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BIIEOCUI'HAJL, I[IEPE/IABAY, [TPUIMAU, AHAJII3ATOP
PAJIOYACTOTHOTI'O CIIEKTPY, MIKIIIEP, MIKPOKOHTPOJIEP,
[TPOT'PAMA.

Mera poGoTH — JOCHIKEHHS TPOOJIEeMH 3MIHM HECy4oi YacTOTH
0e31pOTOBUX IEpeaaBaviB aHAJIOTOBOIO BIJEOCUTHAIY, pPO3pOOKa METOIY 3CYBY
4acTOTH Ta NPOEKTYBAaHHS TIepe/laBaya BiJICOCUTHAIY 3 TOTYXHICTIO 2BT 3
MO>KJIMBICTIO BIJIZJAJICHOTO KEPYBaHHS.

OOG’eKT JOCHKEHHST — METOAM MOoOyaAoBH O€3apOTOBUX IepeaBayiB
aHAJIOrOBOTO BiJICOCUTHAITY.

[Ipenmer  mocmimkeHHs —  O€3ApPOTOBHIM  mepenaBady  aHAJIOTOBOIO
B1JICOCUTHAJTY 3 MOKJIUBICTIO 3CYBY HECYUOi YaCTOTH Ta MOKJIMBICTIO BIJJAJICHOTO
KEepyBaHHS HECYYOI0 YAaCTOTOIO.

3MiiiCHEHO OIJIsi[ Cy4acHOl JITepaTypu 3 MUTaHb MOOYAOBU O€3pOTOBHUX
nepeaaBaviB aHaJIOTOBOTO BIJCOCHUTHATY, ICHYIOUMX METOJIB BCTAHOBJICHHS Ta
3MIHM HECy4oi 4YacToTh Oe3npoToBux mepenaBadiB. [IpoBegeHo anami3
MOKJIMBOCTEH BHUKOPWUCTAHHS ITUBUTBHUX KOMIIOHCHTIB IJi1 TOOYJIOBH CXEMHU
0€3pOTOBOTO MepeaBada aHAJIOTOBOTO BiJICOCUTHATY 3 MOKIIMBICTIO KepyBaHHSI.
3anponoHOBAaHO  CXEMOTEXHIYHMA  METOJ 3CYBY YacTOTH  IepeaaBaHHS
BiJICOCUTHAITY Ta Ha IOTO OCHOBI PO3POOJICHO CXEMY Ta KOHCTPYKIIIIO aHAJIOTOBOTO
BijmeoniepenaBayda. [IpoBeneHo TectyBaHHS poOOTH PO3POOICHOTO METONY 3CYBY
IIUIIXOM BUIIPOOYBaHHS CIPOEKTOBAHOIO TIepe/iaBada aHAJIOTOBOTO BiJICOCHUTHAITY.
Po3pobmnennii Ha OCHOBI 3aIIPOIMIOHOBAHOTO METOIY 3CYBY BiJieorepeaBad HalacTh
MOXJIMBICTh PO3UIMPUTH KUIBKICTh KaHAIIB TMEpeJaBaHHS BiJICOCUTHATY ISt

BITJIA BiiiCbKOBOT'O 3aCTOCYBaHHS.
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O€3MIJIOTHUI JIITaJbHUM anapar

(1)213OB€ aBTOHiI[CTpOI-OBaHHH HJaCTOTH



BCTYII

Ilepemaua Bimeo dYepe3 O€3apPOTOBI  MeEpekKl ChOTOJHI BBAXKAETHCS
HAMIIKaBIIUM 3aCTOCYBaHHSAM Y HAIIOMY MOBCAKACHHOMY XHUTTI. OCKUIbKH
MIBUIKICTh MOOIJTFHOTO TIEPEIaBaHHs JAHUX IMPOJIOBKYE 3POCTATH Ta BCE OLIBIIE
JH0JIed MOKJIAMaloThesi Ha Oe3/IpoTOBY mepeaady, oOcar Bifeo, IO NEpenaeTbes
NpUHAiMHI 4Yepe3 OAuH Oe3ApOTOBUIl CTPUOOK, HMOBIPHO, HPOJOBKYBATHME
30LIbLTYBaTHCS.

be3nporoBe mepenaBaHHS — BiJICOCUTHAy € OJHUM 3  OCHOBHHX
(GyHKUI0HATBHUX NOTped A 3aiiicHeHHs: kepyBaHHA BIIJIA, poOoToTexHIYHUMEU
HA36MHUMHU Ta HEBOJHMMH CHCTEMaMH, MPUCTPOSIMU BIJIJJAJICHOTO BI3yaJlbHOTO
KOHTpOIIO  BUpoOHMITBA.  Jl;msa  30UIbIIIEHHS  JaldbHOCTI  IepeaBaHHS
BijleoiH(popMalii  Oe3IpOTOBUMHM IepefaBayaMu  HEOOXIJTHO 3aCTOCOBYBATH
HaIpaBJIeHl aHTEHH Ta PETPAHCIATOPU. PeTpaHcisiis nmuppoBOro KaHaity 3B’ SI3Ky
noTpedye CKIQTHUX TMPUCTPOIB 1 1O TOTO JK dYepe3 3aKpUTy CTPYKTYpY
MPEACTABICHUX HAa PUHKY HU(PPOBUX TMepenaBadiB YHEMOKIIUBIIOE CaMOCTIHHY
peanizaillito, 10 B CBOIO Yepry 301IbIIYy€E 3aJIe)KHICTh BlJ BUPOOHHKIB Ta 3HAYHO
30UIbIIIy€ BapTICTh MOOYJOBU CHUCTEM peTpaHcidiii. s 3/eleBiIeHHs] CUCTEM
peTpaHCIALii BiICOCUTHATY BUKOPUCTOBYIOTh aHAJIOTOBI MPUAOMO-TIepeiaBayl sKi
CTaHJAPTHI METOJU MOJYJISALT TUIIOBOIO aHAJIOTOBOIO BIACOCUTHAIY 1 HE OYIyTh
JaBaTH 3aTPUMKY B PO3ITOBCIOKEHHI CUTHAITY.

B motoynuit MOMEHT Ha PUHKY TMPEACTAaBICHO BEIUKAa KIJTbKICTh
nepesaBadiB aHajgoroBoro Bigeocurnany ais BITJIA, ane BCi BOHM MpaifiorOTh B
nBox miama3zonax (1,3 Ta 5,8 I'T'm) 3 oOMexkeHoro KinbKicTio kKaHamiB. Komu BITJIA
BUKOPHCTOBYBAIMCH HE HACUYCHO BOHU HE K HE BIUTUBAIU OJIUH HA OJHOTO 1 YCIM
BHCTA4yaJ0 YaCTOTHUX KaHamiB. OOMEXEeHHs KUIbKOCTI KaHaJIIB BUKJIMKAHO BIEPII
3a Bce OOMEKEHHSIMHU B 3aKOHOJIABCTBI PI3HUX KpaiH M[0JI0 BUKOPUCTAHHS YaCTOT

3araJlbHOIro rmpu3Ha4CcHH:.
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3 MacoBUM BUKOPHCTAHHSIM, OCOOJMBO B YMOBAaX BEACHHS Cy4acHOI BIWHU
BIJIA mowanu nepekpuBaTH KaHaJW MepefaBaHHs B1J€O OAWH OJIHOTO, IO 1HOII
MPU3BOJUTH JI0 BTPATH KEPYBAaHHS Yepe3 BIJICYTHICTh KAPTUHKU y OIepaTopa, 1o
kepye BIIJIA. Kpim Toro 3acobu mnpotumii BIIJIA (HaBiTH HOCHMIi) TaKOX
HaJallITOBaHI HAa JIOCTYITHI KaHAIM SIK pa3 3 METOIO 3ariyllieHHs BijeocurHaity. B
yMOBax BINChKOBUX Aiil, mpu BukopuctanHs BIIJIA y BilfiCbKOBHX IIJISAX, 3BICHO
BI/IMAIal0Th ITMBUIBHI OOMEXEHHs II0J0 pajiiokaHamiB. lle Hamae MOXIUBICTH
PO3IIMPEHHS] YaCTOTHOTO Jiana3oHy BijeornepeaaBadiB. Yepes Te, 110 HEBIAOMO
KWW 9aCTOTHUH Jialla30H Kpalle BUKOPUCTOBYBATH Y TOMY YH IHIIOMY BHITaJIKY,
a TaKOX I MOXJIMBOCTI THYYKOTO IE€pEHAJAIITYBaHHS 3TiTHO HABKOJHWIIHIX
yMOB Oa)kaHO 1100 mepexij Ha 1HIIY HeCcy4dy 4acToTy OyB THYYKHM, a IIe Kpaile
KEPOBaHUM.

B wmarictepcbkiii  poOOTI MPOMOHYETHCS PO3POOKAa MIUIBTUYACTOTHOTO
0e3IpOTOBOrO  Bij€OIEpeaBaya  aHAJIOTOBOIO  CUTHAIY 3  MOMJIMBICTIO
NepeHaNallTyBaHHs YaCTOTH Ta HA OCHOBI JOCTYITHUX Ha IUBIILHOMY PHHKY
KOMITOHEHTIB. (CaMme BHWKOPHCTaHHS JIOCTYITHHX Ha I[HUBIILHOMY PHHKY
KOMIIOHCHTIB JIO3BOJIUTh 3HAYHO 301UThIIMTH BUPOOHUIITBO BIIJIA Ha muMBIIBHHX
MIIMPUEMCTBAX, 0 B Kpall MOXJIMBO IIiJI 4ac BiviHU. Po3poOneHuii mepemnaBau
TaKOX 3a0e3leyye MOXKIMBICTH POOOTH HA CTAHIAPTHUX LMBUIBHUX KaHalaxX B

niarma3oHi 1,211 3 MeTo MOKITMBOCTI HOT0 BUKOPUCTaHHS B IUBUIBHIN cdepi.



1 OI'JIAd OBJIACTI PO3POBKHU I IIOCTAHOBKA 3AJIAY

1.1 XapakTepucTHKH aHAJIOTOBHUX BiICOCUTHAJIIB

Jlst po3poOku BiIacHOi cxeMu Oe3IpOTOBOTO BijeorepenaaBaya HEOOX1THO
PO3YMIHHSI CUTHAJIIB, sIKI OyyTh IIOCTYNAaTH Ha BX1Jl PaJlo4yacTOTHOTO TPAKTy JJIs
nepeaBaHHsl Ha BijcTaHb. OTXKe Ha MepuIOMYy eTari OyJo MPOBEACHO aHali3
ICHYIOUHX CTaHAapTiB aHAJIOTOBOIO BIJICOCHHANY (KU BIJMOBIIA€ TEICBIZIHHOMY
CUTHAITy a00 CUTHAITy TEJIeBE31HOr0 MOBJICHHS)

AHanoroBuil CUTHaJl — CUTHaJI, 00JIaCTh BU3BHAUEHHS SIKOTO € Oe3repepBHUIN
MPOCTIp, TOOTO MPOCTIp, IO HE € TUCKPETHUM.

['onoBHa mpobiieMa BiICOCUTHAY B TOMY, IO BiH 3aiiMa€ BeCh IIUPOKUMN
crekTp yactoT Big 50 I'm qo 6 MTI'u. 11{o6 nmepenatu curHai, Tak OM MOBUTH, B
700, 1 amaparypa mepemadi, 1 Iiepejgada CepeaoBHINA TOBHHHA JO3BOJUTH
nepenaBaTd Bech crekTp. [lim He B 700 A/ aHAJIOTOBOTO CHUTHAIY B JTAHOMY
BUIAJIKY PO3YMIEThCS Tepeaada MOAYIHOBAHOTO CHUTHANTY, MPO IO HE MOXHA
CKazaTH, ajie TPOXH HIDKYE.

Y tabmumi 1.1 HaBeneHO OCHOBHI XapaKTEPUCTUKHU BIJEOCHTHAJIB Ta
curdaiis cuaxponi3aiii B, G/PAL ta M/NTSC.

Ha pucynky 1.1 300pakeHO curHain CHHXPOHI3alli psAaKa.

Tabmumss 1.1 — OCHOBHI XapaKTepUCTUKH BIJICOCHTHAIB Ta CUTHAIIB
cunxpoHnizaiii B, G/PAL ta M/NTSC
XapaKTepUCTUKH B,G/PAL M/NTSC
KinbkicTe psikiB Ha 300pakeHHs (kaap) | 625 525
Yacrora moisg, HOMIHaIbHE 3HadeHHS | 50 59.94
(momiB/c)
JliniitHa gactora fH 15625+0.0001% | 15734.264+0.0003%
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Pucynok 1.1 — Curnan cuHxpoHi3aiii psaka

B Ttabmumi 1.2 HaBeneHO HOMIHAIBHUM 1 MIKOBUM PIBHI KOMIIO3UTHOTO

Bimeocurnaiy (%).



https://github.com/cnlohr/channel3/blob/master/ntsc_pal_frame_documentation/pal_ntsc_from_kolumbus_fi_pami1_files/sync.gif
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Tabmuus 1.2 — HoMiHanbHUl 1 TKOBHA PiBHI KOMITIO3UTHOTO BiJIGOCUTHAITY

(%)

CumBon XapaKkTepucTUKu B,G/PAL | M/NTSC
1 PiBens racinus 0 0
2 [TixoBuii piBeHb 0170T0 100 100
3 PiBeHb cuHXpoHI13aIlii -43 -40
4 Pi3HMIISI MK PIBHSIMU YOPHOTO Ta TaCiHHS 0 7.5£2.5
5 Po3miHHe 3HAaYEHHS CIUIECKY 43+5 40+4
. [TikoBuit piBe.HB, BKJIFOYAIOUH CUTHAJI 133 120

KOJIBOPOBOCTI

Jetami miHIAHUX CUTHAJIIB CHHXPOHI3allli, TPUBAJICTh, BHUMIpSHA MIX

TOYKaMHU HaiBaMILUTITYyId Ha BIANOBIAHUX Kpasx, 4aC HAKONUYEHHS BUMIPIOETHCS

Bil 10% n0 90% ¢poHTIB iMIyNbecy y BianoBigHOcTi puc.l.1-1.3 HaBeneni y

tadymmm 1.3.
Tabmuus 1.3 — YacoBl XapaKTepUCTUKH aHAJIOTOBOTO BiJICOCUTHATY
cranaaptis B, G/PAL ta M/NTSC
CumBon XapakTepuCTUKU B,G/PAL | M/NTSC
H Howminanenuit mepiof miHii (MKC) 64 63.5555
a [HaTepBas raciHHs pAAKIB (MKC) 12+0.3 | 10.9+0.2
] [aTepBan mixk gyacoBoro 6a3oro (OH) i 3aaHiM 105 9.2to
KpaeM IMITyJIbCY TaciHHs JiH1T (MKC) ' 10.3
1.27 1o
c [lepenHiii raHOK (MKC) 1.5+0.3
2.22
d CHUHXPOHI3YIOUHI IMITYJIBC (MKC) 4.7£0.2 | 4.7+0.1
e Yac HakOMUYEHHs IMITyJIbCy TaciHug JiHil (Mkc) | 0.3%+0.1 <0.48




Kineup Tabaumi 1.3
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T'Semnd field

CumBon XapakTepucCTUKU B,G/PAL | M/NTSC
Yac HakOMMYEHHS IMITYJIbCY CHHXPOHI3aIIi1
f o 0.2+0.1 <0.25
JHIT (MKC)
534.71
g [ToyaTok makeTy mijgHecy4oi (MKC) 5.620.1
t0 5.71)
2.25+0.23 | 2.23t0
h TpuBanicTh NakeTy MiAHECY4O1 (MKC) (10£1 3.11(9+1
IIUKITIB) IIUKJTIB)
b,
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Pucynox 1.2 — BeptukansHa cuaxpoHizaiist cuctemu PAL



https://github.com/cnlohr/channel3/blob/master/ntsc_pal_frame_documentation/pal_ntsc_from_kolumbus_fi_pami1_files/pal.gif
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Hetani curnaniB cunxponizaiii nois B,G/PAL, TpuBanicTs, BUMipsHa MiXk
TOYKaMH HamiBaMIUTITYIU Ha BIAMOBIAHUX KpasX, yac HAKOIMMYCHHS BUMIPIOETHCS

Big 10% 10 90% ¢ponTiB iMITyNIbCy HaBeAeH1 y Tabmui 1.4.

