MYXAMMAZ, AJI-XOPA3MWIA HOMUOATU
TOLWKEHT AX6OPOT TEXHO/IOTMANAPU YHUBEPCUTETU
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YNAPHUHT MAJIAKACUHU OLLMPULL TAPMOK, MAPKA3HU

YKYB-YCNYBUU
MAXMVYA

PAKAM/IN TENEBUOEHUE

“TeneBnsunoH TexHonoruanap ("Ayanosusyan rexHonormanap ", Tenecryama Tusumnapm
Ba unosanapu")” nyHannwm




V3BEKHCTOH PECIIYBJIMKACH
OJIMH BA YPTA MAXCYC TABJIUM BA3UPJIUTU

OJIU TABJIUM TU3UMU MEJATOT BA PAXBAP KAJIPJIAPUHU
KAWTA TAUEPJIAIII BA YIAPHUHI MAJIAKACUHU OLLIUPUIITHA
TAIIKWJI OTHII BOII NJIMHH - METOJIUK MAPKA3HU
MYXAMMAJI AJI-XOPA3BMUII HOMUJATH TOIIKEHT AXBOPOT
TEXHOJIOTUSIJIAPU YHUBEPCUTETHU XY3YPUJAT'U IEJATOT

KAJIPJIAPHU KAUTA TAUEPJIAIII BA YIAPHUHTI MAJTAKACUHHA
OIIINPUIII TAPMOK MAPKA3HA

“TeseBU3MOH TEXHOJIOTHSLJIAP
("AyauoBusyana texnosorusiap "', Teaectyaus Tuzumiaapu Ba uiosaaapu')”
NYHAIUIIN
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VKYB-YCIYBUHN MAXKMYA
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MoayaHuHr yKyB-ycayouii maxmyacu OQumii Ba ypra maxcyc, Kaco-xyHap
TAabJUMU YKYB-METOAMK Oupaammagapu GpaoJausiTuHu
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0aéHHOMAcCH OMJIaH MABKYJ/UIAHTAH YKYB J1aCTyPH Ba YKYB pesKacura
MYBO(QHK MILIA0 YUKHJITAH.
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29 aBrycTaaru 1 (694) — connim 6aéHHOMAacH OMJIaH TABCHSI KUWJIMHIAH
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Kupum

Jlactyp V36exucron Pecny6mmkacu ITpesumenturuar 2015 jiun 12 uonmaru
“Onuii TabIMM MyaccacaJlapuHUHT pax0ap Ba meAaror KaapJlapuHu KaiTta
Ta€panm Ba MAJIAKACWHHM OLIMPUII TU3MMUHU SHAIA TAKOMWJUIAIITHPHII 4HOpa-
tanOupnapu Tyrpucunaa’tu  [1d-4732-conmu, 2017 #mn 7  ¢eBpangaru
“V36eKucToH PecnnyOnukacuHu siHajga PUBOXKIIAHTHPHUIN OYiinda Xapakatiap
crpateruscu Tyrpucuna’tu [1d-4947-counu, 2019 #iun 27 asrycrmaru “Onuit
TaBJIMM Myaccacajapu pax0ap Ba MeJaror KaJpJapUHUHI y3IYKCU3 MalaKaCUHU
OLIUPHUII TU3UMUHHU XOpui 3Tuil Tyrpucuaa’tu [1P-5789-connun  dapmonmnapw,
myHuHraek 2017 #wwmn 20 anpenpgaru “Onud TabiuM TU3MMHHM — SIHaja
pUBOXJIaHTUpHUII 4Yopa-Tagoupnapu Tyrpucuaa’tu [1K-2909-conmu Kapopuna
OesrujiaHral ycTyBop Baszudanap Ma3MyHHIAH KeNUO YMKKAH XOJiJa Ty3WJraH
Oynub, y onuil TabJIUM Myaccacajapu Ienaror KaJpJIapuHUHT KacO maxopaTH
XaMJla HWHHOBAllMOH KOMIIETEHTJIWIMHU PUBOXKIIAHTHPUIL, cOXara OWJ WJIFOp
XOPWKUN TakpuOanap, sSsHrM OUJIUM Ba MajaKajlapHHU Y3JIAIITUPHUIL, ITYHUHTICK
aManuérra KOpUM 3TUIL KYHUKMAIAPUHA TAKOMUJUIAIITUPHUIIIHA MaKCal KAJIAJIH.

Hactyp noupacuja OepuiaéTraH MaB3yJap TabIUM coxacu OViimya megaror
KaJIpJlapHd KaWTa Taiépiaml Ba MajakaCUHM OINMPHUIN Ma3MyHH, cudaru Ba
YIApHUHT TaW€prapiurura KyHwiaJauraH yMyMUd Majiaka Tajgabiiapu Ba YKyB
peXxanapy acocuia IAK/UIAHTHPHITaH OYIHO, YHHHT Ma3sMYHH Y30eKMCTOHHHHT
MWJUIMA THKJIaHUIIJIAH MAJUIME IOKCAIMII OOCKMYMAA OJUHM TabJIuM Baszudaiapw,
TabIUM-TapOusl  ‘KapaCHJIApUHM  TAlIKWI  ATUIIHUHT  HOPMATHB-XYKYKH
XYyKKaTIapy, WIFOP TAabIUM TEXHOJOTHSAJIApU Ba MEAAroruk Maxopar, TabJIUM
KapaéHnapuga axOopoT-KOMMYHUKAIUs TEXHOJIOTHSUIApUHU KYJUlall, amMaliuii
XOPWXKHUM THJ, TABUMIIM TaxXJIWJI Ba Kapop KaOysl KWJIMII acociiapy, Maxcyc (anmap
HETU3Ua WIMHH Ba aMajvuil TaAKUKOTIIAP, YKYB XKapa€HWHU TAIIKWJI 3TUIITHUHT
3aMOHaBUM yciayOmapu Oyiimya CYHITH IOTYKJap, TI€JarOTHUHT KpeaTuB
KOMITETCHTJIUTHUHN PUBOXIIAHTUPUI, ri00an MHTepHET TapMoru, MyiabTUMEIHa
TH3UMIapugan  (Qogananuim Ba MacopaBUil  YKUTHUIIHUHT  3aMOHABHM
maKUlapuHyd  KyJutam  Oyiuda Terunum OuiauM, KYHHKMA, Mallaka Ba
KOMIIETEHIUSIIAPHU PUBOKJIAHTUPHUILTA HYHATTUPUIITAH.

Kaiita Taii€pnami Ba Majlaka OIIMPHUII HYHAIWIIMHUHL y3Ura XocC
XyCyCUsATIapu Xamja A0j3ap0 macanajapuaaH Keiaud YMKKaH XOJAa JacTypia
TUHIJIOBUYMJIAPHUHT Maxcyc (¢aHiiap Jaoupacuaaru OWwinM, KYHUKMa, Malaka
XaMJla KOMIIeTeHIMsJIapura Kylwiaauran Ttanadiap TaKOMUJUTAIITUPUIMILN
MYMKUH.

V36ekucTon PecnyOnukacuga pakamiiv TEIEBUIICHHUE SIIUTTUPHUIILIAPUHU
amajira OHMpHUIl, OOCKMYMa—OOCKHY JacTypra acocaH, MOPTUMH3AA XalKapo
DVB-T cranmaptura OWHOaH €p yCTH TU3UMUA amalira OMIUPHIMOKIa. Pakamim
teneBuaeHuenu tapkatumaa MPEG-4 (H.264) popmaTaaru curnamuiapHy CUKHII
yeynuaan (oiiIanaHiIMOKAA. Y36EKUCTOHAA PAKAMIH TEICBHUACHHEHH aXONura
€TKa3MIll Ba XU3MAT KYpCATHIIHM TAamKWI 3t yuyH maxcyc UZDIGITAL TV
KOPXOHACH Ty3WJIraH. AXOIM OHXTUEXKUHM XucoOra OJraH XoJjjaa, pakamid
TeJeBUACHUEra OOCKMUMAa-OOCKHY YTHII JaBpUAa, MaBXKyJ] aHAJIOT TEJIEBU30p



OpKaJdy pakamid curHawiapuu kadbyn kuimuim yuyH ‘“Telemax Elektroniks”
KOPXOHACH TOMOHHU/JIAH KYyIIMMYa KypuiaManap uiuuiad YuKapuiras.

Pakamim TeneBHIIEHUEHM >Kajal cypbarjap OWiaH TaTOMK STUIMIIMA 1Ty
WyHamuImaarn  MyTaxacCHCJIapHM  TaWépiamira KyHuiaaguraH  TanabiapHu
omupmoraa. Iy cab6ab YkyB nactypura kupuTwirad ‘“Pakamiu TeneBuieHUe”
MOJAYJIM IOKOPH MaJlaKall MyTaxacCUCIapHU Talépaiiga MyHOCUO YpUH TyTaJlu.

MOI[y.]'IHI/IHI‘ MaKCaJIHu Ba Ba3mpa.11apn

“PakaMiy TeJleBHUICHNE MOAYJIMHHUHT MaKCaJd - THHIJIOBUMIIAPTA paKaMIIu
TENEeSMUTTUPHUIILIAPHA TapKaTHILIA TEJIEBU3UOH CUTHAJUIapHU
MIAKUTAHTUPWIINILK, yjlapra HIUIOB Oepuiuiy, 3¢upra y3aTWIMIIA Ba KaOym
KUJIMHUINN KapaCHIapuaary Xycycusriap Oyinua MykaMMan Ouiumiap Oepwiil.
Pakamnu TacBUp Ba OBO3 CHUTHAJUIAPUHU CHKHIN, CUTHAJUIAPHU Y3aTHUIIIAard
XaTOJUKIIAPHU KaMaWTUPUII yCyJulapu Oyilnda TEeruIUId MabIiyMOTJIap Oepulll Ba
YIAPHUHT TYPJIH TU3UMIIAPJATH XYCYCHUATIAPUHHU TaXJIWJI KWIWIIHU YPraTHIIL
V36eKkncTORa pakaMiId TeleBHACHHE, Iy SKYMJIaIaH IOKOPH AHMKIMKIArH
teneBuaenuenu (HD TV) taréuk kuwnmuminaru Bazudaiap OuiiaH TaHUIITUPHUII Ba
TErUIUIA aMajuil uapHu EpUTud Oepuuamp.

MoayJ1 0yii4a THHIJIOBYMJIAPHUHT OMIIMMM, KYHUKMACH, MAJIaKACH Ba
KOMIIeTCHIUSIJIAPUra Ky HWJIaJaurad rtajgadsaap

Tunrnopumwiap  “Pakamnu  TenmeBuaeHue”  MOAYJIWHU  YpraHULLIAPU
HaTIWKacHIa KyHuaarmiapHy OWIUIIIapu Kepak:

-pakamyIiM TacBUp Ba OBO3 CUTHAJUIAPHUHI IIAKJ/UIAHWIIMA Ba YJAPHUHT
acOCHM KYpPCaTKUYJIapUHU;

-pakamiIM TACBUpP Ba ayJMO MAabIyMOTJIADHU CHUKHUII YCYJUIAPUHU XaMJa
yIapHU ¥3ap0 COJMINTUPHUIN HaTWxkacuaa ad3aIMK Ba KaMYWIMKIAPUHUA
AHUKJIAIHH;

-MPEG ounacugaru  TEJIEBU3MOH  CUTHAJIADHU  CHUKHUII  XaJIKapo
CTaHJAPTUAATY TACBUP Ba OBO3 CUTHAJUIAPUHUHT XYCYCUSTIIAPUHH;

-paKaMJIi TacCBUpP CHUTHAJUIAPUHUHT XaJTaKUTOAPONUIATHHYU OIIUPHUII Ba
yJIapHU TEJIEBU3MOH KaHAJIAp/IaH y3aTUII XaM/la KaOyJ KWIHII KapacHIapuHu;

-paKkamiIM XaJIKApO TEIEAMUTTUPUII TU3UMIIAPUHU TY3WJIMIIUHU Ba YHHU
TAIIKWI 3TYBUWJIAPUHUHT XyCYCUSTIapUHU;

-T€JICBU30H CUTHAJUIADHU KaOyJl KWIHII KypWIMQJIAPUHUHT TY3UJIUIIIH,
HMCTUKOOJIJIApU Ba YJIAPHUHT UIILJIAIT OMUJUIAPUHH.

Tunrnoumnap (haHnHu YpraHuiin HaTHKacuaa:

-aHaJIOT Ba PaKaMJIA TEJICBUICHUE TU3MMIIAPUHUHT UIILIAII IPUHIUILIAPH;

-paKkamiiM TEJIEBUJICHUE TACBHP BA OBO3 CHUTHAJUIAPUHUHI IMIAKIUIAHTUPHUILL
OMUJLIAPH;

-pakamJIi TaCBHp Ba ayJHU0O CUTHAIIAPHU MaBXXyJ OYJTraH KoJyiail, CHUKHUII
yCyJUIapy Ba YIAPHUHT UCTUKOOIIIAPH;

-pakamiIM  TEJCSMMUTTUPHUIN TU3UMIAPUHHUHI TY3WIHIIM Ba  aCOCHU



XapaKTEePUCTHKATIAPH;
-V36eKHCTOH/a PAKAMITH TEJICBUICHUCHUHT PHBOXIIAHHII HCTUKOOILIAPH;
-TEJICBU3MOH CUTHAJUTAPHUHT KYPCATKUWIAPHHHA XHUCOOJAIl Ba YIApHUHT

cudatuHu 6axosan kabu KYHMKMA Ba MaJjlaKaJjiapra sra OYJIHIIIapu JO3UM.

Moay/aHu TANIKWI 3THII Ba YTKA3HII OYHHYA TaBCUAJIAP

“Pakamuii TeJIEBHJIEHHWE KYpPCH Mabpy3a Ba aMaJMi MAILIFYJOTJIAp IIAKINAA
oJn6 GopuIaIy.

Kypcan yxkutnm sxapa€Huaa TabJIMMHUHI 3aMOHAaBUM  METOMJIAPH,
NEAaroruK  TEXHOJIOTHsAJIap Ba  axOOpOT-KOMMYHHUKAIMS — TEXHOJIOTHUSIIApU
KYJUIAHWINIIY Ha3apAa TYTUITaH:

-Mabpy3a Japciiapuaa 3aMOHABUN KOMIIBIOTEP TEXHOJOTUsIApH €paamuaa
IIPE3EHTALMOH Ba JJIEKTPOH-AUIAKTUK TEXHOJOTHIIApAAH;

- YTKa3ujaaAurad aMajavii MalryaoTiIapAa TEXHUK BOCUTAJIApAAH, IKCIIPECC-
CYpoBIIap, TECT CYPOBIApH, AKJIUN XYKYyM, TypyXJIu (QUKpJaIl, KUUUK TypyxJiap
OusaH MILIAll, KOJUIOKBUYM YTKa3ull Ba OOIIKAa MHTEPAKTUB TAbJIUM YCYJUIApUHU
KYJUIall Hazapa TyTUIaaq.

Moay/JTHHHT YKYB pe:xajaru 00mKa MoayJiap OujaaH O0FJINKJINTA Ba
Y3BHIJIUTH

“PakamMiii TelneBUAEHUE  MONYJIM Ma3MyHHM YKyB pexanaru ‘“Paxamim
ayIM0-BUJICO MaxCyJioTjapra MILIOB Oepuill yCyJl Ba BocuTajiapu’ Ba “Ax00poT
TEXHOJIOTHSJIApM Ba KOMMYHUKALUSJIADUHU PUBOKJIAHUII HUCTUKOOJUIapu” VKYB
MOAyJUlapu OWIaH y3BUM OOFJIaHraH XoOJAa [eJarorjapHUHT  pakKamiid
TeJeBueHUuEe Oyiinya KacOui TeAaroruk Tau€prapiiuk Japa)aCuHU OIIWPHIITra
XU3MaT KWJIAJIH.

MoayaHUHT OJIMH TABJIUMMAATH YPHU
MoaynHu y3namTUpUIIL OPKAJIM THUHIJIOBUMIIAD PAaKaMIIM TEJIEBUJICHUE

TU3UMHUHU TANIKWJUTAIITUPHUIIT ACOCTAPUHU YPTaHWIN, TEXHUK MyaMMOJIApHU
Oaxomarn Ba 6apTapad dTuiira 10up kKacouii KOMIETEHTIIUKKA 3ra OYiaaumiap.



MOJAYJ BYUNUYA COATJIAP TAKCUMOTHU

Moayabs MaB3yJapu

AyauTopusi yKyB
OKJIaMacH

JKyMJIaIaH

Kamu
Ha3zapmii
Kyuma
MAIIFYJI0TH

AMaui
MAIIFYJIOT

3amMoHaBUi KEeHT opMaTiIv Ba paKamiind
TEJIEBU3UOH TU3UMHUHT y3aTUII Ba KaOyJl KUJIHILI
apaénnapu. Pakammnu teneBuaeHusna
CUTHAJIHUHT TY3WIHILIN

Pakamnu monynsauus typiapu. MPEG-2, MPEG-4
CTaHAapT CUKHUII (hopMaTIIapUHU, YHUHT
nporIIapyuHU Ba aCOCUN XyCYCUSATIAPUHU

(V]

Yyprauuii.

VY4 yI140BIM TENEBUACHUSHAHT amMaia KyJllall
UMKOHUSATIApU. PakamMiu TelneBUICHUSTHUHT
CYHBUH Hynomn, MoOOUIT ajloKa, Kabesn TU3uMIIapu
OpKaJIu TAIKWIIAIITHPHUII XYCYyCUSATIIAPH.
Pakamiiu TeneBUACHUSTHUHT KaTeropusiyiapH,
TapKUOJIApUHU Ba TUBUMHUHT CTPYKTYPaCUHU
aMaJneTra TagOuK dTHIILL.

DVB, ATSC Ba ISDB cranaaptiapuia
CUTHAJJIAPHUHT MaKET TY3WIHIIH, YJIapHU
IAKJUTAaHTUPUIL, KalTa WAl Ba y3aTHII
XyCYCHUSITIapH.

TacBup CUTHAJIMHU IAKJJTAHTUPULIHUHT
anropuT™MH. Pakamiim CUTHajIHW IIaKJUIaHTUPUIIL.
TeneBU3sMoH CHUTHAJIHA pakamJid — TacBUpJall.
Pakamim curHamau ysatumn te3nurd. TB tacsup
CUTHAJUIAPUHM CUKHII CTaHAapTiapu. TeleBU3noH
CUTHAJIHU Ko ytam. Kanayumm ko piarn.

Kamu:

22 | 10 | 10 | 2




HA3APUI MAIIFYJIOTJIAP MASMYHHA

1 - maB3y: 3aMoHaBHIl KeHT ()OPMATJIN Ba PAKAMJIN TeJIeBU3UOH TU3UMHUHT
y3aTul Ba Ka0yJ1 KWK ;kapaénapu. Pakamuu TejieBuieHusiia
CUTHAJTHUHT TY3HJIHIIU
TacBup Ba 0BO3 CUTHAJUIAPUHU aHAJIOT-paKaMJiIM y3rapTupuil. TeaeBu3uoH
CUTHAJ TalIKWJI JTYBUWJIAPUHUHT pakaMiud KypuHUIIM. Pakamuiu
TEJIEBU3UOH CUTHAJIHU XOCWJI KWJIUII Ba MAKJITAHTUPUIIL.

2 - maB3y: Pakamun moayasiuus typaapu. MPEG-2, MPEG-4 cranaapr
CUKMII (popMAaTIAPUHU, YHUHT NPOQUIIAPUHN Ba aCOCHIl
XyCYCHSATJIAPUHHU YPraHuiil.
TeneBU3MOH CHUTHAJUIAPDHUHT OPTHKYA axOOpPOTHHHUHT TypJiapd Ba yIapHH
uykotum ycymnapu. JIUCKpeT-KOCMHYC Y3rapTUpHII acoCHia TacBUPJIApHU
cukumi.  TacBUpHM BEWBIET aJMalITHUPUII acocuaa CUKULI. Momymsmus
TypJapy Ba TEXHOJIOTUSCH.

3 - MaB3y: Y4 YJI4OBJIHU TeJeBUICHUSTHUHT aMaJijia KyJJiam
HUMKOHUATIApU. Pakamuiu TeleBUACHUSHUHT CYHbUI Y1011, MOOWJI
aJI0Ka, Ka0eJ1 TU3UMJIAPH OPKAJIH TAIIKWIJIAIITHPHUII XYCYCHUATIAPH.

Pakamuiu TesiIeBUACHUSIHUHT KATErOPUsLIIApU, TAPKUOJIAPHHHU Ba
TU3UMHHUHI CTPYKTYPACHMHHM aMAJIMETra TaA0MK ITHIILL.
Ep yctu pakamiiu DVB — T TenesmmTTUpHIl THU3WMH, Yy3aTHII Ba KaOyl
Kuwnmiga curHauiapra wunuioB Oepum. MPEG-2, MPEG-4  TeneBuacnme
SIIMTTUPUII CTAaHAAPTIIApHU. Pakamiii TE€IEBU3UMOH CUTHAJIHU aJ0KA KaHAJUIapH
OpKaJld y3aTulira Oyiran tamxabduap.

4 - ma3y: DVB, ATSC Ba ISDB cranaapriapuaa CUrHaJUIAPHUHT MAKeT
TY3WINIIH, YJIAPHHA IIAK/VIAHTHPHUIL, KAUTA HILIALI BA y3aTHII
XyCYCHATJIAPH.
DVB-S pakamnu cywbuit Wyngom TeneBU3oH y3atuml cranpaptu. DVB-C
pakamiau kabenb TeneBuiaeHue cranaaptd. DVB-H pakamiu moOuib TeneBU3HMOH
SIMIMUTTUPULI CTaHAAPTH. |PTV UMKOHUSATIApY Ba TEXHOJOTHUSCH.

5 - maB3y: TacBUp CHrHAJIMHM INAKUIAHTUPUITHUHT ajroputvu. Pakamiu
CUTHAJIHM IAKJUIAHTHPHUII. Te/ileBU3MOH CUTHAJIHM PAKaMJIM TACBUPJIALIL
PakamJiiu cCUrHaJHM y3aTuil Te3Juru. TB TacBUp CUrHAJUIApUHM CUKHULI
cranaapriaapu. TejileBU3HOH curHaJ HM kKoaam. Kanamnu koanam.

Ep yctu DVB-T2 tenesunenne crangaptu. Amepukanuar ATSC Ba SnmoHussHUHT
ISDB ep yctu TeneBuaeHne cTaHaapTiaapu. 3 Ya4amiid TEJIEBHICHUE acociapH Ba

TEXHOJIOTHUSACH.



AMAJIMA MAIIFYJOTJAP MABMYHHU

1-amauumii MalIFyJIoT:
PakaMJiu TeJleBUAEHUSIIA CHTHAJTHUHT TY3UJIHIITA
Pakamnu TacBup CHTHaJUIApUHM KOJJAIIga TUCKPETIAIl, KBAaHTJIAIl Ba
KOJIJIAI aCOCJIAPUHHM YpraHHIIL
OBO03 CHUTHAJUTApU CIEKTOPH, KBAHTJIAHMII CaTX{, CUMBOJUIAPHU KOJJIAII
JTapakaCHHA MaTeMAaTHK aCOCIapUHU YPTaHHIIL.

2-aMaJInid MaIIFyJIoT:
Pakamuim Mopyasiuus TypJaapu. JucKpeT-KOCHHYC aIMalITHPHIIT
acoCu/a BUACOMABJIYMOTIAPHHA CHKMIIHU TAAKUK KHJIUII.
JIMCKepT-KOCUHYC AJIMAIUTUPUII YCYJIMHHUHT aJTOPUTMUHHU TaXJWid KUJIUII
Ba ypranunil. BeiiBineT anMamTupuin ycyiau AacTypUHHU YPTaHUII, TaXJIUJI KUJIHII,
Juckper anmamTupuil ycyiauaaH ¢apkd, aBp3aqurd Ba  KaMYWIMKJIAPUHU
TOIUII.

3 — amaJuii MalIFyJIoT:

Y4 yI40BJIH TeJIeBUICHUSHUHT aMAJI1a KYJJIall HMKOHUSATIapu. BeliBier
AJIMAIITHPHUII YYKYPJAUTHMHHA Y3rapUIIHHUHT CTATHK BUACOMABJIYMOTJIAP
CUKHMII KO3(PPUIMEHTUIa TALCHPHUHH YPraHUIIL.

Beiipner anMamtupuin acocuiaru Oup HeuTa PriIbTpiIapHU KYJUIall OpKaJIv
BUJICOMABJIIYMOTJIap CHUKHUII KUWMAaTH Ba CTaTUK TacBUpJiap cudarura
OOFJIUKJIUTUHU TAJIKUK KUJTUIIT

4 — amaJMii MalIFyJIo0T:
KBanT/am skapaéHMHA BUAECOMABJIYMOTIAP CUKUII KUMMATH BAa CTATUK
TacBupJap cudarura OOFJIMKJIUTHHA TAAKUK KUJIMIIIL.
KBanTimam >xapa€HMHA BUACOMABIYMOTIIAP CHUKUII KHMMAaTH Ba CTaTHUK
TacBupIap cudarura OOFIMKINTUHN TAIKUK KUJTHIIL.

5 — amasuii MalIFyJI0T:
DVB, ATSC Ba ISDB cranaapriapuia CUrHaJUVIAPHUHT NAaKeT TY3WIHIIH,
YJIAPHH IAKJIAHTHPHIL, KAlTa HILJIAII BA Y3aTHII XyCYyCUATJIApH.
C++ Twimpa gpatwiraH Maxcyc AacTyp €paamuaa BelBier amMamThpwuin
YYKYPJAUTUHUHT  Y3Tapuild  BHACOMABIYMOTIAp CHUKUII KO3(PPUIMUEHTUHUHT
y3rapuinra TabCUPUHNA TAIKUK KAJTUII.

Kyuma mamryJior (2 coar)
LabView myxuTnaa teJieBU3HOH y3aTru4 YHKHII KYBBATHHU YJI4all.
National Instruments kommanusicunuHr LabView myxutuaa cuMynsTopu
MYXHUTHUJIa CUTHAJJIAPTa paKamJIi UILIOB OSpUINl YCYJJIAPUHH YPTaHUII Ba TaXJTHI
KUJTHAIIL



YKUTHII INAKJUIAPHA

Maskyp MoayJ Oyinda KyiHuaaru YKATUII aKJmapuaad honaanaHuiau:
Mabpy3ajlap, aMajuil MaIFyJoTiap (MabIyMOTIap Ba TEXHOJIOTHSIUIApHU
aHryIad OJIMIN, aKINK KU3WKHUIIHUA PUBOXJIAHTUPHUIL, Ha3apuil OMIMMIIApHU
MycCTaxKamJiaill);

naBpa cyxOariapu (KypwiaéTra jJornxa edumiiapu Oyinda takiudg Oepuii
KOOMJIMSITUHYN OITUPHII, SIIUTHUIN, WAPOK KUJIHUII Ba MAHTHKUK Xysocajap
YUKAPUIII);

O0axc Ba MyHO3apamap (JloMuxamap e4uMu Oyinda mamuuiap Ba acoCiH
apryMEHTJIapHU TaKJIWM KWJIWIIL, SIIWTUILI Ba MyaMMOJIap €UUMHUHU TOIHIII
KOOMIMSITUHY PUBOJIAHTHPHIIN ).
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11 BYJIUM

- MOJIYJIHU VYKUTUILIJIA
- DOUJATTAHUIANT AH
. UHTEP®AOJI TABJINM
- METOJJIAPU



II. MOJYJIHA YKUTUIIJIA ®OMJAJTAHUTIAIUTAH UHTEP®AOJI
TABJIUM METOIJAPU

«baym kyourm» meroamn

MeToaHUHT MakKcaau: Ma3kyp MeTOJ THHIJIOBUMJIApJA SHTH axOopoTiap
TU3MMHHA KaOyJl KWIAII Ba OWIMUMIIAPHU Y3NMAMITHPWINIINHA CHTAUTAIITHPHIIT
Makcaauaa KyJulaHWIaau, IIyHUHT K, Oy METOJ TUHTJIOBUMIap yuyH “OuuK’ caBosuiap
TY3UIII Ba yjapra 5kaBo0 TOIHII MAIIK{ Ba3u(acuHu Oelruiaiim.

MeToaHu amaJjira omMpuil TapTUOHU:

1. Ymby meroanu Kymnam ydyH, onauil kyo kepak Oymaau. KyOuuur xap Oup
TOMOHHJIA KYHUJIary cy3nap €3uiain:
. Cana6 Oepunr, Tabpud OepuHr (oaauii caBoJ)
. Huma yuyH (ca0a0-0oKM0aTHH AaHMKJIAITHPOBYH CABOJI)
. TymuHTHPHO OepuHT (MyaMMOHH Xap TOMOHJIAMa Kapall caBOJIH)
. Takaundg OepuHr (aMaauéT OMJIaH OOFJIMK CABOJI)
. MucoJ1 KeJITHPUHT (MKOAKOPJIHKHU PUBOXKJIAHTHPOBYH CABOJI)
. @ukp OepuHT (TAXIMJI KWIKII Ba 0axoJiall caBoJIN)

2. VkuTyBuM MaB3yHH Genrunad Gepa.

3. YKuTyBYM KyOWKHHM crTosra Tamanaud. Kaiicu c¢y3 4mMkca, yHTra TETHIIN CaBOJHU
oepanu.

“KWHL” meToau

MeToaguuHr Makcaam: Ma3skyp MeETOJ THUHIJIOBYWIApJA SIHTH axOopoTiap
TU3MMHHHA KaOyn KWIWII Ba OWIMMIIApDHU THU3UMIIAIITHPUIN MaKcaauaa KYJUTaHWIaIH,
IIYHUHT/IEK, Oy METOJ] THHIJIOBUMJIAp YU9yH MaB3y Oyinua Kyiuaaru xaasaiaa oepuiran
caBoJuIapra >kaBo0 TOMHUII MaIIKU Ba3upacCuHU OSITHIIalIH.

H3ox. KWHL:

Know — numanapnu ouraman?

Want — numarnu ounuwnu xoxaatiman?
How - kanoaii bunub oncam 6yraou?
Learn - numanu ypeanud onoum?.

12



“KWHL” meToau

1. Humanapnu ounaman: 2. Humanaphu 6unumiHu Xoxa1aiuman,
- HUMANAPHU OUTUMMUM KEPAK:

3. Kanoait kunuo ounuo ea monuod 4. Humanapnu ounué onoum:
01aMamn: -

“W1H” metoau

MetoaHuHr Makcaau: Maskyp MeETOJ THHIJIOBUMJIApJA SHTH axOopoTiap
TU3UMUHU KaOyJl KWIWII Ba OWJIMUMIIAPHU TUUMIIAIITUPHUIN MaKcaauaa KyJUTaHWIAIU,
HIYHUHTIEK, Oy METOJ TUHIJIOBUMJIAp YUyH MaB3y Oyinya Kyiuaaru skaaBanga Oepuiiran
OJITUTA CaBOJIIapra >kaBo0 TOIHUII MAIIKU Basu(acuHu Oenruiaiim.

What? Huma?
(Tabpudu, Ma3MyHH, HUIMA YIyH
WIIIATUIIATN )

Where? Kaepna (xoiinamras, KaepaaH OJHIII
MYMKHH)?

What kind? | Kanmaii? (mapametpriapu, Typiapu
MaBKYy/)

When? Kavon? (umutatumasm)

Why? Huma yayn?
(MIIaTUIAgM)

How? Kannait kunmn6? (spatunany,
CakJIaHa/IH, TYJTUPHUIIAIH, TaXPUPIIALI
MYMKHH)
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“SWOT-Taxana” MeToau.

MeToaAHMHT MaKcaaW: MaBXyJl Ha3zapuil OuWIuMIIap Ba aMalvil TaxxpuOalapHU
TaxJWJ KWIWII, TaKKOCIall OpKadd MyaMMOHHM Xajl »J3TUII WYJUIApHA TOMNMIITa,
OWIMMIIADHM  MYCTaxKamJialll, Takpopjaii, OaxoJjaiira, MYCTaKWwi, TaHKUIHI
buKpIanHy, HoCTaHAAPT TaQaKKypHH MAKIIAHTUPHUINTA XU3MaT KU IH.

S — (strength) * KyWIM TOMOHJIAPU

W — (weakness) * 3an(, KyIcH3 TOMOHIAPH

O — (opportunity) * UIMKOHUATIIAPH

T — (threat)

xaBdmap

“BEEP” meTonu

MeTtoauunr makcaau: by Meron mypakkal, KYynTapMOKIH, MYMKHH Kanaap,
MyaMMOJTM XapakTepuaard MaB3yJapHU YpTaHWIIra KapaTwiraH. METOIHHHT MOXHSATH
mryHaad uOoparku, OyHJa MaB3yHMHI TYpJiM TapMoKjiapu OVyitmua Oup xuim axOGopor
Oepunaau Ba allHM MaiTHa, yJIapHUHT Xap OWpHU ajoxuaa acleKmiapia MyxokKama
sTwinaau. MacanaH, MyamMMoO MKOOuM Ba canbuii ToMoHmnapu, ad3amiuk, ¢asuiar Ba
KamMumiukiapu, ¢oiga Ba 3apapiapu OViinua Ypranunaau. by wuHTepdaon meron
TAaHKUJIUHU, TaXJIUITUN, aHUK MAaHTUKUNA GUKpramHu MyBadGakusITId pUBOKIAHTUPHUIITA
Xama YKYBUWJIADHUHT MYCTAKWJI Fosiapu, (UKpiIapuHM €3Ma Ba OF3aKd IHAKIJIa
TU3UMIIM 0aéH ATUII, XUMOSI KUJIUIITa UMKOHUSAT sipataau. “Beep” meTonumaH mManpysa
MAIIFyJI0TIapUAa HHAMBUAYANT Ba KY(OTIMKIapAard Uil MaKiInaa, aMaluid Ba CEMHHAp
MAIIFyJI0TIapUAa KHUMK TypyXJapAard Wil IMaKiuga MaB3y I03acuiaH OWIMMIIapHU
MyCTaxKamJiall, TaxXJIMJIM KAJIUII Ba TAKKOCAI MaKcaauaa (poiganianuin MyMKUH.
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MeToaHu amaJjra OlMpUII TAPTUOU:

TpeHEeP-YKUTYBYH HINTAPOKIMUIAPHN S5-6 KUIIHIaH HOOpaT KHIUK
rypyxJjapra axparajy;

TPEHUHI MaKCa/y, IIapTJIapy Ba TAPTUOU OMIIaH UINTUPOKIMIIAPHU
TaHULITHpray, Xap Oup rypyxra yMyMuil MyaMMOHHU TaxXJIHJI
KWIMHUIIN 3apyp OYiraH KucMiiapy TyIIMPUITaH TapKaTMa
MaTepuaIapHu TapKaTaau;

xap Oup rypyx y3ura 0epuiran MyaMMOHHU aTpodinda Tax I
KWiInO, ¥3 MyJoxaszajlapyuHu TaBCUsI ATHIIAETTaH cxeMa Oyitnya
TapkarMara ¢3ma 6a¢H KujiIaau;

HaBOaTmaru 60cKu4Ia 6apya rypyxJjiap y3 TakKIuMOTIapuHA
VyTrazaaunap. lllynnan cyHr, TpeHep TOMOHUAAH TaXJIHUIap
YMYMITAIITAPUIIAAN, 3apYPHI axO0pOTap OMIaH TYIAUPUIAIN Ba
MaB3y SIKYHJIaHAIH.

MyaMMoJ14 CaBoJI

1-yeya 2-yeyJa 3-yeya

a(bsannnm KaM4iujiInuru a(bSaJ'IJ'II/Il"I/I KaM4iuJInuru a(b?an'IJ'II/Il"I/I KaM4njiInru

XyJioca:

“Keiic-cTaau” MeToan

«Keiic-cTaam» - uHrIM34a cy3 0ynuo, («case» — aHUK Ba3MsAT, xoauca, «stadi» —
VpranMmok, TaxjiiJl KWJIMOK) aHWUK Ba3WATIAPHU VPTaHWIN, TaxJIWI KWIWII acoCuja
VKUTHIIIHA amaJira OMIMPHUINTa KapaTUiaraH MeToa Xucoomanaan. Maskyp MeTos AacTiabd
1921 #imn T[apBapa yHHBEpPCHTETHIA aMalluidi BasHWATIApIAaH HMKTUCOMUN OOIIKApyB
dannapuHu  ypranumga QoimamaHum TapTHOWAa KyanaHuiarad. Kedicma  oumk
axbopornapgan €KM aHUK BOKEa-XOJMCAJaH BasuAT cudaruaa Taxauwil ydyH
doiinanaHUII MyMKHH.
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“Kelic MEeTOIM” HM aMaJIra OIIMpuI 00CKHYJIapH
N Da0THAT IAKIH
OO0CKMYWIapH Ba Ma3MYHH
1-6ocknu: Keiic Ba  yHHMHT SKKa TapTUOAaru ayiuo-Bu3yas HIll;
axO0opoT  TabMUHOTH  OuWJaH Keiic OuiaH TaHUIIUII(MATHIIU, ayJIU0 EKU
TaHUIITHPULI Meua aKiaa);

AN

v/ ax0OpOTHU yMyMJIAIITUPHIIL;

v’ ax00poT TaxJIUIIH;

v MyaMMOJIapHH aHUKJIAIIl
2-60cKuY: Kelicau | v/ vHIMBHIyal Ba IypyX/ia UIILUIALL,
AHMKJTAII THPUILIT Ba YKyB | v\ MyaMMoOJIapHU  J0J3apOJHMK  HEPapXUSACHHU
TONIINPUFUHK OEITHIALL aHUMKJIAl;

acoCHil MyaMMOJIHM Ba3UsITHH OeJIriall
WMHJVBHIyaJ Ba TypyX/Jla NIUIAIL,

3-0ockuu: Keiicmaru  acocwuit
MYyaMMOHHM TaXJIHJI 3THULI OpKaju MYKOOWI €4UM HYJUTapuHU UIIUTa0 YUKHUIL,
YKyB TONIIUPUFUHUHT €YUMUHU Xap OWp EUYUMHUHI HMKOHHUSTIApU Ba
W3JIall, XaJl OJOTUIl WYJUIApUHU TYCUKJIAPHU TaXJIAJI KWJINILL

ANENEN AN

Uu1ad YUKUII v\ MYKOOWJI €4MMJIAPHU TaHJIAII
4-DocKuUY: Keiic CYNMUHHM | v sKKa Ba IypyxJa HIILIAII;
IIAK/UTAHTHPHII ~ Ba  acoclail, | v MyKOOWJI BapWaHTIapHH aMaija KyJulaml
TaKIUMOT. MMKOHUATIIAPUHU aCOCTIANT;

v WKOIMU-JIONHXA TAaKAMMOTHHY TaiEpIiallr;

v SKYHHH XyJ0Ca Ba Ba3WAT CUUMHUHUHT aManii

ACIIEKTIapUHUA EPUTHIL
“AccecMeHT” MeTOaH
MeTOoOHMHI MaKCaIu: Ma3Kyp MeETOJ TabJIuM OJYBUWIAPHUHT OWIUM

JapaxacMiHu  0axoJsail, Ha3opaT KWIMLI, Y3JIalTHPUII KYpCaTKMYM Ba aMmaluid
KYHUKMaJapyuHU TEKIIMpPUIITra HYyHaNTUpWIraH. MasKkyp TEXHUKa OpKajdud TabiIuM
ONIYBUMJIAPHUHT Ounuin  GaolusTd Typid HWyHamumap (TecT, aMaluii KyHUKMaap,
MyaMMOJIM BaszHAT/Iap MAIIK{, KUECHM TaxXJuj, CUMITOMJIApPHM aHUKJAII) OVinya
TaIIXWUC KUJIMHAAW Ba OaxojaHaaH.

MeToaHM aMaJira OIMpuII TAPpTUOH:

“AccecMeHT  napaaH Mabpy3a MallFyJoTiapuja TalabaJapHUHT  EKHU
KaTHAITYMUJIAPHUHT MaBXXyJ OMJIUM JTapa)KaCcUHU YpraHUIIAa, SSHTH MabIyMOTIapHU 0aéH
KWIKIIA, CEeMHHap,  aMaluid MalFyjoTiapia 3ca MaB3y €EKU MabiyMOTIapHU
Y3MamTHpUIl JapakacMHUA Oaxojall, IIyHHHTACK, VY3-Y3uHH Oaxosamn Makcaauaa
WHAuBHAyal maknna  doigananum TaBcus dtunanu. IyHWUHTACK, YKUTYBUMHUHT
WOKOIMKM EHAAITYBH Xamaa YKYB MakcaJylapuiaH Keaud 4MKuO, acCeCMEHTra Kylmmua
TONIIUPUKIAPHU KUPUTULIT MYMKHH.

Xap Oup kaTaknaru TYFpu xaBo0 5 6amt €ku 1-5 6anraua 6axoJaHUIITT MYMKHH.
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o t Tecr MyaMMoJI1 Ba3usIT
[ ]

Tymynua TaXJINJIU
(cuMnTOM)

“HucepT” MmeToaH

MeToaHu amaJira oIuMpuIl TAapTUOM:

» YKUTYBYM MAaNIFyJOTra KaJap MaB3yHHUHT acOCHUW TYIIyHYaJapu Ma3MyHH
EpPUTWITaH MaTHHY TapKaTMa €KM TAKIUMOT KYPUHUIIMAA TAUEpaanin;

» SHTYM MaB3y MOXHMSTHHH CPUTYBYM MATH TabJIUM OJIyBUMJIAPTa TapKATHUJIAIH
€K TaKIMMOT KYPUHHUIINAA HAMOWHIL STUJIA/IN;

» TabJIUM OJYBUWIAD WHIWBUAyal Tap3fa MaTH OWIaH TaHWIIUO YUKUO, V3
mIaxcuii KapauulapuHu Maxcyc Oenrunap opkaiu wudomanaaunap. MatH OunaH
unurama Tanadanap KM KaTHaIIYuiIapra Kydujaara Maxcyc oenrunapaan (ponaaaaHuin
TaBCHS ITUIAJIU:

Bbearunaap Martn

“V” — TaHUII MaBIYMOT.

“?” — Ma3Kyp MabJIyMOTHH TYIIYHMAJUM, U30X KEpakK.

“+” Oy MabJIyMOT MEH Y4yH SIHTHIIHK.

[13

—” Oy puKp KM Ma3Kyp MabJIyMOTra Kapluman?

benrunanran BakT sSKyHJAHrad, TabJIAM OJYBUYWJIAp Y4YyH HOTAaHHII Ba
TylIyHapcu3 OYiaraH MabayMOTJIap YKUTYBYM TOMOHHUIAH TaxJIMJ KUJIMHUO, N30XJIaHAIH,
yIApHUHT MOXHUATH TYnuK Eputmiaau. CaBoiapra kaBoO Oepuiaad Ba MAaIIFyJIoT
AKYHJIAHA]IH.
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I11. HABAPUH MATEPUAJLJIAP

1- MaB3y: 3aMoHaBHH KeHI q)OpMaTJII/I Ba paKaMJid TCJICBU3UOH TUSUMHUHT
y3aTuil Ba Kaﬁy.]'l KHJIHNII )KapaéH.ﬂapn. PaKaMJ'IH TCJICBUICHUAIA
CUTHAJHUHTI TY3WJINIITH

Pe:xxa
1.1. TacBup Ba OBO3 CUTHAJUTAPUHH aHAJIOT-paKaMIIM Y3rap THUPHIILL.
1.2. TeneBu3nOH CUTHAN TAIIKWJ ATYBUYMJIAPUHUHT paKaMJIu KYPHUHUIIIU.
1.3.PakaMiy TeIeBU3MOH CUTHAIHU XOCHJI KUJIMII Ba IIaKJIJIaHTHPHIIL.

Tassnu  wm6opanap: PAL, SECAM, MPEG (motion picture expert
group),chrominance, luminance, column, bandwith

1.1. TacBup Ba 0B03 CUTHAJLJIAPMHH AHAJIOT-PAKAMJIM Y3rapTHPHILL.

CurHammap Typkymuaa aHaior (y3JTyKCH3) Ba pakamiid CHTHAJJIAp MaBXKY/I.
AHanor curHayiap y3iaykcu3 (pyHKIMS KOHYHU Oyiinya y3rapaju Ba UKKH KyIIHU
caTx opacujia )Kyjaa Ky opaliuK Kuimatiap OYIuIII MyMKHH.

1.1-pacmaa ananor makiuianran SECAM tusumugaru TB (A) Ba oBo3 (b)

CUTHAJUTAPUHUHT OMp PparMeHTH (KUCMHU) KYpcaTUIraH.

1.1-pacM. AHajor TeJIeBU3UOH Ba OBO3 CUTHAIIJIAPH.

AHajior cur”Haira Hadakatr y3JIyKCH3 CUTHaj, Oalku axOopoT UMMYJIbCHUHT
KeHIMru €xku  Topaiiummra Oornuk Mopyisiuusnanrad MM (mmpoTHO-
umyibcHas Mmonaysinus — HIMM) €xu nactnabku xonatu BakTra(daszara) O0FIMK
oynran UM (paza-umnynbc MOyNSIUs) CUTHALIAPU XaM KyIIuM4a OYIUIIN

MYMKHH Ba ynap 1.2-pacmja KeaTUpUIITaH.
u
™t > - : - T

tu

U
T T T

s T T T 6

e
Ca

t

1.2-pacm. IIUM (a) Ba ®VIM (0) CUTHATIIAPHUHAT KYPUHUIIIATA MUCOJIIAP.

PaKaMJ'IH CUTHAJLJIApP, UKKWIHMK KolapAaa aHaJIoI' CUTHAJIHUHIT CaTX Ba BAKT
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Oyiinua guckper VYmuoB Kuiimatnapu wudogacuaup. lynnan “pakamian”
(“digital”) TtepmuHM KeauMO UYWMKKAH Ba XO3UPrd 3aMOH PaJHOIJIEKTOPOH
KypWIMaJlapUHU XapaKTepiaiam.

MPEG = Moving Pictures Expert Group

MPE G-1 MPEG-2 MPEG-4 MPEG-7 MPEG-21
Part1: systems  Partl: systems  Partl: systems  Metadata, additional
ISQVIEC11172-1 ISOJIEC13818-1 1S0O/NEC14496 XML based “tools®
“PES layer “Transportation® ISQVIEC15938 ISQ/IEC21000
“Multimedia
Part2: video Fartz: video Part2: video Content
ISOMEC11172-2 ISOJIEC13818-2 ISO/IEC14496-2 Description
Part3: audio Part3: audio Part3: audio Imterface”
ISOMEC11172-3 ISOJIEC13818-3 (AAC)
ISONEC14496-3

PartG: DEM-CC  Part10: video
ISO/IEC13818-6 (AVC, H.264)
Fart7: AAC 150/M14496-10
ISO/IEC13818-7

Pacwm. 1.3. MPEG cranaaptiap owsiacu.

Luminance
sampling fregquency
13.5 MHz
575 MH=z l
v 8/10 Bit
i B/10 Bit .
Syl & Eb&'_. "> cb 270 Mbit/s
B, = 2 g TU-BT.RE01
cr, % *.%_._ cr -~CCIRE01"
/ 7~I :
275 MHz
B6.75 MHz
Chrominance
sampling frequency
Right 16 Bit
g%—h %—r A, D+> up to 768 kbit/s
15 ... 20 kHz
bandwidth g‘?""“-l?‘r‘mfrk“z = approx.
SMPING TEQUENeY 4 5 Mbit/'s
Left 16 Bit
ﬂ%—» % o) +> up to 768 kbit/s
15 ... 20 kH=z
bandwidth 32/44 1/48 kHz

Sampling frequency
Pacwm. 1.4. Buneo Ba ayuo MabiIyMOT CUTHAJIIApU
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Pakamnm Tusumitapga, MacajgaH TU3UM KUPHINTA aHAJIOT CUTHAN Kejca, Oy
CUTHAJI KOJJIaHaJAW Ba pakamJid IIaKira YTKa3wiaau, SbHU aHaJor CHUTHa
AUCKPeTJall, KBAHTJAIl Ba KOMJIAII KaOu yMyMIlalliraH olepanusiap OuiaH
paKaMIId CHI'HAIITa aiIaHTUpHIagu .

Huckpernam »xapa€Hu - Oy Y3JIyKCH3 aHajor CUTHAJIHM MablyM aHUK
BaKTJIapJla OJIMHTaH OHUM KuiimMaTiap (CaHOKJap) KeTMa-KEeTIUrd OuliaH
anMaIITUpuIAnp. TeHr TakCUMJIaHTaH AUCKPETIAIla aHWK BakKTJap OpaJufu
KoTenbHUKOB TeopeMacura acocaH TaHJaHaIu. Y0y TeopemMara acocaH Xap
KaHJIall 4acToTa CHEeKTPU YeKJAHTaH Y3JYKCH3 aHAJOr CHTHAJ YpHWUra,
AUCKPETJAIl YacTOTACH AHAJOI CHUTHAJ WKOpH 4YacTtoTacuiaaH (Fmax) 3HT
KaMuja 2 Mapra Karra OyJral 4acrorajaru COHOK KHWMATHHU Yy3aTHII
kupost, AbHU F; >2Fmax mapT 0a:xxapuimmm kepak. Mucoi 1.5. -pacMHMHT a) Ba
0) rpadukiapuga KeATHPWITaH. Arap JHCKpeTiaml 4acToTacd 2FmaxdaH KHYUK
Oynca, yacToramap ycTMa-ycT TYIIMIIM MYMKHH Ba KaWTa THUKJIAHTaH aHAJIOT
CUTHaJ TapKuOuaa “Kaydaku, EMFoH” ajlJaM4yi CUTHAJ maiao OViagu.

AHanor cHrHan

6)‘ I nm.jnper canox.Iap

v ~ 1 1

£ B |
¢ .

. ) 1 1

1 1

1

/T > . T . ; T
p ‘ = T =T | >

B) : ' | I

4 FRANTHANT NANANACE '

4 BapTEam HApAKACH | ypayrranran CaHOKIap

S e N | I s

5 = i “_ KBaHT/Iall KaJaMH

s Q9 2' _____ 'i_f _____________________ 3\_1________. _______ @ = -

= 3 ; B i [ Kpanriam

- RS IR S e ————— o R SR R -,

gz s 117 5T 6ycaracu

(R ] N I e :
r)4

paKamMJid CHrHan
, ﬁ 0 FI 00 ﬁ 00 001 000 001
2 2 T

1.5-pacm. AHanor cUrHajlHU pakamJIM IIaKira YTKa3HIll KapaéHu

S —

Nxxkuauk koaaa udogasanrad Oup paspsaja €k HKKUTa 0esiru (CHMBOJI)
our ned aranmaam. Onaraa KBaHTIAII CATXWHUHT KUAMATH 2 HUHT Japa)kacura
TEeHT OyTyH COH OwnaH, spHU N = 2" anuknanagu. Jluckperaan, KBaHTJIAlm Ba
KOJIAII 0JAT/Aa OMp KypH/IMa aHAJOT — paKaM y3raprtuprud (APY) épaamuna

! 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.

21



Oaxxapuiaam Ba 0y :xkapaén 1.6-pacma KypcaTuiras.

KBaHT1am DOCKHYHM PAKAMH

8 - —

7 ——

6

5 AMCKPETIAHIAH Ba

4 4“/ KBAHTJAHTAH

3 —/r'éi CHI'HA

2

=1

0 -/ | t
D3 | | A t
D2 | t

HAPAJLIC] PAKAMIIH
D1 t OKHM
DO | t
|
' \ \ ‘ ) [ | \ | \ | \ K¢TMa - Kl p:IKaM.IIl

D I I I | t OKHM

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. AHasor — pakaM y3rapTUpHILAArd COHJIAPHU Tapajell Ba KeTMa —
KEeT UKKWJIMK TU3UMUTA YTKA3UII KapacHU.

TeneBumenrera pakamiad TH3UMIIAPHM KHPUTHUIN OYWWYa TaJIKUKOTIAP
wurupmanun acpuunr 30-Huutapupgan  OomaHrad Ba  (akatrmHa XX acp
OXHUpJiapura KenuO KyJutaHwia OolUIaHgu. TeleBU3MOH CHUTHAJ CHEKTPUHUHT
fokopu 4vactotacu 6 MI'mra tenr Oynrannuru cabab aUCKpeTIall 4acTOTacu
kKamMuga Fraer =12 MI'nm Oynmumm kepak sau. by sca ¥3 HaBOatuma pakamid
CUTHAJHU Y3rapTUPHUIL Ba y3aTUII KypWIMAJTAPUHUHT MIILIIAI TE3JIUTUra KaTTUK
Tanabnap Kyuumuimra onb kenaau. Typiv TaBiaTIapHUHT paKaMJiId TeJIEBU3UOH
CTaHJAPTIApUHU  MYBODUKJIAMITHPUIIT  MakKcaaujaa JUCKpeTIall 4YacTOTacu
13,5 MI'n ne6 xabyn kumuurad. 130 man 200 raga OyiraH Ky3 KYpuIll IOKOpU
JapaxacuHu (TpajalusCUHN) TAabMUHIIANT YUYYH 8 pa3psiyid Ko KYJmaHuimuo, 256
SpUM TOHHU y3aTHII TabMHHJIaHaAW. ByHJa pakamiau KOMIIO3UT CUTHAJ y3aTHII
TE3JIUTH

C=N*f1arr = 8%13,5=108 Mour/c, (1.1)

Oy epna N — KOTHUHT pa3psiau.

byHnait Te31MKHN TENEBU3WOH CUTHAUIApra UIJIOB OEpUIl KypuiMaiapuaa
Ba aJlOKa KaHaJUIApW OPKaJIW Y3aTUIIJa TAbMUHJIAHUIIHM JIO3UM, TaOuuiiku Oy
TajgabHu Oa)kapuill TEXHUK TOMOHJIaH MypaKKaOIup.

OB03 CHMTHAJUIAPMHM paKaMJIM XoJiaTra yrkasuiml. VHCOHmap 0OBO3HHU
(toBymam) 15 I'm man 22 kI'1 raga 6ynaran yacroranapiaa, €mu yirairad sca 20
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['yman 18 k['11 rava Oynran TYAKWH opanuruaa smmtanu (Kadyn Kuiaan). Xyaau
HIyHJal XoJIaT TYJIKUHHUHT aMIUIMTYJacu, SbHM OBO3 OajaHUIMrura Xam
TEerunuid. VIHCOH KyJOFMHUHT SIIMTHIN JIUHAMHUK auana3oHd 96 nb skuH,sbHU
OBO3HUHT IOKOpW KuWMaTu (yHJAaH IOKOPUCH KYJIOKKa OFpUK Oepaaud - OFpUK
Oepumm OYcaracu) Ba SHI KaMm KuiimMaTu opacuaaru ¢apk 30 MuHT MapTaaaH
KYIIPOK.

OB0O3 CHUTHaJIMHUHT YacTOTa JWana3oHd KEHIVIMTMHUA XHucoOra oiuo,
CTyAusUIapAa CaHOKJIapHM Oupnamuu kBaHTIam AA=16... 24 OuT/ caHOK
TE3JIUTH/Ia aMajira OMIMPHIIAIA Ba AUCKpETaal yactotacu 3ca Fg = 44,1 — 96 k'
opanuruaa KaOyn kunuHaau. OBO3HU CTyIusl KaHaJUlapuaa AUCKpeTaam yuayH 16
paspsam Koayam Kyyuianuiaaau (16 Out/caHoK)Ba YHHMHT Tojioca opanuru AF=
20-20000T'1; 6ymu6, nuckpernam yacotacu Fy = 48k['1ira tenr. Bynaait pakamuu
KaHaJHUHI JMHAMUK auana3oHu 54 nb naH kam Oyiamaciuru jo3um. Arap Fg =
48xI'11 Ba AA=16 Gut/caHoOK OYiica, y3aTuiaaéTran pakaM OKMMUHUHT Te3nuru (1ta
CUTHAJIHM y3aTWill Y4yH) V = 48*16=768 kbOut/c Ba crepeo oBO3 y4yH 3ca 1,5
M6ur/c 6ymamu. Bynnaii rokopu muckpernam gactotacu (48 xI'm) APYuumr
KUPUII KUCMHJIaTH TIACT 4acToTa (PWIBTPHU COAMANAIITUPHUIITA Ba OBO3 CUTHAJIH
cubaruHu Oy3wnumiura uyn kyhmaiinn xamaa 20 xlmgan karra oBO3
TeOpaHUIIIAPHU YTKa3MACIUKHUA TaAbMUHIANIH.

1.1 - )xanBania OBO3HUHT paKamId KYPUHUIIMAATH 0ab3u BapUaHTIAPHUHT
KypcaTrudjiapy KeJITUPHUIITaH.

1.1-xanBan
Nxkunuk
Nmnatum Juckpetnam KBanTnam OeJITUIIapHUHT
coxajapu qacToTach,kl It CaTXMHHUHI COHU y3aTHUII TE3JIUTH,
Kout/c
Kommaxr - quck 441 +32768 7056
(6up xaHan yuyH)
Pakamnu paguno
DHIHTTHPIIL, 48 +32768...4524288 768 - 960
pakamiu (Oup xaHan yyyH)
TEJIEBUCHUE

1.2. Te1eBU3MOH CUTHAJ TAIIKWI 3TYBYWIAPUHUHT PAKAMJIN KYPHUHMIIHN.

Xankapo TaBcusl Tanabimapura kKypa EpyFIMK CHUTHAJWHU JIUCKPETIIAI
gactoracu 13,5 MI'y 6yica, ukkuTa HypHU EHUIT cTaHAapTH yuyH: Kamap 251,
625 catp Ba kaap 30 ', 525 catp kunub Genrunanrad. Xap 6up panrdapk curHai
nuckperiam yactoracunan (13,5 MI'n) ukku Gapobap KMUMK Ba yHra Kappaid
(6ynmuHamuran) wactoraga 6,75 MI'm nga guckpermmanamu. Xyaaw TIyHAau
TEJICBU3MOH CHTHAJIHU Katopra éhmmn 625/50 Ba 525/60 cranmapriapu Acocwuii
TassHY yactoTa cudaruaa 3,375 MI'n kaOyn KWIMHUIIKM KYT KUXATAaH, Iy UKKA
CTAaHIAPTHUHT CaTp HYPUHU EWMII YacTOTa KUWMATiIapu, TasHY 4YacTroTara
Kappanuru OuiaH OofnuK. by ¥3 HaBOatuaa TEIEBU3MOH CUTHAITHUHT TAITKUII

23




ATYBUMJIAPUHU KOJJIAIla SITOHA MyHE KOIJIANl CTAHAAPTHUHH KUPHUTHINTA WMKOH
Ooepnu Ba daon kucmaa EpyrmuK curHaauHuHr (20 caHorum Ba paHrdapk
curHaiapuauar - 360 canoru OynummHM TabMuHIand. 625/50 Ba 525/60
CTaHAapTiap opacujaru (gapk carpiap COHMHMHI XWJIMa XWUIMTH Ba “Yuupuir’
WHTEPBAJIN BAKTUHUHT MOC dMAaCIUTUIUD.
8 Ba 10 OuT OWJAaH KOJJIaHTaH paKaMJIM TEJICBU3UOH (TacBHpP) CHUTHAI
TAIIKWII ATYBUMIIAPUHUHT TYJIA Y3aTUII TE3TUTH:
8x13,5+8x6,75+8x6,75=216 Mour/c
10x13,5+10x6,75+10x6,75=270 MouTt/c 6ynaau.
1.7-pacmua Epyrauk (Y) Ba panrdapk curaamiapu (Cr sa Cb) caHokIapuHHHT
¥3apo KOMIAINIIN KEATUPWITaH Ba TEJICBU3UOH CUTHAIUIApHU OyHAal
auckperusanusiam gopmaru 4:2:2 ned OenruiaaHaau.

422
© + & +
—— Luminance
37, | 57, }
() Chrominance
¥, + S5, —+

& + & +

1.7- pacm. 24:2:2 popmarna épyrnuk (Y) Ba panrdapk (Cr sa Cb)
CUTHAJUIAPUHUHT y3ap0 KOUJIALINIIN
®opmart 4:4:4 bapua yduana KOMIOHEHTIAP(KU3HII, ST Ba KYK TAITKUAI

sryBumiap) R, G, B éxu Epyrnuk (Y), panrdapk(Cr, Cp) nap yuyn 13,5MI'q
yacTtoTta oigananunaau (2.9-pacm).

I |
| 1 |
Column m I Column m + 1: Columnm | Column m + 1 ! Columnm+ 2
| 1 1 |
| | | |
Cb
A i A i Line n Y : Y i Y Line n
Cr ! Cr I C?r !
I | T !
———————————— e st e Ittt
| | ; !
| | Cb I
¥ ||Cb I ¥ [|Cb I h .
| | Linen+1 Y T Y i Y Line n +1
Cr ! Cr I Gr !
I | !
| | |
! |

1.8-pacm. 4:4:4 hopmaTaa TaCBUp CUTHAIM TAIIKWII ATYBUUIIAPUHU KOJIAIIT

®opmart 4:4:4:41a >ca TYpTTa curHanHu koanam udonananaau (1.9-pacm)
Ba yjapiaH 3 Tacu TacBup curHaiu kommoHeHTiaapu (R, G, B éxu Y, C,, Cy),

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
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oynca, TypTuHuncH (ayibha — KaHAIT) CUTHAJTHU KaWTa uinuiam Oyinda axOopoTHH
V3 ©4UUra oJiaau.

