHOTO WH(opManuoHHo 06mecTso”. Il0-roNAMaTa 9acT OT TAX HAMAT “TBOp-
YECKH IUIAaHOBE™ M MPEANOYMTAT NPAKTUYECKH LENEHACOYEHO TPETHPAHE Ha mpod-
nemure. Heka He ru ynpekBame! Be3 Tax U TexHus noaxox me ObIeM 4ICHORE HA
06IECTBO, CHCTABEHO CAMO OT MHCIWTENH. XOpaTa €a YCTAHOBHIM, Y TEOPHATA U
NpPaKTHKaTa TPAOGBA fa ca HepaspHBHO CBBP3aHH, 33 Ja OBJAT B MOMOII HA SIHO
NPOrpECHPAIIO 0OIECTRO.

B pena Ha U3THKHATHTE MHCIIH CE HATara Ja ce 0OACHAT MOHATHATA UHpOp-
Mayua, coobujeHue, CUZHAL U cucmema, JOKONKOMo 3acazam cneyuanicma 8 06-
Jnacmma Ha UHGOPMAYUOHHUME MEXHONO02UU.

Hymara nadopmanmna e ¢ naTHHCKA nponsxop (informatio — ocsenomssa-
He). BEB Bpp3Ka ¢ ydeOHarta qucnuivivHa “CurHand | CHCTeMH', nod ungopma-
Yua mpaGea 0a ce pasdupam eCUNKU CGe0eHUA 3a ChOUMUA, Npoyecu, o0eKmu,
AGNEHUA U NP., KOUMO NoONexcam Ha NPEeRACAHE 8 NPOCIMPAHCMEOMO U 6peMe-
mo (IpeHacsHe, ChXpaHeHue 1 00paboTka).

ITpy mo-061ETO THAKYBAHE HA TEPMUHA, TOBA € CBOCTBO HA MATSPHANHHTE
00EKTH, KOETO Ce MpOABsBA B W3MEHEHHE HA TCXHWTE CBHCTOAHMS, & TS OT CBOA
CTpaHa, Ype3 OTPaXXEHHME, CE NPeAABAT OT E/IMH Ha ApYyT olexT.

MHbOpMALMOHHHTE TEXHOIOIMH HANAraT KOAUYECMEeHo onpedensHe Ha
ungopmayuama. Hanpumep Npu NpEHACIHETO Tps0Ba /1a C& H3NON3BA MOANQAIL
kaOen. KaGenure 3a Hyxaute Ha TenehoHHUTE CHOOIIEHHs CHABPKAT OOHKHOBSHO
JBOHKH MPOBOAHULY, & 32 TENEBH3MOHHH CHIHAIN CE H3NOIIBA KOAKCHAIRH Kaden
(BBTpELCH NMPOBOJHHMK, PA3NONOKEH Hpe3 MIACTMACOBA H30NANMS :::1 nm(bo ::
WHIMEApHEeH mpoBoHNK). Tlofoben e npoOaeMBT 32 3ANHCBAHSTO 1-3 5
uMATa — noAGHpa Ce MAMET ¢ OMpeNeeHd TONEMHHA, H300pBT HA KOMIKY ?:m—
W3BBPIIBA N0 KOMYECTBOTO HHAOPMALMS, KOSTO MOXKE na o0padorh (namMet,

OCT Ha OIePALMHTE).
’ Konuzecmeﬂmo ONpene/He HA HHOOPMALMATA ¢ PAITIAANO B Tnasa 7,
[ToAXOABT MPH ONMPEE/AHETO C& OCHOBABRA HA HAM@INEANEMO NA Heonpedete-
: ofexma. KOIKOTO NOBEYE HAYIABAME 34 HETO, TOARO~
HOCIMA 6 SHAHUAMA HU 34
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Hs moaydaBame. Koraro fopaTa He 3y
T: “BEpOATHO. .. - ToBa nofcky,,
HO cHOMTHE MOXKE 118 C€ M3ng,
Ts uMa HAKAKBA CTOMHHqg,

Ba MO-TOASMO KOJHYECTBO HH(pOpMaIl i
HEIIO 338 HAKaKbB NpPeaAMET HIH cprOHUTHE CI’IHa et
Ba JOHAKBAE, 9€ BCpO}ITHOCTTa 3a moABaTa

MalHATa.

3Ba 3a KONMYECTBEHO OUEHIBAaHE Ha "Hd))olfﬂpyl'a T ox noxBsTa 1y (GHGGTN
epOSTHOCT e

H cprOMTHETO (ampHOpHA B g6 ce moyd Wy

ggzj BeposTHOCT). AKo € eana M Cplld (se ce mpoMeH), bop

€ HOBA' Ta X
[, HaHP"MeP Ha BCEKH BLSpaCICH IpaMOICH qOBEK € HSBCCIHO, q:
I aaa,

9!4”'
< u AHyapH ‘:
e T ij:)mfzc))l fﬂaqeﬂne. B ycioBuATa HA Ma33apHA Hig.

HMugopmanuiTa HMa MHO

Ba. KOHKYDEHIIUATA 1.
HOMHKA TS Ce TPETHpa H KaTo CTOKa, mpozasa ce 1 ce If(»yal;y ab0TBAT CE CPENCTRa :
HeliHOTO OmasBaHe OT HeCaHKIHOHHPAH noctei. Pasp -
aara

3amuTa.

Upes uachopManns ce ynpapiasar pasIHIHH obexTH. be3 TOBa HE MOXeM pa
pes

T
CH MpeAcTaBuM AbPKABHHTC nena, CBETOBHATA mcoHomlf{alczi[,e ;gsz;:n;li ‘;; ;5::3‘
BOJCTBOTO, IIPOOBOJICTBHETO HIIH KOSTO H Ja OuiIo zlpyHaH e oo i
OHHHTE np:)uecn 3aeMaT IIHPOKO MACTO H B npHpoAaTa. P e -
gTa Ha NHeTHHTE CEMEWCTBA, BBB (pu3MONOrHYHATE MPOLEC KHS |

JKHB THTEIHHS CBAT H IIP.
OTHHCKH OpraHH3BM, B pac
TepMHH'fT cpobu erue HMa ChOTBETHO 3HaYeHHE B TEOPHATA HA TEICKOMy-

pnkaminTe. To e goopyma Ha npeocmasane Ha unghopmayusma. TIpAMEp B ToBa o1-
HONIEHHE ca Telqerpamara — XapTHATa ¢ TEKCTa (3Hanure), FOBOpLT,q eMymgaTa’
H306paXkeHHeTO B TENEBH3HATA H JID. [ToHsKoOra 3a KpaTKOCT Ce Ka3Ba, € Ch0o0Ime-
HHeTO e TOB4, KoeTo TpabBa Aa ce mpeaaze. He Beskora pasrpaHM4BaHETO Ha HH-
dopmammATa H CHOOLIEHHETO MOXKE /1 CC OHAJIEH. ; .

JlyMaTa cuzHa1 € CBIIO OT JTaTHHCKH IIPOH3XO/ (signum — 3HaK). Cuznanvm
e gusunecku npoyec, Koumo ompasasa cvobuyenuemo. Bpb3KkaTa MEeXIy CHI'Haja
¥ choBIIEHNETO TpAOBa Aa OBe eHO3HAYHA, HHAYE CE M0/Iy9aBaT JILXIIHBH CBe-

JeHHA 1 HEMPABHIHY KOMaH/IH.
B kypca no “CHrHany H CHCTEMH™ C€ pasr/IexaaT NpeJH BCHYKO E€NeKTpH-

geckuTe curHaty. V3mon3BaHMTE 3a Ta3H e METOAH Ca IPHIOKHMH H CIPAMO
ApYrHTe BHAOBE CHTHAIH (3BYKOBH, ONTHYHM U p.). I3M0/13BaHETO Ha EJIEKTpH-
9ecKH CHTHAIH HMa M IIPeJHMCTBOTO, Y€ eJIeKTPHIecKaTa eHeprus ce npeobpasysa

CP2BHHUTEIHO JIECHO B IpYT BUI H OﬁpaTHO.
DusyHeckuTe Npouecy (BETMIAHHN) KOMTO ce H30MpaT 3a cMrHaiu TpaGBa aa

OTTOBAPAT HA CIIEAHUTE YCIOBHA:

4) a2 MOTart /1a e pa3npocTpaHABAT HA 3HAYNTE/IHN PA3CTOAHMS Ype3 N3pas-
X0/IBaHE HA MHHHUMATHO KOJIM4ECTBO EHEPIUL;

0) na nputekapar CBOACTBOTO ja YNpaBNABAT MECTHHTE M3TOYHMLM HA
EHepriA €3 /12 BLIJIEHCTBAT NIPAKO HA M3NBIHUTENTHATE MEXAHHU3MM; HarpuMep
H4pEs CICKTpHHIECKH curian TpAOBa /ia ce BKIIOYBA M M3KII0YBA €JIEKTPOIBHTATEN
OF TONAMO pascTOAnuE, KaTo ce Bh3/IEHCTBA HA CHIEUMAIHO KOMYTALIMOHHO YCT-
POACTBO, PasTIONOAEHO /10 IBUTATENA 3AE/HO C MECTEH M3TOYHHMK 34 JaXpaHBane,

R

HHaYe 3ary0uTe CBLP3aHU ChC 3ax

Ba 3a HST;ymaHﬂOlilly €a MHOro F::;::,e‘ro g g R R

e o s s o o
, 4 B MIOCIIEAHWA [Ipmep — IpHEMHATa

9JacT Ha KOMYTaHOHHOTO YCTPOUCTRO.

2 lly MaTa cucmema Ce A3IO0N3BA MO Pa3snuYIHU MOBOOH U B PA3NHEH CMHUCHIL.
HeHHuAT Npousxon € rpbuky (Systema — nsno, ChCTageHo ot gacth). Ta e npumo-
Ouna MexayHaponna ynorpe6a. 3a enua cucmema, TpenHa3Hatena 3a obpaborkara
1 [IPEHACAHETO Ha HH(OPMALWs ¥ CUTHATH, € XapaKTepHO CIEQHOTO:

a) T4 € CHBKYITHOCT OT KpaeH Opolt eneMenTH, KOHTO ca obeduneny B €0HO
A0

0) MEXIy eneMeHTHTe ChHIIECTBYBAT OTpENIENeHN 2asucumocmu (Bpb3KH,
OTHOIICHHUS);

I) CHBKYMHOCTTA OT €IEMEHTH € [OJYUHEHA HA ONPE/CNeHa yel, B HEs Ch-
LIECTBYBA ONpEEIIeH peo;

T) eNeMEHTHTE MMAT OTHOCHTENCH XapaKTep; T OT CBOX CTPAHA MOFAT Ja

OBaT TOJIKOBA CIOKHY, Y€ JIa Ca eAHa nodcucmema (cybeucmema) Ha pasriesna-
Hara.

3a mpUMep MOXe Ja MOCIYXKH CHCTEMaTa 3a chobmenns. HelfauTe enemen-

TH Ca NOJCHCTEMHUTE 32 KabGenHu, paquopeNeiiHy | CITbTHUKOBH BPB3KH. Ta B3au-
MozneicTea ¢ MHTepHET, ¢ MpeikaTa 3a MOOHIHN KOMYHUKALIMY | 1.

JlyMata cHCTEMa WMa MHOTO INMPOKO 3HAYEHHE B CMHCHI HA ONpPEASICHH
MpaBUIIa, HHCTUTYLHH, YCTAaHOBEH PeJl, PEAOBHO NOBTapAHE M T. H. Hanpumep cue-
TEMa 3a COIL[HAIHO OCUTYDSABAHE, HEPBHA CHCTEMA, CHCTEMA 33 HAKAKBB BUI 00yHe-
HUE U TIp.

He 6uBa na ce 3a6pass, 4e ungopmayuama u cueHanem eadxcam 3a sadade-
Ha cucmema. BeH OT Hes Te ryGaT YaCcTHYHO HIIM HAITBJIHO CBOSTO 3HaveHHe. Han-
puMep MHGOPMANKMATA OT YPEAWTE BHPXY apMaTypHOTO Tadno Ha aBToMoOMIa HE
ce BB3MpPHEMa OT [ETETO, KOSTO € CIIBTHUK, Thi KATO € Mpe/HasHAuEHA 33 BONAYa.
IMogo6eH cMUCHI UMa KOABT B €/IHAa OXPAHUTENHA cHCTeMa. TOM € HeOCTRICH 3a
JMNATA, KOMTO HAMAT MPABO HA JAOCTHII 10 OXPaHABAHHS OOLKT.

CucremMa 33 mpeHacsiHe Ha HHGopMauus. PAsrNeXIAHETO HA TOIM BHA
CHCTEMa € NPOIMKTYBAHO OT TOBA, Y€ TA NaBa NPEACTABA 32 TPOLCCHTE BHB BPBIKA
¢ 06paGoTKATA H MPEHACAHETO HA MH(OPMAINA, 33 CROHCTBATA (XAPAKTEPHETHRI-
T€) HAa CHCTEMKTE H300110, K 32 H3HCKBAHUATA KbM TAX.

ChINEeCTBYBAT PA3IHIHA CTPYKTYPH Ha CHCTEMA 33 MPSHACHHE HA undopma-
s, BauManuneTo me 0b/1e HACOUEHO KBM JBA THITHTHH NPUMEDA. R

Ha dur. B.1 e nanena cmpyskmypHa exema Ha cucnema 3a npenaca

¢ Ha naneH ofexr.
ungpopmayun (cuenany) Npn HAOMIONABAR e
OBEKTHET © U3MOUHUK Ha uH@opmawus. T XapaKTSPHINPA HErOROTO

TOSAHHE,
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He Habnromasay
e R e s
e B jurepaTypara Ha aHTTHHACKH 3Ry
an.
thu3HuHA BEeIWYHHA B CHTH

-
naymara transducer . aHeTo Ha CHTHATH, KOHTO Ie MOraT 11a ce ﬂ}éene-
3a Ch31aB a ¢ KaHana 3a Bpb3Ka. C 1q.
Kmp::'aiﬁiza, m.e. 3a Ch2nacysane Ha CHIHAII
CaT MO KaHaT e

H € U TEPMHHBT YCmpoiic.
sBa U 3auuma om cMy1yeHus. Pa3npocTpaHe P
Ba Ce OCHTYD:! , /

. bnaromapenue
dupane Ha USMOHYHUKA (source encoder) p e
mea 3a Kooup

anero) ce monmydasa cuzHATLI HA  CbObUeHuemy
KOIHD
npeoGpasyBareTo (M

(message signal).

MonynaTop
[IpeoGpa3syBaTell :
CMymIeHHS JIuuus
\
aro
Hatmonaren TIpeobpa3yBaren Hexonep Hespo
(momysaren)

due. B.1

GpaGoTKara Ha CHTHajla Ce H3BBpIIBA HPE3 Modyna-
By e ce TpeJaje CUrHaja 0 ChOTBETHHS Ka-
e :q(;x;oﬁrnauug (modulation) 1 ce CbCTOH B H3Me-
i Bpmka-;l (131? ﬁi;z:az’fpf;?; Ha BHCOKOYECTOTHO (HOCEIN0) TPENTEHHE (farrier
:iz};f)ia :‘::::BCTCTBHC che curHaia Ha chobmenueto. Toea ce npzanégnlgcxa'ro
1aBa BB3MOKHOCT 23 H3II0/I3BaHE Ha M0-IHPOKa HECTOTHA JIeHTa H 33 Pa3mpocTpa-
HABaHe HA CHTHAIA C II0-MaJIKH 3ary0H (1o-Manko 3amxaaHe)_.
MoIy aTopET € OCHOBHA UacT OT npedasamens (transmitter) Ha cHCTEMara,
TlpeHacAHETo Ha MO THPAHHA CHIHAJ Ce M3BBPIIBA HPE3 JuHUAMA 3a Nl;pff,:;-
ka (line). Ta Moxe Aa 6b1e MOAXOAAI Kaben, pagHopenedHa JIuHHml u np. Mope-
75T (CIpYKTypHA CXeMa) Ha cHcTeMara Tp0Ba J1a 0Tpa3sABa HEHHHTE ChIICCTBEHH
cBOFCTEA. B Hes, 3a€IHO ChC CHTHANA, CE MOABABAT CMYyIIEHHsA. 3a y100CTBO B MO-
Jieia Te ¢4 TPeJICTABEHH C €MH M3TOYHMK, BBIPEKH Y€ BB3HMKBAT HA PA3JIHIHH
MecTa.

CropbAeHnATa a3 NpeHacAHe Ha €IMH CMIrHal 0OpasyBaT KaHaia 3a BPb3Ka
(channel). B npakukara nopede ce cpeiiar MHOrOKaHanuure cucremy, Torasa JIMHH-
AT CITYAW 34 NPEHACAHE HA TI0BEYE CUTHAIIM, KOMTO C€ Pas/eIAT 110 MOAXO/ISAI Ha41H,

B npuemnura (receiver) ce mzpnpuisa 00paboTKa Ha MOJYHMEHHA CHIHAJ

4pes 00paTHH TPOLIECH.

* Hlo-sararvk, ¥be10 € Y00HO, LIe C& NOCOUBAT AYMH M CHEPAIEHUS HA aHrIMACKN W/t pyeKH
K, ThH KATO CHEUALIACTATE B BRATapua wanossar NpeuMHo IBaTa e3nka,

OcHoBHa wacT Ha TIPHEMHVKaA € demodynamopsm (demodulator). B mero ce
H3BHPIIBA OOPaTHHUAT Nponec demodyrayus

(demodulation) — TONYYaBaHE Ha CHr-
Hajla Ha ChOOIIEHKETO OT MOZYTHPAHOTO BHCOKOHYECTOTHO TpeNTeHMe, 3a IeMOLy-
JAlMATa M IEMOMYNATOpa €€ M3MON3BaT ome u TEPMMHMTE demekmupane
(detection) u demexmop (detector). Hymara

STEKTOP MMa MANKO I 3
peba. i R

lpennasnagenneto na dexodepa u TIpe00pasyBaTelis B NpPHEMHATA HacT Ha
CHCTEMATa ce mofipazoupa.

!Ionyuammm Ha CBOOLIEHMETO (nadopmarmaTa) Moxke na Gume Y0BEK,
YCTPOHCTBO 32 yNpaB/eHMe, PETHCTPALKA  TIp.

B naxou cucmemu uma o6p
6 08ynocouna

6eye no-paoko.

amen kanan. Ypes nezo spvakama ce npespriya
(dynnexcna). Eononocounama (cumnnexenama) spw3ka ce cpewa

OGpa’mmrr KaHall € MHOIO Ba)KE€H 33 CUCTEMUTE C BHCOKA HANCKAHOCT, 3a-
moTOo ce KOHTPOJIMpPa NOKOIKO MPHETOTO CHOOINEHHE CHOTBETCTRA Ha mpenaneHo-

T0. ToBa € 0C06EHO BaXKHO, KOraTO HHDOPMANKMATA CE OTHACH 3a JKHBOTA W 31paBe-
TO Ha XOpa HJIH 33 CKbIIa MaTepHaTHa JacCT.

ChBpeMeHHNTE KOMYHHKAIHOHHH CHCTEMH OCHTYDABAT ABYIOCOYHA BDB3KA.
OOGHKHOBEHO Ce M3rpaIa W MOAXOoAsma Mpexa. CTPYKTypHATa cXeMa Ha npHeM-
HO-TIpEIaBaTEIHATA JacT Ha aGOHAT B Takapa CHCTeMa & JaneHa Ha Gur. B.2. Ta e
33 IMCKPETHH CBOOLIeHNs (Tenerpathus, MpeHACsSHE HA JAHHW W Op.). XapaKTepHo
3a Heq € 00eIMHABAHETO HA YCTPONCTBATA 32 KOJAMpPAHE U NeKONUDAHe B Kodek (o1
KOJEp-NEKOEP) M Ha MOLYJIATOPa U AEMOLyIaTopa B MoaeM (codec, modem).

L} ‘I II
HOk T = .

' |MsToumux|——»| “OAPH Konep ra —»{ Momynarop
: ' | u3TOUHNKA kamama |
1 : Il
1 1 :
1 1 II
1 1 ;
1 1 ;
. : '
; : Jlexonep Ha Jlexonep " it
i |Tlomyaaren - | Nemomynatop

ell | .
E SRpar i | H3TOUHAKA Ha KaHama| |
| : Kozex \  Mopem
g e m e mmm s == T s s

@ue. B.2

THNHYEH TIPHMEP OT NPAKTHKATA 33 OCHIICCTRSBANE HA ABYNOCOUHA BPRIKA
e Mobunnusam menegpon (MS-Mobile station), HMATO CTPYKTYPHA CXeMA & nancHa
na ¢ur. B.3".

0 3 A OBO CHTHANMIO W
* Toan npuMep WIOCTPHPA NOTPEOHOCTTA OT MIYHABAHE HA TOOPHATA, CHBPIAN
CHCTEMHTE,
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aHTEHATA. AHMEHHUAM KoMypq,

npuemat 9pe3
ar u 0p! p aduonpedasameni i Paduoy,

Ha aHTeHara KbM

OMATHIHO.
op [Ipon3BEKAA He00XO.

4 W pagHonpHeMHHKZ

Cursajaure ce npenas
mop CIy>KH 3a TIPeBKI0IBAHE
puemnuxa. To ce H3BBpUIBA aBT

Yecmomnusm cunmesant
TpenTeHHs 3a panuonpeaaBarel

enTEHH.
ﬂpym./r]zzuwecxuﬂm 60K € CBBp3a
pasisiBa paboraTa Ha MOOHIHUA Tene(pon.ma gl

PosTa Ha npeoGpasyBaTes ¢ M3ITB

a C 1

ecTBsBa BPB3K : : X

MobmnauaT TenedoH ocb:'l'laﬂuu” (BTS-Base Transceiver Station). Hefigg.
KHTE O6a306H C

4pe3 eaHa OT O/IH3

TO Pa31103HaB | q (53 a CHFHMHTG (o] (j’bcenl
aHe € aB OMHTH‘IHO p63 CpaBHHBaH H T
GHOCTH € CBBPBHHH C €31 HpOHGCH ca 34aCThb IEHH B =

Ta 1o MOGHIHH KOMYHHKAITHH.

JMMHATE BHCOKOYECT
€00X0
a MpH H AUMOCT |

H ¢ ducnaes U craguamypama. Ipe3 Tax ce yp_

pKpo(ona H BHUCOKOTOBODHTe 15
pyru aGOHATH OT Mpeskar,

Mukpo(oH
PaxguonpeaaBarell o
i JIorH4eCcKA YecTOTEH AHTEHEH
MOy CHHTE3aTop KOMYTaTop

PagnonpHEMHHK N’/—J

BHCOKOTOBOPHTE
CrpykTypHa cXeMa Ha MOOHJIEH TEJIE!

Due. B.3

don (MS - Mobile Station)

HWH(opMalHOHHATE TEXHOJIOTHH obxBamar He €aMO NPEHACAHETO Ha HH-
dhopmauns, a Ha-Bede HEHHOTO obpaborsane. To ce OCBHIIECTBABA YPE3 obpabor-
%4T4 HA CHOTBETHHTE CHTHANM. 3a LeNTa ce M3I0JI3BaT NOAXOMUILUIH 6epuzu H npoe-

pannu cpedcmea (hardware — amapaTHa 4acr, ob3aBexkaane; software —
porpaMHo OcHrypABaHe, mporpamen npoykr). IlporpamHara vact e 0cobeHo
pakHa 3a UH(PoBaTa 06PabOTKa HA CHTHATHTE .

Curnanmre, KOMTO Ce MOJAy4aBaT OT €CTECTBEHMTE HM3TOYHHMLIM Ha 3BYK,
CBET/IMHA, TOIVIMAA U IPYTH CE ONMCBAT C HENpeKbeHATH (DYHKIMHM HA BPEMETO H
110 T34 NPUYHHA Ce HAPUYAT HENPEKBCHATH MM AHAJOTOBH CHIHAIMW, 3a TAXHATA
unppora 00paboTka ce Hanara 1€ Ja ce Juckpemuzupam 1o BPeME H 10 Hu6o, H
HOMY9EHATE CTOMHOCTH J1a CE NPEACTABAT Ype3 yughpos koo, Topa o3HavaBa rpes
ONPENIEEH MHTEPBA] OT BpEME /Ia C€ OTYMTA CTOMHOCTTA HAa CHrHala, [a ce 3aK-

. S y

Honsxora ce popy criop kog vact e no-sanua, Toll e Geanpeameren, Carganure ChilecTBYBaT B
ANapatHata Yact, 2 1AxHaTa ceppeMenia obpabiorka e nemuenuma 6e3 nporpamumie cpeacraa, Tpaod-
B4 JiA C& THPCH Halk-J00poTO UM ChYETaBANE,

14

, KOETO Ci
men — AINIT (ADC — Analog—to-Digita? g:ﬁ::?t;;m"am
O6pa6oTtkata Ha curman :
(Processor).
IIpu HeoGxommmoct ce H3BBPIIBA U 06paTHOTO
BUA CUTHAIL B aHAIOTOB Ypes Kupposo-ananozos npeo
— Digital-to-Analog Converter).
3a uudposara o6paGorka Ha CUTHAIAT
pamennero): DSP — Digital Signal Processing
CxeMaTHaHO nosicHerwe Ha o0paGoTkara Ha aHANOroBATE U IHDpoBUTE CHTHA-
T € AaneHo Ha ¢ur. B.4. JlecHo Moxe ma ce TIPOCNIENA CHOTBETHUAT rporec. Harmpu-
MEp YCWIBAHETO Ha €[IMH CHTHAI OT MUKPOGOH ce H3BBPIIBA OT aﬂa.norom; B:;:ra.
Tosa HasBaHue e yc0BHO W ce oTHACK 32 BEPHTa, KOATO 3a0a3Ba HEMPEKBCHATHS BUT
Ha curHana. B koHkpeTHus ciygaii Tosa e MHKDPO(DOHHUAT YCHITBATEL,

4 C€ M3BBpIIBa nocpencrTeom NMOaXonsy npoyecop

TpeoBpasysane Ha undpo-
Opasysamen — ITAI (DAC

€ C¢ H3non3ea abpesmarypara (Chk-

Amanorosa
BEpHTa
VYerpoiictro 3a Huc CTpoH
ul KpeTHa VYerpoiicteo
IUCKPETH3ALUA BEpHra 32 H3MIAKIAHES
AHAIIOroBO- Iudposa Lndposo-
nudpoB Bepura AHATOTOB
npeobpasysaren (mponecop)|||opecGpasysaren
Uugpos
CHIHAIT
JHCKpEeTH3HpPAH CHIHAN !
2 HenpexscHar (aHAIOTOB) CHrHAN

Que. B.4

TenerpadHusaT curnan e auckpereH. HeroBoTo MpeHAcAHE €& OCHINSCTBABA
Ype3 IMCKPeTHATa BEPHUIa, YHETO HA3BaHHE, KAKTO H HA aHAIOroBaTa, € YCNOBHO.

Tpabea ga ce 3a0eNeXH PA3IHKATA MSOKIY OWCKPEMHUA W QUCKpemusupa-
Husl CHrHANL. BTOPHAT OT TAX Ce No/TyYasa OT aHATOTOB CHIHAN YPe3 OTHMTAHS npes
OTPE/Ie/IeH HHTEPBAI OT BPEME, T.€. AMCKPETHIHPAHETO & HAPOUHO H € 4acT OF 8-
paboTkara.

TTprnvep 3a ciiokHa 00paboTKa € NPEHACAHETO W/iTH 00PAGOTRATA HA FOBOPSH
curHan B nudposa cucrema. [THPBOHANATHO €& HIBBPIIBAT IUCKPETHIMPAHETO W
NPEBPBLIAHETO HA CTOHHOCTHTE B UH(POBH KONOBH romOuHankm, Cnen npeHacsHe-
10 w/uam 06paboTBaHETO, C& BHICTAHOBABA AHANOIOBMAT CHIHAL (YXOTO HE BHANPH-
emMa “uudpos 38yK"!). 3a uenra 0T KONOBHTE KOMOHHALHH €8 NOITYMABAT JIHCKPSTHIL

15




16

aBa ;o
i o marnaxcaar. Tosu BrA oGpaboTka ce %Kpaui)aa n::c UHbpogq,
CTOMHOCTH, Kopmg C e OCBHLIECTBABAHE HA LH(POB 3BYK : HMC
ana.norom;l Tpeo! p:gg:(io'rxa A CHrHAIHTE MMa CBUICCTBEHH NPEIHMCTBa ey
Iupposara

ca:
aHAJOroBaTa. Cpcn::; weoCm CpEILy CMyILIEHNS, KOETO MO3BO/IABA H3MON3BaKey,
1. Bucoka yc

BEHH KaHaIIH. - HTE CE pere
o HHC; Oﬁaqf,;tmnar ce roJeMH pascTosHHA, ThH KaTo HMILYJIC Perenepy.
. lipe

€THH M3KDUB
AHATOFOBOTO yCuiéaKe € CHIPOBOJEHO CBC SHATHT e
par, J0Karo

- HP Mec
H '~

TENEBU3HOHHH U Jipy.
3ByKOTEXHHIECKH,
ose nHpopManus (
Hemo Ha pasIHIHH BHA
CHIHATH). "
- BPUI: Bf[nd)poaam o6paboTka Ha CHTHAIHTE [PH 3BYKO3AIHC H BI;I; g pas
KpHBa r‘;)JICMH BE3MOKHOCTH [Ipe/l PEXHCHOPHTE B 3aHCHHUTE CTY/ THIa-
e.
HE Ha GUCOKO Kavecmseo H xyuomecraeﬂscgzﬁ?a:o o e T
aT v Hell :
H(QpOBHTE CHCTEMH HM i
3a cmeﬂcaq’ga npemuvcrBata. ToBa MOTBBPXKIABA H TAXHOTO IIHPOKO PAsHpoCTp
HEHHE.

Bwnpocu 1 3aga4um ]
1 mepanmere HOHATHATA HE(OPMALIHS, CHTHA/ H CHOOIEHHE. I[aHTeBﬂ]Z)HM;p;].
' 7 2uB3.
2. MoscHeTe TEPMHAA CHCTEMA H TO WIOCTpHpaiiTe upes dur.gur. B.1,
3. OnHiuere 0cODEHOCTHTE Ha aHAJIOTOBHTE H THCKPETHUTE CHIHAIH. %
4. Kaxeu BHIOBE CHTHAJIH I03HABATE M YPE3 KAKBH BEpHTH ce 006paboTBaT CHITIACHO .
B.4? -
5. KakBy ca H3HCKBaHHATA KbM (DH3HIECKATE MPOLIECH, KOUTO Ce H30MpAT 3a CHTHAIH?
6. JlaiTe mpHMED 3a CHCTEMA, ChCTaBeHA OT IOZICHCTEMH, a T€ — OT EJIEMEHTH.
7. Ilocodere NpHMEp, KOraTo HHOpMaUHATa OT €4Ha CHCTeMA I'yOH 3HA4YEHUETO CH B Jpy-
Ta CHCTEMA. i
8. IloAcuete HNOHATHATA KaHal 3a BPB3Ka H JIHHHUA 32 BpPB3Ka. 3a LeJaTa H3Mo0J3BauTe KOHK-
PETHa cHCTeMa WM NOJCHCTEMA 3a IPeHACAHe Ha HH(OpMalHs.

Vuenue 6es PasmMuutienue e 6e3nonezno,
pasMuwnenue 6e3 yuenue — onacro!

Kondyyuii

FMABA 1. MATEMATUYECKU MO,

AENW HA CUTHANWTE B
BPEMETO " NMPOCTPAHCTBOTO e

1.1. [fpedcmassine Ha cu

eHana c pyHKyus Ha epemMemo.
Budoee cuznanuy

IpoekTupaneto u npasuinara €KCIUIoaT

MH C€ HYXIasT ot KOJIHYECTBEHO NPEACTaBsAHE Ha CurHammre. To e HeoOxXomumo

BBB BPB3Ka ¢ TAXHaTa oGpaborka, CHHTE3HPAHETO HA AITOPHTMH 3a TasW men u
4HaIM3a Ha YCTPOHCTBATA W KaHAIHTE.,

Maremarnueckoro npencrapsre na curnama o HETOB Haii-
ChbKpalllaBa paboTaTa, CBbP3aHa ¢ H3CIeIBAHETO MY, KOSTO Ce W3BHpIIBA MpeNBa-
PHTEIHO 9pe3 KOMIIOThPHA CHMYJTALNA, A ClIe] TORa B PEAITHU YCIOBHA.

Maremaruueckute monenn Ha CHI'HAIMTE, YCTPOHCTBATA W KAHATWTE O3B0~
JIABAT 33/(b/I00YEHO M3CIEABAHE HA MPOLECHTE BbE BPB3Ka ¢ 00paboTkara u mpe-
HaCAHETO Ha cHrHanute. Hanpumep ycnemuo mosxe na ce TPOCIEIH NOTyYaBaHeTo
H MPEHACAHETO Ha MOLYNMPAHH TPEUTEHHA B ONpeneneHa KOMYHMKAIHOHHA CHC-
Tema. ITo To3u waunu 3anauara ce cexma NPEJH BCHYKO 10 AaHANW3 HA CHOTBETHA
CJIEKTPHYECKA Bepura. Braromapenue na ToBa ycmemmo ce pemara W obpatsara
3a/1a4a — CHHTE3 Ha BEPHIY M CUTHAIIH IPH ONPEIC/ICHH H3UCKBAHNA,

CuHTe3MpaHeTo Ha 3aajeH Knac CHrHAIM e aKkTyaneH mpodnem, ThH Kato
CJIEKTPOMArHHTHATa 00CTAaHOBKa € ycnokHena. CHcTeMHTE PaGOTAT B yeloBHATA
Ha Pas/IMIHH CMYIIEHHS, & H3UCKBAHUATA MO OTHONIEHHE HA HANSKIHOCTTA Ca 3a-

BHILICHH 3HAYUTENHO. KbM TOBa TpsiGea fa ce nodasw u 3amurara Ha uH(opMaIu-
ATa CPEIly HECAHKLIHOHUPAH A0CTHIL.

MaremaruueckuaT Moznen Ha CHrHaNA CHOTBETCTBA HA ONPENCICHUETO, Y€ &
(u3MIecKH NpoLec (BeMWYHHA), YIMMTO HIMEHEHHs OTPA3ABAT CHOOLICHHETO (pec-
NEKTHBHO MH(OpMaluaTa). OT TOBA NPOM3THYA MBPBATA OCOGEHOCT, 3 MMEHHO:
H3Pa3fABAHETO (MPEACTABAHETO) HA CUTHANA KATO QYHKLHMS HA BpeMeTo. YaolHo &
H3II0I3BAHETO HA O3HAYCHHETO §(f), KOSTO B OOWIMS CyHall @ HANPRIKSHHE, TOK W
apyra GH3M4HA BeNMYHHA. B KOHKpETHHS CiTydail HA ClSIBALINTE PASTISHKAAHNS,
TO CE€ CBBP3BA C EJIEKTPHYECKUTE CHTHAIM.

PasrpannvaBaHeTo HA CHIHANWTE TMO OTHOLICHHE HA (HIMUSCKHS NPOULC @
CBINECTBEHO, HO CE& M3MON3BA MO-MAIKO, B TOBA OTHOWEHHE C& PASTNIRRIAT Chen~
HHTE 6UO08€ CUZHANW: eleKmpuvecku, 36VKou, ceemaunnu W np. B nocneano
BPEME € AKTYQIeH M MAKMwWiHusm CUSHQ! BbB BPh3KA ¢ MOOWIHWTS medmgt;
[ojisiMa 9acT OT TAX Ch3AABAT BHOpALMK, KOUTO ¢d QOPMA HA NOBHKBAHS HA A
HaTa.

AllHA HA MHDOPMANMOHHUTE cHCTe-

00m Mozen, Koiito

) T |



B uH(OpManHoHHHTE TEXHOIOTHH MO-BaXHO 3il§:ecl$3 HM: noztpasllenm{&
R qpe; KOHZ;HT; rJg::ozo.ue,zmu cui'ﬂa.nn
EOHOM .
B mo-o6m1 nian ce pasnu4aBar
Ednome;:mnm cuznan ce u3passpa ¢ QYHKLAA Ha BP cmet;? Sg)’ a MHorg,
MEPHHAT CHrHAT — ¢ MHoromepeH Bektop § = {51(), 52()s-- sn(1)}. Bropusy bty
T, 12
e paarncgaﬂu ¥ ;ﬂzﬁlea:?)lazzn CHTHAJIH Ca HEMPEKBCHATH (amgy,
veedenuemo oeme 004 ) 2
) i Bme auckperau 1 mu¢posy. Cera € HEOOXOIMMO TAXHOTO Npepcy,.
TOBH) U ApY: -

emeBaTa 0b61acT.
BSIHE C ﬁaouemd BbBHBfnrHM To3H CHTHAJI CE M3MOI3BA MHOTO H9ECTO B aHANN3a y
epHoan4e ;

TPaKTHY us). CToling
HHA W KOMIIOTBPHA CHMYJIal -
ecKHTe M3ceABaHNs (H3MepBa
THTE Ha CHTHANA Ce TIOBTApAT Mpe3 PABHH HHTEPBATH OT BPEME, KOCTO MOXE 1a g
H3pAa3H KOIHYECTBEHO 110 CIIETHHA Ha.l‘IP;H )
1.1 s(=s(txnD);(n=1,2,...).
gla ;mr 1.(1a e JajeH IpHMEp 3a MEPHOIHYEH CHIHAI C npaso:r::;;:ngop_
Ma, HO MOTAT Ja Ce [I0co9aT CHrHAIM U ¢ Apyra ¢popma. Toi MOxe 1 e
3 H3pA3HTE
o A npu 0<Lt<T/2
= )
1.2) ) —d o T/ 2=t T
s(t)———s(t i nT); (n =ilyi2; )
B m3pasure (1.1) 1 1.2) T e nepuodem Ha IIOBTOPEHHE, KOMTO € U3BECTEH OT
MaTeMaTHKaTa U (PU3HKaTa.

S( r) S (t )

~sv

Duz. .1

HCOﬁXOﬂHMO € J1a ce 3abenexu u TOBa, Y€ NMEPHOAHYHHAT CHIHAJ € HEorpa-

HH4€H BB BpeMeTo. o tazu pHYuHa KbM onpeaeneHueTo (1) = s(t £ nT); (n=1,

2,...) 9ecTo ce 1pHOaBa (—o < f < ®). ToBa MMa MareMarHIeCKO 3HAYECHHE W ChB-

CEM HE € MalloBakHO, HO B JICHCTBUTENHOCT NMEPHOAMUHUTE CHIHAIM ca C KpaiHa
HAPOALIAKHTENHOCT, KOETO BIMAE BBPXY CTICKTHPa ( Pasmupsga ro!)

Hpyr npumep 3a nepuopnuen curnan e JajieH Ha (ur,
Ba 110/ hopmarta Ha Hanpexenne 3a pa3BuBKa Ha
FHOHHNA NpueMink. Matematnyecknar mojen e

1.16. Toii ce uznona-
JI'bYa B OCHHIIOCKOIIA HB TCIIEBH-

Ar
(13)  s(n={T

mpn 0<¢<T,

0 mpu T<r<o
o Monenst moxe na ce H3pasH rpadutdHo ¢ KOHKDETHH CTOHHOCTH Ha qUcIaTa
HuI.

Ilepuonuanusr CHIHaJ, TIOKa3aH upes rpadukara Ha dur. 1.1g (1.2), moxe
Jla C€ OMMINe CHINO Taka u ¢ 6e3kpaen MpueoHomempuyen peo ug Dypue, Koiito e
M3BECTEH OT MAaTEMAaTHKATA, & HMEHHO:
(1.4) s(f)= A4, sinml+A;sin3mt+Assin Sof+ ... m=2nf=2—n.
E
Tosa npencrapsne me Obze
TaBAHC HAa MaTEMaTHYECKH MOmeNny

Ma oT GeskpaeH Gpoit YecToTHH cn

Pasljieflano noapo6Ho B rnasa 2, T.e. TIPH Che-
B 4ecTOTHaTa obnact. Bmxkna ce, ge (1.4) e cy-

CTaBKH, YHHTO AMILIUTYH M Y9ECTOTH Ay, Ay, As
<, ®,30, 5m,... caB OTIpeZeIeHa 3aBHCUMOCT ot A 1 T,
MsHoro ro

7AAMO UPUJIOKEHHE B KOMYHHMKAIMOHHATA TEXHHKA AMa CHTHATGT,
HHATO rpaduka e nanena ma dur. 1.2a. Toit e npasovenaen UMAYIC ¢ KOCUHycoud-

SKT (HampuMep camonet) u cien
IpHEMaT. 3aKhCHEHHETO MEXKIy M3MPATeHHA W NpPHETHS
CT 32 OTpefeNsiHe HA PA3CTOAHHETO MEKIY PaIHONOKaTO-
AJIKOTO, OTKPHBAHETO Ha TO3HW 0OEKT. Konmpanurte cursanu
MKAUMOHHH CHCTEMH C€ MPEHACAT 9YPe3 TO3M BHI CHIHATH.
ana, nanena "a qur. 1.2a ce onucra no CIISIHHA HAYHH
Acosot  mpu 0<t<r,,
(1.3)  s()= 0

nmpu  f, <t<0.

OTPAXXEHHE OT HEro ce
HMITYJIC [1aBa BE3MOKHO
Pa H 00eKTa win Haii-m
B 1UM(pOBUTE KOMYH
I'paduxara va curn

Kocnuycounara secro metu 3a6mysxnasa u BE3NPHEMAHETO HA TO3W CHIHAT
€ KaTo nepuodudno xapmonuuHo mpenmenue ((bur. 1.26), xoeto ce oTnMuara mo
TOB2, Y€ HeroBaTa NPONBIDKHTENHOCT £, ¢ Ge3kpaiina. [pu pasrnexnaneTo Ha 1sa-
Ta CHrHA/A B YECTOTHaTa OONacT we ObJe YCTAHOBEHO, Y€ PAIMOMMITYICHT € C
IIMPOK YECTOTEH CMEKTRP, 8 XAPMOHHYHOTO TPENTEHHE CHABPKA SHA SAMHCTRSHA
YECTOTHA ChCTaBKa ®. Ta3u pasnuka HMa BAKHO IPAKTHYECKO 3HAYCHHE.

0, .1 Oy

i / e AT :
ook i phuosmalions o cubie

—0<t <o 0=2rT
KOCHHYCONIHO XaPMOHHMHO
Papuonmmyice ¢ Tpenrene s(f) = dcoswt ¢
NPOABIDKHTEIIHOCT {, Oeakpailea n;)wmxwmmocr
a

Que. 1.2

=1

1O



Ea

HT.
['pahuxara, nokazaHaTa H:>1 g) ]
Ilpn H3MeCTBaHE ;wnfﬁi (0] ussighbi
HIHHAT
= 7 — ). PH3
s(1) = A cos(® ik
B H3IpEBapBaHE HIH naocras:ﬁ
Ka3aHH ChOTBETHHTE rpa(uKH.

|.26 CBOTBETCTBA HA HAYAIHa dasa ¢ <

a Tesd ABa Clydas Ce ChCTOH Choty

s(0)
s(1)

~)

= f_
5(f) = Acos(@? + @) 5(r) = Acos(@r — @)

Que. 1.3

KOHTO HE OTTOBAPAT HA YCTOBHETO 33 mepyq,
BeHuKH OCTAHAIH CHTHAIIH, ce OIHCBAT C HAKaKBa (YHKIIHS Ha Bpewmery
JUTIHOCT Ca HenepuoouyHu CUzRanu 1
5(1). yraann. Tesn chrHamd ca A€PHHHPAHH CaMO 32 JIMCKperyy
G ﬂHCk:;eZ":MZm Ha ¢ur. 1.4a e mokasaHa rpaukata Ha €OHH CHrHay o
Ejﬁfgﬂﬂ,{cx;mm CTOMHOCTH Ha BPEMETO Ca ;);H:;lze)HH CS’E,;)O’ +1, 42,
croiiHocTHTE Ha cHrAana ¢ ... s(-2), s(-1), s(0), s(1), ,,,; Al ’I',;I.m
03HageHHe MoXe 1a 0b7e §(n) IpH 1y <N < np H orpa:mqen poxT Temmocy
T.€. OT ZHCKPETHATA CTOHHOCT HA BPEMETO 7y 210 13 (11 > 1)
s(n) s(n)
s(3)

s(1) s(n) = sin(2nn/8)

s

5(0) s(m)

e Sy b

e 1 12 3m

5(2)

R

hn

=

s(=2)

Duez, 1.4

ObukHOBEHO AHCKPETH3UPAHETO € LEEHACOYEHO 1
o1 epeme 7. Torapa BpeMero ce 03navapa ¢ 1 = nl(a=0,£1, £2....), Jluckperuure
CTOWHOCTH Ha CUrHAIA Ca s(nT), Ho ce NPEANOYHTA 110-KPATKOTO 3a1IMCBAHE © s(n),
HAuckpernmar curnan cuio moxe Aa 6bae nepuonuen, Ha (pur. 1.46 e no-
- Kazana rpadmkara va akne CHIHAJL, YuAT0 06BUBKA ¢ cunycongna. Herosusir ma-
TEMATHYCCKH MOJIE) UMa Clieiug BUJL:

(1.6) s(n) = sin(2nn/8) ,

€ 1pe3 paBHH HHTEPBAIH

i O ST

0,
s(=Acos(w!+®), & IpH @<

0
TpenTeHHETO BEB spemeto. Ha gur. 1.3 ¢ N,

T0JI3B2 IIABHO 3a H36sTrBane Ha HOBTOPEeHUsATA.

B TCPMUHOIIOTHATA HA AHTIHICKH e3mk ¢ discrete ce o3pagaa CBIUIO [uCK-
PETHATA CTOHHOCT Ha curhana, a MCIoBaTa mocnenosaTenng
sequence. 3a camus npouec ua

CT Ce Hapu4a number
: OTHHTaHE HAa THCKpETHWTE cT
TEPMHHET sampling (cTpoGupane,

OMHOCTH ce wanomspa

JAHCKpeTH3anus).
Herepmunnpann g CIIy9aiHH curnanu. Tosa TNonpasfensHe e gocra ye-
JIOBHO.
HAemepmunupanuam CUZHAA ce OTnnY
I€CKH MOZIeN naBa BB3MOMKHOCT
MEHT OT BpemeTo. Curnanst
TO My OTpHYa TOBa, Thii
SHaHuATA 3a obekTa.

Kem ACTCPMUHHMPAHKTE CHIHATH CTIANAT CHIHATHTE 3
(test signal). Hanpumep takes curman e TPENTEHHETO,
[punoxeno na

B2 TO TOBA, Y€ HETrOBHAT MaTeMaTH-
fla CE€ MpE/ICKaXe CTOHHOCTTA MY B Koif Ia & Mo-
TpsiGBa Na oTpassisa undopManmaTa, a npenckassane-
KaTo MH(opMammsTa paskprea HEONpeeNenocT B

a TeCTBaHe, H3MEPRaHe

4 » HO Ha M3XO0Ja € cITyJaeH, Thil
Karo CTOHHOCTHTE My ca HeNpeCcKazyemu.

Cryuaitausar curnan moxe A3 Ce NpEICKAKE C BEPOATHOCT, KOSTO € To-
MaJlka OT eMHHLa, Thil KaTo TOil & HoCHTeN Ha HH(OPManus 1 paskpuBsa Heompe-
AeneHoct. CnyvaliHuTe CHrHAIM ce OmucRaT CbC CiyHaiiHu QyHKUMKM Ha BpeMeto.
3a TAXHOTO M3yuaBane ca HEOOXOAMMH 3HAHHUA 1O TCOPHA HA BEPOATHOCTHTE W Ma-
TEMAaTHYECKa CTATHCTHKA.

B Teopusra na xomynukammure ce OTAeNsA 0COGEHO MACTO HA eayuainume
npoyecu. Te ce cbeTOAT OT MHOMNKECTBO peanusayuu, KOUTO Ce ONHMCBAT ChC LIy~
YaHHU QYHKINH HA BPEMETO Clel TIXHOTO Habmonenue. Hanprvep mymosere ot
OMPpENeNeH GPoii eneMEHTH B eIHa eIeKTPOHHA cXema (Bepura) hopmupar cayqaen
TPOLEC, a IIYMBT HA BCEKU OT TAX € PeaH3alys Ha IPoleca.

3anen6o4eHoTo H3yUaBaHe Ha CITy9aiiHWTE MPOLECH & 00EKT Ha CTATHCTH-
HecKaTa Teopus Ha choOwennaTa. B cratneTHyeckata panmoTexHuka ce HaGnsra
Ha NPHIOKHH npobemu. Hanpumep kak ce MPOMEHAT NapaMeTPHTE (XapaKTepue-

THKHTE) HA CITY4ailHiA NPOLEC NPH BB3NEHCTBHETO MY BBPXY ONpEIETCHA BepHIA
(yeTpoiierBo, cnerema) M OKONKO TOBA MOAOOPABA MM BIOWABA YCAOBHSTA 3a
npexacane U o6paboTka Ha HHGOpMaumATa. THIHYESH NPHMED B TORA OTHOWISHNE ©
obpaboTkata HA HHGOPMALKS B PAAHOIOKALIHSATA.,

lloseue cpeaenus no Te3n NPOGIEMH Ca JAACHN B NOCISAHMTS A8 riasH (6
1 7) Ha yueOHuKa,

BbB Bpbika ¢ knacHpukamuaTa 05Xa CNOMEHATH SAHOMEPHUTE CHrHamm. B
JOIBIHEHHE HA TOBA TPAOBA 1A Ce CIIOMEHAT MHOJOMEpHUme cudHati. ToBa N0~
HATHE € MHOTO TOJIE3HO 38 3aBJCOMSHOTO HIYUABAHE HA curnamure, To e acno-



ype3 BeKTOpPH. Ham
Ha mpeacTaBIHeTO Ha CHI Hiﬂ‘é;ecﬂrl:xan, CBCTAaBEH OT nI::::,e
BaBa MoOBeYE 5,(f)} 03HauaBa MHOTOMEP b m—— 0.
s() = {s:1(0), 5200, - N i ¢ Ja Ce OTHCIH MAJK MR,
npaB;
meprH curaana. O

!
tepnperupane ([To-HaTATBK: ). o i
ac ;
1.2. MHoxecmea U npocmpatcmea H

B
unameH 6a3u “
Koopd 25a ¢ NOIBEXAIO HA IPLB MOrJIeA, Thil KATO Hacogy,

0CTPAHCTBO- CsBceM He cTaBa yMa 3a CHrHapy,
o 111 B KOCMHIECKOTO IPOCTPAHCTBO H T.H,
eleKOMyHHKaUH CE H3IOJ3BAT CUCINEMU Om 6cuenmm.
B cBBpEMEHHHTE T craBsHe, ¢ N Ja 6b1aT aHATH3HPaHH (o ACHEHy)
TAXHOTO MaTteMaTHIecko HI:;{}I) ce TIpABH B MHOZOMEPHO MPOCMPAHCIEO, Koerg
WIH CHHTE3HPaHH (cmzlallecmy o5oGIABAII TEPMIIH. 3a mejaTa CHTHAIbT Cce Cpag.
HMa CMHCBI Ha MaTeMﬂTquo octpancTBO. KakTo € H3BECTHO OT MaTeMaTHkary
HsBA ¢ BEKTOp B MHOTOMEPH el;lém ¢ roJieMiHa 1 II0COKa. 3a LENTa Ce H3Nom3pay
s Ce:;zeﬂﬂe Ha KoopauHATHATE OCH. MHOTO BaXXHH 3ajagy,
HEroBHTE CHCTABKH 110 g:ﬂaﬂu ca OTKpHBaHeTo M pasro3HaBAHETO. B ciyday ¢
ApH IpHEMaHEeTO Ha gﬁa pa/oIoKaNHATA, HO 3all0 HE H Ha KJIETBYHHUTE CHee.
YMECTHO T030BaBaHET! amn. Tesn 33712490 € PelaBaT IPH YCTIOBUE, € CHIHa-
MH 33 MOOWIHH KOMy::?;TLCIHO no6pe. Bce eHo, 9e T ca BBPXOBETE Ha BEKTopy
;?;T;o:]ﬁi?;:)ﬁ?;ﬂscromﬂem MexcTy TAX TpAOBa J1a b s oL
: 6B J1a criomarar 3a 100poTo pasiiaBaHe.
e Te ce M3M0JI3Ba MPEIH BCHIKO PeatHo UHelny
L g Xy KOATO TO €€ M3rpaKJa € IPEAMET Ha ma-
npocmpancmeo. AKCHOMAaTHKATa, BPXY A AE
remaraxarta. Tyk 1€ ce CIIpeM CaMO Ha JIBE OHATHA: PI-_I ————"s
Hopwmara e ab/vknHara (roreMuHara) Ha Bexropa. 1ip Ba

3araBHeTo Ha TasH Il
M KBM (DH3HHECKOTO TpUMEPHO ;Pir
Haz MOPETO H CyIaTa, oKoJo 3eN

110 citeTHHA HadhH: [8 . :

Merpukara ChOTBETCTBA HAa Pa3CTOAHHETO MEKIY /IBa BEKTOpA: d(s), 8;). Tx

ce onpesess M KaTo HopMa OT pa3/iMKaTa Ha [1Ba CUTHaJIa: d(u, v)= " u-v ” :

TIpocTpaHcTBOTO, 3a KOETO Ca BBEACHH HOPMa H METPHUKA Ce HapH4a Hop-
Muparo mempuuno npocmpancmeo. [1o-HaTaTbK T€3U NMOHATHA WIE OBJAT CBBP-

34HH ¢ KOHKDETHM napaMeTpy Ha curHana. [lo Tasu npu4YuHa ce Hajiara TAXHOTO
YTOYHABAHE.

Heka 3a yno6cteo na pasriename aBa BEKTOpa B paBHHMHHATA, T.€. B J(BY~
MEPHO npocTpancTeo. Ha dur. 1.5 ca nokasanu Tpu THOHYHK Cllydas Ha B3AHMHO
pasnonoxenue. B nspeute 18a o1 14X V) ce chabpka BB V) CHOTBETHO HAIIBIHO
# sactiino. B 1petus ciyyaii ce Buaza, e Te ca nesasncumu, CTeneHTa Ha THX-

HaTa BIanMHa 3aBHCHMOCT MOKe 1A Ce M3pasn upe3 eaun koeduument Cy, T.e.
(17) V= Ci,V, + V.

OueBnano ¢, ge 3 IIBPBUTE IBa cirygas C
MH €IUH OT ApyT. ToBa CBOICTRO ce
P€3 CPAaBHABAHE C HEroB eTanoH.

[Ipu TpeTus cnydai Cy, =
TI0JI3BA CHCTEMA OT CHTHAMH ce
OpTOroHanHocT. Toraea cury
PA3IHIaBaT JIeCHO U o6pe.

Ypes nekaprosata KOOpAuHaTHA CHCTeMa necHO Moxewm ma cu NpEACTABHM
TPH HE3ABHCUMU CHIHANA, H306pasery Kato BEKTOpH no Tpute ocu. Te ca npumep
33 OpPTOTOHANHA CHCTEMA OT CHTHAH, I1pu no-ronsam Gpoii curnam e HEBBE3IMOKHA
TaKaBa HArEHA CXEMa 32 OPTOTOHATHA CHCTeMa. Ilo Tasu npuauma ce srBexI
CBOTBETEH KOOPAMHATEH Gasuc. Toii e CBBKYIIHOCT OT BEKTODH {ej, e, ...}, KOHTO
NIPHHAMIEXKAT Ha MHOKECTBOTO S.

Bexkropure {e,, e,, ...} oOpasysar nuneiino nezasucum KoopouHamen Ga-
3uc, aKo e CIa3eHo YCIOBHETO

19 Y,

KOraTo BCHYKH Q;Ca €IHOBPEMEHHO HyJIH.
Ilo noxobue ma pasnaramero ma e BEKTOP B TPMMEDHO NPOCTPAHCTRO M
CIHH CHIHAJ 5(f) MOXKe J1a C& Pas/o’kH HA NPOCTH CHIHAH 9pe3 CNSAHATA 3ABHCHMOCT
(1.9) s(t)=ZC,-e,-.
1

12 # 0 u npara BEKTOpa ca 3aBuCH-
H3M0/I13BA MPH Pa3no3HaBaHe Ha JAaJeH curHan

0. ITeata BEKTOpa ca opmozonanu. Korato ce wa-
TPOABABA CTPEMEX 11a OTrOBAPAT Ha YCIOBHeTO 32
&IUTE HE CH BIWSAT, HE C& CMYMIABAT BIauMHO H ce

Yucnara {C), C,,...} B (1.9) ca mpoekumy Ha CHrHANA MO OTHOMISHUE HA W3-
Opanua Gasuc. Hanpumep curaaast S B JBYMEPHO NPOCTPAHCTRO, KOHTO € moka-
3aH Ha ¢ur. 1.6, moxe na ce NpeACTaBy upe3 curramute S, u 8,. Te ca npoexuun
Ha S BBPXY KOOPIAMHATHHTE OCH, a cos b 1 sin B chotsetcTBar Ha C) 1 Ca.

S,=8cos fi;
S,=S8sin p
Que. 1.6



HYHHH ce ‘
I He Ha CHrHATHTE C KOMIUTEKCHH BEIl Mty
pu mpejcTaBs

e npacmpa”cmw;:nmaﬂn ce H3MOJI3BAT JHHEHHH Tie
[To oTHOImMEHHE Ha JHCKPETHHTE X ¢ XapAKTEPHO, ¥€ CToliiog

H T4

THHTE OCH IP!

HH lrpocrpaucn;aé 3a Koo;;ﬁu;{(ame 14 ce TIOCOMH XEMIUHZ0B0MO NPOCHpa ey
HM

T€ ca JUCKPETHH. 3a Ip.

