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PEER REVIEW

TO THE EDUCATION PROGRAM FOR THE COURSE OF RETRAINING
PEDAGOGUE CADRES OF HIGHER EDUCATION ORGANIZATIONS
IN THE DIRECTION OF “TELECOMMUNICATION TECHNOLOGIES”

The curriculum is devoted to strengthen the  knowledge and retrain of
academic staff of higher education during 2 months period.

The title and content of the curriculum to direction of "Telecommunication
technologies" corresponds to the typical curriculum specialty and educational
standards, qualification requirements to a specialist of ICT. The curriculum
consists of the modules: legal foundation of higher education, innovative practices
in education and teaching competencies, application of ICT in cducational process,
practical foreign language, system analysis and decision making. Moreover,
special disciplines are Mobile communication systems, Data communication
networks (IMS, NGN), Digital TV. The topics in the curriculum are based on
foreign experience and modern technologies.

The modules mentioned in the program are formed on retraining pedagogues
and improving qualification in the field of education, general requiremenits for the
quality and preparation as well as the syllabus. With this, teachers of higher
education institutions will be provided with competencies of professional skills,
improving continual scientific activity, organizing educational-belaviora process
and structural analysis of managing, as well as optimal decision-making in
pedagogic situations by having them acquire modern education and innovation

;
technologies on special‘.y, cffective usage of advanced foreign experience.
implementation of information commun.cation technelogies to teaching process,
level of intensive learning of foreign languages.

This program will help to ensure quality, in line with international standards,
training and professional development of highly qualified cadres in the field of

telecommunication technologies.

Vice rector of ICT, TUIT
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“TEJEKOMMYHUKAIMS TEXHOJOTUSIJTAPU”
VVHAJIUILIN BYUHYA OJIMHA TABJIUM MYACCACAJTAPUTIEJATOT
KAJIPJIAPUHU KAUTA TAREPJALT BA MAJTAKACUHU OHIAPUII
KYPCHU YUYH TANEPJIAHI'AH YKYB JJACTYPUTA

TAKPU3

Jlactyp ~ Y36ekucton  Pecmy6mukacn  lIpesuieHTUHANT 2015 Awir
12 mionaard “Onmil TabIMM MyaccacalapuHHMHI pax0ap Ba MENaror KajiprapuHi
kajita Talépramr Ba MaJaKacHHM OLUMPHII TU3MMHMHU AHAKAd TaKOMUJUTALITHPULI
qopa-Tajuoupiapu Tyrpucuia’ru Id-4732-con PapMOHUaATH YCTYBOP Ay HaUILIap
MasMyHHIaH KeNnO UMKKaH Xoija TysuiaraH OYiud, yKyBs J@cTypHM Ty3ullid
Myannuap 3aMOHaBHil Tanabnap acocuia KaWTa taliépiall Ba majgaka OLIMPHILI
’KapaéHIIApUHIHT Ma3MyHUHH TAKOMUIITAITUPUIITHY ajl0XHa pTUOOPra OJULITaH.

Jlactyp Ma3MyHH OJIMM TabBJIMMHHHT HOPMaTHB-XyKYKHH —acociiapi  Ba
KOHYHUMIMK HOpMAalapH, MJIFOP TabJIMM TCXHOJOIHAIApH Ba [EAArOTHK Maxopat,
TakauM  oKapadHnapuaa  axOopoT-KOMMYHHKAMA — TeXHOJIOrHsIapuin KyJnart,
AMANMH  XOPIDKMHM THJI, TH3MMIIM Tax/Mil Ba Kapop KaOysl KuIMLL acocnapHii
YasaTUpUII  Oyiuda OMIMM, KYHUKMA Ba MajaKajlapuin  HIakIaitipuitim
Hazapaa TyTajH.

lllynuHraeK, YKyB AacTyp ¥3 KampoBM OMIIAH THHIJIOBHMIAPra TabilUMIL
MHTEPHET TEXHONOTUSIapH, 3aMOHAaBUH ayJMO-BUIACO TEXHOIOIMANAD, SHEKTP
3QHKUPIIAP BA THU3UMIIAD Taxyiuid, MabiyMOT y3aTHILL TapMOKIaph (IMS, NGN),
MOGHJT aj10Ka TH3UMIIAPH, PakaMiu TeleBHAEHHS MyTaxacCHClmK (aunapu oynhnua
Guinum Gepuira Myspkautanrad 6ynub, my gactyp MUKECUIA KYPCHH TallikKH il STHIL
Makcaara MyBoQUKAUp 1eb xucobaiMaH.

Viyn JacTypaaru MabJIyMOTIIAPHU uHoOatTra oJiraH X0Ju1a,
TenexoMMyHUKAIMsl TEXHOIOTHSIapU HYHAIULIK OViinua spatuiran yuwoy YKyB
JIACTYp THHIJIOBUMJIAp yuyH ¢oiinanu 6ymubd, nenaror Kajipiapin Karra Tanépiaul
Ba ManaKacMHK OIIMPHII KypcH Tamabnapura TYIUK kaBoO Oepaau Ba yHH YKYyB
KapaéHuaa KyJualr MaKcaara MyBoQUKInp.

TenekOMMYHHKAUUS  HHKHUL A.Dmmypanos

kadeapa MyaHpH, T.¢.H. qoueH
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|. UIIIYA JACTYP
Kupum

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

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

Moay THMHI MaKcaau Ba Basudanapu

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

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

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

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

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

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

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

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

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

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

-aHaJIOT Ba PaKaMJIA TEJICBUICHUE TU3WMIIAPUHUHT UIILIANI OMUUIAPUHU;

-paKkamiIM TEJICBUJICHUE TACBHP BAa OBO3 CHUTHAUIAPUHUHI IMIAKIUIAHTHPHILL
OMUJIJIAPUHH;

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

-paKkamiIM  TEJICSMMUTTUPUII TU3NUMIAPUHUHT TY3WIHIIM Ba  aCOCHMU
XapaKTEepUCTUKAJIAPUHU;

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

-V36eKHCTOH A PAKAMITH TEJICBUCHUCHUHT PHBOYIIAHHII HCTUKOOILIAPHHH.

Moay/iHM TAIIKKWJI 3THII BA YTKA3WII OyiinM4Ya TaBCUsLIap

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

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

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

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

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

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

THHITIOBYMHHMHT YKYB IOKJIaMacH,
coar
AyauTopusi YKYyB
HOKJIAMACH
JKyMJIAJIaH

Moaya maB3yaapu

Xammacu
Kamn
MycTakui TabJauM

Ha3zapwuii
AMaaun
MAIIFYJIO0T

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

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

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

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

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

Kamn: 32| 28 10 18 4




I. M19n JACTVYP

HA3APUI MAIIFYJIOTJIAP MASMYHHA

1 - maB3y: TacBUp CHTHAJIVMHYA IIAKJJIAHTHPUIIHUHT ajaroputvu. Pakamuin
CUTHAJIHM IAKJIAHTUPHUIL. TeleBU3MOH CUTHAJIHHM PAKAMJIU TACBHPJIAIIL.

PaKaMJ'II/I TCIICBU3UOH CHUTHAJUIAPHWUHI q)OpMaTHapI/I. PaKaMJ'II/I TCIICBU3HMOH
CUTHAJUIAPHHUHI' TallIKWJI OTYBYHIIAPH. PaKaMJII/I TCICBU3HNOH CHTHAJUIAPpHU
ITaKJJIAHTHPHIL.

2 - maB3y: Pakamiu TB curnasnu y3atum te3auru. TB TacBup
CUTHAJUIAPDMHM CHKHII CTAHAAPTJIAPH. TeleBU3MOH CUTHAJIHY KOAJIALIL.
Kananam xopiam. Moayasinus ycyJuiapu.

Pakamnu TeneBuzeHHe a MabIyMOT y3aTHII TE3JIUTH Ba acocHil Tamabmiap.
BuneoMabiyMOTIapHU CUKUITHUHT XalKapo CTaHAApTIapH XyCyCHSTIApU Xamjia
ynapHuHr ad3ammmk  Ba kamuwiukiaapu. OpanaTum  Ba  cKpemOJiepiialil.
XamakutOapaouui  Kojylami.  Pakamiud — TeleBUJICHHMENAa  CUTHAJUIApHU
MOAYJISIUSIIAI YCYIIIapH.

3 - maB3y: 3aMOHaBHii KeHT ()OPMAT/IH Ba PAKaAMJIU €p YCTH TeJ1eBU3UOH
TU3MMHUHI Y3aTHII Ba KalyJa Kujauul xkapaénaapu. MPEG-2, MPEG-4
CTAHAAPT CUKUII (OpMATJIAPMHM, YHUHT NPOPMIIIAPDUHU Ba aCOCH I
XYCYCUSITJIAPMHH YPraHuUII.

Pakamnu TeneBuaeHWE CHUTHAUIAPWHM ajoKa KaHAJJIapu OpKalu
y3aTuiira 6ynaran TexHuk Tanabmnap. doinananum. Pakamum Bujeo curHamuiap
¢busuk untepdeiicu. MPEG-4 Advanced Video Coding TH3umu TaxJuim.

4 - maB3y: PakamJjin TesleBHAeHHEHUHT CYHBHM Y1101, MOOKJI aJI0Ka,
KaleJ TU3UMJIAPH OPKAJIM TAIIKU/UIAIITHPHUII XYyCYCHSATJIAPH.

DVB crangaptu DVB-S, DVB-C, DVB -H-TusuMminapiuHuHT Ty3UIUIILIapU Ba
tapkuOuii kucmuiapu. [IPTV uMKoHUsATIApH Ba TEXHOJIOTHSICH.

5 - maB3y: DVB-T2 siuru aByoj teqeBuaennecu. ATSC Ba ISDB
CTAHAAPTIAPUIA CUTHAJJIAPHUHT NAaKeT TY3WINIIHU, YIAPHA
IAKUIAHTUPUI, KAWTA HIJIAII BA y3aTHII XYCYCHUATIAPU. YU ViIYaMiIu
TeJIeBUIeHHeE.

DVB-T, DVB-T2 twm3ummap kuécuii taxiauau. AKII Ba Snonus
TEJCAMUTTUPHUII CTAHAAPTIAPH XYCYyCHSTIap Ba YJIAPHUHT ¥3ap0 TEXHHK
dapknapu, ap3amumK Xxam1a KaMIHIAKIapH.
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AMAJIMA MAIIFYJOTJAP MABMYHHU

1-amauunii MalIFyJIoT:
PakamJiiu TeJIeBU3MOH TACBUP CUTHAJUIAPH MAapaMeTPJIapuHH TAAKHK
KHJTHIIIL.
Pakamnu TacBup CHTHaJUIApUHU KOJJAIIgA TUCKPETIAIl, KBAaHTJIAIl Ba
KOJIJIAI aCOCJIAPUHHM YpraHHUIIL

2-aMaJIuil MAlIFyJIo0T:
TacBup curHa/UIapMHHM KBAaHTJIALL
OB03 cHUrHa/UIapy CIEKTOpPH, KBAaHTJIAHMILI CAaTXU, CUMBOJUIAPHU KOJIalll
JapakKaCHHU MAaTEMAaTHK aCOCIAPUHU YPTraHMILL

3-amMaJiMid MalIFyJaoT:
C++ nacrypm acocuia ApaTwirad aacrtypaa JIuckper-KoCuHyc
AJIMAIITHPHII aCOCHJAa BUAECOMABJIYMOTJIAPHHA CHKHUINHUA TAAKUK KHJIHIIL.
JIMCKepT-KOCUHYC QJIMALUTUPUIL YCYJIUHUHT AJITOPUTMUHU TaXJIMJ KUJIWII
Ba YpraHuil.

4-amMaJiuil MALIFYJIOT:

C++ nacrypu acocuaa sparwiran BeliBier aaMamiTupum 1actypu
acocH/a BUACOMAbJYMOTJIAPHUHT CTATHUK TACBUPJIAPHMHU CUKHIIHH TAAKHUK
KHJIMILL.

Benprmer anmamTupuin yCysid JACTypUHM YPraHWII, TaxJIWI —KWJIMILL,
Juckper anmamTvpuil ycyiauaaH ¢Gapkd, aBp3aqurd Ba  KaMYWIMKJIAPUHU
TOIHIL.

5 — amanuii MalIFyJI0T:
BeiiBiieT aMaluTHpUII YYKYPJIUTHHM Y3rapUIIMHUHT CTATHK
BH/ICOMABJIYMOTJIAP CUKUII KO3(PPUIMEHTUTa TABCUPUHHN YPraHMUILL.
Beiipner anMaimtupuin acocuari oup Heuta GUIBTPIIAPHU KYJUIAIl OPKAIH
BUJICOMABJIYMOTJIAp CHUKUII KUMMAaTH Ba CTaTHK TacBupiiap cudarura
OOFJIMKIUTUHA TATKUK KUJTUII

6 — amaJauii MalIFyJIoT:
KBanTiaam skapaéHUHM BUACOMABJIYMOT/IAP CHKUII KMHMATH Ba CTATHK
TacBupJap cudarura OOFJIMKJIUTHHA TAAKUK KHJIMIIIL.
C++ Tunmpa gpatwiraH mMaxcyc AacTyp €paamMuia KBaHTIIAII Kapa€HUHU
BUJICOMABJIYMOTJIAp CHUKUII KMMMaTH Ba CTaTHMK TacBUpjap cudarura
OOFJIMKJIUTUHU TAAKUK KUJIHII

7 — amanuii MaLIFyJI0T:
TacBupsapaaru kaapJjapapo oOpTUHKYAJIMKHUA MAabJIYMOTJIAP BU1C€0OKMMHUHHA
CUKHUII KATTAJUIUIA TABCHPUHM YPraHUII.
C++ Tunmpa spaTwiraH Maxcyc JacTyp €paamuaa BelBier aiMamuTupuin



I. M19n JACTVYP

YYKYPIAUTHHUHT Y3TapuIlid  BUACOMABIYMOTIAp CHUKHII KO3(PDUIIUCHTUHUHT
y3rapuiura TabCUPUHU TAAKUK KUJIHIILIL.

8 — amaJIuii MalIryJioT:
LabView myxuTnaa TeJ1eBU3MOH y3aTri4 YMKHAII KyBBAaTHHH YI4anl.
National Instruments kommanuscuuuuar LabView myxutnma cumysistopu
MYXUTHIa CUTHAJUIApTa pakamiId MIIJIOB OCpHUIN YCYJUIApUHY YPTaHWII Ba TaXJIHAJI
KHJTATIL.

VYKUTHII INAKJLIAPHA

Maskyp Moayn OVitnda KyHuaara YKUTHIN MaKJiapyuaad Gonganianuiaim:

- Mabpy3aiap, amMalluid MalFyjaoTiap (MablymMOTiap Ba TEXHOJIOTHUSIApHU
aHTJIa0 OJIMIN, aKJIMM KU3UKUIIHU PUBOXJIAHTHPUIN, Ha3apuil OMIMMIIaApHU
MyCTaxKamJiaiil);

- JaBpa cyxOamiapu (kypuiaérraH jiolinxa euumiiapu Oyiinda takiudg Oepuii
KOOWIIMSATHHYU OIIMPUII, SIIUTHUIN, WAPOK KWJIHII Ba MAaHTUKHHA XyJocaap
YUKAPUIII);

- 0Oaxc Ba MmyHO3apaiap (JioMuxanap e€4yuMH Oyinda Jaduuiap Ba acociu
apryMEHTJIApHU TaKJAUM KWIWII, SIIMTUILI Ba MyaMMoOJIap €YUMUHU TOIHIII
KOOWJIMSITUHU PUBOMIJIAHTHPHII).

BAXOJIAILII ME3OHHA
Maxkcuman
0 b b
Ne axoJiaul TypJapu A ajiap
1 Keiic ronmmpuxiapu 1.2 6ann
M
2 YOTARII T 2.5 0.5 Gam
TOMIIUPUKIAPU
3 AManuii TonmupuKIap 0.8 6amn
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1. MOJIYJIHU VKUTHIIIA ®ONTATAHWUIAJIUTAH HHTEP®AOJI
TA'BJIMM METO/UIAPH

“SWOT-Taxania” MeToau.

MeToaHMHI MaKcaaM: MaBXyJl Hazapuil Ouinumiap Ba amaluid
TaXpubalapHU TaXJIWJI KWINII, TaKKOCHAll OpKaIM MYaMMOHH Xall JTHII
UyInapHU TONMINTA, OWIMMIIAPHM MyCTaxkamJjall, TakpopJjam, OaxoJalira,
MYCTaKWJI, TaHKUIUN (PUKpIAIIHA, HOCTaHIAPT TapaKKypHH MIAKIJIAaHTHPHUIITa
XU3MaT KWJIAIH.

S — (strength) * Ky4WIH TOMOHJIAPH

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

O — (opportunity) * UMKOHUSATIAPU

T — (threat) * TYCHUKJIAp

Hamyna: VY36ekucron Pecry6mukacuna IPTV TH3HMMHHHMHT PHBOYIIAHMUII
uctukoomwtapuan SWOT taxymnuan ymly >kagBaira TYIIHPUHT.

HOxopu cudar, roKopH TE3INHUK, HD d¢opmarnaru xanamnap, 2
S WHTEPAKTHUB XU3MaTJIap MOwuT/c Te3nuK, dIETPOH TEIETH
XU3MATJIAPUHN ~ JKOPHH  KUJIHIII
WMKOHHSTJIAPU
Tamku MexaHuK TabcHpiapra
Tamku Tabcupiiap, TpaHCIIOPT
3and, WHPPACTPYKTypacH SXIIU
W TapMOKJIAQPUHMHT Tajad Japaxasa
PUBOKIIAHMAraH maxapiapa
AMACIIUTU ..
KYJUT1ail 0JIMaciuK
0 butTa ontuk TonagaH 3Ta XU3MaTHU IPTV, uatepuer, TenedoHus
TaITKWI YTUJIHIIN
Tu3UM KOMIOHEHTIAPU TAHHAPXUHUHT | AOOHEHTHap WHTEpHETAAH
T FOKOPHUJIUTH ol nananun Japa>kaCuHU
OLLIUPUIIHILN
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“AKJMH XY;KyM”’ MeTOAHU

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

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

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

*oFa cypuirad rosiiap 0axojJaHMaiau Ba TaHKHUI OCTUTA OJIMHMaNIN;

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

*UcTanraH FosUlapHU MYMKHUH KaJap KEHTaUTHPUII Ba PUBOXIAHTHUPUIITA
KapaTWIaiu;

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

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

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

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

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

Oo0bexkTn. Kymmam  wmakcaaura Kypa yHHBepcal  XHCOOJIaHUO,
TaJIKUKOTYMJIMK/IA (SHT'Y MyaMMOHH €UUIITa UMKOH SIpaTaju), YKUTHUII )Kapa€Hu1a
(YKyB MaTtepUaJiJIapuHU TE€3KOP Y3IalITUPHILTa KapaTUIaan), PUBOKIAHTUPUIAIN
(¥3-y3uHm OWp MyH4Ya camapaiu OomKkapuil acocuaa Gaon GUKpIANTHA
IAKJUTAHTUPAJIN ), ACKOTAJIHU.
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Kymnanum ycynam. “ARIud Xy:KyM” HIITUPOKYUIIAPU OJAUTra KyHUITraH
MyamMMoO Oyiinda xap KaHJaai Mysoxasa Ba Takiu(apHyu OWIAUPUIIIAPA MYMKHUH.
Aitinran ¢ukpiap €3u0 Oopuiaaau Ba yJIapHUHT Myautdduapu ¥3 GuKpiIapuHu
KaiTallaH XoTUpacuja THUKJIAll MMKOHMSTHra sra Oymamu. Meton camapacu
bukprap XWIMa-XWIUIUTH OWwiaH TaBcudiIaHAIM Ba XyXKyM JaBoMua yiap
TalIKWJI KWIMHMaWIu, KadWTagaH wudoganaHManad. AKIWA XyXyM Tyrarad,
MYXHAMJIMK XUXATHTa Kypa dHT SXIIW TakIudiIap TeHepanysiaHaIl Ba MyaMMOHH
€UMII YUYH 3apypJlapy TaHJIaHAIH.

“AypJm appa” MeTOAHU

“AxypJm  appa” MeTOAM TYy3WIMII JKUXATJaH y3uja Kylujaaru
OOCKHUYIapHU KaMpad oJiaIu.

1. Tommuupukau 6yaum. Tonmmprk Ba MaTHIM MaTepuaiap Oup HeuTa
acocHii Kucmuiapra (€K MaB3yJiapra) KUpUTHJIAIN.

2. Dkcnepr rypyxaap. Kymmuna 6up maB3yra oujl YKyB TONIIUPUKIAPU
Mapxyj Oyiran Tanabjap MaB3yHHM MyXoOKaMa KWIHWIN, OomIKajgapra ypraTHIil
pEeXKACUHU Arajulalll YUyH KCIEpT rypyxra Oupiamiaauiap.

3. bupanamum rypyxqaap. TuHrioBuunap V3JIapuHUHT OWpIaMuu
rypyxJjapura Kaitaauiap Ba 3KCIEpT rypyxJjapaa YpraHranjiapuHu YKUTHILATH.

“AxypJiM appa” MeTOAH MOXMITHIAa aHUKJIWK KUPUTHUILI YUyH Oab3u Oup
TaBCHUSUTAPHU EPUTHILL JTO3UM.

1.Vkutim kapaéaura Oy Tap3ja EHIOWMITaHAa THUHITIOBUMIAPHHUHT
XaMKOPJIMKJA WMIUIAIIMIa Ba KUCKAa BaKT MYMJIa KaTTa XaXmaaru axOopoTiapHU
Y3IamTUpUILIIAPUTra UMKOH SIpaTHIIA TN,

2.V éku Oy (aonusaTHM Japcia amalira ONIMPHUII Y4yH THHIJIOBUMJIApra
OOlUTaHFUY axOOpOTIIAPHU Y3aTHIN 3apypUATH TyFujca, Mabpy3a YpHUHH Ooca
OJIaJINTaH caMapajid HHCTPYMEHTapui XucoOJaHaIu.

3.VKkuryBun Mypakkab Ma3MyHIM MaB3yjiap OYiHMYa THHITIOBYMIAPHH
Japcra Taiuépian y4yH OJITMHIAH YJIapHHUHT Xap Oupura MyJpKallJlaHTaH aJoXua
ax0opoTiM MakeT Tal€praian. YHAa MapCiMKAaH, KyluM4a Tap3ja Tas3eTa,
YKypHaJ, MaKoJajiap/iaH MaTepuasuiap OYIuIm Kepak.

4. Xap Oup TUHIJIOBYM 2 TYpYyX TapKuOHMAa MILITUPOK 3Taau: gactiad ~y3
yiin” (OupiiaMuu) rypyxumra, K€MHWH 3ca ‘“DKCIepT rypyxura Oupiamud, YKyB
AIIEMEHTJIAPUHU MYCTAKWJI YpraHuiiaad. DKCOEpT TYPyXHUHH Te3[a TAIIKWI STHLI
y4yH THHIJIOBUMJIAp OJTraH axOopoTiu Makerjgapaa Xxap Oup MaB3yra OHJ
Matepuaiap OUp XWJI paHTJard KOorosjapra €3wiral €Kd paHriid Kajiam OujiaH
KOFO3HUHT OMpOH-OUp Oypuaru OYsiiraHu MabKyJl.

5. Xap Oup rypyxna 3 tagaH 5 Tarada YKyBuM (YKyBUMJIADHUHI COHHUTa
Kapab) Oymumm MyMKUH. Xap Oup THHTJIOBUM Y3 yWW JarwiapHd KanTa
yUpaluIl >KOMUHU aHUKJ1a0 OJTUIIH KEPaK.

6.YKUTYBUM THHITIOBYMIAPHU “PaHIIIH” TOMIIMPHUKIAP ACOCHAA IypyXra
OMpNAIITUPUIITHU TakIu(d 3Taau Ba yjap aJoXuaa MaB3ynap Oyiimda skcmeprtra
alylaHan. Mucon y4dyH, “Ku3Wi JIapHU ayauTOpUs XOHACH OXHUpHUJA,
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“kYK’mapHU dca WynaK4ama ydpamuin OenruiaHaan. Xap Oup skcmept rypyxaa 3
TaJaH KaM TUHIJIOBYM OYJIMACIUTH KEPAK.

7. I'ypyxJyapra ax0opoTiy MakeT TapKaTuiaau. Xap Kahcu TypyX TypJu
XWJI MaTepuajjiap TYIJIAMUHYU OJMIUIAPU Ba YJIApHU YKUIIW, MyXOKama KWJIWIIY,
aliHaH 11y axOopotiap OYinda sKCrepTra aIaHuIIM JIO3UM, YKYB MaTepualiiapu
TYIUIJAMAHHA OJIMIUIAPYM Ba YJIApHU YKUIIW, MyXOKamMa KWIWIIW, ailHaH Iy
ax6opoTiap Oyitnya ‘“axcrept”’ OVIUIIN yUyH YKyBUMJIapJa BaKT e€Tapyi OYIUIIN
kepak. By yuyH arap marepuannap mypakka0 Ba kaTTa Oyica, 3XTUMOI, OUp aapc
TYIUK Tajaad KUIUHAIH.

8. TuHTIIOBUMIapra KyHUAaru TONIIUPUKIAp OCpUIaIu:

-MaKeTJaru MaTepraJylapHy KYHT OWJIaH YPraHUHT Ba MyXOKaMa KUJIUHT;

-Oup-OMpUHTU3IaH CYpaHT Ba YKyB MaTepHAUIApUHU  Xap OWPHUHTH3
TYIIYHHO OJTaHUHTHU3Ta UIIOHY XOCUJT KWJIWHT;

-y3  “yiiuHrusz® TYPYXUHU VKUTHUII 3apypJMTHHH XUcoOra oJuo,
MaTepHaUIApHUHT MyXUM YKYB JIEMEHTIapHUra YbTUOOPHU KapaTHHT:

9. TuHIIOBYMIAPHUHAT Y3 “yillapura” KaWTUIIUIAPUHU WITUMOC KWJIHHT.
Xap kum ¥y3 “yin”’-rypyxura axoopot Oepaau. [llakcus, “yit” rypyxuaa skcrnept
rypyxJjapujian OUTTaJlaH TUHTJIOBYU OVIIMINM MIapT, TUHTJIOBYM YpraHu® KejaraH
MaTepHaUIapHH ¥3 TYpPyXH TUHIJIOBUMJIAPUTa YPTaTHUIIl KaBOOTapIUTHHU OYiHHUTa
0JIn0, stHa OUp coat TaBOM ATHUIIH MYMKHH.

10. TunrnoBunnap Oup-OupiapumaaH axOOpPOTIAPHU YpraHWUO OYuIITad,
VKUTYBUH OJIIMHJIAH pexXaTalITUPITad (PaousT TYPUHU YTKA3UIIIA MYMKHH.

“MyaMMO0” TeXHOJIOTUACH

TexHOJOTMSAHMHT MaKCaAu: TUHTJIOBUMJIApra YKyB (PAHUHUHT
MaB3yCH/IaH KeJMO YMKKaH TYpJM MyaMMOJIM Macaja Ba3UATIAPUHUHT €YUMUHU
TYFpU TOMUIIUIApUTA YpraTUlll, yjaapJa MyaMMO MOXHUATUHHM aHUKJAN Oyiinda
MaJlaKaJlapHU IIAKJIJIAHTUPUII, MyaMMoJIap €YMIIHUHT Oab3u ycysulapu OuiiaH
TAHUIITUPHUII Ba yciayOJapHM TYFpU TaHjJallra ypraTuil, MYyaMMOHHU Keiauo
yUKUIl ~ca0abiapuHU, MyaMMOHHM €UMILJArd XaTTH-XapakaTJapHU TYFpu
aHUKJIAIra ypraTaju.

MalryJIOTHUHT YTKA3UII TAPTHOM:

VKUTYyBUM THHINIOBUMIAPHM TypyXjapra axpaTuO, yIapHH YpHHIApHTa
KOMIAIUTUPWITaHAAH CYHI, MAIIFyJIOTHU YTKa3ull TapTUO-KoMIajdapu Ba
TajgabJapuHu TYIIYHTUPAIW, SbHU Yy MALIFYJOTHH OOCKMYIM OYIMIIMHHU Ba Xap
Oup OOCKMY THUHIJIOBYMJIAPAAH MaKCUMyM JHKKAT-9bTHOOp Tanad KUJIWHUIIY,
MalIFyJa0T JaBOMHUJA yJiap fAKKa, TypyX Ba amoa Oynau0 MIUIaUUIApUHU alTau.
bynpait kaiihpusar TUHrIOBUMIIapra OepuiraH TONMIIMPUKIAPHU Oakapuiura Tanep
oymuuapura €paam Oepaau Ba OaxapuIlra KU3WKHUIN YiroTraad. MaliFyiaoTHH
YyTKazuml — TapTuO-KoMJaiapu Ba Tajmabiapu  TYLIYHTHPWITay, MAIIFyJoT
OoIIUTaHAIH:

TuHIIIOBUMIAp TOMOHMJIAH MAaLIFYJIOT YYyH Tal€piaaHraH KHHOJABXaHU
JUKKAT OWJiaH ToMolla KWinO, yHAa €pUTWIraH MyaMMOHM aHHMKJallra xapakar
KWIWII, XOoThpaja cakmad kommm ¢Exku  madrapra Oenrmnal Kyvwmn (arap
KUHOQWIbM KYPCATUIIHUHT HMKOHHUATH Oyimaca, y Xoijga VKUTYBUM YKYB
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OpeIMETUHUHT MaB3ycH Oyiudya ruiakaT, pacM, aduma €ku Oup myamMmo OacH
KWJIMHTaH MaTH, KUTOOaru YKyB Marepuanuiaad Goigananui MyMKUH):

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

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

*YKUTYBUM TypyxXJap TOMOHUJAH TaHJaHTaH Ba MyaMMoiap E3uiraHl
KOFO3JIAPHU aJMAaIlITHpraH XoJi1a rypyxJjaprau TapKaTuiaiu;

*TapKaTWITaH KOFO3JIap/a TypyxJjiap TOMOHHAaH E3UITraH MyamMMoJapIaH
xap Oup rypyx ab30ocu Y3UMHU KM3UKTUPraH MyaMMOJaH OMpUHHM TaHia0 onaau;

*YKATYBYM TOMOHHUJIAH TapKaTWITaH KyWHJard 4u3mara xap Oup Trypyx
ab30CH Y3MHU KU3UKTUPTaH MyaMMOJaH OupuHU TaHmab oanu;

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

“BJNL YUMH” MeTomy - XapakaTiap KeTMa-KeTIMTHHH TYFPH TAIIKHII
ATUIITa MAHTUKUHM (DUKpIamra, ypranaérrad npeIMeTH acocuaa Ky, XHIMa XUl
bukpnapiaH, MabIyMOTIap/laH KEePaKIUTMHUA TaHjaad OJIUIIHM YpraTtuiira
KapaTwiran. Ym0y TEXHOJOTHs THUHIJIOBUMJIApPTa TapKaTWIraH KOFo3jap/a
KypcaTHIraH XapakaTjiap KeTMa KeTJIMTUHU aBBaJl IKKa X0JIJ]Ja MyCTaKUJI PaBUIIIIA
oenrunad, cyurpa ¥3 dukpuHu Oomkanapra yTkaza oiauil €k Y3 GUKpuIa KOJIUII,
Oomikanap Ounan xamdukp O6ya onuiira épaam oepaau.

“BYMEPAHI™ TexHMKAacu — THHIJIOBYWJIAPHU JApcC KapaéHuaa, 1apclaaH
Tallkapuaa Typau aaabuétinap, MarTHiIap OuwilaH WOUIANl, YPraHWIrad
MaTepuajlIapHu €17aH cakiaad Koiauil, cy3i1ad Oepa onuill, (PUKPHU SPKUH X0JIIa
O0a€H osTa onumn xamjlia OWp Japc AaBomMuja Oapya THUHIJIOBUM TanaballapHU
Oaxoail onuira Kapatuirad. “bymepaHr” TEXHOJOTHUSICH TaHKUAWNA (UKpIal,
MaHTUKJIM [IAKJUTAHTHPUIITA, WMKOHMST sSpaTajgu; XOTUPaHH, FOSUIAPHHU,
bukpnapHy, JaUTMUTApHA €3Ma  Ba  OF3aKd MaKUiapaa O0a€H  KUJIUII
KYHUKMaJIApUHU PUBOXKIIAHTUPAJIH .

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

“KOPA KYTHU” Metroau — TUHTJIOBUMIIAp Oy METOJ acOCH]a €UMUJIaIuraH
MyaMMOJIap aHUK Ba3WATHU TaxJIWJ KWIMII OpKaJIu amajira OIIMPUIIaIIH,
MyammMoJiap cababu Wyn-iynakail aHMKJIaHA K.

“JIOMMUXA” MeToM — TABIMM OMyBUMIAPHUHT HHBUAyal KU TypyXIapaa
OenruiiaHraH BaKT JaBOMHJa, OeNrujiaHraH Map3y Oyiinmda ax0opoT WHFUIL,
TaJKUKOT YTKa3UIIl Ba amMaJira OUIMPHUII HIIapuHU 010 Oopuiuaup. by metomna
TaQBJIUM OJYBUWIAD PEKATAMTUPUIL, Kapop KaOysl KWJIHII, amalra OIIUPHII,
TEKIIUPHUII Ba XyJlOoCca YHWKApWIN Ba HaTWKaJapHU Oaxoamn >kapaéHiapuia
UIITUPOK dTauiap.




111. BYJIUM

 HA3APHI
 MATEPUAJLJIAP




I1I. HA3APUI1 MATEPUAJIJIAP

I11. HABAPUH MATEPUAJLIIAP

1-MaB3y2 TaCBl/Ip CUTHAJVMHHU MAKJVIAHTUPUIITHUHT aJITOPUTMH. PaKaMJII/I
CUTIHAJHM NAKJIJTaAaHTHPUIIL. TeleBU3MOH CUTHAJIHH PaKaMJId TaCcBHUpJIAall.

Pexa
1.1. TacBup Ba 0BO3 CUTHAJUIAPUHU aHAJIOT-PAKAMIIN Y3TapTUPHILL
1.2. TeneBU3MOH CUTHAJI TAIIKWII STYBUYMIAPUHUHT PaKaMJIM KYPUHUILIH.
1.3. Pakamuiu TenE€BU3MOH CUTHAIIHU XOCHJI KWJIMIL Ba MIAKJJIAHTUPUILL.

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

1.1. TacBup Ba 0B03 CUTHAJLJIAPMHH AHAJIOT-PAKAMJIM Y3rapTHPHILL.
Curnamiap TypkymMuga aHaior (y3jiayKCU3) Ba pakaMjid CUTHaJUIap MaBxKyA.
AHanor curHayiap y3aykcu3 (pyHKIHMS KOHYHU Oyiinya y3rapaju Ba UKKH KyIIHU
caTx opacujia )Kyjaa Ky opaliuK Kuimatiaap OVIuIIm MyMKHH.
1.1-pacmaa ananor makiuianran SECAM tusumugaru TB (A) Ba oBo3 (b)
CUTHAJUTAPUHUHT OMp (pparMeHTH (KUCMHU) KYpCaTHIITaH.

1.1-pacM. AHajor TeJIeBU3UOH Ba OBO3 CUTHAIIJIAPH.

AHajior cur”Haira Hadakatr y3JIyKCH3 CUTHaj, Oalku axOopoT UMMYJIbCHUHT
KeHIJMru €ku  Topaiimmmra Oornuk Mopyisuusnanrad UM  (mmpoTHO-
uMmIysnbcHas monayssinus — [HIMM) €xku nactnabku xonatu BakTra(daszara) O0OFINK
oynran UM ((paza-umnynbc MOAyNSIUs) CUTHALIAPU XaM KyIIuMua OYIUIIN

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

tn

U U
I t |

s 1T T T Tl

S
ol

t

1.2-pacm. IIUM (a) Ba ®VIM (0) CUTHATIIIAPHUHAT KYPUHUIIIUTA MUCOJIIAP.
PakamJjim curHa/uiap, MKKWIMK KOJJIap/ia aHaJOI CHUTHAJIHMHT CaTX Ba BakT
Oyiinua nuckper YymdoB kuiimaTiaapu wudomacuaup. Illynman “pakamuan”
(“digital”) TtepMuHuM KenuMO UYMKKAH Ba XO3UPTrd 3aMOH PaTHUO3ICKTOPOH
KypHWIMaJIapUHU XapaKTepaiam.
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MPEG = Moving Pictures Expert Group

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

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

Pacm. 1.3. MPEG crangaptiap onnacu.

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

Sampling frequency
Pacwm. 1.4. Buneo Ba ayauo MabliyMOT CUTHaJIapu

Pakamnu Tuzumiapnaa, MacajiaH TH3MM KHPHIITa aHAJIOT CUTHAJ Kejca, Oy
CUTHAJ KOJJIaHAald Ba pakaMjd IIaKiAra YTKa3wiaju, SbHU aHajIor CHUTHAI
AUCKpeTJialll, KBAHTJAII Ba KOAJAIl KaOW yMyMJIalllraH orepanusiap OwiaH
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paKaMTH CHIHAJITa aiTaHTHPHIAIN

Huckpernam xapa€Hu - Oy Y3JIyKCH3 aHajor CUTHAJIHM MablyM aHUK
BaKTJIapJla OJIMHTaH OHUN KuilmMaTiap (CaHOKJap) KeTMa-KEeTIUrd OuiiaH
anMaIITUpuanp. TeHr TakCUMJIaHTaH AUCKPETIAIla aHWK BaKTJIAp OpaJIUFu
KoTrenbHUKOB Teopemacura acocaH TaHJaHaAW. Y0y TeopemMara acocaH Xap
KaHJIall 4YacToTa CHEeKTPU YeKJIAHTaH Y3JYKCH3 aHAJO0r CHTHAJ YpHHra,
AUCKPeTJIAll YaCTOTACH AHAJOI CHUTHAJ 0Kopu 4YacroracuaaH (F..) JHr
KaMuaa 2 Mapra Karra Oy/raH 4acroTajard COHOK KHMIIMATHHM y3aTHII
kugost, apHu F, >2F ., mapT 0axxapuiammm kepak. Mucoi 1.5. -pacMHuHT a) Ba
0) rpadukIapuga KENTHPUIATAH. Arap AUCKPETNIAll YacTOTacH 2FmaJaH KUK
Oynca, yacTtoTamap ycTMa-ycT TYIIMIIM MYMKHH Ba KaiiTa THUKJIAHTaH aHajIor
CUTHAJI TapKuOuAa “Kandaku, €FoH” aiJaM4Y CUTHAJ a0 Oyaau.

a)4

AHanor cvrHan

i s ﬂHcerT caHor.Iap

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

pPaKaMJid CHrHan

010 100 100 001 000 Q0
2 4 T

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

Nxxuiauk koaaa udogaaanrad Oup paspsaja €k HKKUTa 0esiru (CHMBOJI)
our ged aranmaam. Omaraa KBaHTIAII CATXWHUHT KUAMATH 2 HUHT Japa)kacura
TeHr OyTyH coH OmnaH, spHM N = 2" anuknanamu. JlMcKpeT/Ial, KBAHTJIAI Ba
KOIJIAII 0JAT/Aa OMp KypH/IMa aHAJOT — pakaM y3raprtuprud (APY) épanamuna
Oaskapuiaam Ba Oy :kapaén 1.6-pacMaa KypcaTuiras.

! Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. pages 31-32.
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KBaHTaam DOCKHYIH PAKaMH

8 —

7 ——

6 /4

5 AHMCKPET IAHIaH BA

4 j/ KBAHTJIAHTAH

2

sil 2 |

0 / I i:
D3 ‘ I | t
D2 | £

HAPAJLIC] PAKAMIIH
D1 | t OKHM
DO I t
Vo ¢ L T KeTMa - KeT paKkaM.Iu

D | ' 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. AHanor — pakaM y3rapTUpHIIAArd COHJIAPHU Mapajell Ba KeTMa —
KET UKKWIMK TU3UMHUTa YTKA3UII )KapacHH.

TeneBuaeHuera pakamiaud TU3UMIIAPHU KUPHUTHIL OyiH4Ya TaJaKUKOTIAp
durupmanun acpHuHr 30-linyutapuaan  Oomanrad Ba  (akatruHa XX acp
oxupiapura keaubd Kysutanwia OonuiaHau. TeNeBU3UMOH CUTHAN CIEKTPUHUHT
okopu 4vactotacu 6 MI'mra tenr Oynrannuru cabab JUCKpeTiall 4acTOTacu
kamMuga Foae, =12 MI'n Oymumm kepak 3au. by sca y3 HaBOatuma pakamid
CUTHAJIHU Y3rapTUPHUILI Ba y3aTUII KypWIMAJIAPUHUHT MIIUIAII TE3JIMTUra KaTTHK
tanabnap Kyuumummra onud kenaau. Typiu JaBIaTIapHUHT PaKaMiIu TEJIEBU3HOH
CTaHJApPTIAPUHA  MYBODHKIAIITUPUII  MaKCaauga JUCKpPETIall YacTOTacH
13,5 MI'n ne6 xaOyn kuiaunrad. 130 man 200 raga OynraH Ky3 KYpHII IOKOpU
JapakacuHM (TpaJalMsICUHU) TAbMUHIIALI YUYH 8 pa3psaiIn KO KyJUIaHWInO, 256
SpUM TOHHU y3aTHIIl TabMHUHJIaHaAW. ByHIa pakamiau KOMIIO3UT CUTHAJ y3aTHII
TE3JIUTH

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

Oy epaa N — KOJHUHT pa3psi/iy.

ByHnail Te3MMKHM TeIEeBU3UOH CUTHAJUIapra UIUIOB Oepulll KypuiManapua
Ba aJlOKa KaHaJUIApW OPKAJIW Y3aTUIIJAa TAbMUHJIAHUIIM JIO3UM, TaOuuiiku Oy
TajmabHu Oa)kapuIll TEXHUK TOMOHJIaH MypaKKaOIup.

OB03 cUrHAJUIAPUHM paKamiIM XoJiaTra yrkasuul. HcoHsap 0BO3HU
(troBymaM) 15 I'm man 22 kI’ raya 6ynran wacroranapaa, €mm ynrairad sca 20
['yman 18 k['11 rava Oynran TYIKWH opanuruaa smmTanu (Kadyn Kuiaan). Xyau
IIyHJAd XO0JIaT TYJIKUHHUHT aMIUTUTYJacy, SbHA OBO3 OallaHIUTUra Xam
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TEerunuid. VIHCOH KyJOFMHUHT SIIMTHIN JWHAMHK auana3onu 96 nb sSKuH,IbHU
OBO3HHUHI IOKOpW KuWMaTu (yHJAH IOKOPUCH KYJIOKKa OFpUK Oepaaud - OFpUK
Oepumm OYcaracu) Ba SHI KaMm KuiimMaTu opacuaaru ¢apk 30 MuHT MapTaaaH
KYIIPOK.

OB0O3 CHUTHAJIMHUHT YacTOTa JWana3oHd KEHIJIMTMHUA XHucoOra omiuo,
CTyIusjiapia CaHOKJIapHM Oupnamuu kBaHTiam AA=16... 24 OuT/ caHOK
TE3JIMTHA aMaJira OIMPHIa Il Ba JUCKpETIall yacrorac 3ca Fy = 44,1 — 96 kI'n
opanuruaa Kabyn KunuHaau. OBO3HU CTYIWs KaHAUIApUaa TUCKpETam yayH 16
paspsm Koajam Kyyuianuiaaau (16 Out/caHoK)Ba YHHMHT Tojioca opanuru AF=
20-20000I'y 6y1mb, nuckpernam yacotacu Fy = 48x['ura tenr. bynnail pakamiu
KaHaJIHUHT JMHAMMK Juana3oHu 54 nb nanH kam OyiMaciuru sosum. Arap Fy =
48xl'm Ba AA=16 O6ut/canoK Oyica, y3aTHnaéTraH pakaM OKUMUHUHT Te3nurH (1Ta
CUTHAJIHM y3aTWIl Y4yH) V = 48*16=768 kbOut/c Ba crepeo oBO3 y4yH 3ca 1,5
M6ur/c 6ynamu. Bynnaii roxkopu muckpernam gactotacu (48 xI'm) APYuumr
KUPUII KUCMHJIATH TIACT YacToTa (PWIBTPHU COAMANAIITUPHUIITA Ba OBO3 CUTHAJIH
cudatuHu Oy3uiuinura uWynm kyimaiaum xamaa 20 klmjgaH Kkarra OBO3
TeOpaHUIIIAPHU YTKa3MACIUKHUA TaAbMUHIANIH.

1.1 - anBania OBO3HUHT paKaMJId KYPUHUIIMAArK 0ab3u BapUaHTIAPHUHT
KypcaTruusiapu KeJITUPHUIITaH.

1.1-xanBan
Nxkunuk
Nmnatum Juckpetnam KBanTnam OeJITUIIApHUHT
coxajlapu gacToTacu,kl 11 CaTXMHHUHI COHU y3aTHUIl TE3JUTH,
Kourt/c
Kommakr - quck 441 +32768 705,6
(6up xaHan yuyH)
Pakamiin paguo
DHLHTTHPHIL, 48 +32768...4524288 768 - 960
paKamiu (Oup xaHan yuyH)
TEJICBUJICHUE

1.2. TeJieBU3MOH CUTHAJ TAIIKHUJ 3TYBYWIAPUHUHT PAKAMJIH KYPUHHIIIH.

Xankapo TaBcHs Tajlabjapura Kypa EpyFiuK CUTHAJIUHM JUCKpPETJIAIll
yactoracu 13,5 MI'y 6Vnca, ukkuta HypHU EUHIN cTaHAapTU y4uyH: Kamap 251,
625 catp Ba xkaap 30 ', 525 catp xkunub Oenrunanrad. Xap Oup panrdapk curHai
nuckperiam yactoracuaan (13,5 MI'n) ukku Gapobap KMUMK Ba YHTra Kappajiu
(6ynmuuamuran) wactoraga 6,75 MI'm nga guckpermmanamu. Xyaaw TIyHAau
TEJIEBU3MOH CWrHaiHU Katopra éhumin 625/50 Ba 525/60 cranmapriapu Acocwuit
TassHY yactota cudaruaa 3,375 MI'n kaOyn KUJIMHUIIM KYT KAXATAaH, Ty UKKA
CTAaHJAPTHUHI CaTp HYPUHHU EWHII YacToTa KUWUMATIApW, TasHY Yacrorara
Kappanuru OuiaH OofnuK. by y3 HaBOaTuaa TEIEBU3MOH CUTHATHUHT TAITKUII
ATYBUWJIAPUHU KOJJIalla SiIrOHa JAYHE KOJJIall CTaHAAPTUHU KUPUTHUIINTa UMKOH
oepnu Ba Qaon kucmaa Epyriuk curHaauHuHr 720 caHoFuM Ba paHrdapk
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curHayuiapuauar 360 caHorm OynummHu TabMuHmagu. 625/50 Ba 525/60
CTaHAapTiap opacujaru gapk carpiap COHMHMHI XWJIMAa XWJUIMTH Ba “Yuupuur’
WHTEPBAJIN BAKTUHUHT MOC dMACIUTUAMD.
8 Ba 10 OuT OWJIaH KOJUIaHTaH paKaMJIM TEJICBU3UOH (TacBHpP) CHUTHAI
TAITKWI ATYBUMJIAPUHUHT TYJIA Y3aTUII TE3TUTH:
8x13,5+8x6,75+8x6,75=216 Mour/c
10x13,5+10x6,75+10x6,75=270 MouT/c 6ynaau.
1.7-pacmua Epyrauk (Y) Ba panrdapk curaamiapu (Cr Ba Cb) caHokIapuHHHT
¥3apo KOMIANINIIN KEATUPWITaH Ba TEJICBU3MOH CUTHAJUIApHU OyHAal
auckperusanusiam gopmaru 4:2:2 ned OenruiaaHaau.

422
c + D -
& s> }

e + @D +
e + @& +

— Luminance

- .
() Chrominance

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

Column m

Y

Cb

Cr

Cb

Cr

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

Column m + 1]

Y

Cb

Cr

Cb

Cr

0

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

]

Columnm + 2

Y Line n

Y Linen +

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

®opmart 4:4:4:41a dca TYpTTa curHaaHu koanam udonananaau (1.9-pacm)
Ba yjapiaH 3 Tacu TacBup curHaim kommoHeHTiaapu (R, G, B éxu Y, C,, Cy),
oyica, TypTuHUKcH (anbda — KaHa) CUTHAJIHM KalTa uuuiam Oyinya axO0opoTHU
V3 U4Ura oJiaau.

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

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

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

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

601 taBcuscura kypa 8 Ba 10 pa3psm KojIaHMIN Ky3aa TyTuiaranga b=8
(b=10), xBanTnam carxjapu coHu N,,=256 (1024) Hu xocHI KWIagu. 8 pa3psiaiu
KOJUTAHMINJIAa KOpa CUTHAl KUMaTH y4yH 16-uM KBaHTJIAIl caTX, HOMHHAJ OK
CUTHAJI YUYYH 235— 4M caTx TYFpu Kenaau. 16-4yd KBaHTIAII caTXUJaH IacTHh Ba
235-yn caTXWJaH IOKOpU carxJjap 3axupa (pe3epB) 3oHajmap OYiauO, aHamor
CUTHAJIHUHT HOMUHAJI KHAMaTUaH OlKUO KeTUIIM MyMKHUH OVJIraH Xonatjiap yuyyH
MYJKaJUTAHT aH.

0 Ba 255-4yu kBaHTHAm caTxjJapy MyXUM axamusarra sra. by carxzgarm
KOJJIap OPKaJIM caTp Ba KaJapJapHU CUHXPOHHU3AIUSIIOBYN MabIyMOTH Y3aTUJIA/IH.

TeneBU3nOH CHWTHAI TalIKWI STYBYWIAPWHH, SHHU EPYFIMK Ba paHThapK
CHTHA/UIAp aHajor-pakam ysraptupriud (APY) ra xkupummra Kyiimjparuda
Oepuiau:

e E'y — ramma xoppeknusiianrad 0 gan 1 B rava xuiimMatiam aHayor
EpYFIIMK CUTHAIIH.

e -05.. +0,5 B opanurumaru komrmpeccusi (CUKWIraH) paHTrdapk
CUTHaJUIap:

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

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

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

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

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

1.10-pacm. IIU — R BT 601 cranmaprtura acocan 8 Ba 10 6ut Ouian
KOJUTAHMIIJIATH aHAJIOT T€JICBU3MOH CUTHAN TAIIKWII ATYBUMJIAPUHUHT KBAHTJIAII
caTxu OujIaH MOC OeITrUIaHuUIIIN.

1.3. PaKaMJII/l TCJACBU3NOH CUTHAJHHU XO0CHJI KHJIHII Ba HIAK/IVIAHTHPHII.

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

bupuHun xonaTna aHajgor TEJIEBU3MOH CHUTHATHUHT TAIIKWI 3TYBUMJIAPU
(KOMITIOHEHTJIapH) pakaMJjM CHUTHajl XoJlaTra YTKa3wica, MKKMHYM XoJjaTaa ica
JacT/Ia0KU paHT CUTHAJUIapU paKkaMJallTUPUIAAN Ba TAIIKWII 3TyBUMJIAp paKamild
X0JIaT/1a UIIIJIOB OCPHITIAJIN.

MKkkana pakaMiM TEJIEBU3MOH CUTHAJIHU IIAKUIAHTUPUII BapUAHTIAPUHUHT
TYy3WJIUII CXeMacuHu KypuO umkamu3 Ba ynap 1.11- pacm udonmananran. 1.11-
pacMa KypcaTWiraH KypuiMmaza aHajor acocuil panr curHamiap Egr, Eg, Eg
TelekamepagaH YMKuO, raMMa — KOPPEKTOpJiap OpKajiu KoJlall MaTpULlacura,
Tymm6, (1.3) dopmynara 6unoan koppekuusianu6 (Eg, Eg, EB’), Yy3rapTUpuUI
épaamMuaa EpyriIMK CUTHAIIN Ey ra aillmantupuiaau Ba paurapk curtamiap E'r. v
E’g.y XoCcHJ1 KWJINHAIH.
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ERr Ey — Y
ErR—»{ TK [— 13,51\;11*_1‘;"' APV |
E; =
E' BY | o = 1CR
Ee KM = APY >
. Epy —C PTC
Eg EB ; APV S Ms —=
Crmres 6.75MI'xg
— HHX]P OHIT3 AL ] 'I‘I’II“ 27 Mr'u
=
ACH
PCHIII <o
a)
Rd R'd Y
F T T~
R—> APY LA ) PI'K =
Gd . C
. . G'd R
E¢—={APY & | PTK — KM [ -
Bd i Cg :
E V o o L i B
B—= APY [ [ S| PIK [— MS
" — 3 27 MI'
CIIHX])OHIB"II.II[H} THI l;_
ACB
PCHUILI ACO
o)
1.11-pacm. Pakamiin TeJI€BU3HOH CUTHAJIHA XOCHJI KUJTYBYH KYPUIMaHUHT
CXE€MacH.

by epna: 'K — ramma — koppekTop
KM — xou10BuM MaTpuna
THUI'— TakT UMIyJIbC T€HEPATOPHU
MS — MynbTHIIIEKCOD
APV — aHanor-pakamiy y3rapTHprid
PI'K — pakamiu raMma KOppeKTop
PCHIII — pakaMiy CHHXPOUMITYJIBCIIAPHU IAKIUIAHTUPTAY
ACD — akTuB caTpHUHT OOIIH
ACOQO — aKTUB CaTpHUHT OXHUPHU
PTC — pakamiii TeJI€BU3MOH CUTHAI

Cyurpa curnammap APVia pakammm Y, Cr Ba Cp curHammapra
afinanupuiaan. bynnan tamkapu (1.3) gopmynara acocan, APY HuHr kmpum
KHCMHJIA KYIIIUMYa aHaJIorT y3eutapaan Ghoigaianuiagy, sbHI MaciTabiaHaan Ba
caTx Oyiinua CUTHaJUIap CWDKATWIAIU. Paspsiamap conu xap Oup APV rna 8tanu
TaITKWI 3Taau. TeNeBU3NOH CUTHAIUIAPHU EWHIN CUHXPOUMITYJIbCIAPHU- paKamIInd
cuaxpoumnyiabcnapau makiantupum (PCHUIL) OGnokura Tymaau Ba y ¥3
HapOatuga ACh, ACO cunxpocurHajulapHu UIia0d yukapaau. byHnan Tamkapu
CUHXpOUMIYJIbCIAP —TaKT UMNyJbc reHeparopuHuHr (THUI') Gomka Onoxiapra
TyIIaJAUraH WMITyJIbCIApUHA WNUIA0 yukapumia,ssehn 27, 13.5 Ba 6,75 MIn
4acTOTAIM UMIMYJbCJIapHU WIiad uukumaa kymwianwiand. TUD Gnokupa ¢aza
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Oyiinya yactotTanu aBToMatuk co3ioBun (PYUAC) cxema KymiaHraH Ba y catp
CUHXPOHMITYJIbCIAPUHUHI ~ yacToTa xamaa (asa  OyiiMua  aHUKJIUTUHU
tabMuHiIaiay. ynnali kunmuO, TakT MMIOYJIbCIApU COHM Tajlad STUIIAIUTaH
TEJIEBU3MOH CUTHAJI MaHOAWHUHT caTp €WNII 1aBpU TYFPU KEIUILIN TAbMUHJIAHA/IH.

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

sampling frequency
Pacm 1.12. EpyFJII/IK Ba paHI TACBUP CUTHAJUIAPMHU paKaMIIAlITUPUII KapacHHU.

Mynbrumiekcop (MS) ¥3 HaBbatuma pakamin CHHXPOCUTHAJUIAPHU Ba Y,
Cr Ba Cp pakamiin cUTHaUIap OKUMHHH OepuiiraH KeTMa — KeTJIUKIa
Y3aTWIUIIMHY  TabMUHJIAWIA Xamja KypwiMa YWKHUIIMIA TYJIWK paKamiid
TeneBusnon curaan (PTC) onmunamm’.

Hkknuaun kypunmana (1.12 6- pacm) acocuii panrnap (Er, Ec Ba Eg
pakamiu curHamaapra (Rq, Gy Ba Bg) kupumna 6upinanura ainantupuinany. by
X0JIaTAa raMMa KOPPEKTOp/la CUTHAJUIAPHU OYy3UJIMIIMHU KaMauTUPHIL YUYH Xap
6up APY 10 éxu 12 paspsm 6y mapt. Iynnan cyar Ry, Gg Ba By pakammu
curHayiap pakamiau ramma — koppekrop (PI'K) ra tymanu Ba Oy epaa HOUMKIM
y3rapTupunuiap Oaxkapuiaiu.

I'amma — koppektopman cyHr R’y, G’y Ba B’y cUTHammapHUHI MKKUJIMK
paspsmsap conn 8rtaradya kamasanu. Cyurpa sca R’y, G’y Ba B’y curnamnapu
pakamiu komyoBun Marpunara (PKM) Tymangu Ba y epna pakamiau EpyriuK
curHanu Y pakamiu panrdapk curnainu Cg Ba Cgapra aitnananay.

CHUHXpOCHUTHAJUTADHA Ba TaKT HWMITYJIbCIAPUHUA IAKIUTAHTHPHUII XaMJia
MYJIBTUIUICKCOPHUHT HWIUIANIA KypUJIMaHUHT OWMPUHYM BapHaHTH Kabu amanra

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

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

Tenesmsnon APY Ba PAY HunT Ty3miMmiapu

TacBup Ba OBO3HM pakaMid Y3aTWIMIIATA YTUIN >Kapa€HU TETUIUIN
neMeHTNIap Oa3acMHM sApaTUIIHM Tanad »Tau. HwucbataH ap3oH, 3JeKTp
DHEPrHSICMHH KaM HCTEbMOJN KWIAJUTaH JTUCKpETJall dYacToTach Oyiinua
TanabiapHu OakapaauraH, KBaHTJIAII paspsasiap COHU €Tapid Ba Y3rapTHUPHIL
(aIMaIITHPHII) XaTONMKIApH KaM Oymran APY Ba PAY sparmma Gomurasim.
ABBaiTH 6061ap/ia KeATHPUITaHHUICK, BUAEO curHamiap yuyH APY-PAY napuunr
paspstap conn 8 €ku 10 Gab3uma xarTo 12, muckpernam dactoracu 13,5MIn
xamaa (oversampling), sS’bHM JHUCKpETIAIl YaTOTACHHU KUHUMATHHU OIIUPHUII
Tamabura acocan 30MI'm Ba xarro 60MI'n kunmuG Gemrmnaxagumap. APY-PAY
JapAa OBO3 CUTHAJUIAPUHM KBaHTIam y4yyH 16 carx, sxmwmcu 18..20 carx
oJIMHUIIM Ba nuckpernam yactoracu 50 k['ygan kam 6ynmacnuru (oversampling)
xuco6ra o6 150...200 k' Kuaub TaHIAHUIITN MaKcaara MyBOQUK.

