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MoaynHuHTr YKyB-yciryouit Mmaxmyacu Onuii Ba ¥pTa Maxcyc TabluM
BazupauruHuHT 2020 v 7 gexadpaaru 648-connu OyHpyFu OuiiaH TacauKIaHTaH
VKyB JacTypH Ba YKyB pekacura MyBOGUK HUIIIa0 YUKUITaH.

Ty3syBumnap: T'aBpunmoB B. — TATY, “AyauoBuszyas TexHOJOTHUsIAp”
kadenapacu, AoueHT,d.M.}.H.

Takpuzumnap: benapych-Y36eKHCTOH KYIIMa TapMOKJIAPapo aMajiHil TEXHUK
KBaTU(UKAMSUIAD HMHCTUTYTHHMHT WIMHHA  HWIUIAp Ba
WHHOBaIusiiap  Oyinua  jaupekTop  ypuHOOcapu, JIOLL.
JI.HaGuynuHa,
®.M.HypaimmeB, TATY, “TeneBusmoH TexHOJOTHsUIAD”
dakynpTeTH AekaHu, ¢-M.¢. 1.

S"KyB -ycayouii maxkmya Myxamman aa-Xopasmuid Homuaaru TomkeHT
ax00poT TEeXHOJIOTUsIIAPU YHUBepcuTeTH KeHrammHnHr kapopu oOujian
Hampra tTaBcust KumHran (2020 iinia 29 oxkradpaarn 3(705)-conau
0aéHHOMACH)
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|. WIIYU JACTYP



|. UIIYU JACTYP
Kupum

Jlactyp V36ekucron Pecny6mukacummar 2020 iimn 23 ceHTtabpaa
Tacmukaanran  “TasauM  TyFpucupa’ti Komymu, Y36ekucron PecmyGiukacu
Tpesunenturnnr 2017 iiun 7 despanaarn “Y36exncTon PecryOnukacunn sHama
PUBOXJIAHTUPHUIN OYyitnua Xapakatiap crpaterusacu Tyrpucuna’tu [1d-4947-con,
2019 #mn 27 aeryctmarm “Onuii TabIMM Myaccacaiapud pax0ap Ba Iemaror
KAJIPJIAPUHUAHT  Y3IyKCU3 MAajaKaCMHH OLIMPUII TU3HUMHUHHU YKOPUW STHII
Tyrpucupa’tn  110-5789-con, 2019 iimn 8 okrabpmaru  “Y36eKHCTOH
PecniyOnukacu onuii  TabauMm  Tu3uMuHM 2030  Hniarada  pUBOXIAHTHPHULI
KOHIICTIIUSACHHN Tacaukiaam Tyrpucuna’th [1d-5847-com Ba 2020 wmm 29
oktsiopnaru  “Unm-panaun 2030 #uiaraya pUBOKIAHTUPUIN KOHIICTIHSICUHU
TacquKIAm TYFpucHaa’tH 11d-6097-cornn PapMonmapu xamaa Y30eKHCTOH
Pecniy6nukacu Basupnap Maxkamacuauar 2019 #un 23 cenrsOpparu “Onwit
TaBJIMM Myaccacajlapy pax0ap Ba IMearor KajpJapuHUHT MajlaKaCUHHU OUIUPHIII
TU3UMUHU SHaJa TaKOMWUIAIITUPUIL Oyinda Kymmumua dYopa-Taadupiap
Tyrpucunga’tu  797-connu  Kapopmapunga Oenrunanran ycTyBop —Baszudanap
Ma3MyHHUJIaH KeJIO YMKKaH X0Ja Ty3uiran 0yiu0, y oyivil TabInuM Myaccacallapu
nejaror KajapJIapuHUHT KacO MaxopaTd XamJla MHHOBALIMOH KOMIIETEHTIUTHHU
PUBOXKIIAHTUPUI, cOXara OWJ WIFOp XOPWXHUHM TaxpuOanap, sSHrM OWUIIUM Ba
MaJlaKaJapHU Y3JalITUPULI, ITYHUHTIEK aMaIMETTa )KOPUN ITUI KYHUKMaJIApUHU
TaKOMWUTAIITUPUIITHU MaKcaJ KUJau.

Kaiita Tanépnamr Ba Majaka OWIMPUII WYHAIUIIMHUHT y3Ura XOC
XyCyCUsATIapu XamjJa A0j3ap0d macanajapuaaH Keiaud YMKKaH XoJ4a JacTtyphaa
TUHTJIOBUYMJIAPHUHT MYTAaXacCUCIUK (aHjap Joupacuyiaru OWiInM, KYHUKMA,
Majiaka XaMmaa KOMIIETECHIUJIApUra KYyWHJIaIuTaH Tajabap
TaKOMUJUTAIITUPUIIAIINA MYMKHH.

V36exucton Pecry6iukacuia pakamild TeJIEBHACHHE SIIMTTHPHIIIAPHHH
amayira OwMpUII, OOCKUYMa—OOCKHY JacTypra acocaH, IOPTHMH3Aa XaJlKapo
DVB-T cranmaptura OMHOaH €p yCTH TU3UMUA aMmalira OMUpUIMOKIa. Pakamim
teneBuaeHueHu tapkatumaa MPEG-4 (H.264) popmaTaaru curHamiapHy CUKHIL
yeynuuan (oiianaHMIMOKAA. Y30EKNCTOHIA PAKAMIIH TEJICBHICHHEHH aXOJNHTa
€TKA3WII Ba XM3MaT KypCaTUIIHU Tamkui 3tum  yuyH maxcyc UZDIGITAL TV
KOPXOHAaCH Ty3WITaH. AXOJM OXTUEKUHM XHUCOOTa OJraH XoJiaa, pakaMiu
TejaeBueHuera 00CKMUMa-00CKMY  YTUII JaBpHJia, MAaBXyJ AHAJIOTr TEJIEBU30p
OpKaJIu pakamiM curHawiapau kKaOyn kwium yuyH ‘“‘Telemax Elektroniks”
KOpPXOHAacM TOMOHHUAH KylluMya KypuwiMmanap Hiad yukapwirad. Paxamiu
TEJCBUJCHUEHN JKaJlajl cypbariap OujaH TAaTOMK ASTWIHMINKA NIy WYHAIWIIAard
MyTaxacCHUCIapHU Taléprarira Kyiniaaurad TajaadiapHu OMUPMOKIA.



MoayaHHMHT MaKcaau Ba Basudanapu

“Pakamui TeeBUACHUE MOIAYJIUHUHT MAaKCaJu - TUHIJIOBUYMIIAPTa paKaMIIH
TEIEMUTTUPUIILIAPHU TapKaTuuaa TEJIeBU3UOH CUTHAJLJIAPHU
HIAKJUTAHTUPWIIUIIM, yjapra HWIUIOB Oepuiuiid, 3Qupra y3aTWIMIIN Ba KaOy:n
KWIMHUIIY >Kapa€HIapuaar Xycycusmiap Oyinya Mykamman Ouiumiap Oepuil.
Pakamnu TacBuUp Ba OBO3 CHTHAJUIAPUHU CUKUII, CHUTHAJUIAPHU Yy3aTUIILAAru
XaTOJUKIIAPHU KaMaWTUPHUII yCyJulapu Oyilnya TeruIuid MabiyMOTJIap Oepulil Ba
VIAPHUHT TYPJIH TU3UMIIAPIATH XYCYCHUATIAPUHM TaXJIWJI KWIWIIHU YpraTHILL
V30eKHCTOHa pakaMili TeNeBHACHHE, Iy SKyMIaJaH FOKOPHM AHMKIHKIATH
tenesuaennenu (HD TV) tatouk kunmumigaru Basudanap OuiaH TaHUIITHPHUII Ba
TETUIIUIA aMajuil uuiapHu EpUTud OepumInp.

MoayJ1 0yii4a THHIJIOBYMJIAPHUHT OMIIMMM, KYHUKMACH, MAJIaKACH Ba
KOMIIETEHIUSUIAPUTa Ky HMJIaJUTraH TagadJiap
TunrnoBummap  “Pakamnm  TeleBUAEHUE MOAYJIWMHU  YpraHUIIaApU
HaTHXKacuaa KyWuaarujiapHu OWIHILIIApH Kepak:

-paKkaMjii TacBHp Ba OBO3 CHUTHAJUIAPHUHT INAKJUIAHWIIA Ba YJIApPHUHT
acoOCHM KYpCaTKUYJIapUHU;

-paKkaMjii TAacBUp Ba ayJHO MabJIyMOTJIApHU CHUKHUII YCYJUIAPUHH Xamzaa
yJIapHU ¥3ap0 COJMINTUPHUIN HaTWxkacuaa ad3aiIiK Ba KaMYIIMKJIAPUHU
AQHUKJIAIIHY;

-MPEG ownmacuparm  TEJNEBU3MOH  CUTHAUIAPHU  CUKHII  XaJKapo
CTaHJAPTUAATU TACBUP BAa OBO3 CUTHAJUIAPUHUHT XyCYCHUSTIAPUHHU;

-pakaMJIi TACBUP CUTHAJUIAPUHUHT XaJTaKUTOAPIOIUIMTMHU OIIMPHUII Ba
yJIapHU TEJIEBU3HOH KaHAJJIApIaH y3aTUII XaMm/1a KaOysl KUJIHI KapaEHIapuHu;

-paKaMiiM XaJIKapO TEJNEIMUTTUPUII TU3MMIIAPWUHU TY3WIMIIMHUA Ba YHU
TaIKWI 3TYBUYWJIAPUHUHT XYCYCHUSITIAPUHM;

-T€JIEBU30H CHUTHAJUIAPHU KaOyNl KWIHII KypPWIMAJIAPUHUHT TY3WIHIIIH,
UCTUKOOJIapU Ba YJIAPHUHT MIUIAIl OMUJUIAPUHHU.

TunrnoBumnap hanHu YpraHuiin HATHKAcHa:

-aHaJIOT Ba paKaMJIu TEJIEBUICHUE TU3UMIIAPUHHUHT UIIJIAI TPUHIUILIIAPH;

-paKaMiii TEJIEBUAECHUE TACBHUP Ba OBO3 CUTHAJUIAPUHUHI IIAKIIAHTHUPHUIIT
OMUJLIIAPH;

-pakamJiid TaCBHUp Ba ayJHWO CUTHAJJIAPHU MaBXyJ OYJiraH KoJyiail, CUKHII
yCyJUIapy Ba YJIAPHUHT UCTUKOOIIApH;

-paKkaMiiM  TEJNEIUTTUPUII  TU3UMIIAPUHUHT TY3WJIMIIM Ba  aCOCUM
XapaKTepUCTUKAJIAPH;

-V36eKHCTOH 1A PAKAMITH TEJICBUICHUEHNHT PHBOXKIIAHHII HCTUKOOILIAPH;

-T€JIEBU3UOH CUTHAJUIADHUHT KYPCATKUWIAPUHU XHUCOOJIalll Ba YJIapHHUHT
cudatuHu 6axoiamn kabu KYHHKMa Ba MaJiaKkajJapra sra OYJIHIIapy JI03UM.



MoayaHu TAIIKKHJ 3THII Ba YyTKA3UII OyiiM4a TaBcusijiap

“Pakamiy TeleBHJCHHE KYpCH Mabpy3a Ba aMaJIMM MAIIFYJIOTJIAp IIAKIUIA
o0 Gopuiay.

KypcHu yxutnim xapa€éHuaa TabJIMMHUHT 3aMOHABUK METOJJIApH, TEIArOTUK
TEXHOJOTHsUIap Ba axOOpOT-KOMMYHHUKALUsl TEXHOJOTHSUIApU  KYJUITAHWJIUIIN
HazapJa TYTUJITaH:

-Mabpy3a Japcilapyuia 3aMOHABUM KOMIIBIOTEP TEXHOJOTHsIIApU €paamuia
IIPE3EHTALMOH Ba JJIEKTPOH-IUIAKTUK TEXHOJIOTUIIAP/IaH;

- YTKa3WIAUIaH aMaJIni MAaIIFyJIOTIapAa TEXHUK BOCUTANIApIaH, dKCIpecc-
CYpoBiap, TECT CYPOBIJIApH, aKIUN XYXyM, TYPYXJIH (PUKpiall, KHYUK TypyXJap
OwJiaH HIUIall, KOJUIOKBUYM YTKa3HIl, Ba OOLIKa MHTEPAKTUB TabJIUM YCYJJIAPUHU
KYJUTalll Ha3ap/ia TYTHIAIN.

MoayJHHMHT YKYB peajard 001mKa MoayJ/Iap OujiaH OOFJIMKJINIH Ba
Y3BHIJIUTH

“PakaMiii TeleBUAEHUE MOAYJIM Ma3MyHH YKyB pexanaru “Bymyrom
xucoOiami, KaTTa MablymMOTiIap Ba BUPTyal peaTUK  TU3WMIIApHUIaH
doitnananumr’”, “OnexkTpoH xykymar’, “Pakamiu aynuo-Buaeo MaxcyloTiapra
UIIUIOB Oepuill yCysl Ba BocuTajapu’ YKyB MOJyJIapu OujiaH y3BUU OOFJaHTaH
X0JIJa TEeJarorJapHUHT TabJUM Kapa€HUJla paKamJIM TEJIECBUICHUE
TEeXHOJIOTHsUIapuaaH (olgananuim Oyinya KacOMH TMemaroruk Tau€prapiuk
JapakKaCHUHM OIIMPUIITA XU3MAT KUJIa/IH.

Moay/IHMHT 0JIMH TABJIUMIATH YPHU
MoaynHu y3MalTUpUIl OpKaJId THUHIJIOBUMJIAP PaKAMIIM TEJIEBUACHHUE
TU3UMUHU TANIKWJUIAIITUPUIL  ACOCHAPUHU YPraHMIL, TEXHUK MyaMMOJIApHU
Oaxosamr Ba 6aptapad sTumira qoup KacOuii KOMIIETEHTIIMKKA dTa OYynagumiap.

MOJIYJ BYUNUA COATJIAP TAKCUMOTH
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TEJIEBU3UOH TU3UMHHUHT y3aTUII Ba KaOyJl KUJIMIILI 2 2
YKapa€HJiapu.
2 | Pakammu monyssiius typaapu. MPEG-2, MPEG-4
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Pakamiin TeneBUICHUSAHUHAT CYHBUAW NYIIA01,
MOOMIT aJIoKa, Kabea TU3UMIIApU OpKaJn
TAIIKWIIAIITAPULL XyCycusiTiapu. Pakamin
TeJIeBUICHUSHUHT KaTeropusyiapy, TapKUOJIapUHU
Ba TU3UMHHHT CTPYKTYPACHHH aMaIUETra TaI0UK
STHIII.

DVB, ATSC Ba ISDB crangapTtiapuia
CUTHAJUTAPHUHT MAKET TY3WJIUIIH, YIApHUA
IAKJJTAHTUPUII, KaiiTa UIIIAII Ba y3aTUIIT
XYCYCHSITIapH.

TacBup CUTHAJIUHU IAKJUTAHTUPUIITHUHT
anropuTMu. PakaMiii CUTHQIHW [IAKJUTAHTHUPHUILL.
TeneBU3MOH CUTHAJIHU pPAKAMJIM  TAaCBHUpJIAlL.
Pakamiin curHanHu y3atuin Te3nurd. 1B tacBup
CUTHAJUIAPUHU CUKHUII CTaHAapTiIapu. TeaeBU3UOH
CUTHaJIHM Kojyiam. Kanayuii koJpian.

Pakamin TeJleBUJIEHU1a CUTHAIHUHT TY3WJIUIIH 2 2

Paxamin Mmonyisanus Typiapu. JucKpeT-KOCUHYC
AIMAIITUPUII acOCUA BUACOMABIYMOTIAPHU 2 2
CUKMILIHU TaJAKUK KUJIHILL

VY4 y140BIM TEJIEBUACHUSHUHT aMallja KyJlIall
VMKOHHUSATIApU. BelBieT anmamtupuin
YyKYpJIUTUHU Y3TAPUILIUHUHT CTATHK 2 2
BUJICOMABIYMOTIIAp CUKHII KO PUITEHTHTA
TabCUPUHHU YPraHUIIL.

KBanTtnamr »xapaéHuHU BUACOMABIYMOTIAP CUKHII
KHIIMaTH Ba CTaTHK TacBUpJiap cudarura 2 2
OOFIMKJIUTHHN TAAKUK KUJTHUIIL

10

DVB, ATSC Ba ISDB crangaptnapuia
CUTHAJUJTAPHUHT MAKET TY3WIHIIH, YJIApHU
MIAKJUTAHTUPUILL, KaWTa UIUIAII Ba y3aTHUII
XyCyCHUSTIIapH.

11

LabView myxuTuaa TeIeBU3UOH y3aTIH4 YUKHUII
KYBBATHUHH YJITYaIIL.

Kamnu: 22 110 | 10 | 2

1-

HA3APUHA MAUIFYJOTJAP MASMYHHU

MaB3y: 3aMOHaBHil KeHI opMaT/in Ba paKaMJIM TeJIeBU3MOH TU3UMHUHI
y3aTuil Ba Kal0yJ1 KWJINII :KapaéHIapu.
TacBup Ba 0BO3 CUTHAJUIAPUHU AHAJIOT-PAKaMJIM y3rapTUpHUIL. TeleBU3HOH
CUTHAJ TallKWI HJTYBUWIAPUHUHT pakamyiki KYpuHUIIA. Pakammu
TEJIEBU3UOH CUTHAJIHU XOCWJI KUJIUII Ba MAKJUITAHTUPUIIL.



2 - maB3y: Pakamuan moayasiuus typaapu. MPEG-2, MPEG-4 cranaapr
CUKHUII (popMATJIAPMHU, YHUHT NPOPUIIAPUHU BA ACOCHU XYCYCUATIAPUHUA
YPraHuiil.
TeneBU3MOH CUTHAUIAPHUHT OPTHUKYA axOOpPOTHMHMHI Typjapu Ba YJapHU
UYKOTUII ycyJulapu. JMCKpET-KOCHHYC Y3rapTHpPHILI acoCHAA TaCBUPJIAPHU
cukuil. TacBUpHHM BEHBIET AJMAIITHPUII ACOCHIA CHUKUIIL Momynsuus
TypJIapy Ba TEXHOJOTHSCH.

3 - wMaB3y: Y4 VIYOBJM TeJeBHACHUSHMHI aMajjga KyJuJiam
UMKOHUAT/IapH. Pakamiim TejileBUACHMSAHMHI CYHBUH HyJI0m, MOOWI
ajJI0Ka, Ka0ejq TH3MMJIAPM OPKAJM TANIKWUIAIUTHPHUII XYCYCHUSTJIAPH.
Pakamuin  TejleBHACHUSIHUHI  KAaTeropusiJiapd, TapKuOJapuHuM  Ba
TU3UMHHUHI CTPYKTYPACHMHU aMAJIMETra TaA0MK I THIIL.
Ep yctu pakammu DVB — T TenesmmTTupuil TH3WMHU, y3aTHII Ba KaOyll
KWINIIa curHaiapra unioB Oepuimn. MPEG-2, MPEG-4 TeneBunenue
SIIUTTUPULI CTaHAApPTIapH. Pakamiu TENEeBU3MOH CUTHAIHHU alOKa KaHaUIapu
OpKaJld y3aTulira Oyiran tamxabdmuap.

4 - ma3y: DVB, ATSC Ba ISDB cranaaptiiapuia CMrHAJUVIAPHUHT NAKeT
TY3WINIIH, YJIAPHHA IAK/UVIAHTHPHUILN, KAUTA HILIAL BA y3aTHII
XyCYCHATJIAPH.
DVB-S pakamnu cywsmii Wynmom TeneBu3oH y3atumn ctaHpaptu. DVB-C
pakamiin kabenb TeneBujieHre cranaaptu. DVB-H pakamiu moOuiib TeneBU3UMOH
SIMIMUTTUPULI cTaHAAPTH. |PTV UMKOHUATIApY Ba TEXHOJOTHUSCH.

5-map3y: TacBup CHIrHAJIMHU MAKJIAHTUPHITHUHT aJropurvu. Pakamium
CUTHAJIHM INAKJJIAHTUPHII. TeleBU3MOH CUTHAJIHYM PAKAMJIU TACBHPJIAIIL.
Pakamuiu curHajHu y3arum te3jaurd. TB TacBUp CMrHA/LUIApMHU CHKHII
cranaapriaapu. TeaeBU3HOH cUrHajaHu komiam. Kananam koanam.
Ep yctu DVB-T2 tenesunenne crangaptu. Amepukanuar ATSC Ba SnoHussHUHT
ISDB ep yctu TeneBuaeHne cTaHaapTiapu. 3 Ya4amiid TeJIEBHJICHUE acociapH Ba
TEXHOJIOTUSCH.

AMAJINIA MAIIFYJIOTJIAP MABMYHHA

1-amanuii MamryJaoT: Pakamiiu TejieBUAEHUNAIQ CUTHAJTHUHT TY3WIHIIH

Pakamiin TacBUp CUTHAJUIApUHU KOJUJIAIA JUCKPETJIAll, KBAaHTJAILI Ba
KOJJIalll aCOCJIApUHU YPTaHHIII.

OB03 curHamiapu CHEKTOPH, KBAHTIIAHWUII CATXH, CHUMBOJUIAPHU KOJJIaIl
Jlapa)KaCUHU MaTEMAaTUK aCOCJIAPUHH YPraHHIIL.

2-amajauii MmamryJaotT: Pakamuim moayasinusi typaapu. Juckper-
KOCHHYC aJIMAIITHPHUII ACOCHAA BUIEOMABJIYMOTIAPHU CUKUIIHH TAAKHK
KHJIHIIL.
JIMCKepT-KOCUHYC AJIMAIUTUPHUIL YCYJWHUHT aJTOPUTMHUHU TaXJIWJ KUJIUII



Ba ypra"uil. BelBieT anMamTUpUIl yCyau AACTyPUHHU YpraHWI, TaXJIWJl KAJIWLL,
JIMCKpeT anMmalmTupuil ycyiauaaH (apky, aB(3aJurd Ba — KaMYWIMKIAPUHU
TOIUII.

3 — aMaJIMii MAIIFYJI0T: Y4 VJI40BJIM TeJJeBHACHUSTHUHT aMaJIIa KyJJIam
HUMKOHMATIAAPU. BellBjieT amMamITUPpUII YyKYPJIUTHHA Y3rapUIIHUHUHT
CTATUK BHACOMABJIYMOTJIAP CUKUII KOI(PPUIUEHTUTra TALCUPUHU YPraHMIIL.

BeiipneT anvamtupunr acocuaara oup HeuTa GUILTPIIAPHU KYJUTAIl OPKAIH
BUJICOMABIYMOTJIAp CHKUII KHMAMaTH Ba CTaTUK TacBupiap cudarura
OOFJIMKJIUTUHU TAJIKUK KU

4 — amanuii MamryJioT: KBantiiam :xapaéHuHUA BHA€OMAbJIYMOTIAP CUKHII
KMIMATH Ba CTATUK TacBUpJap cudaTura 00FTHKJIUTMHU TAAKUK KUJIUII.
KBaHTnam jkapaéHMHM BHJICOMAbIyMOTJap CHKHUII KUMMaTH Ba CTaTHUK
TacBupJap cudarura OOFIMKINTUHN TAIKUK KUJTHIIL.

5 — amanmii mamrysotr: DVB, ATSC Ba ISDB crangaptiapuaa
CUTHAJUIAPHUHT NMAaKeT TY3W/INIIH, YJIAPHUA MAKJIJIAHTHPHUII, KATAa NIJIALI
Ba y3aTHII XyCYCHATJIAPH.

C++ Tunnpa gpatwiraH Maxcyc AacTyp €paamuna BeliBier aaMamuthpuin
YYKYPJIMTUHUHT  V3rapuiid  BUJEOMAbIyMOTIAp CUKUII KO3(POUITUEHTUHUHT
Y3rapuimra TabCUPUHU TAIKUK KUJTHIIIL.

Kyuma mamryJior (2 coar)
LabView myxutuaa TejieBU3HOH y3aTIM4 YUKHMII KYBBATHHH YJIYAIL.
National Instruments xommanusicuauar LabView myxutuma cUMynsTopu
MYXUTHIAa CUTHAJUIapra pakamiid MILJIOB OepuIl yCY/UIApUHU YpraHUIl Ba TaxJINI
KUJTUILI.
YKUTHII INAKJLUIAPHA
Maskyp Moayn O6yiinya KyiHugaru YKUTHUII IIaKuiapuaad GoiiaaaHuIaam:
- Mabpy3anap, aMajiuid MallfyjaoTiap (MabIyMOTIap Ba TEXHOJOTHUSIIApHU
aHrna® oaMIl, aKiAMM KU3UKHUIIHU PHUBOXKJIAHTUPHIL, Hazapuil OuIMMIIapHU
MyCTaxKamJlal);
- naBpa cyxOatriapu (Kypuia€Tran jornxa edumiiapu Oyiinda takiudg Oepuii
KOOWJIMSITUHM OILUMPHIL, OSIIMTHIL, HUAPOK KWIMII Ba MAHTUKUK Xyrocaiap
YUKApUII);
- 0axc Ba MyHO3apajap (JoiMuxamap edyuMu Oyinuya Jamwuiap Ba acociu
apryMEHTJIAPHUA TAaKAUM KWIHILI, SIIUTHII Ba MyaMMOJap €YUMHUHU TOMUII
KOOWJIMSATUHU PUBOXKIIAHTUPUII).
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II. MOJYJIHA YKUTUIIJIA ®OMJAJTAHUTIAIUTAH UHTEP®AOJI
TABJIUM METOIJIAPU

«baym kyourm» meroaun

MeToaHUHT MakKcaau: Ma3kyp MeTOJ THHIJIOBUMJIApJA SHTH axO0opoTiap
TU3MMHHA KaOyNl KWIAII Ba OWJIMUMIIAPHU Y3IAIITHPWININIAHA CHTAJUIAMI THPHIIT
Makcaauaa KyJulaHWIaau, IIyHUHT K, Oy METOJ TUHTJIOBUMIap yuyH “OuuK’ caBosuiap
TY3UIII Ba yjapra skaBo0 TOIHII MAIlIK{ Ba3u(acuHu Oeruiaiim.

MeToaHu amaJjira omMpuil TapTUOHU:

1. Ymby meroanu Kymnam ydyH, onauil kyo kepak Oymaau. KyOuuur xap Oup
TOMOHHJIA KYHUJIary cy3nap €3uiain:
. Cana6 Oepunr, Tabpud OepuHr (oaauii caBoJ)
. Huma yuyH (ca0a0-0oKu0aTHH AaHMKJIAIITHPOBYH CABOJI)
. TymuHTHPHO OepuHT (MyaMMOHH Xap TOMOHJIAMa Kapall caBOJIH)
. Takaundg OepuHr (aMaauéT OMJIaH OOFJIMK CABOJI)
. MucoJ1 KeJITHPUHT (MKOAKOPJIHKHU PUBOXKJIAHTHPOBYH CABOJI)
. @ukp OepuHT (TAXIMJI KWIKII Ba 0axoJiall caBoJIN)

2. VkuTyBuM MaB3yHH Genrunad Gepa.

3. YKuTyBYM KyOWKHHU crosra Tamanad. Kaiicu c¢y3 unMkca, yHTa TETHUILIN CaBOJIHU
oepanu.

“KWHL” meToau

MeToaguuHr makcaau: Maskyp MeETOJ THHIJIOBYWIApJA SIHTH axOopoTiap
TU3MMHHHA KaOyn KWIWII Ba OWIMMIIApDHU THU3UMIIAIITHPUIN MaKcaauaa KYJUTaHWIaIH,
IIYHUHT/IEK, Oy METOJ] THHIJIOBUMJIAp YUYH MaB3y Oyiinua Kyiuaaru xaasaiga oepuiran
caBoJuIapra >kaBo0 TOMHUII MaIIKU Ba3upacCuHU OSITHIIalIH.

H3ox. KWHL:

Know — numanapnu ouraman?

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

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

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

“W1H” metoau

MetoaHuHr Makcaau: Maskyp MeETOJ THHIJIOBUMJIApJA SHTH axOopoTiap
TU3UMUHU KaOyJl KWIWII Ba OWJIMUMIIAPHU TU3UMIIAIITUPUIN MaKCcaauaa KYJUTaHWIIaIu,
HIYHUHTIEK, Oy METOJ TUHIJIOBUMJIAp YUyH MaB3y Oyinya Kyiuaaru skaaBanga Oepuiiran
OJITUTA CaBOJIIapra >kaBo0 TOIHUII MAIIKU Basu(acuHu Oenruiaiim.

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

Where? Kaepna (xoiinamran, KaepaaH OJHIII
MYMKHH)?

What kind? | Kanpgaii? (mapamerpiapu, Typiapu
MaBKYy/)

When? Kavon? (umutatumasm)

Why? Huma yayn?
(MIIaTUIAgM)

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

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

S — (strength) * KV4IH TOMOHIapH

* 3au¢, Ky4cH3 TOMOHIApH

* HMKOHHATIIApH

T — (threat) * xaBduap

“BEEP” metoau

MeTtoauunr makcaau: by Meron mypakkal, KYynTapMOKIH, MYMKHH Kanaap,
MyaMMOJTM XapakTepuaard MaB3yJapHU YpTaHWIIra KapaTwiraH. METOIHHHT MOXHSATH
mryHaad uOoparku, OyHJa MaB3yHMHI TYpJiM TapMoKjiapu OVyitmua Oup xuim axOGopor
Oepunaau Ba allHM TalTAa, YJIapHUHT Xap OWpHW ajoxyaa acleKTiapAa MyxokKama
sTwinaau. MacanaH, MyamMMoO MKOOuM Ba canbuii ToMoHmnapu, ad3amiuk, ¢asuiar Ba
KamMumiukiapu, ¢oiga Ba 3apapiapu OViinua Ypranunaau. by wuHTepdaon meron
TAaHKUJIUH, TaxXJIUITUN, aHUK MAaHTUKUNA GUKpramHu MyBadGakusITIv PUBOKIAHTHPHUIITA
Xama YKYBUWJIADHUHT MYCTAKWJI Fosiapu, (UKpiIapuHM €3Ma Ba OF3aKd IHAKIJIa
TU3UMIIM 0aéH ATUII, XUMOSI KUJIUIITa UMKOHUSAT sipataau. “Beep” meTonumaH mManpysa
MAIIFyJI0TIapUAa HHAMBUAYANT Ba KY(OTIMKIapAard Uil MaKiInaa, aMaluid Ba CEMHHAp
MAIIFyJI0TIapUAa KUUMK TypyXJIapAard Ml [IaKiuga MaB3y l03acuiaH OwiInMIIapHU
MyCTaxKamJiall, TaxXJIMJIM KAJIUII Ba TAKKOCAI MaKcaauaa (poiganianuin MyMKUH.
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MeTtoann amaJjira olmIMpuin TApTHON:

TpEHEP-YKUTYBYH HINTAPOKIMIAPHN S5-6 KUIIHIaH HOOpAT KHIUK
rypyxJiapra axparajiy,

TPEHUHT MaKCaJiy, IIapTJIapy Ba TapTUOU OMIIaH UINTHPOKYHIIAPHU
TaHUIITHPray, Xap Oup rypyxra yMyMuii MyaMMOHHU TaxXJIHJI
KUJIMHUIIN 3apyp OYJraH KUCMIIapy TYLIUPUIITaH TapKaTMa
MaTepuaJulapHu TapKaTaau;

Xap Oup rypyx y3ura 6epuiaran MyaMMOHHU aTpoduinya Tax I
KWIKO, Y3 Myloxa3ajlapiHH TaBCUs ATHIIAETTaH cxema Oyinya
TapkarMara €3ma 0a€H Kuiaau;

HaBOaraaru 6ockuya 0apua rypyxJjap y3 TaKIuMOTIapUHH
yrkazagunap. [llynaan cyHr, TpeHep TOMOHHIaH TaXJIUiuIap
YMYMIIALITUPUIIAAN, 3apYPUM ax00poTiap OUIaH TYIAUPHIaIU Ba
MaB3y SIKYHJIAHA]IH.

MyaMMoJ14 CaBoJI

1-yeya 2-yeyJa 3-yeya

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

XyJioca:

“Keiic-cTaau” MeToan

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

AN

v/ ax0OpOTHU yMyMJIAIITUPHIIL;

v’ ax00poT TaxJIUIIH;

v MyaMMOJIapHH aHUKJIAII
2-60cKuY: Kelicau | v/ vHIMBHIyal Ba IypyX/ia UIIUIALL,
AHMKJTAII THPUILIT Ba YKyB | v\ MyaMMoOJIapHU  J0J13apOJHMK  HEPapXUSACHHU
TONIINPUFUHK OEITHIALL aHMKJIAI;

acoCHil MyaMMOJIM Ba3UsITHH OeJIrHJIall
VMHJWBHIyas Ba TypyX/Jla HIUIAIL,

3-0ocknu: Keiicmarn  acocuii
MyaMMOHH TaXJIUJI ATHUII OpPKaJId MYKOOHJI €4UM HYJUTapUHU UIUTa0 YUKHIIL,
VKYB TONIIUPUFUHUHT €YUMUHU Xxap OWp EYMMHHUHI WMKOHHUATIAPH Ba
W3Jall, XaJl dSTUIl WYJUIApUHU TYCHUKJIAPHU TaXJIWJI KUJIUII;

ANENEN AN

Uu1ad YUKUII v\ MYKOOWJI €4MMJIAPHH TaHJIAIIl
4-DocKuUY: Keiic CYNMUHHM | v sKKa Ba Iypyx/a MIILIAII;
IIAK/UTAHTUPHII ~ Ba  acoclall, | v MyKOOWJI BapWaHTIapHA aMaija KyJulaml
TaKIUMOT. MMKOHUSATIAPUHU aCOCTIAIT;

v WKOIMH-JIONHXA TAaKAMMOTHHY TaiEpIIallr,

v SKYHHI XyJ0Ca Ba Ba3WsAT CUNMUHUAHT aManii

ACIEKTIapUHUA EPUTHIL
“AccecMeHT” MeTOaH
MeTOoOHMHI MaKCaIu: Ma3Kyp METOJ TabjIuM OJYBUYWJIAPHUHT OUIUM

JapaxacMuHu  0axouiailll, Ha30opaT KWW, V3MAIITHUPUII KYpCcaTKHMYM Ba aMalui
KYHUKMaJapyuHU TEKIIMpPUIITra HYyHaNTUpWIraH. MasKkyp TEXHUKa OpKajdud TabiIuM
ONIYBUMJIAPHUHT Ounuin  GaolusTd Typid HWyHamumap (TecT, aMaluii KyHUKMaap,
MyaMMOJIM Ba3HSTIap MAIlIK{, KUECHM TaxJuj, CHUMOTOMJIADHU aHMKJAII) Oyitmya
TaIIXWUC KUJIMHAAW Ba OaxojaHaaH.

MeToaHu amaJjira OIuMpHII TAPTHOU:

“AccecMeHT  napaaH Mabpy3a MallFyJoTiapuja TalabaJapHUHT  EKHU
KaTHAUTYUJIAPHUHT MaBKyJ OUJIMM Japa)KacuHU YpraHuilga, SHIM MablyMOTIapHU 0aéH
KWIKIIA, CEeMHHap,  aMaluid MalFyjoTiapia d3ca MaB3ly €KM MabiIyMOTIapHU
Y3MamTHpUIl JapakacMHUA Oaxojall, IIyHHHTACK, VY3-Y3uHH Oaxosamn Makcaauaa
WHAuBHAyal maknna  doigananum TaBcus dtunanu. IyHWUHTACK, YKUTYBUMHUHT
WKOIUM €HAAIYBU XamJa YKYB MakcaJylapuaaH Kenub 4yukuO, accecMeHTra Kylumua
TONIIUPUKIAPHU KUPUTULIT MYMKHH.

Xap Oup kaTaknaru TYFpu xaBo0 5 6amt €ku 1-5 6anraua 6axoJaHUIITT MYMKHH.
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;, Tect MyamMMoJ14 Ba3UAT
,/‘(",.‘ R
\\ﬁ

=
\

Tymynua TaXJIWIH
(cumMmTom)

“HucepT” MmeToaH

MeToaHu amaJira oIuMpuIl TAapTUOM:

» YKUTYBYM MAalIFyJOTra KaJap MaB3yHHHT acOCHW TYIIyHYaJlapy Ma3MyHH
EpPUTWITaH MaTHHY TapKaTMa €KM TAKIUMOT KYPUHUIIMAA TAUEpaanin;

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

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

Bbearunaap Martn

“V” — TaHUII MaBIYMOT.

“?” — Ma3Kyp MabJIyMOTHH TYIIYHMAJUM, U30X KEpakK.

“+” Oy MabJIyMOT MEH Y4yH SIHTHIIUK.

[13

—” Oy puKp KM Ma3Kyp MabJIyMOTra Kapluman?

benrunanran BakT sSKyHJAHrad, TabJIAM OJYBUYWJIAp Y4YyH HOTAaHHII Ba
TylIyHapcu3 OYiaraH MabayMOTJIap YKUTYBYM TOMOHHUIAH TaxJIMJ KUJIMHUO, N30XJIaHAIH,
yIApHUHT MOXUATH TYnuk Eputmnaau. CaBomnapra xaBoO Oepuiaad Ba MAaIIFyJIOT
AKYHJIAHA]IH.
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I11. HABAPUH MATEPUAJLJIAP

1 - maB3y: 3aMOHaBHI1 KeHI (POPMATJIM BAa PAKAMJIN TeJeBU3UOH TU3UMHUHT
y3aTHII Ba Ka0yJl KWK Kapa¢HJIapH.

Pexa
1.1. TacBup Ba OBO3 CUTHAJUTAPUHH aHAJIOT-PaKaMIIH Y3rap THPHIILL.
1.2. TeneBu3nOH CUTHAN TAIIKWJ ATYBUYMJIAPUHUHT paKaMJIu KYPHUHUIIIU.
1.3.PakaMiy TeIeBU3MOH CUTHAIHU XOCHJI KUJIMII Ba IIaKJIJIaHTHPHIIL.

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

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

CurHammap Typkymuaa aHaior (y3JTyKCH3) Ba pakamiid CHTHAJJIAp MaBXKY/I.
AHanor curHayiap y3aykcu3 (QyHKIMS KOHYHU Oyiinya y3rapaju Ba UKKH KYIIHU
caTx opacujia )Kyjaa Ky opaJiuK Kuiimatiaap OVIuIIm MyMKUH.

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

CUTHAJUTAPUHUHT OMp PparMeHTH (KUCMHU) KYpcaTUIraH.

1.1-pacM. AHajor TeJIeBU3UOH Ba OBO3 CUTHAIIJIAPH.

AHajior cur"aira Hadakatr y3JIyKCH3 CUTHaj, Oalku axOopoT UMMYJIbCHUHT
KeHIMru €xkd  Topaiiummra Oornuk Mopyisuusuianrad MM (mwmpoTHO-
umiysnbcHas moaysinus — [HIMM) €xu nactnabku xonatu BakTra(daszara) O0FIMK
oynran UM (paza-umnynbc MOAyNSIUs) CUTHALIAPU XaM KyIIuMua OYIUIIN

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

tu

U
T T T

s T T T 6

e
Ca

t

1.2-pacm. IIUM (a) Ba ®VIM (0) CUTHAITAPHUHAT KYPUHUIIIATA MUACOJLIAP.

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

MPEG = Moving Pictures Expert Group

MPEG-1 MPEG-2 MPEG4 MPEG-7 MPEG-21
Part1: systems  Partl: systems  Partl: systems  Metadata, additional
ISO/IEC11172-1 ISO/IEC13818-1 ISO/NEC1449 XML based “tools®
“PES layer* “Transportation® ISO/IEC15938 ISO/IEC21000
“Multimedia
Part2: video Par2: video Part2: video Content
ISO/IEC11172-2 ISO/IEC13818-2 ISO/IEC14496-2 Description
Part3: audio Part3: audio Part3: audio Interface”
ISO/IEC11172-3 ISO/IEC13818-3 (AAC)
ISO/NEC14496-3

Part6: DSM-CC  Part10: video
ISO/IEC13818-6 (AVC, H.264)
Part7: AAC 1S0/14496-10
ISO/IEC13818-7

Pacwm. 1.3. MPEG cranaaptiap onnacu.

Luminance
sampling frequency
13.5 MHz
575 MHz
v 8/10 Bit
= 8/10 Bit p
| G, £ [cb EI"."ﬂ cp 270 Mbit/s
B, S| &2 _ ITU-BT.R 601
Cr, S0 B coment”
AN —» Cr *
275 MHz —1
6.75 MHz
Chrominance
sampling frequency
Right 16 Bit
ﬂb—» % —_— A D+> up to 768 kbit/s
15 ... 20 kH
Caridih. 22’44-',“48&"“2 = approx.
ampling frequency 4 5 Mbit/s
Left 16 Bit
ih—b Qtj D +> up to 768 kbit/s
15 ... 20 kHz
bardwidth 32/44.1/48 kHz

Sampling frequency
Pacm. 1.4. Buneo Ba ayino MabiyMOT CUTHaJUIApU
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Pakamnm Tusumitapga, MacajgaH TU3UM KUPHINTA aHAJIOT CUTHAN Kejca, Oy
CUTHAJI KOJJIaHAJAW Ba pakamJid IIaKJIra YTKa3wiaau, SbHU aHAJOT CHUTHaJ
AUCKpeTJall, KBAaHTJIAll Ba KOMJIAIl KaOu yMyMilalllraH omnepanusiap OuiiaH
paKaMIId CHI'HAIITa aiIaHTUpHIagu .

Huckpernam »xapa€Hu - Oy Y3JIyKCH3 aHajor CUTHAJIHM MablyM aHUK
BaKTJIapJla OJIMHTaH OHUM KuiimMaTiap (CaHOKJap) KeTMa-KEeTIUrd OuliaH
anMaIITUpuianp. TeHr TakCUMJIaHTaH AMCKpETIIAlla aHWK BaKTjiap Opalufu
KoTenbHUKOB TeopeMacura acocaH TaHJaHa[u. Y0y TeopemMara acocaH Xap
KaHJIall 4acToTa CHEeKTPU YeKJAHTaH Y3JYKCH3 aHAJOr CHTHAJ YpHWUra,
AUCKPETJAIl YacTOTACH AHAJOI CHUTHAJ WKOpH 4YacTtoTacuiaaH (Fmax) 3HT
KaM#uja 2 MapTa Karra OyJral 4acroTaJaru COHOK KHAMATHHM Y3aTHII
kuGos, sbHU Fy >2Fmax mapt 6axkapuanmm kepak. Mucon 1.5. -pacMHUHT a) Ba
0) rpadukiapuga KeATHPWITaH. Arap JHCKpeTiaml 4acToTacd 2FmaxdaH KHYUK
Oynca, yacToramap ycTMa-ycT TYIIMIIM MYMKHH Ba KaWTa THUKJIAHTaH aHAJIOT
CUTHaJ TapKuOuaa “kandaku, E1FoH” ajlaMyd CUTHAJ a0 6yiaau.

AHanor cvrean

6)‘ ' B i nu;xper canok:iap

B) . : | |
‘ ’ . T y’ DR ol 1 | |

41 KBANTIALI JAPAKACH | ypapraanran caHokmap
R (. ... I | " N -, .
= s v KBAHTI4I1 KAJZaMH 1
I e S OEsN NARGAEOE N T AT
= Ene — ——— — — < Kpantiam
il e v I o6ycaracu
:_./ 0./—/——- yy—— T ——— . K ————— __.__:.:-I--::‘: _______ =

-

PaKaAMJIH CHIHAN
_ ﬁo FIOO ﬁOO 001” 000 001
2 | 4| | ‘il | | |0| |1|
1.5-pacm. AHanor cUrHajlHU pakamJIM IIaKira YTKa3HIll KapaéHu

e —

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

! Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. pages 31-32.
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Oaxxapuiaam Ba 0y :xkapaén 1.6-pacma KypcaTuiras.

a e —————— —

’] ]

6

5 AHCKPCTIAHIAH BA

4 e KBAHTJAAHIAH

2

o \Q — - —— t
D3 I I t
D2 l t

HAPAJLIC] PAKAM/IN
D1 t OKHM
DO | t
|
o ov B Vi Lo T KCTMA - KeT PaKan.IH

D I I I l | t OKHM

0000-0 0100-4 1000-8 1100-12
0001-1 0101-5 1001-9 1101-13
0010-2 0110-6 1010-10 1110-14
0011-3 0111-7 1011-11 1111-15
1.6- pacMm. AHasior — pakaM y3rapTUpHILAArd COHJIAPHU Tapajell Ba KeTMa —
KEeT UKKWJIMK TU3UMUTA YTKA3UII KapacHU.

TeneBumenrera pakamiad TH3UMIIAPHM KHPUTHUIN OYWWYa TaJIKUKOTIAP
wurupmanun acpuunr 30-HuutapupgaH  Oomanran Ba  (akatrmHa XX acp
OXHUpJIapura KenuO KyJutaHwia OonulaHgu. TeNeBU3MOH CHUTHAJ CHEKTPUHUHT
fokopu 4vactotacu 6 MI'mra tenr Oynrannuru cabad JUCKpeTIall 4acTOTacu
kKamMuga Fraer =12 MI'nm Oynmumm kepak sau. by sca ¥3 HaBOatuma pakamid
CUTHAJIHU Y3rapTUPHUIL Ba y3aTHUII KypUIMAIAPUHUHT WILIANI TE3JIUTUra KaTTUK
Tanabnap Kyuumuimra onb kenaau. Typiv TaBiaTIapHUHT paKaMJiId TeJIEBU3UOH
CTaHJAPTIApUHU  MYBODUKJIAMITHPUIIT  MakKcaaujaa JUCKpeTIall 4YacTOTacu
13,5 MI'n ne6 xabyn kunuurad. 130 man 200 raga OyiraH Ky3 KYpuIl IOKOpU
JapaxacuHu (TpajalldsCUHU) TAabMHUHIIAII YUYH 8 pa3psuiv KOoJ KYJIaHuiIuo, 256
SpUM TOHHU y3aTHII TabMHUHJIaHaAW. ByHaa pakamiaum KOMIIO3UT CUTHAJI y3aTHII
TE3JIUTH

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

Oy epna N — KOTHUHT pa3psiau.

BbyHnait Te31MKHN TENEBU3MOH CUTHAJUIAPTa UIIOB OEpHINl KypHrJIMallapuaa
Ba aJlOKa KaHaJUIapu OPKAJIW Y3aTHUIIAa TabMUHJIAHUIIM JIO3UM, TaOMUiiku Oy
TajgabHu Oa)kapuill TEXHUK TOMOHJIaH MypaKKaOIup.

OB03 CHMTHAJUIAPMHM paKaMJIM XoJiaTra yrkasuiml. VHCOHmap 0OBO3HHU
(toByman) 15 I'm man 22 kI’ ragya 6ynraH yacroTtanapnaa, €mm yiarainrad sca 20
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['man 18 k['11 rada Oynran TYAKUH opanuruaa SmmTaan (Kabyn Kuinaan). Xyau
HIyHJal XoJIaT TYJIKUHHUHT aMIUIMTYJacu, SbHM OBO3 OajaHUIMrura Xam
TEerunuid. VIHCOH KyJOFMHUHT SIIMTHIN JIUHAMHUK auana3oHd 96 nb skuH,sbHU
OBO3HUHT IOKOpU KuWMaTu (yHAaH IOKOPUCH KYJIOKKa OFpUK Oepaau - OFpHK
Oepumn OYcaracu) Ba SHI KaMm KuiimMaTu opacuaaru ¢apk 30 MuHT MapTaaaH
KYIIPOK.

OB0O3 CHUTHaJIMHUHT YacTOTa JWana3oHd KEHIVIMTMHUA XHucoOra oiuo,
CTyAusUIapAa CaHOKJIapHM Oupnamuu kBaHTIam AA=16... 24 OuT/ caHOK
TE3JIUTH/Ia aMajira OIIMPHIIAIA Ba AUCKpeTIan yactotacu 3ca Fg = 44,1 — 96 k'
opanuruaa KaOyn kunuHaau. OBO3HU CTyIUsl KaHaUIapuaa AUCKpeTam yuyyH 16
paspsam Koayam Kyyuianuiaaau (16 Out/caHoK)Ba YHHMHT Tojioca opanuru AF=
20-20000I'y 6§1u6, nuckpernam yacotacu Fy = 48kl'nra tenr. bynnait pakamnu
KaHaJHUHI JWHAMUK auana3oHu 54 nb naH xam OyiMacnuru jgosuMm. Arap Fg =
48xI'11 Ba AA=16 Gut/caHoOK OYiica, y3aTuiaaéTran pakaM OKMMUHUHT Te3nuru (1ta
CUTHAJIHU y3aTWIll Y4yH) V = 48*16=768 kbOut/c Ba crepeo oBO3 y4yH 3ca 1,5
M6ur/c 6ymamu. Bynnaii rokopu muckpernam uyactotacd (48 kI'm) APYumHr
KUPHUII KUCMUJIATY MACT 4acToTa (GUIBTPHU COIAJIAIITUPUIITA Ba OBO3 CUTHAIHU
cubaruHu Oy3wnumura uyn kyhmaiinanm xamaa 20 xlmgan karra oBo3
TeOpaHUIIIAPHU YTKa3MACIUKHUA TaAbMUHIANIH.

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

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

1.2. Te1eBU3MOH CUTHAJ TAIIKWI 3TYBYWIAPUHUHT PAKAMJIN KYPHUHMIIHN.

Xankapo TaBcusl Tanabimapura kKypa EpyFIMK CHUTHAJWHU JIUCKPETIIAI
gactoracu 13,5 MI'y 6yica, ukkuTa HypHU EHUIT cTaHAapTH yuyH: Kamap 251,
625 catp Ba kaap 30 I't, 525 catp kunmmb Genrunanrad. Xap Oup panrdapk curaan
nuckperiam yactoracunan (13,5 MI'n) ukku Gapobap KMUMK Ba yHra Kappaid
(6ynmuHamuran) wactoraga 6,75 MI'm nga guckpermmanamu. Xyaaw TIyHAau
TEJICBU3MOH CHTHAJIHU Katopra éhmmn 625/50 Ba 525/60 cranmapriapu Acocwuii
TassHY yactoTa cudaruaa 3,375 MI'n kaOyn KWIMHUIIM KYT KUXATAaH, Iy UKKA
CTAaHIAPTHUHT CaTp HYPUHU EWMII YacTOTa KUWMATiIapu, TasHY 4YacTroTara
Kappanuru OuiaH OofnuK. by ¥3 HaBOatuaa TEIEBU3MOH CUTHAITHUHT TAITKUII
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ATYBUMJIAPUHHU KOJJIAIa SITOHA AYyHE KOJJIAII CTAaHAAPTUHU KUPUTHUINTA UMKOH
Ooepau Ba Qaon kucmaa EpyrnuK curHaagHuHr (20 caHorum Ba paHrdapk
curHaiapuauar - 360 canoru OynummHM TabMuHIand. 625/50 Ba 525/60
CTaHIapTiaap opacuaard QGapk caTpjap COHMHUHT XHWJIMa XWJUTATH Ba ““Yaupwuir’
WHTEPBAJIM BAKTUHUHT MOC SMAaCIUTUIHP.
8 Ba 10 OuT OWJaH KOJUIaHTaH paKaMJIM TEJICBU3MOH (TacBHpP) CHUTHAI
TAIIKWI STYBUMJIAPUHUHT TYJIa y3aTHUII TE3TUTHU:
8x13,5+8x6,75+8x6,75=216 MouT/c
10x13,5+10x6,75+10x6,75=270 Mo6uT/c 6ynam.
1.7-pacmua Epyrauk (Y) Ba panrdapk curaamiapu (Cr Ba Cb) caHokIapuHHHT
¥3apo JKOMIAMNIIY KeATUPUITaH Ba TEICBU3UOH CUTHAITIAPHY OyHIai
AUcKperu3anusiiam popmaru 4:2:2 ned OenrmiaHay.

