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I. M19n JACTVYP

|. UIIIYA JACTYP
Kupum

V36exucton Pecry6nukacuia pakaMilM TEJNEBHCHWE SIIMTTHPUILIAPHHH
amaJira OuMpuII, 00CKHUMa—00CKHY JacTypra acocaH, IopTUMH3aa xankapo DVB-
T cranpmaprura OMHOAH €p YCTHM TH3UMHUAA amaira omupuiamMoxkaa. Paxamun
teneBuaeHuenu Tapkarumaa MPEG-4 (H.264) dopmaTtaaru curHamiiapHi CUKHIL
yeynuaan (oiiIanaHMIMOKAa. Y30EeKHCTOHAA PAKAMIH TEJICBHICHHEHH aXOJHTa
€TKa3MIl Ba XMU3MAT KYpPCATHIIHM TAaIKWI 3Tuil yuyH maxcyc UZDIGITAL TV
KOPXOHACH Ty3WIraH. AXONM OHXTUEKUHH XUCOOra OJraH XoJjjaa, pakKamiu
TeJEeBUACHUEra OOCKMUYMAa-OOCKHY YTHII JaBpUAa, MaBXKy] aHAJIOT TEJIEBH30p
Ounan pakamiud curHautlapHu KaOyn kwinum yuyH “‘Telemax Elektroniks”
KOPXOHACH TOMOHHUJAH KyIIMMYa KypujiMaiap UIiad YyuKapuiras.

Pakamiu TeneBUAEHUEHM >Kajall cypbarjap OWiIaH TaTOMK STUIMILN Iy
WyHanmuIgaru  MyTaxacCUCIapHU  Taiépnamira KyWwiagurad —TajgabliapHu
omupmokaa. Iy cabab ykyB mactypura kuputwirad ‘“Pakammnm teneBuneHue”
MOJYJIM IOKOPH Majlakajiu MyTaxacCUciIapHU Taépnaiiga MyHOCUO YpUH TyTaIu.

Moay THMHI MaKcaau Ba Basudanapu

“Pakamnu TeneBuaeHUE MOIYJIMHUHT MakcaJu - TUHTJIOBUMIIAPTa PaKaMIv
TENEATUTTUPUIIIAPHU TapKaTuiaa TEJIEBU3HOH CUTHAJLJIAPHU
MIAKJUTAHTUPWIIMIIM, yJjapra MIUIOB OepuiMIIM, 3(pupra y3aTWIMIIA Ba KaOys
KWIMHUIIY Kapa€HIapuaar Xycycusmiap Oyinya Mykammaina Ounumiiap Oepuill.
Pakamnu TacBUp Ba OBO3 CHUTHAJUIAPUHU CUKHIL, CUTHAJUIAPHU Y3aTHUIIArd
XaTOJMKIIAPHU KaMaWTUPHUII yCyJIapu Oyinda TeTHIUIA MabIiyMOTJIap Oepulll Ba
YIAPHUHT TYPJIA TU3UMIAPAATH XYCYCHUSATIAPUHU TaXJIWI KWIHIIHU YpPraTHIIL
V36ekncTona pakamiId TeleBHMACHHE, Iy SKYMIAgaH IOKOPH AHMKIMKIATH
teneBuaenuenu (HD TV) taréuk kunmumigaru Bazudanap OuiiaH TaAHUIITHPHUIN Ba
TETUIUIA aMajIuil uiapHu EpUtud Gepuamp.

MoayJ1 0yiin4a THHIJIOBYMJIAPHUHT OMJIIUMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTCHUUSIJIAPUra Ky HIWJIaJurad tajgadsaap

Tunrnopumnap “Pakamiu teneBuaeHue” GaHUHM YpraHUIUIapy HaTHUXKACH]A
KyWHIarujiapHyu OWIUILIapU Kepak:

-pakamJIi TacBUp Ba OBO3 CUTHAJUIAPHUHI IIAKJ/UIAHUIIMA Ba YJIAPHUHT
aCOCUM KYpPCaTKUWIAPUHU;

-paKkamiIM TACBHUpP Ba AyJIHO MABJIYMOTIIAPHU CHUKHII YCYJUIAPUHU Xamza
yJIapHU ¥3ap0 COJMINTHUPHUIN HaTWXacuaa ad3aUiiK Ba KaMYWIMKIAPUHU
aHUKJIAIIHHY;

-MPEG ounacugaru  TEJIEBU3WOH  CUTHAJIADHU  CHUKHUII  XaJIKapo
CTaHIAPTUAATU TACBUP BAa OBO3 CUTHAJUIAPUHUHI XyCYCUATIIAPUHU;

-pakaMJIi TacBUpP CHUTHAJUIAPWHHUHT XaJaKUTOApJONUINTHHU OIIMPHUIN Ba
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yJIapHU TEJICBU3MOH KaHAIIAp/IaH y3aTUII XaMm/1a KaOysl KUJIHII Kapa&HIapruHu;

-paKaMiiM XaJIKapo TEJIE3MUTTUPUII TU3UMIIAPUHU TY3WIMIIUHUA Ba YHHU
TaIKWJI 3TYBUYWJIAPUHUHT XyCYCHUSITIAPUHH;

-T€JIEBU30H CHUTHAJUIAPHU KaOyJl KWIHII KypWIMAQJIAPUHUHT TY3WIHIIIH,
UCTUKOOJIapU Ba YJIApHUHT MIUIAIl OMUJUIAPUHHU.

Tunrnopuminap ¢aHHM VpraHouil HaTWwKacHaa KyWHJarn KYHHKMa Ba
MaJjiaKaJjiapra sra OYJIuIIapy J03UM:

-aHaJIOT Ba PaKaMJIA TEJICBUICHUE TU3WMIIAPUHUHT UIILIANI OMUUIAPUHU;

-paKkamiIM TEJICBUJICHUE TACBHP BAa OBO3 CHUTHAUIAPUHUHI IMIAKIUIAHTHPHILL
OMUJIJIAPUHH;

-paKaMJid TaCBHp Ba ayJIMO CUTHAJUIAPHU MaBXKyJ OYJraH KoJJjaml, CHUKHUIII
yCYJUJIApPUHU Ba YIAPHUHT UCTUKOOJIIIAPUHU;

-paKkamiIM  TEJICSMMUTTUPUII TU3NUMIAPUHUHT TY3WIHIIM Ba  aCOCHMU
XapaKTEepUCTUKAJIAPUHU;

-T€JIEBU3MOH CUTHAJUIAPHUHT KYPCATKUWIAPWHU XHMCOOIAll Ba yJapHUHT
cudaTuHu OaxXOJaITHU;

-V36eKHCTOH A PAKAMITH TEJICBUCHUCHUHT PHBOYIIAHHII HCTUKOOILIAPHHH.

Moay/iHM TAIIKKWJI 3THII BA YTKA3WII OyiinM4Ya TaBCUsLIap

“Pakamiid TeJIEBUACHUE KYpCH Mabpy3a Ba aMalluii MAIIFYJIOTIAp IIaKIuaa
o0 Gopuay.

Kypcan yxkutnm sxapa€éHuaa TAabJIMMHUHI 3aMOHAaBUM  METOMJIAPH,
NeJaroruk  TEXHOJOrusIap Ba  axOOpPOT-KOMMYHHUKAIUsl — TEXHOJIOTHsIapu
KYJUIAHWJIMIIN Ha3apa TyTUITaH:

-Mabpy3a Aapciiapujia 3aMOHABHM KOMIIBIOTEP TEXHOJIOTHSIApU E€praMuaa
MIPE3EHTALMOH Ba AJIEKTPOH-IUJAKTUK TEXHOJIOTUIIAPIaH;

- YTKA3WJIaIUTaH amMajvuid MAIIFyJI0T/IapAa TEXHUK BOCUTAJIaplaH, dKCIIpecc-
CYpoBJap, TECT CYPOBJIAPH, aKJIUN XYKyM, TYPYXJH (UKpiall, KHUYUK TypyXJap
OwJiaH MIUIall, KOJUIOKBUYM YTKa3uIll Ba OOIIKAa MHTEPAKTUB TabJIUM YCYIJIAapUHU
KYJulall Ha3ap/ia TyTUJIaIH.

Moay/JTHHHT YKYB pexajaru 00mKa MoayJiap OujaaH O0FJINMKJINTY Ba
Y3BHIJIUTH
“Pakamiin TeneBUAEHUE MOAYJIM Ma3MyHH YKyB pexkanaru ‘“3aMOHaBUU
MoOuMI anmoka Tuzumiapu’® Ba “Kenr mnonocanu ajioka Tuumiapu’ YKyB
MoAyJulapyu OuiaH y3BUM OOFJIaHraH XOJJa NEeAaroriapHUHI MOOWII HIIOBajap
spatuil Oyilmya KacOMil MeJaroruk Tau€prapiavk Aapa)kaCUHU OLIMPUIITa XHU3MaT
KHUJIaJu.

Moay/ITHMHI 0JIMHA TAbJIMMAArd YPHU
MoaynHu Y3IamTHPUII OPKAJIA TUHTIIOBYIIIAP MOOWIT HIIOBajap SPATUIITHH
ypranumi, aMmanga KyJjamn Ba OaxoJjamra JOup KacOWi KOMIIETEHTIIMKKA 93ra
oynmamwmmap.
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Moaya Oyiinua coaryiap TAKCUMOTH

THHITIOBYMHHMHT YKYB IOKJIaMacH,
coar
AyauTopusi YKYyB
HOKJIAMACH
JKyMJIAJIaH

Moaya maB3yaapu

Xammacu
Kamn
MycTakui TabJauM

Ha3zapwuii
AMaaun
MAIIFYJIO0T

3amMoHaBU KeHr (opMaTid Ba paKaMIu
TEJIeBU3MOH TU3MMHHHI y3aTUII Ba KaOyi
KUJIUII KapacHiapH. Pakamiu | 6 6 2 4
TeJIEBUICHUS A B CUTHAJIHUHT
TY3WIUIIWHH.

Pakammu monymsius typnapu. MPEG-2,
MPEG-4 crangapt cukuil GpopMmaTiapuHH,
VHUHT  [OpoQWIIapuHd  Ba  acoCUi
XYCYCHUSTIAPUHH YPTaHUIIL.

Y4 YA4OBIM TENEBUACHUSHUHI aMalja
KYJITal MMKOHUSITIIapH. Pakammu
TENEeBUICHUSHUHT CYHBbUM WYIIOII, MOOUI
aJIoKa, Ka0el TU3UMJIApU OpKaJIu 8 6 2 4 2
TAlIKWUIAIITUPUIL  Xycycusariaapu. DVB
paKaMJId TEJIEBUCHUSHUHT KaTerOpusijiapu

DVB, ATSC Ba ISDB cranmaptiapuna
CUTHAJJITAPHUHT MaKeT TY3WIHIIIH,
yJIapHU INAKIUIAHTUPUII, KaWTa WIUIAII
Ba y3aTHII XyCyCHUSTIApH.

TacBUpHM HIAKJUIAHTUPHUILIHUHT AJITOPUT-
MU. Pakamiy CUTHamHM INAKJUTAHTHPUIIL.
TB curHaJHM pakamid TacBUpJIALL. Ba
y3aTUIl Te3NMUrd. TB TacBUpHH CHKHII
CTaHIapTiapyu. TeNeBU3MOH  CUTHAIHU
koam. Kanammm xomram.

Kamn: 32| 28 10 18 4
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HA3APUI MAIIFYJIOTJIAP MASMYHHA

1 - maB3y: 3amoHaBuii KeHT opMaT/IH Ba paKaMJIM TeJIeBU3HOH
TU3UMHHHI Y3aTHII Ba Ka0yJl KMJIMII Kapaéniapu. Pakamuin
TejaeBuaeHusAa TB CMrHAJTHUHT TY3WIHIIHHA.

PaKaMJ'II/I TCIICBU3UOH CHUTHAJUIAPHUHI q)OpMaTHapI/I. PaKaMJ'II/I TCIICBU3HMOH
CUTHAJUIAPHUHI' TallIKWJI OTYBYHIIAPH. PaKaMJII/I TCICBU3HMOH CHTHAJUUIApHU
IMaKJJIAHTHPHAIL.

2 - maB3y: Pakamuin moayasinus typaapu. MPEG-2, MPEG-4
CTAHAAPT CUKUII (DOPMATIAPUHHU, YHHUHT NPOPUIAPHHA Ba aCOCHIl
XYCYCHUSITJIADMHM YPraHMII.

Pakamnu TeneBuieHHe a MabIyMOT y3aTHII TE3JIUTH Ba acocHil Tamabmiap.
BuneoMabiyMOTIapHU CUKUITHUHT XalKapo CTaHAApTIapu XyCyCHSTIApU Xamjia
yinapHuHr ad3ammmk  Ba kamuwiukiaapu. OpanaTtum  Ba  cKpemOJiepiialil.
XanmakutOapAouui  Kojyiami.  Pakamiud — TeleBUJACHHMENAa  CUTHAJUIApHU
MOAYJISIUSIIAIT YCYIIIapH.

3 - MaB3y: Y4 JI40BJIM TeJIeBUACHUSIHUHT aMaJijia KyJjiam
HUMKOHUATIAPU. PakaMJiM TeJieBUICHUSTHUHT CYHbUI HYJ11011, MOOWJI
aJI0Ka, Ka0deJ TU3UMJIAPH OPKAJIM TAIIKWIJIAIITHPUII XYCYCHUATIAPH.

DVB pakamuiu TejieBUICHUSIHMHT KaTeropusiJIapu

Pakamnu TeneBuaeHWE CHTHAUIAPWMHM ajoKa KaHAJJIapu OpKaJlu
y3aTuiira Oyiaran TexXHuk Tanabmnap. doinananumi. Pakamum Bujeo curHamuiap
¢busuk untepdeiicu. MPEG-4 Advanced Video Coding TH3umu TaxJuim.

4 - ma3y: DVB, ATSC Ba ISDB crangapriapuaa CurHaJJiapHuHT
NaKeT TY3WJINIIH, YJIAPHHA IIAK/UVIAHTHPHUII, KaiiTa MILIALI Ba Y3aTHII
XyCYCHSATJIApPH.

DVB crangaptu DVB-S, DVB-C, DVB -H-TusuMmnapiuHuHT Ty3UIuIuIapy Ba
tapkuOuii kucmiapu. [IPTV uMKoHUsATIApH Ba TEXHOJIOTHSICH.

5 - maB3y: TacBMpHHM IAKJIAHTHPUIIHUHT AJIroputT-mu. Pakamim

CUTHAJIHY WaAKJUIAHTHPULI. TB CUrHa/iHM paKamMJiM TacBUpJIall. Ba

y3aTuil Te3auru. TB tacBMpHHM cMKUII cTaHaapTiaapu. TejleBU3HOH
CUrHAJHM Koaam. Kanajaiu kommnam.

DVB-T, DVB-T2 twm3ummap kuécuii taxiauau. AKII Ba Smnonus
TEJCAMUTTUPHUIN CTAHAAPTIAPH XYCYyCHSTIap Ba YJIAPHUHT ¥3ap0 TEXHHUK
dapknapu, a3amumk Xxam1a KaMIHIAKIapH.
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AMAJIMA MAIIFYJOTJAP MABMYHHU

1,2-amanaunii MamFyJaoTJap:
3amonaBuii KeHr GopMaT/IM Ba paKaMJIM TeJIeBU3HOH TH3MMHHUHT y3aTHII

Ba Ka0yJ KWauil :kapaéniapu. Pakamin teaeuaenusga TB curHagHuHr
TY3WJIUIIMHU.

Pakamiu TacBHp CUTHAJUIApMHM KOJUIallljla JMCKPETJall, KBaHTJall Ba
KOJUTaIll acociapuHu ypranuil. OBO3 CUTHaUIaApU CIIEKTOPHU, KBAaHTJIAHUII CATXMU,
CUMBOJUIAPHHU KOJIalll JapaKaCUHU MaTEMATUK aCOCIapUHH YPTraHMILL

3,4-amajuii MalIFyJaoTaap:
Pakamiu moayasiuus typiaapu. MPEG-2, MPEG-4 cranaapr
CUKHUII (popMaTIAPUHU, YHUHT NPOPUILJIAPUHHA BA ACOCUT
XYCYCHATJIAPUHYU YPraHMII.

JIMCKEePT-KOCMHYC aIMaIlTHPUII YCYJWHUHI AJITOPUTMUHU TAXJIUI KHAJIWILI
Ba ypraHuil. BeWBieT aaMamTUpUII yCYJIU JACTyPUHHU YPTaHUIL, TaXJIMJI KAWL,
JIMCKpeT ajMaluTupuil ycyiauaaH ¢(apkd, aB(3aJurd Ba  KaMUWIHKIApUHU
TONWII.

5,6 — amaJaunii MalIFyJaoTJIap:

Y4 ya14oBJIH TeJIeBUACHUSTHUHT aMaJIAa KyJJ1all
HUMKOHUATIApU. PakaMiiM TejIeBUACHUSIHUHT CYHBUN HYJI101,
MOOMJI aJI0Ka, Ka0eJ TH3UMJIAPU OPKAJIM TAIIKWILIAIITHPHU I
xycycustiaapu. DVB pakamiiu TejieBUIeHUSTHUHT
KaTeropusijiapu

Beiiner anMamtupuiil acocuaaru Oup HeuTa GuiIbTPIIApHU KYIJUIAIl OpKaJIU
BUJICOMABJIYMOTJIAD CHUKHWIN KWWMaTH Ba CTaTUK TacBUpjiap cudarura
OOFIMKIUTHHM TaaKUK Kuiauim C++ THiauaa spaTUiIraH Maxcyc AacTyp €paamuaa
KBaHTJIAII KapaéHUHU BUJIEOMAbIyMOTIap CUKUIIT KHMMaTH Ba CTaTUK TacBUpPJIAp
cudartura OOFIMKIUTUHU TAJIKUK ~KUJITHUIII

7 — amajMii MalIFyJIOT:
DVB, ATSC Ba ISDB crangapt/iapuaa CUrHAJUIAPHUHT MAKeT TY3WIHIIH,
YJApHH IIAKUIAHTHPHUIN, KAliTa MILUIALI Ba Y3aTHII XyCYyCUSITJIApH.

C++ Trnmpa spatwiraH Maxcyc AacTyp €paamunaa BeuBier anMamThpuin
YYKYPJAUTUHUHT Y3TapyIld BUIEOMABbIyMOTIap CUKUAII KO3()PUIUEHTUHUHT
Yy3rapuinra TabCUPUHA TAAKUK KHAJIALL.
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8 — amaJauii MalIFyJIoT:

TacBMpHM INAKVIAHTUPUIIHUHT aJATropuT-Mu. Pakamin curnajanmu
HWaK/JIAHTUPUIL. TB curaajaHu paKkamim TacBUpJIall. Ba y3aTHII Te3JIMIH.
TB TacBUpPHHU CMKUII CTAaHAAPT/JIapU. TeJeBU3HOH CUTHAJIHM KOAJIAIIIL.
Kanajum koauiam.

National Instrumets kommanuscuHuHr LabView myxuthaa cumymastTopu
MYXHUTH/a CUTHAJIapra paKamiid HIUIOB OCpHINl YCYJUTAPUHH YPraHUIIl Ba TaX U
KUJTHIIL.

YKUTHUII HAKJLIAPH

Maskyp Moayn OVitnda Kyduaara YKUTHIN MaKkJIapyuaad Gonganianuiaim:

- Mabpy3anap, amMalluid MalFyjnoTiaap (MablymMoOTiap Ba TEXHOJOTHUSIApHU
aHTJIa0 OJIMIN, aKJIMM KU3UKUIIHU PUBOXIAHTHPUII, Ha3apuil OMIMMIIaApHU
MyCTaxKamJiaiil);

- JaBpa cyxOamiapu (kypunaérraH jioiinxa euumiiapu Oyiinda takiudg Oepuii
KOOWIIMSATHHYU OIIMPUII, SIUTHUIN, WAPOK KWJIHII Ba MAHTUKHHA XyJocaap
YUKAPUIII);

- 0Oaxc Ba MyHo3apaiap (JioMuxanap €4yuMH Oyinda Jaduwuiap Ba acociu
apryMEHTJIApHU TaKJAUM KWIWII, SIIMTUII Ba MyaMMoOJIap €YUMUHU TOIUII
KOOWJIMSITUHU PUBOMIIAHTUPHII).

BAXOJIAIII ME3OHHA
Maxkcuman
0 b b
Ne axoJiaul TypJapu A ajiap
1 Keiic Tonmmpuxiapu 1.2 6ann
M
2 YOTARII T 2.5 0.5 Gam
TOMIIUPUKIAPU
3 AManuii TonmupukiIap 0.8 6amn
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. MOIYJIHU VKUTUILIA
- DOMJAJTAHWUIIAINT AH
- UHTEP®AOJI TABJINM
. METO/UJIAPU



II. MOYJIHU YKUTUILIJA GOMTATTAHUIAIUT AH UHTEP®AOJI TABJIMM METOJIJIAPU

II. MOJIYJIHU VKUTHIIJIA ®ONMTATAHWUIAIUTAH HHTEP®AOJI
TA'BJIMM METOJUIAPH

“SWOT-Taxani” MeToau.

MeToagHMHI MaKcaaM: MaBXyJ Hazapuil Ounumiap Ba amaluid
TaXpuOalapHU TaXJIWJI KWINII, TaKKOCHAll OpKaIM MYaMMOHH Xajl JTHII
UyInapHU TONMINTa, OWIMMIIADHM MyCTaxkamJjall, TakpopJjam, OaxoJalira,
MYCTaKWJI, TaHKUIUN (PUKpIAIIHA, HOCTaHIAPT TapaKKypHH MIAKIJIAaHTHPHUIITa
XU3MaT KWJIAIH.

S — (strength) * Ky4IH TOMOHJIAPH

W — (weakness) * 3an(, Ky4CH3 TOMOHJIAPU

O — (opportunity) * UMKOHUSATIAPU

T — (threat) * TYCHUKJIAp

Hamyna: VY36ekucron Pecry6nukacuna IPTV TH3MMHHHMHT PHBOYIIAHMUII
uctukoomwtapuan SWOT taxymnuan ymly >kaBaira TYIIHPUHT.

HOxopu cudar, roKopH TE3INHK, HD d¢opmarnarn xanamnap, 2
S WHTEPaKTHUB XU3MaTJIap MOwuT/c Te3nuK, dIETPOH TEIETH
XU3MATJIAPUHN ~ JKOPHH  KUJIHIII
WMKOHHSATJIAPH
Tamku MexaHuK TabcHpiapra
Tamku Tabcupiiap, TpaHCIIOPT
3and, WHPPACTPYKTypacH SXIIU
W TapMOKJIAPUHMHT Tajad Japaxasa
PUBOKIIAHMAraH maxapiapia
AMACIIHUTU ..
KYJUT1ail 0JIMaciuK
0 butra ontuk TonagaH 3Ta XU3MaTHU IPTV, uatepuer, TenedoHus
TaITKWI YTUIHIIN
Tu3uM KOMIOHEHTIAPU TAHHAPXUHUHT | AOOHEHTHap MHTEpHETAAH
T FOKOPHUJIUTH ol nananun JapakaCuHU
OIIUPHUIIHILN
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“AKJMH XY;KyM”’ MeTOAHU

“AKJIMH Xy:KyM” METOAMHHMHI MOXHUATH >KaMOa XAMKOPJIWIHA acoCH/a
MyaMMOHHM €UHIIl XKapaCHIapUHU BaKT OVitnua Oup KaHya 6ockuwiapra (FosuiapHu
reHepanusiall, yJIapHd TaHKUIUH Ba KOHCTPYKTHUB XOJaTAa HWIUIA0 YMKHII)
axpartuigad uoopar.

Jlapc skapaéHuma akauid Xy>KymMaaH Makcamau (ONTaTaHUI WIKOIHM,
HOCTaHAAPT Ta(akKypJallHH PUBOKIAHTUPHUII TapoBH XUcoOIaHAAM.  “AKJIMi
XyKyM” HU YIOIITHpUII OuUp MyHYa coijga OynuO, yHAaH TabiUM Ma3MyHUHU
y3raprupuin kapa€Huga (Qormananum OwiaH OuWpramMkaa WOUTad YHKAPHII
MyaMMOJIADUHUHI €UMMHWHHU TOMNHUINJA XaM XKyaa Kyn kemaau. Jlactmab rypyx
WWAFUJIAIM Ba ylap OJAura MyamMmo Kyuwinaaud. by MyamMmo ednmu TyFpucuia
Oapua umTupokuniap ¥3 bukpiapuHu owigupaauiap. by 6ockuyna xed KUMHUHT
y3ra KWIIM Fosutapura Xy)KyM KWJIWIIM Ba Oaxojlamura Xakkd HykK. Jlemak,
“akmuit XyxKym” WyIu OWslaH KMCKa MUHYTJIap/a YHIIa0 FOsJIapHH f03ara YnKapuil
UMKOHUSTIIAPU MaBxKy/1 OYiaaau. ACIMHU OJTraH/a Foslap COHUHM KYIra KUPUTHUII
acocHil MakcaJl sMac, yjiap MyaMMO €YUMHUHU OKWJIOHA WMIUIA0 YMKHII YIyHTHHA
acoc Oynmamwiap. By meton mapTiapugaH Oupu Xed KaHjall Tallku TabCHUPCHU3
KATHAIIYBYWIAPHUHT Xap Oupu ¢aosl UIITHUPOKU OYnuiu Kepak. bummupuiran
FOSUIADHUHT Oell €KW OJTUTACUTMHA acoCHi XUCOOIaHMO, MyaMMO €YMMUHU
TONUIIra CAJTOXUATIM UMKOHUATIAP SApaTaiH.

[Myngait kunud, “akimii Xy:kyM~ KOWJAJapUHHU KyWHjaaruya Oenruiiant
MYMKHH:

*oFa cypuirad rosiiap 0axojJaHMaiau Ba TaHKHUI OCTUTA OJIMHMaNIN;

*uir cudaTura sMac, COHUra KapaTuiaau, Fosyiap KaHda Kym Oyiica, mryH4ya
AXIIU;

*UcTanraH FosUlapHU MYMKHUH KaJap KEHTaUTHPUII Ba PUBOXIAHTHUPUIITA
KapaTWIaiu;

*MyaMMO €4MMHJIaH y30K FOsUIap XaM KyJiiab KyBBaTIaHA/IH,

*Oapua rostap €kM yIapHUHT Mar3u ((apasznapu) Kaig dTUml Wynu Ouian
€310 oJIMHAY;

*’XyKyM HU YTKA3UIIl BaKTH aHUKJIAHAIM Ba YHTA pUOS KWJIMHUIIYI IapT;

*Oepuslagurad caBoJulapra Kuckada (acocjiaHMaraH) jkaBoOnap Oepwiil
Ky3/1a TYTWINIIN KEPAK.

Basudacu. “AKJuU#i  XY:KyM” KHUMH BasuATIapAaH KyTYJIWLI
YyopaJapuHHU TOMMIIra, MyaMMOHH KYPHII YerapacuHU KEHTrauTUpHILTa, (PUKpIIall
OMp XWUTMJIMTUHU WYKOTHUIIra Ba TEHT Joupaja TadakkypJaiira UMKOH Oepaju.
OHI' acOCUMHCH, MyaMMOHHU €4YMII Xapa€HuJa Kypallull MYyXUTHAAH WXKOIUN
XaMKOPJIMK KanusTura yTunaay Ba rypyX (ayIuTopusi) siHa/Ia dKUTICIIAIIa Iu.

Oo0bexkTn. Kymmam  wmakcaaura Kypa yHHBepcal  XHCOOJIaHUO,
TaJIKUKOTYMJIMK/IA (SHT'Y MyaMMOHH €UUIITa UMKOH SIpaTaju), YKUTHUII )Kapa€Hu1a
(YKyB MaTtepUaJiJIapuHU TE€3KOP Y3IalITUPHILTa KapaTUIaan), PUBOKIAHTUPUIAIN
(¥3-y3uHm OWp MyH4Ya camapaiu OomKkapuil acocuaa Gaon GUKpIANTHA
IAKJUTAHTUPAJIN ), ACKOTAJIHU.
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Kymnanum ycynam. “ARIuMd Xy:KyM” HIITUPOKYUIIAPU OJAUra KyHUITraH
MyamMMoO Oyiinda xap KaHjaai Mysoxasa Ba Takiu(apHu OWIAUPUIIIIAPA MYMKHUH.
Adtinran ¢ukpiap €3u0 O0opuiaaau Ba yJIapHUHT Myaudduapu ¥3 GuKpiIapuHu
KaiTallaH XoTUpacuja THUKJIAll MMKOHMSTHra sra Oymamu. Meton camapacu
bukpnap XWIMa-XWIUIUTH OWiaH TaBcu(diIaHAIM Ba XyXKyM JaBoMHUa yiap
TalIKWJI KWIMHMaWIu, KadTagaH wudoganaHManad. AKIWA XyXyM Tyrarad,
MYXHAMJIMK XUXATHTa Kypa HT SXIIH TakaudIap TeHepanysiaHaIl Ba MyaMMOHH
CUMII YUYH 3apypJlapy TaHJIaHAIH.

“AypJm appa” MeTOAHU

“Axypim appa” MeTOAM TYy3WIMII JKUXATAaH y3uja Kylujaaru
OOCKHUYIapHU KaMpad oJ1aIu.

1. Tommuupukau 6yaum. Tonmmprk Ba MaTHIM MaTepuaiap Oup HeuTa
acocuil Kucmuapra (€K MaB3yJiapra) KUpUTHIAIN.

2. Dkcnepr rypyxaap. Kymmuna 6up maB3yra ouj YKyB TONIIMPUKIAPU
Mapxyj Oyiran Tanabjap MaB3yHHM MyXoKaMa KWIHWIN, Oomikajgapra YpraTHIil
pEeKACUHU Arajulalll YuyH KCIEpT rypyxra Oupiamaauiap.

3. bupaamum rypyxgap. TuHrioBuunap V3JIapuHUHT OuWpIaMuu
rypyxJjapura Kaitaauiap Ba 3KCIEpT rypyxJjapaa YpraHranjiapuHu YKUTHILATH.

“AxypJiM appa” MeTOAH MOXMITUIAa aHUKJIWK KUPUTHUILI YUyH O0ab3u OuUp
TaBCHUSUTAPHU EPUTHILL JTO3UM.

1.Vkutim kapaéaura Oy Tap3ja EHIOWMITaHAa THHITIOBUMIAPHHUHT
XaMKOPJIMKJA MIUIAIIMIa Ba KUCKAa BaKT MYMJIa KaTTa XaXmaaru axOopoTiapHU
V3IamTUpUILIIApUTra UMKOH SIpaTHIIA TN,

2.V éku Oy (aonusaTHM Japcia amalra OMIMPHUII Y4yH THHIJIOBUMJIApra
OolUTaHFUY axOOpOTIIAPHU Y3aTHIN 3apypUATH TyFujca, Mabpy3a YpHUHH Ooca
OJIaJINTaH caMapaid HHCTPYMEHTapui XucoOJaHaIH.

3.VKkuryBun Mypakkab Ma3MyHJIM MaB3yjap OYiHYa THHITIOBYMIAPHH
Japcra Taiuépian yqyH OJITMHIAH YJIapHUHT Xap Oupura MyhKallJlaHTaH ajJoXua
ax0opoTiM MakeT Tal€praian. YHAa OapCiMKAaH, KyIiuM4a Tap3la Tas3eTa,
YKypHaJ, MaKoJajap/aH MaTepuasiap OYIuIm Kepak.

4. Xap Oup TUHIJIOBUM 2 TYpYyX TapKuOHAa MILITUPOK 3Taau: gactiad ~y3
yiin” (OupiiaMuu) rypyxumra, K€MHMH 3ca ‘“DKCIepT rypyxura Oupnamud, YKyB
AIIEMEHTJIAPUHU MYCTAKWJI YpPraHuiiaad. DKCOEpT TyYPyXHUHH Te3[a TAIIKWI dTULI
y4yH THHIJIOBUMJIAp OJTraH axOopoTiu makerjapaa Xxap Oup MaB3yra OHJl
MaTepuaiap OUp XWJI paHTJard KOrosjapra €3wiral €Kd paHriid Kajiam OujiaH
KOFO3HUHT OMpOH-Oup Oypuaru OYsiaraHu MabKyJl.

5. Xap Oup rypyxna 3 tagaH 5 Tarada YKyBuM (YKyBUMJIAPHMHI COHUTa
Kapab) Oynumm MyMKUH. Xap Oup THHTJIOBYUM Y3 yWW JarwiapHd KanTa
yYpaluIl >KOMUHU aHUKJ1a0 OJTUIIH KEPaK.

6.YKUTYBYM THHITIOBYMIAPHU “paHIIIK” TOMIIMPHUKIAP ACOCHAA IypyXra
OMpIAIITUPUIITHU TakIu(d 3Taau Ba yjap aJoXuaa MaB3ynap Oyiimda skcmeprtra
alylaHan. Mucon y4dyH, “Ku3Wi JIapHU ayaUTOpUs XOHACH OXHUpHUJA,
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“kYK’mapHU dca WylnaK4aaa ydpamuin OenruiaHaan. Xap Oup skcmept rypyxaa 3
TaJaH KaM TUHIJIOBYM OYJIMACIUTH KEPAK.

7. I'ypyxJjapra ax0opoTiy HMakeT TapKaTuiaau. Xap Kahcu TypyX TypJiu
XWJI MaTepuajjiap TYIJIAMUHYU OJMIUIAPU Ba YJIApHU YKUIIW, MyXOKama KWJIWIIY,
aliHaH 11y axOopotiap OYinda sKCrepTra aIaHuIIM JIO3UM, YKYB MaTepualliapu
TYIUIAMUHHA OJIMIUIAPYM Ba YJIApHU YKWIIW, MyXOKamMa KWIWIIW, ailHaH Iy
axbopoTiap Oyitnya ‘“axcrept”’ OVIUIIN yUyH YKyBUMJIapJa BaKT €Tapii OYIUIIN
kepak. By yuyH arap marepuannap mypakka0 Ba kaTTa Oyica, 3XTUMOI, OUp Aapc
TYIUK Tajaad KUIUHAIH.

8. TuHTIIOBUMIapTa KyHUAaru TONIIUPUKIAp OCpUIaIu:

-MaKeTIaru MaTepraJylapHy KYHT OWJIaH YPraHUHT Ba MyXOKaMa KUJIUHT;

-Oup-OMpUHTU3IaH CYpaHT Ba YKyB MaTepHAUIAPWHM  Xap OMpPHHTHU3
TYIIYHHO OJTaHUHTHU3Ta UIIOHY XOCUJT KWJIUHT;

-y3  “yiluHrus® TYPYXUHU VKUTHUII 3apypJMTHHH XucoOra oJuo,
MaTepHaUIApHUHT MyXHUM YKYB dJIEMEHTIapHUra YbTUOOPHU KapaTHHT:

9. TuHIIOBYMIAPHUHT Y3 “yillapura” KaWTUIUIAPUHU WITUMOC KWJIHHT.
Xap kum ¥y3 “yin”’-rypyxura axoopot Oepaau. [llakcus, “yit” rypyxuaa sKcriepT
rypyxJjapujian OUTTaJlaH TUHTJIOBYU OVIIMINM MIapT, TUHTJIOBYM YpraHu® KejaraH
MaTepHaUIapHU ¥3 TYpPYyXH TUHIJIOBUMJIAPUTa YPTaTHUIIl )KaBOOTapIUTHHU OYiHHUTa
o0, stHa OUp coat JTaBOM ATHUIIIH MYMKHH.

10. TunrnoBunnap Oup-OupiapumaH axOOpPOTIAPHU YpraHWUO OYuIITad,
VKUTYBUH OJIIMHJIAH pexKaTalITUPWITad (PaosusT TYPUHU YTKA3UIIIA MYMKHH.

“MyaMMO0” TeXHOJIOTUACH

TexHOJOTUSAHMHT MaKCaaAu: TUHTJIOBUMJIApra YKyB (PAHUHUHT
MaB3yCH/IaH KeJMO YMKKaH TYpJH MyaMMOJIM Macaja Ba3UATIAPUHUHT €YMMUHU
TYFpU TOMUIIUIApUTA YpraTUIll, yjapJa MyaMMO MOXHUATUHM aHUKJIAN Oyiinda
MaJlakaJlapHU IIAKJIJIAHTUPUII, MyaMMoJIap €YMIIHUHT Oab3u ycysulapu OuiiaH
TAHUIITUPHUII Ba yciayOJapHH TYFpU TaHJallra ypraTull, MYyaMMOHHU Keiauo
yUKUIl ~ca0abiapuHU, MyaMMOHHM €UMILJArd XaTTH-XapakaTJapHU TYFpu
aHUKJIAIIra ypraTaji.

MalryJIOTHUHT YyTKA3UII TAPTHOM:

VKUTYyBUM THHINIOBUMIAPHM TypyXjapra axpaTiO, yIapHH YpHHIApHTa
KOMITAIUTUPWITAaHAAH CYHI, MAIIFYJIOTHUM YTKa3ull TapTHO-KoWIajdapu Ba
TajgabJapuHu TYIIYHTUPAIW, SBHU Yy MALIFYJOTHU OOCKMYIM OYIMIIMHHU Ba Xap
Oup OOCKMY THUHIJIOBYMJIAPAAH MaKCUMyM JHKKAT-dbTHOOp Tanad KUJIWHUIIY,
MalIFyJI0T JaBOMHUJA yJiap fAKKa, TypyX Ba amoa Oynu0 WIUIaUUIApUHU alTau.
bynpait kaiipusar TMHrIOBUMIIapra OepuiraH TONMIIMPUKIAPHU Oakapuiura Taép
oymuuuapura €paam Oepaau Ba OaxapuIlra KU3WKHUIN Yiroraad. MalFyiaoTHH
YyTKazum — TapTuO-KoMjanmapu Ba  Tajmabimapu  TYIIYHTHpWIrad, MallfyJoT
OoIIUIaHAa I

TuHIIIOBUMIAp TOMOHMJIAH MAaLIFYJIOT YYyH Tal€piaHraH KHHOJABXaHU
JUKKAT OWJiaH ToMolla KWinO, yHIa €pUTWIraH MyaMMOHM aHHMKJallra xapakar
KWIWII, XOoThpaza cakmad kommm ¢Exku  madrapra Oenrmnal Kyvwmn (arap
KUHOQWIbM KYPCATUIIHUHT HMKOHHUATH Oynmaca, y Xoijga VKUTYBUM YKYB
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OpeIMETUHUHT MaB3ycu Oyindya ruiakaT, pacM, aduma €ku Oup myammo OacH
KWJIMHTaH MaTH, KUTOOaru YKyB Marepuanuiad GoiganaHui MyMKUH):

*xap Oup Typyx ab3ojlapy TOMOHHJIAaH YOy JaBXadaH (pacMmaH,
MaTHJaH, Xa€Tuil BoKeaJaH) OUprajvkaa aHUKJIAHTaH MyaMMOJIApHU BaTMaH €KU
dbopmataaru Korosra dhaomacrep Ominad €310 YUKUIAIN,

*OepwiiraH aHUK BakKT Tyrarad, Tal€piaraH WIIHM TYpyX BakWUIapu
TOMOHHJIaH YKUO SIIUTTUPUIIAIHN;

*YKUTYBUM TypyXJap TOMOHUIAH TaHJaHTaH Ba MyaMMoiap E3WiraH
KOFO3JIAPHU aJMAaIlITHpraH XoJi1a rypyxJjaprau TapKaTuiaiu;

*TapKaTWITaH KOFO3JIap/a TypyxJjiap TOMOHHAAH E3UITraH MyamMMoJapIaH
xap Oup rypyx ab30cu Y3MHU KM3UKTUPraH MyaMMoOJaH OMpUHM TaHia0 onaau;

*YKATYBYM TOMOHHUJIAH TapKAaTWITaH KyWHJard 4u3mara xap Oup Trypyx
ab30CH Y3UHU KU3UKTUPTaH MyaMMOJaH OupuHU TaHmab oanu;

*YKATYBYM TOMOHHUJIAH TapKaTWJITaH KyWMHJard yuamara xap Oup rypyx
ab30CH TaHJIA0 OJITaH MyaMMOCHHHU €310, MyCTaKWJI paBUIIJIa TaXJIAJ ITA]IH.

“BJIAL YUMH” MeTomy - Xapakariap KeTMa-KeTIMTHHH TYFPH TAIIKHII
ATUIITa MAHTUKUHN (DUKpIamra, ypraHaérrad mpeIMeTH acocuaa Ky, XHJIMa XUl
dbukpnapiaH, MabIyMOTIap/laH KEepaKIUTMHUA TaHjaad OJUIIHM YpraTtuiira
KapaTwiran. Ym0y TEXHOJOTUs THUHIJIOBUMJIApPTa TapKaTWITaH KOFo3jap/a
KypcaTHIraH XapakaTjiap KeTMa KeTJIMTUHU aBBaJl AKKa X0JIJ]Ja MyCTaKUJI PaBHIIIIA
oenrunad, cyurpa ¥3 duxkpuHu Oomkanapra yTkaza oiauil €k Y3 GUKpuIa KOJIUII,
Oomikanap Ounan xamdukp O6yna onuira épaam oepaau.

“BYMEPAHI™ TexHUKAacu — THHIJIOBYWJIAPHU JApcC KapaéHuaa, 1apclaaH
Tallkapuaa Typad afabuétinap, MarTHiap OwilaH UOUIANl, YpraHwirad
MaTepuajlIapHu €17aH cakiaad Koiuil, cy3i1ad Oepa onuill, (PUKPHU SPKUH X0JIa
O0a€H oSTa onuin xamjia OWp aapc AaBomMuja Oapya THUHIJIOBUM TanaballapHU
Oaxoail onuira Kapatuirad. “bymepaHr” TEeXHOJOTHUSICH TaHKUAWNA (UKpIall,
MaHTUKJIM [IAaKJUTAHTHPUIITA, WMKOHMST  sSpaTajgu; XOTUPaHH, FOSUIAPHHU,
bukpnapHy, JaUTMUTApHA €3Ma  Ba  OF3aKd  MaKUiapaa Oa€H  KUJUII
KYHUKMaJIApUHU PUBOKIIAHTUPAIH .

“CHHKBEMH” MeTomy — TabiuM ONYBYIJIAPHHM axXOOPOTIApHH KHCKA
0acH sTUIITa ypraTaau, Xxamjaa OJMHTaH MabIyMOTJIap yCTHJIa YyKYyp HJIAHMIITA
qOpJIaau.

“KOPA KYTHU” Metroau — TUHTJIOBUMIIAp Oy METOJ acOCHIa €UUJIaIuraH
MyaMMOJIap aHUK Ba3WATHU TaxJIWJ KWIMII OpKaJdu amajira OIIMPUIIaIIH,
MyammoJiap cababu Wyn-iynakail aHUKJIaHA W,

“JIOMMUXA” MeToM — TABIMM OMyBUMIAPHUHT HHBUAyal KU TypyXIapaa
OenrujlaHraH BaKT JaBOMHJa, OeNrujiaHraH Map3y Oyiinmda ax0opoT WHFUIL,
TaJKUKOT YTKa3UIIl Ba amMaJira OUIMPHUII UIIapUHU 0110 Oopuinuaup. by metomna
TaQBJIUM OJYBUWIAD PEKATAMTUPUIL, Kapop KaOysl KWJIHII, amalra OIIUPHII,
TEKIIUPHUII Ba XyJlOoca YHWKApWIN Ba HaTWKajlapHU Oaxoamn >kapaéHiapuia
UIITUPOK dTauiap.
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I1I. HA3APUI1 MATEPUAJIJIAP

I11. HABAPUH MATEPUAJLIIAP

1-maB3y: 3amoHaBHii KeHI (OPMATJIM BA PAKAMJIN TeJeBU3HOH
TU3MMHMHTI Y3aTHII Ba Ka0yJ1 KM skapaéninapu. Pakamun
TeJeBuIeHUs1Aa TB CUrHAJTHMHT Ty3HJIHIIHHH.

Pexa
1.1. TacBup Ba 0BO3 CUTHAJUIAPUHU aHAJIOT-PAKAMIIN Y3TapTUPHILL
1.2. TeneBU3MOH CUTHAJI TAIIKWII STYBUYMIAPUHUHT PaKaMJIM KYPUHUILIH.
1.3. Pakamuiy TenE€BU3UOH CUTHAITHU XOCHJI KUJIMIL Ba MIAKJJIAHTUPUILL.

Tasna woopamap: PAL, SECAM, MPEG (motion picture expert
group),chrominance, luminance, column, bandwith

1.1. TacBup Ba 0B03 CUTHAJLJIAPMHH AHAJIOT-PAKAMJIM Y3rapTHPHILL.
Curnamiap TypkymMuga aHaior (y3jJayKCU3) Ba pakaMjid CUTHAJIap MaBXKYyA.
AHanor curHayjiap y3iaykcu3 (pyHKIMS KOHYHU Oyiinya y3rapaju Ba UKKH KYIIHU
caTx opacujia )Kyjaa Ky opaliuK Kuimatiaap OVIuIIm MyMKHH.
1.1-pacmaa ananor makiuianran SECAM tusumugaru TB (A) Ba oBo3 (b)
CUTHAJUTAPUHUHT OMp (pparMeHTH (KUCMHU) KYpCcaTHIIraH.

1.1-pacM. AHajor TeJIeBU3UOH Ba OBO3 CUTHAIIJIAPH.

AHajior cur”Hajira Hadakatr y3JIyKCH3 CUTHaj, Oalku axOopoT UMMYJIbCHUHT
KeHIJMru €ku  Topaiimmmra Oornuk Mopyisuusnanrad UM  (mmpoTHO-
uMmyinbcHass moxayssinus — [HIMM) €xku nactnabku xonatu BakTra(daszara) O0OFIMK
oynran UM ((paza-umnynbc MOAyNSIUs) CUTHALIAPU XaM KylIuMua OYIuIIN

MYMKHH Ba ynap 1.2-pacmaa kenTupuiras.
T T T = I - ] - I -

tn

U U
I t |

s 1T T T Tl

S
ol

t

1.2-pacm. IIUM (a) Ba ®VIM (0) CUTHATIIAPHUHAT KYPUHUIIIUTA MUCOJIIAP.
Pakamjim curHa/uiap, MKKWIMK KOJUIap/ia aHaJOI CHUTHAJIHMHT CaTX Ba BaKT
Oyiinua nuckper YymdoB kuiimaTiaapu wudomacumup. Illynman “pakamuan”
(“digital”) TtepMuHuM KenMO YMKKAH Ba XO3UPTrd 3aMOH PaTHUOICKTOPOH
KypWIMaJIapUHU XapaKTepaaiam.
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MPEG = Moving Pictures Expert Group

MPEG-1 MPEG-2 MPEG-4 MPEG-T MPEG-21
Part1: systems  Parll: systems  Partl: systems  Meladala, additional
ISQVIEC11172-1  ISOJIEC13818-1 I1SONEC14496 XML based “tools®
“FES layer “Transportation® ISOVIEC15938 ISOMEC21000
“Multimedia
Part2: video Fart?: video Part2: video Content
ISOVIEC11172-2 ISOJIEC13818-2 ISONEC14496-2 Description
Part3: audio Par3: audio Part3: audio Imterface®
ISQVIECTI1172-3 ISOQOJIEC13818-3 [AALC)
ISONEC14496-3

Partg: DSM-CC  Part10: video
ISO/IEC13818-6 (AVC, H.264)
Parl?: AAC 1S0M14496-10
ISOJ/IEC13818-7

Pacm. 1.3. MPEG crangaptiap ownacu.

Luminance
sampling frequency
13.5 MHz
575 MHz l'
VAN 8/10 Bit
R, XPlbr Y
i - 8/10 Bit .
G: .E Eb% L Ch 270 Mbit's
B = ,;I "lLD _ ITU-BT.RB01
" Cr ~yIN %ﬂ”é’;t LCCIRB01"
/ 7—' :
275 MHz
B6.75 MHz
Chrominance
sampling frequency
Right 16 Bit
A — fk—r A, D+’ up to 768 kbit/s
15 ... 20 kH
bardwidth 32"44-",”43;'"3 = approx.
ampling TEqUENEY 4 5 Mbit/s
Left 16 Bit
A o — % 5 +> up to 768 kbit/s
15 ... 20 kHz
bandwidth 32/44 1/48 kH=z

Sampling frequency
Pacwm. 1.4. Buzeo Ba ayauo MabliyMOT CUTHaJLIapu

Pakamnu Tuzumiapnaa, MacajiaH TU3MM KHPHINTa aHAJIOT CUTHAJ Kejca, Oy
CUTHAJ KOJJIaHAad Ba pakaMjd IIaKIra YTKa3wiaju, SbHU aHajIor CHUTHAI
AUCKpeTJialll, KBAHTJAII Ba KOAJAIl KaOW yMyMJIalllraH orepanusiap OuiaH
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paKaMITH CUIHAJITa aiTaHTHPHIIAIN

Huckpernam xapa€Hu - Oy Y3JIyKCH3 aHajor CUTHAJIHM MablyM aHUK
BaKTJIapJla OJIMHTaH OHUM KuiiMaTiap (CaHOKJap) KeTMa-KEeTIUrd OuliaH
anMaIITUpUIAup. TeHr TakCUMJIaHTaH AUCKPETIAIla aHWK BaKTIAp OpaJIUuFu
KoTrenbHUKOB TeopeMacura acocaH TaHJaHaAW. Y0y TeopemMara acocaH Xap
KaHJIall 4acToTa CHEeKTPU YeKJIAHTaH Y3JYKCH3 aHAJO0r CHTHAJ YpHHra,
AUCKPETJIAll YaCTOTACH AHAJOI CHUTHAJ 0OKopu 4YacroracuaaH (Fp.) JHr
KaMuaa 2 Mapra Karra Oy/raH 4acroTajard COHOK KHIIMATHHM y3aTHII
kugost, apHu F, >2F ., mapT 0axxapuammm kepak. Mucoi 1.5. -pacMHUHT a) Ba
0) rpadukIapuga KENTHPUIATAH. Arap AMCKPETNIAll YacTOTacH 2FmaJaH KUK
Oyica, yacTtoTamap ycTMa-ycT TYIIMIIM MYMKHH Ba KaiiTa TUKJIAHTaH aHajIor
CUTHAJI TapKuOuaa “Kandaku, €FoH” aijaM4yy CUTHAJ a0 0yaau.

a)4

AHanor cvrHan

i s ﬂHcerT caHor.Iap

B) | [
4 ac | -
KBAH 1A '“?:'_’"_“E_" KBAHTIAHTaH CaHOKTAp
= 3f--—- _E___,i’:_ __________ f{‘_\_ P T B
= Sql .i_,;’_'_____________ A \_‘111‘1'_‘_’_“:‘_11_'_*‘_“_{‘1\_’1" %
= O : e : < KkBanTaam
=~ =TT Gormrem bREseTry EEETers SEe S Sz
8 % :]._,_’:_l: _______________________ I__'_“::=-I:--_~;:Z: __yhteen
- 7
-

pPaKaMJid CHrHan

010 100 100 001 000 Q0
2 4 T

4
1.5-pacm. AHaJ'IOF CUTHAJTHU PAKAMJIM [IAKJITa YTKA3UII KapacHU

Nxxuiauk koaaa udogasanrad Oup paspsaja €k HKKUTa 0esiru (CHMBOJI)
our ged aranmaam. Omaraa KBaHTIAII CATXWHUHT KUHAMATH 2 HHUHT Japa)kacura
TeHr OyTyH coH OmnaH, seHM N = 2" anuknanamu. JMCKpeT/Ial, KBAHTJIAII Ba
KOIJIAII 0JAT/Aa OMp KypH/IMa aHAJOT — pakaM y3rapruprud (APY) épaamuna
Oaxkapuiaau Ba Oy :kapaén 1.6-pacMaa KypcaTuiras.

! Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. pages 31-32.
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KBaHTaam DOCKHYIH PAKaMH
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0000-0 0100-4 1000-8 1100-12
0001-1 0101-5 1001-9 1101-13
0010-2 0110-6 1010-10 1110-14
0011-3 0111-7 1011-11 1111-15
1.6- pacMm. AHanor — pakaM y3rapTUpHIIAArd COHJIApHU Mapajell Ba KeTMa —
KET UKKWIMK TU3UMHUTa YTKA3UII KapacHH.

TeneBuaeHuera pakamiaud TU3UMIIAPHU KUPHUTHII OyiH4Ya TaJaKUKOTIAp
durupmanun acpHuHr 30-linyutapuaaH  Oomianran Ba  (akatruHa XX acp
oxupiapura keaubd Kysutanwia OonuiaHau. TeNeBU3UMOH CUTHAN CIEKTPUHUHT
fokopu 4vactotacu 6 MI'mra tenr Oynrannuru cabab gUCKpeTIall 4acTOTacu
kamMuga Foae, =12 MI'n Oymumm kepak sau. by sca y3 HaBOatuma pakamid
CUTHAJIHU Y3rapTUPHUILI Ba y3aTUII KypWIMAJIAPUHUHT MIILIIAII TE3JIUTUra KaTTHK
tanabnap Kyuumummra onud kenaau. Typiu JaBIaTIapHUHT PaKaMiIu TEJIEBU3HOH
CTaHJApPTIApPUHA  MYBODHKIAIITUPUII  MaKCaauga JUCKpPETIall YacTOTacH
13,5 MI'm ne6 xaOyn kuiauarad. 130 manm 200 raga OynraH Ky3 KYpHII IOKOpU
JapakacuHM (TpajalMsICUHU) TAbMUHIIALI YUYH 8 pa3psaiin KO KyJUIaHWInO, 256
SpUM TOHHU y3aTHIIl TabMHUHJIaHaAW. ByHIa pakamiau KOMIIO3UT CUTHAJ y3aTHII
TE3JIUTH

C=N*f 3er = 8%13,5=108 Monur/c, (1.1)

Oy epaa N — KOJHUHT pa3psi/iy.

ByHnail Te3MMKHM TeeBU3UOH CUTHAJUIapra UILUIOB Oepulll KypriManapua
Ba aJlOKa KaHa/UIapW OPKaJIW Y3aTUIIJAa TAbMUHJIAHUIIHM JIO3UM, TaOuuiiku Oy
TajmabHu Oa)kapuIill TEXHUK TOMOHJIaH MypaKKaOup.

OB03 CUrHAJUIAPUHM paKamiIM XoJiaTra yrkasuul. HcoHmap 0BO3HU
(troBymaM) 15 I'm gan 22 kI’ raga 6ynran wacroranapjaa, €mm ynraiirad sca 20
['yman 18 k['11 rava Oynrad TYIKWH opanuruaa smmTanu (Kadyn kKuiaan). Xyau
IIYHJAd XO0JIaT TYJIKWHHUHT aMIUTUTYJacd, SbHU OBO3 OalaHIUrura Xam
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TEerunuid. VIHCOH KyJOFMHUHT SIIMTHIN JWHAMHUK auana3oHn 96 nb sSKuH,IbHU
OBO3HUHI IOKOpM KuHMaTu (yHJAH IOKOPUCH KYJIOKKa OFpUK Oepaau - OFpUK
Oepumm Oycaracu) Ba SHI KaMm Kuiimatu opacuaaru ¢apk 30 MuHT MapTaaaH
KYIIPOK.

OB0O3 CHUTHAJIMHUHT YacTOTa JWana3oHd KEHIJIMTMHUA XHucoOra oiuo,
CTyIusiiapia CaHOKJIapHM Oupiamuu kBaHTiam AA=16... 24 OuT/ CcaHOK
TE3JIMTHA aMaJra OIIMPHIaId Ba JUCKPETIall yacrorac 3ca Fy = 44,1 — 96 xI'n
opanuruaa Kabyn KunuHaau. OBO3HU CTYIWs KaHAUIApUAa TUCKpETa yayH 16
paspsau Koayam Kyyuianuiaaau (16 Out/caHoK)Ba YHHMHT Tojioca opanuru AF=
20-20000I'y 6y1mb, nuckpernam yacotacu Fy = 48x['ura tenr. bynnail pakamiu
KaHaJIHUHT JMHAMMK quana3oHu 54 nb nan kam Oynmaciuru sosum. Arap Fy =
48kl Ba AA=16 Out/canoK Oyica, y3aTHnaéTraH pakaM OKUMUHUHT Te3nurH (1Ta
CUTHAJIHM y3aTWIl Y4yH) V = 48*16=768 kbOut/c Ba crepeo oBO3 y4yH 3ca 1,5
M6wur/c 6ynamu. Bynnait rokopu muckperiam gactotacu (48 xI'm) APYuumr
KUPUII KUCMHJIATH TIACT 4acToTa (PWIBTPHU COAMANAIITUPHUIITA Ba OBO3 CUTHAJIH
cudatuHu Oy3uiuinura uWynm kyhimaiaum xamaa 20 klmjgaH karra oOBO3
TeOpaHUIIIAPHHU YTKa3MACIUKHUA TaAbMUHIANIH.

1.1 - anBania OBO3HUHT paKamMJId KYPUHUIIMAArK 0ab3u BapUaHTIAPHUHT
KypcaTruujiapu KeJITUPHUIITaH.

1.1-xanBan
Nxkunuk
Nmnatum Jwuckpetnam KBanTnam OeJITUIIApHUHT
coxaJlapu gacToTacu,kl 1t CaTXMHHUHI COHU y3aTHUIl TE3JUTH,
Kourt/c
Kommakr - quck 441 +32768 705,6
(6up xaHa yuyH)
Pakamiin paguo
DHHTTHPHIL, 48 +32768...4524288 768 - 960
paKamiu (Oup xaHan yyyH)
TEJICBUJICHUE

1.2. TeJieBU3MOH CUTHAJ TAIIKHUJ 3TYBYWIAPUHUHT PAKAMJIH KYPUHUIIIH.

Xankapo TaBcHs Tajlabjiapura Kypa EpyFiuK CUTHAJIUHM JUCKpPETJIAIll
yactoracu 13,5 MI'y 6Vica, ukkuta HypHU EUHIN cTaHAApTU y4uyH: Kamap 251,
625 catp Ba kaap 30 ', 525 catp kunmb Genrunanrad. Xap 6up panrdapk CUrHal
nuckperiam vactoracunan (13,5 MI'n) ukku Gapobap KMUMK Ba YHTra Kappaid
(6ynmuuamuran) wyactoraga 6,75 MI'm nga guckpermmanamu. Xyaaw TIyHAau
TEJIEBU3MOH CcWrHaiHU Katopra éhumin 625/50 Ba 525/60 cranmaptiapu Acocwuit
TassHY yactota cudaruaa 3,375 MI'n kaOyn KUJIMHUIIM KYT KAXATAaH, 1Ty UKKA
CTAaHJAPTHUHI CaTp HYPUHU EWHII YacToTa KUMMATJIApW, TasHY Yacrorara
Kappanuru OuinaH OoOfnuK. by y3 HaBOaTuaa TEIEBU3MOH CUTHATHUHT TaITKUII
ATYBUWJIAPUHU KOJJIaIlga SIrOHa JAYHE KOJJIall CTaHAApPTUHU KUPUTHUIINTa UMKOH
oepnu Ba (aon kucmaa Epyrmuk curHaauHuHr 720 caHoFuM Ba paHrdapk
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curHayuiapuauar 360 caHorm OynummHua TabMuHmagu. 625/50 Ba 525/60
CTaHAapTiap opacujaru (gapk carpiap COHMHMHI XWJIMa XWJUIMTH Ba “Yuupuir’
WHTEPBAJIN BAKTUHUHT MOC dMACIUTUAMD.
8 Ba 10 OuT OWJaH KOJJIaHTAH paKaMJIM TEJICBU3UOH (TacBHp) CHUTHAI
TAIITKWII ATYBUMJIAPUHUHT TYJIA Y3aTUII TE3TUTH:
8x13,5+8x6,75+8x6,75=216 Mour/c
10x13,5+10x6,75+10x6,75=270 MouT/c 6ynaau.
1.7-pacmua Epyrmuk (Y) Ba panrdapk curaamiapu (Cr Ba Cb) caHokjiapuHHHT
¥3apo KOMIANINIIN KEATUPWITaH Ba TEJICBU3UOH CUTHAJUIApHU OyHAal
auckperusanusiam gopmaru 4:2:2 ned OenruiaHaau.

422
c + D -
& s> }

e + @D +
e + @& +

— Luminance

- .
() Chrominance

1.7- pacm. %4:2:2 dopmaraa épyenux (Y) Ba parrdapk (Cr Ba Ch)
CUTHAJUIAPUHUHT Y3apO KOMIAITUIITN
®opmar 4:4:4 bapua yyyana KOMIOHEHTIAP(KU3WJI, SIIITUIT Ba KYK TaIlIKUAJ
sryBumiap) R, G, B éxu Epyrnuk (Y), panrdapk(C,, Cp) nap yuyn 13,5MI'q
4acToTa doitnananunaau (2.9-pacm).

Column m

Y

Cb

Cr

Cb

Cr

|
|
I
I
|
|
I
|
|
I
I
|
|
____________ T+
I
|
I
I
|
I
I
I
|
|
I
1

Column m + 1]

Y

Cb

Cr

Cb

Cr

0

Columnm | Column m + 1
1
1
Ch
Line n Y ; Y
tr
|
________________________ l _
!
cb
Linen +1 Y Y

]

Columnm + 2

Y Line n

Y Linen +

1.8-pacm. 4:4:4 hopmaTaa TaCBUp CUTHAIM TAITKWI ATYBUUIIAPUHU KOJIJIAIIT

®opmart 4:4:4:41a >ca TYpTTa curHamHu koanam udoaananaau (1.9-pacm)
Ba yjapiaH 3 Tacu TacBup curHaim kommoHeHTiaapu (R, G, B éxu Y, C,, Cy),
oyica, TypTuHUKCcH (anbda — KaHa) CUTHAJIHM KalTa unuiam Oyinya axoopoTHU
V3 U4UUra oJIaau.

2 Digital television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework Third Edition,
by Hervé Benoit, printed at Focal Press Elsevier, USA 2013, page 20, 116

1
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720 an. 720 an. 720 an. 720 an.

576 Y 576 C 576 C 576 A
KaTop KaTop R JxaTop = KaTop

1.9-pacm. 4:4:4:4 popmataa TaCBUp CUTHAIH TAUIKWJ STyBUUIAPUHU KOJIAII

601 taBcuscura xypa 8 Ba 10 pa3psiy KoJjIaHMIN Ky3aa TyTuiaranga b=8
(b=10), xBanTnam carxjapu coHu N,,=256 (1024) Hu xocHaI KWIagu. 8 pa3psiaiu
KOJUTAHMINJIAa KOpa CUTHAl KUMaTH y4yH 16-4d KBaHTJAIl caTX, HOMHHAI OK
CUTHAJI Y4yH 235— 4M caTx TYFpu Kenaau. 16-4yM KBaHTJIAII caTXUJaH IMacTH Ba
235-yn caTXWJaH IOKOpU carxJjap 3axupa (pe3epB) 3oHajmap OYiauO, aHamor
CUTHAJIHUHT HOMUHAJI KHAMaTUaH OIIKMO KETUILIM MyMKHUH OVJIraH xonatjiap y4yyH
MYJKaJUTAHTaH.

0 Ba 255-4yu kBaHTHAm caTxjJapy MyXUM axamusarra sra. by carxzmaru
KOJJIap OpKaJIM caTp Ba KaapJapHU CUHXPOHHU3AIUSIIOBYN MabIyMOTH Y3aTUJI/IH.

TeneBU3nOH CHWTHAI TalIKWI STYBUYWIAPWHH, SHHU EPYFIMK Ba paHThapK
CHTHA/IAp aHajor-pakaM ysraptuprud (APY) ra xupummra Kyiimjparuda
Oepuiiau:

e E'y — rammva xoppeknusiianrad 0 gan 1 B rava xuiimMatiau aHayor
EpYFIIMK CUTHAJIH.

e -05.. +0,5 B opanurumaru Komrmpeccusi (CHKWIraH) paHrdapk
CUTHaJLIap:

ECR: 0,713 E‘R—Y Ba ECB = 0,564 E\B_y(l.Z)

CuUrHajgHUHT HOJb KUMaTura, s’bHM Kyia padrra 128 (256/2) carx moc
KeJIau Ba MycOaT KuiiMatiap aHa my 128 carxjgaH HKOpUIapUHU drajuiaiiiu Ba
MaH(puii kuitmaTinap 128 carxnan nactaa Oepunanu. TeneBU3MOH CUTHAJIHU aHa
HIyHAal pakamyid TallKW STyBUMjapra axpartuml Kyiuaard udoma OunaH
Oepuitaiu:

Y =Round (219 E'y) +16
Cr=Round (224 C'g)+128 (1.3),
Cg=Round (224 C'g) +128

by epna Y — 16man 235 raua opanukiaa y3rapyBuaH pakamiid EpyFIUK
CUTHAJIU.

- Round (x) - X corrHU OyTYH COHTa SXJIMTIIAII ONEPAIUSICH




I1I. HA3APUI1 MATEPUAJIJIAP

8 Our 10 6HT
1,000 255 (1111 1111) 1023
0,922 " 235 (1110 1011) | 940
a)
063 16 {0001 0000) |64
0 ms LL 0 (0000 0000)
1.000 Cr 255 (1111 1111) |1023
0941 T 240 (1111 0000) | 960
0) -
0,502 | 128 (1000 0000) |512
0,063 — 16 (0001 0000) |64
0 0 (0000 0000)
1,000 . 255 (1111 1111) 1023
0.941 240 (1111 0000) |960
B
) 0502 128 (1000 0000) |512
0,063 16 (0001 0000) |64
0 0 (0000 0000)

1.10-pacm. IIU — R BT 601 cranmaptura acocan 8 Ba 10 6urt Ouinan
KOJUTAHMIIJIATH aHAJIOT TEJICBU3MOH CUTHAN TAIIKWII ATYBUMJIAPUHUHT KBAHTIIAII
caTxu OujIaH MOC OeITrUIaHUIIIN.

1.3. PaKaMJII/l TCJACBU3NOH CUTHAJIHHU XO0CHJI KHJIHII Ba HIAK/IVIAHTHPHIIL.

ITU — R BT 601 taBcusicura kypa pakamyiM TEJIEBU3UOH CUTHAJIHU
HIAKJUTAHTUPULITHUHT UKKUTA YCYJ OMJIaH aMalra OLIMPHILI MyMKHH.

bupuHun xonatna aHajgor TEJIEBU3HOH CHUTHATHUHT TAIIKWI 3TYBUMJIAPU
(KOMITIOHEHTJIapH) pakaMJjM CHUTHajl XoJlaTra YTKa3wica, MKKMHYM XoJjaTaa ica
JacT/Ia0KU paHT CUTHAJUIapU paKkaMJallTUPUIAAN Ba TAIIKUII 3TyBUMJIAp paKamild
X0JIaT/1a UIIIJIOB OCPHIIA IN.

MKkkana pakaMiM TEJIEBU3MOH CUTHAJIHU IIAKUIAHTUPUII BapUAHTIAPUHUHT
TYy3WJIUII CXeMacuHu KypuO umkamu3 Ba ynap 1.11- pacm udonmananran. 1.11-
pacMaa KypcaTWwiraH KypuiMmana aHajor acocuil panr curHamiap Eg, Eg, Eg
TejekamepagaH YuKuO, raMMa — KOPPEKTOpJiap OpKajiu KoJJlall MaTpULlacura,
Tymm6, (1.3) dopmynara 6unoan koppekuusianu6 (Eg, Eg, EB’), Yy3rapTHUpUI
épaamMuaa EpyriIMK CUTHAIIU Ey ra allmantupuiaau Ba paurapk curtamiap E'r. v
E’g.y XoCcHJ1 KWJIMHAIH.
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ERr Ey — Y
ErR—»{ TK [— 13,51\;11*_1‘;"' APV |
E; =
E' BY | o = 1CR
Ee KM = APY >
. Epy —C PTC
Eg EB ; APV S Ms —=
Crmres 6.75MI'xg
— HHX]P OHIT3 AL ] 'I‘I’II“ 27 Mr'u
=
ACH
PCHIII <o
a)
Rd R'd Y
F T T~
R—> APY LA ) PI'K =
Gd . C
. . G'd R
E¢—={APY & | PTK — KM [ -
Bd i Cg :
E V o o L i B
B—= APY [ [ S| PIK [— MS
" — 3 27 MI'
CIIHX])OHIB"II.II[H} THI l;_
ACB
PCHUILI ACO
o)
1.11-pacm. Pakamiiu T€JI€BU3HOH CUTHAJIHA XOCHJI KUJTYBYH KYPUIMaHUHT
CcXEMacH.

by epna: 'K — ramma — koppekTop
KM — xou10BuM MaTpuna
THUI'— TakT UMIyJIbC T€HEPATOPHU
MS — MmynbTHILIIEKCOD
APV — aHanor-pakamiy y3rapTHpriad
PI'K — pakamiu raMma KOppeKTop
PCHIII — pakaMay CHHXPOUMITYJIBCIIAPHU MIAKIUIAHTUPTAY
ACD — akTuB caTpHUHT OOIIH
ACOQO — aKTUB CaTpHUHT OXHUPHU
PTC — pakamiii TeJI€BU3MOH CUTHAI

Cyurpa curnammap APVia pakammm Y, Cr Ba Cp curHammapra
afinanupuiaan. bynnan tamkapu (1.3) gopmynara acocan, APY HuHr kmpum
KHCMHJIA KYIIIMMYa aHaJor y3eutapaan Ghoigaanuiagy, sbHI MacTabIaHaan Ba
caTx Oyiinua CUTHaJUIap CWJDKATWIAAU. Paspsiamap conu xap Oup APVrna 8tanu
TaITKWI 3Taad. TeNeBU3NOH CUTHAIIAPHU EUHIN CUHXPOUMITYJIbCIAPHU- paKamIInd
cuaxpoumnyiabcaapau makiantupum (PCHUIL) OGnokura Tymaau Ba y ¥3
HapOatuga ACh, ACO cuHXpocurHajulapHu UILIa0d yukapaau. byHnan Tamkapu
CUHXpOUMIYJIbCIAp —TaKT UMNyJbc reHeparopuHuHr (THUI') Gomka Onoxiapra
TyIIaAUTraH HWMITyJIbCIApUHA WNUIA0 yukapumga,ssehn 27, 13.5 Ba 6,75 MIn
4acTOTaIM UMIMYJbCJIapHU WIIad uukumaa kymwianwiand. TUD Gnokupa ¢aza
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Oyiinya yactotanu aBToMatuk co3ioBun (PYUAC) cxema KymiaHraH Ba y catp
CUHXPOUMITYJIbCIAPUHUHTI  yacToTa xamaa (asa  OyiiMua  aHUKJIUTUHU
tabMuHiIaiay. ynnalh kunmuO, TakT MMMOYJIbCIApU COHM Tajad STUIIAIUTaH
TEJIEBU3MOH CUTHAJI MAaHOAWHUHT caTp €WUII 1aBpHU TYFPU KEIUILIN TAbMUHJIAHA/IH.

Luminance
sampling frequency
13.5 MHz
5.75 MHz l
Y \\ A 8/10 Bit
R A’\/(/-’A_"Y
— x 8/10 Bit .
Gyl = CRINCLIAA o 270 Mbit/s
B 2| I D o0 gy |TU-BT.R 601
ICr, % AD—I'-Cr ,CCIR601
/
2.75 MHz
6.75 MHz
chrominance

sampling frequency
Pacm 1.12. EpyFJII/IK Ba paHI TACBUP CUTHAJUIAPUHU paKaMIIAlITUPUII KApaEHHU.

Mynbrumiekcop (MS) ¥3 HaBbathma pakamin CHHXPOCUTHAJIAPHU Ba Y,
Cr Ba Cp pakamiin cUTHaUlap OKUMHHH OepuiiraH KeTMa — KeTJIUKIa
Y3aTWIUIIMHN  TabMUHJIAWIA Xamja KypwiMa YWKHUIIMIA TYJIWK paKamiid
TeneBusnon curaan (PTC) onmuaamm’.

Hkknuaun kypunmana (1.12 6- pacm) acocmii panrnap (Er, Ec Ba Eg
pakamiu curHamnapra (Rq, Gy Ba Bg) kupumna 6upinanura ainantupuinany. by
X0JIaTAa raMMa KOPPEKTOp/la CUTHAJUIAPHU OYy3WJIMIIMHU KaMauTUPHIL YUYH Xap
6up APY 10 éxu 12 paspsm 6ynumm mapt. Iynnan cyar Ry, Gg Ba By pakammu
curHayiap pakamiau ramma — koppekrop (PI'K) ra tymanu Ba 0y epaa HOUMKIM
y3raptupunuiap Oaxxapuiaiu.

I'amma — koppekropman cyHr R’y, G’y Ba B’y cUTHaIuIapHUHT MKKUIIMK
paspsasap conn 8rtaradya kamasanu. Cyurpa sca R’y, G’y Ba B’y curnamnapu
pakamin komyoBun Marpunara (PKM) Tymangu Ba y epaa pakamiam Epyriuk
curHanu Y pakamiu panrdapk curnanu Cg Ba Cgrapra aitnananay.

CHUHXpOCHUTHAJUTADHA Ba TaKT HWMITYJIbCIAPUHUA IAKIUIAHTHPHUII XaMmJia
MYJIBTUIUICKCOPHUHT HWIUIANIA KypUJIMaHUHT OWPUHYM BapuUaHTH Kabu amanra

* Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 81.
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OILIMPUIIA]TH.

Pakamnu kypunmanap €paamuia TaMma — KOPPEKUMSIHUHT — amalra
OLIMPWINILIK Talad KUIMHAAWTaH GYyHKUUSHU KaTTa aHUKIUKAA OaKapUIUIIHMHU
TabMHUHJIAWU, JIEKUH OyHJa MypakkaOjamraH, KUMMAT Ba KYIPOK HWKKUIHK
pazpsim APY Tana6 stunamy.

Tenepmsnon APY Ba PAY HuHT Ty3wiumiapu

TacBup Ba OBO3HM pakaMid Y3aTWIMIIATA YTUIN >Kapa€HU TETUIUIN
neMeHTNIap Oa3acHMHM sApaTUIIHM Tanad »Tau. Hwucbatan ap3oH, 3JeKTp
DHEPrUSICMHH KaM HCTEebMOJN KWIAJUTaH JTUCKpETJall dYacToTach Oyiinua
TanabiaapHu OakapaauraH, KBaHTJIAII paspsasiap COHU €Tapid Ba Y3rapTHUPHIL
(aIMaIITHPHII) XaTONMKIApu KaM Oymran APY Ba PAY sparmma Gomutasim.
ABBaiTH 6061ap/a KeATHPUITaHHUICK, BUAEO curHamiap yuyH APY-PAY napuunr
paspstap conn 8 €ku 10 Gab3uma xarTo 12, muckpernam dacroracu 13,5MIn
xamaa (oversampling), sS’bHM JHUCKpETIAIl YaTOTACHHU KUHUMATHHU OIIUPHUII
Tamabura acocan 30MI'm Ba xarro 60MI'n kunuG Gemrmnaxagumap. APY-PAY
JapAa OBO3 CUTHAJUIADUHM KBaHTIAam y4yyH 16 carx, sxmwmcu 18..20 carx
OJIMHUIIM Ba nuckpernam yactoracu S0 k['gan kam 6ynmacnuru (oversampling)
xuco6ra omu6 150...200 k' Kb TaHIAaHUIITN MaKcajara MyBOQUK.