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

Mapaniea APY

Tenesusuon curHamwiap APY  Grnokuunr acocuit XycycusiTiIapu Oupu
VIIApHUHT FOKOPU Te3Murd. By Tamabra xympox mapaimea APY (1.13-pacm) Ba
napaaien- kerma-kernim APVYnap (2.22- pacm) moc Tymamu. ITapamten APY
acocaH KyWHJlard TalllKuiI dTyBYHIIapAaH noopart:

o R-pesuctopnapnan Ty3wiraH  TasHY — Ky4WIaHUIIHH  OYIyBud
AIIEMEHTIIAp;

o K-kyunanum koMmapatopiiapyu >kamIaMacH;

o Pakamnamtupruy (mmmdparopiap);

° Yukuim kackajjiapu.

Kenr vacroTa yTKa3uill OpalufUHA TAbMHUHJIAII XaMa KOMIIapaTOpIapHUHT
CE3TUPJIMTUHU CaKJjall yuyH CTPOOUpanus KyJUIaHWIAIU, S’TbHU KOMITAPATOPHUHT
YUKUAIIUAATY MabJIyMOT TaKT YACTOTACHMHUI aHWK MabJiyM BaKTJIapuja YKWIaau
(MacayiaH: TaKT 4YaCTOTACUHUHT OpKa GppoHTH OYiinya). UuKuIaa N MKKU pa3psiiiiu
CUTHAIl OJMII yuyH, KypunMa 2" — 1 xommapaTopaaH uOopaT OYJIMIIM Kepak.
KoMmapaTopHUHT OMpUHYM KHUpUIIApU OWpPIAIITUPWITaH Ba ylapra TallKd
kupyBun curHan (Uyp) Oepuiica, Oomkacura sca Oynrudiap opkaiud — Oycara

(mopor) kywiaHuIy Oepuiiafu. bynrudnap KApuimra OKOpU CTaOWUIUIUK TasHY
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KyWIaHUIINA Oepuaiu.
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1.13-pacm. TeneBusnon curaannap APYHunr napasien Typu.

Mynaait kb, KoMnapaTopiap KAPHUIIIard MabyMOT KyWIaHHIINA OWIaH
TasHY KyWIAHUIUIAPUHU  COJMINTHpAAWiap. Arap KUPUIIJAard MabiIyMOT
KyWwIaHHIId OYcara KywWIaHUIIUIAH KUYUK OYJica, KOMIApaTrop YHUKHUIIHIArd
MaHTHKUH “0” ra TeHT OVIaau.

Arap MabllyMOT cuUrHaimu Oycara CUTHAJIMUJAH KarTta OYyiica,KoMmaparop
YyUKUIIUAa  MaHTUKUM — “1” kwuitmatu  xocun — Oymamgu. Xwiama — Xuil
KOMITapaToOpJApHUIard TasHY Ky4JaHWIUIAPW KBAHTJIALl KaJaMHra MOC pPaBHILJIA
y3rapaau. Macanan: bup BOJBT Ky4WwlaHUIUIA 8 pa3psiid pakaMiid TEJIEBU3UOH
CUTHAJI YUyH 255 xommapaTop kepak Oyiaau Ba TasHY KyuwiaHumu 3,9 MB kanam
OwtaH y3rapajiu.

KaHuanuk KkHpyBUM CUTHaJIHUHT KWWMaTh Karra Oyica IIyH4Ya Kyl
KOMIIapaTopjiap YMKUINKMAA MaHTHKUK “1”’ra xocun 6ynamu. [ludparop sca (2" -
1) mu pa3psain KOMIAPATOPJIAPHUHT KOAWMHU N — pa3psIjid UKKWIWUK KOJWra
AWJIAHTUPAAM Ba YUKHUII PETUCTpUAA €3aAd XaMJla YUKUINra y3aTtaad. byHpnai
APVHUHT Te3HrH KOMIIApaTopiap Ba MH(pPATOPHUHT TE3THKIAPUTa GOFIINK

Jluckpernamr BakTIapud TakT EKU CcTpoOupaius HUMIyJbcaapu OuiaH
aHUKJIAaHWO, KOMMaparopiiap WIUIAIMHUTA pyxcaT Oepuiaaud Ba MHQPaATOp
YUKULIUMAATW KOJJIap Kaila STUiIaau.

Mapamten Typmard APVHUHT paspsiiap COHMHM OHWTTara OLIMPHII
KOMITapaTopjap COHMHM MKKM MapTa OLIMPUIIHU Taynad 3tagu. by ¥3 HaBOaruma
KaTTa MUHTETPajJl MUKPOCXEMAHUHI KPUCTAUT MalIOHUHM OIIMIIHWIa OJIUO Kejaau
Ba CXe€Ma MypakkaOyamuO, sHEprus TabMUHOT KyBBaTH kymasau. Iy ca®abmu
OyHmait kypunuuum Teskop APViap paspsmmap comm 8 TamaH oOlIMAaras
XOJIJaTIapJariHa UIIaTUIIa Iu.
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IMapaagen -kerma — ket APY

Paszpsinnap coHu Ky Ba aiiHM BaKT/Aa TE3KOPJIMIU IOKOpPH OYiraH APY oy
napamien — ketMa — keT BapuanTaup (1.14-pacMm). AHamor curHaig XoTHpa
suelikacu cudaruga TaHiaoBud Ba cakyioBun Kypumimana (TCK), (pycua YBX —
YCTpOMCTBA BBIOOPKM M XpaHEHHUS) TUCKpETJIall BaKTiIapuja, KUPYBUM CUTHAI
KuiiMaTiapy é3mnagu (6enrmnaHagy). APY1 HUHr OMPHHYM TakTHIA “KYION
(macTmalbku)” Yy3rapTHUpUIIl amanra omupwiaan Ba N1 1oKopu paspsiap
maKIaHTHpIIa N Xamaa PAY épnamuna U, KydnaHumm Xocun Kumuau6, Uy naH
aitmpmwnamu. Xocun Oymran kywnanunuiap  dapku AU (U, —  U;=AU)
KydnaiTupmiagm Ba APV2HMHT MKKMHYE TakTHZAa N2 KHYHK paspsIapHH
AHUKJIOBYM YMKHUIN KOMWHU Makutantupany. [lyamain kummb, N=N1+n2 uKkKuimk
pa3psAIM HATWXKaBUM KOJ XOCWJ KWJIMHAAW, aMMO Mapajiel-KeTMa-KeT Typjaa
y3rapTUpuUIUIap BakTH Mapajuiell Typra Kaparaijaa 2 Maprta KyI BakT Taja0 3Tajiu.

By typaarn APV HHMHT XyCyCHATH YHMHT paspsuuiapH MIAK/UIAHHITAHWHT
COJTANINTH, SHU MKKUTA 8 PaspsuId mapaien Typaard APY nax ¢oiinananu6,
16 pa3psinny 4MKUII KOAUHU Oiuil MyMKUHIUTH. Kywrnanummap dapkuau (AU)
Kydaiitupuinmy Tydaitnn APY21a KBaHTIAIT KaJaMHHE KaTTa KWIMG TaHJIaIra
uMKoH spatunamu. Iy ca6abmu 10 — 12 pa3psmim pakamim TeleBUICHUEA,
nuckpetinam vactotacu 40 — 60MI' Ba yHmaH rokopujapja IOKOpH OViraH
XoJlaTiap/a napajien — KeTMa -KeT Ty3WJIMacu KyJUTaHWIIau.

KUPHLL U1 AU
>4 TCK Kyuaiftupruy
U2

APY1  faed  PAYV APY2

+++n16m +++n20m

HYHKYBYH PCrHCTP

FYYyyy

YHKHLI N1+n2 6MT

1.14-pacm. TTapaiten -keT™Ma —keT Typuaara APY
TenrnamTupysun Typaaru APY

By Typmaru APY (1.15-pacM) OBO3HM pakaMd CHrHAIra YTKA3UIIAA
UIUIaTUiIaau, Xamaa 4ukyBYd koa 16 — 20 paspsanu Oynumu Tanad >TUiIaau,
aMMO Y3rapTUpUIILIAp TE3KOPJIUTH axaMHsaTra sra 23Mac. | eHrJalmTHPyBYH
Typrard APV TanIoBYM Ba CaKJIOBUM KypHJIMA, KOMIApaTOp, KOIAra KeTMa-KeT
sxuatammm peructpu (KKSP), Gomkapum cxemacu Ba PAY napnan uGopar.
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1.15-pacm. Tenrnamtupysun Typaaru APY

V3raprupunmiap peal BakTAa amaira OIMIMPUIAJUraH Iapamien €Ky
napannen kermMa-keT APY ian dapxiu TenrnamTupysun typaaru APY anua cexun
MiIaia. Ysraprupuiiap daxar “Bommanmnr” (“TIyck™) CUTHAMH GEpHIIHIII
owrtan OonutaHaan Ba TCK kupuill KyWwIaHUIIMHUHT 11y BakTAard KUMMaTHHU
scnald konanu. llyHnaH CYHT KeTMa-KeT SKWHJIAIIMII CHIDKUTUII PErHCTPU TakKT
UMITYJIbCIIApU acocuAa TEeHINIaTupuil sxkapaéHHu Oonutaigu. KKSAP  Huar
YUKW PAVra yJaHTraH Ba PAY ¥3 HaOatupa KKAP ra é&3unran xop
KOMOMHAaIMsACHUra acocaH KywlaHuHU wakutantupanu. KKAP xonu y3rapranna
PAY umkummpard KywIaHWII y3rapagd Ba Y KOMIIAPATOPHUHT KHPHIIMIAH
Oupura y3aTuiaagd Xamja YHUHT KUWMaTh KUPHUII CUTHAIW KUWMaTu OuiiaH
commmrupunaan. TCK ja é3unran Kupymn curaam KuitMaty Ba PAVHuHT unkpmm
CUTHAJJIApU KUKWMATIapy TEHTJAITyHYa kapaéH (Y3rapTUpHUIILIAp) 1aBOM 3Taju.
by xonatna, spHM CUTHA/UIap TEHrjamraH xosarnaa, kommapartop KKSPra takr
CUTHAJUIAPUHM Y3aTHUIIHM TyXTaTaAud Ba y3raTHpul >kapa€¢Hu Tyranau.CyHrpa
MabJIyMOTJIApHM VYKUIII y4dyH Oomkapumn cxemacu “Taiép” (I'oTOBHOCTB)
CUTHAJIMHU MAKJUIaHTHpaau. bapua y3raprupummap >kapa€Hu N TakT JaBpla
amaJira OLWPHUIIAIN.

Tenrnamrupysun APVEmar acocmii myammocn PAY mu Taiiépnamnarn
Tanad KWIMHAAUTAH Pa3psijl Ba TE3KOPJIUKHU TabMHUHIIALLIIUP.

TeneBuneHneHn pakamjamITUpUIIIa OMp BakTAa Oy MKKana KypcaTTHYHU
TabMUHIAI Oup Gupura 3ux macana. 1y ca6a6 6y Typmaru APY acocan oBo3
CUTHAJJTAPUHM paKamIlamTupuinaa Goigaianuiaim.

Curma — geapbta APY

KBaHT/IAIIHUHT SHT KaTTa paspsi COHU curma — nensta APY moxynaropuaa
(éxkm onmmuit curma — JenbTa APV) amanra owwmpuianu. Ilynnai APVHuHr
OJIMMTUHA TAIIKWINN Ynu3macu 2.24- pacMa KEITUPHUIITaH.

bup paspsaam APY Bazu(acuHu OaxkapyBuu €KM KOMIapaTop aluprUYHUHT
YUKUIIWAArd  KydJaHull OujgaH HOJMb KUWMATHU OWIaH  COJIMIITUPAIH.
Kommaparop kf, yacrora OwiaH TakTiaHagu Ba OUp paspsiIn APV ra Tabcup
kypcaranu. APY HUHT 4YMKUII KywIaHUWIIWM, MaHTUKUK “1” oynranma, + Uy,
KUiiMaTHU Ba MaHTHKUM “0” 6ynranga sca - U,, KulMaTHU KaOyJ KWUJIAJIU.
APVHUHI YMKMIIMAATH Ky4IAHHII KAPUII CHUTHAIH Uiwpum [1aH aiipunagu Ba
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WHTETpAJIaHaIA, STbHU HMHTETPAJUTAlll HATHMXKACH YpTa KUHMaTra KeITHPHUIAIA
Xam/ia KOMIIapaTop KUPHIIUTra OeprIam.
Kfa

HHKHILI

QUABTP e
héuifa,

KHPHLI

Huterparop =1 Komnaparop

PAY
1 - pazpaau

—&

Curma-geabta m 0AYAATOP

1.16-pacm. Curma — nensra APY

Manduii Teckapu OOFIAaHUIUIM Ky4yaTyBUM TH3UM HHTETPaTOp UMKHUIIKIA
HOJIb KUHUMATJIM Ky4WIaHUIIHUA yumad typuimra xu3mar kuiagu. [y ca®abmu
KUPUII KYyYJAHUIIM KUHMaTH KaTTajalliraHja KOMIapaTop YMKUIIUAA MaHTUKUN
“1” KYynpoK BakT JaBOMHIa MaBXKy] OYIaad Ba akCHHYA KUPHUII KydJaHUIIN
KamairaHnjaa MaHTUKUAK “0” 1a Xxam myHaan oyiaau.

KommapatopHuHr uukummaa MaHTUKAK 17 Ba “0” keTMa-KeTJIMKIIAp
pakamin GUIBTpAa N — paspsuyid MKKWIMKIApra aijlaHntupuianad xamuaa f,
yacToTa OunaH auckperiiann®, APY unkumura Gepunam.

Curma — gensta APY 24 paspsagraua kpaHTIamra sra Oymu6, IOKOpH
cudativu OBO3 CUTHAJUIAPUHU paKamMiIM y3aTUIIJa Ba YIUOB JKHUXO03JIapuia
KYJUTaHA/IU.

1.2- xajBanga Kyn TapKaaraH KaTTa MHTErpan cxeMamuk APYiapeuar
KypcaTruuiapu KeITUPUITaH.

Pakam — anasior y3raprupu4iap

PAYV HM IIAKIIAHTHPHMIIZA acOCAaH  TOKJIAPHH  CYMMANAIITHPHII
NpUHUMIN(OMIIN) MuUaTuiag. 2.25- pacvaa PAY HEHP Tamkmmii unmsmacu
KypcaTwirad, yHaa N — TOK TeHepaTopuaaH uoOopaT TasHY MaHOauIaH
03uKTaHYBYU (Upaguy), N — KaMuUT coHn (Oy epAa N — UKKWIUK paspsiiap COHH,
KEJITUPWITaH Mucoiija 0y coH 4 ra TeHr). TOKHUHT KaTTaJluTd UKKUHUHT Japaxa
KypcaTruuura mnpornopiuanain. Arap HaBOaTmard TakTaa Terumid Q OWTHHHT
paKkaMIu CHTHAJIM MaHTHKWAK “1” ra TeHr Oyjica, KajauT KYIIMJIaJd Ba TECKapH
xonaraa (“0” kudMaraa) KajauT y3ujaagd. YMyMHUM TOK FOKJIaMa KapIiwiura Ry
OpKaJlM OKaaud Ba YMKUII KyulaHUMU Ugye HU  XOCHI Kwiaaud. TokIap
AUFUHMCHHN KYWIAHHINTA Y3rapTHPHII YyuyH PAY HUHI YHKHIIIA OHEpaLoH
KYYauTUPIuy KyJUIAHUIIU MYMKUH.
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5 1.2-xanBain
Kyn rapkanran APYnapHuHr alipum KypcaTrudjiapu
Maxkcuman
Maxkcumain
< Muinad Pazpsamnap|nuckperu- ranad
APY Typu | yukapran PIAP MCKD STUIIYBYHU N30x
COHH 3arus
KOpPXOHa yactotacy| KYBBAT
MBT
ANALOG [2x16 APY OBO031I1, MKKH KaHaJJIH,
AD733221 DEVICES [2x16 PAY 64 xI'n 73 CUTMa-JIeabTa KOJIEK
AD7721 '[A)EICII&CI)E% 16 312 kI'g 175 Curma-nenbra
AD7660 SEOIIEZCI)E% 16 100 xI'nt 15 TenrnamrupyBuu Typaaru
[Tapannen-kerMa-keT
ANALOG TypJard TypT NOFOHAJH,
AD9224 DEVICES 12 40 MI'n 390 XaToJIaAp KOPPEKIUSACH
yIyH
Buneocurnanra nnnios
AD9840 SEIC\IIE:OE(S; 10 36 MI'n 140 OepuIl cxemayiapura ara,
[13C-Tenekamepanapu yuyH
OB031H, MKKHM KaHAJIIH,
SAA7366 | PHILIPS 2x18 53 kI 345 CHTMa-JIeJIbTa, KETMa-KeT
JUKUTIUIA
[Tapannen-kerma-keT
TDA8716 | PHILIPS 8 120 M| 90Q | K&/YBHH MK TIOYOHAIIH,
XaToJIap KOPPEKIHSICH
yUyH
Vu kanannu, CK-
TDA8752| PHILIPS | 3x8 | 80MIy | 1000 | >XPasiapuu Oomkapuimn
yuyH, TB cuHxpoHu3auus
yIyH
Pakamuin panriaivk
SAA7111A| PHILIPS | 2x8 [143Mru| 500 |Ackonepuraora TPTCxan
pakamiu TB-curnamnapau
TAKJUTAHTUPT Y.
SAB9076H| PHILIPS | 4x8 | 27 MI'u | 1000 «Kanpna kazp»
KOHTPOJUICPH
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KHPYBYH KOI
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1.17-pacm. CyMManauTipyuiIrad HKKH yirgam Tokm PAY

XO03Upru manTaa TOKJIapHU XOCWJ KWJIHMII YYyH pe3ucTuB Marpuma R — 2R
KEeHT KyJutaHnuianay, 1.17-pacMra Kapasr.

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

CyMMaalITHPHIITAH MKKHIHK YoyaM Tokanm PAVuuHr adsammmrm Tok
TEHEpaTopJIapy Ba KaJIUTJIAP COHM MUHHMAJUIMTUIAP. AMMO paspsaiap COHU
KaTTa Ba Y3rapTHUpUIl YacTOTACHUHHUHI IOKOpHM OViraH xosatjapuaa Kym TOK
TE€HEPATOPJIIAPHUHT OUp BaKTAa YJIAHWIIA MaHOAa TOKMHHMHI KECKUH IMacaluIln
8KM cakpamura onuO Kemagm Ba Oy ¥3 HaBOGatHma PAVHMHT umkummparum
KYWIAHUILHUHT OY3WINIIN KeJTMO YUKAIH.

PAVHUMHET sHa OMp KaMYMJIMTH KYpCaTTHdIapH FOKOPH AHMKJIMKKA 9Ta
OynraH Xap XwJl KUUMaTIN PEe3UCTOpJIApHU KYJUIAHUIIHN Ba 11y cababmu mypakad
Ba KUMMAaT TEXHOJIOTUSJIAPUHUHT NIUTATAIIUIIN.

Arap TOK reHepatopiapu Ba Kaiumiap coHuHu 2" — 1 raua ommpcak Ba
Oapua reHepaTop TOkJIapuHu lp TeHr KuiauO oJMHCa, IOKOPUAArd KypcaTWiIraH
KaMUYMJIMKJIap aHYaruHa Kamasiau.

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

Kupuin curnanu kynaiica, Kanutiap KyIIuiaaayd Ba yiap Kamanca axpanaiu.
ByHzaii BapuaHT Tyna aekozjepnanrad PAY neiimnmanm éxu TepMoMeTpra yxmad
CYIOKJIMK OaJIaHJTUTU TYIUTaHW €KW KYTapuwiraHu Kabu ‘“‘TepMoMeTp” TEepMHHH
XaM KYJUTaHWIaad. AMMO, OyH1ai PASJ,)IaFI/I AJIEMEHTJIAP COHU UKKUJIMK YITYaHTaH
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toxmu PAV nau xyn 6ynamm.

Te3kop Kym paspsaid KBaHTIaHTaH PAVYiapHM Kypuma cerMeHTiapra
GYIMHIaH CTPYKTYpPacH cxeMa KyJUIaHWIaam. AHa mysaail 10 paspsmm PAYHuET
Ty3uuiu Mucol cudaruaa 1.19- pacmaa kentupuiras.

5 31 .
- Perl Per2 T uuK
5

S

PAV2

1.19-pacm. 10 pa3psum cermenTinanran PAY

Pacmpa xarra ctpenkanap OujaH pakamiid IIMHANAp KypcaTWiraH, yCTHTa
€3UJITad COHJIap yHAAru paspasiap COHUHH KypcaTau.

KupyBun 10 paspsum kon peructp Perlma f, takt wactora OwiaH Kaiin
kwmHaau. CyHrpa Sta 1okopu pazpsiap aemmdparop (ALI) épmammma 31
pa3psIA KOATa aujaHTUpUIAIU. AWIAHTUPUII YUyH TyJla JAEKOJepiall KOHYHH
WIUTATUIIAAW: arap JemuppaTtopHUHT kupumuaa N cOHM (MKKWIMK Kojua) Oyiica,
NI yukummga N kuuuk paspsyanap 17 kuiimMaTHU KaOyn Kwiaad Ba OOIIKa
yukunuiapuaa daxkar “0”map 6ymagu. JIIHMHT YUKUIIUAATW KOJJIap Ba KUPHII
CUTHAJIMHUHT 5 KWYUK pa3psa koiapu 36 paspsanu peructpra (PEI2) xotupana
caKJIaHaM XaMja XocHn Kumuarad 31 paspsmmm kox PAV1 ra xenn6 Tymamm.
PAV1 ¥3 naB6aTina 31Ta Gup XM KMIMAT/IH TOK reHepaTopH Ba 31Ta KannTiaH
nbopar.

Sta xuumk paspamiap PAY 2ra Tymanam, y 5ca MKKHJIMK yT9aM TOKJIapHH
CyMMANaIITHPHII OMHIIM acocuaa Kypuiaran. PAY Ba PAVY?2 rtokmapu Kymmmuo6,
VY3rapTUPrUYHUHT YUKW TOKUA XOCUJ KUJTUHAIH.

PAV 1 Ba PAV 2 5a maiino 6y:1ran xanakutiap KUiiMaTH aXaMUATCH3 0316
KOJIa/I1, YyHKM KMYKMHA KHAMATIIM TOKJIAp YJIaHUIIU MaBxKyH Oyiaau.

OB03 CUTHAJUTAPUHU paKaM — aHaJIOT Y3rapTUPHIIIAa JUCKPETIall YaCTOTACH
KUHUMATUHU OLIUPUII Ba UHTEPHOJSIIUSA(IKAHIANIUIN) UIIJIATUIA . ByHUHT yuyH
maxcyc PAVnap kymnannnamu (1.20, a-pacm).
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n 6HT

n OHT
J D= HHrepnomirop » pPAV b [IHO }—> Uyug
T K
a
" )
n GHr n GHT ] m GHT ” ;
Ji)—»{ Hurepriomitop — PC/IM = PAV [ YO = Uyug
K K
! 9
kfn
1.20-pacm. MHTeprionsuusiy (2) Ba CUrma — IebTa MO JISTOPIIH
(6)PAVmap

WNurtepnonarop pakamiu KypwiMma OYynu0, OyHAa KUPUILJATH Xap HKKA
CaHOK Opacura MabjiyM KOHYHJAp acoCHJa aHWKJIaHaauraH, kymumMya K — 1 mona
SHIM CaHOKJAap KHpUTHiIanud. HaTwkama muckperiam yactoTacu Kuiimatu K
MapoTaba oIaju.

CyHrpa curnan N-paspsainu PAVna ananor makira y3raptupwiaau Ba [THD

Epnamuaa GUIbTpIAHAH.

1.3-xagBai
K3y tapkanras aiipum PAVY napausr Kypcarrnanapu
PAY typu| Mmma6 |Pa3psanap|Makcuma | Makcuman
YUKapyBY | COHHU | Tanad
1 KOpXOHa JIMCKPETH | STUIYBYU H3ox
3arus KyBBaT
4acTOTaCu MBT
AD1859 |[ANALOG| 2x16/18 | 44,1 kI'1t 330 OBO031H, UKKH
DEVICES KaHaJIJIu, CUrMa-
JIeTIbTa, UHTEP-
noJiarusy Ba [THOD
AD768 |ANALOG 16 30 MI'ng 465 [TacT koMMyTalMOH
DEVICES XaJaKUTIN
AD9701 |ANALOG 8 250 MI'n 780 CunxpoHu3zanus Ba
DEVICES CYH-IUPYBUH
HUMITYJIbCTIAp
IAKJJITAHTUPYBYHU
ADV7123|ANALOG| 3x10 140 Mru 180 VY4 kanamy,
DEVICES CHHXpPOHHU3ALIMS Ba
CYHIVPYBUYU
UMITYJIBCTIAp
MaKJJIAHTUPYBYHU
TDA1305 | PHILIPS 2x20 48 kI’ 200 OBo3znu,ctepeo, 96
Taraya Kaira
JIMCKpETU3AIMsTa 3Tra
Ba MHTEPHIOJIALMSIIN
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TDA8776 | PHILIPS 10 1000 925 2.27-pacmaaru
MI'p qyu3MaaeK .
Cermentiianrad PAY

OHr Kyn KBaHTIANI paspsad CMTMAa — GUIBTp Moxayistopan PAY na
TabMUHIaHaAH (2.28, 6-pacm). WMuTepmonarop AMCKperaam dvactoTacuHu “K”
MapoTtaba omupaan. Pakamim curma — neiabTa MOIYJIATOP N paspsiiid UKKUIHK
CY3IapHE M —pa3ps/UId cy3Iapra aitmanTupaam (m < n) Ba M — paspsum PAVia
aHasor curxainra y3raptupu0, [TUDaa Tekucianaam (CeKTp To3adaHaIu).

Curma — genpTa MOAYJISATOpAA M — pa3paaiud cy3nap MIyHJan
HIAKJUTAHTUPWIIANKY, OyHAAQ KaTTaJIAlITUPWITaH AUCKPETIall YacTOTACHArH,
OWp Heya CAHOKJIAPHUHI YpTa KUWMATH OJMHUO, YMKHII aHAJOT CUTHAIMHUHT
Tanad dTUIaANrad KUMaTH TabMHUHIIAHA Y.

Kanyanuk “m” “n” ra #HucOaTtaH KWYWK OYJica, AUCKpETIAIl YacTOTacu
KaHJYaJIMK KaTTa OYJIMIIMHYN KypcaTaguran “k” xaMm opTagau. DHI IOKOpH KUiiMaT/a
m = 1 6ynanu. By xonatna yuKHIll Ky4JIaHUIIN TEKUCIAHTaH UMITYJIbClIap KeTMa —
KETJIMTUTa aiJlaHaJu, S’bHU UMIYJbC KEHIJIMTH Oyinya €KU HMITYJIhC 4YacToTa
Oyiinya MOyIsMsIJIaHTaH Kaou.

Ha3zopar caBoJu1apu

CurHaiap TypKyMuAa KaHaau Typaapu MaBxkyA?

AHasior curHaira tabpud 0epunr?

Pakamnu curnanra tabpud 6epuHr?

AHaJOr CUTHAJHU paKaMJId KYPUHUIITA YTKA3UITHUHT acocuil 3 OOCKUYMHU

caHa® yTUHT?

Huckpernamra Tabpud 0epunr?

6. KBantnam HuMa, KBaHTJIAII KaJaMH Y3rapuild MabiyMOT cudatd Ba

XaXMUTra KaHaal Tabcup Kypcataau?

KorenbHukoB TeopemMacuuu Eputud OepuHr?

8. CumBou 1eb HuMmara airuiagn?

9. Jluckpetnaii, KBaHTIAII Ba KOJIAII Kapa¢HIapH oJaTa KaHaal KypuiMaaa
Oaxxapuiiaau?

10.TeneBU3MOH CUTHAT CIIEKTPUHUHT FOKOPH YacTOTACH KaH4a?

11.KoTenbHUKOB TeopemMacura Kypa TeIE€BU3WOH CUTHaJ CIEKTPUHUHT HOKOPH
yactotacu 5 MI'1 6yca guckperiain yaToTacu KaHda OViIuIm Kepak?

12.TeneBu3uOH CUTHAJIHM KOJJalaa 8 paspsiid Ba YHAAH IOKOPH KO
KyJutanuiauin cabadu Humasa’?

13.0B03 CUTHAJTMHUHT JUCKPETIAIl YaCTOTACH OPAIUFU alTHUHT?

14 KomMnakT IMCKra MabIyMoOT €3UIIa JUCKPETIall YaTOTacu KaH4da?

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

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

17.PaxMiid  TEJIEBU3MOH CHUTHAJIHM XOCWJI KWJIMIIHUHT KaHAall ycyJiapu
MaBxyn?

18.Ananor — pakamiia Y3rapTHprud TY3WIUITUHA TYITYHTHPHHT.

S N

~
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19.Pakamnu — aHANOT Y3rapTUPTHAY UIII IPUHITUTTHHA EPUTHHT.
DoiaJaHIITAH agaduéTaap

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

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

3. “ Pakamuin teneBuaenue” X.C.CoaroB Ttaxpupu octuna IM.A.I'aBpuios,
T.I'.PaxumoBn, A.H.Ily3uii, X.X.Hocupos, III.M.Kanupos. Tomkent 2016. 400
oer.
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2- maB3y: TB TacBUp CUTHAJLIADUHM CHKMII cTAaHAAPTIapu. TejieBU3MOH
curHajanm koxnam. Kanamam koanam. Moayasuus TypJiapu.

Pexa
2.1. TeneBU3MOH CUTHAJUIAPHUHT OPTUKYA aXOOPOTUHUHT TypJlapy Ba yIapHH
NYKOTHUII yCYJIIapH.
2.2. INCKpeT-KOCUHYC Y3rapTUPHIL acOCHa TACBUPIAPHU CUKHILL.
2.3. TacBUpHM BEUBIIET AJIMALITUPUII ACOCU1A CUKHILL.
2.4. Monynauus Typiapy Ba TEXHOJIOTUACH.

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

2.1. TeneBU3MOH CUTHAJIJIAPHUHT OPTHKYA AXOOPOTHHUHT TYpPJIapH Ba
yYJIapHU HYKOTHII YCYJJIApH

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

TeneBU3MOH TACBUPHUHT TaXJIMIU IIYHU KYpcaTaJuKu, yJap KaTTa XaxMIIu
OpTUKYa MabIyMOTJIapra 3ra Ba Kyhiujaru cua@uapra OyJIuill MyMKUH:

1) Kopsimk opTHKYAIHK;

2) DJIeMeHT/Iapapo éKU CTATUCTUK OPTHKYAJINK;

3) IlcuxoBu3yasa OPTUKYAINK;

4) Ty3namaBuii OpTHKYAIHK;

5) BakTim éku Kaapaapapo OpTUKYAINK.

Kopauk oprukyaamk TacBupjia OWp XWJ KYpUHHUIIAArd Ba EpPYFIIUK
HYpUHU OUp XWI KalTapaaurad kyrmiad oOekTiap (TapkuOuil KHUCMIIap) MaBxkKy.l
OY1n0, yIapHUHT 103acu OUp XWI EPYFINK HYpJIapyuHU MAKIJIAaHTUPAIW Ba OyHIa
X0JIaT KYT TapKaiaran. Mucos yayH 2.1- pacMra Kapasr.

bynpnait xonar y3atninaérran MabJIyMOTHUHT XaxXMuHU 20 - 25% ra xamaii-
TUPUIITra UMKOH OepaJiu.

720 pixels (90 blocks) 8 pixels

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

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

8 pixels

576 pixels (72 blocks)

2.1- pacM. TacBUpHU KOAJIU Ba 3JIEMEHTIAPAPO OPTUKYAIUKHU KYpcaTyBun
MUCOJLIAP
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Icuxopu3nk  OPTUKYAJIMK  KY3UMHU3HUHT  KYpUIl  KOOWJIHMSITHTra
acOCJIaHTaH, S’bHU TACBUPJArd MABIYMOTHUHI aWpUM KUCMHJIATHd MAbIIyMOT
UYKOTWIIMILK YHUHT cudaTura ce3uiiapiid Jlapaxaaa TabCUp dTMACIUTU MYMKHH.
MacanaH: Ky3 €pyFiauK y3rapuilnIad Kypa paHr y3rapuilinHu KaMpOK Ce3aIu.

Ty3unamaBuii opTuKYaaMk 2.2-pacMjia KypcaTWiraH XoJaTIarujick,
TACBUPHUHT aWpuM Kucmiiapuia naiao Oymanu. ByHu WYKOTUII ydyH TacBUpP
CKaHep KWIMHUO, KaWTapwiaauraH KucmiapH, (parmentiapu (dbpakTaymiapu)
aHWKJAHATM Ba yJap aBBal  aHWKJIaHTaH ¢parMeHtTiap  wudomacura
aIMaIITUPWIAAN XaMJla 11y OPKaIu y3aTWIAETTaH MabIyMOT OPTUKYAIUK XAXKMU
KaMauTUPUIAIN.

DC Component only DC+lowest 2 AC coefficients

8x8 block

2.2-pacm. Ty3mwiIMaBHil OPTUKYATIUKHU KYpCcaTyBUXd MUCOIT

* Temporal Redundancy reduction by Motion Estimation/Compensation

Spge) §

3- —

4 — —> —>

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

Br g I e i

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

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

2.3-pacM. BuneocroxkeTaru KYIrHA Kajapiap Ba yiapJard Kajapiiapapo
(hapKUHUHT KYPUHUILIY.
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Baktiau éku kaapJaapapo opTUKYAJMK OWTTa BHACOCIOKET BAKTHUIA UKKU
KYIIIHU KaJip opacuaaru dhapk HucOaTaH ce3uapcus oynuium cadbadmu (2.3- pacm),
TEJICBU3UOH TAaCBUpP MablyMOTHIA acOCHid Kaapra HucOaTaH Kanapiap (apkuHu
y3aTHUIIl aMmajra OIIMPHUIICA, BUIEO OKUMIArd CUKUII KOI(PPUKUEHTUHUHT KaTTa
KUMaTra SpHUIIUIT IMKOHH SIPaTHIAIH.

2.2 IucKpeT-KOCHHYC Y3rapTHPHUII ACOCHIA TACBUPJIAPHU CHKHIIL.

B. Yen Tomonmman 1981 iinnna raxmud stunras Ba JIKY sxmm ypranunran
xamaa Yysraptupunviap JPEG, MPEG, MPEG - 1, MPEG - 2, MPEG - 4
dbopmatnapuaa Kopu 3GGEKTHBINKAA KyUTaHWITaH. Ma3smynn OVitnda Oy ycyi
OypheHUHT UKKH YIMaMIId JUCKPET Y3rapTupuiiura yximami, Gapku dakatr 6a3uc
dyHKImsIapuEd  unuiaTwiHmmga.  JKYHEHT  ad3aJuMrM  KATOPHMHT — Te3
SKUHJIAIIAINKA  Ba Y3rapTUpUILIap/a XaTOHUHT KUHMaTH KUYHMK OVJIHMIIWHU
TabMHUHJIAHHUIIIY.

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

7 7
(2x+ur (2y+vrx
F(uY) = (UACU)CHW) 2 2 p () {COST S| @D
x=0 y=0
n-1 n-1
9 (2x+Duzr  (2y+lvx
=2 cos cos
Fo) = & & CwCwFuy N N (2.2)

by epna: v — rpaduk 6JIOKHUHT TOPU3aHTa KOOPAUHATACU
U — 6iox mummaru koopaunara, C(u), C(v) = 1/ V2 u, v =0 yuyH Ba akc
xonataa C(u), C(v) =1

1 u=0

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

bynnait ycyn kaapnapau (2.5-pacmra xapanr) 64 (8x8) canokiu Oiokiapra
OynmaknmamHu Ky3ga TyTaaun Ba ynap (2.5, 6-pacM) curHa/iap MaTpulacu
JIeUnIaau.

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

cos(0)
cos(0.5x)

z » COS(X)
cos(1.5x)
cos(2x)

2.4-pacM. JIuckpeTr KOCUHYC anMaInTupHuiil Gopmysiacu Ba rpaguru

JAKY CHeKTpUHHUHI XYCYCMATH WIYHAAH HOOPATKH, 4YacTOTa CIEKTpH
JHEPIrUACHHMHI AaCOCHMH TAIIKWI J3TYBYWJIAPH HOJb KHHAMATIH YacTrora
arpoduaa MUFWITAHJIUTHAUP.

« DCT(discrete cosine transform)

- DCT effect

u

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

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

8x 8 pixel block Matrix of 8 x 8 coefficients

a) 0)

2.5-pacm. JlaciaOky TaCBUPHUHT EPYFIIMK CUTHAIN MAaTPHUIIACH.
(a) — nukcesutap ymuamu 8x8 Ba (0) — Tyrpunan tyrpu AKY nan cyurru
MaTtpuia Ko3phUIueHTIapHu.

2.3. TacBupHHu BeiiBJIeT AJIMAITHPHUII ACOCHAA CUKMIII.

byrynru KyHpma TacBUp Ba OBO3HHM CHUKUIIAA KYyN TapKaJraH yCyjiAaH -
BeUBIeT Y3raptupuinvaan dorgananuinaay Ba y ['poccman Ba Mopiie ToMOHUAaH
yTrad acpHuHr 80 HuIapuaa KUPUTHIITaH.

®ypre Ba JIKY mapHHUHT acocHii KAMUMINTH YIApHUHT 0a3aBHil TAPMOHHK
TalIKWI ATyBUMWIapu (PyHKUMS TaBpuil OyimaraH XojaTiap/a sSXIIU HILIaMaan
Ba HaTwkajga (oijgany MabIyMOTHUHT MabJIyM KUCMUHU THUKJIAIl UMKOHUSTH
nykotwnanu. BeiiBner y3raptupuin MabiyM (GYHKIUSHU BEHBIET (YHKIUSIU
TalIKU ATYBUMJIAP KYpUHHUIIKAA OCPUIMIIUIUAD Ba BEUBIET —Oy KUUUK TYIKUH
€KM TyCaTJaH Cakpall TYJIKUHH.

s LRSI

— %
WAVE MHAT

v Ny v
7

MOPJIIE MAY

B) ¥

—_— k

n) Y v ey

v
— s
{ —k by

LMB AOBELLN

2.6-pacm. bab3u Oup Ky TapkaiaraH BeMBieTIap

AManuéraaH 3ca BEUBIET — XOJATAAH X0JIaTra YTKa3ullaa TACBUPHH I1aCT Ba
IOKOpM  4YacToTaiu  (QuuibTpiam  Xamjaa  OJMHraH  Kod(dQuiMeHTIapHu
CHUMpaKIaTUPUII (JerUManusi) >KapaHUHU KyJUlaaup Ba ymap 2.7-pacMia
KEJITUPWJITaH.
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2.7-pacM. BeiiBieT — keTMa — KeTJIMTUHUHT YMYMJIAIITHPUIITaH CTPYKTYypa
CXEeMAacH.
Slf3rapmpnm HATIKacula MKKUTa MacCHB Haino Oymamu. A Ba Dy,
YJIApHUHT 3JIEMEHTIApU KyWuaarnia aHuKIaHa Iu:

A = SZK +SZK+1 .
K 2 ]

Oy epma k €[ 0, N/2]

HMacr yvacroraju QUILTPHUHI KO3(DPUIMEHTIAPH Ay CHTHAI
ANNPOKCUMALMICH Ba IOKOPH YacToTa Kod(ppummenriaapu Dy 3ca curaaj
Aeraauzanusicu aAeiimaann. bynna A Ba D maccuBnapu maBxyn Oyiica, nacnadku
CHI'HAN- Sy HM TUKJIAll MyMKHUH (2.8-pacMza kenTupuiaran kadm). Az Ba Dy
COH KMMaTiapu EpyFJIMK HyKTalapu OuUiaH KypcaTHIIraH.

S, =S
DK: 2k 2 21<+1’ (23)

Bouuianruy cHruag S[N]

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

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

o N

-

2.8-pacm. JlacmaOku TacBUp Ba caTpiap Oyiinda BEHBICT —
JICKOMITO3UIIUSACUIAH CYHT
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Mynnait kumb, kyn Mapotaba BEHBIET AEKOMIIO3ULMsIAN (Y3rapTUPHIL)
HaTWKacua, almpoKCUMAIIHSIIAIl MAaCCUBHIA Ky/1a KWIYUK TacBUp onuHaau (2.10-
pacMaard Tema 4yam Oypyak/a) Ba allHM BakTJa Y KHYUK XXMM axOopotiap
MabIyMOTHUHU TaITKAI ATa/IHN. MaccuBHUHT KaTTa KUCMHUHHU
JNeTanu3alusIalTUprad HoUlap €KUM KUYMK KOd(DPUIIMEHTNIap TallKWi 3Taau
(2.10-pacmzaa Hosra kuiiMaTu 128 OYiraH Ky paHr MOC KeJaju), yjap CTaTUCTHK
KOMIIpeccop/ia SXIIM CUKUJIAAM Ba KaTTa CUKUII KOA(D(UIIMEHTUTa SpUIIMINTa
UMKOH Oepajiu.

-

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

BeiiBieT y3rapTUPUIIHUHT JUPTHHT CXEMACH

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

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

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

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

o4 12 2 28 35 44 52 8 68 16

0 0s 186 24 32 4 45 55 B4 T2 8§

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

eveni-1 l 1
U

—> 5 P

oddi-1 T

- =y

2.12-pacm. BeliBneT y3rapTUPUIITHUHT TUGTUHT CXEMAaCHHU WIILIAI
MEXaHU3MHU

BeiiBner y3rapTUpUIIHUHT JUGTUHT MeXaHU3MU uHTrIM34a “Lift” cy3mpan
OJIMHTaH OYnuO, KyTapuill MabHOCHHHM aHriataau. [lact Ba OKOpW yacToTalv
MaccHuBjap OOCKHMYMa-00CKHY IIAKUIAHTUPHIIAAN Ba Xap Oup 0ockuyaa 3-4 Kagam
amaJra OIIMpUIaIn.

1. Asxparum (split). by xagmampaa S; nukcenb KuiiMaTilapd MacCHBUAAH
UKKUTA SHTH ¥3ap0 KECUIIMaWAWraH MacT Ba IOKOPU YacTOTAIM MablyMOTIap
MAacCHMBM IMIaKUTaHTUpWiIaau. lIukcemnapHM MaccuBiapra axpaTull yCYJIUHU
TaHJIAII BEWBJICT Typura OOFIMK. AMMO KynuH4Ya XypT €ven;; éku tox oddj.,
MUKCeJUIap aXpaTuiaaauiap Ba S onepaTop épaaMujia Kyiuaaruda udoiananaim:

(eveni., odd;.1) = S(8j.1).

2. bBamopat kuanm (predict). by kagamaa yan Ba YHr nukcenb KuMMatiap
acocHJla MapKa3ui MUKCEIHUHT SXTUMOJUIHK (0amopar) KuitmMaTi XucoOiaHaam Ba
IIYHJIAaH CYHT XaKUKWW Ba Oamopar KuimaTiaapu aiupuiaguiap. AHa 11y XaTOJHK
MapKa3uil MUKCeNlb KUAMaTura €3Wiajd Ba y IOKOPU 4YacToTa Kod(dUIMeHTUra
Moc kemanu.JlacTmaOku MaccuBHU JKy()T Ba TOK CaHOKJapra axparraHia
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OaIopaTHUHT I0OKOPH YaCTOTAIH XaTOJUK KOd(DPUIIMEHTIapy BUICOMABIyMOTIIAP
MACCUBUHUHT Ky()T KMCMHUTA E3UITATH:
di.; = 0dd; - P(even;,)
Oy epna P-6amopat onepaTopu.

3. urunanum  (uhdate). by Oockuuma macT yacToTaaud — BEMBIIET
koadpureHTIIapu KEMUHTU Yy3rapTUpUIL JTanura YTu YUYH,
“kyTapuiagu’,IbHA CUTHAJHUHI YpTa KUAMATHHU Cakjall y4yH. SIHrUIaHUII
xapaéHua SHIUJIAHUII onepaTtopu €pAaaMua Oamopar KWIMHTaH TUKCEIapHUHT
ypTa KuiiMathra acocaH TMacT YacTOTald MACCUBHUHT Ko3(duimeHtiapu
HIaKJUTAHTUPUIIAIN

Aii = eveni+U(diy),

Oy epaa U —sHTHIIaHUIT ONIEPATOPH.

[Tact Ba rKOpH uyacToTaM Kod(pUIMEHTIap MAK/UIAaHTaHJAaH CYHT
MacCHBIIap a@XpaTWiaJwiap Xamja ajoxXuja TacT Ba IOKOpPU YacTOTalu
MacCHUBIIapra OUPUKTUPUIAIUATIAP.

Myngait kummbd JaUGTUHT cxema JacTiiadKu THUKCeNb KUWMaTJIapuHU
YU3UKJIU-0YJIak KOHYHUTa acocaH ammpokcuManusianau. byHma waccus
KO3 PUIMEHTIApUHUHT KydTiIapu XakKWKUil Ba OamiopaT KWJIMHTAH IMHUKCEJUIap
KuitmMatu (OamopaT XaToJukiIapu) adupmacu cudaruaa, ToKjiaapu Oamopar
XaTOJIMKJIApU YpTa KuiimaTiapu OuiiaH éHMa-EH NuKceap MuFuHaucu cudaruaa
ésunaguiap.Arap 1acTiaOKd TACBUPHUHI OWp XWJI PAHIIIM KHCMIIApU MAaBXKy[
Oyica, Oamopat xatonukiaap kodpdunuentiapu “0” ra tenr oymaawiap. [lynnait
KWINO caTp MHKCEUIapura TOpU30HTA WIIOB OEpUIIIAH CYHT, MabllyMOTIIap
MacCUBM KETMa KeT KeJIyBYM IMacT Ba IOKOPH 4YacToTaldu Kod(pduuueHTIap
KUiiMaTiiapu HuruHAUCHIaH noopat 6ynaau (2.13-pacm).

ITakceTHHHAT OHpIAMYHA

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

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

TacBup MKKM MaccHBIIM MabJIyMOT OYJIraHauru cabadiu, TACBUPHU CHUKULI
camMapaJopJMrd OLIMPUII MaKCaau/aa, MUKCEJUIAPHU TOPU30HTAN JEKOPPEI AL
(¥3apo OOFIUKIUTMHY KaMaTHpUIN) KWITaHAAaH CYHI BEpTHUKaJ MYHamuIaa xam
y3raptupuiuiap amaira owmupuiaaad. byHaa TOK carpiap macT yacToTand
koadduienTnapra Ba xxXyQT carpiap OKOPH YacToTald KodhduimeHTiapra Moc
kenaaunap. OXHpru sTamnaa MabIyMOTIap KOMIIPECCOPMHU camapaid HILIailu
YUyH TIACT Ba IOKOPU 4YacToTanu Kod(h(UIMEHTIap KaiTa rypyXJaHTHpUIauiIap
(cemapanusuiaHUMIIAp) Ba HaTWkada Oapya MacT 4acToTanu KodduuueHTIap
Oup MaccuBIa xXamja IOKOpH dYacToTainu KoddduiueHntiap Oomka maccuBia
sxoinamanunap. Epyrnuk curaanu kuitmatn Y=30ra Ba nukcenu 320x240 6yiran
OMp XWJI paHIIM CHHOB TAaCBUPHIa MIIOB OEpHUII HATIXKach MHCON cudaruia
2.13-pacMa KenTUpUIITaH.

JlacTnaOku TacBUPHM WKKU YI4OBIM (TOPU3OHTaN Ba BEPTUKAJl) BEMBIET
y3raptupuinl Hatwxkacuaa 2.14-pacmpa KelNTHUPWITaH MabiIyMOTJIAp MacCUBU
HIAKJJIAHTUPUIIaAW Ba KEHMH KBaHTIAHUO, CTaTHUCTUK KOMIIpEccop OuiiaH
CUKUJIA/IU.

404 OYI0Y

N

2.14-pacm. Bupnamuu TacBUp Ba YHUHT MKKH yadaman BY HaTmkac.

BeiiBner y3rapTHpWIIHUHT JU(YTUHT CXEMAaCHHUHT acocuil ad3auIuru
IIYHJAKW,YHIA Y3rapTUpUILIIap >kapaéHu HUCOATaH Te3 amalra OUIMpHIIagu Ba
BelBIEeT KOd(pPUIMEHTIap KamilaMacu AAacTiIabKH TacBHp MablyMOTIAp XaKMHU
OuslaH MOC TyHIaJu Xamaa KylrMua XOTUpa Tanad 3TManu.

TacBupHH CHUKMII MEXaHU3MHHHMHI XYCYCHUSTIApuJaH siHa OUpU BEUBIET
y3rapTupuiiga TacBup O1okiIapra OVIMHMAaN M, akcCuHYa OyTYHJIUTHYA UITUTAHAIH.
By Onoknap Oy3ununuiapyuHu maino Oynummra Wyn Kyilmaiinn Ba TaCBUPHHUHT
cudaruau Oy3MaraH XoJjja YHUHT cUKUIIl Kodddummentunu 1,5 — 2 Gapobap
omupaau xamaa 2.15-pacmpa KenTupwiIraHjaek THUKIAHTaH TacBUp CUATUHU
AXIIUIIANIN.

2.15-pacmMaan kypuHHO TypuUOIWKH, TacCBUPJIApHU OJIOKIapra OyiMaid,
BelBeTIap KYsu1ad, Y3rapTUpHIN HATWXXKacula TUKJIAHTaH TacBUpJiap cudaTtu
aH4yaruHa oKopu Oyiaau.

AmMMo TacBupHM Osiokyiap Oynmacnan y3raptupuin, MPEG cranmapruna
MYMKHWH OYJIraH, TACBUP XapaKaTIApUHU KOMIICHCAIIUS KWJIMIITa WY KyHMaiIu.

[y cabGabnau BeWBIET — KOJCKJIAPUHUHT BUIACOOKUMHU CHUKHUII OYyiinya
camapangopiuru MPEG crannaptura Hucbatan 2 — 3 maporaba macTpOKIUp.
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Bynnan Ttamkapu BeWBIET-KOACKIAp[a >XKyAa Karra CHKUII KoddduimeHTIapu
KYJIIaHWJICA, TACBUPHUHI AHUKJIMIU KaMasJd Ba paHr 4yerapajgapuia, Oy3WJIHII
oKuOaTHia, THHUKCU3JIUKHU KEeITUPUO YuKapaau. AMMo OyHmail Oy3wiMiwniap,
VpTadya ojdraHga, TaCBUPJIApHM KYy3 OWIaH WIFaliga KaMpoK OWJIMHAIW, SBbHU
macanan: JIKY xocun Gynmamuran “Mo3amka” KYpHHUIIMTa HUCOATaH SKKOJ
ce3nJIManiu.

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

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

XO03upru mnanThaa, aBBajl AWTUITAHUACK, TACBHUPJAPHU CHUKUIIAA KEHT
KYJUTaHWJIaquTrad BeuBieT GyHkumsuiap Kyvumarunap: Kosn — Jo6emu — doBo
(CDF22,CDF24,CDF97), Bunnacenopa — V610, Koiigpman — BCW3 Ba TS2/6,
MITO97 BeiiBnernapu.

2.4.Mopyasiuusi TYpJiapu Ba TEXHOJIOTHSICH

AHaJIOT IIATTUPHUIL aH4ya BakTAaH Oepu ammuutyaa (AM) Ba dactora (UM)
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MOAYJISAIUSTIAPUHN KyJ1ad unuiamMokaa. DoiiamaHyBuYnra CUTHATHH y EKku Oy
napamMeTpUHH Y3rapTUpuO y3aTUII Kapa€Hu MOAYJISIIUS AeHUIaIu.

Pakamiin MabiayMOTIIApHU Y3aTUIIAA MAbIIyMOTJIap BaKT €KM aMIUIUTyAa
Oyiiya CypWJIMII TEXHOJOTHUSICH KYJJIaHWIuO kenuHraH. Macaman 10MoOut/c
TE3JIMKJAard OKUMHHM aMIUIMTyJa MOHHUMyJsiuuscu opkanu xyHatumga (ASK)
TEXHOJIOTUACH €pAamMuia aMalira omupwirad. KoTenpHUKOB TE€OpEMachura acocaH
YTKa3uIl mmojocacuHUHT sipMu NRZ acocuii mmonoca yaroracu y4yH 3apyp Oyinaau.

busra MogyIAIUSHUHT KyWHIard Typiaapyd MabiIyM:
* AMIUTATYAQ MOYJISIIHSICH

* Jactota MOy JISIIUASICH

» ®aza MOYJISALHUSICH

» Ammmutyaanu manunyssinusacu (ASK)

* Uactoranu manunysnus (FSK)

» ®aza cypuwmimu Manumyssiusicu (PSK)

* AMIuuTynaa Ba gaza Manumyssiusicu (QAM)

Frequency domain

A
|

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

" D T e ———

i
N

Time domain

Carrier lo(t)
Pacm. 2.16. Cynaupunran TaryB4YmiIn "HopMan" aMIUIATYAalId MOTYJISIUS

bu3 onauMusra Kyiran mMakcaa-yTKa3uil MOJ0CacH KeHIVIMTUHU KUCKApTHPUO
MabJIYMOT YTKa3WIll KOOWIUSTHHU ommpuIl. by makcanra dakaTtriuHa 3aMOHaBUN
MOJYJISLMS TYPJIAPUHU KYJUIAIl OPKAJTUTHHA SPULLHIIT MyMKHUH.
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> t

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

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

o 5
Pacm.2.17. Cunycouaali CHTHATHUHT BEKTOP KYPUHUIIIH.

AnbaTTa TEXHOJOTHA TalllKU XaJlaKUTIap Ba IIOBKUHIIAP TabcUpHuaa 0ab3u Oup
XaToJukiapra uyn kysau. JIeknH OM3HMHT MakcaJ TEXHOJOTHsIa CHHYCOHUIAI
KaTTAJIMKIIAP KOPUI KUJIUHUIIUTA SPUIIUALIITUD.

3aMOHaBMM  pakamJid  TEJIEBUACHUENA  PaKaMiId  CUTHAJUIAPHUHT
XQTAKATOAPIONUIATHHN ~ TabMUHJANI  Y9yH  TallyBUYd  MOMYJSIUSCHHU
XaNMaKUTOApIONLUIM KoJyaml OujaH Oupra amanra OIIKMPUII MyMKUH. byHna
MOAYJIAIUSAMAH CYHT MYMKHH OViTraH TallyBYMHUHT XOJaTH y3aTWJIaJuTaH
CUMBOJIJIAD COHUJIAH OPTUK OYlaau, SbHU XaJlaKUTOAPJONUIMKHU OIIMPUIIITa
XU3MaT KWJIQJWTaH KYIIuM4a OPTUKYAJIMK KUpUTWianu. byHmait komjam OwiiaH
OupJamran MOIyJisiiusi kojyianran monynsuus aevimnaau. (Coded Modulation).
Xamakuroapaom kommanuimman OFDM 6unan Oupnamrupwmumu 3ca COFDM
(Coded Orthogonal Frequency Division Multiplex) ne6 aranamgu.

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2010. page 96.
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8 S1 S2 S3 S4 S
‘ A1 Tp2 A2 Tp3 A3
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0)

8 S1 S2 S3 S4 S

6)

2.18-pacm. XuMost UHTEPBAIAPUHUHT MAKIUTAHTHPHITUIIH

ol |

lynnait kunuO, pakamiau TEIEBUACHHUE CUTHAUIAPUHM aJlOKa KaHaJulapu
paavovacToTallapyi OpKalIM y3aTWIraHAa WKKA [OFOHAIM XaJlaKUTOAapIOolUIH
Koayam unuatuiaay. Tamku 1eé HoMm onran OupuHun noroHaaa Pux — Conomon
KOJJIAIl yCYJIM OpKaJd pakamiid MabIyMOT KOJUIaHAIW Ba WYKHU €0 HOM OJIraH
UMKKMHYM TIOFOHAJa 3Ca MOAYJSALMS OWilaH OMpJAIITUPWITaH KaHAJUIM KOJUIall
Kyutanuiaau. Hatwkana tanad KWIMHIaH XaIaKuTOApJOIUTMKKA SPULLIUIAIN.

V3arunaérran Koasiall KOMOMHAUMSACHHM Konmamtupuiml  yuyH ['peit
MaHuNyJanusicuaad ¢ongananunaay, OyHIa KYIIHU MO3UIUsUiap OuTTa OuWTra
¢dapk kumiun Oenrunanrad. [y ca6a0, xanakuTiap Tabcupuja (HpazaHUHT TYFpH
KUiiMaTu y3rapu0d, YypHHUra KYIIHHCH aHUKJIAHCA, AEMONYJSAUUS YMKUAIIUAArd
WKKUWJIMK CUMBOJIJIapU KeTMa KeTiuruaa pakat OUTTa XaToauK MaBxya Oyinaau, Oy

¥3 HaBOaTHa ACKOAeparu KOPPEKTOpia TYFpUIaHaIH.
01 011

/’\ 010 001
“k 00 110 000
1

J 11 100

0 101
2.19-pacm. TYpT no3unusiiin (a) Ba Cakku3 Mo3unusuid (0) gazann MaHUTYJISIIHS.

®aza manunynsuumicu DVB — S crampgaptupa, cyHbuil WyngouuiapiaH
paKaMJiIu TEJIEBUICHUEHU y3aTUILIA KyJIJIaHUIIAIH.