720 an. 720 an. 720 an, 720 an,

576 | |Y 576 __| C 576 _ | C 576 |__|A
KaTop katop ] JkaTop KaTop

w

1.9-pacm. 4:4:4:4 popmataa TaCBUp CUTHAIM TAUIKWJ STyBUUIAPUHU KOJIAMI

601 TaBcusicura kypa 8 Ba 10 paspsaau Ko/UTaHUII Ky3aa TyTwiranga b=8
(b=10), xBanTnam carxjgapu coHU Nie=256 (1024) Hu X0CHI KHIIAIH. 8 pa3psuIn
KOJUIAHUIIJA KOpa CUTIHal KUMMAaTH Y4yH 16-4M KBaHTJall caTX, HOMHUHAJI OK
CUTHaAN Y4yH 235— 4yu caTX TyrpH Kenaau. 16-uM KBaHTIIAII caTXUAAH MacTd Ba
235-un caTXHWIaH IOKOpW caTxJjap 3axupa (pe3epB) 3oHamap OYymmbO, aHamor
CUTHAJIHUHT HOMHMHAJ KUMMaTHAaH OO KETUIIIM MyMKHUH OYJIraH Xosatjap yu4yH
MYJDKaJIJIAHTaH.

0 Ba 255-ym KBaHTJIAII caTXJIApU MYXUM axamusarra sra. by carxparu
KOJUIap OPKAJIM caTp Ba KaJIpJIapHU CUHXPOHU3ALMIIOBYM MABIYMOTH y3aTHIIAIH.

TeneBU3MOH CHUrHaAJ TAIIKWUII STYBUWJIAPUHHU, SBHU EPYFIMK Ba paHTr(apk
CHTHANIAp aHanor-pakam ys3raptupriud (APY) ra kupummra Kyiimgarmda
Oepuiau:

e E'v — ramma xoppekiusiianran 0 mad 1 B raya xuiimatium ananor
EPYFIIMK CUTHAIU.

e -05. +0,5 B opamurugaru kommpeccus (CHUKWIraH) paHrdapk
CUTHAJLJIAp:

Ecr=0,713 E'r-vy Ba Ecs=0,564 E\B_Y(l.Z)

CurHajgHUHT HOJNb KUWMaTura, sS’bHM Kyn panrra 128 (256/2) carx moc
KeJIau Ba MycOaT KuiiMatiap aHa my 128 carxjiaH HKOpUIapUHU drajuiaiiiu Ba
MaH(puii kuiimaTiaap 128 carxnan nactaa Oepunanu. TeneBU3MOH CUTHAJIHU aHa
IIYHJAl pakaMiId TallKWil S3TyBUWIapra axpaTuil Kyhugarn udonga OumnaH
oepuitaiu:

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

by epna

Y — 161aun 235 raya opanukaa y3rapyBuaH pakaMiu €pYFIUK CUTHAIIN.

CrBa Cg - Round (x) - X COHUHM OYTYH COHTa SIXJIUTJIAII ONCPAIIHUSCH.
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8 OHT 10 GHT
1,000 255 (1111 1111y [1023
0,922 v 235 (1110 1011) | 940
a)
0,63 16 (0001 0000) |64
0 1 1L 0 (0000 0000)
1.000 Cr 255 (1111 1111) (1023
0,941 I 240 (1111 0000} | 960
0) ]
0,502 | 128 (1000 0000) |512
0,063 — 16 (0001 0000) |64
0 0 (0000 0000)
1,000 ‘s 255 (1111 1111) (1023
0,941 240 (1111 0000) |960
B
) 0,502 128 (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 6ut Ounan
KOJUTAHMIIJIATH aHAJIOT TEJICBU3MOH CUTHAN TAITKIJI dTYBUMJIAPUHUHT KBAHTJIAII
caTxu OmJIaH MOC OeNTHIIaHUIIIN.

1.3. Pakamuiu TeJIeBU3HOH CUTHAJHH XOCHJ KWK Ba INAKIJIAHTHPUIIIL.

ITU — R BT 601 taBcusicura kypa pakamyii TEJIEBU3UOH CHUTHAIIHU
MIAKJUTAHTUPUITHUHT UKKUTA YCYJ OMJIaH aMalra OUIUPHII MyMKHH.

bupuHumn xosiata aHajor TEJNEBU3UOH CUTHAJIHWHI TAlIKWJ 3TYBUMJIApU
(KOMITIOHEHTJIapW) paKamJIM CUTHaJl XoJiaTra YTKa3wica, MKKMHYM XoJjaTaa dca
JnacTiIa0KM paHT CUTHAJIApU paKaMIIAIITUPWIAIM Ba TAIIKWII ATYBUMJIAP paKaMmIIn
X0JIaTJa UIILIOB OepuiIain.

Nkkana pakaMiay TeJIEBU3MOH CUTHAJIHU IIAKUIAHTUPUII BapUAHTIAPUHUHT
TYy3WIHII CXeMacuHu KypuO umkamu3 Ba ynap 1.11- pacm udopananran. 1.11-
pacMaa KypcaTuWiraH KypwiMajaa aHajior acocui panr curHamwiap Egr, Eg, Es
TeJeKaMepagaH 4MKUO, raMMa — KOPpEKTopjap OpKajiu KOAJalll MaTpHUIacHura,
Tymn6, (1.3) popmynara ounoan koppekuusinanu® (Er, Ec, Eg) y3raprupuin
épramuna épyruk curdany Ev ra aiimantupunanu Ba panrdapk curaamiap E'g- v,
E’g-y XocWs1 KWJIMHAIH.

26



Egp Ey —Y
Fr—s[ TK |— 135Ma, | APV [
Ex v =
E' BY | o S 1CR
B Sim[ [o[ary}H
- Ery C PIC
E =~ 1B
Eg B Z]APY - MS |—
6,75MT'xg
_III-I\].)OHIBHIHM}- rIII— 27 Mr‘u
-
- ACB
PCHUIII <co |
a)
= Rd R- l 1’
Fr—{ APV 135ML | PI'K =5 -
Gd i €
5 G'd R
Fo— APV [ [2|PIK | KM [
—1 Bd B'd Cp PTC
Ep— APV [ [2IPIK |—> —> MS —>
C‘x-m:qmomnamm)_ TUT 27 MFI;._
ACB
PCUILI o
9)
1.11-pacm. Pakamii TeJI€BU3MOH CUTHAIHA XOCHJI KUJTYBYH KYPUIMaHUHT
CXEMAcCH.

by epna: 'K — ramma — koppekTop
KM — xoamoBun matpuna
THUI'— TakT UMIyJIbC TEHEPATOPHU
MS — MynbTHIIIEKCOD
APV — aHanor-pakamiy y3rapTHpriad
PI'K — pakamiu raMma KOppeKTop
PCHIII — pakaMiu CUHXPOUMITYJIBCIIAPHU MIAKIUTAHTUPTAY
ACD — aKTuB caTpHUHT OOIIH
ACOQO — aKTUB CaTpHUHT OXHPU
PTC — pakaMiu Te€JI€BU3UOH CUTHAI

Cyurpa curnammap APVia pakammu Y, Cr Ba Cp curaammapra
afinantupuiann. bynnan tamkapu (1.3) gopmynara acocan, APY HuHr kupum
KHCMHJIA KYIIMMYa aHaJor y3euiapjaH ¢oiaaianuinagy, sbHU MaciiTabiaHaau Ba
caTx 6yiiNua CHrHAIIAp CWDKUTHIAAW. Paspsumap conu xap 6up APVia 8tannm
TAIIKWJ ATaau. TeIeBU3UOH CUTHAIUIAPHU EMUII CUHXPOUMITYJIbCIAPU- PaKaMIIA
cuaxpoumnyiabcaapau makiantupum (PCHUIL) OGnokura Tymaau Ba y ¥3
HapOatuga ACh, ACO cunxpocurHajulapHu UILIa0d yukapaau. byHnan Tamkapu
CUHXpOUMIYJIbCIAP —TaKT UMNyJbc reHeparopuHuHr (THUI') Gomka Onmoxiapra
TyIIaJural WMIyJabcaapuan unuiad yukapumga,seau 27, 13.5 Ba 6,75 MIn
4acTOTaIM UMMYJbCIApHU Mnuad uyukumaa kymnanwnaau. TUD Onokuna gasza
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Oyiinya yactotTanu aBToMatuk co3ioBun (PYUAC) cxema KymiaHraH Ba y catp
CUHXPOUMITYJIbCIAPUHUHTI  yacToTa Xamaa (asa  OyiiMua  aHMKJIMTUHU
tabMuHiIaiay. yHnall kunuO, TakT MMMOYJIbCIApH COHM Tajlad STUIIAJUTaH
TEJIEBU3MOH CUTHAJI MaHOAWHUHT caTp €WNII 1aBpU TYFPU KEIUILIN TAbMUHJIAHA/IH.

Luminance
sampling frequency
13.5 MHz
9.75 MHz l
v 8/10 Bit
R AV "% —> v
X 8/10 Bit .
Bl 2 IDTiLD o110 gy |TU-BTR 601
ICr A /] .CCIR601"
2.75 MHz
6.75 MHz
chrominance

sampling frequency
Pacm 1.12. EpyFiuk Ba paHr TacBUp CHIHAIIAPUHU PaKAMIALITUPHIN KapasHH.

Mynetumiekcop (MS) ¥3 HaBOaTHna pakamiu CHHXpOCUTHAIApHU Ba Y,
Cr Ba Cp pakamiM CUTHOUIAp OKAMHUHHM O€puiraH KeTMa — KeTJIuKIa
Y3aTWIMIIMHA ~ TabMUHJIAWIM Xamaa KypwiMa YHKUIIMIA TYJIUK paKamiid
teneusnon curnai (PTC) omunanm®,

WNxkunun kypuimaga (1.12 6- pacm) acocuit paurnap (Er, Ec Ba Ep)
pakamiu curHayuiapra (Rd, Gd Ba Bg) kupuiga 6upaanura aitnantupmwiau. by
X0JIaT[a TaMMa KOPPEKTOp/la CUTHAJUTAPHU OY3UIIUIITMHU KaMauTUPHII YIyH Xap
6up APY 10 éxu 12 paspsum 6yaumm mapt. Iynaan cyur R, Gq Ba Ba pakamu
curHayap pakamiau ramma — koppektop (PT'K) ra tymanu Ba Oy epna HOUMKIU
y3rapTupunuiap oaxxapusiaim.

'amma — koppektopaan cyHr R’q, G’¢ Ba B’q cUrHamIapHUHT WKKUIUK
paspsyap conn 8rtaradya kamasanu. Cyurpa sca R’q, G’ Ba B’¢ curnamnapu
pakamuin kojuioBun matpunara (PKM) Tymaaum Ba y epina pakamiu EpyFiuvK
curHaiu Y pakamuii panrdapk curdanu CrBa Cpsiapra aitiaHasau.

CHUHXpOCHUTHAJUIADHM Ba TaKT HWMITYJIbCIAPUHUA IAKIUIAHTUPHUIL XaMmJia
MYJIbTUIUIEKCOPHUHT HWUUIAIIM KypUJIMaHUHT OUPUHYM BapuaHTH KaOu amainra

3 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 €Epaamuia TamMma — KOPPEKIMSIHUHT — amalra
OLIMPWINILIK Talad KUJIMHAAUTaH QYHKUUSHU KaTTa aHUKIWUKAA OaKapUIUIIMHU
TabMHUHJIAWU, JIEKUH OyHJa MypakkaOjamraH, KUMMAT Ba KYIPOK HWKKUIHK
paspsim APY Tana6 stunamy.

Ha3zopar caBoJsuiapu

Curnamnap TypKkyMuJa KaH1ai Typjaapu MaBxya?

Amnanor curHaira Tappud 6epuHr?

Pakamnu curnanra tabpud 6epunr?

AHanor cUrHajHu pakamJjy KYpUHUIITa YTKa3UIIHUHT aCOCUl 3 OOCKUYHMHU

caHa® YTUHI?

Huckpernamira Tabpud 0epuHr?

6. KBanTiam HuMa, KBaHTIAIl KaJaMW Y3rapuilid MabiyMOT cudatd Ba
XaKMHTa KaH/1ail TabCcup Kypcaraan?

7. KotenbHUKOB TeopeMacuHu EpUTHO OepuHT?

8. CumBou1 ned HuMara antmiaau’?

9. Jluckpetinali, KBaHTJIAII Ba KOJUIAII apa€HJIapy oJlaTaa KaHaal KypuiMasa
Oaxxapuitaau?

10.TeneBu3nOH CUTHAII CIIEKTPUHUHT IOKOPH 9acTOTACH KaHda?

11.KoTenbHUKOB TeOopeMacura Kypa TE€JIEBU3HMOH CUTHAJI CIEKTPUHUHI IOKOPHU
yactoracu 5 MI'11 6yiica AUCKpeTIall YaTOTacu KaH4a Oyiuiy kepak?

12.TeneBu3noH CHUTHAHHM KOJJamaa 8 paspsmid Ba YHIAH FOKOPH KO
KYJUIaHUIUI cababu HuMaa?

13.0OB03 CUTHATMHUHT AUCKPETIIAI YaCTOTACH OPATMFU A THHT?

14 KoMIakT TUCKTra MabayMOT €3MIIa AUCKPETIIAI YaTOTacu KaH4ya?

15.4:2:2 nuckperusainus 4acToTacu GopMaTi TEXHOJIOTUSICUHU TYITYHTUPUHT?

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

17.Pakmiy  TENEBU3MOH CHUTHAHU XOCWUJ KWJIMIIHUHT KaHAall ycyJuiapu
MaBxKya?

e

o1

DoiigaJaHIITaH agaduéraap

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. “ Pakamnu TeneBugenune” X.C.CoatoB Ttaxpupu octuaa W.A.I'aBpuiios,
T.I'.PaxumoB, A.H.Ily3uii, X.X.Hocupos, III.M.Kanupos. Tomkent 2016. 400
oer.
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2- maB3y: Pakamuiu moayasiuus typaapu. MPEG-2, MPEG-4 cranpapt
CUKHUII (pOPMATIAPUMHU, YHUHT NPOPUIIAPUHI BA ACOCUH
XYCYCHSAITJIAPMHY YPraHuIl.

Pexka:

2.1. TeneBU3MOH CUTHAJUIAPHUHT OPTUKYA aXOOPOTUHHUHT TypJlapy Ba yJIapHU
NYKOTHUII yCYJIIapH.

2.2. INCKpeT-KOCUHYC Y3rapTUPHIL acOCHa TACBUPIAPHU CUKHILL.

2.3. TacBupHM BEHBJICT AIMAIITUPHII ACOCUIA CUKHIII.

2.4. Monynauus Typiapy Ba TEXHOJIOTHACH.

Tasinu u6opanap: 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 CUTHAJIJIAPHUHT OPTUKYA aXOOPOTUHUHT TYpPJIapH Ba
yJapHU HYKOTHII YCYJLIApU

Tacup curHaUTapuHU CHUKMII acocaH 2 ycyin OujaH amanra omupwiaad. by
cudaTHU UYKOTHUII OPKAIM CUKHII Ba CU(ATHU MYKOTMACaH CUKHIII.

TeneBU3MOH TaCBUPHUHT TaXJIWJIM IIYHU KYPCATAIUKH, yIap KaTTa XaKMIIH
OpTUKYa MabIyMOTJIapra 3ra Ba Kylujaaru cuHgaapra Oyaum MyMKUH:

1) Kopsimk opTHKYAIHK;

2) DJIeMeHT/Iapapo €KU CTATHCTUK OPTHKYAJIMK;

3) IIcuxoBu3yas OPTUKYAINK;

4) Ty3namaBuii OPTHKYAJIHUK;

5) BakTim éku Kaapaapapo OpTUKYAINK.

Kommuk oprukyanmuk TacBupga OWp Xuil KYpPUHHUIIIATH Ba EPYFIUK
HYpUHU OMp XWJI KalTapaauran Kyrmiaad oOexTiap (TapKuOWii KHCMIIap) MaBxkKy/l
OYnu0, ymapHUHT 103acy Oup Xuil EPYFINK HypJIapUHU MIAKJUTAHTHPAIU Ba OyHaai
X0JIaT Ky Tapkairad. Mucon yuyH 2.1- pacMra Kapasr.

ByHnaii xonat y3aTunaérran MablTyMOTHUHT XaxkMuHU 20 - 25% ra xamaii-
TUPUIITAa UMKOH Oepaju.

720 pixels (90 blocks) 8 pixels

143 118|136 114120112/ 120|134
F 131 121126143134 (123124133
41 147127134 136|112 111| 140120
151120132130 115116134131
B 150124112134 126|120| 132125
[~ 134 93 (116136124 (137[138[131
[~ 144|142|119| 147|162 |149| 122|132
143117103125 122|100 128[132
Picture Block

8 pixels

576 pixels (72 blocks)

2.1- pacM. TacBUpHU KOAJIU Ba 3JIEMEHTIAPApPO OPTUKYAIUKHU KYpcaTyBun
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MHCOJLIAp

Icuxopuzuk  OPTUKYAIMK  KY3UMU3HUHI  KYpuUIl  KOOWJIMSITUTA
acOCJIaHTaH, S’bHU TACBUpPJArd MAbIyMOTHUHI aWpUM KUCMHUJIATU MAbIyMOT
UYKOTWIMILK YHUHT cudaTura ce3ujiapiid Jlapaxaaa TabCUp dTMACIUTH MYMKHH.
MacanaH: Ky3 €pyFiuK y3rapuilnIad Kypa paHr y3rapuilinHu KaMpOoK Ce3aIu.

Ty3namaBuii opTUKYAIMK 2.2-pacMJla KypcaTWiraH XoJaTIarujiex,
TACBUPHUHT aWpuM KUcmilapuia naiao Oymanu. bByHu MYKOTUII ydyH TacBUpP
CKaHep KWIMHUO, KaWTapwiaguraH Kucmiapu, (parmeHtiapu (dpakramiapn)
aHWKJAHAOW Ba yJap aBBaJl  aHWKJIaHTaH ¢parMeHtTiap  udomacura
aIMAaIITUPWIAAN XaMJla 11y OPKalIu y3aTWIAETTaH MabIyMOT OPTUKYAIUK XAXKMU
KaMauTUPUIAIU.

DC Component only DC+lowest 2 AC coefficients

8x8 block

2.2-pacm. Ty3miIMaBHil OPTUKYAIMKHU KYpCcaTyBuUUd MUCOJI

» Temporal Redundancy reduction by Motion Estimation/Compensation

it LY 5N

3- —_—

4 —_— — —
Previous Frame Current Frame 6 -

7 — e T

B8 — - e I e i

0 2 4 5 8 10 12
16x16 macroblock motion vectors

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

2.3-pacM. BuneocroxkeTaru Ky Kaapiap Ba yiapJard Kajapiapapo
(bapKUHUHT KYPUHUILIH.

31



Baktiu éku kaapJaapapo opTUKYAJMK OWTTa BHICOCIOKET BAaKTHUIA UKKHU
KYIIIHU KaJip opacuaaru dhapk HucOaTaH ce3uapcus oynuium cadbadmu (2.3- pacm),
TEJICBU3WOH TAaCBUP MabyMOTHIA acoCHid Kaapra HucOaTaH Kaupiap (apKuHH
y3aTHUIIl aMmajira OIIMPHWIICA, BUIEO OKUMJIArd CUKUII KOI(PPUKUEHTUHUHT KaTTa
KUMaTra SpHUIIUIT IMKOHH SIPaTHIAIH.

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
dbopmarnapuaa KopH 3GGEKTHBINKAA KyUTaHWITaH. Ma3smynn Oyitnda Oy ycyi
@DypbEeHUHT UKKH YI4aMiid AUCKPET y3rapTupuiura yxmaii, ¢papku (akat 0a3uc
dyHKIMsIapuHEd  unuiaTwiHmnga.  JKYHEHT  ad3ajuMrH  KATOPHHHT — Te3
SKUHJIAIININA Ba Y3rapTUPUILIAp/ia XAaTOHUHT KUHUMaTH KUYHMK OVIUIIWHU
TabMHUHJIAHUIIIH.

Tyrpunan — Tyrpu Ba Teckapu JKY kyitunarn (2.1, 2.2) TeHrauknap 6uian
udonanaHaauiap:

L 2x+1 2y+1
FUY) = (WACWCW L 2 p (xy) {COS%}{WS%} @)

=0 y=0
-1

>

n-1

=)

(2x+uzx coS 2y +vr |

C Cw Fum O N

F(xy) = (2.2)

2
N u=0

<
o

By epna: V — rpaduk OJJOKHUHT TOPU3aHTal KOOPAUHATACH
U — 6ok wumaaru koopaunarta, C(u), C(v) = 1/ V2 u, v=0 yuyH Ba akc
xoaatna C(u), C(v) =1

1 u=0

Au)=1+2"
1 uz0 (2'3)

bynnait ycyn kaapnapau (2.5-pacmra xapanr) 64 (8x8) canokiu Oioximapra
OynmaknmamHu Ky3ga TyTaaun Ba ymnap (2.5, 6-pacM) curHa/iap MaTpuUlacH
neinnag.t

4 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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F, = Z 7. cos( ), F, = z f sm(ﬂf}; (2.4)
F'y
cos(0)
cos(0.5x%)
i » COS(X)
cos(1.5x)
cos(2x)

2.4-pacm. [luckpeT KoCHHYyC aaMaIuTupuil GopMmynacu Ba rpaduru
JAKY CHeKTpUHHUHI XYCYCMATH WIYHAAH HOOPATKH, 4YacTOTa CIEKTpH
JHEPIrUSACHHUHI ACOCHMH TAIIKWI J3TYBYWJIAPH HOJb KHHAMATIH YacToTa

arpodua MUFWITAHJIUTHAUP.

« DCT(discrete cosine transform)

¢ C Energy packing

- DCT effect

- DCT equation(8x8 block based) B |
7 7 ‘ : L
Fluw) = C(u)f(")ZZf(i.iJcos(Eﬁ;)u‘Tcos(Zﬁ;)w - E:-
im0 -
. . : =
fluv) = %ZZC(U}C(V)F(J.V)CUS(2‘::[”{ (EJ;:SJV"Z =§
im0 =l _ :
—
Clu).clv) = 12 foruv= 0 EE
Clu),Clv) = 1 otherwise = i
==
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Horizontal frequency
o 1 2 3 4 5 86 7

143(118[136[114]120{112|120(134 1033 72012 37| 24[-2 0
121 121| 126|143 134/|123| 124|133 —4| 12/ 10}26|-12) 8| 7[13|1
147(127[124[136[113[111|140{120 8| 4| 1| 2| 8/-18| 0| 0|2 E
151|120|132|130|115|116] 124/ 121 DCT of—tel-11] 14| | g[15] 2|3 &
150(124|112[134|126(120| 132|125 MR R EIEIE R E %
124| 03 [116[136]124[137| 138|131 20| 11 of|-2| 7| -8| 3| 4|5 *E
144(142[110(147| 162|140/ 123(132 24| ol20| a| 6| 24| 8| 11|86
143(117[103[125| 122|100 128|132 1 11| 2| 8| a|-1o0[-7| 0|7

8x 8 pixel block Matrix of 8 x 8 coeflicienis

a) 6)

2.5-pacMm. [lacnaOku TaCBUPHUHT EPYFIMK CUTHAIN MATPULIACH.
(a) — nukcemnap ymuamu 8x8 Ba (0) — tyrpunan tyrpu AKY nan cyurru
MaTtpuia kodpuieHTIapH.

2.3. TacBupHHu BeiiBJIeT AJIMAITHPHUII ACOCHAA CUKMIII.

byrynru kyHpa tacBHp Ba OBO3HM CHKHILJA KYN TapKajiraH YCYJJIaH -
BeUBIET Y3raptupuivaan dorgananuinany Ba y ['poccman Ba Mopiie TOMOHUIAH
yTran acpHuHr 80 HuuIapuaa KUPUTHIITaH.

dypre Ba JIKY JAPHUHT aCOCUN KaMYMJIUTH yJIApHUHT 0a3aBUN TapMOHUK
TaITKWI 3TyBUWIApU (YHKIMS AaBpUM OyIMaraH Xoniarjiapaa sSXIIM WUIUIaMaian
Ba HaTmwkanga (Qoigan MabIyMOTHHHT MabJIyM KUCMUHU THKJIAIl UMKOHUSTH
nykotwianu. BeiliBner y3raptupuin MabiyM (QYHKIUSHA BEUBIET (PYHKIUSIH
TalTKW ATYBUMJIAP KYpUHHUIIUAA OCPUIMIIUIUAD Ba BEWUBIET —Oy KMUUK TYIKUH
€KM TyCaTJaH Cakpall TYJIKUHH.

ww v 6) ¢ [ q J«[
a) *P
] — % _7 .
WAVE MHAT
e "" ﬂ v Y% v
Kl —L g t —%
MOPIE ik AV —k
a) ‘ﬁ JI e)w )
“ ¥
t —=k Dy
LMB AOBELLN

2.6-pacm. bab3u Oup Ky TapkaiaraH BeMBieTIap

Amanuétaan 3ca BEUBIET — X0JaTJaH X0JIaTra YTKa3HIlga TACBUPHH MMacT Ba
IOKOpM  4YacToTainu  (QuibTpiam  Xamjaa  OJWHTaH  Kod(huimeHTIapHu
CUMpakIamTupuIl (JeruManusi) >kapaHUHU KYJUlalaup Ba ynap 2.7-pacMja
KEITUPUIITaH.
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o P 2= tzpiue 3
o (2 S Btz e
T ;

040 23 t2piose

—
5 b
| ¢

040 2 : » 120w
: 2 b v

M® - yacrku wacroranap duibTpu 2 - N N

040 — 1OKOpH uactoranap GpuisTpy $2 - wnrepuonsuns

2.7-pacM. BeiiBieT — keTMa — KeTJIMTUHUHT YMYMJIAIITHPUIITaH CTPYKTYypa
CcXeMacH.
Varapmpum HaTW)KacuJa MKKUTa MaccuB maijgo Oymamu. Az Ba Dpnz,
YJIAPHUHT 3JIEMEHTIApH Kyluaarnya aHuKIaHaIu:

A — SZK +SZK+1 .

S, =S
2 . DK: 2K 2K+1’ (23)

2

Oy epma k €[ 0, N/2]

MMact 4acroramu GUIABTPHUHT KOIPPUIHEHTIAPH A[N2] CHTHAJ
ANNPOKCMMALMACH Ba IOKOPH YacToTa Kodppuumentiaapu DNz 3ca cursad
Aeraauzanusicu aAeiimaann. bynna A Ba D maccuBnapu maBxyn Oyiica, nacnadku
CUTHaJI- Sy HU THKJIAII MyMKUH (2.8-pacMzaa kenTupwirad kabu). Ay Ba Dinig
COH KuMMatiaapu EpyFiuK HyKTajgapu OuiaH KypcaTuiraH.

Bouuianruy cHruag S[N]

Armp ok cHMamHA A N/2] Aeramnama Dy

2.7-pacMm. BeitBieT — 7eKOMIIO3UIINS TPUHITATIN
BeiiBner y3raptupuimn mOpuHOMNUHU 2.8-pacM  KENTHUPWUITaH MHCOJIA,
TaCBUP CUTHAJIMHU Y3rapTUPUIILA KYPHUII MYMKHH.

N

e

5
- -~

2.8-pacm. JlacmaOku TacBUp Ba caTpiiap Oyiimda BEHBICT —
JCKOMITO3UIUSACUIAH CYHT
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Mynnait kunb, Ky MapoTaba BEHBJIET ASKOMIO3ULMsIAM (Y3rapTUPHIL)
HaTWKACH/Ia, alpPOKCUMAIIUsIAII MAaCCUBHUIA Ky/1a KUUKK TacBUp oiuHaau (2.10-
pacMaard Tema 4yam Oypyak/a) Ba allHM BakTJa Y KHYUK XXMM axOopotiap
MabIyMOTHUHU TaITKAI ATa/IHN. MaccuBHUHT KaTTa KUCMHUHHU
JNeTanu3alusIalITUprad HoUlap €KUM KUYMK KOd(PPUIMEHTIap 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 yCTyHap Oyiinya BelBieT GUIbTpIapu
épramuaa y3rapTUPHILI Ba UKKM MapTa y3rapTUPUIIAAH KEUMHTH XOJIaTH.

2.4.Moayasauus TypJapy Ba TEXHOJIOTHUSCH

AHaJor >MMTTUPUII aH4ya BakTaaH Oepu amrumtyaa (AM) Ba vacrora (UM)
MOAYJISIUSTIAPUHN KyJ1a0d unuiamokaa. DoiianaHyBunra CUrHaAIHH y Eku Oy
napamMeTpUHH Y3rapTUpUO y3aTHUII KapaéHu MOMYJISIUS JSHUITa N,

Pakamnm MabiayMOT/IapHU Y3aTHINA MabAyMOTIap BakKT EKM aMIUIATYAA
Oyiinya CypWJIMII TEXHOJOTHUACH KYJJIaHWIMO KenuHraH. Macaman 10Mowut/c
TE3JIMKJAArd OKMUMHM aMIUIMTyJa MOHMUMyJsiuuscH opkanu xyHatumga (ASK)
TEXHOJIOTHACH EpJlaMujia aMajra omupwirad. KoTeapHUKOB TeopemMacura acocaH
YyTKa3uI mojaocacuHUHT spMu NRZ acocuii mojoca 4aToTac y4yH 3apyp OYyimaau.

busra MOayIAUMSHUHT KyWHIard Typiaapyu MabiayM:
* AMIUTUTYAA MOJYJIALIUSICH

* Yactora MOyJIsILUASICH

» ®aza MoyJISLHUICH

» Ammmaryaanu Mmaaumnyssiiusacu (ASK)

* Uactoranu manumnysius (FSK)

 ®aza cypunuiun Manunyssusicu (PSK)

* Ammunryaa Ba ¢aza manunynsauusicu (QAM)
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Frequency domain

i
1

i H A

M

I
'
MIAA

NLAN NS 'RIAN YN
T T | S —
| |
— W
at
O T |
Modpulation signal us(t) | kg T——— | Time domain

A

ih
Carrier lo(t)

Pacwm. 2.11. Cypaupuiran tamryBunian "HopMan" aMIUIATYAAId MOAYJISLINS

i

bu3 onaumusra Kyiran Makcas-yTKa3ull MOJ0Cacu KEHTJIMTUHUA KUCKAPTUPHO
MabJIYMOT YTKa3HIll KOOWJIUATUHU olMpuil. by makcaara ¢akarruHa 3aMOHaBUI
MOZYJIALUA TypJIApUHU KyJIJIall OPKaJIUTMHA SPULLHIIT MYMKHUH.

u(t) 4 sin

>t

Euler formula:
-2 —IE T _Iq T —IEI a 1 |2 1 ‘I‘ 1 'Is Aef*?"*t‘f@}:rems(?ﬂft]+jim(2ﬂﬂ};

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

Pacm.2.12. CuHycouian CUTHAIHUHT BEKTOP KYPHUHMILIU.

5

5 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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AnbarTa TEXHOJOTHS TAllK{ XaJaKUTIap Ba MIOBKUHIAP TabcUpuaa 6ab3u Oup
XaToNMKIapra uyn kysau. JIeKuH OM3HUMHI MakcaJ TEXHOJIOTHsJIa CHUHYCOMal
KaTTaJIMKIAP )KOPUNA KUITMHUILINTA SPUILIALIAND.

3aMOHaBUM  pakaMiIM ~ TEJIEBHJEHUEAAa  pakamyid  CUTHAJJIAPHUHT
XaJAaKUTOApJOLUIMTMHY ~ TabMMHJAII  YYyH  TallyBUd  MOJYJISLUSCUHU
XaJaKUTOapIOLUIM KoJulall OwiaH Oupra amanra OLIMPUII MYMKUH. bByHna
MOJYJIALIMAAH CYHI MYMKUH OYiraH TallyBUMHUHI XOJIaTH Yy3aTWJIaJAUraH
CUMBOJIJIAD COHUJIAH OPTUK Oylaau, SbHU XaJlaKUTOAPJONUIMKHU OIIMPHUIITa
XU3MaT KUJAJWraH KymiuM4a OpPTHKYAIWMK KupuTwWiaad. bynmail xommam Ouniax
Oupnamran MOAyJsius Koanmanran monymsiuus nedmnanu. (Coded Modulation).
Xanakutoapaom komnanuiman OFDM 6unan OGupnamrupuiumu sca COFDM
(Coded Orthogonal Frequency Division Multiplex) ne6 aramamgu.

S1 S2 S3 S4

Al Tp2 A2 Tp3 A3

0)

S1 S2 S3 S4

8)

2.13-pacM. XuMOsi THTEpBATAPUHUHT MMAKIUTAHTUPUITUTITH

Mynaail Kuanb, pakaMiad TEJNEBHJICHUE CUTHAUIAPUHU aJIOKA KaHaJJIapH
paguovacToTaliapd OpKAJIM Yy3aTWITaHAa WKKA TOFOHAIM XaJlaKUTOapIOILIn
KOJiIam uiatuiaaau. Tamku 1e6 HoM ofiraH OupuHun noroHaga Pua — Conomon
KOJIJTAll YCYJIM OpPKAJIM pakaMiu MabIyMOT KOJJIaHAIW Ba WYKHU J1e0 HOM OJITaH
WKKUHYM TIOFOHAJA 3Ca MOAYJALMS OujaH OWpIAIITUPUITAH KaHAJUIA KOJJIAIl
KyJanunaau. Hatwkana tanad KUJIMHTaH XadaKuTOApIOIUIMKKA SPUIIIAIIAIH.

V3arunaérran Koayiam KOMOWHAIIMSACUHM OKoMmamTupuin  yuyH [peit
MaHUIYJSIUsIcHAal (origananwianayd, OyHAa KYIIHU MO3WIMsUIap Outra OWTtra
bapk xkwmmum Oenrunanrad. [y ca6ab, xanakutiaap Tabcupuia (pazaHuHT TYFPH
KuiiMaTu y3rapud, ypHUra KYNIHUCH aHUKJIAHCA, ACMONYJISAIUS YHKUIIUAATA
WKKUJIMK CHMBOJUTApY KeTMa KeTiauruaa hakat OUTTa XaToJIMK MaBxKy/l Oynaau, Oy
¥3 HaBOaTHa AEKOAEpAaru KOPPEKTOpia TYFpUIaHAIH.
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01 011

111 100
0 101

/’\ 010 001
ijm 110 000
1

2.14-pacm. TYpT mo3umusiu (a) Ba CakKKu3 MO3UIMUTH (0) a3zamy MaHUITYJISIIHSL.

®aza manunynsuusicu DVB — S crampgaptuaa, cyHbuil dynmonuiapiaaH
paKamJIv TEIEBUACHUEHU y3aTHUIIA KyJUTAaHUIIAIH.

SlHa Oup MOIyNALMs, paKaMIM TEJICBU3WOH CUTHAJUIAPHU Yy3aTHUIIIA KEHT
KYJUIAHYBYM Typ - KYI TO3ULMSIM KBaAPAaTypaBUM aMIUIUTYyJa MaHUIYJIALUS
(KAMH). MabiiyMKH, KBaJpaTypaBUi aMIUTUTyJa MaHHITYJSAIUSICH OUp BaKTIa
ukkn curHawiap U; (inphase) Ba Ug (quadrature) OunaH TamryBYM CHUTHAI
yacToTacuJa o, MKKUTA KBaJpaTiyd TApKUOWMA TalIKWI JTyBYWIAp OuiiaH
MOIYJIALUSIANI Ba YIAPHUHT WMFUHANCUTA TEHT CUTHAIHY OJTUIILIUD.

u(t) = ui(t) cos ot + ug(t) sin ot (2.4)

JleMoaynsiysiamga CUHXPOH JCTeKTOpiian Kysuranwiand, sbHuA Ui (t)
CHUTHAJIHU COS mot Ba Ugq HU SIN ool ra KymaWTuUpuIn Xamja IOKOPH YacTOTaJIN
CUTHAJUTAPHM MMACT YacTOTalu (UIIbTpAa KaMauTupuil (MYKOTHIL) HATHXKadacH Ui
(t) Ba Uq (t) curaammap axkpaTHiIaau.

XO03Upru BakTIa pakamiu TeleBHACHUE TH3uMuaa 64 €xku 256 Mmo3uuusiim
KAMHnap xam KyJuiaHMoKaanap, yiap KyJjJaHuirad Oup Baktaa 6 €xku 8 outiap
y3aTHIIA]IN.

g BEwaA i
® R suaw 500N
. » ****Eﬁﬁﬁ

' NP R Lo
QPSK = 4QAM 16QAM 64QAM

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

2.15-pacwm. 4 nmozunusiiiy, 16 mo3unusiiiv Ba 64 MO3UIMSUITA KBapaTypaBuid
manumysiiuss KAMu (QAM)

AMriuTyna amac, OalKkd WKKM KBaJpaTypaBUd TalIKWI JTYBUMJIAP
dazamapu IUCKpeT MOIYJSANFSUTAHTAHIA KBaJparypaBuil (a3za MaHUIYJISIHICH
(K®MH) xocun O6ymanu. YHAA OJMHTAH CUTHA KyWHIard KYpUHUIIIA OYIaau:
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cos (o t+ 0;) +sin(mo t + 0 ) = AeC0oS (mot + 09), (2.5)
Oy epaa 0, 0 g kBajipaTypaBuii TAIKWUI ATYBUUIIAPHUHT (pazanapu.
Ao, 00 - HaTWKaBUI CUTHAJI aMIUIMTY/Iacu Ba ¢a3acu.

Ndonananran onepauusyiap ojgaTaa pakamin KYpUHHIIIA OakapuiIaau, 1y
ca6a6 KAB G6nokmman cynr PAY 6yimmm  10o3uM. 3aMOHABHH pakamiiy
CUTHAJUIAPHU Paguo KaHaJUIapJaH y3aTUIl YCYJIM OPTOrOHAJ YacTOTAJIH
MyJbTHILIEKCUpaamaup. by uHrimm3 tununaru TexHuk agaduétinapaa OFDM
(Orthogonal Frequency Division Multiplex) neifiunagu. Xakukataa Kym
OpTOTOHAN TAaMyBYWIMK Moayssiusaup. OFDM kyimanunranma y3aTuin KaHailu
Kyna Kymn(ro3mad €ku MUHTIIA0) KaHaTJaiapra (KaHaia octuiapra) OynuHaau Ba Oy
3ca acoCHMi KaHATHUHT YacTOTa CHEKTpUAaH TYIUK (GoiTamaHuIl WMKOHUHU
Oepanu. byHaaH Tamkapu acocuil KaHad CHEKTPUHUHT MabiyM KUCMUHUHT
WYKOTWIMINM Y3aTWIAETTaH MabIyMOTHH MYKOJMIIWATA XaJdaKUT KUJIMANIK.
OFDM wmopenu cudaruna oup xun Kagamiu,y3apo kappamu (f, 2f, 3f, 4f Ba x.x.)
reHepaTopijiap MaXMyacu Xu3MaT KWIWIIA MyMKUH. By yCcymHMHT moxusatu 5.7-
pacMia U30XJIaHTaH.

MabnyMoTnap oKumu

4

Kananoctunapra
Oynub YnKmw

OkumocTunap

Tawysuunap

Y
Af

1 - f
0 1 2 AF, N- [N—1

5.8-pacm. OFDM ycynuHUHT MOXUSITH

Xn,ﬂ .Tn:g
> ———]
X, Kerma-ker |X,, | Teckapn X1 _ Xn
——  napaJjuiela o dDypoe o PAY |——
i ' V3rapTHpradm| -
yarapTapra4 oY 3TapTHP B
X, N1 N1

2.16-pacm. OFDM curnanuHu X0CHJT KWJIHII IIPUHITAIIH.
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Z COFDM
symbol

Pacm 2.17. COFDM Moy ISTOPMHUHT Ha3apuil OJI0K quarpaMmach®

butnu cumBoiap okuMu Xp k,KETMa-KEeT-MapaJIe y3rapTUprud CUIKUATHILL
peructpuaa, MOIYJSIUsA KWIMHTAHAa, Yylap napamwien N-pa3psaid KoAra
(X0,X1,....XN-1) aimanTupunaan xamzaa ynap OypbeHUHT TecKapu ajaMallTUPHUII
omokura tymaaunap. DypbeHUHTI TecKkapu aaMalTHPUIL OJOKHAA YacTOTaIH
KOMIOHEHTalap/laH CUTHAJHUHT BakKT OYiMya carx KuUWMaTiapu Xo,Xi....XN-1
HIaKJUITAHTUpUJIAAUiIap Ba pakaMm-aHAJIOr Y3TapTUPUILIAH CYHT KBa3HaHAJIOT
curHai 6ynanu. CYHrpa OJMHraH CUTHAJ Pajuoy3aTHUIl KypHUJIMacu MOAYJISTOPH
épraMuia TEJICBUACHUCHUHT WINYU AWANa30HUTa KyTapuiaaau Ba Ky4auTHpUIUO
adupra yzaTuiaiu.

OFDM curHajaHu OeMOIyJsAUrs KUIUIIIA KaOyn KWITHYyaa TeCKapu amal
oaxxapunaau. Kabyn kuiruu xkadyn kuiran OFDM kBa3zuaHanor curHaji aactiad
OpaJvK YacToTara KEJITUPWIIAIH, CYHIpa APY épnamuna N-paspsaaiu mapauiesn
KOJIra X0,X1....XN-1 AWJIAHTUPUJIA]IN.

¢ 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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Echo Guard interval ~ Symbol

[ R v R v R S——
Intersymbol FFT FFT FFT FFT FFT
interference window window window window window

_A U U Autocorrelation function

2.18. pacm. OFDM pa xynHypsin KaOyJ1 KUJIHII

Cyurpa @OypbeHUHT TE3KOp TYFPU aIMAIITUPUII OJIOKM OpKaIM KBa3HaHAJIOT
CUTHAJ CaHOKJapu KUWMATIApWJaH MOJIYJSIHMOH CHUMBOJUIAPHUHT CIIEKTpUA
kodhuIMeHTIapy  MMaK/UTAHTUPWIIAAX  XaMJa  yJlap  KeTMa-KeT  Kojra
Y3rapTHpUIITad, A1eKOAJAIIHUHT KaHall TPAaKTUTa TyIlaau’.

Ha3sopar caBosiapu
1. TacBup CHUTHAJUIApMHU CHUKHUII acocaH HedTa YyCyl OwiaH amanra
omupuiIaan’?
2. TeneBu3noH TacBUp KaHIal TypJard OpTHKYa MabJIyMOTIIapra 3ra Ba yiap
KaHJ1ail Typaapra 0yauHaan?
Ko optukuanukka Tabpud OepuHr.
[lcuxopu3noI0ruK OPTUKIATUKKA TabpuQ OepruHT
DneMeHTaapapo EKU CTATUCTUK OPTUKYATUKKA Tabpu OepuHT.
Ty3unmaBuii opTUKYaTUKKaA Tabpud OCPUHT.
Baxrtnu €xu kampiapapo OpTUKYIUKKA Tabpud OepuHT.
CI/IFHaJ'IJ'Iap MaTpulacu 1ed HuMara autumiaau?
. JIKY CHeKTpHHHHT XyCYCHATH Ba YHHHT aTOPUTMHTA Tabpud) GEpUHT.
10 TacBUpHU BEUBIIET aIMAIITHPHUII aCOCH/IA CUKHII aJITOPUTMUHHU EPUTHHT.
11. AnnpokcuMakIvs Ba AeTajin3anusra Tabpud OepuHr.
12.Coded Orthogonal Frequency Division Multiplex kaunait Texaonorus?
13.QAM wmopynsuusicuaaru 4, 16, 64 mo3uIUsITM MOHUTTYJISIITUS TYPJIApUHUHT
Oup OupuaH GapKUHU TYUIYHTUPHUHT.

©CoOoN Ok

" 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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3- MaB3y: Y4 {JIYOBJIH TeJIeBHACHUAHUHT aMaJiia KyJJiaml
HMKOHUATIApH. Pakamiiu TeJleBUACHUSTHUHT CYHbUIl Y1011, MOOHMJI aJI0KA,
Ka0eJ TH3MMJIAPU OPKAJIM TAIIKWJIAIITHPUIN XycycusiTiaapu. Pakamin
TeJIeBUJICHUSIHUHT KATerOpPUsJIapu, TAPKUOJIAPUHM BA TUSUMHHHT
CTPYKTYPACHHM aMAJIHETra TAA0UK I THIIL.

Pexa:
3.1. Ep yctu pakamiu DVB — T TenesmdTTUpUII TU3UMH, y3aTHII Ba KaOyl
KWINIIJIa CUTHAJIJIApTa UIIJIOB OepuIl.
3.2. MPEG-2, MPEG-4 TeneBuaeHIE SITUTTUPHUII CTAaHAAPTIAPH.
3.3.PakaMin TENEBM3WOH CHTHAJIHM aJlOKa KaHAJJIapyu OpKaIM Y3aTHINTa
Oynran Tanmabinap.

Tasinu n6opanap: 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 yctu pakamiia DVB — T TejieamiuTTUpHII TU3UMHU, Y3aTHII BA
Ka0yJ1 KWINIIIA CHTHAJJIAPra MILI0B OepHIllL.

Xankapo pakaMiH TEICIIUTTHPHUIIHN TaIlKWUTAIITHPUIIHUAT EBpomnagaru
KarTa Jouuxanapunan Oupu Pakamaum Buageo smuttupumi- Digital Video
Broadcasting (DVB) 1993 iiunu oxtsa0pe oitmga Oouutanran. DVB Project -
jgoduxacuHMHr ImTtad — kBaptupacu IlIBemapustauuar JKeneBa Imaxpuia
konamrad. Xankapo rypyxHuHr DVB Project noiinxacu acocupa Kyiujaaru
pakamiIi TeJICBUICHUE CTaHAapTIapy KaOyl KHJIMHTaH:

- DVB - C (C - cable — xabenp) pakamiin KaOesuId TEIEIMUTTHPHIIL;
- DVB - S (Sattelrte — itynmomnr) cyHbuit HyIAONLTH TSNS TTHPHIIL;
- DVB -T (Terrestial — ep ycTH) ep ycTH TEACIMUTTHPHIILIAPH.

43



3.1. ’xagBan

DVB cranaptu TypiaapyuHy KyJulall coXajtapu

L'ypyx
HOMIL AXxamusTu N3zoxu Monynsuusicu
Komnpeccusinanran
DVB - | Cynsuii tiynnonum | (cukmirad) sujaeo Ba ayanonn | QPSK, 8 — PSK,
S TENEATUTTUPHUIIT xXam/Jia UyiIao1n opKaan 16 - QAM
KyIuMYa axOOpOTHH Y3aTHIII
Xynau DVB — S narunex Ba
. sTHa KYIMYa TypJard
DVB — Cynbuit iy nnomm MOy AaH (Do IamaHuIII QPSK, 8 - P..SK’
9 TENEATUTTUPHUIIT Ba KAHANHH y3aTHIL 16 — QAM éxu
MKKHUHYHU aBJIO/] 32 APSK
KOOUJIUATH KSHIJIUTHHU OUp
Heya 00p KaTTaJallITHPUII
Cynbuit yngonumu/ ep yctu
SIIUTTUPHUIILIAPHU MOOUIT
CyHbuii Hyngonum KaOyn kuiuil. CyHbUi QPSK,
DVB - N
sH MOOMII Tele WYII01ILTN Ba €p YCTH 8 — PSK,
SIIUTTHPULIT TU3UMIIAPUHU OMprajankia 16 - APSK
KyJuan (Kuckaya ruopu/
TapMOKJI1ap)
16 — QAM, 32 -
Kommpeccusnanrad(CuKuiran QAM
DVB - KabOennu tene ) BUJIEO Ba ayJMOHU Ba :
C SIIUATTUPHUIIT KYIIMM4a axO0pOTHU 64— QAM, 128
kabemnnap OpKaiM y3aTum | QAM &xu 256
— QAM
QPSK, 16 —
DVB _ Kabennu Teie Paxamiu xabemm § :I\% ’26546__
2| g T o 1024
QAM, 4096 -
QAM
KoMnpeccusimanran
(cukuiran) Bumeo Ba ayauo Ba | 16 — QAM éxu
DVB - | Ep yctu adup tene | kymmmya axoopoTHu ep yctu | 64 — QAM (Exu
T SIIATTUPHIIN 3huUpH OpKaIH QPSK) COFDM
TEIEAITUTTUPUIITHU Owan Oupra
y3aTuni(CTanaapT Kadyin)
DVB — T kabu, ¢gakat
Pakamnu >¢pup MOZYJIALUSHAHT Ba KAHAJTHA QPSK,
DVB — TeJIe KOJJIAITHUHT STHTH 16 — QAM,
T2 SUIUTTUPUIIHUHT | PEXUMIIApUHU KyJmanau. [y 64 — QAM,
UKKWHYU aBJIOIU ca0ad DVB — T ra uucoOaraun 256 — QAM
KAHAJIHUHT YTKA3UII

44



KOOMIATUHHUHT KEHTJIUTH 2
O6apobap opraau. Jlekun Oy
crangapt DVB — T Ounan
Oupra uiaManamn

Ep yctu pakaMiu TeaesMUTTUPUIITUZUMUHU SIPATUILl aHYaruHA MyaMMOJIA
Basuaaup, YyHKH MIaXapHUHT MyppakKad, Xap Xujl KYpPUHUIIIATH KypWIHIILIApH,
OMHOJNIApY PATUOTYJIKUHIAPHU KailTa -KalWTa KaWTaauraH TYJIKUHIAD XOCHII
oynmumura, spHU uHTepdepennusra onmud kenaau. [lyrnait Kumo, KaOya KAIATIT
XyAyauJa 3JIEKTPOMArHUT KYWIAHUIIN JOUMO Y3rapuilld MYMKHH, XaTTO KaOyl
KWINII HYKTacu TYFpUIAH- TYFPU KYPUHUO Typranjaa XxaM, SbHU “YIUK~ Xyayasiap
naijgo OYynuIM, HaTWXKajla CHUrHal KaOyndl KWIMHMACIWTH MYyMKHH. byHpaaH
TalIKapy Iaxapiiapia caHoaT XajlaKUTiIapH, OOIlIKa 11y YacToTajlapAa UlIaéTran
KYIIHU XYyJIyAJard paguoy3aTruwiapjaH 4YuKa€TraH XallakKUT XaMm eTapiiujup
Xamja ynap OwiaH anbaTTa Kypaluil Kepak. SlHa KymuMua ep yCTH pakamMiu
TEJCBUJCHUECH MaBXKyJ] OYJIraH aHajior TEJIEAIMUTTPUIN THU3UMIIApU OuliaH
Mocnammiu gapkop. lly cababmu ep yctu pakamiid TeleBUJCHUECHU KyWHJaru
TajgabiapHu KOHUKTUPHUIIHN Kepak:

—  XaJaKuTOApJOIUIMKHH FOKOPH JlapaxkaJa TabMUHJIALL,

— TEJEBU3MOH CUTHAJIHM aHWUK CTaHJAapTIapAa, XU3MaT axOOpOTJIapuHH,
TeJeTeKCTIapHU CcUdaTIN y3aTUII Ba MabIyMOTIApHH pyxcaT JTHIMaraH
KUpUIIUTApJaH XUMOSLJIAII;

— TENEBM3MOH KaOysl KWW  KypWIMaJIapUHU  WIOXKH  Oopuya
ap30HJIAIITUPUIN MaKcaauga pakamiau CyHBUU Hynaomi, kabelb TeleBUIICHUECH
KypriIMaslapy OMJIaH MOC KETyBUYM YHUBEpCA CTAHIaPTHU SIPATHILL;

— KYTapuO 0pWIyBYM KaOyl KWITHY KypWiIMallap Ba XOHA aHTEHHalIapu
épllaMHJla CUTHAJTHUA KaOyJ KUJIMIIHA TabMUHJIAI,

— OuTTa YacTOTa M TAPMOKHUHT UIUIAITMHU TAbMUHIIAII Ba OoIIKaiap.

[y ca6ab, DVB — T Hu spatumigarua MyxXuMm XyCcycUsTIapaaH Oupu OUTTa
yacToTadu €KW Ky YacTOTadu MOIYJALUMSHU TaHJalgan uoopat Oyiau.
Texmupunuiap myHu kypcarauku, (akat OFDM ananor PAL Ba SECAM
TU3UMIIApUIATH y3aTruujapra HUcOaTaH XajlakuTiapra OapJoIIM KarTa, allHMKCa
Oup yactoTanu mapoutaa 0y ad3auiuK IOKOPH.

DVB — T craHmapTdHH spaTUIIMAA TU3UMHUHT KyHUJard acocui
napameTpJIapuHU TaHJIall KePaKJIUry OeNTHIIaH Iu:

— CUMBOJITa TYFPHU KEJIYBUM UHAUBUyaT TAlllyBUMJIAp COHU;

— XMMOSI UHTEPBAJIMHUHT KEHTJIUTH;

— TaIlyBYMIAPHUHT MOTYJISIHSUIIAII TypJIapH;

— CHUHXPOHM3ALUsIIAII YCYIIU.

Texmupuin Ba TaxJIWUIAp WIYHU KYPCATIWKH, OUp 4aCTOTaIM TapMOKIAru,
XyJIyajapia *OoWalrad y3aTrud KypuiMaiapu opacugard Macoganap 60 kM 1ax
KaM OynMaraH XoJiaT[a,, TeJIeAMUTTUPUITHN Tapkatumiga 6000 maH opTHK
tamyBun curHawiap kepak. bynna COFDMHM TabMHUHIOBYM MHKpOCXEMaiap
TanryBumiap conu 2" mapaxanacura TE€HT OynraHja vnuiaiauiap, mry cabad yHra
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akuH Oyaran con 8192 éxu (28°) tamnamamu. By pexxum 1maprim paBumga “8k”
neb arajaau.

< C(oded) + O(rthogonal) F(requency) D(ivision) M(ultiplex)
: i IT= ' : iBand-i ‘
FIR |: Pre- & iPower: & :
filter - corr. :’ RF ’Eampl. -N ?ﬁgf
TS
—| FECLP » > >
< M E"t P ymbo 5 Erame Guard
2 []inter- : inter-| £ P P IFFT PPinterv.
5 [Blleaver S adapt. i
T2 == —I 3 P ] leaver s insert.
... FEC HP
(option) > (2, 4,6) T
I - - - J
Pilots, TPS

3.1.pacm. DVB-T mMogynsaropununr 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 I coder coder
Tsin | Base Ener- Reed- Conv. < Coded
=] band- [ SYnC Lyl solom ] inter- | SOkl T | data
interf. invert. : leaver coder S D out
d|3p_ enc. o <
Synchronization I
< > Code rate
Same as in DVB-C 1/2...(3/4)...7/8
< >

Same as in DVB-S

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

1995 #iunma SAEKTPOH TEXHHWKAJapu WMKOHMSTH OyHIal KarTra COHIIU
TallyBYWIApHU TabMHHJAN onmarad, mry ca6a6 DVB — T cranmaptau
y3mamTupum Mmakcaguna 2048 éxu (2'1) comnm TamyBumnapHm GepyBUM pEXHM
KyJutaHwirad Ba Oy pexuMm “2k” paeitwmanu. lynmait kwmmO, cTaHmapT siroHa
Maxcyc pexum “2k/8k” ned OenrunanraH. Xo3up AaBpAa KUWMaTH ap30H HOKOpHU
YacTOTajdu MPOLECCOPJAPHUHI  SIpaTUIWIIM Owian  “8K” pexuMu  XaMm
Ky IITaHUIMOK A, &

DVB — T crangaptuia CUMBOJUIAPHUHI aKTHUB KHUCMH YYYH UKKUTA BaKT

8 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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JABOMUMJINTH UIUIATUIAAH, SbHU “2K” pexxum yuyH T1 = 224 mkc Ba “8k” yuyH
T2 = 896 mxke. lymapra spama tamyBuniap opacujard dapk (kamgamiiap) “2x”
pexxumuga Afy = 1/T1 = 1116 I'n Ba“8k” pexxumuga Af> = 1/T» = 446,4 T'u. bynnaa
tamryBunsiap conu N1 = 1705 Ba N2 = 6817 Ba yMymuil CekTp KEHIJIUTH HUKKU
xonataa xam 7,61 MI'm, nemak ymapau 8 MI'm mosiocama erapiauya 4yacTtoTa
WHTEpBaIapuAa >KOMIAIITUPUIIT MYMKHH.

Digital Video Broadcasting Terristrial TU3UMUMHIA  MabIyMOT
CUTHAJIJIAPUHU MOIyJIsLMsIIaaa acocaH OFDM MOIYJIALMACHIAH
doitnananunaan. DVB-T tusumuaa xkorepenr OFDM mopymsimus KyinanuiuoO,
doiinany MabIymMOTIap TaulyBuucu auddepeHnnan Kojiapaa akc STTHPUIAIM.
bynnan Tamkapu kaHan cudatuHN 0axonaniga KyJIJIaHWTYBYH KYIT COHJIA TUJIOT-
CUTHAJIapH KOPpPEKIMsICcard xaM spHuinui tanad kuiauHaau. by aca ¥3 naBbatumga
KaHai cudaTuHu 6axonamniaa Ky Keaaau.

TPS | | w - [ L] - | " / TPS
carrier\\ s [#|w|o|%|%|¥]= ) carrier
\ L] ® L] - [ ] - - /
\“!_ ¥ ] * - ] [ 3 .u(
/' -; BE AR " 'V\
/’ || w|[w|w |24 "\
il ol il o Bl Bl Continual
H LB | o L] + LAR ]
Continual * or
or scattered
scattered pilot

pilot
3.3.pacm. DVB-T ramyBumnapu: ¢oiiganu KyBBaT TallyBUUCH, JUOMHI Ba
TapKaTWIrad nwiotaap, TPS tamryBunnapu.

DVB-T tusumumaru TOAVYna (teckapu Dypbe anMamTupuin yCyiu)
2048ta €xu 8192Ta Hykramap kyyutaHunaau. Hasusra kypa ymOy Hykranap
KeMMHYAIUK MabJIyMOTJIApHU y3artuiiga Kyjutanwiaau. 8K pexxumuna doitnanu
MabiyMoTiap tamyBuucu 6048ta, 2K pexumuaa sca ymap 1512 TaHm Tamkwi
xkunmaan®. Mkkana pexumaa xam DVB-T tusmMumu xycycusitiapuaan kenubd dukuo
MabJIyMOT y3aTuill Te3nuru Oup xun Oymamu. DVB-T tusumuaa kyhuparu
TypAard TAULyBYMJIAP MaBXy/:

e VpHATWIraH XOJaTAaru XapakaTcu3 TallyBYHIap (aMIUTUTYAaIapy HOJI
caTxra co3JjaHraH)
VpHatwiran xonatian Payload TamryBunnap
VpHATUITaH X0JIaTIN Y3JIYKCU3 MWIOT CUTHAJUIap
CHEeKTOpH OViinya y3rapyBuM TapKaTUITaH MUJIOT CUTHAJLIAp

YypHatunran xonatau TPS TamryBunnap

® 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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bynnan Tamkapu DVB — T crangaptuaa xap Oup MOy PEKUMH YIyH
TYpTTa HUCOUU XUMOSUIAIl MHTEPBAJUIApY KUIIMATH KY3/1a TYTHIITaH Ba yjlap aKTUB
CUMBOJIJIAPHUHT JaBoMUiIMK BakTu T HuHr 1/4, 1/8, 1/16, 1/32 KHCMHHU TaIlIKUII
sTaauiap. 3.2 xaaBanja 6ab3u acoCUil MapamMeTpIapUHUHT aOCOTIOT KUMMaTiIapu
KEJITUPUJITAH.

Kentupuiiran maepnymotinapaan kypuHaguku, COFDM éppamuna pakamiu
TEJICBU3MOH  CHTHAJI  y3aTWITaHJa  CTaHAApPT  AHAJIOr  TEJIEAIIUTTHPHII
paguokaHamHUAT 8MI'TT wactora mosiocacuaad QoiiganaHul MyMKHH Ba Oy
X0JIJ1a ¥3ap0 UKKU SIKUH paJOKaHAJNIAPHUHT XaJIaKUT OepMaciluKiIapy y4yH yJap
opacugaru xumost ¢apku 0,39 MI'11 Tankum STHIA MyMKHH.

3.2-xanBanga COFDM TamyBYMIapuHUHT paguoOKaHaIard, XuiMa Xuil
ycyJiapia MOIYJSIUSJIAHTaHJaru XoJiaTt/a, pyxcaT JTWITaH CUTHaJ/IIOBKUH
HUCOATMHUT MUHUMAaJ KUMMaTH Ba Qoifaau axO0poTilapHU y3aTyBUM UKKUIHK
CUMBOJUIAPU TE3JIUTU KEJITUPUITAH.

