JABOPATOPHASA PABOTANel
HcciienoBanue OCHOBHBIX NPUHIMIIOB AMIUIMTYAHOH MOAYJISINUN U

YacTOTHON MOXYJISILUM.

1. AM monyasiumust

Ammmutynnas moayisuus (AM, anr. AM - amplitude modulation) siBisiercs
Hanboyiee MPOCTHIM U PACIPOCTPAHEHHBIM CIMOCOOOM HM3MEHEHHsI MapaMeTpoB
HocuTens  uHpopmanuu. Ilpu  aMIUIMTYaHOW  MOIYJSAIMH  aMIUIMTY/Aa
TapMOHHMYECKOTO KojeOaHus (HECyIIero CHUTHaja) HW3MEHSETCS 10 3aKOHY
U3MEHEHHUsS TepeaaBaeMoro HWHQPOPMAIMOHHOTO CHUTHala. B paguoTexHUKe
AMIUTUTYJHYI0 MOJIYJISIMIO TPHMEHSIOT JUIsl  repefayn  WHQOpManud Ha
pacCTOSSHHEC B paJHMOBEIIaHWUHM, aKyCTHYCCKOW JIokanuu W Jp. Hanpumep, B
paJMOBEIIaHNN 3BYKOBBIC KOJICOAHUS MPeoOpa3yroTcsl B AIIEKTPUICCKUI CHUTHAI
HU3KOH YacTOThl (MOMYJIHUPYIOIIUNA CUTHANT), KOTOPBIA U U3MEHSIET (MOIYIUPYET)
aMIUTATYTy CUTHAJa BHICOKOH (HecyIei) 4acToThl. Y MOJyYeHHOTO B PE3YJIbTaTe
MOJTyJTUPOBAHHOTO pPATUOCHUTHANIA aMIUTHTYAa H3MEHSETCS B COOTBETCTBHH C
CHJION 3BYKOBOT'O CHUTHAJIA.

OCHOBHOM  XapaKTEpPUCTUKOW  aMIUIMTYJAHOM  MOAYJSIMU  SBJISETCS
KO3 PUIIMEHT aMIUTUTYAHON MOIYJSIIMKA WU riayOouHa Momyisiiuu (modulation
depth) — orHomeHHe pPa3HOCTH MEXKIY MaKCUMAIbHBIM W MHHHUMAJIbHBIM
3HAYCHHMSIMH aMIUTUTY]lT MOJYJIMPOBAHHOTO CHTHAJla K CyMME JITHX 3HAuCHUH,

BBIPpA’KCHHOC B IIPOLOCHTAX.



B xone mabopatopHoii  paGoTel OblIa MOCTpOCHA TMPUBEACHHAs Ha

pucyHke 1 cxema B mporpaMMHOM HHCTpyMeHTapuu GnuRadio.

G Variable
Title: Nt titled yet ID: samp_rate QT GUI Range QT GUI Range QT GUI Range
Output Language: Python i 1o ID: varisble_qtgui_range_0 ID: varisble_qtgui_range_0_{ ID: varnable_qigux_range:O_I
Generate Options: QT GUI Label: Keaduuent noaynsumm | Label: wacrora Label: curkan
Default Value: 500m Default Value: 10k Default Value: 1k
Start: 0 Start: Sk Start: 500
Stop: 1.5 Stop: 15k Stop: 1.5k
Step: 100m Step: 500 Step: 100
Signal Source

Sample Rate: 100k
Waveform: Gosine
Frequency: 1k

Amplitude: 1

Offset: 0

Initial Phase (Radians): 0

QT GUI Frequency Sink
Name: Cnnexrporpauma curkana
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 100k

QT GUI Time Sink
Name: Ocumnnorpanma curkana
Number of Points: 1.024k
Sample Rate: 100k

Autoscale: Yes

Constant Source
Constant: 1

Constant Source
Constant: 500m

Signal Source
Sample Rate: 100k
Waveform: Cosine
Frequency: 10k
Amplitude: 1
Offset: 0

Initial Phase (Radians): 0

Puc.1. Cxema peanuzanuu AM cursaia B IporpaMMHOM MHCTPYMEHTapUu
GnuRadio.