Xosupru 3amon APY Ba PAVY napu acocan KaTTa HHTErpaa MHKPOCXeManap
kypunummaa 6ynu6, TTJI Ba KMOH TtexHonorusimapu acocuia, KaM TallKd
3JIEMEHTIAp YIaHTaH XOoNja Taiépnanamunap. Kyiiuma kenr tapkanran APV Ba
PAV napauHT 6231 GHPIAPUHH KYPHO THKAMH3:

Mapaniea APY

Tenesusuon curHamwiap APY  Grnokuunr acocuit XyCycusITIapu Oupu
VIIApHUHT FOKOPU Te3murd. By Tamabra xympox mapaimea APY (1.13-pacm) Ba
napaaien- kerma-ketnin APVYnap (2.22- pacm) moc Tymamu. ITapamten APY
acoCaH KyWHJlard TallKuI dTyBYHIIapAaH noopart:

o R-pesuctopnapnan Ty3wiraH  TasHY — KyWIaHUIIHA  OYIyBud
AIIEMEHTIIAp;

o K-kyunanum koMmapatopiiapu >kaMmIaMacH;

o Pakamnamtupruy (mmmdparopiap);

° Yukuim kackajiapu.

Kenr vacroTa yTKa3uill OpalufUHA TAbMHUHJIAII XaMa KOMIIApaTOPIapHUHT
CE3TUPJIMTUHU CaKJjall yuyH CTPOOUpanus KyJUIaHWIAIU, S’IbHU KOMITAPATOPHUHT
YUKUAIIUAATY MAabJIyMOT TaKT YACTOTACHMHUI aHUMK MabJyM BaKTJIapuja YKWIaau
(MacasiaH: TaKT 4YaCTOTACUHUHT OpKa GppoHTH OYiinya). Uukuiaa N MKKU pa3psiiiiu
CUTHAIl OJMII yuyH, KypunMa 2" — 1 xommapaTopaaH MOopaT OYJIMIIM Kepak.
KoMmapaTopHUHT OMpUHYM KHpUIIApU OWPIAIITUPWITaH Ba ylapra TallkK{d
kupyBun curHan (Uyp) Oepuiica, Oomikacura sca Oynrudiap opkaiu — Oycara

(mopor) kywiaHuiy Oepuiiafu. bynruunap Kupummra OKOpU CTaOWIUIUK TasHY



I1I. HA3APUI1 MATEPUAJIJIAP
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1.13-pacm. TeneBusnon curaannap APYHunr napasien Typu.

Mynaait kb, KoMIapaTopiap KAPHUIIard MabyMOT KyWIaHHIINA OWIaH
TasHY KyWIAHUIUIAPUHU  COJMINTHpAaAWiap. Arap KUPUIIJAArd MabiIyMOT
KyWwIaHHUIId OYcara KyWIaHUIIUIAH KUYUK OYJica, KOMIAparop YHUKHUIIMIArd
MaHTHKUH “0” ra TeHT OVIaau.

Arap MablyMOT cuUrHaimu Oycara CUTHAJIHUJAH KarTta OYyIiica,KoMmaparop
YyUKUIIUAa  MaHTHUKUM 17  kwuitmatu  xocun  Oymamgu. Xuwiama — Xuil
KOMITapaTOpJpHUIard TasHY Ky4JaHWIUIApW KBAHTJIAII KaJlaMHra MOC pPaBHILJIA
y3rapaau. Macanan: bup BOJIBT Ky4WlaHUIUIA 8 pa3psiid pakaMiid TEJIEBU3UOH
CUTHAJI YUyH 255 xommapaTop kepak Oyiaau Ba TasHY KyuwiaHumu 3,9 MB kanam
OwtaH y3rapaiu.

KaHuanuk KkHpyBUM CUTHaJIHUHI KWWMaTh Karra Oyica mIyHYa Kyl
KOMIIapaTopjiap YMKUINKMAA MaHTHKUK “1”’ra xocun 6ymamu. [ludparop sca (2" -
1) mu pa3psaii KOMIAPATOPJIAPHUHT KOAWMHU N — pa3psIjid UKKWIWMK KOJWra
AWJIAHTUPAAM Ba YUKHUII PETUCTpUAA €3aAM XaMJla YUKUINra y3aTtaad. byHpnai
APVHUHT Te3HrH KOMIIApaTopiap Ba MHpPATOPHUHT TE3THKIAPUTa GOFIINK

Juckpernaml BakTIapud TakT EKU CcTpoOupaius HUMIyJIbcaapu OuiaH
aHUKJIAaHWO, KOMMaparopiiap WIUIAIMHUTA pyxcaT Oepuiaaud Ba IHQPaATOp
YUKULIUAATW KOJJIap Kaila STUiIaau.

Mapamten Typmard APVHUHT paspsiuiap COHHMHM OHTTara OLIMPHII
KOMITapaTopjap COHMHM MKKM MapTa OLIMPUIIHU Tanad 3tagu. by ¥3 HaBOaruma
KaTTa MUHTETPajJl MUKPOCXEMAHUHI KPUCTAUT MalJIOHUHM OIIMIIKWIa OJIUO Kejaau
Ba CXe€Ma MypakkaOyamuO, sHEprus TabMUHOT KyBBaTH kymasau. Iy ca®abmu
Oynmait kypunuuum Teskop APViap paspsmmap comm 8 TamaH oOlIMaras
XOJIJaTIapJaruHa UIIaTUIa Iu.
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IMapaagen -kerma — ket APY

Paszpsinnap coHu Kym Ba aiiHM BaKT/Aa TE3KOPJIMIU IOKOPH OYiraH APY oy
napamien — ketMa — keT BapuanTaup (1.14-pacm). AHamor curHag XoTHpa
suedikacu cudaruga TaHiaoBud Ba cakyioBuu Kypuwimana (TCK), (pycua YBX —
YCTPOMCTBA BBIOOPKM M XpaHEHHUS) JUCKpETJIall BaKTiIapuja, KUPYBUM CUTHAI
KuiiMariapy &3mnagu (6enrmnaHagy). APY1 HUHr OMPHHYM TaKTHIA “KYION
(macTmalbku)” Yy3rapTUpUIIl amanra omupwiaan Ba N1 1oKopu paspsiap
MaKIaHTHpIIa N Xamaa PAY épnamuna U, KydnaHumm Xocun Kumau6, Uy nad
aitmpmwnamu. Xocun Oymran kywnanunuiap dapku AU (U, —  U;=AU)
KydnaiTupmiagu Ba APV2HMHr MKKMHYE TakTHIAa N2 KHYHK PaspsIapHH
AHUKJIOBYM YMKHUIN KOMWHU MakiutanTupany. [lyamain kumb, N=Nn1+n2 ukkuimk
pa3psAIM HATHXKABUM KOJ XOCWJ KWJIMHAAM, aMMO Mapajiel-KeTMa-KeT Typaa
y3rapTUpHUIUIap BaKTH Mapajuiell Typra Kaparaijaa 2 Maprta KyIl BakT Tajial 3Tajiu.

By typaarn APV HHMHT XyCyCHATH YHMHT paspsuiapH MIAK/UIAHHITAHWHT
COJTAJINTH, TBHU MKKUTA 8 PaspsuIn mapamien Typaard APY nax ¢oiinananu6,
16 pa3psiany 4MKUII KOAUHU Onuil MyMKUHIUTH. Kyurnanummap dapkuau (AU)
Kydaiitupuinmy Tydaitng APY21a KBaHTIAIT KaJaMHHE KaTTa KWIMG TaHJIAIra
uMKoH spatunamu. Iy ca6abmu 10 — 12 paspsmim pakamim TeleBUICHUEA,
nuckpetinam vacrotacu 40 — 60MI' Ba yHmaH rokopujapja IOKOpH OViraH
XoJlaTiap/a napajien — KeTMa -KeT Ty3WJIMacu KyJUTaHWIIau.

KUPHLL U1 AU
>4 TCK Kyuaiftupruy
U2

APY1  faed  PAYV APY2

+++n16m +++n20m

HYHKYBYH PCrHCTP

FYYyyy

YHKHLI N1+n2 6MT

1.14-pacm. TTapaiten -keTMa —ket Typuaara APY
TenrnamTupysun Typaaru APY

By Typmaru APY (1.15-pacM) OBO3HM pakaMd CHrHAIra YTKA3UIIAA
UIUIaTUiIaau, Xamaa 4ukyBYd koa 16 — 20 paspsanu Oynumu Tanad 3TUiIaau,
aMMO Y3rapTUpUIILIAD TE3KOPJIUTH axaMHsaTra sra 23Mac. | eHrJalmTHPyBYU
Typmard APY TanIoBYM Ba CakJIOBUM KypHJIMA, KOMIApaTOp, KOIAra KeTMa-KeT
sxuatammm peructpu (KKSIP), Gomkapum cxemacu Ba PAY napnan uGopar.
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1.15-pacm. Tenrnamtupysun Typaaru APY

V3raprupunmiap peal BakTAa amaira OIIMPUIAJUraH TNapamien €Ky
napannen kermMa-keT APY ian dapkiu TenrnamTupysun typaaru APY anua cexun
MIIaia. Ysraprupuiiap daxar “Bommanmnr” (“TIyck™) CUTHANMH GepHIIMIIN
owrtan OonutaHaan Ba TCK kupuill KywIaHUIIMHUHT Iy BakTAard KUMMaTHUHU
scnald konanu. llyHnaH CYHT KeTMa-KeT SKWHJIAIIMII CHIDKATUII PErHCTPU TakKT
UMITYJIbCIIApU acocuAa TEeHINIaTupuil sxkapaéHHu Oonutaiigu. KKSAP  Huar
YUKUIINA PAVra yJaHTraH Ba PAY ¥3 HaOatupa KKAP ra &3unran kop
KOMOMHAaLMACHUra acocaH KywlaHuHU wakutantupanu. KKAP xonu y3rapranna
PAY umkummpard KywIaHWIIH y3rapagd Ba Y KOMIIAPATOPHUHT KHPHIIMIAH
Oupura y3aTuiaagd Xamja YHUHT KUWMaTh KUPHUII CUTHAIM KuUMaTu OuiaH
comumrupunaan. TCK ja é3unran Kupyn curaamy KuitMaty Ba PAVHUHT unkpmm
CUTHAJJIApU KUKWMATIapyu TEHTJAITyHYa skapaéH (Y3rapTUpHUIILIap) 1aBOM 3Taju.
by xonatna, spHM CUTHA/UIap TEHrjamraH xosarnaa, kommapartop KKSPra takr
CUTHAJUIAPWHM Y3aTHIIHU TyXTaTaAud Ba y3raThupuil >xkapa€¢Hu Ttyranau.CyHrpa
MabIyMOTJIApHM VYKUIII yuyH Oomkapumn cxemacu “Taiép” (I'oTOBHOCTB)
CUTHAJIMHU MAKJUIaHTHpaau. bapua y3raprupummap >kapa€Hu N TakT JaBpla
amaJsra OLNPUIIAIN.

Tenrnamrupysun APVEuar acocmit myammocn PAY mu Taiiépmamnarn
Tanad KWIMHAAUTAH Pa3psijl Ba TE3KOPJIUKHU TabMHUHIIALLIIUD.

TeneBuneHneHn pakamamITUpUIIIa OMp BakTAa Oy MKKana KypcaTTUYHU
TabMUHIAI Oup Gupura 3ux macana. Iy ca6a6 6y Typmaru APY acocan oBo3
CUTHAJJTAPUHM paKamIIaTupuinaa Goigaianuiaim.

Curma — geabta APY

KBaHT/IAIIHUHT SHT KaTTa Paspsi COHU curma — nensta APY moxynaropuaa
(éxkm onmmuit curma — JenbTa APV) amanra owwmpuianu. Ilynnai APVHuHr
OJIMMTUHA TAIIKWINKN Yn3macu 2.24- pacMia KEJITUPHUIITaH.

bup paspsaanm APY Bazu(acuHu OaxkapyBuu €KUM KOMIapaTop aluprUYHUHT
YUKUIIWAArd ~ KydJaHull OujgaH HOJb KUWMATHU OWIaH  COJIMIITUPAIH.
Kommaparop kf, yacrora OwiaH TakTiaHagu Ba OUp paspsiiu APV ra Tabcup
kypcarangu. APY HUHT 4YMKUII KywIaHUWIIW, MaHTUKUK “1” oynranma, + U,
KUiiMaTHU Ba MaHTHKUM “0” 6ynranga sca - U,, KulMaTHU KaOyJql KWJIaJIU.
APVHUHI YMKMIIMAATH Ky4IAHHII KAPUII CHUTHAIH Uiupum [1aH aiipunagy Ba
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WHTETpAJIaHa/IA, SThHU HWHTETPAJUTAlll HATHMXKACH YpTa KUHMaTra KeITHPUIATA
XamJia KOMIapaTop KUPHIIUTra OeprIam.
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1.16-pacm. Curma — nensra APY

Manduii Teckapyu OOFIAaHUIUIM Ky4yaTyBUM TH3UM HHTETPaTOp UMKHUIIKIA
HOJIb KUUMATJIM Ky4WIaHUIIHUA yuoiad typuimra xu3mar kuiagu. [y ca®abmu
KUPUII KYyYJAHUIIM KUHAMaTH KaTTajalliraHja KOMIapaTop YMKUIIUAA MaHTUKUN
“1” KYynpoK BakT JaBOMHIa MaBXKy] OYIaad Ba aKCHHYA KUPHUII KydJIaHUIIN
KamairaHnjaa MaHTHKUAK “0” 1a XxaMm myHaan oyiaau.

KommapatopHuHr yukummaa MaHTUKAK 17 Ba “0” keTMa-KeTJIMKIIAp
pakamid GuIbTpAa N — paspsyyiM MKKWIMKIApra aijlaHntupuianad xamuaa f,
yacToTa OunaH auckperiianu®, APY unkumura Gepunaam.

Curma — gensta APY 24 paspsgraua kpaHTIamra sra Oymu6, IOKOpH
cudativu OBO3 CUTHAJUIAPUHU paKaMJIM y3aTUIIJa Ba YIUOB JKHUXO03JIapuja
KYJUJTaHA/IU.

1.2- xajBanga Kym TapKaaraH KaTTa MHTerpan cxeMamuk APYiapeuar
KypcaTruuiapy KeITUPUITaH.

Pakam — anasior y3raprupu4jiap

PAYV HM IIAKIIAHTHPHIIA acOCAaH  TOKJIAPHH  CYMMANAIITHPHII
NpUHUMIN(OMIIN) MumaTuiag. 2.25- pacvaa PAY HEHP Tamkmmii unsmacu
KypcaTwirad, yHAa N — TOK TeHepaTopuaaH uoOopaT TasHY MaHOauIaH
03uKTaHYBYU (Upagny), N — KaMUT coHM (Oy epAa N — MKKWIUK paspsiiap COHH,
KEJITUPWITaH Mucosija 0y coH 4 ra TeHr). TOKHUHT KaTTaJlUuTd UKKUHUHT Japaxa
KypcaTruuura mnpornopiuanain. Arap HaBOaTtmaru TakTaa Terunid Q OWTHHHT
pakaMJIu CHTHAJIM MaHTHKWAK “1” ra TeHr Oyica, KajauT KYIIMJIaJd Ba TECKapH
xonaraa (“0” kuiMaraa) KajauT y3ujaagd. YMyMHUM TOK FOKJIaMa Kapiiwiuru Ry
OpKaJM OKaaud Ba YMKUII KyulaHUMU Ugye HU  XOCHI Kwiaaud. TokIap
MUFUHIMCHHN KYWIAHHINTA Y3rapTHPHII YuyH PAY HUHI YHKHIIIA OHEpalioH
KYYauTUPIuy KyJUIAHUIIU MYMKUH.
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5 1.2-xanBain
Kyn rapkanran APYnapHuHT alipum KypcaTrudjiapu
Maxkcuman
Maxkcumain
& Minad Pazpsamnap|nuckperu- ranad
APY Typu | yukapran PIAP AMCKD STUIIYBYHU N30x
COHH 3arus
KOpXOHa yactotacy| KYBBAT
MBT
ANALOG [2x16 APY OBO031I1, MKKH KaHaJJIH,
AD733221 DEVICES [2x16 PAY 64 xI'n 73 CUTMa-JeabTa KOJIEK
AD7721 '[A)EICII&CI)E% 16 312 kI'g 175 Curma-nenbra
AD7660 SEOIIEZCI)E% 16 100 xI'nx 15 TeHnrnamrupyBuu Typaaru
[Tapannen-kerMa-KkeT
ANALOG TypJard TypT NOFOHAJH,
AD9224 DEVICES 12 40 MI'n 390 XaToJIAp KOPPEKIUSACH
yIyH
Buneocurnanra nnnios
AD9840 SEIC\IIE:OE(S; 10 36 MI'n 140 OepuIl cxemayiapura ara,
[13C-Tenekamepanapu yuyH
OB031H, MKKHM KaHAJIIH,
SAA7366 | PHILIPS 2x18 53 kI 345 CHTMa-JIeJIbTa, KeTMa-KeT
JUKUTIUIA
[Tapannen-kerma-keT
TDA8716 | PHILIPS 8 120 M| 90Q | K&/YBHH MK TIOYOHAIIH,
XaToJIap KOPPEKIIHSICH
yUyH
Vu kanannu, CK-
TDA8752| PHILIPS | 3x8 | 80MIy | 1000 | >XPasapuu Oomkapuimn
yuyH, TB cuHxpoHu3auus
yIyH
Pakamuin panriavivk
SAA7111A| PHILIPS | 2x8 [143Mru| 500 |Ackonepuraora TPTCxan
pakamiu TB-curnamnapau
TAKJUTAHTUPT Y.
SAB9076H| PHILIPS | 4x8 | 27MIu | 1000 «Kanpna kazp»
KOHTPOJUICPH
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1.17-pacm. CyMManauTupyuiIras HKKH yirgaM Tokm PAY

X03upru manTaa TOKJIapHU XOCWJ KWJIHMII YYyH pe3ucTuB Marpuma R — 2R
KEeHT KyJulaHwiaay, 1.17-pacMra KapaHr.

KHPYBYH KOJ1
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1.18-pacm. R — 2R marpuria acocumaru PAY

CyMMaalITHPHIITAH MKKHIHK YodaM Tokanm PAVHuHr adsammrn Tok
TE€HEepaTopJlapy Ba KaJIUTJIAPD COHM MUHHMAJUIMTUIAP. AMMO paspsaiap COHU
KaTTa Ba Y3rapTUpUII YacTOTACHMHHUHI IOKOpHM OViraH xosatjapuaa Kym TOK
TE€HEPATOPJIIAPHUHT OMp BaKTAa YJIAHWIIA MaHOAa TOKMHMHI KECKUH MacaluIln
8KM cakpamura onuO Kemagm Ba Oy ¥3 HaBOGatupa PAVHMHT umkummparum
KYWIAHUILHUHT OY3WINIIN KEeJTMO YUKAIU.

PAVHUMHET sHa OMp KaMYMJIMTH KYpCaTTHdIapH FOKOPH AHMKIMKKA 9T
OynraH Xap XwJ KUAMaTIN PEe3UCTOpJIApHU KYJUIAHUIIN Ba 11y cababmu mypakad
Ba KUMMAaT TEXHOJIOTUSJIAPUHUHT NIUTATAIIUIIN.

Arap TOK reHepartopiapu Ba Kanumiap coHuHu 2" — 1 raua ommpcak Ba
Oapua re"epaTop TOkJIapuHu lp TeHr KuianO oJMHCA, IOKOpUAArd KypcaTHIraH
KaMUYMJIMKJIap aHYaruHa Kamasiau.

PAVuunr xupummra K uxknmk con (K = 0,1,... 2" — 1) Gepuica, yuaa K
KanuTiap yianau Ba yukyBuu Tok K Igra Tenr 6ynanu.

Kupuin curnanu kynaiica, Kanutiap KyIIuiaaaqd Ba yiap Kamanca axpanaiu.
ByHzaii BapuaHT Tyna aekozjepnanrad PAY neiimnmanm éxu TepMoMeTpra yxmad
CYIOKJIMK OaJIaHJJTMTU TYIUTaHW €KW KYTapuwiraHu Kabu ‘“‘TepMoMeTp” TEepMHHH
XaM KYJUTaHWIaad. AMMO, OyH 1ait PASJ,)IaFI/I AJIEMEHTJIAP COHU UKKUJIMK YITYaHTaH
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toxmu PAV nau xyn 6ynaam.

Te3kop Kym paspsaiM KBaHTIaHTaH PAVYiapHM Kypuma cerMeHTiapra
GYIMHIaH CTPYKTYpacH cxeMma KyJUIaHWIagm. AHa mysaail 10 paspsmm PAYHueT
Ty3uauiu Mucol cudaruaa 1.19- pacmaa kentupuiras.

5 31 .
Perl Per2 T uuK
10
5

S

PAV2

1.19-pacm. 10 pa3psum cermenTinanran PAY

Pacmpa xarra ctpenkanap OuiaH pakamiid IIMHANAp KYypcaTWiraH, yCTHTa
€3UJITaH COHJIap yHAAru paspasiap COHUHH KypcaTau.

KupyBun 10 paspsum kon peructp Perlma f, takt wactora OwiaH Kaiin
kwnHaau. CyHrpa Sta 1okopu pazpsiap aemmdparop (ALI) épmammma 31
paspsIA KOAra aujaHTUpUIAgu. AWIAHTUPUII YUyH TyJla JAEKOJepiall KOHYHH
WIUTATAIIAAW: arap JemuppaTtopHUHT kKupumuaa N cOHM (MKKWIMK Kojaa) Oyiica,
NI yukummga N kuuuk paspsanap 17 kuiimMaTHU KaOyn Kwiaad Ba OOIIKa
yukunuiapuaa dakar “0”map 6ynmagu. JIIHMHT YUKUIIUAArW KOJJIap Ba KUPHII
CUTHAJIMHUHT 5 KWYUK pa3psa koiapu 36 paspsanu peructpra (PEI2) xorupana
caKJIaHaM XaMja Xocun Kumuarad 31 paspsmim kox PAVI ra xenn6 Tymamm.
PAV1 ¥3 naB6aTina 31Ta Gup X KMIMAT/IH TOK reHepaTopH Ba 31Ta KannTiaH
nbopar.

Sta xuuuk paspamiap PAY 2ra Tymanm, y 5ca MKKHIIMK yT9aM TOKJIapHH
CyMMANaITHPHII OMHIM acocuaa Kypuiran. PAY Ba PAVY?2 rtokmapu Kymmmuo6,
VY3rapTUPrUYHUHT YUKW TOKA XOCUJT KUJTUHAH.

PAV 1 Ba PAV 2 na maiino 6y:1ran xanakutiap KuiiMaTH aXaMUATCH3 0316
KOJIa/IM, YyHKM KMYKMHA KHAMATIIM TOKJIAp YJIaHUIIU MaBxKyH Oyiaau.

OB03 CUTHAJUTAPUHU paKaM — aHaJIOT Y3rapTUPHIIIAa JUCKPETIall YaCTOTACH
KUUMATUHHU OUIMPUII Ba UHTEPHOJSIIUA(IKAHIANIUIN) UIIJIATUIA . ByHUHT yuyH
maxcyc PAVnap kymnannnamu (1.20, a-pacm).
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1.20-pacm. MHTeprionsuusiia (a) Ba CUrma — IebTa MO JISTOPIIH
(6)PAVnap

WNurtepnonarop pakamiu KypuwiMma OYynu0, OyHAa KUPUILJATH Xap HKKA
CaHOK Opacura MabJiyM KOHYHJIAp acOCHJa aHWKJIaHaauraH, KymmmMda K — 1 mona
SHIM CaHOKJAap KUpUTHiIanud. HaTwkama muckperiam yactoTacu Kuiimatu K
MapoTaba oIaju.

CyHrpa cursan N-paspsaiu PAVna ananor makira y3raprupuinaau Ba [THD

Epnamuaa GUIbTpIAHAH.

1.3-xagBai
K3y tapkanran aiipum PAVY napausr Kypcarrndnapu
PAY typu| Mmma6 |Pa3psanap|Makcuma | Makcuman
YUKApyBY | COHHU | Tanad
1 KOpXOHa JIMCKPETH | STUIIYBYU H3ox
3arus KyBBaT
4acTOTaCu MBT
AD1859 |[ANALOG| 2x16/18 | 44,1 kI'1t 330 OBO031H, UKKH
DEVICES KaHaJIJIu, CUrMa-
JIeTIbTa, UHTEP-
noJiarusy Ba [THOD
AD768 |ANALOG 16 30 MI'g 465 [TacT koMMyTalMOH
DEVICES XaJaKUTIN
AD9701 |ANALOG 8 250 MI'n 780 CunxpoHu3zanus Ba
DEVICES CYH-IUPYBUH
HUMITYJIbCTIAp
IAKJJITAHTUPYBYHU
ADV7123|ANALOG| 3x10 140 Mru 180 V4 kanamy,
DEVICES CHHXpPOHHU3ALIMS Ba
CYHIAVPYBUYU
UMITYJIBCTIAp
MaKJJIAHTUPYBYHU
TDA1305 | PHILIPS 2x20 48 kI’ 200 OBo3znu,ctepeo, 96
Taraya Kaira
JIMCKpEeTU3aIMsra 3ra
Ba MHTEPHIOJIALMSIN
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TDA8776 | PHILIPS 10 1000 925 2.27-pacmaaru
MI'p qyu3MaaeK .
Cermentiianrad PAY

OHr Kyn KBaHTIANI pa3psad CMTMAa — (GUIBTp Momyistopan PAY na
TabMUHIaHaAu (2.28, 6-pacm). HMuTepmonarop AMCKperaam dvactoTacuHu “Kk”
MapoTtaba omupaan. Pakamim curma — neiabTa MOIYJIATOP N paspsiyid UKKUITHK
CY3IapHE M —pa3ps/UId cy3iapra aitmanTupaam (m < n) Ba M — paspsum PAVia
anajor curxainra y3raptupu0, [TUDaa Tekucianaau (CeKTp To3agaHaIu).

Curma — genpTa MOAYJISATOpPAAa M — pa3paaiud cy3nap MIyHJan
HIAKJUTAHTUPWIIANKY, OyHAAQ KaTTaJIAallTUPWITaH AUCKPETIall YacTOTACHIAard,
OWp Heya CAHOKJIAPHUHI YpTa KUWMATH OJMHUO, YMKHII aHAJOT CUTHAIMHUHT
Tanad STUIaANrad KUMaTH TabMUHIIAHA Y.

Kanyanuk “m” “n” ra #HucOaTtaH KWYWK OYica, AUCKpETIAIl 4YacTOTacu
KaHJJIMK KaTTa OYJIMIIUHYU KypcaTaauran “k” xaMm opTagau. DHT FIOKOpH KUiiMaTa
m = 1 6ynanu. By xonatna yuKHIIl Ky4JIaHUIIN TEKUCIAHTaH UMITYJIbCIIap KeTMa —
KETJIUTUTa aiJlaHaJu, S’bHU UMIYJbC KEHIJUTH Oyinya €KU HMITYJIhC 4YacToTa
Oyiirda MOyJIsIMsIJIaHTaH Kaou.

Ha3zopar caBoJuiapu

CurHayiap TypKyMuAa KaHaau Typaapu MaBxKya?

AHasior curHaira tabpud oepunr?

Pakamnu curnanra tabpud 6epuHr?

AHaNOr CUTHAJIHU paKaMJId KYPUHUIITA YTKA3UITHUHT acocuil 3 OOCKUYUHU

caHa® YTUHT?

Huckpetnamra Tabpud 0epunr?

6. KBantnam HuMa, KBaHTJIAIl KaJaMH Y3rapuild MabiyMOT cudatd Ba

XaXMUTra KaHaa Tabcup Kypcataau?

KorenbHukoB TeopemMacuuu Eputud OepuHr?

8. CumBou 1eb Humara airuinagn?

9. Jluckpetnaii, KBaHTJIAI Ba KOJIAII kapa¢HIapy 0aTa KaHaal KypruiMaaa
Oaxxapuiiaau?

10.TeneBU3MOH CUTHAT CIIEKTPUHUHT FOKOPH YaCTOTACH KaH4a?

11.KoTenbHUKOB TeopemMacura Kypa TeJEeBU3WOH CUTHaJ CIEKTPUHUHT HOKOPH
yactotacu 5 MI'1| Oyica guckperiaiin yaToTacu KaHda OV Kepak?

12.TeneBu3uOH CUTHAJIHM KOJJalaa 8 paspsiid Ba yHAAH IOKOPH KO
KyJutanuiuin cabadu Humasa?

13.0B03 cUTHAJTMHUHT JUCKPETIIAIl YaCTOTACH OPAIUFU alTHUHT?

14 KoMnakT IMCKra MabIyMoT €3UIa JUCKPETIall YaTOTacu KaH4da?

15.4:2:2 nuckperusarys 4acToTacu (opMaTi TEXHOJIOTHSICUHU TYITYHTUPUHT?

16.4:4:4 Ba 4:2:2 dhopmatiap dhapKuHUA TyIIYHTUPUHT?

17.PakmMiii  TEJIEBU3MOH CHUTHAJIHM XOCWJI KWJIMIIHUHT KaHAall ycyJiapu
MaBxyn?

18.Ananor — pakamiia Y3rapTHprud TY3WIUITHHA TYITyHTHPHHT.

S N

~
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19.Pakamu — aHANOT Y3rapTUPTUAY UIII IPUHITUTTUHA EPUTHHT.
DoiaJaHIITAH agaduéTaap

1. Digital Video and Audio Broadcasting Technology A Practical Engineering
Guide Third Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht
Germeny 2014. Chapter-3,4

2. Digital television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.

3. “ Pakamuin teneBuaenue” X.C.CoaroB Ttaxpupu octuna IM.A.I'aBpuios,
T.I'.PaxumoBn, A.H.Ily3uii, X.X.Hocupos, III.M.KanupoB. Tomkent 2016. 400
oer.
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2- maB3y: Pakamiu monyasuus typaapu. MPEG-2, MPEG-4 cranaaprt
cUKHII (GOopMATIAPUHNI, YHUHT NPOPULIIAPUHA BA ACOCHH
XYCYCUSITJIAPHHYU YPraHuUIl.

Pexa
2.1. TeneBU3MOH CUTHAJUIAPHUHT OPTUKYA aXOOPOTUHUHT TypJlapy Ba yIapHH
NYKOTHUII yCYJIIapH.
2.2. JINCKpeT-KOCUHYC Y3rapTUPHIL acOCHa TACBUPIAPHU CUKHIIL.
2.3. TacBUpHM BEUBIIET AJIMALITUPHUII ACOCU1A CUKHILL.
2.4. Monynauus Typiapy Ba TEXHOJIOTHACH.

Tassna n6opanap: block, pixel, motion estimation, motion compensation, discret
cosinus transform, DCT equation, time domain, video coding, Huffman coding,
OFDM, COFDM, QAM modulations, vector length.

2.1. TeneBU3MOH CUTHAJIJIADHUHT OPTHKYA AXOOPOTHHUHT TYpPJIapH Ba
yJIapHU HYKOTHII YCYJJIApH

Tacup cHUrHajUIapUHU CHUKMII acocaH 2 ycyn OujaH amanra omupuiaad. by
cudaTHU UYKOTHUIIT OPKAIM CUKMII Ba CU(ATHU MYKOTMACaH CUKHUIII.

TeneBU3MOH TACBUPHUHT TaXJIMIU IIYHU KYpcaTaJuKu, yJap KaTTa XaxMIIu
OpTUKYa MabIyMOTJIapra 3ra Ba Kyiujaru cua@uiapra OyJIuill MyMKHH:

1) Kopiimk opTHKYAIHK;

2) DJIeMeHT/Iapapo €KU CTATUCTUK OPTHKYAJINK;

3) IlcuxoBu3yasa OPTUKYAINK;

4) Ty3namaBuii OPTHKYAJIHUK;

5) Baktim éku Kaapaapapo OPpTUKYAINK.

Kopauk oprukyanamk TacBupjia OWp XWJ KYpUHHUIIAArd Ba EpPYFIIUK
HYpUHU OUp XWI KalTapaaurad kyrmiad oOekTiap (TapkuOuil KHUCMIap) MaBxkyl
OYnn0, yIapHUHT 103acu OUp XWI EPYFINK HYpJIapyuHU AKJJIAaHTUPAIU Ba OyHIai
X0JIaT KYT TapKaiarad. Mucou yayH 2.1- pacMra Kapasr.

bynpnait xonat y3atninaérran MabJIyMOTHUHT XaxXMuHU 20 - 25% ra xamaii-
TUPUIITra UMKOH O€epajiu.

720 pixels (90 blocks) 8 pixels

143(118136| 114[120]112(129|134

I 131121126 143134 123124133
4 147[127 124136113111 140|120
151120132138 115[116[ 134|131
I 150124112 134|126 120] 132125
[ 134 93 (116136124 (137[138{131
[~ 144{142|119) 147 162|149(123|132
143(117 103|125 122|109(128|132
Picture Block

8 pixels

576 pixels (72 blocks)

2.1- pacM. TacBUpHU KOAJIU Ba 3JIEMEHTIAPAPO OPTUKYAIMKHU KYpcaTyBun
MUCOJLIAP
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Icuxopusnk  OPTUKYAJIMK  KY3UMH3HUHT  KYpUIl  KOOWJIHSTHTra
acOCJIaHTaH, S’bHU TACBUPJArd MABIYMOTHUHI aWpUM KUCMHJATH MAbIIyMOT
UYKOTWIMILK YHUHT cudaTura ce3uiiapiid Jlapaxaaa TabCUp dTMACIUTU MYMKHH.
MacanaH: Ky3 €pyFiauK y3rapuilnIad Kypa paHr y3rapullinHu KaMpOK Ce3aIu.

Ty3unmaBuii opTuKYaaMk 2.2-pacMjia KypcaTWiraH XoJaTIarujick,
TACBUPHUHI alpuM Kucmilapuia mnaiao Oymanu. bByHu WYKOTUII ydyH TacBUpP
CKaHep KWIMHUO, KaWTapwiaauraH KucmiapH, (parmeHtiapu (dhpakTaymapu)
aHWKJIaHAOW Ba yJap aBBaJl  aHWKJIaHTaH ¢parMeHtTiap  wudomacura
aIMaIITUPWIAAN XaMJla 11y OPKaIu y3aTWIAETTaH MabIyMOT OPTUKYAIUK XAKMU
KaMauTUPUIAIN.

DC Component only DC+lowest 2 AC coefficients

8x8 block

2.2-pacm. Ty3miIMaBHil OPTUKYATIHUKHU KYpCcaTyBUXd MUCOIT

* Temporal Redundancy reduction by Motion Estimation/Compensation

Spge) §

3- —

4 — —> —>

Previous Frame Current Frame 6 > >
7 e T e R s

Br g I e i

0 2 4 6 8 10 12
16x16 macroblock motion vectors

Difference signal(No motion compensation) Difference signal(after full search MEMC)

2.3-pacM. BuseocroxkeTary KYIrHA Kajapiiap Ba yiapJard Kajapiiapapo
(hapKUHUHT KYPUHUILIY.
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Baktiau éku kaapJgapapo opTUKYAJMK OWTTa BUACOCIOKET BAKTHUIA UKKU
KYIIIHU KaJip opacuaaru ¢hapk HucOaTaH ce3uapcus oynuium cadbadmu (2.3- pacm),
TEJICBU3UOH TAaCBUpP MablyMOTHIA acoCHid Kaapra HucOaTaH Kaupiap (apkuHu
y3aTHUIIl aMmajira OIIMPHUIICA, BUIEO OKUMIArd CUKUII KOI(PPUKUESHTUHUHT KaTTa
KUMaTra SpHUIIUIIT IMKOHH SIPaTHIIAIH.

2.2 IucKpeT-KOCHHYC Y3rapTHPHUII ACOCHIA TACBUPJIAPHU CHKHIIL.

B. Yen Tomonman 1981 iinnna raxmud stunras Ba JIKY sxmm ypranunran
xamaa Yysraptupunviap JPEG, MPEG, MPEG - 1, MPEG - 2, MPEG - 4
dbopmatnapuaa Kopu 3GGEKTHBINKAA KyUTaHuITaH. Ma3smynn OVitnda Oy ycyi
OypheHUHT UKKH YIIMaMIIA AUCKPET Y3rapTupuiiura yximami, Gapku dakat 6a3uc
dyHKIMsIapuHEd  MnuiaTwiHmmga.  JKYHEHT  ad3aJuMrM  KATOPHHHT — Te3
SKUHJIAIIAINKA  Ba Y3rapTUpUIIap/a XaTOHUHT KUHMaTH KUYHMK OVIHMIIWHU
TabMHUHJIAHUIIIH.

Tyrpunan — Tyrpu Ba Teckapu JKY kyitnnarn (2.1, 2.2) TeHrauknap 6uian
udogananaauIap:

7 7
(2x+ur (2y+vrx
F(uY) = (UACW)CHY) 2 2, p(xy) {COST = @D
x=0 y=0
n-1 n-1
9 (2x+Duzr _ (2y+lvx
=2 cos cos
Fo = & & CwCwFuy N N (2.2)

by epna: v — rpadux 6JIOKHUHT TOpU3aHTaI KOOPAUHATACU
U — 6ok mummaru koopaunara, C(u), C(v) = 1/ V2 u, v =0 yuyH Ba akc
xonataa C(u), C(v) =1

1 u=0

Au)=1{2"
1, u=0 (2.3)

bynnait ycyn kaapnapau (2.5-pacmra xapanr) 64 (8x8) canokiu Oiokiapra
OynmaknmamHu Ky3ga TyTaaun Ba ymnap (2.5, 6-pacM) cuUrHa/iap MaTpUIacH
JNeUnIaau.

* Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 101.
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N—1 Tk (z + _}
F, =) f.cos( (2.4)
F'y

cos(0)
cos(0.5x)

z » COS(X)
cos(1.5x)
cos(2x)

2.4-pacM. JIuckpeT KOCUHYC anMalnTupHuiil Gopmyiacu Ba rpaguru

JAKY CHeKTpUHHUHI XYCYCMATH WIYHAAH HOOPATKH, 4YacTOTa CIEKTPH
JHEPIrUACMHMHI AaCOCHMH TAIIKWI J3TYBYWJIAPH HOJb KHHAMATIH YacTora
arpoduaa MUFWITaAHJIUTHAUP.

« DCT(discrete cosine transform)

- DCT effect

u

- DCT equation(8x8 block based) BRI
Fow = CWCW I L o ivnur @enve o e 0 B v
toEE b b 0 o o O
fluv) = %ZO,E U)C(V)F(J‘V)COS(Eij;)UR—COS(ZJ;;)VK ; %g g% %% %‘-’/ I.J
Clu),Clv) = 142 foruv = 0 =EEESEERE
Clu.Clv) =1  otherwise = ET T e O T
===EEEEEE
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Horizontal frequency
o 12 2 4 & & 7

143[118|136[114[120[112| 120|134 1023| 7| 20| 12| 37| 21| -2 0
121|121/ 126|143|134|123[ 124|133 —2| 12| 10|-26|-12| 8| T|13[1 _
147[127|124[128[113[111| 140|120 8| 4 1|2 618 0| o2z E
151 120(132{130]| 115116 134|134 DCT o|-16]-11| 14 | —1| —a| 15 3 E'[
150(124| 112|134 126|120\ 132|125 T o7 e =] L a]= 4 “F;
124| 03 |116[138[124[137|138] 131 20l 11 o|-2| -7 8| 3| 4|5 *E
144[142|110|147{162|140[ 123|132 24| o|20| a| | 24| 8| 116 ~
143[117|103[125{122|100[ 128|132 1 11 2| 8| —g|-10|-7| of7

8x 8 pixel block Matrix of 8 x 8 coefficients

a) 0)

2.5-pacm. JlaciaOky TaCBUPHUHT EPYFIIMK CUTHAIN MAaTPHUIIACH.
(a) — nukcesutap ymuamu 8x8 Ba (0) — Tyrpunan tyrpu AKY nan cyurru
MaTtpuia Ko3pGUIueHTIapHu.

2.3. TacBupHHu BeiiBJIeT AJIMAIITHPHUILI ACOCHAA CUKMIII.

byrynru KyHpma TacBUp Ba OBO3HHM CHUKUIIAA KyNl TapKaJraH yCyJiAaH -
BeUBIeT Y3raptupuinvaan dorgananuiaay Ba y ['poccman Ba Mopiie ToMoHUAaH
yTrad acpHuHr 80 Huiapuaa KUPUTHIITaH.

®ypre Ba JJKY nmapHHUHT acocHii KAMUMINTH YIApHUHT 0a3aBHil TAPMOHHK
TalIKWI ATyBUMIapU (PyHKUMS TaBpuil OyimaraH XxojaTiap/a XU HILIaMaaun
Ba HaTwkaga (oijgany MabIyMOTHUHT MabJIyM KUCMUHU THUKJIAIl HUMKOHUSTH
nykotwnanu. BeiiBner Yy3raptupuin MabiyM (GYHKIUSHU BEHBIET (YHKIUSIU
TalIKW ATYBUMJIAP KYpUHHUIIKAA OCPUIMIIUIUAD Ba BEUBIET —Oy KMUUK TYIKUH
€KM TyCaTJaH Cakpall TYJIKUHH.

s LRSI

— %
WAVE MHAT

v Ny v
7

MOPJIIE MAY

B) ¥

—_— k

n) Y v ey

v
— s
{ —k by

LMB AOBELLN

2.6-pacm. bab3u Oup Ky TapkairaH BeMBieTaap

AManuéraaH 3ca BEUBIET — XOJIATAAH X0JIaTra YTKa3uIlaa TACBUPHHU I1aCT Ba
IOKOpM  4YacToTaiu  (QuuibTpiam  Xxamjaa  OJMHraH  Kod(dQuiMeHTIapHu
CUMpaKIaTUPUII (JeIMManusi) >KapaHUHU KyJUlamaup Ba ymap 2.7-pacMia
KEJITUPWJITaH.
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M40 [ §2 [ tzp{iio 3
Mo [ 42 S Ptz e
I ;

iouofs] 2w t2pioue

i
> P
¢

e : » {2 i0ue
; 2 L —

M® - yacrku wacroranap GuibTpu 12 - -

04O — 1OKOpH uactotanap GpuisTpy $2 - wnrepuonsums

2.7-pacM. BeiiBieT — keTMa — KeTJIMTUHUHT YMYMJIAIITHPUIITaH CTPYKTYypa
CXEMAacH.
Slf3rapmpnm HATWKAacula MKKUTa MacCHB naino Oymamu. A Ba Dy,
YIApHUHT 3JIEMEHTJIApU KyWugarnia aHuKIaHa Iu:

A = SZK +SZK+1 .
K 2 ]

Oy epma k €[ 0, N/2]

MMacr yvacroraju QGUILTPHUHI KO3(pPUIMEHTIAPH Anpo] CHTHAJ
aNNPOKCMMALMICH Ba IOKOPH YacToTa Kod(ppummenriaapu Dy, 3ca curaaj
Aeraauzanusicu aAeiimaann. bynna A Ba D maccuBnapu maBxyn Oyiica, nacnadku
CHIHAN- Spy) HU THUKJIAIl MyMKHUH (2.8-pacMza KenTupuiaran kadm). Az Ba Dy
COH KMiMaTiapu EpyFJIMK HyKTalapu OuUaH KypcaTHIIraH.

S, =S
DK — 2k 2 21<+1’ (23)

Bouuianruy cHruag S[N]

Armp ok cHMamHA A [N/2] Aeramnams Do)

2.7-pacm. BeiiBiet — 1eKOMIO3UINS TPUHITUTTN
BeiiBner y3raptupuimn mOpuHOMNUHE 2.8-pacM  KENTHUPUITaH MHCOJIA,
TACBUP CUTHAJIMHU Y3rapTUPUIILA KYPHUII MYMKHH.

o N

-

2.8-pacm. JlacmaOku TacBUp Ba caTpiiap Oyilnda BEHBICT —
JICKOMITO3UIIUSCUIAH CYHT
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Mynnait kumb, kyn Mapotaba BEHBIET AEKOMIIO3ULMsIAN (Y3rapTUPHIL)
HaTWKacua, almpoKCUMAIIHSIIAIl MAaCCUBHIA Ky/1a KWIYUK TacBUp onuHaau (2.10-
pacMaard Tema 4yam Oypyak/a) Ba allHM BakTJa Y KHYUK XXMM axOopotiap
MabIyMOTHUHU TaITKAI ATa/IHN. MaccuBHUHT KaTTa KUCMHUHHU
JNeTanu3alusIalTUprad HoUlap €KUM KUYMK KOd(DPUIIMEHTNIap TallKWi 3Taau
(2.10-pacmzaa Hosra kuiiMaTu 128 OYiraH Ky paHr MOC KeJaju), yjap CTaTUCTHK
KOMIIpeccop/ia SXIIM CUKUJIAAM Ba KaTTa CUKUII KOA(D(UIIMEHTUTa SpUIIMINTa
UMKOH Oepajiu.

-

a) 0)
2.10-pacm. TacBupHUHT caTpiiap Ba yCTyHJap OVitnya BeHBIET QUIbTpIapH
épramuaa y3rapTUpHILI Ba UKKM MapTa y3rapTUpUIIAAH KEUWMHTH XOJIaTH.

BeiiBieT y3rapTUPUIIHUHT JUPTHHT CXEMACH

BeiiBner y3raptupunuiapia HYKOTHUIIHM KaMaWTHPUIN Y4YyH QUIBTpIAp
ko umuenTiapn  karra aHUKIWK Owman ommHamn. JPEG-2000 cukwm
CTaHTApTUAA KYyJUIaHWIaguran rokopu uacrotanu Daubechies(9,7) seiipier
GUABTPH AXIIM MOCTANTyBUaHIUTH cabab 9ta korddunmentra sra Ba ymap 2.1-
YKaJBajia KeITUPUITaH Xxamaa pyHKIus makiau 3ca 2.11 —pacmna udogananras.

2.1-xanBan
Okopu yacroranu punstp Daubechies(9,7) koaddunuentiapu
0,0378284555069954 -0,238494650193799 -0,11062404418423
0,377402855612654 0,852698679009402 0,377402855612654
-0,110624404418423 -0,0238494650193799 0,0378284555069954

Kansanna  kentupwiran — QuibTp  KodpuUUEHTIApUAaH  KYpUHHO
TypuOAMKH, yiap KYI COHJM KuiiMarinapjaaH Ttamkuwi Tonrad. IyHMHr y4yH
TaCBUPHUHI TAacT Ba IOKOPH 4YacToTajiu Kod(p(UIMEHTIapuHU XucoOjaml Ba
CakJall ydyH Kym BakT Ba Xxotupa Tanad stunaau. Iy cabad tacBupHuM KaiTa
UIUTANIAA BEUBJIET Y3rapTUPUIIHUHT JUQTUHT CXEMACH KEeHI KYJUIaHWUJagu Ba y
(GUABTPIAIIHUHT  ONJWMM  KaJamylapd  KETMa-KeTJIWIW  TyrajulaHTaHJIUIHUra
acocjIaHTaH Xamjia Kajaamiap JuQTUHT Kagamiaapu €K ‘“3MHANOSCUMOH Ty3WiMa’
nevinnanu (2.12-pacm). byHna BeiiBieT popmacu TYFpuaaH TYFPU UILIATAIMANIN
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Ba CUTHAJTHH alMMPOKCUMAIVSUTAII YUyH aH4a KaM KodhGUuueHTnap KyulaHuIaam.

0,0375284555069954
03T 0,023845945501 93733
0g 7 -0,110624404418423
neT 0,37740285561 2654
05 T 0,852695679009402
05 T 0,37740285561 2654
04 T 0,11052440441 3423
03 T -0,02354946501 93799
02 T 0,0375284555069954
01 T
Wl NP
01T \/

o4 12 2 28 35 44 52 8 68 16

0 0s 186 24 32 4 45 55 B4 T2 8§

2.11-pacm. Daubechies(9,7) rokopu yactoranu GUIBTPUHHUHT IAKIIH.

eveni-1 l 1
U

—> 5 P

oddi-1 T

- =y

2.12-pacm. BeliBneT y3rapTUPUIIHUHT TUGTUHT CXEMACHHU WIILIAI
MEXaHU3MHU

BeiiBner y3rapTUpUIIHUHT JUGTUHT MeXaHu3Mu uHrIM3da “Lift” cy3mpan
OJIMHTaH OYnuO, KyTapuill MabHOCHHHM aHriataau. [lact Ba OKOpW yacToTaliu
MaccHuBjap OOCKHUYMa-00CKHY IIAK/UTAaHTUPHIIAAN Ba Xap Oup 0ockuyaa 3-4 Kagam
amaJra OIIMpUIaIn.

1. Asxparum (split). by xagampaa S; nukcenb KuiMaTilapd MacCHBUAAH
UKKUTA SHTH ¥3ap0 KECUIIMaWJWraH MacT Ba IOKOPU YacTOTAIM MablyMOTIIap
MAacCHMBM IMIaK/UTaHTUpWIaau. lIukcenmnapHM MaccuBlapra axpaTull yCYJIUHU
TaHJIAII BEWBJICT Typura OOFIMK. AMMO KymnuH4Ya XypT €ven;; éku tox oddj.,
MUKCeJUIap aXpaTuiaaauiap Ba S onepaTop épaaMujia Kyiuaaruda udoiananaim:

(evenj., odd;.1) = S(sj.1).

2. bBamopat kuanm (predict). by kagamaa yan Ba YHr nukcenb KuAMatiap
acocHjla MapKa3ui MUKCEIHUHT SXTUMOJUIHK (0alopar) KuitmMaTi XucoOiaHaam Ba
IIYHJIAaH CYHT XaKUKWW Ba Oamopar Kuimatiapu aiupuiaauiap. AHa 11y XaTOJHK
MapKa3uil MUKCeNlb KUAMaTura €3Wiad Ba y IOKOPU 4acToTa KO3 (dUIMEeHTHUTa
Moc kemanu.JlacTmaOku MaccuBHU JKy()T Ba TOK CaHOKJIapra axparraHia
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OaIopaTHUHT I0OKOPH YaCTOTAIHM XaTOJUK KOd(DPUIMEeHTIapy BUICOMAbIyMOTIIap
MACCUBUHUHT Ky()T KHCMHUTA E3WITATH:
di.; = 0dd; - P(even;.),
Oy epna P-6amopat onepaTopu.

3. urunanum  (uhdate). by Oockuuma macT yacToTaaud  BEMBIIET
koadpureHTIapu KEMUHTU Yy3rapTUpHIL JTanura YTUII YUYH,
“kyTapuiagu’,IbHA CUTHAJHUHI YpTa KUAMATHHU Cakjall y4yH. SIHrUIaHUII
xapaéHua SHIWJIAHHUII onepaTtopu €pAaaMuia Oamopar KWIMHTaH MTUKCEIapHUHT
ypTa KuiiMathra acocaH MacT YacTOTalld MACCHUBHUHT Ko3(uimeHTiapu
HIaKJUTAHTUPUIIAIN

Aii = eveni+U(di),

Oy epaa U —sIHTHIIaHUIT ONIEPATOPH.

[Tact Ba rKOpH uyacToTaM Kod(PPUIMEHTIap MIAKIUIAaHTaHJAH CYHT
MacCUBIIap a@XpaTWiaJwiap Xamja ajoxXuja TNacT Ba IOKOpPU YacTOTalu
MacCHUBIIapra OUPUKTUPUIAIUATIAP.

Myngait kummbd JAUGTUHT cxema JacTiiadKu THUKCeNb KUWMaTJIapuHU
YU3UKJIU-0YJIak KOHYHUTa acocaH ammpokcuManusianau. byHma waccus
KO3 PUIMEHTIApUHUHT KyDTIapu XaKWKUil Ba OamiopaT KWJIMHTAH IMHUKCEIUIap
KuitmMatu (OamopaT XaToJUKiIapu) adupmacu cudaruaa, ToOKjIapu Oamopar
XaTOJIMKJIApU YpTa KuitmMaTiapu OuiiaH €HMa-EH NUKceap MuFuHauCcu cudaruia
ésunaguiap.Arap acTiaOKd TACBHUPHUHI OWp XWJI PAHIIIM KHCMIIApU MAaB¥Ky[
Oyica, Oamopat xatonukiap kodpdunuentiapu “0” ra tenr oOymaawiap. [lynnait
KWINO caTp MHKCEUIapura rOpU30HTal WIIOB OEpUUIAH CYHT, MabllyMOTJIap
MacCUBM KETMa KeT KeJIyBYM IMacT Ba IOKOPU 4YacToTaiu Kod(pduuueHTIap
KUiiMaTiiapu HuruHAuCHIaH noopar 6ynaau (2.13-pacm).

ITakceTHHHAT OHpIAMYHA

KHHMaT/I1apH T'opuzontaa BY
nch |FOU| ITY |FOU | ITY |FOY 4 (Fou| ITY | F0Y | 1Y |F0U
30 [ 3¢ | 30 | 30 | 30 [ 30 30 | |30 {0 30 l}
30 | 30 | 30 | 30 | 30 | 30 30 ¢ (|30 0 30 | |0
30 | 30 [ 30 | 30| 30 | 30 | == |30 ¢ (|30 0 30 | |0
30 | 30 [ 30 | 30 | 30 | 30 30 ¢ (|30 0 30 [ [0
30 | 30 | 30 | 30 | 30 | 30 30 ¢ (|30 0 30 | |0
30 | 30 [ 30 | 30 | 30 | 30 30 ¢ (|30 0 30 | |0
L =320 F v r
50 50 Beprukan BY
30130 30001010 oI | 1OY | ITY [FoY| ITY (F0Y
N EIEIED RN 30 0 [30 0 | 30 ¢ | IIY catp
F[T3el30/30fo o]0 0 | ol o|o] o | ¢ | 0odcarp
G LT | YOS § _ "30 [ 0 [ 30| 0 | 30 | 0 | ITUcarp
=17 3 g 3 g 3 g { ) {} {) {} {} KUY caTp
=l
=Tol olololol¢ 30 0 |30 0 | 30 | 0 | IIYcarp
Turou PEOHIOE ¢ | 0| 0|0 | 0 | 0| FOUcarp

2.13-pacm. Epyrmuk curnanu kuitmatu Y= 30 ra tenr 320x240 yruamiu
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TaxpubaBuil TACBUPHUHT UKKHU Ymuamiu BY Hatmwxkanapu.

TacBup MKKM MaccHBIM MabJIyMOT OYJIraHauru cabadiu, TACBUPHU CUKULI
camMapaJopJurd OLIMPUII MaKCaaula, MUKCEJUIAPHU TOPU30HTAN JEKOPPEI LU
(¥3apo OOFIUKIUTMHY KaMaTHpUIN) KWITaHAAaH CYHI BEpTUKaJ MYHamuIaa Xxam
y3raptupuiuiap amaira omupuiaaad. byHaa TOK carpiap macT 4acToTad
koadduienTnapra Ba xxXyQT caTpiap IOKOPH YacToTad KoddduimeHTiapra Moc
kenaaunap. OXHpru sTamnaa MabIyMOTIap KOMIIPECCOPMHU camapaid HILIalld
YUyH TIACT Ba IOKOPU 4YacToTanu Kod(h(uUIMEHTIap KaiTa rypyXJaHTHpUIauiIap
(cemapanusuiaHUMIIAp) Ba HaTkada Oapya MacT 4acToTanu KodduuueHTIap
Oup MaccuBma xXamja IOKOpH dYacToTanu Koddduruentiap Oomka maccuBia
sxoinamanunap. Epyrnuk curnanu kuitmatn Y=30ra Ba nukcenu 320x240 6yiran
OMp XWJI paHIIM CHHOB TAaCBUPHIra MILIOB OEpHUII HATHXKach MHCON cudaruia
2.13-pacMja KenTUpUIITaH.

JlacTnaOKku TacBUPHU WKKU YI4OBIM (TOPU3OHTaN Ba BEPTHUKAJl) BEMBIET
y3raptupuinl Hatwxkacuaa 2.14-pacmpa KeNTUPWITaH MabiIyMOTJIAp MacCUBU
HIAKJJIAHTUPUIIaAd Ba KEHMH KBaHTJIAaHUO, CTaTUCTUK KOMIIpEccop OuiiaH
CUKUJIA/IU.

404 OYI0Y

N

2.14-pacm. Bupnamuu TacBup Ba YHUHT MKKH yodaman BY Hatmkac.

BeiiBner y3rapTHpWIIHUHT JU(YTUHT CXEMACHHUHT acocuil ad3auIuru
IIYHJAKW,YHIA Y3rapTUpHILIIap >kapaéHu HUCOATaH Te3 amalra OUIMpHIIaau Ba
BelBIEeT KOd(pPUIMEHTIap KamilaMacu AAacTiIabKH TacBHp MablyMOTIAp XaKMHU
OusiaH MOC TyUIaJu Xama KyIruMua Xo0TUpa Tanad 3TManu.

TacBuUpHH CHUKHMII MEXaHU3MHHHMHI XYCYCHUSITIApuJaH siHa OUpU BeUBIET
y3rapTupuiga TacBup OnokiIapra OVIMHMAaN M, akCuHYa OyTYHJIUTHYA UITUTAHA TN,
By Onoknap Oy3ununuiapyuHu maino Oynummra Wyn Kyilmaiinn Ba TaCBUPHHUHT
cudatuau Oy3MaraH XoJjja YHUHT cUKuII Kodddummentunu 1,5 — 2 Gapobap
omupaaun xamaa 2.15-pacmpa KenTupwiIraHjaek THUKIAHTaH TacBUp CUGATUHU
AXIIUIIANIN.

2.15-pacmMaan kypuHHO TypuUOIMKH, TacCBUPJIApHU OJIOKJIapra OyiMaid,
BeWBiIeTIap KYsu1ad, Y3rapTUpHIN HATWXKacuja TUKJIAHTaH TacBUpJiap cudaTtu
aH4yaruHa oKopu Oyiamau.

AmMMo TacBupHM Osioksiap Oynmacnan y3raptupuil, MPEG cranmapruna
MYMKHUH OYJIraH, TACBUP XapaKaTIApUHU KOMIICHCAIIUS KWJIMIITa WY KyHMaiIu.

[y cabGabnau BeWBIET — KOJCKJIAPMHUHT BUIACOOKUMHU CHUKHUII OYyiinya
camapangopiuru MPEG crannaptura nHucbatan 2 — 3 maportaba macTpOKIUp.
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ByHnnan Ttamkapu BeWBIET-KOACKIAp[a >KyAa Karra CHKUII KodhduimeHTIapu
KYJIIaHWJICA, TAaCBUPHUHI AHUKJIMIU KaMasJM Ba paHr yerapajiapuaa, Oy3WJIHII
oKuOaTH1a, THHUKCU3JIUKHU KEeITUPUO YuKapaau. AMMo OyHmail Oy3wiMiniap,
VpTaua ojdraHjga, TaCBUPJApHM KYy3 OWIaH WIFaliga KaMpoK OWIIMHAIW, SBHU
macanan: JIKY xocun Gynmamuran “mo3amka” KYpHHUIIMTa HUCOATaH SKKOJ
Cce3nJIMamIu.

Beiisner y3raptupuin ¢potorpadusga JPEG — 2000 cukuin cranmaptuia Ba
TasiH4 KaJpJiapHu cukuil Bujpeoctanaaptu MPEG — 4 na kynnanunaau.

BY IKY
2.15-pacm. Betinet y3raptupum Ba JIKY acocuaa tuknanran 100 mapotaba
CUKWJITaH TAaCBUPHUHT COJMILTUPMA cU(aTH.

XO03upru mnanThaa, aBBajl AWTUITAaHUACK, TACBHUPJIAPHU CHUKULIAA KEHT
KYyJUTaHWJIaquTad BeuBieT GyHkumsuiap Kyvumarunap: Kosn — Jo6emu — doBo
(CDF22,CDF24,CDF97), Bunnacenopa — V610, Koiigpman — BCW3 Ba TS2/6,
MITO97 BeiiBnernapu.

2.4.Mopyasiuusi TypJiapu Ba TEXHOJOTHSICH

AHaJIOT IIATTUPHUII aH4ya BakTAaH Oepu ammuutyaa (AM) Ba gactora (UM)
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MOAYJISAIUSTIAPUHN KyJiad wunuiamokaa. DoiinanaHyBunra CUTHATHH y EKu Oy
napamMeTpUHH Y3rapTUpuO y3aTUII Kapa€Hu MOAYIISIIUS AeHUIaIu.

Pakamin MabiIyMOTIApHU Yy3aTUIIAA MAbIyMOTJIap BAaKT €KMW aMIUIUTyAa
OYiiya CypWJIMII TEXHOJOTHUSICH KYJJIaHWIuO kenuHraH. Macaman 10MoOut/c
TE3JIMKJard OKUMHHM aMIUIMTyJa MOHHUMyJsiuuscH opkanu xyHatumga (ASK)
TEXHOJIOTUACH €pAamMuia aMalira omupwirad. KoTenpHUKOB TeOpEMacura acocaH
YTKa3ull mojocacuHUHT sipMu NRZ acocuii mmonoca yaroracu y4yH 3apyp Oyiaau.

busra MogyIAIUSHUHT KyWHIard Typiaapyd MabiIyM:
* AMIUTATYAQ MOTYJISIIHSCH

* Yactota MOy IsInUsICH

» ®aza MOYJISALHUSICH

* Ammmutyaanu manunyssinusacu (ASK)

* Uactoranu manunysnus (FSK)

» ®aza cypuwuimu Manumnyssiusicu (PSK)

* AMIutuTynaa Ba gaza Mmanumyssiusicu (QAM)

Frequency domain

A
|

.|‘
I i/
L a
‘ ;ﬂ.| BRI -
ALAL R 'RIAN YN

" D T e ———

i
N

Time domain

Carrier lo(t)
Pacm. 2.16. Cynaupunran TamryB4YmIn "HopMan" aMIUIATYAalId MOTYJISIUS

bu3 onauMusra Kyiran mMakcaa-yTKa3uil MOJ0CacH KEHIVIMTUHU KUCKApTHPUO
MabJIYMOT YTKa3WIll KOOWIUSTHHU ommpuIl. by makcanra dakaTtriHa 3aMOHABUN
MOJYJISILMS TYPJIAPUHU KYJUIAIl OPKATUTHHA SPULLHII MyMKHUH.
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> t

Euler formula:
-2 —IE T —Iﬂl T _|2 T 4 1 |2 1 ‘Il 1 EI A e @M+ P) = ra cos (2"ﬂ}+]lm(2nﬂ},

u(t)=A sin(2Tt/T + @);

o 5
Pacm.2.17. Cunycouaall CHTHATHUHT BEKTOP KYPUHUIIIH.

AnbGaTTa TEXHOJOTHA TAalllKK XaJlaKUTIap Ba IIOBKUHIJIAP TabCcUpHUaa 0ab3u Oup
XaToJukiapra uyn kysau. JIeknH OWM3HMHI MakcaJl TEXHOJOTHsIa CHHYCOHUIAI
KaTTAJMKIIAP KOPUI KUJIUHUIIUTA SPUIIUALIITUD.

3aMOHaBHUM  pakamJid  TEJIEBUACHUENA  PaKamMiId  CUTHAJUIAPHUHT
XQTAKATOAPIONUITHHN ~ TabMUHJAII  Y9yH  TallyBUYd  MOMYJISIUSCHHU
XaNMaKUTOApIONLUIM KoJuaml OujaH Oupra amanra OIIKMPUII MYyMKUH. byHna
MOAYJIAIUSAAAH CYHT MYMKHH OViraH TallyBYMHUHT XOJaTH y3aTWJIaJuraH
CUMBOJIJIAD COHUJIAH OPTUK OYNaau, SbHU XaJlaKUTOAPJONUIMKHU OIIMPHUIIITa
XU3MaT KWJIQJWTaH KYIIUM4a OPTUKYAJIWK KUpUTWIaau. byHmai komjam OwiiaH
OupJamran MOIyJisiiusi kojyianran monynsuus aevimnaau. (Coded Modulation).
Xamakuroapaom komranuimman OFDM 6unan Oupnamrupmmmmu 3ca COFDM
(Coded Orthogonal Frequency Division Multiplex) ne6 aranamgu.

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2010. page 96.
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8 S1 S2 S3 S4 S
‘ A1 Tp2 A2 Tp3 A3
R

0)

8 S1 S2 S3 S4 S

6)

2.18-pacM. XuMost UHTEPBAIAPUHUHT MAKIUTAHTHPHITUIIH

ol |

ynnait kunuO, pakamiau TEJIEBUACHHWE CUTHAUIAPUHM aJlOKa KaHaJulapu
paaMovacToTallapi OpKalIM y3aTWIraHAa WKKA [OFOHAIN XaJlaKUTOapIOLUIH
Koayam unuaTtwiaay. Tamku 1eé HoMm onran OupuHun noroHaaa Pux — Conomon
KOJJIAIl yCYJIM OpKaJM pakamiid MabIyMOT KOJUIaHAIU Ba WYKU €0 HOM OJIraH
UMKKMHYM TIOFOHAJa 3Ca MOAYJSALMS OWilaH OMpJaIITUPUITaH KaHAJUIM KOJUIall
Kyutanuiaay. Hatwkana tanad KUIMHIaH XaIaKuTOApJOIUTMKKA SPULLIUIAIHN.

V3arunaérran Koasiall KOMOMHAUMSACHHH KoWmamtupuml  yuyH ['peit
MaHuOyJanusicuaad ¢dongananunaay, OyHaa KYIIHU MO3UIUsUIap OuTTa OuTra
bapk kunmimum Oenrunanrad. [y caba0, xanakuTiap Tabcupuia (HazaHUHT TYFpH
KUiiMaTh y3rapu0d, YpHHUra KYIIHHCH aHUKJIAHCA, AEMONYJISAUMS YHKUAIIUAArd
WKKWJIMK CUMBOJIJIApU KeTMa KeTiuruja pakat OUTTa XaToauK MaBxya Oyinaau, Oy

¥3 HaBOaTHa AEKOAEpAaru KOPPEKTOpia TYFpUIaHaIH.
01 011

/’\ 010 001
“k 00 110 000
1

J 11 100

0 101
2.19-pacm. TYpT no3unusiiin (a) Ba Cakku3 Mo3unusud (0) gazann MaHUTYJISIIHS.

@®aza manunynsuumicu DVB — S cranpgaptupa, cyHbuil WyngouuiapiaH
paKaMJiIM TEJIEBUICHUEHU y3aTUILIA KyJIJIaHUIIAIH.

SIHa Oup MOIyNALMS, paKaMJIM TEJIEBU3WOH CUTHAJUIAPHU Yy3aTHUIIA KEHT
KYJUIAHYBYM Typ - KYII TNO3HMLIUSAIM KBaJApPATypaBUl aMIUIMTYyJa MAHUIYJISAIUS
(KAMH). MabiiyMKH, KBaJapaTypaBUil aMIUIUTyJa MaHUITYJISLIUSACH OWp BaKTIa
ukkn curamiap U; (inphase) Ba U, (quadrature) Owmman TanryBum CHIHAJ
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4acTOTacHa )y HWKKUTA KBaJApaTid TApKUOWM TallKWi STyBUWIap OWIaH
MOAYJISUSTIAIT Ba YIAPHUHT WAFUHANCUTA TEHT CUTHAIHU OJIMLIAMP.
u(t) = ui(t) cos mgt + ug(t) sin ot (2.4)

JleMoayJALUsUIaNIa CUHXPOH JIETEKTOpJIAIl KYyJUlaHwiamu, sbHH U; (1)
CUTHAJIHU COS ol Ba Ugq HU SIN oot ra kymaliTupumr xamaa IOKOPH 4acTOTaNH
CUTHAJJIAPHU MMACT YacToTanu (UiIbTplAa KamanTupuil (MYKOTHI) HATHXKaaacu U
(t) Ba Uq (t) curnamuiap axpartuiagy.

XO03upru BakTJa pakaMiid TeleBUJeHUE TuzuMmuga 64 €xu 256 no3uuusiiv
KAMmumap xam KyJuTlaHMOKAAIAp, yiaap KyJUTaHWITaH Oup Bakraa 6 €ku 8 outiap
y3aTuiIaau.

- i b3 LRI DA ST
R seaw 0100
- * 4w LIIlIlll

: L ST T 31N G008 Sa
QPSK = 4QAM 16QAM | 64QAM |

2 bit / symbol 4 bit / symbol 6 bit / symbol

2.20-pacM. 4 mo3unusiy, 16 mo3umusuim Ba 64 MO3UIMSUIA KBaApaTypaBuil
manunyisuss KAMu (QAM)

AMmumaTyna sMmac, Oalkd HWKKH KBajgpaTypaBUW TaIIKWJ JTYBYHIIAP
dazanapu IUCKpET MOIYJISIUSIAHTaHIa KBajapaTypaBuil (aza MaHUITYJISIHICH
(K®MH) xocun 6ynaau. YHIA OJIMHTaH CUTHAJI KYWHIaru KYpUHHIIIa OViaam:

CcoS ((!)0 t+0 i) + Sin((l)o t+0 Q) = A,COS ((l)ot + 90), (25)

Oy epna 0 0 g kBagparTypaBuil TalIKWI STYBUYMWIAPHUHT (pa3anapu.

Ay, 0 - HaTHKaBHI CUTHAJI aMILUTMTY/IacH Ba ¢a3acu.

Udonananran onepauusiap ogaTaa pakamin KYpUHUILIA Oakapuiaaau, 1y
ca6a6 KAB G6nokmman cyar PAY 6ynumm  7103uM. 3aMOHaBMIA pakamiy
CUTHAUIAPHM Ppaguo KaHaJUIapJlaH y3aTHUIIl YCYJd OPTOrOHAJ YacCTOTAJIH
MYJbTHIUIEKCHPAANAUP. by wHTIN3 Tunmmarn texHuk amadouétmapga OFDM
(Orthogonal Frequency Division Multiplex) naelinnaaun. Xaxkukaraa Ky
OpPTOroHaJ TayBUWIMK Moayisauusaup. OFDM kynnanunranaa y3aTuin KaHaiu
Kyna Kymn(ro3mad €ku MUHTIIA0) KaHamJanapra (KaHaja ocTHiapra) OyinHaau Ba Oy
7ca acOCHi KAaHAJIHUHT YacTOTa CHEKTPUAAH TYIWK (oHgalaHuIl MMKOHUHHU
Oepamu. byHman Tamkapu acocMid KaHall CHEKTPUHUHT MabiIyM KUCMUHUHT
WYKOTWIMIIM y3aTUJIAETTaH MAabJIyMOTHH HWYKOJIMIIWIA XaJaKUT KUJIMaWIH.
OFDM wmopenu cudaruna 6up xun Kamamiu,y3apo kappamu (f, 2f, 3f, 4f Ba x.x.)




III. HA3APUIA MATEPUAJUIAP
reHepaTopJiap MaXMyacHu Xu3MaT KWIWIIA MyMKUH. by yCymHuHr moxusaru 5.7-
pacMa N30XJIaHTaH.

MabnyMoTnap oKumm

¥

KananocTtunapra
Oynnb YnKmw

OkumocTunap

Tawysuunap

Y
Af

1 - f
0 1 2 AF, N- lN—t

2.25-pacM. OFDM ycynuHUHT MOXUSITH

X0 _ Xno
- KerMma-ker | X, Teckapn .
Xox Apl o p Xn,1 . Xnk
BN napaJjiiet " dypobe — PAY |—»
yarapraprau | [V3rapTrHpraum| -
X v X, V-1
2.26-pacm. OFDM curnanuau X0CHJT KWJIHII PUHITAIIH.
g
&
=
Data
. Z > COFDM
- symbol
L
FEC g
g
=

Pacm 2.27. COFDM MOAy/ITOPHHIHT Ha3apHuii GJI0K AHArPAMMACH

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 355
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butnu cumBosap okuMH X k,KETMa-KEeT-apaJIeN y3rapTUpPrud CUIDKATHLLL
perucTpuia, MOIYJISAUWA KWIMHTaHAa, yiap napamwiea N-pa3pamid Koara
(X0,X1,....XN-1) adnmaHTUpUIAIU Xamaa yiap PypbeHUHT TeCKapH ajIMallTUPHII
onmokura tymaaunap. DypbeHUHT TecKapu aaMalITHPUIL OJOKHAA YacTOTaIH
KOMITOHEHTalapJlaH CUTHAJIHUHT BakKT Oyinua carx KuiMaTiapu Xg,Xj....Xn-1
HaKJUIAHTHpUJIAAuiIap Ba paKaMm-aHAJIOr Y3rapTHPUIIIAH CYHT KBa3HaHaJIOT
curHast Oynanu. CYHIrpa OJNMHIAaH CUTHAJ PAgUuOy3aTHII KypUJIMAacH MOIYJSTOPH
épraMuia TEICBUIACHUCHUHT WINYU AWANa30HUTAa KyTapuiaaau Ba Ky9auTHPUIUO
adupra y3aTuiaam.
Echo Guard interval ~ Symbol
delay
time

% Path 1

Path 2

I
L
]

-
B

o
;z
7
7
| —— | ——
Intersymbol FFT FFT FFT |:|:T FFT
interference window window window window window

_A U U Autocorrelation function

2.28. pacm. OFDM na xymHypau KaOyJ1 KUIIAIIT

OFDM curHamHu aeMOIyJAIusl KWIKIAAa KaOysin KUIru4jaa TecKapu amall
oaxxapunaau. Kabyn kuiruu kadyn kuiran OFDM kBa3zuaHanmor curHai Aactiiad
OpalMK uYacToTara Kentupunamy, cyurpa APV épmammma N-paspsumm mapasmien
KOIra  Xg,Xi....Xn.1  avma"ntupwiagn. CyHrpa @DypeeHHHT TE3KOp TYFpHU
AIMAIITAPUII OJIOKM OpKAJIM KBAa3WaHAJIOT CHUTHAJ CAaHOKJIApH KHMaTiapuaaH
MOAYJISIUMOH CHUMBOJUIAPHUHT CHEKTpHUan KO3((PUIMEHTIapu MAaKJIaHTUPUIaIn
Xamja yJjap KeTMa-KeT KOAra y3rapTUpHrad, JEKOJJIAIIHWHI KaHal TpPaKTUIa
Tymamu' .

" Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 362
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Ha3zopar caBosiapu

1. TacBup CHUrHaJUIApMHM CHUKMII acoCaH HeyTa ycyn OwuilaH amaira
omupuiIagn’?
TeneBU3MOH TaCBUp KaHJaW TypJard OpTHKYa MabIyMOTIapra sra Ba yiap
KaHaal Typaapra OyiauHau?
Konmu oprukuanukka Tabpud OepuHT.
[Tcuxou3noI0TUK OPTUKIATHKKA Tabpud OCPUHT
OneMeHTIapapo EKM CTATUCTUK OPTUKYATUKKA Tabpud OCpHHT.
Ty3unmaBuii OpTUKYATIUKKA Tabpud OCpUHT.
BetiBneT y3rapTupuil acocuia CAKAITHUHT JTU(PTUHT cXxeMacu Huma?
Baktnu €ku kagpiapapo opTUKYAINKKA Tabpud OepuHT.
Curnamap MaTpunacy 1e6 HuMara airumagm?
10 JIKY CHeKTpHMHMHT XyCYCHATH Ba YHHHT aJITOPHTMUTA TabpHQ GEPHHT.
11.TacBupHU BEUBIIET AIMAIITUPHUIIT ACOCUIA CUKUII AITOPUTMUHUA EPUTHUHT.
12. AnmpokcuMakIius Ba AeTau3anusira Tabpud OepuHr.
13.Coded Orthogonal Frequency Division Multiplex kannait TexHonorus?
14.QAM monpynsuusicunaru 4, 16, 64 mo3uIMUsUTH MOHUITYJISIUS TYpJIApUHUHT

Oup Oupuan GapKUHU TYUTYHTUPHUHT.

no

©oON Ok
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3- MaB3y: Y4 YI4OBJIM TeJJeBUACHUSIHUHT aMaJijia KyJJiam
HUMKOHUATIAPU. PakaMJiiu TejieBUICHUSIHUHT CYHbUI Y1101, MOOMJI
AJI0Ka, Ka0eJl TU3UMJIAPH OPKAJIM TAIIKWIIAIITAPUII XYCYCHUSTIAPH.

