KA3AKCTAH PECITYBJIMKACBIHBIH BIJIIM JKOHE FBIJIBIM MUHUCTPJIII'T

K.W. CorbaeB arbingarsl Kazak yITTBIK TEXHUKAIBIK 3€pTTEY YHUBEPCUTETI
ABTOMAaTHKa KOHE aKMapaTThIK TEXHOJOTUSIIAP UHCTUTYTHI

DNEeKTPOHUKA, TETEKOMMYHHMKALKS KOHE FAPBIIITHIK TEXHOJOTHUIIAp Kadeapacsl

blceipaiibun Kpinbipani Mycaxanyis

«udpibik pagrnoxadap xenijiepl MeH KaOIbIKTapbIH KETUIAIPY KOJIAAPBIH TAIIAY»

TUTIIOMIBIK JKYMBIC

5B071900 — PannorexHuKa, 3JIEKTPOHHUKA KIHE TEIIEKOMMYHUKAIUS MAMaHIbIFbI

Asnmarter 2022 x.



KA3AKCTAH PECITY BJIMKACBHI BIJIIM J)KOHE FbIJILIM MUHUCTPJIT
K .. Cot6acs arbiiarbl Kazak ylTThIK TEXHUKAIK 3€PTTEY YHUBEPCUTETI
ABTOMATHKA JKoHE aKlapaTThlK TEXHOJOrusnap HHCTUTYThI
JNEKTPOHHUKA, TEJICKOMMYHUKALIHs! XKOHE FAPBILITHIK TEXHOTOTUATAP kadepach!
KOPT'A ijA KIBEPLJII

KadenpameHrepyuici

" E. Tamraii
» 04 2022 x.

JAUMJIOM/IBIK K¥MbIC

Taksipei6sl: «LIMdpbIK pajuoxabdap JKeItiiepi MeH JKabAbIKTaphiH KETIIAIPY
KOJIIAPbIH Tajaay»

5B071900 — PaaroTexHUKA, DJIEKTPOHUKA JKIHE TEJIEKOMMYHUKALMs MaAMaH IbIFbl

OpblHjlaran: K. M. blcpipaiibui
[Tixip Gepymii FBIIBIMH JKeTeKI
K>xI U kad. Merrepyuuici DTxET kad. nexTOpHI,
PhD jiokTOpBI T.F.M.,
Typan YHuBepcuTeTi Kas¥ T3V
L__??i M. JKacanibIKbI3bl C.MapkcyJibl
«X o 2022 K. « :%%l/» 0SS 2022 x.

Anmatsl 2022 XK.



KA3AKCTAH PECITYBJIMKACHI BIJIIM XKOHE FblJIBIM MUHUCTPJIT
K.W. CorbaeB aTbinjiarbl Ka3ak yJITThIK TEXHUKAJIBIK 3€PTTEY YHUBEPCHUTETI
ABTOMATHKA JKoHE aKMapaTThIK TEXHOJIOTHUsIIAP UHCTUTYThI
DJIeKTPOHUKA, TEJIEKOMMYHHKAIMS KIHE FAPBILITHIK TEXHOJIOTUsLIAP Kade ipacel

5B071900 — PajmorexHuKa, JIEKTPOHUKA KOHE TEJIEKOMMYHHUKaLIUA

BEKITE,HH

Kadenpd meHrepyuiici
Kk~ E. Tawraii

« (> X//{ 2021 x.

JIMNJIOMABIK KYMbIC OpPbIHAAYFa
TAIICBIPMA

Binim anyust blcvipaiivn Kvidvipani Mycaxanynol

TaxbIpbIOb! «L{ughproix paduoxabap siceninepi mer sxadobiKmapbvix arcemindipy
ACONOAPLIH MANOAY»

YHUBEpPCUTET PEKTOPBIHBIH «24» dicenmorcan 2021 ic. Ne489-11 oyupvieoiven
bekimineen.

ASIKTAJIFaH KYMBICThI TaTchIpy Mep3iMi «30» cayip 2022 dic.

JIMITOMABIK KYMBICTBIH GacTarkbl Gepijicrepi:

1) Hugpreis xabap mapamy ocytienepiniy epexutenikmepi, 2) Lugppres
CUSHANObIY IHEPIeMUKANBIK JICOHE AKNapammaolk Cunammamaiapbl; 3) Kabworioay
canaceinoiy acepi; 4) MatLab Simulink 6agdapramacel dicane C#t mininoeai
SharpDevelop apkoliel mModens azipiey.

JIMITOMIBIK JKYMBICTa KAPACTBIPUIATBIH MICeIeNep Ti3iMi:

a) Kasipei yugpproix xabap mapamy sicyuenepiniy dcane onapobly Kypamodc
KYPbLIZbLIAPbIHbIY — He2i32l  cunammamanapsl  MeH epexwenikmepi  manoay, 0)
Hugproi xabap mapamy oucyiieci  napamempiepiniy apmypai  Jcagoainapod
cucnandol KaboLioay canacwiely —acepin sepmmey; € Lluppros xabap mapamy
MapamKbiULbli. OWMAiiel Mayody d0ICmeMecin Cunammaimott aleopumm Kypy: <)
DRM sicyiiecin modensdeydiy Konoanslcmagol 20icmepl Men Kypaioapeli maioday.

Cr136anbIK MaTepuanap TiziMi (MiHjeTTi chi36anap on kepeeriyi THIC):

YVCBIHBUIATBIH Herisri omebuer 20 aray: 1) Awmunun B.B., 3unosves H.B.
Brusmue Henumetinocmu nepedamyuxa wa cue- Hawol ¢ OFDM // Hayuno-
npaxmuveckue uccredosanus. — 201 9. - Ne8-2 (23). — C.31- 34. 2)/1sopkoeuy A.B.,
Jleoprosuu  B.IL, Hpmioea B.A., Mumseun K.C. Cmanodapm  yugpoeo2o
myabmumeoutinozo eewanus PABUC 2.0 // Lugpposas obpabomka cueHa- 108 U ee
npumenenue.. J{oxn. 19 Meacoyn. xong. (DSPA-2017,Mocksa, 29-31 mapma 20172.).
— M. 2017. — Bunyex XIX-1. —C. 222-225. 3) Hwmuspos A.A. [losvruuerne



NOMEX0YCIOTMUBOCIU CUCIEM CBA3U C OPMO= 20HANLHBIM YACMOMHbIM YNIOMHEHUEM
Ha 0CHO8E MeMOOd NPEOKOOUPOBAHUSL NOOHECY- UUX HACMOM. OUCC. KAHO.MEX. HAVK. —

Vepa: YITATY, 2019. — 113 c.

JTUTITOMIBIK JKYMBICTBI (’k00aHbl) JanbIHaaY

KECTECI
bBenimuep araysl, FhIIbIMM JKeTeKIIIre
KapacThlpblIaTbIH KoHe KeHeclljiepre Eckepry
Macesiesep TiziMi KepceTy Mep3iMi

* JIMIITOM 5KYMBICBIHBIH ;
iy 04.01.2022 -01.02.2022 0/%?%@%@
TeopusnblK akmnapar 01.02.2022 - 01.03.2022 ONFAYLAA
KabipIkTap KyYMBIChIHBIH v

| ccell JKaHE JKYMBICTBI 01.03.2022 - 30.05.2022 | /&/W%%fotd%((‘

| pacimiey

JIMTITOMAIBIK KyMbIc (3k00a) GesiMaepiHiH KeHeciiepi MeH
HOpMa GaKbLIAY IBIHBIH asKTalFaH KyMbICKa(kobara) KokraH

) KoJTandaapsl =
[ Kenecuiinep 'r Kon l
~ bonimaep aTaybl (aThl, 9KECiHiH aTbl, Terl, KOWbLJIFaH Koibl |
FBUIBIMM JIOpEXkKeci, aTarbl) KYHI i
Pmen Mapxkceyiisl C. DTxET ,
JKYMBICBHIHBIH 10.03. 2022

Kad.JeKTOPbI, T.F.M. ; ‘

Mapkeyist C. DTxET

_ TaKbIPbIOBIH Tas1ay

| [eOPA@HHK aKiapar | KaQ).JJIeKTOPBbI, T.F.M. {5.04. Aod)
Hopma Cwmaiinos H. K., DTxt'T kad. "
OakpuIay kaysim.mipodeccopsl, PhD {2.05 20 AR
FulabIME JKeTeKIIiCl Mapxkcynel C.
)
- TancelpManbl OPBIH/IAYFa anFaH Oi1iM aTyLibl % blceipaiibu K.M..

Kyni «13» xearokcan 2021 k.




AHJIATIIA

¥Ycopmputran «udpabik paguoxabap xenijiepi MEH >KaOAbIKTapblH KETUIIIPY
YKOJITAPBIH TayJlay» TaKbIPHIOBIHAAFEl JUIUIOMIBIK >KYMBIC YII OOJIMHEH TYpaJibl.
bipiami G6emiMze, emiMi3 3amaHayn MHPPIBIK Xabap Tapary KyHelepiHiy inmHae ex
YJIKEH KbI3bIFYIIBUIBIK TAHBITKAH UQPIIBIK KEPYCTI MyJIbTUMEIUSIIBIK Xa0ap TapaTy
xyiieci PABUC, DRM Hudpasik paguoxabap xyieci skone DAB/DAB+ Ludpabik
panuoxabap xyiteci Tankbutanabl. Exinin 6emimae opTypal sKaFaaiiapa CUTHAIIAbI
KaoObLIaay camackiHa DRM cTaHnapTeIHBIH TUQPIIBIK paguoxadap TapaTy KyHeCiHIH
napameTpiIepiHiH ocepiH 3epTrey Kyprizuiai. XKyle mapameTpiepiH Aypbic TaHAay
TUNTIK CLIEHApHIJIED — CTallMOHAPJBIK KaObUIIAy CIICHApHUill KOHE >KbUDKBIMAIIBI
KaObu1J1ay ClIEHapUil YIIH CUTHAABI KaObUIay canachlH alTapIibIKTal skaKcapTyFa
OonaThIHBl KepceTuireH. bip KuumikTi nudpiablK Xabap Tapary JKenuiepiH Kypy
HYCKaJIapbIH 3epaeney xKypri3ial. Yurumn oenimae, DRM xylieciH Moaenbaeyaix
KOJJIAHBICTAFbl 9ICTEPl MEH KYpaJlJapblH Tallay Kyprizuieai. ToeMeHIeTIIreH MIbIH
daxTopsl 0ap DRM curnanmapbiH KaabIITaCTRIPY MPOIECTEPIH MOJIEIIBICY dliCTEMEC]
azipaenai. Mogens C# Ttimingeri SharpDevelop 5.1 Tterin o3ipiiey opTachiHIa
azipaeHren «[IMK-IIXT» wmeHmnikri OargapiaMaiblk [aKeTl PETIHAE JKy3ere
acChIPBLIA/IbI.



AHHOTAIUA

[IpencraBnenHass  guruiomMHass pabora Ha TeMy «AHaIW3  MyTel
COBEPILICHCTBOBAHMS IU(PPOBBIX pPaTUOBEIIATEIBHBIX CETe U 000pYyIOBAHU
COCTOMT W3 TpeX pa3aenioB. B mepBoil 4acTu 0OOCYXIamuch cuUcTeMa IU(PPOBOTO
Ha3eMHOro  MynbTUMenuiitHoro  Bemanus PABUC, cucrema  numdpoBoro
pamuoBemanuss DRM wu cucrema 1udpoBoro paauosemianus DAB/DAB+,
MPEACTABIIAIONIAS  HAWMOOJNBIIMK HMHTEPEC CPEeId COBPEMEHHBIX  ITU(POBBIX
BEILIATEJIBHBIX CUCTEM CTpaHbl. Bo BTOPOIl 4acTH MPOBEICHO MCCIEI0BAHUE BIHMSHUSA
napamMeTpoB CHUCTeMbl IM(poBOro paavoBemanus cranaapra DRM Ha kaudecTBo
MpueMa CHUTHaja B pa3IMUHbIX YyCIOBUAX. [lokazaHo, YTO TPaBWIbHBIA BBHIOOP
[1apaMeTPOB CUCTEMBI ITO3BOJISIET CYLIECTBEHHO YIYUYIIUTh KAYE€CTBO IIPUEMA CUTHAJIA
JUIL TUMOBBIX CIEHAPUEB — CIEHAPHUS CTAlMOHAPHOTO TMpHUEMa W CLEHapus
MOJBWKHOTO TipuemMa. [IpoBeneHo M3ydyeHue BapUAHTOB CO3JAaHHS OJHOYACTOTHBIX
ceteit udpoBoro Bemanus. B Tpetbem pasjene mpoBOIUTCS aHATU3 CYIIECTBYIOIIMNX
METOJI0OB U cpeAcTB moaenupoBanuss DRM-cuctembl. Pa3paborana meroguka
MOJICIUPOBaHUsl mporeccoB QGopmupoBanusi DRM-curHasoB ¢ NOHMKEHHBIM
MUKOBBIM (hakTopoM. Mojenb peanuszyercsi B BUJE COOCTBEHHOIO MPOrPAMMHOIO
nakera «IIMK-IIXT», pa3pabortanHoro B OecmiiaTHOM cpene pa3pabOTKu
SharpDevelop 5.1 na s3pike C#.



ANNOTATION

The presented thesis on the topic «Analysis of ways to improve digital
broadcasting networks and equipment” consists of three sections. The first part
discussed the RAVIS digital terrestrial multimedia broadcasting system, the DRM
digital broadcasting system and the DAB / DAB + digital broadcasting system, which
is of the greatest interest among modern digital broadcasting systems of the country.In
the second part, a study was made of the influence of the parameters of the DRM
standard digital broadcasting system on the quality of signal reception under various
conditions.It is shown that the correct choice of system parameters can significantly
improve the quality of signal reception for typical scenarios - the scenario of stationary
reception and the scenario of mobile reception. options for creating single-frequency
digital broadcasting networks. In the third section, an analysis of existing methods and
tools for modeling a DRM system is carried out.A technique for modeling the
processes of generating DRM signals with reduced peaks is developed. th factor. The
model is implemented in the form of its own PIK-CCT software package developed in
the free SharpDevelop 5.1 development environment in C#.
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KIPICIIE

XaJbIKapalbIK TOXKIpuOe sxoHe MUPAbIK Xabap Taparyasl cotTi eHrizy (L[XT)
meTesnae o31HiH 03eKTLIIrH kKopcereal. TinTi Kazakcranma nudpibik xadap Taparysl
JaMbITya Oipimama apTTa KaJfaHbIHA KapamacTaH, Oacka eijepJiiH Toxipubeci
KOpCeTKeHIeH, 3aMaHayH karaaiaa a3up/i mudpiaasasIpy mpoieci 00beKTUBTI TYPAEC
ce3ci3. LIXT TexHomorusiapsl OipkaTap apTHIKIIBUIBIKTapFa ue OonraHabpIKTaH (O1p
TapaTKBIIITHIH YJIKEH KaMTy ailMarbl, Kepl apHaHbIH KaXeTi JKOK), TilTi 4-111i koHe 5-
i OyBIHAAP/IBIH VSUTBI KETUICPIHIH Maina OonysIMeH Ae IUGpPIbIK Xabap TapaTy
JKEJTUIepl ©3EKTUIITH JKOFAITKaH XOK. Meaua-KOHTEHT TeH KOMEKII aKImapaTThl
(COHBIH IIIHAE €CKEPTYy CHUTHAIAAPBIHBIH CaFaTTapbl) YJIKEH KeJeMJIE KETKIZY
Kazakcran PeciyOnuKkachIHBIH KEHICTITIH/E.

