Monynanus. CeiiHOCT. Brmgose.
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OCHOBHU MOMEHTH
* Moaynamus. ChIIHOCT.

* lIpenqnasznauenue.
e OCHOBHU BUIIOBE.

* [Ipunoxenue.

7/26/2022 npod. A-p urx. Benera Anekcuena



CLOOIIeHNEe

Cursain

CUTHAJI CUTHAJ U IIyM

KOMITFOTBP

l

vd

/l KOJIep

\

MOZYJIATOP

npeaaBarel

JIEMOJTYJIaTOP

e

KoMyHuKanmoHHa
cucrema

V7 Kanan

\

JeKoJIep

IPUEMHHUK

CLOOIIeHHUE

L7

KOMITFOTBP

CMYILICHUS

 CHMrHaJgbT ¢ (U3NYECKU IIPOILEC, CIYXKEI 3a IIPEHOC Ha
MH(pOpMaLus.

e Curhnanure ca:
— CJICKTPHUYECKHU,
— 3BYKOBH,
— CBETJIMHHH,
— MAI'HUTHH,

— U JIp.

7/26/2022

npod. 1-p urx. Benera Anekcuena




Bunose curaanm
* Criopen 3HaYCHUATA UM BbB BPEMETO:
— HeNpPeKbCHATH,

— IUCKPETHH.

* Cnopel 3aK0Ha, 110 KOMTO C€ U3MEHST:

— XapMOHHMYEH CUTHAJI — CUTHAJI, KOUTO CE€ U3MEHA 10
CHUHYCOUIAJICH WJIM KOCUHYCOUIAIECH 3aKOH,

— HexapmoHunyHwu.

* Criopen IMOBTOPEHUETO UM BbB BPEMETO:

— IlepuoanueH curyHai — npuema IoBTapsIIU CE
CTOMHOCTH IIPE3 ONMPEAECIICH IEPUOL OT BpEME,

— Henepuoau4um.

7/26/2022 npod. 1-p uwxk. Benera Anekcuena



[lapamerpu Ha curHala

* Aummnuryaa

AT
A /\ A ) s(t) = Asin(2m ft + )

BpeMe

g nepuog T=1/f

+ L

* CuHycoujara € mpuMep 3a OCHOBEH HEMPEKbCHAT
XapMOHHUYEH U MEPUOJIMYCH CUTHAI.

* Omnpenens ce c:

* A- MAKCHMAJIHA aMILIMTYIAa — MAKCUMAJIHATA CTOMHOCT
BbB BPEMETO. 3a CIICKTPUYECKH CUTHAJ CE€ U3MEPBA BbB
BOJITOBE.

* f-4ecToTa — TeMII HAa MOBTOPEHUE HA CUTHaNA (IEPUOH 3a
CeKyHJa) u ce u3Mepna B Hz. O0parHo npomnopiimoHaiHa Ha
nepuoga T (BpeMeTo Ha MOBTOPEHHE HA CUTHAJIA).

* ¢ —(a3a - OTMECTBAHE B PAMKHUTE HA OTIACIHUS EPHUO/.

7/26/2022 npod. 1-p unxk. Benera Anekcuena




lIpenaBane Ha curaaam

* MHdopmanusaTa ce HOCH OT €JIEKTPUUYCCKUTE
CUI'HAJIM B OCHOBHA JieHTa (Baseband).

* IlHpopMallMOHHUTE CUTHAJIM Ca:
— HUCKOYCCTOTHMH,
— C HC MHOT'O BUCOKA aMIIJINTY/4d,
— CHJIHO CC BJIMAAT OT HUCKOYCCTOTHHSA IIIYM,

— CIJTHO 3aTUXBaHE MPHU pa3npocTpaHsBaHe (T.€.
MOrar Jia c€ mpejaBaT caMo Mo Ka0el Uik Ha
MHOTO KbCH PA3CTOSTHUS OC3KUYHO ).