4:2:2
L/ ™ 7 % ]
-— Luminance
D & i
(O Chrominance
& + © +

Fan

7 ‘+' (D 'I"

1.7- pacm. 24:2:2 popmarna épyrnuk (Y) Ba panrdapk (Cr sa Cb)
CUTHAJUIAPUHUHT y3ap0 KOUJIALINIIN
®opmart 4:4:4 bapua ydyuana KOMIOHEHTIAP(KU3WII, ST Ba KYK TaIlIKUI

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

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

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

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

2 Digital television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB Framework Third Edition,
by Hervé Benoit, printed at Focal Press Elsevier, USA 2013, page 20, 116
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oynca, TypTuHuncH (ayibha — KaHAIT) CUTHAJTHU KaWTa uinuiam Oyinda axOopoTHH
V3 ©4UUra oJiaau.

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

576 | Y 576 _| CR 5% | Cm 576 | |A
kaTop kaTop JkaTop KaTop

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

601 TaBcusicura kypa 8 Ba 10 pa3psany KoJUIaHUII Ky3aa TyTwiranga b=38
(b=10), xBanTnam carxjgapu coHU Nie=256 (1024) Hu X0CHI KHIIAIH. 8 pa3psiIn
KOJUIAHUIIJA KOpa CUTIHal KUMMAaTH Y4yH 16-4M KBaHTJall caTX, HOMHUHAJI OK
CUTHaAN Y4yH 235— 4yu caTX TyFpH Kenaau. 16-uM KBaHTIAII CaTXUAAH IAcTH Ba
235-un caTXHWIaH IOKOpW caTxJjiap 3axupa (pe3epB) 3oHamap OYiamb, aHamor
CUTHAJIHUHT HOMHMHAJ KUMMaTHAaH OO KETUIIIM MyMKHUH OYJIraH Xosatjap yu4yH
MYJDKaJIJIAHTaH.

0 Ba 255-ymM KBaHTJIAIIl caTXJIApM MYXUM axamusarra sra. by carxparu
KOJUIap OPKAJIM caTp Ba KaJIpJIApHU CUHXPOHU3ALMIIOBYM MABIYMOTH y3aTHIIAIH.

TeneBU3MOH CHUrHAJ TAIIKWUII STYBUMWJIAPUHU, SBHU EPYFIMK Ba paHTr(apk
CHrHA/IAp aHajor-pakam ysraptuprud (APY) ra kupummra Kyiimparuda
Oepuiau:

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

e -05. +0,5 B opanurumarm Kommpeccuss (CHKWITaH) paHTdapK
CUTHAJLJIAp:

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

CurHajgHUHT HOJNb KUWMaTura, sS’bHM Kyn panrra 128 (256/2) carx moc
KeJIau Ba MycOaT KuiiMatiap aHa my 128 carxjiaH HKOpUIapUHU drajuiaiiiu Ba
MaH(puii kuitmaTinap 128 carxgan nactaa Oepunanu. TeneBU3MOH CUTHAJHU aHa
IIyHJA pakaMiad TaIllKWi OJTyBUWIApra axpaTuil Kyuugarn wudoaa OusaH
oepuitaiu:

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

by epna

Y — 161an 235 raya opanukaa y3rapyBuaH pakamiu €pyFiIuK CUTHAIH.

CrBa Cg - Round (x) - X coHnHH OyTYyH COHra SIXJIMTJIAII OMEPAIUICH.
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8 OHT 10 GHT
1,000 255 (1111 1111y [1023
0,922 v 235 (1110 1011) | 940
a)
0,63 16 (0001 0000) |64
0 1 1L 0 (0000 0000)
1.000 Cr 255 (1111 1111) (1023
0,941 I 240 (1111 0000} | 960
0) ]
0,502 | 128 (1000 0000) |512
0,063 — 16 (0001 0000) |64
0 0 (0000 0000)
1,000 ‘s 255 (1111 1111) (1023
0,941 240 (1111 0000) |960
B
) 0,502 128 (1000 0000) |512
0,063 16 (0001 0000) |64
0 0 (0000 0000)

1.10-pacm. IIU — R BT 601 cranmaptura acocan 8 Ba 10 6ut Ounan
KOJUTAHMIIJIATH aHAJIOT TEJICBU3MOH CUTHAN TAITKIJI dTYBUMJIAPUHUHT KBAHTJIAII
caTxu OmJIaH MOC OENTHIaHUIIIN.

1.3. Pakamuiu TeJIeBU3HOH CUTHAJHH XOCHJ KWK Ba INAKJIAHTHPUIIIL.

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

bupuHumn xosiatna aHajor TEJEBU3MOH CUTHAJIHUHT TAlIKWI 3TYBUMWJIApU
(KOMIIOHEHTJIapU) pakaMJIM CUTHaJI XoJiaTra YTKa3wica, UKKMHYM XOJlaTja 7ca
JnacTiIa0KM paHT CUTHAJIApU paKaMIIAIITUPWIAIM Ba TAIIKWII ATYBUMJIAP paKaMmIIn
X0JIaTJa UIILIOB OepuiIain.

Nkkana pakaMiay TeJIEBU3MOH CUTHAJIHU IIAKUIAHTUPUII BapUAHTIAPUHUHT
TYy3WIHII CXeMacuHU KypuO uumkamu3 Ba ynap 1.11- pacm udopananran. 1.11-
pacMaa KypcaTuWiraH KypwiMajJa aHajior acocui panr curHawiap Egr, Eg, Es
TeJeKaMepagaH 4MKUO, raMMa — KOPpEKTopjap OpKajiu KOAJalll MaTpHUIacHura,
Tymn6, (1.3) ¢popmynara ounoan koppekuusianu® (Er, Eg, Eg) y3raprupuin
épramuna épyruk curdany Ey ra aiinantupunanu Ba panrdapk curaamiap E'r- v,
E’g-y XocWs1 KWJIMHAIH.
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E Ey —Y
ER—>-L_F_K_|—R> 13,51»11"1; APY =
. E' el
E B-Y o« |“R
o Skm | [ HAPY
: Fpy —c E1C
Fp—>] TK | g
6,75MI'y
mexpomﬂﬂmma, TUI 27 Ml“r;_
PCUIILI f&‘j ]
a)
— Rd R'd Y
Er—s| APY [_I3800 | PI'K |—> |
Gd o €
~ e —]G'd B
Fe—mAPY [ [SIPIK = KM [ PTC
Bd ' ‘B
- e S = B'd —
B—APY [, TJIPTK 5 | Ve
. - 27 M’
(_m-x.\“poml?'lmm;_ TUT 1;"
ACB
PCHILI ACO |

o)
1.11-pacm. Pakamii TeJI€BU3MOH CUTHAIHA XOCHJI KUJTYBYH KYPUIMaHUHT
CXEMacH.
by epna: 'K — ramma — koppekTop
KM — xoamoBun matpuna
THUI'— TakT UMIyJIbC TEHEPATOPHU
MS — MmynbTHIIIEKCOD
APV — aHanor-pakamiy y3rapTHpriad
PI'K — pakamiu raMma KOppeKTop
PCHIII — pakaMiu CUHXPOUMITYJIBCIIAPHU MIAKIUTAHTUPTAY
ACD — aKTuB caTpHUHT OOIIH
ACOQO — aKTUB CaTpHUHT OXHPU
PTC — pakaMiu Ten€BU3UOH CUTHAT

Cyurpa curnammap APVaa pakammm Y, Cr Ba Cp curHammapra
afinantupuiaan. Bynnan tamkapu (1.3) gopmynara acocan, APY HuHr xupuim
KHCMHJIA KYIIMMYa aHaJor y3euiapjaH ¢oiaaianuinagy, sbHU MaciiTabiaHaau Ba
caTx 6yiiNua CHrHAIIAp CWDKUTHIAAW. Paspsumap conu xap 6up APVia 8tannm
TAIIKUJI ATaau. TEeIeBU3MOH CUTHALUIAPHU EMUILI CUHXPOUMITYJIbCIAPU- pPaKaMJIA
cuaxpoumnynbciaapau makimantupum (PCHUII) OGnokura Tymamu Ba y ¥3
HapOatuga ACh, ACO cunxpocurHajulapHu UIia0d yukapaau. byHnan Tamkapu
CUHXPOUMIYJIbCIAP —TakT UMNyJbc reHeparopuHuHr (THUI') Gomka Onmoxiapra
TyIIaJuraH WMIyJIbcaapuan unuiad uymkapumma,spau 27, 13.5 Ba 6,75 MIn
4acTOTaIM UMMYJbCIApHU MNUad yukumaa kymnanwnaau. TUD Onokuna gasza

27



Oyiinya yactotTanu aBToMatuk co3ioBun (PYUAC) cxema KymiaHraH Ba y catp
CUHXPOMMITYJIbCIAPUHUHTI  4acToTa xamaa (asa  OyiiMua  aHUKJIUTHUHU
tapMuHiIaiay. yHnall KunuO, TakT UMIYJIbCIApd COHM Tanad STUIaJUraH
TEJIEBU3MOH CUTHAJI MaHOAWHUHT caTp €WNII 1aBpU TYFPU KEIUILIN TAbMUHJIAHA/IH.

Luminance
sampling frequency
13.5 MHz
5.75 MHz l
v ’\X/ = 8/10 Bit
—»/—»Y
R' X le,\/ 2 8/10 Bit ’
REN = B4 oo 270 Mbit/s
Bl = 5105 | TUBT-R 601
ICr . A7' ,CCIR601*
i
2.75 MHz
6.75 MHz
chrominance

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

Mynbrumiekcop (MS) ¥3 HaBOatuna pakamiu CHHXPOCUTHAJIApHU Ba Y,
Cr Ba Cp pakamiM CUTHOUIAp OKAMHUHHM O€puiraH KeTMa — KeTJIuKIa
Y3aTWIMIIMHA  TabMUHJIAWIM Xamjaa KypwiMa 4YUKHUIIMIA TYJIUK paKamiid
teneusnon curnai (PTC) omunanm®,

HNxkunun kypuimaga (1.12 6- pacm) acocuit paurnap (Er, Ec Ba Ep)
pakamiu curHauiapra (Rd, Gd Ba Bg) kupuiga 6upaanura aitnantupuwiagu. by
X0JIaT[a TaMMa KOPPEKTOp/la CUTHAJUTAPHU OY3UIIUIITMHU KaMauTUPHII YIyH Xap
6up APY 10 éxu 12 paspsum 6ymnmm mapt. Iyrnan cyur Rp, Ga Ba Ba pakamu
curHayap pakamiu ramma — koppektop (PT'K) ra tymanu Ba Oy epaa HOUMKIH
y3rapTupunuiap oaxapuiaim.

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

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

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

28



OILIMPUIIA]TH.

Pakamnu kypunmanap €Epaamuia TamMma — KOPPEKIMSIHUHT — amalra
OLIMPWINILK Tanad KUIMHAAWTaH QYHKUUSHU KaTTa aHUKJIMKAA OakapUJIUMIIUHU
TabMHUHJIAWU, JIEKUH OyHJa MypakkaOiamrad, KMMMaT Ba KYIPOK HWKKUJIMK
paspsim APY Tana6 stunamy.

Ha3zopar caBoJsuiapu

Curnamnap TypKkyMuJa KaH1ai Typjaapu MaBxya?

Amnanor curHaira Tappud 6epuHr?

Pakamnu curnanra tabpu¢ 6epunr?

AHanor cUrHajHu pakamiid KypUHHUIITa YTKA3UIIHUHT acOCUil 3 OOCKUYMHHU

caHa® YTUHI?

Huckpernamira Tabpud 0epuHr?

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

7. KotenbHUKOB TeopeMacuHu EpUTHO OepuHT?

8. CumBou ne0 HuMara antwiaau’?

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

10.TeneBu3nOH CUTHAII CIIEKTPUHUHT IOKOPH 9acTOTACH KaHda?

11.KoTenbHUKOB TeopeMacura Kypa TE€JIEBU3HMOH CUTHAJI CIEKTPUHUHI IOKOPHU
yactotacu 5 MI'11 6yiica AuckpeTiail yaToTacu KaH4a Oyiuiy kepak?

12.TeneBu3noH CHUTHAJHHM KOJJIaNaa 8 paspsmid Ba YHAAH FOKOPH KO
KYJUIaHUIUI cababu HuMaa?

13.0OB03 CUTHATMHUHT AUCKPETIIAI YaCTOTACH OPATMFU A THHT?

14 KoMIakT TUCKTra MabayMOT €3MIIa AUCKPETIIAI YaTOTacu KaH4ya?

15.4:2:2 nuckperusaiys 4acToTacu (opMaTi TEXHOJIOTUSICUHU TYITYHTUPUHT?

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

17.Pakmiy  TENEBU3MOH CHUTHAHU XOCWUJ KWJIMIIHUHT KaHAall ycyJuiapu
MaBxKya?

W

o1

DoiigaJaHIITaH agaduéraap

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

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

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

Pexa:

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

2.2. INCKpeT-KOCUHYC Y3rapTUPHIL acOCHa TACBUPIAPHU CUKHIIL.

2.3. TacBupHM BEHBJICT AIMAIITUPHII ACOCUIA CUKHIII.

2.4. Monynauus Typiapy Ba TEXHOJIOTHACH.

Tasinu u6opanap: block, pixel, motion estimation, motion compensation, discret
cosinus transform, DCT equation, time domain, video coding, Huffman coding,
OFDM, COFDM, QAM modulations, vector length.

2.1. TeneBU3MOH CUTHAJIJIAPHUHT OPTHKYA AXOOPOTHHUHT TYpPJIapH Ba
yJapHU HYKOTHII yCYyJJIapU

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

TeneBU3MOH TaCBUPHUHT TaXJIWJIM IIYHU KYPCATAIUKH, yIap KaTTa XaKMIIH
OpTUKYa MabIyMOTJIapra 3ra Ba Kylujaaru cugiaapra Oyaui MyMKHUH:

1) Kopsimk opTHKYAIHK;

2) DJIeMeHT/Iapapo €KU CTATHCTUK OPTHKYAJIMK;

3) IIcuxoBu3yas OPTUKYAINK;

4) Ty3namaBuii OPTHKYAJIHUK;

5) BakTim éku Kaapaapapo OpTUKYAINK.

Kommuk oprukyanmuk TacBupga OWp Xuil KYpPUHHUIIIATH Ba EPYFIUK
HYpUHHU OMp XWJI KalTapaauran Kymiaad oOekTiap (TapkuOuil KucMiap) MaBxKy.l
OYnu0, ymapHUHT 103acy Oup Xuil EPYFINK HypJIapUHU MIAKJUTAHTHPAIU Ba OyHai
X0JIaT Ky Tapkairad. Mucon yuyH 2.1- pacMra Kapasr.

ByHpnaii xonat y3aTunaérran MablTyMOTHUHT XaxkMuHU 20 - 25% ra xamaii-
TUPUIITA UMKOH Oepaju.

720 pixels (90 blocks) 8 pixels

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

8 pixels

576 pixels (72 blocks)

2.1- pacM. TacBUpHU KOAJIU Ba 3JIEMEHTIAPapO OPTUKYAIMKHU KYpcaTyBuu

30



MHCOJLIAp

Icuxopuzuk  OPTUKYAIMK  KY3UMU3HUHI  KYpuUIl  KOOWJIMSITUTA
acOCJIaHTaH, S’bHU TACBUpPJArd MAbIyMOTHUHI aWpUM KUCMHUJIATU MAbIyMOT
UYKOTWIIMILK YHUHT cudaTura ce3usiapiid Jlapaxaaa TabCUp dTMACIUTU MYMKHUH.
MacanaH: Ky3 EpyFiauK y3rapuilnIad Kypa paHr y3rapyuilinHu KaMpoK CE3aIu.

Ty3namaBuii opTUKYAIMK 2.2-pacMJla KypcaTWiraH XoJaTIarujiex,
TACBUPHUHT aWpuM KUcmilapuia naiao Oymanu. bByHu MYKOTUII ydyH TacBUpP
CKaHep KWIMHUO, KaWTapwiaauraH Kucmiapu, (parmentiapu (dpakraiimapu)
aHWKJAHAOW Ba yJap aBBaJl  aHWKJIaHTaH ¢parMeHtiap  wudomacura
aIMAaIITUPWIAAN XaMJla 11y OPKalIu y3aTWIAETTaH MabIyMOT OPTUKYAIUK XAXKMU
KaMauTUPUIAIU.

DC Component only DC+lowest 2 AC coefficients

8x8 block

2.2-pacm. Ty3miIMaBHil OPTUKYAIMKHU KYpCcaTyBuUUd MUCOJI

» Temporal Redundancy reduction by Motion Estimation/Compensation

/i s ¥

3 —
4 — — —» 1
o A

Previous Frame Current Frame 6 B =
7 N S e e

8- —— I i &

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

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

2.3-pacM. BuneocroxkeTnaru KyIrHA Kaapiap Ba yiapJard Kaapiiapapo
(bapKUHUHT KYPUHUILIH.
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Baktiu éku kaapJaapapo opTUKYAJMK OWTTa BHICOCIOKET BAaKTHUIA UKKHU
KYIIIHU KaJip opacuaaru dhapk HucOaTaH ce3uapcus oynuium cadbadmu (2.3- pacm),
TEJICBU3UOH TaCBUP MablyMOTHIA acoCHid Kaapra HucOaTaH Kanapiap (apkuHu
y3aTHUIIl aMajra OIIMPHUJICAa, BUIEO OKUMJIArd CUKUII KOI(PPUKUEHTUHUHT KaTTa
KUMaTra SpHUIIUIT IMKOHH SIPaTHIAIH.

2.2 IucKpeT-KOCHHYC Y3rapTHPHUII ACOCHIA TACBUPJIAPHU CHKHIIL.

B. Yen Tomonnman 1981 iinnna raxmud stunras Ba JIKY sxmm ypranunran
xamaa Yysraptupunviap JPEG, MPEG, MPEG - 1, MPEG - 2, MPEG - 4
dbopmatnapuaa KOpH 3PGEeKTUBINKAA KyUTaHWIraH. Ma3smyHu Oyitnda Oy ycyin
@DypbEeHUHT UKKH YI4aMiid AUCKPET y3rapTupuilura yxmaii, ¢papku (akat 0a3uc
dyHKupsnapuEn  mmathnunmuga.  JKYHMET  ad3amrd KaTOPHMHT — Tes
SKUHJIAUIMIIM Ba Y3rapTUpULUIapAa XaTOHUHI KUMMaTH KWYUK OYJIWIINHU
TabMUHJIAHUIIH.

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

LY 2x+1u 2y+1v
Fuy) = WACWIC Y, 2 p (k) {COS%}{C%%} @.1)

x=0 y=0
n-1 n-

)

2
N &

(2x+Dur c0S 2y +)vrx |

Fixy) = 2N 2N

Cw Cqv) Fruy €08 (2.2)

1
=0

<

By epna: V — rpaduk OJJOKHUHT TOPU3aHTal KOOPAUHATACH
U — 6ok wumaaru koopaunarta, C(u), C(v) = 1/ ¥2 u, v=0 yuyH Ba akc
xoaatna C(u), C(v) =1

1 u=0

AU)=1+2"
1, u=0 (2.3)

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

4 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 101.
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1
N—1 Tz +—)

. > NoL ek
F, = Z‘/, cos(——=); F, = Z‘/, sin( ) (2.4)
z=0 ) N z=0 ) "'V
A
Rl e A | | 2 cos(0)
NN TR T, I Pl A F cos(0.5x)
N \\ \\\ \/\ / \\ //’(, 4
XN % L \ Z1% /r’ » COS(X)
N N, / P ‘. 3 \
NN X // \-\\_i\,\\// A cos(1.5x)
N ’ P d N
S A s AR L & cos(2x)
Lo I Bewad o e

2.4-pacm. Jluckpet KoCMHYC aaMamTupuil GopMyiacu Ba rpaduru
AKY CHeKTpUHHMHI XYCYCHMATH INYHIAH HOOPATKH, 4YaCTOTAa CIHEKTPH
JHEPIrUSACHHUHI ACOCHMH TAIIKWI J3TYBYWJIAPH HOJb KHHAMATIH YacToTa

arpodua MUFWITAHJIUTHAUP.

* DCT(discrete cosine transform)

7 Energy packing
<._ | S

- DCT effect

u
- DCT equation(8x8 block based) LR B IRIRIIRLIAIL
o CWE g gy er_cene: MRS | v
S o T 0O 00 00000 o
T OO — 1+ -1 1| 1. "
REeR SEE SRR
(u).Clv) J2 tor u Eigﬁﬁﬁﬁﬁ
(=1 otherwise SESEEEEE
SEEEESEE
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Horizontal frequency
o 1 2 3 4 5 86 7

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

8x 8 pixel block Matrix of 8 x 8 coeflicienis

a) 6)

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

2.3. TacBupHHu BeiiBJIeT AJIMAITHPHUII ACOCHAA CUKMIII.

byrynru kyHpa tacBHp Ba OBO3HM CHKHILJA KYN TapKajiraH YCYJJIaH -
BeUBIeT Y3raptupuinvaan dogananunany Ba y ['poccman Ba Mopiie ToMoHUAaH
yTran acpHuHr 80 HuIapuaa KUPUTHIITaH.

dypre Ba JIKY JAPHUHT aCOCUN KaMYMJIUTH yJIApHUHT 0a3aBUN TapMOHUK
TaITKWI 3TyBYWIApU (YHKIMS AaBpUM OyIMaraH Xojiarjiapjaa sSXIIM WIuIaManan
Ba HaTmwkaga (olgany MabIyMOTHUHT MabJIyM KUCMUHU THUKJIAIl WUMKOHHUSTH
nykotwnanu. BeiliBner y3raptupuil MabiyM (GYHKIUSHA BEHBIET (YHKIIUSIN
TalTKW ATYBUMJIAP KYpUHHUIIUAA OCPUIMIIUIUAD Ba BEWUBIET —Oy KMUUK TYIKUH
€KM TyCaTJaH Cakpall TYJIKUHH.

¥ v 6) ¥ v
")
R RN | | —
— & ' — &
WAVE MHAT
L8 2 n v 0y v
T __,A_ g
MOPNE i NAYI —k
Ay ¥ v oy
v
o -— _" "/U\
! — A oy ok
LMB AOCBELLUA

2.6-pacm. bab3u Oup Ky TapkaiaraH BeMBieTIap

AmanuériaH 5ca BEMBIET — X0JIaTJaH XoJaTra YTKa3uIga TAaCBUPHU 11acT Ba
IOKOpM  YacToTald  (WIbTpJIAll  Xamjaa  OJMHraH  Kod(huuueHTIapHU
CUMpakIamTupuIl (JeruManusi) >kapaHUHU KYJUlalaup Ba ynap 2.7-pacMja
KEITUPUIITaH.
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o P j2= tzp e 3
o 2 S Ptz e
|

090 23 20w
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o
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' 2 wiabih e

MN® - jyacrks wacrorasap duiprpn 2 - CHHpaRIam

JO4Y® — IOKOPH uacToTanap (Guabpu $2 - wwrepnonauns

2.7-pacM. BeiiBieT — keTMa — KeTJIMTUHUHT YMYMJIAIITHPUIITaH CTPYKTYypa
CXeMacH.
373rapmpum HaTW)KacuJa MKKHTa MaccuB naigo Oymamu. Az Ba Dpnz,
YIApHUHT 3JIEMEHTJIApU KyWuaarnia aHuKIaHaIu:

A = SZK +82K+1 .
K 2 ]

Oy epma k €[ 0, N/2]

MMact 4acroramu GUIABTPHUHT KOIPPUIHEHTIAPH A[N2] CHTHAJ
ANNPOKCUMALMACH Ba IOKOPH YacToTa Kodppuuuenrtiaapu Dz 3ca curnad
aetanm3anusicu aeiiunanu. byana A Ba D maccuBiapu MaBxyn Oyica, qaciaOku
CUTHaJI- Sy HU THKJIAII MyMKUH (2.8-pacMzaa kenTupwirad kabu). Ay Ba Dinig
COH KuWMatiapu EpyFiuK HyKTajgapu OuiaH KypcaTuira.

Sy =S
Dkz%’ 2.3)

bouuaHruyg curHaa S[N]