HXT »xemninepiH Kypy el MEKEHAEp/l TYpaKThl xabap TapaTyMEeH KaMmTyFa
HaKThI OaFbITTANIFaH, OYJT 1C-)KY31H/I€ *KY3 Malbl3 KaMTY/Ibl KAMTaMachl3 €Te/l1, COHIai-
aK KeJIK MH(PPaKYpBUIBIMBI MEH KEPTUTIKTI KepAl MOOMJIbI1 a0OHEHTKE Ha3ap ayapa
OTBIPBII, OApBIHIIIA KAMTY.

Kazipri yakpiTra Kazakcran PecnyOmukachbiHga KaXeTTi  IICHIIMACD
KaObuLanael xoHe keneci LUXT xyienepin eHrizy jkoHE NaMBITy YIIIH KHUUTIK
pecypchl OemiHi:

- PABUC mudpislk xxepycTi MyIbTUMEAUSIIBIK Xa0ap TapaTy Kyieci;

- DRM(DRM30, DRM+) Ludpneik pagrnoxadap xkyieci

- DAB/DAB + Ludpibik xabap Taparty xxykeci.

Kazakcrannari LIXT gamyna sxone Eypona men Contyctik AMepuka enjiepine
yKcac, COFaH KapaMacTaH ©31HIH JKeJIUIK TEeXHOJOTUsUIapJbIH Taiaa OojaThiH
YCTEM/IIT'H ajiaJibl IeT aiTyFa Heri3 Oap.

Kepcerinren mnepcnexktuBanmapasl eckepe OThIpbi, [ludpasik pamuoxadap
TapaTy TEXHOJIOTHSUIAPbI MEH >Ka0JbIKTapbIH, OHBIH IIIIHJE OHBIH camachl MEH
HHEPTeTUKAIIBIK THIMILIITIH apTTHIPY OaFbITHIHIA OJIaH 91 KETUIAIPY ©3€KTLIIT1 )KOHE
FBUTBIMU-TEXHUKAJIBIK MACeIIeCl OOJIbIN TaObLIa b,



1 SKEJUJIEPAI SKETULMIPYAIH HEIDBIT JKOJJAPHI KOHE
UAPPJIBLIK PAJIUO KABJABIKTAPLI

1.1 Kasipri nu@pJbIk xadap Tapary KyieJepiHiH sKoHe 0JIapabIH Kypamaac
KYPbUIFbLJIAPBbIHBIH HETI3l CHNIATTAMAJIAPBI MEH epeKIIeTiKTepi

byrinri kyni LIXT sxemninepi Kazakcran PecnybnukacbiHbIH OYKiJI aymMarbIiHAA
TOJIBIFBIMEH JEpJiK KypbUIasl. byn skeminep TteneOarmapiamanapMeHn Oipre yi
IOBIOBICTBIK Oarnmapnama xabap tapataasl. Kazakcran PecnyoOnukaceinna LIXT-men
Karap ©3[EpiHIH HEri3sri Meaua MIHJAETTEpiH IIemeTiH xoHe denepanus
CyOBEeKTUIEpiHIH OapABIK AEPJIIK TYPFBIHAAPBIH KAMTUTBHIH aHAJIOTTHIK Xalap TapaTy
Kemepli  OelceHai  JKyMbIC  icTeial.  PamumocTraHmmsmapablH  aHAJIOTTBHIK
CUTHAJIIAPBIHBIH CallajblK CUIIaTTaMalapbl Kejli aDOHEHTTEPIHIH TaJlalTapblHa COMKeC
keneni. MyHnail sxkariaiiiapjia €H JKaKbIH YaKbIT K€3€H1 YIIIH OYJI KUBIH HHQPIBIK
xabap Taparyra KEHIHEH Koy il KYTy/e.

Anarina, IXT xemiyiepiHiH aHaAJOTTHIK KeIUIepAiH (YHKIIMOHAIABIFbIHA
KapaMacTaH, OJIapJibl KYPYJAbl OPBIHIBI JIETl CaHayFa MYMKIHIIK OEpeTiH ce3cCi3
apTBHIKIIBUIBIKTapbl O0ap exeni Oenrimi[3, 4, 12, 13]. KosmaHpicTarbl aHAJIOTTHIK
xeninep FM-HiH GapiibIK AepiiK 1HMana30HbIMEH allHaIbICATHIH/IBIFBIH KOHE OJIapIblH
VKT, TX, XK nuanazonmapbiHaa OOJybIH KEHEHTYIl »KOcHapiaMalThIHAbIFbIH
eckepy Kaxker. OcCbIFaH Ccoilkec, €pKiH JIuana3oHJaplblH apPThIKIIBUIBIKTAPbIH
naiinanany sxoHe LIXT Kypy Ke3iH/e a3 MIBIFIHABI TEXHOJIOTUSIAPAbI KOJAaHy KaXKeT.

Atita kery kepek, LIXT xeninepin Kypy HaKTbl OaFbITKa H€ 1p1 €111 MeKeHAEpIl
TYpaKThl xabap TapaTyMEH KamTy, OYJI 1C KY31HIE XaJbIKThl KY3 Malbl3 KaMTY.bl
kamTamachz eredi. [IXT xeminepl XanbIKThl TYPaKThl ayJquo Xabap TapaTyMeH Ky3
naibI3 KaMTy MIHJIETIMEH Kartap, KoJik MHGPaKypbUIBIMBIH paanoxabap TapaTyMeH
KaMTY JKOHE OWJI peTTe MOOMIIbI1 a0OHEHTKE OaraapiiaHa OTBIPHIIN, KEPTUTIKTI Kepl
Oaperiaiia xa0y mingerrepine ue. Jemek, LIXT sxeninepin camy ke3inae Koiaga 6ap
TEXHOJIOTUSIIBIK OailaHblC 0OBEKTUIEpIH (FUMaparTap, MIHIeKTep MEH MyHapasap)
€CKepe OTBIPHII, KEPTUTIKTI >KepAl OapbiHIla ka0y MyMKIHIITIHE /e, COHaii-aK Taam
ETUIETIH ayMaKTapabl OapbIHIIa xKa0y mapTTapblHA HEFYPIIBIM TOJBIK XKayar OepeTiH
KbI3MET KOPCETUIMEHTIH Xabap TapaTy NYHKTTEpI MEH peTpaHCIATOPIapAbl
naiiiananyasl Koca ajiFaHjia, >kaHa OaliaHbIc 00BEKTIIEPIH KYpyFa Ja OaFaapiianyFa
KQKETTI KOJIK NHPPAKYPHUIBIMBI.

Kazipri 3amanrel [udpnsik xabap Tapary xyilenepini imiHzae Kazakcran
PecnyOyMkacel yIIiH YJIKEH KbI3bIFYHIBUIBIK Oap:

- HUDPIBIK )Kep YCTI MyIbTUMEIUSIIBIK Xabap Tapary xyiieci PABUC [5, 7, 8];

- DRM IMudpasik paguoxabap xyiect [6];

- DAB, DAB+ Iudpasik paguoxabap xyieci [44].

HXT crangaprrapeiHad KaszakcTaHObIK Aamy >Kyieci OONbI TaObLTIATHIH
PABUC 1mudpaslk xepycTi MyJIbTUMEIAMSUIBIK TapaTy >KYHeCciH aTam ©TKEeH KOH.
XKyileHiH TeXHUKAJIBIK MYMKIHJIIKTEpP1 O1p TeneOarnapiaMaHbl )KOFaphl carnaja Hemece
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Oip paawoapHana 12-re neilin aynuoOardapiamMaHbl Oepyre MYMKIHAIK Oepei.
barnapnamanapasl KaObLIay MOOWIIBIIK PEXKUM/IE € KaMTaMachl3 eTUIeI].

2019 xpurFel 25 mrinaene PagunoxxuimikTep xKoHIHIAETT MEMJICKETTIK KOMUCCHS
('KPY) Kazakcran PecrnyOnuKkachIHBIH ayMaFbIH/IA KEP YCTI JKEIUIepiH Kypy YIIiH
65,8 — 74,0 MI'1 xxone 87,5 — 108,0 MI'1 nuana3oHaapblH/Ia KAUTIKTEP 06y Typassl
menriM Kaosuiaansl [{udpiblk ABIOBICTHIK KOHE MYJIBTHUMEIUSIIBIK Xadap TapaTry
PABUC cranpaptsl (GKRCH Ne 19-51-03-2 mienrimi) [26].

PABUC xyieciniy Herisri cumarramanapel 1.1-kectege KenTipuireH.
XKorapsia aifteutranaail, Xabapaan 6acka, apHaHBIH CaTBICTBIPMAIIBI TYP/E Killli €Hl
O6ap Ludpasik sxkepaeri MyIbTUMEAMSUIBIK Xabap TapaTry JKydeci JbIObIC
Oarmapiamanapbl MOOWIBIAIK KYpBUIFBUIAD YINIH KapaMJsl peTiHae OeiiHe
OarmapiiaMaHbl oJlapMeH Olp Me3ruie xioepyre MyMKIHIIK Oepeai, Oy HUQPPIIbIK
Tenepaauo xabapiiapblH TapaTy/ IbIH OCHI KYHeCiH 0acka xyienepaiH GoHbIHAA TUIM/I1
OeJin KepceTe/l.

DRM Hudpnsix pagmoxabap »xyieci (arputmi. Digital Radio Mondiale)
OacTankpiia KbICKa, OpTallla KOHE Y3bIH TOJIKBIHIAP JAMANa30HbIH/IA aMILUIUTYAAIBIK
MOAYJISIUACH 6ap paaroxadap >KyHeciH aybICThIPY MaKCaThIH/IA KacallFaH.

1.1 Kecte - PABUC xyiieciHiH Heri3ri cunarramaiapsbl

CumnarraMachol MoHni
JKuimik quarma3oHbl 65,8 — 74,0 MI'1y
87,5-108,0 MI'1g
Karenepai Tyzery Temen TBIFBI3ABIKTEI TEeKCepy
(LDPCkon) xoHe
boy3sa konsl - Hoynxypu - XOKUHreM
(BCH xoap1)
Ko »XpuinamMabIFsl 1/2; 2/3; 3/4
Monynsinus Typi COFDM
ApHa ’KOJIaFbIHAFbI KocaJkel | 215/196
TaceIMayaymibuiap  canbl  (kaymer /| 439/400
aKIMaparThIK): 553/504
100 kI'11
200 xI'11
250 xkI'g
[1miKi TackIManay bl MOTYJISIHSICHI QPSK, 16-QAM, 64-QAM
ApHaHBIH OTKI3y KaOiieTi 100 xI'm, 200 k', 250 xI'11
KopraHbIC apaJibIFbl 1/8
TanOaHbIH nakaansl OOITiHIH Y3aKThIFRL | 2,25 MC
Kuinik Oo¥bIHIIA TackiManaymbLiapasl | 444 4/9 T'a
Tapary
XKomnakra nepexrepi 6epy KbUITaMIBIFBI
apHa
100 xI'g 80 nen 350 xOut/c nemin
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200 kI['g 160 tan 710 xOut/c neiiin
250 k['g 200 meu 900 xOut/c neiin
ApHa kojarblHIa Oipre  OepiieTiH
aynuroskazoanap caHbl 32 KOUT/C

100 xI'11 2 ned 10 neiiin
200 xI'q 4 teH 22 newin
250 xI'g 6 mau 28 neiiin

beiine 6arnapnamanbsiH (opMaThl / CaHbI
apHaHBIH >KOJarblHIa Oipre OepiieTiH

aynunoskazoanap

100 xI'11

200 xI'g QCIF 5/1 pen SIF 12,5/1 neiiin
250 k' QCIF 12,5/1 nen CIF 25/5 neiiin

QCIF 12,5/1 neu CIF 25/6 neitin

2007 xpuael 30-man 300 MI'n-ke neiiHri auarna3oHaa KoJJaHyFa apHalFaH
DRM-+ nemt aTayiaThlH OCBI CTAaHAAPTTHIH MOAU(PUKAIASICH YCHIHBIIABI )KOHE aHATIOTTHI
FM pannoxabapbid aysicTbpy (coHbIMEH Oipre 30 MI'-TeH TeMeH >KHUIIKTEP YIIiH
ctannapTThl ©3repty DRM30 nem arana 6acrasbr).

Kazakcran PecnyOmmkacsinga DRM cranmaptein enrizy opekerrepi 2010
KBUIbI OacTanibl, col Ke3fe YKIMETTIH Tellepaauo XxadapiapblH TapaTylbl JaMbITY
JKOHIHACTI KOMHUCCHUSCHI Y3bIH, OpTa JXOHE KbICKA TOJIKBIHIAD JIUANA30HBIHIAFbI
Kazakcranabik mudpiasik xadap TapaTy cTanaapTsl petinae DRM cranmapThia OeKiTTi.
bipkaTap HOpMaTHUBTIK KykaTTap o3ipieHal, «KazakcTan gaybIChDy paguOCTaHITUSCHI
KBICKA TOJIKBIHIAP/A TAPATHUI/IbI.

