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OCHOBHU MOMEHTH
* Moaynamus. ChIIHOCT.

* lIpenqnasznauenue.
e OCHOBHU BUIIOBE.

* [Ipunoxenue.
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CurHain

CLOOIIEHHUE CUTHAJI CUTHAJ M LIYM CLOOIIIeHHE
| |
l /I KOJIep J/ |~ nemopysnarop
KOMITIOTB ' - P Kanau - | YA xommoThp
S KOMyanammHHa S
npeaaBarel cHelrema IPUEMHUK
CMyuieHH;I
e CUrHaJbT € (1)I/IBI/IIIGCKI/I IIPpOoHcC, CIYIKCIL 3d IIPCHOC HaA
MH(pOpMalLus.
* Curnaiuure ca:
— CJIEKTPUYECKHU,
— 3BYKOBH,
— CBETJIMHHH,
— MAI'HUTHH,
— U Jp.
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Bunose curaanm
* Criopen 3HaYCHUATA UM BbB BPEMETO:
— HeNpPeKbCHATH,

— IMCKPETHH.

* Cnopen 3aKoHa, IO KOMTO CE U3MEHSIT:

— XapMOHHMYEH CUTHAJI — CUTHAJI, KOUTO CE€ U3MEHA 110
CHUHYCOUIAJICH WJIM KOCUHYCOUIAIECH 3aKOH,

— HexapMoHMYHH.

* Criopen IMOBTOPEHUETO UM BbB BPEMETO:

— IlepuoauyeH curyuai — npuemMa IoBTapsIIU Ce
CTOMHOCTH MPE3 ONMPEACIIEH TIEPUOJ OT BPEME,

— Henepuoauunm.
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Ilapamerpu Ha curnala
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* CuHycoujara € mpuMep 3a OCHOBEH HEMPEKbCHAT
XapMOHHUYEH U MEPUOIUYCH CUTHAI.

* Omnpenens ce c:

* A- MAKCMMAJIHA aMILIMTYA — MAaKCUMaJIHaTa CTOMHOCT
BbB BPEMETO. 3a CJIICKTPUYECKU CUTHAJI CE U3MEPBA BbB
BOJITOBE.

* f- yecToTa — TEMIT HAa MOBTOPEHUE HA CUTHAJIA (IIEPHOIN 32
CeKyHJa) U ce u3mepna B Hz. O6parHo nponoprimoHaisa Ha
nepuoda I (BpeMeTo Ha IIOBTOPEHUE HA CUTHAJIA).

* ¢ —(a3a - OTMECTBAHE B paMKHUTE HA OTACIHUS EPHUOL.
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lIpenaBane Ha curaaam

* MH(popmanusaTa ce HOCH OT €JIEKTPUUCCKUTE
CHTHAJIM B 0CHOBHA JieHTa (Baseband).

* lHpopMallMOHHUTE CUTHAJIH Ca:
— HHUCKOYCCTOTHM,
— C HC MHOT'O BUCOKA aMIIJINTY/4,
— CHJIHO CC BJIMAAT OT HUCKOYCCTOTHHSA IIIYM,

— CIUTHO 3aTUXBaHE MPHU pa3npocTpaHsBaHe (T.€.
MOrar Jia c€ mpeaaBaT caMo Mo Kadel Wik Ha
MHOT'0 KbCH Pa3CTOSHHUS OC3KHIHO).

* AHTCHMTE 3a U3TbUYBAHE Ha 0€3KNYCH CUTHAJI
B TO3M 00XBaT ca MHOTO rojieMH (T¢ ca
CpPaBHUMHU C JbJKMHATA HA BhJIHATA, KOSTO €
CTOTUII METPH).
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10/1/2024

BucoxkouecToTeH curtgai

[TO-BUCOKOYECTOTHUTE CUTHAIN CE PA3NPOCTPAHSABAT €
IM0-MAJIKM 3aryOM 1o Bb3/IyX U II0 ONTUYEH KaOel.