[T 111

Armpox cumarga A 2] Aerammamit Dy

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

.

~~~~~~~~~

2.8-pacm. JlacmaOku TacBUp Ba caTpiiap Oyiinda BEHBICT —
JCKOMITO3UIUSACUIAH CYHT
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Mynnait kumb, kyn Mapotaba BEHBIET AeKOMIIO3ULMsIAN (Y3rapTUPHIL)
HaTWKACH/Ia, allpPOKCUMAIIUsIAIl MAaCCUBHUIA Ky/1a KUYUK TacBUp oiuHaau (2.10-
pacMaard Tema 4yam Oypyak/a) Ba allHM BakTJa Y KHYUK XXMM axOopoTtiap
MabIyMOTHUHU TaITKAI ATa/IHN. MaccuBHUHT KaTTa KUCMHUHH
JeTanu3alusIalTUprad HoUlap €KUM KUYMK KOd(DPUIIMEHTNIap TallKWI 3Taau
(2.10-pacmzaa Hosra kuiiMaTu 128 OYiraH Ky paHr MOC KeJaju), yjap CTaTUCTHK
KOMIIpeccop/ia SXIIM CUKUJIAAM Ba KaTTa CUKUII KOA(D(UIIMEHTUTa SpUIIMINTa
UMKOH Oepajiu.

e S

a) 0)
2.10-pacm. TacBUpHHUHT caTpiap Ba YCTyHIap Oyiinya BeiBieT GuabTpiaapu
épramuaa y3rapTUPHIL Ba UKKHA MapTa y3rapTUPULIIAH KEMMHIU XOJIaTH.

2.4.Moayasauus TypJapy Ba TEXHOJIOTHUSCH

AHaJor >MMTTUPUII aH4ya BakTaaH Oepu amrumtyaa (AM) Ba vacrora (UM)
MOAYJALMATIApUHUA KYiad unuiamoknaa. doipananyBuura CUrHaiHU y €ku Oy
napaMeTpuHH Y3rapTupuO y3aTHIL Kapa€Hu MOIYJIALUS AeHUIaan.

Pakamiin MabiyMOTHIapHM Yy3aTHIIa MabIyMOTJIap BakT €KM aMIUIUTyJa
Oyiinya CypWJIMII TEXHOJOTHUACH KYJJIaHWIMO KenuHraH. Macaman 10Mowut/c
TE3JIMKJAArd OKMUMHM aMIUIMTyJa MOHMUMyJsiuuscH opkanu xyHatumga (ASK)
TEXHOJOTHICH €pAamMuia amaira omupuirad. KoTenbHUKOB Teopemacura acocaH
YyTKa3uI mojaocacuHUHT spMu NRZ acocuii mojoca 4aToTac y4yH 3apyp OYyimaau.

busra MOayIAUMSHUHT KyWHIard Typiaapyu MabiayM:
* AMIUTUTYAA MOJYJIALIUSICH

* Yactora MOyJIsILUASICH

» ®aza MoyJISLHUICH

» Ammutyaanu Maaumyssiuscu (ASK)

* Uactoranu manumysius (FSK)

 ®aza cypunuiun Manunyssusicu (PSK)

* Ammunryaa Ba ¢aza manunynsauusicu (QAM)
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Frequency domain

'/A\. / \ //_,
TRV amv

AM
mod.

Modulation signal us(t)

Tlme domain

|ll| !l{flllllﬂklll“llll

i

il ') ,th
mm[M |

\H[\, N

n&ihm”h

Carrier lo(t)
Pacwm. 2.11. Cypaupuiran tamryBunian "HopMan" aMIUIATYAAId MOAYJISLINS

bu3z onaumusra Kyiran Makcaa-yTKa3ull MOJ0CacH KEHTJIMTUHU KUCKapTUPUO
MabJIYMOT YTKa3HIll KOOWJIUSATUHU oluMpuul. by makcanra ¢akaTruHa 3aMOHaBUI
MOZYJIALUA TypJIApUHU KyJIJIall OPKaJIUTMHA SPULLHIIT MYMKHUH.

u(t) 4

>t

I
-6 | -2 A 2 4 b

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

Pacm.2.12. CuHycouian CUTHAIHUHT BEKTOP KYPHUHMILIU.

sin

Euler formula:
A e (2Tt ®) = rg cos (21ft) + j im(2TTft);

5

5 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2010. page 96.
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AnbarTa TEXHOJOTHS TAllK{ XaJaKUTIap Ba MIOBKUHJIAP TabcUpuaa 6ab3u Oup
XaToJukiapra uyn kysau. JIekuH OM3HMHI Makcaj TEXHOJIOTHsIIa CHUHYCOMIal
KaTTAJMKIIAP KOPUI KUJIUHUIIUTA SPUITUALLIIUD.

3aMOHaBMI ~ pakamiid ~ TeJEeBUACHUEAA  pakamJid  CUTHAJJIAPHUHT
XQIaKUTOAPJONUIUTMHA ~ TabMUHJAII  y4yH  TallyBYd  MOJYJISLMSICUHU
XaJIaKUTOAPJIONLIM KoJyiaml OujaH Oupra amainra OIIMpUIl MyMKUH. byHna
MOAYJISUUSAJAH CYHI MYMKWH OViraH TallyBUMHUHI XOJAaTH Yy3aTWJIaIUraH
CUMBOJIJIAD COHUJIAH OPTUK Oylaau, SbHU XaJlaKUTOAPJONUIMKHU OIIMPHUIITa
XU3MaT KUJAJWraH KymiuM4a OpPTHKYAIWMK KupuTwWiaad. bynmail xommam Ouniax
Oupamran MOAYJSIMs KoainaHnran moxyysinus nedmnamu. (Coded Modulation).
Xanakutoapaom komnanuman OFDM 6unan O6upnamrupuiumm 3ca COFDM
(Coded Orthogonal Frequency Division Multiplex) ne6 atanagu.

881 S2 S3 S4 S

Al Tp2 A2 Tp3 A3

=

0)

S1 S2 S3 S4 S

8)

2.13-pacM. XuMOsi THTEpBATAPUHUHT MMAKIUTAHTUPUITUTITH

Mynaail kKuaub, pakaMiad TEJNEBHUJICHUE CUTHALIAPUHMU alloKa KaHallapu
paguovacToTajiapd OpKAJIM Yy3aTWITaHAa WKKA TOFOHAIM XaJlaKUTOApI0ILIv
KOJiIam uiatuiaaau. Tamku n1e6 HoM ofiraH OupuHun noroHana Puag — ConomoH
KOJIJTAll YCYJIM OpPKAJIM pakaMiu MabIyMOT KOJJIaHAIW Ba WYKHU J1e0 HOM OJITaH
WKKUHYM TIOFOHAJA 3Ca MOAYJALMS OuilaH OUpJAIITHPUITaH KaHA/UIM KOJJIalll
KyJanunaau. Hatwkana tanad KUJIMHTaH XadaKuTOApIOIUIMKKA SPUIIIAIIAIH.

V3arunaérran Koayiam KOMOWHAIIMSACUHM OKoMmamTupuin  yuyH [peit
MaHUIYJSIUsIcHAaH (origananwianayd, OyHAa KYIIHW MO3WIMsUIap Outra OwWTtra
dapk xkwmmmum Oenrwinanrad. [y ca6ab, xanakutiaap Tabcupuaa GpazaHUHT TYFPU
KuiiMaTu y3rapud, ypHUra KYNIHUCH aHUKJIAHCA, ACMONYJISAIUS YHKUIIUAATA
WKKUJIMK CHMBOJUTApY KeTMa KeTiauruaa hakat OUTTa XaToJIMK MaBxKy/l Oynaau, Oy
¥3 HaBOaTHa AEKOAEpAaru KOPPEKTOpia TYFpUIaHAIH.
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00 110 000
J 11 100
0 101
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N

2.14-pacm. TYpT no3unusiiu () Ba CaKKu3 MO3UIUSIIH (0) dhazamu MaHUITYJISITHS.

®aza manunynsuusicu DVB — S crampgaptuaa, cyHbuil dynmonuiapiaaH
paKkamJIv TEIEBUACHUEHU y3aTHUIIIAa KYJUTAaHUIIAIH.

SlHa Oup MOIyNALMs, paKaMIM TEJICBU3WOH CUTHAJUIAPHU Yy3aTHUIIIA KEHT
KYJUIAHYBYM Typ - KYI TO3ULMSIM KBAaApaTypaBUM aMIUIMTYyJa MaHUITYJISIUS
(KAMH). MabiiyMKH, KBaJpaTypaBUi aMIUTUTyJa MaHHITYJSAIUSICH OUp BaKTIa
ukkn curHawiap U; (inphase) Ba Ug (quadrature) OunaH TamryBYM CHUTHAI
yacToTacuja o, MKKUTA KBagpaTid TAapKUOWM TaIllKWi STyBUYWIAp OuiaH
MOIYJIALUSIANI BA YIIAPHUHT WMFUHINCUTA TEHT CUTHAJIHYA OJUIIAND.

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

JleMoaynsysiiamga CHUHXPOH JCTeKTOpiianl Kysuranwianud, sbHuA Ui (t)
CHUTHAJIHU COS mot Ba Ugq HU SIN ool ra KymaWTuUpuIn Xamja IOKOPH YacTOTaJIN
CUTHAJUTAPHM MMACT YacToTanu (UIIbTpAa KamMauTupuil (MyKOTHIL) HaTHKaaacH Ui
(t) Ba Uq (t) curaammap axkpaTHiIaau.

XO03Upru BakTIa pakamiu TejleBHAcHUE TU3uMuaa 64 €xku 256 Mmo3uuusiiam
KAMHnap xam KyJuiaHMoKaanap, yiap KyJjJaHuirad Oup Baktaa 6 €xku 8 outiap
y3aTHIIA]IN.

: ‘i"f*fﬁ'f‘_ ::::::::
R s aamw 100
- o the fiﬁ@i':-i:ii:é: - -

: L ST TE N T e i e

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

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

AMmntyna smac, Oajdkd WKKH KBagpaTypaBUW TAIIKWI ATYBUMJIAP
dazamapu IUCKpeT MOIYJANFUTAHTAHIA KBaJparypaBuil (a3za MaHUIYJISIHSICH
(K®MH) xocun O6ymanu. YHAA OJMHTAH CUTHA KyWHIard KYpUHUIIIA OYIaau:
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cos (ot +8;) +sin(mo t + 0 g) = AeC0oS (mot + 09), (2.5)
Oy epaa 0, 0 g kBaipaTypaBuii TAlIKWUII ATYBUUIIAPHUHT (pazanapu.
Ao, 00 - HaTWKaBUI CUTHAJI aMIUIMTY/Iacu Ba ¢a3acu.

Ndonananran onepauusyiap ojaTaa pakamin KYpUHHIIIA OakapuiIaau, 11y
ca6a6 KAB Gnokmman cyar PAY 6yummu  7103uM. 3aMOHaBHH pakamiy
CUTHAJUIAPHU Pajguo KaHaJUlapJaH y3aTUIl YCYJIM OPTOrOHAJ YacTOTAJIH
MyJbTHILIEKCUpaamaup. by uHrimm3 tununaru TexHuk agaduétinapaa OFDM
(Orthogonal Frequency Division Multiplex) neifiunagu. Xakukataa Kym
OpTOTOHAN TAayBYWIMK Moayssiusaup. OFDM kymanunranma y3aTuin KaHailu
Kyna Kymn(ro3mad €ku MUHTIIA0) KaHaTJaiapra (KaHaia octuiapra) OynuHaau Ba Oy
3ca acoCUM KaHAJIHUHI YacTOTa CHEKTpUAAH TYJIWK (oHAalaHuIl MMKOHUHHU
Oepanu. byHaaH Tamkapu acocuil KaHald CHEKTPUHUHT MabiyM KUCMUHUHT
WYKOTWIMINM Y3aTWIAETTaH MabJIyMOTHH MNYKOJMIINATA XaJaKAT KUIMANIU.
OFDM wopenu cudaruna oup xun kagamiu,y3apo kappanu (f, 2f, 3f, 4f Ba x.x.)
reHepaTopijiap Ma)XMyacd XU3MaT KWJIWIIM MyMKUH. By yCymHWHT Moxusatu 5.7-
pacMia U30XJIaHTaH.

MabnyMoTnap oKumm

4

KaHanoctunapra
Oynub YnKmw

OkumocTunap

Tawysuunap

Y
Af

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

5.8-pacm. OFDM ycynuHUHT MOXUSITH

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

2.16-pacm. OFDM curnanuHu X0CHJI KYUTHII IIPUHITUIIH.
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Z COFDM
symbol

Pacm 2.17. COFDM Moy ISTOPMHUHT Ha3apuil OJI0K quarpaMmach®

butnu cumBoap oKuMH Xy k,K€TMa-KET-NIApaJLJIEN Y3rapTUPTAy CUILKUTHULL
peructpuaa, MOIYJSIUsA KWIMHTAHAa, Yyiap mnapamwien N-pa3psaid Kojara
(X0,X1,....XN-1) almanTHpunaan xamzaa ynap OypbeHUHT TECKapH aaMaIlTHPHUII
omokura tymaaunap. DypbeHUHTI TecKkapu aaMalTHPUIL OJOKHAA YacTOTaIH
KOMIIOHEHTalap/laH CUTHAJHUHT BakKT OYiM4ya carx KuUWMaTiapu Xo,Xi....XN-1
HIAaKJUIAHTHpUJIAAuiIap Ba pakKaMm-aHAJIOr Y3TapTHPUILIAH CYHT KBa3WaHaJIor
curHan Oymanu. CyHTrpa OJIMHTAaH CUTHAJ PAUOY3aTHII KypUIMAcH MOIYJIATOPH
épraMuia TEJICBUACHUCHUHT WINYU AWANa30HUTa KyTapuiaaau Ba Ky4auTHpUIUO
adupra yzaTuiaiu.

OFDM curHajaHu OeMOIyJsAUrs KUIUIIIA KaOyn KWITHYyaa TeCKapu amal
oaxxapunaau. Kabyn kuiruy xkaOyn kwiran OFDM kBa3zuaHanor curHain gactiad
OpaJvK YacToTara KEJITUPWIIAIH, CYHIpa APY épnamuna N-paspsaaiu mapauiesn
KOJIra X0,X1....XN-1 AWJIAHTUPUIIA]IN.

¢ Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 355
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Guard interval  Symbol

= =
AN N= =
N N= =
:\§: § Path 1
A N =
N= —]
N= =
\:\\ —| Path 2
N B | Sum
7 2 A\ E =
- CEEEE S S e
Intersymbol FFT FFT FFT FFT FFT
interference window window window window window

A U U Autocorrelation function
2.18. pacm. OFDM pa xynHypsin KaOyJ1 KUJIHII

Cyurpa @OypbeHUHT TE3KOp TYFPU aIMAIITUPUII OJIOKM OpKaIM KBa3HaHAJIOT
CUTHAJ CaHOKJAapu KUWMATIApWJaH MOIYISLUMUOH CHMBOJUIAPHUHT CHEKTpUAI
kodhuIMeHTIapy  MMaK/UTAHTUPWIIAAX  XaMJa  yJlap  KeTMa-KeT  Kojra
Y3rapTHpUIITad, JeKOAJAIIHUHT KaHall TPAaKTUIa TyIlaau’.

Ha3zopar caBoJsiapu
1. TacBup cuUTHAUTApUHU CHUKWII AacOCaH HedTa ycydl OwjaH amanra
omupunagu’?
2. TeneBu3noH TacBUp KaHIal TypJard OpTHKYa MabJIyMOTJIapra 3ra Ba yiap
KaHJ1ail Typaapra 0yauHaan?
Ko optukuanukka Tabpud OepuHr.
[lcuxopu3noI0ruK OPTUKIATUKKA TabpuQ OepruHT
DneMeHTaapapo EKU CTATUCTUK OPTUKYATUKKA Tabpu OepuHT.
Ty3unmaBuii opTUKYaIuKKa Tabpud OepuHT.
Baxrtnu €xu kanpimapapo OpTHKYIUKKA Tabpud OCpUHT.
CI/IFHaJ'IJ'Iap MaTpulacu 1ed HuMara autumiaau?
. JIKY CHeKTpHHHHT XyCYCHATH Ba YHHHT aTOPUTMHTA Tabpud) GEpUHT.
10 TacBUpHU BEUBIIET aIMAIITHPHUII aCOCH/IA CUKHII aJITOPUTMUHHU EPUTHHT.
11. AnnpokcuMakiiys Ba AeTaau3anusra Tabpud OCpuHT.
12.Coded Orthogonal Frequency Division Multiplex kanmaii TexHoI0THSI?
13.QAM mopynsauusicunary 4, 16, 64 MO3UIUSIN MOHUITYJISIUS TYPIAPUHUHT
Ooup Oupunan GpapKuHU TYITYHTUPHHT.

©CoOoN Ok

" Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 362
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3- MaB3y: Y4 VJI40BJIM TeJJeBUICHUSTHUHT aMaJIIa KYJJ1all HMKOHUATIAPH.
Pakamuiu TesleBUAEHUSTHUHT CYHbUI Y1011, MOOWJI aJI0KA, KadeJl
THU3UMJIAPH OPKAJIM TAIIKWJIAIITHPHUIN Xycycusitaapu. Pakamiiu
TeJIeBUJICHUSIHUHT KATerOPUsJIapu, TAPKUOJIAPUHM BA TUSUMHHHT
CTPYKTYPACHHM aMAJIHETTa TAA0UK I THIIL.

Pexa:
3.1. Ep yctu pakammn DVB — T TenesmuTTUpHIll TU3UMHU, Y3aTUII Ba KaOyn
KWINIIJIa CUTHAJIJIapTa UIIJIOB OepuIll.
3.2. MPEG-2, MPEG-4 TeneBuaeHe SITUTTUPHUII CTAaHAAPTIAPH.
3.3.PakaMin TENEBM3WOH CHTHAJIHM QJIOKa KaHAJIapu OpKaIM Y3aTHINTa
Oynran Tanabinap.

Tasinu n6opanap: SDTV, irrelevant information, Huffman coding, sensitivity,
Data reduction, DPCM, Zig-zag scanning, Horizontal and vertical blanking,
blocks and macroblocks, Bidirectional delta frames, Quantization,
ZeroSequence , encoder

3.1. Ep yctu pakamiiu DVB — T TejieamiuTTUpHII TU3UMHU, Y3aTHII BA
Ka0yJ1 KWINIIIA CHTHAJLJIAPra MILI0B OepHuIllL.

XaJIkapo pakaMiIM TEJIEAMUTTUPHUIIHY TAIIKHWUTAIITUPUITHUHT EBpomnaxaru
Karra Jouuxanapunan Oupm Pakamaum Buageo smuttupumn- Digital Video
Broadcasting (DVB) 1993 iiunu oxtsa0pe oitmga Oouvtanran. DVB Project -
JoduxacuHuHr 1tad — kBaptupacu llIBemapusiauar JKeHeBa mraxpuia
koinamrad. Xankapo rypyxHuHr DVB Project noiinxacu acocuima Kyilujaaru
paKamMIIi TEJICBUICHUE CTaHIapPTIApH KaOyJT KHJIMHTaH:

- DVB - C (C - cable — xabenp) pakamiin KaOesuTd TEIEIIUTTHPHIIL;
- DVB - S (Sattelrte — itynmomnr) cyHbuit HyIAONLTH TSNS TTHPHIIL;
- DVB - T (Terrestial — ep ycTu) ep ycTu TenesMIMTTUPHIILUIAPH.
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3.1. xxagBan

DVB cranaptu TypiaapyuHy KyJuiall coXajtapu

L'ypyx
HOMIL AXxamusTu N3oxu Monynsuusicu
Kommpeccusinanran
DVB - | Cynsuii tiynnonum | (cukmirad) Bujaeo Ba ayanonu | QPSK, 8 — PSK,
S TENEATUTTUPHUII xam/Jia UyIao1n opKaan 16 - QAM
KyIuMYa axOOpOTHH Y3aTHIII
Xynau DVB — S narunex Ba
oo SHa KYIIMMYa TypJar
DVB - Cynbuit Hynnousa MOJyJIALMAIAH (ONJaTaHNII QPSK, 8- P..SK’
S92 TENEATUTTUPHUII Ba KAHANHM Y3aTHIL 16 — QAM éxu
MKKHUHYHU aBJIO/ 32 APSK
KOOWJIMSTH KEHTJIUTUHU OUp
Heya 00p KaTTaJIallTUPHIIL
Cynbuit yngonutu/ ep yctu
SIIUTTUPULLTAPHA MOOHII
CyHbuii Hyngonum KaOyn kuiuil. CyHbUit QPSK,
DVB - N
sH MOOMII Tele WYII01ILITN Ba €p YCTU 8 — PSK,
SIIUTTHPHULIT TU3UMIIAPUHU OMprajaukia 16 - APSK
KyJuan (Kuckaya ruopu/
TapMOKJI1ap)
16 - QAM, 32 -
Kommpeccusnanrad(cuKuiran QAM
DVB - KabOennu tene ) BUJIEO Ba ayJMOHU Ba :
C SIIUTTUPHUIIT KyIImmMy4a axO0pOoTHH 64— QAM, 128
kabemnnap OpKaiM y3aTum | QAM &xu 256
- QAM
QPSK, 16 —
DVB _ Kabemmu tene Pakamiu kabemm § :I\% ’26546__
2| g T 1024
QAM, 4096 -
QAM
KoMnpeccusimanran
(cukuiran) Bumeo Ba ayauo Ba | 16 — QAM éxu
DVB - | Ep yctu adup tene | kymmmya axoopoTHu ep yctu | 64 — QAM (Exu
T SIIATTUPHIIN 3hupH OpKaIH QPSK) COFDM
TEIEAIUTTUPUIITHU Owian Oupra
y3aTuii(CTaHaapT Kaoyi)
Pakammu aup DVB — T xabu, Qaxar QPSK,
DVB _ Tene MOAYJISIUSHAHT Ba KaHATHA 16— QAM,
T2 SUIUTTUPUIITHUHT pemniﬁggzi?z;l;;g;ﬂ 1Ty 64 — QAM,
WIIHHAR ABTON |~ 0646 DVB — T ra nuc6aran 256 - QAM
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KaHAJTHUHT YTKA3HII
KOOMIATUHUHT KEHTJIUTH 2
O6apobap opranu. Jlekun Oy
crangapt DVB — T Ounan

Oupra uiiaManam

Ep ycTu pakamiu TeNe3UTTUPUILITAZUMUHY SIPATHUIL aHYarnHa MyaMMOJIH
Bazu(aaup, YyHKH MIAXapHUHT Myppakad, xap Xuil KYpUHULIAATH KypUJIHIILIapH,
OMHOJNIApY PATUOTYJIKUHIAPHU KailTa -KalWTa KaWTaauraH TYJIKUAHIAD XOCHII
oynmumura, spHU uHTepdepennusra ommud kenaau. [lyranait Kumo, KaOya KAITATIT
XyIoyauaa dJeKTPOMarHUT Ky4WlIaHHWIIA JOUMO Y3rapuIlM MYMKHH, XaTTO KaOyl
KWIWII HYKTAaCH TYFPUJAH- TYFpU KYPUHUO TypraHaa XaM, sbHU “VIUK’ Xyayajiap
naijgo OYiuIM, HaTWXKajla CHUrHal KaOynl KWIMHMACIWTH MyMKHH. byHmad
TalIKapy Iaxapiapia caHoaT XajlaKUTiIapH, OOIlKa Iy YyacToTajllapAa UlIaéTran
KYIIHA XYIyAJard paguoy3aTruwiapJaH YMKAETraH XalakKAT XaM eTapiIuIup
Xamja ynap OwiaH anbaTTa Kypamuil Kepak. SlHa KymuMya ep yCTH pakamMiu
TEJCBUJCHUECH MaBXKyJ OYJIraH aHajior TEJIEUTTPUII THU3UMIIApU OuliaH
Mocnammiy gapkop. lly cababmu ep yctu pakamiid TeleBUJCHUECH KyWHJlaru
TanabJapHu KOHUKTUPUIIN KEpak:

—  XaJaKuTOApJOIUIMKHH FOKOPH JlapaxkaJa TabMUHJIALL,

— TEJEBU3MOH CUTHAJIHM aHUK CTaHAapTIapAa, XU3MaT axOOpOTJIapuHH,
TeJeTeKCTIapHu CcudaTI y3aTUII Ba MabIyMOTIApHH pyxcaT JTHJIMAaraH
KUpUIIUTApJaH XUMOSJIAII;

— TENEBM3MOH KaOysl KWWl  KypWIMQJIApUHU  WIOKH  Oopuya
ap30HJIAIITUPUIN MaKcaauga pakamiau CyHBUU Hynmomi, kabelb TeIeBUIICHHECH
KypriIMasiapy OMJIaH MOC KEJTyBUM YHUBEpCA CTAHIaPTHU SIPATHILL;

— KYTapuO I0pWIyBYM KaOyl KWITWY KypWiIMallap Ba XOHA aHTEHHalIapu
épllaMuia CUTHATHUA KaOyJl KUJIUIITHA TabMUHJIAI,

— OuTTa YacTOTa M TAPMOKHUHT UIIAITMHU TAbMUHIIAII Ba OoIIKaiap.

[y ca6ab, DVB — T Hu spatumigara MyxXuMm XyCycUsSTIapaaH Oupu OUTTa
yacToTanu €KW Ky YacTOTadu MOIYJALIMSHU TaHJalian uoopar Oyiau.
Texmmpunuiap myHu kypcarauku, (akat OFDM ananor PAL Ba SECAM
TU3UMIIApUIATH y3aTruujapra HUcOaTaH XajdakuTiapra OapJoIIM KarTa, ailHMKCa
Oup yactoTanau mapoutaa 0y ad3auiuK IOKOPH.

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

— CHMBOJITA TYFPU KEITYBUM MHIUBUyall TAllyBUUJIAP COHU;

— XMMOSI UHTEPBAJIMHUHT KEHTJIUTH;

— TaIlyBYWIAPHUHT MOYJISIHSUIIAII TypJIapH;

— CHUHXPOHM3ALUsIIAII YCYIIU.

Texmupuin Ba TaxJIMUIAp UIYHU KYpCATIUKH, OUp 4aCTOTalu TapMOKIAru,
XyJyajiapa KOWIaIran y3aTrud KypuiMaiapu opacuaara Mmacodanap 60 kM naH
KaM OyJMaraH XoJsatnaa,, TeNe3UUTTUpUIIHU Tapkatumga 6000 naH oOpTHK
tamyBun curHawiap kepak. bynna COFDMHM TabMHUHIOBYM MHKpOCXEMaiap
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TanryBuUMjiap conu 2" mapaxkamacura TEHT OyiraHaa unniaiawiap, mry cabad yHra
aKuH OYaran con 8192 éxu (2%) tannanamu. By peskuMm mapTiu paBumjga “8k”
neb arajaau.

i C(oded) + O(rthogonal) F(requency) D(ivision) M(ultiplex)

[(TITTITT] ssssmssnss NETTIT TR

H ~ o H
: EP o :Band-
FIR ’: Pre- sPower: s .

: ,’E :-’! pass
|_ fiter [4 com. £7| /ge | :2mPL 173 finer
‘.llll..‘.

LLELY L
1_.‘

¥

i.-.lnooo: ‘I'l..ll.:

TS1
FECLP p»
Bit =
5% ymbo b Guard
2 inter- B inter- | 2 P Z;me 1 IFFT Pinterv. =
e FEC HP
(option) ™ (2, 4, 6) T
l - o o
Pilots, TPS

3.1.pacm. DVB-T MoaynaropuHusr 610k cxemacu. (1-Kucm)

Data rate in x 204/188 X 2 x (1.5-code rate)
FEC1/ FEC2/ = Date rate out
Inv. sync. cutee inner [2.17..(1.63)...1.36]
f I coder coder
TS in | Base Ener- Reed- Conv. < Coded
=p| band- fp] SY1C Lpf Solom I inter- COC';W ] ©  [»data
interf. invert. disp. Nne. leaver] | %" g 2| out
Synchronization T
< > Code rate
Same as in DVB-C 112...(3/4)...7/8
< >

Same as in DVB-S

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

1995 #unga »NEKTpPOH TEXHUKAJIapM WMKOHUSATH OyHJal KaTTa COHJIH
TallyBUWJIAPDHU TabMUHJAW osmMaran, my cab6ad6 DVB — T crangaptau
y3mamTupum Mmakcaguna 2048 éxu (2'1) comnm TamyBumnapHm GepyBUM pEXHM
KYJUlaHuWiaraH Ba Oy pexkuMm “2k” nevtmmaau. lllynmait kunmub, cranmapt sroHa
Maxcyc pexum “2k/8k” ned OGenrunanrad. X0o3up AaBplia KMMMaTH ap30H IOKOPHU
YacCTOTAIM  MPOIECCOPJAPHUHT  ApaTWIWIIKM  OwinaH “8k” pexuMu  xaMm
Ky IJTaHUJIMOK A, &

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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DVB — T crangaptujia CHMBOJUIADHUHI aKTHUB KHUCMH YYyH MKKUTA BaKT
JTABOMUWJINTHA UIIJIATWIAAH, IbHU “2K” pexxuM yuyH T1 = 224 mkc Ba “8k” yuyH
T2 = 896 mxke. lymapra spama tamyBuniap opacujaarua dapk (kamgamiiap) “2x”
pexxumuga Afy = 1/T1 = 1116 I'n Ba“8k” pexxumuza Af> = 1/T» = 446,4 T'u. bynna
tamryBunsiap conu N1 = 1705 Ba N2 = 6817 Ba yMymuil ciekTp KEHIJIUTH UKKU
xonataa xam 7,61 MI'm, nemak ymapau 8 MI'm mosiocama erapiauya 4yacTtoTa
WHTEpBaIapuaa >KOMIAIITUPUIIT MyMKHH.

Digital Video Broadcasting Terristrial TH3UMUMHAZ  MabIyMOT
CUTHAJIJIApUHU MOIyJIsLMsIIaga acocaH OFDM MOIYJIALMACHIAH
doitnananunaan. DVB-T tusumuaa xkorepent OFDM mopymsimus KyinanuiuoO,
doiinany MabIymMOTIap TaulyBuucu auddepeHnnan Kojiapaa akc STTHPUIaIu.
bynpan Tamkapu kaHan cudatuHu OaxoJyaniaa KyJJIaHWITYBYM KYIT COHJIA MUJIOT-
CUTHAJJIApU KOPPEKUUACArd XaM 3pUIIUII Tanad KuinHaau. by aca ¥3 HaBOaTuaa
KaHasl cudaTtuHu 0axomamniia Kyja Keaaiau.

TPS »l e - -~ LR ,l e / TPS
Cal'rlel'\‘ I AR R AR ERE R AR ) Carrlef
\ » L 3 - - - » - < /
\0‘ 2|o|olals|e ‘.(
/ 4 " AR EERERERE ] e 'v\
/ YR AR EIERE] \
e Continual
~ & | a|¥ | a|e | w
Continual * -
or scattered
scattered pilot

pilot

3.3.pacm. DVB-T tamyBunnapu: ¢oiiganu KyBBaT TallyBUUCH, JUOMHI Ba
TapKaTWiIrad nwiotiap, TPS tauryBunnapu.

DVB-T tusumumaru TOAVYna (teckapu Dypbe anMamTupuin yCyiu)
2048ta €xu 8192Ta Hykramap kyutaHunaau. Hasusra kypa ymOy Hykranap
KeMMHYATUK MabJIyMOTJIApHU y3artuiiga Kyjutanwianu. 8K pexxumuna ¢oitnanu
MabiyMoTiap tamyBuucu 6048ta, 2K pexumuaa sca ymap 1512 TaHm Tamkwi
xunaan®. Mkkana pexumaa xam DVB-T tuzmumu xycycusitaapuaal Keiaud YuKuo
MabJIyMOT y3aTuill Te3nuru Oup xun Oymamu. DVB-T tusumuaa kyhunparu
TypAard TAULyBUYMJIAP MaBXy/:

e V{pHATWIraH X0JIaT/aru Xapakarcu3 TaluryBuuiaap (aMIUIMTy1ajiapy HOJ
caTXra CO3JIaHTaH)

e VpHaruiran xonariu Payload tanryBummnap

e VPHATWITaH XOJATIU y3JIYKCU3 UJIOT CUTHAJLIIAP

e crekTopu Oyitnuya y3rapyBuu TapKaTUJITaH MUJIOT CUTHAJLIAP

® 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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e VpHaTuiran xonarau 1PS ramryBunmiap

bynnan Tamkapu DVB — T crangaptuma xap Oup MOIyJISIIUS PEKUMH YUYH
TYpTTa HUCOUU XUMOSUIAIl MHTEPBAJUIApY KUIIMATH KY3/1a TYTHIITaH Ba yjIap aKTUB
CUMBOJIJIAPHUHT JaBoMUIIMK BakTu T HuHr 1/4, 1/8, 1/16, 1/32 KUCMHHU TaIlIKUII
sTaawiap. 3.2 xaaBanaa 6ab3u acOCHUN MapaMeTpIapUHUHT a0COTIOT KHMMAaTIapu
KEJITUPUJITAH.

Kentupunran masnymotnapaan kypunaauku, COFDM épnamuna pakamiu
TEIEBU3UOH  CUTHAJ  y3aTWIraHja CTaHJapT  aHajor  TEJEIIUTTUPHIIL
paguokaHammHUAT 8MI'TT wactoTra mosocacuaad QoiiganaHun MyMKHUH Ba Oy
X0JIJ1a ¥3ap0 UKKU SIKUH paJlOKaHAJNIADHUHT XaJIaKUT OepMaciIuKIapy y4yH yap
opacunaru xumosi ¢hapku 0,39 MI'11 Talkum 3TUIIA MyMKHH.

3.2-xanBaniga COFDM TamyBUMiapuHUHT paJMOKaHAIJIArH, XWJIMa XHII
ycyJulapjia MOAYJSIUSAJIAHTaHAaru XoJiaThAa, pyxcar STUJITaH CHUTHAJ/IIOBKUH
HUCOATMHUT MUHUMAaJ KUMMaTH Ba Qoifanu axOOopoTiIapHU y3aTyBUM HKKUIHK
CUMBOJIJIAPH TE3IUTU KEJITUPUIITaH.

3.2-xanBan
DVB — T craunaptugaru COFDM monyisiidstHUHT acocHil mapameTpiapu

Moaynsuus R o
PEKUMHU

Nuramn naTEpBan
naBomuituru Tp, 896 224
MKC

TamyBun
gacToTanap 1116 4464
opanuru A/T'1y

TamryBumnap conu 6817 1705

YacroTa moiocacu

KeHriuru, Ml 1 7,61 7,61

XuMost
WHTEPBAIMHUHT
HUCOUI
JTAaBOMUMIIUTH

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

Xumos
VHTEPBAJTUHUHT
JTABOMUIJINUTH
A,MKC

224 | 112 56 28 56 28 14 7

A+Tp CUMBOJIHUHT
JTABOMUIJINTH, MKC

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

VY3aTruyuaapHuHT
Oup vactoramu
TapMOKJIATH 67,2 | 33,6 | 16,8 8,4 16,8 | 8,4 4.2 2,1
MaKCUMaJ OpaJIiFu
(kM) d=cA, ¢ —
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EPYFIIMK TE3JIUTH

3.3- sxazaBai
XuymMa X1 MOAYJISIIIAS X0JIaTIapria MabIyMOTIIap Y3aTUI TE3JIUTH
Komaunar | Curnan/moBkuH,nb doiganu Te3nnk, Mout/c
Monynaius HUCOaT
P reqmury | Crammomap | MoOu |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-OMHu 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 KAMnu 1/2 14,7 16,0 14,93 | 16,59 | 17,56 | 18,10
64 KAMnu 2/3 17,1 19,3 19,91 | 22,12 | 23,42 | 24,13
64 KAMnu 3/4 18,6 21,7 22,39 | 24,88 | 26,35 | 27,14
64 KAMnu 5/6 20,0 25,3 248 | 27,65 | 29,27 | 30,16
64 KAMHu 718 21,0 27,9 26,13 | 29,03 | 30,74 | 31,67

DVB-T TH3UMHHMHI y3aTHII KHCMU/IA CUTHAJUIAPra UILJIOB Oepuill.

Typmu  wmna®  9ukapyBUwIap  KypWIMAJAPUHUHT  WIUTANIIAPWHHA
MOCJIAIITUPHIIT Y4yH pakamiu MOIYJISAIUSTIAaHTaH paroCUrHaIIap
napamMeTpJapuHUHUHT  CTaHIapTiapu OenruiaHaau. Pakammaum  ep  ycT
TEJEAMUTTUPUII TUZUMIIAPUHUHT Y3aTHII KUCMUJIATH CUTHAJI Ba MabIyMoOTjapra
UIIUIOB OCPHII TAITKUIUHN un3Macu 3.4-pacmaa KeITHPUIITaH.
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Soarce coding and Multiplexing

To Acrial A

MUX -
Adspiavon] | Ower | | Outer | | fnner Imner Mapper Clmed .

Fnergy Coder Interlesver Coder Interleaver i ] Imerval VA [ From Find

i Insertion
[ ¥ ] S W plbean ot 1) pajhatopiil W1 ettt |
| Adapiation)_' Outer 1 ' Outer ' Ineer 1

— 1 Energy 1 Coder 1 )lnterleaveri ) Coder
! Dispermaly ¢ ___ . Y PR . '
Terrestrial Orarsnc! Adapter

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

VY3arunaérran MabiaymMoT (TacBUpP CHUTHAJUIApH, OBO3 CUTHANU, rpaduka Ba
Ooomka xu3mar Mabiaymoriapu) MPEG-2 MPEG-4 xoxep cranmaptTiapuia
CUKMINTUpWIaAU Ba (xap Oup KypuHuil anoxuna) KojiadHagu. CyHrpa
MYJIBTUIUICEKCUPJIAI  yCYJIM OWIaH JacTyp OKUMH spaTWiaJd Ba yHra
BUJICOCUTHAJI, OBO3 CUTHAJUIApH XaMJla 3apyp XoJaTiapiaa rpaduka axO0opoTiapu
KUPUTHIAIN.

Keiinn Oump Hewa pactypnap okumubu Owupnamrtupuimi MPEG-2 HunTr
TPAHCTIOPT OKMMHHHU INAKJUTAHTUpaad Ba Oy OkuM ¥3 HaBOaTuAa sSHA WKKHUTA
TaUIKWJI 3TYBUM TPAHCHIOPT OKUMJIApUTra aXpaiaau.

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

Pangomuszanmsara MPEG-2 TpaHcnopT mnakeTiapu KeTMa KETJIUTUHU
TAbMHUHJIOBYM PaKaMJId OKMMJIAPHU MOCJAIITHPUII ONepuusicu Moc kenaau (6.2-
pacm).

SYNC

< 8 TPAHCHOPT HAKCT IdpH

3

3.5-pacm. MPEG-2 HuHT TpaHCHIOPT MaKeTIapUHUHT MOCJAIIyBH.

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

—p D, D D D D D D D D

< XOR :
’ AND ey YOR Ma:’:‘y'(':(l:::ap

pyxcar  mabnymoTnap Kupuwu
3.6-pacMm.MabnymMoOTIapHU paHIOMHU3ATOPH

Tamku koaam Ba opanaTum. Tamky Koajam Tu3uMuaa Xxamma 188 6ait
TPAHCHOPT MAaKETUHU XUMOsUIall (CUHXPOOANTHH XaM KYIIraH xosja) yuyH Pun-
Conomon xoam wnmiatwiaad. Kommam skapaéamma Oy 188 Oaiitra 16 Ta
TEeKIMUPYBYM OanTiaap xam (3.7-pacm). KYIIHIa N,

SYNC1 éxu
SYNCn
1 Ganr

Texmupysun

SYNC 1 éxu MABIYMOTIAD
sii_.NCﬂ. 16 Ganr

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

3.8- pacMa Tamku opajaTray Ba JCOPATATTUYHUHT (KalTa TUKJIATHYHUHT)
Ty3WIMaBUA CXEMacu KENTUPWIraH Ba y 12Ta CHIDKUTHIN PErHCTpiapH Xamja
KOMMyTatopiap Ky(pTaurugan tamkuia tonrad. Kommyratopiap »kydTiauru
CHUHXPOH paBHIlJa, OalTiap KeTMa —KETJIUTH 4acToTacu OYiuda, perucTpiapHu
KHMPUII Ba YUKW OKUMJIAPUTA YJIaUIu.
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] MabnymMoTnapHu Teckapy opanaruw
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3.8-pacm. MabyMOTIapHH TAIKU OpaJIaTUIII

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

TroHep €pmaMuia KEpakiau 4acTOTa KaHAIW aXpaTWIaAW Ba CUTHAJI OPAIHK
yacrorara yTkazwiaau. CyHrpa OpajvK 4YacTOTald CUTHAJl Ky4YauTUPUIIHU
apromatuk  OowmkapyBun (KAB) kypunma éEpnamupa  OomkapuiaauraH
KydaiiTupruuaan Yo, APY Gnoknaa pakamiy mAkira y3raptupuinaau. bynpan
KEeHMH KBaJpaTypaBuid JEMOJITYJIALMS Oakapuiaiu.

Hatnxana COFDM curHalivHUHT XakKMKHM Ba MaBXyM KHCMJIapura MocC
KEJYBYM, KBAaJAPATypaBUW TAIUKWI ATYBUWIAPUTa a)XpaTWaJWiap. YHIOAH CYHT
OJIMHTaH KBaJApaTypaBHil TAlIKWI 3TyBUMJIApU YUyH DYpbEHUHT TYFpU HUCKPET
y3rapTupuiuiapu amaira omupuiany Ba yHUHT HaTuxkacuga COFDMHUHT TYIUK
nemoaymsiusicu O6axapunaan Xxamaa COFDMHuHT y3atuiagurad CHMBOJIIApU
HIaKJTAHTUPUIIAIN.
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NCO

=fJ/4
(T2, = 1/4) f, =4 * 32/7 MHz Cont.
pilots Frequ.
COfrT.

TPS TPS
carrier | dec.

3.9.pacm. DVB-T kabyn kuiruya 0JIOK cxemacH.

Conv. Reed- Ener
_— gy] | Sync.] |Base-

FEC.;, ViterbiL gt de- Lpisoiom. f=p disp. = inv. ] band 1S
data in dec. inter- dec. rem. rem interf. out
from leaver] :

de-
mapper

Code rate

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

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

Bynna ®TY Gnokunan onuaras Mabiymoriap KAB yayn doiinananunanm sa
CHHXPOHM3aIHs 6lokura Tymagu. CHEXpoHM3auus 61oku APY yuyH TamyBunm
CUTHAIl 4aCTOTACH Ba TAKT MMIIYJIbCJIapUHU TUKIaiau'®, YHIaH Tamkapu KaHam
XapakTepUCTUKATapUHU OaxoJail OJ0KuAa Ka0yn KWJIMHTaH TallyBYM CUTHAJLIap
Taxauil KWIMHAAA. Taxiaumn  HaTwkalapura Kypa  alloKa — KaHAJIMHUHT
YTKa3yBUaHJIMK (QYHKUIUSACH OaxojlaHAagu Ba KaHAUIAPHUHT Ty3aTUILIapU
(xoppekuusicu) amanra omupuiaaau. Koppekuust Kuuiga xap Oup TalryBYUHUHT
CUTHAJIM ymOy TallyBYM Y4YyH aHUKJIAHTaH KaHAJIHUHT  YTKAa3yBYAHJIUK
byHKUMsSICUra TeCKapy KUiMaTUra KynanTupuiaam.

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

53



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

MPEG-2

Tuner

I12C bus

Micro-

processor

Keyboard /
remote
control

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

CyHrpa MabiyMOTJIap OKUMH MabJIyMOTJIApHU I€POHIOMU3AIMS KUIHIL YUYH
neckpeMOrepra KenuO Tymiaaud Ba JacTIaOKM pakaMid OKUMHUHT TY3WJIMIIN
TUKJIaHA]IH. Pannomu3zanus KYJUTaHUILINA TUKJIAHUII CUTHAJTHU
nceBoTacoAuduii KeTMa KeTiauK OuinaH MOoayJb 2 OViinya KaiTa KYIIUII OpKaIu
amanra ommpunanu. llyngan cyur tuknanran MPEG-2/ MPEG-4 tpancmnopr
OKUMH JIeMyJIbTUIUIEKCOpra KenuO Tymaau Ba Oy epAa TaHJIaHTaH JacTypura
acOCaH TPAHCIOPT OKMMUJIAH TMAKETJIAp aKpaTUO OJIMHAIU Xamja BHJIE0, OBO3JIH
TAlIKWJ 3TYBYM Ba MAbIyMOTIAPHUHT AJIEMEHTAp OKUMJIApU IIAKUIAHTUPHUIAIH.
HeckpemOiep Ba JeMyJIbTUIUIEKCOP OOIIKAPYBUHHU KOHTPOJUIEP amalira OLIMPaIH.
JleMybTUIIEKCOP TPAHCHOPT OKMMMJIAH JACTYp KaJABAJUIM MaKeTJIapHU TaHIa0
OJlaiM Ba yJNapHU KOHTpoJuiepra ysaraau. KoHTposuiep TpaHCHOPT OKUMHIAru
JacTyp MabiIyMOTJIAPUHU JKpPaHJA aKC STHUIIMHU TabMUHIAngu. Doupananyudu
Oyiipyfrura Kypa JacTypiiapiaH OMpH TaHJIaHaau Ba ymoOy aactypra teruuuiu PID
XaKMJIard — MabpiayMoTiap, Kedarycuaa UOIy [akeTJIapHH  TaHJall — y4yH
JNEMYJIbTUILIEKCOpra y3aTuiaagu. TaHjaHraH JacTypra KylluM4ya MabIyMOTJIAp
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(cy0 TUTpIap Ba XaKo30Jiap) AEMYIbTHIUIEKCOPJAaH KOHTpOJUIepra Keauod TyInaan
Ba KOHTPOJUIEp YJapHH KylmIuM4a axOOopOTJIapHU HAMOWHUII KWIMII OJIOKHUTra
y3aTaju.

Kontposnep, myHuHrzaex, (oijganaHyBUMHUHT MaOjard TyjaaraH MyJUTUK
JacTypjapra KUPUIIMHA TabMUHJIOBYM BOCUTAJIAPHU V3 WYHUTa OJYyBYM IIAPTIU
kupuin Tu3umu (IIKT) O6unan Gornuk. JlacTypiapHu aeckpeMOjepaiira Ou/l
MabIyMOTJIap TPAHCHOPT OKMMM TETUIIUIM TakKeTjapuja y3atuinaau. bemyn
JacTypllapHH Ba yMyMud ¢oiiamaHuil MabilymMoTIapra Jra MakeTJapHU
JecKkpeMOmepanl yuyH KyIuM4a MabIyMOTiaap Tajgald sSTHIManIn.

lynnait kunub, pakamin TeleBUAeHHE KaOyn KMITHYKIA TaCTypHHU TaHJall
UKKHTa OOCKMYJa aMmalra OIIMpHiIagu. ABBaJl OMp HedTa jAacTypiapiaH ubopatr
TPAHCTIOPT OKUMH Yy3aTanaéTraH TeJIEBUJCHUE SIMUTTHPHUIN KaHAl TaHJIAHA/IH.
CyHrpa Xyaau 11y TpaHCIOpT OKUMAAry JacTypiap/iad OMpH TaHJIaHAIH.

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

Ayauonekoaep YUKUIUIapuaa aHaIor MIaKIAard OBO3 MIAKUIAHTUPWIAIN Ba
OBO3HU JIUTTUPHUII OJOKIApUTa TYIIAIH.

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

MPEG-2 crangapTé TENEBHJICHHE SIIUTTUPHIN TH3UMIAPA YIYH MaxCycC
unuiad yukwiran 6ynu6, 10 ta kucMmman mbopar. bupunun kucem 1994 iiunna,
oxuprucu 3ca 1999 nunna takaum stunrad. MPEG-2 cranmaptu MPEG-1HuHr
aH4Ya SAXIIWIAHTaH Ba TAaKOMWUTAAIITUPWIMINM  sSHAJa MypaKKaOJjallra,
Ty3uaMacuaa pakamiad okuMHuUHT [, P Ba B kaapmapuman oiinananunaauran
KYpUHULIUIUDP.

Video Production DVCPRO
Home Video MiniDV

Motion JPEG

1988 1991 1993 1995 2002

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

DCT \ \: \: \:

ISO/NEC MPEG-1 || MPEG-2 || MPEG-4 || MPEG-4

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

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

Windows Media 9
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3.12.pacM. Buzeo koaiam Typiaapyu puBOXKIJIaHUII TAPUXU.

11

MPEG-2 cTangapTi pakamiid WyJaoll, kabellb Ba ep YCTH TeICBUISHUECH 1A
(dao KyJIaHWIIa TN,
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3.13.pacm. MPEG-2 npodwuiapu Ba gapakaiapu.

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

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

Tuzumiau KUCM- CTaHJApPTHUHT OBO3, BUJIEO Ba OoIlKa axO0opoTiIapHU

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

Tuzumiu kucM- Oemnra acocuid BazudanapHu Oaxapaau:

Tuxmanum BakTUaa OWp HEYAa CHUKWITAH OKUMIIAD CHUHXPOHHU3AIMSICUHU
TabMUHJIAIL,

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

Bydepra xuzmar kypcaruii;

Bakr mikanacuHu(TH3UM BaKTHHU) aHUKJIAIIL.

Bugeo KHCM -CTaHIAPTHUHT IOKOpU cu(daTid pakaMid BUACO YUYH

11 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 137.
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KOJJIaHTaH OWTiIM OKMUMHMHHU Xxapaktepiaiinu. MPEG-2 ¢gopmatu MPEG-1aunr
Oapua HII peXUMIAPUHU KYyulad- KyBBaTIalaM, sHA KYyIIMMYa caTpiapapo
BujeoopmatHu Ba IOKopu aHukiauknaru tenesuaeHue (FOAT) xampa crepeo
TEJIEBUJICHUEHU KYJUIAlll UMKOHHSTIApUTa dTa.

Quantizer matrix Quantizer
exﬂsion [scale factor
K T >
Sfquence OP’ lPicture HSIice ["Macroblock | [Macroblock
Pointer to ‘ -
1st frame -\ 4 !
of PES Sequence Picture header \
packet Slice header
header OP header
Packetized Elementary Stream PES
i header
\
DTS \ Length indicator
prs PES
header
Ttans oHstream
P [l 1 RN [I
! \

3.14.pacm. MPEG-2 mabiiymMOTIIap OKUMU CTYPKTYpacu

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

Cranpmapt pakamiu teneBunenne SDTV (Standard Definition Television)
CUTHAJUTADUHM CHKMACJaH ajokKa KaHanu Oyinad y3atum yuyH 270 Mowut/c
Te3NMWK Tajgad KuiauHaau. Xarroku HDTV okopu aHUKIMKIArd TEICBUJICHHE
CUTHAJUIAPUHM y3aTUll yuyH 3ca 11'0ut/c Te3nuk tanad kuinHaau. by aca y3atum
Ba DIIUTTUPUII MaKCaJHW YUYH KyAa KaTTa Te3NnuK xucooOmananu. llyHuHr yuyH
XaM SITUTTUPHIIT COXACHIATW Xap KaHJal CHUTHAJ CHUKHUII Kapa€HWra Yy4Ipauiu.
Kaiita ummmanuiap HaTukacuaa MablyMOT y3aTuil Te3nuru 2..7 Mowut/c raua
nacaitupuianu. Cuxum koedduimentu xyna xam wkopu. MPEG-2 kommamn
CTaHJAPTUHU KYJUTAHWIMIIKA Ym0y Te3nukau 15..20 MOut/c raua macaiTupuin
UMKOHUSTUHH Oepaiu.

MPEG-2 crangapruaa tacsupJiapra nuuios 6epum. MPEG-2 crannaptu
TEJIEBU3UOH CUTHAJIHM Y3apo Oup Oupura Moc, TypJad MypakKaOJIUKAaru
anropuTMiiap OWJaH pakamiid CUKHUIIHUHT CTaHAApPT TypyXyajlapy OWUJIACUHU
udonanaiiny. YiaapHu MOCIWTHHHM TAaTOMK OSTUII Y4YyH npodui (KYpHUHMII) Ba
caTxJiap(KuiMatiap) KOHyHJIapy KYyJUTaHUIIA U,
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Video Structure Hierarchy
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3.15.pacm. MPEG-2 Buz€0 CTpyKTypacu uepapxuscu (TacBUpIap TypyXu-TacBHUp-

KaJIp-MaKpoOJI0K-0JI0K)

Cranpapt 5 Ta npoduigan noopar:

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

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

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

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

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

MPEG-2 craHaapTd BHJIEOCHTHAJHH CHKHII YCYJUIa PperjaMeHT
OearmaMaian, OaJlkM KOJJAHTaH BHUACOCUTHA OWTIM OKUMHM KaHJIau
KYPUHUIIIA OYJIUIITN KEPAKIUTHHA aHUKJTAWINA, ITYHUHT YYyH aHHWK aJTOPUTMIIAP
anmapar-I1acTypuid TabMHUHOTH HWNUIA0 YWKAPYBYMWIAPUHUHT THXOpPAT CHPH
xucoOmaHagu. AMMO BHJCOOKMMHHM CHKUIIHUHT YMyMUW  TPUHIUIUIApU
(omumnapu) 3.18-pacMaa kypcaTiiirad KeTMa-KeT >Kapa€HIapHu Y3 H4ura oJiajiu.

control
T :l________\L___l
Y 1 DPCM | I
redund| D\ ; Zig RLC
C_b>red10t B I Bk zag [ 2] VLG
cr | — I
I
I iy
: L I ¢ | YY
I i . | video
: v inv. inv. MUX data
I émmo'y_{ 5 i ber [ que. (_T ) bufer ?s)
I
I ! 7
: T T T T T T
1 motion '
I 7|predict. ;
I
|
I

3.17.pacm. MPEG-2 xonepu.
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3.18-pacm. MPEG-2 crannapTuia Te1€BU3MOH CUTHATHU CUKUII YCYTUHUHT
YMYMUU KYPUHUIINA

Jlactimabku RGB BUJICOCUTHAILJIAP APS”L[a aHaJIor-paKamiin
V3rapTupuiraiiad KeWMuH OJIIMHAAH WIUIOB Oepuill OJOKWUra Keaud TyIlaau,
KeiinH Oy epJa Kyiugaru amaiap oaxapuiaaiau:

e RGB curnammap épyrnmuk Y Ba panrgapk U Ba V curnamnapura
y3raprupunaav, IyHuHraek 4:4:4  panrim  popmatau  4:2:2  (panrdapk
KOMITOHEHTJIApHU TOPU30HTaN Kaiita nuckpernamnra ¢€xu 4:2:0 (panrdapk