KK nmamasoHbl yIIKeH ayMakTapabl KaMTUTBIH PB skeminepi yinH bIHFaHIIbI
JKOHE osapabiH — Kypbuibic Kazakcran PecnyOnmukachIiHbIH KeiOip aliMaKTapbIHIa
KOJIAaHBUIFAaH Ke3/I€ epeKIlie Ha3ap ayaapyabl Tanamn eteai. JKuunik quanazongapst LF,
MF, HF (30 MTI'ti-xe aeitin) Oipkatap TanbiMai oyiapibl FM auanasoHbiHa YKCac TYpIe
naijiananyra MYMKIHAIK OepMeuTiH kemurinikrep. Aumnaiina, 30 MI'm-ke peitinri
Jvana3oHapl aHAIOrThIK FM-MeH ">xaObuimaran" jKoHE KOJIIaHYyFa KapaMcChI3 Y3aK
KOJIIK apTepusuiapbiH TYPakThl L{upablKk ayamo TapaTyMeH KaMTaMachl3 €Ty YIIiH
naigananyra 0osaabl MbIcaibl, O1p KUUTIKTET1 *keauiepal Kypy apkbuibl YKB sxone
OBY UM xabap Tapary aykbIMbl. Auaiiia, aynuo taparyiaaH Oacka, 30 MI'm-ke
JEUIHT1 JKEeJep opTypJii Meaua KbI3METTepiH ychiHa ananbl. 30 MI'1-xe neiinri
YKEJTUIep TUIM/II JKOHE TUIMI1 OOTyBI YIIIIH Op KYPBUIFAH el YIIiH )K00a aJlIbIHIaFbI
TEKCEepyAl JXKYPri3y >XKoHE OJlapFa OHTAIIbI IIBIFBIHIAPMEH KbI3METTEPAiH OapJibIK
MYMKIH KEIIEHIH 1CKe achlpy MYMKIHJITIH KapacTelpy KaxkeT. COHIBIKTaH €MTHXaH
KE3EHIH/IE KeJIECl CYpaKTap MbICHIKTATYbI KEPEK:

- KOJIIK HHPPAKYPHUIBIMBI 0ap HAKTHI ayMaK TaJlIaH/Ibl;

- M/IM sxemniciHiH KYPbUIBIMBI 931pJICH]IL;;

- 93ipaenAl Tizimi a3ipieneTin LIXT xemiciMeH;

- JKEJIHIH HaKThl y4yacKecl VIIIH KHUUTIKTepHl Oesyre XKUITIKTIK-ayMaKThIK
oTiHIM a3ipyieH i xxoHe [ PULl-ra 6epini;
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-)KaOIBIKTRI TaHaay >Kyprizunmi xoHe 30 MI'm ameitinri aumanazongarsr [[XT
JKelricl JKkoOaTaH/abl.

byn nguamazonmapma IIXT okeminepiHn cainy  ayJaHHBIH — JKEKeJereH
y4acKeJepiHjie )KYMBIC ICTEN TYpPFaH aHAJOTTHIK MKEIUIepl €CKepe OTBHIPHII Ky3ere
aceIpbuIaThiHbl aHbIK. PO YKB amana3zonsl OyTiHIT KYHI 1C KY31HIE O0C eMec *KoHe
ousl PABUC xone DRM-+crannaprrapeiapiy [[XT  skxemigepin Kypy YIIiH
naigananyra 6onaasl. CTaHAApTTHI TaHAay aOOHEHTTEP/IIH ayAHo >K9HE BUACO Xabap
TapaTy, COHJal-aK MYJbTUCEPBUCTIK KBI3METTEp MEH apHailbl MaKCaTTaFrbl
KBI3METTEP/Il YChIHY KQXKETTUTITiHe O6aitnanbIcThl. 87-108 MI't nmamazonsiaaarst OBY
YM -re keneTiH 00JICaK, OHBI KOJIAHBICTAFbI AYIHO JKEIIJIEPIiH MapTTapblHa CYHeHEe
OTBIPBITI, MYMKIH OOJIaTHIH KepJiepAe FaHa KoJJaaHraH keH. L{udpibk cTanmapTTh
TaHJay a0OHEHTTIH HAKThl KKETTUIIKTEPIMEH KOHE OOJIIHIeH >KHUIIKTEpre Ccolkec
anbIKTanaael. Meicansl, 250 kI xuinik auanazonbinga (PABUC cranpaptei) Oeline
apHaHbl YUBIMJIACTRIPYFaA dKOHE OacKa Jla CEpBUCTIK KbI3METTEp KopceTyre 00aibl, al
100 kI'11 KUK JKOJaFbl KE31HIE KOIl CEPBHUCTIK KbI3METTEp KOPCETETIH OipHeIe
ayJIM0 apHalapAbl KaJbIITACTHIPpFaH koH. KpI3MeTTep/iH TI3IMIH  TaHjaay
a0OHEHTTEP/IIH HAKThl KaKETTUIIKTepiHe OaiiaHbICThI. benriai Oip JkenmiHI HeMece
KEMHIH OesiMJepiH xkolajay Ke3iHJA€ >KETIHIH KYPbUIBIMBI MEH MYMKIHJIKTEPiH
aHBIKTAUTBIH OApIIBIK JKaFAailiap eckepinyl kepek. by skarnaiinapra nemorpadusiibik
CpeKIIeiKTep, JKep Oenepi, aOOHEHTTEPIIH KaKETTUNKTEPl, KOJIJIAHBICTAFbI
TEJICKOMMYHHUKAIMSUTBIK KYPBUTBICTAP/IbI Mai1ajiaHy MYMKIH/IIT] )KaTaIbl.

DRM »xylieciHiH HET13r1 cunarraManapsl 1.2-kectenie KeaTIpiIreH.

DRM uudpaeik paguoxabap TapaTy KYWECIHIH apThIKIIBUIBIKTApPbIHAH
Simulcast pexuminae KyMbIC iICT€y MYMKIHIITIH aTan ©Ty Kepek, oHaa Oip apHana
aHAJIOTTHIK >KOHE IUPIBIK curHangap Oip Mesriiae Oepineai. by pexxum aHamorThIK
xabap taparynan Ludpabikka aybicy Ke3€HIH/ e Maiaanbl 00JIybl MYMKIH.

1.2 Kecte - DRM 3xyiieciHiH HEri3ri cunaTraMmaiapsl

Pexum
CumaTtrama DRM30 DRM+
A 'B C ) E
JKuinik quama3oHbl 30 MI'11 meiiin 30-300
MI'g
Mopaynsius Typi COFDM
JKonakrarsl 1K1
TachIMaJIayIblIapCaHbl
apHa:
4,5 xI'nq 98 92 - - -
Skl 110 104 - - -
9 xI'1y 202 182 - - -
10 kIt 226 206 138 88 -
18 xI'11 410 384 - - -
20 k' 458 410 280 178 -
100 xI'11 - - - - 213
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[mk1 taceiManayibl | 16-QAM, 64-QAM 4- QAM,

MOTYJISAITUSCHI 16-QAM

CBI3BIKTHIH €HI 45:5:9: 145: 5: 9:110; 20 10;: 20 | 100

apHa, kI'11 10; 18;|10; 18; 20

20

KopraHbIC apalibIFbl 1/9 1/4 4/11 11/14 | 1/9

TanOaHbIH nanganel | 24 21 1/3 142/3 [91/3 2 1/4

0eJIIriHIH Y3aKThIFbI, MC

Kuinix ootipiama | 41 2/3 46 7/8 68 2/11 | 107 1/7 | 444 4/9

TachIMaJIayIIbIIaPIbI

Tapary, I'i1

Hepekrepi oepy | 4,8 nen 72 xOut/c neiiH 37,3 JICH

JKBUIIAM/IBIFBI 186,4 neiiin
KOuT/C

MynbTUIIIEKCTET 1-nen 4-xe neiiiH (IpIOBICTHIK CUTHANI HEMECE JIEPEKTED)

apHaJIap CaHbl

DAB Ludpnsik xabap Tapary »xyieci amram pet 1995 xpuier ETS300401
eypONaJibIK CTaHIAPTHIHBIH penakiuachiaa enrizuiai. byn DAB + xyiieciHiH kaHa
Hyckacel 2006 >xbutbl kapustiaHiel. JKana DAB+ kylecinin DAB-tan 0actbl
aieipmammbubiFel - MPEG-4  HE-AAC  v2  (ISO/IEC  14496-3  craHaapTh)
ayIMOCUTHAJIBIH KOATAYJIbIH Kazipri 3amanfbl TexHojorusceiH MPEG-1 Layer Il
(ISO/IEC 11172-3 cranmapThl) OpHbIHA KOJIAaHy OoJjbIn TaObutaabl. DAB+ xyiieci
Eypona men ABcTpanusia KeH TapajiFaH.

bipkatap bateic Eypomna enpepinne DAB, DAB+ cranmaptel OipTiHaen
eHrizimn katkanbel Oenrim. Kazakcran Pecnybnmukaceiana DAB craHmapTTapbIiHBIH
[Mudpapik ayauo skenuiepiH Kypy YIIH A€ Xarmainap »xacanabl. EH angsiMmew,
Pannoxuinik xeHiHAerT MeMIIeKeTTIK KoMmuTeTTiH DAB yiiiH nuama3zoHasl Oeiry
Typanbel wmenrmi apkacbiHaa. (2018 xwursl 16 coyipne DAB+ cranmapteiHza
uuppaslk xabap tapaty yunH 174-230 MI'm paavoXuuliK >KOJaFrblH MaiJanaHy
Typajbl Wenim Kaosuaanabl (Pagnoxuiinik >KeHIHIerT MEMIIEKETTIK KOMUTETTIH No
18-45-03 mremrimi) [25].

Atanran nuana3oH OocatbutFaH, OypeiH on [IBT -ga KojmjmaHbUIMaNTHIH
aHAJIOTTHI TeneauaapAbiy 6-12 apHackiMeH aitHanbickaH. CoHpaii-ak, aHanortel TB
apHajapblH KaObUiday YIIiH OYpbhIH KypbUIFaH aOOHEHTTIK >kemi (KipedepicTeri
Antenna) DAB, DAB+curnangapsia KaOblaay YIliH MaijalaHbLTybl MYMKIH €KSHIH
aTall ©TKEH oH. by xemninepaiy OackanapblHa KaparaHAa apTHIKIIBLIBIKTAPBIHBIH
01pi-0ip apHaja OpHAIACKAH KUK uana3onbl 1536 k11 60bIn TabbIaab1, OYIT OCHI
YKOJIaKKa MYMKIHIIK Oepeni 16 PB Oarmapnamanapbid KanbinTacTeipyFa. Kemmrimiri
aOOHEHTTIK JKa0 IbIKTHIH KOFaphl KYHBI.

DAB + xyiieciHiH HeTi3ri cumarramMaiapsl 1.3-KecTeae KeTipiireH.

DAB + uudpibik paguoxadap sxyiieci KOCaJIKbl IepeKkTepal 0epy, O1p KUUTIKTI
JKEJIEpAe KYMBIC 1ICTEY CHUSKTBI OapiblK HMUMPIBIK paauoxadap KyheraepiHe ToH
CTaHAAPTThI PYHKIIMOHAIIBIIBIKKA HE.

byn cranmaprtteiy epekmeniri 1,536 MI'i canbicThipManbl TypAe KEH apHa
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xoJarbl. bip xarbiHaH, OyJ1 KenTereH ayAauo Oargapiamanapiabl Oip MyJIbTHILIEKCKE
Kibepyre MYMKIHAIK Oepenl, ekiHmn karblHaH, Kazakcrtan PecnyOiukachiaga
PaTUOKUIIIK CHEKTPiH TYPJCHIIPYAETl KHUBIHJABIKTapMeH OainaHeicTel DAB+
JKYHECIH €HT13y npoOsieMaapbiH TYIbIPaIbI.

1.3 Kecte - DAB + xyiieciHiH HET13ri cuarramaiapbl

Cunarramacsl Moni

JKnimik quarma3oHsbl 174-230 MI't
Mopaynsamus Typi COFDM

[mIki TackIMangaybiap CaHbl 1536

[11K1 TackIMaNIIAYIIBI MOTYJISIITUASCHI D-QPSK
ApHaHBIH 6TKI3y KabiseTi 1,536 MI'n
KopraHbIC apabIfel 246 MKc

TanOaHbIH nakanbel OOITIHIH Y3aKThIFb | 1 MC
JKuiik 1K1 TachbIManAayIibl apajibIFbl 1 xI'g

bepimic pL1gaMIbIFbI 2,4 Mowut/c neun 1,7 Mowut/c neriin
TOJIBIK
maiaajsl

[1ki apHamapABIH MaKCUMaJIbl CaHbl 64

MYJIBTHUILIEKC

MynbTuminekcreri  ayauo apHanapabiH | 10 nen 20 aeiiin
QJIETTEr1 CaHbl

(aymmo JepeKTep SKbUIAAMIBIFBI 8-1eH
384 xbuT/c neiiin)

Odupnik uudpasik paguoxabap TapaTynblH Oacka KyHeslepiHiH apachlHaa
MOOMJIBJIIK KYpBUIFbLIapFa OardapianfaH koHe HeriziHeH OHrycTik Kopesna
naiiganansiatein T-DMB  1udpnsik  Tenepaguo xabapiapblH Tapary KyHeci,
conpaii-ak HD Radio cayna mapkaceimen AKIII, Kanana sxone Mekcukajaa tapainraH
IBOC mmdprsik pamuoxabap TapaTy JKYHeCiH aTam OTKeH owceH. Kazaxcmaw
Pecnybnuxacvinoa ocwvl orcytienepoi eweizy eximanai 0012aHObIKMAH, HET131HEH
AIEKTPOMArHUTTIK YHICCIMIUIIK Mocenelepine OallaHbICTBl OYJI KyHenep Oy
KYMBICTA KapaCThIPbUIMANIbI.

benrini 6ip uudpasik cranaapTTbid UXT TrimMal koHEe YHEML KYMBIC iCTeyi
KbIMOAT eMec KoHE opTYpJil A0OHEHTTIK KaOABIKTHIH OOJyBIMEH MYMKIH OOJIATHIHBI
aHBIK.

OtaHIObIK  OHIIPICTIH  OTaHJBIK  A0OHEHTTIK HUPABIK  paauoxadap
KypbulFbUIapblHbIH HapblkTa DRM xone DAB CP3 RP-233 DRM kosgayeimeH
Capanyn paano3aybiThl [27] mIbIFapaThlH paguoKaObUIAAFBIIITAPABIH OOTYBIH aTar
oTy kepek. byn kypeutrsl 0,15-27 MI'u nuanazonsiHaarbl DRM curnangapeid sxkoHe
174-240 MI'n nmuanazonsiHgarbl DAB curnammapein  kKaObiimaiinel.  Capamyn
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paano3aybITeiHBIH  panuokadbuinareimsl  CP3-PI1-235 PABUC 6ip crangapTTh
pamuoapHaga 10-15 CD-camansl cTepeoOarmapiamanap/bl KoHE OcHHE aFbIHBIH
KaOblIayra MYMKIHAIK Oepeai. DRM  xome DAB  pamnokaObLigarbITapbiH
HIBIFApPYJbl UTEepreH Tarbl OipHelle KOMMIaHWsUIap[bl aTalm ©TKEeH KeH. by
NEWSTAR, Technical Digital S.A. xone Oackamap. [erenmen, Oyn Kazakcran
Pecny6iukaceiHbIH aymarbiHaa udpibik PB cTangapTTapbiH KeHIHEH KOJIaHy YILiH
KeTKUTIKCI3. JIBIOBICTRIK Xabap TaparydaH 0acka KaKeTTi aOOHEHTTIK KYPBUIFbLIAp
opTYpIT KbI3METTepi Kepceryre apHanraHn [[XT >keminepi maiiga GosFaHHAH KeHiH
OipaeH naiaa 60IaTHIHBI AaHBIK.

Hudpnbik xabap Tapary xkylenaepiHin epekuienikTepl. KapacThIpbUIbin OThIpFaH
udpIabIK Xabap TapaTy xyhenepid tangay onapasiH 6apisireiHna COFDM (Coded
Orthogonal Frequency Division Multiplexing) MoaymsusicblH — KOATayMEH
apHajap/iblH OPTOTOHAJBJLI KUUIIKTI O6JylH KOJJaHAThIHBIH KepceTell, SFHHU.
tikeneir kateHi Ty3ery (FEC) typinmeri apna xoarayeiH kosgany. COFDM
texHosoruscel 03 kezeringe OFDM (Orthogonal Frequency Division Multiplexing)
TEXHOJIOTUSICHIHBIH O1p TYp1 OOJIbIT TaObLIAIBI.