DVB pakamin TeJiIeBUACHUSAHUHT KATErOpPUsJIapu

Pexa:
3.1. Ep yctu pakamiu DVB — T TenesmdTTUpUII TU3UMH, y3aTUII Ba KaOyl
KWINIIAA CUTHAJUIapra UIILIoB Oepul.
3.2. MPEG-2, MPEG-4 TeneBuaeHIe SUTUTTUPHUII CTaHAAPTIAPH.
3.3.PakaMin TENEBU3UMOH CHTHAJIHM QJl0OKa KaHaIapu OpKaldM Y3aTHINTa
Oynran tanaoiap.

Tasinu u6opanap: SDTV, irrelevant information, Huffman coding, sensitivity,
Data reduction, DPCM, Zig-zag scanning, Horizontal and vertical blanking,
blocks and macroblocks, Bidirectional delta frames, Quantization,
ZeroSequence , encoder

3.1. Ep ycru pakamiiu DVB — T TesieamuuTTUpHII TU3UMH, Y3aTHII Ba
Ka0yJ1 KWINIIA CHTHAJJIAPra MILI0B OepHIll.

Xankapo pakamii TEIeMUTTHPUIITHNA TAIKIIIAIITHPUITHUHT EBponagaru
KatTa Jomxanapugan Oupm Pakammu Buaeo »smmrtupumi- Digital Video
Broadcasting (DVB) 1993 iiunu oxtsa0pe oituga Oouvianran. DVB Project -
JOMMXacMHUHI mTad — kBaptupacu IlBemapusuunr JKeHeBa maxpunaa
xoinamrad. Xankapo rypyxHuHr DVB Project noiinxacu acocuja KyWujaaru
paKkamJiv TelIEeBUACHUE CTaHAapTIapy KaOysl KUJIMHTaH:

- DVB - C (C - cable — xabenp) pakamiii KaOeJUId TEIEIIUTTHPHILL;
- DVB - S (Sattelrte — iyngornn) cyHbHit HYIIONUINA TEACIUTUTTUPHILL,
- DVB - T (Terrestial — ep ycTH) ep ycTH TEICIMUTTUPHIILIAPH.
3.1. xanBan
DVB cranaptu TypiaapyvHM KyJuiall coXajlapu

L'ypyx
HOMIL AXxamMusTH N3oxu Monynsuusicu
Kommpeccusinanran
DVB - | Cynsuii tiynmonum | (cukmiaraH) Bujaeo Ba ayanonn | QPSK, 8 — PSK,
S TENEATUTTUPHUII Xamia Uyjion opKaiu 16 - QAM
KYIlIMM4Ya aXOOpOTHU Y3aTHII
Xyamu DVB — S naruzex Ba
. sHa KyllIMMYa TypAaru B
DVB — Cyrbuit Hysnomm MOIyJIALUAIAH (oW JaTaHUII QPSK, 8 P..SK’
TEJICMUTTUPHIL 16 — QAM éku
S2 Ba KaHAJIHU y3aTULI
UKKWUHYH aBJIOJ 32 APSK
KOOMJIMSITH KEHTJIUTUHU OUp
Heya 00p KaTTaJIallTUPHILL
DVB - | Cynsuit tynaouu | CyHbuil Byngouuu/ ep ycTu QPSK,
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SH MOOMII TeJIe SIIUTTUPHUIILTAPHU MOOUIT 8 — PSK,
SIITUTTUPHUII KaOys kuiui. CyHbUM 16 - APSK
WUYIJIONLINA Ba €P YCTH
TU3UMJIAPUHU OMpraanukia
KyJuamn (Kuckada Tuopu/t

TapMOKJIap)
16 — QAM, 32 —
Komnpeccusinanran QAM
DVB - KabOemnu tene (cuKMJITaH) BUJICO Ba ayJIMOHU 64— 0Q AM’ 128
C SUIUATTUPUIIL Ba KyIum4a ax00poTHH _QAM éKI;I 756
Kabeyap opKaaM y3aTHII — QAM
QPSK, 16 —
DVB — Kabeim teie Paxamnu xabemm (?:I\% ’26546__
| o amioms | cmocmmn amome® | QAM: 1024
QAM, 4096 -
QAM
Kommpeccusinanran

(cukwiraH) BUaeo Ba ayauo Ba | 16 — QAM €xm

DVB - | Ep yctu a¢up Tene | xymmmya ax60potHu ep yctu | 64 — QAM (Exu
T SIIUTTUPHILIU aupH opKaIn QPSK) COFDM
TEJIEAMUTTUPULIHA Owtan Oupra

y3aTuni(cTanaapT Kadyin)

DVB - T kabu, ¢dakar
MOJYJISIIUSTHUHT Ba KaHAJTHU
KOJUTAIIIHUHT STHTH

Paxammu apup pexumiiapunu Kyinanau. Hly QPSK,
DVB - Tele ca6adb DVB — T ra auc6aran 16 — QAM,
T2 SIIUTTUPULIHUHT KAHAJIHUHT YTKa3UII 64 — QAM,
UKKAHYHU aBJIOIU KOOWJIATUHUHT KEHTJIUTH 2 256 — QAM

O6apobap opranu. Jlekun Oy
craugapt DVB — T Ounan
Oupra uiaManam

Ep ycTu pakamnu Tenes3mMTTUPUII TU3UMHUHU SIPATUIL aHYarnHa MyaMMOJIA
Basubaaup, YyHKH MIAXapHUHT MyppakKad, Xap Xujl KYPUHUIIIATH KypWIUIILIAPH,
OWHONApW pPAAUOTYIKUHIAPHU KalTa -KaiTa KaWTaguraH TYJIKUHIAp XOCHJI
oynmummra, spHU uHTepdepennusra onmud kenaau. [llynnain kummb, KaOyn KATUII
XyJIyauia JIEKTPOMArHUT KYyWIAHUITU JOWMO Y3TapuId MyMKHH, XaTTO KaOyl
KWINII HYKTacu TYFpUJaH- TYFpU KYPUHUO TypraHaa XaMm, sbHU “VIUK’ Xyayajiap
naijgo OYyiuImM, HaTHXKaJla CHUrHal KaOyndl KWIMHMACIWTH MYyMKHH. byHpaaH
TalIKapy IIaxapiapia caHoaT XajJaKUTiapH, OollKa 11y yacToTajlapaa UluiaéTral
KYLIIHU XyAyAJard pagudoy3aTruuiapliaH YMKaETraH XallaKUT XaMm eTapiauaup
xamza ynap Ownan an0arra Kypamuil Kepak. SlHa KylMmua ep yCTH pakamiiv
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TEJIEBUICHUECH MAaBXKyJ OYJAraH aHajor TENe IIUTTPHUIl TU3UMIIapu OuiiaH
Mocnammmu gapkop. lly cababmu ep yctu pakamiid TeleBUIECHUECU KyWHIaru
TajabJapHu KOHUKTUPHUIIHN Kepak:

—  XaJaKUTOApJONUIMKHH IOKOPH Jlapaxkaaa TabMUHJIAIL,

— TEJEBU3MOH CHUTHAJIHM aHUK CTaHJIapTiIapa, Xu3MmaT axOopOoTIapuHH,
TENEeTeKCTIapHU cU(ATAM y3aTUIl Ba MabIyMOTIApHM pyXcaT OJTHIMaraH
KHpULUTApJAH XUMOSLIAI;

— TENEBU3MOH Kalysl KWIUII KypWIMaJapuHU  WIOXKH  Oopuya
ap30HJIAIITUPUII MaKcaauaa pakaMid CyHbHU HYngoml, kabellb TeleBUICHUECH
KypriMaliapu OUJIaH MOC KeJTyBUM YHUBEpCA CTaH/IapTHU SIPATHIIL;

— KYTapuO 10pwiIyBYM KaOyl KWITWY KypuiMallap Ba XOHA aHTCHHAJIApH
€pllaMHJla CUTHAJIHUA KaOyJl KWJIMIIHYA TabMUHJIAIL,

— OWTTa YacTOTaIM TAPMOKHHUHT MIIUTAIIMHU TAabMUHJIAII Ba OOMIKanap.

Iy ca6ad, DVB — T Hu spaTumigaru MyXuM XycycusaTiapaaH Oupu Outra
yacToTadu €KW KYN YacTOTaldud MOJIYJSLIMSHU TaHJalian uoopar Oyiau.
Texmupunuiap myHu kypcarauku, ¢akar OFDM ananor PAL Ba SECAM
TU3UMIIApUJIATH y3aTruujapra HucOaTaH Xxajakudtiapra OapAoliu KaTTa, ailHUKca
Oup yacToTanu mapouTaa 0y ap3auiiK I0KOPH.

DVB — T crangaptuHu sipaTdmigga TU3UMHHUHT KyWHJArd acoCHi
napameTpJIapuHU TaHJIalll KePaKJIUTH OCNTHIIaH IuU:

— CUMBOJITa TYFPU KEIIyBUHU UHAWBUYal TAIIyBUMJIAD COHU;

— XUMOSI UHTEPBAJIMHUHT KEHTJINTH;

— TaIlyBYWJIAPHUHT MOJYJIALMSUIIAII TypJapu;

— CUHXPOHM3ALHUSIIAII YCYIIH.

Texmupui Ba TaxJIWUIAP IIYHU KYPCATIWKH, OMp 4acTOTalM TapMOKIAru,
XyayJuiap/ia *xoiiairad y3aTrud KypuiManapu opacuaaru macodanap 60 km naH
KamM OylnMaraHn XxojaTha, TeJedUTTUpUInHN Tapkatumga 6000 naH opTHK
tamryBun curHauiap kepak. bynaga COFDMHM TabpMHHIOBYM MHMKpOCXeMaiap
TalryBuunap conu 2" qapaxkajacura TeHr OYIranja WUIuiaiguinap, nry cadbab yHra
SKHH Gyiaran con 8192 éxu (2'°) tammanamn. By pexnM maprin paBuiiga “8k”
11e0 aTamaau.
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< C(oded) + O(rthogonal) F(requency) D(ivision) M(ultiplex)
D |F i iBand-§ ‘
FIR : Pre- N ’EPow?r: : pass :
filter 2 corr. : RF Eamp'i : filter *
TS1
=Pl FEC LP [l N
<« PIBt  Plymbo 5 Frame Guard
2 : inter- : inter- P & ’ada t | IFFT PPlinterv.
TS2 = — = 2 P leaverppljeaver = Pt insert.
....mg FEC HP
’: (option) ™ (2,4,6) T
Pilots, TPS

3.1.pacm. DVB-T Moaynsaropununr 610k cxemacu. (1-kucm)

Data rate in x 204/188 X2 X (1.5-code rate)
FEC1/ FEC2/ = Date rate out
Inv. sync. outer inner [2.17...(1.63)...1.36]
f | coder coder
Tsin | Base Ener- Reed- Conv. = Coded
= band- = SYNC L Solom B inter- ] CONV-lpl 5 |data
interf invert. it ' leaver coder 5 o out
: disp. enc. o <

v« T T T 1 1

Synchronization

Code rate

< >
Py 1/2...(3/4)...7/8

<< >
Same as in DVB-S

3.2. pacm. DVB-T monynaropuHuHT 610K cxemacH. (2-Kucm)

1995 #iunma SJEKTPOH TEXHHUKAJapy WMKOHMITH OyHIal Karra COHJIA
TallyBUMJIApDHU TabMUHJAW osMaraH, my cabadb DVB — T crangaptHu
y3mamrrapun Makcamnaa 2048 éxu (2') COHNM TauIyBYMIAPHH OSPyBUM PEXHM
KyJulaHwirad Ba Oy pexuMm “2k” pgeitmnanu. lynmail kunmmO, cTaHmapT siroHa
Maxcyc pexum “2k/8k” ne6 OenrunanraH. Xo3up AaBpAa KUWMaTH ap30H HOKOpHU
YacTOTajdu MPOLECCOPIAPHUHT  SIpaTUIUIIM  OwinaH  “8K” pexuMu  XaMm
KYJUIAaHWIMOK/A.

DVB — T crangaptujia CUMBOJUIAPHUHI aKTHUB KUCMHU YYYH WMKKUTA BaKT
JABOMMIUINTH MUUIATUIAAN, SbHA “2K” pexuM yuyH T; = 224 mkc Ba “8k” yuyH
T, = 896 mxc. Illynapra spama TamryBumnap opacuaaru ¢apk (kazammap) “2k”

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 370.
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pexuvuna Af; = 1/T; = 1116 I'n Ba*“8k” pexxumuna Af, = 1/T, = 446,4 T'u. bynna
tamryBuniap conu N; = 1705 Ba N, = 6817 Ba yMyMuil CeKTp KEHIJIUTH HUKKH
xonataa xam 7,61 MI'm, nemak ymapau 8 MI'm mosiocama erapiauya 4yacTtoTa
WHTEpBAILIAPUIA KOMIAIITUPUII MYMKHH.

Digital Video Broadcasting Terristrial Tu3uMuMuIa  MabJIyMOT
CUTHAJUTApUHU MOy IALUsIAII A acocaH OFDM MO ISAIUSCHTaH
dornananunaau. DVB-T tusumunga xorepent OFDM mopymnsuus KyJmaHuiuo,
doitnanm MabymMoTIap TanryBurcH AuddepeHiuan Koaiapaa akc STTUPHIAIH.
bynnan Tamkapu kaHan cudartuHN O0axoaniaa KyJIaHWTYBYH KYTT COHJIA TTUJIOT-
CUTHAJIJIApW KOPPEKITUSACATH XaM IPUINUII Tajad KuinHaau. by aca ¥3 HaBOaTnaa
KaHas cuaTuHA Oaxomamniaa Ky Keaaam.

TPS TPS
carrier™\ AOnanoL 1/ carrier
\ [ ® L] - [ ) L J - /
\=‘!; ||| 2] 5| ;{
/ | w ||| || % ‘\‘
» | ® - - | > * | ® | &
/ al=]wlefw|ei®| \Continual
Continual b Il el e Il or
or scattered
scattered pilot

pilot
3.3.pacm. DVB-T tamyBumnapu: ¢oiiganu KyBBaT TallyBUUCH, JUOMHI Ba
TapKaTWiIrad nwiotiap, TPS tamryBunnapu.

DVB-T tusumunaru TOAVYna (teckapu Dypbe alMamTUPUIT YCYJIIH)
2048ta €éxu 8192ta Hykramap kymnanwiaau. Hazapusra kypa ymly HyKTasiap
KeMMHYAIUK MabJIyMOTJIApHU y3artuiiga Kyjutanwiaau. 8K pexxumuna doiinanu
MabiaymoTiap tamyBuricu 6048ta, 2K pexumunma sca ymap 1512 tanu Tamkui
KI/IJ'IaI[I/Ig. Hkkana pexxumaa xam DVB-T tusmumMu xycycusriapuiad Keau0 4ukuo
MabIyMOT y3aTull Te3iauru Oup xun Oynmagu. DVB-T tusumupa Kyitmparu
TypJlard TAllyBYMWJIAP MaBXY/I:

e VpHATUITAaH XOJIATJArk XapakaTcu3 TallyBuuiIap (aMIUIMTyJanapyu HOJM
caTxra co3JaHraH)
Ypuatunran xonariau Payload tamryBunmnap
VpHATUITaH X0JaT/IH Y3JIYKCU3 NUJIOT CUTHAJIap
CHEKTOpH OYitnya y3rapyBud TapKaTUJITaH MUJIOT CUTHAJLIAP

YpHatuirad xonariau TPS tamryBunnap

bynnan tamkapu DVB — T cranmaptuaa xap Oup MOIyJISIUsS PEKUMH YUyH

° Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 373.
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TYpTTa HUCOM XMMOSJIAIl HHTEpBAIIApY KUMMAaTH Ky3/a TYTWITaH Ba ylap aKTUB
CUMBOJIJIAPHUHT JaBoMuitink BakTu T vuur 1/4, 1/8, 1/16, 1/32 KUCMUHU TaIIKWI
sTaauiap. 3.2 xaaBanja 6ab3u acoCUi mapaMmeTpIapUHUHT a0COTIOT KUMMaTiIapu
KEJITUPUJITAH.

Kentupuiran mapnymotinapaan kypunaguku, COFDM éppamuna pakamin
TEJIEBU3UOH  CUTHAJ  y3aTWITaHJa  CTaHJapT  aHajJor  TEJIEAIIUTTUPUII
paauokaHanuHUHT 8MI'11T yacToTra mosocacujaH ¢oiiianaHuil MyMKHH Ba Oy
X0JI71a ¥3ap0 UKKHU SIKUH PaJUOKaHAJUIAPHUHT XAIAKUT OEpMaciIUKIapy YUyH yJap
opacunaru xuMosi ¢apku 0,39 MI'1 Tarkum STUIA MyMKHH.

3.2-xanBanga COFDM TamryBUYMIapUHUHT paguOKaHAIIATH, XHUJIMa XHII
ycyJulapaa MOAYJSIMSUIAHTaHJIarH XOJIaTAa, pyXcaT STWITaH CHTHaJ/IIOBKUH
HUCOATMHUT MUHUMAaJ KHMMaTH Ba (oimanu axOopoTiIapHU y3aTyBUYH HKKUIHK
CUMBOJIJIAPH TE3JIUTU KEITUPUJIITaH.

3.2-xaaBan
DVB — T crangaptunaru COFDM mMonymsiusiHUHT acOCUid TapamMeTpliapu

Monyssus R o
PEXKUMU

Nurau naTEpBan
naBomuinuru Tp, 896 224
MKC

TanryBumn
yacToTajap 1116 4464
opanuru A/T'1y

TamryBumnap conu 6817 1705

YacroTa moiocacu

KeHrimru, MI'iq 7,61 7,61

XuMost
VHTEPBATUHUHT
HUCOUN
JTaBOMUMIIUTHU

1/4 1/8 | 1/16 | 1/32 | 1/4 | 1/8 | 1/16 | 1/32

XuMost
WHTEPBAJIMHUHT
JTaBOMUMIIUTHU
A,MKC

224 | 112 56 28 56 28 14 7

A+Tp cHMBOJIHUHT
JTAaBOMUIJINTH, MKC

1120 | 1008 | 952 | 924 | 280 | 252 | 238 | 231

VY3aTruyjaapHuHT
Oup yactoranu
TapMOKJIaru
MaKCUMaJl OPAJIUFU
(kM) d=cA, ¢ —
EPYFIIMK TE3JIUTH

672 | 336 | 168 | 84 | 168 | 84 | 472 2,1

3.3- xaaBan
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XunMa Xumi MOAYJAIHA X0JIaTIapruaa MabJIyMOTJIAp y3aTUII TC3JIUTH

Komauuar | Curnan/moBKuH,nb doiganu Te3nnk, Mout/c
Monynais HucOar
P regmury | Cratmonap | Moo |y qyg | g5 | /32
aHTEHHAa | aHTEHHA

4-OMu 1/2 3,6 5,4 4,98 5,53 5,85 6,03
4-OMu 2/3 57 8,4 6,64 7,37 7,81 8,04
4-OMu 3/4 6,8 10,7 7,46 8,29 8,78 9,05
4-OMu 5/6 8,0 13,1 8,29 9,22 9,76 | 10,05
4-OMu 7/8 8,7 16,3 8,71 9,68 | 10,25 | 10,56
16 KAMxu 1/2 9,6 11,2 995 | 11,06 | 11,71 | 12,06
16 KAMnu 2/3 11,6 14,2 13,27 | 14,75 | 15,61 | 16,09
16 KAMHu 3/4 13,0 16,7 14,93 | 16,59 | 17,56 | 18,10
16 KAMHu 5/6 14,4 19,3 16,59 | 18,43 | 19,52 | 20,11
16 KAMHu 7/8 15,0 22,8 17,42 | 19,35 | 20,49 | 21,11
64 KAMnu 1/2 14,7 16,0 14,93 | 16,59 | 17,56 | 18,10
64 KAMnu 2/3 17,1 19,3 19,91 | 22,12 | 23,42 | 24,13
64 KAMnu 3/4 18,6 21,7 22,39 | 2488 | 26,35 | 27,14
64 KAMnu 5/6 20,0 25,3 248 | 27,65 | 29,27 | 30,16
64 KAMHu 7/8 21,0 27,9 26,13 | 29,03 | 30,74 | 31,67

DVB-T TH3MMHUHHHT y3aTHII KHCMHU/IAa CHTHAJUIAPra HILIOB OepuIilL.

Typnu  uma®  yukapyBuUWwiap  KypWJIMaJapUHUHT  WIUIANUIAPUHU
MOCJIAIITUPHIIT Y4yH pakamiu MOIYJISAIUSTIAHTaH paaroCUrHaiap
napamMeTpJapuHUHUHT  CTaHJIapTiapu OenruwiaHaau. Pakamiaum  ep  ycTu
TEJEAMUTTUPUII TUUMIIAPUHUHT Y3aTHIII KUCMHJIAaTH CUTHAJI Ba MabIyMoOTjapra
UIIUIOB OEPHII TAIIKUINHN un3Macu 3.4-pacmia KEITUPHUIITaH.

| 1
MPEG-2
Source coding and Multiplexing
To Aerial A
MUX | | P ‘
Adaptation,] | OQuter || Outer | | Tnner Inner Frame ,
Energy Coder Interleaver Coder Interleaver [ MaPPET 1 Adaptation [] OFPM [ Imerval H  D/A | Front End
Dispersal Insertion
FMUX P P~ """ Fr=- "y r===-—
! Adapation!_! Outer 1 ' Outer | ' Inner | -
Energy I ! Coder i )lnterleaveri ' Coder 1 Pilot & TP
| Dispersalt | _ [ 11 | Signals
Terrestrial Channel Adapter

3.4. pacM. DVB-T TU3MMUHUHT y3aTyBUM KUICMUHUHT TAIUKWINNA YU3MACH
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VY3arunaérran MabiaymMoT (TacBUpP CUTHAJIAapU, OBO3 CUTHANU, rpaduka Ba
Ooomka xu3mar Mabiaymoriaapu) MPEG-2 MPEG-4 xoxep cranmaptTiapuia
CUKMINTUpWIAAU Ba (xap Oup KypuHuin anoxuja) kojiaHaau. CyHrpa
MYJIBTUIUICKCUPJIAII  yCYJIM OWIaH JacTyp OKUMH spaTWiaJd Ba yHTra
BUJICOCUTHAJI, 0BO3 CUTHAJUIApU XaMmJa 3apyp XoJjatiapaa rpaduxa axooporiapu
KUPUTUIIAIH.

Keiiun Oup wHeua pactypnap okumunu Oupnamrtupumt MPEG-2 Hunr
TPAHCTIOPT OKMMUHHU INAKJUTAHTUpaaud Ba Oy OKUM ¥3 HaBOaTHaa sSHA HMKKWATA
TalIKWJI 3TYBYM TPAHCHIOPT OKUMJIAPUTa aXKpalagau.

bynnman cyHr ax6oporra wunuioB Oepumt OFDM (oproronan wuacrora
MYJbTHILUIEKCOPH) KaHAIW Kojepuaa amanra owmwupwiagd. CurxHan asBaj
pangoMu3anus OofjlaMacHIaH yTaau Ba y epja KBazuTacoauuil CUTHaITa
AWJIAHTUPUIIAIH.

Pangomuszanmsara MPEG-2 TpaHcnmopT mnakeTiapu KeTMa KETJIUTHMHU
Ta@bMUHJIOBYM paKaMJIM OKMMJIAPHU MOCJIAIITUPHUIN ONEpIUsich Moc kemaau (6.2-
pacm).

SYNCH

< 8§ TPaHCHOPT HAKeTIIapH :l

3.5-pacm. MPEG-2 HuHT TpaHCIOpT MaKeTIApUHUHT MOCIIAITYBH.

PRBS kerma-kernuk reHepaTtopu 15 paspsaam perucTpiap CHIDKULIN
0azacuja KypwiraH Ba TeCKapu ajioKa 3amkupu OwmaH OornaHraH (3.6-pacwm).
akmmanTupmiIaéTraH KeTMa — KETJIMKHM Tacoau(uiira YXIalIurd Ba Kalyn
KWITHYJa y3aTWIaéTraH MabIyMOTHM THUKIIAII Y4yH Xap Oup 8-uM MaKeTHUHT
oommaa PRBS reneparopu nnuimanuzamus (KyumMua Koj OWiiaH TEKIIUPUIIAIN)
KuirHaay, 1y wMakcaama yaa  100101010000000 conm OwmaH —IOKJTaHAIH.
Nunnuanu3anusiian CyHr ncesaotacoanduii ketma - keTaukHuHr PRBS 6upunun
OWTH, TPAHCIIOPT OKUMHUHUHI JacTIa0KK OaTHHUHT OWpWUHYM OUTH OwuiaH
KYLLIWJIAIN.
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pyxcart

—P D1 D: D: D4 Ds Ds 07 Da Ds Dto D" Du Du Du D1s
1 0 0 1 0 1 1] 1 0 (1] D 0 0 0 0
<
< XDR ¢
»
AND ey ‘ Mabnymotnap
o2 ’ YAKWLLKH

MabNyMoTNap KHPHULWK

3.6-pacM.MabayMOTIapHH paHAOMHU3ATOPU

Tamku koajIam Ba opajaTuil. Tamky Kojiam Tu3uMuaa xamma 188 6aidt
TPAHCTIOPT MAaKETHMHU XUMOsUIANI (CUHXpOOAWTHU XaMm KYyIIraH Xxonijaa) yuyyH Pun-
Conomon koau wunuiatwiaad. Kommam sxapaéuuna Oy 188 Oaittra 16 Ta

TEKIUPYBYH OalTiaap xam (3.7-pacm). KYIIHIaIu.
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3.7-pacm. Tamku Pun — Conomon RS(204,188) xoTupa kou 6mnan
MabIYMOTJIAPHU XaTOJapIaH XUMOsUIAI TAKeTH XOCHJT KHUJIUIIL.

3.8- pacMa Tamku opajaTrdy Ba JCOPATATTUYHUHT (KalTa TUKJIArHYHUHT)
Ty3WJIMaBU CXEMacu KENTUPWITaH Ba y 12Ta CHWIDKUTHUIN PErucTpiapv Xamja
KOMMYyTaTopjap >KyhTIUrugaH Tamkuia Ttonrad. KommyTtatopnap KypTiuru
CHUHXPOH paBUIla, OalTIap KeTMa —KETJIUTH YacToTacu Oyinda, peructpiapHu
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3.8-pacM. MabayMOT/IapHH TAITKA OPaJIaTHII
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DVB-T Tu3MMHHMHI Kal0yJ KWIHII KHCMHIA CUTHA/LUIapra HILJIOB
Oepu. Kabyn kunui KypuiamMacuaa CUTHajuIapra o oepui xapaéuu DVB-
T cranmapty OujaH perjiaMeHTIaHMaraH Ba OYMK KoJraH. by xomaTt TeiaeBuszop
uniad YMKapyBUYWIap opacujiard pakoOaTHM KydaWTupaau Ba IOKOpU cubaTiu,
allHM BakT/JAa ap30H KypWwIMaJapHH SpaTUIIJArd WHTWIMILIAPHUA —KyJIIa0-
KyBBaTianau. DVB-T crangaptura MyBo(dHK KOJJaHraH Ba y3aTWiIaéTraH
JTacTIa0KK ayIno-BUEO aXOOpOTIIApMHN TUKJIAI YIyH, ACKOJIalIAa YHUHT Oapya
CUTHAJUJTAPUHU TECKAPH Y3rapTUPUIILUIAPUHU aMaJira OLIHUPHUI 3apyp.

TroHep €paaMuia KEpakiau 4acTOTa KaHAIW aKpATWIAAU BAa CUTHAT OPAJIUK
yacrtotara YyTkazunagu. CYyHIrpa oOpajuK 4YacTOTalW CUTHal Ky4YaWTHUPUIIHU
apromatuk  OomkapyBun (KAB) kypunma Epmamuma  OomkapuiaauraH
KydaiiTupruaaan Y6, APY 6nokna pakamimd IIAKITa y3rapTupuiagu. bynpan
KeHUH KBaJpaTypaBuil AeMOJIY/ISAINS Oaskapuiiau.

Hatmxana COFDM CurHaJivHUHT XaKMKWM Ba MaBXyM KHCMJIapura Moc
KEJIYBYM, KBAJpaTypaBUW TAIIKWI ATYBUWJIApUTa a)xpaTujaauiap. YHIAH CYHT
OJIMHTaH KBaJpaTypaBUM TalIKWJI ATYBUWIApU Y4yH DYPLEHUHT TYFPU JTHUCKPET
y3rapTupuiuiapu amaiira omupuiany Ba yHUHT Hatvkacuga COFDMHUHT TYIHK
neMmonynsusicun Oaxapuiaan xamjga COFDMHuUHT y3aTuiaaguraH CHUMBOJIIApH
IAKJUTAaHTUPUIIA]IA.
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3.9.pacm. DVB-T kabyn kuiarud 6JI0K cxemacu.
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3.10.pacm. DVB-T kabyn kuiarud 6JI0k cxemacy (KaHaJUTH JISKO/[JTarI)

bynna ®TV 6I0KHIaH OTHHIaH MabsayMoTinap KAB yuyn ¢oiinananunanu Ba
CHHXPOHM3aIMs 6lokura Tymaan. CHHXpoOHM3amus 610ku APY yuyH Tamryum
CHTHAI 9aCTOTACH Ba TAKT MMITYJIbCIAPUHN THKIAMAM . YHIAH TAMIKAPH KaHAI
XapaKTepUCTUKATApUHU OaxoJail OJIOKHAa KaOyJ KWJIMHTaH TalllyBUYM CUTHAJLIap
TaxJauil  KWIMHAAW. Taxiuin — HaTwkalapura Kypa  alloKa — KaHAJIMHUHT
YTKa3yBUaHIUK (QYHKIUACH OaxojlaHaJu Ba KaHAUIAPHUHT Ty3aTUILIapU
(koppekuusicu) amanra omupuiaau. Koppekuus Kuuiga xap Oup TauryBYuHUHT
CUTHAIM ymlOy TallyBYM Y4YyH AaHUKJAHTAH KaHAJIHUHT  YTKAa3yBYAHIIUK
byHKUIMsSICUra TeCKapy KMMMaTUra KyrauTHPUIaIH.

CyHrpa MYKu TeCKapu opajaTuil OJoKuIa OWTIApHM CHUMBOJUIAp OViinua
TECKapy KOMJIAIITUPHIL aMaira omupwiaad. Hatmkana OuTnap KeTMa KETIUrd
OJIMHAJY Ba yJlap WYKU JIEKOJepJiall OJIOKHra KeauO Tylmaguiaap Xamja y epaa
KO/UIADHU  MUFUII  JIEKOJepuAa  Xarojap  TyFupiaHaauinap  (KOppeKus
kuwinHaguiap). Keiiun  MPEG-2  TpaHcnmopT  OKMMHMHHMHI — Ty3WJIMaBUUN
MabIyMOTJIApPUHA THUKJIAIl y4yH OalTnap Tamku Tteckapu Ba Puna-Comomon
JNEKOJIeprJa XAaTOJApUHUHI KOPPEKUMsICHM amanra omupwiaau. Harwxkana
TPaHCHIOPT MaKeTIApUHUHT naBoMuidnuru (188 Gaiftnan nbopar) Ba GalTIapHUHT
nakeTJap/aa KEeJIUIIUHUHAT KeTMa-KEeT KEJIHII TapTUOU TUKIIAHAIH.

9 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 393.
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3.11.pacm. DVB-T set-top box Kypuiamacu 0JIOK cXeMacH.

CyHrpa MabayMoTiIap OKUMHU MabJIyMOTJIAPHU ACPOHAOMU3ALMS KNI Y4yH
neckpeMOrepra KenuO Tymaaud Ba JacTIaOKM pakaMiIM OKUMHUHT TY3WIHIIN
TUKJIaHAIU. Panpomu3zanms KyJUIaHUIIUAA TUKJIaHUII CUTHAJIHU
nceBaoTacouduii KeTMa KeTIUK OMiIaH MOyJb 2 OViinya KalTa KYIIUII OpKaIu
amanra ommupunanu. llyngan cyur tukinanran MPEG-2/ MPEG-4 tpancnopr
OKUMHU JIeMYJIbTHIUIEKCOpra KenuO Tymaau Ba Oy epla TaHJaHTaH JacTypura
aCOCaH TPAHCIIOPT OKMMHUJIAH MaKETJIap aKpaTHO OJIMHAIM XaM[a BHUJIEO0, OBO3JHU
TaIllKWJI 3TYBYM Ba MAbIyMOTJIAPHUHT 3JIEMEHTAp OKUMJIAPH MIAKIUIAHTUPHIIA]IH.
JeckpeMOiiep Ba 1eMyIbTUIUIEKCOP OOLIKAPYBUHUA KOHTPOJUIEP amalra OLIupaIu.
JleMyJIbTUIIEKCOp TPAHCHOPT OKUMUJAH AACTYp >KaJBaJIM MAKETJIapHU TaHi1a0
OJIalM Ba YyJIapHU KOHTpoJulepra y3araau. KoHTposuiep TpaHCHOPT OKUMHUIATH
JacTyp MabIyMOTJIApUHHU JKpaHAA aKC STHUIIWHU TabMUHIAau. Dolpananydu
Oylipyrura Kypa aactypiapaaH Oupu TaHJIaHaIu Ba ym0y mactypra terunuia PID
XaKMJard — MabiIyMoTiap, Kedarycuaa WIy MakeTJIapHH  TaHjJall — y4yH
JeMYyJIbTUILIEKCOpra y3aTuiiaau. TaHjaHraH aacTypra KyluuMya MablyMOTIIap
(cy0 TUTpiap Ba XaKo30Jiap) AEMYIbTHUIUIEKCOPJaH KOHTpoJUIepra Keauod TyInaau
Ba KOHTPOJUIEp YJapHH KylmIuM4a axOOpOTJIapHU HAMOWHUIN KWJIHII OJIOKHUTa
y3aTajiu.

KounTpomnep, myHunraex, ¢oinagaHyBUMHUHT MaOJjaFrd TYyJaraH MyJUIMK
JacTypiiapra KUPUIIMHA TAbMHUHIJIOBUYM BOCUTAJIAPHU Y3 MUMra OJIyBUM IIApTIIU
kupuin tusumu (IIIKT) O6unan 6ormuk. Jlactypiapuu geckpeMOsepiaiira ouf
MabIyMOTJap TPAHCHOPT OKMMM TETHMIUIM TakeTjapujaa y3atuiaau. bemyn
JacTypjapHu Ba YMyMud (QoijganaHuil MabaymMoTiapra »sra IakeTJIapHU
JeckpeMOiepanl yuyH KyluMya MabJIiyMOTJIap Tajial dTHIMANIH.
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Mynmait Kuaub, pakamiu TeIeBUACHUE KaOyl KUITHYXIA JACTYPHHU TaHJIAIT
UMKKUTa OOCKHMYJa amajira omupuiaaan. ABBaja Oup HeuTa JacTypiapiaH mbopar
TPAHCIIOPT OKHWMHM Y3aTaJa€TraH TEJIECBUACHUE SUIMTTUPUII KaHal TaHJIaHAIW.
Cyurpa Xyaau 11y TpaHCIOPT OKUMAAry JacTypiap/iad Oupy TaHJIaHAIH.

Bungeo Ba OBO3HMHI 3JIEMEHTJIAp OKUMJIApU JiemylibTuiuiekcopaan MPEG-
Z2HUHT TETUIIUIM JeKoJepiiapura kenuo tymaauiap. Bugeonekonep ynkuiiapuia
601- TaBcusra MOC pakamiIM IIakijga EpyFIMK Ba paHrdapk CUTHaLIap
maKulaHaauiaap. by curHamnap kelnH4yanuk pakamum maknaa €ku PAK opkaimm
TEJICBU30PHUHT KYyWH 4aCTOTAI KUPHUIILJIAPUTa y3aTUIaIAIIap.

AynInonekoaep YHKUILIAPUIA aHAJIOT AKJIAArd OBO3 MIAK/UIAHTUPWIIAIA Ba
OBO3HH SIIUTTUPHII OJIOKIapUra Tymaiau.

3.2 MPEG-2, MPEG-4 TesieBueHNe JMUTTHPHUII CTAHIAPTIAPH.

ABBanrn 600yapja KYypuO UYMKWITAHACK, TACBUP Ba ayJu0 MabIyMOTJap
XKMIIADUHU CUKHUII YUYH ¥3ap0 caMapajopiuru OmwiaH ¢hapk KAIyBUM KyJa Ky
ycyJulap Ba airopuTMiIap MaBxkya. Yiaap Oup Oupugan Kyjuiamgard
MypaKKaOJIUTH, KOACKIAPHU TabMHUHJALIIATU anmapar €Kd KOMIbIoTepiapra
KyHunaauran tajabjiapd Ba CUTHAJJIapra WIUIOB OCPUIIHUHT TE3JUTH XaM[a
KYJUTAaHWIWII coxanapu Ominad Gapk Kujaaauiap.

bynma xap Oup cuKuIa KyJUIaHWJIQAWTaH MeXaHu3M (MHCON Y4yH:
®ypwe,JJKY, Beiiner, GpakTamiap acocHaard Ba GOIIKANap) ¥3W MIUIAIIH YIyH
KyJail YUKyBYM MabJIyMOTIap 0a3acuHU (MAaCCUBUHU) IIAKJUTAaHTUPAIH.

Jlynéna kojexiapHu HOUIa0 YUKapyBud (QupManap >Kyaa Kym Ba yiap
y3mapura MabKyl KOJEKJIap YHMKapUIIaau Ba mry cabald pakamid TEJIeBH3UOH
nporpaMMaiap Ba OOIKa TEIEBH3MOH MabIyMOTJIap OWiaH ¥3apo aMallluiil
JespJid MyMKHH dMac, YyHKH Oup Wnuiad YMKApyBUMHUHT KOJCKJIApU UKKUHYHU
UNUIad 4YUKAPYBUYMHUHT KOJEKJIApUIAH TEXHUK (apK Kuiaau Ba Oup OUpUHU
TyLIyHMaugumiap.

[y cabab pakamiin ayauo-BUIAEO MAbIYMOTJIAPHUHT KUPHII Ba YHUKHUII
ax00pOT TU3UM KypcaTruwiapu, OUp TypJard KOoAeKIap y4yH, sroHa OViauimiapu
TabMUHJIAHUIIH Kepak. [IIyHUHT ydyH Oup TUMIaru KoJeKJap Y4yH ayauo-BUICO
MabIyMOTJIap KHUPHUII Ba YUKUII paKaMJIM CUTHAJUIAPU TYy3WJIMacu OWp XUl
OYIUIIM KEpaK.

bynpali siroHa TabMUHJIAHUII aMmajra OUIAPUIICA, TEJIIEBU3UOH JacTypiap Ba
bunbMIapHH, KOIEp Ba JIEKOAEpiIapHA KUM TOMOHHWIAH WIUIA0 YMKApUIUIINIAH
KaThUil Ha3zap, OeMasos TOMOIIA KWK UMKOHUATH sipatunaau. Kabyn kuiauHran
CTaHIapT Ba GopMaTiiap yUyH MIUTA0 YMKAPYBUWIAP UXTUEPHUNA paBUIIAA TaCBUP
Ba OBO3 CUTHAJJIAPWHU Y3TapTUPHIN YCyJIapy Ba aJITOPUTMIIAPUHM KYyJaluiapu
MyMKHH, aMMO YHWKHWII CUTHAJIapW OWp XWJI KOHYH acoCHJla TaKCHMJIAHTaH,
yHUBEpCas OyIUIIapu TAabMUAHIAHUIIIH APT.

By Xyaaum cyBHUHT KpaH >KyMmpakjiapu KaHJald KarTa Ba Mypakkad
OYIMacuH, yJIaHWII OXUPTH pe3dacu Xammacu Oup Xwi OYIMOFM Ba HCTaraH
XOHO/JIOH YHKUII TpyOacura YpHATUII MYyMKUAH OVYiraHuaek xojaT OuiaH
udoanam MyMKHH.
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Xo3upru jAaBpjAa TacBUpP Ba OBO3HU CUKHUIIAA KyJUIaHWJIAAUTaH KyWuJaru
CTaHAapTIap MaBXKY/:

JPEG Ba JPEG-2000 cumxumac tacBup (potorpadusi) yayH;

M JPEG Ba M PEG cranaapriap owjacu XapakaTJlaHyB4YaH TacBUpJap
YUyH.

Tepmun JPEG kuckaptupmiran (joint photographic Experts Group)
Bupaamran dororpagpuk 3kcnepriaap rypyxu OViambO, cudarid Ba SHT KYII
TapKaJraH CTaTUK(CWJDKMMAC) TAacBUP CTaHJAPTH MakoMuja JyHEAA Ky
TapKajiraH Ba Oapuya wunuraérraH mporpammanapaa Kywianuamokna. JPEG
daitnapunu kypum yauyn WEB — Opay3ep cTtanaapTIapuHUHT MaBxKy OYIJIWIIHN
mrapt. bpaysepnap JPEG ¢aiinnapunu cukumigan yukapaau, sbHA JEeKOMIIPECCHUs
KHJIaJY Ba Xam/1a MOHUTOPJIa KypcaTa/u.

MPEG xuckaua sxcnept rypyxuauar Homu ISO (Moving Picture Expert
Group) 6ymumb, rypyx BHJIEO Ba ayJauo MabIyMOTJIApHH KOJJIAIl Ba CHKHII
cTaHgaptiapu Ownad myruuiaHagu. I'ypyxaunar xakukuii Homu ISO/IEC JTCI
SC29 WG11 aup. Kynunua MPEG kuckapTMmacu ymoy rypyx TOMOHUAAH UIILIA0
YUKWJITaH CTaHAapTiapra TEeTUIUIM SKaHJIUTUHU OWiaupagud. XO3Uprd KyH7Ia
KyHUJaru cTaHaapTiiap MaBxKy/I:

MPEG-1 Buneodunsmiapau (VHS dopmarna 358*288 xaxxkm Owiian) Ba
MUHHMAaJ Te3UK OKUMH 1,5 Mout/c 6ynran oBo3 curHaimapau CJ[-ROM ra €3um
yuyH wmypkamnanrai. MPEG-1ga BuaeomabiiymoTiap cudar kypcarrudaiapu
IOKOpH OYMarannuru cadabmiu, 0y ¢popmaT X03Upru AaBpja TEIEBUICHUEIa IMaC,
OaJIKy BUJICO Ky3aTyB TU3UMIIApUAA KYUTAaHWIAIH.

MPEG-2 tenesmmTTHpUuiap MabaIyMoTIapuau 3 gan 15 Mout/c te3nukna
y3aTHIIl YUyH YUyH SpaTWIrad, aMMo npodeccruoHa amnmaparypaaa OKUM TE3JIUTU
50 MOwut/craua 6ynuinu Tanad dTUIaIM.

MPEG-2 craHmaptd TEIEBUJICHHEHUHT CYHBUM WYIAOLLIAD Ba €p YCTH
KypiwiMalapuga XamJa KaTTa XaKMIM BUJeOMaTepHAITIApHU —apXHBIIAIIa
UIUTATUTIAH.

MPEG-3 10Kopyu aHUKJIHMKIAru TeJIeBUIECHUEHUHT yuyH spatunrad (High-
Defenition Television, HDTV) Ba okum te3nuru 20-40 Mout/c, aMMO KeHHHYAINK
0y MPEG-2 crangapTi numra KyIIHJIraH Ba X03Up/ia aJIoXyaa THIITa OJTMHMAaN/IH.

MPEG-4 xuuuk monocanmu VHTepHEeT KaHAJIUHWHT OKHUM Te3NIuru 64
Kout/cexynnraua oynran MYJIbTUMEIHS ax0opoTIapUHH y3aTHILra
MVJDKaJJlaHTaH Ba TeleBU3UOH (opmar XucoOiaaHmaran »au. CyHIrpa cTraHmapt
TEJIEUUTTUPUII curHauiapuau Ba DVD Buneo ¢unbmnapuu cukuiu yuyH 10ta
ujaoBa Owiad OunaH Tyaaupuian. by cranmapt okuMm Teznuru 2,5 Mout/c 6ynran
IOKOpY cudaTiv pakamyii TacBUp CUTHaUTapuHH y3atuimijga Ba MPEG-2 Ounan
Oupra pakamiiM TeJI€BUICHUEA KEHT KYIUTaHUIIaIH.

byryaru kynnma MPEG-4 cranmapt Bumeo axOOpOTHU CHUKHIIIA JHT
UCTUKOOJUTN alNropuT™ OYIMO KOJIMOKIA.

by =xunma xwn MynabTUMEIUsT OOBEKTIApU: ayJauo, BHACO, TEKCT,
CHUHTE3JIaHTaH OOBEKTIap ypTacuaard y3apo ymymjamirad OofjaHUIIHUA Hdona
ATaJH IeUUIl MyMKHH.

MPEG-7 dopmar “Tapkubunn mdomasoBdun MyiabTUMEAUs HHTepdeiicu”
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(Muftimedia Content Description Interface) n1e6 HomiaHaam Ba ayawo — BU3yal
MabJIyMOTJIADHH  MYJbTUMEINA  MaWJOHUJArM  aCOCUM  TEXHAJOTUsIIApHU
CTaHJapTiallTUpUIITra Oarunuianrad. AyauoBusyan Mabiaymoriaap MPEG-7
CTaHJapTUJA: CTaTUK TacBUpHHU, rpadukanu, 3D monenHu, OBO3HHU, BHUIEO Ba
KOMITO3UT axOOpOTHU ¥3 wuura oiaud, MyJiabTUMEIua MalIoHWAA KaHJah y3apo
Oup Oupu OunaH OOFIWK OYIUIIKM MYMKUHIUTHHU Wdonanaiiau. Mabiym Oup
XoJlaTjiap/ila MablyMOTJapra WHCOH IO3MHUHT HQoaacu Ba Oenrmwiapu (Ky3
KOpaunry, 0apMOK U3J1apy Ba X.K.)KUPUTHIAIINA MyMKHH.

Xozupru maiitia MPEG-7 cramgapt sHazga
spaTUIII apodacuaa.

MPEG-21 cragmapT XaM MyJbTHMEAHWA CTaHgapTu Oyaud, ¥3apo
MabIyMOT/Iap aJIMAIIUIIAa, COTHIIIA, MAabIyMOTIapAad (oHgaraHuIra pyxcar
ATUIIIA Ba OOMMKAa pakaMian OOBEKTIAPHH MAHWMYJSIUSIAPUHN TabMHIHJIAIIT
TEXHOJIOTHsIIapUa KyJUIaHUIaau.

bynna OaxapwiaértraH oONEpalMsUIADHUHT THUHUKIWTH Ba MaKCHMall
caMapaJopJIurd TAbMUHIIAHUIIN KY3/71a TyTHJIAIH.

Cranmapt MyJbTUMEIUa OYHMK 0030puja AUCTPUOBIOTEpIap Ba CEPBUC
npoBaijepiapra MyJpKaiaHraH. Xo3upru nautna crangapt MPEG-21  xam
sapatunuil  apadacuna. MPEG crangaptu acocuit xapakrtepuctukanapu S.1-
KajiBasaa OepuiraH.

TaKOMUJUTAIITUPUIIUO,

3.4-xanBan
MPEG crangapTi XapakTepuCcTUKaIapy
MPEG-1 MPEG-2 MPEG-4 MPEG-7 MPEG-21
Crammapt | ISO/IEC | ISO/IEC |ISO/IEC |ISO/IEC ISO/IEC
11172 13818 14496 15938 21000
ITact
Mynetumenua | MyneTumenna
ayJuo Ba | ayJlMO Ba | TE3JIMKAA
KOHTEHTUHH BOCUTAJIapura
MaKcaJu BUJICOHU BUJICOHU ayauo Ba
udonaanam OYMK KUPHII
Komam/ | Kozyam BHACO unrepdeiicu CTPYKTYpacH
KOJLIALI p PYKTYp
gz;f;l l1...5 4...80 0,064...4 MasbnymoTtiap | MabiaymoTiap
TE3JIUTH Mbéut/c Mobur/c Mobur/c Xajm nyx Xam uyx
HnIad
yukmiaran | 1992 r. 1994 r. 1998 T. 2001 r. 2001 r.
caHacH

MPEG-2 crangapTé TeleBUICHUE SIIATTUPHUIN TU3UMIIAPU YUYH MaXCyC

unuiad yukwirad 0ynu6, 10 Ta xucmuman ubopar. bupunun kucm 1994 imnna,
oxuprucu 3ca 1999 nunga takaum stunrad. MPEG-2 cranmaptu MPEG-1HuHr
aHya SXIIWIAHTaH Ba TAaKOMWUIAAIITUPWIMINM sSHaJa MypakkaOJaliraH,
Ty3uwiMacuaa pakamiu okuMHuHr I, P Ba B kaapnapunan doiinananunaauran
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KYPUHHILIHAIAD.
- Video Production DVCPRO
Motion JPEG Home Video MiniDV
1988 1991 1993 1995 2002
JPEG ITU-T § H.120 H.261 H.262 H.263 H.264

DCT \ \= \= \=

MPEG-1 || MPEG-2 || MPEG-4 || MPEG-4

ISO/EC Part 2 Part 2 Part 2 Part 10
AVC
1992 1994 1998 2003
ISO/IEC ISO/IEC ISO/IEC ISO/IEC

11172-2 13818-2 14496-2 14496-10

Windows Media 9
3.12.pacM. Breo Koamaut Typiaps pHBOXKIAHHII Tapuxm.'

MPEG-2 cTangapTi pakamid WyJolll, kKabelb Ba ep YCTH TeICBUICHUECH 1A
daon KyutaHwIaau.

Max. No. of Max. Bit A
Pixels x Lines JRate
x Fields Mbit/s
1920 [ 1920
x1080 | x1152 ?1000) High « | N ° e |T@
x30 x25
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x30 x25 (80) 1440 H14L I@H14 H14L
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x480 | x576 (1250) Main fﬂf_@ mi@ Sé";“RLP o ;E@
x30 x25
352 352
x240 | x288 4 Low ° MP@ | SNRP ° °
x30 x25 LL @LL
- - » Profiles
2 A
E = 25| &% )
w = n n n n T
z c > % > c > % ~l 8 %
o2 o o= n= = I
] Bt + o + S8 25|28
stzoless l=s: l=sozl=8s]s @
= wn -
$55l%a |26 |2ealeElSE

3.13.pacm. MPEG-2 npodusiapu Ba gapaxkanapu.

1 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 137.
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MPEG-2nunr tapkubuii 10 xucmugan 3 Ta acoCHMIapUHU aKpaTHUO OJIHII
MyMkuH: 13818-1 - Tuzumin, 13818-2 - Buaeo, 13818-3 - oBo3iu.

Tuzumiam KHCM- CTaHJApPTHUHT OBO3, BHICO Ba Oomrka axOopoTiapHH
MYJBTUIUICKCUPIN  (YMyMJIAIITUPWITAH) Komjam  (opMaTtuHu  udoaaIaiim,
IIYHUHTZIEK, Oup €Kku OMp Heda MabIyMOTIap OKHMHHH Cakjiaml €KW y3aTHIIra
SAPOKJIA OUTTA EKM OMp HEWa OKUMIIapra OMPHUKTUPHUII MacalaTapuHU Xajl dTa/IH.

Tuzumnu KucM- Oerira acocuit BazudanapHu daxkapaan:

e TukmaHuIl BakKTHAa OWUp HEYa CUKWITAH OKUMIJIAD CHHXPOHHU3AIMSICUHHU

TabMUHJIAI;

e bup Hewa CUKUITaH OKUMIIAPHU YMYMHM OKHMTa OUPJIAIITHPHIIL;
o Tuknanwm  OOUNUIAHUINM  Y4YyH  WHUIMaTu3ausuiam  (OoIUIaHFHY

KYypcaTruduaapHy YpHATHIII);

e bydepra xu3mar kypcaruii,
e Bakr mkanacHHH(TU3UM BaKTHHH) aHUKJIAIII.

Bugeo KuCM -CTaHIAPTHUHT IOKOPH cU(ATIM pakamJd BUJEO YUYH
KOJUTaHTaH OWTIM OKMMUHU Xapakrepiaiinu. MPEG-2 dopmatu MPEG-1aunr
Oapua WII pEeKUMIAPUHM KYJIa0- KyBBaTIaWau, sSHA KyIIMM4Ya caTtpiapapo
BusieodhopmMatHu Ba rokopu anukimknaaru tenesuaeHue (FOAT) xamma crepeo
TEJICBUCHUEHH KYJUIalll UMKOHUSTIIAPUTA Jra.

Quantizer matrix Quantizer
ersion ,scale actor
. 1 7
S¢quenc GOI? |Picture NSIice "Macroblock Macroblock
Pointer to . -
1st frame -\ A 3
ggsfest Sequence Picture header5¥ oy
ice header
header  op header
Packetized Elementary Stream PES
. jheadern
\
DTS \ Length indicator
prs PES
header
Tlans oHst'eam
l [l 1 RN [I
] \

3.14.pacm. MPEG-2 mabiiymMoTiap OKUMU CTYPKTypacu

ToBym kuem- MPEG-2 craHpapTUHUHT Kyn  KaHaId  OBO3HU
kojananumau ~ Oenrunaau. MPEG-2  Gemraraua  TYNIMK < KEHr  KaHAJUIU
MOJIOCAIAPHU, YHTa KyIIMM4a IacT YacTOTaly KaHaJlHA Ba 7 Taraya KyIl TUJUIA
KOMMeHTaTop (€KM Tap>KMMOH) KaHa/UIapUHU KyJ1ad KyBBaT/ialau. YHIaH
tamkapu 64 KOut/c y3atum Tesnuruga MoHOGOH Ba cTepeodoH OBO3
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CUTHAJJTAPWHHUHT SHTPAl CU()ATUHA SXIIWIAN YIyH JUCKPETIIAll 9YaCTOTACHHUHT
sapuM KuiimaTu (16; 22,05 Ba 24 xI'11) KYyUTaHWIAIIK MYMKHH.

Cranpapt pakamiu teneBuienue SDTV (Standard Definition Television)
CUTHAJUIADUHM CHUKMAcJaH ajloka KaHaiu OYinad ysatum yuyH 270 Mowut/c
TEe3NMMK Tajgad KuiauHaau. Xarroku HDTV 1okopu aHUKIMKIATH TEJICBUICHUE
CUTHAJUTAPUHM y3aTHUII YuyH 3ca 11'6ut/c Te3nuk Ttanad kuiauHaau. by aca y3aTum
Ba SUIUTTUPUII MaKCaJM YUYYH KyJa Karra Te3NuK XucooOmananu. LllyHuHr yuyH
XaM SITUTTUPHIN COXACHIATW Xap KaHJal CHUTHAJ CHUKHIN Kapa¢HWTa YUIpauiu.
Kaiita unmanuiap HaTWXkacuaa MabIyMOT y3aTuil Te3nurd 2.7 Mout/c raua
nacaitupmwianu. Cukum koeddunmueHTn xyaa xam woxopu. MPEG-2 komnam
CTaHJAPTUHU KYJUIAHWINIIKA YOy Te3nmukHu 15...20 MoOwut/c rava macaiTupwuii
UMKOHUSITHHH Oepam.

MPEG-2 cranpapruga taceupJapra uuuioB 6epum. MPEG-2 crannaptu
TEJIEBU3UOH CUTHAIHM Y3apo Oup Oupura Moc, TypJid MypakKaOJUKAaru
anropuTMiiap OWJIaH pakamiid CUKHUIIHUHT CTaHAApT TypyXyajlapy OWJIACUHU
udonanaiiu. YnapHu MOCIUTMHU TaTOMK JTHUIN Y4yH Tpodun (KYpuHUII) Ba
caTxJjiap(KuiMatiap) KOHyHJIapu KYJUIaHUIaIu.

Video Structure Hierarchy

Sequence

MPEG-2

A7

v

Group of Group of Group of Group ol Group of
pictures pictures pictures pictures pictures

v

A7

cture Picture Picture

Picture Picture P

e

Slice Slice Slice Slice Slice

A4

A7

Macroblock Macroblock  Macroblock  Macroblock Macroblock

v
Block Block Block Block Block

3.15.pacm. MPEG-2 Buzieo cTpyKTypacu uepapxusicu (TacBUpJap TypyXu-TacBUp-
KaJIp-MaKpoOJI0K-0JI0K)
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Cranpapt 5 Ta npoduiigan ubopar:
e o (Simple) — Bumeo okumiTapHu B-kaapiapcus CUKUIIL,
e Oomr (Main) — WIIHUHT O0apya OOCKUWIAPUHU TabMHHJIAII YYYH, JIEKUH
MacCIITa0JIaHUIIICH3,;
e curnan/moBkuH (SNR scalable) mynocabarn 6yiinya macmTadaaHwMIII;
e xynynuii (pa3osuit) Mmacmradbnanum (Spatiallyscalable);
e npodeccuonan (professional 4:2:2)- ¢da3oBuii macmrTabiaHyBYM Ba
curna/moBkrH (SNR scalable) mynocabaru 6¥yitnua udomxananmm.
Byuna MPEG-2 makpoGnok yuyn JIKVHHHI MKKATA THIIM: Kaapid Ba
MaWIoHIM OynmuHWIIHA aHuKIaan. Kaapmu I[KSU/ MPEG-1 Ounan Oup xun
uniaiau, 0y epaa 16x16 nukcens yuamian EpyFIUK CAaHOFU OJIOKH YKOMITANTyBUTA
Moc xoa 8x8 mukcern 4 Ta OJIOKKa Oy TMHAIN.

-

3.16.pacm. TacBupHHHT OJIOK Ba MaKpoOIOKIapra OYIMHUIIH.

MPEG-2 cranapapTy BHIEOCHTHAJIHH CUKHII YCYJHMIra perjamMeHT
Oearmjamaiigm, OajJKd KOJJIAHTAH BHJCOCUTHAJI OWTIM OKHMHU KaHJIau
KYpPUHUIIAA OYIUIIN KePAKIUTUHU aHUKJIAWI1, IIYHUHT YYyH aHUK ajlropuTMiap
anmapaTr-1acTypuil TabMHUHOTH HIUIA0 YHMKAPYBUWJIAPDUHUHT THXKOpAT CUPH
XucoOmaHagu. AMMO BHACOOKUMHHM CHKHUIIHUHT YMYMHUH TPUHLIMILIAPU
(omummapu) 3.18-pacMaa KypcaTriirad KeTMa-KeT KapaCHIapHU ¥3 W4Iura oJiajiu.
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3.17.pacm. MPEG-2 konepu.
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3.18-pacm. MPEG-2 crannaptuia Te1€BU3MOH CUTHATHU CUKUII YCYTHHUHT
YMYMUU KYPUHUILINA

Jlactimabku RGB BUICOCUTHAJLJIAP APVﬂa aHAJIOT-paKaMJIH
y3rapTUpUITaHIaH KeHWH OJWHAAH HILIOB Oepuill OJIOKWra KenuO TyIlaju,
KeinH Oy epJa Kyiuaaru amamiap oaxapuiaau:

e RGB curnamnap épyrnuk Y Ba panrgapk U Ba V curHamwapura
y3raptupunaav, MyHuHraek 4:4:4 panrium opmatHu  4:2:2  (paHrdapk
KOMIOHEHTJIADHU TOPHU30HTaN Kaita nuckpemnamra ¢€ku 4:2:0 (panrdapk
KOMITOHEHTJIAPHUA TOPU30HTAJl Ba BEPTUKAJ KalTa JUCKpeTiall)ra KaiTta KoAJiam
amajy Oakapuiiaiu,

e Oprukua axOOPOTHHU OJIIWHIAH YUYMPUO TalUIall, MacajlaH: arap TaCBHUpP
dboHU OUp XUJT MUKCEIUTap TypyXuian ubopar 0yiica, yHa TUKCelbh KHHMaTHHU Ba
TaCBHpJia YHU KaHYa TaKpOpJIalll KePaKJIMTHHU HyIiam Kudos;

e TacBUpHUHI Xap OupuHHM 8X8 THKCEIUIM OJTUTa OJIOKJaH ubopar
MakpoOJIOKJIap KeTMa-KeTaurura oynuii: 4tacu 16x16 MaTpuiiaHu TalIKWI STyBUU
EpyFiuk curHaim Y Ba OutragaH panrdapk komnonentiaap U Ba Vian ubopar;

e Arap gacTinabkd  TacBUp  Karopjiapapo  MalJoH  KYpUHHUIIHAA
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y3atunaéTrad O0yica, yHaa yjaap IporpeccuB EWUIT OMIaH Kaapra Y3rapTUPHINAIINA
MyMKUH. Arap yiadam 16 nukcenra kappa Oyiamaca, TACBUPHMHI MaKpoOJIOKIIap
OyTyH COHMra SXJIUT OYTyH COHJM KWIMO OYJIMHUIIMHK TabMUHJIAIl YYyH
TACBUPHUHT KaTOpJiap Ba YCTyHJIapUra HOJb EPYFIIMKAA €TUIIMAETTaH MUKCeIIap
KuitMatu(conn) kymunaau (3.19-pacwm).

r bynuw Typu

S S ——

I =2

1 : ; Pacm yerapanapuHu

16 YaKMOoBYM TYP UMKMLLIX
G —_—

3.19-pacm. TacBupuu 16x16 nukcennu 610KIapra OYIuIIL.

CyHrpa OyJIMHraH TACBUPHUHI MaKpOOJIOKJIApH Kaapiaapapo OPTUKYATUKHU
Oaprapad STUII yuyyH OJMO Tanuiarud OJOKWHUHT OMPUHYM KHUPUILIUTA KEIuo
Tymaad. VKKWHYM KUpUIITra Iy TacCBHpP CIOKETUHUHT aBBAITH EKU KEWMHHTU
KaJpAaH Ky4yupwiran (CWJDKHTaH) MakpoOsiokiapu kenub tymaau. bynna
MaKpOOJIOKHMHT SIHTM KOOpPJWHATANapH YJIApHUHT KaJpJaH Kajapra KyTHIaéTraH
Xapakatu OamopaTH acocujaa XucoOjaHaau, YHAAH KEWHH YJIapHUHT KY4HILIN
MYMKHUH OYJraH Xyaynl Kaapiapapo GapKUHUHT MUHUMAaJ KUWMatu Oyiinda aHuk
xoinamryBunu Oenrwnaiay. [y Taxmut, MaKkpoOJIOKIapHUHT KYIIIHUA MTUKCEIIapy
KMUMaTUHUHT allupMacUHU XUCOOJaHTaHIaH CYHT YJIAPHUHT axOOpOTJIalUTaHIUuT|
ce3wIapiu nacasiau €ku ymyman Ora TeHr OYauo6 Koiaau.

Keitun roxopu aiitunran MPEG-1 crangaptugarn  kaOu, OJUHTaH
MakKpoOJIOKIap (apKiapu Kaiprapapo CTaTHK OPTUKYAIHIHHE Oaprapad oTai
yayn JIKY mexanusmunad doitnananunamy. JKYHUHT TYFPUIAH-TYFPH OJIMHTAH,
CHUTHaJl DHEPIUACUHM YHHHT TapMOHHMK TapkuOuid  Kucmiapu  Oyitnad
TaKCUMJIAHMIIIUHA ~ XapakTepiioBun kodpdunventnapu, Xaddman xanpanu
acocujiard SHTPOIUK KOJIEp Ba y3yH Cepusjap CTaTUK KOMIpeccopu &paaMuja
aJanTHK KBaHTJIAHAIW Ba KOJJIAaHA/IH.

Tuknanran TtacBupHUHT cudatuHu Oaxonam €KW YUKHUIT OKUMHHHHT
y3rapmac OuTpedTHAard XojaTAa, KBaHTJIAIIHU aJanTUB OOMIKAPHUII YUYH
KoZiepJla CHUKWJITaH BHUICO MabJIyMOTIApHM JEKoJepiall apa€Hu amaira
omupuiany. byHuHr yuyH nexkBanTiam Ba Teckapu JIKY GIOKIapy HILIaTHIALHA
Ba yMymiamrtupuiaaau(duruaaucy  onuHaau) (3.18 pacm). YmymuamTupuii
0JIOKHMJ2 BUJEOMIIYMOTJIAp XapaKaTUHU KOMIEHcalusal 0anopaT XaToauKiIapu
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OwiaH KylIWJaguwiap Ba ULIy OpKaJIM KaJAPHUHI [HKCENb KHUMaTJIapu
TukiIaHaauiaap. CUrHain Xakyja OJUMHTaH MablyMmMOTiap axOopoTIapHU KOJyialll
y3eaura 1oopunaan,0y 3ca MaKuIaHaéTral CUKWITaH TacBUp cudaThHU 6axosarl
UMKOHUHH Oepajiu.

MPEG-2 cranaapT BUI€OMabJIyMOTJIAp OKUMHU

MPEG-2 BHJICOKOAEP UUKUIIAIaru MabJIyMOTJIAp OKUMUWHUHT
cogaanamTupuirad tysuiaMacu 3.20-pacmaa kypcatwirad. BupeomabiaymoTiap
OKMMUHUHT PHT HupUK Oupymru 0ynnO BuaeokerMma-kersiuk (vVideo sequence)
éxku BHAeOKATOpP xucoOnaHagu. BuHeoKeTMa-KEeTIMK TacBUp TypyxXJapu
(GOP)nuHr uxtuépuii cCoHuAaH nbopat Oynui MyMKuH, yaap ¥3 HaBOatuna |,
P, B «xanpnapman (kagpau Komiamja) €KM  MaijoHigapaaH  (MalIoHIU
Kojutamiia) ubopar 6ynaau. Xap Oup TacBup cjaiiciapaaH uoopar, yJIapHUHT
xap Oupu Oup Heya MakpoOJIOKIAp/IaH TAIIKUII TOAJIH.

Xap Oup BUICOMABIYMOTIAD OKUMH TAIIKUIUN OUPIUTH JEKOJUIAII
xKapaCHUJa OKUMIAH KEepakid MabJIyMOTJIADHU aXXpaTHO OJIMII HWMKOHHHHU
O0epyBUM MOC OOIUTAaHFUY KOJIJIaH OOILTaHA M.

BuneomabsnymoTinapau — y3atum  goumo  BujueoketMma-kemnk  (BK)
capJyiaBXacujaH OOIIaHaM, YHUHT KETHJIaH capliaBXa KEHraTMmanapu Kejaaaw.
MabnymMoTiHap OKMMHUHHUHT ymIOy KHCMIIapuaa KyWHaarda MabiIyMOTIap
y3aTHIIaIu:

® TACBUPHUHI MUKCEUIAp MUKAOPU OusiaH udopanaHrad OanaHIJIUTU Ba
KCHTJIUTH;

TacBUp GopmaTh (KEHIJIMKHUHT OaTaH/JIMKKa HUCOATH);
KaJipJiap 4acTOTaCH;
OenTuiaHTaH BUJCOMAbIyMOTIAp OKUMU OUTPENTH,
BUJICOMABIYMOTIAD  OKMMHUJAH  KBaHIAm  KodumumeHTIapu
MaTpHUIIACUHY I0KJIA0 OJIHII 3apypIUTH OeNruIapu;
caTpyapapo EHUIIHUAT (DoHJaTaHIIaéTraHIUTY OCJITUCH;
e (origananunaérrad auckperusanusHUHr ¢Gopmaru (4:2:0, 4:2:2 &xm
4:4:4).

Keitnnuanuk  QoiianaHyBUMHUHT  KylIMMYa  MabJIyMOTJIapu  Ba
KCHTaTMaJlapy y3aTWJIWIM MYMKAH. OKUMHUHT Iy KACMH OYJIMaciuTH
MYMKHH, OJIOKHM aillaHu0 YTHUIM KypcaTKuy OuiiaH kentupuirad. Kenraiitmanap
MacmTabmuauk Oop OynraH XoJulaparvHa MaBxkyd Oynamud, y  TYIUK
BUJICOMABIYMOTJIAp OKUMUJIAH TACBUPJIAPHU OJIMII MUMKOHMHH Oepamu. bynnai
Ba3WATAA OKMM HKKHMTA €KM yHAaH kyn Kartiaamuap (layers)mam mGopar Oymaaw.
baza katmamu TacBUpHUHT OMp Heda OONUIaHFUY MapaMeTpiid cudaT OWIaH OJUII
UMKOHMHU Oepaau. MabiyMoT/iap OKUMHHHHT KyImuM4Ya EKA SXITHJIOBYH
(enhancement) kartmamiapyd TACBUPHUHT siHaga CHQPATIUPOK KHIKO —OJIHII
uMkoHnHU  Oepagu. MPEG-2 craHmapTs  BUAEOMABJIyMOTIIAD  OKHUMHHH
MaciTadbau Ounad KM MacIITadCH3 TAlTKWJ STUII UMKOHUSTHHU Ky3/1a TyTalu.
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BK KeHranTma Ba .
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3.21-pacm MPEG-2 Buaeonekoaepu YMKUIINAATH MabIIyMOTIap OKUMHU
TY3WJIMacH.

Xap oup TacBupnap rypyxu capiasxanan («GOP capnaBxacw») OONIIaHUTIH
MYMKHWH. YIOy capiaBxa BUICOKETMA-KETIMKAArd TACBUPIAPHUHT OMPUHYN TypyXU
YUyH MaBXyj Oyiuim mapT. TacBUpHUHT OOIIKa TypyXJIapu YUyH ymioy capiiaBxa
OynMaciuru MyMKUH (ailiaHuO YTUI KypcaTrud OWiiaH KeITUPUIITaH), 9yYHKH TYPYX
oo 1ouM OMPUHYM KaJp OWIaH MOC Kenaau. TacBupiap Typyxu capiaBxacuia
BaKT Oenrucu Ba ymlOy TypyX TY3WIMAcH XaKuJa MablyMOTIAp Y3aTUJIAIIu.
TacBupnap Typyxu capilaBXacujaH CYHr (QoiiaJaHyBYld MabIyMOTIapH
y3aTUJIUIIN MYMKHH.

Xap Oup kagp Ba MaWJAOHAAH OJJIWH TACBUPHUHT KETMa-KeTJIMKIArH
capiaBxa Homepu, TacBup Typu (I, P €ku B) Ba Oomka MabiymoTiIap KelaJu.
Cyurpa QoiigananyBun KeHraiTMajaapd Ba MAabIyMOTIApU Y3aTUIUIIN MYMKHUH.
YHAaH CYHr TacBUPHUHI Y3MHMHI MabIyMOTJIApU y3aTWiaaud. Xap Oup
MakpoOJIOK WYMAAard MabJyMoTiap OepwiraH TapTuOja >KounamiraH Oyiaau.
MakpoOJsiok capiiaBXxacu Oamopatiyd KOAJIAll XaKUJard MabiIyMOTJap Ba
BEKTOPJIM XapakaTiap xamja OollKa MabIyMOTIapiad uoopat Oyiaau.

TacBup MabIyMOTIApUHU Y3aTWITAHJAH CYHT KOPHM TYPYXHHMHT OOIIKa
tacBupu (“‘TacBUp capiiaBxacu’ OJOKH KYypcaTKuud) €KU KEHUHTH TacBUpIIAp
rypyxu (“GOP capnaBxacu’™ G10KUTa KYpcaTKA4) y3aTUIUIIN OolUIaHaau. Arap
BUJICOKETMA-KETIMKIATH OXUPTH TACBUP y3aTWTaH OyJica, yHJa KETMa-KETJIHK
tyrarannuru oenrucu (“BK tyragn’) yzatunanu.

4.2-xanBanyia KOJJIAIHUHT TYpJM BapUaHTIApU YYyH OUTPEHUT MaKcuMal

KUiMatiapu OepuiiraH.

3.4-xanBan
MPEG-2 kojai BapuaHTiIapy yuyH OUTPEUT MakcuMas KuiMariaapu
Kuiimatnap [Tpodun
C/1
. oyiinua pazoBuii
O bour macmradaa | (Spati-all t0kopu
(Simple) | (Main) m(SNR (Sfalable)y (High)
Scalable)
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oot |- |80 Meure : . 100M6w1/c
Il_l Jgg;(ﬁég - 60 Mowurt/c - 60 Mout/c | 80 Mobut/c
%%())(%H?% 15 Mowut/c| 15 Mout/c | 15 Mbut/c - 20 M6éut/c
352?(02T80 - 4 Mobut/c | 4 Mout/c - -

Bungeoaxoopor nexoaepu

Crannmaptaan kenu® 4YMKKaH XoJjga aekoaepaa (3.21-pacm) y3rapyBuaH
V3YHJIMKKAa 9ra  KOJJAPHUHT  JEKOJUIaHUIIM, JACKBAaHTJIAHWIIHM, TECKapu
JIKY onepanusicn, XapakaT KOMIIEHCAIMACH aMajra OIMPUIAAN Ba KaJpIapHUHT
OOIIJTAHFUY KeTMAa-KETJIMTH THKJIAaHa .

Hexonep Oydepnu xotupa xkypuiamacu (bBXK); nemynwsrumnnekcop (AMm);
y3rapyBuaH y3YHIHKIM KOMIH cy3imapra sra komiap aexoxepu (YYCK]D),
myHuHTeK, nekpanTiarid (Ks™), xotupa xypunmmacu (XK), Teckapu JKY 61okm
Ba KoJiep OJIOKJIapura Moc KelyBYd OJIOKJIapJaH TaIlIKWJ Tomaaud. TakT 4acToTacH
27 Ml nexonnaHaéTraH OKUMIArd MabJIyMOTiapjaH (oHgadaHUIIl acocuja
TUKJIAHAIH.

KupuLL >+ BXK [+ AMN -+ VyCK]] |-+ Ka~! b OKv-! }
P2

Sy
o VYCKI t Gawop =~ XK

3.21-pacm. MPEG-2 Buneoaekoiepy Ty3rIMaBHI Yi3Macu

YUKW

Xunma xun kanap aekonepiapuna (I; P; B) TukinaHuIn BakTM OKMMHHMHT
TY3WIHII MypakkKaOiurura OOFJWK Ba IIYHMHI Y4yH JeKojaep kupumuaa 3-4
kanp curumum Oydep xotupa kKypwimacu (BXK) xyiunagun. Ymby BbXK
y3rapMac MabJIyMOTIap Yy3aTHUII TE3JUIMHU KaJpJIapHU JEKOJIall >KapaEéHU
Oowran Mmocnamrupanu. bynna mabiaymornap bXKnan BakT OVitmua HOTEKHC
Vkuinanu. Pakamim okuMmaa XuiaMa XWJI MabIyMoTiaap (BHAEOMabIyMOTIIap,
OJIOKJTApHUHT XapakaT BEKTOpPJApH,BaKTHUHI Ty3WJIMaBUW Oenruiapu, OBO3
MabJIyMOTJIapU Ba X.K.) y3aTWITaHJIUTH cabald yjaapHM TYFpH AEKOAJAll Y4yH
KanuTa MIUIAIIHUHD TypJM ycysuiapu Kyswianunaau. LIyHuHTr y4yH nexonepaa
JNEMYJIbTUIJIEKCOP MIUIATHJIAJAA Ba Ba y TMakergad  KOWJIAITUPWITaH
BugeoMabiymoTnapan  YYCKJ] opkamu gexBammaumra (KB™) yTkasamn.
Teckapu JKY  (AKY™') uukummpga rtasHa  kagpnap — IHKCEIUIapH
HIaKJUIAaHTUPWIAAWIAp Ba yjap KoMmmyTtatop opkanu (1 ynaHran xosartnaa)
YUKHILTA y3aTUIIaumaap.