Tabmuis 1.4 — JlogaTkoBl 4acoBl IapaMeTpl aHAJIOTOBUX BIJICOCHUTHAJIIB

B,G/PAL

CumBon XapakTepUCTUKU 3HaYEeHHS

% [lepion mosst (Mc) 20

J [HTepBan racinHs MOJiB 25H +a

J Yac Hakonu4eHHs! GPOHTIB IMITYJILCY TaCiHHS MO (MKC) 0.340.1

i [HTEpBa MK TEpEHIM KpaeM IHTEpBaly TaciHHS MoJisi Ta | 3+2
NEPEHIM KPaeM MEePLUIOro BUPIBHIOYOTO IMIYJIBCY (MKC)

| TpuBanicTs mepuioi MocaiJOBHOCTI BUPIBHIOIOYUX IMITYNbCiB | 2.5 H

m TpuBaiicTh NOCTIJOBHOCTI IMITYJILCIB CHHXPOHI3aITI] 2.5H

n TpuBamnicTs APYTroi MOCTIIOBHOCTI BUPIBHIOIOYHX IMIybCiB | 2.5 H

p TpuBanicTh BUPIBHIOBAIBHUX IMITYJIBCIB (MKC) 2.35+0.1

q TpuBamicTh IMIYJIbCIB CHHXPOHI3a1ii MO (MKC) 27.3

r [HTEpBaN MiXK IMITYJIbCAMU CUHXPOHI13aI1i1 MoJIst (MKC) 4.7+0.2
Yac  HakomuyeHHs  IMOYJbCiB  cuUHXpoHizamii  Ta | 0.2+0.1

> BUPIBHIOBAHHS (MKC)




14

O,
Furslﬁald
| 262 | 1 9 | 10 | | 19| 20 | 21
O,
lSemndﬁeld
- j .
| m n
= \\ =
LI “ H
262 | 263 | 1 8] 19 | 20 |
4 - L -
—
3
3, _
el s o s — -] 5 5

Pucynok 1.3 — Beptukansna cuaxponizarist cuctemu NTSC

Herani curHaniB cunxponizauii noss NTSC, Tpuanictb, BUMIpSHA MiX
TOYKAMH HaIliBaMIUTITYIM Ha BIAMOBIIHUX KpasX, 4ac HAKOIMMYCHHS BUMIPIOETHCS

B 10% 10 90% ¢poHTiB iMITyIbCy HaBeAeH1 y Tabmumi 1.5.


https://github.com/cnlohr/channel3/blob/master/ntsc_pal_frame_documentation/pal_ntsc_from_kolumbus_fi_pami1_files/ntsc.gif
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Tabmumns 1.5 — JlogaTkoBi 4yacoBl mapamMeTpi aHAJIOrOBHUX BiJ€OCHUTHAIIB

NTSC
CumBon XapaKTepUCTUKHU 3Ha4YECHHS

% [Tepiox mosst (Mc) 16.6833

_ . . (19to 21) H

J InTepBan raciuHs noJB

+a

J Yac nakonuueHHs (PPOHTIB IMITYJIbCY TACIHHS MOJIs (MKC) <6.35
[HTEpBaN MiK TIEpEAHIM KpPa€eM 1HTEpBaATY TaCiHHS MOJIA Ta

k . . . 1.5+0.1
NEPEeHIM KPaeM MEePLIOro BUPIBHIOYOTO IMIYJIBCY (MKC)
TpuBanicTs nepoi NOCaiJOBHOCTI BUPIBHIOIOUHX

I . . 3H
IMITYJIbCIB

m TpuBanicTh NOCIIAOBHOCTI IMITYJIbCIB CHHXPOHI3aIlli 3H
TpuBanicTh APYroi NOCIIJOBHOCTI BUPIBHIOIOYUX

n _ _ 3H
IMITYJIbCIB

p TpuBanicTh BUPIBHIOBAIBHUX IMITYJIbCIB (MKC) 2.340.1

q TpuBanicTh IMIYJIbCIB CUHXPOHI3aLIii MO (MKC) 27.1

r [HTEpBaN MiXK IMITYJIbCAMU CUHXPOHI13aIIi1 OISt (MKC) 4.7+0.1
Yac HakoNMUYEeHHS IMITYJIbCIB CUHXPOHI3aIIll Ta 0.95

S <U.

BHUPIBHIOBAHHS (MKC)

BignoBigHo 10 cTaHmapTy TeENeBI3IMHOTO MOBJICHHS Kaap 300pa)KeHHS

MICTUTh 625 psnkiB. HominanpHa wacTtoTa KaapiB 25 3a CEKyHAy, HalBHINA

4acToTa CUTHANIB 300pakenHs f= 6 MI1.

Curnan 300pakeHHs TIEpelaeThes MO pajioKaHany HusixoMm AM Hecydoro

300paxkeHHs MOBHUM TB curnaisoM, mpudoMy MakCUMyM MOTYHOCTI BIJIOBIi/Ia€e

cuaxpoimmyinbey (Cl), a MiHIMyM — piBHIO 0170T0 (TOOTO MOJYJIAIISI HETaTHBHA)

(puc. 1.4). Curnan 3BYKOBOTO CyNpoBoay mnepenaerbca nuisixom YC Hecydoro

3BYKY.
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Pucynok 1.4 — ®opma nOoBHOTrO TENEBI31IMHOTO CUTHAILY

VY Ttabmumi 1.6 mpoUTIOCTPOBAHO YAaCTOTHI XapaKTEPUCTUKU aHAJIOrOBOIO

Bijieocurnany crannaptis B, G/PAL ta M/NTSC.

Tabmusg 1.6 — YacTOTHI XapaKTEPUCTUKH aHAJIOTOBOrO BiJIEOCHUTHATY

crannapTiB B, G/PAL Ta M/NTSC
XapaKTepUCTUKH B,G/PAL | M/NTSC
: B:7

HominanbHa cMyra pajgiogactoTHOro kaHany (MI'n) a8 6
Hecyua 3ByKy BIJTHOCHO Hecy4oi 300paxkeHHs (MI'n) +5.5+0.001 +4.5
Haii6mmkunii kpaii KaHaTy BiTHOCHO HECY4O0i BUIUMOCTI 195 195
(MI')
HowminansHa mmprHa ocHOBHOT 019HOT cmyru (MI'1r) 3) 4.2
HowminanpHa mmprHa pyIuMeHTapHO1 O19HOT CMyTH 0.75 0.75
(MI')
Tun 1 NoJApHICTE MOAYIALIN 30Dy C3F neg. | C3F neg.

PiBens cuaxponizariii (%) 100 100
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Kinenps Tabmumi 1.6

XapaKTepUCTUKH B,G/PAL M/NTSC
72510
i i 0 +2.
PiBens raciaus (%) 75+£2.5 775
. . ) ) 2.88 to
Pi3HwMIIS Mi>K piBHEM YOpHOT'O Ta piBHeM racinus (%) Oto2 6.75
[TikoBuii piBeHs Oimoro (%) 10to 15 10to 15
Tur 3ByKOBOi MOy 1T F3E F3E
Bigxunenns wactoru (kI ) +50 +25
[TonepeiHe HArOJIOMIEHHS I MOTYJISIITIT (MKC) 50 75

[ToBuuit konbopoBuid TB curnan (IILTC) ckmamaetbcsi 3 HACTyHMHUX
CKJIQJIOBUX:

— B1JICOCUTHAJI (CUTHAJ MPO 300paxkeHHs: curHai sickpaBocTi (Y), curHan
koJibopoBocTi (UnB));

— CyMIIII KQJAPOBUX 1 MAJIUX IMITYJIbCIB, 1110 TaCsTh;

— CyMIIlI KQAPOBUX Ta MAJIUX CUHXPOHI3YIOUMX IMITYJIbCIB;

— CHUTHAJIM KOJIPHOI CHHXPOHI3aIii.

HeratuBna wMopymsiisi 3a0e3neuye CTIMKINTY CHHXPOHI3AIIID 1 MEHIIY
MOMITHICTb IMITYJIbCHUX MEPELIKO MPU MPUIOMI.

VY cnekrtpi curHary AM noBuHHa OyTH YaCTKOBO MPUTHIYEHA HUXKHS O14HA
cMyra 4acTtoT. Lle m03BoJIi€ CYTTE€BO 3MEHIIMTH CMYTy 4YacToT, sKy 3aimMae Th
MoByieHHS (10 8 MI'11 Ha kaHa).

OnHak HECUMETpIA CIEeKTpa o3Hayae nosiBy nopsia 3 AM cynyruasoi UC. Le
niaBuinye Bumoru 10 AUX TpakTiB nepenapaya.

3aranpHa AUX nepenaBaya noka3aHo Ha PUCYHKY 1.5.
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Pucynok 1.5 — Crangaptna AUX nepenaBaibHOr0 NpUCTPOIO

Curnanu sicKpaBOCTI TOBUHHI MaTH TIEBHI PiBHI:

P« =Py =Pisp

P,,, =(0,75)*P.,...

P, =(0,15)°P,,,, =0,0225 P,
P,, =01"-F,,,

AMIUTITY THO-MO Ty ThOBaHU TIOBHUE aHanoroBuil (TB) curnan 300pakeHo
Ha pUCYHKY 1.6.

Orunatoya [1L[TC 3anoBuena BY curnanom Hecydoro 300paxeHHsI.

TeneBiziitHUI CUTHAI — YHITIOJISIPHUN, HOTO MUTTEB] 3HAYEHHS PO3TaIlIOBaH1
3 onHOro Ooky Bif piBHS "Outoro". CHHXpOIMIYJbCH TakoX yHINoJsApHI. Llum
MOSICHIOETHCS HASIBHICTD Y TEJIEBI31HHOMY CUTHAJI MOCTIHOI CKIaA0BO1, BEJIMUYMHA
SAKO1 BU3HAYAETHCS CEPEHBOI0 OCBITICHICTIO 00'ekTa, 1m0 Tepemaerbes. llpu
nepeadyi pyxoMoro 300pakeHHs 3arajbHUNA XapaKTep OCBITICHOCTI 00'€KTIB, 110
NepeaaroThecsl, TOOTO. MOCTIMHA CKJIaJI0Ba CUTHATY 3MIHIOETHCS. SK mpukiam Ha
pucyHky 1.7 moka3ani 300pakeHHsI Ta BIJICOCUTHAJIN YOPHOI CMYTH Ha O1j0MYy Tl
Ta OLI0i CMyrM Ha YOPHOMY TJi. 3 PUCYHKA BHUJHO, IO CEPEIHI 3HAUYEHHS ILIMX
CUTHAJIIB 3HAYHO PI3HATHCS. 3MIHU TOCTIMHOI CKJIAJ0BOi Jy>K€ MOBLIbHI, BOHH
XapakTepu3yrThes yactotamu Bimg 0 g0 2 ... SI'm. Ilpu nmpuiitHsSITOMY HHUHI yepes

PAIKOBOMY PO3KJIaJaHHI HUXKYa 4acTOTa CUTHAY Mij Yac mepeaadl HepyXoMOro
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300paKeHHS TTPAKTUYHO € YacTOoTa MojiB (HamiBKaapiB), To0To. S0I'm. BimHocHa
aMILIITyJa KOJIMBaHb 13 yactoTamMu MK 2...5I'1m 1 50l (30kpema 1 3 4acTOTOMO
kaapiB 250') y Tenecurnam mani. OT:xe, TOBHUM CIIEKTP BiJJCOCUTHAITY CTAHOBUTH
(0...6,5%x106)I'u. HeoOXimHICTh mepenadi HACTUIBKH IMIUPOKOI CMYTH YacToT 3
MIHIMaJbHUMH CIIOTBOPEHHSMH SK [0 aMIUTITyal, Tak 1 1o ¢a3i, moB's3aHa 3
BEJIMKUMHU TPYIAHOLIAMH, IIMM OOYMOBJICHI OCHOBHI BIJIMIHHOCTI T€pe/iaBayiB Bij

PaIlOMOBHHUX TIepe/IaBayiB.