Hudpasik xabap TapaTyablH TapaTKBIIIl anmapaTypachlHia >KOFaphbl >KULTIKTI
CUTHAJIJIBI KAJIBITITACTHIPY MPOLECIH/IE KIpIiC JEPEKTEp aFbIHBI OHICNE 1, OYJII KaJIIIbl
OapibIK xyhenepre ToH [5, 44, 48]. Ludpasik xabap Tapaty >kabIbIFBIHBIH CUTHAIIbI
KOHJIUITMOHEPJIEY JKOJBIHBIH JKaJIMbUIAHFAH KYPBUIBIMIBIK cxemachl 1.1-cyperte
KOPCETUIrEH.

TuicTi KOJEKNEeH KbIChUIFaH AbIOBICTHIK CUTHAI, O€itHe curHai (6ap 0oJica) )KoHe
KOMEKIII IEPEeKTep CKpemobiiepre Tycel, OJ1 HeJiep MEH OIpJIIKTEepAIH Y3bIH Ti30€TiH
OonaplpMay VIIiH CHUTHAJI SHEPTHSICHIH PaHAOMM3AIUSIAYIBl KaMTaMachl3 €Teli,
ochLIailma xanran ke3re JKaumbl gepextep arbiHbIH Oepeni. ComaH KeillH AepeKTep
arblHbl KaObLIAay MOJIBIHAAFbI KaTelepll TY3€TylAl KamMTaMachl3 €Ty YIIIH apThIK
aKIapaTThl KOCY apKbUIbI KaHAJIbI KOATAYFa YIITBIPANIbI.
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Avyaro Bugeo epextep

CKpenbaep
N C— .| ApHaHBI KOZTaY bur apamacy
- PAHTOMI2AITHATAY )
Curman
EIIRREEIMER . ApamacaTeiH . VAKEITEIHIA
} -~
CATBICTEIPY EacyImatap apanacy
OFDM
_ | TAacEMAaTIaVIIELTAD . AmmkTie _| ITnnoTTRIE eHr12Y
" | BIMEH CATBICTRIPY ' apaTacvel '
OBIl®
N _| Kopray apansires .| Keazparypammx )
' ' EHT13Y ’ MOIYIATOP

1.1 Cyper - Curnanaap/pl KalIbIITACTHIPY JKOIBIHBIH >KAJbUIAHFAH KYPbLTBIM/IBIK
cxemachl IU(PIBIK Xabap TapaTy *KaOAbIKTapbl

Kocankpl TaceiMasiaylibuIapIblH MOJIYJISLUACBIHBIH Tajal eTUIeTIH TYpiH
€CKepe OTBIpbIN, OUT aybICYbIHAH KEHIH AEepeKTepJiH OWUT arblHbIH OEJrIeHTeH
V3BIHBIKTAFbI VAMIBIKTapFa 06JTy jKOHE OJIap/Abl CUTHAJBIK IMIOKXKYJIIBI3Fa KOPCETY
Ky3ere aceipbiiaabl. OChIIaH KEWiH JEPEKTep VAIIBIKTAPBIH KBUDKBITY JKOHE Oip
HeMece OlpHeme JepeKTep KAKTAaybIHBbIH MIEKapachlHAa VSIIBIKTAp OJOKTaphIH
KBUDKBITY (YaKbITTBI KBUTKBITY) JKY3€T€ aChIpbLIaabl. YaKbIT MEH KUK OOWBIHIIIA
OIpKeNKi eMec apHajlapaarbl JEepeKTepAl TYPAaKThI KiOepy/l KaMTamachl3 €Ty YIIiH
OUTTIK MHTEPIPUTAIHS, VSIMIBIKTAPAbl apanacThIpy >KOHE YaKBITThI 0Oy YaKbIT MEH
YKULTIK OOMBIHIIIA JEPEKTEP/Il KBa3UKe3IeHCOK 00Iyre MyMKIHIIK Oepei.

Anpiaran yamblK - aFbiHbl . OFDM imk1 TackIManjaymibliapbiHa
canblCThIpbuIaibl. CoJlaH KeWiH TaChIMaJIJayIlibl IepeKTepl (KULTIK UHTEPJIealUsIChl)
apayacajibl )KOHE MUJIOTTHIK CUTHAJIIAP eHriziieai. HoTmwkecinae, opKaichiChl Coiikec
1K1~ TachIMaJAyUIbIHBIH ~ KBaJpaTypasiblK  MOIYJSALMACBIHBIH ~ (a3zackl MeH
aMIUTMTYJJAChIH aHBIKTAWTBIH KYPJEl CaHJap >KUbIHbIHAH TypaThiH O1okTap (OFDM
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CUMBOJIJIAPhI) KAJIBITITACAIBI.

OBII® Gnoremaa xuiaik aiimarsiHaH OFDM TtanOanapel dazansik [ sxoHE
KBaJpaTThIK (Q CUTHANJApbIHBIH YJITUIepl TYpiHAE YyaKbITKa aiHanmaabl. AJBIHFaH
OFDM Ttan0achl KOpFaHBIC apajbIFbIH CHTI3TeHHEH KeWiH anbiHagel, o1 OFDM
TaHOACHIHBIH Tal/1aJ1bl OOJIITIHIH COHBIH OHBIH 0achlHAa KOCY apKbLIbI aJIbIHAIbI.

KBagparypaiblk MOAYJSTOp KBaApaTypaliblK CUTHAIAAPAbl TaChIMaJIayIlbl
OeplTic KUUIITIHE TikeJaehd Oepy/l KamMTaMachl3 €Telll, OChUIAMIIa KOFaphl >KUUTIKTI
CUTHAJIJIBI KYPaWbl.

XKorapsiga atanran >Qupiaik TUPPIBIK Xabap TapaTy KyHeaepiHaeri KOCaIKbl
TaChIMaJIIayIIblIapAbl  MOAYJBSIIUSIAY YIIH  KBaApPaTypalblK  aMILTUTYIAJTBIK
vonyisiniusg 4-QAM  (QPSK), 16-QAM sxone 64-QAM kommanbsuiazsl. DAB +
xyiecinae D-QPSK muddepenunanasl kBaapaTypanblK (a3ajiblK MOIYJISIUSICHI
KOJITaHBLIAIbI.

Bbapnwik kepcerinren »¢upiik nudpasik xabap Ttaparty xyienepi OFDM
TEXHOJIOTUSICHIH KOJIJIaHATBIHABIKTaH, CHUHXPOHJAy MOCEJECiH, apHaHbl Oaraiay
poOJIeMachlH JKOHE OCHl TEXHOJIOTHSFAa TOH Kajmbl Mocenenepaid Oipi-IexTi
(baKTOpBIH a3aiiTy MaceleciH 0ol KOPCETY Kepek.

Cunxponnay maceneci OFDM TaHOachIH COTTI AEMOIYJSAIMSIIAY YIIIIH OHBIH
yakpITIIa aiiMakTa OacTaldyblH 101 aHbIKTay KaxkeT [44]. TanOanbiH OacTanyblH
aHBIKTAy KaTecl ©pHEKNeH aHbIKTadaThiH A®K KuiliK alMarbiHIa KOCAJIKBI
dazamapaplH aybICYbIHA OKEIIEII:

A®y = 27kdIN, (1.1)

MYHJaFbl k — 11IK1 TachIMaJIIayIIbl UHACKCI,
0 — OFDM cuMBOIBIHBIH 0aChIH aHBIKTAYy1aFbl HOPMaJTaHFaH KaTe,
N - OFDM cumBonbiH aemonynsmnusuiay kesingeri FFT nykrenepiHiy caHsbl.

(1.1) epHEKTEH 11Kl TaChIMaIIayIIBIHBIH (ha3aJbIK BIFBICYBI O KaTeCiHe XoHe k
1ITKI TaCchIMaJIIayIibl MHIEKCIHE MPOTOPIIMOHAN €KEHIH Kopyre 001aibl.

Karenin Oenrici MeH 1maMachlHa  OaiJIaHBICTBI  CyOTachIMajdayIilbl
OpPTOTOHAJIBIBUIBIFBIH YKOFanTnan CUTHAJI HIOK)KYJIIBI3BIHBIH OHai
KOMITCHCAIIMSITAHATHIH aifHAITYBI 1a, CATHAJIIBI KAJITTBIHA KEITIPY MYMKIHIITIHCI3 apHa
apajbIK JKoHE TaHOAapaJIbIK KeJAepriiep/iH naiaa 00yl 1a OpbIH alybl MYMKIH [44].

ApHaHbl Oaranay wmocesecl KaObUIIArbllll KaObUIaFaH CUTHAJIBIH apHa
cunaTTamanapbiHa colikec OypmanaHyblHaH TybIiHAaiabl [44]. Erep apHa apaiibik
Kejaepriep Ooyimaca, opOip 1IIKI TachIMaJaylIbIHBI TOYEJICI3 apHa JIeN CcaHayfa
6onaapl. OFDM curHanmbIHIAFel KOCAJIKbl TaChIMaIAayIIbIIapIbIH OPTOTOHABIBIK
OpuHUUM ~ opOip  KaObUIAaHFaH 1K1 TachIMAIJAyIIbIHBI ~ OCpUIETIH  1IIKi
TaChIMAJJIayIIBIHBIH ~ ©33apa OpPEKEeTTeCYlHIH JKOHE OHBIH apHa  KUUIITIHIH
pEeaKIUSICHIHBIH OHIMI PETIHAEC KopceTyre MyMKIHIIK Oepeni. Ochunaiiiia, opoip 1mki
TachbIMaJJIayIIbl YIIIH apHa OarachIHBIH apKaChIHJIA K10EPIIreH CUTHAJIbI KaJIIbIHA
KenTipyre Oosamel. Oxerte, apHaHbl Oaramay OFDM CcUTHanmbIHBIH KOCAJIKBI
TachIMaJIIaylIblIapbl apackiHIa OepiieTiH, aJIbIH aja aHBIKTAIFaH CHIATTaMalIaphl
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0ap MUIOTTHIK CUTHAIAAPIBIH OPTYPJl TYpJepiH maiganaHaabl. OpTypial HupIIbIK
xabap Tapary XKy#enepi YIIiH apHaHbl OarajayablH HAKThl OfICIH TaHJAy YIIiH OHBI
ICKE achIpyia KaKETTI THIMIUIIKTI, €CenTey KYPJCHUIIriH KOHE yaKbIT OOMBIHINA
apHaHBIH BIKTUMAaJI ©3TEPrillITIFiH KOca ajFfaHaa, KeINTereH JpTypJi acHeKTiiep.i
€CKepy KaxKeT.

ekt dakrop Maceneci OFDM xyitenepinaeri Kypnenai mocene OoJbII
tabbu1azel [32, 75]. XKorapsl lekTti hakTopst OBII® kemerimen OFDM curnanbiHbiH
KaJBINITaCybIMEH TYCIHIIPUIEAl, OHBIH MPOLECIHAE 1MIKI TachIMalgaylIblIapIbIH
YJIKEH CaHBIHBIH aMILTUTYIajJapbl KOCHLUIAHI.

XKorapsl llexti (akTopsl TapaTKbIII ka0ABIKTHIH PaAUOKHUUIIK TYHIHACpIHAC
KAaTThl TapMOHHWKAJBIK OypMalaHyabl TyIbIpaabl. TapaTKpITapja CUTHAIIBIH
OypMallaHyChI3 O€pulylH KamMTaMachl3 €Ty YIIIH JKOFapbl CBI3BIKTBHIK Kyar
KYLIEUTKITepl Kaxer. BYU- CUTHAMABIH CHI3BIKTHIK alWMak IIETIHEH IIbIFYbI
KYIIEHTKINI >KOJIAKTaH ThIC COYJENCHY/IIH JKOFapbUIayblHA JKOHE MOIYJISIIUS
KaTeJIepiHiH *orapbiiaybiHa okeneni (MER — Modulation Error Ratio).

[exTi -(akTOopapl TOMEHIETIICH, TAPATKBIIITHIH >KOFapbl Malaansl ocep
ko3 dunmentin (KI1/]) kamramachi3 ety Mmymkid emec, an - KITJ[-HiH TOMEHIIT1 OHBIH
KbIMOATTaybIHA aJIbIN KeJe . AlTa KeTy KepeK, IIBIHHBIH OpTallla KEPHEYTe KAaThIHACHI
6ombin Tabbu1aThH "IllexTi pakTophl" yFRIMBIHAH OacKa, KeOiHece "IIBIHHBIH OpTallia
Kyatka kaTbiHachl'-PAPR (peak — to-Average Power Ratio) YFBIMBIMEH >XYMBIC
icreiiai, an PAPR-IekTi ¢pakTopablH KBaapaThI.

1.2 [udpablKk CUTHAJABIH JHEPreTHKAJIBIK JKOHEe aKNapaTThIK
CUIIaTTAaMaJIapblHA IIEKTi (pakTopbIHbIH dcepi. IllekTi (pakTOphIH TOMeHaETYy
dicrepi

Hlexkmi ¢paxmopvin anvikmay. Jluckperti yakplT aiiMarbiiga OFDM x[n]
TaHOACKIHBIH KYP/IeJll KOHBEPTI OPHEKIIEH CUTIATTaIa Ibl:

1 N-1 j2 mnk
x[n] = = Xk exp|Z==|,0<n< N-1 1.2
ml=75), Xk exp[*F (12)
MyHAaFbl N — 1IIKI TacbIMaiayliblap CaHbl;

N— yaKbIT OOJIBICHIHAAFbI TAHOAHBIH AUCKPETTI YATICIHIH CaHBI,

Xk — ki0epineTid nepexrep, k-1 Kocankel TaceiMamaaymisi [37].

Copnan keitin OFDM x[n] ran6aceiabiH PAPR dhopmynacein anbikTayra 00mambr:

cnen—a[lx[n]]?
PAPR(x[n]) = maxoMng[nl]E;;n ] (13)

MYHJaFrbl M — MaTeMaTUKaNbIK KYTY.
(1.3) dopmynaceabiH ansiMbiHAaFel 6pHEK OFDM CHMBOJBIHBIH €H >KOFapbl
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KyaTbIH, aJl OeMTiIITe OpTaiia MOHII OUIIIpeTi.

Hugpnvix cucnan cunammamanapvina Illekmi gaxkmopoinsiy acepi.
Kernreren ke3neicox ¢azanap MEH aMIUTUTYIAIbIK KOCAJIKbI TaChIMaAayIbLIapAbIH
KabaTTacybiHa 6ainanbicTel OFDM curnanaapsl oferte skorapsl PAPR Monzaepine ue
Ooonaapl. byn xarmail MUGpPIbIK CUTHANIABIH CUIATTaMalapblHa aWTapibIKTall ocep
eremi [1, 10, 17, 18, 29].