3.2-xanBan
DVB — T crangaptunaru COFDM mMonymsiiusiHUHT acOCUid TapamMeTpliapu

Monyssus R o
PEXKUMU

Nuran naTEpBan
napomuitnuru Tp, 896 224
MKC

TanryBumn
gacToTanap 1116 4464
opanuru A/T'1y

TamyBumnap conu 6817 1705

YacroTa moiocacu

KeHrimru, MI'iq 7,61 7,61

XuMost
WHTEPBAIMHUHT
HUCOUI
JTAaBOMUMIIUTH

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

XuMost
WHTEPBATUHUHT
JTABOMUIJINUTH
A,MKC

224 | 112 56 28 56 28 14 7

A+Tp CUMBOJIHUHT
JTABOMUIMINTH, MKC

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

VY3aTruyuaapHuHT
Oup yactoranu
TapMOKIaru
MaKCUMaJl OpPAJIUFU
(kM) d=cA, ¢ —
EPYFIIMK TE3UTH

672 | 336 | 168 | 84 | 168 | 84 | 4.2 2,1
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3.3- )xaaBan
XuaMa XuJI MOAYJISAIUS X0JIaTapy/ia MabIyMOT/Iap y3aTHUI TE3IUTH

Komaunar | Curnan/moBkuH,nb doiganu Te3nnk, Mout/c
Monyraius HUCOaT
YPH | remury | Craumonap | MoOwx |y, 1y 116 | 1732
aHTEHHA | aHTEHHA

4-OMu 1/2 3,6 54 4,98 5,53 5,85 6,03
4-OMHu 2/3 5,7 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 KAMHu 1/2 9,6 11,2 9,95 | 11,06 | 11,71 | 12,06
16 KAMH 2/3 11,6 14,2 13,27 | 14,75 | 15,61 | 16,09
16 KAMHu 3/4 13,0 16,7 1493 | 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 1991 | 22,12 | 23,42 | 24,13
64 KAMnu 3/4 18,6 21,7 22,39 | 24,88 | 26,35 | 27,14
64 KAMnu 5/6 20,0 25,3 248 | 27,65 | 29,27 | 30,16
64 KAMnu 7/8 21,0 27,9 26,13 | 29,03 | 30,74 | 31,67

DVB-T TH3MMHUHUHT y3aTHII KUCMHU/Aa CHTHAJUIAPra HILIOB OepuIilL.

Typau  umma®  9yukapyBuUmwiIap  KypWIMAJAPUHUHT  WIUIANUIAPUHUA
MOCJIAIITUPUIII yUyH pakamiu MOJYJIALUSIIAaHTaH pazrocCUrHasuIap
napaMeTpJapuHUHMHT  CTaHJapTiapu  OenrwinaHaav. Pakamiau ep  ycTu
TENESMUTTUPUIIT TU3UMIIAPDUHHUHT y3aTHII KUCMHUJIATd CUTHAJI Ba MabIyMOTIapra
UILTOB OCpHII TAIIKUINK Yn3MacH 3.4-pacMjia KeITHPUIITaH.
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Source coding and Multiplexing

To Acrial A

MUX
Adapation] | Outer [ | Outer [ | Taner [7] Inner Frame Guard _l
Energy Coder Interleaver Coder Interleaver [T MPPeT Adaptation [ OFPM Interval - D/A [ Front End
Dispersal Insertion
r_m]-i_|l____-|l-___-'||-"___|
!Adapiationt_' Outer 1! Outer 1! Inner ! "
Energy 1 1 Coder 1 !lnterleaveri ' Coder i Pilot & TPS|
UDispersaly L ___ v L ___ 1! . Signals

Terrestrial Channel Adapter

3.4. pacm. DVB-T TU3UMUHUHT y3aTyBUd KUICMUHUHT TAIIKWIANA YU3MACH

VY3arunaérran MabiyMoOT (TacBHp CUTHAJJIapH, OBO3 CUTHAIM, Tpaduka Ba
Ooomka xu3mar Mabiaymoriapu) MPEG-2 MPEG-4 xoxep cranmaptTiapuia
CUKMLITHpWIaAW Ba (xap Oup KypuHum anoxuna) koxanaHaau. CyHrpa
MYJbTUIUIEKCUpJAIl yCyiau OujaH JacTyp OKUMH spaTWiaad Ba yHra
BUJICOCUTHAJI, OBO3 CUTHAJUIApH XaMJla 3apyp XoJaTiapiaa rpaduka axO0opoTiapu
KUPUTHIIAN.

Keitun Oup Hewa npactypiap oxkuMuHu Oupnamtupuil MPEG-2  HuHT
TPAaHCIOPT OKMMHHHM IIAKJUIAHTHpPaau Ba Oy OKUM ¥3 HaBOaTuaa SHA HMKKHUTA
TaUIKWJI 3TYBUM TPAHCHIOPT OKUMJIApUTra aXpaiaau.

bynnan cyHr ax6oporra wunuioB Oepumr OFDM (oproronan wacrora
MYJbTHILIEKCOPU) KaHAIW Kojepuaa amanra owupwiagd. CurxHan asBaj
pangomMu3anusa OofllaMacHiaH yTaaud Ba Yy epAa KBazuTtacogupuil CHUrHajira
alIaHTUPUIAaN.

Pangomuszanmsara MPEG-2 tpaHcnopT mnakeTiaapu KeTMa KETJIMTMHU
TAbMHUHJIOBYM PaKaMJId OKMMJIAPHU MOCJAIITHPUII ONepuusicu Moc kenaau (6.2-
pacm).

SYNCE

<t 8 TPAHCHOPT HAKCTIIapH >|

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

PRBS kerma-keTnuk reHepatopu 15 paspsam  peructpiap CHIDKUIIH
0azacuja KypwiraH Ba TeCKapu ajioKa 3amkupu Owman OornanraH (3.6-pacwm).
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[MaknmanTupunaéTran KeTMa — KETIWKHH TacoAuduira YXIIANIIUTH Ba KaOys
KWITHYJa y3aTWIaéTraH MabIyMOTHH THUKIIAII YYyH Xap Oup 8-uM MaKeTHUHT
oommaa PRBS reneparopu nHuimanuzanusa(KymmMyia Ko OWIaH TEKIIUPUIIAIN)
KwinHaau, my Makcaana yHu 100101010000000 conu OwilaH —IOKJIaHAH.
Nuunmanu3anusagan cyHT rnceBaoTacoauduii ketMa - keTaukHUHT PRBS Oupunun
OWTH, TPAHCIOPT OKUMHUHHUHI JacTIa0KK OaTUHUHT OWpUHYM OUTH OuilaH

KYIIUJIA]IH.

—p D D, | D

AND e

Mabnymotnap
> Guknwm

pyxcar  mabaymoTnap KupHuwu

3.6-pacMm.MabnymMoOTIapHU paHIOMHU3ATOPH

Tamku koaam Ba opanaTum. Tamky Koajam Tu3uMuaa Xxamma 188 6ait
TPAHCHOPT MAaKETUHU XUMOsUIall (CUHXPOOANTHH XaM KYIIraH xosja) yuyH Pun-
Conomon xoam wnmatTwianad. Kommam skapaéamma Oy 188 Oaiftra 16 Ta

TEKIUPYyBYH OaiTiIap XaM (3.7-pacm). KYIIHIaIn.

SYNCn
1 Banr

SYNC1eéxu

SYNC1 éxu
SYNCn
1 Gafir

TexmupyBun

MAbIIYMOTIIAD
16 GanT

3.7-pacm. Tamku Punx — Comomon RS(204,188) xoTupa koau Omtan
MabJIyMOTJIAPHH XaTOJap/IaH XUMOSLIIAII MTAKETH XOCHIT KUJIHIIL.

3.8- pacMa Tamku opajaTray Ba JCOPATATTUYHUHT (KalTa TUKJIATHYHUHT)
Ty3WIMaBUA CXEMacu KENTUPWIraH Ba y 12Ta CHIDKUTHIN PErHCTpiapH Xamja
KOMMyTatopiap Ky(pTaurugan tamkuia tonrad. Kommyratopiap »kydTiauru
CHUHXPOH paBuIlja, OalTiap KeTMa —KEeTJIMTH 4YacToTacu OYyHuda, perucTpiapHu
KHMPUII Ba YUKW OKUMJIAPUTA YJIaUIu.



1 MabnymMoTnapHu Teckapu opanaTiw

1 0 0
17x11

MabnymMoTnapHu TYFpi opanaTuil 8
0

I |
I |
| |
| |
| 1 1 WMKALL / |
: o— 17 I O pervcTpnapy \ i
| |
2 2 8
I ¢ o= —y O 1753 I
| |
I 3 3 h 9 9 !
: o0—17x3 —0 " o 17x2 —0 |
I 1 |
| ° \ CHNKULL : | 10 10 |
s . o 17 —O
| perucTpnapu 1 |
I / 1 I
I 11 1 " 11 1 |
O— 17x11
| 1 |
|

3.8-pacm. MabyMOTIapHH TAIKU OpaJIaTUIII

DVB-T Tu3duMuHuMHr Kal0yJa KHJIMII KHCMHMIA CHUTHAJLIAPra HILUIOB
Oepum. Kabyn kummin KypuiMacuia CUTHajIapra uimioB Oepui xapaéaun DVB-
T cranpgaptu OmiaH perjiaMeHTIIaHMaraH Ba OYMK KojiraH. by Xxomnar teneBu3op
UIUIa0 YUKapyBUYWIIAp Opacujard pakoOaTHU KydyaWTupaau Ba IOKopu cudatiu,
allHu BakTJAa ap30H KypwiIMajJapHH SpaTUIJIard WHTWIMILIAPHU KyJu1a-
KyBBaTiaau. DVB-T crangaptura MyBoHWK KoJJIaHTaH Ba y3aTWIaéTraH
JacTiIabKu ayIno-BUE0 aXOOpOTIIApMHU TUKJIAII YUyH, ACKOJIAlIAa YHUHT Oapya
CUTHAJJTAPWHU TECKAPH Y3rapTUPUIILUIAPUHU aMalira OLHUPHUIL 3apyp.

TroHep €pmaMuia KEpakiau 4acTOTa KaHAIW aXpaTWIaAW Ba CUTHAJI OPAIHK
yacrorara yTkazwiaau. CyHrpa OpajviK 4YacTOTald CUTHAJl Ky4YauTUPUILIHHU
apromatuk  OowmkapyBun (KAB) kypunma éEpnamupa  OomkapuiaauraH
KydaiiTupruuaan Yo, APY Gnoknaa pakamiy mAkira y3raptupuinaau. bynpan
KEeHMH KBaJpaTypaBuid JEMOJITYJIALMS Oakapuiaiu.

Hatnxana COFDM curHalivHUHT XakKMKHM Ba MaBXyM KHCMJIapura MocC
KEJYBYM, KBAJAPATypaBUW TAIUKWI ATYBUWIAPUTA a)XpaTWaJWiap. YHIOAH CYHT
OJIMHTaH KBaJApaTypaBHil TAlIKWI 3TyBUMJIApU YUyH DYpbEHUHT TYFpU HUCKPET
y3rapTupunuiapu amaiira omupuiaany Ba yHUHT HaTuxkacuga COFDMHMHT TYIMK
nemoaymsiusicu O6axapunaan Xxamaa COFDMHuHT y3atuiagurad CHMBOJIIApU
HIaKJTAHTUPUIIAIN.
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o
Q.
, Q
Time 8 g
Analog frontend sync r
h > ;FFTwindow J
‘ RF S_AW Low A S [~
filter pass N '@' FET 2 .
IF| |(BP) filter D HArr | I =5

1 %

LO 90 |
Clock Scatt. [JiChan.
NCO pilots | estim.
£ =f/4
(zr, = 1449) f =4 *32/7 MHz cort. ||,

. o
pilots MlFrequ.
Jcorr.

TPS Il TPS
carrier. dec. —>

3.9.pacm. DVB-T a0y kunruya 0JI0K cxemacu.

Convl |Reed-| |Ener -
o gyl | Sync.| |Base
FEC;’ Viterbidy) ‘de- Lylsolom. f=p» disp. ¥ inv. =] band = 15
datain dec. inter- dec. rem. rem interf. out
from leaver '
de-
mapper
Code rate

1/2..(3/4)...7/8

From TPS decoder
3.10.pacm. DVB-T kabyn kuiruya 6J10k cxemacu (KaHaJuTh JIeKO/[jIarl)

bynna OTY omokuan onmHrad Mabiaymotiaap KAbD yuyn doiinananunany Ba
CHHXPOHM3aIHs 6lokura Tymagu. CHEXpoHM3auus 61oku APY yuyH TamyBunm
CUTHAIl 4aCTOTACH Ba TAKT MMIIYJIbCJIapUHU TUKIaiau'®, YHIaH Tamkapu KaHam
XapaKTepUCTUKaNapuHu OaxoJiam OJoKHAa KaO0yJl KWJIMHTaH TallyBYM CUTHAJLIap
Taxjauil KWIMHAAW. Taximin — HaTwkalapura Kypa  alloKa — KaHAJIMHUHT
YTKa3yBUaHJIMK (QYHKUUSACH OaxojlaHagu Ba KaHAUIAPHUHT  Ty3aTUILIapU
(xoppekuusicu) amanra omupuiaaau. Koppekuust Kuuiga xap Oup TalryBYUHUHT
CUTHAJIM ymOy TallyBYM Y4YyH aHUKJIAHTaH KaHAJIHUHT  YTKAa3yBYAHJIUK
byHKUMsSICUra TeCKapy KUiMaTUra KynanTupuiaam.

10 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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Cyurpa w4ku TeCKapu opajaTtuil OJIOKWaa OWTIApHM CHMBOJUIAp Oyinda
TeCKapu KOMJIAIITUPHIL aMalra omupuwiaad. Hatwkana OuTinap keTMa KeTIUrd
OJIMHAJU Ba yJlap WYKU JIEKOoJepJiall OJIOKUra KenuO Tymaguiaap Xamja y epja
KO/UIApHU  MUFUII  JEeKoJlepuAa  XaTrojlap  TYyFupiaHaawiap  (KOppeKuus
kuiuHaguiap). Keiiun  MPEG-2  TpaHcmopT  OKMMHUHHMHT — Ty3WJIMaBUUH
MabIyMOTJIApPUHUA TUKIANl y4yH OalTiap Tamku Tteckapu Ba Pun-Comomon
JEKOJIepuJa XAaTOJApUHUHI KOpPPEKUMsCHM amanra omupwiaau. Harwxkana
TpaHCTIOPT MaKeTIapuHUHT naBomuiinuru (188 Gaitman nbopar) Ba GalTIapHUHT
NaKeTJap/a KeJIUIIUHUHT KETMA-KEeT KEIUII TApTUON TUKJIaHAIUIap.

MPEG-2

Tuner

I12C bus

Micro-

processor

Keyboard /
remote
control

3.11.pacm. DVB-T set-top box Kypunmacu 6JI0K cxeMacH.

CyHrpa MabiyMOTJIap OKUMH MabJIyMOTJIApHU I€POHIOMU3AIMS KUIHIL YUYH
neckpeMOrepra KenuO Tymiaaud Ba JacTIaOKM pakaMid OKUMHUHT TY3WJIMIIN
TUKJIaHA]IH. Pannomu3zanus KYJUTaHUILNA TUKJIAHUILI CUTHAITHU
nceBoTacoAuduii KeTMa KeTiauK OuinaH MOoayJb 2 OViinya KaiTa KYIIUII OpKaIu
amanra ommpunanu. [lyngan cyur tukinanran MPEG-2/ MPEG-4 tpancmnopr
OKUMH JIeMyJIbTUIUIEKCOpra KenuO Tymaau Ba Oy epAa TaHJIaHTaH JacTypura
acOCaH TPAHCIOPT OKMMUJIAH TMAKETJIAp aKpaTUO OJIMHAIU Xamja BHJIE0, OBO3JIH
TAlIKWJ 3TYBYM Ba MAbIyMOTIAPHUHT AJIEMEHTAp OKUMJIApU IIAKUIAHTUPHUIAIH.
HeckpemOiep Ba JeMyJIbTUIUIEKCOP OOIIKAPYBUHHU KOHTPOJUIEP aMalira OIIMPaIH.
JleMyIbTUILIEKCOP TPAHCHOPT OKMMMJIAH AACTYp *KaJABAJUIM MaKeTJIapHU TaHa0
OJlaiM Ba yJNapHU KOHTpoJuiepra ysaraau. KoHTposuiep TpaHCHOPT OKUMHIAru
JacTyp MabiIyMOTJIAPUHU JKpPaHJA aKC STHUIIMHU TabMUHIAngu. Doupananyudu
Oyiipyrura Kypa nacTypiiapaaH OMpH TaHJIaHaIu Ba ymoOy aactypra teruuuin PID
XaKMJIard — MabpiayMoTiap, Kedarycuaa UOIy [akeTJIapHH  TaHJall — y4yH
JNEMYJIbTUILIEKCOpra y3aTuiaagu. TaHjaHraH JacTypra KylluM4ya MabIyMOTJIAp
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(cy® TuTpiap Ba Xako30Jap) AeMYJIbTUIUIEKCOPAAH KOHTpOJUIepra Keaud Tymaau
Ba KOHTPOJUIEp YJapHH KylmIuM4a axOOopOTJIapHU HAMOWHUII KWIMII OJIOKHUTra
y3aTaju.

Kontposnep, myHuHrzaex, (oiganaHyBUMHUHT MaOJard TyJjaraH MyJUTUK
JacTypjapra KUPUIIMHA TabMUHJIOBYM BOCUTAJIAPHU V3 WYHUTa OJYyBYM IIAPTIU
kupuin Tu3umu (IIKT) O6unan Gornuk. JlacTypiapHu aeckpeMOjepaiira Ou/l
MabIyMOTJIap TPAHCHOPT OKMMM TETUIIUIM TakKeTjapuja y3atuinaau. bemyn
JacTypllapHH Ba yMyMud (¢oiliamaHuil MabIymMoTiIapra dra MaKeTJapHU
JecKkpeMOmepanl yuyH KyIuM4a MabIyMOTiaap Tajgald sSTHIManIn.

lynnait kunub, pakamin TeleBUAeHHE KaOyn KMITHYKIA TaCTypHHU TaHJall
UKKHTa OOCKMYJa aMmalra OIIMpHiIagu. ABBaJl OMp HedTa AacTypiapiaH uOopatr
TPAHCTIOPT OKUMH Yy3aTajnaéTraH TeJIEBUJCHUE SIMUTTUPHUIN KaHAl TaHJIAHA/IH.
CyHrpa Xyaau 11y TpaHCIOpT OKUMAAry JacTypiap/iad OMpH TaHJIaHAIH.

Buzneo Ba OBO3HUHI 3JIEMEHTIAp OKUMJApu aemyibturuiekcopaad MPEG-
Z2HUHT TETUIIUIN JeKoJiepiiapura kenuo tymaauiap. Bugeonekonep ynkuiapuia
601- TtaBcusira MOC pakamid IMakiga EPYRIMK Ba paHrdapk CUTHaLIAp
maksutaHaaunap. by curnamiap keiimnyanuk pakamiu makiga €éku PAK opkamu
TEJICBU30PHUHT KyWH YaCTOTAIM KUPUIILJIApUTra y3aTHiIaiuiap.

Ayaunonekoaep YUKUIUIapuaa aHalor MIaKIAard OBO3 MIAKJUIAHTUPWIAIN Ba
OBO3HU JIUTTUPHUII OJOKIApUTa TYIIAIH.

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

MPEG-2 crangapTi TENEBHJICHHE SIIUTTUPHIN THU3UMIIAPA YIYH MaxcCyc
unuiad yukwirad 0ynu6, 10 Ta xucmuan ubopar. bupunun kucm 1994 imnna,
oxuprucu 3ca 1999 nunna takaum stunrad. MPEG-2 cranmaptu MPEG-1HuHr
aH4Ya SAXIIWIAHTaH Ba TAaKOMWUTAAIITUPWIMINM  sSHAJa MypaKKaOJjallra,
Ty3uaMacuaa pakamiad okuMHuUHT [, P Ba B kaapmapuman oiinananunaauran
KYpUHULIUIUDP.

> Video Production DVCPRO
Home Video MiniDV

Motion JPEG

1988 1991 1993 1995 2002

JPEG ITU-T | H.120 H.261 H.262 H.263 H.264

NERCERCERE

so/nec | MPEG-1 11 MPEG-2 || MPEG-4 || MPEG-4

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
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3.12.pacM. Buzeo koaiam Typiaapyu puBOXKIJIaHUII TAPUXU.

11

MPEG-2 cTangapTi pakamiid WyJaoll, kKabellb Ba ep YCTH TeICBUICHUECH 1A
(dao KyJIaHWIIa TN,

Max. No. of Max. Bit A
Pixels x Lines JRate
x Fields Mbit/s
1920 [ 1920
x1080 | x1152 | & High o |VP@ | o o |HP@
x30 x25 (100) HL HL
l:ggo lﬁgz 60 High- o MP@ . ssp | HrP@
x30 x25 (80) 1440 H14L I@|-|14 H14L
720 720
g0 |76 | 15 vain | SP@ | MP@ | snwre - HP@
x30 x25 | 20 ML ML @ML ML
352 352
x240 | x288 4 Low ° H’ @ (S@T_T_P ° °
x30 x25 > P fl
P P roties
2 g | =32
E s | 5| 85| &
w = " w T
£ c > nz: > c > % ~ 8%
o206 o= n= o= cNlF <
c2Else |+& |+s2]_£<|2:2
sSgles =2 |=s5S)ls835]1s8
NT O N W w v -
$235l38 |26 [2ealeZE]lSe

3.13.pacm. MPEG-2 npodwusuiapu Ba qapakanapu.

MPEG-2uunr tapku6uit 10 kucMugan 3 Ta acoCHIIapuHU aXKpaTHO OJUII

myMmkuH: 13818-1 - Tuzumin, 13818-2 - Bugeo, 13818-3 - oBo3.u.

Tuzumiau KHCM- CTaHJApTHUHT OBO3, BHUJIEO Ba OollKa axO0opoTiapHU

MYJIBTUIUICKCUPIN  (YMYMJIAIITUPWITaH) Kojuiam  (opmaTuHU  udomaianm,
IIYHUHTZIEK, Oup €Ku OMp Heda MabIyMOTJIap OKHMHHM Cakjiaml €KW y3aTHUIIra
APOKJIM OUTTa EKU OMp HEUa OKUMJIApTa OMPUKTUPUII MacajlaJJapUHU XaJl 3Ta/IH.

Tuzumiu kucM- Oemnra acocuid BazudanapHu Oaxapaau:

Tuxmanum BakTUaa OWp HEYAa CHUKWITAH OKUMIIAD CHUHXPOHHU3AIMSICUHU
TabMUHJIAIL,

bup Hewa CUKWITaH OKUMIIAPHA YMYMHH OKUMTa OUPIIAIITHPHIII,
Tuknanum  OONUIAHWINK — YYyH  HMHUIManu3anusuiamn  (OouutaHFud
KYypcaTru4IapHU YpHATHUII);

Bydepra xuzmar kypcaruii;

Bakr mikanacuHu(TH3UM BaKTHHU) aHUKJIAIIL.

Bugeo KHCM -CTaHIAPTHUHT IOKOpU cudaTiM pakaMidn BUACO YUYH

11 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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KOJJIaHTaH OWTiIM OKMUMHMHHU Xxapaktepiaiinu. MPEG-2 ¢gopmatu MPEG-1aunr
Oapua HII peXUMIAPUHU KYyulad- KyBBaTIalaM, sHA KYyIIMMYa caTpiapapo
BujcoopmatHu Ba IOKopu aHukiaukgaru teneBugeHue (FOAT) xampa crepeo
TEJIEBUJICHUEHU KYJUIAlll UMKOHHSTIApUTa dTa.

Quantizer matrix Quantizer
ersion /scale actor
P l "
Sequencé GOI? |PicturemSIice "Macroblock Macroblock
Pointer to . -
1st frame -\ 3 3
g];sfest Sequence Picture header5> o
ice header
header  0p header
Packetized Elementary Stream PES
. lheader
\
DTS \ Length indicator
prs PES
header
Tlans oHst’eam
P [l 1R [I
] \

3.14.pacm. MPEG-2 mabiiymMOTIIap OKUMU CTYPKTYpacu

ToBym kuem- MPEG-2 craHmapTUHUHT Kyn  KaHaUId ~ OBO3HU
Kouranuman  Oenrwraiinn. MPEG-2  Oemtarawa TYIWK KEHT  KaHAJUIA
MOJIOCAJIapHU, YHra KyIIMMYa MacT 4acTOTalld KaHAJHW Ba 7 Tarada Kyl THIUIA
KOMMEHTaTop (€KM Tap>KUMOH) KaHaJUIapUHU KyJ1ad KyBBaT/ialau. YHIaH
tamkapu 64 KOut/c y3atum Tesnuruga MoHOGOH Ba crepeodoH O0BO3
CUTHAJUTAPUHUHT SIHTpalll cu(aTUHU SXIIUIAl YY4yH JUCKPETIIall YaCTOTaCUHUHT
spuM KuiimaTu (16; 22,05 Ba 24 xI'11) KYUTaHWIUIIK MYMKUH.

Cranpmapt pakamiu teneBunenne SDTV (Standard Definition Television)
CUTHAJUTAPUHM CHKMACJaH ajokKa KaHanu Oyinad y3artum yuyH 270 Mowut/c
Te3NMWK Tajgad KuiauHaau. Xarroku HDTV okopu aHUKIMKIArd TEICBUJICHHE
CUTHAJUIAPUHM y3aTUll yuyH 3ca 11'0ut/c Te3nuk tanad kuinHaau. by aca y3atum
Ba DIIUTTUPUIN MaKCaJHW YUYYH KyAa Karra Te3Nnuk xucooOmananu. lllyHuHr yuyH
XaM SITUTTUPHIIT COXACHIATW Xap KaHJal CHUTHAJ CHUKHUII Kapa€HWra Yy4Ipauiu.
Kaiita ummmanuiap HaTukacuaa MablyMOT y3aTuil Te3nuru 2..7 Mowut/c raua
nacaitupuianu. Cuxum koedduimentu xyna xam wkopu. MPEG-2 kommamn
CTaHJAPTUHU KYJUTAHWIMIIKA Ym0y Te3nukau 15..20 MOut/c raua macaiTupuin
UMKOHUSTUHH Oepaiu.

MPEG-2 crangapruaa tacsupJiapra nuuios 6epum. MPEG-2 crannaptu
TEJIEBU3UOH CUTHAJIHM Y3apo Oup Oupura Moc, TypJad MypakKaOJIUKAaru
anropuTmiiap OWJaH pakamiid CUKHUIIHUHT CTaHAApPT TypyXyajlapy OWJIACUHU
udonanaiiny. YiaapHu MOCIUTHHHM TAaTOMK 3TUII Y4YyH npoduil (KYpUHMII) Ba
caTxJiap(KuiMatiap) KOHyHJIapy KYyJUTaHUIIA U,
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Video Structure Hierarchy

Sequence

=~ 71NN

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

.//.\\\

Slice Slice Slice Slice Slice

I

Macroblock Macroblock  Macrohlock  Macroblock Macroblock

TN

Block Block Block Block Block

3.15.pacm. MPEG-2 Buz€0 CTpyKTypacu uepapxuscu (TacBUpIap TypyXu-TacBHUp-

KaJIp-MaKpoOJI0K-0JI0K)

Cranpapt 5 Ta npoduigan noopar:

onauii (simple) — Buaeo okumiIapuu B-kaapiapcus CHKHIIL,

oomr (Main) — umHUHT O0apya OOCKUYJIAPUHKM TabMUHJIAII YUYH, JCKUH
MacIITabJIaHUIIICHU3;

curnan/moBkuH (SNR scalable) mynocabaru 0yiinda maciirabIaHuIIL;
xynyaui (pasoswuit) maciradnanum (Spatiallyscalable);

npodeccuonan (professional 4:2:2)- daszoBuit MmacmrTabiianyBuUd Ba
curnan/moekuH (SNR scalable) mynocabaru 6yiin4a ndonananumur.

bynna MPEG-2 makpo6nox yuyH JAKYHUHTI WKKUTa TUINW: Kaapiid Ba
MaloHIM OynmuHUIIHUA aHukiaian. Kaapmu I[Ky MPEG-1 Ounan Oup Xui
unuiaiau, 0y epaa 16x16 nukcens Yauamian EpyFIUK CAaHOFH OJOKH YKOMIaNTyBUra
Moc xouia 8x8 nukcesu 4 ta 6JI0KkKa OV IMHAAN.
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3.16.pacm. TacBupHHHT OJIOK Ba MaKpoOIOKIapra OYIIMHUIIN.

MPEG-2 craHaapTd BHJAEOCHTHAJHHU CHKHII YCYJUIa perjaMeHT
Oearmjamaiigm, OajdKd KO/JIAHTAaH BHICOCHUTHAJI OWTIM OKHMH KaHIau
KYPUHUIIIA OYJIUIITN KEPAKIUTHHA aHUKJTAWINA, ITYHUHT YYyH aHHWK aJTOPUTMIIAP
anmapar-I1acTypuid TabMHUHOTH HWNUIA0 YWKAPYBYMWIAPUHUHT THXOpPAT CHPH
xucoOnmaHagu. AMMO BHUJACOOKMMHHM CHKUIIHUHT YMYyMUW  TPUHIUIUIApU
(omumnapu) 3.18-pacMaa kypcaTriirad KeTMa-KeT >Kapa€HIapHu Y3 H4ura oJiajiu.

control
T :I________Jf___l
Y [ DPCM | I )
redund.| /" | Zig RLC
o Jrecuct [T #1 POT 2y auant == 720 ] vic
Cr I :I_ __________ |
|
e e __JZZC
: [ ‘L | A2
] ' | video
| . \ inv. inv. data
| predet i < et < quant (—lr MUX > | er E)
|
I | 7
: )P T T T T T T T
| motion '
I 7 |predict. ;
| |
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3.18-pacm. MPEG-2 crannapTuia Te1€BU3MOH CUTHATHU CUKUII YCYTUHUHT
YMYMUU KYPUHUIINA

HactnaOku RGB BUJCOCUTHAILIIAP APVna aHAJIOr-paKaMJId
V3rapTupuiraiiad KeWMuH OJIIMHAAH WIUIOB Oepuill OJOKWUra Keaud TyIlaau,
KeiinH Oy epJa Kyiugaru amaiap oaxapuiaaiau:

e RGB curnammap épyrnmuk Y Ba panrgapk U Ba V curnamnapwura
y3raprupunaav, IyHuHraek 4:4:4  panrim  popmatau  4:2:2  (panrdapk
KOMIIOHEHTJIApHU TOpU30HTaN KadTta auckpernamnra €xku 4:2:0 (panrdapk
KOMIIOHEHTJIApHU FOPU30HTAJl Ba BEPTUKAJ KalTa JUCKpETNall)ra Kaita KoJiail
amajy Oakapuiiaiu,

e Oprukya axOOPOTHU OJMHAAH YUMPUO Tallljall, MacajaH: arap TacBUP
(dboHu OMp XU MUKceIap rypyxuaan uoopar Oysica, yHaa MUKCellb KHUMAaTUHU Ba
TaCBHpJia YHU KaH4a TaKpOpJialll KePAKJIMITUHY MyJiam Kugos;

e TacBUpHUHI Xap OupuHHM 8X8 TMHKCEeIUIM OJTUTa OJIOKJaH ubopar
MaKpoOJIOKJIap KeTMa-KeTaurura oynui: 4rtacu 16x16 MaTpuiaHu TaliKui 3TyBYU
EpyFiuK curHany Y Ba Outrtagad panrdapk komrnoneniap U Ba Viaan ubopart;

e Arap gacTiaOKu  TacBUp  Karopjiapapo  MaiJoH  KYpUHHINNIA
y3atuiaétran 6yica, yHua yjaap IporpeccuB EWUI OWIaH Kaapra Y3rapTUPHINAIIN
MyMKUH. Arap yiadam 16 mukcenra kappa Oyiamaca, TACBUPHHHT MaKpOOJIOKIIap
OyTyH COHMIa SXJUT OYTyH COHJIM KWIMO OYJIMHUIIMHU TabMUHJIAII YYYH
TACBUPHUHT KaTOpJiap Ba YCTyHJIApUra HOJb EPYFIIMKAA €TUIIMAETraH MUKCEIap
KuiimMaTu(conn) kymmiaaau (3.19-pacm).
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3.19-pacm. TacBupHau 16x16 nukcemm Oio0kIapra OYIIuILL

Pacm yerapanapuHu
YaKIoBYM TYP YMKWLLIK

Cyurpa OyIvMHraH TaCBUPHUHT MaKpOOJIOKJIApU KaJpiiapapo OPTUKYATUKHU
Oaptapad ATUII ydyH OJMO Tamuiarud OJOKMHUHT OMPUHYM KHUPUIINUTa KEIuo
Tymagd. VKKWHYM KUpUIIra 01y TacBHp CHOKETUHHUHI aBBAITU €KW KEWMHHIU
KaJpJaH KyuupwiraH (CWJDKUTaH) MakpoOsiokiaapu kenuOd Tymaau. byHaa
MaKpOOJIOKHHHI SIHTM KOOPJHWHATANApu YJAPHUHT KaJpJlaH Kajapra KyTUiIa€TraH
XapakaTu OamopaTd acocuaa XUcoOJaHaJHW, YHIAH KEWHH YIAPHUHT KY4YWIIU
MYMKHH OYJIraH XyayJl Kaapiaapapo (papKUHUHT MUHUMAaJ KUAMaTu Oyiinya aHukK
xoinamryBunu Oenrwiaiau. 1y Taxnut, MaKkpoOJIOKIapHUHT KYIIHUA MUKCEIIapy
KUUMATUHUHT allupMacHU XUCOOJAHTaH/IaH CYHT YJIApPHUHT axOOpOTIAITaHIUuTH
ce3usiapiiv nacasau €ku ymyman Ora TeHr 0yl Kojaaau.

Keitun roxopu amitunran MPEG-1 cramgaptugarm  kabu, OJUHTaH
MakpoOsioksap dapkiapu Kaapiapapo CTaTUK OPTHUKYAIUTMHU Oaptapad st
YUYyH JIKY MexaHumsmuaan doitnananuaaam. JIKY aunr TYFPUAAH-TYFPU OJINHTaH,
CUTHAJI DHEPIrHsICMHU YHUHT TapMOHUK TapKuOWii Kucmiapu  OYiinad
TaKCUMJIAHMILIIMHUA ~ XapakTepyioBUM kodpduuuentnapu, Xaddman xanpaiu
acocHJiard SHTPOIMUK KOJEp Ba Y3yH CepUslap CTaTUK KOMIIpeccopu €paamuia
aJlanTHK KBaHTJIAHAJIM Ba KOJJIAaHA/IH.

Tuknanran TacBUpPHUHT cudaTuHU Oaxoyiall €KUM YUKHUII OKMUMHHHUHT
y3rapMac OuTpedTHIard xoJiarja, KBaHTJAIIHW aJanTUB OOIIKApUII YYYH
KOJEp/la CHUKWITaH BHUAECO MabJIyMOTJIApHU JeKoAepiiall >kapa€HU amaira
ommpuIaay. ByHuHT yuyH nexBaHTiam Ba Teckapu JIKY Goxiapy MIiaTHiamm
Ba ymyminamrtupuwiaad(duruaaucu  oiuHaav) (3.18 pacm). Ymymnamrupwuii
OJI0KHIa BUICOMITYMOTJIAp XapaKaTHHU KOMIICHCAIUSIIAIT OariopaT XaToIuKIapu
OwiaH Kymunaguwiap Ba NIy OpPKadd KaJAPHUHT TIMKCENb KUWMAaTiIapu
Tukianaguiaap. CUrHan Xakuja OJMHTaH MabIyMOTiap axOopOTIapHU KOJjIall
y3enura 1oopunaan,0y dca MIakuIaHaéTral CUKWITaH TacBUp cudaTuHu 6axosani
UMKOHUHU Oepaiu.

61



MPEG-4 myastumenua crangapru. MPEG-4 cranmaptu 90-itminap
Ooompaa MyJlbTUMEAHAIA axO0opoTiaapHu (OBO3, KaMm KaJApiu TeJEBUJCHUE,
rpaduka, MaTH Ba Oomkanap) MHTEpHETHUHT pakamyid OKUM Te3nuru 64Kout/c
OYNraH KMYMK MOJIOCATHM KaHAJIapUAa MabIyMOT y3aTUII YUyH UILIA0 YMKUITaH.
Hactnad, MPEG-4 spatunumuaaHoK TeIeBU3UMOH CTaHIapT J1e0 OelruiaHmara
Ba 15 xanp/c maru CIF (352x288) dhopMaTHUHT 4OpaK KMCMHUHH TAIIKUJI 3TYBYH,
TacBUpJapra uuuioB Oeprad. bBupok siHru ctanaapt Oy 4eKJIOBJIAH XKy/1a Te3 YUKUO
ketrad Ba 1998 iumHuHr okTsiOpura xenn® MPEG-4HuHr OupuHYM BapHaHTH,
1999 i#immauar gexabpuma [SO/IEC 14496 xankapo CTaHZApTHUHT MaxcCyc
CTaHAApTUHU Ae0 KaOysl KWIMHIaH UKKWMHYM BapUaHTHU Ao OYyIraH.

Xo3upru BakTAa cTaHAapT 22 KucMjaaH uOopaT Ba yHHHr 10Ta KucMuU
pakamiIM TeJIeBUJCHHE CUTHAJUIAPUHM KOJJAll KOWJATapuHU Oenrmiaian. Yoy
kucM MPEG-4-10 éxu H.264 ned somimanau.

V3ununr axnomiapunan papknu pasunna MPEG-4 dakatruna Bujgeo 8ku
ayJM0axGOpOTHH CHKMII, CAKJIAIl BAa y3aTHII TEXHONOTHACH 3Mac. Y3 MaKcaJura
kypa MPEG-4 — Oy axO00pOoTHM TaCBUPJAIIHUHT SIHTU YCyJl OYnuO, pakamiu
MeIuaMabIyMOTJIApHA yuTa HyHanumiaa: uHTepdaon MynbTUMeana, Tpaduk
WIOBAJIap Ba  pakaMJM  TeJEBUJIEHUENapJa OO0bEeKTra  HYHaITHpWITaH
tacsupmanummanp. Arap MPEG-1 Ba MPEG-2 cranpaptinapu  Taii€p
BUJcOKanpnap OwinaH wunulamHu  udonamnaca, MPEG-4 acnupga oObextra
UYHaNTUpUIITaH MYXUTHHU TAIIKWJ 3TUII KOWJAjJapuHU Oenrunaiian. Y pakamiu
OKUMJIap, OJUN MablyMOT MAacCUBJIapu OuiaH sMac, OalKu Meaua-oO0beKTIap
OwJiaH MIUIAlIU Ba yHTa acoc 0ynu0, anoxujaa oObeKTaapaaH noopaT HaTUKAaBHM
OBO3 Ba TAaCBUPHHUHI peaj BaKT MaciuiTabuaa ysaTuiiaa Ba KaOyn HyKracuaa
MaKuTaHAImura Xxu3mat Kuaaau (3.20-pacwm).

MPEG-4 na ayawo-Buieo axOopoTra WIJIOB OEPHUIIHUHT  aCOCHM
OOCKHUIapH KyHuaaruiapaup:

- OOIUTaHFUY PACMHUHT TYPJIM AJIEMEHTIAp - “Meaua-o0nektinap’ ’ra (media

objects) OyIuHMIIN;

- ymOy OOBEKTIApHUHT y3apo OOFJIAHUINM Ba Ty3WJIMacHMHHU udoanari,
KeWMHYaJIMK yJlap sroHa BHAECOOBO3JIM CaxHa OOBEKTUHU MHUFUII
UMKOHUHU OEpHIIIH;

- oxupru  ax6opor KaOysl KWITYBYM y4yH CaxHa HHTEPAKTHB
Y3rapTUpHIIUIAp KAPUTHII UMKOHUSITHHU SPATHITUIIIH.
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3.20- pacm. MPEG-4 caxnacura MHCOJI.

bapua wmeana-oObeKTIap AroHa HEpPaApXUK Ty3wiaMara OWPUKTUPUIMILKIA
MOCJIAIIYBYAHJIMK OOCKUYHIa SPUILUII YYYH KyWuaaruiaap OYJIvIny J03UM:

- XapakaTtcu3s TacBupiap (MacanaH: ¢oH);

- HaTypaJ BUJe0 00BEeKTIap (MacajaH: HHCOH);

- ayauno oobekTiIap (0BO3JIap, MHCOH OuiIaH OOFIIMK OBO3);

- caxHa OmJiaH OOFJIMK MATH;

- caxHa &3wraérrapga  Oyimarad CYHBUI oOBeKTIap, OMpOK
dolimananyBuura eTKM3WITaHAa Kymwiaaaw (Macajad: KOMITBIOTED
rpadukacu BocuTajzapu TOMOHHM/IAH APATWITaH ‘“‘Cy3J0BYM MHCOH OOIN™);

- CyHBHI 00BEKT OMIIaH OOFJIaHTaH Ba OBO3Ta Y3rapTHUpPUIIAAUTraH MaTH.

MPEG-4 na xapakarcu3 TacBUp Ba TEKCTJIApHU KOJJIAIl YYyH BEUBJIET-
VY3rapTUpuIl acoCHard caMapajiyd aJropuTM KYJUIAHWIAAW, y SPKUH IIaKJIJaard
OOBEKTIIapHU KOJJIAIIHKM Ba pacM CU(PATUHU TEKUC MaclTabJaHUIIUHU
TabMUHJIANIN.
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Yunan tamkapu, 38,4 MoOut/c rava, ctyaus mapouwtnna 1,2 '6ut/c rada
OynaraH IOKOpW TE3JIMKIArW BHUIACO OKUMJIAPHHM SPATHII HWMKOHHUATH Ky371a
TYyTHJITaH.

MPEG-4-10 (H.264) cranaaptuaa Bugeo koajam. MPEG-4 na Bujaeo
OKMMIa HWIIJIOB Oepuiiga Oapua Buico tekuciukiaap 4 ta typra (YUV 4:2:0
Mo/IeNn) Oy TuHaIu:

I-Tekucaukiaap. Te3 KUPUITHU TabMHUHJIAIT y9yH OOIIKA TEKUCITHKJIApIaH
MYCTaKWJI PaBHINIA KOMJIAHATW. JHT aBBajo, 16x16 mukcemmm makpoOiokka (I-
MaKpoOJIOKIap) 6YIMII amanra omupuiIagy, yiap sHa JKY yayn 4 Ta 8x8 mm |-
OJ0KKa OYTUHAIH.

P-texkucaukiap aBBan kenraH |- éku P- Texucnuknapmaru ax6opoTiapaaH
dbolinanann0d koanmaHaau. YmOy TeKuciaukiap xaMm 16x16 wmakpoOsiokiapra
Mainananau, ¢akar yiaap uanaa l-makpoOiokiap Ba i-makpoo6iokiap (I — intra,
I— inter) Oymamu. Inter-makpooJokaap xapakaTHH  KOMIICHCAIUSIIAII
HaTWXKacuaa MIaKiulaHaau, Oy epnaa aBBairu [- €xku P-texucnuknapnan xopuid
Inter-makpoOJIOKra MakCHMajl MOC KEIyBYHM Ba SPKUH JKOMJIAIIraH MakpoOJIoK
KUJIUpUIaau. Arap y TONMWICA YHUHT MKKHM TAIIKWJ ATYBUMUIIUK XapakaT BEKTOPH
maKulaHaad Ba  okuMra  Kyumnagu. CyHrpa oxkopudd Ba  TONWITaH
MakpoOJIOK/ONIOKIap MHKceUIapu Oyinmua aiupma ¢apku (OamopaT XaTocH)
Xuc001ad YMKWIau Ba yHTa I[KV KyJutanwiaau. Kagp derapacura siKnHHAaru
XapakaT KOMITCHCAIIMSICMHN CaMapaJopJIMTHHU OIIMPHUI yUyH, KaIpHUHT Xap
TOMOHJIaH OWTTa KaJp KaTTAJUTHra TYJIUPHUIN aMaIueéTH Oakaprraau(Xymy
yerapa NUKcenura sKuH paHr ownan tynaupunanu). Llynpait kunu6, xap Oup
ook yayH Ita €ku 4 Ta XapakaT BETOpY KaOyJl KWIMHHUIIIA MyMKHUH, BapHaHTIIAP
¥pTacugaru TaHJIOB 3Ca MaKpOOJOK KYIIraH XUCCACMHUHI KaMJIMTU Ba YHHUHT
OKUMJIATH XapakaT BEKTOpUJaH KenuO uukub amanra omupwiand. LlyHuHTHEK,
CTaHJApT XapakaT KOMICHCAIMSICHHUHT Maxcyc Typu — ‘Koruianr (OepKHUTHIII)
KOMITCHCAIIMSICUHU  Ky3/1a TyTaau: y ¢dakaT Y KOMIIOHEHTaIu OJIOKJIap y4yH
KyJutaHuwiaau. Yoy yCymHUHT (DapKJId XyCYCHUSTH UIYHJAKH, allpMa OJIOKHUHT
aBeanru [- €ku P-Texcunukiapaa yHra yximam ydra OJOKHUHT VI4OBIapH
CYNEpIO3ULMsICH OYirYa TallKuid STWIMIIAAAAUP, SbHU OWTTa YXImam 010K
ownan vexnmanmaiinu. [llynra myBoduk, ydra Xapakar BEKTOpH OJMHAIW: | Tacu
KOpU OJIOK YUyH Ba MKKMTACH MIUIOB OepuaéTraH MakpoOJIOK/1a >KOpHil Ookra
KYUIHU OYJraH OJoKiIap y4yH.

B-texkucauknap P-texucnuknapaan mry OunaH ¢apkiaHaadKu, YHAA KOJJIaIl
yU4yH XapakaTHU KOMIIEHUHMsUIamaa HadakaT aBBairu, Oanku kevWnnru [- Ba P-
TEKUCTUKIAp XaM KYJUTaHWJIaau. YOy TEKUCIWKHUHT Xap Oup MakpoOJIOKh
aBBAJITM TEKUCIUK MAaKpOOJOKH, KEHUHTH TEKUCIUK MaKpoOJIOKH Ba Ym0y
MaKpOOJIOKJIap CYNepno3ulsicu Oyinda GamopaTt KUIuHAIH.

MPEG-4 Part 10 Advanced Video Coding (H.264) xyitugaru ¢yHKIusaapu
Owtan axxpanub Typaau:

o 4:2:0,4:2:2 Ba 4:4:4 popmatnapu Kynnad KyBBaTIaHUIIN

e Maxkcumym l6Taraua TasiHY Kajpiap

e TaxomwnamTupuirad xapakart Korsaruuu (1/4 nukceniaru aHUKIUK)
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16 6utnuk TH3UM Ty(alan siHala aHUKPOK, UL PEKUMHU

MakpoOmnokiap Typau cTpykTypacu (16x16, 16x8, 8x16, 8x4, 4x8,4x4)
KBaHTJIALI KaJABaIH1a 52 KUPUTUITYBYH dJIEMEHTIIap

JKA ypuura Agamap alMalmITHPUIINHE KYJUTaHUIIN (OJIOK YI4amMu MOC
paBuia 4x4 €xku 2xX2 MUKcen)

® DHTPONUSUIM KOJJAII, Koajam y3yHiauruHudr ysrapyBuanwiuru (VLC) Ba
KOHTEKC MOcJanlyBuaH UKKUIuk apupmetuk koaam (CABAC)

3.21.pacwm. I, B, P xanpnapHu y3aTuill KeTMa KETJIUTH

SDTV 4:2:0 dopmatu Ba 6 MOHUT/C TE3NMUKIN CUTHAN aHAJOT TEJICBU3UOH
curHan cudaru OujlaH Jeapiu Oup Xuj XucoOiaHaau. AManuéria y3aTHII
te3nuru 2..7 MOut/c raua OyiraH Te3nMKIap XaMm MaBxkyd. by te3nukiap V3
HaBOaTuaa TacBUp cudaTuHU Oaxojanu. V3 wasGaruaa IIyHJal XyJjocara
KEeIIMHAU: ShHU CIOPT KypcaTyBlapW YYyH KaTTa TE3MHKIATH MablyMOTIIap
OKHMH TaJIad KITHHAIN 2.

MabiayMoTinap y3aTWIl TE3UTH TACBUP TapKuOWUra Kypa HOUMUN EKH
y3rapyBuan Oynmumm mMymkuH. Yoy te3nuk MPEG koxepu Oydepura kupyBun
CUTHAJIJIAp Japa)kacHJard KBaHTIAHUII KOI(POUIMEHTUHUHT Y3rapuind OujiaH
OoIIKapyITaIx.

I, P éxu B makpoOGiokiapu Typiau ycysuiap OuiiaH KOJTAaHUIIIA MyMKHH.
MakpoOJIOKHUHT KOJJIaHUIIN OYir4a SHT KYTI TapKalraH TypiapuaaH oupu Oy
KyWujgaruya:

e Intra kagpnap koasiaHaau (MyTIAKO SIHTH)
e OJauHTH KOJ
e QOuauHTa Ba OpKara KoJijiari

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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o VrKa3u6 106opuIraH Koanap.

Three Picture Types: |, B, P

POC 0 1 2 3 4
Decoding crder 1 4 3 5 2
- 10.2] [0.4] (2.4] [0]

‘ M=3 RPS
//'_“ '_'\//"_'\ HEVC
I000000090¢

< - L.

N=12
Group of pictures (GOP)

I
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)
3.22.pacwm. 1, B, P xanpnapHu y3aTuill KETMa KETJINTA HAMYHACH

10, B1, B2, P3, B4, B5, P6, B7, B8, P9 rtaptubnaru kanpiap sdupra
Kyhunaru Taptuoaa xyHatwiaay : 10, B-2, B-1, P3, B1, B2, P6, B4, B5,P9.

bynpan Ttamkapu MPEG-4 tuszumuaa paebsokiamr  (QUIbTpU —Xam
KyJmanunagu. Ymoly  ¢uasTp  Basudacu  OJI0kI0BUM  apTedaKTIapHUHT
KYPUHYBYAHJIMTUHU KaMalTUPUIIIaH HOOpaT.

Reference De-blocking Inverse Dequanti-
rames buffer ‘_lﬁlter ] transform  [*] zation
Mo.tlon - —»| Transform |=»JQuantization Entr.opy -
Uncompressed estimation coding
video Compressed
video

3.23.MPEG-4 tuzumuaa nednokiaii GuiabTpu TU3UMHU.

MPEG-4 AVC Oyrynru kynaa DVB-S2 tusumuauar HDTV kucmu yuyH Ba
DVB-H Ba T-DMB Tu3umiaapuHMHT MOOWJI TEJEBUICHHE KUCMU YYYH
doiinanannb KeIMHMOK/IA.

3.3.Pakamiin TeJIeBU3HOH CUTHAJIHH AJI0KA KAHAJUIapPH OPKAJIM y3aTHINTa
OyJras tanadJaap.

Pakamim TenesMMUTTUPUIITHN TAITKWI YTUITHAHT CYHbUNU WYIIOII Ba Kaben
OpKajy y3aTHIIl UMKOHHMATH OyTyH AyHE ydyH MabKyn iyn xucoOmananu. Ly
YpUHAA y3 Y3WOAaH CaBOJ TyFuiaaaud. PakaMiau TENesWTTUPUINHNA TAIIKUII
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KUJTUIIA HUMara aifHaH ep yCTH y3aTUll BapHaHTU TaHjaHaau? by Tusum kymiad
TEXHOJIOTUK KypHiIMaJjlap Ba KUMMaTH ®uXataaH OanaHja OYiraH yckyHaigap Xamja
JOUMHI CepBUC TU3MMHUHM Tajad KWIMIIKM OapyaMusra MabliyM. YOy XOJIaTHU
EpUTHII YUyH Xap OWUp pEervoH ydyH Oup KaH4a Qaktopiaap KypuO UMKWINIIN
3apyp. Yiap:

e Peruonan tamabnap (MHMpacTpyKTypa Tapuxu, CYHBUM HYimonigaH
KaOyJ UYKIIUTH)
Pernonain reorpaduk xomnar
[TopTaTtuB TeNEBU3UOH KaOy
MoOun TeneBuaeHrenaH (poraTaHuII Japaskacu
Maxammuii MyHUIIANIAAT KYyImIAMYa Xu3Matiap (permoHai/maxap
TEJICBUICHUECH )

JlyHéna kynruHa AaBnatiap cuécuil, reorpaduk €xku tabuar cababiapura
Kypa CyHbUW NYJJIONUIM TEIEBUICHHE TU3UMUTra sra sMac. Kynruna xomariapaa
ymi0y THU3UM VYpHHUra CYpYHKaIM MY3JIUKIap €EKU axoiu KaMm siaijaura
NyHKTJIapra eTapiud MaljiaF aKpaTWIMaraHjiuru cabanu kaOeluiu TU3UM OujiaH
aIMaIITUPUIaId. DKBAaTOpra SKuUH JaBjiaTiapia ica reorpaguk myammo — Oy
aHTCHHAHU  UYHAIWMIIUHU  Jespid ep carxu OwnaH  Oup  carxjaa
YpHaTWIIMIIUAAAUP. UyHKH €pHUHT CYHBUU NYJIOLIM KOWJIAIITAaH HYKTACU LIYHU
tanad kunagau. [y Ba nry kabu Oomika MyamMMosap Ty(dailsid ep YCTH SUTUTTUPHIILL
TU3UMUAAH QoiilaTaHu 1013ap0d Macana XUCOOIaHa IH.

Pakamim TeneBU3MOH CUTHAJUIAPHU y3aTULIAArd acocHil Tanabiapaan Oupu
MaBXyJl ~ aHajor TEJEBHJICHHE  aJlOKa  KaHamapuaaH  (oigalaHuIIHU
TabMUJIAIIIND.

byHu tanabHu OaxkapMmaciMK >XKyJa KarTa MOJIMABUU Xapakarjapra ojauo
KeJlay, YyHKA paKaMJIM TEJNEBUJEHUE YUYyH SIHTM YacTOTa [HUaNa3oHJIapUHU
OMPUKTUPHIN, Yy3aTyBUM Ba KaOyd KWIYBYM KypuUIMajapHU, aHTCHHaJIapHU
AIMAIITUPUII, KEHT TOJIOCATN Yy3aTTUWiap Ba TEJIEBUACHUE KaOyN KUJITHUJIAPHU
spaTull Kepakiurura onub kemap »au. by epaa aBBan antunrannek, MPEG — 2
KOJICPUHUHT YUKHIIIMIa MaKCHUMasl OuTpeT kuiimar 15 MoOuTt/c etau.

CUrHaJHUHT aMIUTUTYy/IaCM WKKA KUHUMaTUHU Kalysl KWIWIIH MYMKWH
aMIUIUTY[a MaHUNYJSIUACH XOCWI KWIMHTAHJA ajoKa KaHald OpKaiu
y3atumgaru camapagopiauk 1 (6ut/c) I'm Oynmumum mymkuH. Jlemak pakamiu
TEJIEBU3MOH CUTHAJIHM Y3aTHII YU4yH Kepak Oyianurad yactoTa nojocacu 15 MI'g
oynuiuM y103uM, Oy 3ca CTaHJAApT TEICBUJICHUE KAHAIMHUHT y3aTHUII MOJIOCAHUHT
Ce3WIApIN Japakaja KeHraWTHpUIIHH Tanab kwiamd. (Y36exucton Ba MJIX
nasnatnapunaa SMI'm, EBpomna, AKII, Anonusina 6 MI'n)

[IyHuHT y9yH XaMm pakamJid TEJICBU3MOH CUTHAJUIAPUHU Y3aTHUIIAA,IbHU
yacToTajap MoJiocacuJaH camapainu doiganaHuiga, alHUKca OUp Hewya OJaui
AHUKJWK/IAard CUTHAJUIADHU OWTTa KaHauJa y3aTUIl €KU IOKOPH AHUKJIMKIArH
TEJCBU3WOH CUTHAIIAPHU Yy3aTUII YYyH MYpakKkaOd MOAYJSIUSIIApHU KyJialira
TYFPH KeJap d1H.

bynpan Ttamkapum — aHaJOr  TEIEBUJCHUENArM OHUM  KUWMAaTIapu
y3aTWJIaJuran TyiauK paHriu teneBuzuoH curHan (TPTBC) Ba oBO3 Tamkui
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ATyBUMCHJIaH (HapKJIW PaBUINIA paKaMIM TEJIEBUIECHUE THU3WMHUJIA, AJIOKA KaHAIA
OpKaJld, aJoXyja TEeJEBU3UOH IMporpamMMaiapHUHr(IIporpaMma OKHUMIIApH)
CUKWITaH paKkaMJii OKUMJIapH y3aTwiaand. byHaa mporpaMma OKUMH BHJIEO, ayAUO
Ba KYyIIMMYa HUIIYM axO0opoTiap CUTHAJUIApUHU OUpJIAIITUPraH SIKKa TPaHCIOPT
OKMMWHH TaIIKWAJI STaIu.

MPEG — 2 HUHT TpaHCHOPT OKMMH 4Ta MporpaMma OKUMHUHHM Y3 HYWTa
osiaaiu Ba MPEG-4 tpancniopT okumu 3ca 8 — 12T1a mporpammMa OKUMHUHU OJajIu.

TpancOpT OKMMHHHHT XaJaKHTOAPAONUINTHHHA OIIUPHUII MyXHM Basuda,
YYHKH XaJAKUTIAp aHAJOT TeJEeBUIECHUE KypcaTuil cudaTuHA EMOHJIAIITHPCA,
paKamiii aXOOPOTHUHT XAJIAKUT CUTHAIIAPH OpKaAJIA Oy3WJIMIIN TaCBHP Ba OBO3HU
KyJa Karta Oy3uiuiiapura €Ky TeJIeBU3HOH ax00pOTIapHH YMyMaH HYKOJIUIIHNTa
onu0 Kenuimu MyMKHH. AManuéraa Oy KypcaTyB KaJpJapUHUHT “KOTHO KOJUIIN
€KY ylapaa Mo3auKanu(Jamiamuo KeTraH) Kajap nanao oyiummura oauo Kenaiu.

Mynaait kuamb, pakamiid TEJIEBU3MOH KaHAJUIAp/Aa, XaJlaKuTOApIOILIUK
eTapiiv Japaxkaja TabMUHIAHMaca, yiap HopMall (aoiusaT KypcaTuiliapu MyMKHH
smac. IyHUHT y4yH XaToaukIiap naimo 6yaum cadbabinapuHu KYpuod YuKamMus:

— XaJakuTiap -IIOBKUHIIAPDHUHT TaOUMii Xap XWi Typiapu (MCCUKIMK
IIOBKWMHHU, 3apsylap TallyBUWJIAPDHUHT TeHepauus — PEKOMOWHAIMSCUHU
IIOBKWHU, KaCpUil IIOBKUHU Ba X.K), yJap acocaH KaOyJ KWJITHWIAPHUHT KUPHUII
Kackajuiapuaa HaMmo€H Oynanumnap;

— WuWHAyCTpuaJl Ba aTtmocdepa xamakuTiaapu (KUCKAa KYpUHUIIAATH,
EUCUMOH pa3psaJlaHUuIUIap -MaiiBaHUIAll anmnapaTiiapuia, 3JEKTp TPAHCIOPTH
BOCUTANapUa, MOMAKAIIUPOK BAKTHAA);

— wuHTepdepallMoOH  Xajakwiap -KYIIHK  XyAyajdapiaa XyJIad 11y
yacToTajap/a UIUIANAUraH paguo y3aTruuiap/iadH YUKyBUU XaJlaKUTIIap;

—  KYI HYpJu PaguoTYJIKUHIApAaH XOCWJI OYJIyBUM XaJIaKUTIAp-€PHUHT
YCTH, KypWwIMII  HUMOpatiapu,MeTajul  carxjapgaH Ba  X.K.  KaWlTrad
PaIAOTYIKUHIAP.

Myngait kwmb, XajJakuTjaap OuUpJIaMyd Ba MNakeTau (TypyxJjiu)
OYIUIIIapU MYMKHH.

bupnamun (sixka) xaronap Oup Oupura OOFJIMK SMac Ba MAKETIW Xarojap
Oupjanura OMp Heda KYIIHM WKKWIMK CUMBOJUIAPHH OYIUIIM MyMKHUH. MHCOI
YUYH: KYN y30K JJaBOM 3TraH MMITYJIbC XaJaKUTJIAp TaCBUpP CUTHAINAA KEMa KET
KeJaértraH Oup HeYa WKKWIMK CUMBOJUIApHM OapuyacMHM Hojra €ku Oupra
alJIaHTUPUIITT MYMKHH.

XanakuTiapiaH CakJaHUIIHUHT aHbaHaBUW  YCyJUIapu:  TEJEBU3UOH
CUTHAJUTAPHUHT Y3aTrU4Iapy KyBBAaTH OIIMPUII, aHTCHHAJIAPHU allHU X0JIaTra MOC
KEJIyBUM KYypcaTTUUJIApUHU TabMHHJIAII, KaOyJl KWITHY KypuiMalapuja KUYUK
IIOBKUH YMKAPYBYM JCTAJUIApHU KYJUIAIl, COBUTHUII KypWIMaJTapUHU HIIIATHIII
(BeHTWJIALMS ~ KyJUlall), KYIIHK XyAyajdapia 4YacToTa TaKCHUMIJIAHUIIWHU
ONTUMAJUIAIITHPUIILIIAPAUD

Pakamiu curnamiap y3aTWirasjaa 3ca, XaJlaKUTIAPHU KaMauTUPUII Y4yH,
XAIAKUTIAPHUHT TTAl10 OYIUIIMHA aHUKJIOBYH Ba yJIApHU WYKOTHUIIMIIIMHYA amMaJira
OIIMPYBYH MAXCYC KOIapAad Goi1agaHuIl MyMKHH.

ByHnan Tamkapy TaHJIaHTaH MOAYJSLMS YCYJId XaM XaJlaKUTIIApHU
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KaMaWTupHIra HyHanTupwiran Oynumu jno3uM. IllyHuHr yuyyH Xam pakamiu
TeJeBUICHUEa CUTHAIIAPHH y3aTUII YCYJUIapy aHaJIoOT TeJIeBUJICHUEaH TyO1aH
dbapk Kuau.