Jlanee OBUIO TPOAHAIM3UPOBAHO BIMSHHE OCHOBHBIX HapameTpoB AM
CHUIHAaJa Ha BBIXOJHOM CHIHAJI B COOTBETCTBMM C TaOiuued | W CHATHI

COOTBETCTBYIOIINE rpaduKy JIs Kakaoro 3HaueHus KM

Tabauya 1 3asucumocmo 3navwenuti mownocmeti om KM

Koappumment MouHoCTh MoHOCTh
MonyJsiund, K, UH(GOPMAIIMOHHOTO | MOIYJIUPYEMbIN
CUTHaia cUrHana

0.25 -21.4 -9.5

0.5 -15.4 -9.5

0.75 -11.8 -9.5

1 -9.3 -9.5

1.5 -5.8 -9.5
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2. UM monyasuus

Yactornas monymsiius (UM, FM (anrin. frequency modulation)) — Bua
AQHAJIONOBOM MOIYJIALIMH, NIPU KOTOPON MOIYIUPYIOIIHUN CUTHAI YIIPABIAET
yacToToil Hecymiero kosebanus. [lo cpaBHEHHI0O C  aMIUIMTYZHOU
MOIYJIAIMEN 31ECHh aMILUIUTYAA OCTAETCS MMOCTOSTHHOM.

Jluneiinas wactotHas wMoxyisius (JIUM) curnama — 3T0 BulI
YaCTOTHOM MOJYJIALMM, NpPH KOTOPOM 4YacToTa HECYLIEro CHUrHaja

W3MEHSETCS IO JIMHEUHOMY 3aKOHY.

B xone mabopatopHoii  paGoThl OblJIa MOCTPOEHA MPHUBEACHHAS

pucyHKe 8 cxema B mporpaMMHOM HHCTpyMeHTapuu GnuRadio.

Audio Rate: 32k
Quadrature Rate: 32k

Waveform: Cosine

FFT Size: 1024

Preemphasis High Comer Freq: -1
Initial Phase (Radians): 0 " o s

QT GUI Time Sink

Sample Rate: 32k
Autoscale: Yes

Signal Source
Sample Rate: 32k
Waveform: C=ine
Frequency: 1k
Amplitude: 1
Offset: 0
Initial Phase (Radians): 0

Puc. 8. Cxema UM monyisaropa B mporpamme GNU Radio

B Variable T GUI Ran, T GUI Ran.

Title: Mot titled yet 10: sarmp_rate Q ige Q ge
Author: User e ID: variable_gtgui range 0 ID: varizble_qtgui_range 1
Output Language: Python - Label: “acT kch Car Label: “acT Hec kaneG
Generate Options: QT GUI Default Value: 10u Default Value: 1k

Stark: 10u Start: 1k

Stop: 100u Stop: Tk

Step: 10u Step: 500

Signal So
i WBFM Transmit .
Sample Rate: 32k QT GUI Frequency Sink

Frequency: 10u outh > o Center Frequency (Hz): 0
au: 750

Amplitude: 1 . Bandwidth (Hz): 32k
Max Deviation: 75k

Offset: 0

Number of Points: 1,024k

Ha




3apukcupoBanu rpaduKy ¢ pa3IUYHBIMU NapaMeTpaMHu MOAYJIUPYIOIIETO U
MOAYJIHPYEMOTO CUTHAJIA, TOJIYYEHHBIMU COTJIACHO Tabmuue 2
Tabnuya 2 Ilepeuenv napamempos uacmom 0isk MOOYIUPYIOUe2o U

Mooynupyemozo cuenanos YM mooyramopa

YacToTa MOLyIMpPYOIIEro CUrHana, Mkl g YacToTa MOyIUpyeMOro CUrHana, I'n
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Puc. 9. Bpemennoe npeacrasnenne u AUYC nomydernroro curnana (10mxl /11 'm).
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Puc. 10. Bpemennoe npeacrasinenne u AYC nmoyaennoro curaana (30mkl 1/2kI ).
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Puc. 11. Bpemennoe npeacrasinenue 1 AYC nonydennoro curaana (60mkl 1/3xI ).
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Puc. 12. Bpemennoe npeacrasinenue 1 AYC nonydennoro curaana (8O0mMkl /4xI ).
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Puc. 13. Bpemennoe npencrapnenue u AYC nosyuyeHHOTO CUTHaJIa

(100mkI /5T ).