==
=
v ~

Pucynok 1.6 — BUcoko4acTOTHHI BIJIEOCUTHAN 13 aMILTITYTHOIO MOIYJISIIIEI0
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Pucynok 1.7 — Bineocurnanu 300paxeHHs YOPHOI CMYTH Ha OUTOMY TJii

Ta 61101 CMyTH Ha YOPHOMY TJI1

1.2 Tunu curHaJiB, AKi BUAAKOTH Cy4YaCHI AaHAJIOTOBi BileokaMepH

Jnst po3yMiHHS B siKii ¢dopmi TiepenaBadyy MOXKYTb TepelaBaTh CHUTHAI
KaMepu pi3HUX BUPOOHHUKIB OyJIO MPOBEAEHO aHaNI3 (pOpMaTiB BUXITHUX CUTHAIIIB
KaMmep MPOBIBIIN OIS JITEPATYpH Ta 3HSBIIU OCIHJIOTPAMU CUTHAIB 3 BUXO/IIB
Kamep.

Kamepu mMoxyTh BuAaBaTu BifeocurHana y 8 pizHux ¢opmarax. [lepmmit
Benukuit moji1 — yMoBHO PAL a6o NTSC. ¥V nepriomy Bumajaky Mu npuB'sizafi J10
yactotu 50 ['11 — a6o 50 HamiBKapiB 3a CEKyHy (3BUYAHHUIN TENEeBI31MHUI CUTHAT
CVBS), a6o 25 xanpiB 3a cekynay (AHD, TVI 1 CVI). ¥V apyromy Bumaiaky
yactoTa 60 ' — e 60 namiBkaapiB 3a cekynay st CVBS 130 kanpiB 3a cekyHay
st AHD, TVI, CVI. Po6oty 3 NTSC mMu mok# 1110 He po3risiiaEMo.

Hani, € 4 popmaru:

— CVBS (Composite Video with Blanking and Sync) — 3Buuaiinuii

KOMIO3UTHUM CHUTHAJI, SIKUU Hi)IKJIIO‘IaGTBCH JKOBTHM THOJIBIIAHOM,
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— AHD (Analog High Definition) — sk BinkpuTHii cTaHAapT HAa aHAJIOTOBUH
CHUT'HAJI BUCOKOI YITKOCTI;

— CVI — nponpierapuuii popmar Bix kommnanii Dahua;

— TVI — nponpietapauii popmar Bix kommnanii HikVision.

Ane Ha BiaMiHy Big mudpoBux iHTepdeiciB, ae 0e3 aaTTaluTIB, IO
ornucyoTh yci "piBHi OSI", poziOpaTucs NPakKTHYHO HEMOMJIHMBO, TYT CHTHAI
aHAJIOTOBHM 1, HA IMACTS, JOCHTh IMPOCTHH 1 CIA0KO BIPIZHAETHCS MK UMM

dbopmaramu.

Ha pucynky 1.8 nHaBeneno 720p curnan ¢opmary AHD. ¥V Bumanky 1080p

Maii’ke BCe 3MIHUTHCH.

Mo3: 0.00 Hc (0.00 aen)  Tpwur: K1 435 mB (0.87aen)

ﬁ KaHnan 2
YacToTa
277 klMy,
Kanan 1
Mepuog
53.3 MKcC
Kanan 1
CpeaHee
951 MB
Kanan 1
Pazmax
1.29B

K1 500 mB K2 2.00B Mop: 10.0 MKc

Pucynoxk 1.8 — Curnan ¢popmatry AHD
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Ha ocmunorpami mu 6aunmo oguH psaok curiainy AHD. Ilepion ckianae
53,3 mkc —720 BUIUMHX PAIKIB HAOepyTh y pasi 38,376 Mc, 1 11e 3anumuTbes 30
PSIKIB ITiT 3BOPOTHUH X1J1 KQAPOBOT PO3TOPTKH.

VY LeHTpi KOMITO3HUIIIT — MaJIuii CHHXPOIMITYJIbC, 32 HUM He "cnanax PAL" —
y CUTHaJ JOMIIIYETHCS KOJIIpHA MiJHECYy4a, 11100 MpuiiMay HalallTyBaB CBOIO 3a
4acToTOIO 1 (ha3oro.

Ha pucynky 1.9 HaBeneno 30iabl1eHa 3a MacmTabom ocumiiorpama AHD B

00J1aCT1 PSJIKOBOTO IMITYJIBCY .

Mo3: 0.00 Hc (0.00 pen) Tpur: K1 384 mB (1.92gen)

ﬁ KaHan 2
YactoTa
AHD ?
Kanan 1
Mepwuog,
?
Kanan 1
CpeaHee
|| || | || 462 MB
Kanan 1

i_.--_ y -
I' || || |.I|||l.| ||“||

Pasmax
552 mB
Kanan 1
CK3
210 mB

K1 200 mB K2 2.00B MNop: 500 HC

Pucynok 1.9 — 36unbiena 3a macmtabom ocruiorpama AHD B o61acTi

PSIKOBOTO CIHXPOIMITYJIbCY
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[Ticns migpaxyHKy KUIBKOCTI IEPIOAIB, Y MEHE BHMIIIA YacTOTa MigHECy4yoi
11..12 MI'u. ¥ noxymeHrarii BkazaHo dactoty 11,55 MI'n nyist BapianTa 720p.

Sxmio "monmuky" mepes crmajaxoM MO3HAYMUTH 33 HYJb BOJBT (L€ PIBEHb
YOpPHOT0), TO HAa CHUHXPOIMIYJbCI Hampyra mnagae Ao -0,5 BoibTa, TPUBAIICTH
iMysscy Onmus3bko 4 Mkc. PiBenb Oinoro: 0,7 BoibT, TOOTO MOBHUH po3Max
BijleocuTHANTY: 1,2 BOJIBT.

TpuBanicts BUIUMOro psjaka Bcboro 36 wmkc. lle o3nawae, mo s
orpuMaHHs Hamux 1280 mikceniB, Ha KOXKEH MIKCEJIb Ma€ MpUnaaaT Jumie 28 Hc,
1 4acToTa BUOIpKK Mae cTaHOBUTH 35 MI L.

[To KoTenbHUKOBY MM MOXEMO PO3paxOBYBaTHU HA YaCTOTH y BI1JACOCHUTHAMI
ax no 17,5 MI'u, ane konipHa nigHecyda: 11,55 MI', ToO6TO sik 1 B CTaHIapTHOMY
TEJEeBI31IHOMY CHUTHAJI, BOHA 33all0ji3a€ Ha SPKICHUM CUTHAN 1 WOTO MOTPIOHO
BiIQUIBTPOBYBaTH, TMPU I[bOMY BTpadyal4M  UITKICTh. [HTEepBam  MIXK
CHHXPOIMITYJIbCOM Ta TTOYATKOM PsIKa CTAHOBUTH 8§ MKC.

KanpoBuit cuHXpoimMmyibc MU TOAMBUMOCS TPOXM Ii3HIIIE, a 3apa3

noauBumocs Ha curdan TVI (puc. 1.10).

Mo3: 0.00 Hc (0.00 gen) Tpwur: K1 335 MB (0.67aen)

ﬁ KaHan 2
YacToTa

TVI 1.33 My

KaHan 1

Mepuop
\ 53.3 MKc

Y Yy W
[ iy il 4 W erwJWW"MM Kanan 1

g i o i ey o i g e b e b

2/ o CpepHee
| 995 mB
KaHan 1

L -
Paamax
1.13B

KaHan 1

CK3
258 mB

K1 500 mB K2 2.00B Fop: 10.0 MKc

Pucynok 1.10 — Ocumnorpama curnany TVI
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[lepion ctaHOBUTH Ti XK 53 MKC, OCKUIbKH NOTPiOHO BMicTHTH 720 psiIKiB +
3BopoTHUI Xi1 40 mMc. CHHXpOIMITYJIBC KOPOTIIMH, BCHOTO 2 MKC, MEHIIA
amIutiTya, Bcboro 0,4 BoapTa. TpHUBAIICTh BUIUMOTO ps/IKa MaiKe Taka caMa, siK
y AHD: 34 wmkc, mo BiamoBigae dyacTtoTi BuOIpkM mnpubauzHo 38 Ml 1

MaKCHMAaJIbHIN 4acTOTi1 curHany sickpaBocti 19 MI' (puc. 1.11).

Mo3: 0.00 Hc (0.00 pen)  Tpwur: K1 568 mB (2.84aen)

ﬁ KaHan 2
YacTtoTa
?
Kanan 1
Mepuop
?
Kanan 1
CpelHee
493 mB
LETET
Pasmax
498 mB
Kanan 1
CK3
200 vB

K1 200 mB K2 2.00B Mop: 500 HC

Pucynox 1.11 — 36inbemiena 3a macmrabom ocriunorpama TVI B o6macti

PAIKOBOTO CHHXPOIMITYJIBCY

Bona mae 30BciM HeBenukuii po3max, 6im3pko 100 MB. Y AHD posmax
crajaxy TeX He ayxe Benukui, Omu3pko 200 MB. Ile cmpoctuTh Ham
JETEKTYBaHHS CHUHXPOIMITYJIbCIB — 1HOZI po3Max CHajlaxy HaCTUIbKU BEJIMKHUH, 110
BUIAJIKOBO CIPUHUMAETHCA SK TMOBTOPHUM Malluid iMOyiabc. TyT Take HaMm

IMPAKTUYHO HC 3arpOiKye€.
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Yacrora mpubnuszao (3rigHo ociuiorpamu) ctaHoButh 20..21 MIm, a B
tabmuii g 720p yomych He BKazaHo. KosipHa migHecyya po3TallloBaHa BHIIE
CIIEKTPY  CHUTHally  SICKpaBOCTI. [HTepBam MDK  IOYaTKOM  PSAJIKOBOTO

CHHXPOIMIYJIbCY Ta MOYATKOM BUIUMOIO Psi/iKa CTAHOBUTH 8 MKC (puc. 1.12).

Mo3: -13.5 mKc (-1.35 pen) Tpur: K1 435 mB (0.87aen)

KaHan 2
YacToTa
1.12 MlNy,
KaHnan 1
MNepuop
53.3 MKC

SR TR T T T —— ST PRI g s ....~+,_u
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# Kanan 1
|| CpepaHee
Fh 1.03B
KaHan 1

W' L

Pasmax
1.25B
Kanan 1
CK3
299 mMB

K1 500 vB K2 2.00B Fop: 10.0 MKC

Pucynok 1.12 — Ocnunorpama curnany CVI

Tyr Bce Ma€e SCKpaBO BHUpaXeHI pHUCH. SKIIO CHHXPOIMIYJIbC — TO
noTyxHui (Maibke 0,5 BosibTa) 1 TOCUTH TpUBaIUid, Maibke 4 Mkxc. Crianax Ha i

OCLIMJIOTpaMi BUTJISIAAE Ty>Ke MOTYKHUM (puc. 1.13).
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Mo3: 0.00 Hc (0.00 pen)  Tpwur: K1 568 mB (2.84pen)

ﬁ KaHan 2
YacToTa
(:\/I 1.94 MINy
KaHnan 1
MNepuoa
?
KaHan 1
CpeaHee

bbb,

ponlIERIE Y 462 MB

||[||'l||||l'i-||.-||||'||'Ir]||||-‘
LETETN

Pasmax
531 MB

K1 200 mB K2 2.00B MNop: 500 HC

Pucynox 1.13 — 36inbmena 3a macmrabom octiunorpama CVI B obnacti

PAIKOBOTIO CUHXPOIMITYJIBCY

Po3max 200 MB, uvacrora 3noBy 20.21 MI'n. Buaumuii psiaok mporo pasy
3aiiMae HabaraTo OUTBIIKK 1HTEpBaJl, ax 43 MKC. 3aBIIIKU LIbOMY 4acTOTa BUOIPKU
(nnst 3a0e3neuenns 1280 mikceniB) moBuHHA cTranoBuTH 29,8 MI'11, a MakcumanbpHa
4acTOTa CUTHAIIY SICKpaBOCTI: mopanky 15 MI'n. Mu MaeMo mojia MiXk KOJIIPHOIO
MIJHECYUOIO 1 KPAaEM CIEKTPY CUTHaNy sckpaBocTi B 6 MI'n. TyT sickpaBimuii Ta
KOJIbOPOBHI CUTHAJIU 1MCHO OJJMH OJHOMY 3aBa)kaTH HE OYIyTb.

[HTEpBan MiXK MOYATKOM CHHXPOIMITYJICY Ta MOYATKOM BHIUMOTO PAIIKA
CTAaHOBUTH HABITh TPOXM OlNIbLIE, HUK B 1HIIKUX (popMaTax, nmpudinM3Ho 9,5 Mkc —

MPAKTUIHO BECh 3BOPOTHUMU XiJ.
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Ha pucynky 1.14 nis nopiBHsSHHS HaBeleHo crnanax PAL y 3BuuaiiHoMy

CVBS 3 11€i x kamepu.

Mo3: 0.00 Hc (0.00 aen)  Tpwur: K1 568 mB (2.840en)

ﬁ KaHan 2
YacToTa
CVBS 2.95 MlNu
Kanan 1

lNepuop

224 HC

Kanan 1

CpenHee
482 B
Kanan 1

Pasmax
781 mB
KaHan 1
CK3
233 MB

K1 200 mB K2 2.00 B Mop: 1.00 MKC

Pucynox 1.15 — 36inbmena 3a macmrabom ociunorpama CVBS B o6macrti

PSAIKOBOTO CHHXPOIMITYJIBCY

1.3 YacroTHi kaHaau podoru Bizeonepenasauis BIIJIA

Sx 3a3Havanock y BCTymi Ha puHKY uBUIbHHX bBIIJIA  mmpoko

POCIIOBCIO/DKEH1 aHAJIOTOB1 BijeonepeaaBayl 3 4yacTOTHUMHM AianazoHamu 1,3 T
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u 5,8 ['Tu. B po6oti Oyiio mpoBeAeHO OTJIsAl YaCTOTHUX KaHAIIIB BiJl€OTIEpe1aBayiB
JOCTYITHUX Ha PUHKY 3 METOI0 3a0e3Me4YeHHS YacTHHU 3 HUX y MepenaBadi, 1o
PO3POOIAETHCS ITIs1 MOXKJIMBOCTI POOOTH B IIUBUILHOMY JTiara3oHi.

VY nmianmazoni 5,8 I'Tm s aHaoroBoro Bijieo icHye 72 pi3HI KaHamu. Y
Tabuill 1.7 HaBeIeHO MepeTiK YacTOTH BCIX KaHAIIB aHAJIOrOBOI Iepeadl Bifeo
nianazony S5,8IT.