PakaMinu OKUMHUHI KaTTardHa KHCMHUHHU, KaJpHUHT TYFPU Ba HUKKHU
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TOMOHJIaMa Oaropar KWJIWHTAaH, ShHHU JKOPUH Ba KEWWHTH KaAp MHUKCEIIapu
opacuzaru Kajapiapapo papkHu KypcaTyBUM OJOKJIApAaH TAIKWI TOMaaAH Xama
yJap BUJICOOKHMMHHU acOCHM CUKWJIMIIMHUA TabMuniarannap. Ly ca6ab Oynnai
TaCBUpP KaJpJIApUHM THUKJIANl Y4YyH JacTiad aBBaJrd Kajap OJoKiIapuaaH Ba
OamopaTAgard yJIapHUHT XapakaT BEKTOpJapuaaH TAaCBUPHUHT Kajapiapapo
bapku maxmtantupuiand. CyHrpa cymmaropaa (KymyBuuja) —Oamiopar
YUKUIIUJATH TUKCeIJIap KUWMATHUHU THUKJIAHTaH aBBAJITM KAJPHUHT XOTHpa
kypunmacuga (XK) cakmanran kwiimMaTd OWiaH KYIIWJIWIIN HATHXKACHIA
OamropaT KaapJapuHUHT JEKOJIAITaH TaCBUPJIApHU MIAKUIAHTHPUIIATUIAp. Yiap
KOMMYTAaTOPHUHT 2 XOJIaTHIa YAKHUIITA y3aTUIaauiap.

JlexomepHu ammapaT, AacTypHil Ba ammapaT-AacTypuid BOCHTAJIap OWJIaH
KYJUTalll KOJIEPHUKUTA HUCOATaH aH4Ya OCOH, YYHKH JEKOJAEp OJOKIApHUHT Tarép
Xapakar BeKTopiapu OwiaH wnoiaaunap. Komepma »ca Omokmap Xapakar
BEKTOPJIADUHU M3Jalll YUyH KaTTa MUKCEJlb MACCHUBJIApUTa HIIOB OEpHIll Kepak
Oynmamu Ba Oy ¥3 HaBOaTHIa KaTTa XaXMJIM XHCOOJanuiap xaMmaa Ky BakT Tajiad
ATa/IH.

MPEG-4 myabtumenua crangaptu. MPEG-4 cramgaptu 90-iumiap
oommaa MyJnbTUMEAHAIU axOopoTiapHu (OBO3, KaMm KaJpjiu TeJEBUJCHUE,
rpaduka, maTH Ba Oomikanap) MHTEpHETHUHT pakamiu okuM Te3iauru 64Kout/c
OYAraH KMYMK MOJIOCATM KaHAJIApUAa MabIyMOT y3aTUII YUyH UIUIA0 YAKUITaH.
Hactna6b, MPEG-4 spaTunummgaHoK TEJIEBU3UOH CTaHIApT Ae0 OelruiaHMaraH
Ba 15 xanp/c naru CIF (352x288) hopMaTHUHT 4OpaK KMCMHUHM TAIIKWJI 3TYBYH,
TacBHpJapra uuuioB Oeprad. BUpoK sHru cTanaapT Oy YEKJIOBJAH XyAa T€3 YUKUO
kerrad Ba 1998 itmnHuHr oktsiopura kenn® MPEG-4HuHr OMpuHYM BapuaHTH,
1999 iunaunr nexabpuma ISO/IEC 14496 xankapo CTaHZApPTHUHT Maxcyc
CTaHIAPTUHU 1e0 KaOyJ1 KWIMHTaH MKKWHYMA BapHaHTH Man10 OyaraH.

XO03Upru BakTAa CTaHAapT 22 KucMmaaH uoopar Ba yHUHr 10Ta KucMuU
paKamJid TEJEBUJIEHNE CUTHAJUTAPWHU KOJJAII KOWJAIapyuHu Oenruiaiau. Yoy
kucM MPEG-4-10 éxu H.264 ned nomimanamgu.

V3ununr axnoanapuaan dapknmu papuniiaa MPEG-4 dakarruna Buaco €xku
ayM0axGOPOTHH CHKMII, CAKJIAIl Ba y3aTHII TEXHOJIOTHACH SMac. Y3 MaKcaaura
kypa MPEG-4 — Oy axO00pOoTHHM TaCBUpPJAIIHUHT SIHTU YCyJl OYnuO, pakamiu
MeANaMabIyMOTIIApHU yuTa WyHaIWIAa: WHTepdaon MyiabTUMenua, rpadpuk
WIOBaJIAp Ba  pakaMJM  TeJeBUACHHENapAa OOBEKTra  MyHanTUpWIraH
taceupimanummanup. Arap MPEG-1 Ba MPEG-2 cranpaptnapu  Taii€p
BUJICOKaapiap Ownan wunulamwHu udoganaca, MPEG-4 aciampa  oObekrtra
WYHaNTUpUIITaH MYXWUTHHU TAIIKWJ 3TUII KOWJAjJapuHU Oenrunaiian. Y pakamiu
OKHMJIap, OJIMHA MabIyMOT MAacCUBJapu OWJIaH SMac, Oajdku Meaua-oObeKTIap
OunaH MOUTaliu Ba yHra acoc 0ynuo0, amoxuaa oObeKTiaapaaH nbopaT HaTHKAaBHM
OBO3 Ba TAaCBHPHUHI peaj BaKT MacmiTabuja y3aTuiiga Ba KaOysn HyKTacuja
MIaKJUTAHUIINATA XU3MaT Kunaan (3.22-pacum).

MPEG-4 na aynuo-Buzeo axOopoTra WIUIOB OEPHUIIIHUHT  ACOCHM
OOoCKUUIapH Kyruaaruiapavp:
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- OONUTaHFUY PACMHUHT TYPJIA AJIEMEHTIIAp - “Meaua-o0nektiaap’ ’ra (media
objects) Oy MHUIIIN;

- ym0y OOBEKTJIIAPHUHT Y3apo OOFJIaHUWINM Ba Ty3WJIMacUHHM Hdoanari,
KeWMHYAIMK yJiap SroHa BHUJACOOBO3JIM CaxHa OOBEKTHMHU HWHUFHII
UMKOHUHH OCpHIIIH;

- oXHpru  axOopor KaOyl KWITYBUYM yYyH CaxHa  HWHTCPAKTHUB
Y3rapTUpHIILUTAP KAPUTHII IMKOHUSITHHU SIPATHITUIIIH.

audiovisual cbjecis

multiplexed
dowanstream
control / data

multiplexed

upsirean scene , e |
control/data / coordinate | ; - |
system | ./ e P
) l X o7 '!
'I.: fd-f/ i H
z - P
; L user evenis- Pl
video ’ audio
compositor B e compositor
projection P L1
s ’..ﬁ' i i
plane I A
: . i
; iV} i
F . !
: & |
N .
e Lo
Y L |
) v
y‘_'.
. . ) ( @]
hypothetical viewer P

display g ( \|

spearer tser inpit

3.22- pacm. MPEG-4 caxnacura Muco.

bapua Meauna-oObekTIap SAroHa MEpapXUK Ty3wiIMara OWPUKTUPUIIUIINIA
MOCJAIIYBYAHJIMK OOCKMYNTa SPUILIUII YUYH KyWuaaruiaap OYJIuIny J03UM:

- Xapakatcu3s TacBupiap (Macanas: ¢GoH);

- HaTypaJ BUJI€0 00BEKTIap (MacajgaH: UHCOH);

- ayauo oObekTaap (0BO3JIAp, MHCOH OMjIaH OOFJIUK OBO3);
- caxHa OmiaH OOFJIMK MaTH;
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- caxHa &3wmaérraHga = OynamaraH  CyHBUMH  OOBEKTHap,  OUPOK
doiinananyBuMra eTKU3WIraHjga Kylmiaaud (MacalaH: KOMIIbIOTEp
rpadukacu BocuTajzapu TOMOHHJIAH SpaTUITaH ‘“Cy3J0BYM MHCOH OOIIN™);

- CyHBHH 00BEKT OMiIaH OOFJIaHTaH Ba OBO3Ta Y3rapTUPUIIAAUTaH MATH.

MPEG-4 na xapakarcu3 TacBUp Ba TEKCTJIApHU KOJJAIll Y4yH BEUBIICT-
Yy3rapTUpHUIIl acOCUJard caMapajiv alrOpUTM KYJUIAHWIIAIW, Y SPKUH IIaKJJaaru
OOBEKTIIapHU KOJJAITHU Ba pacM CH(GATHHE TEKUC MacIITa0JaHUIIHHA
TabMUHJIANN.

Yupan tamkapu, 38,4 MoOut/c rava, ctyaus mapowtuaa 1,2 I'6ut/c rada
OynraH IOKOpW TE3JHMKIArd BHUACO OKUMJIAPHH SIPATHII HWMKOHHUSATH Ky3da
TYyTHJITaH.

MPEG-4-10 (H.264) cranaaptuaa Bugeo komjgam. MPEG-4 na Bujaeo
OKMMIa WILIOB Oepuiiga Oapua Buiaeo Tekuciaukinap 4 ta typra (YUV 4:2:.0
Mo/ieNn) Oy IuHaIu:

|-Tekucnukaap. Te3 KUPUITHU TabMHUHJIAII Y9yH OOIIKA TEKUCIUKIIAp/IaH
MYCTaKWJI paBHINJAa KOAJIaHAaIu. JHT aBBajo, 16x16 mukcemnn makpoOiokka (I-
MaKpoOGIOKIap) GYIMII aMaira ommpuiaay, ynap sua JKY yuyn 4 ta 8x8 ym |-
0JIOKKa Oy IMHAIH.

P-texkucaukiaap aBBan kenrat |- €éku P- Texucnuknapaaru axoopotiapaaH
dbolinanannbd koanmaHaau. YmOy TeKuciaukiap xaMm 16x16 wmakpoOsiokiapra
Maiananam, dakar yinap numaa |-makpoOiokimap Ba i-makpooiokiaap (I — intra,
I— inter) Oymagm. Inter-makpo0JoKIap XapakaTHH KOMIICHCAIIHSJIAI
HaTWXKacuaa MIaKiulaHagu, Oy epnaa aBBairu [- €xku P-tekucnuknapiaan xopui
Inter-makpoOJIOKra MakCHMaJl MOC KEJIyBYHM Ba JPKUH JKOMJIAMIraH MakpoOJIOK
KUJIUpUIaau. Arap y TOMWICA YHUHT MKKH TAIIKWJ ATYBUMUIIUK XapakaT BEKTOPH
maKulaHaad Ba  okuMra  Kywwmnagu. CyHrpa kopuid Ba  TONWITaH
MakpoOJIOK/ONoKIap MHKCceulapu Oyiinua aitmpma ¢apku (Oamopar XaTtocu)
xuco01ad 4YMKUIaAu Ba yHTa JIKY KyJutanwnaau. Kagp uerapacura siKmHMaaru
XapakaT KOMIICHCAIMSICUHU CaMapaJopJIMTUHU OIIMPHUII y4YyH, KaJpHUHT Xap
TOMOHJIaH OWTTa KaJp KaTTaJurura TYJIIUPHUII amManuéTu Oaxapuiaau(Xymry.
yerapa MHUKCENUra SKUH paHr Ownad tynaupunaau). ynmait kummO, xap Oup
ook yayH Ita €ku 4 Ta XapakaT BeTOpY KaOyJl KWIMHHUIIIA MyMKHWH, BapHAHTIIAP
¥pTacugard TaHJIOB 3Ca MaKpOOJOK KYIIraH XUCCACMHUHT KaMJIMTH Ba YHHUHT
OKUMJAaTH XapakaT BEKTOpHIaH KenuO unkuO amanra ommpuianu. LIIyHUHTACK,
CTaHAApPT XapakaT KOMIIEHCAIMSICUHUHT Maxcyc Typu — ‘Kormianr (OepKHUTHIL)
KOMIICHCAUMSICUHU KYy3/1a TyTaau: y ¢akaT Y KOMIIOHEHTaau OJIOKJIap Y4yH
KyJutanunaau. Yoy yCyJHUHT GapKid XyCyCHUATH IIYHIAKW, ailupMma OJOKHUHT
aBainru [- €ku P-rexkcunmkiapna yHra yxmam ydra OJIOKHUHT VIIYOBIIApH
Cyneprno3uuusicu Oyinya TallKWI STWIMLIINAAIUP, SbHU OUTTa yXmam OJoK
ownan vexnmanmaiinu. [llynra myBoduK, ydra Xapakar BEKTOpH OJMHAIU: | Tacu
KOpUi OJIOK YIyH Ba MKKUTACH UIUIOB OepuiaéTran MakpoOJIOKaa KOpuil O0Kra

KYIIHU OYaraH OJI0KIap yUyH.

B-Texkucanknap P-tekucnuknapian mry Owian dapKiIaHaJAuKW, YHAA KOZJIaIl
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yUyH XapakaTHH KOMIIEHLUsANamaa Hadakat aBBainru, Oanku keiimnru [- Ba P-
TEKUCIUKIAP XaM KYJUlaHuiaau. Ym0y TEKUCIUKHUHT Xap Oup MakpoOJoKu
aBBAJITM TEKUCIMK MAaKpOOJOKH, KEHUHTH TEKHCIUK MaKpoOJIOKH Ba Yoy
MaKpOoOJIOKJIap Cynepno3uiusicu 0yitnya 6amopaTr KUIuHaIH.
MPEG-4 Part 10 Advanced Video Coding (H.264) xyitugaru ¢gyHKuusiaapu
OwIaH axpanud Typaju:
4:2:0, 4:2:2 Ba 4:4:4 dbopmaTiapu Kyu1ad KyBBaTJIaHUIIIH
MakcumymMm 16Taraua TastHY Kajpiap
TaxoMuTamITHpUIITal XapakaT Koruiarudu (1/4 mukcenmaru aHuKJInK )
16 6GuTIMK TH3UM TyQailiii siHa/la aHUKPOK, U1l PEKUMHU
Makpob6oknap Typim ctpykrypacu (16x16, 16x8, 8x16, 8x4, 4x8,4x4)
KBaHTJIALI KaJABaIH/1a 52 KUPUTWITYBYH dJIEMEHTIIAp
JKA ypuura Anamap aJMalITUPHUINNHU KYUTaHUIIM (OJIOK YaI4amMu MOC
paBuiga 4x4 €ku 2x2 MUKCEN)
® DHTPONUSIIM KOJJIAI; KOJIaml Y3yHAuruHuHr YysrapyBuannuru (VLC) Ba
KOHTEKC MOcJanlyBuyaH UKKUIuK apupmetuk koaiam (CABAC)

3.23.pacwm. I, B, P kanpnapau y3atuin keTMa KETIUTH

SDTV 4:2:0 dopmatu Ba 6 MOHUT/C TE3NUKIN CUTHAN aHAJOT TEJICBU3UOH
curHan cudaru OunaH Jeapiau Oup Xuia XucoOjaHaau. AManuéTAa y3aTHII
te3nuru 2..7 MOut/c raya OyiraH Te3nMKIap XaMm MaBxkyd. by tesnukiap y3
HaBOaTuaa TacBUp cudaTuHU Oaxojanu. V3 HaBOaTHAa IIyHJIAaM Xyjocara
KeJIMHAAW: SbHU CHOPT KYypcaTyBJIapu YYyH KarTa TE3JUKIAArd MabiIyMoOTiap
OKMMH Tanad KUIHHAIA

MabiayMoTinap y3aTUIl TE3UTH TAacCBUP TapKuOWra Kypa HOUMUN EKH

2 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 123.
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y3rapyBuan Oynumm MyMmMkuH. Yoy te3nuk MPEG xonepu Oydepura kupysun
CUTHAJJIAp Jlapakacujard KBaHTJIaHUII KOA(POUIMEHTUHHUHT Y3rapuiid OusiaH
OoIIKapyIIaIn.

I, P €xu B makpoOGokiapu Typiau ycysuiap OuiiaH KOJJIaHUIIIA MYMKHH.
MakpoOJOKHUHT KOJAJIAHUIIN OYVHHYa SHT KYI TapKajraH TypJapuaaH Oupu 0y
KyWuarnya:

e Intra kaapnap kojIaHaaAu (MyTJIAKO STHTH)
e OauHTU KO

e QuuHra Ba opKara KoJJiaiil

e VYTKa3ub r06opuiIran Kosap.

Three Picture Types: |, B, P

POC o] 1 2 3 4
Decoding order 1 4 3 5 2

- 02 P4 R4 [0
HEVC

Group of pi(:tures (GOP)

Input and display order
1(I) 2(B) 3(B) 4(P) 5(B) 6(B) 7(P) 8(B) 9(B) 10(P) 11(B) 12(B) 13(I)

Encoding and decoding order
1(I) 4(P) 2(B) 3(B) 7(P) 5(B) 6(B) 10(P) 8(B) 9(B) 13(I) 11(B) 12(B)
3.24.pacwm. 1, B, P kanpnapau y3atuin keTMa KETJIMTH HaMyHacH

10, B1, B2, P3, B4, B5, P6, B7, B8, P9 Taprtubnaru kanpnap adupra
Kyhunaru Taptuoaa xyHatwiaay : 10, B-2, B-1, P3, B1, B2, P6, B4, B5,P9.

bynpan Ttamkapu MPEG-4 tusumuaa paebnokiam QuibTpu Xam
KyJanunagu. Ymoly  ¢uiasTp Basudacu  OJOKIOBYM  apTe(aKTIapHUHT
KYPUHYBYAHJIUTUHU KaMaTUPHUIIIaH HOOpaT.

Reference De-blocking Inverse Dequanti-
rames buffer ‘_lﬁlter T transform [ zation
Mo.t|0n . —p Transform p=#fQuantization Entr_opy =
Uncompressed estimation coding
video Compressed
video

3.25.MPEG-4 tuzumuaa nednokiam GuiabTpu TU3UMHU.
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MPEG-4 AVC Oyrynaru kynaa DVB-S2 tusumuauar HDTV kucmu yuyH Ba
DVB-H Ba T-DMB TusumiapuHuHr MOOWUJ TEJIEBUIEHHWE KHUCMH YYYH
doinanann0 KeITMHMOK/IA.

3.3.Pakamiin TeJIeBU3HOH CUTHAJIHHU AJI0KA KAHAJUIAPU OPKAJIM y3aTHIITa
Oysran TaaadJap.

Pakamiy TeNe3MMTTUPUIIHN TAIKWJ 3TUIIHUHT CYHBbUW WYIIOM Ba Kaden
OpKaJy y3aTUIl UMKOHHMITH OyTyH AyHE yuyyH MabKyn Hyn xucoOmanamu. Ly
YpUHAA y3 Y3WJaH CaBOJ TyFuiaaau. PakaMiau TENesUTTUPUIIHU  TalIKWII
KWIMIIAA HUMara aiiHaH ep yCTH y3aTUII BapUaHTU TaHJgaHaau? By Th3uMm Kymiad
TEXHOJOTHK KypujiManap Ba KUMMAaTH )KuxXaTaaH O0anana OyiraH ycKkyHauap xama
JIOUMUN CepBHUC THU3UMUHU Tajad Kuiaumy OapuyaMu3ra MabiyM. YOy XOJaTHU
EpUTHII YUyH Xap OWUp peruoH ydyyH OuWp KaHva (akTtopiap KYypuO UMKWIMIIN
3apyp. Yiap:

e Peruonan tamabnap (MHpacTpykTypa Tapuxu, CyHbUU WYIIONIIAH
KaOyJ1 HYKIIUTH)
Peruonan reorpaduxk xonar
[TopTaTuB TeneBU3NOH KaOy
MoOun TeneBuaeHuEaH QoNaIaHnII 1apakacu
Maxammuii MyHULUIHAT KYIIUMYya Xu3Matiap (peruoHai/maxap
TEJICBUICHUECH )

JyHéna kynruHa AaBnatiap cuécuil, reorpaduk €xku tabuar cababiapura
Kypa CyHbUW NYJJIONUIM TEIEBUICHHUE TU3UMUTra sra sMac. Kynruna xomariapaa
yui0y THU3UM YpHHUra CypYHKaIM MYy3JUKIap €EKA axoiu KaMm siaijuraxd
NyHKTJIapra eTapiud MaljiaF aXXpaTWIMaraHjiuru cabanu kaOeuM TU3UM OujiaH
aNIMallTUpUIaAd. DKBAaTOpra sKuH AaBjiariapia 3ca reorpaguk myammo — Oy
aHTEHHAaHW  MYHaJIMIIMHU  Jepiad ep caTxu OujgaH  Oup  caTxzaa
YpHaTWIIMIIUAAIUP. UyHKA €pHUHT CYHBUU NUYIAOLIM KOMJIAIITAaH HYKTACU LIYHU
tanad kunagau. [y Ba mry kabu Gomka MyamMostap Ty(hailiii ep yCTH SUTUTTUPHIIL
TU3UMUAAH QoiiiaTaHu 1013ap0d Macana XUCOOIaHa IH.

Pakamiu TeneBU3MOH CUTHAJJIAPHU Y3aTUIIIAarkd acoCuil Tanadiapaan oupu
MaBXyJl ~ aHajor  TeJIEBUJEHHE  alOKa  KaHaapugaH  (oilnasaHUIIHU
TabMUJIALLIUD.

byHnu tanabuu OaxxapMmaciMK >KyJa KaTTa MOJIMSBHI Xapaxkariapra oiau0
KeJlay, YYHKA paKaMJIM TEJNEBUJEHUE YUYYH SIHTM YacTOTa [AHUana3oHJIapUHU
OMpPUKTHUPHUIL, y3aTyBUM Ba KaOyJd KWIyBYM KypWIMaJIApHU, aHTEHHAJapHH
AIMAIITUPUII, KEHT TMOJIOCATIN y3aTTUWwiap Ba TEIEBUACHUE KaOyl KUITHYJIApPHU
spaTull Kepakiurura onu0 kenap »au. by epaa aBBan antunrangek, MPEG — 2
KOJICPUHUHT YUKUIIIMIa MaKCUMasl OUTpeuT kuimat 15 MoOuTt/c etanu.

CUrHaHUHT aMIUTUTY/IaCM WKKA KUHUMATUHU Kalysl KWIWIIH MYMKWH
aMIUTUTY[a MaHUNYJSIUACH XOCWI KWIMHTAHJA ajoKa KaHaId OpKaiu
y3atumigaru camapagopiauk 1 (6ut/c) I'm Oynmumu mymkuH. Jlemak pakamiu
TEJIEBU3MOH CUTHAJIHM Y3aTHUII YU4yH Kepak Oyianurad yactoTa nojocacu 15 MI'g
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Oymumm J103uM, Oy 3ca CTaHAAPT TEJEBUICHNE KAaHAIMHWHT Y3aTHII MOJOCAHWHT
Ce3WIapiu Japaxaza KEHTaUTHUPHUIIHM Tanad Kujaiau. (S"36eKHCTOH Ba MJIX
nasnatnapuga SMI't, EBpomna, AKIL, Anonusina 6 MI'n)

IIyHHHT y4yH XaMm pakamJId TEJIEBU3HOH CUTHAJUIAPUHU Y3aTULIAA,SIbHU
yacToTajap moJjiocacuaaH camapanu doiinananuiiia, alHuKca Oup Heda O uid
AHUKJWK/ard CUTHAJUIADHU OWTTa KaHauJa y3aTUIl €KU IOKOPH aHUKJIMKIArH
TEJIEBU3UOH CUTHAJUIAPHU Y3aTUII Y4yH MYpakkaOd MOAYJSUUSJIApHU KyJlialira
TYFPH KeJap 111.

byHman  Tamkapu — aHamor — TENEBUACHUENArdM  OHUW  KUMMATIIApU
y3aTWIauran TynuK panriu TteneBuszuoH curHan (TPTBC) Ba oBo3 Tamkuia
ATYBUMCHAAH (apKIM paBHILIA pakaMiHM TEJIEBHICHHUE TU3MMHJIA, ajJoKa KaHAIU
OpKQJIA, aJOXWJa TEJIEBU3HOH IporpaMMaiapHUHI(IporpaMma OKHUMIIApH)
CUKMJITaH paKkaMJIM OKMMJIapH y3aTwiaad. byHna nmporpaMMa OKMMH BHIEO, Ay 11O
Ba KYyIIMMYa HUIIYM axO0poTiap CUTHAJUIAPUHM OUpJAlITUPraH SIKKa TPaHCIOPT
OKMMWHU TAIIKWJI ATaIu.

MPEG — 2 HUHT TpaHCHOpPT OKMMH 4Ta mporpaMma OKUMHUHH Y3 HWYWTa
osiaan Ba MPEG-4 tpancnopT okumu 3ca 8 — 12T1a mporpamMmmMa OKUMHHU OJIaIu.

TpancnopT OKMMHHHMHT XaJaKUTOApAOUUIMTMHUA OIIMPUII MyXHM Bazuda,
YYHKH XaJIaKUTJIAp aHajor TeJEeBUJEHUE KypcaTuil cudaTUHU EMOHJIAIITHPCA,
pakamiid aXxOOPOTHUHT XaJIaKUT CUTHAILIAPU OpKaJIM OYy3WIMIIN TaCBUP Ba OBO3HU
XKyJa KaTTa Oy3uiuuuiapura €K TeJIEBU3UOH axO0pOTIapHU YMyMaH WYKOIUILINATA
0JIMO KEeNHIIM MyMKUH. AManné€raa Oy KypcaTyB KaApJapUHUHT “KOTHUO KOJWIIN
€KkM ynapaa Mo3aukanu(Jarmiamub KeTraH) Kajap naigo Oyaummra oaud Kenau.

ynaail Kuamb, pakamiid TEJIEBU3HOH KaHAJUIApAa, XaJTaKUTOApIOILITUK
eTapJi Japakaja TabMUHIAHMAca, yiap HopMall (aoiusT KypcaTUllIapyd MyMKHH
smac. UIyHUHT y4yH XaTOJauKIap naijgo 0yiaum cadabnapuHu Kypud YuKamus:

— XaJakuTiap -IIOBKUHJIAPHUHT TaOWHMM Xap XWi Typiapu (MCCHUKIMK
IIOBKWMHHU, 3apsylap TallyBUWJIAPDHUHT TEeHepaluus — PEKOMOMHAIMSCUHU
IIOBKWHU, KaCpUil MIOBKUHU Ba X.K), yJap acocaH KaOyJ KWJITHWIAPHUHT KUPHUII
Kackajiapuaa HaMmo€H Oynanumiap;

— HHOyCTpuall Ba artMmocdepa Xamakutiapu (KUcKa KYpUHUIIATrH,
EHCMMOH pa3psJIaHHIIUIap -TIadBaHUIAll anmnapaTiapyuia, 3JEKTPp TPAHCIOPTH
BOCUTAJIApU]Ia, MOMAKaJIIUPOK BaKTHA);

— uHTepdepauuoH  Xajakujiap -KYIIHW XyAyQjgapaa Xyqad 1oy
yacToTajlap/a UIIAANral pajuo y3aTruujaapiad YUKYBUM XalaKuTiap;

—  KYI HYpJU PaguoTYJIKUHIApAaH XOCWJI OYJIyBUM XaJIaKUTIAp-€PHUHT
YCTH, KYpPWIMII  HMMOpaTiapu,MeTaul  caTxJiapgaH Ba  X.K.  KalTran
PAAUOTYIIKUHIIAP.

[ynpaii kuwinb, XxajdakuTaap OuUpJaaMyd Ba mnakerau (TypyxJu)
OyuILIapyu MYMKHH.

bupnamun (sixkka) xaronmap Oup Oupura OOFJIMK dMac Ba MaKETIH XaTojap
Ouppanura OMp Heya KYIIHM MKKUAJIMK CHMBOJUIAPHU OYJIMIIM MYMKHH. Mucon
YUYH: KYN y30K JJaBOM 3TraH MMITYJIbC XaJaKUTJIAp TaCBUpP CUTHAIMAA KEMa KET
KenmaértraH Oup HeYa WKKWIMK CHUMBOJUIApHU OapuyacuHM Hojra EKu Oupra
alJIaHTUPUIIN MYMKHH.
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XanakuTinapAaH CaKJIaHUIIHUHT aHbaHAaBUH  yCyJUIapH:  TEJIEBU3UOH
CUTHAJUTAPHUHT y3aTTUYJIapu KyBBaTH OIIMPUII, aHTEHHAJIIAPHU allHU XO0J1aTra MOC
KeJyBUM KYpCATTUWIAPUHU TabMUHIANI, KaOyl KWIrHd KypuiMajlapuaa KUYHK
IIOBKMH YHMKApPYBUM JCTAIUIAPHU KYIJIAIl, COBUTUII KypUIMaJTapWHU HIIIATHII
(BeHTWJISIIIMSL  KYJUTall), KYUIHU  XyAyUlapja 4YacToTa TaKCUMJIAHUIIHMHU
ONTUMAIIAIITUPULILTAP AP

Pakamnm curHaiap y3aTWirasja 3ca, XaJlaKuTIapHU KaMaWTUPUII Y4YyH,
XaJIaKUTIAPHUHT Tai10 OYIUIIMHN aHUKJIOBUM Ba YJIapHU WYKOTUIMIIWHU aMaira
OLLIMPYBYH MAXCYC KOJJIapAaH (oii1aJaHuIl MyMKHUH.

byHnaH Tamkapu TaHJaHTaH MOIYJSILMS YCYJIM XaM XaJlaKUTJIapHH
KaMaWTupHIra HyHantupwiran Oynuimu jo3uM. LlyHuHT yuyyH XaMm pakamiu
TEJEBUICHNEAA CUTHAIUIAPHH Y3aTUII yCyJUIapH aHAJOT TeJIeBHACHUEIaH TyOaaH
dapk Kuiaau.

Ha3sopar caBosuiapu

1. Digital Video Broadcasting KOHIETIIIUACH KAUOH KOPHA KUJIMHTaH?

2. DVB Project moitmxacu acocuaa pakaMiau TEJICBUISHUE CTaHIapTIapUHU
KaH/1ail TypJiapy KaOyJl KUJIMHTaH?

3. Ep yctu pakamiid TENESUIUTTUPUINTUSUMUHU SIPATUIL Ba TAIIKWI JTHIIIA
reorpaduk MIAPOUTHU XHCOOra OJITaH XOJja KaHAal KUHWHYMIMKIIapra
ydpanuMu3 MyMKUH?

4. Ep yctu pakamiad TEJNEBUACHUECH TAIIKWI JTWITAaHUAAH KEWMH KaHJal
TEXHOJIOTHUK TaJla0JapHU KOHUKTUPHILN Kepak ?

5. DVB-T tuszumu SFN gapHM OWUTTa 4yacToTaja HILIIAIIMHUHT aB(3aJUTUTHHU
TYITYHTUPUHT.

6. DVB-T wmoaynsTopuHHHT OJOK CXEMAaCHHHWHT WILIAIl  TPUHIUTTUHU
TYITYHTUPUHT.

7. 2K/8K pexumnapu HapKuHH TYITYHTUPHUHT.

8. DVB-T tuzuMuia Kanjai TypJard TaluryBuuiap MaBkya?

9. DVB-T set-top box KypunmMacu 0JIOK cXeMacy W MPUHIUITUHYA TYITYHTAPUHT.

10. MPEG-2 tu3uMHHMHT acocuii 3 Ta KHCMUHH caHaO YTHHT.

11. MPEG-2 crangapTiia TacBUpiapra UuioB Oepuiil HeuTa npodungad nubopar?

12. MPEG-2 BHzi€0 CTPpYKTYypacHu HEpapXUsICUHU KeTMa-KEeTIUKIa EPUTHO OCpUHT.

13. MPEG-2 cranmaptuga TEICBU3MOH CHUTHAJIHM CHKUII TEXHOJIOTHSCUHH
TYITYHTUPUHT.

14. 4:4:4 paurnu opmat, 4:2:2 (panrpapk KOMIOHEHTIAPHU TOPU30HTAN KaiTa
nuckpetiai) Ba 4:2:0 (panrgapk KOMIIOHEHTIApPHA TOPU30HTANl Ba BEPTUKAI
KaiiTa quckperiai) ¢popmatiap GapkKuHu TYIUK 0aéH KUJIUHT.

15. MPEG-4 na ayauo-Bujeo ax00opoTra UILJIOB OSPUITHUHT acOCHil OOCKUYIapH
EPUTHHL.

16. 1, B, P xanpnapuu >xopuii KWJIMHHIIIATA aCOCHA cabad Hruma?

17. EpHUHT CyHBHH WYIAOIIM OpKAJIM Y3aTWIyBUM TEJIEBUACHUE Ba €p YCTHU
SIIMTTUPHUII TEJICBUICHUCTAPUHUHT KOPUU KWIUIIAArd Myammoliap ¢apkw,
aB(3aTMKIIap Ba KAMUMIIMKIAPUHU TYIIAHTUPHHT.
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4- maB3y: DVB, ATSC Ba ISDB cranaaptiiapuaa CHrHaJIADHUHT NAKeT

TY3WINIIN, YJIAPHH IIAKJIJIAHTHPHUI, KAliTa MILJIAII Ba y3aTUII
XyCYCHSAITJIApPH.

Pexa:
4.1. DVB-S pakamiu cyHbUH HYIIONT TEICBU30H Y3aTHUII CTaHIAPTH.
4.2. DVB-C pakamiu kabenb TeJIeBUICHNE CTaHIapTH.
4.3. DVB-H pakamiau MOOWIb TEIEBU3UOH SIIUTTUPHIN CTAHIAPTH.
4.4. IPTV UMKOHUATIAPH Ba TEXHOJIOTHSICH.

Tasnu ubopanap: satellite , Centripetal force , centrifugal force, QPSK, Gray
code, Framing Structure, Forward error correction, randomizer, pseudo random
binary sequence (PRBS), Reed-Solomon coding, Gross data rate, 1Q imbalance,
carrier leakage

4.1. DVB-S cynbuii iyJ1011 TeJIeBU30H Y3aTUII CTAHAAPTH.

CyHbuil HyIIOI TENESHUTTUPUII TU3UMIIAPU KEHT XYIYAJIAPHUHT Xap
Kaiic HyKTacura KOpH cudartiv TeJeBU3WOH CUTHAJUIAPUHU €TKA3UIIIHUHT SHT
T€3, WIIOHWIA Ba TEeXaMKop ycynu xucooOmananu. CyHbud wynmomHuHT Ep
OpOUTACUHUHT OeNrujaHTaH HYKTacH yIUIad TYpPWIMINU, KyEII SHEPrHUsiCUIaH
Ta@bMUHOT Y4YYH KEHI (pOMIaNaHWIMIIN, KypHIMajlapaa SHEPrusHu 03 MUKIOpIa
capp KWIMHUIIM KaOM WMKOHUATIApU OylapAaH TallKapu Yy3aTUIAETraH
CUTHAJUTAPHUHT atMocdepa Ba reorpaduk >KouamryBiaapra OOFIUK OYIMacIuru
KeHI  JoMpaja  pHUBOXKJIAHUIIMIA  HMMKOH  SpaTaud.  XO3UPrd  BakTaa
TEJICPANUOIUTTUPUIL CYHBUN WYIIONUIAPU OJATAA SKBATOp KEHIJIUTHUIATH
reoctaiuoHap opourtaga (I'O) Oamanamuru 35786 kM Oynran opOuTana
xoinamaamiap. ['O ga xoinamran cynsuid ynaom Ep Ounan Oup xu Te3nukaa
ailmananu Ba 1y ca6abd EpHUHT OenrwiiaHraH HyKTacH y4yH Xapakarcu3 Oynaau
JeHuIn MyMKHAH. ['eocTalimoHap CyHbUN WYIIONIHUHT SIIATTUPHUILIAPHU Kampad
onuin Maigonu Ep 103uHUHT y4yman Oup KHUCMHTa TYFpU Kenagu. AWHU BakTaa
3aMOHaBH TEXHMK Bocutaimap Ep [3MHMHT KaTta OyaMaraH KUCMUHU
UYHANITUPWITAH KUYHMK OJJICKTPOMATrHUT Hypiapu ¢&paamMu  OujaH — KoIuTall
UMKOHUSTIApUHU Oepamunap. Ep ro3acu Ounan CyHBUN HYNIOII aHTEHHANAPH
TapKaTyBYd KOHYCCUMOH HYPHHHI KECHIIMII YHU3UKJIApu KaMpad oJMIl
30HACMHMHI 4YerapajapuHu Oenrunad Oepaaum Ba epaard  KaOynl KHIWII
aHTEHHAJAPUHUHT TypJid AUaMeTpilapyuaa amaira omupwiagud. byHaa aHTeHHa
KaMpal OJMII 30HACMHUHT MapKa3uJaH KaHya y30KJa >KOoWjalraH Oyica, YHUHT
JUaMETpH IIyHYa KaTTa OV Kepak.

TenesmmTTUpHIL coXacura Xu3MarT KWIyBUM Xap Oup CyHbHM Hymaoin
skBaTopaaH TaxmuHaH 36000 kM OamaHmiukaa skounamradH. Ep kanmail Te3nmmk
OunaH y3 Yku aTpoduaa aigaHca CyHBHH HYIA0m XaM XyIJAM 11y TE3JIMK OuiaH
aitnanagu. CyHbUI WYIIOMIHUHT aliHaH 11y OanaHAsak[a skoinamummra cadad
ymly OanaHaiMKa CyHBHM HYNIONII aiilaHMa XapakaT TabCUPHUAArd MapKasJaH
KOYMa Ky4H Ba €pHHUHT TPaBUTANMUIApU OMp OMPUHM KOMIICHCAIUSIA0 CYHBUN
UYIAOUIHUHT OMp HYKTa1a OYIMIINHU TabMUHIANIN.
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Mapka3aaH Kouma Ky4.

F1=Msa® @™ 1 ; F1
Mgyt = CYHBUM UYJIOINI Maccacu;

o= 2-7t/T = Oypuakiu TE3JHK;

= 3.141592654;

T=1kyn=24 60" 60c=86400c;

Satellite

4.1. Pacm. I'eocrammonap CY MapkasiaH KouMa KydH.
Mapka3sra HHTHJIYBYH KYY. F
2

_ 2.
F,= Y © MEearth * mgy / I
MEgartn = EPHUHT Maccacu;
Yy = rpaBUTalUs JoUMHUICH = 6.67 107 M¥/xr c2; Earth

Satellite

4.2. Pacm. T'eocrammonap opoutagarn C Mapkasra MHTHITYBYH KydH

Bbananc xoaaru:
MapKa3zJlaH KouMa Kyd=MapKas3ra UHTHIMa Ky

F

Fi=F;
Mgyt * @ 2. =Y ° MEgarth ° Mgy / I’Z ; F /S;telhte
2

r=(y - Mearin/ © %)%
r=42220 km;
d = — rea = 42220 km — 6370 km = 35850 km™ ;

Byunan tamkapu typan CHnap Typim kenrmuk  (6ypuak) 6yiimua
»xornamana. Macanan ASTRA CU mapkuii 19.2 keHrimkaa »onaamraH.

TeneBU3sMoH SIIMTTUPUIIHUHT CYHBUM WYIAOII KaHAJUIAPU YYYH CaHOaT
XaJaKuTIapyu Ba OOLIKA y3aTyBUM KypUJIMaJIapHUHT IIOBKUHU KUHWMATIapH MacT
OynuIM  XapakTepsid, UyHKM OyHAall KaHawiapaa YTKUP(KUYUK — aHUK)
UYyHaNTUpWIraH aHTeHHanapAaH QoiganaHwiaaud. Pakamii cUrHaIapHU KaOyil
KWIKIIAAQ XaTOJAPHU KEJITUPUO YMKapaauraH acocuil ¢akrtop OYiaud, y3aTyBUu-
KaOyJ1 KWIyBUM KypuiMayiap opacujard macoda karra Oyiaraniuru cabad, kadym
KWIWII KypUIMAaCUHUHT KHUPHUIIUAATU CUTHAJ/IIOBKMH HUCOATHUHT KUYUKIIUTH
xucobnanaau. CyHbpUN WYIION aJloKa KaHAJUIAPHUHT 4acTOTa KEHTJIUTH €p YCTU
Ba KabeJb TeIeBUICHNECH KaHalapura HucOaTaH ce3mIapiii Japaxaaa KeHr.

4.1-xanBanma MabIyMOTJIADHU MYMKHUH OYJITaH y3aTHIN TE3JIUTHU Ba KaHa
CUMBOJUIAPUHU aJI0Ka KaHaJdW KEHIVIMTUTra OOFIMKJINTK KeNTUpwirad. byHaa
doiinan MabIyMOTIApPHU Yy3aTUIN TE3JIUTH KaHAJHU KOJUIalll IapaMeTpiiapura
(oxupru ycryHya) OOFJIMK, YYHKHM MHUFYBUM KOJ OPTHUKYAIWIUA KyNalraHia

B Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 262.
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XAIAKUTOAPIONLUINK O, JICKHH (ONIaTi MabIyMOTIApPHH Y3aTHIN TE3JIUTH
KaMasiJiu.

DVB cranpaptu 11...12 T yacrora nuanazonuga 27 MI'myim yacrora
KEHIJIMTUTra 3ra CyHBUM MYJIIOLI TEJICBUICHUECUHUHT MaBXYyJ KaHaulapuiaH
dbornananumHy Ky3aa tytaau. Uctukbonma cynbuil wynmom tusumiapuaa 20....
21 ITu nguanmazongaH QoipaaHUIl Ba ajloXuja KaHaJUIQPHUHT 4YacToTa
noJsiocajiapyd KeHIpoK OVIHMIIIapy Ha3apaa TYTUIMOK/A.

4.1- xxanBan
MabnyMOTIapHU Y3aTUITHUHT TYPJIU TE3JIUKIAPU

Kanan VY3aTum Te3nuru Tynuk Ty3aTnmn Doinanu
KCHTJINTH, Mcums/c TE3JIUTH MabJIyMOTJIAPHU
MI'11 Mowut/c y3aTHIIl Te3JTUTH

Mowut/c

54 45 90 41,5..72,6

36 30 60 27,7..48,4

33 27,5 55 25,3...44,4

71 22,5 45 20,7... 36,3

CyHpuil Hynmom Teaepaauo SIIUTTUPHUIN TU3UMIAPUIA Yy3aTUIAETraH
CUTHAJUIADHUHT KyBBaTJapu HHcCOATaH KUYUK Ba 4YerapajiaHraH OYJIraHJIuru
cababnu  MHTEpPPEPEHLMOH XaJaKUTJIap Ba I[IOBKUHJIAPHUHT  TabCHUpUTa
ce3yBUaHJIMK tOKopHu XucoOmananu. lllynuHr yuayH sHepretuk camapanop QPSK-
KBaJpaTypaBuil ¢aza MOJIYJSIUACH Ba KucKaptupwirad RS xonu xamna Butbepu
JIEKOJIJIall airopuTMuAaH (oiiananyBuUMl,MMFYBUM KOJ[ acociapujard KacKaajiu
KoJangan oupranukaa ¢poigaiaHul TH3SUMHUHT IOKOPU XaJIaKUTOAPAOILTUTUHI
TabMHUHJIANAN. XalaKuTOApIONUIMKHA OIIMPHUINJIa IIOBKUH Ba WHTep(epalnoH
XaJaKUTIap Xamaa CyHbUH UYIIOMHUHAT OOPT PETPAHCIATOPIAPUHUHT HOUU3UKITU
TabCUPJIAPM XaM XHcoOra OJMHHUINM Kepak. WMuyku Koaek yuyyH, KyBBaTH
y3aTWJIMIIM Ba CHEKTpJaH QoiamaHuIl OpacHuard camapaid MyHocabaTra
SPUIIMINHK XpcoOra onraH xoiga, 1/2-7/8 nmanmazoHmard 5 Ta AUCKPET KOJ
KUIMaTH Te3JIMTUaH OMPUHU TaHJIAIl UMKOHHUSITH MaBxkKYy/I.

Mocnamtupwirad (GUiIbTpiail Ba XaTOJIAPHU TYFPUIAAH-TYFPU TYFpUIIAII
KaOyJ KWIMIIHUHT KUHWH [IapoUTIapuia Xam IOKOpU cudaTHU TabMHUHJIAIIra
UMKOH oepaau. IOxkopu cudar XaTTo TalIyBYH/IIIOBKUH Ba
TallyBYU/MHTEPPEPEHIIMOH XaJIaKUT HUcOaTiIapu uerapa(Oycara) KuiiMaTra siKuH
oynranga Xam cakigaHuO Kosjaau. byHpa xaronumk Oup coatma  OuTTagaH
ommaciauru kadosarnanaad, Oy 3ca KaOyn KwiyBum aexoaepuaa, MPEG-2
NEMYJIBTHILICKCOp KUPHIIHAA XaToap KBHUBaneHT sxtuMomumrura 107°.....10™
aTpoduaa 6ynaau.

DVB-S Tusumm ¢yskmumonan O6mok  6ynu6, MPEG-2  Tpancmopt
MYJIBTUILIIEKCOPU YUKUIIUAA TEIEIMHUTTUPUII PaKaMIU CUTHAT IporpaMMaliapuHu
WYNI0NITN KaHall XapaKTepUCTUKAIapu OWJlaH MOCIHAIITHPHII aMajra OIIMPaJIH.
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DVB-S tusumuHUHr y3aTuin Ba KaOyn KWJIMII KUCMJIApU TY3WJIMaBHU cXemacu
4.3-pacMj1a KEITUPUIITaH.

MODE ADAPTATION BB
5i|‘|g|E D:‘Eﬂ ."""""“"“““‘—| Slgl]i'l]]]]lg :lllllllllllllllllllllll--.
Input Input | Jnput Stream s INullpackets| cpcg P o s & Dotted sub-systems are &
Stream | _|,|interface 3Syne hm“'se':_; Deletion 3| Encoder _t | Buffer :_. ! ot relevant for '
. . . . .
T oo : broadeasting :
Mul[ip|e LLELLLEET M LLLLLE eebLLELL I LLL [ icer H ﬂwlicarioﬂs H
|I"I|)l_|l ._" Inl)ul .:nputSIream“Null pﬂcket: CRC.8 : : Buffer :“ M S ssssmsssmsmsmsnsmememnn®
Streams __“ |nterface ynchromser" Deletion :_: Encoder A H
.' {ACM TS]. ' Fesmamnma®
.--------= :--Il---l-I:-Illlllll;lllllllll.
QPSK, PL Signalling & =0,35, 0,25,
BPSK, Pilot inserti 0,20
rates 1/4,1/3,2/5 16APSK, ot Insertion
112, 315, 213, 314, 415, 32APSK
i 5I6, 89, 910
E -_Illllllll. | Bit PL BB Fih,er
i | tpaDDER] (o) i LDPC || Bit meRper b SCRAM 1=y
i : s SCRAML Encoder |- Encoder | Inter- 4 MO | ol wennen| BLER Quadrature =
Mode E E BLER {PuensKocn) (Miape,kiope) 8 leaver ciopste - E Dummy & Modulation
Adaptation | ®eEEEmem : | ations = PLFRAMES
it STREAM . s samsetens
{optional) ADAPTATION FECENCODING i MAPPING || PLFRAMING MODULATION

LP stream f% to the RF

BBHEADER . .
. > BEFRAME > BC modes PLFRAME satellite
DATAFIELD channel

4.3-pacm. DVB-S Tu3uMuHUHT Ty3UJIMaBHil cxeMacu

DVB-Sna monymsius  yuyn QPSK kBagpatyp dazaiu MOHUIYJIALMS TYypU
TaHmaHrad. bup kanwa wmynmar QPSK  mopymamuscn  ypaura 8PSK
MOIYJAIUSACUHN  KYJUIAHWIMIIMAAH MaKCcaJ, MAabJIyMOT VY3aTHUII TE3JIUTUHU
OIMpHUIll OYJIraH. YMyMmaH oOJITaHJa CyHBUU HYNIONUIM TENEeBUACHUE TU3UMHU
IOKOPHY XJIAKUTOAPAOILLIN Xamja OMp KaHuya HOYM3HMKJIIMK XapaKTepUCTUKalapra
Oapmonui OYAraH MOIYJALMUS TYpUHU Tajnad Kwiaad. Y3aTyBUdM Ba KaOyi
KWIyBUM opacuaaru karra macoda 36000 kM, IIOBKMH Ba XaJlaKUTJIap ajoKa
cudarura ¥3 TabCUPUHM yTKa3Mail konManau. bynnait macodana curian CyHUIITN
205 nbrava eTuily MyMKHH.

Tyrpunan-Tyrpu anokamn CU TeneBU3HOH KaHal KEHIIMIH yprada 26-36
MI't (macaman ASTRA 1F-33 MI'n, EUTELSAT Hot Iltuna 2-36 MI'n) Hu
TalIKWI KWIaJW. Y3aTWIyBuUd anoka JuHusacu 14-19 I'Tn amanazonnma, xalyn
KWINHYBUM JInHUA 3ca 11-13 I'Ty nuana3zon opanuxnapuna €raau. TU3uM ydyH
MabJIyMOT Y3aTHUII TE3JIUTUHU TAHJIAIl MyXUM Macajia XucoOjgaHaau. Yoy Te3/IuK
27.5 Mc/c xumub OenrmnanrHa. QPSK mopynsiiuscu Outra cumBoiiga 20uT
MabJIyMOT y3aTa OJUIIMHM XHUCOOra OJICaK, MabJIyMOT Yy3aTHII YMYMHUH TE3JIUTH
55MOuUT/C HU TALIKWJI DTaJIH.

gross_data_rate = 2 bits/symbol* 27.5 Megasymbols/s = 55 Mbit/s; (4.1)
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Input data rate x 204/188 X2 x (1.5-code_rate)
FEC1/ FEC2/ = Qutput data rate
Inv. sync. outer inner [2.17...(1.63)...1.36]
f I coder coder
I
. Basis- N = 2
TS in Reed Conv. =
Sync Energy ) 5 Coded
band Conv. 2
-] ! = vers. ma disp. = Solom. =] inter- 2 data
interf. enc. leaver coder c
> & >
L T T T ¢ fe
Synchronization
Code rate
<< > 1/2..(3/4)..7/8

same as DVB-C

4.4.pacm. DVB-S tuzumuauaT Moayisitopu.(1-kucm) DVB-S Ba DVB-T
trsumitapu FEC xaTtonmapu Tyrupiaarunau

COS2
—p g —
=1 |FR LP BP [ |>
- = PP -I.
1 LO2
90
LO1

4.5.pacm DVB-S TU3UMUHUHT MOJYJIATOPH (2-KUCM)

DVB-S curnan CHnan ysatuirau, 36000 kM macodanu Gocub yTamu Ba
Typiu TaOWWH Ba CaHOAT WIOBKMHJIApHU TabCUpUra yupald Y3UHUHT OupiiaMuu
KyBBatu 2001b ra macasu.

LNB Dish

1st sat IF (950...2050 MHz)

/
DC 14/18V

22 kHz

DVB-S receiver

4.6.pacm. Kousepropnu CH xaby1 kuirnum.

¥ Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 265
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KaOyn kunrny aHTeHHacura TyIirad CUTHAJI aHTeHHaja € HyKTaaa (oKyclIaHaIu.
Ym0y HyKTara MyaistH YJI4oBJap HaTWKAacHAA IIaKid OEpiraH TYJIKUH YTKa3Tu4
(Mufruy) skoMjamTupuiaaav Ba (oijgany CUTHaIap IIOBKUH CUTHAJLIapUiaH
axpatub onmuanu. [lonspuszanus TEKUCIUTXW KyBBaT aMILUIUTyJacu €Epaamuia
tannanagn (LNB (14 / 18B). KaOyn KuiauHraH CUTHaI apCeHUI-TaIui
Kydadtupruupga kydantapuiano 900-2100 MI't mosioca gyactoTacura YTKazwiaau
Ba KaliTa WILJIAHA[IN.

4.2. DVB-C pakamiin ka0ejib TeJleBU€HNE CTAHIAPTH.

Kaben anoka JauHMsIApH SKpaHJAITHPWITAH HYHAITUPYBUM TH3UMIIApAaH
ubopar OynraHu ydyH, yjiap OpKalM Y3aTWiraH CHTHajuiap armocdepa Ba
WHIYCTPUS XaJaKUTJIAp TAbCUPUJIAH XUMOSI KWIMHTAaH. YHJAH TallKapu TU3UMIA
aKTUB  OpalMK  KywdaWtupruwiapjgan  doWpgamanum  xucobura  ynapja
curHan/moBkudH (30 nbgan kam 5mac) HHCOATMHUHT €TapiiMya FOKOPH
KUUMATIapUHUHT  TabMUHJIAHUIIM WUMKOHUATH MaBxyl. IIyHuHr y4dyH
XAJIAKUTOAPJONUTMIMKHYA TabMUHJIAII HYKTaW Ha3apuaaH, KaOelb TEeJIeBU3UOH
TU3UMHU €p YCTU TEJICSIIUTTUPUII THU3UMJIIApUra HucOaTaH €HrWi IIapouTiapa
unutaiiau. Iy cab6ab onmuit xonatna pakamian kaOelb TEIEBUICHUECH]IA MUFUII
KOau E€pAamMujard WYKA ~Koajam  uuuiatuiamaiau.  KabGenb  TeneBU3MOH
SIIUTTUPUIITHUHT ACOCHUUA MaKcaau MaBXKyJ] KaOelb TapMOKJAPUHUHI YacToTa
JIMara30Hu OpPKalIM TEJICBU3UOH JAaCTypJapHUHI MaKCHUMal COHMHM Y3aTUIIHU
TabMUHJIAIIINP.

[y makcangna, DVB-C crannaptura myBoduk kademnu tapmokiapaa OFDM
VpHHMra Kyn MO3MLMOHIM KBajparypa ammuutyaanu manunyisatuus (KAMH)
unuiaTuiIaan. Xo3upru Baktaa 16-, 32-, 64 Ba 256-nosunmsiin KAMH nap
KYJUJTaHWIMOKAa.  MKKWIMK ~ cuMBoOJUIap  y3aTuiml  Te3quruHuHr KAMH
NO3ULIMSIIAPUIAH OOFIUKIUTH 6.4-%)anaBanna kentupwirad. XKanBangan KypuHUO
TypuOJIUKHA, WKKWIMK CHUMBOJUIAPHM TYJa y3aTuUIl Te3nMurud (3-ycTyH4a) KaHal
CUMBOJUIAPUHU y3aTUII TE3JMTMHU CUMBOJAArd OWTIAp COHWUTa KYMaWTUPHII
OpKaJli OJIMHAIU Ba Kynaiitma, Pua-ConoMoH xanakuTOapONUTMKHA OIIHPATUTaH
KOJUTalia KylmumMya KUPUTHITaH OaiTiap xucobura, (oiigaii mMabIyMOTIapHUA
y3aTHIIl Te3UTUAAH IOKOpU OYnaau.

4.1-xafBaHUHT OXMPrU yCTYHYAIAPUJArd MabJIyMOTJIApHHU, TaCBUP cudaTu
KUMaTiiapy Typauda OYiraH TeJIeBU3MOH JacTypiap Tajabliapura acoca,
VUKKWIMK CUMBOJUIAPHU Y3aTHUII TE3JUIHM OWIaH coJuiuTupud, Ourra kabdenb
TeJeBUACHUECH KaHaluga y €ku Oy cudar OwiaH HeyTa TEJIEBU3MOH JAaCTypHU
y3aTHIIl MyMKUHJIUTUHYA 0axoail MyMKHH.

Kynruna paBnatnapma aWHMKCAa axoJiM Ky JKOWJIapJa Telie  Ba
PAMOSIITUTTUPUIIIIAD KEHT TOoJocaid ajloKa Kabemmapu EpmaMmaa amanra
omupmwiaau. Ymoy kabemnu texunonorusuiap 400 MI'y (¥praga 50-450 MI'r) €xu
800 MI'm (¥praua 50-450 MIm) yTkasum mosocacura sra. byHman Tamkapu
kymiad nasmarnapaa VHF Ba UHF smmrtupuim auanazonnapu y €ku Oy xu3mar
Typiapu TOMOHUAaH OaHn KwinO Kyhuiaran. bynpgalh Xxonatmapga myHE
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Takpubacura acociaHu® KaOelIum TeNeBUICHUE S>KOPHM KWIMII Macaniacu
kyTapwiaau. KaOemnu TeneBUJIEHHEHUHI OOIIKA TypAard TeJeBUACHUeNapaaH
(cyHpuil WyaAomIIM, €p YCTH) (apKu KEHTr IMOoJjocaid Juara3oHra (daxar
TEXHOJIOTUSIHUHT Y3WHM >KOpUM KWIMHraHuga ae0 OenrwiaHanu. SIbHU ymyMuin
cnekTp $hakaTTUHU 1Ty TEXHOJOTUSITa TETUIILIH.

Taxmunan 1995 #ungan Oonura® KYNruHa KaOeUIM TEICAIIMTTUPUIILIAD
pakamuiu DVB-C ¢opmarura ¥yrtkazmwna Oouvianau. DVB-CHunr wacrtorta
nonocacu 300 MI'man rokopu.

Kabemm TteneBuaeHneHUHT pakamim Gopmata 1994 wmmma ETS [300429]
crannapruga tacaukiangu. DVB-C monynstopugaru MPEG-2 tpancnop oxkumu
DVB-S tusumugaru kabu Oup xun >kapa€HmaH ytagu. Tusumaa cBepTKaiu
KOJJTAll TEXHOJOTUACH KyJUIaHWUAMauan . UyHKM MyXWTIAa CHTHAJI TapKAJIALLIN
uoHwIIIArKd 10Kopd. DVB-C tusumuaa nmoHuwmmwinkan QAM monynsiusicu
16, 32, 64, 128 éxu 256 mo3uIUsAIN MOIYJSIUsIapy OuiiaH kaborap. Koakcuan
kabemmn tu3umiapaa 64QAM Ba onTuK-ToNamM TH3UMIapAa aca 256QAM
MOZYJIALMS TypJlapy UIUTaTUIAIH.

Onnuit koakcuan kabemnapaa kanamiap dapku 8 MI'. bynmait Tusumaa 64
no3utusian QAM MonynAUUsIaHTaH CUTHANl WIUIATUIaAu. MabilyMOT y3aTHII
te3nmuru 6.9 Mc/c. MabiayMOT y3aTHIIl TE3UTH KaHall KeHrauru SMI'1 1aH KMauK
Oymumu so3uM. Monynsiiusiianran curian 1= 0,15 axauTiam Oupiuru octuaa
axauTiaaHagu. 6.9 Mc/c Ba 64 QAM (6 Out/cex) eabu mapaMmeTpiapHu XucoOra
OJITaH X0J1/1a KaHaJl yMYMHI MabJIyMOT Y3aTHIL TE3JIMTH Kyiiuaarnya oyiaam.

Gross_data_rateDVB-C = 6 bits/Symbol * 6.9 MSymbols/s = 41.4 Mbit/s; (4.2)

DVB-C wmoayasitopu DVB-S wmonynstopu OujaH TYJIMK MOC
TEXHOJIOTUSICH acocuja Kypuiarad. MoaynsTop kupuiura y3yriuru 188 Oaitnan
noopatr MPEG-2 tpancniopt okumu Oepmnanu. TS maketnapu 4ta capiaBXaBuil
OaifTnan Tamkui Tonrad. Yiap 0 gan 47 G6aiiTrauya CHHXpOHU3AIIMS CUTHAIIIIApU Ba
184Ta doitnanu MabIyMOT CUTHAJIapuaan udopar. bynnan keitna xap Oup Oailt
WHBEPCJIaHaIM Ba Y30K MYJJIATJIM BakT Oenruiapura OupukTupmiaad. by 6ockuu
Y4yH paHJIOMHU3AIMS KapaéHU KaBoOTap.

Pun-Conomon kojyiam Th3uMu dca Xap 188 ta Oaiitra makernmapra 16ta
0allT XUMOs MakeTIapuHu xoinamrupaau. Kelinaru 6ockuuna nakerinap @opuu
apaJaliTUpruyura Tymwaaud Ba TpaHcnopT okumuHu DVB-C ma moc xkuiumb
y3aTHILIra Tan€pIranu.
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MPEG-2
TS in
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4.7.pacm. DVB-C monynaropu CTpyKTypa CXeMacHu.

DVB-C wunrerpanusiianran TesenpuctaBkacu (kaOyn xuiaruuu) 50 - 860
MI't opmurunarn DVB-C curnammapau kaOyn Kuuta OJIaI[I/IIG. bupuaun DVB-C
KaOyJ1 KWIrn4jiapura aHajior kabeiiy TeleBuaeHuecH kabenu kabu OyTyH moJioca
CIIEKTOpU CHUTHAJUIAPWHU KalTa MIUIOBYM KaOen-TioHepjap XucoOnaHraH. Yoy
kaOemnap kaHan KeHraurn 8 MI'm raya OynraH curHawlapHu KaOysl KHIIMLI
MMKOHUSITUHU Oepras.

RF from 47...862

cable MHz
| |
/ 5 . IF QAM > Matched Different
— COWRN- SAW — Q | fitra | g =
converer, demod. equalizer decoder
tuner i e
I Carrier and clock recovery =
Convol. Reed cneray Base
_ _ - dispersal - _
m;}e o I ir?tir =91 Solomon f={ and =] band —FMPEG 3
PP ) decoder sync inv. interface TS
leaver removal

4.8.pacm. DVB-C kalys KUITu4M CTPYKTYpa CXEMacH.

VY3atunaértran MablymMOTJIAp IIOBKMH, CYHYBYM Ba KAaWTyBUM CHUTHAJ
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aMIUIATY1ajlapy Ba CYHUIIUIAp HATHXKACKAa OMpiIaMyiu XOJaTHHU HYKOTaIu.

CyHrpa MmabayMoTJIap OKHMM JeCKpemOjepra Tylmaad Ba y epiaH
JecKkpeMOepaaHTral TPaHCIIOPT OKUMU AeMynbTuiuiekcopra (JAMIT) 6opanu, ssbHu
OyHJa TpaHCHIOPT OKMMHJAH TaHJAHTaH JacTypra TETMLUIM MakeTyap axpaTuo
OJIMHAaIX XamJa BHIEO, OBO3 Ba MAabIyMOTIApPHUHI D3JIEMEHTAp OKHUMIIAPH
HIaKJUTAHAIATIAP.

Noise,
interferer,
echos,

amplitude Intermodulation,

;; / rasponse, interferer,
group noise

delay

Cable \

head- I\ DVB-C
end receiver
> 1

IQ error of modulator
- |IQ imbalance

- phase error

- carrier leakage,
noise,

phase jitter,
intermodulation,
interferer,

cross modulation

4.9.pacm. DVB-C y3arum nunusicugaru uHrepdepeHunoH 3gpdexriap

CurnawiapHu Kaiita unutam Oyiinya keimHru onepamustiap DVB-T tusumu
KaOyJ1 KWIyBYM KypuUiIMacH Kabu Oyau.

4.3. DVB-H pakamiau MoOWJIb TeJ1€eBU3HOH IUTTUPHII CTAHAAPTH.

DVB-H (Digital Video Braodcast Handheld, DVB “kyn Gomkapysuna,
noptatuB”) 0y 2004 ¥HuiaHWHT AexkaOpuaa TacAuKJIaHTaH MOOWUIb TEICBUIACHHE
cragpaptu. DVB-H crangaptu TenekoMMyHHKAllMOH CTaHAapTiIap Oyiinua
EBpona Accouumanusicu (ETSI) TomoHngan Mmoowib KaOyi KWIKII KypuJlMaiapuaa
(ysniu TenedoHnap, aBTOMOOWIb EKM Toe3japAa VpHaTWITaH KaOysl KWJTUII
KypuiaManaapuia) TEJeBU3UOH MPOTrpaMMaIapHU HUIIOHWIM KaOyJl KWJIMINTra
VpHatuiaran tanabnapaup. DVB-H tuzumu moOun ajnoka Ba paguodIUTTHPUIIL
TEXHOJIOTHUSIIAPH KaMJlaHMacu Xucoosianaau. butra aboOHEHT CYpoBU YUyH MOOMII
TeJEeBUACHUE KOpUM KWIMHMIIM Tanad kKuiauHca Oy UMTS  TexHomorusicu
épraMua, arap Kyn COHJIM a0OHEHT Kalysl Kwirnd Kypuimaiapura mooun TB
SIIUTTUPUIIUINK  SKOPUM  KWJIMHHUII ~Kepak Oynran xomarinapaa oca [P
TEXHOJIOTMSICUTA aCOCHaHraH Kym Hykranu DVB-H tusumu xopuil KMIIMHAIK.
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End user
terminal
UMTS/ : I N I I TN\
GS M[ Up & down stream UMTS}
GPRS Interactivity channel GSM/
| GPRS
Delivery - T T _t_ ==
Gateway [ - v
Y [P sstem Application
| siasrw
IPIMPEG-2 o T B : W =
i . = @
encapsulator > A N l:,é — @z o g
oo (&)
Video/audio = > & [Down stream E1 =0
services (~15 Mbit's, COFDM, 16QAM,
8K, 4K, 2K carrier, 8/7/6/5 MHz channels,

47...860 MHz, 1.5 GHz)

4.10.pacM. Mo6wu anoka Ba DVB TeXHONOrUsIapu KOHBEPIeHIIHSICH

MoOuip TeneBUAECHHWE TU3UMHUHM spaTuilia KaOysl KUJIMIIHUHT MOOWIIb
TEpMHUHAJUIApUTa KyHUIaqurad Kyluaaru mapTiapHid MHOOATTa OJMIL 3apyp:

® [OPTAaTUB TEPMUHAUIAPHUHI  KWYMK  TabapUTIM  aHTECHHAJIApH
CUTHAJUIapHU (pakaTruHa OWMHOJAH TalIKapuia sMac, Oalku OETOHJIM JeBOpJap
opTyAa XaMm KalyJl KWIMHHMIIMHYA TabMUHJIAIIM Kepak Ba Oy 3ca TeIe3MUTTUPHULI
curHajuiap KyBBaT oOKuMUHUHT 3uuwinrudn  (KO3) cesunmapiu  pgapaxkana
OIIMPUIIIHU Tajlal dTau.

e aBTOMOOWJIL €KM OOIIKAa XapakaTJaHyBUM TPAHCHOPTAA YpHATHITaH
TepMUHAUIApra CUTHAUIApHU KaOyn kuiumina, Jommiaep sddextu Ttydaiiny,
y3aTWIaTraH MMITyJbClap Ce3WIapiid Japaxana Oy3wiIuiuiapra oiud KeJuliu
MYMKUH;

e MOOWIb  TEPMUHAUVIADHUHT  MaHOaalapu  SHEprus  KyBBaTu
3aXMpaJApUHUHT YerapallaHraHJINIH;

AHa my maptiapaad kenud yuku0, DVB-H tusumura xyitmaaru tanadnaap
KyWunaau:

e MOOWIb TEPMUHAUIAPHUHT  aKKyMyJsTop OaTapescd  TOKMHUHT
cappraHUIIMHA ~ TEKAMKOPJIMIMHU  TabMuHJam. by  wmacaima  mMoOuib
SIIUTTUPUIIHUHT  KOHLIENIMSICUHM IIAKIJIAaHTHPUIIZA acocuiiapaaH  Oupu
XUCOOIaHap 1N,

® XapakaT JaBOMHJIa, alWHUKCA KaTTa Te3JMKIap/Aa, WIIOHYIM MOOWUIIb
KaOyJ1 KUJIHIIL;
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® CUTHAUIAPHUHI KYI HYPJIM TapKaJIMIIMAA, alHUKCAa XOHA IIApOUTHIA
KaOyJ1 KWJIa OJIUII UMKOHUSITUHUHT MaBXKYJTUTY;

e apBan sparwirad DVB-T Ttapmoxiapu Ouian TYIHK MOCIHK;

e MOOWIb KaOyn KWIMII TEpPMUHAUIADH  UMKOHHSTIApH  Oujad
MOCJIAIINIL, STbHU KaTTa OyiMaraH 5KpaHJa TACBUPHUHT CU(ATUHUHT IOKOPHU
napaxkaja OYIUIIMHU TabMUHJIAII Ba IIYHUHT YIYH KAYUKIAIITHPUITAH aHUKIHK
koomwmmsatuaa (320x420 nukcens) DVB-T ra nucbGaran 10-15 maprta Kynpox
TEJIEeNACTypJIap Y3aTUILHU TabMUHJIAII.

[yHuHr yuyH ¥3 noronacu 6yiinua DVB-H tusumu DVB-T ra makcuman
skuHanamragaup. DVB-H kaOyn KuauimHuHr KoHLenTyan Ty3winim 6.15-pacmaa
kentupuiarad. DVB-H kymmMmuara osra,spHH 2K Ba 8K MoOmyssiuusuiand
pexumiapura siHa OWTTa anoxuaa 4K PEKUMHUHT Kywiranauruaup. by ¥3
HaBOaTuaa, OUTTAa coTa paguycuaa, KaOdyn KWITM4Y KypWiIMacH FOKOPH Te3JIHKIa
XapakaTJIaHraH XoJIaTJa XaM MabJIyMOT ajJMalluiia KYIIUMYa SPKUHIMKHA
TabMUHJAUAUIaH PpEXKUM Kymwiraniuruad — owngupanu. Arap COFDM
MOAYJISUMSATIANIAA OPTOTOHANI TAIyBYMJIAPHUHT KaH4Ya KaM MUKJIOPH HIITHPOK
3TCa, KYIIHU TallyBUMJIAp OpacHJlard 4YacTOTa MHTEPBAJIM IIyHYa KaTrTa Oynaau Ba
anbarTa, TEPMUHAI XapakaT TE3JIUTH XaM IOKOpH Oynaau. Xapakar Te3JIUTMHHUHT
optulM yactotanapuu Jonmiep s3¢gdexktn Tydaian CUHDKUAILIMTa 0Ju0 Kelaau Ba
KaOyJl KWJIUII aHUKJIUTH Oy3uinaau. bupok, OolIka TOMOHJaH TallyBUMjap KaHua
kaMm Oyica, xap 6up COFDM cumBONMMHM y3aTHIIl YUyH aKpaTWITaH BakT JaBpPU
HIyHIra KuckKa Oyiaau Ba anbarra XMMOS MHTEPBAIM XaM LIyHYa KUCKAa Oynaau.
XUMOSI HHTEPBAJIMHUHI KHUCKApUUIM 3ca, KYyO Hypiaud KaOyl KWIMILJarua
XaJIaKUTOApJOLUIMKHY Nacaiiuiura oauod Kejaaayd Ba COTa paJlyCUHUHT UIIOHYIIH
KUAMaTUHU KaMaWTupaaud. AcocaH CTalMOHap KaOya KWUJIUINra MyJDKaJlJaHraH
DVB-T Ttapmokmnapu ydyH, Kampald OJIMII 30HACHUHMHI KUHMAaTH CE3WIApIH
napaxana Myxum ommin OynubO xucobmanagu. DVB-H cranmaptu Tapmoxnapu
YUyH IOKOpU TE€3JIMKAAa KaOyJ KWJIWII MUMKOHUSATIApH KaTTa axaMmHsITra sra Ba
KaMpald OJIMII 30HAacCH 53Ca TIOHEp KUPUIIWJATM CHUTHAUIap KUMaTh OujiaH
yerapananaau. [IlynuHr cabab mocnalrad BapuaHTHU TaHJIAIl MIMKOHUHU SIPATHILL
y4yH 4K MOIYyJALMSUIAI PEKUMU KUPUTWITaH Ba TpaHcisauusHu (axat DVB-H
KaOyJ1 KWIrM4wiapy OpKaJId amMalira OLIMPHILI MyMKHH.

I
'
i

AR

Baxr Oyitnua
| xsanmiaw | | DVB-H
DVB-T cuean gx%l;:gn)'im‘IUp datagram | TEPMWHET
IOY kupiiu 8k, 2k o= MPE - FEC ”
4k‘ TPS “?’-\.’lel‘

DVB-H aemoaynsrop

4.11.pacm. DVB-H xaOyn KMJITHYHUHT KOHLIETITYal Ty3UJIMacu

Myngait kw6, DVB-H wmonynsmusmamiauar 3 pexxuMuga  HIIDIAIIH
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MYMKUH:

e 8k - Typiu Kartalukaard (karra, ypra Ba KHUYMK) OUTTAa 4YacTOTaJIH
tapmokiapia (SFN) Ba Jlonmiep yacToTa CHIDKUIUIAPU MaBXKyJl OYiran
IOKOpH TE3JUK OuslaH KaOyn Kwimnuiapaa ¢hodgaiaHuIl yuyH,SbHH KaOyll
XapakaTJIaHWII JaBOMHUJA amajira OlrpuiIagn.

e 4k - Jlonmiep dyacToTa CWDKHMILIAPHAA CE3WIAPIM, KUYMK Ba YypTa
katranukaaru SFN Tapmoknap yuyH. Xyzaa rokopu Te3nukiapaa KaOyn
KWINIIIA UITATAIMIINA MyMKHH.

e 2K - knuuK Kattasmkaaru SFN tapmoxnap yuyH. Xapakar JaBOMUAArd SHT
IOKOpY TE3NMKJIapJa XaM MIIOHWIA MOOWJ CUTHAJIHM KaOysl KWJIUIIHU
kadomarnaiiin  (spHM  yacToTa Oyinua Kyma karra Jlommiep
CHUJDKHUIILTAPUJIA).
®uszukaBuil OOCKMYJard MKKMHYH TYJIUpyBYH OYynmu6 4k Ba 2K

peXUMIIaApUIA MABIYMOTIAPHU YyKyp OpaJIaTHUII UMKOHUATH Xucobmanaau. DVB-
T kanammu kopnamm 6up COFDM cuMBOa Munaa MabIiyMOTJIApHU OpajaTHILHUA
Hazapjaa TyTagd. Y acocaH Kyl  Hypiaud KaOyijgard TallyBYMJIaApPHUHT
ceJIeKTUB(anoxuaa —ajaoxuaa) KOTUO KOJNMILIapHa KOMIIEHCALUUs KWIHIL YYyH
MYIDKaJUIaHraH. AWHU BaKTHHUHT Y3U1a MOOWMJI TEpPMHUHAIIIIAPH, KATTa SXTUMOJUIHK
OwiaH, KEHI TOJIOCAIM HWMITYJIbC IIOBKMHJIAP TabCUPU 30HAcHaa OYyiud
Komunuiapy MyMkuH. [llyHunrnek, kaOyn Kuidin skapa€Hu XapakaT Te3JIUruia
amMaira OMMPWIUINK Ty(ailii CUTHATHUHT OYy3WIMIIWMTa OJIMO KellaguraH
yacrotanuHr Jlommiep cwpkuim mnaigo Oyiaamu. Iy ca6abmu COFDM(DAB,
ISDB-T) 6a3acumard MOOHIIb DIIATTHPHUIN CTaHAAPTIApUAA, Y30K JaBOM JTYBUH
XaJIAKUTJIAPHUHT acopaTiiapyd OWJIaH Kypalluill y4yH, KaHaJUIM KOJJIAl IMKJIUTa
Vunab6 xarroku 103ma6 OFDM cumBomiapHu KampaO oJiraH, JaBOMMM
MabIyMOTJAp CEPUSACHHU oOpanartuil Kuputuinagud. Opanatumga  MIITHPOK
ATa€TraH MabJIyMOTJIap KEeTMa-KeTJIUIM KaHda y3yH Oyica, CYHHUII acopariapu
OwaH Kypamuil IIyHYalduk camapainu Oynaau. bupox DVB-H yuyH Kyiinparu
cababapra kypa OyHaail €HAanlyB TYFpU KeJIMaiiau:

®JaBOMUI KETMa-KETIMKIAPHU THKJIAIl Y3JIyKCU3 KaOyinHu Tanad 3Taawu,

aspin  DVB-H pexumuna,sHeprusHu  Texaml yY4yyH MablyMOTIIApHU
y3aTHILJIa UMITYJIbC PEKUMU KYIUTaHWIAIH;

®JTaBOMUN KETMa-KeTJIIMKJIApPHU THUKJIAIl y4yH, KaOyl KWITHWIAPHU

KUMMAaTJIANTyBUTa 00 KeTauraH,KaTTa Xakmaaru Xotupa 3apyp;
® TaBOMHUH KeTMa - KeTIMKIapHUHT KyJutanuwiuiud DVB-T Ounan Mmocnammummn
Tanabiapura Teckapu 0yiud KoJaau.

