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|. UIIYN JACTYP

Kupum

Mamnakatumuzaa oaub OopuiaéTraH MCIOXOTIAp caMapacHHH sHaja OIIM-
pull, JaBlaT Ba >KaMUATHUHI Xap TOMOHJAMa Ba »KaJajl PUBOXKJIAHUIIN YUYH
mIapT-MapouTIIap sPaTHIll, MaMJIAKaTUMU3HU MOACPHU3AIMS KUIUII XaMJia XaéT-
HUHT Oapua COXaJapuHU JHOEpaUIAITUPHUIN OYiWYa YCTyBOp HYHAIWIUIAPHU
aMajira OIIMPHIN Makcamuma Y3oekucton PecryGmmkacu Ilpesumentn IllaBkar
Mupsuéesruar 2017 #iun 7 despangaru “Y3oekucron Pecny6ankacunu sinajaa
PUBOXJAHTHPHII OYiindua Xapakatiap crparerusicu Tyrpucuaa’ ru ®apMonu
KaOyJ KWJIUH]IH.

Crparerus ynonnxacu noi3ap0 xamja axojid Ba TaAOUPKOPIAPHHU TAIIBHUIITA
coJIaéTraH MacaJlaJlJapHU KOMIUJIEKC YpraHuill, KOHYHUMIIMK, XyKYKHH MyXoda3za
KWIAIT aMaluéTd Ba XOPWKHUN TaXPUOAHW TaxJIMJI KWJIUII SKyHJIApu Oyiinmda
UNUIad YUKWITAHIWTH, OMMaBHM axOopoT BOCHTajapuaa bJIOH KWIMHUO, DKC-
nepTiap Ba >KAMOATYMIIMKHUHT KEHI MyXOKaMacHJaH YTraHJWru OWiaH axamu-
STIUIUD.

MonyaHuHI MaKcaau Ba Basudaaapu

“PakaMiy TEJIEBUICHUSICU Ba YHUHI TaxJIWIM MOAYJMHUHT MAaKCaah -
TUHIJIOBUMJIAPTA paKaMJIM  TEJEAIIUTTUPUIIUIAPHA TapKaTUIAA TEJIECBU3HOH
CUTHAJJIAPHY MIAKJUIAHTUPWINIIY, yjiapra UIUIOB OSpHIIUIIY, dpupra y3aTUIHIIN
Ba KaOy/l KWJIMHUILY >Kapa¢HIIapuaard Xycycusamiap 0yinua MykaMMai Ouiiumiap
Oepuri. Pakamim TacBUp Ba OBO3 CUTHAJJIAPUHU CUKHIII, CUTHAJUIAPHY Y3aTUIIIATA
XaTOJNIMKJIAPHA KaMauTUPHIL yCy/Ulapu Oyiirya TeTMIUIM MablyMOTIap OepHil Ba
VAQPHUHT TYpiAd TU3UMIIApAArd XyCYCUSTIAPUHU TaxJIMJ KWIMIIHUA YpraTuil.
V36ekncTonIa pakaMiIM TeNeBHACHHE, Iy JKYMIAJaH IOKOPH aHMKIMKIATH
teneBuaeHrenu (HD TV) tarouk kunumigary Bazudanap OuiiaH TaHUIITHPUII Ba
TETUILIN aMaJliid UIIJIapHU EPUTUO OEPHUIILAUD.

MonayJ 0yiiH4Ya THHIVIOBYWJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIMSIJIAPUTa KYyHNJIaJurad tajaadaap

TuarmoBumrap ‘“Pakamiy TENEBUACHUSICH Ba YHUHT Taxmwim (HaHUHH
YypraHvuuiapyu HaTHKacuaa KyiuaaruaapHu OUIMIuIapy Kepak:

-paKamJii TaCBUP Ba OBO3 CUTHAJUIAPHUHT MIAKJUIAHUIIH Ba YIAPHUHT ACOCUH
KYpCaTKUWIAPHHU;

-pakaMJd TacBUp Ba ayJu0 MabJIyMOTJIApHU CHUKHUII YCYJUIAPUHM Xamja
yIapHU ¥y3apo COJUINTHUPHUIN HaTkacuaa ad3aUidK Ba KaMYWIMKIAPUHH
aHUKJIAIIHU;

-MPEG owmnacumard  TEJNEBHU3MOH CHUTHAUIAPHM  CHUKHUII  XaJdKapo
CTaHJAPTUAATH TACBUP Ba OBO3 CUTHAJUIADUHUHT XyCYCUSATIApUHU,

-pakaMJId TacCBUP CHUTHAJUIAPMHUHT XaJlaKUTOAPJOIUIMTMHNA OIIUPHIT Ba



yJIapHU TEJIEBU3MOH KaHAJUTApJaH y3aTHIIl XaM/a KaOysl KWJIHII KapaSHIapyuHu;

-paKaMiii XaJKapo TEJEIMUTTUPHUILI TU3UMIAPUHU TY3WIUIIMHA Ba YHU
TaIKWJI 3TYBUYMJIAPUHUHT XyCYCUATIAPUHU;

-T€JIEBU30H CUTHAJUIApHU KalOyl KWIMII KypUJIMAJIAPUHUHT TY3UJIUIIH,
UCTUKOOJJIapy Ba YJIAPHUHT UILIAI OMUIJIAPUHH.

TunrnoBunnap ¢daHHM VpraHuil HaTKacuja KyHuJard KYHHKMa Ba
MaJiaKaJiapra sra OVJIHIIIapy JIO3UM:

-aHaJIOT Ba PaKaMJIM TEJIEBUACHUE TUZUMIIAPUHUHT UIIJIAIl OMUJIJIAPYHM;

-paKaMJid TEJIEBHJICHUE TAaCBHP Ba OBO3 CHUTHAJUIAPUHUHI IIAKJUIAHTUPUIIL
OMUJUIAPUHU;

-pakaMJIu TacCBHUp Ba ayJH0 CUTHAJUIAPHU MaBXKYJ OYJIraH KOJJAlll, CUKHIII
yCYJUTApUHU Ba YIAPHUHT UCTUKOOJJIAPUHU,

-paKaMiii  TEJICSUIMTTUPUILI THU3UMIIADUHHUHT  TY3WIMIIM Ba  aCOCHM
XapaKTEepUCTUKATAPUHHU;

-T€JIEBU3UOH CUTHAJUIAPHUHT KYPCATKUWIAPUHU XUCOOJall Ba YJIAPHUHT
cudaTuHu 6aXO0JaITHU;

-V36eKHCTOH/Ia PAKAMITH TEJIeBHICHHSHUHT PHBOXIIAHHII HCTHKOOIIAPHHH.

Moay/ iy TAIKWI 3TUII BAa YTKAa3HII OyiiM4ya TaBCUAIAP

“Pakamiii TENEBUICHUSICH Ba YHHHI TaXJIWIK~ KypCH Mabpy3a Ba aMalHid
MAILIFyJI0Taap MaKIuaa oo Oopunaau.

KypcHn yxuTum xapa€Huia TabIUMHUAHT 3aMOHABUA METOIIAPH, TTEJATOTUK
TEXHOJIOTHSUIAD Ba  axOOpOT-KOMMYHUKALMS TEXHOJOTUSJApH  KYJUIaHWIUIIN
Ha3apaa TyTWITaH:

-Mabpy3a Japciapuia 3aMOHABUN KOMITBIOTEP TEXHOJOTHsUIApU EpraMuaa
MIPE3EHTALNOH Ba JJIEKTPOH-IUIAKTUK TEXHOJIOTUSIIAPIAH;

- YTKa3ujaaaurad aMajuii MalFyJaoTiaapia TEXHUK BOCUTalIapAaH, SKCIIpece-
CYpoBIap, TECT CYpOBIAPH, aAKJIUN XYXKyM, TYpPyXJu (HUKpIaml, KAYUK TypyXjap
OWJIaH MIJIAII, KOJUIOKBUYM YTKa3UIll Ba OOIIKA MHTEPAKTUB TAbJIUM YCY/UIAPUHU
KYyJulall Ha3apaa TyTUJIAIH.

MoayJHMHT YKYB pe:kagaru 00mKa MoayJ/uiap Onjiad OOFJIHKJIUTY Ba
Y3BUHJINIH
“Pakamiii TENEBUACHUSACUM Ba YHUHI TaxJIWIM® MOAYJIM Ma3MyHU YKYB
pexanarn ‘“3amMoHaBHii MOOWJI anoka TuduMiapu’ Ba “KeHr monocanu anoka
TU3UMJIapU” YKYB MOJy/ulapu OwWsiaH y3BUM OOFJIaHTaH X0Jijla TeIarorIapHUHT
MOOUJT WJIOBaJNap sipaTuil Oyiinuya KacOWil Megaroruk Tal€prapiivuk JapakacUuHU
OLLIMPHINTA XU3MaT KUIaIau.

Moay/ THUHT 01MH TaLJIUMAATH YPHH
Momynau Y3MamTUPHII OpKAJIM TUHIIIOBYHIIAP MOOWIT UITOBajIap SPaTUIIHA
ypranuii, amanga KyJjianl Ba Oaxojamra Joup KacOWil KOMIIETEHTIMKKA 3ra
oynanunap.
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I. M19n JACTVYP

HA3APUN MAIIFYJOTJIAP MABSMYHHU
1-maB3y: TacBHp CHrHAJMHY IMAKJIAHTHPUINHUHT ajJroputmu. Pakam-
JIM CUTHAJIHU IMAKJUIAHTUPHUIL. Te/IeBU3MOH CHTHAJIHM PAKAMJIM TACBUPJIAIIL
Pakamuin curdajqHm y3arumn te3jurd. TB TacBup CUrHAUIApUHM CHKMILI
craHaapriapu. TejieBu3noH curnajanm koaaam. Kanaanm koasamr.

Pakamnu TeneBM3MOH CUTHAIApPHUHT (opMaTiapu. Pakamim TeneBU3MOH
CUTHAJUTAPHUHT  TAIIKWJI JTyBUWIapu. Pakamiii TeNeBU3MOH CUTHAIIAPHU
makJaHTupuin. Pakamny TelneBueHuE;a MabIyMOT y3aTUIl TE3JIUTU Ba
acocuil Tanabsap. BuneomabiyMOTIapHU CUKUIIHUHT XaJIKApO CTaHAapTiIapu
XYCyCUSITJIapu XaMJa yJAapHUHT ad3auiiKk  Ba Kamuwiukiapu. Opanatuii
Ba ckpeMOnepian. XalakuTOap oIy Koaanm.Pakamiiy TeneBuaeHueaa
CUTHAJJTAPHHU MOJYJISIMSUIAIN YCYIUIapH.

2 - MmaB3y: 3aMOHaBHii KeHT (popMAaT/IM Ba paKaMJIM TeJIeBU3HOH TH-
3UMHUHT y3aTHII Ba Ka0yJ KWJni ;kapaénnapu. Pakamuiu tesieBuae-
HUAAAa TB-CHrHAJHUHT TY3WJINIIHHH, PAKAMJIA MOAYJ/ISIUSA TYPJIapH.
MPEG-2, MPEG-4 cranaapTt cukuii (popMaTiapuHu, YHUHT po¢pui-
JIAPDUHM BAa ACOCHH XYCYCHUATIAPUHM YPraHUIl. Y4 YJIYOBJIU TeJIeBH/Ie-

HUSIHUHT aMaJI/ia KyJuiall UMKOHMSATIapu. Pakamin TejieBuaeHnsi-
HHUHT CYHBHI HYJ11011, MOOMJI aJI0Ka, KadeJl TU3UMJIAPHU OPKAJIM Talll-
KiJuiamTupuin xycycusitiapu. DVB pakamin TeleBUIeHUSIHUHT Ka-

TEropUsIapu, TAPKUOJIAPUHH Ba TUSUMHHUHI CTPYKTYPACHHU aMa-
auétra Taaoux drum. DVB, ATSC Ba ISDB cranaapriapuaa curnas-
JIAPHMHT NAKeT TY3WIHIIN, YJIAPHH IAKUIAHTHPHUI, KAWTA WILJIAIT

Ba y3aTHII XyCYCUSTIAPH

Pakamiu TEJICBUJICHHE CUTHAJUTApUHU ajloKa  KaHaJJlapu
OpKaJu y3aTullra OyyiraH TeXHHUK Tanadmnap. doipamanum. Pakammau Bujeo
curHayuiap ¢uzuk unHrepdeiicu. MPEG-4 Advanced Video Coding tuzumwu
taxguw. DVB  cranpapru DVB-S, DVB-C, DVB -H-tusumnapuHusr
Ty3WwIHInuUiapu Ba Tapkubuii kucmmapu. [PTV  uMmxonmsiTiapu Ba
texHojorusicu. DVB-T, DVB-T2 Ttusumnap xuécuin taxymum. AKII
Ba SIMOHMS TENEAMMTTUPUIN CTAHIAPTIAPH YIAPHUHT ¥3ap0 TEXHUK
dapkiapu, ad3amvk Xxamaa KaMUIAITUKIAPH.




I. M19n JACTVYP

AMAJIMA MAIIFYJIOTJIAP MA3SMYHHU
1-amanuii MAaIIFyYJI0T:
TacBuUp CHTHAJIMHU MIAK/UVIAHTHPUIIHUHT AJITOPUTMH.
Pakamiiu curHaiHM AK/VIAHTHPUIL. TeleBU3MOH CHTHAJIHN paKaMJIH
TACBHPJIALL

Pakamin TacBHp CUTHAJUIApMHM KOJUIalllla JAUCKpETIall, KBaHTJIALI
Ba KOJyIall acociapuHu ypranuil. OBO3 CUTHAJUIAPU CIEKTOPH, KBAHTIAHUII
CaTX¥, CAMBOJUIAPHH KOJUIAIll JIapa)KaCUHU MaTEMaTUK aCOCIapUHU YpraHHILL.

2-aMaJInii MalIFyJIo0T:
Pakamuiu TB curnaanu y3arum te3jaurd. TB TacBUpP CUTHAJLIAPUHU CHUKHIL
cranaapriapu. TeJeBU3MOH CUTHAJIHY Koaam. Kanajuiu konam.

JIUCKEPT-KOCUHYC ~QJIMAIUTHPUII  YCYJWHUHI QJITOPUTMHUHU  TaXJIWJI
KWIMII Ba ypraHuil. BeWBneT anMamTUpull yCylnu AACTypUHH YpPTaHWIIL,
TaxJIW1 KWinil, JIMCKpeT ajaMallTUpuil ycynuaaH ¢apky, aB(p3aiurd Ba
KaMUYMJIMKIIAPUHU TOIIMILL

3— amMaJuii MalIFyJIOT:
Pakamuin TesieBUIEHUEHU CYHbUH Y1101, MOOWJI AJI0Ka, Kabes
TU3UMJIAPH OPKAJIH TAIIKWLIAIITHPHUIN XyCYCUATIAPH

BeiiBner anMamtupuin acocuaard Oup Heuta GUIBTPIApHHU KYIUIall
OpKaQJIM BUJIEOMAbJIyMOTJIAp  CHUKWII ~ KUIIMarh Ba CTAaTUK  TacBHpiap
cudarura OOFNIMKIUTUHA TanKuK Kwinim C++ Twimaa spaTwiraH Maxcyc
nactyp €paamMuia  KBaHTIAIl JKapa€HUHU BUACOMAbIyMOTIIAp CHUKHII
KHIIMaTH Ba CTaTUK TacBUpJIap cudaTura OOFIUKIUTUHA TATKUK —KUJTHIIT

4 — amaJMii MalIFyJao0T:

DVB, ATSC Ba ISDB cranaaptiapuaa CMrHAJVIAPHUHT NaKeT TY3WJIHIIH,
yJIapHH IAKJUVIAHTHPHUIN, KaiiTa MILIAII BA Y3aTHII XyCYCHUSITJIAPH.
TacBUpHH MAK/VIAHTUPUIIHUHT aJropuTMu. Pakamuin CMrHAJIHU
makyianTupuin. TB curnajiHu pakamJim TaCBUPJIALIL. BAa y3aTHII Te3JIUTH.
TB TacBUpHHM CHKHII cTaHAAPTIapU. Te/leBU3HOH CUTHAJIHH KO/JIAIII.
Kanaaau xopJiami.

C++ Twmpma sparwiral = Maxcyc —JacTyp — epmamuza  BeliBner
aNMAlITUPUIL  YYKYPJIWTUHUHT  y3Tapullld  BUACOMABIYMOTIAp  CHUKHUII
K03(UIMEHTUHUHT Y3rapuIliura TAabCUPUHU TAJIKUK KJIHIIL.




I. M19n JACTVYP

National Instruments komnanusicuauar LabView myxutwna cumynstopu
MYXHUTHJIa CUTHAJIapra paKamJid WIUIOB OCpHIl YCYJUIApUHK YPraHUII Ba TaX A
KHJTATIL.

YKUTHII INAKJUIAPHA

Maskyp moayn Oyitnua Kyiiuaara YKUTUII Mak/UTapuaad poiaananuianm:
- Mappy3ajap,  aMaiud ~ MawFyjgoTraap  (MabBIyMoTiIiap  Ba
TEXHOJOTHUIApDHU aHTJIa0 ONUII, aKJIWd KHU3UKUIIHU PUBOXKIIAHTUPHIL,
Hazapui OWJIMMIIAPHU MYCTaxKamJial);
- naBpa cyxOariapu (KypuiacTraH Jolnxa ednmiiapu Oyinya Takiud
Oepulll KOOWJIMATUHU OIIMPHI, DIIATUII, HWIAPOK KWIKII Ba MaHTUKHUMA
XyJiocajap YMKapuin);
- 0Oaxc Ba MyHO3apaiap (Joiuxanap eyuMu Oyiimya nanwinap Ba
acoCiy apryMEHTJIApHM TakAUM  KWIMIN, OSIIMTUII Ba  MyaMMoJap
CUUMHUHUA TOMUII KOOMIUSATUHU PUBOKIAHTUPHIII).

BAXOJIALI ME3OHHA
Makcumau
0 b b
Ne axoJiaul TypJapu GamL ajuiap
1 Keiic Tonmmpukinapu 1.2 6ann
M
2 yeTart i 2.5 0.5 6am
TONIIUPUKTAPH
3 AManuii TonmupuKIap 0.8 6amn




11 BYJIUM

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



II. MOYJIHU YKUTUIIJA GONMTATTAHUIAIUT AH UHTEP®AOJI TABJIMM METOJIJIAPU

1. MOJIYJIHU VKUTHIIIA ®ONTATAHWUIAJIUTAH HHTEP®AOJI
TA'BJIMM METO/UIAPH

“SWOT-Taxania” MeToau.

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

S — (strength) * Ky4IH TOMOHIApH

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

O — (opportunity) * UIMKOHUATIIAPH

T — (threat) * TYCHKJIAp

Hamymna: V36exucron Pecniyonukacuna IPTV TH3MMUHHUHT PUBOXKITAHMIII
uctukOoapuau SWOT taxyiunvau ymly jkajBaira TYITUPHHT.

KOxopwu cudar, 10KopH TE3NHK, HD ¢opmarmarn kanammap, 2
S MHTEPAaKTUB XU3MaTjiIap MOuT/c Te3nuK, >METPOH TEJIETUJ
XU3MATJIApUHU  KOPUM  KWJIMII
UMKOHUSATTIapU
Tamku MexaHMK TabcHupiapra
Tamku Tabcupiiap, TpaHCIIOPT
3aud, HUHPPACTPYKTypacH SXIIU
W TapMOKJIAQPUHHHT Tajgab mapaxasna
pUBOKIIaHMAaraH niaxapJapzaa
IMACIIUTH ..
KYJUIail OJIMacIIMK
0 burra onTuk TonanaH 3ta Xu3MaTHU IPTV, unrtepuer, TenedoHus
TAIIKWI TN
Tu3uM KOMIOHEHTIapy TAHHAPXUHUHT | AGOHEHTIap WHTEpHETIaH
T FOKOPWJINTH doitmananuin JapaxacuHU
OLLMPUITUIIIN




II. MOAYJIHU YKUTUIIJA GONTATTAHUIA UL AH UHTEP®AOJI TABJIMM METOJIJIAPU

“AKJMH XY;KyM”’ MeTOAHU

“AKJIMH Xy:KyM” METOAMHHMHI MOXHUATH >KaMOa XAMKOPJIWIHA acoCH/a
MyaMMOHHU €UHIIl XKapaCHJIapUHU BaKT OVitnya Oup KaHua Oockuwiapra (FosiapHU
reHepanusiyiall, yJlapHd TaHKUIAUNH Ba KOHCTPYKTHB XOJaT[a HILIA0 YUKHII)
axpartuigad uoopar.

Jlapc skapaéHuma akauid Xy>KymMaaH Makcamau (ONTaTaHUI WIKOIHM,
HOCTaHAAPT Ta(akKypJallHH PUBOKIAHTUPHUII TapoBH XUcoOIaHAAM.  “AKJIMi
XYyKyM” HU YIOIITUPUII OUp MyHUYa coijaa OynuO, yHAaH TabIuM Ma3MyHHUHU
y3raprupuin kapaéHuaa (Qodgananum OwiaH OuWpraimkiaa WNUTad YHKAPHII
MyaMMOJIADUHUHI €UMMHWHHU TOMNHUINJA XaM XKyaa Kyn kemaau. Jlactmab rypyx
WWAFUIAAM Ba ylap OJAura MyamMmo Kyuwinaaud. by MyamMMo ednMu TyFpucuaa
Oapua umTUpokuniap ¥3 dbuxkpiaapunu owinupaamiap. by 6ocknyaa Xxed 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 €YMMHUHU OKUJIOHA WIUIA0 YMKUII YIyHTHHA
acoc Oynmamwiap. By meton mapTiapugaH Oupu Xed KaHjall Tallku TabCHUPCHU3
KATHAIIYBYWIAPHUHT Xap Oupu ¢aosl UIITHUPOKU OYnuiu Kepak. bummupuiran
FOSUTADHUHT Oell €KW OJTUTACUIMHA AacoCHi XMCOOIaHMO, MyaMMO €YMMUHU
TONUIIra CAJTOXUATIN UMKOHUSTIAP ApaTaau.

[lynnait kunub, “‘akiuii Xy:Xym™’ KouJalapuHu Kyhuaaruda Oenruiall
MYMKUH:

*oFa cypuirad rosiiap 0axojJaHMaiau Ba TaHKHUI OCTUTA OJIMHMAaNIN;

*uir cudaTura sMac, COHUra KapaTuiaau, Fossiap KaHda Kyn Oyiica, IryH4ua
AXIIU;

*UcTanraH FosulapHU MYMKHUH Kajap KeHraWTUPUII Ba PUBOKIAHTUPUIITA
KapaTWIaiu;

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

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

*’XyKyMHU YTKa3UII BAKTH aHUKJIaHAM Ba YHTa PO KWJIMHUIIN LIapT;

*Oepunaaurad caBojulapra KHCKauda (acociaHmaraH) jkaBoOsiap Oepuin
Ky3/1a TYTUJIUILINA KEPaK.

Basudacu. “AKauil  Xy:KyM” KHUMH BasusATIapAaH KyTYJIHILI
YyopajapuHU TOMMILTa, MyaMMOHHU KYpPHIII YerapaCuHU KeHTralTupuiira, puxpamn
OMp XWJUIMJIMTUHU WYKOTHIITa Ba TEHT JoMpaja Tadakkyplaiira 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 (SHTM MyaMMOHH €UUIITra UMKOH sipaTaju), YKUTHUII XKapacHu1a
(YKyB MaTtepUaJiJIapuHU TE€3KOP Y3IalITUPHILTa KapaTUIaan), PUBOKIAHTUPUIAIN
(¥3-y3uHm OWp MyH4Ya camapainu OomKkapuil acocuaa Gaon QGUKpIANTHA
HIaKJUTAHTUPAH ), AaCKOTAIH.
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Kymnanum ycynau. “AKJIud Xy:KyM” HIITUPOKYUIIAPU OJAUTra KYHUITaH
MyamMMoO Oyiinua xap KaHJaai Mysoxasa Ba Takiu(apHu OWIANPUILIIIAPA MYMKHUH.
Aitinran ¢ukpiap €3u0 Oopuiaaau Ba yJIapHUHT Myautdduapu ¥3 GuKpiIapuHu
KaiTallaH XoTUpacuja THUKJIAll MMKOHMSTHra sra Oymamu. Meton camapacu
bukprap XWIMa-XWUIMTH OwWwiaH TaBcu(diIaHagu Ba XYXyM JaBoOMHUAA yJap
TalIKWJI KWIMHMaWIu, KadWTagaH wudoganaHManad. AKIWA XyXyM Tyrarad,
MYXHAMJIMK XUXATHTa Kypa dHT SXIIW TakIudiIap TeHepanysiaHaIl Ba MyaMMOHH
€UMII YUYH 3apypJlapy TaHJIaHAIH.

“AypJm appa” MeTOAHU

“AsKypiad  appa” MeTOAM TY3WIMII JKMXaTJaH Yy3uaa Kyuujaru
OOCKUUWIApHU KaMpad oJaau.

1. Tonmmpukuau 0yaum. Tonmumpuk Ba MaTHIM MaTepuaiap Oup HeuTa
acocHii Kucmuiapra (€K MaB3yJiapra) KUpUTHJIAIN.

2. Dkcnepr rypyxaap. Kymmuna 6up maB3yra oujl YKyB TONIIUPUKIAPU
MaBXyJ OynraH Tanmabimap MaB3yHH MyxoKama KWIMII, Oollkajgapra ypraTHill
pEeXKACUHU Arajulalll YUyH KCIEpT rypyxra Oupiamiaauiap.

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

“AxypJM appa” MeTOAM MOXUATUIA AaHUKJIMK KUPUTHIL YUyH 0ab3u Oup
TaBCHUSUTAPHU EPUTHILL JTO3UM.

1.Vkutim kapaéaura Oy Tap3ja EHIOWMITaHAAa THUHITIOBUMIAPHUHT
XaMKOPJIMKAA MIUIAIIMIa Ba KUCKAa BaKT MYMJIa KaTTa XaXmaaru axOopoTiapHU
Y3IamTUpUILIIAPUTra UMKOH SIpaTHIIA TN,

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

3.VYKuTyBUM Mypakka® MasMyHIM MaB3ylap OyiMua THHIJIOBUHMIAPHHU
Japcera Taiépianl yuyyH OJIIMHAAH yJIApHUHT Xap Oupura MyJpKajulaHTaH ajoxuaa
ax0opoTiM TMakeT Ta€praiian. YHAa OapCiMKAaH, KylIuM4a Tap3la Tas3eTa,
XKypHaJI, MaKoJIajapJaH MaTepuaiap OYIuim Kepax.

4. Xap Oup TUHIJIOBUM 2 TYpYyX TapKuOHAa UILITUPOK 3Taau: Jactiad “y3
yiin” (Oupiamuu) rypyxura, KeWHH 3ca ‘dKCHepT Typyxura Oupnammub, VKyB
AIIEMEHTJIApUHU MYCTAKWJI YpraHuiiaad. DKCOepT TYPyXHUHH Te3[a TAIIKWJI STHLI
y4yH THHIJIOBUMJIAp OJraH axOopoTiu Makerjaapaa Xap Oup MaB3yra oMl
Matepuaiap OUp XWJI paHTJard KOorosjapra €3wiral €Kd paHriid Kajiam OujiaH
KOFO3HUHT OMpOH-OMp Oypuaru OysiiraHu MabKyJl.

5. Xap Oup rypyxna 3 tagaH 5 Tarada YKyBuM (YKyBUMJIADHUHI COHHTa
Kapab) Oymumm MyMKUH. Xap Oup THHTJIOBUM Y3 yWW JarwiapHd KanTa
yUpalluil >KOHMHN aHUKJ1a0 OJIMILIN Kepak.

6.YKUTYBUM THHITIOBYMIAPHU “paHIIK” TOMIIMPUKIAP ACOCHAA IypyXra
OMpIAIITUPUIIHN TakIu(] 3Taau Ba yjap ajioxuaa Map3yjap Oyiinua skcmeprTra
anaHau. Mucon yuyH, “KM3WIT JIApHU ayauTOpUsA XOHACU OXUpHUIA,
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“kYK’mapHU dca WynaK4ama ydpamuin OenruiaHaan. Xap Oup skcmept rypyxaa 3
TaJjaH KaM TUHIJIOBYU OYJIMACIUTH KEPaK.

7. I'ypyxJjiapra axO0opoTjiu MakeT TapKaTuiaaau. Xap Kalcu TypyX Typiu
XWJI MaTepuajjiap TYIJIAMUHYU OJMIUIAPU Ba YJIApHU YKUIIW, MyXOKama KWJIWIIY,
aliHaH 11y axOopotiap OYinda sKCrepTra aIaHuIIM JIO3UM, YKYB MaTepualiiapu
TYIUIAMAHHA OJIMIIUIAPYM Ba YJNApHU VKWW, MyXOKama KWJIWIIHA, aWHaH Iy
axbopoTiap Oyitnya “axcrept’”’ OVIUINM yUyH YKyBUMIapAa BakKT eTapyid OVIHUIIH
kepak. By yuyH arap marepuannap mypakka0 Ba kaTTa Oyica, 3XTUMOI, OUp aapc
TYIUK Tajaad KUIUHAIH.

8. TuHTIIOBUMIapra KyHUAaru TONIIUPUKIAp OCpUIaIu:

-MaKeTJaru MaTepruauIapHy KyHT OWJIaH YPraHWHT Ba MyXOKaMa KUJIMHT;

-Oup-OMpUHTU3IaH CYpaHT Ba YKyB MaTepHAUIApUHU  Xap OWPHUHTH3
TYIIYHHO OJTaHUHTHU3TA UIOHY XOCUJT KWIWHT;

-y3  “yHuHru3® TYPYXUHU VKHUTHII 3apypJIMTUHU XucoOra oo,
MaTepHaUTAPHUHT MyXHM YKYB dJIEMEHTIapura YbTUOOPHU KapaTHHT:

9. TuHIIOBYMIAPHUHAT Y3 “yilapura” KaWTUIUIAPUHU 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 YPTaTUIIl 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

TexXHOJOTMSITHMHT MaKCaAu: TUHTJIOBUMJIApra YKyB (PaHUHUHT
MaB3yCH/IaH KeJIWO YMKKaH TYpJH MyaMMOJIM Macaja Ba3UATIAPUHUHT €YMMUHU
TYFpU TOMUIIUIApUTA YpraTUlll, yjaapJa MyaMMO MOXHUATUHHM aHUKJAN Oyiinda
MajakajapHU MIaK/UTAHTUPHUII, MyamMMoJlap EUYUIIHUHT 0ab3u ycysuiapu OuiiaH
TQHUIITUPHIN Ba YCIyOJapHH TYFpU TaHJAIIra Ypratuil, MyaMMOHH KeinuO
YUKWl ~ cababiapuHu, MyaMMOHM €UHIIJArd XaTTH-XapakaTliapHu TYFpU
aHUKJIAIra ypraTaju.

MalryJIOTHUHT YTKA3UII TAPTHOM:

VKUTYBYM THHIJIOBUMIIAPHH TypyXjapra axpaThO, yJIapHH YpHUHIApHUTa
KOMIAIITUPWITaHAAH CYHT, MAIIFyJIOTHH YTKa3ull TapTUO-KoWIadapu Ba
TajgabJapuHu TYIIYHTUPAIW, SBHU Yy MAIIFYJOTHH OOCKMYIM OYIMIIMHM Ba Xap
Oup OOCKMY THUHIJOBYMJIAPAAH MaKCUMyM JMKKAT-9bTHOOp Tanad KUJIWHUIIY,
MalIFyJI0T JaBOMUJIA yliap fAKKa, TypyX Ba amoa Oynu0 MIUIanUIapUHU alTau.
bynpnait kaildpusat TUHrIOBUMIIApTra OepUiraH TONMIIUPHUKIApPHU Oa)kapuiira Tai€p
oymuuapura €paam Oepaau Ba OaxapuIlra KU3WKHUIN YiroTraad. MaliFyiaoTHH
VTKa3um  TapTUO-KOWJanapu Ba Tajmabliapu  TYNIYHTUPWITA4d, MAaIIFyJoT
OoIIUTaHAIH:

TuHrIOBUMIAp TOMOHHUJAH MAIIFYJIOT y4yH Tal€pjaHraH KUHOJABXaHU
JTUKKAT OujlaH ToMoIa Kuinb, yHIa €pUTHIIraH MyaMMOHHM aHUKJIAITa Xapakar
KWIWII, XOoThpaja cakmad kommm ¢Exu  madrapra Oenrmiald Kyvwmn (arap
KUHOQWIbM KYPCATUIIHUHT HMKOHHUATH Oynmaca, y Xoijga VYKATYBYM YKYB
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NpeIMETUHUHT MaB3ycH Oyinya IiakaT, pacMm, aduma €ku Oup mMyamMmo OaéH
KWJIMHTaH MaTH, KUTOOaru YKyB Marepuanuaad GoiiaaaHuil 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 aHWUK BakKT Tyraray, Tai€piaraH HIIHM TYpyX BakuJUlapu
TOMOHHJIaH YKUO SIIUTTUPUIIAIHN;

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

*TapKaTWITaH KOFO3JIap/a TypyxJjiap TOMOHUAAH E3WIraH MyaMMoJIapiaH
xap Oup rypyx ab30Cu Y3UHU KU3UKTUPraH MyaMMOJIaH OMPUHU TaHJa0 0JIa/iu;

*YKATYBYM TOMOHHUJIAH TapKaTWITaH KyWHJard 4u3mara xap Oup Trypyx
ab30CU Y3UHU KU3UKTUPTraH MyaMMoO1aH OUpUHM TaHia0 onaau;

*YKATYBYM TOMOHHUJIAH TapKaTWJTaH KyWHaard yum3mara xap Oup rypyx
ab30CH TaHJIA0 OJITaH MyaMMOCHHU €310, MyCTaKWJI PaBUIIIA TaXJIWJ 3TA]IH.

“BJAL YUMH” MeTomy - Xapakariap KeTMa-KeTIMTHHH TYFPH TAIIKHII
ATUIITa MAHTUKUHM (DUKpIamra, ypranaérrad npeIMeTH acocuaa Ky, XHIMa XUl
dbukpnapiaH, MabIyMOTIap/laH KEpAaKIUTUHU TaHJIa0 OJUIIHU YpraTulira
KapaTwiran. Ym0y TEXHOJOTUsl THUHIJIOBUMJIApPTa TapKaTWITaH KOro3jap/a
KypcaTHIraH XapakaTjiap KeTMa KeTJIMTUHU aBBaJl IKKa X0JIJ]Ja MyCTaKUJI PaBUIIIIA
oenrunad, cyurpa ¥3 dukpuHu Oomkanapra yTkaza oiauil €k Y3 GUKpuIa KOJIUII,
Oomikanap Ounan xampukp O6yna onumira épaam oepaiu.

“BYMEPAHI™ TexHMKAacu — THHIJIOBYWJIAPHU JApcC KapaéHuaa, 1apclaaH
Tallkapuaa Typau aaabuérinap, MarTHiIap OuwilaH WOUIANl, YpraHWwIraH
MaTepuaiapHu €17aH cakiIad Kouil, cy3i1ad Oepa ouill, (PUKPHU SPKUH X0JIIa
O0aéH oSTa onum xamja Oup aapc AaBoMuja Oapua THUHIJIOBUM TanabalapHU
Oaxosail onuira Kapatuirad. “bymepaHr” TEXHOJOTHUSICH TaHKUAWN (UKpIall,
MaHTUKJIM [IAKJUTAHTHPUIITA, WMKOHMST sSpaTajgu; XOTUPaHH, FOSUIAPHHU,
bukpnapHy, JaUTMUTApHA €3Ma  Ba  OF3aKd MaKUiapaa O0a€H  KUJIUII
KYHUKMaJApUHU PUBOXKIIAHTUPAIH .

“CHHKBEMH” MeTomy — TabiuM ONYBYIJIAPHM axOOPOTIApHHM KUCKA
0acH sTUIITa ypraTaau, Xxamjaa OJMHTaH MabIyMOTJIap yCTHJIa YyKYyp HJIAHMIITA
YOpJIaNIu.

“KOPA KYTHU” Meronu — TUHTJIOBUMIIAp Oy METOJ acOCHJIa €UMJIauraH
MyaMMOJIap aHUK Ba3WATHU TaxJIMJI KWJIUII OpKajdud amajra OIIUpHUIaIH,
MyammMoJiap cababu Wyn-iynakail aHuKJIaHA K.

“JIOMUXA” 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 PEKAIAMTUPHIN, KApop KalyJl KHWJIWIIN, amMajra OUIUpPHIIL,
TEKIIUPHUII Ba XyJlOoCca YHWKApWIN Ba HaTWKaJapHU Oaxoamn >kapaéHiapuia
UIITUPOK dTauiap.
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I1I. HA3APUI1 MATEPUAJIJIAP

I11. HABAPUH MATEPUAJLIIAP

1-maB3y: TacBMp CUTHAJIMHM MAK/UVIAHTHPUIIHUHT ajroputmu. Pakamin
CUTHAJIHM IAKUIaHTUpHUII. TeleBU3MOH CUTHAJIHN pakamuid TacBupJam.TB
TACBUP CUTHAJUIAPDUHU CUKHUII CTaHAAPTIapu. TeleBU3MOH CUTHAJIHHA
koaam. Kanamiu koanam. MoayJasuus TypJaapu.

Pexka

1.1. TacBup Ba 0BO3 CUTHAJUIAPUHU AHAJIOT-PAaKaMJIU Y3rapTHUPHULI.

1.2. TeneBU3MOH CUTHAJI TAIIKWII STYBUYMIAPUHUHT PaKaMJIN KYpPUHUILIH.

1.3. Pakamuiu T€1E€BU3MOH CUTHAIIHU XOCHJI KUJIMIL Ba MIAKJJIAHTUPUIL.

1.4. TeneBU3MOH CUTHAJUIAPHUHT OPTUKYA aXOOPOTUHUHT TypJlapy Ba yJIapHU
WYKOTUII yCYJIIapH.

1.5. JIuCKpeT-KOCUHYC Y3rapTUPHUII ACOCHUIA TACBUPIIAPHU CUKHILL

1.6. TacBupHM BEHBJICT AIMAIIITUPHII ACOCHIA CHKHIII.

1.7.Moaynauus TypJiapy Ba TEXHOJOTHSICH.

Tasnua wuoopamap: PAL, SECAM, MPEG (motion picture expert
group),chrominance, luminance, column, bandwith, block, pixel, motion
estimation, motion compensation, discret cosinus transform, DCT equation, time
domain, video coding, Huffman coding, OFDM, COFDM, QAM modulations,
vector length.

1.1 TacBup Ba 0B03 CUTHAJLIAPUHU AHAJIOT-PAKAMJIM Y3rapTHPHIILL.

Curnamiap TypkymMuaa aHanor (y3jiayKCU3) Ba pakaMjid CUTHAJIap MaBXKyA.
AHanor curHayjiap y3iaykcu3 (pyHKIMS KOHYHU Oyiinya y3rapaau Ba UKKH KYIIIHU
caTX opacHjia *yJa Ky OpaliuK KuiMatiaap OYIUIu MyMKHH.

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

CUTHAJJTAPUHUHT OMp (PparMeHTH (KUCMHU) KYpcaTHIraH.

1.1-pacm. AHanor TeneBU3MOH Ba OBO3 CUTHAJLIAPH.

AHajior curHaira Hadakar y3JIyKCH3 CUTHall, Oalku axOOpoT UMMYJIbCHUHT
KeHIJUru €ku  Topaiiummra Oornuk Mopyisiuusnanrad UM  (mmpoTHO-
uMmiyabcHas monysitus — [IIMM) éku nactinabku xonatu Bakrra(daszara) OOFIHMK
oynran UM ((paza-umnynbc MOAyNAIUs) CUTHALIAPU XaM KyIIuM4a OYIUIIN
MYMKHUH Ba ynap 1.2-pacmja KeaTUpUIITaH.
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1.2-pacm. IIUM (a) Ba ®VIM (0) cCUTHATIIAPHUHAT KYPUHUIIIATA MUCOJIIAP.
Pakamim curma/uiap, MKKWIMK KOJUlap/la aHaJIOl CUTHAJIHUHI CaTX Ba BaKT
Oyiimua guckpeT Via4yoB KukimaTiapu udomacuaup. Illynman “paxkamuan”
(“digital”) TtepmuHuM KeauMO YWMKKAH Ba XO3UPTrU 3aMOH PagUO3ICKTOPOH
KypWIMaJlapUHU XapaKTepiaiam.

MPEG = Moving Pictures Expert Group

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

PartG: DEM-CC  Part10: video
ISO/IEC13818-6 (AVC, H.264)
Far7: AAC 150/M14496-10
ISO/IEC13818-7

Pacwm. 1.3. MPEG cranaaptiap onnacu.
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Sampling frequency
Pacwm. 1.4. Buzneo Ba ayauo MabliyMOT CUTHAJLIapU

Pakamnu Tuzumiapnaa, MacajiaH TU3MM KUPHUINTa aHAJIOT CUTHAJ Kejca, Oy
CUTHaJ KOJJIJaHAIW Ba pakamyIiM MIaKJIra YTKa3wiaad, S’bHU aHajor CHUTHAJ
AUCKpeTJall, KBAHTJIAIl Ba KOMJIAII KaOu yMyMIlalliraH orepanusiap OwiaH
paKaMIId CHIHAIITA aiIaHTUpHIAIu .

Huckpernam »xapa€Hu - Oy Yy3JIyKCH3 aHajJor CHUTHAJIHH MablyM aHUK
BaKTJIap/la OJIMHTaH OHUM KuiMaTiap (CaHOKJap) KEeTMa-KEeTIUTH OwiiaH
anMamTupuanp. TeHr TakCHUMIIAHTaH JUCKPETIAllJla aHUK BaKTJIAp OpaJIUFU
KoTenbHUKOB TeopeMacura acocaH TaHJaHaId. Y0y TeopeMara acocaH Xap
KAaHJail 4acToTa CHEeKTPU 4YeKJAHTaH Y3JIYKCH3 aHAJIOT CHUTHAJ YpHUra,
AUCKPETJIAIl YaCTOTACH AHAJOr CUTHAJ WKOPH 4acTtoTacuaaH (Fmax) 3Hr
KamMmuja 2 Mapra Karra Oy/JraH 4acrorajard COHOK KUNMATHHM Yy3aTHII
ku(posi, AbHU F; >2Fmax mapT 0axxapuianmm kepak. Mucon 1.5. -pacMHuHT a) Ba
0) rpadwukIapuga KENTHPUIATaH. Arap JUCKPETNIAll 4acTOTacH 2FmaxaH KUYHMK
OyJsica, yacToTajiap yCTMa-yCT TYIIMIIM MYMKHH Ba KailTa THUKJIAHTaH aHajor
CUTHaJ TapkuOuaa “xKanbdaku, E1FOH” ajjJaMyd CUTHAJ ano Oyiaau.

! 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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1.5-pacM. AHaOTr CUTHAJIHU paKaMJIU IIAKJIra YTKA3HII KapacHH

Nxxuauk koaaa udogaaaHrad Oup paspsaja €k UKKUTa 0ejru (CHMBOJI)
outr ned aranaaum. Onaraa KBaHTIAII CATXWHMHT KMHAMATH 2 HUHT Japakacura
TeHT OyTyH coH OwnaH, spHU N = 2" anuknaHaau. JuckperJiail, KBaHT/Iall Ba
KO/IJIAII 0JAT/Aa OMp KypHJIMa aHAJOT — pakaM y3rapruprud (APY) épaamuna
O0axkapuiaam Ba Oy :kapaén 1.6-pacMaa KypcaTuiraH.
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0011-3 0111-7 1011-11 1111-15
1.6- pacM. AHanor — pakam y3rapTHUpHUIIAaru COHJIApHU Mapayes Ba KeTMa —
KET UKKUJIUK TU3UMUTA YTKA3UII jKapacHu.

TeneBuaeHuera pakamiau TU3UMIIAPHU KUPUTHUIL OYHAHYa TaJaKUKOTIAP
wurupmanud acpHuHr 30-MmwmiapugaH OonutaHrad Ba (akaTtruHa XX acp
OXHUpJiapura KenuO KyJulaHwia OonuiaHgu. TeleBU3MOH CHUTHAJ CHEKTPUHUHT
1okopu 4vactotack 6 MI'mra tenr Oynranimuru cab6ad JUCKpeTiall 4acTOTacu
KaMuaa Fraer =12 MI'm O6ynumm kepak »am. by sca ¥3 HaBOaTuma pakamuid
CUTHAJIHU Y3rapTUPHUIL Ba Yy3aTUII KypPWIMAIAPUHUHT UIILJIAIIl TE3JUTUTra KATTUK
tajabnap Kyuuaummra onub kenaau. Typiu JaBIaTIapHAHT PaKaMIIu TEJICBU3HOH
CTaHJAPTIAPUHA  MYBODHKIAIITHPUII MaKCaauga JUCKPETIall YacTOTAcH
13,5 MI'n ne6 xkabyn xumuarad. 130 mam 200 rada OynraH Ky3 KYpHII FOKOPH
JapakKacUHM (TpajallMsICUHI) TAbMUHIIAII YUYH 8 pa3psiiIi KOJ KyJUIaHWINO, 256
ApUM TOHHH y3aTHII TabMHHJIaHaAW. ByHIa pakamiau KOMIIO3UT CUTHAJI y3aTHII
TE3JIUTH

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

Oy epna N — KOTHUHT pa3psiu.

byHnait Te3MKHU TEJNIEBU3MOH CUTHAJUIApra UIIOB OEpHIll KypHiIMalapuaa
Ba aJlOKa KaHa/UIapyu OpKaJlW Y3aTUIIJAa TabMUHJIAHUIIM JIO3UM, TaOuuiiku Oy
TajgabHu Oa)kapuill TEXHUK TOMOHJIaH MypaKKaOIup.

OB03 CHMTHAJUIAPMHM PaKaMJiM XoJiaTra yTkasui. VHCOHIap OBO3HU
(toByman) 15 ' man 22 kI'1 raya O6ynran yacroranapia, €mm yirairad sca 20
I'yman 18 xI'u raya Oyaran TYJAKUH opalufuia SHUTaaAN (Kadyn Kuiaau). XyIau
IIyHAAW X0JIaT TYJKUHHUHT aMIUIMTyJacH, SbHU OBO3 OallaHIJIUrura xam
Teruiuii. HCOH KyJOFMHUHI SIIMTHIN JWHAMUK Auana3zoHu 96 nb skuH,abHH
OBO3HMHT IOKOpHM KHiIMaTH (YHJIaH IOKOPHUCH KYJOKKa OFpHUK Oepaau - OFpUK
Oepuiu Oycaracu) Ba SHI KaMm Kuilmatu opacugaru (apk 30 mMuHT MapTagad
KYTIPOK.

OB0O3 CHUTHAJIMHUHT YacTOTa JWana3oHUW KEHIJIMTUHUA X#pcoOra oiuo,
CTyausiiapia caHOKJIapHu Oupnamuu kBaHTiam AA=16... 24 OuT/ CcaHOK
TE3JIMTUa amajra OUMpuWiIaan Ba JUCKpeTai yactotacu aca Fg = 44,1 — 96 k'
opanuruna KaOyn KuiuHaau. OBO3HU CTYJIMs KaHAUIApUaa JUCKpETian yuyyH 16
paspsui Koajam Kyyuanunaau (16 Out/caHok)Ba YHHUHT Tojioca opanuru AF=
20-20000T 'y 6ymu6, nuckpernam yacotacu Fy = 48k['ra tenr. bBynaail pakamiaun
KaHaJHUHI JMHAMUK auana3oHu 54 nb nan kam Oynmaciuru jo3um. Arap Fg =
48xI'y Ba AA=16 Out/caHoK OYiica, y3aTuiaaéTran pakaM OKUMUHUHT Te3nuru (1ta
CUTHAJIHM y3aTHIll Y4yyH) V = 48*16=768 kOut/c Ba crepeo oBO3 yuyH 3ca 1,5
M6ut/c 6ynagu. ByHmaii rokopu muckperiamr udactotacu (48 kI'n) APYuumr
KUPUIII KHCMHUAArW MacT 4acToTa (GWIBTPHHU COAJANAITHPHUINTA Ba OBO3 CUTHAHU
cupaTuHu Oy3wiumura Wyn kyimaiinnm xamga 20 kl'mgan  karra  oBO3
TeOpaHUIIIAPHHU YTKa3MACIUKHA TAbMUHIIANIH.

1.1 - )xanBania OBO3HUHT paKaMJIM KYPUHUIIUAArA 0ab3u BapUaHTIAPHUHT
KypcaTtruuiapy KeITUPUITaH.
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1.1-xagBan
HMkxunuk
Nmnmatum JuckpeTnar KBanTnam OeNruIapHUHT
coxayiapu gacToTacu,kl 11 CATXUHHUHT COHU y3aTHII TE3JIUTH,
Kour/c
Kommaxkr - quck 441 +32768 7056
(Oup KaHa y4yH)
Pakamnu paguno
HIATTHP UL, 48 +32768..+524288 768 - 960
paKamin (Oup xaHa yuyH)
TEJICBUCHHC

1.2. Te1eBU3MOH CUTHAJ TAIIKWI 3TYBYWIAPUHUHT PAKAMJIN KYPUHMIIN.

Xankapo TaBcus Tanabimapura kKypa €EpyFIMK CHTHAJIWHU JHCKPETIIAI
yactoracu 13,5 MI'n Oyica, MKKWTa HypHU EMUIN CTaHIAPTH Y4yH: Kazap 250w,
625 catp Ba kaap 30 ', 525 catp kunub Genrunanrad. Xap 6up panrdapk curHai
nuckperiam yactoracuaan (13,5 MI'm) ukku O6apobap KMUYMK Ba YHra Kappajid
(6ynmuuamuran) wacroraga 6,/5 MI'm nma naumckpernanamu. XyIoaud IMIyHAal
TEJICBU3MOH CHTHAJHU Karopra éimim 625/50 Ba 525/60 cranmaptiapu Acocwuii
TasgH4 yactoTa cudaruaa 3,375 MI'n kaOyn KWIMHHUIIKN KV KUXATAaH, Iy UKKA
CTaHJAPTHUHT caTp HYpUHHU EWHI YacTOTa KUWMATIapH, TasHY dYacTorara
Kappanuru OuiaH OofnuK. by y3 HaBOaTuaa TEIEBU3MOH CUTHATHUHT TATKWII
ATYBUMJIAPUHHU KOJJIAIIa SATOHA AYHE KOJJIAII CTAaHAAPTUHW KHUPUTHINTA UMKOH
Ooepan Ba Qaon kucmiaa Epyriuk curHamMHUHT 720 caHoFu Ba paHrdapk
curHayuiapuauar 360 canorm OynummHu TabMuHmagu. 625/50 Ba 525/60
CTaHJapTiIap opacuaaru (gapk caTpiiap COHUHUHI XWIMa XWJUIMTH Ba “‘Yuupwuir”
WHTEPBAJIM BAKTUHUHT MOC dMACIUTHINP.

8 Ba 10 OuT OWJIaH KOJUIaHTaH paKaMJId TEJICBU3MOH (TacBHp) CHUTHAI
TAITKWI ATYBUMJIAPUHUHT TYJIA Y3aTUII TE3TUTH:

8x13,5+8x6,75+8x6,75=216 MouT/c
10x13,5+10x6,75+10x6,75=270 Mo6ut/c 6ynam.
1.7-pacmaa épyrauk (Y) Ba panrdapk curaamuiapu (Cr Ba Cb) caHOKTapruHUHT
¥3apo JKOMITAMINIIY KeATUPHUIITAH Ba TEICBU3UOH CUTHAITIAPHU OyH/Iai
AUcKperuzanusiiam popmatu 4:2:2 ned OenruiaHaiy.
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4:2:2
& + & +
- Luminance
& 87 }
O Chrominance
e + & +
® + @© +

1.7- pacm. 24:2:2 dpopmataa épyrnuk (Y) Ba panrdapk (Cr sa Cb)
CUTHAJUIAPUHUHT y3ap0 KOUJIALINIINA
®opmart 4:4:4 bapua yyuyana KOMIOHEHTIAP(KU3WI, ST Ba KYK TaIlIKUIT
sryBumiap) R, G, B éxu Epyrnuk (Y), panrdapk(Cr, Cp) nap yuyn 13,5MI'q
JacToTa dornananunagu (2.9-pacm).

l |
| 1
Column m : Column m + 1: Columnm | Column m + 1 i Column m + 2
| | 1 |
| | | |
Cb
T i e i Line n Y ; Y i Y Line n
Cr : Cr : (?r |
: | | !
———————————— L
| | - !
| | Cb I
v llee| 1 [y [leo| | |
| i Linen+1 Y : Y ! ¥ | Linen+
Cr | Cr ! c:.;" !
| | | |
! ’ | |

1.8-pacm. 4:4:4 hopmaTaa TaCBUP CUTHAIN TAIIKHII ATYBUYMIAPUHU KOJIJIAII

®opmart 4:4:4:41a dca TYpTTa cUTHATHU Koaam udoaananaan (1.9-pacm)
Ba ynapjaaH 3 Tach TacBHp curHaau kommoneHTiapu (R, G, B &ku Y, C;, Cyp),
oyinca, TypTuHUKCcH (anbda — KaHa) CUTHAJIHM KalTa uuuiam Oyinya axOopoTHU

Y3 puura oJiajau.
720 an. 720 an. 720 an. 720 an.

576 Y 576 c 76 c 576 A
KaTop KaTop i 1K85T0p = KaTop

1.9-pacm. 4:4:4:4 popmatia TaCBUP CUTHAIU TAIIKWI TYBUYMUIAPUHHA KOJIJIAII

601 TaBcusicura kypa 8 Ba 10 pa3psaau KoJUIaHUII Ky3aa Tytuiaranga b=8

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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(b=10), xBarTnam carxjgapu coHU Nie=256 (1024) Hu X0CHI KWIIATH. 8 pa3psuIn
KOJUTAHMINJIAa KOpa CUTHAl KUMaTH y4yH 16-uM KBaHTJIAll caTX, HOMHHAJ OK
CUTHAJI Y4yH 235— 4M caTxX TYFpu Kenaau. 16-4yM KBaHTJIAIl caTXUJaH IacTH Ba
235-yn caTXWJaH IOKOpU carxJjap 3axupa (pe3epB) 3oHajmap OYauO, aHamor
CUTHAJIHUHT HOMUHAJI KHAMaTUaH OO KeTUIIM MyMKHUH OVJIraH Xonatjiap yuyyH
MYJDKaJIJIaHTaH.

0 Ba 255-4yM KBaHTJIALI caTXJIapu MYXUM axamudarra sra. by carxmaru
KOJIJIap OPKaJIM caTp Ba KaJpJapHU CUHXPOHU3ALUSIIOBUA MabIyMOTH y3aTHIIA]IN.

TeneBU3nOH CHUrHAM TaIKWI STYBYWIAPUHH, SHHU EPYFIMK Ba paHTrhapk
CHTHAUIAp aHajor-pakam ysraptupriud (APY) ra xupummra Kyiimjaruda
Oepuiiaiu:

e E'v — ramma xoppeknusiianran 0 man 1 B raua kuiimartim ananor
EpYFIIMK CUTHAIIH.

e -05.. +0,5 B opanurumaru Komrmpeccusi (CUKWIraH) paHrdapk

CUurHajuiap:
Ecr=0,713E'r-v Ba Ecz=0,564 E'5_v(1.2)

CUrHajgHUHT HOJb KUMaTura, s’ibHM Kyia padrra 128 (256/2) carx moc
KeJIaii Ba MycOaT KuiMatiap aHa my 128 caTxliaH IOKOpUJIApUHU drajuiaiiin Ba
MaH(puii kuiimaTinap 128 carxnan nactaa Oepunanu. TelneBU3MOH CUTHAJHU aHa
IIyHJal pakaMiId TallKWil S3TyBUWIApra axpaTuil Kyhupgarn udonga OwuiaH
oepuitaiu:

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

by epna Y — 16man 235 raua opanukina y3rapyBuaH pakamiid EpyFiuK
CUTHAJIH.

- Round (x) - X coHnHU OyTYH COHTa SXJMTIIAII ONEPAIUSICH

1.0 255 (1111 1111) [1023
0,922 - 235 (1110 1011y | 940
> I_I_I_I_I_I_I
0,563 16 (0001 0000} &1
o LI L, (0000 0000}
1.000 “r 255 (1111 11113 [1023
0,041 1 240 (1111 0000} | 960
G 0,502 I I 128 (1000 0000y | S512
0,063 I 16 (0001 0000) &
o 0 {0000 0000}
1.000 b 255 (1111 1111y 1023
0,941 I 240 (1111 0000) | 960
B
} 0,502 'I II 128 (1000 0000) (512
0,063 16 (OO0 1 0000) &1
] 0 (000 0000)

1.10-pacm. IIU — R BT 601 cranmaptura acocan 8 Ba 10 6ut Ounan
KOJJTAHUTIIJIATH aHAJIOT TeJICBU3MOH CHTHAN TAIIKWII STYBUMIAPUHUHT KBAHTJIAII
caTxu OujIaH MOC OeITUIaHUTIIH.
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1.3. Pakamuiu TeJIeBU3MOH CUTHAJHH XOCHJ KWK Ba INAKJIJIAHTHPUIIIL.

ITU — R BT 601 TtaBcuscura kypa pakaMid TEJIEBU3UOH CUTHAIHH
MIAKJUTAHTUPUIITHUHT UKKUTA yCyJ OMJIaH aMaira OIIUPUII MyMKHH.

buprHYM XoJlaTna aHajIor TEJIEBU3HOH CHTHAJHUHI TAIIKWI 3TyBUYWIApH
(KOMITIOHEHTJIapW) pakKamJIM CUTHAJl XoJiaTra YTKa3wica, MKKMHYM XojaTAa 7ca
JacTIa0KM paHT CUTHAJUIAPU paKaMIIAIITUPWIIAIMA Ba TAIIKWII ATYBUMIIAD paKaMIIn
XOJIaT/Aa UILJIOB OepuiIain.

Nkkana pakamiau TeJIEBU3MOH CUTHAIHU IIAKUIAHTUPUII BapUAHTIAPUHUHT
TY3WIHII CXeMacuHW KypuO umkamu3 Ba ynap 1.11- pacm udonmanmanran. 1.11-
pacmaa KypcaTwiraH Kypuimaza aHaior acocuil panr curHamiap Er, Eg, Eg
TelekamepagaH YMKUO, TaMMa — KOpPPEKTOpJIap OpKajiu KoJJlall MaTpULIACUra,
Tyum6, (1.3) popmynara Gunoan koppexuusianu® (Er, Ec, Eg), y3raprupuin
épaamuza Epyriik curHamd Ev ra aiimantupuianu Ba panrdapk curaamwiap E'gr. v,
E’s.y XocHi1 KHIIMHAIH.

E} Ey —Y
Frs[ TK >  [15mm] APY [>
E; 1
E' B-Y ~|“R
Eg 2 km APy >
= Ery || ——cg PTC
Eg B [S]APY [+ MS [—>
6.75MI
CIIH.\'])OHI-BHH;IUI} TUT 27“M1"u
S
. ACBH
PCHUILI 2o
a)

— Rd R'd Y
Fr—l APV 13.51vu“5; PI'K S -

=5 Gd G'd CR
Ec— APV [ [o1PIK > KM [

— Bd - Cp PTC
Eg—=|APY _(__:' PI'K B_d;.. — VS —>
't : : 27 MI
(_mirpomnamma_ TUT 1;_

ACB
PCHIII ~ oo

o)
1.11-pacm. Pakamiu TeJI€BU3MOH CUTHAJIHA XOCUJI KWJTYBUU KYPUIIMAHUHT
CXeMacH.
by epna: ' K — ramma — koppekTop
KM — koamoBun mMatpuna
THUI'— TakT UMIyJIbC TEHEPATOPHU
MS — MyabTHILIEKCOD
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APV — aHanor-pakamiin y3rapTapriad

PI'K — pakamiu raMma KOppeKTOp

PCHIII — pakaMiy CUHXPOUMITYJIBCIIAPHY IAKIUIAHTUPTAY
ACD — aKTuB caTpHUHT OOIIH

ACOQO — aKTUB CaTpHUHT OXHpHU

PTC — pakaMiy TE€JIEBU3UOH CUTHAI

Cyurpa curnammap APYma pakammmu Y, Cr Ba Cp CcHrHaUIapra
aiinanupunann. Bynnan tamkapu (1.3) dopmynara acocan, APY HuHr xmpum
KHCMHJIa KYIIIUMYa aHaJIoT y3eutapaan Goigaianuiagy, sbHI MacTabaaHaan Ba
caTx 6yiiMua CHTHAIIAp CHDKHTHIAAN. Paspsmmap coru xap 6up APYna Stamm
TalIKWI 3Taau. TeIeBU3MOH CUTHAJUTAPHU EMUIN CUHXPOUMIYJbCIAPU- PaKaAMIIH
cuHxpoumnyibcaapau makimantupuim (PCHUII) Onokura Tymamu Ba y ¥3
HaBOatuga ACbh, ACO cuHXpocurHajulapHU HILIa0 yukapaau. byHman Tamkapu
CUHXPOUMITYJIbCIIAp —TakT uUMnyibc reHeparopuHuHr (TUIT) Gomka Omoxmapra
TyIIaAuTraH MMIYJbCIApUHN HIUIA0 yukapumga,spau 27, 13.5 Ba 6,75 MIn
4acTOTadu MMMYJbCIapHU WNUIA0 uukuiaa kymwianwiamu. TUD Gnokupa dasza
Oyiinua yactoTanu aBToMatuk co3joBun (DUAC) cxema kyiiaHran Ba y catp
CUHXPOUMITYJIbCIAPUHUHT  4YacToTa Xamjaa (aza  Oyiinya  aHUKIWTUHU
tapmMunnaian. Lllyngalt kuiaub, TakT UMIOyJIbCIapy COHU Tajnad STUJAJAUTaH
TEJIEBU3UOH CUTHAJ MAaHOAWHMHT caTp EUHUII JaBPU TYFPU KEJIUIIN TaAbMUHIAHAH.

Luminance
sampling frequency
13.5 MHz
5.75 MHz l
Y \\ i 8/10 Bit
— x ’\‘r\g’ -PA;:D\II;’[
= I .
Syl 5 EACLIA o 270 Mbit/s
B 2 I7iLD 610 gy |TU-BT.R 601
ICr A ,CCIR601"
2.75 MHz
6.75 MHz
chrominance

sampling frequency
Pacm 1.12. EpyFiuk Ba paHr TacBMp CHIHA/IAPUHU PaKAMJIALITUPHII 5KapasHH.

Mynbrumnnekcop (MS) ¥3 HaBOaTHIa pakamyii CHHXPOCHUTHA/UTApHU Ba Y,
Cr Ba Cp pakamim CUTHAUIAD OKAMUHHM O€pWiTraH KeTMa — KeTJIUKIa
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y3aTWIALIMHA TabMUHJIAMIM XaMJa KypwiMa UdKHIIUAA TYIUK pakamid
teneusnon curnai (PTC) omunanm®,

Nkxkunun kypunmana (1.12 6- pacm) acocuit panrnap (Er, Ec Ba Es
pakamiu curHayapra (Rd, Gd Ba Bg) kupumina oupaanura ainantupuianu. by
X0JIaTJa TaMMa KOPPEKTOp/Jia CUTHAUIAPHU Oy3WIMIIMHN KaMaUTHPUII Y4yH Xap
6up APY 10 éxu 12 paspsum 6yammm mapt. Iynnan cyar Rp, Gq Ba Ba pakamu
curHayiap pakamian ramma — koppekrop (PI'K) ra Tymaau Ba 0y epaa HOUMKIH
y3raptupunuiap Oaxxapuiaiau.

I'amma — koppekropaan c¢yHr R’q, G’¢ Ba B’q CHUTHa/UIapHUHT MKKWIAK
paspsuiap conu 8tarada kamasam. Cyarpa aca R’q, G’q Ba B’¢ curnamiapu
pakamim komiioBun matpunara (PKM) tymaau Ba y epaa pakamiim €pyriauk
curHanu Y paxamin panrdapk curaanu CrBa Cp napra aiinaHaau.

CUHXpOCUTHAJUIApHK Ba TaKT HMMIYJIbCIAPUHN IMAKUIAHTUPUII XaMmza
MYJBTUIUIEKCOPHUHT HIUIAIIM KypPWJIMaHUHI OMpPUHYM BapuaHTU KaOu amaira
OLUUPUTIA/IH.

Pakamnu kypunmanap éEpaammuia raMma — KOPPEKUUSHUHI —aMalra
OLUMPUJIUIIN Tajlad KUJIMHAAWTaH (PyHKUMSHU KaTTa aHUKIUKAA OakKapMIMIIUHU
TabMUHJIAWIM, JEKUH OyHJa MypakkaOjamraH, KUMMAaT Ba KYIOPOK HKKHUIIMK
paspam APY Tana6 stunanm.

Tenesuzuon APY pa PAY uunr ry3wiumiapu

TacBup Ba OBO3HM pakaMJid Y3aTWIMIIWIAa YTUII >Kapa€HW TETHIILIN
neMeHTNap Oa3acuMHM sApaTUIIHM Tanad »1au. Hucbatan ap3oH, 3JIEKTp
DHEPIUSICMHM KaM MCTEebMOJ KWJAIWraH JUCKpeTJIall dYacTtoTtacu Oyinua
TanabsapHu OakapaguraH, KBaHTJAIl pa3psljap COHM €Tapiid Ba Y3rapTUPHIL
(anMaIITHPHII) XaTONMKIApU KaM Oymran APY Ba PAY sparmma Gouuranim.
ABBairy 6061ap/a KeATUPUITaHHUICK, BUAEO curHamap yuyH APY-PAY napuunr
paspsap conu 8 €ku 10 Oaw3uma xarto 12, muckpernam dactoracu 13,5MI'n
xamaa (oversampling), SBHM AMCKpETNAll YaTOTACUHU KUWMATUHU OIIMPHUII
Tamabura acocan 30MI'm Ba xarro 60MI'm kuu6 Genrmnanagumap. APYV-PAY
JapAa OBO3 CUTHAJUIApUHM KBaHTIam Yy4yyH 16 carx, sxmucu 18..20 carx
oJMHUIIM Ba nuckpernam yactoracu 50 k['man kam 6ynmacnuru (oversampling)
xuco6ra 0u6 150...200 xI['1y KMIMO TaHIAHUIIIA MaKcaara MyBO(DUK.

XO03Upru 3aMOH APV Ba PAY JIap¥ acocaH KaTTa UHTErpaj MUKpocxeManap
kypunummaa 6ynu6, TTJI Ba KMOH TtexHonorusimapu acocuja, KaM TallK{
AJIEMEHTIAp yJIaHTaH xoiaa Tai€pianagunap. Kyilmga keHr tapkainraH APV Ba
PAV napauHT 6ab3u GHPIAPHHH KYPHO YHKAMH3:

Mapaniea APY

TeneBusuon curHamwiap APY  Grnokuunr acocwmii XyCycusiTiapu Oupu
yIApHUHT FOKOpH Te3iaurd. by Tamabra kympok mapasien APY (1.13-pacm) Ba

3 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 81.
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napajien- kerma-keran APViap (2.22- pacm) moc Tymamu. Iapamien APY
acocaH Kyiuaaru Talukui 3TyBUMJIapiaH uoopar:

J R-pesuctopnapgan  Ty3wiaraH —TasHY — KyWIaHUIIHH  OYIyBYM
dIIEMEHTIap;

J K-kyunaHumn koMnapaTopiiapy xKamiiaMacu;

o Pakamnamtupruy (mumdparopnap);

J YuKHII KacKaaIapu.

KeHr yacToTa yTKa3uil opalufuHU TaAbMHUHJIAII XaM/1a KOMIIApaTOpJIapHUHT
CE3TMPJIMTMHYU CAKJIall yUyH CTPOOMpanust KYJUIaHWIAU, SbHU KOMIIAPATOPHUHT
YUKUIIUJATY MabIyMOT TaKT YaCTOTACMHMUI aHUK MablyM BaKTJIapuaa YKUIaIu
(MacanaH: TaKT YaCTOTACHHUHT OpKa QppoHTH O¥itnya). UnKuIIga N MKKU pa3psiain
CHUTHaJ onuil y4yyH, Kypuima 2" — 1 kommaparopjaaH uOopaT OYiIMIIN Kepak.
KomnaparopHuHr OWpHHUM KHPHUILIApU OUPIAIITHPIITAH Ba yiapra TamlkKd
kupyBun CUTHaN (Uyupun) O€puiica, Oolikacura 3ca Oyiruduiap opkanu — Oycara
(mopor) kywianuiu Oepuiiaau. Byaruwiap Kupummra OKOpyd CTaOWIITUK TasHY
Ky4IaHUIIW OepuiIain.

2N—1 xomnapatop
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1.13-pacm. TeneBusunon curaanap APYHunr napasien Typu.

[ynnpait Kb, KoMmaparopiaap KUPHUIAArd MabIyMOT Ky4JaHUIIA OujIaH
TassHY KyWIAHUIUIAPUHU  COJNMINTHpAaaWiap. Arap KUPHUIAard MabIyMOT
Ky4WwIaHUIIKM OYycara KyWIaHMIIMAAH KAYUK OYJca, KOMMapatop YUKWUIIWIATH
MaHTHKUH “0” ra TeHT OYIaau.

Arap MabllyMOT cHUrHainu Oycara CUTHAJIMJAH KarTta Oyica,KoMmaparop
YUKAIIAAA ~ MaHTUKu 17 kwitmatm  Xocun  OYymaam.  Xuima — XWI
KOMMapaToOpJApUAArd TassHY KyWIAHUIUIApU KBAHTIAIl KaJaMura MOC paBHUIIIA
Vy3rapaau. Macanan: bup BOJABT Ky4ylaHUIUIM 8 pa3psiuil pakaMiid TEJIE€BU3UOH
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CUTHaJI y4yH 255 xommapaTop Kepak Oynaau Ba TasgHu Kywianumu 3,9 MB kamam
OwtaH y3rapajiu.