Ha KOJAOBH KOMG .
E MPHIOKEHUATA MY € CBBP3AHO C npﬂHCTfilBHHeTO MHany, :
JHO OT 0 unu 1. . € MHOTO nonesxo 33 HSK:
Ha ABongeH ko, CTOHHOCTHTE MO OCHTE 30‘; D et CmaTsr caa 1 e i G G :
Te 4pe ars ¥ KT
aBsiHe HA CHTHAJIH ! -
Ipeact 3a KOETO Ba)XH HAKaKBO CBOMCTBO. ToBa M Hauy o MKAIAS 1
TO MHOYXECTBO,

CIeIHHA HAYHH

1.3. EHepaus y CKana
Opmozonanya ¢

110) S=({xPj. .10) o3HagaBa, ge: « Eneprusra na curnans

§<arcr) e W3BECTHO OT MaTeMaTHKaTa, H3pashbl () P : Ne KOMYHHKAIMOHHA creTema e o Mo SHATCRHE 3a anATsa. Harpumep enna

0 ¢ papuo P. 3annceareto Ha P e - -Ma CE CMATa 32 Nno-edexTHBHA, ako 3a TPEHACHHETO HA enHH
MHO’KECTBO OT BCHYKH X, 38 KOHTO . UT HHbOPMarms aa HEH!T B

(" P—xcS, it - egep“ OfpeNenste Ha cToiHoCTTa Ha CHrHana € ynoGHO ToRa ma ce H3BBPIH
3 HHALT . PIUsTa, Thi karo He ¢
7.e. P e BIpHO 32 X, KOETO IIp HrHAJIUTe 2 © B3eMa oA BHUMaHHE hopma
Cﬂz,];onarenno 3a Ja Ce ONpEAEIH MHOXKECTBOTO Ha : s s ((; T[;gﬁna Ta OTHOLIEHHE HA BpemeTo. bopuata ra waveremve no
? aKTe
ce onpenenn csoiicroto P. Korato Heroauﬁr Xa};ﬂeaﬂl; ol :;g )xemeﬂ)’ vqpea CHEPrusaTa Morar jga ce CPABHABAT CHIHATH W 1A Ce YCTAHOBARA B3au-
MHOKECTBOTO ChIbpXka MaTsK Opoi cHrHAmH. 110-Ha na cg MOZICHCTBHETO MEXUTY TAX B "ecToTHATA WIH BpeMeBaTta o6nact
HOJIY4H 4pes CAeIHHTE MPHMEPH: CHexTspsT Ha crrnana ce OMNPENENs OT YECTOTHHTE CBCTaBKH, KOHTO (op-

1. Mroowcecmsomo Ha nepuoduyHume cueHany e N3pasfiBa 0 CIeHUS gy MHpar 90 — 95% o e

- Jla Ce M0COYaT BCHYKH BaKHH NPHITOKEHUS
(1.12) 8, = {x; x(t) =x(1 £ nT), —0 < <0} 2 B numepamypama e "puemo cuznarvm s(t) da osnavasa mox uay Han-
OugesnIHO €, 9e P ce uspasspa ¢ x(f) = x(1 = nT), a —0 < 1 < o onpenens yy. pedicenue npu conpomusnenue eoun on (R = 1Q). C mosa uspasume 3a Mowyg-
e Hocmma u enepzuama ca no-obuu u npocmu.
Toga e MHOTo 6H3K0 A0 onpeaenenuero (1.1) 3a mepHOAHYEH cHrHan, Omge KakTo e usectHo or Gusukara u CICKTPOTEXHHKaTa, MOMIHOCTTA Ce orpe-
n10-700pe ce BH/a H3I0JI3BaHETO Ha MHOXKECTBO B CIIEJBALIHS [IPHMEP. ACJLA C IPOM3IBE/ICHUETO Ha TOKA 1 HAPEXEHHeTO
2. Muoocecmeo Ha xapmoHuunu mpenmenus. XapMOHHYHOTO TPENTerye (1.18) P=ur.
Crana KbM NEPHOIMYHHATE CHTHAH, HO TO € caMo ¢ eaHa Yectora. Cienoparenyg AKO Ce B3eMe Mo BHIMARME CHIPOTHBIEHUETO, CE MONTyYaBa
- o U2
cBoficTBoTO P € mo-cporo. (1.18a) « P==——J2p
Hanpumep tpentennero R
(1.13)  s5(¢)=A cos ot lpu R=1Q u s(r) = u(f) unm (1) = i(f) ot (1.18) ce TIQTyqaBa MOMEHmHama
€ xapMoHngHo. To ce xapakTepu3npa ¢ aMmILIHTY/1a A H BIIIOBA YECTOTA (. MowHocm Ha cuenana
: 2
Ot MaTemaTHKaTA € H3BeCTHO, Ye (1.180) p=s°().
(1.14) e/ =cosor+ Jsinof . Tosu uspas (1.186), mpadsa oa ce 3aNOMHU, MYl Kamo wfe ce usnon3ea
Eto 3amo muokectBoTO Ha BoHuKH XapMOHHYHM CHTHAJIM € uecmo!
..
(1.15) Sy = {x; x(r) = Re[P /%9 pcie ©, a0 0eR}, EHepmnfa Ha CHrHAIa MOXe Na ce nonyuu ot (1.186) upes nrrerpupan
Yenosuero P ce ceexa 10 peannara yact a o /@ * %, koeTo Moxe na ce B obupa emyvai SRS 0 by S 1
HPECTABY OIIE 110 CNEIHAS Hauun ¢
(1.16)  Refe[cos » (119)  E= [ple)di= [s*(@)ar.
40)  Re{e"[cos(wt + 0) + /sin(wr + 0)]}. )
o =

Peannara uacr e
i (L.17)  &* cos(ayt + ),

Hspasur (1.17) onucpa XAPMOHUYHO TpenTenue ¢
Hec1o1a o 1 nauanna daa 0,

lpu kpaiina npodenocumentocm na cuenara mpséea oa ce esemam deticm-

' sumentume panuyu! :
amiiMTyaa e, wriuong Enepruara na curnan, npedcmasen 6 komMmwiekcHa opma § , e Onpeiens ov

KOMIUIGKCHATA (8 ) B KOMIUIGKCHO-Cpernarara (s*) vacr




o0
(1.19a) E= |[ss*dr.
—o0
Ilpu mpeacTaBAHETO HA CHTH
BEKTOpa ce Hapu4a Hopmda. B it o peren T EAUDIEEE m
qecK
Hopmara Ha eIeKTpH

5 €
W eI TOBA,

as, pasryienaH

Havasa ¢ [|s||. 3a aBata crydas, p

a upe3 BEKTOp, ABIDKHHATA (ronemunary) Ha
an

1200 [s]=,[ [s*@ar; |s]

CHrHATBT Ce OLCHABA N0 CYMAPHHUS eHeprye,

BraronapeHne Ha HOpMaTa
e(exT.

p"M & qliﬁ
lpﬂ(pHKa € JaacHa Ha (j)Hl". 1. ;.

s(1)
[t

~y

0 r_\'
Que. 1.7

CHreanst e HMIIyIc ¢ TpHErbIHA (opMa H NPOABIKATENHOCT fs. Makey.
MalHaTa CTOMHOCT € paBHA Ha 4. AHATHTHYHOTO OIIHCAHHE €

ﬁ mpu  0<t<z,,
.S‘(f)= I
IR ) (R P I8

3a onpe/ie/IAHE HA EHEPrHATA CE H3TIO/I3BA (1.19), Ho rpanunuTe ca ot 0 10 4,

t t “ 2,35 2

T o At At At
E= [s’(t)dr= || == | g = S

Oj Y it 37 3

Il -

Crkanapuo npoussenenne Ha curuanunre,
TEPMUR 0T Matematukara, Kojiro € yoben 3a uano;

Hannre. Hexa ca niajeny BEkTOpute A u B, Uspecty
(121) |A+B[*=|A|24 |[2, 2(AB)

Hopumara e

Ckanapnoro [pon3BeeHHE @
VIBAHE TIpH M3yvaBane Ha cur-
a € 3aBUCHMOCTTA i

N S—

IMocnennusy YII€H OT
AsCHaTa aHa Ha (1.2]1) e
H3BENICHHE Ha IpaTa BEKTOpa g ( ) € yneoenoto CKanapHo mpo-

(1:22) “5 (ABY= | 4B | oo W,
KBIETO Y € BrensT Mme

XKy BexTopute. Toif e MEDPHIIO NIOKOMKO enummst of TAX ce
Ba Geme mokasano p npenumuara T, 1.2,

Bwmecto BEKTOpHTE MOsxe 43 Ce pasrienar nga CUTHama u(t) u v(t). Te ca
MPEACTABEHH KaTO Gymiipy Ha BPEMETO M ToBa me ce nonpasbupa no-a.am'rhx
"pes eneprusra ya TsIXHaTa :

CyMa MoXe na ce yeramory g KaKBa crenen ¢
. M B3au-
MOACHCTBAT BEB Bpemenara 06mact it

CBABPHKA B Apyrus. To

1% ) I(u+v)2dt=Eu+Ev+2 v aie.

—®

(124)  (u,v)= ju(r)v(:)dz.

Karto MspKa 3a B3aHMOZeHCTBHETO Ha neBa CHI'HasIa, CKaJlapHOTO Opou3Beae-
HHE € MHOro TNOJIE3HO. ,HOCTaTb‘IHO € Ha mBpBO BpeMe na ce BHIW, Y€ ako
(u,v)=0,

THYHA (popma).

= [lobaeka. Koraro B exmso THHEHHO N
ACHHE H CHTHAIMTE Ca PeasHy, TO ce Hap
TEPMHH CE Cpella B JIHTepaTypara.

3a xun6eprosoro npoc
Komm-Bynskoscku

(1.25) ’(u,v] = ||u||"v|| :
Entvo ot HeroBute nprnoxenns we 6u1e nokasauo TIPH PasTIRKIAHE HA ONTHMAN-
Hata (pMITpaLKA Ha CHTHAMTE (raBa 6).

CKEIJ'IapHOTO [IPOH3BEACHHE TIPH NPEACTABAHETO HA CHIHAINTS ¢ KOMIUISKCHH YMena
HMa CIeHHs BH]|

OCTPAHCTBO € BhBENEHO CKANAPHO MpOH3Be-
U493 Peanno xundeproBo mpoceTpaHcTBo. Tosu

TPAHCTBO BaXXH U3BECTHOTO B MaTeMaTHKaTa HCPABEHCTBO HA

o)
(1.248)  (u,v)= ju(t)v *(at,
-0
KBAETO V™ € KOMIIeKCHO-CIpertarara (hopMa Ha crraana w).

Nokasanara dopma (1.24a) Ha CKANAPHO MPOMIBEICHHS BAKH 30 KOMIIEXCHO Xitt-
Gepmaeo npocmpancmeo. —



roMepHH CHTHAJIH. Hassanuerg Ha
Houum esuk. JlyMaTa OPTOTOHANEH e ot X
rp ByKBaJHHAT NMPEBOJ € rpg, 604y

~

Oproronanna cHcTteMa oT M
or
CHCTEMA OT CHTHAJIM IPOH3X0XKIA e
gactu. [IspBata o3Ha4aBa npas, aB e upe3 BEeKTOPH TOBA 03HAYaBa BCEky nBa
e — BETHHTE CHTH ¢
aex. Ilpu ﬂpC}ICTaBHHET:mﬂ i iy i
B ]
TAX Ja CKIKYBAT Mpa Iy
! CUSH,
BHC €IIMH OT ApPYT- oHATHAMA cucmema om MHO20MEPHU CUSHANY ce il
02
Credosamento opni

anu. S aKaBa ChB
MO Om HE3ABUCHUMU CUSH » Tona CBOHCTEO €, € CAHA T KYMHoey by

¢ el ChIIiCLjé:aqar BApHO CHOTBETEH OpOH CBOOWICHMsA, B o
L Hf’f mHoro npumepH. [110cKaTa paJHoBbIHA B CBOGgy,
e o ﬂal; b6 ¢ XOPH3OHTATHA HIIH BEPTHKAIIHA nOAPH3ayy,,
HOTO MPOCTPaHCTBO MOMKE ﬂﬂﬂa Ha BeKTOpa Ha IEKTPHYECKOTO Tolne. Topg o
B 3aBHCHMOCT OT opneyrauﬂa i ChIa HOCEILA YECTOTA 32 1BA PASTHYHH Kauan, p
L el:: aga cHrHaT 3a nseTHocT. ToH ce ChCTOM OT jpg i
LBETHATa TEIEBH3HS CE npcﬂ 2371HKa OT CHIHAJIA 33 YEPBEHO H CHTHAIIA 33 PKocy,
JIHKOBH CHTHAJIA. Eﬂnﬂﬂﬂ: cHl:{bO 1 3a ApKoCT. TAXHOTO NPEHACSHE CC H3BBPITR, 3
a JpyruaT — OT cHTHaﬂfOZ JIHpAT ¢ T€3H CHrHAIH. Hsnon3Ba ce eIHa H Ching e
Tpeme:;};;:; ’;g;:ezuﬂ ¥ HO Te ca Je(hasupaHi eHO CIPAMO JPYTO Ha 90°, .
TOTa H )

d 3aB MOog
€JHOTO Ceé H3MEHA M0 CHHYCOHIHA, a Jpyroro mno KOCHHYCOHIH ;CH
) EeNITCHHA CE€ HapHYaT Keaopamypy, . ,]e
6') To3u BHA HOCEIIH TP H %)
(CpaBHH c (i)lrﬂ' I

e.

Ta MHPOKO TPHI0KEHH

e l:j(‘)ceﬂ ncp)ffcﬂeﬁrmra OTHOCHO (pH3HYECKaTa CHIIHOCT H HAKOH IPHII0XKeRyy
i

Ha OPTOTOHATHATE CHTHAJIH, MOJKE€ [1a CC IIPHCTHIIH KbM MAaTEMATHICCKOTO Omycy.

¢ 00TaTa Ha HHXKEHEPA.
HHe, KOETO € BaKHO 33 paboT. :
Jla mpremem, Ue ¢ 3a/iajicHa CHCTEMa OT OPTOTOHATTHH CHTHAJH B IHHejiy,

MPOCTPAHCTBO, 32 KOETO € BBBE/ICHO CKATapHO MPOH3BEIeHHE (XIIOEPTOBO mpocy.
panctBo). Tesn curaamy ca: (uy, ts,...,U,). Te ca OpH TOBa ¢ OrpaHHYEHA CHEPIHs y
¢4 3a7a/IeRH B HHTEpBana OT BpeMe [1), ,]. ToBa 03Ha4aBa, 9e € cnaseHo ycloBHero

k I
; = = (km F* O, km < OO)
(125) (un”'t) 0 3a [ #j;

Yucioro k, B (1.25) chotBeTcTBa Ha cobcTBeHATA CHEPIrus Ha OTHETHHTE

B

CHIHATH, 3aIOTO TIPH | =/, 4; = t; = U 1

o

(126)  (u,u,)= [w(t)ar=E, .

-0

Koraro k,, = 1, T0Ba 03na4aga HOpMHpate upe3 nonarane Ha £, = 1, B taxss

CayHal CHCTEMATA 0T CHIrHAIH e opmonopmupana, a yenosueto (1.25) uma crep-

HHA BHI
logs. i= 7,
(1.25%) (4)-1 i
0 22 # .
Obobuten pey na Dypue, O6obimenugr pei na Dypue ¢ ocnopa, BLPXY Ko
 AT0 ¢€ Warpaniar PemcHnaTa na

MHOI O a/aqm, CBLP3anm ¢ ullp()l(CHMHpul‘ieTO Hil

SRSy Ttim ey

CIIOXKHH "lp33 HPOCIH CHx Hanu CHHIGBH AHETO Ha ¢ CTeEMH OT OpIDIOHaﬂIm CUr
3 P H

AKo cu NPHIOMHAMM
HEHHO He3aBucumy KOOpaunarey
CIHH CHTHAN s(7) Ha
MEXIy BeKTOpuTe {ey, e,
HTO MOTaT fa emyxar 33 Koopaunaren Gasyc. Torasa curmamgyr s(f) ce

(1.8) u (1.9), kppeto €€ TocoyBa o6pasysanero Ha M-
ATeH Gasuc u Heropoto M3NON3BaKeE 3a pasnaranero Ha
CyMa ot npocty CHI'Hamm,
-«-} ¥ cuCTema ot OPTOrOHANHY CUTHamy (uy, U,...), Ko-

Geskpaitnus 0606wen peg yq Dypue

(1.27) 5= iC,-u,(t) .

Yucnara (Cy, C,,
KakTo H B (1.9),

Ipy pemaranero 1 KOHKpeTHH 3anaum ce 3ajapar CHTHATBT 5(f) 1 cucTte-
bysknnn (cHrHAmN), Tpadsa na ce OUPEnenarT koedummen-

--.) 33 npoekuuTe BBPXY KOOpIMHATHHTE ocy e Chiara,

(L28) w0 s(2) = iciu,—(t)uk(t) :

=1
HABete crpanu wa (1.28) ce MHTETPUDAT B rpaHHImTE OT #, 10 t,. Tlonygagar
CE€ CKa/lapHH MpPOU3BENeHus

(1.29) :[u,, (t) s(¢)dt = ic,. ]u,.(t) w, (1) dt .
L} =l h

Ilopanu ToBa, ue Gasmcyt (1, uy,...) e HesaBHCHM (pynkauTe ca oprora-
HAIIHH), B IACHATA 9aCT We ocTane CaMO WICHBT C HOMEP i = £, a OCTAHANHTE, Chi-

nacHo (1.25), ca pasuu na HYyJIa.

Torasa
ty [
(1.30) J’s(:)u,, (dt =C, ja,f(t)dx.
1 h
Crnenoarenno

53

js (Du, (0)dt

h

QaL 0 =

153

Iu 2 (¢)dr

Ul

AKo Gasuckt e opmonopmupan, snavenarenst B (1.31) ce NPHPABHABA Ha

CIAMHHLIA K Ce MOoIy4asa



L]
{hag). O, = fs(!)uk (O)dr = (s, 1)
i yre (1.31) 1 (1.32) WM SHATEHHE 32 Mpogyey, e
Hspexnanero Ha dopMy.T KOMTO Ce H3NON3BAT IPH aHATH3g 1 ot e e

HE Ha Mpou3xoaa Ha HAKOH 3aauchOCﬂ;’T0;m"Iec1ca reAHa TOYKa, Thi Karg p
HO OT M
Te3a Ha curHaad. To e HHTEpEC 6
obremMa. ;)
R Wbt iEyO 0500 HHE Hz:‘z‘o Ha Te3u (pyHKUHH HE € Thii Harmeny,
Ha Youum. Pasriex M XapakTep ce i
DyHKIHH Te, HO OpPTOTOHATHHAT H p p Ponep,mal
KaKTO Ha TPHIOHOMETPHYHHTE, gKo mpH 06pa0oTKaTa Ha IMCKPETHH CHTHayy
H

o

BaT MPEAH BC T
B coionom 3 J{iMaT CTOHHOCT caMo * 1 u ca onpeneeHu B HHTepg,

DyHKHATE Ha YOIl
aa [—7/2, 7/2]. O6HKHOBEHO B
03HavaBa ¢ 0 = /T, ¢ Homep & ce o3Hagasa Taka: wal(k, 6). Yucnorg g -

@yHKOHATa Ha Yo oo e iy il
OTBETCTBAa Ha MPOMEHHTE HA 3HAaKA. &

ure Ha Yomm npu £=0, 1, 2, 3.

pewmeTo ce HOpMHPa Ipes "1 HOPMHPAHOTO Bpeyq ce

aJeHH rpaduKHTe Ha ‘I’YHKIM

Tpamep 1.2. 115 ce
walel 0) i e, 0. TIpOBepy OPTOroHanHoCTTy Ha Qynxmunte Ha Youm

Cranaprorg 0| YHKIHN
pomneueuue Ha neete
1/2 q) 2

[wal (1.8)wal(2,0)ds .

=1l
Tps6Ba na ce YCTaHoRsT CTOHHOCTHTE Ha NBETE
HHTEPBAIN Ha HOPMHpanotg
BCEKH OT Tsx, B Pe3ynrar g

wal(0, 6) Crenorarej b g %
HO 1BeTe dyHkuuy ca OPTOroHanmu. Takasa mpog
: C€ HANpaBH U 3a kos 1a e ABOMKA PyHKIMY Ha VYomm, sy
¢ Ipumep 1.3 Ha ce OTpeneny pascrosamero MEXIY CuTHamMTE, KoHTO Ce
=y 0 12 0 OImHCBAT ¢ wal(0, 6) u wal(l, ). (3anavara € MalKo no-Tpyamal).
s Heo6xomumo e mango BPBIIaHe Hasanm keM 1. 1.3 opumep 1.1.

O ai) Hopmara ce onpenens upes KBaJpaTHus KopeH or CHEPrUiTa Ha cuTHamTa
(1.20). Or APYTa cTpana B 1. 1.2 Genge oT0ens3ano, ue METpHKaTa (pascTosuueTo
- MEXNIy IBa CHrHana, npencrapeny “IPC3 BEKTOpH) € paBHa ma HOpMaTa OT TsxHaTa

0 pasnuka, Te. d(u, v)=|u,v|.
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WUnrepanst mox KOpeHa ce npencrass cve cyma ot nsa HHTETpANa 3a uH-
Tepsamure [-1/2, 0] u [0,1/2] cvrnacko rpaguxuTe Ha Our. 1.8, 1.e

0 1/2

fl-(-DFdo+ | (1-1)do =4, <2
=1/2 0
Pascrosnmnero e d=+/2.

Mpumep 1.4, Jla ce AUPOKCHMHPA CHIHAIBT, YMATO rpaduka © NajeHa Ha
(ur. 1.9a upes Qyuxunn na Yomm no HOMep 3 (k= 3).



Quz. 1.9

yre na Yo ca OpTOHOpMHpaHa CHCTEMA, TRH K4T0

DyHKIH e
[wai(k, )=, | [wal’(k.0)d® =1.
-1/2
CaenosatenHo 3a koepumientare C (k=0, 1, 2, ...) Moxke na ce 30135,

BC 33129474 H3Pa3bT €
(1.32). BeB BpB3Ka € i

G, = [s(o)wal(k,0)db.
-1/2
CurnarsT s(7) ce onucsa ¢ HopmMupaHoTo Bpeme O = #/T B 3ananenuy HiTep.
B4/l 9pe3 3aBHCHMOCTTA

J(G)=U(9+2l); (—2159521).
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Ilpn onpenensuero Ha C, TpAOBA J1a ce B3EME 101 BHUMAHUE rpadukara gy

" Gynxunara wal(1, 0) Ha tur. 1.8 u naterpans we 6pae CyMma OT 1Ba MHTerpana, g
. HMEHHO: ‘

1/2

I 0 \ 1/2

G =U f{6+—JwaJ(1,9)d9:-U f(ml)dew j(ml d=<
-1/2 E ~1/2 2 0 2 4

Ho-tararyk ce nony4asa C = 0, Tu4 karo 5(0) e

HeveTHa (hyHKImA,

SOSAD ey ey

1/2
Oy 1 U
3 =U I(B +E)wa1(k,e)d9=._§_

-1/2
OGobmenusy Pell Ha Dypye ¢ bynxmmun pa Yomm nva BHIa

s@)=3c, wal(k,0) .
k=0

0, HoITy-

U U
5(6) ~ 5 Wal(0,6) 7 val(L,6) —%wal(s,e).
Ypes Hacnarpame Ha
IpadukuTe Ha OTAenHuTe chOHpaemy, ce i
(puxata Ha dur, 1.96, Ha4epTana ¢ npekrcpags JTMHMS. H:pI: Hapa’cmau(;ng:z:o;p:;
UICHOBETE Ha 0606menyy PCI Ha ®ypue rpaduxara ya AMPOKCHMHPAHUA CurHAT ce

HMCTeMHU Ce W3NomsBaT U waKkon TO/IHHOMH,
MHTE Ha Jlexanp, Becen, YeOuures, Xaap, Jarep u Ip.
HonuHomuTe Ha Jlexaunmp no TPETH pen ca:

h=1; B@)=q,

(1.33) 1 1
X0 =5(3z2 ~1); P = (s -3).
OO0wwmsT u3pas e
I
134  Phl—— *~1)n.
) 2"n! gt" (t )n

B Hsakon /IMTEPATYDHH M3TOYHMLM ca nanenu H3pAasuTe M 32 NONMHOMMTE OT mo-
BHCOK pef.

Oproronamocrra e B HHTepsana [-1, 1]. Toa moxe na ce TIPOBEPH YPe3 CKANAPHOTO
lponssenenue. Haii-npocr e TPHMEPET ¢ MbPBHTE ABA NOMMHOMA P, 1 P,

1 1 Fe !
(P, )= [Ry(0)R (1)t = Jl.rdr=7| =0
-1 -1 -1
AHanoruuna TIPOBEPKA MOXE 1A Ce HANPABH 33 NOIMHOMHTE Ha YeOumes s
MHTepBana [-1, 1], konto ca:

L=l L=t
L()=2 <1; Ty)=4¢ -3t.
IMoseve enenenus morar na ce Hamepsr B [6,15).
DynxunuTe Ha Jlarep ce H3nonIBaT B MIMEPBATRHATA TEXHHKA N MHOTOKAHUIHITS
KOMYHHKAUHOHHK cHeTeMu, Te ce Ch3aBaT Che CPABHMTENHO TPOCTH FRHEPATOPH,

Oynkunnre Ha Yonw wammpar npuiekenne npi undposara ofpadorka wa
cHruanu, I'eneparopsr ce PCAIHEIHPA MPE3 JIONHUECKH CXOMMU, 32 THX @ XAPAKTePHO CBolic-

(1.35)
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aBTOMaTHKa';::ﬂ JouBAHETO HA €HA CHEPTOCHCTEMA, Gy
pH e noqara Ha OMPEZIE/IEHO BB3/ICHCTRHE e
KOATO IPH JTHIICATa Ha TpeaBap,

[[peMlIH
MepBaHe
e/1iH BXO
gp30elicmeue:

cHCcTeMOTEXHAKATE,
T5pBO MACTO- Hanpumep I =
enexTpHaecka HIH TOIUIHHHE, A
HeifHHs H3X0I CE HaOmronaBa HAKA

TeleH aHalH3 € HEH3BECTHA.

& Peaxmus
Bp3fIeHCTBHE | yyerena it
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Pue. 1.10

Jlpyrosde H3rIEAIAT HelaTa IpH nojaBane Ha TPENTCHHA OT TeHepayg
KBM BX0a Ha ycrnBatesl. TpenTeHuATa ce XapakTepHu3upaT ¢ aMIUINTY/a, Yecroy
i hasa. Clea NPEMUHABAHETO MM NPE3 YCHIIBATEIIA CE MPOMEHAT aMIITHTY Nara j
(pazata. B pesyiTar Ha TOBa ce y3HaBa JOKOJIKO BXOJHHAT CHIHAJL C€ YCHIIBA H 3.
KkbcHABa. [Ipy M3MEHEHHE Ha YECTOTaTa ce YCTAHOBABA KAKBO € YCHIIBAHETO fy

HM3M0JI3BAHETO HA YCHIIBATEIA.

Peaxunata Ha eaHa HelMHEHHA cUCTEMa IpH BBBﬂCﬁCTBHe Ha XapMOHHYH)
TPENTEHUE CRABPAA WU APYIH YECTOTHH CHCTABKH, KOHUTO IMOKA3BAT CTEIEHTA Hi
Heaurenoct. Hanpumep sHaunTenata HeIMHEHHOCT B €MH YCHJIBATEN 33 3By
KOBB3NPOUIBCAKJIAHE BIIOLIABA KAYECTBOTO, ”pM FOBOp TOBA C€ OTpa3siBa Ha pas:
Gupaeuoma, a4 MY3HKaIHaTa [IporpamMa € ¢hC CHJIHO IIPHHU3EHA CCTETHYHOCT,

= "

|

[(HOHHHTE CHCTEMH BB3CHCTBHET) |y m

paanuarATe YecToTHH cheTaBk. Tasn MHGOpMauma € HeoOX0/IMMA BBB BPh3Ka ¢

Wsbpoennte npekn edexty ca camo vact or BEIMOAKHOCTATE 38 TECTRAHE B

chcremure.

Curnanure 3a
M3NHTBaHE TpaGea
a ca no,
BETHATa MH}O) A IXONAIIH 32
bopmatms. Te Tps6ra g cx Rroiir M3BIHYAHE Ha ChOT-
MOJIeNa Ha cuCTeMata. B tosy oy 1O MateMatiieckn Mogen Ha

MCHII ca He
Ce MSION3BAT CCIHMTE curHany g mmmaﬂl;pemcﬂam M Anckpetan. Haii-gecto

Enunvyen uMmyJc (unit i

HHUA BUI(
(1.36) 8(:):{“’ i

Tpu

{:0’ w0
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Kata Kato A-ghyuxyus wim dyuryua na Hupax (delta function).
E muavanust HMITYJIC MOXKE 1a ce 11

OfBH ChC 3aKbCHEHHE | = T 0TO
oTaHTaHeTo 7 =0 (dur. 1.116). Torasa M bt s

ATEMaTHYECKUST MOZEN UMa cueaHus BHIO

abak sblEnl ok e
( ‘C) i i IS(I-t)d::],
8(“)1 d(t—1)
-
0 t 0 "
a 0
Que. 1.11

[Mo aHaloruen HaYMH Ce H3Pa3sBA H3MPEBAPBAHETO CHPAMO TPHETOTO Ha-
9aJ10 33 OTYHTAHE, T.€. 8(f + T).

Huckpemnuam edunuyen umnync, U3BeCTEH owe Kato Gyrxyus Ha Kpoxexep
CE OMpPENEens ¢hbe 3aBHCHMOCTTA
€K
Y a(n)=1.

1 =0,
fam vl AR
0 mpu n#0; &4

OueBHIHO €, "¢ MPU H3NPEBAPBAHE WM JAKBCHEHHE ce noayuasa S(n = m).
YHeoTo m CHOTBETCTBA HA 3aKbeHeHHE mT NPH PABHOMEPHO IAHCKPeTHIWpane
npes speme 7.

Enunuuna gpynkuus (step function). Tosn Curtai ¢e HAPHUA O eouu-
YEH CKOK, OUNUYHO HANPEdCene, & TIOHSKOTA W yrkyus na Xesucaid. Hail-ueeto

L ¥ -
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Ha BpeMeT
cHATOCT
ce osragasa ¢ /(f) wm o(f) TPH sl a M3CIIEABAHE q f
u BCHYKO 3 a g ;_
KpeTHa (popMa. AR H3Mo/3Ba npezlme —— Upes Bmﬂeﬁcmn
e HuecKHTE H eneKTpOHH cHcTeMarTa BbB BDEMEBary }
XO0JHH IpouecH B enem‘PcwHOggBa peakLHATa Ha hpn———— BOG. !
L aydh'ama xaPaKmeP”c”mKaKaTa B,
qapa ce 1pex apTOMATHKATa.
nacr. [Tomy Gero B ynpapI1eHHeTo H e e[HAKBO 34CTBIIEHO B aHany,
R a emummranaa QYIS © 5 0 amepBammsTa ceml
I
IpuiaoxeHHeTo H e rpyba oue e .
excriepHMEeHTaHHTE H3CIT JTcH CBC CPABHHTENHO Pons :
- QR Y GekTa. AKO TOH € CHITHO MHepy, ~

oT MpaB . %
moJI3Ba mopennna BOTO HA

CBOJICT! 1
TeJTHOCT, KOATO 3aBHCH H OT o1 Ha moBTOpeHHe. PEaKIMATA ce Hagy, !

nepH
1paBBA HMTTYJICHTE 18 C3 } C roJIAM TIep 5T MpH KOMIIOTbPHATA CHMY Talkg,

X0,
_ [TopobeH € IO Ha ¢yu
el 1o omHoUuieHUe Ha epememo eOUHUYHA PYVHKYUS o) o
: a
HenpexwcHamar

ompeaed gpe3 3aBHCHMOCTTA

1 mpu 120, ; HOTO NPE/ICTaBsHE.
(]38) 0-(]): 0 1mpH 1<0. i
H 1.12a e fazeHa TpAQHKATA HA CHIHATA. Sk G e
g A H eMHHLA H C 6e3KpaiiHa PO/IB/DKHTEIHOCT. ; a0} J. 8(e)dr =1 B olt)=1.
SHHA CTOHHOCT, paB 031 CHIHAT TIPH 3aKbCHEHHE T CIPAMO HAYalOTO Ha OTgyp,, -
Fpadn:;a;;x:alrl . a ABHCHMOCTTA C¢ H3PA3ABA 110 CIIEHMS HaKH OT TaxHOTO NpupasHsBaKe ce TIONy4aBar
HE € JajcHa sherrEe

L L ad. ' (1.41 ;:wa _ dolr)
as ofi-d-fy v (2 ) o= o w =2l

Or (1.36) u (1.38) ca m3sectan CBOTBETHO

IMo oTHOmEHKE Ha AUCKPETHUTE QyHKIMK o(n) U 3(n) & Tormano 3aKI0Ye-

o(t) o(t-r1 HHUETO

(142)  o(n)= i&(n); 6(n)=c(n)*0(n—l) :

: Msicnara wact na Bropoto paBeHcTBO B (1.42) ¢ kpaiinata pasnuka na o(n)

i - il 110 OTHOUICHHE HA BpeMeTo. Ts choTBeTCTRa Ha Tpou3soaHaTa B (1.41).
Bropara dbopma Ha 3aBHcHMocTTa MEXTY eMHUYHHS HMITYIIC H S HHHYHATA

- a 6 : (yHKUMSA € BaXKHA 32 YMCTEHHTE PeLIEHUs, KOHTO ce PRATH3HPAT YPe3 KOMITIOTHP.
3 Guz 112 ‘ Cunyconsien curnan. Tosu cirxan ce wanonssa MHOIO OTAABHA B KOMYHH-~
3 ‘ KalMoHHATA TEXHUKA. ToM e mOAXONAN] 32 AHAIHTHYHO H eKCTICPHMEHTATHO W3-
Huckpemnama edunuina gynxyus ce nspassisa 1o AHAJIOTHYEH HAYMH 4pes JIC/ABAHE Ha aHAIOroBH cucTeMH. Herosuar maremaruveckn mozen Gewe pasrie-
1 AHUCKPETHATE CTOHHOCTH Ha BpemeTo nT, 3a kpatkoct T ce M3IlyCKa NPy 3arucea- Aad B T. 1.2, Komniekchata opMa Ha NMpencTaBsHe @ 3aCTHICHA BLB BPB3KA ©
£ HeTo. Ha gur. 1.13 ca nokazann ABA THIHYHY Cly4ast: pu n =0 u n = m, Te ce 3a- MHOXECTBOTO HA XapPMOHHYHHTE TpenTeHus. Ta € yno0Ha 33 LTS Ha aHamHaa,
i MicBar croTBeTHO g Thil KATO H3YHC/IEHHATA HA EICKTPHUECKHTE BEPHIH CA © KOMIUISKCHH S,
£ dw o ): ] I npn n=0, ( |1 npu n=m, Enna pasHoBupHOCT HA TOCTBALL CHHYCOMJSH CHTHAN € ¢ nepnogr;::o ni-

0 mpu n#0; o\n—m ) gt I PR AW : MEHEHHE HA MOMEHTHATA CTOHHOCT HA YECTOTATA M0 ONPENCIeH JAKOH, are-

X &

HEPaTOPLT, KOHTO Ch3JABA TAKHBA TPRNTEHHN, €O HAPHYA sobercenepamop
(frequency-sweep oscillator, wobbulator). To3n reHepaTop ce HINONIBA JALAHO ¢
OCLHIOCKON 32 HAOMIOABAHE HA HECTOTHATA XAPAKTSPHCTHKA PH HACTPOIKATA Ha
PAJMONPUEMHHITH B APYTH YOTPOHCTRA,

ey
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ce ycraHOBAT HEJIMHEHHATE 3Ky
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Ypes cuyconaHA CF e,
BaHIs, KOHTO BHACAT enexrpoHH”Tec);cﬁg::OnzsaT j ApYTH CHTHAIM 38 H3Mipyy . S IsicHara
3MepBaHiA L eBH3HOH (E HacT H
B cremiarire B pramA EBE/BIACO H Tl R TCXHpyg, MOMEHTH OT BpeMero 1?0(1 44) e cyma or € MHITHY
Hspasem (1.44 ) YMHOOICeNU Che crhope MMITYNCH B moeneno
ce Hapuuqg KOHgos C’mi‘mocm mﬁmm's([mmm
m)

[Ipumep 32 TO
Ta U Ap-
[0 OTHOIIEHHE Ha pa3BHBKa
m eud g
u HenpeKecHa | s o
; L i A ki €3.) € MAaTeMATHHICCKY uur?:)a € om duckpemen s’,?;ffc ca duckpemnu, a moea o
apaH ariis ki g ; gL ‘ CBABPXaH : 3HAuasa, ye
KonsonroynAama (convolunoz’poﬂgweﬂa Ha YMHO)KCHHeTo, HO HE € eny; Phygy TH Ha CHTHana y en:;mmn, BOLomMATa ¢ Tpouss U KOHBO-
e o e I;p?;TazmemaHe i cHTHAUTITS BEEREEEEEER b HO 06eduHenu B enma Tax M MMIync g nocneac:l: HUA OT MCKpETHUTE cTofHOC-
ot Tom e L < “omakoBka” (cB Ha cyma. Toga of TETHUTE MOMEHTH
aHO H C KOHKpETHH np ; CToy, : e e o
pata obmact. ToBa € 6"ﬂeﬂzzlﬁren g, 32 [10-7106pa MPereAHOCT 1€ Npyey, ! Pasrnexnanero H‘;yzl:; €3.). HHABAHE Ce Tp i oco‘ézﬂff;’;
s 0T [ & . !
KonBoI0IH i1 CTOHHOCTH H2 gquH CHrHal. I'padpukara My M, nysc duxcnpa kpa ! o G Yo o
eT € no. KOE€TO NO3BONSBA feT: 1" MEHTH OT CHIHama, 1. aTa obnact. E
AHUJIHO Npoc .€. TOBa e JHHHTHEAT Ay~
JIeiBane IMHAMKuHG
BBB BpeMeTo TIpeNcTaBsne,

HpH JHCKP (0), s(1), s(2) 1 s(3) MOXe 1a ce on
o Hocta unrepecho e u

ge ca Hﬁ.’]eHH geT 5
OCTHTE §
xasana Ha Qur- 1.142- Beska OT CTOI:IHHMHyJ]C O et stoporTAIN
gere, aKo ce (puKcHpa Ipe3 eqHHIC € By CIIEKTPAITHHS TPHITOXe
- cpcTaBKATE BBB BPEMEBaTa obnacr. aHANMM3 Ha ¢ HHETO Ha Koup
T qmmpupaﬂe . e3 eJUHHYIHHA : BPB3KaTa MEXIY KOHB g 1 CneBamara [ Araon BPB3Ka ChC
Orzensmero Ha s(0) TPH 71 = 0 ce H3BBPIBA IPE3 EA HMITYIIC §(p) CIEKTPH. OMIOLMATA Ha nBa cx«xrliem;;[al " 11asa 2 we Gb1e ycranosena
ojiro coracHo (1.37) BaXH 3 TPOH3BECHH!
3a KOHTO CB ( G ey b Kouponwuns or HenpeKseH T
(1.37a) 8(n)= - : mc}‘::mouﬂa Ha HempekscHat cwH:; BHA. Hassanuero nokassa, ge
0 mpE n¥ 0. ¢ Ta BpEMEBaA 06ac U eOUHMYen Ce OTHAcs 3a
; T(1.36), Te. HMIy/IC, OMpeaencH B Hempe-
(OueBHIHO TOBA € IPOH3BEACHHETO 5(0) 6(0). (1.362)  8(r) © mpn t=0, =
32 crenBamIid MOMEHT 72 = 1 ToBa e s(1)8(n — 1), KOETO 03HAYaBA, Y€ TpgGy, = > J-S(t)d
saxscuenne T ([lppexve B T. 1.4 By Bpa £ r=1,
p - 1.4 na o3nayap,, WM 32 eIMHAYEH HMITyNC R
OT TO3H Bu np
¥l HAKAKBO 33KE
CHeHue (7 — 1)

HMITYJIC CBC
1.146 e moka3aHa caMo Ta3H MO3HIMA — 33 s(1)8(n~ 1) i

CTOHHOCTH MOKE Ja C€ NPEACTaBH 9pe3 CyMary

71a ce B3eMe eIHHHECH
we nT camo ¢ n). Ha ¢Hr.
Me At (dur. 1.15). B
). Bucounnara na seeku ot Tax Ce H3passiBa upes 5(
3 s(mAt), karo m e

CHrHATHT ¢ HeTHHTE JTHCKPETHH
(143)  s(0)8(0) +s(1)8(r - 1)+5(2)8(n—2) + s(3)6(n—3) :
CBhOTBETHUA HOME
S(n)f s(n) P Ha OTHCNHHA MM
110 BHUMAaHHE I1J10] yJIC. AHAIOTHYHO Ha (1.44 3
5(2) LUTA HA BCEKH HMIYIC s(mAt 44), kato ce B3eme
| ) s(1)8(n— 1) - (1.45) s 3 ek sanapa.
J(O)i ] s(3) ; slndt)= 3" s(mAr)3(nar - mar)as
) l i I o ‘ s(nAr)
0] 23 ,, \
¢ 6 ‘ s(mAn) ()
Duez. 1.14 ) [
3a oTpuuaTennara -
Y4CT OT BPEMETO, HATDUMED NIPH A = —3, CHOTBETHHAL !
0 Ar 2A1 mAr T

SIEH Ha cymata e s(—3)6(n + 3).
B obuma cryyaii cymara e
) Qua. 1.15

(144)  s(n)= Z g
sln)= ) s(m)dln-m),
P ) E & Ipu rpanmtien npexon Af — 0, 3aKBCHEHHSTO H SAMHWIHUN HMIY.
PEMHHABA B HEIPEKHCHATA BEIAHYHHA T, CyMaTa CC 3AMCHS C HHTRrpaL sy
n i )
PEBPBIIA B NIPOMEHIHBA HA BpeMeTo f, a Af B kpas na (1435 s
Ero sawo (1.45) ce avectsa ¢ dr.




P —

= ?s (r)S(r —1)dt.

TOYKH, KOHUTO CEOTBeTcTBaT e
eM€eTO, T.€.

[ s (mA/)S(nAf - mAf)ArJ
i oT BCH'-?KH
e cymaTa

rHand 1o OTHO[UEHHE Ha BP!

99 (AI:E(]))

Ta gacT Ha (1.46)

JlscHa
oCT Ha CcH

HenmpeKsCHATa CTOHH!

(147) s)= fs(ete 2o

7 (1 47)_: congomIonIA Ha HenpeKvCHamua CHZHAT U Henpeyy,

Hspazom (1 g

Hamua eounuye umM
B ymreparypard

KOHBOJIFOITHATA, T-E- 5 .
(1.48) s(n)*é(n): Zs(m)é(n —m);

nyJsic. sHadeHHe ChC 3BE3JIMYKa (%
¢ mpHETC cpKpaTeHoTo O * .

@

(1.49) s(r)*6(r)= fs(r)ﬁ(r—r)dr.

JlecruTe 9acTH Ha (1.48) 1 ( 1.49) ce mpe

(1482) s(n)*d(n)= Zs(n—m)5(m);

m=—0

(149a) s(r)*d(r)= ]'s(f—r)a(r)dr.

-0

(cTABAT H IO CJICHHA HA9HH

HTe B MOAMHTErpaHaTa dbyHKIHA).

(PasmsHa HA MHOXHTE]L
HAMAaHHE H Ha CIIETHOTO.

Heo6x01uMO € B Kpad Aa c€ o0BpHE BH

1. Konsontoyua € 663MOHCH
3(f) Mose 12 OB ApYT CHTHAT HIH HampuMep HMITYJICHATa XapaKTEPHUCTHKA, Kak.

70 me b1 M0Ka3aH0 CHOTBETHO B [1aBa 2 nI'nasa 4.
2. Ipanuyume Ha cymama u Ha uHmezpand 3d peaini CUZHANU ca ozpanuye.

4y, TIOPaTA OTAHHAEHATa MPOABIUKHTETHOCT Ha CHTHATHTC. Honnara rpampy,
oBHKHOBEHO € Hy/la, 4 TOPHATA HMa KpaiiHa CTOHHOCT. 3a CUrHaIM ¢ TPOaBIbK;

TearocT N JMCKPETH TPaHHIHTE HAa CyMaTa ca OT 0 mo N-1.

Tpumep 1.5. /la ce onpese/n KOHBOJIIOUHATA HA INCKPETHHS CHTHAJI, YHsiTy
2
rpathuka e Aazena Ha dur. 1.16, ¢ IMCKPETHHA eAMHIYEH UMITYJIC 8(n).
s(n)

a u mesicdy opyeu 0se yHryuu. BMecto §(n)y

S wp ey

s

A ST

5
A
£
|

3a Onpe
Nl H_ﬁp;}fﬂﬂ:ﬂe Ha Konp
N—1 = 6. Croiin

Zs(m)a(n—m)=26(1)+ 35(3)+ 5(4)+ 43(6)<10.

m=0

Karo B CyMara (1. 44 PaTeH pen (“o e
TOIPEXIAHETO 1 nsqnz:n?:ryp \ I AT S (a :::imo ). 7. {5, 1, 2}, i
51(m): AeluE 2(m). Tiepeata cremxa or
Sa(n—m): 324
5102

Sy ks, =is1 (m)sr2 (n-m): 6

HO IIPH cleaBaluTe CTBIKH ca noBeye

3.2 4 3
5 Xlx o, x2 x4
i 15+2+8
S1usz=7 sl'sz=25

gxogqammo S x5 ={6,7, 25, 14 20}

0 Hﬂ o 3 2

R, UM clyqad MpH m JHCKPeTH HA §; M n — ma qasart
n— 1 nuckperu Ha s, * 8. o

1.6. Kopenayuoren ananus na cuaHanume

% A
Hok lﬂ‘); aga Tt;t:);:)e}.{rmum (correlatio) e ¢ NATHHCKK NPOMXON W OIHAYABA CHOT-
: A HA CHrHAIHTE OOMKHOR
e CHO ce ynorpeGsma 3a cnywaiinara
pha t}( m;:):ﬁy ABE BEIHYHHH (CHTHAJA), KOTATO HE CA OBBPIARK i:n.usc?auaqno.
AUMATA MENCTY [1BA CHIHAIA ¢ TKPHBAR paau‘ Q3HA-
CE H3NON3BA N
| PH O e H
c:l-::e :Ba CHIPHQIH B YCIIOBHATA HA HHTEHIHBHH OMYILCHMS, WIH KOTaTo CUTHATITR
nu«bg Mi:lmenuo cabu. Takes e ciyuast npu 0GpaGoTKATA HA PAAHONOKALMONHA
PMALHA, THI KATO OCBEH OTPAKSHHETO OT THPCSHATA e (cmonér paxera w
2 1



[P—

i no-crabu. Ha xop “Malkgy,
ru 06exTH, BEIP st [naBa 7 ~
B ; 1
1s | OT ApY 0 MACTO ; i 3
m1p.) HMa OTPKCH anuTe € onpeneney a 32 KOJINUECTBEHO OLCHSBaKe g L g ) Ot w1l + Poy.
ro mpievase A CHIHATNTE € WE (C o 3a Tasu LEN Ca BHBENCHy o KoYCpENmIL, HE Ce Nposnagay CBIIacyBan
enauHOHARAT 2H repara 0013CT: OPENaUONHA. ghyp, B = e
Kop e 5B BpEN 5 Kopeﬂal{llﬂ. Kop kalIIQ ]
o i , § 2.A1c0\|112(1:)>0,Pq,>P,+p II
a <r2- IIpu ToBa yenoppe CBINECTBYBA uecto

MeHeHHATa Ha CHI'H

BeTHH XapakTepHCTH CBENAOANE HA MOMeHmHume cmotinocmy

K — Koeguyuer
MEXAY OIpeze -
craHOBABA BPB3KA "PexCnehy , @ cuenanume no snax. Taxnoro meficr

SCHEHH. L
KouTO e OBAAT ;aouaotm}m aHa/m3 ce Y oGnact. ToBa € 0Cc00€HO BaxkHo 33 eny £ BHE € c;'br}clacoqﬂo.
cODE. Ta o - b E )5 <
e hgf: ppemesara H qecrOTHf'iT oT CbBpeMEHHATa TEOPHA Ha RoMymﬂca. 1 Ezm(l: nz’-l;c()r) 0,Py, <P 1 + Pop. Cuznanume ce omcnabeam ezaumuo.
HHCAMOCTH JTO ca BaXHa 9ac cMymeHHATa (HeIYMSATusy Kagy, HO onpenensine na BlanMHaTa Kopenammonya byHKIMA
gaifHATe MPOLECH, KO raBAT npean BCHIKO e /la C€ MOCOYH €lHa y3p.. 1pes3 H3pasa C¢ naBa
muuTe. Ypes TAX ¢€ prﬁ‘:ep B TOBA OTHOIIEHHE MO;‘_I ergode HMeTecL 1 T2
e Hﬂeﬂﬂﬂ3aum!)' 3a nop TeopHs HA KOM}’HHK ’ 0 Ky (152) \J,Iu(‘l,')= lim — _[Sl(')s (r“t)dt
Ma B CTATHCTHIECKATA L) T : .
Ha Teope ion function). E { 4
-correlation . Ene, i
Bunep 1 Xunyun. opeaauHONHA PYHKIIT (cross nc: el Cmﬁpmez:;. ] Ha ocnosanne H; (1.51) 1 nomxoma s 1. 1.5 MOXE 1 ce onpeneny s3aum-
B3aHMHAa K eH [0-KbCHO & Hama Kopenauuonng VHKYUR om duc
BBBE/ nepuon T. B ! Kpemen guo. T Baxy 3a IMCKDETHH CHI-
sigocT me 0B1e 5,() ¢ eAHAaKBB NepHox 7. TOpyg, Hami. Jlanenu ca s(n) u 5,(n). B
THT Ha CHyHaHH n curaana si(f) 1 52 B 1 52(1). Bropust curuay € M3MECTeH Ha m uHTepBana mT u
ﬂaﬂeHH ca IBa HepHOﬂHqHEMeTO ot Bp"bg}(a'ra MEXIY JABaTa CHrHaJjia e cﬂy'lalfma CE€ 0O3HAYUaBa ¢ Sz(n 1o m). Tor‘ana P
BBB BD : C€ MMpHeMaT
curHai e Aepasnpan cTydaifHO 9HCII0, @ CHTHATHTE CE TIp 32 metep. (153) () =
H T8 Ce H3pa3sBa C T, KOCTO © £ : Wa\m)= Zsl(")sz("‘m)-
H NIcpHOJIHIHH. a ce pasriiexia ¢ n=—o
MHAHHpAHH, [IPH TOB2 ! Iy [BaTa CHTHAJIa Ce P Pelna
3a ycTaHOBSBAHE HA BPB3KATa MOKIY X i OT npes nornex (1.53) npenuspixsa CPaBHEHHE C M3Dasa 32 KOHBOMOWHATA
\OMHOCT Ha TAXHATA CMD {772 ] oT nncrfrperen BHI Ha €IMH TUCKPeTeH curman c CIMHWYHHS JMCKDETeH WMmyne
e )J B _[512 (t)a’t i i (1.44). Tam cymuparero ¢ no m H C€ monyyasa Qynkuus ma n. Tyk ¢ oBparroTo —
P,== ﬂs, (t)+s52l -1 T : CYMHUPAHETO € 110 1 i Ce N0Ny9aBa (yHKIs Ha m.
T g e H : I'pannumre Ha cymupanero mo OTHOIICHHE HA PeATHWTE CHrHAMH ca orpa-
(1.50) T2 HHYCHH, ThH KaTO U TAXHATA NPO/ThIDKHTENHOCT & OTPAHHYEHa.

2
+_1_ Sf(f—r)dt+? fSJ (t)s,(r=)dr.

-7/2 Ipumep 1.7. Ja ce OIPEZEIAT CTOHHOCTATE HA B3auMHATA KOpenanuoHsa

-T/2 ‘
Ogesnno e, 4e mbpsaTe aBa HATerpana B (1.50) ca cpeanure MOLHOCTy, (QYHKOWMS Ha QMCKpEeTHHUTE CHrHATH sim = {1, 1, 1, -1} nsy(n) = AL L, -1, 1} upa
cBOTBETHO Ha 5(7) 1 55(1 — 7). ToraBa 3aKkCHEHHE (M30CTaBaHe) Ha 5:(77) crpsmo si(n). 2
(1.508) P, =P, + Py +2y5a(1). 3anayara ce pemasa HarnenHo apes PA3n0IaraHe Ha CTOHHOCTHTE Ha IBATA
CHIHAJIa B €[IHA MOA APYra PEIMIM U C& H3BHPLIBAT CHOTBETHO YMHOKEHHE M Cy-

Or (1.50) ce Bukaa, 4e cpeHATa MOIIHOCT Ha CYMAapHHsl CUIHAJI e Cyma o7

CPEJHATE MOIIHOCT Ha OT/AEJHATE CUTHAIM M yABOEHATa CTOHHOCT Ha byHKuMATY MHpaHe.
Wi2(7), KOATO Ce HAPHYA 63AUMHA KOPENAYUOHHA PYHKKUA U CE Onpesens Kony- 3a onpenensine Ha y5(0), T.e. npu m = (), pasNONOKEHHETO & CICIHOTO
49ECTBEHO C H3pa3a ; s1(n) G vl oGk iaikenme b il
cr’e ; sa(n—0) VN R ) Sl ot Bt s ] e
(151)  yy,lt)== f~"i(’)5'2(’_T)d’- ; sme(r=0) 0 0 0 1 1 -1 -1 0 0 O w(0)=0
' Tpetuar pen ce momywasa cnen NOWIGHHO YMHOKABAHE HA CTONHOCTHTE,
Cren nHerpupaneto ua 1 u savectsanero My ¢ rpannuute [~7/2, T/2], ce & PA3MOOKEHH €aHA N0 APYTA,
Ti0MyaBa GYHKUNA HA AprymenTa T, i Croiinoerra Ha \ia(0) € cymara OT eAMHMUIATE HA TPETHA POI ChE CHOTERT-
Baaumnama Kopenayuonna gynkyun \yy(t) Ompanea epuikama meady HHTE 3HALH. :
deama cuznang evs spemesama obnacm. [o-nararsi MHJICKCET (15) 11 ce uanons- ITpu m = 1 ce n3pbpLIBA H3MECTBAHE HA CTOHHOCTHTE HA $;(1) ¢ eaMa mm\:
LS HAJACHO, 3a 1@ ce nonyun sy(n — 1), [lponeaypara Ha YMHOKSHHETO W CyMM

Ba camo 1o otHOweNNE Ha KopenaunsTa na JBA CUrHaa,
B sapncnmocr oy CIORHOCTHTE Ha Yo T) MOKE Ja ce pasrpanuvar TPH X
Paxrepuy ciyyay,

panero e ewuiara, [lonyuasar ce ¢hOTBETHO

47
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1

&

1o ale (0FeRURERU £

1 1. 05 50 &

o 0 I il £

51(m) (()) 0o 0 3 Il 1 1w 0 0 W!z(l) =3 5

s3(n—0) ) [MO/Ty9aBaT OKOHy

si(msa(n = 1) i npa 7 spr e TG i aTeme:

nTe il

Cnen mnpoueayp 2)=0, wia(3) =1 Ha s52(n) cnpsmo S1(n) i i

2 =3, yi2 apBaHe
WrZ(O)C- 0‘”wcl>:c(rlnzre H;V rW:z(m) npu H3IPERAR
TOMHH

-3)=1. ion function). C 3
wia(-1)=1 yi2(-2) =0, wm((p;imuﬁﬁ (autocorrelaﬁoﬂe s ; CHFHBTOKQ ]
120 Hoi HA a MEXIY an
ABTOKOpeJ]alIHOH( r) ce OEHABA KopenaHAT omecreto aEa 5(1)
JAUOHRATA QYHICH? q;T 1 eropoto Komne s(f = 7), ®Tocy |
= CHTEJTHO !
aiiHa Mpoab/DKHT! 3 HHAEKC.
flTI’e HpH:rgeM osraverneto Y(7) iegaBl’ICHMOCTTa
OuueH cueHal BOXE
3a nepuo 2 )
1 f —1)dt.
L [ssl
; T)= ‘
sy vlo=7 J
T2 enepHOJAHYHHA CHTHANI ce ()rfpe_ue.m1 i

Ha H
ABTOKOpeJIal[HOHHATA (yHKLHA

e [, o0] H OCPEAHABAHETO HAMA CMHCHIL. ETo samg
0 B ]])HHHHHT ’

TeopeTHIH ¢
155 vl)= fs(t)s(f—r)a’f.

¢ na naTerpupane B (1.55) 3a peaHATE CHTHATH CE ONpexengy ol

rpaHHHHﬂT)lmreﬂHocr. HanpuMep 3a €HH HMITYJIC, TMETO BpEMETpaene o o7

i Hp(:;zﬂﬂume ca OT T J0 f,, Thi KaToO B TO3H HHTEPBATI TPOH3Be Nenyey,
HyJ1a A0 /s

—1)Z0. - :
:(I)J(I%TiHaﬂHga HAMa 3HAYeHHE Ha4YaiHama cMOuHOCm Ha eua'roKopemﬂmomm.m

ymrxmms, KosTo ce nomydasa npu T =0, T.c. y(0). 3a 1BaTa Buna CHIHAIH, nepy,.
JHIHHTE H HENEPHOAHYHHTE, T HMa Pa3THIEH (PH3HIECKH CMHCBI, i

Havarnama cmoiinocnm Ha AemoKopenayuoHHama QyHKyus Ha NEPUOOUYy, _‘
cuzna1 € paBHa Ha cpeoKama MowyHocm, Thil KaTo TIIPH ONPE/IENITHETO ce H3BEpIIE,

OCpEHABaHE
T/2
I
(156) (o)== [wa=p,.
~T/2

Havariama emoiinocm y(0) na HENepUoOOUYHUA CUHAI e PaBHA Ha enepay.
AMma My .

(157 yl0)= [0ar=E, .

Hpes y) ce Ussvpuisa nopmupane na (g u ce nrollywasa nopmupanama k-
perauuonna dynkuus R(1), koamo ce Hapuua owe Koedhuyuenm na Kopenayuama

_v()
(158)  Rfr)= wol

HOPMHpaHe C€ Mpuna
Ta y
Rlz(T)zllllz(T)/\Vlz(O). CMIPAMO . B3auvHaTa Kopenaruony:

Koeq;nunem'm R(t) e YI06Ha

a dbyHKmus

Ipu R(t) ~ 0 CHTH

pu oTkp
HAIH Ha (OHA Ha criy oMymenpy, T PUBAHETO Pasflosnasariero Ha cur-
Ha ¢wur. 1.17

R(t)
1
0,05 + 0,1
0 T, T
DQuz. 1.17

IpaxTudecko 3uavenue wvar M HAKOH MO-BAXKHH CBONCTBA Ha aBTOKOpena-
LHOHHATA (YHKIHS.

1. Havanuara croiinocr wa ABTOKOPENAMOHHATA (yHKIWA Y(0) e u neiina
MakCHMaJlHa cTofiHocT. Tosa Moxe na ce U3DpasH Mo CIeNHUA HAYHH

(1.59)  w(0) = y(t)e nmt yi(x)< w(0).

Exuo or npunoxenusra na topa CBOHCTBO € BBB BPB3KA ¢ OTKPHBAHETO W
CHHXPOHH3MPAHETO HA LWIMPOKOICHTOBH (WyMONOnoGHH) CHrHAmM, KOMTO Ce W3-
MOISBAT B CHBPEMEHHHTE MOGHIHH KOMYHMKAUMH M CHOTSMH 33 YNpaBneHHE,
BKJIFOUMTEITHO W CIIBTHHKOBHTE.,

2. ABTOKOpenannonnara DYHKUMA HA €AUH NEPHONMYEH CHIHAN @ CHINO Te-
PHOAHYHA (DYHKIIHA, HO HA APrYMEHTA T. Kparkoro nspasssane ¢ cnenmoro

(1.60)  s()=s(t+nl) = W(T) = y(t £ nl).