[ynunar yuyn DVB-H pga xamma TOMOHHM KOHMKTUPAIWTaH €4YUM
tannanrad. DVB-T yuyH anua non3ap0 Oyiran Mogyiasuusiiai 8K pekuMu Y4yH,
DVB-Hpa 6urra cuMBON Joupacua OUTIApHU OpajaTHIN cakjald KOJIWHTaH. Xap
oup COFDM cumBoJI MabIyMOTIAPUHUHT KaM MUKJIOPUHHU OJMO yTajauraH 2K Ba
4k pexumiapuga dca, ommus cudatuga ymoy Makcaaiap YYyH aXpaTHiIraH
XOTUPAHUHT MYMKHH OYNraH Xaxmiapuja BaKTUHUYAIUK OpaJaTHIl UMKOHUSATU
kupuTHIaIu. 4k pexxumu yuyH opanatuil COFDMpa ukkuta cuMBOIIN YyKypIUK
ounad, 2k pexuMm yuyyH 3ca COFDM gna TypTTa CHUMBOJUIM YYKYpJIHMK OMIIaH



I1I. HA3APUI1 MATEPUAJIJIAP

amanra omupuianad. bupok Oy pexumaa wunuiaranga DVB-T Ba DVB-H
TpaHCIAUMSUIApUHN Ouprainukaa y3atud Oynmaiiau. DVB-T na xymnanunaauran
WYKM Ba TalllKd KAHAUIM KOJUIAIHUHT KOJTaH MEXaHW3MIIapu Xed KaHjai
y3rapunuiapcu3 DVB-Hra yTkasunran.

YYuHYH TYJAUPHIN 3Ca TPAHCHOPT curHanu3anusra terunuuaup (TPS-
Transmission Parameter Signalling), oyaura DVB-H ¢dopmaruna y3aTuiaguran
XU3MaTjaap OKUMHUIa MaBXyJl HJICHTU(DUKAIUSAIOBYM (TEKIIMPYBYM) 2 Ta OUT
KyIIWIaau, IOyHUHCJOEK — amanra  owmmpwiaauradn [P menrarpammanap
(MabIyMOTNIAp MakeTaapH) 6azacura Kylummua XUMOos KOJJIapu KUPUTUIIA TN,

Typrunun tyagupum 5 Ml mojocanu myHnad mapt OWiaH WIUIATUII
MyYMKAHJIUTUHU, SBHU  SIMUTTUPWIMAWIWATAH  AuamnazoHza  (hodgamaHwuIl
UMKOHUSATH spaTiiranaa naiino 6ynaau. Y DVB-T na ¢oitnananunaguran 6,7 Ba
8 MIu mu mnomocamapra kymmuran. YHU AKllna L-muamazonu (1,670-
1,675TT)na, DVB-H TapMOKJIApUHHU MaKJJIaHTUPHUIIA, Ky Ju1an
pexanamTUPUIMOK/IA.

OnekTp sHeprus capduHU TeXall y4yH MOOWIb TepMUHALIApJa BaKTJIH
3MWIAIITHPUIN TPUHUMIM KYJJaHuWiIaau, OyHna doijganu MabilymMoT XKyJa
KMYHMK BaKT JaBOMHMJIa FOKOPH Te3/IHK OwmiaH (MacanaH, 10MOuT/c) y3atunaau Eku
KaOyJl KWJIMHAIU, SbHU KYTHII BaKTUTIa HUCOATaH KyJa KUYUK OPAIHMK BaKTIa
y3atuinaan €ku Kabyn kuimHagu. DVB-H teneBunmenune xu3mMaTuHUHT cudativ
TacBUpJIApU YUYyH pakamyin ax0opot y3atum Te3nuru 250 Kout/c OYnumm
etapauaup. Llyngai kunmb xaOyal KWJITHYHUHT WIO BaKTH Ba YUUPWIIMII BAKTH
myHocabatu (10/0,25 = 40) Hu Tamkwi 3Tca, SHEPTUS TSKAMKOPIUTH TaXMUHAH
90% ra tenr Oymagu. DVB-H TusumuHMHT 1oTyknapunaH OuUpU TeJIEBUIECHUE
SIIMTTUPUIUIAP YUYH KaM KyBBaTJIM y3aTruuwiapiad ¢oipananumaup. bynaa kenr
MaclITabau CUTHAUIApU KaOyl KWIHII YYyH caMmapajid edyuMm Oyiaud, oup
yacmomanu mapmox, Bapuantu xucoOmanamu (4.12- pacm). Ymly Tapmokna
OanaHj TasgsHY aHTEHHA Ba yTa KyBBaTJIM y3aTruujapiaan doiimamanMaciaan Oup
HeYa KaM KyBBaTJM Y3aTTUWIApHU KyIiab, OWTTa yacTtoTaja MIUIATHO, KarTa
TyMaHJapJa DJIIUTTHPUILIAPHU KaMmpad oOJuIll MyMKUH. bup yacrortanu
TapMOKJIApPHUHT Oapya y3aTruujapu Oup Xuil curHamapHu y3araau Ba GPS
CYHBUMU WYIAOLUIAD OPKAJIA OJIMHAJAWTaH HUXOATAA AHUK BAaKT CUTHAJUIAPU
épllaMuia aHUK CUHXPOHM3AIUS KUJIMHAH.

Perpancastopnap

TB smapxaz
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4.12-pacm. DVB-H 6up yacroTtanu TapMoK BapHaHTU

Kampa® onuin 30HacMHM KEHTaTHpUII Ba Mypakkad ImapouTtiapiaa
(buHOJIap MYKK KHUCMIIapUJia, aBTOMOOMIIIapaa) KaOys cudaTHHU OUIUPHUIIT YIYH
KYILIMMYa PETPAHCIATOPIIAp HMIUIATWINIIAPH MYMKHH. ByHIail Typraru TapmMok
0ab3ua IOKOPH 3UWIMKKA 3ra OUp 4acTOTaIM TapMOK Je0 XaM HOMJIaHAIH.

Arap DVB-H curHamap y4yH MyJbTUIUIEKCUPJIAHTAH TYJIUK OKUM
3axupanaHrad Oyica, TapMOKJIapHH peKalalliTUPHILAA Ky UMKOHUATIAP Maino
Oymumura onub kenanu. bynnai TapMoK OMp Heva BUIOSITIIAPHUHT OUP YacTOTalIN
TapMOFHIaH ubopaT Oyica, ynapHUHT Xap Oupuaa MIaxcuil dyactoTa Oeiruiapu
KyJUIAaHULUIApU MYMKHH.

Xap Oup BwiosAT yuyH SFNHHMHT MakcuMal KOJJIAIll TE3JUrd KUWMATH,
TAPMOKHMHT XMMOSI MHTEPBAIM Ba reorpaduk >xoinammunuiapra OOFJiIHK, ofaTiaa
KaMpOB VHIa0 KUJIOMETpJapHU Tamkui eragu. Arap SFNHu 6upop Oup Buiiostaa
KaOyJl KWJUIIM Mypakkad €Kku Jespiau MyMKWUH OVimaran skoinapuna, GPS
épllaMula CUHXPOHM3AIMSIaHTaH OuUp Heya KyIuMm4Ya y3aTrudiap KYJJTaHUIIHA
MyMKuH. [lynu xaiig stuimn kepakku, DVB-H Ttapmoxna y3atruu KyBBatiiapu Ba
aHTECHHAJIAPHUHT OaJlaHJIUTU OJATHM paKamiid TEJIEAUTTUPUIILIAPHUHT €p YCTH
DVB-T rtapmokiapura HucOatan kam Oynamu. Illy caba® moOuns TepMHHAI
KUpUIIUAQ CUTHAIHUHT HUcOAaTaH KaTTa KUMMaTUHU TabMUHJIANI y4YyH
CUHXPOHM3ALMSUTAHTaH aCOCUH y3aTTUYJIAPHUHT COHU Ky Oynuim kepak. bynmait
TapMOK FOKOPH 3UYIMKKA 3Ta OMp 4YacToTalyd TapMOK Je0 HOMJIAHMIIM MYMKHH.
byHnaii TapMOKHMHT TaHHApXxH, aHbaHaBuid DVB-T ep ycTu pakamiau TeJIeBU3HOH
SIIMTTHPUII ~ TapMOFM  HapXuJaH  KuMmar  Oynmaau, Oupoxk  Ourra
MYJIbTUIUIEKCUPJIAHTaH OKUMIA Takiaug HTUIAETraH XU3MaTiap COHHU Xam
taxMuHaH 10 6apobap kym Oynanu.

4.4. IPTV uMKOHHMSAT/IAPH BA TEXHOJIOTUSCH

SlHru  TeXHONOTHWsIap PUBOXIAHWINA Ba TAaKOMWJUIANIWIIN OKUOaTuaa
aHbaHAaBUH TeEJEBHJICHUEIArM KEHI TOJIocaau KaOemiap Ba CyHBUH WYJIIOILIN
TU3UMIIAp OWTTA TEIEKOMMYHHUKAIIMS TapMOFUra OWPIAIITUPWIINA. YHra mapTid
pasumiaa VDSL (Very-high-bit-rate Digital Subscriber Line, [ITU-T G.993]) Homu
Oepunau. YmlOy TexHoyorus EplaMujia MaBXKyl HWHTEPHET TapMOFU YCTHUTA
nakeTim TB TU3UMUHU KypUIl UMKOHUATHHU TaKIUM STAU. SpaTuirad TU3UM
IPTV (Internet protocol television) ne6 HOMaHuO, 3 Typaarud TEICKOMYHHUKAIUSI
XU3MAaTIapuHU (TenedoH, TeIEBUICHUE Ba UHTEPHET) TAKAUM KUJIUO KEIMOKAA.

IPTV tuszumupa kymnanunyBun MPEG-4 xomnam ¢popmarunuar MPEG-4
AVC TypuHUHT KYJJITAaHWIUIIKA pyXcaT ATWITaH 3HT MAacT TE3JUKIArd UHTEPHET
TapMOFU OPKaJIM XaM YyIIOy TeXHOJOTHsIaH (oHIamaHuIll UMKOHUSTHUHU TaKIUM
sragu. bynnan tamkapu MPEG-1 aynno komnmam Ba MPEG-2 Buaeo kopsmai
okumiiapu xam IP texnonorustmap €paamupa ysatuiamokna. [IPTV texnonorusicu
tpancnoptT okumu Ethernet, WLAN, WiIMAX &ku ADSL Tapmoxmapu opkanu
Y3aTHIINIIA MyMKHH.

¥ Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
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4.13.pacMm. IPTV Tamkun >THINII TAPMOFH.

TV services over xDSL based IP networks

DVBIP
ETS102034

proprietary proprietary

MPEG-2 TS

RTP

ISMA
Streaming”

Real Time Transport Protocol

UDP

User Datagram Protocol

IP

Ethernet/ xDSL / ...

4.14.pacm. IPTV nportokomnapu.

Xozupru kyHaa [PTV sxopuit KUIUITHUHT ssHAa OUp HOCTaHJAPT yCyJulapJaH

Oupu Oy ayamo Ba BHUACO OKMMIIAPHU OUTTH

MPEG-2-tpancniopt oxumura

xovmamtupu6d, okumHau UDP &ku [P-makernmapra yrkasumigan ubopar. YOy

kypcatma DVB-IP crangaptununr ETS 102034 Oynumu
ommpunam.

acoCyaga amalira

Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 569.
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Hasopar caBoJsuiapu

1. EpauHr cywsuil Hyngomm SKBaTOpAaH VypTadya KaHAak OajaHIMKKa
KoWamTupuiag ?

2. DVB-S crangmgaptu Kaujaid opajluKAard 4aToTa JWana3oHH]ia HIIUIAIIHU
Ky31a TyTaau ?

3. EpHuHr cyHpuil Wyngomm YpHATWITaH OajaH/UIMK aliHaH HUMara
acociaHu0 ymoly OanaHIJIMK TaHJIaHTaH?

4. QPSK mMopynsmuscu OUTTa CHMBOJIJIa HEYYW OMT MabJIyMOT y3aTa OJIajin?

5. DVB-S crangaptuaa kynpok KaHaail TypJaara MOAYJISLIUS KyJUTaHUIaau?

6. DVB-S crannapTu Kaiicu quana3osja uiaiam?

7. DVB-Suunr koakcuan kabemm tusumiiapuaa QAM MoOmynsIASCHHUHT
Kalicu TypH KYJUTaHWJIain?

8. DVB-Suunr onrtuk-tonanu tuzumiaapuga QAM MoayiasiUsICHHUHT Kakcu
TypH KYJUTaHWIIa 1 ?

9. 64 QAM 0Oup cexyHasia HeYTa OUT MabIyMOT CUTHAJUIAPUHM KaiTa WIILIai
oJjlaau’?

10.DVB-C wmonynsatopu cTpykrypa cxeMacugara Pua-Conomon Onoku
Bazudacu Huma?

11.DVB-H TexHoi0THsICH KauOH >KOpUM KUIUHTaH?

12.DVB-H tu3umu KaHgai TH3UMIIap KOHBEPTCHIMSICH XUCOOIaHan?

13.Mob6unp TeneBUACHNE TU3UMUHU SpaTUIa KaOydl KWIHIIHUHT MOOHIIb
TepMUHAJUIApUra Kyiuiaaurad Tajadnap HuManapaad nbopar?

14.VDSL — Oy kanmaii texHomorusi Ba yHUHT DVB-H tmsumuparu ypHH
Kagaan?

15.IPTV TexHOJOTUSACH TPaHCIOPT OKUMH KaHJal TapMoOKiap OpKaau
y3aTWINIIA MYMKHH?

16.V36exucton Pecny6nukacu IPTV  Xu3MaTnapuHH KOpHil  KHJIYBYH
KOpXOHAJapHU CaHa0 YTHHT.

17 Kemaxxakma DVB-T, DVB-S, DVB-C, DVB-H Ba [PTV
TE€XHOJIOTUsIIapUIaH Kaiicu oupu OM3HUHT  pECIyOJIMKaMu3aa
PUBOXIIAHMIIIA Ba HWCTUKOONM KUXATIAH IOKOPH YpHUHra KYyTapuIIUII
6opacupa maxcui GUKPUHTTU3HU OWJITUPHUHT.
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5- maB3y:TacBHpHM IIAKJVIAHTHPUIIHMHT aJaropuT-Mu. Pakamuun
CUTHAJIHM IIAK/VIAHTHPUIL. TB curHaj Hm pakamiid tacBupJiall. Ba
y3aTui Te3iuru. TB tacBMpHHM cMKUII cTaHaapTaapu. TejleBU3HOH

curHajanm koanam. Kanauium kopiam.

Pexa:
5.1. Epyctu DVB-T2 teneBuaeHue craH1apTHy.
5.2. Awmepukanunr ATSC Ba Anonusununr ISDB ep yctu TeneBunenue
CTaHJapTIapH.
5.3. 3 ynuamiu TeneBUICHHUE acOCIapH Ba TEXHOJIOTHUSICH.

Tasinu cy3aap: IP transmission, Encapsulation, Vestigial sideband, Hilbert
transformer, Generic Continuous Stream, Padding, time slicing, time interleaving,
Superframe

5.1. Ep yctu DVB-T2 TesieBuieHHe CTAaHAAPTH.

2003 innra kenu6 DVB-S HuHT siHrY aBioagaru TeJIeBUACHUECH SIPATHIIJIH.
DVB-S2 ra kyiuiran tanad mryHaaH uOopatr OYIAMKKA Y IOKOPH aHUKJIHMKIArd
TeJIeBUICHUE KOHTCHTUHH KalTU MIIJIAII Ba 3pupra y3ara OJull KOOWIHUSITUTa 3ra
Oynum 31u. ByHgaH Tamkapy MabilymMOTIap Xa)KMUHU OLITAHIIMTA Ba SIHTH A0
OynraHn Kypuiamanaapd WMKOHHSTIAPUHUHT FOKOPWIMTM XaM YHIOY KOHLENLHS
ApaTMIMIIATA TYpTKH Oymam. Wymmommu DVB-S2 cramjmapTu  aBBanTHCHTa
HUCOaTaH KAHAJIHUHT  YTKa3uml  KoOwimuatTuHUHT 30% raya OpTULIMHU
TabMuHIaiAu. [IIyHUHT ydyH XaM IOKOpH aHMKJIMKIArW TEIEBUACHUEHU Y3aTHIII
yuyH DVB-S2 crangaptunan doiigananuim makcaara myBouk. M pexumnapu
oyiinua DVB-S2 tuzumu ep yctu DVB-T Tuszumu Ounan y3Buil OOFIUK JIMTUHU
xucobra onran xojga DVB-T2 TU3UMUHUHT SIpaTUIUIIN XaM MYyXUM YpUH
TyTamgu’.

HDTV Hu ep yctH SMMUTTUPUIN THU3UMIIAPUTa TaTOMK KUJUIIAA YJIapHUHT
HUCOATaH KEHIJIMTU KUYMK KaHAJJIapu siHajJa TEe3pOK OaHl STWUIaJd Ba IIYHUHT
YUYH XaM HOKOPHU AHUKJIWKAArW TEJIEBUIACHUE JIIUTTUPHUIILIAPU YUYH SIHTHM KEHT
MOJIOCAJIA Ba caMapajiv CTaHAAPTHU SpaTUIITa 3XTHEXK K03ara KearaH.

2006 i#un ¢Qepanp oitmaa DVB  koHcopuumymu goupacuia TaIKUKOT
kymutacu(Study  Mission) TamKkwiI  KWIMHAM Ba KyMHTa XHJIMa  XHII
TEXHOJIOTUSJIAPHU YpraHuil OuiaH MyFUUIAHIU. SpuM HUITaH CYHT KYMUTaHUHT
uiml  ¢daonusaT skyHura etau Ba DVB-T2 cranmapTuHu wunuiad YMKUIITa
kupuimiiay Ba 2008 Hiun HosOph oua yioy ctaHAapT TaCAUKIAHIA XaM/Ia YHTa
Kyinaaru tajnadiaap KyHuiau:

- DVB-T2 cranmaptujgaru TpaHCISLMS MaBXKyJ XOHAaKU Ba Y aHTEHHalapura
KaOyJl KUJMHUIIN JIO3UM Ba SIHTU THU3UMTa YTHUI MaBXKyJ TapMOKHHUHT
uHppaTy3UIMACHHU Y3rapTUPMACTUTH KEPaK.

2 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 661.
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- DVB-T2 cranuonap Ba MOpTaTUB aHTEHHalapra Oupjexk KaOys KHJIMHUIIHA
JIO3UM.

- DVB-T2 crannaptuna aBBanru DVB-T cranmgaptura Hucbaran kamuaa 30%
KaHaJl camapaJopiaurura 3pyIluil JO3UM.

- DVB-T2 crangaptu Oup dyacrtotanmd Tu3uMHHHT (SFN) wHIuramuiHu
AXIIUJIAIIN KEpaK.

- DVB-T2 cranaaptu siroHa pajuoKaHaJJIa TYpPJIH XaJaKUTOApIONUIMK OWiaH
y3aTWIaguran OuWp HeuyTa ajoxXyJa XHU3MATJIApHUHT KYpPCATHIUIINHU
Kyutamuy j1o3uM. Macanan, 8 MI'1 keHINIMKAarn KaHajijga y3aTHIa€TraH
XU3MaTJIapHUHT  Oab3uiapu  (QakaT ToMJaa YpHATWIraH  WyHaJIraH
aHTeHHajapra, Oab3Wiapyd 3Ca XOHAKH aHTEHHajapra KaOyn KWJIMHHUIIA
KEpak.

- DVB-T2 crangaptu yacToTajapiaH Ba 4acToTa IoJyiocacuiaH (oiimamaHul
caMapaJIOpJIAILTH OIIUPHIIH JIO3HUM.

DVB owunacura xupyBYM CTaHIapTJIapHU spaTUIIa acocuil Tanao,
yJIapHUHT O6apyacu y3apo MyTaHOCHO OYIUITMHYU TabMUHIamup. Macanan, DVB-
T2 Ba DVB-S2 cranpaptnapuna curHaiHu Oup dopmariaH UKKUHYU dopmarra
y3rapthpuiiga  WIoXKH ~ Oopuya  copjanamrad  OVJIMIIMHA — TabMUHJIAII
Kepak./leMak, SHTM CTaHIapTIapHU SpaTHUIIa WIOKH OOpHuYa aBBAITH MaBXY/
MexaHu3MmIapaan (Qoigananun Makcaara MyBopuk. by tamaGuu Oaxkapuin ydyH
DVB-S2 crangaptuiaru UKKUTa aCOCUN TEXHOJIOTHSIIAp cakjad KOJUHTaH.Ynap:

1. TpaHcmopT OKMMIIADUHUHI TH3UMJIM apXUTEKTypacd Ba JacTiad
MabIyMOTIAapHM TacT dYacroramu Bast Band (BB) makernapra
xoMmamTupuil (keMuHru naparpadaa Kypuod YuKuiagm).

2. TMact 3uwimkHM XKy(Tiawkka TeKmupuiiau TabMmuHiIoBun (Low Density
Parity Check Codes - LDPS), xamakutmaH XuMOSJIaHTaH KOJIJaH
ol nanaHumI.

AJOKa KaHAJIMHUHT MaKCHUMall YTKa3uIll KOOWIMATUHU TabMUHJIANI YUYyH
SHTYM CTaHJapTAa KaTop SIHTUIUKIAp KalOyn KuwiuHranku, ynap DVB-T2
CTaHJAPTUAAa KAHAIHWHI YTKa3yBUAHIIUTMHU SHTMYa KOJUIAll YCYJUIapU, XUMOS
WHTEpBAILIApU YIIYaMHUHU Y3rapTUPHIL, TasHY CUTHAIAPUHUHT PEKUMIIAPUHU
y3rapTUpuil  XUCOOWTA,KOIJIAIl  MapaMeTpJIapuHu  MyKaMMaJUIalITUPHUIITa
KapaTwirasigpiap.

byHnra spummm yuyyH xanakuriaapra Kapmu kogjamHuHr (FEC) suarm
cxemanapu Ba Base Band (BB) kanp makernapnan ¢origamanuirad. 5.1-pacmua
KYpCaTWITaHUJEK y3aTWIyBUM MabiaymoTiaap BB makernapra sxounamrupuiiaam.
Cyurpa xynnu DVB-S2 kabu LDPS FEC wnazopar Outnapu éEpnamuaa
¢nunanu.flna LDPS pexoanamranjiaH KeMMHITM XaTOJWKIAPHU TY3aTUII YYyH
MabiymMotiiap boy3-Hoynxopu-XOoKBHHIEM KUCKA KOIJapu €paaMuaa KylInm4ua
paBuLIAa XUMOSTIaHAAWIIAP.
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[Tact wacrorannu kaup
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FEC-kanp =64800 6ur
5.1-pacm. [lact yacToranu kagpHUHT cTpyKTypacu (BB kaap)

Kanpuunr, xamakurOapaomn Kojuiaml MabAyMOTIapw OWiiaH, TYJIHK
napomuinurn 64800 OutHu Tamkwin Kuinaau. by kaap DVB-T2 cranpaprtuna
0azaBuii Onok xucoOmanamu. bynna T2 cramgapTuaa XuUMosJall KOJIAPUHHUT
HazopaT OWTiIapuHUHT kyiaamu 15-50% muxaopuga y3rapuilii MyMKHH. BHpPOK,
cTaHjgapT ToMoHHaaH 16200 Out OynraH aHya KHCKAa Kaap XaM KYJUTaHUIUIIH
HazapJa TyTWIraH. by Kaap macT Te3NlMKAard Xu3MaTiapHU KaOyn KWIMIIAard
KEUMKHUIIIHA KAMaUTUPHUIL YUYH KYJUTAHWINAIIA MYMKHUH.

BB Omok wumpma y3aTwiagurad  MabiymoTiap oxatdma, MPEG-2
dbopmaTtuaru makeriiap OKMUMHU KeTMa-KeTJIUTH XucoOsiaHaauiap. AWHHM BakT/a,
BB-kagp Maiimonn curHanmzanus —capiaBxacu  GSE  (Generic  Stream
Encapsulation —ymymuii okum wHKamymsmuscu)sara - DVB-nporokon  IP-
MaKeTIapy >KOUAIIUIITN OMIaH MOC TYIIAIH.

LDPC acocupgarm XajakuTmaH XHUMOSUIAHTAQHJIMK  WINMWHWHT  TECT
HaTwkanapu, Pun -ColloMOH Kojjiapy Ba WHFYBUM KOJJIAITHU Oupra Kyiuiail
acocugaru DVB-T xanakutOapmom Kojjiamra HucOaTaH XaJaKUTJIapJaH
XUMOSUJTAHTAHJIMKHU  ce3wiapid omranuau  kypcatau. Auru FEC  xucoOwura
CUTHAJI/INOBKUH HUCOATH OYiiMua IOTYK, Ha30paT CHUMBOJUIAPHUHT OWp XU
KUCMJIapU YYYH, OJIMI xaTojlap KuitmMaTtuaa, 3 abrada Oyaumm MyMKUH. YOy
SAXIIIAHNAIT KaHall YTKa3yBUaHIMK KoOwmmsATHHU 30% ra ommpuil UMKOHUHU
oepanau.

T2 vy nnwiad yukumga 6up €Ku Ky TalulyBUWIA MOIYJISIUSIIADHUHT OUp
HeYa BapuaHTIapu TakkociaHraH. Hatwkana xumosi untepBanura (XW) ra sra
OFDM BapuanTu tannanrad, y DVB-T na unutarunaran, OyHna xap 6up cCuMBOI
Oup Bakrtma (asza Ba amIuMTyna Oyiimya MoOAYJSUMsUIAHAAUTAH OPTOTOHAT
TallyBUMJIADHUHT KaTTa COHM OwyaH y3atwiaad. DVB-Tna, xycycan, ukkura
pexum - 2K Ba 8K nap ky3aa tyrtunrad. by pakamiiap CUTHanHM Kyn TalryBYUiIap
OWjlaH MaK/UIAHTUPHIN yayH Kyutanunaauran FFT (Dypee Te3 y3raprupuiim)
ymuamuau udoaa sTaau. MabiayMOTJIapHHA Yy3aTHUII YYyH KYJUIAaHWJIAJAUTaH
TallyBYMJIAPHUHT MaBXKyJ aMaauETAaru COHu Oup myHd4a kaM. CUTHaIIapHu KT
TapKamuIl  OKUOaTUjaru Oy3wiIHIUIapAaH(XaTOMUKIApAaH) Ccakjialml  y4yH
(Oepuiran CUMBOJIHM y3aTHINTa XU3MAT KWIAIUTaH Xap Oup TanryBuu y4uyH) T2
TU3UMJIA Xap OUp CUMBOJ SKYHHJIa XUMOS MHTEpBaIHAaH (pormanaHmiagm xamaa
y 5.2-pacMa KeITUPUIITaH.
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5.2-pacM. XUMOsI HTHTEpBaJUIapuiad GoiiaIaHuII

XUMOSI UHTEPBAJIMHUHT JABOMUNIUIU 3(QUpP TPaKTU Y3YHJIUIU Ba y3aTHUII
TapMOFMHHMHI OOIIKAa MapaMeTpjapujaH Keaud 4ukuO TaHiaHagu. JlaBOMUIPOK
XMMOSI MHTEPBAJUIApU OUp YacTOTAIU TapMOKIapAa Tajgad KUJIMHAAW, YyHKH OyH1a
KYIIHU y3aTrHyfiard CUTHaUIap Kalyn KWjrhyra acocwili curHajira HucOaTaH
Ce3WIapiM KEUMKHO KEeJIWIIM MYMKHH. XHMOS HMHTEpPBAIM Vy3uJa aloka
KAHAJIMHUHT  YTKa3yBYaHJIMK KOOWIMATHHM MacalkIiura TabCUp KUIyBYU
yCTKypMaHu HamMo€H kunaau. DVB-T npa ymOy ycTkypma y3aTunaérraHn
MabJIyMOTJIAP XAKXMUHHUHT 25% HHU drajulalldi MyMKWH. XHAMOsSI UHTEPBAJIUHUHT,
YMyMUHA MabIyMOTJIAp KHCMUJArM XaKMHHM OLIMPMACHaH KyMaWTHUPHILI
MMKOHUTa SpUIIMII yuyH, T21a nkkura sHru pexumiap 16K Ba 32K kuputriran
Ba Oy X0JIaT OPTOrOHaJ] TAllyBYWJIAPHUHI COHMHU MOC PaBUIIAA OLIMPHUIMIINIa
OJIM0 KeJMHraH. 5.3-pacMjia TallyBUMJIAp COHM KYI OYiIraH pexxumra YTUIl
Kypcatwiarad. Ymly XojlaTga XHUMOSI HHTEPBAJMHUHI a0COJIOT YiIuamiapu
cakaHUO KOJIMHTaH, OMPOK YHUHI YMYMUH XaXMAaru KUCMHU KUCKAPTaH.

Gl | 8K cumson 25% &iumamya

Gl 32K cumpon ~6% Kiunmya

5.3-pacm. Ky connu TamryBumiiap peKUMHUra YTUIIHUHT KYPCATHIINIIH.

PLP (Physical Layer Pipe) tepmuau wunk 6op DVB-T2 tusummaa
kyutanwirad. PLP Basudacu mynman ubopar OYIraHKU-TH3UM MOIYJISITOpPHUTra
Kyl KUPHUIUIM MabIyMOTJIap OKMUMHHHM TYpJIHM Japajard Te3jaukiaap OuiaH
OCpUIUIINHYA TabMHUHJIALIAaH HOOPT Oynran. by Bazudanu MabirymoTiaap OKUMUTa
MOCJIAIIMII OJIOKH amalira olupagn. MabiiymoTiap OKUMUTa MOCJIAIIUII OJIOKKIA
KyHUJary xapa€H amanira OlupuiIaam:

e JluHaMUK MabJlyMOTJIApHU OKUMUHU peKaIallTHPUILL
e Kajap KEUNKTUPUIIUILINA
e NMuku MabilyMOTIIap OKUMHUHHU XOCUJ KUJIMILL

bynnan tamkapu DVB-T2 tusumu SFN Oup yacToTalii TU3UMHU XOCHUI
KWIMII BasupacuHu XaMm ¥3 wuuura oxaad. PLP  TU3UMUHUHT >XOpuil
KWIMHUIIUTra4ya ymoy Macaja €4MMHU KaTTa KUHMHYWIMKIAPHA XOCHJI KHJITaH.
YyHKM MOAYJISATOp KupHIIMra Oapya cUrHauiap Oup XWi BakT Oupiauruia
CUHXPOHJIA0 KUPUTUITUII JIO3UM.
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5.4.pacm. T2-MI maket cTpykTypacwu.
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5.5.pacm. DVB-T2 Ttuzumu mabiiymoTiap OKUMUTa MOCTAIIMII OJIOKH

DVB-T2 ©Oup wyactoTasiu TH3UMUJA CUHXpoHM3amusi yuyH T2-MIP-
naketiapu MPEG-2 tpancnopt okumuHMHT TapkuOuaa T2-MI wmnTepdeiicu
KYPUHUIIHIa KUPUTHIIATH

DVB-T2 na nucbaran y3yH cuMmBoiuiapAaH (hOHAalaHUILI, YMYMHH XaXm
CUMBOJIUA, XUMOSI HHTEPBAJIMHUHT CE3WIapiau KUCKapuIIMra UMKoH Oepanu. 32K
pexumugary T2 ga XuMOSi MHTEPBAIMHUHT MaKCHMall JTaBOMUIUIMTH XHUMOS
WHTEPBAJIMHUHT TYJIWUK CUMBOJUIAp JaBOMuUWiurura, sbHu 19/128 ra TeHr
HUCOATIa APUIIMIIAAA. XUMOS MHTEPBATUHUHT AaBoMuiiura S00MKc OynraHma,
WUPUK yMyMJIaBJIaT OUpP YaCTOTAIA TAPMOFUHU KYPHIII UMKOHHUSITH MaBxkKY/I.

Mynnait kunud, T2 wucdbaran kyn O6ynran FFT ymuamnapu Ba KeHr XUMOS
WHTEpBaIapu KuMatiaapuHu 0epaau. XycycaH:

e FFT ymuamnapu: 1K, 2K, 4K, 8K, 16K, 32K;
e XuMos MHTepBajuiap napamerpiapu. 1/128, 1/32, 1/16, 19/256, 1/8, 19/128,
1/4.

HOxopuna aiitu6 yrunraauaex, OFDMpa xap 6up tamryBumn xam azaga xam

aMITyna Oyiimda wmomynsmusutanaaunap.Onuid  MOIyNSIUsIan  CTaHIapTH
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DVB-T, 64 QAMpa, Outra cumBOon Owran Owupjanura 6 OutHH (OWTTa
TallyBUMHUHT MOAYJISIIMSAJIAHTaH 3JIEMEHTH OWJIaH) y3aTUIl UMKOHUHU Oepajiu.

T2na onmii Mmoayasiuus 256 QAMraua kyrapuiran, y OUTTa CHMBOJI
Owran 8 Ta OWUT y3aTUIl MMKOHMHH Oepaau. Ym0y MOIYJIAIUS ITOBKUH
TOMOHMJIAH SIpaTWJITaH XaToJMKJapra TabCHUpYaH »JKaHUTa Kapamail, TecT
HaTtwxkanapu wyHu kypcarauku, LDPC FECpan @oiinananum DVB-T ra
HUcOaTaH, XyAaA4 IIyHAal mapouTiapaa,kaHain camapagopiukau 30% OomummHu
TabMUHJIANIN.

T2 npa spatwiran saru pexumiap - 16K Ba 32K asBanru 2K pexumra
HUCOATaH IMOJI0CaIaH TalIKapUaard TapKUOMi KUCMJIAPHUHT KECKUH TMacaTHPHUII
MMKOHUTA ara. 5.6-pacma KYpCaTWITaHUJIEK, yioy X0JI1aT
tamryBumiapHuar,8MI'n  nmonocaga,DVB-T curHauiapyuHu CTaHIapT CIEKTpai
Mackara SKHUH SKOMIAIITHpPUINTra HWMKOH spaTaad. Ymly KeHralThpuiral
noJsiocanap siHa 2%rayda KylnMya MabIyMOTJIApPHU y3aTUII UMKOHUHU Oepajiu.

XUmoA uHTepsanu — 1/8

o 10 . ;
= CTaHQapT macka
g:'. ° 32K Hopman
= - 32K xeHraittupuaras
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Yacrora (Mly) (mapka3unii yactotara HucbaraH)

5.6-pacm. 8 MI't kanan yuyn DVB-T2 curnannapu Hazapuii HOYMKIU CIIEKTPaT
KyBBaTJIapu TaKCUMOTH

OFDM Tu3umiiapyuia TAKCMMJIAHTAH TasAHY-CUTHAJLUIAP MUUIATUIIAIAIIAP.
VYnap MabilyM BakT Ba TallyBuujap OYyilmya TaKCUMJIAHTAaH MOJYJISIIUSsIIAHTaH
anemMeHTiap cudatuga Hamo€H Oymanunap. KaOyn kuiarudra TasHY-CUTHALIap
MOJYJIAIMSL TTapaMeTpiapy MabjiyM Ba KaOysd KWJITMY YJIApHU KaHal XOJaTHHU
0axonamra unuiatuimy MyMkuH. DVB-Tna xap ¥H MKKMHYM MOIYJSIUSIAHTaH
AIIEMEHT TasiHY-CUTHa OYynu0 XucoOnaHaau, SbHU  YJIAPHUHT  YMYMHUI
MabBIYMOTIAp XKMUJATH KUCMH 8%HU TallKWI KWJIaau. YOy MPOMOPIHs
XUMOSI MHTEPBAUIAPMHUHT Xap KaHJal BapUaHTHAA HIIUIATAJIAIUraH Ba XUMOS
uHTepBaUIapu 1/4 OYnraH CUTHAJUTAPHU TEKHCIIAlll MMKOHWHU OepaauraH, TasH4-
CUTHAJUIAPHU KOWJIAINITUPHUII MYMKHH OYJIWIM Kepak. BHUPOK KHYUK XUMOS
uHTepBaJIapu yuyH &% MUKAOpJaH KaM TasHY-CUTHAUIAPHU  KYIIHIII
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optukyanukka onu6 kenaau. Llyaunr yayn T2na ynapHH SKOMITAIITUPUITHUHT 8
TYpJId XWJI BapUAHTU MaBXKYyJA. XHUMOS MHTEPBAJIUHUT HUCOUM JaBOMMMJIUTUHUHT
xap OWp BapuaHTHUTa TasHY-CUTHAJUIAp JKONUJIAITYBUHUHT OMp HEYa BapHaHTU MOC
KeJIaJIi Ba yJiap KaHAJHUHT KOPUH XOJIaTHUJIaH KeIuO YMKUO TUHAMUK TaHJaHaJIH,
Oy 5ca yJapHUHT COHMHW MYyKaMMaJUIAIITHPHUII MUMKOHUHM Oepaau. 5.7-pacMmjia
TassH4Y-CUTHAJIJIAP YKOMIAITYBUHUHT MYMKHUH OYJIraH MKKW BapHaHTHU KYpCaTHIITaH.
TassHU-CUTHAJUIAPHUHT  3UYPOK  OJKOMJAITYBHM  KaOyl  KWITMY  KHPHUIIKJA
CUTHAJI/IMOBKMH HHUCOATHHW Tanad »OTWIraH KUAMATHHU [MacalTHpHUINTa Ba
CUHXPOHU3ANMSIHY SIXIITUJIANIIA UITUTATUIUITN MyMKAH. OXHpru XoJjaTAaa TasH4-
CUTHAJIJIAp MCEeBA0TACOAU(HUI KeTMA-KETIIMK OUIaH MOIYJISITUsIIaHaAMIIAP.
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5.7-pacm. TassHU-CUTHAILTIAD >KOIIAIIYBUHUHT BapUaHTJIApU Ba yJIAPHUHT
YMYMHI CUTHAJIZIATH YIIyIUIapy

T2ra Oynran Twxopar Tajnadiapu Typiu Xu3MaTiap y4yH XWiMma XHI
KHAMATIIH ~ XaJIaKUTOAPAONIIMKHA TabMUHJIAIIIAH wuOoparaup. by Typam
MOJYJIAIMS CXeMajapyu Ba XallaKuTOapAoll Kojulamiian (QoiinanaHuirasia
TabMUHJIAHUIIM MyMKHH. T21a OyHra OFDM-cumBoutapHM Kajp W4YHja
TypyXJam OwWiaH OSpUINIWIAAN, SHHU Xap OuUp XW3MaT Kajapaa aHWK CIOTHHU
srataiiauran OyTyH Onok  OwiaH  y3atwinagu. YmOy omun  5.8-pacmua
KEeNTUpWIraH Ba Oy eplia Typiu paHr OujaH TypJiu XWU3MaTra TETUIUIM OKHM
dbparmenTiapu udoaagaHTaH.

T2 na xamgp 6omm kucka OFDM-cumBon P1 6unan 6enrmnanaau. P1 xynau
5.9-pacMzma KypcaTunraHuek, KYIIHM TallyBUYMJIapHUHT (4acTora OViinya
CWJDKHMTaH) OOIll Ba OXHUPTM CHUMBOJUIAPUHU KalTapuinuimuHu KypcaryBun 1K
OFDM-cumBonuaan ubopar. bynnait P1 ciMBOTUHUHT Ty3uauiiy OUp TOMOHIaH
YHH OCOH aHWKJIAHWIIIM WUMKOHUHH Oepaau, Oomika TapadaaH CHUMBOJHHU acOCHU
KaJIpHUHT KaHAauaup GparMeHTH OujiaH KYIIVTAIT UMKOHUHA TabKUKJIANHIH.

TaLlys4u-
nap

Cumasonnap

5.8-pacm. T21a kaapaap CTpyKTypacu
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YacToTanu CUmKMLL YacTtoTanu cUmKMLL
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5.9-pacm. DVB-T2 curnanuzanusicu P1 cuMBOJMHUHT coiiaaiTUPUITaH
KYpHUHUIIN

ChoexkTpHHM CKaHepiaWIuWraH KUOWpUII pexumuparn T12-  pecusep
TOMOHMJAH, Y3aTUIIHW AHUKJIAHUIIMHUHT Ba COJAJA, WIIOHWIM MEXAHU3MUHH,
S’bHU PECUBEpP OWJIAH YaCTOTaHU TE3KOp Ba 6 OUTIIM CUTHAIM3ALMSICUHU YIILJIAITHU
tapMuHIaau (Macanan: T2 kagpaa FFT ynuamunu aHukiam yuyH).

T2 xanpuunr crangapt gaBomuiturua —200 Mc atpoduaa, Kaap Ty3UITUIIHA
XaKuJgaru axO0pOTHU Y3aTWIMINK Tajla0d KWIyBYM YCTKypMa dca Koujaa Oyinua
1%/1aH KaMpOKHM ATraJlIaiiiu.

T2 kanamum KoAJall THU3MMHAA OPAJATHMIIHUHI Yy4YTa KaCKaIH
unuiatuinagu. by oaca  Oy3uirad SJIeMEHTIApHUHT TMAaKEeTJIM  XaTOJIMKIIAPH,
nexkonepna aeopanatumgan kevmH,LDPC FEC-xanp 0yitnad TapKaTHIMIIUHUA
nespiu  kadonarnaiau Ba skyHna LDPC kogepra MabaymMOTIapHH THKJIAI
WMKOHUHU Oepaiu.

Ymby kackaayiapHu KenTupuo yTamus:
1. butnu opanatruy: 6utnapau FEC-6moku qonpacuaa paHIoMu3aisUTanIu;
2. Baktmu opamarrud: T2 kaap nmoupacuma FEC-610x  MabmymoTiapu
CUMBOJUIAPUHU KalTa TaKCUMJIAu. by CUTHAJIHM MMIyJbC IIOBKUHTA Ba
y3aTHII TPAKTH XapPaKTEPHUCTUKAJIAPUHUHT Y3rapHIlura 4dJIaMIAKIUTHHA
OIIUPAIH.
3. YactoTtanu opanarrud. y CeJIEeKTUB ‘“‘dactora KOTull® ddQexTuHu
cycaiitupuin Makcaguaa MmabiymoTiaapau OFDM-cumBonm gompacuma
PaHIOMU3AIMSIIAN TN,

[ynunraek, T2 aa xanakUTOApAOUUIMKHUA OLIUMPUII YYYH, MOIYJISIUOH
I0Jily34a TYpKYMHH O€JITMJIAHTaH aillana Oypuakka OypHIll SIHTM TEXHHKACH
KyJuianunarad. byngai Oypuii, sdupnaru ogaTuii MyaMmoJiap MaBxXyJ XoJjaTia,
CUTHAJI YMJIAMJIMKIMTUHU Ce3WJiapiiyd OLIMPUIIM MYMKHH. JluarpaMMmaHu aHuK
Oenruinanrad Oypyakra OypuIl Xucooura roJjiy3ya TYpKYMUHHUHT Xap Oup HyKTacH
OoIlIKa HyKTaJlap TOMOHHUJIAH TaKpOPJIAaHMAMINUTaH y3ura Xoc koopauHaracura (Ul
Ba u2) sra 6ymaaunap (5.10-pacm).
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5.10-pacm. QAM161a MOAYISIIIMOH I0JAy34anap TYPKyMIAPUHUHT OypUITUIIN

Hykranunr xap Oup KOOpAMHATacura MOAYJSATOPAA alOXHIa HIIJIOB
Oepunaau Ba ynap Oorika CUMBOJIHHUHT U2 Ba ul Ounan apanamtupunud, OFDM-
curHanga Oup-Oupura O0FIMK OYiMmaran xonjaa y3aTwiaauiap (spHH, u2 Ba ulnap
typiiu OFDM-tamyBumnapna Ba xuinma xuinl OFDM-cuMmBoiuiapia y3aTHIIHMIIH
MYMKHH).

Kabyn xunrmuma u2 Ba ul Owuprnamrupuiaawiap Ba aiaHa OYiinad
Oypwiran nactiabku 10ay34a TypKyMu makivtantupunaad. [lynnait kuiaub, arap
OuTTa TalryBuM €KMW CHUMBOJI MHTep(EpeHIrs HaTHXacuaa Mykoiud KoJica, yHAa
OolllIKa KOOpAMHATa XakKuaaru axOopoT cakjaaHuO KoJsiaau, Oy 3ca CHMBOJIHU
TUKJIall UMKOHMHHM Oepajy, rapyd CUTHAJ/IIOBKUH HUCOATH KUYMK OyJica Xam.
CummeTtpuk (Oypuiamaras) 10iay34a TYpKyYMUJaH TaKCUMJIaHTaH u2 Ba ul jmapaan
(doifalaHUITHUHT MabHOCH WYK, YyHKH CUMBOJ (paKaTrMHa MKKUTA KOOpAMHATa
OMpUKMAcH acocuja TAaHWIMIIN MyMKHH. YJIapHUHT Xap OMpH ajoxuja 3ru3arura
sra OVynaaum Ba yJIapHUHT OWUpUKMacuruHa Yy3ura xoc Oymamu. Tect
MOJCIJIAIITUPUIIT HATIOKaNapu ymly TeXHUKazaH QoiiaiaHraniarda CHUrHajl
/IOBKUH HUCOATH OYiinya 0TyK Sabravya eTuiym MyMKUHIIMTHHY TacAUKIaraH.

T2 cranmaptu Anamoyt Koauaad ¢oipaliaHuil XucoOura HKKUTA
y3aTru4/lan KaOyJHU amajira OIIMPUIl WMKOHUSTHUHHM TabMHUHIAWIu. PecuBep
OupJaHura WKKUTA Y3aTTUYHUHT CHUTHaIWHU ‘“‘KaOyn Kuica”, macaliaH, Oup
4acTOTajdu TapMOKJa MyHamMaraH aHT€HHAJlaH KaOyll KWJIWII XUcoOWra, YHIaH
doitganaHuI TUBUMHUHT WITUHU CE3WIAPJIN SIXITUIAIA MyMKUH. YIIOY KOJJIaIl
TasH4Y -CUTHaJN (OpMATH IIAKIMHM Y3rapTUpHIIl OWjiaH OuMpra amaira OUIMpHIICa,
UKKUTAa Xap Xuwil 3¢upAaH Kela€TraH KaHa/ulap CUTHAJUIAPUHU XaJaKUTCU3
@XpaTUIl Ba aJOXUAa JEKOAJAll UMKOHMHMU Oepamu. XycycaH, arap aHTEHHara
dakar Ourra KaHaiara pyxcar Oop Oyica, KOIHM KYyWuIn KaOyiaHU
émonnamtupmaiian. Jlactnabku xucoOmamap ymoOy TEXHHUKA KHYUK Oup
4acTOTaIM TapMOKJapHU KaMmpal omuin coxacuHu 30% KeHTrauTupuil UMKOHUHU
OepHUIITUHU KYpCaT/Iu.

Ilynun ajgoxuaa Tabkuaaad yrum skousku, DVB-T2 na kymmmua
(GyHKIUsSJIAp KUPUTHWIMIIM XaM OeJrmjiaHranjiap, yJIapHUHT Oab3wiapu
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XO03UPTY KyHJIa HIIIJIATHIMAcaa, Kelakakaa ynoy TH3UM UMKOHHUSTIIApUIaH KEHT
dbornamum mymkuH. Macanan: T21a ukkdTa KymuM4ya KypuiaMa MaBxy 0yiuo,
yJIapHUA KeJaxakia KaJpHU KEHrauTupuiga Kywiam MymkuH. bynpga T2
KQJIPUHUHT TY3WIMIIM XalIu aHUKJIaHMaraH TypJard CUrHajulapra MyJhKaJUIaHTaH
MaBxKyJ OynaMmarad TypAaru Kajpjiapra CUTHAJM3AlUsSHU KUPUTUIT UMKOHHUSITHHU
ky3aa Tyranu (5.11-pacm).

T2 T2 T2 T2

5.11-pacm. T2 kaapnap apo FEF MaiiionnapuHUHT KUPUTHIAIINA

Avan, Oy FEF (Future Extension Frames- Kaapnapamar Kenrycu
Kenraitnmy) xagpJapHUHT Ma3MyHUH TapkuOM Xaid aHUKIaHMmarad. 12
KypcaTruujiapura MOC CUTHAIM3ALMSHUHT KUPUTWIMIIA OUPHUHYM  aBJIOJ
pecuBepinapu yuyH FEF-gparmentnapau TaHu® onumn Ba yiapra 3bTHOOD
OepMaciMK HMMKOHUHM sipataad. BUpOK Xo3upaaH srajulaHMaral YpHHIIAp
Y3aTULIHUHT OUMPHHYM THU3UMJIAPUHM  KeJaXakJarwiapu OujaH TecKapu
aJIOKACMHU TabMHUHJIAIIM, yiapja Oy CUTrHaiIu3alus TapKUOU SIHTU MabIyMOTJIap
XaKuAaru axOOpoTHU TAIIWIIUHY OeIruiIaniu.
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5.12 pacm. DVB-T2 uuito3u Ba MOJYJISITOpU OpacuJary aHUK derapa

Ilynunraek, T21a yacToTra-BaKkT CerMeHTAlMs KYy31a TYyTHJITraH 0yauo,
ynap kenrycunaa cinotiapra (TFS — Time Frequency Slicing — gacrota kecwuii
BAaKTH) 4YacTOTa-BakT Oyiimya Oymum yuyH 3apyp. lapum acocuii KaOyJ
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KWIMIIHUHT Xycycusitu TFS man ¢doiimananmail KymumamHu Hazapia TyTcana,
CUTHAJIM3AlMsIapra KUPUTWITaH Oelrwiap, yhlap HKKUTa TIOHEp OuilaH
KUXO3JIaHraH Oynrycu pecuBepiapHuHr TFS-curnamiapy OwiaH —unuiami
UMKOHUHM Oepanau. bynpail curHan Oup Heuya pajuo YacTOTa KaHAJIApHU
rajuiaiiii Ba Xap Oup XU3MaTHUHT Typiid (parMeHTIapu yMyMUH XOJaa Typiu
yacToTajap/a y3aTwiaauiap. PecuBep kaHanian kaHaiara cakpad ytul, cosinanuo,
KaOyJl KWJIMHAETTAaH XWU3MaTra TEruIUId MabyMOTJap (parMeHTIapUHU WUFUO
ojagu. by OuTTa pasgno 4yacToTa KaHaJIUra y4yH pyxcar 3THITaHAaH Kypa KEHIPOK
MaKeTJIapHU MIAKJUIAHTUPUII UMKOHUHU Oepaau, Oy 3ca ¥3 HaBOaTHAa KaHasiap
YaCTOTAJIAPUHU  PEXKAJAIUTUPUILJIATH  MOCJTAIIYBYAHIMIMHM  Ba  CTaTHK
MYJIBTUILIEKCUPJIAII XUCOOUTa KaHAJIJIap COHMHU FOTHUII UMKOHUHU SIPaTay.

bynna T2 TH3MMHMHHHI YTKa3yBYAHJIMK KOOMJIMATH NapameTpIIapHUHT
Oenruinanrad OyTyH KeTMa- KeTJIMTUHU TaHjiall OuiaH aHukjIaHagau. by makcaana
KYIITMHA OmNuusiap KYypuO YHKWITaH Ba aHUK KOHUrypamus OujiaH KaOys
KUTUYWIap Maxcyc CUTHaimu3anus épaamuaa xabapaop kuiauHaau. [lapamerpnapau
TaHJIalll TU3UM HIIM MyKaMMaJUTAIITUPUIIHU Ky3[a TyTalW, MacalaH, KaHalJlaH
KaHaJira VYTUII BakTH OwWiaH Xu3MaT axOOpPOTHMHUHI KUCMHMHHMHT — ¥3apo
MYTOHOCHONMIA  €KU  YTKAa3yBUAHJIUK KOOWIMATH OuWjaH  XajakurTiapra
YUAAMIIUIMK Opacuard MOCJIAIIYBHU KUIAPHULI.

[axmaHTUPYBUM KYpCATTUWIAPHUHT KV OYIUIIN OOIIKa TU3UMIIAp OuiaH
COJIMIITUPUILIIHA ~ MypakkaOmamtupaau. Macamad, T2uum DVB-T  Ounan
COJIMIITUPCAK, OMPUHYM HAaBOATIA CTAaHAAPT KaHAIAArd XyJIOU MIYHAAN CUTHAIHU
TabMUHJIOBUM, Oupok T2 na Mypakkad 1apouTna KaOyJHUHI  KarTa
XaIAKUTOAPIONUIMTMHY Ha3apAa TYyTaJWraH MapaMmerpiap OJIMHHUIIA MYMKHH.
bynnait Bapuant DVB-Tra nucOaran T2 KaHAIMHUHT IOKOPU YTKa3yBYaHIIUK
KOOMJIMATUIa MOC Kejlagu. BUpOK HOpMall KaHall y4yH KYpcaTKA4JIapH MacTPOK
BapUAHTHU XaM TaHJAll MYMKHH, aMMO XYyJJId aBBaJTHIEK KaOysn KHIWII
Mypakka0 IIapoWTIapuaard KaHaulap Y4YyH IOKOpWJapHW TaHJaHaau. byHmaii
IapOMT/Ia KaOyJT KWIJTHII KOOMIIMATH STHA XaM OIaIu.

lNaycc kananmuparu Oup Xuil TypJard TU3UM HUCOMM XapakTepUCTHKaIapu
5.1-xanBanga KeITUPUJITaH.

Kansangan kypunu6d typudauku, DVB-T unrnuzua Bapuantura HucOaTa
KyTWIa€TraH VTKa3yBUYAHIMK KOOWIMATUHHUHT Ycuimd 1,5 MapTaHu TalIKui
Kwiaau. by Hazapuii 0axoJallHUHT HaTWXKalapu, aMMO MaBxXyJ agabuétiapna
yi0y MaTeprayiapuHy udoanamiiard TaKpruOaBuil HaTUXkanap KeJITUPUIMaraH.

Mynaait kunnd, DVB-T2 sHru cTaHIapTUHUHT acOCUM XOJaTHHU TaXJIHII
KWIKIIAA, CTaHAApTra CUTHAUIApHU S(UpIM y3aTUIl XYCYCHUATHHHM Haszapja
TYyTYBUM SIHTM CaMapald TEXHOJIOTHsUIAp KUPUTWITaH Je0 Xylioca YHMKApHII
MyMKHH. ByHJOaH Tamkapu, KaJapJIapHUHT XH3MaT-Ha30paT YCTKypMalapuHU
ONTUMM3AIMSATIAII ~ WUMKOHMHMA  OepyBUM  acocuid  mapamerpiap  cadu
KeHrailtupwirad. bymapuunr Oapuacu yMymuil  xojAa  YTKa3yBUaHJIMK
KOOWIMSTUHU CE3WJIapJiM OIIUIINIra Ba OWp BaKTHUHT Y3WAa THU3WMHUHT
YUAAMIIWJIMTUHU ~ OIIMPUINHNTa OJu0 KEeJNWIIW KYTUIMOKAA. SBHU, IOKOpHU
AHUKJIMKIArd TeJey3aTUllJIapd y4YyH MyKaMMall TapMOKHM KypUII HWMKOHH
MaB:KYJIJTUT Ba TAbKUIJIAHMOK/IA.
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5.1-xanBan

DVB-T Ba DVB-T2 tu3umiiapyuHUHT allpuM KUECUM XapaKTepUCTUKAIApH

DVB-T(unrnus DVB-T2
BapUaHTH )
Monynsauus 64QAM 256 QAM
DTV ymuamu 2K 32K
XMMOsI HHTEpBaJIH 1/32 1/128
FEC 2/3CC+RC (8%) 3/5LDPC+BCH
(0,3%)

Takcumnanran TC 8% 1%
Typryn TC 2,6% 0,35%
Kanp capnasxacu 1% 0,7%
Ilonoca HOpMaJI KCHT AU TUPUJITAH
SJ’TKaSYB‘-IaHJII/IK KOOMJIMATH 24,1 Mowur/c 35,9 Mour/c

by epna: OTY — @ypsee Te3 y3raptupuiu; TC- TasHY-CUTHAI

|
Multiple |
TS or GS I
streams ]

1
—P Input —™ I Bit inter-

) pre- Input leaved Frame COFDM
pro- processing — coding & ™| builder ’ generation ’

—p] cessons) —p : modulation

I
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5.13.pacm. DVB-T2 Ti3umMuia MyJITUIIIIEKCOP Ba MOIYJISITOP Opacuaru

uHTEpEiicC.

Kanaj curuMyHY OLIMPUIITHUHT HA3APUH acocjiapu 2
DVB-T2 Tu3uMuHM MyXoKamMa KWIMIIJIAH OJJIUH YHHUHT OJJIMHTH aBJIOJ
TeJeBUJCHUECUTa HUCOATaH KaHaUlap CUFMMU KYTUIMTMHU Hazapuil HCOOTHUHU
KypuO unkamu3. Acoc KWIHO MKKajla TU3UM YUYH XaM moJjioca kKeHrinuruau 8 Ml
kb onamu3. 37.1 xanBanga 6usra DVB-T Tusumupa Typiu mapoutiap Ba
aHTeHHaJIap €pAamMuja OJIMHTaH CurHaid cudaiu Ba Japaxkacu Oepuiiras.
MabayMOT y3aTHII TE3JIUIMHU Makcumal KukhmatuHa [IIeHHOH TeHrnamacu

acocuzia OJIMIIMMU3 MYMKHUH:

C=1/3+B*SNR;

(5.3)

2! Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 688.
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0y epna C = kaHas YTKa3yBYaHIUK KOOMIUATH ( OUT / C);
B =yacroTa nonocacu kenrymru ( ['m);
SNR = curnan / moBkuH MyHocabaTiaapu (B 1b);

bynna curnan/moBkuH MmyHocabatiapu 10 n1b arpoduna n1e6 kaOyn KUIMHAIN.

Kansan 5.2.
DVB-T tuzumunuar 8§ MI'| kaHan KEHIIUTHAA TYPJIH IaporTiaapaa KaHal
CUFHIMH, CUTHAJ cH(aTH Ba Japakaiapu.

c/m Haszapuii makcuman H3ox
kaHaJ curumu (MouT/c)
10 26.7
12 32 Emon cudariy EnuK
MOPTATUB AJIOKA
15 40 Enuk nopratus Kabyn
18 48 Axmm cudarau Enuk
MOPTATHUB AJIOKA
20 53.3 Tamku anTeHHa
épnamusia EMOH cudaTiu
ajoKa
25 66.7 buno Tomura
YpHaTUIAJUTaH aHTEHHA
épnamuia axmm cudartiu
KaOys
30 80 buno Tomura
YpHaTUIaAUTaH aHTEHHA
épaamuia )Kyaa AxXIim
cudatiu Kadbyn

DVB-T curHanmuHuHT €MUK OMHO Ba MHIIIOOT/Iap/ia MOPTATUB aHTECHHACH EpJlaMuia
KaOyJ1 KMJIMIII aJToKa cudaTh Kyhnaaruda

13.27 Mout / ¢ (16QAM, CR =2/3, r=1/4, SFN, SNR = 12 nb); (5.1)
Ba OMHO, MHIIIOOTJIAp TOMUTA YPHATHIIAIMTaH aHTCHHaIap EpaaMuia Kaoyi
cudarm 3ca

22.39 Mourt / ¢ (64QAM, CR =3/4,r=1/4, O4UC, SNR =18 n1b) ; (5.2)
TAIIKUI KUIaIHd.

DVB-T2HuHr Makcaayu MaBxy/Jl TU3UMJa MabiaymoTiiap curumuau 30-50
%ra ommpuIiiaH uoopar.

Pakamuiu Tesre3mmmTTHpUII Ka0yJ KWJIYBYM KypPHJIMAJIapH
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2008 WWUTHUHT OXHpiapura Keiuo, V36exkucronga DVB-T CTaHJapTUAaH
dorinanann6, 41 Ba 42 TeNeBU3WOH KaHaIapra MYJDKaJJIaHTaH €p YCTH
SIIUTTUPUIIUIAPUHUHT paKaMJIM TEJIEBUICHUECH WINra TYWUpWIad. Pakammu
teneBuaeHue Hsmmttupunuiapy MPEG-4 (H.264) cuxkum Qopmaruma amanra
omupmwiIMokaa. Txkopar TaTOMK OWlaH Maxcyc TalIKWI ATHIraH TamkuwioT "Uz
Digital TV" myrynnanMokaa Ba kKOHTeHT xumosicu yuyH IRDETO 2 maptiu
KUPUII TU3UMH TaHJIaHraH. by Ba3usaTia pakamiid TeNEIUTTUPUII CUTHAILIAPUHU
KaOyJ1 Kujla OJIMaiIuTaH aHaJIoT TEJIEBU30PIIAPHUHT KaTTa COHMHUHT MaBKYIJIUTH
MyaMMO OyiraH.

By MyamMo acTta CeKMH MKKHUTa yCyJl OMIaH Xaj 3THIITaH:

e TeneBuzopra Maxcyc KymuuM4a MOCJIaMaHW yjiall OWIaH, y pakamiu
TEJIEBUJCHUE CUTHAUIAPDUHU KaOyn KWiauO, yJapHU aHalor TeJIEedIIUTTUPHIL
CTaHJapTUra aunaHTupuO, oAU TeJIeBU3OpJiapJa HAMOWHUII ATUIUIIHHUA
TabMUHJIAII;

e VYUWHYM aBIIOJ TEJEBU30pJapUra Maxcyc pakamid KyliuMmya IUIaTaHu
yJIalll Ba KaHaJl CEJIEKTOPJIAPUHU MOC PaBHIIA AJIMAILITUPHILL.

Maxcyc muaragan ¢odgananuin PoccussHMHT aHajor-pakam (ru0pun)
TV/IDVB-T koHuemnuusacud acocuaa €Taad, TEIEBU30pJIap XaM aHaJIor, XaM
paKamiid TEJIEBUJCHUE NacTypiapuHu KaOyn Kuia onaguiap. By aitHukca sHru
TEJIEBU3OpJapHM HNUIad uyukumaa Kymad, uyHku "digital TV Ready"
TEJIEBU30pJIApU OJAMI TENEeBU30pJIap acocuia HWIUIA0 YUKWIAIU. YJIapHUHT
aHajnor Kypuwimanapuga DVB-THuHT kaOyn KWIyBUM IUIaTaJlapUHU yiall YYyH
Maxcyc THUPKMII (anmmaparid uHTepdeic) Ky3aa TyTWITraH. AHAJIOT KaHajuiap
CEJICKTOpU 3ca aMIuIuTyaa —(hasza XapakTepUCTHUKacHu Tanabiapura MOC MaxcCyc
pakamuin  (digital tuner) TOHepnapra anMalITUPWIAAW. YHIAH TalIKapH
teneBuzopHuHT, "digital TV Ready" OomkapyB npoiieccopura Maxcyc JacTypui
BocuTa “Kymmnaau~® Ba jgactyp DVB-T mmaracunn um  pexuMiIapuHu
OolIkapuInga KylniMM4ya HMKOHHSTIAp sparaan. by xonma "DVB-T Ready”
KYPUHUIIKMIATU THOPU] TEJIEBU30pIAp HAPXHU ONJIUN TENEBU30pIAH Jespiu (papk
KuiMaiaunap. Pakamnu nata ruOpuj TEIEBU30PHUHT KYIJIa0 MMKOHUSITIAPUHU
TabMUHJIAWAN BAa 3aMOHABHM TEJIECBU30pJap KyNTIMHA TypJjapura MyJDKaJUIaHTaH,
oupok ynapau 1990 imnnan aBBajq YMKKaH TeleBHU3opiapra ypHaTHO Oyamanau,
Oy aca yHaaH (oianaHUuIIHA YeKIalIu.

Maxcyc KymmuMua KypuJIMaHUHT KYJUIAHUIIH, Xap KaHdal TeJIeBU30pAa Xed
KaH/ail Y3rapTUPUIICH3 paKaMJIM TEJIEBUICHUE CHUTHAJUIAPUHU KaOysl KWW
UMKOHUHU Oepaau, Oy co3nmaHTaH KYIIMMYa pakaMiIM Tulataiap KYJUIaHUIIUIaH
Kypa ymymuiipox kuaagu. llysunr ca6a6 V36ekucronaa aGoHentiap yuyn DVB-
T/T2 —xymmmya KypuiMasiap Uuiad YuKapuIdimmg Hynra Kyuuiam.

Xosupru kynzaa, Y36exucronna "TELECOM INNOVATIONS” kopxoHacu
TOMOHHUJIaH KyIlIMM4Ya KypuiMa dukapuwiMmokaa Ba TioHep moaenun TE6010IR
Kyhuna 5.14 —pacmaa kentupwirad.Kenaxakna [V-2010IR Trorep monenu unuiad
YUKUIIH peKaalllTUPUIITaH.

Yoy kymumua TE6010IR KypuiamaHUHT acocHil TEXHHMK KYpCcaTKUWJIapH
5.14-xanBanaa KeATUPHUIITaH.
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5.15-Pacm TE-D-1001 TroHEpUHUHT TalIKU KYPUHUIITU
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5.16-pacm. TE-6010IR aGonenT KaOyn Kwiruud (0Jad, OpKa, Tela Ba MYKH

KYPUHUIILTIAPH )
5.2. xanBsan
TIOHEepJIapHUHT aCOCHH XapaKTepUCTUKAIapH
Monens 1000 MP4 TE-D-1001
DVB-T CUTHAJIMHUHT  HWIIUIAII yactoTa | 146-862 174 - 862
nuana3zonu, MI'n
Kupum cursanuaunar catxu, 1b MBt -87...-20 -87...-20
DVB-T cranmgapTunu TYJIUK amara OIUpPHII o6op 6op
Buie00KMMHM CUKUII CTaHIapTIIapU MPEG-2 MPEG-2
H.264 HP H.264/AVC
ITonoca xeurmmru, MI'1g 7,8 7,8
PopMaTIIAPHHA aMaJIra OIIUPUILL 4:3 Ba 16:9 4:3 Ba 16:9
5.3-xkanBain.

TE6010IR TroHEpHHUHT acoCHil TEXHUK XapaKTepUCTUKATIaApU

Kypuima Kypcarrnuaap
Curnainun kaoyn | DVB -T, DVB -T2
KWJINII CTaHAApTH

Tronep Kupu curHaiau | VHF 174-230 MI'g
4acToTacu UHF470-862 MI'11
Kupunm curanu | -77...-20 nbmB
KUUMaTHu

Kupum cumu(pazbem)

IEC 169-2 Female

Kupui kapmmimru

75 Om

Ilonoca kenrimuru

7,8 MI'ng
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Mopgynsius COFDM
JemonyasaTop TamryBuumnap QPSK, QFM16, QAM64,QAM256
MOIYJISAIUSACH
XHMOsT HHTEPBaJIH 1/4,19/256,1/8,19/128,1/16,1/32,1/128
TpancnopT OKUMH MPEG-4 Partl0(H.264), MPEG-2
ISO/IEC 13818
OkpaH popmaTu 4:3,16:9
Buneonexoaep Buneo ¢popmaru PAL, NTSC
Buaeo mymkunauru | 720x5761, 720x4801,
720x576p,720x480p, 1280x720p,
1920x1080i,1920x1080p
Crannmapt ISO/IEC 13818-3
OBo3 nexkommananmu | MPEG-1 Ba MPEG-2 Layer &I,
Ayauoaexoaep Dolbe digital Audio (AC-3)
Juckpernamt 32KT'n, 44,1KI 11, 48KI'11
4acTOTaCH
KymumMya Oomka XapakTepHCTHKAjdapura KyWHJIardjiapHH KHPUTHII
MYMKHH:

Ky tunu orinananum narepdeiicu: y36exkua(1otun xapdin);

pycua (kupusut xapQuin).

Ota-oHa “Kyndu” Gyskimsacu- B 6yitnda gerapamam

“Jlactyp y3atumr” ¢pyakusicu-EPG

Jloruk pexum “Logic Channel Number —LCN

Kananuu n3nam pexxumu —NIT

Orneparop KymuMya WioBajdapy Ba CEPBUC XU3MaTIapHU TabMUHJIALLIAD

PakamJjiu Te1edIUTTHPHIN Ka0yJl KHJIYBYH KyPUIMAJTAPUHUHT 3J1€eMeHT
0a3zacu

X03upru KyHjaa kaxoH 0030pHa BUI€0 TaCBUPJIapHU KOAJIAII Ba I€KO JIalll
YU4yH MUKPOIIPOLECCOPIAPUHH TaKkINU(] dTaéTraH KOMIaHUsUIap COHU XKyza Kym. by
pyiixarra Texas Instruments (AKII), STMicroelectronics (®panmus, Wramms),
Broadcom Corporation (AKII), NXP (T'omnmanaus), Marvell (AKIL)napaun xam
KHPUTHUII MyMKHH.

Texas Instruments QupMacMHUHT WIFOp HILIAHMAaJapujiaH Oupu OuUp
kpuctaiumm Maxcyc mnpoueccop TMS320AV7110 6ynud6, y DVB-T kxymmmua
KypuiManapuaa Ba THOPUA TeJIeBU30paapaa Ky ITaHIAIM.

5.17-pacmpa 3amonaBuii TMS320AV7110- xyma Karrta HWHTErpai
CXeMaHUHT (YHKIMOHAN TY3WJIMacH KEINTUPWITaH Ba y OWTTa MHKpocxemana
pakamJid  TENEBHJICHWE CHUTHAJIapura JacTypuii-anmapar Oyinudya WIUIOB
OepHITHUHT Oapya KOMITIOHEHTaIapuHHU xamiaaiu (System-On-Chip):
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e 60 MOur/c raua Oynran Tte3nukaaru MPEG tpancnoptr oxumMuHH
aHaNIM3aTOpU Ba YHU JEMYJbTUIUIEKCHpJAIl Ba JieCKpeMOsepiamt
UMKOHUSATH;

® BHJICO Ba ay/IUO JeKoaepiap 010KH,

e Oenru -xaphau axO00pOoTIaApHA TUCIIJICHTa YUKAPHUIITa CO3JIaHTaH OJIOK;

o RGB-ypkumu Ba kommo3uT curHan uymkummra sra PAL/NTSC xoxpep
OJIOKH;

e 16, 20 ¢éxm 32 MoOaiiTiam omnepaTUB XOTHpa KypwiIMacu JIEKOJepHU
KOHTPOJLIEPH;

e ymymuil uaTepdeiic yuyn 16/32 paspsanu mmHa;

e XoTHpara TYFPUAAH-TYFPU KHUPHUII WMKOHHUSTHTA 3Ta FOKOPH TE3IUKIaru
uHtepdeiicnap 610Ku;

e SMART-kapra unrepeiicu;

® MapKa3uii TPOIECCOPHUHT OIMEpaTHB XOTHpa KypHJIMAcHUHH, Y3rapmac
XOTHUpa KypWIMAacHHM OOIIKapyB IIMHATIAPH XaMma MabIyMOTJapu Ba
KHpUII-YUKUII HHTEepdercTapuHu OOIIKapuIl OJI0KH.
by ¢yHkunonan OJIOKJIApHUHT TYJIUK OYyJIMaraH pyHxaTH, UIYHUHTHAEK,

JTACTypui-MaTeMaTUK  TabMHUHOT  CO3JIAalll  BOCHUTAJAPUHUHT  MaBXYIUIUTU
TMS320AV7110 MaxCyJOTHUHT KaTTa UMKOHUSATIAPU OOpIUTHHM Hdoganaiiu.
[y cab6ab6 ymOy 4uyun abOOHEHT KypuiIMaJlapuHH, TUOPHI Ba paKamiu
TEJIEBU30PJIADHA HWIUIA0 YWKaApHIIa KEHT KyJmaHuiaamd Xamaa ymap DVB-T,
DVB-S, DVB-C crangapTiapu TEJIEBU3HOH CHUTHAJUIAPUHM KaOyn KWJIMIIUHHA
amaJra ommpaauiap.

Pakamnu  TeneBujeHHE ~ THU3UMJIAPU  PUBOXKJIAHTAHM  Capd  HOKOPH
aHukyvkaaru ¢opmarau Kysuiaiauran Ba MPEG-4 cranmaptu cUTHAJUIapUHU
JeKOANIaliiural KypuiManapra KU3UKHII KaTTa. XO3UPTryd KyHJAa KYNTWHA BUACO
KyluuM4a MoOCJIaMacMHM HIUad 4ukyBuM Kommanusuiap STMicroelectronics
MUKPOTIPOIIECCOPIIAPUHY ~ WIIUIATUINAAW, YYHKH YyJApHUHT  MaxCyJloTJIapu
Hapx/cudar HucOatu Oyiinmua TanaOuu Kouaupaauiaap. STMicroelectronics —
EBpona MHUKpPO3JIEKTPOHHKA KOMIAHUSICU OYIMO, SpUM YTKa3ruwid JIEKTPOH Ba
MUKPOAJIEKTPOH  KOMIOHEHTJIApHU HIIIad YMKApUIl Ba COTHUIN  OwujiaH
HIyFyJIIaHAAUTaH SHT HMPUK KOMTIAHUsSIapiaH Oupu XxucobiaHau.
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Pakamnu emgeo YMEMLLIK
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5.17-pacm. TMS320AV7110 xyna karra UC dyHKIIMOHANI cxemacu
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5.4-xanBan.