Kanvanuk KkupyBUM CUTHAJIHUHT KWWMaTh Karrta OVyica mIyH4Ya Kym
KOMITapaTopjiap YMKHIINUIA MaHTUKHK “17’ra xocun O6yiamm. Iudparop sca (2" —
1) nmu pa3psayiu KOMMIAapaTOpJIApHUHT KOAMHM N — pa3psayid UKKUJIUK KOJWUTra
allllaHTHpaau Ba YMKHUII pErucTpuia €3aAu Xamja YUKHINra y3aTaau. byHpaii
APVHUHT Te3HrH KOMIIapaTopiap Ba MH(pPATOPHUHT TE3THKIAPUTa GOFIINK

Jluckpernam BakTIapyd TakT €KUM CTpOOMpanus HMITyJIbCIapu OwiiaH
aHUKJTaHUO, KOMIIapaTopiiap HIUIAIIMHUTAa pyxcar Oepwiaad Ba mudpaTop
YUKUIIAJATH KOJJIap Kaila dTUIaau.

Mapamnen typaard APYHMHT paspsimap COHHMHM OHTTara OIIMPHII
KOMIapaTopjap COHMHU WKKU MapTa OLIMPUIIHH Tanab staau. by ¥3 HaBOatuma
KaTTa MHTErpaj MUKPOCXEMaHUHI KPUCTAJUT MAJIOHMHU OLIUIINIa OJU0 Kesaau
Ba cxema MypakkaOjamuO, 3Heprus TabMUHOT KyBBaTu kymasau. Iy ca®abmu
OyHmaii kypuHMIUIH Teskop APViap paspsamap coHm 8 TagaH oOIIMaras
XOJiAaTJIapAaruHa NIUTATHIIA U,

Iapanaen -keTMa — ket APY

Pazpsinnap coHu Kym Ba aiiHM BakKT/Aa TE3KOPJIMTU IOKOPH OYiraH APY oy
napayien — KetmMa — KeT BapuaHTaup (1.14-pacm). AHajmor curHain XOTHpa
sauelikacu cudaruga TaHiaoBud Ba cakioBun Kypwimana (TCK), (pycua YBX —
YCTPOMCTBA BBIOOPKM M XPAaHEHHWs) JUCKpETIall BaKTJIapuja, KUPYBUM CUTHAI
kuiiMatnapu &3mnaau (Genrmnanamm). APY1 HuHr GupMHYM TakTHAA “KyTION
(mactnabku)” ¥y3rapTUpull amMajira omupwiaad Ba N1 rokopu paspsaiap
MIAKJUIAHTUPUIIAIA XaM/1a PAY épnamuaa U, Kywianumm xocui KwinHuo, Uy nan
aitupunamu. Xocun Oynran kyunanunuiap dapku AU (U —  U;=AU)
Kyunaiitupuaagn Ba APY2HMHT MKKMHUM TakTHAa N2 KHYMK pa3psaiapHH
AHUKJIOBYM YMKHUII KOAWHU makiuantupany. llynnai kuau6, N=N1+N2 UKKUIMK
pa3ps/UIM HATWKaBUM KOJ XOCWI KWIMHAIHA, aMMO Napajljies-KeTMa-KeT TypJa
y3rapTupuUIUIap BaKTH Mapajuiels Typra Kaparaiaa 2 Maprta KyI BakT Tajal dTajiu.

By typaarn APY HHMHr XyCyCHATH YHHHT paspsiapd MIAK/UIAHHITHHUHT
COJUTAJTHTH, STBHU MKKHTA 8 paspsum mapamien typaard APY nam ¢oiinananuo,
16 pa3psinny 4MKUII KOAUHU OduIl MyMKUHIUTH. Kyunanuumap dapkunu (AU)
Ky4auTUpWIMIIN Typaniau APVY251a KBaHT/IAII KaJaMHHM KaTTa KHJIMO TAHJAIITa
uMkoH sipatunamu. Iy ca6abmu 10 — 12 pa3psaim pakamiin TeleBUICHUENA,
nuckpetinam vacrotacu 40 — 60MI' Ba yHmaH roKopujapaa OKOpU Oyirax
XoJlaTiap/a napajien — KeTMa -KeT Ty3WJIMacu KyJUTaHWIIa i,
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KUPHLL U1
>4 TCK 2y Kyuaitrupruy
u2

APY]  faed  PAYV APY2

+++n16m +++n20m

HYHKYBYH PCrHcIp

FYYyyy

YHKHLI N1+n2 6UT
1.14-pacm. TTapamien -keTMa —KeT Typuaara APY

TenrnamTupysun Typaaru APY

By Typmaru APY (1.15-pacM) OBO3HM pakam/IM CHIHAIIa YTKA3UIIAA
UIUIaTUIaAN, XaMJaa YUKyBYM Koa 16 — 20 paspsanu OViauium Tanad 3THIIAaH,
aMMO y3rapTHpHIIUIAD TE3KOPJIUTH axaMHsATra s3ra 53Mmac. [ eHrIamTUpyBYU
Typrard APY TaHIOBUM Ba CAaKJIOBUM KypHJIMa, KOMIIApaTOp, KOATa KETMa-KeT
sxuananmm peructpu (KKSP), 6omkapun cxemacu Ba PAVYnapnan néopart.

douikapys — Gow
cxemMac o e
l CXEMACH - Taiicp

KHpHLUI

> ICK =3 Komnapartop | KKsIP

t

PAY ~E -

YHKHII
n 6uT

1.15-pacm. Tenrnamtupysun Typaaru APY

Y3rapmpnmnap pean BakIAa amaira OLIMPUIAJUIaH Mapajien EKn
rapajuies KeTMa-KeT APV an (bapKiau TEHIATUPYBYU TypJaru APYV anua cexun
WiTaign. Ysraprupuiuiap daxar “Bommanunr” (“ITyck™) CUrHANMH GepUIIMIIN
owrnan Oonurtanaan Ba TCK kupuill KywWIQaHUIIUHUHT 1Ty BakTJAard KAWMATHUHU
acnad kosanu. llyHaaH CYHT KeTMa-KeT SIKMHJIAIIMII CUJDKUTHUII PETUCTPU TaKT
UMITYJIbCIIApU  acocuaa TeHTamTupui sxkapaéunun Oomnwtaiiau. KKSAP  Huar
YUKUIIA PAVra yJaHraH Ba PAY y3 nHaBOatupa KKSP ra &umnran kox
KOMOUWHAIMsACUra acoca Kywianuinau makiantupaau. KKAP konu y3rapranma
PAY uukummmara KyWIaHUIIW y3rapagd Ba y KOMIIAPATOPHUHT KHUPHIIHIAH
Owpura y3aTuiagul Xamja YHWHT KUWMAaTh KUPHUII CUTHAIW KUWMaTu OujiaH
commmrupunianu. TCK na €3unran Kupuil cUurHaiu KuiMaTu Ba PAVuunr YUKUIII
CUTHAJUIApU KUWMATIapyu TEHIJIAIITyHYa *apacH (Y3rapTUpulLIap) 1aBOM 3Taju.
By xonarna, sbHM CUTHa/UIap TEHrjamraH xojataa, komnapatop KKSPra takr
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CUTHAJUIAPUHM y3aTUIIHM TYXTaTagd Ba Y3raTUpUII >kapaéHu Tyraiian.CyHrpa
MabJIyMOTJIApHM VYKMII y4yH Oomkapum cxemacu “Taiép” (I'OTOBHOCTB)
CUTHAJIMHU WAaKJUIaHTUpaau. bapua y3raprtupuimnap skapa€Hu N TakT JaBpja
amaJra OLIUpUIIaIN.

TeHrnamrupyBuu APYHuHT acocwuit MYyaMMOCH PAVY Hu Tal€pIialiaru
Tajnad KWIMHAAUTAH pa3psijl Ba TE3KOPJIUKHU TabMUHIALIUD.

TeneBuaeHeHN pakaMialITUpUILIA OUp BakTaa Oy HMKKalla KYpCaTTUYHU
TapMHHIAI 6up Gupura 3my Macana. 1lly ca6ad 6y Typmaru APY acocan oBo3
CUTHAJUIAPUHH paKaMJIalliTUpHILAa (oralaHuIaIu.

Curma — geJabra APY

KBaHT/IANIHUHT 9HT KaTTa Pa3psii COHU CUTMa — Jie/bTa APY MOZYJIATOpULA
(éxu ommmii curma — nensTa APY) amanra ommpunamu. Ilynnaii APYaunr
OJIMMTUHA TAIIKWINK Yn3Macu 2.24- pacMjia KEJITUPHUJIITaH.

bup pazpsaim APY BaszudacuHu OakapyBUu €KUM KOMIapaTop aMMprudHUHT
YUKUIIUAArd ~ Kyd4JaHWIl OWjgaH HOJMb KUWMATHH OWJIaH  COJIMIITHUPAIIH.
Komnapatop kf, wacTtoTa OuiaH TakTiIaHAgd Ba OUp pa3psuiv APY ra TabCUP
KypcaTaiu. APY  Humur YUKUII Ky4IaHWIIA, MaHTHKud ‘1”7 Oynranmga, + Uen
KuiiMaTHU Ba MaHTHKUM “0” Oynranga 3ca - Uen KUHWMaTHM KaOyJl KWUJIAJIH.
APVHMHT yMKHIIMIATH KyWwIaHUI KAPUIT CUTHAIU Uwwpnm JaH alipuiiagyd Ba
WHTETpa/UIaHaIM, SbHU MHTErpajijiall HaTHKacu ypTa KuWMaTra KeJITHpUIIaau
XaMJla KoMnapaTop KUpHIIKUra Oepuiaiu.

.
<4<

S Y HHKHLI

—fi
nouifa

HUuterpartop = Komnaparop

PAY
1 - pazpaau

—E

Curma-geabta m 0AYAATOP

1.16-pacm. Curma — nenbra APY

MaHndwuit Teckapu OOFJIaHUIUIA KyYaTyBYH TH3HM WHTETPATOp YHMKHUIIIHIA
HOJIb KUUMATIM KyWIaHWIIHU yuad Ttypuiira xusmar kuiagu. [y cabGabmu
KUPUII KyYJAHUIITM KUHMATH KaTTajallraHjaa KOMIapaTop YMKUIIKA MAHTHUKUN
“1” xympoK BaKT AaBOMHJA MaBXKyHa OYiaad Ba aKCHMHYA KUPHII Ky4JAHUIIH
Kamaiiranaa ManTukuii “0” ga xam nryHaai 0ynamu.

KommapatopHuHr 4ukummaa MaHTUKAM 17 Ba “0” keTMa-KeTJIMKIIAp
pakamind GUILTpAA N — paspsiyld HKKWIUKIApra aWjnantupwiaad Xamuaa fy
yacToTa 6uIaH auckperaann6, APY unkummra Gepuam.

Curma — nensta APY 24 paspsiraua KBaHTjiamra sra 0yamG, 1oKopH
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cudpaTiv OBO3 CHUTHAJIAPUHM paKaMJIM y3aTHIIJa Ba YIYOB IKUXO3Japuia
KYJUIQaHA]IH.

1.2- xajBamja Kym TapKaiTaH KaTTa HHTerpan cxemamuk APYmaprumr
KYypcaTruuiaapy KeITUPUITaH.

Paxkam — anaJjior y3raprupudjap

PAV HM maKUaHTHPUIIAA acocaH  TOKIAPHH  CyMMAJIAIUTHPHII
NIPUHIMIH(OMHIN) MIOLTATHNAmd. 2.25- pacMaa PAY HUHT Tamkmmmil um3macu
KypcaTwirai, yHaa N — TOK TeHepaTopugaH uOopaT TasHY MaHOaumaH
03UKIaHYBYH (Uragnu), N — KaauT coHn (Oy eplia N — MKKWIMK paspsyiiap COHH,
KEJITUPWITaH Mucoiiga Oy coH 4 ra TeHr). TOKHUHT KaTTaJlurd UKKUHUHT Japaxa
KypcaTruuura mpornopiuaHan. Arap HaBOatgaru TakTAa Teruuui Q OWTHUHT
paKkamJid CHTHajdud MaHTUKUK “1” ra TeHr OyJca, KaJIUT KYUIWIaJd Ba TeCKapu
xonaraa (“0” kuiMaraa) KaauT y3uiaagd. YMyMUM TOK IOKJIaMa KapHiwiura Ry
OpKaJu oOKaau Ba 4YUKAIM KywlaHWmM Uawx HU  Xocuin Kuiaau. Toxiap
MVFYHIMCHHYN KyWIAHWINTA Y3rapTHpHII yayH PAY HUHr umKpimia omepanyoH
KYYaUTUPIuy KyJUIAHUIIU MYMKUH.

5 1.2-xagBan
Kyn tapkanran APYnapHuHr aiipum KypcaTruaiiapu
Makcuman
Makcuman
v Mumna6 Pazpsanap|quckperu- Tanad
APY Typu | ynkapran PAIAP AMCKD STUIIYBUYU N30x
COHH 3aIus
KOpXOHa wacroracy| KYBBAT
MBT
ANALOG [2x16 APY OB03711, UKKU KaHAJIJIH,
AD73322L DEVICES [2x16 PAY 64 xI'n 3 CHTMa-JIelIbTa KOACK
ANALOG
AD7721 DEVICES 16 312 x['g 175 Curma-nenbra
ANALOG
AD7660 DEVICES 16 100 xI'g 15 TenrnamTupyBuu Typaaru
[Tapayuten-keTMa-ker
ANALOG TypAary TypT MOFOHAIH,
AD9224 DEVICES 12 40 MI'n 390 XaToJjap KOPPEKUHUICU
YIyH
Bupneocurnanra unuioB
AD9840 ANALOG 10 36 MI'ny 140 OepwIl cxemaliapura ara,
DEVICES
[13C-Tenexamepanapu yuayH
OBO3111, MKKH KaHAJIJIH,
SAAT7366 | PHILIPS 2x18 53 klnx 345 CUTrMa-JiejibTa, KeTMa-KeT
YUKUILLIIN
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[Tapannen-keTrma-ker
900 KEJIyBUM UKKH MTOFOHAJIH,
XaToJIAp KOPPEKIUSACH
YUYH
V4 xanammm, CK-
AKpaHJIApHU OOIIKAPUII
yuyH, TB cunxponuzanus
yayH
Pakamnu panrnmnuk
nexonepura sra TPTCran
pakamiu TB-curHauiapau
HIAKJJTAHTUPTUY.
«Kanpna xanp»
KOHTPOJIJIEpU

TDAS8716 | PHILIPS 8 120 MI'n

TDA8752 | PHILIPS 3x8 80 MI' 1000

SAAT111A PHILIPS 2x8 14,3 MI'n 500

SAB9076H| PHILIPS 4x8 27 MI'u 1000

KHPYBYH KO

U TasH4

U TasH4

1.17-pacM. CyMManaITHpUIraH UKKH yimaaM Tokm PAY

XO03Upru ManTaa TOKJIAPHU XOCWJ KWJIHIN YYyH pe3ucTtuB marpuiia R — 2R

KEeHT KyJutaHwiaay, 1.17-pacMra KapaHr.
KMPYBYH KOJ
UTEUIH‘I r & A

1.18-pacm. R — 2R matpuna acocugaru PAY

CyMManaliTUpUiAraH MKKWIMK yiadaM TOKIM PAVYHuUHT ad3ammrua Tok
IeHEpaTopilapy Ba KAJIWTIAD COHU MUHUMAUIATUAUP. AMMO paspsaiap COHH
KaTTa Ba Y3rapTUPHII YaCTOTACMHUHI FOKOpH OYJiraH xojatjapuaa Kyl TOK
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TEHEPATOPJIAPHUHT OMp BaKTAAa YJIAHMIIA MaHOAa TOKMHHMHI KECKHH IMacalHIIn
8KM cakpamura onau0 Kemaqm Ba Oy y3 HaBGaTuma PAVHMHT umkummmarn
KYWIAHUIIHUHT OY3WJINIIN KeJMO YUKAIH.

PAVHUHT sHA OMp KAMUMIMIM KYpCaTTHWIapu FOKOPH AHMKJIMKKA 5T
Oynran Xap XuJl KUAMaTIM pEe3UCTOpJIapHU KYJUIAHUIIM Ba 11y cababimu mypaxad
Ba KUMMAaT TE€XHOJIOTUSIAPUHUHT UIIUTATAITUIIIN.

Arap TOK reHeparopiapu Ba Kaimutiap coHmHu 2" — 1 raga ommpcak Ba
Oapua renepatop TokiapuHu lo TeHr KUIMO OJIMHCA, IOKOpUJIATd KYpCaTWIIraH
KAMUYMJIMKIIap aHYaruHa Kamasiau.

PAVunar xupummra K nxkmmk con (K = 0,1,... 2"— 1) 6epmica, yuna K
KanuTiap yianau Ba yukyBuu Tok K Iora TeHr 6ynanm.

Kupuir curnanu kynarica, KaluTiiap KylIuiaaay Ba yiap Kamanca axpaiau.
ByHnaii BapuaHT Tyna aekozjepnanran PAY neiimnmanm éxku TepMoMeTpra yxmab
CYIOKJIMK OaJlaHJJTUTU TYIITaHW €KW KYTapuwiraHu Kabu ‘“‘TepMoMeTp” TEepMHHHU
XaM KyJUIaHunangd. AMMo, 6yHaaii PAY naru sneMeHTIap COHM UKKHIIMK §ITYaHTaH
TOKJIH PAS”I[aH KYTI OYymaau.

Te3kop Kym paspsld KBaHTIaHTaH PAVYapHM Kypumia cerMeHTIapra
GYIMHIaH CTPYKTYpPacH cxeMa KyJUIaHWIagm. AHa myHaait 10 paspsmm PAYHunT
Ty3uiauim mucoi cudaruaa 1.19- pacmaa kentupumiras.

5 31 »
—!)l i PAV1
I[: Perl Per2 T uuK
10
5 o
2 PAY2

1.19-pacm. 10 pa3psum cermenTnanran PAY

Pacmpa xarra ctpenkanap OuiaH pakamiid IIMHANAp KYypcaTWiraH, yCTHTa
€3WITraH COHJIAp YHAAru paspasiyiap COHUHU KypCaTai.

Kupysun 10 paspsgau kon peructp Perlpa fr Takt yactota OmiaH Kaiin
kunHaau. Cyurpa Sta tokopu paspsmiap aemmdparop (UI) épmamupa 31
pa3psiiv KOJra aillaHTUPWIAAW. AWIAHTUPHILI YUyH Tyjla JAEKOAepJiall KOHYHU
UIUIATUIAAU: arap AemudpaTtopHUHT kupumuaa N conn (MKKIIMK Kona) Oyiica,
JUI gukummga N kuuuk paspsianap 17 kuiimMaTHE KaOyn Kwiaad Ba OOIIKa
yukunuiapuga dakar “0”nap Oymagu. AUIHUHT 4MKUIIMAArd KOJUiap Ba KUPHIL
CUTHAJIMHUHT 5 KMUMK pa3psa koaynapu 36 paspsannu peructpaa (PEI2) xortupana
CaKjIlaHaId XamJa XOCWJ KWJIMHTaH 31 paspsaim Kon PAV1 ra kenu6 TYLIA]IH.
PAV1 §3 naB6aTina 31Ta Gup XM KMAMATIH TOK reHepaTopH Ba 31Ta KannTiaH
ubopar.

STa KAYMK paspsaiiap PAYV 2ra TyLIaa{, y dCa UKKUJIUK yJIdaM TOKJIApHU
CyMMANaIITHPHII OMHIM acocuaa Kypuiaran. PAY Ba PAV?2 rtoknmapu Kymmmuo6,
Y3rapTUPTUYHUHT YUKW TOKH XOCHJI KUJIMHAIN.
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PAV 1 Ba PAV 2 5a maiino 6yaran xanakaTiap KHiiMaTH aXxaMHsTCH3 0Y116
KOJIaJI1, YyHKH KHYKWHA KAAMATIIA TOKJIAp YIaHWIIN MaBxXy[ OViaau.

OB03 cUTHAJUTAPUHU paKaM — aHAJIOT Y3rapTUPHINJIAa JUCKPETIAlll YaCTOTaCH
KUWMAaTHHU OIIMPHUII Ba WHTSPIOJANUA(SIKUHIIAIININ) WIUIATWIAH. ByHUHT yayH
maxcyc PAVap kymnanunanu (1.20, a-pacm).

n OHT

n OHT
J )= HHTepnomsirop » pPAYV b U |—>» Uyux
T kfn
[/}
i )
n OHT n GHT ] m OHT _
Ji)—>»{ Hurepriomitop ——a PC/IM = PAYV |—3 I[1UO = Uuypg
kfn Kfn
| 0
Kfn
1.20-pacm. MaTEepnionsamusim (a) Ba CUrMa — JIeJIbTa MOJTYJISTOPIIN
(6)PAVnap

WuTtepnonaTop pakamiu KypwiMa OYynu0, OyHAa KUPHUILJArHW Xap HKKA
CaHOK Opacura MabJIyM KOHYHJIAp acoCHla aHWKJIaHaauraH, KymmmMda K — 1 mona
SHTH CaHOKJAp KHpUTHiaanud. HaTwkama nuckperiam yactoTacu Kuiimatu K
MapoTaba oIajIu.

Cyurpa curnan N-paspsaid PAVna ananor maxira y3raprupunagy Ba ITU®
Epmamuaa GUIbTpIAHAIH.

1.3-xanBai
Kyn Tapkanran anipum PAVnapHHHr KYpCaTTUwIapu
PAY typu| WNmnad |Paspsnnap| Makcuma | Makcuman
YUKApyB4 | COHHU hi| Tanab
1 KOpXOHa JIMCKPETH | STUIYBYU HN3ox
3arus KyBBar
4acTOTAaCH MBT
AD1859 |[ANALOG| 2x16/18 | 44,1 xI'it 330 OBO31IH, UKKHA
DEVICES KaHaJJI, CUTMa-
JenbTa, UHTEP-
noJisausd Ba [THOD
AD768 |ANALOG 16 30 MI'g 465 [TacT kOMMyTalIMOH
DEVICES XaJaKUTIA
AD9701 |ANALOG 8 250 MI'g 780 CunxpoHu3anus Ba
DEVICES CYH-IUPYBYH
UMITYJIBCTIAp
MaKJJIAHTUPYBYHU
ADV7123|ANALOG| 3x10 140 Mru 180 VY4 kaHam,
DEVICES CUHXPOHM3AIIMS Ba
CYHAMPYBYH
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UMITYJIbCIIAp
IaKJUTAHTUPYBYHU

TDA1305 | PHILIPS 2x20 48 k' 200 OBoznu,cTepeo, 96
Tarayua xKamra
JTUCKpETH3aIusTa 9ra
Ba WHTEPHOJISAIIHASIIN

TDA8776 | PHILIPS 10 1000 925 2.27-pacMaaru
MI'o qu3MaaeK 5
Cermentiianrad PAY

OHr KyI KBaHTIANI paspsad cMTMa — GuiubTp Moxyistopin PAY na
tabMuHIaHaau (2.28, O-pacm). HMuTtepnonstop auckperiam yactotacuHu “Kk”
MapoTtaba omupaau. Pakamiu curma — JieabTa MOIYJIATOP N pa3psiid UKKUIUK
CY3IIapHE M —pa3psUUId cy3iapra aitmanTupaau (m < n) Ba M — paspsum PAVia
aHajor curHaira y3raptupu0, [[UDaa Tekucnanaam (CeKTp To3agaHaIn).

Curma — pgenpra MoOAydATOpAAa M — paspamiaud Cy3jnap LIyHOAu
HIaKJUTAHTUPUIIAANKY, OyHAAQ KaTTAJAIUTUPWITaH AUCKPETJall YacTOTACHJIATH,
OMp HeEYa CAHOKJAPHUHT YpTa KUWMATH OJMHUO, YUKHII AHAJIOT CUTHAJIUHUHT
Tanad dTUIaAUrad KUiMaTH TabMHUHIIAHAIH.

Kanvamuk “m” “n” ra HucOatan KU4YMK Oyjca, AUCKPETIAIl YacTOTacH
KaHYaJUK KaTTa OYIuIIMHN Kypcataaurad “K” xaMm opTaau. DHT IOKOpHU KUMatTaa
m = 1 Oynanu. By xonarna YuKUII Ky4JaHUIIN TEKUCIAHTaH UMITYJIbCIap KeTMa —
KEeTJIMTUTa aiJlaHaJu, S’bHU MMITYJbC KEHTJUTH OVinya €KW MMITYJIhC 4YacToTa
Oyiinua MOIyJISIIIUsIIAaHTaH KaOu.

1.4. TeneBU3HOH CUTHAJUIAPHUHT OPTUKYA aXOOPOTHHHUHI TypJiapu Ba
yJapHU HYKOTHUII YCYJUIApHU

Tacup curHauTapuHu CHUKHII acocaH 2 ycyn OujaH amaira omupuiaau. by
cuaTHU WYKOTHUII OPKAIM CUKHUII Ba CU(ATHU HYKOTMACIaH CUKUIII.

TeneBU3MOH TACBUPHUHI TaXJIWIWA IIYHU KYpcaTaJuKH, yJiap KarTa XamMIu
OpTUKYa MabIyMOTJIapra 3ra Ba Kylujaaru cuHdiaapra OyaIun MyMKUH:

1) Koasimk opTUKYAIHK;

2) DJieMeHT/Iapapo €KU CTATUCTUK OPTHKYAJINK;

3) IIcuxoBu3yas OPTUKYAINK;

4) Ty3namaBuii OpTUKYAIHK;

5) Bakrtim éxku Kaapaapapo OpTUKYAIMK.

Kommuk oprukyanmumk TtacBupia OWp Xuil KYpPUHHUIIJArTH Ba EpPYFIUK
HYpUHU OMp XWJI KalTapaauran kymiaad oOexkTiap (TapkuOMil KHCMIIap) MaBxKy[l
OYn0, ymapHUHT 103acy Oup XWil EPYFINK HypJIapUHU MIAKIUTAHTHPAIU Ba OyHIai
X0JaT Ky1 Tapkairad. Mucoi yuyH 2.1- pacMra Kapasr.

bynnaii xonaT y3aTuiiaéTrad MabJIyMOTHUHT XaxMuHU 20 - 25% ra xamaii-
TUPHUILTA UMKOH OepajH.
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720 pixels (90 blocks) 8 pixels

143(118|136(114|120(112| 129{134

F 131 121|126| 143|134 123|124 133
p 147127134/ 136|113 111| 140|129
151129132138 115 [116[ 134 (131
- 150124112134 126|120| 132|125
[~ 134( 93 |[116{136(124|137(138]131

8 pixels

576 pixels (72 blocks)

[~ 144(142|119( 147|162 (149|123[132
143(117|103(125| 122109 128[132

Picture Block

1.21- pacm. TacBUpHU KOJJIH Ba 3JIEMEHTIApPApO OPTUKUYATIUKHU KYpCaTyBUH
MUCOJIap

Icuxopuzuk  OPTUKYAIMK  KY3UMU3HUHT  KYpUIl  KOOWJIUSITUTA
acoCJIaHTaH, S’bHU TACBHUPJIard MAbIyMOTHUHI aWpUM KUCMHUJIATU MAbIyMOT
UYKOTWIMIIK YHUHT cudaTura ce3uyiapiid Jlapaxaaa TabCUp dTMACIUTU MYMKUH.
MacanaH: Ky3 €pyFiuK y3rapuilnIad Kypa paHr Y3rapuiluHA KaMpOK Ce3au.

Ty3namaBuii opTUKYAIMK 2.2-pacMJla KypcaTWiraH XoJaTIarujiex,
TACBUPHHUHT alpuM KUCMIIapuaa maigao Oymaau. byHu HykoTuin ydyH TacBHp
CKaHep KWIMHUO, KaWTapuiaguran Kucmiapu, (parmentiapu (¢ppaxTamiapn)
aHWKJTaHAOId Ba ylap aBBal aHUKIAHTaH (¢parmMeHTiap  udomgacura
ANMAlITUPWIAAA XaMa 11y OPKaJy y3aTWJIAETTaH MAbJIyMOT OPTUKYAIUK XAKMHU
KaMauTUPUIaIN.

DC Component only DC+lowest 2 AC coefficients

8x8 block

1.23-pacm. Ty3uiMaBuii OpTUKYATMKHA KYPCATyBUH MHCOJI
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» Temporal Redundancy reduction by Motion Estimation/Compensation
. wFEEA J 4L 8

Previous Frame Current Frame sl S
Z s g

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

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

1.24-pacm. BugeocroxkeTnaru KyuHu Kajpiiap Ba yjaapaard Kajapiapapo
(bapKUHUHT KYPUHUIIIN.

Bakrtin éku KaapJapapo OpTHKYAJMK OUTTa BHUJICOCIOKET BAKTUIA HKKH
KYIITHU KaJip opacujar ¢apk HucOaTaH ce3miapcus oyiumm cadbadmu (2.3- pacm),
TEJIEBU3MOH TAaCBUP MabIyMOTHIAa acOCHi Kaapra HucOaTaH Kaapiap (apKuHu
y3aTHIIl aMajira OIIMPHWIICA, BUACO OKMMAArd CHKUII KOA()(PUKUEHTHHUHT KaTTa
KHMaTra SPUIIALIT UMKOHHU SPATHUIIA]IH.

1.5. Inckper-KOCHHYC Y3rapTUPHII ACOCHIA TACBUPJIAPHHU CUKUIIL.

B. Yen Tomonnnan 1981 iinnna raxmud stunras Ba JIKY sxmm ypranunran
xamaa Yysraptupunviap JPEG, MPEG, MPEG - 1, MPEG - 2, MPEG - 4
dbopmatnapuaa rokopu dPpdekTuBnukaa Kyuianwirad. Masmynu Oyiinua 0y ycyn
OypbeHUHT UKKH YIT9aMIId AUCKPET Y3rapTupuiiura yximami, papku dakat 6a3uc
OyHKuMAnapuEM  mmmathnummuga.  JKYHMET  ad3alimrd KaTOpHMHT — Tes
SKUHJIAUIMIIM Ba Y3rapTUpULUIApAA XaTOHMHI KUMMaTH KWYMK OYJIWIIMHU
TabMHHJIAHUIIY.

Tyrpunan — Tyrpu Ba Teckapu JKY xyitmnaru (2.1, 2.2) TeHrmukiap Gunan
udogananaauIap:

L 2x+1 2y+1
= waceem, 3 poy | P B g

x=0 y=0
n-1 n-1

2X+Durxr 2y +1)vr
Cw Cw) Fuw) cos( ) cos( y+1) _

F(X,y) = = 2N 2N

2
N = (2.2)

<



I1I. HA3APUI1 MATEPUAJIJIAP

By epna: vV — rpaduk OJOKHUHT TOPH3aHTaI KOOPAHHATACH
U — 6ok wumaaru koopaunarta, C(u), C(v) = 1/ V2 u, v=0 yuyH Ba akc
xomaraa C(u), C(v) = 1

1 u=0

Au)=4+/2"
1, uz0 (2'3)

bynnait ycyn kamapnapau (2.5-pacmra kapanr) 64 (8x8) caHokiu OJjokiapra
OynmakmamHu Ky3aa TyTaaud Ba ymap (2.5, 0-pacM) CHTHAJLIap MaTpUIACH
neitmnamu.t

Fk(=z + L)

N1 = , .  T=k
Fo = 2 /- cos(— =i e = 2, L sinC0m gy

cos(0)
W >< W cos(0.5x)

cos(1.5x)
cos(2x)

1.25-pacm. Jluckpet KOCUHYC anMaiTupuin ¢popMyinacu Ba rpaduru

JAKY CHeKTpUHHUHT XYCYCHMSATH WIYHIAH HOOPAaTKH, 4YacTOTa CIEKTPH
JHEPrUsICHHMHI AaCOCHH TAIKWJI J3TYBYUIAPU HOJAb KUNMATIM 4YacToTa
arpoduaa MUFWITAHJIUTHIAUP.

“ 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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+ DCT(discrete cosine transform)

- DCT effect
Energy packing
>
u
E——
- DCT equation(8x8 block based) B R RLEE TN
Fluw) = C(u)C(v)i%f(i_i)ms{ziﬂ)uxcos(2}+1)wr ! Eﬁ H ww M M H!I!Ih \"
SRR 6 00 00 O
. . - — .
fluv) = lzzC(U}O(V)F(J.\.f)cos(EH'HUJTCOS(EJ_”WZ — : L)
155 16 o SRR
C(u),c(v) = /W2 foruv =0 ; E E ﬁ E ﬁ m H
Clu),.Clv) =1 otherwise E g ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ
=SEEEEEEE
Horizontal frequency
0 12 3 4 5 B 7
143[118)126(114[120[112{120]124 1023| 7l 20| 12| 27| 24[—2 i
121] 121|126[143| 134]|123| 124|123 —4| 12/ 10}26|-12) 8| 7[13|1
147|127[124[128[113[111[140[120 8| 4| 1| 2| 6/-18| 0| o2 E
1564[120{1232[130| 115|118 134|124 DCT | 0|—16|—11| 14 | —1| —a| 15 2} ﬁ
150(124|112[134|126[120[ 132|125 R R EIEIE R EEn =
(]
124| 93 [116[126[124[127[ 128|134 20 11 o|-2|-7| -8 2| 4|5 &
144|142|110[147[162[140[ 122|122 oa| olz0| o] 6| 24| 6| 11|86
143[117[102[125]122[100[ 128|122 11 11 2| a| -3|-10|7| o7
8x 8 pixel block Matrix of 8 x 8 coeflicienis
a) 0)

1.26-pacwm. [lacnabku TaCBUPHUHT EPYFIMK CUTHAIM MaTPUIIACH.
(a) — mukcemtap ymuamu 8x8 Ba (0) — Tyrpunan tyrpu JAKY man cyurru
MaTtpuIa Ko3pGUIUeHTIapH.

1.6. TacBMpHHU BelBjIeT AJIMAIITHPHUII ACOCHAA CUKHUIII.

byrynru kyHaa TacBHp Ba OBO3HM CHKHILJA KYN TapKajiraH YCYyJJaH -
BeWBJICT y3rapTupuimuaan doigananunaay Ba y ['poccman Ba Mopie ToMoHUIaH
yTran acpHuHr 80 Husiapuaa KAPUTUIITaH.

dypre Ba JIKY JAPHUHT aCOCUN KaMYMWJIWTH yJIapHUHT 0a3aBUN TapMOHHK
TaITKWI 3TyBYWIApU (YHKIUS AaBpHU OyIMaraH Xojiariapaa SXIH WUILTaMaian
Ba HaTmwkanga (ohgany MabIyMOTHUHT MabJIyM KUCMUHU THUKJIAINl WMKOHHUSTH
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nykotunaau. BeliBner y3rapTupuil MabiyMm (QYHKIUSHH BEUBIET (YHKIUSIIN
TAIIKWJI 3TYBUMWIAp KYpPUHUIIMAA OCpUIMILUAND Ba BEHBJIET —0y KUYUK TYJIKUH
€K TycaTJaH CaKpall TYJIKAHHU.

wl?/\/‘ v 6) ¥ v
Kl — T e ?
WAVE MHAT
ki wl n v Ny v
MOPIE & nNAYn =k
o) ¥ W e)w )
4
— @
{ —=k by
LMB AOBELLN

1.27-pacm. bab3u Oup Kym TapKaiTaH BeHBIETIAp

AManuéraH 3ca BEUBIIET — X0JIATJaH X0JIaTra YTKa3HIIAAa TACBUPHU 11acT Ba
IOKOpM  4YacToTainu  (QuibTpiam  xamja OJMHIaH  Kod(UIMEHTIapHU
CHUMpakIamTupuI (JeruManusi) >kapaHUHU KYJUlanaup Ba ymap 2.7-pacMja
KEJITUPUIITaH.

o P j2l= tzp{iue T3
o P 2 S Ptz e 5k
0401w §2 $2 o0 4 s |
e R 5 » 12 u;m»—*
M® - pacrkn wacrorazap (bnubrpu. 12 - cHitpaKiam
[O4Q — HOKOpH uactoTanap GuibTpH $2 - wnrepuoasuns

1.28-pacm. BeiiBneT — keTMa — KETJIIMTUHUHT YMYMJIAIITUPUIITAH CTPYKTypa
CXeMacH.
§’3rapTHpHm HaTI)KacuJa MKKUTa MacCcuB maigo Oymamu. Az Ba Dpnz,
YJIAPHUHT 3JIEMEHTIApH KyWuaarnda aHuKIaHaIu:

A — S2K +SZK+1 . D — SZK _SZK+1
K 2 ) K 2

Oy epna k €[ 0, N/2]

IMact 4acroramu QGUILTPHUHT KOIPPUIHEHTIAPH A[Nn2] CUTHAJ
ANMPOKCUMALNUMACH Ba IOKOPU 4YacToTra KoOdpPpuumentaapu Dinez) 3ca curnan
Aetanusanusicu aeiinaanu. byana A Ba D maccuBnapu maBxyn Oyiica, naciaOku
CUTHAJI- Spn) HM THUKJIAIl MyMKHH (2.8-pacmia kentupuirad kaou). Az Ba Dinz
COH KUUMaTiaapu EpyFiauK HyKTalapy OWIaH KypCaTUITaH.

, (2.3)
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bouuianruy cHIrHa S[N]

[1 1111

Armpox cHMAanEA A [N/2] Aeramnamit Dy

1.29-pacm. BeiiBneT — 1eKOMITO3UIIMS TPUHIIUITH
BeiiBner y3raptupuiml nOpuHOMNUHU 2.8-pacM  KENTHUPUITaH MHCOJAA,
TaCBUP CUTHAIMHM y3rapTUPHILJIA KYPULI MyMKHH.
2 e - ey TTy " g - . ]

3 X *
- o . S 3 A

1.30-pacm. JlacmaOku TacBUp Ba caTpiiap Oyiinda BEHBIET —
JEKOMITO3ULIASICUIaH CYHT

Mynnait kb, kyn MapoTraba BEHBIET ACKOMITO3ULMsIAINI (Y3rapTHPHIII)
HaTI)Kacu/a, anmpoKCUMAIIHSIIAI MAaCCUBHIA XKy/1a KWYUK TacBup onuHaau (2.10-
pacmaaru Tema 4am Oypuakjga) Ba ailHM BaKTAa y KHYUK XaXMIH axOopoTiap
MabJIyMOTUHHU TaIIKUIT ATaIH. MaccuBHUHT KarTa KHCMUHU
JeTaNM3alUANalITUPral HoJap €KMW KUYMK KO3(PQUIMEHTHap TAllKUI 3Taau
(2.10-pacmpaa Hora Kuitmaty 128 OyiraH KyJ paHT MOC KeJIajn), yjiap CTaTHCTUK
KOMIIpeccopJa SXIIM CUKUJIAAM Ba KaTTa CHUKHUII KO3((ULUMEHTUTa SpUILUIIra
MMKOH Oepau.

- P

a) 0)
1.31-pacm. TacBuUpHHHT caTpiiap Ba ycTyHIap Oyinda BeWBieT GpriibTpiaapu
épaaMuia y3rapTUpHIL Ba UKKH MapTa Y3rapTUPUIIIAH KEUUHTHU XOJIaTH.
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BeiiBier y3rapTUPUIIHUHT JUQTHHT CXeMaCH

Beiipner y3raprupuinmiapaa WYKOTHIIHM KaMaWTUpHUIN YYyH (QUIbTpIIap
kodpdunmreHTIapy karrta aHUKIMK OwnaH osmHaau. JPEG-2000 cukwumn
CTaHTApPTHAA KYyJUIaHWIaAWraH okopu uactoraad Daubechies(9,7) BeiiBier
GUIBTPU AXITKM MOCHAITyBUYaHJIUTU cabad 9ta xkosdduiuentra sra Ba ymap 1.3-
KaJBajia KeNTUPWITaH Xxamaa GyHKIuMs makiu 3ca 1.32 —pacmaa udogananras.

1.3-xanBan
FOxopu wacroramu ¢pmietp Daubechies(9,7) koadpuruentiapu
0,0378284555069954 -0,238494650193799 -0,11062404418423
0,377402855612654 0,852698679009402 0,377402855612654
-0,110624404418423 -0,0238494650193799 0,0378284555069954

XKansanga  kentupwiran  QuibTp  KO3QUUHMEHTIApUAAH  KYPUHHUO
TypuOAUKH, yiaap KYI COHJM KuiMmarinapaaH Ttamkuia tonrad. lllyHuHr yuyn
TaCBUPHUHT TAaCT Ba IOKOPH 4YacToTajiu Kod(h(UIMEeHTIapuHU XucoOjam Ba
CakJialll Y4yH KYI BakT Ba Xxotupa taynad stwianu. [Ily cababd TacBupHU KaiiTa
UIUIANa BEHBIET Y3rapTHUPUITHUHT JUQTUHT CXeMacH KEHT KYJUIaHWJIaad Ba y
GUIBTpIAIIHUHT  OAMMK  KaJamjapd  KETMa-KeTJIWTW  TyrajJIaHTaHJIWTHra
acocllaHTaH XamJia Kajgamiap JUGTUHT Kagamiapu €Kd “3MHANOSICUMOH Ty3uiama’
nevunanu (2.12-pacm). bynna BeiiBneT ¢opmacu TYFpUIaH TYFPU UILIATHIMANIN
Ba CUTHAJTHM aNMPOKCUMAIIHSUIAII YUyH aH4a KaM KodhGUIMeHTIap KyIUTaHuIaIu.

VT T T T T T T T T T T TTTT T 0,0378284555069954
03T 0,02384345501 93733
08 7 -0,110624404418423
orT 0,37 7402855612654
06 T 0,352695679003402
05 T 0,37740285561 2654
04 T 0,110524404413423
03 T 0,02354946501 93799
02 T 0,0378284555069954
o4 T
D A\/ \n_/vﬂ-
a1 T
04 12 2 28 3G 44 852 B B8 76
] 0a 16 24 a2 4 48 56 B4 T2 o

1.32-pacm. Daubechies(9,7) rokopu yacToTamu GUILTPUHUHT IHAKIIH,
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a;_
eveni-1 l 1

—> S P U

oddi-1 T -l
- il

1.33-pacm. BeiiBnet y3rapTUpUIIHUHT TUPTUHT CXEMACUHU UIILIAII
MEXaHU3MHU

Beiipner y3rapTupuiiHUHT JUPTUHT MeXxaHu3MH uHTIM34a “Lift” cy3uman
OJIMHTaH OYnuO, KyTapuill MabHOCHMHHU aHriaragu. [lacT Ba OKOpM dYacToTasu
MaccuBliap 00CKuYMa-O00CKHUY MIAKIITAHTUPUIIAIU Ba Xap Oup 6ockuyna 3-4 Kanam
amaJra OLIUpUIIaIN.

1. Askpatum (split). by kamampa Sj mukcenb KHMMaTiapyd MacCHBHAAH
UKKWATA SHTW y3apO KECUIIMAaWJIWraH MacT Ba IOKOPU YacTOTalIu MabIyMOTIIap
MacCUBU IIaKuIaHTUpwiIaau. [lukcermmapHu MaccuBiiapra aXpaTuil YCYJIUHU
TaHJIAII BEWBIIET Typura OOFMUK. AMMO KymuHYa ky(pT evenj: €ku tok 0ddj1
MUKCeJUIap aXpaTuiaauiap Ba S onepaTop épaaMujia Kyiuaarnia udoiananaim:

(evenj.1, oddj.1) = S(Sj-1).

2. bamopart kuaum (predict). By kamamma gam Ba YHT TUKCeNb KHiiMaTiaap
acocujia MapKa3uil MUKCETHUHT XTUMOJUTHK (Oamopar) KuiMaTy XucoOiaHa Iy Ba
IIYHJAH CYHT XaKUKHUM Ba OaropaTt KuiiMaTiiapu aiupuiaauiap. AHa 11y XaToJIuK
MapKa3uil MUKCellb KUAMaTtura €3wiajd Ba y IOKOPU 4YacToTa Kod(duiMeHTUra
Moc kenanu.JlacTimaOku MaccuBHU JKy(pT Ba TOK CaHOKJIapra axpaTraHja
OaIoOpaTHUHT IOKOPU YaCTOTAIM XaTOJMUK KOd(DPUIIMEHTIapy BUICOMABIyMOTIIAP
MACCHUBHHHHT XKy(PT KUCMUTA E3UITATH:

di-1 = oddi.1 - P(eveni.),

Oy epna P-6amopar onepatopu.

3. urunanum  (uhdate). by Oockuuma mnacT yacToTaau — BEWBIIET
koadpuLeHTIapu KEHUHTU Y3rapTUPHILL JTanura YTHUIL YYyH,
“kyTapuiaan’,AbHU CUTHAIHWHI YpTa KUMMATMHU Cakjalml Y4YyH. SIHTUAJaHWII
*apa€HUa STHIWIAHUIL ONepaTopyu €paaMuaa O0amopar KUJIMHIaH MTUKCEJIapHUHT
ypra KuHAMaTthra acocaH IMacT YacTOTaAJIM MACCUBHUHT KO3(puuueHTIapu
IaKJIJTAHTUPUIIATN:

Ai1 = eveni1+U(diy),

Oy epaa U —sHTHIIaHUIT ONIEPATOPH.

[Tact Ba rKopu uyacTtoTayu Kod(PUIMEHTIap UIAKJUIAHTAHJIAH CYHT
MAacCHBIIap a@XpaTWiaJwiap Xamja ajoxXuja TacT Ba IOKOPU YacTOTalu
MaccHuBJapra OUpHUKTHpUIIaAUIAp.

Mynnait kumub IudTUHT cxeMa JacTiaOKu TUKCedh KUWMaTIapuHU
YM3UKIN-0YIak KOHYHHUTA acocaH amnmpokcuManusiaiau. byHga wmaccus
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KO3 GUIUMEHTIAPUHUHAT XKy(PTIapyu XaKWKUil Ba OamopaT KWJIMHTAH MUKCEIUIap
KuitMatu (OamopaT XaToJUKIapH) adupmacu cudartuaa, TOKIapu Oamopar
XaTOJIMKJIApH YpTa KUMMaTiapu OuiaH €HMa-EH MUKceIap MMFUHANCH cudaTuia
é3unagmnap.Arap acTiabKd TACBUPHUHT OMp XWJI PAHIIIM KUCMIIApU MAaBXKY]
oyica, Oamopat xaTonukiaap koddpdunuentiapu “0” ra Tenr 6ymaaunap. Llynmait
KWIMO caTp MHKCEUIapura TOpPU30HTAI WIUIOB OEpHUIIIAH CYHT, MablyMOTIap
MacCHBM KETMa KeT KEeJIyBUM IacT Ba IOKOpUM dYacToTainu KoddduimeHTiap
KAMaTIIapu HuruHauCcHIal noopat oymaau (1.34-pacm).
ITaKceTHHHT OHPIaAMYH

KHHMaTIapH T'opuzonraan BY
nch |FOY | ITY | FOY | ITY (FOY 9 |FO9 | I | FIOY | ITY [ FOY
30 [ 3¢ | 30 | 30 | 30 | 30 30 | (130 | |0 (|30 | |0
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30 [ 30 | 30 | 30| 30 | 30 | == |30 [ | [[30 | | |30 | |0
30 [ 3¢ | 30 | 30 | 30 | 30 30 | |0 (|30 | [0 |30 | |0
30 [ 3¢ | 30 | 30 | 30 | 30 30 | | (|30 | [ |30 | |0
30 [ 3¢ | 30 | 30 | 30 | 30 30 | |0 (|30 | [0 |30 | |0
L 2
_L=320 Bepn;lca.n BY
160 160
303030001010 o4 | 10U | YU |FOY | T4 [ I0Y
~ EIEIE] IR 30 0 [ 30| 0 | 30 | 0 | IIYcatp
E‘“ 30 Hleﬂnérﬂ 0[0 I'imﬂ 0 o[ e o] 0] 0| FOTcarp
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-]
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MUrod | EONEON 0 [ 0ol o[o] o0 0] Odcarp

1.34-pacm. Epyrnuk curnanu kuitmatu Y= 30 ra tedr 320x240 yauamiu
TaXpuOaBUil TACBUPHUHT UKKHU Ymuamin BY HaTmxkanapu.

TacBUp MKKM MacCUBIM MabIyMOT OYITaHJIUTU ca0adiu, TACBUPHU CUKHUII
camapaJiopJIury OLIMPUII MaKCaauaa, MUKCENIADHU TOPU30HTAN JEKOPPEIIALUs
(¥3apo OOFIMKIUTMHU KaMalTHpUIN) KWITaHAAH CYHI BEpTHUKaJ MyHamuuiaa Xxam
y3rapThpunuiap amainra omupwiaad. byHaa TOK carpiap macT 4acToTallv
ko3 uieHTIapra Ba Ky(pT carpiaap IOKOPH YacTOTalId Ko3hUIMeHTIapra Moc
kenaguiap. OXUpru 3Tanaa MabiyMOTIap KOMIPECCOPUHHU camapaiy HWIUIAIN
YUyH NAcT Ba IOKOPU YacTOTanu Kod(h(dUIMEHTIap KaiTa rypyXJaHTHpUIaauiIap
(cemapanusiaHuMIIap) Ba HaTWKada Oapya macT YacToTand KoddduimeHtaap
Oup MaccuBma xamJa FOKOpPH dYacToTainu kod(duimeHtinap OOITKa MaccuBaa
xoinamanunap. Epyrnuk curaanu kuitmatn Y=30ra Ba nukcenau 320x240 6yiran
OWp XWJI PaHTJIM CHUHOB TAaCBUpHUTA HWIJIOB OEpHIN HATHXACH MHCOJ cudaTuia
1.34-pacmma KeNTUPHUIITaH.

JlacTinaOKu TacBUPHU WKKW YITYOBIM (TOPU30OHTAN Ba BEPTUKAJ) BEHBIET
V3raptupuin HaTuxkacuga 1.35-pacMlia KEJNITHPWITaH MabIyMOTJIap MAacCHUBU
HIAKJUTAHTUPUIIAAM Ba KEHMWH KBaHTJIAHMO, CTATUCTUK KOMIIpeccop OuaH
CUKHUJIA]IN.
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o4 IOYI041

1.35-pacm. Bupiamuu TacBUp Ba YHHHT MKKH yimuamun BY Hatmxacn.

BeiiBrner Y3rapTHUpUIIHUHT JU(YTUHT CXEMAaCHHUHT acocuil ad3ayiuru
IIYHJAKW,YHIA Y3rapTUpHILiap >kapaéHu HUCOATaH Te3 amalira ONIUPHWIATU Ba
BelBNeT Kod(pPuIMEeHTIap KamiiaMacu AAacTiIabKH TacBHpP MablIyMOTIAp XaKMHU
OwJIaH MOC TyIIaJM XaMJla KylmMya X0TUpa Tajnad 3TMaIu.

TacBUpHU CHUKHIII MEXaHU3MUHUHT XYCyCHUSITIapUJaH siHa OWpU BEUBIIET
y3rapTupuIga TacBup O1o0kiIapra OVIMHMAaN M, akcuHYa OyTYHJIUTHYA UITUTAHAIH.
by Onoxmnap Oy3wiMIUIapyHHU TAWg0 OYnmuImura uyn kyiMaiau Ba TaCBUPHUHT
cudatuau Oy3MaraH XOJjja YHUHT CUKUII Kodddummentunu 1,5 — 2 Gapobap
omupaau xamaa 1.36-pacmaa KeNTUPWITAHJEK THUKIAHTaH TacBUp CUbATUHU
SIXIITMJIANIN.

1.36-pacMaan kypuHHO TYypuUOIWKH, TacBUpJapHU OJoKmIapra Oyiamaii,
BEUBJICTIIAD KYJUIa0, Y3rapTUPHIN HATWKACHIa THUKJIAHTAH TacBHpJap cudaTh
aHJarmHa IOKopHu Oymaau.

AmMmo TacBupHM Osioknmap OVnmacnan yiraptupuin, MPEG cranpaptuna
MYMKHUH OYJIraH, TaCBUpP XapakaTIapHHU KOMITEHCAIUS KUJIHIITa WY KyHManian.

[Ily ca®abmu BeWBIET — KOACKIAPUHHUHT BHUICOOKUMHHU CHKHII OYirda
camapangopiuru MPEG cranpaptura Hucbaran 2 — 3 mapotaba macTpOKIHp.
bynnan Ttamkapu BeHBIET-KOACKIApJa Kyda KaTrTa CHKUII KoddduimeHTiapu
KYJUTAaHWICA, TACBUPHHUHT AHUKJIWTH KaMasIyd Ba paHT yerapajgapuaa, Oy3WJIHII
OKnOaTuaa, TUHUKCU3IUKHU KEATUpUO yuKapaau. Ammo OyHmail Oy3uiumuiap,
ypraua ofnraHma, TaCBUPJIAPHU KYy3 OWJIaH WiFaliga KaMpoK OWIMHAAHW, SHHU
MacaJjaH: I[KV Xocusl Oynmaauran ‘“‘Mo3aWka’ KYpUHUIINTa HUcOATaH SKKOJI
Ce3MIMaNIN.

Beiisner y3raptupuin gotorpadusaa JPEG — 2000 cukuin cranmaptuia Ba
TastHY KaApJiapHU cukuil Buaeoctangaptu MPEG — 4 na xynnanunanu.
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BY KV
1.36-pacwm. BeiiBnet y3raptupuii Ba JIKY acocuna tuknanran 100 maporaba
CUKWJITaH TACBUPHUHT CONMINTAPMA CU(DATH.

XO03upru mnanThaa, aBBajl AWTWITAHUAEK, TACBHUPJAPHU CHKUIIAA KEHT
KyJUlaHuaaaurad BedBieT QyHkiusiap Kyiugarwiap: Kosnw — Hodemm — oo
(CDF22,CDF24,CDF97), Buaiacenopa — V610, Koiigpman — BCW3 Ba TS2/6,

MITO97 BeiiBnernapu.

1.7.Moayssinusi TypJiapu Ba TEXHOJIOTHSICH

AHaJIOT IIATTUPHUIL aH4ya BakTAaH Oepu ammudtyna (AM) Ba gactora (UM)
MOIYJALUSIApUHN KYJ1a0d unuiamokaa. doiiganaHyBYura CUTHaAIHM y Eku Oy
napamMeTpUHH Y3rapTUpuO y3aTUII KapaéHu MOAYIISIIUS AeHIIa Iu.

Pakamnu MabiyMOTJIapHM Y3aTHILIJA MabIyMOTIap BakKT EKU aMIUIUTyAa
Oyiinya CypWJIWII TEXHOJOTHUACH KYJUIaHWINO KenuHradn. Macaman 10Mowut/c
TE3MUKIArd OKMMHHU aMIUIMTYAa MOHHUMIYJSIUSACH opKaiu >xyHatumga (ASK)
TEXHOJIOTHACH €paMuja amanra omupwirad. KoTeabHUKOB Teopemacura acocaH
YyTKa3um nmonocacuHuHr sipMu NRZ acocuii mosioca yatoTac y4yH 3apyp Oyiaau.
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busra MoayIAUMSHUHT KyWHHIard TypJapyu MabiIyM:
* AMIUTUTYAQ MOJYJIALIUSICH

* YacTota Moaysiusicu

» ®aza MOYNISIUACU

» AMmutyaanu Manumnyssiusicu (ASK)

* Uactoranu manunysnus (FSK)

» ®aza cypumiun Manumyisinusacu (PSK)

» Ammumnryaa Ba ¢aza manunysauuscu (QAM)

Frequency domain

o
ML

rY-uinn C
LA 'R TN Laafvy;

B

‘ g Lot Ald 4 iRl e

Mod‘ulation signal us(t) oy Time domain

AN

Carrier lo(t)
Pacwm. 1.37 Cyuaupuirad TauryBuYMIA "HOpMaN' aMIUTUTY 1Al MOTYJISIIUS

bu3 onaumusra Kyiran Makcaja-yTKa3ull MOJ0CacH KEHTJUTUHU KUCKapTUPUO
MabJIYMOT YTKa3HIll KOOWJIUATUHU olMpuil. by makcaara ¢akarruHa 3aMOHaBUI
MOZYJIALMS TypJIApUHHU KyJITall OPKAJTUTHHA SPUILHIIT MyMKHUH.
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>

Euler formula:
FRTh TR Th T4 T Ae Mo =re cos (2mit) + jim(2mi)

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

Pacm.1.38. Cunycounan CUTHATHUHT BEKTOP KYPUHUIIIH.

5

AnbaTTa TEXHOJOrMA TalllKX XaJlaKWTiap Ba MIOBKUHIIAP Tabcupuaa 0ab3u Oup
XaTOJIMKIIApra yn Kysau. JIekuH OM3HMHI MakcaJ TEXHOJOTHSIa CHUHYCOMIAN
KATTAJIMKIIAP )KOPUN KWIMHUIIUTA SPULLTUALLIUD.

3aMOHaBHM  pakaMiu  TEJIEBUACHUEAAa  pakamlii  CUTHAJUIAPHUHT
XQTAKUTOAPJONUIMTUHN ~ TabMUHJAII  yY49yH  TalllyBYd  MOIYJISIIIUSICUHU
XaJMaKUTOAPONLIM KoJjam OujaH Oupra amanra OIUPUIl MyMKWH. byHna
MOAYJISIUANAH CYHT MYMKWH OViraH TamryBYMHUHT XOJaTH y3aTWUJIaJuraH
CUMBOJUIAD COHUJAH OPTUK Oyiaau, SbHU XaJaKUTOApAOUUIMKHU OIIWPHINTa
XU3MAT KWJIQJWraH KYIuM4a OPTUKYAIWMK KupuTwiaau. byHmait konnam OwuiaH
OupJamran MOIyJisiiusi kojyianran monynsuus aevimnaau. (Coded Modulation).
Xanakurbapaom kommaHuimtHu OFDM 6unan Oupnamtupunumu 3ca COFDM
(Coded Orthogonal Frequency Division Multiplex) ne6 atanagu.

® 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 S S2 S3 S4 S
‘ A1 Tp2 A2 Tp3 A3
]

0)

8 S1 S2 S3 S4 S

8)

1.39-pacm. XuMost UHTEPBAJUTAPUHUHT MIAKIAHTUPUITHUIIN

=

Mynaail kKuinb, pakaMiad TEJIEBHUJICHUE CUTHAILUIAPUHM alloOKa KaHallapu
paguoyacToTajiapd OpKaJIM y3aTWraH[a HWKKU TOFOHAIM XaJlaKuTOap0oUUIH
KOJIanl uiatuiaaan. Tamku n1e6 HoM ofiraH OupuHun noroHaga Pua — Conomon
KOJIJTAIl YCYJIM OpPKaJIM pakaMiIud MabIyMOT KOJJIaHAId Ba UYKHU J1€0 HOM OJITaH
WKKUHYM TOFOHAJA 3Ca MOIYJALMS OujaaH OUpPJIAIITUPUITAH KaHAJUIA KOJJIAIll
KyJanunaau. Hatwkana tanad KWUJIMHTaH XaJakuTOApIOIUIMKKA SPUIIIAIIAIH.

V3arunaérran Koasiam KOMOWHAIMSACUHU OKomamtupuin  yuyH [peit
MaHMNYJAIusIcuaan Gonaananuaaay, OyHIa KYIIHH MO3UIUsiIap OWTTa OWTra
dapk kwmmu Oenrunanrad. [y ca6ab, xanakuTiap Tabcupuaa Ha3zaHUHT TYFPH
KuiiMaTu y3rapud, ypHUra KYIIHHUCH aHWKJIAHCA, JAEMOMYJISAIUS YHKUIIUAATA
WKKUJIMK CHMBOJUIApY KeTMa KeTiauruaa akat OUTTa XaToJIMK MaBxky/l Oynaau, Oy
¥3 HaBOaTHa AEKOAepAaru KOPPEKTOpia TYFpUIaHaIH.

01 011
010 001
11 00 110 000
kj 111 100
10 101

1.40-pacm. TYpt nmo3unmsuin (a) Ba cakku3 mo3unusuiv (0) dhazanu MaHUITY SIS

®aza manunynsuusicu DVB — S crampgaptuaa, cyHbuil WyngonuiapiaaH
paKaMmJIi TEICBUACHUEHU y3aTHUIIIA KYJUTAaHIIIA K.

SHa Oup MOyNANMs, pakaMJIM TEJICBU3WOH CUTHAJUIAPHU Yy3aTHUIIIA KEHT
KYJUIaHYBYH Typ - KYII TO3WIMSIN KBaJpaTypaBHA aMILTUTYyJa MaHHUITYJISIIUS
(KAMH). MabiiyMKH, KBaapaTypaBUil aMIUTUTyJa MaHHUITYJISALUACH OUp BakTIa
ukkn curHawiap U; (inphase) Ba Ug (quadrature) OunaH TamryB4M CHUTHal
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4acTOTacHa (o, WKKUTA KBaJIpaTid TApKUOWM TallKWi STyBUWIap OWiIaH
MOAYJISIUSTIAIT Ba YIAPHUHT WAFUHANCUTA TEHT CUTHAIIHU OJIUIILIAUP.
u(t) = ui(t) cos mot + ug(t) sin mot (1.4)

JleMoayJALMsUIaNIa CUHXPOH JIETEKTOpJAIl KYyJUlaHWiamu, sbHH U; (1)
CUTHAJIHU COS mot Ba Ugq HU SIN ol ra KYymaWTUpUII Xamja IOKOPH YacTOTaJIn
CUTHAJJIAPHU MACT YacToTanu (uibTplAa KamanTupuil (MyKOTHIl) HATHXKagacu Ui
(t) Ba Uq (t) curnamnap axkpaTHiIagu.

XO03upru BaKTIa pakaMiivd TeJleBUIeHUE Tuzumuaa 64 €xu 256 no3unusim
KAMmumap xam KyJuTlaHMOKAAIAp, yiaap KyJUTaHWITaH Oup Bakraa 6 €ku 8 owutiap
y3aTuiIaau.

- if Bl . BT
R saaw LIl
s rAer N

' R P E oraien

QPSK = 4QAM 16QAM 64QAM
2 bit / symbol 4 bit / symbol 6 bit / symbol

1.41-pacwm. 4 no3uuusny, 16 no3uuusay Ba 64 MO3MLKSIIN KBaApaTypaBuil
mauunyssus KAMua (QAM)

AMIuTyna 3mac, Oalkd WKKM KBagpaTypaBUW TaIIKWI ATyBUMJIAP
dazanapu IUCKpeT MOIYJANMsUIAHTAHJA KBaJparypaBuil (aza MaHUIYJSIUICH
(K®MHn) xocun O0ymanu. YHAA OJMHTaH CUTHA KyWHIaru KYpUHUIIIA OYIaau:

cos (wpt+ 6 i) + Siﬂ((l)o t+6 Q) = A,COS ((1)0'[ + 90), (25)

Oy epna 0, 0 g KkBajipaTypaBuii TATKWII ATYBUUIIAPHUHT (pazanapu.

Ao, 0 - HaTHKaBHI CUTHAJI aMILUTMTY/IacH Ba ¢ha3acu.

Ndonananran onepauusiap ogaTaa pakamin KYpUHHILIA OakapuiIaau, 1y
ca6a6 KAB 6noxuman cyur PAY Gymumm no3uM. 3aMOHABHIl pakamiu
CUTHAJUIAPHU Paguo KaHAJUIapJaH y3aTUIl YCYJIM OPTOrOHAJ YacTOTAJIH
MyJbTHIVIEKCcHpJamaup. by uHrou3 tunupgaru texHuk agadbuétinapna OFDM
(Orthogonal Frequency Division Multiplex) naelimnaaun. Xaxkukaraa Ky
OopToroHan TamyBYWIMK Moayssusaup. OFDM kynnanunrania y3aTtuil KaHalu
Kyna Kymn(ro3mad €ku MUHTIIA0) KaHamJaapra (KaHaja ocTriiapra) OyinHaau Ba Oy
7ca acoCHi KaHAJIHUHT YacTOTa CHEKTPUAAH TYIWK (oHgalaHuIl MMKOHUHHU
Oepamu. byHman Tamkapu acocuil KaHall CHEKTPUHUHT MabiIyM KUCMUHUHT
WYKOTWIMIIM y3aTWIAETTaH MAbJIIyMOTHU HYKOJIMIIWIA XaJaKUT KUJIMaWIH.
OFDM wmogenu cudaruna oup xui kagamin,yzapo kappanu (f, 2f, 3f, 4f Ba x.k.)
reHepaTopiap MaXMyacH Xu3MaT KWINIIA MyMKUH. by yCymHuHr moxusaru 5.7-
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pacMaa N30XJIaHT'aH.

MabnyMoTnap oKumm

¥

Kananoctunapra
Oynunb YnKmw

OkumocTunap

Tawysuunap

Y
Af

1 - f
0 1 2 AF, N- lN-1

1.42-pacm. OFDM yCyauHUHT MOXUSITH

Xio Xno
> ———
X, KeTMma-ker X, | Teckapm X1 . Tk
—»  mapaJjuiena o Dypoe o PAY ——
ysrapraprag | [V3rapTHpraum| -
X vt X, V-1
1.43-pacm. OFDM curHanman X0CHIT KWJTATI TIPAHITHIIH .
g
g
=
Data
- > COFDM
. Z symbol
FEC g
]
=

Pacm 1.43. COFDM MOIyISTOPMHHMHT Ha3apHii 610K AuarpamMmacu®

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 355
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butnu cumBosap okuMu Xp k,KETMa-KeT-NapaJLIeN y3rapTUPIrud CHIDKATHLL
perucTpuia, MOIYJISAUWA KWIMHTaHAa, yiap napamwiea N-pa3pamid  Koara
(X0,X1,....XN-1) admaHTUpUIaIU Xamaa yiap PypbeHUHT TeCKapH ajIMallTUPHII
omokura tymaaunap. DypbeHUHT Teckapu amMalITHUPUIL OJOKHAA YacTOTaIH
KOMITOHEHTalapJlaH CUTHAJIHUHT BakKT Oyinya carx KuiMaTiapu Xg,Xi....XN-1
HaKJUIAHTUpUJIaauiIap Ba pakKaMm-aHAJIOr Y3rapTHPUILIAH CYHT KBa3HaHaJIoT
curHan Oymaau. CYyHrpa ONMHTaH CUTHAJ PAUOY3aTHUILl KypUIMAacu MOIYJIATOPH
épaamMuia TEJICBUACHUEHUHT WIIYM JUANa30HUTa KYyTapuiaaud Ba KydaTUPHINO
adupra y3aTuiaam.

Echo Guard interval ~ Symbol

delay
time

Intersymbol FFT FFT FFT FFT FFT
interference window window window window window

_A U U Autocorrelation function

1.44. pacm. OFDM pa kynHypiu KaOysl KAJIUII

OFDM curHamHu aeMOIyJAIusl KWINILAa Ka0ysn KUIru4jaa TecKapu amall
oaxxapunaau. Kadbyn kuiruny xkaOyn kuiran OFDM kBa3zuaHanor curHaji Aactiiad
OpaJvK YacToTara KEJITUPWIIAIH, CYHIpa APY épnamuna N-paspsaaiu napaiesn
KOIra  Xg,X1....Xn-1  avma"ntupwiagd. CyHrpa @OypeeHHHT TE3KOp TYFpHU
alIMalITUPUII OJIOKM OpKaJId KBa3MaHAJOI CUTHAJ CAaHOKJIApH KUMMaTiapuiaH
MOJYJIALIMOH CHMBOJUIAPHUHT CIEKTpUAN KO3(PPUIMEHTIApU HIaKIaHTUPUIIAAN
XamJa yJap KeTMa-KeT KOAra y3rapTUpHIrad, JEKOJJIAIIHWHI KaHal TPaKTUIa
Tymanu'.

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

Curnasuiap TypkyMuJia KaHaai Typiaapu MaBxy?

AHasor curtaira tTabpud 0epuHr?

Pakamiu curnanra taspud 6epuHr?

AHanor cCUrHajJHu paKkaMJiid KYpUHUIITa YTKA3UIIHUHT acOCUi 3 OOCKUYMHU

caHa0 yTUHT?

Juckpetinaiira Tabpud 6epuHT?

6. KBanTnam HMMa, KBaHTJIAIl KaJaMd Y3Tapulld MabiIyMoT cudaTd Ba
XaXMUTra Kauaai Tabcup Kypcataau?

7. KoTenpbHUKOB TeOpeMacHHH EpUTHO OeprHT?

8. CumBou 1e6 Humara auTunaau?

9. Jluckpetnmal, KBaHTJIAII Ba KOJAJIAII Kapa€HIapy oJaTaa KaHaai KypuiMaza
Oaxxapuiiaaun?

10.TeneBU3UOH CUTHAII CIIEKTPUHUHT IOKOPH YacTOTAaCcH KaH4ya?

11.KoTeapHUKOB TeopeMacura Kypa TEJIE€BU3HMOH CUTHAIl CIEKTPUHUHT IOKOPHU
yactotacu 5 MI'11 6¥7ca AUCKpeTIIall 4aToTacu KaH4ya OYIuim kepax?

12.TeneBu3uOH CUTHAJIHM KOJJIalia 8 pas3pAlii Ba YHAAH IOKOPH KO
KYJUIaHUIUII cababu HuMasa?

13.0B03 CUTHAJTMHUHT JUCKPETIIAIl YaCTOTACH OPAIUFU aUTHUHT?

14 KoMIakT TUCKra MabIyMOT €3UIIIa AUCKPETIIAI YaTOTacu KaH4ya?

15.4:2:2 nuckperu3zaius 4actoTacu (popmMaTy TEXHONIOTUSACUHU TYITyHTUPUHT?

16.4:4:4 Ba 4:2:2 dopmatiap GpapKuHHA TyITYHTHPUHT?

17.PaxmMiii  TEJIEBU3MOH CUTHAJIHM XOCWJI KWJIMIIHUHT KaHAall ycyJapu
MaBXyna?

18.Ananor — pakamiia Y3rapTHprud TY3WIHITHHA TYITyHTHPHHT.

19.Pakamnu — aHANOT Y3rapTUPTHAY UIII IPUHITATTAHA EPUTHHT.

20.TacBup CUTHAUIAPUHU CHUKHUII acocaH HedTra Yycyn OwiaH amanra
omupuiIagn’?

21.TeneBU3MOH TacBHp KaHJNall TypJlard OpTUKYA MabJIyMOTJIapra sra Ba yiap
KaHJ1ail Typaapra OyauHaan?

22.Konnmu opTukyagnkka Tabpud OepuHr.