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

AHTEHHUTE UMaT Mo-100pa HACOYECHOCT, HOPaau KOETO Ce
M3I10JI13BAT MPeJaBaTe/IM ¢ M0-HUCKA U3X0HA
MOII[HOCT.

Ha nmo-BuCcoku yecToTH numa J0CTa G(peKTHBHH HUCKO-
HIYMAIIN YCHJIBATC/IN U IIPUCMHUIIN.

[Ipr MHOTO BUCOKOYECTOTHHA CUTHAJIIM € HY>KHA MPAKaA
BUIUMOCT MEXYy MPEeAaBareil v MIPUEMHUK.

Morar ga ce moMecTBar moBevYe Ha Opoil KaHaJH (1a ce
peaaBa Mmo-TojisiM 110 00eM TpadUK) WX HO-IIUPOKH
KaHaI1 (II0-BHUCOKOKAYE€CTBEHH KOMYHHUKAIIMOHHU YCIIYTH
U 110-0bp3 TpaHC(Pep Ha nHpopmaluiITa B bits/s).
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Mopaynars

Curnaia B > 3 Monayaupan
OCHOBHa JIeHTa CHIHAJI

Hocem curuaJ

JAARARA

* MoayaanmusaTa OpeacTaBIsIBa MPEHACSHE Ha CIICKThpa Ha
CUTHaJa-HOCUTEI Ha MH(OpMAIUsI BbB BUCOKOUECTOTHATA O0JIACT,
ype3 H3MCHEHHE Ha ITapaMeTPUTE Ha BUCOKOUECTOTCH CHTHAI
(HOCemT), IO ICHMCTBUETO HA CHTHAIA-HOCHUTEN Ha MH(POPMAIIHS
(MH(pOpMaIHOHEH, MOTYJIMPAII).

* Moayaupanusat curuaJia (Passband) ce moirydasa mpu
HEJIMHEHHOTO CMECBaHE Ha CUTHAJIA B OCHOBHA JICHTA C HOCEII]
CUTHAL.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 8



Bugose Moayinanuu

B 3aBHCHMOCT OT BHa Ha MH()OPMAIMOHHUSA
(baseband) curnan:

e AHAJIOT0OBA - B 3aBUCUMOCT OT TOBa, KOM OT
[mapaMeTpuTe Ce IMPOMEHA MO BIUIHUE HA
MOJIYJIUpAaIs CUTHAI:

— ammurygHa (AM)- u3mens ce ammuiutygara A
— yectoTHa (FM)— m3mens ce uectorara f;
— (pazosa (PM)— u3mens ce daszara o;

* IHudposa (Manunyaauus) - Koraro Mmogynupanius
CHUTHAJI ¢ UMITYJICCH, MOAYJIAIUATa CE Haprya
MaHUITyJIaIUs.

— ammurygHa - ASK (Amplitude Shift Keying) ;
— yectotHa — FSK (Freqguency Shift Keying);
— (pazosa — PSK (Phase Shift Keying);
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AMILTATYOHA aHajnorosa moayianus (AM)
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m=(Amax-Amin)/(Amax+Amin)
m<<1 caada AM

m ~1 n1pa0oxka AM

M>1 npeMoayJaanus
OnruMmasanara croiinoct e m ~ 0.5

AM e nporec, IIpu KOUTO C€ HU3MEHS
aMILINTyAaTa Ha BUCOKOYECTOTHOTO
TPEITECHUE B CbOTBETCTBHUE C
MOJIYJIMpAILYs CUTHA.

AM e ¢bC ¢JIA00 UM TOUTH
HHUKAKBO IPHIOKCHHUE B
CBbBPEMECHHUTE KOMYHHKALIUH.

BbBexkaa ce OCHOBEH MmapaMeTbp M
— 1e10ounHa Ha AM.

OCHOBHOTO NMPENMYIIECTBO HAa AM
MOIYyJIAlUATa €, Y& T4 UMa Hau-

TSACHATAa Bb3MOXKHA YECTOTHA JICHTA
Ha MOAYJIHUpaH curHai (ako m < 1).