MPEG-4nexonepura sra Buieo KaOyi KiiyBur KypruMaiap yaya STMicroelectronics mukpormporieccopiapu

Mapkac Ymymui tTabpudg Hexonep Buneo Coznanran | Kywianunaguran | OBo3 4YnKUIln
" TYpH KEHIrauTMacH | 1eMOAYJIATOP uHTepdencaap dopmaTu
STi5202 |H.264 BaMicrosoft VC1 ka6yn| H.264;VC-1 |Crangapt Ethernet; HDMI; 170 8
KUJITUWIapH YYyH ap3oH| MPEG-2 |anmknukmaru | Masxyn amac | IFDA; SPDIF; UART;
JIEKOIep (SD) USB-2.0
STi5205 |Pakamimu kaOynm kxwiarmd yuyH| AVS; H.264; Ethernet; HDMI;
1okopu camapanu SD nexonepu | MPEG-2; SD Magxyn amac | IrDA; SATA; SPDIF; | Dolby Digital
VC-1 SPI; UART; USB-
2.0; eSATA
STi5206 |Pakammu kaOynm kwiarmd yuyH| AVS; H.264; Ethernet; IrDA;
ap3oH SD nexonepu MPEG-2; SD Magxyn smac | SPDIF; SPI; UART; | Dolby Digital
VC-1 USB-2.
STi5262 |DVB-T/DVB-C H.264, DVB-C;
HWHTETpaJlJIaHTaH MPEG-2; SD DVB-T Ethernet; USB-2.0 HyK
JEMOYJIITOpUTa 3ra y3aTyBUH VC-1
SD STB nexonepu
STi5267 |DVB-T/DVB-C AVS; H.264; DVB-C; Ethernet; HDMI;
WHTETpaJlJIaHTaH MPEG-2; SD DVB-T SPDIF; USB-2.0; | Dolby Digital
JEMOYJIATOpUTa 3ra y3aTyBYH VC-1 eSATA
SD STB nekonepu
STi5289 |QPSK ap3on mpemonynsatopu Ba| AVS; H.264;
Pakammm  kabyn xuwiarmwiap| MPEG-2; SD DVB-S UART;USB-2.0 Dolby Digital
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yayH SD nekonepu VC-1

STi7101 |H.264 xonmnamra sra pakamiau| MPEG-2; FOxopu Ethernet; HDMI;
Kabyn kwirua yuyyn HDTV H.264 anukIuKaara | Masxyza asmac | SATA; SPDIF; USB- | Dolby Digital
ap30H JIEKOJIEPH (HD) 2.0

STi7108 |Yu Yymuaminu rpaduk| AVS; H.264, Ethernet; Giga
Teznatruura sra y3atrysun HD| MPEG-2; 1080p; HD | Mamxyx smac |  Ethernet; HDMI Dolby Digital
AVC nexonepu VC-1

STi7109 |H.264 Ba Microsoft WMAO9|H.264; VC-1; HDMI; Ethernet;
yayd HDTV pakammm kabyn| MPEG-2 HD;SD Masxyn amac |  SATA USB-2.0; Dolby Digital
KHJITHY ap30H JCKOACPU

STi7141 |MuTepakTvB pakamiud KaOesin VC-1; HDMI; USB-2.0;
kabyn kwirna yuyyn HD| MPEG-2; HD;SD DVB-C Ethernet Dolby Digital
JIEKOAEPHU H.264

STi7162 \DVB-T/DVB-C AVS; H.264; DVB-C; Ethernet; IrDA; SPI;
WHTETpaJlJIaHTaH MPEG-2; HD DVB-T UART; USB-2.0 | Dolby Digital
JEMOIYJIATOPUTA dra y3aTyBUH VC-1
SD STB nexonepu

STi7197 |QAM uHterpauianran| AVS; H.264;
nemonynstopra dra pakamm| MPEG-2; 1080p Magxyn smac | Ethernet; USB-2.0 | Dolby Digital
KaOya KWITMY  SXIIMJIAHTaH VC-1 HDMI
JEKOJICPH

STi7200 |H.264 Ba VC-1 YUyH VC-1; Ethernet; HDMI;
UKKATAIMK  jpekoaep, HDTV| MPEG-2; HD:;SD Mag:xyn smac SATA; USB 2.0; YK
pakamiau KaOyd KWITHY, Y4 H.264 SPDIF

TOMOHJIaMa HAMOMWUIII
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5.4-xanBanga kentupuwirad STMicroelectronics komnanusicuauar MPEG-4
nekojepura sra Oapua KaOynl KWIyBYM KypuiMaldapyd MaxCyJOTIapUHUHT
pyiixatuau kypub uukamui. KaaBangaH KYpuUHUO TYpUOAUKH, Xap XU
KUMaTAarn Ba Typiau XWJI MYpakKaOJIMKAard MHUKpPOIpPOLIecCOpiiap MaBxkKy/Il.
Coznanran jaemonynsropra sra Oup Heda BapuaHtiap Xam Oop. Kypcarunran
mozaemnap nunga DVB kymmmua Mociamanap Ba ruOpujl TeIEBU30pIaAp yUyH
kyrpok STi7109 Mukpomnpoueccop KyJUlaHWIaAW, Y Y3UHUHT ap30H Hapxu, HD
KeHrantMamu BuJeoHW Kyiamu Ba MPEG-4 nexonnam cranmapTura srajiuru
Ounan OomKamapAaH axpanud Typaaud. Ymly KypHWIMaHUHT KaMYHJIMTH YHZAQ
COFDM co3nanrad 1eMOAYISITOPHHUHT UYKIUTHAND. YIOY MHKPOIPOLECCOPHU
O6aradcunpox Kypud YnKamus.

STi7109 MUKpPONPOLECCOPMHUHT YMYMHUIl XapAKTePUCTHKACH Ba HII
AJITOPUTMH

STi7109 — nexomepiapHUHT FOKOpU CUGATIN paKaMIId YUIIAPUHUHT SHIH
ainonu Oynmu6, HD ap3oH Tu3umiIapu y4YyH OKOpPH camapaJopiIuKHU
tapMuHIaan, STBus apxuTekTypara acociadrad. Ym0y MHKPOIIPOIECCOp
3aMOHABUI paKaMJIM €p YCTH, UYIIo1I Ba Kabenb, TU3uMIapu myHuHraek, DSL Ba
IP macanmamapyuHUHT €YUMUAUD.

STi7109 nemynpTunnexkcopu HD Ba cTanmapt pakamiii BUIEO OKUMIIAPUHU
KYI KaHAJIJIM ayJuo iynakyanap O0yiia0 KaiTa TUKIanIu.

Tenesuzop Ounan amoka DAC aHamor KUpHIl OpKaJId €KH KYYWpHIJIaH
xumosutanrad DVI/HDMI pakamiii Kupuigad amanira olupuiaan. Ayauo YUKHIL
sca S/PDIF apamam untepdeiicu opkanu €xku unterpamanran DAC crepeo
UHTEepEeicH OpKaJIi TAbMUHIIAHAIH.

Pakamnu kypuHuIra ailaHTUPWITaH aHaJOr JACTypJiap HAMOWHIN Y4YyH
STi7109 wmukpomnpoueccopu €Epaamuaa Kaita (OpMATIAMTUPHINAIT MYMKHH.
Ymby uun Oup BaKTHUHT V3ula Typjid MaHOaanapiaH KenaéTraH eTTuTarada
OKUMTa MIILJIOB OEpHUIIT UMKOHUSATHTA 3Ta.

STi7109 266 MIu w4actorana wunuiaiiauran ST40-202 wmapkazuid
nporieccopura sra. CuaxpoH nuHamuk xotupa unrepdericu 3YIIB DDRI snana
cudatiau unuiam y4uyH Kyuranuwiaau Bay VC-1/HD H.264 yTkasum ctangaptuaa
BUJICOJICKOIepra 3apyp mojoca Oyinad winiamra uMkoH Oepamau. STi7109HuHT
YMYMJIAIITAPHUITAH TaIIKWINA yn3Macu 5.18-pacMmia kenTupuiras.
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5.18-pacm. STi7109 HuHT yMyMJallrad cXxeMacu

[Ipouieccopaa 64-QAM wmonynauusigan  QoiianaHwiaad, MOMYISIUOH
CUMBOJIIAP G-pa3psa/iiu cy3IapHU HaMOEH KWJIAJH, IIYHUHT Y4yH KUPYBUU OKHM
OJITUTA CYOOKMMTa JIEMYJIbTUILICKCUPIIAHAH.

JlekoiepHUHr 0Oa3aBUl aCOCMHU TYTrajUIaHTaH UMITYJIbC XapaKTepUCTHKara
Ara UKKUTA pakamid GUILTP TALIKWI 3TaJH, YIAPHUHT YMKYBYM CUTHAJIapu X Ba
Y ap, oOATUTAa TPUITEP CUDKUII PETUCTPU KYPUHUIIMAATH  KEUMKHUII
JUHUSUIADUHUHT TYpPJIM HYKTJIApUJIAaH OJIMHTaH MKKUTA CUTHAJTHUHT MOIYJIUHU
KYIIHII HATHKACU1aa [IAKIIJIAHAIN.

KupyBun MabaymoTiiap KETMa-KE€T CHJDKUILI PETUCTPUra KUPUTHIAIH,
GuIbTp YMKYBUM CUTHAJUIAPUJIAH 3Ca, Y3TapTUPUINJIAH KEWHWH KeTMa-KeT
KYPUHUIIUIA paKamJId OKUM IIaK/UIaHaid, 0y OKuMa OUTIIap KUpUIIAaruaan Kypa
UKKH MapTta kympok kenmamwiap. STi7109uHuHr siHaga OaTadCUIPOK TAIIKHIANA
Ty3uiamacu 5.19-pacmaa kypcartuiras.

B STi7109 na Bugconu aexomnam VC-1/H.264/MPEG-2 dopmatiapuaa
€K1 paKamJId BUJIe0 MHTEep(dEiic OpKaIu OJMHTaH
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5.19-pacm. STi7109 mukpomnporieccop GyHKIIMOHAT CXeMaCH



dopmarna Oaxapwiiagu. ACOCUil TIpoleCCOp BUIAEO CUTHATHU KaOyn Kujgaaw Ba
YH3UKIN-0JI0KIN ailIaHTUPUIITHY, TaHOpaMaJallHy Ba CKaHEePJIAIllHU, IIyYHHUHTICK
dbopMaTHU BEpTUKAJ Ba TOPU30HTAN Y3rapTUPHIIHU amMalira OIIHPaIH.

Karop opamabd &immga wmnutamn ydyH myHuHraek, de-interlacer (DEI)
peKUMHU MaBKyJ. Epramun mporeccop AeKOJaHraH CUTHATHM KaOyll KUIaad Ba
naHopaMaJIalllHl Ba CKaHEpJAllHW, BEPTHKAT CHHXPOHW3ALUSHU, (opmarTHH,
PAHTIWIMKHY Ba TyC XaMmJla TYWHHTAHIUKHU TOPU30HTAN Y3rapTUPUIITUHN aMaira
omupaau. Yoy EpaaMuu Mpoueccop TACBUPHUA YHUKAPUII YIYH MYIDKAJUIAaHTaH.

TacBupHu uwmKapui acocuid HMHTepQECHIapHUHT Xap Kalicucuia amanira
OIIMPHWIIAIIN MYMKHH:

* ACOCHM aHaJIOT YUKHUIIIJIA;

* DVI / HDMI yuxuniaa.

YOy unm katopiap conn 5251, 525p, 750p, 11251 6ynranma ctanmaapT Ba
IOKOpH  cUdaTId  TENCBUICHUEHUHT TypiAW KEHraTManapujaa JUCIUICHHU
KYJUIAUIA.

STi7109 MHKpPOINPOIIECCOPUHUHT KaMYWIMTKH €0 YHJa CO3JIaHTaH
JEMOTYISTOPHUHT UYKJIUTUHA XUCOOIaIl MyMKHH.

FOkopu yacroraau 610k Ba COFDM aemoayasitop

Hemonynstop cudaruna ZARLINK ¢upmMacuHuHT Tyramianral KypuiMacu

KeHr TapkairaH Ba y YVy3uga DVB-T kabyn xwirmaauar — (Samsung
DTOS444PH241B) rtokopu dyactotaym OnokuHH xamaa ZL10353 wgunmmaru
COFDM pemonynsiTOpHH aloXuaa MOIYJdb KYpUHHUIIHAA MY>KaccaMJIallITHpraH
(5.20-pacm).
Ymby 6510k KylHuIaruiapHy YpHATUII YUyH MYJKaJJIAaHTaH:

DVB-T kymmmya Mociiamacu;

DVB-T teneBu3zopiap;

DVB-T xomnbloTep TIOHEpIApH;

[Maxcuit komnbiotepra USB opkanu tyrpunan 1yrpu ynanaguran DVB-T

MOJYJIH;
e mopratuB DVB-T kaOyn kuirudiap.
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ZLE105117 | S 5 : _ ZLELOS17BADA
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ZLE10517 RF to MPEG DVB-T Solution
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DT 0S444PH241 B

RN Terrestrial Tuner
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RF Bypass 2-Wire Serial MPEG
Bus Control Output
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Serial Bus
Control

5.20-pacm. ZLE10517 TrOHEpUHUHT TAallIK¥ KYPUHUILIY Ba yMyMJIalITaH
TAlIKWINKA YU3MacH

HMactypuit  tabmmuoT Zarlink  Semiconductor ¢upmacu TOMOHHMIAH
TabMHUHJIAHAAW Ba Xap OUp Mojenra Xyxokariap TYIUIaMd Ba TECTJIap HaTHXKacu
wioBa KuinHaau. DVB-THu kymioBun ymdy Moaens I0KOpH cudaTid CUTHAITHU
Ba KaM dHeprus capdiaiiHi TabMUHIANIH.

Ymly KypuiMa Kylniaru TEXHUK XapaKTepucTUKara sra.

yacrora nuamna3onu 174-862 MI'LI;

CHTHajia KuiMatH -3....-82 nbwm;

KaHaJapapo uHTepdepennun kuitmatu-3 nb;

DVB-T yuyn 38 n1b xaHangaru TaCBUpHUA XUMOSUTAHTAHIIMK KUIIMaTH

Curnan/moBkuH Hucoatu 17,5 nb

TabMuUHIOBUM KywIaHUII +5 Tajnad 3TWIraH KyBBaT[a WIIYM PeXUM yuyH 1

Bt Ba kyTum pexxumuga 0,7 BT;

e Kananra cosnam Ba AKY nmmm 12C mmHaHMHET KeTMa-KeTIn 2 YTKa3yBUaH
CUM XucoOura TabMUHIJIAHAIN.

STi7109 acocnmaru DVB-T kymmM4a MocjiaMacCMHHHT 6a3a BApHAHTH
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MPEG-4 xopgnmam ¢opmartura sra DVB-T curnan xabyn KuiyBYd
KYpPWIMACUHUHT 0a3aBUi KUCMUHHUHI TAIIKWIMKA 4YW3ManapuiaH OWp BapuUaHTU
5.21-pacMpa k¥ypcatuirad Ba y KyWnJ1aru TallKuil 3TyBUMIIapra ara:

e PagnokaHamHuHr rokopu dvactotasm Osoku Ba COFDM nemonynstopu
ZARLINK (bupMacUHUHT DVB-T KaOy KWITHYN]1a (Samsung
DTOS444PH241B) roxopu yactotasmu O1oku Ba ZL10353 uyummmarm COFDM
JIEMOYJIITOPU OpKaJu My>KaccaMJIaHTaH. Yoy 0J10K UKKHTA
MUKpoIporeccopiad noopat: TroHep (kaOyn KWITHY) Ba OKAM JIEMOIYJISTOPH.
AHTEHHAJ]aH KeJaéTraH CHUTHaJl TIOHEP MHKpOIpolleccopura Keaud Tymaau, Oy
eplla y KaiiTa WIuIaHuO, JeMOAyJsITopra y3aTHUiIaan, TIeMOAYIsATop Y3 HaBOaTuaa
KepaKii CHMBOJUIAPHM aXpaTHO oOJaaW Ba yJIapHA TPAHCIOPT OKUMHU
JEMYJIbTUILIEKCOPUTA Y3aTalu.

e Tpancmoptr okuMm aemyiabTuiniekcopu Ba MPEG nmexkomepu STi7109
YUnyaa spaTwirad. Ymoly 3JeMeHT 8 Ta JacTypuil OKMMHHM TaHJall Ba 3apyp
TEJEBU3UOH JacTypra TaKCUMJIAIIHU, CHUKWITaH MabIyMOTJIapHHU JIEKOJIJIalll,
TACBUp CHUTHAJUIADMHM  XaMJa OBO3  TAIIKWI  STyBumiapHu PAVra
Y3rapTUpUIIUIapHU amaira Oupaiu.

e MPEG nexoxaepian kenu0 Tymiaaurad axOOpOTHU BaKTHMHYAIMK CakJjalll
y4dyH TallK{d oOIlepaTUB XOTHUpa KypuiaMmacuaad Qorigananwiaad. JnHaMHAK
onepatuB xotupa Kypwimacu [S42S32200C1-7TL wmukpocxema acocuaa
Kypwirad. /[mHamMuk xoTupara JeKOJep/laH KelaéTraH MabiIyMOTJap YH OJTH
pa3psAIIIM MabJIyMOTIIAp IIMHACH OPKAIH KEJIUO TYyIIa Iu.

e bomkapyB Onokugan kenuO TymaérraH axOOpOTHU MHMKPOIPOIIECCOP
TOMOHH/JIaH KaOy KWJTHHATITA yayH cxemara
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5.21-pacm. MPEG 4 crannaptu DVB-T kaOyn KuilyBuM KypHUIMACHHUHT COANANAIITUPUITAH MAPTIA YU3MACH



MM74HC4049 Mukpocxemacu acocuaaru OOmKapyB MUKPOKOHTPOJUIEPH 3apyp.
VY OunaH anoka YH OJITH pa3psiiiid KeTMa-KeT MOPT OPKAJIM TabMHUHIJIaHAIU. Y IOy
MUKPOKOHTPOJUIEp KYIIMMYa MOCJIAMAaCUHUHT HII PEXUMIAPUHU OOIIKAPHUII
KJIaBUATypacCMHU Ba OONIKapyB MYyJbTH TOMOHHMJIAH KaOyl KWJIMHAETraH
CUTHAJIJIapra UIUIOB OEpUILIIark CKaHEepJIall YUyH MYJDKaJlJIaHTaH.

5.2. Amepukanudr ATSC Ba SIlnonusiauur ISDB ep ycTu TesieBuieHue
cranaapriaapu. Ep ycru tesieBuaenuecununr ATSC Amepuka ctanaapT.

AKII Oomka paBnaTiapgaH aBBal dS(UP SIIUTTHPULIUIAPUHUA FOKOPH
aHUKIUKAAra (opmarra yTkasuin pexanapHu Ownguprannap. 20 acpuunr 80-
Hnutapuaaék MCTUKOOUTM TeneBujeHue Tuzmmiapu Oyimua Kymmra (ATSC-
Advanced Television Systems Commitee) Tamkuin >tuiaran Ba NTSC anaior
CUTHAJI OWJIaH MOC KeJlaJuraH Xamjia, MaBxyna »(upaard 4yactora moJiocacujaa
UIUTAWIMTaH, I0KOPY aHUKJIMKIArd TU3MMHU HMILIA0 YMKUII OomnuiaHrad. FOkopu
aHUKJIMKJIAard TeJIeBUACHUE coxacujaru usnanunuiap EBpomnama, Anonusiga xam
o6 Oopwiran, Oupok dakar AKII adup smuTTUpUILIApE YUYH MaBXYy.d
TU3UMTIa MOCJAIIaJNTral TU3UMHU MIUIA0 YUKUII YCTUAa Uil oaud G6oprad. 1991
Huira kenud Typiu KOMIAHUsSIAp TOMOHHIAH OJITHTA MOCJAIITaH TU3UM TaKIUM
STWIIM Ba yJlapJaH TypTracu TYynuK pakamiau Oynran. ATSC OGapua wunuiad
YUKYBYM KOMITAaHUSIIApTa Y3IapUHUHT XapaKkaTiIapyuHu )amiiad 6apya JIOMUXaHUHT
HT SIXIIM E€YUMJIAPUHU  Yy3uJla My’KaccamyIalITUPWITaH SAroHa CTaHJapT
Ty3wIuiiHu Takiaug starad. 1995 imnma karra AnbsiHC Ae0 HOMJIAHAIWUTaH
KoHcopuiuyM TOMOHUJAH XM3MAT axOOpPOTHHM Ba CYOTUTpJIapHHU, KYI KaHAJUIU
OBO3JIap TalTyBYMCH OWJIaH KYIIUJITaH FOKOPU aHUKJIUKIAard Oupiairad JacTypHU
AKIII na axxpaTtuiiran siroHa TEJIEBU3UOH KaHaAa, sbHU 6 MI 1| mosiocana y3aTuii
WMKOHUHU O€PYBUH TYJIUK paKaMJIM CTaHIAPT JIOMMXACH TaKJAUM TUJTAH.

Cranmapt wunuiad 4YuKapyBuwiap EHUITHUHT sroHa Qopmatu Oyitnda
KEJIMIIIa oJIMakIuIap Ba my cababd cragmapt 4ta hoopMatia XxaM UILIai oj1aju.

-IOKOpH aHuKIuKaaru tenesuaenue dopmaru HDTV-A(1280x720 nukcensb
7070110174

- IOKOpW aHWKIuUKAaru TteneBuaenue ¢opmatu HDTV-B  (1290x1080
MUKCEh EHUIILITN);

-oqnui anukaukaaru TtenesuaeHue Qgopmatu SDTV (704x480 mnukcensb
enunm);

-komrbroTep hopmatu VGA 640x480 (mukcenb EMUIuIN).

ATSC Tu3uMH KOHIETIMUACH MOAYJUTUK IPUHITUIIN acocuaa sipatwirad. 1 TU
11/3 rypyxu uwznaHunuiapu TakiaudIapura acocliaHraH Ty3WIMaaa ydTa THU3UM
OCTH KUCMJIAPHU QXpaTHIl MYMKHH, yiap: JacTiaOKu MabIyMOTHH KOJJIAIl,
TPAHCHIOPT  OKMUMH  IIAK/UIAHTUPHUIN  XaMmMJa  KaHaJIHUM  KOJJalml  Ba
Moaysuusaanuiapap.  Jlactmabku  MabIyMOTHH — KOMJIAITHUHT — MakKcaju
TEJEBU3UOH TAacBUp Ba OBO3HH CUKUIIAUP. ATSC HUHr MabllyMOTHU KOJJIAII
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tsumuaa MPEG-2 oxumupan ¢oinananmiangu Ba oBo3HM Kojtamga AC-3,
Dolby 5.1 cramgaptTd Koujgacw KyJUlaHWJagu. TpaHCIIOPT OKUMHHHUHT
HIAKJUTAHTUPUIIA BUAECO, OBO3 Ba KyIIMMYa MabIyMOTJAPHU NaKETIAIITHPHUIIT
yayH  MPEG-2  TpaHCOPT  OKMMHHMHI  CHHTaKCHCH  KYJUIAHWJIA[IH.
[MaxnnanTupuinaéTrad TPAaHCIOPT MAKETIAPUHUHT OENTHIIAHTaH JaBOMUILIUTU
188 GaitT (ynapaaH OMPUHYMCH CHHXpOHHM3aNMsIAI OalTH XucoOaaHaan) 0yauo,
TEJIEBU3UOH DIIUTTUPHUIN CUTHAUIAQPUHMU Y3aTHI IIApTIapu Y4YyH ONTHUMA
(MykaMmmain) xucoOnaHaauiap.

ATSC cranmapTuaa pagrokaHauiap Oyilmda pakaMmiii CUTHALIAPHHA y3aTHIIT
YU4YH MaBXyJ TU3UMJIApUJa KEHT KYJJIAHWJIAUTaH aMIUTUTYIaBUH MOJYJISIUAIa
OuTTa €H TOMOHHM TAIIKIJI TYBYMCH WYKOTUIUIIH (KMCMaH OJIM0 TallIaHTaH) Kabu
PUBOKJIAHTAaH TEXHOJIOTHS acoCHa, OUp €H MOJI0CACHHMA KUCMaH OJIMO TaIlUTaHTaH
(Vestigal Side-Band-VSB) kxyn carxjmm pakaMmii MOAYJISIIHS YCYJIU KYJJIaHMIITaH.

VSB mopynsuscuaa MOIyISUMSIOBYA CUTHAT UKKU TO3USLUSIA KA KYTI
NO3ULUSIIN OYuIM MyMKuH. 2-VSB 1e6 OenruwianyBuYd, UKKU TO3UIUSIN KYTI
catxqim y3arumga (5.22- pacM) MOAYJSUUSIOBYM CUTHAJI — y3aTWIIAJIMTaH
MabJIyMOTJIap CUTHAIM OWJIaH MOC TYIIAJIU Ba Xap OUp CUMBOJI HHTEPBAINIA UKKU
caTxJlaH OWpPUHU KUMMaTUHU KaOyn Kuiaau (xapakrepiau Kuiimatiap 0 ra
HUCOATaH CHMMETpPUK, MacasaH +1 Ba -1). Moaynsaius THU3UMHHH aHUK Ba
MyKaMMaJl TaHJaHTAHJIWUTH Ty(Qaillii MablyMOTIApHU Y3aTUIIHUHT COJMIITHPMA
te3nuru 1,79 (out/c)/I'n 6Ynaau Ba Hazapuid yerapa (20ut/c) ra skun Oynagu. Kyn
MO3UIIMOH y3aTUII[a XapaKTEpJIOBUM KUWMATIIAp HOJra HUCOATaH CUMMETPUK
YKOWnamaau Ba OpaluK IIyHJal TaHJIaHAIWKW, YHIA yJiap Opacujard WHTEpBal
Oup Xui OYyIuIIM TabMUHIAHMILK Kepak. Macanan 8-VSB tuzumuaru (6.18-pacm)
8 MO3ULMSUIM y3aTUIJIa MOAYJISIIMUSIIOBYM CUTHAJI OMTTa CUMBOJ MHTEpBaIUAa 8
Ta KUUMaTHH KaOyn Kwinmi MyMkuH (-7,-5,-3,-1,+1,+3,4+5,+7). Bynna Outta
CUMBOJI HHTEPBAIIN/IA MABIYMOTJIAp OKUMUHUHT 3 Ta UKKWIMK Pa3psid y3aTUIaau
Ba Oy y3arum te3nurunu 3 maprta ommpanu. Llyngait kummo, 8-VSB tusumugaru
6 MI'11 monocana MabJiyMOTNIap COJTUINTHPMA TE3MUTH 3 MapTa OIMUPHUIICA, TUZUM
1,79x3x6=32,3 M6uT/c Te31MK OMIaH OKUMHH Y3aTHIIIM MYMKHH.

VSB Tuzumu MOIyISIMUIOBYM CUTHATHUHT TYPJIH TY3WIMalapruHU XUCOoOTa
ojfraH OWp Heya BapwaHTiapaa unuiad yukwiran: 2-VSB, 4-VSB, 8-VSB, 8T-
VSB, 16-VSB. MoaynanusjioBYu CUTHAJ caTXJjiapyu COHM 2 AaH 16 raya y3rapuim
MYMKHWH, OyH/Ia CHUMBOJUIAPHUHT KETMa-KETJIMTMHU YaCTOTACHHU CaTXJIap COHU
jgorapudmura KymauTHUpraH XoJijla XuCOOJIaHaJAWIaH MabJIyMOTJApHU Yy3aTHII
TE3JIUTH XaM MOC paBHUIllla Y3rapaau. MoayssuUsUIOBUM CUTHAJ carxjap COHU
KaH4a Kym Oyica, IIOBKUHAAH XUMOSUIAHTAHJIMK IIyHra nact Oymamu. by
kounanan ¢akar 8-T-VSB TuzuMu Xoauaup, YHJa IIOBKUHTA KApIIW KYypAaIlIWIIl
Makcaauaa Kymumua koatam Kyutanwianu (T xapdu- Trellis, ymoy koamamHuHT
CUMBOJI HOMH, S’hHU MMaHXXKapaiu Koj). by KomHUHT Te3nmuru 2/3 ra TeHT, ShHU Xap
2ta y3atuiaéTran ourra OutTa TeKIMpyBun Out Kymwiaau. Koamam moBKuHIaH
XUMOSUTAHTAHJIUKHA omupanu, Oupok 8- VSB Tuzummura HucGaTtaH MabaymoTiIap
y3atumn Te3nurd kamasan. 8T-VSB tusumuaa Oupnauk BakT wuuja y3aTuiaaéTran
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doiinanu MabaymoTiap ymymuit xaxmu, 4-VSB tusumnarunex 6ynaau. 8T-VSB
TU3UMH HUCOATaH IOKOPH JIapakaly HIOBKUHIIAp OMIaH XapaKTepliaHyBUu €p YCTH
SIIMTTUPHUILIM  yuyH, 16-VSB  n3ca  pakamum  kabenp — TeJIEeBUACHUE
SIUTTUPHUILIAPUTA MYJIKaJIaHTaH.

+Y : — =t
AT |2 |31 41 |51 61 | e

+1T

5.22- pacm. MIKKY TTOBUITUSIN KYTI CaTXJId MOAYJIAUsI0BYM VSB curnan

MoaynsuussHUHT KypcaTuiran ycysuiapu ymymui tesnuru 19,39 Mout/c
Oyaran MabIyMOT/Iap OKUMHUHH €p YCTH TEJIEBU3HOH SIIUTTUPUIL IIapOUTIapua
Ba Mapajuielsl XyAI4 IyHAal 2 Ta OKUMIIApHU KaOesb TeIeBUACHUE TapMOKIapuaa
y3aTUIIHM amajira olupuiura HMKoH Oepaau. bynpgaii tesnuk Owutra 50
atpodunarn cukuml ko3@puuuentan MPEG-2 dopmatmaru HDTV pactypHu
y3aTtull yuyH erapid. CTaHIapT aHMKJIMKIa 3ra CUTHauIapJaH (oiianaHuirasaa
sca, ATSC tusumuna 6up BakTaa, 2-3 JaCTypHHU y3aTHII UMKOHUSTH MaBXy/.

5.23- pacmaa ATSC TU3MMHMHUHT y3aTUII KUCMHU TY3WJIMAacu KEeITHPWJIITaH,
ATSC y3arrnuyia curHajulapHu Ba MabJIyMOTJIAPHU KalTa WIIAIl TPAKTH aCOCUM
JIEMEHTIIapU Kyhujaruiaap: paspomusarop, Pun-CosioMoH kopepu, opanaTrud,
Tpemnuc koaepw, MYJIbTUIUIEKCOP, TasHY-CUTHAN IIaKUIaHTUpru4d, VSB-
MOAYJIATOP.
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MPEG - 2 mabnymotnapu

Kappnu PaHa omu- c OZV;'?V;OH
CUHXPOHU3aUunAa 3ayna Konepu
MabnymoTtnapHi [NaHxapacumoH
opanaTvLl Koanaul CMHXpOH -
3aLmns
CermMeHTnM CUHXPOHW3aLKna
MangoHnu CUHXPOHU3aUMa
Mgt 8-VSB YacTtoTtanu
C“”Q;g;'ip”” MogynATop y3rapTupLL
: Pagwo
CHrHan
8-VSB

5.23-pacMm. ATSC TU3UMUHUHT y3aTyBUUd KUCMU TY3WIHIIIH.

ATSC Tuzumu y3atuuru kupumura MPEG-2 TexHonoruscu Oyiinya
IIaKJUTAHTaH, CETMEHTHUHI OMPHHYM OalWTH MaxCyc CHHXpOOalT XHMCOOJIaHTaH,
188 Oaiftman wubOoOpaT CerMeHTIaH TalIKWI TONraH, pakaMiud MabIyMOTIap
TpancnopT okuMu kenub Tymagu. ATSC kognampga Oy Maxcyc CHHXpOOAMT
YVurpunaau Ba 187 0aliT cerMEHT MabIyMOTJIApUTMHA KalTa HIIUTaHAAWIap. Y Hl1aH
tamkapyu ATSC nma MabaymMOTIIapHHM TAIIKWI ATUII KyIIMMYa MOFOHACH- WKKHUTA
MalJIOH/IaH MOOopaT KaJp KUPUTWITaH (Xap Oup MailloH MabiyMOTJIapHUHT 312Ta
ax00pOT CErMEeHTIapUHM Y3 WUura OJiaju.)

Kymmmua paBumga, Kyn carxid — MOAYJSILUSIJIOBYM — CUTHAJUIAPHU
MIAKJUTAHTUPUIT OOCKWYHUAA Xap OMp CErMeHT OommMra CErMEHTHHUHI MaxcCyc
cuaxpocurnanmu (CMC), xap Oup Maiijon Oommra sca MalJOH CHUXPOCUTHAIH
(MCC) napuau Ky¥uI amanra OnmpuiIaIm.

ATSC na pakamian MabIyMOTJIApHU KaiTa WIUIAITHUHT OUPUHYM ITaNuaa,
aHaJor TEJESIIUTTUPUILI KaHAUIApUJa Fo3ara KeJlaJuraH I[IOBKUHJIAPHUHT
KMMMaTUHU ~ KaMaWTUpWIL Ba CUTHAJIHMHT  YacTOTa CHEKTPUHU  TEKHUC
TaKCUMJIAHMILIMHUA IAKJUTAHTUPUIN YYyH XamJla y3aTWiIaéTraH MabiymoTjapra
“racomuuiiuk” Ba “IIOBKUHTAa XOCJIHMK~® XOCCaJapuHU TaIlIKWI 3TaJuraH
paHJoIM3alMs onepanusicu Kysutanuinaau. Pangomusatop 9 Ta Teckapu anokara
sra Oynran 16 pa3psaiv CWDKUII peructpura sra 01okaup(5.24-pacm). baittiap
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KeTuO TYIIUII YacTOTacH PaHIOMH3AaTOPHUHT TaKT YacTOTacH XucoOJIaHaIu.
MasbnymoTiiapuuHr HaBOatjgard OalTh KenuO TylraHja,lny TymraH OalTiap
outnapu pagamuzarop DO..D7 Outinapu OuiaH mMoaynb 2 Oyitnya Kymdiaaaumiap
Ba MabJIyMOTIAp CWDKHUII PErHCTpUIa CWDKUTHIaguiap. Moxayns 2 Oyiinua
KYIIUII HATH>KAacK/la OJIMHTaH 0alT, KaHall KoJIepuaa KeMUHTY KaiTa UIlIall y4yH
KyJutanuinaau. PannqomMuzatop MHUIMATU3ANUACH(TEKIIUPUIUIIN) CUHXPOCETMEHT
MalJJOHHUHT OWpUHYM OalTH OpKajdu amaira olupuiaau. byHma CcubKuin
peructpura F180 conn &3mmamm. Panpmommsarust Oup Heda MakcaajapHH Ky3na
TyTau:

1) Tapkaruna€TraH CHTHQJIHAHT TEKHC TaKCHMJIAHTAH  CIICKTPUHHU
MIAKJJITAHTUPUII YUYH (1Iy MyHOca0aT OWsiaH paHIOMH3alUSIHU KYyTMHYa
KyBBaTHHU TapKaTHII AJITOPUTMH J1e0 XaM HOMJIaHa/IN );

2) KeluHrn TSHY CUTHAJIHHM I[MAKUIAHTHPHIN yYyH CUTHAJJIaTH JTOMMUHN
TAIIKWJI STYBUYMHHA NYKOTHIII;

3) CMC Ba MCC napHu aXpaTHIITHH COJITAJIAIITHPHIIL,

leHepaTop 6epyBun nonMHOMU MCM G, =x"5+xB+Hx2+X"+x7+xE+x3+x+1
NHuymanusauns mangoH CUHXpocerMeHTu opkanu baxapunagu

F180 roKknamacy CMHXpOHU3aLUUACK
x16x15 XMXBXQXB

D¢ D! D? D4 D+ DS Dé D’

CUmKuLL perucTpy BainTnap KeTMa-KeTnuri Yactotacu BunaH CUHXpoHU3aLMAnaHain.

5.24- pacm. ATSC TU3UMUHUHT paHIOMHU3aTOPU

Kaiita nimmanmauar keinara 6ockuuu 0ynu6 Pun-ConoMoHn koau épaamuia
OJIOKIIM KoJIamn XucoOmananu, Oy skapa€HlIa MablyMOTIapHUHT 187 dYuKuMII
OaTHHUHT Xap Oup CerMeHTHra, aHwK Koujanap Oyinua makiutaHaauran 20
TEeKIUPYB OalTimapu Kymwmnaaun. KaOyn KWwiIMHTaH MablyMOTIap TaKeTura
acocllaHTaH XoJiJa KyIIuMYa TEKIIMPYB MabIyMOTIap TYPYXWHHU TAIIKHJI JTHUII
yuyH Pun-CosnomMoH Kojepu yinapHu MaTeMaTHukK outta 610k ne6 kypaau. by 20 ta
outnap Pun-CosioMoH KXyPTIUK KOJIW CAHOFUHU TaIlKui dTaauiap. KaGynm kunruy
MabIYMOTJIAPHUHT MYMKHH OViraH HWYKOTHILIAPUHU aHHWKIAINI YIyH KaOys
kuivHrad 187 Oaiftnan nbopar 0ok OunaH Kyt caHokyiapHuHr 20 Ta 6alTHHU
CONMUINTHPAAN. Arap XaTOJWKIAp AHHWKJIAHCA, PECHBEP XATOHWHT aHUK >KOHHHH
Oenrunaii, Oy3wirad OUTIApHU Y3rapTHUpHUIL Ba OOLUIAHFUY aXOOPOTHU THKJIAII




I1I. HA3APUI1 MATEPUAJIJIAP

yuyH Xy(dT caHoK Outnapuaan (oigananaau. Konnamuuur OyHaaid TU3UMH yTa
camapayid xucoOnaHaau Ba xap Oup ko cy3na 10 taraya xato OGallTIapHUHT,
Kaepra >koiiamran OyIuImaad KaTbui Ha3ap, TYFpuiiall HMKOHUHH Oepaiu.
Kettnnuanmuk ATSCna 52 Ta cerMeHTIaH uOOpaT HMYKH HHTEPCETMEHT
MabIYMOTJIApPUHUA OpajaTuIl amaira omupuiaagu. CkpeMOiep MabIyMOTIIap
KeTMa-KeTJIMTY TapTuOuHu anMamtupaau Ba MPEG-2 mabnymoTinapuHu xoTHpa
oydepnapu Epnamuaa BakT OViinua (TaxMuHaH 4,5 MC opajauruaa) OYJIUHHUIINHU
TabMuHIaiaM. Kalita unuiamHuAr ymoly ycyiau yTa Kydid KyBBaTIH HUMITYJIBC
NIOBKMHJIApra  Kapmi  Kypall y4yH MYyJDKaJUIaHraH. byHpmaln — Kydinum
IIOBKUHJIAPHUHT TAabCUPH HATWXKAacHUIa KaOyn KUIUIIA KeTMa-KeT KelaauraH
OaliTinap XaTONMKIAPUHUHT JaBOMHUM cepusUiapy(XaTOJIMKIAp MaKeTH) ro3ara
kequimu MyMkuH. FOxopuna tabkumiad yruwnranuiaek, Pun-Conomon(PC) konu
YUyH UMITYJIbC IIOBKUHJIAP JABOMUNINTHY Kyinaaru udoja Ounan 6axonanaau:

T,= t5(1/Re)*(2n) = 10%(1/10,762)*(2*2)= 3,7 1mxKc; (5.4)

Oy epaa t-Pun —ConoMoOH KOJUHUHT TYFpuiian Koounuatu Ba y 10ra TeHr;

R-cuMBoOJIIap KEeMuI KeTMa-KeTIUTH(4acToTach);

N- MOIYJSIMOH CHMBOJITA MOC KEIyBUM MAabIyMOT OHUTIAp COHU
(8VSB yuyH n=2).

Kynunua amanuéraa maBxya OYiaran Xosiaraa, sS’bHH XajlaKUTiap KHMaTH
3,71 MkcnaH omica, OoliKaya KWIuMO alTraHja CerMEHT MYMJard Xaro Oaltiap
cour Pun-CojoMOH KOAMHUHI TYFUpJAIl KOOMSITHAAH KATTapoK Oyica, CEerMeHT
XaToJWKIap OwiaH KaOyn KwiMHaau. byHpnall xonaTinapHH WYKOTUIN YYYH
MabJIyMOTJIADHU WYKM HHTEpCErMEHTIapuaa opaiaTuil (YpHUHU aJaMallITHPHII)
KUpHUTHIIaaun Ba Oy opamatum B cermenTnan tamkuin Tomaau. KaOynma kaiita
TUKJIAIAa (JeopanaTuill) OmNepamnusIcu Oaxapuiauil OOCKUYHIA, XaTOJHUKIAP
MaKeTH o3ara KeJMII XoJaThaa, KYIIHH XaTojlap OalTiaapuHUHT 52 OaiT
Y30KJIUK/Ia KOMIAIINUIY TabMUHIAHUO, XaTOJUKIIAP MaKeTH 3Ca UHTEPCErMEHTIa
KUpYyBYM Oapya 52 Ta MabIyMOTJIAp CETMEHTH Oyiliad TakcMMIlaHTaH OYiau.
bynna xap Oup cermMeHTra XaToJuKIIap MaKeTUHUHT KUYMK KUCMH TYIIaJu XaM/a
ynap Pun-ConomMoH Kojuiapu OWjiaH OCOHTMHA TYFPWJIAHAIW, SbHU XaTOJIUKJIAp
MAKETH JaBOMUWIMTMHUHT 193 MKC HaH omIMaraH BakTIa X€4 KaHAad Kylum4ya
TEKIIUPYBUM OUTIAP KUPUTMal XaTOJUKIAPHU aHUK TYFpUIAll UMKOHU MaBXY]l
oynamu. ATSC unTepcermMeHTn 52 cCerMeHTAaH UOOpaT Ba CErMEHTHHUHI J1aBOM
TUII BakTU 77,3MKC OViranma, XajJjaKUTHUHI TabCUpP OTHUII BAaKTU Yerapacu
TaXMHUHAaH 4MC raya KyTapuiaiu.
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8-VSB pe:XHMH YYYH ABBAJTH CeTMeHTHHHT 12 CHMBOJIAIAH CYHT OXHPTH pe3epB MalTOHHHHT
CHHXpO cuMBo/LIapH (MCC) HycXaaaHaaH

5.25-pacM. ATSC TU3UMUHUHT y3aTHUII CUTHAIN TY3WIUIIH.

MuryBuM KOJUIap IypYXMIra TaalTyKId TPEJUIUC (IaHKapasn)- KOIAIIHHHT
CYHITH OOCKMYM[A, paKaMJId OKUMHHUHI Xap MKKUTa OUTH, y3aTHJIAETIaH CHMBOII
MHTEPBANUAA, MOAYJIALUANIAII CUTHAIM 8 CATXHUHI KalCH OMPHUHM SrajUlallliHU
aHukJaiauran 3 ta ourtra y3raptupuO, makuiantupuwiaad. [lamkapanu koamani
amajnra OIIMPUJIAJIUTaH,KoJiepaa Xap Oup sHrU 2 pa3psaid cy3 aBBairu 2
pa3pAIM  CY3JMApHUHT OJIJUHIM KEeTMa KETJIUTM OWjlaH COJMINTUpWIAAN Ba
HATWKaJa aBBAITH 2 pa3[aIM Cy3ra MyHOCA0aTHHM Y3rapTUIIHU TabMUHJIOBYU 3
pa3psAIIM MKKWIMK KOJ reHepauusiaHaau. by 3 paspsim xoanap OouuiaHFuy 2
paspsAIIM CY3IapHU YpHHTa ajamarnaau Ba 3¢upra 8 carxiau cumBouiap 8-VSB
KypuHUIIKMAa y3atwiaau (30utr= 2HUHT 3 napaxacu = 8 KOMOUHAIMS €KUM CaTX).
[Tanxapanu KoaJiall Kojepura Keaud Tylrad Xap 2 OUT y4yH, yukuiiaa 3 ta Out
xocunn Oymamu. lllynunr yuyn 8 — VSB Tusummparu mamxkapa kojepu 2/3
paspsiaura 3rajgup.

Kalyn kunruugaru naHxkapaiu KOAJall A€KOJAepU 3 paspsiiin KoajaplaH
doiinasianaqu Ba MabIyMOTIAp OKUMHHHUHT OOIUIAHFUY KYPUHHIIAJATH 2
paspaIM  cy3inap KeTMa-KeTnuruHu Tukiaiau. [lysagait kumml, mnamxkapaiu
KOJUTaIll BakT OViinya Oup cy371aH UKKHUHYU CY3ra Y3rapuliHu Ky3aTau.

V3aruim y4yH TYAMK IIAKJJIAHTAH CHUTHAN: MAaxCyC TasHY-CUTHAJIMHUHT
KYIIWIMIIA Ba CHHXPOCHTHAIUIAP KOMWIAIITUPWIMLLIAPU MYJIbTHUIUIEKCOPIA
amanra ommmpuiaau: MPEG -2 cranaapTy yuyH CUHXpOOAaWT CErMEeHTJIapu YpHHra
4 ta CMC snemenTH Kyiunanu (+5,-5,-5,+5) (6.21-pacm). Bynna xap oup maiinon
oouvtannimuga MCCHunr ukkuta (-5,+5) snementu kyuunaau. CHUHXpPOCHTHAI
KYypcaTKuwiapu IIyHJIal TaHJIaHAAUKHU, arap QoigaJiu CurHail Ba IIOBKUH
aMIUTTyJadapu TEHr OyiraH XojaT MaBxkya OyiaraHga xam, KaOynja
KOPPEJSALUOH YCYJUIapHU KYJuiad, Qoiany CUTHATHU UIIOHWIA aXpaTuO OJIUII
UMKOHMHM Oepaau. bynnan tamkapu MCCna cepBuc axO0pOTHHH y3aTHILI YUyH
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100 ra skMH KymuM4Ya 3axypa Ba CUTHAJIM3AIUS XOJATH YYyH y3aTWJIaIUTaH
(8VSB Ba 16VSB) cumBomnap axparwiran. MCC HuHr oxupru 12 cumBosd
OJIIMHTY CETMEHTHUHT OXUPTH 12 CErMEHTUHM KalTa TAKpOpJIanIu.

ATSC OommaaHok, OenrwiaHraH xajmakutoapaouuviuk Owunan, HDTV
TU3UMUArd CUTHAJUIAPHU Y3aTHINra MyJDKaJJIaHTaH 311, aMMO OyHJlail CUTHaJIHU
y3aTUIl YacToTa KEHrUru (1mojiocacu) >KyjAa KaTta OyiraH Ba y CTaHAapT
6 MI'uiu kaHaaaa y3aTUIl UMKOHH OYIMaraH.

bupok ymoOy CHEeKTpHHHT KyN KUCMHHH, Y3aTHJIAaéTraH pakaMiu axOoopoT
MMKacTiaamMacaad, GUIbTpiam UMKOHUATA MaBXyA. Typnu KaTTalukiapiaru €H
TAIKWI ATYBYWIAPU MapKa3uid COEKTPHUHT KMUUKIAIITUPWITaH HyCXacu Ba KyHu
€H moJoca 3ca IOKOPH MOJOCAHUHT KY3TyJH akcu xucobnanaau. by ¥3 nHaBOaTuma
OyTyH Kyiin €H ToJIocaZaH Ba IOKOPH €H IOJIOCAHWHT Oapya TapMOHUKACHAH
doiinaianMacTuk UMKOHWHM Oepaau. HalikBucT Hazapuscura acocaH, KOJTaH
CUTHAJIHUHT (MapKa3uil CIIEKTPHUHT IOKOPU KUCMH) SIPMHCH KECHJIMIIU MYMKHH,
SbHU O€pwiraH 4acToTaja pakamJid CUTHAJI KeTMa KETJIMK MabJIyMOTJIApWUHU
y3aTHIl Y4yH 4YacTOTa MOJIOCACH KEHIJIMTMHUHT SpMUTUHA eTapauaup. CurHan
CHEKTPUHUHT €H mosiocanapu unsTpianuimy HalkBuct ¢Quibtpu Epramuna
amaJra OLIUpUIIaIN.

HaiikBuct unbtpugan cyur, 8 — VSB curnan anbaHaBUd ycCylijga METPIH
€K  JEUMMETPJIA  JUAIa30HJIAPHUHT  IOKOPW  4acTOTajlu  CUTHaJUIapura
anantupunaau. 8 — VSB  wmopynaTopuHuMHr 4ukum curHanmm DTV —
Teney3arruura 0opajiy, y epaa KaHasl MoJOCACUHUHT UYWra TyIIaJurad Ba y3aTrud
HOYMBUKJIUKIApU Tydailiui YakupuiaguraH Xap KaHJgald xajgakuTr OepyBuu
CUTHAJUTAPHU UYK KWIWII MaKcaauaa GuibTpaius KUJIMHAIN.

Kabyn xwmmpga ATSC curHammapuHu — Jekojuiaml — TaBcU(IaHTaH
aIrOpUTMIIAp KeTMa KETJIMTUra TeCKapu TapTrO/ia amaira olmupuiiaay Ba IeKoep
gyukuimmuaa MPEG -2 Texnosormsicu OViiMua CHKWITaH CTaHIApT pakaMiid
MabJIyMOTJIAp OKUMUHU IAKIUIAHTUPUIL TABMUHIIAHAIH.

Pakamuiu TesieBugeHueHuHr ISDB SInonusi cranaapTu.

Xu3MmaTiap WHTErpalusiCura sra, €p ycTH Ba Kalenb TH3UMIIApH Y4yH
ymymuit ISDB (Integrated Services Digital Broadcasting) pakamiu SUIaTTHpHIL
konneniuscu NHK (SInonust) komnanuscu TOMOHUIaH TakIu( STUITaH.

AmepukannHr ATSC TH3MMM IOKOpH AHUKJIMKIATH €p YCTU TEJIEBU3UOH
SIIUTTUPHUII Ba KaOEJIM TEJIEBUIACHUECH TapMOKJIApUIa MabIyMOTJIAp OKUMUHU
MIAKJJITAHTUPHUII Ba y3aTUII Makcaauaa unuiad umkuiran sau. Xosupaa DVB
pakaMiu TEJICeBUACHUEHUHT Oapua WyHaIMIIIapua MabIyMOTJIApHU Y3aTHIIra
MVJDKaJUIaHTaH, YMYMUN SIAPO TU3UMHUTA dra OWp OWJIAHW TAIIKWJ ATaju, yJap:
CyHBUU Uynmmomi, kabenb Ba €p YCTH pPakaMiu TEJIEBUJICHWUE DIIUTTUPHUIITHA
TallIKWJI 3TUII Ba TYPJIM YacTOTa JUANa30HJIApU Y4YYH pakamiu TEJIeBUICHUE
CUTHAJIJIApX TaKCUMOTHU TU3uMJIapuaup. Anonus ISDBHUHT TU3UMUHUHT MaKcaau
TENEBUACHUE  DJIIUTTUPHUILIAPDK  YUYYH TypiAud  XWIJAard  XU3MaTJIapHUHT
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WHTETPAUSICHHN TabMUHIAmaup. Kenakak TeneBU30pWHU HNUIA0 YHUKApYyBYH
omiepaTtopiapiaH KyHuJarwiapHW: CYHBHM WyImom, ep ycTH Ba Kabelb
TeJeBUCHUEIApU CUTHAUIAPUHU KaOyJl KWIHIIL, IOKOPU aHUKJIMKIArd MOHUTOP,
KaTTa XaXMJIM XOTUpara sra KOMIIBIOTEpP, ayJHO Ba BUJIEO CUTHAJUIAPHU KalTa
WIUIAII, UIYHUHTAEK, KOMMYHHUKAIMS TapMOKJIapu HUHTeppEeHCHHU MysKaccam
9TraH MHTETpaJUIAlliraH KypuiMma OVIMIIM KEpakIUTMHU TabMUHJIANI Tasad
stunMokaa. llynunr yuyn ISDB cranpapty Ba IOKOpM aHUKIHMKIArd paKaMiu
TENEBUACHUE, paKaMId PaAUOSIUTTUPHIN, IIYHUHTACK TYypid XWIAaru
KOMOHWHAITMSIIN Ba MaTH OWJIaH, CTaTUK TAacBHp, Tpadrka Ba OOIIKA MabIyMOTIIap
OWwiaH XaMOXaHr, (MacajaH: KOMIBIOTEpP JacTypiapy) paAUuO3IIUTTUPHUIL Ba
paKkamJIv TEIEBUACHUE CUTHAJUIAPUHHU Y3aTUIL YYYH KYJJIAHUJIAIH.

ISDB Ba DVB TH3uMIapUHHHI TEXHMK MIUIAIIMAA JKyAa Kyo
YMyMUWIIMKIAp MaBxkyd. Mkkana tTuzumaa XxaM,MablIiyMOT/Iap y3aTHUIL TE3JIUKIApU
JMana3oHy derapajapura sKWH KahMariapra oiu0 KeJlaJuraH, CTaHAapT Ba
IOKOPY 4acTOTalu pakKamiIM BHUACOCUTHAIJIAPDHU CHUKHILI YYYH KYJUIAHWJIAIATAH
MPEG — 2 xommnpeccusicu Tuzumu Kysuianuiaaad. OFDM Mmonynsiusicn ycyiauaan
doiifaniaHuIl ep YCTU SIIUTTUPUIUIAPU YUYYH PAAUOTYIKUHIAPHU KYI HYPIH
TapKaJuIl Ba Xapakarjard KaOyJ IIapoWTapuia Y3aTHIl caMapajopiuruHu
omupaau. [llyHuHrAEK, nacTypiap TapKaTUIIHUHT OUpP YacTOTalud TapMOFUHHU
ApaTUIl MCTark MAabJIIyMOTJIapHU KOJJANIJa Ba TallyBUYMWJIAPHU MOIYJISIIUS
KWIKIIAA YXIIall Ty3uaManap Ba OMWUIAPHU TaHJalHu Tanad staau. Llynunraex
(1\4, 1\8, 1\16, 1\32) xumMost HHTEpBAIX HUCOWH KAaTTAIMKIAPH MOC KEJIay Ba MOC
peXUMIIAp YUYH a0CONIOT KMAMATIapH sIKUH XucoOnaHaau. Mkkana TU3uMIa Xam
Pun - ConomoH konu €paamua TalllKU KOJJaIl KYJUlaHwiaaud, Oy >kapaéHua
MPEG — 2 TtpancnopT OoKuMHU makeTHHUHT 188 Oaiitura 16 Ta TeKmMpyBUH
OaifTiap kymwudimny Hatwxkacuaa 204 OalT [aBOMMIJIMTMAArd KOIJIU CY3
makanaan. Muku xox cudarnga mkkana tusumaa xam 1\2, 2\3, 3\4, 5\6, 7\8
TE3JIMKJAard MUFyBUYM KOJJIAII CXEMACH KYJUIaHWIMHAIU. AJOXK]Ia TallyBUMIapHU
monaymsiusimam  yeysuapu: QPSK, 16 QAM, 64 QAM nap xam Oup Xui
xucoOmanagmnap. bupoxk ISDB — T tu3ummma, acocuii MablIyMOTIapHHU OJIHO
yTaguraH  TallyBUWJIAp  MOAYJSIUMSCM  Y4YyH,  Y3aTUIOIHUM  IIOBKWUHJAH
XUMOSUTAHUIIIHUHT OKOPU KUWMartura spuiuira uMKoH OepyBun DQPSK-
mubdepennuan  kBagparypaBuili  daza  MaHUMYJSIUSACKH  KYJJTAHUJIAIH.
Monynsusiauar OyHAaill ycynuaa monayisuusiiam cuMBoutapu xyaau QPSK
XOJIATUIATUIEK UKKH Pa3psiiii MKKWIHMK CY3/1apJaH MIaK/UIaHa Iu.

ISDB — T wunar DVB — T Tusummuaan npuHuunuai daprjiaapura
rokopuaa kentupwiran BST — OFDM ycynn noupacuaar CETMEHTJIAIITHPHUII Ba
MabIYMOTJIApPHUA BaKTJIM OopajiaTull kupaau. OpajgaTvin — ajloka KaHaJJapuaaH
103ara KejaJuraH Xarojapra Kaplid KypallWilga, caMapaHd OUIMPHILI Y4yH
KYyJUTaHWIaAUurad Myxum onepauusiaup. DVB — T tuzumuaa, Kyn HypJiv TapKaJIHIL
xucobura, KaOyn KWJIMHAIUTaH PaJMOCUTHAN CHEKTPU 4YacTOTa KOMITIOHEHTJIapu
OoCHUNUIIMIAH o3ara KejlaJuraH, JaBOMHUN TMaKeTIM XaTOJNHMKJIApPHU KaTTa
Oynmaran Ba Xxaro (parMeHTIap 3aHXUPUHU OCOH TYFPHIJIAWIWTaH YacTOTalu
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opanaruuiian ¢oinananunaan. Arap Kadyn KWIMII MapTiapy >KyAa Te3 y3rapcea,
MacajaH, KaOyJl KWJIUII TEPMHUHAIM IOKOPU TE3JIMKAA XapakaTjiaHca, 4acTOoTalld
opajlaTUIll eTapyinya Oynmaiian. Bakt Oyinda opaiatuin sca, mapameTpiiapyu Te3
y3rapaguraH Ba YacTOTaJd oOpajaTuil ¢EpJaMujia KUYuK ¢parMeHtiapra
OYTMHMaNUTraH KaTTa XaToJUK MakeTJIapuHH TYFpuiall UMKOHUHU Oepaau. Bakr
oyitnua opanatumigan Qoinananuiaranaa, ISDB — T tu3umMu teneBuaeHuecu Exku
paguo KalOyn KWITM4YJap, MacajaH, Te3 XapakarjaHaéTran Toe3]] EKd
aBTOMOOMJIZIa JKOWJAITaH XoJjarjapjia XaMm camMapaid KaOylHH TabMUHIIAII
MMKOHUSITUTA 3Ta.

MPEG — 2 xupuill TpacropTd OKUMUHUHT PAANOCUTHAITA aillIaH TUPUITUIIIN:
MYJIBTUIUIEKCUpJIAlI, KaHAUIM KOJJIAlll, MOJYJIALMsIAIL, IIYHUHIACK KaOyl
KWITHY (QYHKIHMSICH Ba y3aTUI KOHPUTYpaUsACHHU OONIKAPHIIIAPUHU Y3 WUHUTa
onaau (5.26 — pacm). MPEG— 2 TpaHcmopT OKMMHU JI€MYJIbTUIUICKCUPJIAHAAN Ba
KaiiTa MyJlbTUILUIEKCUPJIaHAU, OyHIa MabyMOTJIAp CETMEHTU TAlIKWUI ITHIIAJIH.
Kanamm koanmampaH kelnH MabiiymoTiap cermeHTiiapy OFDM  wacrora
CEerMEHTJIapura WIAK/UIAHTUPWIAAU. YJIApHUHT Xap OuWpu KaHal dacToTa
MOJIOCACUHUHT KEHTJIUTUra OOFNMMK OYIraH TEeTHIUIM 4YacToTa IO0JO0CACUHU
srayuaiiau (6 MI'n mosnoca keHrauru sra kanan yuyH 429 KI'u, 7 MI' kanan yuyH
500 KT, 8 MI' kanan yuyHd 521 KI'm). [lynnmait kuau6,12 Ta yactoTra cerMeHTH
5,6MI'1; 6,5Mrn €ku 74 MI'1 ra MyBO(HK IOJIOCAaHU ATaJIakIu.

bup Heua cerMmeHTnap, OMTTa (UMK KaHAJ JOMpPAcH]d, MAaHTHUKUN aloKa
KaHAJJIapy XOCWJI KWJaJWraH, KarjaMm Je0 HoMJaHaguran Oup rypyxra
Oupnamuiy MyMKuH. buTta kaHanga Oup BakTHUHI Yy3uja 3 Tarada Katjaam
y3aTdimi MyMkuH (5.27 — pacm). Hepapxuk y3artuimra Typad HapaMmeTpid
KAaTJaMJapHU y3aTUIl OPKajdu »JpUIIWIagU. TauryBUMIapHU MOIYJISLUSIIALI
yCyJIM, MIKU KOJ| T€3JIUTHU Ba BAKT Oyiinya opajaTUIl WHTEPBAJIIMHU Y3rapTUPUIITa
pyxcat 3THIaIH.
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5.27 — pacm. ISDB tu3nMuia MabIyMOTIapHU KaHAJUIA KOJIJIall.

ISDB y3artuil TU3UMHHUHT aCOCUM XYCYCHSITH IIYHIAKHA, YHJA KaHaJIHU
KOJJIalll Ba MOIYJSIIMSIAII CXEeMajapu MocjialyByaH KyJanwirad. [SDB
CUCTEMACUHU SIpaTraH TaJKUKOTYWIAPHUHT W3JIAHUIUIAPU WIYHH KYpPCATIUKH,
arap cerMeHtiap conu 13Tta Oynca, Oy Oapua pakamid TENEIIMIUTTUPHUII
TU3UMIIAPU YUYH €Tapiau Oyiaau.

OFDM 4acToTa  CErMETIapH HadakaT  TpacmopT OKWMHWHHU
MYJIBTUIIEKCUPJIAIl HATHKacuja OJIMHIaH MabIyMOTJIAPHU,0alIKM TasHY —
CUTHAJUIApHHU XaM y3 uuura osiaau. [ISDB Tuzumuma y3iykcus TasiH4 CHTHAJLIap
(CP — Continual Pilot), Takcumianran tasau curaauiap (SP — Scattered Pilot)
XaMJla MYJbTUIUICKCUpJAl Ba y3aTUII KOH(PUTYpauMsICUHU OOIIKApyBUYH
MabJIyMOTJIApHU Y3 Wuura oyiaaurad TasHd — curnamiap (TMCC — Transnission
and Multiplexing Configuration Control — Pilot) kymianunaau. Xap Oup cerMeHt
MabJIyMOTJIapy BakT naBoMuaa hopmatiananu Ba OFDM kanpnapura Oupniaiianu
(butta xanp mabiaymoTiap xaxmu 204 Ta OFDM mMonynsiiimon cuMBOJIIapUra Moc
KeJIaJin).

Uepapxuk y3aTumga MyJIbTUIUIEKC KaJpyu TYUIYHYACH KHUPUTHIIAIN.
MynbTumnnekc kaapu gaBomuiiura OFDM kanpu naBoMwmiiiurura Moc Oyiasnu,
OMpPOK MYJIBTUIUJIEKC KaJpura KHUpaJWraH TPAHCIOPT OKUMH TaKeTJIapu COHHU
OFDM kaapuna y3aTuiaguraH naketiaap COHUAaH KYnpok oynaau. Opanaru (apk
OFDM  wmonymsmusicu  sxkapaénuga ¢doipgananwiran  ®@ypbe Teckapu Te3
AIMAIITUPUIIN KUMMaTUra Ba XUMOSI MHTEPBAIU KaTTajlurura OOFJIMK OYasu.
®apx MPEG — 2 tpacnopt okumura kuputwirad “oymr’” (NULL) nakernap Ounan
TYAAMPUIIAIA Ba aMMO UIIUIOB OepHuIll xkapa€Hua yiap tauuiad rooopuiiaaumiap.

OFDM kanp cermeHTHHH (hopMaTIiaill BaKT Ba 4acTOTa OpasiaTUIIJIAPHIaH
keiiun Oaxapwinaan. Juddepenuman wmonymsusuiamn  (DQPSK)  xomaruaa
doitmann  MabmymMoTiapra ys3nykcu3 TasHd — curHan CP Ba  KorepeHt
monymsuusiam (QPSK, 16 QAM, 64 QAM) xonartuga — TaKCMMIIAHTaH TasHY —
curHan SP kymmnagu. Y3myKcu3 TasHY— CUTHAI Xap JouM (0 pakamiid TalryB4Yu
épmamuna y3aTuiaau. TakCMMIIaHTaH TasHY CUTHAUIAp Xap MWUTMpMaHyd
tamyBunyia Ba xap TtyptuHun OFDM cumBomupa yragu. Kamp Tapkubuma
y3IyKCHU3 Ba TAaKCHUMJIAHTAH TasgH4Y — CUTHauapgad tamkapu, TMCC
MYJIBTUIJIEKCUPJIAIl Ba Y3aTUII KOHQPUTYpAlMSICUHU OOIIKAPHUII CHUTHALUIAPH,
myHuHraek AC (Auxiliary Channel) kymumua mabmymotnapu y3atunagu. AC Ba
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TMCC y4yyH MyKajulaHraH TallyBUHJIAp JKOWJAIIyBU Xap OUp PEXUM YUyH
Maxcyc xkanBan €paamuna OenruiaHagu. CP Ba SP tasnHu curnammapu OuiaH
y3aTWJIaJIUTAaH TEJICBU3UMOH €KW PpaJuojacTyp XakKujaru axOopOoTIapHHUHT
MabaymoTinapua, TMCC 6omkapys curHamuiapu Ba AC KymmmMya MabIyMOTIIapy
OWJIaH TYJIIUPUIIUIIN HATHXKacuaa, Xap OMp CerMeHTIaru TaluryBuuiap MUKIopu 1
— pexumaa 96 taman 108 Tarawa, 2 — pexumaa 192 tagan 216 tarada Ba 3 —
pexumaa 384 Taman 432 Taraya omaau. Y3aTwia€TraH —paguOCUTHAI
TalllyBYMJIAPUHUHT CETMEHTJIApU KOMWIAIIYBH, TU3UMHUHT OEpWIraH pexXUMU
Tajgabura acocaH, OMTTa KagaMja dYacToTa VKuaa TabMuHIaHaau. CerMeHTIap
5.28- pacmpa KypcaTUITaHUICK paKaMIaHaIH.

CenaenT Cenmen CeneHTCemieHTICemeHTCEneHTCenieHT CanasrCenuesT
Ne-2 | N4 3 1 0 2 4 Ne3 | Nt || f

Kywumya yanykcua nunoT-CUrHanHu Tawyeuu/
5.28-pacM. Y3arunaérrad paguocurtai cnektpu (Ns-cerMeHTiap MUKI0pH)

MabayMOTIapHH y3aTHUIIA UEPAPXUK NPUHIUIHA amainra omupuml [ISDB-T
TU3UMUHUHT XWJIMa XWJI BapUaHTIAp MIAKIWHU aMajra TaTOWK KWIMIITa UMKOH
sapataau. Macanan: OMp CerMeHT paJHoIporpaMMalapHy y3aTHilra €Ki KyTapuo
IOpUJIaIurad €K1 YYHTaK KalOyJsl KHJIyBUUTa aKpaTWIMIIK MyMKUH. Borika xamma
CEMEHTJIap 3Ca, IOKOPH aHUKJIUKIArM  TEJIEBHUJEHUE MabIyMOTJIapura
QKpAaTUIUIIM MYMKUH Ba yinap craupoHap TB kaOyn kunruunapu €paamuia
MabIyMOTJIApHM  KaOyn  KwiMinra WMKOH  spataau. Illynpmait  xkumuo,
MabIyMOTJIAPHUHT OWTTAa KaTJaMUHU KaOyJl KWJIUII Ba JEKOJIAll HApUuaJs
(astoxuma-anoxuaa) Kadysl KWIMIIHA aMalira OlIupHIra uMkoH Oepaau.llapiuan
KaOyn ydyH OMTTa MapKa3ui CerMeHT aKpaTuiraH Ba yHUHT HoMmepu 0 Xxamja
CIICKTPHUHI MapKa3suid KUCMHAA HKoWlamraH. byHJa WYKM CcerMeHTtiap
muddepeHnran  MOAyMALMSIIAH Ba TAlIKWIApU KOTepeHTAaH (oiigananuo
y3atunaau. CHeKTpHUHT IOKOPHM KHUCMHUTa sSHa OWTTa TallyBuYM KYIIWJIAId Ba Y
Y3IyKCHU3 TassHY CUTHAJIHU Y3aTWIMIINHU TabMUHIIANIH.

Arap cranuoHap KaOyJn KWJITWY WMHTErpajulamraH Oyica, yHAa y MapKa3zui
CerMEHTJa  y3aTWIaJuraH xam TEJIEBUICHUE JaCTypJIapuHH xam
PAIUOSIIUTTUPHUIIIHA  XaM MabIyMOTIapHH KaOyn Kuiuin MyMKUH. boika
BApUAHT/IA UKKU TYPyX CErMEHTJapu CTaHAAPT aHUKJIUKIATH TEJIEeBUJACHUEHUHT
WUKKU JacTypuHM KaOyd KWiIaauraH KWUYUK(IIOpTAaTWB) €KUM KaTTa OyiMaraH
SKpaHIM KYTapuO OpWIaIMraH Ba MHUCOJI yUYyH aBTOMOOWIIIapa, aBToOyciapia
€KM Toe3/yapa UIUIaTUIaural Kadysn Kwirnuiapaa KYJUIaHWuIId MyMKuH. SIHa
Oup TY3WIMII BapuaHTH OUP HeEYa PaTUOIIIUTTUPHUIN AACTypJapUHU EKU
MabIyMOTJIapuHH y3aTuiaup. [IyHu Kaiia 3TUIll KEepakKu, y3aTHII HUepapXHsICh
dborinananumu €xku doigaraHMacIurual KaTbuid Hazap OuTTa (PU3MK KaHaIaa
MPEG-2xunr OuTTa TPAaHCTIOPT OKUMHU MaBbJIyMOTJIApU y3aTHUIIAIH.
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BST-OFDM mabiymMoTaapHU y3aTUII YCYJIM MHTETpaIis XU3MaTUra ara ep
YCTU paKaMJjIM TE€JIEBU3HOH SNUTTUPUII 3aMOHABUI KOHIIETICUsICUTa )KaBOO Oepau
Ba KeNaXakJa SHIM XW3MAaTJapHU KHPUTUII YYyH KEHI HMKOHMATIIAPHU
TabMUHJIANIN.

5.3. Yu yauamJim TejieBHAeHHE aCOCTAPH BA TEXHOJIOTUSICH

Y4 yagaman TacBUp Ba OOBEKTJIAPHH XOCHJ KHIWII Ba YOy TacBUpJAp
YCTUJA UIIJIAII SKUH-IKUHIIapradya wiMui-(antactuka Xxucobaanrad. TexHoIorus
PUBOXKJIAHWINIM Ba TakoMWutamumy okuOatuma 3D —Buameonap, 3DTV-
TEJIEBUICHUECH XaM spatuia Oonuianau. 3D TacBUp KOHIENIMICH WITapU
cypaauraH fos Oy-TaCBUPHUHI OpWUTHMHAN XoJaTuiaH (apkiail oJI0JIMaciIuK
KOOWIHMATHHYN IIAKUIAHTUPHUIIIAH uOopar. SIbHM TOMOIIAOWH XAKUKHIIMK Ba
BUPTYAJUTUK ojlamyiapu (apkura Oopa oJIMaiiMraH aapaxkajia pUBOXKJIAHUIITa
spumvil. Ymly TacBUpiap MyXUTAA CypuO rOpUIIM €K CTOJI YCTHAA peaj
XapaKaT/IaPHU aMaJira OLIMPHULI JO3HM™,

3D TacBup, pOJIMK Ba BHUAEO MAbIyMOTJIAap SPATUIUIIM Y30K TapHuXra
oormananu. CtepeocKkonuk TacBupiap wik O6op 1839 imnna spatwirad. 1920
munna 2D TeneBuieHMe THU3MMHM acocuja xo3upaa maBxkyn 3D rteneBuneHue
MaKeTH HaMoWuIl KuiauHTrad. 3D ¢uiabMiapHUHr WIK Hamouumu 3ca 1990
Hunnapra kenuob maiigo 6yna Oonuiaras.

2D TeneBuaeHUECH IUANAT OwiaH puBOXJIaHaétraH wmyaaaraa 3D
tenesuacHue ycruaa 1950 mwmutapra nedpiau Xed KaHJau SIHTWIMK sIpaTHJIMara.
bynu anbarra Typiau reocuécuii Ba UKTHUCOAMM Macaianap OuiaH EpUTHIL
MYMKHUH.

3D tacBup XOCWJ KWJIMHUIIM Kyhnaaruda: 2D ymuaMia UKKUTa BUJIEOOKUM
MabJIyM BakT (papku OmiaH ajoxuja ajoxujia KUiIuO TacBUpra OJIMHAAU. XOCHII
OYnraH MKKUTA BUJICOOKUMHHM TOMOIIAOWH ajJoXuja paBUIla Yal Ba YHT Ky3JIapH
épramMuga TOMOIIA KUJCca, YHIA peall MyXUTTra KUPUIL XUCCUETUHH TAKIUM ATaJIH.
By ¢wusnonoruk >xapaH MHCOH OHTMJa aBTOMATHK paBuIaa coxup Oymamu. 3D
TEJICBUICHUECUHN SPATUILI Ba TAKOMWUIAIITHPUIL YCTUAA €TYyK OJIUMJIAp Ba
MyTaxaccuciap ailHaH MaHa Iy (PU3MOJIOTHK >Kapa€HHU acoC KHJIUO OJIMINAJIH.
TexHomorus 4dYeTnaH KaparaHjga oOJJIAA KYpUHraHW OWiaaH dYyKyp WIMHHN
TaJIKUKOTJIap Ba Taxpuodanap tanad Kujiau.

3D TacBup XOCWJ KWIMIIHUHT siHA Oup Typu Oy mossipusanuscu Oyitnua
Oup OMpuaa KeCcKUH (BEpTHKaJ, FOPU30HTaN) (hapK KHIYBUM HUKKATA MYCTAKUI
BUJICOOKHUM SIpaTHUI Ba YOy OKUMHHU MaxcCyc sicaliraH OWHAJIapy MOJISPU3ALUSICH
Oyiinya BepTHKal Ba TOPU3OHTaN OYiraH Ky3oilHak €paaMuia TOMOINA KUJIHUII
HaTIKacaaa XaM OJIUII MyMKHH.

Cyurrn uumnapaa 3DTV  TU3BMMUHUHT TaKOMWJUIAIITUPWIMIINTA KaTTa

22 Three-dimensional Television. Capture, Transmission, Display. H.M. Oractas, L.Onural (Eds) Springer
USA 2014 page 1.
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YpTHOOP KapaTwigu. TacBUp HIMOHWIMIUTHHU OMIUPHUII 103ap0 MacananapiaaH
oupu OYnubO kenamokaa. TexHosorusija TacBUpra HIIUIOB OepuIl jkapaéHiiapura
KyHumgaru4a: TacBUPHHU OJHIN, 3 VIYaMiIid XOJiaTra YTKAa3WIll, CHKHII, Yy3aTHIIL,
WHTEPAKTHUB peHepIant Ba HaMOWHIIT KUJTHIIL

—| Capture |— | Representation [ Coding

— y s Signal
Transmission Conversion

Display

Its Replica

5.29.pacMm. 3DTV Tu3uma TaCBUPHH KaiTa UILIAII OJIOKIAPH.

TU3UMHUHT MypakkaOIuIru UIyHAaH HWOOpPATKM TEXHOJOTUS YMYMH
IU3aliHU TYpJd TU3UM OCTH THU3MMJIAPHUHI TapaMeTpilapMHU XHCOOTa OJIUIIH,
KEpaKJIM BakT Ba CUTHAJI Japa)kanapu OYHu4a CHHXpOHU3ALUATa SPUIINLIHN JO3UM.
Macanan: uHTepakTHB auciuied 3D KOHTEHTra MyCTakuj yJaHTaH OyJIvInu Ba
Oamopatian KOOMIUsATA KaO MyaMMOHH MYCTaKHUJI €4a OJIUIIHU JIO3UM.