KOMIIOHEHTJIApHU FOPU30HTAJl Ba BEPTUKAJ KalTa JUCKpETNall)ra Kaita KoJiail
amajy Oakapuiiaiu,

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

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

e Arap gacTiaOKu  TacBUp  Karopjiapapo  MaiJoH  KYpUHHINNIA
y3atuiaéTran O6yica, yH/a yjaap IporpeccuB EWUIT OMITaH Kaapra Y3rapTUPHINAIIN
MyMKUH. Arap yiadam 16 mukcenra kappa Oyiamaca, TACBUPHHHT MaKpOOJIOKIIap
OyTyH COHMIa SXJUT OYTyH COHJM KWIMO OYJIMHUIIMHU TabMUHIAII YYYyH
TACBUPHUHT KaTOpJiap Ba YCTyHJIApUra HOJb EPYFIIMKAA €TUIIMAETraH MUKCEIap
KuiimMaTu(conn) kymmiaaau (3.19-pacm).
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3.19-pacm. TacBupnau 16x16 nukcemm Oo0kIapra OV IIuILL

Pacm yerapanaputu
YaKMoBYM TYP UMKULLIK

Cyurpa OyIvMHraH TaCBUPHUHT MaKpOOJIOKJIApU KaJpiiapapo OPTUKYATUKHU
Oaptapad ATUIl ydyH OJMO Tamuiarud OJOKMHUHT OMPUHYM KHUPUIINUTa KeIuo
Tymaad. VKKUHYM KUpUIIra 01y TacBUpP CIOKETUHHUHI aBBAJITU €KUM KEWMHHIU
KaJpJaH KyuupwiraH (CWJDKUTaH) MakpoOsiokiaapu kenuOd Tymaau. byHaa
MaKpOOJIOKHHHI SIHTM KOOPJHWHATANApU YJApHUHT KaJpJlaH Kajapra KyTUiIaéTraH
XapakaTu OamopaTtd acocuaa XucoOJaHaJAHW, YHIAH KEWHH YJIAPHUHT KY4YWIIU
MYMKHH OYJIraH XyayJl Kaapiaapapo (papKUHUHT MUHUMAaJ KUAMaTu Oyiinya aHukK
xoinamryBunu Oenrwiaiau. 1y Taxnut, MaKkpoOJIOKIapHUHT KYIIHUA MUKCEIIapy
KUUMATUHUHT alupMacHU XUCOOJAHTaH/IaH CYHT YJIAPHUHT axOOpOTJIAITaHIUTH
ce3usiapiiv nacasau €ku ymyman Ora TeHr 0yl Kojaaau.

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

Tuknanran TacBUpPHUHT cudaTuHU Oaxoyiall €KUM YUKHUII OKMUMHHHUHT
y3rapMac OuTpedTHIard xoJiarja, KBaHTJAIIHW aJanTUB OOIIKApUII YYYH
KOJEp/la CHUKWITaH BHUAECO MabJIyMOTJIApHU JeKoAepiiall >kapa€HU amaira
ommpuIaay. ByHuHT yayH nexBaHTiam Ba Teckapu JIKY Groxiapy MniaTHiamm
Ba ymyminamrtupuwiaad(duruaaucu  oiuHaav) (3.18 pacm). Ymymnamrupwuii
OJI0KHIa BUICOMITYMOTJIAp XapaKaTHHU KOMIICHCAIUSIIAIT OariopaT XaToIuKIapu
OwiaH Kymunaguwiap Ba NIy OpPKadd KaJAPHUHT TIMKCENb KUWMAaTiIapu
Tukianaguiaap. CUrHan Xakuja OJMHTaH MabIyMOTiap axOopOTIapHU KOJjIall
y3enura 1oopunaan,0y dca MIakuIaHaéTral CUKWITaH TacBUp cudaTuHu 6axosani
UMKOHUHU Oepaiu.
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MPEG-4 myastumenua crangapru. MPEG-4 cranmaptu 90-itminap
Ooompaa MyJlbTUMEAHAIA axO0opoTiaapHu (OBO3, KaMm KaJApiu TeJEBUJCHUE,
rpaduka, MaTH Ba Oomkanap) MHTEpHETHUHT pakamyid OKUM Te3nuru 64Kout/c
OYNraH KMYMK MOJIOCATHM KaHAJIapUAa MabJIyMOT y3aTUII YUyH UIIA0 YAKUIITaH.
Hactnad, MPEG-4 spatunumuaaHoK TEeNeBU3UMOH CTaHIApT /1e0 OelrumiaHmaraH
Ba 15 xanp/c maru CIF (352x288) dhopMaTHUHT 4OpaK KMCMHUHH TAIIKUJI 3TYBYH,
TacBUpJapra uuuioB Oeprad. bBupok siHru ctanaapt Oy 4eKJIOBJIAH XKy/1a Te3 YUKUO
ketrad Ba 1998 iumHuHr okTsiOpura xenn® MPEG-4HuHr OupuHYM BapHaHTH,
1999 i#immauar gexabpuma [SO/IEC 14496 xankapo CTaHZApTHUHT MaxcCyc
CTaHAApTUHU Ae0 KaOysl KWIMHIaH UKKWMHYM BapUaHTHU Ao OYyIraH.

Xo3upru BakTaa cTaHaapT 22 kucMaaH uOopar Ba yHUHr 10ta kucmu
pakamiIM TeNeBUJCHHE CUTHAJUIAPUHM KOJJAIl KOWJATapuHU Oenrmiaian. Yoy
kucM MPEG-4-10 éxu H.264 ned somimanau.

V3ununr axnomiapunan papknu pasunna MPEG-4 dakatruna Bujgeo 8ku
ayJM0axGOpOTHH CHKMII, CAKJIAIl BAa y3aTHII TEXHONOTHACH 3Mac. Y3 MaKcaJura
kypa MPEG-4 — Oy axO00pOoTHM TaCBUPJAIIHUHT SHTU YCyJl OYnuO, pakamiu
MeIuaMabIyMOTJIApHA yuyTa WyHanmumaa: uHTepdaon MylbTUMeana, Tpadux
WIOBAJIap Ba  pakaMJM  TeJEBUJIEHHUENapJa OO0bEeKTra  HYHaAITUpWITaH
tacupmanummanp. Arap MPEG-1 Ba MPEG-2 cranpaptnapu  Taii€p
BUJcOKanpnap OwinaH wunulamHu  udogamnaca, MPEG-4 acnupga oObextra
UYHaNTUpUIITaH MYXUTHHU TAIIKWJ 3TUII KOWJAjJapuHU Oenrunaiian. Y pakamiu
OKUMJIap, OJJUN MablyMOT MAacCUBJIapu OuiaH sMac, OalKKM Meaua-oO0beKTIap
OwJiaH MIUIAlIU Ba yHTa acoc 0ynu0, anoxujaa oObeKTaapaaH noopaT HaTUKAaBHM
OBO3 Ba TAaCBUPHHUHI peaj BaKT MaciuiTabuaa ysaTuiiaa Ba KaOyn HyKracuaa
MaKuTaHAImura Xxu3mat Kuaaau (3.20-pacwm).

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

- OOIUTaHFUY PACMHUHT TYpPJIM JJIEMEHTIAp - “Meaua-o0nektinap’ ’ra (media

objects) OyIuHMIIN;

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

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

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

XapakaTcu3 TacBupiap (MacanaH: GoH);

HaTypaj BUJE0 00beKTIap (MacajaaH: MHCOH);

aynuo o0ObekTiIap (0BO3Jap, MHCOH OMIIaH OOFIINK OBO3);

caxHa OmJIaH OOFJIMK MATH;

caxHa  &3unma€rranma  OynmaraH  CyHBMH — 0ObeKTNIap,  OHPOK
doiinananyBuura eTKU3WIraHAa Kymmiaaad (MacalaH: KOMIIbIOTEp
rpadukacu BocuTajzapu TOMOHHM/IAH APATWITaH ‘“‘Cy3J0BYM MHCOH OOIN™);
CYHBUI 00BEKT OMJIaH OOFJIaHTaH Ba OBO3Tra y3rapTUpUIaIUraH MaTH.

MPEG-4 na xapakarcu3 TacBUp Ba TEKCTJIApHU KOJJIAIl YYyH BEUBJIET-

Y3rapTUpUII aCOCUJArd CaMapajii AJITOPUTM KYJUIAHWUJIAAW, Y SPKUH IIAKJIIaru
OOBEKTIApHU KOJJIAIIHK Ba pacM CcUGATUHU TEKUC MAaclITaOJIaHUIITUHA
TabMUHJIAWIN.
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Yunan tamkapu, 38,4 MoOut/c rava, ctyaus mapouwtnna 1,2 '6ut/c rada
OynaraH IOKOpW TE3JIMKIArW BHUIACO OKUMJIAPHHM SPATHII HWMKOHHUATH Ky371a
TYyTHJITaH.

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

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

P-texucaunkiaap asBan kenrat |- €ku P- Texucnmukmapaaru ax6opotiapaan
dbolinanann0d koanmaHanu. YmOy TeKucaukiap xaMm 16x16 wmakpoOsiokiapra
Mainananau, ¢akar yiaap uanaa l-makpoOiokiap Ba i-makpoo6iokiap (I — intra,
I— inter) Oymamu. Inter-makpooJokaap xapakaTHH  KOMIICHCAIUSIIAL
HaTWXKacuaa MIaKiulaHaau, Oy epnaa aBBairu [- €xku P-texucnuknapnan xopuid
Inter-makpoOJIOKra MakCHMajl MOC KEIyBYHM Ba SPKUH JKOMJIAIIraH MakpoOJIoK
KUJIUpUIaau. Arap y TONMWICA YHUHT MKKHM TAIIKWJ ATYBUMUIIUK XapakaT BEKTOPH
maKulaHaad Ba  okuMra  Kyvmnaau. CyHrpa okopud Ba  TOINWIITaH
MaKkpoOJIOK/ONIOKIap MHUKCceUIapu Oyiinmua aiitupma dapku (OamopaT XaTocH)
Xuco0ad YMKUIIaIM Ba yHTa I[KS" KyJutanunaau. Kangp derapacura sKruHUAAru
XapakaT KOMITCHCAIIMSICMHN CaMapaJopJIMTHHU OIIMPHUI yUyH, KaIpHUHT Xap
TOMOHJIaH OWTTa KaJp KaTTAJUTHra TYJIUPHUIN aMaIueéTH Oakaprraau(Xymy
yerapa NUKcenura sKuH paHr ownan tynaupunanu). Llynpait kunu6, xap Oup
ook yayH Ita €ku 4 Ta XapakaT BETOpY KaOyJl KWIMHHUIIIA MyMKHUH, BapHaHTIIAP
¥pTacugaru TaHJIOB 3Ca MaKpOOJOK KYIIraH XUCCACMHUHI KaMJIMTU Ba YHHUHT
OKUMJIATH XapakaT BEKTOpUJaH KenuO uukubd amanra omupwiand. lyHuHTHEK,
CTaHJApT XapakaT KOMICHCAIMSICHHUHT Maxcyc Typu — ‘Koruianr (OepKHUTHIII)
KOMITCHCAIIMSICUHU  Ky3/1a TyTaau: y ¢dakaT Y KOMIIOHEHTaIu OJIOKJIap y4yH
KyJutaHuwiaau. Yoy yCymHUHT (DapKJId XyCYCHUSTH UIYHJAKH, allpMa OJIOKHUHT
aBeanru [- €ku P-Texcunukiapaa yHra yximam ydra OJOKHUHT VI4OBIapH
CYNEpIO3ULMsICH OYirYa TallKuid STWIMIIAAAAUP, SbHU OWTTa YXImam 010K
ownan vexnmanmaiinu. [llynra myBoduk, ydra xapakat BeKTopu onwHaau: 1 Tacu
KOpU OJIOK YUyH Ba MKKMTACH MIUIOB OepUaéTraH MakpoOJIOK/1a >KOpHil Ookra
KYUIHU OYJraH OJoKiIap y4yH.

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

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

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

e Maxkcumym l6Taraua TasiHY Kajpiap

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

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

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

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

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

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

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

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

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

2 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 123.

65



o VrKa3u6 106opuIraH Koanap.

Three Picture Types: |, B, P L&d\\j

POC 0 1 2 3 4

Decodirg arder 1 4 3 5
RP

Group of pictures (GOP)

Input and display order

1(I) 2(B) 3(B) 4(P) 5(B) 6(B) 7(P) 8(B) 9(B) 10(P) 11(B) 12(B) 13(l)

Encoding and decoding order
1(I) 4(P) 2(B) 3(B) 7(P) 5(B) 6(B) 10(P) 8(B) 9(B) 13(I) 11(B) 12(B)
3.22.pacwm. 1, B, P xanpnapHu y3aTuill KETMa KETJINTA HAMYHACH

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

bynpan Ttamkapu MPEG-4 Ttusumuaa paebnoknam QuibTpu Xam
KyJanunagu. Ymoly  ¢uasTp  Basudacu  OJI0kI0BUM  apTedaKTIapHUHT
KYPUHYBYAHJIMTUHU KaMalTUPUIIIaH HOOpaT.

Reference De-blocking Inverse Dequanti-
rames buffer “lﬁlter * transform  [*7] zation
MO.tIOI'\‘ —p| Transform =»fQuantization Entropy -
Uncompressed estimation coding
video Compressed
video

3.23.MPEG-4 tuzumuaa nednokiaii GuiabTpu TU3UMHU.

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

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

Pakamiu TeNesMUTTUPUILHYN TAIIKWI STUIIHUHT CyHBUN Hynaom Ba kxaben
OpKajy y3aTHIIl UMKOHHMATH OyTyH AyHE ydyH MabKyn iyn xucoOmananu. Ly
YypUHAA y3 Yy3WJaH CaBOJ Tyruiaaau. PakamMiau TENesMTTUPUINHU  TaIlKWII
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KUJIUIIA HUMara aifHaH ep yCTU y3aTull BapuaHTU TanjaHaau? by Tuzum kymnad
TEXHOJIOTUK KypHiIMaJjlap Ba KUMMaTH ®uXataaH OanaHja OYiraH yckyHaigap Xamja
JOUMHI CEpBUC TU3MMHUHM Tajad KWIMIIKM OapyaMusra MabiiyM. YOy XOJaTHU
EpUTHI YIyH Xap OWUp pervoH ydyH Oup KaH4a (akrtopiap KYypuO UMKWIMILIN
3apyp. Yiap:

e Peruonan tamaGnap (MHMpacTpyKTypa Tapuxu, CYHBUH HYimonigaH
KaOyJ UYKIIUTH)
Pernonain reorpaduk xomnar
[TopTaTtuB TeNEBU3UOH KaOy
MoOun TeneBuaeHrenaH (poraTaHuII Japaskacu
Maxammuii MyHUIANHAAT KyImIAMYa Xu3Matiap (permoHaj/maxap
TEJICBUICHUECH )

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

Pakamim TeneBM3MOH CUTHAJIAPHU y3aTULIAArd acocuil TanadbiapaaH Oupu
MaBXyJl ~ aHajor TEJEBHJICHHE  aJlOKa  KaHamapuaaH  (oigalaHuIIHU
TabMUJIAIIIND.

byHu tamabHu Oa)xkapMmaciMK >XKyJa KaTrTa MOJIMABUHU Xapakarjapra ojuo
KeJlay, YYHKM paKaMJIM TEJEBUJEHUE YUYYH SIHTM YacTOTa JHUara3oHJIapUHU
OMPUKTUPHIN, Yy3aTyBUM Ba KaOyd KWIYBYM KypuUIMajapHU, aHTCHHaJIapHU
AIMAIITUPUII, KEHT TOJIOCATN Yy3aTTUWiap Ba TEJIEBUACHUE KaOyN KUJITHUJIAPHU
spaTull Kepakiurura onub kemap »au. by epaa aBBan antunrannek, MPEG — 2
KOJICPUHUHT YUKHIIIMIa MaKCHUMasl OuTpeT kuiimar 15 MoOuTt/c etau.

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

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

bynpan Ttamkapum — aHaJOr  TEIEBUJCHUENArM OHUM  KUWMAaTIapu
y3aTWJIaJuran TyiauK paHriu teneBuzuoH curHan (TPTBC) Ba oBO3 Tamkui
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ATYBUMCHAAH (apKIM paBHUILA paKaMjM TEJIEBHICHUE TU3UMHJA, alOKa KaHaIH
OpKaJld, aJOXuJa TEeJIEBU3HOH IMporpaMMalapHUHT(IIporpaMma  OKHMJIIApH)
CUKWITaH paKkaMJii OKUMJIapH y3aTwiaand. byHaa mporpaMma OKUMH BHJIEO, ayAUO
Ba KYyIIMMYa HUIIYM axO0opoTiap CUTHAJUIApUHU OUpJIAIITUPraH SIKKa TPaHCIOPT
OKMMWHH TaIIKWAJI STaIu.

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

TpancnopT OKMMUHUHT XalaKUTOApJOLUUIMTUHU OIIMPHUII MYXUM Bas3uda,
YYHKH XaJaKUTJIap aHaJOr TEeJEeBHACHUE KypcaTuil cU(paTHHH EMOHJIAIITHPCA,
paKamiii aXOOPOTHUHT XAJIAKUT CUTHAILIAPH OpKAJIA Oy3WJIMIIN TaCBHp Ba OBO3HU
KyJa Karta Oy3uiuiiapura €Ky TeJIeBU3HOH ax00pOTIapHH YMyMaH HYKOJIUIIHNTa
OJIMO KEeNHIIM MyMKUH. AMainé€raa Oy KypcaTyB KaApJapHUHUHT “KOTHO KOJIUIIH
€KY ylapaa Mo3auKanu(Jamiamuo KeTraH) Kajap nanao oyiummura oauo Kenaiu.

Mynaait kuamb, pakamiid TEJIEBU3MOH KaHAJUIap/Aa, XaJlaKuTOApIOILIUK
eTapiiv Japaxkaja TabMUHIAHMAca, yiap HopMall (aoiausaT KypcaTuiliapu MyMKUH
smac. IyHUHT y4yH XaToaukIiap naimo 6yaum cadbabinapuHu KYpuod YuKamMus:

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

— wuHAyCTpual Ba armocdepa XamakuTiapu (KUCKAa KYpUHHIIATH,
EUCUMOH pa3psalaHUIUIAp -MaiiBaHUIAll anmnapatiiapuia, 3JEKTp TPAaHCIOPTH
BOCUTANapUa, MOMAKAIIUPOK BAKTHAA);

— uHTepdepauuoH  Xajakujiap -KYIIHW XyAy[jiapaa Xyqad 1oy
yacToTajap/a UIUIANAUraH paguo y3aTruuiap/iadH YUKyBUU XaJlaKUTIIap;

—  KYI HYpJU PaguoTYJIKUHIApAaH XOCWJI OYJIIyBUM XaJIaKUTIAp-€PHUHT
YCTH, KypWwIMII  HUMOpaTiapu,MeTajul  carxjapgaH Ba  X.K.  KaWdTrad
PaIAOTYIKUHIAP.

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

bupnamun (sixka) xaronap Oup Oupura OOFJIMK SMac Ba MAKETIW Xarojap
Oupjanura OMp Heda KYIIHM WKKWIMK CUMBOJUIAPHH OYIUIIM MyMKUH. Mucomn
YUYH: KYN y30K JJaBOM 3TraH MMITYJIbC XaJaKUTJIAp TaCBUpP CUTHAINAA KEMa KET
KejnaértraH Oup HeYa UKKWJIMK CHUMBOJUIApHM OapyacMHM Hodra €ku Oupra
alJIaHTUPUIITT MYMKHH.

XanakuTiapiaH CakJaHUIIHUHT aHbaHaBUW  YCyJUIapu:  TEJIEBU3UOH
CUTHAJUTAPHUHT y3aTTUWJIapu KyBBaTH OIIMPUI, aHTEHHAJIAPHU allHU XO0J1aTra MOC
KEJyBUM KYpCATTUWIAPUHU TabMUHIAINL, KaOyl KWIrH4Y KypwiMajlapuaa KUYUK
IIOBKMH YMKapyBUM ACTAINIAPHU KYJUIall, COBUTUII KypWUJIMAJIApWHUA WIUIATHII
(BeHTWIALMS  KyJulall), KYIIHM XyAyJjdapAa 4YacToTa TaKCUMIIAHWIIUHU
ONTUMAJUIAIITHPUIILIIAPAUD

Pakamiu curnamiap y3aTWirasjaa 3ca, XaJlaKUTIAPHU KaMauTUPUII Y4yH,
XaJIaKUTIAPHUHT Tai10 OYIUIIMHN aHUKJIOBYY Ba YIapHU HYKOTUIIMILIMHU aMaira
OLIUPYBYHM MAXCyC KOJuiapAaH (poiaanaHuIl MyMKHUH.

byHnaH Tamkapu TaHJIaHTaH MOZAYJSILMS YCYJIM XaM XaJlaKUTIApHU

68



KaMaWTupuira HyHantupwiran Oynumu jno3uM. IllyHuHr yuyyH Xam pakamiu
TeJeBUICHUEa CUTHAIIAPHH y3aTUII YCYJUIapy aHaJoT TeJIeBUJICHUEaH TyO1aH
dbapk Kuau.

Ha3zopar caBosuiapu

1. Digital Video Broadcasting koHenuscu Ka4oH >KOpUi KUJIHMHTaH?

2. DVB Project moitmxacu acocuja pakaMid TEJICBUICHHUE CTaHAApTIapUHU
KaHJ1ail TypJiapy KaOyJl KUJIMHTaH?

3. Ep yctm pakamiy TENEeSUMIUTTUPHUINTUZUMUHU SIPATHUI Ba TAIIKWI JTHIIIA
reorpadK IMAPOUTHU XHCOOra ONraH XoJjAa KaHAal KUHWHYWIAKIapra
y4pammMu3 MyMKUH?

4. Ep yctu pakamiM TENEBUACHUECH TAIIKWJI ATWITAHWIAH KEHMUH KaHaau
TEXHOJIOTHK TaJIa0JIapHU KOHUKTUPHIIN Kepak ?

5. DVB-T tuszumu SFN gapHM OWTTa 4yacToTaja WILIIAIIMHUHT aB(3aJUTUTHHU
TYIIYHTUPUHT.

6. DVB-T wmoaynasTopuHUHr OJOK CXEMAaCMHUHI HIUIANl  TPUHIUIHHHA
TYIIYHTUPUHT.

7. 2K/8K pexumnapu GapKUHHU TYITYHTUPHUHT.

8. DVB-T tuzuMuia Kanjai TypJard TaluryBuuaap MaBxy?

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

10. MPEG-2 Tu3uMHUHHMHT acocuii 3 Ta KHCMUHM caHaO YTHHT.

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

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

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

14. 4:4:4 panrnu dopmart, 4:2:2 (panrdgapk KOMIIOHEHTJIAPHU TOPU3OHTAN KalTa
nuckpetinai) Ba 4:2:0 (panrdapk KOMIIOHEHTIAPHA TOPU30HTANl Ba BEPTUKAI
Kaifta quckpetian) dopmatiap hapKuHu TYJIUK Oa€H KUJIHMHT.

15. MPEG-4 na ayauo-Bujeo ax00opoTra HUILJIOB OSPUITHUHT aCOCH OOCKUUIapH
EPUTHHT.

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

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

DoiaJAHWITAH aga0uéTaap

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

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

3 . “ Pakamiu teneBugenue” X.C.CoatoB Taxpupu octuna M.A.I'aBpuios,
T.I'.Paxumon, A.H.Ily3uii, X.X.Hocupos, II.M.Kagupos. Tomkent 2016. 400
oer.
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4- mas3y: DVB, ATSC Ba ISDB cranaapt/iapuaa CArHAJUIAPDHUHT NAaKeT
TY3W/JIHIIH, YJIAPHU IIAK/UVIAHTHPHUII, KAWTa MILJIALI BAa y3aTHII
XyCyCHSTJIApH.

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

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

4.1. DVB-S cynbuii iyJ1011 TeJIeBU30H Y3aTUII CTAHAAPTH.

CyHbuil HyIIOII TENEIMUTTHPUII TU3MMIIAPU KEHI XYAYJUIapHHUHL Xap
Kalich HyKTacura IOKOpU cHU(aTiav TEIEBU3UOH CUTHAJUIAPUHM €TKA3UIIHUHI SHT
T€3, WIIOHWIA Ba TEXaMKOp ycynu xucooOmananu. CyHbud wynmomHuHT Ep
OpOMTACUHUHT O€NrujaHraH HyKTacH yIUlad TYpWIMILM, KyEIl SHEpPrusicuia
Ta@bMUHOT Y4YYH KEHI (pOIaNaHWIIMIIN, KypHIMajlapAa SHEPTUSHU 03 MUKIOpJa
capp KWIMHUIIM KaOM WMKOHUATIapU OylapAaH TallKapu Yy3aTUIAETraH
CUTHAJUTAPHUHT atMocdepa Ba reorpaduk >KoiamryBiaapra OOFIUK OYIMacIuru
KeHI  JoMpaja  pPUBOXKJIAHUIIMIA  HMMKOH  spaTad.  XO3UPrd  BakTaa
TEJIEPATUOIIIUTTUPHIL CYHBHM MYyJIIONUIApU OJaTAa HKBATOp KEHIVIMTHIATU
reoctaiuonap opoéuraga (['O) OGamanmmurm 35786 kM Oynran opOurtanga
xonamaamiap. ['O ga xoinamran cynsuid wynaom Ep 6unan Oup xui Te3nukaa
aiimananu Ba mry ca6abd EpHUHr OenrwiiaHraH HyKTacH y4yH Xapakarcus Oyiaiau
JEHUI MyMKHUH. ['eocTalimoHap CyHBbUN WYINONIHUHT SMIATTUPUILIAPHU Kampad
onuin Maigonu Ep 103MHUHT y4yman Oup KUCMHUTa TYFpU Kenaau. AWHU BakTaa
3aMOHaBH TEXHMK Bocutaimap FEp [3MHMHT KaTta OyiMaraH KUCMUHU
UYHaNTUpWIraH KUYUK OJJIEKTPOMArHuT Hypiapu €EpAaamMu OWiIaH — KOIUlall
UMKOHUSTIApUHU Oepamunap. Ep ro3acu OunaH CyHbUU HYNIOII aHTEHHAJAPH
TapKaTyBYd KOHYCCUMOH HYPHHMHI KECHIIMII YH3UKJIapu KaMpad oJMil
30HACMHMHI 4YerapajapuHu Oenruna® Oepaau Ba epaard KaOynl KWIMII
aHTEHHAJAPUHUHT TYpJid AUaMeTpilapyja amaira omupuiaav. byHna aHTeHHa
KaMpal OJMII 30HACMHUHT MapKa3HuJaH KaHya y30KJa >KouiamiraH Oyica, YHUHT
JUaMEeTpPH IIyHYa KaTTa OV Kepak.

TenesmmtTupuil coxacura Xu3MaT KWIyBUM Xap OuUp CyHBHI Hynmomn
skBaTopaaH TaxmuHaH 36000 kM OanmaHmiukaa skounmamradH. Ep kanmail Te3nmmk
OunaH y3 YKu arpoduaa aijgaHca CyHBHH HYaaom XaM XyIad LIy TE3JIMK OusiaH
aitnanagu. CyHBbUI WYIIOIIHUHT aliHaH 11y OanaHAsakga skoimamummra cadad
y0y OanaHasuKa CyHBHM HYmAoml alaHMa XapakaT TabCHUpUAArd MapKasiaH
KOYMa Ky4YH Ba €pHUHI TpaBUTAlUsUIapu Oup OMPHHHM KOMIIEHCAIUSIA0 CyHBHI
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UYIAOUIHUHT OMp HyKTana OYIUIINHN TabMUHIIANIN.
Mapka3agaH KouMa Ky4.

Fi=Msat* @ 1 F1
Msat = CYHBUU UYJIOII Maccacu;

o= 2-7t/T = Oypuakiu Te3/HK;

= 3.141592654;

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

Satellite

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

F2 =7 * Mecarth - Msat / %]
MEarth = EPHUHT Maccacy;
Y = rpaBuTanus goumuiicu = 6.67 - 10 m3/kr ¢?; Earth

Satellite

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

Bananc xoaaru:
MapKa3zJlaH KouMa Kyd=MapKas3ra UHTHJIMa Ky4

F

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

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

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

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

4.1-xanBanyia MabIyMOTJIADHU MYMKHUH OYJITaH y3aTHII TE3JIUTHU Ba KaHa
CUMBOJUIAPUHU aJIOKa KaHaJIM KEHIJIMTUra OOFIMKIUTU Kentupwirad. byHaa
doiinany MabIyMOTIApHU Y3aTHIN TE3JTUTH KaHAJIHW KOJJIAll TapaMeTpliapura

13 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 262.
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(oxupru ycryH4a) OOFIMK, YyHKH HUFYBUM KOJ| OPTUKYAJIUTU KymalraxHaa
XaJMaKUTOAPONUINK OIIAJN,JICKUH (Qoiaanu MabIyMOTJIApHU Y3aTHIN TE3JIUTH
KaMasiJiu.

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

4.1- xxanBan
Mab1yMOTIApHH Y3aTUIIHUHT TYPJIM TE€3JIUKIApU

Kanan VY3aTum Te3nmiru Tynuk Ty3aTnmr Doitnanu
KEHIJIUTH, McumB/c TE3JINTU MabJIIyMOTJIAPHU
MI 1t Mowut/c y3aTHII TE€3JIUTH

Mo6ut/c

o4 45 90 415...72,6

36 30 60 27,7..48,4

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

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

CyHpuii Hynmom Tenepaauo JIIUTTUPHUIN TU3MMIIAPHUAA Yy3aTUIAETraH
CUTHAJUTAPHUHI KyBBaTjapy HUcOaTaH KHYMK Ba YerapajaHraH OYJiIraHiuru
cababnu  WHTEpPPEPEHIMOH XaJlaKuTIap Ba I[IOBKWUHJIAPHUHT  TabCHUpUTa
ce3yBUaHJIMK tOKopHu XucoOmananu. LllynuHr yuayH sHepretuk camapaaop QPSK-
KBaJpaTypaBuil ¢aza MOIYJSIUACH Ba Kuckaptupwirad RS xoau xamna Butbepu
JIEKOJUIalll aJITOPUTMUJAH (PolJanaHyBUM,MUFYBUM KOJ acOCIapuIard KacKaajiu
KoJIangan oOupranukaa ¢poigataHul TH3UMHUHT IOKOPU XaJIaKUTOAPAOILTUTUHI
TabMHUHJIAHAM. XaJlaKUTOApJOLUIMKHU OLIMpPHILAA IIOBKUH Ba MHTEepdepanuoH
XaJaKuTIap Xamaa CyHbUH UYIIOMHUHAT OOPT PETPAHCISATOPIAPUHUHT HOUU3UKITU
TabCUpJapu XaM XucoOra OJIMHUIIM Kepak. WMuku KomeK yuyyH, KyBBaTH
y3aTWIMIIM Ba CHEKTpAaH (oiganaHum opacuaard camapaid MyHocabaTra
SPUINMINHN XpcoOra oyraH xoima, 1/2-7/8 nmamazonpgaru 5 Ta AUCKPET KOJI
KUWMaTH Te3IMruAaH OMPUHU TaHJIall UMKOHUATH MaBXKYy/I.

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

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

MODE ADAPTATION BB
Sil‘lgl& D:‘Eﬂ :...'.....‘:...-'-'.'.—| Sigl]ﬂ]]i]lg :llllllllllllllllllllll-l:
Input Input | Jnput Stream s INullpacket3| cpcg B oo * Dotted sub-systems are =
Stream — interface -Symhmnlse':-: Deletion & | Encoder _}  Buffer . & not relevant for -
H H . W
COMMAND R ..‘ff.'"f.ff!. Q fermnaed " i single transport stream.
erger - : .
i [ [ eecesesesssseesesseoseaseosesseendp) Sliora : Eﬁiﬁﬁg :
Illllllll Illlllll llllllllfllllll Jlllllll‘ . -
|I"I|)UI ._". |I"I|)Ul . :I'IDIIT.STI‘&HTI“N[I" packel: CRC.. E . | Buffer :'“ S essssssssssssEssssenemen?
Streams _ _“ m[erface ynchronlser" Deletion ;.: Encoder ™ : .
.' {ACM TS]. .IIIIIIII
I L] I
SEEEEREEEEN ‘IIIIIIIIII.-IIIIIIII;IIIIIIIII.
%';g*é: PL Signalling & a=0,35, 0,25,
rates 1/4,1/3,2/5 16APSK, ||| Pilet insertion 0.20
112, 315, 213, 3/4, 415, 12APSK
: 56, 8/9, 910
H EEEEEEEEN Bit .
N . | BE Filt
P | Epanoer ( o BCH LOPC || Bit mapper P ad
i ' o SCRAM|4| Encoder [ Encoder | Inter- f MO N Quadrature =
. . - constel- h H
Mook : sl BLER {Ngenbipen) (vape kiape)§  leaver ations ||| & Dummy & Modulation
Adaptation LLLLELLLE - | = PLFRAMES
interace STREAM o : Tansetens
{aptional) ADAPTATION FECENCODING i MAPPING || PL FRAMING MODULATION

LP stream f% to the RF

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

4.3-pacm. DVB-S Tu3uMuHUHT Ty3UJIMaBHil cxeMacu

DVB-Sna monymsus  yuyn QPSK kBagpatyp dazain MOHUIYJIALMS TYypU
TaHmaHrad. bup kanwa wmynmar QPSK  mopymamuscn  ypaura 8PSK
MOAYJSUMACUHUA  KYJUIAHWIMIIMJIAH MakcaJ MablyMOT Y3aTHII TE3JIUTUHU
OIMpHUILl OYJIraH. YMyMmaH oOJITaHJa CyHBUU HYNIONUIM TENEBUACHUE TU3UMH
IOKOpY XaJIAKUTOAPONLIM XaMJa OuMp KaHya HOUM3HMKIUK XapaKTepUCTHKajgapra
Oapmonui OYAraH MOIYJALMUS TYpUHU Tajnad Kwiaad. Y3aTyBUd Ba KaOyi
KWIyBUM opacuaaru karra macoda 36000 kM, IIOBKMH Ba XaJlaKUTJIap ajoKa
cudarura ¥3 TabCUPUHM yTKa3Mail konManau. bynnait macodana curaan CyHUIIH
205 nbraua eTuily MyMKUH.

Tyrpunan-tyrpu anokamy CH TeneBM3MOH KaHan KEHIIMIH yprada 26-36
MTI'n (macaman ASTRA 1F-33 MI'u, EUTELSAT Hot Iltuna 2-36 MI'n) Hu
TalTKWJ KWiIaad. Y3aTwiyBuu anoka junuscu 14-19 I'Tnm amanazonma, xalyn
KWIMHYBUM JInHUA 3ca 11-13 [Ty nnana3zon opamuknapuna €raau. TusuMm y4dyH
MabJIYMOT y3aTHII T€3JIMTMHU TaHJall MyXUM Macaia XucoosiaHaau. Yoy Te3uK
27.5 Mc/c xumb Oenrunanrda. QPSK momymsiuscun Outra cuMBosiia 20UT
MabJIYMOT y3aTa OJIMIIMHM XUcOOra OJcak, MabJIyMOT Y3aTHUII YMYMHH TE3JIUTH
55MOuUT/C HU TALIKWJI DTaIH.

gross_data_rate = 2 bits/symbol* 27.5 Megasymbols/s = 55 Mbit/s; (4.1)
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Input data rate x 204/188 K2 X(1.5:-c0de_rale)

FEC1/ FEC2/ = Output data rate
WiV, ST outer inner [2.17...(1.63)...1.36]
f I coder coder
|
. Basis- L . =< B
TSin Sync Enerc Reed Conv. S -
=pf and kg 2V7E Ll Y Ll Solom. [ inter- ] COnv- g Soded
interf nvers, IS gy laaver coder e data
> & >
« I 1T 1 1 | °
Synchronization
Code rate
< > 1/2...(3/4)...7/8

same as DVB-C

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

J

\"‘Cn.\:
-+ 5 |
S ELFR LP BP [ ‘>
= 1
s LO2
90
LO1

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

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

LNB Dish

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

/
DC 14/18V

22 kHz

DVB-S receiver

4.6.pacm. Konsepropnu CU kaGyn kuiaruyu.

1 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 265
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KaOyn kunrny aHTeHHacUra TyIirad CUTHAJI aHTeHHaja € HyKTaaa (oKycliaHau.
Yy HyKTara MyalsiH YJI4oBJiap HaTWKAacHa IIAKJI OepriiraH TYJIKUH YTKa3Tu4
(Mufruy) skoMjamTupuiaaav Ba (oijgany CUTHaIap IIOBKUH CUTHAJLIapUiaH
axpatub onmuanu. [lonspuszanus TEKUCIUTXM KyBBaT aMIUIUTyJacu €paamuia
tannanagn (LNB (14 / 18B). KaOyn KuiauHraH CHTHQJI apCeHU-TaIui
kydadtupruupga kydantupuiano 900-2100 MI't mosioca gyactoTacura YTKazwiaau
Ba KaliTa WILJIAHA[IN.

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

Kaben anoka JauHMsIIApH SKpaHJAITHPWITAH HYHAITUPYBUM TH3UMIIApAaH
ubopar OyiraHu ydyH, yjap OpKaJId Yy3aTWIraH CHrHajuiap armocdepa Ba
UHIYCTpUS XaJaKWTiap TabCUPUIAH XUMOSI KWJIMHTaH. YHAAH TalllKapu TH3UM[A
aKTUB  OpalMK  KywdaWtupruwiapjgan  ¢doWgamanum  xucobura  ynapja
curHain/moBkuH (30 nabgan kaM 5Mac) HUCOAaTMHMHI —€Tapiuya IOKOpH
KUUMATIapUHUHT  TabMHUHJIAHUIIM UMKOHUATH  MaBxkyd. LlyHuHr y4yH
XaJaKUTOApIOLUIMIIMKHA TabMUHJIAI HYKTal Ha3zapujaaH, Kalelb TeJleBU3HOH
TU3UMU €p YCTH TEJIEUUTTUPUII TU3UMJIApUra HuUcOaTaH €Hruj LiapouTiapra
unuaiau. 1y cabab oanuii xonataa pakamiid KaOeib TeIEBUACHUECHA WUFUIL
Koau €prampiard HMYKM  Koajam  unmatwiMaiau.  Kabenb  TeneBHU3MOH
SIIMTTUPUIIHUHT aCOCHM MakKcagud MaBxKyJ Kaledab TapMOKJIAPUHUHI YacTOTa
JIMANa30Hd OpKAJIM TEJIEBU3HOH AACTYPJIAPHUHI MAaKCHUMall COHMHM Y3aTHUILIHU
TabMUHJIALIIND.

[y makcaana, DVB-C crannaptura myBoduk kademnu tapmokiapaa OFDM
YpHHMra Kyn MO3ULMOHIM KBajparypa aMmmuntyaanu Manunyiuaruus (KAMH)
UNUTaTHIaau. XO03upru BakTma 16-, 32-, 64 Ba 256-mosummsuim KAMH map
KYJUJTaHWIMOKAa.  MKKUIMK ~ cUMBoOJUIap  y3atuiml  Te3quruHuHr KAMH
no3ULMsUIapuaad Oornukiauru 6.4-xansanjga kenrtupwirad. JKaaBangan kypuHUO
TYpUOAMKH, UKKUIUK CHUMBOJUIAPHHM TyJja y3aTHII Te3luru (3-ycTyHua) KaHal
CUMBOJUIAPUHU y3aTHUILI TE3JUTMHUA CHUMBOJIJIar OWTIap COHMra KynmauTHpHII
OpKaJIu OJIMHAIM Ba kymnaitMa, Pun-ConoMoH XanakuToapI0NUITMKHHA OIIUPaIuTaH
KOJUTalia KylmuMya KUPUTHITaH OaiTiap xucobura, Goiganu mMabyMOTIapHU
y3aTHII TE3JTUTHU]IaH I0OKOpH OYIaau.

4.1-xafBaTHUHT OXMPrU yCTYHYAIAPUJATH MabIyMOTIIApHHU, TaCBUP cudaTh
KUMaTiiapy Typauda OYiraH TeJIeBU3MOH JacTypiap Tajabliapura acoca,
UKKWIMK CUMBOJUIAPHU Y3aTHUILI TE3JUIH OWIaH coJuiuTupud, Ourra Kademb
TeJeBUICHUECH KaHaluaa y €ku Oy cudar OwiaH HeuyTa TEJICBU3UOH JacCTypHH
y3aTUII MyMKWHJIUTHHY 0ax0Jialll MyMKHH.

Kynruna pnaBnatnapga alHMKCAa axoJiM Ky JKOWJIapja Tejie  Ba
pPalMOdIIMTTUPULIUIAD KEHI TMOJIocalu ajloka Kabeitapu €paaMuja amanira
omupmwiaau. Ymoy kabemnu texunonorusuiap 400 MI'y (¥praua 50-450 MI'r) €xu
800 MI'n (yprawa 50-450 MI'n) yTkasumn nosocacura sra. byHaaH Tamikapu
kyiabd gasnatinapaa VHF Ba UHF smurtupuin nquanazonnapu y €ku 0y xu3zmar
Typiapu TOMOHHUAaH OaHn KwmO Kyhwiaran. bynpgalh Xonatmapga myHE
Takpubacura acociaHm® KaOelaIu TeNeBUACHUE SKOPHM KWIMII Macaiacu
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kyTapwianu. KabGemmn TeneBHICHUEHMHT OOIKA Typaard TeleBUACHUETApIaH
(cyHpuil WyaAomIIM, €p YCTH) (apKud KEHTr IMoJjocaiM Juara3oHra (akar
TEXHOJIOTUSIHUHT Y3WHM >KOpUM KWIMHraHuga ae0 OenrwiaHanu. SIbHU ymMyMuin
crekTp $hakaTTUHU 11y TEXHOJOTUSTa TerUIILIH.

Taxmunan 1995 #ungan Oonutad KyNruHa KaOeuId TeIEAIIUTTHPHUIILIAD
pakamuiu DVB-C ¢opmarura yrTkasmwna Oouutanau. DVB-Chunr uwacrota
nojocacu 300 MI'uman rokopu.

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

Onuit koakcuan kabemnapaa kanamiap dapku 8 MI'. bynmait Tusumaa 64
no3uusian QAM MOIyNAIUsIIaHTaH CUTHAJ HILIATANAau. MabiymMOT y3aTHII
te3nmuru 6.9 Mc/c. MabiayMoT y3aTHIl TE3JIUTH KaHall KeHrauru SMI'1 1aH Kuauk
Oymumm so3uM. Monymsiiusiianran curan r= 0,15 axautiam Oupiuru octuaa
sxauTiaaHagd. 6.9 Mc/c Ba 64 QAM (6 Out/cex) eabu mapaMmeTpiapHu XucoOra
OJITaH X0J1J1a KaHaJI yMYMHI MabJIyMOT y3aTHII TE3JIUTH Kyluaaruda oynaiam.

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

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

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

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

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

4.7.pacm. DVB-C MoaynaTopu CTpyKTypa CXeMacH.

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

RF from 47...862

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

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

V3arwia€trad MabiaymMOTJIap LIOBKMH, CYHYBUYM Ba KAWTyBUYM CHUTHAJ

16 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014 page 308.
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aMIUIATY1ajlapy Ba CYHUIIUIAp HATHXKACKAa OMpiIaMid XOJaTUHUA HYKOTaIu.
CyHrpa wMmabIyMOTJIap OKHMM JeCKpemOiepra Tyllaad Ba y epAaH
JecKkpeMOepaaHTral TPaHCIIOPT OKUMU AeMynbTuiuiekcopra (JAMIT) 6opanu, ssbHu
OyHJa TpaHCIOPT OKMMMJAH TaHJIAHTaH JAcTypra TETUIUIM IMaKeTJIap aXkpaTuod
OJIMHAaIX XamJa BHIEO, OBO3 Ba MAabIyMOTIAPHUHI D3JIEMEHTAp OKHUMJIAPH

HIaKJIaHaJIujiap.

Noise,
interferer,
echos,

amplitude Intermodulation,

response, interferer,
group noise

delay

Cable \

head- l\ DVB-C
end receiver
> 1

IQ error of modulator
- 1Q imbalance

- phase error

- carrier leakage,
noise,

phase jitter,
intermodulation,
interferer,

cross modulation

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

Curnayiapau Kaiita unuiam Oyinya kevimaru omneparusuiap DVB-T tuzumun
KaOyJ1 KWIyBYM KypHJIMacH Kabu Oyiaiu.

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

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

terminal
UMTS/ : I AN : | T\
GS M/ Up & down stream UMTS/
GPRS Interactivity channel GSM/
i GPRS
Delivery T _t_ ——
Gateway | <> X
Y [ Lsystem Application
| S
IP/MPEG-2 N T E g : w 2
% | oy oy o
encapsulator B s L S — QZ % qE)
(10l o] &)
Video/audio g2 2 2 |Pown stream sl O
services (~15 Mbit/s, COFDM, 16QAM,
8K, 4K, 2K carrier, 8/7/6/5 MHz channels,

47...860 MHz, 1.5 GHz)

4.10.pacm. Mo6un anoka Ba DVB TexHOIOrHsAIapy KOHBEPTEHIUACH

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

® [IOPTAaTUB TEPMUHAJIAPHUHI  KWYMK  TabapuTIM  aHTECHHaJApH
CUTHaJUIapHU (hakaTTuHA OWHOMAH TalIKapuaa 3Mac, O0amku OETOHNM JEeBOpJIAp
opTHAa XaM KalyJl KWJIMHHIIMHU TabMHHJIAIN Kepak Ba Oy d5ca TeIedUTTHPHUII
CUTHaJUIap KyBBaT OKUMUHUHTI 3uwimdrudn  (KO3) cesunapnu  gapaxkana
OIIMPUIIIHU Tajlal dTau.

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

e MOOWIb  TEPMUHAUIADHUHT  MaHOaaJapu  dSHEpPrus  KyBBaTu
3axXUpaJapUHUHT YerapaiaHraHlInTH,

AHa my maptiapaad kenu6 yuku0, DVB-H tusumura xyituaaru tanadnaap
KyWWJIaIu:

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

e XapakaT JaBOMHJA, alHUKCAa KaTTa TE3JMKIapAa, UIIOHWIM MOOWIIb
KaOyJ1 KWJIHIIL;

® CHUTHAIAPHUHT KYT HYpJIM TapKaJWIIMIA, alHUKCA XOHA IIapOUTHAA
KaOyJ KuJjla OJHII UMKOHUSTHHHHT MaBXKY/JINTH;

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

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

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

TabmunoTHEH OO KdpHil
SR S sy = ey e v - '

* Baxr 6Vituua
| _xeanmaw | |, DVE-H
DVB-T chruan gx%;oﬂ;::ll}'ﬂﬂ“wp aatagram | TEPMWHET
1OM kupuin 8k, 2k —d MPE - FEC ‘ ,..
4k, TPS '1 "

DVB-H uaesmoayinstop

4.11.pacm. DVB-H kaOyn KUATHYHUHT KOHLENTYaJ Ty3UIMacH

[Mynnpait kumu6, DVB-H wmopynsuusiamHuHT 3 peXMMHAa HIILUIAIIN
MYMKHH:
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e 8k - Typiu KarTanukaard (kKaTrra, ypTa Ba KHYMK) OHMTTa 4YacTOTallu
tapmokiapiaa (SFN) Ba Jlonmuep yacToTa CHIDKUIUIAPU MaBXyJll OYnraH
IOKOpH TE3JUK OuslaH KaOyn Kwimnuiapaa ¢hodgaiaHuIl yuyH,SbHH KaOyll
XapakaTJIaHWII JaBOMHUA amaira OlupuiIagu.

e 4k - J[lonmuep dacToTa CWDKHIUIApUAA Ce3WiIapiid, KUYUK Ba ypra
kattanukaaru SFN Tapmoknap yuyH. Xyzaa rokopu Te3nukiapaa KaOyn
KWINIIAA UITATHIAIINA MyMKHH.

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

OuzukaBuii OOCKMYJArd MKKHHYM TYJIUMPyBUM Oyiud6 4k Ba 2K
pexXUMIIapyia MabJIyMOTIApHU YyKYp OpajlaTUII UMKOHUATH Xucobnanaau. DVB-
T kanammu kopnamm 6up COFDM cuMBOa nunaa MabIiyMOTIIADHU OpajaTHILIHUA
Hazapjaa TyTagd. Y acocaH Kyl  Hypiaud KaOyijgard TallyBYMJIaApPHUHT
ceJIeKTUB(anoxuaa —ajaoxuaa) KOTUO KOJNMILIapHa KOMIIEHCALUUs KWIHIL YYyH
MYIDKaJUTaHraH. AWHU BaKTHHUHT Y3UJ1a MOOWJI TEpPMHUHAILJIAPH, KATTa SXTUMOJUIHK
OwiaH, KEHI TOJIOCAIM HWMITYJIbC IIOBKMHJIAp TabCUPH 30HAacHaa OYyiuo
Koiunuiapu MyMKuH. IllyHuHrnek, kaOyn KWiIMII >Kapa€HH XapakaT Te3JIUruia
amMaira OMMPWIUINK Ty(ailii CUTHATHUHT OY3WIMIIWTa OJIMO KellaguraH
yacrotanuHr Jlommiep cwokuim mnaino Oyiaamu. Iy ca6abmu COFDM(DAB,
ISDB-T) 6a3acumaru MOOHIIb SIIATTHPHUIN CTaHAAPTIApUAA, Y30K JABOM STYBUH
XaJIAKUTIAPHUHT acopatiapyu OWIaH Kypallull y49yH, KaHAJUIM KOJJIAIl ITMKIUTa
Vuna6 xarroku 103ma6 OFDM cumBomiapHu Kampa®d oJiraH, JaBOMHM
MabJIyMOTJIAp CEPUSICMHU oOpajaTuil Kuputuiaagu. OpanaTuinga HIITHPOK
ATAa€TraH MabIyMOTJap KeTMa-KeTJIUIW KaH4da y3yH Oyica, cyHUII acopaTiapu
OwiaH Kypalmuil HIyHYalduk camapanu Oynaau. bupoxk DVB-H yuyH Kyiinparu
cababapra kypa OyHaail €HAanyB TYFpU KeJIMaiiau:

®JaBOMUN KETMa-KETIMKIAPHU THUKJIAIl Y3JyKCU3 KaOyinHu Tanad s3Taawu,

apin  DVB-H pexumupa,sHeprusHu  Texalml Y4YyH MablyMOTJIAPHU

y3aTHILJIa UMITYJIbC PEKUMU KYIUTaHWIAIH;

®JTaBOMUN  KETMa-KEeTIIMKJIApPHU THUKJIAIl y4yH, KaOyl KWITHWIAPHU

KUMMAaTJIAIyBUTa OO KeTaJuraH,KaTTa XaXmaara XoTupa 3apyp;

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

Tajabiapura Teckapu 0ynud KoJau.

[llyauur yuyn DVB-H pna xamMma TOMOHHM KOHUKTUPAIWIaH €4UM
tannanrad. DVB-T yuyH anua nonzap0 Oyiran Mogyasuusuian 8k pekuMu y4yH,
DVB-Hpa Outra cumBOJ loupacuja OUTIapHU OpajaTUIl cakjad KOJWHTaH. Xap
oup COFDM cumBOJI MabIyMOTIAPUHUHT KaM MUKJIOPUHHU OJMO yTaauraH 2K Ba
4k pexumiapuaa sca, onuus cudaruga ymOy Makcaajiap y4yH aXXpaTWiraH
XOTUPAHUHT MYMKHH OYyNraH Xaxmiapuja BaKTUHYAIUK OpaJaTHIIl UMKOHUSATU
KupuTHiIaau. 4k pexxumu yuyH opanatuil COFDMua ukkuta cuMBOIITH YyKypIUK
Oounad, 2k pexuMm yuyH 3ca COFDM gna TypTTa CHUMBOUIM YyKypJIHMK OWIIaH
amanra omupuianad. bupok Oy pexumaa wunuiaranza DVB-T Ba DVB-H
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TpaHCHsAUUsIapuHu Oupranukaa y3atu6 Oynmaian. DVB-T na kynnanunaguran
WYKM Ba TalllKd KAHAJUIM KOJUIAIHUHT KOJTaH MEXaHW3MIIapu Xed KaHjai
y3rapunuiapcu3 DVB-Hra yTkasunran.

YYuHYH TYJAUPHIN 3Ca TPAHCIOPT curHanu3anusra terunuuaup (TPS-
Transmission Parameter Signalling), 6yara DVB-H ¢opmaTtuna y3atunanuran