SIlHa Oup MOIyNALMS, paKaMIM TEJIEBU3WOH CUTHAJUIAPHU Yy3aTHUIIA KEHT
KYJUIAHYBYM Typ - KYII TO3HMLIUSAIM KBaJApPATypaBUM aMIUIMTYyJa MAHUIYJISAIUS
(KAMH). MabiiyMKH, KBaJapaTypaBUil aMIUIUTyJa MaHHITYJISLIUSACH OWp BaKTIa
ukkn curamiap U; (inphase) Ba U, (quadrature) Owmman TanryBum CHTIHAJ
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YacTOTacHla )y HWKKUTA KBagpaTid TApKUOWM TallKWi STyBUWIap OWIaH
MOAYJISIUSTIAIT Ba YIAPHUHT WAFUHANCUTA TEHT CUTHAITHU OJIMLIAMP.
u(t) = ui(t) cos met + ug(t) sin ot (2.4)

JleMoayJALMsIIaNIa CUHXPOH JIETEKTOpJAIl KYyJUlaHWiamu, sbHH U; (1)
CUTHAIHU COS ol Ba Ugq HU SIN ot ra kymaliTupumr xamaa IOKOPH 4acTOTaNH
CUTHAJJIAPHU MACT YacToTanu (uiIbTplaa KamanTupuil (MyKOTHI) HATHXKaaacu U
(t) Ba Uq (t) curnamiap axpartuiagy.

XO03upru BakTIa pakaMiid TeleBUJeHUE Tuumuaa 64 €xku 256 no3uuusiv
KAMmumap xam KyJuTlaHMOKAAIAp, yiaap KyJUTaHWITaH Oup Bakraa 6 €ku 8 owutiap
y3aTuiIaau.

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

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

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

2.20-pacM. 4 mozunusiy, 16 mo3umusui Ba 64 MO3UIMSUIIA KBaApaTypaBuil
Manunyisinuss KAMu (QAM)

AMmumaTyna sMmac, Oalkd HWKKH KBajgpaTypaBUW TaIlKWJ JTYBYHIIAP
dazanapu TUCKpET MOIYJISIUSAIAHTaHIa KBajapaTypaBui (a3za MaHUITYJISIIHICH
(K®MH) xocun 6ynaau. YHIA OJIMHTaH CUTHAJI KYWHIaru KYpUHHIIIa OYiaam:

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

Oy epna 0 0 g kBagparTypaBuil TalIKWI STYBUYMWIAPHUHT (pa3anapu.

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

Udonananran onepauusiap ogaTaa pakamin KYpUHUILIA Oakapuiaaau, 1y
ca6a6 KAB G6nokuman cyar PAY 6ynumm 7103uM. 3aMOHaBHIA  pakamim
CUTHAUIAPHU Ppaguo KaHaJUIapJlaH y3aTHUIl YCYJd OPTOTrOHAJ YacCTOTAJIH
MYJbTHIUIEKCHPAANAUP. by wHTrIM3 Tunmmarn texHuk amadouétmapga OFDM
(Orthogonal Frequency Division Multiplex) naelinnaaun. Xaxkukaraa Ky
OpTOroHaJ TamyBUWINK Monysauusaup. OFDM kynnanunranaa y3aTuin KaHaiu
Kyna Kymn(ro3mad €ku MUHTIIA0) KaHamJanapra (KaHaja ocTHiapra) OyinHaau Ba Oy
7ca acoCHi KaHAJIHUHT YacTOTa CHEKTPUAAH TYIWK (oNgalaHuIl MMKOHUHHU
Oepamu. byHman Tamkapu acocuid KaHall CHEKTPUHUHT MabiIyM KUCMUHUHT
WYKOTWIMIIM y3aTUJIAETTaH MAabJIyMOTHH HWYKOJIMIIWIA XaJlaKUT KUJIMaWIH.
OFDM wmopenu cudaruna 6up xun Kamamiu,y3apo kappamu (f, 2f, 3f, 4f Ba x.x.)




III. HA3APUIA MATEPUAJUIAP
reHepaTopJiap MaXMyacHu Xu3MaT KWINIIA MyMKUH. by yCymHuHTr moxusaru 5.7-
pacMa N30XJIaHTaH.

MabnyMoTnap oKumm

¥

KananocTtunapra
Oynnb YnKmw

OkumocTunap

Tawysuunap

Y
Af

1 - f
0 1 2 AF, N- lN—t

2.25-pacM. OFDM ycynuHUHT MOXUSITH

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

Pacm 2.27. COFDM MOAy/ITOPHHIHT Ha3apHuii GJI0K AHATPAMMACH'
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butnu cumMBosap okuMu X k,KETMa-KEeT-apaJIes y3rapTUPrud CUIDKATHILL
peructpuna, MOIYJISAUWA KWIMHTaHAa, yinap napamwiea N-pa3pamid Koara
(X0,X1,....XN-1) admaHTUpUIaIU Xamaa yiaap PypbeHUHT TeCKapH ajIMallTUPHII
Omokura tymaaunap. OypbeHUHT TecKapu aaMalTHPUII OJOKHAA YacTOTaIH
KOMITOHEHTalapJlaH CUTHAJIHUHT BakKT Oyinya carx KuiMaTiapu Xg,Xj....Xn-1
HaKJUIAHTApUJIAAuiIap Ba paKaMm-aHAJIOr Y3rapTHPUILIAH CYHT KBa3HaHaJIOT
curHas Oynanu. CYHIrpa OJNMHIAaH CUTHAJ PAgUuOy3aTHII KypUIMAaCH MOIYJISTOPH
épraMuia TEICBUACHUCHUHT WINYU AWANa30HUTAa KyTapuiaaau Ba Ky9auTHPUINO
adupra y3aTuiaim.
Echo Guard interval ~ Symbol
delay
time

% Path 1

Path 2

I
L
]

-
B

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

_A U U Autocorrelation function

2.28. pacm. OFDM na xymHypiau KaOyJ1 KUIAIIT

OFDM curHamHu aeMOIyJIAIusl KWINIAa KaOysn KUIruyjaa TecKapu amall
oaxxapunaau. Kabyn kuiruu kadyn kuiran OFDM kBa3zuaHanmor curHai aactiiad
OpalMK uYacToTara Kentupunany, cyrpa APV épmammma N-paspsum mapaimien
KOIra  Xg,Xi....Xn.1  avma"ntupwiaan. CyHrpa @OypeeHHHT TE3KOp TYFpHU
AIMAIITAPUII OJIOKM OpKAJIM KBAa3WAHAJIOT CHUTHAJ CAaHOKJIApH KHMaTiapuaaH
MOAYJISIUMOH CUMBOJUIAPHUHT CHEKTpHUan KO3()(PUIMEHTIapu MaKJIaHTUPUIaIu
Xamja yJap KeTMa-KeT KOAra y3rapTUpHIrad, JEKOJJIAIIHWHI KaHal TpPaKTUIa
Tymamu'.
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Ha3zopar caBosiapu

1. TacBup CHUrHaJUTApMHU CHUKMII acoCaH HeyTa ycyn OuilaH amaira
omupuiIagn’?
TeneBU3MOH TaCBUp KaHJaW TypJard OpTHKYa MabIyMOTIIapra sra Ba yiap
KaHaal Typaapra OViauHau?
Konnmu oprukuanukka Tabpud OepuHT.
[Tcnxou3no0a0TUK OPTUKIATHKKA Tabpud OCPUHT
OneMeHTIapapo EKM CTATUCTHK OPTUKYATUKKA Tabpud OCpHHT.
Ty3unmaBuii OpTUKYATIUKKA Tabpud OCpUHT.
BetiBneT y3rapTupuil acocuia CAKAITHUHAT JU(PTUHT cXeMacu HuMma?
Baktnu €ku kagprnapapo OpTUKYAINKKA Tabpud OepuHT.
Curnamap MaTpunacy 1e6 HuMara airumagm?
10 JIKY CHeKTpuHMHT XyCyCHATH Ba YHHHT aITOPHTMUTA TabpHQ GEPHHT.
11.TacBupHU BEUBIIET AIMAIITUPUIIT ACOCUIA CUKUII AITOPUTMUHUA EPUTHUHT.
12. AnmpokcuMaKkIus Ba AeTaiu3anusira Tabpud OepuHr.
13.Coded Orthogonal Frequency Division Multiplex kaunai TexHonorus?
14.QAM monpynsuusicunaru 4, 16, 64 mo3uIMUsUT MOHUITYJISITUS TypJIApUHUHT

Oup Oupuan GapKUHU TYIUTYHTUPHUHT.

no

©oOoN Ok~

DoiigaJaHIITaH agaduéraap
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3- maB3y: 3aMoHaBHii KeHI GOPMAaT/IM Ba PAKaAMJIM €P YCTH TeJIeBU3MOH
TU3UMHHUHT Y3aTHII Ba Ka0yJ Kuiaum xkapaéniaapu. MPEG-2, MPEG-4
CTAHAAPT CUMKULI (popMATIAPUHM, YHUHT NPOPUIJIAPDUHU BAa aCOCUH
XYCYCHSAITJIAPMHHA YPraHuUII.

Pexa:
3.1. Ep yctu pakamiu DVB — T TenesmdTTUpUII TU3UMH, y3aTUII Ba KaOyl
KWINIIAA CUTHAJUIapra UIIIoB Oepul.
3.2. MPEG-2, MPEG-4 TeneBuaeHe SUTUTTUPHUII CTaHAAPTIAPH.
3.3.PakaMin TENEBU3UMOH CHTHAJIHM aJl0OKa KaHAJJIapu OpKalIM Y3aTHINTa
Oynran Tanaoiap.

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

3.1. Ep yctu pakamiia DVB — T TesieamuuTTUpHII TU3UMH, Y3aTHII Ba
Ka0yJ1 KWINIIA CHTHAJJIAPra MILI0B OepHIllL.

XaJKkapo pakaMiIH TEJIEAUTTHPUIIHYU TAIIKWUTAIITUPUITHUHT EBpomnagaru
KarTa JoWmxanapugan Oupm Pakammu Bugeo »smmrtupumi- Digital Video
Broadcasting (DVB) 1993 iiunu oxts0ps oitmga Oounanran. DVB Project -
JoMMXacMHUHI mTad — kBaptupacu IlBemapusuunr JKeHeBa maxpunaa
xoinamrad. Xankapo rypyxHuHr DVB Project noiinxacu acocuja KyWujaaru
paKamii TeJICBHICHUE CTaHIAPTIapu KaOyJl KUJIMHTaH:

- DVB - C (C - cable — xabenp) pakamiii KaOeJUId TEIEIIUTTHPHIIL;
- DVB - S (Sattelrte — iynaornn) cyHbHit HYIIONUINA TEACIITUTTHPHILL,
- DVB - T (Terrestial — ep ycTH) ep ycTH TEICIMUTTUPHIILIAPH.

3.1. xanBan
DVB craniaptu TypiaapyvHH KyJuial coxXajlapu
L'ypyx
HOMIL AXxaMusTH N3oxu Monynsuusicu
Kommpeccusinanran
DVB - | Cynsuii tiynmonum | (cukmiarad) Bujaeo Ba ayanonn | QPSK, 8 — PSK,
S TENEATUTTUPHUII Xamia Uyjion opKaiu 16 - QAM
KYIlIMM4Ya aXOOpOTHU Y3aTHIII
Xyamu DVB — S naruzex Ba
N sHa KyllIMMYa TypAaru B
DVB — Cyrbuit Hysnomm MOIyJIALUAIAH (oW JaTaHNII QPSK, 8 P..SK’
TEJICMUTTUPHIL 16 — QAM éku
S2 Ba KaHAJIHU y3aTULI
UKKWUHYH aBJIOJ 32 APSK
KOOMJIMSITH KEHTJIUTUHU OUp
Heya 00p KaTTaJIallTUPHIILL
DVB - | Cynsuit tynpouu | CyHbuil Byngouuu/ ep ycTu QPSK,
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SH MOOMII TeJe SIIUTTUPHUIILTAPHU MOOUIT 8 — PSK,
SIITUTTUPHUII KaOyn kunui. CyHbUM 16 - APSK
WUYIJIONLINA BA €P YCTH
TU3UMJIAPUHU OMprajankia
KyJuiamn (Kuckada Tuopu/I

TapMOKJIap)
16 — QAM, 32 —
Komnpeccusinanran QAM
DVB - KabOemnu tene (cUKMJITaH) BUJICO Ba ayJIMOHU 64— 0Q AM’ 128
C AUIUATTUPHUIIL Ba KyIum4a ax00poTHH _QAM éKI;I 256
Kabeyap opKaiaM y3aTHII — QAM
QPSK, 16 —
DVB — Kabeim teie Paxamnu xabemm (?:I\% ’26546__
| o amoms | cmocmmn amome® | QAM: 1024
QAM, 4096 -
QAM
Kommpeccusinanran

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

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

y3aTuni(cTanaapT Kadyn)

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

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

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

Ep ycTu pakamnu TenesmMTTUPUII TU3UMHUHY SPATUIL aHYarnHa MyaMMOJIA
Bazubaaup, YyHKU MIAXapHUHT Myppakad, Xap Xujl KYpPUHUIIIATH KypWIUIILIapH,
OWHONApW pPAAUOTYIKUHIAPHU KalTa -KaiTa KaWTaguraH TYJIKUHIAp XOCHJI
oynmummra, spHU uHTepdepennusra onmud kenaau. [lynnain kunmmb, KaOyn KATUII
XyJIyauia dJEKTPOMArHUT KYyWIAHUITU JOMMO Y3TapuIld MyMKHH, XaTTO KaOyl
KWINII HYKTacu TYFpUJaH- TYFpU KYPUHUO TypraHaa XaM, sbHU “YIUK’ Xyayasiap
naijgo OYyiuIM, HaTWXKala CHUTrHal KaOyndl KWIMHMACIWTH MYyMKHH. byHpaaH
TalIKapy IIaxapiapia caHoaT XajJaKUTiapH, OollKa 11y yacToTajlapaa UluiaéTran
KYIIHU XyAyAJard paguoy3aTruuiapllaH YMKAETraH XallaKUT XaMm eTapiauaup
xamza ynap Ownan an0arra Kypalmuiml Kepak. SlHa KylmMmua ep yCTH pakamiiv
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TEJIEBUICHUECH MAaBXKyJ OYJAraH aHajor TENe IIUTTPHUIl TU3UMIIapu OuiiaH
Mocnammmu gapkop. lly cababmu ep yctu pakamiid TeleBUIECHUECU KyWHIaru
TajabJapHu KOHUKTUPHUIIHN Kepak:

—  XaJaKUTOApJONUIMKHH IOKOPH Jlapaxkaaa TabMUHJIAIL,

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

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

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

— OWTTa YacTOTaIM TAPMOKHHUHT MIIUTAIIMHU TAabMUHJIAII Ba OOMIKanap.

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

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

— CUMBOJITa TYFPU KEIIyBUHU UHAWBUYal TAIIyBUMJIAD COHU;

— XUMOSI UHTEPBAJIMHUHT KEHTJINTH;

— TaIlyBYWJIAPHUHT MOJYJIALMSUIIAII TypJapu;

— CUHXPOHM3ALHUSIIAII YCYIIH.

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

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

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

v« T T T 1 1

Synchronization

Code rate

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

<< >
Same as in DVB-S

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

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

DVB — T crangaptujia CUMBOJUIAPHUHI aKTHUB KUCMHU YYYH WMKKUTA BaKT
JABOMMIUINTH MUUIATUIAAN, SbHA “2K” pexuM yuyH T; = 224 mkc Ba “8k” yuyH
T, = 896 mxc. Illynapra spama TamryBumnap opacuaaru ¢apk (kazammap) “2k”
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pexuvuna Af; = 1/T; = 1116 I'n Ba*“8k” pexxumuna Af, = 1/T, = 446,4 T'u. bynna
tamryBuniap conu N; = 1705 Ba N, = 6817 Ba yMyMuii CeKTp KEHIJIMTH HUKKH
xonataa xam 7,61 MI'm, nemak ymapau 8 MI'm mosiocama erapiauya 4yacTtoTa
WHTEpBALIAPUIA KOMIAIITUPUIII MYMKHH.

Digital Video Broadcasting Terristrial Tu3uMuMuga  MabJIyMOT
CUTHAJUTAPUHU MOy IAIUsIAII A acocaH OFDM MOy ISAIUSCHTaH
dornananunaau. DVB-T tusumunga xorepent OFDM moaymnsuus KyJaaHuiuo,
doitnanm MabymMoTIap TanryBurcH AuddepeHiuan Koaiapaa akc STTUPHIAIH.
bynnan Tamkapu kaHan cudartuHN 0axoaniaa KyJIaHWTYBYH KYTT COHJIA TTUJIOT-
CUTHAJIJIApW KOPPEKITUSACATH XaM IPUINHUII Tajad KuinHaau. by aca y3 HaBOaTnaa
KaHas cuaTuH Oaxomamniaa Ky Keaaam.

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

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

DVB-T tusumumaru TOAVYna (teckapu Dypbe alIMamTUPUIT YCYJIIH)
2048ta €éxu 8192ta Hykramap Kymnanwiaau. Hazapusira kypa ymly HyKTasiap
KeMMHYAIUK MabJIyMOTJIApHU y3artuiiga Kyjutanwianu. 8K pexxumuna doitnanu
MabiaymoTiap tamyBuricu 6048ta, 2K pexumunma sca ymap 1512 tanu Tamkui
KI/IJ'IaI[I/Ig. Hkkana pexxumaa xam DVB-T tusmuMu xycycusrtiapuiad Keau0 4ukuo
MabIyMOT y3aTull Te3auru Oup xun Oynmagu. DVB-T tusumupa Kyitmparu
TypJlard TallyBYMWJIAP MaBxXY/I:

e VpHATUITaH XOJIATJAark XapakaTcu3 TallyBuuiap (aMIUIMTyJanapyu HO
caTxra co3JaHraH)
Ypuatunran xonariau Payload tamryBunmnap
VpHATUITaH X0JaT/IH Y3JIYKCU3 NUIOT CUTHAJIap
CHEKTOpH OVitnya y3rapyBud TapKaTUJITaH MUJIOT CUTHAJLIAP

YpHatuiarad xonariau TPS tamryBunnap

bynnan tamkapu DVB — T cranmaptuaa xap Oup MOIyJISIUS PEKUMH YUyH

° Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
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TYpTTa HUCOM XMMOSJIAIl HHTEpBAIIApY KUMMAaTH Ky3/a TYTWITaH Ba ylap aKTUB
CUMBOJIJIAPHUHT JaBoMuiinK BakTu T vuur 1/4, 1/8, 1/16, 1/32 KUCMUHU TaIIKWI
sTaauiap. 3.2 xaaBanja 6ab3u acoCUil apamMeTpIapUHUHT aOCOTIOT KUMMaTiapu
KEJITUPUJITAH.

Kentupuiran maenymotinapaan kypunaguku, COFDM éppamuna pakamin
TEJIEBU3UOH  CUTHAJ  y3aTWITaHJa  CTaHJapT  aHajJor  TEJIEAIIUTTUPUII
paauokaHanuHUHT 8MI'11 yacToTra mosocacujaH ¢oianaHuil MyMKHH Ba Oy
X0JI7a ¥3ap0 UKKHU SIKUH PaJUOKaHAJUIAPHUHT XAIAKUT OEpMaciIUKIapy YUyH yJiap
opacunaru xuMost ¢apku 0,39 MI'1 Tarkum STAIA MyMKHH.

3.2-xanBanga COFDM TamryBUYMIapUHUHT paguOKaHAIIATH, XHUJIMa XHII
ycyJlapia MOAYJSLMsUIAHTaHJAar XOJIaTAa, pyXcaT STWITaH CHTHAJ/IIOBKUH
HUCOATUHUT MUHUMAJ KHMMaTH Ba (oimanu axOOopoTIapHU y3aTyBUYH HKKUIIHK
CUMBOJIJIAPH TE3JIUTU KEITUPUIITaH.

3.2-xanBan
DVB — T crangaptunaru COFDM mMonymsiiusiHUHT acOCUi MapamMeTpliapu

Monyssus R o
PEXKUMU

Nuran naTepBan
naBomuinuru Tp, 896 224
MKC

TanryBumn
yacToTajap 1116 4464
opanuru A/T'1y

TamryBumnap coHu 6817 1705

YacroTa moiocacu

KeHrimru, MI'iq 7,61 7,61

XuMost
VHTEPBATUHUHT
HUCOUN
JTaBOMUMIIUTHU

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

XuMost
WHTEPBAJTMHUHT
JTaBOMUMIIUTHU
A,MKC

224 | 112 56 28 56 28 14 7

A+Tp cHMBOJIHUHT
JTAaBOMUIJINTH, MKC

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

VY3aTruyjaapHuHT
Oup yactotanu
TapMOKJIaru
MaKCUMaJI OPAJIUFU
(kM) d=cA, ¢ —
EPYFIIMK TE3JIUTH

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

3.3- xaaBai
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XunaMa Xumi MOAYJBAIHA X0JIaTIapuaa MabJIyMOTJIAp y3aTUII TC3JIUTH

Komauuar | CurHan/moBKuH,nb doiganu Te3nmnk, Mout/c
Moy raius HUcOaT
P regmury | Crammonap | Moo |y qyg g5 | /32
aHTEHHAa | aHTEHHA

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

DVB-T TU3MMHUHHHT y3aTHII KHCMHU/IAa CHTHAJUIAPra HILIOB OepuIilL.

Typnu  umna®  yukapyBuUwiIap  KypWJIMaJapUHUHT  WIUIANUIAPUHU
MOCJIAIITUPHIIT Y4yH pakamiu MOIYJISAIUSTIAaHTaH paaroCcUrHaiap
napamMeTpJapuHUHUHT  CTaHJIapTiapu OenruwiaHaau. Pakammaum  ep  ycT
TEJEAMUTTUPUII TUUMIIAPUHUHT Y3aTHIII KUCMHJIATH CUTHAJI Ba MabIyMoOTjapra
UIIUIOB OEPHIIl TAIIKUINHN Yn3Macu 3.4-pacmia KeITUPHUIITaH.

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

3.4. pacM. DVB-T TU3UMUHUHT y3aTyBUM KUICMUHUHT TAIUKWJINNA YU3MACH
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VY3arunaérran MabiaymMoT (TacBUpP CUTHAJUIApH, OBO3 CUTHANU, rpaduka Ba
Ooomka xu3mar Mabiaymoriapu) MPEG-2 MPEG-4 xoxep cranmaptTiapuia
CUKMINTUpWIAAU Ba (xap Oup KypuHuin anoxuna) kojiaHaau. CyHrpa
MYJIBTUIUICKCUPJIAII  yCYJIM OWIaH JacTyp OKUMH spaTWiaJd Ba yHTra
BUJICOCUTHAJI, 0BO3 CUTHAJUIAPU XaMmJa 3apyp Xojatiapaa rpaduka axoopotiapu
KUPUTUIIAIN.

Keiiun Oup Heua pactypnap okumubu Oupnamtupuimt MPEG-2 Hunr
TPAHCTIOPT OKMMUHHU INAKJUTAHTUpaaud Ba Oy OKUM ¥3 HaBOaTHaa sHa HMKKWATA
TalIKWJI 3TYBYM TPAHCHIOPT OKUMIIAPUTa aXKpalagu.

bynnman cyHr ax6oporra wunuioB Oepumr OFDM (oproronan uacrora
MYJbTHILUIEKCOPH) KaHAIW Kojepuaa amanra owmupwiagn. Curxan asBaji
panjoMu3anus OofjamMacHIaH YyTaau Ba y epja KsazuTacoauuil CUTHaITa
AWJIAHTUPUIIALIN.

Pangomuszanmsara MPEG-2 TpaHcnopT makeTiapu KeTMa KETJIWTMHU
Ta@bMUHJIOBYM paKaMJIM OKMMJIAPHH MOCIJAIITUPHUIN ONEpIUsich Moc kemaau (6.2-
pacm).

SYNCH

< 8§ TPaHCHOPT HAKeTIIapH :l

3.5-pacm. MPEG-2 HuHT TpaHCIIOPT MaKeTIAPUHUHT MOCIIAIITYBH.

PRBS kerma-kernuk reHepaTtopu 15 paspsam perucTpiap CHIDKULLIN
0azacuja KypwiraH Ba TeCKapu ajioKa 3amkupu OwmaH OornaHraH (3.6-pacwm).
akmmanTUpmIaéTraH KeTMa — KETJIWKHHM Tacoau(uiira YXIalIuru Ba KaOyn
KWITHYJa y3aTWIaéTraH MabIyMOTHM THUKIIAII YYyH Xap Oup 8-uM MaKeTHUHT
oommaa PRBS reneparopu nnunmanuzamus (KyumMua Ko OWiiaH TEKIIUPUIIAIN)
kuwrHaay, 1y Makcaama yaa  100101010000000 conm OwmaH IOKJTaHAIH.
Nunnuanu3anusiian CyHr nceBaotacoauduii ketma - keTaukHuHr PRBS 6upunun
OWTH, TPAHCIOPT OKUMHUHUHI JacTIa0K¥ OaTHHUHT OWpUHYM OUTH OuiaH
KYILIWJIAIN.
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3.6-pacM.MabayMOTIapHH paHAOMHU3ATOPU

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

TEKIUPYBYH OalTiaap xam (3.7-pacm). KYIIHIaIu.

SYNC1 éxu
SYNCn
1 Gadt

Texmnpysuu

MAbIYMOTIHAD
16 Ganr

3.7-pacm. Tamku Pun — Conomon RS(204,188) xotupa konu 6mnan
MabJIYMOTJIAPHU XaTOJap/IaH XUMOsUIAI TAKeTH XOCHJT KHUJIUIIL.

3.8- pacMa TamKu opajaTrdy Ba JCOPATATTUYHUHT (KalTa TUKJIArHYHUHT)
Ty3WJIMaBUM CXEMacu KENTUPWITaH Ba y 12Ta CHWIDKUTHIN PErucTpiapv Xamja
KOMMYyTaTopjap >KyhTIUrugaH Tamkuia Ttonrad. KommyTtatopnap KypTiuru
CHUHXPOH paBuIla, OalTiIap KeTMa —KETJIUTH YacToTacu Oyinda, peructpiapHu
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3.8-pacM. MabayMOT/IapHH TAITKA OPaJIaTHII
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DVB-T Tu3MMHHMHI Kal0yJ KWIHII KHCMHIA CUTHA/LUIapra HILJIOB
Oepu. Kabyn kunui KypuiamMacuaa CUTHajuIapra o oepui xapaéuu DVB-
T cranmapty OujaH perjiaMeHTIaHMaraH Ba OYMK KoJraH. by xomaTt TeiaeBuszop
uniad YMKapyBUYWIap opacujiard pakoOaTHM KydaWTupaau Ba IOKOpU cubaTiu,
allHM BakT/JAa ap30H KypWwIMaJapHH SpaTUIIJArd WHTWIMILIAPHUA —KyJIIa0-
KyBBaTianau. DVB-T crangaptura MyBo(dHK KOJJaHraH Ba y3aTWiIaéTraH
JTacTIa0KK ayIno-BUEO aXOOpOTIIApMHN TUKJIAI YIyH, ACKOJIalIAa YHUHT Oapya
CUTHAJUJTAPUHU TECKAPH Y3rapTUPUIILUIAPUHU aMaJira OLIHUPHUI 3apyp.

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

Hatmxana COFDM CurHaJivHUHT XaKMKWM Ba MaBXyM KHCMJIapura Moc
KEJIYBYM, KBAJpaTypaBUW TAIIKWI ATYBUWJIApUTa a)xpaTujaauiap. YHIAH CYHT
OJIMHTaH KBaJpaTypaBUM TalIKWJI ATYBUWIApU Y4yH DYPLEHUHT TYFPU JTHUCKPET
y3rapTupuiuiapu amaiira omupuiany Ba yHUHT Hatvkacuga COFDMHUHT TYIHK
neMmonynsusicun Oaxapuiaan xamjga COFDMHuUHT y3aTuiaaguraH CHUMBOJIIApH
IAKJUTAaHTUPUIIA]IA.

2
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Time
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3.9.pacm. DVB-T kabyn kuiarud 6JI0K cxemacu.
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Symb. Conv. Reed- Ener
: . . ayi Sync. Base-
FEC?D bit de- Ly fViteroig g} de- Lplsolom. disp. (1 inv. ] band TS
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3.10.pacm. DVB-T kabyn kuiarud 0JI0K cxemacy (KaHaJUTH JISKO]JIal)

bynna ®TV 6I0KHIaH OTMHIaH MabayMoTiap KADB yuyn ¢oiinananunanu Ba
CHHXPOHM3aIlMs 6lokura Tymaan. CHHXpoOHM3aus 610ku APY yuyH Tamryum
CHTHAI 9aCTOTACH Ba TAKT MMITyJIbCIAPUHN THKIAMAM . YHIAH TAIMIKAPH KaHAI
XapaKTepUCTUKATApUHU OaxoJam OJIOKHIa KaOyJ KWJIMHTAH TallyBUYM CUTHAJLIap
TaxJauil KWIMHAAW. Taximin — HaTwkalapura Kypa  alloKa — KaHAJIMHUHT
YTKa3yBUaHIUK (QYHKIUACH OaxojlaHaJu Ba KaHAUIAPHUHT Ty3aTUILIapU
(koppekuusicu) amanra omupuiaau. Koppekuus Kuuiga Xxap Oup TauryBYUHUHT
CUTHAIM ymlOy TallyBYM Yy4YyH aHUKJAHTAH KaHAJIHUHT  YTKa3yBYAHIIUK
byHKUMSICUTa TeCKapy KMMMaTUra KyTalTHPUIIa I,

CyHrpa MYKu TeCKapu opajaTuil OJoKHUIa OWTIApHM CHUMBOJUIAp OViinua
TECKapy KOMJIAIITUPHIL aMaira omupwiaad. Hatwkana OuTnap KeTMa KeTIUrd
OJIMHAJU Ba yJiap WYKU JIEKOJepJiall OJIOKHra KeauO Tylmaguiap Xamja y epla
KO/UIADHU  HMUFUII  JIEKOJepUAa  Xarojap  TyFupiaHaauinap  (KOppeKus
kuwinHaguiap). Keiiun  MPEG-2  TpaHcnmopT  OKUMHMHHMHI — Ty3WJIMaBUUN
MabIyMOTJIApPUHA THUKJIAIl y4yH OalTnap Tamku Teckapu Ba Puna-Comomon
JNEKOJIeprJa XAaTOJApUHUHI KOPPEKUMsICHM amanra omupwiaau. Harwxkana
TPaHCHIOPT MaKeTIapUHUHT naBoMuiinuru (188 Gaittnan nbopar) Ba GalTIapHUHT
nakeTJap/aa KeJUIIUHUHT KeTMa-KeT KEJIHII TapTUOU TUKIIAHAIH.

9 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 393.
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MPEG-2
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3.11.pacm. DVB-T set-top box Kypuiamacu 0JIOK cXeMacH.

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

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

Bungeo Ba OBO3HMHI 3JIEMEHTJIAp OKUMJIApU JemylibTuiuiekcopaan MPEG-
Z2HUHT TETUIIUIM JEKojepiiapura kenub tymaauiap. Bugeonekonep ynkuiapuia
601- TaBcusra MOC pakamiIM IIaKijga EpyrIMK Ba paHrdapk CUTHaLIap
maKulaHaauiaap. by curHamnap kelnH4yanuk pakamun maknaa €ku PAK opkaimm
TEJICBU30PHUHT KYyWH 4aCTOTAIA KUPHUIIJIAPUTa y3aTUIaIAIIap.

Aynronekoaep YHKHUILIAPU/IA aHAJIOT AKJIAArd OBO3 MIAK/UIAHTUPWIIAIA Ba
OBO3HHU SIIUTTUPHII OJIOKIapUra Tymaiau.

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

ABBanru 600yapja KYypuO UYMKWITAHACK, TAaCBUP Ba ayJu0 MabIyMOTjIap
XKMIIApUHU CUKUII YUYH ¥3ap0 caMapagopiauru OmwiaH ¢hapk KAIYyBUM KyJa Ky
ycyJulap Ba airopuTMiIap MaBxkya. Yiaap Oup Oupuman Kyjuiamigard
MypaKKaOJIUTu, KOACKIAPHU TabMHUHJALIIATU anmapar €EKd KOMIbIoTepiapra
KyHunaauran tajabjiapd Ba CUTHAJJIapra WIUIOB OCPUIIHUHT TE3JUTH Xam[a
KYJUTAaHWIKII coxanapu Ominad Gapk Kujaaauiap.

bynma xap Oup cuKuIaa KYJUIaHWJIQAWTaH MeXaHW3M (MHCON Y4yH:
®ypwe,JJKY, Beiiner, GpakTamiap acocHaard Ba GOIIKANap) ¥3W MIUIAIIH YIyH
KyJail YUKyBUYM MabJIyMOTIap 0a3acHU (MAaCCUBHHU) IIAKJUTAHTUPAIH.

Jlynéna kojexiapHu WOUIa0 4YUKapyBud (QupMaiap >Kyaa Kym Ba yiap
y3mapura MabKyl KOJEKJIap YHMKapUIIaau Ba 1y cabald pakamid TEJIeBU3UOH
mporpaMMaiap Ba OOIKa TEIEBH3MOH MabIyMOTJIap OWaH ¥3apo aMaIlluiil
Jespii MYMKHH dMac, YyHKH OWp Wnuiad YMKAPYBUMHUHT KOJCKJIApU UKKUHYU
UnuIad YUKApPYBUYMHUHT KOJEKJIApUIAH TEXHUK (apK Kuiaau Ba Oup OUpUHU
TyLIyHMaugumiap.

[y cabab pakamiin ayauo-BUIAEO MAbIYMOTJIAPHUHT KUPHII Ba YHUKHUII
ax00pOT TU3UM KypcaTruwiapu, OUp TypJard KoAeKIap y4yH, sroHa OViuimiapu
TabMUHIAHUIIH Kepak. [IIyHuHT ydyH Oup TUMIaru KoJeKjiap Y4yH ayauo-BUICO
MabIyMOTJIap KHUPHUII Ba YUKUII paKaMJIM CUTHAJUIAPU TYy3WJIMacu OWp XUl
OYIUIIM KEpaK.

bynpaii siroHa TabMUHJIAHUII aMmajra OUUPUIICA, TEJIIEBU3UOH JAacTypiap Ba
bunbMIapHH, KOIEp Ba JIEKOAEpIapHA KUM TOMOHHWAAH WIUIA0 YMKApUIUIINAIAH
KaThUil Ha3zap, OeMasos TOMOIIA KWK UMKOHUATH sipatunaau. Kabyn KuiauHran
CTaHIapT Ba GopMaTiiap yUyH HIUTA0 YMKAPYBUMWIAP UXTUEPHUIA paBUIIAA TaCBUP
Ba OBO3 CUTHAJJIAPWHU Y3TrapTUPHIN YCyJIapy Ba aJITOPUTMIIAPUHM KYyIJJaluiapu
MyMKHH, aMMO YHWKHWII CUTHAJIapW OWp XWJI KOHYH acoCHJla TaKCHMJIAHTaH,
yHUBEpCca OyIuIIapu TAabMUHIAHUIIIH APT.

By Xyaau cyBHUHT KpaH >KyMmpakjiapu KaHJald Karta Ba Mypakkad
OYIMacuH, yJIaHWII OXUPTA pe3dacu Xammacu Oup Xwi OYIMOFM Ba HCTaraH
XOHO/JIOH YHKUII TpyOacura YpHATUII MYyMKUAH OVYiraHuaek xojaT OuiiaH
udoanai MyMKHH.
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Xo3upru jAaBpjAa TaCBUpP Ba OBO3HU CUKHUIIAA KyJUIaHWJIAAUTaH KyWuJaru
CTaHAapTIap MaBXKY/:

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

M JPEG Ba M PEG cranaapriap owjacu XapakaTJlaHyB4YaH TAacBUpJap
YUyH.

Tepmun JPEG kuckaptupmiran (joint photographic Experts Group)
Bbupnamran dororpagpuk 3kcnepriaap rypyxu OViamoO, cudarid Ba SHT KYII
TapKaJIraH CTaTUK(CUJDKUMAC) TAacBUP CTaHJAPTH MakoMuja JyHEAA Ky
TapKajirad Ba Oapuya wunuraérraH mporpammanapia Kywianuamokna. JPEG
daitnapunu kypum yauyn WEB — Opay3ep cTanaapTIapuHUHT MaBxKy OYIJIHIIHN
mrapt. bpaysepnap JPEG ¢aiinnapunu cukumigan yukapaau, sbHU JEeKOMIIPECCHUs
KHJIaJY Ba Xam/1a MOHUTOPJIa KypcaTa/u.

MPEG xuckaua sxcnept rypyxuauar Homu ISO (Moving Picture Expert
Group) 6ymmb, rypyx BHJIEO Ba ayJauo MabIyMOTJIApHH KOJJIAIl Ba CHKHII
cTaHgaptiapu Ownad myruutadagu. I'ypyxaunar xakukuii Homu ISO/IEC JTCI
SC29 WG11 aup. Kynunua MPEG kuckaptmacu ymoy rypyx TOMOHUAAH UIILIA0
YUKWJITaH CTaHAapTiapra TEeTUIUIM SKAHJIUTUHU OWiaupagu. XO3Uprd KyH7Ia
KyHUJaru cTaniapTiiap MaBxKy/I:

MPEG-1 Buneodunsmiapau (VHS dopmarna 358*288 xaxxkm Owiian) Ba
MUHHMAaJ Te3UK OKuMH 1,5 Mout/c 6ynran oBo3 curHaiuiapau CJ[-ROM ra &€3um
yuyH wmypkamnanrad. MPEG-1ga BuaeomabiiymoTinap cudar kypcarrudiapu
IOKOpH OYMarannuru cadabmiu, 0y ¢popmaT X03Upru AaBpjia TelIeBUICHUE A IMaC,
OaJIKy BUJICO Ky3aTyB TU3UMIIApUAA KYUTAaHWIAIH.

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

MPEG-2 craHmaptd TEIEBUJICHUEHUHT CYHBUW WYJIAOLLIAD Ba €p YCTH
KypiwiMalapuga XamJa KaTTa XaKMIM BUJEOMaTEepUAITIAPHA —apXHBIIAIIa
UIUTATUIIAIH.

MPEG-3 1oKopHu aHUKJIHMKIAru TeJIeBUIECHUEHUHT yuyH spatunrad (High-
Defenition Television, HDTV) Ba okum te3nuru 20-40 Mout/c, aMMO KeHHHYAINK
0y MPEG-2 crangapTi numra KyIIHJIraH Ba X03Up/ia aJIoXHaa THIITa OJTMHMAaN/IH.

MPEG-4 xkuuuk monocanmu VHTepHET KaHAJIUHWHT OKHUM Te3NIuru 64
Kout/cexynnraua Oynran MYJIbTUMEIHS ax0opoTIapUHH y3aTHILra
MVJDKaJJIaHTaH Ba TeleBU3UOH (opmaTr XucoOiaaHmaran »au. CYHIrpa cTaHmapt
TEJIEUUTTUPUII curHauiapuau Ba DVD Buneo ¢unbmnapuu cukuiu yuyH 10ta
ujoBa Owiad OunaH Tyaaupuian. by cranmapt okuMm Teznuru 2,5 Mout/c 6ynran
IOKOpY cudaTiu pakamiii TacBUp CUTHaUTapuHu y3atuimijga Ba MPEG-2 Ounan
Oupra pakamiiM TeJI€BUICHUE A KEHT KYIUTaHUIIaIH.

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

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

MPEG-7 dopmar “Tapkubunn mdomanoBYun MyiabTUMEAUs HHTepdeiicu”
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(Muftimedia Content Description Interface) n1e6 HomiaHaam Ba ayawo — BU3yal
MabJIyMOTJIADHH  MYJbTUMEINA  MaWJOHUJArM  aCOCUW  TEXHAJIOTHsIApHU
CTaHJapTiallTUpUIITra Oarunuianrad. AyauoBusyan Mabiaymoriaap MPEG-7
CTaHJapTUJA: CTaTUK TacBUpHHU, rpadukanu, 3D monenHu, OBO3HH, BHUIEO Ba
KOMITO3UT aXxOOpOTHU ¥3 wuura oiaud, MyJiabTUMEIua MaWIoHHAA KaHJah ¥3apo
Oup Oupu OunaH OOFIWK OYIWIIKM MYMKUHIUTHHU Wdonanaiiau. Mabiym Oup
XoJlaTjiap/ia MablyMOTJapra WHCOH IO3MHUHT Hdoaacu Ba Oenrwiapu (Ky3
Kopaunry, 0apMOK U3JIapy Ba X.K.)KUPUTHIHIINA MyMKHH.

Xozupru maiitnia MPEG-7  cramgapt sHazga
spaTUIII apodacuaa.

MPEG-21 cragmapT XaM MyJbTHMEAHWA CTaHgapTh Oyaud, ¥3apo
MabIyMOT/Iap QJIMAIIUIIAA, COTHIIIA, MAablyMOTIapAad (oHgaraHuIra pyxcar
ATUIIIAa Ba OOIMIKA pakaMiIu OOBEKTIAPHH MAHWMYJISIUSIAPUHN TabMHHJIAIIT
TEXHOJIOTHsIIapua KyJUIaHUIaau.

bynna OaxapwiaérraH oONEpalMsUIADHUHT THUHUKIWTH Ba MaKCcHUMall
caMapaJopJIurd TAbMUHIIAHUIIN KY3/1a TyTHJIAIH.

Cranpapt MyJbTUMEIUa OYHMK 0030puja AUCTPUOBIOTEpIap Ba CEPBUC
npoBaijepiapra MyJpKaiaHraH. Xos3upru nautna crangapt MPEG-21 xam
sapatuinil  apadacuna. MPEG cramgaptu acocuit xapaktepuctukanapu S.1-
KajBasaa OepuraH.

TaKOMUJUTAIITUPUITUO,

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

MPEG-2 crangapTé TeleBUICHUE DIIATTUPHUIN THU3UMIIAPU YUYH MaXCyC

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

DCT \ \= \= \=

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

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

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

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

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

Max. No. of Max. Bit A
Pixels x Lines JRate
x Fields Mbit/s
1920 [ 1920
x1080 | x1152 ?1000) High « | N ° e |T@
x30 x25
l:ggo 1‘1“1‘22 60 High- - MP@ . ssp | HP@
x30 x25 (80) 1440 H14L I@H14 H14L
720 720
x480 | x576 (1250) Main fﬂf_@ mi@ Sé";“RLP o ;E@
x30 x25
352 352
x240 | x288 4 Low ° MP@ | SNRP ° °
x30 x25 LL @LL
- - » Profiles
2 A
E = 25| &% )
w = n n n n T
z c > % > c > % ~l 8 %
o2 o o= n= = I
] Bt + o + S8 25|28
stzoless l=s: l=sozl=8s]s @
= wn -
$55l%a |26 |2ealeElSE

3.13.pacm. MPEG-2 npodusiapu Ba gapaxkanapu.

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

Tusumiam KHCM- CTaHJAPTHUHT OBO3, BHICO Ba Oomrka axOopoTiapHH
MYJBTUIUICKCUPIN  (YMyMJIAIITUPWITAH) Komjam  (opMaTtuHu  udoaaIaiim,
IIYHUHTZIEK, Oup €Kku OMp Heda MabIyMOTIap OKHMHHH Cakjiaml €KW y3aTHIIra
SAPOKJIA OUTTA EKM OMp HEUa OKUMJIapra OMPUKTUPHUII MacalaTapuHH Xajl dTa/IH.

Tuzumnu KkucM- Oerita acocuit BazudanapHu daxxapaan:

e TukmaHWIl BakKTHAa OWp HEYa CUKWITAH OKUMIJIAD CHHXPOHHU3AIMSICUHHU

TabMUHJIAI;

e bup Hewa CUKUITaH OKUMIIAPHU YMYMHM OKHMTa OUPJIAIITUPHIIL;
o Tuknanwm  OONUIAHUINM  Y4YyH  WHUIMaIu3ausuiam  (OOIUIaHFIY

KYypcaTruyuaapHy YpHATHIII);

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

Bugeo KuCM -CTaHIAPTHUHT IOKOPH cU(aATIM pakamid BUJEO YUYH
KOJUTaHTaH OWTIM OKMMUHU Xapakrepiaiinu. MPEG-2 dopmatu MPEG-1aunr
Oapua W pEeKUMIAPUHM KYJIab- KyBBaTIaWau, sSHA KyIIMM4Ya caTtpiapapo
BusieodhopmMatHu Ba rokopu anukimknaaru tenesuaeHue (FKOAT) xamma crepeo
TEJICBUJICHUEHHU KYJUIalll UMKOHUSTIIAPUTA 3ra.

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

3.14.pacm. MPEG-2 mabiiymMoTiap OKUMHU CTYPKTYpacu

ToBym kuem- MPEG-2 craHpapTUHUHT Kyl KaHaId  OBO3HU
kojananumau -~ Oenrunaiau. MPEG-2  Gemraraua  TYNIMK < KEHr  KaHAJUIU
MOJIOCAIAPHU, YHTa KyIIMM4a IacT YacTOTaly KaHaJIHA Ba 7 Taraya KyIl TUJUIA
KOMMEHTaTop (€KM Tap>KMMOH) KaHa/UIapWHU KyJ1ad KyBBaT/ialau. YHIaH
tamkapu 64 KOut/c y3atum Tesnuruga MoHOGOH Ba cTepeodoH OBO3
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CUTHAJJTAPUHUHT SHTPAl CU()ATUHA SXIITWIAN YIyH JUCKPETIIAl 9aCTOTACHHUHT
spuM Kuiimatu (16; 22,05 Ba 24 xI'11) Ky UTaHWIAIIK MYMKHH.

Cranpapt pakamiu teneBujenue SDTV (Standard Definition Television)
CUTHAJUIADUHM CHUKMAacJaH ajloka KaHaiu OYinad ysatum yuyH 270 Mowut/c
TEe3NMUK Tajgad KuiauHaau. Xarroku HDTV rokopu aHUKIMKIATH TEJICBUICHUE
CUTHAJUTAPUHM y3aTHUII YuyH 3ca 11°6ut/c Te3nuk Ttanad kuinuHaau. by aca y3aTu
Ba SUIUTTUPUIL MaKCaJHM YUYYH KyAa Karra Te3NuK XucooOmananu. LlyHuHr yuyH
XaM SITUTTUPHIN COXACHIATW Xap KaHJal CHUTHAJI CHUKHI Kapa¢HWTa YIpauiu.
Kaiita unmanuiap HaTWXkacuaa MabIyMOT y3aTuil Te3nurd 2.7 Mout/c raua
nacaitupmwianad. Cukum koeddunmueHTn xyaa xam woxopu. MPEG-2 kommam
CTaHJAPTUHU KYJJIAHWINIIKA YO0y Te3nmukHu 15...20 MOwut/c rava macaiTupwii
UMKOHUSITHHH Oepaim.

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

Video Structure Hierarchy

Sequence

MPEG-2

A7

v

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

v

A7

cture Picture Picture

Picture Picture P

e

Slice Slice Slice Slice Slice

A4

A7

Macroblock Macroblock  Macroblock  Macroblock Macroblock

v
Block Block Block Block Block

3.15.pacm. MPEG-2 Buzieo cTpyKTypacu uepapxusicu (TacBUpJiap IypyXu-TacBUp-
KaJIp-MaKpoOJI0K-0JI0K)
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Crannapt 5 Ta npoduiigan ubopar:
e o (Simple) — Bumeo okumiTapHu B-kaapiapcus CUKUIIL,
e Oormr (Main) — WIIHUHT O0apya OOCKUWIAPUHU TabMHHJIAII Y4YYH, JIEKUH
MacCIITa0JIaHUIIICH3,;
e curnan/moBkuH (SNR scalable) mynocabarn 6yiinya macmTadaaHwMIII;
e xynynuii (pa3osuit) Mmacmradbnanum (Spatiallyscalable);
e npodeccuonan (professional 4:2:2)- ¢da3oBuii macmrabiaHyBYM Ba
curna/moBkuH (SNR scalable) mynocabaru 6¥yitnua udomxananmm.
Byuna MPEG-2 makpoGnok yuyd JIKVHHHI HKKATAa THIIM: Kaapid Ba
MaWIoHIM OynmuHWIIHUA aHukaan. Kaapmu I[KSU/ MPEG-1 Ounan Oup xun
uniaiau, 0y epaa 16x16 nukcens yaamian EpyFIUK CAaHOFU OJIOKH YKOMTANTyBUTa
Moc xoa 8x8 mukcesn 4 Ta OJIOKKa Oy TMHAIN.

-

3.16.pacm. TacBupHHUHT OJOK Ba MaKpoOIOKIapra OYIMHUIIH.

MPEG-2 cranapapty BHIEOCHTHAJIHM CHUKHII YCYJHMIra perjamMeHT
Oearmjamaiigm, OajJKd KOJJIAHTAH BHJECOCUTHAJI OWTIM OKHMHU KaHJIau
KYpUHHUIIAA OYIUIINA KePAKIUTUHU aHUKJIAWI1, IIYHUHT YYyH aHUK ajiropuTMiap
anmapaTr-1acTypuil TabMHUHOTH HIUIA0 YHMKAPYBUWJIAPDUHUHT THXKOpAT CUPH
XucoOmaHagu. AMMO BHACOOKUMHHM CHKHUIIHUHT YMYMHUH TNpPUHLMILIAPU
(omummapu) 3.18-pacMaa kypcaTriirad KeTMa-KeT skapa€HIapHu ¥3 W4Iura oJiajiu.
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3.17.pacm. MPEG-2 konepu.
DUTpenTHN
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3.18-pacm. MPEG-2 crannaptuia Te1€BU3MOH CUTHATHU CUKUII YCYTHHUHT
YMYMUU KYPUHUILINA

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

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

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

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

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

r bynuw Typu

S S ——

I =2

1 : ; Pacm yerapanapuHu

16 YaKMOoBYM TYP UMKMLLIX
G —_—

3.19-pacm. TacBupnu 16x16 nukcennu 6aokIapra OYIuIIL.

CyHrpa OyJIMHraH TACBUPHUHI MaKpOOJIOKJIApH Kaapiaapapo OPTUKYATUKHU
Oaprapad STUII y4yyH OJMO Tanuiarud OJOKWHUHT OMPUHYM KHUPUILIUTA KEIuo
Tymaad. VKKUHYM KUpUIITra Iy TacBHpP CIOKETUHUHT aBBAITH EKU KEWMHHTHU
KaJpAaH Ky4yupwiran (CWJDKHTaH) MakpoOsiokiapu kenub tymaau. bynna
MaKpOOJIOKHMHT SIHTM KOOpPJWHATAJapH YJIapHUHT KaJpJaH Kajapra KyTHIaéTraH
Xapakatu OamopaTH acocujaa XucoOjaHaaW, YHAAH KEWHWH YJIapHUHT KY4HILIN
MYMKHH OYJraH Xyaynl Kaapiapapo (papKUHUHT MUHUMAaJ KUAMaTu Oyiinda aHuk
xoinamryBunu Oenrwiaiay. [y Taxmut, MakpoOJIOKIapHUHT KYIIIHUA TTUKCEIIapy
KMUMaTUHUHT allupMacUHU XUCOOJAHTaH/IaH CYHT YJIAPHUHT axOOpOTJIalUTraHIuT|
ce3wIapiu nacasian €ku ymyman Ora TeHr OYauo Koiaau.

Keitun roxopu aiitunran MPEG-1 crangaptugarn  kaOu, OJUHTaH
MaKpoOJIOKIap (apKiapu Kaaprapapo CTaTHK OPTUKYAIMTHHE Oaprapad oTui
yayn JIKY mexanusmunan doitnananunamy. JKYHUHT TYFPUIaH-TYFPH OJIMHTAH,
CHUTHaJl DHEPIUACUHMA YHHHT TapMOHHMK TapkuOuid  Kucmiapu  Oyitnad
TaKCUMJIAHMIIIUHA ~ XapakTepiioBun kodpdunmentnapu, Xaddman xanpaiu
acocujiard SHTPOIUK KOJIEp Ba y3yH Cepusjap CTaTUK KOMIpeccopu &paaMuja
aJaNTHK KBaHTJIAHAIW Ba KOJJIAaHA/IH.

Tuknanran TtacBUpHUHT cudatuHu Oaxonam €KW YUKHUIT OKUMHHUHT
y3rapmac OuTpedTHAard XoJjaTAa, KBaHTJIAIIHA aJanTUB OOMIKAPUII YYYyH
KoJiepJla CHUKWITaH BHUICO MabJIyMOTIApHU JEKoJepiall apa€Hu amaira
omupuiany. byHuHr yuyH nexkBanTiam Ba Teckapu JIKY GIOKIapy HILIaTHIALHA
Ba yMymiamrtupuiaaau(duruaaucy  onuHanu) (3.18 pacm). YmymuamTupuii
0JIOKHMJa BUJEOMIIYMOTJIAp XapaKaTUHU KOMIEHcalusa OanopaT XaToauKiIapu
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OwiaH KylIMJaguwiap Ba Iy OpKaJW KaJAPHUHI [HKCENb KHIMaTJIapu
TukiaHaauiaap. CUrHan Xakuja OJMHTaH MablyMmMOTiap axOopOoTIapHU KOJylalll
y3eura 1oopunaan,0y 3ca MaKuIaHaéTral CUKWITaH TacBUp cudaTrHU Oaxosarl
UMKOHUHH Oepajiu.

MPEG-2 cranaapT BUA€OMabJIyMOTJIAp OKUMHU

MPEG-2 BHUJICOKOAEP YUKUIIAIAru MabJIyMOTJIAp OKUMUWHUHT
cogaanamTupuiral tysuiaMacu 3.20-pacmaa kypcatwirad. BupeomabiaymoTiap
OKMMUHUHT DHT HupuK Oupymru 0ynnO BuaeokerMma-keriuk (vVideo sequence)
éxku BHAeOKATOpP xucoOnaHagu. BuHeokeTMa-KEeTIMK TacBUpP TypyxXJapu
(GOP)nuHr uxtuépuii coHuan nbopat Oynuim MyMKuH, ynap ¥3 HaBOatuna I,
P, B «xanpnapman (kagpau Komiamja) €KM  MaiioHgapaaH  (MaiIoHIU
Kojutamiia) ubopar 6ynaau. Xap Oup TacBup cjaiiciapaad uoopar, yJIapHUHT
xap Oupu Oup Heya MakpoOJIOKIJIAp/IaH TAIIKUII TOA/IH.

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

BuneomabsnymoTinapau — y3atum  gouMo  BujueoketMma-kemnk  (BK)
capJyiaBXacujiaH OOIIaHa{, YHUHT KETHJIaH capliiaBXa KEHraTMmanapu Kejaau.
MabnymMoTHap OKMMUHHUHT ymIOy KHCMIIapuaa KyWuaarda MabiIyMOTJap
y3aTHIIaIu:

® TACBUPHUHI MUKCEUIAp MUKAOPU OuiiaH udopanaHrad OanaHIJIUTU Ba
KCHTJIUTH;

TacBUp GopmaTh (KEHIJIMKHUHT OaTaH/JIMKKa HUCOATH);
KaJipJiap 4acTOTaCH;
OenTuiaHTaH BUJCOMAbIyMOTIAp OKUMU OUTPENTH,
BUJICOMABIYMOTIAD  OKMMHUJAH  KBaHIAm  KoduimeHTIapu
MaTpHUIIACUHY I0KJIA0 OJIHII 3apypIUTH OCNTuIapH;
caTpyapapo EHUIIHUHAT (DoHaTaHIIaéTraHIUTH OCJITUCH;
e (origananunaérrad auckperusanusHuHr ¢Gopmaru (4:2:0, 4:2:2 &xm
4:4:4).

Keitnnuanuk  QoiianaHyBUMHUHT  KylIMMYa  MabJIyMOTJIapu  Ba
KCHTaTMaJlapy y3aTWJIWIM MYMKAH. OKUMHUHT 1y KACMH OYJIMaciuTH
MYMKHH, OJIOKHM aillaHu0 YTHUILM KypcaTKuy OuiiaH kentupuirad. Kenraiitmanap
MacmTabnuauk Oop Oynran XoJulaparvHa MaBxkyd Oynamud, y  TYJIUK
BUJICOMABIYMOTJIAp OKUMUJIAH TACBUPJIAPHU OJIMII MUMKOHMHHM Oepamu. bywnnait
Ba3WATAA OKMM HKKHMTa €KM yHAaH kyn Kartiaamuap (layers)mam mGopar Oymamw.
baza katmamu TacBUpHUHT OMp Heda OOIUIaHFUY MapaMeTpiid cudaT OWIaH OJUII
UMKOHMHU Oepaau. MabiyMoT/iap OKUMHHHHT KyImuM4Ya EKA SXITAJIOBYH
(enhancement) kaTmamiapyd TACBUPHUHT siHaga CHQPATIUPOK KHIHO OJHII
uMkoHnHU  Oepagu. MPEG-2 craHmapTé  BUAEOMABJIyMOTIAp  OKHUMHHH
MaciTadbay Ounad KM MacIITadCH3 TAlTKWJ STUII UMKOHUSATHHU Ky3/1a TyTaIu.
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3.21-pacm MPEG-2 Buaeonekoaepy YMKUIINAATH MabIIyMOTIap OKUMHU
TY3WJIMacH.

Xap oup TacBupnap rypyxu capiasxanan («GOP capnaBxacw») OONIIaHUIIH
MYMKHWH. YIOy capiaBxa BUICOKETMA-KEeTIMKAArd TACBUPIAPHUHT OMPUHYHN TYpYXU
YUyH MaBXy Oyiui mapT. TacBUpHUHT OOIIKa TypyXJIapu YUyH ymioy capiiaBxa
OynMaciuru MyMKUH (ailiaHuO YTUI KypcaTrud OWiiaH KeITUPUIITaH), 9yYHKU TYPYyX
oomm 1ouM OMPUHYM KaJp OWIaH MOC Kenaau. TacBupiap Typyxu capiaBxacuiaa
BaKT Oenrucu Ba ymlOy TypyX TY3WIMAcH XaKuJa MablyMOTIAp Y3aTUJIaIIu.
TacBupnap Typyxu capilaBXacujaH CYHr (QoiaJaHyBYld MabIyMOTIapH
y3aTUJIUIIN MYMKHH.