[Iupokononocusi FM-niepenatuuk. [IpyHrumaeT oaguH BXOAHOM IMMOTOK

ayJIMOCOMILIOB C TJIaBAIOIEH 3amsaTol B Auamna3one [-1,+1] u BeigaeT onuH

BBIXOJIHOW CUTHAJI CJI0KHOW MOJIOCKHI 4acTOT ¢ FM-Monyssuuen.

[TapameTpsi:

Audio Rate - yactoTa AucKpeTH3aIMK ayIUoNoToKa, >= 16 Kout/c (1iemnoe
YHUCJIIO)

Quadrature Rate - vactoTa IUCKpPETH3AIMH BBIXOJHOTO ITOTOKA (I[EJI0C
qrci0). J1o/mkHO OBITh 1ebIM YnciioM, kpaTabiM Audio Rate.

Tau - mocTosiHHAS BPEMEHH MPEBAPUTEIIHLHOTO BBIJEICHHS (TI0
yMos4anuio 75e-6) (¢ riaBarolieil TOUKoi)

Max Deviation - makcumanbHOe OTKI0OHeHHE B 11 (10 ymomrganuio 75¢3) (¢
JIaBAIOMIEH TOYKOIN)

Preemphasis High Corner Freq - Beicokast 9acToTa, Ipu KOTOPOH MOKHO
CIJIAJINTh MPEJIBAPUTENIbHBIN aKIEHT (IIyMOKOppeKus); < 0 o3HayaeT

3HaueHue mo ymomdanuro 0,925*quad rate/2,0 (maBaromee 3HaUYCHUE)



3. MonysiupoBanue WaVv ¢aiiyia ¢ nomoumbio AM mMoayasinum.
B xoxe maGoparopHoil paboThl ObUIa NOCTpOEHA MPHUBEJAEHHAs Ha pucyHke 14

cxema B mporpaMMHoM HHcTpyMeHTapuu GnuRadio. daiin nmpencraBieH HAXKE.

file_example_WAV_5
MG.wav

G Variable
Title: Net titled yet T QT GUI Range QT GUI Range QT GUI Range
Output Language: Python B 1D: variable_gtgui_range_0 ID: varisble_gigui_range 0_0 ID: variable_gtgui_range_0_1
Generate Options: QT GUI Label: Keaduent noaynsum | | Label: wacrora Label: i curwan
Default Value: 500m Default Value: 48k Default Value: 1k
Start: 0 Start: 16k Start: 500
Stop: 1.5 Stop: 192k Stop: 1.5k
Step: 100m Step: sk Step: 100
QT GUI Frequency Sink
Name: Cnnexrpa..s curkana AM
g FFT Size: 1024

Center Frequency (Hz): 5k
Bandwidth (Hz): 48k

QT GUI Time Sink
Name: Ocumnncr...a curnana AM
| Number of Points: 1.024k

Wav File Source
File: ..._example_WAV_SMG.vav 0
Repeat: ¥es Multiply [g 0 0 Sample Rate: 48k
Multiply oy Autoscale: Yes

al Sou
o e Virtual Sink

Constant Source | Sample Rate: 48k B i S
Con=tank: S00) Waveform: Gosine ream ID: transmit_

Frequency: 48k
KO3DOULEHT MOAYNSLIM Con tSource: |y Amplih:: 1
Constant: 1

Offset: 0

yoneHie arrHana Initial Phase (Radians): 0
1 o - Audio Sink
- Hudtiply Sample Rate: 48 kz
Band Pass Filter

Decimation: 1 Constant Source
AGC Gain: 1 Constant: 0 .
Virtual Source Rate: 6250 Sample Rate: 48k
Stream ID: transmit_data [ | Reference: 1 ou in| Low Cutoff Freq: 500 gy
Gain: 1 High Cutoff Freq: sk
Max Gain: 65,536k Transition Width: 400

Window: Hamming
Beta: 6.76

- Audio Sink
Sample Rate: 48 kHz

Constant Source |
Constant: 1 .

Puc. 14. Cxema monynsiiuu 3ByKa ¢ noMouiso AM.