Aran aiitkanna, skorapsl Lllexti pakTopsl Oap curHanabl naaananyabiH Kejaecl
YKaFbIMCHI3 CaJIIapbIH aTan 6TKCH JKOH:

-  IIemmapga maiiga  OONATBIH  CBHIBBIKTBI  €Mec  Oypmananysap
cyOTackIManIaymbl OPTOTOHAIBIBIK OY3bUIBICTAPBIH, TaHOAapalbIK >KOHE TaHOa
IIIUTIK ~ KeAepriiepAiH  KOFapbUIAyblH, HMHTEPMOIYJSIUS  IIybIH, (ha3aybIK
OypMallaHyJbl JKOHE Kajlail? JeMeK, CUTHaIAbl KaObUIgay Ke3lHJe OUT KaTeJepiHiH
BIKTUMAJIBIFBIH aPTTHIPAIBI.

- CUTHaJJBIH KOFaphl MIBIHBI KyaThl KEHEHTUITEH JUHAMUKAIBIK JAUAra3oHbI
YKOHE KYIIEHTY CHUIaTTaMallapbIHbIH KOFaphl ChI3BIKTHUIBIFBI 0ap KyaT KYIICUTKIIITI
KaxeT erefl. TuiciHiie, MaKCUMal bl KyaThl )KOFapbliaraH (SFHU, KyaTThl Maii1ajJaHy
KOA(QPUIIMEHT] TOMEHICTUINeH) >KOHE THIMAUINI TOMEHIETUITeH KYIIEeHTKIIITI
naijanany KaxeTr, Oy cablll KeIreHJe >KaOJIbIKTBIH DJHEPTrUs THIMILUIITIH
TOMEHJETENl  JKOHE  OHBIH  TEXHHUKAJBIK-dDKOHOMHKAJIBIK  CHIATTamMalapbiH
HalapjaaTaibl.

Ocbunaiima, OFDM curnanbinbiy,  IllekTi  QakTOpblH TOMEHAECTY Maceleci
colikec KyHenep/e, OHbIH 1MIHIe HUPPIBIK Xxabap TapaTy >KyWelnepiHae aknapaTThl
Oepy/kalbuiiay carnachl MEH TUIMJIUTITIH KAMTAaMacChl3 €Ty TYPFhICBIHAH ©T€ MaHbI3/IbI,
OWJI MaceJIeH] MICTIYAIH SPTYPJIi SicTepi.

Ke3- kenren Ilekti ¢akTopbin azaiity (Hemece PARP) TexHHMKaCBIHBIH
eHIMAUNrH Oaranay ke3iHae PAPR tapany typreicbeiHan OFDM  curHanmbIHbIH
OHIMJILIIT eckepinyi kepek. PAPR TapamybIHBIH CTOXaCTHUKANIBIK CUMIaTTaMallapbl Oap
JKOHE OJICTTE TOJIBIKTAYBINI apKbuibl epHekTeneni. PAPR Oenrim 6ip [lekti 7y ackin
KETY BIKTUMAJIJBIFBIH KOPCETETIH KyMyJlsaTUBTIK TapaTy ¢yHkuusacel(CCDF -
Complementary Cumulative Distribution Function):

CCDF(y)= P[PAPR> 1] (1.4)

Erep uudpablk cuUrHangbplH camachkl pa3psSATHIK KaTeIlK >KbUIIAMIbIFbIMEH
(BER) 6arananca, koars! memryre aeiinrt OFDM curnansiHbIH canackl MOAYJISIUS
Kateniridig xeuigaMasirbiMed (MER) Garananansl. MER 1y rana emec, COHbIMEH
karap Ludpasik curnangapra eHrizuired 0apiblK i1IKi )KOHE CHIPTKbBI KeJepruiep MeH
rapMOHUKAIIBIK Oypmananynapabl kamtuasl. MER nb-meri Kyat KaTblHachl peTiHze
MbIHa (POpMyJIaMEH aHBIKTAJIA]IbI:

YR (12 +QF)
MER = 1011 1.
0810 SN =T 1 )2+ (0t @ )2 (1.5)

myHIarbl |k skoHe Qy - K-1mi imiki TachIMajaayIbiaa OepiieTiH CHMBOJIIBIH
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uneannsl | xone Q Kypammacrapsi,

| « skonHe Q« — K-1i iKi TackIMalgaymiblia OepiieTiH TaHOAHbBIH HAKThI | skoHe
Q xypamaactapsbl.

Hlexkmi ¢paxmopwin azanumy adicmepi. OFDM monynauusicel 0ap xyitenepae
[IIexTi K03 HUIMEHTIH TOMEHICTYIIH SPTYPJIl 9ICTePl KOJAHbLIaAbI, OJIap MAPTTHI
TYp/le CUTHAJIIbIH OypMallaHyblHa HETI3ENTeH OJICTepPre >KOHE CHUTHAJIJIBI
Oypmanaycel3 omictepre (CHTHaIABIH Mmu(pIaHyblHA HETI3NENATeH) OeHem .
Curnangsin OypMananysiHChI3 1llexTi (axkTopbsiH azailiTy omicTepi (CUTHAJIIBIH
mu@praaHyblHa HETI3JENreH) KOChIMINA 1IIKI TachIMajaylibUlapAbl HeMece
paspsATHIK Ti30€KTEpal MaiiamaHyAbl, COHAA-aK KOCHIMINA akKmaparTbl Oepyai
KAMTHIBI.

byn omicrep BER, MER gerpaganusicelH *oHE Iuana3oOHHAaH THIC CHTHAJ
KOMITOHEHTTEPIHIH YJIFAIOBIH TyAbIpMaibl, Oipak ojiap KaXXeTTi paspsj YJIriIepiH
Taly YIIIH alTapibIKTail ecentey KyaThlH KakeT ereii. CurHanmapabl mudpiieyre
HET13/IeITeH dJIicTepre, aTan alTKaH/a:

- Kanamapae! typaenaipy [40];

- KOMEKIII1 Ti30ekTi KipicTipy [15];

- TAaHJIaMaJIbl ICHIeH TUCTLICH jKkoHe OesiHreH Ti30ekTi 6epy [31];

- )KBIIKBITY %oHE OJOKTHIK KoaTay [11];

- TOHJIBI pe3epBTey[19];

- IBIOBICTHI eHTI3Y [42];

- CUTHAJI IOKXXYJIBI3BIHBIH OeniceH/ 1l keHeroi[41, 59, 60, 61, 64, 78].

bypmanayra Heri3nenreH mblH-(pakTopsl azaity aaicrepi OFDM curHaibiHbIH
rapMOHUKAJIBIK OypMajlaHyblHa OalIaHBICTHI IIBIHAAPABI Oacyasl KaMTHABL by
omicTep ICKe acChIpyIbIH KapamabIMIBUIBIFBIMEH KaTap akChl €H IKOFaphl
KaObu1IaMayIbl KaMTaMachl3 €Tejll, Oipak oJap COHBIMEH KaTap 1pIKTEY JKOHE apHailbl
CYy3riuiey apKbUIbl kakcapTyFra 0omarein BER gerpagamnusiceina okeneni. bypmanayra
HET13/IeJITeH dJIICTepre MbIHAIAP JKAaTaJIbl:

- CBI3BIKTHI eMec KoMmmanaupiey [58];

- MOJTHECYIIUX IIBIHAAPBIH Oacy [14, 15];

- ke31eicok (hazasbik biFbicy [33];

- KOHBEPTTI MacmtadTay [14, 21];

- KJIUIIITHHT JXoHe cy3y [33, 36].

XKorappia atanran oficTepAiH KeMOIpiH KbICKallla KapacThIpalbIK.

Kubin any xoHe cy3y. JleHredt OOMBIHIIIA CUTHANIBI IIEKTEY 9iCl (KUBIN ally)
CUTHAJ IIbIHAapbiHA Kecynal (kutoabl) Hemece lllexTi koadduimMenTin a3zailTy yuiH
CUTHAJI JICHI€HiHIH CBI3BIKTHI eMeC KaHBIKTBIIBIFBIH KOJIJaHyFa HET13/ICIITCH.

Byn omicti ky3ere acelpy ©Te KaparaibiM, IET€HMEH Ke3 - KEJITeH CHI3BIKTHI
eMeC TYPJICHIIPY CUSKTHI OJ1 ’KOJaK 1IIHAET] )KOHE JUarna3oHHaH ThIC KeIepriiepaiy
naiija  OOMybIH  TyABIPAAbl, COHBIH IIIIHAE 1MKI  TachIMaIAaylIbUIaPAbIH
OpPTOTOHAIBUTBIFBIHBIH, OY3bITybIHA OKeNeTiHaep. byt of1ic kecy MeH cy3yi, COHIaii-
aK aBTOMATTHI MIEHTM KaObUI1ay allfOpUTMIEPIH KOJIIaHy bl KAMTHIBI.

Hlexti K03(pPUIMEHTIH a3alTyAbIH KapamablM CXeMachl >KiOepieTiH
CUTHAJIJIBIH MAaKCUMYMBIH aJIJIBIH - ajia OeNTiJICHTeH JACHrenre AeiiH meKTe i, oipak
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OHBIH KeJIeCl MaHbI3/Ibl KEMITUTIKTEp1 Oap:

- Kecy Oypmanayra okemnefl, SFHU KaObUIJaHFaH CHUTHAll —CalachblHBIH
TOMEH/ICYIHE;

- KWAIO KepIlll apHajapra KeJepri KedTIpeTiH Juama3oHHaH  ThIC
HIBIFAPBIHBUIAPABIH Taiaa OOMYbIH TYIbIPAIbI.

byn ocepniep cy3riiey apkbUIbl ilIiHAapa eTelesl, OipaK CHUTHAIABIH >KOFaphI
KUUTIKTI  Kypamjac Oemikrept OypManaHybl MyMKiH. COHBIMEH KaTap, CYy3y
oTepalusIChlHAH KeH1HT1 CUTHAJI TaHAaJIFaH KeCy JICHI€i1HEeH achIl KeTyl MYMKIH.

HerypnbiM  THIMAI JKOHE TMEPCIEKTHBAIBI HYCKa - TOJKBIH MIMIIHIHIH
OypMmallaHybIH a3aiiTyra ®oHE «CHEKTpPIl TapaTy» acepiepiH Oackapyra MYMKIHAIK
OepeTiH Tepe3e PpyHKIUsIapbIH mananany. by omic asceiana OFDM curnans MeH
calMaK Tepe3eci (PYHKUMSICHIHBIH JIOTUKAJIBIK KOOEHTIHICT apKbLIbl aJbIHFAH
MYJIbTUIUIMKATUBTI CUTHAJ KWbUIaJbl. Byn skarmaiiga oMICTIH THIMILUIIT KeOiHece
Tepese PyHKIUACHIHBIH Oapadap TaH1aybIMEH aHBIKTAJIAIbI.

Tanmamainbl AEHTeH/ 1 CaTBICTBIPY KOHE OOTIKTENTeH NOUEKTUTIKTI TaChIMaay
(Selective Mapping - SLM). SLM amroput™min KojjaHy apkbuibl Lllekri
kodhdummentin azaiity ymin OFDM cumBongapeiHbiH  OipHemie Oanamalibl
KepiHicTepi xacananbl. EH ken tapanran xarmaiina OFDM cumBonbiHbIH (ha3ackiH
©3TepTETIH Ke3/1eMCOK BEKTOpIIap KUHAFbI xKacanajpl. Calibll Kenrexjae, 0epy YIIiH eH
kim [lexri pakTopsr Oap TaHOa TaHIATAbI.

SLM anroput™i Kelecl KaaamaapAaaH Typaabl:

- OFDM cuMBOJbIHBIH (ha3achlH ©3rEPTETIH KE3/IEUCOK BEKTOPJIAP >KUBIHBIH
KYPY,

- anblHFaH BekTopaapasl Kipic OFDM cuMBoIapbIHBIH KelllipMelepiMeH
KOOeuTy,

OFDM cuMBOJIIapbIHBIH )KUBIHTBIFBIH KAJIBIITACTHIPY;

- kabbumanran OFDM cumBosnapst yirid [lekti koagduiineHTin ecenrey;

- eH kimi [lexti pakToper 6ap OFDM cumMBombIH Oepy YIIIiH TaHaay.

TuiMAUTIKTI apTTRIPY YIIIH 9nieTTe (Da3anblK BEKTOPJIAPIBIH CAHBI IIEKTEINE/I.
Omap TapaTKpIill eH KaObUIIAFBIIITA CaKTaIaabl )KOHE KaObUIIAFbINIKA TEK TaHJaIFaH
BEKTOPJIbIH CaHbI Ki0epiiemi.

by anroputMai icke acelpy yIIiH OipHele nmapaiiesb OIICTIH KypAeTiIiriHe
aitapneikTait ocep eretin OFDM momynsitopiapsl.

Touner Oponpmay (TR). TR anropurmi kypaem ammiutynanapsl Llexti
dakTopbIiH Oacyra apHaJFaH KOCAJIKbl TachbIMajaylIbUIapAbl €HTI3y YIIH CHUTHAJ
CIIEKTPIHAET1 MO3UIUSIAPAbI pe3epBTeyre HerzaenreH. by anroputm OFDM mibiFsic
CUTHAJIbIHA CHI3BIKTHIK eMec OypMalianynap/ sl eHrizoeiiai. KocsiMiiia OeaiHreH KUK
PECYPCHIHBIH €Hi Pe3epBTENTeH KOCAIKBI TACHIMAAYIIbIAp CAHBIMEH aHBIKTAJIaIbl,
aKMapaTThIK 11IKI TaChIMAJIIAYIIBIIAPLIH CaHbl ©3T€PICCI3 Kalabl.

byn anroputm pesepBTENreH KOCAJIKbl TaChIMAJIAYIIbUIAPABIH OHTAIIBI
Kypaeni amrmuutyaanapsiH [udprieik i3geyre OailIaHBICTBI JKETKUTIKTI YKOFaPHI
ecenTey Kypzaenuiirine ue, Oyn kezne munuManisl Lllexti daktop koddduirenTi
KaMTaMachl3 eTuiefl. byn Tocinm yiakeH ecenTey pecypcTapblH KaKeT eTeTiH
OHTaMIaHIBIPy MACEJIEeCIH Mmenryl Oumaipe.
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[Mlexti  dakTop KodDPUIMEHTIH a3alTyAbIH OYJI anrOpUTMIHIH OacThl
apTBHIKIIBUIBIFBI - KOChIMINA (YIIIHIII Tapall) akmaparThl TachIMajaay KaXeTTUIITHIH
0oJIMayHI.

bnokmur koomay. BIOKTBHIK KOJTay alrOPUTMJIEPIHE HETI3ACNITeH OAICTep
KOJTAYIIBIHBIH KIpiC KOMOWHAIIMSAIAPBIHBIH KUBIHBIH O€pUIreH JEHIeiIeH acaiThiH
WIBIHABIK Kod(hduireHnTi Oap ce3aep KHUBbIHBIHA CaJIBICTBIpyAaH Typaabl. by
Karaiaa skioepuireH xabapiiaMaaarbl apTBIKIIBUIBIK a3fan apTaabl. byn omictep
TOOBIHBIH ~ KeMINUIri - Oy eTe JKOFaphl ecemTey  KypAenumri  imki
TachIMaJIayIIbIIap IbIH CATBICTRIPMANIBI TYpAE a3 canbl 0ap OFDM curnanmapeiama
KOJTAaHYIbIH HAKTHI MYMKIH/IIT1.

bencenmi moxxyiae3 keHertimi (Active Constellation Exten- sion — ACE).
ACE omiCiHIH TPUHIUIN  IMOKXKYJIIBI3ABIH  CBIPTKBI  HYKTEJEPIHIH  OpPHBIH
nuHaMuKaibIK Typae LekTi ¢pakTopbIH a3aiiTy YIIiH e3repTy OoJIbIl TaObLIaabl.