23.11cuxohu3NOI0TUK OPTUKYATHKKA Tabpud OepUHT

24.JnemeHTnapapo €KM CTATUCTUK OPTUKYAIMKKA Tabpud OCpUHT.

25.Ty3unmaBuil OpTUKYAIMKKA Tabpud OCSpPUHT.

26.BeiiBneT y3rapTupHuil acocuga CUKUITHUHT TU(TUHT cXeMacu Huma?

27.Bakrtnu €ku Kaapiapapo OpTUKYAIMKKA Tabpu( OCpUHT.

28.Curnannap maTpuiiacu 1e6 Humara autuiaaam’?

29.JTKY CHeKTpUHMHT XYCYCHATH Ba YHUHT JITOPUTMHTa TabpH( GEpHHT.

30.TacBupHU BEUBIET aIMAITUPUIL ACOCUIA CUKHUII AITOPUTMUHU EPUTHHT.

31. AnmpokcUMaKIUs Ba JeTanu3anusira Tabpud OepuHr.

32.Coded Orthogonal Frequency Division Multiplex kanmaii TexHoI0THS?

33.QAM monynsaumsicuaaru 4, 16, 64 MO3UIMSIIA MOHUTTYJIAIIHS TYPJIAPUHUHT
Oup Oupunan GapKUHU TYITYHTHPHUHT.

=l =

o1
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2- MaB3y: 3aMOHaBMii KeHT (opMAaT/IH Ba pAKaAaMJIU epP YCTHU TeJeBU3HOH
TU3UMHMHTI y3aTUII Ba Ka0yya Kuium :xapaénaapu. MPEG-2, MPEG-4
CTAHAAPT CUMKULI (popMaATIIAPUHM, YHUHT NPOPUIJIAPDUHU BAa ACOCUH
XyCYCHUATJIAPUHM Ypranuiu. Pakamim TeJieBUACHUSTHUHT CYHbUI HYJI011I,
MOOMJI aJI0KA, Ka0eJl TH3MMJIAPH OPKAJIH TAIIKWILJIAIITHPU I
xycycusatiaapu.DVB-T2 siuru aBioj tesesugennecu. ATSC Ba ISDB
CTAHAAPTIAPHUIA CUTHAJJIAPHUHT NAaKeT TY3WIHIIH, YIAPHA
IAKUIAHTHPHUI, KAHTA HIUIAII BA y3aTHII XYCYCHATIApH. YU VI4amiIu
TeJeBHICHHUE.

Peixa:
2.1. Ep yctu pakamim DVB — T TenesmmuTTupuin TU3UMH, Y3aTUII Ba KaOyin
KWIKIIAA CUTHAJUIapra UIIIoB OepuI.
2.2. MPEG-2, MPEG-4 teneBuacHNE SITUTTUPHUII CTaHAAPTIAPH.
2.3. Pakamim TeNneBM3MOH CHUTHAJIHM allOKa KaHAJUIapu OpKAJIW Y3aTHINra
Oynran Tanmabnap.
2.4. DVB-S pakamiii CyHbHI UYII0II TEJIEBU30H Y3aTHUIIl CTAHIapTH.
2.5. DVB-C pakamiu kabenb TelIeBUACHNE CTaHIapTH.
2.6. DVB-H pakamiu MOOWIIb T€JIEBU3UOH SITUTTUPHUIL CTAHAAPTH.
2.7. IPTV UMKOHHSTIAPH Ba TEXHOJIOTHSICH.
2.8. Ep yctu DVB-T2 TeneBuneHue cranaapTy.
2.9.Amepukanuar ATSC Ba SAnonusauar ISDB ep yctu TeneBuaeHue
CTaHapTIapH.
2.10 yagamiu TeneBUACHUE acOCIapy Ba TEXHOJIOTHSICH.

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

2.1. Ep ycru pakamuin DVB — T Tesie3mIuTTHPHUII TU3UMHU, Y3aTHII Ba Ka0yJ1
KHJIHMIIAA CHTHAJIAPra MIUIOB Oepuii.

Xankapo pakamiid TeIE3UTTUPUIIHN TAIIKWIIAIITUPUITHUHT EBponanaru
KatTa JoWmxanapugan Oupu Pakammu Buaeo smmumttupum- Digital Video
Broadcasting (DVB) 1993 iiunu oxtsa0pb oduga Oommanran. DVB Project -
JouxacMHUHr mTad — kBaptupacu IlBemapusuunr JKeHeBa maxpunaa
xoinamran. Xankapo rypyxHuHr DVB Project noiiuxacu acocupa Kydujaaru
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paKamiIi TeJICBHICHUE CTaHIAPTIapy KaOyJl KUJIMHTaH:
- DVB - C (C — cable — xabenp) pakamiiu kaOeJIIu TEACIMUTTUPHIIL,
- DVB - S (Sattelrte — iyngonr) cyHbyi HYJIIOIMLIN TEACIMUTTHPHIIIL,
- DVB —T (Terrestial — ep yctu) ep ycTu TeIe U TTHPHIILIAPH.

2.1. xanBan
DVB cranaptu TypiaapyuHy KyJulall coXajtapu
I'ypyx
HOMI AXxamusaTu N3oxu Monyssiuusicu
Kommpeccusinanran
DVB - | Cynsuii tiynnonum | (cukmirad) sujaeo Ba ayanonn | QPSK, 8 — PSK,
S TENEATUTTUPHUII Xam/Jia Uyao11 opKaan 16 - QAM
KylmmMya axOOpOTHH Y3aTHIII
Xynau DVB — S narunex Ba
. sSHA KYIIUMYa TypJar
DVB - Cymbuit Hysnoumm MOJyJIALUALAH (ONJaTaHNII QPSK, 8- P..SK’
S92 TENEATUTTUPHUII Ba KAHANHM y3aTHIL 16 — QAM éxu
MKKHUHYHU aBJIO/] 32 APSK
KOOWJIMSTH KEHTJIUTUHU OUp
Heya 00p KaTTalallTUPUII
Cynbuil Hyngouu/ ep yctu
SIMIUTTUPULIAPHA MOOHII
CyHbuii Hyngonum KaOyn kuiuil. CyHbUi QPSK,
DVB - N
sH MOOMII Tele WYII01ILITN Ba €p YCTU 8 — PSK,
SUIUTTUPHUIIT TU3UMJIAPUHU OUpragnukia 16 - APSK
KyJiamn (KacKada Tuopu/I
TapMOKJIap)
16 - QAM, 32 -
Kommpeccusinanran OAM
DVB - KaGenau tene (cUKWJITaH) BUJIEO Ba ayJMOHU 64-0Q AM’ 128
C SIUATTUPUIIT B% KylmmM4a ax00poTHU _QAM éKI; 256
Ka0eJap OpKaiu y3aTHUIIl _ QAM
QPSK, 16 —
DVB _ Kabennu tene Paxamnu xabemnnu (?:I\% ’26546__
2| e | | ay, 1024
QAM, 4096 -
QAM
KoMnpeccusimanran
(cukuiran) Bumeo Ba ayauo Ba | 16 — QAM éxu
DVB - | Ep yctu adup Tene | kymmmua axoopoTHu ep yctu | 64 — QAM (€xu
T SIIATTUPHIIN abupH OpKaIn QPSK) COFDM
TEJIEAMUTTUPULIHU Ouian Oupra
y3aTuii(CTaHaapT Kaoyi)
DVB — Pakamnu aup DVB - T kabu, dakat QPSK,
T2 TeJIe MOJYJISIIUSIHUHT Ba KAHAIIHU 16 — QAM,
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AIIUTTUPUIITHUHT KOJUTAITHUHT STHTU 64 — QAM,
UKKWHYY aBJIOJM | pexuMiapuHu Kyinanau. [y 256 — QAM
cab6ab DVB — T ra nucbaran
KaHAJIHUHT YTKa3UII
KOOWJISITUHUHT KEHTJIUTH 2
O6apobap opranu. Jlekun Oy
crangapt DVB — T Ounan
Oupra uiaManam

Ep ycTu pakamiu Tenes3mMTTUPUII TU3UMHUHY SpPATUILl aHYariHa MyaMMOJIU
Ba3ubaaup, YyHKH MIaXapHUHT MyppakKad, Xap X KYpUHUIIIATH KyPHIHAIIApH,
OMHOJIApY PATUOTYJIKUHIAPHU KalTa -KalTa KaWTaauraH TYJIKUHIAD XOCHII
oymumura, spHU uHTepdepennusara onud kemanu. Llynnail Kuaub, KaOysl KUIHII
XyIyAauaa SJAEKTPOMAarHuT KYWIAHHUIIH JOMMO Y3rapuIlld MYMKHH, XaTTO KaOy
KWINII HYKTacu TYFpUAaH- TYFpU KYPUHUO TypraHjaa Xam, S’bHU “VIuK Xyayaiap
nago OViWINM, HATWKajJa CUTHAI KaOyJl KWJIMHMACIUTH MYMKHH. byHmaH
TalllKap¥ Iaxapiap/ia caHoaT XaJlaKuTiaapH, OOIIKa Iy JacToTajapjaa HILIaéTral
KYIIHU XYIyAJard paguoy3aTruwiapjaH 4YMKaéTraH XalakKuT XaM eTapJIUIup
xama yinap Ounan an0arra Kypamuil Kepak. SlHa KylMMua ep yCTH pakamiiv
TEJEBUJACHUECH MaBXKyJ OYJraH aHajaor TeJIESIIUTTPUIl TU3UMIIApU OuJiaH
Mochammimu gapkop. lly cababiau ep ycTH pakamiiM TelIEBUICHHUECH KyWuJaru
TanabiaapHU KOHUKTUPHUIIHN Kepak:

—  XaJJaKuTOapAOUUIMKHY IOKOPHU Japaxasa TabMUHJIAILL

— TEJICBHM3WOH CUTHAJIHM aHWK CTaHJapTjiapaa, Xu3MmaT axOopoTIIapuHH,
TeJeTeKCTIapHU cudaTiu y3aThIl Ba MabIyYMOTIApHH pyXxcaT dSTHIMaraH
KUpHIIIapAaH XUMOSIIAIII,

— TEJEBU3MOH KaOysl KWIMII KypuJiMajJapuHA  HWJIOXKH  Oopuya
ap30HJIAIITUPUIN MaKcaauja pakaMiu CyHBUU Hynmomn, kabenb TeleBUACHUECU
KypuMajaapu OWIaH MOC KeJTyBYM YHUBEpCaJl CTaHJAPTHU SPATHILL;

— KyTapub OpUIyBYM KaOyJ KWITHY KypuiaMaliap Ba XOHa aHTCHHalIapu
EpramMua CUTHATHU KaOyJl KAJIUIITHA TabMUHJIAILL

— OwWTTa YacTOTaJId TAPMOKHUHT MIIUIAIIMHE TAbMUHJIAII Ba OOIIKajIap.

Iy ca6ad, DVB — T Hu spaTumiaaru MyxXuMm XycycusrtiapaaH Oupu OUTTa
JacTOTaMM €KW KYI YacTOTAIM MOJYJSIUSHM TaHJAIaH uoopar OYIIu.
Texmmpunuiap wmyHu kypcarauku, ¢akatr OFDM ananor PAL Ba SECAM
TU3UMJIApUIAry y3aTruujiapra HucOaTaH XajlakuTiaapra O0apJolu KaTTa, alHHKCa
Oup yactoTanu mapoutaa 0y ad3auiuK IOKOPH.

DVB — T craHmapTdHH spaTUIIMAa TU3UMHUHT KyHUJard acocui
napaMeTpJIapyuHU TaHJIaIl KepaKIUuTu OeITHiIaHIu:

— CUMBOJITa TYFPHU KEJIyBUM UHAUBUyal TAllyBUMJIApD COHU;

— XUMOSI MHTEPBAJIMHUHT KEHTJIUTH;

— TallyBYWJIAPHUHT MOYJISIIUSIIAII TypJlapu;

— CHUHXPOHM3aLMLIIAII YCYIIH.

Texmupunn Ba TaxJIMUIap UTyHW KYPCATIWKH, OMp 4acTOTaW TapMOKIArH,
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Xyyajiapaa *KOWIaAITrad y3aTriud KypriManapu opacuaara Mmacodanap 60 kM naH
KaM OyIMaraH XxoJjaTha, TS NUTTUPUIIHK Tapkatumga 6000 mgaH OpTHK
tamryBun curHamwiap kepak. bynaga COFDMHM TabMHHIOBYM MHKpOCXeMaiap
TanryBuYmiIap conu 2" mapaxkanacura TEHT OyNraHja WIUlaiauiap, my cabad yHra
aKuH OYyaraH con 8192 éku (27°) tamnanamu. By pesxuMm ImapTiv paBumjga “8k”
neb arajaau.

_ C(oded) | O(rthogonal) F(requency) D(ivision) M(ultiplex) _
- >« >
FIR E Pre- E I F’oweré EBand_E |
fiter [F corr ] far [Piamer. 1% £S5
TS1 et P R B
—_—ppl FEC LP ~
- = Bit S ymbo b E Guard
= : inter- = inter- P = P :jam;a > IFFT P interv.
TS2 = =— =— =— S ] lcaveripl icaver = adapt. insert.
veoom FEC HP 1 >
! (option) ™| @2. 4, 6) T
2.1.pacm. DVB-T monynaropununr 610k cxemacu. (1-Kucm)
Data rate in x 204/188 X 2 X (1.5-code rate)
Inv. svnc FEC1/ FEC2/ = Date rate out
- Sync. outer inner [2.17...(1.63)...1.36]
f I coder coder
- | Base - Conv. = Coded
TSin Sync Ener- Reed . Conv. 2
=1 band- =i " - ay Solom. = inter- = q ] o =P data
interf. e disp. enc. leaver| | ©0%" Z 2| out
Synchronization I
< > Code rate
, 1/2...(3/4)...7/8
Same as in DVB-C (3/4)
<< >

Same as in DVB-S

2.2. pacM. DVB-T MogynsiTopuHiHT 0JIOK cxeMacH. (2-KHCM)

1995 #iunpa BAEKTPOH TEXHUKAJapyh WMKOHMATH OyHAAal Karra COHJIU
TallyBYWIApHM TabMHHJAN onmaran, myy ca6a6 DVB — T cranmaptau
y3mamTupum Makcaguna 2048 éxu (2'1) comnm TamysumnapHm GepyBUM pEXHM
KyJutaHwirad Ba Oy pexuMm “2k” paeitwmanu. lynmait kwmmO, cTaHmapT siroHa
Maxcyc pexum “2k/8k” ned Oenrunanrad. X03Up JaBp/ia KMMUMaTH ap30H IOKOPHU
YacTOTAlMd  MPOIECCOPJAPHHUHT  SIPATUIUINN  OwinaH  “8K” pexuMu  XaM
Ky UTAaHUIMOK . 8

DVB — T crangaptuia CUMBOJUIAPHUHI aKTHUB KHUCMH YYYH UKKUTA BaKT

8 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 370.
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JABOMUMJINTH UIUIATUIAAN, SBbHU “2K” pexxum yuyH T1 = 224 mkc Ba “8k” yuyH
T> = 896 mxe. Illymapra spama tamyBuniap opacuaarua ¢apk (kKamamiap) “2k”
pexxumuga Afy = 1/T1 = 1116 I'n Ba“8k” pexxumuga Af> = 1/T» = 446,4 T'u. bynnaa
tamryBunsiap conu N1 = 1705 Ba N2 = 6817 Ba yMymuii CekTp KEHIJIUTH HUKKU
xonataa xam 7,61 MI'm, nemak ymapau 8 MI'm mosiocama erapiauya 4yacTtoTa
WHTEpBaIapuAa >KOMIAIITUPUIIT MYMKHH.

Digital Video Broadcasting Terristrial Tu3uMuMuga  MabJIyMOT
CUTHAJIJIAPUHU MOIyJIsLMsIIaaa acocaH OFDM MOIYJIALMACHIAH
doitnananunaan. DVB-T tusumuaa xkorepenr OFDM mopymsimus KyinanuiuoO,
doiinany MabIymMOTIap TaulyBuucu auddepeHnnan Kojiapaa akc STTHPUIAIM.
bynnan Tamkapu kaHan cudatuHN 0axoaniaa KyJJIaHWTYBYH KYTT COHJIA TUJIOT-
CUTHAJIapH KOPpPEKIMsIcard xaMm spuinui tanad kuianHaau. by asca ¥3 naBbarua
KaHai cudaTuHu 6axonamniaa Ky Keaaau.

TPS AL AR AR E N / TPS
Carrie[\\ B k[ w|[w|s]|n]|n|a ) carrier
[ AEREREREERERERE] /
\n X |v (¥ | x| 5| _u(
/‘ " wle|w|2]a|n]w '\
/ | w ||| 2| ‘\
Rl il ol Bl Bl Continual
H LR - a + LAR ]
Continual * or
or scattered
scattered pilot

pilot
2.3.pacm. DVB-T ramryBumnapu: ¢oiiganu KyBBaT TallyBUUCH, JUOMHM Ba
TapKaTWiIrad nwiotiap, TPS tamryBunnapu.

DVB-T tusumugaru TOAVYnpa (teckapu @Dypbe aaMalITHPUII YCYIIH)
2048ta €xku 8192Tta mykramap KynaHuwiagu. Hazapusira kypa ymOy HyKramap
KeMUHYAIMK MabIyMOTJIapHU y3aTuijga Kywianwiaad. 8K pexumuaa Qoiinanu
MabaymoTiap tamyBurcu 6048ta, 2K pexumunma sca ymap 1512 tanm Tamkwi
xunaan®. Mkkana pexumaa xam DVB-T tuzmumu xycycusiTaapuiaal Keiaud 4uKuo
MabIyMOT y3aTull Te3auru Oup xun Oynagu. DVB-T tusumupa Kyitmparu
TypJard TAlyBYWJIAP MaBxXYy/:

e VpHATWIraH XOJaTAaru XapakaTcu3 TallyBUYWIAp (AMIUIMTYAAIapy HOJI
caTXra CO3JIaHTaH)
VpHatwiran xonatian Payload TamryBunnap
YpHATUIITaH XOJATIN Y3JIYKCU3 MUJIOT CUTHAILIAP
CHeKTopH OYiinya y3rapyBuM TapKATWITaH MWIOT CUTHAILIAp
VpHatwiran xonatiau TPS tanryBuunap

bynnan tamkapu DVB — T cranmaptuaa xap 6up MOIyJISLUS PEKUMH YUYH
TYpTTa HUCOMU XUMOSUIAIl MHTEPBAJUIAPY KHUIIMATH KY3/1a TyTHIITaH Ba yJap aKTUB
CUMBOJIJIAPHUHT JaBoMuiivK BakTu T Huur 1/4, 1/8, 1/16, 1/32 KuCMUHU TalIKUII

® Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 373.
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sTanuiap. 3.2 aaBanaa 6ab3u acoCHil mapaMeTpIIapUHUHT a0COIOT KUHMaTIapu
KEJITUPUJITAH.

Kentupuiran mapnymotnapaan kypunaguku, COFDM épnamuna pakamim
TEJIEBU3UOH  CUTHAJ  y3aTWIraHaa  CTaHJapT  aHaJIor  TEJEHUTTHPHII
paguokaHanuHUHT 8MI'1 yacToTa mosocacuaaH ¢oiialaHull MYMKHH Ba Oy
X0Ji1a ¥3ap0o UKKHU SKUH PaJUOKaHAIIAPHUHT XaJIaKUT OepMaciiuKiIapy YUyH yJap
opacuaaru xumos (papku 0,39 MI'11 Tarku STUITA MyMKHH.

2.2-xanBanga COFDM TamryBYMIapuHUHT pajlOKaHANard, XuiMa Xuil
ycyJulapia MOAYJSLMsUIAHTaHJIar XOJIaTAa, pyxcaT STWITaH CHUTHaJ/IIOBKUH
HUCOAQTUHUT MUHUMAJ KHMMaTH Ba (oimanu axOopoTiIapHU y3aTyBUYH HKKUIIHK
CUMBOJUIAPU TE3JUTH KEJIITUPUIITaH.

2.2-anBai
DVB — T crannaptugaru COFDM monynsiidsitHUHT acoCHil mapameTpiapu

Mopynsuus R o
PEXKUMU

Nuran naTepBan
napomuiisuru Tp, 896 224
MKC

TanryBumn
yacToTajap 1116 4464
opanuru A/T'1y

TamyBumnap conu 6817 1705

YacrTora nmosiocacu

keHrnauru, Ml 1 7,61 7,61

XuMost
VHTEPBATUHUHT
HUCOUN
JTAaBOMUIIINTH

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 cHMBOJHUHT
JTABOMUIJINTH, MKC

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

VY3aTrruunapHuHT
Oup vactoramu
TapMOKJaru
MaKCHUMaJl OPAIUFH
(kM) d=cA, ¢ —
EPYFIIMK TE3JIUTH

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




I1I. HA3APUI1 MATEPUAJIJIAP

2.3- xaaBai
XuaMa XuJI MOAYJISAIUS X0JIaTapy/ia MabIyMOT/Iap Y3aTHII TE3TUTH
Komaunar | Curnan/moBkuH,nb doiganu Te3nmnk, Mout/c
Moy raius HUCOaT
P reqmury | Crammomap | MoOun |y qyg g5 | /3
aHTEHHA | aHTEHHA

4-OMu 1/2 3,6 54 4,98 5,53 5,85 6,03

4-OMHu 2/3 5,7 8,4 6,64 7,37 7,81 8,04

4-OMu 3/4 6,8 10,7 7,46 8,29 8,78 9,05
4-OMu 5/6 8,0 13,1 8,29 9,22 9,76 | 10,05
4-OMu 7/8 8,7 16,3 8,71 9,68 | 10,25 | 10,56
16 KAMHu 1/2 9,6 11,2 9,95 | 11,06 | 11,71 | 12,06
16 KAMHu 2/3 11,6 14,2 13,27 | 14,75 | 15,61 | 16,09
16 KAMHu 3/4 13,0 16,7 1493 | 16,59 | 17,56 | 18,10
16 KAMHu 5/6 14,4 19,3 16,59 | 18,43 | 19,52 | 20,11
16 KAMHu 7/8 15,0 22,8 17,42 | 19,35 | 20,49 | 21,11
64 KAMu 1/2 14,7 16,0 1493 | 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 | 24,88 | 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 TU3MMHUHUHT y3aTHII KUCMHU/Aa CHTHAJJIAPra HILIOB OepuIilL.

Typnu  umna®  yukapyBuUwiap  KypuJIMaJapUHUHT  WIUIANUIAPUHU
MOCJIAIITUPHIIT Y4yH pakamiu MOIYJISAIUSTIAaHTaH paroCUrHaIIap
napamMeTpJapuHUHUHT  CTaHIapiapu OenruiaHaau. Pakammu  ep  ycTu
TEJIEAMUTTUPUII TUUMIIAPUHUHT Y3aTHIII KUCMHJIATH CUTHAJI Ba MabIyMoOTjapra
UIIUTOB OCPHII TAIIKUINH un3mMacy 3.4-pacMmaa KeNTHPHUIITaH.

Programme
MUX

To Acrial A

Tnner nner Frame W
Interleaver[ | Coder | | imerleaver [| M®P" [ Adapiation [| OFPM [ Imerval (H  D/A [ Front End

n!_! Outer 1! Outer 1| 1 . .
Energy | 1 Coder i 1lnterleaveri ) C i Pilot & TPS
w o verl | Coder Signals

Terrestrial Channel Adapter

2.4. pacM. DVB-T TU3UMUHUHT y3aTyBUMd KUICMUHUHT TAIIKWIANA YU3MACH
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VY3arunaérran MabIyMoOT (TacBHp CUTHAJJIapH, OBO3 CUTHaJM, rpaduka Ba
Ooomka xu3mar Mabiaymoriapu) MPEG-2 MPEG-4 xoxep cranmaptTiapuia
CUKMINTUpWIAAU Ba (xap Oup KypuHuin anoxuna) kojiaHaau. CyHrpa
MYJIBTUILUIEKCUPJIAIT  yCYJAM OWIaH JacTyp OKUMHU spaTWiIaJd Ba yHra
BUJICOCUTHAJI, 0BO3 CUTHAJUIApU XaMJa 3apyp XojaTiapia rpaduka axOopoTiapu
KUPUTHIAIN.

Keitun Oup Hewa npactypiap oxkuMuHd Oupnamtupuii MPEG-2 HuHr
TPAHCTIOPT OKMMHHH IIAK/UTAHTHpPAau Ba Oy OKMM Y3 HaBOaTWma sitHa WKKWTA
TalIKWJI 3TYBYM TPAHCHIOPT OKUMJIAPHUTra aXXpaiaau.

bynnan cyHr ax6oporra wunuioB Oepumr OFDM (oproronan uacrora
MYJbTHILUIEKCOPH) KaHAIW Kojepuaa amanra owmupwiagd. Curxan asBaj
panioMu3anus OofjamMacHIaH YyTaau Ba y epja KBazuTacoauuil CUTHaITa
alIaHTUPUIAAN.

Pangomuszanmsara MPEG-2 TtpaHcnopT mnakeTinapu KeTMa KETJIMTMHU
TabMUHJIOBYM PaKaMJIM OKMMJIAPHU MOCIHAIITHPHUII ONepalusacu Moc Kemaau (2.5-
pacm).

SYNCS

< 8 TPAHCHIOPT HAKCTII@pPH =]

2.5-pacm. MPEG-2 HUHT TpaHCTIOPT MaKeTIAPUHUHT MOCJAITyBH.

PRBS «kerma-keTnuk reHepaTopu 15 paspsam  peructpiap CHIDKHUIIH
0azacuja KypwiraH Ba TeCKapu ajioKa 3aHKupu OwiaH OornanraH (2.6-pacm).
[MaxnnanTupuinaéTran KeTMa — KETIWKHH Tacoauduira YXIIAlUiurd Ba KaOyn
KWITHY/Ia y3aTUJIa€TraH MabJIyMOTHH THKJIAII YYyH Xap Oup 8-4M MaKeTHHHT
6ommaa PRBS reneparopn nnunmanuzanus (KymyMya Ko OWIaH TEKITUPHUIIAIN)
kuirHaay, my wMakcaama yaa  100101010000000 coHm OwiaH —FOKJIaHATH.
Nuunmanuzanusgan cyHr nceBaotacoauduii ketMa - keTaukHUHT PRBS Oupunun
OWTH, TPAHCIOPT OKUMHUHHUHI JacT/Ia0Ku OaWTUHUHT OUPUHYM OWTH OwiaH
KYIIMJIQIN.
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2.6-pacM.MabIyMOTIapHHA PaHAOMH3ATOPH

Tamku koaIam Ba opajaTuil. Tamky Koiam Tu3uMuaa xamma 188 6air
TPAHCHOPT MAaKETUHU XUMOsUIall (CUHXpOOANTHU XaMm KyLIraH Xonnaa) yuyH Pun-
Conomon koam wunuatwiaad. Kommam sxapaéuuna Oy 188 Oaittra 16 Ta
TEKIUPYBYH OalTiap xam (2.7-pacm). KYIIHIaIu.
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2.7-pacMm. Tamku Pun — Comomon RS(204,188) xotupa koau ounax
MabIYMOTJIAPHU XaTOJApAaH XUMOSUIAI TAKETH XOCHJT KYJIUIIL

2.8- pacMJa TalIKy OpajaTruy Ba JCOPATATTUYHUHT (KailTa TUKJIArHYHUHT)
Ty3WJIMaBUN CXEMacu KENTUPWITaH Ba y 12Ta CHWDKUTHIN PErucTpiapv Xamja
KOMMYyTaTopjap >KyhTiaurujgan Tamkuia tonrad. Kommyrtaropmap xydtiuru
CHUHXPOH paBuIla, OalTiap KeTMa —KETJIMTH 4YacToTacu OyinYa, perucTpiapHU
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2.8-pacM. MabIyMOTIIApHU TallIKA OpaJIaTHIIT

DVB-T Tu3dMMUHMHI Kal0yJ KWIHII KHCMHIA CUTHA/LUIapra HILIOB
Oepum. KaOyn kunui KypuimMacuaa CUTHajuIapra o oepuu xapaéuu DVB-
T cranmapty OmiaH peryiaMeHTIIaHMaraH Ba OYHMK KoJiraH. by XomaT TeneBu3op
UIUIad YMKapyBYMIIAp OpacUIard pakoOaTHU KydaWTuUpaaw Ba IOKopu cudartiu,
allHu BakTAa ap30H KypwIMajJapHH SpaTHIIIArd WHTWIHILIAPHA KyJu1ad-
KyBBaTiaiiniu. DVB-T cranmaprura MyBoQHK KOJJIaHTaH Ba y3aTWiIaéTraH
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JacTiabKu ayMo-BUI€0 axOOpOTIapUHU TUKJIAII YUYyH, AEKOJalla YHUHT Oapyua
CUTHAJUIAPUHM TECKAPHU Y3rapTUPUILUIAPUHY aMaira OLIUpUI 3apyp.

TroHep €pmaMulia KEpaKiM Y4acTOTAa KaHAIW aXpaTWIaJh Ba CUTHAJI OPAIHK
yacTtoTara yTkasuinaau. CyHrpa oOpaluK 4YacTOTAJId CUTHAI Ky4aWTHPUIIHU
aBroMatuk  OomkapyBun (KAB) kypwima Epnmammuaa  OolIkapuiiaguraH
KydalTupruyaas yTuo, APV 6Gnoxuna paKamiy Wakiara ysraptupuianu. byHaan
KEeWMH KBaJpaTypaBuid JeMOJITYJIALMS Oakapuiaiu.

Hatmwxana COFDM curHanuHUHT XaKMKAA Ba MaBXyM KHUCMJIApUra MOC
KEJyBUM, KBaJpaTypaBHil TAIKWJI 3TyBUWIApUTra aXpaTWiaguwiap. YHIAH CYHT
OJIMHTaH KBaJApaTypaBUil TAlIKWI 3TyBUMJIApU YUYyH DYpbEHUHT TYFpU NUCKPET
Yy3rapTupunuiapu amaira omupuiaayd Ba yHUHT Hatkacuga COFDMHUHT TYIHK
nemoxaynsiuusicn Oaxxapuinaan xamaa COFDMHUHT y3aTWiagurad CHMBOJUIApU
HIaKJUTAHTUPUIIAIH.
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2.9.pacMm. DVB-T kabyn kuiarug 0JI0K cxemacu.
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bynna ®TVY 610KuIaH ONMHTaH mabiaymoTiap KAB yuyn Qoiinananunanu Ba
CHHXPOHM3aIMs OJokura Tymaan. CuaxpoHnsamus 61oku APY yuyn TamyBum
CUTHAIl 4acTOTacU Ba TAKT MMIIyJICIapUHU TUKIaiau'®, YHIaH Tamkapu kaHan
XapaKTepUCTUKATapUHU OaxoJal OJOKHUAa KaOyJl KWJIMHTaH TallyBYM CUTHAJLIap
TaxJauil KWIMHAAW. Taxiuin — HaTwkalapura Kypa  alloKa — KaHAJIMHUHT
YTKa3yBUaHIUK (QYHKIUSACH OaxojlaHagu Ba KaHAUIAPHUHT Ty3aTUILIapU
(xoppekuusicu) amanra omupuiaan. Koppekiusa Kunuiiaa xap Oup TauryBYMHUHT
CUTHAIM ymOy TalmlyBYM Yy4YyH aHUKJIAHTAH KaHATHUHT YTKa3yBYAHIIUK
byHKIUsICUTa TECKapH KUMaTUra KymanTupuiam.

CyHrpa MuYKu TecKapu opajaTuil OJOoKWa OWTJIApHU CUMBOJLIAp OYyiinua
TECKapy KOWIAIITUPHII aMaira omupwiaad. HaTwkana OuTinap KeTMa KeTIUrd
OJIMHAJY Ba yJlap WYKH JIEKOJepJall OJIOKHra KenuO Tymaauiap Xamja y epja
KO/UIADHU  MUFUIN  JIEKOJepUAa  Xarojap  TYyrupiaHaauiap  (KOppeKIus
kuinHaguiap). Keiiun  MPEG-2  TpaHcmopT  OKMMHUHHMHT — Ty3WJIMaBUUH
MabIyMOTJIApPUHUA TUKJIANl Y4yH OalTiap Ttamku Teckapu Ba Pun-Comomon
JIEKOJIepUJa XaTOJApUHUHI KOPPEKUMsCHM amanra omupwiaan. Harmxkana
TpaHCHIOPT NMaKeTIapUHUHT naBoMuiinuru (188 Gaiftnan nbopar) Ba GalTIapHUHT
nakeTJap/ia KEeJIUIIUHUHT KeTMa-KEeT KEJIUII TapTUOU TUKIIAHAIH.

MPEG-2
T

Video

Tuner

S
MPEG-2
decoder

Audio

12C bus

Micro-

processor

Keyboard /
remote
control

2.11.pacm. DVB-T set-top box Kypunmacu 0JI0K cXeMacH.
CyHrpa MabayMoTaap OKUMH MabJIyMOTIIAPHU JACPOHIOMM3AIMS KIIUII YIyH

neckpeMOiepra KenuO Tymaad Ba JAacTIa0KM pakaMiIM OKUMHUHT TY3WJIHIIN
TUKJIAHAIH. Paumomusanus KYJUTaHUIINA TUKJTAHUIIT CUTHAJIHUA

10 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 393.



I1I. HA3APUI1 MATEPUAJIJIAP

nceBaoTacoaupuil KeTMa KeTIUK OuiiaH MOIyJb 2 Oyiinya KaiWTa KYIIUII OpKalIu
amanra ommumpuianu. llyngan cyHr tukinanran MPEG-2/ MPEG-4 tpancnopr
OKUMH JIeMyJIbTHILUIEKCOpra KenuO Tymaad Ba Oy epla TaHJaHTaH JacTypura
aCOCaH TPAHCIOPT OKMMUJIAH MAKETJIAp aKpaTUO OJIMHAIU Xamja BHUJIE0, OBO3JIH
TalIKWJ 3TYBYU Ba MAbIyMOTJIAPHUHT AJIEMEHTAp OKUMJIApU IIAKIUIAHTUPUIA]IH.
JHeckpeMbiiep Ba 1eMyIbTUIUIEKCOP OOIIKAPYBUHU KOHTPOJUIEP amalira OLIUpaIu.
JleMyIbTUIIEKCOp TPAHCHOPT OKUMUJAH AACTyp >KaJBaJIM MaKETJIapHU TaHi1a0
OJJali Ba YyJIApHU KOHTpoJulepra y3araau. KoHTposiep TpaHCHOPT OKUMUIATH
JacTyp MabIyMOTJIAPUHHU JKPAaHAA AKC ATHUIIMHU TabMUHIANAU. DoWnaianydu
Oylipyfura Kypa JractypiapAad OMpH TaHJIaHAIM Ba ymoOy gactypra terunuia PID
XaKMJard — MabiIyMoTiap, Keiarycuaa Wiy [akeTIapHH  TaHjJall — y4yH
JNEMYJIbTUILIEKCOpra y3aTuiaagu. TaHjgaHTraH JacTypra KylliM4Ya MabIyMOTJIAp
(cy0® TuTpnap Ba Xako30J1ap) AeMYJIbTHIUICKCOPIaH KOHTPOJUIEpra Keiaud Tymaau
Ba KOHTPOJUIEp YJapHH KylmIuM4a axOOpOTJIapHU HAMOWHUIN KWIMII OJIOKHUTa
y3aTajiu.

Kontposnnep, myHuHraek, (odjganaHyBUMHUHT MaOjard TYyJjaraH MyJUTUK
JacTypiiapra KUPUIIMHA TAbMHUHIIOBYM BOCUTAJAPHU Y3 MYUIa OJYBUHM IIAPTIH
kupumn tuzumu (IIIKT) O6unan 6ornmuk. JlactypiapHu aeckpeMOsepiiaiira ouj
MabJIyMOTJIAp TPAHCIOPT OKHMMHU TETMUUIM MakKeTiaapuaa y3aTuinagu. bemyn
JacTypjapHH Ba YMyMud (QoHganaHum MabIymMoTiapra oJra IMaKeTIapHU
JecKpeMOepan yuyH KyluuMya MabJIyMOTJIap Tanald STUIMaIn.

ynaail Kuanb, pakaMmiu TeJIeBUACHHE KaOyl KWITHYKJIA JACTYPHHU TaHJIAII
MKKUTa OOCKMYJa amaira omupuiaav. ABBai OWp HedTa JacTypiaplaH ubopar
TPAaHCIOPT OKWMMH Yy3aTaja€TraH TEJNEBUJCHUE SUIMTTUPUIL KaHAJ TaHJIAHAIU.
CyHrpa Xyaau 11y TpaHCHOPT OKUMIATrH JacTypiapaaH Oupu TaHJIaHAIH.

Buneo Ba OBO3ZHMHI 3jIEeMEHTIIAp OKUMIIapu JemylbTuiuiekcopaan MPEG-
Z2HUHT TETUIIUIN JEeKoJiepiapura kenub tymaauiap. Bugeonekonep ynkuniapuia
601- TtaBcusira MOC pakamid Iakiga EPYRIMK Ba paHrdapk CUTHAIAP
makjaHaauinap. by curnamnap kelnHyanuk pakamin makinga €ku PAK opkamu
TEJIEBU30PHUHT KyHHU 4aCTOTAIN KAPUIILIApUTa y3aTHUIaauiap.

Ayauoaexoaep YMKUIIApUAa aHaJIOT IIAKIJAard OBO3 MIAKIUIAHTUPWIAAA Ba
OBO3HU IUTTUPHUII OJOKIApUTA TYIIATH.

2.2 MPEG-2, MPEG-4 TejieBuieHre JMUTTUPHII CTAHAAPTIAPH.

ABBanrn 600Mapia KypuO UYMKWITAHICK, TACBUP Ba ayJau0 MabIyMOTJap
XQKMJIAPUHU CUKHUII YIYH ¥3apo camapaaopiurd Ouinad (papk KWIyBYH Kyaa Kyl
ycyJulap Ba airOpuUTMIIAp MaBXkynd. Ymaap Oup Oupuman Kyjulamigard
MypaKKaOJIUTH, KOJCKIAPHU TabMHUHJANIAATH amnmapar €Kd KOMIIbIoTepiapra
KYyWWIaguradn Ttajabiapy Ba CUTHAJIapra HWIJIOB OEPUITHUHT TE3JIUTH Xamja
KYJUIAaHWJIUII coXajlapu OuiaH ¢hapk Kuaaguiap.

byHna xap Oup cukuiga KyUlaHWIaJAUTaH MEXaHu3M (MHCOJI YYYH:
CDypbe,I[Kﬁjf, BeMBIeT, PpakTayuiap acocuaaru Ba OoIIKaiap) Y3u UILIANIN YIyH
KyJail YUKyBYM MabIyMOTIap 0a3acMHU (MACCUBUHU) IIAKIUIAHTUPAIH.
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Jlynéna kojexiapHu HOUIad YUKapyBuu (upManap >Kyaa Kym Ba yiap
y3mapura MabKysl KOJEKIap YUKapuInaau Ba Iy cabad pakamiiM TeJIeBU3HOH
nporpammaiap Ba OOIIKa TEJIEBU3MOH MabIymMoOTiap OusiaH ¥y3apo alMaiivil
Jespii MYMKHH dMac, YyHKH OWp uIIad YMKApYBUYMHUHT KOACKIApU MKKUHYU
UIUIad YUKApPYBUYMHUHT KOJEKJIApUIAH TEXHUK (apK Kuiaau Ba Oup OuUpHUHU
TyLIYHMaiaumap.

[y cabab pakamiid ayauo-BUICO MAbIyYMOTJIAPHUHT KUPHII Ba UYHUKHIII
ax0opoT THU3UM KypcaTruwiap, Oup TypJaru KoJeKjap y4uyH, SroHa OYIuIIapu
TabMHUHJIAHUIIN Kepak. IIyHUHT ydyH OMp THUMAArd KoJekjIap y4yH ayauo-BHIECO
MabJIyMOTIap KUPHII Ba YHKUII pPAaKaMlId CHTHAUIAPU TYy3WJIMacu Oup Xui
OYIUIIM KEPaK.

bynpali siroHa TabMUHJIAHUII aMmajira OMIAPUIICA, TEIIEBU3UOH AacTypiap Ba
bunpMIapHH, KOJEp Ba JIEKOJAEPJIIaApHU KUM TOMOHHUIAH HUILIA0 YMKAPWIMILUIAH
KaTbUil Ha3ap, OeMasos TOMOIIA KWW UMKOHUATH sipaTriiaau. KaOyn kunvHran
CTaHAapT Ba ¢opMariap yuyyH MILUIA0 YMKApyBUWIAp UXTUEPUNA paBUILA TACBUP
Ba OBO3 CHUTHAJUIAPUHM Y3rapTUPHUII yCYJUIApU Ba aITOPUTMIIAPUHU KYILIAlUIapH
MYMKHH, aMMO YHUKHUII CUTHAJJIapu OUp XHWJI KOHYH acocH/ia TaKCHUMJIAHTaH,
yHUBEpcas OyIuiiapu TabMUHIAHUIIH IAPT.

By Xynnm CcyBHMHr KpaH >KyMpakjapu KaHJald KaTTa Ba Mypakkad
OYnIMacuH, yJIaHMII OXUPrd pe3dacu Xammacu Oup Xwi OYIMOFM Ba HCTara
XOHOJOH YHMKHMII TpyOacura ypHaTUII MYMKUH OVYIraHuieK XoJyiaT OwiiaH
udoaanam MyMKHUH.

XO03Upru AaBp/la TaCBUP Ba OBO3HU CUKHILIJA KYJUIAaHWIAOUTaH Kydugarua
CTaHAapTIap MaABXKY/:

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

M JPEG Ba M PEG cranpapriiap owjiacu xapakaTjaHyBYaH TacCBUPJIAP
YUyH.

Tepmun JPEG xuckaprupuiran (joint photographic Experts Group)
bupaamran ¢ororpadpuk s3xcnepraap rypyxu Oynub, cudariu Ba dHr Ky
TapKalraH CTAaTUK(CHIDKMMAc) TacBUpP CTaHAApTH MaKOMHIa JyHENa Kyl
TapKkajiral Ba Oapuya wunuiaérraH nporpamManapaa kymwianuwimoxkaa. JPEG
datmtapunu kypum yayn WEB — Opaysep cranmapT/iapuHUHT MaBxKya OYIuIIu
mapt. bpaysepnap JPEG daitnnapunan cukumiian 9ukapaau, SbHA JEKOMIPECCHS
KWJIaJU Ba Xam/la MOHUTOpJIa KypcaTau.

MPEG xuckaua skcnept rypyxuauar Homu ISO (Moving Picture Expert
Group) 6ymumb, rypyx BHIECO Ba ayAu0 MabIyMOTJIAPHU KOJJIAlll Ba CHUKHUII
cTaHmaptiapu OwiaH myrutaHagu. I'ypyxausar xakukuii Homu ISO/IEC JTCI
SC29 WG11 aup. Kynunua MPEG kuckaptmacu ymoy rypyX TOMOHUAAH UIILIA0
YUKWJITAH CTaHAapTiapra TEeTUIUIM SKAHJIWTUHU Owiaupagu. XO03Uprd KyHIa
KyHUJard CTaHaapTiiap MaBxy:

MPEG-1 Buneodunsmmapau (VHS dopmataa 358*288 xaxxkm Ouian) Ba
MUHUMaJ Te3MuK oKuMu 1,5 Mout/c 6ynran oBo3 curnauiapau CI-ROM ra €3um
yuyH wmymkamianrad. MPEG-1ga BumeomabiymoTiap cudar KypcaTrrudiapu
IOKOpH Oynmarannuru cababnu, 0y gopmar xo3upru gaBpja TEIeBUACHHUEIA IMac,
OaJIKM BUAEO Ky3aTyB TU3UMIIAPUIA KYJUITAHUIAIH.
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MPEG-2 tenesmmTTUpunuiap MabayMoTIapunu 3 gan 15 Mout/c te3nukna
y3aTUII Y4yH YUYyH sipaTWIraH, aMMo NnpodeCcCuoHal anmnaparypaaa OKUM TE3JIUTU
50 Mowut/craya 6ynuim Tanad dTUIaIu.

MPEG-2 cranmaptd TEIEBHICHUEHUHI CYHBHU WyIolUIap Ba €p YCTHU
KypiwiMalapyga XamJa KaTTa XaKMIIM BUJeOMaTepUAIJIApHU —apXHBIIAllIa
UIUIaTUTIAN.

MPEG-3 10KopHu aHUKJIMKIAru TeJIeBUJECHUEHUHT yuyH spatunrad (High-
Defenition Television, HDTV) Ba okum Te3muru 20-40 Mout/c, aMMO KEHHHYAIHK
0y MPEG-2 crangaptu nunra KyIuiarad Ba X03UpAa ajJoxXuaa TUIra OTHHMANIu.

MPEG-4 xnuyuk nonocaiv VHTEpHET KaHaIMHUHT OKUM Te3uru 64
Ko6uTt/cexynnraua oyaran MYJIbTUMEIHS ax0opoTIIapuHH y3aTHIlra
MYIDKaJIJaHTaH Ba TEJNEBU3MOH (opMar xucoOianmaraH 37au. CyHrpa craHmapt
TEJIEUUTTUPUII curHauiapuau Ba DVD Buneo ¢unbmnapuu cukuimu yuyH 10ta
uioBa Owitad Owiad Tynaupwiad. by crangapt okum tesnuru 2,5 Mout/c 6ynran
IOKOpY cH(aTIM pakaMJIM TacBUp CUTHaUIapuHu y3atuiga Ba MPEG-2 Ownan
Oupra pakamiIM TeJIeBUJICHUEAa KEHT KYJUTaHUIIaIH.

byryarn xynpma MPEG-4 cranpapt Bujaeo axOOpOTHHM CHKHILIJA SHT
UCTUKOOJUTN aIropuT™M OYIUO KOJIMOKIA.

by =xunma xun MydabTUMEIUsT OOBEKTJIApU: ayJauo, BHUACO, TEKCT,
CUHTE3JIaHTaH OOBEKTIap YypTacujard y3apo ymymiiamiraH OofiaHuiIHUA uboaa
ATaJId 1Nl MyMKHH.

MPEG-7 ¢opmar “Tapkubunn udoaasoBUu MyJIbTUMEIUs UHTepdeiicu”
(Muftimedia Content Description Interface) ne0 HomnaHaau Ba ayauo — BU3yal
MabJIyMOTJIADHK  MYJIbTUMEIUA  MaWJOHUJArd  acOCUM  TEXHaJOTHsIapHU
CTaHAapTiallTUpUIIra OarunulaHrad. AyauoBusyan Mabiaymoriap MPEG-7
CTaHJapTUIa: CTaTUK TacBUpHH, Trpadukanu, 3D MopenHu, OBO3HHM, BHJIEO Ba
KOMITO3UT axOOpOTHU ¥3 wuura oiaud, MyJabTUMEIua MaWIoHHAAa KaHIal ¥3apo
Oup Oupu OunaH OOFIMK OYIUIIM MYMKUHJIMTUHUA udomamaiinn. Mabiym Oup
XoJlaTiapja MabiyMOTJIapra WHCOH IO3MHMHT udomacu Ba Oenrunapu (Ky3
KOpauury, 0apMOK U3JIapy Ba X.K.)KUPUTUIHUIINA MyMKHH.

Xosupru maitna MPEG-7 crangapt sgHaga  TaKOMWJUIAIITHPHIIHO,
spaTUIMII apodacuia.

MPEG-21 cragmapt XaM MyJbTHMEAHWA CTaHgapTa Oynub, ¥3apo
MabIyMOTJIap aJMallvIfa, COTHINIA, MabIyMmMoTiapaaH (oipalaHuira pyxcar
TUIIAa Ba OOIIKA pakaMiId OOBEKTIAPHH MAHUMYJSUUSAIAPUHU TabMHUHIIALI
TEXHOJIOTUsIIApUAA KYJIIaHWIA M.

bynna Oaxapuna€tran onepanysylapHAHT TUHUKJIWTA Ba MaKCUMal
camapaiopJIurd TAbMUHJIAHUILN KY3/1a TyTHIIAIu.

Cranpapt MyJabTUMEIUa OYMK 0030puja AMCTPUOBIOTEpIap Ba CEPBUC
npoBaijiepiapra MyJpKaiaHraH. Xo3upru mnaitna cranaapt MPEG-21 xam
sapatunuin  apadacuma. MPEG cramgaptu acocmii xapaktepuctukanapu S.1-
JKaJiBaIia OepuIIraH.
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2.4-xanBan
MPEG cTtangapTu XxapakTepucTUKanapy
MPEG-1 MPEG-2 MPEG-4 MPEG-7 MPEG-21
Cramgapt | ISO/IEC |ISO/IEC |ISO/IEC |ISO/IEC ISO/IEC
11172 13818 14496 15938 21000
ITact
MynsTumenua | MynsTrmMenua
ayMo Ba | ayJuo Ba | TE3JIUKJA
KOHTEHTHHU BOCHUTaIapura
MaKcaJIu BUJICOHU BUJICOHU ayJmo Ba
udoaanarn OYMK KHUPHIII
KoJJIam/ | Kojiall BUJIEO nntepbeiicn | cTpyKTypacu
KOJLTALI p PYKTYD
EEE?;I 1...5 4...80 0,064...4 MasbnymoTtiap | MabiaymoTiap
B Mour/c M6ur/c M6ut/c Xau UyK Xay UyK
Anao
yukmwiran | 1992 r. 1994 r. 1998 T. 2001 r. 2001 r.
caHacHu

MPEG-2 crangapTé TeJICBUIACHUE SIIATTUPHUIN TH3UMIIAPH YUYH MaxcCyc
unuiad yukwiran 6ynu6, 10 ta xkucmuman mbopar. bupunuu kucm 1994 iunna,
oxuprucu 3ca 1999 nunna takaum stunrad. MPEG-2 cranmaptu MPEG-1HuHr
aH4ya SAXIIWIAaHTaH Ba TaKOMWUIAAIITHUPWIIMINK sSHaJAa MypakkaOialiraHs,
Ty3uaIMacuaa pakamiad okuMHuUHT [, P Ba B kaapmapuman oiinanmanunaauran
KYpUHULIUIUDP.

Video Production DVCPRO
Home Video MiniDV

Motion JPEG

1988 1991 1993 1995 2002
JPEG ITU-T | H.120 H.261 H.262 H.263 H.264
DCT \ \: \: \:
MPEG-1 MPEG-2 || MPEG-4 || MPEG-4
ISONEC 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

2.12.pacM. Bujieo koaman Typaapu pUBOKIAHUII Tapuxu. 't

11 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 137.
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MPEG-2 crangapti pakamiu iiynaon, kaOeab Ba ep yCTH TeJIeBUICHUECH A
¢aon KyIaHUIAN.

Max. No. of Max. Bit A
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sfgles =% |=ssE]l=¢8s]s 8
= W -
$55l3a |24 |=2ealeZElSE

2.13.pacm. MPEG-2 npodwuutapu Ba qapakaaapm.

MPEG-2uunr TapkuOuii 10 kucMugan 3 Ta acOCHMJIApUHU aKpaTHO OJTUII

mymkuH: 13818-1 - Tuzumiin, 13818-2 - Buaeo, 13818-3 - oBo3uu.

Tuzumiu KHCM- CTaHJApTHUHT OBO3, BHUJIEO Ba OoIlKa axO0opoTiapHU

MYJIBTUIUICKCUPIN  (YMyMJIAIITUPWITaH) Kojuiam  GopmaTuHu  udomaianm,
IIYHUHTJEK, Oup €ku OuMp Heya MabIyMOTJIap OKMMHHH Cakjaml €KW y3aTHINra
SAPOKJIM OUTTa EKM OMp HEYa OKUMIIapTra OUPUKTUPHUII MacalajlapuHU Xajl dTa/Iu.

Tuzumnu Kucm- Oernra acocuii BazudanapHu Oa)kapaiu:

Tuxmanum BakTuaa OWp HEYa CHUKWITAH OKUMIIAD CHUHXPOHHU3AIMSICUHU
TabMUHJIAI,

bup Hewa CUKWITaH OKUMIJIAPHA YMYMHH OKUMTa OUPJIAIITHPHIII,
Tuxmanum — OONUIAHMIIM — YYyH — HMHUIManu3anusutaim  (OOIIaHFUY
KYypcaTru4iapHy YpHATHUII);

Bydepra xuzmar xypcarwii;

Bakr mikanacuHu(TH3UM BaKTHHU) aHUKJIAIIL.

Bugeo KHCM -CTaHIAPTHUHT IOKOpU cu(BamiIM pakamiid BHUACO YUYH

KOJUTaHTaH OWTiaM okuMuHM Xxapakrepnaiimu. MPEG-2 dopmatu MPEG-1auar
Oapua W pEeKUMIAPUHHM KYyJIaOd- KyBBaTIaWau, SHA KyIIMM4Ya caTpiapapo
BuseodopmMatin Ba tokopu anukymkaaru tenesuaeHue (FOAT) xamma crepeo

TCICBUICHNCHU KS"J'IJ'IaIH HUMKOHUATIIApUTA 3Ta.
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Quantizer matrix Quantizer
ersion /scale actor
N | e
S¢quence GOI? |PicturemSIice "Macroblock Macroblock
Pointer to . -
1st frame -\ 3 3
g];sfest Sequence Picture headers} oy
ice header
header  G0p header
Packetized Elementary Stream PES
. jheaden
\
DTS \ Length indicator
prs PES
header
Trans oHst’eam
P [' 1R [I
] \

2.14.pacm. MPEG-2 MabnymMoTiap OKUMH CTYPKTypacu

ToBym kuem- MPEG-2 craHmapTUHUHT KyN  KaHaUId  OBO3HU
koananumyau  Oenrwnaian. MPEG-2  Oemraraua  TYNIMK  KEHr  KaHAJUIA
MOJIOCAJIApHU, YHra KyIIMM4Ya MMacT 4acTOTalu KaHallHM Ba 7 Tarada Kyn THUIH
KOMMEHTAaTOp (KM Tap>KMMOH) KaHaJUIApWHU KyJutad KyBBaTJIaau. YHIaH
tamkapu 64 KOut/c y3atum Tesnuruga MoHOGOH Ba crepeodoH O0BO3
CUTHAJUTAPUHUHT SIHTpalll cu(aTUHU SXIIWIAN YUYYH AUCKPETIIall YaCTOTAaCUHUHT
spuM KuiimaTu (16; 22,05 Ba 24 xI'11) KYUTaHWIUIIK MYMKUH.

Cranpapt pakamun teneBuaeHue SDTV (Standard Definition Television)
CUTHAJUIADUHM CHUKMAacJaH ajloka KaHanu Oyinad y3atum yuyH 270 Mowut/c
Te3NMUK Tanad KuiauHaau. Xarroku HDTV okopu aHUKIMKIATH TEJNeBUICHUE
CUTHAJUTAPUHM y3aTulll yuyH 3ca 11'0ut/c Te3nuk Tanad kunuHaau. by sca yzaTuin
Ba SIIUTTUPUIII MaKCaJM YUYYH KyJa Karra Te3Nuk xucooOmananu. LllyHunr yuyH
XaM SIIUTTUPHIN COXACHIArW Xap KaHJall CHUTHAJ CHUKHII Kapa€HWUra y4ypaiau.
Kaiita unuanuiap HaTWXkacuaa MabIyMOT y3aTuil Te3nurd 2.7 Mout/c raua
nacaitupmwianu. Cukum koeddunuentu xyaa xam wokopu. MPEG-2 kommam
CTaHJAPTUHU KYJUTAaHWIUIIK ymly Te3nukHu 15...20 MOut/c raya macailtupuin
UMKOHUSTHHH Oepaiu.

MPEG-2 crangaptuaa tacBupJapra unioB oepum. MPEG-2 crangaptu
TEJIEBU3UOH CUTHAJIHM Y3apo Oup Oupura Moc, TypJad MypakKaOJUKAaru
anropuTMiiap OWJIaH pakKamIM CHUKMIIHWHT CTaHAApT TypyXuajlapyd OHWJIACHHU
udonanaiiu. YnapHu MOCIMTMHU TaTOWK JTHUIN Y4yH npodun (KYpuHUII) Ba
caTxJjiap(KuiMatiap) KOHyHIapH KYJUTaHWIAIH.
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Video Structure Hierarchy

Sequence

= 71NN

Group of Group of Group ol Group of Group of
pictures pictures pictures pictures pictures
¥
Picture Picture Picture Picture Picture
A\
Slice Slice Slice Slice Slice
v
Macroblock Macroblock  Macroblock  Macroblock Macroblock
v
Block Block Block Block Block

2.15.pacm. MPEG-2 Buieo CTpYKTypacu uepapxusicu (TacBUpJiap TypyXu-TacBUp-
KaJIp-MaKpoOJI0K-0JI0K)

Cranpapt 5 Ta npodungan noopar:
e omauii (Simple) — Buaeo okuMIapHu B-kaapiapcus CHKHIIL,
e 0o (Main) — umHUHAT O0apya OOCKUYJIAPUHHM TabMHUHJIANI YIYH, JIEKUH
MacIITabJIaHUIIICU3;
e curnan/moBkuH (SNR scalable) mynocabatu 6yitnua Macintabnanui,
o xyayauii (hasoBwmii) macinradnanuin (Spatiallyscalable);
e npodeccuonan (professional 4:2:2)- ¢da3oBuit MacmTabNaHyBYM Ba
curnan/moBkuH (SNR scalable) mynocabaru G6yiinya rdoaaianuii.
Byuna MPEG-2 makpo6iok yuyH JIKYHHHT MKKHTA THIH: Kaapid Ba
MaioHIM OynmuHMIIHUA aHukiaiau. Kaapmu I[KSJ’ MPEG-1 Ounan Oup Xui
unuianau, 0y epaa 16x16 nukcens Yuamian EpyFIUK CAaHOFHU OJIOKH YKOMIaNTyBUra
Moc xosia 8x8 mukceru 4 Ta 6JI0KKa OYIMHAIN.
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R MR 3 4 v 1 \
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2.16.pacM. TacBupHUHT OJIOK Ba MaKpoOJIOKIapra Oy THHUIIN.

MPEG-2 craHaapTd BHJAEOCHMTHAJHH CHKHII YCYJUIa perjaMeHT
Oearmjamaiigm, OajdKd KOJJIAHTaH BHJICOCHUTHAJI OWTIM OKHMH KaHIau
KYPUHUIIIA OYJIUIIN KEPAKIUTHHA aHUKJIAWINA, ITYHUHT YYyH aHHWK aJITrOPUTMIIAP
anmapar-I1acTypuid TabMHUHOTH WNUTA0 YWKAPYBYWIAPUHUHT THXOpPAT CHPH
xucoOnmaHagu. AMMO BHUACOOKMMHHM CHKUIIHUHT YMYMUH  TPUHIUIUIApU
(omusunapu) 2.18-pacMia KypcaTiiirad KeTMa-KeT >Kapa€HIapHu Y3 n4ura oyiajiu.

control

redund.

Zig RLC
reduct. ]

Zag VLC

video

data
MUX 1 buffer >

motion
predict.

3.17.pacm. MPEG-2 konepu.
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2.18-pacm. MPEG-2 cranmapTia TeJIEBU3MOH CUTHATHN CHKHUII YCYTHHUHT
YMYMUU KYPUHUILLINA
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Hactnabku RGB BHJIEOCHUTHAJLIIAP APV ra aHaJor-paKaMiun
y3rapTUpUiATaH/laH KeHMuH OJUHAAH HILIOB Oepuill OJIOKWra KeiuO TyIlaju,
KeiinH Oy epJa Kyiugaru amamiap 6axapunaau:

e RGB curnammap épyrnmuk Y Ba panrdgapk U Ba V curnamnapura
V3raptupuiaav, myHuHraek 4:4:4 padrou dopmatHu  4:2:2  (panrdapk
KOMITOHEHTJIAPHA TOPU30HTal KaiiTa muckpernam)ra ¢xu 4:2:0 (panrdapk
KOMITOHEHTJIAPHA T'OPH30HTAJI Ba BEPTUKAJ KalTa JUCKpeTiall)ra KaiTta Koajian
amanu Oakapuiaju;

e Oprukya axOOpOTHHM OJIIMHIAH Y4YMpPUO TalUIalll, MACAJIaH: arap TaCBHUP
dboHuM OUp XUJI MUKCeUIap rypyXuiaH uoopar 0yiica, yHja mukcelb KUHMaTHHU Ba
TacCBHUpJIa YHU KaHYa TaKpopJialll KepaKJIMTUHU HyIiam Kugos;

o TacBupHUHI Xap OupuHM 8X8 THKCEIIM OJTUTa OJIOKJaH ubopar
MaKpoOJIOKIap KeTMa-KeTnurura oy 4tacu 16x16 MaTpuiaHu TalIkuia dTyBUU
EpyFiuk curHaiu Y Ba OutragaH panrdapk komnonentiaap U Ba Vian ubopar;

e Arap gacTinaOKuM  TacBUp  Karopjapapo MaiJioH  KYpUHUIIKAJA
y3aTiia€Trad 0yJica, yHJa yjap nNporpeccuB EiMumn OuiaH Kajpra y3rapTUPUIAIIN
MyMKHH. Arap yiadyam 16 mukcenra kappa Oyiamaca, TACBUPHUHI MakpoOOJIOKIap
OyTyH COHHMra SXJUT OYTyH COHJIM KWIHO OYJIMHUIIMHU TabMUHIANI YYYH
TaCBUPHUHI KaTopJiap Ba YCTyHJapura HOJIb €pYFIMKIA €TUIIMAETTaH MMUKCEIIap
KuiimMaTu(conn) Kymmiaaau (2.19-pacm).

- Bynuw Typu

l | [ Pacm uerapanapuHu
AT 16 ’ * g 4 Yaknosuu T\]p YMKMLLIK

nK

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

Cyurpa OyIMHTraH TaCBUPHUHI MaKpOOJIOKIapy KaJpiapapo OPTUKYAIUKHU
Oaprapad STum yuyyH oau0 Tamnuiarud OJOKWHUHT OMPUHYM KHUPUILIUTA KEIuo
Tymagd. VKKWHYM KUpUIIra 01y TacBHpP CHOKETHHHHI aBBAITU €KW KEWMHHIU
KaJplaH Kyuupwiral (CWDKWAraH) MakpoOJjokiapu kenuO tymand. byHna
MaKpOOJOKHUHT SHIM KOOpJIWHATaJapH YJIApHUHT KaJpAaH Kaapra KyTUiaaéTraH
Xapakatu OamopaTH acocujaa XucoOjaHaau, YHAAH KEWHH YJIapHUHT KY4HILIN
MYMKHH OYJIraH Xyaynl Kaapiapapo (papKUHUHT MUHUMAJ KUAMaTu Oyiinya aHuK
xoinamryBunu Oenrwnaiau. Iy TaxmuTt, MakpoOIOKIAPHUHT KYIIHA TUKCEIapy
KMUMaTUHUHT allupMacUHU XUCOOJaHTaHIaH CYHT YJIAPHUHT axO0pOTIalTraHIuru
ce3wIapiu nacasiiv €ku ymyman Ora TeHr OYauo Koiaau.

Keiiun roxopu aitmiiran  MPEG-1  cranmaptupmarn  kaOu, OJIMHTaH
MakpoOsoKiIap (apkiapu Kaapiapapo CTaTHUK OPTUKYAJIMTMHM Oaprapad STHUIl




I1I. HA3APUI1 MATEPUAJIJIAP

yuyn JIKY mexanusmunan doiinananmnamm. JIKYHUHT TYFpUIaH-TYFPH OJIMHTAH,
CUTHAJI OSHEPrUsCMHU YHUHT TapMOHUK TapkuOuWii Kucmiapu  Oyiinab
TaKCUMJIAHUIIIMHU ~ XapakTepyioBun Kodpduimentiapu, Xadbdman xKaaBaiu
acocHJlard SHTPOIUK KOJEp Ba Y3yH Cepusiap CTaTUK KOMIIpeccopu Eplamujia
aJlanTHK KBaHTJIAHAIM Ba KOJJIaHA/IH.

Tuknanran TacBUpPHUHT cudaTuHU Oaxoyiaml €KUM YUKHUII OKUMHHHUHT
y3rapmac OuTpelTHAard XojaTAa, KBaHTJIAIIHMU aJanTUB OOLIKApUII YYYH
KOJEp/la CHKWITaH BHUAEO MabIyMOTJIApHU JEKOAepjall >Kapa€HH amaira
omMpuiIagu. byHUHT y4yH JIEKBaHTIIAII Ba TECKAPU JIKY OJIOKJIapy UIILTATUIAIN
Ba yMyMJIAmITApUIaAu(AUFUHANCH oyimHamu) (2.18 pacm). YMyMmuamTupwHIin
OJIOKUIa BUICOMIIyMOT/IAp XapaKaTUHU KOMIIEHCALMsIAIl OalopaT XaToJIuKIapH
OwiaH KylIWjJagwiap Ba NIy OpPKaJd KaJpHUHT THKCENb KUKWMAaTiapH
TukiIaHaauiaap. CUrHain Xakuja OJMHTaH MablyMOoTiap axOopOoTiapHU KOJJjlall
y3eura 1oopunaan,0y 3ca MaKuIaHaéTral CUKWITaH TacBUp cudaTuHu 6axosarl
WMKOHUHU Oepaju.

MPEG-2 cranaapT BUA€OMabJIyMOTJIAp OKUMHU

MPEG-2 BHUJICOKOJIEP YUKHIINIAT U MabJIyMOTJIap OKMMHUHHUHT
copanamtupuwiran tysuiamacu 2.20-pacmaa kypcatuirad. Buaeomabaymotiap
OKMMHHUHT DHI HupuK Oupymru 0ynnO BuaeokerMma-kersiuk (vVideo sequence)
éxku BHAeOKATOpP xucoOnaHagu. BuHeoKeTMa-KEeTIMK TacBUp TypyxXJapu
(GOP)nuHr uxtuépuil connaan ubopar Oy MyMKUH, yjaap y3 HaBOaruzaa |,
P, B «kanpnapnan (kaapiau Kojajiamijga) €xkd  MadgoHjapjaH  (MalIoHIU
Kojuiamiia) udbopar 6ynaau. Xap Oup TacBup cjaiiciapaaH uoopar, yJIapHUHT
xap Oupu Oup Heua MakpoOIOKIIap/IaH TAIIKWJI TOMaIu.

Xap Oup BUICOMABIYMOTIAD OKWMH TAIIKWIMK OUPIUTH JCKOJJIAIT
xKapa€HUJIa OKUMIAH KEepakid MabJIyMOTJIADHU aXpaTHO OJIMII HMMKOHHHH
O0epyBUM MOC OOIUTAaHFUY KOJIJIaH OOILTaHA M.

Bugeomabnymornapau — y3atum  goumo  Bujeoketma-kenimk  (BK)
capyiaBXacujiaH OOIIIaHaM, YHUHT KETHJIaH capiiaBXa KEeHraTMmanapu KeJaaaw.
MabiaymMoTiiap OKUMHHHHT yIIOy KACMIApuAa KyHWuaard MabiyMoTiIap
y3aTuIaau:

® TAacBUPHUHI MUKCEJJIap MUKIOpU OunaH udojanaHran OajaHIJIMIU Ba
KCHTJIUTH;

TacBUp opmaTh (KEHIIIMKHUHT OaTaH JIMKKa HUCOATH);

KaJipJiap 4acTOTaCH;

OeNTuIaHraH BUIEOMAbIYMOTIIAp OKUMU OUTPEUTH;

BUJICOMABIyMOTIIAp  OKUMHUAAH  KBaHTIam  KodddummeHTnapu

MaTpPUIIACHHU IOKJIA0 OJIMII 3apypJIUTH OCJITUIapu,

caTpiapapo EHUITHUHAT (HoNaTaHIIaéTTaHINTH OCJITUCH;

e (oiigananunaérrad auckperusanusHuHr ¢dopmaru (4:2:0, 4:2:2 &xm
4:4:4).

Keitnnuanuk  QoiianaHyBUMHUHT  KylIuMYa  MablyMOTJIapud  Ba
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KCHraTMalapy y3aTWIWIK MYyMKAH. OKHUMHUHT 11y KACMH OYJIMAacIIUTH
MYMKHH, OJIOKHM aillanu0 YTullM KypcaTkuy Ouiian kentupwirad. Kenraiitmanap
MacIITaOauiauK Oop OViraH xojulapjaruHa MaBxXyn Oynmamd, y TYJIHK
BUJICOMABIYMOTJIAp OKUMUJIAH TACBUPJIAPHU OJMII UMKOHMHHM Oepamu. byHmaii
Ba3MATAA OKMM WKKHTa €KM yHIaH Kyn Katiaamuap (layers)man mGopar Oyiamw.
baza karnamu TacBUpHUHT OMp Heda OONUIaHFUY MapaMeTpiid cudaT OWIaH OJUII
UMKOHUMHU Oepaau. MabiayMOT/Iap OKUMHUHUHT KyIIMM4Ya €EKU SXIIHIOBYH
(enhancement) kaTtnmamiapu TACBUPHUHT sIHAaga CUQPATIMPOK KHIMO OJWII
uMKOHMHU  Oepanmu. MPEG-2 craHmaptd  BHAEOMAbIyMOTIIAp  OKUMHHHU
MacimTabau OuaH €Ky MacIITadCH3 TAITKWI STUII UMKOHUSTHHY KY3/a TYTaIu.

BK KeHraWTma Ba .
i onganaHys4u
= ngg _ capnasxacuHu hoinanaHysum GOP ?;abﬁymmzapw
pans KeHranTupuw MabsymMoTapm caprnaBxacu
P |
KeHrawTma Ba Taceu
Tacsu 5 P BK
capnaaxgcu poitaanaHysum MabnyMoTnapu oXMpH
MabnymMoTnapu

_

2.21-pacm MPEG-2 Buseoaekoiepu YNKUIITHIArd MabIyMOTIap OKUMH
TY3HJIMACH.