; HIpHHLMN AHCKPETHIALIN CTOXACTHUECKHN OHIHALOR ¢ HEOTPAHHMSHHNM CHOKTPOM W uemr:s:e
PEIYITATEL TEOPHH UMITYIICHOM nepeaayui chobienil. Painotex uka i ARKTPOHHMKA, Bhu. |, 1988,



a ce M3MONI3BA npuMepHO B CEIHHA Ctymgjy v 8
apMOHH‘IeH!) ce m3npalld HAKaKBO CT’OGI.Q ey

1. [IppeTarad cMec OT CHTHAJIA H ¢ Chi

gpe3 KOETO Ce IONYHaBa k OPeHaET“ ;

i
S

Topa cBOJCTBO nmoxke J
[ CHTHAT (Ho—rrpocro z ‘
¢ MyIICH? A
Hai) ¢ rojeMHa € I |
CcIpOHCTBO,
o3 Kapenamop- 4

‘i)p ch‘l},mass qe KOpeHaI.IHOHHaTa yHKLHMA Ha CMyuleHH

: acrBaHe Ha T 10 npeHeﬁpe)KHMo MaJIKa CT
MeHs TepHOaTHO: ToBa MOKa3Ba Heropgy. M
0 . 5

2

o curHANa c€ 13
xoraTo eIMH IEPHOIHYeH ¢ f
kopeIallHOHHA byHKIHg o cu Hay
YMa o

e

mepHOAHI®

¥

OHHOCT, a Kopey,
a ¥

a Ccc,

onnara GyHKIHA H
JHIHE.

He e TpyAHO Ja €€ Jokaxe H T0Ba: ge

cyma oT MHOXECTBO CBCTABKH Heropara aBTO

aBTOKOpENAIHOHHHTE ysKUHH HA Te3H ChCTABKH. g

’ 5 g

i ABTOKOpeaHOHAATA (yHKIHA © gerHa Qy prymentaz, g |

(1.61) w(r)=w(—r). |

fiie 38 CITEKTPATHHA aHATH3 Ha CIyYaiinye

Tipg.

Tosa CBOHMCTBO € oT 3Ha4C
-JIECHO OT CIIEKThpa.

(t) ce H3MEPBA MHOTO IO
ce ofspHE BHIMAHHC Ha 06CTOATENCTBOTO, 9€ HA 3adage
H ey,

2.

anBIHO 0Npeoenend agmoKopenayuorHa @YHKYUsA, Ho 06 -]
3 Pam.

&

1ecH, ThH KaTo Y/
4, Tpsbpa 1a
nan s(t) omeo8apA 1

HONIO HE € 63 PHO-
Ero 3amo 49pe3 4BTo

Jew CHTHAL, T.C. aKo Hezo6ama gopma e npe

npodeM ¢ OTACNEHO MACTO B I'nasa 7.
Ipumep 1.8. [la ce onpejerit aBTOKOpEIaLHOHHATA (DYHKUMs )
HaYATHA CTOAHOCT M KOE(HIMEHTBT HA KOpENalHi Ha €IHHUIHHSA Hp;Bg:HHam ‘
I'BJ]eH i

KopeTalHOHHATA dyHKIHA MOXKE JIa CE& OTKPHE oy E
JeapumenHo Ueecmua, Hap: de. |
03y

HMITYJIC, 32 KOHTO Ca B CHJIa 3aBHCHMOCTHTC

A
S0y TIpH
0 npu

0<1<t,,
r<itsg

crie;
JB%L:HTa (ur. 1.188 — TAXHOTO MPOH3BEIEHHE,
TpHTE (YUTYPH MOKE 12 CE 3ATHIIE CHLOTBETHO

g

s()=A npy 0=ty
s(t-1)=4 . OpY TSIShL T
s(0s(t—1)=A* npu 1151 :

sy
A
o
(=), 3
6)
s«n@;;?
B) ///
%
10 14%%%%

Duz 1.18

Karo ce
B3€MaT nojx
BHHMaH
TAXHATA BaIHIH HE 3amuc
oc aHUuTE
T, MOXe 11a ce onpenenu anmxope?lmcmom H TpaRMmHTe Ha
allHoHHATA QyHKIMS

y(t)= ]s (st -)dt - ‘].Azdr =44 7).

ABTOKOpEna
LHOHHATA (QYHKIMA
NpaBHIIHO Ja ce B3eMme |1] s € verHa (1.61) ¥ no Tasm npuamma e no-
Ha ¢ur. 1,19 V@ =400~ o).

5 - 1,173 € Haueprana rpad
croitioer w(0) = 42 rpagukara na y(t). Mpu t = 0
B o W(0) = A%, OT nonyvenns uspas ce BRI '-lep\p(t) = 45;1““&““&

348 : . P AN

peBapsax s ,t- [Monoxurennure crolinocty Ha ¥ N) o

P K € Ha KOnuero s(f — 1) cTpAMO CurHana (1) T CHOTBRTCTBAT HA HAN-

oepu ; ;

e (puupenTLT Ha KOpenauus ce nonyvaBa upes

Hata crofinoer y(0), 1.e. Pe3 HOPMUPaKE HA W(T) © Ha-

1) 4@ -
R(:):ﬁ%_.__..&';_lﬂl:l_lj
Q 4t £
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e 8§i(7) =
ve CHIHAJIHT! 1) cog o g
u3pasa (1 2(40)‘ n (T: 2n/w). h g
€3 a (0, 1) 9
17. floxaxere P p HHTEPBAT pre Ha YOI 4 B ocy
i opTOrOHaIHH /HKLH ur. 1.8. K. £ %8ama nq g

e rbroRAIEOCTTE H (pi yomu, fazenn Ha ¢ akBa e ‘m’a'rawa i KA HayKa nesicu udesmq 3a anpoxcumayyz,

1 N.N.

18. Kax ce foka3pa 0pTo
19. MMoscHeTe rpadmxm;/zp
na 6 ¢ nrrepsana [~7/2, n,‘mcy
20, Kakgo e (pH3HuecKoTo

¢ur. 1.117 ara Ha AHCKPETH
. Havepraiire rpaguxara b e ; 75
=t Hzfra rpacpuKa mpH 77— o fa exuHdHA QYHKLUHA ol :
npHMep Ta JHCKPET KBCHATA EIMHHIHA QYHKIMA mpy Haﬁmog |
6

Ha (yHKIHHTE H
g W HMITYJIC, fane ;
esia Ha e qHHHYIH YIC, naney c (1‘35)

paHe Ha MO £
1 cqmTeH HMITYIC 8(n — m). Kag "3”16)1% i rMABA 2. MATEMATM‘-IECKM MOAEny HA CUrHAn
UTE B

; JECTOTHATA Oppjp
‘ (I‘IPEOEPA3YBAHE) ﬁ;';;::gmopmum

o epHa npe
22. HauepraiiTe MpHM e Ha HE
ol HOTHKE! crema? 1. A
23, Kak ce peans3npa Ip : 4 Ha eaHa CH i 2.1 HPOKCUMUpaHe Ha n |
23. j aKLHAT H eJHHHYHATA QYHKIpg9 4 €puoduye i
Hie 9pe3 OcLILIOCKOM Ha pe sy eAHHHHAS AMOYIIC I’hha.rmj ;_ mpu30HOMempuqe" Ped na oy, :u:llauan Ypes

24, Kakpa e 3aBHCAMOCTTA ME
.

Baiite (1.40) + (1.42). g

25, Kaxsn NpHIOKEeHHA HA umycaﬂ i g

2 6‘ OfscHete (p3NHECKHA CMACE

CHrHanst e bu3ugec
KM mponec
e HH¢)0pMaunxra)HpB 1€C, MU0 M3Mepeyyy OTPa3ABAT ChOBmEenyeTy
* 2 TO3H CMHCEN Tojs o ynxima pa Bpemeto s(f)

H3MeHeHusTa Ha
CHTHANA Umar i Apyra crpana — 9€CTOTHATA, T.e., TOj one

157 TeCTBAIl CHIHAJI Ca BH H3BECTHH?
HIHE

[IeCTBEHHTE Pa3JIHIHA.

JicBT Ha B3AHMHATA KOPEIAUHOHHA (YHKIHs, onpe,z(euenac ‘

28. MoscHeTe u3HIecKHA CM :
HYHS, i
il (1.47)m (1.51 ) H yCTaHOBETE CBLHCCTBEHHT; pa;unm ;m
e : : .
29, Cmocmerﬂqemm cMHCBT Ha ABTOKOPENAIHORHATA (QyH ! |
30. Kaxss e ¢u3 aBTOKOpENAHOHHHTE ()YHKIMH Ha [IEPHOAMYHyy 5 .

ch
27. Cpasnere (1.44) 1 ( 1.47) 1 ycTaHOBETE

HPECTABH Ypes YecTory ChCTaBky
Ha#-npocrugr (ene )
MCHTapen) CUTHan 1
0 OTHOmIE
MOHHYHOTO Tpenrtenue: si(f) = 4sin Of W s,(1) = s i s

A cos of. To ¢cp
T; Txii . ABPXKA eqHa
CAHHCTBEHA Y9€CTOoTa @. I'si Kato TOBa e banoga CK‘OPOCm, HapH‘]aHa l]p()-"lecro B

UGy be106a ecmoma, wefinore PRMEpERIE & 5 = Iy fqu
MHHYC IbpBa CTemen)", KyHOa Ha

R

31. KakBa e pasaHKaTa Mexay |
: ; : |
o Cﬂt;a;qecmn CMHCBHI Ha Ha4allHaTa CTOHHOCT Ha aBTOKOpe, NAUHOHHATy d)m ;
2. KaksB e (pH3HYE |
= I\:(ig)" PasrpaHH4eTe CIy4anTe C MEpPHOAHYEH H HCHCPHOI[H‘ICVH CMH:JI' |
5 Moer CTOHH ;
33. IT[o & Koe(hHIHERT Ha KOPEMALHA H KOH Ca HETOBHTE MHO OCTH |
34. Kax ce H310/13Ba aBTOKOPEIallHOHHATA (YHKLHA HA NEPHOIHYEH CHTHa 33 OTKpHBﬂ_ :

Hokazano e, ge €IUH CroxeH CHIHAT Moxce na ce OpencTasy (anpoxcmupa)
9pe3 MHOXECTBO OT CAHOYeCTOTHY CHrHamw. 1o To3y HA%MH ce ch3nasa Mo
CHrHajla B YeCTOTHaTy o0macrt, e

3awo e Heobx00umo npedcmasanemo ng CucHanume ¢ wecmomuamg 00-

HETO My IpH BHCOKO HHBO Ha IIyMOBETe? ! . nacm?

. YHATO Ha ;
35. OfiscHere ()YHKUHOHHPAHETO HA KOpENaTopa, TPYKTYDp ((byHK].H{OHaJmﬂ} ;
CXEMa HMa CTETTHAA BUIL: ! 1. Cr3paga ce BBSMOXHOCT 32 u36op na HaTUHU U cpencrea 3a o6paGoTkata

5(2)

, BaHE B 9ECTOTHATA H BpemeRaTa o0nacrw,
i 3. Pemaga ce 3a1avara 3a CHHTE3HDaHE HAa CHTHATH | YCTPOHCTBA B "ecToT-
HaTa obmacr.
B on .55, Or maremarukara e H3BECTHO, 9e e/MH NepHONMYEH CHrHan MOXe ma ce
TNpeACTaBu ¢ Geskpaen TPHrOHOMETpHYeH pen Ha Dypue, ako dynkumsTa 5(f), Kos-
‘ T0 IO ONHCBa, y0BNETBOPSABA Ye0BUATA Ha Hupuxne. To-natarsk we TpHEMame,
He Te ca cnasenu. Tosa e TIPOBEPEHO 3a CHIHANHTE, KOHTO co pasraexnar.
Tpuronomerpuunust Pen Ha ®ypue (Fourier series) ce H3passsa ypes 3a-

BHCHMOCTTA

i
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" Cunyconnara u KOCHHYCOMIATA C© OMHCBAT YPe3 BHPTEIMBO ABIDKEHHE HA SANHINEH BEKTOP ¢ho
ckopacer @ = 27t/T. ITutar e pasen wa [ = wf, a CKOPOCTTA @ HEeroBATA MPOHIBOAHA N0 OTHOWICHUS Ha

Bpemero (d//dt) = w npri=luw - s
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s(7) e H3BeCTHA. Ilo-

[MIOTEP HIH OCHHJ]OCKO

B ,)EZVJ”HI Ha paSﬂaJ aHET
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KOHTO HE ll()ﬂ.lw}Kal Ha 1o Hﬂ]albm”o pa3ﬂ’al aHe.

CHTHAIH I i

e MOHOXapMOHHTHH (c eaHa qecrozai sl aMmmpH UpeMyy,.

eHH = ci, S
Hoﬂ)"j’m” gepuzil He POMEHA! gbop.uamfeﬂne Tynata y Day,
JTUHE ‘ 11 ’ ,
i KipATa e naK MOHOXapMOHHHHO Tpe e .. |
N e gHeTo HA CHTHANA 9pes CyMa oT s 3BOMsRg .
[Ipeacra na Ha CYnepnosUyuAma npH B3/EHCTBHETO M Bhpxy H"Heﬁ‘ |

) akiuATa € CyMa OT PEaKLHWTE Ha OTRe”HMn;

1 1 ToraBa ce °k
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Ham,
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[oa3BaHe HA HPUHI
e
Ha cucrema. 10Ba o3HaYaBa, 1€ P

qecTOTHH CHCTABKHL. 3a H3060p Ha TOYHOCTTA II -‘
BeakpailHuAT pell 1aBa BBIMOXKHOCT p PH anpogg,

MamuaTa. YCTaHOBEHO €, ¢ MATKH H3KII0IEHHS, € crgﬁﬂocmTe Ha WICHORer, )l
MangBaT C HApACTBaHE HA TEXHHA HOMED. Eto 3am0 0GMKHOBEHO CE 3amasgay an]
Te3H, KOUTO (POpMHpAT OCHOBHATA 9acT OT €HEeprHATa HA CHTHATIa. Cl’ospaauo B
avara TasH 94CT € 0KoII0 ( 90— 95)% ot obmara eHepras (ToBa e BCBIMHOCT ongy |
THPBT Ha CHTHA/IA).
Pasnaraneto B pejl Ha PypHe HMa H IPE/MMCTBOTO, HE MOTYYEHHTE ooy
ca oprororanay. Toa MoXe J1a ce JIOKaKe KaTo C€ H3UHCIAT CKalapHuTe Mpos,
BEJCHHA Ha COS nigl H sin nwyf, COS Mol H COS HWol, SIN MWyl H sin Rt (m % n) §
AnpOKCHMHPAHETO Ha NepHOMMaHHsA cHTHAN S(7) = s(f + nT) uma CMHCM; i
TpaHHLHTE [fo, ot 7] : B
3a onpezeniHe Ha KoSQHIUHEHTHTE do, dy, b, ce n3nomsBa (1.31), Hurepy, :
JBT H2 HHTETPHPaHE € OT fy 10 1y + 7, a u(7) ce 3aMecTBa ¢ (yHKUuMATA cos - !
| sin not. IlomydaBar ce CEOTBETHO Oof :‘
1+T x

[s(t)cosnayt dt !
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4 0 oT e
CTOHOCT Ha cHrHang o B HeeK'rpOTexuﬂkaTa, H3pazet (2 5)
Doty Dl pHoI. -2) OWHCBA cpemmara

€ Ipencrapy q

METPHATA 10 CleaHus Ha Pe3 H3Bect
YHH HHTE 3aBUCHMOCTH
oT
S()=a i( “
TRLG AR a, co: 5
(26) n=| n Snﬂ)of+bn Slnnmot)=
o
=ay + Z C
0 cos ¢
n=| < (nmor+(pn),
KBAETO
(2.7)

C = 2 2,
n m, (pn = _arctg_b_rr ;

a,

IMpousxons
T Ha 0
TPHUATENH!S 3HaK Mose Aa ce ycTaHoBH, ka
» Kato ce w3mons-

Ba 3aBHCHUMOCTTA

(2.8) cos(a + B) = cos a.cos B

H Ce MPeJICTaBH 8 esin

s(t)=a0+ 3 C. cos s
o nz:l (ncoot+(p")_

0
=a,+ E FEosi
o (€, cosn ©gt.cosp, ~C, sinn @t,,.sing, )
b

n=l|

Ypes cparrenue na (2.8) 1 (2.9) ce YCTaHOBABA, ye
§(2.10) an=C,cos ¢,; b,= =G, sin @, ;

APMOHHYHATA CHCTABKA ¢ HOMeEp & ce m.

passipa ¢ ho

g VI(12)6 SK1) = Cj cos (kagt + @) . g

T (2.6) 1 (2.11) CC BHXKZA, 4e B 00mus ¢ i

C 3 nydai nepuo,
CBCTOH OT GeskpaeH Gpoii XaPMOHHYHH CHOTABKH C mugynmm;

110 0cTa Ha YecToTara mpes HHTEpBAN @o. OcBeH ToBa MOXe Ja CBHIULCTBYBA H NOC-
TOAHHA ChCTABKA @y ¢ YeCTOTA @y = 0. .
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(2.13 )= B R )
§ ) S( ) z (smmor+§sm3m02+...).
Ot nonyuenns peay

, JITaT ce Bmkpa
. OCHOGHAMA Yecmom » qe CIEKTEPLT B
¢ onpeje/H CHEKTBPET Ha cHIHAC < UDARGHUN, : (odd harmonics) (‘Ie'r: (fundament frequency) u caM:b::es): e
mep 2.1. J1a © 2.5, kaTo €€ PaslIOKH B TPHTOHQpe *Op HUTE XapMOuuuy ce MHU xapmonuyy
Ipm ik € azieHa Ha ¢ur. 2.5, e’lpp%n AMIUIMTY inTEe Ha U e Hapugar even harmonics),
08, HANTD TPE ; TEXHHUA HOMep n, Topa MHHUTe chetapky HaMansear ¢ g
a @ypHe. caH aHaJJMTHIHO M0 CIIE/THUS Hauuy P € OT 3Havenye 33 CXoauMmo apacTBaHe Ha
pel H 7T MOYKE A2 Onje 3aIH <1 <T/2 ; T4, C KOATO ce AlpOKCHMupa CHTHaneT, Hy; CTTa Ha pena, 1.¢. u 32 TOYHOCT-
CHrH A mpu 0si= ) HUK € 20% OT aMmIuTy nata gy sai “;:}:dep AMILTHTYNaTa Ha neTws xapwmo-
s()=9_ A mpn T/2<t< T ‘ TPEIIKA € BE3MOXKHO C 1oy Spoit ‘melnnomn.e O €, 9e anpokcumupanero ¢ Manka
Ha ¢wur. 2.64 ¢
TO PEABT IIE CHABPKA Yrep : MPeKbCBaHA Muapy o
DyHKUHATA € HegeTHa, IIOpajH KOE p OBerg , Ba CHTHAIIA, a C ITbTHU THuuy i rr;m(;)ae,ana OyRKIMATa s(f), KoSTO omue-
ADHKHTE
: HHK, ITOTYYEHH Ype
CHHYCH (@, = 0; b, % 0). £ P€3 TpHroHonm

3 e’l‘pmmm Pen Ha CDYpHe
, _ : >
s(2) | y 4A/ﬂe(§36enemﬂe. TO-ronAMa ot A1), 2 4 TpeTHs: 44/3n Cymrpu ::;2 o
' (UKHT % ABATA XapMOHMKa [ana CIHO mpubmikenue no rpadukara na s(Etl)a Ir?a-
- ge?»l(paeﬂ s qg CHOBev 14, Peha, cymaphara TPaduka u rpadmkara ua s(#) meil;
] skt (e Gaednangul)y Tonae Tpodrem, cBbpaan cre
72 |T Toii uMa CBOETO 3amBnGoyeng CXOMMMOcCTTa Ha pera.
MaTeMaTtugecko 00ACHeHue U 3ac
0 ’ ' 4 NpeKECBAHE HAa (yHkuusaTa, B CIy%as — kpaumara ua i Ara TOYKMTE Ha
= SRR I SO OTCKOUM, KOHTO He cnanar I:g;y ;;&(&xa;g ?I" .
’ COOEHOCT € H3BecT 0 - 2.00). Tazm
CHIHAIBT € HedeTHa . 9 Ha [OA MMeTo ABnenme (edekt) Ha [uGe.
(yrxmHs s(—t) = —s(7) : ()
Puz. 2.5 s(f) 1\ C
o 3 4A/T[ = 44/m
TxHi KaTo MOJOKATEIHHTE H OTPHUATETHHTE CTOMHOCTH Ha @yﬁmﬂm s(9 ‘ : 2
OIHCBAT €HAaKBH ILIONH ¢ a0CIMCHATA 0C, MOCTOSIHHATA ChCTABKA € PaBHa g : 44/3n N : v 3
i By U MO
1a (ag=0). | \ t ‘ ‘
Koeguunenture 5, ce onpenenar 4pes uspasa (2.3), Ho ce H3I0N3Bar gy 1\ o T w de N
HHTCTpana cs¢ choTBeTH rpannuy [0, 772] u 772, T), 3amoro CTOHHOCTTa g 4
HMa pas/iHdeH 3HaK ; ol 6 py
T/2 T !
b, =}- fAsin nwytdf — fAsinantdf = : DQuz 2.6
0 /2 Jlpyr BakeH W3BOX 3a MpaKTHKATA €, He 3a NPEHACAHEMO HA CUSKaNu ¢ npa-
24 /2 - ‘, 60b2baHA (hopma (npasovewanu umnyicu) mpsbéa cucmemama 0a nponycka ev3-
T o7 | €8m0 +cosna,r I MOUCHO RO-201AM OPOU XapMoHuy, m.e. 0a e JOCMAMBYNO WUPOKOIEHMOSA No
5 A 0 r/2 ;

OMHOWEHUE HA YeCOmHKUmMe ceolicmaa.
Kato ce preme 110/1 BHUM

anue, de o7 = 21 1 Toa ganu n s natl Ha ur. 2.66 e nokasana cniextpansara arpama Ha CHTHAIA OT nprvep 2.1
A€THO 9HCI10, Ce notyyapa 0 W 25 [lo aHanoruven HAUMH ce HIBLPIIBA ANPOKCHMHPAHETO HA CHIHANA, YHATO
auka e eHa Ha ¢ur. 2.7a. Paanukara € B TOBA, 4¢ (YHKUMATA, KOSTO rO
b =j 0 fIpn 1 -yerno, rpag aan ¢ )
n

I4A/ T oupn p
Okonyarennngy HIpas 3a 5(1) ¢

OIMMCBA € ETHA I10 OTHOLIEHHE HA BPEMeTO: S(1) = s(~1). CleioBaTeIHO WiIeHOBETS

~HEYETHO, Ha peaa b, = 0. [onyuasa ce ChOTBETHO
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512 : 4 NPEACTaBsHeTo |
- iiT0 ce aPOKCHMHPA iy, 3 3 TPHTOHQM
gy oy, dopMa ce u3nonzpay IBe 38BHCHMOoC Ty enTp:'mua PeIl Ha Dyppe g KOMIUtekcHa
A s TaBKa € HOMED 1 Ckriachg (2.1 1.5 eHHoPFaTa OT TAX e 33 XapMOHWYHaTa Che-
(2.11a) s, = Chcos(nmgr + ?,)
n).

omeTpHyeH pel; © i
Jpyrata e bopmynara Ha Ofinep, oz,
§ O € u3BecTHa of MartemaTmkara
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BeskpaianAT TP DA -Ecosncooh
i N GIN

N i
i
cosx:e‘ﬂ‘i’i—f_

J(f )=ﬁ 0 =T
5 BAHE,
4pA [IOAPODHO, THil KATO PRAREHGEIRUMHER] Damay,
PewerHeTO HE CS; ce 3anoMHU. T | o
23HO d Ha noBTOpeHne T u ’
Ha EpHOAA POAL% ' HKPETHASA coryy
i Bsema ce mog BHHUMaHy
¢ €, ue 7

yr;::‘?eﬁakaf ot (2.11a) ce monyuagra R g d 01t T e

n o~i(nog+o, )

101
0-6aNCHO U €7 HHE
7 . Uncroro N e OT;ivol_UeT/ ¢ B nuTepaTypaTa Ha DYCKH €3HK ce
HOCTTA , HE Iany_}]'CHTi ool H':)KagaTeﬂ ce H3M0/13Ba BBB BPB3KA ¢ epa
: OKAIMOHHATA TEXHHUKA. Heroso-m ii’ﬂm
aaHoJl ZiHaqelme

TepMUHET “CKBXHOCTD
4 ¥ chlla CTOWHOCT Ha T CHekT'BpBT ey
Py,

2.18) s,(1)=

aHn
C‘I:OTHOHICHHHBHM”YHC:aT n}i g
TyK €, 7€ ¢ Hap i oMI?IPamKu cmasam uMHyIcume, MoNnKogaq N0~y ;
mHpsBa, T.€. KOKomo I o | z=|%e’® . Tosa nasa my
= . g
cne.'\m;aﬂg; eKTBPST Ha MEPHOTHIHATA nocncaosarenm;c; oT }I"minonx HY Mpag, H SHCIIOTO M1 ¢& M306pasH B Hex karo pe
. iyscH AMa TepHozHYHa CTPYKTypa (@ur. 2.96). Toii e ChCrapg, 4anoTo Ha OT4H HPIB @ Cpsvo Ha-
i KHTE C HOMEp OT HyJa o TdHCE
» T aAcT 00xBaIa ChCTaB A0 cTojiyy. Ha ¢ur. 2.10
“micra”. OCHOBHHA - ‘BakeH HpH 66HaE CTry - «.1U e nokazag
2 @ = 2n/t,, OGHKHOBEHO TOH € TI0 PH 00paboTKaty y i HaTa 9acT Ha (2.18). Jlpara 3 Ha IBeTe chOMpaemu B xc-
Ha gecToTaT u 4pa OCHOBHOTO EHEPTHIHO Apo : Helsropa, etHo ¢ /2 u €2
CcqHETO HA CHTHATH, Thil KaT0 (POPMHEP s z : TBAT Ha 1IBE TpenTeHus. Eny 7 ChOTBETC-
3. CHrHATBT H COEKTEPBT MY €4 OCHOBA 32 H ananus, anm i TOTO — C “OTpHLATENHA KOATO Hama ¢ a" HectoTa (nay), a apy-
CIEIHOTO: 8 USUYECKU cMucha
a) cuKpawasanemo Ha I, pasuypaea cnekmepad, ThH KaTo 2m/t, Hapacryy ,
ce H3MECTBA HAIIICHO 110 0CTa HA YECTOTHTE; ;
0) ysenunaeanemo Ha T’ 09€BHIHO C2bCMABA YECMOMHUmMe CbCmagky i |
o ) ’
KaTo HHTEpBATBT MEXKIY TAX ce Hamaiasa (o = 27t/7). £
Busyansata npesictaa sa curiana u cnektspa (¢ur. 2.9) e YI06Ha 33 e ]
pecer aHami3. Tosa e moze3Ho MPH KOMIKOTBPHA CUMYTaLus. HpeﬂCKassa ce 110:
FAKBAC 09akBaHHAT PE3ynTar. YCTAHOBABAT CE NPOTMBOpewHs p EBEHTyany,
I'PEMIKH. i
AKO Ce B3eMe [0l BHHMAHHE TI0/IAPHOCTTA Ha HECTOTHHTE CheTapky, TeXny. Pue. 2.10
AT 3HAK B HHTEpBANA 2m/t, 10 4n/t, Ha dur, 2.96 s10Ba "
u uHa Tp A4 € oTpHuaTeney, ; 3a uHAeKCHTE Ha TPENTEHHETO ¢ OTPHUATENHA YECTOTA ca NPHETH OTpHUA-
2.2. Komnnexcra ghopma Ha peda Ha dypue fj TRTHY, JHRIH, Tk
Kommiekchure gpens ; b Connln | i
a 19 —t =01 ==
s mempmex”m(g}:munme Ha KomIuiekcHaTa TIpPOMEHTHBA 3aeNg CHY a z! L
aBTOMaTHKarT, ‘ 3
CTABAHETO Ha CHrHammTe Y umeM;”e 4pe3 1y ? H MHOTO 21Ipyru o6acty, Ipep- MowmerTHaTa CTORHOCT $,(f) HA XAPMOHHYHATA ChCTABKA ¢ HOMEP 7 € paBHa
AH33, CHHTESa 1 KonkpeTHye M'S‘iMCIICH:!)g * Ch34ana Mioro ynoGerna 1PH ang- Ha Cymata OT NPOEKLMHTE HA BATA BEKTOPa
Kommnexcar s (‘ ) N (t )
£ 4 GopMa Ha peng 4. LAY g ALY L
HBILI01EH0T0 1 10 00y pawwf H,ua H2 Oypue ¢ u npexon e (220) s,() 2 Ty = Cacos(iagt+g,).
ACHKIAHE Ha CHIIanTe 1 one
001acT ypey peobpasypaner (Tpanc(bopmaunma o A 1OCTOTHATE & @opmysna (2.6) 3a pena va Oypue Moxe na ce NIPEJCTABM OB CyMAaTa HA
OTHBA KM npeobpasyganero yy Namnac y gye ) Ha ®ypue, Orray HATATHE Ce XapMOHHUHHTE CHCTABKH B eKCIOHeHIManna Gopma (2.18)
MWCKpeTHITe peoGpasysanug, Ta

¥ pelanaye ya HIZKCHEPHI 3aaun, k

2
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HoRenumanH, Phopma

+2Cn cos (n0af + 1) =

=
5(}‘) % n=1

G msilonii) "8
@.2D) Z[ G, i) S gt )]_ 3_
=dy 2 ¢

&

. f

Guasa apes CyMupaHe B HHTEPBAa o o :

2.21) ce 060 Toraea i

HpassT (= o 1= "0 H Qo C€ MOTyIaBa do- :
fe, € 1P
T0 Ce MpHE

ol ap L

I &~ j(moet+0n)
01) s)=5 26e

qﬁma

n=0

n—0

Ton’ 2T
u MEOKHTETAT Cpe n - Uomygap, S
B (2.23) moxe Ja ce OTAE ce

a peaa B KOHTO Cﬂ € KOMWIEeKCHA aM?UIumyda Ha gec
- Hi ]
KoMIaKTeH BHA

el HeHOTO BBBEXane -
cxeTaBka ¢ HoMep 7. OKOHJaTeTHHAT BHI CIIE/ atil Komnzg,,
e
wa na peda Ha Dypi
atig ¢op . 1 - Je, ,Jnogt 1 % C ej"mﬂ'
= — C e n € e n %
29 s)=3 T 2 Z_ﬁ

i
n=—0

Kommekcrara ammmutyaa C, MoXe 1a ce MOIYYH TUPeKTHo or ¢

Hlay,
5(7). Ta3n BE3MOKHOCT C€ YCTAHOBABA 10 CIIEAHUA HAYHH :

225) C,=C,e’ =C,cosg, + jC, sin 0, == jhy ,
Hpes (2.7) u (2.8) Gemme H3sACHEH NPOH3XOABT Ha OTpHIATeTHNy 3Hak e
q1eHa b,
CsraacHo (2.2) u (2.3)
ty+T 1+ T
(226) a =? s(f)cosnaytdt; b, = 7 s(t)sin nw,tdr .
fy fy

AKO c€ 3aMecTar g, u b, ot (2.26) B (2.25), 3a C,, Ce MoJy4aa

4T

; W+
C,=a,-jb = 7 fs (t)cos nw .t dt —j; fs (r)sin nayt dr = g
2.27) : "’ A
o i
== [s(r)(cos N1~ j8in ney,t ) d ,
fy
Pasnnkara yy

TpHroHoMeTpHypyTe bymkimn MOXKe Jia ce npecrapy Biaid

(2.28) CO8 noyyt ~ fsin HO It = ¢~ /1ot

3a KOMIUIEKCHaTa AMNTHTY R,

; gilutE o flomysasa
@2 Cuomg frlesmig,
L3

CriekTpanuara AWarpam -

4 Ha CHrHan,
nexcHa hopMa Chabpka CHM “ﬂalnipﬂ Izpencrananem
BHI IHArpamMa € mafmena ug Our, 2,11, < PHITH I “IeCTony. ‘Taxes

ata ga
caMo CB3/1aBa yN0GeTBa mpy AHAMHTHY By Te paarn;ircnzﬂn; E}E:‘::;x? e
HUS,

TIpH KOCTO CE OCHIYDPsBA NPOMYCKAHe HIIH 3aTHXBaHe Ha HAKAKBA Y9ACT OT CMIRKTHpA.
2. Manko mo-npocra ¢ 3anagara OTHOCHO MOIIHOCTTA Ha OTJENHA YECTOTHA
CBCTABKA, KOATO CMYWIABA JPYIH KAaHATH wiu BIIUSHHETO HA HAKONKO CHCTABKM
BBPXY HENHHEHHUTE H3KPHBSBAHHKS,
3ajavara 3a pasnpenenenmero Ha MOLIHOCTHT® B CHOSKTHPA HA CHIHANA Co

PCLIaBa, KaTo Ce U3XOKIA OT cpednama Mownoem BBDXY ChipoTueieHHe | Q 3a
€JIMH MepHo.
Hh+T

—Il—'- ‘J‘s *(¢)dr .

Heprara nax xazeHa BenuuMHA Wi H3pa3 03HAYABA OCPeOHIsane.

Ypes u3NONIBAHETO HA CPEIHATA MOWIHOCT 3 SIUHH TISPHOA CC QIMMHHNPA
BIMAHHETO HA HAYAIHUTE (PasH (), HA XAPMOHHYHHTE CHCTARKM,

Ja 5(n) B (2.30) ce 3amecTBa M3BecTHATA Bewe QopMa Ha peaa na Oypue
(2.6), KOSITO CHABPKA CISKTPATHHTE CHCTABKH, & HMEHHO

(230)  P=5(r)=



1i€H"e

S C, cos (nao! + 92 )
@62 sO=% +Zr

4 MOIIIHOCT €
ce (2.6a) B (2.30) H cpeAHAT
3amecTBa .6a

2
T 0 dt.
I o cos(nﬂ)o"“p")J
231)  P=g f[a"+z

n=1
L]

ce ]I(lJIyana CyMa or
I HichlO L
Cﬂeﬂ 0Bl

Ma
c/leaHaTa cy
noydaBa

MOLIHOCT €€

(2.32)

0

s
P=a;+5),Cr-

& ]

(2.32) e H3BcCTeH B TMTEPATYPATa OXl HASBAHHETO p aee"""leo
H3passT (2.2

e
Hapcesan.

HO CpeHama MOUHOCM Ha NEPUOOUHUA CueHan € Pasng
CrenoBatel

Ter,
HPEBBPHE B Hyia Dy,
iiro cbTEpka KOCHHYC, L€ ce npeBbp Hyna y 3, CPeQ:Q"
KO ;
Beekn 0T TAX,

%

Hq :
BC 9
Onume MOUHOCTIL HA BCUYKU XAPMOHUNNU CoCMABKY 1 4y, Hoc;,,,”a ;
mama om Cpi ma cocmaska. 11 He 3a6uct om HaYanHume gasy ng Cbcmgg

HQA NOCMOSAHH

EhekTsT 0T BB3ACHCTBHETO HA NMEPHONHYHHA CHTHAN Bh
4 Ce BHIH
pojicTBO 3aBHCH OT cpeHaTa MOImHOCT. ToBa MOXe 1 I

H or C”eHBaui’;:
3ajaga.

7 NPEACTABH ¢ e :
Ipmyep 2.3. Exo yetpoficrao Moxe Aa ce pea KBHBaTeHy, a
THBHO TOBAPHO CBIIPOTHBIEHHE, BBPXY KOCTO BE3ACHCTBA CHTHANET

4 mpu 0<t<T/2,
=
gl -4 mpa T/2<t<T.
Ja ce onpeznensr cpennnte MOIIHOCTH Ha OT/€THATE XapMoHMqxy ChoTagg
AO IIETaTa H C¢ YCTaHOBH KAKBB € HEHHHAT /11 CIpAMo IbpBa :

Ta, .
Tparorometpuarmar pex sa to3u CHTHall € nanen B Hpmm)xemde 1 a
48

HMEHHO:

s(r)= ﬁ(sin Ot + %sin 30,7 + glsin 5wyt + )
b3

CPCAHHTC MOLIHOCTH Ha XapMOHHIIuTE A0 neTus ca

1{44Y 1(44) #
e n 1
i1 2( 3

2\ 5
Hemsr pg neTHy x

apMOHHK CanMO ﬂ'prHﬂ ce Oﬂpeﬂeﬂ}l or THXHOTO OTHO- ‘
i
E
] ( 4,4}‘2 i
l) E
1 4 2 m 28

&

£ 1(4,42:7
- 57:)

e
PXY Bifkay, <

g
T e e -

Crenosarenng cp

CNHaTa Moy,
CT Ha
HaTa MOIIHOCT Ha Eppyy, KOSTO 03auggy Z:THS! XaPMOHUK ¢ enpa 40, OT cpep-
Enno cpasuenye MOKa3zgy g
710 95% ot MOMIHOCTT],

€IHO cragg BIlUsHKYe
qe :

> 1€ bpRugT TpeTusaT XapMoHuKk bopmupar OKO-

Oepanuuaeanemo Ha

me YCN06UA Ha 3adavameq)

He (Fourier transform) €

JISiBa PaBHOCTOHQ npenc-
CTOTHata ogy;
H 33 XapaKTEePUCTHKHTE [

ACT U 06
& Chibravie: PaTtHOTO. Topg BaXky
3a CBIIECTBYBaHeTq Ha T
0Ba npeoﬁpmyaaﬂe OT Tiie aTem
Kara TpA6Ba na e criazerg YCoBHero o
oo

@33)  (|s(t)|dr <o,

all ¢ @o. Toii e oﬁpamonponoplmouanen Ha me-
pHOZa
2n
Av=0, ==
F
3a Henepuo ey CHrHAN ce nomycka T — o u Torasa
Aal, - do.

Cnenosarenno CHEKMBPBIN HA HenepuoduuHus cuznan e Henpexvenam. Tosa
€ IBPBUAT BAXKEH M3BO,

Cobraacho (2.29) s NpeaniHaTa 1, 2.2, KoMIIeKcH
ONPEAENs N0 CIEAHNS HAYHH

ata amnmtysa C, ce




CHTHaJI € HereK-BC ;
ya HemepHOAMIHIT Har,
BT

SEiek CIEKTBP
Twii KaTO

' ry6H CMHCBI y
wara ammiTyaa G, Ty Psi6n,
cOMITJIEKC
eHo, KOM

e ycTaHOB

XOAHM)-
; ekcpT He € HeoO. a1a MOTar ia C€ Hampapgy Cey
mern ¢ dC ("Hﬂm 2/T nped HHTETP
3a MHOXHTE!

cHTHAT
ng. [lpa nepHoAHTHAA
CHKICHHA.

s Koa : ,'.'

llaee

H3p33'LT (2.36) ce Hapnqa o
e npago
€, € 9Upe3 Hero curHangy C€ npejer, P "Peobpazyeqye Ha
YEeCTOTHH C'bCTaBK.I/l_

e. Ouerppg
2By g I€CTOTHATy o6mnacr ¢ Geaxpaiing MHOrg
§ Kparkoro O3Havamaye g, aj
n “P‘ BOTo Peobpasynage Ha Oypre ce
2 20, Ao i PeACTROM oriepamap BT oy Fourier) pq CHeNHMA Hayy it
T 237 F[S(t]-S(m)ﬂS(m) Fls()]
oTVTaB . O6patHoro IpeoGpazyy g i e 7
H npexo/l, Koraro 7 — o0, ce MoJyd NO3BOJIABA Na ce onpeneﬁn 3‘:“1'::-’1‘1": ‘1:(!;]:: Sl i e b
. : i : T
o 2/ > iﬁf ‘ g e gy 0 € u3BecTHa HEroBarta COEKTpanua
Dy i
- . | @38) 5= [§ (oo
Sl onpelesHeTo Ha C,, Ca OT —p o o, i : :‘ 2 s
Te Ha HHT g
" de, TO 1 70 MOXKE J1a Ce 3aMEHH C HENPEKBCHaTy TeKyg qii g
KaTo wp = Aw — d,

I
B

' a3YBa B CIIEIH
[pn Tasu nocTaHoBKa H3passT C, ce Mpeobpasys AHIS By
Ta . Ip

1 T e~ do.
——| [s(t)e ™ dt
B3 G Jst

-

o0 (2.
Kommrekcrara (popva Ha pena Ha Pypue, ChIIacHo (2.24), e é
1 = - Jngt
Ny (f) =— Z Cn (2! . :
2yt

3a HelepPHOMYIHHA CHTHAI /1)) CE 3aMEHA C @, a CYMHpaHerq

¢
56 HHIE]M

T€ 0T —20 JI0 0, T.€. w

PpaHe B IpaHALK : E |
Z = f .

=i =00 [

AKO NIDH Te3H ycioBuA B n3pasa 3a KOMIIEKCHaTa hopma pa pena ua Dy

ce sameetit C, ¢ dC, ce nonyyaga

@O

(2.35) s(!):ﬁ [

b
fs([)e—jwld[ e’””d(o . ;

Honysenngy H3pas (2.35) e H3BECTEH Karo :
Yacrra B cpenpyre CkoOH ce napyyg CHEKMpanta ghyuxyun na CUeHang (frequencj; ?
Spectrum) yy N0-11pocto camo CHEKTEp ( Spectrum),
Or chiparenor Jaluceane na cyr
CHekTpanHar ) YHKLIHg

@39 500)- gy,

-
i
)
- |

deoen Unmezpan g

Hana ¢ (1) lpousiuza y 3arnuceawero

PYpre ¢ mpog 1
AHYEH CHTHAI Ypes Oe3kpae
Henepuoouunu cuznqny,

OcHoBHO MaTeMaTuy,
pan Ha Pypue.

W o6pamuome
PaKTepuCcTHRy 1a CHCTeMATe
Hseexcnanero ga OPMYnHTE 33 TPABOTO u 0GparroTo npeoGpasysare Ha
@ypHe uMa cBoeto METOTHuEeCKO 3HaYCHHUE 33

eyl
PaBOTO u 0GpartHOTO npeodpasy-

BaHe Ha Oypue, THii kaTo OrOKpaTHO KbM Tsx!
el

LIE ce 00prmarte My
236)  S$(a)= js(r)e‘f‘"'dz,

-0

(2.38) s(f):_?i J's'(m)ef‘“'dm.

Tt

AHANIOTHYHA € NOCTAHOBKATA 0THOCHO (2.38) - unTerpupa ce S(@) no uee-
TOTATA O, NOTYYaBA ce (YHKIMS Ha BpeMeTo 5(7).

2>
Kaksa e pmanveckara chmmocr wa CHeRTpaanaTa Gyuxuus’




= HOCT IsCHgz
a3a (234) 3a 4JC e BCBhII Ta
Ha H3P
CK06"

T.
sane Ha @yp"e’

B cpeaiT®
[paBoTo npeodpasy

crearns HATHH [

a0 1 y dw 3
AT (f)e-f“'dr]dw 7 }FS((U)
aes =
39) ' J
: ; —5309) Ho3BOABA 1A CE ONPEAEH S() upes "POH3p,, !
gacr Ha (2. ‘

|

ﬂﬂCHaTﬂ
ra dC/do, T.€. : i E‘
§(o)= (e aTHaTA |

(2.40) moka3pa, 9e CHEKTD ki Hy
mﬂocm' Thii KATO PASMEPHOCTHTE Ha JLICHATGRa
mHoCH,

(2.40)

[lomydeHaTa 3aBHCHM
3
CcMHCBIT Ha cnexmpania it
AmmmTyaa/Hz.

4 ; Cr. F
o. 1 € paBHa HA S(ﬂ)) u dC ce Hpellcwah i
v [

L\

XKan Batuer XKose

b Dypire
BOJIHO 3a/1ajena (rpadiry

w0 & (1768 1830)

OPMynHpa

Moxe PHATA, ye CAka
pea. Ts e 6una nocpemmary op MaTeMarype,, e “PelcTaseqy Tpitr:n TPy
or Jlarpawx u Jlannac. Mo 1y a SIT€ Kpbroge ¢ Heno, s s
1824 r. OcHoBHara Te€Opema 33 & Qung

Pa3BuBaye 5
TOBHA NPHATEN upuxe, Osﬂaqemm A
pHXJIE H 3aI1a3€HH 10 frec.

HasBanuero “penoge Ha Oypye” o npe "
H0-KBCHO CIIeN CMBpTTa Ha TEXHI aprop L

Hepanoctuara CHpamika CBaba uy He

NpU3HAHHE Ha 3acyruTe MY creq Heromary CMBpT, ol T
BP‘I‘HHHHT YHTapcky Yaen Onacrra Ha i

Koprenuii JIanmonr (1893 L

B Pen a @ b
8 Koeuuueryyre ca, ﬂs;pue TR,
n

€ BeBeneny op -

aH Tpes 1857 L., T€. nocra

Mpana ¢ YOennrenyg

i enesd pas Caeie ;
ATCIHO CHeKmpanHama @yHKyiA ONPEIC/UT Pasip HHerg |
CrenoB

3 Hy
16T HA S{®) ompe
re B gecTorHata ogact. Ilo-T09HO MO ( ) Peneng Pagy,
aMILTHTYH

£
— Ha HaYaJTHHUTE (haz :
HeTO Ha AMIUTHTYUTE, 4 BPTYMEHTBT §s(0) : tazg Py ‘
RABIEH ¢ OTydaBaT OT NPe/CTaBAHETO Ha S(m) IPeE TaRselE ;
e /S(co)/ H ps(®) ¢ :

$o)=[S (o))" = Sx(@)+ Sim(®)

0 i)y ws(w):a”*g%[})'

Sy (@

Or n3pasure (2.36) 1 (2.38) Moke Ja ce HAalPaBH H3BONBT, He ClUeHanyy, i f

Kpaiina npoowascumenHocm uma beskpaeH C}1€Km27€ U aKo Cnekmvpem ng oy
CuZHAN € Kpaew, npoorixcumertocmma my e beskpaina. Cucnanume y cpe

¥

K'MPume £

6 npakmuxkama He Omeoeapam Ha mesu Yciosud, m.e. me ca OZpaHuquu_ Ka’( ce
npeodonnsa mosa npomugopeyue?

o a—

Tlpn onpenensrero Ha cnekTpanHata (GyHKIHA Ha Peantu cucy,
wmam ocpaniriena npoovixycumeIHocm, TpaHULHTE Ha HHTe
JaMEHAT C TPAHHIIATE HA NIPOJB/KATETHOCTTA HA CHIHAJIA,

HA'9HH CIEKTPANIHA ()YHKLHUA 3aBHCH OT BPEMETPACHETO HA CH
/14 110 CeIHHA HaYHH

(242)  S(os)- fs(z)e'f"” d.
0

anu, Koumg =
I'PHPaHE —0 i o ce I
[Tonygenara 110 To3y b
THalia #) u ce Ollpege.

S SR,

Dynkunara S (s,

) e Hapuua
H3ACHARS p Ipumep 2.5,

TeKyw cnexrbp. Heiinoro 3HAYeHue c¢

= Jobapka, Hurepecrt gy Hro
T TPHIoHOMETpHY Y Te

PEAOBE Aatipa ot Bpemero wa Hio-

aTa cbuamca "
a3sa, Ma'reuamxa-:a
CTBEHO JIUTEPATYPHO lrponaneneﬁne ()’

s MKTOp KOro koe €IHH-
TR THTCpATY A (IOm Siiidy “Kiaring - ﬁ:::' aKoETpaGBa Iia ce TOKepTRa Linara cpe-
AHAJIOTHYEH BBIIPOC 33 MaTey s ) €

ApYTH TROpIY B My3
2.5. Ceolicmea Ha npeo6pasyeanemo Ha Pypue

CaoiicTBaTa Ha npeoGpasysanero na @ypue ca or CBIICCTBEHO 3HAYeHue
CTABAT ronsima vacy op PelenmsTa. Ille npuseney xg-
CTBO C uen 1a ce Habuerne ya TPHIOKEHHST],

(243)  Fls, (0)+5,(0)+.)= 81 (0)+ 8, (@) +...
Broporo yenosue ce PTIOKIA KaTO Mawabupane wn xomoce-
Husupane. To o3na

HaBa, He YMHOXCHHETO HA CHPHANA ¢ KOHCTAHTA co 3anassa
Cllel npeoGpasysaneTo My, T.e.

Q44)  Flas(t)]=aS(w);  a=const
HBere yenosus oGukHoBeHo ce obenunsBar

R

" s ————
——

LB



5i(o)+a2 S2(0)+-5 anay,.. = Congt

(2.45)
=0l
.= 4 BPEMETO He
[ % (,).,. 82 (f) e10) Ha curHana BeB Bp HpoMeHg
Flasi (Bm,cueﬂﬂ 5 e M3BECTHO H KaTo TeOpen, - He
2. OTMecTBAHETO s, ToBa CBOHCTBO a 3y,
¢ K : HH h
amHa QyH auA Had
g cm;x’r;o ce ispassBa 110 C1EA
KBCHEHHETO- —Joly
— D )E
(,., 46) F[S (’ "fO )]— Sli(( )Hpﬂ CBHBﬂHe Ha CHI'HaJla BbB BpeMeTo n~u.k
-y au‘a a.
3. Hamenenun Ha M HeroBHsT CIEKTBP, T-C-

HpsABa
TO/IKOBA NBTH ce pa?:(LH)JP JS w
F [J‘ ntl|l==05 Ik

(2.47) aln
a C HMEPHH TIpacy
npeTaua e MoKa3aH 1p. (I) . q)m‘. ‘

(p3ueckaTa HHTEP

(1
e
o

s(1)

e e T

et
[IpH cBHBaHE Ha CHTHAJIA BBB
BpEMETO Ce Pa3LApABA COEKTEPBT My

Dy, 2.12

Ilpa n > 1 carHamsT s(nf) iMa 32 EKBUBAJIEHT M0-KPaThK CHIHAJI $(?), T.e. g Zeier, |
BHTE/IHOCT CHTHATBT C€ CBHBA BbB BPEMETO, a He 00PaTHOTO, aKo ce ChIH 10 ¢
1€ BPEMETO C€ YMHOKaBa C THCII0, KOETO € [I0-TOIAMO OT eIMHHIA, FPa‘PHKaTa ol
s(nt) e nokasana ¢ npektcBaHa JIHHHA, a Ha $(f) — ¢ IbTHA, Che ChOTBETHY My
Ca H300paseHn W MpHMepHHTE TPAaHKN Ha CHEKTpHTE. Busxcoa ce, ye C8UBanen,
Hd CusHand pasuipaea cekmepa, Ho Cb2IacHO nepéus muodicumen (1/n) MOy
Ha CREKmpaTHama nismuocm ce namaisga n-numu, [otBBpicaana ce TBBD/eHye.
10 0T 1. 2.4, 9e KonkoTO T10-KpaTbK € CHrHAIBT, TONKOBA Mo-IHpOoK e HEropyg
CIIEKTHP, )
4. Augpepenyupane u unmezpupane na cuznang, J,Impepeﬂuupaﬂe,m W

HHTEIDHPAHETO Ha CHrpaja MOKe 11a 6bze nHa
POHO WK J1a npon3THYa '
CXEMHH 0coberocTy, ¢ e ‘

H3BOaBT €, ue crxempm ce
ce YMHOXaBa C jo.
Hampumep npu npemnuanauero

dur. 2.13 1 aKo Helinary Bpemekoﬂcra::a UPaBOLIg ey HMnyne

paHe M “H30CTpsiHe” a CHTHaNA (Gyr, 5 3C << b ce Heurysg ePeHmy
- 2.13), Ba 1y =
paHHs CHTHA 06ycnapsy PBWNpspage “a)crlx?ame HMIycy g Idepe
KThpa o

D\IC
s(1)
t
t

H"‘i’epeﬂlmmue Ha CHTHan,
Duz. 213

Pa3BHBKATa 110 penose g TeNEeBH3 ST,

0. Humezpupanemo o 06
J PATeH npouee gy py
CpeHIMpay
(opMaiHa CTpana 03nayags TONY2BARETO Ha creqyrg q)aannc €10, a Toma or

@48 F=[[s()ar]-5@)
Jjo

TBBPAICHHETO, Y€ DK HHTErpHpakeTo e H3BB s
PLIBA “H3rmax »
Te (pecn. Ha curHana). GHETO " Ha MMmynCH-

TEPHH 3aBUCHMOCTH, KOHTO ca By 33 0o0paGoTkara Ha curramTe.
a. CoekTeper Ha npoussedenuemo na dsa cucnang CC onmpenens ot xowso-
MOYUAMA HA TEXHUTE CIIEKTPH ¢ MHOXHTeNnuTE 1/27

(2.49) F[st(t)sz(t)]=?;;?S(m)sz(m~x)¢=Sl(m)t&_.(m)'.

0) Konsontoyusma na dsa CUCHAMA C& M3PA3LBA 9PR3 NPOHIBENCHHETO Ha
TEXHHUTE coOCTBERH CrieKTpy

* CuMBosIBT * Oewe puBesen B 1, 1.5 13 o3nauanane Ha KOHBOIOUMATA Ha Asa curnana: (1.48a) u
(1.49a),



(2.50)

3BBMCMMOCTHTC MO
aF [HpomBeﬂCH"e

6.7 [Kormomouwl Ha C
ane (ﬂpeﬁac;lﬂe) H

6. Ommecis.

MOZ)
oHHATA TEXHHK3.

(OTMecTBaHE Ha cIl
TpenTeHHe €08 Mo

)IapMOHH‘!HOTO

geto F ], kaTo c€ npeacTaBy

(2.51)
ITomny4aBa cé

(2.52)

MECTeHH CIIpAMO © CHOTBETHO HA T H —p
BBpHIBA oTJe/IAHE caMO Ha eqHara 9acT.

2.6. Cnexkmpu Ha HAKOU HeNepuooUYHU cueHanu

Ilenra B KTa
e c: Ta34 TeMa ce ONpeAe/d OT CJIEAHHTE IBa OCHOBH
fa Z]Ba HJIHCTPHpAT CBOMCTBaTa HAa NpeoOpa3yBaHEeT S qu)Hj,p ) 3
JTHO C TOBA Ja Ce NpHAOOMAT YMEHHA 33 ONpeJeIdHe ¢ o o
e v 4
KTPHTE Ha KOHRpe.:.:: ;

10 (pOpMa CHTHAITH.

0. [a ce npn
CHIHAIH TIpH aHm;g?Zi"ﬁﬂg:ﬁCTaBa 48 CuexTpHTe Ha, BEKOHEEE
B H HJIH 1 PEHACAHETO Ha HE(O 70 Maomapgy, ‘
opounamnama oc (dur, 2.14 4eH MpasovIuieH umnyic, ¢ PMalus, i
. 2.14a). Curnanst ce onpezes BB’B B’;:;‘Z’rpmleu Cnpay,

s(1)

Fls (0)*s: ()=

yIalHHTE, npeobpasyBa

cos@yl =
2

5 [s (f)cos co(,r]= i

Or (2.52) ce BiAIa, 9€ CIIEKTEPBT CE pasiielid HA CHMETpHY
HH

B MHOTO OT HPHHOJKeHH:::m’ el

ce M.

o o o] -50)5:0)

rar fa ce H3pasit YCOBHO H TaKa:

1a curname]/ = KOHBOMIONAS BHD TSI

rpnare] = TIPOHANCICERE B CUC S 3

a cnexmupa. ToBa CBOMCTBO € g 02;
OB

eto Ha 9ecTOTaTa H JIPYTH MPOLECH B Ko
MY By

exTBpa ce nonydasd, KOraTo CHTHATBT s(7) ¢
€ ym
Ho;

05 (0 Ipe3 EKCIOHCHTH
2% 4 e :
12 se  l

S((o—coo)+—2-5'(a)+ ®, ).

Mgy |
w

+ Tosa ce BIXIa, aKO C€ MPHIIO
K
L “PEOﬁpa_%ac

s(rf{A e
0 mpu 1,/2<t<~¢ /2,

S(w)

B Hakou
= JuTe
e L (rectan];:::rpHH HaTogy
Pe3 Gopmynara (2 3¢ )Pulse),
] ¥ 3a

Hpag
e L OTO ripe
=4 ; 06
@.53) g [ edorg, _ 4 Pasyraye Ha Gypy
Ty /2 | e 01, /2 € ce monyy,
=2A ; ( —Jo = “"ulz)__ aBa
o Sin(ar ; "
. (O} u /2)= A4 SIin
i 1 ot
SR L : \QE_‘:L/\Z)
.2 =S]._l]2. t" /2 ;

HATaTa OT Mare
MaTHKa
HHE 1a L
. 3‘;3451;:"(1)014 HPHMepHar, *) = (sin x)/
T.e. sinc(x) = KUHATa (sin )/ sl * Tosa cpag
s H(x) = (sin x)/x X B uTe HeHHe napa ocy
A : OBa-
CIIEHUTE TIO eﬂam: T H3paz (2,53
a. Cn i 1 I<OHCTan;lIH
= CKThPBHT H:
CIIEKTEpa Ha Bie
nocneno aB
LIECTBEHA pa3iiHk BaTeIHOCTTy OTl'Ip OBIBICH My,
a, ge e HeMpeksey ABOBIR T 1IC € cxopeqy 0 do
aT. Ocp My ey PMa
eH ((ur. 2.9) e
- &7) € Tagy
: Cb-

2. Cnexms
P Ha n,
YCIIOBeH PA60vH
XapaKTep u e mpy no‘;u Paduoumnyne (dmr. 2,15
. BIHSHHE Ha - =-15a). Haspany
TuTe €T0 uvMa

KBJIETO UM
T
BncoKOqecifgfrHc;T Oes BHCOKOYeCTOTHY 3 PaTypara i
(it 2155, 6eic s PanHonmMmy i, Cma‘mmaue c 0 panuonoKanmus,
GHz uu mMHoro nammgaﬂe, THATO Yecto AIBT, mOKa3aH wupes
oBeue). Toii o Hgnpamm € MHOIo B rpadukara Ha
a nox ¢o
PM:

Vo,V o

Que. 215



yai CHEYCHOTO SATBIBARG & g
HOTO F lhu%

10 qHCJI0.