XU3MaTjaap OKUMHUIa MaBXyJl HJICHTU(DUKAIUSAIOBYM (TEKIIMPYBYM) 2 Ta OUT
KylIuiaaav, [IyHUHCJOEK  aMaira  omupwiaguran [P gelitarpammanap
(MabIyMOTNIAp MaKkeTaapH) 6a3zacura KylnuMua XUMOos KOAJIapy KUPUTUIIA]TH.

Typrunun tyagupum 5 Ml mojocanu myHnad mapt OWiaH WIUIATUII
MyMKAHJIUTUHY,  SBHU  OIIUTTUPWIMAWIWATAH  AuamnazoHza  (hodgamaHwuil
UMKOHUSATH spaTiiranaa naiino 6ynaau. Y DVB-T na ¢oitnananunaguran 6,7 Ba
8 MInm mm mosocamapra kymwirad. Yau AKlIza L-mgmanazonu (1,670-
1,675I'Tu)na, DVB-H TapMOKJIAPVHH IAKJUIAHTUPUILA, KyJutanl
pexanamTuPUIMOK/IA.

OnekTp sHeprus capduHU TeXall ydyH MOOWIb TepMUHALIapJa BAKTJIH
3MWIAIITHPUIN TPUHUMIM KYJJaHuiIaau, OyHna doijganu MabilymMoT XKyJa
KMYHMK BaKT JaBOMHMJIa FOKOPH Te3/IHK OwmiiaH (MacanaH, 10MOuT/c) y3aTtunaau Eku
KaOyJl KWJIMHAIU, SbHU KYTHII BaKTHUTa HUCOATaH XKyJa KUYMK OPAIHMK BaKTIa
y3atuiaan €ku kKabyn kuwinHaau. DVB-H rteneBumenune xu3MaTuHUHT cudativ
TacBUpJapu Y4yH pakamiid axoopor yzarum Tteznuru 250 Kout/c Oynumm
etapauaup. Llyngaii kunmb xkaOysal KWITMYHUHT WII BAaKTH Ba YUMPWIMII BAKTH
myHocabatu (10/0,25 = 40) Hu TamKwiI dTCa, SHEPTUS TEKAMKOPIUTH TaXMUHAH
90% ra tenr Oymagu. DVB-H TusumuHuHT 1oTyknapunaH Oupu TeJIeBUIECHUE
SIIUTTUPHIIIIAP YUYH KaM KyBBaTIHU y3aTruwiapaan doipananumaup. bynmga kenr
MaclITabiyu CUTHaUIapu KaOysl KWIMII Y4YyH camapaid edum Oyiaubd, oup
yacmomanu mapmox, BapuaHtu XucoOmaHamm (4.12- pacm). YmOy Tapmokma
OamaHj TasHY aHTEHHA Ba yTa KyBBaTJIM y3aTruujapiaan doiimananMaciaaH Oup
HeYa KaM KyBBaTJM Y3aTTUWIAPHU KyIiab, OWTTa yacTtoTaja MIUIATHO, KarTa
TyMaHJapJa OJIIUTTAPUIUIAPHU KaMmpad oOJuIil MyMKUH. bup yacrortanu
TapMOKJIAPHUHT Oapya y3aTruujiapu Oup Xui curHaimapau y3araau Ba GPS
CYHBUH WYIJOUIIAD OPKAIM OJMHAIWTAaH HHUXOATIA aHWK BaKT CHUTHAUIapU
épllaMu/ia aHUK CUHXPOHM3AIUS KIJIMHA K.

Perpascastopnap

—pd TB stispica

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

Arap DVB-H curHauap y4yH MyJbTUIUIEKCUPJIAHTAH TYIUK OKUM
3axypayianrad Oysca, TapMOKJIApHU peXajJalllTUpUIIAA KYTT UMKOHUSATIAD TMaiJI0
Oymummura onud kenaau. bynnait TapMok OMp Heya BUJIOSITIIADHUHT OUp 4acTOTaIH
TapMOFUJaH nbopar Oyica, ylapHHHI Xap OMpuaa HmIaxcuil yactoTa Oenrunapu
KyJUIAaHUIUIApU MYMKHH.

Xap Oup BwiosAT yuyH SFNHHMHT MakcuMall KOJJIAIll TE3JUrd KUWMATH,
TAPMOKHMHT XMMOSI MHTEPBAIM Ba reorpaduk >xoinammunuiapra OOFJIHK, ofaTia
KAMpOB YHJIA0 KUJIOMETPJIapHU Talmkui etagu. Arap SFNHu Oupop 6up BujosTaa
KaOyJl KWJIUIIM Mypakkad €KW Jespiau MyMKUH Oynmaran skoinapuna, GPS
épllaMula CUHXPOHM3AIMSUIaHTaH OuUp Heya KyIuMm4Ya y3aTrudiap KYJJTaHUIIHA
MyMKuH. [lynu kaiig stuim kepakku, DVB-H Ttapmoxkna y3atruu KyBBatiiapu Ba
aHTECHHAJAPHUHT OaNlaHJIUTU OJATHM paKamiid TEJIEIIUTTUPULIUIAPHUHT €P YCTH
DVB-T rtapmokiapura HucOatan kam Oynamu. Illy caba® moOuns TepMHHAI
KUpUIIUAQ CUTHAIHUHT HUcCOAaTaH KaTTa KUMMAaTUHU TabMUHJIANI  y4YyH
CUHXPOHU3AIMSIIIAHTaH aCOCUI y3aTTHUJIapHUHT COHU KYTI OYuIu Kepak. byHait
TapMOK IOKOPH 3MUWIMKKA 3ra OWp 4acTOTalu TapMOK Je0 HOMJIAHMIIM MYMKHH.
byHnaii TapMOKHMHT TaHHAapXxH, aHbaHaBuid DVB-T ep ycTu pakamiau TeJIeBU3HOH
SIIMTTHPUII ~ TapMOFM  HapXuJaH  KAMmar  Oynmaau, Oupoxk  Ourra
MYJIbTUIUIEKCUPJIAHTaH OKUMAA Takiaug dTUIa€TraH Xu3Mariap COHHU Xam
taxMuHaH 10 6apoOap kym Oynaau.

4.4. IPTV uMKOHMAT/IAPH BA TEXHOJOTHSACH

SHru  TeXHOJOrWsJIap PHUBOXKJIAHUIIKA Ba TAKOMHUJUIAIIMINK OKHWOATHIIA
aHbaHAaBUH TEJEBHJICHUEIArM KEHI TOoJIocaau KaOemiap Ba CyHBUH WHYJIIOILIN
TH3UMJIAp OWTTa TEICKOMMYHMKAIIMS TapMOFUTa OHUPIAIITHUPHIIAA. YHTa MapTId
pasumiaa VDSL (Very-high-bit-rate Digital Subscriber Line, [ITU-T G.993]) Homu
Ocpmwiau. Ymly TexXHOJOTHs EpaaMujia MaBXKyJ HHTEPHET TapMOFH yCTHUTa
nakerii TB TU3MMUHM KypUIll UMKOHUSITUHU TaKIWM OTAU. SpaTuiraH THU3UM
IPTV (Internet protocol television) ne6 HOMIAHWO, 3 TypAaru TEICKOMYHHKAIUS
XU3MaTiaapuHu (TesneoH, TEICBUICHNE Ba HHTEPHET) TaKIUM KUIUO KeIMOK/A.

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

18 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third
Edition, by Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 569.
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TV services over xDSL based IP networks
. . DVBIP ISMA
proprietary proprietary ETS102034 Streamina®

MPEG-2 TS

RTP

Real Time Transport Protocol

UDP

User Datagram Protocol

IP

Ethernet/ xDSL / ...

4.14.pacm. IPTV nporokosiapu.

Xoszupru kyHja [PTV xopuil KWIUMIIHUHT siHa OUp HOCTAaHAAPT ycyiulapaaH
Owupu Oy ayamo Ba BHUACO OKMMIIapHU OuTTH MPEG-2-Tpancmopt oxumwmra
woinamtupud, okumMHu UDP éku [P-nakernapra yrkasumgan ubopar. Yoy
kypcatma DVB-IP crangaptuaunr ETS 102034 Oynumu acocuja amaira
ommpunaay. °

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

1. EpHuUHT CyHBUH MYII0IIM SKBaTOpAaH VypTadya KaHAal OajaHIMKKa
KOWIamTupuiag ?

2. DVB-S cranmaptu kKanjaid opaluKiard 4yaroTa Juara3oHuja HIILUIAIIHA
Ky31a TyTaau ?

3. EpHuHr cywpuil Wynagomm ypHATWITaH OajaH/UIMK alHaH HUMara
acociaHu0 ymoly OanaHIJIMK TaHJIaHTaH?

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

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

6. DVB-S cranmapTtu Kalicu quanazoHja HIIIanm?

/. DVB-Suunr koakcuan kabemnu tuzumiapuaa QAM moayisiuusICHHUHT
KalCH TypHU KyJUIaHUJIaau?

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

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

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

11.DVB-H TexHonoruscu Ka4oH >KOpUi KHUJIMHTaH?

12.DVB-H tu3umu KaHgai TH3UMIIap KOHBEPTCHIMSICH XUCOOIaHan?

13.Mobunp TeneBUACHUE TU3WMHUHU SIpaTUIIIA KaOyn KWJIMIIHUHT MOOWIIb
TepMUHAJIapUTa Kyniaaurad Tanadnap HuManapiad nuoopatr?

14VDSL - 6y xanmaii TexHomorusi Ba yHMHT DVB-H tmsumuparu ypHu
Kagaan?

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

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

17 Kenaxxakna DVB-T, DVB-S, DVB-C, DVB-H Ba [PTV
TE€XHOJIOTUsIIapUIaH Kaiicu oupu OM3HUHT  pecnyOiauKaMu3ia
PUBOXIIAHMIIIM Ba HWCTUKOONM KUXATIAH IOKOPH YpPHUHra KYyTapWIIUII
O6opacupa maxcui GUKPUHTTHU3IHU OWIITUPUHT.

DoiaJAHWITAH aga0uéTaap
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Engineering Guide Third Edition, by Walter Fischer, printed at Springer
Heidelberg Dordrecht Germeny 2010. Chapter-14,16,22,29.

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

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

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

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

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

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

5.1. Ep yctu DVB-T2 TesieBuieHHe CTAaHAAPTH.

2003 #iunra kenmu6 DVB-S HUHT sHTH aBlIOAAard TEICBUICHUECH SIPATHIIIH.
DVB-S2 ra kyiinnran tana® myHaaH uOopaT OYIAWKU y IOKOPH aHUKIUKIATU
TeJIeBUICHUE KOHTEHTUHU KaWTH UIIan Ba aupra yzata oMl KOOUTUATHUTA dra
oynui 514, ByHan Tamkapy MabiIyMOTap XaXMUHHM OITAHJIUTa Ba STHTY Mai10
Oyiaran KypuiaMajdapd WMKOHUSITIAPUHUHT IOKOPWIMIUA XaM YIIOy KOHIEIIIHS
ApaTMIMIATa TYpTKM Oymam. Wymmommu DVB-S2 cramjmapTé  aBBanTHCHTa
HUCOATaH KAaHAJIHUHT  YTKa3um  KoOownmuatuHuHr 30% rada  OpPTUIIMHU
tapMuHIaiau. [IIyHUHT ydyH Xam IOKOpY aHUKJIMKIATH TEJIEBUACHUEHH Y3aTHII
yayH DVB-S2 crangaptunan dorigananum makcaara myBoduk. Mm pexumiapu
oyiinua DVB-S2 tuzumu ep yctu DVB-T Tuzumu Ounan y3Buii OOFJIUK JIMTUHU
xucobra onran xomga DVB-T2 THU3MMUHUHT SpaTUIWIIA XaM MYXHM YpUH
Tyragu’.

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

2006 iun despans oiimma DVB koHcopuuymMu jgoupacuia TaIAKUKOT
kymutacu(Study  Mission) TamKkwi KWIMHAM Ba KYyMHTa XHJIMa  XHII
TEXHOJIOTUSIApHU YpraHuil OuiaH MyFWUIAHIU. SpuM HUiiad CYHT KYMUTaHUHT
uim  daomusaTh skyHura etau Ba DVB-T2 cranmaptuHu wunuiad dYuKuWInTra
kuputwiy Ba 2008 i HOsOps oinia ymly cTaHAapT TAaCAUKIAHIA XaM/la YHTa
KyHuara tajnadiap Kynusam:

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

20 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 661.
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- DVB-T2 cranuonap Ba MOpTaTUB aHTEHHayapra Oupaexk KaOysl KUJIMHUIIH
JIO3UM.

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

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

- DVB-T2 cranaaptu siroHa pajuoKaHaIa TYpPJIH XajJaKUTOApIONUIMK OuiaH
y3aTWIaguran Oup HeuyTa aJoxXyJa XHU3MATJIApHUHT KYpCATHIUIITNHU
KyJutlamu J1o3uM. Macaman, 8 Ml keHrnmukaarn KaHanaa y3aTWUiIaéTraH
XU3MaTIapHUHT  Oab3uiapu  pakaT ToMJIa YpHATWIraH  WYHaJIraH
aHTeHHanapra, Oab3Wiapyd 3Ca XOHAKH aHTEeHHajapra KaOysl KHJIMHHUIIA
KEpax.

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

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

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

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

AJOKa KaHAJIMHUHT MaKCHUMall YTKa3uIl KOOWIMATUHU TabMUHJIANI YYyH
SHTYM CTaHJapTAa KaTop SIHTUIUKIAp KalOyn KuwiuHTraHku, ynap DVB-T2
CTaHJAPTUAAa KAHAIHWHI YTKa3yBUAHJIUTUHU SHTUYa KOJIAll YCYJUIapU, XUMOS
WHTEpPBAILIApU YIIYaMHHU Y3rapTUPHIL, TasHY CUTHAIAPUHUHT PEKUMIIAPUHU
y3rapTUpuil  XUCOOWTA,KOMJIAl  TMapaMeTpJIapuHu  MyKaMMaJUIallITUPHUIITa
KapaTwirasgpiap.

byHnra spummm yuyH xanakuriaapra Kapmu kogjgamHuHr (FEC) suarn
cxemanapu Ba Base Band (BB) kanp makernapman ¢origamanuirad. 5.1-pacmua
KypCaTUITaHUJICK y3aTWiIyBYd MabjiymoTiap BB makernapra >xoumamTupuianu.
Cyurpa xymnu DVB-S2 kabu LDPS FEC wnazopar Outnapu Epnamuaa
¢nunanu.flna LDPS npexoanamranjiaH KeMMHITM XaTOJUKIAPHU Ty3aTUII YYyH
Mabiymotiiap boys3-Hoynxopu-XOoKBHHIEM KUCKa KOIJapy €paaMuaa Kylnmya
paBuLIAa XUMOSITIaHAAUIIAP.
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5.1-pacm. [1act yacToranu kagpHUHT cTpykTypacu (BB xanp)

Kampuunr, xamakuTOapAoml KoJjaml MabIyMmMOTiapu OwWiaH, TYIUK
napomuinurn 64800 OutHu Tamkwin Kuinaau. by kaap DVB-T2 cranpaptuna
O0azaBuil Oyiok xucoOnaHamu. bynnga T2 crangapTuaa XuMosuiall KOJJIAPUHUT
HazopaT OWTIapuHUHT Kynamu 15-50% mMuxaopuaa y3rapuiim MyMKUH. BHpOK,
cTaHgapT ToMoHMaaH 16200 Out OynraH aHya KHCKAa Kaap XaM KYJUTaHUIUIIH
HazapJa TyTWIraH. by Kaap macT Te3NMKAard Xu3MaTjaapHU KaOyi KWIHIIAard
KEUMKHUIIIHA KAMaUTUPHUI YUYH KYJUTAHWINAIIA MYMKHUH.

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

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

T2 vy nnwiad yukumga 6up €Ku Ky TalulyBUWIA MOIYJSUIUSIIADHUHT OUp
HeYa BapuaHTIapu TakkociaHraH. Hatwkana xumosi untepBanura (XW) ra sra
OFDM BapuanTu tannanrad, y DVB-T na unutarunaran, OyHna xap Oup cCuMBOI
Oup BakTAa ¢aza Ba aMIUIUTyda Oyiinua MOIYJSLUSUIAHAUTaH OPTOrOHAN
TallyBUMJIADHUHT KaTTa COHWM OwnaH y3atwiaau. DVB-Tna, xycycan, ukkurta
pexum - 2K Ba 8K nap ky3aa tyrtunrad. by pakamiiap CUrHanHM Kyn TallyBYUiIap
OWJiaH WIAK/UIAHTUPUII yuyH KymnaHuiaauran FFT (Dypwse Te3 y3rapTupwuiin)
ymuamuau udopa sTaau. MabiayMOTIapHU y3aTUII YYyH KYJUIaHWJIAJAUTaH
TallyBUMJIADHUHT MaBXYyJ aMIUETIAard COHM Oup MyHuYa kam. CUTHaJUIapHU KYTI
TapKanuml  okuOaTtujaru  Oy3wiMILIapAaH(XaTONUKIApAaH) cakjall — y4yH
(Oepuwiiran CUMBOJIHM y3aTHUITa XW3MaT KWJaauraH xap Oup tamryBud y4yyH) T2
TU3UMJA Xap OUp CHMBOJ SKYHHJA XUMOSI MHTEepBaiuaaH oiamaHuIagn xamaa
y 5.2-pacMjia KeITUPHUIITaH.
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5.2-pacM. XUMOsI HTHTEpBaJUIapu1ad (oiiaIaHuII

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

Gl | 8K cumuon 25% ¥z

Gl 32K  cummon ~6% Kyt

5.3-pacm. Ky connu tamryB4miiap pexKUMHUra YTUIIHUHT KYPCATHIIUIIH.

PLP (Physical Layer Pipe) tepmuau wunk 6op DVB-T2 tuzummuaa
kyutanuwirad. PLP Basudacu mynman ubopar OYIraHKU-TU3UM MOIYJISATOPHUTra
Kyl KUPHUIUIM MabIyMOTJIap OKMUMHHHM TYpJHM Japajard Te3jaukiaap OuiaH
OCpUIUIIMHYA TabMHUHJIALAAH HOOPT Oynran. by Bazudanu MabirymoTiaap OKUMUTa
MOCJIAIIMII OJIOKH amalira omupagn. MabiiyMoTiap OKUMHUTa MOCJIAIIUII OJIOKKIA
KyWHJIary xKapacH amaira OIUPUIaIn:

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

bynnan tamkapu DVB-T2 tusumu SFN Oup yacToTaiv THU3UMHU XOCHII
KWIMII BasudacuHu XaMm ¥3 wuuura onaad. PLP  TU3UMUHUHT >KOpuit
KWIMHUIIWTIa4ya ymly Macaja €4MMHU KATTa KUWMHYWIMKIAPHU XOCHJI KUJITaH.
YyHKM MOAYISATOp KUpHIIMra Oapuya cUrHauiap Oup XWiI BakT Oupiauruia
CUHXPOHJIa0 KUPUTHIIUII JIO3UM.
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l4— 48 bits —w|e———Payload length (bits) ——p

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

5.4.pacm. T2-MI maker cTpykTypacu.

Framem Frame m-1

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

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

L1 dyng pp,(m)

5.5.pacm. DVB-T2 Ttuzumu mabiymMoTiap OKUMUTA MOCTAIIHII OJIOKH

DVB-T2 Oup wyactoTasiu TH3UMUJA CUHXpoHM3auus YyuyH T2-MIP-
nakeriapy  MPEG-2 tpancnopr okumuHuHT TapkuOuga T2-MI unTtepdelicu
KYPUHUIINIA KUPUTUIIAIU

DVB-T2 na nucbaran y3yH cumBoiuiapAaH (OHAaTaHUILI, YMYMHH XaXXm
CUMBOJIM/IA, XUMOSI THTEPBAIMHUHT CE3UJIapiu KUCKApUIIUTra UMKOH Oepaau. 32K
pexumugarn T2 1ga XUMOS WHTEPBAIMHUHI MaKCHUMall JaBOMHIUIMTU XHUMOS
WHTEPBAJIMHUHT TYJIUK CUMBOJUIAp JaBoMuUiurura, sbHu 19/128 ra TeHr
HUCOAT/Aa SpUIIIIAIN. XUMOS UHTEPBATUHUHT naBoMuinura S00Mkc Oyiranma,
HUpUK yMyMIaBiaT OUp 4acTOTa Il TAPMOFUHH KYPHII UMKOHUSTH MaBXy/.

Mynnait kunuo, T2 wucbaran kyn O6ynran FFT yauamiapu Ba KeHr XUMOS
WHTEpBAUIapu KUMataapuHu oepaau. XycycaH:

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

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

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

T2na onmii Mmoayasiuus 256 QAMraua kyrapuiran, y OUTTa CHMBOJI
Owran 8 Ta OWUT y3aTWIl MMKOHMHM Oepaau. YmOy MOAYJALMS ITOBKHH
TOMOHMJIAH SIpaTWJITaH XaToJMKJapra TabCHUpYaH »JSKaHUTa Kapamail, TecT
HaTtwxkanapu wyHu kypcarnuku, LDPC FECnan ¢otinananum DVB-T ra
HUcOaTaH, XyAa4 MIyHAAl mapouTiapaa,kaHain camapaaopiaukaud 30% omuIuHu
TabMUHJIANIN.

T2 npa spatwiran saru pexumiap - 16K Ba 32K asBanru 2K pexumra
HUCOATaH MOJI0CaaH TalIKapUaard TapKUOW KUCMJIAPHUHT KECKUH MMacaTHPHUII
MMKOHUTA ara. 5.6-pacmma KYpCaTWITaHUJIEK, yoy X0JI1atT
TamryBuniIapHuHr,8MI'm nonocana, DVB-T curbamwiapuau CTaHIapT CIEKTpal
Mackara SKUH SKOWJAIITHUpUINra HWMKOH sparaad. Ym0y KeHralTUpWIraH
noJiocanap sina 2%rada KylnMya MabIyMOTJIAPHU y3aTUIIl UMKOHUHU Oepajiu.

Xumona neTepsanm — 1/8
S 10 A L | L 3
& CTaHAApPT MacKa
;_: ¢ 32K HOpMan 1
= — 32K xenraiiTupuaras
=4
o -10F )
—
o
@
- - 0 o -
= 2
=
©
g— -30 S
& S —
| =
O a0t} .
-50 . ” : g ’
3.7 3.8 3.9 “ 41 42
Yacrora (Mlu) (mapxa3ui yactoTara HucbaraH)

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

OFDM Tu3zuMiapuia TAKCMMJIAHTAH TassHY-CUTHAJUIAP UIIaTUIAIuIIap.
VYnap mabliyM BakT Ba TallyBUWIap OYyilM4a TakCUMJIAHTaH MOIYJISIIUSIIaHTaH
anemMeHTiap cudaruga Hamo€H Oynmanunap. KaOyn kuiarudra TasHY-CUTHALIAp
MOAYJISLMS TapaMmeTpiapy MabiyM Ba KaOyll KWJITHY YyJapHU KaHaj XOJIaTUHU
Oaxonamra unuiatiid MyMkuH. DVB-Tna xap YH UKKUHYM MOAYJSUMSIIAHTaH
AIIEMEHT TasiHY-CUTHaN OYynub XucoOnaHaau, SbHU  YJIAPHUHT  YMyMHH
MabIyMOTIAp XaKMUJArM KUCMH 8%HHW TallKWI Kuiaau. YOy MHpomnopius
XUMOSI MHTEPBAJUIAPUHUHI Xap KaHJal BapUaHTHAA WIUIATHIAJWTAaH Ba XUMOS
uHTepBaUIapu 1/4 OYnraH CUTHAJUTAPHU TEKUCIAIl UMKOHUHU OepaauraH, TasH4-
CUTHAJUIAPHHU KOWJAIITUPHUII MYMKHH OYIUIIN Kepak. BHUpOK KHYMK XUMOS
uHTEepBaUIapu ydyyH 8% MHUKIOpJAaH KaM TasHY-CUTHAJUIAPHU  KYIIMII
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optukyanukka onm6 kenaau. Llyaunar yayn T2na ynapHU KOWTAIITUPUITHUHT 8
TYpJIM XWJI BapUAHTH MaBXyaA. XUMOS UHTEPBAJTUHUT HUCOUM JaBOMMIIUTUHUHT
xap OWp BapuaHTHUTa TasHY-CUTHAJUIAp JKONUJIAITYBUHUHT OMp HEYa BapHaHTU MOC
KeJIaJIi Ba yJiap KaHAJHUHT KOPUH XOJIaTHUJIaH KeIuO YMKUO TUHAMUK TaHJaHaJIH,
Oy 5ca yJapHUHT COHMHW MYyKaMMaJUIAIITUPUII UMKOHUHHM Oepaau. 5.7-pacMmja
TassHY-CUTHAJIJIAP YKOMIAITYBUHUHT MYMKHUH OYJIraH MKKW BapHaHTHU KYpCaTHIITaH.
TassHU-CUTHAJUIAPHUHT  3UYPOK  OJKOMJAITYBHM  KaOyl  KWITMY  KHPHUIIKJA
CUTHAJI/IMOBKWH HHUCOATHHW Tanad »OTWIraH KUWUMAaTHHU TMacaTUpWINTa Ba
CUHXPOHU3AIMSIHYN SXIIUAJIANIIA WIUIATHIAITN MyMKAH. OXUpPry XoJjaTaa TasHY-
CUTHAJIJIAp MCEeBA0TACOAU(HUI KeTMA-KETIIMK OUIaH MOIYJISITUsIIaHaAMIIAP.

| SSPISSFTSS TS ST S TS doosoopttoretdocdisan San e § e rdretesbonetbosstoctotacdetanss n
| BN il i ! | S84 881! ! | !
.”T”- ot WIS e 10 wwr pRe s ittt | 1%
- hbiaidoch abibod denibbaiide sifoit . SRS AT RN PNRN1 SRR RN 00 SO0 00 SIRDD I B8 S0 B
DART Kt ey beyee g - - . <
K B S 0000 SO0 SR04 4 00§ SOBEN 000004 ) SO08 b R T T T T T -4
I ! ) 1! iiihls bhodiih Fhearhie by ) 44
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Nactora >

TRATRITTRI

5.7-pacM. TassHU-CUTHAILIAD JKOMIAITIYBUHUHT BapUaHTJIApU Ba yJIAPHUHT
YMYMUU CUTHAJIJATH YJIyLIUIAPH

l ittt

4%

T2ra Oynran TwxoparT Tajnabiapu Typiud XU3MaTIap YYYH XWJIMa XU
KUAMaTIM  XalakuTOapJOLUIMKHM TabMMHJAIIAH ubopataup. by Typau
MOIYJIALMA CXEMajapu Ba XaJlakuTOapjoml Kojiamiad —¢oiiasaHuirasia
TabMUHJAHUIIM MyMKUH. T2ma Oynra OFDM-cumBomnmapHu kaap wu4Huaa
rypyxJjaml OwiaH SpHUIIWIaad, SbHU Xap OUp XU3MaT KaJapAa aHWK CIOTHU
srajutaiiauran OyTyH Onok  OwnaH  y3atuinaad. YmOy oMl 5.8-pacmua
KEeATUpWIraH Ba Oy epnaa Typiau paHTr OWIaH TypiM Xu3Marra TETUIUIM OKUM
dbparmenTiapu udoaiaHraH.

T2 na xangp 6omu kucka OFDM-cumBon P1 6unan 6enrwnanaau. P1 xynau
5.9-pacmMma KypcaTwiraHaeK, KYIIHU TallyBYWJIApHUHT (YacToTa OYitnua
CWJDKHAraH) OOl Ba OXMPrd CUMBOJUIAPUMHHU KalTapuinumuHu KypcaryBun 1K
OFDM-cumBonuaan ubopar. bynnait Pl cuMBOTUHUHT Ty3unumiy Oup TOMOHIaH
YHU OCOH aHMKJIAHUIIM MUMKOHMHHM Oepaau, Oolika TapadaaH CUMBOJIHH acOCUI
KaJIpHUHT KaHAaiiaup GparMeHTy OWiiaH KYUIUIUII KIMKOHUHHA TabKUKIANHIH.

Tawysumn- | B | — :
nap —

) - b —— 0 b —— 4 ——d
——

Cvmesonnap

5.8-pacm. T21a kanpnap cTpykTypacu
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YacToTanu cumsuL YacToTanu cumML

1K cumBon

5.9-pacm. DVB-T2 curnanuszanusicu P1 cuMBONMMHUHT coAiaaliTHPUITaH
KYpHUHUIIN

ChoexkTpHrM CKaHepiaWIWraH KUOUpUII pexumuparn 12-  pecusep
TOMOHU/JIaH, Y3aTHUIIHU AHUKJIAHUIIMHUHT Ba COAJA, WIIOHYIM MEXaHW3MUHH,
SBbHU pecuBep OUJIaH YACTOTAHHU TE3KOp Ba 6 OWTIIM CUTHAJIM3AIMSCUHU YIIUIAITHU
tabMuHnaiau (Macanan: T2 kaapnaa FFT ymuamMunu anukanm yayH).

T2 xagpuunr crangapt gaBomuitiuru —200 Mc atpoduaa, Kaap Ty3UITUIIHA
XaKugaru axOOpOTHU Y3aTWIMIIM Tajlald KWIyBYM YCTKypMa 3ca Kowjaa Oyinua
1%1an KaMpOKHM ATraJlIaiiiu.

T2 kaHaM KOMJAIl THU3WMHAA OPAJATHINHUHI YyYTa KaCKaau
unuiatuiaau. by aca  Oy3wiraH »SJIeMEHTJIAPHUHT TMaKeTId XaTOJUKJIApH,
nexkonepaa aeopanatumgan kevinH,LDPC FEC-kanp 0yitnad TapKaTWJIMIIUHUA
nesapiau  kadonatnaian Ba skyHga LDPC koaepra MabliyMOTJIapHU THKJIAII
WMKOHUHU Oepaiu.

Ymby kackaayiapHu KenTupuo yTamus:
1. butnm opanarrud. outinapan FEC-6moku moupacuaa paHaoMu3anusiIangy,
2. Baktnmu opamarruu: T2 kanp noupacuma FEC-6iox  mabmymotiapu
CHMBOJUIADUHU KAaWTa TaKCUMJIaiau. by CUTHaIHM MMITYJIbC IIOBKUHTA Ba
y3aTHII TPAKTH XapaKTEPUCTUKAJIAPUHUHT Y3rapuIlura 4dJIaMIAKIUTHHA
OIIIUPAJIH.
3. YactoTtanmum opamarrud. y CEJIEeKTUB ‘“‘dgactora KOTUII d(deKkTrnHn
cycaiitupuin Maxkcaaunaa mabiymoTiaapau OFDM-cumBonu poupacuaa
PaHAOMU3ALMSIIAN TN,

Myaunaraex, T2 na xanakuTOApIONIIMKHU OIIMPHIN YIyH, MOIYJSIINOH
I0JIly34a TYpKYMHU O€NTWJIaHraH aillaHa Oypuakka OypHIll SIHTU TEXHUKACH
KyJanunarad. byngai Oypui, sdupnaru ogaTuii MyaMmoJiap MaBxXyJ XoJjaTia,
CUTHAJ YHMAAMJIUKINTUHU CE3WIapJId OLIMPUIIM MYMKHH. JlnarpaMMaHu aHMK
OenruiiaHrad Oypuakra OypuIll XucoOura Jiay3ua TYypKYMUHUHT Xap OUp HyKTacu
OoIlIKa HyKTaJap TOMOHHJAH TaKpopJaHMaiiiuran y3ura xoc koopauHaracura (Ul
Ba u2) sra Oymanunap (5.10-pacwm).
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5.10-pacm. QAM 1612 MOAYISIIMOH FOJTy34aiap TYPKYMIAPUHUHT OypUIIUIIN

Hykranunr xap Oup KoopAMHAaTacura MOAYJSTOpJA ajoXuJa HIUIOB
Oepunaau Ba ynap Oorika CUMBOIHHUHT U2 Ba ul Ounan apanamtupunnd, OFDM-
curHaijga oup-Oupura O0FiIMK OyimaraH xonjaa y3aTwiaauiap (ssbHH, u2 Ba uliap
typiin OFDM-tamyBumnnapna Ba xunma xuin OFDM-cuMBoiiapaa y3aTwiivinu
MYMKHH).

Kabyn kunrmyma u2 Ba ul Owupnamrupuiaguiap Ba aidnaHa Oyitna0
Oypwiran nactiaOKu 10iy34a TypKyMu makiutantupunaan. lynnail kuiaumo, arap
OWTTa TallyBYM €KM CHUMBOJI MHTep(EepeHLrs HaTHXKacuaa MyKoiuO KoJica, yHAa
OoITKa KOOpAMHATA XaKuaard axoopoT cakyiaHu® Koyiaau, Oy 3ca CHUMBOJHU
THUKJIAIl UMKOHWUHHU Oepajy, rapyd CHUTHAJ/IIOBKUH HHCOATH KUYHK Oyjca Xam.
CummeTtpuk (Oypuiamaras) 10ay34a TYpKyMUJaH TaKCUMJIaHTaH u2 Ba ul mapaan
doifalaHUIITHUHT MabHOCH WYK, YYHKH CUMBOJ (DakaTrmHa MKKUTa KOOpAMHATA
OMpUKMacH acocuJa TAHWIWIIKN MYMKHUH. YJapHUHT Xap OUpHU amoXuja dru3arura
sra Oynmaaum Ba yJapHUHT OWpUKMacuruHa Vy3ura xoc Oymamu. Tect
MOJCIIJIAIITUPUII HATKaJapy ymly TeXHHKaZaH QoianaHraniara CHrHaj
/11I0BKWH HUCOaTu OViinua 10TyK Snbrada eTuim MyMKUHIUTUHA TacAUKJIaraH.

T2 cranmaptu AnamoyT koauaaH (oWAaNaHMIl XUCOOMra HMKKHUTA
y3aTru4/laH KaOyJHU amajira OIIMPUII WMKOHUSATHHHM TabMHHIIAWIu. PecuBep
OWpJaHura WKKUTAa Y3aTTUYHUHT CUTHAJWMHU “‘KaOyn Kuiica”, macajiaH, Oup
YacTOTajdu TapMOKJa MyHanMaraH aHT€HHaJlaH Kalysl Kuiauml xucoOura, yHAaH
doiigariaHuIl TUBUMHUHT WIIMHU CE3WIApJIM SIXIIWIAKA MyMKHH. YOy KOJJall
TasiHY -CUTHaJT ()OpPMATU MIAKIMHHA Y3rapTUPHII OWiaH Oupra amaira OUIUpHIICa,
WKKUTAa Xap Xwi d¢upAaH KelaéTraH KaHa/Ulap CUTHAJUIAPUHU XaJaKUTCU3
@XpATUIl Ba aJOXHUJa JEKOIJANl UMKOHMHU Oepamu. XycycaH, arap aHTEHHara
dakar OuTtra KaHaira pyxcar Oop Oynca, KOJHM KYHUII  KaOynHH
émonnamtupmaiinu. JactnaOku xucoOmanutap ymoOy TeXHHKa KHYUK Oup
YaCTOTAJM TapMOKJIapHU Kampad oy coxacuHu 30% KEeHrauTUpHIl UMKOHUHU
OepUIIMHU KYpCcaTIu.

Ilynun ajgoxupa TabkuAaa0 yrum skousku, DVB-T2 na kymmmua
(GyHKIUsJIap KUPUTHWJIMIOM XaM OeJrujiaHraniap, yJlapHUHT Oab3uiiapu
XO3UPry KyHJla UIJIaTHIIMAcaia, KeJlakak/ia yiuoy TU3UM UMKOHUSTIApUIaH KEHT
dbornamum mymkuH. Macanan: T21a ukkdTa Kymm4ia KypuiaMa MaBxy 0yiuo,
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yIapHU KeJaXakJa KaJApHU KEHrauTupuiia Kymiam MyMkuH. bynma T2
KAJIPUHUHT TY3WIHIIN XaJIW aHWKJIaHMaraH TypAard CHTHajulapra MyJDKaJUIaHTaH
MaBXyJl OyJIMmaraH TypJaru Kajapjapra CUTHaJIM3alUsSHU KUPUTHUIL UMKOHUSTUHU
ky3aa Tyraau (5.11-pacm).

T2 T2 T2 T2

5.11-pacm. T2 kaapnap apo FEF MaiiionnapuHUHT KUpUTHIAIINA

SAvan, 0y FEF (Future Extension Frames- Kaapnapuunr Kenrycu
Kenraiinmm) xagpiapHUHI Ma3sMyHUH TapkuOM Xajlu aHuKIaHmarad. T2
KypcaTruujapura MOC CHUTHAIM3ALUSHUHT KUPUTWIMIIM OUPUHYM  aBJIOA
pecuBepinapu yuyH FEF-pparmentnapuu Ttanu® osmm Ba ynapra 3bTHOOD
OepMaciMK HMMKOHUHHM sparaad. BUpOK Xo3upaaH srajulaHMaral YpHHIIAp
Y3aTULIHUHT OMPHHYM THU3UMJIAPUHM  KeNaXKakJarwiapu OujaH  TecKapu
QJIOKACUHHM TabMUHJIAILN, yiap/aa Oy CUTHaIu3alus TapKUOU SHIM MabllyMOTIIap
XaKuaaru ax00pOTHU TAIIUIIUHY OeNruiIaiau.
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5.12 pacm. DVB-T2 uuito3u Ba MOYISTOPH Opacuiard aHuK 4yerapa

Ilynunraek, T21a yacTora-BakT cerMeHTalus Ky3/Aa TYTWJIrad 0ynauo,
ynap kenarycuaa ciotiaapra (TFS — Time Frequency Slicing — ygacroTta kecuri
BaKTH) 4YaCTOTa-BakT Oyinua Oymum yuyH 3apyp. ['apum acocuii KaOya
KWIMIIHUHT Xycycusitu TFS nan ¢oiinananmail KyjutammHu Haszapja TyTcana,
CUTHaJM3alMsUIapra KUPUTWITaH Oenrwiap, ylap HWKKUTa TIOHEp Ousad
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KUXO3NaHraH Oynrycu pecuBepiaapHuHr TFS-curmamnmapu Ownan — uwmian
UMKOHUHHM Oepanau. bynpail curHan Oup Heya paguo YacTOTa KaHAJIApHU
rajuiaiiii Ba Xap Oup XU3MAaTHUHT TypJid (pparMeHTIIapd YMYMHH XoJija Typiu
yacToTajap/a y3aTwiaauiap. PecuBep kaHanian kaHaiara cakpad yTub, co3nanuo,
KaOyJl KWJIMHAETTAaH XWU3MaTra TErHIUId MabiyMOTJap (parMeHTIapUHU WHUFUO
ojlaau. by O6uTTa pasno yacToTa KaHaJIUra y4yH pyxcar 3THIraHAaH Kypa KeHIPOK
NakeTJapHU MAKJJIAaHTUPUIL UMKOHUHU Oepaau, Oy 3ca ¥3 HaBOaTuIa KaHayiap
YAaCTOTAIAPUHU  PEKATAMTUPUIIAATH  MOCJANIYBYAHIMTMHA  Ba  CTaTUK
MYJIBTUILIEKCUPJIANI XUCOOUTa KaHAJIJIap COHMHU IOTHUII UMKOHUHU SIpaTaIu.

bynna T2 THU3MMHMHHHI YTKa3yBYAaHJIUK KOOMJIMATH NapameTpIIapHUHT
OenrunanraH OyTyH KeTMa- KeTJIUTHHH TaHJaIl OuilaH aHWKjIaHaau. by makcamma
KYIIT'MHA Onuusuiap KypuO 4YUKWIraH Ba aHUK KOoHUrypamus OuiiaH KaOyn
KUTM4WIap Maxcyc CUrHainu3anus épaamuaa xabapaop kuiauHaau. [lapamerpiapau
TaHJIalll TU3UM HUIIA MyKaMMaJUTAIITUPUIIHU Ky3[a TyTaaH, MacajlaH, KaHaJlJaH
KaHaJra VYTUII BakTH OwWigaH Xu3Mar axOOpPOTUHHUHI KUCMUHHUHT — ¥3apo
MYTOHOCHONMIYA  €KU  YTKAa3yBUAHJIUK KOOWIMATH OuWjaH  Xajakurtiapra
YUAAMIIUINK Opacuard MOCJIAIIYBHU KATAPHULI.

[axkmaHTUPYBUM KYpCATTUWIAPHUHT KV OYIUIIN OOIIKa TU3UMIIAp OuIIaH
COJMIITUPUIIIHA ~ Mypakkabnmamtupand. Macanan, T2uu DVB-T Ounan
COJIMIITUPCAK, OUPUHYM HaBOAT/A CTAaHAAPT KaHAJNAAru XyJJIU IIyHAAl CUTHATHU
TabMUHJIOBUM, Oupok T2 n1a Mypakkad 1IapouTna KaOyJHUHI  KarTa
XaIAKUTOAPIONUIMTMHY Ha3apAa TYyTAaJWraH MapaMmerpiap OJIMHHUIIA MYMKHH.
bynnait Bapuant DVB-Tra nucOatan T2 KaHAIMHUHT FOKOPH YTKA3yBUAHJIMK
KOOMJIMATUIa MOC Kejlaau. BUpOK HOpMall KaHall y4yH KypcaTKH4JIapH MacTPOK
BApUAHTHU XaM TaHJall MYMKHUH, aMMO XYJJd aBBAITHUICK KaOysl KWUJIUIII
Mypakka0 IIapoWTIapuAard KaHajulap Y4YyH IOKOpWJapH TaHdaHaau. byHpaaii
IapPOUT/Ia KaOyJT KMIJTHII KOOMIIMATH sSTHAa XaM OIaIu.

laycc xkananupgaru Oup Xujl TypAard TU3UM HHCOUN XapaKTepHCTHKaIapu
5.1-xanBanga KeITUPUJITaH.

Kansangan kypunuod typudbauku, DVB-T unrnuzua Bapuantura HucOaTaH
KyTWIa€TraH VTKa3yBUYAHIMK KOOWIMATUHHUHT YcWImM 1,5 MapTaHu TaIIKuil
Kwiaau. by Hazapuii OaxoJalIHUHT HATHXKaJlapy, aMMO MaBxXyz anaOuériapia
yi0y MaTeprayapuau udoiananiiara TaKpruOaBuii HaTHXKanap KeJITHPUIMAaraH.

[ynnait kunu6, DVB-T2 sHru craHIapTUHUHT aCOCUN XOJIATUHM TaXJIWJ
KWIKIIAQ, CTaHAapTra CUTHAUIApHU S(UpIM y3aTUIl XYCYCUATHHU Haszapja
TYTYBYM SIHTM cCaMapalidi TEXHOJOTHSIIAp KUPUTWITaH 1e0 XyJioca YUKApHIII
MyYMKHAH. DyHIaH Tamikapu, KaJIpJapHUHT XH3MaT-Ha30paT YCTKypMajapuHU
ONTUMM3ALMANIAl ~ MMKOHMHM  OepyBuUM  acocuid  mapaMmerpiap  cadu
KeHratupwirad. bymapHuHr Oapyacu yMyMHid  Xojija  YTKa3yBUYaHJIMK
KOOWIMSTHHU CE3WIApJIM OIIWIINIra Ba OWP BaKTHUHT V3HWJa TU3UMHUHT
YUAAMIIWJIMTUHU ~ OIIMPUINKMIa OJu0 KEJNWIIM KYTWIMOKAA. SIBHU, IOKOpHU
AHUKJIMKIArd TeJIey3aTUIllJIapd y4YyH MyKaMMall TapMOKHM KypUII HWMKOHHU
MAaBXYUIUT Ba TAbKUJIAHMOK/IA.

96



5.1-xanBan

DVB-T Ba DVB-T2 tu3umiiapyuHUHT allpuM KUECHI XapaKTepUCTUKAIApU

DVB-T(unrnu3 DVB-T2
BapUAHTH )
Monaynsius 64QAM 256 QAM
DTV ymuamu 2K 32K
XHMMOsI HHTEPBaJIH 1/32 1/128
FEC 2/3CC+RC (8%) 3/5LDPC+BCH
(0,3%)

Takcumnanran TC 8% 1%
Typryn TC 2,6% 0,35%
Kanp capnaBxacu 1% 0,7%
Ilonoca HOpMaJI KCHT AU TUPHWJITAH
VTKa3quaHnHK KOOMJIMATH 24,1 Mowur/c 35,9 Mour/c

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

1
Multiple 1
TS or GS 1
streams ]

I
—P Input I Bit inter-

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

—p] CESSOMS) i : modulation

1

.,TZ:MI“

5.13.pacm. DVB-T2 Ti3umMuia MyJITUIIIEKCOP Ba MOIYJISITOP Opacuaru
uHTEpEIicC.

2'KanaJ CMFMMUHM OLIMPHUINHUHT HA3APHIi aCOCJIapH.

DVB-T2 Tu3uMuUHM MyXOKama KWIMIIJAH OJIIUH YHUHT OJIIMHTU aBJOJ
TeJeBUICHUECUra HUCOATaH KaHaUlap CUFUMHU KYIUIMTUHU Ha3apuil MCOOTHUHU
Kypub unkamu3. Acoc Km0 MKKajla TU3UM YUYH XaM moJioca KeHrnuruau 8 Ml
kb onmamu3. 37.1 xanBanga 6uzra DVB-T Tusumuna Typiau mapoutiap Ba
aHTeHHaJIap €pAamMuia OJIMHTaH CurHai cudaad Ba Japaxacu Oepuiras.
MabayMOT y3aTHII TE3JIUIMHU Makcumal KuhmatuHa [IIeHHOH TeHrnamacu
acoCH/Ia OJINIINMU3 MyMKHUH:

C=1/3+B*SNR;

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

(5.3)

21 Digital Video and Audio Broadcasting Technology A Practical Engineering Guide Third Edition, by
Walter Fischer, printed at Springer Heidelberg Dordrecht Germeny 2014. page 688.
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B = yacTtoTa nonocacu kenrnuru ( ['m);
SNR = curnan / moBkuH MyHocabaTiapu (B Ab);

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

Kansan 5.2.
DVB-T tuzumuauaT 8§ MI'1] KaHaT KEHIJIMTHAA Typid MapouTiIapaa KaHai
CUFMIMH, CUTHAJ cudaTH Ba JapakajaapH.

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

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

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

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

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

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

AKIIl Oomka npaBmaTiapaan aBBasl 3GUpP SUIUTTUPUILUIAPUHU FOKOPHU
aHUKIUKAAru (opmarra yTkasumn pexanapHu oOwnguprannap. 20 acpaunr 80-
Hnutapuaaék MCTUKOO/UTM TeneBujieHne Tusmmiiapu Oyimua Kymwmra (ATSC-
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Advanced Television Systems Commitee) tamkwmin stunrad Ba NTSC ananor
CUTHAJI OWJIaH MOC KeJlaJuraH Xamjia, MaBxyna s¢upiard 4yactora moJiocacujaa
UIUTAlIMTaH, I0KOPY aHUKJIMKIArd TU3MMHM MIUIA0 YuKuin Oommnanrad. FOxkopu
aHUKJWKIArd TeleBUACHUE coxacunaru usnanunuiap EBponama, Anonusiga xam
omu0d Oopwiran, Ooupok ¢axkatr AKII adup smuTTHpUnIapy YUYYH MaBXYI
TU3UMIa MOCAIIaJIural TU3UMHU MIUIA0 YUKUII yCTUAa Uil oaud 6oprad. 1991
Huira kenud Typiau KOMIAHUsJIAp TOMOHUAAH OJTUTAa MOCIAIITaH TU3UM TaKIUM
STHIAM Ba ynapAaH TypTracu TYIMK pakamiau Oynaran. ATSC Oapua wunuiad
YUKYBYM KOMITAHUSIIApTa Y3IapUHUHT XapaKaTIapyuHu xkamiiad Oapya JIOMUXaHUHT
HT SXIIM CUAMIIAPUHHU Yy3uja My)KacCaMJAITHPWITAaH STrOHAa CTaHAapT
TY3WIHIIHU Takiug srtarad. 1995 #unna xatra AnbsHc ne0 HOMIIAHATUTaH
KoHcopimyM TOMOHHI@H XH3MaT axOOpOTHHHU Ba CYOTHUTpJApHH, KYI KaHAJIH
OBO3JIap TANTYBYHMCH OWJIAH KYIIHJITAH FOKOPH aHUKJIUKIArH OMpJIaIiTraH J1acTypHH
AKII na a>xxpaTwiran sroHa TeJIeBU3MOH KaHanaa, sbHu 6 MI'11 monocana y3atuii
WMKOHUHU O€pYBUH TYJIUK paKaMJIM CTaHJAPT JIOMUXACH TaKJAUM TUJITaH.

Cranpmapt wunuiad 4YuKapyBuwiap EWUITHUHT siroHa Qopmatu OYitnuya
KeJMIa oiMaiuiap Ba mry cabad ctanaapt 4ta popMaria XaMm UIIail ogaau.

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

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

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

-kommnbiotrep popmatu VGA 640x480 (mukcens ERuNuUIn).

ATSC Tu3uMu KOHIEIUACH MOYJUTMK TIPUHIIAITH acocua spaTuirad. | TU
11/3 rypyxu uznaHunuiapu TakiaudIapura acocliaHraH Ty3WIMajJa ydTa THU3UM
OCTH KUCMJIADHU QXpaTHIl MYMKHH, yiap: JacTiIaOKM MabIyMOTHH KOJJIAIl,
TPAaHCIOPT  OKUMHU  IMAK/UIAHTUPHIN  XaMmJa  KaHallHW ~ KOJ;Jlall  Ba
Moaysuusnanuiapap.  Jlactmabku  MabIyMOTHH — KOMJAIIHUHT — Makcaau
TEJIEBU3UOH TAacBUp Ba OBO3HHM CUKHIIAUP. ATSC HUHr MabllyMOTHU KOJJIAII
tizumusia MPEG-2 okumupgan doigananuiaam Ba oBo3HHM Kojiammga AC-3,
Dolby 5.1 cranmapté Koujgacu KYJUTaHWIATW. TpaHCIOPT OKAMHUHUHT
HIAKJUTAHTUPUIIIA BUAEO, OBO3 Ba KyIIMMYa MabyMOTJAPHU NaKeTJIAIITUPHIL
yayH  MPEG-2  TpaHCHOPT  OKMMHMHMHI  CHHTaKCHCH  KYJUIAHWJIA[IH.
[MaxnnanTupuiIaéTradn TPAHCIOPT MAKETIAPUHUHT O€NTHJIaHraH JIaBOMMMIUTH
188 GaiiT (ynapaan OMPUHYMCH CHHXpOHHU3alMsIIa OaliTH XucoOaaHaau) 6yauo,
TEJIEBU3UOH DIIUTTUPUIN CUTHAUIADUHM Yy3aTUII IIApTIapyd Y4YyH ONTUMA
(Mykammal) xucobJaHaauiap.

ATSC crangaptria paguokaHamuiap Oyinda pakamiii CUTHAJJIAPHU Y3aTHII
Y49yH MaBXyJl TU3UMIIApUJIA KSHT KYJJIAaHWIQJUTaH aMIUTATYAaBUN MOMYJISAIUAIA
OuTTa €H TOMOHHM TAIIKWJI STYBUMCH HYKOTHWIMILIN (KUCMaH OJIMO TalllsIaHTaH) KaOu
PHUBOKJIAHTaH TEXHOJIOTHS acocua, Oup €H MoJIOCaCHHU KMCMaH OJIMO TallllaHTaH
(Vestigal Side-Band-VSB) kyn caTxiu pakamiid MOIYJISIIAS YCYJIH KYJJIAHUITaH.

VSB Moaynsnusacuaa MOIYJISIUSIIOBYA CUTHANI UKKU MO3USIUSINA €KU KYTI
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NO3UIMSUIA OYnuiy MyMmMKuH. 2-VSB ne6 OenrunaHyBYM, MKKUA MO3WUIUSIN KYTI
catxyim  y3arumga  (5.14- pacMm) MOAYNANUSIOBYM CHUTHAJI — y3aTWUJIAIuTraH
MabJIyMOTJIap CUTHAIM OWJIaH MOC TYILIaJ Iy Ba Xap OMp CUMBOJI MHTEPBAIUAA UKKH
caTxJlaH OWpUHU KUMMaTUHU KaOyn Kuiaau (Xapakrepiau Kuitmatiap 0 ra
HUCOATaH CHUMMETpPUK, MacasaH +1 Ba -1). Moaynsius THU3UMHHH aHUK Ba
MyKaMMaJl TaHJaHTAHJIWUTH Ty(Qailii MablyMOTIapHU Y3aTUIIHUHT COJMIITHPMA
te3nmuru 1,79 (obut/c)/I'n 6Ynaau Ba Hazapuii yerapa (20ut/c) ra skun 6ynaau. Kym
MO3UIIMOH Y3aTHIIIa XapaKTEpJOBYM KUWMAaTiap HOJra HUCOATaH CHUMMETPHK
YKOMITaIaau Ba OpaNK IIyHAal TaHJIAHAIWKH, YHIA yJap OpacHujard WHTEpBa
Oup Xui OyIuIIM TabMUHIAHKUIIN Kepak. Macanan 8-VSB tuzumuaru (6.18-pacm)
8 MO3UIMSIM y3aTHUIIIA MOIYJISIIUSIOBYM CUTHAI OMTTa CHMBOJ WHTEpBaIuaa 8
Ta KUUMaTHH KaOyn Kwimmu MymkuH (-7,-5,-3,-1,+1,+3,45,+7). Bynga Outra
CHUMBOJI HHTEPBAIIA/IA MABIYMOTJIAp OKUMUHHHT 3 Ta HKKWJINK Pa3psind y3aTUIaau
Ba Oy y3arui Te3nurunu 3 maprta ommpaau. lynaait kunu6, 8-VSB tusumugaru
6 MI'11 monocaga MabJIiyMOTIIap COJTUIITHUPMA TE3MUTH 3 MapTa OLIMPUIICA, TU3UM
1,79x3x6=32,3 MO6ut/c Te3nuK OuIaH OKUMHHU y3aTUIIIN MYMKHUH.

VSB TuzuMu MOIyJISIMUIOBYM CUTHAIHUHT TYPJIH Ty3WIMalapuHU XUCOOTa
ojfraH OWp Hewya BapwaHTIapjaa unuiad yukwirad: 2-VSB, 4-VSB, 8-VSB, 8T-
VSB, 16-VSB. MoaynamnusioBYu CUTHAJ caTXjiapyu COHHM 2 AaH 16 raya y3rapuiig
MYMKHUH, OYHJla CUMBOJUIAPHUHT KETMa-KETJIUTMHU YaCTOTACMHU caTXJjap COHU
jJorapupMura KymauTUpraH Xojja XucoOJaHAIUTaH MabIyMOTIApPHHW Y3aTHII
TE3JIMTH XaM MOC paBWINJA y3rapaau. MoIyJISIUsSIOBYA CHTHAJ CaTXjiap COHU
KaH4a Kym Oyica, IIOBKUHAAH XUMOSUIAHTAHJIUK IIyHra nact Oymamu. by
koupanan ¢akar 8-T-VSB Tuzumu xonuaup, yHAa MIOBKWHTA KapIIM KypaIIuIil
Makcaauaa Kymumya komiam Kyutanuiaau (T xapgu- Trellis, ymOy koainamHuar
CUMBOJI HOMH, S'/bHU TTaHXKapaidu Koj). by KomHUHT Te3nmuru 2/3 ra TeHT, ShHU Xap
2Ta y3atmwiaéTrad Outra OUTTa TEKIMMPYBUM OUT Kymmruraan. Koaam moBKUHIaH
XUMOSUTAHTAHJIUKHA omupaau, Oupok 8- VSB Tusnmura HucGaTtan MabiaymoTiIap
y3atuin Te3nurd kamasan. 8T-VSB Ttusumunga Oupiauk BakT Wuuia y3aTHIIaéTraH
doitnanm MabaymMoTiaap ymymui xaxmu, 4-VSB tusumaaruaex 6ynaau. 8T-VSB
TU3UMH HUCOATaH IOKOPH Jlapakalld MOBKUHIIAp OWJIaH XapaKTepjaHyBYH €p YCTH
SIMTTHpUIIM  yuyH, 16-VSB  naca  pakamim  kabenb  TeNeBUJICHUE