Xap Oup tacBupnap rypyxu capiaBxagad («GOP capmaBxacuy») OonutaHutm
MYMKHH. YOy capilaBXa BUACOKETMA-KETJIMKIAru TACBUPIAPHUHT OUPUHYH TYPYyXHU
YUyH MaBxKyja OYnuiy mapT. TaCBUPHUHT OOIIKA TYpyXJapHu yuyH yIIOy capiiaBxa
OynMaciuru MyMKUH (aillaHuO YTUI KypcaTruy OuiiaH KEeNTUPUIITaH), YyHKH TyPyX
Oomm JouM OMPUHYM KaJap OMiIaH Moc Kenaau. TacBupiap rypyxu capiaBxacuaa
BaKT Oenrucu Ba ymly TypyX TY3WIMAcH XakKuJa MablyMOTIAp Y3aTUJIAIu.
TacBupnap Typyxu capilaBXacMJaH CYHr (QoiaJaHyBUM MabIyMOTIapH
Y3aTUIUIIN MyMKHH.

Xap Oup kagp Ba MalJAOHAAH OJJIWH TAaCBUPHUHI KeTMa-KeTJIMKIAru
capnaBxa HomepH, TacBup Typu (I, P éku B) Ba Oorika MabiyMOTIap Kejau.
Cynrpa ¢oiinananyBuu KeHraiTManapy Ba MabJIyMOTIapu y3aTHJIMIIN MYMKHH.
VYHAaH CYHr TAacBUPHUHT VY3WHUHT MabJIyMOTIApU Yy3aTwiaaud. Xap Oup
MakpoOJIOK WYHJard MabIyMOTJap Oepwiran TapTuOja >kowiamraH Oyiamu.
Maxkpo6iiok capiaBxacu OamopaTiii  KOAJall XaKuJard MabiIyMoTiap Ba
BEKTOPJIM XapakaTjiap xamja OollKa MabJIyMOT/Iap/iaH uoopart Oyiaau.

TacBup MablyMOTIIAPUHU Y3aTWITAHJAH CYHT KOPUM TYpyXHHMHI OOIIKa
tacBupu (“‘racBUp capiiaBXacu’ OJOKH KYypcaTKWuu) €KW KEHMMHIH TacBHUpJap
rypyxu (“GOP capnaBxacu” OJlOKHra KypcaTkud) y3aTHIHMIIN OomutaHaau. Arap
BUJICOKETMA-KETIMKIArTH OXUPTU TACBUP y3aTWITraH OyJica, yHJa KETMa-KETJIHK
tyraransuru oenrucu (“BK tyranu”) yzatunagu.

2.2-%afBaijga KOAJAIIHUHT TYpJIM BapUaHTIAPH YUyH OUTPEHT MakcuMal
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KHiiMaTIapu Oepuiira.

2.5-xanBan
MPEG-2 xoram BapuaHTIapy y9yH OUTPEHT MaKCUMasl KHAMaTiIapu
Kuiimatnap TIpodu
c/ma
. oyiinua dhazoBuii
(gz:r?nllg) (ﬂ‘;ﬁ) macuradaa | (Spati-ally I((I)_I'f"ﬁ;‘
P m(SNR Scalable) 9
Scalable)

IOxopu ] ] ]
1920x1152 80 Mbut/c 100M6uT/c
High-1440
1440x1152 - 60 MowuT/c - 60 Mout/c | 80 Mowut/c

Acocuii

720x576 15 Mowut/c| 15 Mout/c | 15 Mbut/c - 20 M6uTt/c

ITact
352x280 i 4 Mour/c | 4 Mobur/c - -

Buneoaxoopor nexoaepu

Crangaptnan kenmu0 4YWKKaH Xonma aekoaepna (2.21-pacm) y3rapyBuaH
y3YHJIIMKKAa 93ra  KOJJAPHUHT  JIeKOJUIaHUILNM, JEKBAHTJIAHWUIIHM, TECKapu
JIKY onepanmsicn, XapakaT KOMIIGHCAIMACH aMajra OIMPUIAAN Ba KaJIpIapHUHT
OOLUTaHFUY KETMa-KETJIUTY TUKJIaHA/IH.

Hexonep Oydepnu xotupa xkypunmacu (bBXK); nemynwsrumnnexkcop (AMm);
y3rapyBuaH y3YHIMKIM KOMIH cy3mapra sra kommap mexomgepu (YYCKID),
mryHuHTAeK, aeksantiarnd (K1), xornpa kypummacu (XK), Teckapu JKY Gnoku
Ba Kojiep OJoKJIapura MOC KeayBud OJIOKIapAaH TallKuiI Tomaau. TakT yactoracu
27 Ml nexomnaHaéTraH OKHMJArd MabJIyMOTIapaaH (olgaJaHuIl acocHjia
TUKJIAHAIN.

KUpULL BXK [+ AMn 1+ YYCKI [+ Ke™! be OKY! l YMKULL

] {+

o VYCKI t Gawop = XK w—————'

2.21-pacm. MPEG-2 Bunieoaexoiepy Ty3HIMaBH Yi3Macu

Xunma xunl kaap aexoaepiapuaa (I; P; B) TukinaHuim BakKTH OKMMHHMHT
TY3WIHII MypakkaOiurura OOFJIWK Ba NIIYHUHT Y4yH JeKojep kupumunaa 3-4
kanp curumum Oydep xotrupa kKypwimacu (BXK) xyiunmagun. YmOy BbXK
y3rapMac MabayMOTIIAp y3aTUII TE3JUTMHU KAaAPJIAPHU JEKOJJall XKapacHu
ounan mocnamrtupagu. bynna mabaymorinap bXKnan Bakr Oyiimua HOTekuc
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Vkunaau. Pakamin okumaa XuiMa XWJl MabiIymMoTiaap (BUAEOMabIyMOTiap,
OJIOKJIApHUHT XapakaT BEKTOPJApU,BAKTHUHT Ty3WJIMaBUN Oenruiapu, OBO3
MabJIyMOTIIapU Ba X.K.) y3aTWJITaHJMTU cabad yJnapHU TYFpHU JEKOJJall Y4yH
KailiTa MIJTAITHUHT TYpJiM ycyiiapu Kyiutanwiand. IIyHUHT yuyH nekonaepja
JEMYJIbTUIJIEKCOP HWIUIATHJIAJM Ba Ba Yy TMakergad  KOWJIAIITUPWITaH
BueoMabiymMoTnapan  YYCKJ] opkamu nexBamnaumra (KB?) yTkasamm.
Teckapu JIKY (I[KSJ"l) YUKAIIMIA  TasgH4  Kaapjiaap  HUKCEJUIapu
HIaKJUTAHTUPWIAAWIAp Ba yJap KoMmmyTtarop opkanu (1l ynaHran xosarnaa)
YUKHILTa y3aTHIaIuiaap.

PakamMnu OKMMHUHT KaTTariHa KHCMUHU, KaJIpHUHT TYFPU Ba WKKHU
TOMOHJamMa Oamopar KWJIWHTAaH, SbHU JKOPUM Ba KEWMHIH KaJp MUKCEIapu
opacuaaru Kaapiapapo GapkHu KypcaTyBUHM OJOKJIapAaH TAlIKWI TOMAaNd XaM/a
yJlap BHJICOOKMMHHU acOCH CUKWIMIIMHU TabMuniarannap. Ly ca6ab Oynnai
TaCBUp KaJpJIApUHU THUKJIANl Y4YyH JacTiad aBBaJrd Kajap OJokiapuaaH Ba
OamopaTgard yJIapHUHT XapakaT BEKTOpJapuJiaH TAaCBUPHHUHT KaJpiapapo
bapku maxmwiantupuiaanu. CyHrpa cymmaropaa (KymryBuuja) —Oamiopar
YUKUIIUJATH TUKCeIJIap KUWMATHHU THKJIAHTAaH aBBAITM KAJIPHUHT XOTHpa
kypuimacuga (XK) caknmanran kuiimMaTd OuiaH KYIIWJIUIIM  HATHXKAcuIa
OamopaT KaJpJapuHUHT JEKO/JIAIraH TaCBUpJIapH MaK/IaHTUpUIaamIap. Yiap
KOMMYTAaTOPHUHT 2 XOJaTUa YUKHUIITA y3aTUIaaumap.

JlexonepHu ammapaT, AacTypuil Ba ammapaT-AacTypuil BocUTalap OWIaH
KYJUlalll KOJIEPHUKUTA HUCOATaH aH4a OCOH, YYHKH JEKOAep OJOKIApHUHT Tal€p
Xapakar BekTopiapu OwiaH wunuiaiinunap. Koxmepaa sca Omokmap xapakar
BEKTOPJIAPMHU M3JAll YUYH KaTTa MHUKCEIb MAacCHBJIApUIa HIIJIOB OepuIl Kepak
Oynanu Ba Oy ¥3 HaBOATHAA KaTTa XXMM XMCOOJanuiap xaMaa Kym BakT Tajiad
ATa/IH.

MPEG-4 myabtumenua cranaaptu. MPEG-4 cramgaptu 90-iiumiap
Oomuaa MyJnbTHMEAHAIN axOopoTiapHu (OBO3, KaMm KaJapjiu TeJEBUICHUE,
rpaduka, maTH Ba Oomkanap) MHTepHETHUHT pakamiu okuM Te3nuru 64Kout/c
OYNTaH KMYMK MOJIOCATN KaHAJIapUAa MabJIyMOT Y3aTUII YUyH UIIA0 YAKHUITaH.
Hactna6, MPEG-4 spaTtunummaaHok TEJIeBU3MOH CTaHIApT AeO OelruaaHMaraH
Ba 15 xanp/c maru CIF (352x288) dhopMaTHUHT 4Opak KMCMUHU TAIIKWAJI ATYBYH,
TacBUpJIapra UILIoB Oeprad. bUpok sSHTU cTaHIapT Oy YEKJIOB/AH KyJa Te3 YUKUO
kerrad Ba 1998 imnHuHr oktsiopura kenn® MPEG-4HuHT OMpuHYM BapuaHTH,
1999 iwnaunr nexkabpuna ISO/IEC 14496 xankapo CTaHIAPTHUHT MAaxcyc
CTaHAApTUHU Ae0 KaOy KMIMHTaH UKKMHYM BApUAHTHU Nal0 OyiraH.

XO03upru BakTAa cTaHAapT 22 KucMmaaH uoopar Ba yHUHr 10Ta KucMuU
pakamIId TEJICBHJICHUE CUTHAJUIAPWHM KOJJIANl KOWJIAJapWHHM OeNTuiaian. Yoy
kucM MPEG-4-10 éxu H.264 ned nomimanamgu.

V3ununr axaomnapunaan dhapkimu pasuiiaa MPEG-4 dakarruna Buaeo €xku
ayInoaxGOPOTHH CHKMII, CAKJAIl Ba y3aTHII TEXHOJIOTHACH dMac. Y3 MaKcaaura
kypa MPEG-4 — Oy axOopOoTHM TacBUpPJIAUIHUHI SIHTH yCyJd OYnu0, pakamiu
MEIUaMabIyMOTJIADHA yuYTa HyHanumiaa: wuHTepdaon MynbTUMenuna, Tpadux
WIOBajap Ba  pakaMJd  TelleBUJAEHHeNapAa  O00beKTra HYHaNTUpUITaH
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taceupiaanummanp. Arap MPEG-1 Ba MPEG-2 cranpaptinapu  Taii€p
BUJcOKanpimap OwnaH wnuiaman  udogamaca, MPEG-4 acnuaga oObekTra
HYHaNTUpUIITaH MYXWUTHHU TAIIKWJ 3TUII KOWJAJapuHU Oenrwmiaiian. Y pakamiu
OKMMJIap, OJIMI MabJIyMOT MacCHBJIApH OwWiaH 3Mac, Oajdku Meana-oOBeKTIap
OwlaH MIIalIM Ba yHra acoc 0YViau0, amoxuaa o0ObeKTiaapaaH noopaT HaTHKaBUM
OBO3 Ba TAaCBHPHUHI peaj BaKT MaciiTaduaa y3aTuiga Ba KaOynl HyKracuaa
MIaKJIJIAHUIIATA XU3MaT Kujaaau (2.22-pacm).

MPEG-4 na aymuo-Buaeo axOopoTra WIUIOB OEPHUIIHUHT — ACOCHM
OOCKUWIapu KyWuaaruiaapaup:

- OONUTaHFUY PACMHUHT TYPJIA AJIEMEHTIIAp - “Meaua-oOnektiaap’ ’ra (media
objects) OyauHMIIY;

- ymly OOBEKTIApHUHT Y3apo OOFJIIaHWIIM Ba Ty3WJIMAacHHU Hozanam,
KCMMHYAIUK ylap SAroHa BHUICOOBO3IM CaxHAa OOBEKTHHH WHFHUII
UMKOHUHU OEpHIIIH;

- OXUprd  axO0opoT KaOyn KWITYBUYM Y4YyH CaxHa  HMHTEPaKTHB
Y3rapTUPHIIUTAP KAPUTHII UMKOHHUSITHHA SIPATHITUIIIH.

audiovisual objecis

multiplexed
downstream
control / data

multiplexed 3D abjects

upstream ) ; scene }
control/data i coordinate |/ -
system | - e

user events”’ i
video : aua;o—‘

compasiior compasitor

prajection !

plane

hkypothetical viewer

display

speaker

user inpul

2.22- pacm. MPEG-4 caxnacura MuCOI.

bapua Meauna-oObekTIap SAroHa MEpapXWK Ty3wiIMara OUPUKTUPHUIUIINIA
MOCJIAITyBYaHJIMK OOCKUYMTa SpUIINII YUYH KyHuaaruiap OYIuiny JIO3UM:

- Xapakatcu3s TacBupiap (Macanas: ¢GoH);

- HaTypaJ BUJIe0 00BEKTIap (MacajaaH: UHCOH);

- ayauo oObekTIap (0BO3JIap, MHCOH OujIaH OOFJIMK OBO3);
- caxHa OwmiaH OOFJIMK MaTH;
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- caxHa é&3wraérraHga OynamaraH — CyHBUMH  OOBEKTIap,  OWPOK
doiimananyBunra eTKU3WIraHjga Kymdiaau (MacalaH: KOMIIbIOTEp
rpadukacu BocuTajiapu TOMOHHJIAH SpaTUITaH “Cy3J0BYM MHCOH OOIIN™);

- CyHBHI 00BEKT OMIIaH OOFJIaHTaH Ba OBO3Ta Y3rapTHUpPUIIAJAUTraH MaTH.

MPEG-4 na xapakarcu3 TacBUP Ba TEKCTJIApHU KOJJaIll Y4yH BEWBIICT-
Yy3rapTUpUIIl acOCHIAr caMapaiv alrOpUTM KYJUITAHWIIAIW, Y SPKHUH IIaKJJAarud
OOBEKTIIapHU KOJJAITHU Ba pacM CH(GATHHE TEKUC MacCIITa0JaHUIIHHA
TabMUHJIANIN.

VYunan tamkapu, 38,4 MOut/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 koajgam. MPEG-4 na Buaeo
OKMMIa WILIOB Oepuiiga Oapua Buiaeo Tekuciaukiaap 4 ta typra (YUV 4:2:.0
Mo/ieNn) Oy IuHaIu:

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

P-texkucankiaap assan kenrat |- €ku P- Texucnmukmapaaru ax6opotiapaan
dbolinanann0d koanmaHaau. YmOy TeKuciaukiap xaMm 16x16 wmakpoOsiokiapra
Maiiananam, dakar ymnap numnga |-makpoOsokimap Ba i-makpoookiaap (I — intra,
I— inter) Oymaam. Inter-makpoOJioKJap XapakaTHH KOMIICHCAIIMSIIALI
HaTWKacHaa IIaKuiaHaau, Oy epaa aBBaiaru I- €xku P-Texucnuknapian >xopuit
Inter-makpoOJIOKra MakCHMaJl MOC KEJIyBYHM Ba JPKUH JKOMJIAIIraH MakpoOJIOK
KUJIUpUIaau. Arap y TOMWICA YHUHT UKKH TAIIKWJ TYBUMUIIUK XapakaT BEKTOPH
maKulaHaad Ba  okuMra  Kyvmnaau. CyHrpa oxkopudd Ba  TONWITaH
MakpoOJIOK/ONoKIap MHKceutapu Oyiinmua aitupma dapku (GamopaT XaTocu)
Xuco0ad YMKUIaAu Ba yHTa JIKY KyJutanwinaau. Kagp derapacura ssKMHMAaru
XapakaT KOMIICHCAIMSICUHU CaMapaJopJIMTUHU OIIMPHUII y4YyH, KaJpHUHT Xap
TOMOHJIaH OWTTa KaJip KaTTaJuTura TYJJIUPUII aMaiuéTu Oakapriaau(Xymry.
yerapa THUKCeNura SKuH paHr Oownan tynaupwianu). lllynnait kummb, xap Oup
ook yuyH Ita €ku 4 Ta XapakaT BeTOpY KaOyJl KWIMHHWIIA MyMKHWH, BapHaHTIIAP
ypTracumard TaHJIOB 3cCa MaKpOOJIOK KYIITaH XWCCACHHMHI KaMJINTH Ba YHUHT
OKUMJAaTW XapakaT BEKTOpHIaH KeauO 4nkuO amanra omupwiand. LIyHUHTIEK,
CTaHJApT XapakaT KOMIICHCAIMSICHHUHT Maxcyc Typu — ‘Kormiaur (OepKHUTHILI)
KOMICHCAMSICUHU KYy3/1a TyTaau: y ¢akaT Y KOMIIOHEHTaau OJIOKJIap Y4yH
KyJuiaHunaau. Yoy yCyJHUHT GapKid XyCYCUSATH IIYHIAKW, ailupMma OJOKHUHT
aBairu [- €ku P-rekcunmukiapna yHra yxmam ydra OJIOKHUHT YI4OBJIapu
Cyleprno3uuusicu Oyinya TallKWI STWIMIINAAIUP, SbHU OUTTa yXmam OJoK
ownan yexnmanmaiinu. [llynra myBoduk, ydra Xapakat BEKTOpH OJMHAIW: | Tacu
KOpuUii OJIOK Y4yH Ba MKKUTACH UIUIOB OepuiaaéTran MakpoOJIOK/Ia KOpHid OJI0Kra
KYIIHU OYnTraH OJI0KIap yYyH.

B-texkucinuxnap P-texucnuknapaan my Ounad ¢apkiaHaguKd, YHAA KOJJIall
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yUyH XapakaTHH KOMIIEHLUsANamaa Hadakat aBBainru, Oanku keiimnru [- Ba P-
TEKUCIUKIAP XaM KYJUlaHulaau. YOy TEKUCIUKHUHT Xap Oup MakpoOJoKu
aBBAJITM TEKUCJIMK MAaKpOOJOKH, KEHUHTH TEKHCIUK MakKpoOJIOKH Ba ymly
MaKpOoOJIOKJIap Cyneprno3uiuscu 0yitnya 6amopaTr KUInHaIH.
MPEG-4 Part 10 Advanced Video Coding (H.264) xyitugaru ¢yHKuusiaapu
OwmIaH axpanud Typaju:
4:2:0, 4:2:2 Ba 4:4:4 dopmaTiapu Kyyuiad KyBBaTIaHUIIN
MakcumyM 16Taraua TasiH4Y KaapJiap
TakoMuuTamTupwiIran Xapakat Koruiarudu (1/4 mukcenmaru aHuKJIMK )
16 OGUTIUK TU3UM Typaliau siHaa aHUKPOK, U1l PEKUMHU
Makpoo6ioknap Typiu ctpykrypacu (16x16, 16x8, 8x16, 8x4, 4x8,4x4)
KBaHTJIAII KaJBAINAA 52 KUPUTWIYBUH JIEMEHTIIAP
JNKA Vpaura Anamap aJMalITUPUIINHU KYJJIaHUIIM (OJOK Yo4amMu Moc
paBuia 4x4 €ku 2x2 MUKCeN)
® DHTPONUSUIM KOJJAII, Koajam y3yHiauruHudr ysrapyBuanwiurua (VLC) Ba
KOHTEKC MOcCJalnlyBuaH UKKUIUK apupmetuk koaiam (CABAC)

2.23.pacwm. I, B, P kagpnapHu y3aTuin keTMa KeTIUTH

SDTV 4:2:0 dopmatu Ba 6 MOUT/C TE3NUKIN CUTHAJ aHAJOT TEJIEBU3MOH
curHan cudaru OujaH Jeapiau Oup Xua XucoOjaHaau. AManuéraa y3aTUIl
te3nuru 2..7 MOut/c raya OyiraH Te3nMKIap XaMm MaBxkyd. by tesnukiap V3
HaBOaTHHA TacBUMp cupaTHHM Oaxomaiimy. Y3 HaBGaTHaa WIyHmaii Xynocara
KeTTMHAIU: SHhHU CHOPT KYypcaTyBIapW YYyH KaTTa TE3JHUKAard MabJIyMOTIap
OKHMMH Taslad KUIHHAII .

MabiayMoTinap y3aTWIl TE3JUTH TACBUP TapKuOWUra Kypa HOUMUN EKH
y3rapyBuan Oynmumm mymkuH. Yoy te3nuk MPEG konepu Oydepura kupyBuu
CUTHAJIJIAp JapakacuJard KBaHTIAHUII KOI(POUIMEHTUHUHT Y3rapuind OujiaH
OoIIKapyITaIx.

I, P éku B makpoOnoknapu Typiu ycyiap OuilaH KOIJIaHUIIN MyMKHH.
MakpoOJIOKHUHT KOJJTaHUIIN OYir4a SHT KYTI TapKaJraH TypiapuaaH oupu Oy

12 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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Kylyjgaruya:
e Intra kagpnap koasiaHaau (MyTIAKO SIHTH)
e QOJIuHTH KOJ
e OnauHra Ba opkara Kojyiai
o VTka3u6 106opuIraH Koanap.

_ o] o]
Three Picture Types: |, B, P e

| B

POC 0 1 2 3 4
Decoding order 1 4 3 5 2

RPS [0.2] [0.4] 12:4] 101
pa— 7
N=12

HEVC

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(1)

Group of pictures (GOP)

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)
2.24.pacwm. |, B, P kagpnapHu y3aTuin KeTMa KeTJIUTH HaMyHacu

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

bynpan Ttamkapu MPEG-4 tusumuaa paebsokiamr (QuIbTpu Xam
KyJanunagu.  Ymoly  ¢uiasTp  Basudacu  OIOKIOBYM  apTedaKTIapHUHT
KYPUHYBYAHJIMTUHU KaMalTUPUIIIAH HOOpaT.

Reference De-blocking Inverse Dequanti-
frames buffer ‘_lﬁlter ] transform [ zation
> Mo.tlon. —»! Transform —»}Quantization Entr_opy >
Uncompressed estimation coding
video Compressed
video

2.25.MPEG-4 tuzumuaa aedioknaml GuibTpu TU3UMH.

MPEG-4 AVC 6yryuru kynaa DVB-S2 tusumununr HDTV kucmu yuyH Ba
DVB-H Ba T-DMB Tu3ummapuHuHT MOOWJI TENEBHUJICHUEC KUCMHU YIYH
doiinanann0 KeIMHMOK/IA.

2.3. PakamJ/ii Te1eBU3MOH CUTHAJIHU AJI0KA KAHAJIAPH OPKAJIM Y3aTHIITa
OyJaran tanadaap.

Pakamiu TenesMmUTTUPHUILHN TAIIKWI 3TULIIHUHT CyHBbUN Hynaom Ba kabemn
OpKaJy y3aTHIIl UMKOHHMATH OyTyH AyHE yudyH MabKyn iyn xucoOnanamu. Ly
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YpUHAA y3 Y3WOAaH CaBOJ TyFuiagu. Pakamiy TeNesMMTTUPUINHU TaIIKWII
KWIKIIAa HUMara ailHaH ep YCTH y3aTUII BapuaHTU TaHjnaHaau? by Tu3um kymiad
TEXHOJIOTUK KypHiIMaJlap Ba KUHMaTH ®KuXataaH OanaHja Oyiran yckyHajaap Xamja
JOUMHI CepBUC TU3MMHUHM Tajlad KWIMIIKM OapyaMusra MabiiyM. YOy XOJIaTHU
EpUTHII YUyH Xap OUp peruoH ydyH OWp KaH4a (aktopiap KYypuO UMKWIMIIN
3apyp. Yauap:

e Peruonan tamabnap (MHMpacTpyKTypa Tapuxu, CYHBUM HYimomigaH
KaOyJ NYKIIUTH)
Pernonain reorpaduk xomar
[TopTaTtuB TeneBU3MOH KaOy
MoOun TeneBuaeHrenaH (poHaTaHUII Japaskacu
Maxamiuii MyHHIIUIIMAN KylmuMya Xu3Mmatiap (peruoHan/maxap
TEJICBUICHUECH )

JlyHéna kynruHa AaBnatiap cuécuil, reorpaduk €xku tabuar cababiapura
Kypa CyHbUW HYIJIONUIM TEIEBUICHHE TU3UMUTra sra sMac. Kynruna xomnariapaa
ymi0y THU3UM VYpHHUra CYpYHKaIM MY3JIUKIap €EKU axoiu KaMm siaijaurad
NyHKTJIapra eTapiud MaljiaF aXXKpaTWIMaraHjiuru cabanu kaOeuid TU3UM OujiaH
aIMaIITUPUIaId. DKBAaTOpra SKuH JaBjiariapia ica reorpaguk myammo — Oy
aHTCHHAHU  UYHAIWMIIUHU  Jespiud ep carxu OwnaH  Oup  carxja
YpHaTWIIMIIUAAIUP. UyHKA €pHUHT CYHBUU NYJIOLIM KOWJIAIITAaH HYKTACU LIYHU
tanad kunaau. Ly Ba nmry kabu Oormika MyamMmMosnap Ty(hailsid ep yCTH SUTUTTUPHIILL
TU3UMUJIaH QoigalanuIl 1013ap0 Macaa XucoOIaHaIu.

Pakamim TeneBU3MOH CUTHAJIAPHU y3aTULIAArd acocuil Tajmabiapaan Oupu
MaBXyJl ~ aHaJior  TeJNeBUACHUE  alokKa KaHawiapujaaH  (GolgasaHUIIHA
TabMUJIALLUD.

bynu tanabHu OaxxapMmaciMK >KyJa KaTTa MOJIMSBHM Xapaxkatiapra oiau0
KeJIaJii, YyHKU paKamyIM TEJICBUACHUE Y4YyH SIHTM 4YacToTa AWana3oOHJIapUuHU
OMPUKTHUPHUIL, y3aTyBYM Ba KaOyJd KHWIYBYM KypWIMaJIapHU, aHTEHHAJApHH
AIMAIITUPHUII, KEHT TOJIOCATH Y3aTTU4wiap Ba TEICBUIACHUE KaOyNl KUITHYJIAPHU
spaTull Kepakiurura onud kemap »au. by epaa aBBan antunrannek, MPEG — 2
KOJICPUHUHT YMKHIIIMIa MaKCHUMas OuTpeT kuiimar 15 MoOuTt/c etau.

CUrHaJHUHT aMIUTUTYJIaCM WKKA KUHUMATUHU Kalysl KWIWIIH MYMKWH
aMIUIMTY[a MaHUNYJSIMUACH XOCWI KWIMHTAHJA ajoKa KaHaId OpKalld
y3atumgaru camapagopiauk 1 (6ut/c) I'm Oynmumu mymkuH. Jlemak pakamiu
TEJIEBU3UOH CUTHAHU y3aTHII YYYH Kepak OYiaaurad yactoTa mojiocacu 15 MI'i
OynuiuM J103uM, Oy 3ca CTaHJApT TEICBUJICHHE KAaHAIMHUHT y3aTHUII MOJOCAHUHT
Ce3WIApIN Japakaja KeHraWTHpUIIHH Tanab kwiamd. (Y36exumcroH Ba MJIX
nasnatnapunaa SMI'm, EBpomna, AKII, Anonusina 6 MI'n)

[IyHuHT y9yH XaMm pakamJid TEJICBU3MOH CUTHAJUIAPUHU Y3aTHUIIAA,IbHU
yacToTajap MoJiocacuJaH camapaiu doiganaHuiga, alHUKca OUp Hewya O aui
AHUKJIMKJIaTd CUTHAJUIAPHU OWTTa KaHAIA y3aTUIN €KW IOKOPU AHUKJIWKIArd
TEJCBU3WOH CUTHAIIAPHMU Y3aTHUIN YYyH MYpakkaOd MOAYJISIUSIIApHU KyJalira
TYFPH KeJap 31H.

bynpan  Ttamkapum — aHaJOr  TEIEBUJCHUENArd OHUM  KUWMAaTIapu
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y3aTWJIaJuran TynuK paHriu teneBuzuoH curHan (TPTBC) Ba oBo3 Tamikui
ATyBUMCHJIaH (apKJIW paBUINJA pakaMIM TEJIEBUJECHUE THU3MMHUJIA, AJIOKa KaHAIU
OpKaJld, aJoXyja TEeJEBU3UOH IMporpamMMaiapHUHr(IIporpaMma OKHUMIIApH)
CUKUJITaH paKkaMJIu OKMMJIapH y3aTuwiaaud. byHna nporpaMMa oKMMH BUJIEO, ayIUO
Ba KYyIIMMYa WUIIYM axO0poTiap CUTHAJUIApUHU OUpJIAIITUPraH SIKKa TPaHCHIOPT
OKUMUHU TalIKWJ 3TA]IH.

MPEG — 2 HUHT TpaHCHOpPT OKMMH 4Ta mporpaMma OKUMUHH Y3 HWYWTa
osagu Ba MPEG-4 tpancniopt okumu 3ca 8 — 121a nporpamMmma OKUMUHU OJIA]TH.

TpancnopT OKMMUHUHT XalaKUTOApJOLUUIMTUHU OIIMPHUII MYXUM Basuda,
YYHKH XaJaKuTJIap aHaJor TeJeBUACHHUE KypcaTuil cupaTHHH EMOHJIAIITHpCA,
paKamiii axOOPOTHUHT XAJIAKUT CUTHAJIAPU OpKAJIM Oy3WJIMIIN TaCBHP Ba OBO3HU
KyJa Karta Oy3uiuiiapura €Ky TeJIeBU3HOH ax00pOTIapHH YMyMaH HYKOJIUIINTra
OJIMO KWW MYMKUH. AMaiué€raa Oy KypcaTyB KaApJapHUHUHT “KOTHO KOJIUIIH
€ku ynapja Mo3aukanu(Jarmiamuo KeTrad) Kajap nanao oynummra oaub Kenau.

ynnait kuaub, pakamyid TEJNEBU3HMOH KaHaUIapAa, XalaKUTOapOLUIMK
eTapiiv Japaxkaja TabMUHIAHMaca, yiap HopMall (aoiusaT KypcaTuiiapu MyMKUH
smac. IyHUHT ydyH XaToaukiap naimo 6yaum cadbabinapuHu KYpud YuKamMus:

—  XaJakuTiap -IIOBKUHJIAPHUHT TaOWHMM Xap XWwi1 Typiapu (MCCUKIIMK
IIOBKUHM, 3apsajap TalUlyBUWIAPHUHI TeHepauus — PEeKOMOMHALMSICUHU
IIOBKUHM, Kacpuil IIOBKMHU Ba X.K), yJap acocaH KaOyj KUITHUYIAPHUHT KUPUII
KacKauiapuaa HaMo€H Oynanunap;

— HHOYCTpHAl Ba arMocdepa XamakuTiaapu (KUCKa KYpUHMILJIATH,
EHCUMOH pa3paIjaHulIUIap -MaiBaHUIAll anmnapatiapuia, 3JEKTp TPaHCIOPTH
BOCUTANapUa, MOMAKAIIUPOK BAKTHAA);

— uHTepdepauuoH  Xajakuiap -KYIIHW XyAyQjgapaa Xyqad oy
yacToTajlap/a UIUIANANIaH paiuo y3aTruuiap/iadH YUKyBUU XaJIaKUTIIap;

— Ky HYpJW PaavOTYIKUHIApJAH XOCHJ OYIyBUM XaJaKUTIap-CpHUHT
YCTH, KYPWIMII  MMOpAaTiapU,MeTaul  caTxJlapgaH Ba  X.K.  KalTrax
PaIAOTYIKUHIAP.

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

bupnamun (sixka) xaronap Oup Oupura OOFJIMK SMac Ba MAKETIW Xarojap
Ouppanura OMp Heya KYIIHM MKKUJIUK CHMBOJUIAPHM OYVIMIIN MyMKUH. Mucon
YUyH: Ky y30K JaBOM 3TraH MMITYJIbC XaJIaKUTIap TACBUP CUTHAINJ]A KEMa KET
KeJaértraH Oup HeYa HUKKWIMK CUMBOJUIApHM OapyacuHM Hojra €ku Oupra
alIaHTUPUIIU MYMKHH.

XanakuTiapiaH CakJaHUIIHUHT aHbaHaBUM  YCyJJIapu:  TEJIEBU3UOH
CUTHAJUTAPHUHT y3aTTUYJIapu KyBBaTH OIMPUII, aHTEHHAJIAPHU allHU XO0J1aTra MOC
KEJyBUM KYpCATTUWIAPUHU TabMUHIANI, KaOyn KWITHY KypwiMajlapuaa KUYHK
NIOBKWH YMKApyBYM JETAJUIAPHU KyJUIall, COBUTUII KypWIMaJIapUHU HIILIATHIL
(BeHTWJIALMS  KyJUlall), KYIIHK XyAyajdapia 4YacToTa TaKCUMJIAHUIIWHU
ONTUMAJIIAIII TUPUTILTAP AP

Pakamiiu curnamiap y3aTWiIrasjaa 3ca, XaJlaKUTIAPHU KaMauTUPUII Y4yH,
XaJIaKUTIAPHUHT Tai10 OYIUIIMHY aHUKIOBYM Ba YJIapHU HYKOTUIIUIIMHU aMaira
OLIUPYBYHM MAXCyC KOJuiapAaH (poiaanaHuIl MyMKHUH.
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bynpan Ttamkapu TaHJIaHTaH MOAYJALMA YCYJIM XaM XaJlaKUTJIapHU
KamalTupuira WyHantupuiarad OViaumu jgo3um. LIIyHWHT ydyH Xam pakamiu
TeJeBUICHUEa CUTHAIIAPHU y3aTHUIl yCYJUIapy aHaJOT TeJIeBUJICHUEaH TyO1aH

dbapk Kuau.

2.4. DVB-S cynbuii ity11011 TeJIeBU30H Y3aTHII CTAHAAPTH.

CyHbuil MYJIIOII TENEIMUTTUPHUIN THU3UMIIAPU KEHT XYIYJIAPHUHT Xap
Kaiic HyKTacura KOpH cu(ativ TeJIeBU3MOH CUTHAJUIAPUHU €TKA3HUIIHUHT SHT
T€3, MIIOHWIA Ba TEeXaMKOp ycynu XucooOnananu. CyHbud wynmomHuHT Ep
OpOUTACUHUHT OeNrujaHraH HYyKTacH yIUIad TYpWIMINM, KyEII SHEpPrusicuian
Ta@bMUHOT Y4YYH KEHT (poMmaNaHWIIMIIM, KypuiMajiapaa SHEPTUSHU 03 MUKIOpJa
cap KWIMHUIIK KaOM WMKOHUATIApU OylapiaH Tallkapu Yy3aTWiaéTra
CUTHAJUTAPHUHT atMocdepa Ba reorpaduk >KouamryBiaapra OOFIUK OYIMacIuru
KEHI  JIoupajia  pUBOXJIAHUIIIATA  HMMKOH  sIpaTad.  XO3UPrd  BakKTIa
TEJICPANUOINTTUPUIL CYHBUH WYJIIONUIAPU OJATAa SKBATOp KEHIJIMTHUIATH
reocranonap opoburaga (I'O) Oananamurm 35786 km Oynran opOurtanga
xounamaawiap. 'O pa xoinamran cynbuit wynnom Ep Ounan Oup Xui Te3nukaa
alimaHaau Ba 1y caba® EpHUHT OenrwiiaHran HyKTacw y4yH Xapakatcu3 Oymaau
JNedu MyMKHH. ['eocTaliuoHap CyHBUH WYIIOIIHUHT SMIUTTUPUILIAPHU Kampad
onmui Maigonu Ep 103MHUHT y4yman Oup KHUcMHUTa TYFpU Kenaau. AWHU BakTaa
3aMOHaBH TEXHMK Bocutaimap FEp [3MHMHT KaTta OyiMaraH KUCMUHU
UYHANITUPWITAH KUYHMK OJJICKTPOMArHUT Hypjapu €EpaaMyd  OWiIaH — KOTUIAII
UMKOHUSTIApUHU Oepamunap. Ep ro3acu OunaH CyHBUN WYNIOII aHTEHHAJAPH
TapKaTyBUM KOHYCCHUMOH HYPHUHI KECHUIIMII YU3HKJIApU KamMpad oJuiI
30HACMHMHI dYerapajapuHu Oenruna®d Oepaau Ba epaard  KaOysn KWW
AHTEHHAJIADUHUHT TYpJIM JuaMeTpiapuja amajira omupwiaav. byHjaa aHTeHHa
KaMpal OJMII 30HACMHUHT MapKa3uJaH KaHya y30KJa >KoWjamraH Oyica, YHUHT
JIMaMETPH IIyHYa KaTTa OYIUIIN Kepak.

TenesamuTTUpUIL coXacura Xu3MaT KWIyBUM Xap OWp CyHBHH Hymgoin
skBaTopaaH TaxmuHaH 36000 kM OanmaHgnukaa skounamraH. Ep kanmail Te3nuk
Oownad y3 Yku atpoduia ailylanca CyHbUN WYIAONI XaM XYW 11y TE3JIUK OujiaH
avinanagu. CyHbUd WYIIOIIHUHT afHaH 11y OajlaHjlakaa >KOWJamummra cabao
ymly OanaHaivMKa CyHBHM WYNIONI aiilaHMa XapakaT TabCUPHUAArd MapKas[aH
KOYMa Ky4H Ba €pHUHT TPaBUTALMUIApU OWp OMPUHHM KOMIEHcArusiad CyHBHM
WYIIONIHUAT OMp HYyKTaa OYIUIIIMHN TabMUHIIANTH.

Mapka3aaH KouMa Ky4.

Fi=Msat* @° r; F1
Msat = CYHBbUM WYJIIIOLI Maccacu,

o= 2-7t/T = Oypuakiu Te3JHK;

= 3.141592654;
T=1xkyn=24-60-60c=286400c;

Satellite
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2.26. Pacm. T'eocrarmonap CH mapkasnaH Kouma KydH.
Mapka3ra HHTHJIYBYH KYY. F
2

Fo = Y © MEearth * msat / r? ;
MEgarth = EpHUHT Maccacu;
¥ = rpaBuTaIMA JouMuiicy = 6.67 - 1071 M3/kr c?; Earth

2.27. Pacm. T'eoctarmonap opouragaru CU Mapkasra HHTHITYBYH KydH

Bbanaunc xoaaru:
MapKa3JaH KouMa Kyd=MapKa3ra UHTHJIMA Ky4

F

Fi=F2;
Msat * ® 2. r=vY * IMEarth * msat / r2 , F /S;telhte
2

r= (’Y * MEearth / © 2)1/3 ,
r=42220 km;
d =r — rearth = 42220 km — 6370 km = 35850 km?3 ;

bynnan Tamkapu Typad Clnap typnum xenrmuk (Oypuak) Oyitnua
»xornamana. Macanan ASTRA CU mapkuii 19.2 keHrnukaa xoiaamraH.

TeneBu3snoH SIIUTTUPUIIHUHT CYHBUM WYIAOMI KaHAJUIAPU YYYH CaHOaT
XaJaKUTIIapyd Ba OOIIKa y3aTyBUM KypUJIMaJapHUHT IIOBKMHHM KUWMAaTIapu MacT
OynuIM  XapakTepyid, YyHKM OyHAall KaHawiapjaa YTKUP(KUYUK — aHUK)
WyHanTUpwiIran aHTeHHanapjaH doinananunagu. Pakamim curHamiapHu KaOyi
KWIKIIAA XaTOJAPHU KEJITUPUO YMKapaauraH acocuil ¢akrop OYiaud, y3aTyBUu-
KaOyJ1 KWIyBUM KypuiMayiap opacujard macoda karra OynraHiuru cabad, kadym
KWIWII KypUIMAaCUHUHT KHUPHUIIUAATU CUTHAJ/IIOBKMH HUCOATHUHT KUYUKIIUTH
xucobnanaau. CyHbpUI UYIIOMI aloKa KaHAJUIAPHUHT 4acTOTa KEHTJIUTH €p YCTH
Ba Kabelb TEJIeBUACHUECH KaHaJUTapyura HUCOAaTaH Ce3WIapin gapaxaaa KeHr.

2.6-xanBanjga MabIyMOTIApHH MYMKUH OYJTaH y3aTHI TE3JIUTH Ba KaHAJ
CUMBOJUIAPUHU aJOKa KaHaJdM KEHIVIMTUra OOFIMKJINIK KeNTupwirad. byHaa
doiinan MabIyMOTIApPHU Yy3aTHUII TE3JUTH KaHAHU KOJJIalll TapaMeTpiapura
(oxupru ycryHua) OOFJMK, YYHKM MHUFYBYM KOJ| OPTUKYAIMIH KymNaWraHja
XaJaKUTOAPJONUIMK OINAJM,JICKUH (Qouaaii MabIyMOTIAPHU Y3aTUIN TE3JIUTH
KaMasiJIu.

DVB cranmaptu 11...12 T wacrora muanazonuga 27 MI'mim dactota
KCHIJIUTUTa dra CYHBHH MYIJIOII TENCBUIASHUECUHUHT MAaBXYyJ KaHaJUIapuIaH
dbolnananunay ky3na tyraau. Uctukbonma cynbuil wynmom tusumiapuaa 20....
21 ITuo nguamazonman QoMpamaHuIn Ba aloXuaa KaHaJUIQPHUHT 4YacToTa
noJiocajapy KeHrpoK OYIUILIIapy Ha3zapaa TYyTHIMOK/IA.

13 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 262.
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2.6- >xagaBan
MabJIyMOTJIApHU Y3aTUITHUHT TYPJIU TE€3IUKIApU

Kanan VY3aTum Te3nuru TynuK Ty3aTuin doiiganun
KEHTJINTH, McuMmB/c TE3IUTH MabJIyMOTJIApHU
MI'1t Mobwurt/c y3aTHII Te3JTUTH

Mobut/c

54 45 90 415...72,6

36 30 60 27,7..48,4

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

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

CyHpuii Hynmom Tenepaguo JIIMTTUPHUIN TU3HMIAPHUIA Yy3aTUIAETraH
CHUTHAJUIAPDHUHT KyBBaTjlapu HHCOATaH KUYUK Ba derapajaHTaH OYIraHIIUTH
cababnu  MHTEpPPEPEHLMOH XaJaKuTIap Ba I[IOBKUHJIAPHUHT  TabCHUpUTa
Ce3yBUaHJIMK IOKOpHU xucoOsanaau. lllynunr yuyH sHepretuk camapanop QPSK-
KBaJipaTypaBuil (ha3a Mmoaynauuscu Ba Kuckaptupwirad RS koau xamna Butbepu
JIEKOJIall aJlrOpUTMHIAaH (poiaanaHyBUM,MUFYBUM KOJ acociapujaru Kackauiu
KOJJIaiad Ouprainukaa ¢oiiagaHuil TH3UMHUHT IOKOPH XaJIaKUTOApJOIIIUTUHU
TabMUHJIAHAM. XaJaKUTOApJOLUIMKHU OLIMpPHILAA IIOBKUH Ba HMHTEpdepanuoH
XaJlaKUTIap XamJla CyHbUH HYINOMHUHT OOPT PETPaHCIATOPIAPUHUHT HOUU3UKIIH
TabCHpJapu XaM XucoOra ONMHUIIM Kepak. WMukM KoAeK y4YyH, KyBBaTH
y3aTWINIIN Ba CHEKTpAaH (oimamaHuIl opacuaard camapailud MyHocabaTra
SPUIIMIIHU XHcoOra oJyiraH xojjaa, 1/2-7/8 nuanazonjgaru 5 Ta AUCKPET KOJ
KUMaTH Te3UTUAaH OUPUHU TaHJIAIl UMKOHUATH MaBXKY/I.

Mocnamtupwirad (QuibTpiall Ba XaTOJAPHU TYFPUIAH-TYFpU TYFpUIIALI
KaOynl KUJTUIIHUHT KAWWH TIApOWTIApHUia XaMm IOKOpH cu(aTHH TabMHUHIAIITa
UMKOH Oepaau. IOxkopu cudar XaTTo TallyBYH/IIIOBKUH Ba
TalTyBYM/MHTEPPEPEHIIMOH XaJaKUT HucOaTiapu uderapa(Oycara) KuiMarra siKiH
oOynranga Xam cakigaHuO Kojaau. byHpa xaronumk Oup coarma  OuTTagaH
ommMacnura kadonarianaau, Oy sca KaOyn KwiyBuu paekonepuna, MPEG-2
JEeMyIbTHILIEKCOP KMPUINKMAA XaToJIap SKBMBaleHT sxTumomumrura 1079, ... 101
aTpodua 6ymaam.

DVB-S tusumu ¢ynkuumonan Omox Oymu6, MPEG-2 tpancnopr
MYJIBTUIUIEKCOPH YMKHUIIUAA TEICIMUTTUPHUII paKaMIIH CUTHAN MTPOrpaMMaIapuHu
Uynaonum KaHad XapaKTepUCTHKATapu OWJIaH MOCHIAIITHPHUIN aMajra OIIUpPaJIu.
DVB-S TU3UMUHUHT y3aTHll Ba KaOysl KWIMII KUCMJIapU TY3WJIMaBH cXemacu
2.28-pacMa KENTUPUIITaH.
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MODE ADAPTATION BB
Sil‘lgle |).-\'Eﬂ -lllllllll‘ Illllllllll.—l Sig'l.m]]illg :llllllllllllllllllllll.l=
Input _ Input 3nput Stream sNullpackets| cpcg ¢ 20 ""% * Dotted sub-systems are 3
Stream | _|, interface :55'"¢h'°“'55':_: Deletion 3| Encoder _t 1 Buffer 3 : not relevant for :
{'Gigii\—]) illlllllll. :.[f(l:.M.--.rfz- Q H.'...'f E Smgle trmgpcﬂ Stream E
N o : broadcasting :
MUI[iplE LEELLLEY IllllllllllIlllllllll‘F.......‘ f"“...‘ : ﬂ]J]JlicaTion'; :
Input i Input % Snput Stream S2Null- -packef cpc. g &1 Buffer & Sermmrmn e
Streams __‘lmerface:_:Synchromser" Deletion :_: Encoder ™ : .
H {ACM TS]. lllllllll
.llllllll= =IIIl...III:--IIIIIII;IIIIII..I.
QPSK, PL Signalling & 0=0,35, 0,25,
BPSK, - 0.20
rates 1/4,1/3,2/5 16APSK, Pilot insertion ’
112, 35, 213, 314, 455, 12APSK
: 5/6, 89, 910
H MCLLLITTTTY Bit .
E | ipaoper| BB BCH e || m ||| mapper =gy BB Fiter
H . w SCRAM |  Encoder | Encoder | Inter- e "“‘t} | | Quadrature [~
Mode ! BLER (Noen.Koen) (Picpe Kiap) B - leaver rﬂis | & oummy B Modulation
Adaptation | HeeEEEEEE - | SRR % PLFRAME®
ot STREAM - i  nsertions
foptional) ADAPTATION FECENCODING i MAPPING || PLFRAMING MODULATION

LF stream f@ to the RF

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

2.28-pacm. DVB-S TU3UMUHUHT TY3WJIMaBHI CXeMacH

DVB-Sna monymsust yayn QPSK kBagpatyp dazanu MOHUNYJISLUS TYpH
TaHnanrad. bup kanya wmynmar QPSK  mopymsmusicn  ypaura 8PSK
MOAYJISAIUSACUHA  KYJUIAHWIMIIAIAH MaKCcaJ MabJIyMOT Y3aTHII TE3JIUTHHU
OIIMpHUILl OYJIraH. YMyMmaH oOJITaHJa CyHBUU HYNIONUIM TEJNEeBUACHUE TU3UMH
IOKOPHY XJIAKUTOApAOILLIN XamMJa Oup KaHua HOUYMBHUKJIMK XapaKTepuCTUKaIapra
Oapmonui OYAraH MOIYJALMS TYpUHU Tajnad Kwiaad. Y3aTyBUd Ba KaOyi
KWIyBYM opacujard karra macoda 36000 kM, IIOBKMH Ba XaJlaKUTJIAp ajloKa
cudarura y3 TabCUpPUHU YTKa3Mai KoiaMaiau. byHnait Macodana curHan CyHUIIH
205 nbrava ety MyMKHH.

Tyrpunan-Tyrpu anokamn CU TeneBU3HOH KaHal KEHIIMIH yprada 26-36
MI't (macaman ASTRA 1F-33 MI'n, EUTELSAT Hot Iltuna 2-36 MI'n) Hu
TalIKWI KWIaJW. Y3aTWIyBuUd anoka JmHusacH 14-19 I'Tn nmanazonnma, xaOyn
KWInHYBUM JIuHUS 3ca 11-13 I'Tu nuana3zon opanuknapuaa €raav. TU3uM ydyH
MabJIYMOT y3aTHIII TE3JIMTUHU TaHJIAIl MyXUM Macaia XucobsiaHnaau. Yoy Te3/IuK
27.5 Mc/c ka6 Oenrunanrna. QPSK mopymnsmuscu Outra cuMBoiga 20UT
MabJIyMOT y3aTa OJMIIMHM XHUCOOra OJICaK, MabJIyMOT Yy3aTHII YMYMHUHW TE3JIUTH
55MOuUT/C HU TALLIKWJI DTaIH.

gross_data_rate = 2 bits/symbol* 27.5 Megasymbols/s = 55 Mbit/s; (4.1)
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Input data rate x 204/188 x 2 x (1.5-code_rate)
—> . = o
Inv. sSVNc FEC1/ FECZ2/ = Output data rate
- Sync. outer inner [2.17...(1.63)...1.36]
f I coder coder
1
i [=2)
B Basis- Reed- Conv. - 2
I EP band > Sync > Energy =] Solom. =] inter- pf Conv. = Coded
interf. nVers. disp. enc. leaver coder e data
=1 £ -
v 1 1 1 i) T e
Synchronization
Code rate
- > 1/2...(3/4)...7/8

same as DVB-C

2.29.pacm. DVB-S tuznmunuaT Moayistopu.(1-kucm) DVB-S Ba DVB-T
tusumnapu FEC xatonapu tyrupiaarman’

C052
—p g > _
g FIR LP ’@' BP |>
—] £ |- m
$ LO2
90
LO1

2.30.pacm DVB-S TH3uMuHHHT MOTyISTOPH (2-KHCM)

DVB-S curnan CHnan ysarmirau, 36000 kM Macodanu 6ocuG yTamu Ba
Typiu TaOWWW Ba CaHOAT WIOBKUMHJIApHU TabCcUpHUra yupald Y3WHUHT OupiiaMyu
KyBBatu 2001b ra macasau.

LNB Dish

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

.-—""-——-—-.-
DC 14/18V

22 kHz

DVB-S receiver

2.31.pacm. Kousepropmu CH kabyi1 Kuiridm.

KaOyn Kuirny aHTeHHacura Tylirad CUrHaJl aHTeHHaJa € HyKTaja (oKyclaHau.
Yumly HyKTara MyaistH YJI4oBjiap HaTWKAacHa IIaKia OepuriiraH TYJIKUH YTKa3Tu4
(Mufruy) skoMjamTupuiIaav Ba (QoWgand CUTHaJUIAp IIOBKUMH CUTHAJUIapUiaH
axpatub onmHanu. [lonsipuzanus TEKUCIWTM KyBBaT aMIUIUTyJIacu €Epaamuia
tannanaan (LNB (14 / 18B). KaOyn KWiuMHraH CUTHaJI apCeHU[-Talui

Kydaitupruupaa kydantupmwmo 900-2100 MI'm mosioca yactotacura yTKa3miaau
Ba KaliTa UIILIaHAIH.

1 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 265
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2.5. DVB-C pakamuu ka0ejb TeJieBHAeHHE CTAHIAPTH.

Kaben anoka JauHMsIIApH SKpaHIAITHPWITAH HYHAITUPYBUM TH3UMIIApAaH
ubopar OynraHu ydyH, yjap OpKaldM Y3aTWiraH cUrHaiap atmocdepa Ba
WHYCTPUSl XaJaKUTJIAp TAbCUPUJIAH XUMOSI KWIMHTAH. YHJAH TalllKapu TU3UMIA
aKTUB  OpalWK  Kydautupruwiapjgan  (GoWmamanwm — xucobwra  yiapjia
curHan/moBkuH (30 nbgan kam 5mac) HHUCOATMHUHT €Tapiinya FOKOpH
KUIUMATJIapUHUHT  TabMHUHJIAHUIIM WMKOHUATH MaBxkyZd. LIyHuHr yuyH
XJIAKUTOAPJONUTWIMKHA TabMUHJIAII HYKTAW Ha3apuaaH, KaOelb TeJIeBU3UOH
TU3UMHU €p YCTU TEJICUIUTTUPUIL THU3UMIIApUra HucOaTaH €Hrui IapouTiapia
unutaiiau. Iy cab6ab onmuit xonatna pakamian kaOelb TEIEBUICHUECH]IA MUFUII
Koau EpaamMujard  WYKA - Kojyutaml  unuiatuiamanau.  Kabenb  TeneBU3NOH
SIIUTTUPUIITHUHT ACOCHUUA MaKcaau MaBxXKyJ]] KaOelb TapMOKJIAPUHUHI YacToTa
JIMana30Hu OpKaldu TEJIEBU3UOH JACTYpJapHUHI MaKCHUMal COHMHHM Y3aTUIIHU
TabMUHJIAIIINP.

[y makcangna, DVB-C crannaptura myBoduk kademnu tapmokiapaa OFDM
YpHHMra Kyn MO3ULMOHIM KBajparypa amiumtryganu Manunyiaruus (KAMH)
UINUTaTAIAa. XO03upru BakTma 16-, 32-, 64 Ba 256-nmosmmmsuim KAMH map
KyJUlaHuiaMoKaa.  Mxkkmnuk  cuMBosutap  y3atum  Te3nmuruHuHr  KAMH
NO3ULMSIIApUAaH OOFIUKIUTH 6.4-%)aaBanna kentupwirad. XKanpanjgan KYpuHUO
TypuOJIUKHA, WKKWIMK CUMBOJUIAPHMU TYNa y3aTHIN Te3Iuru (3-ycTyHua) KaHal
CUMBOJUIAPUHU y3aTUII TE3JMTMHU CHUMBOJAArd OWTIAp COHUTa KYMaWTUPHII
OpKaJli OJIMHAIU Ba Kynaiitma, Pua-ConoMoH xanakuTOapAONUTMKHA OIINPATUTaH
KOJUTalia KylmuMya KUPUTHITaH OaiTiap xucobura, Goigany mMablyMOTIapHU
y3aTHUII Te3JIUTHU/IaH I0OKOpU Oy 1au.

2.6 -)KaJBATHUHT OXUPTH YCTyHUAJIAPUAard MabJlyMOTIApHH, TaCBUP cudaTH
KUMaTiiapy Typauda OYiraH TeJIeBU3MOH JacTypiap Tajabliapura acoca,
VUKKWIMK CUMBOJUIAPHU Y3aTHUILI TE3JIUI'HM OWIaH coJuiuTupud, Ourra kabdenb
TEJeBUJCHUECH KaHaiujaa y €ku Oy cudar OuiaH HeyTa TENEBU3UOH JACTypHU
y3aTHIIl MyMKUHJIUTUHYA 0axoail MyMKHH.

Kynruna pnaBnaTtnapga alHMKCa axoJiM Ky JKOWJIapja Tejie  Ba
PAAMOSIIUTTUPHIIIIAD KEHT ToJIocalM ajoka Kkabemnapu €paamMuaa amanira
omupmwiaau. Ymoy kabemnu texunonorusuiap 400 MI'y (¥praua 50-450 MI'r) €xu
800 MI'n (¥ypraua 50-450 MI'n) yTkasum nosocacura sra. byHaaH Tamikapu
kymnad nasmarnapaa VHF Ba UHF smmrtupuim auanazonnapu y €ku Oy Xxu3mar
Typiapu TOMOHUAaH OaHn KwimO Kyuwiaran. bynpgalh Xxonatmapaa myHE
Taxpubacura acociaHu® KalOeu TENeBHICHUE JKOPUH KNI Macajlacu
kyTapwiaau. KabGemmn TeneBHIGHUCHUHT OOIKAa Typaard TeleBUIACHUETapIaH
(cynpuilt Wynpoumuiu, ep ycTv) (apkKu KEHr IMOoJjocaid Juara3oHra (axar
TEXHOJIOTUSIHUHT Y3WHU JKOPUU KUJIWMHTaHuJa 1e0 OenrunaHamu. SpHU ymMmymui
CHeKTp (paKaTTUHM 11y TEXHOJIOTUSATA TETUIILIH.

Taxmunan 1995 #ungan Oonuta® KYNruHa KaOeuIM TEIEAIIUTTUPUIILIAD
pakamau DVB-C ¢dopmartura yTkasuna Oouvianau. DVB-CHuHr wacrtota



I1I. HA3APUI1 MATEPUAJIJIAP

nonocacu 300 MI'ynan rokopu.

Kabemmu teneBuaeHneHuHr pakamin Gopmata 1994 wmnga ETS [300429]
crangaptuaa tacaukianau. DVB-C monynstopunaru MPEG-2 tpancnop okumu
DVB-S tu3umuparu kabu Oup Xuia kapaéHaaH YyTaau. Tu3uMmaa CBEpTKAIU
KOJUIAII TEXHOJIOTHACH KYJUIaHWIMaiau™. UyHKM MyXWTAa CHIHAJN TapKaJWIINA
umoHuauauru kopu. DVB-C tuzumuna umoHunuaukad QAM Moayisnusicu
16, 32, 64, 128 €éxu 256 mo3unusiIM MOAYJSIUsuIapyu Outan sxadorap. Koakcuan
kabemmm Tm3umiapaa 64QAM Ba onTuk-Tonam TH3UMIapaa 3ca 256QAM
MOJYJIALMS TypJlapy UIUTaTUIAIHN.

Onnmii koakcuan kabemapaa kanamwiap gapku 8 MI't. bynaait Tusumma 64
no3utusiin QAM MOAyNIUsIIaHTaH CUTHAN UILIATAJa . MabaymMoT y3aTHIll
te3nmuru 6.9 Mc/c. MabayMOT y3aTuin Te3Iurn Kanain keHrmra 8MI T jan Kuauk
oynmumu yo3um. Moaynsiusnadrad curdan r= 0,15 sxmuutnam OUpauru octuaa
saxauTiaaHagd. 6.9 Mc/c Ba 64 QAM (6 Out/cex) eabu mapaMmeTpiiapHUu XucoOra
OJITaH XOJIJIa KaHAJI YMYMHM MabIyMOT Y3aTHII TE3JIUTH Kyliuaarnda oyau.

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

DVB-C wmoayastopu DVB-S wmonynsatopu OuiaH TYJIMK MOC
TEXHOJIOTHSCH acocua Kypuiarad. Moaynstop kupumura y3yHnuru 188 Oaitnan
noopar MPEG-2 Tpancnopt okumu Oepunamu. TS makernapu 4ta capiiaBXaBui
Oaiitaan Tamkwi tonrad. Yiap 0 nan 47 6aliTraya CHHXpOHM3AlUs CUTHAJIApY Ba
184Ta ¢oitnanu MabIyMOT curHayiapuaan ubopar. bynnan keiinn xap Oup Oailt
WHBEPCIIAHAIM Ba y30K MYJJIATIU BaKT Oeirujiapura Oupuktupuiaagu. by 6ockuu
YUyH paHJA0OMHU3aIMs )Kapa€HU xKaBoorap.

Pun-ConoMon kojuiamr Th3uMu 3ca Xap 188 ta Oaiitra makermapra 16ta
OaliT XuMOs MaKeTJIapuHu xounamtupaau. Keitmaru 6ockuuna makeraap PopHH
apalamTUpruyura Tymaad Ba TpaHcnopT okumuHu DVB-C ma moc kuimb
y3aTuuira Tauépranau.

MPEG-2
TS in
Base iﬁni&- Reed- Conv.
band |r— . o Solomon inter-
interface engrgy- coder leaver
disp. 47...862
MHz
Lb Clock RS(204, 188) to
cable
| \
Byte to o Diff | Roll-off QAM- IF uIFéEan
m-tuple fer- filter —] YP L
rt encoder Q (FIR) mod. &
onverter > > ampl.

2.32.pacm. DVB-C MonynsTopu CTpyKTypa CXeMacH.

15 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
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DVB-C wunrerpanusiianran TenenpucraBkacu (kadyn xuiaruuu) 50 - 860
MI'1t opmurunarn DVB-C curnamiapau kaOyn Kuia onamu?®. bupuaun DVB-C
KaOyJ1 KWIrn4jiapura aHajior kabeiuy TeeBuaeHrecH kadbenu kadu OyTyH moJjioca
CIIEKTOpU CUTHAJUIAPWHU KalTa MIIUIOBYM KaOen-TioHepjap XucoOnaHraH. Yoy
kabemmap kaHan keHriaurn 8 MIT raga OynaraH curHajulapHU KaOyn KWJIWII
UMKOHUSTUHM Oepras.

RF from 47...8862

cable MHz
| 1
RF/IF = -
Matched .
down- SAW > filter & Q Different.
converter, demod . equalizer decoder
tuner Em—
I Carrier and clock recowvery I_>
Convol. Reed ey Base
_ _ - dispersal - _
— mge or - ir?tZr- Solomon [— and — band —I-MPEG =
PP decoder SYNC inv. interface TS
leaver removal

2.33. pacm. DVB-C ka0yn Kuarudu CTpyKTypa CXeMacH.

VY3arunaértraH MabIyMOTJIap WIOBKUH, CYHYBYM Ba KAaWTYBUM CHUTHA
aMIUTUTYJalapy Ba CYHUIILIAp HaTHKacuaa OupiiaMun XOJaTUHU MYKOTaIu.

Cyurpa MablymMoOTIap OKUMH JecKpemOyiepra Tymaaud Ba Yy epllaH
JecKpeMOJIepiIaHTal TPAHCIIOPT OKUMU AemyabTuriekcopra (IAMII) 6opanu, spHu
OyHJa TpaHCIIOPT OKWMHUJAH TAHJIAHTAH JacTypra TETUIILIU MaKeTiIap axpaTtuo
OJIMHAIU Xamja BHUJEO0, OBO3 Ba MAabIyMOTIAPHUHT DJIEMEHTAp OKUMIIAPH
HIaKJIaHaaumIap.

Noise,
interferer,
echos,
amplitude Intermodulation,
response, interferer,
% group noise
delay
Cable \ \
head- DVB-C
end Il> I I receiver
IQ error of modulator
- 1Q imbalance
- phase error

- carrier leakage,
noise,

phase jitter,
intermodulation,
interferer,

cross modulation

2.34.pacm. DVB-C y3atum nunuscunaru uHTepdepeHinon s dextiap

16 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
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CurnamiapHu Kaiita unuiam Oyinya kevimnru oneparustiap DVB-T tuzumun
KaOyJ1 KWJIyBYM KypUIMacH Kabu Oy aiu.

2.6. DVB-H pakamjn MoOWJIb TeJIeBU3HOH JIUIUTTUPHUII CTAHIAPTH.

DVB-H (Digital Video Broadcast Handheld, DVB “kyn OomkapyBuna,
noptatuB”’) Oy 2004 WuiIHUHT nekaOpuja TacAWKJIAaHTaH MOOWJIb TEJICBUIACHUE
crangaptu. DVB-H crangaptn  TenekoMMyHUKAIMOH CcTaHaapTiaap Oyinua
EBpomna Accounanusicu (ETSI) Tomonnaan MoOuiIs KaOys KWIHII KypuiMaiapuaa
(ysmu TtenedoHnap, aBTOMOOWIb €KM ToOe3[jiapAa YpHaTUITaH KaOysl KWJIUII
KypwiIMalapuja) TEJICBU3UOH MpOrpaMMallapHU MIIOHWIM KaOyNl KUJIMIITa
VYpuatuiaran tanabmapaup. DVB-H Ttuzumu moOun amoka Ba paguodMIUATTUPHIL
TEXHOJIOTHSIIApH KaMJlaHMacu XucoOsiaHaau. butra abOHEHT CYpoBU YUyH MOOMII
TeJIeBUJEHUE KOopud KwimHumM Tanad kKwimHca Oy UMTS TtexHonorusicu
épraMua, arap Kyn COHJIM abOHEHT Kalysl Kwirnd Kypuimaiapura mooun TB
SIIUTTUPWIMINKM  KOpUM KWJMHUIIL Kepak Oynran xosatinapga odca [P

TEXHOJIOTHSACUTA ACOCIAaHTaH Kyn HyKTanu DVB-H tuzumu xopuil KuiavHaau.
End user

terminal
UmMTS/ : I ~ < >
GS Mf' Up & down stream UMTS/
GF’ RS Interactivity channel GSMI
t GPRS
Gateway je] 2SveY  len . .
Y system Application
) 2 - T T T X
IP/MPEG-2 > © = . — 5 1 W =
encapsulator Q@ | == —- D= | O
o D
Video/audio ] == = E Down stream =
services - (~15 Mbit's, COFDM, 168Q.AM,
8K, 4K, 2K carrier, 8/7/6/5 MHz channels,

47...860 MH=z, 1.5 GHz)

2.35.pacm. Mo6un anoka Ba DVB TexHOmOrusapy KOHBEpreHuuscr

MoOuiabp TeneBUICHUE TU3UMUHM SIpaTHIa KaOysl KWIMIIHUHT MOOWJIb
TepMUHAUIApUTA KYyWUHIIaUTaH KyHuaary mapTiapHid HHOOATra OJIHIIL 3apyp:

® TIOPTAaTUB TEPMUHAUIAPHUHT  KUYUK  TrabapuTiv  aHTCHHAJIApU
CUTHAJIapHHU (pakaTriHa OWHOMAH TallKapuaa sMac, OaJku OCTOHIM JeBOpJIAp
opTuaa XaMm KalyJl KWIMHHUIIMHA TabMUHJIAIIM Kepak Ba Oy 3ca TeIedMUTTUPHUII
curHauiap KyBBaT oOKuMUHMHT 3uwmmrudan  (KO3) ce3uwnmapiu  nmapaxana
OIIMPUIIIHU Tajlal Taau.

e aBToMOOWIb €KW OOIIKAa XapakaTiaHyBYM TpaHCHOpPTAA YpHATHITaH
TepMUHAJUIapra CUTHAUIApHU KaOyn kuiuimga, Jommiep addextu Tydaitnum,

17 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
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y3aTWIAETraH MMITyJIbCIap CE3WIapid Japaxkaaa Oy3wiIuiuiapra onaud KeTulld
MYMKUH;

e MOOWIb  TEPMUHAUIADHUHT  MaHOaalapu  SHEpPrus  KyBBaTu
3aXHUpATTAPUHUHT YerapaJlaHT aHIIAT U,

AHa my mapTiapjaal kenu6 yuku6, DVB-H Tusumura xyhinmaru tamadnap
KyWuiaau:

e MOOWIb TEPMUHAUIAPHUHT  aKKyMyJsTOp OaTapescd  TOKHHUHT
cappraHUIIMHE ~ TEKAMKOPJIMTUHU  TabMmuHiam. by  wmacama  MoOuib
SIIUTTUPUIIHUHT  KOHICMIMSICUHUA IIAKIJIAHTHPHUIIA acoCHMIapAaH  Oupu
XUCOOJIaHaAp/IH;

® XapakaT JlaBOMHUJIa, aWHUKCA KaTTa Te3JIMKIap/a, WIIOHYIM MOOUIIH
KaOyJ1 KUJIUIIL;

® CUTHAJUIAPHUHT KyN HYpPJIW TapKaJuIIU[a, alHUKCa XOHA IMIapoUTHAA
KaOyJ1 KWJIa OJIUII MMKOHUSTUHUHT MaBXYJIUIHU;

e apBan gpatwirad DVB-T tapmoknapu Ouinan TYIHK MOCIHK;

e MOOWIHP KaOyn KWIMII TEPMUHAUIADM HUMKOHUSTIApUW  OujiaH
MOCJIAIIUII, SIbHU KaTTa OyiaMmaraH SKpaH/ia TAaCBUPHUHT CUGATUHUHT IOKOPHU
Jnapaxkaja OYIUIIMHY TaAbMUHJIANI Ba IIYHUHT YUYYH KUYUKIAIITUPUITAH aHUKJIUK
koommmsatuaa (320x420 nukcenp) DVB-T ra nucbaran 10-15 maprta Kynpox
TeJeAacTypiap y3aTUIIHU TAbMHUHJIALI.