CHHYC
LxpaTeno 110 CACIIHIS HaHEy

[epromdT 13 KOZTE 0 e
¢ /13 ce OMHIIE €

;pcoﬁpﬂi“)’BaHeTo Ha @ypye g pv e

apaHe HA CHTHAIA s(t) ¢ QYHKUHATA Cos gy, (2-52)%'l
yMHO)K “e

TIeKTEPA 1: )
- S(oon).

a MpaBOBIBIHAA HMIYIIC (2.53) on Hpe%

H
yeTaHoBeHO, 1€ Hpne HA C
o/TydaBa OTMECTB

0535 Fls(eoson]=
ra cTpaHa cekTEPET H

Or Jpy.
nata 3414 € Bt MJ.—_ At, sinc (01,/ 2).
(236) S(@)=4t =0 t

CE€ 3aME€HHu
Or (2.55), KaTo Ce B3CME NOJ BHHMAHHE - i (]
noay4aBa i M by ((D+C00 )t,, -
inc P 2

BETCTBA Ha (2.57) e pog
CrektpanHara jHarpaMa, KOATO ChOT £ :

ur, 2.156. Biokaa ce, 9e TOH € H3MECTEH H IPYITHPAH OKOJIO (.
ar. };—ﬂﬂo 10-100po THIKYBAHE MOXKE /a C€ HallpaBH aKO Ce HOPMHpa qecToTau

fig\ TR HRTAIOLD A KQODIHATHATA, CHCTEMA, C¢ DATH G Argi A %
o C M. =l
aﬂxcneﬂsaﬂero Ha,cocKIepa e HSBRRIDA TN MEMEHGHIE N

HOCTTa Ha HMIIyJIca 1, (pur. 2.16). T4 ce u3passaBa 4pes u, TEH Karo t,=nT Xe
HOBABA C€, Y€ NIPH MATIKH CTOHHOCT Ha p Toji ¢

pok. C yBenHYaBaHETO Ha k1 (pecnexmmio Ha ’u)u; ‘
Haburonasa ceuBaHeTo My. Ipu TPaHuYyey Tpexgy
n = @ (f, — %) HMIYJICHT € ¢ Ge3kpaiing Tpo,;,
KHTENHOCT H OT HET0 0CTaBa camo 3aH'LJIBaHe'm| :
KOETO € XapMOHHYHO TPENTEeHHE ¢ CAMHCTBEHg yg, -
T0T3 O = )y '
Ipobremer 3a CIIEKThpa Ha Pannonmnyney , -
BAKCH NpH paspaboTeanero CKCIUI0aTalHgTy 1
urposn PaIMOKOMYHUKALIMOHH} CHUCTeMH, Kpy Ko+ "
HTO Chazar chBpeMennuTe Paauopeneiing JIHHHH, ¢3.
TEIMTHATE M MOGHTHUTE KOMyHuKanuy, -
3. Cnekmvp nq eOunuunama Dyukyu
(pur. 2.174), Ennngnara (hynkums Geme OIHCAH)
BEB BpeMesata o6racr 1py pasriexname na CHIH:
JHTE 34 TecTpape p 1, 1.4. Msnonsea ce (1.38),0
HMEHHO '

S(o)

Crexrspyr ya Pamnonmnysca
€€ CBYBa npy HapacTeape ya
Iponsiantennocryy

Dyz 2 146

s(r):{l PH 30,

0 npy ¢
3a mpunarage npeoﬁpazyaauero H:P o

puX. (1.38) ma e abcomorng "HTerpyeMa, T':.’ane TpsaGea ‘bymﬂnm:a o(t) = g 0

IU(t)dt <o ,

S(w),

Puz. 2,17

Tl kaTo T3 € HeOrpannyena, BBBEXIa ce “MHOXuTen 33 Cx0mmuMoeT”? o €
(-t

HETO €€ YMHOXaBa (1), a 1y & PaBHA Ha enupyy, Toraga

S ((D) = Ic(f)e—m.e_f‘”’dt = “]e‘(“*‘f'ﬂ)'dt &
0 0

(2.58)
= e—(a+jm)l % e 1
o+ jo 0 a+jo
Ilpu rpanuuen TpeXon & = 0 ce nomywana
(2.:59) - $(w)=lim ~eins

S04 o
Ypes peaktusnara AKTHBHAaTA ChbeTaBKa Ha (2.58) ce onpenens @.(w), a
HMEHHO

(2.60) ¢, = —arctgg.
o
Mpn 0 >0y o = 0 3a @, cenonyqana—nfz,axmmm<0,¢,=wlrpa-

(hukHTE Ha S’(co) H (s ca nanenn Ha dur, 2.176.
4. Cnexmyp na edunuunus umnyne (Gur. 2.18q). B 1. 1.4 Gewe Bb3NpHeT

O3Hauenuero §(¢) (nenra dpymxups, ynxuma wa lupax). Asammasoro OuHCanne
(1.36) e
© npu =0,

4 Se)at=1.
3) {0 npu 1#0; _{ ()



MmyJIc € BPEME fo TOH ce O3Hay,
H

| JHaKa Ha HHTCTDANA € HUIKAKR ¢y,
0

gerHo ¢ 8(/— 5 MoMeHTa /o, T.€.

qpes3 npon3seCHH ‘
ce ¢pukenpa CTOMHO

(2.61) ?s(r)é(f—ro)dfﬂ(fo).

unmpup Ao’
aa ce

g
Wy,

o ceoticm60 HA CHHHYHISY pyy,

a3ABa Qb

00
B ToBa ce H3P ge e M0-TO9HC

T,
Kom aBTOpH CMATAL

uls).
strobepuls) % 5(0) I
L 5(f‘ro)
L
0 L ;
6)

a)

S(w)

due. 2.18
Ero 3amo pe3yaTarsT OT HpaBoTo npec6pasysase. Ha; Dypug Mg oy,
HHGHAS HMITYIC €
(2.62) ?60—!0)@_”"” s
- o

{) B (2.62) H3OBIHH €
(I;ZJ:;THZ:(E; fe( 1)ae ,fwcaara gact Ha (2.62) € CIEKTbPBT HA €TMHHYHKy

Ho Ha 8(1— 1y). 3a &(¢ ) TpA0Ba Ja ce MOMOKH I = 0. Torasa
S(0)=1=5(0)=|5(w)

CrieoBate/IHO CIEKTHPET HA EAMHHYIHHA UMITYJIC € PpasHomepen, 5e3kpaem, 4
pasen Ha eduruya. Tasn KOHCTATAllHA HMA BAKHO TEOPETHYHO 3HAYEHHeE,

—joly

MMy,

Jl= =i{/]i
(263) e = ]’ P 0

3a 8(r - 1) ce nonyqaar choteetHo S(w)=1.e /0 y Po(®) = ~oty (Tl
HeliHa 10 OTHOWIEHHe Ha YecToTaTal).
5. Cnexmvp na kambanoofpasnus (zapcosusn) umnync (pur, 2.19), ¢
 rpadwmknTe Ha cHrHana W CIIEKTBPA Ce BHA/IA, 4€ T€ ca ¢ eAHAKBA (bopma, Trep
. OCHOBAT4 Ha raycoBaTa YecToTHA MOIYJIaunA, KOATO C€ M3MNoJ3Ba B KIIEThYHa
/ ERLAN 3a sucokockopoctna BPB3KA Mekl)

I

By
"Hﬂqﬂé’;’;a it =l W1 o 3a6enc>1m—pemi %‘t‘: ;
oo

3 ey
Hapede cmpoﬁupaufo CBOUCMGO (shu}['- 1

be)j

TO3M CNEKTBP M3NoN3BaHaTa HECTOTHA NeHTae
MEKILY CHCENHUTE CHMBOIM Ha uudpoBHs i
€ Mannmano. Toga me 67, e Hosckeno B I'nana 5 prp BPB3KA ¢ MOAYJIAUMAT

BPET Ha 1paBObLI L iHpre HMITYJICH ce npusena g (hopmara, nokasamam

s(1)

Taycop
Mmye
S(o ;
o2
(0]
Taycoppsy HMIync i COeKTRpRT
My cac €lHakey dopma
Duz, 2 19
TaycoBust HMIOYIIC ce oy,
L CBa ¢ u3pasa
@64) s()=e2e, _ <t<w
ChekTepsT e
: a2
(265)  S(o)=v2noe 2

: PEACTABSAHETO Ha UCPHONMYHKTE CHrHAm oF BpRMe-
BaTa B 9ECTOTHATa 061acT ce

H3BBDIIBA Ype3 TPHTOHOMETpHUHNA pen na @ypue u
ApYTH QYHKUHM OT To3n pon, a ma HeNepHonHIHNTe —

“IPe3 npeodpasysaneto wa
Dypue. =

Konmuectsena onenka 3a BIAUMOLISHCTBHETO Ha 1Ba curnana BBB BDeMeBaTa
obuact ce monmygasa

9pe3 TAXHOTO CKanapxo NIPOU3BeICHUE,

Kax mosice da ce OUeHu mAaxnomo 83aumodeicmesue ¢ yecmomuama 0p-
aacm?

HupexrausT otrosop e karo ce TIPHIOXH npeoGpasysaneto Ha Dypue
CHPAMO CKATAPHOTO NPOM3BeneHUe Ha 18

ATA CHrHANA w(?) u wW1), T.e. Fl(u, v)). la
CH NPHIIOMHUM, Y€ CKAIAPHOTO NPOHIBEACHHE Ce 03HAYABA Che CHMBOMA (1, vhas
No-noApoGeH By 1o e

(,v)= q]‘u (#)v(e)ar .

Hma nu npakmuvecka (npunodcna) cmoiwoem masu mamemamusecka

onepayun?



g yecTOTHATd 061acT Ce H3M0N3p, 4
pa CHL (MHO,-oKaHaJIHH BPB3KH, PATHODE e
a chTeM” HﬂTpH c pagjjﬂqﬂo npeﬂH&Ha‘Ie}me

oLeHABa H OCHTYpSBa HeaaBHc'HM
0

npmisﬂeﬂeﬂue ce
T). e HJIaraHer
roHaﬂHO;' oiiTo CC ponydaBa ciaell Ip 0 Ha
KTBT):
np
e CII
na @YypY
a3yBaHe : HA
npecdp g_{d wHa cnexmpar s
TAXHATA THHTE koaH4ecT! -
KoHKpE neKTpﬂﬂHa TIBT!

OMEHaTHsd H3pa3 33
L il E:) u () ce 3aMecTBaT B CI CK
f

cBC CBOTBETHHTE CIIEKTPATHA QyHKIy
H

es1cTaBeH

aue, HO 1P

npouaaeﬂe asyBaKe Ha @ypHE.

eolp
Pamoroﬂp I fs,(m)e""” i
(2.66) u(f)=5; :

HOCHT.
it SHCHMOCTH PasKpHBAT K ‘I’m"‘lecna

apy,

1 e @
v(f)z—z; J‘Sv((l))ej v do .

-0

d ce mmoaydaBa
IT pBO ce 3aMecTBa }13pa31>T 3a 1«(1) H
B| |

LT 0 5. (0)e™ dodt -
(2.67) (u,v):-z—;_!u(f)_;!.&(m)e
B (2.67) ce cMeHA peanT Ha HHTErpHPAaHE

L s t)e’ dt de .
@) wr)=5- !Sv(a)) _ iu( )

HaTa H ]
Bropusar HHTErpan B (2.68) u3pasABa CIEKTPA dbyHKIHA Ha camiy |
u(1), HO [IpH OTPHIATE/ICH apryMeHT, T.c.

fulerar=5,(-0)=5 (o).

-0 o
Axo ce B3eMe o BauMarne (2.69), n3passt (2.68) ce mpeacrass g ety
HHA HAYHH

(2.70) (u,v)zé—lg va ()5 (w)dw,

(2.69)

KBJIETO §, (w) € KOMILIEKCHO CIIpErHartata CekTpaina QyHKIusA Ha CHIHaa u(

1§

Chenosatenio ckanapnomo npoussedenue na dsama cuznana e nponop.':

\ WUOHATHO HA CKAIAPHOMO RPOU3Gedente Ha mexnume CHEKMPAIHI RN

- mu '

: Pagencreoro (2.70) e wspectio B JnTe

Penei. Or ne ce NpEMHHABA KbM
0 111€ Gb/IE TIOKA3AHO 110-HATATHK,

patypata, kato obobusena dopmpu
pasencmeomo na Penedi 3a eaun CHI'HAI,

€HHE Ha ﬂnon
HOTO MPOH3BEI ABa ¢ :
ngO CKaﬂap Hruanat

pey :g

i

oct. [TocTBIIBA CE IO CIICHUS Hagy, Sy

Heere Gynkumy p Michata acr wa (2,70) ca KOMITJICKCHM, KATO HAMA 3Hk
Ko7 € cripernata, Te morar g ce

peobpasysar u 1axnoT0 NPOMIBEACHHEN
“CTH ¢ peaina hywkims na vecrorars, 5

e 1

Kaxto ce Buxna, uyre

TPHpanerg ce

AVOEEIE TS S SHavenne yy, caf:f::::; SMETPHIRH Ypatygy la
S, (0)S;(®),atae HETOBATa Peatia yaey e 9act o pomIBe temero
) . a :
1 H S ik <

TOraBa u (60)— 4,- JjB,,

(2.72) S, ((D)Sa: (0))== 4,4, + BB + J'(A‘,B B4

M3past (2.72) noasea, e PeanHaty P
pHEME q

ACT € geTHg DynKims MOXe f1a ce
a7 olo)-nd 5oy
ITo Tak®B HauMH naRaTs U SCHaT:
Z a
¢opmyna Ha Peneit npunoguga CIIeMHUs BH‘;?CT 1 (2.70) ca peanmy, OGoGmenara

] K
(2.74) (u,v)=2—Tr iWw (@)do.

MHHEMH3UPaKE Ha W,(0). Ha dur. 220, ECTOTHATA obmact ce ocurypsma apes
CHEPrHEH CTICKTED. Bpb3akara mexny nsara
AUIUPAWY PunNTYP, KOMTO CBeXNA CTOMHOCTTA Ha Sy i it
Y. eCCQUUHCHTLT Ha Mpenasalte Ha hTspa T(u)= Su(0)Sylo) wus
Majika - CTOMHOCT, TaM KBIETO B3AHMHHST eHepruer CTISKTBP HMA roOIAMA CTOl-
HOCT H 06patHo (¢ur. 2.206).

W, (@) Ypes pasencmsomo na Mapcesan Geme

YCTAHOBCHO pasnpedenenuemo wa mownocmma
B CIIEKThPA HA NEPUOOUYHUR CHIHAN,

3a nenepuoouunume cuenanu o YI00HO na

CC YCTAaHOBH pasnpedenenuemo wa enepausma s

= CHEKTBPA. 3a nenta ce nomycka, e IBATA CHIHANA

Ca WACHTHYHM, T.C. u(f) = W(7), KOSTO 03HAYABA HA-
JTHYHRTO HA eAuH curuan. Torasa

Q@79 W,(0)=5, ()8! (0)= (o).
MHIGKCHT HAMA CMHCBI M MOXE 1A HE R
nuwe. Hasectro e, ve (1, v) = E. Torasa ot (2.75)

a)
T(w)4

|
|
|
1
1
I
i
i
i
1
1
|
i
1
1
'
|
[}
i
i
1

') % Ce nonyuasa i
G 1
@76 E=— [$*(o)d.
I'padmkn Ha B3nnmMen enepriex n -
CHEKTHP (@) W HA XAPAKTEPHCTHIA
HA OPTOroHAIMAHpaL (prarsp (6)

hu> 2 )



agencmeo Ha Pened.
caapa P peﬂeﬂeHPleTo réa EHEpPrHiTa B Crpe
no

_papo Gemre yCTaHOB Pa
rueH cne . [o-p . CHO, e et
paBMepHOC

[ocaeHmAT H3p23
)

QyHKIHATA
curiaia H c€ H«’Zqua eHe
THATA d))/HKHﬂH7S((ﬂ) pMa
jipms CeKTEP S(w) e |
AMIUIHTYAd 2 o AMILTHTYAS X s;
( Hz Hz : i
ryza’ e MoWHOCT, ATy’ X § — GHEPTH:
paHE HA pasmepﬂocm're OTAACHO NOKA3BE, W §(,
¢nep2usima HA CUTHATA B Cliekry,

edenenueno Ha
aT HA aMIUIHTYAATa chKpallaBa HHbopma

(HZ> = Hz/s, kbJieTo s —

ru

ceky“&a)

(AMO/IH
opmara Ha npeacTa
pa3ABa KoTH4ecTBEHO pasiy
[{3pa3sBaHeTo gpe3 KBap

(pasara. Toga, 0T Apyra cTpaHa,

CHIHAJIH.

Pa My

Bwnpocy ¥ 3afgavv
5 ':) - eo0xQ MO TPE/ICTABAHETO Ha cyrHanHTe B ECTOTHATA 001act?
. 3amo e He : eHHe Ha 4
2. Koit & Haii-pocTHAT (eneMeHTapEH) CHIHAT IO OTHOT ecrotata? Onumer,

3. CpijecTByBaT H yCI0BHA, TIpH KOHTO € BB3MO
43 eH NepHOIHYeH CHIHAT gpe3 Ge3xpacH TpHTOHOMETPHYEH e/l Ha ®@ypue?

4. Kaxsn yzoocTsa ce cp3gasar IpH npeAcTaBAHETO Ha IIepHOJHYHHA CHTHAN Ypes i
H,

xapMOHHHH TPENTeHHA?
5. AnpokcHMHPpAHTE YpE3 TPHIOHOM

THHASA CHIHAT
{4V npn 0<1<20ms,
s(t)=

47 mpu 20ms <t<40ms.

6. HU3non3s
PHOIMYHHS CHTHA.

sV mpn 0<1<T/2,

s(t)=
0 mpn T/2<t<0; T=4ms.

CIIPAMO NOCTOAHAATA CHCTABKA 32 TIEPHOAHYHHAA CHIHAIL
. ; s(t) = A sin ot npU 0<t<T/2.
”; ompon;; ¥ CPaBHETE NPAMEPHATE CIIEKTPATHH AMarpaMy Ha [Ba NEPHOIHYHH
CBCTABEHH OT NPABOBIBIHA MMITYJICH C € o
[IHAKBB [IEPUOJ Ha IT
| e OBTOPEHHE A3)THYH
;pa m:ﬂuﬂ (wupoynHa) Ha uMnyJicure (1, >> 1,). g "5 :
5 1 CPABHETE NPUMEPHHTE CIIE
0CTPO. K
TPAJIHH AMATPAMH Ha J1BA MEPUOANYHH CHIH:

,- ogg:;fuu Ha nogropenue (T, == T5),
. € U CpaBHETE y
vl mp"pas(n ;:]LF::;GPHHFC CIEKTPA/IHH AvarpaMu Ha aBa NEpUOAHYHH
B i HMIIYJICH C pasjinyHa NPOABIIKHTENHOCT i
CheTa R e 1 (LUHPOYHHA) i

Obacuere
2 POIATA Ha CYyMUpan ;
T YMUPAHETO U SHAYEHHETO HA KOMILICKCHATS

(popma na peia na Dypye Ta aMIUITY/AQ B H3pis

o B

e ymo6HO MPH Pa3TIeKAAHETO HA Ciiygai 4

%HO NPEACTABIHETO (anpoxcl»mmpa
He'm) i

erpiaek pesl Ha @ypHe /0 IETHS XaPMOHMK mgp,
Ho.

aiire Ipwioxkenne 1 1 ompenencte XapMOHHYHHTE CHCTABKH JIO I€Tara g :
d me.

7. Msnonsgaiite [puioxkerne 1 1 onpejesneTe OTHOCHTENHHA AN HA TPETHA Xa ;
PMOH

CHCTABEHH OT NIPABOBIS
JIHH HMITYJICH C €/IHAKBa
NPOABIKUTETHOCT (1it
WPOYKHA) H pag: -

KTh|
T AMmmyna/HZ- PasMepHOCTTy H Sk
a SHgy

12 KaxkBO M3pa3siBa PaBEHCT)
Bl

aT 4pes HEero. St 1L
13. Ha KOH NPEANOCTaBKH U

uenn
14. OBACHETE CXONCTBOTO W pa:e
CreKTPATHATA DYHKIHS,

B3
15. Bw3npousBeneTe opmymure 35
0BACHETE JIOTHIECKATA BPB3Ka Me)mynpanorro 1 06pary,
T
16. TIpe/ICTaBETE CHeKTpanHata @yml“m' -
yacT U 00ACHETE DH3nYeckaTa ChIH B KOMTiekcey
ocT

17. ObscHETE BpB3KaTa MEXIy mpo, Ha Monyna apryMenTa
DA l'emmc'n-a Ha X
He

THYveTo M exy

uPﬁOGpaame Ha Qypm, ¢

pa My. KaKBo € xapaktepHo 3a
TeKyIHs
18. B KaKBO ce u3 4 Cg; TIepHO,
oA PassBa MMHelHOCTT, g KTBp? IHHHS CHTHAT 1 opre
19. KakeH NOCTIEAMIIH UMa H3MeHeHyer, Dyprepororg o RIE-
O Ha P€00pasyraye?

20. Kak BIHAAT CHOTBETHO M
eTHO i Alliaba sy,
repa My? (bepentmpanero e FI;Xy CMeKTEDA Ha CHrag)
TPAHETO Ha CHrHang gy
a BBDXY cnek-

JIOLHATA OT TAX? a Ha Npouag
? enenmeTo
22. Kak ce ochIecT HEHHETO oT 182 curg
23- e BsABA MDEHACAHETO Ha cpe 4012 ¥ Ha KOHBO-
; aeTe 3a U3Mo/3Ba KThpa?
HET! 5
[1epHOIMYHH CHIHAIH? © Ha yHKimsTa sinc(x) mpy
. CIeKTp:
3451 Iéaqeprrame TIPHMMEDHATA rpaduika Ha ¢ ATHUSA AHATHS Ha He-
. CpaBHeTe 4pe3 rpaduku
IPHMEpHHTE
NPABOBIBJIHAS PAIHOHM CIEKTPH H
p mync. Kakeo suaere 3 @ IPABOBIBIHNA Bia
TeXHHKA H PaZIHONOKaLyATa? A TAXHOTO HaNOTIBARe B KoMy Ly
: B KOMYHuKaIH
OHHaTa

26. KakBo € XapakTepHO 3a ¢
TICKTEPA HA € IHHHYRNIS
uMmyne §(1)?

27. KakBo H3passasa
. B3aHMH KTp
KOJIMYECTBEHO (KaK € CB @74 CTICKTPAHA ITSTHOCT Ha 1a cury
28. OBscHeTe POSRHA G TISHOM CatipRg FORATL SRR O
; P23MEPHOCTTA Ha B3aHMHATA CrieKTp o ). e
ATHA IUTBTHOCT

HTHana s(#) = 4 rect(r/,).



To3u mocm uje cmoy MyK u mos,
omoasHa Hama 9g HU uma yq t;ea,

hawg 9¢8H‘du, K
» KO2amo ygc
Pewyan enus Hac ¢ mege

4 ceam. H nykos
» »Koii 20 ¢ gD Koli He

” . '€ e ce nounme
» a,,Kou 20 e anp—aaungm

rMABA 3. AUCKPETHM NPEOEPA3YE As

3.1. QucKkpemu3upane Ha cuznany
m
yecmomama © 110 omHowenue a spememo y

JINCKPETH3UPAHETO € eTam ot AHATIOTOBO-H(poBoTY Opasyma
KOETO aHAJIOTOBHAT CHIHAN CE NPEACTABS |9pes cTofirocTy o*mug:m a:’mmm
HHTEpBaN 0T Bpeme. Ilpuemame, e Toay HHTEpBan e em’lam,n or .
METPACHE HA CHIHAIIA U € paBeH Ha Af. B nopege THTEPATYPHA nna}r):::;n::o i
TO /12 Ce 03HAYaBA C 7, a IMCKPETHHTE MOMEHTH Ha BpeMeTo — ¢ nT. o
[1pu ronemu croiiHocT Ha T moxke :

7a C€ MPONYCHAT BAXKHU WAMSHS
CHIHAJIa, 4 TIPH MAIIKH CE MPABST WATHIIHA OTYHTARKS W nucxpmnpmemnz:;.-

0assa. C ToBa 00paboTkaTa Ha curnana ce W3BBPIIBA HEOMPABAAHO GaBHO.

KakxBa TpsabBa na Obae croiimocrra ma BpeMeBus unTepean T, napeusn
CPbNKA KA OUCKpemu3upane, 33 Na Ce TOCTHTHE KOMIPOMHC 10 OTHOWISHME Ha
CHXPAHABAHETO HA HHOPMALMATA W MPUEMIHBO GBp30AeiicTaNe?

To3u npobrem ¢ pewmen ¢ meopemama sa duckpemume. Heiinoro vassanne
MOHAKOTA CE TPEeBPHIUA B KOWIMAP, MOPA/IH H3NOA3BAHETO HA MHOTO WMera: Hail-
kyuem, Komennuxos, Illenwy w np. Ha astopa e ussectno, we Kowu ¢ 1an obwa
hopMynmpoBka mpe3 /8/4 1. Ha 3anavara 3a NPSACTABAHE HA SIHA HENPEKLCHATA

(GyHKUMS 9pe3 HeHHM NMCKPETHH CTOHHOCTH. [{OKA3ATRNCTBOTO @ OCHINSCTERHO
enBa okosio /915 . ot Viimmexep. HeTHHATA B TOBA OTHOWIGHNE HE & GeaunTepes-
Ha, HO TYK €4 MM0-BOKXHH HAKOM CBEICHHA OTHOCHO NPHIOKSHUATA.

Teopemata 3a JHCKPETHTE TVIACH CIGIHOTO: €OUN Henpexsenam cucnan (b,
6 CHEKIMbPA HA KOUMO He Ce CoOBPNCAI YeCHOmu, NO-6UCOKM 0m [, HAIWIKO ¢
Onpedenn om peONKAMA A CEOUINE MOMENINHU CRIOUROCHIN, OMNEMENN Npes
UHIMEPBan 0M 6peMe, KOO Ca NO-MAIKN Wik pasnu wa 12 fi m—_—




WOIHUKA”,

H
aTuAT CHI'

3aHO € 1€ enpexeer
Jloka B

eﬂ' o
HiA P S Z (kKAL)
k=2

3.1
KBAETO o
ARE—=—
(3:2) o,
B
Crex 3HaKa 33 cyMHPaHE
capaT BHHMAHHE:

K B
oa [TspBHAT HoHTEN CBOT

Sin @, (t 3z kAf)’

,, = 2“ {m .

paT JBOMKHTE MHO
(3']) ce OTKpOoA )KHTCJIH, ko

BropusT MHOXKHTET sin[@n(f— JAD)/en(t — KAT) cC OTHACK 38 65
TOp.

a (sinx)/x, T-€.

or BpeMeTo H € or Bz ( e 2B o
) e ganeHa Ha (HT. 2.14 BBB BPD

sine(x) e 0

= A rect(#/t.)- (OTMecTBAaHETO BBB Bper?TO {— Ar 03HayaBa OTMe

mmyne (0 =2 T o MakciMyMBT Ha SinC (1 kA1) me choTaencyy,

Ha [AIATa rp:vlt;bm\fi]-I 1 OKOJI0 BCAKA CTOIHOCT Ha HENMpeKbCHATHSA CHIHay g

¢ kAr. Tlo T03H H2 s sinc (1 — KAY), KakTo € noka3aHo Ha ¢ur. 3.1. Kony

cﬁfﬁ:ﬁﬁ;ﬁﬁre ua Af i o-TOM € GpOAT Ha WICHOBETE Ha pena (3]
T

K0Ba 110-BAPHO M€
JICTBOTO CE OCHOBABA Ha
53K 10 (pH3HIECKATA CHILHOCT. JIOKasaTe/ICTs TPeACTaRgye,

Ha cIekThpa 9pe3 © H Op H npHaraie Ha ofpatHoTo npeobpasysatie ka cb}’p}ig 4

IIpH K0eT0 Ce 0/Ty4aBa PEbT (3.1).

S(t)tr
s(0)

Due. 3.1

’ B smteparypara na pyciu esux (3.1) ce napuaa yecto pea Ha Koremnukon, g
. Teopemara — meopema na Komennukos, 3a 3aciyra BbB BPh3Ka C W3M0/I3BAHETO Ha

Teopemata B pa/IMOKOMY HUKALMKHTE, 34 TOBA CBHETENCTBA HEroOBa 1y OnuKkanus or
(pupa u npo-

1933 T+ B KOATO C& pasriexia “nponyckatensata cnocobHOCT Ha €

aJ1 MOXE J1a ce Hpe;:[cTaBH c6 E
€3

Dy

eTcTBa HA JNHCKPETHATA CTOHHOCT ¢ Homep, bl
¢
inc(x). [Ipum MOM% i
(ymkmuta sinc(y). [IPUMEPHaTa rpag,
n
CTBgy, -
Wb
(k) e
v

)
Gb1 BB3CTAHOBCH HEMPEKBCHATHAT CHIHAIL Tosa "Gﬁcuem,ee i

< R
" b urm—oa'”“"wo llpellotl'lil'llle e p’”ﬁpa 1 c,h. HIHTE | lp SMOKA CH 14 “lyqa'r nolmm

. 0y CKar ""¢r 2 'ra an A " ’ ’
0, npu y JPMJHHH I'd 33 H30J) Banero, - V

Ilo CBLIMA HAYHH ce
= C ImTlrIpa HMeTo Ha
JUHCKH €3MK. UBITIACHO Kpum

epus na Hag;
JUCKpETH3AIHA TpA6Ba na 6bae BTN
gecTOTa Ha JHCKPETH3UpaHMy cu
moma Ha Hatikyucm (Nyquist rate). o o3
st OT 1928 1.

Haii
Kyuem Eﬁ‘;"‘“ B THTepatypary

x s Ha ayr-
0 npa mmq;:;:: er;um) 9ECTOTaTa g
THan (fy > 2f2). Tpuero % OT Hali-Bucokary

14 cTaBa ayma.
3al10 M
Eto 3am s OraT ma ce Ipenopeyar “HeyTpaJmme”
ouckpemume, OUCKDEMU WM omyemy, B CMHCEH] Bt
(sample)’ oucKpemuzayun (sampling). Torsakora ko mmﬂmﬂnmmoﬂﬁmm
101382 U CMpobupane. L 8
3a NPAKTHKATA € noJieley CIeNHUAT KomenTa
B®B BPB3Ka ChC CHEKTpaiHus aHaM3 B [apgy ;.ﬁe
HaneM C 02PAHUYEH CHEKMbD e ¢ fes -

o YCTaHoReH Cuz-
Kpaua npodvacumenyoe i
1. PeajHure curHamu ca OrpaHKyeHy &

npu QUCKPEMU3UPAHEMO U 6b3cmanosseanemo Mozam da ce npeneg
yecmomama Ha OUcKpemuzayus ce npuene fy = (2,2 =2 5 penebpesnam, axo
Penst (3.1) e Geskpaen. Ako oz, > i

JDKUTENHOCTTA
: ompe-

1151 OT oTHOmeHueTo N = T./T. T
Je. - 5 SIEFC:Ba(Ip_ei;; € C TpaHuuy ot 0 noN-— 1, Te
@3Ja). s()= ) slprf——=C=&F
k=0 @, (t —kT)
HampuMep HOnycTHMaTa 9eCTOTHAa NeHTa Ha TeNC(OHHUA CHIHAT & Of

300 Hz no 3400 Hz. Cienosatento ropuara rpannuma sectota e fu=13400 Hz.

YecToTaTa Ha JMCKpeTH3amma e fy=8000Hz. Tipn to3m samac copsao
2f, =2 . 3400 = 6800 Hz, u3kpussBanusTa ca npeHeOpeRIMO MATKH. o

CHrHaIuTe, KOUTO CE H3MNOI3BAT B 3BYKOTEXHUKATA, PALHOPASNPLCKBAHETO
B MeTposus 00xBat (VHF) n Tenerusmnsta ca ¢ no-mupoka 4ectoTsa neta (oxono
15 kHz). I1o Ta3u npuvuHA NPH BHCOKOKAYECTBEHO 3BYKOBBINPOUSBEKIARE C& H3-

Mo/M3BAT UH(POBH CHIHAIIM, NIONYYEHH Ce/ AMCKPETH3ALNA HA AHANOTOBHTR NPH-
mepHo ¢ uectoTa 44,1 unn 48 kHz,

2. JIHCKPeTH3HPAHE HA TECHOJIEHTOB CHIHAA. TECHOICHTOB CHTHAM ©

TO3H, YMHTO CHEKTHD € CHCPEAOTOUESH B TACHA 0GNACT OKOJIO S/HA USHTPAIHA HeC~

tota. Heka rpannunuTe 4ecTotd Ha curnana ca fi u f ({y <f2). Torasa yenmpar-
Hama Yyecmoma e

6 A=D1l 4 RE.

E/IMH CHTHAJI € TeCHONQHTOB, AKO OTTOBAPA HA YCIOBUETO
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Ta H
THATA He; L7 1A TCCHOJIEHTOB CHTHAT 33 peayy
eH CIEKTE,

q cuzHaIbIN, Kamo ce u3Nnonzeq vec
GUITHO € rmecteH (T- 2.5). Tpabsa 1 ce Micxpery
al 0
i, Henpast™

IH}’ 11

B roid qgm JE ce npHEMa CTOAHOC
1y. a /m

giBKaTa M

BOC!
Jj0BHHATA oT jeHTara, a yA
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[Tpn HeoOX0AMMOCT OT 3aTac
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VMa c1ydad, KoraTo CeKTbpbT HE € CHMETPHHYCH. IIpenusupanero MY € iy,
o ’
BBH DaMKHTE Ha TE3H pasrinexIaHuA.

UecTo J0myckana Ipelika oT CTYIEHTUTE €, 9¢ PUeMaT fy = 2%, a e ﬁ\FB, |
KoeTo € npasiiHoTO pewerne. Hanpumep npn neHTpanHa vectora or 800 kHy _
nenta Mekay fi = 790 kHz, f, = 810 kHz tpaGBa 1a ce npueme fiy = B = f, — f; = 8.

—790=20kHz, a we fy=2/,=2.810= 1620 kHz (?!).
3. Juckpernsupane no otHomwenwe Ha vecrorarta. Tasu onepawug e

Ipyiara MHOTO OTJ1aBH4, HO HE B CbBpEMEHHATA d)OpMﬂ. HﬂﬂpMMep [pH HgMepBa_ :

HE Ha HECTOTHATA XapaKTEPHCTHKA CE IIPABAT OTYMTAHHA 3a KOe(DUIIMEHTa Ha mpe-
JAaBaHe (YCHIBAHE WM 3aTHXBAHE) NP 3]13/1CHH YECTOTH, A B TEOPETHYEH acnek
H9ECTOTaTa CC pasriiesk/ia KATO HeNpeKbCHATA Be/IHYHMHA.,

34 AMCKPETHIMPAHE 110 OTHOMIEHHE Ha 4ECTOTATa M

0KE Ia Ce W3IOJI3Ba Teo-
pemara 3a JHCKpeTHTE, 32 1enTa BPEMETO Ce 3aMens ¢

0, E
3:41;:“-.5,
. o orTa Ha f>, OTIETECHA CIPAMO 50 i %
HocT € paBHa Ha B, T.e. I %

gecToraTa, Moy mHpoYHHs:

e TOMHOCTH o6 oTiTar obkoBeHo 1IPH HAKAKBO HUBO HA CHIHAJIA CIIPAMO HUBOTO Hi
Hipainata yecrory, Hanpumep NPH PESOHAHCHHTE yousmaren R ——
vz )" 0,707 cnpaso waworo I pesoHanchara wecrora, koxro e HeHTpaIHa,

ra Ha CIEKTBPA — C NPONBIKATeNHOE

'TTa Ha CHI'Hajg
Ha BPEMETO — C HHTEPBAN Ra mycxpery " MHTepBALT g i —
3alysa Saums gy IeCToTaTa, 16,
> ®; (\)m —y

3 At = Ao = -2lt. Y
PenwT (3.1) npu Kpaer Gpoit auckpery npnnoﬁmy;:ne
IHUA BU
. ol Sin— (g —
$(o)= Sjs(m)—i_(‘_k‘f)

"*‘fmrx

(3.6)

3
3oaeHcTBUETO U mp.). [0 Ta3u npuauna ce M3BBPIIBA OKPLINABAHE HA CTOHHOCTH-
Te 10 TPENBAPHTENHO NpHeTa ckima. Tosu mug AMCKDETHINPAHE Ce Haphua
xeanmyeane. Toii e mpenmocrapka 33

TPEACTABAHE HA CTOMHOCTHTE Ha CHrHANA
upe3 K0006U KOMOUHAWUU, T.€. B yughpos suo.

Ha ananoroso-uugporoto npeoGpasysase me Guae orxeneno vako nosese
MACTO MPH PASMICIKAAHE Ha HMITYJICHO-KOA0BATA MOIyJIanus.

JMCKPETH3UPAHETO M KBAHTYBAHETO MPH MHOTO OT HAYMHHTE Ha olpadoTka
Ha CHTHAINTE ca adanmueHu. CTHIKATA € IPOMEHINEA B 3ABHCHMOCT OT H3MEHE-
mpsTa Ha curana. Koraro e ca ronemu (6xpsu no ckopoer) T4 & manka, a TpH
6aBHM H3MEHEHMS — FOIIAIMA.

B 7. 1.6 BBB BPB3Ka C BPEMETO Ha KOPeNALMs Ty € CNOMEHATO, 48 MpH Task
CTOMHOCT HA T KOPENALHOHHATA BPb3Ka ¢ cnada u ce npenedpersa. [lpn uudposa-
Ta 00paboTKa Ha CTyYaiHu MPOLECH OYSBHIHO CTHIKATA HA AMCKPETHIALMA TPIG-
Ba [ € MO-MaJIKa OT Tp, 32 [a Ce 3anasH BPh3KATa MEXAY AMCKPSTHTE, T.2. Tpadsa
J1a ce crasu ycnoBreTo Af < 1y, TOBA HANOMHAHE ¢ HEOOXOAMMO.

Tpumep 3.1, Jla ce OnpejesT HHTEPBATLT OT BpeMe Af, POABT W IHPEHTS

O HUSR
MeT AMCKPETHH CTOHHOCTH ChIIACHO TEOPEMATA 33 [HCKPETHTS HA NepH
CUrHall

& ks
s(1)= = + Asin@yt + 2 sin 2t
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ece 3a HEMEPHOAMTHHA THCKp

eH

¢ ja ce 1P Ha nosmope, Chn,

Mm;'( ¢ nepuoduier ¢ neptiod PERUE,; P"WHT
ge 70 1

¢ J0MycHE: wnut NT. aH CHTH

wmmmgnuocmmﬂ }’)l;zaﬂ qenepnomHIHIA AHCKPETH3NP a1 € nue

: BT
il oraBii ca Mpe3 #

HC
j1 ChCEJHATE qECT:J::ﬂHHﬂ HaqyHH
@ ce H3pa3asa 1o ok 2mk

ol s
a Ha CITEKThPa

— Q = 27/T;. Texymary ;;pmﬂ

oy,

B OKOHYATENEH BHI € mamey, o
Hp"MepHaTﬂ et OTPASABAT HarJeaHo H B KOHIICHTPHPAH BHJ Npegg
a

Pa.
Tpure TP KpeTH3alHATa
pur. 3.56- egy/ITaT Ha JUCKP
3yBaHeTo Ha creKTbpa B P )(; [nHye 1 KATO 08 B3GME MO BHUMAPLE (.15), il
Ciren HanpaBeHoTo YT e (3.14) npHa00HBa CICIHHUSA By s

Gpa3yBa
35T 32 IpaBOTO ﬂncerTH]?_?peo P = ok N—l)
(3.16) S'(kﬂ):Zs(nT)e'f : [r=D ,

n=0

ce 3amicBa Kato Sy -

Taakysane. Ipn IpeHACAHETO Ha CHTHAIH CE H3I0I3Ba MPEMH BCHYKg o
BJKY! Heropara peaHa 4act, KOATO uMa QUSHYEcKy CMy.

0 OT CHEKTBPa.
fﬁ:ﬂg;in ’;l;}l’a cpcTABKATE OT Hyna o N, HO N=T/T. Tlpu e1Ha | chima pp,
repkuTeTHOCT Ha curHana Ty CHCKTEPRT My ce paslidpiBa © HAMAUHRGHEPS
BpeMeTO Ha IHCKPETH3LA. Ha rpaduxara T0Ba C¢ H3pasiBa © yBE/IMHaBaNe Ha ),
Or apyra cTpaa, T0-TOUHA MPE/CTaBa 32 crekThpa e TONYHARISHEENTS
oy Bpoii ackpe N, OTpasHa TOTKa € TEOPEMATa 3a AHCKpETHIC, Hectoray,
e KpuTepHil 32 H300pa Ha CTBIIKATA T. 3a0achT MO OTHOE.

Ha THCKpETH3HPAHE fy
fHe Ha fy TpAOBa a Gbae B pasyMHH IPaHHIM. Beue Gelne CMOMEHATO U 3a ajap.

THBHHTE METO/IH, 9pe3 KOHTO C€ MOCTHIaT MHOTO no0pH pe3yJITaTH.
O6parna 3agaya. Pemenyero Ha Tasu 3a7ada O3Ha4aBa NPE/CTABSHE wy
CHTHATa BEB BpeMeBaTa 00)1acT, ako TOH € ONHUCaH Ype3 CIICKTbPa My. Usnonsga ce
ofpamromo OucKpemHo npeobpasysane Ha @ypue. HeroBoTo KpaTko M3passBane
€ CIEHOTO
(317 DF[§(k)]=s(nT).
Axo ce u3non3ea aHanoruata c (3.9) u (3.10), 3a obpaTHOTO Npeobpa3ysane
BaH 3aBHCHMOCTTA

N-1
(18) (7)== Y S(R) Y, (n=0,1,..,N 1),
k=0

3a y00CTBO S (kﬂ)

Biu or unrepsana 0 <n <N -1 o6pathoto auckperHo npeoGpasysane Ha
PHE, KAKTO 1 TIPABOTO, CE ONpE/IEeNA 0T NEPHOAHYHOTO NPOALIKEHHE, NOKAIAHO

4 (pur. 3.56.
Obobmenne

Cpasnere para wpasa ¢ wa
PasuTe 3a npeobpasysanero Ha HenpeKbeHATH
(2.36) n (2.38), Xapaktepro 1a (3,1 6) u(3.18) e cnepnoro; :

a) BPEMETO M UECTOTATA Ca AMCKpemy:
6) BMECTO MHTETPUPaHE ce H3M0n3Rg c:
Mspa3ute (3.16) u (3.18), CH6pany g :HE.
> 4 UMeRHg

DF (7= 3600~ $ ) «
] 5 =0,L...,N—1);

DF! [S (kQ)]‘: s(nT)= Nit S (kQ)e2nmnin

joKa3BaT CICIHOTO:
a) B M3pasa 3a nianom peobpasyrare ce ¢

apa GYHKLWA Ha k (AMCKPeTHY wectompy %ﬂﬁnpa 1o n (no BpeEMeTo) y ¢

6) B u3pasa 3a obpatHoTo NpeoBpasysare ce o Ku); e

oTyHasa QYHKIMS [0 71 (auckpers no otHOmexy, MHIDa 10 k (g 9eCTOTa) 1 ce

€ Ha p
B) OpoAT Ha YECTOTHUTE CBCTABKY o paneﬂnpeme'm),
H

(k=n= N) ¥ B ABaTA CITy¥asi MMa NEPHO MMy e e:al Opos ma IWCKpeTHTe
r) OT M3pa3a 3a NPaBOTO Mpeobpasyrane ¢ Toans
ocpeACTBEHO CEC CHIHANa s(nT), Thii kato CKCTIOHEHTaT] ¢ §

1 : S
e ( ¢7" = cos X —J SiN X); CIIeKTbPBT Ha HETpeIChCHaTHS cyary €3pasmepra ey~

(n =~0L...N )

nonyd

Ilpuw‘lep 34. [la ce OlpeNemi cnektpansata
bynxuua § 2(©) ma MMCKpeTHUA curman, wmsro

rpaduka e nanena ma dur. 3
s(D)=1/2, s(2T) = 1/4.!1) - 3.6a, kpaero s(0)= 1/4,

Manomssa ce dopmynara 2a TPABOTO MpPeot-

pasysare (3.16) npu N=3
e . 2
\ Sz (0)= ZS G ke L L gmier
Yo 2 o 4 2 4 :
ST 0 wT @ Bmxna ce, ue B nscHara wacr e cymata ot
6 MPOH3BEICHUATA HA auekpeTute s(nT) U eKCnoHeR-
] Tatanpun=0,n=lun=2.
Ps(@) ) [lo-HaTaThk ce MIBBLPIIBA NpepaboTBane, Ka-
TO €& M3BANAT NPe/| cKoGH ofumre MEKuTem 12
—> Y ¢”*T_ Tlomyuasa ce
: 1 Y s}
S, (@)==1+=e®" +-cs‘*“"')e“m g
al0) 2( 2 2
o CyMarta 0T BIOPHS 1 TPRTHA ‘WICH B CKOQHTR @
Jluekperen curua (a), T ; niy
NePHOMMMHMAT MY CreKThp (6) 1 paBHa Ha COS 04, TOPAIR KOSTO s
(hasopara My XapaKTepHCTHKA (8) SR (m)= l(l + OOSO)T)C'N <
Que. 3.6 2 ,



a ce npeAcTaBH ¢ MOLYIL H apryyey,

gt MOXE :(0)
Crexrpaniara ¢YH 5, (@)= 15 (e’
216 DTS 1e/IHHTE ABa n3pasa ce yCTaHOBsBa
HSB =l
Ype3 cpaB ,S (w]=l(l+cosmﬂ; Q (m)— ol .
a 2 .
a—— D EEAO PR
Ha gur. 3.60 1 3.68 |
o};['bml(e}{}m).

1]
woro sapo (63 nepHO}Jw{Hm“e BEHC -
JncKpeTHOTO npeobpasy e
panH onpejeneH! HenocTaThLH,
110,
npeabpasysane.

3.4, AnzopumM 33 6
Bwp3omo npeobpasysar )
b

m) e BB3HHKHAIO BBB BP
Tm”sﬁ)r ) cBBp3aHH C pi

@ypue nouniu He ce Usnonssa g p,,
0CHOBATA HA AI20PUMBMG 3, 6%‘
'bpa :
0

Bp3a mpaﬂccpopmauuﬂ Ha ®ypue
e na Q@ypue (BII®, FFT — Fag B
ka c He0DXOMMOCTTa OT HAMAIIABaHE g, :
1CIICHAATA, JICKpEeTHOTO TPeo0pasyBaHe Ha Dypye H;i:'
e eTn npH 05P30 mpeoOpasyBaHe Tps6BA 8 Ce M3BBpmIay p2
punep 3a N HCKP et AR .
g Ha KOMILIEKCHH THCIA, re. 2N~ ap 3 Sl
MHP 2BaHeTO Ha BOAKA HECTOTHA cncTaBKa, KouTo ca N, TpsAOBa BCEKH ot s
::Tﬂg’jla ce YMHOKH CBC CHOTBETHA excrionenTa. Heka JMCKPETHTE ca cayg i

Torasa 2V = 2.10° onepaun
pa6oTkaTa Ha CHTHAIH B peaHO BpeMe € 04CBHIEH.
Brp3o1o npeobpasyBane Ha @ypHe ce peal3upa Mo HAKOJIKO pasiyy i

rOpHTMH, KOHTO C€ H3IO/3B
ce pa3iiexzIaT Karo pejiuia, oT Hed 110 ompeze/ieH HAYHH CE Cb3/1aBaT 1Be pepyy,
¢ 1Ba OBTH M0-MAIKO WIEHOBE (auckpern). Te Morat 1a 6BIAT CHOTBETHO ¢ el
win HedeTHH HoMepa. [To;ydeHHTe PefULM ce TPETHPAT IO ChIIHS HAYHH, Jokay

BecTHA, ¢ HassanmeTo number sequence’.

uapuua pazdenane no epeme. Haii-106pe €, korato 6poaT Ha JuckpeTute N e cre.
nen Ha 2 ¢ uenoducien nokasaren (Hanpumep N =4, 8, 16, ..., 256, ...).

Hpyruat Hadun Ha pazoenane no wecmoma (Camo 3a cBeneHue!) e upes
Pasjie/Ane Ha HMC/I0BATA PEANLA Ha JIBE peauii. EHaTa OT TAX ChABPIKA MbpPRHTe

gqeTHO YMCTO. AKO HE € Taka, Nomsnsa ce CKP
MoXe 1a Ce U3IIBITHN YCNOBUETO N f o o1

CrIeKTPATHNTE CHCTABKU S(kg) ¢ §,
3

j[CHa HvprOHa‘IaJ'IHaTa peauua u MCKP 1
pemUIATa Sy HA [IBE PENMIH. TspBara o e od o3
s M S65 KOHMTO Ca O3HAYEHH CBOTBETHO ¢

u! [[po6IeMBT 33 MOITHOCTTA Ha KOMITIOTEpA mpy 0&' ]

ar ch00pa3HO KOHKDETHHTE 3aJa9H. AKO JUCKpeqyy, |

BBE BOAKA PEIHIA OCTAHAT MHHUMaEH OpOi THCKPETH. Hucnosama peduya e . |

OnHcaHHAT HAYHH HA CH3/IABAHE HA PEAMIIATE C YCTHH H HEYCTHH HOMepa g; |

N/2 guckpern, a ipyrata — octanaaute N/2 auckpern. B JIMTEpaTypaTa Ha pycky i

€3HK 34 Pa3/IENAHETO CE M3TI0I3BA TEPMUHLT “TIpopekuBanme”,
Jpara Buga pasnenenns ca 7
pasrocmounu W dyannu. Mexay 14X ¢b g
BAT CLOTBETCTBHA, . o
Ja,(nozuaaauemo ¢ anzopumvma a Gepso npeobpasyeane wje nPoOBINCU Che
, zamo ,Iaazde/t;memo € no epeme. Toil e camo egun HpeacTaBuTen Hi
BOTO OT airoputvu 3a Gbpao npeoGpasysane.

AuTepatypata ce 4 HIBBHpE C)
CPEA  HIBBHPEIHO Yeero p TEPMUNLT Oeyumaryun (decimation), Kol

H34 UT OTAEIAHETO Ha Be ) -
Ha BCEKH IIECETH 0m4eT, HO Ce WaNomaa 1 94 HPYro aueno,

Hexa € 3alaieHa penvuara o i
c

3a MO-rONAMA ACHOTA e mpueye ;n]e\,r“ ng

a e
l(pel‘mes(n)—-cs,..l-la(bm' i
-3dae ma-
i Ha'lenncsu,s‘,... 7. P; emm“"a
p am{ckpemecqe'rm; el o

Xo, Xy, X2 Xy ((bm' 3-76) OHOMEPQ So, 55,

aHe O3BOJIABA PA3HACIIIHE Ha Penunara % nde
i

i HeqeTHN HOMEPA. 'IIeHoBeTe Ha sropars Pemua c:;‘;ﬂﬂ Ha IHCKDTH ¢ gepyy
CKpeTHTE eTHY
s V1, Ya, ¥ ((bm'- 3.78). b2 i

Mepa S15 53, §5 ¥ 57, O3HATICHH CROTBeTHO ¢ y,

NS
o) g
Yo ¥
8) T T
N g
3 1
Que. 3.7

[ony4aenure peanuu x;, y; (i =0, 1, 2, 3) ce pasaensr no cuumus gasus. To-
Jly4aBaT Ce PEMLM C TIO ABA WieHa. CIIe/ OlE eHO PASISTAHE HOBHTE peaui ca

¢ 10 eIMH YIeH (AUCKpeT).
Ha npakTHKa PasiesHeTo MPOABIKABA 10 NOXYYABAHSTO HA PN C MH-~
nuMasieH Opoil uieHoBe. 3a 00padoTKaTa Ha ABOMKA NHCKPETH C& HINONIBA Crewi-

anen noaxon (rpad).
Q000EHHeTO Ha TA3H CTHITKA OT MPOUSLYPATA & CAAHOTO

(319) Xi =82, YiT S+, (i=0$ li 1y %"1).

CpsaMO PE/MIHTE X;, V; €O TPIIAra UPasoTo npeodpasysane K Dypue
(3.16), no n ce wamens or 0 10 (N/2) = 1, Thil KaTO BEIKA OT THX chanpxa N2

wienose, onygasar ¢e ChOTBETHO




N
(N/z)_lf e,jg,;knl(N/Z); (k:O,l, ,?—1)’

@ X 5

n=0 N
(v/2)-! _jnkn/(N72) s |k =0,1, == =T1,
; N 2
R =T ' ¢ 3a11a3¥ BPB3KaTa ¢ (3
3110I3Ba BMECTO /> 33{1’)&1"3 i JIOXKEHHET e
el Cee 2 ppecTO Z7*™", 1.6, TIPH 0 Copsmg N
oHEHTATa
nen | excH

aHe

¢3 mpepa0oTh piata s,. ETo 3amo

yeTH € /Haﬂe”ocg”uﬂp v H Y npuHaiexar Ha peAuL n 10, 33 pg ce
JlseTe P !

CJ1 TO C€ B3€MAT I10j .
5, TpubBa Aa ce cymHpar (3.20) 1 (3.21), ka " e

gUCIH O 2 TTA HA Vi =2 Vn ay,

ocTIa HA Homepa'ra Ha X Xn H He‘iCTHOC Vi

geTH! HHM

2
c2lpm i entk |
R Y 7
Sk = Z
n=0
(3.22) ;
2n 2T (2 —i=onk
(N/Z)—I —J‘ﬁz”k ]N N
s + e e
— go e =t
JlscHaTa 9acT Ha (3.22) Moxe fia ce IpelCTaBH B cieIHHs 0600mey By
onk

5 ; e T e _]Y_ el
(323) S,=X;thLe 3 (0= L
Upes (3.23) ce onpeaeAT N00BHHATE OT CHEKTPAIHHTE ChCTABKH. Togg
N
BIDAIa OT H3MEHEHHETO Ha K, KOETO € OT 0 mo (E- ~1). 3a ocTaHaNaTa gacy e

J1a Ce H310/13Ba 00CcTOATENCTBOTO, Y€ CHEeKTBPBET Ha JUCKPETU3HPAHHA CHI'Haj HMg
NlepHOHHHA CTPYKTYPA, T.€. 33 OCTAHAJIATA J9aCT NP1
N A
g .
624 TsksN-1-8 =Ko +e " T,

3a 1a CHOTBETCTBA EKCIIOHEHTATa Ipejl Y,, Ha k— (N/2), xakTo e 3a )'{k i
Y, , 14 ce npepaboTsa ¢ npe/cTaBsHe HA TI0KA3aTes Ype3 cymMa

i
pa noka3aTeid. o §

]( :k —ﬂ + E
2
Toraga
jmk_anf N 2N an(, N
(325) e =¢ Al 2);793 z_e"w(*"'z‘)
01 (3.24), kato ce preme 1o/ BuManue (3.25), ce nosnyuapa
| —/31‘(/‘-”)
P fvntesy vod} bkt s kadivmi
3 &

2

[Ipna0KEHHE. ArOPHTEMET 35 G
FFT) ce CBEIA IIABHO 10 Cite oo, P00 mpeogy
1. V3BBpIiBa C€ mnpencran
sequence, dec“nat‘on) H pasnensue o B
80 € TIPEICTABAHETO Ha Gpost Ha muc eTuT.
jieH TOKA3aTeNl U B HaA-nowms Cﬂyqal:‘ipN Rae IPE3 cremey
paBaHe Ha JMCKPET UK NOTbiBaKe ¢ fivom TO HeTHO yyg,
2. W3pppmBar 3
hopMyTHTE:
a) 3a CBCTABKHUTE ¢ HOMED k o1
HYNa 1o (N/2) —
6) 3a CBCTABKMTE © HOMED k ot (N/2) .Ilo(N _)1 | ca mapasnre (3.22), 3.3y,
3. 3a HATVIEHOTO MpencTaBsge Sumemg e, ’
cuznannu zpagu (bur. 3.8). 3a o3nayay
§ yMHOXKCHHUE CE M3MON3BA rpadysT Ha dur, 3 8a. B
4 rpad /12 ce Hapuya “nenepyoka” (butterﬂs., éaﬁo’““ep ‘
pa CyMHMpaHE WM M3BKIaHe. Jlunusta, KOﬂT(,) us:mq: R
MHApaHE, a TasH, KOATO M3/IH3a Hamony — ma H3BaXn =i
yMHox(eHHe ¢ MHOXHTEIA s

AYBane Ha %(BHQ

£l

PHE HE nvre

Ak
@27 B e T
X X+ WY,
P L)

a)

6)

Que. 3.8

B pasrienanute rpagu TOBA O3HAUEHWE € BBINPHETO 3a Kparkoer. Ha
¢ur. 3.86 © NoKa3aH NPOLECHT HA H3YMCIGHHE B CHOTBRTCTRHE C ANTOPHTEMA HA
BIIM npu N = 8. JIMCKPETHTE HA CHTHAIA CA O3HAYSHM € So, 81, +.., $7. Te ca pasnene-
HH Ha [IB€ PEAMLM 10 Bpeme. ['OpHaTa OT THX @ ¢ YSTHH HOMEPA, & JA0NHATA — ¢ He-
gerni. UieHOBETE Ha JBETE PEIHLM CA O3HAUSHN ¢ HOBH OyKsn i Homepa. [Tspaara
OBIBPIKA Xg, X1, X2, X3, @ BTOPATA = Vo, Vi, M, V3. B pesyarar Ha ofpadorkara ¢a nory-
4eHH ChOTBETHO CriekTpaHiTe cheranki Xo, Aj, X Xy w Yo, Yy, ¥y, Y. Te ce ofpa-
GOTBAT MOCPEACTBOM HETHPH NENEPYAKH, HA WHHTO HINOAR 2 NOKA3AHH CHIRKTPAL-
HUTE CHOTABKH So, 81, «. vy O7 HA JIMCKPETHIHPAHIA CHIHAL C N =8 nuexperu.
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Duez. 3.9

k
Hsikon aBTOpH 3aITHCBAT MHOKHTC/LA W ¢ B2 HHJIEKCA, 33 /18 H30ATHaY g,

JI0pa3yMeHHATA, a HMEHH(Z v

(328) Wi=e ¥,
kbae10 N ¢ 06mAT 6poii Ha IHCKPETHTE 32 ITBITHAA Tpad). 3a pasTiienanus cyyy;
N=8.

Mauoautesat ' B meaana rpad na Gur. 3.9, npen nocreHATe cymyp,.
anA, ksaeto ca IV, W', W%, I, ceotserctsa Ha N = 8, HO IPE/IH BTODHTE CywMipy.
s W u W' canpu N=4.

B curnankna rpagp na Gur. 3.9 e HanpaseHO CaMOCTOATENHO PasT/IeKiane
Ha PEIMIIATA ¢ 9ETHH HOMEPA Ha IMCKPETHTE, KOUTO ¢a 4 (so, 52, S4, S6) M TONKOB

| Ha Opo¥i ca ciekTpanHuTe CheTaBkd, TOBA CHOTBETCTBA HA ropuus 610k 3a BIIO
~ TipH N= 4, panen wa (ur. 3.86. Tuckperure ca NOAPEACHH MO IIBPBOHAYAIHOTO
| HOMEpHDAHE, HO CIIPAMO TAX € HATIPABEHO BYKPATHO Pa3/ieNsHe 1o BpeMme,

Onwcanute onepaunn ce wippusar ot KOMIIOTHP 1O CHOTBETHA MPOrpaMa,

3a owie 10-100poTo HIACHABANE 1IE Ce pasriie/a CchEcem TNpOCT YHCIIEH NpPUMEP.