By omicTi xy3ere achipaTblH pEKYpPCUBTI MpOIEAypa Kejeci onepanusiapiabl
KAMTH/IBI:

- )kuimik qomeHinae OFDM cuMBOJIBIH KOpPCETY;

- CUTHAJ/Ibl YaKbITTHIK aliMaKTa KOPCETUITeH MOHHEH acaThIH JICHreure AeiiH
HICKTEY;

- JKUUTIK JOMEHIHE KaWTa-KalTa TYpJCHIIPY J>KOHE IICHIiIMEreH OarbITTa
KO3FaJIFaH MOKXYJIJIBI3BIK HYKTEIEP/Il KalIbIHA KEATIPY;

- peKypcus: UTepaluusuiapiblH OCKITUITeH CaHbIHA >KETKEHIe JEWiH YaKbIT
JIOMEHIHET1 aybICy HYKTECIHE Opally.

Twuicinme, ACE anroputmi MbpIHaJIapIbl KAMTH/IBI:

- OepinreH Kod(hQUIMEHTIICH CUTHAABI KaiTa ipiktey (apajblk MOHAEP
HOJIZICPMEH TOJITHIPBLIA/IbI);

- O[I1® xemeriMeH cUTHaNIbI TYPJICHIIPY;

- CUTHAJIJIBIH, IIIEKTEITYi;

- ®dypbe  TYpACHIIPYIHIH  Y3BIHABIFBIH  MPOMOPIHOHANALI  (OepinreH
ko3 dunmenTke corikec) KpickapTymMeH 1M kemeriMeH CUTHAIIBI TYPICHIIPY;

- CUTHAJI MIOKXKYJIJIBI3bIHBIH KEHEIO1;

- CUTHAJI IOKXKYJIJIBI3IHBIH KEHEIOIH MIEKTEY;

- )KUUTIK OOJIBICBIHAFBI IBIFBIC CUTHAJIBIH alTy.

OMICTIH THIMALUIIT HETI31HEH LIEKTey JeHreliH Tanaayra OainanpicTsl. Llekri
(akTOpPBIH TOMEHAETY OIICTEPIH CANBICTRIpMANBI Taijay Hotwxkenepi [14, 15] 1.4
KeCcTee KeNTIPIITreH.

Hudpapik xabap Tapary >XyHenepi MEH XKaOJbIKTapblHAa, aTam alTKaH[a,
PaguoTapaTKBIII KYPBUIFBUIAPABIH TEXHHUKAIBIK-DKOHOMUKANIBIK KOPCETKIIITEePiHE
KOWBUTATHIH TaJIANITapAbl €CKEPE OTHIPHII, €H TAaHBIMAJI 9IICTEPre eCenTey KYpACIiIiri
TOMEH JKOHE CHUTHAIIApAbl OHJACYAIH KYpJeal aJlfOpUTMIEPIH MaimanaHy bl KaKeT
ETIEHTIH 9MICTEP KATaAbl. PAIUOTAPATKBIII KYPBHUIFHIL.

Ocpunaiima, udpasik xabap tapaty curHanaapbiHbiH [1lekTi dakTopsiH 6acy
QITOPUTMJIEPl MEH OJICTEepPiH OJaH opl JKETUAIPY MOCENECIiH MIeNly CHUTHAT
aAMIUIUTYIaChlH IIEKTEY OJICTEPIH KaHAPTy >KOHE JdaMbITy OaFbIThIHAA IKYy3€re
aCBIPBLIYBI KepeK (KUBII ajy 9J1iCi %oHE OHBIH COPTTAPHI, MBICAJIBI: TEPE3€ CaIMaFbIHA
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HETI3/IeIITeH JJIICTeD).

1.4 Kecre - lllexTi hakTOpbIH TOMEHAETY 9ICTEPIH CATBICTHIPY

oici Ecenrey Herpananus | Azaity ApTTBIpY
KYpPAENiIiri CUTHAJ KBUIAAMJIBIK | KyaT CUTHAJIbI
oepinyi
Kecy ’KoHe TOMEH ust KOK KOK
cY3y
CBI3BIKTBIK €MeC YHIECIMIUTIK | TOMEH us KOK KOK
TaHaMalIbl OeifHeney KOFaphbI KOK ust HKOK
TOHJIbI OpOHJIAY opTama KOK ust KOK,
TOH/BI €HTi3Y oprama ust KOK usi
OJIOKTBIK KOJTAY KOFapBI WKOK ust KOK
MIOK)KYJIABI3ABIH  OeJiceHai | opramia ust KOK ust
KEHEI01

1.3 Hudpabik xadap Tapary xKeJdijiepi MeH KaOAbBIKTAPbIH KeTLIAIpY
7KOJIAApPbI

3amanayu nudpIibIK 3QUpIik paguoxadap Tapary KyHelepiHiH KoHEe olap/IbIH
KYPBUIFBIJIAPBIHBIH, HETI3T1 CUMaTTamaiapbl MEH EPEKIIETIKTEepiH Taljgay OJiapibl
KETUIIPYAIH KeJecl )KOIIapbIH aHbIKTayFa MYMKIHJIIK Oepei:

-OpTYpJIl KaFAailiap/a »KOoFaphl carajibl CUTHAIBI KaObUIIAay bl KaMTaMachl3
€Ty YIIiH Xyie mapaMmeTpiaepiHiH >KUBbIHTHIFBIH OHTAWIAHBIPY;

-OTepaTOPIbIH TUMTIK JKOHE JKEKE €PEKIIETIKTePIH €CKEPE OTHIPHII, TaAPATKBIIII
KaOABIKTHl OHTAMIIBI TAH/IAY;

-IMUPPIBIK ~ CUTHAJABl  KANBIITACTRIPY KOHE  OHJACY  alTOPUTMICPiH
OHTaWJIAHIBIPY.

Keninep men unudpasik xadap TapaTy ka0IbIKTAPbIH )KETULIIPY/I1H aHBIKTAJIFaH
YKOJIIaphl HET131H/IE KeJleCcl MaKcaTTapFa KO JKETKI3y KaxKeT:

-OpPTYPIIL JKaFAainapaa KaObUTAayIbIH )KOFAphl CallaChlH KAMTaMachI3 €Ty YIIiH
uudpablk  paguoxabap TapaTy >OKYHMECIHIH TmapaMeTpiepiH TaHjaay OoUbIHIIA
YCBIHBICTAp 31pJIey;

- OpPTYpIi KOH(UTypalUsIIaFrsl Xadap TapaTy KeIUIePIH/Ie KOTl KUITIKTI HeMece
O1p KULTIKTI TEXHOJIOTUSIHBI TaHay OOMBIHINIA YCHIHBICTAP J31pIiey;

- OTIEPATOP/IBIH TUTITIK KOHE KEKE EPEKIISTIKTEPIH €CKEPE OTHIPHII, CATTMAKTHIK
dakTopap xyieci Heri3iHAe MUQPPILIK Xabap TapaTy xKabAbIFbIH TaHAAY 9J[ICTEMECIH
a3ipIey;

- 1udpaplKk xabap Tapary oKyHelepiHIe KOCaJIKbl JepeKTepal  Oepy
MYMKIHIIKTEPIH THIM/II MTai1aiany OOMBIHIIIA YCHIHBICTAp 931pJey;

- 0azaiblK JKOJAKThl CUTHAJAapAbl Kecy HeriziHae DRM crangapThIHBIH
nudprablk  xabap TapaTy CHUTHAJBIHBIH IIBIHIK  KO3GOUIIMEHTIH a3alTyIbIH
Mo (UKaIMsIaHFaH aIropuTMiH xacay [18];
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- DRM curHangapbIiHbIH YHEPTETUKAIIBIK KOHE aKMapaTThIK CUMaTTaMalapbiH
3epTTEY/l KaMTaMachl3 €TETIH MOIU(PUKAIUSIAHFAaH MOJICIBEY 9IICTEMECIH d3Ipey
JKOHE OaFaapiiaMalblK KaMTaMachl3 €Tyl eHr13y;

- IaJlajIbIK ChIHAKTApP KE31H/€ CUTHA YJTUIEPIH jKa3y/ bl ®KoHE SPTYPJIl HyKTeep
MEH KaObuiJiay CIICHapHiyIepl VIIiH JKa3blUIFaH JEpeKTep/l KEHIHT1 Taljayabl Koca
alFaHia, KajlajgblK opTajga UU(piblK xabap TapaTy CUTHAIJIAPBIH SKbULKbIMAJIbI
KaObLJI1ay camachlH ChIHAY IBIH MOAU(UKAIIMIaHFaH 9/IICTEMECIH d31pJey.

Ocpiran OaliaHBICTBl ajifa KOWBUIFAH MakcaTTapFa KON JKETKI3y VIIiH
COMKeCiHIIIe KeJeci MIHACTTEP Il eIy KaXKeT:

- Iudpneik xabap Tapary Kyieci mapameTpliepiHIH OpTYpsl Karmanaapnaa
CUTHAJIIIBI KAOBLI/IAy camachlHa OCEPIH 3epTTEY Il KYPTi3y;

- OpTYpAl KOHQPUTYpalMsUIbl S>KeNiepAe KOIDKUUIIKTI >KoHE Olp JKUUTIKTI
TEXHOJIOTHUsUIap HEri3iHAe UU(PIBIK Xabap TapaTy >KelUlepiH Kypy HYCKaJapblH
3epaeney;

- KOJJAHBICTaFbl HHUQPPIBIK Xxabap Tapary KaOIbIFbIHBIH TEXHUKAJIBIK
cunaTTamanapbl MeH (yHKIIMOHAJIIFBIH TAJIIAY;

- udpablK xabap TapaTy KyHenepiHAe KOMEKII JEpeKTep.l TachiMalaay
YKOJIJTAPBIH 3€PTTEY;

- DRM xylieciH MoJenpaeyaiH KOJJIaHBICTaFbl 9JIICTEpl MEH KypaaapbliH
Tanuay;

- DRM curHasibIHbIH WBIH-(GAKTOPBIH 3€PTTEY YUIIH MOJENIbACY 9IICTEMECIHIH
KYPBUIBIMBIH TaHJAy KOHE HETI3/EY;

- DRM curnangapsinbig, ekt ¢pakTopblH a3aiTy oAICTEPIH CalbICTHIPMAIIbI
3epTTEYl KYprizy;

- IllexTi ¢akropsiH azaiiTy TyprbicbiHaH DRM curHangapblH OHTalIaHABIPY
KPUTEPHUIIEPIH HETI3]EY.

by nmumIoMasIK JKYMBIC alifa KOWBLIFAH MIHACTTEPIH KOIIIUIITH MICIIyTe
apHaJIFaH.

Hudpneix xabap Tapary ky#enepine Kosnanbuiateii OFDM  curHaibiHBIH
IIBIH-(DaKTOPBIH a3alTy 9MICTEPIH CATBICTHIPMAIIBI Oarasiay Kecy ofICiH d31piiey KoHe
YKaHAPTY HETI31HJIe MIBIH-(PAKTOPBI a3alTy SJICTEpl MEH AJITOPUTMIEPIH OJaH opi
KETUIIIPYI1H OPBIHABUIBIFEI MEH MEPCIICKTUBACHIH KOPCETTI.

Keninep ™en uudpasik xabap Tapary KaOIBIKTAphIH KETUAIPYAIH
MEPCIIEKTUBAJIBIK KOJIJIAPbIH Oaranay HOTHXKeIepl OONBIHINA JUTIIIOMABIK 3€PTTEY I1H
HETri3r1 MaKcaTTapbl MEH HAKThI MIHAETTEPI1 Kejecl OarbITTap OOMBIHILA 3epTTEyep/Il
KAMTHTBIH TY>KBIPBIMIAJIIBI:

- upIIBIK Xabap TapaTy TapaTKbIIITAphIHA KOWBUIATHIH TajJanTapIbl HETi3Iey
oJICTEMECIH d3ipJiey;

- temengetuiren lllexri koadduimenti 6ap DRM crannapThiHbIH HUGPIIBIK
xabap Tapary CUTHAJIJApbIH KaJbIITACTHIPYIABIH MOAUUKAINMIIAHFAH aJITOPUTMIH
KYPY;

- DRM curHangapbIiHbIH YHEPTETUKAIIBIK JKOHE aKMapaTThIK CHUMaTTaMalapbiH
3epTTEy MAKCATHIH/Ia MOJIENBICY JICTEPIH O3TEPTY KOHE CHT13Y.
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2 HU®PJIK PAJIUO XABAPJAMACBIHBIH KYWECI MEH
AKEJUIIK IIEINIMAEPIH 3BEPTTEY KOHE 93IPJIEY

2.1 Iludpabik xabap Tapatry :Kyiieci mnapamerpJiepiHiH
JKaFIaiyiapaa CMrHaIIbI Ka0bLIIay canachblHbIH JCePiH 3epTTey

Ipryp.i

DRM crangapTeiHbIH HUPPABIK Xabap Tapary »kyieci [48] OipkaTap
napameTpiiepal maigaiaHaabl, OJIapAbIH MOHJIEPl OPTYPHl Karmaijapaa CUTHAIIBI
KaObUIIay caracblHa OPTYPHl ocep eTedl. OpTypial KaObuimay ClieHapuiiaepi YIIiH
KYWEHIH €H >KOFaphbl THIMITITIH KAMTaMachl3 €TETIH OHTAWIIBI TapaMeTp MOHAEp1 Oap.
[TapameTpriepaiH ©H OHTAWIBI JKUBIHTBIFBIH TaHIAy BIKTUMA HYCKaJIApIbIH
OpTYpJLIiriHe OalIaHbICThI 6T€ KUBIH MIHIET OOJIBIT TaObLIAIbI.

DRM sxyiiecinmeri xi0epy pexumi €Ki TONKa OeJIHreH mNapameTpiiepMeH
aHBIKTAJIA]IbI:

- CUTHAJI 6TK13y KaOlJIeTiHIH IapaMeTpJepi;

- Oeputic THIMAUIITIHIH TapamMmeTpiiepi.

[Tapametpnepain OipiHIii TOORI OEpIIETIH paaroOar1apIaMaHbIH KaJIIbl JKULTIK
pecypchiH aHbIKTahabpl. EKIHIN TOm maijmanbl OUT KbULIAMIBIFBI MEH OepijeTiH
CUTHAJIJIBIH ITYBUIFA, KOTI 3KOJIbI skoHe Jlomiep addekrisiepine OepiKTIiri apachIHIaFbl
OailJTaHBICTBI AHBIKTAN/TBI.