[yHuHr yuyH y3 noroHacu Oyiinya DVB-H tuzumu DVB-T ra makcuman
axunanamrasagup. DVB-H kaOyn KunumHuHr KoHuenTtyan Ty3uiuimu 6.15-pacmaa
kentupwirad. DVB-H kymmmuara osragpEm 2K Ba 8k Moayisnusuianl
pexumiiapura ssHa OuTTa ajoxuja 4K PeKUMHHUHT Kymuiarawauruaup. by V3
HaBOaTHaa, OUTTA cOTa paauycuaa, KaOya KWITHY KypUIMacu OKOPH TE3JIUKIA
XapakaTliaHraH XoJjaTAa XaM MablIyMOT alMaluiga KyluMya SpPKUHINKHU
TabMUHJIAWANTAH PEXKUM  KYIIWiIrammuruay — ounmupagu. Arap COFDM
MOIYJIALUSIANIAA OPTOrOHAN TAallyBUMJIADHUHI KaH4a KaM MHKIOPH HIITUPOK
3TCa, KYIITHU TallyBUMJIAp OpacHlard 4acTOoTa MHTEPBAJIM IIyHYa KaTrTa Oyinanau Ba
anbarTa, TEPMUHAT XapakaT TE3JIUTH XaM FOKOpH Oynaau. Xapakar Te3JIUTMHUHT
optuiy yacrotanapuu Jonmiep 3¢ ekt Tydaiiam CUDKUIIMra oMb Keaaau Ba
KaOyJl KWIMII aHUKIUTU Oy3unaau. bupok, Oomika TOMOHIaH TallyBUYMJIap KaH4ya
kaMm Oyica, xap 6up COFDM cumBONIMHM y3aTHUII YUyH aKpaTHITaH BakT JaBpU
IIyHra Kucka Oynaau Ba ajmbaTTa XMMOSI MHTEpPBAIM XaM IIyHYa KHUCKa OYnasu.
XUMOS HWHTEPBAIMHUHI KHCKAapHUIIM 3Ca, Kyl HypJau KalOyl KWJIUIIAArd
XaNIAKUTOAPIONUTMKHY NTAcaluIINTa 0JIM0 KellaJld Ba COTa PaAMyCUHUHT UILIOHYIIN
KMIUMaTUHU KaMmalThpaau. AcocaH cTauoHap KaOyn KHIIMIITa MYIDKajlaHTaH
DVB-T Ttapmokmapu ydyH, KampaO OJIMII 30HACHUHHMHI KHIMaTH Ce3WIapiu
napaxana Myxum ommin OYnmub xucobmanamu. DVB-H cranmaptu tapmoxmnapu
y4yH IOKOpU TE3JIMKAa KaOyJ KWUJUII MMKOHUSATIAPH KaTTa aXxamusITra sra Ba
KaMpal OJIMII 30HACHM 3Ca TIOHEP KHUPUIIWJATH CUTHAJUIAp KUMMaTH OujaH
yerapananaau. [Ilyaunar cabab mocnairad BapuaHTHU TaHJIAl UMKOHUHU SPATHIII
yUyH 4K MOIyJSUUsIIAIl PEKUMH KHUPUTWITAH Ba TpaHciasuusHu (axat DVB-H
KaOyJ KWITH4WIapy OpKald aMajra OIMpPHII MyMKHH.
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2.36.pacm. DVB-H kalyn KWITMYHUHT KOHIIENTYal Ty3WIMacH

[Mynnaii kumm6, DVB-H wmopynsuusiamHuHr 3 peXUMHAa HIIUIAIIN
MYMKHH:

e 8k - Typiu Kartalmkaard (karra, ypra Ba KHUYMK) OUTTAa 4YacTOTaJIH
tapmokiapia (SFN) Ba Jlommiep yacToTa CHIDKUIUIAPH MaBXKyJ]l OYnraH
IOKOpH TE3JMK OWJIaH KaOys KwuMiuiapja ¢hodgadaHuIl yuyH,SbHH KaOyll
XapakaTJIaHUII JABOMUJA aMaJira OIIUPUIIA]IH.

e 4k - Jlommiep dYacToTa CWDKHIUIAPHAA CE3WJIApid, KUYUK Ba ypra
kattanukaaru SFN Tapmoknap yuyH. Xyzaa rokopu Te3nukiapaa Kaoyn
KWINIIAA UITATHIMIINA MyMKHH.

e 2k - KnuyuK Karramukaara SFN tapmoknap ydyH. XapakaT JaBOMUJArd SHT
IOKOpH TE3JHMKIapAa XaM HIIOHYWIM MOOWJI CHUTHaJHM KalyJa KWUJIUIIHU
kadonarnaiiam  (IpHUM  yacToTa  Oyiinua kyaa karra Jlommiep
CUWDKHIIIIAPUIA).

OuzukaBuii O0OCKMYJArd MKKHHYM TYJIUPyBUM Oyiud6 4k Ba 2K
peXuUMIIapuia MabIyMOTIApPHU YYKYp OpalaTUIIl UMKOHUATH Xucobnanaau. DVB-
T kanammu kopnamu 6up COFDM cuMBOa Munaa MabiyMOTIApHU OpajaTHILHUA
Hazapjaa TyTaad. Y acocaH Kym Hypad KaOynjard TallyBUMJIADHUHT
cesieKTUB(anoxuaa —ajaoxuaa) KOTUO KOJNMILIapHa KOMIIEHCALUs KWIHIL YYyH
MYIDKaJUTaHTaH. AWHU BaKTHHUHT Y3U1a MOOMII TEpPMHUHAIIIIAPH, KATTa SXTUMOJUIHK
OwiaH, KEHI TOJIOCAIM HWMITYJIbC IIOBKMHJIAp TabCUPH 30HAacHaa OYmuo
Koiunuiapy MyMkuH. IIlyHuHraek, kaOyn KWiIMil skapa€HM XapakaT Te3JIUruia
amajira OWMPUININKA Ty(Qaiiu CUTHATHUHT Oy3WiIMIIUTra oiu0 KeJaaural
yactoranuHr Jlommiep cwokumm naiao Oynamu. Iy cacabnmu COFDM(DAB,
ISDB-T) 6asacumars MOOHWIIb SIIMTTUPHII CTaHIAPTIAPUAA, Y30K JaBOM ITYBYH
XaJAKUTIAPHUHT acopaTiapyu OWIaH Kypalluil y9yH, KaHAJIH KOJJIAII ITMKJIUTa
Vumab xarroku 1031260 OFDM cumBomnmapum Kampa® oJnraH, J1aBOMHUUN
MabIyYMOTJIAp CEPUSCHHU oOpaiatuil Kuputwiaau. Opanatuiiga  HIITHPOK
ATa€TraH MabIyMOTJap KeTMa-KeTJIUTW KaHda y3yH Oyica, cyHUII acopaTiapu
OwJiaH Kypamuil IIyH4Yanuk camapanu Ooynaau. bupox DVB-H yuyn Kyitnparu
cababapra kypa OyHaail €HaaIyB TYFpU KeJIMaiau:

®JaBOMUI KETMa-KETIMKIAPHU THUKJIAIl Y3JTyKCU3 KaOyinHu Tanad s3Taawu,
apHn  DVB-H pexumuna,sHeprusHu Texaml Y4YyH MablIyMOTJIApDHU
y3aTulga UMIYJIbC PEXXUMU KYIUTAaHUTIAIH;
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®JaBOMUN  KETMa-KeTIMKJIApPHW THUKJIANl y4yH, KaOyl KWITHWIAPHU

KUMMAaTJIAITyBUTa 010 Kelaural,karTta XaXmaaru Xotupa 3apyp;

® JaBOMMI KeTMa - KeTIUKIApHUHT Ky utanwiuiy DVB-T 6unan mociammi

Tanabiapura Teckapu 0yiud KoJaau.

[llyauar yuyn DVB-H pga xamMma TOMOHHHM KOHUKTHUPAJIWTaH €4YUM
tamnanrad. DVB-T yuyn anua non3ap6 Oyiran Moaynsuusiam 8K pexxumMu yuyH,
DVB-Hpa 6utra cuMBOJI moupacuia OUTIApHA OpajlaTUIN CaK1ad KOJIMHTaH. Xap
oup COFDM cumBOoJI MabIyMOTIAPUHUHT KaM MUKJIOPUHHU OJIUO yTaJauraH 2K Ba
4k pexumiapuaa 3ca, ommus cudatuga ymoy Makcaaiap YYyH aXpaTHIraH
XOTUPAHUHT MYMKHH OYJraH XaXmulapuja BaKTHUHYAIMK OpalaTUIl UMKOHUSATU
KUpUTHIAAK. 4K pexxumu yuyH opanatuil COFDMpaa nkkuta CMMBOJUIH YyKYPIIHK
OwiaH, 2k pexuM yuyH 3ca COFDM pna Typrra CUMBOJUIM YYKYpJiUK OujaH
amanra ommpwiaad. bupox Oy pexumaa wunuviaraiga DVB-T Ba DVB-H
TpaHCISALMSIApUHN Ouprainukaa y3atuo oynamariau. DVB-T na xynnanunaguran
WYKH Ba TalllKM KaHAJUIM KOMJIAIIHUHI KOJITAH MEXAaHU3MIIAPU X€4 KaHJau
y3rapunuiapcu3 DVB-Hra yTkasunran.

YuuHYM TYJIAAPHIN 3Ca TpaHCHOPT curHanm3anusara terunummaap (TPS-
Transmission Parameter Signalling), 6yara DVB-H ¢opmatuna y3arunanuran
XU3MATIap OKUMHUIa MAaBXyJd HACHTUPUKAUUIOBYM (TEKWIUpYBUM) 2 Ta OHUT
KylInjgaayd, IIYHWHTAEK — amanra  owmupuinagurad I[P nmeitarpammanap
(MabymMoOTIIap NakeTaapH) 6azacura Kymmmia XuMosl KOJUTapy KUPUTUIIAIH.

Typrunumn tyamupum 5 MI1 monocanu myHjad mapT OWiIaH WIUTATHIL
MYMKUHJIMTUHU,  SBbHU  DIMUTTUPWIMAWIWTAH  JauamnazoHza  (ouganmaHuiil
UMKOHUSTH spaTuirania naigo 6ynamu. Y DVB-T na doigananunanuran 6,7 Ba
8 MI'n am momocamapra kymirad. Yuau AKllga L-gmamazonu (1,670-
1,675ITn)na, DVB-H TapMOKJIapUHU IAKJUTAaHTUPHILIA, KYJ1an
pexanamTUPUIMOKIA.

OnekTp sHeprus capduHU TEXKall y9yH MOOWIb TepMUHALUIApJa BaKTJIH
3UWIAIITUPUIN NPUHIMNM KyJulaHuiaau, OyHaa doilgamd MabiIyMOT XyJa
KHUYMK BaKT JaBOMMJIA FOKOPH Te3MHK Owian (MacanaH, 10MOuT/c) y3atunaau €xku
KaOyJ KWJIWMHAIW, S’ThHU KYTHII BaKTHTa HUCOATaH KyJa KUYMK OpajuK BakKTIa
y3atwiaau €ku KaOyn xkwinHaau. DVB-H TeneBunenue xuszmMaTuHUHT cudatTiu
TacBUpJIApU YUYyH pakamyii axOopor y3atuml Teznuru 250 Kout/c OYnumm
etapiuaup. llynnait kunub kaOyn KWJITMYHUHT WII BaKTH Ba YUYUPWIMII BAaKTU
mynocabatu (10/0,25 = 40) Hu TamIKuI 3TCa, SHEPTUS TEIKAMKOPJIMIH TaXMUHAH
90% ra tenr Oymamu. DVB-H TusumuHMHT 1oTykjiapumaH OuWpU TeJIEBUICHUE
SIIMTTHPHUIILIAP YUYH KaM KyBBATJIH y3aTruuiapan ¢oigananumanp. bynaa kenr
MacIITablM CUTHaUIapu KaOyll KWIMII YYyH camapaid e4uMm Oynud, oup
yacmomanu mapmox, Bapuantu xucoOmanamu (2.37- pacm). YmOy TapMokia
OamaH] TasHY aHTEHHA Ba yTa KyBBATJIM y3aTruujapaan doimamanMaciaaH Oup
HeYa KaM KyBBaTJIM Y3aTTUWIApHU KyIiab, OWTTa yacrtoTaga WIUIATHO, KarTa
TyMaHjapja »SIIUTTUPUIUIAPHU KaMpald oMl MYMKHUH. bup dyactoTtanu
TapMOKJIApHUHT Oapua y3aTruujiapu Oup Xui curHaiapHu y3araad Ba GPS
CyHBUI WYNAOLLIAD OpPKaJW OJWHAIWTaH HUXOATAA AHUK BaKT CUTHAJIApU
épramMua aHUK CUHXPOHU3ALNS KAJIMHA/IH.
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Perpancastopnap

TB smapxaz

2.37-pacm. DVB-H 6up gactoranu TapMOK BapuaHTH

Kampa® onuin 30HacMHM KEHTaMTHpUII Ba Mypakkad IIapouTtiapiaa
(OuHOMap MYKK KUCMJIapujia, aBTOMOOWIIapAa) Kadyn cudaTUHU OUIUPHILI YUYH
KYILIMMYa PETPAHCIATOPIIAp HMIUIATWIMIIAPU MYMKUH. ByHIail Typiaru TapmMokK
0ab3uja IOKOPH 3UUIMKKA 3ra OUp 4YacTOTaJId TapMOK €0 XxaM HOMJIaHAI!.

Arap DVB-H curHamuiap y4yH MyJbTUIUIEKCUPJIAHTAH TYJIUK OKUM
3axypaniaHrad Oysica, TapMOKJIApHU peKaJalllTHPUIIAA KYIT UMKOHUATIAP a0
Oynumura onud kenaau. byHnail TapMoK OMp Heya BUJIOSTIIADHUHT OMp 4acTOTaIH
TapMOFUJaH ubopatr Oyica, ylapHUHT Xap Oupuaa MIaxcuid yacToTa Oesrviapu
KyJUIaHUIIapU MYMKHH.

Xap Oup BunosaT yuyH SFNHUHr Makcuman KOJJall TE3JUrd KuilMaTu,
TapPMOKHUHT XHMMOSI MHTEPBAJIM Ba reorpaduk >kolmamunuiapra OOfjauK, oJatia
KaMpOB VHIa0 KUJIOMETpJapHH Tarkui etaau. Arap SFNuu 6upop 6up Bunoaria
KaOyJl KWJUIIM Mypakkad €Kku Jespiau MyMKWUH OVnmaran skounapuna, GPS
épllaMuia CUHXpOHM3AIMSIaHTaH Oup Heya KyIuMm4Ya y3aTrudjiap KYJTaHUIIHA
MyMKuH. [lynu kaiig stum kepakku, DVB-H Ttapmoxna y3atruu KyBBatiiapu Ba
aHTECHHAJAPHUHT OaNlaHJINTU OJaTHI paKaMJIM TEJIEAIIUTTUPUIIUTIAPHUHT €p YCTH
DVB-T rtapmoknapura HucOatan kam Oynamu. Illy cabab moOunb TepMuHAI
KUpUIIUAQ CUTHAIHUHT HHUcCOAaTaH KaTTa KHMUMAaTUHU TabMUHJAII y4YyH
CUHXPOHM3ALMSUIAHTaH aCOCUH y3aTTUYJIAPHUHT COHU Ky Oynuim kepak. bynmait
TapMOK FOKOPH 3UYJIMKKA Ara OUp 4acTOTald TapMOK 10 HOMIIAHUIIM MYMKHH.
bynnaii TapMOKHUHT TaHHAapXH, aHbaHaBuil DVB-T ep yctu pakaminu TeineBU3HOH
SIIMTTUPUII ~ TAapMOFM  HapXuJaH  KuUMmar  Oynmaau, Oupoxk  Outra
MYJIbTUIUIEKCUPJIAHTaH OKUMAA Takiaug OHTWIa€TraH Xu3Mariap COHHU Xam
taxMuHaH 10 6apoOap kym Oynaau.

2.7. IPTV uMKOHMATIAPU Ba TEXHOJOTUSICH

SHTU TEXHOJOTHSJIAp PHUBOXKJAHUIIKA Ba TAKOMUJUIAIIMINK OKUOATHIA
aHbaHaBUN TeNEeBUACHUEArM KEHI TMoJiocaiu Kabeiap Ba CyHBUH WYIIONLIN
TU3UMIIAp OWUTTA TENEKOMMYHHUKAIUS TapMOFUra OUpHAIITUPWIIA. YHra IMapTind
pasumiga VDSL (Very-high-bit-rate Digital Subscriber Line, [ITU-T G.993]) Homu

Oepunau. YOy TexHoyorus €EplaMujia MaBxXKylJ HWHTEPHET TapMOFU YCTHUTa
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naketiu TB TU3UMUHU KypuIll UMKOHUATHHU TaKIUM ASTAU. SpaTwiradn TU3uM
IPTV (Internet protocol television) ne6 HOMIAHKO, 3 TypJaru TEIEKOMYHHUKAIUS
XU3MatiaapuHu (TenedoH, TeNEeBUICHUE Ba UHTEPHET) TAKAUM KUJIUO KEIMOK/IA.

IPTV Ttuzumuna xymnanunyBun MPEG-4 xomnam ¢popmarunuar MPEG-4
AVC TypUHUHT KYJUIAaHWIMIIM PyXcaT ATHITaH SHT MACT TE3NMKIArd UHTEPHET
TapMOFU OpPKaJU XaM yIiOy TEeXHOJOTHsAaH (oigaNaHul UMKOHUSTUHU TaKJIUM
stagu. bynnan tamkapu MPEG-1 aymno kopmnam Ba MPEG-2 Buzmeo kopnaii
okumiapu xaMm I[P texnosmorusuiap €pnamuaa ysarmwimokiaa. [IPTV TexHonorusicu
tpancnoptT okumu Ethernet, WLAN, WiIMAX &ku ADSL Tapmoxmapu opkamu
Y3aTUIIMIIA MyMKHH. 18

TTXT, VPS

. MPEG-2
TS
ITU i
Camera Matrix goq £ MPEG-2
R v encoder
S %
: o -
Lyl L& ESDI
Ey MUX
Y <
4 — Receiver
Modulator& e
4———— Studio —; ransmitter Trans_mlssmn
—p link
L @uu— SRR S (terrestrial,
D satellite,

R @

cable,
VDSL/IPTV)

2.38.pacm. IPTV Tamkwui STUIHII TAPMOFH.

TV services over xDSL based IP networks

i ) DVBIP
proprietary proprietary ETS102034

MPEG-2 TS

Real Time Transport Protocol

UDP

User Datagram Protocol

P

Ethernet/ xDSL / ...

2.39.pacm. IPTV nporokoinapu.

18 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 569.
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Xosupru kyHaa [PTV xopuit KWIUIIHUHT siHa OUp HOCTAaHAAPT ycyiulapaaH
Oupu Oy ayaumo Ba Buieo okumiiapHu OuttH  MPEG-2-Tpancnopt oxumwra
xoinamtupud, okumHu UDP €ku [P-nakernapra yTkasumgan ubopar. Yoy
kypcatma DVB-IP crangaprunuar ETS 102034 6ynumu acocuaa amanira

omupunaay. °

2.8. Ep yctu DVB-T2 TesieBuieHue cTaHIapTH.

2003 innra kenu6 DVB-S HuHT siHrU aBioagard TeJIeBUACHUECH SIPATHIIJIH.
DVB-S2 ra kyuwiran tanad myHaaH ubopaT OVIIMKUA y IOKOPH aHUKIUKIATH
TeJeBUICHUE KOHTCHTUHH KalTH MIILJIAIl Ba 3upra y3ata OJull KOOWIHUSITUra 3ra
Oymui >au. byHaan Tamkapu MabIyMOTIap Xa)XKMHHU OIITAHJIMTa Ba SIHIH Hai0
Oynran Kypuiamalapy HMKOHUSATIAPUHUHT IOKOPWIMIM XaM YIIOYy KOHUEHIIHS
ApaTHIMIIATA TYpTKH Oymmm. Wymmoummn DVB-S2 cramjmapTH aBBaiTHCHTa
HUCOATaH KAHAJIHUHT  YTKa3uml  KoOwimuatTMHUHT 30% raya OpTULIMHU
tabMuHIaiAu. [IIyHUHT y4yH XaM IOKOpM AHMKJIMKIArH TEIEBUIACHUEHU Y3aTHIL
yuyH DVB-S2 crangaptunan ¢oiigananuim makcaara MmyBoguk. Mm pexumnapu
oyiinua DVB-S2 tusumu ep yctu DVB-T tu3zumu Ounan y3Buil OOFJIMK JIMTUHU
xucobra onradn xojgga DVB-T2 THU3UMUHUHT SIpaTUIUIIM XaM MYXUM YpUH
Tyragu’,

HDTV Hu ep yctu SHIMUTTUPUIN THU3UMJIApUra TaTOUK KUIMIIA YJIapHUHT
HUCOATaH KEHIVIMTM KWYMK KaHa/ulapH siHajla Te3poK OaHj 3TWUJIaJAMd Ba LIYHUHT
YU4yH XaM IOKOpU aHUKJIHMKAArd TEJIEBUIACHUE SIIMTTUPHUIIAPA YUYYH SHTU KEHT
II0JIOCAJIM Ba camMapalivi CTaHAAPTHU SPATHUIIra SXTUEXK F03ara KearaH.

2006 wun despans oimma DVB  koHcopimymMu gowpacuaa TaIKUKOT
kymutacu(Study  Mission) Tamikuma  KWIMHAA Ba KyMHTa XHiIMa XU
TEXHOJIOTUSIAPHU YpraHuil OuiaH MyFWUIaHIU. SpuM HUiad CYHT KYMUTaHUHT
uiml  ¢daonusaT skyHura etau Ba DVB-T2 cranmapTuHu wumuiad YMKUIIra
kupuimiiay Ba 2008 i HOsOph oKa yiioy cTaHAapT TaCAUKIAHIMA XaMmIa YHra
KyHuaaru tanadmnap Kynuiau:

- DVB-T2 cranpgaptunaru TpaHciaslnus MaBXKyJ XOHAaKM Ba Y aHTEHHaJlapUra
KaOyJl KUJMHUIIM JIO3UM Ba SIHTHM THU3UMIA YTHUII MaBXYJ TapMOKHHUHT
MH(paTy3UIMACUHU Y3rapTUPMACIUTH KEPAK.

- DVB-T2 cranmnonap Ba mopratuB aHTEHHajapra OMpJEK KaOyJ KWJIMHHIIN
JIO3UM.

- DVB-T2 crannaptuna aBBanru DVB-T cranmaprura nucbaran kamuma 30%
KaHaJI caMapaJ0pJIMIura SpULIIII JIO3UM.

- DVB-T2 crangapta Oup wyactotand TusuMHMHT (SFN) wunuramman
AXIIWIIAIIN KEPaK.

¥ Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 570.
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 cranmaptu siroHa pamguokaHaija Typiad XaJTaKuTOApIONLIINK OWiiaH
y3aTWiIaJuran Oup HeuyTa aJoXHuJa XU3MATIApHUHT KYpCATWIMILIWHU
KyJuiamu JiosuM. Macanan, 8 MI'Tl KEHIVIMKIAard KaHajia y3aTWJIaéTraH
XU3MaTJapHUHT  Oab3wiapu  ¢akar ToMmAa  YpHAaTWITaH  HyHairaH
aHTeHHanapra, Oab3WiIapyW 5Ca XOHAKM aHTeHHaJapra KalyJl KWIMHUIIN
Kepakx.

- DVB-T2 cranmapty yacToTajapJilaH Ba 4acTOTa Iojiocacuaad (poiigaiaHuI
camMapaJIoPJIUIITH OIMTUPHIIN JTO3UM.

DVB owunacura khpyBYM CTaHIApTJIApHU spaTUIIAa acocuil Tajao,
yJIApHUHT O6apyacu y3apo MyTaHOCHO OYIUIMHU TabMUHIamaup. Macamnan, DVB-
T2 Ba DVB-S2 cranpgaptnapuga curHanau Oup GopmarnaH MKKUHYM Qopmarra
y3raprupuiga  WIOKH ~Oopuya  coAafanamrad  OVIWINWHA — TabMUHJIAII
Kepak./lemMak, SHTH CTaHAAPTIApPHHU SPaATHINIA WIIOKH OOpHYa aBBAITH MaBXY/T
MexaHu3Mmiapaan (Qoigananun Makcaara MyBoguk. by tamaGuu Oaxkapuin ydyH
DVB-S2 cranpapTuaaru MKKUTa acOCUi TEXHOJIOTUsIap caKj1ad KOJMHTaH. Y iap:

1. TpaHcIOPT  OKUMJIAPUHUHT  TU3UMIIM  apXUTEKTypacu Ba  JacTiad
MabJIyMOTIapHH TlacT dYacrotanu Bast Band (BB) makernapra
xounamtupuil (KeMuHru naparpadaa Kypuod YuKuiagm).

2. TlacT 3u4WIMKHU JKyPTIUMKKAa TEKIIMpHIIHK TabMmuHiIoBYM (LOw Density
Parity Check Codes - LDPS), xamakurgaH XHMOSJIAHTaH KOIJIaH
ol nananuml.

AJOKa KaHAIMHUHT MaKCHMasl YTKa3WIl KOOWIMATHHH TabMHHJIAII YYyH
SHTH CTaHJApTAa KaTrop SHTWIMKIAD KaOydl KuiuHrankd, ymap DVB-T2
CTaHJapTHA KaHATHUHT YTKA3yBUYAHJIUTUHU SHTHYA KOJJIAll yCYJUIapH, XUMOS
WHTEPBAUIAPU YITYaAMUHU Y3TapTUPHIN, TasHY CHUTHAJUTAPUHUHT PEKUMIIAPUHU
Y3rapTUpUIl  XUCOOWTA,KOMJIAIl  TMapaMeTpIapuHd  MyKaMMaJUIAIITUPHUIITa
KapaTuiranaupiap.

bynra spummim yuyH xanakuriaapra kapmu komjgamuuHr (FEC) suaru
cxemanapu Ba Base Band (BB) kanp makernapaan ¢oiigananuirad. 5.1-pacmaa
KYpCaTWITaHUJICK y3aTUIyBUM MabiaymoTiap BB makernapra sxoumamrupuianm.
Cyurpa xymnnu DVB-S2 xabu LDPS FEC wnazopar Outnapu Epmamuna
¢munanu.Slna LDPS pexoanamraniaH KEWWHTH XaTOJMWKIAPHU TY3aTHIN YYyH
MabiymMotiiap boys3-Hoyaxopu-XOKBUHIEM KUCKa KOIJapy €paaMuaa Kylupmdya
paBHIIIa XUMOSITaHAUIIAP.

[Tact vacroranu Kaup
— e
il N 5
Mabaymorinap "agoPaLTDg'c"mp"
[CapiiaBxa Bur  BCH FEC
S i,

v
FEC-kanp =64800 6ur
2.40-pacwm. IlacT yactotanu kaapHUHT cTpyKTypacu (BB kamp)
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Kanpuunr, xamakurOapaomn Kojuiaml MabAyMOTIapw OWiiaH, TYJIHK
napomuitiurn 64800 OutHM Tamkwi Kwiaad. by kagp DVB-T2 crampaptuma
0azaBuii 00k xucobOnaHamu. bynma T2 cranmaptuaa XuMosiall KOJJIapUHHUT
HazopaT OWTIapuHUHT kyiaamu 15-50% muxaopuga y3rapuilii MyMKHH. BHpPOK,
cTaHjgapT ToMoHHaaH 16200 Out OynraH aHya KHCKAa Kaap XaM KYJUTaHUIUIIH
HazapJa TyTWIraH. by Kajap macT Te3NMKAard XuMaTiapHU KaOyin KWIMIIArd
KEUMKHUIIIHA KaMaWUTHUPHIL YUYH KYJUTAHWIAIIA MYMKHH.

BB Onox wumma y3aTwiamguraH Mabiaymotriap oxarma, MPEG-2
dbopmaTtrary makeriap OKUMH KETMa-KeTJIMTH XycoOJiaHamuiap. AWHH BakT/a,
BB-xkagp Maiigonn curHanmzamus capiaBxacu GSE  (Generic  Stream
Encapsulation —ymymuii okuMm wmHKamyssiuscw)sard - DVB-mporokon  IP-
MaKeTIapH JKOUJIAIINIIN OMIIaH MOC TYIIAH.

LDPC acocupgarm XajakuTmaH XHUMOSUIAHTAQHJIMK  WINMWHAHT  TECT
Hatwxanapu, Pun -ConoMoH koajlapy Ba WUFYBUM KOJJIAIIHU OWpra KyJuiamn
acocugarn DVB-T xamakutOapjom Kojjamra HucOaTaH XaJdaKUTiIapiaH
XUMOSITTAHTAHJIUKHN  ce3wIapiu omranuHu  kypcarau. Slurm FEC xwucoOura
CUTHAJI/INOBKUH HUCOATH OYiiMua IOTYK, Ha30paT CHUMBOJUIAPHUHT OWp XU
KHCMJIapU YYYH, OJIMI xaTojlap KuitmMaTtuaa, 3 abrada Oyiaumm MymMKdaH. Y Oy
SAXIIIAHNIT KaHall YTKa3yBYaHIMK KOOWMSATHHH 30% Ta OMMpUIl UMKOHUHU
oepanu.

T2 vy ummad yukumaa oup €ku KV TallyBYMIM MOIYJISIIUSIIADHUHT OUp
HEua BapUaHTIapu TakKociaHraH. Hatwkana xumosi untepBaiaura (XM) ra sra
OFDM Bapuantu Tannanrad, y DVB-T ga unuiatunaran, Oynaa xap Oup CUMBOJI
Oup BakTaa a3a Ba aMIUIMTYyAa Oyinua MOAYJISLUSIIAHAJAUIaH OPTOTOHA
TallyBUMJIADHUHT KaTTa COHM OwyaH y3atwiaad. DVB-Tna, xycycan, ukkura
pexum - 2K Ba 8K nap ky3aa tyrtunrad. by pakamiiap CUTHalIHM Kyn TallyBYUiIap
OwslaH NMIAKUIAHTUPUIN yuyH Kyyuanunaauran FFT (Dypwe Te3 y3rapTupuiin)
ymuamuan udoma dTaau. MabIyMOTIapHU Yy3aTHIN YYyH KYJUIaHWJIAJAUTaH
TalTyBUWJIAPHUHT MaBXYyJ aMaIUETard COHN Oup MyHYa kam. CUTHaJUIApHU KYTI
TapKamuIl  oKuOaTujaru  Oy3wiIHILIapAaH(XaTOMUKIApAaH) cakjialml — y4yH
(Oepuiran CUMBOJIHM y3aTHINTa XU3MaT KWJIAIuWraH xap Oup TanryBuu yuyH) T2
TU3UMJIA Xap OUp CUMBOJI SAKYHHJIA XUMOS MHTEpBaIHAaH (poiganaHmiagm xamaa
y 2.41-pacmpa KeITUPUIITaH.

W -

XH | Mavaymornap | XM | Masaymornap | XM | Masaymornap

S s,

~

Cunie on

2.41-pacM. XuMost MHTEpBAILIApUIaH (POiiIaIaHUTI

XUMOSI UHTEPBAJMHUHT AABOMUUIUTU 3(Up TPAKTU y3yHJIUTH Ba Y3aTHIL
TAPMOFHMHHUHT OOIIKA MapameTpiapujaH Kenud uuku® TanmaHaau. J[aBoMHipox
XUMOS MHTEpBAJIApU OMp YacTOTaIu TapMOKIapa Tanad KUIWHAAW, YyHKH OyHJIa
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KYIIHU y3aTrHyfard CUTHauIap KaOyn KWjrhyra acocwil curHajira HucOaTaH
Ce3UJiapJidi KEUYMKUO KEJIUIIM MYMKHH. XUMOS MHTEpBAIM Y3HUAa alloKa
KAaHAJIIMHUHT  YTKA3yBYAHJIMK KOOWJIMATHHUA TACaWUIINIa TabCUp KHIIyBUH
ycTKypManu Hamo€H kKuiaau. DVB-T ga ymOy ycrkypma y3atwiaéTran
MabJIyMOTJIAp XAKMUHHUHT 25% HU srajlallli MyMKUH. XHAMOSI UHTEPBAJIUHUHT,
YMyMUHA MabIyMOTJIAp KHCMHUJArd XaKMHHU OLIMPMAcIaH KyNauTUPUII
MMKOHHIA Spulnil yuyH, T2na ukkuta ssuru pexkumiap 16K Ba 32K kupurtuiran
Ba Oy XO0JIaT OPTOrOHAJI TAaIlyBYWJIAPHUHT COHMHU MOC PaBUIIIA OIIMPHIUIINTa
onu6d kenuHraH. 2.43-pacMia TallyBUMJIAp COHU KYN OYJiraH pexumra yTuil
KypcaTwirad. YmoOy XoJlaTga XuUMOS HHTEPBAIMHUHL a0COJIIOT yidamiiapu
CakIaHUO KOJIMHTaH, OMPOK YHUHT YMYMHI XaXM/JIard KUCMHU KUCKApTaH.

Gl | 8K cumpon 25% &iummnmya

Gl 32K  cummon ~6% KMy

2.43-pacMm. Ky cOHIIM TanryBUMJIap PEKUMUTA YTUITHUHT KYPCATUITUIIIN.

PLP (Physical Layer Pipe) tepmunu wunk O6op DVB-T2 tusumuaa
kyutanwirad. PLP Basudacu myHman ubOopar OYIraHKU-TU3UM MOIYJISATOPHUra
Kyl KUPHUIUIM MabIyMOTJIAp OKMMHMHHM TYpJIM Japajaru Te3Hukiap Ousad
OCpUIUIIMHYA TabMHUHJIAAaH HOOPT Oynran. by Basudanu MabirymoTiaap OKUMUTa
MOCJIAIIMII OJIOKH amalira olupagn. MabiiymoTiap OKUMUTa MOCJIAIIUII OJIOKKA
KyHuJaru sxapaéH amaira olypuiIaam:

e J[MHAMMK MabIyMOTJIAPHA OKUMHHH PEXaTAMITHPHULI
e Kamp keunkrupuammm
e luku MabIyMOT/Iap OKUMUHU XOCHJT KAJTUIII.

bynnan tamkapu DVB-T2 tusumu SFN Oup yacToTaiv THU3UMHU XOCHUII
KWIMII BasupacuHu XaM y3 wuuura onaad. PLP  TU3uMuHUHT XOpuil
KWIMHUIIMIa4ya ymoy Macaja €4MMHU KaTTa KUWMHYWIMKIAPHU XOCHJI KUJITaH.
UyHKH MOAYJSATOp KUpHUIIMra Oapya CUTHAIQp OWp Xuia BakT OWpiuruaa
CUHXPOHJIA0 KUPUTHIIMII JIO3UM.

le— 48 hits —»Je———Payload length (bits) ——p

T2-Mi Payload Pad JCRC32
header

0...7 bits 32 bits

Packet Packet Superframe Payoad
type count index  |Reserved]  jength

2.46.pacm. T2-MI naker cTpykTypacu.
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2.47.pacm. DVB-T2 TH3uMu MabIyMOTIap OKUMHTa MOCJIAIIUII OJIOKU

DVB-T2 ©Oup wyacrtoTasiu TH3UMUJA CHUHXpoHM3anus YyuyH T2-MIP-
nakernapy MPEG-2 tpancnopr okumuHuHT TapkuOunga T2-MI untepdeticu
KYPUHUIINIA KUPUTUIIATN

DVB-T2 na nucbaran y3yH cuMBoUIapAaH (oNJalaHUIl, YMYMHH XaXKm
CUMBOJIN/Ia, XUMOSI UHTEPBAJIMHUHT CE3UJIapJIM KUCKAapuIliura uMKoH oepaau. 32K
pexumugary T2 1a XUMOST WHTEPBAIMHUHT MAaKCUMaJl JAaBOMMIUIMTU XUMOS
VMHTEPBAJIMHUHT TYJIUK CUMBOJUIAp JaBoMuinurura, sbHu 19/128 ra TeHr
HUcOATIa APUIIIIIAAA. XUMOSI MHTEPBAIUHUHT AaBoMuitiuru S00Mkc Oynranna,
HHpUK yMyMJIaBiaT OMp 4aCTOTAIU TAPMOFUHU KyPUIIl UMKOHUSITH MaBXY/I.

Mynaait kuaud, T2 vucdbaran kyn Oynran FFT ynmuamnapu Ba KeHr XUMOs
WHTEpBAUIapu KUMatiaapuHu oepaau. XycycaH:

o FFT ynmuamnapu: 1K, 2K, 4K, 8K, 16K, 32K;
e XuMosi uWHTepBautap mapamerpiapu. 1/128, 1/32, 1/16, 19/256, 1/8,
19/128,1/4.

IOxopuna aiitu6 yrunranuaex, OFDMpa xap Oup TamryBun xam (pazana xam
aMIiuTyaa Oyiuua Monymsuusuianaawiap.Oauid  MoAyJsuusijan — CTaHIapTu
DVB-T, 64 QAMpa, Outra cumBon OuiaH Ouppanura 6 OutHu (OuTTa
TaITyBYMHUHT MOJYJISIITUSJIAHTaH 3JIEMEHTU OWJIaH) y3aTUIll UMKOHUHU Oepaju.

T2na onmii moayasimust 256 QAMraua kyrapuiran, y OuTra CUMBOJ
Owran 8 Ta OWT y3aTUIl WMKOHWHH Oepaau. YmlOy MOIyJsAlUsS OBKUH
TOMOHHJIAaH SIpaTWJITaH XaTOJHUKJIapra TabCHpUYaH »JKaHWUTA Kapamail, TecT
Hatwxkamapu myHn kypcarnuku, LDPC FECnan ¢oiinananum DVB-T ra
HUCOaTaH, XyAA4 MIyHAAN MIapouTiapaa,kanan camapaaopiaukau 30% omummHu
TabMUHJIAN .

T2 npa spatwiran sHru pexumiap - 16K Ba 32K asBanru 2K pexumra
HUCOaTaH MOJ0CaaH TalllKapuaard TapKUOW KUCMIAPHUHT KECKUH MacalTUpUII
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VMKOHHTa ara. 5.6-pacmnma KypCaTUITraHU/JIEK, yioy X0JaT
TamyBYMIapHUHT,8MI'm nonocana,DVB-T curHauiapyuau CTaHIApT CIEKTpal
Mackara SKUH SKOWJAIITHpPUINTa HWMKOH spartaaud. YOy KeHralTupuiral
noJsiocanap siHa 2%rada KylnMya MabIyMOTJIApHU y3aTUII UMKOHUHU Oepajiu.

Xumona uHTepsanm — 1/8
10 B M - L 3
CTAHAQAPT MackKa
2K
32K Hopman
32K xenraittupuaras

Cnextpan kyagat anunurn  (ab)
@ N
(=] Qo

_50 A A A A
3.7 3.8 3.9 < 4.1 42

Yacrota (MlMu) (mapka3ui yactoTtara HucbaraH)

2.48-pacm. 8 MI'11 kanan yuyn DVB-T2 curnamiapu Hazapuil HOUMKJINA CIIEKTPal
KyBBaTJIapy TAKCUMOTH

OFDM Tu3umiiapyuia TAKCMMJIAHTAH TASSHY-CUTHAJUIAP MUUIATUIIAIAIIAP.
VYnap mabliyM BakT Ba TallyBUWIAp OYyilM4a TakCUMJIAHTaH MOIYJISIUSIIaHTaH
anemMeHTiap cudaruga Hamo€H Oynmanunap. KaOyn kuiarudra TasHY-CUTHALIAp
MOAYJISLMS TapaMmeTpiapd MabiyM Ba KaOyll KWJITWY yJIapHU KaHajl XOJIATUHU
Oaxonamra unuiatimy MyMkuH. DVB-Tna xap YH MKKUHYM MOAYJSIUMSJIAHTaH
JIEMEHT TasiHY-CUTHaN Oynub XucoOnaHanud, SbHU YyJIAPHUHT  YMyMHH
MabIYMOTIAp XKMUJArH KUCMH 8%HHW TallKWI KWjlaau. YOy MpOMOpIus
XUMOSI MHTEPBAUIAPMHUHT Xap KaHJall BapUaHTUIA WIUIATWIAJWTAH Ba XHUMOS
UHTEpBaUIapu 1/4 OYnraH CUrHayUTApHU TEKHUCIAIl UMKOHUHU OepaauraH, TasH4-
CUTHAJUIAPHHU KOWJIAINITUPHUII MYMKHH OYIWIIM Kepak. BUPOK KHYMK XUMOS
UHTEepBaUIapu ydyyH 8% MHUKIOpJAaH KaM TasHY-CUTHAJUIAPHU  KYIIMII
optukuyanukka onud kenanu. Llynunr yuyn T2xa ynapHu ®OWJIAIITUPUILHUHT 8
TYpJId XWJI BapUAHTHU MaBXKyA. XUMOS UHTEPBATUHUT HUCOUM JaBOMUMJIUTUHUHT
xap Oup BapHaHTHUra TasHY-CUTHAIJIAP >KOMIAIIYBUHUHT OMp HEeya BapUaHTH MOC
KeJIaJy Ba yJiap KaHAJHUHT KOPHUM X0JlaTUaH KelIuO YMKUO JMHAMUK TaHJIaHA[H,
Oy 5ca yJapHUHT COHMHW MYyKaMMaJUIAIITHPUII UMKOHUHM Oepaau. 5.7/-pacMmja
TassHY-CUTHAJLJIAP >KOUJIAITYBUHUHT MYMKUH OVJIraH UKKU BApUAHTH KYpCaTUIITaH.
TasHY-CUTHAJUTAPHUHT  3UYPOK  JKOWJAIIyBM  KaOyn  KWITMY — KUPHIIKAJA
CUTHAJI/IMOBKMH HUCOATWHW Tanad »OTWIraH KUAMATHHU M[MacaTHpuUINTra Ba
CUHXPOHU3ALMSIHY SIXIIWJIAIa WIUIATHIMIIN MyMKUH. OXHpru Xonataa TasHY-
CUTHAJIap MCEeBIOTACOAN(HI KeTMa-KETIUMK OMIIaH MOy IsLUsATIaHaAuIap.
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2.49-pacm. TassHU-CUTHAIUIAP JKOMIALTYBUHUHT BapUaHTIApy Ba YIApPHUHT
YMYMHI CUTHAJIJATH yIIyLUIapy

T2ra Oynran TwxKoparT Tajabiapu Typid XuU3MaTIap YYyH XWIMa XU
KUMUMaTIIM ~ XaJaKUTOApAONUIMKHYA — TabMHUHIAIIAAH wubopartaup. by Typau
MOAYJISIMS CXEMallapu Ba XaJlaKWTOApIoIl KojylamijgaH QoiiagaHuiIrasaa
TabMUHJAHUIIM MyMKUH. T2ma Oynra OFDM-cumBomnapHu kaap u4uaa
TypyxJjaml OWiaH SpUIIMTIAAH, STbHA Xap OWp Xu3MaT Kaapja aHUK CIOTHU
sraaiiauran OyTyH Omok OwjaH y3atuinagw. YmoOy ommn  5.8-pacmuaa
KEeNTUpWITaH Ba Oy epaa TypiaW paHT OWIaH TypiH XW3MaTra TETUIUIA OKUM
dbparmenTiapu udoaagaHTaH.

T2 na xamgp 6omu kucka OFDM-cumBon P1 6unan 6enruwnanaau. P1 xynau
2.51-pacmaa KkypcaTWiraHiek, KYIIHA TallyBYWJIApHUHT ("4acToTa Oyiinua
CWJDKWTaH) OOl Ba OXUPTH CHMBOJUIAPUHHU KaWTapuiauimuHu KypcatyBum 1K
OFDM-cumBonuaan ubopar. byngait P1 cuMBOIMHUHT Ty3WIUIIN OUp TOMOHIAH
YHU OCOH aHWKJIAHUIIM UMKOHMHHM Oepaau, Oomika TapadaaH CUMBOIHH acOCUM
KaJIpHUHT KaHAaiaup GparMeHTH OuiiaH KYIITWIUIIT MIMKOHUHU TabKUKIIANIH.

Tawysyr- | B=
nap

—J

Cuvmsonnap

2.50-pacMm. T2 na kampmap CTpyKTypacu

YacToTanu CUmKULL YacToTanu CHUmKuLL

A W & "

< IBp

1K cumBon
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2.51-pacm. DVB-T2 curnanuzanusicu P1 CiMBOJIMHUHT COaNaIITUPUIITAH
KYPUHHIIU

ChoexkTpHM CKaHepiaWIWraH KUOUpull pexumupara T2-  pecusep
TOMOHU/JIaH, Y3aTHUIIHW AHUKJIAHUIIMHUHT Ba COAJA, WIIOHYIM MEXaHU3MHUHH,
SbHU pecuBep OUJIaH YACTOTAHHU TE3KOp Ba 6 OMTIIM CUTHAJIM3AIMSCUHYU YIIUIAITHU
tapMuHIaau (Macanan: T2 kagpaa FFT Ynuamunu aHukam yayH).

T2 xagpuunr crannapt gaomuiinuru —200 Mc atpodua, Kaap Ty3UIHIIN
XaKugarn axOOpOTHU Y3aTWIIMINK Tanad KWIyBYH YCTKypMma 3ca Koujaa Oyitnua
1%paH KaMpOKHU 3rajulaiiu.

T2 ka"Ham KoOAJAIl THU3WMHAA OPAJATHINHUHI Yy4YTa KaCKaau
unuiatunagu. by 3ca  Oy3uwiaran  3J€MEHTIApHUHI MAKETJIM  XaTOJIMKIIAPH,
nekonepaa aeopanatumgan kevimH,LDPC FEC-kanp Oyitnad TapKaTHWJIMIIUHUA
nespiu  kadonarnaiau Ba sakyHna LDPC koxepra MabiaymoTiIapHM THKIIAII
WMKOHUHU Oepaju.

Ymby kackamyiapHu KenTupud yramus:
1. butnu opanarrud. outinapau FEC-6moku moupacuaa panaoMu3ausiangy,
2. Baktnu opamarruu: T2 kaap noupacuma FEC-6iox  mabimymotiapu
CUMBOJUIAPUHU KalTa TakcuMJaiiau. by CUTHAHU MMITYyJIbC IIIOBKMHTA Ba
y3aTUI TPAKTH XapaKTCPUCTUKAIAPUHUHT Y3TapUINra YUIaMINKIATHHA
OIIIPA/IH.

YacroTtanu opanartruy. y CeNeKTUB ‘“‘dactota KoTullw 3hQexTuHu
cycatupuin Makcaauna mabiaymotiapan OFDM-cumBomm moumpacuma
pa”AOMU3aLMSIIAN TN,
[ynunrpek, T2 nga xanakuTOApIOUUIMKHHU OIIMPHUIL YUYH, MOIYJISIITUOH
I0Jily34a TYpKYMHU O€NTHJIaHTaH aiiaHa Oypuakka OypHIIl SHTHM TEXHUKACH
Kyutanuwirad. byHnaii Oypwuin, s¢gupaara ofatuii MyamMMoJiap MaBXKy[a XoJjaTaa,
CUTHAJI YMJIAMJIMKIIUTUHU CE3WJIapiid OIIUPUIIN MYMKHUH. [narpamMmaHu aHHK
Oenruianran Oypyakra OypuIl XUcoOura Jiy3da TYPKYMUHHUHT Xap Oup HyKTacH
OoIlIKa HyKTajap TOMOHHaH TaKpOpJIaHMalauraH y3ura Xxoc koopauHaracura (Ul
Ba U2) sra Oymanunap (2.52-pacm).

L L RN R RN R NN RN NN

2.52-pacm. QAM 1612 MOAYJISAIIMOH HOJITy34aiap TYPKYMIAPUHUHT OYPUITUIITN
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Hykranunr xap Oup KoopAMHATacura MOAYJSATOpJA ajoXWJa HIUIOB
Oepunaau Ba ynap Oomika CUMBOIHHUHT U2 Ba ul Ounan apanamtupunud, OFDM-
curHaiaa oup-oupura O0FIMK OYIMaraH Xojja y3aTwiaauiap (sbHH, U2 Ba ulnap
typiin OFDM-tamyBumnapna Ba xunma xuin OFDM-cuMBoiuiapia y3aTHIIMIIH
MYMKHH).

Kabyn kunrmyma u2 Ba ul Owupnamrupuiaguiap Ba aijgaHa Oyiina0
Oypwiiran nactiaOKu 10y34a TypKyMu makiutantupunaa. Hlynnail kuiauo, arap
OuTTa TanryBYd €KM CHMBOJ MHTEp(EpeHInsl HaTHXKacuaa WyKonud Kojca, yHIa
OolllIKa KOOpAMHATa XakKuaaru axOopoT cakjaHuO® Koyaau, Oy 3ca CHUMBOJIHU
TUKJIAIl UMKOHUHU Oepajy, Tapuyd CUTHAJ/IIOBKUH HUCOATH KUYMK OyJca Xam.
CummeTpuk (Oypuiamaras) 10iay34a TYPKYMUJAH TaKCUMJIAaHTaH u2 Ba ul japaan
(doilfaIaHUIIHUHT MabHOCU WYK, YyHKH CUMBOJ (paKaTrMHa MKKUTa KOOpAMHATa
OMpUKMACH acocuJa TAHWIUIITN MyMKHUH. YJIapHUHT Xap OUpH ajJoXuja dru3arura
sra Oynmaaum Ba yJNapHUHT OWpUKMacuruHa Vy3ura xoc Oymamu. Tect
MOJICIJIAIITUPUIIT HATIKaNapu ymlOy TeXHUKagaH QoiiladaHraniard CHUrHaj
/IOBKUH HUCOATH OYiinya 0TyK Sabravya eTuiym MyMKUHIMTUHY TacAUKIaraH.

T2 crangaptu Anamoyt koauaad (GoHAallaHuIll XUCOOMra HKKHUTA
y3aTru4jiaH KaOyJHU amajira ONIMPUIl WMKOHUSITHUHHM TabMHUHIAWIu. PecuBep
OupJaHura WKKUTAa Y3aTTUYHUHT CHUTHaIWHU “‘KaOyn Kuiica”, macaliaH, Oup
YacTOTAJIM TapMOKJa HyHaJMaraH aHTeHHaJaH KaOysl KWIMII XHCOOWTa, yHJaH
doiifaNiaHuIl TUBUMHHUHT WIIMHU CE3WIAPJIM SXIIWIAIKM MyMKHH. YOy KOJJall
TasH4Y -CUTHaJN (OpMATH IIAKIMHM Y3rapTUpHII OWjiaH Oupra amaira OUIMpHiIca,
UKKUTAa Xap Xuil »¢upAaH Kela€TraH KaHa/ulap CUTHAJUIAPUHU XaJaKUTCHU3
@KpaTUII Ba aJlOXUAa JAEKOJJall MMKOHMHHM Oepaau. XycCycaH, arap aHT€HHara
dakar Ourra KaHaiara pyxcar ©Oop Oyica, KOAHM KYyHUII KaOyJIHU
émonnamtupmaiiin. Jlactnabku xucoOmammap ym0y TEeXHHKAa KHYUK Oup
4acTOTaJu TapMOKJIapHU Kampabd onuin coxacuHu 30% KeHTauTHpUIll UMKOHUHU
OepHUIITUHYU KYpCaT/Iu.

Hlyun ajoxuaa Tabkumiaad yrum :xkou3ku, DVB-T2 na kymmmua
(GyHKIUsJIAap KUPUTHWIMINM XaM OeJrujaHranjap, yJIapHUHT Oab3wiiapu
XO03UPry KyHJla UIJIaTHIMacaia, Kelakakaa yuoy TH3UM UMKOHHSTIApUIaH KEHT
doitnamum mymkuH. Macanan: T21a UKKUTa KyImMM4Ya KypuiMa MaBxy 0yiuo,
yIapHU KeJNaXakJa KaJApHU KEHrauTUpuInga Kysulaml MyMKuH. bynma T2
KAQJIpUHUHT TY3WIHILIK XaJId aHUKJIaHMaraH TypAard CUrHauiapra MyJkallaHraH
MaBxXyJ Oynamaran TypAaru Kajpjiapra CUTHAJIM3ALUSHU KUPUTULI UMKOHHUSITHHU
Ky3n1a Tytaau (2.53-pacm).

T2 T2 T2 T2

2.53-pacM. T2 kaapnap apo FEF maitnonnapuHUHT KMpUTUIUIIN

Awvnu, Oy FEF (Future Extension Frames- Kaapnapuunr Kenrycu
Kenraiinmm) KagpJapHUHT Ma3MyHHW TapKuOW Xauud aHUKJIaHMmarad. 12
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KypcaTruujapura MOC CHUTHAIU3ANUSHUHT KUPUTWIUINA OWPUHYN  aBJIOJ
pecuBepiapu yuyH FEF-pparmentnapuu Ttanu® onuin Ba ylapra 3bTHOOD
OepMacnuK HMMKOHUHU sipaTaad. bBUpOK Xo3upaaH sramjiaHMaral YpuHIap
Y3aTUIIHUHT OUMPUHYM THU3UMJIAPUHM  KeNaXakJarwiapu OujaH TecKapu
JIOKACHHHM TabMUHJIAIIN, yiap/a Oy CUTHaIu3alus TapKUOU SHTM MablyMOTIap
XaKuJaru axOOpOTHH TAIIUIITUHU OeJITHIIaiIu.
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2.54- pacm. DVB-T?2 nmto3u Ba MOAYJISTOPY Opacuiaryl aHUK Yerapa

Ilynunraek, T21a yacTora-BakT cerMeHTaAlMs Ky31a TYyTHJIraH 0yauo,
ynap kenrycuna ciotiapra (TFS — Time Frequency Slicing — ywacroTta kecur
BAaKTH) 4YaCTOTa-BakT Oyiimya Oynum yuyH 3apyp. [apum acocuii KaOyJ
KuJaumHuHr xycycuatu TFS nan doligananmaii KynnamHd Hazapjaa TyTcana,
CUTHaJM3aIMsUIapra KHPUTHITaH Oenrwiap, ylap WKKUTa TIOHEp Oumad
KUXO3JIaHraH Oynrycu pecuBepiapHuHr TFS-curnamiapy OwiaH —udnuiani
UMKOHUHHM Oepanau. byHpaii curHanm Oup Heua pajuo dYacTOTa KaHAJLIAPHU
rajylaiii Ba Xap Oup XU3MAaTHUHT Typyid (parMeHTIapyu YMyMHU XOJia Typiu
yacToTajapiaa y3aTwiaauiap. PecuBep kaHanman kaHanra cakpad yTub, co3manuo,
KaOyJ1 KWJIMHAETTAaH XWU3MaTra TETHILIM MabJIyMOTJIap (parMeHTIapUHU WHUFUO
onagu. by 6uTTa pajno 4acTora KaHaJIUTa YUyH pyXcar dTHITaHAaH Kypa KeHTPOK
MakeTJapHU MAKJJIAaHTUPUII UMKOHUHU Oepaau, Oy 3ca ¥3 HaBOaTuIa KaHayUIap
YaCTOTAJIAPUHU  PEKATAMMTUPHUINIATH  MOCTANIyBYAHIUTMHA  Ba  CTaTHK
MYJIBTUIUICKCHPIIAII XUCOOUTa KaHalIap COHUHH FOTHII UMKOHUHH SIPATa/IH.

bynna T2 TH3MMMHMHI YTKa3yBYAHJIMK KOOWJIMSITH MapaMeTpJIapHUHT
OenrmiaHrad OyTyH KeTMa- KeTJIUTMHM TaHjall OuiaH aHukiIaHaau. by makcanna
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KYITMHa Onuusiap KypuO YMKWITaH Ba aHUK KOHUrypauus OwmiaH KaOynd
KUTUWIap Maxcyc CUrHanu3anus épaamuaa xabapaop kuiauHaau. [lapamerpnapau
TaHJIalll TU3UM HIIA MyKaMMaJUIAIITUPUIIHU Ky3[a TyTaJu, MacajaH, KaHaJJaH
KaHaJira VYTUII BakTH OwWigaH Xu3Mar axOOpPOTUHHMHI KUCMUHHUHT — ¥3apo
MYTOHOCHONHMIA  €KU  YTKAa3yBUAHJIUK KOOWIMATH OuWjaH  Xajakurtiapra
YUAAMIIUIMK Opacuard MOCJIAIIYBHU KAIAPHULL.

[TakmmaHTUPYBYM KYpCATTUWIAPHUHT KYTT OVIUIIM OOIIKa TU3UMIIap OujiaH
COJNMINTUPHINIHA ~ MypakkabnmamTupanu. Macaman, T2au DVB-T Ounan
COJIMIUTUPCAK, OMPUHYM HAaBOATIA CTAaHAAPT KaHAJIAArd XyJOU LIYHAAN CUTHAIHU
TabMHUHJIOBYHM, OHMpoK T2 nga wmypakka® 1mapoutna KaOyJHUHT — KarTa
XaJIaKUTOApIONUIUTMHY Hazapja TyTaJWraH MapaMmeTpiap OJHHHUIIA MYMKHH.
bynnait Bapmant DVB-Tra mucOaran T2 kaHanWHWHT IOKOPY YTKA3yBUAHIIHMK
KOOMJIMATUIa MOC Kejlagu. BUpOK HOpMall KaHall y4yH KYpCaTKA4YIapH MacTPOK
BApMAHTHU XaM TaHJAlll MYMKHUH, aMMO XYJJId aBBaJTHJEK KaOysn KWW
Mypakka0 IIapoWTIapuaard KaHalulap Y4YyH IOKOpWJIapu TaHjaHaiau. bywnai
IapouTAa KAyl KUJTUII KOOWITUATH SIHA XaM OILaJIu.

laycc kananupmaru Oup Xuil TypAaru TU3UM HHUCOUN XapakTepHCTHKaIapu
2.9-xanBania KeITUPUITaH.

Kansangan kypunuod typudauku, DVB-T unrnusua Bapuantura HucOaTaH
KyTWIa€TraH VTKa3yBUYAHIMK KOOWJIMATUHMHT YcUIIM 1,5 MapTaHu TallKuil
Kuiagu. by Hazapuii OaxoJjallHMHT HaTKaJIapy, aMMO MaBXy[ aga0duériapja
yi0y MaTeprayiapuHy uQoianamiard TaKpuOaBuil HaTUXKanap KeJITUPUIMAaraH.

Mynaait kunnd, DVB-T2 sHru cTaHIapTUHUHT acOCUM XOJaTHHHU TaXJIHII
KWIKIIAQ, CTaHAapTra CUTHAUIApHU S(QUPIM y3aTHUIIl XYCYCUSITHHHM Haszapia
TYyTYBUM SIHTM CaMapald TEXHOJOTHUsUIAp KUPUTWITaH Ae0 XyJioca YHMKapHIL
MyMKUH. DyHIaH Tamkapu, KaJpJapHUHT XU3MaT-Ha30paT YCTKypMallapuHU
ONTUMM3AIMATIANI ~ WUMKOHMHM  OepyBuUM  acocuid  mapamerpiap  cadu
KeHrautupwirad. bymapuunr Oapuyacu yMyMHid  Xojila  YTKa3yBUAHJIMK
KOOWIMSTUHU CE3WJIapJiM OIIWIINIra Ba OWp BaKTHUHT V32 TU3UMHHUHT
YUJIAMIIAIIUTHHN  OLIUPHUINNATA OJIMO KENUIIM KyTWIMOKAA. SBHH, IOKOpHU
AHUKJIMKIArd TEeJIey3aTUllJIapi y4YyH MyKaMMall TapMOKHM KypUII HWMKOHH
MaB>KyJIJTUT Ba TAbKUIJIAHMOK/IA.

2.9-xanBan
DVB-T Ba DVB-T2 tu3umiiapyuHUHT alipuM KUECHUM XapaKTepUCTUKAIApH
DVB-T(unrnus DVB-T2
BapUAHTH)
Mopynauus 64QAM 256 QAM
OTY ymyamu 2K 32K
XMMOST HHTEPBAJIH 1/32 1/128
FEC 2/3CC+RC (8%) 3/5LDPC+BCH
(0,3%)

Taxcumuanran TC 8% 1%
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Typryn TC 2,6% 0,35%
Kanp capnaBxacu 1% 0,7%
ITosioca HOpMaJl KEHTAUTUPUIITAH
Y TKa3yBYaHINK KOOWIUATH 24,1 Mowut/c 35,9 Mowurt/c
by epna: ®TY — @ypse Te3 y3raprupunn; TC- TasHU-cUrHAN
|
Multiple 1
TS or GS [
streams 1
—P Input : Bit inter-
) pre- Input leaved Frame COFDM
pro- processing — coding & ™| buider [ generation
—p] cESS0MS) |—p : modulation
|
,,T2:MI“

2.55.pacMm. DVB-T2 Ti3umMuia MyJITUIIEKCOP Ba MOIYJISITOP Opacuaru

uHTEpPEiiC.

KanaJ cHFMMHHHE OIIMPHIIHAHAT HA3apuii acocaapu 2

DVB-T2 Tu3uMuHM MyXoKamMa KWIMIIJIAaH OJJUH YHUHT OJIMHTH aBJOJ
TeJIeBUICHUECHUTa HUCOATaH KaHAUIap CUFUMHU KYIUIMTUHU Ha3apuil HCOOTHHU
KYpuO uynkamMu3. Acoc KWIHO MKKajda TU3UM YUIYH XaM Ioji0oca KeHrauruau 8 MI'g
kb onamm3. 37.1 xanBanga 6usra DVB-T Tusumuga Typnu mapoutiap Ba
aHTEHHaJIap €pAaMuia OJIMHTaH CcurdHan cudaid Ba Japaxacu Oepuiras.
MabiiyMOT y3aTUIIl TE3JIMTMHU Makcuman KuimaTtuHu [lIeHHOH TeHriamacu

acocuzia OJIMIIUMU3 MYMKHUH:

C=1/3+B*SNR;

Oy epna C = kaHan yTKa3yBYaHINK KOOMIHATH ( OUT / C);

B = yacTtoTa nonocacu kenriuru ( ['m);

SNR = curnan / moBkuH MyHOcabaTiapu (B Ab);

bynna curnan/moskun myHnocabarnapu 10 1b atpoduna ned kabyn KuiauHaIH.

(2.13)

Kansan 2.10.
DVB-T tuzumunuar 8 MI'1 kaHan KEHTIUMTHAA TYPJIH IIaporTiaapaa KaHal
CUFUMU, CUTHAJ cudaTu Ba qapaxanapu.

c/ma

\ Hasapuii makcumaJ

|

H3ox

21 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 688.
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KaHajg curumvu (MouT/c)
10 26.7
12 32 Emon cudariy EnuK
MOPTaTUB aJI0Ka
15 40 Enuk nopratus Kabyn
18 48 SIxum cudatnu Enuk
MOPTATHUB AJIOKA
20 53.3 Tamku anTeHHa
Epnamuaa EMoH cudariu
aJIOKa
25 66.7 buno Tomura
YpHaTUIaAUTaH aHTECHHA
épaamua saximu cudatiu
KaOys
30 80 buno Tomura
YpHATUIAAUTaH AaHTEHHA
épaamuia )Kyaa axXIm
cudatiu Kabysn

DVB-T curHaiuHuHT €MUK OMHO Ba MHIIIOOT/Iap/ia MOPTATUB aHTECHHACH épJlaMu/ia
KaOyJ1 KMJIMII ajloKa cudaTy Kyhuaaruya

13.27 Mout / ¢ (16QAM, CR =2/3, r = 1/4, SFN, SNR = 12 nb); (2.14)
Ba OMHO, MHIIIOOTJIap TOMUTA YPHATHIIAIMTaH aHTeHHaIap EpaaMuia Kaoy
cudaru sca

22.39 Mourt / ¢ (64QAM, CR =3/4,r=1/4,04C, SNR =18 n1b) ; (2.15)
TAITKWJI KAJIa]IH.

DVB-T2auHT Makcaan MaBXyJ TH3UM/Ia MabiyMoTiaap curumuan 30-50
%ra ommupuiiian uobopar.

Pakamuin Te1e3IMTTUPHUII KA0yJl KHJIYBYM KypHJIMAaJIapu

2008 WWIHUHT OXHWpJiapura Keiuo, V36ekucronga DVB-T CTaHJAapTUIAH
doitnanann6, 41 Ba 42 TENEBM3UOH KaHAUIapra MYJDKaJIaHTaH €p YCTH
SIIMTTUPUIIUTAPUHUHT paKaMJIM TEJEBUIECHUECH WINra Tymupwiau. Pakamum
teneBuaenue sumrtupunuiapy MPEG-4 (H.264) cukum dopmaruma amanra
omupmwiIMoKaa. TrwkopaT TaTOMK OWIaH MaxcCyc TalIKWI ATHITaH TamkwioT "Uz
Digital TV" myrynnanMokga Ba kOHTeHT xumoscu yuyH IRDETO 2 maptiu
KHPUII TU3MMH TaHJIaHTaH. by Ba3usT/Ia pakamiik TEICIMTUTTUPHIN CUTHATUIAPUHI
KaOyJ1 Kujia oJIMaiiIuraH aHajorT TEJIEBU30PIAPHUHT KATTa COHUHUHT MaBXKYJIUTH
MyamMMoO Oyiras.

By MyamMo acTta ceKMH MKKHUTa YCyJ OMIaH Xaj 3TUIITaH:

e TeneBuzopra Maxcyc KylmuMya MOcCJamMaHu yjall OWiIaH, y pakamiu
TEJEBUICHUE CUTHAJUIADUHU KaOyn KuiauO, yJIapHH aHajor TEJNESIIUTTUPHIL
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CTaHJapTUra aWjaaHTupuO, OJAMKA TeNeBU3OpiapAa HaMONHUII STUIMIIUHU
TabMUHJIAI;

e VY4YyHYM aBIOJ TEJIEBU30OpJIAPUTra MaXCyC pakamiid KylIuMm4ya IJIaTaHu
yJIalll Ba KaHaJl CeJIEKTOPJIAPUHU MOC PABHUIIIA AJIMAILITUPUIIL.

Maxcyc mmaragan Qoiinananum  PoccussHUHT aHajor-pakam (rudpun)
TV/IDVB-T koHuemmuscu acocuaa €Taad, TEIEBU30pJIap XaM aHaJIor, XaM
paKkaMiHM TeJeBUICHUE NacTypjapuHu KaOyn Kuia onamuiap. by aifHukca sHTU
TENEeBU30pJIapHM uWNUIad uukumga Kynad, uynku "digital TV~ Ready"
TEJEBU30pJIapy OJJUN TEJNEeBH30pJap acocuaa HWIUIad YUKWIATW. YJIapHUHT
a"anor KypuwiMmanapuna DVB-THuHr kaOyn KuiyBUM IUIaTalapuHU yiall yuyH
MaxcyC THUPKHMII (ammapatiu HHTepdeic) Ky3aa TyTwiraH. AHaloOr KaHajulap
CEJIeKTOpU 3ca amIuMTyAa —(paza XapakTepucTUKAacH Tajabliapura MOC Maxcyc
pakamuin  (digital tuner) TIOHepiapra anMalITUPWIAAU. YHAAH TallKapu
teneBuzopHuHT, "digital TV Ready" Oomikapys npoiieccopura Maxcyc JacTypui
BocUTa “Kymmnaau~® Ba jgactyp DVB-T mmaracunu um  pexumMiIapuHu
OolIKapuIlga KyliMM4ya HMMKOHHSTIAp sparaau. by xonma "DVB-T Ready”
KYPUHUIIKMIATH THOPUJT TETIEBU30pIap HAPXHU ONJIMNA TENEeBU30pJaH Jespiu (Gapk
KuiMaiuinap. Pakamnu mata ruOpuj TEIEBU30PHUHT KYIIa0 MMKOHUSITIAPUHU
TAabMUHJIAWAM BAa 3aMOHABUI TEJIEBU30pJap KyNTMHA TypJjapura MyJDKAJUIAHTaH,
oupox ynapau 1990 liunman aBBajd YMKKaH TeJIeBU3Opiapra YpHaTuO Oyiamaiinu,
Oy aca yHIaH (HoHgaTaHAIITHN YSKIIAN 1.

Maxcyc Kymmumya KypWIMAHUHT KYJUIAHUIIW, Xap KaHJIal TENEBU30paa Xe4
KaHJgall y3rapTUPHILICU3 paKamiid TEJNEBUACHHE CHUTHAJUIAPUHH KaOyn KUJIHII
UMKOHUHHM Oepaau, Oy cozlmaHTaH KYIIMM4Ya pakaMid Iulatanap KyJUIaHWIIUAAaH
Kypa ymymuiipox kunaan. Llyrusr ca6ab Y36ekucronna aGorenTiap yuyn DVB-
T/T2 —xymumMya KypuiaManap uiuiad YuKapuiIuim Wyira Kyuuam.

Xosupru kyHzaa, Yz6exucronna "TELECOM INNOVATIONS” kopxoHacu
TOMOHHUJ@H KyIIMM4Ya KypuiMa dukapwiMmokaa Ba TioHep moaenun TE6010IR
Kyhuga 2.55 —pacmaa kentupmirad.Kenaxakna [V-2010IR Tronep monenu unuiad
YUKUIIN PEKATAMITUPHUIITAH.

Yoy kymwmmua TE6010IR KypunmanuHr acocuii TEXHMK KypcaTKH4YJIapH
2.55- pacMa KenTUpHUIITaH.

2.55-pacm. DVB -T 1000 MP4 TIOHEpUHUHT TAIlIK{ KYPUHHILIN
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2.56-Pacm TE-D-1001 TroHEpUHUHT TalIKA KYPUHUIITU
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2.57-pacm. TE-6010IR aboneHT kKaOyn Kwirnum (OJd, OpKa, TEla Ba HYKH

KYpUHUIILIAPH)
2.12. xanBsan
TroHEpJIApHUHT aCOCUN XapaKTepUCTHKAJIAPH
Monens 1000 MP4 TE-D-1001
DVB-T CUTHAJIMHUHI  HIIUIAII yactoTa | 146-862 174 - 862
nuanazonu, MI'q
Kupum curaanuauar catxu, 1b MBT -87...-20 -87...-20
DVB-T crangapTuHy TYJIUK amajira OmupuIn 60p 60p
BuneookuMHM CUKUII CTaHIApTIApU MPEG-2 MPEG-2
H.264 HP H.264/AVC
ITonoca xeurmuru, MI'n 7,8 7,8
dopMaTIIapHHi amMara OIIMpPHII 4:3 Ba 16:9 4:3 Ba 16:9
2.13-kxanBai.

TE6010IR TIOHEpHUHT aCOCUI TEXHUK XapaKTEPUCTUKAIAPU

Kypuima Kypcarruuaap
Curnanau kabyn | DVB -T, DVB -T2
KWJIWII CTaHAApTH

Tronep Kupum curgaiau | VHF 174-230 MI'it
4acToTacHu UHF470-862 MI'l
Kupu curHaiu | -77...-20 ntbmB
KUUMaTHu

Kupui cumu(pazbem)

IEC 169-2 Female

Kupuin kapmmiauru

75 Om

Ilonoca kenrimuru

7:8 MI'ng
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Mopgynsius COFDM
Jemonyasarop Tamypumiap 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
OBO03 JIEKOUIaHUIIIN MPEG-1 Ba MPEG-2 Layer I1&ll,
Ayauoaexoaep Dolbe digital Audio (AC-3)
Juckpernamt 32KT'n, 44,1KI 11, 48KI'11
4acTOTaCcHu
KymumMya Oomka XapakTepHCTHKAjdapura KyWHJIardjiapHH KHPUTHII
MYMKHH:

Ky tunu orinananum narepdeiicu: y36exkua(1otun xapdin);
pycua (kupusut xapQuin).
Ora-ona “ckyndu” ¢pynkuusicu- Em 6yiinua yerapanari

“Ilactyp y3arum” pyaknusacu-EPG

Jloruk pexum “Logic Channel Number —LCN
Kananuu nznam pesxxumu —NIT

Orneparop KymuMya WioBajdapy Ba CEPBUC XU3MaTIapHU TabMUHJIALLIAD

PakamJjiu Te1edIUTTHPHIN Ka0yJl KHJIYBYH KyPUIMAJTAPUHUHT 3J1€eMeHT
0a3zacu

X03Upru KyHja kaxoH 0030pua BUAEO TACBUPJIAPHU KOJIAIll Ba IEKOIJIAII
y4yH MUKPOITPOLIECCOPJIApUHU TakIu( dTaTraH KOMIaHUsIap COHU XKyJa Kyi. by
pyiixatra Texas Instruments (AKII), STMicroelectronics (®pannums, Wramus),
Broadcom Corporation (AKII), NXP (I'omnmanmus), Marvell (AKII)mapuu xam
KHPUTHII MyMKHH.