* AHTCHMTE 3a U3IBbUYBAHE Ha 0€3KWUYCH CUTHAJI
B TO3M 00XBaT ca MHOTO rojieMH (T¢€ ca
CPaBHUMHU C JbJKHMHATA HA BhJIHATA, KOSTO €
CTOTHUL METPH).

7/26/2022 npod. 1-p uwxk. Benera Anekcuena



7/26/2022

BucoxkouecToTeH curtgai

[T0-BUCOKOYECTOTHUTE CUTHAIN CE PA3NPOCTPAHSABAT €
IMO0-MAJIKM 3ary0M 1o Bb3/IyX U II0 ONTUYEH KaOel.

HpI/I ITIO-BHUCOKH HCCTOTH AHTCHUTE Ca I10-MAJIKHU 110
PasMEpPMH 110paan I10-MaJIKaTa IbJDKHMHA HAa BbJIHATA.

AHTEHHUTE UMaT MO-A00pa HACOYECHOCT, HOPaau KOETO Ce
M3I10JI13BAT MPeJaBaTe/IM ¢ MOo-HUCKA U3X0HA
MOIITHOCT.

Ha nmo-Bucoku yectoTn nma J0CTa 6(1)€KTI/IBHI/I HUCKO-
HIYMAIINA YCHJIBATC/IN U IIPUCMHUIIN.

[Ipx MHOTO BUCOKOYECTOTHY CUTHAJIM € HY)KHA MPAKA
BUIUMOCT MEXYy MPEeAaBareil v MIPUEMHUK.

Morar ga ce moMecTBar moBevYe Ha Opoi KaHaJH (1a ce
peaaBa Mmo-TojisiM 110 00eM TpadHK) UK HO-IIUPOKH
KaHaI1 (O-BHCOKOKAYE€CTBCHH KOMYHUKAIIMOHHHU YCIyTH
1 10-0bp3 TpaHC(Ppep Ha uHpopmaluiITa B bits/s).

npod. a-p unxk. Benera Anekcuena



Mopaynars

Curnaia B > 3 Monayaupan
OCHOBHa JIeHTa CHIHAJI

Hocem curuaJ

AR

 MonayjaanusiTa IpeACcTaB/IsBa IIPEHACSIHE HA CIIEKThpa Ha
CUTHaJla-HOCHUTEJ Ha MH(pOpMaLMs BbB BUCOKOUECTOTHATa 00IaCT,
ype3 U3MECHEHHUE Ha ITapaMETPUTE Ha BUCOKOUECTOTEH CUTHAII
(HOcel), oA J€HCTBUETO HA CUTHAJIAa-HOCHUTEI Ha HH(MOpMaLs
(nH(popMaALIMOHEH, MOAYJIHPAIN).

* Moayaupanusat curnaj (Passband) ce nonyuasa nipu
HEJIMHEWHOTO CMECBAHE HA CUTHAJIa B OCHOBHA JICHTA C HOCEII]
CHUTHAJI.

7/26/2022 npod. a-p unx. Benera Anexcuena 8



Bugose Mmoayinanuu

B 3aBUCHMMOCT OT BHJia Ha HH(POPMALIMOHHUS
(baseband) curuan:

* AHAJIOI'0BA - B 3aBUCUMOCT OT TOBa, KOH OT
[IapaMETPUTE CE€ IIPOMEHS OJI BIIMSIHHUE HA
MOIYJIAPAIIMS CUTHA:

— ammiaTyaHa (AM)- u3MeHs ce amIuTyaara A ;
— gyectoTHa (FM)— n3mens ce yecrorara f;
— (pazoBa (PM)— u3mens ce ¢azara o;
 Iludpposa (Mmanunmynamusa) - Koraro moayauparuus

CHUI'HAJI € UMIIYJICCH, MOAYJIAllUsiTa CC HAPpHUYaA
MAHUITYJIAINA.