AM e Han-cnado 3alUTEHUAT BUJI
MOJIYyJIalHsI B KOMYHHUKAIIMOHHHUS
KaHaJl, IOJaT/INBa Ha BCIKAKHB BU
CMYILCHHUS.

JIOI1. 1-p UHXK. AUITBbH XBKb 10



YecToTHa aHamoroa Mmoxayiamnus (FM)
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MOJY/HPAH CHTHAN
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FM e niporiec, mpu KOUTO CE€ U3MEHS
YeCcToTara Ha BUCOKOYECTOTHOTO
TPENTEHUE B CbOTBETCTBUE C
MOIYJIMPAIIUSA CUTHA.

FM e ¢bC cepro3HO MPUTIOKEHUE B
AHAJIOTOBUTE KOMYHHUKAIIHH.

FM monymanus ce n3non3sa 3a
Ka4e€CTBEHO paauo U [V pa3npbCKBAHE U B
MoouinHuTe 1G mpexku ¢ FDMA Tun Ha
JOCTHIIA 10 KaHAaJIA.

[TapameTspsT AbI00OYKMHA HA FM
MOIYJAIAsITa M € OTHOIICHUETO Ha
yecroTHaTta aesuaius Afp (B YKB -
75kHZz) u pazcTossaHETO MEKTY
OTJICITHUTE HOCEIH YecToTH fm.

M 3aBUCH OT IUHAMHYHUSI 00XBar HA
baseband curnamna. OT Hero ce onpeness u
yecToTHara jedra Ha FM curnaana.

JIOLL. JI-p UHX. AWJIbH XBKb
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dazoBa anamorosa moxayiamus (PM)
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MOJYAHPaH CHIHAT
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* Havannara ¢a3a ce u3MeHs B TaKT

C MOAYJIMPAIIHS HUCKOYECTOTECH
CHTHAIL.

M3mnon3Ba ce B IBeTHATAa
TEJIECBU3USA 34 KOAUPAHE HA
OCHOBHUTE IIBETOBE — U3MECTEHU
ca Ha 33 cipssMoO ocHOBHHS
CUTHAJ.

MakcruMaJIHOTO U3MEHEHHUE HA
(ba30BUs BI'BII A Ce onpeacis OT
Koe(pUIIECHTa Ha
PONOPIHUOHAITHOCT MEXKTY
MOJIYJIMpAIINs CUTHAT U (pa3oBus
BI'BJL Ky,

A§0:K¢M aM

JIOI1. 1-p UHXK. AUITBbH XBKb 12



mMyiacHu Moaymanuu
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Bente
PAM mMomynanHga PWM MogynanHs

e Koraro HOCEmHUAT CUTHAJI MIPEACTABIISIBA IEPUOIMYHA MOPEAUIIA OT IMTPABOBI'BIHU
UMITYJICH, MOJIYJIAUSATA C€ HApUYa UMILYJICHA.

* [lapamerpute Ha uMmyJica ca :
— amiumTyna - A, ;
— TMEpUOJ HA TTOBTOpEHUE - T;
— TPOIBIKUTEITHOCT — T .
Jlensr ce Ha:
« ammmmrygHo-uMiyicHa (PAM- pulse amplitude modulation),
* mmpounHHo-uMmnyiacHa (PWM; pulse width modulation),
* (ha30BO-UMITYJICHA,

d 41 ,Z[p
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NmmyncHo-komosa moaynamnus (PCM)
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* MmmyncHo-KojoBara MO,Z[}’JI&HI/I}I (PCM- Pulse Code
Modulation) e HaunH 3a mpeoOpa3yBaHe HA aHAJIOTOB
curtaj B mudpoB (0OMKHOBEHO B OMHAPEH KOJ) Upe3
IBE CTBIIKHU.