VY KOXHIH CITIII CBIM HA0lp 4acTOT, JEAKl YaCTOTH 3yCTPIYalOThCS B KITBKOX
CITKaX, aJIe 3arajloM yCl CITKH YHIKaJIbHI.

VYci kaHanu y ciTiii MaroTh oJHakoBuil kpok: 20, 19, 37, 23, 18 uu 40 MI 1.

Tabnuus 1.7 — BiaAnoBigHICTh YaCTOT KaHAJIaM BiJi€oNepe1aBaviB J1ara3oHy

5,8ITn

Citka CH1 | CH2 | CH3 | CH4 | CH5 | CH6 | CH7 | CHS8
A 5865 | 5845 | 5825 | 5805 | 5785 | 5765 | 5745 | 5725
B 5733 | 5752 | 5771 | 5790 | 5809 | 5828 | 5847 | 5866
E 5705 | 5685 | 5665 | 5645 | 5885 | 5905 | 5925 | 5945
F 5740 | 5760 | 5780 | 5800 | 5820 | 5840 | 5860 | 5880

C(R) 5658 | 5695 | 5732 | 5769 | 5806 | 5843 | 5880 | 5917
D 5362 | 5399 | 5436 | 5473 | 5510 | 5547 | 5584 | 5621
U 5325 | 5348 | 5366 | 5384 | 5402 | 5420 | 5438 | 5456
O 5474 | 5492 | 5510 | 5528 | 5546 | 5564 | 5582 | 5600
L 5333 | 5373 | 5413 | 5453 | 5493 | 5533 | 5573 | 5613
H 5653 | 5693 | 5733 | 5773 | 5813 | 5853 | 5893 | 5933

3aranpHi BIACTUBOCTI pOOOTH BijeornepeaaBaviB aianazony 5,81 T:
— TIepeiaBad MOXe TIepeiaBaTH CUTHAJ Ha OJHOMY 3 72 KaHaiiB (Ha ajb,

IIC HE O3HAYae, 110 OJJHOYACHO 3MOXKeE JIITaTH 72 0co0n);
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— paHilie BiJeonepenaBaydl MIATPUMYBaIM JHIIe § KaHajiB, a KOXXEH
BUPOOHHWKA MaB CBOIO CITKYy (3apa3 OLIBIIICTH BijieomnepeaaBayiB MiATPUMYIOTh
KyIy CITOK 200 HaBiTh yC1 pa3oMm).

CiTKH 4acTOT X BUKOPUCTAHHS PI3HUMU BUPOOHUKAMU BlJ€oNepe1aBayiB
BILJIA:

— Band A: Team BlackSheep (TBS), RangeVideo, SpyHawk, FlyCamOne
USA;

— Band B: FlyCamOne Europe;

— Band C(R): Raceband;

— Band E: HobbyKing, Foxtech;

— Band F (Airwave): ImmersionRC, Iftron;

— Band D: Diatone;

— Band L: Low band,;

— Band H: High band.

[[{o6 skicTh 300pakeHHS Oyja MaKCHMMalabHOIO, HEOOX1THO MEepPEeKOHATHCH,
110 MepenaBay 1 mpuitMau MpaioTh Ha OJHINA 1 TiM ke JacToTi. [[edxi kaHamu B
pI3HHX CITKaX MaloTh IyXe€ OJM3bKI YacCTOTH 1 MPOCTOi MOSBH KapTUHKUA B
OKYJIIpax HEIOCTaTHBO.

3 BijeornepeaaBayaMu aHAJIOTOBOIO BiJeocurHany nmiamasony 1,2I'T1 Bce
Habararo ripine, ajpke KpoK MK KaHamamu cTaHoBuTh 40 MI'm i BiAMOBiIHO
BUKOPUCTOBYIOThCSI JIMIIE 8 KaHANB, L0 3BICHO MNPU3BOJAUTH € 10 OUIBIIOT
WMOBIPHOCTI MEPEKPUTTS KaHAIIB.

Kananu Ta wactorm miama3ona 1,2 I'T'ry Bimeonepeaayi:

— HC1: 1080MTI11;

— HC2: 1120 MTI'1;

— HC3: 1160 MTI'w;

— HC4: 1200 MI'm;

— HC5: 1240 MTI'n;

—HC6: 1280 MTI'L;

— HC7: 1320 MI'm;
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— HC8: 1360 MT 1.

3 TNpOBENEHOTO OIJISAAYy BHUIUIMBAE TOCTpAa HEOOXIIHICTh PO3IIMPEHHS
KaHaJiB mepeadl, 10 J03BOJIHUTh:

— OJIHOYACHO 3HAXOJUTHCS Y MOBITP1 OUIbIIIN KisTbKOCT1 BITJIA;

— 3aXHUCTUTH KaHaJ nepenaBanus Bijgeo Big aii PEb cynporuBHuKa;

— OOMEXHUTH  MOXJIMBOCTI  HECAHKI[IOHOBAHOTO  TEPEriisigy  depes
YHEMOKJIMBIIFOBAaHHSI BUKOPUCTAHHS IS [IOTO CTAH/IAPTHUX MPUHMaYiB.

BianoBinHO y poOOTI MPOBOAMTHCS PO3pOOKa MepeaaBaya aHAJIOrOBOIO
BiJICOCUTHAITY, SIKHA MOXE HE JIUIIE TPAIIOBATA HAa HECTAaHAAPTHUX YaCTOTaX, a IIe
NepeHaNaTOBYBATUCH MK ITUMHU YaCTOTaAMHU.

JloMaTKOBO MPOIMOHYETHCA 3pOOMTH MOTYXKHICTH IepenaBadya g0 2BT 3
METOI0 3HAYHOTO 30UIbIIEHHS BIJICTaHI mepenayi, a juist 3a0e3nedeHHs poOOTH B

UBUIBbHINA cepi 3a0€3MeYUTH MOKIUBICTD PETYJIIOBAHHSI MOTY>KHOCTI.
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2 PO3POBKA CTPYKTYPHU TA CXEMMU IIEPEJJTABAYA

21 Orasinx CTPYKTYypHM Ta CXEMOTEXHIYHHMX PpilleHb M00ya10BH

0e31pOTOBUX MepeaaBaviB aHAJIOTOBOI0 Bileo

Jlns  po3poOKkM  BIIacHOTO BijeomnepenaBada Oyjao TIPOBEICHO aHalI3
CTPYKTYpU 1 CXEMOTEXHIYHUX pIlIEHb MOOYJOBU ICHYIOUMX aHaJIOTOBUX
nepe1aBayiB BIJCOCUTHATY.

[lepenaBay aHaIOroOBOTO BiJICOCUTHAIIY — 1€ €JIEKTPOHHUMN MPUCTPIH, KU
BUJIA€ PAJIOXBWII, SIKI HE MAalTh BIJEOCUTHATY, IO MPEJCTaBISIE PyXOMe
300paKEHHS, pa30oM 13 CHHXPOHI30BAHMM ayJlIOKAHAIIOM, SIKUH MpuiiMae
TEJEBI31MHI MPUCTPOi BITOOpa)KEHHS, MO0 HAJEXKATh IIMPOKIA ayauTopii, sKa
BiIoOpakae 300pakeHHS Ha EKpaHi.

AHanoroBi BijeonepenaBadyl BUKOPUCTOBYIOTh OJHY 3 JBOX pI3HUX
TEXHOJIOT1i: aHaJOroBY, B sIKI 300pa)K€HHsS 1 3BYK MEpPENal0ThCsl aHAJIOTOBUMU
CUTHAJIaMHU, MOJYJIbOBaHMMHM Ha HECydy XBWIIO pajaio 1 mudppoBy, B SKiH
300pakeHHs 1 3BYK IepeAaroThCs 3a JOTIOMOTroro 1udgpoBux curHaiiB. IlogarkoBa
TEJEBI3IMHA TEXHOJIOTIS, aHAJOroBE TelcOadycHHsS, ITodaja 3MIHIOBATHCS B X0l
nepexoxay, nounHarouu 3 2006 poky, y 6aratbox KpaiHax i3 cucteMamMu Iu@poBoro
tenedbauenns (DTV). Bouu nepenatoth 300pakeHHsI B HOBOMY (popMarti, 3BaHOMY
HDTV (tencOayeHHS BUCOKOI YITKOCTi), KU Ma€e OIbII BHCOKY PO3IUTBHY
3MIaTHICTDH 1 OUTBIN MMUPOKUIN €KpaH 13 CIIBBIJHOMICHHSM CTOPiH, HI’)K aHAJIOTOBUIA.
DTV no3Bosisie Ol €(PEKTUBHO BUKOPUCTOBYBATH OOMEKEHHM PaiOCIIEKTP
IMIMPUHU CMYTH, OCKUIbKHM KijbKa KaHaiiB DTV MoxyTe nepenaBaTUCh B Ty camy
CMYTy TIPOMYCKaHHS, 10 1 OJAWH aHAJOTOBUHM KaHal. SIK B aHAJIOTOBOMY, TaK 1 B
undpoBOMy TeaeOaueHH1, B PI3HUX KpaiHaX BUKOPUCTOBYETHCS KIJIbKA HECYMICHUX

CTaHAapTIB MOYJIALII JIs JOJIaBaHHsI BiZIeO- Ta ayIIOCUTHAIIIB JI0 Pajlio HECYUEH.
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[IpuHIIMTIA aHAJIOTOBHX CHUCTEM KOPOTKO BHUKJIAACHI B TOMY BHUIJISAI, B
AKOMY BOHHU 3a3BH4Yail OUIBIN CKJIaAgHI, HDK UUQPPOBI NepeaaTyrKu, uepes
MYJIBTUIUIEKCYBaHHS KackaaiB Moayisiii VSB 1 FM.

Bxin Bigeo (VF) € kxoMmo3uTHuUM BijeocurHasioM (BigeoiHdopmaris 3
CUHXPOHI3aIll€l0 K HaBeAeHO B M.1.1) 3 MakcMManbHOIO Hampyror | BOJBT Ha
ormopi 75 Om. (O6mexxkenns B 1 B nmns curnamy sickpaBocCTi, €Ki INepenaBayi
MOXYTh TPUHAMATH HaKJIaJeHI CUTHAJIM KoJIbopy Tpoxu Oumbiie 1 B.) Ilicns
Oydepa 1 nmanioriB ooMexkeHHss 1 B curnHan momaerbcss 70 MOAyIsATOpa, €
MOJYJIFOETBCSA CUTHAJ MPOMDKHOI YacTOTH (SIKUH BIAPI3HIETHCA BiJl TOTO, SKUN
BUKOPUCTOBYETHCS JJIsI 3BYKOBOI'O CHTHaly). MOAynaTop € aMIUNTYJIHUM
MOAyJATOpOM, sikuii Mmoaymtoe curHan [IY takum uymnoMm, mo 1 VF Bignmosimae
Hu3bkomy piBHIO IF 1 0 BonsT VF Bimnosimae Bucokomy piBHio IF. Momynarop
AM cTBOpIOE JIBI CUMETPUYHI O1YHI CMyTH Y MOJYJIbOBAHMX CHUTHajaX. Takum
yuHOM, mupuHa cMyru [IY BiBiui Ounbllia 3a MMPUHY CMYTH BIJEOCHUTHANY.
(To6To, sxmo cmyra yactotr VF cranosuts 4,2 MI'1, mupuna cmyru IF ctaHOBUTH
8,4 MI'u.) 3a MOIyIATOPOM CIIAYy€E CHElianbHUN (QUIbTP, BIAIOMUN AK (UIBTP
61unoi cmyru Vestigal (VSB). Lleit GinbTp BUKOPUCTOBYETHCS NJIsl TPUTYIICHHS
YaCTUHU OJHI€T O1YHOI JiHIT, TOMY IIMPUHA JiHIT 3MEeHIIYeThCsl. OCKUIBKU OOUIBI
Ol4HI CMYTM MICTATh IJEHTUYHY I1H(QOpMaLI0, 1€ NPUAYLIEHHS HE BHUKIIUKAE
BTpaTu 1HGopmarii. Xoua TPHUAYIICHHS BHUKIUKAE TmpodieMu 3 (Pa3oBorO
3aTPUMKOI0, Kackal VSB Takox BKIIOYAE CXE€MU KOPEKUIi JUisi BUPIBHIOBAHHS
dazmu.

MonaynpoBaHUN CHUTHAT TIOMAETHCS HA 3MIlTyBad (TaKOXX BITOMHH SK
NEepPEeTBOPIOBAY YACTOTH). [HIIMIA BX1J y 3MilTyBayi, SIKMid 3a3BUYail CTBOPIOETHCS B
KBapIIOBOMY T'e€HEepaTopi, BIAOMHUI SK TigHeCy4a. /[Ba BUX0aM MiKIIepa € CyMOIO 1
pi3HMIICI0O  JBOX  curHamiB.  HeOaxanuit  cur”Hanm  (3a3Buyail  cyma)
BII(pIIBTPOBYETHCS, @ CUTHAJ, L0 3aJIMIIUBCS, € pagioyacToTHUM (RF) curnanom.
[ToriM cur"Hanm nomaeTrbCcss Ha KackKaau ImmigcwiaroBada. KUIBKICTE ITOCIIITOBHHX
MIJICUITIOBAYIB 3aJIeKUTh BiJ] HEOOX1THOT BUX1HOT MOTYKHOCTI. OCTaHHIN KackaJ

3a3BUYAl MIACUIIIOBAY, IO CKIAJA€Tbcd 3 Oe€3Midl mapajeibHUX MOTYKHHUX



33

TPaH3UCTOPIB. Ajie B OUIbILI CTapuX MepeaaBadax TETPOAH abo KIICTPOHU TaKOX
BUKOPHCTOBYBAJIHCH.

Y cydacHHX TBEpAOTUIBHHMX BiJeoNepenaBadyax pOWEr TPAH3UCTOPU €
KpaluuM TMPUCTPOEM JIJIi BHUXIJHOTO Kackaay, a B OCTaHHIX MPOJYyKTax
BUKOpUCTOBYIOThCA S0V LDMOS-npuctpoi mns 6unbmoro KKJ[ 1 muTomoi
notyxHocti. Ille Oinbma eHeproeekTUBHICTP MOXJIMBA NpPHU BHUKOPUCTAHHI
Envelope Tracking, sike B 1HIyCTpii MOBJIEHHS YacTO HA3UBAIOTh «MOIYJISIIEI0
CTOKY».