Xap Oup kagp Ba MaWJAOHAAH OJJIWH TAaCBUPHUHT KETMa-KeTJIMKIArH
capiaBxa Homepu, TacBup Typu (I, P €ku B) Ba Oomka MabiymoTiIap KelaJu.
Cyurpa QoiigananyBun KeHrauTMajaapd Ba MAabIyMOTIApU Y3aTHIUIIN MYMKHUH.
YHAaH CYHr TacBUPHUHI Y3MHMHI MabIyMOTJIApU y3aTWiaaud. Xap Oup
MakpoOJIOK WYMAAard MabJyMoTiap OepwiraH TapTuOja >kounamraH Oyiaau.
MakpoOJsiok capiiaBXxacu Oamopatid KOAJIAll XaKUJard MabiIyMOTJIap Ba
BEKTOPJIM XapakaTiap xamja OollKa MabIyMOTIapiaH uoopat Oyiaau.

TacBup MabIyMOTIApUHU Y3aTWJITAHJAH CYHT KOPHM TYPYXHHMHT OOIIKa
tacBupu (“‘TacBUp capiaBxacu’ OJOKH KYypcaTKuuu) €KU KEHUHTH TacBUpJIAp
rypyxu (“GOP capnaBxacu’™ G10KUTa KYpcaTKA4) y3aTUIUIIN OOlLIaHaau. Arap
BUJICOKETMA-KETIMKIArd OXUPTH TACBUP y3aTWITaH OyJica, yHJa KETMa-KETJIMK
tyrarannuru oenrucu (“BK tyragn’) yzatunanu.

4.2-xanBanyia KOJJIAIIHUHT TYpJd BapUaHTIApU YYyH OUTPEHUT MaKcuMal

KUiiMatiapu OepuiiraH.

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

Buneoaxoopor nexoaepu

Cranpmaptaan kenu® 4YMKKaH Xohjga aekoaepaa (3.21-pacm) y3rapyBuaH
V3YHJIMKKAa 9ra  KOJJAPHUHT  JEKOJUIaHUIIM, JACKBAaHTJIAHWIIHM, TECKapu
JIKY onepanusicn, XapakaT KOMIIEHCAIACH aMajra OIMPUIAAN Ba KaJApIapHUHT
OOIIJTAHFUY KeTMAa-KETJIMTH THKJIAaHa .

Hexonep Oydepnu xotupa xkypuiamacu (bBXK); nemynwsrumnnekcop (AMm);
y3rapyBuaH y3YHIHKIM KOMIH cy3imapra sra komiap aexoxepu (YYCK]D),
myHuHTIeK, nekpanTiarid (Ks™), xotupa xypunmacu (XK), Teckapu JKY 61oku
Ba KoJiep OJIOKJIapura Moc KelyBYd OJIOKJIapJaH TaIlKWJ Tomaaud. TakT 4acToTacH
27 MIn nexonnaHaéTraH OKUMIArd MabJIyMOTiapjaH (oHgadaHUIIl acocHja
TUKJIAHAIH.

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

Sy
o VYCKI t Gawop =~ XK

3.21-pacm. MPEG-2 Bunieoaekoiepy Ty3HIMaBH Yi3Mach

YUKW

Xunma xun kajap aexonepiapuna (I; P; B) TuknaHuIn BaKTM OKMUMHHMHT
TY3WIHII MypakkKaOiurura OOFJMK Ba IIYHMHI Y4yH JeKojaep kupumuaa 3-4
kanap curumum Oydep xotupa kKypwimacu (BXK) xyiunagun. Ymby BbXK
y3rapMac MabJIyMOTJap Yy3aTHUII TE3JUIMHU KaJpJIapHU JEKOJJIall JKapaEéHU
Oowran Mmocnamrupanu. bynna mabiaymornap bXKnman BakT OVitmua HOTEKHC
Vkuinanu. Pakamim okuMAa XuiaMa XWJI MabIyMoTiaap (BHAEOMabIyMOTIIap,
OJIOKJTApHUHT XapakaT BEKTOpPJApH,BaKTHUHI Ty3WJIMaBuUl Oenruiapu, OBO3
MabJIyMOTJIApU Ba X.K.) y3aTWITAHJIUTH cabald yjaapHM TYFpH AEKOAJAII Y4yH
KanuTa MIUIAIIHUHL TypJM ycysulapu Kywianunaau. LIyHuHTr y4yH nexonepaa
JNEMYJIbTUIJIEKCOP HMIUIATHJIAJAM Ba Ba Yy TMakergad  KOWJIAIITUPWITaH
BugeoMabiymoTnapan  YYCKJ] opkamu gexBammasumra (KB™) yTkasamn.
Teckapu JKY  (AKY™') uukmmmpga rtasHa  kagpnap — NHKCEIUIapH
HaKJUIAaHTUPWIAAWIAp Ba ylap KoMmmyTtatop opkainu (1 ynaHran xosartnaa)
YUKMILTA y3aTUIIaumaap.

PakaMiau OKUMHUHI KaTTardHa KHCMHUHHU, KaJpHUHT TYFPU Ba HUKKHU
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TOMOHJIaMa Oaropar KWJIWHTAaH, ShHHU JKOPUH Ba KEWWHTH KaAp MHUKCEIIapu
opacuzaru Kajapiapapo papkHu KypcaTyBUM OJOKJIApAaH TAIKWI TOMaaAH Xamia
yJlap BUJICOOKMMHU acOCHM CUKWJIMIIMHUA TabMuniarannap. Ly ca6ab Oynnai
TaCBUpP KaJpJIApUHM THUKJIANl Y4YyH JacTiad aBBaJrd Kajap OJOKIapuaaH Ba
OamopaTAgard yJIapHUHT XapakaT BEKTOpJapuaaH TAaCBUPHUHT Kajapiapapo
bapku maxmtantupuiand. CyHrpa cymmaropaa (KymryBuuja) —Oamropar
YUKUIIUJATH TUKCeIJIap KUWMATHUHU THUKJIAHTaH aBBAJITM KAJPHUHT XOTHpa
kypunmacuga (XK) cakmanran kwiimMaTd OWiaH KYIIWJIWIIN HATHXKACHIA
OamropaT KaaApJapuHUHT JEKOJIAITaH TaCBUPJIApHY MIAKUIAHTHPUIATUAIap. Yiap
KOMMYTAaTOPHUHT 2 XOJIaTHIa YUKHUIITA y3aTUIaauiap.

JlexomepHu ammapaT, AacTypHil Ba ammapaT-AacTypuid BOCHTAJIap OWJIaH
KYJUTall KOJIEPHUKUTA HUCOATaH aH4Ya OCOH, YYHKH JEKOAEp OJOKIApHUHT Tarép
XapakaT BeKTopiapu OwiaH wnoiaaunap. Komepma »ca Omokmap Xapakar
BEKTOPJIADUHU M3Jalll YUyH KaTTa MUKCEllb MACCHUBJIApUTa HIIOB OEpHIll Kepak
Oynmamu Ba Oy y3 HaBOaTHIa KaTTa XaXMJIM XHCOOJanuiap xaMmaa Ky BakT Tajiad
ATa/IH.

MPEG-4 myabtumenua crangaptu. MPEG-4 crangaptu 90-iiumiap
oomuaa MyJnbTUMEAHAIU axOopoTiapHu (OBO3, KaMm KaJpjiu TeJEBUJCHUE,
rpaduka, maTH Ba Oomikanap) MHTEpHETHUHT pakamiu okuM Te3inuru 64Kout/c
OYNraH KMYMK MOJIOCATHM KaHAJIapUAa MabJIyMOT y3aTUII YUYH UILIA0 YAKUITaH.
Hactnab, MPEG-4 spaTunummaaHoK TEJIEBU3UOH CTaHIapT Ae0 OelruiaHMaraH
Ba 15 xanp/c naru CIF (352x288) opMaTHUHT YOpaK KUCMHUHM TaIIKWJI 3TYBYH,
TacBHpJapra uuuioB Oeprad. BUpoK sHru ctanaapt Oy YEKJIOBJIAH Xy/Aa T€3 YUKUO
kerrad Ba 1998 imnHuHr oktsiopura kenn® MPEG-4HuHr OMpuHYM BapuaHTH,
1999 wunaunr nexabpuma ISO/IEC 14496 xankapo CTaHAApPTHUHT Maxcyc
CTaHJIApPTUHU 1e0 KaOyJ1 KWIMHTaH MKKWHYHA BapHaHTH Mak10 OyaraH.

XO03Upru BakTAa cTaHAapT 22 KucMmaaH uoopar Ba yHUHr 10Ta KucMU
paKamJid TEJIeBUJICHNE CUTHAJUTAPWHU KOJJAII KOWJaIapyuHu Oenruiaiau. Yoy
kucM MPEG-4-10 éxu H.264 ned nomimanamgu.

V3ununr axnoanapunaan dapkimu pasuiiiaa MPEG-4 dakarruna Buaco €xu
ayM0axGOPOTHH CHKMII, CAKJIAIl Ba y3aTUII TEXHOJIOTHACH SMac. Y3 MaKcaaura
kypa MPEG-4 — Oy axO0opOoTHHM TaCBUPJAIIHUHT SIHTU YCyJI OYnuO, pakamiu
MeIUaMabIyMOTIADHA ydYTa HYHanuIaa: WHTEephaon MyJIbTHMEnna, Tpaduk
WIOBAJIAp Ba  pakaMJM  TeJEeBUAEHHUENapAa OOBEKTra  MyHanTUpUIraH
tacBupimanummanp. Arap MPEG-1 Ba MPEG-2 cranpaptnapu  Taii€p
BUAeOKaApaap Ownan wunutamHu  udonanaca, MPEG-4 aciupa  oObekTra
HYHANITHPUITAaH MYXWTHH TAIIKMJI STUII KOWAQIAPUHU OCNTuiaan. Y pakamiu
OKHMJIap, OJIMHA MabIyMOT MAacCUBJapu OWJIaH dMac, Oajdku MeIua-oObeKTIap
OuilaH MOUTaiu Ba yHra acoc 0ynuo0, amoxuaa oObeKTiaapaaH nbopaT HaTHKAaBHM
OBO3 Ba TAaCBHPHUHI peaj BaKT MacmiTabuja y3aTuiiga Ba KaOysn HyKTacuja
MIaKJUTAHUIINATA XU3MaT Kuiaan (3.22-pacum).

MPEG-4 na aymuo-Buzeo axOopoTra UIUIOB OEPHUIIHUHT  ACOCHM
OOoCKUUIIapH Kyruaaruiapavp:
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- OONUTaHFUY PACMHUHT TYPJIA AJIEMEHTIIAp - “Meaua-o0nektiaap’ ’ra (media
objects) Oy IMHUIIIN;

- ym0y OOBEKTJIIApHUHT Y3apo OOFJIaHUIIM Ba Ty3WJIMacUHHM Hdoanarni,
KeWMHYAIMK yJiap SroHa BHUJACOOBO3JIM CaxHa OOBEKTHMHU WHUFHII
UMKOHUHH OCpHIIIH;

- OXHpru  axO0opoT KaOynl KWITYBUYM yYyH CaxHa  HWHTCPAKTUB
Y3rapTUpHIILUTAP KAPUTHII IMKOHUSITHHU SIPATHITUIIIH.

audiovisual cbjecis

multiplexed
dowanstream
control / data

multiplexed

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

display g ( \|

spearer tser inpit

3.22- pacm. MPEG-4 caxnacura Muco.

bapua Meauna-oObekTIap SAroHa MEpapXWK Ty3wiIMara OWPUKTUPUIIUIINIA
MOCJAIIYBYAHJIMK OOCKMYMIa SPUILUII YYYH KyWuaaruiaap OYJIuIny J03UM:

- Xapakatcu3s TacBupiap (Macanas: ¢GoH);

- HaTypaJ BUJIe0 00BEKTIap (MacajaaH: UHCOH);

- ayauo oObekTaap (0BO3JIAp, MHCOH OMjIaH OOFJIUK OBO3);
- caxHa OwmaH OOFJIMK MaTH;
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- caxHa é&3wraérraHga OynamaraH — CyHBUMH  OOBEKTIap,  OWPOK
doiinananyBunra eTKU3WIraHjga Kylmiaaud (MacalaH: KOMIIbIOTEp
rpadukacu BocuTajiapu TOMOHHJIAH SpaTUITaH “Cy3J0BYM MHCOH OOIIN™);

- CyHBHI 00BEKT OMiIaH OOFJIaHTaH Ba OBO3Ta Y3rapTUPUIIAAUTaH MATH.

MPEG-4 na xapakarcu3 TacBUP Ba TEKCTJIApHU KOJJAIlll YYyH BEWBIICT-
Yy3rapTUpUIIl acOCHIAr caMapaiv alrOpUTM KYJUITAHWIIAIW, Y SPKHUH IIaKJJAarud
OOBEKTIIapHU KOJJAITHU Ba pacM CH(GATHHE TEKUC MacCIITa0JaHUIIHHA
TabMUHJIANIN.

VYupan tamkapu, 38,4 MoOut/c rava, ctyaus mapowtnaa 1,2 I'6ut/c rada
OynraH IOKOpW TE3NMHMKIArd BHUACO OKUMJIAPHHM SIPATHII HWMKOHHUSATH Ky3da
TYyTHJITaH.

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

|-Tekucaukaap. Te3 KUPUITHU TabMHUHJIANI Y9yH OOIIKA TEKUCIUKIIAp/aH
MYCTaKWJI paBUINJAa KOAJIaHAaIUu. JHT aBBajo, 16x16 mukcemnn makpoOiokka (I-
MaKpoOGIOKIap) GYIMII aMaira ommpuiaay, ynap sua JKY yuyn 4 ta 8x8 ym |-
0JIOKKa Oy IHHAIH.

P-texkucaukiap aBBan kenral |- €éku P- Texucnuknapaaru axoopotiapaaH
dbolinanann0d koanmaHaau. YmOy TeKuciaukiap xaMm 16x16 wmakpoOsiokiapra
Maiananam, dakar yinap numnga |-makpoOmokimap Ba i-makpooiokiaap (I — intra,
I— inter) Oymagm. Inter-makpo0JoKIap XapakaTHH KOMIICHCAIIHSJIAI
HaTWXKacuJa MIaKiulaHagu, Oy epnaa aBairu [- €xku P-tekucnuknapiaan xopui
Inter-makpoOJIOKra MakCHMaJl MOC KEJIyBYHM Ba JPKUH JKOMJIAIIraH MakpoOJIOK
KUJIUpUIaau. Arap y TOMWICA YHUHT UKKH TAIIKWJ TYBUMUIIUK XapakaT BEKTOPH
maKulaHaad Ba  okuMra  Kywwmnagu. CyHrpa kopuid Ba  TONWITaH
MakpoOJIOK/ONoKIap MHKCceuiapu Oyiinua aimpma ¢apku (Oamopar XaTtocu)
Xuco0ad YMKUIaAu Ba yHTa JIKY KyJutanwinaau. Kagp derapacura ssKMHMAaru
XapakaT KOMIICHCAIMSICUHU CaMapaJopJIMTUHU OIIMPHUII y4YyH, KaJpHUHT Xap
TOMOHJIaH OWTTa KaJp KaTTaJurura TYJIIUPUII amManuéTu Oakapuiaau(Xymry.
yerapa MHUKCENUra SKWH paHr OwnaH tynaupunaau). ynmait kummO, xap Oup
ook yayH Ita €ku 4 Ta XapakaT BeTOpY KaOyJl KWIMHHUIIA MyMKHH, BapHaHTIIAP
¥pTacugard TaHJIOB 3Ca MaKpoOOJOK KYIIraH XUCCACMHUHT KaMJIMTU Ba YHHUHT
OKUMJIAaTH XapakaT BEKTOpHIAH KenuO unkuO amanra ommpuianu. LIIyHUHTACK,
CTaHJAApPT XapakKaT KOMIICHCAIIMSICUHUHT Maxcyc Typu — ‘Kormiaur (OepKHUTHIL)
KOMICHCAMSICUHU KYy3/1a TyTaau: y ¢akaT Y KOMIIOHEHTaau OJIOKJIap Y4yH
KyJuiaHunaau. Yoy yCyJHUHT GapKid XyCYCUSATH IIYHIAKW, ailupMma OJOKHUHT
aBainru [- &ku P-rexkcunmkiapna yHra yxmam ydra OJIOKHUHT VIIYOBIIApH
Cyleprno3uuusicu Oyinya TallKWI STWIMIINAAIUP, SbHU OUTTa yXmam OJoK
ownan yexnmanmaiinu. [llynra myBoduk, ydra Xapakat BEKTOpH OJMHAIW: | Tacu
KOpHUi OJIOK Y4yH Ba MKKUTACH UIIUIOB OepuiaéTran MakpoOJIOKaa )KOpuil O0Kra

KYIIHU OYnraH OJI0KIap yUyH.

B-Texkucanknap P-tekucnuknapian mry OwiaH dapkiIaHaJIuKW, YHAA KOZJIaIl
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yU4yH XapakKaTHH KOMIIEHLUsANamaa Hadakat aBBairu, Oanku keiimnru [- Ba P-
TEKUCIUKIAP XaM KYJUlaHuiaau. Ym0y TEKUCIUKHUHT Xap Oup MakpoOJoKu
aBBAJITM TEKUCJIMK MAaKpOOJOKH, KEHUHTH TEKHCIUK MakKpoOJIOKH Ba Yoy
MaKpOoOJIOKJIap Cynepno3uiuscu 0yitnya 6amopaTr KUJIuHaIH.
MPEG-4 Part 10 Advanced Video Coding (H.264) xyitugaru ¢yHKuusiaapu
OwmIaH axpanud Typaju:
4:2:0, 4:2:2 Ba 4:4:4 dbopmatiapu Kyu1ad KyBBaTJIaHUIIIH
MakcumymMm 16Taraya TastHY Kajpiap
TakoMuTamITHpUIITal XapakaT Korutarudu (1/4 mukcenmaru aHuKJInK )
16 6GuTIMK TH3UM Tyailii siHa/la aHUKPOK, U1l PEKUMHU
Makpob6oknap Typsim ctpykrypacu (16x16, 16x8, 8x16, 8x4, 4x8,4x4)
KBaHTJIALI KaJABaIH1a 52 KUPUTUITYBYH dJIEMEHTIIAp
JKA Vypuura Anamap aJMalITUPHUIINHU KYUTaHUIIM (OJIOK YI9amMu MOC
paBuiga 4x4 €ku 2x2 MUKCEN)
® DOHTPONUSIIM KOJJIAI; KoJiam Y3yHAuruHuHr Yy3rapyBuaniauru (VLC) Ba
KOHTEKC MOcCJalnlyBuaH UKKUIUK apupmetuk koaiam (CABAC)

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

SDTV 4:2:0 dopmatu Ba 6 MOHUT/C TE3NUKIN CUTHAN aHAJOT TEJICBU3UOH
curHan cudaru OujaH Jeapiau Oup Xua XucoOjaHaau. AManuéraa y3aTUIl
te3nuru 2..7 MOut/c raya OyiraH Te3nMKIap XaMm MaBxkyd. by tesnukiap y3
HaBOaTuaa TacBUp cudaTuHU Oaxoaanu. V3 HaBOaTHAa IIyHJIaM Xyjocara
KeJIMHAAW: SbHU CHOPT KYypcaTyBJIapu YYyH KarTa TE3JUKAArd MabiIyMoTIiap
OKMMHU Tanad KUIHHAIA

MabiayMoTinap y3aTWIl TE3JUTH TACBUP TapKuOWUra Kypa HOUMUN EKH

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

I, P €xu B MakpoOiokiaapu Typiau ycysuiap OuiiaH KOJJIaHUIIIA MYMKHH.
MakpoOJOKHUHT KOJJIAHUIIN OYVHHYa SHT KYI TapKajraH TypJapujaaH Oupu 0y
KyWuarnya:

e Intra kaapnap kojIaHaaAu (MyTJIAKO STHTH)
e OauHTHU KO

e QuuHra Ba opKara KoJJiaiil

e VYrKa3ub r06opuiaran Koap.

Three Picture Types: |, B, P

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

- 02 P4 R4 [0
HEVC

Group of pi(:tures (GOP)

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

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

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

bynpan Ttamkapu MPEG-4 tusumuaa paebnoknam (QuibTpu Xam
KyJuianunagu. Ymoly  ¢GuiasTp Basudacu  OJOKIOBYM  apTe(aKTIapHUHT
KYPUHYBYAHJIMTUHU KaMalTUPHUIIIaH HOOpaT.

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

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

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

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

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

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

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

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

CUrHaHUHT aMIUTUTY/IaCM WKKA KUHUMATUHU Kalysl KWIWIIH MYMKWH
aMIUTUTY[a MaHUNYJSIUACH XOCWI KWIMHTAHJA ajoKa KaHaId OpKaiu
y3atumigaru camapagopiauk 1 (6ut/c) I'm Oynmumu mymkuH. Jlemak pakamiu
TEJIEBU3MOH CUTHAJIHM Y3aTHUII YU4yH Kepak Oyianurad yactoTa nojocacu 15 MI'g
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Oymumm J1o3uM, Oy 3ca CTaHAAPT TEJEBUICHNE KAaHAIMHWHT Y3aTHII MOJOCAHWHT
Ce3WIapiu Japaxaza KCHTaUTHUPHUIIHM Tanad Kujaiau. (S"36eKHCTOH Ba MJIX
nasnatinapuga SMI't, EBpomna, AKI, Anonusina 6 MI'n)

IIyHHHT y4yH XaMm pakamJId TEJIEBU3HOH CUTHAJUIAPUHU Y3aTULIAA,SIbHU
yacToTajap moJjiocacuaaH camapanu doiinananuiia, alHuKca OUp Heua O Ui
AHUKJWK/ard CUTHAJUIADHU OWTTa KaHauJa y3aTUIl €KU IOKOPH aHUKJIMKIArH
TEJEBU3UOH CUTHAJUIAPHU y3aTUII Y4yH MYpakkaOd MOIYJSUUSJIApHU KyJialira
TYFPH KeJap d111.

byHman  Tamkapu — aHamor — TENEBUACHUENArdM  OHUW  KUMMATIIApU
y3aTWJIaUran TYauK paHriu teneBuszuoH curHain (TPTBC) Ba oBo3 Tamkui
ATYBYMCHAAH (apKIM paBHILA pakaMM TEJIEBHICHHUE TU3MMHJIA, ajJoKa KaHAIU
OpKQJIM, aJOXWJa TEJIEBU3HOH IporpaMMaiapHUHI(IporpaMma OKHUMIIAPH)
CUKMJITaH paKkaMJIud OKMMJIapH y3aTwiaad. byHna nmporpaMMa OKMMH BHIEO0, Ay 1O
Ba KYyIIMMYa HUIIYM axO0opoTiap CUTHAJUIAPUHM OUpJAlITUpPraH SIKKa TPaHCIOPT
OKMMWHU TaIIKWJI STaIu.

MPEG — 2 HUHT TpaHCHOPT OKMMH 4Ta mporpaMma OKUMUHH Y3 HWYWra
osiaau Ba MPEG-4 tpancnopT okumu 3ca 8 — 12T1a mporpamMmmMa OKUMHHU OJIajIu.

TpancnopT OKMMHHHMHT XaJaKUTOApAOUUIMTMHUA OIIUPUII MyXHM Bazuda,
YYHKM XaJIaKUTJIAp aHajor TeJEBUJEHUE KypcaTuil cudaTUHU EMOHJIAIITHPCA,
pakamiid aXxOOPOTHUHT XaJIaKUT CUTHAJLIAPU OpKaJIM Oy3WJIMIIN TaCBUP Ba OBO3HU
XKyJa KaTTa Oy3uiuuuiapura €K TeJIEBU3UOH axO0pOTIapHU YMyMaH WYKOIUILINATA
0JIMO KEeNHIIM MyMKUH. AManué€raa Oy KypcaTyB KaApJapuHUHT “KOTHO KOJWIIN
¢KkH ynapaa Mo3aukanu(Jarmiamub KeTraH) Kajap naigo Oyaummra oaud Kenau.

ynaail Kuamb, pakamiid TEJIEBU3HOH KaHAJUIApAa, XaJTaKuTOApIOILIUK
eTapJi Japakaja TabMUHIAHMAca, yiap HopMall (DaoiusT KypcaTUllIapu MyMKHH
smac. UIyHUHT y4yH XaToJaukiap naigo 0yiaum cadbabnapuHu Kypud YuKamus:

—  XaJakuTiap -IIOBKUHJIAPHUHT TaOWHMM Xap XWi Typiapu (MCCUKIMK
IIOBKWMHHU, 3apsylap TallyBUWJIAPHUHT TEeHepaluus — PEKOMOWHAIUSCUHU
IIOBKWHU, KaCpUi IMIOBKUHU Ba X.K), yJap acocaH KaOyJ KWJITHWIAPHUHT KUPHUII
Kackajiapuaa HaMmo€H Oynanumiap;

— HHOyCTpHall Ba artMmocdepa Xamakutiapu (KUCKa KYpUHUIIIATH,
EHCMMOH pa3psJIaHMIIUIap -TadBaHUIAll anmnapaTiapyuia, 3JEKTp TPAHCIOPTH
BOCUTAJIApU]Ia, MOMAKaJIIUPOK BAKTHA);

— uHTepdepauuoH  Xajakujiap -KYIUHM XyAyQjiapaa Xyodad oy
yacToTajlap/a UIUIAANral pajuo y3aTruujaapiaH YUKYBUM XalaKuTiap;

—  KYI HYpJU PaguoTYJIKUHIApAaH XOCWJI OYJIyBUM XaJIaKUTIAp-€PHUHT
YCTH, KYpPWIMII  HMMOpaTjapu,MeTajul  caTxjiapgaH Ba  X.K.  KailTran
PAAUOTYIKUHIIAP.

[ynpaii kuinb, XxajdakuTaap OuUpJIaMyd Ba mnakerau (TypyxJu)
OynuILIapu MYMKHH.

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

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

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

Ha3sopar caBosuiapu

1. Digital Video Broadcasting KOHIETIIIUACH KAUOH KOPHA KUJIMHTaH?

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

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

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

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

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

7. 2K/8K pexumnapu HapKuHH TYITYHTUPHUHT.

8. DVB-T tuzuMuia Kanjai TypJard TaluryBuuiap MaBkya?

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

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

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

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

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

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

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

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

17. EpHUHT CyHBHH WYIAOIIM OpKAJIM Y3aTWIyBUM TEJIEBUACHUE Ba €p YCTHU
SIIMTTUPHUII TEJICBUICHUCTAPUHUHT KOPUU KWIUIIAArd Myammoliap ¢apkw,
aB(3aTMKIIap Ba KAMUMIIMKIAPUHU TYIIAHTUPHHT.
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4- maB3y: PakaMuiu TejieBHICHUSHUHI CYHbHI HYJI101I, MOOWJI aJI0Ka, Kades
TH3MMJIAPH OPKAJIM TAIIKW/JIAIITHPHUII XYCYCHATIAPH.

Pexa:
4.1. DVB-S pakamiau cyHbUH HYIIONT TEICBU30H Y3aTHUII CTaHIAPTH.
4.2. DVB-C pakamiu kabenb TeJIeBUICHNE CTaHIapTH.
4.3. DVB-H pakamiau MOOMIb TEIEBU3UOH IIUTTUPHUIN CTAHIAPTH.
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 UyII0OI TENESHUTTUPUII TU3UMIIAPU KEHT XYIYAJIAPHUHT Xap
Kaiic HyKTacura rKOpH cudativ TeJIeBU3WOH CUTHAJUIAPUHU €TKA3HUIIHUHT SHT
T€3, WIIOHWIA Ba TEeXaMKop ycynu xucooOmananu. CyHbud wynmomHuHT Ep
OpOUTACUHUHT OeNrujaHTaH HYKTacH YyIUIa0 TYpPWIMINU, KyEII SHEPrHUsiCUIaH
Ta@bMUHOT Y4YYH KEHI (poMIanaHWIMIIK, KypHJIMajlapAa SHEPrusHu 03 MUKIOpIa
capp KWIMHUIIM KaOM WMKOHUATIApU OylapAaH TallKapu Yy3aTWIAETraH
CUTHAJUTAPHUHT atMocdepa Ba reorpaduk >KouamryBiaapra OOFIUK OYIMacIuru
KeHI  JoMpaja  pHUBOXJIAHUIIMIA  HMMKOH  SpaTaud.  XO3UPrM  BakTaa
TEJICPANUOINTTUPUIL CYHBUN WYIIONUIAPU OJATAA SKBATOp KEHIJIUTHUIATH
reoctaruonap opourtaga (I'O) Oamanamuru 35786 kM Oynran opOuTana
xoinamaamiap. ['O ga xoinamran cynsuid wynaom Ep 6unan Oup xu Te3nukaa
aimananu Ba 1y ca6abd EpHuUHr OenrwiiaHraH HyKTacH y4yH Xapakarcui3 Oynaau
JeHuIn MyMKHH. ['eocTalimoHap CyHbUN WYIIONIHUHT SIIATTUPHUILIAPHU Kampad
onuin Maigonu Ep 103MHUHT y4yman Oup KUCMHTa TYFpU Kenagu. AWHU BakTaa
3aMOHaBHI TEXHMK Bocutajmap FEp [3MHMHT KaTta OyiMaraH KUCMUHU
UYHANTUPWITAH KUYHMK OJJICKTPOMArHUT Hypjapu ¢&paamMu  OujaH — KoIulall
UMKOHUSTIApUHU Oepamunap. Ep ro3acu OunaH CyHBUU HYNIOII aHTEHHANAPH
TapKaTyBYd KOHYCCUMOH HYPHHHI KECHUIIMII YH3UKJIAapu KaMpad oJMIl
30HACMHMHI 4YerapajapuHu Oenrunad Oepaau Ba epaard KaOynl KHIWII
aHTEHHAJAPUHUHT TypJjd AUaMeTpilapyuaa amaira omupwiagud. byHaa aHTeHHa
KaMpal OJMII 30HACMHUHT MapKa3uJaH KaHya y30KJa >KoWjamraH Oyica, YHUHT
JUaMEeTpPH IIyHYa KaTTa OV Kepak.

TenesmuTTUpHIL coXacura Xu3MarT KWIyBYM Xap OuUp CyHBHH Hymaoin
skBaTopaaH TaxmuHaH 36000 kM OanmaHmiukaa skounamradH. Ep kanmail Te3nmmk
OunaH ¥3 YKu aTpoduaa ainaHca CyHBHH HYIA0m XaM XYM LIy TE3JIMK OusaH
aitnanagu. CyHbUI WYIIOMIHUHT aliHaH 11y OanaHAsak[a skoinamummra cadad
ymly OanaHaiMKa CyHBbHM WYNIONI aiilaHMa XapakaT TabCUPHUAArd MapKasaH
KOYMa Ky4H Ba €pHHUHT TPaBUTAMUIApU OMp OMPUHM KOMIICHCAIUSIA0 CYHBUN
UYIAOUIHUHT OMp HYKTa1a OYIMIINHU TabMUHIANIN.
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Mapka3aaH Kouma Ky4.

F1=Msa* @™ I ; F1
Mgyt = CYHBUM UYIIOII Maccacu;

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

n= 3.141592654;

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

Satellite

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

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

Satellite

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

Bananc xoaaru:
MapKa3zJlaH KouMa Kyd=MapKas3ra UHTHIMa Ky

F

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

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

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

TeneBU3snoH SIIMTTUPUIIHUHT CYHBUM WYIAOII KaHAJJIAPU YYyH CaHOaT
XaJaKuTIapyu Ba OOLIKA y3aTyBYM KypUJIMaJIapHUHI IIOBKUHU KUHMAaTiIapH Mact
OynuIIM  XapakTepsid, YyHKM OyHAall KaHawiapaa YTKUP(KUYUK — aHUK)
UYyHaNTUpWIraH aHTeHHanapAaH QoiganaHwiaaud. Pakamiy cUrHagiapHu KaOyil
KWIKIIAA XaTOJAPHU KEJITUPUO YMKapaauraH acocuil ¢akrtop OYiambd, y3aTyBUu-
KaOyJ1 KWIyBUM KypuiMayiap opacujard macoda karra Oynraniuru cabad, kadyn
KWIWII KypUIMAaCUHUHT KHUPHUIIUAATd CUTHAJ/IIOBKMH HUCOATHUHT KUYUKIIUTH
xucobnanaau. CyHbpU WYIIONM aJloKa KaHAJUIAPHUHT YacTOTa KEHTJIUTH €p YCTU
Ba KabeJb TeJIeBUICHNECH KaHalapura HucOaTaH ce3nIapiii Japaxaaa KeHr.

4.1-xanBanyia MabIyMOTJIADHU MYMKHUH OYJITaH y3aTHIN TE3JIUTHU Ba KaHa
CUMBOJUIAPUHU aJOKa KaHaJdW KEHIVIMTUTra OOFIMKJINTK KEeNTUpwirad. byHaa
doiinan MabIyMOTIApPHU Y3aTHUIN TE3JIUTH KaHAJHU KOJUIall IapaMeTpiiapura
(oxupru ycryHya) OOFJIMK, YYHKM MHUFYBUM KOJ OPTHUKYAIMIU KyNalraHia

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

DVB cranpaptu 11...12 I'T yacrora nuanazonuga 27 MI'myim yacrora
KEHIJIMTUIra 3ra CyHBUM MYJIJIOLI TEJICBUICHUECUHUHT MaBXYyJ KaHaulapuiaH
dbornananumHy Ky3na tytaau. Uctukbonma cynbuit wynmom tusumiapuaa 20....
21 ITu nguamazonman QoipaaHuIl Ba ajloXuja KaHaJUIAQPHUHT 4YacToTa
noJsiocajiapyi KeHIpoK OVIMIIIapy Ha3apaa TYTUIMOK/A.

4.1- xxanBan
MabayMOTIapHU Y3aTUITHUHT TYPJIU TE3JIUKIAPU

Kanan VY3aTum Te3nuru Tynuk Ty3aTnmn Doinanu
KCHTJINTH, Mcums/c TE3JIUTH MabJIyMOTJIAPHU
MI'11 Mowut/c y3aTHII Te3JTUTH

Mowut/c

54 45 90 41,5..72,6

36 30 60 27,7..48,4

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

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

CyHpuil Hynmom Teaepaauo SIIUTTUPHUIN TU3UMIIAPUIA Yy3aTUIAETraH
CUTHAJUIADHUHT KyBBaTJapu HHcCOATaH KUYUK Ba 4YerapajiaHraH OYJIraHJIuru
cababnu  MHTEpPPEPEHLMOH XaJaKuTIap Ba I[IOBKUHJIAPHUHT  TabCHUpUTa
ce3yBUaHJIMK tOKopH XucoOmananu. LllynuHr yuayH sHepretuk camapanop QPSK-
KBaJpaTypaBuil ¢aza MOIYJSIUACH Ba KucKaptupwirad RS konu xamna Burbepu
JIEKOIJIall alropuTMuAaH (oiinananyBunl,iMFYyBUM KOJ[ acociapujard KacKaaju
KoJIangan oupranukaa ¢poigaiaHul TH3SUMHUHT IOKOPU XaJIaKUTOAPAOILTUTUHI
TabMHUHJIANAN. XalaKuTOApIOUUIMKHHA OIIMPHUINJIA IIOBKUH Ba WHTEp(epaluoH
XaJaKUuTIap Xamaa CyHbUH UYITOMHUHAT OOPT PETPAHCIATOPIAPUHUHT HOUU3UKITU
TabCUPJIAPH XaM XHcoOra OJMHHUINM Kepak. WMuyku Kojaek yuyyH, KyBBaTH
y3aTWJIMIIM Ba CHEKTpJaH (QoiamaHuIl OpacHuiard camapaid MyHocabaTra
SPUIIMINHK XpcoOra onraH xoiga, 1/2-7/8 nwanmazoHmard 5 Ta AUCKPET KOJ
KUIMAaTH Te3JIMTUaH OMPUHU TaHJIAIl UMKOHHUSITH MaBxKYy/I.

Mocnamtupmwirad (GUiIbTpiall Ba XaTOJIAPHU TYFPUIAH-TYFPHU TYFpUIIAII
KaOyJ KWIMIIHUHT KUIWH I[IapouTIapuia Xam IOKOpU cudaTHU TabMHUHJIAIIra
UMKOH Oepaau. IOxkopu cudar XaTTo TalIyBYH/IIIOBKUH Ba
TallyBYU/MHTEPPEPEHIIMOH XaJIaKUT HUcOaTiIapu uerapa(Oycara) KuiiMaTra sKuH
oynranga xam cakigaHuO Kosjaau. byHpa xaronuk Oup coatna  OuTTagaH
ommaciauru kadosarnanaad, Oy 3ca KaOyn KwiyBum naekoaepuaa, MPEG-2
NEMYJIBTUILIEKCOp KUPHIIHAA XaToap KBUBaieHT sxtuMomumrura 107°.....10™
aTpoduaa 6ynaau.

DVB-S Tusumm ¢ysknumonan O6mok  6ynu6, MPEG-2  Tpancmopt
MYJIBTUILIIEKCOPU YMKUIIUAA TEIEIMHUTTUPUII PaKaMIU CUTHAJT IporpaMMaliapuHu
WYII0NUTN KaHall XapaKTepUCTUKAIapu OWJlaH MOCIHAIITHPHII aMajra OIIMPaJIH.
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DVB-S tusumuHUHT y3aTuil Ba KaOyn KWJIMII KUCMJIApU TY3WJIMAaBHU cXemacu
4.3-pacMj1a KEITUPUIITaH.

MODE ADAPTATION BB
5i|‘|g|E D:‘Eﬂ ."""""“"“““‘—| Slgl]i'l]]]]lg :lllllllllllllllllllllll--.
Input Input | Jnput Stream s INullpackets| cpcg P o s & Dotted sub-systems are &
Stream | _|,|interface 3Syne hm“'se':_; Deletion 3| Encoder _t | Buffer :_. ! ot relevant for '
. . . . .
T oo : broadeasting :
Mul[ip|e LLELLLEET M LLLLLE eebLLELL I LLL [ icer H ﬂwlicarioﬂs H
|I"I|)l_|l ._" Inl)ul .:nputSIream“Null pﬂcket: CRC.8 : : Buffer :“ M S ssssmsssmsmsmsnsmememnn®
Streams __“ |nterface ynchromser" Deletion :_: Encoder A H
.' {ACM TS]. ' Fesmamnma®
.--------= :--Il---l-I:-Illlllll;lllllllll.
QPSK, PL Signalling & =0,35, 0,25,
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4.3-pacm. DVB-S Tu3uMUHUHT Ty3UJIMaBHil cxeMacu

DVB-Sna monymsus  yuyn QPSK kBagpaTyp ¢dazaiu MOHUIYJIALMS TYypU
TaHmaHrad. bup kanwa wmynmar QPSK  momymamuscn  ypaura 8PSK
MOIYJAIUSACUHN  KYJUIAHWIMIIMAAH MaKCcaJ MAabJIyMOT VY3aTHUIl TE3JIMTUHU
OolmMpHUIll OYJIraH. YMymaH oOJITaHJa CyHBUU HYIIONUIM TENEBUACHUE TU3UMH
IOKOPHY XJIAKUTOAPAOLLIN Xamja OMp KaHuya HOYM3HMKJIIUK XapaKTepUCTUKaIapra
Oapmonui OYAraH MOIYJALMS TYpUHU Tajnad Kwiaad. Y3aTyBUdM Ba KaOyi
KWIyBUM opacuaaru karra macoda 36000 kM, IIOBKMH Ba XaJlaKUTJIap ajoKa
cudarura ¥3 TabCUPUHM yTKa3Mail koaMaiau. bynnaii macodana curaan CyHUIITN
205 nbrava eTuily MyMKHH.

Tyrpunan-Tyrpu anokamn CU TeneBU3HOH KaHal KEHIIMIH yprada 26-36
MI't (macaman ASTRA 1F-33 MI'u, EUTELSAT Hot Iltuna 2-36 MI'n) Hu
TalIKWI KWIaJW. Y3aTWIyBuUd anoka JuHusacH 14-19 I'Tn nmanazonnma, xalyn
KWINHYBUM JIMHUA 3ca 11-13 I'Ty nuana3zon opanuknapuaa €raau. TU3uM ydyH
MabJIyMOT Y3aTHUII TE3JIUTUHU TAHJIAIl MyXUM Macajia XucoOjaaHaau. Yoy Te3IuK
27.5 Mc/c xumub OenrmwnanrHa. QPSK mopaynsiiuscu Outra cumBoiiga 20UT
MabJIyMOT y3aTa OJUMIIMHM XHUCOOra OJICaK, MabJIyMOT Yy3aTHIIl YMYMHUH TE3JIUTH
55MOuUT/C HU TALIKWJI DTaJIH.

gross_data_rate = 2 bits/symbol* 27.5 Megasymbols/s = 55 Mbit/s; (4.1)




I1I. HA3APUI1 MATEPUAJIJIAP

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

same as DVB-C

4.4.pacm. DVB-S tuzumuauar Moaystopu.(1-kucm) DVB-S Ba DVB-T
trsumitapu FEC xaTtonmapu Tyrupiarunau

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

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

DVB-S curnan CHnan ysatuirau, 36000 kM Macodann Gocub yragm Ba
Typiu TaOWWUW Ba CaHOAT WIOBKMHJIApHU TabCUpHUra yupald Y3UHUHT OupiiaMuu
KyBBatHu 2001b ra macasu.

LNB Dish

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

/
DC 14/18V

22 kHz

DVB-S receiver

4.6.pacm. Konsepropnu CH xaby1 kuirnum.
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KaOyn kunrny aHTeHHacura TyIirad CUTHAJI aHTeHHaja € HyKTaaa (oKyclIaHaIu.
Ym0y HyKTara MyaistH YJI4oBJap HaTWKAacHAA IIaKid OEpiraH TYJIKUH YTKa3Tu4
(Mufruy) skoMjamTupuiaaav Ba (oijgany CUTHaIap IIOBKUH CUTHAJLIapUiaH
axpatub onmuanu. [lonspuszanus TEKUCIUTXW KyBBaT aMILUIUTyJacu €Epaamuia
tannanagn (LNB (14 / 18B). KaOyn KuiauHraH CUTHaI apCeHUI-TaIui
Kydadtupruupga kydantapuiano 900-2100 MI't mosioca gyactoTacura YTKazwiaau
Ba KaliTa WILJIAHA[IN.

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

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

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

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

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

Taxmunan 1995 #ungan Oomnura® KYNruHa KaOeUIM TEIEAIIMTTUPUIILIAD
pakamuiu DVB-C @opmarura yrTkasmwna Oouuianau. DVB-ChHusr wacrota
nonocacu 300 MI'man rokopu.

Kabemm TteneBuaeHneHUHT pakamim Gopmata 1994 wmmma ETS [300429]
crannapruga tacaukiangu. DVB-C monynstopugaru MPEG-2 tpancnop oxumu
DVB-S tusumugaru kabu Oup xun >kapa€HmaH yTagu. Tusumaa cBepTKaiu
KOJUJTAall TEXHOJOTUACH KyJUIaHWUAMauan . UyHKM MyXWTIAa CHTHAJI TapKAJIWALLIN
uoHwIIMrd 10Kopd. DVB-C tusumuaa nmoHuwmminkan QAM monymsiiusicu
16, 32, 64, 128 éxu 256 mo3uIUsAIN MOIYJISIUsIapy OuiiaH skaborap. Koakcuan
kabemmn tu3umiapaa 64QAM Ba onTuk-ToNamM TH3UMIapAa aca 256QAM
MOZYJIALMS TypJlapy UIUTaTUIAIHN.

Onmuit koakcuan kabemnapaa kanamiap dapku 8 M. bynmait Tusumaa 64
no3uusiin QAM MonynALUsIaHTaH CUTHAN WIUIATUIaAu. MabilyMOT y3aTHII
te3nmuru 6.9 Mc/c. MabiayMOT y3aTHIIl TE3UTH KaHall KeHrauru SMI'1 1aH KMauK
Oymumu so3uM. Monymsiiusiianran curan 1= 0,15 axauTiam Oupiurua octuaa
axauTiaaHagu. 6.9 Mc/c Ba 64 QAM (6 Out/cex) eabu mapaMmeTpiapHu XucoOra
OJITaH X0J1J1a KaHaJI yMYMHI MabJIyMOT Y3aTHIL TE3JIMTH Kyiiuaarnya oyiaaam.

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

DVB-C wmoayastopu DVB-S wmonynsatopu OujaH TYJIMK MOC
TEXHOJIOTUSICH acocuja Kypuiarad. Moaynstop kupuinura y3yrnuru 188 Oaitnan
noopatr MPEG-2 tpancniopt okumu Oepmnanu. TS maketnapu 4ta capiaBXxaBuil
OaifTnan Tamkui Tonrad. Yiap 0 gan 47 GaifTraya CHHXpOHU3AIIMS CUTHAJIIIApU Ba
184Ta doitnanu MabIyMOT CUTHAJIapuaan udopar. bynnan ket xap Oup O6ailT
WHBEPCJIaHaIM Ba Y30K MYJJIATJIM BakT Oelruiapura OupukTupmiaad. by 6ockud
Y4yH paHJIOMHU3AIMS KapaéHU KaBoOTap.

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

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

RF from 47...862

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

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

VY3atunaértran MablymMOTJIAp IIOBKMH, CYHYBYM Ba KAaWTyBUM CHUTHAJ
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aMIUIATY1ajlapy Ba CYHUIIUIAp HATHXKACKAa OMpiIaMid XOJaTUHUA HYKOTaIu.

CyHrpa MmabayMOTJIap OKHMM JecKpemOjepra Tylmaad Ba y epiaH
JecKkpeMOepaaHTral TPaHCIIOPT OKUMU AeMynbTuiuiekcopra (JAMIT) 6opanu, ssbHu
OyHJa TpaHCHIOPT OKMMHJAH TaHJAHTaH JacTypra TETMLUIM MakeTyap axparuo
OJIMHAaI¥ XamJa BHIEO, OBO3 Ba MAabIyMOTIAPHUHI D3JIEMEHTAp OKHUMJIAPH
HIaKJUTAHAIATIAP.

Noise,
interferer,
echos,

amplitude Intermodulation,

;; / rasponse, interferer,
group noise

delay

Cable \

head- I\ DVB-C
end receiver
> 1

IQ error of modulator
- |IQ imbalance

- phase error

- carrier leakage,
noise,

phase jitter,
intermodulation,
interferer,

cross modulation

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

CurnHawiapHu Kaiita unutlam Oyiinya kevimHru onepamustiap DVB-T tusumu
KaOyJ1 KWIyBYM KypuUiIMacH Kabu Oynau.

4.3. DVB-H pakamiu MOOHJIb TeJ1€eBU3HOH IUTTUPHII CTAHAAPTH.

DVB-H (Digital Video Braodcast Handheld, DVB “kyn Gomkapysuna,
noptatuB”) Oy 2004 ¥HuiaHWHT JexkaOpuaa TacauKJIaHTaH MOOWIb TEIeBUIACHHE
craggaptd. DVB-H crangaptu TenekoMMyHHMKAllMOH CTaHAapTiIap Oyiinua
EBpona Accouumanusicu (ETSI) TomoHnaan Mmoowib KaOyin KWIKII KypuilMaiapuaa
(ysniu TenedoHnap, aBTOMOOWIIbL EKM Toe3japAa VpHaTWITaH KaOysl KWJTUII
KypuiaManaapuaa) TEJIeBU3UOH MPOTrpaMMaIapHU HUIIOHWIM KaOyJl KWJIMINTa
VpHatuiarad tanabnapaup. DVB-H tuzumu moOun ajnoka Ba paguodMIUTTHPUIIL
TEXHOJIOTHUSIIApH KaMJlaHMacu Xucoosianaau. butra aboOHEHT CYpoBU YUyH MOOMII
TEJEeBUACHUE KOpUM KWIMHMIIM Tanad kKuiaumHca Oy UMTS  TexHosmorusicu
épraMua, arap Kyn COHJIM a0OHEHT Kalysl Kwirnd Kypuimaiapura mooun TB
SIIUTTUPUIIUINK ~ SKOPUM  KWJIMHHUII Kepak Oynran xomarinapaa oca [P
TEXHOJIOTUSICUTA aCOCHaHraH Kym Hykraau DVB-H tusumu xopuit KMIIMHAIW.
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4.10.pacM. Mo6wu anoka Ba DVB TeXHONOrUsIapu KOHBEPIeHIIHSICH

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

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

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

e MOOWIb  TEPMUHAUVIADHUHT  MaHOaalapu  SHEprus  KyBBaTu
3aXMpaJApUHUHT YerapallaHraHJINIH;

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

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

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

e apBan spatwirad DVB-T Ttapmoxiapu Ouinan TYIHK MOCIHK;

e MOOWIb KaOyn KWIMII TEpPMUHAUIApDH  HUMKOHHSTIApH  Oujad
MOCJIAIINIL, STbHU KaTTa OyiMaraH 5KpaH[Ja TACBUPHUHT CU(ATUHUHT IOKOPHU
napaxkaja OYIUIIMHU TabMUHJIAII Ba IIYHUHT YIYH KAYUKIAIITHPUITAH aHUKIUK
koomwmusatuaa (320x420 nukcens) DVB-T ra nHucbGaran 10-15 maprta Kynpox
TeJIEeNACTypJIap Y3aTUILHU TabMUHJIAII.

[yHunr yuyH ¥3 noroHacu 6yiinua DVB-H tusumu DVB-T ra makcuman
skuHanamrasaup. DVB-H kaOyn KuauimHuHr KoHuenTyan Ty3uiuimu 6.15-pacmaa
kentupuiarad. DVB-H kymmMmuara osraspHH 2K Ba 8Kk MoOmyssiuusuiald
pexumiapura siHa OWTTa anoxuaa 4K PEKUMHUHT KyIuwiranauruaup. by ¥3
HaBOaTuaa, OUTTAa coTa paguycuaa, KaObyn KWITM4Y KypWiIMacH FOKOPH Te3JIHKIa
XapakaTJIaHraH XoJIaTJa XaM MabJIyMOT ajJMalluiia KYIIUMYa SPKUHIMKHA
TabMUHJAUAUIaH PpEXKUM KyHmwiranwiuruad — owngupanu. Arap COFDM
MOAYJISUMSATIANIAA OPTOTOHAJI TAIyBUYMJIAPHUHT KaH4Ya KaM MUKJIOPH HIITHPOK
3TCa, KYIIHU TallyBUMJIAp OpacHJlard 4YacTOTa MHTEPBAJIM IIyHYa KarTa Oynaau Ba
an0arTa, TEPMUHAI XapakaT TE3JIUTH XaM IOKOpH Oynaau. Xapakar Te3JIUTMHHUHT
optulM yactotanapuu Jonmiep s3¢gdexktn Tydaian CUHKUILIMTa oJu0 Kelaau Ba
KaOyJl KWJIUII aHUKJIUTH Oy3minaau. bupok, OolIka TOMOHJaH TallyBUMjap KaHua
kam Oyica, xap 6up COFDM cumBONMMHM y3aTHIIl YUyH aKpaTWITaH BakT JaBpU
HIyHIra Kucka Oynaau Ba anbarra XMMOS MHTEpBAIM XaM LIyHYa KUCKAa Oynaau.
XUMOSI HHTEPBAJIMHUHI KHUCKApUUIM 3ca, KYyO Hypiaud KaOyl KWiIMILJarua
XaJIaKUTOApJOLUIMKHY Nacaiiuiura oauod Kejaaayd Ba COTa paJlyCUHUHT UILIOHYIIH
KUMMaTUHU KaMaWTupaaud. AcocaH CTalMoOHap KaOyJ KWUJIUINra MYyJDKaJlJaHraH
DVB-T Ttapmokmnapu ydyH, KamMpald OJIMII 30HACHUHMHI KUHMAaTH CE3WJIApIH
napaxana Myxum ommin OynubO xucobmanagu. DVB-H cranmaptu Tapmoxnapu
yU4yH IOKOpU TE€3JIMKAAa KaOyJl KWJIMII MMKOHUSATIApH KaTTa axaMmHsTra sra Ba
KaMpald OJIMII 30HAaCHM 53Ca TIOHEp KUPHUIIWJArM CHUTHAUIap KUMaTh OujiaH
yerapananaau. [IlyHuHr cabab mocnalrad BapuaHTHU TaHJIAIl MIMKOHUHU SIPATHIL
y4yH 4K MOIYyJALMSUIAI PEKUMU KUPUTWITaH Ba TpaHcisauusHu (axatr DVB-H
KaOyJ1 KWIrM4Wwiapy OpKaJId amMalira OLIMPHILI MyMKHH.

I
'
i

AR

Baxr Oyitnua
| xsanmiaw | | DVB-H
DVB-T cuean gx%l;:gn)'im‘IUp datagram | TEPMWHET
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Myngait kw6, DVB-H wmonynsmusmamiauar 3 pexxuMuga  HIIDIAIIH
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MYMKUH:

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

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

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

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

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

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

®JTaBOMUN KETMa-KeTJIIMKJIApPHU THUKJIAIl y4yH, KaOyl KWITHWIAPHU

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

[ynunar yuyn DVB-H pga xamma TOMOHHM KOHMKTUPAIWTaH €4YUM
tannanrad. DVB-T yuyH anua non3ap0 Oyiran Mogyiasuusiiai 8K pekuMu Y4yH,
DVB-Hpa 6urra cuMBON Joupacua OUTIApHU OpajaTHIN cakjald KOJIWHTaH. Xap
oup COFDM cumBoJI MabIyMOTIAPUHUHT KaM MUKJIOPUHHU OJMO yTajauraH 2K Ba
4k pexumiapuga dca, ommus cudatuga ymoy Makcaaiap YYyH aXpaTHiIraH
XOTUPAHUHT MYMKHH OYNraH Xaxmiapuja BaKTUHUYAIUK OpaJaTHIl UMKOHUSATU
kupuTHIaIu. 4k pexxumu yuyH opanatuil COFDMpa ukkuta cuMBOIIN YyKypIUK
ounad, 2k pexuMm yuyyH 3ca COFDM gna TypTTa CHUMBOJUIM YYKYpJIHMK OMIIaH
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amanra omupuiaad. bupok Oy pexumaa wunuiaranza DVB-T Ba DVB-H
TpaHCIAIMSUIApUHN Ouprainukaa y3atud Oynmaiinu. DVB-T na xymnanunaauran
WYKM Ba TalllKd KAHAJUIM KOJUIAIHUHT KOJTaH MEXaHW3MIIApU Xed KaHjai
y3rapunuiapcu3 DVB-Hra yTkasunran.

YYuHYH TYJAUPHIN 3Ca TPAHCHOPT curHanu3anusra terunuuaup (TPS-
Transmission Parameter Signalling), oyaura DVB-H ¢dopmaruna y3aTuiaguran
XU3MaTiaap OKUMHUIa MaBXyll HICHTU(DUKAIUATIOBYM (TEKIIMPYBYM) 2 Ta OUT
KYIIWIaau, IIyHUHCJOEK — amanra  owmmpwiaaurad [P pedrarpammanap
(MabIyMOTNIAp MaKkeTIapH) 6a3zacura KylumMua XUMOos KOAJIapu KUPUTUIIA TN,

Typrunumn tyagupum 5 Ml mojocanu myHnad mapt OWiaH WIUIATUII
MyYMKAHJIUTUHU,  SBHU  SIMUTTUPWIMAWIWATAH  AuamnazoHza  (odgamaHwuil
UMKOHUSATH ApaTiiranaa naiino 6ynaau. Y DVB-T na ¢oitnananunaguran 6,7 Ba
8 MIu mu mnomocamapra kymmuran. YHU AKllna L-muamazonu (1,670-
1,675TT)na, DVB-H TapMOKJIApUHHU aKJJIaHTUPHUIIA, KyJu1an
pexanamTuPUIMOK/IA.

OnekTp sHeprus capduHU TeXall y4yH MOOWIb TepMUHALIApJa BaKTJIH
3MWIAIITHPHUIN TPUHUMIM KYJJlaHWiIaau, OyHnaa doijganu MabilymMoT XKyJa
KMYHMK BaKT JaBOMHMJIa FOKOPH Te3/IHK OwmiaH (MacanaH, 10MOuT/c) y3atunaau Eku
KaOyJl KWJIMHAIU, SbHU KYTHII BaKTUIa HUCOATaH XKyJa KUYUK OPAIMK BaKTIa
y3atuinaan €ku Kabyn kuwimHagu. DVB-H rteneBunmenue xu3zmMaTuHUHT cudativ
TacBUpPJIApU YUYyH pakamyin axOopot y3atum Teznuru 250 Koéut/c OYnumm
etapauaup. Llyngai kunmb xaOynl KWJITMYHUHT WIO BaKTH Ba YUUPWIMII BAKTH
myHocabatu (10/0,25 = 40) Hu Tamkwi 3Tca, SHEPTUS TSKAMKOPIUTH TaXMUHAH
90% ra tenr Oymamgu. DVB-H TusumuHMHT 1oTyknapunaH OuWpU TeJIEBUIECHUE
SIIMTTUPUIUIAP YUYH KaM KyBBaTJIM y3aTruuwiapiad ¢oipananumaup. bynaa kenr
MaclITabau CUTHAUIApU KaOyl KWIHII YYyH caMmapajii edyuMm Oyiaud, oup
yacmomanu mapmox, Bapuantu xucoOnanamu (4.12- pacm). YmOy Tapmokna
OamaHj TasHY aHTEHHA Ba yTa KyBBaTJIM y3aTruujapaan doiimamanMaciaan Oup
HeYa KaM KyBBaTJM Y3aTTUWIAPHU KyIiab, OWTTa 4YacTtoTaja MIUIATHO, KarTa
TyMaHJapJa OJIIUTTAPUIUIAPHU KaMmpad oOJuIil MyMKUH. bup yacrortanu
TapMOKJIApHUHT Oapya y3aTruujgapu Oup Xuil curHaimapau y3araad Ba GPS
CYHBUU WYIIOLUIAP OPKAJIA OJIMHAJAWTAaH HUXOATAA AHUK BAaKT CHUTHAJLUIAPU
épllaMuia aHUK CUHXPOHM3AIUS KHJIMHA Y.

Perpancastopnap

TB smapxaz
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4.12-pacm. DVB-H 6up yacrotanu TapMoK BapHaHTH

Kampa® onuin 30HacMHM KEHTaMTHpUIl Ba Mypakkad IIapouTtiapiaa
(buHOJIap MUKW KHUCMJIapUJia, aBTOMOOMIIIapaa) KaOysa cudaTHHU OUIUPHUII YIYH
KYILIMMYa PETPAHCIATOPIIAp HMIUIATWINIIAPU MYMKHH. ByHai Typraru TapmMoK
0ab3ua IOKOPH 3UWIMKKA 3ra OUp 4acTOTaIM TapMOK Je0 XaM HOMJIaHAIH.