Spatunran tacsup popmatunu Tanmam 3DTV texHonorusicu acocinapujiaH
Ovpu XHMCOOJIAHAIN. bup TOMOHAaH y MabIyMOTJIapHM KalTa MILIANI
TajabsapuHu Oenrunad 6epca MKKMHYM TOMOHJAH Yy BU3yalln3alus alfOPUTMHUHH,
WHTEPAKTUBIMK PEKUMHU JapaKaCMHHU Ba y3aTWIaéTraH CUTHAJ MapameTpiIapuHu
oenrunadiau. byHnan Tamkapu sipaTwiaéTraH KOHTEHT TapkuOura 3 Yimyamiu
“TYp”, MablyMm TmUKcen uykypiurugaru MultiView Buzeo kabu curHamiap
KHUPaJIH.
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Audio__)| Audio Encoder N Convolutional N Time [
(MUSICAM) Encoder Interleaver
3D Video Encoding_ _ _ _ o ememams -
. - o .
Vi —»| Stereoscopic | -'—:* > : 8
i Video P! ‘1 i i YF
! I i !
l,é-i’ Encoder + : 'i_i’ > : L) g RF
] »: ! =
brmrmememm e R el ER Y e i c =
3D Audio Encoding 1| F i !l o i D X g
i H Q! H =
A —; Multi-channel : E: o [ % e : a gé) 9 = )
°i| spAuwdio |ii|F|2 S i |Tol |33ii|m2 |Z g
: [N L PN {5 H—8 2|7 2 g 22 A—
Aa—r Encoder - P 335085 %% S S 23
---------------- = i s |ic|%2| [a3ii|es [8°
e P s 2 2 B |
| ODBIFS | —r 12 3
'l Generator Ci| @ '
1 i !
] 1
[ oD X i
" I -
| Generator T S :
T T ] VNV . H
MPEG-4 Systems NPEG-4 over MPEG-2 _
Encoding Conventional paB
3D DMB Media Processor i: Transmitter (Eureka-147)
5.30.pacM. T-DMB Tu3uMHHHMHT CTPYKTYypa cxemacH, 3D-Xxu3Matiaapu >KopHii
KWJIMHUIIT

ObjectDescriptor {  //OD Tor 3D Video
ObjectDescriptoriD 3
esDescr [ // Description for Video(Left-view Images) ES
ES_Descriptor {

ES_ID 3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 /! Visual Stream

bufferSizeDB 15060000
objlectTypelndication 0x21 / reserved for ISO use
decSpecificinfo DecoderSpecificinfoString { ... } }

slConfigDescr SLConfigDescriptor { ... 1]

esDescr [/ Descriptlon for 3D Addtlonal Video Data(RIght-vilew Images ) ES
ES_Descriptor {

ES_ID 4

Stream DependenceFlag TRUE

dependsOn ES ID 3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 {f Visual Stream

bufferSizeDB 15060000

objectTypelndication 0xC0 // User Private

decSpecificinfo DecoderSpecificinfoString { ... } }
slConfigDescr SLConfigDescriptor { ... 1Y11}




I1I. HA3APUI1 MATEPUAJIJIAP

3D video yuyn OD cxemMaTuk TU3UMU

XaXMIM TEJIEBUACHUEHU TallKWI KWIMLAArM SHI KaTTa MyamMMmo Oy
MaBXyJl SIIMTTUPHUIL TAPMOFUMHHUHI YKa3yBUaHJIMK KOOWJIUSATHMHHM OLIMPUII Ba
MyCTakKu Oyiran OHMp HeuTa BUACOOKMMIIAPHU aJ0Ka KaHaiu OYilnad y3aTuiigaH
noopatr. X03upru KyH/1a MaBxy/Jl KEHT I10J0CaIN TapMOK YIIOy KOHTEHTHH y3aTHII
UMKOHUSATHHM TaKAUM 3Ta oyiagu. MyaMMo mryHaaH uOopat 0ynaauku, sspaTUIraH
TU3UM Kyla KUMMaT Ba Xap KaHaai ¢oiiananyBuu OyHJall TEXHOJIOTHSHU COTHO
OJIUIII UMKOHUSATHTA 3ra OyJa onMaiian.

HNucon 3 yruamuin TacBUp KaldyJl KMIIMIIMHUHT (PU3UK acociapu.

NHcon 3 ynuamiu TacBUpPHU pean XojaTAarn kKabu KaOyn KWIWIIU
OMHOKYJIAp KypuIl KOOWIMATH OWiIaH acociaHaad. MabiyMKH HMHCOH Ky3JIapH
yprrua 60-70 MM opanukna koimamanau. by opanuk Tydainum dyam Ba YHT KY3
XOCWJ KWiIraH TtacBup Oup Oupuman KucMaH dapkinaHagu. Ymly HKKATa
TacBUpiap crpepeokydriaukiaap 1e6 aranaau. TacBupnap QapkiapuHu
aHMKJIaraH Musjga oObekTraya OynaraH macoda, YHUHI KaTrTaiuru 3 yiadamiu
MYXUT/AA )KOWJIAIIraH YpHU KaOu MabIyMOT LIaKJJIAHAIH.

VAN

Py

N
A — \ = A
A~ A A A~
'

5.31.pacm. Iapamnakc: xap Oup ky3 0OBEKTHU Y3 XOJaTHIaH KEIUO YMKUO
Kypaau, Mus 3ca TacBupiaap dapkura kapad 3 yruamian HaMyHa sipaTau.

Vpranunaérran OOBEKTHUHI CYPHJIMIIA KaOW CE3TMHHM XOCHJI OYIMIIH
napajulakc Jedniaad Ba XaXMJIM TEJIEBUJECHUEHHHI acocu xucoOsanaau.3D
TaCBUP XOCWJI KUJIYBUM Jiesipiiv Oapyua TEXHOJOTHUsIap — TACBUPHU MKKUTa, Yal Ba
VHT Ky37map Y4yH ajoxXyJa BHACOOKUMIIApTa aXpaTud TaIIKWI KUIMHAIM.
VYnapuunr ¢apku cemapauus (OYIMHUIN) SKapa€HUHU Kalch MPUHIIMITA
acocllaHu0 amalira OMMpUIMIIMAA. YOy ycysuiapjaH Oup KaHYacHUHH KYpuo
YHUKaAMU3.

Anarnmuduk yeya [lansmeiiga Ba [oxo a0 OpoHom TomoHujaH 1858
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wunna Ttakaug kunuHradn Ba 1935 dmnpga Jlym Jliombep TOMOHMIAH amainra
OLIMpWITraH. TeXHOJOTUACH — CTEPEOKY(PT TaCBUpJap UKKU XWJI paHrra Oysiaau
Ba MKKaJlacu Oupranukiaa 3 yiauamiu TacBUp XOCWJI Kujaau. YOy ycyn Aespiiu
O0apya KMHOHaMOMHUIIUIAP, TEIEBU30PJIAP Ba TEIEAMIUTTUPULIUIAPIA KYIUTAHUIIAH.
AB(3auru — ap30H Ba OJJIMM, KAMYWJIUTH — 0ab3u OUp paHTJIAPHUHT FOKOJIHO
KOJIUIIIH.

Hoasipmzaumusiiim  ycya XK. Angepronom ToMoHugaH 1891na takmud
KwinHrad, 1935 iunra xkenu6 E. JIoHA mossipu3alusuIMHIaH IUIEHKA SIPATHILN
Owinan Oy ycyn ommaBuiiamu0 ketau. Mnuram npuHOunu — yam Ba YHT
cTepeokypTiukiap Oup BakTAa TYypiaM TNoJspU3alUsIaHraH Oypyak OCTHIA
npoekusiaHaan. Tomoma sca Moc GUIBTPIM Ky30iHaK OwiaH amanra
OLIUPUTIA/IH.

Pactpiau crepeoycys. bupnHunm Mapra Ky30MHAKCU3 3 yIMaMiIi TacBUDP
XOCWJI KWIUII Ba Kypuin ycyiauHu beprtee Ba JInzeranmap 1896 #tmnga takmud
KWIKIITaH. YOy ycyn acocujia EpyFiIuKHA CYHIUPYBUU Mapajuiesl pacTp ETajiu.
YOy TeXHONOrHs NPHHIUIH 5.24-pacM/Ia KYpcaTruiraH.

5.32.pacm. JIunzanu pactp €paamujia CTepeoTacBUP XOCKI Kuuiil. Yar Ky3
Y4yH TaCBUP MIAPTIN PaBUINIA KU3UJI PAHT OWJIaH, YHT KY3 y4yH 3ca KYK paHr
Owan GenrajaHraH.

V3 VpHHIa caBoll maiiio 0ynaau. bynaait Typaaru TacBUpiIapHU KaHai SKpaHiap
(MoHuTOp, nucruiel) Hamouum kKwia onaau? bup 3D gucruieir cudatuma 3D
TAaCBUPJIAPHHU KY30MHAKIapCu3 €KUM KylIMMYa KypWIMallapCh3 HaMOWMII Kuia
OJIAINTaH Xap KaHJal TypAaru IUCIUICHIIApHHA TYLIyHaAMU3.
3D nucnneinap TexHonorusacu Oyitnya 4 Typra OyiuHaau.
1. Crepeockonuk. Yam Ba VHT Ky3/1ap ydyH ajqoxujaa OViarad TacBUpIapHU
HaMOMWMII KUJIaIu.




8.
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. 3 ¥n4aMiu TacBUp XOCWJI KWIMII yCcyJulapuaaH AHarnuuk ycynara Tabpud
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MynpTukypununuid. bup HeuTa keTMa KeT Oyiran pakypciaap HaMOMHIIN
OpKaJIu XaKMJIM TACBUP HAMOMWUII KWJIA/IH.

["onorpaduk. Y3nycus 6yinran Epyrimk cUrHaiIapu €paamuaa 3 yigamiam
TaCBUP XOCUJI KHIIA]IN.

Bomtomerpuk. TacBupHHM BEKTOpJIap €KW HYKTajap XapakaTy €paaMuaa
XOCHJT KUJUO 3 YIIyaMIMIIUK XUCCUHU Oepajii.

Ha3zopart caBoJiapu
Ep ycTu TeneBUACHUECUHUHT SIHTU aBJIOJUHM SPTUJIUIIUTA acOCaH KaHJau
ommiap cabab oymau?
DVB-T2 saarm crasgaptu wnuiad 4YWKWITaHIA YyHra KaHnmad Tamabmiap
Kynmiau?
T2-MI maket cTpykTypacu TapKUOMHU TYITYHTUPHUHT.
T2 xaHauM KOAJIall TU3MMHAA OPAJATHIIHMHI KaHAail KacKaljiapu
ALuIaTuiIaan?
T2 Tu3umu YTKa3yBUAHIUK KOOWJIMATH OJITUHTH aBJIOJ TU3UMHIAH KaH4Ya
MUKaopra apkiananm’?
ATSC Ba DVB-T Tuszumiapugaru TeXHOJIOTHK (PapKiu KUXaTIapuHU caHad
YTHHLI.
ISDB Ba DVB-T Tuszumiapugaru TeXHoJIOTHK (papKiu KUXaTiapuHu caHad
YTHUHT.
3 Yyamim TacBUP XOCHJI KUJIUI YCYJUTAPUHU CaHAO YTHUHT.

OepuHT.

10.3 ymuammm TacBUp XOCWJI KUIWIN ycyinapumad [lomspuzamusum ycynra

Tabpu(p OCpPUHT.

11. 3 ymyamnm TacBUp XOCHWJI KWJIMIN ycyiuiapuaaH Pactpnu crepeoycysra

Tabpud OCpuUHT.
DoiigaJaHIITaH agaduéraap

Digital Video and Audio Broadcasting Technology A Practical Engineering
Guide Third Edition, by Walter Fischer, printed at Springer Heidelberg
Dordrecht Germeny 2014. Chapter-22, 23, 35, 36, 37.

Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the
DVB Framework Third Edition, by Hervé Benoit, printed at Focal Press
Elsevier, USA 2013.

Three-dimensional Television. Capture, Transmission, Display. H.M.
Oractas, L.Onural (Eds) Springer USA 2014. Chapter 1, 3

“ Pakamnn TeneBunenne” X.C.CoatoB Ttaxpupu octuna W.A.I'aBpuios,
T.I'.Paxumos, A.H.Ily3uii, X.X.Hocupos, III.M.Kangupos. Tomkent 2016.
400 Oer.
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V. AMAJIMA MAIIFYJOT MATEPUAJLJIAPU

1 — amanumii MmamFya0T: 3aMoHABHII KeHT opMaT/IH Ba paKaMJIiu
TeJIEBU3MOH THU3UMHMHT y3aTHII Ba Ka0yJ KWJIHUII sKapaéHJapu.
Pakamuiu TereBuaeHusiga TB CUrHAJTHUHT TY3WIMIIHHH.

Nmpan makcaa: MabiyMOT CUFMMH, YHUHT HIUIa0 4YMKapyBYAHIIUTH,
SHTPOINHUA Kabu TylIyHYanap ypraHuil.

Macananuur Kyiuaumu: CTaTUK TacBHp XyCyCHSATIApWHH OaxoJiar,
VHAArd OpPTUKYAJIUMKHH MabiAyM OHUp aiaropuTM OWJaH CHKUII MAaTeMaTHK
MOJICJIMHU MIUTA0 YUKUII BA aMaIUETTa TABCHUSI KUJIHILL

Haszapuiit mabaymoriaap. MabiyMoT Hazapusicu - Oy CUTHalI Kaiita
UIUTANIApU OKUOAaTHaa XOCWI OyiIaaWraH MabiyM Oup KOHYHHSATIAP KETMa
KeTJIUrd. YOy KOHYHHUSTIIAp TYpJid ajoKa KaHAJIapUHU 0axoJiall Ba MabJIyMOT
MaHOau Ba KaOysl KWJITYBUMCH OpacHJiard aJOKaHW YpHATHUINra XU3MaT KWJIAJIu.
MabiyMOT y3aTyBuM ajoKa KaHa/UIApMHU  COJIMINTUPHINIA 3ca  ymoy
KOHYHUSITJIAQPHUHT MUKAOpUHN Oupnuru 1927- iinnga XapTiu TOMOHUAAH TakIud
KWIMHTaH. by OupIIiMK MabJAyMOT CHFUMU J1€0 IopUTHiia OOIIJIaHTaH Ba KyWHIaru
TEHIJIUMK €pJlaMH/1a AHUKJIAHTaH.

C=log,m. (1.1)

M — TU3UM TYpJIK XoJatiaapu coan. Macaman m=2, a=2, C=I1 6ut/c, (1.2).

MabiyMOT CUFMMH MabIyMOT MaHOAuWHU TYIWK Tabpudiail onamaiau.
Myxumu, BakT OUpAMIM HWYMAAa KaHYa MUKIOpAArd MabJIyMOT  XOCHI
KUJIMHAETTaHUHU OWJINII MyXUM. ByHUHT yuyH MabJayMOT MAHOAMHHMHI HUILIA0
YMKAPYBYAHJIUIN Oupiuru kuputanaau. Y R xappu Ownan Oenrunanu0
KyHuaaru KaTTajJuk €paaMua aHUKJIaHau:

R:C, (1.3)
T

T — MabJIiyMOT MaHOAMHUHT BakKT OWUPJIMIY WYUJA WINUIA0 YUKAPHUII YUyH
KETaJIuraH BaKTH.

MabiayMoT MaHOAUMHUHT HIIIA0 YMKAPYBUYAHJIUTH YHUHT YHUHT YerapaBuid
uMKoHUATHHM Oenrunaiinn. P{A} xomarmaru Oab3u Oup A xonarmap yuyH |
MabIyMOTIap MUKAOpH [IIeHHOHHWHT KyWHIard TCHTJIUTH aCOCH/Ia aHUKJIaHAH.

P{A}I=-log,P{A}, (1.4)

Jlorapudm onaumaru muHyc Oenrucu P{A}<1 Ba MablyMOT MHUKIOPH

noumo mycOat oynuimau Tapmuriaiiam 0 < P{A} < 1.

butrra mocmikama kenaguraH yprada MabIyMOTIAp MUKIOPH XaOapHH
Koutamaary 3QGEeKTUBINK YIUOBA YIYH XHU3MAT KWIUIIH MYMKWH. By Oupimk
IHTUPONHSA JCHUIaIM Ba MaTeMaTHK KyTwima cudartuna anukiaanaan. P{A}=0
yayH sxTumMoimuk 0 — Py mawiaymoTiap Mukaopu sca [=Iy P{A}=1, xomnar yuyn
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aca [=1) 4, (1.4) ra Kylingaru anMaluTupuIl KHpUTaMus3:

1 1
H=Pql¢+P111=P¢log 2P+ Prlog, - (1.5)
0 1

Arap xabap 2TazaH OpTHK XoJiaTra 3ra 0yJca, SHTponusi Kyiuaaru gopmya
OWJiaH aHUKJIaHA]U:

m m 1
H =2 Pi’lO(Ele’i:E1 Pi-log 25 (1.6)

I-xomatHuHr Pl — ampuopaiy 3XTUMOJUIATH; M — yMYMHH XOJaTIapHUHT
COHJIM MUKJIOPH.

H — Hmax 6ynranga Pi = %n’ OyHmaii xoyataa
1
H=H nxx=m{ —log,m |=log,m=C.
m

Kanan yTraza onumm MmyMkuH O0yiaran | mabiymoTiap XaxMu (CUFUMM):

|=F-Tlog,| 1+
Pu

F — xanan ytkasuim nosjocacu; 7 — xabap y3aTWIHII JTaBOMUWUIUTH; Pc Ba
Puw — Moc paBulia cursan Ba IOBKUH KyBBaTIIapH.

dopMynagaH WyHAAW XyJocara KEJIWHTaHKW, [IOBKMHIIAD Yy3UJa OK
IIOBKMHTA 3ra Oyiaau Ba ynap XaMm XYM IIyHJal CTaTUCTUK CTPYKTypara sra
OynuIay.

, (L.7)

(1.1)-(1.7)  dopmanamapman  ¢doitmanmannd, — Xapmim  ycyiauua
KEJITHPHITaHUAEK TypIH TaCBUPIapHHU OaxomaiiMus.

OHr cogga OYynraH OK-KOpa TacBUpHU KypuO uHMKaMu3, Xap Oup

AJIEMEHTHUHT M EPUTUIITAHJIMK Tpajalusiapd COHM Y3uea XOoC mypoacuiapumu.
DneMeHTIap MabJIyMOT Xaxmu (1.1) TeHrnuk épaaMuia aHUKIaHA N

C,=log,m, (18)

Kanpuunr N Ta sneMeHTIapuiaH TalIKUI TONTaH TaCBUP MabIyMOTHHUHT
XXMM 3Ca Kyrujaruya:

C«=N-log,m. (1.9)

g MHKJIOpJAard Kajpiap K€TMa KETJIUTHAAH TAIIKWUJI TOITaH TaCBUP CUFUMH
3ca Kynujaruua:
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Cq=0-N-log,m. (1.10)
lynnait kummb | qmax:CqZQ'Ck’ (1.11) — TB TacBUpAard MUHHUMAI

MUKIOpJard MabJIyMOTIap MUKIOPH.
MabnymoTinap MUKIOpUHU aHWK Ounum TB Tu3umMHU >PQPEeKTUB KypHIl
UMKOHUSITHHH TakKIuM J3Taau, JeKWH Oy erapiu »mac, SbHU OepuiaéTran
MabIYMOT KJIacCH TapKHOWJa KEIyBUM YypTada MabIyMOTIap OKWMHUHH, SHHU
SHTPOIUSHA OVJIHII JIO3UM. MabIyMOT Ha3apHuscu OUp Ya4amiid CUTHAIIAP YIyH
unurad ynkuarad, TB curaan sca Ous3ra MabIyMKH KV YIT9aMiIl XUCOOJIaHa !,

Ninu 6akapui y4yyH HaMyHa
N=16x16=256, m=3, ¢pparmMeHTH ydyH OK, KyJpaHT Ba Kopa paHriap. by
epaa Co =1og , 3 =1,58 our, Ck =256x1,58 =404 Owur.
TacBupHM Tabpudall ycyiapu:

1-ycyn. Illaptnum paBumga aOoHEHTHapra Yy3aTWIAaE€TraH CHTHAJIHU
DJIEMEHTIAPUHUHI MHIEKCUHM Ba PaHIMHH 00opamu3 Ba ynapHH I, Ba I, 1e0
oenrunad onamus:

| =1+l (112)

v — MyxXuToaru xolnamrad YpHH TYFpUCUAa MabiayMmoT; Ié — €purunran
Japa)kacu TYFPUCHIA MABIIYMOT.

Xap KaHJai 3J1€eMEHTHUHT JKOMIallraH )KOMMHY KypcaTuill yuyH yHH log » N
ra TeHr OyJIraH MKKWIMK KOAH OWjIaH aJIMAIITUPUII JIO3UM.

EpUTHIraHnuK oSleMEHTIApUHU  KOjjialml  ydyH logoM  GupiurugaH
dbolnananamMus:

| ,=N-log,m, (1.14)
[ynnait kw6 | =1 ,,+1,=N-log,N+N-log,m, (1.15)

busnuar mmcon yuyn asca N=16x16, m=3, Irc = 256x8+256x1,58 =
2048+400 = 2440 out. Wkkuaum tenraurumus (1.15) na Cxk = Nxlog , m = 400
OUT SKAHJIWTUHY aHUKJIAII KUHUH dMac.

2 ycyn. AOGOHEHTra paHT MHUKIOPHHH (QakaT Tema, MacT Ba YHT, dar
yerapaBuil MUKIOpiIapuHu xyHaTtamus: Irc = ls = Nxlog , m = Cx = 256x1,58 =
404 6ut. Hatmwkana onuHry yCeyiaad Kypa 6 6apodap kam MUKIOpard KuiMarra
SpULIAMU3.

busra MabaymMKum Xap KaHAal ajoKa KaHAJIM TapKUOWIa IIOBKUH Ba
XaJIMKUTIAp MaBXyJ Ba OM3 CUTHaj TapKuOHWra MIOBKMH OWJIaH Kypalluil Y4yH
OPTHUKYAJIMK MabMOTHHHM KUPHUTHUIITa MakOypmus. By opTukda mMabiymMOTIapHU
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Ky MHUKAOpAa OepuiIMIIM XaM HyKodumiapra oau0 xeiaumu MyMKuH. [yHUHT
YUyH XaM Y0y MUKJOPHU ONTUMAJI TaHJIalll MyXHUM.

3 yeya. 2 ycyn OwiraH MyTaHocuO, (apku IIyHIaKM y3aTuiaérran xabap
UIIOHWIMJINTUHU OUIMPHUILl YUYH Xap Oup caTp Ba KaJp OXHUpUTa OPTUKYA XUMOS
CUTHAJIM KUPUTWIAAHU. YOy ycyn OujiaH 3aMOHABUM TEJEAMUTTUPHUIILIAD UIILIA0
KEJIMOK/1a.

Ha3sopar caBosuiapu

=

MasbiayMoT Ha3zapusich HUMa?

2. MabiyMOT y3aTyBYH aJloKa KaHaJUIAPUHH COJIUIITHPHUIIIA dca YOy
KOHYHUATIAPHUHT MUKIOPHIA OUpIauru OupuHYH O0YIu0 KuM Takiud
KHJITaH?

3. MabiyMOT y3aTyBuH ajloKa KaHaJUIAPUHH COJIUIITHPHUIIIA dca YIIOy

KOHYHUSTIAPHUHT MUKIOPHIA OMpIUru HUMa?

MasbiiyMOT curuMu J1e0 HuMara antiujaa’?

MabiiyMOT cCUFUMHU KaHJall popmyia €paamMuia aHuKJIaHaan?

MabiiyMOT MaHOAUHUHT MIILTA0 YMKAPYBYAHJIMTY HHMAa Ba y KaHJal

aHUKJIAHAIU?

7. DHTUpONUA HUMA?

o o b

TaBcuss KWIMHAAUTAH agaduéraap

1“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier,
USA 2013.

2.http://dspdav.nm.ru/

3. http://center.neic.nsk.su/
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2- amajuii MalmFyJa0T: 3aMoHaBuii KeHr GopMaT/iv Ba pakamJin
TeJIeBU3MOH TU3UMHMHI y3aTHII Ba Ka0yJl KWJIHUII KapaéH/Iapu.
Pakamuiu TesieBuaenusiga TB CUrHAJIHUHT TY3WIMIIUHH.

Mumpan Makcaa: TeneBU3WOH TacBUP CUTHAUIAPUHM PAKAMIIA XOJaTra
VTKa3WIMIL  KAapaCHUHUHT OUpUHYM OOCKMYM — KBAHTJIAIl YKapaCHUHUHT
MaTeMaTUK ACOCIIAPUHU YPTaHUILI.

MacanaHuHr KYWMJIMIIW: KBaHTJIAII KaJaMUHU Oeirujam TapTuOu Ba
KBaHTJIAlI IOBKUHUHU a0 0yiui cababiapuHu TaAKUK KUJIAII.

Kuckaya naszapuii Mabaymor. BuaeoMabiyMOTIIapHH pakamill XOJaTra
VTKa3uIlga yIapHU KaiTa uIuiam >kapaéHUHUHT OMPUHYM OOCKMYM caTX, Oyinda
KBaHTJam Aeiiunaau. by sxapaén Oup ymuamim Ba KYI yI4amild CUTHAILIAP YUyH
Xxam Oup XuJ1 60CKUY1a aMalra OUIMpUIIaIu.

KBantnam skapaéuu cudaruga CUTHATHUHT JAMHAMUK JUANa30HUHUHT
AKYHJIOBYM JIHUCKpET Japakajnapra OynuHummra adtunaan. Carx Oyiinua
KBaHTJIAII JKapa€HU OPTUKYA MabIyMOTIIApHU OJIMO Tanuiam >xapaéHUHU HAaMOEH
KWIagyu. YHUHT KYJUIaHWIMIIKAA HadakaT TEXHOJOTHK >KUXaTiap Oanku 0ab3u
oup ncuxoduznonoruk cabadbnap xam uHoOarra onuHagu. bymap:

1. BUACOMABIYMOTHU y3aTHIN €KUM KalTa WILIANI MalTUa YHUHT TapKuOuaa
HIOBKUHJIAPHUHT OOPJIMTHA YHUHT TTapaMeTpiiapura TabCup Kuaaiau;

2. BUJCOCHUTHAJUIAp/a  pyXcaT OTWITaH Jdapaxaid Y3JIyKCH3 XoJjaTiapia
KYJUIAHUIIIM OPTHUKYA MabIyMOTIapHHU OapTapad 5Tajau JICKUH KBAHTIAHUII
IIOBKMHUHU XOCWJI KUJIaJU.

3. BUJICOMAabIyMOT KaOysl KWIYBYHCH 4YerapajiraH EpyriuK MUKIOPH Ba
PaHTIIMIIMK JTapaKaCUHU CE3UIT KOOWIIUATUTA ATAITUTH.

Nnu 0akapuin y4yH HaMyHa
BuneoMabsinyMoTinapau catx, Oyiinya KBaHTJIAHUIIM CUTHAIHU (a30 Ba BAKT
napaMeTpiIapuHH XucoOra oJIraH XoJiJ1a amajra OLIMpUIIaIu.
KBanTinaHum gapaxacuHu OeJIruiiaml acocaH y3aTUiaaéTral paKaMiii CUTHaII
TE3JIUTUra KyMuiaaurad TajgadJapHy Oenrmiamaa IoKOpy YpuHra KyTapuiaiu.

>

Eekix

A3
Al

A >
AN FANE AN &40 Eex

2.1.pacm KBanTnaHui xapakTepUCTHKACH.
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VY31yKcu3 KUpYBUM KaTTAIMKIApPHU caTX Oyiirya KBAHTJIAHUIIU TEKUC EKU
HOTEKCH TakcHUMJIaHTaH XAl, Al Jgapaxajard KBaHTJIAHHII XapaKTEPUCTHKAIAPH
Ounan Oenrmnanagu. bup ymuamny CHUTHaATHUHT KBAaHTJIAHUII XapaKTEPUCTHKACH
2.1 pacM1a KENTUPUIITAH.

KBanTnam nmapakalapuHUHT KYITHH KBajapaTiapu opacuaaru macoda
KBaHTJall KaJaMM Jeiuiaau, derapaiap opacuuard macoda sca KBaHTIAHHII
XapaKTEPUCTUKACHU IeUUIaav. S'’bHU KBAaHTIIAHUII TAPAXKACU SHT SIKUH MHTEpPBAJTa
axauTiaaHagd. KupyBuM YHHUNONSp CHTHAJ XapaKTEPUCTUKACHUHU KyWHJaruda
€311l MyMKHH:

Elluk‘,y:_gl AI 1{E7<up_A|}’ (21)
=1

Oy epna Exup, Euux — xupyBud Ba 4yuKyBYM curHamiap; Ai (i=1,2,3, ..., n) —
KAPYBYM CUTHAJHUHT KBaHTJIAHUII Kagamiiapu; Al — KUpPYBUH CHTHAJI KBAaHTIAHHUIII
yerapanapu; 1{*} — kyiiugaru mwapt OaxxapuiiyBuu “Oup” QyHKLIHS:
Y= {{*}< O0yuyn.0 .
{*}>0yuyn.1
Xyanu my tap3zia OunoJisip CUTHaJ KBaHTJIAHUII XapaKTEPUCTUKACUHU XaM
€311 MyMKUH:

Equk,a{'z:Ai-l{ng—Ai}, (2.2)

KBaHTnaHum caTx Ba dYerapaJapuHHHI HOTEKHC TakcumiaHummua (2.2)
udoaa Kyluaarnya KypUuHHII OJIAIH:

Egblx,5=A-+Zn1{E8x—iA}, (2.3), T.k. Ai = A = const, a Ai = iA.
-Nn

KupyBun curnan KBaHTJIAHMINI Yerapacu Ba YMKYBYHM CHUTHAJ KBAaHTIAHUII

JTapakaiapy MakCUMymiIap/ia KyHuaard TeHIIIuKIap €épaaMuga aHuKIaHaIu:
max max
K KU
Azillu y Azip y (24)
(2-n-1) (2-n-1)

Oy epa 2n — GUMomsip CUrHaja KBaHTJIAHUII JapaKalapUHUHT YMYMUN COHHU.

KBanTnanui XapaKTEPUCTUKACH V3 ypHUIa aMIUIUTY1a
XapaKTEePUCTUKACMHUHT OWp Typu Xam xucoOmanaau  Euux = F(Exup).
KBaHTimaHwWin  XapakTepUCTKACHIAaH  TallKapyd  KBaHTJIAHWII  >Kapa¢HHIA

KYJUIaHWUJIaural Kydautupum kodhPhuumueHTH TylmryH4acu xaM MaBxkyna. by
KaTTaIMK Kyiuaaru udoaa paMmuaa aHUKJIaHAIN:
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Q:M, (2.5)

Kup

-
Ml A2 Far gl Bxog

2.2. pacm. KBanTnanumr xapaéHugard Ky9auTHPHII XapaKTePUCTUKAIAPH.

(2.3) hpopmynanu (2.5) ndonara kyinod Kyinaarnda KMiauo €310 OJNUIT MyMKHH:

n—oco XOJIaTW/Ia KBAHTJIAHUII TEHI TaKCUMJIaHaAuraH Oynca FEuux =
F(Exup) xapakTepUCTHUKAaCH YM3HKIW KYpPUHUIIQ =Qo0=const oOxagu, n—>oo
XOJATHHUHT HOTEKWC TaKCHUMJIAHUII XOJATHAa 3ca HOYM3MKIN Q = Qo = const
KYpUHUILTA YTaH.
KBanTnanui xapakTepuCTUKACH Ba KydauTUpHII KOd(DPUITUEHTIapU Opacuiaru
OOFMKJINK Oy — 2JIEKTP 3aHKUpJap TMHUsICUIAru (pa3a Ba BaKT
XapaKTePUCTUKAIAPU OpacuIaru OOFIUKINK TEOPEMACHHU JCIIaTaIH.

KBanTnaHuII NIOBKUHU

CurHaJIHM KBaHTJIAHMIII Japa)kacd Ba 4YerapajlapuHu SKyHUW XoJiaTra
KeJITUpray, KailTa THUKIAHYBUM TacBUpAa KaHaJ IIOBKUHJIAPU TabCUPHUIA
HOYM3UKJIN Oy3WJMIUIAp XapakTepura sra OYJraH KBaHTJIAHUII IIOBKUHHU XOCHJI
Oynaan. Ym0y IIOBKMH Japa)kaCh KUPYBUM CUTHaJI (a3oBUM Ba BaKT
napaMeTpijapura y3Bui OOrIMK. MacajaH, IOBKHHHUHT IOKOpH OOCKHYJIapua
EpYFIMK CUTHAJUTApU cakpamuiap kKaOu y3rapajd Ba OpTHKYa KOHTypiap Mano
Oynummmra onud Kemaau.

KBanTnanum MmOBKUHMHN MabJIyM dYerapainjapja Y3rapTHpUIl MYMKHH.
Ymly MmOBKUH JapakaCUHU TMacaUTHUPUIN YYyH Kylugard OocKuuiIapiaH
dbornanaHuIa u:

1. unoxku 60prya KBaHTIAII KaJaMUHU KYTIPOK Kinb Tannam K = Kmax;
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N

yidy KaJaMJapHu y3rapyBUaHINTMH TabMUHIAI K = CONSt;

3. KaliTa MuUTaHa€TraH CUrHaj CTaTUCTUK XapaKTepUCTHUKAIAPUHU MOC KalTa
WIUIaIl TEXHOJOTHUSCH EpAamMuia KYyJUIalll;

4, xymuMua €EpaaMud CUTHa/UIapJaH (TaXMUHUH, JeTepMUHJIAHTaH EKU
yIapHUHT apanammMacu) (QoiianaHu®d MIOBKUH CYHIUPYBUM  Macka
CUTHAJUIAPYUHHU KYIJUIAIL;

5. TB TexHukaga — Moc 4acTtoTa JucKpeTu3anusiciau Mmoc TB carp €ium Ba
TallyBYM CUTHAJUIAP YacTOTaldapuiaH (HoJaTaHuMIIL.

f o>p-f  =(3-4)f

(2.6) p —fp.maw curHamu rapMOHUKACH.

ouc p-mauw p-maut’

YacToTa AUCKpETU3ALMSICH YYYH SHT KYN KyJUlaHWIaauraH Oupiauk p = 3, Oy
xoJlataa
fp-maw =4,21 (4,41) MI'u, fouc = 3x4,21 (4,41) = 12,63 (13,23) MI'n.

Ha3zopar caBoJsiapu

1. BuzneoMabiyMOTJIapHU paKaMJiiy XoJaTra YTKa3ullia yJlapHu KailTa Uiuianl
KapaCHUHUHT OMpUHYM OOCKUYHM KaHJai O0CKUY Jerniaau?
KBanTnami xapaéuu ne6 KaHaai sxkapaénra aiTunaam?
KBautnain kagamu 1e0 KaHgal KaTTAJIMKKA ailTiiaan?
4. KBaHTJaHTaH CUTHAJ MabJiyM Oup yerapana sxiautianaau. LIy gerapa
KaHaal HoMJIaHaan?
KBaHTnaHui MoBKUHU HUMa Ba y HUMa cabadaaH naiao 6ynaau?
KBaHTnaHuil moBKUHUHU OapTapad KWINILI Y9yH KaHJal UIljiap amaira
olIMpHIaan?

AnaOouétsiap Ba MHTEPHET pecypciap
1“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier,
USA 2013.
2.http://dspdav.nm.ru/
3.http://center.neic.nsk.su/
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3 — amaumii mamrryJsaot: Pakaman monyasinus typiaapu. MPEG-2, MPEG-4
CTaHAApPT CUKUII opMaTIAPUHM, YHUHT NPOQUJIADUHM BA aCOCHH
XYCYCHATIAPHMHH YPraHuIl.

Nmpan makcaa. Typaum panr crapgapmiapuga (R, G, B) xamna,
Eputiiraniuk Ba panrgapk curnamapunu (Y, U, V) 8x8 ymuamaaru 61okinapaa
JUCKPET-KOCUHYC aJIMAIITHPUILI YCyJIUZa KaWTa HIUIAIl >Kapa€HUHU TaJIKUK
KWJIMILL.

MacajaHMHI KYUMJIMIIY. [[UCKPET-KOCUHYC aIMallTUPUII TPUHIUIIMHA
Yprauu6 ynkum. Kogep cukuin koeGUIMEHTUHUHT Y3rapuIIuHu KaiTa
TUKJIAHTaH TaCBUP cU(aTUTa TAbCUPUHU aMaTUETIa CUHAO KYPHII Ba YpraHnuo
YUKUII.

Kuckaua Hasapuii MabaymMoT. 3aMOHAaBUIl TENEBU3HMOH THU3MMIIApAa
CUTHAJUIAPHH CHUKHUII XKyJa MyXUM axaMuATra 3ra. TacBup Ba BUJIEO CUTHAJTIAPHU
CUKUIIHUHT OMp KaH4a ycysutapu MaBxyal. XKopuit amamuér ummaa KA ycynuna
TaCBHp CUTAHJJIApUra pakaMjd HILIOB OEpUIl aJTOPUTMUHU TaxXJ I KUIJIAMU3.
JKA ycynu xkaM XaTOJUK KWJIYBUM HIIUIAII TE3JIUTH OYiHn4ya IOKOpU KypcaTruura
ATANIMTU OUJIaH aXpanuod Typaau.

Ty¥pu Ba teckapu JAKA ycymiapu Kyluaard TEHIJIMKIAp €paaMuia amalira
omupmianu (1, 2)

FUY) = WACUCWY S p(x y){COS%}{CC’SM} @

x=0 y=0 16
2% N 2x +u 2y +1)v
f(y)==3 > C(U)CH)F(u,v)cos ST oo By + DV
N u=0 v=0 2N 2N (2)
Oy epna: rpaguk  OJOKHMHT U -BepTHKal V —TOPU30HTAI
KOOpJIMHATAJIApH;

X — MIKH OJIOK BEpTHUKAJ KOOPJINHATACH,

Y - UYKH OJIOK TOPU30HTAI KOOPJAUHATACH;
u,v = 0 yuayr C(u), C(v) = 1/72

Ba U,V £ 0 yayn C(u), C(v) =1

Yy ycyn KaapHU CHTHAJIM MaTpuuajaap aebd atainyBuu 64 (8x8)
nuKcen ymyamaard Onokiapra Oymummra acocianaau. (1.pacm). Cyurpa
ym0y CUTHAJUTM MaTpullajgap MOC KaTTAIMKAAru 4acTOTalM MaTpuIlajiapra
allTaHTHpUIAAM Ba HWKKW YiYaMid MaTpuiia cudaruga TOPU30HTAI Ba
BEepTUKAN HyHanunuiap Oyinda kypuob uukwianu. Keitnaru 0ockuunga ymoy
MaTpulla aJTOPUTM KYJUTAaHMAacUTra KUPUTHITaH Maxcyc MaTeMaTuk (Gopmyra
épaamuaa Kaita unumaHaau. Hatwxkama MaTpUIlaHWHT FOKOpPH-Yall KUCMHU
AJIEMEHTIIapy FOKOPH YacTOTald Ba KOJTaH JJIEMEHTJIAPU MAacT 4YacTOTajH
aJieMeHTIIapra ailllantupuianu (2 pacMm).
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216 | 213 | 211 | 211 | 213 | 217 | 220 | 221
218 | 217 | 218 | 221 | 224 | 226 | 226 | 226
217 | 219 | 223 | 227 | 229 | 229 | 228 | 227
221 | 223 | 227 | 230 | 230 | 230 | 230 | 230
231 | 231 | 233 | 232 | 230 | 230 | 233 | 236
229 | 229 | 228 | 226 | 223 | 225 | 230 | 235
218 | 220 | 221 | 219 | 217 | 219 | 226 | 232
213 | 218 | 221 | 220 | 219 | 221 | 228 | 234

1.pacm. bupnamuu TacBup €pyFiauK NUKCEIUIAPU CUTHAJUIM MaTpULIACH

1793 | -22 6 -7 1 1 0 0
-12 0 -7 10 1 1 0 0
-35 -6 7 0 -1 -1 0 0

0 9 11 0 0 1 0 0
0 0 0 -1 0 0 0 0
-12 -1 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 -1 0 0 0 1

2.pacMm. JIKA nan xelinH KaiiTa UllUIaHTaH MapTuiia Ko uimeHTiapu

JKII crnekTpuHUHT aB(3auIMrd IIyHAAH HOOpPATKU, CIEKTP SHEPrUSICUHU
acoCUil KUCMUHM TAIIKWJI 3TYBYM YaCTOTA SHEPTUS MabiyM OUp KHUCMIa HOJMHYU
gacToTa aTpoduaa HUFHIIaIn.

RLE umuHuHT 3QGEKTUBINIMHA OIIMPULT YUYH 3UT3UTCUMOH KaiTa UIIIaIl
ycyiu Kysutanuiaau (pacM 3), Oy ycya )Ky1a KaTTa CUKUII KoePUIUeHTUHU
OJIMII UMKOHUSITUHU Oepajin, JeKUH 0y KO3 PUIMEHTH pyxcaT 3TUITaH
MUKJIOPJAaH OIIUPUINO 1000puica TaCBUpIa HYKONMHILIAP Mai10 OVIUIIN MyMKHH.
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3.pacm JIKIIna koadduirieHTIapuHu 3ur3arciMoH YKWIHIIN

4.pacm. JIKII ycynu acocuaa 75 MapTa CUKWITaH TaCBUP

Hactyp Ky/L1aHMacu
JlacTyp MakeTH MKKUTA aCOCUI MAaHEJJIaH TAIIKUJ TOITaH:
- KypcaTHUIl HaHEeIn
- OOULIKAPUIII TTAHEIIH
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', X

3arpysute...

KypcaTnimn naHeauaa IOKJIaHTaH TacBUp Kypcatu® Typwiaaud. Arap
IOKJIAaHQJIUTaH TAaCBUP YIIYaMU MaHelra CuFMaca y Jarjad €K TenajaH KeCHJIa/Iu.
bomkapumn maHenuaa IOKJIaHTaH TacBUPHM  KalTa WIUIOBYM  >Kapa&HHU
OomrkapyBuH Oapya 3apypuil 3JIeMEHTIIap >KOMIAIITUPUIIA]IH.

FZEMM255 220 180 140 255 (255 189
242 255 229 164 136 255 (255 247
224 255 245 171 159 254 (255 255
249 255 252 171 149 228 (255 255
2564 246 255 191 136 203 (255 285
235 230 255 216 131 178 252 247
248 242 255 216 146 192 250 255

_ SERUSEEE ':"33_ 240 249 256 252 218 25h |25h (255

Bua komnoHeHTel

VICROQHEIN M3CCHE

' F [kpacHbid) % [aprocTs] M accue nocne nparora JKN
taccue nocne ofpatHoro ORI
G [zeneHe] 1 [yeTHOCTE ChHero]

[T ekn./BEIKN. KEAHTOESHUE

o B [ronyon) W [UBETHOCTE KpacHorD)
M1 3arpers oxHo METRHLA KESHTOEAHMA. .
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| L TR =
. 1576 LY 335 -9 -171 58 21 -1
-123 -3 106 123 82 -31 -3 -27
22 0 -67 48 1 0 0 -28
-b9 38 9 -16 0 44 1 0
25 -1 -22 28 1] -1 0 1]
-24 19 -2 -1 0 1 1 0
0 1 -40 1 1 -1 0 -1
HEenueHHs B ’ﬁ paz 1 1 1 0 0 1 0 0
v 'J Eraliinore M cxogHEIR MaccuHs ]
C R Vi st
* G [zeneHeii) " U [upeTHOCTE CuHero)
= " B [ronytioii) " W [uBeTHocTE KpacHara) =
J1 3axpeme orro MATPMLE KESHTOBAHKA. .

e =

B zlie =19 2fjz 2lfE 2|7 2] 2fa 2
16 2|16 #{[22 =]|2¢ ={|27 2| ={[>+ =7 2
9 sff22 #][26 |27 2{[29 &[[34 =3¢ ={[8 2]
122 sffe2 #][26 |27 2{|29 &[[34 =37 3{|40 2
22 #ffes #][27 |29 #{|32 2{[35 ][40 ={|48 2
B EE I EEIEE I EE I EEI I EE
126 #{[27 #][29 =3¢ 2{[e8 &][46 =56 ={[63 =]
127 #{f29 #][35 =38 2{|46 &[[56 =69 ={[e3 3

KCGquJHLLHEI'ﬂ'bI MATPHUEI KEAHTOESHWA

CraHaapTHbIE SHAYEHKA
YpeHewute B 2 pasza
YrieHblwuTe & 4 pasa

Becel

Broed

Bce 8

Boo 16 x OTreEHLTE
Boe 32 ; ey

Bbynnan Ttamkapu OolikapyB TMaHeNWAa KaWTa WIUIAHTaH  TacBUP
napeMeTpjIapuHu XaM KYpHUIl MyMKHH.

NHuHr 0akapuani TapTudn

1.  JlaGoparopwus MIIMHUHT BUPTyasl TaCTypPUHH HINTA TYIIHPHHT.

2. «3arpy3uthby» TyrMacuHu 00CcH0, CHHATYBYM TACBUPHU FOKJIAHT.

3. TacBup xocun Oynrad “kypcaruin MaHETMHUHT HWCTajJTraH KUCMHIa
CUYKOHYAHMHT Yar TyTMacuHU OOCUHT. Aparuiran 0ok yiauamu 8x8.

4, Oumiiran OWHAHWUHT «HUCXOJHBI MAaCCHUB» peXUMUIA OupiIaMyu

MACCHUBHHHT TIapamMeTpiiapy KeJITUPHUIITaH.

d. «Bux kommoHeHTBD» Oynmumumarn Oapua (R,G,B, Y, U, V)
KOMITOHEHT KE€TMa-KeT KUPUTIINO, CUTHAJIJIM MaTpHUIAJap XucoO0oTiaapu Oupma-
OUp OJTMHAIY.
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6. Ouwnnran oitHaHUHT «MaccuB nocie npsimoro AKID» pexxumura yTubd 5
NYHKT/AArd aMajHu KeTMa-KeTJIMKAa Oa)KapyHT.

1. Ouwiiran oWHaHMHT «MaccuB nociie ooparHoro JKII» pexumura
YTHO 5 MyHKTIAaru aMajaHu KeTMa-KeTJIMKAa Oa)KapHHT.

8. 2Kopwii oliHaHU ENMUHT.

9. Hactyp oiHacumaru «Marpuua KBaHTOBAHMSI» KHUCMHHU OOCHO,

naiijo Oynran oWHajga yHUHT OUpIHMIUHU «l» ra TYFUpiaHT Ba KUMMAaTIapHU
caky1a0 ofHAaHU EUHT

oo oo S

O O = O O O
O O = O O O
O O = O =
O O = O =
O O = O =
O O = = = O
O | O | O = S
| |1 j|1 j|1 j|1 j|1 j|1 j|1 j|1

k0a DOMUHEHT b METPHUEI KEAGHTOESHWA | I

Lob ) Lab) Lab] Lab] lab] Lab] L] Lot ]

[TaHaapTHEIE SHAYEHUA
YreHewwTe B 2 pasa
YMEHEWMTE B 4 pasa

x OrreHuTe | |
o Coxpanime I

Cyurpa acocuit manengaru «KonupoBanue» TyrMacwHH OOCHHT Ba jkapaéH
Tyrarad OUpiaM4d Ba KOJJIAHTaH CUTHAJ KHAMAaTIapUHU €310 OJTUHT.

F HM e
i~ Npeotp.

Mox. pasmep:

Pes. pazmep:

k= pas
Pacy. o, |

Ymly KuiiMaTIapHU TMaHeNAa KYpCcaTWIl XOJATJapuHU Y3rapTUPHIN YIyH
«Mcxonnoe» Ba «lIpeoOpa3zoBaHHOe» TyrMajapu €pAaMuaa amajira OIIUPUII
MYMKHUH. XOCHJI OYJIraH HaTH)KaJapHU COJIUIIITUPUHT.

Hazopart caBosutapu
1. Amnanor tacBup pakamiiu Xosataa KaHaail uoaananaaun?
2. Huma maxcanna tacBup 8x8 ymuamnu nukcen Onoxinapura OyinuHaam?
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3. YUV wmyxutunarun panrapaan ¢oiigananuimi RGB myxutuman kypa
KaHAai ad3ajuimkiIap TaKaIuM Kujaaau?

4. JIUCKPET-KOCHHYC  alMAIITUPUIIHUHT  Ba3udacuHu  Ba  (QU3HK
XyCYyCUATIAPUHU TYLIYHTHPHUHT.

5. AKII anmamTupuinga 3Ur3arcMMOH —YCYJHUHT — KYJUTAHUJIMIITUHUHT

MAaKCa/IMHU TYITyHTUPHHT.

KBanTnam marpunacu Ba3upacHy TYIIYHTHPHUHT.

7. bnoxnu Oy3ununuiap naiao OYIMIIMHUHT cabanapuH TyIIYHTHPUHT.

o

doiigananniarad agaduéraap

1“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.

2. Cxatue nzobpaxenuii B aericteun. /[x. Muano 2006.

3. NurepaktusHoe TB M.U. Kpupomees 2004 Mocksa
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4 — amaymidi MmawryJor: Pakamoau moayasauus typaapu. MPEG-2,
MPEG-4 cranaapt cukuiu GpopMaTIAPUHU, YHHHT NPOPHIIAPUHHA
Ba ACOCUM XYCYCUSAT/IAPUHU YPraHMIIL.

1. Ampan makcaa: AManuil UIIHM Oakapullifa THUHIJIOBYM KyWIarujiapHu
V3IaTUPUIIN KEPAK :

— BHUJCOMABIYMOTIAp XAKMUHU CHKUIIA KYJUIAHWIAQIUTaH JUQTUHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIHW Ba WU PKUMUHH VPeaHUUL,

— CTaTUK TacBUP BUJICOMABIYMOTIAPUHU CHUKHII Japa)kacura TacBUP
CTPYKTypacH Ba Ky UTaHUIAETTaH (PYIIBTP TYPUHUHT TABCUPUHH OAX0.1all OAUL;

— CHUKHUII Japa)xacl KaTTaJurura TaCBUpJArd MYKOJMIILIAp Ba BEWJIBIIET
AIMAIITAPUII TYPJIAPUHUHT TabCUPU TYFPUCUAA OUTUMIAP2A d2A OVIULLU.

2.Macajnanunr Kyiuiaumu: Tommumpukaap

2.1. Typnu xanp Ba ctoxen 780x576 ymuammaru BMP ¢opmariu 3-4 ta
CUHOB TaCBUPJIAPUHH FOKJIAHT.

2.2.Tannanran tacBupjapHu Sta Beiier ¢uiabrpiapugan (Deslauriers-
Dubuc(9,7); LeGall(5,3); Deslauriers-Dubuc(13,7), Haar, no shift per level;
Daubechies(9,7) yTka3u0 kaiita umniair, cuHoB cudaru 10.00 xonaruza.

2.3. OnuHraH HaTWKaJapHU KaaBajl IMakiuaa €310 OJTUHT.

2.4. CHHOB TacBUpJIapH XQ)KMUHHUHT KYyJIJIaHWJIAETraH BEUBIET PUIIbpIapUra
OOFJIMKJIUK TUCTOTPAMMACUHU YU3UHT.

2.5. OnuHTaH HATWKAJIApHU TaX A KAJIHHT.

Kuckaua Hazapuii MabJayMoOT.

BeiiBieT aJiMalITHPUII ACOCHAA MABJIYMOTJIAP XA)KMHUHHM CHKHIL

Ym0y amanuii WIjiaH MakcajJ BEHBJICT aIMaIlITHPHUII acoCHa TEJICBU3HOH
CUTHAJJIAPHYU CUKWII YCYJIMHM TaJKUK KWIUIL. AMAIUET UIIU KyJlaHMacuaa >KaMu
4ta wm Ky3na TyTwiraH OYiauO THHIJIOBUMIIAp ydyH Oatadcun WYpHUKHOMA
cudaruga OepuiraH.

BeliBieT anMalITUpUITHUHT YMYMHAHN TaxJIUIU

Pakamiu TeneBuieHUe1a TACBUP CUTHAJIApUTa UILJIOB OepHIll yCyliapuaH
Ooupu Oynran BA ycynu oxupru maltiapaa KEHT KYJUIAHUIUO KEeTUHMOKIA.
TexHomorust anroput™Mu yTran acpuHuHr 80-imuiapuaa ['poccman Ba Mopnenap
TOMOHHMIAH APATHIraH. YOy TEXHONOIUs SpaTWINIIMTa acocuii ca6ab JIKY Ba
@yppe aaMalITUPUIL YCYJUIAPUHUHI aCOCUN KaMUWJIUKIApUaAaH Oupu Oynaran
KaiiTa THUKJIaHTaH TacBHpJa Maigo OynanuraH HYKOTHIUIAPHU OJIAUHU OJIMLI
Oynran. byHpgaH Tamkapu TENEBU3MOH CUTHAJ  Mypakkad  IIaKjjaru
UMITyJIbCIIapAaH TAlKWI TONTaH. YOy UMYJbClap JAaBOMUUIUIHM Ba Japa)kacu
y3aTWIAETraH BakT OUPJIMIH MUYMJa y3aTUiaa€TraH ClokeT Tapkubura kapad 300
Mapraradya y3rapu0® Typulld MyMKUH. bByHpmalt xonatiap ydyH TapMOHHK
GyHKIUSIap — MNHKCeIIapu  JACKOPPENSUUSACHHU  KYJall eTapiuya
camMapaJopJiuKHu ~ OepMaiiii  Ba  CHUKUAII KOO DHUIMEHTUHUHT  FOKOPH
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MUKJIOpJapuaa HMYKOTUIUIAPCU3 CUKUII HUMKOHMSTHH Oepa onmMaiau. ANHHKcCa
CUKMII KO3(QUIMEHTHHUHI MacT dYerapajapujia TacBUp Maija CTpyKTypajap
HuruHarCcH cudaTtuaa HaMoEH 0ynu6 Komaau (pacm 16).
I )|

= Bowon
- AleX Inc.©2006

a) Kcxk=25 mapta 0) Kck=3,5 mapra
1.pacm JIKA acocuma TacBHpJapHH HYKOTHILIAPCHU3 CHKUII HaTHKaJIapu
oy 2= tzponu
BHY [ 12 S P ‘|‘2+le'—|—+
OBY e |2 [—im tz | wBY L) s b
oBul»{ |2 : o] 1zl opa|—t
: 2
®PHY - PHNLTPp HHEHHX 4YACTOT + - Npopesueanue

DBY - PUNBTPp BEPXHHMX 4YacToT +2 — HHTepnoOnAUuMWA

3.pacM. BeliBreT aMalITUPUIIIHUHT YMYMUI CTPYTypa cXemacu

TacBup ukku ymuamnum curHain Oyiarawnauru Tydaitin yan BA ycynuaa
KaillTa Wnulam WKKA OOCKMYJa aMayira OIIMPUIIaJIA: aBBajl caTpiap, CYHIpa
YCTYHJIAp KaWTa WIJIaHAAU EKU TECKAPUCH.

XaapauHr SHT onauii BA ycymu OVitmua, 21a koadduiueHTIap macT Ba
IOKOpY 4YactoTanu ¢uiabTtpiaapaad yTuo, [TYD nHaTwxkamapuHu HKKH KYIIHU
HyKTanap yprada kuiimatu Ba FOU®D kuiimatnapu sca coniau auddepeHunaminig
JapaxkajnapuHu HaMO€H Kunaau. Hartwxkana ukkura Apng) Ba Dipngp Maccusmap
xocui 0Vnaau. MaccuBiap sneMeHTiapu Kyiuaaru udoaa épaaMuaa aHUKIaHATH:

A = Sak + Sau Sy =S

2 : :%,Wepnake[(h%).

Y xodppuuuenTIap annpoKUUMaKuMa Ay curHamuapy, OY
ko3 unueHTIapu dca Aeranusaunus Aedmiaaau. bynngai xomatnapaa A Ba D

D,
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MacCUBJIapyra 3ra 0yirad Sy OMpiiaMun CUTHAJIHU KalTa THKJIAIl MyMKUH (pacM
4), ANz Ba Dpngp MaccuBnap connm KuiMaTiapu dca EpTWITaHINK HyKTalnapu
cudartuga HaMOEH OYau.

Hexommerit curaan S

I T [T T TTT1

Anmp oK cHMALHA A [N/2] Aetamnamus Do)

4. pacm BeiiBieT- 1eKOMIIO3UIIMS TPUHIIUATIN

BenBier y3rapThpuIl NOPUHOUIIMHA S-pacMaa KENTUPWITaH MUCOJIA,
TaCBUP CUTHAIMHM Y3TapTHUPUILIA KYPUILIT MyMKHH.

OunbTp Oy KMUKMHA ‘“‘nepa3zaya ~ makinga Oynub, y epaa €pyriuK Ba
paHryiap TNHUKCENb KUWMATIApU KEATUPWITaH BEUBIET — (QYHKIUSHUHT
kodhuimeHTIapura KynmauTupuiaaaud Ba KymaiTva KuWMatiap WAFUHIUCH
ONlMHAIU. VYHIaH CYHT “aepa3aya” OomKka KUMMaTHH XUCOOJall —Y4yH
CWDKUTHIAAU. BujneomabiyMOT/IIapHU TOpU30HTAN HyHanuiiga QuiIbTpIian
OoKMOaTuga MKKUTa MabIyMOTJIAp MACCHUBHM INAK/UIAHTUPWIAIU: TAaCBUPHHUHT
acocuii  axOOpPOTMHM TallyBYM [AcT 4YacTOTaJd Ba OamopaT  KWIKMI
XaTOJIMKIIAPUHU ¥3 MUMTra OJTaH I0OKOPU YacTOTaJId MaccuBiap (6-pacMra KapaHr).
[TacT Ba IOKOpHM 4acCTOTAJIM MAacCHBJIAp BEPTHUKAN WyHaJWIIJAH yTrad sHa yJap
KyIIMMYa BEPTUKAl WYHAIMIIHUHT IMACT Ba IOKOPHM YaCTOTAIM MACCHUBJIAPUTA
oymuuaawnap. Llyngait kim0, QuiubTpmamgad cyHr MXN ymyamuparu OWtTTa
TaCBUP YpHHMIA BEWBIIET Y3rapTHpPHII HaTHXacuia 4 MapTa KAYHAKIAIITUPWITAH
(m/2) x (n/2) Vymuamuparn TacBup makgo Oymamm (6 O-pacm). Cukuin
caMapaJiopJIMTUHU  OIIMPUII  y4yH TMAcT 4YacTOTaJd TAaCBUPHU  BEHBIET
y3rapTupuig OujaH Kym MapTa Y3rapTHUpUIl MYMKHH, SbHUA TAacT YacTOTalu
KucMaa | mnukcens KodaryHua. AManuérna ysraptupunuiap 3-6  MapragaH
omMaiau. Be#iBrer kodh(UIMEHTIApHUHT TMAacT Ba IOKOPU  YacCTOTaIH
MacCUBJIApUHU MKKHM Kappa y3rapTHUpuIUIapaH KEWHHTH OJMHraH TacBup (6 O-
pacMa) J1a KeITUPHUIITaH.
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P a

5-pacm. [lacnaOku TacBUp Ba caTpiap Oylinda BelBIeT —
JEKOMITO3ULIUSICUIaH CYHT

Mynaait kuub, kynm maporada BeUBIET AeKOMIO3UIMsIIAI (Y3rapTUPHIIL)
HaTWXKAacua, anmpoKCUMAIIMsUIAll MAacCUBHUIA KyJa KMYUK TacBUp oJuHaau (6-
pacMaaru Terma yam Oypyak/ia) Ba allHM BakTJa Y KHYUK XXMM axOopotiap
MabIyMOTHUHU TaITKAI AT/, MaccuBHUHT KaTTa KUCMHUHH
JeTaMU3alUsIAIITUPral HOJUIap €KUM KUYMK KO3 uiueHTiap Tamkuwi ytaau (6-
pacMaa Hosira Kuiimatu 128 Oynran Kyjd paHr MOC Kenajau), yjap CTaTUCTHUK
KOMIIpECcop/ia SXIIM CUKUJIAIM Ba KaTTa CUKUII KOA(D(UIIMEHTUTa SpHUIIHINTa
UMKOH OepaJiu.

a) 0)
6-pacm. TacBUpHHUHT caTpiap Ba yCTyHJap Oyiinua BeiBieT puiabTpiaapu
épramuaa y3rapTUpHILI Ba UKKM MapTa y3rapTUpPUIIAAH KEUHHTH XOJIaTH.

lynnaii ityn OunaH oMMHTaH BeHBIEeT KO GUITMEHTIap KUMaTIapu
KBAaHTJIAHA/IW Ba CUKUIITHHU OOIIKAPHUII YIyH CTATUCTUK KOMITpeccopiiap €paamMusa
CUKMJIAI XaMJia IIyHAaH CYHT YMKHUII OKUMUTA E3WIaA. X03UPTH alTaa, aBBal
AUTWITAHUJEK, TACBUPJIAPHU CUKHILJA KEHT KYJJIAaHWJIaAUTaH BEUBIIET
dyukusiiap Kyinaaruinap: Kosn — looemm — ®oso (CDF22,CDF24,CDF97),
Bustacenopa — V610, Koiipman — BCW3 Ba TS2/6, MIT97 BeiiBneriapu.

3.MmHMHT 0aKapuJIMII TAPTHON
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3.1. BeliBneT BUICOKOACK NaCTYPHUHH FOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOJHBIX U300pakKeHUN», TyrMacuHu Oocud
TaHJaHTaH TacBUp (Qailimapuian OUPUHM IOKJIAHT. Arap HaMOWHUII KUJIMII
NaHeIn1a TaCBUP OJIIMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3.  Hamolium Kujul MaHenuaa TacBHp maigo Oynrad, yHu paHrdapk
Oyiinua KalTa wuHUIal TYpUHW TaHjdam, MacaimaH, YUV 4:2:2 Ba
«KonBepTupoBatk» TyrMacuHu 6ocuiil j103uM. CYHIpa HaMOWUII KUJTUII TaHeIn/1a
RGB ¢omarura yTkasmiran Ba KaiiTa WIIUTaHTaH TaCBUP XOCKJI OYiaau.

3.4. «Konep» BKiIagkacura YTHHT.

3.5. «KauectBo» spHM cudar kypcarrnunnu 10.00 kuitmatra co3naHr.

3.6. «/lomomaurensHO» TyrMacunu 6ocuO, Intra BeHBIET QUIBTP TUIIMHU
Deslauriers-Dubuc (9,7) xonarra co31ab oiuHr, arap OyHTa dXTHEXK ce3nica.

3.7. Co3namanapHUHT KymmM4a oitHucaHu (JloTmoTHUTeNTsHO) EHIHT.

3.8. «Hauarp komupoBaHue» TyrMacuHu Oocub, Komtam >kapaCHUHU
OolUTaHT.

3.9. Komnmam HaTwkanapugaH cukuil  kodddUIMEeHTH Ba  Yprada
k03 QHUITMEHTIApHHM KaiBayra E3U0 OJIUHT.

3.10. Hamotinm kumumn ma"enuaa «JlekoaupoBanHbie H300paKeHUs» SbHU
JIEKOJIepJIaHTaH TacBHp INYHKTH akKTHUBIamagu. by MNyHKTAa KailTa WIUIaHTaH
TacBUp cU(aTUHU BU3Yyasl COTUIITHUPUIIT UMKOHUSITH MaBXKY/I.

3.11. Coznamanapman OomIKa TypJard BeWBIeT (DUIBTPIAPHU TAHJIAHT Ba
3.6-3.10 nyHKJIapaa KeATUPWITaH aMaJUlapHU Oa)KapuHT.

3.12. 3.2-3.10 nyHkTapHu 6ap4ya CHHOB TaCBUpJIapH YIyH KYJUTaHT

3.13. lactypHu €nuHr.

4. Xuco0oT Tapkudu.

4.1. XwucoOoT TapkuOuja KOAJIAll TapaMmeTpiapu, TypJd Kuilmariap
KYJUTaHWITaH ard HaTKaiap, OUpIMKIap *aaBa MakiIuaa OYIuIm Kepak.

4.2. Yusunagurad TrucTOorpamMmaiap Xap OWp CHHOB TacBUPH YYYyH
aJIOXH/1a YU3WIIUII JIO3UM.

4.3. OnuHraH HaTWKaJapHUHT KUECUH TaxXJIWIMHU YTKAa3WHT Ba acOCHU
XyJIOCaJapUHTU3HU E3UHT.

Ha3zopar caBosiapu

=

BeiiBneT anMamTHpuUI yCyiau KUM TOMOHH/IaH SIpaTUjIran?

BeiiBneT anMamTHpUII ey HUIMA YOyH XU3MaT KAJIAIH?

3. JAKY Ba BA ycymnapuia TacBUp CUTHAJUIAPUHU KalTa ulianl
aNropuTMIIapu (papKuHU caHad YTUHT?

BA ycynuna kangait Typaaru Gpuiatpiaap MaBxy?

ATNMPOKIUAMAKIUSA Ba JeTaTN3alvs TylIyH4Yanapura Tabpud oepuHr?

N

ok

DojigasaHnIraH agaduéraap
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1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.

2. Cxatue nzobpaxenuit B aeicteuu. [[x. Muano 2010

3. UatepaktuBHoe TB M.U. Kpusomees 2010. Mockga




5 — amaJyuii MaIIFyJaoT. Y4 yHHOBﬂd‘i’eﬂean{eHnﬂHnHr amaJjjga
KyJJ1alll MMKOHMAT/IapU. Pakamiin TeJieBUACHUSAHUHT CYHbUH
HYJ1011, MOOMJI AJI0KA, Ka0eJl TU3MMJIAPH OPKAJIH
TAIKWLIAITAPUII Xycycusariaapu. DVB pakamiiu TejieBUACHUSIHUHT
KaTeropusijiapu

1. Ampaan makcaa: AManuil MIMMHA Oa)kKapuIlia TUHTJIOBYM KyHdarmiapHUu
V3IamTUPHUIIN Kepak :

— BUJEOMAbIyMOTJIAp XAKMHUHM CHUKUIIAA KYJUIAHWIAJUTaH JTUQTHHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIHW Ba WU PKUMUHH VPeaHUUL,

—  JI€KOMITIO3ULIHS HUKJIJIapH COHUHUHT y3rapuiim CTaTUK
BUIEOMAbIYMOTIIap CUKUIL KO3(ppuLineHTura TabCUpUHU 6axoail onu,
—  JI€KOMITO3ULIHS HUKJIJIapH COHUHUHT y3rapuim CTaTUK

BUJICOMABIYMOTJIAp CUKHII KOA((DHUIMEHTHTa TAhCUPUHN YPTAHUII TAXPUOACUHU
VTKa3uil Oyinda ourumaapea sea oyauuiu.

2. Macananunr Kyiinwanmmu: Tonmupuxkiaap

2.1. BeiiBner anmamTvpumgaa JACKOMIO3UIUS IUKIUIAPU COHUHHUHT
y3rapuiiyd CTaTHUK BHACOMAbIyMOTIap CHUKUII KOd()PUIMEHTUra TabCUPUHU
Yyprauum taxxkpudbacunu cudar daxktopu Oupnuru 10.00 kuiiMatra TEHr Xojatnaa
YTKa3UHT.

2.2. OnuHraH HaTW KaJapHU KaJaBajl Iakiauaa €310 OJTUHT.

2.3. CuHOB TacBUpJIApH XOKMUHUHT BEUBICT AJIMAIITUPHUIIM MHKJUIAPU
COHHTA OOFJIMKJIMK TUCTOTPAMMACHHU YH3UHT.

2.4. OnuHraH HaTWOKAJIapHU TaxXJIUJI KUAJIHHT.

Kuckaua Hazapuii MabjaymMoTiap 0yinda 4-amajauérra Kapamr.

3.MIHUHT 02a:KapUIHII TAPTHOH

3.1. BeiiBneT BUICOKOEK TaCTYPHUHHU FOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOIHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJaHTaH TacBUp (Qaiinmapunan OWUPUHHM FOKJIAHT. Arap HaMOWHWII KWJIUII
naHeJnJa TaCBUP OJAMHJIAH IOKJIaHTaH Oyica 3.3. myHKTra YTHUHT.

3.3. Hamoiinm kwmii naHenuja TacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaWTa wWHUIal TYpUHW TawWjdam, MacaimaH, YUV 4:2:2 Ba
«KonBepTupoBath» TyrmMacuHu 06ocuill jJ03uM. CYHrpa HAMOWKII KU TaHEeIn 12
RGB ¢opmarura yTkazuiarad Ba KaiiTa UIUIAHTaH TaCBUP XOCUI OYIaau.

3.4. «Komep» BkiIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 Kuitmatra co3naHr.

3.6. «lonomuurensbHo»  TyrmMacuHu ~ OocuHr Ba  «lmyOuna
npeoOpa3oBaHus» SbHU KalTa MIUIAIl YYKYpJIWTd KUHAMATMHM 2 Ta TEHT KUIUO
CO3JIaHT.

3.7. CoznamanapHUHT KymumMYa oHacuHu (JloToTHUTENbHO) EMUHT.

3.8. «Hauate kogupoBaHue» TyrMacuHu 00CUO, KO KapaéHUHU
OoIIaHT.
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3.9. Hatmxanapuu (cukuin ko3 PUIeHTy Ba KaiTa UIIIall BAKTHHN)
XKaaBayra €310 OJIUHT.

3.10. «I'nyOunsl mipeobpazoBaHus» KuiiMatuHu 3; 4; 5; 6 KuitmMataapura
co371a0 3.6-3.9 mykHT amautlapuHu Oa’KapuHT.

3.11. 3.2-3.10 nynkTinapHu 6apya CHHOB TaCBHPJIApH YUyH KYJIJIAHT.

3.12. JlactypHu €nuHT.

4. Xuco00T TapKkuou.

4.1. XucoOoT TapkuOMaa KOJJIANl IMapaMeTpiiapy, TypJud KuHMataap
KYJUTaHWJITAHAard HaTIKajaap, OUpIMKIap *aaBal MakiIuaa OYIuIny Kepak. YHIa
TypJAud  CIOKET  TacBUpJApW  KOMJIAHUIUMAA  BEWBJIET  aJIMAILTUPHUILINJIA
JEKOMITO3UIIMS TUKIUIAPU COHMHUHT y3rapuily 2 JaH 6rada KuilMaTiap opajufu
YUyH KEITUPWIHILIN KEpPaK.

4.2. BeliBleT @JIMalITUPUIIMAA JACKOMIO3ULMSA UUKIUIAPU COHUHUHT
y3rapumu  Ba  CHUKMII  Ko3pduuueHTnapu  ypracugaru  OOFJIUKIIUK
rUCTOrpaMMallapuHu Xap OUp CHHOB TaCBUpJIapy yUyH YU3UHT.

4.3. OyMHraH HaTW)KAJIAPHUHI KUECHM TaxXJIWIMHHM YTKAa3MHT Ba aCOCHM
XYJOCAJIAPUHIU3HU E3HHT.

Ha3zopar caBoJsiapu

=

BeiiBeT anMamtipuin yCyJIMHA WIUTANT TAPTHOWHA TYITYHTHPHUHT .

BeiiBeT anMamtipuin yCyJIUHAHT alTOPUTMHUHH TYITYHTUPHHT.

3. JlexoMIo3unus MUKJUIAPU COHMHHWHT Y3TapHIlld CTaTHK BHACOMAbIyMOTIIap
CUKHII KOd(pHurreHTHra TahCUPHHN 0aX0JIaHT?

4. BA ycynuaa kaiiTa unuiam uykypyuru «l myOruHa nmpeoOpa3oBaHus)
KHUIMaTH CUKUII KO PUIIMEHTUTa KaH1al OOFIINK?

5. JexoMma3urus TyluryH4acura Tabpud 6epuHr?

N

DoiigaJaHIITaH agaduéraap

1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.

2. Cxarue n3obpakennii B nerictsun. J[x. Muano. 2010.

3. NatepaktuBroe TB M.U. Kpusomees 2010. Mockaa.




6 — amauii MAIIFYJI0T: Y4 YIY0BIM TeJACBHICHUSTHUHT aMaJIIa KyJ1al
HMKOHMATIApHU. Pakamiiu TeJleBUICHUSIHUHT CYHBbUH Y1011, MOOMT
aJI0KA, KaldeJ1 TU3MMJIAPH OPKAJIM TAIIKU/LIAIITHPULI Xycycusitiapu. DVB
PaKkaMJIM TeJIeBUICHUAHUHT KAaTeropusijiapu

1.Amaan makcaa: Amanuii WIIMHA OakapuIila THHTJIOBYM KyHJarmiapHu
Y3IAMTUPHIITN KEPAK :

— BHJCOMAbIYMOTJIAD XAKMHUHU CHKHUII YYyH KYJUIAaHWJIAIWTaH BEHBIET
KBAaHTJIATW4 Il PSKUMIIAPU Ba XYCYCUSTIAPUHU YpeaHUll,

— KBaHTIarnyga cudar (PaKTOPUHUHT Y3TapuIlM CTATUK TaCBUPJIIAPHUHT
CUKHII KaTTAJIUTH Ba YIAPHUHT CU(DATHHY Y3rapuIlura TahCUPUHH OAX0.1atl OUl;

— KBaHTIarnyga cudar (PaKTOPUHUHT Y3TapuIlM CTATUK TaCBUPJIIAPHUHT
CUKHII KaTTAJIUTH Ba KalTa TUKJIAHTaH TaCBUPJIAp CUPTUHU Y3TapuIli TaKpUOacH
oyiinua ounumaapea 22a oyauuL.

2. MacananuHr Kyinanmu: Tonmupukiaap

2.1. Ksantnaruuyna cudar (baKTOpUHUHT y3rapuim CTaTUK
TACBUpJAPHUHT CHUKMII KaTTaJUTM Ba YJIAPHUHT CU(PATUHU Y3rapuiiura
TabCUPUHU YPraHyBUM TAXKPUOAHU YTKA3HIIL

2.2. TaxpubanaH OJMHTaH CHUKUII Kod(pduiumeHtu Ba Yypraya cudar
KaTTAJTMKIIAPUHU >KaJIBaJl IIaKIuAa €310 OJTUHT.

2.3. MabaymMoTinap XaKMHHH CHUKHUII KOX(GOUIIMEHTH Ba CHHAIYBUU
TacBHpiap ypraya cudar KypcaTrHuJapuHUHT cudar ¢(akTopu Y3rapuiiura
OOFIMKJIMK THCTOTPpaMMaJIApUHN YH3WHT.

2.4. OnuHraH HaTWOKaJIapHU TaxXJIUI KAJIHHT.

Kuckaua Hazapuii MabjaymoTiap 0yinda 4-amajauérra Kapamr.

3. NumHuHr 0akapujanim TapTudn

3.1. BeiiBneT BUICOKONEK NTaCTYPUHH FOKJIAHT.

3.2. «3arpy3uTh HaOOp BXOJHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJAHTaH TacBup (Qaiimapunan OWUPUHHM FOKJIAHT. Arap HaMOWHWII KWJIUII
NaHe u1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamoiinm kwmiil naHenuja TacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaWTa wWNUIal TYpUHW TawWjdam, MacaimaH, YUV  4:2:2 Ba
«KouBepTupoBath» TyrMacuHu 06ocuill jJ03uM. CYHrpa HAMOWKII KWW TaHeIn 12
RGB ¢omarura yTka3uiaran Ba KaiTa UIIUTAHTaH TaCBUP XOCHUJI OYau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarruuuHu 9 KuiiMaTra CO3JIaHr.

3.6. «Hauare xomupoBaHHME» TyrMacuHu OOcCHO, KomJjall >KkapaéHUHU
OOIILJIaHT.

3.7. Harwxkanapau (cukui koddduinmeHnTn Ba yprada cudar) >kaasaira
€310 OJTMHT.

3.8. «KauectBo» kuiimarmHu 8; 7; 6; 5; 4; 3; 2 KuiiMariapura cosiad
Taxpubanu 3.5-3.7 MyHKTIIAp OYiinda TaKpOPIIaHT.
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3.9. 3.2-3.8 myHkTnapHu 6apya CHHOB TaCBUpJIApU YUyH KYJUIAHT.
3.10. lacTtypHu €nuHT.