SIIMTTUPHUIILIIAPUTA MYJIKAIJIAHTaH.

+1} : — 1
A—1 ot [aT 41 5T 6T |7 ar

+1T

r?l -

5.14- pacMm. kKM NO3ULUSIIM KYT CaTXJIM MOAYJSIUsuioBun VSB curnan
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MoaynauussHUHT KypcaTWiraH ycyJuilapu ymymui te3nuru 19,39 Mowut/c
OYnraH MablyMOTIap OKUMHUHU €p YCTH TEJIEBU3UOH SIIMTTUPHULI IIAPOUTIApUIA
Ba Mapajuies XyAau IIyHaal 2 Ta OKUMIIApHU KaOellb TeJIeBUACHUE TapMOKIapuaa
y3aTUIIHU amajira olupuiira HMKOH Oepaau. bynmait Tte3nmuk Owutra 50
atpodunarn cuxkumi kodpdunuentin MPEG-2 dopmatmaru HDTV npactypHu
y3aTuil yuyH etapiu. CTaHIapT aHMKJIMKIa 3ra CUTHajuIapJaH ¢oiiianaHuirasia
sca, ATSC tuzumua 6up BakTAa, 2-3 JaCTYpPHU y3aTHUII UMKOHUSITH MaBXKY/I.

5.15- pacmpa ATSC TU3MMHHHHT y3aTUII KUCMH TY3WJIMAacH KEJITHUPUITaH,
ATSC y3arruuja curHaulapHU Ba MabJIyMOTJIApHU KaiTa WIUIAIl TPAKTH aCOCHUM
NIIEMEHTIIapU Kyhugarwiap: panpomusarop, Pun-CoiioMoH koaepu, opanaTrud,
Tpemmc koaepw, MyJbTUIUIEKCOP, TAasHY-CUTHAN IIAKJUIAaHTUpPIu4, VSB-
MOAYJISTOP.

MPEG - 2 mabnymotnapu

Puao-
ConomoH
Kogepu

Kappnu PaHa omMu-
CMHXPOHU3aLMA 3auua

MabnyMmotnapH MNaHxapacumoH

opanatuiil Koanatl CMHXpOH M_
3ayus

CermMeHTNM CMHXPOHU3aUua

MaigoHnu cMHXpoHM3aUma

Munot- 8-VSB
CcUrHannapHu
KYAULL

YacrtoTtaHu
MOAYNATOP y3rapTupuLL

Pagwo
CHUrHan
8-VSB

5.15-pacm. ATSC TU3UMUHUHT y3aTyBYXA KUCMU TY3WIHILIN.

ATSC tuzumu y3atuurd kupummra MPEG-2 TexHonorusicu Oyitnua
IIaKJUTAHTaH, CETMEHTHUHT OMPHHYM OalWTH MaxCyCc CHHXPOOANT XHCOOJIaHTaH,
188 Oaiitman wuOOpaT CErMEHTAAH TaIlIKWI TOMNTaH, pakaMid MabIyMOTIap
TpaHcnopT okuMu kenuO Tymaau. ATSC komgmamga Oy Maxcyc CHHXPOOAWT
Vuupwiaau Ba 187 GalT cerMeHT MabJIyMOTJIapUTHHA KailiTa ulutaHaauiap. Y Hl1aH
tamkapu ATSC ga MabaymMOTIapHHM TAlIKWAJ 3TUII KYIIMMYa TOFOHACH- MKKHUTA
MalI0OH/IaH MOOopaT KaJp KUPUTUITaH (Xap OUp MailioH MabiyMOTJIapHUHT 312Ta
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ax00pOT CErMEHTIapUHU ¥3 NUUra OJaju.)

Kymumuya paBumiga, Kym caTXJd — MOIYJSIHUSUIOBYM — CUTHAJLIAPHU
HIAKJUTAHTUPUII OOCKUYHUAa Xap OMp CErMeHT OollMra CErMEHTHHUHI MaxcCyc
cunxpocurHaniu (CMC), xap Oup MmaijoH Oommra sca MalJOH CHUXPOCHUTHAIH
(MCC) napHu Ky¥uI aMmanra OnmpuiIaIm.

ATSC na pakamian MabJIyMOTJIApHU KaillTa MIUIAITHUHT OUPUHYM ITaluaa,
aHaJIOr TEJNESIIUTTUPUI KaHaUlapuja fo3ara KelaJguraH [IOBKUHJIAPHUHT
KHMMaTUHU ~ KaMalTHUPUII Ba CUTHAJIHMHI  YacTOTa CHEKTPUHU  TEKHC
TaKCUMJIAHMILIMHYA [IAK/UIAHTUPUII YYyH XamJa y3aTWIaETraH MablymMoTiapra
“racomuuiiuk” Ba “UIOBKWHTA XOCIHMK~ XOCCAJapUHHU TAIIKWJ JTaJUTaH
paHI0IM3anKsl ONepalMACH KyJUlaHuinaau. PanmomusaTop 9 Ta Teckapu ajmokara
ara Oynrad 16 paspsiin CHIDKHUII peructpura sra omoxaup(5.16-pacm). baittmap
KEeJIMO TYHIMII YacTOTACH PAaHAOMU3ATOPHUHI TAKT YacTOTaCH XUCOOJIaHAIW.
MabiyMoTiapHUHT HaBOaTjgarm OalT KenuO TylraHaa,lly TylraH OalTiap
outnapu panamuzarop DO0..D7 Outnapu Ounan moaynb 2 Oyinya KylIuiaaauiap
Ba MAabJIyMOTIAp CWDKHUII PErucTpuia CWDKUTHIaauiap. Moxayns 2 Oyiinua
KYIIUII HATH)KAcH la OJIMHTaH 0alT, KaHall KoJiepuaa KeUUHTY KailTa UIIJIaIl Y4yH
KyJutanuiaau. PanmomMuzatop MHUIMATH3AUACH(TEKIITUPUIUIIN) CUHXPOCETMEHT
MaWJJOHHUHT OWpUHYM OalTH OpKajdu amalira olmupuiaau. byHma CcuIbKUII
peructpura F180 conu &3mnaau. Pangommuzanus Oup Heya MakcaJlapHU Ky3naa
TyTaJH:

1) TapkatunaétraH CHTHATHUHT TEKUC TAKCHUMJIAHTAH  CHCKTPUHU
HMIAKJJTAHTUPUII YUYH (1Iy MyHOca0aT OujlaH paHJIOMU3ALUSIHU KYTTMHYA
KYBBAaTHHM TapKaTHII aJrOPUTMU Ae0 XaM HOMIIaHA[IN );

2) KeluHru TSHY CUTHAJIHHM MIAKUIAHTHPHIN yYyH CUTHAJJIArH JTOMMUHN
TAIIKWJI 3TYBUANHU MYKOTHUI,

3) CMC Ba MCC napHu aXpaTHIITHH COJITAJIAIITHPHIIL.

eHepaTop 6epyBun NonMHOMU MCM G, =X E+XE+xX"2+X"+x7+x5+x3+x+1
WHuymanusauns mangoH CUHXPOCErMeHTU opkanv baxapunagu

F180 roknamacy CMHXpOHU3aLUUACK
x16x15 XMXBXQXB

Dd D! D? D D+ DS Dé D’

CumKkuL perucTpu BainTnap KeTMa-KeTnurid Yactotacu BunaH CUHXpoHU3aLMAnaHagn.

5.16- pacm. ATSC TU3UMUHUHT paHIOMU3ATOPH

Kaiita nnamausr keinara 6ockuuu 0Yinun6 Pun-ConoMoHn koau €paamuia
OnmoknM Kojjam xucoOnaHamu, Oy kapaéHaa MablyMOTIApHUHT 187 wukuid
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OalTUHUHT Xap OWp CEerMeHTHra, aHuK Koujanap Oyinua makmianaguran 20
TEeKIUPYB OalTinapu kymunaau. KaOyn KWwiIMHTaH MablyMOTiap IaKeTura
acocJlaHraH XoJiJja KylIuM4a TEKIIMPYB MabIyMOTIap TYPYXWHU TAIIKWI JTHII
yuyH Pun-CosnoMoH Kojepu yinapHU MaTeMaTUk outta 610K 1ed kypaau. by 20 ta
outnap Pun-ConoMoH xKy(PTIUK KOAU CAHOFUHU TalIKui staauiap. KaOyn kunruy
MabIyMOTJIAPHUHT MYMKUH OViraH HWYKOTHUIUIAPUHU aHMKJIAIl Y4yH KaOyl
KwHTa" 187 Gaiitaan nbopat 60k OunaH Xyt caHokjaapHUHT 20 Ta OalTHHU
COJUINTHPAAU. Arap XaTOJUKIAp aHMKJIAHCA, PECHBEP XATOHUHT aHUK >KOMHHH
Oenrunani, Oy3uiaraH OUTIApPHU Y3rapTHUPUII Ba OOLUTIAHFUY aXxOOPOTHH THKJIIAII
yuyH Xy(dT caHOK Outnapuaan Qoiganananu. Koanamnunar OyHaail Tusumu yra
camapayii XpcoOiaHaau Ba Xap Owp komm cy3na 10 taraga xato OGalTIapHUHT,
Kaepra >Koijamrad Oy auinaan KaTbuil Ha3ap, TYFpuiiall UMKOHUHY Oepaiu.
Keitmnuanmuk ATSCpna 52 Tta cerMeHTnaH uOoOpaT HMYKH HHTEPCETMEHT
MabIYMOTJIApPUHUA OpajaTuil amanra omupuwiagu. CkpeMOiep MabIyMOTIap
KeTMa-KeTJIMTU TapTuOuHu anMamtupanau Ba MPEG-2 mabnymorinapuau xotupa
Oydepnapu €pnamuna BakT Oyitnya (TaxmMuHaH 4,5 MC opaluruaa) OYIMHUIIMHA
tabMuHIaiau. Kaiita unuiamuuHr ymoly ycyiad yTa Ky4id KyBBaTId HMITYJIBC
INIOBKMHJIApra Kapmiym  Kypaml  y4yH  MyJDKajUlaHraH. bynpailt  kydnu
IIOBKUHJIAPHUHT TabCUPHU HATWXKACHJA KaOyn KWJIMIIIA KEeTMa-KeT KelaJuraH
OailTiiap XaTOJMKJIAPUHUHT JIaBOMUM cepusuiapu(XaToJuKIap IaKeTH) ro3ara
kenuimu MyMkuH. FOxopuma tabkumgnad yruwnranuaek, Puna-Comomon(PC) komu
YUyH UMITYJIbC IHOBKUHIIAP JABOMUIIATY Kyiuaaru udoaa ouian 6axonaHaau:

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

Oy epaa t-Pun —ConoMOH KOOUHUHT TYFpuiiail Koouiuatu Ba y 10ra TeHr;
Rc-cuMBoOUIap KEemuI KeTMa-KeTIUTH(4acTOTach);
N- MOIYJSLMOH CHUMBOJITAa MOC KEIyBUM MabJIyMOT OWTIAp COHH

(8VSB yuyH n=2).

Kynuaya amanuérna maBxyd OYiraH XojaTna, SbHU XaJlaKUTIap KHHMaTh
3,71 MKchmaH omica, OoITKaya KWJIWO alTraHjga CErMEHT MYMJArd xXaro OauTiap
conn Pun-CojaoMOH KOAMHHUHT TYFUpiall KOOUSATHAAH KaTTapok Oyica, CerMEHT
XaToNuKIap OuiaH KaOyn KwinHaau. byHpgall xonaTinapHu WYKOTUII YYYyH
MabJIyMOTJIADHK WYKH HHTEPCETMEHTIapuaa opaiatuil (YpHUHU aJIMAIITHPHUII)
KUpUTWIaau Ba Oy opanatuml B cermentnan tamkuin Tomaau. KaOynma kaiita
TUKJIamaa (JeopaiaTuil) orepauusicu Oakapuiauil OOCKUYMAA, XaTOJIMKJIAp
MaKeTu o3ara KeJIWIl XojaTuaa, KYIIHU XaTojlap OalTiaapuHuUHT 52 OaiT
Y30KJIMK/IA JKOMUJIAITUIIN TabMUHIAHUO, XaTOJUKIap MaKeTH dCa UHTEPCErMEHTra
KUpYBYM Oapya 52 Ta MaBJIyMOTJIAp CETMEHTH Oyiliad TakcMMIIaHTaH OYiasu.
bynaa xap Oup cermMeHTra XaToJaukiap MaKETUHUHT KAYUK KUCMU TYIIaAu Xama
ynap Pun-ComomoH kojyiapu OWjaH OCOHTHMHA TYFPWJIAHAIW, SHbHU XaTOJIUKJIAp
MaKeTU JTABOMUWUIUTUHUHT 193 MKC JaH omiMaraH BakTAa Xed KaHJal Kylumua
TEKIMUPYBYN OUTIIAp KUPUTMAK XaTOJWUKIAPHU aHWK TYFPUJIAIl UMKOHU MaBXKYl
oynagun. ATSC maTepcerMeHTH 52 CerMeHTIaH mOOpaT Ba CErMEHTHUHT JaBOM
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TUII BakTh 77,3MKC OynraHnga, XaJaKUTHUHT TabCHP JTHII BAaKTH Yerapacu
TaxMHUHaH 4MC rada KyTapuJiaJu.

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

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

5.17-pacm. ATSC TU3UMHUHUHT y3aTHII CUTHAIN TY3HIJIAIIH.

MuryBuy KOJUIap IypYXMra TaaTyKId TPeJUIUC (IaHKapasn)- KOIAIIHHHT
CYHITH OOCKMYM[A, paKaMJId OKUMHUHI Xap MKKUTa OUTH, y3aTHJIAETIaH CHMBOJI
UHTEPBANIUAA, MOAYJIALUAIAII CUTHAIM 8 CATXHUHI Kailch OMpHMHU SrajulallliHU
aHukKJaiauradn 3 ta ourtra y3raptupuO, makuiantupuiand. [lamkapanu koanam
amajira OIIMPUJIAJAWraH,KoJepaa xap Oup SHru 2 paspsauid cy3 aBBaIru 2
paspsUIM  CY3JapHUHT OJAMHTA KETMa KETJIUTIM OWilaH COJMILITUPWIAIMA Ba
HATWXKaJa aBBAITH 2 pa3[sa[IM Cy3ra MyHOCAa0aTHHM Y3rapTUIIHU TabMUHJIOBYU 3
paspsUIM MKKWIMK KOJl reHepanusianaau. by 3 paspsanu koanap Oouutanruy 2
paspsAUIA CY3JIapHU YpHHTra ajamarnaad Ba 3¢upra 8 carxjau cumBosuiap 8-VSB
KypuHUIMaa y3atwiaau (36ur= 2HUHT 3 napaxkacu = 8§ koMOuHanMs €K carx).
[Tamkapanu kKoaJyai Kojepura Kenud Tymran Xap 2 OUT y4yH, yukuma 3 ta Out
xocun Oymamu. lllynunr yuyn 8 — VSB Tusummparu mamxkapa komepu 2/3
paspsiaura araamp.

Kalyn kunruugaru naHxkapaiu KOAJIall A€KOJAEpU 3 paspsiiin KoajgapliaH
doiinarianaqu Ba MabIyMOTIAp OKUMHHHHT OONUTAHFUY KYpUHHUIIUAATH 2
pa3ps  cy3nap KeTMa-KeTMruHu Tukmaau. [llynmait xkuimb, naxxapaiu
KOJTalll BakT Oyinya Oup cy37aH MKKMHYM CY3ra Y3rapuillHu Ky3aTa/Iu.

V3arum y4yH TYIMK I[IAKJJIAHTaH CHUTHAN: MaxcCyc TasHY-CUTHAJIMHUHT
KYIIWIMIIA Ba CHHXPOCHUTHAJUIAP KOWJIAIITHPWIMLLIAPU MYJIbTHUIUIEKCOP/IA
amanra ommpuiaau: MPEG -2 cranaapTy yuyH CMHXpOOalT CErMEeHTIIapu YpHHUra
4 ta CMC snementu Kyhnnaau (+5,-5,-5,+5) (6.21-pacm). bynna xap Oup MaiaoH
oouvtannimuga MCCHunr ukkuta (-5,+5) snementu kyhunaau. CHUHXpOCHTHAI
KypcaTKA4WwiIapyu IMyHJAaW TaHJaHAAuKW, arap Qoijand CUTHaJI Ba IIOBKUH
aMIUTUTyJadapu TEHr OYynaraH XojaT MaBxkyn OynraHga Xam, KaOymaa
KOPPEJSAIUOH YCYJUIapHU KYiu1ad, ¢Goimany CUTHAIHUA WUIIOHWIM aKpaTHO OJIHII
uMKOHUHM Oepaau. bynnan tamkapu MCCha cepBuc axO0pOTHHH y3aTHII YUyH
100 ra sKMH KymmMMya 3axypa Ba CUTHAJIM3ALMS XOJaTH YYyH Yy3aTHJIaJUTraH
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(8VSB Ba 16VSB) cumBomiap axparuiarad. MCC HuHr oxupru 12 cumBoiu
OJIIMHTY CETMEHTHUHT OXUPIH 12 CErMEHTUHU KalTa TAKPOPJIanIu.

ATSC OommaaHok, OenrwiaHraH xajmakutoapaouuvink Owunan, HDTV
TU3UMUArd CUTHAJUIAPHU Y3aTHINra MyJDKaJJIAaHTaH 31, aMMO OyHJlail CUTHaJTHU
y3aTUIIl YacToTa KEHrUru (1mojiocacu) >KyjAa Kkarta OyiaraH Ba y CTaHAapT
6 MI'uiu kaHaIaa y3aTUI KMKOHHM OYJIMaraH.

bupok ymoly CHeKTpHUHI KYyN KUCMHMHHM, Y3aTWJIAETraH pakamiu axoopot
mMKacTiaamMacaad, GUIbTpiam UMKOHUATA MaBXya. Typiu Kartaqukiapiaru €H
TAIKWI ATYBYWJIAPU MapKa3uid COEKTPHUHT KMUUKIAIITUPUITaH HyCXacu Ba Kyl
€H moJoca 3ca I0KOPH TOJOCAHUHT KY3TYJHM akcu XucoOianaau. by ¥3 HaBOatuma
OyTyH Kyim €H ToJiocaZaH Ba FOKOPH €H IOJIOCAHWHT Oapya TrapMOHHUKACHIaH
dbolinananMacauk UMKOHMHU Oepanu. HailkBucT Hazapusicura acocaH, KOJraH
CUTHAJTHUHT (MapKa3uil CIEKTPHUHT IOKOPU KUCMH) SIPMUCU KECHJIMIIIA MYMKUH,
SbHA O€pWwiraH 4acToTaja pakamJid CUTHAJI KETMa KETJIMK MabJIyMOTJIApUHU
y3aTHIl Y4yH YacTOTa MOJIOCACH KEHIJIMTMHUHT sSpMUTHHA ertapiuaup. CurHan
CHEKTPUHUHT €H mosiocanapu GunsTpianuimy HalikBuct ¢Quibtpu Epramuna
amaJnra OLIUpUIIaIN.

HaiikBuct unbrpugan cyur, 8 — VSB curnan anbaHaBui ycyJijga METPIH
€K  JEeUMMETPJIA  JUAIa30HJIAPHUHT  IOKOPW  4acTOTajlu  CUTHaJUIapura
aiinmantupuinagu. 8 — VSB wmoaynaropuHuHr uwmkuim curHaim DTV —
Teney3arruura 0opajiy, y epaa KaHasl MoJOCACUHUHT UYWra TyIIaJurad Ba y3aTrud
HOYMBUKJIUKIApU Tydailiui YakupuiaguraH Xap KaHaald xajakuT OepyBuu
CUTHAJUTAPHU YK KWJIWII MaKcaauaa GUIbTpaius KUIMHAIN.

Kabyn xwmmpga ATSC curHamnapuau — Jekoiuiaml — TaBcU(IaHTaH
aIrOpUTMIIAp KETMa KETJIMTHUra TeCKapu TapTrO/ia amaira olmupuiiaay Ba IeKoep
yukumuaa MPEG -2 Texnonoruscu OyinuYa CHUKWITaH CTaHIApPT paKamiiu
MabJIyMOTJIAp OKUMUHU AKIUIAHTUPUIL TAbMUHIIAHAIH.

Pakamuiu TesieBugeHueHuHr ISDB SInonusi cranaaprTu.

Xu3Mariap WHTETpaluscura sra, €p ycTH Ba KaOeiab TU3UMJIApU Y4yH
ymymuii ISDB (Integrated Services Digital Broadcasting) pakamiiv 3MIUTTHPHIL
koumeniusacu NHK (Snonus) komnaHuscl TOMOHHUIAH TakJIu( STUIITaH.

AmepukannHr ATSC TU3MMHM IOKOpH AHUKJIWKAArW €p YCTHU TEJIEBU3HOH
SIIUTTUPHUII Ba KaOEIIM TEJIEBUIACHUECH TapMOKJIapHIa MabIyMOTJIAp OKUMHUHU
MIAKJJIAHTUPHUII Ba y3aTUI Makcaauaa unuiad umkuiran sau. Xosupaa DVB
paKkamiid TEJIEBUJICHUCHUHT Oapya HyHaTWIuIapuaa MabIyMOTJIApHH Yy3aTHUIITa
MYJDKaJUTaHTaH, YMYMHM SIIPO THU3WMUTA 3Ta OWp OWJIAaHW TAIIKWJI J3Tald, yJap:
CYHBUU Uynmmomi, Kabenb Ba €p YCTH pakaMiu TEJIEBUJICHWE DIIUTTUPHUIIHA
TAIIKWI STUII Ba TypJIM 4YAacTOTAa AWAIA30HJIAPU YUYyH pPaKamid TEJICBUICHUE
CUTHAJIJIApX TaKCUMOTHU TU3UMJIapuaup. Anonus ISDBHUHT TU3UMUHUHT MaKcaau
TEJICBUJCHUE  DIIUTTHUPHUIUIAPU  YYYH TYpAUM  XWIJArd  XU3MAaTIAPHUHT
UHTETpalUsACUHU TabMUHIamaup. Kenakak TeNeBU30pUHM HUILIA0 YMKAPYyBYU
omepaTtopiapiaH KyHuJarwiapHU: CYHBHM WyIgom, ep ycTH Ba Kabelb
TeJEBUJCHUENApU CUTHAUIADUHU KaOyJl KWJIHIL, IOKOPU aHUKIMKIArd MOHUTOP,
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KaTTa XaKMJIM XOTHpara sra KOMIIBIOTEp, ayAuO Ba BUAECO CHUTHAJUIAPHU KalTa
WIUIAII, UIYHUHTAEK, KOMMYHHUKAIMS TapMOKJIapu HUHTeppEeHCHHU MysKaccam
3TraH MHTETpaJUIallllaH KypuiMa OYIUIIM KEpakjIurMHU TabMMHJIANI Tajal
stunMokaa. llynunr yuyn ISDB cranpapty Ba IOKOpM aHUKIHMKIArd paKaMiu
TEJIECBUACHUE, paKaMIMd PAAUOSMIUTTHPHUIL, IIYHUHTACK TYypiaud XWIJaru
KOMOMHAIMSIM Ba MaTH OWJIaH, CTaTUK TacBUp, rpaduka Ba OOIIKa MabyMOTIap
OwiaH XaMoOXaHr, (MacajaH: KOMIBIOTED JacTypiapu) paguodMUTTUPHUIL Ba
paKamJIv TEIEBUACHUE CUTHAJUIAPUHHU Y3aTUIL YYYH KYJJTAHUJIAIH.

ISDB Ba DVB TU3MMIIApMHUHI TEXHUK MIDIAIIMAA KyJda Kyl
yMyMUIUIHKIap MaBxkyl. MKkana TH3uMIa XxaM,MabJIyMOTJIap y3aTUIL TE3JIUKIapU
JMana3oHu 4erapajapura sKAH KaWMarigapra oyv0 KeJlaJuraH, CTaHAapT Ba
IOKOpY YacTOTAIM pPaKaMJIM BUJCOCUTHAJUIAPHU CHUKUII YYYH KYJJIAaHWJIAJUTaH
MPEG — 2 kommnpeccusicu Tuzumu Kyutanuiaaan. OFDM monymsiiusicn ycynuaan
doiifaiaHuIl ep YCTU SIIUTTUPUIUIAPU YUYYH PAAUOTYIKUHIAPHU KYI HYPIH
TapKaJuIll Ba Xapakarjard KaOyJ IIapoWTIapuaa y3aTHIl caMapajopiIuruHu
omupaau. [llyHuHrAEK, nacTypiap TapKaTUIIHUHT OUpP YacTOTalud TapMOFUHHU
ApaTUIl MCTark MAabIyMOTJIApPHU KOJJaliga Ba TallyBUYWIAPHU MOIYJISIUS
KWIKIIAA YXIIall Ty3uaManap Ba OMAJUIAPHU TaHIalHu Tanad staau. lllynunraex
(1\4, 1\8, 1\16, 1\32) xumost HHTEepBaIK HUCOUI KaTTAIMKIAPH MOC KEJIaud Ba MOC
pexumMiIap yuyH aOCONIOT KUUMAaTIapu sIKUH XucoOnaHaau. Mkkana TuzuMaa xam
Pun - ConomoH konu €paamuja TalllKM KOJJall KYJUlaHwiaaud, Oy >kapaéHua
MPEG — 2 TtpancnopT OKMMH makeTHHUHT 188 Oaiitura 16 Ta TeKmMpyBUH
OaifTiap kymmudimy Hatwxacuga 204 OailT [aBOMMISIMTMAArd KOIJIU CY3
makianaan. Muku xox cudaruaa mkkana tusumaa xam 1\2, 2\3, 3\4, 5\6, 7\8
TE3JIMKAAru MUFYBYM KOJJIAIl CXEMAacH KYJUIAHUJIMHAAU. AJIOXH/Ia TalllyBYMJIapHU
Monynsamusiiam  ycyiuiapu: QPSK, 16 QAM, 64 QAM nap xam Oup Xui
xucoOmanagmnap. bupoxk ISDB — T tu3ummma, acocuéi MabIyMOTIapHHU OJIHO
yTaguraH  TallyBUWJIAp  MOAYJSIUMSCHM  Y4YyH,  Y3aTUIIHUM  IIOBKWHJIAH
XUMOSUTAHUIIIHUHT OKOPU KUWMartura spuiuira uMKoH OepyBun DQPSK-
mubdepennman  kBagparypaBuili  (daza  MaHUMYJSIUSACKH  KYJJIAHUJIAIH.
MopaynauusHuHr OyHAaM ycynuaa monayisuusuiam cuMmBosuiapu xynau QPSK
XOJIATUIATUJIEK UKKU Pa3psAIid UKKWINK CY3JapAaH IakIaHaIu.

ISDB — T wunar DVB — T tusumuaan npudHuunuan dapkiaapura
rokopuaa kentupwiran BST — OFDM ycynu ngoupacuaar CETMEHTJIAIITHPHUII Ba
MabIYMOTJIApHUA BaKTJIM OpajaTuil Kupaau. OpajgaTvin — ajoka KaHaJJapuaaH
103ara KejaJuraH Xxarojapra Kaplid KypallWilga, caMapaHd OUIMPHILI Y4yH
KYyJUTaHWIaAurad Myxum onepauusaup. DVB — T tusumuaa, Kyn HypJiv TapKaJIUIL
xucobura, KaOyn KWJIMHAIUTaH pajMOCHUTHaN CHEKTPU 4YacTOTa KOMIIOHEHTJIapu
OOCHUNUIINAAH 03ara KejlaJuraH, JaBOMUM TMaKeTJIM XaTOJMKJIApHHU KaTTa
Oynmaran Ba xaro (parMeHTIap 3aHXKUPUHU OCOH TYFPHJIAWIWTaH YacTOTalu
opanatumiian ¢oigananuaag. Arap KaOya KWW apTiapH Kyaa Te3 y3rapca,
MacajaH, KaOyJ KWJUII TEPMHUHAIM IOKOPH TE3JIMKAAa XapakKaTiaHCca, 4acTOTalld
opanatuil etapiauda Oynmaiiau. BakTt O6yiinya opanaruin sca, mapaMeTpiiapu Te3
y3rapagurad Ba 4YacTOTalM oOpajaThil &pAaMuja KUYUK (parMeHTiIapra
OYIMHMaNiIUraH KaTTa XaTOJIHMK MaKeTIapuHU TYFpUJIall IMKOHHHM Oepaau. Bakr
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oyiinua opanatuninan Qoiigananwiranga, ISDB — T tusumu TeneBuacHUECH EKU
paguo KalOyn KWITM4YJap, MacajaH, Te3 XapakarTjaHaéTran Toe3]] EKd
aBTOMOOMJIZa KOMIalmTraH XoJjaTiapja XaM camapalid KaOyJHUW TabMHHJIAII
MMKOHHUSITHUTA Ta.

MPEG — 2 kupuIll TpacnopTd OKUMUHHMHT paJIMOCUTHAJITA alJIaHTUPUIINIIIN:
MYJIbTUIUICKCUPJIAII, KaHAIA KOJUIAIll, MOJYJSIUsIANI, IIYHUHIACK KaOyl
KWITHY (QYHKIMICH Ba y3aTUII KOHPUTYypalMsCUHU OOIIKApUIIIAPDUHU ¥3 UUHTra
onaau (5.18 — pacm). MPEG— 2 TpaHcnopT OKMMHU J€MYJIbTUIUICKCUPIAHAAN Ba
KaiiTa MyJIbTUIUIEKCUPJIAHAIU, OyHIa MabllyMOTJIAp CETMEHTH TalIKWJ 3THJIAIU.
Kanaimm komnaman kelnH wmabiaymoriap cerMeHtiaapy OFDM  wacrora
CeTMEHTJIapUra IAK/UTAHTUPWIATU. YIApHUHT Xap OuUpH KaHal 4YacToTa
MOJIOCACUHUHT KEHIJIUTura OOFNMK OyJiraH TEeruuulM 4YacToTa IMOJO0CACUHU
srayuaiiau (6 MI'n nmonoca keHraury ara kanan yuyH 429 KI'u, 7 MI'n kanan yayH
500 KI', 8 MI'ty kanan yuyHn 521 KI'm). Hlynnmai kuau6,12 Ta yactora cerMeHTH
5,6MI'1; 6,5Mrn €ku 74 MI'1 ra MyBO(UK MOJI0CaHU ATaJIal/IH.

bup Heua cermentnap, OuTTa (UMK KaHAJ JOMpacHIa, MAHTHUKUN aloKa
KaHAJJIapu XOCWJI KWJIaJWraH, KarjaMm Je0 HoMIIaHaguran Oup rypyxra
Oupnammimu MyMKuH. buTta kaHanjga Oup BakTHUHT Yy3uja 3 Tarada Katjiam
y3atwauimu MyMkuH (5.19 — pacm). Uepapxuk y3aruiira Typid mapameTpiiv
KaTJaMJapHU y3aTUIl OPKajdd »JpUIIMIagu. TairyBUMIapHU MOIYJISIIUSIIAII
yCYJIH, WYKHA KO TE3JUTH Ba BaKT OViWYa OpajaTUII HHTEPBAJIMHY Y3rapTHPHUIITA
pyxcar 3TUJIa/IH.
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5.19 — pacwm. ISDB Tu3zumuia MabIyMOTIapHA KaHAJUTA KOJTAIIL.
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I[SDB y3aruil THU3UMHHUHT aCOCUM XYCYCHSITH IIYHJAKHA, YHJA KaHAJIHU
KOJUIalll Ba MOJYJSLMsUIAII CcXeMmajlapu MociallyByaH Kyjmanwirad. [ISDB
CUCTEMACUHU SIpaTraH TaJKUKOTYWIAPHUHT W3JIAHUIUIAPU IIYHH KYpPCATIUKH,
arap cerMeHtiap conu 13Tta Oynca, Oy Oapya pakamiu TEIEIMUTTUPHUIL
TU3UMIIAPU YUYH eTapiu Oyiaau.

OFDM 4acToTa cerMeraapu HadakaT TpacropT OKUMHWHU
MYJIBTHIUICKCUPJIAIT HATW)KAacHAa OJWHTAaH MAabJIyMOTJIAPHU,0QJIKH TasHY —
CUTHAJUTApHU XaM ¥3 wuura onaau. ISDB Tuzumuga y3nykcus TassHY CUTHAJLIAp
(CP — Continual Pilot), Takcumiranran tasau curaauiap (SP — Scattered Pilot)
Xamaa MYJbTUIUICKCHpJANl Ba y3aTUINl KOHQUTYPAIUSACUHHA OOIIKAPYBUU
MabJIYyMOTJIApHU Y3 WuMra onaguran Tasad — curHamiap (TMCC — Transnission
and Multiplexing Configuration Control — Pilot) kymianuianu. Xap Oup cerMeHT
MabJIyMOTJIapu BakT faBomuaa hopmatinanaau Ba OFDM kanpnapura Oupriaiianu
(butta xanp mabiaymoTiap xaxmu 204 Ta OFDM mMoynsiiion cMMBOJIIIapUra MOc
KeJIaJin).

Uepapxuk y3aTumga MyJIbTUIUIEKC KaJpyW TYUIYHYACH KHUPUTHIIAMIN.
MyneTumiekc kaapu gaBomuiinura OFDM kanpu gaBoMuiinurara Moc Oyianu,
OMpPOK MYJIBTUIUIEKC KaJIpura KUpaJWraH TPAHCHOPT OKWMHU IMaKeTJIapu COHH
OFDM kaapuna y3aTuiiaurad nakerjiap COHuIaH Kynpok 0ymanu. Opagaru gapk
OFDM  wmonymsmusicn  xkapaénuga (Qoipgananwiran ®@ypbe Teckapu Te3
AIMAIITUPUINM KUMMaTUra Ba XUMOSI MHTEPBAIM KaTTaJlurura OOFJIMK OYiasu.
®apx MPEG — 2 tpacnopt okumura kuputwirad “oymr’” (NULL) nakernap Ounan
TYIAMPUIIAIA Ba aMMO UIIUIOB OepHill Kapa€Hu1a yiap Taiuiad ro0opuiaauiap.

OFDM xanp cermeHTHHH (opMatiail BakT Ba 4acTOTa OpajaTHIIIapuIaH
keiimH Oaxapwiamu. uddepennman moaymsauumsuiam  (DQPSK)  xonmatuma
doitmann  MabimymMoTiapra ys3nykcu3 TasHd — curHan CP Ba  KorepeHt
monymsuusiamn (QPSK, 16 QAM, 64 QAM) xonaruga — TaKCMMIIAHTaH TasHY —
curHan SP kymmnagu. Y3myKcu3 TasHY— CUTHANI Xap JouM (0 pakamiid TamryB4Yd
épmamuga y3aTwiaau. TakCMMJIaHTaH TasHY CUTHaUIAp Xap MWUTMpMaH4d
tamyBunyia Ba xap TyptuHun OFDM cumBomupa yragu. Kagp Tapkubuma
y3JIyKCM3 Ba TaKCUMJIAaHTaH TasH4Y — CUTHaulapaad Tamkapu, TMCC
MYJIBTUIUICKCUPJIANT Ba Y3aTHIN KOH(PUTYpAIUSCUHU OOIIKAPUII CHUTHAJUIAPH,
myHuHraek AC (Auxiliary Channel) kymmmmua mabmymotnapu y3atunagu. AC Ba
TMCC y4yH MyJDKalUlaHTaH TallyBUMJIAp >KOMIAIIYBHM Xap OUp PEeXHUM Y4yH
Maxcyc xanBan épmamuna OenrunaHagu. CP Ba SP TtasHu curHamiapu OusaH
y3aTWJIaIUTaH TEJICBU3UOH €KUM PaauojacTyp XakKujaru axOopOoTIapHUHT
mMabiayMmoTiaapuau, TMCC 6omkapyB curHamiapu Ba AC KylimMua MabIyMOTIapy
OwIaH TYJIIUPUIIUIIN HATHXKAcUAa, Xap OMp CErMEHTAaru TalyBYuiap MUKIopu 1
— pexumaa 96 taman 108 Tarawa, 2 — pexumaa 192 tagan 216 tarada Ba 3 —
pexumaa 384 Tagan 432 Taraya omaad. Y3aTWia€TraH —paJuoCUTHa
TalTyBUMJIAPUHUHT CETMEHTJApH >KOMIANIYBU, TU3UMHHHT OEpHWIIraH PEKAMHU
Tanmadura acocad, OuWTTa Kagamjaa yacToTa yKuaa TabMuHiaaHagu. CermeHtiap
5.20- pacmaa KypcaTUITaHUICK paKaMIaHaIH.
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5.20-pacM. Y3arunaérrad paguocurtai cektpu (Ns-cermeHTiap MUKI0pH)

MabnyMOTIIapHH y3aTHILJIa UEPAPXUK NPUHIUIHU amanra ommpu [ISDB-T
TU3UMUHHUHT XWJIMa XWJI BapUaHTIIAp MIAKIMHM amajra TaTOMK KWJIUIITra UMKOH
saparaad. MacanaH: OUp CErMEHT paJHoIporpaMMalIapHH y3aTHIlra €Ku KyTapud
IOpUJIaurad €KM 4yHTaK KaOysl KUJTyBUMTa aXXpaTWIIMIIM MyMKHH. Bollika Xamma
CerMEHTJIap 3Ca, IOKOpPY AaHUKJIMWKIArd TEJIEBUACHHUE  MablIyMOTJapura
QKpAaTUIUIIM MYMKUH Ba yjap craupoHap TB kaOyn kuwiruwiapu €paamuia
MabIyMOTJIApHM  KaOynl  KwiMiira WMKOH  spataau. Ilynpaii  xkumuo,
MabJIyMOTJIADHUHT OUTTa KaTJaMUHU KaOyJ KWIMII Ba JEKO/JIAll NapuuaJl
(astoxuaa-anoxuaa) Kadysl KWIMIHA aMalira OlIMpHUIITra UMKoH Oepamu.llapiuman
KaOyn ydyH OMTTa MapKa3ui CErMeHT aXKpaTuiraH Ba yHUHr Homepu 0 xamja
CIICKTPHUHI MapKa3uid KUCMHAA KOWIamraH. byHJa WYKM CerMeHTiap
maddepenniran  MOAYISALMAAAH Ba TalIKWJIApU KOTepeHTAaH Qoiigaranub
y3atmiaau. CHeKTpHUHT IOKOPM KUCMHUTra sSiHa OWTTa TallyBUM KYIIWJIATd Ba Y
Y3JIYKCH3 TassHY CUTHAJIHU Y3aTUJIUIINHU TabMUHJIANIN.

Arap cranMoHap KaOyJl KWITMY MHTErpajjamraH Oyica, yHIa y MapKaswuil
CerMEHT/Ia y3aTUIauran Xam TEJICBUICHHUE JacTypiaapuHU Xam
PATUOAIIUTTUPHUIIHN  XaM MabJIyMOTJIapHU KaOyJl KWIMII MYyMKHH. borika
BApUAHT/Ia UKKH TypyX CErMEHTJIapu CTaHJApT aHUKJIUKIArd TEJICBUICHUEHUHT
WUKKU JAacTypuUHM KaOyJ KWilaJuraH KWYUK(IOpTAaTUB) €KM KaTTa OyJiMaraH
DKpaHJIM KYyTapuO IOpWIIAIUTaH Ba MHUCOJI YUyH aBTOMOOWIUIapja, aBToOyclap/a
€KM Toe3/J1apa UIIaTUIaural Ka0ys Kuwirnuiapaa KyJUIaHUIId MyMKuH. SIHa
Oup TY3WIMII BapuaHTA OUp HeEYa PAJAUOSUIUTTUPHUIN AACTypJapuHU EKU
MabIyMOTIapuHu y3aTumaup. [IyHu Kaiig >THUIll KepakKu, y3aTUIIl HUepapXusicu
dbolnananumm €xku GoigaraHMacIUrual KaTbuid Hazap OuTTa (PU3MK KaHaja
MPEG-2nunr OutTa TpaHCTIOPT OKUMHU MabJIyMOTJIApU y3aTUIIAIH.

BST-OFDM mabiyMOTHapHU y3aTUII YCYJIM MHTETpaIUs XU3MaTUra ara ep
YCTH paKaMJIM TEJICBU3MOH JIUTTUPHUII 3aMOHABUN KOHIICTICHSICUTA 5KaBO0 Oepaan
Ba KeJNaXakJa SHTM XW3MATJIApPHU KHUPUTHUIIL YYYH KEHI HWMKOHUATIAPHU
TabMUHJIAN .
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5.3. Y4 yauaMiiu TejieBHIeHHE ACOCIapU Ba TeXHOJIOTHACH

VY4 ynmyamiam TacBUp Ba OOBEKTIAPHH XOCHJ KUJIWII Ba YOy TacBUpJap
yCTHIa UIILIANI SIKUH-SIKWUHIIapraya uiMuii-paHTacTuka Xxucoonanrad. TexHoaorus
PUBOXJIAHUINIA Ba TakOoMWIamumuy okubatuna 3D  —Buaeomap, 3DTV-
TEJEBUJCHUECH XaM spatuia OomaHau. 3D TacBUp KOHLEMIMSICH WIrapu
Cypaauran ¥osi Oy-TaCBUPHMHI OpUTHMHAN XoJaTuiaH Qapkiail o0J0IMaciIuK
KOOWIHMATHHYU IIAKUIAHTUPHUIIIAH uOopar. SIbHM TOMOIIAOWH XAKUKHIIMK Ba
BUPTYyAJUTUK ojamiiapu (apkura Oopa OJIMalIuraH Japakaja PUBOKIIAHHINTA
spUIIMII. YOy TacBUpiap MyXUTAA CypuO IOpUIIM €KUM CTOJ YCTHAA peal
XapaKaTIapHU aMaJira OLMIMPHII JIO3UM?2,

3D TacBup, pOJIMK Ba BHUACO MAbIyMOTJap SPATUIUIIN Y30K Tapuxra
oornanagu. Crepeockonuk TacBupiap wik Oop 1839 iwmnnma spatunrad. 1920
nunna 2D TteneBuieHME THU3MMHM acocuja xo3upaa maBxkyn 3D TeneBujeHue
MaKeTH HaMoWuIl KuiauHTad. 3D ¢uiabMiapHUHr WK Hamouumu 3ca 1990
Huutapra kenub naiao 0yia Gomiaras.

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

3D TacBup XOCWJ KWIMHUIIM Kyriuaaruda: 2D yidamaa MKKATa BUIEOOKUM
MabJIyM BakT (papky OWwIaH amoxuja ajoxujaa KuiIud TacBUpra OJMHAAN. XOCHI
OYNraH MKKUTAa BUJICOOKHMMHHM TOMOIIAOMH ajJ0XKJa paBUIlLa Yal Ba YHT Ky3Japu
épaamua ToMoIIa Kujca, YHIa peall MyXUTra KUPUILl XUCCUETUHU TaKJIUM STaJIu.
by ¢usuonoruk >xapaéH MHCOH OHTMJA aBTOMATHK paBuIla coaup Oymamu. 3D
TEJIEBUJICHUECUHU SPATUILl Ba TAKOMWUIAIITHPUIL YCTHUAA €TYK OJIUMJIap Ba
MyTaxaccuciap ailHaH MaHa Iy (PU3MOJIOTHK >Kapa€HHU acoC KHJIUO OJIMINAJIH.
TexHomorus dYeTnaH KaparaHja oOJIUNA KYpUHTaHW OWIaH YyKyp WIMHN
TaJIKUKOTJIAp Ba TaXpuoOanap tajnad Kujau.

3D TtacBup XOCWUJ KWIMIIHUHT siHA OWUp Typu Oy mossipu3anusicu Oyihnda
Oup Oupuga KeCckuH (BEpTHKaJ, TOPU30HTaN) (hapK KWIyBYM HUKKATA MYCTAKUI
BUJICOOKUM SIPATHII Ba yIIOy OKUMHU MaxXCycC sicajiraH OWHajapu MOJISIpU3aIuscu
Oyiinua BepTHKaJ Ba TOPWU3OHTAN OYiraH Ky30WHAK EpaamMuaa TOMOIIA KUJIUII
HATIKacaa XaM OJIUII MyMKHH.

Cyarru #umnapaa 3DTV  TU3MMUHUHT TaKOMWJUIAIITUPWIIMILINTA KaTTa
BTUOOP KapaTwiau. TacBUp UIIOHWIMIWTHHUA OIIUPHUIN J0J3ap0 MacajiajiapiaH
oupu OYnubO kenmokaa. TexHoJorusija TacBUpra MIIUIOB Oepull skapaéHiiapura
KyWHJarnya: TAaCBUPHU OJMII, 3 Yo4aMJIM XOJIATra YTKa3WIL, CHKWIL, Y3aTHIILI,
WHTEPAKTUB peHepial Ba HaMOMMIII KWJIHIIL.

22 Three-dimensional Television. Capture, Transmission, Display. H.M. Oractas, L.Onural (Eds) Springer
USA 2014 page 1.
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5.21.pacm. 3DTV Tu3zumpaa TacBUpHU KaiTa uiuiam O0JOKIapHu.

TU3UMHUHT MypakkaOJIUTH IIyHAAH HWOOPATKM TEXHOJIOTHS yMYMHM
OU3ailHU TYpJd TU3UM OCTH THU3MMIIAPHUHI NapaMeTpliapuHU XUCOOra OJIMIIH,
KEpaKJIM BaKT Ba CUTHAJ Japa)kayiapy OYiinda CHHXPOHHU3ALUATa SPUILUIIH JIO3UM.
Macanan: uHTepakTuB Auciiiel 3D KOHTEHTra MyCTakui yJaHraH OYiuIId Ba
OamopaTiam KOOWIUATH KaOu MyaMMOHHU MYCTaKHJI €4a OJIUIIH JIO3UM.

Spatunran tacsup ¢opmatunu Tannam 3DTV TexHonorusicu acocnapuaan
Ooupu  xucoOiaHaau. bup ToMoOHZaH Yy MabIyMOTIApHM KailTa WIIUIALI
TajabsapuHu Oenrunad 6epca UKKMHYM TOMOHJAH Yy BU3yalln3alus alfOPUTMHUHH,
MHTEPAKTUBIIMK PEXXUMH JapakaCUHM Ba y3aTWJIAETraH CUTHAJ MapaMeTpiiapyuHu
Ooenrunaiiau. byHnan Tamkapu sipaTwiaéTraH KOHTEHT TapkuOura 3 yimyamiun
“TYp”, MablyM MHKCeN uyKypiaurugaru MultiView Buzmeo kabu cUTHauiap
KHpaJIu.

Audio__| Audio Encoder = Convolutional [ad Time i
(MUSICAM) Encoder Interleaver :
3D Video Encoding. __ _ S
Vi —»| Stereoscopic 1' : — — : 8 N7
L des L : g |HF
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"""""""" 0 = IR ) i c =1
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Ag—t{ Multi-channel |- ' ) T §~$—-; i mg 58 g 5 2
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MPEG-4 Systems MPEG-4 over MPEG-2 :
Encoding i Conventional paAB
i 3D DMB Media Processor i | Transmitter (Eureka-147);

5.22.pacm. T-DMB THU3UMUHUHT CTPYKTypa cxeMacu, 3D-Xxu3maTiapu xKopuu
KWIMHHIL
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ObjectDescriptor { //OD Tor 3D Video
ObjectDescriptoriD 3
esDescr [ // Description for Video(Left-vlew Images) ES
ES_Descriptor {

ES_ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 // Vlsual Stream

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

slConfigDescr SLConfigDescriptor { ... 11

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

ES_ID 4

Stream DependenceFlag TRUE

dependsOn ES ID3

OCRstreamFlag TRUE

OCR_ES_ID 5

muxinfo muxinfo { ... }

decConfigDescr DecoderConfigDescriptor {
streamType 4 /f Visual Stream

bufferSizeDB 15060000

oblectTypelndication 0xC0 // User Private

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

3D video yuyn OD cxeMaTuk TU3UMU

XaXMIIM TEJIeBUACHUEHU TalIKWI KWIMLIAArd HHT KaTTa MyamMMo Oy
MaBXyJl SIIMTTUPHUII TAPMOFHMHHUHT YKa3yBYAHJIMK KOOWTUSATHHH OLIMPUII Ba
MyCTaKuI OyJraH Oup HeuTa BUACOOKUMIIAPHU aJloKa KaHaIM OYilnad y3aTuijgaH
noopat. X03upru KyHJia MaBxKy/ KEHT MOJ0CAIA TAPMOK YOy KOHTEHTHH Y3aTHILI
MMKOHUSTHHM TaKIuM 3Ta oyaau. MyamMo 1IyHJaH nbopar OYiIaauku, sipaTHrad
TU3UM KyJa KUMMaT Ba Xap KaHjad QoiinananyBuu OyH/1ail TEXHOJIOTUSIHUA COTHUO
OJIUIII UMKOHUSATUTA 3Ta OYJia onMaiiau.

HNHucon 3 yaruamiau TacBup Ka0yJ KWIHIIMHUHT (PU3HUK acoCaapu.

Wucon 3 Yyimyamnu TacBUpHM peall XosaTgaru kKabum KaOysl KWJIUIIU
OMHOKYJIAp KYpull KOOWIMSITH OWiIaH acociaHaad. MabiyMKH HMHCOH Ky3JapH
yptuya 60-70 MM opanukia xoinamaau. by opamuk Tydaitnn yan Ba YHT KY3
XOCHJI KWJITaH TacBup Oup Owpuman KucmaH dapkiaHagu. Ym0y HKKHTA
TacBUpiap crpepeoxkydraukaap ne6 aramaau. TacBupnap dapkiapuHu
aHUKJIaraH Musga oObekTraya Oynran macoda, YHUHT KaTTalurud 3 Yiadamiu
MYXHUT]Ia AKOUJIAITAaH YPHU KaOU MabJIyMOT IIAKILJIAHAIH.
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5.23.pacm. IMapannakc: xap Oup Ky3 00bEKTHH ¥3 XOJIaTHIaH KEIUO YUKUO
Kypaau, Must 3ca TacBupiap (papkura kapad 3 yiauamiiv HaMyHa sipaTajiu.

Vpranunaérran OOBEKTHHUHI CYpHJIMIIM KaOH CE3TMHM XOCHJ OYJIHIIH
napajulakc JeWwiaid Ba XaXKMJIM TEJICBUIECHUECHHHI acocu Xucobsanaau.3D
TACBUP XOCWJI KWJIYBUH AP Oapya TEXHOJOTHUsIap — TACBUPHU MKKWTa, Yarl Ba
VHT Ky37ap Yy4yH aJoXuJa BHUACOOKUMIIApra axpaTud TallKuil KWIMHAIH.
Vnapuunr ¢apku cemapauus (OVIMHUIN) >KapaéHUHU Kalcu TPUHIMITA
acocilaHu0 amalira OMMpUIMIIMAA. YOy ycyuiapjaaH Oup KaHYacUHHU KYpuo
YUKaAMU3.

Anarauuk yeya Jlanemeiina Ba [[roko a0 OpoHom TomoHugan 1858
munga takaud KuiauHrad Ba 1935 wwmnnma Jlym JlromMbep TOMOHHMAaH amalira
omMpwiIrad. TeXHOJOTUsACH — CTePEOKy(dT TaCBUpJap MKKU XWJI paHrTa Oysiiaiau
Ba MKKaJlacu OWpranukaa 3 yiadamiid TacBHP XOCWJI KuJaiau. YOy ycys Aespiv
O0apya KMHOHaMOMWUIIUIAP, TEICBU30PJIAp Ba TEIEAIIUTTHPUILIUIAPIA KYIUTAHUIIAH.
ABQ3amuru — ap30H Ba OJJIMMA, KaMUWJIUTU — 0ab3u OWp paHTIAPHUHT FOKOJIHO
KOJIUILIY.

Hoasipmzauusiiim ycya XK. Angepronom TomoHugaH 1891pga takmud
KuwinHrad, 1935 iunra xenu6 E. JIoHa nonspuzanusuiMHraH IJIEHKA spaTHUILN
Owran Oy ycyn ommaBuiiamu® ketau. Mnuram npuHnunu — yam Ba YHT
cTrepeokypTiukiaap Oup BakTAa TYpJM MOJsSpU3alUsiaHraH Oypyak OCTHIa
npoekuusuiaHaau. Tomoma 3ca Moc (GUIBTPAM Ky30MHAK OwiiaH amalra
OIIUPUIIA]IH.

Pactpim crepeoycyna. bupuHun mapra Ky30WHAaKCU3 3 yio4amild TacBUP
XOCHJI KWJIMII Ba Kypuil ycynuHU beptee Ba Jluzeranmmap 1896 #imnma takmud
KWIKIITaH. YOy ycyn acocujia EpyFiIMKHUA CYHIUPYBUM Mapajuiesl pacTp ETau.
YOy TeXHOIOTHS PUHITUTIN 5.24-pacMia KypcaTHIIraH.
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5.24.pacm. JIunzanu pactp €paaMuia CTEPEOTACBUP XOCHI Kyl Yam kY3

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

OwJiad OeJrajlaHrad.

V3 ypHuma caBon maiino 6ynamu. ByHmail Typaard TacBUPIApHU KaHAH SKpaHiIap
(MoHmTOp, mucIUiel) Hamonum Kwia onamgu? bup 3D mucruteir cudatuma 3D
TaCBUPJIAPHU KY30MHAKIAPCU3 €KM KylIMM4Ya KypuiIMalapcu3 HaMOWHWII KWia
OJIaJINTaH Xap KaHJai TypAaru JUCIUICUIapHUA TYITyHaMU3.
3D nucnneinap TexHonoruscu Oyitnya 4 Typra OyiuHaIu.

1.

2.

Crepeockonuk. Yam Ba VHT K¥y371ap ydyH ajoxuaa OYiran TaCBUpJIapHU
HaMOMWUII KUJIaIH.

Mynbruxypununuii. bup Heuta keTMma KeT Oyiran pakypciiap HaMONHUIIH
OpKaJIM XaKMJIM TACBUP HAMOMUII KWJIA/IH.

lNonmorpaduk. Y3nycus 6yiran Epyrivk cCUTHaJUIapu épaamua 3 yimyamiau
TaCBUP XOCHJI KHJIA]IN.

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

Ha3zopar caBosiiapu
Ep yct TeneBUACHUECHHUHT SHTH aBJIOJWHM SPTHIIMIINATA acoCaH KaHIau
ommiap cabab 6ymau?
DVB-T2 sauru crangaptu unuiad YWKWITAHAA yHTa KaHga Tajmabiap
Kynmiau?
T2-MI makeT cTpykTypacu TapKUOMHU TYLIYHTUPHUHT.
T2 xaHammM Kojuiall THU3UMHUA OPAJATHIIHUHI KAHAAH KackKaljiapu
HIUIaTHIaan?
T2 Tu3umu YTKa3yBUYAHINK KOOWIMSATH OJJIMHTH aBJIOJ TH3UMHUIAH KaHYa
MUKaopra papkianaam’?
ATSC Ba DVB-T tusumiapuara T€XHOJIOTHUK (DapKIH KUXATIapUHU caHa0
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VTHUHT.

7. 1ISDB Ba DVB-T Ttu3umnapuaaru TeXHOJOTUK (PapKIIU KUXATIApUHUA caHaO
VTHHT.

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

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

10.3 ymuamnm TacBUp XOCWJ Kuiuil ycyimapuaan [lonspuzanusm ycyira
TabpU(p OCpUHT.

11. 3 yauamnum TacBUp XOCWJI KWIMIN yCyJmapujaH Pactpiau crepeoycyiira
TabpU(p OCPUHT.

DoiaJAHWITAH a1a0uéTiap

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

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

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

4. * Pakamun TteneBuaeHue” X.C.CoaroB Taxpupu octuna WM.A.I'aBpuios,
T.I'.Paxumos, A.H.Ily3ui, X.X.Hocupos, II.M.Kagupos. Tomkent 2016.
400 oer.
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IV. AMAJIUA MAIITYJOT MATEPUAJLJIAPH

1 — amanmit MaliryJjiaoT. Pakamuiu TejieBUAeHUANA CUTHAJTHUHT TY3SWIHIINA

Nmpan makcaa: MabiyMOT CUFMMM, YHUHI HILIa0 YMKApyBUaHIIMIH,
SHTPONHS Kabu TylIyHUYaIap YpraHuiil.

Macananunr Kyiimaumu: CTaTUK TacBUp XyCyCHSTIapuHH OaxoJarl,
YHIAard OPTUKYAIMKHU MabIyM OWp ajaroputM OWJIaH CHUKHII MAaTeMaTuK
MOJICJIMHU MIUTA0 YMKUII BA aMaJIUETTa TABCHSI KUJIHILL

Haszapuii mabaymoriaap. MabiyMoT Hazapusicu - Oy CUTHalI Kailta
UIUTANIApA OKUOAaTHIa XOCWJI OyiIaauraH MablyM Oup KOHYHHSATIAP KETMa
KEeTJIUTH. YOy KOHYHUSTIIAp TYpJiH aJOKAa KaHaJUIApuHU OaxoJiall Ba MabIyMOT
MaHOau Ba KaOyJl KMJITYBUMCH OpacHJard ajOKaHU YpHATHUILITa XU3MaT KWJIaJu.
MabaymMOT y3aTyBUM ajoOKa KaHAJUIApUHM  COJIMLITHpUINIA 53ca  ymoy
KOHYHUATIAPHUHT MUKAOpUM Oupnuru 1927- iiunna XapTiu TOMOHUAAH TakiIug
KUJIUHTaH. By OMpIuK MabJayMOT CHFUMHU J1e0 I0pUTHIIa OOLIUIaHTaH Ba KyHuaaru
TEHIJIMK €plaMH/1a AaHUKJIAHTaH.

C=log,m. (1.1

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

MabiyMOT CHUFMUMH MabIyMOT MaHOAauWHU TYIUK Tabpudiaail onamaiau.
Myxumu, BakT OUpIMTA WYMJA KaHYa MUKIOpJAard MabIyMOT XOCHII
KWIMHAETTaHUHU OWINII MyXUM. ByHUHT y9yH MabJayMOT MAHOAMHMHI MIILIA0
YUKAPYBYAHJIUIH  Oupnuru kuputaiaau. ¥ R xapbu Ownan Oeorwsianu0
KyWHJIard KaTTalduK €paaMujia aHUKIaHAu:

T

T — MabayMOT MaHOAWHUHT BaKT OUPJIUTU WYWJA UILUIA0 YMKAPAJUII YIyH
KETaJIuraH BaKTH.

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

P{Ax:1=-log,P{A}, (14

HorapI/I(pM oJiguaru MHHYC ocarucu P{A}<1 Ba MabBbJIIyMOT MHUKIOPHU

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

burra mnocuikaga kenaguraH ypradya MabIyMOTJIAp MHUKIOPH XaOapHH
Kojutamgard 3Qp@GEeKTUBINK YIYOBU YUYH XU3MaT KWIMIIM MyMKUH. By Oupiumk
IHTHPONUS Jeiiniaay Ba MareMaTuk KytwiMma cudartuna anukmnanaau. P{A}=0