Arap DVB-H curHauap y4yH MyJbTUIUIEKCUPJIAHTAH TYJIUK OKUM
3axupanaHrad Oyica, TapMOKJIapHH peKalalliTUPHILAA Ky UMKOHUATIAP Maino
Oymuiura onub kenanu. bynnai TapMoK OMp Heva BUIOSITIIAPHUHT OUP YacTOTalIN
TapMOFHIaH ubopaT Oyica, ylnapHUHT Xap Oupuaa MIaxcuil yactoTa Oeiruiapu
KyJUIaHULUIApU MYMKHH.

Xap Oup BwioAT yuyH SFNHHMHT MakcuMall KOJJIAIlll TE3JUrd KUWMATH,
TAPMOKHMHT XMMOSI MHTEPBAIM Ba reorpaduk >xoinammunuiapra OOFJIHK, oAaTiaa
KaMpOB VHIa0 KUJIOMETpJapHU Talkui etagu. Arap SFNHu 6upop Oup Buiiostaa
KaOyJl KWJUIIM Mypakkad €Kku Jespiau MyMKuUH OVimaran skounapuna, GPS
épllaMula CUHXPOHM3AIMSUIaHTaH OuUp Heya KyIuMm4Ya y3aTrudiap KYJJTaHUIIHA
MyMKuH. [lynu kaiig stuimn kepakku, DVB-H Ttapmoxna y3atruu KyBBatiiapu Ba
aHTCHHAJAPHUHT OaJlaHJIUTU OJATHM paKamiid TEJIEAUTTUPUIIUIAPHUHT €p YCTH
DVB-T rtapmokiapura HucOatan kam Oynamu. Illy caba® moOuns TepMHHAI
KUpUIIUAQ CUTHAIHUHT HUcOAaTaH KaTTa KUMMaTUHU TabMUHJIANI y4YyH
CUHXPOHM3ALMSUTAHTaH aCOCUH y3aTTUYJIAPHUHT COHU Ky Oynuim kepak. bynmait
TapMOK FOKOPH 3UYJIMKKA 3Ta OMp 4YacToTalyd TapMOK Je0 HOMJIAHMIIM MYMKHH.
byHnaii TapMOKHMHT TaHHAapXxH, aHbaHaBuid DVB-T ep ycTu pakamiau TeJIeBU3HOH
SIIMTTHPUII ~ TapMOFM  HapXuJaH  KUMmar  Oynmaau, Oupoxk  Ourra
MYJIBTUIUIEKCUPJIAHTaH OKUMAA Takiaug OTUIAETraH XU3MaTiap COHHU Xam
taxMuHaH 10 6apobap kym Oynanu.

4.4. IPTV uMKOHHMSAT/IAPH BA TEXHOJIOTUSCH

SHrM  TeXHONOTHWsIap PUBOXKIAHWINA Ba TAaKOMWJUIANIWIIN OKUOaTuaa
aHbaHAaBUH TEJEBHICHUEIArM KEHI' TOJIocaau KaOemiap Ba CyHBUH WYJIIOILIN
TU3UMIIAp OWTTA TEIEKOMMYHHUKAIIMS TapMOFUra OWPIAIITUPWIINA. YHra mapTid
pasumiaa VDSL (Very-high-bit-rate Digital Subscriber Line, [ITU-T G.993]) Homu
Oepunau. Ymly TexHoyorus EpraMujia MaBXKyl HWHTEPHET TapMOFU YCTHUTA
nakeTim TB TU3UMUHU KypUIl UMKOHUATHHU TaKIUM STAU. SpaTwiran TU3UM
IPTV (Internet protocol television) ne6 HoMaHuO, 3 Typaard TEICKOMYHHUKAIUS
XU3MaTIapuHU (TenedoH, TeIEBUICHUE Ba UHTEPHET) TAKAUM KUJIUO KEIMOKAA.

IPTV tuszumupa xymnanunyBun MPEG-4 xomnam ¢popmarunuar MPEG-4
AVC TypuHUHT KYJUITAaHWIUIIKA pyXcaT ATWITAH 3HT MAacT TE3JUKIArd UHTEPHET
TapMOFU OPKaJIM XaM YyIIOy TeXHOJOTUsIaH (oHaamaHuIll UMKOHUSTUHU TaKIUM
sragu. bynnan tamkapu MPEG-1 aynno komnmam Ba MPEG-2 Buaeo kopsail
okumiiapu xam IP texnonorustmap €paamupa ysatuiamokna. [IPTV texnonorusicu
tpancnopT okumu Ethernet, WLAN, WiIMAX &ku ADSL Tapmoxmapu opkamu
Y3aTHIINIIA MyMKHH. -

¥ Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third



I1I. HA3APUI1 MATEPUAJIJIAP
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4.13.pacMm. IPTV Tamkun >THINII TAPMOFH.

TV services over xDSL based IP networks

DVBIP
ETS102034

proprietary proprietary

MPEG-2 TS

RTP

ISMA
Streaming”

Real Time Transport Protocol

UDP

User Datagram Protocol

IP

Ethernet/ xDSL / ...

4.14.pacm. IPTV nportokomnapu.

Xozupru kyHaa [PTV sxopuit KUIUITHUHT ssHAa OUp HOCTaHJAPT yCyJulapJaH

Oupu Oy ayamo Ba BHUACO OKMMIIAPHU OUTTH

MPEG-2-tpancniopt oxumura

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

kypcatma DVB-IP crangaptununr ETS 102034 Oynumu
ommpunam.

acoCyaga amalira

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

1. EpauHr cywsuil Hyngomm SKBaTOpAaH VypTadya KaHaak OajaHIMKKa
KOWIamTupuiag ?

2. DVB-S cranggaptu KaHjaid opajluKaard 4aToTa JWana3oHH]Ia HIIUIAIIHU
Ky31a TyTaau ?

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

4. QPSK mMopynsiuscu OuTTa CHMBOJIJIa HEYYW OMT MabJIyMOT y3aTa OJIajin?

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

6. DVB-S crannapTu Kaiicu quana3osja uimaiam?

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

8. DVB-Suunr onrtuk-tonanu Tuzumiaapuaa QAM MoayasiUsCHHUHT Kakcu
TypH KYJUTaHWIIa 1 ?

9. 64 QAM 0Oup cexyHasla HeYTa OUT MabIyMOT CUTHAJUIAPUHM KailTa WIILIai
oJjlaau’?

10.DVB-C wmonynstopu cTpykrypa cxemacujgara Pua-ConoMon Os0ku
Bazudacu Huma?

11.DVB-H TexHoi0rHsIcH Ka4yoH >KOpUM KUIUHTaH?

12.DVB-H tu3umu KaHgai TH3UMIIap KOHBEPTCHIMSICH XUCOOIaHan?

13.Mobunp TeneBUACHNE TU3UMUHU SpaTUIa KaOyd KWIMIIHUHT MOOHIIb
TepMUHAJUIApUra Kyiuiaaurad Tajadnap HuManapaad noopar?

14VDSL — Oy kanmaii texHomorusi Ba yHMHT DVB-H tmsumuparu ypHH
Kagaan’?

15.IPTV TexHOJOTHSCH TPaHCIOPT OKUMH KaHJal TapMoKjiap OpKaau
y3aTWINIIA MYMKHH?

16.V36exucton Pecny6nukacu IPTV — Xu3MaTnapuHH —KOpHil  KHJIYBYH
KOpXOHAJapHU CaHal YTHHT.

17 Kemaxxakma DVB-T, DVB-S, DVB-C, DVB-H Ba [PTV
TE€XHOJIOTUsIIapUIaH Kaiicu oupu OM3HUHT  pECIyOJIMKaMu3/Ia
PUBOXIIAHMIIIM Ba HWCTUKOONM KUXATIAH IOKOPH YpPHUHra KYyTapWIIUII
6opacupa maxcuit GUKPUHTTU3IHU OWIITUPUHT.

DoiaJaHWITAH aa0uéTaap

1.Digital Video and Audio Broadcasting Technology A Practical
Engineering Guide Third Edition, by Walter Fischer, printed at Springer
Heidelberg Dordrecht Germeny 2010. Chapter-14,16,22,29.

2.Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework
Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA 2008.

Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 570.
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5- maB3y: DVB-T2 sauru aBjoj teaeBuaenuecu. ATSC Ba ISDB
CTAHAAPTIAPHUIA CUTHAJUIAPHUHT NAaKeT TY3WIHIIH, YIApPHA
IAKUIAHTUPHUILI, KANTA MILIAII BA y3aTHII XYCYCUATIAPU. Y4 YI4aMJIu
TeJIeBUACHHE.

Pexa:
5.1. Epyctu DVB-T2 teneBuaeHue cTaHIapTHy.
5.2. Awmepukanunr ATSC Ba Anonusuunr ISDB ep yctu TeneBunenue
CTaHJapTIapH.
5.3. 3 ynuamiu TeneBUICHHE acOCIapH Ba TEXHOJIOTHUSICH.

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

5.1. Ep yctu DVB-T2 TesieBuieHHe CTAaHAAPTH.

2003 innra kenu6 DVB-S HuHT siHrY aBioagaru TeJIeBUACHUECH SIPATHIIJIH.
DVB-S2 ra kyiuiran tanad mryHaaH uOopatr OYIAMKYA Y FOKOPH aHUKJIMKIArd
TeJIeBUJICHUE KOHTCHTUHM KalTH MIIJIAII Ba 3upra y3ara OJull KOOWIHUSITUTa 3ra
Oymum 31u. ByHgan Tamkapy MabilymMOTiap Xa)KMUHU OLITAHIIMTA Ba SIHTH M0
Oynran Kypuimanaapd WMKOHMSTIAPUHUHT FOKOPWIMTM XaM YHIOY KOHLEMLHS
ApaTHINIIATA TYpTKH Oynmmm. Wymmommu DVB-S2 crammapTé  aBBanTHCHTa
HUCOaTaH KAHAJIHUHT  YTKa3uml  KoOwimuatTMHUHT 30% raya OpTULIMHU
tabMuHIaiAu. [IIyHUHT ydyH XaM IOKOpH aHMKJIMKIArW TEIEBUACHUEHHU Y3aTHIII
yuyH DVB-S2 crangaptunan ¢oiigananuim makcaara myBoguk. M pexumiapu
oyiinua DVB-S2 tuzumu ep yctu DVB-T Tuszumu Ounan y3Buii OOFJIUK JIMTUHU
xucobra onran xojga DVB-T2 TU3UMUHUHT SIpaTUIUIIN XaM MYXUM YpUH
TyTamgu’.

HDTV Hu ep yctH SIMMUTTUPUIN TH3UMIIAPUTa TaTOMK KUJUIIAA YJIApHUHT
HUCOATaH KEHIJIMTU KUYMK KaHAJJIapu siHajJa TEe3pOK OaHl STWUIaJd Ba IIYHUHT
VUYH XaM HOKOPHU AHUKJIUKAArW TEJEBUIACHUE JIIUTTUPHUIILIAPU YUYH SIHTHM KEHT
MOJIOCAJIA Ba caMapajiv CTaHAAPTHU SpaTUIITa 3XTHEXK K03ara KeiaraH.

2006 i#un ¢Qepanp oitmpa DVB  koHcopuumymu gouwpacuia TaIKUKOT
kymutacu(Study  Mission) TamKkwiI KWIMHAM Ba KyMHTa XHJIMa  XHII
TEXHOJIOTUSUIAPHU YpraHuil OuiaH WyFWUIaHau. puM Huiad CYHT KYMUTaHUHT
uiml  ¢daonusaTh skyHura etau Ba DVB-T2 cranmaptuHu wunoiad YMKUIIra
kupuimiiay Ba 2008 Hiun HOsOps oliuaa yiioy cTaHAapT TaCAUKIAHIA XaM/Ia YHra
Kyinaaru tajnadiaap KyHuiau:

- DVB-T2 cranmaptujgaru TpaHCISLMS MaBXKyJ XOHAaKU Ba Yy aHTEHHalapura
KaOyJl KUJMHUIIN JIO3UM Ba SHTU THU3UMTa YTHUII 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 dyactotanmu Tu3uMHHHT (SFN) wHuurammHu
AXIIUJIAIIN KEpaK.

- DVB-T2 cranaaptu siroHa pajuoKaHalJIa TYPJIH XaJaKUTOApIONUIMK OuiiaH
y3aTWIaguran Oup HeuyTa aJoxXyJa XHU3MATJIApHUHT KYpPCATHIUIITNHU
Kyutamuy jo3uM. Macanan, 8 MI'1 keHINIMKAarn KaHajijga y3aTHIa€TraH
XU3MaTIapHUHT  Oab3uiapu  gakaT ToMJaa YpHATWITaH  WyHaJIraH
aHTeHHajapra, Oab3Wiapyd 3Ca XOHAKM aHTEeHHajapra KaOyl KWJIMHHUIIA
KEpak.

- DVB-T2 crangaptu 4yacToTajapiaH Ba 4acToTa mmoJyiocacuiaH (oiimamaHui
caMapaJIOpJIUILTH OIIUPHIIH JIO3UM.

DVB owunacura kupyBYM CTaHJIapTIApHU spaTUIIa acocuil Tanao,
yJIApHUHT O6apyacu y3apo MyTaHOCHO OYIUITMHU TabMUHIamup. Macanan, DVB-
T2 Ba DVB-S2 cranpaptnapuna curHaiHu Oup dopmariaH UKKUHYU dopmarra
y3rapthpuiiga  WIoXKH ~ Oopuya  copjanamrad  OYVJIMIIMHA — TabMUHJIAII
Kepak./leMak, SIHTM CTaHIapTIApHHU SpaTHUIIa WIOKH OOpuYa aBBAITH MaBXY/
MexaHu3Mmiapaan (oigananun Makcaara MyBoguk. by tamaGuu Oaxkapuin ydyH
DVB-S2 cranagaptuiaru UKKUTa aCOCUN TEXHOJIOTUSIIAp cakjad KOJuHTaH.Ynap:

1. TpaHcmopT OKMMIIADUHUHT TH3UMJIM apXUTEKTypacd Ba JacTiad
MabIyMOTIApHM TacT dYacroramu Bast Band (BB) makernapra
XKoMmamTupuil (KeMuHru naparpadaa Kypuod YuKuiagm).

2. TMact 3uwimkHE Ky(TiawKkka TeKmupuiiau TabMmuHiIoBYn (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 YTKa3yBUAHIIUTUHU SHTMYa KOUIAll YCYJUIapU, XUMOS
WHTEpPBAILIApU YIIYaMHHU Y3rapTUPHIL, TasHY CUTHAIAPUHUHT PEKUMIIAPUHU
y3rapTUpuil  XUCOOWTA,KOMJIAl  TMapaMeTpJIapuHu  MyKaMMaJUIallITUPHUIITa
KapaTwirasigpiap.

byHra spummm yuyyH xanakuriaapra Kapmu kogjamHuHr (FEC) suarm
cxemanapu Ba Base Band (BB) kanp makernapnan ¢origamanuirad. 5.1-pacmua
KYpCaTWITaHUJEK y3aTWIYyBUM MabiaymoTiap BB makernapra sxounamrupuiiaam.
Cyurpa xymnu DVB-S2 kabu LDPS FEC wnazopar Outnapu Epmamuaa
¢nunanu.flna LDPS pexoanamranjiaH KeMMHIM XaTOJWKIAPHU TY3aTUII YYyH
Mabiymotiiap boys3-Hoynxopu-XOoKBHHIEM KUCKa KOIJapu €paaMuaa KylInm4ya
paBuLIAa XUMOSITIaHAAUIIAP.
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5.1-pacm. [lact yacToranu kagpHUHT cTpyKTypacu (BB kaap)

Kanpuunr, xamakurOapaomn Kojuiaml MabIyMOTIapw OWiiaH, TYJIHK
napomuinurn 64800 OutHm Tamkwin Kuinaau. by kaap DVB-T2 cranpapTtuna
0azaBuii Onok xucoOmanamu. bynna T2 cramgapTuaa XuMosJaml KOIJIAPUHHUT
HazopaT OWTiIapuHUHT kyiaamu 15-50% muxaopuga y3rapuilii MyMKUH. BHpPOK,
cTaHgapT ToMoHHaaH 16200 Out OynraH aHya KHCKAa Kaap XaM KYJUTaHUIUIIH
HazapJa TyTWIraH. by Kaap macT Te3NMKAard Xu3MaTiapHU KaOyn KWIWIIAard
KEUMKHUIIIHA KAMaUTUPHUI YUYH KYJUTAHWINAIIA MYMKHUH.

BB Omok wumpma y3aTwiagurad  MabiymoTiap oxatdaa, MPEG-2
dbopmaruiaru makeriiap OKMUMHU KeTMa-KeTJIMTH XucoOsiaHaauiap. AWHHM BakKT/a,
BB-kagp Maiimonn curHanmzanus —capiaBxach  GSE  (Generic  Stream
Encapsulation —ymymuii okum wuHKamymsmuscu)sara - DVB-nporokon  IP-
MaKeTIapy >KOUAIIUIITN OMIaH MOC TYIIAIH.

LDPC acocupgarm XajakuTmaH XHUMOSUIAHTAQHJIMK  WINMWHWHT  TECT
HaTwkanapu, Pun -ColoMOH Kojjiapy Ba WHFYBUM KOJJIAITHU Oupra Kysuiail
acocugaru DVB-T xanakutOapmom kojjiamra HucOaTaH XaJaKUTJIapJaH
XUMOSJTAHTAHJIMKHU  ce3wiapid omranuau  kypcatau. Auru FEC  xucoOwura
CUTHAJI/INOBKUH HUCOATH OYiiMua IOTYK, Ha30paT CHUMBOJUIAPHUHT OWp XU
KUCMJIapU YYYH, OJIMI xaTojlap KuiimMaTtuaa, 3 abrada Oyauimm MyMKUH. YOy
SAXIIIAHNIT KaHall YTKa3yBUaHIMK KoOwmmsTuHU 30% ra ommpuil UMKOHUHU
oepanu.

T2 vy nnwiad yukumga oup €Ku Ky TalulyBUMIA MOIYJISIUSIIADHUHT OUp
HeYa BapuaHTIapu TakkociaHraH. Hatwkana xumosi untepBanura (XW) ra sra
OFDM BapuanTu tannanrad, y DVB-T na unutarunaran, OyHna xap Oup CuMBOI
Oup Bakrtna (asza Ba amruMTyna Oyiimya MoOAYJSUMSUIAHAAUTAH OPTOTOHAT
TallyBUMJIADHUHT KaTTa COHM OwyaH y3atwiaad. DVB-Tna, xycycan, ukkura
pexum - 2K Ba 8K nap ky3aa tyrtunrad. by pakamiiap CUTHaNMHM Kyn TallyBYUiIap
OWjlaH MaK/UTAHTUPHIN ydyH Kyutanunaauradn FFT (Dypee Te3 y3raprupuiim)
ymuamuau udoaa sTaau. MabayMOTJIapHHA Yy3aTHUII YYyH KYJUIAaHWJIAJAUTaH
TallyBYMJIAPHUHT MaBXKyJ aMaauETaaru COHu Oup myH4a kaM. CUTHaIIapHu KT
TapKamuIl  OKUOaTUiaru  Oy3wiIHILIapAaH(XaTOMWKIApAaH) Ccakjialml  y4yH
(Oepuiran CUMBOJIHM y3aTHINTa XU3MAT KWIATUTaH Xap Oup TanryBuu ydyH) T2
TU3UMIA Xap OUp CUMBOJI SKYHHJIa XUMOS MHTEpBaIHAaH (porganaHmiagm xamaa
y 5.2-pacMjia KeITUPHUIITaH.
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5.2-pacM. XUMOsI HTHTEpBaJUIapuIad GoiiaaIaHuII

XUMOSI UHTEPBAJIMHUHT JABOMUNINIU 3(QUpP TPaKTU Y3YHJIUTU Ba y3aTHUII
TapMOFMHMHI OOIIKAa MapaMeTpjapujaH Keaud 4ukuO TaHyiaHaiu. JlaBOMUIIPOK
XMMOSI MHTEpBAJUIApU OUp YacTOTAIU TapMOKIapAa Tajgad KUJIMHAAW, YyHKH OyH1a
KYIIHM y3aTrHyfard CUTHaUIap Kalyn KWJrhyra acocwili curHajira HucOaTaH
Ce3WIapiaM KEUMKHO KEeJIWIIM MYMKHH. XHMOS HMHTEpPBAIM Vy3uja aloka
KAHAJIMHUHT  YTKa3yBYaHJIMK KOOWIMATHHM TMAacaluIura TabCUp KWIYBYU
yCTKypMaHu HaMo€H kunaau. DVB-T npa ymOy ycTkypma y3aTunaérraHn
MabJIyMOTJIAP XAKMUHHUHT 25% HHU drajulalldi MyMKWH. XHAMOsSI MHTEPBAJIUHUHT,
YMyMUHA MabIyMOTJIAp KHCMUJArM X@KMHHM OLIMPMACHaH KyMAWTHUPHILI
MMKOHUTa SpUIIMII yuyH, T21a nkkurta sHru pexumiap 16K Ba 32K kuputriran
Ba Oy X0JIaT OPTOrOHaJ TAllyBYWJIAPHUHI COHMHU MOC PaBUIIA OLIMPHIMIINIa
o0 KeJMHraH. 5.3-pacMjia TallyBUMJIAp COHU KYI OViIraH pexumra YTUIl
Kypcatwiarad. Ymly XoyiaTga XHUMOSI HHTEPBAJMHUHI a0COJIOT YiIyamiiapu
cakaHUO KOJIMHIaH, OMPOK YHUHI YMYMHUH XaXMAaru KUCMHU KUCKAPTaH.

Gl | 8K cumson 25% &iumamya

Gl 32K cumpon ~6% Kiunmya

5.3-pacm. Ky connu tamryB4miiap pexKUMHUra YTUIIHUHT KYPCATHIIUIIH.

PLP (Physical Layer Pipe) tepmuau wunk 6op DVB-T2 tusummaa
kyutanuwirad. PLP Basudacu mynman ubopar OYIraHKU-TH3UM MOIYJSATOPHUTa
Kyl KUPHUIUIM MabIyMOTJIap OKMUMHHHM TYpJHM Japajard Te3jaukiaap OuiaH
OCpUIUIIMHYA TabMHUHJIALAAH HOOPT Oynran. by Bazudanu MabirymoTiaap OKUMUTa
MOCJIAIIMII OJIOKH amalira olupagn. MabiiymoTiap OKUMUTa MOCJIAIIUII OJIOKKA
KyHUJary xapa€H amaira OlupuiIaam:

e JluHaMUK MabJlyMOTJIApHU OKUMUHU peKaJallTHPUILL
e Kajap KeUYNKTUPUIIHIINA
e Nuku MabilyMOTIIap OKUMUHHU XOCUJ KUJIMILL

bynnan tamkapu DVB-T2 tusumu SFN Oup yacToTaiv THU3UMHU XOCHII
KWIMII BasudacuHu XaMm ¥3 wuuura onaad. PLP  TU3UMUHUHT >KOpuit
KWIMHUIIUTraya ymoy Macaja €4MMHU KaTTa KUHMHYWIMKIAPHA XOCHJI KHJITaH.
YyHKM MOAYJISATOp KUpHIIMra Oapya cUrHajuiap Oup XWi BakT Oupiauruia
CUHXPOHJIA0 KUPUTUITUII JIO3UM.
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5.4.pacm. T2-MI maket cTpykTypacwu.
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5.5.pacm. DVB-T2 Ttuzumu mabiiymoTiap OKUMUTa MOCTAIIMII OJIOKH

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

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

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

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

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

aMITyna Oyiimda wmomynsmusutanaaunap.Onuid  MOIyNSIUsIan  CTaHIapTH
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DVB-T, 64 QAMpa, Outra cumMBOn Owran Owupjanura 6 OuTHH (OuWTTa
TalTyBUMHUHT MOAYJISIIMSAJIAHTaH 3JIEMEHTH OWJIaH) y3aTUIl UMKOHUHU Oepajiu.

T2na onmii Mmoayasiuus 256 QAMraua kyrapuiaran, y OUTTa CHMBOJI
Owran 8 Ta OWUT y3aTUIl MMKOHMHH Oepaau. Ym0y MOIYJIAIUS IIOBKUH
TOMOHMJIAH SIpaTWJITaH XaToJMKJapra TabCHUpYaH »JSKaHUTa Kapamail, TecT
HaTtwxkanapu 1wyHu 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 KUCMJIAPHUHT KECKUH MMacaTHPHUII
MMKOHUTA ara. 5.6-pacma KYpCaTWITaHUJIEK, yioy X0JI1atT
tamryBumiapHuar,8MI'n  nmonocaga,DVB-T curHauiapuHu CTaHIapT CIEKTpai
Mackara SKUH SKOMIAINITHpPHUINTra HWMKOH spaTaad. Ymly KeHrauThpuiral
noJsiocanap siHa 2%rada KylnMMya MabIyMOTJIAPHU y3aTUII UMKOHUHU Oepajiu.

XUmoA uHTepsanu — 1/8

o 10 . ;
= CTaHQapT macka
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Yacrora (Mly) (mapka3unii yactotara HucbaraH)

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

OFDM Tu3umiiapyuia TAKCMMJIAHTAH TasAHY-CUTHAJLUIAP MUUIATUIIAIAIIAP.
VYnap MabilyM BakT Ba TallyBuujap OYyilmya TaKCUMJIAHTAH MOJYJISIUSIIAHTaH
anemMeHTiap cudartuga Hamo€H Oynmanunap. KaOyn kuiarudra TasHY-CUTHALIAp
MOJYJIAIMUS TTapaMeTpiapy MabliyM Ba KaOysd KWJITWY YJIApHU KaHal XOJaTHHU
0axonamra unuiatuim MyMkuH. DVB-Tna xap ¥H MKKMHYM MOYJSIUsIaHTaH
AIIEMEHT TasiHY-CUTHa Oynu0 XucoOnaHaau, SbHU  YJIAPHUHT  YMyMHH
MabBIYMOTIAp XKMUJATH KUCMH 8%HW TAallKWI KWJIaau. YOy MPOMOPIHs
XUMOSI MHTEPBAJUIAPUHUHT Xap KaHJal BapUaHTHAA HIIUIATAJIAIUraH Ba XUMOS
uHTepBaUIapu 1/4 OYnraH CUTHAJUIAPHU TEKHCIIAlll MMKOHWHU OepajauraH, TasH4-
CUTHAJUIAPHHU KOWJIAIITUPHUII MYMKHH OYJIWINM Kepak. BHUPOK KHYUK XUMOS
uHTepBaUIapu yuyH 8% MUKAOpJAaH KaM TasHY-CUTHAUIAPHU  KYIIIHIII
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optukyanukka onu6 kenaau. Llyaunr yayn T2na ynapHH SKOMITAIITUPUITHUHT 8
TYpJId XWJI BapUAHTU MaBXKYyJA. XHUMOS MHTEPBAJIUHUT HUCOUM JaBOMMMJIUTUHUHT
xap OWp BapuaHTHUTa TasHY-CUTHAJUIAp JKONUJIAITYBUHUHT OMp HEYa BapHaHTU MOC
KeJIaJIi Ba yJiap KaHAJHUHT KOPUH XOJIaTHUJIaH KeIuO YMKUO TUHAMUK TaHJaHaJIH,
Oy 5ca yJapHUHT COHMHW MYyKaMMaJUIAIITHPHUII MUMKOHUHM Oepaau. 5.7-pacMmjia
TassH4Y-CUTHAJIJIAP YKOMIAITYBUHUHT MYMKHUH OYJIraH MKKW BapHaHTHU KYpCaTHIITaH.
TassHU-CUTHAJUIAPHUHT  3UYPOK  OJKOMJAITYBHM  KaOyl  KWITMY  KHPHUIIKJA
CUTHAJI/IMOBKMH HHUCOATHHW Tanad »OTWIraH KUAMATHHU [MacalTHpHUINTa Ba
CUHXPOHU3ANMSIHY SIXIITUJIANIIA UITUTATUIUITN MyMKAH. OXHpru XoJjaTAaa TasH4-
CUTHAJIJIAp MCEeBA0TACOAU(HUI KeTMA-KETIIMK OUIaH MOIYJISITUsIIaHaAMIIAP.
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5.7-pacm. TassHU-CUTHAILTIAD >KOIIAIIYBUHUHT BapUaHTJIApU Ba yJIAPHUHT
YMYMHI CUTHAJIZIATH YIIyIUIapy

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

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

TaLlys4u-
nap

Cumasonnap

5.8-pacm. T21a kaapaap CTpyKTypacu
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5.9-pacm. DVB-T2 curnanuzanusicu P1 cuMBOJMHUHT coiiaaiTHPUITaH
KYpHUHUIIN

ChoexkTpHrM CKaHepiaWIWraH KUOUpUII pexumuparn 12-  pecusep
TOMOHMJAH, Y3aTUIIHW AHUKJIAHUIIMHUHT Ba COJAJA, MIIOHWIM MEXAHU3MUHH,
S’bHU PECUBEpP OWJIAH YaCTOTaHU TE3KOp Ba 6 OUTIIM CUTHAIM3ALMSICUHU YIILJIAITHU
TapMuHIaau (Macanan: T2 kagpaa FFT ynuamunu aHukiam yuyH).

T2 xanpuunr crangapt gaomuituru —200 mMc atpoduaa, Kaap Ty3UITUIIHA
XaKugaru axOOpOTHU Y3aTWIMINK Tajlad KWIyBYM YCTKypMa dca Koujaa Oyihnua
1%1an KaMpOKHM dTraJlIaiiiu.

T2 ka”Hamum KoAJAll THU3MMHAA OPAJATHMIIHUHI YYTa KaCKaIH
unuiatunagu. by oaca  Oy3uiran SJeMEHTIApHUHT TAaKEeTJIM  XaTOJIMKIIAPH,
nexkonepna acopanatumgan kevmH,LDPC FEC-xanp Oyitnad TapKaTHIMIIUHUA
nespnu  kadonarnaiau Ba skyHna LDPC kogepra MabaymMoOTiIapHH THKJIAII
WMKOHUHU Oepaiu.

Ymby kackamyiapHu KenTupuo yTamus:
1. butnu opanatruy: 6utnapau FEC-6moku qonpacuaa paHIoMU3aMsUTal I,
2. Baktmu opamarrud: T2 kaap nmoupacuma FEC-610x  MabmymoTiapu
CUMBOJUIAPUHU KaiiTa TaKCUMJIAu. by CUTHAJIHM MMIyJbC IIOBKUHTA Ba
y3aTHII TPAKTH XapaKTEPHUCTUKAJAPUHUHT Y3rapHIura 4dIaMIAKIUTHHA
OIIUPAIH.
3. YactoTtanu opanarrud. y CeJIeKTUB ‘“dactora KOoTuil’ dddexTuHu
cycaiitupuin Makcaguaa mabiymoTiaapau OFDM-cumBonm gompacuma
PaHIOMU3ANMSIIAN TN,

[ynunraek, T2 aa xanakUTOAPAOUUIMKHUA OLIMPHUII YYYH, MOIYJISIIUOH
I0Jily34a TYpKYMHH O€JITHJIAHTaH aillaHa Oypuakka OypHIll SIHTM TEXHHKACH
KyJanunarad. byngai Oypuii, sdupnaru ogaTuii MyaMmoJiap MaBxXyJ XoJjaTia,
CUTHAJI YMJIAMJIMKIMTUHU Ce3WJiapiid OLIMPUIIM MYMKHH. JluarpaMMaHu aHuK
Oenruianrad Oypyakra OypuIl Xucooura roJjiy3ya TYpKYMUHHUHT Xap Oup HyKTacH
OollIKa HyKTaJlap TOMOHHUJIAH TaKpOPJIAaHMAMINUTaH y3ura Xxoc koopauHaracura (Ul
Ba u2) sra 6ymaaunap (5.10-pacm).
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5.10-pacm. QAM161a MOAYISILIMOH I0JAy34Yaiap TYPKyMIAPUHUHT OYypUITUIIN

Hykranunr xap Oup KOOpAMHATacura MOAYJSATOPAA aJlOXHIa HILJIOB
Oepunaau Ba ynap Oorrka CUMBOIHHUHT U2 Ba ul Ounan apanamtupunud, OFDM-
curHanga Oup-Oupura 60FiIMK OYiMmaran xonjaa yzaTwiaauiap (sspHH, u2 Ba ulnap
typiiu OFDM-tamyBunnapna Ba xunma xuinl OFDM-cuMBoiiapia y3aTHIIHILH
MYMKHH).

Kabyn xunrmuma u2 Ba ul Owuprnamrupuiaawiap Ba aiiaHa OYiinad
Oypwiran nactiaOku 10Jay34a TypKyMu makivtantupunaa. [lynnait kuiaub, arap
OuTTa TalryBYM €K CHUMBOJI MHTep(EpeHIrus HaTHXacuaa Mykoiud KoJica, yHAa
OolllKa KOOpAMHATa XakKuaaru axOopoT cakjaHuO KoJsiaad, Oy 3ca CHMBOJIHU
TUKJIall UMKOHMHHM Oepajy, rapyd CUTHAJI/IIOBKUH HUCOATH KUYMK OyJica Xam.
CummeTtpuk (Oypuiamaras) 10iay34a TYPKyYMUJaH TaKCUMJIaHTaH u2 Ba ul jmapaan
(doiifalaHUIIHUHT MabHOCH WYK, YyHKH CUMBOJ (paKaTrMHa MKKUTA KOOpAMHATa
OMpUKMAcH acocuJa TAaHWIMIIN MyMKHH. YJIapHUHT Xap OUpH ajoxuja sru3arura
sra Oynmaau Ba yJapHUHT OuUpUKMacuruHa Yy3ura xoc Oymamu. Tect
MOJCIJIAIITUPUIIT HATIKaNapy ymly TeXHUKagaH QoiiaiaHraniarda CHrHaml
/IMOBKUH HUCOATH OYiinya 0TyK Sabravya eTuim MyMKUHIUTHHU TacAUKIaraH.

T2 cranmaptu Anamoyt Koauaad ¢oipaliaHuil XucoOura HKKUTA
y3aTruy4jlaH KaOyJHU amajira OIIMPUIl WMKOHUSTHUHHM TabMHUHIAWIu. PecuBep
OupJaHura WKKUTAa Y3aTTUYHUHT CHUTHAIWMHU “‘KaOysn Kuiica”, macaliaH, Oup
yacTOTajdu TapMOKJa MyHamMaraH aHT€HHAJlaH KaOyll KWJIWII XucoOWra, yHIaH
doiganaHuI TUBUMHUHT WITUHU CE3WJIAPJIM SIXITUIAIIA MyMKUH. YIIOY KOJJIaIn
TasH4Y -CUTHaJN (OpMATH IIAKIMHM Y3rapTUpHIIl OWjiaH Oupra amaira OUMpuiIca,
UKKUTAa Xap Xuil »¢upAaH Kela€TraH KaHa/ulap CUTHAJUIAPUHU XaJaKUTCHU3
@XpaTUII Ba aJOXUAa JEKOAJall UMKOHUHU Oepamu. XycycaH, arap aHTEHHara
dakar Owurra KaHaiara pyxcar ©Oop Oyica, KOIHM KYyWuIn KaOyiaHU
émonnamtupmaiian. Jlactnabku xucoOmammap ymoOy TEXHHKA KHYUK Oup
4acTOTaIM TapMOKJIapHU KaMmpal omuin coxacuHu 30% KeHTrauTupuil UMKOHUHU
OepuUIITUHU KYpCaT/Iu.

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

T2 T2 T2 T2

5.11-pacm. T2 kaapnap apo FEF MaiiionnapuHUHT KUPUTHIAIINA

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

Ilynunraek, T21a yacToTra-BaKkT CerMeHTAlMs KYy31a TYyTHJITraH 0yauo,
ynap kenrycunaa cinotiapra (TFS — Time Frequency Slicing — gacrota kecwuii
BAaKTH) 4YacTOTa-BakT Oyiimya Oymum yuyH 3apyp. lapum acocuii KaOyJ
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KWIMIIHUHT Xycycusitd TFS gan ¢doiimananmail KymumamHu Hazapia TyTcana,
CUTHANIM3AIMsUIapra KUPUTWITaH Oelrwiap, yhlap HKKUTa TIOHEp Ouilad
KUXO3JIaHraH Oynrycu pecuBepiapHuHr TFS-curnamiapy OwiaH —udnuiami
UMKOHUHM Oepanau. bynpail curHan Oup Heya pajuo YacTOTa KaHAJIApHU
rajuiaiiii Ba Xap Oup XU3MaTHUHT Typiid (parMeHTIapu yMyMUH XOJaa Typiu
yacToTajap/a y3aTwiaauiap. PecuBep kaHanan kaHaiara cakpad ytul, cosnanuo,
KaOyJl KWJIMHAETTaH XWU3MaTra TEruIUId MabyMOTJap (parMeHTIapUHU WHUFUO
ojlagu. by OuTTa pasno 4yacToTa KaHaJIUra y4yH pyxcar 3THIraHAaH Kypa KEeHIPOK
MaKeTIapHU MIAKJUIAHTUPUII UMKOHUHU Oepanu, Oy 3ca ¥3 HaBOaTHaa KaHasiap
YaCTOTAJIAPUHU  PEXKAJAIITUPUILJIATH  MOCJTAIIYBYAHIMIMHM  Ba  CTaTHK
MYJIBTUILIEKCUPJIAII XUCOOUTa KaHAJIJIap COHMHU IOTHUII UMKOHUHU SIPaTaIu.

bynna T2 TH3MMHHHHI YTKa3yBYAHJIUK KOOMJIMATH NapameTpIIapHUHT
Oenrunanrad OyTyH KeTMa- KeTJIMTUHU TaHjall OuiaH aHukKjIaHagau. by makcaana
KYIITMHA OmNIMsIap KYypuO 4YHKWITaH Ba aHUK KOHUrypamus OujiaH KaOys
KUTUYWIap Maxcyc CUrHaimu3anus épaamuaa xabapaop kuiauHaau. [lapamerpnapuau
TaHJalll TU3UM HIIM MyKaMMaJUTAIITUPUIIHU Ky3[a TyTalW, MacaiaH, KaHallJlaH
KaHaJira VTUII BakTH OwWjaH Xu3MaT axOOpPOTHMHUHI KUCMHMHHMHT — ¥3apo
MYTOHOCHONMIY  €KU  YTKAa3yBUAHJIUK KOOWIMATH OuWjaH  XajakurTiapra
YUAAMIIUIMK Opacuard MOCJIAIIYBHU KAIAPHULL.

[axkmaHTUPYBUM KYpCATTUWIAPHUHT KV OYIUIIN OOIIKa TU3UMIIAp OuiaH
COJIMIITUPUILIHA ~ MypakkaOmamtupaau. Macamad, T2uu DVB-T  Ounan
COJIMIITUPCAK, OMPUHYM HAaBOATIA CTAHAAPT KaHAIAArd XyJOU IYHAAN CUTHAIHU
TabMUHJIOBUM, Oupok T2 n1a Mypakkad 1mapouTna KaOyJHUHI  KarTa
XaIAKUTOAPIONUIMTMHY Ha3apAa TYyTAaJWraH MapaMmerpiap OJIMHHUIIA MYMKHUH.
bynnait Bapuant DVB-Tra nHucOaran T2 KaHAIMHUHT IOKOPU YTKa3yBYaHIIUK
KOOMJIMATUIa MOC Kellaau. BUpOK HOpMall KaHall y4yH KypcaTKA4JIapH MacTPOK
BapUMAHTHU XaM TaHJIAll MYMKHH, aMMO XYyJJId aBBaJTHIEK KaOysn KWW
Mypakka0 IIapoWTIapuaard KaHaulap Y4YyH IOKOpUJapH TaHJaHaau. byHmaii
IapOMT/Ia KaOyJT KWIJTHII KOOMIIMATH STHA XaM OIaIu.

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

Kansangan kypunu6d typudauku, DVB-T unrnuzua Bapuantura HucOaTa
KyTWIa€TraH VTKa3yBUYAHIMK KOOWIMATUHHUHT YcWImM 1,5 MapTaHu TaIIKuil
Kwiaau. by Hazapuii 0axoJalIHUHT HaTWXKalapu, aMMO MaBxXKyJ afgabuétiapna
yi0y MaTeprajiapuHy udoianamiiard TaKpuOaBuil HaTUXkanap KeJITUPUIMaraH.

Mynaait kw6, DVB-T2 sHru cTaHIapTUHUHT acOCUM XOJaTHHHU TaXJIHII
KWIKIIAA, CTaHAapTra CUTHAUIApHU S(UpIM y3aTUIl XYCYCHUATHHHM Haszapjia
TYyTYBUM SIHTM CaMapald TEXHOJIOTHsUIAp KUPUTWITaH Je0 Xylioca YHMKApHII
MyMKHH. ByHIaH Tamkapu, KaJapJIapHUHT XH3MaT-Ha30paT YCTKypMalapuHU
ONTUMM3AIMSATIANI ~ WUMKOHMHMA  OepyBUM  acocuid  mapamerpiap  cadu
KeHrailtupwirad. bymapuunr Oapuacu yMymuil  xojja  YTKa3yBUaHIIHMK
KOOWIMSTUHU CE3WJIapJiM OIIUIINIra Ba OWp BaKTHUHT Y3WAa THU3WMHUHT
YUAAMIIWJIMTUHU ~ OIIMPUINHNTa OJu0 KEeJNWIIW KYTUIMOKAA. SBHU, IOKOpHU
AHUKJIMKIArKd TeJey3aTUlllJIapd y4YyH MyKaMMall TapMOKHM KYypUII HWMKOHHU
MaB:KYJIJTUT Ba TAbKUIJIAHMOK/IA.
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5.1-xanBan

DVB-T Ba DVB-T2 tu3umiiapyuHuHT alipuM KUECHUI XapaKTepUCTUKAIApH

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

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

by epna: OTY — @ypsee Te3 y3raptupuid; TC- TassHY-CUTHAI

|
Multiple |
TS or GS I
streams ]

1
—P Input —™ I Bit inter-

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

—p] cessons) —p : modulation

I

,,TZ:MI“

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

uHTEpEIicC.

Kanaj curuMyHY OLIMPUIITHUHT HA3APUH acocjapu 2
DVB-T2 Tu3uMuHM MyXoKamMa KWIHMIIJAH OJIUH YHHUHT OJJIMHTH aBJIOJ
TeJeBUJCHUECUTa HUCOATaH KaHaUlAp CUFMMU KYTUIMTMHU Ha3zapuid HCOOTHUHU
KypuO unkamu3. Acoc KWIHO MKKajla TU3UM YUYH XaM moJjioca keHrnuruau 8 MI'm
kb onamm3. 37.1 xanBanga 6usra DVB-T Tusumupa Typiu mapoutiap Ba
aHTeHHaJIap €pAamMuja OJIMHTaH CurHaid cudand Ba Japaxkacu OepuIiraH.
MabayMOT y3aTHII TE3JIUIMHU Makcumal KuhmatuHa [IIeHHOH TeHrnamacu

acocuzia OJIMIIUMHU3 MYMKHUH:

C=1/3+B*SNR;

(5.3)

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

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

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

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

DVB-T curHanuHuHT €MUK OMHO Ba MHIIIOOT/Iap/ia MOPTATUB aHTCHHACH EpJlaMuia
KaOyJ1 KMJIMII aJloKa cudaTh Kyhuaarudia

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

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

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

Pakamuiu TesieammmTTHpUII Ka0yJ KWJIYBYM KypPHJIMAJIapH




I1I. HA3APUI1 MATEPUAJIJIAP

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

By MyamMo acTta CeKMH MKKHUTa yCyJl OMIaH Xaj 3THIITaH:

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

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

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

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

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

Yoy kymumua TE6010IR KypuiamaHUHT acocHil TEXHHMK KYpCcaTKUWJIapH
5.14-xanBanaa KeATUPHUIITaH.
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5.15-Pacm TE-D-1001 TroHEpUHUHT TalIKU KYPUHUIITU

i et .

z
<
-
| T |
l '
Smart Card Slot . l,‘ i

C€ Zloms
- ¥ RoHsSV ANTIN Looeout USB - 5= S0 Max HOMI 36¥

vzoicrac@®




I1I. HA3APUI1 MATEPUAJIJIAP

5.16-pacm. TE-6010IR aGonenT KaOyn Kwiruud (0Jad, OpKa, TelMa Ba MYKU

KYPUHUIILTIAPH )
5.2. xanBsai
TIOHepJIapHUHT aCOCHH XapaKTepPUCTUKAIapH
Monens 1000 MP4 TE-D-1001
DVB-T CUTHAJIMHUHT  HIIUIAII yactoTa | 146-862 174 - 862
nuana3zonu, MI'n
Kupum cursanuaunar catxu, 1b MBt -87...-20 -87...-20
DVB-T cranmapTunu TYJIUK amara OMUpPHII o6op 6op
Buie00KMMHM CUKUII CTaHIapTIIapU MPEG-2 MPEG-2
H.264 HP H.264/AVC
ITonoca xeurmmru, MI'ng 7,8 7,8
@opMaTIIAPHY aMaJIra OIIUPUILL 4:3 Ba 16:9 4:3 Ba 16:9
5.3-xkanBain.

TE6010IR TIOHEpHHUHT acoCHil TEXHUK XapaKTepUCTUKATIaApH

Kypuima Kypcarrnuaap
Curnaiaun kaoyn | DVB -T, DVB -T2
KHWJINII CTaHAApTH

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

Kupum cumu(pazpem)

IEC 169-2 Female

Kupui kapmmimru

75 Om

Ilonoca kenrimuru

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

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

pycua (kupusut xapQuin).

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

“Jlactyp y3atumr” ¢pyakusicu-EPG

Jloruk pexum “Logic Channel Number —LCN

Kananuu n3nam pexxumu —NIT

Orneparop KymuMya WioBajdapy Ba CEPBUC XU3MaTIapHU TabMUHJIALLIAD

PakamJjiu Te1edIUTTHPHIN Ka0yJl KHJIYBYH KyPUIMAJTAPUHUHT 3J1€eMeHT
0a3zacu

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

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

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

® BHJICO Ba ayJIUO JeKoaepiap 010KH,

e Oenru -xaphau axO00pOoTIaApHA TUCIIICHTa YUKAPHUIITa CO3JaHTaH OJIOK;

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

e 16, 20 ¢éxm 32 MoOaiiTim omnepaTuB XOTHpa KypWIMacu JIEKOJEpHU
KOHTPOJLIEPH;

e ymymuil uaTepdeiic yuyn 16/32 paspsanu mmHa;

e XoTHpara TYFPUAAH-TYFPU KHUPHUII WMKOHUSTHTA 3Ta FOKOPH TE3IUKIaru
uHTepdeiicnap 6710Ku;

e SMART-kapra unrepdeiicu;

® MapKa3ui TPOIECCOPHUHT OIMEpaTHB XOTHpa KypHIMAcHHH, Y3rapmac
XOTHUpa KypWIMAacHHM OOLIKapyB IIMHATIAPH XamJa MabIyMOTJapu Ba
KHpULI-YUKUII HHTEepdercIapuHu OOIIKapuIl OJI0KH.
by ¢yHkumonan OJIOKJIApHUHT TYJIWUK OYyIMaraH pyHxaTH, UIYHUHTHACK,

JACTypui-MaTeMaTUK  TabMHUHOT  CO3JIAlll  BOCHUTAJAPUHUHT  MaBXYIUIUTU
TMS320AV7110 MaxCyJOTHUHT KaTTa UMKOHUSATIAPU OOpIUTHHM HdOoaanaiiu.
[y cabab6 ym0y uyun abOOHEHT KypuiIMaJapuHH, THUOPHI Ba paKamiu
TEJIEBU30PJIADHA HWIUIA0 YWKaApHIIa KEHT KyJmaHuiamd Xamaa ymap DVB-T,
DVB-S, DVB-C crangapTiapu TEJIEBU3HOH CHUTHAJUIADUHHM KaOyn KWJIMIIUHHA
amaJra ommpaauiap.

Pakamnm  TeneBujeHHE ~ THU3MMJIAPH  PUBOXKJIAHTAHM  Capd  HOKOPH
aHukyvkaaru ¢opmatau Kysuiaauran Ba MPEG-4 cranpaptu cUTHaJUIapUHU
JeKOANIAiIuTral KypuiManapra KU3UKHII KaTTa. XO3UPTry KyHAa KYNTWHA BUACO
KyluuM4ya MOCJIaMacMHM HIUad 4ukyBuM Kommanusuiap STMicroelectronics
MUKPOTIPOIIECCOPIIAPUHY ~ WIIUIATUINAAW, YYHKH YyJApHUHT  MaxCyJloTJIapu
Hapx/cudar HucOaTtu Oyiinmua TanaOuu Kouaupaauiaap. STMicroelectronics —
EBpona MHUKpPO3JIEKTPOHHKA KOMIAHUSICU OYIMO, SpUM YTKa3ru4wid AJIEKTPOH Ba
MUKPOAJIEKTPOH  KOMIOHEHTJIApHU  MIUIad YUKApUIl Ba COTHUIN  OwujiaH
IIyFyJIIaHAAUTaH SHT HMPUK KOMTIAHUsIapiaH Oupu XucobiaHau.
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5.17-pacm. TMS320AV7110 xyna karra UC dyHKIIMOHANI cxemacu
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5.4-xanBan.

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

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

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

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

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

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

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

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

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

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

STi7109 MUKpPONPOLECCOPMHUHT YMYMHUIl XapAKTePUCTHKACH Ba HII
AJITOPUTMH

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

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

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

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

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

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

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

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

B STi7109 na Bugconu aexomnam VC-1/H.264/MPEG-2 dopmatiapuaa
€K1 paKamJId BUJIe0 MHTEep(dEiic OpKaIu OJMHTaH
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CD
A A BHJIEO lMepucghepuk
Kupuwu Kypunmanap
| ! - ! *+ 4 s
325 325 ] -
ST40 snvo 266MHz AC SATA
Brjaeo il HHTED [
UMI Ayauno eiic "
ACKOAED ! USB % ———————
I el s |
I = p= :
: ! : ) : :
IHHA ]
3 I F 1T 7 i LT T
2x PDES T H);'IA Brjzeo ramma L‘_], : -
A = JeKozep punstpy | ¥ Brgeo |
: : 1% Tacsup \ v
PTI| | PTI == ST231 waicnnaHmupauqt:i'A—Uxf EMi [EMI
v - actotanap Bunco | L Efl;‘
| t:-/ . ¥ LR M ﬁﬂ & |
reHepatopu | [y . i e |
. v Ethernet DVI Yukuw | DENC| _
r B mapmoru J _
: T | : DAC | | DAC |
Fa i S
* * h 4 " . v ‘ "'
Ethernet HD audeo HD CD Pakamnu Houmudi
Kabenu pakamnu 8udeo  gudeo 8udeo xomupa
100Mbt/s YuKULIU YUKUWU - yukuwiu yukuwu MUKpornpoyeccopu

5.19-pacm. STi7109 mukpomnporieccop GyHKIIMOHAT CXeMaCH



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

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

TacBupHu uwmKapui acocuid HMHTepQECHIapHUHT Xap Kalicucuia amanira
OIIMPHWIIAIIN MYMKHH:

* ACOCHM aHaJIOT YUKHUIIIJIA;

* DVI / HDMI yuxuniaa.

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

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

FOkopu yacroraau 610k Ba COFDM aemoayasitop

Hemonynstop cudaruna ZARLINK ¢upmMacuHuHT Tyramianral KypuiMacu

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

DVB-T kymmmya Mociiamacu;

DVB-T teneBu3zopiap;

DVB-T xomnbloTep TIOHEpIApH;

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

MOJYJIH;
e mopratuB DVB-T kaOyn kuirudiap.
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5.20-pacm. ZLE10517 TrOHEpUHUHT TallIKM KYPUHUILIY Ba yMyMJIalITaH
TAIIKWINNA YU3MacH

HMactypuit  tabmmaoT Zarlink  Semiconductor ¢upmacu TOMOHHMIAH
TabMHUHJIAHAAW Ba Xap OUp Mojenra Xyxokariap TYIUIaMd Ba TECTJIap HaTHXKacu
wioBa KuinHaau. DVB-THu kymioBun ymdy Moaens 10KOpH cUdaTii CUTHAITHU
Ba KaM dHeprus capdiaiiHi TabMUHIANIH.

Ymby KypuiMa Kylniaru TEXHUK XapaKTepucTrUKara sra:

yacrora nuamna3onu 174-862 MI'LI;

CHTHajia KuMMatH -3....-82 nbwm;

KaHaJmapapo uHTepdepennuu kuitmatu-3 nb;

DVB-T yuyn 38 n1b xaHangaru TaCBUpHUA XUMOSUTAHTAHIIMK KUIIMaTH

Curnan/moBkuH Hucoatu 17,5 nb

TabMuHIOBUM KywlIaHUII +5 Tanad 3TWIraH KyBBaT[a WIIYM peXHUM yuyH 1

Bt Ba kyTum pexxumuga 0,7 BT;

e Kananra cosnam Ba AKY nmm 12C mmHaHMHET KeTMa-KeTIH 2 YTKa3yBUaH
CUM XucoOura TabMUHIJIAHAN.

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

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

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

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

e bomkapyB Onokugan kenuO TymaérraH axOOpOTHU MHMKPOIPOIIECCOP
TOMOHH/JIaH KaOy KWJTHHATITA yayH cxemara
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5.21-pacm. MPEG 4 crannaptu DVB-T kaOyn KuilyBUM KypHUJIMACUHUHT COAMANAIITUPUITAH APTIA YU3MACH



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

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

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

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

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

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

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

-komrbroTep hopmatu VGA 640x480 (mukcenb EMUIuIN).

ATSC Tu3uMH KOHIETIMUACH MOAYJUTUK IPUHITUIIN acocuaa sipatwirad. 1 TU
11/3 rypyxu uwznaHunuiapu TakiaudIapura acocliaHraH Ty3WIMaaa ydTa THU3UM
OCTH KUCMJIAPHU QXpaTHIl MYMKHH, yiap: JacTiaOKu MabIyMOTHH KOJJIAIl,
TPAHCHIOPT  OKMUMH  IIAK/UIAHTUPHUIN  XaMmMJa  KaHaJIHUM  KOJJalml  Ba
Moaysuusaanuiapap.  Jlactmabku  MabIyMOTHH — KOMJIAITHUHT — MakKcaju
TEJEBU3UOH TAacBUp Ba OBO3HH CUKUIIAUP. ATSC HUHr MabllyMOTHU KOJJIAII
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tsumuaa MPEG-2 oxumupan ¢orinananmiagu Ba oBo3HM Kojtamga AC-3,
Dolby 5.1 cramgapTd Koujgacw KyJulaHWJagu. TpaHCIIOPT OKUMHHHUHT
HIAKJUTAHTUPUIIIA BUAECO, OBO3 Ba KyIIMMYa MabIyMOTJIAPHU NaKETIAIITHPHUIIT
yayH  MPEG-2  TpaHCOPT  OKMMHHMHI  CHHTaKCHUCH  KYJUIAHWJIA[IH.
[MaxnnanTupuinaéTrad TPaHCTIOPT MAKETIIAPUHUHT OCNTHIIAHTaH JaBOMUILIUTY
188 GaiT (ynapaan OMPUHYMCH CHHXpOHHM3aNMsIAI OalTH XucoOaaHaan) 0yauo,
TEJIEBU3UOH DIIUTTUPHUIN CUTHAUIAQPUHMU Y3aTHI IIApTiIapu Y4YyH ONTHUMA
(MykaMmmain) xucoOnaHaauiaap.

ATSC cranmapTuaa pagrokaHauiap Oyilmda pakamiii CUTHALIAPHHA y3aTHIIT
YU4YH MaBXyJ TU3UMJIapUJa KEHT KYJJIAHWJIAUTaH aMIUTUTYIaBUH MOJYJISIUsIA
OuTTa €H TOMOHHM TAIKIJI STYBYMCH WYKOTUIUIIH (KMCMaH OJIN0 TallIaHTaH) Kabu
PUBOKJIAHTAH TEXHOJIOTHS acocHia, Oup €H MOJI0CACHHMA KUCMaH OJIMO TaIlUTaHTaH
(Vestigal Side-Band-VSB) xyn carxjmm pakamii MOAYJISIIHS YCYJIU KYJJIaHMIITaH.

VSB mopynmsuusacuaa MOIyIsUUSIIOBYA CUTHAT UKKU TMO3USALUSIA €KA KYTI
NO3ULUSIIN OYuIM MyMKuH. 2-VSB ne6 OenrminanyBuYd, UKKU TO3UIUSIN KV
catxqim y3arumga (5.22- pacM) MOAYJSIUSIOBYM CUTHAJI — y3aTWJIAJIMTaH
MabJIYMOTJIap CUTHAIM OWJIaH MOC TYIIAJIU Ba Xap OUp CUMBOJI HHTEPBAJINA UKKU
caTxJlaH OWpPUHU KUMMaTUHU KaOyn Kuiaau (xapakrepiau Kuitmatiap 0 ra
HUCOATaH CHMMETpPUK, MacasaH +1 Ba -1). Moaynsaiuss TH3UMHHH aHUK Ba
MyKaMMaJl TaHJaHTAHJIUTH Ty(Qaillii MablyMOTIApHU Y3aTUIIHUHT COJMIITHPMA
te3nuru 1,79 (out/c)/I'n 6Ynaau Ba Hazapuid yerapa (20ut/c) ra skun 0ynagu. Kyn
MO3UIIMOH y3aTUIIAa XapaKTEpJIOBUM KUWMATIIAp HOJra HUCOATaH CUMMETPUK
YKOMnamaau Ba OpaluK IIyHJald TaHJIaHAIWKW, YHA yJiap Opacujard WHTEpBal
Oup Xui OyIuIIM TabMUHIAHMIIK Kepak. Macanan 8-VSB tuzumuaru (6.18-pacm)
8 MO3ULMSUIM y3aTHUIJIa MOAYJISIIMUSIIOBUM CUTHAJI OMTTa CUMBOJ MHTEpBaIUAa 8
Ta KUUMaTHH KaOyn Kwiumu MyMkuH (-7,-5,-3,-1,41,+3,45,+7). Bynna Outta
CUMBOJI HHTEPBAIIA/IA MABIYMOTJIAp OKUMUHHUHT 3 Ta UKKWIMK Pa3psid y3aTuaaau
Ba Oy y3arum te3nurunu 3 maprta ommpanu. Llyngait kummo, 8-VSB tusumugaru
6 MI'11 monocana MabJiyMOTNIap COJMUINTUPMA TE3UTH 3 MapTa OIMUPUIICA, TUZUM
1,79x3x6=32,3 MOuT/c Te31MK OMIaH OKUMHH Y3aTHIIIM MyMKHH.