— amiuurtyaHa - ASK (Amplitude Shift Keying) ;
— yectotHa — FSK (Frequency Shift Keying);
— (pazoBa — PSK (Phase Shift Keying);

7/26/2022 npod. 1-p uwxk. Benera Anekcuena
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AMILTATYOHA aHajnorosa moayianus (AM)

s(ty 4

&

aam(t)

Amax

Amin l;i L Aapnhd
: WVA“\'““AWVhVW\UAVAVRVAVAVAVWVAVWVVVAVVVWAVAVAVAVAVNLUAVJ .

m=(Amax-Amin)/(Amax+Amin)
m<<] ci1ada AM

m~1 nbaooxka AM

m>1 npeMoayjaanus
OnTumaJsiHara crouHoct e m ~ 0.5

AM e npoiiec, Ipu KOMTO C€ U3MEHS
aMILINTyAdaTa Ha BUCOKOYECTOTHOTO
TPEITECHUE B CHbOTBETCTBHUE C
MOJIYJIMpAIYs CUTHA.

AM e ¢bC ¢JIA00 WM ITOYTH
HUKAKBO IPHJIOKCHHUE B
CBbBPEMECHHUTE KOMYHHUKAIIHH.

BbBexk1a ce OCHOBEH napaMeTbp m
— 1er100ounHa HAa AM.

OCHOBHOTO NMPENMyIIECTBO HAa AM
MOIYJIAlMATa €, Y& T4 MMa Hau-

TACHAaTa Bb3MOKHA YECTOTHA JICHTA
Ha MOJylIvpaH curHai (axko m < 1).

AM e Hali-cj1a00 3aIUTEHUAT BU
MOJIyJIalMsI B KOMYHUKAIIMOHHHUS
KaHaJl, IOJaT/INBa HAa BCIKAKHB BUI
CMYILCHHUS.

7/26/2022 npod. 1-p unxk. Benera Anekcuena 10



YecrorHa ananorosa moayiaanus (FM)

Y " Iif

L

AWANA

\

MOTVITpAL CHIHAN

MOJY/MPaH CHIHAT

7/26/2022

FM e nipouiec, mpu KOMTO C€ U3MEHSA
YeCcTOTara Ha BUCOKOYECTOTHOTO
TPENTEHUE B CbOTBETCTBUE C
MOIYJIMPAIIUSA CUTHA.

FM e ¢bC cepro3HO MTPUITIOKEHUE B
aAHAJIOTOBUTE KOMYHUKAIIHAMU.

FM moaynamus ce u3nonssa 3a
KaueCTBECHO paivo U TV pa3npbCKBAHE U B
MoouinHuTe 1G mpexku ¢ FDMA Tun Ha
NOCThIIA JO KaHala.

[TapameTspbT AbI00OYMHA HA FM
MOJyJIAlUATA M € OTHOIICHUETO Ha
yectoTHara Aepuamus Afp (B YKB -
75kHz) u pa3cTOSHUETO MEXKIY
OTJICTHUTE HOCEIIU YECTOTH f.

m 3aBUCH OT JUHAMUYHUS 00XBaT Ha
baseband curnana. Ot Hero ce onpeaens u
yecToTHara JieHta Ha FM curuana.

npod. n1-p nHxk. Benera Anekcruena
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®da3oBa a”Hanorora mogynauus (PM)
T
fiil

1 " ‘ * Hauannara ¢asa ce u3MeHs B TaKT
AL ‘ et C MOAYJIHpPAIIUI HUCKOUYECTOTEH
g | |.|' l [ CUTHAJL.

I .
e * HM3nomnssa ce B [[BeTHaTa
TeJICBU3HS 32 KOJHpPaHe Ha
/'\ /\ OCHOBHHUTE 1IBETOBE — U3MECTCHH
\ / ca Ha 33° cripssMO OCHOBHUS
(ba30BUs BI'BII A ce onpeacis OT
“ MOJYJIHpAIIUs CUTHAI U (pa30BuUs