2.1 Kecte - DRM curHaiabIHbIH 6TKI3Y KaOLJIETIHIH apameTpiiepl

Pexxum Kmin/ Kmax 1IIK1 TackIMaIgayIibl HOMIpJIepi opTypi
TYPAaKTBUIBIK cnekTpAl 0eny pexxumaepi
0 1 2 3 4 5
A Khmin 2 2 -102 -114 -98 -110
Kmax 102 114 102 114 314 350
B Kmin 1 1 -91 -103 -87 -99
Kimax 91 103 91 103 179 311
C Kmin - - - -69 - -67
Kmax - - - 69 - 213
D Kin - - - -44 - -43
Kmax - - - 44 - 135
E Kmin -106 - - - - -
Kimax 106 - - - - -
Eckepty - A Ttypakthuiblk pexuminge —1, 0, 1 cangapsl Oap 1imiki

TackIMaaymbIIap nananansuiManael; B, C, D TypakTeuibiK pexxumMaepinae 0 caHsl
0ap KOocaJKbl TachIMAAAYIIbLIIAP TaiiTalaHbUIMAIbI.

Curnan eTki3y KaOIIETTUTITIHIH TapaMeTpiiep TOObIHA CTIEKTP/l 06y pexuMi,
K kocankpl TaceiMangaymsuiap canbl (Kmin-HaH Kmax apasibIFbIHAQ) )KOHE OJIap IbIH,
TachIMaJIIayIIbl JKUUTITIHE KATBICTHI OeJiiHyl katanbl. CUTHaI OTKi3y KaOUIeTiHIH
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napametpiiepi MeH DRM TypakTbUIBIK peXuMIepl apachlHIaFrbl Oaitnanbic 2.1-
KecTee KopceTiareH [48].

30 MI'u-teH TeMeH xabap Tapary 9JIeTTe HOMHUHAJILI ©TKI3y KabineTi 9 kI
)koHe 10 kIl apnHanapasl mnaipamanHaasl. DRM  cranaapThl CUTHAIIBIH  OCHI
HOMUHAQJIJIBI KUK JKOJAaKTapblHIAA OPHAJACTBIPBUIYBIH KaMTaMmachl3  €Tejl,
OChIJIalIlla aFbIMIAFbl JKUUIIKTI KOCHApJIayJblH ©3repicci3 KajdyblHa MYMKIHAIK
Ooepeni. CoHbIMeH Karap, curdHai Simulcast pexumiHAE >XYMBIC ICTEY YIIIH
(aHAJIOTTHIK CUTHAJIMEH Oipre) KOpCEeTIITeH HOMHHAIILI KHUUTIK JTHAa30HIapbIHBIH
XKapThIckiHA (4,5 koHe 5 KI'I1) OpHAIACTRIPHUIAIIBI, KOHE €Ki €CeJICHTCH HOMUHAJIIBI
KULTIK xonmakrapbiaaa (18 sxone 20 k['m) kuiMIKTI )KOcmapiiay MYMKIHAIK OepeTiH
YKaFIaiapaa eKi ecellk KyaTThl KaMTaMachi3 €Ty.

30 MI'u xorapel, DRM + nomunanaer 100 xI'1y eTki3y KabiieTi 6ap apHazapibl
naianaHajbl.

Cnextpai Oeny pexumjaepl MEH apHa OTKi3y KaOlJIeTTUIr apachIHIaFbl
Oaitnanbic 2.2-KecTene kepceTuireH [48].

2.2 Kecre - Cnextpai Oemy pexumaepi meH DRM apHacbiHBIH OTKI3y
KaOUIeTTUIIr apachbiHarbl OalIaHbIC

TypakTeuiblK | ApHaHBIH JKOJIaK €Hl, K['1, CHeKTpIl OpHaJacTBIPYIBIH 9pTYpii
pexumi pEXUMIEPIHJIE
0 1 2 3 4 S
A/ B,C,D |45 8 9 10 18 20
E 100 - - - - -

Tpancmuccust THIMAUTITIHIH TapaMeTpIiepl 63 Ke3eriHae €Ki TomnkKa OeiHe/:

-KOJ JKBIIaM/IBIFBl MEH CHTHAJI OFBIPBIHBIH ITapaMeTpIIepi;

-OFDM cuMBOJIBIHBIH ITapamMeTpIIepi.

Kanmbl MyJbTUIIEKCTEH KbI3METTIH HEMEeCe KbI3METTIH Oip O6JIiriHIH KaXKeTTl
TYPaKTBUIBIFBIH KamMTamachkl3 ery yimmH DRM cranmapTel omnmusiap >KUHAFBIH
KaMTaMachl3 €Te/l.

bip nemece eki aeHreinl Kopranbic. Konjgany maprrapbiHa OaijaHBICTBHI
OCpIKTIKTIH OYJI IEHrensepl Ko/ *KbUIIaM/IbIFbIH, CUTHAJI IIOFBIPBIHBIH OJI1IeMiH (4-
QAM, 16-QAM, 64-QAM) coilkec TaHIay HEMeECE HEPAPXUSIIBIK MOIYIISIUS
PeXUMIEPIH Maii1ajaHy apKbUIbl KAMTaMachl3 €Tyl MYMKIH.

ToxxyIbI3 emeMi MeH KOJ JKbULIAMIBIFBIH TaHAAy KaMTy aiMarbIH/Ia KOJ
xeTkizyre OonatbiH ecentenren C/III  apkbuibl aHbIKTanaabl. ['aycc apHachl YIIiH
ToXIpuOenik 3eprreynep [39] HoTmwxkenepiniH Herizinae ansiaFad DRM+ xyiteci yiriH
YCBIHBUIATHIH KOd(hpurmenTTep 2.3-kecTene KopCeTiIreH.

XKanmer, DRM >xyliecinmeri 11Ki TachIMaIayiblIapIblH KO KbUIIaMIbIFbIH
JKOHE MONYJSIIUACHIH —TaHJaay Kkpurepuidnepi Oacka [ludprubik Tenepamno
XKyuenepinaerire ykcac. JKorapsl KOJT )KbUIIaMIBIFBI )KOHE MOYJISIIHS TallChIPhICTAPhI
YKOFapbl JIEPEKTEP KbUIIaMIBIFBIH KaMTaMachl3 eTel, 0ipak >korapsipak C/I1I kaxer.
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2.3 Kecte - DRM + xyiieci YIIiH CUTHaIABIK HIOKXKYJIJBI3 OJIIEMIHIH, KO
XKbLIAAMIbIFbIHBIH JkoHE C/I1I KaThIHACBIHBIH YCHIHBUIATHIH aPaKaThIHACHI

Cur”anabiK Kon xbuimamaeirel | MoniMeTTepai En a3 xateiHacer C/
IOKXKYJIbI3 TackIMasgay III,n1b
KBUIaAMJIBIFBI,
KOHUT/C
4-QAM 0,25 37,3 4,2
0,33 49,7 51
0,4 59,6 59
0,5 74,5 6,2
16-QAM 0,33 99,5 8,9
0,41 122,4 11,1
0,5 149,1 13,0
0,62 186,4 16,2

2.4 Kecre - DRM xylieciHIH TYPaKTbUIBIK PEXUMIECPIH KOJAAHYbIH THUIITIK
HIApTTaphbI

TypaktbuiblK | TUNTIK KONIAaHY MIAPTTAPHI

pexuMi

A Eneyci3 emnyi 6ap ["aycc apHanapsbi.

HY, CY, xonakrapblHAAFbl >K€p YCTI paguOTONKbIHBL, 26 MI'n
JAAna30HbIHAAFbI TIKEJeH PaIUOTOJIKBIH. Hepexrepi
TachIMaJIayAblH MaKCUMaJJIbl )KbIJIIAM/IBIFBI KAMTAMAChI3 €TUIEI.

D VYaKpIT MeH XKUUTIKTI TAaHAAYJIbI apHAJIAP dKOFAPbIPaK
KigipicTiH Tapaixy Memmiepi. MoHochepanbiK paAoTOIKbIH.

C B TypakTBUIBIK pexuMiHE Coiikec, Oipak YJKEHIpeK Ioriep
aitmarpiMeH. O Tapaity HapTTapbl Kypaelipek 00Jica, MbICaJbI, KOTl
MIaFBUIBICATBIH  Y3BIH  JKOJJIAp  HeMmece  OipHemie  KYIITI
HIaFBUTBICYJIAPBI 0ap PaIUOTOIKBIHHBIH JIEPIIIK TIK Tapalybl KE31H]IE
KOJITAaHbLIA/Ibl.

D B xone C TypakThUIBIK pexKUMIEpiHE coiikec, Oipak Oap
alTapJbIKTal y3arblpak Keury skoHe [lomiep aitmarsl

E 30 MIu-teH >kofapbl Juana3oHAAaFbl YaKbIT TI€H JKUUIIKTI
TaHJaMaJsibl apHaiIap

OFDM ran6aceinbig napametpiepi, mbicaiibl, OFDM CHUMBOJIBIHBIH Maiiaasbl
OOMITiHIH Y3aKTBIFbl, KOpPFay apaibiFblHbIH Y3aKThiFbl, OFDM  CcHMBOJIBIHBIH
y3aKkThIFbI, OFDM  KafpbIHBIH Y3aKTBIFBI, 1K1 TachIMAJIAyIIbLIApD AapaChIHIAFbI
KUK apanbsikTapsl [48] Oepinren sxone 1.1 6emimMine Tankpiianaasl. bapasirst DRM
CTaHAapThl OepikTik pexxumaepi aen atainateiH OFDM tan0a mapamerpiepiHiH Oec
KuHarbiH aHbIkTaabl: A, B, C, D xone E. Anramkel topteyi 30 MI'r xuismik
nuamna3zonsiHa (DRM30 pexumaepi), conrbicel E , 30 MI'11 skorapbl auana3oHIbI
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ouraipeni ( DRM + pexxumi). DRM sxyiieciHiH TYPaKTHUIBIK PEXKUMACPIH KOJIaHYABIH
TUITIK MapTTapsl 2.4-kecreae kepcetuirex [28, 43].

YnkeHipek Kopray MHTEpBajbl 0ap peXUMJl TaHaay YJKEHIpeK Oip KHUITIKTI
JKETIep Il J)kacayFa MyMKIHIIK Oepeni. Exinii sxarbiHaH, Oipaei 0acka mapaMmerpaepi
06ap OFDM cuMBOJIBIHBIH Maijansl O6JIriHIH y3aFbIpakK Y3aKThIFbl Oap CHUTHAJIBIH
Homep addekricine TO3IMAUNI Hamap, SFHU. OHBI TE€3 ©3TepeTiH apHalapja
TUIMIUIITIH TOMEHeTel. Opecken Oaranay yuIiH >KyWeHiH Oipaeil mapamerplepi
yuiin Jomnep a¢dekricine curHaa Keaeprici 1K TachiMajiaylibliap apachlHAarbl
KUUTIKTI OeJyre MpPONOPIHOHANABI JKOHE TachIMAJJAyllbl JKULIITIHE Kepi
MPOTIOPIIMOHAIIABI JAen Ooipkayra Oonaapl. Mpicanbl, 6acka HOpcenep TeH OoiFaH
JKaFaiia, TYPAKTBUIBIK PEXKUMI «A» KOHE TachIMaaaymisl xuimiri 4,7 MI'1 xyiie
«D» TypaKTBUIBIK pexuMi xoHe 12 MI'n TackiMaiigayiibl KUUTITT 0ap Kyle CUSKTBI
Homuiep adpdexTicine mamameH 0ipAeii UMMYHUTETKE Ue 00Iaibl.

Ocpuraiiia, TYpakThl aHTEHHaNapbl Oap KaObUIIAFbIITAPFA  KOFAPHI
KBUTTAMABIKTBI KbI3METTEP/A1 (KOFaphl camaibl JIBIOBICTBIK OarmapiiaMaliap) KeTKizy
YIIH «A» TYPaKThUIBIK pexuMi eH TuiMal 6onanbl. Kepiciniie, ysbl TeiaedoH yIIiH
KaObU1J1ay peKMMI TYPAKTBUIBIK pekuMi «Dy» TaHaaIysl KEpeK.

Taceimanay apHaCBhIHBIH CUTIaTTaMajapbl 9pOip HAKTHI KaF1ai1a alTapabIKTai
miamipipayra ue 0oJiybl MYMKIH €KEHIH €CT€ YCTaraH OH, COHIBIKTaH opOip HaKThI
KaObU1J1ay CIEHAPHIil YIIIH KeJll HaKThl JKarjaiiapaa chlHaybl Kepek xkoHe DRM
YKYHECIHIH MaKCUMAaJIAbl THIMAUTITIHE KOJ JKETKI3y YIIIH MapaMeTpiiep Ty3€TUIIl.

2.2 Ilugpasik paguoxadapabiH 6ip KUUTIKTI KeJij1epiH Kypy HYCKaJapbIH
3epTTey

2019 xbuel Kazakcran PecnyOnukachiHla aHAJOTTBHIK Tenexabap Tapaty
TOJIBIFBIMEH o1TipLIl )koHe upasik DVB-T2 crannapTeiHa Keliry xy3ere achIpbLUIIbI
[47, 51]. Tenenunapaars! nUPpILIK Xabap TapaTy hopMaThiHa KOIIYIH MPAKTHKAJIBIK
TOXKIpUOECIH paguoxadap Taparyabl HudpIaHAbBIPYyIa COTTI KomanyFa 0onanbl. Atamn
alTKaHaa, Teneauaapaa Oip >KUITIKTI CHHXPOHBI JKEIUIePAl KOIaHy TXIpHOeciH
[40, 93] Gip >kuimikTi UG PIBIK Xadap TapaTy KeITUIepiH KYpy/aa naiigananyra 00m1aibl.
TonblK CHUHXPOHIBI Kejai OipHemie ToeMeH KyaTrThl LUQPIBIK Xabap Tapary
TapaTKBIIITAPbl HETI31HJE KYPBUIybl MYMKIH, KO3FaJlbIC Ke3iHJe aOOHEHT CYMIKTI
PaANOCTAHLIMSHBI THIHAAM OTBIPHIMN, O1p TAPATKBILIITAH EKIHILIICIHE Y3/I1KCI3 aybICaIbl.

EH kapamailbiM KJIaCCUKABIK O1p KUITIKTI jKelll O1p KUUTIKTE KYMBIC 1ICTEHTIH
doHE Olp CHUTHaJIJbl WIBIFAPATBIH €K1 apalbIKTaFrbl TapaTKBIIITAH TYpPAJbl.
KaObuiiaymibl jkaFbIH/Ia €K1 TAPATKBIIITHIH )KUBIHTHIK CUTHAJIBIH opOip TapaTKbIIITaH
KEJICTIH KEKe CUTHAJI KOJIAPbIHBIH UMITYJIbCTIK KayanTapbIHBIH KOCHIHIBICHIHA TE€H
UMITYJIBCTIK JKayalllleH SKBUBAJCHTTI apHa apKbUIbl OTKEH KAJIFbI3 CUTHAI PETIHJIEC
KapacThIpyFa 00Jaibl.