VSB TuzumMu MOIyISIMUIOBYM CUTHATHUHT TYPJIH TY3WIMalapuHU XUCOOTa
oilraH OWp Hewya BapwaHTIapaa unuiad ywkwiran: 2-VSB, 4-VSB, 8-VSB, 8T-
VSB, 16-VSB. MoaynanusioBYu CUTHAJ caTxJjiapyu COHM 2 AaH 16 raya y3rapuiim
MYMKHWH, OyH/Ia CHUMBOJUIAPHUHT KETMa-KETJIMTMHU YaCTOTACHHU CaTXJIap COHU
jgorapudmura KymauTHUpraH XoJijla XuUCOOJIaHAJAWIaH MabJIyMOTJApHU Yy3aTHII
TE3JIUTH XaM MOC paBuUIllla Yy3rapaau. MoayssiUsUIOBUM CUTHAJ caTrxjap COHU
KaH4a Kym Oyica, IIOBKUHAAH XUMOSUIAHTAHJIUK IIyHra nact Oymaau. by
kounanan ¢akar 8-T-VSB Tuzumu Xoauaup, YHJa IIOBKUMHTA KApIIUA KYypAaIlIWIIl
Makcaauaa Kymumua koaam Kyutanwiany (T xapdu- Trellis, ymoy komamHuHT
CUMBOJI HOMH, S’hHU MMAaHXXKapaiu Koj). by KomHUHT Te3nmuru 2/3 ra TeHT, ShHU Xap
2ta y3atunaéTran ourra Outra TeKmmMpyBun Out Kymwiaau. Koamam moBKuHIaH
XUMOSUTAHTAHJIUKHA omupanu, Oupok 8- VSB Tuzummura HucGaTtan MabaymoTiIap
y3atumn Te3nurd kamasan. 8T-VSB tusumuaa Oupiauk BakT wuuja y3aTuiaaéTran
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doiinanu MabaymoTiap ymymuit xaxmu, 4-VSB tusumnarunex 6ynaau. 8T-VSB
TU3UMH HUCOATaH IOKOPH Jlapakaly HIOBKUHIIAp OWMIaH XapaKTepliaHyBuu €p YCTH
SIIMTTUPHUIIM  yuyH, 16-VSB  »3ca  pakamum  kabenp  TeJeBUACHUE
SIUTTUPHUILIAPUTa MYJDKaJIaHTaH.

+Y : — =t
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5.22- pacm. MIKKY TTOBUITUSIN KYII CaTXJIU MOAYJIANUsI0BYM VSB curnan

MoaynsuussHUHT KypcaTuiran ycysuiapu ymymui tesnuru 19,39 Mout/c
Oyaran MabJIyMOT/Iap OKUMHUHH €p YCTH TE€JIEBU3MOH SIIUTTUPUIL IIapOUTIapua
Ba Mapajuielsl XyAa4 IyHAal 2 Ta OKUMIIApHU KaOesb TeIeBUACHUE TapMOKIapuIa
y3aTUIIHM amaira oOlupuiura HMKOH Oepaau. bynpgaii tesnuk Owutra 50
atpodunarn cukuml kod3@puuuentin MPEG-2 dopmatmaru HDTV pactypHu
y3aTtull yuyH erapiu. CTaHIapT aHMKJIMKIa 3ra CUTHauIapJaH (oiiagaHuirasaa
sca, ATSC tusumuna 6up BakTaa, 2-3 JaCTypHU y3aTHII UMKOHUSTH MaBXYy/.

5.23- pacmaa ATSC TU3MMHMHUHT y3aTUII KUCMHU TY3WJIMAacH KEeITHPWIITaH,
ATSC y3arrnuyia curHajulapHu Ba MabJIyMOTJIAPHU KalTa WIIAIl TPAKTH aCOCHM
NIEMEHTIIapU Kyhuaaruiaap: paspomusarop, Pun-CosioMoH koaepu, opanaTrud,
Tpemnuc koaepw, MYJIbTHUIUIEKCOP, TasHY-CUTHANA IIaKUIaHTUprud, VSB-
MOAYJIATOP.
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MPEG - 2 mabnymotnapu

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

5.23-pacMm. ATSC TU3UMUHUHT y3aTyBUUd KUCMU TY3WIHIIIH.

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

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

ATSC na pakamian MabIyMOTJIApHU KaiTa WIUIAITHUHT OUPUHYM ITaNuaa,
aHaJor TEJESIIUTTUPUILI KaHAUIApUJa Fo3ara KeJlaJuraH I[IOBKUHJIAPHUHT
KMMMaTUHU ~ KaMaWTUpWIL Ba CUTHAJIHMHT  YacTOTa CHEKTPUHU  TEKHUC
TaKCUMJIAHMILIMHUA IAKJUTAHTUPUIN YYyH XamJla y3aTWiIaéTraH MabiymoTjapra
“racomuuiiuk” Ba “IIOBKUHTAa XOCJIHMK~® XOCCaJapuHU TaIlIKWI 3TaJuraH
paHJoIM3alMs onepanusicu Kysutanuinaau. Pangomusatop 9 Ta Teckapu anokara
sra Oynran 16 pa3psaiv CWDKUII peructpura sra 01okaup(5.24-pacm). baittiap
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KeTuO TYIIUII YacTOTacH pPaHIOMH3AaTOPHUHI TAaKT YacTOTAacH XuCOOJaHaIu.
MasbnymotiiapuuHr HaBOatjgard OailTh KenuO TylraHja,lny TymraH OaiTiap
outnapu pagamuzarop DO...D7 Outinapu Ounan mMoaynb 2 Oyitmya Kymdiaaaumap
Ba MabJyMOTIap CWDKHUII PErHCTpUia CWDKUTHIaauiap. Moxayns 2 Oyiinua
KYIIUII HATH>KAacKJla OJIMHTaH 0alT, KaHall KoJIepuia KeMUHTY KailTa UIljIall y4yH
KyJutaHuiaau. PannqoMuzatop MHUIMATU3ANUACH(TEKIIUPUIUIIN) CUHXPOCETMEHT
MaWJJOHHUHT OWpUHYM OalTH OpKajdu amalira olupuiaau. byHma cuibkuin
peructpura F180 conn €3mmamm. Panmommsarus Oup Heda MakcaajapHH Ky3na
TyTaju:

1) Tapkaruna€TraH CHTHQJIHAHT TEKUC TaKCHMJIAHTAH  CIICKTPUHU
MIAKJJIAHTUPUII YUYH (1Iy MyHOca0aT OWsiaH paHIOMH3alUSIHU KYyTMHYa
KyBBaTHHU TapKaTHII AJITOPUTMH J1e0 XaM HOMJIaHa/IN );

2) KeliuHru TSHY CUTHAJIHHM I[MAKUIAHTHPHIN yYyH CUTHAJJIaTH JTOMMUUN
TAIIKWJI STYBUYMHHU NYKOTHIII;

3) CMC Ba MCC napHu aXpaTHIITHH COJIIAJIAIITHPHIIL,

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

F180 roKknamacy CMHXpOHU3aLUUACK
x16x15 XMXBXQXB

D¢ D! D? D4 D+ DS Dé D’

CUmKuLL perucTpy BainTnap KeTMa-KeTnuri Yactotacu BunaH CUHXpoHU3aLMAnaHain.

5.24- pacm. ATSC TU3UMUHUHT paHIOMHU3aTOPU

Kaiita nimmamauar ketinara 6ockuuu 0ynu6 Pun-ConoMoHn koau épaamuia
OJIOKNIM KoJIam XucoOmananu, Oy skapa€HIa MablyMOTIapHUHT 187 dYuKuMII
OaTHHUHT Xap Oup CerMeHTHra, aHwK Koujanap Oyinua makiutaHaauran 20
TEeKIUPYB OalTimapu Kymmnaaun. KaOyn KWwiIMHTaH MablyMOTIap TaKeTura
acocCllaHTaH XoJiJa KyIIuMYa TEKIIMPYB MabIyMOTIap TYPYXWHHU TAIIKHJI DTHUII
yuyH Pun-CosnomMoH Kojepu yinapHu MaTeMaTuk outta 610k ned kypaau. by 20 ta
outnap Pun-ConoMoH KXyPTIUK KO CAHOFUHU TaIlKWi dTaauiap. KaGyn kunruy
MabIYMOTJIAPHUHT MYMKHWH OViraH WYKOTHILIAPUHU aHHWKIAINI YYyH KaOys
kuiHrad 187 Oaiftnan nbopar 0ok OunaH Kyt canokyiapHuHr 20 Ta 6alTHHU
CONMUINTHPAAN. Arap XaTOJWKIAp AHHWKJIAHCA, PECHBEP XATOHWHT aHUK >KOUMHH
Oenrunaii, Oy3wirad OUTIApHU Y3rapTHUpPHUIL Ba OOLUIAHFUY aXOOPOTHU THKJIAII
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yuyH Xy(dT caHoK Outnapuaan (oigananaau. Konnamuuur OyHaaid TU3UMH yTa
camapayid xucoOnaHaau Ba xap Oup ko cy3na 10 taraya xato OGallTIapHUHT,
Kaepra >koiiamran OyIuImaad KaTbui Ha3ap, TYFpuiiall HMKOHUHH Oepaiu.
Kettnnuanmuk ATSCna 52 Ta cerMeHTIaH uOOpaT HMYKH HHTEPCETMEHT
MabIYMOTJIApPUHUA OpajaTuIl amaira omupuiaagu. CkpeMOiep MabIyMOTIIap
KeTMa-KeTJIMTY TapTuOuHu anMamtupaau Ba MPEG-2 mabnymoTinapuHu xoTHpa
oydepnapu Epnamuaa BakT OViinua (TaxMuHaH 4,5 MC opajauruaa) OYJIUHHUIINHU
TabMuHIaiaM. Kalita unuiamHuAr ymoly ycyiau yTa Kydid KyBBaTIH HUMITYJIBC
NIOBKMHJIApra  Kapmi  Kypall y4yH MYyJDKaJUIaHraH. byHpmaln — Kydinum
IIOBKUHJIAPHUHT TAabCUPH HATWXKAacHUIa KaOyn KUIUIIA KeTMa-KeT KelaauraH
OaliTinap XaTONMKIAPUHUHT JaBOMHUM cepusUiapy(XaTOJIMKIAp MaKeTH) ro3ara
kequimu MyMkuH. FOxopuna tabkumiad yruwnranuiaek, Pun-Conomon(PC) konu
YUyH UMITYJIbC IIOBKUHJIAP JABOMUNINTHY Kyinaaru udoja Ounan 6axonanaau:

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

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

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

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

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

5.25-pacM. ATSC TU3UMUHUHT y3aTHUII CUTHAIN TY3WIUIIH.

MuryBuy KOJUIap IypYXMIra TaalTyKId TPEJUIUC (IaHKapasn)- KOIAIIHHHT
CYHITH OOCKMYMJA, paKaMJId OKUMHHUHI Xap MKKUTa OUTH, y3aTHJIAETIaH CHMBOJI
MHTEPBANUAA, MOAYJIALMANAII CUTHAIM 8 CATXHUHI KalCH OMPHUHM SrajlallliHU
aHukJaiauran 3 ta ourtra y3raptupuO, makuiantupwiaad. [lamkapanu komaani
amajnra OIIUPpUJIAJIUTaH,KoJiepaa Xap Oup sgHrU 2 pa3psaid cy3 aBBairu 2
pa3pAIM  CY3JMApHUHT OJIJUHIM KEeTMa KETJIUTM OWjlaH COJMINTUPWIAAN Ba
HATWKaJa aBBAITH 2 pa3[saIM Cy3ra MyHOCA0aTHHM Y3rapTUIIHU TabMUHJIOBYU 3
pa3psAIM MKKWIMK KOJ reHepauusiaHaan. by 3 paspsim xoanap OouuiaHFuy 2
paspsAIIM CY3IapHU YpHHTa ajamarnaau Ba 3dupra 8 carxiau cumBouiap 8-VSB
KypuHUIIKMAa y3atwiaau (30utr= 2HUHT 3 napaxacu = 8§ KOMOUHAIMS €KUM CaTX).
[Tanxapanu KoaJiall Kojepura Keaud Tylrad Xap 2 OuT y4yH, yukuiiaa 3 ta Out
xocun Oymamu. lllynunr yuyn 8 — VSB Tusummparu mamxkapa komepu 2/3
paspsiura 3rajgup.

Kalyn kuiaruugaru naHxkapaiud KOAJall A€KOJAEpU 3 paspsiiin KoajaplaH
doiinasianaqu Ba MabIyMOTIAp OKUMHHHUHT OOIUIAHFUY KYPUHMUIIUJATH 2
paspamM  cy3nap KeTMa-KeTnuruHu Tukinaiau. I[lysagait kumml, mnamkapaiu
KOJTaIll BakT OViinya Oup cy3aaH MKKHUHYU CY3ra Y3rapuiiHu Ky3aTau.

V3arum y4yH TYIMK IIAKJJIAHTAH CHUTHAN: MAaxCyC TasHY-CUTHAJIMHUHT
KYIIWIMIIKA Ba CHHXPOCHTHAIUIAp IKOMWIAIITHPWIMLLIAPU MYJIbTHUIUIEKCOPIA
amanra ommpuiaau: MPEG -2 cranaapTu yuyH CMHXpOOalT CErMEeHTJIapu YpHHra
4 ta CMC snemenTH Kyiunanu (+5,-5,-5,+5) (6.21-pacm). Bynna xap Oup maiinon
oouvtannimuga MCCHunr ukkuta (-5,75) snementu kyuunaau. CHUHXpPOCHTHAI
KYypcaTKuwiapu IIyHJIal TaHJIaHaJAUKHU, arap Qoigajin CcurHail Ba IIOBKUH
aMIUTMTyAdajdapu TEHr OyinraH XojaT MaBxkya OyiaraHga xam, KaOynaa
KOPPEJSAIUOH YCYJUIapHU KYJu1ad, oiiany CUTHATHU WIIOHWIA aXpaThO OJIUII
UMKOHUHM Oepaau. bynnan tamkapu MCCra cepBuc axOOpOTHHH y3aTHILI YUyH
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100 ra skMH KymuM4Ya 3axypa Ba CUTHAJIM3AIUS XOJATH YYyH y3aTWJIaIUTaH
(8VSB Ba 16VSB) cumBomnap axparwiran. MCC HuHr oxupru 12 cumBosd
OJIIMHTY CETMEHTHUHT OXUPTH 12 CErMEHTUHM KalTa TAKpOpJIanIu.

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

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

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

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

Pakamuiu TesieBugeHueHuHr ISDB SInonusi cranaapTu.

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

AmepukannHr ATSC TH3MMM IOKOpH AHUKJIMKIATH €p YCTU TEJIEBU3UOH
SIIUTTUPHUII Ba KaOEJIM TEJIEBUIACHUECH TapMOKJIApUIa MabIyMOTJIAp OKUMUHU
MIAKJJITAHTUPHUII Ba y3aTUII Makcaauaa unuiad umkuiran sau. Xosupaa DVB
pakaMiu TEJICeBUACHUEHUHT Oapua WyHaIMIIIapua MabIyMOTJIApHU Y3aTHIIra
MVJDKaJUIaHTaH, YMYMUN SIAPO TU3UMHUTA dra OWp OWJIAHW TAIIKWJ ATaju, yJap:
CyHBUU Uynmmomi, kabenb Ba €p YCTH pPakaMiu TEJIEBUJICHWUE DIIUTTUPHUIITHA
TallIKWJI 3TUII Ba TYPJIM YacTOTa JUANa30HJIApU Y4YYH pakamiu TEJIeBUICHUE
CUTHAJIJIApX TaKCUMOTHU TU3uMJIapuaup. Anonus ISDBHUHT TU3UMUHUHT MaKcaau
TENEBUACHUE  DJIIUTTUPHUILIAPDK  YUYYH TypiAud  XWIJAard  XU3MaTJIapHUHT
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WHTETPANUSICHHN TabMUHIAmaup. Kenakak TeneBM30pWHU HNUIA0 YHUKAPYyBUH
omiepaTtopiapiaH KyHuJarwiapHW: CYHBHM WyIgom, ep ycTH Ba Kabelb
TeJeBUCHUENApU CUTHAUIADUHU KaOyJl KWIHIIL, IOKOPU aHUKJIMKIArd MOHUTOP,
KaTTa XaXMJIM XOTUpara sra KOMIIBIOTEpP, ayJHO Ba BUJIEO CUTHAJUIAPHU KalTa
WIUIAII, UIYHUHTAEK, KOMMYHHUKAIMS TapMOKJIapu HWHTeppEeHCHHU MysKaccam
9TraH MHTETpAJUIAlraH KypuiMma OVIMIIM KEpakIUTMHU TabMUHJANI Tasad
stunMokaa. llynunr yuyHn ISDB cranpapty Ba IOKOpM aHUKIHMKIArd paKaMiu
TENEBUACHUE, paKaMid PaAUOSIUTTUPHIN, IIYHUHTACK Typid XWIAard
KOMOHWHAITMSIIN Ba MaTH OWJIaH, CTaTUK TacBHp, Tpadrka Ba OOIIKA MabIyMOTIIap
OwiaH XaMOXaHr, (MacajaH: KOMIBIOTEpP JacTypiapy) pPaAUuO3IIUTTUPHUIL Ba
paKamJIv TEIEBUACHUE CUTHAJUIAPUHHU Y3aTUIL YYYH KYJJTAHUJIAIH.

ISDB Ba DVB THU3uMIapUHHHI TEXHMK MIUIAIIMAA JKyAa Kyo
YMyMUWIIMKIAp MaBxkyd. Mkkana tTuzumaa xaM,MablIiyMOTIap y3aTHUIL TE3JIUKIApU
JMana3oHy derapajapura sKWH KahMariapra oiu0 KeJlaJuraH, CTaHAapT Ba
IOKOPY YacTOTalu pakKamd BHUACOCUTHAIAPDHU CHUKHILI YYYH KYJUIAHWJIAIATAH
MPEG — 2 xommnpeccusicu Tuzumu Kysutanuiaaad. OFDM Mmonynsiusicn ycyiauaan
doiifaiaHuIl ep YCTU SIIUTTUPUIUIAPU YUYYH PAAUOTYIKUHIAPHU KYI HYPIH
TapKaJuIl Ba Xapakarjard KaOyJ IIapoWTIapuia Y3aTHIIl caMapajopiuruHu
omupaau. [llyHuHTAEK, HacTypiap TapKaTUIIHUHT OUpP YacTOTalud TapMOFUHHU
ApaTUIl MCTark MAabJIIyMOTJIapHU KOJJAlIJa Ba TallyBUYMWJIAPHU MOIYJISIUS
KWIKIIAA YXIIall Ty3uaMaiap Ba OMAUIAPHU TaHJIalHu Tanad staau. Lllynunraex
(1\4, 1\8, 1\16, 1\32) xuMost HHTEpPBAIK HUCOWH KAaTTAIMKIAPH MOC KEJIay Ba MOC
peXUMIIAp YUYH a0CONIOT KMMMATIapH sIKWH XucoOnaHaau. Mkkana TH3MMIa Xam
Pun - ConomoH konu €paamuja TalllKU KOJJall KYyJUlaHwiaaud, Oy >kapaéHua
MPEG — 2 TtpancnopT OKuMH makeTHHUHT 188 Oaiitura 16 Ta TeKmMpyBUH
OaifTiap kymmudimy Hatwxacuga 204 OalT [aBOMMISIMTMAArd KOIJIU CY3
makanaan. Muku xox cudarmga mkkana Tusumaa xam 1\2, 2\3, 3\4, 5\6, 7\8
TE3JIMKJAard MUFyBUYM KOJJIAI CXEMACU KyJUIaHWIMHAIU. AJIOXK]Ia TallyBUMIapHU
moxaysinusinam  yeysuapu: QPSK, 16 QAM, 64 QAM nap xam Oup Xui
xucoOmanagmnap. bupoxk ISDB — T tu3ummma, acocuéi MablIyMOTIapHHU OJIHO
yTaguraH — TallyBUWJIAp  MOAYJSIUMSCHM  YYyH,  Y3aTUIOIHUM  IIOBKWUHJAH
XUMOSUTAHUIIIHUHT OKOPU KUWMartura spuiuiira uMKoH OepyBun DQPSK-
mubdepennnan  kBagparypaBuili  daza  MaHUMYJSIUSACKH  KYJJTAHUJIAIH.
Monynsuusiauar OyHAall ycynuaa monayisuusiiam cuMBoutapu xyaau QPSK
XOJIATUAATUIEK UKKH pa3psiiii MKKWIHMK CY3/1apJaH MIaK/UIaHa Iu.

ISDB — T wunar DVB — T Tusummuaan npuHuunuai daprjiaapura
rokopuaa kentupwiran BST — OFDM ycynn noupacuaaru CETMEHTJIAIITHPHUIL Ba
MabJIYMOTJIApPHUA BaKTJIM Oopajatuil kupaau. OpajgaTvin — ajloka KaHaJlapuaaH
103ara KejaJuraH Xxarojapra Kaplid Kypalluilga, caMapaHd OUIMPHIL Y4yH
KYJUTaHWIaAUurad Myxum onepauusaup. DVB — T tuzumuaa, Kyn HypJiv TapKaJIHILI
xucobura, KaOyn KWJIMHAIUTaH PaJMOCUTHAN CHEKTPU 4YacTOTa KOMITIOHEHTJIapu
OocCHUNUIIMIAH o3ara KejlaJuraH, JaBOMUW TMaKeTIM XaTOJHMKJIApPHU KaTTa
Oynmaran Ba Xxaro (parMeHTIap 3aHXKUPUHU OCOH TYFPHIJIAWIWTaH YacTOTalu
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opanaruuiian ¢oinananunaan. Arap Kadyn KWIMII MapTiapy >KyAa Te3 y3rapcea,
MacajaH, KaOyJl KWJIUII TEPMHUHAIM IOKOPU TE3JIMKAA XapakaTjiaHca, 4acTOoTalld
opajlaTUIll eTapyinya Oynmaiian. Bakt Oyinda opaiatuin sca, mapameTpiiapyu Te3
y3rapaguraH Ba YacTOTaJd oOpajaTuil ¢EpJaMujia KUYuK ¢parMeHtiapra
OYTMHMaNUTraH KaTTa XaToJUK MakeTJIapuHH TYFpuiall UMKOHUHU Oepaau. Bakr
oyitnua opanatumigan Qoinananuiaranaa, ISDB — T tu3umMu teneBuaeHuecu Exku
paguo KalOyn KWITM4YJap, MacajaH, Te3 XapakarjaHaéTran Toe3]] EKd
aBTOMOOMJIZIa JKOWJAITaH XoJjarjapjia XaMm camMapaid KaOylHH TabMUHIIAII
MMKOHUSITUTA 3Ta.

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

bup Heua cerMmeHTnap, OMTTa (UMK KaHAJ JOMpPAcH]d, MAaHTHUKUN aloKa
KaHAJJIapy XOCWJI KWJaJWraH, KarjaMm Je0 HoMJaHaguran Oup rypyxra
Oupnamuiy MyMKuH. buTta kaHanga Oup BakTHUHI Yy3uja 3 Tarada Katjaam
y3aTdimi MyMkuH (5.27 — pacm). Hepapxuk y3artuimra Typad HapaMmeTpid
KAaTJaMJapHU y3aTUIl OPKajdu »JpUIIWIagU. TauryBUMIapHU MOIYJISLUSIIALI
yCyJIM, MIKU KOJ| T€3JIUTHU Ba BAKT Oyiinya opajaTUIl WHTEPBAJIIMHU Y3rapTUPUIITa
pyxcat 3THIaIH.
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5.27 — pacm. ISDB tu3umMuia MabIyMOTIapHU KaHAJUIA KOJIJIall.

ISDB y3aruil THU3MMHHUHT aCOCUM XYCYCHSITH IIYHIAKH, YHJA KaHaJIHU
KOJJIalll Ba MOJYJSLUMSIAI CXEeMajapud MocjialyByaH Kyjmanwirad. [SDB
CUCTEMACUHU SIpaTraH TaJKUKOTYMWIAPHUHT W3JIAHUIUIAPU IIYHH KYpPCATIUKH,
arap cerMeHtiap conu 13Tta Oynca, Oy Oapua pakamiud TENEIIIUTTUPHUII
TU3UMIIAPU YUYH €Tapiau Oyiaau.

OFDM 4acToTa  CErMETIapH HadakaT  TpacmopT OKWMHWHHU
MYJIBTUIJIEKCUPJIAIl HATHKacuJa OJIMHTaH MabIyMOTJIAPHU,0aIKM TasHY —
CUTHAJUIApHHU XaM y3 uuura osiaau. [ISDB Tuzumuma y3iykcus TasiH4 CHTHAJLIap
(CP — Continual Pilot), Takcumianran tasau curaauiap (SP — Scattered Pilot)
XaMJla MYJbTUIUICKCHpJAl Ba y3aTUII KOHPUTYpauMsCUHU OOIIKApyBUYH
MabJIyMOTJApHU Y3 Wuura oyiaaurad TasHd — curnamiap (TMCC — Transnission
and Multiplexing Configuration Control — Pilot) kymianunaau. Xap Oup cerMeHt
MabJIyMOTJIapu BakT naBomuaa hopmatinanaau Ba OFDM kanpnapura Oupriaiianu
(butta xanp mabiaymoTiap xaxmu 204 Ta OFDM mMonynsiiimon cuMBOJIIapUra Moc
KeJIaJin).

Uepapxuk y3aTumga MyJIbTUIUIEKC KaJpyW TYUIYHYACH KHUPUTHIIAMIN.
MynbTumnnekc kaapu gaBomuiiura OFDM kanpu naBoMwmiiiurura Moc Oynanu,
OMPOK MYJIBTUIJIEKC KaJpura KHUpaJWraH TPAHCIOPT OKUMH TMaKEeTJIapu COHHU
OFDM kaapuna y3aTuiaauraH naketiaap COHUAaH Kynpok oynaau. Opanaru (apk
OFDM  wmonymsmusicn  sxkapaénuga ¢Qoipgananwiran  ®@ypbe Teckapu Te3
AIMAIITUPUIIN KUMMaTUra Ba XUMOSI MHTEPBAIU KaTTajiurura OOFJIMK OYasu.
®apx MPEG — 2 tpacnopt okumura kuputwirad “oymr’” (NULL) nakernap Ounan
TYIAMPUIIAIA Ba aMMO UIIUIOB OepHulll xkapa€Hua yjap tauuiad rooopuiaaumiap.

OFDM kanp cermeHTHHH (hopMaTIialll BaKT Ba 4acTOTa OpaslaTUIITIAPHIaH
keiiun Oaxapwnaan. Juddepenuman wmonaymsusuiamn  (DQPSK)  xomaruaa
doitmann  MabmymMoTiapra ys3nykcu3 TasHd — curHan CP Ba  KorepeHt
monaymsuusia (QPSK, 16 QAM, 64 QAM) xonaruga — TaKCMMIIAHTaH TasHY —
curHan SP kymmnaau. Y3myKcu3 TasHY— CUTHAI Xap JouM (0 pakamiid TalryBYu
épmamuga y3zaTwiaau. TakCMMIIaHTaH TasHY CUTHaUIAp Xap MWUTMpMaHyu
tamyBunyna Ba xap TyptuHun OFDM cumBomupa yragu. Kagp Tapkubuma
y3IyKCH3 Ba TAaKCHUMJIAHTAH TasgH4Y — CUTHauapgad tamkapu, TMCC
MYJIBTUIJIEKCUPJIAII Ba Y3aTUII KOHQPUTYpAlMSICUHU OOIIKAPHUII CHUTHAJUIAPH,
myHuHraek AC (Auxiliary Channel) kymmumua mabmymotnapu y3atunagu. AC Ba
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TMCC y4yyH MyKajulaHraH TallyBUHJIAp JKOWJAIIyBU Xap OUp PEXUM YUyH
Maxcyc xkanBan €paamuna OenruiaHagu. CP Ba SP tasnHu curnammapu OuiaH
y3aTWJIaJIUTAaH TEJICBU3UMOH €KW PpaJuojacTyp XakKujaru axOopOoTIapHHUHT
MabaymoTinapua, TMCC 6omkapys curHamuiapu Ba AC KymmmMya MabIyMOTIIapy
OWJIaH TYJIIUPUIIUIIN HATHXKacuaa, Xap OMp CerMeHTIaru TaluryBuuiap MUKIopu 1
— pexumaa 96 taman 108 Tarawa, 2 — pexumaa 192 tagan 216 tarada Ba 3 —
pexumaa 384 Taman 432 Taraya omaau. Y3aTwia€TraH —paguOCUTHAI
TalllyBYMJIAPUHUHT CETMEHTJIApU KOMWIAIIYBH, TU3UMHUHT OEpWIraH pexXUMU
Tajgabura acocaH, OMTTa KagaMja dYacToTa VKuaa TabMuHIaHaau. CerMeHTIap
5.28- pacmpa KypcaTUITaHUICK paKaMIaHaIH.

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

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

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

Arap cranuoHap KaOyJn KWJITWY WMHTErpajulamraH Oyica, yHAa y MapKa3zui
CerMEHTJa  y3aTWIaJuraH xam TEJIEBUICHUE JaCTypJIapuHH xam
PAIUOSIIUTTUPHUIIIHA  XaM MabIyMOTIapHH KaOyn Kuiuin MyMKUH. boika
BApUAHT/IA UKKU TYPyX CErMEHTJapu CTaHAAPT aHUKJIUKIATH TEJIEeBUJACHUEHUHT
WUKKU JacTypuHM KaOyd KWiIaauraH KWUYUK(IIOpTAaTWB) €KUM KaTTa OyiMaraH
SKpaHIM KYTapuO OpWIaIMraH Ba MHUCOJI yUYyH aBTOMOOWIIIapa, aBToOyciapia
€KM Toe3/yapa UIUIaTUIaural Kadysn Kwirnuiapaa KYJUIaHWuIId MyMKuH. SIHa
Oup TY3WIMII BapuaHTH OUP HeEYa PaTUOIIIUTTUPHUIN AACTypJapUHU EKU
MabIyMOTJIapuHH y3aTuiaup. [IyHu Kaiia 3TUIll KEepakKu, y3aTHII HUepapXHsICh
dborinananumu €xku doigaraHMacIurual KaTbuid Hazap OuTTa (PU3MK KaHaIaa
MPEG-2xunr OuTTa TPAaHCTIOPT OKUMHU MaBbJIyMOTJIApU y3aTHUIIAIH.
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BST-OFDM wmabiymMoTaapHU y3aTUII YCYJIM MHTETpAIUs XU3MaTUra ara ep
YCTU paKaMJjIM TE€JEBU3HOH SNUTTUPUII 3aMOHABUI KOHILIETICUsICUTA )KaBOO Oepaau
Ba KeNaXakJa SHIM XW3MAaTJapHU KHPUTUII YYyH KEHI HMKOHMATIIAPHU
TabMUHJIANIN.

5.3. Yu yauamJ/im TejieBHAeHHE aCOCIAPH Ba TEXHOJIOTUSICH

Y4 yadgaman TacBUp Ba OOBEKTJIAPHH XOCHJ KHIIWII Ba YOy TacBUpJAp
yCTH/Ia UILIANT SKHH-SIKWHIaprada uiMuii-anTacTuka Xxucooanrad. TexHomorus
PUBOXKJIAHWUINIM Ba TakoMWutamumu okuOatuma 3D —suameonap, 3DTV-
TEJIEBUICHUECH XaM spatuia Oonuianau. 3D TacBUp KOHIENIMICH WITapU
cypaauraH fos Oy-TaCBUPHUHI OpWUTHMHAN XoJaTuiaH (apkiail oJI0JIMaciIuK
KOOWIHMATHHY IIAKUIAHTUPHUIIIAH uOopar. SIbHM TOMOIIAOWH XAKUKHIIMK Ba
BUPTYyAJUTUK ojlamiiapu (apkura Oopa oJIMaiiMraH aapaxkajia pUBOXKJIAHUINITa
spumvil. Ymldy TacBUpiap MyXUTAA CypuO [OpUIIM EKM CTOJI YCTHAA peaj
XapaKaT/IapHU aMaJira OLIMPHUII JO3HM™,

3D TacBup, pOJMK Ba BHUACO MAbIyMOTJIAap SPATUIUIIN Y30K TapuXra
oormananu. CtepeocKkonuk TacBupiap wik O6op 1839 imnna spatwirad. 1920
munna 2D TteneBuzeHuMe THU3MMHM acocuja xo3upaa maBxkyn 3D rteneBuneHue
MaKeTH HaMoWuIl KuiauHTrad. 3D ¢uiabMiapHUHr WiIK Hamouumu 3ca 1990
Hunnapra kenub maiigo 6yna Oonuiaras.

2D TeneBuaeHUEeCH IUANAT OwiaH puBOXJIaHaétraH wmyagaraa 3D
tenesuacHue ycruaa 1950 mwmutapra nedpnau Xed KaHJau SIHTWIMK sIpaTHIMara.
bynu anbGarra Typiau reocu€cuii Ba UKTHUCOAMM Macananap OuiaH EpUTHIL
MYMKUH.

3D tacBup XOCWJ KWIMHUIIM Kyhnaaruda: 2D ymyaMia UKKUTa BUJIEOOKUM
MabJIyM BakT (papku OmiaH ajoxuja ajoxXuja KUJIuO TacBUpra OJIMHAAU. XOCHII
OYnraH MKKUTA BUICOOKUMHH TOMOIIAOMH ajJoXuja paBUIla Yal Ba YHT Ky3JIapH
épramuga TOMOIIA KUJCca, YHIA peall MyXUTTra KUPUIL XUCCUETUHH TAKIUM ATaJIH.
By ¢wusnonoruk >xapaH MHCOH OHTMJa aBTOMATHK paBuIaa comup Oymamu. 3D
TEJICBUICHUECUHN SPATUILI Ba TAKOMWUIAIITHPUIL YCTHUAA €TyK OJIUMJIAp Ba
MyTaxaccuciiap ailHaH MaHa Iy (PU3MOJIOTHK >Kapa€HHU acoC KHJIUO OJIMINAJIH.
TexHomorus 4dYeTnaH KaparaHjga OJJIWNA KYpUHTaHW OWiIaH dYyKyp HWIMHUHN
TaJIKUKOTJIap Ba Taxpuodanap tanad Kujiau.

3D TacBup XOCWJ KWIMIIHUHT siHA Oup Typu Oy mossipusanuscu Oyitnua
Oup OuMpuaa KeCcKHH (BEpTHKaJ, TOpU30HTaN) (papK KHIYBUM HUKKATA MYCTAKUI
BUJICOOKHUM SIpaTHUII Ba YOy OKUMHHU MaxcCyc sicajiraH OWHAJIapU TMOJISPU3ALUSICH
Oyiinua BepTHKal Ba TOPU3OHTaN OYiraH Ky3oilHak €pjaaMua TOMOIIA KUJIHUII
HATIKacaaa XaM OJIUII MyMKHH.

Cyurrn umnapaa 3DTV  TU3BMMUHUHT TaKOMWJUIAIITUPWIMIINTA KaTTa

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

—| Capture |— | Representation [ Coding

— y s Signal
Transmission Conversion

Display

Its Replica

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

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

Spatunran tacsup popmatunu Tanmam 3DTV texHonorusicu acocinapujiaH
Ovpu XHMCOOJIAHAIN. bup TOMOHAaH y MabIyMOTJIapHM KalTa MILIANI
TajabsapuHu Oenrunad 6epca MKKMHYM TOMOHJAH Yy BU3yalln3alus alfOPUTMHUHH,
WHTEPAKTUBIMK PEKUMHU JapaKaCMHHU Ba y3aTWIaéTraH CUTHAJ MapameTpiIapuHu
oenrunadiau. byHnan Tamkapu sipaTwiaéTraH KOHTEHT TapkuOura 3 Yimyamiu
“TYp”, MablyMm TmUKcen uykypiurugaru MultiView Buzeo kabu curHamiap
KHUPaJIH.
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Audio__)| Audio Encoder N Convolutional N Time [
(MUSICAM) Encoder Interleaver
3D Video Encoding_  _ _ _. fmmmememememees -
. - | .
Vi —»| Stereoscopic | -'—:* > : 8
i Video P! ‘1 i i YF
! ! i I
l,é-i’ Encoder + : 'i_i’ > : L) g RF
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brmrmememm e R el ER Y e i c =
3D Audio Encoding i I 1l o j D X 8
‘ - ' s
A —i» Multi-channel | > o [ %‘ n~l = : a Eé) S 5 g
°i| spAuwdio |ii|F|2 S i |Tol |33ii|m2 |Z g
e L = = 9 J 38 @
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---------------- = i s |ic|%2| [a3ii|es [8°
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! | !
| Generator T S :
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MPEG-4 Systems NPEG-4 over MPEG-2 _
Encoding Conventional paB
3D DMB Media Processor i: Transmitter (Eureka-147)
5.30.pacM. T-DMB Tu3uMHHHMHT CTPYKTYypa cxemacH, 3D-Xxu3Matiaapu >KOpHii
KWJINMHUIIT

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

ES_ID 3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 /! Visual Stream

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

slConfigDescr SLConfigDescriptor { ... 1]

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

ES_ID 4

Stream DependenceFlag TRUE

dependsOn ES ID 3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 {f Visual Stream

bufferSizeDB 15060000

objectTypelndication 0xC0 // User Private

decSpecificinfo DecoderSpecificinfoString { ... } }
slConfigDescr SLConfigDescriptor { ... 1Y11}
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3D video yuyn OD cxemMaTuk TU3UMU

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

HNucon 3 yruamuin TacBUp KaldyJl KMIIMIIMHUHT (PU3UK acociapu.

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

VAN

Py

N
A — \ = A
A~ A A A~
'

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

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

Anarnmuduk yeya [lansmeiiga Ba [oxo a0 OpoHom TomoHujaH 1858




I1I. HABAPUIL MATEPUAJIJIAP

munna Ttakaug kunuHradn Ba 1935 imnpga Jlym Jliombep TOMOHMIAH amainra
OLIMpWITraH. TeXHOJOTUACH — CTEPEOKY(PT TaCBUpJap UKKU XWJI paHrra Oysiaau
Ba MKKaJlacu Oupranukaa 3 Yiauamiy TacBUp XOCWI Kujaau. YOy ycyn Aespiiu
O0apya KMHOHaMOMHUIIUIAP, TEIEBU30PJIAP Ba TEIEAMIUTTUPULIUIAPIA KYIUTAHUIIAIH.
AB(3auuru — ap30H Ba OJJIMM, KAMUYWUJIUTH — 0ab3u OMp paHTJIAPHUHT FOKOIHO
KOJIUIIIH.

Hoasipmzaumsiim  ycya XK. AngeproHom TtoMoHumaH 1891na takmud
KwinHrad, 1935 iunra xkenu6 E. JIoHA mossipu3alysuIMHIaH IUIEHKA SIPATHILN
Ownan Oy ycyn ommaBuiiamu0 ketau. Mnuram npuHmunu — yam Ba YHT
cTepeokypTiukiap Oup BakTAa TypaM TNoJspU3alUsIaHraH Oypyak OCTHIA
npoeknusiiaHaan. Tomoma sca Moc GUIBTPIM Ky30iHaK OwiaH amanra
OLIUPUTIA/IH.

Pactpau crepeoycys. bupnHunm Mapra Ky30MHAKCU3 3 yIMaMiii TacBUDP
XOCWJI KWIMII Ba Kypuin ycyiauHu beprtee Ba JInzeranmap 1896 #tmnga takmud
KWIKIITaH. YOy ycyn acocujia EpyFiIuKHA CYHIUPYBUU TMapajuiesl pacTp ETajiu.
Yuby TeXHONOrHs IPHHIUIH 5.24-pacM/Ia KYpcaTuiraH.

5.32.pacm. JIunzanu pactp €paamujia CTEpeoTaCBUP XOCKI Kuuiil. Yar ky3
Y4yH TaCBUP MIAPTIN PaBUINIA KU3UJI PAHT OWJIaH, YHT KY3 yUyH 3ca KYK paHr
Owian GenrajaHraH.

V3 VpHHIa caBoll maiiio 0ynaau. bynaait Typaaru TacBUpiIapHU KaHail SKpaHiap
(MoHuTOp, nucruiel) Hamounum kKuia onaau? bup 3D gucruieir cudatuga 3D
TAaCBUPJIAPHHU KY30MHAKIapCU3 €KW KylIMMYa KypWIMallapCh3 HaMOWMII Kuia
OJIAINTaH Xap KaHJal TypAaru IUCIUIEWIIApHA TYLIyHaAMU3.
3D nucnneinap TexHonorusacu Oyitnua 4 Typra OyiuHaau.
1. Crepeockonuk. Yam Ba VHT Ky3/1ap ydyH ajqoxuaa OViarad TacBUpIapHU
HaMOMWMII KUJIaIu.
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MynpTukypununuid. bup HeuTa keTMa KeT Oyiran pakypciaap HaMOMHIIN
OpKaJIu XaKMJIM TACBUP HAMOMWUII KWJIA/IH.

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

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

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

OepuHT.

10.3 ymuammm TacBUp XOCWJI KUIWIN ycyinapumad [lomspuzamusum ycynra

Tabpu(p OCpPUHT.

11. 3 ymyamnm TacBUp XOCHWJI KWJIMIN ycyiuiapuaaH Pactpnu crepeoycysra

Tabpud OCpuUHT.
DoiigaJaHIITaH agaduéraap

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

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

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

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

1 — amanmii mamryJoT: PakaMmiiu TejieBU3MOH TACBUP CUTHAJLJIAPH
napaMeTpJIapUHU TAAKUK KUJIUII.

Nmpan makcaa: MabiyMOT CUFMMH, YHUHT HIUIa0 4YMKapyBYAHIIUTH,
HHTPONHUA Kabu TylIyHYanap YpraHuil.

Macananuur Kyiuaumu: CTaTUK TacBHp XyCyCHSATIapWHH OaxoJiar,
VHAArd OpPTUKYAJIUMKHH MabiAyM OUp aiaropuTM OWJaH CHKUII MAaTeMaTHK
MOJICJIMHY MIUTA0 YMKUII BA aMaJTUETTa TABCHSI KUJIHILL

Haszapuiit mabaymoriaap. MabiyMoT Hazapusicu - Oy CUTHaI Kaiita
UIUTANIApA OKUOAaTHIa XOCWJI OyiIaauraH MabliyM Oup KOHYHHSTIAP KETMa
KeTJIUrd. YOy KOHYHHUSTIIAp TYpJid ajoKa KaHAJIapUHU 0axoJall Ba MabIyMOT
MaHOau Ba KaOysl KWJITYBUMCH OpacHJlard aJOKaHW YpHATHUINra XU3MaT KWJIAJIu.
MabiyMOT y3aTyBuM ajoKa KaHaJUIApUHU  COJIMINTUPHINIA 3ca  ymoy
KOHYHUSITJIAPHUHT MUKAOpUHN Oupnuru 1927- iinnga XapTiu TOMOHUAAH TakIud
KWIMHTaH. by OupJiuK MabJAyMOT CMFUMU J1e0 IopUTUiia OOIIJIaHTaH Ba KyWHIaru
TEHIJIUK €pJlaMH/1a AHUKJIAHTaH.

C=log,m. (1.1)

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

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

R:C, (1.3)
T

T — MabJIiyMOT MaHOAMHUHT BaKT OWUPJIMIY WYUJA WNUIA0 YUKAPHUII YUyH
KETaJIuraH BaKTH.

MabiayMoT MaHOAUMHUHT HIIA0 YMKAPYBUYAHJIUTH YHUHT YHUHT YerapaBuid
uMKOHUATHHM Oenrunaiinn. P{A} xomartmaru Oab3u Oup A xonarmap yuyH |
MabIyMOTIap MUKAOPH [IIeHHOHHWHT KyWH1ard TCHTJIUTH aCOCH/Ia aHUKJIaHAH.

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

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

noumo mycOat oynurmuu Tapmuraiim 0 < P{A} < 1.

butrra mocmikama kenaguraH yprada MabIyMOTIAp MHUKIOPH XaOapHH
Koutamaary 3QGEeKTUBINK YIUOBA YIYH XU3MAT KWIUIIH MYMKUH. By Oupimk
IHTUPONHSA JCHUIaIM Ba MaTeMAaTHK KyTwima cudartuna anukiaaHaan. P{A}=0
yayH sxTumMoimuk 0 — Py mawiaymoTiap Mukaopu sca [=Iy P{A}=1, xomnar yuyn
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aca [=1) 4, (1.4) ra Kylingaru anMaluTupuIl KHpUTaMus3:

1 1
H=Pq 1 ¢+P111=P¢log 2P+ Prlog, - (1.5)
0 1

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

m m 1
H =2 Pi’lO(Ele’i:E1 Pi-log 25 (1.6)

I-xomatHUHr Pl — ampuopaim 3XTUMOJUIATH; M — YMYMHH XOJaTIapHUHT
COHJIM MUKJIOPH.

H — Hmax 6ynranga Pi = %n’ OyHmaii xoyataa
1
H=H nx=m{ —log,m |=log,m=C.
m

Kanan yTraza onumm MmyMkuH O0yiaran | mabiymotiap XaxMu (CUFUMM):

|=F-Tlog,| 1+
Pu

F — xanan ytkasuimn nojocacu; 7' — xabap y3aTWIMII JTaBOMUWUIUTH; Pc Ba
Puw — Moc paBuiia curaani Ba IOBKUH KyBBaTIIapH.

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

, (L.7)

(1.1)-(1.7)  dopmanamapman  ¢doitmamannd, — Xapmim  ycyiauzaa
KEJITHPHITaHUAEK TypIH TaCBUPIapHHU OaxomaiiMus.

OHr cogga OynraH OK-KOpa TacBUpHU KypuO 4HMKaMu3, Xap Oup

AJIEMEHTHUHT M EPUTUITAHJIMK Tpajalusiapd COHM Y3ued Xoc mypoacuiapumi.
DneMeHTIap MabJIyMOT Xaxmu (1.1) TeHrnuk épaaMuia aHUKIaHA U

C,=log,m, (18)

Kanpuunr N Ta sneMeHTIapuiaH TalIKUI TONTaH TaCBUP MabIyMOTHHUHT
XXMM 3Ca Kyrujaruya:

C«=N-log,m. (1.9)

g MUKJIOpJAard Kajapiap KeTMa KETJIUTHAaH TAIIKUJ TOITaH TaCBUP CUFUMH
3ca Kynujaruua:
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Cq=0-N-log,m. (1.10)
lynnait kummb | qmax:CqZQ'Ck’ (1.11) — TB TacBUpAard MUHHUMAI

MUKIOpJard MabJIyMOTIap MUKIOPH.
MabnymoTinap MUKIOpUHU aHWK Ounum TB Tu3umMHU >PQPEeKTUB KypHIl
UMKOHUSITHHH TakKIuM J3Taau, JeKWH Oy erapiu »mac, SbHU OepuiaéTran
MabIYMOT KJIacCH TapKHOWJa KEIyBUM YypTada MabIyMOTIap OKWMHUHH, SHHU
SHTPOIUSHA OVJIHII JIO3UM. MabIyMOT Ha3apHuscu OUp Ya4amiid CUTHAIIAP YIyH
unurad ynkuarad, TB curaan sca Ous3ra MabIyMKH KV YIT9aMiIl XUCOOJIaHa !,

Ninu 6akapui y4yyH HaMyHa
N=16x16=256, m=3, ¢pparmMeHTH ydyH OK, KyJpaHT Ba Kopa paHriap. by
epaa Co =1og , 3 =1,58 our, Ck =256x1,58 =404 Owur.
TacBupHM Tabpudall ycyiapu:

1-ycyn. Illaptnum paBumga aOoHEHTHapra Yy3aTWIAaE€TraH CHTHAJIHU
DJIEMEHTIAPUHUHI MHIEKCUHM Ba PaHIMHH 00opamu3 Ba ynapHH I, Ba I, 1e0
oenrunad onamus:

| =1+l (112)

v — MyxXuToaru xolnamrad YpHH TYFpUCUAa MabiayMmoT; Ié — €purunran
Japa)kacu TYFPUCHIA MABIIYMOT.

Xap KaHJai 3J1€eMEHTHUHT JKOMIallraH )KOMMHY KypcaTuill yuyH yHH log » N
ra TeHr OyJIraH MKKWIMK KOAH OWjIaH aJIMAIITUPUII JIO3UM.

EpUTHIraHnuK oSleMEHTIApUHU  KOjjialml  ydyH logoM  GupiurugaH
dbolnananamMus:

| ,=N-log,m, (1.14)
[ynnait kw6 | =1 ,,+1,=N-log,N+N-log,m, (1.15)

busnuar mmcon yuyn asca N=16x16, m=3, Irc = 256x8+256x1,58 =
2048+400 = 2440 out. Wkkuaum tenraurumus (1.15) na Cxk = Nxlog , m = 400
OUT SKAHJIWTUHY aHUKJIAII KUHUH dMac.

2 ycyn. AOGOHEHTra paHT MHUKIOPHHH (QakaT Tema, MacT Ba YHT, dar
yerapaBuil MUKIOpiIapuHu xyHaTtamus: Irc = ls = Nxlog , m = Cx = 256x1,58 =
404 6ut. Hatmwkana onuHry yCeyiaad Kypa 6 6apodap kam MUKIOpard KuiMarra
SpULIAMU3.

busra MabaymMKum Xap KaHAal ajoKa KaHAJIM TapKUOWIa IIOBKUH Ba
XaJIMKUTIAp MaBXyJ Ba OM3 CUTHaj TapKuOHWra MIOBKMH OWJIaH Kypalluil Y4yH
OPTHUKYAJIMK MabMOTHHHM KUPHUTHUIITa MakOypmus. By opTukda mMabiymMOTIapHU
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Ky MHUKAOpAa OepuiMIIM XaM HyKodumiapra oiau0 xeiaumu MyMkuH. [yHUHT
YUyH XaM Y0y MUKJOPHU ONTUMAJI TaHJIalll MyXHUM.

3 yeya. 2 ycyn OwiradH MyTaHocuO, (papku IIyHIaKW y3aTuiaérraH xabap
UIIOHWIMJINTUHU OUIMPHUILl YUYH Xap Oup caTp Ba KaJp OXHUpUTa OPTUKYA XUMOS
CUTHAJIM KUPUTWIAAU. YOy ycyn OujiaH 3aMOHABUM TEJIEAUTTUPHUIILIAD UIILIA0
KEJIMOK/I1a.

Ha3zopar caBosuiapu

=

MasbiayMoT Ha3zapusich HUMa?

2. MabiyMOT y3aTyBYH aJloKa KaHaJUIAPUHH COJIMIITHPHUIIIA dca YIIOy
KOHYHUATIAPHUHT MUKAOPHA OUpIUTy OMpuHYH OYIr0 KUM Takiud
KHJITaH?

3. MabiyMOT y3aTyBUH ajloKa KaHaJUIAPUHH COJIUIITHPUIIIA dca YIIOy

KOHYHHUSTIAPHUHT MUKIOPHIA OMpIUru HuUMa?

MasbiiyMOT curuMu 71e0 HuMara antimujaa’?

MabiiyMOT CUFUMHU KaHJall popmyiia €pamMuia aHuKJIaHaan?

MabiiyMOT MaHOAUHUHT MIITA0 YMKAPYBYAHJIMTM HHMa Ba y KaHJal

aHUKJIAHAIU?

7. DHTUpOIUA HUMA?

o o b

TaBcuss KWIMHAAUTAH agaduéraap

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

2.http://dspdav.nm.ru/

3. http://center.neic.nsk.su/
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2- amaauil MamFyJaoT: TacBUP CUTHALJIAPDUHN KBAHTJIAI.

Mumpan Makcaa: TeneBU3WOH TacBUP CUTHAUIAPUHM PAKAMIIA XOJaTra
YTKa3WIHII  KApaCHUHUHT OUpUHYM OOCKMYM — KBaHTJIAIl YKapaCHUHUHT
MaTeMaTUK ACOCIAPUHU YPTaHUILI.

MacanaHuHr KYWMJIMIIM: KBaHTJIAIIl KaJaMUHU Oeirujam TapTuOu Ba
KBaHTJIAlI IOBKUHUHU Maiia0 0yiuin cababiapuHu TaAKUK KUJIAII.

Kuckavya naszapuii Mabaymor. BuaeoMabiyMOTIIapHH pakamill XOJaTra
VTKa3uIlga yIapHU KaiTa uIiam >kapaéHUHUHT OMpUHYM OOCKHYM caTX, Oyiunda
KBaHTJam Aeiiunaau. by skapaén Oup ymuamim Ba KYI yI4amild CUTHAIIIAP YUyH
Xxam Oup XuJ1 60CKUY1a aMalra OUIMpUIIaIu.

KBantnam skapaéuu cudaruga CUTHATHUHT JAUHAMUK JUANa30HUHUHT
AKYHJIOBYM JIHUCKpET Japakanapra OynuHummra adtunaau. Carx Oyiinua
KBaHTJIAII JKapa€HU OPTUKYA MabIyMOTJIApHU OO Tanuiam >xapaéHUHU HAaMOEH
KWIagyu. YHUHT KYJUIaHWIMIIKAA HadakaT TEXHOJOTHK JKUXaTiap Oanku 0ab3u
oup ncuxoduznonaoruk cabadbnap xam uHoOatra onuHaau. bymnap:

1. BUACOMABIIYMOTHU y3aTHIN €KUM KalTa WILIANI MalTUa YHUHT TapKuOuaa
HIOBKUHJIAPHUHT OOPJIMTHU YHUHT TTapaMeTpiiapura TabCup Kuaaiau;

2. BUJCOCHUTHAJUIAp/a  pyXcaT OTWITaH Jdapaxaid Y3JIyKCH3 XoJjaTiapia
KYJUIAHUIIIM OPTHUKYA MabIyMOTIapHU OapTapad 5Tajau JICKUH KBAHTIAHUII
IIOBKMHUHU XOCHWJI KUJIaJu.

3. BUJICOMAbIYMOT KaOysl KWIYBYHCH YerapajiraH EpyriMK MUKIOPH Ba
PaHTIIMIIMK JTapaKaCUHU CE3UIIT KOOWIIUATUTA ATAITUTH.

Nnu 0akapuin y4yH HaMyHa
BuneoMabinyMoTinapau catx Oyinya KBAaHTIAHUIIM CUTHAIHU (a30 Ba BAKT
napaMeTpiIapuHH XucoOra oJIraH XoJi1a amajra OLIMpUIIaIu.
KBanTinanum napaxacuHu OeJruiiaml acocaH y3aTUiaaéTral paKaMii CUTHaII
TE3JIUTUra KyMuiaaurad TagadJapHy Oenrmiamaa I0KOpy YpuHra KyTapuiaiu.

>

Eekix

A3
Al

A >
AN FANE AN &40 Eex

2.1.pacm KBanTnaHui xapakTepUCTHKACH.
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VY31yKcu3 KUpYBUM KaTTaIMKJIApPHU caTX Oyiirya KBAHTJIAHUIIU TEKUC EKU
HOTEKCH TakcHUMJIaHraH XAl, Al jgapaxkajard KBaHTJIAHHII XapaKTEPUCTHKAIAPH
Ounan Oenrmnanagu. bup ymuamnm CHUTHaATHUHT KBAaHTJIAHUII XapaKTEPUCTHKACH
2.1 pacMI1a KEATUPUIITAH.

KBanTnam nmapakalapuHUHT KYITHH KBajapaTiapu opacuaaru macoda
KBaHTJaIl KaJaMM Jeiuiaau, derapaiap opacuuard macoda sca KBaHTIAHHII
XapaKTEPUCTUKACHU JIeUIaau. S'bHU KBAaHTIIAHUII TApAXKACU SHT SIKUH MHTEpBaJra
axauTiaaHagd. KupyBuM YHHUNONSp CHTHAJI XapaKTEPUCTUKACHUHU KyWHJaruda
€311l MyMKHH:

Elluk‘,y:_gl AI 1{E7<up_A|}’ (21)
=1

Oy epna Exup, Euux — xupyBun Ba 4yuKyBYM curHamiap; Ai (i=1,2,3, ..., n) —
KAPYBYM CUTHAJHUHT KBaHTJIAHUII Kagamiiapu; Al — KUPYBUH CHTHAJI KBAHTIAHHUIII
yerapanapu; 1{*} — kyiiugaru mwapt OaxxapuiiyBuu “Oup” QyHKLIHS:
Y= {{*}< O0yuyn.0 .
{*}>0yuyn.1
Xyanu my tap3zia OunoJisip CUTHaJ KBaHTJIAHMII XapaKTEPUCTUKACUHU XaM
€311 MyMKUH:

Equk,a{'z:Ai-l{ng—Ai}, (2.2)

KBaHTnaHum caTx Ba dYerapaJapuHHHI HOTEKHC TakcHUMiiaHummua (2.2)
udoaa Kyluaarnya KypUuHHII OJIAIH:

Egblx,5=A-+Zn1{E8x—iA}, (2.3), T.k. Ai = A = const, a Ai = iA.
-Nn

KupyBun curnan KBaHTJIaHMINI YeTrapacu Ba YMKYBYHM CHUTHAJ KBAaHTIAHUIII

JTapakaiapy MakCUMymiIiap/a KyHuaard TeHIIIuKIap épaaMuaa aHuKIaHaIu:
max max
K KU
Azillu y Azip y (24)
(2-n-1) (2:n-1)

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

KBanTnanum XapaKTEPUCTUKACH V3 ypHUIa aMIUIUTY1a
XapaKTEePUCTUKACMHUHT OWp Typu Xam xucoOmanaau  Euux = F(Exup).
KBaHTnmaHwWin  XapakTepUCTKACHIAH  TallKapyd  KBaHTJIAHWII  >Kapa¢HHIA

KYJUIaHWUJIaural Kydautupum kodhPhuuueHTH TylmryHYacu xaM MaBxkyna. by
KaTTaIMK Kyiuaaru udoaa paMmuaa aHUKJIaHAIN:
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Q:M, (2.5)

Kup

-
Ml A2 Far gl Bxog

2.2. pacm. KBanTnanumr xapaéHugard Ky9auTHPHII XapaKTePUCTUKAIAPH.