1}
\ /] \\_ CUTHaIL.
! Koe(pUIIMECHTa Ha
BIBI Ky,

MOTympall CHrHan

A
AL

MOTY/HMPaH CHIHAN

MaxkcuMaJIHOTO U3MEHEHHUE Ha
n= IIPONOPILIUOHATHOCT MEXKITY

I ——
—

A(O :Kdm ay

7/26/2022 npod. n1-p nHxk. Benera Anekcruena



MmnyiacHu Moaysianuu

- ]
E CHTH&AT -
= 2
z - E
:
spese é AT CHIHAIT z
\/ = /.[/ \-\\( CHTHAT
é J IRV ICH I/IHI/I
:_5- 111 ] Mrinri HMITY. ICH |7 —‘ H H “ ‘ ‘ ‘ |7
EpemMe
PAM mMomynanHga PWM MoaynanHg

e Koraro HOCEmHUAT CUTHAJI MIPEACTABIISIBA IEPUOIMYHA MOPEAUIIA OT IMTPABOBI'BIHU
UMITYJICH, MOJIYJIALUATA CE€ HApU4a UMITYJICHA.

e [lapamerpute Ha uMmyJica ca :
— amIumTyna - A, ;
— TMEpUOJ HA ITOBTOpEHUE - T;
— TPOIBIIKUTETHOCT — T .
Jlensr ce Ha:
* ammuaryaHo-umnyicHa (PAM- pulse amplitude modulation),
e mmpouynHHO-umnyscHa (PWM; pulse width modulation),
* (ha30BO-UMITYJICHA,

A /| I[p
7/26/2022 npod. n1-p nHxk. Benera Anekcruena 13



mmysicHO-kogoBa moayianus (PCM)
AN

12
11
L0

inS

/

— b e e LA 3N -] 22 N2
L1

()I lllllllllllllllllllll LA 1 1 11 11

* NmnyncHo-kogoBara moayiauus (PCM- Pulse Code
Modulation) ¢ HaunH 3a npeoOpa3yBaHe HA aHAJIOTOB
CUTHAJ B IM(PPOB (OOMKHOBEHO B OMHAPEH KOJT) Upe3
IIBE€ CTHIKHU:

— JIucKpeTn3anma Ha HUBATa HA AaHAJIOTOBUSI CUTHAJ 4pe3
pPaBHOMEPHH OTUeTH (sampling)

— KBaHTOBaHe Ha T€3M HUBA KbM CEPHUS OT CUMBOJIH (110
JIMHEEH WJIN JIOTAPUTMHUYEH 3aKOH)

7/26/2022 npod. 1-p unxk. Benera Anekcuena 14



HH(prBH MOJLyJIAIINN (MaHUITyIAIHH )

1 0

Ah

ﬂn"‘-;"‘. ‘ Un - ﬂuﬁh
v U\l y ‘LUUEKj
AAAR A RAMARARA A0 A ARAIA D
AV AYTRVTIR VY 1\“ v
[ FSK |
o ﬁﬂﬂﬂﬂﬂ ANAMAIAAL
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[PSK |
A AR N
TRV RR LR DRI
| DPSK |
+90° 42700 +270° +90% +90° +2707 +9(”
h Al f\l m
”W \”% T
ASK (on/off)

7/26/2022

ToBa ca Mmetoau 3a mpeoOpazyBaHe Ha HUPPOBUS
HUCKOYECTOTEH CUTHAJI BbB BUCOKOUECTOTEH
aHAJIOTOB MOIYJIMPAH CUTHAJI, MOAXOISIIT 32
IIPEAABaHE B KOMYHUKAITMOHHUTE KaHAJIH, YPE3
creiiasiHo u3MeHenue (SK, Shift Keying) na:

— ammutyaara - ASK

— decrorara - FSK

— (hbazara Ha HOocemus curdai -PSK.

ToBa ca Ha-U3MOA3BAHUTE MOYJIALUU B
CbBPEMEHHUTE KOMYHUKAIHM.

Topcu ce Hall-e(PEKTUBHOTO M3MOI3BAaHE HA
CIIEKTBpa (T. €. MAKCUMYM MPEHECEHU OMTOBE 3a
1 Hz).