3adukcupoBaTh TpadUKU C Pa3IUIHBIMU TapaMETPaMH MOIYJIUPYIOIIETO

CurHaJjia 1moJy4C¢HHbIMH COI'JIAaCHO TaGJII/II_[e 3.



Tabauya 3 llepeuenv napamempos 4uacmom MoOyIuUpyemo20 CUsHaad

Yacrora MOTyIMpyEMOTO
curHamia, kI
16
24
32
48
68
96
128
144

Ocumnnorpamma curkana AM

1
Time (ms)

CnnexTporpaMma cirHana AM

Relative Gain (d8)
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Puc. 15. I'padux curnana npu gactore Mmoayaupyemoro curnaia 16kl .
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g

1
Time (ms)

CnnexTporpamma curiana AM

Relative Gain (dB)

i 8 8 8 & & 3 o

.MWMWMWWM wwwmwwww

000

Frequency (khz)

Puc. 16. I'paduk curnana npu gactote MoxyaupyemMoro curnaia 241 .
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Puc. 17. I'paduk curnana npu yactore MoyaupyemMoro curnaia 32kl .
Ocynnnorpamma cursana AM
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Puc. 18. I'paduk curnana npu gacrore Mmoayaupyemoro curnaia 48kl .
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Puc. 19. I'paduk curnana npu yactore MoyaupyemMoro curnaia 68kl .

Ocynnnorpamma cursana AM

10
Time (ms)

CnnexrporpamMa curiana AM

o

T T T
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Puc. 20. I'paduk curnana npu 4actore MoayaupyemMoro curaaia 96kl
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Puc. 21. I'paduk curnana npu yactore Moaynupyemoro curaia 128kl .
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Puc. 22. I'paduk curnana npu gactore moaynupyemoro curnaia 144kl .

KakoBa 3aBUCUMOCTb 4acTOTBI MOJYJIMPYEMOrO CUTHAJIa OT BO3MOXKHOCTH
HOPMAaJILHOTO BBIBOJ/IA 3BYKOBOTO CHUTHAJIa HA ayIHOKapTy? 3BYK mepenaercs 0e3
SBHBIX MCKQXXEHUH, KOTJa YacTOoTa HECYIIero KoJie0aHusi KpaTHAa YacTOTE
nuckpetusanuu  ayauountepdeiica (48, 96 wu 144 k['m). Opnako mpu
MCIIOJIb30BaHUU MHBIX YaCTOT 3BYKOBOM CHUTHaJl CHJIBHO MCKa)kaeTcs (Cpe3aroTcs

CpPEeIHHUE YaCTOTHI).



KoHTponbsHbIE BOITPOCHI:
Bompoc 1:
Kak maremarnuecku omucarb aMIUIUTYJHO-MOJIYJIMPOBAaHHBI CHUTHAN, U KaKue
apaMeTphl BIUAIOT Ha ero hopmy? Curnan omnuceiBaetcs Gopmysoit s(t) = A -
cos(wt), rTme - dYacToTa WH(MOPMAIMOHHOTO CHTHANA. AMIUIHTYIHO-
MOIYJIMPOBAaHHBIN CUTHAJ 3aaaetcs popmynoit s(t) - cos(wy,t), Tae w,, —4acTora

HCCYIICTO CUTHala.

Bompoc 2:
Kak MOXHO »JKCIEpUMEHTAIbHO ONPEAeauTh KOIPOUIMEHT MOAYISIUU B
aAMIUTUTYJHOM MOJYJALMM, U KaKue MPUOOPHI JJIA 3TOTO UCTHONb3yroTcs? s

AKCIIEPUMEHTAIBLHOTO onpeeneHus KoddpuimenTa Moayasuu npu AM, MOKHO

y Amax—Ami
BOCIIONIB30BaThCs  oOpMylIoln m = Amax—"l"‘- 100% . MakcumaibHble W

max+Amin

MUHHUMAJIBHBIC 3HAYCHUS aMIIIUTYIbI OFI/I6aIOHIGﬁ CUurHalla OIIPCACIIAIOTCA IIO

ocHIJIIOrpaMMe, TOJTyYeHHON Ha ocuusuiorpade.