(2.3) hpopmynanu (2.5) ndonara kyiuod Kyiuaarnda KMianuo €310 oM MyMKHH:

n—oco XOJIaTWJIa KBAHTJIAHUII TEHI TaKCUMJIaHaguraH Oynca FEuux =
F(Exup) xapakTepuCTHKAaCH YM3HKIN KYpUHUIIQ =Qo0=const oOxagu, n—> oo
XOJATHHUHT HOTEKWC TaKCHUMJIAHUII XOJATHAa 3ca HOYM3MKIN Q = Qo = const
KYpHUHUILTA YTaH.
KBanTnanui xapakTepuCTUKACH Ba KydauTUpHII KOd(DPHUITUEHTIapU Opacuiaru
OOFMKJINK Oy — 2JIEKTP 3aHKUpJap TMHUsICUIAru (pa3a Ba BaKT
XapaKTePUCTUKAIAPU OpacuIaru OOFIUKINK TEOPEMACHHU JCIIAaTaIH.

KBanTnaHuII MIOBKUHU

CurHaJIHM KBaHTJIAHMIII Japa)kacd Ba dYerapajlapyHu SKyHUW XoJiaTra
KeJITUpray, KailTa THUKIAHYBUM TacBUpAa KaHaJ IIOBKUHJIAPU TabCUPHUIA
HOYM3UKJIM Oy3WJUIUIAp XapakTepura sra OYJraH KBaHTJIAHUII IIOBKUHHU XOCHJI
Oynaau. Ym0y IIOBKMH JapakaCM KUPYBUM CUTHaJI (a3oBUM Ba BaKT
napaMeTpijapura y3Bui OOrIMK. MacajaH, IOBKHHHUHT IOKOpH OOCKHYJIapuia
EpPYFIMK CUTHAJUIApU cakpamuiap kKaOw y3rapajd Ba OpTHKYa KOHTypiap Manio
Oynummmra onud Kemaau.

KBanTnanum mOBKHHUHN MabJIyM dYerapaijapja Y3rapTHPUIl MYMKHH.
Ym0y MmOBKUH JapakaCUHU TMacalTHUpUIN YYyH Kylugard OocKuuiIapaH
dbornanaHuIagu:

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

yidy KaJaMJapHu y3rapyBUaHINTMH TabMUHIaI K = CONSt;

3. KaliTa MunUTaHa€TraH CUrHaj CTaTUCTUK XapaKTepUCTUKAIAPUHU MOC KaiTa
WAl TEXHOJOTHUSCH EpAamMuia KYyJUIalll;

4, xymuMua €EpaaMud  CUTHa/UIapJaH (TaXMUHUH, JeTepMUHJIaHTaH EKU
yIapHUHT apanammMacu) QoiianaHu®d MIOBKUH CYHIUPYBUM  Macka
CUTHAJUIAPYUHHU KYIJUIALL;

5. TB TexHukaga — Moc 4acTtoTa JucKpeTusanusicuau Mmoc TB carp €ium Ba
TalllyBYM CUTHAJUIAP YacTOTalapuiaH (HoJaTaHuMIIL.

f o>p-f  =(3-4)f

(2.6) p —fp.maw curHamu rapMOHHKACH.

ouc p-mau p-maus’

YacToTa AUCKpETU3ALMSICH YUYH SHT KYN KyJUlaHWIaauraH Oupiauk p = 3, Oy
xoJlataa
fp-maw =4,21 (4,41) MI'u, fouc = 3x4,21 (4,41) = 12,63 (13,23) MI'n.

Ha3zopar caBoJsiapu

1. BuzneoMabIyMOTJIapHU paKkaMJiii XoJaTra YTKa3ullia yJlapHu KailTa Uiianl
KapaCHUHUHT OMpUHYM OOCKUYHM KaHJai O0CKUY Jernsiaau?
KBanTmami xapaéau ne6 KaHaai sxkapaénra aiTunaam?
KBautiain kagamu 1e0 KaHgal KaTTaJIMKKA ailTiiaan?
4. KBaHTJaHTaH CUTHAJ MabJiyM Oup yerapana sxiautianaau. LIy verapa
KaHaal HoMJIaHaan?
KBaHTnaHuil MOBKUHU HUMa Ba y HUMa cabadaaH naiao 6ynaau?
KBaHTnaHuil moBKUHUHYU OapTapad KWINII Y9yH KaHJal UIljiap amaira
OlIMpHIIan?

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 — amasmii MmamryaoT: C++ nactypm acocuaa spatuiran gacrypaa /luckper
KOCHHYC AJIMAIITHPUILIN ACOCHIA BUIEOMABJIYMOTIAPHUA CHKUIITHA TAAKUK
KHJIHIIL.

Nmpan makcaa. Typaum panr crapgapmiapuga (R, G, B) xamna,
Eputuiraniuk Ba panrgapk curnamapunu (Y, U, V) 8x8 ymuamaaru 6iokinapaa
JUCKPET-KOCUHYC aJIMAIITHPUILI YCyJIUJa KaWTa HWIUIAIl >KApa€HUHU TaJKUK
KWJIMILL.

MacajaHMHI KYUMJIMIIY. [[UCKPET-KOCHHYC aIMallTUPUII TPUHIUITMHA
Ypranu6 ynkum. Kogep cukuin koepUIIMEHTUHUHT Y3rapuIInHU KaiTa
TUKJIAHTaH TaCBUP cUdaTUTa TACUPUHU aMaTUETIa CUHAO KYPHII Ba YpraHnuo
YUKUII.

Kuckaua Hasapuii MabaymMoT. 3aMOHAaBUIl TENEBU3MOH THU3MMIIApAA
CUTHAJUIAPHH CHUKHUII XKyJa MyXUM axaMuATra 3ra. TacBup Ba BUJIEO CUTHAJTIAPHU
CUKUIIHUHT OMp KaH4a ycysutapu MaBxyal. XKopuit amamuér ummaa KA ycynuna
TaCBHp CUTAHJJIApUra pakaMjd HILIOB OEpUIl aJTOPUTMUHU 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)

FuY) = WACUCWY S p(x y){COS%}{CC’SM} @

x=0 y=0 16
2% N 2x +u 2y +1)v
f(y)== 3 > C(U)CH)F(u,v)cos ST oo By + DV
N u=0 v=0 2N 2N (2)
Oy epna: rpaguk  OJOKHMHT U -BepTHKal V —TOPHU30HTAI
KOOpJIMHATaJIapH;

X — MIKH OJIOK BEpTHKaJI KOOPJNHATACH,

Y - UYKH OJIOK TOPU30HTAI KOOPAUHATACH;
u,v = 0 yuayr C(u), C(v) = 1/72

Ba U,V £ 0 yayn C(u), C(v) =1

Yy ycyn KaapHU CHTHAJIM MaTpuuajgap aebd atanyBuu 64 (8x8)
nuKcen ymyampaard Onokjapra Oymummra acocianaau. (1.pacm). Cyurpa
ym0y CUTHAJUTM MaTpullajgap MOC KaTTAIMKAArd 4acTOTalIM MaTpuIlajiapra
allTaHTHpUIAAM Ba WKKW YidaMiud MaTpuiia cudaruga TOPU30HTal Ba
BEepTUKAN HWyHanunuiap Oyinda kypuob uukmwianu. Keitnaru 0ockuuna ymoy
MaTpulla aNTOPUTM KYJUTAaHMAacUTra KUPUTHITaH Maxcyc MaTeMaTuk (hopmyra
épmamuaa Kaita unmaHaau. Hatwxkama MaTpUIlaHWHT FOKOpPH-Yall KUCMH
AJIEMEHTIapu FOKOPHU YacTOTalld Ba KOJTaH JJIEMEHTJIAPU MAacT 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. bupnamum TacBup €pyFiauK NUKCENIAPU CUTHAJUIM MaTpULIACH

1793 | -22 6 -7 1 1 0 0
-12 0 -7 10 1 1 0 0
-35 -6 7 0 -1 -1 0 0

0 9 11 0 0 1 0 0
0 0 0 -1 0 0 0 0
-12 -1 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 -1 0 0 0 1

2.pacM. JIKA nan xelinH KaiiTa UllUIaHTaH MapTuila KodduimeHTiapu

JKII crnekTpuHUHT aB(3auIMrd IIyHAAH HOOpPATKU, CIEKTP SHEPrUSICUHU
acoCuil KUCMUHM TaIIKWJI 3TYBYM YaCTOTa SHEPTUsS MabJiyM OUp KHUCMIa HOJMHYU
gacToTa aTpoduaa HUFHIIaIn.

RLE umuHuHT 3QGEKTUBINIMHA OIIMPULI YUYH 3UT3UTCUMOH KaiTa UIIIaIl
ycyiu Kysutanuiaau (pacM 3), Oy ycya )Ky1a KaTTa CUKUII KoePUIUeHTUHU
OJIMII UMKOHUSITUHU Oepajin, JeKUH 0y KO3 PUIUEHTH pyxcaT dTUITaH
MUKJIOPAAaH OIIUPUINO 1000puiica TaCBUpIa HYKONMILIIAP Mai10 OVIUIINA MyMKHH.
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3.pacm IKIIna koadduirieHTIapuHu 3ur3arciMoH YKWIHIIN

4.pacm. JIKII ycynu acocuaa 75 MapTa CUKUIITaH TaCBUP

Hactyp Ky/L1aHMacu
JlacTyp MakeTH MKKUTa aCOCUI MAaHEIIaH TAIIKUJ TOITaH:
- KypcaTHUIll HaHEeIn
- OOUIKAPUIII TTAHEJIH
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', X

3arpysute...

KypcaTnmi naHeauaa IOKJIaHTaH TacBUp Kypcatu® Typwiaaud. Arap
IOKJIAaHQJIUTaH TACBUP YIIYaMU MaHelra CuFMaca y Jarjad €K TenajaH KeCHJIaJIu.
bomkapumn maHenuaa IOKJIaHTaH TacBUPHM  KalTa WIUIOBYM  >KapaHHU
OomrkapyBuH Oapya 3apypuil 3JIeMEHTIIap >KOMIAIITUPUIIA]IH.

FZEMM255 220 180 140 255 (255 189
242 255 229 164 136 255 (255 247
224 255 245 171 159 254 (255 255
249 255 252 171 149 228 (255 255
2564 246 255 191 136 203 (255 285
235 230 255 216 131 178 252 247
248 242 255 216 146 192 250 255

_ SERUSEEE ':"33_ 240 249 256 252 218 25h |25h (255

Bua komnoHeHTel

VICROQHEIN M3CCHE

' F [kpacHbid) % [aprocTs] M accue nocne nparora JKN
taccue nocne ofpatHoro ORI
G [zeneHe] 1 [yeTHOCTE ChHero]

[T ekn./BEIKN. KEAHTOESHUE

o B [ronyon) W [UBETHOCTE KpacHorD)
M1 3arpers oxHo METRHLA KESHTOEAHMA. .
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| L TR =
. 1576 LY 335 -9 -171 58 21 -1
-123 -3 106 123 82 -31 -3 -27
22 0 -67 48 1 0 0 -28
-b9 38 9 -16 0 44 1 0
25 -1 -22 28 1] -1 0 1]
-24 19 -2 -1 0 1 1 0
0 1 -40 1 1 -1 0 -1
HEenueHHs B ’ﬁ paz 1 1 1 0 0 1 0 0
v 'J Eraliinore M cxogHEIR MaccuHs ]
C R Vi st
* G [zeneHeii) " U [upeTHOCTE CuHero)
= " B [ronytioii) " W [uBeTHocTE KpacHara) =
J1 3axpeme orro MATPMLE KESHTOBAHKA. .

e =

B zlie =19 2fjz 2lfE 2|7 2] 2fa 2
16 2|16 #{[22 =]|2¢ ={|27 2| ={[>+ =7 2
9 sff22 #][26 |27 2{[29 &[[34 =3¢ ={[8 2]
122 sffe2 #][26 |27 2{|29 &[[34 =37 3{|40 2
22 #ffes #][27 |29 #{|32 2{[35 ][40 ={|48 2
B EE I EEIEE I EE I EEI I EE
126 #{[27 #][29 =3¢ 2{[e8 &][46 =56 ={[63 =]
127 #{f29 #][35 =38 2{|46 &[[56 =69 ={[e3 3

KCGquJHLLHEI'ﬂ'bI MATPHUEI KEAHTOESHWA

CraHaapTHbIE SHAYEHKA
YpeHewute B 2 pasza
YrieHblwuTe & 4 pasa

Becel

Broed

Bce 8

Boo 16 x OTreEHLTE
Boe 32 ; ey

Bbynnan Ttamkapu OolikapyB TMaHeNWAa KalWTa UWIUIAHTaH — TacBUP
napeMeTpjIapuHu XaM KYpHUIIl MyMKHH.

NHuHr 0akapuani TapTudn

1.  JlaGoparopws MIIMHUHT BUPTyas TaCTypPUHH HINTA TYIIHPHHT.

2. «3arpy3uThby» TyrMacuHu 00Ccu0, CHHATYBYM TACBUPHU FOKJIAHT.

3. TacBup xocus Oynrad “kypcaruin MaHEeIMHUHT HUCTajJraH KUCMHIa
CUYKOHYAHMHT Yar TyTMacuHU OOCUHT. Aparuiran 0ok yiauamu 8x8.

4, Oumiiran OWHAHWUHT «HUCXOJHBI MAaCCHUB» peXUMUIA OupIaMyu

MACCHUBHHHT TTapamMeTpiiapy KeJITUPHUIITaH.

d. «Bux kommoHeHTBD» Oynmumumarn Oapua (R,G,B, Y, U, V)
KOMITOHEHT KE€TMa-KeT KUPUTIINO, CUTHAJIJIM MAaTpHUIAJap Xuco0oTiaapu Oupma-
OUp OJMHAIH.
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6. Ouwnnran oitHaHUHT «MaccuB nocie npsimoro JAKID» pexxumura yTubd 5
NYHKT/AArd aMajHu KeTMa-KeTJIMKAa Oa)KapyHT.

1. Ouwiiran oWHaHMHT «MaccuB nociie ooparHoro JKII» pexumura
YTHO 5 MyHKTIAaru aMajaHu KeTMa-KeTJIMKIa Oa)KapyuHT.

8. 2Kopwii oliHaHU ENMUHT.

9. Hactyp oiHacumaru «Marpuua KBAaHTOBAHHMSI» KUCMHHU OOCHO,

naiijo Oynran oWHajga yHUHT OUpIMIUHU «l» ra TYFUpiaHT Ba KUWMAaTIapHU
caky1a0 ofHAaHU EUHT.

oo oo S

O O = O O O
O O = O O O
O O = O =
O O = O =
O O = O =
O O = = = O
O | O | O = S
| |1 j|1 j|1 j|1 j|1 j|1 j|1 j|1

k0a DOMUHEHT b METPHUEI KEAGHTOESHWA | I

Lob ) Lab) Lab] Lab] lab] Lab] L] Lot ]

[TaHaapTHEIE SHAYEHUA
YreHewwTe B 2 pasa
YMEHEWMTE B 4 pasa

x OrreHuTe | |
o Coxpanime I

Cyurpa acocuit nmanengaru «KonupoBanue» TyrMacwHH OOCHHT Ba jkKapaéH
Tyrarad OUpjamM4d Ba KOJJIAHTaH CUTHAJ KHAMAaTIapUHU €310 OJTUHT.

F HM e
i~ Npeotp.

Mox. pasmep:

Pes. pazmep:

k= pas
Pacy. o, |

Ymly KuliMaTIapHU TMaHeNAa KYpCcaTWUIl XOJaTJapuHU Y3rapTUPHIN YYyH
«Hcxonnoe» Ba «lIpeoOpa3zoBanHOe» TyrMajapu €pAaMuaa amajira OIIUPUII
MYMKHUH. XOCHJI OYJIraH HaTHXKaJapHU COJIUIIITUPUHT.

Hazopart caBosutapu
1. Amnanor tacBup pakamiiu Xosataa KaHaail uoaananaaun?
2. Huma maxcanna tacBup 8x8 ymuamnu nukcen Onokinapura OyinuHaam?
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3. YUV wmyxutunaru panrapaan ¢oiigananuim RGB myxutuman kypa
KaHAai ad3auimKiIap TaKaIuM Kujaau?

4. JIUCKPET-KOCHHYC  aJMAIITUPUIIHUHT  Ba3udacuHu  Ba  (QU3HK
XyCYyCUSTIAPUHU TYLUIYHTHPHUHT.

5. AKII anmamTupuinga 3Ur3arcMMOH —YCYJHUHT — KYJUTAHUJIMIITUHUHT

MAaKCa/IMHU TYIIyHTUPHHT.

KBanTnam marpunacu Ba3upacHHy TYIIYHTHPHUHT.

7. bnoxnu Oy3ununuiap naiao OV IMIIMHUHT cabanapuH TyIIYHTHPUHT.

o

doiigagaHnJaran agaduériaap

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

2. Cxatue nzobpaxenuii B aericteun. [[x. Muano 2006.

3. NurepaktusHoe TB M.U. Kpupomees 2004 Mocksa
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4 — amasmmii mamryaot: C++ nactypm acocuaa spaTuiras - Beiiier
AJIMAIITHPUII JACTYPH ACOCHIA BUIEOMABJIYMOTIAPHUHUHT CTATHK
TACBUPJIAPHHA CHKMIIHMA TAAKUK KAJIMIIL.

1. Ampan makcaa: AManuil UIIHM Oakapullija THUHIJIOBYM KyWIarujiapHu
V3IaTUPUIIN KEPAK :

— BHUJCOMABIYMOTIAp XAKMUHU CHUKHUIIA KYJUIAHWIAQIUTaH JUQTUHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIHW Ba U PEKUMUHH YPeaHUUL,

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

— CHUKHUII Japa)acl KaTTaJurura TacBUpJArd MYKOJMIIIAp Ba BEWJIBIIET
AIMAIITAPUII TYPJIAPUHUHT TabCUPU TYFPUCUAA OUTUMIAP2A 32A OVIULLU.

2.Macajnanunr Kyiunumu: Tommumpukaap

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

2.2.Tannanran tacBupjapHu Sta BeiiBier ¢uibrpiapugan (Deslauriers-
Dubuc(9,7); LeGall(5,3); Deslauriers-Dubuc(13,7), Haar, no shift per level;
Daubechies(9,7) ytka3u0 kaiita umniair, cuHoB cudaru 10.00 xomaruma.

2.3. OnuHraH HaTWKaJapHU KaaBajl Iakinuaa €31M0 OJTUHT.

2.4. CHHOB TacBUpJIapH XQ)KMUHHUHT KYJIJIaHWJIAETraH BEUBIET PUIIbpIapura
OOFJIMKJIUK TUCTOTPAMMACUHU YU3HHT.

2.5. OnuHTaH HATWOKAJIApHU TaX I KAJIHHT.

Kuckaua Hazapuii MabJyMoOT.

BeiiBieT aJiMalITHPUII ACOCHAA MABJIYMOTJIAP XA)KMHUHH CHUKHIL

Ym0y amanuii WIjiaH MakcajJ BEHBJICT aIMalITHPHUII acoCHa TEJICBU3UOH
CUTHAJJIAPHYU CUKWLI YCYJIMHM TaJKUK KWIUIL. AMAIUET UIIU KyJlaHMacuaa >KaMu
4ta wm Ky3ma TyTwiraH OYiauO THUHIJIOBUMIIAp ydyH Oartadcun WYpHUKHOMA
cudaruga OepuiraH.

BeliBieT anMalITUpUITHUHT YMYMHAMN TaxXJIUIU

Pakamiu TeneBuieHNe1a TACBUP CUTHAJIApUTa UILJIOB OepHIll yCyiiapuaH
Ooupu Oynran BA ycynu oxupru maltiapaa KEHT KYJUIAHUIUO KEeTUHMOKIA.
TexHonmorust anroput™Mu yTran acpuHuHr 80-muiapuaa ['poccman Ba Mopnenap
TOMOHMIAH APATHIraH. YOy TEXHONOIHs SpaTWINIIMTa acocuii ca6aé JIKY Ba
@yppe aaMaITUPUIL YCYJUIAPUHHUHI aCOCUN KaMUWJIUKIApUaAaH Oupu Oyiaran
KaiiTa THUKJIaHTaH TacBHpJa MNaigo OynanuraH HYKOTHIUIAPHU OJIAUHU OJIMALI
Oynran. byHaaH Tamkapu TENEBU3MOH CUTHAJ  Mypakkad  IIakjjaru
UMITyJIbCIIapAaH TAlIKWI TONTaH. YOy UMYJbClap JAaBOMUUIUIH Ba Japa)kacu
y3aTWIAETraH BakT OUpJIMIH MUYMJa y3aTUiaa€TraH ClokeT Tapkubura kapad 300
Mapraradya y3rapu0® Typulld MyMKdUH. bByHpalt xonatiap ydyH TapMOHHK
byHKIUSIIap — NHKCeIIapu  JACKOPPENSUUSACHHU  KYyJall eTapjuya
camMapaJiopJiuKHu ~ OepMaiiii  Ba  CHUKUAII  KOA(DDHUIMEHTHHUHT  FOKOPH
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MUKJIOpJapuaa HMYKOTUIIAPCU3 CUKUII HUMKOHMSTHH Oepa onmMaiau. ANHHKCa
CUKMII KO3(QUIMEHTHHUHI MacT dYerapajapujia TacBUp Maija CTpyKTypayap
HuruHaMCcH cudaTuaa HaMoEH 0ynuo Komanu (pacm 16).
I )|

= Bowon
- AleX Inc.©2006

a) Kcxk=25 mapta 0) Kck=3,5 mapra
1.pacm JIKA acocuaa TacBHpJapHH HYKOTHILIAPCHU3 CHKUII HaTHKaJIapu
oy 2= tzponu
BHY [ 12 S P ‘|‘2+le'—|—+
OBY e |2 [—im tz | wBY L) s b
oBul»{ |2 : o] 1zl opa|—t
: 2
®PHY - PHNLTPp HHEHHX 4YACTOT + - Npopesueanue

DBY - PUNBTPp BEPXHHMX 4YacToT +2 — HHTepnoOnAUuMWA

3.pacM. BeliBneT aMalITUPUIIIHUHT YMYMUI CTPYTypa cXemacu

TacBup ukku ymuamnu curHain Oyarawnauru Tydaitin yau BA ycynuaa
KailTa Wnuiam WKKAY OOCKMYJAa aMajira OIIMPUIIaIA: aBBajl caTpiap, CYHIpa
YCTYHJIAp KaWTa WIJIaHAIU EKU TECKAPUCH.

XaapauHr SHT onauii BA ycymm OVitmua, 21a koadduiueHTIap macT Ba
IOKOpY 4YactoTanu ¢uiabTtpiaapaad yTuo, [TYD nHaTwxkamapuHu HKKH KYUIHU
HyKTanap yprada kuiimatu Ba FOU®D kuiimatnapu 3ca connu auddepeHunaming
JapaxkajapuHu HaMO€H Kunaau. Hartwxkana uxkura Apng) Ba Dy Maccusmap
xocui 0Yynaau. MaccuBinap sneMeHTiapu Kyiuaaru udoaa épaaMuia aHUKIaHAH:

A = Sak + Sau Sy =S

5 : :%,Wepnake[(h%).

Y xodppuuuenTiap annpoxkuuMakuusa App) cursamuapy, HOY
ko3 unueHTIapu dca Aeranusaunus Aeidmiaaau. bynnai xomatnapaa A Ba D

D,
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MacCUBJIapura 3ra 0yirad Sy OMpiiaMun CUTHAJIHU KalTa THKJIAIl MyMKUH (pacM
4), ANz Ba Dpnjgp MaccuBnap coHnmu KuAMaTiapu dca EpTWITaHINK HyKTalnapu
cudartuga HaMOEH OYay.

Hexommerit curaan S

I T [T T TTT1

Anmp oK cHMALHA A [N/2] Aetamnamus Do)

4.pacm BeiiBieT- 1eKOMIIO3ULIMS TPUHIIUATIN

BenBier y3rapThpuil NOPUHLOUIIMHA S-pacMia KENTUPWITaH MUCOJIA,
TaCBUP CUTHAIMHM Y3TapTUPUILIA KYPUILIT MyMKHH.

OunbTp Oy KMUKMHA ‘“‘nmepa3zaya ~ makinga Oynub, y epaa €pyrivK Ba
paHryiap TNHUKCENb KUWMATIApU KEITUPWITaH BEUBIET — (QYHKIUSHUHT
kodhduimeHTIapura KynmauTupuiaaaun Ba KymaiTMa KuWMatiap WAFUHIUCH
OlMHAIU. VYHIaH CYHT ‘“Jepa3aya” OomKka KUMMaTHH XUCOOJall —Y4YyH
CWDKUTHIAAU. BuneomabayMOT/IIapHU TOpU30HTAN HyHanuiiga QUIbTpIian
OKMOaTuga HMKKUTAa MabIyMOTJIAp MACCHUBHM IIAK/UIAHTUPWIAIU: TACBUPHHUHT
acocuii axOOpPOTMHM TallyBYM [AacT 4YacTOTaJd Ba OamopaT  KWIKMI
XaTOJIMKIIAPUHU ¥3 MUMTra OJTaH I0OKOPU YacTOTaJId MaccuBiap (6-pacMra KapaHr).
[TacT Ba IOKOpHM 4acCTOTAJIM MAacCHBJIAp BEPTHUKANl WyHAJWMIIJAH yTrad sHa yJap
KylIMMYa BEPTUKAJl WYHAIMIIHUHT IMACT Ba IOKOPHM YaCTOTAIM MACCHUBJIAPUTA
oymuuaawiap. Llyngait kim0, uiupTpmamgad cyHr MxXN ymyamuparu OWtTTa
TaCBUP YpHHMIA BEWBIIET Y3rapTHpPHII HaTHXacuia 4 MapTa KAYHUKIAIITUPWITAH
(m/2) x (n/2) Vymuamuparn TacBup mango Oymamm (6 O-pacm). Cukuin
caMapaJiopJIMTUHU  OIIMPUIN  y4yH TMAcT 4YacTOTaJd TAaCBUPHU  BEHBJIET
y3rapTupuig OuiaH Kym MapTa y3rapTHUpUIl MYMKHH, SbHU TAacT YacTOTalu
KucMaa | mnukcens KodaryHua. Amanuérna  ysraptupunuiap 3-6  MapragaH
omMaiau. Be#iBrer kodh(UIMEHTIApHUHT TMAacT Ba IOKOPU  YacTOTaIH
MacCUBJIApMHU MKKHM Kappa y3rapTHUpUIUIapiaH KeWHHTH OJMHraH TacBup (6 O-
pacMa) J1a KeITUPHUIITaH.
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P a

5-pacm. [lacnaOku TacBUp Ba caTpiap Oylinda BeMBIET —
JEKOMITO3ULIUSICUIaH CYHT

Mynaait kuub, kym maporada BeWBIET AeKOMIO3UIUsIIA (Y3rapTUPHIL)
HaTWXKAacUa, anmpoKCUMAIIMsUIAll MAacCUBHUIA KyJa KMYUK TacBUp ojuHaau (6-
pacMaard Tera yam Oypyak/ia) Ba allHM BakTJa Y KHYUK XXMM axOopotiap
MabIyMOTHUHU TaITKAI STa/IH. MaccuBHUHT KaTTa KUCMHUHH
JeTaMU3alUsIAITUPral HOJUIap €K KUYUK KO3 uiueHTiap Tamkuwi ytaau (6-
pacMaa Hosira Kuiimatu 128 Oynran Kyjd paHr MOC Kelajau), yjap CTaTUCTHUK
KOMITIpECcop/ia SIXIIM CUKUJIAIM Ba KaTTa CUKUII KOA(D(UIIMEHTUTa SpHUIIHIITa
UMKOH OepaJiu.

a) 6)
6-pacm. TacBUpHHUHT caTpiap Ba yCTyHJap Oyiinua BeiBieT puiabTpiaapu
épramuaa y3rapTUpHILI Ba UKKKM MapTa y3rapTUpPUIIAAH KEUMHTH XOJIaTH.

ynnait ityn OunaH oMWHTaH BeiBIEeT KO GUIIMEHTIap KUiMaTiapu
KBAaHTJIAHA/IW Ba CUKUIITHHU OOIIKAPHUII YIyH CTATUCTUK KOMITpeccopiap €paamMusa
CUKMJIAI XaM/ia IIyHAaH CYHT YMKHUII OKUMUTA E3WIaA. X03UPTy aiTaa, aBBal
AUTWITAHUJEK, TACBUPJIAPHU CUKHILA KEHT KYJJIAaHWJIaAUTaH BEUBIIET
dyukusiap Kyinaaruinap: Koan — looemm — ®oso (CDF22,CDF24,CDF97),
Busnacenopa — V610, Koiipman — BCW3 Ba TS2/6, MIT97 BeiiBneriapu.

3.MmHMHT 0aKapuJIMII TAPTHON
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3.1. BeliBneT BUICOKOACK NaCTYPHUHH FOKJIAHT.

3.2. «3arpy3uTb Ha0Op BXOJHBIX U300pakKeHUN», TyrMacuHu Oocud
TaHJaHTaH TacBUp (Qailiapunan OUPUHM IOKJIAHT. Arap HaMOWHUII KUJIMII
MaHeIn1a TaCBUP OJIIMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamolium Kuiuml MaHenuaa TacBHp maigo Oynrad, yHU paHrdapk
Oyiinua KaliTa wuWOUIal TYpUHU TaHjdam, MacaimaH, YUV 4:2:2 Ba
«KonBepTupoBath» TyrMacuHu 6ocuiil j103uM. CYHIpa HaMOMUII KWW MTaHEIn/1a
RGB ¢omarura yTkasmiran Ba KaiiTa WIIUTaHTaH TaCBUP XOCKJI OYiaau.

3.4. «Konep» BKiagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 kuitmatra co3naHr.

3.6. «/lomomautensHO» TyrMacunu 6ocuO, Intra BeWBIET QUIBTP TUMIMHU
Deslauriers-Dubuc (9,7) xonarra co31ab oiuHr, arap OyHIa dXTHEXK ce3niica.

3.7. Co3namanapHUHT KymmM4a oiHucaHu (JloToTHUTeNTsHO) EHIHT.

3.8. «Hauarp komupoBaHue» TyrMacuHu OocuO, Komtaml >kapaéHUHU
OolLTaHT.

3.9. Komnmam HaTwkanapugaH cukuiml  kodddUIMEeHTH Ba  Yyprada
k03 QHUITMEHTIaApHHM KaIBayra E3U0 OJIUHT.

3.10. Hamotinm kumumn ma"enuaa «JlekogupoBanHbie H300pakKeHUs» SbHU
JIEKOJIepJIaHTaH TacBHp IMYHKTH aKTHUBIamagu. by MNyHKTAa KaillTa WIUIaHTaH
TacBUp cU(aTUHU BU3Yyasl COTUIITUPUIIT UMKOHUSITH MaBXKY/I.

3.11. Coznamanapman OomIKa TypJard BeWBIeT (DUIBTPIAPHU TAHJIAHT Ba
3.6-3.10 nyHKJIapaa KeATUPWITaH aMajulapHU Oa)KapuHT.

3.12. 3.2-3.10 nyHkTapHu 6ap4ya CHHOB TacBUpJIapH YIyH KYJUTaHT

3.13. lactypHu €nuHr.

4. Xuco0oT Tapkudu.

4.1. XwucoOoT TapkuOuja KOAJIAll TapaMmeTpiapu, TYpJid Kuilmariap
KYJUTaHWITaH ard HaTKaliap, OUpIMKIIap *aaBa MakiIuaa OYIuIm Kepak.

4.2. Yusunagurad rucTtorpaMmaiap xap OWp CHHOB TacBUPH YYYyH
aJIOXH/1a YU3WIIUII JIO3UM.

4.3. OnuHraH HaTWKaJapHUHT KUECUH TaxXJIWIMHU YTKAa3WHT Ba acOCHU
XyJIOCaJapUHTU3HU E3UHT.

Ha3zopar caBosiapu

=

BeiiBneT anMamTHpuII yCyiau KUM TOMOHH/IAH SpaTUjIraH?

BeiiBneT anMamTHpuUII yCyJIu HIMA Y9yH XU3MaT KAJIAIH?

3. JAKY Ba BA ycymnapuia TacBUp CUTHAJUIAPUHU KalTa uiianl
aNropuTMIIapu (papKuHU caHaO YTUHT?

BA ycynuna kangait Typaaru Gpuiatpiaap MaBxyn?

ATNMPOKIUAMAKITMSA Ba JeTaTN3alys TylIyH4Yanapura Tabpud 6epuHr?

N

o s

DojigasaHnIraH agaduéraap
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5 — amanuii MalwFyJaoT. BelBieT aJMalITHPHIN YYKYPJIUTHHA
Y3rapUuIIUHUHT CTATUK BUACOMABJIYMOTJIAP CUKUALI KOY(PPUuuueHTHra
TAbCUPUHH YPraHUILL.

1. Amaan makcaa: AMaiauil UIMHA Oa)kKapuIlia THHTJIOBYM Kyl daruiapHUu
VY3IamTHPHUIITN KepaK :

— BUJEOMAbIyMOTJIAp XAKMHUHHM CHUKHUIIAA KYJUIAHWIQJUTaH JTUQTHHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIHW Ba U PEKUMUHH YPeaHUUL,

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

BUJICOMABIYMOTJIAp CUKUII KOA((DHUIMEHTHTa TAhCUPUHN YPTAHUII TAXPUOACUHU
VTKazuil Oyinda ourumaapea ’ea oyauuiu.

2. Macananunr Kyiinwanmu: Tonmmupuxkiaap

2.1. BeiiBner anmamTHpumgga JACKOMIO3UIUS IUKIUIAPU COHUHHUHT
y3rapuiiyd CTaTHUK BHACOMAbIyMOTIap CHKUII KOd(DPUIMEHTUra TabCUPUHU
Yyprauum taxkpudbacunu cudar daxktopu Oupnuru 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 TaxXJIUJI KUAJIHHT.

Kuckaua Hazapuii MabjaymoTiaap 0yinda 4-amajauérra Kapamr.

3.MIHUHT 02a:KaPUITHII TAPTHOH

3.1. BeiiBneT BUICOKOICK TaCTYPHUHHU FOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOIHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJAaHTaH TacBUp (Qaiinmapunan OWUPUHHM FOKJIAHT. Arap HaMOWHWII KWJIUII
naHeJnJa TaCBUP OJAMHJIAH IOKJIaHTaH Oyica 3.3. myHKTra YTHUHT.

3.3. Hamoiinm kwmiin naHenuja TAacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaWTa wWNUIal TYpUHW TaWjdam, MacaimaH, YUV 4:2:2 Ba
«KoHnBepTupoBath» TyrmMacuHu 06ocuill jJ03uM. CYHrpa HAMOWKII KA TaHeIn 12
RGB ¢opmarura yTkazuiarad Ba KaiiTa UIUIAHTaH TaCBUP XOCUI OYIaau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 Kuitmatra co3naHr.

3.6. «lonomuurensbHo»  TyrmMacuHu ~ OocuHr Ba  «[nyOuna
npeoOpa3oBaHus» SbHU KalTa MIUIAIl YYKYpJIWTd KUHAMATMHM 2 Ta TEHI KUIUO
CO3JIaHL.

3.7. CoznamanapHUHT KymuM4a oHacuHu (JloTOTHUTENbHO) EMUHT.

3.8. «Hauate kogupoBaHue» TyrMacuHu 00CUO, KOJJIaI KapaéHUHU
OoIIaHT.
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3.9. Hatmxanapau (cukuin ko3 PUIMeHTy Ba KaiTa UIIIall BAKTHHN)
XKaaBayra €310 OJIUHT.

3.10. «I'myOunsl mipeoOpazoBaHus» KuiiMatuHu 3; 4; 5; 6 KuitmMataapura
co371a0 3.6-3.9 MykHT amautlapuHu Oa’KapuHT.

3.11. 3.2-3.10 nynkTinapHu 6apya CHHOB TaCBHPJIApH yUyH KYJIJIAHT.

3.12. JlactypHu €nuHT.

4. Xuco00T Tapkuon.

4.1. XucoOboT TapkuOWaa KOJJIANl [MapaMeTpiiapu, TypJud KuhWMatiaap
KYJUTaHWITAHAard HaTIKajaap, OUpIIMKIap *KaaBal MakiIuaa OYIuIny Kepak. YHIa
TypJAud  CIOKET  TacBUpJApUW  KOMJIAHWIUMAA  BEWBJIET  aJIMAILITUPUILNJA
JEKOMITO3ULIMS TUKIUTAPU COHMHUHT y3rapuily 2 JaH 6rada KuilMaTiap opajufu
YUyH KEITUPWIHILN KEpPaK.

4.2. BeliBleT @JIMalITUPUIINAA JACKOMIO3ULMUSA UUKIUIAPU COHUHUHT
y3rapumu  Ba  CHUKMII  Ko3(pduuueHTiaapu  ypracugaru  OOFJIUKIIUK
rUCTOrpaMMallapuHu Xap OUp CHHOB TaCBUpJIapy yUyH YU3UHT.

4.3. OyMHraH HaTW)KAJIAPHUHI KUECHM TaxXJIWIMHM YTKAa3MHT Ba aCOCHM
XYJOCAJIAPUHIU3HU E3HHT.

Ha3zopar caBoJsiapu

=

BeiiBeT anMamtipuin yCyJIMHA WIUTANT TAPTHOWHA TYITYHTHPHUHT .

BeiiBeT anMamtupuin yCyJIUHAHT alTOPUTMHUHH TYITYHTUPHHT.

3. JlexoMIo3uus MUKJUIAPU COHMHHWHT Y3TapHIlld CTaTHK BUACOMAbIyMOTIIap
CUKHII KOd(pHurmeHTrra TahCUupUHN 0axX0JIaHT?

4. BA ycynuaa KaiTa unuiam uykypyuru «l myOuHa mpeoOpa3oBaHusD)
KHUIMaTH CUKUII KO PUIIMEHTUTa KaH1ali OOFINK?

5. JexoMma3uiusi TyluryH4acura tTabpud 6epuHr?

N

DoiigaJaHIITaH agaduéraap

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

2. Cxarue n3obpakennii B nericteun. J[x. Muano. 2010.

3. NatepaktuBroe TB M.U. Kpusomees 2010. Mockaa.
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6 — amaamii MmamryaoT: KBanTiam skapaéHUHN BUAEOMABJIYMOTJIAP CHKUII
KMIAMATH Ba CTAaTHK TACBHPJIAP cU(PaTHra OOFIMKINIMHHA TAIKUK KHJIHILL.

1.Ampaan makcaa: Amanuii WIIMHA Oakapuila THUHTJIOBYM KyHJarmiapHU
Y3IAMTUPHIITN KEPAK :

— BHJCOMAbIYMOTJIAD XAKMHUHU CHKHUII YYyH KYJUIAaHWJIAIWTaH BEHBIET
KBAaHTJIATW4 Il PSKUMIIAPU Ba XYCYCUSTIAPUHU YpeaHUll,

— KBaHTIarnyga cudar (PaKTOPUHUHT Y3TapuIlM CTATUK TaCBUPJIIAPHUHT
CUKHII KaTTAJIUTH Ba YIAPHUHT CU(DATHHY Y3rapuIlura TAahCUPHHH OAX0.1all OULL;

— KBaHTIarnyga cudar (PaKTOPUHUHT Y3TapuIlM CTATUK TaCBUPJIIAPHUHT
CUKHII KaTTAJIUTH Ba KalTa TUKJIAHTaH TaCBUPJIAp CUPTUHU Y3TapuIli TaKpUOaCH
oyiinua ounumaapea 22a oyauuL.

2. MacananuHr Kyinanmu: Tonmupukiaap

2.1. Ksantnaruuyna cudar (baKTOpUHUHT y3rapuum CTaTUK
TaCBUpJAPHUHT CHUKMII KaTTaJUTM Ba YJIAPHUHT CU(pATUHU Y3rapuiiura
TabCUPUHU YPraHyBUM TAXKPUOAHU YTKA3HIIL

2.2. TaxpubanaH OJMHTaH CHUKUII Kod(pduiumeHtu Ba Yypraya cudar
KaTTAJMKIIAPUHU JKaJIBaJl IIaKIuga €310 OJUHT.

2.3. MabaymMoTinap XaKMHHH CHUKHUII KOX(GOUIMEHTH Ba CHHAITYBUU
TacBupiap ypraya cudar KypcaTrHuJapyUHUHT cudar ¢(akTopu Y3rapuiiura
OOFIMKJIMK THCTOTPAaMMaJIApUHN YH3WHT.

2.4. OnuHraH HaTWKAJIapHU TaxXJIUJI KUAJIHHT.

Kuckaua Hazapuii MabjaymoTiap 0yinda 4-amajauérra Kapamr.

3. NumHuHr 0axkapujanim TapTudn

3.1. BeiiBneT BUACOKONEK NTaCTYPUHH FOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOIHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJAaHTaH TacBUp (Qaiinmapunan OWUPUHHM FOKJIAHT. Arap HaMOWHWII KWJIUII
MaHeu1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamoiinm kwmiin naHenuja TAacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KalTa wWNUIal TYpUHW TawWjdam, MacaimaH, YUV 4:2:2 Ba
«KoHnBepTupoBath» TyrmMacuHu 06ocuill jJ03uM. CYHrpa HAMOWKII KA TaHeIn 12
RGB ¢omarura yTka3uiaran Ba KaiTa UIIUIAHTaH TaCBUP XOCHUJI OYau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarruuuHu 9 KuiiMaTra CO3JaHTr.

3.6. «Hauare xomupoBaHHME» TyrMacuHu O0cCHO, KomJjaml >kapaéHUHU
OOILLJIaHT.

3.7. Harwxkanapau (cukuin koddduinmeHTn Ba yprada cudar) >kagsaira
€310 OJIMHT.

3.8. «KauectBo» kuiimarmau 8; 7; 6; 5; 4; 3; 2 KuiiMariapura cosiad
Taxpubanu 3.5-3.7 MyHKTIIap OYiinda TaKpOPIIaHT.
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3.9. 3.2-3.8 myHkTnapHu 6apya CHHOB TaCBUpJIApU yUyH KYJUIAHT.
3.10. lacTtypHu €nuHT.

4, Xuco00T TAPKUOM.
4.1. XwucoOOT TapkuOHAa KOAJAIl MapaMmeTpiiapu, TYpJIH KuiMatiiap
KYJUTaHWITaHAaru HaTkayiap, OUpuKiIap *aaBai Makiuaa OYIum Kepak.
4.2. YuzunaauraH ructorpammanap Xap Oup CUHOB TaCBUPH YUyH alloXuaa
YU3UIIHILIHN JIO3UM.
4.3. OnuMHraH HaTWXaJAPHUHT KHECHM TaxJIWIMHHA YTKAa3UHI Ba aCOCHU
XyJ0CaJapUHTU3HU E3UHT.

Ha30paT caBoJliIapm

=

Yoy amanuéT ummaaH Ky3J1aHraH Makcajl Huma?

2. Cudar mapameTpu Y3rapHIIMHUHT KalTa HWIIIaHAETTaH TacBUP CHUKMIII
KO3 duULIMeHTUTa TAbCUPH KaH 1Al ?

3. Amanuér UM aacTypujia TaCBUP CUTHAJUIAPWHU KaHAal Typaaru panrdapk
CTaHJapTIapu/ia KaiTa Uiiam UMKOHUSITH MaBxXy/1?

4, Amanuér uimm JacTypu KaHjad ¢gopmataaru pakamsid TacBUpJapHU KanTa
WIIAN KOOWJIUATHTA dra?

5. «IlapameTpbl KOAMPOBAHUSN TTAHETUIA KaHIAN cO3JIaManap MaBxKy/1?

DoiaJAHWITAH aga0uéTiap
1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the
DVB Framework Third Edition, by Hervé Benoit, printed at Focal Press
Elsevier, USA 2013.
2. Cxatue n3obpaxenuii B aericteun. /»x. Muano 2010.
3. UurepaktusHoe TB M.U. Kpuomiees 2010. Mockaa.
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7 —amanuii mamryaoT: TacBupaapaaru kaapjaapapo opTUKYAJIMKHU
MabJyMOTJ/IAP BUACOOKUMHHH CHKHII KATTAJIUIUIa TAbCUPUHU YPraHMILL.

1. Mmpan Makcaa: AMaui WITMHA Oa)kapuIlja THHTJIOBYM KyiIaruiapHu
Y3MaITHPHUINN KEPaK :

— BHICOO0OBEKTIAP XapaKaTHHU KOMIICHCALMSJIANl acOCHIa JUHAMHK
TaCBUPJIAPHH KalTa MIIUTAI YCYJUIAPUHU YPeaHuil,

— TacBHpJIApPJard Kajapiiapapo OPTHKYAIUKHUA MAabIyMOTIIAP BHICOOKHMHHU
CHKHII KaTTAJIUTUTA TAbCUPHHU 0AX01Al ONUUL;

— TacBHpJIApPJard KaJapiapapo OPTHKIAIUKHA MabIyMOTJIAp BHICOOKHMHHHU
CUKHII KaTTAJIUTUTa TAhCUPUHK OaxoJiail OJUI OYinda Ourumiapea 32a OyauuL.

2.Macaganunr Kyinaumu: Tonmmpukiaap

2.1. Typnu cUHaTyBYM BUJCOCIOKETIApAATH Kaapiiapapo OPTHUKYAIUKHU
BUJICOMABIYMOTJIAp XAKMHHM CHKUII KaTTanurura  Ba TB TacBupiapHu
JIeKOJIepJiallra TAbCUPUHU TaXJ I KUAJTHIIL.

2.2. Cuxum  kodpduimeHtTd Ba  ypraya cudar  KaTTAIMKIApU
KUIMAaTIIapUHU KaJaBaJl MAKIuaa €310 OJIMHT.

2.3. MabaymMoTiiap XaXMHUHH CHKUAII KOA(OUIIMEHTH Ba CUHAIYBYU
TacBUpijap Yypraya cudar KypcaTrHuIapuHUHT cudar ¢GakTopu Y3rapuimra
OOFIMKJIMK THCTOTPpAaMMaJIApUHN YH3WHT.

2.4. OnuHraH HaTWKAJIapHU TaxXJIUJI KAJIHHT.

Kuckaua nazapuii MabjaymMoTiap 0yinda 4-amajauérra Kapamr.

3. WNmHuHT 0aKapuaum TapTudu

3.1. BeiiBieT BUICOKOICK TaCTYPUHHU FOKJIAHT.

3.2. «3arpy3uTh HaOOp BXOJHBIX HU300paKEHUN», TyrMacuHU OOCHO
TaHJaHTaH TacBup (Qailimapunan OMPUHM IOKJIAHT. Arap HaAMOMWHUINI KUJIMII
NaHeu1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamoiinm kwmii naHenuja TAacBUp Maigo Oynrad, yHU paHrdapk
Oyiinua KaWTa wWNUIAl TYpUHW TaWjdam, MacaimaH, YUV 4:2:2 Ba
«KonBepTupoBars» TyrMacuHu 6ocuiil jJo3uM. CYHrpa HaMOWHUII KUJTUII TTaHEeIn 1a
RGB ¢omarura yTka3uiaran Ba KaiiTa UIIUTAHTaH TaCBUP XOCHUJI OYaau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 Kuitmarra co3naHr.

3.6. «Haware komupoBaHWE» TyrmMacuHH O0cCuO, Komiaml KapaéHUHU
OOIILJIaHT.

3.7. Harwxanapau (cukuin koddduiMeHTr Ba yprada cudar) >kaasajira
€310 OJIMHT.

3.8. 3.2-3.7 nyHkThnapHu Oapya CHHOB TaCBUpJIApU YUyH KYJUIAHT.

3.9. MactypHu €nuHr.
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4. Xuco00T Tapkuodm.
4.1. Xwucobor TapkuOujga Koajaml MapaMmeTpiapd, Typiad KuiiMamiap
KYJUTaHWITaHAard HaTuXKasap, OupauKiap *aasajl Makinga OYInIm Kepax.
4.2. Yusunagurad rucrorpaMmaiiap xap OMp CHHOB TAacBHpPU YUYH alloXHja
YU3UIIUI JIO3UM.
4.3. OnuvHraH HaTWXKAJIAPHUHT KUECUN TaXJWIMHU YTKAa3UHI Ba acoOCHi
XyJ0CaJapUHTU3HU E3UHT.

Ha30paT caBoJlIapm

1. BeiiBnet anmMamTHPHIN AACTYPH TAIIKU UHTEpQeiicn HUManapad noopar Ba
yJIapHUHT (YHKIHMOHANT Bazu(anapuHu TYITyHTHUPUHT.

2. Cuxui kKo3hGUIIMEHTHHHN XUCOOJATHUHT SHT OJITUN yCYJIM HUMAaIaH
ndopat?

3. Kaiita unanran TacBup yprada cudartu KaTTaluru Kaujaan Oupiauk Ouian
Ynaanaau?

4. Beiiner anMaitupuiil Ba JJuckpet KOCUHYC YCYJUIApUHUHT ad3aJUTUTH Ba
KaMUYMUJIMKIIADUHU KUECUM TaKKOCJIaHT?

5. CraTuk TacBHp CUTHAJUIapHUra KaiTa UiuioB OepyBUM sHA KaHAA
TypaapuHu ounacu3? Mucosap KeITHPHHT.

DoiaJaAHWITAH aga0uéTiap

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

2. Cxatue nzobpaxenuii B gericteun. [[x. Muano 2010.

3. NurepaktusHoe TB M.U. Kpusomiees 2010. Mockaa.
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8 — amaamii mamryJoT: LabView myxutuaa TejieBU3HOH y3aTrud YHKHUII
KYBBATHHHU yJI4alll.

HNimpan makcan:
TunrinoBumnapaa LabView MyXUTHHHHT (QYHKIHMOHATI HMKOHHUSATIAPH
TYFpucHIa OMJIMMIIAPHHU AKJUIAHTUPUIIL Ba YIAPHUHT MajaKaCMHU OIIMPHIILL.

MacajaHuHI KyAMJIHIIN:

National Instruments LabView myxutin uMkoHUSTIApH OWIAH TAHHIIUIIL.
Ym0y MyxuTaa Maxcyc KypWIMaBHWii Ba JacTypuid TabMHUHOT &Epaamuna TB
y3aTru4 KyBBaTUHU MKKHU XHWJI PEXXKUMIA YI4all TaXKpUOACUHU YTKA3HILL

Kuckaya Hazapuii MabJIyMoOT.

HamyHaBuil JaCTYPHUHI YMYMUH KYJUIAHMACH

Oxupru HWULIapaa paadod’IeKTPOH BOCHUTAJIapuaa aHalol Ba paKaMiid
CUTHAJI MMapaMeTPJIApUHU TaXJIWI KAJUII, yJap yCTHIa TYPJIM TEXHUK Taxpuoanap
yrrkazum, MY curHammapHu KadTa WIUIANI, y3aTUIl Ba KaOyn  KWJIMII
TEXHOJIOTUSICUHM YpraHuil y4yH Oup KaTop BHUPTyald JacTypiap UILIa0
yukuiaMokaa. National Instruments ¢upmacununr LabView wuHCTpyMeHTaN
nactypiam Twim Oy Oopama yinkaH TaxpuOaiap oiaud Oopmokima. LabView
MYXUTUHUHT OOIIKa MyXUTJapJaH €KU JactypiiapjaH ¢apku IIyHIaKu, Oy
JAaCTypJa paauodJIEKTPOH BOCUTAIapra ouj 0apya TEXHOJIOTHK kKapa¢Hiiap ycTuaa
onmu0 Oopunaguran Taxpudanap 100 % pean myxutuHu sparaad. by sca V3
HaBOaTHAa WIIA0 YMKApyBUMJIAp Ba WIMHUM-TAAKUKOT YTKa3yBUWIap y4yH OUp
KaTop a(3auIMKIapHU TakKAUM 3Tagud. byHra Mucon Kuiaubd KyWluaaruiapHu
KEJITUPUIL MyMKHUH:

o Taxpubanap Ba WIMHI TAAKUKOTIAPHHU peasl MyXHUT/Ia aMajra OMUPUIHIIN
opTukua capd xapaxkaTJIapHU OJJIUHU OJIA]IN;

e byHmaii >kapa€H TagKUKOTYM €KW TalabaHUHT OHTHJA peall MYXHT
TacaBBypJapUHH Oepaau.

AMaIMil HMIIHU MKKU XWI PEXUMIA amaira OIIMPUII MYyMKHH. bupuHum
ycynaa tuzumaa Maexya FOY reneparopu €praMua CUrHaJIapHU MAKIIAHTUPHO
pean BakT TB y3aTruy 4Kl KyBBaTUHH Y4alll UMKOHUATUHU Oepanu. UkkuHun
xonataa sca “RF Components Testbench” crenmuaa BupTyan MyxuT €paammuia
TETULUIN TAAKUKOTIApHU aMalira OUIUPUII MyMKHH. YHHBEPCal AaCTyp MaKeTUra
KUPUTUJITAaH OMp KaH4ya dJIEMEHTIap OaHKA THUHTJIOBYMJIApTa MYCTaKWJ PaBHINA
TYpJId XWI PAAHOSIEKTPOH 3aHKUpJAPHU JIOMMXajall Ba TETUIUIM H3JIaHUII
xamja Taxpubanap YTKa3ulll UMKOHHATHHU TakauMm dtaau. Kypunima tapkubura
kuputwiaran remeparop 2.7 I'Tuman 6.6 ' rava O6ynran paguoTyIKUHIAPHH
MIAKJUTAHTUPUII Ba y3aTUII KOOUIUATUTA dTa. AMaJMii UIIIaH KY3JIaHTaH acoCUi
Makcaq TuHrIoBumiaapaa LabView MyxuTWHMHT (QYHKIHOHAT HWMKOHHUSATIApU
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TYFpUcHIard  OWIMMIApPHM  MIAKUIAHTHPUII  Ba  yJIAPHUHT  MaJlaKaCHMHU
omupuIgad ubopar.

JacTypuil Ba KypuJIMaBHUil TAbMUHOT.
Tuzum Kyiina KeNTUPUITral KypuiMaBuil TabMUHOTTa (OJI0KIIap) Ara::

e 1OY curnayuiapu ananuszaropu (RFSA 5661/63)

FOY curnamnapu reaepatopu (RFSG 5671/73)

RFSA, RFSG yuyH npaiiBepmap.

NI Modulation Toolkit

NI Spectral Measurements Toolkit

“RF Components Test Bench” ykyB cTenan

Hactypuii TabMHHOT, Oepuiran KypwiMa (GoHgaTaHuIl KyJUTaHMAaCH
Ba BUJICOKYPCH MaBXKy/J OYJITraH KOMIaKT-UCK.

AMaJIuil HITHYA 0aKAPUIIAA TUSUMHHUHT YJIAHUII CXeMacH

mem NI PX1-10420

6

1.pacm. TuzuMHUHT Maxcyc kabeyab (a) Ba aHTenHa (0) épaamuga
YJAHUII CXeMAaCH.
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RAPOMENTE TEE TR NCH

2.pacm. “RF Components Test bench” crenam 3;1eMeHTIAPH.

0 &

3 pacM. AMaJjuii MITHUHT 0AKAPUITHIITUAAATH TU3HM YJIAHUII CXEMACH.
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JacTypuil TABMHUHOT KYJJIAHMACH.
JlacTyp TOMOHUIAH spaTWiraH VYKyB Kypcu uHTepdericu 4-pacmia
KEJITUPUJITAH.

MNporpaMmMHoe 05ecneyeHne, NP NOMOLLKM KOTOPOTO MIEKEHEDPEI M3YHaHT HOBEIE CNOCODLI KaHaAbHOTO KOAVPOBAHNA U
| ANTOPUTME! MOAYNALMY NPY TECTHPOBAHUK PAAMOUACTOTHOTD OBOPY/A0EAHWUA, REARETCR DAHMM U3 BAXHeALLIMX
y 08, ACNDAL3Y WM HOBEY ALY € AOCTVKEHWA 8 obnactn reHepauy M NpYema PaavnocvrHanos,
cmcra2 i 132UV NOZO0GHOr0 NPOrpaMmMHOro obecneyeHa, HeobXoANMOro NP paspaboTke N3MepUTeABHOTrO
0BOPYAOBAHYA, BECEMA YAOSHO NCAL3OBATLHCS NPOrPaMMaMU KOAVPOBAHUS U MOAYNSUWY AAS FTEHEPALUK ¥ U3MEDEHVR
CAFHANOB NPY NOMO LM YHMBEPCAALHBIX MOAYNbHbIX BY npnbopos. NporpamMHbIv NoaAXoa K TECTVIDOBaHAID AdeT
NOAB30BATENO BEO3MOXHOCTb NOAHOM 3JanTalMi MMErIEroca 0bopya0BaHMA K PEWaeMan 3aaaue.

|

Pafiora 10
|

l Pafiora 11

4 pacm. [Jactyp unrepdeiicu.

CHYKOHYaHUHT TyrMacHu €paaMujia aMajliid MINHMA KHCKada KyJulaHMajlapu
OWJIaH TAHULIUII MYMKHH.

NHu 0askapui y4yH KypcaTMa Ba HAMYHA.

1. TesqieBU3HOH Y3aTTUYHUHT YMKHMII KYBBATHHHU VI4alll.

AManuii WIIHA MKKW XWI PEeKUMJla amalira OUIMPUIIl MYMKHUH. buprnHum
ycyiana tuzuMaa masxys FOY renepatopu €paamuia CUrHaUIapHU MAKIUIAHTUPHO
peast BakT TB y3aTruy uukui KyBBaTUHM YI4all UMKOHUSTHHU Oepanu. UkkuHun
xonataa sca “RF Components Testbench” crennuna Buptyan myxut €paamuaa
TEruIUIM TAAKUKOTJIAPHU aMajra OIIMPHII MyMKHH. YHUBEpcal JAcTyp NaKeTUra
KUPUTHIITaH OMp KaH4Ya dJIeMEHTJIap OaHKM TUHIJIOBYMJIApTa MYCTaKWJ paBUIIA
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TYpPJAM XWI PAAUOICKTPOH 3aHXKUPJIAPHU JIOWMMXadall Ba TETUIUIM W3JIAHHUII
xama Taxpubanap YTKa3uIll UMKOHMSTHHM Takaum staau. Kypuima tapkuOura
kupuTwiiran reseparop 2.7 I'Twman 6.6 I'Tn raua Oynran paguoTyJIKUHIAPHU
MIAKJUTAHTUPUII Ba y3aTUI KOOUIUSTUTA 3Ta.