ﬂpﬂ;ep 35. Jla ce onpenensr CHEKTPAIHUTE CHCTABKM HA JMCKPETHHA
rrxo T0 ¢ onxcea ¢ penuara s, = 6; 5, =45, 5,=2; 53=1,5; B cnyuas
Ppadnunoro pemenye ¢ Nokasano wa Gur, 3.10,

cnennata ca 1,5Nlog:N. Ilpn OSHKHone:DN

<p ;
alluH, 2
aBaT OKOJIO 15000 onepaly a IpH 2 )\ i lllggf

X=6+1.2-3

Tpad na Grp3oro npeod
P Pa3yBane i
npu N =4 y Pasnensne pry Bpe::zp s

DPuz. 310

Muoxkutenute W u W' ca;

pier ) o)

J——
WO — 4 =1; Wl = 3 =e_ﬁ”2

B CHOTBETCTBHE C u3pasute (3.22) u (3.26)

4 ChriacHo
(T 3.10, ce M39HCIIABAT NOCIENOBATENHO GecTy CHTHATHEA rpad) ma

OTHHTE
Xy=6+12=8 X5 6-L2=4 gl
Yi=4as 11356 %45 -11558
S =8+1.6=14, Si=4+-3)=d-j3, [§|={e57 =
§,=8-16=2, Sp=d=b-3)=d4 53, |§)|=a i3 s,

—  Jlo6aBka. JIMCKPETHOTO Mpeodpasysane Ha Dypue u anroput ot
pasyBaHe ca B OCHOBATA Ha M(poBaTa 06paboTka Ha CHTHamATe. Mexy msp mi;i

5 a3y Hacoka ca Tesu Ha bepuapa oan, Hapnc Peiiawp, I, Kaiizep, One ot
KoncranTurRIuE, Tonnendepr u ap. Hxaiiy, Crox

Bbp3oTo npeodpasysane Ha @ypue ce npunara npu oSpaborkara Ha IBYKOBH CHI-
pa/H ¥ Ha H300paKeHKs. 33 LeNTA Ce HAMON3BAT CTIUHANHIHPAHH TIPOLECOpH 32 08padeT-
xa B peaiHO BpeMe. BaxXHO MACTO 3aemat undposute Quirpu. B X 1 B IpyrH cuctewn &
san0keH0 OBp30TO Mpeodpasysaxe.

[pu 06paboTKaTa Ha H300PAKEHNA C& M3NOMI3BA TBYMEPHOTO IHCKPETHO Npeodpasysa-
He na @ypue. JlucKpeTuTe ca ABymMepHa peauua ((ur. 3.11). Heitnoto npenctassse @ s(m, ).
Yyenata m W n ONPENETT HOMEPATa Ha [AMCKPETHTE 33 CHOTBETHITE CTOHHOCTH HA BRRMETO.
WHTepBATET HA AHCKPETH3ALMA CHIIO & T, KaKTo W B eHOMEPHHA crysail. [pn anamsa ce w-
T0J13B2 O8YMEPHIUAIM EOUHUYEH WMNIVIC et

) 1 npu m=n=0,

(3:28). - Slmnjai NESE S

JlsymepHama eOuudna Gyrkyus a{m, 1) ce ONHCHA IO CASARNA HATUH s
I npu m20, n20, ol oA

(3.30) o(m,n)={

(0 B OCTAHALNTE CayHan,



n

JIponuHa peAHIa

Due. 311

[Ipy aHani3a Ha peanmarTa

115 — Ha V. AHATOTHIHO Ha eqHOMEpHOTO MpeobpasyBaHe ce Ty dagay 3a
L e -

M, a 110 BTO
CHMOCTHTE
: M-1 N-1 el
@3 Ski)=ZX Y s(mn)Waf Wy
i m=0 n=0
1 M-1N-1. i
L i i,
e sy X 5 2
(3.33) WM: e—,/.’.vﬁu; WN:e_J 7N

Upes nuppoata 0bpaboTka Ha 300paXeHnA Ce PEIaBaT MHOTO 3ajauy. H;
32 CBKpAIIABaHE HA M3THITBKE, C IIEN Jd HE Ce HaTOBAPBA KAHATLT WIH J1a Ce yCKopy of
forkara. [TofofHa € 3a1a4aTa 3a Bb3CTAHOBABAHE HA H300p2KEHUETO TI0 HETOBRH Tpoe;
Tasi 33714494 € B OCHOBaTa Ha KoMmombpHama momozpagus (tomo — cioH, graphos —
Upes Hesl ce OCHTYPABA H300pKEHHE HA HANPEYHOTO CEYEHHE Ha CNIOH oT H3CIe/IBaHaTy m
KaH B 908eka. ToBa Ce MOCTHIa 4pe3 KOMIFOTEPHATa 00paboTka Ha PEHTIrEHOBH H300pase.
HHA, TOTy9eHH pH 00TbYBAHE TIOJ Pa3NHYeH brbJl. 3a NOMy4aBAHETO HA EMIUH Cpes ce 0fpa.
fotear oxono 30000 pesynrara. B ciemsauuTe MOKOJEHHS HA KOMIIOTBPHHTE TOMorpagy
HADAIOAHHETO € HAMATIEHO 0T 5 min Ha | =2 s. B nocieaHoTo (4eTBBPTO) MOKOMeHHe ce 13-
eppiuBat 50 Muwnvora u3uxcienns 3a 10 s. O6pabotenusT 06pas ce 3amicea Ha JHCK H Moxe
A ce BBINPOHIBEAIA K 0DCHAIAHETO B IMATHOCTHYHHA LeHTHD. O6paboTkara Ha H306-
PAACHAA CE H3NON3BA B PANHONIOKALMATA, KDUMHHATHCTHKATA, APXEOJIOTHATA U B MHOrQ
Apyru objacTH. <

3.5. Z-npeobpasyeane (z-mpanc¢)opuauuﬂ) "

5 Ypes z-npeobpasysanero ce petasar peanna sagaun or obpaborkara
WCKPETHH CUIHANA M aHANM33 W CHHTE3a Ha AMCKpeTHH cHcTeMH. Baxuo Macto

peobpasysane e enno NPOJLIKEHNE HA npeal-

» KOCTO € M3BECTHO OT MateMaTukar
vKaTa. 3a 03Hay
Aa ce n3nossa oneparopr |, 1 _

TEPMHuHA Ca pap 4 H
PABHOCTOR Y, 8 w36opyT 3asuey o NpeoIHTanneTo,

ce jomycka, 4e T4 ¢ EPHONMIHA MO PRy Mgy,
ul

1 3

Eonocmpannomo npeotpazygay,e
JaHeTo HAa €IHa CHCTeMa B o6nacrrg 9 '::; Jlaunac
paaro, JapeHHE Ha TOBA C€ MPOHMKRg . Mrmekcna'ra
au BBB BPBIKA C AHATMIA U Cutrresy 3T3 Ha Chcrengrg, oo P O +jo,

B pe3y:"l'er:: al;a Tpeobpasysanerq O BpEpeng * Peliaar cg 45,

apuda op » C€ IO, aB: Ta Xa
ce Hap ,‘,m 3 06pas §(p), 1 PAKTEDHCTIR, s(1),

334 LlsC)= [s()ear = (.

D T

Ot (opMaIHa FNENHA Touky ﬂHTel‘pnpanem
;1 0 TIONTyIaBaHe Ha bynxums or p. 110 OTHOWEHYe 4y BpeMer
~ 0 BO-
CaoiicTBaTa Ha NPeodpasysanery 18 B BO
pa (hypHEPOBOTO Npeobpasyrane (mumeiigoey 3 e MIOTHg my CBOiCTRATy
3

terpupane H 1p.). ITo Tasu npuauma HIMa 1 , Tudepe
JucKkpemHomo npeobpazyeane A ce pasrnexkpar. HIMpaKe, py-

Tmnsform) MOXE [1a C€ 03Ha9M upe3 Oneparopa DL[ ](%LT ~ Discrete Laplace
6o (hopMaleH, HO 3aI0BOJIHTENCH BB BPB3Ka ¢ Ilpmm‘ PEXOBT Kpy HETO ¢ rpy-
cie{HATE [IBE TIPEANOCTABKH: PKeHUATA. Toji ce CBeXma no
a) AMCKPETH3NPA CE BPEMETO £ — AT (s
c
6) HHTETPHPAHETO Ce 3AMEHs Che CYMH'paH:MO n), (1) = s(nT);
Torasa :

(3.35)"  DE [s (nT)] = zs (nT)e“P"T =3 (epr)‘
n=0

Tpu KpacH Opoi IUCKpeTH ropHarta TPaHHIA e 3amensi ¢ N - |

JIMCKPETHOTO Tpeodpasysane ma Jlamnac wva OTpPaHWYeHO ‘
il KaTO € MO-yN00HO eKCcnoHenTaTa ¢ na ce 3aMeHH ¢ npoueﬂnm:‘;mome,
fIpeMHHE B IpYra o0nacT Ha pasrnexnane Ha MCKPRTHHTE CHIHAH U m;m I:
TO3H HA*MH CE OMPOCTSBAT PSICHHATA HA MHOIO 319U 1 0C0BeHO Ha CBLP3AHHTE
¢bC CHHTE3HPAHETO Ha tH(pPoBH uiTpy. '

ITpasomo z-npeobpasysane (z-Transform) ce TIONY4aBa OT mpeodpasysane-
1o nHa Jlamnac (3.35) 4pe3s BpB3KATA HA KOMIUIeKCHATA TPOMEHINBA BENHYHHA
p =0+ j® C IPOMEH/INBATA BE/IHYHHA 2, ONPS/SIEHA OT 3ABHCHMOCTHTE

(336)" "7=e" B p=%lnz.
Kato ce nonoxu B (3.35) ¢’ = z, ce nonyuasa npagoro z-upeodpasysase

S(z)= Zs(nT)z‘" "
n=0

OnepatopbT HA TOBA MpeoOpasysane ce o3Havana cue Z | |

Haii-axHuTe CBOMCTBA HA NPABOTO Z-NPeodpasyBaHe, KOWTO WIS HINON3EA-
ME M0-HATAThK Ca CACAHUTE:

l. To e nuuelno

(3.38)  Zlasi(nD) + @@+ ] = aSi@) aSiE ..,
KbACTO @), d, ... C& KOHCTAHTH,

(3.37)







an s(nT), YUATO z-
penen m{cxpefm;m curnan s(nT) 0 2-06pas ¢
[IpumeP 3.8 face® p sl a3 :

S (;' ) = 7 .
obacT 6e3 ToUKaTa z = 0.

% pTH4Ha B saTa
(yHKLIAT S(L)(je j;’)‘w 4 ce pieva LOR punmanne (3.42). 3a mckpe'm.re
H3mo3Ba ce (O :
1 aBaT b
n=0.l.....ceﬂo)f“ | —IZ+1dZ=—-I—‘ (z'l+z 2)dz=1,

S(O)':_’ . z 27§]

21
1 oi-Llciz:—-L (1+Z_[)dz=1’
#0)=0-9" = 21
1 f——tld =—L— (Z+1)dz=0.
s(2T)=:?—njf 2= [z 219‘4
HBHoe,qes(nI)=OrrpHn22. =
(W-npeobpa3yeaHe)

3.6. Yedenem-npeOGpasyeaHe
Hasparmero Ha TOBA npeobpa3yBaHe [poMsNH3a OT AHTNHMHCKara
wavelet (MalIKa BBIHS, MHHH BBJIHA, pbIAHUKa). TEPMHHBT € BEBEJIEH OT J. Moﬂe’
B Kpasi Ha CelleMACceTTe [OHHH HA MHHATHA BEK BBB BPB3KA C AHAH3A K gey,

a TAX e, 9e ce Ha0/II1aBaT BUCOKOYECTOTHY =

\gecKd CHTHAIH. XapaKTepHo 3
TaBKH PH CH/IHA KPaTKOBPEMEHHA cen3MHMYHA AKTHBHOCT H HUCKOYECTOTHY — 5

CTOKOIHO CBCTOSHHE Ha 3eMHATa KOpa.
PasBHTHETO Ha YeHBIeT-aHAIH3A € CPaBHHTETHO 6bP30 M IPENH3BHKax, o

HeoOX0IHMOCTTa /2 Ce 06paboTBaT €AHOMEPHH H MHOTOMEPHH CHTHAIIH, CBEpaay,
Che 3BYKOBA H BH3YATHA HH(OPMAIIA. Oco6eHo BaeH MPoOJIeM € “CBHBagery:
Ha HEGopMAIHATA NpH 06PaboTKaTa, MPEHACAHETO H CEXPAHCHHETO. B nammy gy,
ToBa ce Hab/Ir0/1aBa eXKeJHEBHO.

CBesernsTa 3a yeilBneT-npeopasyBaneTo, KOHTO Ile Ob/IaT MOJHECeHH Tyy
ca cwé;:azeﬂn CBC CKpOMHATA LieNl 33 (POPMHPAHETO Ha HaYallHa NPE/ICTaRa 3a To
Ba npeofpasyBaHe ¢ MHHHMAITHO M3NI0/I3BAHE HA MATEMATHYECKH CpeactBa. [Ipo-
(ecHOHATHATE NPAIOKEHHA H3UCKBAT 3a/IbI00YEHa TOArOTOBKA.

ITspBOHauaTHATa HAEA CE CBEX/A 10 Ch31aBAHETO HA BH3MOXKHOCT 3a aHa

Ha MAJKA 94CT OT CHTHAJIA, KBJIETO H3MEHEHUATA Ca MHTEPECHH OT IJIGZHA TOYKA H
I;pggx:saﬂem Ha onpejenena 3aiaqa. Hanpumep na ce pasriexaar ¢ mo-Maiko rlo;:
0CT (B N0-rpy0 1J1aH) HAKOW Y4acTBIM, 4 APYTH /a ce AeTainmsupar. Mase

F.

. 1pu M i
: :5"”?2 Oeg;c)aaﬁmm ﬁmunuzuﬁpaﬂe ce M3pasxo/iBa HeonpasaHo pecype. Harepen
oTKata Ha n3obpaxkenne, He e HeoOXx :
: . 0JIUMO Jia ce 00
BI;I E;l:éuuu 3apaji €/1Ha MaJiKa 4acT OT THAX, 4 T
438
Wi {I;" uyn?:; : :pﬂﬁaa Jld CE U3BBPUIBA C BB3MOMKHO [10-MAJIKO H3UHCIH-
TEXHUAT Opoii ¢ trpono;)]ﬁjcd?::a,:rac;a nyvg e
Ha V", & 3a yenpier-
. : ) npeot
puronany wa N (N - 6poii na JMCKpeTuTe), i

VeiiBneT-npeobpasysaneto ce
oty GO s U
wIl] (Inverse Wavlet Transform). OxKe
To3n BHI npeodpasysane, 0106k
(C\)"{T'Cmtmue Wavelet Transform) yypy, ; 3 bypueporore
Transform): UCkpemug (DW’i'_e."

VeiBIETHTE CE OMHCRAT ¢ dyx -

onepa"mpa WT
i e osnany J%ﬁﬁ
: Cc

(>
yomeHNe Ha BPEMETO /1A € HyJia.

@43 Jul)di=o.

6. Hopmata Ha y(t) (eneprusta) na mya KpaiiHa croj
> OHHOCT
v @)= j\yz (t)dt <40 .

B paJMOKOMYHHKALMHTE CE H3MON3E
at
(Qur- 3.13). Te HOCAT CHOTBETHH Ha3BaHms: TPCIN BCHKO ABa Bia yeifanem

Ha M() 11 “
KCHKAHCKa manka). TeXHUAT BuA noackassa no PI; :az 0GBpHaTO comBpepo™
BAHWETO “Bbm”

(3.44)

(me

yx) 1
0,5 \

b
L\

-0,5 =
|V
6 2 &
=2 -1 & ¥ 2
Veitaner va Mopne “OGnpHato comGpepo”
a) a)
Que. 3.13

3a Le/HTE HA AHATH3A CE H3NONIBAT GAIMCHH QYHKLUHM, HO NP QYPHEPOBIS
AHAIH3 Te Ca XApMOHHYHH, OPTOrOHAIHH K € H3IMEHAT B CHOTBETCTBHME © LN
WHTEpPBA/ HA H3MEHEHHE HA APryMEHTA, a NpH yellBIeT-aHANN3A HNAT CTOHHOST
PA3MUHA OT HyJIA CAMO B OTPAHMUCHA HACT OT TO3M WHTEPEAL. Tlnammnar wadop ov
TaKHBA (PYHKLAN TOKPHBA QUM HHTCPBAIL HA WIMCHOHH HA QpryMenT™.

BasucnuTe (DyHKUHH NPOHIIHIAT OT nopadcdane Ka yeusiem 1) upes one=

PALHHTE:






a
TpoueayPA™ g 784 ¢
HTA pad el Mg ==
eneMe 15411 _13: e = 2 2
e et ’

2
e
ara pearid gl s s
ponoaydeH S e
Ho [13, “e MOANOKAT Ha OCPEMHABANE K per,.
Jra crpIKa MOTaT A2 My,
B cnefmalle”  HHOCTH

aupane caMo BpBHTE € 18451 9: E_ﬁ =
=
HiA BHA
pemara 1200 0% 5 2,1, 1, 1 1)

LaKOM MJTKH CTOHHOCTH MOTAT J1a CE 3aAMEHAT ¢
€10

Tpn npeobpasyBa 606, [Ipasomo npeobpasyéane Ha Xaap cq i

[IpiMepeT MOXKE 11: ce 0 v
BBPZUBII_} :;a Zzzz;ﬁ ;:; eﬁﬂua s(n) ce H;’ﬁ;z:; ;zznc;cpenuxsaﬂe H neTa“”“3HpaHe
CBOTBETHO 9Pe3 nowcy:l(;;]f,’?)z : E);’z,)p 5 (n) i EM
5 ﬂ)—: ———2"_’_ 2 2 2

o eHaTa OT TAX, Ce TPETHPAT Mo CBHIIUA HAYHK,
gﬁaﬁggn(;?npeﬁﬁpwysaﬂﬁo ce mpuuara 710 4 — 6 meTH,
OépamHomo npeofpasyeane Ha Xaap ce OCHOBan }lla Snemmre 3aBHCHM,

(347)  s@n)=si(n) +:7); s(2n+ 1) = 51(n) — s2(n).
Jagenexere noope! [Ips MpasoTo ﬂpCOGPEBYBEIHE: n ce u3MeHs ot 0 1o N |

10 OTHOIIEHHE Ha IMbPBOHA4ATHATA pemnua s(n). CTOHHOCTHTE HA n B pen
51(n) 1 55() ca OT Hy’1a 10 (N/2) - 1. B KOHKpETHHA npHMep 3a MbPBOHAYATHATA pe.
pman=0,1,2,...,7, a3a 5y(n) 1 5o(n) — CBOTBETHO 0:l 12535
Csc 3aucuMocThte (3.47) Morat Jaa ce TecTBAT Pe3yJITATHTE OT KOHKPETHKy
npHMep, Karo ce B3CTaHOBAT gIeHOBETE HA NMbpPBOHAYAJIHATA pE€aHIa s(n) pes
pemmata [15,11,7,3, 1, 1,1,1], nomydeHa npu EIHOKPaTHOTO  YeWBier-

npeotipasysane Ha [16, 14, 12, 10, 8, 6, 4, 2],

3a s(0) TpabBa Aa ce M3M0/I3Ba NBPBOTO PABEHCTBO HA (3.47), a no otHo-
~ wenue Aa s(1) — BTOPOTO ¥ T.H. 3a y1006CTBO JaHHHUTE MOrar J1a ce MOAPEJAT B
. npAMepHH TabIHLUM

(3.46)

e g2 3 g Y
s A 7eal 1nle) 1014, M
3a nzuncienne Ha s(0) ce u3non3a MbpBOTO pasencTo Ha (3.47). Herosara
a 4act npu n =0 ¢ 5(0), a na sropoto e s(1)

3(0) = 51(0) + 55(0) = 15+ | = 16,

8(1) = 5,(0) - 55(0) = 15~ 1 = 14,

Tpun = 1 ce 101y aBat CLOTBETHO $(2) 1 5(3), & UMEHHO
82 =s()+s(l)=11+1=12,
503)=s1(1)=s(1)=11 - | = 10,

’

[To CHILMA HAYUH UPE3 n=12 i _ 4

5(8)=8; 5(5)=6; 5(6)=4; (7=

(ef0BATENHO NEPBOHAYATHAT,

[16, 14, 12, 10, 8,6, 4, 2],

B TOBa C€ CBCTOM “TaiiHata” yg yasx
pnoenue ca HEOOXOoMMKM somy, YelBner.

Tipeog;
JIHUT Pa3yRaper
jpoAyKT (HAMPUMEP (MATLAB). ST yeunuy, KOMmqZ:;! : 3 HeTomorg

ce
2;

Pemlua 3a S(n) o

Onpenengy

3 7. wpaxma.nen aHanu3s

€
cpeaaTa pa 80™ TOIMHU OT MHHAMMs Beg. Tyk crepe C¢ ToNBsR, 5 M
ceM KpaTKH ¥ HAaCOYCHH NPEIH BCHUKO Khy o6 HusATa H
JlymaTa ¢paxman e ¢ nartuncky Npomsxoyn, F
cpcTON OT (hparMeHTH (OTKECH, OTnOMKN) b,

: OBHa‘lﬂBﬁ, qeoﬁemee
(DpaKTaJIHHﬂT aHAIIu3 Cce OCHOBaBa g

(scaling), KOSTO C€ XaPAKTEPH3NPA Cte cemoro, "PHEIMNA Ha cawongg i,
pakmanHama cmpykmypa ua oéexma ye iy
WabHo npeobpasyéate é onpedenen obxeam ng Mg ;’ MeHs npy
ExHa cucTeéMa € CaMOnono0Ha, ako ot e Gpoﬁ.m
CHCTEMA, KOAITO € MO-TOISIMA HITH TIO-Manmka or mpm;l;l: MOKE 13 ce chera
KpaTHOCT- Tosa 1€ 6b/1€ NOKA3aHO 9pes Bakoy TeOMETPHIHY ATHATA B OMperienera
Hsama CTPOTO ONpE/IeNenye 3a pakranure, a ce o na?xﬂmp oy
GoTHO MOHATHE. OKWIO CenHoTo pa-
@paxmanvm e CMpyKmypa, uuumo yac _
Ha YAIOMO. DpakTanuTe ca Kiacupunrpany ;;.‘:;;3';:;" B;"n:m €a nododnu
Teomempuunume Qpakmanu ca waii-sarmemsn. Haii-mmoc
obexct e kpusama Ha E. ¢por Kox ((ur. 3.16). Heinoro nocrpossane He q:pam
qusIT0 JB/DKHHA € PABHA HA SAMHHLR (3=1). Mpuero e na ce H&pmm@eafp OTCeuKa,
Hyne6 peo (n=0). Toil MEUIMKPA (OCHOBOTIONATa) CH3ABAHETO Ha PG o

"eﬁﬂomo Ma-

n=0
n=1l
n=2
TpuenemenTHa kKpupa Ha Kox

Que. 3.16

Ha ciie/ipatigust €Tan HHHUMATOPET C¢ 3AMSHA ¢ HANYTICHA JHHI, CHOTRRTHO
OT HETHPH NPABOJMHEHHH YHACTHKA ¢ ABDRIHA §/3. Tosa @ npeaAhpaxtal OT WHp-
: Vi G Y @A PR b

wi pest (1 = 1), Herosara anmkusa e 483,



opa crama oT pTOpH pel (n=2), BCikg :
ospaneTo H r:peﬂ6H€ a npeMIIHATE € YETHPH ElIeMepy, Oy,
5 ;

ANMOHHUA PO
Gma ABIOKHEA — (16/9)5 ‘Il 1?;2 pa UTEP ponec ce

Tipome
a ce momydasat 06exTH, KouTo it HAT o

encrasd Mo 5
3 WilHgay Ha AL npmm,_ B

® 4 TAXHATA 0 o
e 3B€Ha ce p x4= 16, 10
HUTe @paKTaIHO CBHBaHE Ha )
= pa eneMeHT d. uHbopy ITHY PRI ITTaT 1
qr ﬁpo,uomenﬂnﬂ o MeH,-,(1/9)‘3 CNE)= 4" enieMeHTa, C IBIDKHHA Fp Hoe e Ca cBBp3AHH CBC CBHBaHE Ha l'paql:“:;;m“'n'ﬁpn Halenoery, : ' Ha
HaTa Ha ana oT n-TH pCﬂ o amsleY) Toil € u3Kaszan Oﬂpene ““(bUpMam § ‘Bm“, y
Hpeﬂ(.bpaKT 4/3)"6 6 & JICHU ey otH uc HMetg OTHOMre-
375 u 003 pfa ( rpu Tpanuaes OP exol & UESKPAHRETRII 1988 0RO MpHnoKemy, 12 Bapueny
TAX ara HA ppaTa 1P Kay, Ype3 (PAKTAIHOTO CBHBAHE H3oG €10 My e
ﬂ‘b}'[)KHH meﬂ'ﬂe-r 1pey
% en BUL 3a LeNTa CC M3MON3BAT Koe & O C& Mpencragy
lin; N(8)— - i e(ppAKTAITHHTE cangpemru u Kty it (IFS — Tterated Function SYStemIm; ;Tm'_e 2 Cucmeyg :l;u-cta KOMnag-
% Jipyr HHTEPECED HpHMepn ca J1o TpeTO [1OKOJIEHHE. € o cpMBALLI AQUHHU npeobpasyeanus. © °© OT cBoK crpag, cam“umepamuanu
B!
Cepnunckutl (AT 3.17). AateX (pwr. 3.17a) € TPUBIBIIHHK, 2 Ha Ky TIpnt aguHHUTE NPeOOpasyBanus ce yy LILHEGE
2P JIEAIHATOP npH cangerKard {BIBIHAKBT B camdeTkaTa ce 3aMeny tT0. npeMgcmeaHe, TIpH KOETO GUTypHTe 3aﬂasna1non?-um MawaBupaye
cneppam eran TP ¢ AQUHHOTO TIpeobpasys CBOHCTRATY » 3a8bPmane 4
gsanpar. Ha BeekH MO HETO- i Pa3YBAHE OCBIeCTRARy on.
rpITLTBIAIKA, YMTCHY e Crﬁem ¢ oceM KBalIpaTieTa, YMAeHH Tpy e 110-MANBIC OT SARECRIE, CPHBANE, aK0 MamyaGHgy
KpaapaTeT B EEACIAE 32,1,1;%1 ce nabnooasa ‘céusane” na u306m’ . Anzopumvemvm na Bapuenu orpeng o MHOKH-
Credosamento 1 € MPIE L0 4l HBPEOHAHIHUA 6UO. e Makata OT TAX € [0100HA Ha Tonamara, Ocpey Ta O012CTH B m0Gpukenyer
Huemo npu omHocumento 3ana33t;€ apanH3 Ce OTIENA MACTO HA paswepy anAeHTa, KOUTO CJT{)K&T 3a KOIMpaHe Ha moﬁpa;:a m:e AR BKongo Koe,
B TeopHATa Ha ¢ppaxTalt i, KOATO c€ OT/IHYIaBa 3HAYHTENHo 0CTry, xecTBOTO OT Maku’”’ obnactu na TIOKPHER 10m0 €T Heoﬁxomoemo'_
Onepupa ce ¢ xa_vcdoquosa pazMepHOcHt; : OT g, cpxpanABaT CBEJICHMA 33 MECTONONIOXKEHHETO 1 330 Pakenne. By
Tosa e Aaned 0T HamaTa nen!). & q ‘TMHEHHUTE pasy : ce
nonozueitama (7053 T ¢ HeMHEHHH MpPOoLEcH 1" 06macT SDH Ha “Tonemu-
AnzeGpuuHume ghpaxmanu e CBHP3Ba B n-Mepy, Ha ¢ur. 3.18 e nokasano d
i i MHYHa CHCTEMA MOXK 4 PAKTANHO mpeodpas
NpOCTPaHCTBO. HanpuMep e1Ha HenMHEHHA IHHA € 3 nma gy, {0 CIE/IHOTO. Pa3yBane, 3a koeto e ;
crosns. Crel BAKOIKO npubmKeHHsA (HTEPALIH) Cricrey, apaxTep-

1. HamansiBaHE Ha IMHEHHUTE pasvepn wa AR
(opm-pmana). B nprMepa TOB2 € qBa HTH. AIHOTO W30S pakerie

2. YMaseHOTO U300paKeHHE ce Komupa
TPH L TH 9pes pasw
CCTBAHE.

C)-0:5s

Hawmanssane — Konupane, pasmecrsane
DpaKTAIHO Npeodpasysane
Quz. 3.18

L P st HOTO Ch
74 3a11a38a OnpeeneHH npusHaH (obmacTa) OT Hadall cTostHue. Te npg;,

[mecTBAT NPEMHHABAHETO B yCTOIUHBO CHCTOAHHE. Tosn HaYMH HA PasTleny,
JlomycKa JHCKPETHA CTPYKTYpa Ha camus IPOIIEC.

a)

B nuTepaTypaTa HMa CBEJIGHHS 32 IECETOKPATHO CBMBAHE HA H30OPAKEHUS.
Hykom aBTOPH CMSATAT, e GPAKTATHITE MOJSIH OTPAIRBAT MHOTQ A00pe ChURCT-
peHiTe CBOMCTBA HA TIPUPOJIHKATE M APyry 00nact, B ToRa QTHOWRHIS Ce COUM 32
npUMep 3eMHATA TIOBBPXHOCT. MMa OnuTH 38 H3NON3BANE nmom;gp
MOHABHIALMATA, A CHICLHATHCTH B PAIHOKOMYHUKALMHTS TPCAIAEAT “IIPORO-
JIeHTORA (PPAKTANIHA AHTEHA", e

JIOKOJIKO 11 €& ONPABAAT HAIKINTE 33 WMPOKO 1 eeKTUBRO NpUAOKS-
fiHe Ha (PPAKTATHMA AHAIHI, HAT-100pe S NOKWKS NPIKTHRATA, 2

7
Knimmue
lpeadpaxran na Ceprmnckmii
Due. 3.17

Crmo. |
XACUSHUME (PaKmWIu Ce 1Oy aBaT, KOraTo HAKOW OT HAPAMETPH:







1AX ONPEACTAT CPYKMYpamg
U q
2 HEHHHAT jigpapxuden BALL.
e cTBABA oTHOLIGHHETO OKOJHA Cpeng _
1 {53
Upe3 BXOACE

0Ba) HIH
a ma caMo enuH BXOM (St ) e BXOROB%M{
CucTemara MOXKE A Jowenie CH cTeMa — OKOJIHA Cpela 3aBHCH ot Hax €
10 OT!

Oz,
1 ¢ MHOTO U3XOAH. :

e et Ie XapAKTEPHSMPEME D B RS
. Oﬁmmmjgmemo a cucTeMara € MHOXXECTBO OT TIOC/IEN0BaTe
HKYUO CTpYKTypara.
42 B Zmero. To 3asicy OT 00MATa I H Tﬂiﬁgg P
AHHA BL di’mlpa om0 € MOLIHO CPEACTBO 3a M3y4a OM3Bakerg g, 3
; Upe3 HETO €€ permaar ABC DOHOBHH SHIE. A Clitime, s
pa cHeTeMa. =P ' MOJETHPAHETO € Mmeopuama sa nodobuemo. Criopey .
BiooEamara 1 JTO ONpPEENAT Ch e
o TeXHHTE NAPAMETPH, KOHTO orIp CTOMHHer |, %

00HH, aK
obekTa ca Moz IBOTO, Ce OTIHHIABAT € nazeHa kpamrocm (Maiat ua nozoG By,
: )

e H3Hpa ChC CIEAHOTO. ero),

Modenvm ce XapakTep
1. Toii chOTBETCTBA HA peateH 00EKT H € HETOB o0pas.

5 C mHero ce MpeICTABAT CAMO onpezeneHH (ChLICCTBEHH) CBO¥icTy,
ofieKTa B CHOTBETCTBHE C LIETHTE Ha H3C/1eBAHETO. 3 fi
3. B cMuchTa HA CIOMEHATHTE XapakTepHH Oele3d TOH Tpsbea na e ad,
gamen (CBOTBETEH, paBHOCTOCH) HA gicKya. e
MaTemaTHIeCKHTE MOJETH Ca yHHBEPCAHH. Te BaxaT 3a 00eKTH ¢ Dasyg
Ha (hH3HEECKA CBIIHOCT. :
[y m3cTeaBaHE Ha CHCTEMHTE Ce npiiara YCHELIHO KOMPIOMbpHOmg ¢,
Mynupane.
Brs Bpb3Ka € H3y9ABAHETO H H3NOM3BAHETO HA CHCTEMHTE Ca BAXHH Teyyy,
Te OCHOBHH CBOHCTBA.
1. Kaysannocm (IpHIMHHOCT — causality). Haii-mpocToTo OIpenenenye
T0Ba OTHOLIEHNE €, 9€ peakuusTa (M3X0JHHAT CUTHAM) B €/IHA CHCTEMA HE Moe .
W3npeBapsa BE3EHCTBACTO (BXOAHHA curHai). ETO 3allo MO-npaBuieH e TepMz'(ia
HBT Heusnpesapeauya CHCTEMA 32 Ta3H, KOATO TIPHTEXaBa TOBA CBOMCTBRO., e
KaysanHocTTa € 3ab/UKATe/IHA HANPHMEp 33 €[HH YCHIIBATEN HA 3ByKop
CHIHAJIH, 33 Pery/1aTopa Ha TeMIeparypara B IPOM3BOICTBEH MPOLIEC H Mp. :
e ﬂalieﬂz ::;s:;ﬂz; :H:I;:;T:gaga 32 00paboTKaTa Ha HEMOABMKHO H306paKe-
Wy ; BPEMETO HE € He3aBUCHMA NMPOMEHJIMBA, A Tq-
POiIA CE OTPEX1a HA KOOPIMHATHTE U APKOCTTA.

Bea

e x;aozzzepma, k0410 06paGoTBa HaTpynana nuQpopmarms (Hanpumep Koy
H0Th A HEKay3a/lHa CHUCTEMA, H ;
et » HO He GuBa /1a ce 3a6paps, Ye TOBa ¢ b
2. Cucmemu Ges namem u ¢ namem. 3a
unATa g BBIIEACTBUETO, CPABHEHM BhB BPEMETO
ucreMara e bes namem, ako cury
, 13:;&" CaMo OT BXOMHUA CHIHAN B Chim
Ha camo o1 pesuctopu e Ges namer,

KEBCHEE 110 oTHOIEHKE Ha BXO/HHA

M€
EnemenTHTe 1 BpB3KHTE

6p
pa j1a ce 34
wama. He TP#0 e ce 0chLIC

X0z,
Gy

KPHTEPHIA Ce H3MOI3BAT MAK pedk-

AILT HA HEHHMA M3XO/ B 1a/IEH MOMENT
A MOMenT. Hanpumep ezna sepura, che-
HAMA [IPUYMHA W3XOAHMAT CHIHAI Ad 8-

3a elHa HEMPEKBCHATA CHeTe g Gex

@D Sk =Kisit); K, = congy " s
paseHCTBOTO (4.1) Moxke pa Gionst. ABHCUMOCrTy
OT 110-CIIOKEH TAKBE. nie Haii-nip

qacT
[TogoGHa 3aBHCUMOCT, HO ¢
5 Mckpm cu

cTeMa THa

Ha CH (4.12) Soul(1) = Kasin(n); Ky = o > € NOnXO Iy 32 Mokper.

(QueBHJHO €, 9€ CHCTEMuUTE e HaMeT-c

GaonEHEn T e xapalcrepm)a KaY3am (Renyppeg,
(Eam AABYCT! O GROMEOGTTAR G dan g oY AR
Tl G HETO- ToBa cBo#icTBO ce omucpy MaTe;Mem, HO 1 B lamen mo-
peHCTBA, KOATO BajkaT CLOTBETHO 32 Henpekgey ATHYECki ypey enemcﬁ“ Tpeny

(42) Sout(t) T KIS,',,(T = 't); = ata "I"Blm IHC

(4.22) Souln) = Ks8;(n — m); Kl ; const;
(pieTO T 1 77 €@ 3AKBCHEHmS, e

3a MpHMEP MO OTHOMICHUE Ha IMCKpeTHTe

y wappos GUATED. B Hero uma saksenyre m‘:nc'reun © TAMeT Moe 1 oc.

LONHMAT OTIET B JAJICH MOMEHT 113 3amicn or mnf;l EMEHTH. Te ca mpwyma .
i MOMCHTH, & MOE U OT ONpenencm mxoy ’;Ko BXOMHK OTqeTy op
Gpaie MOKA3aHo B Kpasi Ha Tasu rasa (1. 4.9). 3XONHH oTveTH, Toga e

chouuueocmvua cucmemama (Stability‘ stable
FjHa cHCTEMA € YCTOHIHEA (stable), ako mpy B'H;neﬁm System, unstable system),
AKIAMTE HE CA PACTALIM. Toea o3nauaga ome, e o B:: HA MATKK CHIHANM, pe-
[eHH, y[3)£0)1HHTB CHIHAIH CBHIIO CA OTPAHMYLH, IHATE CHTHATH ca Qrpa-

VCTOIYHBOCTTA CE PasITIeNIA OIE W KaTo CROCTS0 Ha
0360 PABHOBECHOMO CHCMOAHIUE, aKo GBIe W3BaANEHA OT Hero CHCTRMaTa da 3q-
Tasy AcHUHMLMS € T0-001A U No-Toura. OcHoBononaramy & 33 KpaTKo Bpeme.
j3cIeBAHMATA HA A. M. Jlanynos. C npaxtusecka naco: b s

i o YEHOCT ca
yCTOHIMBOCT HA Xypeuy w Haiikyuem, Kakto u ouarpavire BaBobermepm 1

Hanpumep €1MH yCHIIBATEN € YCTOHYMB, aKO CHIHATST HA H3XOMA Ce npeye-
7aHOBABA TOYTH BEJHAra CIe/| MPeyCTAHOBABAHE HA BXORMS CHIHAN W AKO Ha
J3x0/1a MY HAMA TPENTEHHS, KOraTo Ha BXOJA THNCEA CHrHAL, '

Jlpyr IPHMEP € TO3M ChC CTPE/IKATA HA SANA YPEA 1w Besa. Tx ce konedae
J3BECTHO BPEME JIOKATO 33@M@ PABHOBECHOTO NONONKEHHE, CHOTBRTHO HA PABHO-
BECHOTO CHCTOSIHUE.

CinaduIHoCm HA NApaMempune Ha cucmemama. TR3H CROHCTRA HA CHR-
TeMiTe, KOMTO PA3TIIeKAAME TYK €A OCHOBHH H OOIOBANKHY 32 BOHHKN CHETONH,
ChIICCTBYBAT KOIMUECTBEHH OUCHKH H 38 ApYrH CHRUHOHIHA CBOHCTBA HA CHCTR-
vite M enementHTe, Hanpumep pesucTOPhT Ce OUCHABA NS BCHTRO SpeS Chils
POTHBJIEHHETO, & KOHJCHIATOPBLT — C KANALKIETA, Te ca TeXHH nNapamMeTpu. 3a T~
JIEBM3MOHHMSA NPUEMHHK 1 KOMIOTEPA C¢ BRBSASHH MHOTQ TIOBRUE NAPAMRTPH.

Kperna chMa

* B GBArapoKus e3MK A TPHETH BE THAUCHIA HA Te3i TOHATIA: ) yomoilvugocnt B CMUTAA HA 3=
[Q3BAHE HA PABHOBECHOTO CHCTONHHE, §) cmaGuinecn K NApavempume = HEHIMEHROCT HA Apa-
METpRTE,

e



jcTeMaTa Ce M3PasiBa B sang,
eno W TIOTL BIHAHME g €

Ha 8""&«“&

oy

laﬁHﬂHOCl]ﬂ H na 3MGI "[e Ha C
C CIOHHOC[H Héujﬁ‘feﬂﬁu (¢ queHHe HA BpeM
361411!{0(31 Ta Ha 49€

1 MoOHIEH reneoH €T :
yHKUHOHUPAHE HA Paniorp, g

f(HOTO B npaBﬂJIHOTO d)
e M - i
_ Toit € Haii-CHLIECTBEHUAT ENEMEHT Ha weqq, o

fKa MY
e pata cxema Ha ¢ur. B.3-
poro o010 H Ba 2
e eHO M XHO Choion,

CHHTE3ATOP: vility). ToBa
o (Reliabi ity)-
onocm ( usnvaHenue Ha onpedenen GYHKYUU npy 3q o Hy
y npHeMHAK TpabBa 1@ mpHemMa ONpeaeneHu CHl‘Ha;“u
ojiHoCTTa MM, 18 [ yCHIIBa 0 HAKAKBA CTEIIeH, ng y H
GXBaT U T.H. AKO Ipuey s

J1eH remmepaTypeH O
ui1 omxas. Tosa 16

e (yHKIHH e HAcThIl
2 Ha KONH4ecTBEHOTO OMpPEEIsTHE Ha Hag
k-

TeXHHTE
arnopu-
¢’ HaﬂpHMep 3a ean
paropa B HE
HO!

noka3aH B CcTp

remuTe. 10 €€ H3
npHMEp en
i Ha CT

CHC
YENOEUA: Ha
paKaksd rpaHH
p3KpHBABE, 4 pabotH B onpeae
cnpe Aa p3MBIHABA gaxos OT T
pma carydgacH xapakTep H € B OCHOBAT:

JHOCTTA.
JluneitHocm.
a. Toi
2 n I'naBa 3.
T0: K02amo Ha 6X0
Jwuam cucHal e cyma o

mAax.
(Cie0BATETHO JHHEHHATA cHeTeMa MOJKe J1a ce M3C/Ie/IBa MOCTIe/I0BaTeny,
cekH OT BXOJHHTE CHTHAH, KaTo MONy4YEHHTE OT TAX M3XOAHH led
T HaudH € Te /1a BB3/ICHCTBAT Ha BXOJ1a €THOBPEMEHHO y i
aa

1 06 (cymMapeH) H3X0ZeH CHTHAJL.
o3unuAmMaA Ce M3pasiBa MATCMaTHYECKH [pes e
JI.

nHeiiHa, aK0 38 HEA Bf.)KH npuRYURLm 5,
riei/IaHe CBOMCTBATA Ha Mpeogp L
Heka HpI/IHOMHPIM! Ot (H3UYECKA TIIeHa Toqkaaay'
da Ha cucmemama 8v30eiicmea cyygq MG
m omoenHume peaKyul Ha ecexy g:

Enna cicteMa € )|
nepno3uyuAn Geme 3acerar IpH pa3
pappsaTa B [1aB2
pa 03HauaBa CIEaHO

GXOOHN CUgHAIY, USX0

OTJIEJHO C B
i ce cymupat. Jpyrad
ce ompeaeTH oy TeH A

Ipunyunsm 3a cynepn

HHTE ABE YCJIOBHA.
a37BA CBOHCTBOTO AOUMUEHOCTN

nuﬂeﬁmrre CHCTEMH Ce Onucay
T ¢ o
dBHEH H Ny
pudeper i IP UA (THHEARR Matemamyq. . 212€0
B peaKumlTa Ha JIMHEeWHaTa P THYE Ry Moy PUnny, %ep
., KOMTO ce ChIBPKAT BEB aneﬁc'[m:m ce c,,n.hp*::ﬂﬂ. EHYuanyy,
g = €T
HACAT HeTMHEHHHN W3KPHBSBAHUS". T::: Kakrg o “?:Mo e a
ycw]BaTeﬂ, a peATHUAT U3KPHBsBA N0 “ﬁkax:m CHeTey :Tﬂu Ty "® CheTap.
Al
Cmauuanapuocm (unsapu drinitil a DNy crypy Haupmep re
MEeHHOCT Ha CBOMCTBaTA Ha c“cﬂcm 618 spmema )rpT 3 Mleanyy
TEMaT: 0).
0 ce o ac OBa y
aHEeT Rvg’r 3Ha"aBa ¢ f;. np“ TG TeYRHYe o TNOHATHe .
3BHKBa CHOTBETHO MPEMECTBAHE Ha H3xQ CTBane Ha Bxg €T0. Mm: m’l
Mynﬂpaﬂe e CIIEAHOTO MRUA CHragy IHU ¢ T
@.6)  Plsilt £ 1) =soult £ 1)
(4.62) DLsin1 £ 10)] = Syl £ )
BropuaT 13pas (4.6a) Baxu 3a Imexi;
aUeT0 MeXIY t, to 1 1, No. CTHH Ciy
Axo He ca cniaseru (4.6) u (4.6a) cucrey
aTa
TepMHHBT acTammHapHocT Ce M3momsma Up:x ”ecmmlumap"a
Ha4aBa HEM 3
wy 3MEHHOCT Ha TeXHuTe xaparclr)&memaﬂe i e

npoues
Bce MO-9€CTO CE CPEIlA HauMe
HOBABMETO nuneiiny UHgapy
AHMHY gy,
8 6pe-

o cucmemu € abpeBuatypara (Chkp
AMIEHUETO ;
): Tozam:;gf::a ynoQcTeo mpu 3anncnaner)o Ig,m (Time-Invariant Linear
JTHO TO Ha CHCTeMaTa » HO ¥ paskpuga
- noﬂmne Ch-

a gens3
a oT9IHUT

Ma; “
TeMaTHgeckgrg thop-

CTemu. Qg
+ VACBHIHQ &
ChOTRETCT-

mem
systems

m,p)l(a‘l‘e

4.2. Koe

xapa

TepMUHBT “IHHEHHA CHCTEMA™ e ce Wnon

ayecro JIVB cucrema (JIuHelHA NHBADUAHTHA BLR :Ba U TIO-HATATHK 32 KpaTkoeT
Koe()MUMEHTHT HA NPEIABAHE, UMITyICHATA “FeMe'ro cHcTeMa).

ca MHOTO BXKHH, 0co0eHO 3a elHa TeXHWYECKa cnm?:xgmcxam“m

y BAT KOIIMYECTRE-

¢puyueHm Ha npedagaxe, umnyncua u
KkmepuUCMUKa Ha NuHeliHa cucmema npexodxa

1. VcioBHe, KOETO OTP

@43)  @fsg * ST -] T Sour b St i
¥paeTo @[ ] € onepaTop Ha npeoOpa3yBaHeTo, KOHNTO CBBP3Ba BB3/IEHCTBUETO §
nC

PeaKLHATA Sy
2, Mawatupane WIA XOMO2EHUZUPAHE

(44) ®[as;,) = aSu; a= const,
y 13 y’M;O)KCHHeTO ¢ KOHCTAHTA Ce 3ama3pa U ciiell npeobpa3yBaHeTo
spasute (4.3) u (4.4) Bakar U 3a IMCKPETHH CHCTEMH. Heo6xoaumo e s(f)

J1a CE 3aMEHH
e ¢ s(n). Torasa onepatopsT @[ ] CHOTBETCTBA HAa CBOMCTBATA HA JHC-
KpETH €Ma, HAPUMED Ha BEPUTa 3a IMCKPETHU CHIHAJIH,
(ﬂna4 STa u3paza (4.3) u (4.4) morar zia ce 06eMHAT
m-m{: ot T?: ﬁgm a1 = BSout * Qo t ...
EMH CE XapaKTepu3upar v ¢ ToBa, Y€ KO
Hail € pasen Ha Hyna (s, = 0), W3X0JHUAT CUIHAJI Ch , bolpdugieic .
; 110 € pa
AKo cucmemama ne omzosapa eOHospem s e
PEMEHNO HA YCT0GUAMA 3a QOUMUG-

;_mm U XOMOZEHHOCH, A € Henuneiina.

10 HEMHNTE CBOICTBA B YMECTOTHATA W BpeMeBara odnact. Y
pocTeH MaTeMATHYIECKH MOJIEIL, KOHTO BaXH 3a enempnnnnpe:xz R
Oy KQHAITH, CHCTEMH 32 ABTOMATHHHO YNPABISHHE 1 np. RE
XapakTepHCTHKUTE CITYIKAT 32 KONHYSCTBCHO OUCHABAHS HA CBO
cucremara. Upes TAX ¢ OMpelens HeHHaTa TPUTOIHOCT 3 oupenenmm -
<4 MHOTO MOJIE3HH BB BPB3KA ¢ PEUIARAHS 3A]AMATA HA CHHTRI. Ha‘mx; :;:
pAKTEPHCTHKKTE HA KOMYHUKALMOHHHA KAHAL JaBAT BBIMOKHOCT 1A ¢ W
[OKOKO € BBIMOKHO MPEHACIHETO Hpes HEro Ha onpenenenu curnany. o saza-
eHH XAPAKTEPHCTHKH C& CHHTE3MPAT CHETEMH 32 YNPABICHNE, KOMYHUKAUHOHRK
CHCTeMH W BB3IIH 32 TsX. E/IHA HECTO CPRMIAkA 3AIANE € NPHMEPHO CHHTSINPAHRTY
Ha MOAXOAAI (PHATEP W 1P,
OnpeaeIsHeTo HA OTACIHA XAPAKTEPHCTHKR C& HIBBPUIBA HPE3 QI QT 0%~
HOBHHUTE Cm‘“HaJl W (32 M3MHTBAHETO), PASTICAAtM B Tnasa 1. TOi H3MBAKABA PONS-
T2 HA BH3ACHCTRHE, & MOJIyHCHHSIT WIXOEH CHIHANL © PeARIHATA, KOSTO CHABPRY

H(OpMALs 38 CBOHCTRATA HA CHOTEMATA,

21












(1) TpH anepuoOuHHui KpUumu4en pescyy,
CpmHAT xapakTep To3H pexHM ce TIPEANOYNTa HE camo nc;plm s’""% Bt
v 0 g apanu3a Ha ene
ocrHra 38 Haul H Cboﬁpax{eﬂﬂﬂ- Ay B KTPpHYeCKy e
JE— 1o AP JoaHIHa saruxpaiia QYHKIHA, a pe b KA KaTO HOPMHPaHa dyHKims op © mimeeyy
oTO0 pe qaH (f) e 1€ i HC’KCH&H He caMO B TOJEIMa Ya Ty (VS zd)“uy[eﬂ’l'a Ha NpeaaBaHe Ha 9eThpun Buna (423 e 0, ge fpexo
epHoOUYHO amuxeauy- Tou © 1, KBIETO BHOpalUTE MoracT OT gy, 0 a. 38 penTa Ce M3MON3Ba mnpeoG OlMiOCHK, npe*e Ia ce Qni;l:lm Xapagye.
PMqaaZepno u B exaHuaHATe cHCTeMH, T na HMa:?H- enapaie ¢ M3passiBa Kato OTH()“{;:;“"‘H“O o ?[:faneu & en:;eam Pes k.
HERRA . ca CBOTBETHO m He Ha Mac, y.. PoTOPHa
pymmeneu xap epl;a {pexo IHATA xapakTepHCTHKA Ha eIIEKTPHYECKa (g creneH! ; (Z) T.€. 182 Nonpggyy ﬁ(‘; : ; ?us;
yamepBane H UM o =2\BJR W B
3a u3Mep 4na nOpEAHILA OT npaBOBIBIH IYJICH C IOCTATRyy,, Ol (4.25) 7(p) Ciag he Tl ®), wurg
qa) BepHTa €€ 3007 & nioaBa yCTaHOBABAHETO HA dponTa. To ‘THa B(p) jo,
ﬂ‘LmKHTleOCT, 3a aa f:eP;: ;cTaHOBﬂBaHe 12 (hpOHTA), KOBTO Ce OTqH:: H3pgq (BIETO & € JCHCTBUTEIHATA 9acT Ha g
5 0
oraecTBeHo © [rq(;fOTO [TosTapAHeTO Ha {MITyJICHTE TIO3BOIIABA Haﬁnm;[(pn Hiy, | b JHKIL ce o3HagaBa ¢ o(f) = 1. MILTeKCHaTy i
cnpaMo H . an % 0
agcsz'r;mp:rpncmﬂpaﬂero) ia xapaKTepHCTHKATA D O ey | Bpakata MexAY A(f) u T(p) ce mapassza B % 8 ity
: TeMa C /1 BX0Ha H n , n ¢ 3a
TTpexoaHaTa xapaKTEpUCTIRA BACUETEL I:IKT H3XOna Mox ;, (4.26) h(t)=T(0)+ Y Cemt BUCHMOCTTS (9]
y3pasi B MATPHIHA dopMa, mozo6HO HA MMIY paKTepHCTHKa (4,20) | o Y
eqaBaHe, MpPexo : i
Bpbaka MEXLY KoeuuHEHTA Haar;]; 2 enaB:;Hepce 01“““'3 W UMy, B (4.26) C P Ca O3HAYCHU KopeHwTe
T o N
e3 KoeHLHCH HE; g UCHABAT e e Ci O ONPEIENAT Hpea 3aB“°“M0c"rmea YPaBHeRHeTo B(p)
A nyNicRaTE epasieiuie 7y o) (p 0, & xoediny-
2 @27 Co=— 5 )
P B(p) DO
o

T4 xapnmepucnma. Up
a pes mpe

cpojicTBa Ha cHcTeMara, L
BpEMEBHTE XapakTepbT Ha ph3IeiicTBHETO N0Ka3Ba, qe KOeDHIMEHTHT 1z o
paHe 4aBa BB3MOKHOCT 3a H3c/IEABaHE [0BEICHHETO HA CHCTEMATA DU Gapyy, ?,:'
MeHCHHA H BRYIEACTBICTO (xapMOHHTHOTO TpemTenne), A0KATO C JBETe Bpeye, | [IpuBE/CHATE CBENICHHS MOTAT Ja Ce nokaar
i QR crcTeMATa = PEAKTEIEY HSM: yep, KOeTO e T¥ HalpaBH MO-IOCTHIIHM 3a Hpunaraﬂ: © KOHKpeTen wneney TP

a KpaTKOTPaeH MMITyJic . :

| ripumep 4.1. Jla ¢ onpenenat xoedumenTey
aTa XapaKTERUGTISA B Gl EREER, nepuma TIPeNaBake, npexonuara
a € TNOKa3ana

XapaKTepACTHKA

HeHHe HA BB3IECTBHETO CBC CKOK JJIH BBB BHA H
MCTHKM € OT 3HAa4€HHE HE CaMo 3a py
Vi AMITyJICH

Bpp3kara MEAIY TpATE XapaKkTep
saneTo (aHATH3HPAHETO) HA cHCTEMHTE, HO € 0CO0EHO BXHA 33 CHHTE3Hpaney
eKCIIepHMEHTATHOTO H3C/IE/BAHE HA TeXHHUECKHTE CUCTEeMH. JIOCTaTEuHO TOqu i ua ur. 4.7
THT Ha IPEJABAHE, JIOKATO HMITyJICHATA xapamepH:

J1ecHO ce n3MepBa KoeHIHEH
THKa ¢ y00Ha TIpeIH BCHIKO 32 aHATHTHIHH pasrIeKaaHuA.
B 1. 1.4 Geme ycTaHOBeHa Bpb3kaTa MExiIy €MHHTHATA QyHKIHA ¥ e

-

sirgrns uvmyic (1.41), (1.42), a A(MEHHO:

R

m dolt
olt)= Iﬁ(t)dt; 6(1):-—(—);
= dt
o(n)= ,,;f(n); 8(n)=o(n)-a(n-1). EfeMeRTapeH npiMep
3a eaHa TMHEHA HHBA . s
pHaHTHA BBB BpE
Jia ce TBBP/IM, Y€ peakiuuTe Ha o(f) u 6(f) E e TR guereiic WASERRIS b
TepucTHka h(t) u g(f) ca B chiuata 3aaucm;cf' NPEXoJHaTa 1 UMITYJICHATA Xapak- HapouHO e H30paHa BEpHTa, ChCTABEHA CAMO OT 1BA SISMEHTA, 33 A4
) & W3-
@ GeraT MOBEHYETO H3UMCICHHS, KOUTO Orxa 3aCeHUHIN
) OCHOBHATA HAes. Buupexu
(4.24)  hlt)= [glr)ar; glr)= dh(r), 70Ba, BEpUTATA € NPUMEp 34 i R
g ; , BEp pHMEp 32 IMHEHHA HHBAPHAHTHA BhB BPENETO CHETRMA ¢ UK
- dt BXOJ H €JUH U3XOL,
_ 3a onpeje/viHe Ha KOS(HUMEHTA HA NPSIABANE & HEOOXOMO BXOAHKNT 1
HIXOAHMAT CUPHAJ JId C& NPeACTABAT Che CHOTBETHUTE HANPEKSHIA B ROMIICKCHA
=U - KoouupenTs? Ha npejasane ¢

(Gopma. [lonara ce s, =U ;, WS,

@240) o)=Y g0) ()= h(n)-hlu-1).
)

nm—as












2 (2)=aSoul(l)+c(2)=a(a+l)+1=az+
= Sour 0 CAEIH 2
gyfmw woxe A €€ obobIIEts - i . qeritn O TRERCERE Tonyenara exer
[ocremHHAT P 0_ n a8 & Ma e pepery
Ao il e O a . s B dz B B
=T (t)
k()= e @3 g = AZO+Bs ()
cTaHOBeHa B T. 4.2 ME&XNy npexg
[TorepAaaBd BPBSKaEBycncTcmaTa, a HIMEHHO HHaty 438  Sou (1) =Cz(t)+Ds, (1) .
THKA HA o 5 BOTO YpaBHEHHE Z({)
ra xapaKTepHC B mEP Y € MHOroM
e Sgln)—>g0= a’ A= R o pexTop B HOAIERETREEE CPHIAT Bexrop i
h(m= ,,—og n=0 Mepe BropoTO ypPaBHEHHE TIPENCTABSA MHOTOM Wrramem, B~ My
1 GeJIexH, 9€ CaMo BEKTOPUTE Ha CPHYS Be, By
eTHUA TPAMEP TpsibBa Ja c€ 32 ’ TIpH [g] < | LonEUHaL HaD 5 h:; “ CHCTORHYeTO mneﬁmmp % Deag
B KOHKP aHOBEHH peHM Ha yecToTaTa. AKO He ce ¢ i A, By C:Dica MBTDIIH HeTo, KaTO Mpeiiyg
T mpeXoA (7= - y;mepﬂcmxa papacTBa 0e3KpaiHo. M Ty AnanorvdHil 3aBHCHMOCTH C& ManomBar g gy
T4 Xap Oy
coBHe, MpexoaHd T KOHKpETHH DEalH3aluu eHHO € BA MiCKperyy;
ﬂl;a'ra paﬂrﬂeﬂaﬂﬂ ﬂpHMepa HMa Kp KaTO ur"q]pohﬂ a“M (439) z(n + 1) = Az(n) +Bsi,,(n), mcm
guurpn, HO TpH OTPEAETERE L (440)  Soukr) = Ca(n) + Ds, (n)
i ypapHEHMATA (4.37) — (4.40) umar npunowexy,
—  Jlo6asxa. B rpeHIHATE Pash JIe)x7aHHA 38 OMHCBAHE CBOHCTBATA Ha cyere api paOMI03HABAHETO HA obpasn, & © B DAY oBaery 4
Jano3Baxa Bp3EfiCTBHETO 1t peaxuiTa. J1o-pasmirics O O D U i H e
Ha CBCTOSHHETO H japa3sBane Ipes HEro i JAMHKETS B8 e o o E TO3H CMicy, : 4.4. yecmomeH aHasnus Ha HenpeKLcHamu JIYB o
SnBexaaT HOB B napaMempit Ha cocmosniemo. dpe3 TAX ce H3PA3ABA “TBmKenyery pexdy KoepUUUEHMa Ha npedasane u umn {ICMemu. Bpyaka
cricTeMaTa 6 " xapakmepucmuka Ha cucmemama bl
- oBECHO, TAGIHYHO, Tpaduy
(OmucBaHeTo MOXKE 1a C€ H3BBPIIH CI1 rpaguHo, upes MaTpiyy , Ypes qeCTOTHUS AHAIIM3 CE OLCHSBAT CROTiCTR
HEeHHS. = aTa Ha ¢
“ome];ﬂ“éviai;;u:e 4pe3 KOHTO Ce OIIIICBa CCTOARIIETO Ha CHCTEMATa Ce Hapuy 1a obnact. ToH € aHAJIONMMCH Ha aHANM3IA HA CHrHaNWTE 1 c: e i
F ' GionaBar H U3MepBaT AT Bekro. yaTHICOKH CPEACTBA U Hali-Bede Ha mpeo OCHOBABA Ha ChimyTe
PH Ha CBCTOTHHETO. Te He MOrar Ja ce HadMOo1a pBar. M@ HECKHTE BEPHTH TO3M MOXQ Pa3yBakeTo wa Bypre. B
BB BpB3Ka C MPEJCTABAHETO Ha CBCTOSHHETO HA CHCTEMATa CE€ M3TON3BA npogy, 1a eNneKTP i e AR - I € U3BECTEH Kato cnekmpanen “ ‘WG pas
(asoso npocmpancmeo. Besxa T04Ka OT TOBa Tpo : OcHOBHA ’ 0 We OBIAT NOTIMHERH cleRamyITe ny being
CTpanc. e GBA€ [PEMUHABAHETO OT BPEMEBUTE ONMCAHMA W Xa PasrneRIARu
31 FA TAX B IECTOTHATA oGnact. Banmanueto me thnelcmpewp:mm:m KBM 10106~
YRHO BBDXY 1Ba

gIe/ieHO CHCTOSHHE H €€ HapHHa usobpasasaua mg
'S

pancmeo HA CHCMOAHUAMA HITH
MBWKEHHETO) HA CHCTEMATa, H300passBamiara oy,

TBO eIHO3HAYHO CHOTBETCTBA Ha ONIP

xa. [lpn 3MeHEHHE Ha CBCTOAHHETO (

OITHCBA CHOTBETHA TPAEKTOPHA.
-MEpHO €BKIWIOBO TPOCTPAHCTBO. CHCTeMKTE ca ¢ pas.