Te3u curnanm U3MCcKBaT MO-IIMPOKA YeCTOTHA
JIEHTa, 3aTOBa C€ IpuJjiara GUITpUpaHe 3a
CTECHSIBAHE Ha CIIEKThPA, KOETO BOJIH JI0:

— mnapa3utHa AM Moaynanus,
— MEXJYy-CUMBOJIHA UHTEP(DEPEHITHSI.

npod. 1-p unxk. Benera Anekcuena 15



ASK Moaynanuu

e AmiumTyaHara nudpoBa MOAYyIALMS

| 7 ASK € Hall-lIpOCTHAT METOJ 3a

il 1 oudpoBa MoAyJIalus, HO TS HE C€
M3I10JI3Ba CAMOCTOSITEIHO B MOJACPHUTE
KOMYHUKAIIHH.

* Tyk nma npobneMu npu npeaaBaHe Ha
IBITY peauiy oT ourope “0”, 3a110TO
HE MOXKE Jla C€ HallpaBH pa3JIMKa MEXy
T rreeye HYyJIEBA PEMIIA U U3KJIHOYBAHE Ha
U\ u\} ASK (owof WW\J npeaaBareis Uil CUJIHO 3aTUXBAaHE Ha
CUTHaJa.

CF RS £ s RO L

e B uuct BUa T4 ce mosi3Ba caMo B

rW\ m NW\ '\N\J ONTHYHHATE KOMYHHUKAIIMOHHH ITPHCTEHHU
U (OOK - On/ Off Keying).

* Haii-uyecto ce koMOMHUpa ¢ pa3oBa
MOJTYJIAIHS.

7/26/2022 npod. 1-p unxk. Benera Anekcuena 16




FSK moaynanus

* YecroTHaTa nu(ppoBa MOIyIAIHS

IRl

7/26/2022

FSK ce u3nosns3Ba 3HaYUTEITHO T10-
yecTo OT aMIututyaHara ASK.

IIpu Hesa outoBeTe “0” u “1” ce
npeaaBar ¢ JIB€ YECTOTHH
ChCTOSIHUS Ha curHana f1 < f2.

Tyk amIuiaTygara Ha cursalia
OCTaBa MOCTOSIHHA, HO IPO0JIEM €
OBP30TO NPEBKIOYBAHE MEXKTY
JIBETE YECTOTHU ChCTOSHUSI.

HNmMa TexHuku 3a HaMajIgaBaHe Ha
yecToTHara Jjedara Ha FSK
MO yJIalysATA.

npod. a-p urK. Benera Anekcuena 17



PSK mMonymanus

7/26/2022

* da3zoBara uHPpoBa

monaynauugara PSK e nau-
M3II0JI3BaHaTa ChbBPEMEHHA
MOJyJIalus B ChBPEMECHHHUTE U
OBbACIIUTE KOMYHHUKALIWH.

B Hau-1pocCTHs ciiyyau T4 Ce
Oazupa Ha 180° mpeBKIIIOUBaHE
Ha (pa3aTa HA CHUTHAJa OpHU
IpeaaBaHe Ha JIOTUYECKU 0 U
66159.

Tyk ocBeH ammnTyaara,
yecToTara ChIlo OCTaBa
ITOCTOSHHA.

npod. 1-p unxk. Benera Anekcuena
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BPSK moaviaanus

Bugose PSK moaynanus

QPSK moaviiamas
01

1807

270°

00

/4 OPSK
MoOIyJIAIHS

00 10 11 01

7/26/2022

270°

BPSK (Binary PSK) - Hali-npOoCTHST THII
PSK monynanus, ipu kosito outosete “0” u
“1” ce npenasar ¢ ABE (Pa30BU ChCTOSHUS Ha
Hocelnus curaan Ha 180°.

QPSK (Quadrature PSK) - gBoitHO
HaMmaJIsiBaHE Ha CKOPOCTTa Ha
MaHUITYJIUpaHus CUTHAJ (M HA HeoOXoaumara
YeCTOTHA JIEHTA), T.K. OUTOBETE CE€ Ipe1aBar
no aporiku (00, 01, 10, 11) ¢ 4 da3oBu
CHCTOSTHUS Ha HOcemara Ha 90°.