Texas Instruments @upMacMHUHT WJIFOp HIUIaHMaNapujaaH Oupu Oup
kpuctaiumn Maxcyc mnpoueccop TMS320AV7110 6ynaud6, y DVB-T kxymummua
KypriMaliapua Ba THOpHU TeleBu3opiaapa Ky UTaHUIa u.

2.58-pacmaga 3amonaBuii TMS320AV7110- xyma Kkarra HWHTErpai
CXeMaHUHT (YHKIMOHA TY3WJIMAacH KEINTUPWITaH Ba y OWTTa MHKpOCXeMaja
pakamJid  TENEBHJICHWE CHUTHAJIapura JacTypuii-anmapar Oyinudya WIUIOB
OepHITHUHT Oapya KOMITIOHEHTaIapuHHU xamiaai i (System-On-Chip):
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e 60 MOur/c raua Oynran Tte3nukaaru MPEG tpancnopT oxuMuHH
aHaIM3aTOpU Ba YHU JEMYJbTUIUICKCHpJAIl Ba JieCKpeMOsepanl
UMKOHUSATH;

® BHJICO Ba ayJIUO JeKoaepiap 010KH,

e Oenru -xaphau axO00pOoTIaApHA TUCIIICHTa YUKAPHUIITa CO3JaHTaH OJIOK;

o RGB-uypkumu Ba koMmmo3uT curHan ymkummra sra PAL/NTSC xoxep
OJIOKH;

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

e ymymuil uaTepdeiic yayn 16/32 paspsanu mmHa;

e XoTHpara TYFPUAAH-TYFPU KHUPHUII WMKOHUSTHTA 3Ta FOKOPH TE3IUKIaru
uHTepdeicaap 6J10KH;

e SMART-kapta untepdeiicu;

e Mapka3uii TPOIECCOPHUHT ONEpaTUB XOTUpPAa KypHIMAcCHHH, y3rapmac
XOTHUpa KypWJIMAacHHH OOIIKapyB IIMHATAPH XamJa MabIyMOTIapH Ba
KHpULI-YUKUII HHTEepdercIapuHu OOIIKapuIl OJI0KH.
by ¢yHkumonan OJIOKJIApHUHT TYJIWUK OYyIMaraH pyHxaTH, UIYHUHTHACK,

JACTypui-MaTeMaTUK  TabMHUHOT  CO3JIAlll  BOCHUTAJAPUHUHT  MaBXYIUIUTU
TMS320AV7110 MaxCyJOTHUHT KaTTa UMKOHUATIAPU OOpIUTHHM Hdoganaiau.
[y cab6ab6 ymOy umn abOHEHT KypWIMalapuHU, THUOPUII Ba paKaMiH
TEJIEBU30PJIADHA HWIUIA0 YWKaApHIIa KEHT KyJmaHuiamd Xamaa ymap DVB-T,
DVB-S, DVB-C crangapTimapu TEJIEBU3HOH CUTHAJUIAPUHHM KaOyn KHJIMIIUHHA
amaJra ommpasauiap.

Pakamnm  TeneBupeHHWE ~ TH3UMJIAPU  PUBOXJIAHTAaHU  Capu  IOKOpHU
aHukyvkaaru ¢opmatau kywiaauran Ba MPEG-4 cranmaptu cUTHaJUIapUHU
JeKOANIAiIuTral KypuiManapra KU3UKHII KaTTa. XO3UPTry KyHAa KYNTWHA BUACO
KyluuM4ya MOCJIaMacMHM HIUad 4ukyBuM Kommanusuiap STMicroelectronics
MUKPOTIPOIIECCOPIIAPUHN ~ WIUIATUIIAAW, YYHKH yIApHUHT  MaxCyJloTJIapu
Hapx/cudar HucOatu Oyiimua TanaOuu KoHaupaaunap. STMicroelectronics —
EBpona MHUKpPO3JIEKTPOHHKA KOMIAHUSICU OYIMO, SpUM YTKa3ru4wid AJIEKTPOH Ba
MUKPOAJIEKTPOH  KOMIOHEHTJIApHU  MIUIad YUKApUIl Ba COTHUIN  OwujiaH
HIyFyJIJIaHAAUTaH SHT WMPUK KOMTIAHUsIapiaH Oupu XucobiaHau.
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Pakamnu emgec YMKMLWK
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2.58-pacm. TMS320AV7110 xyna xkarra UC ynkimonan cxemacu
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2.14-xanBain.

MPEG-4nexonepura sra Buieo KaOyi KiiyBur Kypuiamaiap yayn STMicroelectronics mukponporieccopiapu

Mapkac Ymymui tTabpudg Hexonep Buneo Coznanran | Kymwianunaguran | OBo3 YuKUIln
" TYpH KEHIrauTMacH | 1eMOAYJIATOP uHrepdencaap dopmaTu
STi5202 |H.264 BaMicrosoft VC1 ka6yn| H.264;VC-1 |Crangapt Ethernet; HDMI; 170 8
KUJITUWIapH YYyH ap3oH| MPEG-2 |anuknukmaru | 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;
WHTErpaJlyIaHTaH 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




1. HA3APUI1 MATEPUAJLIIAP

yayH SD nekonepu VC-1

STi7101 |H.264 xonmnamra sra pakamiaun| MPEG-2; FOxopwu Ethernet; HDMI;
Kabyn kwirua yuyyn HDTV H.264 anukuKaara | Masxyn 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 | Mamxyxn 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 Magxyn 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  jpekoxep, HDTV| MPEG-2; HD:;SD Mag:xyn smac SATA; USB 2.0; YK
pakamiid KaOysl KWITHY, Y4 H.264 SPDIF

TOMOHJIaMa HAMOMWUIII
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2.14-xanBanma kenrtupwiran STMicroelectronics komnanuscuanar MPEG-
4 nexonmepura sra Oapua KaOyn KWIyBYM KypWIMalapy MaxcCyJIOTJIapUHUHT
pyiixatuau kypub uukamui. KaaBangaH KYypuHUO TYpUOAMKH, Xap XU
KUMaTAarn Ba Typiau XWJI MYpakKaOJIMKAard MHUKpPOIpPOLIecCOpiiap MaBxkKy/Il.
Coznanran jaemonynsropra sra Oup Heda BapuaHtiap Xam Oop. Kypcarunran
mozemnap nunga DVB kymmmua mocnamanap Ba ruOpui TeJaeBU30piap y4yH
kyrpok STi17109 mMukpomnpoueccop KyJUIaHWIaAW, Y Y3UHUHT ap30H Hapxu, HD
KeHrantMamu BuJeoHW Kyiamu Ba MPEG-4 nexonnam cranmapTura srajiuru
Ounan OomKamapAaH axpanud Typaaud. Ymly KypHWIMaHUHT KaMYHJIMTH YHZAQ
COFDM co3nanrad 1eMOAYJIATOPUHUHT UYKIUTUIUD. YIIOY MUKPOIPOIIECCOPHH
O6aradcunpox Kypud YnKamus.

STi7109 MmuKponpoOLECCOPHMHUHT YMYMHUI XapaKTEPUCTUKACH Ba U1
aJITOPUTMH

STi7109 — nexoxepiapHUHT FOKOpU CUGATIU paKaMIId YMIIAPUHUHT SHTH
aiaonu Oynmu6, HD ap3oH Tu3umiapu Y4YyH HOKOpPH caMapaJopiIMKHU
tapMuHIaan, STBus apxuTekTypara acociadrad. YOy MHKPOIIPOIECCOp
3aMOHABUI paKaMJIM €p YCTH, UYIIo1I Ba Kabenb, TU3uMIapu myHuHraek, DSL Ba
IP macanmamapyuHUHT €YUMUAUD.

STi7109 nemynpTunexkcopu HD Ba cTanmapT pakamiiu BUJIEO OKMMIIAPUHU
KYTI KaHAJUIM ayJIuo Hynakyanap OYViinad Kaita TUKIaNHIu.

Tenesuzop Ounan anmoka DAC aHamor KUpHIl OpKaJId €KH KY4UpHIJIaH
xumosutanrad DVI/HDMI pakamiii Kupuigad amaira olydpuiaan. Ayauo YUKHIL
sca S/PDIF apamam untepdeiicu opkanu €xku unterpamanran DAC crepeo
uHTEepeicr OpKaJId TAabMUHIIAHAIH.

Pakamnu kypuHuINra aiIaHTUPWIITaH AaHAJIOT JACTYpJiap HAMOWHIN YYyH
STi7109 wmukpomnpoueccopu €Epaamuaa Kaita (OpMATIAMTUPHINAIT MYMKHH.
Ymby uun Oup BaKTHUHT V3ula Typjid MaHOaanapiaH KenaéTraH eTTuTarada
OKUMTa HIIIJIOB OEPUIIT UMKOHUSATHUTA 3Ta.

STi7109 266 MInu w4actorana wunuiaiiauran ST40-202 wmapkazuit
nporieccopura sra. Cuaxpon auHamuk xotupa unrepdericu 3YIIB DDRI1 snana
cudativ unutam yayH Kyutanuiaaud Ba'y VC-1/HD H.264 ytkasum crangaptuia
BUJICOJICKOIepra 3apyp mojoca Oyinad winiamra uMkoH Oepamau. STi7109uunr
YMYMJIAIITUPWITAH TAIIKUINI yn3macu 2.59-pacMa KeNTUPUIITaH.
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2.59-pacm. STi7109 HUHT yMyMJallIrad cXeMacu

[Ipouieccopaa 64-QAM wmonynauusigan  QoiianaHuiIaad, MOMYISIUOH
CUMBOJIIAP G-pa3psa/iiu cy3IapHu HaMOEH KWJIAIH, IIYHUHT Y4yH KUPYBUU OKHM
OJITUTA CyOOKUMTa JEeMYJIbTUILICKCUPIIAHAH.

JlexoaepHUHT 0a3aBWil aCOCHHM TyTaJUIaHTaH WMITYJIbC XapaKTepUCTHUKara
9Ta MKKUTA pakaMian (GUIBTP TAIIKWI ATaJH, YIAPHUHT YUKYBUN CHTHAUTapyu X Ba
Y onap, onTHTA TPUITEP CHDKUAII PETHCTPU KYPUHUIIUIAATH  KEUUKHII
JUHUSJIAPWHUHAT TYPJIW HyKTaJapuaaH ONMHTaH WKKWTAa CUTHATHWHT MOTYJWHU
KYIIHII HATWKACUAa [IAKIUIAaHA IH.

KupyBun MabaymMoTiIap KeTMa-KeT CHIDKHUII PETUCTPUTa KUPHUTHIIAIH,
GuIbTp YWMKYBUM CUTHAJUIAPUJAH 3Ca, VY3TapTUPHINIAH KEWWH KeTMa-KeT
KYPUHUIIUIA paKaMJId OKUM IIaK/UTaHaid, 0y OKuMIa OUTIIap KUPUIIIAruaH Kypa
WKKH MapTa kympok kemamgwiap. STi7109HuHT siHama OatadCHIIPOK TalIKWAIUI
Ty3unmacu 2.60-pacMaa kypcaTuiraH.

B STi7109 na Bugconu aexomnam VC-1/H.264/MPEG-2 dopmatiapuaa
€KU paKaMmJId BUJIe0 MHTEep(dEiic OpKaIu OJMHTaH
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2.60-pacm. STi17109 mukpormnporieccop GyHKIIMOHAT CXEMaCH



dbopmarna Oaxapwiagu. ACOCHil TIPOIIeCCOp BUACO CUTHATHU KaOysl KWIaad Ba
YU3UKJIU-0JIOKIIM alJIaHTUPUILIHY, TTaHOpaMaJalllHU Ba CKaHEPJIAIIHU, IITYHUHTICK
dbopMaTHH BEpTUKAJ Ba TOPU30HTAJT Y3rapTUPHUIIIHU aMalira OIIUPaIq.

Karop opamabd &immga wunutamn ydyH myHuHraek, de-interlacer (DEI)
pEKMMHU MaBkKyJ. Epramum mporeccop AeKoAIaHraH CUIHAJIHKM KaOyl Kudaau Ba
NaHOpaMallalllHd Ba CKaHEpJAIIHW, BEPTUKaJl CHUHXPOHM3AIUSHU, (POpPMATHH,
PAHTJIMIIMKHY Ba TYC XaMJa TYWHHTaHJIMKHUA TOPU30HTAN Y3rapTUPUIIMHU amaira
omupaay. Yoy EpaaMun Mpoueccop TACBUPHUA YHUKAPUII YIYH MYIDKaJJIaHTaH.

TacBupHH YMKapuIl acocuil HMHTEpQECIapHUHT Xap KaWCHUCHAa amaira
OIIMPHWIIAIIN MYMKHH:

* ACOCHM aHaJIOT YUKHUIIIJIA;

* DVI / HDMI yuxuniaa.

Ym0y unm katopiap conn 5251, 525p, 750p, 11251 6ynranma ctanmaapT Ba
IOKOpY cudaTiv  TEICBUJACHUCHUHT TYpJIM KEHrauTMmaiaapujaa JUCIICHHU
KYJUIAUIA.

STi7109 MUKpPOIPOLIECCOPUHUHT KAMYMJIUTH J1e0 yHJa CO3JIaHTaH
JEMOTYISTOPHUHT UYKJIUTUHA XUCOOIaIl MyMKHH.

FOkopu yacroraau 610k Ba COFDM aemoayasitop

Hemonynstop cudaruna ZARLINK ¢upmMacuHuHT Tyramianral KypujiMacu

KeHr TapkairaH Ba y Vy3uga DVB-T kabyn xwirmaauar — (Samsung
DTOS444PH241B) rokopu dyactotanu OnokuHu xamaa ZL10353 wyunmparu
COFDM pemonynsiTOpHH aloXuaa MOIYJdh KYPUHHUIIHAA MYy>KacCcaMJIallTHpraH
(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 moprtatuB DVB-T kaOyn kuirudiap.
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2.61-pacm. ZLE10517 TroHEpHHMHT TaIlIKA KYPUHUIIY Ba YMyMJIAIITaH
TAIIKUIUN YU3MACH

Hactypuit  tabmmuor Zarlink  Semiconductor ¢upmacu TOMOHMIAH

TabMHUHJIAHAAW Ba Xap OUp Mojenra Xyxokariap TYIUIaMd Ba TECTJIap HaTHXKacu
wioBa KuwinHaau. DVB-THu kymioBun ymoOy Mojaenb I0KOpU cU(aTId CUTHATHU
Ba KaM sHeprus capdiaiiHy TabMUHIANIH.

YOy KypuiMa KyHuaaru TeXHUK XapaKTepUCTHKara sra:

yacToTa auarna3zonu 174-862 MI'L];

CHI'Haja KuiMat -3....-82 nbwm;

KaHaJulapapo uHTepdepeHunn Kuimartu-3 nb;

DVB-T yuyn 38 nb xanangaru TacBUpHU XUMOSIJIAaHTaHINK KHHMaTH
Curnan/moBkuH HucOatn 17,5 nb

TabMUHIIOBUM KyWwIaHUII +5 Tanad ATUITaH KyBBaT/Ja MIIYU PEXKUM yIyH 1
Bt Ba kytnu pexumuga 0,7 Br;

Kananra cosnam Ba AKY wmm 12C mmHaHMHT KeTMa-KeTIn 2 §TKa3yBuaH
CUM XucoOuTa TabMUHIIaHAIH.
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STi7109 acocunaru DVB-T kymmmua MmociaMacHHUHT 6a3a BAPUAHTH

MPEG-4 «komnam ¢opmarura sra DVB-T curnan xalOyn KwiyBud
KypPWIMACUHUHT 0a3aBUi KMUCMUHHUHI TalIKWIMNA YU3MallapujaH Oup BapuUaHTH
2.62-pacMa KypcaTuirad Ba y KyWnJ1ari TalllKuil 3TyBUMIIapra ara:

e PagnokaHamHuHr rokopu dvactotasm Osoku Ba COFDM nemonynstopu
ZARLINK dbupmMacuHUHT DVB-T KaOyn KWITHIuaa (Samsung
DTOS444PH241B) tokopu uactotanu Onoku Ba ZL10353 yunumaru COFDM
JIEMOIYJIATOPH OopKanu MY>KacCaMJIaHTaH. Yoy 0J10K WKKUTA
MUKpoIporeccopian noopat: TroHep (KaOys KWITHY) Ba OKAM JIEMOIYJISATOPH.
AHTEHHAJ]aH KeJaéTraH CHUTHaJl TIOHEP MHKPOIpollecCopura Keaud Tymaau, Oy
eplla y KailTa unuianu0, JeMOayJsiTopra y3aThiaau, 1eMOAYJIsTOp Y3 HaBOaTuaa
KepakJii CHUMBOJUIAQPHU aXpaTUO oJaau Ba yJapHU TPAHCIOPT OKUMHU
JIEMYJIbTUILIEKCOPUTa y3aTa/IN.

e Tpancmopr okuMm naemyibTHIieckcopu Ba MPEG nmexkomepu STi7109
YUMuaa spatuirad. Ymoly 3jieMeHT 8 Ta JacTypuid OKMMHHU TaHJall Ba 3apyp
TEJIEBU3UOH JacTypra TaKCUMJIAIIHW, CUKWITaH MabJIyMOTJIapHU JAEKOjIall,
TACBUp CHUTHAJUIADMHM  XaMAa OBO3  TANIKMI  STyBumiapHu PAVra
Y3rapTUpUIILUIapHU amaira Oupaiu.

e MPEG nekonepaan kenu0d TymaguraH axOOpOTHU BAKTUHYAIMK CaKJall
y4yH TalllKd OIlepaTUB XOTupa KypuimacuaaH Qoigananwianyd. JuHamuk
onepatuB xotupa Kypwimacu [S42S32200C1-7TL wmukpocxema acocujia
Kypuwirad. /[lnHamMuk XoTHhpara AEKOAEpAaH Kena€TraH MabiyMOTiap VH OJTH
pa3psAIIIM MabJIyMOTIIAp IIMHACH OPKAIH KEIHO TYyIIIaIu.

e bomkapyB Onokuman kenuO TymaérraH axOOpOTHU MHMKPOIPOIIECCOP
TOMOHU/IaH KaOyn1 KWIMHUIITN y4yH cxemara
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2.62-pacm. MPEG 4 crannaptu DVB-T kaOys KiilyBYM KypHUJIMACHHUHT COAMANAITUPUIITAH MAPTIA YU3MACH



MM74HC4049 Mukpocxemacu acocuaaru OOmKapyB MUKPOKOHTPOJUIEPH 3apyp.
VY OunaH anoka YH OJITU pa3psiiid KeTMa-KeT MOPT OPKAJIM TabMHUHIJIaHAIU. Y IOy
MUKpPOKOHTPOJUIEp KYIIMMYa MOCJIAMAaCUHUHT HII PEXUMIAPUHU OOIIKAPHUIIT
KJIaBUATypacCMHU Ba OONIKapyB MYyJbTH TOMOHHMJIAH KaOyl KWJIMHAETraH
CUTHAJIJIapra UIUIOB OEpUILIIark CKaHEepJIall YUyH MYJDKaJlJIaHTaH.

2.9. Amepuxkanunr ATSC Ba SInonusinuur ISDB ep ycTu TesieBuaeHune
crangaptiaapu. Ep yeru tenesuaennecununr ATSC Amepuka ctanaapTu.

AKII Oomka paBiatnapaad aBBall 3GUP SIIUTTUPULUIAPUHU FOKOPH
aHUKJIMKIArd Qgopmarra YTKasuil pexainapHu Oungupraninap. 20 acpuunr 80-
Humapuaaék UCTUKOOUIM TeneBuaeHue tusuminapu OViimua Kymura (ATSC-
Advanced Television Systems Commitee) tamkwi stuinrad Ba NTSC ananor
curHaj OWJlaH MOC KeJIaJiuraH xamJia, MapxXyJ 3(upJard 4acTora IMojocacujia
UIUIaiurad, IOKOpY aHUKIUKIAard TU3UMHHU WIIa0 yukuin oomanrad. FOkopu
aHUKJIMKIArd TEJEBUACHUE coxacujaru uinaHunuiap EBpomana, SnoHusiga xam
om0 Oopwiran, Oupok ¢akar AKII s¢up smuTTUpHIIapy Y4yH MaBXKYy[d
TU3UMIra MOCJAIaUraH TU3MMHHM UIUTA0 YMKHUII yCTUJa il ojub 6opran. 1991
Hunra kenu0 TypJid KOMIAHUSIIAp TOMOHUJAH OJITUTa MOCJAIITaH TU3UM TaKIUM
STWIIM Ba ylapJaH TypTracu TYnuK pakamiau Oynaran. ATSC Oapua unuiad
YUKYBYM KOMITAaHUSJIApTa Y3IIapUHUHT XapaKaTilapuHu kamiad 6apya JTOMMXaHUHT
BHI SIXIIM E€YUMJIAPUHU  Yy3uJla My)KacCaMJIAlUTHUPWIITaH $AroHa CTaHIapT
TY3WIMIIHA Takiaud dtarad. 1995 #mnma karra AnbsHc 1e0 HOMIIaHAAWTaH
KoHcopiiyM TOMOHHJIaH XHU3MaT axOOpOTHMHU Ba CYOTHUTpJApHH, KYI KaHAJIIH
OBO3JIap TAITYBYKMCH OWJIAH KYIIMJITaH FOKOPU aHUKJIUKIArH OMpJaIiral 1acTypHH
AKIII na axxpaTtuiiran siroHa TEJIEBU3UOH KaHaAa, sbHU 6 MI'1| mosiocana y3aTuii
MMKOHUHU OepyBYM TYJIUK paKaMJId CTaHIAPT JTOMUXACH TAKJAUM ITHIITaH.

Cranpapt unuiad 4YuKapyBuwiap EHUIIHUHT sroHa QopMmatu Oyitnua
KeJIMIIIA oJIMaiIuap Ba 1y cabad cranaapt 4ta oopmatia xaMm uiuiail ojau.

-I0OKOpU aHuKJukaaru tenesuaenue popmatu HDTV-A(1280x720 nukcenb
enunnum);

- [OKopu aHuWKIukaaru TteneBuaenue dopmatu HDTV-B  (1290x1080
MUKCEeIb EUNIIUIN);

-oquii  aHuKIuKAaru teneBuaenue (gopmatu SDTV (704x480 mnwmkcenn
ENnum);

-kommbiotep hopmatn VGA 640x480 (mukcens ERUILIN).

ATSC Tu3umu KOHIENIUSACH MOAYJUIMK TIPUHITUIHN acocuaa spatuirad. 1TU
11/3 rypyxu uwznaHunuiapu TakiaudIapura acocliaHraH Ty3WIMaaa ydTa THU3UM
OCTHM KHCMJIADHHM @XpaTHIl MYMKHH, yjap: AacTiIaOKd MabJyMOTHU KOJJIAIIl,
TPAHCIIOPT  OKMMM  IAKUIAHTHPUIN  XaMJa  KaHaJIHM  KOJJIall  Ba
Moaynsnusaanuiapaup.  JlactimaOku  MabJiyMOTHM — KOJJIAIIHUHT  MakKcaJu
TEJIEBU3UOH TAacBUpP Ba OBO3HU CUKUIIIUP. ATSC HUHI MabIyMOTHH KOJUIalll
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tsumuga MPEG-2 oxumupan ¢doigamanmnanm Ba oBo3HM Koppramjga AC-3,
Dolby 5.1 cramgaptTd Kouwjgacw KYyJUlaHWJIagu. TpaHCIIOPT OKUMHHHUHT
HIAKJUTAHTUPUIIIA BUAECO, OBO3 Ba KyIIMMYa MabIyMOTJIAPHU NaKETIAIITHPHUIIT
yauyH ~ MPEG-2  TpaHCOPT  OKMMHMHUHI  CHHTAaKCUCHM  KYJUIQaHWJIAQJIH.
[MaxnnanTupuiIaéTrad TPAaHCIOPT MAKETIIAPUHUHT O€NTWJIaHTaH J1aBOMMIIIUTH
188 GaiT (ynapaan OMPUHYMCH CHHXpOHHM3aNMsIAI OalTH XucoOaaHaan) 0yauo,
TEJIEBU3UOH DIIUTTUPHUIN CUTHAUIAQPUHMU Y3aTHI IIApTiIapu Y4YyH ONTHUMA
(MykaMmmain) xucoOnaHaauiaap.

ATSC cranmapTuaa pagrokaHauiap Oyilnda pakaMmiii CUTHALIAPHHA y3aTHIIT
YU4YH MaBXyJ TU3UMJIapUJa KEHT KYJJIAHWJIAUTaH aMIUTUTYIaBUH MOJYJISIUsIA
OuTTa €H TOMOHHM TAIKIJI STYBYMCH WYKOTUIUIIH (KMCMaH OJIN0 TallIaHTaH) Kabu
PHUBOKJIAHTaH TEXHOJOTHUS acoCua, Oup €H MOJIOCACUHU KUCMaH OJIMO TallUlaHTaH
(Vestigal Side-Band-VSB) kxyn carxjm pakaMmiii MOAYJISIIHS YCYJIU KYJJIaHHJITaH.

VSB Mmoaynsuusacuaa MOIYJISIUUSJIOBYNA CUTHANI UKKU MO3USALUSINA €KU KYII
NO3ULUAIIN OYuIM MyMKuH. 2-VSB ne6 OenrunanyBud, WKKU TO3ULUSIINA KYTI
catxqm y3atumga (2.63 - pacMm) MOAYJSUUSIIOBYM CHUTHAN —y3aTWIIAJIUTaH
MabJIYMOTJIAp CUTHAIM OWJIaH MOC TYIIIa X Ba Xap OMp CUMBOJI MHTEPBAIUAA UKKH
caTxJlaH OWpPUHU KUMMaTUHU KaOyn Kuiaau (xapakrepiau Kuitmatiap 0 ra
HUCOATaH CHMMETpPUK, MacasaH +1 Ba -1). Moaynsaiuss TH3UMHHH aHUK Ba
MyKaMMaJl TaHJIaHTAHJIUTH Ty(aillii MablyMOTIApHU Y3aTUIIHUHT COJMIITAPMA
te3nuru 1,79 (obut/c)/I'n 6Ynaau Ba Hazapuid yerapa (20ut/c) ra sskun 0ynaau. Ky
MO3UIIMOH y3aTUIIAa XapaKTEpJIOBUM KUWMATIIAp HOJra HUCOATaH CUMMETPUK
JKOMnamaan Ba OpalvK IIyHJald TaHJIaHAIUKW, VHIA yJiap Opacujard WHTEpBaI
Oup Xuia OyIuIIM TabMUHIAHUIIN Kepak. Macanan 8-VSB tuzumuaru (6.18-pacm)
8 MO3ULMSUIM y3aTHIIJIa MOAYJISIIUSJIOBUM CUTHAJI OMTTa CUMBOJ MHTEpBaIuaa 8
Ta KUUMaTHH KaOyn Kwiumu MyMkuH (-7,-5,-3,-1,41,+3,45,+7). Bynna Outta
CUMBOJI UHTEPBAJINIA MABJIYMOTIAp OKUMUHUHT 3 Ta UKKUJIUK pa3psau y3aTuiiaau
Ba Oy y3arum te3nuruau 3 maprta ommpanu. llynaait kunu6, 8-VSB tusumugaru
6 MI'u nonocasa MabIyMOTJIAp COJMINTHPMA TE3JUTH 3 MapTa OLIMPUIICA, TUZHUM
1,79x3x6=32,3 MOuT/c Te31MK OMIaH OKUMHH Y3aTHIIIM MyMKHH.

VSB Tuzumu MOIyIANMsUIOBYN CUTHATHUHT TYyPJIU Ty3WIMaIapUHU XUcoOTa
oifraH OWp Hewya BapwaHTIapnaa unuiad yukwirad: 2-VSB, 4-VSB, 8-VSB, 8T-
VSB, 16-VSB. MoaynsuusiioBud CUTHAJ caTXJjapy cOHM 2 faH 16 raya y3rapuiu
MYMKHWH, OYHJIa CHUMBOJUIADHUHT KETMa-KETJIMTMHU YaCTOTACHHU CaTXJIap COHU
jJorapudmura KymauTHUpraH XoJijla XuCOOJIaHaJWIaH MabJIyMOTJApHU Yy3aTHII
TE3JIMTH XaM MOC paBHUIllJla Y3rapaau. MoAyasuMsIOBYM CUTHAJ caTXJiap COHU
KaH4a Kym Oyica, IIOBKUHAAH XUMOSUIAHTAHJIMK IIyHra nact Oymaau. by
kounanan ¢akar 8-T-VSB Tuzumu Xoauaup, YHJa IIOBKUMHTA KApIIUA KYypAaIlIWIIl
Makcaauaa Kymumya koaam Kyutanwianu (T xapdu- Trellis, ymoy kommanHuHr
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 HucOaTaH MabayMoOTIap
y3atumn Te3nurd kamasan. 8T-VSB tusumuna Oupnuk BakT wuuja y3aTuiaaéTran
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doiinanu MabaymoTiap ymymuit xaxmu, 4-VSB tusumnarunex 6ynaau. 8T-VSB
TU3UMU HUCOATaH IOKOPH Japakaly HIOBKUHJIAp OWMJIaH XapaKTepJiaHyBuu €p YCTH
JIIMTTUpHUIIM  yuyH, 16-VSB  »3ca  pakamum  kabenp  TeJeBUACHUE
SIUTTUPHUILIAPUTA MYJDKaIaHTaH.

+} : =t
AT |21 [ar 41 |51 61 [ e

2.63 - pacm. VIKKY TO3UIMSUTN KYTI CAaTX) I MOAYJSIIHsUIOBYN VSB curnan

MoaynsiuussHUHT KypcaTWiraH ycyiuiapu ymymui tesnuru 19,39 Mout/c
OynraH MablyMOTIap OKUMHUHU €p YCTH TEJIEBU3MOH SIIMTTHPHIL IAPOUTIApUIa
Ba Mapajuies XyAau IIyHaal 2 Ta OKUMJIApHU KaOellb TeJIEBUACHUE TapMOKIapuaa
y3aTUIIHU amajra oOIupHinra HWMKOH Oepaau. bynpait Ttesnmuk Outra 50
atpodunaru cuxkum kodpdunuentin MPEG-2 dopmatmaru HDTV nmactypau
y3aTuil yuyH erapiu. CTaHIapT aHUKJIMKra 3ra CUTHAJIapan ¢oigaianuirasia
aca, ATSC tuzumuaa Oup Baktna, 2-3 JaCTypHH Y3aTHII UMKOHHUSTH MaBxKYy/I.

2.64 - pacmaa ATSC TU3UMUHUHT y3aTHIIl KUCMU TY3WJIMAacH KEJITUPHUIITaH,
ATSC y3arrnuyia curHajuilapHu Ba MabJIyMOTJIAPHU KalTa WIJIAIl TPAKTH aCOCUM
NEMEHTIApU Kyuuaaruiap: panaomusatop, Pun-ConomMoH koaepu, opanarruy,
Tpemmc koaepw, MyJbTUIUIEKCOP, TAasHY-CUTHAN IIAKJUIaHTUpPIru4d, VSB-
MOAYJISITOP.
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MPEG - 2 mabnymotnapu
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2.64 -pacMm. ATSC TU3UMUHUHT y3aTyBUM KUCMU TY3HIUIIIH.

ATSC Tuzumu y3atumru kupumura MPEG-2 TexHonmoruscu Oyitnya
[IaKJUTAHTaH, CETMEHTHUHT OMPHHYM OalWTH MaxCyc CHHXPOOANT XMCOOJIaHTaH,
188 Oaiitman wuOOpaT CErMeHTAAaH TaNIKWI TOMNTaH, pakaMiid MablIyMOTIap
TpancnopT okuMu kenu6 tymagu. ATSC komgnamga Oy Maxcyc CHHXPOOAWT
YVunpunaau Ba 187 6aliT cerMeHT MabIyMOTJIApUTHHA KalTa UIIUTaHAAWIap. Y HllaH
tamkapyu ATSC nma MabpayMOTIIapHHM TAIIKWI STUII KyIIMMYa MOFOHACH- WKKHUTA
MalJIOH/IaH MOopaT KaJp KUPUTWITaH (Xap Oup MailloH MabiyMOTJIapHUHT 312Ta
ax00pOT CErMEeHTIapUHM Y3 WUura OJiaju.)

Kymmmua paBumpma, Kynm carxid MOAYJSLMSAIOBYM  CUTHAJUIAPHU
MIAKJUTAHTUPUIIT OOCKUYMAA Xap OUp CerMeHT OOIIMra CEerMEHTHHHI Maxcyc
cunxpocurHaiiu (CMC), xap Oup MaioH OommMra 3ca MaWJOH CHUXPOCHUTHAIH
(MCC) napau Ky¥uIl aMmanra OUMpuiIaIu.

ATSC na pakamian MabIyMOTJIApHU KalTa WIUIANTHUHT OMPUHYM dTauaa,
aHaJor TEJESIIUTTUPUIL KaHAUIApuJa Fo3ara KeJlaguraH [IOBKUHJIAPHUHT
KUUMaTUHA  KaMaWTUpUIL Ba CUTHAJIHUHT 4YacTOTa CHEKTPUHU  TEKHUC
TaKCUMJIAHUIIIUHY [IAKJUIAHTUPUIN YYYH Xamja y3aTWiIa€IraH MabliyMoTjiapra
“racomuuiinKk”’ Ba “IIOBKMHTa XOCHHK~  XOCCaJapUHU TalIKWI OSTaJIuraH
paHAO0IM3aLMs ONepalusacy KyJutaHunaau. Pannomuzarop 9 Ta Teckapu anokara
sra OVnrad 16 pa3psui CHJDKUII perucTpura sra 6okaup(2.65 -pacm). baittiap
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KeTuO TYIIUII YacTOTacH pPaHIOMH3AaTOPHUHI TAaKT YacTOTAacH XuCOOJaHaIu.
MabiiyMoT/IapHUHT HaBOaTjgaru OaTh Kenaud TymraHaa,y Tylmrad OaiTiap
outnapu panamuzatop DO...D7 Outnapu Ousian Moayis 2 OViinuya KyIIvIaauiap
Ba MabJyMOTJAp CWDKHUII PErucTpuia CWDKUTHIaguiaap. Moxayns 2 Oyiinua
KYIIUII HATH>KAacKJla OJIMHTaH 0alT, KaHall KoJIepuia KeMUHTY KailTa UIljIall y4yH
KyJutaHuiaau. PannqoMuzatop MHUIMATU3ANUACH(TEKIIUPUIUIIN) CUHXPOCETMEHT
MaWJJOHHUHT OWpUHYM OalTH OpKajdu amMaira oluMpuiaav. byHaa Ccuibkdin
peructpura F180 conn €3mmamu. Panmomuzarust Oup Hewa MakcaJjapHH Ky3aa
TyTaju:

1) TapkatunaétraH CHTHATHUHT TEKUC TAKCHUMJIAHTAH  CHEKTPUHU
MIAKJJIAHTUPUII YUYH (1Iy MyHOca0aT OWsiaH paHIOMH3alUSIHU KYyTMHYa
KyBBaTHHU TapKaTHII AJITOPUTMH J1e0 XaM HOMJIaHa/IN );

2) KeluHru TSHY CUTHAJIHHM MAKUIAHTHPHIN yYyH CUTHAJJIaTH JTOMMUHN
TAIIKWJI STYBUYMHHA NYKOTHIII;

3) CMC Ba MCC napHu aXpaTHIITHH COJIAJIAIITHPHIIL

eHepaTop 6epyBun NonMHOMU MCM G, =X +XE+x"2+X"+x7+x5+x3+x+1
WNHuymanusauns mangoH CUHXpocerMeHTu opkanu baxapunagu

F180 roknamacy CMHXpOHU3aLUUACK
x16x15 XMXBXQXS

DY D! D? D4 D+ DS Dé D’

CumKkuw peructpu Bantnap KeTMma-KeTnuru yactotacy dunaH CUHXpoHU3auuanaHaau.

2.65 - pacm. ATSC TU3UMHHHHT paHIOMHU3aTOPH

Kaiita nimamauar kevinAara 6ockuun 0Vinu6 Pun-Conomon koau Epaamuia
OnoxkiM Kojjam xucoOnaHagu, Oy kapaéHAa MablyMOTJIApHUHT 187 wyukuid
OaTHHUHT Xap Oup CerMeHTHra, aHwK Kowujanap Oyinua makiutaHaaurad 20
TEeKIUpyB OaiiTnapu kymumiaaad. KaOyn KUIMHTaH MabiyMOTiap MaKeTUra
acoCJaHraH XoJja KymiuM4a TEKIIMPYB MabIyMOTIap TYPYXUHU TAIIKWAJ ATHIL
yayH Pun-CosoMoH Koiepu yinapHu MaTeMaTuk outta 610K 1e6 kypaau. by 20 ta
outnap Pun-ConoMoH Ky(pTIUK KOAU CAHOFUHU Tk dtaawmnap. KaOym kuinruy
MabJIYMOTJIAPHUHT MYMKUH OYIraH WYKOTUIUTADUHU aHUKJIAIl Y4YyH KaOyn
kuivHrad 187 Oaiftnan nbopart 60k Oumnan xKypT caHokiaapHUHT 20 Ta GalTHHU
CONMUINTHPAAN. Arap XaTOJWKIAp aHHWKJIAHCA, PECHBEP XATOHWHT aHUK >KOWWHH
Oenrunaii, Oy3wirad OUTIApHU Y3rapTHUpPHUIL Ba OOLUIAHFUY aXOOPOTHU THKJIAII
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yuyH Xy(dT caHoK Outnapuaan (oigananaau. Konnamuuur OyHaaid TU3UMH yTa
camapalid xucoOiaHaau Ba Xxap Oup ko cy3na 10 taraya xato OGalTIapHUHT,
Kaepra >koiiamran OyIuImaad KaTbui Ha3ap, TYFpuiiall HMKOHUHH Oepaiu.
Kettnnuanmuk ATSCna 52 Ta cerMeHTIaH uOOpaT HMYKH HHTEPCETMEHT
MabIYMOTJIApPUHUA OpajaTuIl amaira omupuiaagu. CkpeMOiep MabIyMOTIIap
KeTMa-KeTJIMTU TapTuOuHU anMamtupaad Ba MPEG-2 MmabnymoTinapuHu xotupa
oydepnapu Epnamuaa BakT OViinua (TaxMuHaH 4,5 MC opajauruaa) OYJIUHHUIINHU
TabMuHIaiaM. Kalita unuiamHuAr ymoly ycyiau yTa Kydid KyBBaTIH HUMITYJIBC
NIOBKMHJIApra  KapliM Kypall y4yH MYyJDKaJUIaHraH. byHpmal — Kywin
[IOBKUHJIAPHUHT TAabCUPH HATWXKAacHUa KaOysn KUIIUIIA KeTMa-KeT KelaauraH
OaliTinap XaTONMKIAPUHUHT JaBOMHUM cepusUiapy(XaTOJIMKIAp MaKeTH) ro3ara
kequiu MyMkuH. FOxopuna tabkumiad yruwnranuiaek, Pun-Comomon(PC) konu
YUyH UMITYJIbC IHOBKUHIIAP AABOMUIUINTY KyiHuaaru udoaa ounan 0axosiaHa u:

Toe= t*(L/Re)*(2n) = 10%(1/10,762)*(2*2)= 3,71 MKc; (2.14)

Oy epaa t-Pun —ConoMoOH KOJUHUHT TYFpuiian Koounuatu Ba y 10ra TeHr;
Rc-cuMBoOUIap KU KeTMa-KeTIUTru(4acToTach);
N- MOIYJSIMOH CHMBOJITA MOC KEIyBUM MAabIyMOT OHUTIAp COHU

(8VSB yuyH n=2).

Kynunua amanuéraa maBxya OYiaran Xosiaraa, sS’bHH XajlaKUTiap KUMaTh
3,71 MxcnaH omica, OolIKaya KWIMO ailTraHjia CErMEHT MYMJard xaro Oautiap
conu Pun-ConomMoH KOAMHUHT TYFUpJIANl KOOUATHAAH KaTTapoK OYJica, CerMeHT
XaToJuKIap OwiaH KaOyn KwiMHaau. byHpgall xonaTinapHu WYKOTUIN YYYyH
MabJIyMOTJIADHU WYKU HHTEpCETMEHTIapuaa opaiatuill (YpHUHU aJIMAIITHUPHUII)
KUpHUTHIIaaun Ba Oy opamatum B cermenTnan tamkuin Tomaau. KaOynma kaiita
TUKJIAImaa (JeopajaTvill) orepanusicu OaXapuiauml OOCKHUYHIa, XaTOJHKIAp
MaKeTH o3ara KeJMII XoJaThaa, KYIIHH XaTojlap OadTiaapuHUHT 52 OaiT
Y30KJIMK/IA JKOMJIAITUIIN TabMHHIAHUO, XaTOJUKIAp MaKeTH dCa MHTEPCErMEHTTa
KUpYyBYM Oapya 52 Ta MabIyMOTJIAp CETMEHTH Oyiliad TakcMMIlaHTaH OYiau.
bynna xap Oup cerMeHTra XaToJIMKJIap MAaKeTHHUHT KUYUK KUCMH TYIIAId Xamja
ynap Pun-ComomoH kojutapu OuiaH OCOHTHHA TYFPWJIAHAIW, SHbHU XaTOJIUKJIAp
MaKeTH JTaBOMUUIUTHHUHT 193 MKC JaH omiMaraH BakTAa Xed KaHJal Kymmmua
TEKIIUPYBUM OUTIAP KUPUTMaW XaTOJUKIAPHU aHUK TYFpUIAll UMKOHU MaBXKY]
oynamu. ATSC unTepcerMeHTH 52 CcerMeHTAaH HOOpaT Ba CErMEHTHHUHI J1aBOM
ATUII BakTU 77,3MKC OViraHma, XajJaKUTHUHI TabCUpP OSTUII BAaKTU Yerapacu
TaXMHUHAaH 4MC raya KyTapuiaiu.
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8-VSB pe:xHMH YUVH ABBAJITH CETMeHTHHHT 12 CHMBOJIHIAH CYHT OXHPTH pe3epE MaiJOHHHHT
CHHXpO cuMBO/L1apH (MCC) Hycxa1aHATH

2.66-pacm. ATSC TU3MMUHUHT y3aTHUII CUTHAIN TY3HIINIIH.

uryBuy KoOJIap IypyXura TaaTyKId TPEJUTC (ITaHKapasn)- KOTANIHHHT
CYHITH OOCKMYM[A, paKaMJId OKUMHUHI Xap MKKWTa OUTH, y3aTUIAETraH CUMBOJ
WHTEpBAINIA, MOAYJISIUSAIAINI CUTHATM 8 CATXHUHT Kalicu OMpUHU SrajlIalinHU
aHukJaiauran 3 ta ourtra y3raptupuO, makuiantupwiaad. [lamkapanu koaani
amaJira OUIMpWIAJUTaH,KoJepaa Xap Oup sSHru 2 paspsid cy3 aBBauru 2
paspsasii  CY3JMApHUHT OJIIUHTU KeTMa KETJIUTrd OujaH COJUINTUPWIATU Ba
HATHXKaJa aBBAJTH 2 pa3[sijIi Cy3ra MyHOCA0aTHH Y3rapTUIITHU TAbMUHJIOBUYU 3
paspsANii UKKWIMK KOJA TeHepauusuiaHaau. by 3 paspsanu komiap OouutanFuy 2
paspsAIIM CY3MapHU YpHHTra ajamarmaau Ba 3¢upra 8 carxau cumBoiuiap 8-VSB
KypuHUIIKMAa y3aTwiaau (30ut= 2HUHT 3 napaxacu = 8 KOMOMHALMs €KH caTx).
[Tanxapanu Koasial Kojepura Keaud Tylirad Xap 2 OuT y4yH, yukuiiaa 3 ta Out
xocun Oynanu. Illynunr yuyn 8 — VSB tusumuparu nanxapa koxaepu 2/3
paspsura 3rajgup.

Kabyn kuiaruynard maHxapaid KoJJjanl AEKOJepu 3 paspsiiid KoAJiapJaH
doiinasianagu Ba MabIyMOTIap OKUMHHHHI OOUUTAHFUY KYpUHHUIIUAATH 2
paspsAmM  cy3iap KeTMa-KeTnuruHu Tukinaiau. [lysagait kummO, mnamkapaiu
KOJJIAI BakT OVitnua Oup CY3/1aH MKKUHYM CY3Ta Y3rapuIliHU Ky3aTau.

V3aTtum ydyyH TYJIWMK WAKJUIAHTAH CUTHAJI: MaxCyC TasHY-CUTHAIMHUHT
KYIIUJIUIIM Ba CHUHXPOCHUTHAILIAD KOWIAIITUPWIUILIAPU MYJIbTUILIEKCOP/A
amanra omupuianu: MPEG -2 cranmapTu yayH CMHXpOOalT CETMEHTIIApH YpHUTA
4 ta CMC snementH Kyiunanu (+5,-5,-5,+5) (6.21-pacm). Bynaa xap oup maiion
oouvtannimuga MCCHunr ukkurta (-5,+5) snementu kyuunaau. CHUHXpPOCHTHAI
KypcaTKA4wilapyu IOyHAAW TaHJAHAIUKW, arap Qoiianu CcurHana Ba IIOBKUH
aMIUIMTyJajdapu TEHr OynraH XojaT MaBxkyqa OyiaraHga xam, KaOynaa
KOPPEJAIMOH yCy/UlapHu Kysuiad, (oiiianyd CUrHaIHW WIIOHWIA aKpaTUO OJIMII
uMKOHUHU Oepamu. bynnan tamkapu MCCpa cepBuc axOOpOTHHM y3aTUII Y4yH
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100 ra skMH KymuM4Ya 3axypa Ba CUTHAJIM3AIUS XOJATH YYyH y3aTWJIaIUTaH
(8VSB Ba 16VSB) cumBomnap axparuinrad. MCC HuHT oxupru 12 cumBoiu
OJIIMHTY CETMEHTHUHT OXUPTH 12 CErMEHTHHH KalTa TaKpOpJanau.

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 CHeKTpHUHT KyN KHUCMHHH, Y3aTHJIa€TraH pakaMmiid axOopoT
MMKacTiaamMacaad, GUIbTpiam UMKOHUATA MaBXyd. Typiu KaTTaaukiapiaru €H
TAIKWI ATYBYWIAPU MapKa3uid COEKTPHUHT KMUUKIAIITUPWITaH HyCXacu Ba KyHu
€H moJoca 3ca IOKOPH MOJOCAHUHT KY3TyJH akcu xucobnanaau. by y3 nHaBOaTuga
OyTyH Kyin €H ToJiocaZaH Ba IOKOPH €H IOJIOCAHWHT Oapya TrapMOHHUKACHIaH
dbolinananMacauk UMKOHMHU Oepanu. HailkBucT Hazapusicura acocaH, KOJraH
CUTHAJIHUHT (MapKa3uil CIIEKTPHUHT FOKOPU KUCMH) SIPMHUCH KECHJIMIIU MYMKHH,
SbHUA O€pwiraH 4acToTaja pakaMJid CUTHaJI KETMa KETJIMK MabJIyMOTJIApUHU
y3aTHIl Y4yH 4YacTOTa MOJIOCACH KEHIJIMTMHUHT SpMUTHHA ertapiuaup. CurHan
CHEKTPUHUHT €H mosiocanapu unsTpianuimy HalkBuct ¢Quibtpu Epramuna
amaJra OLIUpUIIaIN.

HaiikBuct punbtpugan cyur, 8 — VSB curnan anbaHaBUd ycCylijga METPIH
€K  JEeUMMETPJId  AWANa30HJIAPHUHT  IOKOPW  4YacTOTajlu  CUTHaJUIapura
aunantupuinaau. 8 — VSB  wmoaynaTopuHuMHr 4ukum curHanmm DTV —
Teney3arruura 0opajiy, y epaa KaHasl MoJOCACUHUHT UYWra TyIIaJurad Ba y3aTrud
HOYMBUKJIUKIApU Tydailii YakupuiaguraH Xap KaHgald xajgakuTr OepyBuu
CUTHAJUTAPHU YK KWJIUII MaKcaauaa GUiIbTpaius KUIMHAIH.

Kabyn xwmmpa ATSC curHamnapuau — Jekoijuiaml — TaBcU(IaHTaH
aIrOpUTMIIAp KeTMa KETJIMTUra TeCKapu TapTrO/ia amaira olmupuiiaay Ba IeKoep
gyukuimmuaa MPEG -2 Texnosormsicu OViiMua CHKWITaH CTaHIApT pakaMiid
MabJIyMOTJIAp OKUMHUHU IIAKJUIAHTUPHUIL TAbMUHIAHAIH.

Pakamuiu TesieBugeHueHuHr ISDB SInonusi cranaapTu.

Xu3Mariap WHTETpaluscura sra, €p yCTH Ba KaOeiab THU3UMJIApPH YYyH
ymymuii ISDB (Integrated Services Digital Broadcasting) pakamiu SuaTTHpHII
koHneniusacu NHK (SImonus) komnaHnuscu TOMOHUIaH TakIu() STUJITaH.

AmepukannHr ATSC TuU3MMHM IOKOpH AHUKJIWKAArW €p YCTHU TEJIEBU3HOH
SIIUTTUPHUII Ba KaOEIIM TEJIEBUIACHUECH TapMOKJIapHIa MabIyMOTJIAp OKUMUHU
MIAKJJIAHTUPHUII Ba y3aTUI Makcaauaa unuiad umkuiaran sau. Xosupaa DVB
pakamiu TEJICBUACHUCHUHT Oapua HyHaIMIUIApUIa MabIyMOTJIApHU Yy3aTHUIITa
MVJDKaJJIaHTaH, YMYMUN SIAPO TU3UMUTA dra OMp OWJIAaHU TAIIKWJ 3Tajau, yjap:
CyHBUU Uynmmomi, kabenb Ba €p YCTH pPakaMiu TEJIEBUJICHWUE DIIUTTUPHUIITHA
TAIIKWI STUII Ba TYpJIM 4YAaCTOTa AWAIA30HJIAPU YYyH pPaKamid TEJICBUICHUE
CUTHAJIJIApX TaKCUMOTHU TU3UMJIapuaup. Anonus ISDBHUHT TUBUMUHUHT MaKCa Il
TEJICBUJCHUE  JIIUTTHUPHUIUIAPU  YYYH TYpAd  XWIJAard  XU3MAaTJIIADHUHT
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WHTETPANUSICHHN TabMUHIAmaup. Kenakak TeneBM30pWHU HNUIA0 YHUKAPYyBUH
omiepatopiapiaH KyHuUJarwiapHH: CYHBHM MyIgom, ep ycTH Ba Kabelb
TeJEBUICHUEIApU CUTHAUIAPUHU KaOyJl KWIMIL, IOKOPU aHUKJIMKIATW MOHHUTOP,
KaTTa XaXMJIM XOTUpara sra KOMIBIOTEpP, ayJIMO Ba BUIECO CUTHAJUIAPHU KaiTa
WIUIAII, UIYHUHTAEK, KOMMYHHUKAIMS TapMOKJIapu HWHTeppEeHCHHU MysKaccam
9TraH MHTETpAJUIAlraH KypuiMma OVIMIIM KEpakIUTMHU TabMUHJANI Tasad
stunMokaa. llynunr yuyn ISDB crangapTu Ba OKOpHU aHUKJIMKIArCK pPaKaMIId
TENEBUACHUE, paKaMid PaAUOAIIUTTUPHUILN, UTIYHUHTACK TYypiau XWIJaru
KOMOHWHAITMSIIN Ba MaTH OWJIaH, CTaTUK TacBHp, Tpadrka Ba OOIIKA MabIyMOTIIap
OwinaH xaMoXaHr, (MacajaH: KOMIIBIOTEp JacTypiap) pPaJAHO3IIMTTUPHUIL Ba
paKaMJId TEJIEBUJICHUE CUTHAJUIAPUHU Y3aTHUII YUyH KYJTAHWIAIN.

ISDB Ba DVB TU3uMIapuHMHI TEXHMK MIUIAIIMAA JKyAa Ky
YMyMUWIIMKIAp MaBxkyd. Vkkama Tu3umMaa xaM,MabliyMOT/Iap y3aTHUIL TE3JIUKIApU
JMAna3oHy dYerapajapura sKWH KalMariapra oiu0 KeJaJuraH, CTaHAapT Ba
IOKOPY YacTOTalu pakKamIM BUACOCUTHAUIAPDHUW CHUKHII YYyH KYJUIAHWJIAJIUTaH
MPEG — 2 xommnpeccusicd Tu3uMu Kyimanuiaad. OFDM Monynsmusicu ycyauaaH
doiifaiaHuIl ep YCTU SIIUTTUPUIUIAPU YUYYH PAAUOTYIKUHIAPHU KYI HYPIH
TapKaJuIl Ba Xapakarjard KaOyJ IIapoWTIapuia Y3aTHIIl caMapajopiuruHu
omupaau. [lyHuHTAEK, NacTypiap TapKATUIIHUHT OUpP YacTOTalud TAPMOFUHHU
ApaTUIl MCTark MAabIyMOTJIApPHU KOJJallga Ba TallyBUWIApPHU MOIYJISIUS
KWINIIA YXIIam Ty3uiMaiap Ba OMUJUIApHY TaHalHu Tanad staau. [lyHuHraex
(1\4, 1\8, 1\16, 1\32) xumMost HHTEpPBAIX HUCOWH KAaTTAIMKIAPH MOC KEJIay Ba MOC
pexXUMIIap YUyH a0CONIOT KMUMAaTIapH sIKMH XucoOnaHaau. Mkkana Tu3uMaa Xxam
Pun - ConomoH konu €paamuja TalllKU KOJJaIl KYyJUulaHwiaaud, Oy >kapaéHua
MPEG — 2 TtpancnopT okuMHu 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
TE3JIMKJIAard MUFyBUYM KOJJIAI CXEMAaCH KyJUIaHWIMHAIU. AJIOXH]Ia TallyBUYUIapHU
moxaymsiusinam  yeysutapu: QPSK, 16 QAM, 64 QAM nap xam Oup Xui
xucoOmanagmnap. bupoxk ISDB — T tu3ummma, acocuiéi MablIyMOTIapHHU OJIHO
yTaguraH  TallyBUWJIAp  MOAYJSIUMSCHM  Y4YyH,  Y3aTUIIHM  IIOBKWUHJAH
XUMOSUTAHUIIIHUHT OKOPU KUWMartura spuiuira uMKoH OepyBun DQPSK-
nuddepenran KBaJpaTypaBui daza MaHUMIYJISALUSICH KYJUTaHUJIaAU.
MopynauusHuHr OyHAaW ycynuaa monayisuusuiam cuMmBosuiapu xynau QPSK
XOJIATUIATUJICK UKKU Pa3psIiid UKKWINUK CY3JapAaH IakIaHaIu.

ISDB — T wunur DVB — T TusummuaaH npuHounuag dgapriaapura
rokopuaa kentupwiran BST — OFDM ycynu njoupacuaar CETMEHTJIAIITHPHUII Ba
MabJIYMOTJIAPHU BaKTIW opajaTuil kupagu. OpanaTuml — ajoka KaHaJIapuiaH
f03ara KeJlaJIiraH Xarojapra Kapiid Kypaliuiijga, caMapaHd OIIUPHUII y4yH
KYJUTaHWIaAUurad Myxum onepauusaup. DVB — T tuzumuna, Kyn HypJiv TapKaJIHILI
xucobura, KaOyn KWJIMHAIUTaH PaJMOCUTHAN CHEKTPU 4YacTOTa KOMITIOHEHTJIapu
OocUNUIIMIAH o3ara KejaJuraH, JaBOMUW TMaKeTJIM XaTOJHMKJIApPHU KaTTa
Oynmaran Ba Xxaro (parMeHTIap 3aHXKUPUHU OCOH TYFPHIJIAWIWTaH YacTOTalu
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opanaruuiian ¢oinananunaan. Arap Kadyn KWIWII MapTiapy >KyAa Te3 y3rapcea,
MacajaH, KaOyJl KWJIUII TEPMHHAIM IOKOPU TE3JIMKAA XapakariiaHca, 4acToTalld
opajlaTUIll eTapyinya OynMaiian. Bakt Oyinda opaiatuin sca, mapameTpiiapyu Te3
y3rapaguradH Ba YacTOTaJld oOpajartuil EpJaMuja KUYMK —(parMeHTiapra
OYIMHMaNIUTraH KaTTa XaToJUK MakeTIapuHH TYFpuiall UMKOHUHU Oepaau. Bakr
oyitnua opanatumigan doinananuiaranaa, ISDB — T tusumMu teneBuaeHuecu Exku
paguo KalOyn KWITM4YJIapH, MacajaH, Te3 XapakarTjaHaéTran Toe3]] EKd
aBTOMOOMJIZIa JKOWJAIITaH XoJjarjapjJa XaM camMapaid KaOylHH TabMUHIIAII
MMKOHUSITUTA 3Ta.

MPEG — 2 xupuill TpacropTd OKUMUHUHT PAANOCUTHAITA aillIaH TUPUITUIIIN:
MYJIBTUIUIEKCUpIIAII, KaHAIM KOJJIall, MOAYJISIMSUIAI, UIYHUHT/AEK KaOyi
KWITHY (YHKIHMSICH Ba y3aTUI KOHPUTYpaUsICHHU OONIKAPHIIIAPUHU Y3 UUHTa
onamu (2.67 — pacm). MPEG— 2 TpaHCmopT OKMMHU JI€MYJIbTUIICKCUPIAHAAN Ba
KaiiTa MyJbTUIUIEKCUPJIaHAIU, OyHIa MabyMOTJIAp CETMEHTU TAlIKUJ ITHIIAJIH.
Kanammm komnmampaH kelnH MabiiymoTiap cerMmeHTiiapy OFDM  wacrora
CEerMEHTJIapura IMIaK/UIAHTUPWJIaAU. YIJIApHUHT Xap OupuM KaHal dacToTa
MOJIOCACUHUHT KEHTJIUTUra OOFNMMK OYaraH TEeTHIUIM 4YacToTa IO0JO0CACUHU
srayuaiiau (6 MI'n mosnoca keHrauru sra kanan yuyH 429 KI'u, 7 MI' kanan yuyH
500 KT, 8 MI'y kanan yuyHd 521 KI'm). [lynnmait kuam6,12 Ta yactora cerMeHTH
5,6MI'1; 6,5Mrn €xku 74 MI'1 ra MyBO(UK MOJI0CaHU ATaJIalIu.

bup Heua cerMmeHTnap, OMTTa (UMK KaHAJ JOMpPAcH]d, MAaHTHUKUN aloKa
KaHAJJIapy XOCWJI KWJaJWraH, KarjaMm Je0 HoMJaHaguran Oup rypyxra
Oupnamuind MyMKuH. buTta kananga Oup BakTHUHT Yy3uja 3 Tarada Katjam
y3aTWIAIIN MyMKHH (2.68 — pacm). Uepapxuk y3artuimra Typiad HapameTpid
KAaTJaMJapHU y3aTUIl OPKajdu »JpUIIWIagu. TauryBUMIapHU MOIYJISLUSIIAII
yCyJIM, MIKU KOJ| T€3JIUTHU Ba BAKT Oyiinya opajaTUIl WHTEPBAJIIMHU Y3rapTUPUIITa
pyxcat 3THIaIH.

MyabrHiex- | Kanzauum
> ] > ety Moaynsuns
My vot | CHpUIALL KO Utan {Paano-
CIRTALLEE I ;mma.n
: 1 L
MyaunensescHpaam : :
TR oo niiech ehasdt e N
wouderypaunscerne L | !
Gowsapu
— AXGOPOT CHIHAJIEPH

== LOolKapy CHIHANRPH

2.67 —pacm. ISDB — T TU3UMHMHT y3aTHUII YA3MacCu
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2.68 — pacm. ISDB tu3nMuia MabIyMOTIapHU KaHAJUIA KOJIJIall.

ISDB y3aTum THU3UMUHUHI aCOCHM XYCYCHSTH WIYHAAKW, YHAA KaHAJIHU
KOJ/UIalll Ba MOXYJSIUSUIAIl CXEMajapu MocjanlyBuyaH KyimaHwirad. [SDB
CUCTEMAaCHUHU spaTraH TaJKUKOTUYMJIAPHUHI M3JaHUIUIAPU LIYHH KYPCATIHKH,
arap cermMeHtiap coHu 13ta Oynca, Oy Oapya pakamiIM TeJIEIIUTTUPHUIL
TU3UMIIAPU YUYH €Tapiau Oyiaau.

OFDM 4acToTa  CErMETIapH HadakaT  TpacmopT OKWMHWHHU
MYJIBTUIUIEKCUPJIAI HATH)KacHJa OJMHTAaH MablIyMOTJIAPHU,0QJIKKM TasHY —
CUTHAJUIAPHU XaM y3 muura onaau. ISDB TuznMuaa y3iyKcu3 TasH4 CUTHAJUIAp
(CP — Continual Pilot), Takcumianran TasHu curHauiap (SP — Scattered Pilot)
Xamja MYJbTUIUICKCHUpJAIl Ba Y3aTHII KOH(PUTYpAIUsICHHU  OOIIKapyBYU
MabJIyMOTIApHU Y3 Wuura oyiaaurad TasHd — curnamiap (TMCC — Transnission
and Multiplexing Configuration Control — Pilot) kymianunagu. Xap Oup cerMeHt
MabJIyMOTJIapu BakT naBoMuaa popmatinanaau Ba OFDM kanpnapura Oupiaiianu
(butta xanp mabiaymoTiap xaxmu 204 Ta OFDM MonynisiiiMoH CUMBOJIIApUra MOC
Kenaan).

Wepapxuk y3aTuiiga MYJbTHIUIEKC Kaapy TYUIYHYacH KHPUTUIIAIH.
Mynberumiekc kaapu gasomuiauru OFDM kaapu naBomuiinurura moc Oynanu,
OMpPOK MYJIBTUIUIEKC KaJpura KUpaJWraH TPaHCHOPT OKHMMHU IMAaKeTJIIapu COHH
OFDM kaapuna y3aTuiaauraH naketiaap COHUAaH Kynpok oynaau. Opanaru dapk
OFDM wmonynmsaumscu kapaéauna (Qoimamanwiran  @Dypse Teckapu Te3
AIMAIITUPUIIN KUWMAaTUra Ba XUMOSI MHTEPBAJM KaTTalurura OOFIuK Oynaau.
®apx MPEG — 2 tpacnopt okumura kuputwiras “oymr’ (NULL) makernap ounan
TYJIIMPUIAIA Ba aMMO WIIUIOB Oepwill )kapaéHua yiap Tanuiad rodopuiagumiap.

OFDM kanp cermeHTHHH (hopMaTIIaill BaKT Ba 4acTOTa OpaJaTUIITIAPHIaH
keiiun Oaxapwnann. Juddepenuman wmoaymsusuiamn  (DQPSK)  xomaruaa
doiinan MabayMoTiapra y3iaykcu3 TasH4 — curHan CP  Ba  korepeHt
monyisnusiam (QPSK, 16 QAM, 64 QAM) xonatuaa — TaKCMMIIAHTaH TassHY —
curHann SP kymmnaau. Y3myKcu3 TasHY— CUTHaI Xap JouM 0 pakamiid TairyBYd
époamuaa y3aTwiagyd. TakCUMIIAaHTaH TasgHY CUTHAUIAp Xap WHUTUPMAHYU
tamyBuuga Ba xap TyptuHun OFDM cumBonupa yramu. Kamp Tapkubuna
y3IyKCHU3 Ba TAaKCHMJIAHTAH TasgH4Y — CUTHauapgad tamkapu, TMCC
MYJIBTUIUIEKCUPJIAII Ba Y3aTHII KOHQPUIypalUsCUHU OOLIKApUII CHUTHAJUIAPH,
myHuHraek AC (Auxiliary Channel) kymmmmya mabmymotnapu y3atunagu. AC Ba
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TMCC y4yyH MyKajulaHraH TallyBUHJIAp JKOWJIAIIyBU Xap OUp PEXUM YUyH
Maxcyc xkansan €pmamuna OenrunaHagu. CP Ba SP tasnu curnammapu OuiaH
y3aTWJIaJIUTAaH TEJICBU3UMOH €KW  PaJuojacTyp XakKujaru axOopoTIapHUHT
MabiaymoTinapua, TMCC 6omkapys curHauiapu Ba AC KymmMya 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 —paJuOCUTHAI
TalllyBYMJIAPUHUHT CETMEHTJIApU KOMWIAIIYBH, TU3UMHUHT OEpWIraH pexXUMU
Tajgabura acocaH, OMTTa KagaMja dYacToTa VKuaa TabMuHIaHaau. CerMeHTIap
5.28- pacmpa KypcaTUITaHUICK paKaMIaHaIH.

Cenuen Cenven C CemenTCeneHTCanuenT CanenTiCenenT
Ne2 | N:-4 3 1 0 2 4 Ne3 | Net || f

—

. A
Kymmya yanykcua nunoT-CUrHanHu Tawysuu/

2.69 -pacm. Y3atunaérran paaunocuraan crekTpu (Ns-cerMeHTIap MUKIOPH )

MabnymMOTIIapHH y3aTHILIIa UEPAPXUK NPUHIUIHA amanra ommpum [ISDB-T
TU3UMUHUHT XWJIMA XWJI BapUaHTIAp IIAKIWHM amajra TaTOMK KWIMIITra UMKOH
sapatand. MacanaH: OUp CerMEHT paJHONporpaMMaIapHu y3aThilra €Kku KyTapud
IOpUJIaIUral €KUM YyHTaK KaOysl KWJTyBUMTa aXXpaTWIMIIN MyMKUH. Bollika Xxamma
CErMEHTIap 3ca, IOKOpPH AaHUKIMKIArd TEJIEBUJICHHE  MabIyMoOTiapura
QKpATUIUIIM MYMKUH Ba yiap cranuoHap TB kalyn kunruunapu €paamuia
MabIyMOTJIapHU  KaOyn  kuiumra ©WMKOH — spataau. llynnmaii  kwwmoO,
MabIyMOTJIAPHUHT OWUTTAa KaTJaMWUHU KaOyJl KWJIUII Ba JEKOJIAll MapIUa
(amoxuma-anoxuaa) KaOysl KWJIUIIHK aMajra omupuinra uMkoH O6epanu.llapiman
KaOyJn yuyyH OuTTa MapkKa3uil CErMEHT aXpaTwiraH Ba yHHHT HoMmepu (0 xampia
CIICKTPHUHI MapKa3uid KUCMHAA KoWmamrad. byHJa WYKM CerMeHTtiiap
muddepeHnran  MOAYJMSALUMSIIAH Ba TAlIKWIApKW KorepeHTAaH (doiaganaHnud
y3atwiaau. CHeKTpHUHT IOKOpPM KUCMHUTra siHa OWTTa TalllyBUM KYIIWJATd Ba Y
Y3IYKCHU3 TassHY CUTHAJIHU Y3aTWIMIINHU TabMUHIIANTH.

Arap cramuoHap KaOysl KWITMY MHTErpajulamirad Oyica, yHAa y MapKa3zui
CerMEHTAa  y3aTWIaJWraH  XaM  TeJIeBUJCHHE JacTypJapuHu Xam
PAAMOSIITUTTUPUIIIHA XaM MabIyMOTJIApHA KalOysl KWWl MyMKHH. borika
BapUaHTJA WUKKU TypyX CErMEHTJIApU CTAHJAPT aHUKJIUKIArd TEJICBHICHUCHUHT
WKKH JacTypuHH KaOyn KuwilaauraH KW4YuK(IOpTaTWB) €KW KaTTa OyiMmaraH
DKpaHIM KyTapuO IOpWIaJuraH Ba MHUCOJI y4yH aBTOMOOWIIIapaa, aBToOyciapaa
€K1 Toe3yiapAa WIUIATUIAUTad KaOysl KUiIrudjiapaa KYJUIlaHuITd MyMKUH. SIHa
OWp Ty3WIWII BapuaHTH OWpP HEYa PATUOIIIUTTUPHIN JACTYPIAPUHUA EKH
MabIyMOTIapuHu y3aTtumaup. IyHu Kailg >TUII KEepakKd, y3aTHIl UEepapXUsicu
dbornananumu €xku doigaraHMacIUrual KaTbuid Hazap OWTTa (UMK KaHaja
MPEG-2auHT 6UTTa TPAaHCTIOPT OKUMHU MabIyMOTIIApU Y3aTHIIAIN.
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BST-OFDM wmabiymMoTaapHU y3aTUII YCYJIM MHTETpAIUs XU3MaTUra ara ep
YCTH paKkaMJjIM TEJIEBU3HOH SLUTTUPUIL 3aMOHABUI KOHIIETICUACHTA 5kaBOO Oepanu
Ba KeNaXakJa SHIM XW3MAaTJapHM KUPUTUII YYyH KEHI WMKOHMSTIIAPHU
TabMUHJIANIN.