— JIlmckpeTH3anus Ha HUBaTa Ha aHAJIOTOBUS CUTHAJI Upe3
paBHOMepHH oTdeTH (Sampling)

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

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 14



[Hudposu MO/LyJTaINH (MaHUITyIALHH )
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ToBa ca metoau 3a mpeoOpa3zyBaHe HA UPPOBUS
HHCKOYECTOTECH CUTHAJ BbB BUCOKOYECTOTCH
aHAJ0rOB MOAYJIMPAH CUTHAJI, MOAXO A1 32
IpeJaBaHe B KOMYHHKAIIMOHHUTE KaHAJIM, Ype3
cteiainno m3Menenue (SK, Shift Keying) na:

— ammuTygara - ASK

— yecTtorara - FSK

— (azara Ha HOcemusa curnai -PSK.

ToBa ca Ha-U3MON3BAHUTE MOYJIALUU B
ChbBPEMEHHUTE KOMYHUKAIIUU.

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

1 Hz).

Te3u curnaam M3MCKBaT MO-IIMPOKA YeCTOTHA
JIEHTa, 3aTOBa c€ Mmpujara puiTpupaHe 3a
CTECHSIBAHE Ha CHEKThPa, KOETO BOIU JO:

— mnapa3utHa AM mopynanus,
— MEXy-CUMBOJIHA UHTEPPEPCHITHS.

JIOI1. 1-p UHXK. AUITBbH XBKb 15



ASK Moaynamnuu

e AmiumTyaHara nudpoBa MOAYyIALMS
ASK € Hal-TIpOCTHAT METOJ 3a

. uM@dpoBa MOAYJIAlKs, 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

QDR e O e N W

1) bkt HyJI€Ba pEeIMIia U N3KJIFOYBaHE Ha
\J\ ﬂ; | SR (on/or) \NW\J IpeaaBaTes WM CHIIHO 3aTHXBaHE Ha
CUTHAJIA.

1 0 1 1 0 1

B yuct BUJ T ce moJji3Ba caMo B

I o ey v

* Haii-yecto ce koMOMHUpa ¢ pa3oBa
MOy aLHsl.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb
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FSK Monynanms

* YecroTHaTa nu(ppoBa MOIyIAIHS
: FSK ce n3noa3Ba 3Ha4UTEIHO I10-
yecTo oT ammuiutygHara ASK.

* IIpu Hes outoBere “0” u “1” ce
IpeaBaT ¢ IBC YCCTOTHH
ChbCTOSHUS HaA curHana f1 < f2.

* 'Tyk amIuidrygara Ha cursalja
W %q m R r\} m OCTaBa IIOCTOSIHHA, HO IIPO0JIEM €
t‘ TIVTY 1 OBP30TO NPEBKIOYBAHE MEXKTY
L R B JIIBETE YECTOTHU CHCTOSIHUSI.
\ﬂ ﬂm"\ J\ ﬂ\mww \f q * lIMa TeXHUKH 3a HAMAJIIBAaHE Ha
“ Ji 4yecTOoTHaTa JieHTa Ha FSK
MOJIYJIAIUATA.

10/1/2024 JOLL. I-p MHK. AHIbH XBKb 17




PSK Monynamnms

W2

W
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WY

* da3zoBara uHPpoBa

monaynauusara PSK e nau-
M3II0JI3BaHaTa ChBPEMEHHA
MOJyJIalUs B ChBPEMECHHHUTE U
ObACIINTE KOMYHHUKALIVH.

B Hau-1poCTHs Ciiy4yau TS Ce
0azupa Ha 180° nmpeBkinrOUBaHe
Ha (pazara Ha CUTrHAJIA OpH
peaaBaHe Ha JIOTUYECKU 0 U
66199.

TyK OCBEH aMIIMTYyAaTaA,
yecToTara ChIo OCTaBa
ITOCTOSHHA.

JIOIL. JI-p UHXK. AUJIbH XBKb



BI/II[OBG PSK moaymanus

BPSK moaviaanus

QPSK moaviiamas
01

1B0°

270°

00

/4 OPSK
MoOIyJIAIHS

00 10 11 01

10/1/2024

270

BPSK (Binary PSK) - Hali-ipOCTHST THUII
PSK mMonynamus, mpu kosato outoBete “0” u
“1” ce npenaBar ¢ ABE (Pa30BU ChCTOSHUS Ha
Hocermusa curaai Ha 180°.