Ha3zopar caBosuiapu

1. Digital Video Broadcasting koHenuscu Ka4oH >KOpUi KUJIHMHTaH?

2. DVB Project moitmxacu acocuja pakaMid TEJICBUICHUE CTaHIApTIapUHU
KaHJ1ail TypJiapy KaOyJl KUJIMHTaH?

3. Ep yctm pakamiy TENEeSUMIUTTUPHUINTUZUMUHU SIPATHUIN Ba TAIIKWI JTHIIIA
reorpauk IMApOUTHH XHCOOTa ONraH Xojina KaHAal KUHHHYHIMKIApra
y4pammMu3 MyMKUH?

4. Ep yctm pakamiad TEJNEBUACHUECH TAIIKWI STWITAHWIAH KEHMWH KaHjaau
TEXHOJIOTHK TanabJlapHU KOHUKTUPUIIIU Kepak ?

5. DVB-T tuzumu SFN sbHM OWTTa 4YacTOTajla MIUIAIIMHUHT aB(3aJTUTMHU
TYIIYHTUPUHT.

6. DVB-T wmoaynasTopuHUHr OJOK CXEMAaCHHUHI HWIUIANl  TPUHIUIIHHUA
TYIIYHTUPUHT.

7. 2K/8K pexumnapu GapKUHHU TYITYHTUPHUHT.

8. DVB-T tuzumuga kanjai Typaard TaiuryBuuiiap MaBxyi?

9. DVB-T set-top box KypunmMacu 0JI0K cXeMacy Wl NPUHIUITUHYA TYITYHTUPHUHT.

10. MPEG-2 TU3UMUHUHT acocuii 3 Ta KUICMUHU caHa® YTUHT.

11. MPEG-2 crangapTia TacBHpiapra UIuioB Oepuil HedTa mpoduiaaad nuoopar?

12. MPEG-2 Bu€0 CTPYKTYypacH HEpapXUsICUHU KETMa-KeTIUKIa EpUTUO OCpHHT.

13. MPEG-2 crangapTiaa TENEBH3WOH CHUTHAJIHM CHKHII TEXHOJOTHUSCUHU
TYITYHTUPUHT.

14. 4:4:4 paurnu opmat, 4:2:2 (panrpapk KOMIOHEHTIAPHU TOPU30HTAT KaiTa
nuckpetinai) Ba 4:2:0 (panrdapk KOMIIOHEHTIAPHA TOPU30HTANl Ba BEPTUKAI
Kaifta quckpetian) dopmatiap hapKuHu TYJIUK Oa€H KUJIHMHT.

15. MPEG-4 na aynuo-Bujeo axOoopoTra UIUIOB OEPUIIHUHT acOCH OOCKUYIapy
EPUTHHT.

16. 1, B, P xaapnapuu >xopuii KWIMHHIIIATA aCOCH cabad HuMa?

17. EpHUHT CyHBUM WYIJOUIM OpKAIM Y3aTWIyBYM TEJICBUACHHE Ba €p YCTH
SIIMTTUPHUII TEJICBUICHUETAPUHUHT KOPUN KWIUIIAArd Myammolsiap ¢apkw,
aB(3aTMKIIap Ba KAMUMIIUKIAPUHU TYIIAHTUPHHT.

DoiaJAHWITAH aga0uéTaap

1.Digital Video and Audio Broadcasting Technology A Practical
Engineering Guide Third Edition, by Walter Fischer, printed at Springer
Heidelberg Dordrecht Germeny 2014. Chapter-7, 20

2.Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework
Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA 2013, pages
— 305.

3 . “ Pakamnu teneBuaeHue” X.C.CoaroB Taxpupu octuaa N.A.I'aBpuios,
T.I'.PaxumoB, A.H.Ily3uii, X.X.Hocupos, HI.M.Kagupos. Tomkent 2016. 400
oer.
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4- mas3y: DVB, ATSC Ba ISDB cranaapt/iapuaa CArHAJUIAPDHUHT NAaKeT
TY3W/JIHIIH, YJIAPHU IIAK/UVIAHTHPHUII, KAWTa MILJIALI BAa y3aTHII
XyCyCHSTJIApH.

Pexa:
4.1. DVB-S pakamiau cyHbUH HYIIOIT TEICBU30H Y3aTHUII CTAaHIAPTH.
4.2. DVB-C pakamiu kabenb TeJIeBUIECHNE CTaHIapTH.
4.3. DVB-H pakamau MOOWIb T€IEBU3MOH SIIUTTUPHIL CTAHAAPTH.
4.4. IPTV UMKOHUATIAPH Ba TEXHOJIOTHSCH.

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 HyIIOII TENEIMUTTHPUII TU3MMIIAPU KEHI XYAYJUIapHHUHL Xap
Kalich HyKTacura IOKOpU cHU(aTiav TEIEBU3UOH CUTHAJUIAPUHM €TKA3UIIHUHI SHT
T€3, WIIOHWIA Ba TEeXaMKOp ycynu xucooOmananu. CyHbud wynmomHuHT Ep
OpOMTACMHUHT O€NrujaHraH HyKTacH YyIUIad TYpPWIMILK, KY€l SHEPTrHsCHAAH
Ta@bMUHOT Y4YYH KEHI (pOIaNaHWIIMIIN, KypHIMajlapAa SHEPTUSHU 03 MUKIOpJa
capp KWIMHUIIM KaOM WMKOHUATIapU OylapAaH TallKapu Yy3aTUIAETraH
CUTHAJUTAPHUHT atMocdepa Ba reorpaduk >KoiamryBiaapra OOFIUK OYIMacIuru
KeHI  JoMpaja  pPUBOXKJIAHUIIMIA  HMMKOH  spaTad.  XO3UPrd  BakTia
TEJNEPATUOIIIUTTUPHIL CYHBHM MYJIIONUIApH OJATAa HKBATOpP KEHIVIMTHIATH
reoctaiuonap opoéuraga (['O) OGamanmmurm 35786 kM Oynran opOurtanga
xonamaamiap. ['O ga xoinamran cynsuid wynaom Ep 6unan Oup xui Te3nukaa
ailimananu Ba 1y ca6abd EpHUHr OenrwmiiaHraH HyKTacH y4yH Xapakarcus Oyiamau
JEeHUIT MyMKHUH. ['eocTalimoHap CyHBUN WYINONIHUHT SIMIATTUPHUILIAPHU Kampad
onuin Maigonu Ep 103MHUHT y4yman Oup KUCMHTa TYFpU Kenaau. AWHU BakTaa
3aMOHaBH TEXHMK Bocutaimap FEp [3MHMHT KaTta OyiMaraH KUCMUHU
UYHaNTUpWIraH KUYUK OJJIEKTPOMArHuT Hypiapu €EpAaamMu OWiIaH — KOIUlall
UMKOHUSTIApUHU Oepamunap. Ep ro3acu OunaH CyHbUU HYNIOII aHTEHHANAPH
TapKaTyBYd KOHYCCUMOH HYPHHMHI KECHIIMII YH3UKJIapu KaMpad oJMil
30HACMHMHI 4YerapajapuHu Oenruna® Oepaau Ba epaard KaOynl KWIMII
aHTEHHAJAPUHUHT TYpJid AUaMeTpilapyja amaira omupuiaav. byHna aHTeHHa
KaMpal OJMII 30HACMHUHT MapKa3HuJaH KaHya y30KJa >kouiamiraH Oyica, YHUHT
JUaMEeTpPH IIyHYa KaTTa OV Kepak.

TenesmmtTupuil coxacura Xu3MaT KWIyBUM Xap OuUp CyHBHI Hynmomn
skBaTopaaH TaxmuHaH 36000 kM OanmaHmiukaa skounmamradH. Ep kanmail Te3nmmk
OunaH y3 Yku aTpoduaa aijgaHca CyHBUH HYaaom XaM XyJAM LIy TE3JIMK Ouia
aitnanagu. CyHbUI WYIIOMIHUHT aliHaH 11y OanaHasak[a skoinamummra cadad
yi0y OanaHaMuKa CyHBHU HYmAoll ailaHMa XapakaT TabCHUpUAArd MapKasiaH
KOYMa Ky4YH Ba €pHUHI TpaBUTAlUsUIapu Oup OMPHHHM KOMIIEHCAIUSIA0 CyHBHI
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UYIAOUIHUHT OMp HyKTana OYIUIINHN TabMUHIIANIN.
Mapka3agaH KouMa Ky4.

F1=Msat* @ r; F,
Msat = CYHBUU UYJIOII Maccacu;

o= 2-7t/T = Oypuakiu Te3J¥K;

= 3.141592654;
T=1xyn=24-60"-60c=286400c;

Satellite

4.1. Pacm. I'eocrammonap CH Mapkasan KouMa Kyun.
Mapka3ra HHTHJIYBYH KYY. F
2

Fo = Y © MEearth * msat / I ;
MEaren = EpHUHT Maccacy;
¥ = rpaBUTaIMA JouMuiic = 6.67 - 107 M3/kr c?; Earth

Satellite

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

Bananc xoaaru:
MapKa3zJlaH KouMa Kyd=MapKas3ra UHTHJIMa Ky4

F

Fi=F2;
Msat* @2 r =9 * MEarth * Msat / r; F2 /.g;tellite

r= (’Y * MEarth / ® 2)1/3 ,
r =42220 km;
d =r — rearth = 42220 km — 6370 km = 35850 km*3 :

Byunan tamkapu typan CHnap Typim kenrmmk  (6ypuak) 6yiimua
xoumamana. Macaman ASTRA CU mapkuit 19.2 keHrnmukaa xounaamra-.

TeneBU3sMoH SIIMTTUPUIIHUHT CYHBUM WYIAONI KaHAJJIAPU YYYH CaHOaT
XaJlaKuTIapyu Ba OOIKa y3aTyBUM KypUJIMAaJIapHUHT IIOBKWHHA KUWMATIapu IMacT
OynuImM  XapakTepiau, YyHKH OyHAall KaHamiapaa VYTKAP(KUYUK — AHMHK)
WyHanTUpuiIran aHTeHHanapiaH (oigananwiand. Pakamiau curHauiapHu KaOys
KWIWIIAA XaTOJAPHU KEJITUPUO YMKapaauraH acocuil daktop Oynmbd, y3aTyBuu-
KaOyJ1 KWIyBUM KypuiMayiap opacujard macoda karra OyaraHiuru cabad, kadym
KWIWII KypUIMAaCUHUHT KHUPHUIIUAATA CUTHAJ/IIOBKMH HUCOATHUHT KUYUKIIUTH
xucobnanaau. CyHbpUI WYIIOM aloKa KaHAJUIAPHUHT YacTOTa KEHTJIUTH €p YCTH
Ba KabeJb TeJIeBUICHNECH KaHalapura HucOaTaH ce3nIapiii Japaxaaa KeHr.

4.1-xanBanyia MabIyMOTJIADHU MYMKHUH OYJITaH y3aTHII TE3JIUTHU Ba KaHa
CUMBOJUIAPUHU aJIOKa KaHaJIM KEHIJIMTUra OOFIMKJIUTU Kentupwirad. bynna
doiinany MabIyMOTIApHU Y3aTHIN TE3JUTH KaHAJHW KOJJIall TapaMeTpliapura

13 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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(oxupru ycTyH4a) OOFIMK, YyHKH HUFYBUM KOJ OPTUKYAJIUTH Kymailrania
XaJMaKUTOAPONUINK OIIAJN,JICKUH (Qoiaanu MabIyMOTJIApHU Y3aTHIN TE3JIUTH
KaMasiJiu.

DVB cranmaptu 11...12 T wacrora muanazonuga 27 MI'mjiu dactota
KEHIJIMTUTra 3ra CyHBUM HYNAONI TEJIEBUICHUECUHUHI MaBXKyJ KaHaJlJIapuIaH
dbornananuay Ky3aa tytaau. Uctukbonma cynbuit wynmom tusumiapuaa 20....
21 ITu nguanmazonmaH QopaaHuIl Ba ajloXuja KaHaJUIQPHUHT 4YacToTa
noJiocajapy KeHTpoK OYIUIIIapy Ha3zapaa TyTHIMOK/IA.

4.1- xxanBan
Mab1yMOTIApHH Y3aTUIIHUHT TYPJIM TE€3JIUKIApU

Kanan VY3aTum Te3nuru Tynuk Ty3aTnmn Doinanu
KEHIJIUTH, McumB/c TE3JINTU MabJIIyMOTJIAPHU
MI 1t Mowut/c y3aTHII TE€3JIUTH

Mo6ut/c

o4 45 90 415...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

CyHpuii Hynmom Tenepaauo JIIUTTUPHUIN TU3MMIIAPHUAA Yy3aTUIAETraH
CUTHAJUTAPHUHI KyBBaTjapy HUcOaTaH KHYMK Ba YerapajaHraH OYJIraHiIuru
cababnu  WHTEpPPEPEHIMOH XaJlaKuTIap Ba I[IOBKWUHJIAPHUHT  TabCHUpUTa
ce3yBUaHJIMK tOKopHu XucoOmananu. LllynuHr yuayH sHepretuk camapaaop QPSK-
KBaJpaTypaBuil ¢aza MOIYJSIUACH Ba Kuckaptupwirad RS xonau xamna Butbepu
JIEKOJUIalll aJITOPUTMUJAH (PolJanaHyBUM,MUFYBUM KOJ acOCIapuIard KacKaajiu
KoJIangan oOupranukaa ¢poigataHul TH3UMHUHT IOKOPU XaJIaKUTOAPAOILTUTUHI
TabMHUHJIAHAM. XaJlaKUTOApJOLUIMKHU OLIMpPHILAA IIOBKUH Ba MHTEepdepanuoH
XaJaKuTIap Xamaa CyHbUH UYIIOMHUHAT OOPT PETPAHCISATOPIAPUHUHT HOUU3UKITU
TabCUpJapu XaM XucoOra OJIMHUIIM Kepak. WMuku KomeK yuyyH, KyBBaTH
y3aTWIMLIM Ba CHEKTpAaH (oiaanaHuil opacuaard camapaid MyHocabaTra
SPUINMINHN XpcoOra oyraH xoima, 1/2-7/8 nmamazonpgaru 5 Ta AUCKPET KOJI
KUWMaTH Te3IMruAaH OMPUHU TaHJIall UMKOHUATH MaBXKYy/I.

Mocnamtupwirad (GUIbTpiall Ba XaTOJIAPHU TYFPUIAH-TYFPU TYFpUIIAII
KaOyJl KWJIMIIHUHT KUWUH [IapouTiIapuja XaM IOKOpH cu(aTHU TabMHUHJIAIIra
WUMKOH oepau. IOkopu cudar XaTTo TallyBYU/IIOBKUH Ba
TallyBYM/MHTEPPEPEHIIMOH XaJaKUT HucOaTiapu derapa(Oycara) KuiMarra siKiH
oynranga xam cakinaHuO Kosjaau. byHpa xaronuk Oup coatna  OuTTagaH
ommaciauru kadosarnanaad, Oy 3ca KaOyn KwiyBum aekoaepuaa, MPEG-2
NEeMyJIbTUILIEKCOP KUPHIIUAA XaTojap SKBUBANECHT sxTuMoyumrura 107, 101!
aTpodua 6ymaam.

DVB-S tusumu ¢ynkuumonan Omox Oymu6, MPEG-2 tpancnopt
MYJIBTUILUIEKCOPY YMKUIIUAA TEIEIMUTTUPULLI PAKAMIIM CUTHAJ IPOrpaMMalIlapuHu
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WYIIONITN KaHal XapaKTepUCTUKAIapu OWJlaH MOCIAIITHPHII aMajra OIIMPaIH.
DVB-S TU3UMUHUHT y3aTHlll Ba KaOyJl KWIMII KUCMJIapU TY3WJIMaBHIl cXemacu
4.3-pacMj1a KEITUPUIITaH.

MODE ADAPTATION BB
Sil‘lgl& D:‘Eﬂ ....'.....‘-...-'-'.'.—| Sigl]ﬂ]]i]lg :llllllllllllllllllllll-l:
Input Input | #nput Stream a *Null- packet: CRCH ¢ mmmeeg * Dotted sub-systems are =
Stream 1 interface 'SY"Chm"'se':-: Rglﬁt'?g 2 Encoder _¢ i Buffer . E not relevant for E
{0-:!(;?-;-D ;IIIIIIIII. ..[-I..-llz: Q .'.'...'f E Smgle Um;pon ﬁtfeﬂm =
Multiple Besssanay sannnes bbbl LL ¥ LLLLLL J-------‘ icer s+ applications .
|I"I|)UI ._". |I"I|)Ul .’I'IDIIT.STI‘&HTI“N[I" packel: CRC.. E . | Buffer :'“ S essssssssssssEssssenemen?
Streams __“ |nterface ynchromser" Deletion :_: Encoder =
.' {ACM TS]. ' lllllllll'
I L] I
EEEEEEEES ‘-llIlllllli.llIIIIII;IIIIIIIII.
QPSK, PL Signalling & =0,35, 0,25,
BPSK, o . 0.20
rates 1/4,1/3,2/5 16APSK, Pilot insertion J
112, 315, 213, 3i4, 4/5, 32APSK
i 516, 819, 9110
H NEEENEEEN Bit
i > . | BB Filt
P | Epanoer ( o BCH LOPC || Bit mapper P ad
i ' o SCRAM{L Encoder |- Encoder | Inter- 4 M | - Quad -
. H " constel ! - uadrature
; : :| BLER {(PaensKoen) (vepe Kiapc)§ - leaver S T pummy & Modulation
Made H . - lations . H
Adaptation EeEmRREE- H | :PLFRﬁfHE.
inteace STREAM e : 2 nseions
{optional) ADAPTATION FECENCODING i MAPPING || PL FRAMING MODULATION

LP stream f% to the RF

BBHEADER . .
. > BEBFRAME > BC modes PLFRAME satellite
DATAFTELD channel

4.3-pacm. DVB-S Tu3uMUHUHT Ty3UJIMaBHil cxeMacu

DVB-Sna monymsus  yuyn QPSK kBagpatyp dazain MOHUIYJIALMS TYypU
TaHmaHrad. bup kanwa wmynmar QPSK  mopymamuscn  ypaura 8PSK
MOIYJAIUSACUHN  KYJUIAaHWIMIIMAAH MaKcaJ MabJIyMOT VY3aTHUII TE3JIUTUHU
OIMpHUILl OYJIraH. YMyMmaH oOJITaHJa CyHBUU HYNIONUIM TENEBUACHUE TU3UMH
IOKOpY XaJIAKUTOAPJONULIM XaMmaa OuMp KaH4ya HOUM3HMKIUK XapaKTepUCTHKajgapra
Oapmonui OYAraH MOIYJALMUS TYpUHU Tajnad Kwiaad. Y3aTyBUd Ba KaOyi
KWIyBUM opacuaaru karra macoda 36000 kM, IIOBKMH Ba XaJlaKUTJIap ajoKa
cudarura ¥3 TabCUPUHM yTKa3Mail konManau. bynnait macodana curaan CyHUIIH
205 nbraua eTuily MyMKUH.

Tyrpunan-tyrpu anokamy CH TeleBM3MOH KaHaN KEHTIMIH yprada 26-36
MTI'n (macaman ASTRA 1F-33 MI'u, EUTELSAT Hot Iltuna 2-36 MI'n) Hu
TalTKWJ KWiIaad. Y3aTwiyBuu anoka junuscu 14-19 I'Tnm amanazonma, xalyn
KWIMHYBUM JInHUA 3ca 11-13 [Ty nnana3zon opamuknapuna €raau. TusuM ydyH
MabJIYMOT y3aTHII T€3JIMTMHU TaHJall MyXUM Macaia XucoosiaHaau. Yoy Te3uK
27.5 Mc/c xumub OenrmnanrHa. QPSK monynsiuscu Outra cuMBoiiga 20UT
MabJIYMOT y3aTa OJIMIIMHM XUcOOra OJcak, MabJIyMOT Y3aTHUII YMYMHH TE3JIUTH
55MOuUT/C HU TALIKWJI DTaIH.

gross_data_rate = 2 bits/symbol* 27.5 Megasymbols/s = 55 Mbit/s; (4.1)
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x2 X (1.5-code_rate)

Input data rate x 204/188
FEC1/ FEC2/ = Output data rate
Inv. sync. outer inner [2.17...(1.63)...1.36]
f I coder coder
1
; Basis- . = = >
TS in Reed Conv. £
S Ener =
—p] band kgl “VC kgt TV g Solom. [ inter- [ ConV- 2 Coded
interf. Invers. 1Sp. enc. leaver coder 2 data
> £ P>
« I T 1T 1 T °
Synchronization
Code rate
<< > 1/2...(3/4)...7/8

same as DVB-C

4.4.pacm. DVB-S ti3umunuaT Moaystopu.(1-kucm) DVB-S Ba DVB-T
tuzumitapu FEC xaronapu Tyrupiaarnun®

(3]

CcOS
- 58; —>
s |FR LP BP [ |>
- = P> _l.
$ LO2
90
LO1

4.5.pacm DVB-S Tu3umMuHUHT MOAYIATOPH (2-KHUCM)

DVB-S curnan CHnan ysatwirau, 36000 kM macodanu Gocu6 yTaau Ba
Typiu TaOuWii Ba CaHOAT WIOBKUHJIApU TabcUpura ydpald Y3WHUHT OupiiamMuu
KyBBatu 2001b ra macasau.

LNB Dish

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

/
DC 14/18V

22 kHz

DVB-S receiver

4.6.pacm. Konsepropnu CU kaGyn kuiaruyu.

1 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 (oKycliaHau.
Yy HyKTara MyaistH YJI4oBJap HaTWKAacHa IIaKiI OCpriiraH TYJIKUH YTKa3Tu4
(Mufruy) skoMjamTupuiaaav Ba (oijgany CUTHaIap IIOBKUH CUTHAJLIapUiaH
axpatub onmuanu. [lonspuszanus TEKUCIUTXW KyBBaT aMILUIUTyJacu €Epaamuia
tannanagn (LNB (14 / 18B). KaOyn KuiauHraH CHTHQJI apCeHU-TaIui
Kydadtupruupga kydantapuiano 900-2100 MI't mosioca gyactoTacura YTKazwiaau
Ba KaliTa WILJIAHA[IN.

4.2. DVB-C pakamiin ka0ejib TeJleBUIeHNE CTAHIAPTH.

Kaben anoka JauHMsIIApH SKpaHJAITHPWITAH HYHAITUPYBUM TH3UMIIApAaH
ubopar OynraHu ydyH, yjaap OpKaldM Y3aTWiraH CHUTHaiap armocdepa Ba
WHIYCTPUSl XaJaKUTJIap TabCUPUJIAH XUMOSI KWIMHTAH. YHJAH TallKapu TU3UMA
aKTUB  OpalMK  KywdaWtupruwiapjgan  ¢doWgamanum  xucobura  ynapja
curHa/moBkuH (30 nbgan kam 95Mac) HUCOATHMHHHI eTapiiiya HOKOpH
KUUMATIapUHUHT  TabMHUHJIAHUIIM UMKOHUATH  MaBxkyd. LlyHuHr y4yH
XQIAKUTOAPIONUTMINKHA TabMUHJIAII HYKTaW Ha3apuaaH, KaOeib TEeJIeBU3UOH
TU3UMH €p YCTH TEJICSUIUTTUPUII THU3UMIIApUra HucOaTaH €HrWi IapouTiapa
unutaiiau. Iy cab6ab onmuit xonatna pakamian kaOelb TEIEBUICHUECH]IA MUFUII
Koau EpaamMujard  WYKA - Kojyutaml  unuiatuiaMmanau.  Kabenb  TeneBuU3MOH
SIIUTTUPUIITHUHT ACOCHUUA MaKCcaau MaBXKyJ] KaOelb TapMOKJAPUHUHI YacToTa
JIMana30Hu OpPKalIM TEJICBU3UOH JAaCTypJapHUHI MaKCHUMal COHMHM Y3aTUIIHU
TabMUHJIAIINP.

[y makcaana, DVB-C crannaptura myBoduk kademnu tapmokiapaa OFDM
YpHHMra Kyn MO3ULMOHIM KBajparypa aMmmuntyaanu Manunyiuaruus (KAMH)
UNUTaTHIaau. XO03upru BakTma 16-, 32-, 64 Ba 256-mosummsuim KAMH map
KYJUJTaHWIMOKAa.  MKKUIMK ~ cUMBoOJUIap  y3atuiml  Te3quruHuHr KAMH
NO3ULIMSIIAPUIAH OOFIUKIUTH 6.4-%anBanna kentupwirad. XKanBangan KYypuHUO
TypuOJIUKHA, WKKWIMK CUMBOJUIAPHMU TYJa y3aTUIN Te3Muru (3-ycTyH4a) KaHal
CUMBOJUIAPUHU y3aTUII TE3JMTMHU CHUMBOJAArd OWTIAp COHUTa KYMaWTHPHUII
OpKaJIu OJIMHAIM Ba kymnaitMa, Pun-ConoMoH XanakuToapI0NUITMKHHA OIIUPaIuTaH
KOJUTalia KylmuMya KUPUTHITaH OaiTiap xucobura, Goiganu mMabyMOTIapHU
y3aTHUII Te3JIUTHU/IaH I0KOpHU OYiau.

4.1-xafBaTHUHT OXMPrU yCTYHYAIAPUJATH MabIyMOTIIApHHU, TaCBUP cudaTh
KUMaTiiapy Typauda OYiraH TeJIeBU3MOH JacTypiap Tajabliapura acoca,
UKKWIMK CUMBOJUIAPHU Y3aTHUILI TE3JUIH OWIaH coJuiuTupud, Ourra Kademb
TeJeBUICHUECH KaHaluaa y €ku Oy cudar OwiaH HeuyTa TEJICBU3UOH JaCTypHHU
y3aTHIIl MyMKUHJIUTUHY 0axoail MyMKHH.

Kynruna pnaBnatnapga alHMKCAa axoJiM Ky JKOWJIapja Tejie  Ba
PAMOSIIIUTTUPUIIITIAD KEHT TOoJocalid alokKa Kabemmapu EpmaMmma amanra
omupmwiaau. Ymoy kabemnu texunonorusuiap 400 MI'y (¥praua 50-450 MI'r) €xu
800 MI'n (ypraua 50-450 MI'n) yTkasumn nosocacura sra. byHaaH Tamikapu
kymiad nasmarnapaa VHF Ba UHF smmrtupuim auanazonnapu y €ku Oy xu3mar
Typiapu TOMOHHUAaH OaHn KwmO Kyhwiaran. bynpgalh Xonatmapga myHE
Takpubacura acociaHm® KaOelaIu TeNeBUACHUE SKOPHM KWIMII Macaiacu
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kyTtapwianu. KaGemnmn TeneBHICHUEHMHT OOIKA Typaard TeleBUIACHUETApIaH
(cyHpuil WyaAomIIM, €p YCTH) (apKud KEHTr IMoJjocaiM Juara3oHra (akar
TEXHOJIOTUSIHUHT Y3WHM >KOpUM KWIMHraHuga ae0 OenrwiaHanu. SIbHU ymMyMuin
crekTp $hakaTTUHU 11y TEXHOJOTUSTa TerUIILIH.

Taxmunan 1995 #ungan Oonutad KyNruHa KaOeuId TeIEAIIUTTHPHUIILIAD
pakamuiu DVB-C ¢opmarura yrTkaswna Oouuianau. DVB-Chunr wacrota
nojocacu 300 MI'uman rokopu.

Kabemm TteneBuaeHneHUHT pakamim Gopmata 1994 wmmma ETS [300429]
crangaptuaa tacaukiangu. DVB-C monynstopunaru MPEG-2 tpancnop okumu
DVB-S tusumugaru kabu Oup xun >kapa€HmaH ytamu. Tusumaa cBepTKaiu
KOJUIAII TEXHOJOTHACH KyIIaHunMmaiam®, UyHKH MyXMTOa CHIHAJd TapKaJdLId
uoHwTIArKd 10Kopd. DVB-C tusumuaa nmoHwmmwinkan QAM monymsiiusicu
16, 32, 64, 128 €éxu 256 nmo3unusiiim MoOAyJsiiusiiapu Ounan xkadorap. Koakcuan
kabemmn tu3umiapaa 64QAM Ba onTuK-ToNamM TH3UMIapAa aca 256QAM
MOZYJIALMS TypJlapy UIUTaTUIAIHN.

Onuit koakcuan kabemnapaa kanamiap dapku 8 MI'. bynmait Tusumaa 64
no3uusian QAM MOIyNALUSIAHTaH CHUTHAJ WILIATAIaau. MabiymMoOT y3aTHIL
te3nmuru 6.9 Mc/c. MabiayMoT y3aTuil Te3IUrd KaHail KeHrauru 8MI'1 1aH Kuauk
Oymumm so3uM. Monynsiiusiianran curan 1= 0,15 axauTiam Oupiuru octuaa
sxauTiaaHagd. 6.9 Mc/c Ba 64 QAM (6 Out/cex) eabu mapaMmeTpiapHu XucoOra
OJITaH X0J1J1a KaHaJI yMYMHI MabJIyMOT y3aTHII TE3JIUTH Kyluaaruda oynaiam.

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

DVB-C wmoayasaTopu DVB-S wmonynstopu OunaH TYJIUK MOC
TEXHOJIOTUSICH acocuia Kypuiarad. Moaynstop kupuinura y3yrnuru 188 Oaitnan
noopatr MPEG-2 tpancniopt okumu Oepunaau. TS makernapu 4ta capiaBxaBuid
OaifTnan Tamkui Tonrad. Yiap 0 gan 47 GaifTrauya CHHXpOHU3AIMS CUTHAJIIIApU Ba
184Ta doitnanu MabIyMOT CUTHAJIapuaan udopar. bynnan ket xap Oup Oailt
WHBEPCIIAHAIM Ba y30K MYJJIATIM BaKT Oenrujiapura OMpuKTUpUiIagu. by 6ockuu
Y4yH paHJI0MU3aIus Kapa€Hu KaBoorap.

Pun-Conomon koanmam Tu3umu 3ca Xap 188 Ta Oaiitra maketnapra 16ta
0allT XUMos MmakeTnapuHu xounamrupaau. Kelinaru 6ockuyna nakeriap dopHu
apajlaliTUpruyura Tymaad Ba TpaHcnopT okumMuHH DVB-C ma moc kKuimb
y3aTHUIlITa TAnEpIaniy.

15 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 306.
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MPEG-2

TS in
/ Base iﬁn% Reed- Conv.
—l band  [— ' plSolomonp——l inter- =
interface engrgy- coder leaver
disp. 47...862
MHz
{ > Clock RS(204, 188) o
cable
I
Byte to Differ >| Rolloff QAM- IF ulifgn[:v
m-tuple ) filter —pf 1P "
onverter encoder| Q (FIR) &
E— a — ampl.

4.7.pacm. DVB-C MoaynaTopu CTpyKTypa CXeMacH.

DVB-C unrerpanusiianran tenenpucraBkacu (kadyn xwirmum) 50 - 860
MTI'y opmurunaru DVB-C curnamiapau kaOyn Kuia onmaan'®. bupuaun DVB-C
KaOyJ1 KuiIrndjapura aHajior kabeiuiu TeeBueHnecu kadenu kadu OyTyH moJjioca
CIEKTOPY CHUTHAJUIAPUHU KalTa WMIUIOBUM KaOen-TIOHepiap XucoOiaHraH. Yoy
kabemtap kaHan keHrauru 8 MI'1 raga OynraH curHaulapHU KaOysl KHIIWII
UMKOHUSTUHH OEpraH.

RF from 47...862

cable MHz
I
/ Enlﬁz.::l:- IFI CAM > Matched Different
converter, =P SAW demod. Q e::::zrllifer Q decoder >
tuner - SN
Carrier and clock recovery =3
Convol. Reed -neray Base
_ _ - dispersal - _
mge or i ir?tir =1 Solomon =] and =1 band —FMPEG 2
PP ) decoder sync inv. interface 15
leaver removal

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

V3arwia€trad MabiaymMOTJIap LIOBKMH, CYHYBUYM Ba KAWTyBUYM CHUTHAJ

16 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 308.
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aMIUIATY1ajlapy Ba CYHUIIUIAp HATHXKACKAa OMpiIaMid XOJaTUHUA HYKOTaIu.

CyHrpa MmabIyMOTJIap OKHMM JecKpemOiepra Tylmlaad Ba y epiaH
JecKkpeMOepaaHTral TPaHCIIOPT OKUMU AeMynbTuiuiekcopra (JAMIT) 6opanu, ssbHu
OyHJa TpaHCIOPT OKMMMJAH TaHJIAHTaH JAcTypra TETHMIUIM MaKeTJIap aXkpaTuod
OJIMHAaI¥ XamJa BHIEO, OBO3 Ba MAabIyMOTIAPHUHI D3JIEMEHTAp OKHUMJIAPH
HIaKJUTAHAIATIAP.

Noise,
interferer,
echos,

amplitude Intermodulation,

;;Z response, interferer,
group noise

delay

Cable \

head- |\ DVE-C

end receiver
> 1

IQ error of modulator
- 1Q imbalance

- phase error

- carrier leakage,
noise,

phase jitter,
intermodulation,
interferer,

cross modulation

4.9.pacm. DVB-C y3arum nunusicugaru uHrepdepeHunoH 3@ dexriap

Curnaymiapau Kaiita unuiam Oyhnya kevmaru omneparusuiap DVB-T tuzumu
KaOyJ1 KWIyBYM KypHJIMacH Kabu Oyiaiu.

4.3. DVB-H pakamiu MoOHJIb TeJ1€eBU3HOH IUTTUPHUII CTAHAAPTH.

DVB-H (Digital Video Braodcast Handheld, DVB “kyn Gomkapysuna,
noptatuB”) 0y 2004 HunaHUHT AexkaOpuaa TacOWKIIaHTaH MOOWIIb TeNeBUACHHE
cranaaptu. DVB-H cranmgaptu TenekoMMyHHMKAlMOH cTaHjaapTiap Oyiinya
EBpona Accoumarnusicu (ETSI) TomoHnman Mmoowiib KaOyi KWJIKII KypuiiMaiapuaa
(ysanu TenedoHnap, aBTOMOOWIIbL EKM Toe3[jiapAa VpHATWITaH KaOys KWJTHII
KypwiMallapyua) TEJIEBU3UOH MpPOrpaMMallapHU MIIOHWIM KaOyNnl KWJIMINITra
VpHaTuiaran tanabnapaup. DVB-H tuszumu moOun ajnoka Ba paguodIUTTUPHII
TEXHOJIOTHSIapH KamJIaHMacu xucoOianaau. burra aboHeHT cypoBU yUyH MOOHII
TEJEBUACHUE >KOpUM KuwimHumM Tanad kuiauHca Oy UMTS  TexHonoruscu
épraMua, arap Kym COHJIM a0OHEHT KalOysl Kwirnd Kypuimaiapura mooun TB
SIIMTTUPUIIUINK  SKOPUM  KWIMHHUII Kepak Oynran xosmarinapaa oca [P
TEXHOJIOTUSICUTA aCOCHaHraH Kym Hykraau DVB-H tusumu xopuit KMIIMHAIW.
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End user

PN terminal
UMTS/ :I\ G

GSM/ Up & down stream UMTS/
GPRS Interactivity channel GSM[
I GPRS
Delivery T _1_ ]
Gateway [#f sgem [ Application

1 s

IPIMPEG-2 ] I : = g
encapsulator 8 x| l;,[:_ m— 5.; -g I CEL &
. . - oo o
Video/audio = = 2 |Down stream I
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. Mo6un anoka Ba DVB TexHOIOrHsAIapy KOHBEPTEHIUACH

MoOuip TeneBUAECHUE TU3UMHUHM spaThllfa KaOysl KUJIMIIHUHT MOOWIIb
TEPMHUHAJUIApUTa KYyHUIaurad KyHuaaru mapTiapHd MHOOATTa OJIUII 3apyp:

® [OPTAaTUB TEPMUHAUIAPHUHI  KWYMK  TabapuTIM  aHTECHHAJIApH
CUTHaJUIapHU (hakaTTuHA OWHOMAH TaIlIKapuaa 3Mac, O0amku OETOHIM JEeBOpJAp
opTHAa XaM KalyJl KWJIMHHIIMHU TabMHHJIAIN Kepak Ba Oy d5ca TeIedUTTHPHUII
CUTHaJUIap KyBBaT OKUMUHUHTI 3uwimdrudn  (KO3) cesunapnu  gapaxkana
OLLIMPUIIIHY TaJ1ad 3TaJIH.

e aBToMOOWIb €KW OOIIKAa XapakaTiaHyBYM TPaHCHOPTAA YpHATHITaH
TepMUHAUIapra CUTHAUIApHU KaOyn kuiumina, Jommiaep sddextu Ttydaiiny,
y3aTWIaTraH MMITyJbClap Ce3WIapiid Japaxana Oy3wiIniuiapra oiud KeJuliu
MYMKUH;

e MOOWIb  TEPMUHAUIADHUHT  MaHOaalapu  dSHEpPrus  KyBBaTu
3axXUpaJapUHUHT YerapaiaHraHInTH;

AHa my maptiapaad kenud yuku0, DVB-H tusumura xyituaaru tanabdnaap
KyWWJIaIu:

e MOOWIb TEPMUHAUIAPHUHT  aKKyMyJsTOp OaTapescd  TOKHHUHT
cappraHUIIMHA ~ TEKAMKOPJIMTMHU  TabMuHjam. by  wmacama  mMoOuib
SIIUTTUPUIIHUHT  KOHIENIMICUHM IIAKIJIAaHTHPUIIA acocuiiapaaH  Oupu
XUCOOIaHapIH;

e XapakaT JaBOMHJA, alHUKCa KaTTa TE3JIMKJIap/aa, HIIOHWIM MOOWIIb
KaOyJ1 KWJIHIIL;

® CHUTHAUIAPHUHT KYT HYpJIM TapKaJWIINIA, alHUKCA XOHA IMIapOUTHAA
KaOyJ KuJjla OJHII UMKOHUSTHHHHT MaBXKY/JINTH;

17 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 453.
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e apBau sparuwiran DVB-T TapMoknapu 6unan TYIUK MOCITHUK;

e MOOMIHp KaOyn KWIMII TEPMUHAUIADM  HUMKOHUSTIApU  OujiaH
MOCJIAIINIL, STbHU KaTTa OyiMaraH 5KpaHJa TACBUPHUHT CU(ATUHUHT IOKOPHU
napaxkaja OYJIUIIMHU TabMUHJIAII Ba IIYHUHT YIYH KAYUKIAIITHPUITAH aHUKIUK
koommmstTuaa (320x420 mukcens) DVB-T ra HucbGatan 10-15 maprta Kympox
TeJeAACTypJiap y3aTUIIHU TAbMHUHJIALI.

Mynunr yuyn ¥3 noronacu 6yiinya DVB-H tuzumu DVB-T ra makcuman
skuanamragaup. DVB-H kaOyn KumuimHuHT KOHIenTyan Ty3uiuimm 6.15-pacmaa
kentupuwirad. DVB-H kymmmuara osragpam 2K Ba 8k MoayssnMsuiand
pexumiapura siHa OWTTa anoxuaa 4K PEKUMHUHT KyIwiranauruaup. by ¥3
HaBOaTuaa, OUTTa coTa paguycuaa, KaOdyn KWITM4Y KypWiIMacH FOKOPH Te3JIHKIa
XapakaTjlaHraH XoJaTAa XaM MAabiIyMOT alMalluiia KyluMya SpPKUHINKHA
TabMUHJIAMANTAaH PEXKUM  KYImWiIramwmuruan — ounmgupaau. Arap COFDM
MOAYJISALMSIANINA OPTOTOHAJI TAIyBUYWJIADHUHI KAaHYa KaM MUKIOPH HILITHPOK
3TCa, KYIIHU TallyBYWJIap Opacuiard 4acToTa MHTEpBaJlM IIyHYa KarTa Oyiaau Ba
an0arTa, TEPMUHAJI XapakaT TE3JIUTH XaM FOKOpH Oynaau. Xapakar Te3JIUTMHHUHT
optulM yactotanapuu Jonmiep s¢gdexktn Tydaiiin cuipKummra oiud Kenaau Ba
KaOyJ1 KWIMII aHUKIUTU Oy3uinaau. bupok, Oomika TOMOHIaH TallyBUMJIap KaH4ya
kaMm Oyica, xap 6up COFDM cumMBONIMHM y3aTHII YUyH aKpaTWITaH BakT JaBpU
IIyHra Kucka Oynajau Ba anmbaTTa XMMOSI MHTEpPBAIM XaM IIyHYa KUCKa OYlasu.
XUMOS HWHTEPBAIMHUHI KHUCKAapUIIM 3Ca, KyN Hypiaud KalOyl KWIMLIAAard
XaJIaKUTOApJOLUIMKHY Nacaiiuiura oauod Kejaaay Ba COTa paJlyCUHUHT UILIOHYIIH
KMUMaTHHA KamMaWTupaau. AcCOCaH CTalldoHap KaOyJl KWJIWINTa MYJDKaJllaHTaH
DVB-T Tapmoxmapu y4yH, KamMpald OJIMII 30HACUHMHT KHHMaTH Ce3WIapiiu
Japaxanga MyxuM oMmsl OYiauO xucobmanagu. DVB-H cranmaptu tapmoxnapu
YUyH IOKOpU TEe3NMUKIa KaOyd KWIMII MUMKOHMSTIApPU KaTTa axaMmusTra sra Ba
KaMpad OJIMII 30HACHM 3Ca TIOHEP KUPUIIUAATH CUTHAJUIAp KUMMaTh OuiiaH
yerapananaau. LIlyHuHr caba® Mocnamrad BapuaHTHH TaHJalll UMKOHUHU SIpaTULI
y4yH 4K MOIYyJALMSUIAI PEKUMU KUPUTWITaH Ba TpaHcisauusHu (axatr DVB-H
KaOyJ1 KWIrn4Wiapy OpKaJId amalira OLIMPHILI MyMKHH.

TapmuHOTHH DOWKapHL

' I

: ~

H Baxr OVitnua

KBaHTIAaWw | | o DVB-H
DVB-T cnman | | ng'T :l;::u)uw'mp ) | |datagram | TEPMWHAnN
IO kupu| | gp o) o MPE - FEC ‘ ‘
ak, TPS L |TS
Il'."-\'i.ldl‘
DVB-H aemoayiastop

4.11.pacm. DVB-H kaOyn KUATHYHUHT KOHLENTYaJ Ty3UIMacH

[Mynnpait xkumu6, DVB-H wmopynsuusiamHuUHT 3 peXUMHAa HIUIAIIN
MYMKHH:
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e 8k - Typiu KarTanukaard (kKaTrra, ypTa Ba KHYMK) OHMTTa 4YacTOTallu
tapmokiapiaa (SFN) Ba Jlonmuep yacToTa CHIDKUIUIAPU MaBXyJll OYnraH
IOKOpH TE3JUK OuslaH KaOyn Kwimnuiapaa ¢hodgaiaHuIl yuyH,SbHH KaOyll
XapakaTJIaHWII JaBOMHUA amaira OlupuiIagu.

e 4x - /[lonmuep wacToTa CWDKHMIUIApUIA CE3WIapiid, KWYUK Ba YypTa
kattanukaaru SFN Tapmoknap yuyH. Xyzaa rokopu Te3nukiapaa KaOyn
KWINIIAA UITATHIAIINA MyMKHH.

e 2k - knuuK Karranukaaru SFN Tapmokiap yuyH. XapakaT JaBOMUJArd SHT
IOKOpY TE3NMKJIapJa XaM MIIOHWIA MOOWJ CUTHAJIHM KaOysl KWJIUIIHU
kadomatnaiiin  (spHM  yacTtoTa Oyinua Kyaa karra Jlommiep
CHJDKHUIIUTAPUJIA).

OuzukaBuii OOCKMYJArd MKKHHYM TYJIUMPyBUM Oyiud6 4k Ba 2K
pexuMIapuia MabIyMOTIAPHUA YyKyp OpallaTUIll UMKOHUSTH Xucobnanaau. DVB-
T kanammu kopnamm 6up COFDM cuMBOa nunaa MabIiyMOTIIADHU OpajaTHILHUA
Hazapjaa TyTagd. Y acocaH Kyl  Hypiaud KaOyijgard TallyBYMJIaApPHUHT
ceJIeKTUB(anoxuaa —ajaoxuaa) KOTUO KOJNMILIapHa KOMIIEHCALUUs KWIHIL YYyH
MYIDKaJUTaHraH. AWHU BaKTHHUHT Y3U1a MOOWJI TEpPMHUHAIIJIAPH, KATTa SXTUMOJUIHK
OwjiaH, KEHI TOJIOCAIM HWMITYJIbC IIOBKMHJIAp TabCUPH 30HAacHaa OYmuo
Koiunuiapu MyMKuH. IllyHuHrnek, kaOyn KWiIMII >Kapa€HH XapakaT Te3JIUruia
amMaira OMMPWIUINK Ty(ailii CUTHATHUHT OY3WIMIIWTa OJIMO KellaguraH
yacrotanuHr Jlommiep cwokuim mnaino Oyiaamu. Iy ca6abmu COFDM(DAB,
ISDB-T) 6a3acumard MOOHIIb SINATTHPHUIN CTaHAAPTIApUAA, Y30K JaBOM JTYBUH
XaJIAKUTIAPHUHT acopatiapyu OWIaH Kypallull y49yH, KaHAJUIM KOJJIAIl ITMKJIUTa
Vuna6 xarroku 103ma6 OFDM cumBomiapHu Kampa®d oJiraH, JaBOMHM
MabJIyMOTJIAp CEPUSICMHU opajatuil Kuputuiaagu. OpanaTuinga HIITHPOK
ATAa€TraH MabIyMOTJap KeTMa-KeTJIUIW KaH4da y3yH Oyica, cyHUII acopaTiapu
OwiaH Kypalmuil HIyHYalduk camapanu Oynaau. bupoxk DVB-H yuyH Kyiinparu
cababapra kypa OyHaail €HAanyB TYFpU KeJIMaiiau:

®JaBOMUI KETMa-KETIMKIAPHU THKJIAIl Y3IyKCU3 KaOyinHu Tanad 3Taawu,

apin  DVB-H pexumupa,sHeprusHu  Texalml Y4YyH MablyMOTJIAPHU

y3aTHILJIa UMITYJIbC PEKUMU KYJUTaHWIAIH;

®JTaBOMUN KETMa-KEeTIIMKJIApPHU THUKJIANl y4yH, KaOyl KWITHWIAPHU

KUMMAaTJIAIyBUTa OO KeTaJuraH,KaTTa XaXmaara XoTupa 3apyp;

® TaBOMUU KeTMa - KeTIHKIapHUHT Kyutanwmmiy DVB-T 6unan Mmocnamminn

Tajabiapura Teckapu 0ynud KoJau.

[llyauur yuyn DVB-H na xamMma TOMOHHM KOHUKTUPAIWIaH €4UM
tannanrad. DVB-T yuyH anua nonzap0 Oyiran Mogyasuusuian 8k pekuMu y4yH,
DVB-Hpa Outra cumBOJ loupacuja OUTIapHU OpajaTUIl cakjad KOJWHTaH. Xap
oup COFDM cumBOJI MabIyMOTIAPUHUHT KaM MUKJIOPUHHU OJMO yTaauraH 2K Ba
4k pexumiapuga sca, ommus cudatuga ymoy Makcajyiap ydyH akpaTuiraH
XOTUPAHUHT MYMKHH OYyNraH Xaxmiapuja BaKTUHYAIUK OpaJaTHIIl UMKOHUSATU
KupuTHiIaau. 4k pexxumu yuyH opanatuil COFDMua ukkuta cuMBOIITH YyKypIUK
Oounad, 2k pexuMm yuyH 3ca COFDM gna TypTTa CHUMBOUIM YyKypJIHMK OWIIaH
amanra omupuianad. bupok Oy pexumaa wunuiaranza DVB-T Ba DVB-H
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TpaHCHsAUUsIapuHu Oupranukaa y3atud Oynmaian. DVB-T na kynnanunamuran
WYKM Ba TalllKd KAHAJUIM KOJUIAIIHUHT KOJTaH MEXaHW3MIIApU Xed KaHjai
y3rapunuiapcu3 DVB-Hra yTkasunran.

YYuHYH TYJAUPHIN 3Ca TPAHCIOPT curHanu3anusra terunuuaup (TPS-
Transmission Parameter Signalling), oyara DVB-H ¢dopmaruga y3aTuiaguran
XU3MaTjaap OKUMHUIa MaBXyJl HJICHTU(DUKAIUSAIOBYM (TEKIIMPYBYM) 2 Ta OUT
KylIuiaaav, [IyHUHCJOEK  aMaira  omupwiaguran [P gelitarpammanap
(MabIyMOTNIAp MaKkeTaapH) 6a3zacura KylnuMua XUMOos KOAJIapy KUPUTUIIA]TH.

Typrunun tyagupum 5 Ml mojocanu myHnad mapt OWiaH WIUIATUII
MyYMKAHJIUTUHU,  SBHU  SIMUTTUPWIMAWIWATAH  JauamnazoHza  (odgamaHwuil
UMKOHUSATH spaTiiranaa naiino 6ynaau. Y DVB-T na ¢oitnananunaguran 6,7 Ba
8 MIu mu mnomocamapra kymmwiran. YHu AKllga L-muamazonu (1,670-
1,675I'Tu)na, DVB-H TapMOKJIAPVHH IAKJUIAHTUPUILA, KyJutanl
pexanamTuPUIMOK/IA.

OnekTp sHeprus capduHU TeXall y9yH MOOWIb TepMHUHALIApJa BaKTJIH
3MWIAIITHPUIN TPUHUMIM KYJJaHuiIaau, OyHna doijganu MabilymMoT XKyJa
KMYHMK BaKT JaBOMHMJIa FOKOPH Te3/IHK OwmiiaH (MacanaH, 10MOuT/c) y3aTtunaau Eku
KaOyJl KWJIMHAIU, SbHU KYTHII BaKTHUTa HUCOATaH XKyJa KUYMK OPAIHMK BaKTIa
y3atuiaan €ku Kabyn kuwimHagu. DVB-H teneBunenue xuszmMaTuHUHT cudativ
TacBUpJapu Y4yH pakamiid axoopor yzartum Tteznuru 250 Kowut/c Oynumm
etapauaup. Llyngaii kunmb xkaOysal KWITMYHUHT WII BAaKTH Ba YUMPWIMII BAKTH
myHocabatu (10/0,25 = 40) Hu Tamkwi 3Tca, SHEPTUs TSKAMKOPIUTH TaXMUHAH
90% ra tenr Oymagu. DVB-H TusumuHuHT 1oTyknapunaH Oupu TeJIeBUIECHUE
SIIUTTUPHIIIIAP YUYH KaM KyBBaTIHU y3aTruwiapaan doipananumaup. bynmga kenr
MaclITabau CUTHAUIApU KaOysl KWIHII YYyH caMmapaid edyuMm Oyiauo, oup
yacmomanu mapmox, BapuaHtu XucoOmaHamm (4.12- pacm). YmOy Tapmokma
OamaHj TasHY aHTEHHA Ba yTa KyBBaTJIM y3aTruujapiaan doiimananMaciaaH Oup
HeYa KaM KyBBaTJM Y3aTTUWIAPHU KyIiab, OWTTa yacTtoTaja MIUIATHO, KarTa
TyMaHJapJa OJIIUTTAPUIUIAPHU KaMmpad oOJuIil MyMKUH. bup yacrortanu
TapMOKJIAPHUHT Oapya y3aTruujiapu Oup Xui curHaimapau y3araau Ba GPS
CYHBUH WYIJIOULIAp OPKAIM OJIMHAIWTAaH HHUXOSTIA AaHWK BaKT CHUTHAUIapU
épllaMu/ia aHUK CUHXPOHM3AIUS KIJIMHA K.

Perpancastopnap

TB smupxaz

4.12-pacm. DVB-H 6up yactotanu TapmMOK BapuaHTH
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Kampa® ommm 30HacMHM KEHTAWTHpUIN Ba Mypakkad IapowTiapaa
(buHOJIap MUKW KHUCMJIapUJia, aBTOMOOMIIIapaa) Kadys cudaTHHU OUIUPHUIIT YUYH
KYILIMMYa PETPAHCIATOPIIAp HMIUIATWINIIIAPH MYMKUH. ByHIai Typnaru TapmMoK
0ab3ua IOKOPH 3UWIMKKA 3ra OUp 4acTOTaIM TapMOK 10 XaM HOMJIAHAIH.

Arap DVB-H curHauap y4yH MyJbTUIUIEKCUPJIAHTAH TYIUK OKUM
3axypayianrad Oysca, TapMOKJIApHU peXajJalllTUpUIIAA KYTT UMKOHUSATIAD TMaiJI0
Oynummra onud kenaau. byHaail TapMoK OMp Heua BUJIOSITIIADHUHT OUp 4acTOTaIH
TapMOFUJaH nbopar Oyica, ylapHHHI Xap OMpuaa mIaxcHil yactoTa Oenruiapu
KyJUIAaHUIUIApU MYMKHH.

Xap Oup BwiosAT yuyH SFNHHMHT MakcuMall KOJJIAIll TE3JUrd KUWMATH,
TAPMOKHMHT XMMOSI MHTEPBAIM Ba reorpaduk >xoinammunuiapra OOFJIHK, ofaTia
KaMpoB YHIIa0 KujaoMeTpiapHu Tamkui etaau. Arap SFNuHu 6upop 6up Buiiostaa
KaOyJl KWJIUIIM Mypakkad €KW Jespiau MyMKUH Oynmaran skoinapuna, GPS
épllaMula CUHXPOHU3AIMSUIaHTaH OuUp Heya KyIuMm4Ya y3aTrudiap KYJJTaHUIIHA
MyMKuH. [lynu kaiig stuimn kepakku, DVB-H Ttapmoxna y3atruu KyBBatiiapu Ba
aHTECHHAJAPHUHT OaNlaHJIUTU OJATHM paKamiid TEJIEIIUTTUPULIUIAPHUHT €P YCTH
DVB-T rtapmokiapura HucOatan kam Oynamu. Illy caba® moOuns TepMHHAI
KUpUIIUAQ CUTHAIHUHT HUcCOAaTaH KaTTa KUMMAaTUHU TabMUHJIANI  y4YyH
CUHXPOHU3AIMSIIAHTaH aCOCUH y3aTTHUJIapHUHT COHU KYTI Oyiuiy Kepak. byHait
TapMOK FOKOPH 3MWIMKKA 3ra OWp 4acTOTalu TapMOK Je0 HOMJIAHMIIU MYMKHH.
byHnaii TapMOKHHMHT TaHHAapXxH, aHbaHaBuid DVB-T ep ycTu pakamiau TeJIeBU3HOH
SIIMTTHPUII ~ TapMOFM  HapXuJaH  KAMmar  Oynmaau, Oupoxk  Ourra
MYJIbTUIUIEKCUPJIAHTaH OKUMAA Takiaug dTUIa€TraH Xu3Mariap COHHU Xam
taxMuHaH 10 6apoOap kym Oynaau.

4.4. IPTV uMKOHMAT/IAPH BA TEXHOJOTHSACH

SHru  TeXHOJOTWsJIap PHUBOXKJIAHUIIKA Ba TAKOMUJUIAIIMINK OKHWOATHIIA
aHbaHAaBUH TEJEBHJICHUEIArM KEHI TOJIocadu KaOemiap Ba CyHBUH WYJIIOILIN
TH3UMJIAp OWTTa TEICKOMMYHHUKAILIUS TapMOFUTa OUPIAIITHPWIAA. YHTa IapTId
pasumiaa VDSL (Very-high-bit-rate Digital Subscriber Line, [ITU-T G.993]) Homu
Ocpmwinu. Ymly TexHoJoTHs €pJaMHjia MaBXKyJ HWHTEPHET TapMOFH YCTHUTa
nakerii TB TU3MMUHM KypUIll UMKOHUSITUHHU TAaKIUM STAU. SpaTuUiraH THU3UM
IPTV (Internet protocol television) ne6 HOMIAHWO, 3 TypAaru TEICKOMYHHKAIUS
XU3MaTiaapuHu (TesneoH, TEICBUICHNE Ba HHTEPHET) TaKIUM KUIUO KeIMOK/A.

IPTV tuzumuna kymianunyBun MPEG-4 xopnam ¢opmatunuar MPEG-4
AVC TypuHUHT KYJUITAaHWIUIIKA pyXcaT ATWITaH 3HT MAacT TE3NUKIArd WHTEPHET
TapMOFHU OPKaJIM XaM YyIIOy TeXHOJOTusaH (ouaamaHuill UMKOHUSTUHU TaKJIUM
stagu. bynnan tamkapu MPEG-1 aymno xopgnam Ba MPEG-2 Buzmeo kopnain
okumiiapu xaM I[P texHomorusimap €pmamuna yzatwimokaa. IPTV TexHosoruscu
tpancnioptT okumu Ethernet, WLAN, WiIMAX &xu ADSL Tapmoxmapu opkanu
Y3aTUIIUIIA MyMKHH. 18

18 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 569.
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. MPEG-2 bution
: TS network
¥ — (micro-
, Ty wave,
Camera Matrix gpq i MPEdG—2 coax,
i encoder .
fa fibre
ol a2 )
1 B >l | |/
Lyl L& 5D
Sy MUX = - —
PR RF | \
%, ] signal \
=P MPTESGZ 9 Receiver
Modulator& .
4———— Studio—; transmitter |ransmission
— link
L @uu— D RSP SR (terrestrial,
satellite,
R @umm—> SRR RS- cable,
VDSU/IPTV)
4.13.pacm. IPTV Tamkui >THINII TAPMOFH.
TV services over xDSL based IP networks
DVBIP ISMA

proprietary proprietary

ET8102034 Streamin ¢

MPEG-2 TS

RTP

Real Time Transport Protocol

UDP

User Datagram Protocol

IP

Ethernet/ xDSL / ...

4.14.pacm. IPTV nporokosiapu.

Xoszupru kyHja [PTV xopuil KWIUMIIHUHT siHa OUp HOCTAaHAAPT ycyiulapaaH

Ooupu Oy ayaumo Ba BHACO OKUMJIAPDHU OHUTTHU

MPEG-2-TpancnopT oKuMHTa

woinamtupud, okumHu UDP €ku [P-nakernapra yTkasumpan ubopar. Yoy
kypcatma DVB-IP crangaptuaunr ETS 102034 Oynumu acocuja amaira

OIIMPUIIA[IH.

19

* Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 570.
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Hasopar caBosiapu

1. EpHuHT CcyHBUU MYII0IIM SKBaTOpAaH VypTadya KaHAak OajaHIMKKa
KOWIamTupuiag ?

2. DVB-S cranmaptu kKanjaid opaJuKiard 4yaroTa Jguara3oHuja HIILUIAIIHA
Ky31a TyTaau ?

3. EpHuHr cynpuil WyngomM ypHATWITaH OajaH/UIMK alWHaH HUMara
acociaHu0 ymoly OanaHIJIMK TaHJIaHTaH?

4. QPSK monmymnsmuscu OUTTa CAMBOJIZIa HEYYH OMT MabJyMOT y3aTa OJIajini?

5. DVB-S crangaptuaa Kynpok KaHaa TypAaard MOAyJIsIUs KyJUlaHWIaau?

6. DVB-S cranmapTtu Kalicu quanazoHja HIIIanm?

7. DVB-SHuar Koakcuan kabemwmn tusmmiiapuga QAM MomynsSIUsSCHHUHT
KalCH TypHU KyJUIaHUJIaau?

8. DVB-SHunr onrtuk-Tosanu Tuzumiaapuaa QAM MoayIsSUMSICHHUHT Kakcu
TypH KYJUTaHWIIa 1 ?

9. 64 QAM 06up cekyH//1a HEYTa OUT MABIYMOT CUTHAJJITAPUHM KalTa WILIak
oJjlaau’?

10.DVB-C wmonynaropu cTpykrypa cxemacunard Pun-ConoMon 6510ku
Bazudacu Huma?

11.DVB-H TexHonoruscu Ka4oH >KOpUi KHUJIMHTaH?

12.DVB-H tu3umu KaHgai TH3UMIIap KOHBEPTCHIMSICH XUCOOIaHan?

13.Mobunp TeneBUACHUE TU3WMHUHU SIpaTUIIIA KaOyn KWJIMIIHUHT MOOWIIb
TepMUHAJIapUTa Kyniaaurad Tanadnap HuManapad ubopatr?

14VDSL - 6y xanmaii texHomorusi Ba yHUHT DVB-H tmsumuparu ypHu
Kagaan?

15.IPTV TexHOJIOTHSICM TpPaHCIOPT OKUMM KaHJal TapMoOKIap OpKajau
y3aTWINIIA MYMKHH?

16.V36ekucton Pecny6nukacu IPTV  Xu3MaTiapuHH  KOPHEl  KHJIYBYH
KOpPXOHAJapHU CaHa0 YTHHT.

17 Kenaxxakna DVB-T, DVB-S, DVB-C, DVB-H Ba [PTV
TE€XHOJIOTUsIIapUIaH Kaiicu oupu OM3HUHT  pECIyOJIMKaMu3/Ia
PUBOXIIAHMIIIM Ba HWCTUKOONM KUXATIAH IOKOPH YpPHUHra KYyTapWIIUII
O6opacupa maxcui GUKPUHTTHU3IHU OWIITUPUHT.

DoiaJAHWITAH aga0uéTaap
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2.Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework

Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA 2008.

3 . “ Pakamnu teneBuaeHue” X.C.CoaroB Taxpupu octuaa M.A.I'aBpuios,

T.I'.PaxumoB, A.H.Ily3uii, X.X.Hocupos, LI.M.Kanupos. Tomkent 2016. 400
oer.
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5- MaB3y: TacBHpP CHTHAJIMHYU MAK/VIAHTHPUIIHUHT ajJropurmu. Pakamian
CUTHAJIHM INAKUIAHTUPHUII. TeileBU3MOH CUTHAJIHM PAKAMJIM TACBHPJIAIL.
PakamJiiu CUrHaJIHM y3aTuil Te3JJuru. TB TacBUp CUrHAJIAPUHM CUKHUIL
cranaapriaapu. TejileBU3HOH cUrHAJHM KoaJam. Kanaiium koanam.