Ba3080T0 NPOCTPAHCTEO € 71
Ha NIapaMeTpHTe Ha ChCTOAHHETO.

JTHYHA pa3MEPHOCT, KOATO Ce ONpe/iesd oT 6po4
JIHCKPETHHTE CHCTEMH CE OMHCBAT B CROTBETHO JIUCKPETHO IIPOCTPAHCTRO.

Haii-npocTHAT NpHMEp € C PECOBUTE NPEBO3HH CPE/ICTBA. TAXHOTO HBMKEHHe ce
onpesensa ¢aMo ¢ eIHH NmapaMeTsp Zj. [MpocTpaHCTBOTO € EAHOMEPHO M C€ M3Pa3sBa Kato
0C, @ CBCTOAHHMETO C€ ONpE/IENA OT TOUYKH BBPXY HEA. 3a mapamMeTBp CIIy’KH CKOPOCTTa,

[pumep 3a AByMepHA CHCTeMa € aBTOMOOMIBT. EMHUAT OT NapaMeTpUTe ChOTRET:

CTBa Ha
CKOpOCTTa, a APYTHAT — Ha BrbJia M0 OTHOLUEHHWE HAa HAKAKBO 3aa/ICHO Hamnpase-

HHE,
B‘bB ¢a308(”() "'N)c] I)aHCl BO MOrda1

CHCMOARUA HA
ey ;z;cmeuama W JIpyra No-TACHa — Ha pabomuume cbCmoAnUA, KOATO ChoT-
crsacuxynﬂocme;mmc Y OIpaHUYEHH CTORHOCTH HA NIapaMeTpuTe
9CTTa 0T .
BBIMOKHATE (azopn TpaekTopun B 06/1aCTTA HA AOIYCTHMATE

cwrox;ux C€ HApHYA hazos nopmpem Ha cucTeMata
WNESBAHETO Ha :
Ha MHOTOMEPHH CHCTEMH Ce MIBHLpUIBA KAt AW(epeHIHAIHITE

YPagHeHusd, Kouro ru
) OIMCBAT ce npeobpasysar hopmManno B cuctrema o1 AUdepeHLHATHH
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(CHOBHH npodneMa.
paHe Ha MU(EPSHIMATHUTE YPABHEHN!
Y , KOUTO OTHCBAT THHAMMN-

1. U3non3

jpiTe CBOACTBA HA cHCTeMaTa 32 GOPMUPAHE HA CHOTBRTHHA KoedHIMEHT Ha

japane. ToBa € HEOOXOMMO, 33 [1a C€ OUCHH A0KOTKO BADHO DEArupa CH pe-

ja CHHAIl, IPE/CTABCH ape3 QyHKUMS Ha ecTorara. Hanpuyep Moxke a ce yera-

HoBH AOKO/IKO EJTHH KaHal 3a MPSHACAHE HA CHTHATH MPOMRHS TEXHHTE CHOKTPH.
9. YCTaHOBSBAHE HA BPB3KATA MONULY KOCMIHEHT Ha MpEAABANE 1 UMY~

A XapAKTEPHCTHKA HA CHCTEMAT. Ts € OT 3HAUCHHE 32 AHAIN3A W CHHTR3A, HO

0 TIPAKTHYECKO 3HateHue. Hanpuvep ummyacxara xawe.

a 3a 00paGOTKA HA CHTHAIM MOXE 13 HE ¢ NOANABA ARCHY KA
jaMepBane, a oOpaTHOTO A BAXHM 32 KOS(MLMEHTA HA NPENABAKE. B Taxss cryyail
1ol ce M3MepBa, HO Thil KaTo He ¢ YA00eH 3 OLCHKA HA AMHAMHTHHTE CBOMCTRA,
H3MI0/I3BA C& NMITYJICHATA XQPAKTEPHCTHKA, ONPS/ISICHA OT AAHHITE 32 HRTO.

BuB BpB3IKA C IBPBHA npoGueM NPHEMANE, ¥ eIHa JIUB cueTeMa Ge QnuCEA

¢ UHeliHOTO AN(EPEHIIMAIHO YPABHEHHE OT N-1u pen

CHAT:
uMa u ChILECTBEH!

TUKa HA cHCTEeMar

W









[ ]
1) >
; :
[ HH
1]
\ i
\TH: ]
YH{




! jTs
Sl s +2e):

eec
HTHT HA npeAaBaH A
KOE@“HHB 2 52545__—) =1+26—jﬁ)r :
T(E"m )= jnJT)
Si(e
; isin x. ToraBa
_jx = cos X — /S ¥ P
JsecTHO & € € st _1+2c0s ol —/2 sin oT.

cTHKA HA CHCTEMATA Ce g

aq xapaKkTepH Tyyy

a n (pa3oBar Bap
34 gecTOTHAT o

0 — 5
b T(e-’“’r)=\/(l+2cosmT)2 +4sin’ ol =

— J1+4cos ol +4cos’ oT+4sin* 0l = m.
¢(w)=~aICtg1+ZCosmT

CpBCceM OTHETIHBO ce BIKZA niepHoAMIHOCTTA Ha |T(eWT)|_

Ome eaHa jagaua! ecTo €€ cydsa Ja ca H3BECTHH Koe‘bﬂllﬂemT .
npenasare T(¢ aT) j; pXOJHMAT CHTHAT, 3ajiazieH 9pes3 cnoeiq()zﬂgaTTa S
xa S, () mH ¢ JTHCKPETHATE CTOHHOCTH BbB BPEMETO Sin(7L). 1ps Gt 3
penemt Sol€ oy,

i e L € H3XOXJa OT TOBS, ge KOeQUIHMEHTBT Ha Npeagay ,
OTHOLIGHHE HA o€ B S,»,,(g"“’T), " oﬂ?M
(466)  Snde)=Suld™) TE™).

AKo BXOIHHAT CHTHAI € samajeH BbB BPEMETO, H3IOJISBA CE NMHCKpeTHor,

el
npaso mpeobpasyBane Ha @ypue, 3a [a ce MOIyTH Sin(¢"). ToBa e mokasang 4
c1exBans TPUMEP C KOHKPETHH THCIA.

Tpamep 4.8. KoeQuuueHTsT Ha npeaaBaHe Ha e/lHa IMCKPETHA CHCTeMa ce
OMHCBA C H3pa3a : :
T(erT)z 1+ e—ja)T’

4 BXOJHHAT CHTHA € 33/1a/IeH C IHCKPETHHTE CTOHHOCTH! 5in(0) =2, 5;,(1) = 2.
OnpezeseTe CNEKTbpPa Ha H3XOJHHSA CUTHAL.

3a j1a ce u3non3ea (4.66), pAOBa npey T0BA a CE ONPEACITH 8.

)
1 ]
5, (e"7)= DF!:me 5, (n —-m):l =267 426707 = 21 4 g0}

m=0
Toraga

S,d€) = 5T T ") = 2(1 + €77 (1 + 77) = 2(1 + &7")’.

k. chT TOTYHEHNA H3PA3 MOTAT JIa Ce ONPEAE/IAT YecToTHATa M (Pa3oBaTa Xapak-
EPHUCTHKA, KAKTO € HANpaBeHo B npumep 4.7, HO TOBA HE ce TMOKa3Ba B Ta3y 3a4a4a.
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HKUUU Ha
ucmeMH" Py Henpe
4.6 cucmemy- lMonocu u Hynu, ndK::na

us
CHCTEMHATE bYHKIMK ca Momey

teMuTe. T€ No3BoNg Hr
3a HA OV BaT 3a Mg G guey O AR
cﬂﬁ;r:aﬂ ﬂpnqpma ca 00eKT Ha CTapatenyo yy NCHQ Ay
00 ™ rjon cucmeMHa PyHKuun (System trapgp, o
werje’TO Ha oOpa3uTe Ha PeaKumsry ‘: ST functj, e m“omnme‘mﬂ
i oﬂa npeo6pasyBaHm. Wsnomea ce o Fh3eicTay m:m“eﬁo ce
ﬁwaH Kyl CXOJCTBOTO € KOehuIn
Ha &
c€

U Ha g -
3a peanu;,:p":::luu

e U Hagg,

al
CHTA Ha npen, Huetg
3a6ene7](yl, ye OMHOUWEHUemo e Ha 06 e

3MOJI3BAT Jariac € Ha pe

5, AKO ce U OBaTa Tparcdopy Peakyugm,
M japaTenHaTa CHCTEMHA QYHKIWS ¢

1pe

dUny i Ch
T(P) = Sout (,P)
Sin (P ) :
eT0 Saur(p) = [S”“’(t)]; S,',,(p) * L[S,—,,(l)]'
KB Mo OTHOIICHHE HA JHCKPETHUTE CHCTemy ce y
a TpaHOGOPMALIE B z-Tpancdopmammsa. HOMBAT Mickperygy
COB! B Ka4ecTBOTO Ha CHCTEMA B €ICKTpUYECKyTe 2 AMna-

. PoyiATa HA CHCT SPUTH Mo

oMIOCHHKBT eMHa dyHKums wapy, kS ® 1 ce pasrneng
g onﬂHaTa [IpOBOIl,HMOCT THAB onmn

)it

HMOenane
Us(p) 1(p)
gy Zlp)==S2r Il mas
(4.68) ( .Gl (p) U, (o)
Ji3pasuTe (4.67) u (4.68) ce mpencraest kato
g, 38 18 ce W3TON3BAT TIPH 2HAIW3A W CHHTe3a, Hanpn%fe‘;"'pa‘m

OHATHK Qymk-
w .
q}]BOCTT a, B’B3MO)KHOCTra 3a peaM3anus, “36@3 ce etp Chensar ce YCTOM-

[IpeaaBaTe/HaTa tby(HK)nHﬂ Ce TIpeNcTaBs B Cﬂemum
Alp
469 T(P)=%r

B(p)
Uuc/UTENAT W 3HAMEHATENAT Ca MOMHHOMH, KOWTO NDH NDHDABHABANS Ha
yra Ce [pEBPBILAT B YPABHEHIS CBC CHOTBETHH KOPRHH.

KopeHuTe Ha A(p) = 0 ce HAPUYAT HYIU HA CUCMEMHAma GYHKIUR, THil Kato
pH JaMeCTBAHE HA p ChC CTOMHOCTHTE HA HAKOH OT TiX T(p)=0.

KopeHuTe Ha B(p) = 0 ca nonocu Ha cucmeMHama QYHKYUS, 3AMOTO BOSKH
or1ax npespbma 7(p) — .

Haznedna npedcmasa 3a CEOUCMEama Ha cucmemama ce nowuasa npu
wsofipasneane Ha nomocume u HYUME 8 KOMANEKCHAMA PABHUKA, Thil KATO p =& +

jo (Tyk 0 € peaiiHaTa HacT Ha KOMILICKCHATA NPOMCHINBA 1 He GuBa 12 2 cuecsa
¢ eurnanara pysKomst).

[pexcrapanero Ha T(p) Karo APOOHO-PALHOHATHA (PYHKINS 4P NOANHONI
HMA ClIeIHNA BH }

(4.67)
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10 00paTHATA pppaKa ¢ MAOTOIEI00KA (sl
a

),ce

nan coasane Ha cucmemama ce onpey
qﬁuw/f?f*ﬂ’b’”a ToBa ce j3ron3Ba JecTo! €ngy on,

ge K
:a3Bd, b ecmaouino
xoAT0 0K 0 o6, ama 6pvIKY mapour L R
cgoiicmeam L5 a3 nIHI TPHIMHI, KOUTO Mpoprey, “Pu.
5  JUAHIE b CbmecTByBaT cHCTEMH M TOBA € Heelnare Kog,
ma WA PE . 1e B exHHIECKHTE NEHHE WITH U 0. By
e 2 aB 3MeE 5
‘HHHEHTa Ha Upe"]z () B cuctema 33 YIP PBanuy Marg,
HAT
H3MEHE eanUH-
puMep 3BHKAT HE (ATHH HOCﬂngMeHCHH}ITa pa 7T(w) ce NMpaBH dpes T0Kazgy,
mpest eHKa H a npeoasane, Ko
KomuiecTBe GunHocm Ha Koeguiyuenma i PHe Ha 0% e TRy
BEXIA aT Dha
GMHOCIJHI&””” i Ha HecmﬁﬂﬂHOCTm cred Be PRTERA Ka § i
Ome}{HCTO 0.
e3 OTH Ge3 obpaTha BpB3Ka O
gocTTa !

pecTabnl 5 ATIT

el savec
i ce TB
7'/AT npH rpanuicH pexoa ac Hpommﬂﬂara

OTHOMEHHETO Tﬁ; ecrabimoct (4:91) €

r ocHTENHA
4T'/dT i OTHOCH™ 7 dT

@492 —=7 T
Il mpiz;arr{ermama obpaniHa 6p3Kd (4.91) mpunobuBa cnennnuy By
pH O

]
e

1+pT

zapucuMocT 32 T' W ce
Axo ce B3eMe TIOZ BHUMAHHE Ta3H il

(4.92), ce momyHana ;
i

f 2o 1T
Or nocieHHA H3pa3 ce Onpeaei pecTabMIIHOCTTA Ha KOehHUuenTa 1y
nipesagane 8’ c/1e/| BEBEAK/IAHC Ha OTpHLATE/IHA obpaTHa Bpb3Ka

(494) &=

1+pT
Credosamenno necmabuinocmma Ha Koeuyuenma Ha npedasane Hu
cucmemama cied eveexcoanemo Ha ompuyamenna obpama epu3Ka ce HaMans-
ea 1+ fT=F nomu.

Cpes MHOTOTO TIpIOACHHAA Ha oOpaTHata BpB3ka € cTabHUIM3NPANETO i
KoGHIMERT Ha YCHIBAHE B YCHIBATENNTE HA HIMEPUTE/IHUTE ANapaTH Hpes bk
Boka oTpuuatenna obparha pbika (F >> 1), HeenaksoTo yCniBaHe BHACH Ipel-
K41 1IpH AIMEPBAHET0, 3 10 MOKE 1A C€ NIPEIM3BUKA 0T HECTAOMIIHOCTTA HA 3aXpiil

BALLOTO HANPEKEHAE, TEMICPATYPATA U IPYIH NPUHUHU.

3. Baunnue na ofpamuama epvika evpxy cobcmeenume CMyuqenin i

. CoOCTBEHHTE cMm
amentars AKTEPHH 32 YIIEHNS cg ey,
(4 Te ca Xap: ENeKTP Oy §

OUTg
at: TAX ca T€ Chepg :
Mo . Cpea YMOBETE ¥ ey, M gy :::Hmmm

BhTpe g

orH aJIHA CBCTaBKH B CH HeHhyre n o PE B oy
HOB: Zl;z:(l;:l:;'rme). THATH, Hopamy, He Mhigefyg “&mtn?“%:‘;
Hexa B3HVIKHATATE MYy yp . “““axapa&?:‘“em
jpasl W3XOZ, HO 3ACIHO € Ty y ¢ O0pary CTeMary as e
qu ARG SNAIRES R BSes YMHOXeRy ¢ igm) ‘llcg'ce @ Nosggy
parHa™? ﬂoﬂ"P‘(‘,}’:l;;" ST B hawTa, v gy :q’ HTa g T P,
b ”uameﬂHa o HPHHO)KQHHxTa’ W30y hy sp‘ﬂm{ al]eT 06
R T iy gy A e da
pbpHaT ) HHU C T ¢ BPRa-
£ SCM (“495) S:?.M = SCM o ﬁTS;M o Mymem - mx°lla pmp“ i p&'“mlﬂm
Or (4.95) ce nonydasa
= M
4.96)  Sew =17 BT

(Cnedosamenio CMYUEHUIma kavansgan
a Ha 0OPAMHAMA 6Pb3Ka.

mon
GouuHam K06 momy, Konkomo ¢ gy,
[lopo6HA 3aBUCHMOCT BaXH 32 Koed) 5
HIHeHT Ha
k 2 YepMOHITE £,
' S & Sl h
k, =—2— k, = m
4.97) hS1epT —TJ__,

Im
S1s Sams S3ms -+ C4 XAPMOHHYHKTE CheTan
Kbﬂﬂoorf;:iua:;nnam o0partHa BpB3Ka ua:h U A M3X0MHMR cyrgy,
afBa “meﬁm:e

1% o
0, AKO GbIHUKEAM GLMPE B /MHEHHATA” enekTpoRka cumu:a@n“m ca-
a0 He €A MHOZ0 20neMU, T.8. (4.97) Baxkn 3a keazunuy (vennmsatens), y

c1a00 H3paseHa HE/IMHEIHOCT) eNEeKTPOREN CHETeMH, €UHU (MOYTH MReling cne
4. BruAnue Ha 0DpAMHAMA 8PBIKA EWPXY wecmomny g
cucmemama. To31 npodnem e cneuubuueH 3a ananorosata cx:; mwm;_;t
JGxpalia HAMPUMEP H3TION3BAHETO Ha NIONOKKTENHA oSpatsa ‘ma:“!a- Toit
He Ha eNEeKTPHYCCKH TPEeNTeHUA HIIH HA YECTOTHOIABUCHMA BPB3KA 3a resepupa-
ppbaKa 38 Cb3JaBaHe Ha n3OHpaTeIHN yeHnBaTeH (purrpu) n:mpmm _

4.8, Ycmoiiyueocm Ha cucmemume. Kpumepuu

Vemouuusocmma (stability) na cucremara Gewe onpezenssa B 1. 4.1, xaro
cgolicmeo 0a 3ana3éa PABHOBECHOMO CHCMOANNE, aKo Gbde ussadena om Keeo sa
Kpamko peme Wi TIPH OTPAHHYCHH BNOIHH CHIHAM, VI3XOIHHTS 112 ¢a ChILO or-
paHMHEeHH, 18 HE Ca PACTHLIH. : ©

MaTeMaTHUECKATa WHTEPIPETALHA HA TO3H NPOOIeM & MHOMO NORsHA 34
CHHTE3a M 304 M3MOI3BAHETO HA CHCTEMMHTE, B TOBA OTHOMIGHHE MM HAROIKD Che
LIECTREHH MOMEHTH (CTPaHK). P

KoiuuecTBeHATA OLEHKA HA YOTOHMHBOCTTA ¢ mpmmw

Kpumepuil, KOumo npeocmasinga Ipanuyama mmlm o




¢ upe3 MMITYJICHaTa x
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npH BB3/ICHCTBHE Ha Cry
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fiy,

me_uamﬂ.
ot a oleHKa
KHa )ﬂ/lB Cﬁcrema'ra

0 npu gb30elCMeUe Ha edyy
Uy,
KoM - €
6eskpatinoey, - Win,
m, Tpxﬁ Ba’lc,

5

uéa, aK

e ycmm?u
o epemeno KIOHU

CUC!
.HI{B : KoM Hy—”a' KO2 m
f — 00 .
oNHHUS TPOLIE
¢10 HA MPEXOAHHA 1P HEC & YOIRROHEHRRN
3 e Hlm

c HSCﬂeﬂBaH
s R A nomocume Ha 1P eoasameIHama cucmgy
amia 4acn Ha oMIIEKCHAMA PasHuKa. {8
Ppaye-Xypeuts TO3H KpuTEPHI € 110-00I H ce ‘
cxu cuctemi. Hapuda ce oge ai‘?al‘a
€0

1 11 eneKTpHe W py
vuHanTH. M3x0xKaa ¢
p € OT mpe NaBane Hye,

: cka ce, g€ B(p) = 0 uma
e ey

"+ bp1P
n-1
e KOE()HIIMEHTHT Open
bc
Hajj.

¢ 3amucBa TaKd,

(b,> 0)-
TTa ce ChCTABAT I€TEPMHHAHTHTE
biby0

bs b, b .0

499) B)=b
(4.99) ¢

VpaBHEHHETO
prcoKa cTencH A8 € ronoXHTENEH
ane Ha yCTOHTHBOC

[Ipn H3cAeaB
b, by 0

A3 = b3 bZ b] )
b5 b4 b3

: A, =

’

A'J=

b b
@.100) A =bi; A2

Ib3 b,
b
2n-1 by b
THTe ce H3BBPIIBA TIOCTIE/IHHS HaguH: :

cBaT Koe(MIUEHTUTE OT b 10 b,;
ns

(CBCTaBAHETO HA JeTepMHHaH
(bMOHMEHTHTE C HAPACTBAN Wiye
8

a) B IIaBHAA JMaroHal ¢ 3aH
6) BeekH pell ce A0MBJIBa HaJIABO C KO

Ha1siCcHO — C HaMaIABall,
KOHMTO CE€ OTIH4YaBaT OT TE3
1 B (4.99)
+77), C€ 3.

B) MecTata Ha KOE(QHIACHTHIE,

IB/IBAT C HYJTH.
Payc-Xypsuy, cucmemama e ycmouuuea, ak
» QKO Koe-

CrznacHo Kpumepusa Ha
Guyuenmem by u demepMuHanmume Ay, A, ..., 4, ca nonodicumentu

Hpn 7
pumep 4.14. [la ce npoBepH yCTOHYMBA JIH € CHCTEMATA, HHATO Np
) ©/1aBa-

TeTHA (PYHKLHA €
12

7= ;g e

B croreercTBye ¢ KpHTEPH ﬁ A,
MOKE JI3 CE IPUCTBIN KbM cwrzB:H:?o :;/ ;e)g p:l”u" KoepuuueHTHT by =3 >0
T ‘ : :l; unanture, Te ca:

S P & ; b3 b2 03 12> 0.
0, A1 M By €A TIONOAMTEIHN, CHCTEMATA ¢ yeToHYMBA

A =b=4>0; A, ='

npﬂmep 4 15. )Ia ce “POBepn Yeto
pynE” "R g
() -
T(p)= 30 ¢ mp
2p? s %%

Koeqmuueﬂmre by v by ca MOMOKume
" (bz = 2
>0 p
10p=35y Q} "
- Herepyy

HaHT“TeCa:
—_—— S b
A== 3<0; A2=\b‘ b“\z\‘:‘ 5
3 b2 0 2\:__6<0

CHcTemaTa € HeYCTOMYMBa,
3. Kpumepuu Ha Havikyuem, K
oxTpaHeTo 1 €KCIEPHMENTAHOTG igc[ep“’“ Ha Hy
L Mep Ca YCHIIBaTeHuTe ynpoilelmane o o Wi
Cvenacho Kpumepus ua Hasicyucm HCTRa, CTeNy © 00paryg TPy
i » CUCm “PH!!&,
gexmopa BT ot
e HE y p6 BT we obxsawa i (Iama € Yemotiugq
1a do 6e3xpai !

" O H paiiHocm u npu yenogy, J0) npy e Ko xogga.
oo Ha obpamnama 6pb3Ka ca yemoiiugy €, ye noomdeny, CHUE Ha e,
0EKTHpPaH i ; o

[Tpu TP Hp e’6[0 CTOlHOCTHTE A BT CmeMamg y 36,
g qeCTOTH, KOSATO ga 00XBama obnacrra oy nyn Pp ce W3y
uazpamam - an L
pesoma e s, e T O
= Wy sae 5 g €,
TOKanay =

ace [ocTposiBa Clysasy g
nemama e ycmouy W3R
y usa. Touxkara ¢ KOOpmwHaTy (1,0
2J0) &
H Xoxg

BT . Mankata OKpEXHOCT OOXBamma yyy
CTBER, Ky
€10 obpataara

TOB
XOﬁTO cuc
d)a Ha BEKTOPa
e [10JIOYKHTEIIHA.

prsxa
ImBT
BT 10
VerolyHBa cCHCTEMA He -
VCTOHYHBA ¢
@) 6) MCTEMA  Venosro yeroituma cerena
8)
Que. 4.18

Jlpyrata auarpama (¢ur. 4.186)
. 4.186) crorserer CTONUHBA CHETRMA.

arpamata, nokasana Ha Qur. 4.186 ce orHacs :aa MO mmm
Tp w3vienienne na BT Anarpamara 0OXBAIA TOUKATA ¢ Koopaumam (1,0) u-
C'bOTBe[TlCTBﬂ HA HAPYIIABAHE HA PABHOBECHETO. i s

pH  CKCIIEPHMEHTAIHN  H3CHENBAY g

j BAHHA C° NPOKBCBA BPRIKATA B T

(t?gn. 4.17a). KuM 38HOTO HA 00pPaTHATA BPhiKA Ce Wmvwﬁé
ipanata NOPEAMLA, 8 HA HIXOAA HA CHCTEMATA C8 HIMEPRAT ONOUIHIT QTN




HHA curHal ¢ onpeaca KOoeHIHEHT R Ha
Ypes axonHpA 1 BXOA et quarpamara € o ChIINs Hagyy lIana“e
i 7. TlocTP i jarpaMHuTe pa Bole ca MHOTO ynoGuy 2 {
H EKiHCPI{MCHTMH" HacHEABAHI HIECHE enaelt;]“’ﬂ\
0
cHoBaBaT Ha anpOKCHMHUPAHETO Hg i LI
gyepTraBaHE B JIOTAPUTMHYey 2 T ang
UMMUYHA amMnaumyOHoYecmomy, :Hlaﬁ_ Ty
arithmic Amplitude Frequency Characteﬁst‘i'f)am" 5
e auepTaBaHeTo caMmo Ha Ta3H XapaKTEPHCTHKa. 33 CPHB;I
ocTarb9HO e ¢a30}3aTa XapaKTCpPICTHKa_ By
11 obsCHEHIATE eJIBoﬂe o qeCTOTEH: Cponronasa ce (GasoBHAT Bryy i
KPHTEPH)'{T HBH £ 180°, obpaTHaTa BpB3Ka € MOJIOKHTENH] i ¢
a gecTOTaTa: p H eyCToﬁqHBOCTTa MOJKE a C€ IBIDKH He CaM;I
: B eICKIPOHHHTE H pamo%;?d;; yeroit
j i)

ta p3au3a 0T papHOBE b apBIKE.
0
09HO ppBecHATd P 3KH, KOHTO CE IB/DKaT Ha HeXellaHH HHIyky
) HBHO
HTHTE. [\
! Puz. 4.19
A (z
z

paHe NpY
ara.
THK oE ©
ejigoTO0 Ha

d~

[Ba CHCTEMA

0)

[uTe H eIEME ?
Je cucmemama e ycmou4ueda, axo

LECY (5 Hg a ( ) )

4.101) A= .

4 B(z)

gpamna 6pe3Kad € no-ManeK Om Tt paduang [1807

CoanacHo Kpumepii %

peHama o
degpazupane PY npex f
2a vecmomama, pu xoamo BT = 1 (nyna deyuobena). ot
UecToTHATA H (ha3oBaTa XapakTepuCTHKa Ha cHCTeMaTa ca gt
a ce MpOCTENH CaMO HECTOTHATA XapaKTepyeyy )
Ka, 2 e
(4.102) B(z)= b 2"
=~

pavH. ToBa no3B0JIBa A
Hanpimep exHa Bepara 0T pesHCTOp M KOHICH3ATOP, CBEP3ARH NOCTENOBaTey,
npeH3BAKBA HAKIOH Ha 4eCTOTHATA XapaKTepHCTHKA ChC 6 dB/oct mm 20 gp e,
(oct — OKTaBa, H3MEHEHHE Ha yecroTaTa 2 MBTH; dec — I€Ka/a, U3MEHEHHUE Hy ye,. JomyeKanss e bo > 0. 3a pasnuka ot caywanre ¢ B
~orara 10 mots), TasH Bepura IpH H3MERCHHC Ha aecToTaTa Ot 0 10 % Npoyess 7 pejL Haji-BHCOKATa CTEMICH Z. ) TYK by € Koedumuen.
(azara ¢ prea +(m/2)/fad (panuana). Upe3 Koe(HLUMCHTHTE HA NOMMHOMA B(2) e chetans uney

04ecTOTHATa U (Pa30BOYECTOTHAT] Xy, Peo OBaTA MaTpu.

Ha ¢ur. 4.19a ca fa/ICHH AMILTHTYAH
PpaKTepHCTHKa Ha yCTOi9MBA CHCTEMA. Te BakaT HAPHMED U 3a €JIMH Oneparyo.

HeH ycuiaren. [Tppeata OT TAX HMd MaJIbK y4acTBK, B KOMTO € YCIOpeHa Ha af
cumcHata oc. Cren ToBa T4 Cnaia ¢ 20 dB/dec, a (Ga30BHAT BI'BI CE H3MEHS of

_n/2. Ciie0BATENHO CUcmeMana e yemouiuea.
jluMBaTa cHCTEMa ca MoKazaHu Ha ¢ur. 4,195

JpaMeHaTeAT B(z) MOXe 11 ce npencran
10 Cnenaug
HAYHy

3aBHC

Cna Cno2
do dl A dN—2
dN_z d N_3 e du

Hyaa 10
XapakTepHCTHKATE Ha HEYCTO

1
2
3
(4.103) 4
Criea MpoMAHA Ha HAKJIOHA Ha YECTOTHATA XapaKTEpHUCTHKATA OT 20 na 60 dB/dec, 5
6

(azopuaT Brua ce npomens 10 (-31)/2.
Ocoben e cayaaar Ha yerosro yemouuuea cucmema (dur. 4.196). Tlpu us-
MEHEHHE Ha HAKIOHA Ha YecTOTHATa XapakTepucTika B ydacTbka 60 dB/dec cue-
Temm; n;(mﬂa OT PABHOBECHOTO CH CHCTOAHHUE, 2N-3 fo h L
. Kpumepui :
(pumepuii na [Joncypu 3a yemoiauueocm na ouckpemmnu cucmemu, Tosn [TbpBUTE ABA PElA C CHCTABAT HONOCPSACTECHO OF KOSQUUNSHTHTS H
B(z). EnemenTHTE (KOG(HIMEHTHTE) HA TPSTHN M HCTBBHPTHA P C¢ WSHNCINBAT

" » 4
KpuTepHii € cxoen ¢ kpuTepua Ha Payc-Xypeui 3a HenpekbeHatd cucremu, s
4ped 3ABHCHMOCTHTE

%07 . é
#JlA C& OT CHCTeMHATa (yHKUMA, W3pasteHa pe3 MOoJMHOMM 10 OTHOLIGHHE Hi
b, by
L ;
i (| wlihon I i)‘.

HPOMEHINBATA Z, T1.€.
4104) ¢ =
“ S g



eyl (=0, N -2).

&

aBa 110 cpIHA HA9HH, KaTO °5mmn 6
O
2 caMO TPH CJIEMEHTA, Ha Ha
B MPumep . 9 B,

oﬂ’bﬂ
e CBA 5
u cucmemama € ycmouuea, qyg o

na AP
21ac :
el . 3)bo > [Bas lol = len-1l; [dol > d,); i

ma. 0
HU ]VCJIOEMH N ,_l) > U, ol >
/ =] B( ¢ KpHTepm MU H3I0JI3BAHETO My ce | '|'-ZL

2 B(‘];a) 1?(;-1106POT0 3an03HABARC I,

rpu sazadi-

y F
Ly .
2
usnh"'!e‘

roifdHBa JIM € CHCTEMATA, KOsTo
fipuvep 416- Jla ce nOBEPH Y€ ¢ Ot
PR o
s
-3=2.2-3=
s dy/="2 1/ 0poat 58 penosete € 2N 273 =1. Mapayy, Pey

HHOCTH
oa (4,103) ma O CTOMDIEE, 4y =12

=1 b
TOpPHA PEO B
CpuTe KoeHIHCHTH ce nOApEXKIAT Ha BTOPHA PEX oBparna Tocokg

bz KbM bO-

HIHBOCT
[IposepABaT ce yc/oBHATa 33 yCTOHIHB

=12-1+12=(1/2)>0;
Cifa =D CD + 1 P2 ISR
by=1> b = s

CrnenopaTeaHO cucTeMara € )’CTOH‘IHBB.

Tpumep 4.17. [la ce 7poBepH YCTOIYHBA JH € CHCTEMATA, HHATO ChoTeyy,

(yHKIIHA M3 cefHHsA BHI i
7y 4z° +32° +22° +z +1 :
Bposr Ha penosere € 2N -3 =2 .4 — 3 =5. CprnacHo (4.103) — (4.105) 1e g
S v il S Bl
e M S
18 6.4
a0 18
224 159 79

I]; POBEPABAT CE YCIIOBHATA 32 ycmﬁqusom:
B(1)=11>0;(-1)’B(-1)=3 > 0; by =4 > |y = 1;
leol = 15 > |e5| = 1; |db| = 224 > |dy| = 79.

Or NOJay4eHnTe pesyntary ce BUMAKIA, Y€ cucTemara € ycmﬁqﬂaa.

gy

pumeP 4.18. Jla ce nposepy VeTO
MRy

T(z)=422%

2 2 +623+322 +4 g
ofT Ha PENOBETE € 2N —3 =5 4 °¢ *dzts
13 ¢ KOCHUIMEHTHTE bo, by, . b =h

[IpoBepKaTa Ha TBPBUTE TPH YCIOBHS 1ok
B(1)=19>0; (-1)'B(-1)=_ < 0"_“;“ Sensorg
» by

[TpoBepKaTa €€ TNPEKPATABA, Thil Karg Bmp;kl)<\b4\=5___ :
Hmmewopﬂsal‘ 4 TOBA € JOCTaTBYHO Na ce e "

y >
49 Lueppoea ¢unmpayus

Oue B HAYANOTO Ha Kypca 0sxa naneny BAKOR ¢
— Dot - Bege!
gorka na cursanire (DSP = Digital Signal Processin A 32 Wnposgry o

l;ae \a yugposama ¢punmpayua, npu xosto e nampg)‘;:‘:;‘gﬂeneﬂmm it
oﬁHM“ Chb mﬂemg Ha HM

cTaBKM Ha CUTHAITHTE W nOmMuckane wa HeHy3uy
T 03H npo]_[ec ce OC'BIIIECTBS!}.}B..‘[pe:; qup 08u (i’uﬂmpu , C CheTap-
[[uhposuam gunmup (Digital Filter) e yuposa cu o
260 30 Guampupane Ha OQUCKpemHu cuznanu. 9% Koamo ce usnon-
D e i o e
(yrHAIH B yeCTOTHA B BPB3Ka C TORa uHdpoBmTe lbmnpn s
a31eAT 110 nog00He Ha aHAIOrOBUTE QHITPH HA HUCKoY mﬁm mce
iyt IGHTOBH 1 PEXCKTOPHH (cnupamw). Tasu knacndukaus mﬂm;:}“:m-
it TU1AH TS IPYTa, KOATO B3CMA NOJ BHUMARME MynyIcHara “P“R::!::-
xa, 1 KOATO 1€ ObJ1e MOKA3aHA NO-HATATHK,
(OCHOBHHUTE HpeuMytjecmsa na undposuTe TIPEN AHATIOTOBHTE HarTpi ca:
a) BUCOKA TOMHOCT;
6) no-100pH XapaKTePUCTHKML,
B) MAJIKH Pa3MEPH W BHCOKA HALCHIIHOCT NPH POANHSHPAHS YPES MUKDOS-
[EKTPOHHH CXEMH; &
r) cTaOMIHOCT HA XAPAKTEPHCTHKHTE i YCTONUHBOCT CPRILY CMYUIRHIS,
[pouecute B UUQpoBHTE raTpH ce ONHCBAT ¢ AN(EPRHIHI YPABHRHNA.
Cucremuara (DYHKIMS HA (PHATHPA €& HIPAIABA YPR3 Z-00PASHTR HA Bb3-
jefictiero 1 peakuuaTa, Ts ce H3NON3EA NPH AHATHIA i CHHTR3A HY PANTHURNTS
BHAOBE (HATPH. o
OCHOBHHTE XAPAKTEPHCTHKM HA WHposuTe Wmmm
BITO, HMITYJICHATA W [PEXO/IHATA XAPAKTEPHCTHEL. it

CHCTeMary
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ar03HABAHE CBC CHHTE3a 1y 1y e
By

Busirp,,

R
By 3a 11a ce
a p roaxona, PHIOGHs T Hay ‘
- 4oBHO 'if:)q HOCTTA, UYBCTBUTENHOCTT, 4 npa"‘“ﬂ 3113“;::! Wity
) Bepwkno CEPPIaH 0 1 ' ra 301093 HA POSKTHpaterg, ' " Koy, EMiy na:’“"“,, o
06mﬂpﬂoﬂyqeﬂﬂ're CBENICHUS, KAKTO i iy e OTHegey, S
CT 3a yeneHac 3 M
m -~ BﬂMo)KHG Yy Oueno Usnonzagy, e T, mnm no-
bl KoM, B yy
40 (oron HA MHBAPHMANTHATA wyny ;o Mbpg 4 f}an,‘ﬁm{"’s
0 M oJ1 € CPaBHHTENHO "3 Xapagy, “me om
Tosn MET TIPOCT, Ho ¢ gpry..  PHCTHKy
; { I 7382  OIGIRS 2a000¢H aiialge npomomy, i
| n
:' | (,)nepucm“’ca g(1). Ta ce JMCKpeTHINDY ?C Cbomg - Toi e
| ) i paK paHeTo, 33 J1d CC NONY9H crcreny Ipivg gn "Wicha yq.
i c00p23Y i aTa Gy ) ce 1
np 1031 qaguH CE 3am ChOTBETCTRHeTg Me: Ha “@mk?;mm z
) TlapaneTHO CBBP3BAHE e oV BLCHEE R g GunTEp. To, ¢ B x%g‘“m‘,_
. kaTo AMITYJICHATA XapaKTePHCTHRa e uHsapy, A 33 “a“&lmm MCTHRy
Quz. 4.25 a 0 Ha BPEMETO. AHmnug (g Ha Metq.
’ TﬂsﬂpaHeT 5 eﬁzuem), npn
1 ca KT Ha MHOTO H3CNICXBAHMA, KOUTO ca oy, K7 Toam MeTOR ‘?;m'zﬂ;o‘;l::crpnpaﬂ OBC ChBeem mpgey i
LITTp B .
HHQJPOBHTE[[Q;IIHMHCTH J B Hay4HH TPYJOBC, B TOBA HHCIIO K Ha GBJIPaB: B sacﬁneﬁﬂ chIIECT TH pumep, 5 Koifrg cq
3a
L apaT BHUMAHHE nseaenparmaTa Ha I'. CTOIHOB mo OTHOWey, 4.21. Jla ce cuntes
agToOpH. 3aCIYXK 1. AnocTonOB BbB BPB3KA C AMPOKCHMHpatierg y, - ' JLpav sl P2 WHOPOB uryp, yare
a Il CH. e gpoTOTHII RC Bepurarta, naneHa ua bur. 4264 Kay Cemmnagam
10 qe T4 € HACKOUECTOTEH bunTep. Waxonmoro CCTReHygy AR go.
CHHe Tipw HeCToTy Ol

quchmcﬂHoma H H
TeMBHTE (YHKITHHA.
4.10. Cunme3 Ha yugposu unmpu

cwrTpH ce H3BBPIIBA NIPH 3313JICHA CHCTeMy, yn.

{cTHKA ¥ Ce ThPCH Hai-1obpata CTPYKTypa, T,

CrTessT Ha MH(POBH
e, Thil KATO BE3MOXKHHTE PEATH3ALAH 0fyqy,

KIS WM HMIYJICHA XapaKTep
3a7ada HAMA eAHO3HATHO pelle
BeHO ¢a TioBede OT €/[Ha eIHHCTBCHA.

Brpxy 3a1agaTa Ha CHHTE32 HMa MHOTO NIHTEPATYPHH H3TOYHHIIN, Hackrey,
CBOGpaKeHHA OTHOCHO TOYHOCTTA M CTICLMATM3MPAHY KOMIoTspy,

¢ HOIXOIH,
[IporpamH 3a CHMYIalAs H POEKTHPAHE.
Haii-pa3npocTpaHeHHTE PeLleHHd, CBbP3aHH CHC CHHTE3 Ha wAbpoBH .

TpH, 0GXBAMAT H3YHCICHHA HA CTPYKTYPH, KOUTO Ca CKBHBAJICHTH HA CHOTReqy

4HAZIOTOBH MPOTOTHIH (aHAOTOBH GHITPH).
Pewenuemo Ha 3371a4aTa CE CBEXKJIA JI0 CIIEAHOTO.
a. YcraHoABa ce JaTH KeNanaTa CUCTeMHa (DYHKLHMA MOXKe 1a ce peanusup

¥ CHHTE3MpaHaTa Bepura (cucteMa) a € yemouquea. Ha 1034 BRIPOC € otenexo

MACTOBT. 4.6 u 1. 4.8.
0. Kenanara cucteMua YYHKIMA Ce anpokcumupa ¢ Hai-po6paTa ot nouxo-

aanpare Gyukinn. Tosu npobiem ce pasriekaa o6CTORHO B TMTEPATYPATA, Opi-

EHTHPAHA KbM CHHTE3a Ha aHAIOTOBH GUATpH.
B. M3bupa ce nai-nojxoasmara peanusanus. B NpaKTHKATa Ce IPEeoynTa

CBIJIABAHCTO Ha CTPYKTYPH 4pes koMOuHauns (BEPHAHO CBLPIBAHE) HA 3BEHA 0T
IBPBH H BTOPY P,

163

a i
xﬁ?{;nﬂa ¢ GmM3KO J10 BXOJHOTO Thil Kato kompge

JTUBIIEHHE CIPAMO R. C napactrane ug 9ecToTata | /g
o panpexenue. Crenosatenyo Tasy BepHra

CucTeMHaTa GyHKIMS HA AHATIOTOBUS HUCKOeCTOTeR ()
T=RC.

N > L

T(p)= sh
v gt

S,,{n)

s Ow( ‘)

AHAIOTOB TIPOTOTHIT HA
nuckouecTeTeH GUITHP

a)

TECMEN“WQ

Hmm aC ToRy
“ponYCKa HUCKuTS qe, o1 i

WITLD (ur. 4.26q)










[us CTETIEHEH MOKasaren (z‘l

"
el )e Vaog o v 3apad
tEprs 3aKBCHUTENEH ENleme i oc s o
Bropata (poPMaa JaKbCHEHNE 7 u Ha HT g erp 4, Ty B‘bf:]p a ocnoaﬂname o aaT Ha TeXimeeygy .
-~ cporseTcTBA 1 T g, 1,07 caoficTnd XaPAKTCPHINPAT eNka mryegy, - HCrency,
Kam;ma eTo OT P B Rl 3Bey 2. oeduIrenTy P g
Ta CXeMa. paBaH TH Q ! enens K T Ha
eMH e3y1Td I Ma onp as; ! :
Ccnea KUTeH cneaHATEe P = Y 108 T 4 3, Kok ce 4eCTOTHATA | tazopata Xapairepy aHE 1 e iy (Jmm)‘%
opmarTa Ha MHO __,I,-—z——— e K;*Tﬂ cTai'lTe rpad¥KaTa Ha Mieanmary o Ha “Hcremmf“%u%
7(z)=001 8 To05le L= IR 0,546 z s Ha“e}; cx0 FHAUEHNE HMAT OTKIIOHE HUsiry o “:;“" Xapakrepy € Bpry.
(] i kel .
para cxema Ha ;b;!g‘bpa e 6bae op o ﬂpgaﬂlo OyITET Ha KoeHIMeHTa Ha P anane g " Biciere
ge € .28. llocTenBa B ] WYHOTO NpENCTaBsHe Aqp,
(QueBHAHO & okasaHo Ha uT. 4 HsT CHrygy, oM, 3.2 acnere MATP Ha Koeduye B MO
i BEpHKHO, KaKTO € a ce 06pa6oTBa OT PEKYPCHBHOTO 3pey, Y Thpg, 6.0 cHcTeMa. Hlke g, Tpenagye o Mamagy
cBBp3d cre/i TOB T iy, epHd el M 32 KaKBO Ce u3mg O B s
¢ yMHOKaBA 110 O'OlgkpaﬁoTxa Ha pEKyPCHBHOTO SEERE OF ELODEEEEN llneTe 3? 5 ;‘ IIJ(aK L o MMNYncHaT, Xapaj Gbiss.
npenasa 34 eMH. Be. : “Te eIy
pex u ce ]cjraBeHH ¢ KaHOHHIHH CX wa? JseTe WIXOMHHA CUTHA B eNHOMepyg s Ha Ty CHere.
Ha ca npeA g P MMITYJICHATA XapaKTepHCeTuky, M2 upey KoHBomg
c HOTO TPEJCT; Whsry
Q) o) @ gscuere MATPHIHOTO DPSACTABING Ha mygryncr Soin P
O
5, " @ cHcTeMa: MCTHEY 1y MEoroy
0, Kak € ompe/c/Isi 1 33 KaKBO C€ M3Momsp, TPeXOnHATy Xap i
B AT pHCTIKy
Ha JTyR

Ma?mpase Te KONMYECTBEHO BPB3KATA Mewny DNy nesara o
1. cucTEMA. TPeX0nHaT, 5 e
8 OGACHETe U3MO/I3BAHETO HA M3Pa3UTe (4.25) « (4.27) 33

12. (repHCTHKA Ha JINB CHCTEMA, aKO € H3BecTen KoeQHumepry, TCIiHe By TPRXOTHaTy
xapa o ce W3MON3BAT JMHEHHH Tudepenmaryy i JllltbepeT HA pemanae

ai :

li}'{: qa JIB cucTeMHTE? HIHH ypangeryg o i
B

Te ChCTABAHETO H PEIIABAHETO Ha Nuthepe

14, 0BACHE tepemmansory e o o

eTe ChbCTABAHETO M PENIABAHETO Ha mudepery
kg CotlcH PEHYHO (pavmixono) YPABHEHNE QT gy
i pei

16. Ha;;epraﬁ're CTPYKTYPHATA CXE€Ma Ha TUCKpeTHa JIVR CHeTe
(IEIHOTO qudepeHYHO ypaBHEHHE:

Sou(n) = 3s;, (n) + 2s;(n— 1
17, OnpepeneTe Koe()MLMEHTA HA NpeJaRaNe Ha CHCTEMATa, KOAT0 ce omycaa 5
JiQepeHITHATHO ypaBHEHHE CIemHoTY

wippoB QIITEP OT TPETH PEXL, CECTABEH CHOTBETHO
H PEKYPCHBEH QHTBD
oT BIOPH pefl, CBbp3aHH BEPIKHO (ITpumep 4.23)

Due. 4.28

JIBy3BeHEH

BH PE,
i ke 1 M3, KORTO ce omucea cae

B 1. 2.1, pur. 2.66 Geie pasrieiaH edexTsT Ha ['H6C, KOHTO Ce H3Da3eg
1104BATA HA OTCKOIH NIPH aNpOKCMMUPAHETO Ha MOPE/MIA OT MMITYJICH ¢ Npangy,
reana (opma 9pe3 XapMOHHdHH cheTaBkH. [10100HH OTCKOUM ce mosBsgar K
01IMTa 12 CE pealln3Hpa YECTOTHA XapaKTePUCTHKA C NPAaBOBIBIHA (HOpMa, Kosro ¢
uaeannara. [IpobaemsT ce pasrieskia B JIMTEPATYpaTa Mo CHHTE3 Ha Quirpy, 3
HaMa/1ABaHe Ha OTCKOLMTE CE NPENopLYBA H3MOI3BAHETO HA NPO3OPEUHa hyHiuy
W(1). C nea ce yMHOKaBa HMITYICHATa XapakTepucThka, Cpesl no-u3BecTHuTe 1po-

30pednH Gynkuun ca Te3n na Xemunr, baprier, Baexkman, Kaitsep u ap.
Ha apyrute metonu 3a cuntesupane Ha UMQpPoBH (GuaTpU HAMA Ja ce orje-
JIA MACTO, Thil KaT0 T€ Ca W3BLH 00XBaTa HA TO3H KYpC.

d
0, B0u0)

d‘ +s0w(‘)=sm(').

ypreane. M3n0N3BaiiTe YECTOTHHSA AHATH3 KATO NPHIOKITS TPABOTO Mpeodipasysae Ka
Qypue.

|8, HapaseTe KOJIMYECTBEHO BPBHIKATA MONIY KOehHIMEHTA Ha npexasane W UMY ICHATA
XapAKTEPHCTHKA HA HENPEKBCHATA JIUB cuerema.

19, [la ce onpeaenaT KOe(UIMEHTHT Ha NPENABAHE W YeCTOTHATA XAPAKTePHCTHKA HA THe-

kpernara JIMB cHcTeMa, KOSTO C€ OMMCBA © AN(EPEHIHOTO YpaBHEHIE
Soun) = 3sin(n) + 2s,(n - 1),
Viureane. [Tpuaokere QUCKPETHOTO npeatpasypane Ha ypue.
> i ~iaT m
o, T(e™M)=3+2e"; |F(o)=
20. Kax ce onpenernst cucremuara Gynkums fa JILB CHOTEMA 1 TI0 KAKBO T4 68 OTINNas ot

Koepuumenta Ha npepasane?
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BMECTO ao(?); Ap HapyliaBa Bp'bBKaTa cq

& ska CHOOIIEHMETO (messa

e o mponsnouia LR Ay Signy

B yanon3ea CBLC B TPEHTeHneH Ckep,,

ece p3moJ3Ba XapMOHHYHO TPENTeHye OTI
ropail Hempe

mooyaauui, TP PEXECHA Ty By

0

€ 1€,
pHM alHH ami

0 B CH
MH%Ilan nenper 1) uMa cIeqH
(Gil)iee oot T 90 n3paspT (- ) AR
=0

eMe

=Aycos V- e e BE3MOXHO J1a ce

a TpenTeHPI H3MSH,1T

Skl o70 Ha TOB e
[1pn MO aﬁm;{ oprHaN AMIUIHTYAETE Ay T BIEIET A Honyqanaana.
Moy WP e MORYALIA: Tigg

ﬂn(’)'
Bp 0 C€ "p}’

0 &
CHMOCeTrH oy AaLI (AM — Amplitude M"d“lation).
cBOTB AMI‘LH"TYI]H MMn)}m‘yﬂﬁTa ce MpeBpRINa BEB fbyHKmm Ha ay, (t) QXM%
; g .
cxa3Ba, 9¢ /) MOJKE /18 C€ H3Da3H 110 Cie y
pasBaHHe g;;[ﬂﬂpaﬂﬂ'ro erere i () T
mmlﬂﬂio i’) au) = A (D) €0 i
(_ o A
h‘bﬂeTo f) =AO + am (’) -
(5.3) B:':;ﬁgvnall““ (Angle Modulation). ®a30BHAT Brey ce -
7. b0 ) "
# J19 CHTHATT
oy palk
4apHCHMOCT OT ng s c¢ ToTy¥aBa o 2Ba Ha4MHA.
],r[.rlrmaar}i:3 N e i HECTOTATE, [pH KOETO Ts C& Haphda “ecmomy, ,
a. pes Modulation). 0-
_ Frequency 0
ayus (FM 19 € ¢pazoea mooynayu
i [Tpn w3MeHcHHE Ha (pasaTa ¢ Prau (BN Ey
Modulation)- ecTOTHATA H (ha30BaTa Mo
Kaxro I Cc BEAH TO-HATATEX, ¢ Ry RS Ca oy,

0TO pasfie/sIHE € YCIOBHO.
YecroraTa Ha HOCELIOTO TPEMTERNE ¢ 06MKHOBEHO MHOTO TIO-BHCOKa o g,
MOy THpAIIHA CHIHATL. Hanpumep B PaJHOPasnphCKBAHETo o
croTa Ha MOZYIMpauusa cHrHan € 4500 Hz, g g, o,
cemoTo TpeNTeRHe — He N0-MATKA or 150 kHz. BB BpB3Ka ¢ TOBa, ¥ ¢ Dy
ppoieH, ¢a BbBCACHH MeK/IyHapoIHH CTaHAAPTH U NPETIOPBKH.
3, Ammy/IcHATA MOYIALINSA CE XapaKTepPH3HPa C TOBA, 4€ HOCEMIOTo Tpey.
TeRHe Cé CHCTOH OT TIPaBOBIBIHM HMITYJICH, KOHTO CE MIOBTAPAT NEPUOANYHO, Hy.
K0ji 0T NapaMeTpHTE HA MMITyJICa WK Ha peauLaTa e NPOMEHsA B 3aBHCHMOCT of
woaympauna curhai. Haii-u3nonssany pH CHBPEMEHHHUTE YCJIOBHA Ca 1B (-
HOBHH B4,

4. AMPAUIMYOHO-UMRYICHA  MOOYIAUUA (PAM — Pulse Amplifude
Modulation). Bucounnata Ha WMIYJICUTE CE€ NPOMEHA B 3aBMCHMOCT OT MOAyiH:
paLyA CATHA,

6) Hmnyneno-kodosama modynayus (PCM ~ Pulse Code Modulation) e
CHCTON B 1IpeobpasyBaHe Ha AHATIOTOBUA CHIrHal B IM(POB, KATO Ce HITOSHA A80-

waen ko Kuv a3y rpyna cuajat ome Oudhepenyuannama UMRYICHO-K0000

3aHH B3aHMHO- ETo 3amo TAXH

T0TaTa Ha
BBIHH IOpHATA rpaﬂwma qe

12

M — Di 3
,,ooyf"’:,:”,,,%;iqm (I;gérﬂlt:%gzse Code ey
"00034. Maﬂ"ﬂyﬂa“llMﬂ (Keying), 3, Hol::lcode Mhﬁuﬁ " ﬁg‘mm

o7 emem:-:muonymmum“ CHrigy o0 L Ve
g T TP UMITYJICH, Koprg oo -~ MCKPerey “2PMOMKg,
o8 * HHTE BHIOBE MAHHITY ALY cq TPy nomaiar H Ok S,
g AmnAumyona Manunynayy,, (AMr)

[ iTyAeT Ha XAPMOHHIHOTO Bicogqygqy AR,
AM 50T OT cumponute 1 n 0 Ha Monysp OTHo 1pe plityge Shif
oM 6 ecmomHa MaHUNYayus (‘IMammn) CHTHa )y Mekye K‘Yin'g)

HYHOTO BUCOKO =15
, pa XapMOH 9€CTOTHg requ
Ta:o jre 1A MOAYMDAIIIS Curpay, T TERKE o :;;y L
oM 5, Da306a MAarunyiayus (CDMH) (PSK .
~ Phage g
€€ Syin
CHa B mﬂcchs). Qa’!&]’a i
MaHUITY TALAHTE HMAT Pa3HOBHTHOcpy - ot MR

HOTO H3H0ﬂ3Baﬁe B CBBPEMEHHHUTE PamoKo emma’ o

gpara yCTORTARCCT EPSIN SMSINCRIE, MYy, o TP 5y
10 HoBocT B ChBPEMEHHUTE KOMY HHKagy Y
ion0000H1) NIOPEOUIU 32 TPeHacare

(1

JHMCTE,
52 AmnnumydHa Modynayus

€ |31y
Ha un), OTBBanemHa

Te OCHTYPABAT 3alIHTa OT Hecaﬂmo}mp:gmm_  la
H0CTRy,

B k1acHDUKAIMATA KBM T. 5.1 Geme H3ThKNaro
ce MPEAHU3BUKBA W3MEHEHHe » I8 Ipn
e NTEHHE B 3aBHC Ha aMmmTy naty gy AMIUTHTY Mhary .
4ecTOTHO TPE HMOCT OT Moxymmp &
qoplnecTBABa OT Modynamopa — yeTpoiicTro, Koemm MTEAN. Tom mpogee e
[Ipn KOJTHYECTBEHUS AHAMS Ha Wmmmcammﬁm HeHHeey oy,
3aBHCHMOCTH, KOHTO HMAT BAXKHO NMPAKTHYECKO 3aneﬁue°lwmmn ce o .m, Y

[lpyemame, Y€ HOCEHIOTO BHCOKOYECTOTHO Tpemme
oHrHall ca XapMOHHYHH TPCITEHHSA HUE o Moy

(5.4) ay(t) = Ay cos wgt,

(5.5) ap(t) = Ay cos Qf,

To3u MOAXO/ HE HAMAJsIBa OOLIOTO 3HAYCHS Ha aHammza,
pocTABa 3AMMCBAHMATA. Beue e usTekHaTo, 4e 0y >> Q.

M3MeHEHHETO Ha AMIUIMTYaTa 03HAYABA KbM ‘ T
wer a (5.5). B pesy.ITar Ha TOBA ce NOMyuana usp aa;:: ﬁ::mmm “P‘ﬁmmm
pﬂHOMO mpenmeHue b

(5.6)  audt) = (do + Ay cos Q) cos gt = 4yl + mmm)m‘ﬂi s
kbieto m = Ayl Ao ce napuna Koeuyuenm na Modyranusma wik dnabosuna wa
nodyrayuama (Modulation depth), s R

Ha (ur. 5.1 ca pjaaenn rpa@HKHTe HA HOCCIIOTO TPRIIOH M
CHPHANL 1 AMIUTHTY/IHO MOJIYJTHPAHOTO TPeNTeHHE (MOAyaMpanis cura). o
TeAHata rpaduka MOKE Q Ce HAGNIONABA © OCUIVIOCKON MM HA MOHITOPY K&

Rﬁ%:w:“m




10B2 na ce OGPH'}'WI K( :
4 a € paABHA WIH TO-IIINPOK

3 rpﬂﬁ 3 OMpENIE/AHE Ha CIeKTEpy
: 1 ce B3eMa 1oz BHHMaHHe 1
gure !