yayH sxTumoimuk 0 — Py MawiymoTiap Mukaopu sca I=lp P{A}=1, xomar yuyn
aca [=1) 4, (1.4) ra Kylinaaru anMaiuTupuIl KHpUTaMu3:

117



1 1
H=Pq 1 o+Pr1:=Pglog, —+Prlog, . (1.5
Po P1

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

m m 1
H==2 Prlog,Pi=2 Prlog; . (16

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

H — Hmax 6yaranga Pi = %’ OyHIail xonataa
1
H=H msx=m{ —log,m |=log,m=C.
m

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

|=F-T-log,| 1+

[22]

, (1.7)

F — xanan ytkasum nosnocacu; 7 — xabap y3aTWIMII JTaBOMUWUIUTH; Pc Ba
Puw — Moc paBuIa curHai Ba MOBKUH KyBBaTIapH.

dopMynagaH WyHAAW XyJocara KEJIWHTaHKW, [IOBKMHIIAD Yy3HuJa OK
IIOBKMHTA 3ra Oyiaau Ba ynap XaMm XYM ITyHJal CTaTUCTUK CTPYKTypara sra
OynuIay.

(1.1)-(1.7)  dopmananapman  ¢doitmamannd,  Xapmim  ycyiauzaa
KEJITUPUITAHUACK TYPJIM TaCBUPJIaApHHU OaxoaiMus3.

OHr coaaa OViAraH oOK-KOpa TacBUPHU KypuO dYMKamMu3, Xap Oup
AIIEMEHTHUHT M EPUTWITAHIMK TpaJalusiiapd COHM y3uea XOC MmypoacuiapuHu.
DneMeHTIap MabJIyMOT Xaxmu (1.1) TeHrnuk épaaMuia aHUKIaHAH:

C,=log,m, (1.8)

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

Ck=N-log,m, (1.9)

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

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

Mysmait kw6 | qmax:Cq:q'Ck’ (1.11) — TB TacBUpmaru MUHUMAI
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MHKJIOPAArd MabJIyMOTJIap MUKJIOPH.
MasbaymoTiiap MUKIOPUHU aHUK Ownmuin TB TusumHu 3pdekTuB Kypuii
WMKOHUSATUHM TaKIWM OTajau, JEKUH Oy eTapiau sMac, sSbHH OepuiiaéTrraH
MabJIyMOT KJIacCH TapKuOWJa KeJyBYM YypTauya MabIyMmMOTJIap OKHUMHUHHU, SBHU
SHTPOMUSHUA OWIHUIN JI03UM. MabliyMOT Ha3zapuscu OUp YI4aMjId CUTHaJUIap y4yH
uniad yukuiarad, TB curuan aca 6usra MabIyMKH KYT YIdaMiid XAcoOIaHa u.

Wurnm 6akapuin y4yH HAaMyHa
N=16x16=256, m=3, ¢pparmMeHTH ydyH OK, KyJpaHT Ba Kopa paHriap. by
epaa Co =1og 2 3 =1,58 our, Ck =256x1,58 =404 Owur.
TacBupHU TabpuGIIall yCyJuiapu:

1-ycyn. Illaptnum paBumga aOoHeHTHapra y3aTWIAa€TraH CHTHAJHU
3JIEMEHTJIAPUHUHT MHJIEKCUHU Ba PaHTMHM 1000paMu3 Ba ynapHu I, Ba lpaur 1€0
oenrmnad onamMus:

I rC:| np+| ! (112)

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

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

=N-log,N, (1.13)

Inp

Eputunrannyk  sneMeHTIapUHH KOAJIAIl y4dyH logoM  Gupiuruman
dhoinananaMms:

| ,.=N-log,m, (1.14)
[ysnait ka6 | =1 ,,+1,=N-l0g,N+N-log,m, (1.15)

buzamar Mmconm yuyH asca N=16x16, m=3, Irc = 256x8+256x1,58 =
2048+400 = 2440 6ut. Hxxwuaum tenraurumu3 (1.15) ma Cx = Nxlog ; m = 400
OUT SKAHJIMTUHU aHUKJIAI KHHWUH HMac.

2 ycyin. AOOHEHTra paHT MUKIOpWHHM ¢akaT Tema, MacT Ba YHI, dHall

gyerapaBuii MUKIOpJIapuHu xkyHaTamu3s: Irc = = Iz = Nxlog ; m = Cx = 256x1,58 =
404 out. Hatmwxkana onauHru ycynaan kypa 6 6apodap kaM MUKIOpAaru KuiMarra
APUIIAMU3.

busra mabnymMkm Xap KaHmaid anoka KaHauu TapKuOWga NIOBKUH Ba
XaJIMKUTIAp MaBXKyJ Ba OM3 CUTHaj TapKuOHWra MIOBKMH OWJIaH Kypalluil Y4yH
OPTUKYAJIMK MabMOTHHHM KUPHUTHUIITA MakOypmu3. By opThkua MabiyMOTIapHH
KYTT MUKJIOp/a OCpWIUIM XaM HyKonumiapra onu0 xenurmu MyMkuH. [Ilynunr
YUyH XaM Y10y MUKJOPHU ONTUMAaJ TaHJIall MyXUM.

3 yeyn. 2 ycyn OunaH MyTaHocuO, (papku HIyHIaku y3aTwiiaérraH xadap
UIIOHWIMJIMTUHYU OIIMPHIL YU4yH Xap Oup caTp Ba KaJp OXUpPHUra OpTUKYA XUMOS
CUTHAJIM KUPUTWIAIU. YOy yCysl OWiiaH 3aMOHABHM TEIEMUTTUPHUIILIAP WIILIA0
KEJIMOK/1A.
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Hasopar caBoJsiapu

1. MabnymoT Hazapuscu HUMA?

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

3. MabjiyMOT y3aTyBUYM ajl0Ka KaHaJUTAPUHU COJMILITUPUIIIA Hca YIIOY

KOHYHUSITJIAPHUHT MUKIOPHA OUpiura Huma?

MabiymMoT curuMu Ae0 HuUMara antiuuaa?

MabayMoT curuMu Kauaai ¢hopmMyna épaaMuaa aHUKIaHATN?

MabiyMOT MaHOAMHUHT UIIa0 YUKAPYBYAHJINTH HUMA Ba y KaHIail

aHUKJIaHAIH?

7. DHTHponHs HUMA?

&

o o

TaBcusi KWIMHAAUTAH 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.http://dspdav.nm.ru/

3. http://center.neic.nsk.su/
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2- amanuii MmarFynot: Pakamiim moayJasins TypJapu. Juckper-KoCHHYC
AJIMALITHPUII ACOCHAA BUACOMABJIYMOTIAPHN CHKUIIHU TAAKUK KHJIHIIL.

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

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

Kuckaua Hazapuii MabjayMoT. BuaeoMabiiyMOTIIapHU pakamiIM XOJaTra
YTKa3MllJla yIapHU KaiTa uiuial XapaéHUHUHT OMpUHYM OOCKHYM carx Oyiinda
KBaHTJIAWI Aeiinnanu. by skapaén Oup yiauamium Ba KyI YI4yaMJiM CUTHaJUIap Y4yH
Xxam Oup XuJ1 60CKUY1a aMalra ONIMpPUIIaIu.

KBanTnam >kapaéHu cudarvga CUTHAIHUHT JUHAMUK JIMAa30HUHUHT
SAKYHJIOBYM JIUCKpET Japaxkanapra Oynuuummura adtunaau. Carx Oyiinua
KBaHTJIAII JKapaéHU OPTUKYA MABJIIYMOTIIAPHU OJMO Tanuiaml >KapaéHUHU HAMOEH
KWIaau. YHUHT KYJUIaHWINIIHAA HadakaT TEXHOJOTHUK >KuUXaTiap Oanku 0ab3u
Oup ncuxo@u3nonoruk cababdiap xam nHobatra onuHaau. bymnap:

1. BUIEOMABIYMOTHHM y3aTHII €KUM KalTa WIUIAI MaNTHAa YHUHT TapKuOuja
IIOBKUHJIAPHUHT OOpPJIUTH YHUHT MapaMeTpiapura TabCUp KUIaIu;

2. BUJEOCHUTHAIIApJa  pyxcaT OSTWITaH Japakald Y3IyKCH3 XoJariapia
KYJUIAaHUIIYM OPTUKYA MabIyMOTIapHu OapTtapad 3Taau JEKUH KBAHTJIAHMIII
IIOBKMHUHU XOCHJT KMJIA IH.

3. BUJAEOMABIYMOT KaOyl KWJIYBUMCH uUerapairaH EpyriuK MHKIOPH Ba
PAHTJIMIIUK JapayKaCUHU CE3UII KOOUITUSATUTA TAJIUTH.

NuHu 0askapuin y4yH HaMyHa
BuneoMmabsinymoTinapau carx OVitnya KBaHTJIAHUIIM CUTHAIHU (a30 Ba BaKT
napameTpiapuHu XHCcOoOTa OJIraH XoJijja aMmalira OmrupUIaIu.
KBanTnanum napaxacHu O€NTHIIall acocaH y3aTUiIaéTran pakamiid CUTHA
TE3JIUTUTa KyWUHIIauTaH TajabapHu Oenruiaiiia oKOpy YpUHTra KyTapuiiaau.

UMK,

A

A3
A2
A1

Al A2 A3 AN

>
HHpP

2.1.pacm KBaHTnaHuII XapaKTepUCTUKACH.

VY3mykcn3 KUpYyBUYM KaTTAIMKIAPHU CaTX OYyindya KBAaHTIAHUIIN TEKUC EKH
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HOTEKCH TakcuMJaHTraH XAl, Al mapakajgard KBaHTJIAHUII XapaKTEPUCTHKAIAPU
Owian OenrwiaHaaud. bup yinuaMiu CUTHATHUHT KBAaHTJIAHUII XapaKTEPUCTUKACH
2.1 pacMI1a KEATUPUIITAH.

KBanTnam nmapakalapuHUHT KYITHH KBajapaTiapu opacuaaru macoda
KBaHTJall KaJaMM Jeiuiaau, derapaiap opacuuard macoda sca KBaHTIAHHII
XapaKTepUCTUKACH ACHUIaau. IbHU KBAaHTJIAHUII 1APAKaCH JHT IKUH MHTEPBaIra
axauTiaaHagd. KupyBuM yHMIOJSp CHUTHAQJI XapaKTEPUCTUKACUHU KyWHJarnda
€311 MyMKUH:

Equk,y:i%]-Ai '1{E;<up_Ai} , (2.1)

Oy epna Exup, Euux — kupyBuM Ba 4YMKyBYM curHamiap; Al (i=1,2, 3, ..., n) —
KAPYBYM CUTHAJTHWHT KBaHTJIAHUII Kajgamiiapu; Al — KUPYBUH CHTHAJI KBAHTIAHHUIII
yerapanapu; 1{*} — kyiiugaru mwapt OaxxapuiiyBuu “Oup” QyHKLIHS:
1{*} _ {{*}< quyﬂo .
{*}>0yuynl
Xymau nry Tap3aa OUmoJssip CUrHaJI KBaHTJIAHUIIT XapaKTePUCTHKACHHU XaM
€311 MyMKUH:

Eunﬁ:i_Z: Ai '1{ng_Ai}’ (2-2)

KBaHTiaHuI carx Ba uerapaJlapuHUHT HOTCKHC TakcumiaHwmuaa (2.2)
udoaa Kylnaarnya KypuHHIL OJIJAIM:

Eebzx,6:A'_|-an{ng_iA}’ (2.3), T.x. Ai = A = const, a Al = IA.
-n

KupyBun cursan KBaHTJIaHMII Yerapacyd Ba YMKYBYM CHUTHAJI KBAHTJIAHWILI
Jlapakajlapy MakCUMyMJIapAa KyruuIard TEHIJIMKIAp €paaMuia aHuKIaHAIu:

max max
YUK _ Kup (2 - 4)

(2-:n-1) (2-:n-1
Oy epaa 2n — GUMnomsp CUrHaja KBaHTJIAHUII JapakaTapUHUHT YMYMUN COHHU.

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

Q=L (25

KUup
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-
Al A2 AN Kypnw

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

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

ALHE,.,—1A}

Q=

, (2.6)

E KUp

Nn—oc XOJIaTWJIa KBAHTJAHUII TEHI TaKCUMJIaHaAuraH Oynca FEuux =
F(Exup) xapakTepuCTHKAaCH YM3HKIW KYpUHUIIQ =Qo=const oxagu, n-—> oo
XOJJATUHUHT HOTEKHUC TAKCUMJIAHWII  XOJaTHAa 3ca HOYM3HMKIM Q = Qo = const
KYpUHUILTA YTaH.

KBanTnanui xapakTepruCTUKACH Ba KydauTUpHI KOd(DPHUITUEHTIapU Opacuiaru
OOFJIUKJIUK Oy — AJICKTP 3aHKUpJIap JMHUsAcHAaru (asa Ba BaKT
XapaKTePUCTHKAIAPU OpacHIaru OOFITUKINK TEOPEMACHHU ICIIaTaIH.

KBanTnaHuIll HIOBKUHU

CurHaJIHM KBaHTJIAHMII Japa)kaCl Ba YErapaJlapuHHU SAKyHUW XOJIaTra
KEJIITHpray, KaWTa TUKIAHYBUYM TACBUpAA KAaHAJ M[IOBKMHJIAPU TabCUpUIA
HOYM3UKJIN Oy3WIMILIAp XapakTepura sra OYiraH KBaHTJIAHUII MIOBKUHU XOCHJII
Oynmaau. Ym0y UIIOBKMH Japakac KUPYBUM CUTHan (a3oBUi Ba BakT
napameTpiiapura y3Buil OornuK. MacanaH, MIOBKUHHUHT FOKOPH OOCKUYIapuia
EpyFIIMK CUTHAJUIApW Cakpanuiap kabu y3rapaaud Ba OpTHUKYAa KOHTYpJIAp MAJI0
Oynummmra onud Kemaau.

KBaHT/aHMIll NIIOBKMHMHM MablIyM 4Yerapaiaapja y3rapTUpPUIL MYMKHH.
Ym0y MmOBKMH JapakaCUHM TMacalTUpUIN YYyH Kydugard OocKuuiIap/aH
dbolnananunagm:

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

2. ymly KaJjaMaapHH Y3rapyBUaHJIUTHH TabMHUHIIa K = CONSt;

3. KaiiTa MuutaHa€Tral CUrHaj CTaTUCTUK XapaKTepUCTUKATApPUHHU MOC KaiTa
MIIUIAII TEXHOJIOTUSCU €pAaMuaa KyJulamd,

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

5. TB texHukama — MoC yacTtoTa AUCKpeTusauusicuiu Moc TB catp €inin Ba
TalIyBYM CUTHAJIAp YyacToTaltapuaan GpoiganaHuml.
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f ()ch p- f p.mam:(3_4)' f pmau’ (2.6) p —fp.maw curHamu rapMOHUKACH.

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

Ha3zopar caBoJsuiapu
1. BugeomabiyMOTIapHU pakaMIIM X0JIaTra YTKa3uIga yJIapHU KauTa UIUIan
XKapa8HUHUHT OMpUHYN OOCKWYM KaHai 60cKuY nevnnaan?
KBanTnam xapaéuu 1e0 KaHaai xapa€nra antunaam?
KBanTnam kagaMu 1e0 KaHaai KaTTaauKKa auTuiaagu?
4. KBaHTJIaHraH CUTHAJI MabliyM Oup uerapaja sxiautiaHaau. [y yerapa
KaHaail HomyiaHaau?
KBanTianum moBKMHM HUMA Ba Y HUMa cababan naiao 0ymanu?
6. KBanTianuin moBKMHUHU OapTapad KWK YYyH KaHJai uIlliap amaira
omupuiaan’?

w N

o1

AnaOouéTsiap Ba MHTEPHET pecypciap
1“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier,
USA 2013.
2.http://dspdav.nm.ru/
3.http://center.neic.nsk.su/
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3 — amanuil MaIIFyJa0T: Y4 YI40BJIM TeJeBUACHUAHUHT aMaJ1a KyJaam
HUMKOHMATIAPU. BellBjieT anMamITUPpUII YyKYPJIUTHHA Y3rapUIIHUHUHT
CTATUK BHACOMABJIYMOTJIAP CUKUII KOI(PPUIUEHTUTa TALCUPUHU YPraHMIIL.

Nmpan makcan. Typau panr crapgapmiapuaa (R, G, B) xampaa,
Eputmiranivk Ba panrdapk curnamiapuan (Y, U, V) 8x8 ymuamaaru 6i1okmapaa
JUCKPET-KOCUHYC aJIMAIITUPUII yCyluAa KailTa WAl >KapaéHUHU TaJIKUK
KHJTATIL.

MacajaHMHI KYUMJIMIIY. [[UCKPET-KOCHHYC aIMallTUPUII TPUHIUITMHA
Yprauu6 ynkum. Kogep cukuin koeGUIMEHTUHUHT Y3rapuIIiHU KaiTa
TUKJIAHTaH TaCBUP cUdaTUTra TAbCUPUHU aMaTUETIa CUHAO KYPHIII Ba YpraHnuo
YUKHIIL.

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

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

F(u,v) =1/ 4)C(u)C(v)i ip(x, y)[cos%}{cosw} (1)

x=0 y=0 16
N-1 N-l
F(xy)= £ D> D CU)CV)F(u,v) cos&Xthur 2y +1)vz
NiZ V=0 2N N 2
Oy epna: rpapuk  OJOKHMHI U -BEpPTUKaJ V  —TOPHM30HTAI

KOOpAHHAaTaJIapH,
X — MYKHU OJIOK BE€PTHUKAJ KOOpAWHATACH,
Y - UYKH OJIOK TOPU30HTAI KOOPJAUHATACH;
u,v = 0 yuayr C(u), C(v) = 1/72
Ba U,V # 0 yayn C(u), C(v) =1

Ymly ycyn KaJpHU CHTHAJNIM MaTpuuajap ned aramysuu 64 (8x8)
MUKceNn ymdampaaru Onokiapra Oymumra acocnmanamu. (l.pacm). CyHrpa
yi0y CUTHajlId MaTpHLajap MOC KaTTaIMKAAard 4acTOTald MaTpullajiapra
allllaHTUpUJIAAM Ba MKKMA YiI4amid MaTpuua cudaruia TOpU30HTaN Ba
BepTHKaN WyHanuuuiap Oyitnua kypud umnkmiaau. Keitnaru 6ockuuna ymoy
MaTpulla aNTOPUTM KYJUTAaHMAacUTra KUPUTHITaH Maxcyc MaTeMaTuk (hopmyra
Epmamuaa Kaita unumaHaau. HaTwxkama MaTpUIlaHWHT FOKOpPH-Yall KUCMHU
AIIEMEHTIapy FOKOPH YacTOTad Ba KOJTaH JJIEMEHTJIAPU MAacT YacTOTaJH
aJieMeHTIIapra ailllantupuianu (2 pacm).
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216 | 213 | 211 | 211 | 213 | 217 | 220 | 221
218 | 217 | 218 | 221 | 224 | 226 | 226 | 226
217 | 219 | 223 | 227 | 229 | 229 | 228 | 227
221 | 223 | 227 | 230 | 230 | 230 | 230 | 230
231 | 231 | 233 | 232 | 230 | 230 | 233 | 236
229 | 229 | 228 | 226 | 223 | 225 | 230 | 235
218 | 220 | 221 | 219 | 217 | 219 | 226 | 232
213 | 218 | 221 | 220 | 219 | 221 | 228 | 234

1.pacm. bupnamuu TacBup €pyFiauk MUKCEUIAPU CUTHAIUIM MaTpULlacu

1793 | -22 6 -7 1 1 0 0
-12 0 -7 10 1 1 0 0
-35 -6 7 0 -1 -1 0 0

0 9 11 0 0 1 0 0
0 0 0 -1 0 0 0 0
-12 -1 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 -1 0 0 0 1

2.pacM. JIKA nan xelinH KaiiTa HIIJIaHTaH MapTUIila KoddpumueHTIapu

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

RLE umuHuHT 2@ GEKTUBINTMHA OMIMPHUIIT YUYH 3UT3UTCUMOH KaiTa UIIUIAIl
yCynu Kyutanuiaau (pacMm 3), Oy yCyil ’KyJia KaTTa CUKUIT KoePUIIUeHTUHA
OJIMII UMKOHUSITUHU Oepajin, JeKUH 0y KO3 PUIMEHTH pyxcaT 3TUITaH
MUKJIOPJAaH OIIUPUINO 1000puiica TaCBUpIa HYKONHILIAP Mai10 OVIUIIA MyMKHH.

; =t

A
0
=1 - 49.:.{:

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

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

HEenueHue & pas

—Bua KomMNoHEHT kI -
M CcxonHEIN MACCHE

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

% R [kpacHei]

G [zeneHe] " U [useTHOCTE cHHera)

[T ekn /BRIKN. KEAHTOEAHME

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

1576 L1 335 -9 -171 63 21 -31

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

22 0 -b7 48 1 0 0 -28

-b3 38 9 -1b 0 44 1 0

25 -1 -22 28 0 -1 0 0

-24 19 -2 -1 0 1 1 0

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

J Bua koMNoHEHTE

T B A B B A R R R HCHDﬂHbIﬁMaCCHB

CREpaa Yo Ese O

& G [3eneHsi] U [useTHOCTE cHHera]

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

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

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

K.oa LU MEHT I MATPKUEl KESHTOE3IHHA

CTaHnapTHEIE SHAYEHKMA
YrEHBWMTE B 2 pasa
YreHeWwTE B 4 paza
Beel

Bre 4

Bred

Bos 16 x OTrEHKTE
Bced2 | e

bynnan rtamkapu OolIKapyB MaHeNWJa KaidTa MIUIAHTAH TacBUP
napeMeTpJapyuHu XaM KYpUIl MyMKHUH.

NHuHr 0akapuani TapTudn

1. JlaGopaTopusi MIIMHUHAT BUPTYaJl TaCTYPUHH HINTA TYITHPHHT.

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

3. TacBup xocun Oynrad “kypcaruin MaHEIMHUHT HCTaJIraH KUCMUTa
CUYKOHYAHMHT Yar TyTMacuHU OOCUHT. Akparuiran 0ok yiauamu 8X8.

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

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

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

6. Oumiiran olfHaHUHT «MaccuB nocie npsamoro AKID» pexxumura yTuod 5
MYHKT/AArd aMajHu KeTMa-KeTJIMKAa Oa)KapyHT.

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

8. Kopwii oliHaHU EMUHT.

9. Hactyp oiHacumaru «Marpuua KBAaHTOBAHHMSI» KUCMHUHU OOCHO,

naiijo Oynran oWHajga yHUHT OUpnWTUHU «l» ra TYFUpIaHT Ba KUWMATIApHU
cakya0 oifHaHU ENMUHT.
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o oo SR &

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

ko3 ppuLMEHTE MITPMUEBI KEQHTOESHWA | I

leb] [ab] Lab [ab] Lab |ab] [ab] |«b)

CTaHnapTHBIE SHAYEHHA
HreHewTe B 2 paza
HMEHEWHTE B 4 pasa

Boe @ |

Bom 16 x OTHEHMTE
Boe 32

I o Coxpanire I

Cyurpa acocuit nanengaru «KonupoBanue» TyrMacuHu OOCHHT Ba >KapacH
Tyrarad OUpiamMy4d Ba KOJJIAHTaH CUTHAJ KUAMAaTIapyuHU €3U0 OJIUHT.

(e Mcxomoe!!

(“ﬂpeoﬁp.‘

Mk, pasmep:

1244214 |

Pes. pasmep:

35462 |

K= 2 pas

Pacu. owu6. I

Ymly KuiMaTIapHU TMaHeNAa KypcaTHUIl XOJIaTJapuHU Y3rapTUpHUII Y4YyH
«Ucxonnoe» Ba «lIpeoOpazoBaHHOE» TyrManapu €EpAaMuia amaira OLIUpPHIL
MYMKHUH. XO0CHJI OYJIraH HaTH>KaJlapHU COJIMIITUPHUHT.

N =

o

Hasopar caBoJsiapu
AHaor TacBUp pakamiiu Xojaraa Kanjaan udomanaHaam?
Huma makcanma TacBup 8X8 yiraamiu mukcen Ookiapura OyimHaan?
YUV wmyxutunmarun panrnapaan ¢oipamannm RGB myxutuman kypa
KaHaal ad3auMKiIap TakIuM Kuaaau?
JIMCKpeT-KOCUHYC  aJMAIlTUPUINHUHT  BasudacuHu  Ba  (PU3HUK
XyCYCUSATIIApUHY TYITYHTHPHUHT.
JKIT anMamrrupumga 3Wr3arCMMOH — YCYJHHUHT  KYJUIAHWUJIMIIAHUHT
MaKCaJMHH TYITYHTHPUHT.
KBanTnam marpuniacu BazudacuHu TyIIyHTAPHUHT.
bnoxnu Oy3unumap naiao Oy IUIIMHUHT cabanapuH TyIIYHTHPHUHT.
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4 — amanuii MmamiFysoT KBaHT/1a11 sKapaéHMHM BUACOMABJIYMOTIAP CUKHUII
KMHAMATH Ba CTAaTHK TACBHPJIAp cu(aTHra 00FIMKINIMHHA TAAKUK KHJIHIIL.

1. Ampan makcaa: AManuil viHA Oakapullga TUHIJIOBUM KyWIarujiapHu
Y3MamTHPUIIN KEePaK :

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

— CTaTUK TacBUpP BUJICOMABIYMOTIAPUHU CHUKHII Japa)kxacura TacBUP
CTPYKTypacH Ba Ky UTaHUIAETTaH PHIIBTP TYPUHUHT TABCUPUHH OAX0.1all ONUL;

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

2.Macaganunr Kyiiniaumu: Tonmumpukiaap

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

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

2.3. OnHTaH HaTWOKAJIapHU JKaIBaJT MAKIUAa €310 OJIMHT.

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

2.5. OnuHTaH HATWOKAJIApHU TaX A KAJIHHT.

Kuckaua Hazapuiit MabJIyMoT.

BeiiBieT aJiMalITUPUII ACOCHAA MABJIYMOTJIAP Xa)KMHUHHA CHKHIL

Ymby amanuii vijgaH Makcaa BEHBIET alMaIlITHPUII aCOCHIA TEJIEBU3UOH
CUTHAJJTAPHU CUKUII YCYJIMHU TaJAKUK KUIUIL. AMAIUET UM KyJTaHMacuaa >KaMu
4ta wm ky3ma TyTWiaraH OYIuO THUHIJIOBYWIAp Y4yH Oatadcun HypuxHoma
cudaruga Oepuiras.

Be#Bner anMamTHPpUIIHUHT YMYMHUH TaX WA

Pakamuu TeneBueHne1a TACBUP CUTHAJIJIAPUIa MIUIOB Oepulll yCyJlapHuiaH
Oupu Oynran BA ycynu oxupru naltiapaa KEHr KYJUIAHUIUMO KETUHMOKJA.
TexHomorust anroput™Mu yTrad acpuHuHr 80-vimiutapuaa ['poccman Ba Mopnenap
TOMOHHAH SAPaTHIraH. YOy TeXHONOrUs sSpaTWINIIMra acocuii ca6ad JIKY Ba
dypre aaMaITHPUIN YCY/UTAPUHUHT aCOCHUN KaMUWJUKIApUaAaH Oupu Oynrad
KaiiTa THUKJIaHTaH TacBHpJa Makjo OYymanuraH WYKOTHIJIAPHW OJAWMHHU OJHUII
Oynran. byHgaH Tamkapu ~TENEBU3MOH CHUTHAT  Mypakkad  IIaKJIJIard
UMITYJIbCIIapAaH TAIIKWI TOMTaH. YOy MMYyJbCiap JaBOMUMIUTH Ba Japakacu
y3aTuiaa€Tran BakT OWPJIMTH WYHMAA y3aTWiaéTraH CroKeT Tapkuoura xapad 300
MapTaraya y3rapu0 Typulld MYMKUH. bByHmaill xonatnap ydyH TapMOHHK
byHKUMSIIap — TUKCeUIapu  JEKOPPENALMSICUHU  KYJUlaml eTapanya
camMapaJopJiuKHu ~ OepMaiiii  Ba  CHUKUII  KOB(D(PUIMEHTUHUHT  IOKOPH
MUKJIOpJIapuaa MYKOTHIUIAPCU3 CUKUII UMKOHUATHU Oepa onMaiinu. ANWHHMKCA
CUKUII KOA(D(PUIIMEHTUHUHT MacT uerapajapuja TacBUp Maiiia CTpyKTypajap
HuruHaucH cudaTtuaa HaMoéH 0ynub Komaau (pacm 10).
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a) Kcxk=25 mapta 0) Kck=3,5 mapra
1-pacm. JIKA acocuaa TacBUpIIapHU HYKOTHUIILIAPCU3 CUKHIL HATHXKATapy

TacBup ukku Youamiu curHan Oynrannuru Tydaitnu ynu BA ycynmna
KaiiTa uWnutam WKKM OOCKHMYJa amalira OUIMPUWIIAIu: aBBall caTpiap, CYHIpa
YCTYHJIap KauTa UIUIAHAAU €KY TECKAPUCH.

XaapuuHr sHr omnuii BA ycynu Oyitnua, 2ta ko3¢ duuMeHTIap macT Ba
oKopu yactotanu (uibtpiapgan yTubd, [MUD nHaTwkamapuHu WKKA KYITHU
HyKTanap yprada kuitmata Ba FOU®D kuiimatinapu sca connu auddepeHnnaming
napaxanapuHu HamoéH kKunaau. Hatmxana mkkurta Apne) Ba Dingz Maccunap
XocHJI OYnaau. MaccuBiap aeMeHTIIapu Kyiuaaru udoja €pramMuia aHuKJIaHAH:

Sy + Sp
2 ]

M4 koxpduuueHtiap annpokuuMakmusa Ane) curdHamwiapu, OY
ko3 unueHTIapu >ca Aeranusauusa Aedmiaaau. bynnai xomatnapaa A Ba D
MaccuBiapura sra Oynrau Spyy OMpiiaMyMl CUTHAJIHM KaiTa TUKJIAIl MyMKUH (2-
pacm), Anszy Ba Dinizp MaccuBiap COHIM KUMMATIApH 3ca EPTIIITAHIMK HYKTalapu
cudaruga HaMOoEH OYIaan.

S, =S

A = DK=TZK+1,6yep)1ak€[o’%)

Bupnam4u curHan  S[N]

Armp oK cHMALIRLA A [N/2] Aderamnrzamiss Dz

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

OunpTp Oy KMUKMHA ‘“‘nepa3zaya ~ makiga Oynub, y epaa EpyriuK Ba
paHryiap TMHUKCeNb KUWMATIApU KEITHPUITaH BEUBIET — (QYHKIUSHUHT
kodduieHTapura Kynatupunaaun Ba KynaiTmMa KuaWMatiap WAFUHIUCH
OJIMHAIW. YHAAH CcYHr ‘“nepazada” Oolllka KUWMaTHH XUcoOJjall y4yH
CWIDKUTWIAIU. BuaeomMabliyMOTIapHU TOPU30HTAN WYHaNMMUIIAA (QUIBTpIIALT
OKMOaTHIa HWKKUTAa MabIyMOTIap MACCHUBH IIAKIUIAHTUPUIAIU: TAaCBUPHUHT
acocuii  axOOpPOTMHHM TallyBYM TACT YacTOTaJd Ba OamopaT  KHJIWMI
XaTOJIMKIIAPUHU Y3 MUMra OJTaH I0OKOPU YacTOTaIM MaccuBiap (4-pacMra KapaHr).
[TacT Ba 1OKOpPM 4YacTOTadM MAaCCHUBJIAP BEPTUKAT WYHAIUIIZAAH YTrad sHA yiap
KyIIMM4Ya BEPTUKAJI WYHAIMIOHUHT IacT Ba IOKOPU YaCTOTAJIA MAacCCUBIIAPWTA
oymuuagwiap. Illysagait kummO, uiasTpramgad CyHT MXN yadamumgard OuTTa
TaCBUpP YpHHUIa BEWBIIET y3rapTUPHIN HaTHXKacuja 4 mMapTa KHYUKIAIITUPHUITaH
(m/2) x (n/2) Yymuamuparu TtacBup maimo Oymaam (4 O-pacm). CuKuII
CaMapaJIOpJIMTUHA  OIIMPHUII Y4YyH TMAacT YacTOTaldd TAaCBUPHU  BEUBIET
y3rapTupuiid OujaH Kynm MapTa Y3rapTHUpUIl MYMKHH, SbHU TACT 4YacTOTalld
KucMaa | mnukcenbs KoaryHua. Amanuérna y3raptupunuiap 3-6  MaprajgaH
ommMaiinu. BeliBner KkKo3QPUIIMEHTIApHUHT MAcT Ba IOKOPU  YacTOTaIU
MaCCHBIIADUHU WKKU Kappa Yy3rapTUpulUiapAaH KeWWHTd oJiuHraH tacBup (4 6-
pacMjia) 1a KeJITUPUJITaH.

g :": ;' V. - y : k ‘L’ ke O < y
3-pacm. JlacmaOku TacBHp Ba caTpiap Oyindya BEUBIIET —
JICKOMITO3UIIUSCUIAH CYHT

[ynpait kuud, Ky Mapotada BEUBIET AeKOMMO3UIUsUIal (¥3rapTHUPHIII)
HATIKacua, anmpoKCHUMAIlHsIIall MacCHBHA XKyJda KWUYUK TacBUp oiuHanu (6-
pacmjaaru Tema yam Oypuakja) Ba ailHM BaKTAa y KHYMK XaXMJIH axOopoTiap
MabJIyMOTUHU TaIIKUII ATa/IH. MaccuBHHUHT KaTrTa KUCMHUHH
JeTANU3AIUSIAIITHPraH HOJUIap €KW KUYMK Kod(duimentiap Tamkuwi dTaaun (6-
pacMaa Hosra Kuiimatu 128 OynraH Kyd paHr MOC Kelaau), yjap CTaTUCTHK
KOMIIpeccopa SXIIM CHUKUIAJAM Ba KaTTa CHUKHUII KO3((UUIMEHTUTa SPUILUIIra
UMKOH Oepajiu.

134



a) 0)
4-pacMm. TacBUpHUHT caTpiap Ba yCTyHap OVitnya BeHBIeT GuiIbTpiaapu
épamMuia y3rapTUPHUII Ba UKKU MapTa Y3rapTUpUIIIaH KEHUHTH X0IaTH.

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

3.MIHUHT 0aKAPUIHII TAPTHOH

3.1. BeiiBneT BUACOKOACK NaCTypUHH FOKJIAHT.

3.2. «Barpy3uTh HaOOp BXOAHBIX HW300paKEHUI», TYyTMacHHH OOCHO
TaHJAHTaH TacBUp (aiimapumgaH OWUPHHM FOKJIAHT. Arap HaMOWHWIN KUJIHUII
TaHe M1 TaCBUP OJIIMHIAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

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

3.4. «Komep» Bkiaakacura YTHHT.

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

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

3.7. CoznamaJapHUHT KyIiuM4a oitHrcanu (JlomosHUTEIbHO) EMUHT.

3.8. «Haware komupoBaHWE» TyrmMacHMHH O0CuO, KomIaml KapaéHUHU
OolTaHT.

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

3.10. Hamotinm kunmum ma"enuaa «JlekoaupoBaHHbIE N300pKCHUS SIBHU
JEKOJIepJlaHraH TacBHp MYHKTH aKTUBIamaau. by mNyHKTAa KailTa WOUIaHraH
TacBUp cU(aTHHU BU3Yyasl COTUIITHPUIIT UMKOHHUSITH MaBXKY/I.

3.11. Coznamanapnan Oollka TypAard BEeWBIET (UIBTPIApHU TaHJIAHT Ba
3.6-3.10 myHKIapaa KeATUPWITAH aMauIapHu Oa>KapuHT.

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

3.13. lactypHu €nuHr.
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4, XucoO0T TApKUOM.

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

4.2. Yusuinagurad ructorpamMmaiap Xxap OHp CHHOB TacBUPH YYYH
aJ0XuJa YU3UIIUII JO3UM.

4.3. OnuHraH HaTWKaJapHUHT KUECHUW TaXJWIMHU YTKAa3WHT Ba acOCUM
XyJ0CaNapUHTU3HU €3UHT.

Ha3zopar caBoJsuiapu

=

BeiipieT amMamTupHIn ycyau KUM TOMOHHUIAH SIpaTHJITaH?

BeiipieT amMamTupuin ycyau HUMa yayH Xu3MaT KAJIaau?

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

BA ycynuna kanmaii Typaaru GpuiaTpiap MaBxy1?

ANMPOKIMAMAKIUSA Ba JeTalu3alus TyllyH4yaiapura Tabpud oepunr?

N

o b

DoiigaJaHIITaH agaduéraap

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

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

3 . “ Pakamnu TteneBuaeHue” X.C.CoatoB Taxpupu octuaa HW.A.I'aBpuiios,
T.I'.Paxumos, A.H.ITy3uii, X.X.Hocupos, II.M.Kaaupos. Tomkent 2016. 400
oer.
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5 — amanuit mawrrysnor. DVB, ATSC Ba ISDB cranpapraapuaa
CUTHAJUIAPHUHT NaKeT TY3W/JIHIIH, YJIAPHA IAK/VIAHTHPHIL, KaliTa
HILIANI BA Y3aTHII XyCYCHATIAPH.

5.1. MHMmpan mMakcaa: Amanuidi HIIMHWM  Oakapuliga TUHIJIOBYHU
KyHIarujiapHu Y3IalTHPUINH KEPaK :
— BHUJACOMABIYMOTIAp XaKMHUHU CHKUIIA KYJUTAaHWIQTUTaH JTUQTHHT
BEUBJICT-QOUIBTPIIAP TY3WIHIIN Ba U PSKUMUHH VPeaHUUL,

—  JEKOMITO3ULIHS HUKJIJIapH COHUHUHT y3rapuiim CTaTHUK
BUIEOMAbIYMOTIIap CUKUIL KO3(ppULlMeHTUra TAabCUPUHU Oaxo1ail onuw,
—  JEKOMITO3ULIHS HUKJIJIapH COHUHUHT y3rapuiu CTaTUK

BHJICOMABIYMOTJIAP CUKHII KOA((DHUIMEHTHTa TAhCUPHHH YPTAHHII TaXPHOACHHU
VTKa3uil Oynda ourumaapea sea oynuuiu.

2. Macananunr Kyiinwanmu: Tonmmupuxkiaap

2.1. BeiiBner anmamTHpUmIdAa JCKOMIIO3ULUS IUKIJIAPH COHUHUHT
y3rapuilyd CTaTHUK BHACOMAbIyMOTIAp CHKUII KOd(DPUIMEHTUTa TabCUPUHU
Yyprauum taxkpudbacunu cudar dakropu Oupnuru 10.00 kuiiMaTra TEHr Xojatnaa
YTKa3UHT.

2.2. OnuHraH HaTW KaJapHU KaaBajl Iakiuaa €310 OJIUHT.

2.3. CuHOB TacBUpJIApH XOKMUHHUHT BEUBIICT AJIMAIITHPHUINHN ITUKIIApH
COHHTA OOFJIMKJIMK TUCTOTPAMMACHHU YH3UHT.

2.4. OnuHraH HaTWKaJIapHU TaXJIUJI KUJIHHT.

Kuckaua nazapuii MabaymoTiap 0yinda 4-amajauérra Kapamr.

3.MIHUHT 02a:KaPUITHII TAPTHOH

3.1. BeiiBner BUCOKO/IEK TaCTypUHU FOKJIAHT.

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

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

3.4. «Konep» BKIIagKacura YTHHT.

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

3.6. «lononmuurensbHo»  TyrmMacuHu ~ OocuHr Ba  «lnyOuna
npeoOpa3oBaHus» SHHU KalWTa WAl YYKYpJIUTH KUHMAaTHHU 2 Ta TEHT KHJINO
CO3JIAHT.

3.7. CoznamanapHUHT KymuM4a oHacuHu (JloToTHUTENbHO) EMUHT.

3.8. «Hauate kogupoBaHue» TyrMacuHu 00CUO, KOJJIaI KapaéHUHU
OOIILJIaHT.

3.9. Hatwxkanapuu (cukuin ko3 GUIIMEHTH Ba KaiiTa UIIIIAIT BAKTHHH )
ajBaira €310 OJMHT.
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3.10. «['mybunbl ipeoOpazoBanus» KuiMatuau 3; 4; 5; 6 KuiiMatiapura
co371a0 3.6-3.9 MykHT amautlapuHu Oa’KapuHT.

3.11. 3.2-3.10 nynkTinapHu 6apya CHHOB TaCBHPJIApH yUyH KYJIJIAHT.

3.12. JlactypHu €nuHT.

4, Xuco00T TApKUOH.

4.1. XucoOoT Tapkubuaa KoJylall MapaMeTpiapu, TypJid KaWMatiap
KYJUTaHWITAHAAryd HaTIoKaIap, OUpIUKiIap *KaJaBal Makiauaa OYIuIny Kepak. YHIa
TYypJaUM  CIOKET  TacBUpJapyW  KOMJIAHWUIIMIA  BEUBIET  AJIMAIITHPHUINUAA
JEKOMITO3ULIMS UKIUTAPU COHMHUHT y3rapuily 2 JaH 6rada KuilMaTiap Opajufu
YUYyH KEJITUPUIUIIN KEPaK.

4.2. BeuBrner aJIMalITUPUIINAA JICKOMIO3WLMUSA LHUKIJIAPU COHUHUHT
y3rapumm ~ Ba  CUKMII  KOd(pdUIMEHTIapu  ypracujuaru OOFJTUKJIUK
TUCTOrpaMMallapyuHu Xap OUp CMHOB TaCBUPJApH YUYH YU3UHT.

4.3. OnuHraH HaTWXKaJapHUHT KUECHI TAaXJIWJIMHU YTKA3WHI Ba acOCUU
XYJIOCUTAPUHTU3HU E3UHT.

Ha3zopar caBoJsiapu

1. BeiiBeT anMalITupuIl yCYJIUHU UIUIANT TAPTUOUHU TYIIYHTUPUHT.

BeiiBeT anmaiutupuil yCyJIUHUHT aITOPUTMUHU TYITYHTHPUHT.

3. JexoMno3uIus MUKIJIapU COHMHUHT Y3TapyIli CTATHK BUACOMABIyMOTIAp
CUKHII KO3 pHUIMeHTHTa TahCUPUHHN 0aX0JIaHT?

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

5. JlekoMmasunus TyluryH4acura Tabpud 6epuHr?

N

5.2. HWmpan wmakcaa: AManmuid UWIIMHE ~ Oaxapuiiga  TUHTJIOBYH
KyWJIarwiapHu y3JIalTUPUIIN KEPAK :

— BHWJICOMAbIYyMOTIap XAKMHHH CUKHII YYyH KYJUIAaHWIQJUTaH BEHBIET
KBaHTJIATWY WIII PEKUMIIAPU Ba XYCYCUSTIAPUHU YPeaHULlL,

— KBaHTHarnyjga cudar (PaKTOPUHUHT Y3TapUIIM CTATUK TaCBUPJIAPHUHT
CUKHII KaTTAJIUTH Ba YIAAPHUHT CU(DATHHY Y3rapuIlnra TAabCUPUHN 0AX01ati 01U,

— kBaHTIarnyga cudar (HaKTOPUHUHT Y3TapHIIA CTAaTHK TaCBUPJIAPHUHT
CUKHII KaTTAJIUTH Ba KaliTa TUKJIAHTaH TaCBUPJIAp CU(PTUHU Y3TapuIIu TaKpHOaCH
oyitnua ounumaapea 22a oyauud.

2. Macananur Kyinanmu: Tonmupukiaap

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

2.2. Taxpubaman oJuHTaH CcUKUII Kod(duimentu Ba Yyprada cudar
KaTTaJIMKIAPUHY JKaJBal MIaKiIuaa €310 OJMHT.

138



2.3. MabaymMoTiap XaKMHHHU CHKUII KOI(PQPHUIMEHTH Ba CHHAITYBYH
TacBUpJiap Yyprada cudar KypcaTruwiapuHuHT cudar Qakropu Y3rapummra
OOFIMKJIMK TUCTOTpaMMaJlapuHH YH3UHT.

2.4. OunuHraH HaTWXaJIapHU TaxJIUJI KUJIMHT.

Kuckaua Hazapuii MabaymoTiaap 0yiinda 4-amajauérra Kapamr.

3. NHuHr 6akapuiaum TapTudu

3.1. BeliBneT BUACOKOACK NaCTypUHH IOKJIAHT.

3.2. «3arpy3uTh Ha0Op BXOAHBIX HU300paXEHUW», TyrMacMHH O0cCHO
TaHJAHTaH TacBUp (aimapumgan OWUPHHHM FOKJIAHT. Arap HaMOWHWIN KWJIHUII
NaHEeIU1a TACBUP OJIMHJAH IOKJIaHTaH Oyica 3.3. MyHKTra YTHHT.

3.3. Hamolinm Kwmim MmaHenuja TACBHp Maiao Oyarad, YHH paHTrhapk
Oyiinua KaliTa wWOUIall TYpUHA TaHjam, Macanad, YUV 4:2:2 Ba
«KonBepTupoBate» TyrMacuHu 6ocuiil jJ03uM. CYHrpa HaMOWUII KUJTUII MTAaHEIn/a
RGB ¢omarura yTkazunrad Ba KaiTa UIIUIAHTaH TaCBUP XOCHJI OYau.

3.4. «Konep» BKIIagKacura YTHHT.

3.5. «KauectBo» apHU cudar kKypcaTruuyuHu 9 KuitMaTra co3JaHr.

3.6. «Hauarp kKoaupoBaHHE» TyrMacuHu OOCHO, KojIaml >KapaéHUHU
OOIIUTaHT,

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

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

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

3.10. HMactypuu €nuHr.

4, Xuco00T TApKUOH.
4.1. XucoOoT Tapkubuaa KoJJIall MapaMeTpiapu, Typiud Kuilmariaap
KYJUTaHWITaHAard HaTKajiap, OUpIrKiIap *aaBai MakiIuaa OYIuim Kepak.
4.2. YvswinaauraH ructorpammanap Xap Oup CUHOB TaCBUPH YUyH aloXuaa
YU3UITUIIH JIO3UM.
4.3. OnuHraH HATWKAJIAPHUHT KUECUN TaXJTWIMHH YTKAa3WHT Ba aCOCHM
XYJIOCaJTapUHTU3HU E€3UHT.

Ha3zopar caBosiiapu

1. VmOy amanuér uivaan Ky3jaaHraH Makcaa Huma?

2. Cudar mapameTpu Y3TapUIIMHUHT KaWTa WIUIaHAETraH TaCBUP CHUKHII
KO3 hUIIMeHTHTa TABCUPH KaH 1Al ?

3. Amanuér umm gacTypujaa TaCBUp CUTHAUIAPUHU KaHAal Typaaru panrdapk
CTaHJapTiIapu/ia KaiTa UIiai UMKOHHUSITH MaBxKy1?

4. Amanuér umm gactypH KaHzail ¢opMarigard pakamid TacBUpJapHHU KaiTa
UIIUTAI KOOMJIHSITUTA dTra?

5. «IlapameTpsbl KOTUPOBAHMS» TIAHEH/Ia KAHIAl co3JlaMajap MaBxXy/1?
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5.3. Hmpan makcaa: Amammii wWmuHA — OaXapuijga THHTIOBYH
KyHIaruiapHu Y3IalTHPUIIH Kepak :

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

— TacBUpJIApP/JArd KaJapiiapapo OPTUKYATUKHU MAabIyMOTIIAp BHICOOKUMHUHU
CUKHIII KaTTaJIUTUra TAbCUPUHA OaX01atl Onud,

— TacBUpJIApP/Ard KaJpiiapapo OPTUKYATHUKHU MAbIyMOTIIAp BHICOOKUMHUHU
CUKHII KaTTAJIUTUra TAhCUPUHK OaxoJiail oJUI OYin4a ourumiapea 32a OyauuL.

2.Macajanunr Kyinaumu: Tonmmpukiaap

2.1. Typnu cuHaTyBYHM BUICOCIOKETIAPAATH Kaapiiapapo OPTHKYATUKHU
BHUJICOMABIYMOTIIAp XAKMHHH CHKUII KaTTadurura Ba 1B TacBupiapHU
JEKOJIepJIalira TAbCUPUHU TaX I KAJTHIIL.

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

2.3. MabayMoTiiap XaXMHUHH CHKUII KOX(GOUIIMEHTH Ba CUHAIYBYU
TacBUpijap Yypraua cudar KypcaTruwjiapuHUHT cudar (akTopu Y3rapuiimra
OOFJIMKJINK THCTOTPAMMAaJIApUHU YH3UHT .

2.4. OnuHraH HaTW>KaJIapHU TaXJIUJI KUJIHMHT.

Kuckaua Hazapuii MabjaymoTiap 0yinda 4-amajauérra Kapamr.

3. WNmHuHT 0akapuaum TapTudu

3.1. BeiiBneT BUACOKOACK NaCTypUHH FOKJIAHT.

3.2. «Barpy3uTh Ha0Op BXOAHBIX HW300paKEHUI», TYyrMacHHH OOCHO
TaHJIaHTaH TacBup ¢ailiapugaH OUPUHU IOKJIAHT. Arap HaAMOWMIN KWW
NaHeu1a TaCBUP OJITMHJAH IOKJIaHTaH Oyica 3.3. myHKTra YTHHT.

3.3. Hamolinm kwmiil naHenuja TacBUp Maigo Oynrad, yHU paHrdapk
Oyiinuya KaliTa wWOUIall TYpUHA TaHjam, Macanad, YUV 4:2:2 Ba
«KonBepTupoBare» TyrMacuHu 6ocuiil jg03uM. CYHTpa HaMOWHUII KAJTUII TAHEIUIa
RGB ¢omarura yTkazunrad Ba KaiTa UIIUIAHTaH TaCBUP XOCHJI OYIau.

3.4. «Konep» BKIIagkacura YTHHT.

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

3.6. «Hauarp xkomupoBaHue» TyrMacuHU OocuO, KojIam KapaéHUHU
OOLLIAHT,

3.7. Harwxanapau (cukuin koddduiMeHTr Ba yprada cudar) >kaasajira
€310 OJNMHT.

3.8. 3.2-3.7 nyHkmapHu 6apya CUHOB TaCBUPJIAPU YUYH KYJIJIaHT.

3.9. [actypHu €nuHr.

4, Xuco00T TapKuodm.
4.1. XwucoboT TapkuOuaa KOIJIAll TapameTpiiapu, Typid Kuiimariaap
KYJUTaHWITAaHAard HaTuxKanap, OUpauKiap aaBaj Makinaa OYIuIm Kepax.
4.2. Yusmiagurad TUCTOTpaMMaiap Xap OUp CHHOB TAacBHpPU YUYH allOXH]Ia
YU3WJIHIL JIO3UM.
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4.3. OnuHraH HaTWKAJAPHUHT KUECHM TaxXJIMJIMHH YTKa3WHT Ba acoCUil
XyJIOCaJapUHTU3HU E3UHT.

Ha3zopar caBosuiapu

1. BeiiBneT anMaluTupuIl 1acTypy Tallku uHTEepdelicu HuManapaad uoopar Ba
yJIapHUHT GYHKIHMOHAT Bazu(arapuHu TYITyHTUPUHT.

2. Cuxui k03)PUIMEHTHHU XUCOOJAIIHUHT 3HT OJANH YCYIH HUMaaH
ubopar?

3. Kaiita nnuradran tacBup yprada cudaTi KaTTaauru KaHaa Oupimuk OuiaH
Yymaanaan?

4. Beiiner anmamtupuil Ba JIucKkpeT KOCUMHYC YCYJUTApUHUHT ad)3alIury Ba
KaMUYWINKJIApUHA KUECHI TaKKOCTAHT?

5. Craruk TacBUp CUTHAJIapura KaiTa UIUIOB OepyBYM sSHA KaH1al
TypiapuHu ounacu3? Mucosiap KeITUPHHT.

DoiigaJaHIITaH agaduérTaap

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

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

3 . “ Pakammu TteneBunenne” X.C.CoatoB Taxpupu octupa M.A.I'aBpuios,
T.I'.Paxumos, A.H.ITy3ni1, X.X.Hocupos, [II.M.Kagupos. Tomkent 2016.

400 Oer.
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Kyuma mamryaor: LabView myxuTuaa TejieBU3HOH y3aTrH4 YHKHUII
KYBBATHHHU yJI4alll.

MNmpan makcan:
TunrinoBumnapaa LabView MyXUTHHHHT (QYHKIHOHAI HMKOHUSATIAPH
TYFpucHIa OMJIMMIIAPHHU AKJUIAHTUPUIIL Ba YIAPHUHT MajaKaCMHU OIIMPHIILL.

MacajaHuHI KyAMJIHIIN:

National Instruments LabView myxutin uMkoHUSTIApH OWJIAH TAHWIIUIIL.
Ym0y MyxuTaa Maxcyc KypHJIMaBHid Ba JacTypuid TabMHUHOT &paamuna TB
y3aTru4 KyBBaTUHU MKKHU XHWJI PEXXKUMIA YI4all TaXKpUOACUHU YTKA3HILL

Kuckaya Hazapuii MabJIyMoOT.

HamyHaBuil JaCTYPHUHI YMYMUH KYJUIAHMACH

Oxupru HWULIapaa paadod’IeKTPOH BOCUTAJIapuaa aHajlor Ba paKaMin
CUTHAJI MMapaMeTPJIApUHU TaXJIWI KAJUII, yJIap YCTHAA TYPJIM TEXHHUK Taxkpuodanap
yrkazum, Y curHammapHu KaiWTa MIOUIANI, Y3aTHII Ba KaOyn  KWJIMII
TEXHOJIOTHSICUHM YpraHull y4yH OWp KaTop BUpPTyald JacTypiap HIUIa0
gukMoKaa. National Instruments d¢upmacununar LabView wuHCTpyMeHTaN
nactypiam Twin Oy Oopama ynkaH TaxpubOamap onu0 Oopmokma. LabView
MYXUTHHHHI OOIIKa MYyXUTJIapAaH €KW JacTypiapiaH (apku UIIyHIaku, Oy
JacTypJia paauodJIEKTPOH BOCUTaIapra ouj 0apya TEXHOJIOTHK kKapa€Hiiap ycTuaa
onu6 Oopunaauran Taxpubamap 100 % pean myxutunu siparagu. by sca ¥3
HaBOaTuJa MNUIA0 YMKApyBUWJIap Ba WIMUK-TAJIKUKOT YTKa3yBUWIAp YUyH OuUp
KaTop ad3auMKIapHU TaKAUM dTaaud. byHra Mucon Kuinbd KyWuaaruiapHu
KEJITUPUILI MyMKHUH:

o Taxpubanap Ba WIMHI TAAKUKOTIAPHHU peasl MyXHUT/Ia aMajra OMUPUIHIIN