Icnye aBa MeTonM 00'€eTHAHHS 3BYKOBHX Ta Bi3yaJbHUX CUTHAJIIB.

PozninpHa 3ByKOBa cucTeMa: HaCIpaB/i € JBa MapaielibHi epeaBayi: OauH
JUISl 3BYKOBOTO 1 OAWH JJIsl Bi3yalbHOTO CUTHaNTy. JIBa curHayiin 00'€JHYIOThCSl Ha
BUXOJIl 3a JIOTIOMOIOI0 TMOTYXHOTO cymartopa. Ha nomatok mo cymaropa s
CUCTEMa BHMAara€ OKpPEMOro MiKilepa Ta TMiJACUIIOBaviB i1 3BYKOBUX Ta
BI3yaJIbHUX CUTHamiB. Ll cucTtema BHKOPHUCTOBYETHCS B OUIBIIOCTI Mporpam 3
BHCOKOIO TTOTY>KHICTIO.

brok-cxema TB-nepenaBaua (MeTos 13 NPOMI)KHUMU HECYYUMH).

CucreMa 3 MDKHECYYHMMH: € JIBa BXIJHI Kackamau, onuH i AF 1 oguH s
VF. Ane nBa curnanu noeanyroThcst B cxemax IF manoi moryxuocTi (ToOTO Mmicis
MOJYJIATOPIB). 3MilllyBauy Ta MiJACUJIIOBAYl € CHUIBHUMHU JJIsi 000X CHUTHAIIB, 1
cucTeMa He MmoTpedye CymMaToOpiB BHCOKOI MOTYXXHOCTI. TakuM 4YHHOM, 1 IIiHA
nepeaaBaya, 1 CroKMBaHa MOTYKHICTh 3HAYHO HUXKYa, HIK CIUTIT-CUCTEMHU TOTO XK
pIBHSL TOTYXHOCTI. AJie JBa CHUTHaJIM, IO MPOXOJATh dYepe3 MiACUIoBayi,
CTBOPIOIOTH JICSIKI TMPOAYKTH 1HTEpMOMyJsiii. Takum dYWHHOM, cHUCTeMa 3
MDKHECYUYHMH HE MIAXOAUTH JJIsi JOAATKIB 3 BUCOKOKO IMOTY)KHICTIO, 1 HaBITh Y
nepeaaBayax 3 MEHIIOK TMOTYXHICTIO Ha BHXOJI Ma€ BUKOPHUCTOBYBATHCS
PEXKEKTOpHUMA (PUIBTP AJIS MPUAYIIEHHS TPOIYKTIB KPOC-MOYJISIIIT.

BuxinHa MOTYXHICTh NEpenaBadya BU3HAYAETHCSA SIK MOTYXKHICTh T 4Yac
CHUHXpOIMITyJIbcy. PeanpHa BUXiJHA TOTYKHICTh 3MIHIOETHCS B 3aJIEKHOCTI BiJ
BMICTy. AJle BHUXiJHa TOTYXXHICTh IepeJaBaJIbHOrO OOJaJHAHHS Ta BHUXIJTHA

NOTY>KHICTh aHTEHU — 1€ JB1 pi3H1 BeIMYUHU. BUXi/HA MOTYXHICTh aHTEHH BiOMa
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sk ERP, ska QakTHuHO [OpIBHIOE TOTYKHOCTI TMepenaBada, MOMHOXXEHOI
MIOCHUJICHHS aHTCHHU.

OCHOBHI BUMOTH JI0 TEJIEBI31HHUX MEepeIaBayiB

AOco0THa HECTAO1IBHICTh YaCTOTH HECYUYOTO 300paKeHHS

(A

1ec.uzobp.

=#1001y

HepiBaomipnicTe AUX < 41b Ha wactorax —0,75MI'; Ta 6MI'11 Bi HECyu4oOi.

HepiBHOMIpHICT, XapaKTepUCTUKH TpynoBoro wyacy 3amizHeHHs (I'B3)
TPaKTy nepenasad — npurimad < 50Hc.

CnoTBopeHHs, BUKJIMKaHI HemHiHHICTIO DUX ¢(w), TPUHHATO OIIHIOBATH

g ()

T,y (@) = e
dw | ko ¢(o) AiHiMHEA, TO Trp= CONSt Ta a0COJIIOTHA BEJIMYHUHA

3a I'B3.:
3aTPUMKH CHTHANy B TPakTi He Biairpae poui. [Ipu BIAMIHHOCTI ¢(®) BiA JIHIHHOI
3aJIEKHOCTI Trp, BMIHIOETHCA B JI1aI1a30H1 YaCTOT.

P0301HICTh y Yaci CHTHAJIIB SICKPABOCTI Ta KOJIBOPOBOCTI. =F50HC

Koedimient neniniitaocTi <12%.

[Tapa3utHa azoBa moaymsiis <50.

CTpyKTypHI CXEMH NIepe/iaBaviB aHAJIOTOBUX BiJICOCUTHAIIB

Po3ninibHE TOCUIIEHHS! CUTHAJIIB 300pa’KeHHS Ta 3B. CYIIPOBOJLY.

Buxigai curHamu KaHamiB 300paKeHHS Ta 3BYKY TOEAHYIOTHCS 3a

JIOTIOMOTO0 po3/imtoBasibHOTO (hinbTpa (PD) (puc. 2.1).

e TP U Caar, Foappermap [> Pumnp
AM ALY xap-iu TBS ZapmaHLK _| j
Fuee. us. PO
Use ; Ny T
: B
2M : E; ' amwmir

Tfnec. 4.

Pucynok 2.1 — Ctpykrypa TB — nepenaBaya 3 po3aiJIbHUM HOCUIIEHHSIM

CKIagOBHUX
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Monynaiist Ha 4acToTi, 0 HeCe, BUKOPUCTOBYETHCS PIAKO, T.K. HA PI3HUX
kaHanax ¢opmyBady AYX Oyne pizHuMm. Tomy Moaymslio 3AIHCHIOIOTH Ha
IPOMIXHII 4acTOTI 1 MOTIM MEPEHOCITH CIEKTp AM KoluBaHb Ha poOOUy YaCTOTY
(CTaBIATHP NEPETBOPIOBAY YAacCTOTH). AHAJOrIYHO JJIsi CHUTHAJIIB 3BYKOBOTO
CYIIPOBOJY.

®inbTp TapMOHIK — (QIABTP, AKUM 3MIACHIOE MPUAYIICHHS M03aCMYTOBHX
TapMOHIK (BHIIIHIA).

CrinbHe OCUJIEHHS MOTY>KHOCT1 CUTHAIIB Ta 3BYKOBHI CyNpOBiJ.

Monynsiss TpoBOJUTECA HAa MajoMy pPIBHI MOTYXHOCTI Ta Ha MPOMDKHIN

yacToTi (puc. 2.2).

T
s e KA L
Dopsuposameny ﬂ- i D
UAMRYRLCOE
e s
e

Pucynox 2.2 — CtpykrypHa cxema Th — nepengaBaya mia yac MOIyJIsIIIii Ha

MPOMIKHINA YaCTOTI

fr = Ttta.sosp. * Tnec. — qacroTa reTepouHy.

Monaynstop BBC — BigHOBieHHs mocTiiHOiI ckiagoBoi y Th curnami.
OO6oB's13k0BUI TpUCTpil Yy MoxynsaTropi. TyT ¢iKcyeTbes piBEHb TaciHHS, MPHU
bOMY QopMy€eThCs (HIKCYIOUHUM IMITYJIBC.

OcHoBHI IepeBaru MOyl Ha fiy:

— BUXOJUTH yHI(pikoBaHa anapaTypa popmyBaua AM KOIMBaHb;
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— ¢popmyBanus AUX cknagae HY 1 manomy piBHI MOTY>KHOCTI, IO HA0Arato
MIPOCTIIIE peali3yBaTH MPAKTUIHO HEOOX1THI XapaKTepPUCTHKHU TepeiaBaya;

—npu moxyismii Ha HY moxHa 3a0e3neunT OUTHIT BHUCOKY JIIHIHHICTH
MOJYJISAIIHHUX TTOKA3HUKIB.

AHaJI0TOBHIA BiJIEOCUTHAJI OJHOIIOJSIPHUHN 1 HOTO cepemHE 3HAUSHHS MOXKE
3MIHIOBAaTHUCh Yy MEKax pIBHIB «Oisie-4OpHE», TOMY HEOOXiAHO BiJHOBIIOBATU

pIBEHB MOCTIHHOI CKIaa0BoOi (puc. 2.3).

.
IHTC 1+ Usionx
,© 4 >
Dtay Il
HdD L
J-_ / Rn

Pucynok 2.3 — ExBiBaJieHTHA cXeMa BIJTHOBJIIOBaYa MOCTIHHOI CKJIaI0BO1

(I® — imnynbe ¢ikcanii)

Kimtou 3amukaerbcs Ha yac (ikcyrodoro immynecy (puc. 2.4). Ilpm
3aMHKaHHI KOHACHCATOP MIBHIKO 3apsHKaeThes M0 BenmnauHu A U, a moTiMm, KOau
KJTFOY PO3IMKHETHCS, CUTHAJ Ha BUXO/IL:

U,x “Ucex tU; =U,, +AU

8blX
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Pucynok 2.4 — JIo poO0TH cxeMu BIJHOBJIIOBaYa MOCTINHOT CKJIaI0BO1

Axio HeoOX1AHO 3AIMCHUTH (piKCallil0 HEe HA HYJIbOBUM pIBEHb, HEOOX1THO
MOCTaBUTHU JDKEPENIO 3MINIEHHS MiJ KIOYeM 1 MOXHa PEryiaroBaTH HEOOX1THUMN
PIBEHb.

Emopu nanpyru po6otu cxemu BIIC mokasani Ha pucyHky 2.5.

UCGXA

||

Pucynok 2.5 — Yacogi piarpamu po6otu BIIC

Y Tb mnepenaBaui BIIC 3a3Buuail 301HCHIOETHCS Yy BUXITHOMY KacKal
MOAYJISUIAHOTO MPUCTPO0 ab0 HaBITh y JABOX OCTAHHIX HOro Kackajaax, T.K.
Oa’kaHO TTOBHICTIO BUKOPUCTOBYBATH iX aMIUTITY/IHI XapaKTEPUCTUKHU.

[Tpuknan cxemu moaynstopa 3 BIIC HaBeneHo Ha pucyHky 2.6.
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Usaz.x

Pucynok 2.6 — CxeMa kackaay 3 0a30BOI0 MOJYJISIITIE€I0 IIOBHUM

Tb-curnanom ta npuctpoem BIIC

Kackamm VT1 ta VT2 — emitepni moBtoproBadi, VI3 — TpaH3ucTop y
KIro4oBoMmy pexkumi. HaBantaxkenns VT1 3abe3nedye maiie omip BUXOAY JKepena
CUTHAIIy ympaBiiHHA ¢ikcyrodoi cxemu. EmitepHuit moBToproBay Ha VT2
3a0e3nedye BeTUKHUN BXITHUHN Oomip 1Jisi KepoBaHOi (ikcyrouoi cxemu. HeoOxinuuii
piBeHb (ikcailii 3agaeTbest R2.

Koutyp LC mns toro, mo6 curHaim KOJIPHOI CHHXpOHI3aIii (ImigHece)
30epiraBcs. Hanpyra ¢ikcairii Moxe OyTH MO3UTHUBHOIO 1 HEraTUBHOIO 1070 E-b
VT2, 3cyB BIANOBIJAE PIBHIO TACIHHS.

3a gomomororo R1 migOupaethcsi posmax curnamy I[ILTC, mo6 Bin

yKJaAaBcs B JiHIAHY o0xacts CM3.
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Buxiguuii Il-xoHTyp MOXe OyTH HHM3KOAOOPOTHBIM, T.K. CMyra 4acToT Y
BUXIJTHOTO CUTHaJy IMOBUHHAa OyTH HE MeHIOK 3a mnoaBidHy cmyry I[IITC
(~12MTI ).

KonbopoBi curHanu noaaroThCs Ha OaJlaHCHUM MOIYJISITOpP, HA SIKOMY BOHH
MOJIYJIOIOTBCS TI0 aMIUTITyAl 3 MNpUAYHIEHHSIM MigHecydoi. MojayiboBaHi
KOJbOpOBi curHasim depBoHOTO ER-Y Ta cuaboro EB-Y 3cyHyTi BiZHOCHO OnuH
onHoro 1o ¢aszi Ha 90°. Ilixg yac miacyMyBaHHS BOHM YTBOPIOIOTh HOBUM CUTHAI -

CUTHAJI KOJIbOPOBOCTI. TaKuM YHMHOM:

U= \/EI%—Y +Egy (2.1)
@ = arctg 52:: (2.2)

Takum uyuMHOM, 3MiHAa (pa3H CBIAYUTH NMPO 3MiHY TOHY, MOJYJb BEKTOpA
BU3HAYa€ HacW4YeHICTh. [Ipu 1bomy Ha HezabapiieHUx abo ciabo odapbieHux
JUISTHKAX 300payKeHHS MEePENIKOIM HEMA€e, OCKIIIbKY MPUTHIYEHA MiAHEeCyYa.

3acTocyBaHHA AaMIUTITYAHOI MOJYJAIII 3 TNPUTHIYEHOI MiAHECYYOr0
NOPOKY€E TpyAHOILI B mpuiiomi. [Tpu nerekryBaHHI BaxMBo o0 30iramucs das3u
Ta YaCTOTH TE€TEpOJAMHY Ta MmifgHecy4oi. [ mboro micias HMIKIPHOTO PSAIKOBOTO
CUHXPOIMITYJIbCY Ha MalJAaHYUKYy PSIIKOBOTO IMITYJIbCY, 11O TaCUTHU, NEPENAETHCS
ocobmuBuil iMmynbc-cniasiax — aHr. Colorburst — BiH mictuth 8-10 mepioais
KOJIMBaHb ONIOPHOTO FeHepaTopa.

Yactora migHecy4doi oOpaHa TaKMM YWHOM, 100 SKHAWMEHIIE BIUTMBATH HA

npuiiMadi 4opHO-0110r0 TenedaueHHs (puc. 2.7).
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Pucynok 2.7 — [lepemkona Bix migHecydoi (1-i kaap) Ta mepemkoaa Bif

nigHecy4oi (1HIIHi Kaap)

[Ipu uboMy B iHTEpBaJi psAKa PO3MIILIYETHCS HEMAPHE YUCIIO HAIIBIEPIOAIB
nigHece (TouyHo — 455), TOMy MallOHOK BiJ] TEPEIIKOIA Ma€ BUIJISH I1aXOBOTO
noJisi. Taka cTpyKTypa MEHII TTOMITHA, Hi’K BEPTHUKAIbHI CMYTH.