QPSK (Quadrature PSK) - aBoiiHO
HaMmaJIsiBaHE Ha CKOPOCTTa Ha
MaHUITYJIUpaHus CUTHAJ (M HA HeoOXoaumara
YECTOTHA JICHTA), T.K. OUTOBETE CE€ Ipe1aBar
o asoiiku (00, 01, 10, 11) ¢ 4 dazoBu
chCTOsTHUSA Ha HOcemara Ha 90°.

OQPSK (Offset QPSK- 3a na ce uzdernar
He)KelTaHu cKokoBe Ha 180° (mamp. mpu
npenaBade Ha rpyna outose 0010), mpu
KOWTO Bb3HMKBAT Iapa3suTHu AM mopynanum,
C€ M3MO0JI3Ba MOJIyJIallus C OTMECTBAHE Ha
YETHHM M HEUETHHU OuTOBE Ha 45°.

JIOI1. 1-p UHXK. AWJTbH XbKb 19



Moaynanus ¢ MHOIO HOCEIIH YE€CTOTH

NONNNANNAN

9 (‘}'EHDI':!E'IIIH ChC 3AINHNTEH HHTePEAJ

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

buToBara CKOpOCT Ha BCEKH MOAKAHAJI € MHOI'O II0-HHCKA OT OO0IaTa.
YecToTHATA JIEHTA HA BCEKHU IMOAKAHAI € MHOTIO MO-TACHA OT o0Irara.

bposT Ha MoJHOCEINTE C€ 30Mpa Taka, Y€ BCEKM IMOJKaHAJ JI1a ©Ma
4ECTOTHA JICHTA, IIPU KOSITO KUMa CUJIHO MOJITUCHATAa MEKIyCHMBOJIHA
uHTep(PepeHIys (3alUuTEeH HHTEPBaJ, 3a Ja C€ N30erHe B3aMMHOTO
BIIUSTHUE MEXKIY TAX).

MHoOro nmo-e()eKTUBHO M3MOJI3BAHE HA CIIEKThPA CE MOCTUTA C
“OpPTOrOHATHA TOJIHOCEIIH, YAUTO CIICKTPU CE NIPUIIOKPUBAT, HO IOPAJIH
OPTOTOHATHOCTTA CA CUTHAJIUTE CU BIUSIAT MUHUMAIIHO.

3a eeKTUBHA MOJylalMsl OpOAT Ha MOJHOCEIIUTE TPsIOBa Ja € ToJIsIM —
Harp. B WiMax cranjapra Te Morar aa ca ot 512 go 2048 kanana.
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Oproronanna moayiamus (OFDM)

e OproroHajHaTa 4€CTOTHA MOIYJIAIIUA
(OFDM, Orthogonal Frequency Division
Multiplexing Access) ¢ Hal-TIpOCTHSAT THII
MHOI'OYCCTOTHA MOAYJIALIHA.

LN — . Hait-dyecTo ce n3mnoii3Ba B CbBPEMEHHUTE
. 'A 0€3KUYHU KOMYHHUKAIIHHY.

* AKO C€ M3IIOJI3BAT ITPABOBI'BIIHA CUTHAJIH,
T€ HE TpsIOBa Jia ce 3aCThIIBAT. AKO C€
M3II0JI3BaT 1/2 4acTH OT KOCHUHYCOYAAIHU
CUTHAJIM T€ MOrar Ja C€ 3aCThIIBAT
(MakcMMyMa Ha CIIEKThpa Ha JIaJicHa
ITOJIHOCEINA ChBIIAAA C HYJIMTE OT
CIIEKThpa Ha OJIM3KUTE ChCEAHU
IIOTHOCEIIIH ).

-+ 2B —»
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Bwropocu ?

bnarogaps 3a BHUMaHHETO !
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