Pexa:
5.1. Ep ycru DVB-T2 TeneBunenue ctanaapTH.
5.2. Awmepuxanuar ATSC Ba Anonusaunr ISDB ep yctu TeneBuaeHue
CTaHJapTIapH.
5.3. 3 ynuamunu TeneBUICHUE acOCIapy Ba TEXHOJIOTHACH.

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 #iunra kenmu6 DVB-S HUHT sHTH aBlIOAAard TEICBUICHUECH SIPATHIIIH.
DVB-S2 ra kyiinnran tana® myHaaH uOopaT OYIAWKU y IOKOPH aHUKIUKIArd
TeJIeBUICHUE KOHTEHTUHU KaWTH UIIan Ba aupra yzata oMl KOOUTUATHUTA dra
oynui 514, ByHan Tamkapy MabiIyMOTIap XaXXMUHHM OITAHJIUTa Ba STHTY Mai10
Oyiaran KypuiaMajdapd WMKOHUSITIAPUHUHT IOKOPWIMIUA XaM YIIOy KOHIEIIIHS
ApaTMIMIATa TYpTKH Oymam. Wymmommu DVB-S2 crammapTé  aBBanTHCHTa
HUCOATaH KAaHAJIHUHT YTKasum  KoownuatuHuHr 30% raya  OpPTUIIMHH
tapMuHIaiau. [IIyHUHT ydyH Xam IOKOpY aHUKJIMKIATH TEJIEBUACHUEHH Y3aTHII
yayH DVB-S2 crangaptunan dorigananum makcaara myBoduk. Mm pexumiapu
oyiinua DVB-S2 tuzumu ep yctu DVB-T Tuzumu Ounan y3Buii OOFJIUK JIMTUHU
xucobra onran xomga DVB-T2 THU3MMUHUHT SpaTUIWIIA XaM MYXHM YpUH
Tyragu’.

HDTV Hu ep ycTH SHIMUTTUPUILI THU3UMJIApUra TaTOMK KUJIMIIAA YJIAPHUHT
HUCOATaH KEHIJIUTH KUYMK KaHa/UIapu sHaJa Te3poK OaHj ATWUiIaAu Ba IIYHUHT
Y4yH XaM IOKOPHU aHUKJUKAArd TEJICBUICHUE JIIUTTUPUIILUIAPU YUYH SIHTHM KEHT
MOJIOCAJIA Ba caMapajiv CTaHJAPTHU sSpaTUIITa dXTUEXK r03ara KejraH.

2006 iun despans oimga DVB  koHcopuuymMu goupacuia TaJAKUKOT
kymutacu(Study  Mission) TamKkwi KWIMHAM Ba KYyMHTa XHJIMa  XHII
TEXHOJIOTUSIApHU YpraHuil OuiaH MyFWUIAHIU. SpuM HUiiad CYHT KYMUTaHUHT
um  daomusaTh  skyHura etau Ba DVB-T2 cranmaptuHun wuniad dYuKuWITra
kuputwiay Ba 2008 it HOsSOph oinia ymlOy cTaHaapT TaCAUKIAHIA XaM/a YHTa
KyHuara tajnadiap Kynusam:

- DVB-T2 cranmaptujgaru TpaHCISLMS MaBXKyJ XOHAaKU Ba Yy aHTEHHalapura
KaOyJl KUJMHUIIN JIO3UM Ba SIHTHM THU3UMTA YTHUI MaBXKyJ TapMOKHHUHT
nH(ppaTy3UIMACHHU Y3rapTUPMACTUTH KEPaAK.

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 crauuonap Ba MOpTaTUB aHTEHHayapra Oupaexk KaOys KHJIMHUIIH
JIO3UM.

- DVB-T2 crannaptuna aBBanru DVB-T cranmgaptura Hucbaran kamuaa 30%
KaHaJl camapaJopiIurura 3pUIlunIl JO3UM.

- DVB-T2 crangaptu Oup dyactotanmd Tu3uMHHHT (SFN) wHnurammHu
AXIIUJIAIIN KEpaK.

- DVB-T2 cranaaptu siroHa pajuoKaHaIa TYpPJIH XajJaKUTOApIONUIMK OuiaH
y3aTWIaguran Oup HeuyTa aJoxXyJa XHU3MATJIApHUHT KYpPCATHIUIITNHU
KyJutlamu J1o3uM. Macaman, 8 Ml keHrnmukaarn KaHanaa y3aTWUiIaéTraH
XU3MaTIapHUHT  Oab3uiapu  gakaT ToMJaa YpHATWITaH  WyHaJIraH
aHTeHHanapra, Oab3Wiapyd 3Ca XOHAKH aHTEeHHajapra KaOysl KHJIMHHUIIA
KEpak.

- DVB-T2 crangaptu yacToTajapJlaH Ba 4acTOTa MoJjiocacuaad (oiigaiaHuin
caMapaJIOpJIUILTH OIIUPHIIH JIO3HUM.

DVB owunacura kupyBYM CTaHJIapTIApHU spaTUIIa acocuil Tanao,
yJIApHUHT O6apyacu y3apo MyTaHOCHO OYIUITMHU TabMUHIamup. Macanan, DVB-
T2 Ba DVB-S2 cranpaptnapuna curHaiau Oup dbopmariaH UKKUHYU dopmarra
y3raptupuiiga  WIoXKH ~ Oopuya  cofjanamrad  OVJIMIIMHA — TabMUHJIAII
Kepak./leMak, SIHTM CTaHIapTIApHHU SpaTHUIIa WIOKH OOpuYa aBBAITH MaBXY/
MexaHu3Mmiapaan (oigananun Makcaara MyBoguk. by tamaGuu Oaxkapuin ydyH
DVB-S2 crangaptuiaru UKKUTa aCOCUN TEXHOJIOTUsIIAp cakjad KOJuHTaH.Ynap:

1. TpaHCIOPT OKUMJIAPUHUHI  TU3UMIIM  ApXUTEKTypacH Ba  JacTiad
MabIyMOTIAapHM Tact dvacroranmu Bast Band (BB) makernapra
xounamtupuil (keluHru naparpadaa Kypuod YuKuiIagm).

2. Tlact 3uwiukHU SKyPTIUKKa TeKmmpuimHu TabMuHIoOBYM (LOw Density
Parity Check Codes - LDPS), xamakutmaH XuMOSsJIaHTaH KOJJaH
ol nanaHumI.

AJOKa KaHAJIMHUHT MaKCHUMall YTKa3uIll KOOWIMATUHU TabMUHJIANI YYyH
SHTYM CTaHJapTAa KaTop SIHTUIUKIAp KalOyn KuwiuHTraHku, ynap DVB-T2
CTaHJAPTUAAa KAHAIHWHI YTKa3yBUAHJIUTUHU SHTUYa KOJIAll YCYJUIapU, XUMOS
WHTEpPBAILIApU YIIYaMHHU Y3rapTUPHIL, TasHY CUTHAIAPUHUHT PEKUMIIAPUHU
y3rapTUpuil  XUCOOWTA,KOMJIAl  TMapaMeTpJIapuHu  MyKaMMaJUIallITUPHUIITa
KapaTwirasgpiap.

byHnra spummm yuyH xanakuriaapra Kapmu kogjgamHuHr (FEC) suarn
cxemanapu Ba Base Band (BB) kanp makernapman ¢origamanuirad. 5.1-pacmua
KypCaTUITaHUJICK y3aTWiIyBYd MabjiymoTiap BB makernapra >xoumamTupuianu.
Cyurpa xymnu DVB-S2 kabu LDPS FEC wnazopar Outnapu Epnamuaa
¢nunanu.flna LDPS pexoanamranjiaH KeMMHIM XaTOJWKIAPHU TY3aTUII YYyH
Mabiymotiiap boys3-Hoynxopu-XOoKBHHIEM KUCKa KOIJapy €paaMuaa KylInm4ya
paBuLIAa XUMOSITIaHAAUIIAP.
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FEC-kaap =64800 6ur
5.1-pacm. [1act yacToranu kagpHUHT cTpykTypacu (BB xanp)

Kanpuunr, xamakurOapAom KOJUlalll MabAyMOTiIapu OWJIaH, TYJIHK
napomuinurn 64800 OutHu Tamkwin Kuinaau. by kaap DVB-T2 cranpaptuna
0azaBuii Onok xucoOmanamu. bynna T2 cramgaptuaa XuMosiiaml KOJIapUHHUT
HazopaT OWTIapuHUHT Kynamu 15-50% mMuxaopuaa y3rapuiim MyMKUH. BHpOK,
cTaHgapT ToMoHHaaH 16200 O6uT OYynraH aHda KUCKA Kaap XaM KYJUIaHUJIUIITH
Hazapjaa TyTwiraH. by kaap mact Te3nukaard Xu3MaTjiaapHU KaOyn KWJIUIIJarud
KEUMKUIIHA KaMaUTUPUIL YU9yH KYJUIAHWJIUIIN MyMKUH.

BB Omok wumpma y3aTwiagurad  MabiymoTiap oxatdma, MPEG-2
dopMaTuaary nakermiap OKUMHU KEeTMa-KeTJIMTM XHcoOjaHaaunap. AWHU BakTla,
BB-kagp Maiimonn curHanmzanus —capiaBxach  GSE  (Generic  Stream
Encapsulation —ymymuii okum uHKamymsouscu)sara - DVB-nporokon  IP-
NaKeTJapH >KOMJIAIINIIN OMIIaH MOC TYILIA N,

LDPC acocumarm XajJJaKUTOAaH XUMOSUIQHTAHIUK  HMIOIUHUHT  TECT
HaTwkanapu, Pun -ColloMOH Kojjiapu Ba WHFYBUM KOJJIAITHU Oupra KYysuiail
acocugaru DVB-T xanakutOapaom Kojjiamra HucOaTaH XaJaKUTJIapJaH
XUMOSUTAHTAHJIMKHUA ~ce3wnapian  owmranuHu  kypcatad. Sarm FEC xucoOwura
CUTHAJI/IIOBKMH HUCOATH OyiiMuya IOTYK, Ha30paT CHUMBOJUIAPHUHI OUp XU
KUCMJIapU YYYH, OJIMI xaTojlap KuitmMaTtuaa, 3 abrada Oyauimm MyMKUH. YOy
SAXIIIAHNAIT KaHall YTKa3yBUaHIMK KoOwmusasTuHU 30% ra ommpuill UMKOHUHU
oepanu.

T2 vy nnwiad yukumga 6up €Ku Ky TalulyBUWIA MOIYJSUIUSIIADHUHT OUp
HeYa BapuaHTIapu TakkociaHraH. Hatwkana xumosi untepBanura (XW) ra sra
OFDM BapuanTu tannanrad, y DVB-T na unutarunaran, OyHna xap Oup CUMBOI
Oup BakTAa ¢aza Ba aMIUIUTyda Oyiinua MOIYJSLUSUIAHAUTaH OPTOrOHAN
TallyBUMJIADHUHT KaTTa CcOHWM OwnaH y3atwiaau. DVB-Tna, xycycan, ukkurta
pexum - 2K Ba 8K nap ky3aa tyrtunrad. by pakamiiap CUrHanHM Kyn TallyBYUiIap
OWJiaH WIAKUIAHTUPUII yuyH KyinaHuiaauran FFT (Dypwse Te3 y3rapTupwuiin)
ymuamuau udopa sTaau. MabiayMOTIapHU y3aTUII YYyH KYJUIaHWJIAJAUTaH
TallyBUMJIADHUHT MaBXYyJ aMIUETIAard COHM Oup MyHuYa kam. CUTHaJUIapHU KYTI
TapKanuml  okuOaTtujaru  Oy3wiMILIapAaH(XaTONUKIApAaH) cakjall — y4yH
(Oepuwiiran CUMBOJIHM y3aTHUITa XW3MaT KWJaauraH xap Oup tamryBud y4yyH) T2
TU3UMJA Xap OUp CHMBOJ SKYHHJA XUMOSI MHTEepBajuaaH oiagaHuIagn xamaa
y 5.2-pacMjia KeITUPHUIITaH.

88



~F . .o

XH | Mavaymornap | XM | Masaymornap | XM | Masaymorinap

< S

~

Cune on

5.2-pacM. XUMOsI HHTEpBaJUIapuiad GoiigaIaHuII

XUMOSI UHTEPBATMHUHT JAaBOMHIIUTH S(QUp TPAKTU y3yHJIUTH Ba Y3aTHII
TApPMOFHMHHUHT OOIIKAa MapaMeTpiiapujaH Kenud 4ukuO TaHiaHaiu. J{aBOMUIPOK
XUMOS MHTEpBAJIapU OMp YacTOTaIM TapMOKIapa Tanad KWInHAAW, YyHKH OyHJIa
KYIIHU y3aTrHyfard CUTHaUIap KaOyn KWjrhyra acocwili curHajira HucOaTaH
Ce3UJiapJidi KEUYMKUO KEeIWIIM MYMKUH. XHUMOS MHTEpBaIA Vy3MUJa ajoka
KAaHAJIIMHUHT  YTKa3yBYAHJIMK KOOWIMATUHM TAacaluIura TabCUp KWIYBUU
ycTKypManu Hamo€H kuiaau. DVB-T npa ymOy ycTkypma y3aTunaérran
MabJIyMOTJIAp XAXKMUHHUHT 25% HU srajiallli MyMKUH. XHAMOSI UHTEPBAJIUHUHT,
YMyMUHA MabIyMOTJIAp KHCMUJArd XaXKMHHU OLIMPMAcIaH Ky[NauTHpPHUIL
MMKOHUTA 3puIMnil yuyH, T2na ukkuta ssaru pexumiap 16K Ba 32K kuputwiran
Ba Oy XOJlaT OPTOTOHAJI TAllyBUMJIAPHUHT COHMHU MOC PaBHIIJIa OIIUPUIMIINATA
onubd KenwHraH. 5.3-pacMja TallyBYWJIAp COHM KYyN OViraH pexumra YTHI
KypcaTwirad. YmoOy XoJlaTja XuUMOS HWHTEPBAaJIMHUHI a0COJIOT Yiadyamiiapu
CakKJIaHUO KOJIMHIaH, OMPOK YHUHT YMYMHUH Xa)KMJIard KUCMU KHUCKapraH.

Gl | 8K cumpon 25% &iummmya

Gl 32K cummon ~6% KMy

5.3-pacm. Ky connu tamryB4miiap pexKUMHUra YTUIIHUHT KYPCATHIIUIIH.

PLP (Physical Layer Pipe) tepmunu wuak 6op DVB-T2 tusumuma
kyutanuwirad. PLP Basudacu mynman ubopar OYIraHKU-TU3UM MOIYJISATOPHUTra
Kyl KUPUIUIM MabIyMOTJIAp OKMMHMHHM TYpJIM Japajaru Te3lukiap Ousad
OCpUIUIIMHYA TabMHUHJIALAAH HOOPT Oynran. by Bazudanu MabirymoTiaap OKUMUTa
MOCJIAIIMII OJIOKH amalira olupagid. MabllyMoTiap OKUMUTa MOCJIAIIUII OJIOKK1A
KyWHJIary xKapacH amaira OIUPUIaIn:

e J[MHAMHUK MabIyMOTJIapHA OKUMHHH PEXaTAIITHPHUII
e Kagp keunkrupuammm
e Jluky MabIyMOTIIap OKUMUHH XOCHJT KAJTUIII.

bynnan tamkapu DVB-T2 tusumu SFN Oup yacToTaiv THU3UMHU XOCHII
KWIMII  BasudacuHu XaMm ¥3 wuuura oxaau. PLP  TU3UMUHUHT XOpuil
KWIMHUIIUTraya ymoy Macaja €4MMHU KaTTa KUHMHYWIMKIAPHA XOCHJI KHJITaH.
YyHKM MOAYISATOp KUpHIIMra Oapuya cUrHauiap Oup XWiI BakT Oupiauruia
CUHXPOHJIa0 KUPUTHIIUII JIO3UM.
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l4— 48 bits —w|e———Payload length (bits) ——p

T2-Mi Payload Pad JCRC32
header
0...7 bits 32 bits
Packet Packet Superframe FPayload
type count index  |Reserved]  jength

5.4.pacm. T2-MI maker cTpykTypacu.

Framem Frame m-1

/ J In-band
=0 ] "M Ly Ysignatingpp] B8 —
delay padding scrambler
"_ n Ill_l1II':Ij zl:lrmilir;rlljlllll--l
@ In-band
PLP1 = F
= rame : : BB
. o delay > s;)gandat::l:é;f* scrambler
" D
5 Illl:lltljzlplr:LEJEr:::Illllllll : TD
W BICM
. . module
PLPn, y[Frame -band BB I
delay > S;jgandaélil:g > scrambler
L1 dyng,pa(m) Dynamic
scheduling
information

i--u-uu--u-u----u----u----uu-u-------u-h _)

L1 dyng pp,(m)

5.5.pacm. DVB-T2 tu3umu MabiyMOTJIap OKUMHUTA MOCIIAIITUII OJIOKU

DVB-T2 ©Oup wyactoTasiu TH3UMUJA CUHXpoHM3amusi yuyH T2-MIP-
nakeriapy  MPEG-2 tpancnopr okumuHuHT TapkuOuga T2-MI unTtepdelicu
KYPUHUIINIA KUPUTUIIAIU

DVB-T2 na nucbaran y3yH cuMBoiuiapAaH (hoHJanaHMIl, YMYMHUH Xaxm
CUMBOJIM/IA, XUMOSI THTEPBAIMHUHT CE3WJIapiu KUCKApUIIUTra UMKOH Oepaau. 32K
pexumugarn T2 nga XMMOS MHTEPBAIMHMHI MaKCHUMall JaBOMUIUIMIUA XHUMOS
WHTEPBAJIMHUHT TYJIUK CUMBOJUIAp JaBoMuinurura, sbHu 19/128 ra TeHr
HUCOAT/AA SpUIIIIAIN. XUMOS WUHTEPBATUHUHT MaBoMuiiuru S00mkc Oynranna,
HUpUK yMyMIaBiaT OUp 4acTOTa Il TAPMOFUHH KYPHII UMKOHUSTH MaBXy/.

Mynnait kunuo, T2 nucdbaran kyn Oynran FFT ynuamnapu Ba KeHr XUMos
WHTEpBAUIapu KUMataapuHu oepaau. XycycaH:

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

IOxopuna aitu6 yrunranuaex, OFDMpa xap Oup tamryBun xam (pazana xam

amMIuityna Oyiinua wmonynauusiaHaaunaap.Oauil  Moaymsuusaianl —CTaHIapTh
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DVB-T, 64 QAMpa, Outra cumMBOn Owran Owupjanura 6 OuTHH (OuWTTa
TalTyBUMHUHT MOAYJISLIMSAJIAHTaH 3JIEMEHTH OWJIaH) y3aTUIl UMKOHUHU Oepajiu.

T2na onmii Mmoayasiuus 256 QAMraua kyrapuiaran, y OUTTa CHMBOJI
Owran 8 Ta OWUT y3aTWIl MMKOHMHM Oepaau. YmOy MOAYJALMS ITOBKHH
TOMOHMJIAH SIpaTWJITaH XaToJMKJapra TabCHUpYaH »JSKaHUTa Kapamail, TecT
HaTtwxkanapu 1wy kypcarauku, LDPC FECpan @oiinananum DVB-T ra
HUcOaTaH, XyAaA4 IIyHAal mapouTiapaa,kaHain camapagopiukau 30% omummHu
TabMUHJIANIN.

T2 npa spatwiran saru pexumiap - 16K Ba 32K asBanru 2K pexumra
HUCOATaH MOJI0CaaH TalIKapUaard TapKUOW KUCMIAPHUHT KECKUH ITacaiTHPHII
MMKOHUTA ara. 5.6-pacma KYpCaTWITaHUJIEK, yioy X0JI1atT
tamryBumiapHuar,8MI'n  nmonocaga,DVB-T curHauiapuHu CTaHIapT CIEKTpai
Mackara SKWH SKOWJAIITHpUINra HWMKOH sparaad. YOy KeHralTUpWIraH
noJiocanap sina 2%rada KylnMya MabIyMOTJIAPHU y3aTUIIl UMKOHUHU Oepajiu.

Xumona uHTepsanm — 1/8
o 10 - T T T
= CTaHQApY Macka
(= o 32K Hopman Il
= 32K xenraittupuaras
Z !
& -10}
[
[
m
:?{.: -20 ™
=
8 .30}
=
[eb]
| =
O a0t
5 \ \ . 2
3.7 3.8 3.9 o 4.1 42
Yacrora (Mlu) (mapka3ui yactoTtara HucbaraH)

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

OFDM Tu3zuMiapuia TAKCMMJIAHTAH TassHY-CUTHAJUIAP UIIaTUIAIuIIap.
VYnap mabliyM BakT Ba TallyBUWIap OYyilM4a TakCUMJIAHTaH MOIYJISIIUSIIaHTaH
anemMeHTiap cudaruga Hamo€H Oymamunap. KaOyn kuiarudra TasHY-CUTHAJLIap
MOAYJISLMS NapaMeTpiapd MabiyM Ba KaOysl KWITWY YyJapHU KaHal XOJaTHHU
Oaxonamra unuiatiid MyMkuH. DVB-Tna xap YH UKKUHYM MOAYJSUMSIIAHTaH
AIIEMEHT TasiHY-CUTHaN OYynub XucoOnaHaau, SbHU  YJIAPHUHT  YMyMHH
MabIyMOTIAp XaKMUJArM KUCMH 8%HHW TalKWI KuJdaau. YOy MOponopius
XUMOSI MHTEPBAJUIAPUHHUHI Xap KaHJal BapuUaHTHAA HIUIATWIAJUTaH Ba XUMOS
uHTepBaUIapu 1/4 OYnraH CUTHAJUTAPHU TEKUCIAIl UMKOHUHU OepaauraH, TasH4-
CUTHAJUIAPHHU KOWJAIITUPHUII MYMKHH OYIUIIM Kepak. BHUpOK KWYHK XUMOS
UHTEpBaUIapu ydyyH 8% MUKIOpJaH KaM TasHY-CUTHAJUIAPHU  KYIIMII
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optukyanukka onu6 kenaau. Llyaunr yayn T2na ynapHH SKOMITAIITUPUITHUHT 8
TYpJIM XWJI BapUAHTH MaBXKyA. XUMOS UHTEPBAJUHUT HUCOUM JaBOMMMJIMTUHUHT
xap OWp BapuaHTHUTa TasHY-CUTHAJUIAp JKONUJIAITYBUHUHT OMp HEYa BapHaHTU MOC
KeJIaJI Ba yJiap KaHAJHUHT KOPUH XOJIaTHJIaH KeIuO YMKUO TUHAMUK TaHJaHaJIH,
Oy 5ca yJapHUHT COHMHW MYyKaMMaJUIAIITHPHUII MUMKOHUHM Oepaau. 5.7-pacMmjia
TassH4Y-CUTHAJIJIAP YKOMIAITYBUHUHT MYMKHUH OYJIraH MKKW BapHaHTHU KYpCaTHIITaH.
TassHU-CUTHAJUTAPHUHT  3UYPOK  OJKOMJAIIyBHM  KaOyJdl  KWITHY  KUPHUILIHJA
CUTHAJI/IMOBKMH HHUCOATHHW Tanad »OTWIraH KUAMATHHU [MacalTHpHUINTa Ba
CUHXPOHU3AIMSIHY SIXIITUJIANIIA UITUTATUIUIITN MyMKAH. OXHpPru XojaTaa TasHdY-
CUTHAJIJIAp MCEeBA0TACOAU(HUI KeTMA-KETIIMK OUIaH MOIYJISITUsIIaHaAMIIAP.
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5.7-pacm. TassHU-CUTHAILIAD JKOMIAIIYBUHUHT BapUaHTIapy Ba YIAPHUHT
YMYMUU CUTHAJIJATH YJIyLIUIAPH

T2ra Oynran TwxoparT Tanadiapu Typiu Xu3MaTiap y4yH XWiMma XHI
KUAMaTIM  XalakuTOapJOLUIMKHM TabMMHJAIIAH ubopataup. by Typau
MOIYJIALMA CXEeMajapyu Ba XaJllakurOapjoml Kojjamgad —¢oiamaHuirasia
TabMUHJAHUIIM MyMKUH. T2ma Oynra OFDM-cumBomnmapHu kaap uw4Huaa
rypyxJjam OwiaH SpHUIlWIaad, SbHU Xap OuUp XM3MaT KaJapla aHUK CIOTHH
srajutaiiauran OyTyH Onok  OwnaH  y3atuinaad. YmOy oMl 5.8-pacmua
KEeATUpWIraH Ba Oy epnaa Typiau paHTr OWIaH TypiM Xu3Marra TETUIUIM OKUM
dbparmenTiapu udoaiaHraH.

T2 na xangp 6omu kucka OFDM-cumBon P1 6unan 6enrwnanaau. P1 xynau
5.9-pacmma kypcaTwiaraHnek, KYIIHM TallyBUMJIApHUHT (4acToTa O¥yiinua
CWJDKHAraH) OOl Ba OXMPrd CUMBOJUIAPUMHHU KalTapuinumuHu KypcaryBun 1K
OFDM-cumBonuaan ubopar. byanait P1 cuMBONMHUHT Ty3WnIy OUp TOMOHIAH
YHU OCOH aHMKJAHUIIM MUMKOHUHM Oepaau, Ooiika TapadaaH CUMBOIHH aCOCUU
KaJIpHUHT KaHAaiiaup pparmMeHTH OuilaH KYIIMIMII MIMKOHUHH TabKUKIIANH.
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5.8-pacm. T21a kanpnap cTpykTypacu
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5.9-pacm. DVB-T2 curnanuszanusicu P1 cuMBONMMHUHT coAiaaliTHPUITaH
KYpHUHUIIN

ChoexkTpHrM CKaHepiaWIWraH KUOUpUII pexumuparn 12-  pecusep
TOMOHU/JIaH, Y3aTHUIIHW AHUKJIAHWIIMHUHT Ba COJJA, WIIOHYWIM MEXaHW3MUHU,
SBbHU pecuBep OUJIaH YACTOTAHHU TE3KOp Ba 6 OWTIIM CUTHAJIM3AIMSCUHU YIIUIAITHU
tabMuHnaiau (Macanan: T2 kaapnaa FFT ymuamMunu anukanm yayH).

T2 xanpuunr crangapt gaBomuiuru —200 mc atpoduaa, Kaap Ty3UITUIIHA
XaKugaru axO0pOTHU Y3aTWIMINK Tajlad KWIyBYM YCTKypMa dca Koujaa Oyinua
1%1an KaMpOKHM ATraJlIaiiiu.

T2 kaHaM KOMJAIl THU3WMHAA OPAJATHINHUHI YyYTa KaCKaau
unuiatunagu. by aca  Oy3unran  >J€MEHTIApHUHT TMAKETIW  XaTOJMKIIapH,
nekonepaa aeopanatumgan kevinH,LDPC FEC-kanp Oyitnad TapKaTWIMILIUHUA
nespnu  kadonarnaigu Ba sakyHna LDPC koxgepra MabiaymMOTIapHM THKIAII
WMKOHUHU Oepaiu.

Ymby kackaayiapHu KenTupuo yTamus:
1. butnm opanarrud. outinapan FEC-0moku moupacuaa paHaoMu3ausIanu,
2. Baktnmu opamarruu: T2 kaap noupacuma FEC-6iox  mabmymotiapu
CHMBOJUIADUHU KaWTa TaKCUMJAWAW. by CUTHaIHM UMITYJIbC IIOBKWUHIA Ba
y3aTHII TPAKTH XapaKTEPUCTUKAJIAPUHUHT Y3rapuIlura 4dJIaMIAKIUTHHA
OIIIHUPATIH.
3. YactoTtanu opamarrud. y CeJeKTUB ‘“‘dgactora KOTUIT  d(PdeKTHHH
cycaiitupuin Maxkcaaunaa mabiymoTiaapau OFDM-cumBonu poupacuaa
PaHAOMU3ALMSIIAN TN,

Myaunaraex, T2 na xamakuTOApIONITUKHU OIIMPHIN YYIyH, MOIYJISAIUOH
I0Ji[y34a TYpKYMHH O€JITMJIaHTaH aillaHa Oypuakka OypHIl SIHTM TEXHHKACH
KyJanunarad. byngai Oypui, sdupnary ogaTuii MyaMmosiap MaBxkyJz XoJjaThia,
CUTHAJ YHMAAMJIUKINTUHU CE3WIapJId OLIMPUIIM MYMKHH. JlnarpaMMaHu aHMK
OenruiiaHrad Oypuakra OypuIll XucoOura Jiay3ua TYypKYMUHUHT Xap OUp HyKTacu
OoIlIKa HyKTaJap TOMOHHJAH TaKpopJaHMaiiiuran y3ura xoc koopauHaracura (Ul
Ba u2) sra Oymammrap (5.10-pacwm).

93



S

L X 2 RN R RN E RN N LR R EN.

5.10-pacm. QAM 1612 MOAYJISAIIMOH FOJIIy34aliap TYPKYMIAPUHUHT OYPUITUIITN

Hykranunr xap Oup KoopAMHATacura MOAYJSTOpJA ajoXyJa HIUIOB
Oepunaau Ba ynap Oorika CUMBOIHHUHT U2 Ba ul Ounan apanamtupunnd, OFDM-
curHaiga oup-Oupura O0FIMK OyiIMaraH xosjaa y3aTwiaauiap (sspHH, u2 Ba uliap
typiin OFDM-tamyBumnnapna Ba xunma xun OFDM-cuMBoiuiapaa y3aTwiivimm
MYMKHH).

Kabyn kunrmyma u2 Ba ul Owupnamrtupuiaguiap Ba aidnaHa Oyitna0
Oypwiran nactiaOKu 10iy34a TypKyMu makiutantupunaan. lynnail kuiaumo, arap
OWTTa TallyBYM €KM CHUMBOJI MHTEp(EepeHLHs HaTHXKacuaa UyKoiud KoJica, yHAa
OomKa KOOpAMHATa XaKuJard axOopoT cakjJaHUO Kojaau, Oy 3ca CHUMBOJIHH
THUKJIAIl UMKOHWUHHU Oepajy, rapyd CHUTHAJ/IIOBKUH HHCOATH KUYHK Oyjca Xam.
CummeTtpuk (Oypuiamaras) 10ay34a TYpKyMUJaH TaKCUMJIaHTaH u2 Ba ul mapaan
doifalaHUIITHUHT MabHOCH WYK, YYHKH CUMBOJ (DakaTrmHa MKKUTa KOOpAMHATA
OMpUKMACH acocuJa TAHWIUIITN MyMKHUH. YJIapHUHT Xap OUpH ajJoxXuja dru3arura
sra Oynmaaum Ba yJapHUHT OWpUKMacuruHa Vy3ura xoc Oymamu. Tect
MOJCIIAIITUPUII HATWXKaJapy ymoly TeXHUKaAaH QoljanaHraniard CUrHall
/11I0BKWH HUCOaTu OViinua 10TyK Snbrada eTuim MyMKUHIUTUHA TacAUKJIaraH.

T2 cranmaptu Anamoyt koauaaH (oHAallaHuIl XucoOMra MKKHUTA
y3aTruy4/laH KaOyJHU amajira OIIMPUII WMKOHUSATHHHM TabMHHIIAWIu. PecuBep
OvpJaHura WKKUTAa Y3aTTUYHUHT CHUTHaJWMHU “‘KaOyn Kuiica”’, macanaH, Oup
4yacTOTajdu TapMOKJa yHamMaraH aHTEHHAJaH KaOyll KWJIMII XUcOoOWra, YHIaH
doiifaNiaHuIl TUBUMHUHT WIIMHU CE3WJIAPJIH SIXIIWIAd MyMKUH. YOy KOJJaml
TasiHY -CUTHaJT ()OpPMATU MIAKIMHHA Y3rapTUPHII OWiaH Oupra amaira OUIUpHIICa,
WKKUTa Xap Xuwil ddupiaH KemaéTraH KaHaulap CUTHAUIAPWUHA XaJIaKUTCHU3
@XpAaTUIl Ba aJOXHUJa JCKOJJAIl UMKOHUHMU Oepamu. XycycaH, arap aHTEHHara
dakar OuTtra KaHaira pyxcar Oop Oynca, KOJHM KYHUII  KaOynHH
émonnamtupmaiinu. JactnaOku xucoOmanutap ymoOy TeXHHKa KHYUK Oup
4acTOTaJIM TapMOKJIapHU Kampad oy coxacuHu 30% KEeHralTUpUIl UMKOHUHU
OepUIIMHU KYpCcaTIu.

Ilynn ajgoxupga TabkuAaa0 yrum skou3ku, DVB-T2 na kymmmua
(GyHKIUsJIap KUPUTHWJIMIOM XaM OeJrujiaHraniap, yJlapHUHT Oab3uiiapu
XO3UPry KyHJla UIIaTHIIMAcala, KeJlakak/ia yiuoy TU3UM UMKOHMSTIApUIaH KEHT
dbornamum mymkuH. Macanan: T21a ukkuTa Kymmya KypuiaMa MaBxyJ 0yiuo,
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yIapHU KeJlaXakJa KaJApHU KEHrauTupuijga Kymmam MyMkuH. bynpa T2
KAJIPUHUHT TY3WIHIIN XaJIW aHWKJIaHMaraH TypAard CHTHajulapra MyJDKaJUIaHTaH
MaBXyJl OyJIMmaraH TypJaru Kajapjapra CUTHaJIM3alUsSHU KUPUTHUIL UMKOHUSTUHU
ky3aa Tyraau (5.11-pacm).

T2 T2 T2 T2

5.11-pacm. T2 kaapnap apo FEF MaiiionnapuHUHT KUpUTHIAIINA

Awvau, Oy FEF (Future Extension Frames- Kaapnapuunr Kenrycu
Kenraiiuim) KaapJapHUHT Ma3MyHUH TapkuOW Xaid aHWKJIaHMarad. 12
KypcaTruujiapura MOC CHUTHAJIU3AIMSHUHT KUPUTWIMINM OWPUHYU  aBJIOJ
pecuBepinapu yuyH FEF-pparmentnapuu Ttanu® osmm Ba ynapra 3bTHOOD
OepMaciMK WMKOHUHM sipaTaiu. bBHUpPOK XO3upAaH JsrajylaHMaraH YpuHIap
Y3aTUITHUHT OUPWHYMA TH3UMJIAPWHM  KeJaXakJarwiapd OujaH TecKapu
aJIOKaCMHM TabMUHIIAIIU, yhapAa Oy CUTHaIU3alus TapKUOW SIHTU MabIyMOTiIap
XaKuaaru ax00pOTHU TAIIUIIUHY OeNruiIaiau.
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5.12 pacm. DVB-T2 nuito3u Ba MOJYJISITOpU Opacuary aHUK derapa

Ilynunraek, T21a yacTora-BakT cerMeHTalus Ky3/Aa TYTWJIrad 0ynauo,
ynap kenarycuaa ciotiaapra (TFS — Time Frequency Slicing — ygacroTta kecuri
BaKTH) YacTOTa-BakT Oyiimua Oy yuyyH 3apyp. l'apum acocmii kady.a
KWIMIIHUHT Xycycusitu TFS gan ¢doiimananmail KyutamHu Hazapja TyTcana,
CUTHaJM3alMsUIapra KUPUTWITaH Oenrwiap, ylap HWKKUTa TIOHEp Ousad
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KUXO3NaHraH Oynrycu pecuBepiaapHuHr TFS-curmamnmapu Ownan — uwmian
UMKOHUHM Oepanu. bynnaii curman Oup Heda paauo 4YacToTa KaHaIApHU
rajuiaiiii Ba Xap Oup XU3MaTHUHT Typiid (parMeHTIapu yMyMUH XOJaa Typiu
yacToTajap/a y3aTwiaauiap. PecuBep kaHanian kaHaiara cakpad yTub, co3nanuo,
KaOyJl KWJIMHAETTAaH XHU3MaTra TErUIUIM MabiyMoTiap ¢parMeHTIapuHU HUFuO
ojlaau. by O6uTTa pasno yacToTa KaHaJIUra y4yH pyxcar 3THIraHAaH Kypa KeHIPOK
NakeTJIapHU IAKJUIAaHTUPUIL UMKOHUHU Oepaau, Oy 3ca ¥3 HaBOaTuaa KaHaUiap
YaCTOTAIAPUHU  PEKATAMTUPUIIAATH  MOCJANIYBYAHJIMTMHA  Ba  CTaTUK
MYJIBTUILIEKCUPJIAII XUCOOUTa KaHAJIJIap COHMHU FOTHUIL UMKOHHHH SIpaTajy.

bynna T2 THU3MMHMHHHI YTKa3yBYAaHJIUK KOOMJIMATH NapameTpIIapHUHT
OenrunanraH OyTyH KeTMa- KeTJIUTHHH TaHJaIl OuilaH aHWKjIaHaau. by makcamma
KYIITUHA OINIUsUIap KYypuO YHWKWITAaH Ba aHWUK KOHQUTyparus OwiraH KaOyin
KUTA4WIap Maxcyc CUrHanu3anus €épaamuaa xadapaop kuinuHaau. [Tapamerpnapuu
TaHJIalll TU3UM HIIM MyKaMMaJUTAIITUPUIIHU Ky3[a TyTalW, MacalaH, KaHallJlaH
KaHaJra VYTUII BakTH OwWigaH Xu3Mar axOOpPOTUHHUHI KUCMUHHUHT — ¥3apo
MYTOHOCHONMIYA  €KU  YTKAa3yBUAHJIUK KOOWIMATH OuWjaH  Xajakurtiapra
YU AAMIITUIMK Opacuard MOCJIAIlyBHU KHIUPHILL

[axkmaHTUPYBUM KYpCATTUWIAPHUHT KV OYIUIIN OOIIKa TU3UMIIAp OuIIaH
COJIMIITUPUIIIHA  MypakkaOnamTupanu. Macaman, T2au DVB-T Ounan
COJIMIITUPCAK, OUPUHYM HaBOAT/A CTAaHAAPT KaHANAAru XyJU IIyHAAl CUTHAIHU
TabMUHJOBUM, Oupok T2 nma Mypakkad 1mapouTna KaOyJHUHI KarTa
XaIAKUTOAPIONUIMTMHY Ha3apAa TYyTAaJWraH MapaMmerpiap OJIMHHUIIA MYMKHH.
bynnait Bapuant DVB-Tra nucOaran T2 KaHAIMHUHT FOKOPH YTKa3yBUAHJIMK
KOOMJIMATUIa MOC Kejlaau. BUpOK HOpMall KaHall y4yH KypcaTKH4JIapH MacTPOK
BApUAHTHU XaM TaHJall MYMKHUH, aMMO XYJJd AaBBAITHICK KaOysl KWJIHIII
Mypakka0 IIapoWTIapuAard KaHajulap Y4YyH IOKOpWJapH TaHdaHaau. byHpaaii
IapPOUT/Ia KaOyJT KWIJTHII KOOMIIMATH sSTHA XaM OIaIu.

laycc kananmupmaru Oup Xuil TypAard TU3UM HHCOUN XapakTepHCTHKaIapu
5.1-xanBanga KeITUPUJITaH.

Kansangan kypuaud typudbnuku, DVB-T unrnuzua Bapuantura HucOatan
KyTWIa€TraH VTKa3yBUYAHIMK KOOWIMATUHHUHT YcWImM 1,5 MapTaHu TaIIKuil
Kwiaau. by Hazapuii GaxoJalIHWHT HATHXKalapy, aMMO MaBXyl anaduériapia
yi0y MaTeprayapuau udoiananiiara TaKpruOaBuii HaTHXKanap KeJITHPUIMAaraH.

[ynnait kunud, DVB-T2 sHru craHIapTUHUHT aCOCUN XOJIATMHM TaXJIUJ
KWIKIIAA, CTaHAapTra CUTHAUIApHU S(QUpIM y3aTUIl XYCYCHUSATHHHM Haszapja
TYTYBYM SIHTM CaMapalidi TEXHOJOTHSIIAp KUPUTWITaH Je0 XyJioca YUKApHUII
MyYMKHAH. DyHIaH Tamikapu, KaJIpJapHUHT XH3MaT-Ha30paT YCTKypMajapuHU
ONTUMM3ALMSANAl  MMKOHMHM  OepyBuUM  acocuid  mapaMmerpiap  cadu
KeHratupwirad. bymapHuHr Oapyacu yMyMHil  Xoija  YTKa3yBUYaHJIMK
KOOWIMSTUHU CE3WIApJIM OIIUIINIra Ba OWp BaKTHUHT V3HWJa THU3UMHUHT
YUAAMIIWJIMTUHU ~ OIIMPUINHNTa OJu0 KEeJNWIIM KYTUIMOKAA. SBHU, IOKOpHU
AHUKJIMKJArd TeJey3aTUlIapd y4YyH MyKaMMal TapMOKHU KypHUIIl HWMKOHHU
MaB:KYJIJTUT Ba TAbKUIJIAHMOK/IA.
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5.1-xanBan

DVB-T Ba DVB-T2 tu3umiiapyHUHT allpuM KUECHUM XapaKTepUCTUKAIApH

DVB-T(unrnu3 DVB-T2
BapUAHTH )
Monaynsius 64QAM 256 QAM
DTV ymuamu 2K 32K
XHMMOsI 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 capnaBxacu 1% 0,7%
Ilonoca HOpMaJI KCHT AU TUPHWJITAH
VTKa3quaHnHK KOOMJIMATH 24,1 Mowur/c 35,9 Mour/c

by epna: OTY — @ypbe Te3 y3raptupuin; TC- TassHY-CUrHAI

1
Multiple 1
TS or GS 1
streams ]

I
—P Input I Bit inter-

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

—p] CESSOMS) i : modulation

1

.,TZ:MI“

5.13.pacm. DVB-T2 Ti3umMuia MyJITUIIIIEKCOP Ba MOAYJISITOP Opacuaru
uHTEpEIicC.

2'KanaJ CMFMMUHM OLIMPHUINHUHT HA3APHIi aCOCJIapH.

DVB-T2 Tu3uMUHM MyXOKama KWIMIIJAH OJJIUH YHUHT OJIIMHTU aBJOJ
TeJeBUICHUECUra HUCOATaH KaHaUlap CUFUMHU KYIUIMTUHU Ha3apuil MCOOTHUHU
Kypub unkamu3. Acoc KWIM0 MKKaja TU3UM YYYH XaM noJsioca KeHrauruau 8 MI'n
kb onmamm3. 37.1 xkanBanga 6uzra DVB-T Tuzumumga Typiu mapoutiap Ba
aHTeHHaJIap €pAamMuia OJIMHTaH CUTrHaul cudaad Ba Japaxacu Oepuiras.
MabayMOT y3aTHII TE3JMIMHU Makcumal KukhmatuHa [IIeHHOH TeHrnamacu
acoCH/Ia OJINIINMU3 MyMKHUH:

C=1/3+B+SNR;

Oy epaa C = kaHan yTKa3yBYaHJIUK KOOMIUTH ( OUT / C);

(5.3)

21 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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B = yacTtoTa nonocacu kenriuru ( ['m);
SNR = curnan / moBkuH MyHocabaTiapu (B Ab);

bynna curnan/moBkuH MmyHocabatiapu 10 n1b arpoduna ne6 kaOyn KUIMHAIN.

Kansan 5.2.
DVB-T tuzumuauaT 8§ MI'1] KaHaT KEHIJIMTHAA Typid MapouTiIapaa KaHai
CUFMIMH, CUTHAJ cH(aTH Ba Japakaiapu.

c/m Ha3zapuii makcuman H3ox
kaHaJ curumu (MouT/c)
10 26.7
12 32 Emon cudatiy EnuK
MIOPTaTUB aJI0Ka
15 40 Enuk OpTaTHB KaOyJI
18 48 Axumm cudarnm Enuk
MTOPTATHUB AJIOKA
20 53.3 Tamku aHTeHHa
épramMusia EMOH cU(aTIH
aJIoKa
25 66.7 buno Tomura
YpHaTUIaAUTaH aHTECHHA
€épnamua saximm cudatiu
KaOyn
30 80 buno Tomura
YpHATUIAAUTaH aHTEHHA
épaamuia )Kyaa axXIm
cudatiu Kabyn

DVB-T curnanuHuHT €MUK OMHO Ba MHIIIOOT/IAp/ia MOPTATUB aHTEHHACH EpJlaMuIa
KaOyJ1 KMJIMII aJloKa cudaTh Kyhnaaruia

13.27 Mout / ¢ (16QAM, CR =2/3, r=1/4, SFN, SNR = 12 nb); (5.1)
Ba OMHO, MHIIIOOTIIAP TOMUTA YpHATUIIAIUTAH aHTEHHAMap €paamMuia Kady
cudarm 3ca

22.39 Mowurt / ¢ (64QAM, CR =3/4,r=1/4, OUC, SNR =18 a1b); (5.2)
TAIIKWI KWUIaIy.

DVB-T2HuHr Makcaayu MaBxy/Jl TU3UMa MabiaymoTiiap curumunu 30-50
%ra ommpuIiian uoopar.

5.2.Amepuxkanunr ATSC Ba SAinonusstauur ISDB ep ycru TesieBuienue
cranaaptiaapu. Ep ycru tesneBugenuecuHuHr ATSC AMepuka cTaHaapTH.

AKII Oomka paBiatnapaaH aBBal dS(Up SIIUTTHPUIUIAPUHUA FOKOPH
aHUKIUKAAru (opmarra yTkaszumn pexanapHu Ownguprannap. 20 acpuunr 80-
Hnutapuaaék MCTUKOO/UTM TeneBujieHne Tusmmiiapu Oyimua Kymwmra (ATSC-
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Advanced Television Systems Commitee) tamkwmin stunrad Ba NTSC ananor
CUTHAJI OWJIaH MOC KelaJuraH Xamja, MaBxKyna 3dupiaru 4yactora moJsiocacuia
WIUTAlIMTaH, I0KOPY aHUKJIMKIArd TU3MMHU UIIad yukui 6onuianrad. FOkopu
aHUKJWKIArd TeleBUACHUE coxacunaru usnanunuiap EBponama, Anonusiga xam
omu0d Oopwiran, Ooupok ¢axkatr AKII adup smuTTHpUnIapy YUYYH MaBXYI
TU3UMTIa MOCTANIaJIural TU3UMHU MIUIA0 YMKHII yCTUAa Uil oaud 6oprad. 1991
Huira kenud Typiau KOMIAHUsIap TOMOHHIAH OJTHTA MOCJAIITaH TU3UM TaKIUM
STWIIM Ba ylapJaH TypTracu TYIuK pakamiau Oynaran. ATSC Oapua unuiad
YUKYBYM KOMITAHHSUIApTa Y3JIapUHUHT XapaKaTlIapuHu xKamiad 6apda JJIOHUXaHUHT
HT SXIIM CUAMIIAPUHHU Yy3uja My)KacCaMJAITHPWITAaH STrOHAa CTaHAapT
TY3WIHIIHU Takiug srtarad. 1995 #unna karra AnbsHc ne0 HOMIIaHATUTaH
KoHcopmiyM TOMOHHMI@aH XH3MaT axOOpOTHMHU Ba CYOTHUTpJApHH, KYI KaHAJIIH
OBO3JIap TANTyBYHMCH OWIIAH KYIIMJITAaH FOKOPH aHWKJIWKIArd OupIiamrad JacTypHU
AKII na a>xxpaTwiran sroHa TeJIeBU3MOH KaHanaa, sbHu 6 MI'TT mosocana y3atuin
WMKOHUHU O€pYBUH TYJIUK paKaMJIM CTaHJAPT JIOMUXACH TaKJAUM TUJITaH.

Cranpmapt wunuiad 4YuKapyBuwiap EWUITHUHT siroHa Qopmatu OYitnuya
KeJMIa oiMaiuiap Ba mry cabad cranaapt 4ta popMaria XxaMm UILIail oaaau.

-FOKOpY aHMKJuKaaru teneBuaenue ¢opmata HDTV-A(1280x720 nukcensb
enunum);

- IOKOpM aHMKJIUKAaru teneBuiaenue (opmatu HDTV-B (1290x1080
MUKCEh EUUIILIN);

-oqui aHukiaukaaru tenesugeHue Qgopmatu SDTV (704x480 nukcenb
enunum);

-xommnbiotep popmatn VGA 640x480 (mukcens ERUILIN).

ATSC Tu3uMu KOHIENIMACH MOYJUTMK TIPUHIIAIH acocua spaTwirad. | TU
11/3 rypyxu uznaHunuiapu TakiaudIapura acocliaHraH Ty3WIMajJa ydTa THU3UM
OCTH KUCMJIADHU QXpaTHIl MYMKHH, yiap: JacTiIaOKM MabIyMOTHH KOJJIAIl,
TPAHCIIOPT  OKMMHM  INAKJUIAHTHPUIN  XaMJa  KaHJIHM  KOJJIall  Ba
MoayJsuusnanuiapap.  Jactnabku  MabIyMOTHH — KOAJAITHUHT — MakKcaau
TEJIEBU3UOH TAacBUp Ba OBO3HHM CUKHIIAUP. ATSC HUHr MabllyMOTHU KOJJIAII
tizumusia MPEG-2 oxkumupgan doigananuiaam Ba oBOo3HHM Kojamga AC-3,
Dolby 5.1 crammapté Koujgacu KYJUIaHWIAAWA. TpaHCHIOPT OKWUMHUHHUHT
MIAKJUTAHTUPUIA BUAECO, OBO3 Ba KylIMMYa MabIyMOTJAPHU MNaKETIAIITHPHUII
yayH  MPEG-2  TpaHCOPT  OKMMHHMHI  CHHTaKCHCH  KYJUIAHWJIA[H.
[MaxnnanTupuiIaéTradn TPAaHCIOPT MAKETIAPUHUHT O€NTHJIaHraH JIaBOMMMIUTH
188 GaitT (ynapaaH OMpPUHYMCH CHHXpOHU3aNMsIa O0aiTh xucoOaaHnaan) 6yauo,
TEJIEBU3UOH DIIUTTUPUIN CUTHAJUIADUHM Yy3aTUII IIapTiapd Y4YyH ONTHUMAI
(Mykammal) xucobJaHaauiap.

ATSC crangaptria paguokaHamuiap Oyinda pakamiii CUTHAJJIAPHU Y3aTHII
Y49yH MaBXyJl TU3UMIJIApUJA KCHT KYJJIAaHWIQJUTaH aMIUTATYIaBUi MOIYJISIIHsIIA
OuTTa €H TOMOHM TAIIKWJI STYBUMCH HYKOTWIMILIHN (KUCMaH OJIMO TalllsIaHTaH) KaOu
PUBOKJIAHTaH TEXHOJIOTHS aCOCHIa, OUp €H MOJI0CACUHUA KUCMaH OJIMO TaIllIaHTaH
(Vestigal Side-Band-VSB) kyn caTxiu pakamiid MOIYJISIIAS YCYJIH KYJJIAHUITaH.

VSB Moaynsnusacuaa MOIYJISIUSIIOBUA CUTHANI UKKU MO3USIUSIIA €KU KYTI
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NO3UIMSUIA OYnui MyMmMKuH. 2-VSB ne6 OenrunaHyBYM, MKKUA MO3WUIUSIIM KYTI
catxim  y3arumia  (5.14- pacMm) MOAYJIANMSAIOBYM CHTHAI — y3aTWUJIAIuTaH
MabJIyMOTJIap CUTHAIM OWJIaH MOC TYILIaJ Iy Ba Xap OMp CUMBOJI MHTEPBAIUAA UKKH
caTxJlaH OWpUHU KUHUMaTUHU KaOyn Kuimamu (xapaktepiau Kuitmatmap 0 ra
HUCOATaH CHMMETpPUK, MacasaH +1 Ba -1). Moxaynsaiuss TH3UMHHH aHUK Ba
MyKaMMaJl TaHJaHTAHJIWUTH Ty(Qailii MablyMOTIapHU Y3aTUIIHUHT COJMIITHPMA
te3nmuru 1,79 (obut/c)/I'n 6¥naau Ba Hazapuii yerapa (20ut/c) ra skun 6ynaau. Kym
MO3UIIMOH Y3aTHIIIa XapaKTEpJOBYM KUWMAaTiap HOJra HUCOATaH CHUMMETPHK
YKOMITaIaa Ba OpaJMK IIyHIAl TaHJIAHAIWKH, YHIA yJap Opacuiard WHTEpBa
Oup Xui OyIuIIM TabMUHIAHKUIIN Kepak. Macanan 8-VSB tuzumuaru (6.18-pacm)
8 MO3UIMSIK y3aTHUIIIa MOIYJISIIUSIOBYM CHTHAJI OMTTAa CUMBOJI MHTEpBAIUIA 8
Ta KUUMaTHH KaOyn Kwimmu MyMmMkuH (-7,-5,-3,-1,+1,+3,45,+7). Bynga Ourtra
CHUMBOJI HHTEPBAIIA/IA MABIYMOTJIAp OKUMUHHHT 3 Ta HKKWJINK Pa3psind y3aTUIaau
Ba Oy y3arui Te3nurunu 3 maprta ommpaau. lyngait kunu6, 8-VSB tusumugaru
6 MI'11 monocana MabiyMOTJIap COMUIITHPMA TE3IUTH 3 MapTa OIIUPHUIICA, TU3UM
1,79x3x6=32,3 M6uT/c Te31MK OMIaH OKUMHH Y3aTHIIIM MyMKHH.

VSB TuzuMu MOIyJISIMUIOBYM CUTHAIHUHT TYPJIH Ty3WIMalapuHU XUCOOTa
ojfraH OWp Hewya BapwaHTIapjaa unuiad yukwirad: 2-VSB, 4-VSB, 8-VSB, 8T-
VSB, 16-VSB. MoaynanusioBuu curHaj caTxjapu COHM 2 AaH 16 rava y3rapuiim
MyMKHUH, OyHJIa CHMBOJUIAPHUHT KETMa-KETJIMTMHU YaCTOTACHHU CaTXJap COHU
jJorapupMura KymauTUpraH Xojja XucoOJaHAIUTaH MabIyMOTIApPHHW Y3aTHII
TE3JIMTH XaM MOC paBWINJA y3rapaaw. MOIyIANHsUIOBYM CHTHAJ CaTXJIap COHU
KaH4a Kym Oyica, IIOBKUHAAH XUMOSUIAHTAHJIUK IIyHra nact Oymamu. by
Kougagan ¢akar 8-T-VSB Tuzumu Xonauaup, yHAa MIOBKMHIa KApLIM Kypalluil
Makcaauaa Kymumya koiam Kyutanwiaau (T xapgu- Trellis, ymOy koainamHuar
CUMBOJI HOMH, SbHU MMaHKapaiu Koj). by KOTHUHT Te3nmuru 2/3 ra TEeHT, ShHU Xap
2Ta y3atunaétrad Ourtra OMTTa TEKIMMPYBUM OWT Kyrmnaau. Koamamn moBKUHIaH
XUMOSUTAHTAHJIMKHA omupanu, oupok 8- VSB Tuzummura HucGaTtaH MabaymoTiIap
y3atuin Te3nurd kamasan. 8T-VSB Ttusumunga Oupiauk BakT Wuuia y3aTHIIaéTraH
doitnanm MabaymMoTIap yMymui xaxmu, 4-VSB tusumaaruaex 6ynaau. 8T-VSB
TU3UMH HUCOATaH IOKOPH Jlapakalld MIOBKUHIIAp OWJIaH XapaKTepiIaHyBUU €p YCTH
SIMTTHpUIIM  yuyH, 16-VSB  naca  pakamim  kabenb  TeNeBUJICHUE
SIIMTTUPHUIILIIAPUTA MYJIKAIJIAHTaH.

+1} : — 1
A—1 ot [aT 41 5T 6T |7 ar

+1T

r?l -

5.14- pacMm. kKM NO3ULUSIIM KYT CaTXJIUM MOAYJISIUsIoBur VSB curnan
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MoaynauussHUHT KypcaTWiraH ycyJuilapu ymymui te3nuru 19,39 Mowut/c
OYnraH MabIyMOTIap OKUMHUHU €p YCTH TEJIEBU3UOH SIIMTTUPHUII IIAPOUTIApUIA
Ba Mapajuies XyAau IIyHaal 2 Ta OKUMIIApHU KaOellb TeJIEBUACHUE TapMOKIapuaa
y3aTUIIHU amajira OIIMpHUINra HMKOH Oepamu. byHnmaih Teznuk Outra 50
atpodunarn cuxkum kodpdunuentin MPEG-2 dopmarmaru HDTV nactyphau
y3aTuil yuyH etapiu. CTaHIapT aHMKJIMKIa 3ra CUTHajuIapJaH ¢oiiianaHuirasia
sca, ATSC tuzumua 6up BakTAa, 2-3 JaCTYpPHU y3aTHUII UMKOHUSITH MaBXKY/I.

5.15- pacmpa ATSC TU3UMHHHMHT y3aTUII KUCMH TY3WJIMAacH KEJITHPUJIITAH,
ATSC y3arruuja cUurHaJUIApHU Ba MabJIyMOTJIAPHU KailTa MIILIANl TPAKTA aCOCUMN
NIEMEHTIIapU Kyhugaruwiap: panpomusarop, Pun-CoiioMoH koaepu, opanaTrud,
Tpemnuc koaepw, MYJIbTUIUIEKCOP, TasHY-CUTHANT IIaKulaHTUprud, VSB-
MOYJISTOP.

MPEG - 2 mabnymotnapu

Pwua-
ConomoH
Kooepu

Kappnu PaHaomu-
CUHXPOHW3aUMA 3auua

MabnymMmoTnapHy MaHxapacumoH

opanartuLl Koanal CMHXpOH -
3aLms

CermeHTnu CUHXPOHKW3au1a

MaigoHnu CMHXpoHU3aUua

Munot- 8-VSB
CUrHannapHu
Ky nLL

Yactotanu

MOZYNATOP y3rapTupuLL

Paawno
curHan
8-VSB
5.15-pacm. ATSC TU3UMUHUHT y3aTyBYXA KUCMU TY3WIHILIN.

ATSC tuzumu y3atuurd kupummra MPEG-2 TexHonorusicu Oyitnua
IIaKJUTAHTaH, CETMEHTHUHT OMPHHYM OalWTH MaxCyCc CHHXPOOANT XHCOOJIaHTaH,
188 Oaiitman wuOOpaT CErMEHTAAH TaIlIKWI TOMNTaH, pakaMid MabIyMOTIap
TpancopT okuMu kenuO tymagu. ATSC komgmamga Oy Maxcyc CHHXpOOAWT
Vuupwiaau Ba 187 6alT cerMeHT MabJIyMOTIapUTHA KaliTa uIlutaHaawiap. Y HliaH
tamkapu ATSC ga MabaymMOTIapHHM TAlIKWAJ 3TUII KYIIMMYa TOFOHACH- MKKHUTA
MalJIOH/IaH nOopaT KaJp KUPUTWITaH (Xap Oup MailloH MabiymMoTiIapHUHT 312T1a
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ax00pOT CErMEHTIapUHU ¥3 NUUra OJaju.)

Kymumuya paBumiga, Kynm caTXJId — MOAYJSIIUSIIOBYM — CUTHAJIAPHU
HIAKJUTAHTUPUIT  OOCKUYHUAa Xap OMp CerMeHT OollMra CErMEHTHHUHI MaxcCyc
cunxpocurHaniu (CMC), xap Oup MmaijoH Oommra sca MalJOH CHUXPOCHUTHAIH
(MCC) napau Ky¥ui amanra OumpuiIaIu.

ATSC na pakamian MabJIyMOTJIApHU KaillTa MIUIAITHUHT OUPUHYM ITaluaa,
aHaJIOr TEJNESIIUTTUPUIN KaHaUlapuja fo3ara KeJlaJuraH I[OBKUHJIAPHUHT
KHAMATHHN ~ KaMaWTHPWUI Ba CHUTHAJIHWHT YacTOTa CHEKTPUHU  TEKHC
TaKCUMJIAHHMILIMHA MAK/UIAHTUPUII YYyH XamJa y3aTWiIa€TraH MabiyMOTiapra
“racomuuiiuk” Ba “UIOBKWHTA XOCIHMK~ XOCCAJapUHHU TAIIKWJ JTaJUTaH
paHIOIM3alKs ONepauuscy KyJulanuinaau. Pangomusarop 9 ta teckapu anokara
ara Oynran 16 paspsiin CHIDKHUII peructpura sra omoxaup(5.16-pacm). baittmap
KEeJIMO TYWIMII 4YacTOTACH PAaHAOMM3AaTOPHUHI TaKT YacTOTACH XHCOOIaHAIH.
MabiyMoTiapHUHT HaBOaTjgaru OaTh Keaud TylraHaa,my Tymrad OaiTiap
outnapu panamuzarop DO0..D7 Outnapu Ounan moaynb 2 Oyinya KylIuiaaauiap
Ba MabJyMOTJap CWDKHUII PEruCcTpuia CUDKUTHIaauiIap. Moxayns 2 Oyiinua
KYIIUII HATH>)KAcH la OJIMHTaH OaiT, KaHall KoJepuaa KeMUHIY KailTa uluiai yuayH
KyJutanuiaau. PanmomMuzatop MHUIMATH3ANUACH(TEKIITUPUIUIIN) CUHXPOCETMEHT
MaWJJOHHUHT OWpUHYM OalTH OpKajdu amalira olmupuiaau. byHma CcuIbKUII
peructpura F180 conu &3mnaau. Pangommuzanus Oup Heya MakcaJlapHU Ky3naa
TyTaJIH:

1) Tapkaruna€TraH CHTHQJIHUHT TEKHC TaKCHMJIAHTAH  CIICKTPUHHU
HMIAKJJITAHTUPUII YUYH (1Iy MyHOca0aT OusiaH paHIOMH3alUSIHU KYTTMHYa
KyBBAaTHH TapKaTHIII aJITOPUTMH 1eO XaM HOMIIaHAIN );

2) KeluHru TSHY CUTHAJIHHM I[IAKUIAHTHPHIN yYyH CUTHAJJIATH JTOMMUHN
TAIIKWJI 3TYBUANHU MYKOTHUI,

3) CMC Ba MCC napHu aXpaTHIITHH COJITAJIAIITHPHIIL.

eHepaTop 6epyBun NonMHOMU MCM G, =X C+xE+x"2+X"+x"+x5+x3+x+1
WNHuymanusauns mangoH CUHXpoOcerMeHTu opkanv baxapunagm

F180 roknamacu CMHXpOHU3aUUACK

x16x 15 XMX BXQXB

DY D! D? D4 D+ DS Dé D?