[TonsipHicTh milHECE y CYMIKHUX KaJpaxX 3MIHIOETbCS Ha TPOTUIICKHY,
TaKUM YUHOM, TEMHI JIUJISIHKH YEPryIOThCA 31 CBITJIMMU. 3a PaXyHOK THMYacOBOI
B3a€MHOI KOMIIEHCAIIl1 EPEIIKOa CTAE II€ MEHII TOMITHOIO.

OcobmnuBictio cucreMu NTSC € Te, mo iHbopmarllisi nMpo KOIHOPOBOCTI
HepenacTeCsl Halx cucTeMoro koopauHar Egy Ta Epy, a cucremi E; Ta Eg,
posropuytoi moao Egry Ta Egy Ha 33°. OmHOYacHO 3 LIMM 3aCTOCOBYETHCS
KOMIIpPECisl 3 aMIUTITYyId TIJBUIIEHHS CYMICHOCTI 3 YOPHO-OLTUM Tese0auyeHHSIM.
3MEHIITyI0YHd PO3Max aMIUTITyd, KOMIIpecis 3a0e3neuye BiACYTHICTh MiJHECE Ha
He3a0apBIeHUX JIITHKAX.

Kpim Toro, nmosocu npomyckanHsi s curHamiB E: 1 Ex oOpani pisHuMH —
TaKUM YUHOM PO3POOHHKAMHU BPaXOBYETHCS TOM (PAKT, 110 JIFOJICEKE OKO PO3pI3HAE
npiOHI CUHBO-3€JIeHl JAeTail Kpaimie 3a yepBoHi. [{ns curnany El mmpuna cmyru
nponyckanus — 1,3 MI'u, g EQ — 0,5 MI'.

3HaYeHHsI YacTOT PSIKIB 1 MOJIB, y YOPHO-O1oMy craHmapti 525/60, mio
craHoBwin 15750 1 60 ', Oynu 3MiHEH1, 00 3BYK, IO MiJHIC, CTajla TOYHOIO

286-10 TapMOHiIKOI YacToTH psAkiB. Lle moBenocs 3poOMTH TOMY, IO IHAKIIE
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outrts Mk migHecyunmu 3Bykamu (4,5 MIm) 1 xompopamm (3,58 MI'm)
CTBOPIOBAJIM BEJIIMKOCTPYKTYPHY 0OpE BUIMMY IMEPEUIKOAY y BUIJISAI TEMHHX 1
CBITIMX «XBWJIb», IO TMepeMimanucsa Mo ekpany. Ilicis kopekmii psakoBa
cTaHOBUTH TpuOym3Ho 15734 I'm, a kaapoBa — 59,94 T'n, He BuUMararoouu
nepepoOKH reHepaTopiB PO3TOPTOK YOPHO-OUIMX TeseBizopiB. "XBuii" Bia IIbOTO
HE TIPOTIAJH, ajie CTaJIN HEPYXOMHUMH Ta MTPAKTUYHO HETIOMITHI.

B cydacHux cucremax meperaBaHHs aHAJIOTOBOTO BiJIeO YCI OMHUcaHi OJI0KU
310paHi B OAHINA MIKPOCXEMHU JIJIsl IKOT HEOOX1THO JIuIle 3a0€3MeUnTH O0B’SI3KY ISt
HOpMaJIbHOI poOoTH. OAMH 3 BapiaHTIB peai3alii Cy4acHOro mnepeaaBaya

aHAJIOTOBOTO BiJICOCUTHATY HABEJICHO Ha PUCYHKY 2.8.

5 BX
SPIDATA/CSO
SPILE/CS1
SPICLK/CS2 XT.
VDD33_DIG REGILC

VaDs PLL 2 VDDIV3 3 )
viMom 9 ) AV (2 A
4 > 2 g {1
C15 510K 5 z <
Cl6
_k. LLULLEELE [l}l‘k'? 047uF ==Ci7 =18
= S | i —=C19==C20 | 3%pF 33pF
- 3 i

15
1uF = 560K
[ 18 100K = R B = I

I
il

VIDEO

Title

Size [ Number

Pucynox 2.8 — IlepenaBau ananoroBoro BijeocurHaity 3 faiamazonom 5,811

Ha 0a31 RTC6705
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RTC6705 — mmpoxkocmyroBuii FM-mepemaBau nans FM-nmepemaui B
niama3oni yactor 5,8 I'Tm. MikpocxeMa BKIIIOYa€E paioyacTOTHUN MOIYJISITOP
nianazony 5,8 I'T'u, ABOCTOpOHHIN ayaio MOAYIATOP 1 BHYTPIIIHIA MiACHIIOBAY
OWER 3 BuxigHowo mnoTyxHicTi0o 13 nbwm, ska BiIHOCHTBCS 10 30BHINIHBOT
y3roKyBaibHOT Mepexi. Bilok pajmiouactoTHoro Moayistopa aiama3zony 5,8 I'Tn
— 1I€ CMHTE3aTop 4YacTOT Ha OCHOBI iHTerpoBaHoro VCO, sikuii TeHepye CUTHAIN
5,8 I'Tu 1 FM, wMmoaynpoBaHI BiJleOCUTHaJIaMHd Ta JBOMa MOJYJIbOBAaHUMH
ayniomiaHecyunmu Ha 6 MI'111 6,5 MI' BignoBigHo. Ha 4ini qocTymHi SK CTepeo,
TaK 1 MOHO MPOTPaAMHU.

RTC6659E — e miacumoBad notyxHOCTiI (PA) 13 mpOEKTHUM Jiaria30HOM
yactoT 4,9-5,9 I'Ty 1 cymicHu# 13 cucTeMaMu O€3pOTOBOI JIOKAJIBHOI MEpexi
802.11a/802.11ac. Ilpuctpiii BUTOTOBJIEHO HAa OCHOB1 BJOCKOHAJIEHOIO MPOIECY
GaP/Ga sk HBT (He Special Junction Bipolar Transistor). IligcumtoBau
CKJIaJIa€ThCs 3 3 KaCKaJ(IB MIJCUJICHHS 3 MIXKKaCKaIHUM y3TOJI)KEHHSIM, BOYI0BaHO1
BXIJTHOT y3TOJKYBaJIbHOI MEpPEXi Ta JETEKTOpa TMOTYXKHOCTI HJisi poOOTH 3
3aMKHYTHUM KOHTYPOM K€pYBaHHS MOTYXKHICTIO. 3a0e3neuye Hu3bkuii EVM Ha 3%
(Momymstist BekTopa nmoMuiku VMS802 .11ac256QA M. IlpucTpiit 3HaXOAUTHCS B
MIHIATIOPHOMY TIPOMHUCJIOBOMY CTaHAAPTHOMY TakeTi Q JUisi TMOBEPXHEBOTO

MOHTaxy Ha 16 mpoBoaiB FN3mmX3mm.

2.2 Po3poOka CTPYKTypH BijeomepenaBaya Ta BUOIp ejieMeHTIB A

peasizauii

Ha mnepmomy eram po3poOku Oyjo po3po0JeHO CTPYKTYpHY CXEMy

BiJleoTIepeiaBaya, sika HaBeeHa Ha pUCYHKY 2.9.
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Pucynok 2.9 — CTtpykTypHa cxema BijeornepeaaBaya

AHanoroBuil BiA€OCHUTHAN MOTpAIUIsiE HA T€HEPATOP, KEPOBAHUH HAIPYIOIO
7€ OTpUMa€ HeCcydy 4YacToTy Hopsaky coTeH MI'1 (BCTaHOBIIOETbCS NpU
CXEMOTEXHIYHOMY HaJIAIITYBaHH1), UEHd CUTHAJ MOJAETHCS HAa MIKIIEP, MHOKHUK
YaCTOTH 3 BIACHUM I'€HEPATOPOM KEPOBAHUM HaIPYTOIO.

I'eneparop, kepoBanuii Hampyroro (I'YH; anrn. VCO) — enexrpoHHHI
reHepaTop, YacToTa KOJMBaHb SKOTO 3aJIeKUTh BiJl KEPyKOUOl Hampyru sKa
IIOJIA€THCS HA HBOTO.

Mikmiep Ta BOyJOBaHHMI TeHEPATOP KEPYIOTHCS MIKPOKOHTPOJIEPOM, IO
JT03BOJISIE 3MIHIOBATH PEXUMU POOOTH 1 YACTOTY CUTHAIY 3 SIKMM OyJi€ CKJIaJaTucCs
yacToTa Ha BXOJl 1 BIAMOBIIHO 3MIHIOBAaTH HECydy 4YacTOTY KIHIEBO1
pamionepenaui. Ilicig YacTOTHMX MaHIMYJSUIA CUTHAN MEpPEJaEThCs Ha
M1JICUITIOBAY MOTY>KHOCT1 Ta BUITPOMIHIOETHCHL.

He puBnsauuce Ha Te 1m0 3BICHO y Wi CTPYKTYpHiIM cxemi BciMa
HaJaIITYBaHHSIMH KEPY€ MIKPOKOHTPOJIEP — BIH HE € OCHOBHUM €JIEMEHTOM aJIKe
HaBITh TMPHU MOTO BIJICYTHOCTI SKIIO CHUTHAJ MICJIS BXITHOTO TeHepaTopa, IO
KEPYEThCS HAMPYTOI0 MOTPANKThL HA MiJICKIIOBAY, BIH BXKe OyJie MaTH HECyuy, 110
BIJIOBIJIA€ HAJAIITOBAHINA 4YacTOTI reHeparopy. YacTuHa cxeMu, IO MICTUTH B
co01 MiKIIIep Ta MIKPOKOHTPOJIEp HEOOXiHa JjIsl 3MiHU YaCTOTH BiJeonepeaBaya,
a TaKoXX MOKE KEpyBaTH MOTYXKHICTIO BUIIPOMIHIOBAHHS 3MIHIOIOYM TOTOYHY

BUX1/IHY MOTY>KHICTb I1ACUITIOBAYa.
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3 1bOTO BUIUIMBAE, IO OCHOBHUM €JIEMEHTOM Iepe/iaBaya € MOIYJISATOp Ta
reHepaTrop, KepoBaHUN HANpyrorw. Moaylarop 3aCTOCOBYEThCS CTaHIAPTHUH, a
OChb TEHEpaTop, KEpOBaHUW HAMpyrow OyJo OOpaHMX 3 YHCIA TUX, IO HE
3yCTPIHaJIMCh Y BIJJOMHX IepeaBayax aHajJoroOBOTO BIJICOCUTHAITY.

VY dKocTi BXIHOTO TeHepaTopa, KEepOBaHOTO Hampyror Oyjo oOpaHo
mikpocxemy MAX2608

MAX2605-MAX2609 — 1e KOMIIaKTHI BHCOKOC(PEKTHBHI TE€HEPATOpHU
npomixkHoi yactotu (I1Y), xkepoBani Hampyrow (VCO), po3pobieHi crneriaaibHo
JUIST BUMOTJIMBUX MOPTATUBHUX CHUCTEM O€3IpOTOBOTO 3B’s3Ky. BoHM MO€NHYIOTH
MOHOJIITHY  KOHCTPYKIIIFO 3  HHU3BKHMM  pIBHEM IIyMy Ta  HHU3bKUM
€HEProCHOKUBAHHAM Yy KPUXITHOMY 6-KOHTaKTHOMY Kopmyci SOT23.

i manmomymui ['VH ocnaiieHni BOy/JoBaHUM BapaKTOPOM 1 KOHAEHCATOpaMu
3BOPOTHOTO 3B’A3KY, $KI yCyBalOTh MOTpeOy y 3OBHINIHIX e€JIEMEHTax
HaJalmTyBaHHs, 1m0 poouth MAX2605-MAX2609 ineasibHUM Il TOPTATUBHUX
cucreM. I BCTAaHOBIICHHS YacTOTH KOJMBaHb HEOOXINHHUN JIUIIE 30BHIIIHIN
iHaykTop. KpiMm Toro, BOynoBaHud audepeHuianbHUN BUXiAHUN  Oydep
nepenOayeHui i KepyBaHHs 3MilTyBaueM a0o TomepeaHiM TiIbHUKOM. Buxin
Oydepa 3matHuii noxaBatu A0 -8 nbm (nudepeniian) 3 MPOCTUM Y3TOIKEHHIM
NOTYXHOCTI. BiH Takox 3a0e3neuye 130JIA11110 Bl 3MiH IMIIEIAaHCY HABAHTAKEHHS.

MAX2605-MAX2609 npairoroTh Biji OJHOTO JKepena )uBieHHs +2,7 B 1o
+5,5 B 1 3a0e3meuytoTh HU3bKE criokuBaHHA cTpymy. Lli ocummnstopu ITH mMoxyTh
OXOILTIOBATH alana3oH JactoT Big 45 MI'n no 650 MI'11.

MAX2608 mae miamazon uactoT 300-500 MIm. V¥V skocti 6a30Boi Oyio
oOpaHo vactoty 345 MI'11 1 BIAMOBIAHO HaJall y CXeMi HaJalllTOBAHO HANPYTY Ha

110 4yacToty (puc. 2.9).
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Pucynok 2.9 — Kopmyc mikpocxemu MAX2608

3anexuicte yactotn MAX2608 Big kepyrodoi Hampyru

pucysky 2.10.
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Pucynok 2.10 — 3anexHictb yactotu renepatopa MAX2608 Bin

KEPYHYOl Hanpyru

3rigHo rpadixky Ha pucynka 2.10 mist orpumanss yactotu 345MI'n y sikocTi

Kepyrouoi Hanpyru nogaersces 0,5 B.