4, Xuco00T TAPKUOM.
4.1. XwucoOOT TapkuOHAa KOAJAIl MapaMmeTpiiapu, TypJH KuiMatiap
KYJUTaHWITaHAaru HaTKayiap, OUpJKiIap *aaBai MakiIuaa OYIum Kepak.
4.2. YuswunaauraH ructorpammanap Xap Oup CUHOB TaCBUPH YUyH alloXuaa
YU3UIIHILIHN JIO3UM.
4.3. OnuHraH HaTWXaJAPHUHT KHECHM TaxJIWIMHHA YTKAa3UHI Ba ACOCHU
XyJ0CaJapUHTU3HU E3UHT.

Ha30paT caBoJlIapmu

=

Yoy amanuéT ummaaH Ky3J1aHran Makcal Huma?

2. Cudar mapameTpu Y3rapHIIMHUHT KalTa HWIJIaHAETTaH TacCBUP CHKMIII
KO3 buLIMeHTUTa TABCUPH KaH 1Al ?

3. Amanuér UM aacTypujia TaCBUP CUTHAJUIAPWHU KaHAal Typaaru panrdapk
CTaHJapTIapu/ia KalTa Uiiam UMKOHUSITH MaBxXy/1?

4, Amanuér uimm JacTypu KaHjad ¢gopmaTaaru pakamsii TacBHpJapHU KanTa
WIIAN KOOWJIUATHTA dra?

5. «IlapamMeTpbl KOAMPOBAHUSN TTAHETUIA KaHIAM co3JIaManap MaBxKy1?

DoiaJaAHWITAH aa0uéTiap
1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the
DVB Framework Third Edition, by Hervé Benoit, printed at Focal Press
Elsevier, USA 2013.
2. Cxatue nzobpaxenuii B aericteun. /»x. Muano 2010.
3. NurepaktusHoe TB M.U. Kpuomiees 2010. Mockaa.




7/ — amanuii mamrysaor: DVB, ATSC Ba ISDB crangapriaapuaa
CUTHAJUIAPDHUHT MAKET TY3H/JIMIIH, YIAPHH IIAKIIAHTUPHUIL, KAUTA
HIIALI BA y3aTHII XYCYCHUSTJIAPH.

1. Mmpan Makcaa: AMaliui WITMHKA Oa)KapuIlja THHTJIOBYM KyiIaruiapHu
Y3IaITHPHUINN KEPaK :

— BHICOOOBEKTIIAP XapaKaTWHU KOMIICHCALMSIANl AacOoCHIa JUHAMHK
TaCBUPJIAPHH KalTa MIIUTAI YCYJUIAPUHU YPeaHu,

— TacBHpJIApJard Kajapiiapapo OPTHKYATMKHUA MabIyMOTIIAP BHICOOKHMHHU
CHKHII KaTTAJIUTUTA TAbCUPHHU 0AX01Al ONUUL;

— TacBHpJIApPJard KaJapiapapo OPTHKIATUKHA MabIyMOTIIAp BHICOOKHMHHHU
CUKHII KaTTAJIUTUTa TAhCUPUHK OaxoJiail oJUI OYin4a ourumiapea 32a OyauuL.

2.Macajanunr Kyinaumu: Tonmmpukiaap

2.1. Typnu cUHaTyBYM BUJCOCIOKETIApAATH Kaapiiapapo OPTHUKYAIUKHU
BUJICOMABIYMOTJIAp XAKMHHH CHKUII KaTTanurura  Ba 1B TacBuUpiapHu
JIeKOJIepJlalira TAbCUPUHU TaXJ NI KUAJIHIIL.

2.2. Cuxum  kodpduimeHtTd Ba  ypraya cudar  KaTTAIMKIApU
KUIMAaTIIapUHU KaJaBaJl MIaKIuaa €310 OJIMHT.

2.3. MabaymMoTiiap XaXMHUHH CHKUAII KOX(OUIIMEHTH Ba CUHAIYBYU
TacBUpijap Yyprada cudar KypcaTrHuIapuHUHT cudar ¢GakTopu Y3rapuiimra
OOFIMKJIMK THCTOTPAaMMAJIApUHN YH3WHT.

2.4. OnuHraH HaTWKAJIapHU TaxXJIUJI KUAJIHHT.

Kuckaua Hazapuii MabjaymoTiap 0yinda 4-amajauérra Kapamr.

3. WNmHuHT 0akapuauim TapTudu

3.1. BeiiBieT BUICOKOICK TaCTYPUHHU FOKJIAHT.

3.2. «3arpy3uTh HaOOp BXOIHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJaHTaH TacBup (Qailnmapunan OMPUHM IOKJIAHT. Arap HAMOWHUII KUJIMII
NaHeu1a TaCBUP OJITMH/AH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamoiium kwmii naHenuja TAacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaWTa wWHUIal TYpUHW TawWjdam, MacaimaH, YUV 4:2:2 Ba
«KonBepTupoBars» TyrmMacuHu 6ocuiil jJo3uM. CYHrpa HAMOWHUII KUJTUII TTaHEeIU 12
RGB ¢omarura yTka3uiaran Ba KaiiTa UIIUTAHTaH TaCBUP XOCHUJI OYau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 Kuitmatra co3naHr.

3.6. «Haware komupoBaHWE» TyrmMacuMHH O0cuO, Komiaml KapaéHUHH
OOIILJIaHT.

3.7. Harwxanapau (cukuin koddduiMeHTr Ba yprada cudar) >kaasajira
€310 OJIMHT.

3.8. 3.2-3.7 nyHkThnapHu Oapya CHHOB TaCBUpJIApU YUyH KYJUIAHT.

3.9. MactypHu €nuHr.
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4. Xuco00T Tapkuodm.
4.1. Xwucobor TapkuOujga Koajaml MapaMmeTpiapd, Typiad KuiiMamiap
KYJUTaHWITaHAard HaTuXKasap, OupauKiap *aasajl Makinga OYInIm Kepax.
4.2. Yusunagurad rucrorpaMmaiiap xap OMp CHHOB TAacBHpPU YUYH alloXHja
YU3UIIUI JIO3UM.
4.3. OnuvHraH HaTWXKAJIAPHUHT KUECUN TaXJWIMHU YTKAa3UHI Ba acoOCHi
XyJ0CaJapUHTU3HU E3UHT.

Ha30paT caBoJlIapm

1. BeiiBnet anmMamTHPHIN AACTYPH TAIIKU UHTEpQeiicn HUManapad noopar Ba
yJIapHUHT (YHKIHMOHANT Bazu(anapuHu TYITyHTHUPUHT.

2. Cuxui kKo3hGUIIMEHTHHHN XUCOOJATHUHT SHT OJITUN yCYJIM HUMAaIaH
ndopat?

3. Kaiita unanran TacBup yprada cudartu KaTTaluru Kaujaan Oupiauk Ouian
Ynaanaau?

4. Beiiner anMaitupuiil Ba JJuckpet KOCUHYC YCYJUIApUHUHT ad3aJUTUTH Ba
KaMUYMUJIMKIIADUHU KUECUM TaKKOCJIaHT?

5. CraTuk TacBHp CUTHAJUIapHUra KaiTa UiuioB OepyBUM sHA KaHAA
TypaapuHu ounacu3? Mucosap KeITHPHHT.

DoiaJaAHWITAH aga0uéTiap

1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the
DVB Framework Third Edition, by Hervé Benoit, printed at Focal Press
Elsevier, USA 2013.

2. Cxatue nzobpaxenuii B gericteun. [[x. Muano 2010.

3. NurepaktusHoe TB M.U. Kpusomiees 2010. Mockaa.




8 — amanuii MamryaoT: TacBUPHM IIAK/UVIAHTUPUIIHUHT AJTOPUT-MU.
Pakamuiu cUrHa/iHU WaAK/UIAaHTHPULL. TB curHajanu pakamiiu
TACBHMPJIALL. BA y3aTHII Te3Juru. TB TaCBUPHU CUKHMII CTAHAAPTJIAPH.
TejieBU3MOH CUTHAJHHU Koaaanl. Kanaaian koaJani.

HNmpan makcan:
TunrinoBumnapaa LabView MyXUTHHHHT (QYHKIHOHAI HMKOHUSATIAPH
TYFpucHaa OMJIMMIIAPHHU AKJUIAHTUPHUIIL Ba YIAPHUHT MajlaKaCMHU OIIMPHIILL.

MacajaHuHI Ky AMJIHIINA:

National Instruments LabView myxutin uMkoHUSTIApH OWIAH TAHHIIUIIL.
Ym0y MyxuTaa Maxcyc KypWIMaBHWii Ba JacTypuid TabMHHOT &Epnamuna TB
y3aTru4 KyBBaTUHU MKKU XWJI PEXKUM/IA YI4all TaKpUOACUHU YTKA3HILL

Kuckaya Hazapuii MabJIyMOT.

HamyHaBuil JaCTYyPpHUHI YMYMUH KYJUIAHMACH

Oxupru HWULIapaa paadod’leKTPOH BOCHUTAlIapuaa aHalol Ba paKaMiid
CUTHAJI MTapaMEeTPJIAPUHU TaXJIWJI KUJUI, yJap yCTHIa TYPJIM TEXHUK Taxpuoanap
Vyrrazum, MY curHammapHu KadTa WIUIANI, y3aTUIl Ba KaOynl KWJIMII
TEXHOJIOTUSICUHM ypraHuil y4yH Oup KaTop BHUPTyald JacTypiap UILIa0
yukuiaMokaa. National Instruments dupmacununr LabView wuHCTpyMeHTaN
nactypiam Twin Oy Oopajma yinkaH TaxpuOaap oiaud Oopmoknma. LabView
MYXUTUHUHT OOIIKa MyXUTJapJaH €KU JactypiiapjaH ¢apku IIyHIaKu, Oy
JACTypJia paauodJIEKTPOH BOCUTAIapra ouj 0apya TEXHOJIOTHK kKapaCHiiap ycTuaa
onmu0 Oopunaguran Taxpudanap 100 % pean myxutuHu sparaad. by sca V3
HaBOaTHAa WIIA0 YMKApyBUMJIAp Ba WIMHUM-TaAKUKOT YTKa3yBUWIap y4yH OHp
KaTop a(3auIMKIapHU TakKAUM 3Tagud. byHra Mucon Kuiaubd KyWHaaruiapHu
KEJITUPUILI MyMKHUH:

o Taxpubanap Ba WIMHI TAAKUKOTIAPHHU peasl MyXHT/Ia aMajra OMUPUIHIIN
opTuKkua capd xapaxkaTJIapHU OJJIUHU OJIA]IN;

e byHmaii >kapa€H TagKUKOTYM ¢EKM TalabaHUHT OHTHJIA peall MYXHT
TacaBBYypJapUHH Oepaiu.

AMaIMl HMIIHU MKKU XWJI PEXUMIA amMaira OIIMPUII MyMKHH. bupuHum
ycynaa tuzuMaa Maexya FOY reneparopu €praMua CUrHaJIapHU MAKIIAHTUPHO
pean BakT TB y3aTruy 4yuKuIll KyBBaTUHH Y4all UMKOHUSATUHU Oepanu. UkkuHun
xonataa sca “RF Components Testbench” crenmuaa BupTyan MyxuT €paammuia
TETULUIN TAAKUKOTIApHU aMalira OUIUPUII MyMKHH. YHHBEPCa AaCTyp MaKeTUra
KUPUTUJITAaH OMp KaH4ya dJIEMEHTIap OaHKW THUHTJIOBYMJIApra MYCTaKWJI PaBHIIA
TYpJId XWI PAAHOSIEKTPOH 3aHKUpJAPHU JIOMMXajall Ba TETUIUIM H3JIaHUII
xamja Taxpubanap YTKa3ulll UMKOHHSATHHU TakauMm dtaau. Kypunma tapkubura
kuputuiaran remeparop 2.7 I'Tuman 6.6 I'T' rava O6ynran paguoTyIKUHIAPHH
MIAKJUTAHTUPUII Ba y3aTUII KOOUIUATUTA dTa. AMaJMid UIIIaH KY3JIaHTaH acoCUi
Makcaq TUHrIoBumiaapaa LabView MyxuTWHMHT (QYHKIHOHAT HWMKOHHUSATIApU




IV. AMAJIMA MALIFYJIOT MATEPHUAJIJIAPU

TYFpUcHIard  OWIMMIApPHM  MIAKIUIAHTHPUII  Ba  yJIAPHUHT  MaJlaKaCHMHU
omupuIgad ubopar.

JacTypuil Ba KypuJIMaBHMil TAbMUHOT.
Tuzum Kyiina KeNTUPUITal KypuiMaBuil TabMUHOTTa (OJI0KIIap) Ara::

e 1OY curnayuiapu ananmuszaropu (RFSA 5661/63)

FOY curnamnapu reaepatopu (RFSG 5671/73)

RFSA, RFSG yuyH npaiiBepmap.

NI Modulation Toolkit

NI Spectral Measurements Toolkit

“RF Components Test Bench” ykyB cTenan

Hactypuii TabMHHOT, Oepuiran KypwiMa (HoHJaTaHuIl KyJUTaHMaCH
Ba BUJICOKYPCH MaBXy/Jl OYJITraH KOMIaKT-IUCK.

AMaJIuil HITHYA 0aKAPUIIAA TUSUMHHUHT YJIAHUII CXeMacH

mem NI PX1-10420

6

1.pacm. TuzuMHUHT Maxcyc kabeyb (a) Ba aHTenHa (0) épnamuga
YJAHUII CXeMAaCH.
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RAPOMENTE TEE TR NCH

2.pacm. “RF Components Test bench” crenam 3;1eMeHTIAPH.

0 &

3 pacM. AMaJuii MITHUHT 0AKAPUITHIITUAAATH THU3HM YJIAHUII CXEMACH.
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JacTypuil TABMHUHOT KYJJIAHMACH.
JlacTyp TOMOHUIAH spaTWiraH VYKyB Kypcu uHTepdericu 4-pacmia
KEJITUPUJITAH.

MNporpaMmMHoe 05ecneyeHne, NP NOMOLLKM KOTOPOTO MIEKEHEDPEI M3YHaHT HOBEIE CNOCODLI KaHaAbHOTO KOAVPOBAHNA U
| ANTOPUTME! MOAYNALMY NPY TECTHPOBAHUK PAAMOUACTOTHOTD OBOPY/A0EAHWUA, REARETCR DAHMM U3 BAXHeALLIMX
y 08, ACNDAL3Y WM HOBEY ALY € AOCTVKEHWA 8 obnactn reHepauy M NpYema PaavnocvrHanos,
cmcra2 i 132UV NOZO0GHOr0 NPOrpaMmMHOro obecneyeHa, HeobXoANMOro NP paspaboTke N3MepUTeABHOTrO
0BOPYAOBAHYA, BECEMA YAOSHO NCAL3OBATLHCS NPOrPaMMaMU KOAVPOBAHUS U MOAYNSUWY AAS FTEHEPALUK ¥ U3MEDEHVR
CAFHANOB NPY NOMO LM YHMBEPCAALHBIX MOAYNbHbIX BY npnbopos. NporpamMHbIv NoaAXoa K TECTVIDOBaHAID AdeT
NOAB30BATENO BEO3MOXHOCTb NOAHOM 3JanTalMi MMErIEroca 0bopya0BaHMA K PEWaeMan 3aaaue.

|

Pafiora 10
|

l Pafiora 11

4 pacm. [actyp unrepdeiicu.

CHYKOHYaHUHT TyrMacHu €paaMujia aMajliid WINHMA KHCKada KyJulaHMajlapu
OWJIaH TAHUIIUII MYMKHH.

NHu 0askapui y4yH KypcaTMa Ba HAMYHA.

1. TesqieBU3HOH Y3aTTHYHUHT YMKHMII KYBBATHHHU VI4alll.

AManuii MIIHA MKKW XWI PEeKUMJla amalira OUIMPUIIl MYMKHUH. buprnHum
ycyiana tuzuMaa masxy FOY renepatopu €paamuia CUrHaUIapHU MAKIIAHTUPUO
peast BakT TB y3aTrud uukui KyBBaTUHM YI4all UMKOHUSTHHU Oepanu. UkkuHun
xonataa 3ca “RF Components Testbench” crennuna Buptyan myxut €paammuaa
TEruIUIM TAAKUKOTIAPHU aMaJjra OIIMPHII MyMKHH. YHUBEpcal JACTyp NaKeTUra
KUPUTHITaH OMp KaH4Ya 3JIeMEHTJIap OaHKM TUHIJIOBYMJIApTa MYCTaKWJ paBUIIA




IV. AMAJIMA MALIFYJIOT MATEPHUAJIJIAPU

TYpJAM XWI PAAUOICKTPOH 3aHXKUPJIAPHU JOWMMXadall Ba TETHIUIM W3JIAHMUII
xamja Taxpubanap YTKa3ulll UMKOHMSTHUHHM TakauMm staau. Kypuima tapkuOura
kupuTwiiran reseparop 2.7 I'Tmwman 6.6 I'Tn raua OynraH paguoTyJIKUHIAPHU
HIAKJUTAHTUPHUII Ba y3aTUII KOOUTUSATUTA 3Ta.

5] Msaasnc e wouwy-ocTie cariand B nosce

KMzamepeHWe BeIXOAHOW MOLWHOCTW NepeaaTymKa

e TECTE W HACTRORKN CT N0 MERESEE MR B

AATOARTLLITAS CNeKTROrRasbda N HHAMSSWM0TD CHrHana
20

-19,898 gbam
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TECT N0 IBMEDEHIO ERICOSH0H NOUWHOCTH NEPEAITINKS

MPK BLINOAHEHUK Z3HHOTO TECTA HEOEXDAMMO NOALMOUATE BRNOA reTepoamHa (Local Dacillator output 1) ko sxoay
AHENAETOPA (BY CATHARDR (32 REHAS TOMKA HA PUCYHKE) NPV NONCILM (MENVansHorn <abens. [ erepatop (BHY cnrsanos 8
LarHOA PabOTE HE MCNONDIYEICA, HaCI10THEIR A1andsoH reHepMpyeMOro Ha CTERAE CANHAle HEXDAWTLS & avanascore or 2

Mu 2o 2,2 My, Oxvasemon MOWHOCTD SHIXOSH0T0 cvrnana - 20 abm
Cwcrena ly

)‘l"’""

= '.,.; o _meoew o o'n’

lfln I JLFL ':' ;llll .li

S0 CTEMY

Bunmarmc: Ecan MAPHMCPHOC IHANCHKC HIMCPACMON MOLUNOCTH 3EPANCE NCHIZHCCTHO, HCLAOTNYCTVIMO NPAMOC
MOANAIOHCHMUC HIMCPHTCALMNOTNO YCTROWNCTDR X NCTONNMKY CHIrMana. MaxcumanuHas ACSTYCTHMAA MOW MOCTL, KOTORYW
MONMHO HANPAMYIO TOAMAIDUNTL KO BXOAY FHANMZATOPA, COCTaERST l‘[\su B(QrA) WCNOAL3IYUTE ATTEHIOATOPLI, NPU
ITOAM HEOBXOAUMO TOUHO YNASATH SHAULHNE ONOPHON MOLWINOCTH CUTHANa ANE AHANWIATOPA.

6)
S-pacMm. ¥Y3aTru4d KyBBaTHHHU V/a4am JjadopaTopusicu uHTepeiicu.
Xap Oup TecTHU OakapuIlJ]JaH OJIIUH TETUIUIM KypcaTMa OWJIaH TaHMIIIUII,

OeJrMiIaHral 3awxup OyinYa yJaHWIUIAPHU aMmalira OIIMPHWII, aHAJIW3aTop Ba
reHepaTop KypUJIMacHHU TaHIaml Ba “3amyck TecTa” TYrMacHHU OOCHII JIO3UM.
Acocwuii ofiHara Kadtuin yuyH ‘“Haszag” ryrmacuuu Oocwin 3apyp. (Pacm 5, a).
Arap TallKujl 3TWITaH 3aHXUpAa €Ku ApaiBepaa KaHJauaup KaMUyuIuKIapra iy
Kyimiran 6yica, “3amyck Tecta” TyrMacu OOoCWiIrad Taxpuoa amalira oliManu Ba
50 o¥iHa UILIaMalIu.
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| HazeaHwe yanos . Homep koHHesTopa Ha | Hazeauue HomuHansHzA
Ha cTeHge crenge (exog/esmog) napameTpa BENMHHMHA
NMuTakke cTeHga - - +24B
BrIXogHaA MOWMHOCTE -20 pbm
lFetepoguH
- Bexog 1 - Ot 2000 MMy go 2200 Mly,
(Local Osclllator) HACTOTHES ANaN3 20N {2070 MI HOMHHAARHOE SHAYEHME)
500 MMy 30,42 o6
1880 MIy 36.15 gb
Yownutens CBY cursanose 2000 My 35.84 ab
(Amplifier) /3 KosbouumenT younermn I o M 35.75 a5
2100 My 35.58 ab
2150 My 35.29 a6
Nonocoeoi drnstp CBY UeHTpanesas yactoTa 2130 My,
CHrHANoB 5/4 n Motepu < 2,6 a6  2000MIMNy = 2260 MMy
(Band pass Filter) AR TR e Motepw < 2086 1420MMy - 2950 MIy
AtreHioatop CBY curHanos K 6 .
(Attenuator) 6/ 7 SHT A A i o
LO / RF 300 ~ 2400 My
MM (IF) DC = 700 MTy
810/9 b 61
o 01
Max B89
UenTpanssas vactota 2555 My
11712 Motepw <7 a6 2500MIMy — 2610 My,
n KaHHA
R Motepn < 2046 1970MI L — 3200 Mr
S00 My 30,42 g
1880 MMy 36.15 ab
Yewnutens CBM cursanos 2000 MMy 35.84 o6
(Amplifier) 1413 HosdduuMeHT yoHneHHR 2050 My 35.75 46
2100 MMy 35.58 nb
2150 My 35.29 a6
13 UeHTpanesan yactota 2450 My
e RF COMPONENTS TESTBENCH
2 : @ «@ @ @@ 1@ 15 i
. t + ter + I i
Lo 080RaNr Angiter 5‘"%“"” Adsruater Moer 5“,;’::“ Armpiter
© > (=] > Q& >
¢+ | L4 t ' te ' t
1@ 3@ s@ 1@ 1w 2@ u@
(13 29
ABTOMacmtab”  TyrmMacuHu ~Oocu0, CHEKTorpaMma  JIMara30HUHU

ABTOMATHK CO3JIalll MYMKHH.

“TeneBU3WOH y3aTTU4 YHKWII KyBBaTHHU Viadyamr” TaXKpUOACHHHM amaira
OLIMPWINIIKA OMp KaH4Ya mapameTpiiapHu aHuK Oenrminald osui jo3um. bynap
MapKa3uil TassH4 4aCcTOTACH, YIUOB AUana3oHu Ba aHaiIu3 (Span), mojioca KEHTJIUTU
(Resolution Bandwidth), Ba ananuzaTopja curHan CyHMIIMHU (QTTEHIOAIMS) MOC
paBUIllla y3rapTUpaauWraH TasHY KyBBaTH KuhMatiapumup (5, O pacm).
acocuit OunaH  KypuiMa

Pagnoanexktpon  Kypuiamanap

KS”HHaHMaCI/II[a 6epHnraH JKaJiBajila TAHUIIWII MYMKHWH.

KOMITAHCHTJIapH

Ha3zopar caBosiiapu
1. LabView myxutu HUMa Ba y KaHail UMKOHHSTIapra 3ra?
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A -

IV. AMAJIMIA MAILIFYJIOT MATEPUAJIJIAPU

LabView nactypunuHr naTepdeiicn Humanapaad nuoopar?

TB y3aTruu ynkui KyBBaTUHU YiT4yalll KaHAal pexXuMiIapaa amanira
omupuiaagu’?

Tu3zuMm KypuiaMaBuii TAbMUHOTH KaHAal OJokiIapjaH nudopat?
['eneparop KaHail MUK AUAINIA30H/1a UIILTAIU?

DoigaJaHIITaH agaduéTaap
Tpesuc [Ix. LabView mis Beex.
Cononuna A.U. Anroputmsl U Tiporiecchl IIUGPOBOi 00pabOTKH CUTHAJIOB.
WWW.Ni.com.
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V. KEUCJIAP BAHKHA

TeneBM3MOH TACBHP BA 0BO3 CUTHAJLIAPUHM CHKHIIL.
bepuiaran kec-CTaAMHUHI MaKcaau: TUHIIOBUMIApAa pakKaMIid
TeJIEBUJACHUEAA KYJUITAHWUJIAAUTaH CHKUII yciayOmapu Oyiimua OwiauMm  Ba
KYHUKMaJapHd pUBOXKIAHTHPHUIN, YTUIATaH MaB3ynap Oyiinuya srajjiaHrad
OMIIMMITAPUHY TEKITUPUO KYPHIIIaH nOopar.

KyTuiaérran HaTwKajgap: YprauwiaérraH Maply Oyiuua amanmii
KYHUKManapra sra Oynaju; CUKUII Ba KOJJIAll TypJapuHU YpraHaad Ba TaXJIMJ
KWIAIN; MyaMMOJIapHU €4HII YUYYH CUKHIL aITOPUTMIIAPUHUHT KUECHI TaXJIMIIMHA
YTKa3aau; pakamiid TEJIEBHACHUEAA KYJUIAHWIAIUTAH CUKUII aJrOPUTMIIAPUHHUHT
acocllapuHu Ypra"aau, xap Oup daomusat Typu Oyinda TaBCHsUIap WIUIA0 YHKHUIII
KYHUKMAJIApY [MAKJUIAHAIH.

Keiic-cragnan myBapakusaTiu 0akapuil y4yH THHIVIOBYM KyiHIaru
OmJimmJIapra ra OyJIMIIM JI03UM:

TuHII0BYM OMUIMIIM Kepak: OJIMM MaTeMaTHKa, AUCKPET MaTeMaTHKa
(dannapuiaH yyKyp OuimumIiapra; CUKHUII airOpUTMIIAPUHUHT KUECHM TaxJINIH;
pakamiId TEJIEBUJCHHENA KYJUIAHWIAJWTaH CHUKUII Ba KOJJIAll ajarOpUTMIIAPUHU
bapku; aMruTyaa, (a3a Ba 4acToTa MOAYJISLMUS aCOCIAPH.

TuHrioBYM amajra OIIMPUINM KepPaK: MaB3yHU MYCTaKWj YpraHajiu;
MyaMMOHUHI ~ MOXMATHHHM  AHUKJIAIITUPAAW; FOAJAPHU  WITapu  Cypaju;
MabIyMOTJIAPHA TaHKUIWWA HYKTaW HazapJaH KypuO YMKHUO, MYCTaKwiI Kapop
KaOyJl KUJUIIHU ypraHaju; ¥3 HyKTau Hazapura sra OYynu0, MaHTHKUN XyJoca
YUKAPaJId; MAbJIYMOTIAPHU TAKKOCIANAN, TaXJIUJI KWJIaId Ba yMyMJIAIUITUPAIH;

Keiic-craguaa peasa Ba3usaT 0aén KujanHran. Keic-craaMmHuHT 00beKTH
— pakamiid TEJEBUIECHUENA KYJUIAHWJIAAUTaH KOMJIMK OPTUKYAIUK, DSJIEMEHTIap
apo €KMW CTaTHUCTUK OPTUKYAJIMK, TICUXOBH3yall OPTUKYAIMK, TY3WIMAaBUI
OpPTUKYAJIHUK, BAaKTJIM €KU KaJpJiapapo OPTUKYAIMK KaOW mapaMeTpiapHu xucoOra
OJITAH XOJIJIa CUKUII alITOPUTMIIAPH.

Keiic-ctaaimaa  uMIuUIaTWITaH  MabJAyMOTJIap  MaHO0aWm:  pakamiu
TeJEeBUICHUEAA IOKOPH cU(aTiIM TacBUp CHUTHAUIAPUHM dS(upra y3aTUIIa
BY)Ky/Ara KejaJuraH MyaMMoJiap acocujia OJJMHIaH MabJyMOTJIap acocuja Uiuiad
YUKUITaH.

Keiic-craguHUHT THIIOJIOTUK XyCyCHATJIapUra Kypa
XapaKTepUCTUKACH: Ma3Kyp Keic-cTaau KaOMHET/IM KeWc-ctaau Toudacura
KupuO, croxkeTcus3 xucoOnanamu. Keiic-ctamy MyaMMoJiapHU TakIuM KWIJIMIITa,
yJIapHU XaJl 3TUIITa XaMma TaxXJIWJ KWINIITa KapaTUIIraH.
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By Tamkunmi-nHCTUTYHIHOHA KENC-CTAAN, TAXJIWINHN E3UIIMa KYPUHHIINIA
Ty3uiraH.d

Y Ty3unmanaHMaraH, KHCKa XaXMJarm KeEHc-CTaid — TEXHOJIOTHUs
XMCOOIaHaMM. YKYB TONIIMPHFHHU TAKIUM STHIN yCylH Oyiinua — Keifc-cTaau
TOMIIUPUK.

JlumakTuk Makcajpiapra Kypa TPEHUHIJIM KeHc-CTaam XucoOsiaHau,
IIYHUHTJIEK Oy KeHc-CTaau aMaliuil MAaIFyJOTH JaBOMHUAA OCNTHJIaHTaH MaB3y
Oyiiu4ya ONMHTaH OWIMMIIADHU MyCTaxKamJjalira MYyJDKajUlaHTaH. YOy Kewc-
ctaru  OTM  TusrnmoBuunapu yuyH “Pakamim  teneBuaenue”  Qanuma
doialaHUIUIIN MyMKUH.

Keiic-ctagu: TesieBU3MOH CUTHAJJIAPHUHT OPTHKYA MABJIYMOTUHHHT
TYpJiapy Ba OPTUKYAJIMKHH 0JIUO TalLIAI yCYyJJIapu

TeneBU3MOH TACBUPHUHT TaxJIMJIA IIYHU KypcaTaJuKu, yJap KaTTa XaxMIIu
OpTUKYa MabIyMOTJIapra 3ra Ba Kyhiujaaru cua@uapra OyJIuill MyMKHH:

1) Koonux opmuxuanux,

2) Dnemenmuapapo éxu cmamucmux OpmuK4anux;

3) Ilcuxosuzyan opmuk4aniux;

4) Ty3unmasuil OpmuK4aiuK,

5) Bakmau éxu xaopaapapo opmuK4aiux.

TacBup MabJIyMOTMHHM CHUKHUIIJA OUTTA TypJard OPTUKYAIUKHH OJUO
TalllJTAlTHU €KW OUp HEeUTa TYpHU OMpIaHUra KYJlall MyMKHH.

Keiicoaeu acocuii myammo paxamau menesuoenueda KyiiaHUuiaoueam
cukuwt ycayonapunune xymnanuauwe coxacuea (IPTV, yp ycrtu teneBuaeHuecH,
WHTEpHET TeJIEeBUJCHUE, MOOWII TeJIeBUACHUE Ba 0.K.) Kapab >He Makoyl
(onmumarn) eapuaHmiapuHy uuLIad YUKUWRa Kapamuiean.

Pakamiim TesieBuieHMENa KYUIAHWIAAUTAH CUKUALI YCJIyO0J1apu

by xonatna BHIEOOKMM Ty3WJIMACH OPTUKYAIUTM MNYKOTWITAH TasHY
Kaapunan wubopar OYnmO, KoJAraHjgapu 93ca KaAp HYMJArd  Y3WHUHT
OpPTUKUYATUKIAPU MYKOTWITaH Ba KyluM4a OWTTa €KUM OMp HEeYa OPTUKYAIMKHU
UYKOTHUIN TypJiapu KYJUIAHUJITaH XaMmJla OMp BakKTJa TaCBUP OJIOKJIAPUHHUHT Y3apo
CWDKUIIUIAPU Ba Kajpiiap opacujaru ¢GapkHH KypcaTyBUM MablyMOTIapAaH
Tamkui Tonaau. Antunran amamiap MPEG cranmaptu owsacura TETHIIA Ba
IIyHra yXImami KoJekiapjaa KyutaHwiaau. byryHru kyHaa s3QQekTuBauru xuama
XU OYJTraH, BUICOMAbIyMOTIAPHU CUKUIITHUHT KYTIJIa0 yCyJl Ba aaropuTUMIIapU
unuiad 4YMKWATaH Ba yilap Typid cudar KypcaTKuujapura, KYyJUIaHWJITaH
AITOPUTMIIAP MYPaAKKAOJIUTUTa XaM/[a TE3KOPIIUTa OOFTUKIUD.
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Mynnait kunub, TacBUP CHUTHAIMHU MIAKUIAHTHPUII Ba Y3TapTHPUII
JKapaéHua Kynuaaru MyHaJIvIUIApHU KEITUPUIT MYMKHUH:

° Cnexmp y3eapmupuuiiap acocuoa Cukuul,
° @paxman cukuu;
° Bexmopau xeanmnaw.

Xap Oup kypcartuirad xoJsatiap Y3UMHUHT ad3aJTUKIApU Ba KaMYMJIATUTA
9Ta, yJIapHU KEHTPOK KYpHO YMKaMu3.

CrniekTp y3rapTupuil acocuaa TACBUP CUTHAJUHU CUKHUIIT

TacBup Ba BHIEO KETMA-KETJIMKHU CHUKHUIIHHU, Xap XWJ M[PUHLIUILIAP
acocuja, SIpaTWJIraH Ba Kyl TapKalraH YCyJd OpPTOTOHANl Y3rapTUPHUILIUP.
AmManuéraa KynuHYa YU3UKJIM OPTOTOHANI Y3rapTUPHUIN YCYJUIapy KYIJUIaHWIIA]IH.
[yngan kenu® uWKWO, Kyluaard y3rapTUpHIiap Makcajara MYBO(UK
XHUcoOJIaHaIN:

o Yonw - Adamap armawmupuwiu;

o Kapynen — Jlosea armawmupuwiu,

o Tuckpem xocunyc yzeapmupuut (IKY);

o Beiignem y3eapmupuw (BY).

By xenTupwiran y3rapTUpUIUIAPHUHT Xap OMPUHUHI KYJUIAHMILI COXACH,
ad3a/IMKIapU Ba KAMUUIUKIIAPU MABXKY/I.

Macanan Agamap aJMalITUPHINHUHT aQ3aJUTUTH YHUHT aMaluETa OCOH
KYJUIAaHWIIIM Ba XHUCOOJANUIApHUHT coamanurd. by anmamrrupuin y3rapmac-
Oynakinu GyHKUUSIIAp YUyH, alHUKCA CUTHAJHUHT Y3rapMac TalllKWI 3TyBUHUCHHU
aXpaTulla, sIXIIM HaTWKajzap Oepajar aMMoO peajl TaCBUp CHUTHaJUIapuaa OyHaail
CUTHAJUIAp KaM ydpanu

Kapynen — Jlo3Ba ajqMamITHPUIIMHMHI aCOCHM KaMUWJIUTH XO3HWpua
YHUHT BEKTOpJApUHU Te3 XUcOoOJall ycyiau WNuiad 4uKuiMmarad, mry cadad Oy
ycya dakaT Ha3zapHuil Xonaraa MaBxKy/.

[ynnai Knauo, FOKOpUIa caHad YUKWIITaH Y3rapTHPHUIIIIapIaH aManueTaa
kympok JIKY Ba BY nap uruiatunany xamaa yiapau 6atapeni Kypuo dYHKamMus.

JAMCKpeT-KOCHHYC Y3rapTHpPHUII ACOCHAA TACBUPJAPHU CUKHIIL. JIKY
CHEKTPUHUHT XYCYCHUSITU IIyHJIAaH HOOPAaTKW, YacTOTa CIEKTPH DHEPTUSICUHUHT
acocMii  TalKui ~ JTYBUMJApUM  HOJb  KUHWMAariau  yactora  arpoduia
WUFUITAHIIATUIMD.

TacBupHHM BeiiBjeT y3rapTupummum acocuaa cukum. Dypee Ba JIKY
JAPHUHT aCOCUN KaMUWJIUTH YJIapHUHT 0a3aBUil TapMOHUK TAIIKIJI dTYBUWIAPH
byHKIMS naBpuii OyMaraH xoJiatiap/ia sxIy UIiaMaiid Ba HaTkana oiiganm
MAbJIYMOTHUHI MabJIyM KUCMHUHH THUKJIAIl WMKOHMATH MyKOTWIanu. Bensier




V. KEMCJIAP BAHKU

y3rapTUpuin  MabiayM (QYHKIUSHA BEUBICT (YHKIMSUIM TAIIKWI OSTYyBYHIAP
KYPUHHUIINIa OCPUIIUILIUIUD Ba BEUBIIET —Oy KUYUK TYJIKUH €KW TYCaTAaH Cakpalll
TYJIKAHMU.

Casonnap:

l. CuzHuaruya ymoy xojaTaa MyaMMO MaBXyAMHU Ba arap Oop Oyica y
KaHaail MmyamMmmo?

2. Ym0y Ba3usATAa MyaMMOHHU Kaill 3TyBUM KaHJail uCOOT-AamuiuiapHU
KeJIThpa onacus?

3. Xap Oup CHKUII aJIrOPUTMHHH KYJUIAHWIUII COXAJIAPUHU AHUKJIAHT Ba
cababuHU a)XpaTUO KYpPCATHHT.

4. MyanmiHUHT €4UMU CU3HU KOHUKTUPAIUMU?

5. byHmaii BazumsATAa CHU3 MyaMMOHHM KaHmai Oaprtapad sTran OYymap
SIIUHTU3?

AMayiuii Ba3uAITHU 00CKHYMA — 0OCKHY TAXJIMJI KMJIMII BA XaJI 3THII OyHHu4a
THHIJIOBYHUIa METOJMK KypcaTMaJiap
Keiic-cTagnum eunm 0yiin4a MHANBUAYAJ Ul HYPUKHOMACH
1. ABBasio, keWc-ctaau OwuiiaH TaHUIIMHT. MyaMMolnd Ba3usT Xakuja
TyIIyHYa XOCWJI KUJIUII yuyyH O0p Oynran OyTyH axOOpOTHU JUKKAT OWiIaH YKHO
YUKHMHT. Y KW TafTHAA BA3UATHN TAXJIMI KHJIHIITa XapaKkaT KHIHHT.
2. bupuHuu caBojira x%aBoO OCpuUHT.
3. MabnymotinapHu sHa Oup maporaba nukkaT OwnaH YKUO yukuHr. Cus
y4yH MyXUM OVJIraH caTpiiapHu Kyiuaaru xapguap épaamMuia Oeiruianr:
“J1” xaphu — MyaMMOHH TaCIAMKJIOBYH JAJIHILIAP,
“C” xapdu — myammo cababnapunu,
“0.0.11.” xaphapn — MyaMMOHH OJIIMHM OJHII HYIUTapH.
4. YOy 6enrunap 2,3,4 caBosuiapra e4uM Tonuiira Epaam o0epasu.
5. SIna 6up Oop caBosuiapra xaBo0 OepuIlra xapakaT KAJIUHT.
I'ypyxJiapaa keiic-cTaauHu equil Oyiiu4ya nypuKHOMa.
1. nauBuyan edusiral Keic-cTaau Ba3usaTiap OuiaH TAaHUIITNO YUKUHT.
2. 'ypyx capJOpHUHU TaHJIAHT.
3. BatMaHn Kofo3nap/ia Kyiuaaru >kaJiBajlHi YH3UHT.
MyaMMOHHM TaxXJIMJ1 KWJIWII Ba €UHUIIl KaJBAJIN

Myasnu
MyamMMoOHH Y ¢
Myammonu kenuo TOMOHH/IaH
TaCAUKIJIOBYH I'ypyx eunmu
YUKUII cababiapu | TakiIu@ KAJIUHTaH
JaTWLIapy i
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HMwinu axynnab, magoumomea mauépname.
AyIUTOPHSIAH TAIIKAPH 0a)KAPUJITaH Ul YYYH 0aX0Jiall Me30HJIapHu
Ba KYpCAaTKHWIapH

Acocuii Myammo Myammornu
Baszugarnan
axpaTuo Ba3UATHHUHT
YUKUO KETUIL
0JIMHUO, KEJINO YUKHUIII Kamu
TuHrmoBunIap Xapaxkariaapu
o TaIKUKOT cababu Ba . makc. 20
pyitxatu aHUK Kypca-
00BeKTH JaTuIUIapyu aHUK 0
AHUKJIAHTaH KYpCaTUIray THITan
M makc. 10 0
Makc. 6 0 Makc. 4 0

Ayauropusaa 0a)kapujraH Uil y4yH 0axoJial Me30HJIapu Ba

KypcaTKu4japu
Masbaymotinap | XKaBoOmap TYIHUK Kamu
I'ypyxnap Typyx Gaon KyprazMajiu Ba aHUK Oepuian
pyuxaTtu TaKIUM 3TUIIAU MAaKCc.
maxc. 10 Makc. 4 6 Makc. 5 0 106
1.
2.
8-10 6amn — “avno”, 6-8 6arn — “‘axwu”, 4-6 6ann — “Konuxapau”,

0-4 6ann — “xonuxapcus”.

IV. VKUTYBUM TOMOHHIAH KeiiC-CTaHHI SUHII BA TAXJIHI KHJIHII BApUAHTH

Keiic-cragmaaru acocuii myammo:. Keticoaeu acocuti myammo paxamiu
meneguoerueoa KyIIaHUIA0Uean CUuKuul yCayorapuHuHe KYIIAHUIUW coXacued
Kapab sue Makoyn (onmumai) 6apUaHmIapuUHu uuiiab yuKuuea KapamuicaH.

MyaMMOHHM TACIAMKJOBYHM Jajduijiap: MyaMMOu Ba3UATHH TaXJIUI
KWIMIIra Xapakar kwiamus. Kymmanmmum coxacura kypa (IPTV, ep ycru
TEJICBUJICHUECH, UHTEPHET TEJICBUICHUE, MOOWJ TEeJleBUACHHE Ba 0.K.) paKamiiv
TEJICBHUICHNEAA KYJUTAaHUIAAUTaH CUKHII JITOPUTMITAPUHN aHUKJTalMH3.

o Yonw - Adamap armawmupuwiu;

o Kapynen — Jlossa aimawmupuuiu,

Jluckpem xocumyc yzeapmupui (JJKY);

Betignem yzeapmupuut (BY).
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o Xagpman ycynu

MyaMMoJ/Ii1 Ba3USITHUHI KeJU0 YUKHII cadadjapu: aHAJIOT TEJIEBU3MOH
CUTHAJIHU paKaMJIM IIAKIra y3rapTUpWITaHAa, YMKUILJArd BUACO MabIyMOTJIap
okumMu 240 MOwuTt/c Taua eTMmM MYMKWH Ba Oy Owp coarna y3aTuinaéTra
mMabiaymoTiap yuyH 108 ['GalitHu Tamkwn stagu. by y3 HaBOaTHma pakamiu
TeJCBUICHUE ajloka TapMoru yuyH 120MIym yTkasumn moyiocacu OYIWITUHU
Tanabd »Taau Ba OyHAal KaTTta Xaxwid MabiyMoTHH SMIym crangapt
TEJIEBU3UOH KaHAJJIaH y3aTUII MYMKHH 3Mac. byHaall kaTta XaXMJaru pakamiin
MabJIyMOTJIAPHH E3MIII Ba XOTUPAJA CaKJIaIl[a, PaKaMJIM CEpBEpJapHH SpaTUILIA
KYIITUHA KUUMHYWIMKIApHU KeaTupud uwukapamu. Ly cabGabmmu BuaeocurHan
KYpCaTKAWIApUHUA MOCJAIITHPUII Ba aJOKA KaHAJUIApUJAH Yy3aTHII Y4YyH,
TEJIEBU3MOH TACBHP MABJIYMOTIAPHUHT OPTHUKYAJIUTHHM XHCOOra OJraH XoJija,
CUKHII yCyJulapuJiaH (oigananunany. Arap CUKUII KyJUlaHUIMaca ypTa Xojaaru
ourra QuiibM 103120 ['uradbaiiTHu srataiay.

Myaniug y3 Takaupuaa MyaMMOHH OJIIUHM OJIMIIAA KyHHIaru
HyJuiapuHm Kypcatud Oepran:

TacBup cuUrHaUTapUHU KOJUIall JeTaHJa BUICOMAbIyMOTIApHU ¢akar
CUTHAJUTM KUCMUHHU KaiTa niuiam xucodnanaau. XKapaén ¥3 nunra HoaHbaHaBUN
MaTE€MaTUK KaiTa WIUIall yCYJUIApUHU OJIady Y HUHI MaKCaau KaHajl KEeHIJIMTUHU
CUKHIII Ba y3aTUII BaKTUHM KHUCKAPTUPHUII XaMJla CUTHAJIHUHT KaHaJJaru ypradya
KYBBAaTHHHM MACAUTUPHUILI MAKCaJuaa YHU BaKT OUPIIUTU UUKJIa WIOXKK OOpruya Kam
MUKJIOP/Iard UKKWJIMK CUMBOJUIap OuiaH udoganam. Xap OUp CHKHUII aJrOpUTMHU
V3UHUHT apamerpJiapura sra. JKymiiagas:

® Oumma KaoOpHu Kauma uiaaul 6axKmiu,
® cuxuw Koaghpuyuenmu,

® axbopom y3amuui me3nucu,

e ypmaua cugham. 0b;

® CuKuneaH aun xaxcmu.
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Ba3UATHU XaJI KUJIUII Yopa Taaoupiapu cudaruia Maxcyc BUPTyall jJadopaTtopus
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WINUTApU  SpaTWiITaH. SBHU THHIJIOBUMJIApra KajJeHAap peka acocuaa Yoy
nabopaTopus MalIFYJI0TIApH MyHTa3aM paBHIia 0JIu0 OOPUIMOK/A.

Ma3kyp BazusATZaH Kenu® YukuO, onud OopwiIaguraH MyHTa3aM
U3JIAaHUIUIAp Ba TAAKUKOTIAp HATHXKACH YIApOK TACBUP CUTHAUIAPUHU CUKHINIA
Betignem yzeapmupuws (BY) ycyiu SHT ONTHMAIH SKAHINTH aHUKJIAH]IH.

JIuckpeT KocuHyc BeiiBier
y3rapTupuL y3rapTupuin Xabhdman ycynu
(AKY); (BY).
burra kagpHu
KaiiTa MIIIaIn 0.23 0.09 0.18
BaKTH [c];
i 12.3 25.5 18.4
Kod(ppunneHTH |
ypraya cudar. ab. 40.5 49.5 35.3
axbopor ysarul 4858.3 8484.5 7945.1
Te3mru [Kout/c|
Cukuran daiin 547896 347536 478521
XaKMHU [KOUT]

Ba3zusitnan yuku6 kerum xapakatriaapu: llly ca6ab pakamnu TBna anua
Mypakkad Kym TypAard CHKHUII aiIrOpUTMIIApU KYJUIAHWIAIW. Y JTapHUHT
camMapaJiopJIurd KYJUIAaHWIMII COXacura Kypa aHUKIaHaId Ba WIOXKH Oopuya
Oopurua y3aTuiaéTrad ax0opoTiaa KaMpoK OUTIIap OYIUIIINra XapakaT KAJIUHAIH.

SAKyHuH xyJioca
MyaMmmouuHr edumu: Arap tesnuru 56 KOut/c mMoaem umaTtuica, Oup
KYHJIMK OJIMHTaH BUJCOTACBUPHHU 8§ WWJ AaBOMHUAa y3aTuil kepak Oymamgu. Iy
ca0abny MabJIyMOTHHU Y3aTUII TE3JIUTMHU KYTapuIl y4yH pakaMiid BUIEOTACBUP
JIOMMO CUKWIAIN.

Keiic-cTagm yKUTHII TEXHOJIOTUSICH
YKyB MalIFyJIOTHHUHI TEXHOJOTHSICH MO/IEJIH

Mawzynom eakmu-2 coam Tunenosuunap conu: 25 —30 ma eaua

AManuii-OMnuMIIapHu MyCTaxXKamJIall
Ba KYHMKMa Ba MajakajlapHu
HIaKJUTAHTUPUII OYiinya amanuii
MAIFYJIOT

MamryJoT IaKJIN Ba TYpH

1. TuHrIOBUMIAp OMIMMITAPUHA

S"KyB MAIIIFYJIOT pesKacu (dhaomamTHPUIIT MaKcaIuaa OmIl -
CYpOB YTKa3HIIL.




V. KEMCJIAP BAHKU

2.Keiic-cTany Ma3MyHUTa KUPUIIL.
MyaMMOHM Ba YHU €YU
BazupaapuHu aHUK UQo/1a ITHUIIL.
3.Keiic-cTanuau rypyxjapaa €4ulll.

4. Hatwxanap TakAMMOTH Ba
MyXOKaMacHUHU YTKa3uIIl.

5.5 kyHuid Xynoca YuKapuul.
Opunirad yKyB HaTH>KaJlapura Kypa
TunrnoBumnap daoausTHHU Oaxosanl

YKyB MamryJOTHHHHI Makcaau: CHKUII aIrOpUTMIIAPUHUHT KHECHIA
TaxJIMJIM aCOCHJA PaKaMIIM TEJIEBUACHUE YYyH ONTHMAJl BapHAHTIIAPHU TaHJIAN

OJINIII KS'/HI/IKMaJ'IapI/IHI/I IMAaKJIJTAaHTUPHUIII.

IMexaroruk Bazudanap:

- Kelic-CcTaiu Ba3usATU OWiIaH
TaHUIITHUPUIL, MyaMMOHH Ba YHU €UMIILI
Bazu(aIapuHU AKPATUIIHU YPTaTHUIIL;

- MyaMMOHH e4HIIl Oyitnda xapakariap
ANTOPUTMHUHHU TYITYHTUPUILI;

- CUKUII aJITOPUTMJIAPUHUA KUECUI
TaXJIAJI STULIHYU TYIITYHTUPUILL.

- paKamuIM TEJIEBUAECHUEAA YHT ONTUMAII
BAPUAHTHU TAHJIAIIHHA YPraTHIII

- MAHTUKHH XYJIOCA YAKAPUILTa KyMaK
oepuir

YKyB (paoIMsATHHHHT HATHKATADPH:
- Kelfic-cTaiu Ma3MyHH OWJIaH OJITUHAAH
TaHUIIUO YUKUO, €3Ma Taléprapiuk
Kypaau,

- Ba3uATra Kapab MyaMMOHHU Ba YHU
euui Oyiinuya BasudagapHu
TabpUQIaiIg;

- MyaMMOHH €4MII Oyiin4a aHuK
Ba3UATIAPHUHT KETMA — KETJIUTHHH
AHUKJIaNIN:

- CUKUII AJITCOPUTM TypJIapHHH
ypranaau,

- YJIapHU KUECUH TaxJIMII Kuja OJIaIu;
- paKaMJii TE€JIEBUICHUE YUYH
MOJYJISILIUSIHUHT ONTUMAJI BApUAHTUHU
TaHJIalIu;

- MyaMMOJIU Bazu(asapHu e4uIia
Hazapuil OMIMMIIAPUHU KYJUTalu;

- MyaMMOHH aHUKJ1a0, YHU XaJ
KWIKIIAA €4UM TOTa/IH;

- IKYHUH MaHTUKUU XyJocanap
YUKapaau.

Yxumuw memoonapu

Kelic-craau, akyinit Xy>KyM, HHCEPT,

Vkye paonusamunu mawkun smuw
wakapu

MYHO3apa, aMaJIui yCyJI

YKyB Matepuanu, THHTJIOBYHUTA
yCIIyouit Kypcarmanap, TaKauMoT,
dbaumaapT

YK,'MI’I’ZMW socumanapu

WuauBuayan, GppoHTal, xkamoa,
rypyxJiapAa Hiuiam

Yxumuw wapoumu

I'ypyxyapaa uiamra MyJKaJlJaHra,
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ayJIuTOpHUsI

Katumap anoxanune tyn ea socumanapu

bauu-cypoB, TaKIUMOT, Ky3aTyB

1-unoea

bauu-cypoB caBoJ Ba xxaBo0d1apu

Cason

Kasob

Cukui Typaapu.....7

. CuKkuII acocaH UKKU ycyJia aMaira OMHpHIaau:
— cudaTtHu UYKOTHO Ba cCUpaTHHU HYKOTMACIaH.

TeneBnsnon
1) Komyuk opTHKYAIHK;
CUTHAJUITAPHUHT . .
ODTHKYA 2) DneMeHTIapapo €KUM CTATUCTUK OPTUKYAIIUK;
2. | P 3) [IcuxoBu3yasn OpTHKYAIHK;
MabIyMOTHHUHT .
4) Ty3unmaBuil OPTUKYAIIHK;
TypJapyuHU KEATUPUO <
. 5) Baktnu €ku kaapiaapapo OpTHUKYATHUK.
YTUHT
Crexp ysrapTupus o Yo - AramMap anmMamTHPUILN;
acocuzia TaCBUP
o Kapynen — Jlo3Ba anmamTupuny;
3. | CUTHAJIWHU CUKHII _ o
N o Huckper kocunyc y3raptupui (IKY);
yCyJUITApUHUA aUTHO . . 5
§rumr ? o Beiisner y3raptupuiu (BY).
Pakammu TB HUHT DVB — EBpona crangaptu
4. | crangapTIapuHU ISDB — SInonust cranmapTi
auTuHr? ATSC —Amepuka cTangapTu

Kymmmua Tonmmpkjaap MyaMmmMoJia Basusitiaap. (keiciaap)
1.bepuiiran : HDTV cudtuaaru sugeopopmar 1920*1080 ymuamaa. Kamp 4:2:0
dbopmatuaa 30 kaap/cek y3aTHIMOK/IA.

CaBou: bup cexyniaru ax60poT XaXMUHHA XUCOOIaHT?
Euum: 1920*%1080*30*8*1.5=746496000 6ut/cex =~ 750 Mbit/s

2. TB curnan rokopu crax uerapacu 6 MI'1. bepunran curHam KBaHTJIAHUII

napaxacu 256ra tenr. Pakamium curHan ys3aTuIll TE3JMTM Ba KaHal MHUHUMAI

I10J0Ca KCHIJIMTMHU TOIIMHT .

Euum 1:

1. KoTenbHUKOB maptura kypa f0>2-Fuaxc = f0>12 MI'u, fo = 13,5 MI't kunu6
TaHJI1a0 OJaMU3.

2. k=log,m=log,256 =8.
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3.C=f ()-k , f0 — wactora gquckpernsanus Gopmysacura acocas:

C = 13,5x8 = 108 MoOwut/c Tomamus.

4. f 022- F ..qxc: FMaxc — Gepuiiran CUTHATHUHT MAKCUMaJl 4aCTOTaCH:

Afy = 0,5x108 = 54 MI'11. Tonamus.

3. Pakamnu TacBUpHHM nuckpeTnamiia 4:2:2 craHgapTd KyJslaHwirad. Pakamim
TAaCBUP CUTHAJIMHH y3aTHIIJArW CyMMap axOOpoT y3aTHIN TE3JIUTHHU Ba KaHaI
MUHHMMAJ T0JIOCa KEHIVIMTUHU XucoOnanr. 8 Ba 10 paspsiaym koaiam TU3UMIIApU
acocua.

Euum:
1. 4:2:2 crannapruna 4 kodpdunmentu 13,5 MI'1 yacTora IUCKpeTH3aNMsACUTA, 2
ko3 purenTr—6,75 MI'11 yacToTa IMCKpETU3aALUsACUTA TYFPH KEJIa Iu.

2. C=f a-k Gopmynacunan (oiinanaHran Xonna paKkaMiId TACBHP CHTHAIMHH

y3aTULIAard cyMmmap ax0opoT y3aTHII T€3JIMTUHU XHUCOOIaiiMu3:
k =8 ma, C = 13,5x8+6,75x8+6,75x8 = 216 Mowut/c.
k =10nma, C = 13,5x10+6,75x10+6,75x10 = 270 Mowut/c.

3. fOZZ-F ware dopMyrnacuian - Qolinananud KaHal MHHUMA  I0JI0Ca

KEHIVIMTMHUA XUCOOIaiMu3:
k=8 na, Afy =0,5%x216 = 108 MI1.
k =10 ma, Afy = 0,5x270 = 135 MI'L.
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V1. MYCTAKIWJI TABJIUM MAB3YJIAPU

MYCTaKI/IJ'I HIIIHHA TAINKWI 3THIIHUHI IHAKJIA Ba MAa3MYHH

THUHTIIOBYM MYCTaKWJI WITHU MyalssH MOAYJIHUHT XYCYCHUSITIIApUHU XHUCOOTa
OJITaH XO0JIJ1a KyWHard makyuiapaad Goigananuod Taiépiamm TaBCHsl STUIIAIN:

- MeBEpUI XyXOKaTiapaaH, YKyB Ba MIMUN amabuétnapaad (oiganaHuil
acocuza MOAYJ MaB3yJapyHU ypPraHWILL;

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH V3IaIITHPHUILL;

- aBTOMATJAIITUPUIITAH YpraTyBUM Ba HA30paT KWUJIYBYM AacTypiap OuiiaH
WIIaI;

- Maxcyc amabuérnap OVinua mMoayn Oynumiapu €ku MaB3yJjapu yCTHAa
WIUTAILL;

-TUHTJIOBUMHUHT KacOuil ¢aonustu OunaH OOFIUK OYJIran MoOmys
OynuMIIapy Ba MaB3yJIApHU YYKYp YpraHUIll.

TaBcus 3TUNAETTaH MyCTaKHII TabJIMM MaB3YyJapH:

1. V36ekucron Pecnybnmkacuaa pakaMiId OBO3JH  PaJMOSIIHTTHPHIIHK
TAIIKWIIAIITHPUIL Macajlajapy Ba Ba3u(alapuHU TaJKUK KUJIALIL.

2. TeneBU3MOH SMUTTUPUIIHUHT UHTEPAKTUB TUZUMIIAPUHU TaJKUK KUJIHILL.

3. Pakamim TenepaaMOdMIMTTUPUILIA KEHI MOJOCAIHM ajoKa TU3UMIIApUAAH
¢doiimananu ycysiapu.

4. Mwudii TeNeBU3MOH KaHaulapia Xu3MmaT cudariapuHd TabMMHJIAII
yCyJUIapH.

5. Mobwuit anoka TU3UMIIapua pakaMiId TeJIEBUICHNE KYpCaTyBJIapUHU aMara
OLLIMPUII.

6. Pakammu smmmttupuin TB xanammapuHuHT cudatnan 6axofiam Ba yrdaruiap
TaxJIWJIN.

7. Pakamui T€JIEBU3MOH Y3aTKUYJIAPHUHT TY3UJIUIIN.

8. TeneBu3moH y3aTull THU3UMIApUIA JMHAMHUK TacBUp Ba XapakKaTHU
KOMITEHCALMSUIAII yCYJUIApU TaXJIAIIH.

9. Ep yctu pakamiu smuTTHpUIl EBpona CTaHZApTUHHUHI TU3WMJIApU Ba
TaPMOKJIAPUHUHT KyPHWINII NPUHIMILIAPH.

10. Kenr mosocanu kabemid TapMOKIapa pakaMid ASIIUTTUPUILIHUHT
WHTEPaKTUB TU3UMIIAPHU.

11. V36exucron PecryGIMKACHHUHI 4eKKa Ba TOFIM XyAy[Jlapuaa CyHBHiA
uynmom TtuzumiiapuaaH GonataHraH XoJijla pakamiid TeIeBUJICHUEHU




VI. MYCTAKHNJ TABJINM MAB3VYJIAPU

TAIIKWIT KAJTUIIL.

12.National Instruments Labview MyXuTn UMKOHHSTIIAPH.

13. V36exucron Pecrybnmkacuaa pakamiad TENEBUACHHE SKOPHH KHTHIINA
DVB-T-2 crannaptuaan (oi1agaHulIll.

14. V36ekucton PecryGmukacuia pakaMilM TeICBHICHHE TApPMOKJIAPHHHHT
OYT'YHTH KYH XOJaTH Ba YHH PUBOXKIIAHTHPHUII UCTUKOOIIIApH.

15. Pakamum TeneBuaeHHE CTaHAAPTIIAPM Ba BUACOCUTHAILIAPHU Y3aTHILIA
CUKHUII (POpMATIaPUHUA TaXJIUJIT KUIJIUII.

16. Mupuk 1mraxapaa pakamiiM TeIESMIHTTUPUIIHE COTANM TAMOWMI acoCHIa
TAITKUAI KAJTUII.

17. DVB-T pakamuiu TeneBuaeHUe KaOysl KWJITHYU TapaMeTpiapuHu Yidaril
yCyJUIapH.

18. CmapTTB TexHONOrHACH XyCyCUATIAPUHHAHT TAXJIUIN.

19. IPTV myntu-cepBUC TapMOFUIa MAbIyMOTIAPHU Y3aTUII MOHHUTOPHUHTH
yCyJUIapH.

20. DVB-H wmoOun TeneBuJieHHUS CTaHAAPTU TU3UMH YYYH CUTHAJIAPHU
HIAKJUTAHTUPULT KypUIIMACH.

21. MPEG-4, MPEG -7 cranaapTtiia TOBYIIl Ba TACBUP CUTHAJUIAPUHU CHKHIIL.

22. UHDTYV ¥ra roxopu cudatiu TereBuacHHE.

23. DVB 3D-TV crangarugaru 3D TeneBuacHue.

24. H264 BuaeoMabIyMOTIapHA CUKUITHUHT TEXHUK XyCYCUSTIAPH.

25. MoOun anoka TU3UMHU yUyH TE€JIEBU3UOH CUTHAJIAPUHY [IAKJIJIAHTUPUILL
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VII. TJIOCCAPUI

TepMmun Vi6ex THWINJArH IHapXu HHram3 tTuamaary mapxu
Asynchronous Serial Interface or
AS] ACHHXPOH CepUsITH ASI, is a streaming data format

uHTepdeiic

which often carries an MPEG
Transport Stream (MPEG-TYS).

ATSC

Advanced Television Systems
Committee —ep yctu
SQHMIUTTUPUIINHUHI aMCPHUKa
CTaHHapTH

Advanced Television Systems
Committee (ATSC) standards are
a set of standards developed by
the Advanced Television Systems
Committee for digital
television transmission over
terrestrial, cable, and satellite
networks.

TakoMWUTAIITUPUIITAH ayaHO
konex. MPEG-2 Part 7 Homu
OWIaH XaM IOPUTHIIAIH.

Advanced Audio Codec (a digital
audio encoding/compression
format also known as MPEG-2
Part 7; more efficient than MP3. A
later improvement known as
AAC+ or HE-AAC further
improves compression efficiency).

ADC

AHaJor pakamiu
Vy3raptuprud. CUrHaJIHA
paKaMJiImM X0JIaTra yTKa3yBuH
Kypuima

analog-to-digital converter (device
converting an analog voltage
into a binary number).

ADSL

ACHMMETPUK paKaMiIn
aOOHEHT JTMHUSICH (KEHT
MOJIOCAJTN AJIOKA TAPMOFHU
o0ym6 20 M6/c Te3nukkaya
MabJIYMOT y3aTHIII
KOOWJIMSITUTA 3Ta)

Asymmetric Digital Subscriber
Line (system exploiting the
high-frequency transmission
capabilities of a telephone line to
enable an asymmetric broadband
link method (up to 20Mb/s for the
downlink and 1Mb/s for the uplink
with ADSL2+).

BCH

boyse-Haynxypu-XeMuHrem
paKamJiIM KoJjianl CTaHAapTH

Bose-Chaudhuri-Hocquenghem
Code. BCH codes form a class
of cyclic error-correcting
codes that are constructed
using finite fields

COFDM

Kananinu kojyuiamra Mmoc

COFDM is basically OFDM with

error protection (coding - C),



https://en.wikipedia.org/wiki/MPEG-TS
https://en.wikipedia.org/wiki/Advanced_Television_Systems_Committee
https://en.wikipedia.org/wiki/Advanced_Television_Systems_Committee
https://en.wikipedia.org/wiki/Digital_television
https://en.wikipedia.org/wiki/Digital_television
https://en.wikipedia.org/wiki/Cyclic_code
https://en.wikipedia.org/wiki/Error_detection_and_correction
https://en.wikipedia.org/wiki/Error_detection_and_correction
https://en.wikipedia.org/wiki/Finite_fields
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which
always precedes OFDM.
Ky3ranyBuniiapHu YU3UKJIN
Oaropat OuiaH KoJjIal).
Yacrora
nuckpern3anusicu 8 kI
CELP St 16 <T'n 6y ranna Code Excited Linear Predictive
y3aTHIIl Te3TUTUHU 6...24
Ko6uTt/c 0ynummau
TabMHWHJIOBYH HYTK
CUKHIII YCITyOu.
The Cl is an interface at the
receiver end for a broadcaster-
specific, exchangeable CA plug-in
Cl Vaywii unTepbeiic card. This interface aIIo_vvs
scrambled programs from different
broadcasters to be de-scrambled
with the same hardware despite
differences in CA systems.
Kanp ¢popmaru 6y1u0, y3uaa
EPKUHIIMK CUTHAIN
KATopHU y4yH 288 KaTop
Ba 352 31eMeHT XaMIa
CIF paHT KalJ 3TyBYH Common Intermediate Format
cUTHaJIap xap oup
KaTopu yuyH 144 Ta xkatop
Ba 176 anmemeHT
CaKJIalIu.
CPU Mapkasuii poreccop Central Processing Unit
CS bomkapystin xoTHpa Control Storage
KypuJIMacHu
CVBS TyHHKCEI?I:IgP,I ;;{}%HSHOH Composite Video Blanking Signal
A discrete cosine transform (DCT)
expresses a finite sequence of data
DCT Jluckper kocuHyc points in terms of a sum
aJIMaIITUPUILIT . . o
of cosine functions oscillating at
different frequencies.
DDS Paxami ManyMoTIap Digital Date Stream
OKNUMU
DMIF MynbpTUMeana eTKa3uo Delivery Multimedia Integration



https://en.wikipedia.org/wiki/Data_points
https://en.wikipedia.org/wiki/Data_points
https://en.wikipedia.org/wiki/Cosine
https://en.wikipedia.org/wiki/Frequency

VIL TJIOCCAPUI

6CpI/IIIIHI/IHF HHTCTpaJlIaHIrad
TU3HUMHU

Framework

DVB

EBponana puBoxiiaHaéTran
paKamIid TeJIeBUICHUE
tusumu. Y kademm (DVB-C),
nynnoumu (DVB-S), epyctu
(DVB-T), mo6wmis (DVB-T),
LIYHUHIIEK Kenaxkakaa TB
SIIUTTUPHUIIHUHT OOIIKA
TYPJIADUHU Y3 UUUTA OJATM.

The European DVB project
stipulates methods and regulations
for the
digital transmission of TV signals.

DVD

Kynéxnama pakamiin IHUCK.
[ynunraex Digital Video
Disk kabu HOMH XaMm
yupaiy, y ONTUK JUCK
TypJiapujiaH OupH,
xycycad, MPEG-2
Oyir4a CUKUIITaH OJIHHA
anukaukaaru (720x576)
BUCONACTYpPJIAPHU E3UI
Y4YH KYJUIAHWIA]IH.

Digital Versatile Disk

EBU

SOummrtupui EBpora
HUttudoku) — EBponagaru
PaAMO3 U TTUPHLL
COXaCHHH OOIIKapyBUH
TAlIKHJIOT.

European Broadcasting Union

ES

DleMeHTIap OKUMU

The elementary stream is a
‘continuous’ data stream for video,
audio or
user-specific data.

FEC

XaTOoJIMKIIApHU TYFPUIIOBUH
KOJ

Forward Error Correction. Error
protection in data transmission,
channel coding.

GOP

TacBupnap rypyxu. MPEG-1
Ba MPEG-2 na kerma-ker
KeJlaJuraH TaCBUpJap
(kanpnap €xku MaiiioHmap)
rypyxu 0ynuo, rasau I-
KaJipJiaH OOIIaHAIH.

Group of Pictures

GP

TapanuiaiIMrad UMITyJIbC

Gating Pulse

HDTV

IOkopu anuknuknaru

High-Definition Television
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tenesuaeHue. (FOAT)
XI/IBMaTJIap HHTCpragusacura
2T PAKAMIIH SUIHTTHPHIL) — Integrated Service Digital
Snonusna kabyJs KWIMHTaH Broadcasting
paKaMJIn TCIICBU3HOH
SIIUTTHPHUIN CTAHAAPTH
Pagnosnexktponuka Ba
|EEE DJIEKTPOTEXHUKA
MyXaHJIHUCJIapU UHCTUTYTH
(AKLI)
IRD Murerpan kadyx kunrud- Integrated Resiever-Decoder
JIEKOIEP
I/IHTGI‘paJIJIaHFaH Xu3Martiiap
paKaMJIu TapMOFH) -
Kanasurap Integrated Services Digital
KOMMYTaIHUACHIa 3ra Ne tWOfk
paKamiii aJloKka
TapMOKJIapH TypH.

ISDB

Institute of Electrical and
Electronical Engineers

ISDN

International Organization for
ISO .
Standartization
DnekTpoanoka Xalkapo
Urtudoxu (MCD). by
TAIIKUJIOTHUHT . .
International Telecommunication
Bazudanapuan oupu — .
Union
XaJKapo CTaHIapT
XucoOaHaauran
TaBCUSJIAPHU Tauéparll.
®ororpadusnap 6yiinua
AKCTEPTIIap OUpIIallral
rypyxu. ISO HuHT nnram
rypyxu 0y:1u0, Xyaau
IIyHJAl HOMJIAHYBYU
XapaKaTCu3 TaCBUPJIAPHU
CUKMIII KOJ|JTaIll
CTaHJapTIapUHUA UILTa0
YUKUII OWJIaH
IIyFyJUTaHAIH.

Cranpaptiam 6yitnya Xankapo
TAITKUJIOT.

ITU

JPEG Joint Photographic Experts Group

Tectnamuu
aBTOMaTH3alMsIIa Oyiinya
Oupramnrad rypyx

JTAG

Joint Test Automation Group
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Yusukiu Oanmopativ Koajanl
ycenyou. (JIMKM,

LPC YU3UKJIY KOJUJIAIra Linear Predictive Coding
KapaHr).
¥/Ta I0KOpH Hacrorai Multichannel Microvave
MMDS TaKCUMJIAIIHUHT KyTIKaHAJJIN Distribution System
TU3UMU
MISC MuHIMaT KOMaHIaTapHHI Minimum Instr_uction Set
TepUII OWIaH XUCoOIart Computing
XapakaTiaHyBYM TaCBHUpJIap
Oyitnya sKkcrepTiap
rypyxu. [SO HUHT unryan Moving Picture Expert Group.
rypyxu Oyiu0, BHI€O Ba MPEG is an international
MPEG ayJTMOMabIyMOTIIAPHH standardize}tion committee
KOJJIaIl CTaHIapTIapuHU working on the
unuiad yukum Omnad | coding, transmission and recording
uryrysoianaai. ['ypyx of (moving) pictures and sound.
HOMHM CTaHJIapT
HOMJIApHUJIA YUpauIu.
AKIII, Kanana, SInonus Ba
1y katopaa Ocué Ba
NTSC AMepuKaHUHT OOIITKa National Televi_sion System
MamJiakatiiapuaa Committee
KYJUIAaHUJIQOUTaH PaHTIIn
TEJICBUJICHUE TU3UMHU.
OpToroHas YacToTaBHit Orthogonal Frequency Division
Pfggiiinggfggjﬁlﬁa Mul_tiplex. '_I'he modulation method
OFDM O — is used in D\_/B systems for
MOy TypIApHAAH broadcastl_ ng transport
Supi streams W|th terrestrial
' transmitters.
OxkuM gactypiiapu Ba
PAT yJIaPHUHT Program-Association Table. The
uacHTU(DHUKATOPIIAPH PAT is a PSI Table (MPEG-2).
pYyUXaTH KaaBAIN
[MTaxcuit kKOMIIBOTEP
XOTHpacHIH Personal Computer Memory Card
PCMCIA KCHTAITTHPHIT Internatioﬁal Associati?)/n
BOCUTAJIAPUHUHT

CTaHJApPTH
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[Taketanran sneMeHTap

Packetized Elementary Stream.
For transmission, the "continuous"
elementary stream is subdivided

PES OKUM .
' Into
packets.
Protocol Identification. The PID is
a 13 bit value in the TS header. It
PID [MpoTtokon npentudukamusicu | shows that a TS packet belongs
to a substream of the transport
stream.
Pixel TacBup sneMeHTH Picture element
Quadrature Amplitude
Modulation. QAM is the
QAM KBagpaTyp ammiuTyaanu modu!at_ion method used for
MOy AL transmitting a transport stream
via cable. The channel coding is
performed prior to QAM.
OPSK KBaHEELZ&%’;;?]g};H Quadrature Phase Shift Keying .
MOy
Kuckaptupunran Oyinpyk
RISC TyTamira sra Reduced Instruction Set Computer
KOMIBIOTEDP.
SFN bup gacToraam TapMOK Single Frequency Network
Pakamnu TeneBU3MOH
STB AACTYpIapHHH Ka0y1 Set-Top-Box
KHJIMIOTra OouJ] KylunumM4ia
Kypuima
Kanp dbopmaru 6¥muo, 6up
caTpaa TaCBUPHUHT 288
KaTop Ba 352 3JIeMEHTH
SIF &ku Omp caTpaa Standard Interchange Format
TacBUpHUHT 144 xatop Ba
176 aneMeHTUHU
cakJangn
EpyFJII/IK CUTHAJIMHUHT
SQCIF 128x96 snmeMeHTHHH Sub-Quarter Common Interchange
y3uaa CakjI0BYHU Kaap Format
dbopmaru.
TS TpaHCcOPT OKUMHU Transport Stream.

VLBV

MPEG-41a mabmymotiap

Very Low Bitrate Video




VIL TJIOCCAPUI

y3aTHII TE3TUTHHUHT SHT
rmact OOCKHUYH

VLC

Konmu cy3nap y3ynnuru
y3rapyBumiapu Ouian
KOJJ1aIll

Variable Length Coding




VIIl. BYJIUM

- AJIABUETJIAP
- PYIXATH



VIIL. AIABUETJIAP PYUXATHU

VIII. ATABUETJIAP PYUXATH

Maxcyc agaduéraap:

. Digital Video and Audio Broadcasting Technology A Practical Engineering
Guide Third Edition, by Walter Fischer, printed at Springer Heidelberg
Dordrecht Germeny 2014. Chapters 3, 4, 7, 22, 23, 35, 36, 37.

. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework Third
Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA 2013.

. Three-dimensional Television. Capture, Transmission, Display. H.M.
Oractas, L.Onural (Eds) Springer USA 2014. Chapters 1, 3

. “ Pakammu TeneBunenue” X.C.CoaroB Ttaxpupu octuaa W.A.I'aBpunos,
T.I'.Paxumos, A.H.Ily3uii, X.X.Hocupos, III.M.Kangupos. Tomkent 2016.
400 Ger.

HNuTepHet pecypceJiap:

http://www.dvb.org
http://www.atsc.org
http://www.ieee.org
http://www.opentv.com
http://www.tuit.uz
http://www.ni.com
http://www.oculus-rift.com

NogakowodpE



http://www.dvb.org/
http://www.atsc.org/
http://www.ieee.org/
http://www.opentv.com/
http://www.tuit.uz/
http://www.ni.com/
http://www.oculus-rift.com/




	1
	4.umumiy
	1. Титул - копия
	Тақриз. Телеком
	Ич тақриз. Телеком тех
	5. Рақамли_телевидение

	TI