CumKkuw peructpu Bantnap KeTMma-KeTnuru yactotacy dunaH CUHXpoHU3aUuanaHaau.

5.16- pacm. ATSC TU3UMUHUHT paHIOMU3ATOPH

Kaiita nnamausar keinara 6ockuuu 0ynu6 Pun-ConoMoHn koau €paamuia
OnmoknM Kojjam xucoOnaHamu, Oy kapaéHaa MablyMOTIApHUHT 187 wukuid
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OalTHHUHT Xap OWp CEerMeHTHWra, aHuK Koujanap Oyinya makinaHagurad 20
TEeKIUPYB OalTinapu kymunaau. KaOyn KWwiIMHTaH MablyMOTiap IaKeTura
acocllaHraH XoJiJja KylIuM4a TEKIIMPYB MabIyMOTIap TYPYXWHHU TAIIKWJI JTHUII
yuyH Pun-CosnoMoH Kojepu yinapHU MaTeMaTUk outta 610K 1ed kypaau. by 20 ta
outnap Pun-ConoMoH xKy(PTIUK KOAU CAHOFUHU TalIKuWi dtaaunap. KaOyn kuinruy
MabIYMOTJIAPHUHT MYMKHH OViraH WYKOTHIUIAPUHU aHMUKJIANI Y4yH KaOys
KwHTa" 187 Gaiitaan nbopat 60k OunaH Xyt caHokjaapHUHT 20 Ta OalTHHU
COJUINTHPAAU. Arap XaTOJUKIAp aHMKJIAHCA, PECHBEP XATOHUHT aHUK >KOMHHH
Oenrunani, Oy3uiaraH OWTIApHU Y3rapTHUPUII Ba OOLUIAHFUY axOOPOTHH THKJIAII
yuyH Xy(dT caHOK Outnapuaan Qoigananaau. Kogmamuuur OyHaaid TU3UMH yTa
camapayii XpcoOiaHaau Ba Xap Owp komm cy3na 10 taraga xato OGalTIapHUHT,
Kaepra >KOMyalrad Oyauinaad KaTbUil Ha3ap, TYFpuiall KIMKOHUHH Oepaju.
Keitmnuanmuk ATSCpna 52 Tta cerMeHTnaH uOoOpaT HMYKH HHTEPCETMEHT
MabJIyMOTJIApUHU OpajlaTull amainra omupuiaagud. CkpemOiep MabilyMOTIap
KeTMa-KeTJIMTU TapTuOuHu anMamtupanau Ba MPEG-2 mabnymorinapuau xotupa
Oydepnapu €pramuaa BakT Oyitmya (TaxmMuHaH 4,5 MC Oopayiufujia) OYJIMHUIIUHU
tabMuHIaiau. Kaiita unuiamuuHr ymoly ycyiad yTa Ky4id KyBBaTId HMITYJIBC
INIOBKMHJIApra Kapmiy  Kypaml  Y4yH  MyJDKaJUlaHTaH. byHpail  Kydunu
IIOBKUHJIADHUHT TabCUPH HATHXKAcUJa KaOysl KHUJIMILJA KeTMa-KeT KeJlaauraH
OaliTap XaTOJMKIAPUHUHT JaBOMHU cepusulapu(XaTolIMKIap TakeTH) o3ara
kequimu MyMkuH. FOxopuna tabkumiad yrwiranuaek, Pug-Comomon(PC) konu
YUyH UMITYJIbC IHOBKHHJIAP JABOMHIIINTY Kyiiuaaru ndoaa ouan 6axonaHaau:

Tpe= t*(L/Re)*(2n) = 10%(1/10,762)*(2*2)= 3,71 MKc; (5.4)

Oy epaa t-Pun —ConoMOH KOOUHUHT TYFpuiiail Koounuatu Ba y 10ra TeHr;
Rc-cuMBoOUIap KEemuI KeTMa-KeTIUTH(4acTOTach);
N- MOIYJSLMOH CHUMBOJITa MOC KEIyBYM MablIyMOT OWUTIap COHHU

(8VSB yuyH n=2).

Kynuaya amanuérna maBxyd OYiraH XojaTna, SbHU XaJlaKUTIap KHHMaTh
3,71 MKchaH omica, OoIIKaya KWJIWO alTraHja CErMeHT WYHMIaru Xato OalTiap
conn Pun-CojaoMOH KOAMHHUHT TYFUpiall KOOUSATHAAH KaTTapok Oyica, CerMEHT
XaToNMKIap OwiaH KalOyn KuiauHaad. byHmall XojarinapHu HWYKOTHIN Y4YyH
MabJIyMOTJIADHK WYKH HHTEPCETMEHTIapuaa opaiatuil (YpHUHU aJIMAIITHPHUII)
KUpUTWIaaun Ba Oy opanatuimi B cermentnan Tamkwi tonamu. KaOymnma kaita
TUKJIalAa (JAeopanarvil) onepauuscd Oaxapuiauil OOCKUYHMAA, XaTOJHUKIAP
MaKeTu o3ara KeJIMIl XojaTujaa, KYIIHU XaTojlap OalTiaapuHuUHT 52 OaiT
Y30KJIMK/IA JKOMUJIAITUIIN TabMUHIAHUO, XaTOJUKIap MaKeTH dCa UHTEPCErMEHTra
KUpYBUM Oapua 52 Ta MabIyMOTIap CEerMeHTH Oyinad TakcUMIIaHTaH Oynaau.
bynna xap Oup cermMeHTra XaToJuKJIap MaKeTUHUHT KHYMK KUCMH TYIIaJau XaM/a
ynap Pun-ComomoH kojyiapu OWjaH OCOHTHMHA TYFPWJIAHAIW, SHbHU XaTOJIUKJIAp
MaKeTU JAaBOMUNIUTUHUHT 193 MKC JaH omiMaraH BakTAa X€4d KaHJal Kylinmua
TEKIMUPYBYM OUTIIAp KUPUTMAK XaTOJWKIAPHU aHWK TYFPUJIAIl UMKOHU MaBXKYl
oynagun. ATSC uaTepcerMeHTH 52 CerMeHTIaH MOOpaT Ba CErMEHTHUHT JTaBOM
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TUII BakTh 77,3MKC OynraHnga, XaJaKUTHUHT TabCHP JTHII BAaKTH Yerapacu
TaxMHUHaH 4MC rada KyTapuJiaJu.

Hycxaaam
|
‘«-l — 832 Cmvmon — . »{
7 A B _
+5
+3 |
+1 I I
A OTKK 511 PN63 | PN63 | PN63 | VSB Pl“?t“]lB L
=3 ] Tim [ |
=5 _ _ | L
=7
- 4
§ g | 2
inman | CeTMEHTH BOI
aBBAITH (CCC) 511 63 63 63 24 104
caTxiap 4 Cmvmeon Cmv- |[Cona- | Ceme- | Cra- Cinveon
Cive ot BOJI | BOJ | B0 | BOJ

8-VSB pe:xHMH YUVH ABBAJTH CeTMeHTHHHT 12 CHMBOJIHIAH CYHT OXHPTH pe3epE MaiJOHHHHT
CHHXpO cuMBO/L1apH (MCC) Hycxa1aHATH

5.17-pacm. ATSC TU3UMHUHUHT y3aTUII CUTHAIN TY3WIINIIN.

MuryBuM KOJUIap IypYXMra TaaTyKId TPEJUIUC (IaHKapasn)- KOIAMIHHHT
CYHITH OOCKMYM]IA, paKaMJId OKUMHHHT Xap MUKKUTa OUTH, y3aTUJIAETraH CUMBOJI
WHTEpBAINIA, MOAYJISIUSAIAII CUTHAIN 8 CATXHUHT Kalicu OMpUHU SrajlIalinHU
aHuKJaiauradn 3 ta Outra y3raptupuO, makmiantupuwiand. [lamkapanu xoamam
amajira OIIUPUJIAJIUTaH,KoJiepaa Xap Oup sSHrU 2 pa3psaid cy3 aBBairu 2
paspsUIM  CY3JapHUHT OJAMHTA KETMa KETJIUTIM OWilaH COJMILITUPWIAIMA Ba
HATWXKaJa aBBAITH 2 pa3[sa[IM Cy3ra MyHOCAa0aTHHM Y3rapTUIIHU TabMUHJIOBYU 3
paspsUIM MKKWIMK KOJl reHepanusianaau. by 3 paspsanu koanap Oouutanruy 2
paspsaIM CY3JIapHU YpHHTa anMmarmiaad Ba 3dupra 8 carxiaum cumBoiuiap 8-VSB
KypuHUIMaa y3atwiaau (36ur= 2HUHT 3 napaxkacu = 8§ koMOuHanMs €K carx).
[Mamxapanu xKoayam Kojepura Kenud Tymran xap 2 OUT yuyH, yukumaa 3 ta Out
xocun Oymamu. lllynunr yuyn 8 — VSB Tusummparu mamxkapa komepu 2/3
paspsiaura araamp.

KaOyn xunaruugars nmaHxapaivd KOJJall JAeKoAepu 3 paspsaiid KoJajapaaH
doiinarianaqu Ba MabIyMOTIAp OKUMHHHHT OONUTAHFUY KYpUHHUIIUAATH 2
pa3ps  cy3nap KeTMa-KeTMruHu Tukmaau. [llynnmail xkuimb, naHxapaiu
KOJUTalll BakT Oyinya Oup cy34aH UKKHMHYU Cy3ra Y3rapuiiHu Ky3aTau.

V3arum y4yH TYAMK IHAKIJIAHTaH CHUTHAN: MAaxCyC TasHY-CUTHAJIMHUHT
KYIIWIMIIA Ba CHHXPOCHUTHAJUIAP KOWJIAIITHPWIMLLIAPU MYJIbTHUIUIEKCOP/IA
amanra ommpuiagu: MPEG -2 cranpaptu yuyH cMHXpOOalT CerMEeHTIapu ypHUTa
4 ta CMC snementu Kyhnnaau (+5,-5,-5,+5) (6.21-pacm). bynna xap Oup MaiaoH
oouvtannimuga MCCHunr ukkuta (-5,75) snementu kyuunaau. CHUHXpOCHTHAI
KypcaTKA4WwiIapyu IMyHAAaW TaHJaHAAuKd, arap Qoijaau CUTHaJI Ba IIOBKUH
aMIUTUTyJadapu TEHr OYynaraH XojaT MaBxXyn Oynranga Xam, KaOymaa
KOPPEJSAIUOH YCYJUIapHU KYyJu1ad, Qoigany CHUTHATHU WIIOHWIA aXpaTuO OJIUII
uMKOHUHM Oepaau. bynnan tamkapu MCCha cepBuc axO0pOTHHH y3aTHII YUyH
100 ra sKMH KymMMya 3axypa Ba CUTHAJIM3ALMA XOJaTH Y4YyH Yy3aTWJIaJuraH
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(8VSB Ba 16VSB) cumBomiap axparuiarad. MCC HuHr oxupru 12 cumBoiu
OJIIMHTY CETMEHTHUHT OXUPTH 12 CErMEHTHHM KalTa TAKpOpJIanIu.

ATSC OommaaHok, OenrwiaHraH xajmakutoapaouuvink Owunan, HDTV
TU3UMUArd CUTHAJUIAPHU Y3aTHINra MyJDKaJJIaHTaH 311, aMMO OyHJIail CUTHAJIHU
y3aTUIIl YacToTa KEHrUru (1mojiocacu) >KyjAa Kkarta OyiaraH Ba y CTaHAapT
6 MI'uiu kaHaIAa y3aTUIT UMKOHH OYIMaraH.

bupok ymoOy CHeKTpHUHI KYyN KUCMHMHH, Y3aTHJIAETraH pakamiu axoopot
mMKacTiaamMacaad, GUIbTpiam UMKOHUATA MaBXya. Typiu Kartaqukiapiaru €H
TAIIKWI ATYBYWIApU MapKa3uid COEKTPHUHT KMUUKIAIITUPWITaH HyCXacHu Ba KyHu
€H moJoca 3ca IOKOPH TMOJOCAHUHT KY3TyJH akcu xucobnanaau. by y3 nHaBOaTuma
OyTyH Kyim €H ToJiocaZaH Ba FOKOPH €H IOJIOCAHWHT Oapya TrapMOHHUKACHIaH
doiinaranMacTik UMKOHWMHM Oepanau. HallkBucT Haszapuscura acocaH, KOJITaH
CUTHAJTHUHT (MapKa3uil CIEKTPHUHT IOKOPU KUCMH) SIPMUCU KECHJIMIIIA MYMKUH,
SbHU O€pwiraH 4acToTaja pakamJid CUTHAJI KETMa KETJIMK MabJIyMOTJIApWUHU
y3aTHIl Y4yH YacTOTa MOJIOCACH KEHIJIMTMHUHT SpMUTHHA eTtapiuaup. CurHan
CHEKTPUHUHT €H mosiocanapu unsTpianumu HalikBuct ¢Quibtpu Epramuna
amaJnra OLIUpUIIaIN.

HaiikBuct unbtpugan cyur, 8 — VSB curnan anbaHaBUd ycCylijga METPIH
€K  JEeUMMETPJIA  JUAIa30HJIAPHUHT  IOKOPW  4acTOTajlu  CUTHaJUIapura
aiinmantupuinagu. 8 — VSB wmoaynaropuHuHr uwmkuim curHaim DTV —
Teney3arruura 0opajiy, y epaa KaHai MoJIOCACHHUHT UUWra TyIIagurad Ba y3aTrud
HOYMBUKJIUKIApU Tydailini YakupuiaguraH Xap KaHJgaid xajgakuTr OepyBuu
CUTHAJUTAPHU YK KWJIWII MaKcaauaa GUIbTpaius KUIMHAIN.

Kabyn xwmmpga ATSC curHamnapuau — Jekoiuiaml — TaBcU(IaHTaH
AIrOpUTMIIAp KETMa KETJIMTHUIa TECKapu TapTUOaa aMajra OlMpUIIaid Ba JEKOIep
yukumuaa MPEG -2 Texuonoruscu Oyinua CHUKWITaH CTaHIApPT paKamiiv
MabJIyMOTJIAp OKUMUHU AKIUIAHTUPUIL TAbMUHIIAHAIH.

Pakamuiu TesieBugeHueHuHr ISDB SInonusi cranaaprTu.

Xu3Matrjiap WHTETpaluscura sra, €p ycTH Ba KaOeiab TU3UMIIApU Y4yH
ymymuii ISDB (Integrated Services Digital Broadcasting) pakamiiv 3MIUTTHPHIL
konneniuscu NHK (SInonust) komnanuscu TOMOHUIaH TakIu( STUITaH.

AmepukannHr ATSC TU3MMHM IOKOpH AHUKJIWKAArW €p YCTHU TEJIEBU3HOH
SIIUTTUPHUII Ba KaOEIIM TEJIEBUICHUECH TapMOKJIapUa MabIyMOTIap OKUMHUHU
MIAKJJIAHTUPHUII Ba y3aTUIN Makcaauaa unuiad umkuiran sau. Xosupaa DVB
paKamJid TEJEBUJICHUCHUHT Oapya WYyHamumnuiapuja MabIyMOTIApHHU Y3aTHINTa
MYJDKaJUTaHTaH, YMYMHM SIIPO THU3WMUTA 3Ta OWp OWJIAaHW TAIIKWJI J3Tald, yJap:
CyHBUU Hynmomi, kabedb Ba €p yCTH pakaMiid TEJICBUACHHE OSIIMTTHPUIITHU
TAIIKWI STUII Ba TypJIM 4YAacTOTAa AWAIA30HJIAPU YUYyH pPaKamid TEJICBUICHUE
CUTHAJIJIApX TaKCUMOTHU TU3UMJIapuaup. Anonus ISDBHUHT TU3UMUHUHT MaKcau
TEJICBUJCHUE  DJIIUTTHUPUIUIAPU  YYYH TYpAd  XWIJAard  XU3MAaTJIIADHUHT
WHTETpalMACUHU TabMUHIamaup. Kenaxkak TeaeBU30pUHM HIIA0 YUKAPYyBUH
omepaTtopiapiaH KyHuJarwiapHU: CYHBHM WyIgom, ep ycTH Ba Kabelb
TeJeBUCHUENApU CUTHAUIADUHU KaOyJl KWIHIL, IOKOPU aHUKJIMKIArd MOHUTOP,
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KaTTa XaKMJIM XOTHpara sra KOMIIBIOTEp, ayAuO Ba BUAECO CHUTHAJUIAPHU KalTa
WIUIAII, UIYHUHTACK, KOMMYHHUKAIUS TapMOKJIapu HHTepheHCHHU MyKaccam
9TraH MHTETpAJUIAlraH KypuiMma OVIMIIM KEpakIUTMHU TabMUHJIANI Tasad
stunMokaa. llynunr yuyn ISDB cranpapty Ba IOKOpM aHUKIHMKIArd paKaMiu
TEJIECBUACHUE, paKaMiMd PAAUOSMIUTTHPHUIL, IIYHUHTACK TYypiaud XWIJaru
KOMOMHAIMSAIM Ba MaTH OWJIaH, CTaTUK TacBUp, rpaduka Ba OOIIKAa MabIyMOTIIap
OwiaH XaMOXaHr, (MacajaH: KOMIBIOTEp JacTypiapu) pPaAHuOSIIUTTUPUIL Ba
paKamJIv TEIEBUACHUE CUTHAJUIAPUHHU Y3aTUIL YYYH KYJJTAHUJIAIH.

ISDB Ba DVB TU3MMIIApMHUHI TEXHUK MIDIAIIMAA KyJda Kyl
YMyMUWIIMKIAp MaBxkyd. Mkkana TH3uMaa XaMm,MabIyMOTIIap y3aTHIL TE3IUKIApH
JMana3oHu 4erapajapura sKAH KadMariaapra o0 KeJnaJuraH, CTaHAapT Ba
IOKOpY YacTOTAIM pPaKaMJIM BHUJCOCUTHAJUIAPHU CHUKUII YYYH KYJJIAaHWIAJIWTaH
MPEG — 2 kommnpeccusicu Tuzumu Kyutanuiaaan. OFDM monymsiiusicn ycynuaan
doiigaiaHul ep YCTH SIIUTTUPUIUIAPU YUYH PAAUOTYIKUHIAPHU KYI HYPIH
TapKaJuIl Ba Xapakarjard KaOyJ IIapoWTIapuia Y3aTHIIl caMapajopiuruHu
omupaau. [llyHuHrAEK, nacTypiap TapKaTUIIHUHT OUpP YacTOTalud TapMOFUHHU
ApaTUIl MCTark MAabIyMOTJIApPHU KOJJaliga Ba TallyBUYWIAPHU MOIYJISIUS
KWIKIIAA YXIIall Ty3uaMaiap Ba OMAJUTAPHU TaHJIalHu Tanad stanu. lllynunraex
(1\4, 1\8, 1\16, 1\32) xumost HHTEepBaIX HUCOUI KAaTTaJIMKIAPH MOC KEJIaau Ba MOC
pexumiIap yuyH aOCOIIOT KUMMAaTIapu sIKUH XucoOnaHaau. Mkkana TuzuMaa xam
Pun - ConomoH konu €paamuja TalllKM KOJJall KYyJUlaHwiaaud, Oy >kapaéHia
MPEG — 2 TtpancnopT OKMMH makeTHHUHT 188 Oaiitura 16 Ta TeKmMpyBUH
OaifTiap kymmudimy Hatwxacuga 204 OailT [aBOMMISIMTMAArd KOIJIU CY3
makianaan. Muku xox cudaruma mkkana tusumaa xam 1\2, 2\3, 3\4, 5\6, 7\8
TE3JIMKAAru MUFYBYM KOJJIAIl CXEMAacH KYJUIaHWJIMHAIU. AJIOXH/1a TalllyBYMIapHU
Monynsamusiiam  ycyiuiapu: QPSK, 16 QAM, 64 QAM nap xam Oup Xui
xucoOmanagmnap. bupoxk ISDB — T tu3ummma, acocuéi MabIyMOTIapHHU OJIHO
yTaguraH  TallyBUWJIAp  MOAYJSIUMSICHM  Y4YyH,  Yy3aTUIIHUM  IIOBKWUHJIAH
XUMOSUTAHUIIIHUHT OKOPU KUWMartura spuimiira uMKoH OepyBun DQPSK-
mubdepennman  kBagparypaBuili  (daza  MaHUMYJSIUSACKH  KYJJIAHUJIAIH.
MopaynauusHuHr OyHmaW ycynmuaa Monaynsuusuiam cuMmBosuiapu xynau QPSK
XOJIATUIATUJIEK UKKU Pa3psAId UKKWINUK CY3JapAaH IakIaHaIu.

ISDB — T wunur DVB — T Tusummuaan npudHnunuan dapriaapura
rokopuaa kentupwiran BST — OFDM ycynu ngoupacuaar CETMEHTJIAIITHPHUIL Ba
MabJIyMOTJIADHHU BAaKTJIW OpaJaTHIl Kupaau. OpanaTvil — ajoKa KaHaJUIapuJIaH
103ara KejaJuraH Xxarojapra Kaplid KypallWilga, caMapaHd OUIMPHILI Y4yH
KYyJUTaHWIagurad Myxum onepauusaup. DVB — T tusumuna, Kyn HypJiv TapKaJIUIL
xucoOura, KaOyn KWJIMHAOUTaH pajMOCUTHaAN CHEKTPU 4YacTOTa KOMIIOHEHTIapu
OOCHUNUIINAAH 03ara KejaJuraH, JaBOMUM TMaKeTJIM XaTOJMKJIApHHU KaTTa
Oynmaran Ba xaro (parMeHTIap 3aHXKUPUHU OCOH TYFPHJIAWIWTaH YacTOTalu
opanatumiian doigananuaagn. Arap KaOya KWIUII MapTiapyu Kyaa Te3 y3rapca,
MacajaH, KaOyJ KWJUII TEPMHUHAIM IOKOPU TE3JIMKAAa XapakKaTiaHCa, 4acTOTalld
opanaTuil etapiuda Oynmaiinu. Bakr Oyiinua opamaruin sca, mapaMmeTpiaapu Te3
y3rapagurad Ba 4YacTOTalM oOpajaThil &pAaMuja KUYUK (parMeHTiIapra
OYIMHMaliIUraH KaTTa XaTOJIMK MaKeTIapuHU TYFpUiiall MMKOHHHM Oepaau. Bakr
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oyiinua opanatuninan Qoiigananwiranga, ISDB — T tusumu TeneBuacHUECH EKU
paguo KalOyn KWITM4YJap, MacajaH, Te3 XapakarTjaHaéTran Toe3]] EKd
aBTOMOOMJIZa KOMIalmTraH XoJjaTiapja XaM camapalid KaOyJHUW TabMHHJIAII
UMKOHHUSITHUTA Ta.

MPEG — 2 kupuIll TpacnopTd OKUMUHHMHT paJIMOCUTHAJITA alJIaHTUPUIINIIIN:
MYJIBTUILUICKCUPJIAII, KaHAUIM KOJJIAlll, MOJYJALMsIAll, IIYHUHIACK Kalyl
KWITHY (QYHKIMICH Ba y3aTUII KOHPUTYypalMsCUHU OOIIKApUIIIAPDUHU ¥3 UUHTra
onaau (5.18 — pacm). MPEG— 2 TpaHcmopT OKMMHU JE€MYJIbTUIICKCUPIIaHAAN Ba
KaliTa MyJIbTHILUIEKCUpJIaHaIu, OyH/Ia MabIyMOTJIAp CETMEHTH TAaIlIKWJ JTUJIAIH.
Kanammm komnamjaHn kelnH wmabiymoriap cerMeHtiaapy OFDM  wacrora
CeTMEHTJIapUra IAK/UTAHTUPWIATU. YIApHUHT Xap OuUpH KaHal 4YacToTa
MOJIOCACUHUHT KEHIJIUTUra OOFNIMK OYNraH TEeruiuiM 4YacToTa MOJIOCACHHU
srayuaiian (6 MI'n monoca keHraury ara kanan yuyH 429 Kl'u, 7 MI'n kanan yuyH
500 KI', 8 MI'ty kanan yuyHd 521 KI'm). [lynnmait kuau6,12 Ta yactora cerMeHTH
5,6MI'1; 6,5Mrn €ku 74 MI'1 ra MyBO(UK MOJI0CaHU ATaJIal/IH.

bup Heua cermentnap, 6utrra UMK KaHAN JOUpACHA, MAHTUKHHA anoKa
KaHAJJIapu XOCWJI KWJaJWraH, KarjaMm Je0 HoMJIaHaguran Oup rypyxra
Oupnammimu MyMKuH. buTta kaHanga Oup BakTHUHT Yy3uja 3 Tarada Katjiam
y3atwaumu MyMkuH (5.19 — pacm). Uepapxuk ysaruiira Typid mapameTpiid
KaTJaMJapHU y3aTUIl OpKajdd »JpUIIMIAIU. TaluryBUWJIApHU MOIYJISIIHSIIALI
yCYJIH, WYKHA KO TE3JUTH Ba BaKT OViWYa OpajlaTUII HHTEPBAIMHY Y3rapTHUPHUIITA
pyxcaT 3TUIaIu.
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I[SDB y3aruil TU3MMHHUHT aCOCUM XYCYCHSITH IIYHJAKHW, YHIA KaHaJIHU
KOJJIalll Ba MOJYJSIIMSIAII CXEeMajapu MocjiamyByaH KyJanwirad. [SDB
CUCTEMACUHU SIpaTraH TaJKUKOTYWIAPHUHT W3JIAHUIUIAPU IIYHH KYpPCATIUKH,
arap cerMeHtiap coHu 13Tta Oynca, Oy Oapua pakamiu TEIEIMIUTTUPHUIL
TU3UMIIAPU YUYH eTapiu OyiIaau.

OFDM 4acToTa cerMeraapu HadakaT TpacropT OKUMHWHU
MYJIBTHIUICKCUPJIAIT HATM)KacHAa OJMHTAaH MablIyMOTIApHU,0aKM  TasHY —
CUTHAJUTApHU XaM ¥3 wuura onaau. ISDB Tuzumuga y3nykcus TassHY CUTHAJLIAp
(CP — Continual Pilot), Takcumiranran tasau curaauiap (SP — Scattered Pilot)
Xamaa MYJbTUIUICKCHpJANl Ba y3aTUINl KOHQUTYPAIUSACUHHA OOIIKAPYBUU
MabJIyMOTIApHU Y3 Wunra oyiaguran tasad — curHamiap (TMCC — Transnission
and Multiplexing Configuration Control — Pilot) kymianuianu. Xap Oup cerMeHT
MabJIyMOTJIapu BakT faBomuaa hopmatianaau Ba OFDM kanpnapura Oupnaiianu
(butta xanp mabaymoTiap xaxmu 204 Ta OFDM mMonynsiiinoH cuMBOJIIIapUra MOC
KeJIaJin).

Uepapxuk y3aTumga MyJIbTUIUIEKC KaJpyW TYUIYHYACH KHUPUTHIIAMIN.
MyneTumiekc kaapu gaBomuiinura OFDM kanpu gaBoMuiinurara Moc Oyianu,
OMpPOK MYJIBTUIUIEKC KaJIpura KUPaJWraH TPAHCHIOPT OKWMHU IMaKeTJIapu COHH
OFDM kaapuna y3aTuiiaiurad makeriap COHUJaH Kynpok 0ynanu. Opanaru dapk
OFDM  wmonymsmusicn  xkapaénuga (Qoipgananwiran ®@ypbe Teckapu Te3
aIMAIITUPUIIM KUMMaTUra Ba XUMOSI MHTEPBAIU KaTTajiurura OOFJIMK OYasu.
®apx MPEG — 2 tpacnopt okumura kuputwirad “oymr’” (NULL) nakernap Ounan
TYAAMPUIIAIA Ba aMMO UIIUIOB OepHulll xkapa€Hua yiap tauuiad rooopuiiaaumiap.

OFDM xanp cermeHTHHH (opMatiail BakT Ba 4acTOTa OpajaTHIIIapuIaH
keiinH Oaxapwiamu. Juddepennman wmoaymsanmsuiam  (DQPSK)  xonmatuma
doitmann  MabimymMoTiapra ys3nykcu3 TasHd — curHan CP Ba  KorepeHt
monymsuusiamn (QPSK, 16 QAM, 64 QAM) xonaruga — TaKCMMIIAHTaH TasHY —
curHan SP kymmnagu. Y3myKcu3 TasHY— CUTHANI Xap JouM (0 pakamiid TamryB4Yd
épmamuna y3aTwiaau. TakCMMIIaHTaH TasHY CUTHaUIAp Xap MWUTMpMaHyd
tamyBunyia Ba xap typtuHun OFDM cumBomupa yragu. Kagp Tapkubuma
Yy3JIyKCM3 Ba TaKCUMJIAaHTaH TasH4Y — CUTHaulapaad Tamkapu, TMCC
MYJIBTUIUICKCUPJIANT Ba Y3aTHIN KOH(PUTYpAIUSCUHU OOIIKAPUII CHUTHAJUIAPH,
myHuHraek AC (Auxiliary Channel) kymmmya mabaymotnapu y3atunaau. AC Ba
TMCC y4yH MyJKalUlaHTaH TallyBUMJIAp >KOMIAIIYBHM Xap OUp PEeXHUM YUyH
Maxcyc xkansan €paamuna OenrunaHagu. CP Ba SP tasHu curnamiapu OwuiaH
y3aTWJIaIUTaH TEJICBU3UOH €KUM PaaUoJacTyp XakKujaru axOopOTIIapHUHT
MabiayMmoTiaapuaud, TMCC 6omkapyB curHamapu Ba AC KylMMua MabIyMOTIapy
OwIaH TYJIIUPUIIUIIN HATHXKAcUAa, Xap OMp CErMEHTAaru TalyBYuiap MUKIopu 1
— pexumaa 96 taman 108 Tarawa, 2 — pexxumaa 192 tagan 216 tarada Ba 3 —
pexumaa 384 Tagan 432 Taraya omaad. Y3aTWia€TraH —paJuoCUTHa
TalTyBUMJIAPUHUHT CETMEHTJApH >KOMIANIYBU, TU3UMHHHT OEpHWIIraH PEKAMHU
tTajabura acocaH, OMTTa Kagamja dYacToTa VKujaa TabMuHiIaHaau. CerMeHTiap
5.20- pacmaa KypcaTUITaHUICK paKaMIaHaIH.
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5.20-pacM. Y3arunaérrad paguocurtai cnektpu (Ns-cerMeHTiap MUKI0pH)

MabnyMOTIIapHH y3aTHILJIa UEPAPXUK HNPUHIUIIHA aMaiira omupum [ISDB-T
TU3UMUHUHT XWJIMa XWJI BapUaHTJIAp MIAKIMHU amajra TaTOMK KUJIUIITra MMKOH
sapataad. MacanaH: OUp CerMEHT paJMoINporpaMMalIapHH y3aTHIlra €Ku KyTapub
IOpUJIaurad €KM 4yHTaK KaOysl KUJTyBUMTa aXXpaTWIIMIIM MyMKHH. Bollika Xamma
CerMEHTJap 3ca, IOKOPM AaHUKIMKIArd TEJIEBUJICHHE  MabiIyMoOTIapura
QKpAaTUIUIIM MYMKUH Ba yinap craupoHap TB kaOyn kunruunapu €paamuaa
MabIyMOTJIApHM  KaOyn  KwiMinra WMKOH  spataau. Illynpait  xkumuo,
MabJIyMOTJIADHUHT OUTTa KaTJaMUHU KaOyJ KWIMII Ba JEKO/JIAll NapuuaJl
(astoxuma-anoxuaa) Kadysl KWIMIIHKA aMalira olmvpuiira uMkoH Oepanu.llapuuan
KaOyn y4yH OMTTa MapKa3uil CErMEeHT aKpaTuiraH Ba yHUHT HoMmepu 0 xamja
CIICKTPHUHI MapKa3uid KUCMHAA KOWIamraH. byHJa WYKM CerMeHTiap
maddepenninan  MOAYISALMAAAH Ba TalIKWJIApU KOTEpeHTAaH Qoiigarianub
y3atmiaad. CHeKTpHUHT IOKOpM KUCMHTa sSHa OWTTA TAllyBUMd KYIIWJIATd Ba Y
Y3JIYKCH3 TassHY CUTHAJIHU Y3aTUJIUIINHU TabMUHJIANIN.

Arap cranMoHap KaOyJl KWITMY MHTErpajijamraH Oyica, yHIa y MapKa3ui
CerMEHT/Ia y3aTUIauran Xam TEJICBUICHHUE JacTypiaapuHU Xam
PAIUOAIIUTTUPUIITHN  XaM MabJIYyMOTJIApHU KaOyJl KWJIMII MYMKHH. boika
BApUAHT/Ia UKKH TypyX CErMEHTJIapu CTaHJApT aHUKJIUKIArd TEJICBUICHUEHUHT
WKKU JacTypyuHM KaOyd KWiIaauraH KWUYUK(IIOpTAaTWB) €KM KaTTa OyiMaraH
DKpaHJIM KYyTapuO IOpWIIAIUTaH Ba MHUCOJI YUyH aBTOMOOWIUIapja, aBToOyclap/a
EKM Toe3apa UIIaTUIaIural Ka0yn Kuwirnuiapaa KyJUIaHWuIId MyMKuH. SIHa
Oup TY3WIMII BapuaHTA OUP HeYa PAJTUOSUIUTTUPHUII AACTypJapuHU EKHU
MabIyMOTIapuHu y3aTtumaup. [IyHu Kaiia >THUIll KEepakKu, y3aTUIIl UepapXUsicu
dbolnananumm €xku GoigaraHMacIUrual KaTbuid Hazap OuTTa (PU3MK KaHaja
MPEG-2nunr OutTa TpaHCHIOPT OKUMHU MABJIYMOTJIAPU y3aTUIIAIH.

BST-OFDM wmabiyMoTiapHu y3aTHIN YCYJIU UHTETPAIUsl XU3MaTUTa ara ep
YCTH paKaMJIM TEJICBU3MOH JIUTTUPHUII 3aMOHABUN KOHIICTICHSICUTA 5KaBO0 Oepaan
Ba KeJNaXakJa SHTM XU3MATJIAPHU KHUPUTHUIIL YYYH KEHI HWMKOHUATIAPHU
TabMUHJIAN .

109



5.3. Y4 yauaMiiu TejieBHIeHHE ACOCIapU Ba TeXHOJIOTHACH

VY4 ynyamiam TacBUp Ba OOBEKTIApPHM XOCWJ KUJUII Ba ymiOy TacBHUpiap
yCTHIa UIILIANI SIKUH-SIKWUHIIapraya uiMuii-paHTacTuka Xxucoonanrad. TexHoaorus
PUBOXJIAHUINIA Ba TakOoMWIamumuy okubatuna 3D  —Buaeomap, 3DTV-
TEJEBUJCHUECH XaM spatuia OomwiaHau. 3D TacBUp KOHLEMIMICH WJrapu
Cypaauran ¥osi Oy-TaCBUPHMHI OpUTHMHAN XoJaTuiaH Qapkiail 0J0IMaCIuK
KOOWIHMATHHYU IIAKUIAHTUPHUIIIAH uOopar. SIbHM TOMOIIAOWH XAKUKHIIMK Ba
BUPTYyAJUTUK ojamiiapu (apkura Oopa OJIMalIuraH Japakaja PUBOKIIAHHINTA
spUIIMII. YOy TacBUpJiap MyXUTAA CypuO IOpUIIM €KUM CTOJ YCTHAA peal
XapaKaTIapHU aMaJira OLMIMPHII JIO3UM?2,

3D TacBup, pOJIMK Ba BHUACO MAbIyMOTJIap SPATUIUIIN Y30K Tapuxra
oornanagu. Crepeockonuk TacBupiap wik Oop 1839 iwmnnma spatunrad. 1920
munna 2D TteneBuieHuMe THU3MMHM acocuja xosupaa maBxkyn 3D rteneBunenue
MaKeTH HaMoWuIl KuiauHTrad. 3D ¢uiabMiapHUHr WIK Hamouumu 3ca 1990
Huutapra kenub naiao 0yia Gomiaras.

2D TeneBUjeHUECH MUAAAT OwiaH puBoXIaHaérraH wyzaaarna 3D
teneBuaeHue ycrtuaa 1950 immiapra nedapiau Xed KaHJad SIHTWIMK spaTHJIMara.
bynu anbarra Typnu reocuécuil Ba MKTUCOAMM Macananap OwiaH EpUTHIIT
MYMKUH.

3D TacBup XOCWJI KWIMHUIIK Kyhugaruya: 2D yidamaa UKKUTa BUACOOKAM
MabJIyM BakT (papky OwiaH amoxuyja ajoxujaa KuiIud TacBUpra OoJMHaAW. XOCHI
OYNraH MKKUTAa BUJICOOKMMHHM TOMOIIAOWH aJOXK/a PaBMILJIA Yall Ba YHT Ky3JIapu
épaamua TOMOIIa KUJjca, YHIa peall MyXUTTra KUPUIIl XUCCUETUHU TaKIUM dTaJIH.
by ¢usuonoruk >xapaéH MHCOH OHTMJA aBTOMATHK paBuIla coaup Oymamu. 3D
TEJIEBUJICHUECUHN SPATUILl Ba TAKOMWUIAIITHUPUIL YCTHUAA €TYyK OJIUMJIAp Ba
MyTaxaccuciiap ailHaH MaHa 11y (PU3HMOJOTHK KapaéHHU acoC KWIMO OJMIIAJIH.
TexHomorus dYeTnaH KaparaHjga oOJJIWA KYpUHraHW OWiaaH dYyKyp WIMHHN
TaJIKUKOTJIAp Ba TaXpuoOanap tajnad Kujau.

3D TtacBup XOCWUJ KWIMIIHUHT siHA OWUp Typu Oy mossipu3anusicu Oyihnda
Oup Oupuga KeckuH (BEepTHKaJ, FOPU30HTaN) (DapK KWIYBYM HKKHUTA MYCTaKHUII
BUJICOOKUM SIPATHIIl Ba yIIOy OKUMHHU Maxcyc sicajifaH OMHaIapu MOJISIPU3AIMSICH
Oyiinua BepTHKaJ Ba TOPWU3OHTAN OYiraH Ky30WHAK EpaamMuaa TOMOIIA KUJIUII
HATIKacaa XaM OJIUII MyMKHH.

Cyarru #umnapaa 3DTV  TU3MMUHUHT TaKOMWJUIAIITUPWIIMILINTA KaTTa
YBTUOOP KapaTwiau. TacBUp HUIIOHWIMJIMTHHUA OUIMPHUIN A0J3ap0d MacanaiapjaH
oupu OYnmbO kenmokaa. TexHosiorusija TacBUpra WIIUIOB OepuIl skapaéHiiapura
KyWHJarnya: TAaCBUPHU OJMII, 3 Yo4aMJIM XOJIATra YTKa3WIL, CHKWIL, Y3aTHIILI,
WHTEPAKTUB peHaepal Ba HaMOMHUIII KVJIHIIL.

22 Three-dimensional Television. Capture, Transmission, Display. H.M. Oractas, L.Onural (Eds) Springer
USA 2014 page 1.
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5.21.pacm. 3DTV Tu3uMmaa TacBUpHU KaiTa UIILTAII OJIOKIAPH.

TU3UMHUHT MypakkaOIuIru UIyHAaH HWOOpPATKHM TEXHOJOTUS YMYMH
IU3aiHU TYpJU TU3UM OCTH THU3MMJIAPHUHI HapaMeTpilapuHU XUCOOTa OJIMIIH,
KEpaKJIM BaKT Ba CUTHAJ Japa)kaiapy OYinda CHHXPOHHU3ALUATa SPUILUIIH JIO3UM.
Macanan: uHTepakTuB auciuieil 3D KOHTeHTra MycCTakui yJlaHraH OYJIuIIM Ba
OamopaTiiam KOOMIUATH KaOu MyaMMOHHU MYCTaKUJI €4a OJIMIIH JIO3UM.

Spatunran tacsup ¢opmatunu Tannam 3DTV TexHonorusicu acocnapuaan
Ooupu  xucoOiaHaau. bup ToMoOHZaH Yy MabIyMOTIApHM KailTa WIIUIALI
TajabsapuHu Oenrunad 6epca UKKMHYM TOMOHJIaH Y BU3yallu3alus aJlTOPUTMUHH,
WHTEPAKTUBIIMK PEXXUMH JapaKaCUHU Ba y3aTWJIAETraH CUTHAJI MapameTpiiapuHu
Ooenrunaiiau. byHnan Tamkapu sipaTwiaéTraH KOHTEHT TapkuOura 3 yimyamiun
“Typ”, MabilyM TnUKcel uyKypaurugarn MultiView Buaeo kabu curHamwiap
KHpaJIu.
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5.22.pacm. T-DMB THU3UMUHUHT CTPYKTypa cxeMacu, 3D-Xxu3maTiapu xKopuu
KWIMHHIL
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ObjectDescriptor { //OD Tor 3D Video
ObjectDescriptoriD 3
esDescr [ // Description for Video(Left-vlew Images) ES
ES_Descriptor {

ES_ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 // Vlsual Stream

bufferSizeDB 15060000
objectTypelndication 0x21 J/ reserved for ISO use
decSpecificlnfo DecoderSpecificinfoString { ... } }

slConfigDescr SLConfigDescriptor { ... 11

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

ES_ID 4

Stream DependenceFlag TRUE

dependsOn ES ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 /f Visual Stream

bufferSizeDB 15060000

oblectTypelndication 0xC0 // User Private

decSpecificlnfo DecoderSpecificinfoString { ... 1 }
slConfigDescr SLConfigDescriptor { ... Y111}

3D video yuyn OD cxeMaTuk TU3UMU

XaXMIIM TEJIeBUACHUEHU TalIKWI KWIMLIAArd HHT KaTTa MyamMMo Oy
MaBXyJl SIIMTTUPHUII TAPMOFHMHHUHT YKa3yBYAHJIMK KOOWTUSATHHH OLIMPUII Ba
MyCTaKuI OyJiraH Oup HeuTa BUACOOKUMIIAPHU aJloKa KaHaIM OYilnad y3aTuiljgaH
nbopart. X03upru KyH/1a MaBxKy/l KeHT MOJI0CATH TAPMOK YIIOy KOHTEHTHHU y3aTHII
UMKOHUSTHHH TaKJIUM 3Ta 0Jiagu. MyamMMo IIyHAaH ubopat OYIaauKu, sspaTUIrad
TU3UM KyJa KUMMaT Ba Xap KaHjal QoiinananyBun OyHIail TEXHOJOTUSIHU COTHO
OJIUIII UMKOHUSATUTA 3Ta OYJia onMaiiau.

HNHucon 3 yruamiau TacBUp Ka0y/l KWIMIIHHUHT (PU3UK ACOCIapH.

Wucon 3 Yyimyamnu TacBUpHM peall XosaTgaru kKabum KaOysl KWJIUIIU
OMHOKYJIAp Kypull KOOWIMSITH OWiIaH acociaHaad. MabiyMKH HMHCOH Ky3JapH
Yyptuya 60-70 MM opanukiaa xounamand. by opanuk Tydainm yan Ba YHr Ky3
XOCHJI KWJITaH TacBup Oup Owpuman KucMmad ¢apkiaHaan. Ym0y HWKKWTa
TacBUpiap crpepeoxkydraukaap ne6 aramaau. TacBupnap dapkiapuHu
aHUKJIaraH Musna oObekTraya Oynran macoda, YHUHT KaTTalurud 3 Yiadamiu
MYXHUT]Ia RKOWJIAIITAaH YPHU KaOU MabJIyMOT IIAKJLJIAHAH.
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5.23.pacwm. [Napamnakc: xap Oup ky3 00bEKTHU Y3 X0NaTHIaH KeIUO YUKUO
Kypaau, Must 3ca TacBupiap (papkura kapad 3 yiauamiiv HaMyHa sipaTajiu.

Vpranunaérran OOBEKTHHUHI CYpHJIMIIM KaOH CE3TMHM XOCHJ OYJIHIIH
napajulakc JeWwiaid Ba XaXKMJIM TEJICBUIECHUECHHHI acocu Xucobsanaau.3D
TACBUP XOCWJI KWJIYBUH AP Oapya TEXHOJOTHUsIap — TACBUPHU MKKWTa, Yarl Ba
VHT Ky37ap Yy4yH aJoXuJa BHUACOOKUMIIApra axpaTud TallKuil KWIMHAIH.
Vnapuunr ¢apku cemapauus (OVIMHUIN) >KapaéHUHW KalCH TPUHIMITA
acocilaHn0 amalira OMMpUIMIIMAA. YOy ycyiapaaH Oup KaH4YacHHH KYpuO
YUKaAMU3.

Anarauuk yeya Jlanemeiina Ba [[roko a0 OpoHom Tomonugan 1858
munga takaud KuiauHrad Ba 1935 wwmnnma Jlym JlromMbep TOMOHHMAaH amalira
omMpwiIrad. TeXHOJOTUACH — CTePEOKy(dT TaCBUpJap UKKU XWJI paHITa Oysiaau
Ba MKKaJlacu OWpranukaa 3 yiadamiid TacBHP XOCWJI KuJaiau. YOy ycys Aespiv
O0apya KMHOHaMOWUIIUIAP, TEICBU30PJIAp Ba TEIEAIUTTHPULIUIAPIA KYITUTAHUIIAH.
ABQ3amMru — ap30H Ba OJJIMMA, KaMUWJIUTU — 0ab3u OWp paHTIAPHUHT FOKOJIHO
KOJIUILIY.

Hoasipmzaumsiiim  ycya XK. Angepronom TomoHugaH 1891xa takmud
KuiuHrad, 1935 iunra xenu6 E. JIoHA nonspuzanusuiMHrad IUI€HKa sSpaTHUILd
Owran Oy ycyn ommaBuiiamu0 ketau. Mnuram npuHmunu — yam Ba YHT
cTrepeokypTiukiaap Oup BakTAa TYpJM MOJsSpU3alUsiaHraH Oypyak OCTHIa
npoekuusuiaHaau. Tomoma 53ca Moc (UIBTPAM KY30MHAK OwiaH amasra
OIIUPUIIA]IH.

Pacrpim crepeoycya. bupuHun mapra Ky30WHaKcuU3 3 ya4amild TacBHpP
XOCHJI KWJIMII Ba Kypuil ycynuHU beptee Ba Jluzeranmmap 1896 #imnma takmud
KWIKIITaH. YOy ycyn acocujia EpyFiIMKHUA CYHIUPYBUM Mapajuiesl pacTp ETau.
Ym0y TeXHOIOTHS PUHIUIIN 5.24-pacMia KypcaTHIIraH.
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5.24.pacm. JIunzanu pactp €paaMuia CTEPEOTACBUP XOCUI KWnil. Yar ky3

YUYH TaCBUp IIAPTIM PaBUILIA KMU3UJI PAHT OWJIaH, YHT KY3 YUyH 3ca KYK paHr

OwJiad OeJrajlaHrad.

V3 ypHuma caBon maiino 6ynamu. ByHnail Typaark TacBUpIapHH KAaHAAH SKpaHiap
(MoHmTOp, mucIUiel) Hamonum Kwia onamgu? bup 3D mucruteir cudatuma 3D
TaCBUPJIAPHU KY30MHAKIAPCU3 €KW KylIMM4Ya KypwiIMalapcu3 HaMOMHWII KWia
OJIaJINTaH Xap KaHJai TypAaru JUCIUICUIapHUA TYITyHaMU3.
3D nucnneinap TexHonoruscu Oyitnya 4 Typra OyiuHaIu.

1.

2.

B~ w

Crepeockonuk. Yam Ba YHT Ky37ap y4yH ajgoxuja OyViaran TacBUpJIapHU
HaMOMWUII KUJIaIH.

Mynbruxkypununuii. bup Heuta keTMa KeT OYiran pakypciap HaMONHUIIH
OpKaJIM XaKMJIM TACBUP HAMOMUII KWJIA/IH.

lNonmorpaduk. Y3nycus 6yiran Epyrivk cCUTHaJUIapu épaamua 3 yimyamiau
TACBUP XOCHJI KUJIaJH.

Bomomerpuk. TacBupHu BekTOpIiap KM HyKTajap XapakaTu épaamuaa
XOCHJI KUIUO 3 YI4aMIIMIIMK XUCCUHU Oepaju.

Ha3zopar caBosiiapu
Ep yct TeneBUACHUECHHUHT SHTH aBJIOJWHM SPTHIIMIINATA acoCaH KaHIau
ommiap cabab 6ymau?
DVB-T2 saurum crangaptd uwnuiad 4YWKWITaHIA yHra KaHmad Tamabnap
Kynmiau?
T2-MI makeT cTpykTypacu TapKUOMHU TYLIYHTUPHUHT.
T2 xaHammM Kojuiall TU3UMHUAA OPAJATHIIHUHI KAHAAW KackKaljiapu
HIUIaTHIaan?
T2 Tu3uMmu YTKa3yBUYAHINK KOOWIMSATH OJJIMHTH aBJIOJl TH3UMHUJAH KaHYa
MUKaopra papkianaam’?
ATSC Ba DVB-T Ttusumiapuiara TeXHOJOTUK (DapKiIu KuxaTIapyuHU caHad
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VTHUHT.

7. 1ISDB Ba DVB-T Ttusumnapuaaru TeXHOJOTUK (PapKIIU KUXATIApUHUA caHaO
VTHHT.

8. 3 ¥iuamiu TacBUpP XOCWIJI KWIHII YCYJUIAPUHU CaHa0 YTHHT.

9. 3 ynmyamim TacBUp XOCWJ KWIHII ycyiuiapuiaH AHarnuuk ycyira Tabpud
OCpuHT.

10.3 ymyamnm TacBUp XOCWI KWl ycyiapuaad [lonspuzanusm ycyira
TabpU(p OCpUHT.

11. 3 yauamnum TacBUp XOCWJ KWIMIN ycyJuiapuaaH Pactpiau crepeoycyiira
TabpU(p OCPUHT.

doiigagaHnJaran agaduériaap
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IV. AMAJIUA MAIITYJOT MATEPUAJIJIAPA

1 — amanuii MmamryaoT. Pakamin TejieBUAeHHsIAA CUTHAJTHUHT TY3WJINIIU

Nmpan makcaa: MabiyMOT CUFMMH, YHUHT HOUIA0 YHUKApyBYAHIIUTH,
SHTPONHS Kabu TylIyHUYaIap YpraHwuIil.

Macananunr Kyiimaumu: CTaTUK TacBUp XyCyCHSTIapuHH OaxoJarl,
VHAArd OpPTUKYAJIUMKHH MabiAyM OHUp aiaropuTM OWJIaH CHKUII MAaTeMaTHK
MOJICJIMHU MIUTA0 YMKUII BA aMaJIUETTa TABCHSI KUJIHILL

Haszapuii mabaymoriaap. MabiyMoT Hazapusicu - Oy CUTHalI Kailta
UIUTANIapu OKMOAaTHIa XOCWJ OyiIaguraH MabliyM Oup KOHYHHSTIAp KETMa
KEeTJIUTH. YOy KOHYHHSTIIap TypJiu aloKa KaHaJUlapuHUA OaxoJjiall Ba MabIyMOT
MaHOau Ba KaOyJl KMJITYBUMCH OpacHJard ajOKaHU YpHATHUILITa XU3MaT KWJIaJu.
MabaymMOT y3aTyBUM ajoOKa KaHAJUIApUHM  COJIMLITHpUINIA 53ca  ymoy
KOHYHUSITJIAPHUHT MUKAOpUM Oupnuru 1927- iinnga XapTiu TOMOHUAAH TakiIud
KUJIUHTaH. By OMpIuK MabJayMOT CHFUMHU J1e0 I0pUTHIIa OOLIUIaHTaH Ba KyHuaaru
TEHIJIMK €pJlaMH/1a AaHUKJIAHTaH.

C=log,m. (1.1)

M — TU3UM TYpJIK XoJatiaapu coan. Macaman m=2, a=2, C=1 6ut/c, (1.2).

MabiyMOT CHUFMUMH MabIyMOT MaHOAauWHU TYIUK Tabpudiaail onamaiau.
Myxumu, BakT OUpPIMITM WYKJA KAaHYa MHUKIOPJArd MablIyMOT  XOCHJI
KWIMHAETTaHUHU OWINII MyXUM. ByHUHT y9yH MabJayMOT MAHOAMHMHI MIILIA0
YUKAPYBYAHJIUIH  Oupnuru kuputaiaau. ¥ R xapbu Ownan Oeorwsianu0
KyWHIard KaTTaJduK €pJaMujia aHUKJIaHAIu:

T

T — MabayMOT MaHOAWHUHT BaKT OUPJIMIY WYUAA UILIA0 YUKApaauil YUyH
KETaJIuraH BaKTH.

MabiayMoT MaHOAUMHUHT HIIIA0 YMKAPYBUYAHJIUTH YHUHT YHUHT YerapaBuid
uMKoHuATHHN Oenrunaiinu. P{A} xomarmaru Oab3u Oup A xonarmap yuyH |
MabIyMOTIap MUKAOPH [IIeHHOHHUHT KyWHIard TCHTJIUTH aCOCH/Ia aHUKJIaHAH.

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

HorapI/I(pM OJIINJAaru MHHYC oenrucu P{A}<1 Ba MabIyMOT MHKIOPHU

noumo mycOat oynuimuu Tapmurnaiam 0 < P{A} < 1.

burra mnocuikaga kenaguraH ypradya MabIyMOTJIap MHUKAOPH XaOapHH
Ko/utamaard 3QpGEeKTUBINK YIUOBU YUYH XU3MAT KWJIUIIM MYMKUH. By Oupiuk
IHTHPONUS Jeiiniaay Ba MareMaTuk KytwiMma cudartuna anukmnanaau. P{A}=0
yayH sxTumMoimuk 0 — Py MawiymoTiap Mukaopu sca I=lp P{A}=1, xomar yuyn
aca [=1) 4, (1.4) ra Kylinaaru anMaiuTupuIl KHpUTaMu3:
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1 1
H=Pqlo+Prl,=P¢log, —+Pylog, —, (15
Po P1

Arap xabap 2TazaH OpTHK XoJiaTra 3ra 0yica, SHTponusi Kyiuaaru gopmya
OWJiaH aHUKJIaHAU:

H—g lo —E lo 1 (1.6)
= i:1|:)| gzP|—i:1P| QZP_, -

I-xomatHUHr Pl — anmpuopaiy 3XTUMOJUIMTH; M — yMyMHEH XOJaTIapHUHT
COHJIM MUKJIOPH.

H — Hmax 6yaranga Pi = %n , OyHIal xoJaraa
1
H=H =M m°|092m =log,m=C.

Kanaun yTka3za onumm MyMkuH Oyiaran | mabiaymoTtiap XaxMu (CUFHMM):

|=F-Tlog,| 1+ ¢

u

, (1.7)

F — xanan ytkasuim nosnocacu; 7 — xabap y3aTWIHII TaBOMUWIUTH; Pc Ba
Puw — Moc paBuiia curaan Ba MOBKUH KyBBaTIIapH.

dopMynagaH WyHAAW XyJocara KEJIWHTaHKW, IIOBKMHIIAD Yy3UJa OK
IIOBKMHTA 3ra Oyiaau Ba ynap XaMm XYM ITyHJal CTaTUCTUK CTPYKTypara sra
OynuIay.

(1.1)-(1.7)  dopmananapman  doimanannb,  XapTim  ycyauaa
KEJITUPUITAHUACK TYPJIM TaCBUPJIaApHHU OaxoaiMus3.

OHr cogga OYynraH OK-KOpa TacBUpHU KypuO 4YHMKaMu3, Xap Oup
AIIEMEHTHUHT M EPUTWITAHIMK TpaJalusiiapd COHM y3uea XOC MmypoacuiapuHu.
DneMeHTIap MabJIyMOT Xaxmu (1.1) TeHrnuk épaaMuia aHUKIaHAH:

C,=log,m, (1.8)

Kagpuunr N Ta snemeHTIapuAaH TalIKWJ TONTaH TACBUP MAbIyMOTHHUHT
XXMM 3Ca Kyrujaruya:

Ck=N -Iog ALLE (1.9)

( MUKIOpAAru KaJapjap KEeTMa KETJIWTWJIaH TalIKWI TONTaH TaCBUP CUFUMHU
3ca Kynujaruua:

Cq=0-N-log,m, (1.10)

Mysmait kw6 | qmax:Cq:q'Ck’ (1.11) — TB TacBUpmaru MUHUMAI
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MHKJIOPAArd MabJIyMOTJIap MUKJIOPH.
MasbaymoTiiap MUKIOPUHU aHUK Ownmuin TB TusumHu 3pdekTuB Kypuii
UMKOHUSTUHHM TaKIWM OTajau, JEKUH Oy eTapiau sMac, sSbHHM OepuiiaérraH
MabJIyMOT KJIacCH TapKuOWJa KeJIyBUM YypTadya MabJIyMOTIap OKHUMHUHHU, SBHU
SHTPONUSHUA OWIHUII JTO3UM. MabIyMOT HazapusiCu OUp YiIdaMmiid CUTHaJUIap y4yH
uniad yukuiarad, TB curuan aca 6usra MabIyMKH KYT YIdaMiid XAcoOIaHa u.

Wurnm 6akapuin y4yH HAaMyHa
N=16x16=256, m=3, ¢parmMeHTH y4yH OK, KYJIpaHT Ba Kopa panriap. by
epaa Co =1og 2 3 =1,58 our, Ck =256x1,58 =404 Owur.
TacBupHU TabpudIIall yCcyJiapu:

1-ycyn. Illaptnum paBumga aOoHEHTHAapra Yy3aTWIAETraH CHTHAJIHU
3JIEMEHTJIAPUHUHT MHJIEKCUHU Ba PaHTMHM 1000paMu3 Ba ynapHu I, Ba lpaur 1€0
oenrmnad onamMus:

I I’CZI np+| ) (112)

v — MyxuToaru oWnamrad YpHHU TYFpUCHAa MablymoT; Ié — €purunran
Jlapa)kacu TYFPUCUIA MABIIYMOT.

Xap KaHJai 3JIeMEHTHUHT JKOMIaIlraH )KOUMHY KypcaTuill yuyH yHH log 2 N
ra TeHT OYJraH UKKWJIUK KOJAW OUJIaH aJIMAIITUPHUIIL JIO3UM.

| ,,=N-log,N, (1.13)
Eputunrannyk  sneMeHTIapUHH KOAJIAIl y4dyH logoM  Gupiuruman
dhoinananaMms:

1,=N-log,m, (1.14)

ynnait kumd | =1 ,,+| ﬂ:N-IogzN+N-Iog2m, (1.15)

I np
buzauar Mmconm yuyH asca N=16x16, m=3, Irc = 256x8+256x1,58 =
2048+400 = 2440 6utr. Wkkuaum tenrimrumus (1.15) ma Cx = Nxlog , m = 400
OUT SKAHJIMTUHU aHUKJIAI KHHWUH HMac.
2 ycyin. AOOHEHTra paHT MUKIOpWHHM ¢akaT Tema, MacT Ba YHI, dHall

gyerapaBuil MUKIOpJIAapuHu xkyHaTamu3: Irc = = Iz = Nxlog ; m = Cx = 256x1,58 =
404 out. Hatmwxkana onquHru ycyiaaH kypa 6 6apodap kaM MUKIOpAAru KuiMarra
APUIIAMU3.

busra mabaymMkm Xap KaHIaid anoka KaHajdW TapkuOuaa WIOBKHH Ba
XaJIMKUTIAp MaBXKyJ Ba OM3 CUTHaj TapKuOHWra MIOBKMH OWJIaH Kypalluil Y4yH
OPTUKYAJIMK MabMOTHHHM KUPHUTHUIITA MakOypmu3. By opThkua MabiyMOTIapHH
KYTT MUKJIOp/a OCpWIUIN XaM WYKonumuiapra oiud kenuu MyMkuH. [IlyHunr
YUyH XaM Y10y MUKJOPHU ONTUMAaJ TaHJIall MyXUM.

3 yeyn. 2 ycyn OunaH MyTaHocuO, (apku HIyHIaku y3aTwiiaérraH xabap
UIIOHWIMJIMTUHYU OIIMPHIL YU4yH Xap Oup caTp Ba KaJp OXUpPHUra OpTUKYA XUMOS
CUTHAJIM KUPUTWIAIU. YOy yCys OuiiaH 3aMOHABUM TEIEMUTTUPHUIILIAP WIILIA0
KEJIMOK/1A.
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Hasopar caBoJsiapu

1. MabnymoT Hazapuscu HUMA?

2. MabJiyMOT y3aTyBUM ajlo0Ka KaHaJUTAPUHU COJMILITUPUIIIA ca YIIOY
KOHYHUSITJIAPHUHT MUKJIOPHUI OUPJIUTH OUPUHYM OYITUO KUM Takaud
KHUJrag?