OpTUKYa capd XapaxaTIapHU OJIIUHU OJIaJIu;

e byHmail ’xapa€H TaAKUKOTUYM €KUM TalablaHUHT OHIUAa peal MyXHT
TacaBBYpJIApUHU OEpain.

AMaIMil MIIHK WKKU XWJI PEXUMIA amaira OLIMpPUIl MYMKHH. bupunum
ycynaa tuznmMaa Mapxkya FOY renepatopu €praMuia CUrHALIAPHY MIAKIIAHTHPHO
peast BakT TB y3aTruy uukuil KyBBaTMHU YiI4all UMKOHUSTUHU Oepanu. kkuHun
xonataa aca “RF Components Testbench” crenmuaa BupTyanm mMyxuT €paammuia
TETUIUIN TAJKUKOTIApHU aMalira OUIMPUII MyMKHH. YHHBEpCal AacTyp MaKeTUra
KUPUTWIITAaH OMp KaH4ya dJIEMEHTIap OaHKA THUHTJIOBYMJIApTa MYCTaKWJ PaBHIIIA
TypJId XWI PAAHOSIEKTPOH 3aHKUpJAPHU JIOMMXajall Ba TETUIUIM H3JIaHUII
xamza Taxxpubanap YTKa3ull UMKOHMSATHHU TakauMm 3tagu. Kypuiama tapkuOura
kuputuiaran remeparop 2.7 I'Tuman 6.6 I'T' rava O6ynran paguoTyIKUHIAPHU
MIAKJJITAHTUPUII Ba Y3aTHI KOOWJIMATUTA dra. AMaJIMi UILJAaH KY3JIaHTaH acoCUi
Makcaja TuHriIoBumwiapna LabView MyxXuTHHUHT (QYHKIMOHAT HMKOHHUSATIAPH
TYFpucugaru  OWIUMIIApPHM  [IAKJUIAHTUPUIL  Ba  YJIAPHUHT  MajaKacUHU
OLLIMPUIIIaH HOopar.
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JacTypuii Ba KypujiMaBuil TAbLMHHOT.
Tusum Kyiinaa KenTUpUiITrad KypuiaMaBui TabMUHOTTA (OJI0KIIap) ara::

tOY curnamnapu ananuzatopu (RFSA 5661/63)

FOY curnamnapu reneparopu (RFSG 5671/73)

RFSA, RFSG yuayn apaiiBepiap.

NI Modulation Toolkit

NI Spectral Measurements Toolkit

“RF Components Test Bench” ykyB crenau

Jlactypuii TabMUHOT, Oepuirad Kypuima (oimamaHuil KyJIaHMach
Ba BUJICOKYPCH MaBXKy/J[ OYJITraH KOMIAKT-UCK.

AMaJIuil HITHYA 0aKAPUIIAA TUSUMHHUHT YJIAHUII CXeMacH

Vm“‘%n N P00

1-pacm. TusumHUHT Maxcyc kabens (a) Ba anTeHHa (0) épaamMuaa yiaaHUII

CXEMacCu.
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L I S S Sy S, S

2-pacM. “RF Components Test bench” crennu snemeHTnapu.

3 pacM. AManuif MITHUHT OKAPWIUIIHIATH THU3UM YJIaHUII CXEMACH.
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JacTypuil TABMHUHOT KYJIJIAHMACH.
JlacTyp TOMOHUIAH spaTWiTaH VYKyB Kypcu uHTepdericu 4-pacMia
KEJITUPUJITAH.

lMporpamMmHoe abecneyeHne, Npu NOMOLLM KOTOPOTO MHXXEHEPEI M3YI2HT HOBEIE CNOCOGbI KAHA/bHOTO KOAVPOBAHNS 1
METOAb! AN AATOPUTME! MOAYNALWY NPV TECTUPOBAHUA PAAMOUACTOTHOTD 0B0PYADBAHWA, REARETCH DAHUM W3 BAXHEALLIAX
VHCT MEHTOEB, ACTNONL3YHOULAM HC’E:’,‘:‘UI/F AOTTVKEHVS B abnacin FEHEpAUMY M NPpYeMa RaanoCyrHanos,
Mpn peannsauyn NOSO6HOr0 NPOrpaMMHOr0 ObecneueHrA, HECHXOAMMOTO NPM PaspaboTke NSMEepPUTEABHOrO
0BaH#R, BeChMa YA0BHO NOAL30BATHCS NPOTPAMMAEMMA KOAVNABAHUR N MOAYNRLMK ANR TEHEPALIAY ¥ NIMEDEHVA
CAFHANOB NPV NOMO WK YHUBEPCANbHEX MOAYIbHbIX BY npnbopoe, MNparpammesiv NoAXO0A K TECTVIPOBaHMIO 43T
NOAB30BETEND BO3MOXHOCTb MOAHON 31anTauvi MMErLWEroca 0boPYAOBaHHA K DEWaeson 3a4aue.

4- pacm. lactyp nunTepdeiicu.

CUYKOHYAHUHT TyrMacu €pJamMuia aMaJiiii UIIHUA KUCKada KyJUulaHMaiapu
OWJIaH TAaHUIIUII MYMKHH.

NHu 0akapum y4yH KypcaTMa Ba HAMYHA.

1. Te1eBU3HOH Yy3aTTMMHUHT YUKHUII KyBBATHHHU YJIYAIL.

AManuil WIIHA WUKKA XWJI PEeXKUMJA aMmaira OIIMPUILl MYyMKHH. bupuHun
ycynaa tuznmMaa Mapxya FOY renepatopu €praMuia CUrHALIAPHY MIAKIIAHTAPHO
pean BakT TB y3aTrud yukumn KyBBaTUHU YI9ail UMKOHUATHHU Oepanu. UKkkuHuN
xonatnaa 3ca “RF Components Testbench” crennuna Buptyan myxut €paammuaa
TETUIUIN TAJKUKOTIApHU aMalira OUIMPUII MyMKHUH. YHHBEpCal AaCTyp MaKeTUra
KUPUTWITaH OUp KaH4a 3JIeMEHTJIap OaHKU THUHIJIOBYMJIApra MYCTaKWJI pPaBHUIIIA
TYpau XWI PaAUOdICKTPOH 3aHXKUPJIAPHU JOMMXajalll Ba TETUILIM M3JIAHUII
Xamja Takpubanap YTKa3uIll UMKOHUSATHHHU TakauM dTanu. Kypuima tapkuOura
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kuputwirad reHeparop 2.7 I'Tmman 6.6 I'T'n raua O6ynran paguoTyIKUHIAPHU
HIaKJIJIaHTI/IpI/IIH Ba y3aTHUILI KOOMJIUSATHUIA ATa.

s

ASTUR ALY 40 CNSCIPON GAVIMS 1 DA 0 0 O

QS PR BT

15 350 zbas

5-pacm. Y3arrud KyBBaTHHU YI4ar JabopaTopusic MHTepdeicu.

Xap 6up TecTHU Oa)kapuIlJiaH OJITUH TETUIUIM KypcaTtMa OWJiaH TaHWIIIUII,
OenrujiaHral 3amkup OViWua ylaHUIUIApHU aMalira OLIWMPHIN, aHalu3aTop Ba
reHepaTop KypwIMacHMHU TaHjall Ba “3amyck TecTa’ TyrMacHHU OOCHII JIO3UM.
Acocuii oitHara kaitum yuayH “Haszax” ryrmacuam 0ocuin 3apyp. (Pacm 5). Arap
TAIIKWJ JTWITaH 3aHXUpJa €KW JApadBepAa KaHIAWIAp KaMYWJIWKIapra Wy
Kyhunran 0yica, “3amyck Tecta” TyrMacu Oocuiirad Taxxpubda amanra onmManm Ba
5 oliHa HIILIaMaMIu.

— RF COMPONENTS TESTBENCH

¢ : @ 40 @ @ @ O 15 s
‘ .

Sar .' L f'( s‘i"

¢ D Sjile= ® - >
| t |

1@ 3@ s@ 1@ 1o@ 12@ 140

6-pacm. «RF components testbenchy Kypuiamacu Tamku KypUHHILINA
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“ABToMacmTa®d”  TyrmMacuHM ~ OocuO, CIEKTOrpaMMa JIMana30HUHU
aBTOMATHK CO3JIalll MyMKHH.

“TeneBU3MOH y3aTTMU YMKHUII KyBBaTHHHU Yidaml” TaXpuOacHMHHM amalira
OLIMPWIMINIKIA OWp KaHua mapameTpiapHu aHuK Oenrwiald onuin yo3uMm. bynap
MapKa3uiil TastHY 4acTOTACH, YIYOB MANa30HU Ba aHanu3 (Span), m0JIoca KEHTJIUTY
(Resolution Bandwidth), Ba ananm3aTopaa curHan CYHHWINIMHU (QTTEHIOAITUS) MOC
paBuIlAa Yy3rapTUpajWraH TasHY KyBBath KuhdMatimapumup (5,6-pacm).
PagnosnexkTpoH KypuwiMaigap acocHMil  KOMIAHEHTJIapu OujaH  KypuiMma
KYJUTaHMacH1a Oepuiirat >ka/iBajijia TAHUIIUII MyMKHH.

Ha3zopar caBoJsiapu
1. LabView MmyxuTu HUMa Ba y KaH[ail KIMKOHHUSTIapra ra?
LabView nactypununr uatepdeiicn Humanapiad uoopatr?
3. TB y3arru4 yukuin KyBBaTHHH YIT4all KaHIal pexumMiIapaa amanira
OlIMpHIIaan?
Tuzum KypuiamaBuii TAbMUHOTH KaHAail Onokiapaan nbopatr?
['eHeparop KaHail WYY AUATIA30HAA WIILTAWINA?

no

o b

DoiaJAHWITAH aga0uéTiap
1.“Digital Television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.
2. Digital television. Satellite, Cable, Terrestrial, IPTV, Mobile TV in the DVB
Framework Third Edition, by Hervé Benoit, printed at Focal Press Elsevier, USA
2013.
3 . “ Pakamnu TteneBugeHue” X.C.CoatoB Taxpupu octuna WM. A.I'aBpuiios,
T.I'.Paxumos, A.H.I1y3mi1, X.X.Hocupog, [I1.M.Kanupos. Tomkent 2016.
4. Tpesuc Jx. LabView mis Bcex.
5. www.ni.com.
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 KEHCJIAP BAHKH




V. KEMCJIAP BAHKHA

TeneBU3MOH TACBHP BAa 0BO3 CUTHAJLUIAPUHM CHKHIIL.
bepwiran keiic-CcTagiMHMHI MaKcaau: THUHMIIOBUMIApAA pakKamiu
TeNEeBUACHUEAA KYJUIAHWJIQJAWTaH CHKUII yciyonmapu Oyiuua OwiuM  Ba
KYHUKMAQJIApHU pPHUBOKJIAHTUPHIL, YTUITAaH MaB3yJap Oyinya 3rajiaHrasd
OMIMMITApUHM TEKIIUPUO KYpHUIgaH noopar.

Kyrnnaérran HaTtmkaaap: S}pl“aHI/IJIaéTI‘aH Map3y OVitmua amanuii
KYHUKManapra sra Oynaju; CUKUII Ba KOJUIAIl TypJapUHH YpraHaayd Ba TaxJIUI
KWIaJy; MyaMMOJIAPHH €4YHII YUYH CUKHII aITOPUTMIIAPUHUAHT KUECUUN TaXJININHA
YTKa3aau; pakamiid TEJIEBUACHUENA KYJUIAHWIAIWTAH CUKHII aJrOPUTMIIAPUHHUHT
acocjiapuHu ypraHaau; xap oup aonuar Typu Oyiinda TaBcusiiap unuiad YMKHUII
KYHUKMAJIApY [MAKJUIAHA/IH.

Keiic-crannan myBappakusaTin 0akapuil y4YyH THHIJIOBYM KyiHIaru
OmJimmJIapra ra OyJIMIIM JI03UM:

THUHIJI0BYHM OMJIMIIM KepaK: OJIMd MaTeMaTHKa, JUCKPET MaTeMaThKa
(dannapuaH 4yyKyp OmiaMmiapra; CUKHII aJrOPUTMIIAPUHHUHT KHECHM TaXJIWH;
pakamiIM TEJIEBUACHUEA KYJUIAHWIAIWTAaH CUKHII Ba KOJUIAIl aIrOpUTMIIAPUHU
bapku; aMruTyaa, (asa Ba 4acToTa MOAYJISUSA aCOCIAPH.

TuHrI0BYM amajira OMIMPHMINMA KepaK: MaB3yHU MYCTaKWI YypraHaiu;
MyaMMOHHMHI ~ MOXUSATHHM  aHUKJIAIITUPAAW; FOSUIADHU WITapu  Cypaau;
MabIYMOTJIApPHA TaHKUIWWA HYKTaW HaszapJlaH KypuO YWKHO, MYCTaKuI Kapop
KaOyJl KWJUIITHU ypraHajau; Y3 HyKTau Haszapura sra OynuO, MaHTHKUN XyJoca
YUKApPaJId; MAbJIYMOTIAPHU TaKKOCIANAN, TaXJIUI KWJIAId Ba YMyMJIAIUTUPAIH;

Keiic-craguaa peas Ba3usaT 0aéH KujauHrad. Keic-craamHuHr 00beKTH
— paKamMiu TEJEeBUACHUENA KYJUIAHWIAAUTraH KOMJIMK OPTUKYAIUK, JJIEMEHTIIAp
apo €KM CTaTUCTUK OPTUKYAJIWK, TICUXOBHU3yall OPTUKYAIMK, TYy3WIMaBUU
OpPTUKYATUK, BaKTJIM EKU KaJpJiiapapo OPTUKYAIMK KabW mapaMeTpiapHu xucoOra
OJITAH X0JIJ1a CUKUII aJITOPUTMIIAPH.

Keiic-cragmaa wuMuouiaTwiral  MabJAymMOTJIap  MaHOaM:  pakamiiv
TeJIeBUJCHUEAa IOKOpH cu(daTiu TacBUp CUTHAUIApUHU ddupra y3artuiiga
BY)KY/Ira KeJlaJuraH MyaMmMoJiap acoCcHJia OJIMHIaH MabJIyMOTJIap acocuja UIiad
YUKWUJITaH.

Keiic-craguHUHT THIIOJIOTUK XyCyCHATJIapUra Kypa
XapaKTePUCTUKACH: Ma3Kyp KeWc-cTaau KaOWHETIM Keic-ctamu Toudacura
KupuO, croxkercus xucoOmaHamu. Keiic-ctagym MyaMMOJapHH TakIUM KWJIUIITA,
yJIapHU XaJl 3TUIITa XaMma TaxXJIuJl KWINIITa KapaTUIraH.

by Tamkunmi-nHCTUTYHIHOHAI KENC-CTAaIN, TaXJIUINN E3UIIMa KYPUHHIINIA
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Ty3WIraH.}

Y Ty3unManaHMmarad, KHCKa XaXMJaru KeHWc-CTagd — TEXHOJIOTHS
XucoOnaHaan. YKyB TONIIMPUFUHH TAKAUM STHIN YCylH OVifmda — keifc-cTamu
TONIIHUPUK.

JlumakTuk Makcajpiapra Kypa TPEHUHIJIM KeHc-CTaaW XucoOJiaHau,
IIYHUHTJIEK Oy KeHc-CTaau aMaiuil MAaIFyJIOTH JaBOMHUAA OCNTHIaHTaH MaB3y
Oyiin4ya ONMHTaH OWIUMIIAPHU MyCTaxKamiamira MyJpKajulaHraH. Yoy Kewc-
cramu  OTM  Tunrnoumnapu yuyH “Pakammm  TeneBumenme”  anuna
¢oiitaTaHUIUIINA MyMKUH.

Keiic-ctagu: TesileBU3MOH CUTHAJJIAPHUHT OPTHKYA MAbJIYMOTHHHUHT
TypJIap4 Ba OPTUKYAJIMKHH 0JIM0 TalLIAII YCYJLIApHU

TeneBu3nMOH TaCBUPHUHT TaXJIUJIM IIYHU KYpCAaTaAuKH, yJap KaTTa XaXMJIIU
OpTUKYa MabIyMOTJIapra 3ra Ba Kyhiujaru cuH@uiapra Oyauiin MyMKUH:

1) Koonuxk opmuxuanux,

2) Dnemenmuapapo éxu cmamucmux OpmuK4anux;

3) Ilcuxosuzyan opmuk4aniux;

4) Ty3uamasuii OpmuK4aIuK,

5) Bakmau éxu xaopaapapo opmuK4aiux.

TacBup MabJIyMOTMHHM CHUKHUIIJA OUTTAa TypJard OPTUKYAIUKHHU OJUO
TallIaIHU €KW OUp HeuTa TYpHU OMpJlaHura KyJjiain MyMKUH.

Keticoaeu acocuit myammo paxamau menesuoenueda KyiiaHuiaoueaH
cukuwt yeayonapurnune xyananuauwe coxacuea (IPTV, yp ycrtu teneBuaeHuecH,
WHTEpHET TEJICBUICHUE, MOOWJI TelIeBUAeHHWEe Ba 0.K.) Kapab >He Makoyn
(onmuman) eapuanmiapuHy UUIA0 YUKUURa KapamuieaH.

Pakamiin TesieBuieHM e KYUIAHWIAAUTAH CUKUAII YCJIyO0JIapu

by xonatma BHIEOOKMM Ty3WJIMACH OPTUKYAIUIM MNYKOTWITaH TasH4
Kaapuaan wubopar OYnmb, KoJAraHjgapu 93ca Kaap HYMAArd  Y3UHHUHT
OPTUKYAIMKIIApU HYKOTUITaH Ba KyIIMM4a OuUTTa €KUM OUp HeYa OPTUKYATUKHU
HYKOTHUII TypJiapy KYJUIAaHWJTaH XaMmJla Oup BaKTJa TaCBUP OJIOKJIAPUHUHT ¥3apo
CWDKUIIUIAPU Ba Kaapiiap opacujard ¢GapkHA KypcaTyBUM MablyMOTIapAaH
Tamkui Tonaau. Atunran amamiap MPEG cranpapTu ouwsacura TETUIILUIA Ba
HIyHTa YXIIam KojAekiapaa KyJutanuiaau. byryHru kynaa spdextuBauru xuima
XU OYJraH, BUJICOMAbIyMOTIAPHU CUKUIITHUHT KYTIJIa0 yCyJl Ba aaropuTUMIIapU
unuiad 4YMKWITaH Ba  yilap Typiad cudar KypcaTKuudjapura, KyJUIaHWJITaH
aNrOpUTMIIAP MYpPaKKaOJIUTUra XaMa Te3KOPJIUra OOFIUKIUP.

Myngait kunub, TAcBUP CUTHAIWMHU MMAKJUIAHTHPUIN Ba Y3TapTUPHII
KapaéHu1a KyWuaaru MyHAIAIIIAPHU KEJITHPULLL MyMKHUH:

o Cnexkmp y3eapmupuuiiap acocuoa CUuKuuL,
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° @paxman cukuui;

o Bexmopau keanmaau.

Xap Oup kypcaTwiran xojamiap Y3UHUHT a(3aJIMKIApU Ba KaMUWJIUTUTa
aTa, yJIapHU KEHTPOK KYpHO YMKaMmu3.

CrniekTp y3rapTHpHUII ACOCUAA TACBUP CUTHAJUHU CUKHUIIT

TacBup Ba BHIEO KETMA-KETIMKHM CUKHUIIHHM, Xap XWJ MPUHLHILIAP
acocuza, SpaTWIraH Ba KyI TapKalraH YCyJd OpPTOTOHAN Y3TapTUPHUILIUD.
AmManuéraa KynuHYa YU3UKIM OPTOrOHAN Y3rapTHPHUILI YCYJUIAPHU KYJUIAHWIAIH.
[Myngan  kenu® uWKWO, KyHuaard Y3rapTupuiriap Makcaara MyBO(UK

XucoOaHaIu:
o Yonw - Aoamap anmawmupuwiu,
o Kapynen — Jlossa armawmupuwiu,

o Tuckpem xocunyc yzeapmupuut (IKY);

o Beiignem y3eapmupuw (BY).

By kxenTupwiran Y3rapTUpHUIUIAPHUHT Xap OWPUHUHT KYJUIAHHUII COXACH,
ad3aITUKIIApY Ba KaMUYMJIUKIAPH MaBxKY/I.

Macanan Ajgamap aaMalITUPHIIHUHT ad3aJUTUTH YHUHT aMaluET/Ia OCOH
KYJUIAaHWIIIM Ba XHUCOOJANUIApHUHT coamanurd. by anmamrrupuin y3rapmac-
Oynaknu (QyHKUMSIIAp YUYH, alHUKCA CUTHAJHUHT Y3rapmMac TAIlKUJI 3TYBUYUCUHU
aXpaTullga, sIXIIM HaTWxkaizap Oepaau aMMoO peajl TaCBUp CUTHaiUiapuaa OyHpaail
CUTHAJUIAp KaM ydpanu

Kapynen — Jlo3Ba aJMalUTMPHMIIMHMHI AaCOCHM KAMYMWIIMIM XO3MpUa
YHUHT BEKTOpJApUHM Te3 XHMcOoOiaml ycynu unuiad 4yMkKuiamaras, mnry cabad Oy
ycya dakaT Ha3zapHil XoaTaa MaBxy/I.

[ynnpai Kuauo, FOKOpUIa caHad YUKWIITaH Y3rapTHPHUIIIIapIaH aManueTaa
kympok JKY Ba BY nap nnmatmiany xamaa ylaapHu 6atadcr KYpub duKamus.

JINCKPeT-KOCHHYC Y3rapTHPHII acOCHAAa TacBHpJapHu cukum. JKY
CIIEKTPUHUHT XYCYCHUSITH IIyHAAH HOOPATKHU, YacTOTa CHEKTPU SHEPTHUSCHHUHT
acocWii  TaKWJ  DJTYBUMJApW  HOJb  KUWMAriau  d9actora  arpoduia
WUFUITAHIIATUIUD.

TacBupHu BeiiBjeT y3raprupumu acocuaa cuxkum. Dypee Ba JIKY
JAPHUHT aCOCUN KaMUWJIUTH YJIapHUHT 0a3aBUil TapMOHUWK TAIIKII dTYBUWIAPU
byHKUMS naBpuid OyiIMaraH xoJsatiap/a sSxXuiy UluiaMaiaM Ba HaTvkana Goiaanm
MabJIyMOTHUHI MabJIyM KHCMHUHU THUKJIAIl WUMKOHMUATH WYKOTWIaAu. BeuBier
VY3rapTupuin  MabiyM (QYHKUMSHUA BeWBIET (QYHKIUSIM TallKWI ATyBYHIAP
KYpUHUIINIA OCpUIUILIUIND Ba BEUBIIET —0y KMUUYUK TYJIKUH €KUM TYCaTJaH Cakparl
TYJKAHH.

Casonnap:

1. Cusnuarya ymoOy XojaTaa MyamMMO MaBXyJIMH Ba arap Oop Oymica y
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KaHaail MyamMmmMo?

2. Ymly Ba3uATna MyaMMOHHU Kalj STyBYM KaHAal UCOOT-TalvLIapHU
KeJITUpa oJlacu3?

3. Xap Oup CHKUII aJITOPUTMHHH KYJUIAHWJIUII COXAJIAPUHU AHUKJIAHT Ba
cababuHM aKpaTud KYpCaTUHT.

4. MyanmpHUIHT €4UMU CU3HA KOHUKTUPAIUMHU?

5. byHmaii Ba3umsATAa CHU3 MyaMMOHHM KaHmai Oaprapad sTran Oymap
SIUHTU3?

AMayiuii Ba3uSITHU 00CKHYMA — 0OCKHY TAXJIMJ KMJIMII BA XaJ1 3THII OyHH4a
THHIJIOBYHUIAa METOJMK KypcaTMaJiap
Keiic-craguum eyum 0yiin4a MHAMBUAYAJ UL HYPUKHOMACH
1. ABBano, keic-ctaiu OWIaH TaHUIIUHT. MyamMMOIM Ba3usAT XakKuaa
TyLIyHYa XOCWJI KWJIUII Y4yH Oop Oyiran OyTyH axOOpOTHHM JMKKAT OujaH YKUO
YUKHMHT. Y KW TafTHAA BA3UATHN TAXJIMI KHJIHIITa XapaKaT KHIHHT.
2. bupunuu caBoJra »aBob OEpuUHT.
3. Mabaymotnapau sitHa Oup mapoTtaba nukkat OwinaH YKkuO uukuHr. Cus
y4yH MyXUM OVJIraH caTpiiapHu Kyiuaaru xapguap épaamMuia Oeiruianr:
“J1” xaphu — MyaMMOHHU TaCIAUKJIOBYM JaJIHILIAP,
“C” xaphu — myammo cababiapuHu,
“0.0.J1.” xap®baapu — MyaMMOHH OJIIMHH OJIUII HYJIIapHy.
4. YOy 6enrunap 2,3,4 caBosuiapra e4uM Tomnuiira paam 0epasu.
5. SIna Gup 60p caBosutapra xaBo0 OepwuIlra XapakaT KUJIUHT.
I'ypyxJjapaa keiic-ctaauHu e4un 0yiin4ya nypuKHoOMa.
1. UunuBuyan eqyuiran Keic-cTaau Ba3usTiaap OujiaH TAaHUIIUO YUKUHT.
2. 'ypyX capJOpHUHU TaHJIAHT.
3. Barman Koro3napaa KyWnaard >KaJJBaJIHU YU3HUHT.
MyaMMOHM TaXJIMJI KAJIWII Ba €UUII KaBaN

Myannu
MyamMMoOHH Y P
MyamMmoHM Kennb TOMOHHUJAH
TaCIUKJIOBYH [I'ypyx eunmu
quKuI cababmapu | Takimg KHIMHTaH
APy -

Hwnu sikynnab, maxoumomea mauépiame.
AyAUTOPHSAAAH TAIIKAPH 0a’KapUJIraH Ul YYyH 0axoJiaml Me30HJIapHu
Ba KYPCATKHWIApH

Tunrnosumnap | Acocuit Myammo Myammonn Basusatnan Kamn
pyiixatu axpaTno Ba3USTHUHT yuku6 ketum | makc. 20
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0JIMHUO, KeJINO YMKHUIII Xapakatyiapu 0

TaIKUKOT ca0aOu Ba aHUK Kypca-
00BEKTH JaTuJUIapyu aHUK THIITaH
aHUKJIAHTaH KypcaTuiraH Mmakc. 10 6

Makc. 6 0 Makc. 4 0

Ayautopusiga 0a:xapwirad il y4yH 0axoJiam Me30HJIapH Ba

KypCaTKH4YJIapHu
Masbnymotinap | JKaBoOmap TYIHK Kamu
I'ypyxiap Typyx Gaon Kyprasmaiu Ba aHUK Oepuiiu
pyixatu TaKJIUM ATUIIAHU MakKc.
maxe. 16 Makc. 4 6 Makc. 5 6 106
1.
2.
8-10 6ann — “awvno”, 6-8 bamn — “axwu’”, 4-6 6ann — “Kounuxapau”,

0-4 6ann — “xonuxapcus”.

IV. VKUTYBYM TOMOHUAH KelC-CTaIHN UL Ba TaXJIHJI KNI BAPUAHTH

Keiic-cragmaaru acocuii myammo:. Keticoaeu acocuti myammo paxamiu
meneguoerueoa KyIIaHUIa0uean Cukuul ycayoiapuHuHe KYIIAHUIUW coXacued
Kapao sue makoyn (onmumai) 6apuaHmiapuHu uaad YyuKkuued Kapamuiean.

MyaMMOHHM TACIMKJOBYHM Jdajduijiap: MyaMMOIu Ba3UATHH TaXJIUI
KWIMIITra Xapakar kwiamus. Kymmanmmum coxacura kypa (IPTV, ep ycru
TEJIeBUICHUECH, UHTEPHET TEJICBUJICHHE, MOOMI TeJIeBUJICHHE Ba 0.K.) pakamiiu
TeJIeBUICHUE A KYJTAHWIAUTaH CUKHII aJITOPUTMIIAPUHN aHUKJIAWMH3.

o Yonw - Adamap armawmupuwiu;

° Kapynen — Jlosea armawmupuwiu,

o Juckpem xocunyc yzeapmupuut (IKY);

o Betignem yzeapmupuut (BY).

o Xagpman ycynu

MyaMMo/1M Ba3USITHUHI KeJU0 YUKHMII cadald/jiapu: aHaIOr TEJIEBU3HOH
CUTHAJIHA paKaMJIM IIAaKJIra Y3rapTHPWITaHNIa, YUKHIIIATH BUIACO MabIyMOTIIAp
okumu 240 MOuT/c radya eTtumM MyMKHH Ba Oy Oup coarjna y3aTWiIaéTra
mabiaymoriaap yuyH 108 ['OaiitHu Tamkwn stagu. by y3 HaBOaTHma pakamiu
TeJEeBUACHUE aloKa TapMoru yuyH 120MI'ym yTkaszum monocacu OYIUIIMHU
tanad oTagun Ba OyHgal Karra Xaxmid MabayMoTHH 8MI'tum crangapt
TEJIEBU3UOH KaHAJIJIJaH Y3aTUIIl MyYMKHH 3Mac. byHaal kaTTa XaKmJard pakamiiu
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MabJIyMOTIApHU E3MII Ba XOTHUPaJAa CakKJallla, paKaMiId CepBEpJIapHU sIpaTHUIIIA
KYIITUHA KUUMHYWIMKIApHU KeaTupuO uukapamu. Ly caGabnu BuaeocurHan
KYpCaTKUWIApUHA MOCHAIITHPUILI Ba alloOKa KaHaJUIapUJaH y3aTUII Y4yH,
TEJIEBU3UOH TACBUP MabIyMOTJIAPHUHT OPTUKYAJIUTHHM XHMCOOTa OJraH XoJjja,
CUKHIII yCyJutapuaaH Goimananuiaan. Arap CUKHIN KyJUTaHWIMAaca YypTa XoJaaru
outrta ¢puibM 1031a0 ['urabaiTHu srainanam.
Myanaug y3 Takaupuaa MyaMMOHH OJIIMHYU OJTMIIIA KyHHIArH
Hy/uiapuan kypcaTud Oepran:

TacBup cuUrHaUTApUHU KOJUIall JeraHja BUICOMAabIyMOTIAapHU ¢akar
CUTHAJUTM KUCMHUHU KaiTa uiuiam xucobnanaau. XKapaén ¥3 nunra HoaHbaHaBUN
MaTeMaTHK KailTa UIulall yCyJUIapUHU OJIafii Y HUHT MaKCaau KaHaj KeHTJIMTUHU
CUKHMIII Ba y3aTHUII BaKTUHU KUCKAPTHPHUII XaMja CUTHATHWHT KaHAJIJard yprada
KyBBAaTHHH MACAaUTHPHUIIT MaKCaaInuaa YHU BaKT OUPIUTH WUHIA IIOKH OOoprda Kam
MUKJIOpJaru UKKWJINK CUMBOJUIap Oomnad ndomanam. Xap OUp CUKHII alTOPUTMU
V3UHHUHT TTapaMeTpiapura sra. JKymiamas:

® Oumma KaopHu KAuma uwiiaw 8aKmu,
® cuxuw xo3pouyuenmu,

® axbopom yzamuus me3nueu,

e ypmaua cugpam. ob;

® CcuKuneaH Qain Xaxcmu.
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TATY TenepaanodmMTTUPHUII TU3UMIApU Kadeapacua Ma3Kyp MyaMMOJIU
Ba3WATHU XaJI KWJIHII Yopa Taaoupiapu cudaThaa Maxcyc BUPTyall jgabopaTopus
UIUIapu  gpaTwirad. SbHU TUHIJIOBUMJIApra KaJeHIap peka acocuja yioy
nabopaTopus MalIFyJI0TIapy MyHTa3aM paBHIIia 0JIn0 OOPUIMOK/IA.

Ma31<yp BasuATAAH

Keauo

YHUKHO,

om0 OopwiaguraH MyHTa3am

W3JIAaHUIIIAp Ba TAJIKUKOTJIAp HATHXKACHU YJIApOK TACBUP CUTHAJUIAPUHU CUKHIIIA
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];
cuatth - 12.3 25.5 18.4
KO3 (UIIUEHTH
ypraya cudar. nb. 40.5 49.5 35.3
axbopor ysatuul 4858.3 8484.5 7945.1
Te3nurn [kout/c]
Cuxuiran daitx 547896 347536 478521

XaKkMH [KOUT]
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Ba3zusatnan yukn6 xkerum xapakatiaapu: Ly ca6ad pakamnu TBna anua
Mypakka® Ky TypJarn CHUKHII aiIrOpUTMiIapu KyJUIaHWIaad. YJIapHUHT
camMapaJoOpJINIy KYJUIAaHWIMII cOXacura Kypa aHMKJIaHagu Ba WIOXKH Oopuya
Ooopuua y3atunaérrad ax0opoTia KaMpoK OuTiap Oyiaumura xapakaT KUJINHAIM.

SAKyHuH xyJioca
Myammonunr eunmm: Arap teznuru 56 Kout/c momem wumuiatuica, Oup
KyHJIUK OJIMHTaH BUACOTAaCBUPHHM 8 WU AaBoMHIa y3aTuil kepak Oymamu. Ly
ca0abmu MabJIyMOTHHM Y3aTHII TE3JIMTMHU KYTapUIl y4yH pakaMiId BUACOTACBUD
JIOUMO CUKHUIIAJIH.

Keiic-cTagm yKUTHII TEXHOJIOTUSICH
YKYB MAIIFYJIOTUHUHT TEXHOJOTUSICH MO

Mawzynom eakmu-2 coam Tunenosuunap conu: 25 —30 ma eaua

AMannit-OninumiIapHu MycTaxKamJial
Ba KYHHKMa Ba MajakajJapHH
HIaKJUTAHTHPUII OYiinya amanuii
MAIIFyJIOT

MamFyji0T IIAKJIU Ba TYpH

1. TuHrNOBUYMIAp OUIMMIIAPUHA
(daoyutamITUPHIL MaKcaau1a OJIHIl -
CYpOB YTKa3HIIL.

2.Keiic-cTaay Ma3MyHUTa KUPUIL.
MyaMMOHHU Ba YHU €UHIII
Basu(amapuHu aHUK Udoaa ITHUIIL.
3.Kelic-cTainHu rypyxJjapaa €umIll.
4. Hatwxanap TakIMMOTH Ba
MYXOKaMaCUHU YTKa3UIL.

5.5kyHuii Xynoca YuKapul.
Opulniral yKyB HaTWKaJlapura Kypa
TunrnoBumnap dhaonusiTiHA 0axoJiant

YKyB MALIFYJIOT peskacu

YKyB MamryJOTHHUHI Makcaam: CHUKHII aIrOpUTMIIAPUHUHT KUECUU
TaxXJIWJIA acOCHJA PAKaMJIM TEJIEBUJCHUE YYYH OINTHMAaJl BapUAHTJIAPHU TaHJIAN
OJIMIII KYHUKMaJIapUHU [AKJUIAHTUPHILL.

Ileparoruk BasudaJjiap: S"KyB (aoMATUHMHI HATHKAJIAPH:

- Keiic-cTaau Ba3usiTH OusiaH - Kefc-cTai Ma3MyHH OWUJIaH OJITUHIAH
TAHUIITUPHII, MyaMMOHH Ba YHU €YU | TAHUIITUO YUKUO, E3Ma Taléprapink
Bazu(aTapuHA AKPATUIITHHA YPTATHUIIL; Kypanau;

- MyaMMOHH e4HIII Oyinda xapakatiap | - Ba3usarra kapab MyaMMOHHU Ba YHU
AJITOPUTMHUHHU TYIIYHTUPUILI; euui Oyinya BasudanapHu

- CUKMII aJITOPUTMIIAPUHUA KUECUH TabpudIaiay;

TaXJIAJI STULIHYU TYLIYHTUPUILLL. - MyaMMOHH €4MIIl Oyiinya aHuK

- paKamuIM TEJIEBUAECHUENA HT ONITUMAJI | Ba3UATIAPHUHT K€TMa — KETJIIMTUHU
BAPUAHTHU TAHJIAIHUA YPraTUILl AHUKJIAWIN:
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- MAHTUKHN XyJI0Ca YMKAPUIITA KyMaK
oepui

- CUKHII aJITOPUTM TypJIapyuHU
ypranaau,

- YJIapHUA KUECUN TaxJIMJI KWJIAa OJIA/IH;
- paKaMJiv TEJIEBUICHUE YUYH
MOZYJISLUSHUHT ONTUMAJI BApHAHTUHU
TaHJIauu;

- MyaMMOJIH Bazu(arapHu eUHIa
Hazapui OMIMMITApUHU KYJUTAlIN;

- MyaMMOHH aHUKJIa0, YHU XaJl
KWINIIAA €9UM TONAIu;

- IKYHUM MaHTUKUU XyJocanap
YUKapaau.

Yxumuw memoonapu

Ketic-craau, akjinii Xy>kKyMm, HHCEPT,
MYHO3apa, aMajui yCyJI

Vxye paonusmunu mawkun smuw
WaKiapu

YKyB MaTepualiv, THHIJIOBYUTA
yCIIyouit Kypcarmainap, TaKaIuMoT,
baumuapt

M;umum socumanapu

NuauBuayan, GppoHTal, )kamoa,
rypyxJlapAa HIuIam

Yumuw wapoumu

['ypyxsapaa nnuiamra MyJpKajuIaHTaH,
ayJIuTOPHS

Katimap anoxanune tyn ea socumanapu

binn-cypoB, TaAKAMMOT, Ky3aTyB

1-unoesa

Baun-cypoB caBoJ Ba xxaBod1apu

Ne | Cason Kaesob

1. | Cuxum TypiapH.....?

. CHKHIII acocaH UKKH YCYJIJia amajra OmupuiIaIu:
— cu(aTtHu UYKOTHO Ba cudaTuHu WYKOTMAcAaH.

TeneBnsnon
CUTHAJIJIAPHUHT
OpTHKYA
MabITYMOTHHUHT
TypJapuHU KEATUPUO
YTHUHT

1) Koquk opTUKUYammK;

2) DneMeHTIapapo €K1 CTATUCTUK OPTUKYAJIHUK;
3) IlcuxoBu3yan OPTUKYAIHK;

4) Ty3unmaBuil OpTUKYAIHK;

5) Baktiu éxu kaapiaapapo OpTUKUYAIHUK.

Crnextp y3rapTupuil
acocuja TacBUp

3. | CUTHAJIMHU CUKHUII
yCYJUIapUHU aliTHO
YTUHT ?

Yonm - Anamap aJIMalITUPHILIHN;
Kapynen — Jlo3Ba anmamTupuniy;
Jlnckpet kocunyc y3raprupum (JKV);
Beiipner y3raprupumu (BY).

Pakammu TB Hunr
4. | crangapTIapuHU
auTHHT?

DVB — EBpona crangaptu
ISDB — flnonust crangaptu
ATSC —AmMepuka cTaHIapTu
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Kymumua Tonmmupkiaap MyaMMoJu Basusataap. (Keiciap)
1.bepunran : HDTV cudrtunaru Bugeopopmar 1920*1080 ymuamaa. Kaap 4:2:0
dbopmarraa 30 kaap/ceK y3aTHIMOKIA.

Casou: bup cekyHnaru axoopoT Xa)KMHUHU XUCOOJIaHT?
Eunm: 1920*%1080*30*8*1.5=746496000 Out/cex = 750 Mbit/s

2. TB curnan roxopu crtax dyerapacu 6 MI'1. bepwiran cursan KBaHTJIaHHUII
napaxkacu 256ra TeHr. Pakamiu cHrHan y3aTWII TE3JIMTHM Ba KaHal MHHHMAI
M0JI0CA KEHIJIUTUHYU TOMUHT.

Euum 1:

1. KotenpHukoB maptura kypa f0>2-Fuaxc = f0>12 MI', fo = 13,5 MI'u kunu6
TaHjaab oramus.

2. k=log,m=log,256 =8.

3.C=f a-k , fo —wacroTa nuckperusamus Gpopmyacura acocas:

C =13,5x8 = 108 MoOwur/c Torramus.

4. f 022- F L.axe: FMake — Gepriras CHrHAIHUHT MaKCHMaJl 9aCTOTAcCH:

Afy = 0,5x108 = 54 MI'11. Tonamus.

3. Pakamumm tacBupHU auckpernamga 4:2:2 craHgapTH KyJUlaHWJITaH. Pakamim
TaCBUP CHUTHAJIMHU Yy3aTHINJIard CyMMap axO0opoT y3aTHII TE3JUTHHU Ba KaHAI
MHUHHMMaJ T10JI0Ca KSHIVIMTUHU XucoOanr. 8 Ba 10 pa3psm Komiam TU3UMIIapu
acocuja.

Eunm:
1. 4:2:2 craamaptuaa 4 koddpournmentu 13,5 Ml yacTora AuCKpeTH3anUsIcCUTa, 2
ko3 purenTr—6,75 MI'11 yacToTa IUCKpeTU3aUsACUTa TYFPU KEJalu.

2. C=f a-k dopmynacumaan ¢GoiganaHral xoyijga pakamyid TaCBUP CUTHAIMHH

y3aTUILIIATH CyMMap ax00poT Y3aTUII Te3IUTHHI XUCOOIaiMu3;

k=8 na, C =13,5x8+6,75x8+6,75x8 =216 Mowur/c.

k =10ma, C = 13,5x10+6,75x10+6,75x10 = 270 Mowur/c.

3. f 22'F e ®opvynacunan ¢ofinananné Kaman MHHMMAT monoca

KEHTJIMTUHUA XUCOOIaiMU3;
k =8 na, Afy =0,5%x216 = 108 MI1.
k =10 ma, Afy = 0,5x270 = 135 MTI'11.
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VII. TJIOCCAPUI

TepMHH §73ﬁeK TWIHAArn mapxm HNuraums TWIHAAIr'n Iapxm
Asynchronous Serial Interface or
AS] ACHHXPOH CEepHSIIH ASI, is a streaming data format
uHTepdeiic which often carries an MPEG
Transport Stream (MPEG-TYS).
Advanced Television Systems
Committee (ATSC) standards are
Advanced Television Systems | a set of standards developed by
ATSC Committee —ep yctu the Advanceq Televisi(_)n_ Systems
SIUTTHPUIIUHUHT aMEPHKa Committee for digital
CTaHJIApPTH television transmission over
terrestrial, cable, and satellite
networks.
Advanced Audio Codec (a digital
audio encoding/compression
Takomumnamrupuiarad ayauo | format also known as MPEG-2
AAC koaek. MPEG-2 Part 7 nomu | Part 7; more efficient than MP3. A
OwIIaH XaM IOPUTHUIIA]IH. later improvement known as
AAC+ or HE-AAC further
Improves compression efficiency).
. AHAIIOT paKaMIIH analog-to-digital converter (device
ADC y3TapTHpTit. C%FH&HHH converting an analog voltage
pakaMiIn XoJiaTra YTKa3yB4u . .
into a binary number).
Kypujima
Asymmetric Digital Subscriber
ACUMMETpPHK paKamITu Line (system exploiting the
a0OHEHT JTUHUSCH (KEHT high-frequency transmission
ADSL MI0JIOCAJTH AJIOKA TApMOFH capabilities of a telephone line to
oynu6 20 M0O/c Te3nukkaya | enable an asymmetric broadband
MabJIyMOT y3aTHII link method (up to 20Mb/s for the
KOOWMITUSITUTA OTa) downlink and 1Mb/s for the uplink
with ADSL2+).
Bose-Chaudhuri-Hocgquenghem
Boyse-Uayaxypu-XeMHHren Code. BCH codes form a class
BCH paKAMITH KOAIAL CTAHAAPTH of cyclic error-correcting
codes that are constructed
using finite fields
COFDM is basically OFDM with
COFDM Kanannu xoasnaiira Moc error prOteC\s:/?]?C%COdmg -©),
always precedes OFDM.
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CELP

Yacrora

€ku 16 xI'11 6ynrana
y3aTHUII T€3IUTUHH 6...2
Ko6uTt/c 0ynummau
TabMUHJIOBYH HYTK
CUKHIII YCITyOu.

Ky3ranyBumiapHu Yu3uKIN
Oaropat OujIaH KoJjIar).

nuckpetusanusicu 8 KI'y

4 Code Excited Linear Predictive

Cl

Ymymuit uatepderic

The Cl is an interface at the
receiver end for a broadcaster-
specific, exchangeable CA plug-in

card. This interface allows
scrambled programs from different
broadcasters to be de-scrambled
with the same hardware despite
differences in CA systems.

CIF

Kanp ¢popmaru 6ynu0, y3uaa
EPKUHIIMK CUTHAIN
KaTopH y4yH 288 Karop
Ba 352 351eMEHT Xamaa
PaHT KAl 3TyBUH
cuUrHaJIap xap oup
Katopu yuyH 144 ta katop
Ba 176 aneMeHT
cakJIanu.

Common Intermediate Format

CPU

Mapxka3zuit nporeccop

Central Processing Unit

CS

bomkapyBum xotupa
KYpHUJIMAaCH

Control Storage

CVBS

TYyNUK paHry TeIEBU3UOH
curnain, TPTC

Composite Video Blanking Signal

DCT

Jlnuckper KocuHyc
aIMalITUPUIIT

A discrete cosine transform (DCT)
expresses a finite sequence of data
points in terms of a sum

of cosine functions oscillating at
different frequencies.

DDS

Pakamiin mabirymoTinap
OKUMHU

Digital Date Stream

DMIF

MynbTumMennua erkazuo
OCpUIITHUHT MHTETPAJUTAHTaH
TU3UMU

Delivery Multimedia Integration
Framework

DVB

EBponana puBoxnaHaérran

paKamiii TCICBUACHUC

The European DVB project
stipulates methods and regulations
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tuzumu. Y kademm (DVB-C),
nynnouuu (DVB-S), epyctu
(DVB-T), mo6uis (DVB-T),
IIYHUHTAEK Kenaxakaa TB
SIIUTTUPULITHUHT OOIIKA
TYpJapUHM Y3 UUUTa OJIaJIH.

for the
digital transmission of TV signals.

Kynéxkmama pakamiau quck.
Mynunraex Digital Video
Disk xabu HoMu xam
y4pauiu, y ONTHK JTACK
TypJapuaan oupu,

DVD xycycan, MPEG-2 Digital Versatile Disk
Oyir4a CUKUIITaH OJIHHA
anukymkaara (720x576)
BUJICOJACTYPJIAPHU E€3UIIT
YUYH KYJUTAHWJIA]IH.
Oumnrtupuin EBporia
Urtudoxu) — EBponagaru
EBU Pa/IOSTIATTHPHII European Broadcasting Union
COXaCHHHU OOLIKapyBYU
TaIIKWIOT.
The elementary stream is a
‘continuous’ data stream for video,
ES DeMeHTIap OKHMHU audio or
user-specific data.
XaToNMKAAPHY TFPHIOBIH Forwar(_j Er_ror Correction_. E_rror
FEC protection in data transmission,
KOJl :
channel coding.
TacBupnap rypyxu. MPEG-1
Ba MPEG-2 na xkeTma-ket
GOP KCTQIUTaR TacBipIap Group of Pictures
(kagpiap €ku MaiiIoHIap)
rypyxu 0ymnu0, Tasny -
KaJpJiaH OOIIaHAIH.
GP Tapamaiiuran UMITYJIbC Gating Pulse
HDTV ig;:ﬁ;gﬁﬁ??gj% High-Definition Television
Xu3Mariiap HHTepraiuscura
ara pakamJid SITUTTUPHII) — i -
ISDB an meﬂa KaBy1 KHJfHHr;H Integrated Service Digital

paKamiu TEIEBU3UOH
SIIUTTUPHUII CTAHAAPTH

Broadcasting
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IEEE

Pa,Z[I/IOSJ]CKTpOHI/IKa Ba

QJICKTPOTCXHUKA
MYXaHAUCTIApU HHCTUTYTHU
(AKLI)

Institute of Electrical and
Electronical Engineers

IRD

WNurterpan kaOyn KUarud-
JEKoJIep

Integrated Resiever-Decoder

ISDN

NHTterpamnanrad xuzMariap
paKamJIi TapMOFH) -
Kanammap
KOMMYTalMsCHUIa dra
paKamJIm anoka
TapMOKJIapH TypH.

Integrated Services Digital
Network

ISO

International Organization for
Standartization

Crannapiam 6yiinya Xaiakapo
TAIIKUJIOT.

ITU

DIIeKTpoalioKa Xalkapo
Urtudoxu (MCD). by
TaIIKUJIOTHUHT
Bazudanapuan oupu —
XaJIKapo CTaHAapT
XHcoOJIaHaIuran
TaBCUsUIAPHU TalEpJIalll.

International Telecommunication
Union

JPEG

®dororpadusiiap 6yiinua
SKCTIepTIap OupIamran
rypyxu. ISO HUHT unram
TypyXxu 0Ymm0, Xyaau
IIyHAal HOMJIAHYBYHU
XapakaTcu3 TaCBUPJIApHU
CHKHII KOJIJIAII
CTaHJApTIApUHU UIILTA0
YUKHUII OWJIaH
IIyFyJUIaHAIH.

Joint Photographic Experts Group

JTAG

Tectnammu
aBTOMaTH3aIlMsIIAI Oyiinya
Oupalran rypyx

Joint Test Automation Group

LPC

Yusuku Garmopatiy KoJIjiart
yeanyou. (AUKM,
YU3HUKJIA KOJJIAIra
KapaHr).

Linear Predictive Coding

MMDS

YTa 10KOpH 4acToTaIun
TaKCUMJIAIIHUHT KyNIKaHAJJIN

THU3HUMH

Multichannel Microvave
Distribution System
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MunuMan KOMaHIaJIapHH

Minimum Instruction Set

MISC TepHI OMIaH X|CcoOaIn Computing
XapakaTJIaHyBYM TaCBUpPJIAP
Oyitnya sKkcrepTiap
rypyxu. [SO HuHT uran Moving Picture Expert Group.
rypyxu 0ynu0, Buieo Ba MPEG is an international
MPEG ayTMOMabIyMOTIIAPHH standardization committee
KOJJIall CTaHJapTIapUHU working on the
unuiad yukum omnan | coding, transmission and recording
mryrysoianama. ['ypyx of (moving) pictures and sound.
HOMM CTaHOAApPT
HOMJIApUJIA YUpauIu.
AKIII, Kanana, SIlnoxnus Ba
1y Karopsia Ocué Ba
AMepuKaHUHT OOIITKa National Television System
NTSC :
MamJlakatiiapuaa Committee
KS'/JIJIaHI/IJIaIII/II‘aH PaHIJIN
TCICBUACHUC TU3UMMU.
Opg’?;?ﬂ?jaefcﬁa;;mn Orthogonal Frequency Division
4 prattl. Multiplex. The modulation method
Paxamin TB tn3zumuga . .
. Is used in DVB systems for
OFDM KYJUIaHUJIauraH .
- broadcasting transport
AYIALHA TYPIApHA streams with terrestrial
oupu. :
transmitters.
OxkuM gacTtypiiapu Ba
PAT yIAPHUHT Program-Association Table. The
uaeHTU(UKATOpIAPH PAT is a PSI Table (MPEG-2).
pyuxaTu KaJBaju
[ITaxcuii KOMITBIOTEP
XOTHPACHHH
PCMCIA U A— Personal Computer Memory Card
International Association
BOCHUTAJTApUHHUHI
CTaHIapTU
Packetized Elementary Stream.
TlaKeTIARNaH SIeMeHTA For transmission, the "continuous™
PES p elementary stream is subdivided
OKHM. intO
packets.
Protocol Identification. The PID is
a 13 bit value in the TS header. It
PID [Mporokon uaentudukanusicu | shows that a TS packet belongs

to a substream of the transport
stream.
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Picture element

Pixel TacBup seMeHTH
Quadrature Amplitude
Modulation. QAM is the
QAM KBagpaTyp ammiuTyaanu modu!at_ion method used for
MOy transmitting a transport stream
via cable. The channel coding is
performed prior to QAM.
QPSK KBaHgfg&%’;;iﬁiﬂ Quadrature Phase Shift Keying .
MOTYJISIIUS
Kuckaptupunran Oyinpyk
RISC TyTamira ora Reduced Instruction Set Computer
KOMIIBIOTED.
SFN bup dacToraam TapMoOK Single Frequency Network
Pakamnu TeneBuznoH
STB AACTYpAApHHH Ka0y1 Set-Top-Box
KWIMIITa OUJ] KyIuMua
KypuiMa
Kanp dopmaru 6y1uo, 6up
caTpaa TaCBUPHUHT 288
KaTop Ba 352 3JIEeMEHTH
SIF &ku Omp caTpaa Standard Interchange Format
TacBUpPHUHT 144 Katop Ba
176 snemeHTUHH
cakJlauan
EpyFiuK cUrHATMHUHT
SQCIF 128x96 snemeHTHHU Sub-Quarter Common Interchange
y3uaa CakJI0BYHU Kaap Format
dbopmaru.
TS TpancnopT okuMu Transport Stream.
MPEG-41a mabiymotiap
VLBV y3aTHII TE3TUTUHUHT YHT Very Low Bitrate Video
[1acT OOCKHUYH
Kopnu cy3nap y3yHnuru
VLC y3rapyBunaapu OuiiaH Variable Length Coding
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PELLEH3HUS

Ha yueOHO-MeToaAnYecKHii Komniexe moay.as «Llugposoe TeieBuaeHue»
/IS KYPCOB NOBBIIEHHA KBAJHPHKAIHHN ¥ NePenoaAroToBKH NeJarori4eckux
KAAPOB BLICUIMX 00PA30BaTeIbHBIX Yupekaenuii nanpasienus «TeaeBu3HOHHbIE
TEXHOJJOTHH»

VyeGHo-MeToMueckuii  KoMmiieke 1o  moaymo  «llnpposBoe  TeineBuaeHHE»
COCTaBJIEH Uil KYPCOB MOBBIIICHNS KBATH(QHKAIMK H NEPEIOATOTOBKH NEAarornuecKmx
KaApoB BHICIIMX 00pa3zoBaTeNbHbIX YupekaeHui HanpapieHus «TeleBU3HOHHBIC
TeXHOIOTHUWY, YueOHO-METOHYECCKHIT KOMILIEKE CONEPKHT B cede NporpaMMy Kypcos,
PEKOMEHIOBaHHbIE MEarornyeckHe TEXHOIOTHH, TEKCThl JEKUMA, MarepHaibl Ui
MPaKTHYECKHX 3aHSATHIL, KEHCBbI, I10CCapuii ¥ CIIMCOK PEKOMEHIOBAHHOMH JTUTEPaTyphl H
HHTEPHET CaiToB.

[TporpaMma MOy COOTBETCTBYET COAEPKAHMIO THIIOBOH MPOIrpaMMbl JAHHOTO
HAMpaB/IeHUs M BKIOYaeT B cebf BBEJACHHE, LEIM M 3a71a4d MOAY/A, TpedOBaHHA K
3HAHWUAM, YMCHHAM, HABBIKAM W KOMIETEHIMAM Clyluarteicil, peKOMEHAAUMH K
MPOBE/ACHHIO 3aHATHH, cojJcpKaHWe M pa3dMBKa HacoB MO TeMaMm M CIIHCOK
PEKOMEH/IOBAHHOI JINTEPaTyphl N HHTEPHET CAHTOB.

PaspaGoTannsiii  aBTOpaMu  yueOHO-METOAMYECKHH  KOMIUIEKC M0 MOJYJIi0
«1lndpoBoe TeNEBUACHHE» COOTBETCTBYET COACPKAHUIO TUIIOBOH MPOrpaMMbl 1aHHOTO
HANpPaB/IEHUs, Yachl PacTpeseeHbl COOTBETCTBEHHO 4YacaMm, YKa3aHHBIM B yueOHOM
niase. B HeMm NpHBeeHbl OCHOBHBIC Marepuaibl [0 J@HHOMY MOIYIO, KOTOphIE
COOTBETCTBYIOT COBPEMEHHOMY COCTOSHUIO pa3BUTHA nHOpMaMOHHO-
KOMMYHHKAIIHOHHBIX TEXHOJIOTHil, B YaCTHOCTH, Ja€rcs 0D30p COBPEMEHHBIX METOZOB
unpposoro Tenepupenns. Takum oOpazoM, YUeOHO-METOJAMYECKHI KOMILIEKC 110
moay o «Llnpposoe TeneBuacHHE» MOKET ObITH PEKOMEHI0BAH K MCIOIb30BAHUIO HA
Kypcax TMOBBIICHHS KBaIM(HUKAIMW W MEPENOArOTOBKH [1€[arorMYeCKuX KaJpos
BBICIIMX 00pa3oBaTeIbHBIX YUpeKAeHHIT HanpasieHus « T eIeBU3HOHHBIE TEXHOIOIMI» H
€ro MOKHO PEKOMEHI0BATH K 1y O/IMKalHH,

3amecTHTE/Ib AHPEKTOPA 110 HAYYHOH
paGore u nuHoBaunam CosmecTHOrO
Ben1opyccKko-y30eKCKOro MeR0Tpac/ieBoro
HHCTHTYTA NPHKIAAHBIX TEXHHYECKHX
KBAJIHPHKRAUMAH, K.ILH.
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