(5.8) COS OL.COS B =—

Honyqana ce :
5.9) ‘ *-
; am(t)=4o (1+m cos O cos

a1

3 qapin. TT6PBATA OT TAX & Tpe
@ QcTaHATHTE JBE %manm ¢
mAd/2. :
ﬂmm:{ecro'ra'ra 0o~ ce He
ﬁequcﬂcY)' #
E yrara q4ecToTa Mo + Q HOCH
T side frequency).
1 Ha ¢ur. 5.2a € Ta/IeHa Criex
ull AM). Ot Hes MOXKE 1ha ce o
Jaina J1ema (Bandw1dth) Tae
(5.10) Ban=2Q. s
Koraro MOJyJIMPaHOTO memem
puiricH OT JBETE HECTOTH Q <<, 1
 ja ueCTOTHATA JICHTA CE ONPEJeIs o
(5.10a) Bay= 2. :
] AMIUINTYAHATa MOZY AL
~ (MeKTHpa, KOHTO €A OT 3HAYCHHE 32 U
~ pgBaHe HA @HEPruiHUTE MOKasaTenu,
el - Amax = Anin f e Amax + Amin ) Banancuama amnaumyOxa mo
2 2 e % uppressed Carrier Amplitude Modula
Heofixoanmo € m < 1, unade Gopmara Ha 0OBUBKA DI A - HOCELIOTO TPETITEHKE € Tt (¢w
HAMA 14 CHOTBETCTBA Ha MOy IMpanina curuaj, HeehoTeTers ] Gilte, 1O BBICTAHOBABAHETO HA
BATA HA HOBH YECTOTHH ChCTABKM (HENMHERHN !«lsxp ' eeHo (HeOOXOAUM € TeHepat

AYAa1AATS (IETEKTHPAHETO),

4) AMIUTHTYIHOMOZY/IHDAHO TpenTeHHe
Dyez. 5.1

[osioBHHATA OT pazIuKata B MCIMTENS Ha (5. 7) e p
HaTa OT CyMaTa B 3HaMeHaTeNA — Ha Ay, T.€. )
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00HE: aKo ¢
gpacBa

e
Cpeanamm MO ‘

o TD' g
614 For,

& . il il KATO o2 Ty, e
npeﬂeﬁpemo MANKH H M
B 1s) As(l+
Tosa ce BIKI am
Ero 3310

(5.16) B

P O pmrrerpana:»,é oIy
LerpbT 7 KOCHHYCA 32 e[IuH
Cred TOBa (5.16 '

Cuexrsp #a aud) TPV BT _ 5.17)
ﬂ)qec‘!:ﬂfﬂ — HelpeKbCHAT CIEK ( ‘
Due. 5.2 ~ Apanu3bT Ha (5.17
: e . TIpH JTHTICA HA MOy Hpa
4 : | B b
: . | B ) Ty
: (CpeAHaTa MOIIHOCT & MOLy
>'K - race roBOpH 33 “peXHM Ha H
d . 6. Tlpyt MAKCHMAITHA MO
I , ! * e ﬂOﬂyana g
® : —
) Criexrsp Ha as(f) P4 e | (5.176) B oae =4
s MORIATE eHTOBA MOy/Tals ToBa € CHUICCTBOHHAT H
Quz. 5.3 ke g [ocneanuat cyHaii
6. Ipy ednonenmosd MOOYAAYUA
m.
61 asal)="cos (00 £0).
Intocut » (5.12) BakM npH TIOTHCKAHE Ha 10K
HYCHT ~ 32 TOpHATA, :

2. MomHoeT Ha AMIIATYAHO MOAYAMpa
HpelicTaRa 34 MOWHOCTTA HA MILIMTY/IHO MOJLY



(5.18) dt:J_’?PO(HmcosQI) dt =
= 10 T Q 0
CPT{I Tﬂ oiiH ocTHaPcpm npﬂm——' 1’ T.
cT0!
agcuMﬂ-'}'f”Ta ~15F"
(5,18a) cpmmax’wum onama yooynayus € Heuz2o00Ha
HO e

C,,gaaaﬂmf—” i

na"’e’ge' 0 sl yoTaHOBH; we mpX EDIOREEE
0-Ha
npoﬁﬂﬁl‘d
— MOAY. ¢ H3TBYBAHE HA HOCELIQ

= 00aBK aHETO Ha H, cpeAHd 1 KbCH BBIIHH. P )
n B pa'uﬂﬂp POHGMH paSMepH Ha I'panMBHHTe CJIEMEHTH ;
cpﬂmm:ﬁﬂo MO ’ L ppnan (MF) ce mpHeMa | = = [loxasanuTe Be c)zemf o
e cT0 RIOEE (HF, LF) — Ha XH/ISAH KAIOMETPH. Pau ‘ : g)u 5.1 ITono6HO € npecn by
 Ha KBCH Hﬁ;‘;ﬂﬂ poKIA H gH3AyIIHAA TpaHCIOPT, H B JHIT 3 (3 ) eSS 48.

p TeIC ; k ) :
g T S o o o,

c 1 CBOTB i H onepalii, KOHTO
iy eHTOBaTd MoIyJaHA C& H3M0I3BaT ChC CIO . b ;.50) Haii-HanmpeA ce u3
Te/IeBH3HATA H B CHCTEMHTE 3¢  (pen 082 PE3HCTOPET H K
= 3 wmﬂmxowlemamp C, He ‘,,,A

oHHH JaMIH
apes eeKTpOHAT ymponma Ha 6a3ara Ha YMHOXKEHHETO H CYMR_P
Tosa He IPEX pHHLATHA HOBOCT, Thil KaT0 B JIAMITOBHTE 1
JyAaTOpHH cTBIANA csmo ce H3BBPIIBA YMHOYKEHHE, TIOPA/I Henuie
HaTa JHCTHKA.

He ¢ Tpy/HO 2 e A e B cxemata Ha Gur. 5.4a B pesynra
4 HOCETOTO XapMOHHIHO tpenene uq(f) ¥ Ha MOy THPAIIHSA CHI
(hopma me ce N0TYIH cyrHa ¢ Gan1aHCHA MOZyNalHA (5.11). 7.0
¥ Uycos @of . Uy €08 Ot =k Uy Uy [cos (o — Q) +cos (@

a npeofpa3yBaHeTo.
cHa MoZyJ1alKA ce NpubaBH 1 }m
KOHTO CB,

OKaKE,

KoednuueHTET k oTpazsB
AKO KbM CHTHAJIA € HanaH
5.45), nomyHaga ce CHrHal ¢ aMILIMTYAHa MOy IalunA,

cewa gectora (5.9).
o

4,
Use

4)
Duz. 5.4
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A i (5.24) m

pdynai’ , J13pa3eT oxe 1a ¢

ik o T03H BAA oy aLEs ca JAAEHI BT, 2 E D . [Tbpata rpadvixa og o
- pd anmxcm'ﬂan,amm
3 oY n:.rpotra'[‘a Ha dpﬂt) B 3aBH %

er0

06 Angle Modulanon) ce cpema Tof IBe oy
o yecTOTHA H dazosa. U B fpg,

azama u MOMEHMHAMQ ye
o M3BECTHO NPEICTaBsHe mﬁiﬁ%

aoE o aBHOMC
prl i ME 'erOBaTa CKOPOCT e
(7

.._-_-..._--.--

TOBA ‘P" 3Hd
4 fco df
ex/1aHe Ha XapMOHUYHOTO

T () mpH PasT
aFM

pa ¢ decToTaTd:
oAy AL _Frequency Modulation)
Jecmomanta ce UMeHs. 6 3asUcuM ; /\ /\ /\ ﬂ

oxa3Ba, 9€ ' ‘-,. o
prcwe, 7e oRyTHPaITE e V V V V\,

KOETO CE ONHCBA ChC 3aBHCY
Tpadwano npencTassme m i

YecTOTHA
Hassaﬂﬂe’m I

cuzHan
pﬂuﬂw T ce oxIpOCTﬂBa aKo ce

2 HOCEMIOTO TP
(5.22) COFM(!) @ T ki Apr €OS Qr= g

xbﬂer‘;l ¢ Koe(MIHEHT 32 j3paBHABAHE Ha PasMEPHOCTHTE, koSl

popaid npeoOpa3yBane Ha HANPEXEHHETO B qecToTa;
Aw,, — AMa 3HaUCHHE Ha AMIUTHTYa NPH M3MEHCHHE Ha qg )

piaa desuanyua Ha weemomama (frequency deviation). s
basoHAT BrbA CE ONpEAENA 1pe3 (5.20), a UMEHHO
(5.23) Wault)= pru(f )dt = I(o)o +Aw,, cosQ)dl = mot ¥

WspazsT 33 HO

philia £ ONUCAHUE (mam

+ A®,, cos 1,
Hanara Ce M CHIIECTBEHHST H3BOZ, &
qpiiisl CHTHAJT €@ TIOCTOSHHH 11O CTOlHO
UecTOTHATA MOZYIALIMA HMA Mnm S50
- paHETO: Ts e ¢ MHOro mo-nodpa y
 pIMTY/HATa MOJYJIALH, Heiinoro

(VHF) 103B0J151BA 3ACMAHETO HA UIHPOKA ¥
(15kHz, a AM e ensa 4,5 kHz). [lgere nj

 ja MySHKTHITE IPOTPaMH, KOUTO “
 JHOHHHTE 3PHTEIIH, e

(dazosa Moayaauus (PM _!

. Tosa e apyrata (opma Ha Bgtangiin
ipneneue Ha dasata Ha HO qnmf rper

o ¥

(5.25)  apadt) = A cos Vm

Casara yprdl) ce ‘

(5.26) el =+ m

YecToTaTd H

cemioTo TPENTEHHE, NPH TOBA 3HAUCHHE HA
eMamuiecky MoOel) Ha CUZHANa ¢ Hecmar
(524)  apdt)= A cos widt) = Ao cos(@ot + mg sinfif),
KBIETO M,y € UHOEKC HA HeCTOomHamd mooyrayua (modulation indﬁﬁ;:
Kaxto ce uAua, m, = Aw,/C) 3aBUCH OT ACBHALMATA HA
wecToTaTa HA MOAYIMpanIaA curian, Herosara CTORHOCT, KOTA10
CUMATHA € €N OT OCHOBHATE TIAPAMETPH HA CUCTEMHTE C “ecT
Tofl € ofext Ha MEAIYHAOLHHTE CTAHAPTH 110/ Na3RANMETo d

BHALAOHHO OTHOWIEHHE).




Ka 26 5(5.25))68 omyHanm SEaH
(5 27) = Ao €05 (ot + Mo cos Q1) ‘ ¢
eT0
a8 0 JoAm Ma sna9€HE ana AQy, Ha H3Mel
g1 1 66 B a undexe 14 Gazosamd yiooynayus (Phase de 2
; )
Mexay §3pasd (2" (5.27) uma ABe . :
3pa3 ce cpABPKA CHHYC, a \“
1y MOMEHTHATa ‘i'le ITO[

B

cKOOHTE pa MePB
oKd HA ppb3KaTa Me

231 ocoﬁeﬂocf ce
8 oTONHOCT wa (pasoBH? BI'BI;

6) mpH qecToTHE Moy 1 Mo = Aw,/S2, a Tpu b ViR
ymaekcT B (pasoBaTa oynati He 3aBHCH OT 9€C ToTaTaasona, Lt 7
Hall Ha Moy : 3 (5:29)

Harzeasd npeacTasa 3a TpENTEHHETO ¢ dasosa : . a yavciBane
aguxiTe B2 £ 5.7.3a yno6CTBO € npHeTo @o = 20 J:\()(I)nanm gt ; My

@0 > & s , KOETO He ? 3
0 pBaTanr:):?;:; e o MH— 3 515,30)
uxH. ITp i : pes anaimm3a Ha oAt
PBATa, KO oy OPY emoiigfé??ﬁ )
) © gIHAKBH ammm‘ H
A N -

erneaHo, HHAC
ca pasnonoXeHA ApyTH

c HHE, a BTOP
o aTa — ;
Ha Mony.
; ' ap. LoBg € IOKLIaR
1HO Ha @

ga1. [Toa BE
[IBTHA ¢ Ha HOCEMOTO TP
Bkaa c6 1° 1 TTOJIOAHTE CcTOHHOCTH Ha MOJY. ;
goTo TpenTeHH® p3npeBapBa OCEIIOTO, @ TIPH O TpmaJTI:Pamm‘ c 3
. 1 p«;,cxnaHeTO My = 5.
[llzpodHHATA Ha ﬁeﬂi‘aﬁ' :
CHEKTBP € ycugm&,
T'pacpuan
0 NpeACTABAHE HA (pasosara i .
1)
an A Ip Puz. 5.7 , i
Y, 0, HO Morar a ce 3 : :
m | [ : -~ KHTE € HecTOoTa Wy + nﬂ, ] :
‘ Wi6Q. 134, TIpK Y

pexnatnA Ha rpad)
Oyiaifus ¢ HKATS ¢ DPERLC
POBONCOA OM HECHOMHA MO 0)’1; a 71084 O
a”m‘ o ) :



3 apa ce
v S AR e crlil G40 O
wﬂueﬂsﬂ"”“" ce (5 Ha 1ecTOTHTE: difere Sars B
o 1 TIPEX ero ¢ +_Z’_T__5_9_—-sm2u, 4
a 27901071 5.10° nH T e YeTHa (
()= 200¢08 or.12, 101" e oouryCE
UEM N . i C yemHu
(zn.9o.loﬁr+4sin2ﬂ-12s5-1°3f)"- - ) cos (mosi
200c08 —t qeCTOTHATA JIEHTA 1P ] CumyCrT C€ pagnma B
H

3a0
noydaB 5 10° =100 kHz,
i Bmﬂjé“z;"n’) o 2.12,5. 100 @+ D=1 nc;n::z ;ﬁyﬁgﬁm
g : Gt A
o 29(1+mm+ fmg ) 212510 (L+ 4+ it s (5.32) ce npeqm
34)ﬁ3ﬂHCPmoch OTTP

5T [APOTHHATA Ha 9ECTOTH

oan}IC
fipumep 52 Hac B dev1at10n ratio) 3a MPEMOPBUAHHTE | -
[HOHHOTO orHOMICHH a rpaHAIHATA gecTOTA HA MO (- !
uATa iy =175 75kHz # B cos o . cosP
g =15 ' QHHOTO OTHOIIEHHE C€ ompezend OT HHACKCa Ha Mﬁ [omy4aBa ce
ﬂGBHanH c’[‘o‘ﬂﬂom HA ‘neBHalIHHTa M 4ecToTaTa Ha MOy : (536) aFM(t) = 45 { JU (m W)m
mmcom;manar cpe 3anafeHHTe, T:C: ; : +J1 (my) [eos (wy + ¢
it A 13 ANa +J (mo) [c0s (o, -
Moma =~ 15.10° +J3(’"m}[$5(mm-k
ey Or u3pa3 (5.36) ce BiKma,
HTa € P
IlupounHaTa Ha 4ecTOTHATA JIE oo om €0na Cuomaaka ¢ uaehmm 3
Bouy= naslimo + 1) = 2.15.10°(5 + 1) = 180 % st CoCMAEKU, PaInOTONCEN
~ gomaHa yecmomama ¢ nQ (n=12, .0

OGobmenne. Bivkaa ce, we
[GTBAHHMO 110 OTHOLICHHE HA KAHAIHTE 33 I
5

, padoTKa

E Vcranoneﬂo e CIeAHOTO: Gecen
3 mﬁnoc’rnpnn>m.n+l Hanpumep

_ Eto 3a1i0 CTPAHHYHHTE esw,
 qoryuasa NPHOIKEHUETO 33 UIHPOHHE
(537 Beu= 20 (mm

Tpumep 5.3. Jla c€ onulIe CHTHATBT € (ha30Ba Mo,uynam :

{moTo TpENTEHHE € © gecrora fo =200 MHz 1 ammTyja Up=3
(hazoaTa MOZYNAHA m, = 10, 4ecToTa Ha XapMOHMYHOTO MOy
ane F =5 kHz. Jla ce onpeae/ AT rpaHHYHHTE YECTOTH H LIHPOX
we

HaTA JEHTA.
Wanomear ce (5.27) u (5 .29). Nonyuasar ce c'bo'rnmg

upft) = Uy c0s (wof + my €OS Q) =
= 30 cos(2m.200.10% + 10cos2m.5. m’ig@ %
Bou= mmwz 5.10%.10 = 100 kHz; |
£1=1o=0,5 Bour = 20010 ~0,5.100.10" =
o= o+ 0,5 By = 200.10° +0,5.100.10° =

: peobpasyBate.
i B uecTOTHHS MOAYIATOP Ce I
:;» Hanonssa ce aapunan—uu%m

= Jlobapka (1a mobosHaTenuIe), AHAINILT HA cnumm *

o et s XAPMOHHIHO (emnwmw
L —



5.4. UmnyncHo-kodoaa Modynayus

Fwnyacro-kodosama mooyiayus (HKM), (PCM — Pulse-Coge
€ B OCHOBaTa Ha CHLBPEMEHHHTE Yyu@pposu komynuxayuu (ISpN _
Services Digital Network — und)poBa Mpexa ¢ HHTErpauHs na yc’le"H’re) a

APYTH 001acTH.
3a 110/1y4aBaHeTo

HH TPH OCHOBHH IIPOLEAYPH.
1. lHCKpeTH3HpaHe HA AHAJIOFOBHH CHIHAJ (samplin

CHTHAI Ce THCKPETH3Hpa

3a JHCKpeTHTe, pasrieqaHa oocTorHo B T. 3.1. Heka TPHIIOMHY,

BpeMe Af, mpe3 KOWTO ce

Ta rpaHUYHA 49€CTOTa B CIIEKThpPA HAa aHAJIOTOBHA cm'Ha.nﬁ,,

Ha ¢wur. 5.9a e noxasaHa 9acT OT OPUMEPEH AHATOrOB CHIHAT 4

KDETHTE), HAlIPaBEHH pe3

4aBa s(nAr), (n=0, 1, 2,...). MHoro 9ecto, kakTo u B ['1aBa 3, BMecTo

Ha CHI'HallH C HMITYJICHO-KOJ0Ba Monynam ca x
apaw

2). AHaﬂOI‘OE
0N383 Teo
> ge mpan
OTYHTAT JMCKPETHHTE CTOAHOCTH 3aBpcy BT e ot
3 TOpHg.

110 OTHOIIEHHE HA BDEMETO, KaTo ce H3

1 1
AfS——=—,
Iy

2/

OTHeTHTe (1,
ana s(t) ce oy
At ce }BHOIBM

HHICPBA/I HA THCKpeTH3auus Af, Ot cury

H 03H29erHeTO T ¢ yroBOpKaTa, 9e TOBa He CE OTHACA 33 epHOTHYe CHI'Hay

5(1),
s(nAr)

Amnanoros
CHTHAan
\}lnc!cpe'm

s(nAr)

|

2

—

2Ar nAt t

@) AHAJIOTOB CHTHAT ¥ AHCKPETH

Ar

9
6
3

0\

5 ,,,(nAl).‘

0o

0 |

| 13

\ N

At | 2A1\ sss Al

r?j\K Barrryiau curuan s,(mAr)
12 6

.V()
1101101100 0110

~

Ar 12A1

e nist f
) Carna, kojmpan ¢ HATYPaleH Koj

Duyz 5.9

1 ﬂ.mj() 00 Hz (cBe 3amac cupaMo 3400

eflypa € THIHYHA 32 tndpopary
TasH npou B Tenedo
‘ ——yit 3400 Hz, Trii kato T0-BHcoky qeﬂgm“::-Am
0 epe Koii TOBOPH H KaKEO rosopy. Cmcmmaum e € H MM, 33 1
3 (CTpOIBAHETO HA TIOBEYe Temedonmy Pk :eﬂbmm TeHTa oy
6 Hz) 5 BT
a At =(1/2.4000) = 125.10°° s, Crenosarengg
10 €AHA CTOAHOCT NMPE31 25 MuKpocekyjy,
0 KpanTyBaHe N0 HHBO (quantising), Carnanyy, oo
HH;TO' ¢ HeNPEKBCHAT 110 OTHOMIERKE Ha Hypgyy (;mgq
;fcspﬂ" Jupa CBC 31a71eHa TOYHOCT. Tasy Npoenypa ce Bap"cm'ﬂ). To
2 [lpu OTINTAHETO C& MPHEMAT GHIKUTE. crofy 5 2 Ksanmysaye gy
160~ 2
H“\gep HANPE/KCHHETO HA CHTHANA MOKE 1A Ce orupry TPes 1 V: 01 g . Han-
4. Ha 5.96 3a IPETTIENHOCT Ca MocoYeHy HHBATa 0T gy, m; 1,2 Viootvy
1H. Jlnmepeansm Ha Keéanmyeare Ah (quatising interval) ce onper :
ofpaKeHH. Mexty TAX € pasiennTennara CHOCOGHOCT Hg qommem Ofl'wmpemaa
:ﬂﬂnq eckiTe yCTPOHCTBA. OT Apyra cTpana e pasgy ¥ Iponyckatenmars o H

HUKAHOHHATA CHCTeMA. Tx He Tps6
ocT Ha KOMY : : TpsA0Ba na ce Ha’mnama
:j:'r)Hﬁ’H usmaunk (redundant information), ¢ unpopua-

3. Koqupane (Encoding). Crex xsantysanero no HHBO Ce Nonywagar
qyici CbC CHOTBETHH PA3pEIICHH CTOHHOCTH. Taxsoro e

) B
i1 ce H3BBPLIBA IPE3 IBOMHEH KOA. TOBA & noscHero ga dur. 596, i
Paspe/HOCTTA HA KONA 3ABMCH OT MaKCHMamHata CTOHHOCT Ha chrrana L
jicTIKATA HA KBaHTYBaHe A/ BpoaT Ha HeoOxommmime HUBA &

I
1 0_]}"{213

N=—"D2=
Ah
Ot apyra cTpaHa N ce onpeaens or 6pos ka cHMBommTe Ha KO/Ia m u CHMBo-
mime B €10 KoMOnHauua 1. [pyn ABOWHMS Koa m =2 Heobxommmo &
S

max
Ah

Tosa o3Ha4aBa Ja ce n30epe n Taka, 4e BEIMOKHHTE KOJI0BH KOMOHHAIWH
Jaca A0CTATRYHH 32 NPE/IABAHETO HA BEHHKHTE PA3penieri Husa,

PasriielaHAT KOA € HIBECTEH B IHTEPATYDATA KaTo Hamypanex deouyex xod
(Natural binary code). To# ce H3MOA3BA KOTATO CHIHATET & AHOMNOAAPEH (mpena-
BIAE HA JAHHH, TEIICBH3HA U [Ip.).

B trenedonnnte croOmenus, 3ByROTEXHHKATA 1 B ApYTH CIydaH Ce H3nouIs-
BT ABYMOIAPHH CHIHANH. TAKBB € CHIHANGT, HHATO m@memnw
510, Tlpn koampaneTo ce B3ema M0/l BHUMAHHE TOIAPHOCTTA Ha JHCKpeTHTe, 33
llena ce m3nonsma cumempuyen deouyen koo (Simmetrical binary cods, foldet
binary code), MupausT (Hafi-cTapLIMAT) pajpen ONpeaeas NOASPHOCTTA HA CHOT-
KTHIA AMeKpeT, a clieBALIATE Papedi — CTOMHOCTTA MY, Hanpisep axo 8 mp-
WA paspen tima 1, clieABALLHTE PASPEAN OTHHTAT NOMOKNTEIHA CTOMHOCT Ha s
H1a, mpu 0 OTPUHLATE/IHA.

(5.38)

(539) N=28>




aH CHC CHMETPHYEH KOXI

Cursall, KoAHP
Puz. 5.10

THATE KOJOBH KOMOHHAIMY
pospHEAs cMrHaL. Hapg

eHH CHOTBE

ar. 5.10 ca AaA
ocTH Ha ABY

cTOHH
1, amon HeA —€ !

Had

gog 3P
3am04BaT €
54. /lac onpeaet GpoAT Ha paspeluTe B KO

npH 3mo/I3BaHETO Ha HATypaIcH gBoudeH KOJ, aKO CThIKara

Ap=01H MakcHMaTHaTa cTOHHOCT Ha curHana Smax = 12.
Onpenens €€ HpoAT HA KOMOHHALMKTE IPE3 (5.38)

Mpamep

qge
N=2'=128> 120,

AT HA PA3peanTe € 1 = 7l
cTOTHATA JIEHTA H NPONYCKATEIHA ¢
TempTe ¢ HMIYJICHO-KO10B2 moayaauns. CUTHAIATE C PIMIij'fQ ot
fanmA 3aeMat OTHOCUTENHO IIHPOKA 4ecTOTHA JIEHTA. AKO ce s
¢ aMILTATY/HATA MOy AL, C€ BHKZIA, Y€ MOTYIHUPALIMAT C
AMITY/ICH 1 TI2Y3H, KOHTO 0Tpa3ABaT CUMBOJIUTE 1u0. Tesn 0
cnexTsp. Topa Gewe YCTaHOBEHO B I'nasa 2 BbB BPh3Ka Chb o
wa curpanmte. T1o Tas# NpAYMHA MOAY/IMPAILHAT CHrHaI e
Y 4ECTOTHH JIEHTH. R

JlecHo ce yCTaHOBABE,

CrenosaTe/HO Op
[LIupouuna Ha 1€

we Ha umnyrcume. Te ce TpenaBat
¢ Onpesie/icHa TaK,
f};qumy) fe. Tlpy HEHHOTO OTPEACIAHE CE B3EMAT nmﬂl@ \
ﬁﬂ;cpem:;aumx fy ¥ BpOAT HA paIpEiMTe N, ¢ KOUTO Ce l
CTOAHOCT HA CHIHATTA ’ £
(5.40 =nfy = .
) fe=nfy=2nf,.

guP
o

CHrHAJ1A.

(5.41) A =INEENE
o ce IPHEME MOk
ouHaTa C’foﬁﬂoc-r- Ha fy,
a)la cBC CTO“HOCTI‘a Ha T3
(542) Brone = fio= s
AT

JecTOTHATA JIEHTA Ce u3
,KALOHHEH CHCTEMH. T
1 Ha eH ouT Pm‘b"l’mamw, :
onchaHaTa "Hq)OPMa-m' s
n anycklfMMua cn "‘-’05":@ g
o] capacity). Kommectsen e
&= f N 10g2 N=n ‘;;rm

Ha g

i)

pira

[IpnMep 5.5. la ce OIIpé :

;00HOCT na cucremara MKM-3 0';‘;;“ Hee

e (aHan CBOTBETHO 33 CHHXp
HA rene)OHHHA CHTH a5 i ]
8 pazpe;la. = I

C et 1a CE OCHTYDH pe3 e
i fy = 8000 Hz. PE3EDE & npw

TakroBaTa YeCTOTA 3a enmy ;

_ nfiv=8.8000 = 64 000 Hz, AMH  Kamay
Tasu CTOMHOCT HAa fo ompenes i
_ 64.10° Hz. npenens
[IpomycKaTeIHaTa CTOCOBHOCT |
G = H; =R 00!

3a cucremara IKM-30 ngces 8

C=32C,=3264]
YecTOTHATA JICHTA H TAKTO! Nk
JuepeHIHATHA HMITye
¢ B¢ PA3HOBHIHOCTH Ha mwhcm’
oka3BaT MOJIE3HH 3 HAKOM ClyHan )-KOJI
JlnepeHIHATHATA HMITY.L
pulse Code Modulation) ce npuiara,
IyNaBaT MAJIKH H3MEHEHMUS, onupa ce

¢a Mo-Ma/IbK Opoi paspean H& S i
gur. 5.116 — H3MEHEHHATA HA ,,

YCTAHOBH, Y€ PASMAXBT HA PAs/IMKHTE €

"‘

fe
Breut




HIHATHA KOJIOBO-HMITYJICHA

epel
ﬂud:‘gnynmmﬂ 6e3 KOAHPAHETO

due. 5.11

roie Jlo6aBKa. KBaHTYBAHETO € mp
K010Ba MOZYJIAIlHA C€ O ¥ s

=2
Ha Cﬂrﬂa’mﬁ

472 HMITYJICHO-

I[Hdlcpeﬂﬂﬂﬂﬂﬁ
0oCcHOBHH npoucAyP

H.
c eTH3HPaHE Ha curaania. ;
2. gzp I;Zenﬂﬂe Ha pasJ’lHKaTa Mexay ABE ChCCIHH CTOMH

3. Kozmpase Ha ycTaHOBEHATA pasiHKa.
35 noTBBpAK/IABAHC HA Lenech06pasHOCTTa OT Ta3H MOy
opHHTE CHTHATH, B KOHTO npeo6raga

p3eMarT 3a pAMEP roB
[Ipu ¢aHa A cpiia 9ecToTa Ha JHCKpETH3alks, H3MEHEHUATA B

kHTe 9ecTOTH €2 CpaBHHTEHO M ; 5
T c1ab0, HO IPH BHCOKHTE YECTOTH PAa3IMIHETO

JleaTa MOTYJAUHATA (DM - Delta Modulation)'ce

g pABTHKHTE MEKIY CBC i
paspeie KOA, 4 C€ ocHrypaBa HHQOpMaluA camo Jaiu ca
punare;ay, Hanpamep ako A, —An > 0, IpeaaBa ce moJi
& ugn Ay Aw < 0 — orpmarerien (- 1), TDADHKUIS BA ur
wa curaana ¢ enta mogyauns. [Tepeata e Ha
pau curnan s(f) ¢ IACKPETHHTE MOMEHTH o1 Bpemerto Af,

BETCTEA HA MOJIYIMPAHHA CHTHAI spdnAl).

0) Henuneino KRAHTYBAHE (CTHIKH]
‘ Que. 513

" Tonarora ce wanonma  rpvukara Gyksa A ~ A MOy NaUHA,

yy vy



eJTHH!
cyrnand S B JGxpar c¢ HIBBPLIEA oBpaTHsT

ynm-peﬁa
noise)-

[IpuMEP

2,8 V 1psdsa 2 cen

na 6pa€ crprKara Ha KB

?
3a cpHO
CTOHH

(OfmuAT BHA

§2
curHat 1, “n —=101g6 + 201g(S,, / Ah)=7,78 + 20

"o M°/12
CrojiHOCTTa Ha g € 33Aa/IcHa H TpAGBa Ja e mo-rosima or 30 %
kpanTyBaHe Ah ce nonydasa 7
A< 10430-7.78)/2% 0.078.
BpoAT Ha HABATE €
]V.—_'_‘?'_.m_.,—___2’8 ~36
Ak 0,078
[1py HATYpa/ieH ABOMHEH KO/
N=2"2136.
Tprema ce n = 6 CHMBOIA.

AKO CE WATI0N3BA CHMETPHYE -
H KoJ1, ce pobans e
A =n+1=6+1=7cumpona, OLIE EIMH CHM

6) e MOIIHO

Ta H3 [OHATHETC

5.6. Ilpx KBaHTYB
oieHHe CHTHa/IIyM, IIO-TOIBIMO 0T 30 dB,

oIy IH OTH
auTyBaHE M

crapAHe Ha cursana 4
ocT Ha CHTHAIE; 8 T4 €

itHO KBAHTYBaHE CE HapH4a ;
piponeca € xomnanoupare. 3a mp
pHCTHKHTE ca yHUQHIMPAHH (YeHaKBexy

‘ e CITyKH 32 ceusdaHe Ha ouﬂwmﬁ‘
o KBAHTYBAHE B CHBPEMEHHHTE KOMyjiyy
AH(OpMALHATE: 3a TasH LI Ca Bpp

MPEG-4. o
m xeanmyearemo (Quantj

crra Ha nryMa 0T KBAaHTYBaHETO, KOETg

wymose oM xeanmyeaneno (Quantization no;

ane HA CHTHaNa CBC CHHYCOHma'q;ﬁp
xoyKo paspeaa Tpsi0Ba 1a MMat Ko

[IyMOBETE TpsbBa 2 Ce H3NON3ga e

8 28
Seﬁ' =—J—%=—“/_2-—_-22V'

Ha H3pasa 34 OTHOIIEHHETO CHTHaJI/H_[yM B nenubenyu Bk, :

=

. (NRZ- Non-Return to Zero). Tosu

- -TIpOMAHA OT 081
HapHa (hasosa MAHUAVAGYUS:

- woni MaRHOyTAUKH, KOMTO ¢

ﬂ - F.
?‘8 0° 1 npeMﬂHQBaHe oT mﬂﬁfi 2
']fol’“ ¢ QCHOBAHIE M1 33 HefHoT 4

HM(W

Moy THPALIHAT CHIHAI e np

(545) MM(I)=m(t}=.» f

HocemmoTo TPEenTeHHe & un(’t)
gia (Us = 1), to(f) = €08 @qf. i
B moaysatopa (Qur. 5.146) ce u3s '
4aBaT C€ CHOTBETHO: ; ﬁ) e&m \
(546)  a) mpu cumson 1 - u,
6) npu cumBoa 0 —
CrnedosamenHo npoMaHama
ma, eTHHHOCTTA HA TOBA T bp)

OuEBHIO €, HE UINOOHOMO

B ¢hBpeMeHHHTE KOMYHM!



ara KOMOWHanms ()

«ﬂBpraTHa, e
namst (QFSK LIS b e
g0 M7 4 quarpaMa a rpajuka e G gTopa't: -;;2?1-, :
> HOsicy 3 by 3
upalluAT CHIHAN € Npencrap i . Tt
i mB;{ISMCHGHﬂeTO Ha (asara ¢y 7 f;p Bemop}Tr;e;agSHaq?;ne m’mﬁﬁg
1o ; | ﬂﬂKa ) y dhasur
K00BH KOMOH : pas f Kty dasy
pyCcHMBO e oT THX CHOTBELGLSE TOYHO ; (1n 10) e 90° 1 T.H. =t
a € [TCHHE A oKaa e, 1€ ape3 enno
HocemoTo TPC quasa ce bep3ooeiicmeyen,

Go1¢ BT Ha H3MEHCHHE B GuRapy,,,
ad _90°.AKO C€ HPOXBIDKH mo- m i
1P 7.0 C yeenusasane na ip amu;ﬂ%}:m
o 10 i i WSS
Ku. a OT THX g :
a3 ;ﬁg; (ckopocTTa). OBukHoOR ei?:ém
oT opCUHBHTE PESYJITATH, £
P Keaopamyp Hama.dmaoea MaHunynayy;
; mpeﬂme’mﬂ cOS Mol H SIN Wof B M : (nr i
Jor H2 ur. 5.16. Te ce nomygagrar c'i s
aHE Ha TE/Z H“@POB“’H CHTHAI MOCTRM®R
B AT (mOCIIEIOBATENCH) KOT ce m RIS
Je/AHETO HA CHMBOJTHTE KBM ¢ " i,
qact. JIBeTe pameHa paGoTAT Kato G‘iﬁibm ‘
orr'[‘;[x ce CyM“paT- W

ava i Tpa(yKa Ha TIOMYJaBaHETo
BexTopHa Jlﬂammypﬁa asoBa MAHTYTATIA - o

KBaAp
U Do s

enuAma Ha MoOyIUpanUA cuzHan MOTaT J1a CE MPEACTaBAT ‘i’pﬁx e

HameH

(at + @) = €OS §-COS wof — Sin @.sin Mot . Lo
(popmamATa € BIEIBT @, a KoMOHMHaIHsATa OQ
5a o= /4. SBHO €, 1€ COS ( u Sin (¢ MAT ONPECIEHH CTOHHOCTH 3 p
Koz10BH KOMOMHALIMH 1 T€ Ca paBHH Ha (\/5 /2= 0,707), HO C PAaCTAIH 3x;
T0BA, YCIOBHE (5.47) moke 1a c€ Hanom%a 3a NPEACTaBAHETO HA MaHMITy
¢, KaTO 4pE3 OTPHUATEIHH CTOMHOCTH ce M3pa3ABaT HYIH, i
souTeEATE — CAHALY. [IpHeMa ce o
(548) cosQ = Ay, sin @ = Bo. e §
[Tpu TOBA YC/IOBHE H3PA3BT (5.47) Moxe /12 C€ NPEACTABH “ﬁzﬁn 4 pia
CLOTBETCTRA HA CHTHAII C K6aopamypHa (pazosa manunyrayusn
(549)  agps(t) = Ay cos mol + By sin wof, ‘
¥be10 Ay 1 By wvar ctoiiHocT —1 uin 1 B 3aBHCHMOCT OT CUMBO.
OTBETHATA KOJIOBA KOMOMHALIMA, -8
Upes (5.49), BekTopHaTa AMArpama U rpadpuKaTa Ha (Hr,
HPOCHE/N HIMEHEHHETO HA CHIHAIA BbB BPEMETO, 'padukara ¢
POCTEH 34 NI0-TONAMA IPETIEAHOCT, e

(5.47) cos
Hocurea Ha HH

00111001 | TTpeoOpasysaren
0 Ha S/P

Manumynarop 3a K

Yy

~ 7 A



(d

mapuKHTE HA M

Td /]

qe(TOTA’

BFSK - Bina




croTHATE jexta HE HECTUIEEAREERE
e nenTaTa Ha AMIUTHTYTHO M
HMMITYJICUTE, TSA 3aBHC]

06 ge qe
o A aBHE it B8
& HOC
nPOﬂ"’meiﬂa HA 7ecTOTHTE

syl HA HETOBHTE Hecro,

?:ln ata B« HenpexboHaTa 9eCTOTHA Moy, i
o JiaHBH C [ CI 5 i | v
no YCT?, aMnnnTypnIllilz MMymeHmi-. , 3 "‘f:. 5.21. AMITyICHATA Xapaktepyey, . '
aHMmy nanyy, | Eoprdamidf" (raycoROTO) paspesespe °*

a MOY- matA
o curHand ¢ gpowna (GHHAPHA) HECTOTH
yaT0P (neI‘eKTOP)- EnHO OT CXeMHuTe
oo TOPEL 0 piamomBaT ce ipa NEHTORI (DITTEPS,ATEIEES
kasaHo Ha "r,('n ér foydeHHTe oT TAX CHHAIH C€ JIETCKTHPA oT clfa
Bee & detectOT)s qHETO HM3X0IHO HANIPEKEHHE ChOTReTe,
curnasl. HanpeXeHNATa Ha nparg lle're

mexmop HHA
o8 0€me sipocTH Ha BXOJ
cT0 HeTo ce MoJTydaBa H3XOAH
0 Haﬂpe

IV)"

Y. HHES
rar Ha CpaB
GP”waio%?a);ncﬂ o7 TOBA KO€ OT TAX € n0-rossAMo. Pemasamorg
mpg::;i cumsona (0 B 1)B cOTBETCTBUE C MOJAPHOCTTA Ha Hampey, =
;’):Tg’oﬁcﬂom 3a cpaBHCHHC: e
gerextop [
R
— [aycoBaTa MAHHIYJIAlus ¢ o
o 25 03 rpaKHTE Ha ¢ur. 5.22.
CpaBHsBaHE NEZ§
BppxoB
JIeTeKTop —’—f ‘
F 00/
Jlemoay THpaHE (1eTeKTHpAHE) Ha CHIHATL € GuHApHA YECTOTHA
Duz. 5.20 A
At
57 lf,":;;c:’:z 'x;nunynauun u Modynayus Ha wymonodo6Hu [\
['aycoBaTa MAHHIYIALAA € MUHMMAHA wnst (GMSK -
_ 4eCTOTHA JAeBHaNA (G i ) &
Gaussian Minimum Shift Keying) e 1ecToTHa MaHHITy1auus, B KOATO g 180°F- 5‘*“ hag
saT 1B€ 9ECTOTH, HO 4pe3 NOAX0AAI H300p Ha HH/EKCa Ha Momynm:& mm’ ‘‘‘‘‘ e
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[1€ YCTAHOBEHO, Y€ IMPOYHHATA HA YECTOTHATA JICHTA 3aBM ' 90°
-180°

14 Ha MOLYIMpALIAA CHIHAN F 1 wHjieKea Ha MOAY A Bry =
::::;z :; ;jcermﬂm%npongzzzauﬂﬂ Af. CrecHaBaHeTo Ha JIeHTaTa Ha
12 €4 NIOKA3AIH, 9€ €JIHO ng? e
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ce MpesiaBaT CHOTReTH,

poXkaar © HaMmaJIgBaHE Ha @, HO op

<y Ha cUrHaJIa.
on3Ba B CHBPEMEHHMTE

o

wmaﬂem qa gecTOTHATa leHTa HAMaJsBa mm’“%’ra,
cMyIIEeHHA. 2
LS — Noise- -Like Signal). OCHon
TAXHOTO CXOJICTBO C IIYMOBETE 110 OTHOHIZ:: | gy,
= CrexTbpBT Ha jryma ce XapakTepH3Hpa ¢ TOBa, we ¢ He Ha g,
u Geskpaet, T-- CchIBpYKa BCHYKH YECTOTHH Ck &
aKBH CTOHHOCTH.
e MUPOK M HENPEKBCHAT CTEKTED Mz
1c. Topa mojcka3sd qaupAa 32 (POpMUpPAHE HA CHTHAI, KOMTO 13
oTHOMCHNAE Ha CTIEKTEPA (PN — Pseudo-Noise). Toi 1ps
ATKH AMITYJICH, KOHTO J1a He ca [epHOINYHH, a IIsI1aTa ng
ra. ToBa ca xodosu nocredosamennocmu. Te ciysxa:

2 e H3BECTHO,

peanna oT l;}(: 3 T g,
BB3MOKHO 3 Hog,

mpenmeyuﬂ
CucTeMHTE

KOHTO CE H310/13BaT B KO
1. TexHHAT CIIEKTD

caHe Ha HH(OpMAITHATA.
2. Toii ce pasmkpABa 9pe3 nceBA0C Ty 9aitH| NOCIEN0BaTeNnHOCTH (NLS),

3. CHraanbT ce BH3CTaHOBABA HpPE3 CHUHXPOHH3HPAHO KOlmg Ha G'b i .
QG' ;

/ie0BATEAHOCT.
KomyrHKAUHATE C wyMonoA00HM CHTHATH WMAT YCHEUHH np

pasnuaHH 001ACTH. Hsakou oT TAX ca:
1. BB BOEHHHTE CHCTEMH 32 YIIPABICHHE U cmﬁmeﬂun (ba’ b
2. 3a 3auTa OT YMUIIEHH CMYLLIEHHUA. s
3, [1py 3amnTa 0T HECAHKUMOHHUPAH JIOCTBII.
4, Ypes 14X ce peliaBat ¥ CACAHNTE NpoGIEMH.
~ (yHKUMOHHPAHE HA KOMYHAKAUMOHHUTE CHCTEMH ¢ M
EHEPTVATA 1 TIPH HACKO HHBO HA OTHOLICHHETO curHan/uym;

¢ pasuipeH cnexTbp (SSS — Spread SPeﬁtrum s
MyHHKAIIHTE CE OT/IHIaBAT ChC CIIEHOTO, Wsms

p & MHOTO MO-IIPOK OT MUHIMATHUA Cnemp E&Hpe E
lils

Seq“ B anBa-ra MOZYNAHA Hogey i

ﬂovf’ ,.myMonoaotSna Hpenm] ﬂw

el
m;p_:ﬂrﬂ‘l cxata Hy1a: CMAHATA Ha y _ jpeofloABAHE Ha
\ens amHeiino. H3MeHEHIeTo. _ oBBIHHTE: S
ocneﬂeﬂo H3MEHEHHETO Ha P KAUMOHHATE CHerewn,
\eHEHHETO ciell ECTHST CHMBO aayiHA HA PA3IIMPSBane N,
80° - (—-180°) ca WACHTHIHH. CJIEA B cucTeMaTa € IMPeKTHg | :
ol ce Speed Spectrum) ce mﬁ@

MOAY Jmpauma'r CHUTHajy —

ce H3IT
¢ MPEeIUMCTBA.
epHPl CHeﬂHHT oBﬂ %
Hocmuna 4 1103B01ABA M3IOM3BAHETO | J(‘ﬁbp,;a ra rpaduKa) € CRIpPOBOeng o ﬂ% «
) <OiiTO € © BHCOK KOG(DHIIHEHT Ha i §0°) Ha HOCEIOTO TPEITEHHE m}
ac C), JI B ad € |3Mm0J13BaHa dazosa Mﬂm i

My“

3

Upsk

e

MoZay/IHpaHe Ha LyMONOA00H :

[pexoBT OT 0 KBM SAMHHLA M HAKON
{Ij1f CHTHAJ HE NPEAH3BHKBAT npom \
Bropara MOZyJaUmMs MOXE 1a @ H

e B HEAt CE H3NON3BA XAPMOHHMHO
-~ Nonoo0HATA MOAY 1AL C€ “TIpek;
[P PA3IIPOCTPAHEHHETO HA PANHOR
- 0as0BaTa MAHMITYIALA, HO MO




e et CTPYKTYPHATa CXemq,

apaTesA. g
a MOK ponpeat : s
onynampu ¢ ra 9acT H equH OUT 12 € C MPOIbDKHTE Ny, ‘
ja M ecTBEHd ChT 38 it G S
easBd cﬂé‘ MO € HM Mﬂﬂocﬂﬂ Ha €/l TyJ1C Ha HoCeygy,
Heo0X0 'z mpo. B
-r0
MHOTO
HHC fo (,b >7 fO)

T'eneparop Ha
XapMOHHYHO
TpEeNTEHHE

“Hpeﬁocna” MO/TyJIAIHS

Que. 5.24

e y3BHpIIBA OOPATHHAT Nporec. Crenonpic d

pika JIBa IEMOZTYJIATOPA 32 CHOTReryy ,?::_#mu ]

oy WW- 3

. GscHeHHe Ha TMPEKTHOTO PA3IIHPSBAKE y cp 1

oro HaraeaHo 0 i ” A CBuBaye .. |

ExHO MHeS B SPHeCKAT onepauiA ‘USKTOUEAUJO UL (XOR), pn mmna |

criexTEpa € P e 110 MOTYI 2 (mod 2) chriiacko penammite: 0 @ 0= | QBIOE E |

mybpmn_a lC)fo"ﬂ‘p69 | =1 (& - cumBOI 32 cyMHpaHe 110 mod 2) W 10-npocTo ﬂaen;, B
0,1 EB = a;e MOy ¢/THAKBH CHMBOJTH CE NOJTyHaBa 0, a Ha PasTHgy : i
npH CyMHP: e

«qsxmospamo win” (X ‘

C
B wsCTOTO B2 npHeMareTo

zmnonpnemnﬂqu" psb6Ba A2 chIb
p
jansA

OR)
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TNpenaparen [IpueMHUK
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Duz, 5.25 '

Ha dur, 5.25a ¢ pajena 4acria 0T KOMYHHKAUMONHA CHE
npeolipasyannATa (pAIAPABANE U CBUBAHE).

| juora cuctema TOBA [PEHACTPOIBAHE ce ;
| Gipso. To ce yNpaB/siBA B NPENABATENS K NpHe:

3 10p 3 YECTOTHA MOAYTALMA, HO T MOX
 UiTHAT 0T MOZLYIATOPA Bh3AeHeTRA (|
- 100e QOPMHPA OT YECTOTHUS CHHTE:
-~ enna (NLS), Tlo Tosum nasun npey
- povensina ce Hocera yectora, B up

o1 Oﬂepam Ca MNIoCTRL.
Pee iy Ha dur. 5255, P
W;;:,PBMT pen ce OTHacs 33 ”w: :

aiATa: :
d]OP Ha propys PeA € NPEncragpeyq e
a CBBCEM MPOCTa MOCHENORATar
\ouIHapAH, CIEIL KOUTO 3angqp,
06T {la TPETHA pell € 3amucan popy,
10 T he oA
HO a3 :
Qi 5 5? 5,:mc1-oro Ha MpHEMaHeTo, ?;:’Z:%ﬁﬂ
Q5T uM@ uyLs, T-€. NOKa3aHugy 3 nF HO
a2 4, KOUTO IPH TOBA OGsiCHeye et
pHBﬂBO gpaGoTKaTa Ha CHIHAMA 1, @ ""1":” a
“y3KITF0YBAII0 MIH™), Bﬁﬁinal? ce -
Oﬂef[p + curHam () R CH I
o (5:52)
CyMmaTa UnLs ® uns =0, 3amoro 0 @ gy .
TpaoBa 1a ce 0OBPHE BHMMaHKe g e 3T
paTa HauMHA Ha o6paborka, . 00 r
P cpIIECTBEHO: Tlpnt TspBHS dasata ya il:e 5:
# §0° camo TMPH TPEXOZ OT enuHuma gy P
pynais. BTOPHAT HAYHH Ha 06patorka ce L
3KTI0BAIIO HITH . s
CucTeMaTa C PASLIDEH cnekThp ke
requency Hopping Spread Spectrum) ¢ gropyy,
BmpeMeHHme KOMYHHKauuu. Yectotara uy g
npesiaBaTens M NPHEMHHUKA ce
:{Zﬂ oT BpEMETO C HAKAKBA CTOMHOC w
JGIHOCT: ToBa MOXKE J1a CE€ ONPHIIMYH ¢ yr( :
[aTa H npueMamaTa CTpaHa na npmw
puaHa paGoTHa (HOCELIA) YECTOTA N0 yetane
(uirypaBAT OTPENCICHA CKPHTOCT (komdy

a;

uM$ MMS@ “st=uM

renioct, [IpH TOBA €€ OCHTYPABA CHHXPOHHOLT, (
(o1 ce pOPMHUpA HOB MECTOTEH Kamam,

IEKTE Upe3 CKAMALIH HecTorH. Moyug



prOHﬂsﬂp apeT0 Ha TCHEPATOPHTe 35

e f; O EHE: Tosu NpoOIEM € OT npmm
L !
TYP o ecaHKyUOHUpan dacmbn, 1‘5
e KOH, KOMTO C€ YTOHUHSBA mpe,

|, CymHpaT c€ 1o mod 3 e
, i Dy €BC GYMampm%h T

‘prl‘e HpeMeCTBﬂT ce YMaBa ¢
CyMaTa 1®1=0ce mﬁm s

YecTOTEH 4
CHHTE3aTOp Teneparo :
P Ha qmpk ) I

HoBOﬂonyquaTa KOMOUH
e qrATa 1€ 6bae 0011 urg.
K0 ﬂoKa_gaHO €, 9¢ OBDKMHATA Hy lﬁ

TeHapaTop
NLS

w553 N=2'-1,

TTpenasare’!
DyHKUHORATHA CXEMA HA CUCTEMA C
Jsupes CIeKTEP Pe3 “cxauamu” gectoTH (FHSS) qero ™ © OpoAT Ha Pa3pEAMTE.
P B pagrnenaHHﬂ TIPUMED n =4 N*ﬂg
3a CH3NABAHETO HA MOCHEnOBa; I=15

Pue. 5.26

np0MeH}IIIIa ce Hocema quTom & ; paHd pellleﬂ]’lﬂ 10 OTHOILLICHUE Hg KW :;: s *

ena e B OCHOBATa Ha mﬂepampaa

HeTo Ha curgana ¢
30 pa3P

iﬂzomo Pasnpocmpaueuue Ha paouosvIHume. ;
WM”BPO,,T Ha Hpenm}oqnanuﬂ'ra Ha 4eCTOTHUTE € OT JAECETKH H Mo m‘ o1 ' yuHapA e %
g T, B GSM ¢ €2 227 npu 79 nopobxpata (4ECTOTH) 32 TIPOMsHa s ET f
[Moce10BaTETHOCTHTE (opeAMIIATE), KOMTO CE M3TON3BAT B cierey " | nipuvep 5.7. Onipenenere Monympanys oy
pasmmpeH CIEKTEP Tpa6Ba A2 OBAAT C MakcHMaaHa abkuHA. ToRa o¢ Miﬂﬁ:u 4 ; c pawuHpeH CMEKTHP, YHATO O

mygno pasuH(poBaHE. B nuTepaTyparta ce H3n0n3Ba'r H TePMnHm' eaﬁﬂéﬂ!ﬁ = 5.28, aK0 MOJLYIHDAHHSAT CHIHAI s
Jose ¢ MAKCUMATHA OBIHCUHA, “m-110C/IE10BATETHOCT . _ ko- ¢ KOMOMHALH UAGNLS = [001 010 110 ];01 Tl
gm ya CIEKTBPA € AMPEKTHO (DSSS) i o x

Konosete C MaKcuMAalHa JBJUKHHA €€ noJjay4aBaT 49pes3 “Pemmm
T5p I dPE3 3AKBCHATENHA auaua. Te ce oTaM4aBar ¢ Onpenenm nmmgzm :
OTHOLIEHHE Ha CHMBOJIATE H aBTOKOpEIALMOHHATA (hYHKINSA. = m ;

EfiemenTapeH IPUMEp Ha CXeMa 33 TCHEpATop Ha NLS e na}mmg@gm 5524*

Toji ce cBCTOM OT C/IEHATE EIEMEHTH:
a) nipeMecTBalll pErHeThp D, —Dy;
6) cymarop no mogys 2 (mod 2);
F) pepHra 3a 00paTHa BPL3Ka. :
enepatophT (JOpMHpa YETHPUEEMEHTHH mmmm,' w
34110484 CAE/ NIETHAJIECETATA 110 penp i o
Hexa mpeara komGumauns ¢ 1111. Bropara ce non

4pTIOYBALIO win” (XOR).

Uy "llemv‘.i

l'eneparop NLS g

e Cuerema ¢ D
onepatus

s g



ona €€ noay9aBa 4Ype3 cp)
Ty
B( 57) ce TMOJIaraT ChoTheTy

J'fﬂpa-u“{ﬂ curt £ Had H HOCEIIOTO TpenTe :
MOAY: oy M 5 m,m,paﬂwx cHr! s e HHE B | 3
aus B eaHo € C1C G . )=
onepR” s B ripere? =[oo1 010 110 101] (5% s e
MaH U p@ONLS Torasa ¥() TpHIGOH e
659 (1) = a(f) cos gt + p
x(t){u

®
w
7 111 000 000

‘M
Cmﬂaﬂ Jaa e U= [10]
. pepOATHO € MOZLY- ? i [l j
HIL" er,’m 3a eMH cnMBOJL B mppBus CIydan TPOIIE. o Ol S
";,'fo(jlrorpr‘ﬂ 1, = 610, 8 B®P pTOpHsA 15 = 34, (Bk. mr. 5.231). STHOCTTy Ohe
C
umu4HY cuznanu. lpeo6pasyea

He ya
a

58. Tecnoneﬁm

Xun6epm
TecnonenTB curnan (Narrew Band Signal) e nosu, iy
e cpedomoten & wcHa obnac oKorno Sona ween
" Kpyrephit 32 TeCHOMEHTOBOCTTA e cieHATA 3aBHCHMOCT :
-
(5 5 4) fﬁ— = E),Z_—-—-’I‘ << 1,
: o 01
jenTa Ha curyasza, OTrpaHHYICHa OT wHe e
aTa apUTMETHYIHA CTOHHOCT mcl‘b'm;re
o = |

ogu U aHar

ll?ééiﬁOmeH ¢ :

(°, Thil KATO HOCEIINTE Tperne Paznosng
TecHOJICHTOBﬂﬂ CUTrHaJI. Hemm[e 2 Ha mﬂm %
ua . UeCTo Ce IpHema oam:?‘i;m
HaspaHUETO HA IpyTata GasHo eTo
WIMeRAmy

e gecTOTHATA
0OHKHOBE

Ho TOBa HE € 3 JIH
pHTe CHTHAIA ce mojydaBaT HalmpHMEP Ip ST
17| ; L84

HO € CpeAH:

TecHOIEHTO
Al (puTTpHpABE © p3bupateIcH ¢uTEp W B MHOTO JIDyTH cﬂyqaum e
K1aC MOKE J1a ce OTHECE mecuwleumoauﬂm cay4aeH npoyec, auiiTo Ma L M m% i myda (PhaSC o e
cpBkymHOCT OT Ha BPEMETO C ATeMaTHgeqy & adrature T
:ggrenl": ca cKﬂyyf;ﬁ}m b Ha Bpenf)ero ﬂpemf: ?Ima mmme"liaﬁgﬁmm 2 gre TREOTEEET: (iSQ)?phmdeﬁQ}‘ 2
cen ToBa BEde €2 onpeaeaeH (I[CTCPMPIHJ/IPaﬂPl) W ce HapH4ar €T0,3 oAy 3' g AKTHYECKA CTOHHOCT
noasm;e 34 cTydaeH Ipouec e (b1e pA3LIMPEHO B CIIE/BAIIATA T’JIan' Toxg cucTerviE;3 ;e nge ;fel\:;l’;ar J1a IOCTTY>KAT pasrien
ecHOIEHTOBHAT CcHrHAJ, WIA CIy9acH npouec, MOXe na ce' ' | o oo B He3aBHCHMI 031"(13.59) %a opmaée'
ol v ana. m >
e CITvy
(eTHOCT B cucremute NTSC u PAL. | A
. L3110

[TeHHe ¢ eAHOBPEMEHHA AMIUIATY/IHA 1 BIJI0BA MOy IALiHst
3655) x(1)= A(t) cos[wo! 0(1)] = A(1) cos y(?) oo
suskara A(f) n $azara 0(f) ca 6aBHO H3MEHA : 5 ‘

1IH C : .

Ha ur. 5.29 ¢ naacha npUMepHaTa rpajuka Ha x(1), ot KO;I‘O(b Z:I;m Ha Bpewero,

BaHETO Ha [ABETE MOTY/IALHH.
IpencragAHETO Ha TECHOJIEHTO
pua curnan dpes (5.55) :
.55) @ B nonspha xoopd
APHA Koopdu-

‘w@d’a‘m 1

| |seropasMKOBH CHTHALA DK :
- AHATMTHYEH CHIHAX (ecn:m
- \ouiMO BBB BPB3KA C PEIIABAHETO B
[, WIOMATHKATA 11 YTIPARICHHETO, Tnm
- ovmekcra hopma, Hanpumep mﬂm'
| J0ce IPEACTABH, KAKTO Oetue ﬁoxaam' iy
o o
) o x +j sin xt .

W cucmemd 4pes Keaopamypiu
hdusimp ieluciss mfm 1.l;i’ cvemagku, 3a 11E1Ta e U3N0JI3BA OIHATATA 3Bl
(5.56) cos(af)= Sl [Ipeacrapsner
=08 O { : : 0 ¢ KOM 35
3 (1) 07 (5.55) ceﬂr)lo,qua :; cos 3+ sin ausin f3 . B Cby1aBA MHOTO Y00CTRA nggw
- HEXAPMOHUNHU Ipenmt ' .
eH
Hexapmanuquuumu:;‘e“m 2

Kil



e

)+ jx( ) B ;
c npeoﬁpmymnernﬁ G,,gaaeamw?lm
e oy camo 6 06na
et % peanHaTa H HMArHHCPH e ppcumocT™a (5.68)
a3yBane Ha XunoepT- i © HaTa Ha
anc o€ OnpeRsT? oT 3aBHCHMOCTTA o oﬂuﬂemﬂ"e 4ECTOTH U Ha
<(7) g0 . ouarnencHt Ha ur.
o O g AMATHEPHATa
710 sy )fﬂ.
11 0pamH? 1 ’x’(Q L e :
b kit el T
ppB3Ka MEKIY peanHaTa | UMarHHEpHAaTa ‘Iacr : s Sk & i
Occie; 633; P> aa B ME LexHHTE CTIEKTPH, KOSTO Q?, A ;
;Haxmﬂwosalﬂ @ yHKII sign ¥, 2 HL'JCHHO i S(@)= j- ;
(5.64) j(ﬂ)) —= -—Sigﬂ S(ﬂ))s -
e S(o)e crekTBpBT H2 peajHaTa JacT Ha (5.61)
(5.65) $(0)= jx(r)e'f'”'dr ; )
(0;3 waTeMaTHKaTa ¢ M3BECTHO, 9€ spakoBaTa QYHKUHS CE Or
HaaHH
1 mpp X> 0,
(5.66) signx = () npH x=1,
o mpEES 0.
3a 1a ce yCTAHOBH CHEKTEPET § () na ananHTHHRS
o copamo cymara i(r) = x{t)+ jx(r)
sen  S.lx)= $(w)+ jS(o). |
CnexTbpbT Ha UMArHHEpHATA YACT MOKE /1a CE H3PpasH e 4acT Ha mm ;
mw,mwmnomamammmmwm
dymsns (5.66). 'P‘? HaKOBaT
Torasa P | : Mpavep 5.8. Waeanen e
A 7 uccToTHTE @) B @, (Qur.
qurnan $(1) . 5‘3“’

e - j${w) npn ©=>0,
568 Slw)={ 0 npu w=0,
j8w) npn w<0.