3. MabjiyMOT y3aTyBUM ajoKa KaHaJUIApUHU COJIMIITUPHUIIIA 3ca YOy

KOHYHUSITJIAPHUHT MUKIOPHA OUpiura Huma?

MabiymMoT curuMu Ae0 HuUMara antiuuaa?

MabayMoT curuMu Kauaai ¢hopmMyna épaaMuaa aHUKIaHATN?

MabiyMOT MaHOAMHUHT UIIa0 YUKAPYBYAHJINTH HUMA Ba y KaHIail

aHUKJIaHAaU?

7. DHTHponHs HUMA?

&

o o

TaBcusi KWIMHAAUTAH aga0uéTaap

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- amanuii MmaFynot: Pakamiim moayJasins TypJapu. Juckper-KoCHHYC
AJIMALITHPUII ACOCHAA BUACOMABJIYMOTIAPHN CHKUIIHU TAAKUK KHJIHIIL.

Nmpan makcan: TeneBU3MOH TAacBUpP CHUTHAUIAPUHU pakaMiid XoJiaTra
VTKa3WIUIl  KapaCHUHUHT OUpUHYM OOCKMYM — KBaHTJIAIl >KapaCHUHUHT
MaTeMaTHK acCOCIapUHM YPraHuIIl.

MacanaHuHr KYWMJIMIIW: KBaHTJIAIIl KaJaMUHU Oeirujam TapTuOu Ba
KBAHTJIAII IIOBKUHUHY Mai10 Oynui cababiapuHy TaAKUK KAJIHIIL

Kuckaua Hazapuii MabjayMoT. BuaeoMabiiyMOTIIapHU pakamiIM XOJaTra
YTKa3MIlJla yIapHU KaiTa uiuiam XapaéHUHUHT OMpUHYM OOCKHYM carx Oyiinda
KBaHTJIALI Aeinianu. by sxapaén Oup yimuaMiau Ba KyN yadamild CUTHAJUIap YYyH
Xxam Oup XuJ1 60CKUY1a aMalra ONIMpPUIIaIu.

KBanTnam >kapaéHu cudarvga CUTHAIHUHT JUHAMUK JIMAa30HUHUHT
SKYHJIOBYM JIUCKpET Japakanapra Oynuuuimura adtunaau. Carx Oyiinua
KBaHTJIAII JKapa€Hu OPTUKYA MAbJIyMOTIAPHU OJHO Taluiam >kapaéHUHU HaMOEH
KWIaau. YHUHT KYJUIaHWINIIHAA HadakaT TEXHOJOTHUK >KuUXaTiap Oanku 0ab3u
Oup ncuxo@u3nonoruk cababdiap xam nHobatra onuHaau. bymnap:

1. BUIEOMABIYMOTHHM y3aTHIIl KM KalTa WIUIANl MalTHAa YHUHT TapKuOuja
IIOBKUHJIAPHUHT OOpPJIUTH YHUHT MapaMeTpiapura TabCUp KUy,

2. BUJEOCHUTHAIIApJa  pyxcaT STWITaH Japakalid Y3ITyKCH3 XoJatriapia
KYJUIAaHUIIYM OPTUKYA MabIyMOTIapHu OapTtapad 3Taau JEKUH KBAHTJIAHMIII
IIOBKMHUHU XOCHJT KMJIA IH.

3. BUIEOMABIYMOT KaOyl KWJIYBUMCH uUerapairaH EpyriuK MHKIOPH Ba
PAHTIMIIMK TapaKaCUHU Ce3UII KOOMIIUATUTA ATATTUTH.

NuHu 0askapuin y4yH HaMyHa
BuneoMmabsinymoTinapau carx OVitnya KBaHTJIAHUIIM CUTHAIHU (a30 Ba BaKT
napameTpiapuHu XHCcOoOTa OJIraH XoJijja aMmalira OmrupUIaIu.
KBanTnanum napaxacuHu OeNTHIIall acocaH y3aTUiIaéTral pakamiid CUTHA
TE3JIMTUTa KyWUHIIauTraHd Taja0iapHu OeNruiaiia I0Kopy YpruHra KyTapuiiaiu.

UMK,

A

A3
A2
A1

Al A2 A3 AN

>
HHpP

2.1.pacm KBaHTnaHuII XapaKTepUCTUKACH.

VY3mykcn3 KUpYBUYM KaTTANMKIAPHU CaTX OYyindya KBAHTIAHUIIN TEKUC EKH
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HOTEKCH TakcHMJaHTaH XAl, Al mapakagard KBaHTJIAHHII XapaKTEPUCTHKAIAPU
Owian OenrwiaHaaud. bup yinuamiu CUTHAJTHUHT KBAaHTJIAHUII XapaKTePUCTHUKACH
2.1 pacMI1a KEATUPUIITAH.

KBanTnam nmapakalapuHUHT KYITHH KBajapaTiapu opacuaaru macoda
KBaHTJaIl KaJaMM Jeiuiaan, derapaiap opacuuard macoda sca KBaHTIAHHII
XapaKTepUCTUKACH ACHUIaau. IbHU KBAaHTJIAHUII 1APAKaCH JHT IKUH MHTEPBaIra
axauTiaadagd. KupyBuM YHMNOJISIp CHUTHAQJI XapaKTEPUCTUKACHMHU KyWHJaruda
€311 MyMKUH:

Elllzlk‘,y: g‘ AI 1{E}<up_A|}’ (21)
1

Oy epna Exup, Euux — xupyBud Ba 4yuKyBYM curHamiap; Ai (i=1,2,3, ..., n) —
KAPYBYM CUTHAJTHUHT KBaHTJIAHUII Kagamiiapu; Al — KUPYBUH CHTHAJI KBAaHTIAHHUIII
yerapanapu; 1{*} — kyiiugaru mwapt OaxxapuiiyBuu “Oup” QyHKLIHS:
1*y= {{*}< 0yuyn.0 -
{*}>0yuyn.l
Xymau nry Tap3aa OUmoJssip CUrHaJI KBaHTJIAHUIIT XapaKTePUCTHKACHHU XaM
€311 MyMKUH:

Euuk,6:i_z:Ai '1{ng_Ai}’ (2.2)

KBaHTiaHum carx Ba uerapaJlapuHUHT HOTEKHC TakcumiaHumuaa (2.2)
udoaa Kylnaarnya KypuHHIL OJIJAIM:

Egb,xﬁ:A'g]l{ng—iA}, (2.3), T.x. Ai = A = const, a Ai = IA.
-n

KupyBun curaan KBaHTJIaHMII Yerapacyd Ba YMKYBUYM CHUTHAJI KBAHTJIAHMIII
Jlapakajlapy MakCUMyMJIapAa KyruuIard TEHIJIMKIAp €paaMuia aHuKIaHAIu:

maxXx Emax
A=k N (2.4)
(2:n-1) (2-n-1)

Oy epaa 2n — GUMnomsp CUrHaja KBaHTJIAHUII JapakaTapUHUHT YMYMUN COHHU.

KBanTmanum XapaKTepUCTUKACU y3 ypHUIA aMIUIUTy A
XapaKTePUCTUKACUHUHT OWp Typu XaM xucoOmanamu  Euyux = F(Exkup).
KBaHTIaHMII ~ XapakTepUCTKACUIAH  TAaIIKapyd  KBAaHTJIAHUII  >Kapa€HHUJA
KYJUTaHWIAJUTaH KydalTupuil KodPPOUIMEeHTH TylmIyHYyacd XaM MaBxkyld. by
KaTTaIMK Kyiuaaru udoaa paMuaa aHUKJIaHAIU:

Q=Lux (25

Kup
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-
Al A2 AN Kypnw

2.2. pacm. KBanTnanumi »xapa€Huaru Ky4auTHPHIL XapaKTepUCTUKAIAPH.

(2.3) hpopmynanu (2.5) ndonara kyinod Kyiinaarnda KMiauo €310 oM MyMKHH:

Nn—oco XOJIATWJIa KBAHTJIAHUII TEHI TaKCUMJIaHaAuraH Oynca FEuux =
F(Exup) xapakTepuCTHKAaCH YM3HKIW KYpUHUIIQ =Q0=const omagu, n—>oo
XOJJATUHUHT HOTEKUC TAKCUMIIAHUINI  XOJIaTHUJA 3Ca HOUMBHMKIU Q = Qo = const
KYpUHUILTA YTaH.

KBanTnanui xapakTepuCTUKACH Ba KydauTUpHII KOd(DPUITMEHTIapU Opacuiaru
OOFJIUKJIUK Oy — AJICKTP 3aHKUpJIap JMHUsAcHAaru (asa Ba BaKT
XapaKTePUCTUKAIAPU OpacHIaru OOFIUKINK TEOPEMACHHU JCIIaTaIH.

KBanTnaHuIll HIOBKUHU

CurHaJIHM KBaHTJIAHMII Japa)kaCl Ba YErapaJlapuHU SAKyHUW XOJIaTra
KEJIITHpray, KaWTra THUKIAHyBYM TACBUpAA KAaHAJI M[IOBKMHJIAPU TabCHpPHIA
HOYM3UKJIN Oy3WIMILIAp XapakTepura sra OYiraH KBaHTJIAHUII MIOBKUHU XOCHJII
Oynmaau. Ym0y IIOBKMH Japakach KUPYBUM CUTHaJu (a3oBuUd Ba BaKT
napameTpiiapura y3Buil OornuK. MacanaH, MIOBKUHHUHT FOKOPH OOCKUYIapuia
EpyFIIMK CUTHAJUIAPH cakpanuiap kabw y3rapaau Ba OpTHUKYAa KOHTYpJIAp MAMJIO0
Oynummmra onud Kemaau.

KBaHT/naHuill IIOBKMHMHU MablyM 4Yerapaijapja y3rapTUpPUIIl MYMKHH.
Ym0y MmOBKUH JapakaCUHU TMacalTHUpUIN YYyH Kylugard OocKuuiIapaH
dbolnananunagm:

1. unoxku 60prya KBaHTIAII KaJaMUHU KYTIPOK KWiinb Tannam K = Kmax;

2. ymly KaJaMJaapHH Y3rapyBUYaHJIWTUH TabMHUHIa K = CONSt;

3. KaiiTa MuutaHa€TraH CUrHaj CTaTUCTUK XapaKTEPUCTUKAIAPUHU MOC KalTa
MIIUIAII TEXHOJIOTUSCU €pAaMuaa KyJulamd,

4. kymuMua €pAaamMuM CUTHaJUIapjaH (TaXMUHHUM, JAeTepMUHJIAHTaH EKU
yJIapHUHT apamammMacu) (QoiiragaHu®d TMIOBKUH CYHIUPYBUM  Macka
CUTHAJUIAPVHHU KYJUIAIL;

5. TB texHukama — MoC yacTtoTa AUCKpeTusauusicuiu Moc TB catp €inin Ba
TalIlyBYM CUTHAJIAp YyacToTaltapuaad GpoiganaHuml.
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f LB >p-f =(3—4)- f (2.6) p —fp.maw curHamu rapMOHUKACH.

ouc p-maui p-maut’

YacTtoTra AWCKPETH3ANUACH YIyH DHT KYN KYJUTaHWIATuraH Oupnwk p = 3, Oy
X0J1aTaa
fp.maw =4,21 (4,41) MI'n, fouc = 3x4,21 (4,41) = 12,63 (13,23) MI'n.

Ha3zopar caBoJuiapu
1. BugeomabiyMOTIapHU pakaMIIM X0JIaTra YTKa3uIga yJIapHU KauTa UIUIan
XKapa8HUHUHT OUPUHYU OOCKWYM KaHAai 60CKUY aeiunaan?
KBanTnam xapa€uu 1e0d Kanaai xapaéHra antuiaan?
KBanTnam kagaMu 1e0 KaHaai KaTTaauKKa auTuiaagu?
4. KBaHT/IaHraH CUTHAJI MabiilyM Oup derapaja sxautianaau. [y yerapa
KaHaail HomyiaHaau?
KBanTianum moBKMHM HUMA Ba Y HUMa cababan naiao 0ymanu?
6. KBaHTi1aHui MoBKUHUHU OapTapad KWINII yYyH KaHJal UIUiap amajira
omupuiaan’?

w N

o1

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 — amanuil MaIIFyJa0T: Y4 YI40BJIM TeJeBUACHUAHUHT aMaJ1a KyJaam
HUMKOHMATIAPU. BellBjieT anMamITUPpUII YyKYPJIUTHHA Y3rapUIIHUHUHT
CTATUK BHACOMABJIYMOTJIAP CUKUII KOI(PPUIUEHTUTa TALCUPUHU YPTraHMIIL.

Nmpan makcan. Typiau panr crapgaptiapuaa (R, G, B) xamnaa,
Eputmiranivk Ba panrdapk curnauiapunan (Y, U, V) 8x8 ymuamaaru 6i1okmapaa
JUCKPET-KOCUHYC aJIMAIITUPUII yCyluAa KailTa HIUIall >KapaéHUHU TaJIKUK
KHJTATIL.

MacajaHMHI KYUMJIMIIY. [[UCKPET-KOCHHYC aIMallTUPUII TPUHIAIIMHA
Yprauu6 ynkum. Kogep cukuin koeGUIMEHTUHUHT Y3rapuIIiHU KaiTa
TUKJIAHTaH TaCBUP cUdaTUTa TACUPUHU aMaTUETIa CUHAO KYPHII Ba YpraHnuo
YUKHIIL.

Kuckaya Haszapuii MabjJayMOT. 3aMOHABUK TEJIEBU3MOH THU3UMIIApIA
CUTHAJJTAPHU CUKHIII JKyJa MyXHM axaMusTra sra. TacBUp Ba BHUJIEO CUTHAJUIAPHU
CUKUIIHUHT OMp KaH4a ycysuiapu MaBxkya. XKopuit amanuér ummna JJKA ycynuaa
TaCBHp CUTAHJJIApUra pakaMjd HILIOB OEpUIl aJTOPUTMUHU TaXJ I KUIJIAMU3.
JKA ycynu kaM XaTOJUK KWJIYBUM HIIUIAI TE3JIUTH OYiHMYa IOKOpU KypcaTrudra
ATANIMTU OUJIaH aXpanuod Typaau.

Ty¥pu Ba teckapu KA ycymiapu Kyluaard TEHIJIMKIAp €paaMuaa amalira
omupmianu (1, 2)

o) - @ HCWCM T T o y)[COS%}[cosM} @)

x=0 y=0 16
N-1 N-1
f (X, y) = E Z ZC(U)C(V)F(U,V)COS (2X + 1)U7T COS (2y + 1)V7Z'
N Vo 7N N 2
Oy epna: rpapuk  OJOKHMHI U -BEpPTUKaJ V  —TOPHM30HTAI

KOOpAHHAaTaJIapH,
X — MYKHU OJIOK BE€PTHUKAJ KOOpAWHATACH,
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

Ymly ycyn KaJpHU CHTHAJNIM MaTpuuajap ned aramysuu 64 (8x8)
MUKceNn Yymdampaaru Onokiapra Oymumra acocnanagu. (l.pacm). CyHrpa
yi0y CUTHajlId MaTpHLajap MOC KaTTaIMKAAard 4acTOTald MaTpullajiapra
alllaHTUpUIAaAM Ba MKKMA VYiIyamiiM Marpuia cudaruga TOpU3OHTald Ba
BepTHKaN WyHanuuuiap Oyitnua kypud unkmiagu. Keitmaru 6ockuuga ymoy
MaTpulla aNTOPUTM KYJUTAaHMAacUTra KUPUTHITaH Maxcyc MaTeMaTuk (hopmyra
Epmamuaa Kaita unumaHaau. HaTwxkama MaTpUIlaHWHT FOKOpPH-Yall KUCMHU
AJIEMEHTIapy FOKOPH YacTOTAJId Ba KOJTAaH AJIEMEHTIAPU IMAcT YacTOTaJH
aJieMeHTIIapra ailllantupuianu (2 pacm).
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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 MUKCEUIAPU CUTHAIUIM MaTpULlacu

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.pacm. JIKA nan xelinH KaiTa HIJIaHTaH MapTUIia KodhOUIHEHTIapH

JKII cnextpuHuHT aB(3auurd mIyHAaH HOOPATKU, CIEKTP YHEPTUSCHUHU
acoCHil KUCMHUHU TAIlIKWJI 3TYBUM YaCTOTA DHEPTHUsS MABJIyM OUp KUCMTa HOJUHYHU
yacToTa aTpoduia HUFUIaau.

RLE umuHuHT 2@ GEKTUBINTMHA OMIMPHUIIT YUYH 3UT3UTCUMOH KaiTa UIIUIAIl
yCynu Kyutanuinaau (pacMm 3), Oy yCyi )KyJia KaTTa CUKUIT KoePUIIUeHTUHA
OJIMII UMKOHUSITUHU Oepajin, JeKUH 0y KO3 PUIMEHTH pyxcaT 3TUITaH
MUKJIOP/AAaH OIIUPUINO r000puiica TacBUpIa HYKOIUIIIAP a0 OYIUI MyMKHUH.

1793~ 7 1
d : ;

0 A
-1

0

s e il B 9&1‘2

3.pacm JIKIIna koaddunrieHTIapUHN 3Ur3arcUMOH YKUITUIITH
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4.pacm. JIKII ycynu acocuaa 75 mapTa CUKWITaH TaCBUP

Hactyp Ky/L1aHMacu
JlacTyp MakeTu MKKUTa aCOCUM MaHEJIIaH TallKWI TOITaH:
- KYpCaTHIll [IaHEJIN
- OOIIKAPHUIII TTAHEITH.
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KypcaTuimn mnaHeauaa IOKJIaHTaH TacBUp KypcatuO® Typwiagud. Arap
FOKJIAaHAJIMTaH TaCBUpP YJYaMHy NaHEJra CUFMAaca y JanjaH €Ky TenaJaH KeCHUJIaIu.
bomkapuin mnmaHenuza FOKJIAHTaH TAaCBUPHU KaWTa HIUIOBYM JKapa€HHU
OomkapyBuH Oapya 3apypHil 3JIeMEHTIap >KOMITAIITUPUIIA]IH.

HEenueHue & pas

—Bua KomMNoHEHT kI -
M CcxonHEIN MACCHE

Y [ADROCT Maccue nocae nparora JKE
lwp ] Maccus nocne otparHoro QK

% R [kpacHei]

G [zeneHe] " U [useTHOCTE cHHera)

[T ekn /BRIKN. KEAHTOEAHME

0 B [ronytion) " W [uBeTHOCTE KpacHora]
M 3acpers okno | MaTpuLa KESHT OEEHUA...

1576 L1 335 -9 -171 63 21 -31

-123 -3 105 123 -82 -3 -3 -27

22 0 -b7 48 1 0 0 -28

-b3 38 9 -1b 0 44 1 0

25 -1 -22 28 0 -1 0 0

-24 19 -2 -1 0 1 1 0

0 1 -40 1 1 -1 0 -1
HEEMYEHUE B pas 1 1 1 0 0 1 0 0

J Bua koMNoHEHTE

T B A B B A R R R HCHDﬂHbIﬁMaCCHB

CREpaa Yo Ese O

& G [3eneHsi] U [useTHOCTE cHHera]

€ B (ronuson] C v | [T Eekn/Bbikn. KEAHTOEAHHE
= FonyGni UEETHOCTE KpacHorD
M1 3arpeme okro b aTpHLA KESHTOBSHKA...
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T—y =

B zle =19 2f|2 2]j> 2|7 2|2 2] 2
6 #{|16 (22 2|24 #][e7 2f|29 2]|3¢ 2|37 2
N3 #{|22 sl|ee $][27 ¢]|23 2] 2f[34 2|z 2
22 #{|22 ¢l|ee $]|27 #]|29 2] 2[[37 2|40 2

22 #{|26 #]|27 2][29 #]|32 2|3 2[[0 2|4 2 ||
126 #{|27 #]|29 2|[32 ¢35 2|40 2[[4s 2]|58 2
125 31|27 |29 2|34 #][m 2{|45 2| 2|69 2
127 #{|29 2]|35 2|[32 |46 2][56 2[[e9 2|83 2

K.oa LU MEHT I MATPKUEl KESHTOE3IHHA

CTaHnapTHEIE SHAYEHKMA
YrEHBWMTE B 2 pasa
YreHeWwTE B 4 paza
Beel

Bre 4

Bred

Bos 16 x OTrEHKTE
Bced2 | e

bynnan Ttamkapu OolIKapyB MaHeNWJa KailTa MIUIAHTAH TaCBUP
IapeMeTpIapUHU XaM KypHUII MyMKHH.

NHuHr 0akapujanim TapTuon

1. JlaGopaTopusi MIIMHUHAT BUPTYaJl TaCTYPUHH HINTA TYITHPHHT.

2. «3arpy3uTh» TyrMacuHu 00CHO, CHHATYBYH TACBUPHU FOKJIAHT.

3. TacBup xocus Oynrad “Kypcaruin MaHEIMHUHT WCTaJTraH KUCMHIa
CUYKOHYAHMHT Yar TyTMacuHU OOCUHT. Akparuiran 0ok yiauamu 8X8.

4, Oumiiran OWHAHWUHT «HUCXOJHBI MAacCCHUB» peXUMHUIA OupiaMyu
MACCHUBHHHT TIapamMeTpiiapy KeJITUPHUIITaH.

5. «Bua xomnouneHThI» Oynmumugaru 6apya (R,GB, Y, U, V) koMIoHEeHT

KeTMa-KeT KUPUTWIMO, CHUTHAJJIM MAaTpUlajgap xucoOoTnapu Oupma-oup
OJTUHAIH.

6. Oumiiran olfHaHUHT «MaccuB nociue npamoro JAKID pexxumura yTuod 5
MYHKT/AArd aMajHu KeTMa-KeTJIMKAa Oa)KapyHT.

1. Ouunran oWHaHUHT «MaccuB mocie oOparHoro JKID» pexumura
YTHO 5 MyHKTAAaru aMajaHu KeTMa-KeTJIMKAA Oa)KapuHT.

8. Kopwii oliHaHU EMUHT.

9. Hactyp oiHacumaru «Marpuua KBAaHTOBAHHMSI» KUCMHUHU OOCHO,

naiijo Oynran oWHajga yHWHT OWUpIUTUHU «l» ra TYFUpIaHT Ba KUWMATIapHU
cakya0 oifHaHU ENMUHT.
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o oo SR &

S e = s
S = |
) ) ) O ) O | S S
) ) ) O ) O | S S
) ) ) O ) O | S S
) ) ) O ) O | S S
) ) ) O ) O | S S
I EE

ko3 ppuLMEHTE MITPMUEBI KEQHTOESHWA | I

leb] [ab] Lab [ab] Lab |ab] [ab] |«b)

CTaHnapTHBIE SHAYEHHA
HreHewTe B 2 paza
HMEHEWHTE B 4 pasa

Boe @ |

Bom 16 x OTHEHMTE
Boe 32

I o Coxpanire I

Cyurpa acocuit nanengaru «KonupoBanue» TyrMacuHu OOCHHT Ba >KapacH
Tyrarad OUpiamMy4d Ba KOJJIAHTaH CUTHAJ KHAMAaTIapyuHU €310 OJIUHT.

F HMoxoomoe
" NpeoGp.

HMecw. pasmep:

Fez pasmep:

k.= pas

Pacy. ows. |

Ymly KuiMaTIapHU TMaHeNAa KypcaTHII XOJATJapuHU Y3rapTUpUII YUYH
«Ucxonnoe» Ba «llpeobpazoBaHHOE» TyrManapu €EpAamuia amaira OLIUPHII
MYMKHUH. XO0CHJI OYJIraH HaTH>KaJlapHU COJIMIITUPHUHT.

N =

o

Hasopar caBoJsiapu
AHanor TacBUp pakKaMmiiv XoJaraa Kanjaan udomananaam?
Huma makcanma TacBup 8X8 yiraamiu mukcen Ookiapura Oy imHaan?
YUV wmyxutunmarun panrnapaan ¢oipamannm RGB myxutuman kypa
KaHaal ad3auMKiIap TakIuM Kuaaau?
JIMCKpeT-KOCUHYC  aJMAIlTUPUINHUHT  BasudacuHu  Ba  (PU3HUK
XyCYCUSATIIApUHY TYITYHTHPHWHT.
JKIT anMamrrupumga 3Wr3arCMMOH — YCYJHHUHT  KYJUIAHWUJIMIIAHUHT
MaKCaJMHH TYITYHTHPUHT.
KBantnam marpuniacu Ba3udacuHu TYITyHTHPHHT.
bnoxnu Oy3unumap naiao Oy IUIIMHUHT cabanapuH TyIIYHTHPHUHT.
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4 — amanuii MmamiFysoT KBaHT/1a11 sKapaéHMHM BUACOMABJIYMOTIAP CUKHUII
KMHAMATH Ba CTATHK TACBHPJIAP cHPATHra OOFIMKINIMHHA TAAKUK KHJIHIIL.

1. Ampan makcaa: AManuil UImHM Oakapullja TUHIJIOBYM KyWJarujiapHu
Y3MamTHPUIIN KEePaK :

— BHUJCOMABIYMOTIAp XAKMUHU CHUKUIIA KYJUIAHWIAQIUTaH JUQTUHT
BeUBJIET-QOUIBTPIIAP TY3WIUILW Ba U PEKUMUHU YpeaHuud,

— CTaTUK TacBUP BUJICOMABIYMOTIAPUHU CHUKHII Japa)xacura TacBUP
CTPYKTypacH Ba Ky UTaHUIAETTaH (PYIIBTP TYPUHUHT TABCUPUHH OAX01all ONUL;

— CHUKHUII Japa)acl KaTTaJurura TaCBUpJArd MYKOJMIILIAp Ba BEWJIBIIET
aIMaIITUPUIT TYPIAPUHUHT TAhCUPHU TYFPUCHUIIA OUTUMAAPSA DA OVIUUIU.

2.Macaganunr Kyiiniaumu: Tonmmpukiaap

2.1. Typnu xanp Ba ctoxen 780x576 ymuammaru BMP gopmariu 3-4 ta
CUHOB TaCBUPJIAPUHH FOKJIAHT.

2.2.Tannanran tacBupjapHu Sta BeiBier ¢uibrpiapugan (Deslauriers-
Dubuc(9,7); LeGall(5,3); Deslauriers-Dubuc(13,7), Haar, no shift per level;
Daubechies(9,7) yTka3u0 kaiita unnianr, cuHoB cudaru 10.00 xomaruaa.

2.3. OnuHTaH HaTWOKAJIapHU JKaIBaIT MAKIuAa 310 OJTMHT.

2.4. CHHOB TacBUpJIapH XQ)KMUHHUHT KYyJIJIaHWJIAETraH BEUBIET QUIIbpIapUra
OOFJIMKJIUK TUCTOTPAMMACUHU YU3HHT.

2.5. OnuHTaH HATWOKAJIApHU TaX A KAJIHHT.

Kuckaua Hazapuiit MabJIyMoT.

BeiiBieT aJiMalITUPUII ACOCHAA MABJIYMOTJIAP Xa)KMHUHHA CHKHIL

Yy amanuii WIjiaH MakcajJ BEHBJICT aIMalITHPHUII acoCH/a TEJICBU3UOH
CUTHAJJTAPHU CUKUII YCYJIMHU TaJAKUK KUIUIL. AMAIUET UM KyJTaHMacuaa >KaMu
4ta wm ky3ma TyTWiaraH OYauO THHIJIOBUWIAp y4yH Oaradcun HypuKHOMA
cudaruga Oepuiras.

Be#Bner anMamTHPpUIITHUHT YMYMHUH TaXJIHIINA

Pakamnu TeneBuaeHne1a TACBUP CUTHAIIJIAPUIa HIIUIOB OepUlll yCyJulapyuiaH
Oupu Oynran BA ycynu oxupru naltiapaa KEHr KYJUIAHUIUMO KETUHMOKJA.
TexHomorust anroput™Mu yTrad acpuHuHr 80-vimiutapuaa ['poccman Ba Mopnenap
TOMOHHAAH SAPATHIraH. YOy TeXHONOrUs SpaTWINIIHra acocuii ca6ad JIKY Ba
dypre aaMaITHPUIN YCY/UTAPUHUHT aCOCHUN KaMUWJUKIApUaAaH Oupu Oynrad
KaiiTa THUKJIaHTAH TacBHpJa Maijo OymamuraH WYKOTHILIAPHU OJIIUHU OJIUII
Oynran. byHgaH Tamkapu TENEBU3WOH CUTHAJI  Mypakkad  IIakjijaru
UMITYJIbCIIApAaH TAIIKWI TONTaH. YOy UMYJIbCIap JAaBOMUUIUTH Ba Japakacu
y3aTuiaa€Tran BakT OWPJIMTH WYHMAA y3aTWiaéTraH CroKeT Tapkuoura xapad 300
MapTaraya y3rapu0 Typullld MYMKUH. bByHAail Xxonatinap ydyH TapMOHHK
byHKUMSIIap — TUKCEUIapu  JEKOPPENALMAICUHU  KyJUlall eTapanda
camMapaJopJiuKHu  OepMaiiii  Ba  CHUKUAII  KOB(D(PUIMEHTUHUHT  IOKOPH
MUKJIOpJIapuaa HYKOTHIUIAPCU3 CUKUII UMKOHUATHU Oepa oyMaiinu. AMHHMKCA
CUKUII KOA((PUIIMEHTUHUHT MacT uerapajapuja TacBUp Maiia CTpyKTypajap
HuruHaucH cudartraa HaMo€H 0Yub Koaau (pacm 10).
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Bbiron
AleX Ino 02006

a) Kcxk=25 mapta 0) Kck=3,5 mapra
1-pacm. JIKA acocuaa TacBUpJIapHU HYKOTHUIILIAPCU3 CUKHIL HATHKAIapy

TacBup ukku Youamiu curHan Oynrannuru Tydaitnu ynu BA ycynmna
KaiiTa wWOuiam WKKH OOCKMYJa amalira OLIMPHIIAIW: aBBall caTpiiap, CYHIpa
YCTYHJIap KauTa UIUIAHAAU €KY TECKAPUCH.

XaapuuHr sHr omnuii BA ycynu Oyitnua, 2ta ko3¢ ¢uiMeHTaap macT Ba
oKopu yactotanu (uibtpiapgan yTubd, [MUD nHaTwkamapuHu WKKA KYITHU
HyKTanap yprada kuitmata Ba FOU®D kuiimatinapu sca connu auddepeHnnaming
napaxanapuHu HamoéH kKwiaau. Hatmxana mkkurta Apne) Ba Dingz) Maccunap
Xocw1 OYnaan. MaccuBiap aeMeHTIapu Kyiuaaru ndoja EpaaMuaa aHuKIaHATH:

S, +S S, —S
A, :N#ﬂﬁl’ D, =%,6yepﬂa ke[O,’%)

M4 koxpduuuenHtap annpokuuMakmusa Ane) curdHamwiapu, OY
ko3¢ unuenTIapu >ca Aeranusaunus Aedmiaaau. bynnai xomatnapaa A Ba D
MaccuBiapura sra Oynrau Spyy OMpliaMyM CUTHAJIHM KaiTa TUKJIAIl MyMKHUH (2-
pacMm), Aqnsp Ba Dinz) MaccuBiiap COHIIM KMMMATIapy 3ca EPTUITAHIIMK HyKTajdapy
cudaruga HaMOoEH OYIaan.

Bupnamuu curHan  S[N]

1 T I I I Ir1rrm

Armp oK cHMALIRA A [N/2] HdeTamrzams Dy

2-pacM. BeliBiieT- 7eKOMIIO3UIINS IPUHITUATIN
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BeiiBner ¥y3rapTUpuil OPUHLUMNUHU 3-pacMAa KENTHPWITaH MHCOJAA,
TaCBUP CUTHAJIMHU Y3rapTUPUIILAA KYPHULI MYMKHH.

OunpTp Oy KMUKMHA ‘“‘nepa3zaya ~ makiga Oynub, y epaa EpyriuK Ba
paHryiap THUKCeNb KUWMATIapu KEITHUpUITaH BEUBIET —  (DYHKIUSHUHT
kodduieHTapura Kynatupunaaun Ba KynaiTmMa KuaWMatiap WAFUHIUCH
OJIMHAIW. VYHAaH cYHr ‘“nepa3zaya” OolIKa KUHAMATHU XHMCOOJAll y4yH
CWIDKUTWIAIU. BuaeomMabliyMOTIapHU TOPU30HTAN WYHaNMMUIIAA (QUIBTpIIALT
OKMOaTHIa HWKKUTAa MabIyMOTIap MACCHUBH IIAKIUIAHTUPUIAIU: TAaCBUPHUHT
acocuif  axOOpPOTMHHM TallyBYM TMACT YacTOTaJd Ba OamopaT  KHJIWMI
XaTOJIMKIIAPUHU ¥3 MUMTra OJraH I0OKOPU YacTOTaJId MaccuBiap (4-pacmra KapaHr).
[TacT Ba 1OKOpPM 4YacTOTadM MAaCCHUBJIAP BEPTUKAT WYHAIUIIZAAH YTrad sHA yiap
KyIIMM4Ya BEPTUKAJI WYHAIMIIHUHI I1aCT Ba IOKOPM YaCTOTAJIIM MacCCHBJApUra
oymuuagwiap. Ilysagait kom0, GuiasTpramgad CyHT MXN yadamumgard OuTTa
TaCBUpP YpHHUIa BEWBIIET Y3rapTHpPHIN HaTHXKacuja 4 MapTa KAYUKIAIITUPHUITAH
(m/2) x (n/2) Yymuamuparu TtacBup makmo Oymaau (4 O-pacm). CuKuI
CaMapaJIOPJIMTUHA  OIIMPHII y4YyH T[AacT 4YacTOTadud TaCBUPHU  BEUBIIET
y3rapTupuiid OujaH Kynm MapTa Y3rapTHUpUIl MYMKHH, SbHU TACT 4YacTOTalld
KucMaa | mnukcens KodaryHua. Amanuérna  ysraptupunuiap 3-6  MaprajgaH
ommMaiinu. BeiiBner koD QUIMEHTIApHUHT MAcT Ba IOKOPU  YacTOTaIHU
MaCCHBIIADUHU WKKU Kappa Yy3rapTUpulUIapAaH KeWWHTH OJIMHTaH TacBup (4 6-
pacMjia) 1a KeJITUPUJITaH.

= -: T OB iy k B G . & l 1
3-pacm. [lacnabku TacBUp Ba caTpiap Oylinda BeHBIeT —
JIEKOMIO3UIUACUAAH CYHT

[ynpait kuud, Ky Mapotada BEUBIET AeKOMMO3UIUsUIal (¥3rapTHUPHIII)
HaTIKacua, anmpoKCHUMAIlHsIIall MacCHBHA XKyJda KWUYUK TacBUp oiuHanu (6-
pacmpaaru Tema yam Oypuakja) Ba ailHM BaKTAa y KHYUK XaXMIJIH axOopoTiap
MabJIyMOTUHU TaIIKUII ATa/IH. MaccuBHUHT KaTTa KUCMHUHH
JeTANU3AIUSIAIITHPraH HOJUIap €KW KUYMK Kod(duimentiap Tamkuwi dTaaun (6-
pacMaa Hosra Kuiimatu 128 OynraH Kyn paHr MOC Kenaau), yjap CTaTUCTHUK
KOMIIpeccopJa SXIIM CUKUIAJAM Ba KaTTa CHUKHUII KO3((ULIMEHTUTa SPUILUIIra
UMKOH Oepajiu.
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a) 0)
4-pacMm. TacBUpHUHT caTpiap Ba yCTyHap OVitnya BeHBIeT GuiIbTpiaapu
épamMuia y3rapTUPHUII Ba UKKU MapTa Y3rapTUpUIIIaH KEHUHTH X0IaTH.

Hlynnait ityn OunaH oduHTaH BeiiBieT KoddduinenTiap KuiMaTiapu
KBAHTJIAHA/IM Ba CUKUIITHHU OOIIKAPHUII YIyH CTATUCTUK KOMITpeccopiiap €paamMusa
CUKHWJIaJY XaM/la IIyH/IaH CYHT YMKHIL OKUMHUTA E3Uaan. X03Upry NanTaa, aBBal
AaUTWITAHUEK, TACBUPJIAPHU CUKUIIA KEHT KYJUTAHWIAJAUTaH BEUBIIET
bynkuusnap Kyngarmwiap: Kodn — Jlo6emm — ®oso (CDF22,CDF24,CDF97),
Busiacenopa — V610, Koiipman — BCW3 Ba TS2/6, MIT97 Beiisneriapu.

3.MIHUHT 0aKAPUIHII TAPTHOH

3.1. BeiiBneT BUACOKOACK NaCTypUHH FOKJIAHT.

3.2. «Barpy3uTh HaOOp BXOAHBIX HW300paKEHUI», TYyTMacHHH OOCHO
TaHJAHTaH TacBUp (aimapumaH OWUPWHM FOKJIAHT. Arap HaMOWHWII KUJIHII
TaHe M1 TaCBUP OJIIMHIAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hawmolinm Kwmm MmaHenuaa TacBUp ManWgo Oynrad, YHH paHThapk
Oyiinua KaiiTa wWNUIal TYpUHW Tadiaam, MacaidaH, YUV 4:2:2 Ba
«KonBepTupoBate» TyrMacuHu 0ocuil j03uM. CYHIpa HaMOMUII KUJTUII MTaHeIn1a
RGB ¢omarura yTrazuiran Ba KaiTa UIIUIAHTaH TACBUP XOCHIT OYIIaiu.

3.4. «Komep» Bkiaakacura YTHHT.

3.5. «KauectBo» spHM cudar kypcarruunnu 10.00 kuitmaTra co3aHr.

3.6. «JlomomHUTENBHO» TyrMacuHu O0ocub, Intra BelBneT GUIBTP TUIHHU
Deslauriers-Dubuc (9,7) xonatra co3nab ojuHr, arap OyHra sXTUEX ce3nsica.

3.7. Co3namanapHUHT KymmMm4a oitHucanu (JlomonmHuTensHO) EMUHT.

3.8. «Haware komupoBaHWE» TyrMacHMHU OOCHO, KoIJaml Kapa&HUHU
OolTaHT.

3.9. Kommam HaTwkamapugaH CUKHII KO3(GGUIMEHTH Ba Yyprada
k03 QUITMEHTIapHM JKaiBayira €3U0 OJIUHT.

3.10. Hamotinm kumum ma"enuaa «JlekoaupoBaHHbIE N300pKCHUS SIBHU
JEKOJIepJIaHTaH TacBUp NYHKTH aKTHBIaWagu. by mNyHKTAa KailTa WOUIaHTaH
TacBUp cU(aTHHU BU3Yyasl COTUIITHPUIIT UMKOHHUSITH MaBXKY/I.

3.11. Coznamanapnan Oollka TypAard BEeWBIET (UIBTPIApHU TaHJIAHT Ba
3.6-3.10 myHKJIIap/1a KeNTUPWITAH aMaJIapHU OasKapuHT.

3.12. 3.2-3.10 nynkTiapHu 6ap4ya CHHOB TaCBUPJIAPH YUYH KYJUTaHT

3.13. lactypHu €nuHr.
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4, XucoO0T TApKUOM.

4.1. XucoboT TapkuOuaa KoOIJaIl TmapamMeTpiiapu, Typiad KuiiMatiap
KYJUTaHWITaHAaru HaTKaiap, OUpJKiIap *aaBai MakiIuaa OYIum Kepak.

4.2. Yuswiagural rucrorpamMmanap xap OHp CHHOB TacBUPU YYYH
aJ0XuJa YU3UIIUII JO3UM.

4.3. OnuHraH HaTWKaJapHUHT KUECUH TaxXJIWIMHU YTKAa3WHT Ba acOCHU
XyJ0CaNapUHTU3HU €3UHT.

Ha3zopar caBoJsuiapu

=

BeiipieT amMamTupuin ycyau KUM TOMOHUIAH SIpaTUJITaH?

BeiiBieT amMamTupuin ycyau HUMa yayH XH3MaT KHJIaau?

3. JIKY Ba BA ycynnapuaa TacBup CUTHaJUIApUHU KalTa WIIUIAII
anropuTMiiapu (papKuHU caHaO YTUHT?

BA ycynuna kanmaii Typaaru GpuiaTpiap MaBxy1?

ANMPOKIMAMAKIUSA Ba JeTalu3alus TyllyH4yaiapura Tabpud oepunr?

N

o b

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. 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 . “ Pakamnu TteneBugeHue” X.C.CoatoB Taxpupu octuna WM. A.I'aBpuiios,
T.I'.Paxumos, A.H.ITy3uii, X.X.Hocupos, II.M.Kaaupos. Tomkent 2016. 400
oer.
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5 — amanuit mawrrysnor. DVB, ATSC Ba ISDB cranpapraapuaa
CUTHAJUIAPHUHT NAKeT TY3W/JIHIIH, YJIAPHU IIAK/UVIAHTHPHUIL, KAlTa
HILIANI BA Y3aTHII XyCYCHATIAPH.

5.1. MHMmpan mMakcaa: Amanuid HIIMHW  Oakapuliga TUHIJIOBYHU
KyHIarujiapHu Y3IalTHPUINH KEPaK :
— BHUJACOMABIYMOTIAp XaKMHUHU CHKUIIA KYJUTAaHWIQTUTaH JTUQTHHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIHN Ba U PEKUMUHH VpPeaHUL,

—  JEKOMITO3ULIHS HUKJIJIapH COHUHUHT y3rapuiim CTaTHUK
BUIEOMAbIYMOTIIap CUKUIL KO3(ppULlneHTUra TabCUPUHU 6axo1ail onu,
—  JEKOMITO3ULIHS HUKJIJIapH COHUHUHT y3rapuiu CTaTUK

BUJICOMABIYMOTJIAP CUKUII KOA((DHUIMEHTHTa TABCUPHHH YPTAHUII TAXPUOACUHU
VTKa3uil Oyinda ourumaapea sea oynuuiu.

2. Macananunr Kyiinwanmu: Tonmmupuxkiaap

2.1. BeiiBner anmamTHpumgga JACKOMIO3UIUS IUKIUIAPU COHUHHUHT
y3rapuiiyd CTaTHUK BHACOMAbIyMOTIap CHKUII KOd(DPUIMEHTUra TabCUPUHU
Yyprauum taxpudbacunu cudar daxkropu Oupiuru 10.00 KuiiMaTra TEHr Xojatnaa
YTKa3UHT.

2.2. OnuHraH HaTW KaJapHU KaaBajl Iakiuaa €310 OJIUHT.

2.3. CuHOB TacBUpJIApH XOKMUHUHT BEUBICT AJIMAIITHPHUIIM HKJUIAPU
COHHTA OOFJIMKJIMK TUCTOTPAMMACHHU YH3UHT.

2.4. OnuHraH HaTWKaJIapHU TaXJIUJI KUJIHHT.

Kuckaua nazapuii MabaymoTiap 0yinda 4-amajauérra Kapamr.

3. MIHUHT 0a:KAPUIIHII TAPTHOH

3.1. BeiiBner BUCOKO/IEK TaCTypUHU FOKJIAHT.

3.2. «3arpy3uTh HaOOp BXOIHBIX HU300pKEHUN», TyrMacuHH OOCHO
TaHJaHTaH TacBup (Qaimapunan OMPUHM FOKJIAHT. Arap HaMOWHUII KUJIMII
MaHeu1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamolinm kwmiin naHenuga TacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaliTa wWOUIaml TypUHA TaHjam, Macaman, YUV 4:2:2 Ba
«KonBeprupoBath» Tyrmacuau 0ocui jJo3uM. CYHTpa HaMOMHII KAJTUII TTaHETH 1A
RGB ¢opmarura yTkazuiaran Ba KaiiTa MIJIAaHTaH TaCBUP XOCUI OYIaau.

3.4. «Konep» BKIIagKacura YTHHT.

3.5. «KauectBo» apHu cudar kypcarruuunu 10.00 kuitmarra co3iaHr.

3.6. «lononmuurensbHo»  TyrmMacuHu ~ OocuHr Ba  «lnyOuna
npeoOpazoBaHus» SHHU KaWTa WAl YYKYpJIUTH KUHMAaTHHU 2 Ta TEHT KHJINO
CO3JIAHT.

3.7. CoznamanapHUHT KymuM4a oHacuHu (JloToTHUTENbHO) EMUHT.

3.8. «Hauate kogupoBaHue» TyrMacuHu 00CU0, KO KapaéHUHU
OoIIaHT.

3.9. Hatmwxanapau (cuxumt k03¢ GUIMEHTH Ba KaiiTa WIIJIAIT BAKTUHHN )
ajBaira €310 OJMHT.
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3.10. «['mybunbl ipeoOpazoBanus» KuiMatuau 3; 4; 5; 6 KuiiMatiapura
co371a0 3.6-3.9 MykHT amautlapuHu Oa’KapuHT.

3.11. 3.2-3.10 nynkTinapHu 6ap4ya CHHOB TaCBHPJIApH YUYH KYJIJIAHT.

3.12. JlactypHu €nuHT.

4, Xuco00T TApKUOH.

4.1. XucoboTr TapkuOHAa KOJJIAIl MMapaMeTpiiapu, Typid KuhiMariap
KYJUTaHWITAHAAryd HaTIoKaIap, OUpIUKiIap *KaJaBal Makiauaa OYIuIny Kepak. YHIa
TYpJAUM  CIOKET  TacBUpJApyM  KOJIAHWIIMJA  BEUBIET  AJIMAIITUPUIIMAA
JEKOMITO3ULIMS UKIUTAPU COHMHUHT y3rapuily 2 JaH 6rada KuilMaTiap Opajufu
YUYyH KEJITUPUIUIIN KEPaK.

4.2. Beiiprer anMamITUpUIIMAA JCKOMIIO3UIUS IUKIUIADK COHUHUHT
y3rapumm ~ Ba  CUKMII  KOd(pdUIMEHTIapu  ypracujuaru OOFJTUKJIUK
TUCTOrpaMMallapyuHU Xap OUp CUHOB TaCBUPJIAPH YUYH YU3HHT.

4.3. OnuHraH HaTWXKaJapHUHT KUECHI TAaXJIWJIMHU YTKA3WHI Ba acOCUU
XYJIOCAUTAPUHTU3HU E3UHT.

Ha3zopar caBoJsiapu

1. BeiiBeT anMalITupuIl yCYJIUHU UIUIANT TAPTUOUHU TYIIYHTUPUHT.

BeiiBeT anmaiutupuil yCyJIUHUHT aITOPUTMUHU TYITYHTHPUHT.

3. JexoMmno3uIus MUKIJIapu COHMHUHT Y3TapyIly CTAaTHK BUACOMABIyMOTIAp
CUKHII KO3 pHUIMeHTHTa TahCUPUHHN 0aX0JIaHT?

4. BA ycynuna Kaiita unuiam yyKypauru «['imyouna npeoOpa3oBaHus»
KHHUMaTH CHKUTI KO3 UITUCHTHTA KaHal OOFIHK?

5. JlekoMmasunus TyluryH4acura Tabpud 6epuHr?

N

5.2. Wmpan wmakcax: AMaimii WIIMHE ~ OaXapuiiga  THHIJIOBUH
KyWJIarwiapHu y3JIalTUPUIIN KEPAK :

— BHWJICOMAbIYyMOTJIap XAXKMHHH CHUKHUII YYyH KYJUIAaHWIQJWTAH BEHBIET
KBaHTJIATWY WIII PEKUMIIAPU Ba XYCYCUSTIAPUHU YPeaHULlL,

— KBaHTIarnyjga cudar (PaKTOPUHUHT V3TrapuIllM CTATUK TaCBUPJIAPHUHT
CUKHII KaTTAJIUTH Ba YIAAPHUHT CU(PATHHY Y3rapuIlnra TabCUPUHN 0aXo1ati 01Ul

— KBaHTIarnyga cudar (PaKTOPUHUHT Y3TrapuIM CTATHK TaCBUPJIIAPHUHT
CUKHII KaTTAJIUTH Ba KaliTa TUKJIAHTaH TaCBUPJIAp CU(PTUHU Y3TapuIIu TaKpHOaCH
oyitnua ounumaapea 22a oyauud.

2. Macananur Kyinanmu: Tonmupukiaap

2.1. Ksantnaruyaa cudar (GaKTOpUHUHT  y3rapuilu CTaTUK
TACBUPJIAPHUHI CHUKHUII KaTTAJIWTH Ba YJIApPHUHT CU(ATUHU  Y3rapuinura
TabCUPUHU YPraHyBUHM TaXXpUOAHU YTKAZMILL

2.2. Taxpubaman oJuHTaH CcUKUII Kod(duimentu Ba Yyprada cudar
KaTTaJIMKJIAPUHY JKaJBaJl MIaKIuaa €310 OJIMHT.
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2.3. MabaymMoTiap XaXKMHHHU CHKHUII KOIPPHUIMEHTH Ba CHUHAITYBUH
TacBUpJiap Yyprada cudar KypcaTruwiapuHuHT cudar Qakropu Y3rapumura
OOFIMKJIMK TUCTOTpaMMaJlapuHH YH3UHT.

2.4. OunuHraH HaTWXaJIapHU TaxJIUJI KUJIMHT.

Kuckaua Hazapuii MabaymoTiaap 0yiinda 4-amajauérra Kapamr.

3. NHuHr 6akapuiaum TapTudu

3.1. BeliBneT BUACOKOACK NaCTypUHU FOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOAHBIX HU300paXEHUW», TyrMacMHH O0cCHO
TaHJAHTaH TacBUp (aiymapumgan OWUPWHHM FOKJIAHT. Arap HaMOWHWIN KWJIHUII
naHeJu/a TaCBUP OJIMHJIAH IOKJIaHTaH Oyica 3.3. MyHKTra YTHHT.

3.3. Hawmolinm Kwmim MmaHenuga TacBHp Makigo Oynrad, YHH paHrdapk
Oyiinua KaliTa wWOUIall TYpUHA TaHjam, Macanad, YUV 4:2:2 Ba
«KonBepTupoBate» TyrMacuHu 6ocui jo3uM. CYHTpa HaMOWUII KUJTUII TaHEIn/a
RGB ¢omarura yTkazunrad Ba KaiTa UIIUIAHTaH TaCBUP XOCHJI OYau.

3.4. «Konep» BKIIagKacura YTHHT.

3.5. «KauectBo» apHU cudar KypcaTTuuuHu 9 KutMaTra Co3JaHr.

3.6. «Hauatp kKogMpoBaHHE» TyrMacuHH OOCHO, KoJjJjaml >KapaCHUHU
OOIIUTaHT,

3.7. Harmwxkanapam (cukum kodhdunmeHTr Ba yprada cudar) kagsaira
€310 OJNMHT.

3.8. «KavectBo» kumitmatmam 8; 7; 6; 5; 4; 3; 2 kuiiMaTiapura cosnad
Taxpubanu 3.5-3.7 myHkTIap OVitnda TaKpOpIIaHT.

3.9. 3.2-3.8 myHkTapHu 6ap4ya CHHOB TaCBUPJIApU yUyH KYJUIAHT,

3.10. HMactypuu €nuHr.

4, Xuco00T TApKUOH.
4.1. XucoOoT Tapkubuaa KoJJIall MapaMeTpiapu, Typiud Kuilmariaap
KYJUTaHWITaHAard HaTKajiap, OUpIrKiIap *aaBai MakiIuaa OYIuim Kepak.
4.2. YvswinaauraH ructorpammaiap Xap Oup CUHOB TaCBUPH YUyH aloXuaa
YU3UITUIIH JIO3UM.
4.3. OnuHraH HATWKAJAPHUHT KHECHM TaxIWIMHA YTKA3UHT Ba acOCUU
XYJIOCaJTapUHTU3HU E€3UHT.

Ha3zopar caBosiiapu

1. VmOy amanuér uivaan Ky3jaaHraH Makcaa Huma?

2. Cudar mnapameTpu V3TapUIIMHUHT KalTa UWIUIaHAETTaH TacBUP CHUKHIII
KO3 hUIIMeHTHTa TABCUPH KaH 1Al ?

3. Amanuér umm gacTypuaa TaCBUp CUTHALIAPUHY KaHJIald Typaaru panrdapk
CTaHJapTiIapu/ia KaiTa UIiai UMKOHHUSITH MaBxKy1?

4. AManuér uimm nactypu KaHjaad GopMaraard pakamiiu TacBUpPJapHHU KaiTa
WIIUIANI KOOUIUSITUTa dra?

5. «IlapamMeTpsbl KOAUPOBAHMS» TIAHENH 1A KAHIAal co3JlaMasap MaBxXy/1?
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5.3. Hmpan makcaa: Awmamuii wmuHA —OaXapuijga THHTIOBYH
KyHIaruiapHu Y3IalTHPUIIH Kepak :

— BUACOOOBEKTIAp XapaKaTWHUW KOMIICHCAIFSUIANI AacoCHaa JTUHAMHK
TAaCBUPJIAPHU KailTa UIIIAI YCYJUTAPUHU YpearuuL;

— TacBUpJIApJArd KaJpiapapo OPTHKIATUKHNA MabIyMOTJIAp BHICOOKHMHHU
CUKHIII KaTTaJIUTUra TAbCUPUHA OaX01atl Onud,

— TacBUpJIApJArd KaJapiiapapo OPTUKYATUKHU MAabIyMOTIIAp BHICOOKUMHUHU
CUKHII KaTTAJIUTUra TAhCUPUHK OaxoJiail oJUI OYin4a ourumiapea 32a OyauuL.

2.Macaganunr Kyinaumu: Tonmmpukiaap

2.1. Typnu cuHaTyBYHM BUICOCIOKETIAPAATH Kaapiiapapo OPTHKYATUKHU
BUJICOMABIYMOTIIAp XAKMHHH CHKUII KaTTanurura Ba 1B TacBupmapHu
JEKOJIepJIalira TAbCUPUHU TaX I KAJTHIIL.

2.2. Cuxum  kodpduimeHtTd Ba  ypraya cudar  KaTTAIMKIApU
KUIMAaTIIapuHU KaJaBaJl MIAKIuaa €310 OJIMHT.

2.3. MabaymMoTiap XaXMHHH CHKUII KOA(OUIIMEHTH Ba CUHAIYBYU
TacBupiap Yypraya cudar KypcaTruujJapuHUHT cudar ¢GakTopu Y3rapuiiura
OOFJIMKJINK THCTOTPAMMAaJIApUHU YH3UHT .

2.4. OnuHraH HaTW>KaJIapHU TaXJIUJI KUJIHMHT.

Kuckaua Hazapuii MabjaymoTiap 0yinda 4-amajauérra Kapamr.

3. WNmHUHT 0akapuauim TapTuou

3.1. BeiiBneT BUACOKOACK NaCTypUHH FOKJIAHT.

3.2. «Barpy3uTh Ha0Op BXOAHBIX HW300paKEHUW», TYyrMacHHH O0CHO
TaHJIaHTaH TacBup ¢ailiapugaH OUPUHU IOKJIAHT. Arap HaAMOWMIN KWW
NaHeu1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamolium kwmiin naHenuga TacBUp Maigo Oynrad, yHU paHrdapk
Oyiinuya KaliTa wWOUIall TYpUHA TaHjam, Macanad, YUV 4:2:2 Ba
«KonBepTupoBate» TyrMacuHu 60cuii jo3uM. CYHTpa HaMOWHUII KUJTUII TAHEIU/a
RGB ¢omarura yTkazunrad Ba KaiTa UIIUIAHTaH TaCBUP XOCHJI OYIau.

3.4. «Konep» BKIIagkacura YTHHT.

3.5. «KauectBo» spHu cudar kypcarruunnu 10.00 kuitmarra co3iaHr.

3.6. «Hauare xkomupoBaHue» TyrmMacuHu Oocub, Komtaml >kapaéHUHU
OOLLIAHT,

3.7. Harwxanapau (cukuin koddduiMeHTr Ba yprada cudar) >kaasajira
€310 OJNMHT.

3.8. 3.2-3.7 nyHkmapHu 6apya CUHOB TaCBUPJIAPU YUYH KYJIJIaHT.

3.9. [actypHu €nuHr.

4, Xuco00T TapKuodm.
4.1. XwucoboT TapkuOuaa KOIJIAll TapameTpiiapu, Typid Kuiimariaap
KYJUTaHWITaH ard HaTrKaiap, OUpIIMKIap xKaaBa MakKIuaa OYIuIg Kepak.
4.2. Yusmiagurad TUCTOTpaMMaiap Xap OUp CHHOB TAacBHpPU YUYH allOXH]Ia
YU3WJIHIL JIO3UM.
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4.3. OnuHraH HaTWKAJAPHUHT KUECHM TaxJIMJIMHU YTKa3WHT Ba acoCUil
XyJIOCaJapUHTU3HU E3UHT.

Ha3zopar caBosuiapu

1. BeiiBneT anMamTupuIl 1acTypy Tallku uHTEepdelicu HuManapaan uoopar Ba
yJIapHUHT GYHKIHMOHAT Bazu(arapuHu TYITyHTUPUHT.

2. Cuxui k03)PUIMEHTHHU XUCOOJAIIHUHT 3HT OJANH YCYIH HUMaaH
ubopat?

3. Kaiita nnuradran tacBup yprada cudaTi KaTTaauru KaHaa Oupimuk OuiaH
Yymaanaan?

4. Beiuer anmamtupuii Ba JIMCKpeT KOCHHYC yCYJUTApUHHAHT a(3auTuru Ba
KaMUYWINKJIApUHA KUECHI TaKKOCTAHT?

5. Craruk TacBUp CUTHAJIapura KaiTa UIUIOB OepyBYM sSHA KaH1al
TypiapuHu ounacu3? Mucosiap KeITUPHHT.

DoiigaJaHIITaH agaduérTaap

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. 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 . “ Pakammu TteneBunenne” X.C.CoatoB Taxpupu octupa M.A.I'aBpuios,
T.I'.Paxumos, A.H.ITy3ni1, X.X.Hocupos, [II.M.Kagupos. Tomkent 2016.

400 Ger.

Kyuma mamryaor: LabView MmyxuTuaa Tej1eBU3HMOH y3aTruyd YHKHUII
KYBBATHHHU yJI14alll.

HNmipan makcana:
TuHrnoBUWIapAa LabView MYXUTUHUHT cpyHKuI/IOHaJI UMKOHUATIIApHU
TYFpUcHIa OMTMMIIAPHU IAKJIJIAHTUPHUIL Ba YIAPHUHT MAJTaKaCUHU OLIUPUIII.

MacajaHuHI KyAMJIMIINA:

National Instruments LabView myxutu uMKoHUSTIApH OMJIAH TAHHILIUIIL.
Yy MyxuTaa Maxcyc KypwiIMaBUW Ba JacTypuil TabMUHOT Epiaamuna TB
y3aTru4 KyBBaTUHU MKKHU XHWJI PEXKUM/IA YIyall TaXXKpUOaCUHU YTKA3HILL

Kuckaya Hazapuii MabJIyMOT.

HamyHaBuil JaCTYPHUHT YMYMH KYJJIAHMACH
Oxupru HWUUIapAa pPagHoONIEKTPOH BOCHTAJNAPUAA AHAJIOr Ba paKaMIH
CUTHAJ IapaMeTpJIapUHU TaXJIWJI KWIKLI, yIap YCTHAA TYpJU TEXHHUK Taxpuodaap
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yrkazum, KOY curmamnmapHu KalTa HIDIam, Y3aTAOl Ba KaOyln KUJIHII
TEXHOJIOTUSICUHM ypraHull y4yH OWp KaTop BHUPTyald JacTypiap UILUIa0
yuKuIMOKaa. National Instruments ¢upmacuauar LabView wuHcTpymMenTan
macTypiam Twid Oy Oopajma yinkad TaxkpuOamap oiaud Oopmokaa. LabView
MYXUTHHMHT OOIIKa MYyXWTJIapjaH €KW JacTypiapjaH (apku UIyHIaku, Oy
JAcTypJia paauodJIEKTPOH BOCUTANIapra ouj 6apya TeXHOJIOTHK kKapaCHllap yCTHIa
o6 Oopunaauran Taxpubamap 100 % pean myxutuHu sparagu. by sca ¥3
HaBOaTHAa WIUIA0 YMKApyBUMJIAp Ba WIMHU-TAAKUKOT YTKa3yBUWIAp y4yH OHp
KaTop a3aUIMKIApHU TaKAUM 3Taaud. byHra wmucon Kuwimb KyWuaaruiapHd
KEJITUPUIIl MYMKHUH:

e Taxpubanap Ba WIMHI TAAKUKOTIAPHU peal MyXHUTa aMajra OMHPUIHILN

opTuKua capd XxapaxaTIapHU OJITUHU OJIaJIH;

e byHmail ’xapaéH TaAKUKOTYM €EKU Tala0aHUHT OHTUAA peal MYyXHT

TacaBBYpJapUHU Oepaiu.