2.10. Y4 yiryamiin TesieBUeHUE ACOCJIapH Ba TEXHOJOTHSACH

VY4 ynyamiam TacBUp Ba OOBEKTIApPHM XOCWJ KUJUII Ba ymiOy TacBHUpiap
yCTHIa UIILIANI SSIKUH-SIKWHIIapraya WwiMuii-paHTacTuka Xxucoonanrad. TexHoaorus
PUBOXJIAHUINIA Ba TakOMWIamumu okubatuna 3D —Buaeomap, 3DTV-
TEJEBUJCHUECH XaM spatuia OomaHau. 3D TacBUp KOHLEMIMSICH WITrapu
Cypaauran fosi Oy-TaCBUPHMHI OpUTHMHAN XoJaTuiaH Qapkiail 0JI0IMaCIUK
KOOWIMATUHYU IIAKUIAHTUPHUIIIAH uOopat. SIbHM TOMOIIAOWH XAKUKHUIUIMK Ba
BUPTYyaJUIMK ojamiapu ¢apkura Oopa oJMaliuraH aapakajia pUBOKIIAHUILTA
spuldiI. YOy TacBUpiap MyXUTAA CypuO IOpUIIM €KUM CTOJ YCTHAA peal
XapaKaTIapHU aMaJira OMIMPHII JIO3UM?2,

3D TacBup, pOJIMK Ba BHUJCO MAbIyMOTJIAp SPATUIUIIN Y30K Tapuxra
oornanagu. Crepeockonuk TacBupiap wik Oop 1839 iwmnnma spatunrad. 1920
munga 2D TeneBuaeHUE TU3UMHU acocHuaa Xo3upaa Mapxyn 3D TteneBujeHue
MaKeTH HaMOWHWII KuiauHTrad. 3D ¢uiabMiapHUHr WK Hamouumu 3ca 1990
Hutapra kenub naiao 0yia Gomiaras.

2D TeneBumeHWECH MUANAT OwiaH puBOXIaHaérraH wyzagarna 3D
teneBuaeHue ycruaa 1950 iiunnapra gespin xed KaHJdak SHTWIMK sipaThjiMaras.
bynun anbarra Typnu reocuécuii Ba MKTUCOAMM Macananap OwiaH EpUTHII
MYMKUH.

3D TacBup XOCWUJ KWIMHHUIIN KyWuaaruda: 2D yidamaa MKKMTa BUJICOOKUM
MabJIyM BakT (papku OwiaH amoxuja ajoxujaa Kuiud TacBUpra OoJMHaAN. XOCHII
OYNraH MKKUTA BUJICOOKHMMHHM TOMOIIAOMH ajJoXKJa paBUILa Yal Ba YHT Ky3Japu
épaamua ToMOIIa KUJjca, YHIa peall MyXUTra KUPUIIl XUCCUETUHU TaKIUM dTaJIH.
By ¢u3nonoruk >xapaéH MHCOH OHIMJla aBTOMATUK paBulaa coaup Oymamu. 3D
TEJIEBUJICHUECUHN SPATUILl Ba TAKOMWUIAIITHUPUIL YCTHUAA €TYyK OJIUMJIAp Ba
MyTaxaccuciap ailHaH MaHa Iy (PU3MOJIOTHK >Kapa€HHU acoc KWJIUO OJMILAIH.
TexHonmorus 4deTnaH KaparaHja oOJIJIuN KYpUHraHu OujlaH 4YyKyp HWIMHUI
TaJIKUKOTJIAp Ba TaXpuoOanap Tajnad KHIaIu.

3D TacBup XOCWJI KWIMIIHUHT siHa Oup Typu Oy mossipusauusacu Oyiuda
Oup Oupuga KeckuH (BEpTHKaJ, TOPU3OHTAN) (hapK KWIyBYM HUKKATA MYCTAKUI
BUJICOOKUM SIPATHII Ba YOy OKUMHU MaxCyc sicCajiTfaH OMHaNIapy MOJIIPU3AIIHAICH
Oyiinua BepTHKal Ba TOPU3OHTAN OYNTaH Ky30WHAK €pJamMuia TOMOIIA KHIIWII
HaTUXKAca/la XaM OJIUII MYMKHH.

22 Three-dimensional Television. Capture, Transmission, Display. H.M. Oractas, L.Onural (Eds) Springer
USA 2014 page 1.
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Cyurrn umnapaa 3DTV  TU3BUMUHUHT TaKOMWJUIAIITUPWIUIINTA KaTTa
YbTHOOP KapaTwigu. TacBUp HIIOHWIMIUTHUHU OLIMPHIN 0J13ap0 MacajanapjaH
Oupu O6ynuO kenmokaa. TexHosnorusiga TacBUpra HMILUIOB Oepuil >kapa¢Hiapura
KyWHIarnya: TAaCBUPHU OJMII, 3 Yo4aMJIM XOJIaTra YTKa3WIl, CHKHII, Y3aTHIII,
WHTEPAKTUB peHaepaanl Ba HaMOMHIII KHJIALLL

3D Scene

Capture |— | Representation [ Coding

Signal
Conversion

Transmission Display

Its Replica

2.70-pacm. 3DTV Tuszumaa TacBUpHU KailTa UIILIAIl OJOKIapH.

TuU3UMHUHT MypakkaOIuru UIyHAaH HWOOpPAaTKM TEXHOJOTUS YMYMH
IU3aliHU TYpJd TU3UM OCTH THU3MMIIAPHUHI HapaMeTpilapuHU XHCOOTa OJIUIIH,
KEpaKJIM BakT Ba CUTHAJ Japa)kasiapy OYinua CHHXPOHHU3ALUATA SPUILUIIH JIO3UM.
Macanan: uHTepakTUB Auciuied 3D KOHTEHTra MyCTakuJ yJaHTaH OYnuiu Ba
Oamopatian KOOMIUsATA Kabu MyaMMOHH MYCTaKHUJI €4a OJIUIIHN JIO3UM.

SAparunran tacsup Gopmatunu Tannam 3DTV texHonorusicu acociapujaH
Ovpu XHCOOIAaHAIN. bup TOMOHAaH y MabIyMOTJIapHM KailTa MILUIALI
TajabsapuHu Oenrunad 6epca MKKMHYM TOMOHJAH Yy BU3yalln3alus alfOPUTMHUHH,
WHTEPAKTUBIIMK PEXXUMH JapaKaCUHU Ba y3aTWJIAETraH CUTHAJI MapameTpiiapuHu
Ooenrunadiau. byHnaH Tamkapu sipaTwiaéTraH KOHTEHT TapkuOura 3 yimyamiu
“Typ”, MabiyM TnUKcel uyKypaurugarn MultiView Buaeo kabu curHamwiap
KHpaJu.
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2.71- pacm. T-DMB TuU3UMUHUHT CTpyKTypa cxeMacu, 3D-xu3matinapu xopui
KUJIMHUIIT

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

ES_ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 // Vlsual Stream

bufferSizeDB 15060000
oblectTypelndication 0x21 /4 reserved for ISO use
decSpecificlnfo DecoderSpecificinfoString { ... } }

slConfigDescr SLConfigDescriptor { ... 1 1]

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

ES_ID 4

Stream DependenceFlag TRUE

dependsOn ES ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 /f Visual Stream

bufferSizeDB 15060000

objectTypeindication 0xC0 // User Private

decSpecificlnfo DecoderSpecificinfoString { ... 1 }
slConfigDescr SLConfigDescriptor { ... TY11}
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3D video yuyn OD cxemMaTuk TU3UMU

XaXMIIM TEJIEBUACHUEHU TalIKWI KWIMLAArd HHI KaTTa MyamMMo Oy
MaBXyJl SIIMUTTUPHUII TAPMOFUMHHUHI YKa3yBUaHJIMK KOOWJIMSATHMHM OLIMPUII Ba
MyCTakKu Oyiran OHMp HeuTa BUACOOKMMIIAPHU aJ0Ka KaHaiu OYilnad y3aTuiigaH
noopat. X03upru KyH1a MaBxKyJl KEHI 0J0CaIl TapMOK YIIOy KOHTEHTHHU y3aTHIll
UMKOHUATHHM TaKAUM 3Ta oJlagu. MyamMMo IIyHAaH ubopaT OyiIaauKy, sipaTUIrad
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
OMHOKYJISIp KYpHII KOOWIMATH OWJIaH acocjiaHagu. MabilyMKH HHCOH KYy3JapH
yprrua 60-70 MM opanukna koimamanau. by opanuk Tydainum dyam Ba YHT KY3
XOCHJI KWJIraH TacBUp Oup OupugaH KucMmaH QapkiaHaad. YmOy HWKKUTa
TacBUpiap crpepeoxkydraukaap ne6 aramaau. TacBupnap (dapkiapuHu
aHMKJIaraH Musjga oObekTraya OynaraH macoa, YHUHI KaTTalurd 3 Yiadamiu
MYXUT/AA )KOMJIAIIraH YpHU KaOu MabIyMOT IIaKJJIaHAIH.

VAN

A I N

' \ v
- ~ A — A [—
N A I A A S N R

\

2.72-pacm. [Napannakc: xap Oup Ky3 00bEKTHH Y3 X0JIaTUJIaH KeTNO YUKUO
Kypanu, Must 3ca TacBUpIaAap dapkura Kkapad 3 yiauaMian HaMyHa sipaTaju.

Vprauunaérran OOBEKTHMHT CYPHIIHIIM KaGM CE3THMHM XOCHI OYJIHIIM
napajjlakc JeWuiagu Ba XXMM TEJIEBUICHUEHMHI acocu XucoOmanaau.3D
TAaCBUP XOCWJI KWJIYBUM Jespiid Oapya TEXHOJIOTHUsIap — TACBUPHU MKKHUTa, Yar Ba
VHT Ky37ap Y4YyH aloxyja BHUICOOKUMIIApra axparu0d TallKW KUJIHMHAIH.
VYnapauar ¢apku cemapanus (OYIMHUIN) JKapaéHWHUA KaWCH TPUHIIMITA
acociaHu0 amaira oWUpUiIMIIKMAa. YOy ycyilapaaH Oup KaHYacHHU KYpuo
YUKAMMU3.
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Anarimpuk yeyn Jlanemeiina Ba lioko gt Oponom ToMoHuaan 1858
wunga taknud KuiauHrad Ba 1935 dwnnma Jlym JlromMbep TOMOHMJAH amalra
olMpWIrad. TeXHOJOTUsACH — CTepeOKydT TacBUpJap UKKU XWJI paHrra Oysiaau
Ba MKKaJlacu Oupranukiaa 3 yiauamiu TacBUp XOCWI Kujaau. YOy ycyn Aesipiiu
O0apya KMHOHaMOMHUIIUIAP, TEIEBU30PJIAP Ba TEJIEIMUTTUPUIILIApIA KYIITaHWIA N,
AB(3aIUru — ap30H Ba OJJIMM, KAMUYUJIUTH — 0ab3u OUp paHTJIAPHUHT FOKOJIHO
KOJIUIIIH.

Honsspuszanusiim  ycya XK. AxmeproHom Tomonugan 1891nma taxmmd
KwinHrad, 1935 iunra kenu6 E. JIoHA mossipu3alUsuIMHIaH IUIEHKA SIPATHILN
Ownan Oy ycyn ommaBuiiamu® ketau. Mnuiam npuHunM — yam Ba YHT
cTepeokypTiukiap Oup BakTAa TypaM MOJSpU3alsUIaHTaH Oypuak ocTuia
npoeknusiaHaan. Tomoma sca Moc GUIBTPIM Ky30iHaK OwiaH amanra
OILITUPUTIA/IH.

PacTpau crepeoycyi. bupruHun mapra Ky30HMHakcu3 3 yia4amii TacBUP
XOCUJT KWJUII Ba Kypuin ycynuHu bepthe Ba Jluzeranmap 1896 imina Taxmud
KWIKIITaH. YOy ycyn acocuja EpyFINKHUA CYHAMPYBUYHM Mapajies pacTp €Taju.
YOy TeXHONOTHs IPHHLUIH 2.73-pacM/a KYpcaTuiraH.

2.73- pacm. JIunzanu pacTp €paaMujia CTepeoTacBUp XOCKI Kuuil. Yar ki3
YUyH TaCBUP MIAPTIM PaBUILJIa KU3WUJI PAHT OUJaH, YHT KY3 yU4yH 3ca KYK paHr
OwiaH OGenrajgaHra.

V3 ypHuna caBoi maiino 6ymamu. ByHaii Typaaru TacBUpIIapHU KaHZail SKpaHiap
(MoHuToOp, nucruiel) Hamounum Kwia onamau? bup 3D mucruieir cudatuga 3D
TAaCBUPJIAPHHU KY30MHAKIapCU3 €KUM KylIMM4a KypWiIMallapCu3 HaMOWMII Kuia
OJIAJINTaH Xap KaHJIal TypAaru JUCIUIEWIApHHA TYLIyHaMU3.
3D ngucnneinap TexHosorusacu 6yinya 4 typra 0yiauHaau.
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1. Crepeockomnuk. Yam Ba YHT Ky37ap yuyH ajJoxuaa OyJaran TacBUpJIapHU

HaMOMWMII KWIaIH.

2. MynbTuKYpuHMILIA. brp HeuTa KeTMa KeT OyraH pakypciap HaMOMHUIITN

OpKaJIM XaKMJIM TaCBUP HAMOMWUII KHJIQJIH.

3. T'onorpaduk. Y3mycus 6ynran EpyriiMK curHawuiapu épaamuaa 3 yoaamim

TaCBUP XOCHJI KHJIAJIH.

4. Bomomerpuk. TacBUpHHU BEKTOpPJIap €KUM HyKTajap XapakaTu épaamMua

XOCHJI KMJTMO 3 YIT4aMITUIIMK XUCCUHU Oepau.

Ha3zopart caBoJuiapu
Digital Video Broadcasting koHIenuusicu KauoH >KOpUi KUJIHHTaH?
DVB Project noitmxacu acocuaa pakamyid TeEJIEBUACHUE CTaHIAPTIAPUHU
KaHJal Typiaapu KaOyJl KUJIMHTaH?
Ep yctu pakamiau TeNEeSMMUTTUPUIITU3MMHMHM SIPATULI Ba TAIKWJ OSTHUIIIA
reorpa@uK MIAPOMTHM XHMCOOra oOJraH Xojjga KaHiall KUMMHYWIMKIapra
yupammumMnu3 MyMKHH?
Ep ycTu pakamiu TeNeBUIEHUECH TAIIKWI STWITaHWJIAH KEWHH KaHJau
TEXHOJIOTHK TajlabJlapHU KOHUKTUPHILIN Kepak ?
DVB-T tusumu SFN spHH OWTTa 4YacTOTaja MIUIAIIMHUHT aB(3aJTUTHHU
TYITyHTUPUHT.
DVB-T MoaynaTopuHMHI OJIOK CXEMACHHUHI MWIUIAIl  [PUHLUUIKAHU
TYITyHTUPUHT.
2K/8K pexumnapu papKUHHU TYIIYHTUPHUHT.
DVB-T tu3zuMuia KaHnai TypJard TaluryBuuiap MaBxym?
DVB-T set-top box KypuiMacu 0J0K CXeMacH I TPUHIMIUHU TYITYHTUPUHT.

. MPEG-2 TuzuMuHMHT acocuii 3 Ta KHCMUHH CaHA0 YTHHT.

. MPEG-2 cTanpaptuna TacBupIapra UImioB 6epuin Heuta npoduiian nbopat?
. MPEG-2 Buneo cTpykTypacu uepapXvusaCUHU KETMa-KeTIuKIa EpUTHO OCpHHT.
. MPEG-2 cranpaptiia TENEeBU3MOH CHUTHAJHHW CHKHUIN TEXHOJIOTHUSICHHHU

TYLIYHTUPHHT.

. 4:4:4 paurnmu dopmar, 4:2:2 (panrdapk KOMIOHEHTIAPHU TOPU3OHTAN KaiTa

nuckpetian) Ba 4:2:0 (panrdapk KOMIIOHEHTIAPHA TOPU30HTAI Ba BEPTUKAI
KaiiTa quckpetiaiin) ¢popmatiap GapkKuHu TYIUK 0aéH KUJIUHT.

MPEG-4 na aynuo-Bujieo axoopoTra MIILIOB OSPUITHUHT acOCUN OOCKUYIapH
EPUTHHL.

I, B, P xagpnapHu >kopuil KWJIMHUIINIA acocuii cabad Huma?

EpHUHT CyHBUH HYNIOLIA OpKajlX Y3aTWIYBUM TEJIECBUIACHUE Ba €p YCTHU
SIIUTTUPUIIT TEJIICBUACHUETAPUHUHT >KOPUM KWIMIIAAru MyammoJiap ¢dapku,
aB(3aTMKIIap Ba KAMUMIIMKIAPUHU TYIIAHTUPHHT.

EpauHr CcyHBuE Wynmomm 3KBAaTOpJaH ypTadya KaHAall OaslaHIJIMKKa
YKOUJTAIITUPUITAN ?

DVB-S crangaptu KaHmai opajiuKIard 4aToTa JUana3oHu/a WIIIAITHT Ky3/1a
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TyTaau?

Epaunr cynwsuil iynnomm ypHaTUITaH OajaHIMK aliHaH HUMara acocJiaHuO
yiOy GanaHJIMK TaHJaHTaH?

QPSK moaynsauusicu OUTTa CMHMBOJAa HEUYH OUT MabIyMOT y3aTa oJiaau’?
DVB-S crangaptuia KypoK KaHjaai TypJard MOIYJISLIMS KYJlaHuIaau?
DVB-S crangapTu Kaiicu nuana3oHjia uiiaigm?

DVB-Suunr  koakcuan kabemnmu tusumiapuga QAM  MoayIsSUMSICUHUHT
Kaiicu Typu KYyJUlaHWIa1u?

DVB-Suunr onrtuk-tonanu tuzumiiapuga QAM MOOynsUUSACUHUHT Kaiicu
TypHU KyJUlaHWIan?

64 QAM Oup cexkyHana HedTa OUT MABIyMOT CUTHAJIAPUHU KalTa WILIAl
oJlagu?

DVB-C monynstopu ctpykrypa cxemacugaru Pun-Conomon 65oku Basudacu
HUMAa?

DVB-H TexHonoruscu Ka4oH »KOpui KUJIUHTaH?

DVB-H Tuszumu kangail Tu3uMiap KOHBEpreHIusacu xucoOmanaau?

MoOunp TeNneBUACHHE TU3UMHUHHU spaTUIla KaOydl KWIMIIHUHT MOOWIIh
TepMUHAIapUTa Kyuiaaurad Tajnadinap HuManapaad nubopar?

VDSL - 6y kanpaait TexHosorust Ba yuunr DVB-H tusumunaru Ypau Kanmgai?
IPTV TexHOmOTUsACH TPAHCIIOPT OKUMHU KaHIal TapMOKJIap OPKajy y3aTHJINLLINA
MYMKHH?

V36exkucton Pecny6rmmkacu  IPTV  XU3MaTinapuHM — KOpHil  KMIyBUH
KOpPXOHAJIApPHU caHa0 YTHHT.

Kenaxakna DVB-T, DVB-S, DVB-C, DVB-H Ba IPTV texnonorusnapuian
Kaiicu Oupu OWBHUHT pecnyOJuKaMu3la PUBOXKJIAHUIIA Ba UCTHUKOOJIH
KUXATAaH IOKOpPH YpUHTa KyTapuiauil Oopacuja Maxcuil (QUKPUHITHU3HU
OVIITMPUHT.

Ep ycTu TeneBUICHUECHHUHT SHTH aBJIOJWHU SPTWIMIIKTA aCOCaH KaHai
ommiap cabad o6ymau?

DVB-T2 surm crangapTd uWIDiad 4YWKWITaHAa YHra KaHjaad Taigabnap
Kyrunau?

T2-MI naket cTpyKTypacu TapKUOMHU TYUTYHTUPUHT.

T2 xaHamIM KOMJIAll THU3MMHAA OPAJATHIIHMHI KaHAall KacKaljiapu
ALUIaTUiIaan?

T2 Th3uMu YTKa3yBYAHIMK KOOWJIHMSTH OJAWHTH aBJIOJ THU3UMHJAH KaHYa
MUKI0pra dhapkiaHaaun?

ATSC Ba DVB-T tuszumnapumard TeXHOJOTHK (apKid KUXATIapUHU cCaHa0
YTHHL.

ISDB Ba DVB-T Ttu3umnapugaru TEXHOJOTHK (apKiau >KUXATIapuHU caHab
YTHUHT.

3 ¥m4amiy TacBUP XOCHJI KWJIHII YCYJUTAPUHH CaHa0 YTHHT.

3 yadamim TacBUp XOCWJI KWIWIN ycyiuiapuaaH AHarmuduk ycyiara tabpud
OepuHr.
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44.3 ymyamuin TacBHp XOCWJI Kuiwmn ycyiutapunan [lonspusanusiau ycynra
Tabpu@d OepuHT.

45. 3 ymuamuM TacBUp XOCHWJ KWJIUII YyCy/UIapuaaH Pactpim crepeoycysnra
Tabpu@d OepuHT.
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V. AMAJIMA MAIIFYJIOT MATEPUAJLJIAPU

1 — amanmii MmamryJaoT: PakaMmiu TejieBU3MOH TACBUP CUTHAJLJIAPH
napaMeTpJapuHu TAAKMK KWini. TacBUp CUrHA/UIAPUHA KBAHTJIAIIL.

Nmpan makcan: TeneBU3sMOH TAacBUpP CHTHAJUIAPUHU PaKaMild XoJiaTra
YTKa3UIUII KapaCHUHUHT OMpUHYM OOCKMYM — KBaHTIAIl KapaCHUHUHT
MaTeMaTUK acoCHapuHU  ypraHum. MabJlyMOT CHUFUMH, YHUHI HIUIa0
YUKapyBYaHJIUTH, SHTPOIUS KaOM TyllyHYajgap YpraHuILl.

MacanaHuHr KYWMJIMIIW: KBaHTJIAIl KaJaMUHU Oeiruiam TapTUOM Ba
KBaHTJIAII IIOBKMHUHY a0 6ynui cabadinapuHu TaaKuK KUiauil. CTaTUK TaCBUP
XyCyCHUATIApUHU OaxoJall, YyHAaru OpTUKYAIMKHU MablIyM OMp alropuTMm Oujal
CUKHUIII MaTeMaTUK MOJICJIMHY UIIUIA0 YUKHIL Ba aMalIUETra TaBCUs KUJIUIIIL.

Hazapuii mabaymoriaap. MabiyMOoT Hazapusicu - Oy CUTHalI Kaiita
UIUTAIapU OKMOaTHAa XOCWJ OynaauraH MabiiyM OUp KOHYHHUSTIAp KeTMa
KEeTJIUTH. YOy KOHYHHSTIIap TypJiu aloKa KaHaJUlapuHUA OaxoJianl Ba MabIyMOT
MaHOau Ba KaOyJl KWITYBUMCH OpACHJIard aJOKaHW YpPHATHUIIra XU3MaT KWJIAJIU.
MabiyMOT y3aTyBuM ajoKa KaHaUIAPUHU  COJMIITUPHINIA 3ca  ymoy
KOHYHUSTIAPHUHT MUKAOPUN Oupauru 1927- iinnga XapTid TOMOHUAAH TakIuQ
KWINHTaH. by OUpIuK MabJIyMOT CHFUMU Je0 IopuTHIia OOLIaHTaH Ba KyWHaaru
TEHIJIMK €plaMH]1a AaHUKJIAHTaH.

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

MabiyMOT CUFMMH MabIyMOT MaHOAauWHU TYIWK Tabpudiail onamaiau.
Myxyumu, BakT OUpIMIM HYMJA KaHYa MHUKIOPJAArd MablIyMOT  XOCHJ
KWIMHAETTaHUHU OWINII MyXUM. ByHHHT y4yH MabJdyMOT MaHOAMHMHI MILIA0
YMKAPYBYAHJIUIN Oupiury kuputamagu. Y R xappu Ownan Oenrunanu®
KyHuaara kaTTajuk €paaMuaa aHUKJIaHau:

T

T — MabllyMOT MaHOAWMHUHI BakKT OWUPJIMIM WYUAA UIUIA0 YUKApUII YUYYH
KeTaJUraH BaKTH.

MabiryMOT MaHOAUHUHT HIIa0 YMKAPYBUAHJIUTU YHUHT YHUHT 4YeTrapaBHil
uMKoHusATHHN Oenrunaiinn. P{A} xomarmaru Oab3u Oup A xonarmap yuyH |
MabJIiyMoTaap MUKI0opy [1IeHHOHHUHT KyHHJaru TEHTJIUTU aCOCH 1A aHUKJTaHA !,

P{A}I=—log,P{A} (14)

Jlorapudm onguaarn MuHyc Oenrucu P{A}<1 Ba MabIyMOT MHUKIOpHU
noumo mycOat oynuimuu Tapmunnaiiam 0 < P{A} < 1.
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butrra mocunkama kenmaguraH yprada MabIyMOTIAp MHUKIOPH XalapHH
kojamagard 3G(MEKTUBIMK YIYOBH YUYH XHM3MAT KWJIWIIA MYMKHH. By Oupimk
IHTUPONHSA [CHUIaId Ba MaTeMAaTHK KyTwima cudartuna anukiaaHaan. P{A}=0
yayH 3XTUMOJIMK 0 — Py, Mabiaymotiap Mukiaopu a3ca I=lp P{A}=1, xonaT yuyH
aca [=]; 4, (1.4) ra Kyliugara aaManTaPUII KUPUTAMU3;

1 1
H=Pg'lo+Pr11=P¢log 2P+ Prlog, . (19
0 1

Arap xabap 2TajgaH OpTHK X0JIaTra 3ra 0yJca, SHTpOnus Kyiuaara Gopmyia
OWJIaH aHUKJIAHA]IN:

H—g lo —g lo 1 (1.6)
= i:lPI g2P|—i:1P| gzp_, -

I-xomatHUHT Pl — anpuopaiu 3XTUMOJUIMTH; M — YMYMHE XOJaTJapHUHT
COHJIM MUKJIOPH.

H — Hmax 6ynranna Pi = %1, OyHmaif xoaTaa
1
H=H mx=m{ —log,m [=log,m=C.
m

Kanan yTraza onumm mymkuH O6yiaran | mabimymotiap XakMu (CUFUMH):

|=F-T-log,| 1+ <

u

. (1.7)

F — xanan ytkasum mojocacu; 7 — xabap y3aTWIMII JTaBOMUWUIUTH; Pc Ba
Pus — Moc paBuIia cursai Ba IOBKUH KyBBaTJIapH.

QdopmynaaH WIyHIAW XyJiocara KEJIWHTaHKW,  IIOBKMHJIAD Y3UJa OK
IIOBKMHTA 2ra Oyiaay Ba ynap Xam XyJIIH IIyHJail CTaTUCTHK CTPyKTypara sra
OynuIay.

(1.1)-(1.7)  dopmamanapman  ¢oimananubd,  XapTim  yCcyJauaa
KEeATUPUITaHUICK TYPJIA TaCBUPJIAPHH OaxoIaiMus.

OHr coaga OViaraH oOK-KOpa TacBUPHU KypuO dYMKamu3, Xap Oup
AJIEMEHTHUHT M EPUTUITAHJIMK TpajJaldsuiapd COHH Y3ued XOoC mypoacuiapuu.
DneMeHTIap MablyMOT Xaxmu (1.1) TeHruk €paamuaa aHUKIaHAIu:

C,=log,m, (1.8)

Kaapuunr N Ta snemeHTIapuAaH TalIKUJ TONTaH TaCBUP MabIyMOTHHUHT
XaXKMH 3Ca Kynuaarnya:
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C«=N-log,m, (1.9)

g MHUKIOpAAaru Kajapjap KeTMa KeTJIUTUJaH TallKu TONTaH TaCBUpP CUFUMU
3ca Kylujaruya:

Cq=0'N-log,m, (1.10)
Mysnait kw6 | qmax=Cq=0-Cx. (1.11) — TB TacBupmarm MUHUMAT

MHKJIOPAArd MabJIyMOTJIAp MUKJIOPH.

MasbaymoTiiap MUKIOPUHU aHUK Ownuin TB Tusumuu 3pdekTuB Kypuii
UMKOHUSATUHM TaKIWM OTajaud, JEKUH Oy eTapiau sMac, sSbHHM OepuiiaéTrraH
MabJIyMOT KJIacCH TapKuOWJa KeJIyBYM YypTauya MabIyMmMOTJIap OKHUMHUHHU, SBHU
SHTPONUSHUA OWIHUIN JTO3UM. MabJIyMOT HazapusiCu OMp Yirdamiid CUTHaJUIap y4yH
uniad yukuiarad, TB curaan aca 6u3ra MabIyMKH KYT YI4aMiId XACOOTaHa H.

Ninu 6a:kapuin y4yyH HaMyHa
N=16x16=256, m=3, ¢parmMeHTH y4yH OK, KyJIpaHT Ba Kopa paHriap. by
epaa Co =1log 2 3 = 1,58 our, Ck = 256x1,58 =404 Owur.
TacBupHu TabpudIan ycynapu:

1-ycyn. Illaptnum paBumga aOoHEHTHapra Yy3aTWIAa€TraH CHTHAJIHU
3JIEMEHTJIAPUHUHT MHJEKCUHU Ba PaHTMHU 1000paMu3 Ba ynapHH I, Ba lpaur 1€0
oenrmnad onamus:

I rC:| np+| ) (112)

v — MyxuToaru oWnamral YpHH TYFpUCHAa MablymoT; 1é — €purunran
Jlapa)kacu TYFPUCUIA MABIIYMOT.

Xap KaHzai 3JeMEHTHUHT JKOMIaIlraH )KOMUHY KypcaTuill yuyH yHH log 2 N
ra TeHT OYJIraH UKKWJIUK KOAW OWJIaH aJIMAIIITUPHUIIL JIO3UM.

Eputunrannyk  sneMeHTIapUHH  KOAJAll y4dyH logoM  Gupiurumas
doiinananaMus:

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

yunait kumd | =1 ,,+| ﬂ:N-Iog2N+N-Iog2m, (1.15)

busnunr wmmcon yuyn sca N=16x16, m=3, Irc = 256x8+256x1,58 =
2048+400 = 2440 out. Wkkwaum tenrmurumus (1.15) na Cxk = Nxlog , m = 400
OWT SKAHJIMTUHY aHUKJIAN KUHUH dMac.

2 ycyin. AOOHEHTra paHT MUKIOpWHH ¢akaT Tema, MacT Ba YHI, dHall
yerapaBuii MUKIOpiaapuHu xyHatamus: Irc = Iz = Nxlog ; m = Cx = 256x1,58 =
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404 out. HaTtmxkana onauHry ycyiaad Kypa 6 6apodap kaMm MUKAOpIArd KuiimaTra
ApUIIAMU3.

busra MabayMKu Xap KaHAal ajoka KaHaJId TapKuOWa IIOBKUH Ba
XQJIMKUTIIAp MaBXy/ Ba OW3 CUTHAJ TapKUOWTa IMOBKUH OWJIaH Kypallull YYyH
OPTUKYAJIUK MabMOTUHHU KUPUTHUIIra MaxxkOypmu3. By opTukua MabiymOTIapHU
KYTT MHUKIOpJia OCpUIMIIM XaM WYKoJMILIapra ojau0 kenumd MyMkuH. [IlyHuUHT
YUyH XaM Y0y MUKJOPHU ONTUMAJI TaHJIalll MyXHUM.

3 ycyn. 2 ycyn OminaH MyTaHOCWO, (apKu IIyHIAaKH y3aTuiaaéTran xabap
UIIOHWIMJINTUHYU OIIMPHII YU4yH Xap Oup caTp Ba KaJp OXUpPHUra OpPTUKYA XUMOS
CUTHAJIM KUPUTWIAIU. YOy yCys OWiaH 3aMOHABHM TEICIMUTTUPHUIILIAP WIIIA0
KEJIMOK/1a.

BuzneoMabayMOTIapHH pakaMJiId XO0JIaTra YTKA3ulIa yJIapHU KaiTa HILIaml
XKapaCHUHUHT OMpHHYM OOCKMYM caTx Oyimya KBaHTialml Aeiimnanu. by xapaén
Oup ymyamum Ba KyN Ya4amiid CUTHAIIAp y4yH XaM OWp Xl OOCKHYJa amaira
OLLIMPHUIIA[IH.

KBanTnam >kapaéHu cudaruga CUTHAIHUHT JUHAMUK JIMAa30HUHUHT
SAKYHJIOBYM JIUCKpET Japaxkanapra Oynmuuummra adtunaau. Carx Oyiinua
KBaHTJIAII JKapa€Hu OPTUKYA MAbIyMOTJApHHU OJHO Taluiam >kapaéHUHU HAaMOEH
KWIaau. YHUHT KYJUIaHWIMIIUAa HadakaT TEXHOJOTHUK >KuUxaTiap Oanku 0ab3u
Oup ncuxoPu3noNoruKk cababdiap xam nuHodatra onuHaau. bymnap:

1. BUIEOMABIYMOTHHM Y3aTHII EKM KailTa WMIUIAII NaNTHAA YHUHT TapKuOuaa
IIOBKMHJIAPHUHT OOPJIMIH YHUHT IMapaMeTpiiapyura TabCUp KHIIaIu;

2. BUJEOCHUTHAJIApJa  pyxcaT OJTWITaH Japakaid Y3JIyKCHU3 XoJsatriapaa
KYJUIAaHUIIYM OPTUKYA MabIyMoOTIapHu OapTtapad 3Taau JEKUH KBAHTJIAHUIII
IIOBKMHUHU XOCHJT KHJIA U,

3. BUIEOMABIYMOT KaOyl KWJIYBUMCH uUerapairaH EpyriuK MHKIOPH Ba
PaHTIIMIIUK JTapakKaCUHU CE3UI KOOMIIUATUTA ATAITUTH.

NuHu 0akapuin y4yH HaMyHa
BuneomawsinymoTinapuu catx OVitmya KBaHTJIAHUIIM CUTHAJIHU (a30o Ba BaKT
napameTpiiapuHu XUCcOoOTa OJIraH XoJa amalira Ol PHIIa IH.
KBanTnanum napaxacHu OeNTHIIall acocaH y3aTUiIaéTral pakamiid CUTHA
TE3JIMTUTa KyWHJIauTaH Taja0iapHu OeNruiiaiiia I0Kopy YpruHTa KyTapuiiau.

>

Eeblx

A3
A2

A1
AN FANERANG ANy Eex
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1.1.pacM KBaHT/IaHMII XapaKTEPUCTHKACH.

VY31yKcu3 KUpYBUM KaTTAIMKIApHU caTX OyiHWya KBAaHTJIAHUIIM TEKHC EKU
HOTEKCH TakcumiiaHTaH XAl, Al jgapaxkazard KBaHTJIAHUII XapaKTEPUCTHKAIAPH
Ounan OenrmnaHagu. bup ymuamny CHUTHaATHUHT KBAaHTJIAHUII XapaKTEPUCTHKACH
1.1 pacMaa KenTUPUIITaH.

KBanTnam nmapaxalapuHUHT KYITHH KBajapaTiapu opacuaaru macoda
KBaHTJAll KaJaMM Jeiuiaau, derapaiap opacuuard macoda sca KBaHTIAHHII
XapaKTEpUCTUKACU Aevnnaan. S'bHU KBaHTJIAHUII JAapa)Kacu SHI SIKMH MHTEpBAJIra
AxauTiaaHagu. KupyBuM YHHNOJSAp CHUTHaJl XapaKTEpUCTHUKACUHU KyWHaaruda
€311l MyMKHH:

n
E”“K’y: 2 A '1{Ei<up_Ai}’ (1.16)
1

Oy epna Exup, Euux — kupyBuM Ba 4YMKyBYM curHamiap; Al (i=1,2, 3, ..., n) —
KAPYBYM CUTHAJTHHHT KBaHTJIAHUII Kajamiapu; Al — KUPYBYH CHTHAJI KBaHTJIAHUIII
yerapanapu; 1{*} — kyiiugaru mwapt OaxxapriiyBuu “Oup” QyHKLHS:
Y= {{*} < 0yuyn.0 .
{*}>0yuyn.1
Xyanu my tap3zia OunoJisp CUrHaJ KBaHTJIAHMII XapaKTEPUCTUKACUHU XaM
€311 MyMKUH:

n
Elmk,6:i_znAi '1{ng_Ai}’ (1-17)

KBaHTiaHuII caTx Ba dYerapajapMHUHT HOTekuc Takcumutanuimaa (1.17)
ndoa Kyugarnia KYpUHHIIT OJIIa/IH:

Egblx,6=A-+Zn1{E6x—iA}, (1.18), T.x. Ai = A = const, a Ai = iA.
-n

KI/Ip}IB‘{I/I CHUTHAJI KBAHTJIAHUIII qerapacn Ba I{I/IKyBLII/I CHUI'HaJI KBAHTJJIAaHMUIII
Japaxajlapu MakCUMymiapaa KyﬁI/Iz[arI/I TEHIJIUKJIAP EpJIAMUIA AHUKJIAHAN:
max max
A=tk A=_—MP  (1.19)
(2-n-1) (2-n-1)

Oy epaa 2n — GUnomsp CUrHaja KBaHTJIAHUII JapaKaTapUHUHT YMYMUN COHHU.

KBanTmanum XapaKTepUCTUKACU y3 ypHUIA aMIUIUTy A
XapaKTEPUCTUKACHHUHT OWp Typu xaMm xucoomaHamu — Fuux = F(Exup).
KBaHTIaHHMII ~ XapakTepuUCTKaCMIaH  TallKapW  KBaHTJIAHUII  KapaéHuaa
KYJUIaHWJIQUTraH KydaWTupuil Kod(pPpuuueHTH TyllyH4YacH XaM MaBxkya. by
KaTTaIMK Kyiuaaru udoaa EpamMuaa aHUKJIaHAIU:
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Q=Lux (25

Kup

-
Ml A2 Fargl Bxon

1.6. pacMm. KBanTnanuin sxapaéHuiar KydauTUPUII XapaKTepUCTUKATIAPH.

(2.3) bopmynanu (2.5) ndonara kyitnd Kyingarnya K0 €3u0 OJIMIT MyMKHH:
+n :
ALHE ., —1A}
Q=" , (2.6)
E Kup

n—oco XOJIaTWJIa KBAHTJIAHUII TEHI TaKCUMJIaHaAuraH Oynca FEuux =
F(Exup) xapakTepuCTHKACH YM3HKIW KYpPUHUIIQ =Qo0=const oxagu, n-—>oo
XOJJATUHUHT HOTEKUC TaKCUMJIAHUII XOJaTHJa 3Ca HOYM3UKIU Q = Qo = const
KYPUHHILTA YTa/IH.
KBanTnanui xapakTepuCcTHKacH Ba KydalTHpuin Ko puimeHTiiapu opacuaar
OOFJUKJIUK Oy — AJICKTP 3aHKUpJIap JMHUsAcHAaru (asa Ba BaKT
XapaKTePUCTUKAIAPU OpacuIari OOFIUKINK TEOPEMACHHU ICIIaTaIH.

KBaHT/IaHUII IITOBKUHHA

CurHaJiHM KBaHTJIAHMIII Japa)kacd Ba 4YerapajlapuHu SKyHUW XoJiaTra
KeJIITHpray, KaiTa TUKIAHYBUYM TAacBUpAA KaHal [IOBKUMHJIAPU TabCUPHUIA
HOYM3UKJIN Oy3WIHIIIAp XapakTepura 3ra OYiraH KBaHTJIAHUII MIOBKUHU XOCHJI
Oynagu. Ym0y IMOBKMH JapakacM KUPYBYM CUTHaJI (a3oBUN Ba BaKT
napameTpiiapura y3Buil OOornuK. MacanaH, MOBKUHHUHT FOKOPH OOCKUYIapuja
EpyFIIMK CUTHAJUIApU Cakpanuiap Kabu y3rapaaud Ba OpTHUKYAa KOHTYpJIAp MAMIIO0
Oynummmra onud Kemaau.

KBaHTnanui IMIOBKUHMHU MabJyM uYerapaijapja y3rapTUPUIIl MYMKHH.
Ymlby MOBKUH JapakaCUHM MacaTUpHIl Y4YyH KyHugaru OOCKUWIapaaH
dbolnananuIagm:

1. unoxku 60prya KBaHTIAII KaJaMUHU KYTIPOK Kinb Tanmam K = Kmax;
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N

yidy KaJaMJapHu y3rapyBUaHINTMH TabMUHIAI K = CONSt;

3. KaiiTa MnutaHa€Tral CUrHaj CTaTUCTUK XapaKTepUCTUKAIAPUHU MOC KalTa
WAl TEXHOJOTHUSCH EpAamMuia KyJulall;

4, xymuMua €EpaaMud  CUTHa/UIapJaH (TaXMUHUH, JeTepMUHJIaHTaH EKU
yIapHUHT apanammMacu) QoiianaHu®d MIOBKUH CYHIUPYBUM  Macka
CUTHAJUIAPYUHHU KYIJUIALL;

5. TB TexHukaga — Moc 4acTtoTa JUCKpeTu3anuscuau Mmoc TB carp €ium Ba

TallyBYM CUTHAJUIAP YacToTanapuaaH (hoiaaraHuIl.

f ach p-f p_mam=(3—4)~ f pmaut’ (2.6) p —fp.maw curnanu rapMOHUKACH.

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

=

ManbiyMoT Ha3zapusicu HuMa?

2. MabJiyMOT y3aTyBUM ajoKa KaHaJUTApUHU COJIMILITUPHIIJIA dca YIIOY
KOHYHUSITJIAPHUHT MUKJIOPHIA OUpIUru OMpUHYN OYITUO KUM TakiIud
KUiIran?

3. MabJiyMOT y3aTyBUH ajo0Ka KaHAJUTAPWHU COJMIITHPHIIIA dCa YOy

KOHYHUSITJIAPHUHT MUKJIOPHUI OUpiuru Huma?

MabiayMoT curumu 1€0 HuMara aitiuaa’?

MabnymMoT curuMu Kangai opmyia épaaMmuia aHukjIanaam?

6. MabiymMOT MaHOAMHHUHT UITUTA0 YMKAPYBUYAHIIUTH HUMA Ba y KaH7ai

aHUKIaHaau?

OHTHUpONUs HUMAa?

8. BumeomabiyMOTIIapHU paKkaMiIu X0JaTra YyTKa3uIlia yJIapHu KaiTa UIuianl
KapaCHUHUHT OMpUHYM OOCKUYHM KaHJai O0CKUY aerunnaamn?

9. KpanTtnam xxapaénu ned KaHjai sxapaénra antunanm?

10.KBanmnam KagaMu 1e0 KaHaai KaTTajduKkKa aiTuiagn?

11.KBaHTNnaHran curaaji Mabiaym oup derapazaa sxautiaanaau. [y gyerapa
KaHgay HoMJIaHaau?

12.KBaHTnanui MIOBKMHY HUMa Ba y HUMa cababaH naiao 6ymaau?

13.KBaHT/IaHMIII HIOBKMHUHU OapTapad KWIMII y4yH KaHJlail uiuiap amanira

omupuiIagu’?

o b

~

TaBcusi KWIMHAAUTAH aJa0UET/Iap Ba MHTEPHET pecypciap
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1“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier,
USA 2013.

2.http://dspdav.nm.ru/

3.http://center.neic.nsk.su/
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2 — amaauii MamryJaotT: C++ gactypu acocuia spaTWIrad jactypaa -
BeiiBier Ba JlucKpeT KOCHHYC aJIMAIITHPHIN JACTYPH aCOCUIA
BHAECOMABJIYMOTIAPHUHI CTATHK TACBUPJIAPUHH AJIMAIITHPUO CUKULIHH
TAAKHK KHJIHIII.

Nmpan wmakcaa. Typaum panr crapgapmiapuga (R, G, B) xamna,
Eputuiraniuk Ba panrgapk curnamiapunu (Y, U, V) 8x8 ymuamaaru 6iokiapaa
JMCKPET-KOCUHYC alIMAIITUPUILl YCyluAa KahTa WIIall >KapaCHUHU TaJKUK
KHJIHIIL.

MacajaHMHI KYUMJIMIIY. [[UCKPET-KOCHHYC aIMallTUPUII TPUHIUIIMHA
Yprauu6 ynkum. Kogep cukuin koeGUIMEHTHHUHT Y3rapuIlIiHU KaiTa
TUKJIAHTaH TaCBUP cUdaTUTa TAbCUPUHU aMaTUETIa CUHAO KYPHII Ba YpraHnuo
YUKUII.

Tommumpuriaap

2.1. Typnu xanp Ba ctoxerinu 780x576 ymuamaaru BMP ¢opmatnu 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 umniaii, cuHoB cudaru 10.00 xomaruza.

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 AT KAJIHHT.

Kuckaua Hazapuii MabJayMoT.
3aMOHAaBHUI TEIEBU3WOH TU3UMIIApAa CUTHAJIAPHUA CUKHII Ky/1a MyXUM
axamusTra sra. TacBup Ba BUI€0 CUTHAJUIAPHU CUKUIITHUHT OWp KaH4a yCyJulapu
MaBxya. XKopuit amanuér nmmaa JIKA ycynuaa TacBup curanjiapura pakamiu
UIIUIOB OEPHII aNTOPUTMUHU TaxJui Kuiaamus. JIKA ycynu kam XaToMK KATyBYH
UIIUTAI TE3UTH OViYa IOKOPH KYpcaTruyra Srajiuri OuiiaH axpanud Typaiu.
Ty¥pu Ba teckapu JAKA ycymiapu Kylujaaru TEHITIMKIAp €paaMuaa amalira
omupmianu (1, 2)

F () = WACECHY, ¥ pix y){COS%}[COSM} 1)

x=0 y=0 16
9 N-1 N-1 oy 11 oyl
F0Y)=23 Y CU)CH)F(uv)cos EXDIT o (2Y + LV
NiZ Do 2N 2N (2)
Oy epna: rpaguk  OJOKHUHT U -BepTUKal V  —TOPU30HTAI

KOODPIMHATAJIAPH;
X — MYKH OJIOK BEPTHKAI KOOPAUHATACH,
Y - MYKHU OJIOK TOPHU30HTA KOOPJAUHATACH,
u,v = 0 yayu C(u), C(v) = 142
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Ba U,v # 0 yayn C(u), C(v) =1

Yy ycyn KaJpHU CHTHAJLUIM MaTpuuaaap ne6 aramnyBuu 64 (8x8)
nuKcen ymyampaaru Onokjapra Oymumra acocianaau. (1.pacm). Cyurpa
yim0y CUTHAJUIM MaTpuiaiap MOC KaTTalMKIard 4acToTald MaTpullajiapra
allTaHTUpUIAAM Ba HWKKW YiIyaMid MaTpulla cudaruja TOpPU30HTal Ba
BepTUKaN MyHanuuuiap Oyinda kypuod unkuinaau. Keitmaru 6ockuyaa ymoy
MaTpuIla aJTOPUTM KYJUTaHMAacura KUPUTHITAH Maxcyc MaTeMaTuk GopMyiia
€pmammma KaiWTa unulaHaau. HaTwkama MaTpHUIIAHWHT FOKOPH-Yall KACMU
AIIEMEHTJIapu IOKOPHU YacTOTad Ba KOJTaH JJIEMEHTJIAPU MAacT 4YacTOTajH
AJeMEHTIIapra ailnantTupuwiaau (2 pacm).

216 | 213 | 211 | 211 | 213 | 217 | 220 | 221
218 | 217 | 218 | 221 | 224 | 226 | 226 | 226
217 | 219 | 223 | 227 | 229 | 229 | 228 | 227
221 | 223 | 227 | 230 | 230 | 230 | 230 | 230
231 | 231 | 233 | 232 | 230 | 230 | 233 | 236
229 | 229 | 228 | 226 | 223 | 225 | 230 | 235
218 | 220 | 221 | 219 | 217 | 219 | 226 | 232
213 | 218 | 221 | 220 | 219 | 221 | 228 | 234

1.pacm. bupnamuu TacBup EpyFiauKk MUKCEUIAPU CUTHAIUIN 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 kelinH KaifTa UIJIaHTaH MapTUIia KodhOUImeHTIapu

JKII cnextpunHuHT aB(3auMrd myHJAaH HUOOpPATKU, CIEKTP YHEPTUSCUHU
aCOCHI KUCMHUHU TAIIKIJI ATYBYM YacCTOTa YHEPTUS MABJIyM OUp KMCMTa HOJMHYU
yacToTa arpoduaa HUFUIIaIN.

RLE ummuauHT 3QGEKTUBINTUHNA OMIMPHUIIT YUYH 3UT3UTCUMOH KalTa UIIUIAIl
ycyiu Kysutanwiaau (pacM 3), Oy ycyda )Ky1a KaTTa CUKUII KoePUIIUeHTUHU
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OJIMII UMKOHUATUHU Oepaau, JekuH Oy kodhPUIMeHTH pyxcat STHITaH
MUKJIOP/IaH OIIUPUINO 000puiica TacBUp/la HYKONUIILIAP Mai10 OVIUIIN MyMKHH.

1763 " 1

0

INAN

0 o i =

3.pacm JIKIIna korddunrieHTIapuHu 3ur3arcCiMoH YKWJIHIIN

4.pacm. JIKII ycynu acocuaa 75 mapTa CUKWITaH TaCBUP

Hactyp Ky/L1aHMacu
JlacTyp MakeTH UKKHTa aCOCHU MaHeJJaH TAIIKKIII TONTaH:
- KypcaTHIIl TaHeIH
- OONIKAPHIII TTAHETT!
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S3arpysure...

Pacy. owus. |

TP
KeaHToBaH1a

KypcaTumn mnaHeauaa IOKIaHTaH TacBUp KypcatnO Typwiagud. Arap
IOKJIaHAJIMTaH TaCBUpP YiI4yaMuy NaHeJra cCuFMaca y JamnjaH €Kd TenajaH KeCUJIau.
bomkapuin maHenuaa OKJIAHTaH TacBUPHM KallTa MIUIOBYM  Kapa&HHU
OomikapyBur O0apua 3apypui deMeHTIap KoM TUPUIIAIH.

[ZEMN 255 220 180 140 255 255 189
242 255 229 (164 136 255 255 247
224 255 245 171 159 254 255 255
249 255 252 171 149 228 255 255
254 246 255 191 136 203 255 255
235 230 255 216 131 178 247
248 242 255 216 146 192 255
240 249 255 252 218 255 255

Bua kornoHeHTEr

M CH00HBIA MACCHE

& R [kpacHbii] Y [ApkocTs) Maceue nocne nparoro JKN
b accue nocne odparHoro OKMN
G [3eneHeIi] U [UB&THOCTE CMHEMD)

[T EBkA/BLIA. KEAHTOBAHME

ﬁ. D CHE B [ronytioi) Y [UBETHOCTL KpacHoro)

Ma'rpwua K.E3HTOEAHKA...
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| LT =
. 1576 174 335 -9 -171 568 21 -31
-123 -3 105 123 82 -3 -3 -27
22 0 -67 48 1 0 0 -28
-h9 38 9 -16 1] 44 1 1]
25 -1 -22 28 1] -1 0 1]
-24 19 -2 -1 0 1 1 0
1] 1 -40 1 1 -1 0 -1
HeeaMieHHE B ’ﬁ paz 1 1 1 0 0 1 0 0
v 'J Eraliinore M cxogHEIR MaccuHs ]
C Aot O e e
* [ [seneHei)] " U [useTHooTe cuneral
0 " B [ronyioi) W [UBETHOCTE KpacHora) =
IL 3aKpETE oKHD MaTpHL A KEAHTOEAHWA. .

s o B =

B =6 219 ][22 2|z 2|27 2ffzs 5] 3
16 3|16 ={[22 2{[4 |27 #f[es 2[4 2|37 2
19 %22 #]|26 2|27 21|29 #[[3+ #]|34 ]| 2]
|22 2|22 2ifee |27 2|29 2{[3¢ =7 2|0 3
122 ]| #f|27 2{[29 #|32 #{[® 2[4 2|46 2
126 %27 #]|29 #]|32 21|35 #[[w 2|4 3|58 2
126 #]]27 #{[29 2][3¢ 2| #[[4 =2][5c 2|69 2]
127 #]|29 #]|35 $||38 $]|46 #[[s +||ea $]|e3 2

Foa ML HEHTE FITPHUE! KEIHT OE3HWA

CTaHAARTHEIE SHAYEHMA
YrieHblWMTE & 2 pasa
YrieHbwme & 4 pasa

Brel

Brce 4

Bre

Boe 16 x OrreHuTe
Bre 32 :

bynnman Ttamkapu OomkapyB TIaHeNIWAa KalWTa HIUIAHTaH  TacBUP
MapeMETPJIapUHU XaM KYPHUII MyMKHH.

BeiiBieT aJiMalITUPUII ACOCHAA MABJIYMOTJIAP XaKMHUHHU CHUKHII

Ymby amanuii uijgaH Makcaa BEHBIET aIMAIITHUPHUII aCOCHIA TEJICBU3UOH
CUTHAJUIAPHU CUKHUII YCYJIMHU TAAKUK KUIUII. AMaNUET UIK KYJIaHMacH/1a KaMHu
4ta W Ky3ma TyTWiaraH OYauO THHIJIOBUWIAp Y4yH Oatadcun HypuxHoma
cudartuga 6epuiras.

BeiiBieT aJIMalITHPUIIHUHT YMYMUI TaXJIHJIH

Pakamiu TeneBuieHNEa TACBUP CUTHAJIAPUTa MILJIOB OEpUIll yCylapuaaH
Oupu Oynran BA ycynu oxupru naltiapaa KEHr KYJUIAHUIUO KETMHMOKJA.
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Texnonorus anroputmu yTran acpuHuHr 80-iumnapuna I'poccman Ba Mopraenap
TOMOHHMAH APATHIraH. YOy TEXHONOIUs SpaTWINIIMTa acocuii ca6aé JIKY Ba
dypre aaMaITHUPUIL YCY/UIAPUHHUHT AaCOCUN  KaMUWJIUKIApUaaH Oupu OYiraH
KaliTa TUKJIAHTaH TacBHUpJa Maijao OViaaaurad WYKOTHUIIIAPHU OJIMHHM OJIMIII
Oynran. byHgaH Tamkapu TENEBU3MOH CHUTHA  Mypakkad  IIaKJIJard
UMITyJIbCIIapAaH TAlIKWI TONTaH. YOy UMYJbCiap JaBOMUUIUTH Ba Japa)kacu
y3aTuiaaéTral BakT OMpPJIMTM WYWAa y3aTWiaéTraH ClokeT Tapkubura xapad 300
Mapraradya y3rapu0® Typulld MyMKAH. bByHnmail xonaTnap ydyH TapMOHHK
byHKIUSIap — OHKCENIapu  ACKOPPEISLUACHHU  KYJIall eTapiauya
camapaJopiuKHU  Oepmaiini  Ba  CHKUAII  KO3()DPHUIMEHTUHUHT  IOKOpHU
MUKJIOpJapuaa HYKOTUIIAPCU3 CHUKUII HUMKOHMSITHH Oepa onMaiau. ANHUKca
CUKHII KOA(DPUIMEHTHHUHT TACT dYerapajiapuja TacBUp Maiga CTpyKTypajiap
HuruHIMCH cudaTiaa HaMOEH 65:7JII/I6 KoJIau (pacMm 10).

K=

a) Kcx=25 mapta 6) Kck=3,5 mapra
l.pacm JIKA acocmaa TacBUpJIapHU WYKOTHIIIAPCU3 CUKUII HATHKAJIAPU

OHUY [ 12 | ’rz+mHL|_+

OHY [+ 12 5 o tzpe{ony

K
oBufa j2f—a tziafoBy| 4 5 |
|4

®BY [ |2 - » {z {0y

+2 — MpopeHHBEaHHE

PHY - PUNLTP HHKHHEX 4YacToT
PEY - PUNLTPp BepXHHX 4YAacTOoT +2 — HHTepnonauuAa

3.pacM. BeliBlieT aMaIITHPUITHUHT YMyMUH CTPYTypa CXeMacu
TacBup ukku ymuamum curHan Oymrannuru Tydaitim ynu BA ycymmna

KaliTa MIUIall MKKA OOCKHWYAAa amaira OIIMPWIAIu: aBBal caTpijap, CYHIpa
YCTYHJIAp KaiTa UIUIaHAIU EKA TECKAPUCH.

i Lzshun I

|
| Pacy ows.
|

pas
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XaapHuHr sHr onauit BA ycynu OVitnua, 21a koadduuueHTIap mact Ba
IOKOpY dYacToTanmu ¢uiabTpiaapaad ytuod, [TUYD nHaTwxkamapyuHU HKKH KYITHU
HyKTanap yprada kuitmatu Ba FOU®D kuiimatinapu sca connu auddepeHnnamiik
JapaxajlapuHu HaMo€H Kuianu. Hatwxkana ukkura Apne; Ba Dingz Maccusiap
xocul 6ynaau. MaccuBiap 3JieMeHTIapH Kyiuaaru udoza épaMmuia aHUKIaHAIH:

S, +S,,. S, = Sos
&:%,Dkz%ﬁyepnakem,'\%).

Y xo3¢pduumentaap annpokuumMakums Anpe) curHamwiapu, Y
KO3 PUIHEHTIapH 3Ca AeTajau3auus Aeluaaau. byHmail xomarimapaa A Ba D
MaccuBiapura sra Oynrad Spyj OMpiiaMuu CUTHAJIHU KalTa THKJIAIl MyMKHH (pacMm
4), Az Ba Dinp) MaccuBrap COHIIM KMMMATIapu 3ca EPTWITAHINK HYKTaJapH
cudatuga HaMOEH OYnaau.

HexomHEeIil cHrHAT S

H N [T T T 111

AnIIp oK CHMALTHA A [N72] HeTamnamsa D[NQ]

4.pacm BeBieT- 1eKOMITO3UIIMS TTPUHITATIA

BeiiBrer y3rapThpuIl NOPUHIUIMHA S-pacMaa KENTHUPWITaH MHCOJIIA,
TaCBUP CUTHAIMHM Y3TapTUPUILIA KYpPULIT MyMKHH.

OunbTp Oy KMUKMHA ‘“‘nepa3zaya ~ makinga Oynub, y epaa €pyriuK Ba
paHryiap MUKCENb KUWMATIApU KEITHUPWUITaH BEUBIET —  (QYHKUUSHUHT
kod(huiMeHTIapura Kynautupunaaud Ba KynailTMa KuaWMatiap WHFUHIUCH
OJIMHAAW. YHAAH CYHr ‘“nepa3aya” OollKa KUWMaTHM XHCOOJaIl —y4yH
CWDKATUNAAU. BuaeoMabnymMoTnapH TOpHU3OHTAN HyHanumga QGuibTpIal
OKMOaTuga MKKUTa MabIyMOTJIap MACCUBU IIAKJUIAHTUPHWIAAN: TACBUPHUHT
acocnii axOOpPOTMHM TallyBUYM TACT 4YacTOTald Ba Oamopar  KUJIUII
XaTOJIMKJIAPUHU Y3 UUWTa OJITaH IOKOPHU YacTOTAId MaccuBiap (6-pacMra KapaHr).
[TacT Ba FOKOpPM 4YacTOTAJIM MAcCCHUBJIAP BEPTUKANI WYHAIMILJAH yTrad sHa yJap
KyIIMMYa BEPTUKAl HYHAIUIIHWUHL IaCT BAa IOKOPM YacTOTAJIIM MAacCHUBIIApUTa
oymuuanunap. llynmait kw6, dbunpTpiammad cyHr MXN yadamugarda OuTTa
TaCBUpP YpHHMIA BEWBIIET y3rapTUpPHIN HaTHXkacuiaa 4 mapTa KHYHUKIAIITUPHWITaH
(m/2) x (n/2) Vymuamuparu TacBup makgo Oymamm (6 O-pacm). CukwuIn
CaMapaJOpJINTUHA  OLIMPUII Y4YyH [AaCT YacTOTalWM TAaCBUPHU  BEUBIET
y3rapTupuiiy OujaH Kynm MapTa y3rapTUpUIl MYMKHH, SbHUM TacT YacTOTalu
KucMaa | mnwmkcens KoaryHda. AmManuérna  ysraptupuuuiap 3-6  MapragaH
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ommMaiau. BeliBner ko3(Q(duUIMEHTIApHUHT TAacT Ba [OKOPU YacTOTalU
MacCUBJIApUHU MKKHM Kappa y3rapTHUpUIUIapiaH KEWHHIH OJMHraH TacBup (6 O-
pacM/a) J1a KeJITUPHUIITaH.

e LN y \_":4._»',‘ - 7”:. .l ;\:" -“1‘~‘ i - ;.
S5-pacM. JlacnaGku TacBUp Ba catpiap Oyiinya BeUBIIET —
JEKOMITO3UIIUSICHIaH CYHT

[ynnait kummO, kynm MapoTtada BEHBJIET JAeKOMIO3ULUsIIANI (Y3rapTUPHII)
HATIKacua, anmpoKCHUMAIIHsIIall MAacCHBHA XKyJda KAYUK TacBUp oiuHanu (6-
pacmaaru Tema uam Oypuakjga) Ba ailHM BaKTAa y KHYUK XaXMIH axOopoTiap
MabJIyMOTHHU TaIIKUIT ATaJIH. MaccuBHUHT KaTTa KUCMUHU
JeTaNM3alUATIAIITAPTal HOJIap €KW KUYUK Kod(h(UIIMEHTIap TalKmi 31agu (6-
pacmaa Honra KuiiMatu 128 Oynran Kyn paHr MOC KeNaau), yjdap CTaTUCTUK
KOMIIpeccop/ia SXIIM CUKUTIAJAM Ba KaTTa CHUKHUII KOA((UIMEHTHUTa SPHILIUIITa
UMKOH OepaJiy.

a) 0)
6-pacm. TacBUpHHUHT caTpiap Ba yCTyHJap Oyiinua BeiBieT punbTpiaapu
épramua y3rapTUpHIL Ba UKKM MapTa y3rapTUpUIIAAH KEUMHIH XOJIaTH.

ynaait iy 6unan olvHTaH BeHBIET KOdhOUIMEHTIAp KuMaTiIapu
KBaHTJIaHA/IM Ba CUKUIIHKU OOIIKAPUIII YIYH CTATUCTUK KOMITpeccopiiap €paamuia
CUKWJIaJM XaM/a IIyHJaH CYHT YMKHUII OKUMUTA E3Ui1aid. X03UPpTrH MalTIa, aBBajl
AUTWITAHUJEK, TACBUPJIAPHU CUKHUIIA KEHT KYJJTAHWJIAAUTaH BEUBIIET
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dynkuusnap Kyingarmwiap: Koan — Jlod6emmn — ®@oso (CDF22,CDF24,CDF97),
Buiacenopa — V610, Koiipman — BCW3 Ba TS2/6, MIT97 Beiipieriapu.

NimHuHT 0akapuiivin TApTHOU

1. JlaGoparopusi MILIMHUHT BUPTyal JACTYPUHH UIITA TYLIUPHHT.

2. «3arpy3uTh» TyrMacuHUA 00CHO, CHHAITyBYU TACBUPHU IOKJIAHT.

3. TacBup xocwn Oynrad “KypcaTuin MaHEIMHUHT HCTalIraH KUCMUTa
CUYKOHYAHHHT Yall TYTMaCUHU OOCHHT. AxpaTiirad 0ok yiauamu 8X8.

4, Oumiiran OHHAaHUHI «HUCXOJHBI MacCUB» peXUMUIA OupIaMyu
MAaCCHUBHHHI ITapamMeTpiapu KEJITUPUITaH.

5. «Bua xommoneHThI» OymuMuaaru 6apua (R,GB, Y, U, V) komnoHeHT

KeTMa-KeT KUPUTWINO, CHUTHAUIM MAaTpuuajap xucoboriapu Oupma-oup
OJIUHA/IHU.

6. Oumiiran olfHaHUHT «MaccuB nocie npsmoro JKID» pexumura yTubd 5
MYHKT/Iard aMajHu KeTMa-KeTJIUKAa Oa)KapyHT.

7. Ouwiran oWHaHMHT «MaccuB mociie ooparHoro JKII» pexumura
YTHO 5 MyHKT/IAaru aMajaHu KeTMa-KeTJIUKIa Oa)KapuHT.

8. 2Kopwnii oliHaHU ENMUHT.

9. Hactyp oiiHacujgarn «MarTpuina KBAHTOBAaHUSD> KUCMHUHU OOCHO,

naigo OynraH oMHajga yHUHI OWUpIMIMHU «l» ra TYFUpiaHr Ba KUWMATIapHU
cakJia0d ofiHAHU ENUHT.

A O | = O S
A O O = = S
A O O = = S
A O = O S
A O O O O S
A O O O O S
A O = O S
I N | | | O

K08 PPHLKEHT I MATPHLEI KEIHTOEAHWA

o] [60] 146 [ab] 18] b 18] o)

CTaHapTHRIE SHAYEHHA
JreHEWMTE B 2 pasa
YreHBWWTE B 4 pasa

Bred

Bref
Bos 1 x OTHEHMTE
Bre 32

Cyurpa acocuit nanengaru «KoaupoBaHnue» TyrMacuHU OOCHHT Ba JKapaéH
Tyrarad OupjamM4u Ba KOJJIaHTaH CUTHAJl KUMMaTIapuHu €310 OJTUHT.
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Ymly KulMaTIapHU TMaHeNAa KypcaTHIl XOJaTJapuHA Y3rapTUPHIN Y4YyH
«Ucxomnoe» Ba «lIpeoOpazoBaHHOE» TyrmMamapu EpaaMuja amMajira OUIHPHUII
MYMKHH. XO0CHUJ OYJIraH HaTUKAJIAPHU COJIMIUTUPHHT.

Ha3zopar caBoJsiapu

1. AHanor TacBHp pakamiu Xojarja Kanjaai udomanaHaam?

Hwuma makcamna TacBup 8X8 ymuamm nmukcen OokiIapura OyanHaamn?

3. YUV wmyxutuaaru panriapaad (ovgananum RGB myxutuman kypa
KaH/1ail ad3amuukiap TakIuM Kuiaan?

4. JlucKpeT-koCMHYC  aJMAalITHPUINHUHT  Ba3upacuHu  Ba  (QU3MK
XyCYCUSATIIApUHY TYyITYHTHUPHUHT.

5. IKII anmamrupuniga 3ur3arcAMOH — YCYJHUHT  KYJUTAHWJIMIIMHUHT
MaKCaJIuHH TYIIYHTHPUHT.

6. Ksanmnam marpunacu BasuaciuHH TyITyHTHPHHT.

7. bnoknu Oy3ununuiap naiiio OYIMIIMHUHT cabalapyuHU TYIIYHTUPUHT

8. BeiiBneT anMamTUpUII yCyJIu KUM TOMOHH/IAH SIPATUIITaH?

9. BeiiBieT anMamTUpHII yCYJIA HUMA YIyH XU3MaT Kuiaau?

10.AKY Ba BA ycymnapuma TacBUp CHUTHAUIAQPUHM KalTa HIILIAMI
anroputT™iapu GapkuHu caHad YTUHT?

11.BA ycynuna kanaai typaara Guiatpiaap MaBxyu?

12. AnmpoxiusaMakius Ba AeTanu3aius TylryHdaiapura Tabpud oepunr?

no

DoiaJAHIITAH aga0uéTaap

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

2. Cxarue nuzobOpaxkenuit B aeicteuu. J>x. Muano 2006.

3. NurepaktuBHoe TB M.U. Kpupormees 2004 Mocksa
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3 — amaamii MaFryJaoT. BeiiBier aiMamITupum 9yKypJaIdruHu
Y3rapUIIUHUHT CTATUK BUACOMABJIYMOTIAP CUKUALI KO3 PUuuueHTura
TabCUPUHM yprauum. Kpantiam :xapaéHnHu BUIEOMABJIYMOTJIAP CHKHIL
KMHMATH Ba CTATHK TacBHpJap cugaTura O0FTMKJINTMHA TAAKUK KUJIUIIL.

1. Mmpan makcaa: Amanuii uiuHyA Oa)xapuiljga TUHIJIOBYH KyiaruiapHu
Y3MamTUPHUILN KEPaK :

— BHJCOMABIYMOTJIAD XAKMHHU CHKHUIIJIA KYJUTAHUJIAAWTaH JUQTHHT
BEUBIET-PUIBTpIAP TY3WIHIIHN Ba UIIl PKUMUHU YpeaHuuL,

—IEKOMITO3ULIMS IUKIUTAPU COHUHUHT Y3TapyIly CTATHK BUICOMABIyMOTIIAp
CUKHUII KO3((PpULIMEHTUTa TABCUPUHU OAX0IaU ONUUL;

— BHUJCOMAbIYyMOTJIAD XaKMUHU CHUKHUII YYYH KYJUIAaHWJIQTUTaH BEHBIET
KBAHTJIATW4 I PEKUMIIApU Ba XYCYCUITIAPUHU YpeaHU,

— KBaHTIarnyga cudar (aKTOPUHUHT Y3rapuild CTAaTHUK TaCBUPJIAPHUHT
CUKHUII KaTTAJIUTU Ba YJIAPHUHT CU(PATHHU Y3rapulInra TabCUPpUHU 0axo1au oIuul;

—IEKOMIIO3HULIMS HUKJUIapH COHUHUHT y3rapuiu CTaTHK
BUJICOMABIYMOTJIAp CUKHII KOA(PPUIIMEHTUTa TAbCUPUHU YpraHUI TaXKpUOACUHU
YyTKa3ul Ba KBaHTJIarnyja cudat (akTOPUHUHT Y3rapHUIlyd CTaTUK TaCBUPJIAPHUHT
CUKHIII KaTTAJIUTH Ba KaliTa TUKJIAHTaH TACBUpJap CUPTUHU Y3rapuim Taxpudacu
oyiinua ounumnapea ’ea OVIuuL.

2. Macananusr Kyiinaumu: Tommupuxiaap

2.1. BeiiBner anmamTHpumuga JACKOMIIO3WINAS IUKIUIAPU  COHUHHUHT
Vy3rapuiim CTaTUK BUJIEOMABIyMOTJIAp CHUKHUII KOd(PPULIHMEHTUTra TabCUPUHU
yprauum taxpudacunu cudar dpaxkropu Oupmuru 10.00 KuiiMaTra TEHr Xonarnaa
YTKa3WHT.

2.2. OnuHraH HaTW KaJapHU KaaBajl Iakiauaa €310 OJIMHT.

2.3. CuHOB TacBUpJIApU XKMUHUHT BEWBIIET AJIMAIITUPUIIMN IHKIUIAPU
COHMTa OOFJIMKJIMK TUCTOTPAMMACHHU YU3UHT.

2.4. OnuHraH HaTWXKaJapHU TaXJIAJI KUJITHHT .

3. MHUHT 0a:KaPUIHII TAPTUOH

3.1. BeiiBier BUCOKOIEK JACTYPUHU FOKJIAHT.

3.2. «3arpy3uTb Ha0Op BXOAHBIX U300paKeHUN», TyrMacuHu Oocuod
TaHJIaHTaH TacBUp aiymapuaad OUPUHM IOKJIAHT. Arap HaAMOWHII KWJIMIII
MaHeu/1a TaCBUP OJAMHIAH IOKJIaHTaH Oyica 3.3. myHKTTra YTHUHT.