5] Msaasnc e wouwy-ocTie cariand B nosce

KMzamepeHWe BeIXOAHOW MOLWHOCTW NepeaaTymKa

e TECTE W HACTRORKN CT N0 MERESEE MR B

AATOARTLLITAS CNeKTROrRasbda N HHAMSSWM0TD CHrHana
20

-19,898 gbam
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TECT N0 IBMEDEHIO ERICOSH0H NOUWHOCTH NEPEAITINKS

MPK BLINOAHEHUK Z3HHOTO TECTA HEOEXDAMMO NOALMOUATE BRNOA reTepoamHa (Local Dacillator output 1) ko sxoay
AHENAETOPA (BY CATHARDR (32 REHAS TOMKA HA PUCYHKE) NPV NONCILM (MENVansHorn <abens. [ erepatop (BHY cnrsanos 8
LarHOA PabOTE HE MCNONDIYEICA, HaCI10THEIR A1andsoH reHepMpyeMOro Ha CTERAE CANHAle HEXDAWTLS & avanascore or 2

Mu 2o 2,2 My, Oxvasemon MOWHOCTD SHIXOSH0T0 cvrnana - 20 abm
Cwcrena ly

)‘l"’""

= '.,.; o _meoew o o'n’

lfln I JLFL ':' ;llll .li

S0 CTEMY

Bunmarmc: Ecan MAPHMCPHOC IHANCHKC HIMCPACMON MOLUNOCTH 3EPANCE NCHIZHCCTHO, HCLAOTNYCTVIMO NPAMOC
MOANAIOHCHMUC HIMCPHTCALMNOTNO YCTROWNCTDR X NCTONNMKY CHIrMana. MaxcumanuHas ACSTYCTHMAA MOW MOCTL, KOTORYW
MONMHO HANPAMYIO TOAMAIDUNTL KO BXOAY FHANMZATOPA, COCTaERST l‘[\su B(QrA) WCNOAL3IYUTE ATTEHIOATOPLI, NPU
ITOAM HEOBXOAUMO TOUHO YNASATH SHAULHNE ONOPHON MOLWINOCTH CUTHANa ANE AHANWIATOPA.

6)
S-pacMm. ¥Y3aTru4d KyBBaTHHHU V/a4am JjadopaTopusicu uHTepeiicu.
Xap Oup TecTHU Oa)kapuIlJ]JaH OJIIUH TETUIIUIM KypcaTMa OWJIaH TaHMIIIUII,

OeJrMiIaHral 3awxup OyinYa yJaHWIUIAPHU amalira OIIMPHWII, aHAJIW3aTop Ba
reHepaTop KypUJIMacHWHU TaHIaml Ba “3amycK TecTa” TYrMacHHU OOCHII JIO3UM.
Acocwuii ofiHara Kadtuin yuyH ‘“Haszaxg” ryrmacunu Oocwin 3apyp. (Pacm 5, a).
Arap TallKuJjl 3TWITaH 3aHXUpAa €Ku ApaiBepaa KaHJauaup KaMUyuIuKIapra iy
Kyiuiran 6yica, “3amyck Tecta” TyrMacu OoCuiIrad Taxpuoa amalira oliManm Ba
50 o¥iHa UNIIaMalIu.
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| HazeaHwe yanos . Homep koHHesTopa Ha | Hazeauue HomuHansHzA
Ha cTeHge crenge (exog/esmog) napameTpa BENMHHMHA
NMuTakke cTeHga - - +24B
BrIXogHaA MOWMHOCTE -20 pbm
lFetepoguH
- Bexog 1 - Ot 2000 MMy go 2200 Mly,
(Local Osclllator) HACTOTHES ANaN3 20N {2070 MI HOMHHAARHOE SHAYEHME)
500 MMy 30,42 o6
1880 MIy 36.15 gb
Yownutens CBY cursanose 2000 My 35.84 ab
(Amplifier) /3 KosbouumenT younermn I o M 35.75 a5
2100 My 35.58 ab
2150 My 35.29 a6
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CHrHANoB 5/4 n Motepu < 2,6 a6  2000MIMNy = 2260 MMy
(Band pass Filter) AR TR e Motepw < 2086 1420MMy - 2950 MIy
AtreHioatop CBY curHanos K 6 .
(Attenuator) 6/ 7 SHT A A i o
LO / RF 300 ~ 2400 My
MM (IF) DC = 700 MTy
810/9 b 61
o 01
Max B89
UenTpanssas vactota 2555 My
11712 Motepw <7 a6 2500MIMy — 2610 My,
n KaHHA
R Motepn < 2046 1970MI L — 3200 Mr
S00 My 30,42 g
1880 MMy 36.15 ab
Yewnutens CBM cursanos 2000 MMy 35.84 o6
(Amplifier) 1413 HosdduuMeHT yoHneHHR 2050 My 35.75 46
2100 MMy 35.58 nb
2150 My 35.29 a6
13 UeHTpanesan yactota 2450 My
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2 : @ «@ @ @@ 1@ 15 i
. t + ter + I i
Lo 080RaNr Angiter 5‘"%“"” Adsruater Moer 5“,;’::“ Armpiter
© > (=] > Q& >
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ABTOMacmTad”  TyrmMacuHu Oocu0, CHEKTorpaMma  JIMara30HUHH

ABTOMATHK CO3JIalll MYMKHH.

“TeneBU3WOH y3aTTU4 YHKWII KyBBaTHHHU Vidyamr” TaXKpUOACHHHM amaira
OLIMPWIMIINJA OMp KaH4Ya MapameTpiiapHu aHuK Oenrmnald osui jo3um. bynap
MapKa3uil TassH4 4aCcTOTACH, YJIUOB AUANa3oHu Ba aHaIu3 (Span), mojioca KEHTJIUTU
(Resolution Bandwidth), Ba ananuzaTopia curHan CyHMIIMHU (QTTEHIOAIMS) MOC
paBUIlla y3rapTUpaauWraH TasHY KyBBaTH KuhMatimapumup (5, O pacm).
acocuit OwnaH  KypuiMa

Pagnoanexktpon  Kypuiamainap

KS”HHaHMaCI/II[a 6epHnraH JKaJIBajila TAHUIINII MYMKHWH.

KOMITAHCHTJIapH

Ha3zopar caBosiiapu
1. LabView myxutu HUMa Ba y KaHail UMKOHHSTIapra 3ra?




N
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IV. AMAJIMA MAILIFYJIOT MATEPUAJIJIAPU

LabView nactypunuHr naTepdeiicn Humanapaas nuoopar?

TB y3aTruy ynkui KyBBaTUHU YiT4yalll KaHAAW pexXuMiIapaa amanra
omupuiIagu’?

Tu3zuMm KypuiaMaBuii TAbMUHOTH KaHAal OJIokiIapjaH nudopat?
I'eneparop KaHail UIITYM AUATIA30H/1a UIILTAUIU?

DoiaJaHIITAH agaduéTaap
Tpesuc [Ix. LabView mis Beex.
Cononuna A.U. Anroputmbl U Tiporiecchl IIUGPoBOi 00pabOTKH CUTHAJIOB.
WWW.Ni.com.



http://www.ni.com/
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V. KEUCJIAP BAHKHA

TeneBM3MOH TACBHP BA 0BO3 CUTHAJLIAPUHM CHKHIIL.
bepuiaran keMc-CTaAMHUHI MaKcaau: TUHrIOBUMIApAAa pakKaMIid
TeJIEBUACHUEAA KYJUITAHWJIAAUTaH CHKUII yciayOmapu Oyiimua OwiauMm  Ba
KYHUKMaJapHd pUBOXKIAHTHPHUIN, YTUIATaH MaB3ynap Oyiinua srajjiaHrad
OMIIMMITAPUHY TEKITMPUO KYPHUIIIaH nOopar.

KyTuiaérran HaTwKajgap: YpraumwiaérraH Maply Oyiuua amamii
KYHUKManapra sra Oynaju; CUKUII Ba KOJJIAIl TypJapuHHU YpraHaad Ba TaXJIMJ
KWIAIN; MyaMMOJIapHU €4HII YUYYH CUKHIL aITOPUTMIIAPUHUHT KUECHI TaXJIWJIMHA
YTKa3aau; pakamiii TeJIEBHACHUEAA KYJUIAHWIAIUTAH CUKHUII aJrOPUTMIIAPUHHUHT
acocllapuHu Ypra"aau, xap Oup daomusat Typu Oyilrda TaBCHsUIap WIUIA0 YHKHUIII
KYHUKMAJIApY [MAKJUIAHAIH.

Keiic-cragnan myBapakusaTiu 0akapuil y4yH THHIVIOBYM KyiHIaru
OmJimmJIapra ra OyJIMIIM JI03UM:

TuHII0BYM OMUIMIIM Kepak: OJIMM MaTeMaTHKa, AUCKPET MaTeMaTHKa
(dannapuiaH yyKyp OWmmMmIapra; CUKHUII ajlrOpUTMJIAPUHUHT KUECHM TaxJINIH;
pakamiId TEJIEBUJICHHENA KYJUIAHWIAJAWTaH CHUKUII Ba KOJJIAll ajarOpUTMIIAPUHU
bapku; aMruTyaa, (asa Ba 4acToTa MOAYJISLHUS aCOCIAPH.

TuHrioBYM amajra OIMPHUINM KepPaK: MaB3yHH MYCTaKuWj YpraHajiu;
MyaMMOHUHI ~ MOXUATHHHM  AHUKJIAIITUPAAW; FOAJAPHU  WITapu  Cypaju;
MabIyMOTJIAPHA TaHKUIWWA HYKTaW HazapJaH KypuO YMKHUO, MYCTaKWiI Kapop
KaOyJl KWJUIIHU YpraHaju; ¥3 HyKTau Hazapura sra OYyin0O, MaHTHKUAN XyJoca
YUKAPaId; MAbJIYMOTIAPHU TAKKOCIANAN, TaXJIUJ KWJIAId Ba YMyMJIAIUTUPAIH;

Keiic-craguaa peasa Ba3usaT 0aén KujanHran. Keic-craaMmHuHT 00beKTH
— pakamiid TEJIEBUIECHUENA KYJUIAHWJIAAUTaH KOMJIMK OPTUKYAIUK, DSJEMEHTIap
apo €KUM CTaTHUCTHK OPTUKYAJIMK, TICUXOBH3yall OPTUKYAIUK, TY3WJIMaBUI
OpPTUKYAJIHUK, BAaKTJIM €KU KaJpJiapapo OPTUKYAIMK KaOW mapaMeTpiapHu xucoOra
OJITAH XOJIJIa CUKUII alITOPUTMIIAPH.

Keiic-ctaaimaa  uMIUIaTWITaH  MabJAYMOTJIap  MaHO0aWm:  pakamid
TeJEeBUICHUEAA IOKOpH cU(aTiIM TacBUp CHUTHAUIAPUHM dS(upra y3aTUIIa
BY)Ky/Ara KejaJuraH MyaMMoJiap acocuia OJJMHIaH MabJyMOT/Iap acocuja Uiuiad
YUKWITaH.

Keiic-craguHUHT THIIOJIOTUK XyCyCHATJIapUra Kypa
XapaKTepUCTUKACH: Ma3Kyp Keic-craau KaOMHET/IM KeWc-ctaau Toudacura
KupuO, croxeTcus3 xucoOnanamu. Keiic-ctamy MyaMMoJiapHU TakIuM KWIJIMIITa,
yJIapHU XaJl 3TUIITa XaMma TaxXJWJ KWINIITa KapaTHIraH.
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By Tamkunmi-nHCTUTYHHOHAI KENC-CTAaAN, TaXJIUINHN E3UIIMa KYPUHHIINIA
Ty3uiraH.d

Y Ty3unmanaHMaraH, KHCKa XaXMJarn KeEHc-CTaid — TEXHOJIOTHUS
XMCOOIaHaMM. YKYB TONIIMPHFHHU TAKIUM STHIN yCylH Oyiinua — Keifc-cTaau
TOMIIUPUK.

JumakTuk Makcajpiapra Kypa TPEHUHIJIM KeHc-CTaau XucoOsiaHasu,
HIYHUHTJIEK Oy KeHc-CTaau aMaliuil MAaIFyJOTH JaBOMHUAA OCNTHIaHTaH MaB3y
Oyiin4ya ONMHTaH OWIMMIIADHU MyCTaxXKamJjalira MyJDKajUlaHTaH. YOy Kewc-
ctatu  OTM  TunrnmoBuunapu yuyH “Pakamim  teneBuaenue”  Qanuma
doialaHUIUIIN MYMKHH.

Keiic-ctagu: TesieBU3MOH CUTHAJJIAPHUHT OPTHKYA MAbJIYMOTUHUHT
TypJiapy Ba OPTUKYAJIMKHH OJIUO TalLIam yCcyJiapu

TeneBU3MOH TACBUPHUHT TaxXJIMJIA IIYHU KYpcaTaJuKu, yJap KarTa XaxMIIu
OpTUKYa MabIyMOTJIapra 3ra Ba Kyhiujaaru cua@uapra OyJIuiil MyMKHH:

1) Koonux opmuxuanux,

2) Dnemenmuapapo éxu cmamucmux OpmuK4anux;

3) Ilcuxosuzyan opmuk4aniux;

4) Ty3unmasuil OpmuK4aiuK,

5) Bakmau éxu xaopaapapo opmuK4aiux.

TacBup MabJIyMOTMHHM CHUKHUIIJA OUTTAa TypJard OPTUKYAIUKHH OJUO
TalllJTAlTHU €KW OUp HEeUuTa TYpHU OUpIaHUra KYyJlall MyMKHH.

Keiicoaeu acocuii myammo paxamau menesuoenueda KyiiaHUuiao0ueam
cukuwt yeayonapurnune xyananuauwe coxacuea (IPTV, yp ycrtu teneBuaeHuecH,
WHTEpHET TeJIEeBUJCHUE, MOOWJI TeJIeBHACHUE Ba 0.K.) Kapab >3He Makoyl
(onmumarn) eapuaHmiapuHu uuLIad YUKUWRa Kapamuiean.

Pakamuin TesqieBuieHMENa KYUIAHWIAAUTAH CUKUALI YCJIyO0J1apu

by xonatma BHIEOOKMM Ty3WJIMACH OPTUKYAIUTM MNYKOTWITAH TasHY
Kaapunan wubopar OYnmO, KoJAraHjgapu 93ca KaAp HMYMAArd  Y3WHUHT
OpPTUKUYATUKIAPU HNYKOTWITaH Ba KylmuM4a OWTTa €KUM OMp HEeYa OPTUKYAIUKHU
UYKOTHUII TypJiapu KYJUIAHUJITaH XaMmJla OMp BakTJa TaCBUP OJIOKJIAPUHHUHT Y3apo
CWDKUIIUIAPU Ba Kajpiiap opacujard ¢papkHH KypcaTyBUM MablyMOTIapAaH
Tamkui Tonaau. Autunran amamiap MPEG cranmaptu owsacura TETWILIA Ba
IIyHra yXImami KoJekiapjaa KyutaHwiaau. byryHru kyHaa s3QQgekTuBauru xuama
XU OYJTaH, BUJICOMAbIYMOTIAPHU CUKUIITHUHT KYTIJIa0 yCyJl Ba aaropUTUMIIapU
unuiad 4YMKWITaH Ba  yilap Typiad cudar KypcaTKuujapura, KYyJUIaHWJITaH
AITOPUTMIIAP MYPaKKaOJIUTUTa XaM/[a TE3KOPIIUTa OOFTUKIUD.
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Mynnait kunub, TacBUP CHUTHAIMHU MIAKUIAHTHPUII Ba Y3TapTHPUII
JKapaéHuJa Kynuaaru MyHaIvIUIApHU KEJITUPUIT MYMKHUH:

° Cnexkmp y3eapmupuuiiap acocuoa Cukuul,
° @paxman cukuu;
° Bexmopau xeanmnaw.

Xap Oup kypcatuirad xoJsatiap Y3UMHUHT ad3aJTUKIApU Ba KaMYMJIATUTA
9Ta, yJIapHU KEHTPOK KYpHO YMKaMu3.

CrnekTp y3rapTupuil acocuaa TACBUP CUTHAJUHU CUKUIIT

TacBup Ba BHIEO KETMA-KETJIMKHM CHUKHUIIHHU, Xap XWJ M[PUHLUILIAP
acocuja, SIpaTWJIraH Ba Kyl TapKalraH YCyJd OpPTOTOHANl Y3rapTUPHUILIUDP.
AmManuéTraa KyNnuHYa YU3UKJIM OPTOTOHAN Y3rapTUPHUIN YCYJUIapy KYIJUIaHWIIAJIH.
[yngan kenu® 4WKWO, Kyluaaru y3rapTUpuiriap Makcaara MYBO(UK
XHUcoOJIaHaIN:

o Yonw - Adamap armawmupuwiu;

o Kapynen — Jlosea armawmupuwiu,

o Tuckpem xocunyc yzeapmupuut (IKY);

o Beiignem y3eapmupu (BY).

By kxenTupwiran y3rapTUpUIUIAPHUHT Xap OMPUHUHI KYJUIAHMII COXACH,
ad3a/IMKIapU Ba KAMYUIUKIIAPU MaBXKY/I.

Macanan Agamap aJMalITUPHINHUHT aQ3JUTUTH YHUHT aMaluETAa OCOH
KYJUIAaHUIIIA Ba XHUCOOJANUIApHUHT coamanurd. by anmamrrupuin y3rapmac-
Oynakinu GyHKUUSIIAp YUYH, alHUKCA CUTHAJHUHT Y3rapMac TalllKWI 3TyBUHUCHUHU
aXpaTulla, sIXIIM HaTWKajgap Oepajau aMMoO peajl TaCBUp CHUTHaJUIapuaa OyHaail
CUTHAJUIAp KaM ydpanu

Kapynen — Jlo3Ba aJMamITHPUIIMHMHI aCOCHM KaMUWJIUTH XO3HWpua
YHUHT BEKTOpJApPUHU Te3 XUcOoOJall ycyiau WNuiad 4uKuiMmarad, mry cadad Oy
ycya (akaT Hazapuil Xonaraa MaBxKy.

[ynnpai Knauo, FOKOpUIa caHad YUKWIITaH Y3rapTHPHUIIIIapIaH aManueTaa
kympok JIKY Ba BY nap uiuiatunany xamaa yiapau 6atapeni Kypuo YHKaMus.

JAMCKpeT-KOCHMHYC Y3rapTHpPHUII ACOCHAA TACBUPJAPHU CUKHIIL. JIKY
CHEKTPUHUHT XYCYCHUSITU IIyHJIAaH HOOPAaTKW, YacTOTa CIEKTPH DHEPTUSICUHUHT
acocMii  TamKuWi  JTYBUMJApW  HOJb  KUHMAarau  yactora  arpoduia
WUFUITAHIIATUIMD.

TacBupHH BeiiBJeT y3rapTupummu acocuaa cukum. Dypee Ba JIKY
JAPHUHT aCOCUN KaMUWJIUTH YJIapHUHT 0a3aBUil TapMOHUK TAIIKWI dTYBUWIAPH
byHKIMS naBpuii OyMaraH xoJiatiap/ia sxXIy UIUIaMaiid Ba HaTkaaa Qoiigamm
MAbJIYMOTHUHI MabjJIyM KUCMHUHU THUKJIAIl WMKOHMATH MyKOTWIaau. Bensier
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Yy3rapTUpuin  MabiayM (QYHKIUSHA BEUBICT (GYHKIMSUIM TAIIKWI OSTYyBYHIAP
KYPUHHUIINIa OCPUIIUILIUIUD Ba BEUBIIET —Oy KUYUK TYJIKUH €KW TYCaTAaH Cakparll
TYJIKAHMU.

Casonnap:

1. CuzHuaruya ymoy xojaTaa MyamMMO MaBXKyAMHU Ba arap Oop Oyica y
KaHaail MyamMmMo?

2. YOy Ba3usATAa MyaMMOHHU Kaill 3TyBUM KaHJail uCOOT-IamuiuiapHU
KeJIThpa onacus?

3. Xap Oup CHKUII aJIrOPUTMHHH KYJUIAHWIUII COXAJIAPUHU AHUKJIAHT Ba
cabaObuHU a)XpaTUO KYpPCATHHT.

4. MyannmipHUHT €4UMU CU3HU KOHUKTUPAIUMU?

5. byHmaii BazumsATAa CHU3 MyaMMOHHM KaHmai Oaprtapad sTran Oymap
DIIUHTU3?

AMayiuii Ba3UAATHU 00CKHYMA — OOCKHY TAXJIMJI KMJIMII BA XaJI 3THII OyHu4a
THHIJIOBYHUIa METOIMK KypcaTMaJiap
Keiic-cTanynuam eynm 0yiin4a MHANBUAYAJ Ul HYPUKHOMACH
1. ABBasio, keic-ctaau OwujlaH TaHUIIMHT. MyaMMolnd Ba3usT Xakuja
TyIIyHYa XOCWJI KUIUII yuyH O0p Oynran OyTyH axOOpOTHU JUKKAT OWiIaH YKHO
YUKHMHT. Y KW TafTHAA BA3UATHN TAXJIMI KHJIHIITa XapaKaT KHIHHT.
2. bupuHuu caBoira *%aBoO OCpuUHT.
3. MabnymotnapHu sHa Oup maporaba nAuKKaT OwnaH YKUO yukuHr. Cus
y4yH MyXUM OVJIraH caTpiiapHu Kyiuaaru xapguap épaamMuia Oeiruianr:
“J1” xaphu — MyaMMOHH TaCIAMKJIOBYM JAJIHILIAP,
“C” xapdpu — myammo cababrapunu,
“0.0.11.” xaphapu — MyaMMOHH OJIIMHM OJHII HYIUIapH.
4. YOy 6enrunap 2,3,4 caBosuiapra e4uM Tomnuiira Epaam oepasu.
5. SIna 6up Oop caBosuiapra xaBo0 OepuIlra xapakaTr KAJIUHT.
I'ypyxJaapaa keiic-cTaiuHu equil 0yiiu4ya nypuKHOMA.
1. nauBuyan eduiiral Keic-cTaau Ba3usaTiap OuiaH TaHUIITNO YUKUHT.
2. 'ypyX capJOpHUHH TaHJIAHT.
3. BatMmaHn Kofo3nap/ia KyWuaaru >kaJiBajlHi YH31HT.
MyaMMOHHM TaxXJIMJ KWJIWII Ba €UHUIIl KaJBAJIN

Myasnu
MyamMMoOHH Y ¢
Myammonu kenuo TOMOHH/IaH
TaCAUKIJIOBYH ['ypyx eunmu
YUKUII cababiapu | TakiIu@ KAIUHTaH
JaTvLIapy i
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HMwinu axynnab, magoumomea mauépname.
AyIUTOPHSAAH TAIIKAPH 0a)KAPUJITaH Ul YYYH 0aX0J1all Me30HJIapHu
Ba KYpCAaTKHWIapH

Acocuii MyammMo Myammornu
Basugarnan
axpaTuo Ba3UATHHUHT
YUKUO KETUII
0JIMHUO, KEJIUO YUKHUIII Kamu
TuHrmoBunIap Xapaxkariaapu
o TaIKUKOT cababu Ba . makc. 20
pyitxatu aHUK Kypca-
00BeKTH JaTuJIapyu aHUK 0
AHUKJIAHTaH KYpCaTUIray THITaH
M makc. 10 0
Makc. 6 0 Makc. 4 0

Ayauropusaa 0a)kapu/rad Uil y4yH 0axoJial Me30HJIapu Ba

KypcaTKu4japu
Masbaymotinap | YKaBoOmap TYIHK Kamu
I'ypyxnap Typyx Gaon KyprazMajiu Ba aHUK Oepuian
pyuxaTtu TaKIUM 3TUIAU MAaKCc.
maxc. 10 Makc. 4 6 Makc. 5 0 106
1.
2.
8-10 6amn — “avno”, 6-8 o6arn — “‘axwu”, 4-6 6ann — “Konuxapau”,

0-4 6ann — “xonuxapcus”.

IV. YKUTYBUM TOMOHHIAH Keiic-CTaIHI SUHII BA TAXJIHI KHJIHII BApUAHTH

Keiic-cranmaaru acocuii myammo:. Keticoaeu acocuti myammo paxamiu
meneguoerueod KyIIaHUIaouean Cukuul ycayorapunuHe KYIIAHUIUW coXacued
Kapao sue Makoyn (onmumai) 6apUaHmIapUHu uiiab yuKuuea KapamuicaH.

MyaMMOHHM TACIAMKJOBYHM Jajduijiap: MyaMMoiIu Bas3UATHH TaXJIUI
KWIMIIra Xapakar kwiamus. Kymmanumum coxacura kypa (IPTV, ep yctu
TEJICBUJICHUECH, UHTEPHET TEJCBUIACHHE, MOOWJ TeJleBUACHHE Ba 0.K.) paKamiiv
TEJICBUICHNEAA KYJUTAHUIIAIUTaH CUKHII AJITOPUTMITAPUHN aHUKJTaliMHU3.

o Yonw - Adamap armawmupuwiu;

o Kapynen — Jlossa arimawmupuuiu,

Jluckpem xocumyc yzeapmupu (JJKY);

Betignem yzeapmupuut (BY).
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o Xagpman ycynu

MyaMMoJ/Ii1 Ba3USITHUHI KeJU0 YUKHII cadadjapu: aHAJIOT TEJIEBU3MOH
CUTHAJIHU paKaMJIM IIAKIra y3rapTUpWITaHAa, YMKUILJArd BUACO MabIyMOTJIap
okumMu 240 MOwuTt/c Taua eTMmM MYMKWH Ba Oy Owp coarna y3aTuinaéTra
mMabiaymoTiap yuyH 108 ['GalitHu Tamkwn stagu. by y3 HaBOaTHma pakamiu
TeJCBUICHUE ajloka TapMoru yuyH 120MIym yTkasumn moyiocacu OYIWITUHU
Tanabd »Taau Ba OyHAal KaTTta Xaxwid MabiyMoTHH SMIym crangapt
TEJIEBU3UOH KaHAJJIaH y3aTUII MYMKHH 3Mac. byHaall kaTta XaXMJaru pakamiin
MabJIyMOTJIAPHH E3MIII Ba XOTUPAJA CaKJIaIl[a, PaKaMJIM CEpBEpJapHH SpaTUILIA
KYIITUHA KUUMHYWIMKIApHU KeaTupud uwukapamu. Ly cabGabmmu BuaeocurHan
KYpCaTKAWIApUHUA MOCJAIITHPUII Ba aJOKA KaHAJUIApUJAH Yy3aTHII Y4YyH,
TEJIEBU3MOH TACBHP MABJIYMOTIAPHUHT OPTHUKYAJIUTHHM XHCOOra OJraH XoJija,
CUKHII yCyJulapuJiaH (oigananunany. Arap CUKUII KyJUlaHUIMaca ypTa Xojaaru
ourra QuiibM 103120 ['uradbaiiTHu srataiay.

Myaniug y3 Takaupuaa MyaMMOHH OJIIUHM OJIMIIAA KyHHIaru
HyJuiapuHm Kypcatud Oepran:

TacBup cuUrHaUTapUHU KOJUIall JeTaHJa BUICOMAbIyMOTIApHU ¢akar
CUTHAJUTM KUCMUHHU KaiTa niuiam xucodnanaau. XKapaén ¥3 nunra HoaHbaHaBUN
MaTE€MaTUK KaiTa WIUIall yCYJUIApUHU OJIady Y HUHI MaKCaau KaHajl KEeHIJIMTUHU
CUKHIII Ba y3aTUII BaKTUHM KHUCKAPTUPHUII XaMJla CUTHAJIHUHT KaHaJJaru ypradya
KYBBAaTHHHM MACAUTUPHUILI MAKCaJuaa YHU BaKT OUPIIUTU UUKJIa WIOXKK OOpruya Kam
MUKJIOP/Iard UKKWJIMK CUMBOJUIap OuiaH udoganam. Xap OUp CHKHUII aJrOpUTMHU
V3UHUHT apamerpJiapura sra. JKymiiagas:

® Oumma KaoOpHu Kauma uiaaul 6axKmiu,
® cuxuw Koaghpuyuenmu,

® axbopom y3amuui me3nucu,

e ypmaua cugham. 0b;

® CuKuneaH aun xaxcmu.
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Ba3UATHU XaJI KUJIUII Yopa Taaoupiapu cudaruaa Maxcyc BUPTyall jJadopaTtopusi
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WINUTApU  SpaTWiITaH. SBHU THHIJIOBUMJIApra KajJeHAap peka acocuaa Yoy
nabopaTopus MalIFYJI0TIApH MyHTa3aM paBHIia 0JIu0 OOPUIMOK/A.

Ma3kyp BazusATZaH Kenu® YukuO, onud OopwiIaguraH MyHTa3aM
U3JIAaHUIUIAp Ba TAAKUKOTIAp HATHXKACH YIApOK TACBUP CUTHAUIAPUHU CUKHINIA
Betignem yzeapmupuws (BY) ycyiu SHT ONTHMAIH SKAHINTH aHUKJIAH]IH.

JIuckpeT KocuHyc BeiiBier
y3rapTupuL y3rapTupuin Xabhdman ycynu
(AKY); (BY).
burra kagpHu
KaiiTa MIIIaIn 0.23 0.09 0.18
BaKTH [c];
i 12.3 25.5 18.4
Kod(ppunneHTH |
ypraya cudar. ab. 40.5 49.5 35.3
axbopor ysarul 4858.3 8484.5 7945.1
Te3mru [Kout/c|
Cukuran daiin 547896 347536 478521
XaKMHU [KOUT]

Ba3zusitnan yuku6 kerum xapakatriaapu: llly ca6ab pakamnu TBna anua
Mypakkad Kym TypAard CHKHUII aiIrOpUTMIIApU KYJUIAHWIAIW. Y JTapHUHT
camMapaJiopJIurd KYJUIAaHWIMII COXacura Kypa aHUKIaHaId Ba WIOXKH Oopuya
Oopurua y3aTuiaéTrad ax0opoTiaa KaMpoK OUTIIap OYIUIIINra XapakaT KAJIUHAIH.

SAKyHuH xyJioca
MyaMmmouuHr edumu: Arap tesnuru 56 KOut/c mMoaem umaTtuica, Oup
KYHJIMK OJIMHTaH BUJCOTACBUPHHU 8§ WWJ AaBOMHUAa y3aTuil kepak Oymamgu. Iy
ca0abny MabJIyMOTHHU Y3aTUII TE3JIUTMHU KYTapuIl y4yH pakaMiid BUIEOTACBUP
JIOMMO CUKWIAIN.

Keiic-cTagm yKUTHII TEXHOJIOTUSICH
YKyB MalIFyJIOTHHUHI TEXHOJOTHSICH MO/IEJIH

Mawzynom eakmu-2 coam Tunenosuunap conu: 25 —30 ma eaua

AManuii-OMnuMIIapHu MyCTaxXKamJIall
Ba KYHMKMa Ba MajakajlapHu
HIaKJUTAHTUPUII OYiinya amanuii
MAIFYJIOT

MamryJoT IaKJIN Ba TYpH

1. TuHrIOBUMIAp OMIMMITAPUHA

S"KyB MAIIIFYJIOT pesKacu (dhaomamTHPUIIT MaKcaIuaa OmIl -
CYpOB YTKa3HIIL.
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2.Keiic-cTany Ma3MyHUTa KUPUIILL.
MyaMMOHM Ba YHU €YU
BazudarapuHu aHUK UQo/1a STHUIIL.
3.Keiic-cTanuHu rypyxjapaa €4ulll.

4. Hatwxanap TakAMMOTH Ba
MyXOKaMacHHU YTKa3uIIl.

5.5 kyHui Xynoca YuKapuul.
Opunirad yKyB HaTH>KaJlapura Kypa
TunrnoBuunap daoausTHHN Oaxosal

YKyB MamryJOTHHHHI Makcaau: CHKUII aIrOpUTMIIAPUHUHT KHECHIA
TaxJIMJIM aCOCHJA paKaMIIM TEJIEBUACHUE YYyH ONTHMAJ BapHAHTJIAPHU TaHJIal

OJINIII KS'/HI/IKMaJ'IapI/IHI/I IMAaKJIJTAaHTUPHUIII.

IMexaroruk Bazudanap:

- Kelc-cTaiu Ba3usATU OWiIaH
TaHUIITHUPUIL, MyaMMOHH Ba YHU €UMIII
Bazu(aIapuHU AKPATUIIIHU YPTaTHUIIL;

- MyaMMOHH €4HIII Oyitnda xapakariap
ANTOPUTMHUHH TYITYHTUPUILI;

- CUKUII aJITOPUTMJIAPUHUA KUECUI
TaXJIAJI STULIHYU TYITYHTUPUILL.

- paKamuIM TEJIEBUAECHUEAA YHT ONTUMAI
BAPUAHTHU TAHJIAIIHA YPraTHIII

- MAHTUKHH XYJIOCA YAKAPHUILTa KyMaK
oepuir

VKyB (paoIMsATHHHHT HATHKATADPH:
- Kelic-cTaiu Ma3MyHH OWJIaH OJIUHAAH
TaHUIIUO YUKUO, €3Ma Taléprapiiuk
Kypaau,

- Ba3uATra Kapab MyaMMOHHU Ba YHU
euui Oyiinya BasudagapHu
TabpUQIaiIg;

- MyaMMOHH €4MII Oyiin4a aHuK
Ba3UATIAPHUHT KE€TMA — KETJIUTHHH
AHUKJIaNIN:

- CUKUII AJITCOPUTM TypJIapHHH
ypranaau,

- YJIapHU KUECUH TaxJIMII Kuja OJIaIu;
- paKaMJii TE€JIEBUICHUE YUYH
MOYJISILIUSIHUHT ONTUMAJI BApUAHTUHU
TaHJIalIu;

- MyaMMOJIU Bazu(asapHu e4uIia
Hazapui OMIMMIIApUHU KYJUTalu;

- MyaMMOHH aHUKJ1a0, YHU Xaj
KWIKIIAA €4UM TOTa/IH;

- IKYHUW MaHTUKUU XyJocanap
YUKapaau.

Yxumuw memoonapu

Ketic-craau, akyinit Xy>KyM, HHCEPT,

VKye paonusmunu mawkun smuw
wWakapu

MYHO3apa, aMaJIui yCyJl

YKyB Matepuanu, THHTJIOBYHUTA
yCIIyouit Kypcarmainap, TaKIuMoT,
dbaumaapT

YK,'MI’I’ZMW socumanapu

WuauBuayan, GppoHTal, xkamoa,
rypyxJlapAa Hiuiam

Yxumuw wapoumu

I'ypyxyapaa uiamra MyJKaJlJaHraH,




V. KEMCJIAP BAHKU

ayJIuTOpHUsI

Katumap anoxanune tyn ea socumanapu

bauu-cypoB, TaKIUMOT, Ky3aTyB

1-unoea

bauu-cypoB caBoJ Ba xxaBo0d1apu

Cason

Kasob

Cukui Typaapu.....7

. CuKkuII acocaH UKKU ycyJia aMaira OMHpHIaau:
— cudaTtHu UYKOTHO Ba cCUpaTHHU HYKOTMACIaH.

TeneBnsnon
1) Komyuk opTHKYAIHK;
CUTHAJUITAPHUHT . .
ODTHKYA 2) DneMeHTIapapo €KUM CTATUCTUK OPTUKYAIIUK;
2. | P 3) [IcuxoBu3yasn OpTHKYAIHK;
MabIyMOTHHUHT .
4) Ty3unmaBuil OPTUKYAIIHK;
TypJapyuHU KEATUPUO <
. 5) Baktnu €ku kaapiaapapo OpTHUKYATHUK.
YTUHT
Crexp ysrapTupus o Yo - AramMap anmMamTHPUILN;
acocuzia TaCBUP
o Kapynen — Jlo3Ba anmamTupuny;
3. | CUTHAJIWHU CUKHII _ o
N o Huckper kocunyc y3raptupui (IKY);
yCyJUITApUHUA aUTHO . . 5
§rumr ? o Beiisner y3raptupuiu (BY).
Pakammu TB HUHT DVB — EBpona crangaptu
4. | crangapTIapuHU ISDB — SInonust cranmapTi
auTuHr? ATSC —Amepuka cTangapTu

Kymmmua Tonmmpkjaap MyaMmmMoJia Basusitiaap. (keiciaap)
1.bepuiiran : HDTV cudtuaaru sugeopopmar 1920*1080 ymuamaa. Kamp 4:2:0
dbopmatuaa 30 kaap/cek y3aTHIMOK/IA.

CaBou: bup cexyniaru ax60poT XaXMUHHA XUCOOIaHT?
Euum: 1920*%1080*30*8*1.5=746496000 6ut/cex =~ 750 Mbit/s

2. TB curnan rokopu crax uerapacu 6 MI'1. bepunran curHam KBaHTJIAHUII

napaxacu 256ra tenr. Pakamium curHan ys3aTuIll TE3JMTM Ba KaHal MHUHUMAI

I10J0Ca KCHIJIMTMHU TOIIMHT .

Euum 1:

1. KoTenbHUKOB maptura kypa f0>2-Fuaxc = f0>12 MI'u, fo = 13,5 MI't kunu6
TaHJI1a0 OJaMU3.

2. k=log,m=log,256 =8.
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3.C=f ()-k , f0 — wactora gquckpernsanus Gopmysacura acocas:

C = 13,5x8 = 108 MoOwut/c Tomamus.

4. f 022- F ..qxc: FMaxc — Gepuiiran CUTHATHUHT MAKCUMaJl 4aCTOTaCH:

Afy = 0,5x108 = 54 MI'11. Tonamus.

3. Pakamnu TacBUpHHM nuckpeTnamiia 4:2:2 craHgapTd KyJslaHwirad. Pakamim
TAaCBUP CUTHAJIMHH y3aTHIIJArW CyMMap axOOpoT y3aTHIN TE3JIUTHHU Ba KaHaI
MUHHMMAJ T0JIOCa KEHIVIMTUHU XucoOnanr. 8 Ba 10 paspsiaym koaiam TU3UMIIApU
acocua.

Euum:
1. 4:2:2 crannapruna 4 kodpdunmentu 13,5 MI'1 yacTora IUCKpeTH3aNMsACUTA, 2
ko3 purenTr—6,75 MI'11 yacToTa IMCKpETU3aALUsACUTA TYFPH KEJIa Iu.

2. C=f a-k Gopmynacunan (oiinanaHran Xonna paKkaMiId TACBHP CHTHAIMHH

y3aTULIAard cyMmmap ax0opoT y3aTHII T€3JIMTUHU XHUCOOIaiiMu3:
k =8 ma, C = 13,5x8+6,75x8+6,75x8 = 216 Mowut/c.
k =10nma, C = 13,5x10+6,75x10+6,75x10 = 270 Mowut/c.

3. fOZZ-F ware dopMyrnacuian - Qolinananud KaHal MHHUMA  I0JI0Ca

KEHIVIMTMHUA XUCOOIaiMu3:
k=8 na, Afy =0,5%x216 = 108 MI1.
k =10 ma, Afy = 0,5x270 = 135 MI'L.
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V1. MYCTAKNJI TABJIUM MAB3YJIAPU

MYCTaKI/IJ'I HIIIHHA TAINKWI 3THIIHUHI IHAKJIA Ba MAa3MYHH

THUHTIIOBYM MYCTaKWI UITHU MyalssH MOAYJIHUHI XYCYCHUSITIIApUHU XHUCOOTa
OJITaH XO0JIJ1a KyWHuard maxiuiapaan Gorgananuod taiépiaamm TaBCHsl STUIIAIN:

- MeBEpUIl Xy}XOKaTiapaaH, YKyB Ba MIMUHN amabuétiapaad (oiganaHuil
acocuza MOAYJ MaB3yJapyHU ypPraHWIIL;

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH V3IalITHPHUILL;

- aBTOMATJAIITUPUIITAaH YpraTyBuUM Ba HA30paT KWUJIYBYM AacTypiap OuiiaH
WIIan;

- Maxcyc amabuérnap OViuua mMoayn Oynumiapu €ku MaB3yJjapu yCTHaa
WIIUTAILL;

-TUHTJIOBUMHUHT KacOuil ¢aonustu OunaH OOFIUK OYlIran MoOmyn
OynuMIIapy Ba MaB3yJIapHU YYKYp YpraHUIll.

TaBcus 3TUNAETTaH MyCTaKWII TabJIMM MaB3YJapH:

1. V36ekucron Pecnybnmkacuaa paKaMiId OBO3JH  PaJMOSIIHTTHPHIIHK
TAIIKWIIAIITHPUIL Macajlajapy Ba Basu(palapuHU TaJKUK KUJIALI.

2. TeneBU3MOH SUIUTTUPUIIHUHT UHTEPAKTUB TUZUMIIAPUHU TaJKUK KUJIHILL.

3. Pakamim TenepaaMOdMIMTTUPUILIA KEHI MOJOCAIHM ajoKa TU3UMIIApUAAH
¢doitmananu ycyiapu.

4. Mwudii TeNeBU3MOH KaHaulapia Xu3MmMaT cudariapuHd TabMMHJIALI
yCyJUIapH.

5. Mobwut anoka TU3UMIIapUAa pakaMiId TeJIEBUICHNE KYpCcaTyBJIapUHU aMara
OLLIMPUII.

6. Pakammu smmttupuin TB xanammapuHuHT cudatruan 6axoJiam Ba yrdamuiap
TaxJIWJIN.

7. Pakamun TE€JIEBU3MOH Y3aTKAYJIAPHUHT TY3UJIUIIN.

8. TeneBu3moH y3aTull THU3UMIApUIA JMHAMHUK TacBUp Ba XapakaTHU
KOMITEHCALMSUIAII yCYJUIApU TaXJIAIIH.

9. Ep yctu pakamiu smuTTUpuil EBpona CTaHZApTUHHUHI TU3MMIIApU Ba
TaPMOKJIAPUHUHT KyPHWINII NPUHIMUILIAPH.

10. Kenr mosocanu kabemwid TapMOKIapJa pakaMid ASIIMTTUPUILIHUHT
WHTEPaKTUB TU3UMIIAPHU.

11. V36exucron PecryGIMKACHHUHI 4eKKa Ba TOFIM XyAy[Jlapuaa CyHBHiA
uynnom TuzumiiapuaaH ¢GonaanaHraH XoJijla pakamiid TeJIeBUJICHUEHU
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TAIIKWIT KAJTUIIL.

12.National Instruments Labview MyXuTn UMKOHHSTIIAPH.

13. V36exucron Pecrybnmkacuaa pakamiad TENEBUACHHE SKOPHH KITHIINA
DVB-T-2 crannaptuaan (oi1agaHulIll.

14. V36ekucton PecryGmukacuia pakaMilM TeJICBHICHHE TApMOKJIAPHHHHT
OYT'YHTH KYH XOJaTH Ba YHH PUBOXKIJIAHTHPHUII UCTUKOOIIIApH.

15. Pakamum TeneBuaeHHE CTaHAAPTIIAPW Ba BUACOCUTHAILIAPHU Y3aTHILIA
CUKHUII (pOpMATIapUHUA TaXJIUJIT KUJIUII.

16. Viupuk maxapaa pakaMiId TETESMHTTHPHITHA COTAIM TaMOKMHI acoCHa
TAIIKWII KAJTULL.

17. DVB-T pakamuiu TeneBuaeHUe KaOysl KUITHYU TapaMeTpapuHu Yidaril
yCyJUIapH.

18. CmapTTB TexHONOTHACH XyCYyCUATIAPUHHAHT TAXJIUIN.

19. IPTV mynrtu-cepBUC TapMOFUIa MAbIyMOTIAPHU Y3aTHUII MOHUTOPWUHTH
yCyJUIapH.

20. DVB-H wmoOun TteneBuIIeHHUS CTaHAAPTU TU3UMH YYYH CUTHAJIAPHU
HIAKJUTAHTUPULT KypUIIMACH.

21. MPEG-4, MPEG -7 cranaapTtiia TOBYIII Ba TACBUP CUTHAJUIAPUHUA CHKHIIL.

22. UHDTYV ¥ra roxopu cudatiu TereBuacHHE.

23. DVB 3D-TV crangarugaru 3D TeneBuacHue.

24. H264 BuaeoMabIyMOTIapHA CUKUITHUHT TEXHUK XyCYCUSTIAPH.

25. MoOun anoka TU3UMHU yUyH TE€JIEBU3UOH CUTHAJJIAPUHY [IAKJIJIAHTUPUILL
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VII. TJIOCCAPUI

TepMmun Vi6ex THWINJArH IapXu HHram3 tTuiamaary mapxu
Asynchronous Serial Interface or
AS] ACHHXPOH CepHsITH ASI, is a streaming data format

uHTepdeiic

which often carries an MPEG
Transport Stream (MPEG-TYS).

ATSC

Advanced Television Systems
Committee —ep yctu
SQHMIUTTUPUIINHUHI aMCPHUKa
CTaHHapTH

Advanced Television Systems
Committee (ATSC) standards are
a set of standards developed by
the Advanced Television Systems
Committee for digital
television transmission over
terrestrial, cable, and satellite
networks.

TakoMWUTAIITUPUIITAH ayIHO
konex. MPEG-2 Part 7 Homu
OWIaH XaM IOPUTHIIAIH.

Advanced Audio Codec (a digital
audio encoding/compression
format also known as MPEG-2
Part 7; more efficient than MP3. A
later improvement known as
AAC+ or HE-AAC further
improves compression efficiency).

ADC

AHaJor pakamiu
Vy3raptuprud. CUrHaJIHA
paKaMJiIM X0JIaTra yTKa3yBuH
Kypuima

analog-to-digital converter (device
converting an analog voltage
into a binary number).

ADSL

ACHMMETPUK paKaMiIn
a0OHEHT JMHUSICH (KEHT
MOJIOCAJTN AJIOKA TaAPMOFHU
o0ym6 20 M6/c Te3nukkaya
MabJIYMOT y3aTHIII
KOOWJIMSITUTA 3Ta)

Asymmetric Digital Subscriber
Line (system exploiting the
high-frequency transmission
capabilities of a telephone line to
enable an asymmetric broadband
link method (up to 20Mb/s for the
downlink and 1Mb/s for the uplink
with ADSL2+).

BCH

boyse-Haynxypu-XeMuHrem
paKamJiIM KoJj1anl CTaHAapTH

Bose-Chaudhuri-Hocquenghem
Code. BCH codes form a class
of cyclic error-correcting
codes that are constructed
using finite fields

COFDM

Kananinu kojuiamra Mmoc

COFDM is basically OFDM with

error protection (coding - C),



https://en.wikipedia.org/wiki/MPEG-TS
https://en.wikipedia.org/wiki/Advanced_Television_Systems_Committee
https://en.wikipedia.org/wiki/Advanced_Television_Systems_Committee
https://en.wikipedia.org/wiki/Digital_television
https://en.wikipedia.org/wiki/Digital_television
https://en.wikipedia.org/wiki/Cyclic_code
https://en.wikipedia.org/wiki/Error_detection_and_correction
https://en.wikipedia.org/wiki/Error_detection_and_correction
https://en.wikipedia.org/wiki/Finite_fields
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which
always precedes OFDM.
Ky3ranyBuniiapHu YU3UKJIN
Oaropat OuiaH KoJjIal).
Yacrora
nuckpern3anusicn 8 kI 'y
CELP St 16 <T'n 6Franna Code Excited Linear Predictive
y3aTHIIl Te3TUTUHU 6...24
Ko6uTt/c 0ynummau
TabMHWHJIOBYH HYTK
CUKHIII YCITyOu.
The Cl is an interface at the
receiver end for a broadcaster-
specific, exchangeable CA plug-in
Cl Yy unTepbeiic card. This interface aIIo_vvs
scrambled programs from different
broadcasters to be de-scrambled
with the same hardware despite
differences in CA systems.
Kanp ¢popmaru 6ynu0, y3uaa
EPKUHIIMK CUTHAIN
KATopHU y4yH 288 KaTop
Ba 352 3j1eMeHT XaMIa
CIF paHT KalJ 3TyBYH Common Intermediate Format
cuUTHaJIap xap oup
KaTopu yuyH 144 Ta xatop
Ba 176 anemeHT
CaKJIalIu.
CPU Mapkasuii poreccop Central Processing Unit
CS bomkapystin xoTHpa Control Storage
KypuJIMacHu
CVBS TyHHKCEI?I:IgP,I ;;{}%HSHOH Composite Video Blanking Signal
A discrete cosine transform (DCT)
expresses a finite sequence of data
DCT Jluckper kocuHyc points in terms of a sum
aJIMaIITUPUILIL . . A
of cosine functions oscillating at
different frequencies.
DDS Paxami ManyMoTIap Digital Date Stream
OKNUMU
DMIF MynbpTUMeana eTKazuo Delivery Multimedia Integration



https://en.wikipedia.org/wiki/Data_points
https://en.wikipedia.org/wiki/Data_points
https://en.wikipedia.org/wiki/Cosine
https://en.wikipedia.org/wiki/Frequency
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6CpI/IIIIHI/IHF HHTCTpaJlIaHIrad
TU3HUMHU

Framework

DVB

EBponana puBoxiiaHaéTran
paKamIid TeJIeBUICHUE
tusumu. Y kademm (DVB-C),
nynnoumu (DVB-S), epyctu
(DVB-T), mo6wmis (DVB-T),
LIYHUHIIEK Kenaxkakaa TB
SIIUTTUPHUIIHUHT OOIIKA
TYPJIADUHU Y3 UUUTA OJATM.

The European DVB project
stipulates methods and regulations
for the
digital transmission of TV signals.

DVD

Kynéxnama pakamiin IHUCK.
[ynunraex Digital Video
Disk kabu HOMH XaMm
yupaiy, y ONTUK JUCK
TypJiapujiaH OupH,
xycycad, MPEG-2
Oyir4a CUKUIITaH OJIHHA
anukaukaaru (720x576)
BUCONACTYpPJIAPHU E3UI
Y4YH KYJUIAHWIA]IH.

Digital Versatile Disk

EBU

SOummrtupui EBpora
HUttudoku) — EBponagaru
PaAMO3 U TTUPHLL
COXaCHHH OOIIKapyBUH
TAlIKHJIOT.

European Broadcasting Union

ES

DleMeHTIap OKUMU

The elementary stream is a
‘continuous’ data stream for video,
audio or
user-specific data.

FEC

XaTOoJIMKIIApHU TYFPUIIOBUH
KOJ

Forward Error Correction. Error
protection in data transmission,
channel coding.

GOP

TacBupnap rypyxu. MPEG-1
Ba MPEG-2 na kerma-ker
KeJlaJuraH TaCBUpJap
(kanpnap €xku MaiiioHmap)
rypyxu 0ynuo, rasau I-
KaJipJiaH OOIIaHAIH.

Group of Pictures

GP

TapanuiaiIMrad UMITyJIbC

Gating Pulse

HDTV

IOkopu anuknuknaru

High-Definition Television
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tenesuaeHue. (FOAT)
XI/IBMaTJIap HHTCpragusacura
2T PAKAMIIH SUIHTTHPHIL) — Integrated Service Digital
Snonusna kabyJs KWIMHTaH Broadcasting
paKaMJIn TCIICBU3HUOH
SIIUTTHPHUII CTAHAAPTH
Pagnosnexktponuka Ba
|EEE DJIEKTPOTEXHUKA
MyXaHJIHUCJIapU UHCTUTYTH
(AKLI)
IRD Murerpan kadyx kunrus- Integrated Resiever-Decoder
JIEKOIEP
I/IHTGI‘paJIJIaHFaH Xu3Martiiap
paKaMJIu TapMOFH) -
Kanasurap Integrated Services Digital
KOMMYTaIUACHIa 3ra Ne tWOfk
pakKamiii ajJloKka
TapMOKJIapH TypH.

ISDB

Institute of Electrical and
Electronical Engineers

ISDN

International Organization for
ISO .
Standartization
DnekTpoanoka Xalkapo
Urtudoxu (MCD). by
TAIIKUJIOTHUHT . .
International Telecommunication
Bazudanapuan oupu — .
Union
XaJKapo CTaHAapT
XucoOaHaauran
TaBCUSJIAPHU Tauéparl.
®dororpadusnap 6yiinua
AKCTEPTIIap OUpIIallral
rypyxu. ISO HuHT nnram
rypyxu 0§10, Xyauu
IyHJAl HOMJIAHYBYU
XapaKaTCu3 TaCBUPJIAPHU
CUKMIII KOJJTaIll
CTaHAapTIaApUHU UILTA0
YUKUII OWJIaH
IIyFyJUIaHAIH.

Cranpaptiam 6yitnya Xankapo
TaITKUJIOT.

ITU

JPEG Joint Photographic Experts Group

Tectnamuu
aBTOMaTH3alMsIIa Oyiinya
Oupramirad rypyx

JTAG

Joint Test Automation Group




VIL TJIOCCAPUI

Yusukiu Oanmopativ Koajanl
ycenyou. (JIMKM,

LPC YU3UKJIY KOJUJIAIra Linear Predictive Coding
KapaHr).
¥/Ta I0KOpH Hacrorai Multichannel Microvave
MMDS TaKCUMJIAIIHUHT KyTIKaHAJJIN Distribution System
TU3UMU
MISC MuHIMaT KOMaHIaTapHHI Minimum Instr_uction Set
TepUII OWIaH XUCoOIart Computing
XapakaTiaHyBYM TaCBHUpJIap
Oyitnya sKkcrepTiap
rypyxu. [SO HUHT unryan Moving Picture Expert Group.
rypyxu Oyiu0, BHI€O Ba MPEG is an international
MPEG ayJTMOMabIyMOTIIAPHH standardize}tion committee
KOJJIaIl CTaHIapTIapuHU working on the
unuiad yukum Omnad | coding, transmission and recording
uryrysoianaai. ['ypyx of (moving) pictures and sound.
HOMHM CTaHJIapT
HOMJIApHUJIA YUpauIu.
AKIII, Kanana, SInonus Ba
1y katopaa Ocué Ba
NTSC AMepuKaHUHT OOIITKa National Televi_sion System
MamJiakatiiapuaa Committee
KYJUIAaHUJIQOUTaH PaHTIIn
TEJICBUJICHUE TU3UMHU.
OpToroHas YacToTaBHit Orthogonal Frequency Division
Pfggiiinggfggjﬁlﬁa Mul_tiplex. '_I'he modulation method
OFDM O — is used in D\_/B systems for
MOy TypIApHAAH broadcastl_ ng transport
Supi streams W|th terrestrial
' transmitters.
OxkuM gactypiiapu Ba
PAT yJIaPHUHT Program-Association Table. The
uacHTU(DHUKATOPIIAPH PAT is a PSI Table (MPEG-2).
pYyUXaTH KaaBAIN
[MTaxcuit kKOMIIBOTEP
XOTHpacHIH Personal Computer Memory Card
PCMCIA KCHTAITTHPHIT Internatioﬁal Associati?)/n
BOCUTAJIAPUHUHT

CTaHJApPTH




VIL TJIOCCAPUI

[Taketanran sneMeHTap

Packetized Elementary Stream.
For transmission, the "continuous"
elementary stream is subdivided

PES OKUM .
' Into
packets.
Protocol Identification. The PID is
a 13 bit value in the TS header. It
PID [MpoTtokon npentudukamusicu | shows that a TS packet belongs
to a substream of the transport
stream.
Pixel TacBup sneMeHTH Picture element
Quadrature Amplitude
Modulation. QAM is the
QAM KBagpaTyp ammiuTyaanu modu!at_ion method used for
MOy AL transmitting a transport stream
via cable. The channel coding is
performed prior to QAM.
OPSK KBaHEELZ&%’;;?]g};H Quadrature Phase Shift Keying .
MOy
Kuckaptupunran Oyinpyk
RISC TyTamira sra Reduced Instruction Set Computer
KOMIBIOTEDP.
SFN bup gacToraam TapMOK Single Frequency Network
Pakamnu TeneBU3MOH
STB AACTYpIapHHH Ka0y1 Set-Top-Box
KHJIMIOTra OouJ] KylunumM4ia
Kypuima
Kanp dbopmaru 6¥muo, 6up
caTpaa TaCBUPHUHT 288
KaTop Ba 352 3JIeMEHTH
SIF &ku Omp caTpaa Standard Interchange Format
TacBUpHUHT 144 xatop Ba
176 aneMeHTUHU
cakJangn
EpyFJII/IK CUTHAJIMHUHT
SQCIF 128x96 snmeMeHTHHH Sub-Quarter Common Interchange
y3uaa CakjI0BYHU Kaap Format
dbopmaru.
TS TpaHCcOPT OKUMHU Transport Stream.

VLBV

MPEG-41a mabmymotiap

Very Low Bitrate Video




VIL TJIOCCAPUI

y3aTHII TE3TUTHHUHT SHT
rmact OOCKHUYH

VLC

Konmu cy3nap y3ynnuru
y3rapyBumiapu Ouian
KOJJ1aIll

Variable Length Coding




VIIl. BYJIUM

- AJIABUETJIAP
- PYIXATH



VIIL. AIABUETJIAP PYUXATHU

VIII. ATABUETJIAP PYUXATH

Maxcyc agaduéraap:

. Digital Video and Audio Broadcasting Technology A Practical Engineering
Guide Third Edition, by Walter Fischer, printed at Springer Heidelberg
Dordrecht Germeny 2014. Chapters 3, 4, 7, 22, 23, 35, 36, 37.

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

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

. “ Pakammu TeneBunenue” X.C.CoaroB Ttaxpupu octuaa W.A.I'aBpunos,
T.I'.Paxumos, A.H.Ily3uii, X.X.Hocupos, III.M.Kangupos. Tomkent 2016.
400 Ger.

HNuTepHet pecypceJiap:

http://www.dvb.org
http://www.atsc.org
http://www.ieee.org
http://www.opentv.com
http://www.tuit.uz
http://www.ni.com
http://www.oculus-rift.com

NogakowodpE
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