AManuii MIIHK WKKA XWJI PEeKUMJIa amaira OIIUPUII MyMKUH. bupunun
ycynaa tuznmMaa Maexya FOY reneparopu €praMua CUrHaUIapHU MIAKIUTAHTUPUO
pean BakT TB y3aTrud 4yuKuIl KyBBaTUHU YI4alll UMKOHUATUHU Oepaau. UKkuHuM
xonataa sca “RF Components Testbench” crenauaa BupTyan MyxuT €paamuia
TEruIUIM TAJKUKOTIAPHU aMajra OIIMPHII MyMKHH. YHUBEpcal JacTyp MaKeTura
KUPUTWIITAaH OMp KaH4ya 3JIEMEHTIap OaHKW TUHIJIOBYMIIApra MYCTaKWJ paBHILIA
TypAu XU PAJAOIEKTPOH 3aHXKHUpJApHHU JIOWMXajall Ba TETUIUIA H3JTaHMII
Xxamja Taxpubanap YTKa3uIll UMKOHMSITHHHM Takaum dtaau. Kypuima tapkubura
kuputuiaran remeparop 2.7 I'Tugan 6.6 I'T'1 rava 6ynran paguoTyIKUHIAPHU
MIAKJUTAHTUPUII Ba y3aTUII KOOUIUSATUTA dTa. AMalIUii UIIIAaH KY3JIaHTaH acoCUil
Makcaa TuHrioBumnapaa LabView MyxXuTHHUHT (QYHKIHOHAT HMKOHHUATIAPH
TYFpUCHIard  OWTUMIIAPHM  [MAKJJIAHTUPWUIIL  Ba  YJIAPHUHT  MajaKaCUHU
OILLIMPUIIIaH HOOpaT.

JacTypuii Ba KypujiMaBuii TAbLMHHOT.
Tuzum Kyiinaa KeITUPWITral KypuiMaBuil TabMUHOTTA (OJI0KIap) Ara::
e IOY curnamrapu ananuzaropu (RFSA 5661/63)
FOU curnamnapu reaepatopu (RFSG 5671/73)
RFSA, RFSG yuayn apaiiBepiap.
NI Modulation Toolkit
NI Spectral Measurements Toolkit
“RF Components Test Bench” ykyB crenan
Jactypuii TabMUHOT, Oepuirad Kypuima QoiiamaHuml KyJIaHMach
Ba BUJICOKYPCH MaBXyJ OYJIraH KOMIaKT-IUCK.

AMayuii MITHA 0aKAPUIIAA TUSMMHHUHT YJIAHUII CXeMacH
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NI PXI-10420 TV NTRomeNTs NI PX1-10420

1-pacM. TusumMHUHT Maxcyc kKabenb (a) Ba anTeHHa (0) épaaMua yIaHHII
cXeMacH.

2-pacum. “RF Components Test bench” crenau anemMeHTIapH.
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3 pacMm. AManui UITHUHT 6a}KapI/IJ'II/IHII/II[aFI/I THU3UM YIJIAaHHIIO CXCMACH.

JacTtypuii TABMHMHOT KYJIJIAHMACH.
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Jlactyp TOMOHHWAAH SpaTWiraH YKyB Kypcu wuHTepdeicu 4-pacMmaa
KEJITUPWITaH.

aun CBY cnrmance

VIOY curnasiapHu y3aTHIl acociiapu Oyiinda jadopaTopus UIILIapH

METOAbI VN AATORUTME MOAYIAUWY NPU TECTUPOBaHMKW PAAXMOUACTOTHOTD CE»ODy‘,’lOE»JO‘HR. RENAETCH OAHVM U3 BaXHeALIKX
VIHCTPYMEHTOB, MCNDNL3Y WM HOBEVILWVE AOCTVKEHVS B 0D1aCTA reHepaumnn v NPUeMa PaavocyrHanos,

Fancraz ”DA peannsauviv Noa06GHOro NPOrpaMmMHOro obecneyeHmn, HeObXoAMMOTro NPY PaspaboTKe N3MEePUTEABHOrO
Of’}GD'.";]CBaH.‘R BeCcbMa 5"1(‘.':"1'1-,’_‘- MNOAL30BATHLCE NPOrpaMuamM KOAYPOBAHWUSE U MOAYNRUWK ANS FTEHEPALIAK ¥ USMEDEHWA
CYIFHENOB NPV NOMO WY YHMBEPCANbHBIX MOAYIbHbIX BY npnbopoe, MNporpamMHbIf NOAX0A K TECTVPOBaHMIO A3ET

Pafiota 3 NOABZ0BATEND BO3MOXHOCTb NMOAHOM 3aanTauvi nMerLeroca 0bo PYyAOBaHMA K pewaemon sataue.

i MpOrpaMMHOe 0EECNEUEHIE, NDW NOMOLLM KOTOPOTO MHXEHEDE! U3YHEHT HOBEIE CMIOCO6S! KAHANBHOTO KOAVPOBAHAR 1

' Pafiora 11

4- pacm. [lactyp unrtepdeiicu.

CUYKOHYaHUHT TyrMacH €pJaMujia aMaJliid WIIHA KUCKauda KyJulaHMallapu
OWJIaH TAHUIITUII MYMKUH.

NHu 0akapui y4yH KypcaTMa Ba HAMYHA.

1. TereBU3HOH y3aTTMYHUHI YUKHUII KyBBATHHHU YJIYAIL.

AManuil WIIHA WKKA XWJI PEKUMIA aMalra OLIMPUII MYyMKHH. bupuHum
ycynaa tuzumMaa Maexkya FOY reneparopu €paaMmua CUrHaJIapHU MAKIIAHTUPHO
pean BakT TB y3aTrud 4ukuil KyBBaTUHM Yi4yall UMKOHUSATUHU Oepann. UKKuHYM
xonaraa 3ca “RF Components Testbench” crenauna BupTyan Myxut Epaamuaa
TETUIUIN TAAKUKOTIAPHU aMajira OLIMPUII MyMKHWH. YHHMBEPCAI AACTYp IMAKETUra
KUPUTHITaH OMp KaHYa 3JIEMEHT/Iap OaHKW TUHIJIOBYMJIAPTa MYCTaKWJI paBUIIA
TYpJIA XWI PAAMODJIEKTPOH 3aHKHUPJIAPHU JIOMMXanall Ba TETHIUIA W3JIAHUII
Xamja Taxkpubanap YTKa3uIll UMKOHUSTHHHM TakauMm 3taau. Kypuiama tapkubura
kuputwirad redeparop 2.7 I'Tmman 6.6 I'T'n rada O6ynran paauoTyiIKUHIApHU
HIAKJUTAHTUPUII Ba y3aTUII KOOMIHUSITHTA 3Ta.
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5-pacm. Y3arrud KyBBaTHHU Yiyai jabopaTopuscu UHTephencu.

Xap Oup TecTHM OakapullaH OJJIMH TETHIILIU KypcaTMa OWJIaH TaHUIIUII,
OeNruiaHral 3aHxup OYinya yJaHWIUIAPHU amalira OIIMPHUII, aHAJIU3aTop Ba
reHepaTop KypwJIMacHMHU TaHJall Ba ‘“3amyck TecTa’ TyrMacUHHM OOCHIIl JIO3UM.
Acocuii oitHara kadtum yayH “Hazax” ryrmacuam Oocum 3apyp. (Pacm 5). Arap
TAIIKWJ JTWITaH 3aHXUpJa €KW JApadBepAa KaHIAWIup KaM4WJIWKIapra Wy
Kyhunran 0yica, “3amyck Tecta” TyrMacu 6ocuirad Taxpubda amanra onmManm Ba

5 oliHa HIILIIaMaMIu.

RF COMPONENTS TESTBENCH

Power
:® 4 @ @@ 1@ 15 s
: ? ' ' -

© D> = @ = >
20 t ! fo | L4 t
1@ 1@ 5@ 1@ wg 2@ 1@

6-pacMm. «RF components testbench» KypunmMacu Tamku KYypuHUIINA

“ABTOMacmTad” TyrMacuHW  OOCHO, CHEeKTorpaMma Juana3oHUHU
aBTOMATHK CO3JIalll MyMKHH.
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“TeneBU3MOH y3aTTMU YMKHUII KyBBaTHHHU Yidaml” TaXpuOacHMHHM amalira
OLIMPWIMINIKIA OMp KaHua MapameTpiiapHu aHWK Oenruinad oswmin jo3uM. bynap
MapKa3uil TassHY YaCcTOTAacH, YIIUOB AUana3oHu Ba aHaiu3 (Span), mojioca KEHTJIUTU
(Resolution Bandwidth), Ba ananu3aTtopja curHan CYHHIIMHHU (QTTEHIOAIHS) MOC
paBuUIla Yy3rapTHpaguraH TasH4Y KyBBaTH KuiMmaTmapuaup (5,6-pacm).
PagnosnexkTpoH KypuwiMaigap acocHMil  KOMIAHEHTJIapu OujaH  KypuiMma
KYJUIaHMacHu1a OepuiIraH >kaiBajijia TAHUIIUII MyMKHH.

Ha3zopar caBosuiapu
LabView MyxuTu HUMa Ba y KaHAai KIMKOHHUsTIapra ra?
LabView nactypununr uatepdeiicn Humanapiad noopar?
3. TB y3aTruy yukuin KyBBaTHHH YIJalll KaHJal pexxumMiiapaa amajira
omupuiIagn’?
Tuzum KypuiamaBuii TAbMUHOTH KaHAal OJokiapaaH noopar?
['eHeparop KaHal UIYKM AUATIA30HA UIIJTAWINA?

N =

o s

DoiaJIaAHWITAH 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. 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 . “ Pakamnu TteneBuaeHue” X.C.CoatoB Taxpupu octuna WM. A.I'aBpuiios,
T.I'.Paxumos, A.H.ITy3uii, X.X.Hocupos, IlII1.M.Kanupos. Tomikent 2016.
4. Tpesuc JIx. LabView st Bcex.
5. www.ni.com.
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 KEHCJIAP BAHKH




V. KEMCJIAP BAHKHA

TeneBU3MOH TACBHP BA 0BO3 CUTHAJLUIAPUHM CUKHIIL.
bepwiran keic-CTaiMHMHI MaKcaau: THUHIIIOBUMIApAA pakKamiu
TeNEeBUACHUEAA KYJUIAHWJIQJAWTaH CHKUII yciyonmapu Oyiuua OwiuM  Ba
KYHUKMAJIApHU pPHUBOKJIAHTUPHIL, YTUIATAaH MaB3yJap Oyinya 3rajiaHrasd
OMIMMIIApUHY TEKIIUPUO KYpHUIJaH noopar.

Kyrnnaérran HaTtmkaaap: S}pl“aHI/IJIaéTI‘aH Map3y OVitmua amanuii
KYHUKManapra sra Oynaju; CUKUII Ba KOJJIAIl TypJapuHHU YpraHaad Ba TaxXJIMJ
KWIaJy; MyaMMOJIAPHH €YU YUYH CUKHII aITOPUTMIIAPUHUAHT KUECUUN TaXJINIUHA
YTKa3aau; pakamiid TEJIEBUICHUENA KYJUTAHWIAIUTAH CUKHUII aJrOPUTMIIAPUHHUHT
acocjapuHu ypraHaau; xap oup daoauar Typu Oyiinya TaBcusiap UIuIad YUKUII
KYHUKMAJIApY [MAKJUIAHA/IH.

Keiic-crannan myBappakusaTin 0akapuil y4YyH THHIJIOBYM KyiHIaru
OmJimmJIapra ra OyJIMIIM JI03UM:

TUHII0BYM OMJIMIIM KepaK: OJIMd MaTeMaTHKa, JUCKPET MaTeMaTHhKa
(dannapuad yyKyp OmiaMmiapra; CUKHII aJrOPUTMIIAPUHHUHT KHECHM TaXJIWH;
pakamiIM TEJEBUACHUEA KYJUIAHWIAIWTAaH CUKHII Ba KOJUIAIl alrOpUTMIIAPUHU
bapku; aMruTyaa, (asa Ba 4acToTa MOAYJISUSA aCOCIAPH.

TuHrI0BYM amajira OMIMPHMINM KepPaK: MaB3yHM MYCTaKWI1 YpraHaawu;
MyaMMOHHMHI ~ MOXUSATHHM  AQHUKJIAIITAPAAW; FOSUIADHU  WJTapu  Cypaiu;
MabIYMOTJIAPHU TaHKUIWW HYKTaW HazapjaH KypuO YMKUO, MYCTaKwi Kapop
KaOyJl KWJUIITHU ypraHajau; Y3 HyKTau Haszapura sra OynuO, MaHTHKUN XyJoca
YUKApaId; MAbJIYMOTIAPHU TAKKOCIANIU, TaXJIWJI KWJIAIU Ba yMYMIIAIITUPA/IH;

Keiic-craguaa peas Ba3usaT 0aéH KujauHrad. Keic-craamHuHr 00beKTH
— paKamMiu TEJIEBUACHUENA KYJUIAHWJIAAUTraH KOMJIMK OPTHUKYAIUK, JJIEMEHTIIAp
apo €KM CTaTUCTUK OPTUKYAJIWK, TICUXOBHU3yall OPTUKYAIMK, TYy3WIMaBUU
OpPTUKYATUK, BaKTJIM EKU KaJpJiiapapo OPTUKYAIMK KaOW mapaMeTpiapHu xucoOra
OJITAH X0JIJ1a CUKUII aJITOPUTMIIAPH.

Keiic-cragmaa wumuouiaTwiral  MabJAyMOTJap  MaHOaM:  pakamiiv
TeJIeBUJCHUEAa IOKOpH cu(daTiu TacBUp CUTHAUIApUHU ddupra y3artuiiga
BY)KY/Ira KeJlaJuraH MyaMmMoJiap acoCcHJia OJIMHIaH MabJIyMOTJIap acocuja UIiad
YUKWUJITaH.

Keiic-craguHUHT THIIOJIOTUK XyCyCHATJIapUra Kypa
XapaKTepPUCTUKACH: Ma3Kyp Keic-cTaau KaOWMHETIM Keic-ctamu Toudacura
KupuO, croxkercus xucoOmaHamu. Keiic-ctagym MyaMMOJapHH TakIUM KWJIUIITA,
yJIapHU XaJl 3TUIITa XaMma TaxXJIuJl KWINIITa KapaTUIraH.

by Tamkunmi-nHCTUTYIHOHA KENC-CTAaAN, TaXIUINHN E3UIIMa KYPHUHHIINIA
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Ty3WIraH.}

Y Ty3unManaHMmarad, KHCKa XaXMJaru KeHWc-CTagd — TEXHOJIOTHS
XucoOnaHaan. YKyB TONIIMPUFUHH TAKAMM STHII YCylH OVifmua — Keifc-cTamu
TONIIHUPUK.

JlumakTuk Makcajpiapra Kypa TPEHUHIJIM KeHc-CTaaW XucoOJiaHau,
HIIYHUHTJEK Oy Kelc-cTaau amaluii MalFyJoTH JaBOMUJAa O€lNTrWjIaHraH MaB3y
Oyiin4ya ONMHTaH OWIMMIIADHU MyCTaxXxKamJjalira MyJDKajUlaHraH. Ym0y Kewc-
cramu  OTM  Tunrnoumnapu yuyH “Pakammm  TeneBumenme”  anuna
¢oiitaTaHUIUIINA MyMKUH.

Keiic-ctagu: Te/ieBU3HMOH CUTHAJVIAPHUHT OPTHKYA MAbJIYMOTHHHUHT
TypJIap4 Ba OPTUKYAJIMKHH 0JIM0 TalLIAII YCYJLIApHU

TeneBU3NMOH TaCBUPHUHT TaXJIWJIW IIYHU KYpPCATAAUKH, yIap KarTa XaKMIU
OpTUKYa MabIyMOTJIapra 3ra Ba Kyhiujaru cuH@uiapra Oyauiin MyMKUH:

1) Koonuxk opmuxuanux,

2) Dnemenmaapapo éku cmamucmux OpmuKYaIuK,

3) Ilcuxosusyan opmuxuanux;

4) Ty3uamasuii OpmuK4aIuK,

5) Bakmau éxu xaopaapapo opmuK4aiux.

TacBup MabJIyMOTMHHM CHUKHUIIJA OWTTAa TypJard OPTUKYAIUKHH OJUO
TallIaIHU €KW OUp HeuTa TYpHU OMpJlaHura KyJjiain MyMKUH.

Keiicoaeu acocuut myammo paxamau menesuoenueda KyJiIaHULIAOUSaH
cukuwt yeayonapurnune xyananuauwe coxacuea (IPTV, yp ycrtu teneBuaeHuecH,
WHTEpHET TeJIEeBUICHUE, MOOWMII TeJIeBHACHUE Ba 0.K.) Kapab >He Makoyn
(onmuman) eapuanmiapuHy UUIA0 YUKUURa KapamuieaH.

Pakamiin TesieBuieHM e KYUIAHWIAAUTAH CUKUAII YCJIyO0JIapu

by xomarma BUACOOKMM Ty3WJIMAcH OPTUKYAIUTH WYKOTWITAH TasHY
Kaapunan wubopar OYnamO, KoJAraHjgapu 93ca KaAp HYMJArd  Y3WHUHT
OPTUKYAIMKIIApU HYKOTUITaH Ba KyIIMM4a OuUTTa €KUM OUp HeYa OPTUKYATUKHU
HYKOTHUII TypJiapy KYJUIAaHWJTaH XaMmJla Oup BaKTJa TaCBUP OJIOKJIAPUHUHT ¥3apo
CWDKUIIUIAPU Ba Kaapiap opacujard ¢GapkKHA KYpcaTyBUM MablIyMOTIapAaH
Tamkui Tonaau. Antunran amamiap MPEG cranmaptu owsacura TETWIIA Ba
HIyHTa YXIIam KojAekiapaa KyJutanuiaau. byryHru kynaa spdextuBauru xuima
XUJ1 OYJraH, BUJICOMAbIYMOTIAPHU CUKUIITHUHT KYIIJIa0 yCyJl Ba aJropuTUMIapU
unuiad 4YMKWITaH Ba  yilap Typiad cudar KypcaTKuudjapura, KyJUIaHWJITaH
aNrOpUTMIIAp MypaKKaOJIUrura Xxamaa Te3KopJura OOFTUKIUP.

Myngait kunub, TAcBUP CUTHAIWMHU MMAKJUIAHTHPUIN Ba Y3TapTUPHII
KapaéHu1a KyWuaaru MyHAIAIIIAPHU KEJITHPULLL MyMKHUH:

o Cnexkmp y3eapmupuuinap acocuoda CUKuuL,
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° @paxman cukuui;

o Bexmopau keanmaau.

Xap Oup kypcaTwiran xojamiap Y3UHUHT a(3aJIMKIApU Ba KaMUYUJIUTUTA
aTa, yJIapHU KEHTPOK KYpHO YMKaMmu3.

CrniekTp y3rapTHpHUII ACOCUAA TACBUP CUTHAJUHU CUKHUIIT

TacBup Ba BHIEO KETMA-KETIMKHM CUKHUIIHHM, Xap XWJ MPUHLHILIAP
acocuzia, SpaTWIraH Ba Kyl TapKalraH YCyJd OPTOTOHANl Y3rapTUPHUILIUD.
AmManuéraa KynuHYa YU3UKIM OPTOrOHAN Y3TapTUPHUILN YCYJUIapU KYIJUIAHWIIA]IH.
[Myngan  kenu® uWKWO, KyHuaard Y3rapTupuiriap Makcaara MyBO(UK

XucoOaHaIu:
o Yonw - Aoamap anmawmupuwiu,
o Kapynen — Jlossa anmawmupuwiu,

o Tuckpem xocunyc yzeapmupuut (IKY);

o Beiignem y3eapmupuw (BY).

By xentupwiran y3rapTUpUIUIAPHUHT Xap OWPUHUHT KYJUIAHWII COXACH,
ad3aITUKIIApY Ba KaMUYMJIUKIAPH MaBxKY/I.

Macanan Agamap aaMalITUPHIIHUHT ad3aJTUTH YHUHT aMaluET/Ia OCOH
KYJUIAaHUIIIM Ba XHUCOOJANUIAPHUHT cojiaiurd. by ammamTupwuin Yy3rapmac-
Oynaknu QyHKUMsIap YUyH, alHUKCA CUTHAJIIHUHT Yy3rapMac TallKuil 3TYBUUCHHHU
aXpaTullga, sIXIIM HaTWxkaizap Oepaau aMMoO peajl TaCBUp CUTHaiUiapuaa OyHpaail
CUTHAJUIAp KaM ydpanu

Kapynen — Jlo3Ba aJMalUTMPHMIIMHMHI AaCOCHM KAMYMWIIMIM XO3MpUa
YHUHT BEKTOpJApUHMU Te3 XHcoOaaml ycynu unuiad 4yMKuiamaras, mnry ca6ad Oy
ycya dakaT Hazapuil Xoaria MaBxy/l.

[ynaait Kuaub, ;oKopuIa caHad YUKWITaH Y3rapTUpUIILUIapAaH aMaiuéTaa
kympok JKY Ba BY nap nnmatmiany xamaa ylaapHu 6atadcr KYpub duKamus.

JINCKPeT-KOCHHYC Y3rapTHPHII acoCHAa TacBHpJapHu cukum. JIKY
CIIEKTPUHUHT XYCYCHUSITH IIyHAAH HOOpaTKHU, YacTOTa CHEKTPU IHEPTUSICUHUHT
acocWii  TamKuWi  JTYBUMJApW  HOJb  KUWMATiau  4actora  arpoduaa
WUFUITAHIIATUIUD.

TacBupHu BeiliBjeT y3raprupumu acocuaa cukum. Dypbe Ba JIKY
JAPHUHT aCOCUN KaMUYWJIWTH yJIapHUHT Oa3aBWUi TapMOHUK TAIIKWI 3TYBUWIApU
byHKUMS naBpuid OyIMaraH xoJsatiap/a sSXIIy UIiaMaiid Ba HaTkaaa Gonaanm
MabJIyMOTHUHI MabJIyM KHCMHUHU THUKJIAIl WUMKOHMUATH WYKOTWIaAu. BeuBier
VY3rapTupuin  MabiyM (QYHKUMSHUA BeWBIET (QYHKIUSIM TallKWI ATyBYHIAP
KYpUHUIINA OCpUITUIIMAND Ba BEUBIIET —0y KMUUMK TYJIKUH €KUM TYCaTIaH CaKparl
TYJKAHU.

Casonnap:

1. Cusnuarya ymOy XoiaTtna MyamMMO MaBXyJIMHU Ba arap Oop Oyica y
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KaHaail MyamMmmMo?

2. Ymly Ba3uATna MyaMMOHHU Kalj STyBYM KaHAal UCOOT-TalvLIapHU
KeJITUpa oJlacu3?

3. Xap Oup CHKHUII aJIrOPUTMHHHU KYJUIAHWJIUII COXAQJIAPUHU AHUKJIAHT Ba
cababuHM aKpaTud KYpCaTUHT.

4. MyanmpHUHT €4UMU CU3HA KOHUKTUPATUMA?

5. byHmaii Ba3umsATAa CHU3 MyaMMOHHM KaHmai Oaprapad sTran Oymap
SIUHTU3?

AMayiuii Ba3uSITHU 00CKHYMA — 0OCKHY TAXJIMJ KMJIMII BA XaJ1 3THII OyHH4a
THHIJIOBYHUIAa METOIMK KypcaTMaJiap
Keiic-craguum eyum 0yiin4a MHAMBUAYAJ UL HYPUKHOMACH
1. ABBano, keic-ctaaiu OWIaH TaHUIIUHT. MyamMMOIM Ba3usAT XakKuja
TyLIyHYa XOCWJI KWJIUII Y4yH Oop Oyiran OyTyH axOOpOTHHM JMKKAT OujaH YKUO
YUKHMHT. Y KW TafTHAA BA3UATHN TAXJII KHIHIITa XapaKaT KYJIHHT.
2. bupunuu caBoJra »aBob OEpuUHT.
3. Mabnymotnapau sitHa Oup Mapotaba muKKaT OwiaH VKO yukuar. Cus
y4yH MyXUM OVJIraH caTpiiapHu Kyiuaaru xapguap épaamMuia Oeiruianr:
“J1” xaphu — MyaMMOHHU TaCIAUKJIOBYM JaJIHILIAP,
“C” xaphu — myammo cababiapuHu,
“0.0.J1.” xapbaapu — MyaMMOHH OJIIMHH OJIHUII HYJIIapHy.
4. YOy 6enrunap 2,3,4 caBosuiapra e4uM Tonuiira Epaam o0epau.
5. SIna Gup 60p caBosutapra xaBo0 OepwuIlra XapakaT KUJIUHT.
I'ypyxJjapaa keiic-ctaauHu e4un 0yiin4ya nypuKHoOMa.
1. UunuBuyan eqyuiran Keic-cTaau Ba3ustiaap OujiaH TAaHUIINO YUKUHT.
2. 'ypyX capJOpHUHU TaHJIAHT.
3. Barman Koro3napaa KyWnaard >KaJJBaJIHU YU3HUHT.
MyaMMOHM TaXJIMJI KAJIWII Ba €UUII KaBaN

Myannu
MyamMMoOHH Y P
MyamMmoHM Kennb TOMOHHUJAH
TaCIUKJIOBYH [I'ypyx eunmu
quKuI cababmapu | Takimg KHIMHTaH
APy -

Hwnu sikynnab, maxoumomea mauépiame.
AyAUTOPHSAAAH TAIIKAPH 0a’KapUJIraH Ul YYyH 0axoJiaml Me30HJIapHu
Ba KYPCATKHYWIAPH

Tunrnosumnap | Acocuit Myammo Myammonn Basusatnan Kamn
pyiixatu axpaTno Ba3USTHUHT yuku6 ketum | makc. 20
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0JIMHUO, KeJIN0 YMKHUIII Xapakatyiapu 0

TaIKUKOT ca0aOu Ba aHUK Kypca-
00BEKTH JaTuJUIapyu aHUK THIITaH
aHUKJIAHTaH KypcaTujiraH Mmakc. 10 6

Makc. 6 0 Makc. 4 0

Ayautopusiga 0a:xapwirad il y4yH 0axoJiam Me30HJIapH Ba

KypCaTKH4YJIapHu
Masbnymotinap | JKaBoOmap TYIHK Kamu
I'ypyxiap Typyx daon Kyprasmaiu Ba aHUK Oepuiiu
pyixatu TaKJIUM ATUIIAHU MakKc.
maxe. 16 Makc. 4 6 Makc. 5 6 106
1.
2.
8-10 6ann — “avno”, 6-8 bamn — “axwu’”, 4-6 6ann — “Konuxapau”,

0-4 6ann — “xonuxapcus”.

IV. VKUTYBYM TOMOHUAH KelC-CTaIHN UL Ba TaXJIHJI KNI BAPUAHTH

Keiic-cragmaaru acocuit myammo:. Keticoaeu acocuti myammo paxamiu
meneguoerueoa KyIIaHUIa0uean CuKuul ycayorapunuHe KYIIAHUIUW coXacued
Kapao sue makoyn (onmumai) 6apuaHmiapuHu uaad YyuKkuued Kapamuiean.

MyaMMOHHM TACIMKJOBYHM Jdajduijiap: MyaMMOIu Ba3UATHH TaXJIUI
KWIMIITra XapakaT kKwiamui. Kymmanwmum coxacura kypa (IPTV, ep ycru
TEJIEBUICHUECH, UHTEPHET TEJCBUJICHHE, MOOWJI TeJeBUEeHUE Ba 0.K.) paKamiu
TeJIeBUICHUE A KYJTAHWIAUTaH CUKHII aJITOPUTMIIAPUHN aHUKJIAWMH3.

o Yonw - Adamap armawmupuwiu;

° Kapynen — Jlosea armawmupuwiu,

o Juckpem xocunyc yzeapmupuut (IKY);

o Betignem yzeapmupuut (BY).

o Xagpman ycynu

MyaMMo/1M Ba3USITHHHI KeJU0 YUKHMIN cadaldjapu: aHaNOr TEJIEBU3HOH
CUTHAJIHA paKaMJIM IIAaKJIra Y3rapTHPWITaHNIa, YUKHIIIATH BUIACO MabIyMOTIIAp
okumu 240 MOuT/c radya eTtumM MyMKHH Ba Oy Oup coarjna y3aTWiIaéTra
mabiaymoriaap yuyH 108 ['OaiitHu Tamkwn stagu. by y3 HaBOaTHma pakamiu
TeJEeBUICHUE ajoKa TapMoru yuyH 120MImmm yTkasum monocacu OYIMIIMHU
tanad oTagun Ba OyHgal Karra Xaxmid MabayMoTHH 8MI'tum crangapt
TEJIEBU3UOH KaHAJIJIaH Y3aTUIIl MYMKUH sMac. byHaal kaTTta XaXmaaru pakamiu
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MabJIyMOTJIAPHH E3MIII Ba XOTUPaJa CakKJallja, pakamiild cepBepiapHH sSpaTUIlIa
KYIITUHA KUUMHYWIMKIApHU Keatupud uwukapamu. Ly cabGabmmu BuageocurHan
KYpCaTKUWIApUHUA MOCHAIITHPUILI Ba aloKa KaHaJUIapUJaH y3aTUIl Y4YyH,
TEJEBU3UOH TACBUP MabIyMOTJIAPHUHT OPTUKYAJIUTHHHU XHcoOra oJjiraH XoJjja,
CUKHIII yCyJuTapuaan oimananuiaan. Arap CUKHIN KyJUTaHWIMaca ypTa XoJaaru
outrta ¢puibM 1031a0 ['urabaiTHu srajananam.
Myanaug y3 Takaupuaa MyaMMOHH OJIIMHYU OJTMIIIA KyHHIArH
Hy/uiapuan kypcaTud Oepran:

TacBup cuUrHaUTApUHU KOJUIAll JeraHja BUICOMAabIyMOTIIapHU ¢akar
CUTHAJUTM KUCMHUHU KaiTa uiuiam xucobnanaau. XKapaén ¥3 nunra HoaHbaHaBUN
MaTeMaTHK KaiiTa UIulail yCyJUIapUHU OJIafii Y HUHT MaKCaau KaHaj KEeHTJIMTUHU
CHUKHIII Ba y3aTHII BaKTMHU KUCKAPTHUPHUII XaMmJia CUTHAJTHUHT KaHaJJaru ypraya
KyBBAaTHHH MACaUTHPHUII MaKCaIna YHU BaKT OMPJINTH WUYUa UIOKH OopUda Kam
MUKJIOPJard HKKWIMK CUMBOJUTap OniaH ndoaanam. Xap OWp CHUKUII aJrOPUTMH
V3UHUHT napameTpiapura sra. XKymiaaas:

® Oumma KaopHu KAuma uwiiaw 8aKmu,
® cuxuw xo3pouyuenmu,

® axbopom yzamuus me3nueu,

e ypmaua cugpam. ob;

® CuKuneaH Qatin Xaxcmu.

L i R L B s o Vet —

Vet

D O v '

154



>
13 127
17 116
113 112
123 106
123 97
113 87
a0 93

Yeenuuerue 5

113
107
113
114
101
104
17
139

119
118
119
114
104
121
146
149

145
128
122
114
93
101
103
128

136 120
121
129
133
134
127
108
100

129
123
116
118
109
103
107

154

116

& 3arpyaute...

Mcx. pasmep:
1244214 |

Pacu. owwé.

MaTpuua
|KBaHToBaHUA

Boixon
| AleX Inc.©2006

[~ Bua koMNoHeHTbI

@ R (kpacHbii]

" G (zeneHbii)

" B [rony6oii)

1. 3akpeme okHo |

" Y [apkocTb)
" U (useTHoCTb cuHero)

¥ [uBeTHOCTE KpacHoro)

WcroaHbili Maccue:

Maceue nocne npamoro KN
Maccue nocne ofparroro AKM

ESHTOBaHWE

MaTpuua KeaHTOBaHUS. .

TATY TenepaanodmMTTUPHUII TU3UMIApU Kadeapacua Ma3Kyp MyaMMOJIU

Ba3WTHHA XaJl KWJIUII Yyopa TaaoOupiapu cudaruga Maxcyc BHPTyal JlabopaTopus

HUIIIapH  ApaTHUJIraH. SbHN THUHIJIOBUWJIApra KaJICHAAp pCKa acocuia YI_II6y
na60paTopHﬂ MalltyJIOTJIIapyu MyHTa3aM paBUIIa 010 60pI/IJ'IMOKI[a.

Ma3skyp BazusTIaH Kenuo

YHUKHO,

om0 OopwiaguraH MyHTa3am

U3JIAaHULUIAp Ba TAAKUKOTIAp HATHXKACH YIApOK TAaCBUP CUTHAUIAPUHU CHUKHILIA

Betignem yzeapmupuw (BY) ycynau 3HT ONTUMAIN YKAHJIWTH aHUKJTaHIH.

JIucKkpeT KocuHyc BeiiBaer
y3rapTUpHIl y3rapTupuu Xaddman ycynu
(AKY); (BY).
butra xkagpHu
KaiiTa nIianmni 0.23 0.09 0.18
BaKTH [c];
cuatt - 12.3 25.5 18.4
KO3 (UIIUEHTH
ypraya cudar. nb. 40.5 49.5 35.3
axbopot ysatuul 4858.3 8484.5 7945.1
Te3urn [Kout/c]
Cuiuran paii 547896 347536 478521
XaKkMH [KOUT]
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Ba3zusatnan yukn6 xkerum xapakatiaapu: Ly ca6ad pakamnu TBna anua
Mypakka® Ky TypJarn CHUKHII aIrOpUTMJIapu KYJUIaHWIaad. YJIapHUHT
camMapaJoOpJINIy KYJUIAaHWIMII cOXacura Kypa aHMKJIaHagu Ba WIOXKH Oopuya
Ooopuua y3atunaérrad ax0opoTia KaMpoK OuTiap Oyiaumura xapakaT KUJINHAIM.

SAKyHuH xyJioca
Myammonunr eunmm: Arap teznuru 56 Kout/c momem wumuiatuica, Oup
KYHJIMK OJMHTaH BUACOTACBUPHU 8 MU JaBOMMAA y3aTuil kepak Oymanu. Iy
ca0abny MabJIyMOTHHU y3aTUII TE3JIUTMHU KYTApUII YUYyH pakaMiIM BUIEOTACBUP
JIOUMO CUKHUJIA]IH.

Keiic-cTanm yKUTHII TEXHOJIOTUSICH
YKYB MalIFyJIOTHHUHT TEXHOJIOTUSICH MOJEJIH

Mawzynom eakmu-2 coam Tunenosuunap conu: 25 —30 ma eaua

AMannit-OninumiIapHu MycTaxKamJial
Ba KYHHKMa Ba MajakajJapHH
HIaKJUTAHTHPUII OYiinya amanuii
MAIIFyJIOT

MamFyji0T IIAKJIU Ba TYpH

1. TuHrnOBUYMIAp OMAMMIIAPUHA
(daoyutamITUPHIL MaKcaau1a OJIHIl -
CYpOB YTKa3HIIL.

2.Keiic-cTaay Ma3MyHUTa KUPUIL.
MyaMMOHHU Ba YHU €UHIII
Basu(amapuHu aHUK Udoaa ITHUIIL.
3.Kelic-cTainHu rypyxJjapaa €umIll.
4. Hatwxanap TakIMMOTH Ba
MYXOKaMaCUHU YTKa3UIL.

5.5kyHuii Xynoca YuKapul.
Opulniarad yKyB HaTHKaJlapura Kypa
TunrnoBumnap dhaonusiTiHA 0axoJiant

YKyB MALIFYJIOT peskacu

YKYB MamIFyJOTHHMHI Markcaau: CUKUII aIrOPUTMIIAPUHUHT KUECUU
TaXJIWJIM aCOCUJA PaKaMJIM TEJICBUJICHWE YYYH OINTHUMaJl BAPUAHTIIAPHU TaHJAW
OJIMII KYHUKMAaJIApUHU [IAKJUIAHTUPHUILL.

Ileparoruk BasudaJjiap: S"KyB (aoMATUHMHI HATHKAJIAPH:

- Keiic-cTaau Ba3usTH OujaH - Kefc-CcTain Ma3MyHH OWJIaH OJITUHIAH
TAHUIITUPHII, MyaMMOHH Ba YHU €YU | TAHUIITUO YUKUO, E3Ma Taléprapink
Bazu(aTapuHA AKPATUIITHHA YPTATHUIIL; Kypanau;

- MyaMMOHH e4HIII Oyinda xapakatiap | - Ba3usarra kapab MyaMMOHHU Ba YHU
AJITOPUTMHUHHU TYIIYHTUPUILI; euui Oyinya BasudanapHu

- CUKMII aJITOPUTMIIAPUHUA KUECUH TabpudIaiay;

TaxJIWJI TUIIHHA TYIIyHTUPHULI. - MyaMMOHH €4MIIl Oyiinya aHuK

- paKamuIM TEJIEBUAECHUENA HT ONITUMAJI | Ba3UATIAPHUHT K€TMa — KETJIIMTUHU
BAPUAHTHU TAHJIAIHUA YPraTUILl AHUKJIAWIN:
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- MAHTUKHN XyJI0Cca YMKAPHIITA KYMaK
oepui

- CUKHII aJITOPUTM TypJIapyuHU
ypranaau,

- YJIapHU KMECUH TaxJIMII Kuja OJIaJu;
- paKaMJiv TEJIEBUICHUE YUYH
MOZYJISLUSHUHT ONTUMAJI BApHAHTUHU
TaHJIauu;

- MyaMMOJIH Bazu(arapHu eUHIa
Hazapui OMIMMITApUHU KYJUTAlIN;

- MyaMMOHH aHUKJIa0, YHU XaJl
KWINIIAA €9AM TOTAIu;

- IKYHUM MaHTUKUU XyJocanap
YUKAPAJIH.

Yxumuw memoonapu

Ketic-craau, akjinii Xy>KyM, HHCEPT,
MYHO3apa, aMajui yCyJI

Vxye paonusmunu mawkun smuw
WaKiapu

YKyB MaTepualiv, THHIJIOBYUTA
yCIIyouit Kypcarmainap, TaKaIuMoT,
baumuapt

M;umum socumanapu

NuauBuayan, GppoHTal, )kamoa,
rypyxJlapAa HIuIam

Yumuw wapoumu

['ypyxsapaa nnuiamra MyJpKajuIaHTaH,
ayJIuTOPHS

Katimap anoxanune tyn ea socumanapu

binn-cypos, TaAKAMMOT, Ky3aTyB

1-unoesa

Baun-cypoB caBoJ Ba xxaBod1apu

Ne | Cason Kaesob

1. | Cuxum TypiapH.....?

. CHKHIII acocaH UKKH YCyJIJla amajra OlupuiIaIu:
— cu(aTtHu UYKOTHO Ba cudaTuHu WYKOTMAcAaH.

TeneBnsnon
CUTHAJIJIAPHUHT
OpTHKYA
MabITYMOTHHUHT
TypJapuHU KEATUPUO
YTHUHT

1) Koquk opTUKUYammK;

2) DneMeHTIapapo €K1 CTATUCTUK OPTUKYAJIHUK;
3) IlcuxoBu3yan OPTUKYAIHK;

4) Ty3unmaBHil OpTUKYAIIHK;

5) Baktiu éxu kaapiaapapo OpTUKUYAIHUK.

Crnextp y3rapTupuil
acocuja TacBUp

3. | CUTHAJIMHU CUKHUII
yCYJUIapUHU aliTHO
YTUHT ?

Yonm - Anamap aJIMalITUPHILIHN;
Kapynen — Jlo3Ba anmamTupuniy;
Jlnckpet kocunyc y3raprupum (JKV);
Beiipner y3raprupumu (BY).

Pakamnu TB Hunr
4. | crangapTIapuHU
auTHHT?

DVB — EBpona cranaaptu
ISDB — flnonust crangaptu
ATSC —AmMepuka cTaHIapTH
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Kymumua Tonmmupkiaap MyaMMoJu Basusataap. (Keiciap)
1.bepunran : HDTV cudrtunaru Bugeopopmar 1920*1080 ymuamaa. Kaap 4:2:0
dbopmarraa 30 kaap/ceK y3aTHIMOKIA.

Cagour: bup cexyHaru ax0opoT XaKMUHU XUCOOIaHT?
Euum: 1920*%1080*30*8*1.5=746496000 6ut/cek = 750 Mbit/s

2. TB curnan roxopu crtax dyerapacu 6 MI'1. bepwiran cursan KBaHTJIaHHUII
napaxkacu 256ra TeHr. Pakamiu cHrHan y3aTWII TE3JIMTHM Ba KaHal MHHHMAI
I10JI0CA KCHIJIUTUHHU TOITHMHT.

Euum 1:

1. KotenpHukoB maptura kypa f0>2-Fmaxc = fo>12 MI', fo = 13,5 MI'u kunu6
TaHjaa0 oJlamMu3.

2. k=log,m=log,256 =8.

3.C=f o-k , fo — yacrora quckperuzaiys popmyaacura acocaH:

C =13,5x8 = 108 MoOwur/c Torramus.

4. f 02 2-F wake FMaKc — OEpUIITraH CUTHATHUHT MaKCUMAIT 9aCTOTACH

Afy = 0,5x108 = 54 MTI'11. Tonamus.

3. Pakamumm tacBupHU auckpernamga 4:2:2 craHgapTH KyJUlaHWJITaH. Pakamim
TaCBUP CHUTHAJIMHU Yy3aTHINJIard CyMMap axO0opoT y3aTHII TE3JUTHHU Ba KaHAI
MHUHHMMaJ T10JI0Ca KEHIVIMTUHU XucoOanr. 8 Ba 10 pa3psm Komiam TU3UMIIapu
acocuja.

Eunm:
1. 4:2:2 craamaptuaa 4 koddpournmentu 13,5 MI'm yacTora AuCKpeTH3anusIcura, 2
ko3 purenTr—6,75 MI'11 yacToTa IMCKpEeTU3aIUsACUTA TYFPU KEJa lu.

2. C=f1 a-k Gopmynacuman QoimanaHran Xxojga pakamiId TacBUP CHIHAIMHU

Y3aTHIIIATH CyMMap ax60pOT y3aTUII TE3IMIUHE XUCOONaiMus;

k=8 na, C =13,5x8+6,75x8+6,75x8 =216 Mowur/c.

k =10ma, C = 13,5x10+6,75x10+6,75x10 = 270 MowuTt/c.

3. f 22F e ®opmynacunan ¢oiinananu® xaan MuHHMan monoca

KEHTJIMTUHUA XUCOOIaiMU3;
k =8 na, Afy =0,5%x216 = 108 MI1.
k =10 ma, Afy = 0,5x270 = 135 MTI'11.
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VII. TJIOCCAPUI

TepMHH S’736€K TWINAArn mapxm HNuraums TWIHAAIr'n Iapxm
Asynchronous Serial Interface or
AS] ACHHXPOH CEepHSIIH ASI, is a streaming data format
uHTepdeiic which often carries an MPEG
Transport Stream (MPEG-TYS).
Advanced Television Systems
Committee (ATSC) standards are
Advanced Television Systems | a set of standards developed by
ATSC Committee —ep yctu the Advanceq Televisi(_)n_ Systems
SIUTTHPUIIUHUHT aMEPHKa Committee for digital
CTaHJIApPTH television transmission over
terrestrial, cable, and satellite
networks.
Advanced Audio Codec (a digital
audio encoding/compression
Takomumnamrupuiarad ayauo | format also known as MPEG-2
AAC koaek. MPEG-2 Part 7 vomu | Part 7; more efficient than MP3. A
OwIIaH XaM IOPUTHUIIA]IH. later improvement known as
AAC+ or HE-AAC further
Improves compression efficiency).
. AHAIIOT paKaMIIH analog-to-digital converter (device
ADC y3TapTHpTit. C%FH&HHH converting an analog voltage
pakaMiIn XoJiaTra YTKa3yB4u . .
into a binary number).
Kypujima
Asymmetric Digital Subscriber
ACUMMETpPHK paKamITu Line (system exploiting the
a0OHEHT JTUHUSCH (KEHT high-frequency transmission
ADSL M0JIOCAJTH AJIOKa TAapMOFH capabilities of a telephone line to
oynu6 20 M0O/c Te3nukkada | enable an asymmetric broadband
MabJIyMOT y3aTHII link method (up to 20Mb/s for the
KOOWMITUSITUTA OTa) downlink and 1Mb/s for the uplink
with ADSL2+).
Bose-Chaudhuri-Hocquenghem
Boyse-Uayaxypu-XeMHHren Code. BCH codes form a class
BCH paKAMITH KOAIAL CTAHAAPTH of cyclic error-correcting
codes that are constructed
using finite fields
COFDM is basically OFDM with
COFDM Kanannu xoasnaiira Moc error prOteC\s:/?]?C%COdmg -©),
always precedes OFDM.
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https://en.wikipedia.org/wiki/MPEG-TS
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CELP

Yacrora

€ku 16 xI'11 6ynranaa
y3aTHUII T€3IUTUHH 6...2
Ko6uTt/c 0ynummau
TabMUHJIOBYH HYTK
CUKHIII YCITyOu.

Ky3ranyBumiapHu Yu3uKIN
Oaropat OujIaH KoJjIar).

nuckpetusanusicu 8 KI'y

4 Code Excited Linear Predictive

Cl

Ymymuit uatepderic

The Cl is an interface at the
receiver end for a broadcaster-
specific, exchangeable CA plug-in

card. This interface allows
scrambled programs from different
broadcasters to be de-scrambled
with the same hardware despite
differences in CA systems.

CIF

Kanp ¢popmaru 6ynu0, y3uaa
EPKUHIIMK CUTHAIU
KaTopH y4yH 288 Karop
Ba 352 351eMEHT Xamaa
PaHT KAl 3TyBUH
cuUrHaJIap xap oup
Katopu yuyH 144 ta kaTop
Ba 176 aneMeHT
cakJIanu.

Common Intermediate Format

CPU

Mapxka3zuit nporeccop

Central Processing Unit

CS

bomkapyBum xotupa
KYpHUJIMAaCH

Control Storage

CVBS

TYyNUK paHry TeIEBU3UOH
curnain, TPTC

Composite Video Blanking Signal

DCT

Jlnuckper KocuHyc
aIMalITUPUIIT

A discrete cosine transform (DCT)
expresses a finite sequence of data
points in terms of a sum

of cosine functions oscillating at
different frequencies.

DDS

Pakamiin mabirymoTinap
OKUMHU

Digital Date Stream

DMIF

MynbTumMennua erkazuo
OCpUIITHUHT MHTETPAJUTAHTaH
TU3UMU

Delivery Multimedia Integration
Framework

DVB

EBponana puBoxnaHaérran

paKamiii TCICBUACHUC

The European DVB project
stipulates methods and regulations
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tuzumu. Y kademm (DVB-C),
nynnouuu (DVB-S), epyctu
(DVB-T), mo6uis (DVB-T),
IIYHUHTAEK Kenaxakaa TB
SIIUTTUPULITHUHT OOIIKA
TYpJapUHM Y3 UUUTa OJIaJIH.

for the
digital transmission of TV signals.

Kynéxkmama pakamiau quck.
Mynunraex Digital Video
Disk xabu HoMu xam
y4pauiu, y ONTHK JTACK
TypJapuaas Oupu,

DVD xycycan, MPEG-2 Digital Versatile Disk
Oyir4a CUKUIITaH OJIHHA
anukymkaara (720x576)
BUJICOJACTYPJIAPHU E€3UIIT
YUYH KYJUTAHWJIA]IH.
Oumnrtupuin EBporia
Urtudoxu) — EBponagaru
EBU Pa/IOSTIATTHPHII European Broadcasting Union
COXaCHHHU OOLIKapyBYU
TaIIKWIOT.
The elementary stream is a
‘continuous’ data stream for video,
ES DeMeHTIap OKHMHU audio or
user-specific data.
XaToNMKAAPHY TFPHIOBIH Forwar(_j Er_ror Correction_. E_rror
FEC protection in data transmission,
KOJl :
channel coding.
TacBupnap rypyxu. MPEG-1
Ba MPEG-2 na xkeTma-ket
GOP KCTQIUTaR TacBipIap Group of Pictures
(kagpiap €ku MaiiIoHIap)
rypyxu 0ymnu0, Tasny -
KaJIpJiaH OOIIIaHAIH.
GP Tapamaiiiuran UMITYJIbC Gating Pulse
HDTV ig;:ﬁ;gﬁﬁ??gj% High-Definition Television
Xu3Mariiap uHTepraiuscura
ara pakamJid SITUTTUPHII) — i -
ISDB an meﬂa KaBy1 KHJfHHr;H Integrated Service Digital

paKamiu TEIEBU3UOH
SIIUTTUPHUII CTAHAAPTH

Broadcasting
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IEEE

Pa,Z[I/IOSJ]CKTpOHI/IKa Ba

QJICKTPOTCXHUKA
MYXaHAUCTIApU HHCTUTYTHU
(AKLI)

Institute of Electrical and
Electronical Engineers

IRD

Nurterpan kaOyn Kuarud-
JEKoJIep

Integrated Resiever-Decoder

ISDN

NHTterpamnanrad xuzMariap
paKamJIi TapMOFH) -
Kanammap
KOMMYTalMsCHUIa dra
paKamJIm anoka
TapMOKJIApU TYPH.

Integrated Services Digital
Network

ISO

International Organization for
Standartization

Crannapiam 6yiinya Xaiakapo
TAIIKUJIOT.

ITU

DIIeKTpoalioKa Xalkapo
Urtudoxu (MCD). by
TAIIKWIOTHUHT
Bazudanapuan oupu —
XaJIKapo CTaHAapT
XHcoOJIaHaIuran
TaBCHsUIAPHU Tanépiall.

International Telecommunication
Union

JPEG

®dororpadusiiap 6yiinua
SKCTIepTIap OupIarad
rypyxu. ISO HUHT unram
TypyXxu 0Ymm0, Xyaau
IIyHAal HOMJIAHYBYHU
XapakaTcu3 TaCBUPJIApHU
CHKHII KOJIJIAII
CTaHJApTIApUHU UIILTA0
YUKHUII OWJIaH
IIyFyJUIaHAIH.

Joint Photographic Experts Group

JTAG

Tectnammu
aBTOMaTH3aIlMsIIAI Oyiinya
Oupalran rypyx

Joint Test Automation Group

LPC

Yusuku Garmopatiy KoJIjiart
yeanyou. (AUKM,
YU3HUKJIA KOJJIAIra
KapaHr).

Linear Predictive Coding

MMDS

YTa 10KOpH 4acToTaIun
TaKCUMJIAIIHUHT KyNIKaHAJJIN

THU3HUMH

Multichannel Microvave
Distribution System
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MunuMan KOMaHIaJIapHHA

Minimum Instruction Set

MISC TepUIl OMIaH X|CcoOall Computing
XapakaTJIaHyBYM TaCBUpPJIAP
Oyitnya sKkcrepTiap
rypyxu. [SO HuHT unan Moving Picture Expert Group.
rypyxu 0ynu0, Buieo Ba MPEG is an international
MPEG ayTMOMabIyMOTIIAPHH standardization committee
KOJJIall CTaHJapTIapUHU working on the
unuiad yukum omnan | coding, transmission and recording
mryrysoianama. ['ypyx of (moving) pictures and sound.
HOMM CTaHOAApPT
HOMJIAPUJIA YUYPANIH.
AKIII, Kanana, SIlnoxnus Ba
1y Karopsia Ocué Ba
AMepuKaHUHT OOIITKa National Television System
NTSC :
MamJlakatiiapuaa Committee
KS'/J]JIaHI/IJIaIII/II‘aH PaHIJIN
TCIICBUACHUC TU3NMMU.
Opg’?;?ﬂ?jaef;m;;ﬁ Orthogonal Frequency Division
4 Pt Multiplex. The modulation method
Paxamin TB tn3zumuga . .
. Is used in DVB systems for
OFDM KYJUTaHUJIAuraH .
- broadcasting transport
AYIALHA TYPIApHA streams with terrestrial
oupu. :
transmitters.
OxkuM gacTtypiiapu Ba
PAT yIAPHUHT Program-Association Table. The
uaeHTU(pUKaTOpIApH PAT is a PSI Table (MPEG-2).
pyuxaTu KaJBaju
[ITaxcuii KOMITBIOTEP
XOTHPACHHH
PCMCIA U A— Personal Computer Memory Card
International Association
BOCHUTAJTApUHHUHI
CTaHIapTU
Packetized Elementary Stream.
TlaKeTIARNaH SIeMeHTA For transmission, the "continuous™
PES p elementary stream is subdivided
OKHM. intO
packets.
Protocol Identification. The PID is
a 13 bit value in the TS header. It
PID [Mporokon uaentudukanusicu | shows that a TS packet belongs

to a substream of the transport
stream.
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Picture element

Pixel TacBup seMeHTH
Quadrature Amplitude
Modulation. QAM is the
QAM KBagpaTyp ammiuTyganu modu!at_ion method used for
MOy transmitting a transport stream
via cable. The channel coding is
performed prior to QAM.
QPSK KBaHgfg&%’;;iﬁiﬂ Quadrature Phase Shift Keying .
MOTYJISIIUS
Kuckaptupunran Oyipyk
RISC TyTamira sra Reduced Instruction Set Computer
KOMIIBIOTED.
SFN bup dacToraam TapMoOK Single Frequency Network
Pakamnu TeneBuznoH
STB AACTYpAApHHH Ka0y1 Set-Top-Box
KWIMIITa OUJ] KyIuMua
KypuiMa
Kanp dopmaru 6y1uo, 6up
caTpaa TaCBUPHUHT 288
KaTop Ba 352 3JIeMEHTH
SIF &ku Omp caTpaa Standard Interchange Format
TacBUPHUHT 144 Katop Ba
176 snemeHTUHH
cakJlauan
EpyFiuK cUrHATMHUHT
SQCIF 128x96 snemeHTHHU Sub-Quarter Common Interchange
y3uaa CakJI0BYHU Kaap Format
dbopmaru.
TS TpancnopT okuMu Transport Stream.
MPEG-41a mabiymotiap
VLBV y3aTHII TE3TUTUHUHT YHT Very Low Bitrate Video
[1acT OOCKHUYH
Kopnu cy3nap y3yHnuru
VLC y3rapyBunaapu OuiiaH Variable Length Coding

KOJUJIAIlI
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VIII. ATABUETJIAP PYUXATH

|. V36exucron Pecnydankacu Ipe3snieHTHHHHAT acapiapu
1. KapumoB W.A. VY30eKHCTOH MyCTAKWUIMKKA OSPUIIMII OCTOHACHIA. -
T.:“V36ekucron”, 2011.
2. Mupsuées 111.M. bytok kenakariMU3HU Map]l Ba OJIMKAHOO XaTKUMU3 OusiaH
6upra kypamus. — T.: “V36ekucron”. 2017. — 488 6.
3. Mupsuéep II.M. Mumnuii TapakkKu€T HYJIMMH3HU KATHUAT OWUJIaH JaBOM
STTUPUO, IHrU Gockuura Kytapamus — T.: “Y36exucton”. 2017. — 592 6.

1. HopMaTuB-XyKYKHii Xy:KKaTIAp

4. V36exucron Pecniy6nukacunuur Koncruryrmscu. — T.: Y36exucton, 2019.

5. V36ekucton Pecry6nukacununr “Tabaum TyFpucuaa”a KoHyHu.

6. V36ekucton  PecryOnukacummar  “Koppymnmsra — Kapmmp  Kypariumn
Tyrpucuaa’ th KonyHu.

7. V30ekucron Pecniy6nukacu Ilpesunentununr 2015 itun 12 urongaru “Onnit
TaBJIAM MyacacaJIJApUHUHT pax0ap Ba MeAaror KaapiiapuHu KaiTa Taréprarn Ba
MajJaKaCHHHU OIIMPHIN TU3UMHHH SHaJa TAaKOMIULIAIITHPHIN YOopa-TaaOupiapu
Tyrpucuna” tu [1P-4732-connu OapMoHHU.

8. V36ekucton Pecny6mukacu ITpesupentnrmar 2017 imn 7 ¢eBpangaru
“Y36eKHCTOH PecriybnukacuHu sHaza pUBOXIAHTHpUIN OYiinya XapakaTiap
cTparerusicu Tyrpucuia’tu 4947-connu @apMoHH.

9. V36ekucron Pecny6Gmukacu ITpesumentunuar 2018 imn 3 ¢eBpangaru
“XOoTHH-KU3NApHU KYJUIa0-KyBBaTiall Ba OWJa WHCTUTYTUHHM MYCTaxKamJiall
coxacumarn  (aonusTHH  TyOJaH  TAKOMIJUIIAIITHPUIN  4YOpa-TaaOupliapu
tyrpucuaa’ru [1d-5325-connu GapmoHu.

10. V36ekucTon Pecny6nukacu Ilpesunentununr 2019 iun 17 uronmaru
“2019-2023 iimmwtapma Mupso YiyrGek HOMHmard Y36ekucToH Muiuiwii
YHUBEPCUTETHAA Tajlad IOKOpW OYJTraH Maslakaid Kajpjap Taépiam TH3UMUHU
TyO/laH TaKOMWUIAIITHUPHUII Ba WIMHH CaJOXUSATHHA PUBOXIAHTHPU YOpa-
tanoupnapu Tyrpucuaa’ti 11K-4358-conmu Kapopw.

11. V36exncron Pecniy6mukacn Ilpesunentunuar 2019 iimn 11 wronparu
«Omuii Ba ¥pTa Maxcyc TabJUM TH3UMHUTA OOIIKAPYBHHHT SIHTH TaMOWHJIJIAPWHH
YKOpuii dTUI Yopa-tanoupnapu tyrpucuna »ru [1K-4391- connu Kapopu.

12. V36ekucron Peciyonukacu Ilpesunentununr 2019 #iun 11 uronmaru
«Omuii Ba ypTa Maxcyc TabJIUM coXacuja OOIIKApyBHH HCJIOX KWJIHUII YOopa-
tanoupnapu tTyrpucugantu [1d-5763-con hapmonu.

13. V36exucron Pecry6nukacu ITpesunentunuar 2019 fiun 27 asrycriarn
“Onuil TabIMM Myaccacallapu pax0ap Ba TMenaror KaJpJapHuHUHT Y3IyKCH3
MajlaKacCuHU OIIIAPHIII TU3UMHUHH KOpUH OTHIII TYFpUCHIA TH
[1®-5789-connu GpapmoHwu.

14. V36ekucTon Pecnyonukacu Ilpesunentununr “2019-2021 #umnapna
V36exncron PecryGnMKACHHM HWHHOBAIMOH DHBOXIIAHTHPHII CTPATETHACHHH
tacaukiam Tyrpucuaa’ry 2018 v 21 centadpaaru [1d-5544-connmu dapmoHu.

15. V36exucTon Pecnyonukacu Ilpesuaentununr 2019 #iun 27 wmaiparu
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“¥V36exucTon Pecry6iukacuna KOppyHIUaTa KapIii Kypalkil TH3HMHHHI SHAIA
TaKOMUJUTAIITUPHUII Yopa-Taoupiaapu Tyrpucuaa’tu [1d-5729-con dapmonu.

16. V36ekucron Pecry6nukacu Ipesunentununr 2017 #iun 2 despanmaru
“Koppynuusara Kapiid KypallMil TYFpHCHIa TH Y30ekucToH Pecrmy6iaukacu
KOHYHUHUHT KOMJANIapWHU aMmalira OIIMPHUIN Yopa-TaaOoupiapu TYFpuUcHAa TH
[1K-2752-connu KapopH.

17, V36exucron Pecry6mukacu ITpesuneHTnaEHT "ONMii TABIMM TH3MMHHH
siHaJla PUBOKIIAHTHPUII Yopa-Taaoupiapu Tyrpucuaa’tu 2017 vun 20 anpengaru
[TK-2909-connu Kapopw.

18.  V36ekucron PecnyGmukacu IIpe3snaeHTHHHHT “Onmii  MabIyMOTIH
MyTaxaccuciap Tauéprnam cudaTiHA OIIMPHIIAA HMKTHCOAUET coXajapu Ba
TapMOKJAPUHUHT  UIITUPOKUHH  SHAJAa  KEHTaWTUpHUII  Yopa-TaaOupiapu
tyrpucuna’ru 2017 vinn 27 urongaru [1K-3151-connu kapopu.

19. V36exucron Pecny6mukacu Ilpesupentununr “HopmaBiar —Tabium
XU3MaTiaapu Kypcatuil (aoJusiTUHU SHAJla PUBOXIAHTUPHUII HOpa-TaaOupiIapu
Tyrpucuaa’ru 2017 tun 15 cenrsopaaru [1K-3276-connu kapopu.

20. V36exucron  Pecny6nmkacu — IlpesumentuHuHr — “Onmii  TabauM
Myaccacajapuja TabiuM CU(GATHHU ONIMPHUII Ba YJIApHUHT MamilakaTJa amaira
OIIMPWIAETTAH KEHT KaMpOBJIM HUCIOXOoTiapaa ¢(aosl HIITUPOKWHU TabMUHJIAII
Oyiinua KymuMya dYopa-taabupiap tyrpucuna’tu 2018 #un 5 wuroHgaru
[TK-3775-conmu KapopH.

21. V36ekncron PecryGmukacu Basupmap Maxkamacuauar 2012 jimn
26 centssOpaarn  “Onuil  TabaUM Myaccacajliapy TIenaror KaJpiapuHu KaiTa
Taii€pramr  Ba  yNApHUHT  MajaKacHHU  OIIMPHUIN  THU3WMHHHM  sIHaza
TaKOMWJUIAIITUPUIT YOpa-Taa0oupaapu Tyrpucuaa’ru 278-connu Kapopu.

III. Maxcyc agaduéraap
1. 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.

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

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

4. *“ Pakamumn TeneBuaeHue” X.C.CoaroB Taxpupu octuga WM.A.I'aBpuios,
T.I'.Paxumos, A.H.Ily3ui, X.X.Hocupos, II.M.Kagupos. Tomkent 2016.
400 Oer.

HNuTepHer calTiap:

1. http://www.dvb.org
2. http://www.atsc.org
3. http://www.ieee.org
4. http://www.opentv.com
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5. http://www.tuit.uz
6. http://www.ni.com
7. http://www.oculus-rift.com
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