Crofinocrane va §(0) o7 (5.68) ce ramectar B (5

wan . dp)ei2W T 020,
0 npn w<0.



S(@)

So ----

, (0}

o 3 i T
CnekTsp H2 yreayeH JIEHTOB CHIHAT Tl
i (&
@uz. 5.31 .
cHO (5.69) e paBen s :
s cHrHaH chrija Ha y L
A AT B0y,

CHCKTT’P"’

T.€. &
crojiA0CT Ha noxasaTe% 5. (@)=28 (0)=25
4310 H3TIO/I3BAHETO HA 06paTHOTO MpeoGpgy

[lo-HaTaTek © nenecso0p:

PypHe = —l__ ms, m)ejmd(ﬂ
s(l)—zn J- (

25 rpaHHIIATE ca ) U (2 a EKCIIOHEHTara MOke
= iz i R 2
Z% = cos ot + j sin of

llac'e

B cmy4ad 5(“))
arH @

METP
ppecTasi ¢ TPHIOHO : : .
ot Jdo =% [(sin @,7 —sin o)~ J(cos 1 — GOSW)]’.,‘

Lo isin
L fstr

- o . HpeﬂmBﬂHe Ha peﬂ]eﬂl/le'ro gpe3 €KCIIOHEHTH HE e Y060 e

m0/I3BaHE.

4un
Bwnpocy v 33A3 1ALMATA H 0GOCHOBETE HeoOXOAHUMOCTTa OT Hesl.
e/AT BHIOBETE MOy IaLIAH?

1. OacHeTe KpATKO MOZLY
any ce pasi
2. To xakeH IPH3H a 4eCTOTHATa MOJY/IALMA U MMIYICHO-K0/0pary

yeTe NpHMEPH 33 M3M0J3BAHETO H

3. Moco
: OCmaBere TaG/MLA CBC CHKPALLIEHHATA (aOpeBMaTypHTE) HA BUAOBETE MOAYIAUMY,
: nucaHHe HA CHTHAJI C AMIUTMTY/IHA MOZLY LS pH amr
=20 V, aMummTya Ha MOAYMpatius curian Uy =5V

5. CpeTaBeTe MATEMATHHECKO O
114 Ha HOCELIOTO TPENTEHHC Uy
T0T2 HA HOCELIOTO TPENTEHHE =

7. Kou OCHOBHH JABACHMOCTH CE MATION3BAT 33 CH3/IABAHETO HA MATEMATHYECKHTE MOJCIH

BIAORATA MOJYALNAAT ;
%, Crerapere MATEMATHIECKH MOJICH HA CHIHAJ € YECTOTHA MOJIYJIAUMA NpH

wocenioro Tpemenne Uy =100 V 1 uectora f = 98 MHz, uectorHa AeBraums

v

q o

o
I6: il MAHHITYTAIH.

g g [N

e TPE3 sckavamu’” gectoTn (FHSS),

5 Hee-
800 kHz u yecToTa Ha MOY/IMPALLMA CUTHAT Ia=gq@' &
Onpesenete KOEPUUHEHTA HA MOLYNIALHA 11 M IIMPOYMHATA HA YECTOTHATA NIeHTa By
6. CoroctaseTe ¥ OTpaseTe B TabMua 0cOBEHOCTHTE HA AMIUIMTY/IHATA MOJLYJIALus ¢ [ge
CTpaHH4HY JIEHTH H HOCELO TPETITEHHE, GasaHcHaTa aMIUIMTY/AHA MOJYJIAUNA 1 G/IHO/EHTO-

sra avnTy/aHa Mogly iy, Havepraifte IpUMEpHITE YECTOTHM CIICKTPH 34 TPHTE CnyiL. .

5 ppB3Ka ¢ HMITYJICHO-KOZI0BaT]
‘ at F;e 1eTe npomyCKaTenHaTa cumm
k. ‘T:pe na mmg:rmm =25kHz, 5
' eH KOIL. :
: f;pﬂq"':qw OH;oéeﬂoc'rﬂTe Ha TAGeperma,
o H(:mm'fa 4 11 CBNIOCTABETE 110 OTHOMIeHye gy ,
‘ ""%’:ﬂnne’fe KpaTKO PYHKIHHTE W XaDaKTeDHE Ty
s MCTHiyre

?r.,peneneﬂﬂe Ha (azosa MOny Mgy

KBagpaTypHaTa bazosa m AHHITY
4 rpadHIKa Ha CHTHANA B
(yHKIVMOHANHATA CXeMa ma
/ onyd eTO Ha MAHHITYITNDAH CHIHan,
Bﬂeﬂo (aKBO ce pasJIK'laBﬂT AMIUIHTYIHATA |
|9-H0W3mmcecmcmnaqecmm -
0 liCHETE ape3 rpadMKH H3MEHEHHETO Ha y

;U;H'Kalmﬂ ca 0CHOBAHHATA ((PH3HYHH U eTHMonory ‘ e
B~ ."‘) wﬂib‘
;gnf(lmo xapalﬂ‘epmﬂpa CHCTEMMTE C ¢
14. (fscHeTe C/I0BECHO ¥ TPAMHYHO THPEKTHOTO .
5 HasepraiiTe (yHKUHOHATTHATA CXeMa 1 0sichere
C oqBaHe HA CIEKTbpa (DSSS). 2

| 3 HagepTailT (pyHKLMOHA/IHATA CXeMA

§ ;7 Jiire pHvEp 32 IOTYMABAHETO HA JHHEEH
2§, Moxaxere H ofsicHeTe KPHTEpHs 3a ecion
| |peTHit HHCIIA 33 YECTOTHTE. :
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4a CHTHATHTE W B 9aCTHOCT Ha ciaydaiinute npouecu (1. 3.1).

110AX0/14 32 ONPEAE/ARETO HA To, KOMTO €4 MOKA3AHH Ha (ur. 6.4
genuaT B [1aBa 1 1 Ty C€ ONPEAENA IpE3 CTOMHOCT HA HOPMUP
wa Gymxung y(1)/y(0) = R(1)=0.05 + 0,1. [1o BTOpHA HAYMH Bt
T4 Ha NIPABOBIBIHAKA T, YMATO IUIOLL € PABHA HA TIOWTA K<pUBATA R
abcuncHaTa oc.
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yHeapuaH . 2. Onpedensne na
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— oHAHATA cxeM:rH ana HA TPELIKATA: Kato ce 3aMecTu Géj(m)m :-ugg : e Ha dur. 6.17 ¢ Gs(im)mgg
Ha C ce OIpeaens Tap;(m)'_ B ﬁiﬁ 4 APYTH BHIOBE CHTH; % s
Fia e repa Ha CMYLICHHETO, 35

3

ema Ha dur. 6.16 32 G.p(w) ce NONygag,

CrrIacHo ¢yHKHHO; ol ! e (‘012 A
(61 ]2) Gep (0)) . o’ : McHaTa cTpaHa Ha (61 12) H3pas3siBa eHePI‘ﬁmm 'C]]ek_
[TspBOTO cbﬁﬂpat;m T mpes JIOJHHA KIOH Ha (bqumoﬂalmam

TEp HA cMymeHHe‘w, KO! énd eHeprHiTHAA CIIEKTBP Ha CHTHANA, Katg o Bge.

cxema. BropoTo eHTBT HA TIPEZIABAHe Ha BXOJIa Ha CXeMara no Heiiiyy

ge Koed o (THpEKTHOTO TPEMHHABAHE HA CHIHATA 10 ropy,

3 meﬂ?‘lﬂa nnpmeﬂa"aﬂe pa ¢purrepa 7(0) . 3HAKET npex T(w) o i

x10H) 1 KOSPHIHE oryCKa 1pe3 HHBEPTOPa B IOIHHS KIIOH,

HrHATBT CE ILPHmeT, TpsiGBa [ Ce MOTYHaT PEalHH Bejy
- ];;quHPl He MOraT Ja C€ CHIIOCTABAT MO CTOMHOCT, HHy,

cmﬁHOCT Ha Koe

BT
HYC. THH K2
" 3a na ce ompen

5amOTO KOMILTEKCHHTE BEl

Toraa .
6.113) [f0)=T"©)
_1-27(0)cos @+ T ().

= 2
©.114) [1-7(0)
114) mMa MHBHMAJIHA CTOIHOCT, KOTaTo @7 =0, T.e. onTHMamy.

H3pazsr (6.
- GBa Ja BHACA H3KPHBABAHMA.
MpH T€3H YTOTHEHHS, €

AT OUATHP HE TPA
: JlpcriepcuATa Ha CHrHAJa Ha TpeliKara,

5 2
e f{[l-ZT(w)+T2(w)] G.,(©)+T*(0)G,(0)d .
: T
Heofxomumo € Ja ce TH(PEpeHLHpa ng no otHoweHue Ha 7(w), npoussoy.
HaTa 13 ce IpHPABHH HA HyJa # [1a Ce onpezenu 1,,(o). [lopanu ToBa, e PEeIBT Ha
JH(epeHIHPAHETO H HHTETPHPAHETO MOJKe /la C& CMEHHM, HAMHPA CE NPOM3BOHAT]

Ha noaMATerpaTHaTa yHKIA U T4 CE IPHPABHABA HA HYJIA, T.€.
4 {[1—2T(m)+ Tz(m)]Gs(co)+T2(m)Gm }=o.

d7(0)
o, -26,(0)+27(0) G, (w) + 2T(®) G, (©)= 0.
Toraea

()

G, s
G, (‘o) + Gy (‘9) < Ak ,Gc.u (“)) :

(6.116) T,,(0)=

xﬂP"B e
HSIO oT Ha 72(0)). Bmﬂa 0%, e

curHED Pa Hap ¢
aTO CE B3EME TIOX Bryppuen ..

CTIEKTED, MOKa3an ¢y

a, C KOATO TOH 1OMUHMpg g

Ha CHMTHaja ]
mgeﬂﬂioeqmmem l;a“;::"ﬁa ©
Maﬂﬂ’m BaHe ¢

(61 17) T opt (CO) = : G&(ﬁ}

so)+g

i, KTO HEMDEKTCHATHTE cypryy
G;(m)ﬁ; g

G.(w)

Ifn(m)ﬂ

<k

68. 0606uiena nuHeuna g

OuiTpUTE, PAITICANN B T
IbIH U CMYIERUAMA C€ CyMupam,

GJ o T 3
Jacuara act wa (6.116) nokaspa, ye npu napacmeane Ha omuouenuemo
Gl )/G () mpabea roeduyuenmovm T,,(w) 0a namanasd, m.e. heobxooumo e da

~

CMyLieHHETO MOKE 13 Ob)
noeasa coce cuenana: s(Sall:




UIbT 38 CYNEpIIO3HIIHATA. | Am;v e

paXkH npHH
3a Jmﬂeﬁﬂﬂ 5 npe Oﬁpasysaﬂe @[ ], ToBa O3Ha4aBa
opa OMePITOPPT 4D F = a®@si(0] + @P[s2(D] + .
(6.118) @[ars A Ce, de CUTHATHTE CE pasje. 5.
T e chH oT CHOTBETHA nuHeifHa CHCTeMa,
o6paboTKd MO’ oCTORHH! napaMeTpH- e ‘mﬁ‘ﬁ?
HRUAR yBT 32 cynepro3AIAATS ¢ HCMPWIOXHM TPH Qitpupay.
ITpnHLt it CMYIICH JTH TIPOH3BEACHACTO Ha JIBA CHT'Haja: 10 em‘m ,
MY pKaTH eiiHa CHCT Tema € HEBB3MOXHO. Pemennero na San; 0 . a i
PazemH oy, 4KO C€ snpese o0oouer HpUNWIN HA CYNEPROIUY Uy,
ke 18 ce I ' cpcmaseni om auneiiny U HETUHERH I enem e"m"""m ﬁmm T
eTo KaTo cyMa MOXKE J1a ce H; i’

cremit
gaxcu I';;:;GTQBHHC,TO Ha npouaaeneﬂu L :
e3 Hero ¢ o :
J3m0I3B3 nonxozmmo npeadpa3 a3yBaHe. g e mpe o npm ‘6;6
pmep © HepoBOTO npeoGpasyBaHe, MPH KOeTo ce upe
ppemeBard B gecTOTHATA obmactT H 06paTHOTO. Mitay
p HpegcraBﬂHCTO Ha ou3BeIEHHETO CHTHAJT x CMYIIEHHE s
e3 cyma, MOXE 11 ce H3BBPIIH [10CPEACTBOM 102aPUMM) eaumem
JlorapuTMAHATA e HenpeKbCHATa W JTHHEHHHAT o
auceTsa C OIEPTCP Jog[ ], a yOTPOFCTBOTO, HpE3 KOETO CE H3BEpIRy op (D
eT0 ¢ HeTHHEIHO H xapaxcrepﬂcmxara My e oT Buza x = log s. ﬂpenap&
AKo Ha on,na a TOBA YCTPOHCTBO BB3IEHCTBA s(0) = 51(0) . s2(7)
A3X0/1 ce moIydaB ,
e = logl(1] = log [s)x(0] =loglsi(0] + oglsa@),
ge norapuTMHTE OT s1(f) M $>(f) B nscmara
qaglq

Mosxe aa ce cMATa,
(6.119) ca peakuHHTe HA MyJITHILUTHKATHBHHTE BB3IEHCTBHS BBPXY He
yerpoiictgo. ETo 32110 obmara peakuus € CyMa OT OTAEIHUTE pe -‘Inxelmm_

(6 120) x(0)=x() +x(0)

Ja 9p!

Ha H_Emm & |

}({6 121) x(n)=log [si(D)]; xy(1) = log [s2(1)]. ,
aii-BaKHHAT PE3Y/ITaT IIPH Ta3d OIEpaLii x
Moeam da ce ofpabomeam No-Hamamvk ¢ };iul:teuniz :thf:MKngGe Xt & .
cBeIa Haii-9ecTO /10 (PHATPHPAHE, HO TA UMa MACTO MpH CBHBaHe pabork
Ha JHAMATHAA 00XBAT HA 3BYKOTEXHHYECKH CUTHAIH TIPH 110B % el 1
THOCTT4 Ha H300PAKEHUETO H B MHOTO JIDYTH CIlyqaHu. e WH@EEB\! .
Tpatia 1a ce o1benexH, 9e npeobpasysanero (6.119) ce m%pm .

s5(1) > 0.

Camporst log e yno6Ho na ce
jamenu ¢ In,

pumnoca YA0OHH 33 AHAIMTHYHN PA3rICKAAHUA U m:;in?ﬁm =

_ Gpamnama 3a0aud ce cocmon 6 ciednomo. Cymata ot pe

Hooﬁpzﬁoreaa ypes anneinara cucrema (Guarnp '

AYHEHH €4 CHOTBETHO g “pm

;5'122) SO = yil1) + yif1),
OB4 MOKEC I CC W3PAIN 110 CHEHUA HAYNH

510 - s2(f), HO “Pﬂﬂenex e
5’ (1) s (7). 3a HeroBoro gy m,_
oGpa3yBaHe, T.€. anmunozg
6.124) s (z)- exply. @r
Ha curHana s(f) cporge
(f) 1 y2(f) ca croTBeTHO

Y
6.125) 3,0 Sqi
(QueBHIIHO €, ye oﬁpﬁ
(6.126) s'(7) =-";(t)..§" T
AJNTOpPUTBEMBT Ha 0612&6‘
o6xBalla CIEMHNATE Npeol

cMyIIEHHE, 32 [1a Ce pasnensy
In[s;(£).55(; T
2 Horapmqmﬂe . )

e -
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HTMHYHH 3aBHCHMOG
am yi(D 1 ya(1) ca orap ot
epuTe CUTH ce npeBbpHAT B 3aBUCHMOCTH, Ko @iﬁ;\

HH OT Jrorapm'Mn). Te TpsOBa A4

cuUrHATH. S

ane ce NoTydaBa NPOMSBENEHHETO Ha 0Gp,g,
R )

oGpaGOTEHHTE
s %. anTHIOrapaTMyB

Ype3
e CHrHATH
exp[y (D) + 2 0]=¢
[TspBOTO H TpETOTO npeobpasyBaie ¢
LHIBT 33 cymepmo3HIHATA: 5
BropoTo npeoOpasyBaHe ¢ JIMHEHHO- |
TIpoBmKeHHETO Ha Ta3u TeMa € AajeHo B AHTEpATYPaTA 38 Crtemmy
HutepecHH HIeH €€ paskpHBaT Ipe3 xomomopdHomo npeobpasysane y by jm:
HUA AHATLS. en ?rl:p%

9

n eJ’z(f) =5 ). SIZ (f)
a HeTHHEHHH. 3a Tax e
He Bam e

aga4iun

BwnpocH M 3 . g
1. Koe e XxapakTepHO 33 ciTyqanHiA npouec? JlaiiTe KOHKPETEH NIDHMED 3a cJIY‘laé}-{

2. Onpegenete BpB3KATA MeKIy BepOATHOCT H [UTBTHOCT Ha BEPOSATHOCTTA, 999_11'33,

3. Onpegenete MaTeMaTHIECKOTO 04aKBaHE KarTo MAaTeMaTHIECKa OMepaLys y o fo o

HOTO 32 Hed [0 OTHOLIEHHE Ha cydgaiHiIsA MpoLec. e
crydaiHa BeTHYHHA?

4. Kak ce onpeaeit LeHTpHpaHaTa
5. Kak ce onpee/s AHCIEpCHATa H KaKBO € IMPaKTHYECKOTO 3Haye, Ha- ﬁéﬁg R
Hue SiiHary

HOCT?
6. Kaxeu HAYHHH 33 ONMpEIC/IHE HA aBTOKOpENALHOHHATA (YHF 3 = _
TTyqae; :
H Mpopec

no3Hagare?
7. OBscHeTe (pH3HIECKHA CMHCBI Ha €HEpPrHiHHUsA CIIEKTHD Ha CIIydai
HHHUS Hpouec, Kam[‘()

CHIIOCTABHTE ChC CHEKTpATHATA (QYHKUHI H eHePTHIAHHA CIIEKTED H

.

Hal.
8. ITo kaKBH KpHTEPHH CIy4aiiHHTE MPOLIECH CE KIacH(QHUHPAT Ha HECTalHONa
APHH, cTary.

OHapHH H eprOHYHH?
9. 3anmmere Teopemara Ha BrHep-XHHYHH
4pe3 NpaBoTo H 00paTHOTO
Tpeodpasypay
JBdHE Ha

DypHe H N0SCHeTe HEHHATA IPUIOKHMOCT.
10. Onpezenere KopelaUHOHHATA ¢ 7

VHKUHA Ha CTydadHUs 7
Ha dur. 6.19. TYHATE Apodce, HHHTD CHeRuREE

G(f), V/Hz

o e

B 110
QLuz, 6.19

fﬂﬂﬂﬂi 1
yﬂf 27.90. 10 s™! "y

::};m]me (1/2)[sin (oL B)

_ QnpeeNeTe MHCTIepeusTy
1 ara HA ¢ur. 6.19. )
neare. VI3N0N3BaliTe 3

12. Kot apaMETPH Ha Crryy
yeiifia AHBAPHAHTHA BBE Bpe
13. (CpIIOCTABETE xapampn‘.

He: ‘
|4, Kakpo € BTITHHETO Ha
s A CATYIAAHE npomec?
15 C’BﬂOCTaBeTe rpad’m'l‘ena
yspxy CAHOTOTYTIEPHONIGH NeTercrop |
|6. KaxpB € KPHTCDHAT 33 Orrrppy °p
1o ¢€ H310/13Ba HEPABEHCTROTY }
|7, ObscHETE (PH3HIECKaTa chiy m}fﬁ
acysaniA PHITED, KaTo Hanmosgay
1§, TTo KaKBO C€ OTIINYABA KRasyg
19, [TocodeTe ocobeHoeTHT| ‘mﬂﬂke ﬁ,_

pata. ;
20. OGACHETE q)mm%l(am. ’ .
rspa 38 ONTHMAIHA (bmw‘*
(6,116) 1 TPAQHKITE Ha Gur, 6[ ok
71, IToco4eTe OT“H"“m'na-qﬁ ]



pients 6 HAWIE EPEVE € M08A, Ye cayg
yeepenti 6 NPAGOMAama na cﬁ.oﬁm:geﬂa

B Py e’; i

ume A

H
Kom Henpuan yme xopa ¢a

o epa}ﬂl‘leﬂ

PMALIUA
[NABA 7 HPEHACFIHE HA UH®O
yusi, eHMpPONUsA U U3NUWbK

a
0 UHPOPM:
yyecms e Ha HH(OPMAIIHSATA NpHO0OHBA Hoﬂymxpnq
53Kka C pa3LIMPEHOTO H3IOI3BAHE Ha Hﬂ‘bopMau:r
-crieHaIHO Ha nuposuTe cuctemu. Ilo-pang op TOBa ¢,
oruH H 10 KO CHIELHATHCTHTE. Cera noTpedurenst HCKa 115 3Hg
e/H BC HAT (N€PCOHATHMs T P
ce HHWPGCYEM:;:;; CKOpOCT MOJKE 112 paboti JquH (a PaoR L) My ko
¢ KaKBa MaKCHMaK cpvaHa IaMeT AMa, KakbB € 00CMBT Ha I0TBIHHTe 1Ha T, BER.
[IOTBP, KaKBa M ]
S e Ha}:m 3a KoM4ecTBO MHGOpMALMS bit MM aHrHiicky UPOH3Xoy
Emmm]or cokpamenneto Ha binary digit (BOMYHA eNHHHLA). Myop, or-
(OGpasyBaHa € aTa Ha GBITApcKH H PYCKH €3MK CC O3Ha4aBamie ¢ “gg €0, ”
JaBHa B mpaT)’fm"m ce nonyuasa, ced Kamo ce y3nae Koe om dge Pasnoge.
Eoun Gum gﬂﬂ’z ¢ naemenuno. KacHueckn TPHMEP B T0Ba OTHOMeRye ¢ o
um 3
PORMHU CB To ce u3mon3Ba npH GyTGOIHH MadoBe 3a Onpenensye y,

PIAHETO HA MOHETA.
xgo a, Ha KOTOTO Ce MPEI0CTaBs MpaBoTo [a 3aN0YHe HrpaTa.
0TOOP T2 eIHHANA, KOATO CE H3M0/I3Ba 38 KOJMIECTBO HH(MOPMarys e,

Gaim (lgty;a Ts e pasna Ha 8 Oura (1 byte =8 bit).
OnepupaHeTo ¢ T0JIEMH KOJIHYeCTBA HH(OPMALHs, KAKBBTO e OHY‘Iam-‘-c i

paBoTKaTa Ha OJBHXHH H300PaXKEHHA (3amHCBaHe H BE3NPOM3BEXKIaHE Ha bumay

¥ 11p.), HATara u3no/I3BaHeTo Ha npeAcTaBky. Taka ce 0Opasysar kumoGur (Kb

merabut (Mbit), ruradur (Gbit). ITo cbIIMA Ha9HH Ce MOTydYaBa U ApYyrata enuny-
na byte. Osnagenneto Kbit ce n3nonssa 3a kommgectso 2'° = 1024 bit, AHanoryy.

7.1. Kon
KoiecTBEHOTO OPeAe

npe3 nocaeJHUTE rogHHH BBB Bp

oHHHTE TEXHOT

Ho e byte.
BepostHoeThusT noaxox ¢ npeiosked ot K. lllensn. Tosu moaxoy ce oc-

HOB4Ba Ha HaMaJIABAaHE Ha Heonpeﬂeneﬂocna B 3HAHHUATA 34 oﬁeK'ra. H3HOJ]3BaT ce
KOATO ce Hapuua

BEPOATHOCTTA IPE/H ONHTA (LIpe/y pHUEMaHe Ha ChOOIIEHHETO),
anpugpna (P;) v cnes onuta (cie NpHEMaHETo Ha ChOOLIEHHETO) — anocmepu-
oprd (P,). IlpapacTst Ha KonudecTeata uHpopmanus / e PaB€H Ha OTHOIIEHKeTo
P5/P,, a B IBONYHH EHHNIIN €
/e )
(7.1) [=lo,g27)2-=!og2!’2 ~log, B, bit.
1

YUWICHAA W JAPYTH IPHYHHM 32 HEBAPHO TpHeMaHe

Korato nama uukaken cm
Ha cuobuiennero P, = 1 u log, P, =0, 3a KONHYECTBOTO HH(opMaiuA ce roydana

CHBCEM NIPOCTA JABACHMOCT
(72) I=-logP, bit,

256

no[‘ap
JlorapHTMHYHaTa gamelm'g
jomeHHe Ha MHOOPMatygyy OO

(pCTOAHI, AKO €IHOTO e HeRg,
0TO CBCTOAHHE) H Toran. 1
oH Ba Pl =F 2

eH JB Hlanp

q [Ipy HU3YHCIEHHS ¢ (poplml:c"aﬁa HE g .

,cHOBATA HA JIOTApUTEyg, V06w ": .11(7 bl
G

puT®

- ce cJ]qua HaﬂpPlMep npu H3Mep
gaHe¢ Ha CHTHATH Ha tona g Tonemy

;=120 £ 5%) V. Cnen M3MepRaye o .
(1%) € OTICTEHO Hampexenye |)g Y
Hul“: (118 i 1) V'

MepBaHeTO.

KonugectBoTa uHop
UTBMBT € C Omna%@ﬁﬁ@ .

TIpHeTO € Na ce emypy 1w pr i,

uratein € Py =0, yq Bepog

Ma IIPH OCHOBa 2 i T0rapyy,,
(73) lng X= 3’32 log]ox PH
SaneRHeTS Ha b e

CcTONPOLCHTOBO, Y& yergy

[pumep  7.1. Enug 3axp

Jla ce ompenenu KOMHYeCTROTY 4y
' ' ‘hnp%;
: .

AnpHopHaTa BEposATHOCT P S O :
xaT B HHTEPBANA OT 114 V pq 126 wa
JOIyCHEM, g€ CTOHHOCTHTE npe3 eﬂmnmm
aproBEPOATHH. Torasa Py = /1. : W ;
H3MepeHuTe CTolHoCTYH TP Sl s i
josateHo Py = 1/3. TOHoer

KonuuecTrOTO HHQOPMAIKS, mogvaen.
» Nonyseno

wynara (7.1) e
P V3

I=log, % =]gg, 23 _
R TN

R

[pumep 7.2. B enno CheTe3aHue
weresatenn. Cries 3aBbpiiBane Ha eyer

Onpenenere Gpos na cheresareny
Ouesuano e, ue P, = 1/M (cheresar

1 =4bit =-l°szﬂr“

Okonuarenno

log A




cTeMa ONPENENs EHTPO

Ma ecC 5 ‘ 3 .
' nocobrocmme 1% eun MO ERE 12 © 441 CHMBOTIHEIHO 110 Criepmy,
auuA. OT [pHIOXKHA TIIEAHA TOUKa 3P s
5 ﬂ:‘mw na eono coobumenue. Pt (a.n ,Eim[*“E
i MOMKHH cpOGEHAL TPy DR Bmﬂ--'@ﬁﬁém N s
» ogTaph 7 T X ocTaBs nHGOPMaIHs, Koﬁﬁ’aéém Tosa He € JOKa3aTen
c eHABAHETO Movke 71a c€ M3BBPIIN KaTo ce ﬁ'!i'ﬁ--u N Henpem-cnnta CHCTeMa K
. Ocp s Bﬁsﬁﬁ 3 nengaﬂe ¢ yCTaHOBEHA 3aBHCHMo
DT AndopMATHOHEH Wamuy

TTa 4 it
3aBHCHMOC . —W; (N=n +n, +...+nk)._ e
(7.4) S N e g
Tosa ¢ cpeHoTe konHuecTBO paopmanus, KOATO €€ MOJyHaBa ypey emm
oBa :
cpobmIERH® qa I; ca cBEp3atyt cBC CHOTBETHHTE BEPOATHOCTH P; ypey 3.
CroitHoC £, — A
ra Bodc 3aBHCHMOCT (.2): 1, =~1082 Fli=1k). Kegoecieeieg Ipe.
BeCTH A ee nofydasa 5.

)+...+n,,(—log21k) i .

H&HGHHTC mno TO3H n] (_ logz I] )+ nz (—- logz 12
= N

gue H KaTo c€ B3eMe IMoA BHHUMAHHE, Y€ gecy
Crex moeHAO ACTE eposTHOCTTa P;, CPE, . 35 SNy
ogroperne rif N MOXC J1a ce 3aMenH € BEP i» CPETHOTO KONMYeCTRG 41y

eHO CHOOIICHHE € .

el > P log, Fi-
i=l

emo AumepanypHu wzmounuyu I, ce o3naiasac H. s
¥I3paspT (7.6) € y3BecTeH B TEOpHA Ha uHpopManHATa noﬂ'ﬂaﬁﬁm@

gopmyna Ha [lenon Wi eHmponus no Illenvr. JIOTapUTBMBT TP QQHQB@Z,B

TO3H H3pPa3 03Ha4aBa, 1€ eHTpONHUATA CE M3MEpBa ¢ IBOMYIHH SITUHUITH blta :
[Ipn anatH3a Ha (7.6) ca ycTaHOBEHH CJICAHATE TPH XapaKTepHU Wﬂa 3a

HechbBMECTHMH CBOHTHA CPi=1). a1 33

1. EntponuATa € paBHa Ha HYJ14,

(H= 0) @ 2R L5 4 e o)
2. EqTponnATa € MaKCHMalHa 1pH paBHOBEPOATHH CHOUTHA (H = Hm,;)b%f :

3. Koraro cp0ATHATA Ca ¢ pa3iMIHH BEPOATHOCTH U Cpej TAX HAMA J0cTo-

BepHO CHOUTHE, EHTPONHATA € MO-TOMAMA OT HyJd ¥ TIO-MaJIKa OT MaKCHMaIHaTa
crofinoct (0 < H < Hya). S

[pwamia 3 N0-MaTKa CHTPONNA OT MaKCHMAIHATA € M KOpes

sk wey coGHTATa. ToBa MOKe [1a Ce 3AGENEAKH 110 OTHOWICHIE H

(CBOTBETHO IBYLATE) U IyMHTE B TOBOPHO cLOBIIEHNE WK MTUCMEH TEKC

EnTponus Ha HeNpeKheHaTa cucTema. Matemarnieckoro 110

MoKE 114 ce NOAMENH ¢ ThKyBane Ha n3pasa (7.6), KOATO BaXkH 33

Tema (ancambun o1 uckperhn chobienns). HenpekneHarara cue '

w4 ¢ Oeskpalino MHOTO CheToAnnA, JIMCKPETHINPAHETO 3aBUCH OT

exrponnara, | panmanuaT cayyai npu k —» « 0THOCHO eurponmiﬁﬂ

aKko eIHO OT CHOUTHATA € ﬂ%’fﬂhepxo

NEG

3 1. Toii HATOBAPBA HEOBOCHORaRE

AT A3IUINBK CE OTMPENENs Koy
o H
(7.8) R_1_H g

max
JIETO H e NeHCTBUTENTHATA eHTn
Kb HugopmayuoHnuam iﬂa mﬂ: : .
Jace omcmpanu, 6e3 0a ce npuyyy, 5
ArGOPMALHOHHUAT H3THI KBM&
2. Ype3 HEro MOXe J1a ce mog W

yopanara HHOPMALILA. TIPMMED 32 1oma ca kg

a;;c'r()ﬁ}me C€ H3M0J3BaT %QDBKG% 3
AKTMYECKa TTIEHA TOUKA € HABIHO 3a70p
KakbB € H3IUIIBKBT OT HHdOp; ‘
MakcHMalHaTa EHTPOMMS Ce 39

o1 3a 100 BB3IMOXKHK CTOHHOCTH 1
p=1/100. EHTpOnHATA & ot

Bwkaa ce, 4e Chophki
JlBata noayueHu

A S
=  JloOaska (hwm&i i
MLLATA, CHTPOTMATA, SHAKET 1



4O €A ¢ OMPE/ENeH 3HaK, ot
par € opMy1H o g
e 2 HanphMep TaKaBsa: X Sorey

He C
oGKHOBEH) 45 € O aaTenet 3Hak

b 1M npopMall ,Tfmq:opmaﬂﬂﬂ — Jleanncpopmantis? e
P T neKaps quiiTo CHMIIATHHYEH NAlKMeNT HeKa na. ﬂi”lﬁ o

Tosa 1€ oTBbPAH e A rop4HBHTE TexapcTBa, M ChBCEM yOenurenyg Kra or

5oﬂggnel{u1’3 yo il p?.ang&_

M.
e pAIO HE ro S:;T 10 TO3H moBOA TPy)KEHHIIMTe OT pa3sy3HaBaHETO H L
o ga K Tt yMyBaT a1 HacEOpaHH Ha Kyl MHHYCH H TUTIOCOBE mpeq ‘;m erg,

KOMTO © HH H Mece ,
o;segz':: 2%}uynm 3a KOIHIECTBOTO pH(popMaLHs
311 ;
= IO sefiAl 3 a5
I =108; P
—— spane P2 < P, HeONpE/IGNEHOCTTA CE € MOBHIIIIA 1
pu A€ 2
o lmie B|nen <07
i oyuaBa Mo-To/siMa TIPEMIENHOCT. Heka |
C KkoHKpETH! profisoet €€ TOT & Hek?‘ Pi=Taak
P, = 1/5. Torasd i )
1__jog, 5-(-log, 2)=-1322

]
= =]
I—Ing 5 g2 2
ce cpema B JKMBOTA MHOIO HECTO TOA (opmar
Ta Hy

TeHaTa pH(popMaLHA .
ima | GraropoZleH BHI, KOTaTo Ha ‘
> GDJIHHH ce BIbx-

OrpHua
Harjia TeKa H H3MamMa, HO TA MoxK€E Aa
Ba BApa, HA cnabus — Kypax: =

epuCMUKU Ha KOMYHUKaUUOHHUMe °"emﬁﬁu

[penacanento (mpenaBaHeTo H npnemane'ro) Ha ungopmayus e 'maﬂ
[10TpeGHOCT, KOATO € [pHCHIIA HE CAMO Ha XOpaTa, HO W Ha XHBOTHHTE 1 Ha CHa
rennaTa. C NpHBKYC 4 Ha dunocodus MOKE Aa ce oT0eIexH, de OTpa)xﬁcéﬁipaq’

a nadopmats. Upe3 HEro ce mpesiasar H3Megeg§,r:

mBpE000pa3 HA npeHacAHe H
Gexrn. HaunHuTe 33 NPEHACAHE Ha HHOpMa

B CHCTOAHHATA HA MATEpHAIHATE 0
1 B T03H 0OII [UTaH ca MHOTO pasmuuHA. B OCHOBATa Ha HALIKTE PasTyiesx)

me Gs3aT CPEACTBATA, KOHTO C€ HIMON3BAT 33 NIPEHACANE Ha HEGORMA
eIeKTPHHECKH CHTHATH. 4 Hpes
ChuecTByBAT E/AIA H3UCKBAHNA BbB BPL3KA C TOUHOCTTA H eeKTuBHOCT-

WaHpaHe 1A TO3H NPOLEC 4pe3 TEXHAYECKH CPE/CTBA — KOMYHuk caon

T4 pA peal
s cucmew, KonuaecTBeHaTa OLeHKa 38 TAXHATa NPUIOAHOCT 33 TA3H Lies ce Ja
4pes CHOTBETHH XAPAKTEPHCTHKH, a T€ OTpasAiBar CBOJCTBATA HA CHCTEMATA, ;:

OCHOBHH C€ CMATAT CICIHNTE XAPAKMEPUCTUKH. :
1. loctopepHocT HA MpeJapaHeTo Ha CLOBIIEHUATA mm ’intyuf

information). Tasn xapakTepucTHKa OTpa3ABa CTENCHTA HA CHOTBETC 7
APEJaieHoTo U IIPHETOTO cpobuienme, Branpuery ca apa BUA 0 \

JIBaTa BHjiA CHODIIEHNA.

7.2. OcHO8HU xapakm

10 Fe =
1. €8 eIHO NPHETHTE
W _ o6mmsT 6poi Ha

ewﬂuneﬂrm' Ha rpe =
yppen STRETRIEER R A o
1P ol o (BITBT OT BPEMETPACHETO Ha ey
o MH < 3aMeHH C 6epOAMHOCma sa ?-‘Pemm
W Kep rpeﬂﬂ(a'ra B CHBPEMECHHMTE mm
4 bit 1 ce HapHHa Koequyuenm ua dgo
c)l"m 4y35a CHKPALICHHETO BER (Bit Error ‘
ce,m}{e Ha [pemlca'ra MIPY NIPEABaHeE Ha ;
P " Onenkata Ha AOCTOBEpHOCTTA npm
gy € HIBEPIIEA 9pes cayuaiinama 2peyy
T 0 =YD =X, UG,
o0 ¥ )] evnpez(anenom crOGImEHYE, ay(t)
CrydaiinaTa IPemika ce ocpedwssa,
qadpa wa epewxama. OcpennsBareTo, ka
Ta OTrope PR

a 1ep OPE i wavodm
a1z & =DO-x0F.

Jianon3Ba €€ CBHINO TaKa W omHocum 3
<oATO €€ omnpeens 4pes OTHOMIEHHETO F
2 curnana Ps Ha u3x00a Ha cucmeman

pyunH
P 5%
(7.13) 52 =(—N) : e
P Eh L
out el

[lpn MPEIaBAHETO HA FOBOPHH m@
puHO MPHETHTE CHOOIIEHHS B MPOLEHTH. i
eocrTa € 210Gpa Tpy (60 +80)% mpa
pida A2 © 1o 90%, & ChoSueHiATa 0T )
pEIIIHO. i

YecTo ce 3/IaBaT NPArbT HA FPelKaTa IKATA € §
wnt P((E] < €o)- g o

2, YeToiiunBoCT cpeuty evymenms, |
pGoTH TIPH BB3ACHCTBHETO Ha CMYIICH.
KHAMH, MHAYCTPUAIHK W Apyrd oGexTd,
CICKTPOI3TOUHHILH, POLIECHTE B ATMOC(S

KommvecTneHa OUEHKA HA YET0
OIHOWEHUEMO CUCHANAUYM Na

—mp







¥

|
. emcdy 084 cocednu omKasa. ExCIIEpUMEHTATHOT L )P B
i Cpeiﬂﬁ:f:;;fﬁgmy i eRCEIE DT HSEAIE “Pesou:ggi 5
qensHe Ha cpeA o rrpeﬂCTaB" renHa y3panKa, Karo OTKA3JIMTE U3IENus ce S '
e EOCTig;mrachTO ce ITPOII'bﬂ)KaBa' Crient TOBE HPES AU NiHE pce‘
MOHTHPET OﬁHKHOBCHO Tep © 3ajiapa B pAKaKeB MHTEPBAT HPH Onpelleneﬂe
i q;l aMep 7300 h < Top = 8000 h = 8800 h nipt £ = 0,95 03Hauas, -
s 3?; (e paboTAT B ro3n HHTEPBAT OT ppeme 03 1a OTKaxar, i
or 100 m}z;efél::ﬂ');mamm"a cpBMECTHMOCT: CucreMara 3a MPEeHacsHe Ha
@opmaiuﬂ JTIpaﬁaa oa GyHKYUONIPa ”OP’"M"O&"II; : gg}:ulz:;n;:u CMYteH Ly Ico:'lr: E
o nn e cMyllaBd i cHCTEMH H bt P CMYIICHHS OT Tgy KBUBATICHTEH M3 TOuHy,
o ropa ca IPEABHACHH mopMy OTHOCHO 0Oy GTVICHE ME AR ‘ T et e
BB BpB3Ka eneKTpOMArHATHA cpeja, KOATO BRIIOUBA H3TOYHMUuTE o e
st KbM TIO-TOJIEMH YCIOXKHEHMs, T 4 = s
- lo- EHepruﬁHHﬂT CIIEKTBD Ha WIyma e g
cHar 1 109TH GeskpaeH (0T Hyna 1o | (;—gosmen Glo)= N, =
GsyaTa CBET/IMHA € nana ocHZ)' 0~ Const. Tog e
HOBANKE 32 HavBARTIETO Gy e

n ¢ TEHACH
4 cHBMECTHMOCT Ha KOMYHHKAIIMOHHHTE U fpyry

HATHAT
MaHHETO Ha crenH

ume KaHanu
¢) e BB3IEHCTBHETO, K
Py©) » KOCTO Hapyimapa

3 TpYBAHHATA,
nexTpoMar
aJIACTHTE.

5a e OpHIAHA €

cHcTeMH 13 agraxupa BHK
xOMyHuxauUOHH

exa —

[ATa B CHCTEMATA.
ejaHa GHEpruA, KOATO CBINECTBYBa
B

7.3. CMyweHuA 8

CuymeHue (dis

HOpMATHOTO npenacaHe H

EneKTpHdeCcKHTE cMyIL
KoMyHRHKalHOHHATA cucTeMa 3aeIHO CBC cUrHaJIa.

CumymeRuATa €2 mpudHHA 33 nogBaTa Ha TPEMIKH (M3KPHBSBaHHMSA) TIpH 06

eT0 HAa CHTHATATE. HanpaMep HEECTECTBEHO 3BYHEHE Ha My:

paborkaTa # npeHacAH
aKaTa, [07BaTa Ha IPeliHH TeKkcTOBE H KOMaHIH.
xnacuguxaiyusi Ha CMyIIEHUATA MOJKE /12 CE HANPABH ChOG

turbance, MOM

a uH(opMa
epms ca HEX

[IpuGaM3HTENHE
pa3Ho U3TOTHHKA (npomxona) o cieaHusA HaA9HH.
1. Olymose (Noise, IIYM — pyc). B MHOTO JNTEpaTypPHH M3TOYHHMIM C TO3M
TpHUECKHTE LTYMOBE, KOUTO CE JbIKAT

TEpMHH C€ 03Ha4aBaT Mpeax BCHYKO €JIEK
) H3MeHeHHs1 Ha TOKa B €JICKTPOHHHUTE E€JIEMEHTH

Ha (IIyKTyalHOHHHTE (xaoTHIHH
Tezu Lﬂ)’MOBC ca TpH OCHOBHH BHIA.
a. TonnuHer wym (thermal noise). [IpyunHa 33 TOMIMHHUA WYM € TOTIHH

HOTO ABHKEHHE Ha CBOGOIHATE ENICKTPOHH B IPOBOAHUIMTE M pe3ucTopute. B pe
sys1TaT Ha T0Ba ce (popMHpaT cydaiiHu MOTEHUMATHH Pas/InKH. Ha dur. 7.1 e ﬁo
JBAIEHTEH M3TOYHHUK 33 IyMOBO HaNpexenue

¥a3aH eJeKTPHIECKH MOJEN Ha CKB
HanpexeHrneTo ey ce Onpeacis (opmynara

(7.19) e,,,z,/4kTBR,
~1,38.10 % )/degre), T — aGeomorHara

kpaeTo k € kouctapTata Ha bomimad (k
TE) d d
/ eMriepaTypa Ha pe3ucTopa (npoBOAHKK), R — CBIPOTHBICHHE, KOETO CE npueMa
14 HEWYMALILO, B — pasriieA/ianaTa 4ecToTHa JICHTA,
1 anpe;
YMOBOTO HAfPEACHHE Ha C/IHO AKTUBHO CLIPOTUBIEHUE TIPH 20°C moxe

J14 €€ HI9NCIHA OPUEHTHPOBBHHO qpes 3aBUCUMOCTTA

(7200 U, =0)13JRB.

CrofiHocTTa Ha ‘
serra wa Uy ce nonydasa B Muakposonta (LV), ako R e B KWI0OOMH

_ suoxepunt (KHz).

puATa C

D€
b AR mym
3BeCTEH € U e
sl (pink noi
noise), wnifro
CHEpruen CekTsp

10is€)-

.3 dBHa oxrasa. Toii ce U3nomn3Ba 8 3Bykor

HopMaTHOTO (razcox?oro) pasTpenenenye :xma'ra.

h o ooyaieH myM” 1 “TaycoB mym”, a wom fg‘;‘:;z I ce cpemar cxor
dT W Ha HMETO Ha E;_

HOP
"
1B H3CNICNOBATEN — “LIYM Ha JHKOHCHE”.

(\Vhite
natd

et
| rgB}Iﬂ 1P
HopManHoTo pasmpeelieHue € MHOTO ynod
'HO TIpH W3cnenBane va CTyvaiiEn

4. TTo Ta3H NPHIAHA 32 PCIIABAHETO HA HAKOM 3y
Q9H Ce W3n
QlI3Ba “nopm_

oLLEC
4a myMa”, T.€. IPHBEXIAHETO My KbM “6
" AN wym”. Haxon
¢ OTHBAT ome

e p30eBaHe Ha IIyma
| paTa cxema Ha ¢ur. 7.1 ce mnonra
9ECTO B OOpATHHS CMUCHN

ExBHBATCHT
|0BOTO HATIPSIKEHNE CC MPE/ICTaBs ©
CKBHBAIICHTHO
IyMAmo CHIPOTHRIR-

_my
1 hopmynara (7.20) ce onpenens
HAMPOKSHHETO HA WIYM B 347
3ana-

e, pe3 KOETO
g decTOTHA NieHTa.
[Ipit BUCOKOTYBCTBHTEITHI BXOZIO8
@ HA TIPHEMHUIM
H WMPOK YeCTOTEH 00X-

q6Ba 1a ce MPaBH NPOBEPKA KAKEB & MyME
T OT BLTPSIIHOTO CHUPOTHRISHHE

EAR et

gar TP
o IRTOUHMKA HA CHTHAIA.
6. J[poOUHKOE WyM (shot noise). T
WYM € TOMYdH/ HA3BAHKETO CH QT

ypIIFABAHETO C LIyMa Ha najauy caamu. TOH ce IBDKK Ha chyvaliuTe HIMe-
jeru HA eNeKTPHHUECKHSA TOK. EnexTpuuecKkuTe 3apsan B WM )2 '

| pououmucomne npubopu AocTUraT Hee/IHOBPEMEHHO CHOTBETHIA @Ne V: 1':"_. H,
s, Oruxep-wym (flicker noise; flicker — Tpemkam, wuram). Toau ig Wﬂ'
HHE “Wmmomnmw“é

41 HA ENEKTPOBAKYYMHHTE
JOIOPUMOHA/IHA HA TOKA HA CMECTRAHETO | 0OpATHONPONOPUMOHANHA HA HECTOTA~
NOIMEPTABA TAN 0COdRHOCT.

u lopaau BTOPOTO C& HApUHa \/f noise u ¢ ToBa ¢&
(JeKTHPBT © CHOPEIOTOUCH FIABHO B HUCKOUCCTOTHATY obnact (0,1 + 10°) Hz. He- >
oo msne ce npenedpersa enex 10 KHz, BRSITG HEION JORIR

), Bununn evynienns (Extemal noise, exmmmlummm
| MfLSHAA CE HAMHPAT WIBBH CHOTEMATA IR Kanama 3 Mmmm



\
1ocpe JICTBOM TIapa3sHTHH BPB3Ky,

(ymnumeuo). Te ca wacr oy
onepaiuH. TAXHOTO “3an‘;°'
A~

Ta WK

yl‘l’l Bw]oae

2 Ha Kypea-
a v a ce nompasaeit JCIOBHO HA HAKOMK g
HHATE cM
: u (erosstall): HeocTaThYUHATA W3OHpaTE o,
ish HE Ha XapMOoH

B MHOTOKZ pre BPBIKH € H o
| .1 noise). Taxa € NPHETO J1d CE Hapyyg a
5, KOMTO ChSAABALTMERTERIEE enmc:. r
- rpaTa, M3NON3BAHM HE CaMO B mpo.
CTOMAHCTBO, CTPOHTENCTBOTO u g
UHATE BHIOBE KOMYTAlMH, Thro.

1. 3a IPUMED MOTAT Jia C€ moco-

TaX craaat
chnopTa, C€.TICKOTO

MpIIERD g eHHs C€ p3aBar pH pas

p mecTa- i i nonOﬁHﬂ ga TAX npoLec
T

yre, KOJEKTOPHHUTE JIBUTATEIN, TPAMBanTe,

enekTponpoBOL
oneH0yCHTE: enleKTpHYECKATA 3amanuTeIHa CHCTEMA pa
S eeKTPOMEIIMHCKH ANAPATH, MOmiTe
[ CE B3EMAT CHOTBETHH Mepku
3

Te 3104
€.

ce npospsaBaT B obxpata 10 OKkomo (10 =
HeprHiHHA crieKTBp cnaja ¢ HapacTBaHe Ha YECTOTaTa.
npoMHLLIEHHTE CMyIIeHHs € 9pe3 ENEKTPOMarkyT-
AHCTBO M |pE3 MpOXaTa, KOSTO CITYKH 32 Han-

HpO!\ﬂﬂLUlCHPITC
20) MHz. CrojipocTTa Ha e

Pa3npocrpaﬂeﬂﬂe'ro Ha
pu TpenTCHEA B cB00OAHOTO npocTp

pasnfBallia cucTeMa.
5. Ammocgephi u opyeu CMYUeHUA

y, AageHH 0T npHpoAaTa.
Ammocgeprume (atmosph

Tesn cMyILUEHM CE CMATAT 32 ecmecrn-

eric noise) cMylLIeHHA UMaT MMITYJICEH XapaKTep ¢

BEH!
BIDKAT Ha enempﬂqecm paspaiu. Tax-

HB.WTCHHOCT 10 (0,1 + 3) ms. Te ce A
HOTO BAHAHAC HamaiABa © HapacTBaHe Ha gecToTaTa. 3a6ens3Ba ce NOAEM MexIy
30 MHz 1€ ¢4 He3HavnTENH .
us 3aBHcHM OT reorpadexara

(4 +20) MHz 1 ciea
uTen3upHOCTTa Ha armMocepHUTE cMylIeH

[HpyHAa # CE30HA. Ts € 3HAUUTENHA OKOIO eKBaToOpa
10 Ha aTMOCQEPHATE cMymeHns €€ npocThpa A0 (300 +
MOTEBHYHH TPOLECH cMy1IaBaT pajuonpUeManeTo.
Cumyuienua ca 1 oTpaseHuTe CHIHAM oT 3emHaTa 4
Ocobena pond HMar HepaBHOCTHTE. Ocpen TOBa 3EMATA
TOMIMHHMA IIyMOBE (earth noise). Te c@ 4abeneKuMu Tpy 4eCTOTH,
gucoxn o1 200 MHZ.
Warounuk Ha 1WyMO
space noise), Nopajm yipapanud o1
(solar noise), Heropuat CTIEKTED eB
CMyiiennata, Kouio nofasar B cueTeMata

¥ npes3 AAToTO. BuaneiicTaune-
400) km. Camo Grmmskute

BOAHATA MOBBPXHOCT.
uMa 4 LlOﬂ"leHHTeJlHPl
KOMTO €a 10-

pe € M KOCMUYECKOTO [IPOCTPAHCTBO (cosmic NOise,
spesdTe. JHaunTeeH € {yMBT OT CHILHUETO

ofxpara o1 10 MHz a0 10 GHz.

3aeAH0 Che curuad, MOIKE 1 CO

¢ HETO MU
o 4 (additive ﬁa'ce) THOXaBar, B
HU 0ise), a mep B mupayy
% BT’SMOKBH € TpETH ClyYan BTOPM My c“Y‘laﬁ ce
KonﬂquTBeHaTa OlIeHKA Haﬂa Cl MRy

c)’ Mﬂp
cM) g

gOiSe) =
Ylliehuy my, - Adumy,
O Tixug koMGm‘u (m'ﬂlﬁp‘i il
CE u3 MHa) Cative

H
yruAT HASHH HA OUCHKA € g
,CTOW OT OTHOIIEHNETO cﬂl‘ﬂpa?/ KOe

) (Ps /Py ),
(PS /PN)om :

(6GUKHOBEHO F ce u3passiza
B
0 CBE (7.21) 1 MHOXHTEN 1ipeny ’:{ee‘;.;!ﬁlegm “IPE3 norapury,
(F M3 0T gy
) CI0TO.

CK Ly

Du3NIECKOTO THIKYBAHe Ha F o Umom‘ 101gF g
CHHe Ha

Soma

e I;;\;;XOJ? HaNEEMUT et
goweHHe (S/N)in- (1€N TIPEMHHABaKETO m,,aT CHTHAN U emymeyy,
HO CM e
JomeIHATER g;neune (urym) 1 Torasa 3an€3 N i
1.6 ﬂOIIyana ce ( Now < (S/N)rn nF>1 AMEHATE N T Ha (SIN')
§ b €

(bmeﬂ'm Ha

oit €€ ©
YM Ha onlla i WMyma F
Cﬂc—reM

1{3)(0;1

eH
5, TO-

.

YBeMHuana,

[Ipumep 7.5. Jla ce onpenenu koedy
iy crcTeMd; CHICIEERS TS myMHSHEMT HA Wryma ma ¢
10 i W, Pyou=80.10°W o T AHA KoMyHMKa-
e 0,4 W, a yonsaneto 4 = 80.
Haii-Hanpe/l & OTPE/IeII CHITHAITT Ha B
X012
|7 i PS out
Sin T
4 80
(OTHOLICHHETO CHIHAJI/LIYM Ha BXOZA &

(S/N), =sm _ 5.10%
P L
OTHOLUEHUETO CHTHAJY/IITYM Ha U3X0.a &
(S/ Ny = Pooa _ 04
80.10°°

3a k0e(PULMEHTA HA LIyMa Ce Nonyyasa
_(S/N), 125007
S/ N W

5.10°
Vw8 neupbenn F = 4 dB.

=5.10°.

out
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{1 IPHEMHHKBT pas Y
ppaTHa ppB3Ka, B KOUTO npenaaaweJIﬂT pmum e
a -5
wmute ¢ 00P

6pa1‘eH KaHall.

g=1—-(P,+ Py

I'pac Ha mpeobpasyBareto
Ha CHMBOJIHTE B Clme'rpmen
KaHaJl C H3TPHBAHE

6)

Que. 7.4

ceedeHus 3@ (odupaHemo U onmumMantume kodoge

cpezcTBa 33 KOMyHHKALIHA U yTIPABJICHHE Ca Hemncnm by
To ce mpuiara MHOTO oraaBHa B kuBOTa. Upes H3N0N3BaKeTo My g
KOZHPAHETO- 15a 3a MpEHACAHE HA HHOPMALIIA C€ L/ CIIEIHOTO:
TexHHIECKHTE cpej;a,lla'f rossm Gpoii cHOOIIECHHS IPE3 CPABHUTEIHO MPOCTH c
a) 1a CZ “JP;‘;CHH [Ipe/1aBaneTo Ha CHOOIIEHHATA TIO Komynnxalmom me
f)) il: ;e Zcmypn B ompe/IeeHa CTeneH BAPHOTO MpHEMaHe Ha ChOOMmenusTy
ITspBOTO cpobpaskeHHe € HACOUEHO KbM HKOHOMHYHOTO K3HQJ]353§§ Jﬁ
TexHHIECKUTE CpEeICTBa. Knacu4ecku NPHMEP B TOBA OTHOLICHHE € KOTBT gy
Mops, B KoiiTo GyKBHTE OT asbykaTa M IMQPUTE CE NPE/CTABAT YPE3 TONKH ki i
pera, T.€. TO/AM fpoii IymH H THC/1a €€ UPENAHAT CaMo C 1B MPOCTH CHIHAJY
Ba e U cb2Iacyéane Ha CuzHana ¢ KaHaia, KOHTO HMa ONPE/IE/ICHH Xap:
ki, Hanpumep KOZBT € HOZXO/AII 3a M3M0JI3BAHETO HA 3BYK U CBET/IHHA.

KopaHeTo HMa CBOA TEOPHA H T OT CBOA CTpatia € 0CHOBA 3a 3'533;55 1o

e

7.5. 06wu
(CpBpEMEHHHTE

o

Ha xoz0Be, 0Co0EHO HA MpEIHA3HAUEHHUTE 32 3aILUTA HA HH(bopmanugTa My“ ;

[1eHHA, TPEMIKH ¥ HECAHKIMOHHPAH J0CTBIL. :
Kooupanemo e npoyec, npu Kolimo cvobueHuama ce npeobpasyec

Gunayus om CuMBoy.
B MACTOTO Ha PHEMAHETO CE M3BLPLIBA 0OPATHUAT MPOLEC — - 0eko J

mo. 3a HEro € XapakTepHO Bb3CTAHOBABAHETO Ha ChOOIIEHHETO 110 uu HHT
cumpoan. Heo0xoauMo € €HO3HaYHO CHOTBETCTBHE, 3a110TO B npo‘_ HBE
HAMA /12 CE OCHTYPH BAPHO npenacxue Ha umbopmauua'ra :

0mzosapa KOMOUNAYUA OM CUMBOIU.

Ilpy KopMpanero BebuHoCT ce uanonspar ape asdyku. C
sanucea crobuwennero. Ta moxe ga Obe KMpUIMIE WK J1a)
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6po;ma CHCTEMA M T. - Brog
WApa chOOIIEHHETO B KONoRy;
Koooeama uamﬁnmm
4qpa €NIEMEHTAPHO CBo
Hocm, onpeneyieHa ot Gpum-.
ChINECTBYBA Kaacy,
SaHEs u3OMPaHE ¥ W3MON3Bape,
2, MPEIHA3HAYEHNE U np,
2l n(?nopeﬂ opos na c;g?
ra UM, C€ pasiiiYaBaT paBHQ)
PasHoMepHUAmM koo
0JBDKHTEITHOCT B KOM|
oTanYaBa 10 TOBA, ¥ BCAKA KomG
cpOOIIEHHA C€ H3TONZBAT nBa Bm&
y34, HMITYJICH € PasIHYHa nomsp,
HepasHnomeprusm koo (vari E
poH © PasIHIHA NPOLB/ILKHTe HO
ge ce OTHACs KOABT Ha Mopa. Happ,
pata T — C €ZHO THPE, Gyksata a — ¢
Hepanaomepmn-e KOIIoBe
AT, KATO HAH-KpaTKaTa KomGy
obueHNe. B aHITHIACKNA e3uk naj.
3a Hesl € OTPEJICHA TOYKaTa inmmi %
pa € HEBB3MOJXKHO, 3am0To BCHKH Gy
IMIHO PA3MOIOKEHHE Ha 'lfm(om
KoIMpaHeTo € To3Hato or Kypea
6pOI/IHPITe CHCTEMH Ce mmgemm a3
¢ JBOMYHHUAT KO, KOHTO Ce mamo
JIBOHHEH € H KOIBT Ha Bono.
OBusT Gpoit Ha kKoMGy

OnTHMAaIHA KOJ0Be

OnTHMaNHHTE KOAOBE
wennaTa, Te He ca yeroiiw
BAHE H KOPHUIHPAHE HA rpe

OnTHMaIHHUAT KO MMa

(130)  lp=ZP
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