3.3. Hamoliui KujguIl MaHeNuaa TacBUp maigo Oynrad, yHU paHrdapk
Oyiinuya KalTa wWNUIal TYpUHW Tadiuam, MacaidaH, YUV 4:2:2 Ba
«KoHBepTHpOBaTh» TyrMacuHu Oocuin jgo3uM. CYHTpa HAMOMUII KUJIUII TTaHEIHU/ 1a
RGB ¢dopmarura yTka3uiaran Ba KaiiTa UIJIaHTaH TaCBUP XOCUJT OYIaau.

3.4. «Konep» Bkiagkacura YTHHT.

3.5. «KauectBo» spHu cudar kypcarruunnu 10.00 kuitmarra co3saHr.
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3.6. «onmonnurensbHo»  TyrmacuHu ~ O6ocuHr Ba  «[yOuHa
npeoOpa3oBaHus» SHHU KalWTa WILIANl YYKYpJIUTH KUHMAaTHHU 2 Ta TEHT KHJINO
COBJIaHT.

3.7. CoznamanapHUHT KymnuMya olHacuHu (JlomoTHUTENbHO) EMUHT.

3.8. «Hauatp kogupoBaHUE» TyrMacuHU 00CHO, KOAJIAII KapaSHUHU
OOIILIaHT.

3.9. Hatwxanapuu (cukuin KodhPUIMEeHTH Ba KaiTa UIIUIAIl BAKTHHH)
aJBaira €310 OJMHT.

3.10. «I'mybunsl npeoOpazoBaHus» KuiiMatunu 3; 4; 5; 6 Kuiimatnapura
co3m1ab 3.6-3.9 mykHT amautapuHu Oa’KapuHT.

3.11. 3.2-3.10 nynkTinapHu 6apya CHHOB TaCBUPJApU yUyH KYJUIaHT.

3.12. lactypHu EnuHr.

4. Xuco60T TapKuon.

4.1. XucoboT Tapkubuaa KoOJyIall MapaMeTpiapu, TypJd KAWMAaTiIap
KYJUTaHWJITaHAAry HaToKajaap, OMpIauKiIap *aaBall Makiauaa OYIuimm Kkepak. YHIa
TypJAu  CIOKET  TacBUpJApHM  KOMJIAHWIIMAA  BEWBJIET  aJIMAIUITHUPHUINNIA
JEKOMITO3ULIMS NUKIUIAPW COHMHUHT y3rapyily 2 JaH 6rada KuilMaTiap OpajuFu
YUYH KEITUPWIHILIN KEPaK.

4.2. BeliBeT aJIMalITUPUIIMAA JACKOMIO3ULUSA UUKIUIAPU COHUHUHT
y3rapuimd ~ Ba  CUKMII  Ko3(QdUUMEHTIapu  ypTracuaard  OOFIHKIHMK
TUCTOTrpaMMajapuHH Xap OUp CUHOB TACBUPJIAPU YUYH UM3HHT.

4.3. UYusunaaurad TUCTOTpamMManap xap OWp CHHOB TaCBUPH YUyH alOXH]Ia
YU3WIMIIHN JIO3UM.

4.4. OnuHraH HaTWOKAJIAPHUHT KUECHM TaXJIWIMHHM YTKAa3UHI Ba acCOCHM
XYJIOCAJIAPUHTU3HU E3UHT.

Ha3zopar caBosiiapu

L

BeiiBeT anmamtupuin ycyJiIuHA UIUTANT TAPTUOUHU TYITYHTUPHUHT.

BeiiBeT anmamtupuI yCyJIUuHUHT aJTOPUTMUHU TYITYHTUPHUHT.

3. JlexoMmo3uIus MUKIIapU COHUHUHT Y3TapuIly CTAaTUK BUIEOMABIYMOTIIAp
cUKHUII Kod(hpurmeHTrra TabCupuHu 0axoianr?

4. BA ycynuna Kaifta unutam yyKypauru «['myouna npeobpa3oBaHus»

KUIMaTH CUKUII KO PUIIMEHTUTA KaH1ali OOFIUK?

JlexoMmasuius TyuryHdacura Tabpud 0epuHr?

Yily amanuér uimaan Ky3iaHrad Makcaa Huma?

Cudar napameTpu Y3rapuiimHUHT KaiTa UIuTaHa€TraH TaCBUP CUKHUIIT

Kod(pduLMeHTUTa TAbCUPH KaHan?

8. Amanmér uimm JacTypuaa TaCBUp CUTHAJUTAPUHU KaHIal TypJard panrdapk
CTaHJapTiIapu/ia KaiTa UIia UMKOHHUSITH MaBxKy1?

9. Amanmér uimm nactypu Kannai (popmataaru pakamiv TaCBUpJIapHU KaiTa

HIIAN KOOWIUATHTA dra?

no

N oo
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10.«ITapamMeTpbl KOAUPOBAHNS» TTAHEIH 1A KAHIail co3JlaMajap MaBxy/I?
DoiaJaHIITAH agaduéTaap

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 n3obOpaxkennii B nevictsun. /. Muano. 2010.

3. NutepaktuBnoe TB M.U. Kpusomees 2010. Mockaa.
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4 — amanuii MmamryJaoT: TacBupaapaaru kaapaapapo opTuKYAJINKHA
MabJYMOTJIAP BUICOOKUMHMHM CUKHII KATTAJUIUTAa TALCUPUHHA
ypranum.LabView myxuruaa TejieBU3HOH y3aTTU4 YMKHII KyBBATHHHU
yJI4arii.

HNimpan makcan:

TunrnoBuniapna LabView MyxuTuHMHT (yHKIIMOHAJ HMKOHHUATIAPH
TYFpHUcHIa OMTUMIIAPHU MAKJUTAHTUPHII Ba YIAPHUHT MaJIaKaCUHU OLLIMPHIIL.

AManuii umuHA OaXapuliga TUHTJIOBYM KyWTAarwjJapHU Y3IalITHUPUIIA
KEpax :

— BHUACOOOBEKTIAp XapaKaTWHW KOMICHCAIMSIUIANI acoCHAa JUHAMHK
TACBUPJIAPHHU KalTa MIUIall yCyJUIAPUHU YpeaHuu,

— TacBUpJIApAAry Kajpjapapo OPTUKYAIHKHU MabJIIyMOTJIap BUACOOKUMHUHH
CUKHUII KaTTAJIUTUra TAbCUPUHU OaX0.1atll ONULL;

— TaCBUpJApAaru Kaapjaapapo OpTUKYAIUKHU MabIyMOTJIap BUACOOKUMUHU
CUKHII KaTTaJIUTUra TAbCUPUHM OaxoJiail oNuil OYinua ourumiapea 32a OyauuL.

2.Macaganunr Kyiiniaumu: Tonmmpukiaap

2.1. Typnu cUHaTyBYM BUJCOCIOKETIApAATU KaJpiiapapo OPTUKYAIUKHU
BUJICOMABIIYMOT/IAap XaKMHHM CUKUII Karrtaiurura  Ba 1B TacBupiiapHu
JE€KOJIepJlalira TAbCUPUHU TaXJIMJ KA.

2.2. Cukum  xodpdummentTn Ba  yprada cudarT  KaTTAIMKIAPH
KUIMaTIapuHU KaJBaJl aKIuaa €3u0 OJIMHT.

2.3. MabnyMoTinap XaXKMHUHH CHKUAII KOX(QOHUIMEHTH Ba CHHATYBYHU
TacBupiap ypraya cudar KypcaTruuJapuHUHT cudar ¢(akTopu Y3rapuiiura
OOFJIMKJIMK TUCTOrPAMMAIAPUHN YU3UHT .

2.4. OnuHraH HaTWXKaJapHU TaXJIAJI KUJIHHT .

2.5. National Instruments LabView wMyxut uWMKOHUATIapH OwWiIaH
TaHUIIUII. YOy MyXUT/Aa Maxcyc KypruiIMaBuil Ba JaCTypuid TAabMUHOT EpJlaMuia
TB y3arrud KyBBaTUHU UKKHU XHJI PSKUM/IA YITdalll TaAXKpUOACHHU YTKA3HIIL

Kuckaua Hazapuii MAbJIyMOT.

HamyHaBuil JaCTYPHUHT YMYMH KYJJIAHMACH

Oxupru WwuUiapaa paarodJIeKTPOH BOCHUTANApUAA aHAJIOT Ba paKaMIH
CUTHAJ TTapaMeTpJIapHHN TaXJIAJI KUJIUII, yJap YCTHAA TYpJIu TeXHHUK Taxpuodanap
Vyrkazum, Y curHamnmapau KaiTa MIUIAm, y3aTUIl Ba KaOyn  KUJIUII
TEXHOJOTHSICHHA YPTaHWIl y4yH OWp Karop BUPTyal JAacTypiap HILIa0
yukuiMoKaa. National Instruments d¢upmacununar LabView wuHcTpyMeHTaN
aacTypiam THad Oy Oopama yiakaH TaxpuOamzap oiaud Oopmokma. LabView
MYXUTHUHHHT OOIIKa MyXUTJIapAaH €KW JactypiapiaH (apku mIyHIakw, Oy
JACTypJia paauodJIEKTPOH BOCUTAIapra oujl 6apya TEXHOJIOTHK kKapa¢Hiiap ycTuaa
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om0 Oopunaguran Taxkpubamap 100 % pean myxutuHU spatagu. by sca ¥3
HaBOaTuJa MNUIA0 YMKApyBUWIap Ba WIMUN-TAIKUKOT YTKa3yBUWIAp YUyH OUp
Katop ad3auMKIapHU TakKAUM dTaad. byHra Mmucon Kuianbd KyWuJIaruiapHu
KEJITUPUIL MYMKUH:
e Taxpubanap Ba WIMHI TAAKUKOTIAPHU pea MyXHUT/Ia aMajra OlUPUIHILN
opTHKYa capd XapakaTJapHU OJIUHU OJIaJIH;
e Dbynnait sxapaH TagkuKOT4M €EKM TanaOaHWHT OHTHUJA peal MYyXHT
TacaBBYpJapUHH OepaaH.

AManui UIIHU MKKU XWI PEXKUMIA aMalira OMIMPUII MyMKUH. bupnHun
ycyiaa tuzumaa Maexya FOY renepartopu €praMujia CUrHAIApHU MIAKIIAHTUPHO
pean BakT TB y3aTrud 4ukuil KyBBaTUHM Yidall UMKOHUSATAHU Oepaau. UkkuHuM
xonataa 3ca “RF Components Testbench” crenauma BupTyan MyxuT €paamujia
TETULUIN TAAKUKOTIApHU aMalira OIIMPUII MyMKUH. YHHBEpcal AaCTyp MaKeTUra
KUPUTWJITAaH OMp KaH4ya dJIEMEHTIap OaHKU TUHTJIOBYMJIApra MYCTaKWJI paBHIIA
TypJId XWJI PAAHOSIEKTPOH 3aHKUpJIApHU JoMuXanaml Ba TETHIUIA W3JIAHUII
xamza Taxpubanap YTKa3ulll UMKOHMSATHHHM TakauMm 3Taau. Kypuima tapkuOura
kuputuiaran remeparop 2.7 I'Tugan 6.6 I'T'm rava Oynran paguoTyIKWHIAPHU
MIAKJJITAHTUPUII Ba Y3aTUII KOOWIMATUTA dra. AMaJIMM UILJIaH KY3JIaHTaH acoCUi
Makcaa TuHTIoBumwiapaa LabView MyxXuTWHUHT (QYyHKIIMOHAT HMKOHUSTIAPU
TYFpUcHIard  OWIMMIIAPHA  INAKJUIAHTUPUIL  Ba  YJIAPHUHT  MajaKacUHU
OLLIMPUIIIaH nOopar.

Jactypuit Ba KypuiMaBUid TAbMUHOT.
Tuzum Kyiinia KeNTUPWITaH KypruiMaBuil TabMUHOTTa (OJI0KIap) ra::
e [OY curnamnapu ananusatopu (RFSA 5661/63)
FOU curnamnapu reaepatopu (RFSG 5671/73)
RFSA, RFSG yuyH npaiiBepiap.
NI Modulation Toolkit
NI Spectral Measurements Toolkit
“RF Components Test Bench” ykyB cTenau
Hactypuii TabMUHOT, Oepuiiran Kypuima doigaiaHull KyUIaHMacu
Ba BUJICOKYPCH MaBXKyJ OYITaH KOMIaKT-UCK.
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AMaJnii MITHA 0a)KapuIIa TA3MMHUHT YJIAHHII CXeMaCH

NI PXI-10420

NI PXI-1042Q

6

l.pacm. TuzauMHHHT Maxcyc kabesb (a) Ba aHTeHHa (0) éparamuaa
YJAHHUII CXEeMACH.

2.pacM. “RF Components Test bench” crenam 3;1emeHTIApH.
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3 pacM. AMajuii MINHUHT 0aKAPWIHIIUAATH TU3UM YJIAHUII CXeMACH.

JacTtypuii TABMHMHOT KYJIJIAaHMACH.
* Jlactyp TOMOHHMJAH spatuiraH VKyB Kypcu unrepdeiicu 4-pacmia
KEJITUPUJITaH.
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MporpammHoe 0GecneyerHme, NpU NOMOLLKM KOTOPOTO MHXEHEPE! M3YHaHT HOBEIE CNOCOGLI KAHAAEHOTO KOAYPOBAHNA
| VNV AATOPUTME! MOAYNALMM NPY TECTMPOBAHUW PAAVOUACTOTHOTD OBOPYADEAHWA, RBEARETCR DAHUM U3 BAXKHEHLLIKY
0B, ACNDNL3Y WM HOBEVILUME AOCTVIKEHWA B 0ONaCTV reHepauvy M NPUEMa PaavocrrHanos.
Famaz b M33LMK NOZ0EHOTO NPOrPaMMHOro ObeCneyeHA, HeO6XOAVMOTO NPY PaspaboTKe NSMEPUTEABHOTO
ﬁnmpmca’wc BECEMA YAOBHO NCAL30BATLCS NPOrPaMMamMi KOAVPOBAHWUS U MOAYNALIWY ANS TEHEPALIMM ¥ U3MEPEHVA
CYTHANOB NPy NOMO LM YHMBEPCAAbHBIX MOAYIbHbIX BY npnbopoe. MNporpammHbiv noaXoA K TECTMPOBaHWI0 A3ET
NOABZ0BATEND EO3MOXHOCTD MONHOM 34aNTaLUMMA MMERILENOCA ODOPYA0BAHMA K PElagian 3a1ave.

T
|
| .

I Padora 11

4 pacm. lactyp unrepdeiicu.

CUYKOHYAHUHT TyrMacHu €paaMujia aMajiiid MIIHUA KHCKaya KyJulaHMajlapu
OWJIaH TAaHUIIUIIT MYMKHH.

Nau 6akapum y4yyH KypcaTMa Ba HAMyHa.

1. TereBU3HOH Yy3aTTHMHUHT YUKUII KYBBATHHH Y/I4alll.

AManuil WIIHA WKKA XWJI PEKUMIA aMalra OLIMPUII MyMKHH. bupuHum
ycynaa tuzumaa Maexya FOY reneparopu €praMuia CUrHaJIapHU MIAKIIAHTUPHO
peait BakT TB y3aTruy uukui KyBBaTUHM YI4all UMKOHUSATHHU Oepanu. MkkuHun
xonatnaa 3ca “RF Components Testbench” crennuna Buptyan myxur €paammia
TEruIUIM TAAKUKOTJIADHU aMaJjra OIUMPUII MyMKHH. YHUBEpcal JACTyp NaKeTUra
KUPUTHIITaH OMp KaH4Ya 3JIeMEHTJIap OaHKM TUHIJIOBYMJIApTa MYCTaKWJ paBUIIIA
TypAu XWI1 PAJAONIEKTPOH 3aHXUPJApPHU JIOWHXadall Ba TErWIUIA H3JIAHMII
Xamza Taxxkpubanap YTKa3ulll UMKOHUSATHHHM TakauMm sTaau. Kypuiama tapkubura
kuputuiaran remeparop 2.7 I'Tuman 6.6 ' rava O6ynran paguoTyIKUHIAPHU
HIAKJUTAHTUPHUII Ba y3aTUII KOOUIUSITUTA 3Ta.
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(F N0 MEMEDEHN0 BRD HOH NOUWHOCTH NEPEAITINGS

NPk SLINOAHEHUMW A3HHOTO TECTA HEOBXDAUMO NOALMOUMTE BRvoa reTepoamHa (Local Decillator output 1) ko axoay
AHENA3ETOPA (BY CATHANROR (32REHAR TOMKA Ha DUCYHKE] NPV NONCILM (MEenvansHorn <abens. Ferepatop (BY cnrdanos §
AarHORA PABOTE HE ACNONDIYEICA, HaCT0THEIR AV3NJ30H MEHEDNDYEMOTO HE CTERIE CANHANE HEXDAWTLS & Avanasore or 2
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Brunmarmrc. LCAn NPIMEPMOS SHHNCHEC HIMCPACMON MOLANOCTH JIPANCE NCHZHCCTHG, HEAONYCTVIMO NPAMOE
NOANMNOHUSHIE KIMEPHTCALHOTO YCTPORCTDR X NCTOYNMKY CHHana. MakcnmManLHas RENyCcTVMan MOoWMOCTL, KOTOPRYIO
MOXHO HATPRAMYIO TOAMAIOUNTEL KO BXOAY aHANHMIATOPA, cocTaennet L5abm. Beergs wenonssyitTe aTTessoaropel, npw
ITOM HEOSXOAWMO TOUHO YHAZATH SHAUSHNE ONOPHOI MOLIKOCTH CATHANA ANS AKANW3ATOPa

Janycx
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0)

S-pacM. ¥Y3aTru4 KyBBaTHHH V/a4ail JjadopaTopusicu uHTepgeiicu.
Xap Oup TecTHM OakapHIlJJaH OJIMH TETHIUIM KypcarMa OWiIaH TaHUIIUII,

OeNrmiaHrad 3aHxup OVinya yJaHWIUIAPHU amalira OIIMPUII, aHAIU3aToOp Ba
reHepaTop KypWUJIMacHHU TaHiaml Ba “3amyck TecTa” TYrMacHHU OOCHII JIO3UM.
Acocwuii oliHara kaWtum ydyH ‘“Haszax” ryrmacuuam Oocwmn 3apyp. (Pacm 5, a).
Arap TallKujl 3TWITaH 3aHXUpaa €Ku ApaiBepaa KaHgauaup KaMuuiuKiapra myn
Kyiunaran 0yica, “3amyck Tecta” TyrMacu Oocuirad Taxprbda amanra onMany Ba

50 oliHA WIIUIaMAaiJIH.

HazeaHwe yanos Homep kowsexTopa Ha | Hazsauwme HomuHansHzA
Ha CTeMge crenge (exog/eexoa) napameTpa BENMYHHA
MuTaHKe cTeHga - - +24B
BuixogHEA MOLWHOCTE -20 aEm
lFeTepog M
. Bemog 1 - Or 2000 My go 2200 My,
L e e NacToTHeE) AManaion {2070 MIN HOMMHANEHOE 3HAYEHHE]
500 MMy 3042 ob
1B20 MIy 36.15 b
Yewnurens CBY curuancs 2000 My, 35.84 b
" 2 HHR
(Ampilifier) /3 Hozguument youne ML 35.75 46
2100 Mry 35.58 4B
2150 MIy 35.29 ab
NManocosoi drasTp CBY LeHTpans~as yactora 2130 MIy
CHFHANOB 574 n Motepu < 2,6 a6 2000MINy, — 2260 MIIy
oAOCa NPONYCKaHKMA
(Band pass Filter) o Motepu < 2006 1420MIw - 2950 My
AtreHioatop CBY curHanos K 6 .
(Attenuator) 6/7 b A 30 nEm
LD/ RF 300 ~ 2400 Mry
N4 (IF) DC = 700 MTy
8,10/9 ¥ 6.1
G 01
Max 8.9
UeHTpaneHan yacTota 2555 MIy
1112 Motepu <7 b  2500MIMy = 2610 My
sl s Movepw <2045 1970MI 1, — 3200 My
500 MMy 30,42 o6
1880 MMMy 36.15 gb
Yomnutens CBY curuanos 2000 MIMy 35.84 o6
(Amplifier) 14 /13 HosfepHUMEHT yoHAEHHA 2050 My 35.75 a6
2100 MMMy 35.58 g6
2150 MMMy 35.29 gb
13 UsHTpaneHan yacTota 2450 My
B RF COMPONENTS TESTBENCH
3 :@® «@ @ @@ 1@ 13 seowns
. t + ter + [ i
Lo 0808aN Anpiter 3"';?'" Aaruate Moaer ",;’vf_‘:“ Arvpiter
© > ] > Q& >
+ R t ' to ' t
1@ 3@ s@ 1@ w@ 2@ u@
13 D)
ABTOMacmtab”  TyrmMacuHM 0OocuO, CHEKTorpaMma  JIMara30HUHU

ABTOMATHUK CO3JIalll MyYMKHWH.

“TeneBU3MOH y3aTrM4 YHMKWII KyBBaTHHU Viyam” TaKpUOACHMHU amaira
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OIIMPWININKA OWp KaHua TapameTpiapHu aHuK Oenrwrald onwmm yo3uMm. bymap
MapKa3uil TassHY YaCcTOTAaCcH, YIIUOB AUana3oHu Ba aHaiIu3 (Span), mojioca KEHTJIUTU
(Resolution Bandwidth), Ba ananuzaTopja cUrHaJl CYHUIIMHU (aTTEHIOAIMS) MOC
paBuIa y3rapTHpajWraH TasHY KyBBaTH KukMaTiaapuamp (5, O pacwm).
PamnoanekTpoH  KypuiaMmajgap acocWii  KOMITAHCHTJIapW OWjaH  KypuiMma
KyJUTaHMacH1a OepruiraH KaiBayiia TAHUIIIHAIIT MyMKHH.

3. WmHuHr 0a:KapuamMim TapTudu

3.1. BeiiBneT BUACOKOACK NaCTypUHU FOKJIAHT.

3.2. «3arpy3uTh HaOOp BXOJHBIX HU300paKEHUN», TYrMacuHH OOCHO
TaHJaHTaH TacBUp (Qailiapunan OUPUHM IOKJIAHT. Arap HaMOWHUII KUJIMII
NaHeu1a TaCBUP OJIMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamoiium kwimiil naHenuja TacBUp Maigo Oynrad, yHU paHrdapk
Oyiirnua KaliTa wWOUIall TYpUHM TaHjgam, Macamadn, YUV 4:2:2 Ba
«KonBepTupoBate» TyrMacuHu 6ocuiil j03uM. CYHTpa HaMOWHUII KUJTUII TAaHEIn/a
RGB ¢omarura yTkazunrad Ba KaiTa UIUIAHTaH TaCBUP XOCHJI OYJIaau.

3.4. «Komep» BkIagkacura YTHHT.

3.5. «KauectBo» spHU cudar kypcarrnunnu 10.00 kuitmatra co3naHr.

3.6. «Haware komupoBaHWE» TyrmMacMHH O0cuO, KomIaml KapaéHUHU
OOLLIAHT,

3.7. Harmwxkanapam (cukum kodddunmeHTr Ba yprada cudar) kagsaira
€310 OJIMHT.

3.8. 3.2-3.7 nyHkmiapHu 6apya CHHOB TaCBUPJIAPU YUYH KYJIJIaHT.

3.9. [actypHu EnuHr.

4, Xuco00T TapKuou.
4.1. XucoOOT Tapkubuaa KOAJIAll MapameTpiiapd, Typid Kuilmariap
KYJUTaHWITaHAaru HaTvKaiap, OUpIuKiIap *aaBai [aKJIuaa OYIuIM Kepak.
4.2. Ynsunaguran TUCTOTpaMManap Xap OWp CHHOB TAaCBUPH YUyH aloXuia
YU3UITUII JIO3UM.
4.3. OuMHraH HaTWwKaJapHUHT KUECHM TaxJIWJIMHU YTKAa3UHI Ba AaCOCHUMU
XYJIOCaTapUHTU3HU E3UHT.

Ha3zopar caBosiapu

1. BeiiBneT anMamTUpuIl 1acTypH Tallku uHTEepdelicu HUManapaad uoopar Ba
yJIapHUHT (YHKITUOHA Bazu(daJapuHU TYITYHTHPHHT.

2. Cukunt ko3P PUIueHTHHN XUCOOIAITHUAT YHT OJIUK YCyJId HUMaJlaH
ndopat?
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3. Kaiira nnutadran tacBup yprada cudaTi KaTTaauru KaHaal Oupiauk Omnan
Ynaanaau?

4. Beitner anmamtupui Ba JIMCKpET KOCUHYC yCYJUTApUHUHT ad3ajuiuru Ba
KaMUYMUJIMKIIADUHU KUECUI TaKKOCIIaHT?

5. CraTuk TacBMp CUTHAJUIapUIa KaiTa UILIOB OepyBUM siHA KaHAal

TypaapuHu ounacus? Mucosuiap KeITUPHUHT.

LabView MmyxuTn HIMa Ba y KaH1ali IMKOHUSATIIapra 3ra?

LabView nactypununar naTepdeiicn Humanapad uobopar?

8. TB y3arru4 4yuKuIn KyBBaTHHH YIT4aIl KaHIal pexumiapaa amanira
omupuaau’?

9. Tusum KypuiIMaBHil TAbMUHOTH KaHAai OnokgapaaH noopat?

10. I'enepaTop KaHmal UITYM THAATIA30H]1A UITUTAH TN ?

~N o

DoiigaJaHIITaH 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 aeicteun. [[x. Muano 2010.

3. NurepaktusHoe TB M.U. Kpusomiees 2010. Mockaa.

4. Tpesuc k. LabView mis Bcex.

5.Cononuna A.. Anroput™sl 1 pouecchl TUPpoBoi 00pabOTKH CUTHAJIOB.

6. www.ni.com.
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KYHUKMAJIApY [IAKJUIAHAIN.

Keiic-craguan myBagppakusaTin 0akapuill Y4yH THHIJIOBYM Kyduaarv
OmstuMUIapra 3ra OyJIuIM JI03UM:

THHII0BYM OMJIMIIM KepaK: OJIMd MaTeMaTHKa, AUCKPET MaTeMaTHKa
dannapugan yyKyp OunmumIiapra; CUKHUII ajirOpPUTMIIAPUHUHT KUECHHA TaxJIWJIH;
pakamiIM TEJEBUACHUEA KYJUIAHWIAIWTaH CUKHII Ba KOJUIAll aJIrOpUTMIIAPUHU
dapku; ammuTyaa, Gasa Ba 4aCTOTa MOAYJISILIMS aCOCIIapH.

THHIII0BYM aMaJ/ira OLIMPHINM KepaK: MaB3yHM MYCTaKWl ypraHaiu;
MyaMMOHHMHI ~ MOXUSATHHM  AHUKJIAIITUPAAW; FOSUIADHU WITapu  Cypaiu;
MabIYMOTJIAPHA TaHKUAWA HYKTad HazapjaH KYpuO YuKUO, MYCTaKWiI Kapop
KaOyJl KUJUIIHU YpraHajau; Y3 HyKTau Haszapura sra OynuO, MaHTHKUN Xylioca
YUKapaau; MabIyMOTIAPHU TaKKOCIAWIN, TAXJIMII KWIAJAW Ba yMYMIIAIITHPA/IH;

Keiic-craguaa peas Ba3usaT 0aéH KujauHrad. Keic-craiMmHuHT 00beKTH
— paKaMiu TEJEBUACHHUENA KYJUIAHWIAAUIaH KOMJIMK OPTUKYAIUK, JJIEMEHTIIAp
apo €KM CTaTUCTUK OPTUKYAIMK, TICUXOBU3Yyall OPTUKYAIMK, Ty3UIMAaBUI
OpPTUKYAJUK, BaKTJIM EKU KajpJiiapapo OPTUKYAIMK KabW mapaMeTpiiapHud xucoOra
OJITaH XOJIJ1a CUKHUII aJITOPUTMIIAPH.

Keiic-cragmaa uMuouiaTWwiras  MabJAyMOTJAp  MaHOaM:  pakamiiv
TeJIeBUJCHUEAA IOKOpH CcU(}ATIM TacBUp CUTHAUIApUHU ddupra y3aTuijga
BY)Ky/ra KeJlaJuraH MyaMmMoJiap acoCHJia OJIMHIaH MabJIyMOTJIap acocuja UIuiad
YUKHWITaH.

Keiic-craguHUHT THIIOJIOTUK XyCyCHATJIapUra Kypa
XapaKTePUCTHKACU: Ma3Kyp Keic-cTagu KaOWHeTIM KeHc-cTaau Toudacura
KupuO, croxkercus xucoOnmaHagu. Kedc-ctaam MyaMMOJapHH TakIUM KUJIUIITa,
yJIapHU XaJl 3TUIITa XaMmJa TaxXJIWJ KHINILITa KapaTHITraH.

by Tamkunmi-nHCTUTYIITHOHAT KEUC-CTAN, TAXJIMJIMK €3UIIMa KYPUHHUIIINIA
Ty3WITaH.

Y Ty3unmanaHMaraH, KHCKAa XaXKMAaru KeHC-CTaaid — TEXHOJIOTHUS
XucoOJaHaau. S}K}IB TONIIMPUFUHU TaKAUM STUII yCynu Oyiimya — KeWc-cTaau
TOIIIUPHUK.

JupakTuk Makcajyiapra Kypa TPEHUHIVIM KeHc-CTaau XucoOJsiaHau,
IIYHUHTJEK Oy KeWc-CTaau amMalvii MaIFyJoTH JaBOMHUJA OEJTH/IaHTaH MaB3y
Oyiinuya ONMHTaH OWJIMMIIADHU MyCTaxKamJjalira MyJpKajulaHraH. YOy Kewc-
craqu = OTM  TunrnoBumnapu yuyH ‘“Pakamuin  TeneBuieHue”  ¢aHuga
b ol TamaHUIUITT MyMKHH.

Keiic-cragu: TeneBU3HOH CUTHAJIAPHUHT OPTUKYA MAbJIYMOTHHUHT
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TypJiapu Ba OPTHKYAJMKHHU 0J1M0 TalLIall yCyJiapu

TeneBU3UOH TACBUPHUHT TaXJIMJIU IIYHU KYpcaTaauku, yjaap KaTTa XaXmid
OpTUKYa MabIyMOTJIapra 3ra Ba Kylujaaru cuHdiaapra Oy MyMKUH:

1) Koonux opmuxuanux,

2) Onemenmuapapo éxu cmamucmux OpmuK4atux;

3) llcuxosusyan opmux4anux;

4) Ty3unmasuil OpmuK4aiuK,

5) Bakmau éxu xaopaapapo opmuK4aiux.

TacBup MablyMOTHMHHM CUKHUIIIa OWTTa TypJlard OPTUKYAIMKHUA OJIUO
TalUTalHK €KW OUp HeuTa TypHU OUpAaHura Kysiai MyMKHH.

Keticoaeu acocuii myammo paxamau menesuoenueda KyilaHuiaoueam
cukuwt ycayonapunune xyananunuwi coxacuea (IPTV, yp yctu teneBuaeHuecH,
WHTEpPHET TeJeBUJEHUE, MOOWJI TeleBUAeHUEe Ba O0.K.) Kapab >He Makoyn
(onmuma) eapuanmiapuHy UIab YuKuwea Kapamuiean.

Pakamuin TesieBUIeHNEAA KYIJIAHUIAAMIAH CHKHII yCay0Jaapu

by xonatna BHUIEOOKMM Ty3WJIMAacH OPTUKYAIUTH MYKOTWITAH TasHY
KagpugaH wubopar OYnamO, KoJraHjapu 9dca Kajap HWYWAArd  Y3UHUHT
OpPTUKYATUKIAPH HYKOTWITaH Ba KyluM4a OWTTa €KUM OMp HEYa OPTUKYAIMKHU
UYKOTHUII TypJlapy KYJUIaHWITaH XamJla OMp BakTJa TacBUP OJIOKJIAPUHUHT Y3apo
CWDKHUIIJIAPU Ba Kajpiiap opacujard (papkHH KypcaTyBUM MablyMOTJapAaH
TamkWi Tonaau. Autuinradn amamiap MPEG cranpapTu ouwnacura TEruiuid Ba
IIyHra yXImam KoJaeknapaa KyutaHwiaau. byryHru kyHaa 3QQekTuBIuru xuiama
Xui1 OYnraH, BUIEOMAbJIYMOTIAPHU CUKHUIITHUHT KYTUIa0 yCcysn Ba aaropuUTUMIIapy
unuiad 4YMKWITaH Ba yinap Typiau cudar KypcaTKduwilapura, KyJJIaHUITaH
ATOPUTMIIAP MYPaAKKAOJIUTUTa XaM/1a TE3KOPIIUTra OOFTUKIUD.

[yngait kunub, TAcBUP CUTHAIMHU [IAKJUIAHTHPUIN Ba Y3TapTUPHII
KapaéHua KyWuaaru MyHAIAIIAPHU KEJITHPULLL MyMKHUH:

o Cnexkmp y3eapmupuuiiap acocuoa CukuuL,
. @paxman cukuu,;
o Bexmopau xeanmnaw.

Xap O6up KypcaTwiral xoJatjiap Y3WHUHT ad3ajuIMKiIapyd Ba KaMUYWJIMTHUTa
9ra, yJIapHU KEHIPOK KYpHO YMKaMu3.
CrnexkTp y3rapTupuil acOCHAa TACBUP CUTHAJTHHHA CHKHIL
TacBup Ba BHIEO KETMa-KETJIMKHU CHUKWIIHU, Xap XWJI HPUHLUIUIAP
acocuza, spaTWiraH Ba KyI TapKaJraH yCyJ OPTOTOHAJI Y3rapTUPHUIILIND.
AManuérna KynMH4Ya YM3UKJIA OPTOTrOHAJI Y3rapTHPHUILN YCYJUIApU KYJITaHWIAIH.
[yngan kenu® 4WKWO, Kylduaard y3rapTupuimiap Makcaara MYBO(HK
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XucoOaHaIu:
° Yonw - Aoamap armawmupuuiu;
. Kapynen — Jlossa anmawmupuuiu;

o Jluckpem xocunyc yzeapmupuws (JJKY);

o Beiignem y3eapmupuw (BY).

By kenTupwiran y3rapTUpPUIUIAPHUHT Xap OUPUHUHT KYJUIAHWII COXACH,
a(3aJUIMKIIapu Ba KAMUYUIUKIApU MaBxKYy/I.

Macanan Agamap aJMamITUPHIIHUHT ad3aJTUTH YHUHT aMaluETaa OCOH
KYJUIAHWIIIA Ba XHUCOOJANUIAPHUHT coamanurd. by anmmamrupum y3rapmac-
Oynakinu GyHKUUSIIAp YUyH, alHUKCA CUTHAJHUHT Y3rapMmac TalllKujl 3TYBUYMCUHU
aXpaTulla, sIXIIM HaTWXkajgap Oepaju aMMoO peajl TaCBUp CUTHaJUIapuaa OyHpaail
CUTHAJJIAp KaM ydpanu

Kapynen — Jlo3Ba aJMalITHPUIIMHMHI AaCOCHM KaMYWJIUTH XO3Hpya
YHUHT BEKTOpJApPUHU Te3 XUcoOJall ycyiau MNuiad 4uKuiMmarad, mry cabad Oy
ycyal ¢akaT Ha3apHil XoiaTaa MaBxy/l.

[lynnaii Kuanb, IKopraa caHad YUKWITaH Y3rapTUpulUIap/iad aMmanueTaa
kypok JIKY Ba BY nap nnmiatmiany xamaa ylaapHy 6atadcr KYpuo diuKamus.

JAMCKpeT-KOCHHYC Y3rapTHpPHUII AaCOCHAA TACBUPJAPHU CUKHII. JIKY
CHEKTPUHUHT XYCYCHUSITU IIyHJIaH HOOPATKH, YacTOTa CIEKTPU SHEPTUSICUHUHT
acocWii  TamKui  JTYBUMJApW  HOJb  KUWMATiau  yactora  arpoduaa
WUFWITAHJIUTHIND.

TacBupHH BeiiBJeT y3rapTupumu acocuaa cukum. dypee Ba JIKY
JAPHUHT aCOCUM KaMYMWJIUTH YyJIApHUHT 0a3aBUM TapMOHUK TAIIKWI 3TYBUMJIApU
GbyHKUMS naBpuid OYIMaraH xosatiap/a sSXIy MIUIaMaiad Ba HaTHXKaaa Qoiiiamu
MabJIyMOTHUHI MabJIyM KHCMHUHW THUKJIAIl WUMKOHMSATH WYKOTWIagud. Beuier
y3rapTUpuil MabiayM (QYHKIUSHA BEUBICT GYHKIMSUIM TAIIKWI STYyBYHIAP
KYpUHUIIHIA OCPUITUIIIUIAD Ba BEUBIIET —0y KUUYUK TYJIKUH €K TYCaT/aH caKparll
TYJIKAHH.

Casonnap:

1. Cuznunrua ymoOy XoJiaTJa MyaMMO MaBXyJAMH Ba arap Oop Oyica y
KaHJail MyamMmMo?

2. YuwOy Ba3usATAa MyaMMOHHU KaiJl 3TyBUM KaHAaill HCOOT-IamuiuIapHU
KeJIThpa onacus?

3. Xap Oup CHKHUII aJITOPUTMHHH KYJUIAHWIUII COXAJIAPUHU AHUKJIAHT Ba
cababuHu axpaTuO KYpCaTHHT.

4. MyannuHUHT €4MMU CU3HU KOHUKTUPaIUMU?

5. byHpaii Ba3usATna cu3 MyaMMOHM KaHjad Oaprtapad »stran Oymap
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SAUHTU3?

AMayuii Ba3uSITHU 00CKHYMA — 0OCKMY TAXJIMJ KMJIMII BA XaJ1 3THII OyHH4a
THHIJIOBYMIa METOAUK KypcaTMaJap
Keiic-cragunu equin O0yiu4a MHHAMBUAYAJ M HYPUKHOMACH
1. ABBaso, keic-ctaau OwijiaH TaHWUIIMHT. MyaMMoOIM Ba3usAT XakKuja
TyIIyHYa XOCWJI KWJIHII y4yH Oop Oynran OyTyH axOOpOTHU JUKKAT OMiIaH YKUO
YUKHMHT. Y KW TafTHAA Ba3UATHA TAXJIMI KHJIHIITa XapaKkaT KHIHHT.
2. bupuHum caBoJira >kaBo0 OCpUHT.
3. MawnymoTriapHu ssHa Oup maporaba JUKKAT OmiaH YKuO yukuHr. CH3
y4yH MyXUM OVJIraH caTpiiapHu Kyiugaru xapguap €paamMuia Oenruianr:
“J1” xapbu — MyaMMOHH TaCIAMKJIOBYH JAJIHILIAP,
“C” xaphu — myammo cababiapuHu,
“0.0.J1.” xap®baapn — MyaMMOHH OJIIUHH OJIUII HYIIapH.
4. YOy 6enrunap 2,3,4 caBosuiapra e4uM Tomnuiira Epiam o0epaju.
5. SIna Gup 60p caBoJutapra xaBo0 OepwuIlra XxapakaT KUJIUHT.
I'ypyxjapaa keiic-ctaauHu equn 0yiin4ya nypmKHOMa.
1. UunuBuyan equiran Keic-cTaau Ba3usTiaap OujiaH TAaHUIIUO YUKUHT.
2. I'ypyX capAopuHU TaHJIAHT.
3. BarmaH Koro3napaa KyrWuaaru *aJBaJiHu YU3UHT.
MyaMMOHM TaXJIWJI KVJIAII Ba €YU JKaIBaTH

Myanmm
MyaMmmoHH Y ¢
MyammonM Kennb TOMOHUIAH
TaCAUKJIOBYH ['ypyx eunmu
quKuI cababmapu | Takiudg KWIMHTaH
APy -

Hwinu sikynnab, maxoumomea mauépiame.
AyAUTOPHSAAAH TAIIKAPH 0aKapUJIraH Ul Y4yH 0axoJiall Me30HJIapu
Ba KYPCATKHYWIAPH

Acocuii Myammo Myammonn
Basusatnan
aXxpatud BA3USATHUHT
YUKAO KETHII
OJIMHMO, KEIUO YMKHII Kamu
TunrnoBUMIAp Xapakarjiapu
o TAIKAKOT cababu Ba . makc. 20
pyixatu aHWK Kypca-
00BEKTH JATAJIJIapy aHUK 0
aHMKJIaHTaH KYpcaTUITaH THIraH
M Makc. 10 0
Makc. 6 0 Makc. 4 0
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Ayautopusiga 0a:xapwirad il y4yH 0axoJiam Me30HJIapH Ba

KYpCcaTKU4JIapu
Masnymotnap | JKaBobmap TYnuK Kamu
I'ypyxnap Typyx Gaon Kyprasmaiu Ba aHUK OepuiIIu
pyuxartu TaKIUM STUIIN Makc.
maxc. 16 Makc. 4 0 Makc. 5 0 10 6
1.
2.
8-10 6ann — “awvno”, 6-8 6amn — “‘axwu’, 4-6 6amn — “Konuxapau’,

0-4 6ann — “xonuxapcus”.

IV. VKUTYBYM TOMOHUAH Kelc-CTaIfHN UM Ba TaXJIMJI KNI BAPUAHTH

Keiic-cranuaaru acocuii myammo: Keticoaeu acocuti myammo pakamiu
menesuoenueoa KyulaHulaouean Cukul yciyonapunuHe KYLIGHUIUUWL coxacuea
Kapao sue makoyn (onmumai) 6apuaHmIapuUHu UIab YyuKkuuea Kapamuiean.

MyaMMOHM TACAUKJIOBYH JaJWiap: MyaMMOIuM Ba3USITHA TaXJIWII
KWIKIITa XapakaT kKuiamui. Kymmanunmum coxacura kypa (IPTV, ep ycru
TEJIEBUICHUECH, UHTEPHET TEJICBUJICHHE, MOOMJ TeJEBUJICHHE Ba 0.K.) paKamiiu
TeJeBUACHUE A KYUTaHUIaAUTaH CUKUII aJITOPUTMIIAPUHU aHUKJIAUMU3.

o Yonw - Aoamap anmawmupuwiu,

o Kapynen — Jlosea armawmupuwuiu,

° Juckpem xocunyc yzeapmupuut (IKY);

o Betignem y3eapmupuws (BY).

o Xagpgman ycynu

MyaMMo/iM Ba3USITHUHT KeJU0 YMKHII cadaldJjapu: aHalor TEJIEBU3HOH
CUTHAJIHU pakKamJIM IIaKira Y3rapTUpPUITaHAa, YMKUIIJArH BHUACO MabIyMOTJap
okumMu 240 MOuUT/c rada eTUIIM MYMKUH Ba Oy Oup coarna y3aTuiaéTraH
MabiayMoTiap yuyH 108 I'GaiitHu Tamkun staau. by ¥3 HaBOaTuaa pakamiu
TeJEeBUACHUE ajoKa TapMoru yuyH 120MI'ym yTkaszum monocacu OYIUIIMHU
tanabd »Taam Ba OyHAal KarTta Xaxwin MabiyMoTHu SMITym cranmapr
TEJIEBU3UOH KaHAJIJIJaH Y3aTUII MYMKHH 3Mac. byHaal kaTTa XakMmJaru pakamiiv
MabJIyMOTJIAPHH E3MIII Ba XOTUPAJa CakJallga, pakamiil CEpBepIapHH sSpaTUILa
KYNIT'MHa KUMWHYWIMKIApHA Kentupub uukapaau. Iy cababmum BuaeocurHain
KYpCAaTKUWIAPUHU MOCJTAIITUPUIN Ba ajoKa KaHaJUIapuaaH y3aTHUIl Y4yH,
TEJIEBU3UOH TACBUP MAabJIyMOTJIAPHUHT OPTUKYAJIUTMHU XUCOOTa OJiraH XoJjja,
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CUKHIII yCyJUTapuaaH ¢oimananuiaan. Arap CUKHII KyJUITaHUIMaca YpTa XoJaara
outTa GhusbM 1031a0 ['uradbaTHU Fraaniu.
Myaniaug y3 Takaupuaa MyaMMOHH OJIIUHM OJIMINAA KyHUIaru
HyJu1apuHM Kypcatu0 Oeprax:

TacBup cuUTHayUIapUHHM KOJJIAll JEraHga BHACOMAbIyMOTIApHU (aKaT
CUTHAJUIM KUCMUHU KaiTa unutam xucobnananu. JKapaén ¥3 nunra HoaHbaHaBUN
MaTeMaTUK KalTa WIUIAll yCYJUIapUHU OJIald Y HUHT MaKCcaJu KaHall KeHTJIUTUHU
CHUKHIII Ba y3aTHII BaKTMHU KUCKAPTHUPHUII XaMmJla CUTHAJTHUHT KaHaJJaru ypraya
KYBBAaTHHM MACAaUTUPHUII MAKCaIna YHU BaKT OUPIUTH WUYKIA WIOKHU Ooprya Kam
MUKJIOp/ard UKKWJIMK CUMBOJUIap OuiaH udoaanam. Xap Oup CUKHII aITOPUTMU
V3UHUHT napameTpiapura sra. JKyminaaas:

® Oumma KaopHU KAuma uwiiaul 8aKmu;
® cuxuw Ko3ppuyuenmu;

® axbopom y3amuus me3nuu,

e ypmaua cugam. 0b;

® CUKUIeaH (Al Xaxncmu.
B
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TATY TenepaanodmMTTUPHUII TU3UMIApU Kadeapacua Ma3Kyp MyaMMOJIU
Ba3WATHU XaJI KWJIHII Yopa Taaoupiapu cudaTuaa Maxcyc BUPTyas JabopaTopus
UIUIapu  gpaTwirad. SbHU TUHIJIOBUMJIApra KaJeHIap peka acocuja yioy

na60paTopHﬂ MalltyJIOTJIIapyu MyHTa3aM paBUIIa 010 60pHJIMOKI[a.

Maskyp

BasuATAAH

Keauo

YHUKHO,

om0 OopwiaguraH MyHTa3am

W3JIAaHUIIIAp Ba TAJIKUKOTJAp HATWXKACH YJIApOK TAaCBUP CUTHAJUIAPUHU CUKMIIIIA
Betignem yzeapmupuw (BY) ycynau 3HT ONTUMAIN YKAHJIWTH aHUKJTaHIH.

JIucKkpeT KocuHyc BeiiBaer
y3rapTUpHIl y3rapTupuu Xaddman ycynu
(AKY); (BY).
butra xkagpHu
KaiiTa nIianmni 0.23 0.09 0.18
BaKTH [c];
cuattth - 12.3 25.5 18.4
Kod(purmeHTH
ypraya cudar. nb. 40.5 49.5 35.3
axbopor ysaruul 4858.3 8484.5 7945.1
te3nurn [kout/c]
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Cuxunran ¢aiin

547896 347536 478521
XaKMHU [KOUT]

Basusitnan yuku6 xkerum xapakaraapu: Iy cab6ab pakamiau TBra anua
Mypakkad Kym TypAard CHKUII aiITOPUTMIIAPU  KYJUIaHWIAIW. Y JapHUHT
caMapaJiopJIurd KYJUITAaHWIHILL COXacura Kypa aHUKJIaHaAud Ba WJIOXU Oopuya
O6opuya y3atuinaérrad ax0opoTaa KaMpoK OUTiap Oyiuimmra Xapakat KUJTHHAIH.

SxyHmuii xyJjioca
MyammonuHr eaumu: Arap tesnuru 56 KOut/c moaem wuimnaTtuica, Oup
KYHJIMK OJIMHTaH BHJICOTACBUpPHU 8§ WU JaBoMua y3aTuil kepak Oymamu. Iy
cabalbnmu MabJIyMOTHHM y3aTHII TE3JIMTMHUA KYTapHIll y4yH paKamiid BHUJIEOTACBUD
JIOUMO CUKWIIA/IH.

Keiic-cTagm yKUTHIN TEXHOJIOTUSACH
YKyB MalIFyJIOTHHMHI TEXHOJIOTUSICH MOJE/IH

Maweynom saxmu-2 coam Tunenosuunap conu: 25 —30 ma caua

AManuii-OMIMMIIapHU MyCTaxXKamIIall
Ba KYHUKMa Ba MaJIaKaJapHU
HIaKJUTAHTHPUII OYiinya amanuii
MAILFyJIOT

Mamryji0T IIAKJIU Ba TYpH

1. TunrIOBUMIAp OMITMMIIAPUHA
(dhaomamTHPUII MaKcaIuaa OuIl -
CYPOB YTKA3HIII.

2.Keiic-cTaay Ma3MyHUTa KUPUIL.
MyaMMOHHU Ba YHU €UHIII
Bazu(amapyuHu aHUK Udoaa STULL.
3.Keiic-cTanuau rypyxjapaa €4ulll.
4. Hatmxanap TakIuMOTH Ba
MYXOKaMAaCUHU YTKa3UII.

5.5kyHuii Xynoca YuKapul.
OpuIInIral YKyB HaTWKaJlapura Kypa
TunrnoBumiap dhaomusTiHN 6ax0JaIn

VKYB MalIFyJIoT peskacu

YKyB MamIFyJOTMHHUHI Makcaau: CHUKUII alrOpUTMIAPUHUHT KUECUU
TaxJIWIM aCOCHUJIa PaKamiiM TEJIEBUICHUE YUyH ONTHMAall BapUaHTJIAPHHU TaHJIan
OJIUIII KYHUKMAJIAPUHH MIAKJUTAHTUPHUIIL.

[Menaroruk Bazudanap: VKyB G20 JUSITHHHHT HATHKAJIAPH:

- Kelic-cTaiu Ba3usATU OMiIaH - Kelc-cTaiu Ma3MyHH OUJIaH OJITUHIAH
TAHULITUPUIL, MyaMMOHH Ba YHU €UUII | TAHUIIMO YUKUO, €3Ma Talléprapiivk
Bazu(aIapuHU AKPATUIIHU YPTaTHUIL; Kypanu;

- MyaMMOHH e4MIll Oyiinya xapakatiap | - Ba3usaTra kapab MyaMMOHHU Ba YHU
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AJITOPUTMHUHU TYITYHTUPUILI;

- CUKHII aJITOPUTMIIAPUHUA KUECHUI
TaXJIAJI STUIIHYU TYITYHTHPHIIL.

- paKamJIM TEJIEBUACHUEA SHT ONITUMAJ
BApUAHTHU TaHJIAIHUA YPraTUIIl

- MAHTUKHI XYyJIOCa YNKAPHUIITA KyMaK
oepuiil

equIn Oyiinya BazudanapHu
TabpudIaiam;

- MyaMMOHHU e4uIl Oyiinya aHUK
BA3UATIIAPHUHT KETMA — KETJIUTUHU
aHUKJIaNIu:

- CUKHII aJITOPUTM TypJIapyuHU
yprasaau;

- YJIapHU KUECUN TAXJIWI KUJIa OJau;
- paKamuIu TEJIECBUAECHUE YUYH
MOJYJISILIUSTHUHT ONITUMAJI BAPUAHTUHU
TaHIaNIu;

- MyaMMOJIH Bazu(arapHu eUHIa
Hazapui OWIMMIIAPUHU KYJUTalu;

- MyaMMOHH aHUKJI1a0, YHU XaJl
KWIHILJIA €YUM TOAJIH;

- IKYHUM MaHTUKUU XyJocaiap
YUKApaJIH.

Yxumuw memoonapu

Ketic-craau, akyinii Xy>KyM, HHCEPT,
MYHO03apa, aMAJIAN YCyJI

yk}y@ ¢610]lu}lmuHu mawKui omuud
waxkiapu

YKyB MaTepuaiy, THHTJIOBUMTA
yciyOuii kypcaTmanap, TaKIuMOT,
baunuapt

qumum esocumanapu

NunuBumyan, GppoHTal, skamoa,
rypyxJiapja AIiamnt

Yumuw wapoumu

['ypyxJsiapaa uinuramra MyJiKaIaHTaH,
ayAUTOPUS

Kaumap anoxanune uyn ea eocumanapu

bimn-cypoB, TAKIMMOT, Ky3aTyB

1-unoesa

bauu-cypos caBoJ Ba :xxaBodaapu

Ne | Cason Kasob
. CUKHII aCOCaH UKKH yCYJIJa aMmara OlUpUiIaau:
1. | Cukuiu TypiapH.....? ) oo YOy . prak
— cudatHu UYKOTHO Ba cupaTUHU MYKOTMACIaH.
Tenesnsnon
1) Kopnuk opTUKYaIIUK;
CUTHAJJTAPHHUHT .
ODTHKYA 2) DneMeHTIapapo €K1 CTaTUCTUK OPTUKYAIIHUK;
2. |°P 3) [lcuxoBu3yan OpTUKYAIHK;
MabJIyMOTHHUHT .
4) Ty3unmaBuil OPTUKYAIIHK;
TypJapuHU KEATUPUO .
o 5) Baktiu éxu kaapiaapapo OpTUKUYAIHUK.
YTUHT
3. | CuexTp y3rapTupHiil ° Yo - Aramap anmMalTHpPUILM;
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acocu1a TaCBUp o Kapynen — Jlo3Ba anmamTupuniy;
CUTHAJIMHU CUKHUII ° JIMCKpeT KOCUHYC Y3rapTUPHUII (I[KSJ’);
yCyIIaprHH alTHO o Beiipier y3raprupumm (BY).
YTUHT ?
Pakamiu TB gHuHT DVB — EBpona crangaptu

4. | crangapTiIapuHU ISDB — SInonust cranmapTi
auTUHI? ATSC —Amepuka cTangapTu

Kymmmua TonmumpkjIap MyaMmMoJia BasusiTiaap. (keiciaap)
1.bepunran : HDTV cudrtunarun Bugeopopmar 1920*1080 ymuamaa. Kaap 4:2:0
dopmarraa 30 kaap/ceK y3aTHIMOKIA.

CaBoua: bup cexynaaru ax0opoT XaxXMUHHU XUCOOIaHT?
Euum: 1920*%1080*30*8*1.5=746496000 6ut/cex ~ 750 Mbit/s

2. TB curnan roxopu crtax dyerapacu 6 MI'1. bepwiran cursan KBaHTJIaHHUII
Jnapaxxacu 256ra TeHr. Pakamiau curHan y3aTuIl TE3JIMTM Ba KaHal MHHUMA
I10JI0CA KCHIJIMTUHYU TOITHHT.

Euum 1:

1. KoTenpbHUKOB maptura kypa f0>2-Fumaxc = fo>12 MI'u, fo = 13,5 MI't kunu6
TaHjaa0 OJlaMu3.

2. k=log,m=log,256 =8.

3.C=f 0'k , fo —wacrora quckperusanus Gopmynacura acocas:

C = 13,5x8 = 108 MoOwut/c Tonmamus.

4. f 022- F ., .axc: FMaxe — Gepuiras CHTHATHIHT MAaKCHMaJl 4acTOTacH.

Afy = 0,5x108 = 54 MTI'11. Tonamus.

3. Pakamnm tacBupHHM muckperiamiga 4:2:2 craHAgapTd KyJUtaHwirad. Pakamium
TAaCBHp CHUTHAJIMHU Y3aTHINJArd CymMMap axOopoT y3aTHIN TE3JMTHHU Ba KaHal
MUHHMAJI TI0JIOCA KeHTJIMTUHA XucoOmanr. 8§ Ba 10 paspsamim Koaiann TH3UMIIAPH
acocuja.

Euum:
1. 4:2:2 cranpaptuna 4 xoxdpdunuentu 13,5 MI'1 yactora guckperuzanuscura, 2
ko3 purenTr—6,75 MI'11 yacToTa TMCKpEeTU3aUsACUTa TYFPU KEJIa lu.

2. C=f a-k dopmynacuman (oiiananrad Xojja pakamiad TacBUP CUTHAIUHU




y3aTHIIIard CyMMap ax00poT y3aTHII Te3IUTHHNA XUCOOIaiMu3:
k=8 na, C =13,5x8+6,75x8+6,75x8 =216 Mowur/c.
k =10ma, C =13,5x10+6,75x10+6,75x10 = 270 Mowut/c.

3. f,22:F, . ®opmyracunan ¢oiinananu® xaHan MHHMMAl 1010CA

KEHIJIMTUHUA XUCOOIaiMuU3;
k =8 ma, Afy =0,5x216 = 108 MI'.
k =10 ma, Afy = 0,5x270 = 135 MTI'11.
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V1. MYCTAKNJI TABJIUM MAB3YJIAPU

MYCTaKI/IJ'I HIIIHHA TAINKWI 3THINHUHI IIAKJI1 BA MAa3MYHH

THUHTIIOBYM MYCTaKWI UITHU MyalssH MOAYJIHUHI XYCYCHUSITIIApUHU XHUCOOTa
OJITaH XO0JIJ1a KyWHuard maxiuiapaan Gorgananuod taiépiaamm TaBCHsl STUIIAIN:

- MeBEpUI XyXOKaTiapaaH, YKyB Ba MIMUHN amabuétnapaad (oiiganaHuil
acocHjia MOAYJ MaB3yJapyHHU YPTraHHUIIL

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH V3IalITHPHUILL;

- aBTOMATJAIITUPUIITAaH YpraTyBuUM Ba HA30paT KWUJIYBYM AacTypiap OuiiaH
UIILIAILL;

- Maxcyc amabuétinap OVitmya Moayn Oynumiapu €KM MaB3yliapu YCTUIA
UIIan;

-TUHTJIOBUMHUHT KacOuil ¢aonustd OunaH OOFIMK OYyiran Mmomayn
OyJIMMIIapy Ba MaB3yJlapHU YyKyp YpraHuil.

TaBcus 3TUNAETTaH MyCTaKWII TabJIMM MaB3YJapH:

1. V36ekucron Pecnybnmkacuaa paKaMiId OBO3JH  PaJMOSIIHTTHPHIIHK
TAIIKWIIAIITHPUIL Macalajapy Ba Basu(alapuHU TaJKUK KUJIALIL.

2. TeneBU3MOH SMMUTTUPUILIHUHT UHTEPAKTUB TUZUMIIAPUHU TaJAKUK KUJIHILLL.

3. Pakamum TenepaIrOdIMTTUPUIIAA KEHI IOJOCAIA AJI0KA THU3WMJIApUIAH
doitnananum ycyiapu.

4. Mwuiii TeNneBU3MOH KaHalapia Xu3Mmar cudariapuHd TabMUHJIALI
yCyJUIapH.

5. Mobwut anoka TU3UMIIapUAa pakaMiId TeJIEBUICHNE KYpCcaTyBJIapUHU aMara
OLLIMPUII.

6. Pakammu smmattupuin TB xanammapuauHT cudatnan 6axoJiam Ba yirdamuiap
TaxJIUJIH,

7. PakaMJiiy TEJIEBU3UOH Y3aTKUWIAPHUHT TY3WINILIH.

8. TeneBnsmoH y3aTuml THU3UMIIApUAA JWHAMUK TACBHP Ba XapaKaTHU
KOMITEHCALMSUIAII yCYJUIapU TaXJIAJIH.

9. Ep yctu pakamiu 3muTTUpUIl EBpomna CTaHIZapTUHUHI THU3UMIIApU Ba
TapMOKJIAPUHHUHT KYPHJIHILI TPUHIUIUIAPH.

10. Kenr mosocanu kabemwid TapMOKIapJa pakaMid ASIIMTTUPUILIHUHT
WHTEPaKTUB TU3UMIIAPHU.

11. V36exucron PecryGIMKACHHUHT 4eKKa Ba TOFIM XyAy[Jlapuaa CyHBHid
uynnom TtuzumiiapuaaH GonanaHraH XoJijla pakamiIid TeJIeBUJICHUEHU
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TAIIKWIT KAJTUIIL.

12.National Instruments Labview MyXxuTn HMKOHHSTIIAPH.

13. V36exucron Pecrybnmkacuaa pakamiad TENEBUACHHE SKOPHH KITHIINA
DVB-T-2 crannaptuaan (oi1agaHulIll.

14. V36ekucton PecryGmukacuia pakaMilM TeJICBHICHHE TApMOKJIAPHHHHT
OYT'YHTH KYH XOJaTH Ba YHH PUBOKIAHTHPHUII UCTUKOOIIIAPH.

15. Pakamum TeneBuaeHHE CTaHAAPTIIAPW Ba BUACOCUTHAILIAPHU Y3aTHILIA
CUKHUII (pOpMATIapUHUA TaXJIUJIT KUJIUII.

16. Vinpuk maxapaa pakaMiId TENedMIHTTUPUIIHK COTalHM TAMOMII acochia
TAIIKWII KAJTULL.

17. DVB-T pakamnu TeneBuieHUE KaOysl KWITMYM TapaMeTpiapyHH YiJari
yCyJUIapH.

18. CmapTTB TexHONOrHACH XyCyCUATIAPUHAHT TAXJIUIN.

19. IPTV mynrtu-cepBUC TapMOFUIa MAbIyMOTIAPHU Y3aTHUII MOHUTOPWUHTH
yCyJUIapH.

20. DVB-H wmoOun TteneBulieHHUS CTaHIAApPTU TU3UMH YYYH CUTHAJLIAPHU
HIAKJUTAHTUPULT KypUIIMACH.

21. MPEG-4, MPEG -7 cranaapTtiia TOBYIII Ba TACBUP CUTHAJUIAPUHU CHKHIIL.

22. UHDTYV ¥ra roxopu cudatiu TereBuacHHE.

23. DVB 3D-TV crangarugaru 3D TeneBuacHue.

24. H264 BuaeoMabIyMOTIApHA CUKUITHUHT TEXHUK XyCYCUSTIAPH.

25. MoOun anoka TU3UMHU yUyH TE€JIEBU3UOH CUTHAIJIAPUHY [IAKJIJIAHTUPHILL.
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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
OQHMIUTTUPUIINHUHI aMCPHUKa
CTaHIApTH

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
OWIIaH XaM IOPUTUIIAIH.

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

AHaor pakamiu
y3raptuprud. CUrHAIHA
paKamMJim X0JIaTra yTKa3yBuu
KypHujimMa

analog-to-digital converter (device
converting an analog voltage
into a binary number).

ADSL

ACHMMETPUK paKaMJIn
a0OHEHT JTMHUSICH (KEHT
MOJIOCAJTN AJIOKA TaAPMOFHU
o0ym6 20 M6/c Te3nukkaya
MabJIYMOT y3aTHIII
KOOWJIMSITUTA OTa)

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

Kananimu kojuiamra moc

COFDM is basically OFDM with

error protection (coding - C),



https://en.wikipedia.org/wiki/MPEG-TS
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which
always precedes OFDM.
Ky3ranyBuniiapHu YU3UKJIN
Oaropat OusaH Kojjar).
Yacrora
nuckpern3anusicn 8 kI 'y
CELP S 16 kI Oyaranza 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 6ymub, y3una
EPKUHIIMK CUTHAIN
KATOpHU y4yH 288 KaTop
Ba 352 31eMEHT XaMIa
CIF paHT KalJ 3TYyBYH Common Intermediate Format
cuUTHaJIap xap oup
Katopu yuyH 144 ta kaTop
Ba 176 anemeHT
CaKJIalIu.
CPU Mapkasuii poreccop Central Processing Unit
CS bomkapystin xoTHpa Control Storage
KypuJIMacHu
CVBS TyHHKCEI?I;HHI:I ;;J,}GSHBHOH 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 . . o
of cosine functions oscillating at
different frequencies.
DDS Paxami ManymMoTIap Digital Date Stream
OKUMU
DMIF MynbpTUMena eTKa3uo Delivery Multimedia Integration
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6CpI/IIIIHI/IHF HHTCTpaJlIaHIrad
THU3HUMHU

Framework

DVB

EBponana puBoxiiaHaéTran
paKamIid TeJIeBUICHUE
tusumu. Y kademm (DVB-C),
nynnoumu (DVB-S), epyctu
(DVB-T), mo6wmis (DVB-T),
IIYHUHTIEK Kenaxaknaa TB
SMIUTTUPUIITHUHT OOTIIKA
TYPJIADUHU Y3 UUUTA OJATM.

The European DVB project
stipulates methods and regulations
for the
digital transmission of TV signals.

DVD

Kynéxnama pakamiin IHUCK.
[ynunrnaex Digital Video
Disk xabu HoMu xam
yupaiiy, y ONTUK JUCK
TypJiapujiaH OupH,
xycycad, MPEG-2
Oyir4a CUKUIITaH OJIHHA
anukaukaaru (720x576)
BUCOACTYPJIAPHU E3UIL
Y4YH KYJUIAHWIA]IH.

Digital Versatile Disk

EBU

SOummrtupui EBpora
Nrtudoxu) — EBponagaru
PaaUO3IIUTTUPUII
COXACHHHU OOIIKApyBYH
TaIIKWIOT.

European Broadcasting Union

ES

DleMeHTIap OKUMU

The elementary stream is a
‘continuous’ data stream for video,
audio or
user-specific data.

FEC

XaTOoJIMKIIApHU TYFPUIIOBUH
KOJI

Forward Error Correction. Error
protection in data transmission,
channel coding.

GOP

TacBupinap rypyxu. MPEG-1
Ba MPEG-2 na kerma-ket
KeJlaJUuraH TaCBUpJIap
(kagpiap €ku MaiiIoHIap)
rypyxu 0ynuo, rasuu I-
KaJipJiaH OOIIaHAIH.

Group of Pictures

GP

TapanuiaiIMrad UMITyJIbC

Gating Pulse

HDTV

IOkopu anuknuknaru

High-Definition Television
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tenesuaeHue. (FOAT)
XI/ISMaTJIap HHTCpraguAacura
2T PAKAMIIH SUIHTTHPHIL) — Integrated Service Digital
Snonusna kabyJs KWIMHTaH Broadcasting
paKaMJIn TCIICBU3HUOH
SIIUTTHPHUII CTAHAAPTH
Papnosnexrponnka Ba
|EEE DJIEKTPOTEXHUKA
MyXaHJIHUCJIapU UHCTUTYTH
(AKLI)
IRD Murerpan kadyx kunrus- Integrated Resiever-Decoder
JIEKOIEP
I/IHTGI‘paJIJIaHFaH Xu3Martiiap
paKamJId 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 Xaikapo
Urtudoxu (MCD). by
TAITKUJIOTHUHT . .
International Telecommunication
Bazudanapugan oupu — .
Union
XaJIKapo CTaHAapT
XucoOaHaauran
TaBCUSJIAPHU Tauéparl.
®dororpadusnap 6yiinua
AKCTEPTIIap OUpIIallral
rypyxu. ISO HuHT nnram
rypyxu 0§10, Xyauu
IIYH/1ai HOMJIAHYBYH
XapaKaTCu3 TaCBUPJIAPHH
CUKMIII KOJ[JTaIll
CTaHapTIApUHA UILTA0
YUKUII OWJIaH
HIyFyJUIaHaau.

Cranpaptiam 6yitnya Xankapo
TaITKUJIOT.

ITU

JPEG Joint Photographic Experts Group

Tectnamuu
aBTOMaTH3alMsIIa Oyiinya
Oupramirad rypyx

JTAG

Joint Test Automation Group
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Yusukiu Oanmopativ Koajanl
yceryou. (JIMKM,

LPC YU3UKJIY KOJUJIAIra Linear Predictive Coding
KapaHr).
¥/Ta I0KOpH Hacroraim Multichannel Microvave
MMDS TaKCUMJIAIIHUHT KyTIKaHAJJIN Distribution System
TU3UMU
MISC MuHIMaT KOMaHIaTapHHI Minimum Instr_uction Set
TEpUIN OWJIaH XUCcoOIat Computing
XapakaTiaHyBYM TaCBHUpJIap
Oyitnya sKcrepTiap
rypyxu. [SO HUHT unan Moving Picture Expert Group.
rypyxu 0yim0, Buieo Ba MPEG is an international
MPEG ayJTMOMabIyMOTIIAPHH standardize}tion committee
KOJJIaIl CTaHIapTIapuHU working on the
unuiad yukum Omnan | coding, transmission and recording
uryrysoianaai. ['ypyx of (moving) pictures and sound.
HOMH CTaHJIapT
HOMJIApHUJIA YUpauIu.
AKIII, Kanana, SInonus Ba
1y katopaa Ocué Ba
NTSC AMepuKaHUHT OOIITKa National Televi_sion System
MaMJIaKaTiaapuaa Committee
KYJUIaHUJIAAUTaH paHrin
TEJICBUJICHUE TU3UMHU.
OpToroHas YacToTaBHii Orthogonal Frequency Division
Pﬁ’;;;ﬁ“??fgfﬁ;ﬁﬁa 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
uacHTH(DHUKATOPIIAPH PAT is a PSI Table (MPEG-2).
pYHXaTH XaJaBaJId
[MTaxcuit kKOMIIBOTEP
XOTHpacHIH Personal Computer Memory Card
PCMCIA KCHTAITTHPHIT Internatioﬁal Associati?)/n
BOCUTAJIAPUHUHT

CTaHJApPTH
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[Taketnanran aneMeHTap

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 KBazgpaTyp ammiuTyganu modu_lat_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
KOMIIBIOTED.
SFN bup gacToranm TapMoK Single Frequency Network
Pakamnu TeneBU3nOH
STB AACTYpIapHHH Ka0y1 Set-Top-Box
KHJIMIOTra OouJ] KylunumM4ia
Kypuima
Kanp dbopmaru 6¥muo, 6up
caTpaa TaCBUPHUHT 288
KaTop Ba 352 3JIeMEHTH
SIF ¢ku Oup carpaa Standard Interchange Format
TacBUpHUHT 144 Katop Ba
176 >neMeHTHHU
cakJanian
EPYFHI/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
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y3aTHII TE3TUTHHUHT SHT
rmact OOCKHUYH

VLC

Konnm cy3nap y3ynnuru
y3rapyBumiapu Ouian
KOJJ1aIll

Variable Length Coding
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