OQPSK (Offset QPSK- 3a ga ce uzdernar
He)KellaHu cKokoBe Ha 180° (mamp. mpu
npenaBade Ha rpyna outose 0010), mpu
KOMTO Bb3HHMKBAT Mapa3uTHu AM Moaynamnuu,
Ce M3I10JI3Ba MOAYJIAllMsI ¢ OTMECTBAHE Ha
YETHHM M HEUETHH OuTOoBEe Ha 45°,

npod. 1-p unx. Benera Anekcuena
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Moaynanusa ¢ MHOIO HOCEIIH YE€CTOTH

NANNNANAT

9 (‘}'EHDE‘EIIIH ChC 3AINNTEeH HHTePEAJ

Mopaynanusa Ha HU(PPOB CUTHAJ C IOMOIITAa HA MHOTO HOCEIIY € KOraTo
M3IbYBAHUAT HOTOK OT OMTOBE C€ pa3/ieis Ha MOJAMNOTOM U c€ “HOCH OT
MHOTO IOJTHO CEIIIH.

buroBara CKOPOCT Ha BCCKH ITIOAKaHAJI € MHOTI'O IIO-HUCKA OT 06maTa.
YecToTHaTa 1€HTA HA BCCKHU IIOZAKaHaJI € MHOT'O ITIO-TsICHA OT 06maTa.

bposT Ha MoJHOCEINTE C€ 30Mpa Taka, Y€ BCEKH MOJKaHAJ Jl1a UMa
YECTOTHA JICHTA, ITPHU KOATO MMa CHUJIHO MOATHCHATA MEKIYCHUMBOJIHA
uHTepdepeHIns (3alIUTEH UHTEPBAJ, 3a Aa C€ U30€TrHE B3AaMMHOTO
BIIUSTHUE MEXIY TAX).

MHoOro 1mo-e(p)eKTUBHO M3I0JI3BAHE HA CIIEKThPA CE MOCTUTA C
“OpPTOrOHAIHM TMOIHOCEIIHN, YAUTO CIICKTPU CE NIPUIIOKPUBAT, HO IOPAJIH
OPTOTOHATHOCTTA CU CUTHAJIUTE CHU BIUAAT MUHUMAIIHO.

3a eeKTHUBHA MOIylIalMsl OpOsT Ha MOJAHOCEIIUTE TPsOBa Jia € TOJIsIM —
Harp. B WiMax cranjapra Te Morar jaa ca ot 512 go 2048 kaHana.

7/26/2022 npod. 1-p unxk. Benera Anekcuena



Optoronanna moaynanus (OFDM)

* OpTroroHajgHara 4€CTOTHA MOAYJIALIS
(OFDM, Orthogonal Frequency
Division Multiplexing Access) € Haii-
IPOCTHUAT TUII MHOTOYECTOTHA
MOJTyJIAIIHSL.

/—\ e Hal-dyecTo ce U3103Ba B

CbBPEMCHHUTE OC3KMYHU
KOMYHMKALIUH.

* AKO C€ U3I0JI3BAT IPABOBI'bIHU
CHUT'HAJIM, TC¢ HE TPpsOBa a ce
3aCThIIBAT. AKO c€ n3non3sar 1/2
4aCTH OT KOCUHYCOY/IaJJHU CUTHAJIN
T€ MOTaT Jia CE€ 3aCThIIBAT
(MakcMMyMa Ha CIIEKThpa Ha JaJcHa
IIOJIHOCEINA ChBIIaJa C HYJIUTE OT
CIICKThpa Ha OJIM3KUTE ChCEAHU

7/26/2022 Hpodﬂ@ﬂﬁ@f@l@ﬂl}ﬂl}% 21
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Bosrpocu ?

bnarogaps 3a BHUMaHHETO !