Tunosa poboya cxema reHepaTopa HaBeJeHa Ha pucyHKy 2.11
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Pucynok 2.11 — TumoBa po6oua cxema reneparopa MAX2608

MAX2605-MAX2609 — me wmamomymai ['KH, po3pobmeni mis
dikcoBanux/ogqnoyactoTHux [IY-momatkiB. OCHOBHHMI KOHTYp OCIMIJISITOpA
3aCHOBaHMM Ha J100pe Bimomiit Tomosorii Komamitca. BapakTop 1 KoHAEHCATOpH
3BOPOTHOTO 3B'AI3Ky IHTETPOBaHI B MIKpPOCXEMY, TOMY JJII BCTAHOBJIEHHSI YacTOTHU
KOJIMBaHb 1 cTBopeHHs mpaBuwibHoro ['KH moTpiOHa nuine 30BHINIHS KOTYIIKA
IHIYKTUBHOCTI. Jliama3oH HajamTyBaHHS, 3MIIICHHS, 3aITyCK TOIIO KEPYIOTHCS B
Mikpocxemi. L5 BUCOKOIHTErpoBaHa KOHCTPYKIIiSl 3HAYHO CIIPOIIY€E 3aCTOCYBAHHS
JeTajen.

Jliama3oH HamamTyBaHHS JOCHUTH IIMPOKHA, TOMY NIPH BHUKOPHCTAaHHI
KOTYIIOK 1HAYKTUBHOCTI 3 JOIMyCKOM *2% HE MOTPIOHO KOPHUTYBAaTH YaCTOTY
KOJIMBaHb Ha piBHI 1uiatu. [licist BUOOpy MpaBUIILHOTO 3HAYEHHS 1HYKTUBHOCTI
rapantyetbesi, mo VCO 3aBxau Oyne HajallTOBYBAaTHUCS Ha MOTPIOHY pobouy
yactoTy. KpiM Toro, 3a a0mOMOrorw KOTYIIOK 1HIYKTUBHOCTI 3 TIOMIPHOIO
noopotHicTio (Big 35 10 40) VCO pocsirae BiIMIHHUX XapaKTEPUCTUK (Pa30BOro
IyMy.

VY sxocti Mmikmepa 0yso oopano mikpocxemy RF2052. Bukopuctanss mporo
MIKIIIEpa J03BOJUTh PETYJIIOBAaTH 4acTOTy BijeonepeaaBaya B giamna3oni 30-2500

MI .
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RF2052 — me waionoTyXHa, BHUCOKOIMPOIYKTHBHA, IIHPOKOCMYTOBA
MIKpOCX€Ma TIEPETBOPEHHS  paJiodyacTOTH 3  IHTETPOBAHOIO  TE€HEPalli€lo
rereponuHa (LO) 1 pagiouactoTHuM 3mimryBadueM. PU-cuHTe3atop MICTHUTH
IHTerpoBaHy cxeMmy (a30BOi aBTOIIJACTPONKM YacToTh ApobdoBoro N 3
reHeparopamu, kepoBanumu Hampyroro (VCO) 1 giibHUKaMH Ui OTPUMAHHS
HU3bKO(DA30BOTO IIYMOBOTO CHUTHAYy T€TE€pPOJMHA 3 JY>KE€ BHCOKOIO PO3ALIHFHOIO
3IaTHICTIO MO 4acToTi. bydepuzoBanuii Buxij TeTepojrHa Kepye BOYIOBaHUM
paZloYaCTOTHUM 3MIIIYBa4YeM, SKUU NEPETBOPIOE CUTHANT Yy HEOOXITHY CMYTY
yacToT. CTpyM 3MIlIEHHS 3MINIyBaya MO>KHa 3alporpaMmyBaTH B 3aJI€KHOCTI BiJl
HEOOX1THOT TPOJYKTUBHOCTI Ta JOCTYITHOTO CTPYMY KHUBJEHHS. biioku reneparrii
rerepoarHa Oynau po3poOJieHI [Jisi  Oe3MepepBHOTO TMOKPUTTS YaCTOTHOTO
niama3zony Big 300 MI'm go 2400 MI'n. PamiowacToTHHMil Mikimep Mae myxkKe
IIUPOKY CMYTY 4acToT 1 mpamroe Big 30 MI'tp go 2500 MI'm Ha BXoa1 Ta BUXO/I,
3a0e3neuyoun K MIABUIICHHS, TaK 1 MOHWXKEHHS NEpPEeTBOPEHHA. 3OBHINIHIN
kpuctai Big 10 MI'n qo 52 MI'm a6o 30BHimIHE onopHe Kepeso Big 10 MI'm no
104 MI'11 moxkna BukopuctoByBaTH 3 RF2052 nmns apmanrariii pi3HOMaHITHUX
BapiaHTIB OMOPHOI YaCTOTH.

VYci BOynoBaHI pericTpd KOHTPOJIIOIOTHCS Yepe3 MPOCTUN TPHUIIPOBIIHMIMA
nociigoBHui 1HTepdeiic. RF2052 pospobnenuit nns pod6otu Big 2,7 B mo 3,6 B
JUTSL CyMICHOCTI 3 TIOPTaTUBHUMH TPUCTPOSMH, 1110 KUBIATHCS Bijl Oatapei (puc.

2.12).
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Pucynok 2.12 — ®@ynkiionansHa cxema RF2052

VY SKOCTI MIKPOKOHTpoOJIepa, KU Oylie KepyBaTH 3MIHOIO 4YacTOTH OyJio
o0pano ATmega328 OCKIIbKM BiH € JOCTaTHHO POCHOBCIOJIPKEHHM Ta J03BOJISE

IIPOBOAKTH PO3POOKY Iporpam y 6e3kortoBHoMy cepemosuiii Arduino IDE.

2.3 Po3poOka cxemu BieonepeaaBaua

byna po3pobieHa cxema MylIbTHYAaCTOTHOTO BiJeonepeiaBada aHaJI0rOBOTO
BiJICOCUTHAITY, SIKA CKJIAJIAE€ThCS 3 TPHOX OJIOKIB:

— Oy10Ky uBJIeHHS (puc. 2.13);

— OJ10Ky pagioTpakTa (puc. 2.14), mo BkiIro4Yae OJI0K 3CyBY 4aCcTOTH Ha 0a3i
RF2052 (puc. 2.15);

— OJIOK Kepy4oro MiKpoKoHTpoJiepa (puc. 2.16).
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Pucynok 2.16 — Cxema MIKpOKOHTpOJIepa KepyBaHHS




o1

3 PO3POBKA KOHCTPYKIIIi TA MPOT'PAMHOI'O 3ABE3IIEUEHHS
KEPYBAHHAA

3.1 Po3po0ka KOHCTPYKUIl BileonepenaBaya

Hacrynmaum  eramom  po3poOku  BifgeomepedaBaya Oyina  po3poOka
KOHCTPYKIIIT JPYKOBaHOI IUIaTH, 110 mpoBoAwiack y cepenoBuill EasyEDA. Ile
CepelloBHUIIE € OE3KOIITOBHUM, a TAKOXK Ja€ MOKIIUBICTh MpaIIOBaTH 3 Opay3epa 1
BIJIMOBIIHO 3 OyAb SKOro KOMIIbIOTEpa 0Oe3 HeoOXIJHOCTI BCTAHOBJICHHS
nporpaMHoro 3abe3nedyeHHs. J[0JJaTKOBOIO MEpEeBarold € HasBHICTh BEJIMYE3HOT
010JTI0TEKH KOMITOHEHTIB, SIKa IMMOCTIMHO OHOBJIIOETHCS 1 3aMOBJICHHSI BUPOOHHUIITBA
JPYKOBaHUX «B OJIMH KJIK» 3TIHO po3poOJeHid TOKyMEHTallll, sSIKY TaKOK MOXHA

1 3aBa"TaxutH (puc. 3.1-3.3).

INFUT2

VIDEO ("CJD

0SC1

j Lz
B0 ol Tas

Pucynok 3.1 — Po3po6riena npykoBaHa miara MyJIbTH4aCTOTHOTO

BiJIeoIepeiaBaya
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Pucynoxk 3.2 — 3]1 Moaens po3po0JieHOT APYKOBAHOI IJIaTH 3 BCTAHOBJICHUMU Ha

Hel eJleMeHTaMu (BUJ Ha €JIEMEHTH)

Pucynox 3.3 — 3 /] mozens po3po0IIeHOT APYKOBAHOI IIJIaTH 3 BCTAHOBJICHUMH Ha

Hel eleMeHTaMu (BUJT Ha €JIEMEHTH)
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[Ticas po3poOku apykoBaHa Iuiata Oysia 3aMOBJIEHA Ha 3aBOJ1 1 BUTOTOBJIEHA

(puc. 3.4).

Pucynox 3.4 — BurorosieHi mopoxHi APyKOBaHI MJIaTH

Jami 3rigHo po3poOieHoi JOKyMEHTallli Ha BijeonepenaBad  OyIio
NPOBEJCHO HA  3aMOBIIEHHS  BCTAaHOBIEHHS  €JEKTPOPAAIOCIEeMEHTIB  Ha

aBTOMAaTHYHOMY BCTaHOBJIOBadYi (puc. 3.5-3.6).

o
7 @l
Tt ] o Tobrs

Pucynox 3.5 — BuroroBneHa npykoBaHa 1iaTta 3 BCTAaHOBICHUMH

CIICMCHTaAMH
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Pucynok 3.6 — 30BHIIIHINA BUIIISIT KIHIIEBOI KOHCTPYKIIT MYJIbTUYaCTOTHOTO

BijieornepeiaBaya

3.2 HanucaHHs nporpamMu KepyBaHHA BileonepenaBadeM

Ha ocranapomy erami OyJi0 TpPOBEAECHO PO3POOKY MPOrpamMHOTO
3abe3nedeHHs sl kepyBaHHsa Mikmepom RF2052 ocHoBHOIO 3amadero sikoi Oysio
3a0€3MEeUUTH MOMJIMBICTh 3MIHU PEXKHUMIB pPOOOTH MIKIIepa Ta 4YacToTy
BOYJIOBAHOTO TEHepaTropa, M0 KEPYETbCA HANpPyrow 100 Ha BUXO/l

BiJleoniepe1aBaya MOHa OyJi0 3MIHIOBaTH 4acTOTY.
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Po3pobka mporpamHoro 3ade3nedeHHs MpoBoIuiIachk B cepemonuii Arduino

IDE na moBi nporpamyBanHs C.

Ha pucynky 3.7 300paxeHo OiT KoH(iryparii MiKpOKOHTpoJiepa, IO

BCTAaHOBJIIOIOTHECSA B nporpaMi nepea MpOmMMnBKOLO.

~Fuse Low Byte

[~ CKDIVE=0
[~ crouT=0
[ sUT1=0
v suTo=0
|/ CKSEL3=0
|/ CKSEL2=0
[~ CKSEL1=0
[V CESELO=0

~Fuse High Byte

[~ RSTDISBL=0
[~ DWEN=0

[V SPIEN=0

[~ WDTON=0

[~ EESAVE=0
¥ BOOTSZ1=0
¥ BOOTSZD=0
¥ BOOTRST=0

~Extended Fuse Byte —

[~ BODLEVEL2=0
[~ BODLEVEL1=0
[/ BODLEVELO=0

Lock Bit Byte
[~ BLB12=0
|~ BLB11=0
I~ BLBOZ=0
|~ BLBO1=0D
¥ LB2=0D

-Calibration Programming

¢ Disable " Code memory

Calib. | oo Memory Address: Ox
Mote: The location value will be replaced by this byte when

programming!

" Data Memory

Pucynok 3.7 — bitu koHbirypariiii MiKkpOKOHTpOJIepa, 1[0 BCTAHOBIIOIOTHCS B

mporpami nepes MpOoITuBKOO

Ha pucynky 3.8 mpoimtocTpoBaHO HAMMCAHHS MPOTPAMHOTO 3a0e3MeueHHs

3MIHHM YaCTOTH ILJISXOM KEPYBAHHS MIKILIEPOM.



8 RF2052 | Arduino IDE 2.2.2-nightly-20240121
File Edit Sketch Tools Help

Select Board

RF2052.ino

Serial.begin(9668);
#endif

delay(500);

chip.InitGPIO();

chip.wWriteData(ex®, ©xB1F1);
chip.WriteData(ex1, 9x0458);
chip.wWriteData(ex2, @x405);
chip.wWriteData(ex3, Ox12EF);
chip.WriteData(@x4, OxFre4d);
chip.WriteData(@x5, Oxeree);

chip.WriteData(@xB, 0x1002);
chip.wWriteData(ex13, o0x1002);

chip.wWriteData(ex1@, Ox701F);

chip.WriteData(@xe8, @x701F);

for i=0; 1< 32; i++)
{
chip.ReadData(i, &data);

}

pinMode(PD7, OUTPUT);

digitalWrite(PD6, HIGH);
digitalWrite(PD6, LOW);
digitalWrite(PD7, HIGH);
digitalWrite(PD6, HIGH);

Pucynox 3.8 — Hanmcanust mporpamMHoro 3a0e3rneyueHHs 3MiHU YaCTOTH IUIIXOM

KEepyBaHHS MIKIIEPOM
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4 TECTYBAHHA POBOTH PO3POBJIEHOTI'O IIEPEJIABAYA
AHAJIOT'OBOI'O BIJEOCUI'HAJTY

4.1 KomyTanisi TeCTYBAJbHOI0 CTEHIY

[Tix gac po3poOKM KOHCTPYKIIi IPyKOBAHOI IJIaTH HE OyJIM BpaxoBaHi JesKi
aCHEKTH 3PYYHOCTI MPOIIMBKH Ta MIAKIOYEHHS KaMEpPH, 110 3BICHO € HEIO0IIKOM
poGotu. Uepes 11e A7 3pyYHOTO MiTKIIOYEHHS KaMepH Ta ImporpaMmartopa Bif dac
HalMCaHHsS Ta BIIJIAro/JKEHHS IMPOrpaMH JOBEJIOCh PO3pOONATH 3’ €IHYBAIbHY

wiaty (puc. 4.1-4.3).

Pucynok 4.1 — Konctpykitist 3’ € AHyBaIbHO1 TIJIaTH 111 3a0€3MeYeHHS 3pYYHOCTI

B1JIJIar0/DKCHHS TIepeaBaya
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Pucynox 4.2 — 3’eaHyBasnbHa 1j1aTa IpueIHaHa 10 KOHTAKTIB TUIaTH

pO3po0JIeHOTO BificonepeaBaya

Pucynox 4.3 — BijyiaroaskeHHst mporpaMu KepyBaHHS MIKIIIEPOM 3a TOTTOMOTOI0

3’€IHYBAJIbHOI IJIATH
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JI51 KOM aI_[i'l' 3 IIporpamMatTopoM BHKOPHCTOBYBAJIOCH 3,€I[HaHH$[ SIK
5

nokazaHo Ha pucyHky 4.4. 3oBiHimHIA Burian nporpamaropa  USB-ASP

300pakeHO Ha PUCYHKY 4.5.

(RESET) 5
(SCK) 7
(MISO) 9

Pucynox 4.4 — Cxema xomyrtarii nporpamaropa USB-ASP 3 miatoro

BiJleomnepe1aBava

TN

2a8

Pucynok 4.5 — 3oBinHimHii Burisa nporpamaropa USB-ASP
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Jlnig 3anucy mporpaMy B MIKPOKOHTPOJIEpP 3 BUKOPUCTAaHHSIM MPOrpaMaropa

3actocoByBaiack nmporpama BASCOM-AVR (puc. 4.6).

| BASCOM-AVR Options

i| Compiler Communication Environment Simulator Programmer  Manitor Printer

4 Programmer USBASP w

1 Play sound | —3|

1

r []Erase wamning [JAuto Flash [] AutoVerify [JUpload Code and Data

¢ [Program after compile [ Set focus to terminal emulator after programming
USBASP

1

L Clock Frequency | auTo "

t

f

3

]

|

]

[

El

1

d Default Ok x Cancel

L

Pucynox 4.6 — IIporpama BASCOM-AVR 17151 «IIpOIIMBKHA» KEPYHOYOTO

MIKPOKOHTpOJIepa po3po0JIEHOTO BiJI€O NepeiaBayda

Ha pucynky 4.7 300pakeHO 1M03Ha4Y€HHS KOHTAKTIB Ha BiJeonepeaaBadl, o
BUKOPHCTOBYBAJIUCH JJISl BIAJIArO/DKEHHS Horo poboTH, a Ha pUCyHKY 4.8 — apotu

TS 3’ € THAHHS BiJieonepeaBaya 3 )KHUBJICHHSIM Ta BiJIEOKaMEPOIO.



Wusnennn 35

3'€AHaNNHA 3 Kamepolo

Pucynok 4.7 — Ilo3HaueHHs! KOHTAKTIB Ha BiJieonepeaanaul, 110

BUKOPHCTOBYBAJIUCH IS BiIJIaro/KEHHS oro podoTu

Pucynok 4.8 — JIpotu anst 3’eiHaHHSA BiJeonepeaaBaya 3 KHUBJICHHAM Ta

BiJIECOKaMepOIo

61
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4.2 Pe3yabTaT TECTYBaHHSI pOOOTH PO3P00JIeHOT0 BileonepeaaBaya

[Ticns mpoBeneHHsST BCiX poOIT 3 po3poOKH OyJI0 MPOBEACHO TECTyBaHHS
poboTu BijeonepenaBaya. TecTyBaHHS MOTIpUIyBaB TOM (akT, IO TMEPEBIPKY
nepeaayl BiICOCUTHATY MO>KHA OyJIO MTPOBECTH JIMIIE HA CTAaHJAAPTHUX KaHajlaxX B
mianmazoni 1,2I'Tm depe3 BIACYTHICTh MpHIMayiB HA YacTOTH, SKI MOXeE
BUKOPUCTOBYBaTH po3poOiieHui BigeonepenaBad. OnHak s TOro mio0
BIIEBHUTHUCS B TOMY, IIIO ME€pe/aBay IMepenae y HECTaHAAPTHHUX Jiama3oHax OyIio
BUKOPHUCTAHO aHaJi3aTop padioyacTOTHOro crekTpa SAGL sKuil MoKa3yBaB MiKU
MOTY>KHOCT1 Ha 4acTOTax, sIKi OyJid BCTAaHOBJICHI Ha MepejiaBayi, a 0TKe 3 BUCOKOIO
JIOJICI0 JTOCTOBIPHOCTI MOKHA CTBEPKYBaTH, IO PO3pOOJICHHH BijmeomnepenaBay

MOe TpaIfoBaTH Ha IUX YacToTax (puc. 4.9).

Pucynox 4.9 — Po3naiika eneMeHTIB JjIsl IEPBUHHOTO TECTYBAaHHS 3’ €/THaHb

HUISIXOM MPOITYCKY CUTHAITY BiJI€O Yepe3 IIaTy Ha MPUCTPi BiIOOpakeHHs
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Ha pucynkax 4.10-4.14 300paxkeHO pe3yNnbTaTH TECTYBaHHS 3 OTPUMaHHSIM

300paKeHHS.

Pucynox 4.10 — [lepmmii TecT: mpomyck CUTHAITY BiZIeO Yepe3 TuiaTy Ha MPUCTPIn

BiT0OOpakeHHs

Pucynok 4.11 — Pe3ynbpratu nepmoro tecty



Pucynox 4.12 — Po3naiika ejeMeHTIB Ta APOTIB ISl OCTATOYHOTO TECTyBaHHS

Pucynok 4.13 — [Ipuegnanns ocuuiorpada asis aHalli3y CUTHAJIB B PI3HUX

TOYKAax IJIaTH
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Pucynok 4.14 — Pe3ynbraTt OCTaTOYHOrO TECTY 3 OTPUMAaHHAM 300paKeHHS Ha

cTaHAapTHOMY npuiimMadi aianazony 1,2IT1 (Ha goro 1280 MI')
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BUCHOBKU

B marictepcrkiit poOoTi:

— IIPOBEJICHO aHaJli3 CHUTHAJIB, IO IOCTYyHalTh 3 KaMep Ha IepeaaBayl
aHaJIOTOBOI'0 BIJIEO;

— IIpoaHaIi30BaHO YaCTOTHI1 KaHaJIHA CTaHJAPTHUX [UBLTBHUX
BlJIeONIEpEIaBayiB AaHAJIOTOBOIO B1IEOCUTHAIIA, IO BUKOPUCTOBYIOThCS B BITJIA;

— IPOBEJICHO aHaJli3 CTPYKTYpU Ta CXEMOTEXHIYHHMX pIlIeHb MOOYJ0BU
BiJIeolepeiaBavyiB aHAJIOTOBOTO BiJICOCUTHAITY;

— PO3pOOJICHO CTPYKTYpPY Ta CXEMy MYJIbTHYACTOTHOTO BijicorepenaBaya 3
MOXJIMBICTIO 3MIHM YacCTOTH Ie€pe/laBaHHs 3a paXyHOK BUKOPHUCTAHHS MiKIIepa 3
BOYZIOBaHUM I'€HEPATOPOM, 110 KEPYETHCS HAPYTOIO;

— pO3pO0JIECHO Ta BUTOTOBJIEHO KOHCTPYKIIO JPYKOBAaHOI IUIATH 3
PO3MIIIICHHSIM €JIEMCHTIB;

— HaIIMCaHO TIporpaMy KepyBaHHS  MIKIIEpOoM I 3a0e3medycHHS
MOXKJIMBOCTI 3MIHH YaCTOTH TIepeaadi;

— IIPOBEJICHO TECTYBaHHS POOOTH KIHIIEBOTO PO3pPOOJCHOIO IMPUCTPOIO 1
OTPUMAaHO BIJICOCUTHAN MpuitmMadyeM B fiama3oni 1,2 I'T.

[Tomaneima po3poOka mpuiiMaua, 10 3MOXKe TpaloBatu Ha yactotax 300-
2500MI'y 3moke 3abe3neunTH MOXIIMBICTh TI€peJaBaHHS BIACOCUTHATY 3a
paMKaMHu CTaHJApTHUX YacTOT, IO JO03BOJUTh BUKOPHUCTOBYBATH PO3pOOKY B

ckiaai BITJIA i yac BUKOHAHHS OOMOBUX 3aBIaHb.
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JIOJIATOK A

TEKCT KEPYIOUOI IPOI'PAMU MIKPOKOHTPOJIEPA

#include "RF2052.h"
#include <Arduino.h>

uintlé_tkv_gain_ VCOZ2[][2] ={
{1520, 15},
{1650, 17},
{1800, 24},
{1900, 28},
{2000, 34}

uint16_t ct_def VCO2[][2] = {
{1420, 0},
{1530, 32},
{1700, 67},
{1900, 96},
{2200, 128}
3
RF2052 chip(A2, A3, A5, A4, Al);

uintl6_t data, kv, ct_def = 0;
float freqFinal;

float freqDesired;

byte startRead = 0;

void setup() {
/I put your setup code here, to run once:
#if (DEBUG ==1)
[Iwhile ('Serial);
Serial.begin(9600);
#endif
delay(50);
chip.InitGPI10();
pinMode(PD5, OUTPUT);
pinMode(PD6, OUTPUT);
pinMode(PD7, OUTPUT);
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pinMode(A0, OUTPUT);
pinMode(Al, OUTPUT);

digitalWrite(A1, HIGH);
digitalWrite(Al, LOW);
digitalWrite(AO, HIGH);

digitalWrite(A2, HIGH);
digitalWrite(A2, LOW);
delay(50);

digitalWrite(A2, HIGH);

for (inti=0;i<32;i++)
{
chip.ReadData(i, &data);

}

digitalWrite(A2, HIGH);
digitalWrite(A2, LOW);
delay(50);

digitalWrite(A2, HIGH);

fregFinal = 900.0;

fregDesired = chip.GetDesiredVCOFreq(0, fregFinal);
/* Setup device operation */

chip.SetMixerCurrent(3);

chip.REF_div(1);

chip.SetXOCap(0);

chip.SetXOCapFine(0);

chip.SetXOCurrent(0);

chip.SetXO_TCT(0);

chip.Assert_RefStby(1);

/I Set calibration mode

chip.Set_CT_EN(0);

chip.Set_ Nmb_KV_AVG(7);

chip.Set_ TKV(0xFF);

kv = chip.get_kv((uintl16_t)trunc(freqDesired * 4), kv_gain_VCO?2);
chip.setP2_DN(75 * kv / 16); // for 16 MHz
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chip.P2_KV_en(3);

ct_def = chip.get_kv((uint16_t)trunc(freqDesired * 2), ct_def VCO2);
Serial.print("ct_def:\t");

Serial.printin(ct_def);

Serial.print("kv:\t");

Serial.printin(kv);

[* Set operating frequencies */
chip.Select VCO(1);
chip.Set_LO_div(1);

chip.CalcDividerNumbers(fregDesired * 2, 16.0);

chip.SetintegerNumber();
chip.Set_FLL_Fact();
chip.SetFractionalNumberMSB();
chip.SetFractionalNumberLSB();
chip.Set_ P2_CT_DEF(ct_def);
chip.Set_TVCO(15);
chip.Set_SU_WAIT(0);

#if (DEBUG ==1)
Serial.print("integer number:\t");
Serial.printIn(chip.GetIntegerNumber());
Serial.print("Fractional number:\t");
Serial.printIn(chip.GetFractionalNumber());
#endif

/I Set-up device operation

chip.setChargePumpCurrent(63);

chip.SetMixerVoltage(0);
chip.SetLOCurrent(0xF);
chip.SetVcoCurrent(7);

chip.Set_P2_N_PHS_ADJ(1);
[lchip.P2_KV_en(0);
[lchip.Set_TKV(0xFF);
[lchip.Set_ Nmb_KV_AVG(0);
[lchip.Set_ P2_CT_DEF(56);
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for (inti=0;i<32;i++)
{

chip.ReadData(i, &data);
¥

digitalWrite(A3, HIGH);
digitalWrite(Al, HIGH);
digitalWrite(PD6, LOW);
digitalWrite(PD7, HIGH);

void loop() {

byte firstByte;

byte packet sz = 0;

int commandValue = -1;
float floatValue = 0.0;

// Wait for the first byte to be 0x80
packet_sz = Serial.available();
while (packet_sz > 0) {
delay(100);
firstByte = Serial.read();
packet_sz = Serial.available();
if (firstByte == 0x80) {
startRead = 1;
break; // Exit the loop when 0x80 is received
}
}

// Once 0x80 is received, read the rest of the packet
if (firstByte == 0x80) {

byte packet[11];

packet[0] = 0x80; // Set the first byte to 0x80

packet sz = Serial.available();

if (packet_sz >=10) {
startRead = 0;

Serial.readBytes(&packet[1], 10); // Read the remaining 10 bytes into the array

packet_sz = Serial.available();
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Il Extract the values from the packet

uint8_t fourthByte = packet[9];
uint8_t fifthByte = packet[10];

memcpy(&commandValue, &packet[1], 2); // Extract the integer (4 bytes)
memcpy(&floatValue, &packet[5], sizeof(float)); // Extract the float (4 bytes)

/I Print the extracted values to the serial monitor
Serial.print("Command number: ");
Serial.print(commandValue);
Serial.print("Command value: ");
Serial.print(floatValue);
/I 'Your code to process the received values can go here
while (Serial.available() > 0) {

byte temp = Serial.read();

Serial.printIn(temp, HEX);

switch (commandValue)
{
case O:

freqFinal = floatValue;
freqDesired = chip.GetDesiredVCOFreq(0, freqFinal);
chip.CalcDividerNumbers(freqDesired * 2, 16.0);
ct_def = chip.get_kv((uint16_t)trunc(freqDesired * 2), ct_def VCO2);
kv = chip.get_kv((uintl6_t)trunc(freqDesired * 2), kv_gain_VCO2);
Ilkv = 20;
chip.setP2_DN(75*kv/16);
chip.SetintegerNumber();
chip.SetFractionalNumberMSB();
chip.SetFractionalNumberLSB();
chip.Set P2_CT_DEF((uint16_t)ct_def);

Serial.print("ct_def:\t");
Serial.printin(ct_def);
Serial.print("kv:\t");
Serial.printin(kv);
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commandValue = -1;
digitalWrite(A1, HIGH);
delay(5);
for (inti=0;i<32;i++)
{

chip.ReadData(i, &data);
}
break;

case 1:

chip.Set_ P2_CT_GAIN((uint16_t)floatValue);
digitalWrite(Al, HIGH);
commandValue = -1;

break;

case 2:

chip.Set_P2_KV_GAIN((uint16_t)floatValue);
digitalWrite(Al, HIGH);

commandValue = -1;

break;

case 3:

chip.setChargePumpCurrent((uint16_t)floatValue);
digitalWrite(A1, HIGH);
commandValue = -1;
break;

case 4:
if (floatValue > 0.0)
{

digitalWrite(Al, HIGH);

}
commandValue = -1;
break;

default:

break;