Mynnai 6ip )KMUTIKTI XKENiHIH TUITIK MBICAJIBI 2.1-CypeTTe KopCeTUIreH.
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~. Tapatrsmr 1

.

Tapatkemm 2

2.1 Cyper - Bip uiiK *KeTiCIHIH TUITIK MbICAJIbI

Taparkpimrap 0ip-0ipiHEH MKETKUIIKTI KAIIBIKTBIKTa OpHAJIACKaH AeN ecenTei
OTBIPBIIL, OJIAPJIaH KEJIETIH CUTHAJIAP TOYEJICi3 apHaiap apKblUIbl Oepiyie/ii IeT eCenTey
KepeK. ©OeTTe, KaOBUIAAFbII OJCTTe OpPTYPJ COYJEeJNeHY KyaTTapbl Oap
TapaTKbIIITapFa KaThICThI Ke37IeHCOK opHaaca ibl. COHIBIKTAaH KaObLIAay OPHBIH/IAFbI
OPTYPJIi CTaHIUSIAPAaH KEJIETIH CUTHAJI ICHTelIepiHie TeHrepimMcizaik 6ap. OChIHBI
ecKepe OTBIPHII, hspy Oip JKHUTITIHIH SKBUBAJIEHTTI UMIYJIBCTIK JKayaObIH Keyeciien
*Kazyra 0oabl:

hsen = hl(’E) +\/T — [ x hz(’E—A), (21)

MyHaarel hl, h2 - Tapamy apHaJapblHBIH »oHE opOip CTAHUMSIAH KEJETIH
CUTHAJIIAP/IbIH KYp/Iei UMITYJIbCTIK KayarTaphl,

A — KaObulmay HYKTECIHAETl CTaHUMSAJApAaH CUTHANJIApAbIH —Tapaiy

YaKbITBIHBIH albIPMAaIIbUTBIFBL;

B — kaOblgay HYKTECIHAET! CTaHUMsUIapJaH KEJETIH CUTHal JeHreHJIepiHiH
TEHrepIMCI3IIriHIH K03 PUITUEHTI.

Bip >KMUIIKTI KETIHIH KEMIIUIIT >KeJIiJeri opTypil TapaTKbIIITApAbIH 1IIKI
TachIMaJIayIbIIAPBIHBIH KEJCPT1ICpPIHEH TYbIHIAFaH CUTHANI CIIEKTPIHIH TOMEHLY1
0O0JIBII TAOBLIAIEL.

2.2-CypeTTe KYpbUIBIMBI OOWBIHINIA KOTEPEHTTI Olp >KUUIIKTI JKENiHIH eKi
TapaTKbIIIBIHBIH CUTHAIAPBIHBIH BEKTOPJIBIK JHarpaMMachl KepceTiiarex [6].

Kabpuinay HyKTeciHIETr!i €Ki TapaTKBIIITHIH KOTEPEHTTI CUTHAIAAphl Aa 2.2-
CypeTTe aMIUTUTyamapbl Aj KoHE Ay KoHE COMKECIHIEe (1 XoHEe @2 (azamapbr Oap
BEKTOpJIap apKbUIbl KepceTinreH. Xammbel curHan Wy (t) keneci epHEKIEH
CUTIATTaIa Ibl:

30



Yy (t) = As COS(O)t'l‘ (pz), (22)

Ay = /A% + A2 + 2A,A,c0s(p; — @ (2.3)

90°

OO

2.2-cypet — KorepeHTTi curnannapabH BEKTOPIBIK JUarpaMmmacsl  Oip
YKUUTIKTI KEJIIHIH €Kl TapaTKbIIIbIHAH

Erep Ty - dazamap alipipMamibUIbIFbIHAH TYBIHIAUTHIH KIAIPIC JIETI €CENTECEK,
oHJia (2.3) epHeK Keyeci TypJie KopCeTIe i:

As = /A2 + A2 + 2A, A cos(2mfT,) (2.4)

MYHJAFbI f — TaChIMAAQYIITbI KULITITI.

(2.4) epHek, erep KaObuImay HYKTECIHAETI €Ki TapaTKbIIITHIH CHUTHAJ
JeHreiepl apTypii 6osica, Ay JKalumbl CUTHAJIBIHBIH aMIUTUTYAAChl IIKAIIaH HOJTe
TeH OOJMaNTBIHBIH KepceTedl. Ajaiifga, erep oJapIblH JeHreisiepi TeH Oodca,
arau.A1= A » = A, conaH keitiH (2.4) epHEK Kejecire >KeHUTACTUINeH:

As = [2Acos(2nfT,). (2.5)
(2.5) epHEKTEH HOTHIKE CUTHAJ MEPUOATHI TYpJe HOJre TeH OoJaibl, SFHHU.

[Hudpiabik xabap Tapary CHEKTpIHAEr KOCAJKbl TachIMaJJIaylIbUIapJblH Keoipi
xoranaapl. CHekTpiAer: KYJIIblpay CaHbl TapaTKbIIITap apachlHIArbl CUTHAIIABIH
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Kelrryine OalIaHBICTBI, TOMEHCYJEp apachblHIarbl >KUUIIK apalblk Af keneci
(dopMyIaMeH aHBIKTaIaIbI:

Af = UTy. (2.6)

Kenepri ocepiHeH TyBIHIAAWTBIH KaObLIAay HYKTECIHJEI1  CHTHAJI-IIIY
kKarbiHachIHBIH (C/ILI) TemeHnaeyl TapaTKbILITAPABIH KyaTblH apTThIPY apKbLIbI
eTeNeIi.

DRM + cranmapThiHa KeNETiH 00JICAK, CUTHAJ CIIEKTPl CATBICTHIPMAIIBI TYPIE
tap (96 kI'1y), an kabarracy aliMarbIHJa CHUTHAN OlpKeNKi elryre OeiliM eKeHiH aTam
©TKeH >koH. bipkenki emry mocenecin memnry yuriH Oip kuisikti DRM+ sxemicinig
TapaTKbIIITAPBIHBIH CUTHAJAapbiHa 15 ... 30 MKC peTTi opTypill yakbIT KEUIryJepi
eHrizireni [7].

Bip xuimikTi Kemieri TapaTKBIIITAp apachlHAaFbl MaKCHMAJJIbl KaIIBIKTHIK
KOpFay HWHTEPBAJBIHBIH Y3bIHABIFBIMEH aHbIKTanaabl. DRM + xkyitecinge kyzer
apaJIbIFBIHBIH Y3aKThIFBI (0,25 MC Kypai/ibl, COHJIBIKTaH TapaTKBIIITAp apachIHIAFbl
KAIIIBIKTHIK 75 KM-JIEH acraybl KEPEeK.

Bip xxuinikTi xem KoH(GUrypanusiapbIHbIH MbICAIIaphl peTiHie 013 61p-0ipiHeH
THIC TapaThUIaThIH aiiMakTapbl Oap Oiplel KyaTTarbl €Kl TapaTKBIIIThl HEMECce
KyaTTBUIBIFBI TOMEH TapaTKbIITAp TOOBIMEH KOpIIAJIFaH Oip KyaTThl OPTaJIbIK
TapaTKBIIIBI Oap OMIMSHBI YCBhIHA ajambI3. TapaTKBIIITApIbIH IIBIFBIC KyaTHIHBIH
MYMKIH TOMEHJEyiHEeH a0COJIIOTTI Maijla KaObUIigay HYKTECIHIErl ACHIeilep MEH
CUTHAJ/IBIH KEIIITYyiHIH aWbIpMallbUIbIFbIHA OalJIaHbICThI, OYJI KHUITIK-ayMaKThIK
)ocnapJiay npoiecinie 0aranaHybl Kepek.

2.3 Hudpabik paaumoxadap TapaTKbIIITHI OHTAWJIbLI TaHAAy JAICTEMECIH
Jsipaey

Kazipri yakpitTa onemjae mudpiblk xabap TapaTy TEXHOJOTHSIAPBIHBIH JaMy
ypaici Oaiikanansl. OpuHe, UGPIBIK xabdap TapaTy TapaTKbIIITAPBIH OHIIPYILILIED
TapaTKBIII Al aTaHyITbIIAPIbl ©3 OHIMJEPIHE TAPTY YIIH 0ap KYII-XKITepiH calaibl.
Byn yuriH onap TapaTkbllITapFa pe3epBTIK KYPbUIFbUIAPABI €HT13€/1, oJapFa apTypJl
KBI3MET KopceTy PYHKIHSIIAPbIH Oepeli, TEXHUKAIBIK KbI3MET KOPCETY JKOHE KOHILY
YIIiH TEXHUKAJIBIK OPTaIBIKTap bl YHBIMIACTBIPAIBI JKOHE TaFbl Oackanap [32, 34].

Taparkpitapabl naigananymbUiap, Oy >Ka0AbIKThI AKETKIZYIIUIEP, TAPATYIIbI
OpTAJILIKTAp MEH KeJJIEpAIH Au3aiiHepsIepl MEH orniepaTopiaphl, 9IETTe, Xabap Taparty
XKaOIIbIKTapbIH TaHJaFaH/Ia, SKOHOMHUKAIBIK (DakTopiapFa HeMece KalbITacKaH
nikipre oHe KkoOiHece OHIPYIIiHIH "aTayaapbiHa' KaHaFaTTaHAIbl.

Anaiina, Oyn skarmaiiia SKOHOMHUKAIBIK (aKTOp TaHAAYIbIH OOBEKTUBTLIITIH
KepceTe alMaifbl, OHTKEHI Ke3-KeJIreH KOChIMIIA OMIUS 3KOHOMHKAJIBIK
CAJIBICTRIPYABIH AANIITiH Oypmanaiiapl. CoHmaii-ak, >kacaH/Ibl €KCHIH €CTe YCTaFaH
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KOH OHIM KYHBIHBIH TOMEHJIEYl MIHJETTI TYP/AE OHBIH MaiJanaHy KepCeTKIIITEpiHe
acep ereil, OyJI, caiiblll KeJTreH1e, KOChIMIIA IIBIFbIHApFa OKeIe/I.

benrini Oip eHaipyIIiHi KOHE TapaTKBIITBIH KYpaMbIH TaHAAQy TOCULICPIHIH
Oipi-canMakThl Oarajay, OHbIH MOH1 9pOip TEXHHUKAJIBIK HEMECe MaiaiaHy KopCeTKili
OOMBIHIIIA YITalJapAbl KOCY apKbUIbl )K€KE OHIMHIH TEXHHUKAJBIK MYMKIHIIKTEPIH
(dbopMalb/bl CANBLICTBIPYFa ACHIH a3asi/ibl.

byn Oemimae TeXHHKaNbIK >KOHE TNaljallaHy MapaMeTpiepiH KUHAKTay
JKOJIBIMEH aJbIHFaH MaKCUMAaJJpl Oarayiay Heri3iHae IMpiblK xabap TapaTy
TapaTKBIIITAPbIH TAHJIAY 9ICTEMEC] YCHIHBLIABI.

By TeXHUKaHBI CUTTATTAWTHIH AITOPUTM 2.3-CypeTTe KOPCETIITEH.

TexHUKaHBIH MOHI KeIeCiaeH.

Bipinmi ke3eHIe yKcac cumaTTaMalapbIMEH CallbICTRIpY YIIIH OpTYypdl
OHIIPYUILIEPAiH Ka0AbIKTapbIHBIH N MOJIEI1 aHBIKTAJIA]IbI.

Conan KeliH caJbICThIPY YIIiH M mapaMeTp TaH1aaaibl.

OpOip i-1mi tapatkeim yirid (i = /... N), oHbIH op0ip j-11i napametpine (j = ...
M) TemeHIe KENTIpiAreH MNPHHIUITEPre COMKEC HYKTEJICpAiH Oenriai Oip caHbI
TaraiibiHaanaasl. Conan keiiH opOip B ij ymaiibl anpinran mapametpre coaiikec Wi
canmak korpduirentine keodentuieni. Caamak KodQPUIIMEHT! TapaTKBIIITHI KaJIbI
Oaranayna maijaiaHylibl YIIIH OCbl HeMece Oacka MapaMeTpiiH MaHbI3IbUIBIFbIH
KOpCETE/I1 KoHE KaOABIKTHI MMai1aany MapTTapbiHa OAIaHbICTBI ©3rePTUTY1 MYMKIH.
S 1...5v (2.7 epHek) canMakThlK ko3 duimeHTrepi OoMbIHINIA —yrnaiiap
OHIMJICPIHIH KOCBIHJBICHl ~TapaTKBIIITHIH >KaJIbl OaracblH Oepell, OJ HEFypibIM
YKOFaphI 00JICa, TAPATKBIII TYTHIHYIIBIHBIH TaJlalITaApbIHA COUKEC KEJCTI.

YBi,j W 2.7)

Temenneri 2.5-xecrene ke3 keinreH xabap Tapaty DRM TapaTkpiibl MeH
Oarajiay OpUHIUIITEpIH Oarayiiayra OOJAThIH MapaMeTpiepiH TOJIBIK eMeC Ti3iMi
OepiyreH.

TapaTKelIThl TAKAIaHYIIBl OpOip MapaMeTpre OHBIH 631 KOWFaH MoceseHi
HIeNIyAeri CYObEKTHUBTI MAaHBI3JIBUIBIFBIH AHBIKTAWTBIH CalMaK KO3 (UIIMEHTIH
taraiibiHnanpl. Canmak K03(pGUIIMEHTTEPIHIH TYBIHIBUIAPBIHBIH KOCBIHJIBICHI JKOHE
TapaTKbIII TMMapaMeTPJICPIHIH HYKTENIK Oaranapbl TNaijalaHyIIbIFa TapaTKBIIITHIH
MOCeJIeHI 1ienry KabiieTine 00beKTUBTI Oara Oeperi.

CoHpIMeH KaTap, HaijanaHylibl Ke3 KedreH 0acka TEeXHHMKAIBIK HeMece
OTICPAITHSITBIK TTapaMeTPpIIeP Il Oap IbIH Mai1aJaHyIIbl YIIiH MaHbI3IbUIBIFBIHA Kapai
KOCBIMIIIA Oarajiail ajtajbl.
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CanpicThipy ymIiH N xaOObIK HYCKalTapblH
TaHIay

CambICTBIPY VIIIH #&aOaBIKTEIH M
mapaMeTpIepiH TaHIay

|

JKaOmpIK mapamMeTpiuepiH Oaraay
B,,i=1.Nj=1.M

W

TYTHIHYIIBEIHEIH Ka:KeTTUIIKTEpIHE
OaitnaHeICTEI ap0lp MapaMeTpre calMak
ko3GduinentTepin TaraibiTay W, j = 1..M

W

[TapameTpiaepaiH ©HIMIH C3HKeC
CaIMakKTHIK ko3 dumuerRTTep OOHBIHIIA
KHHAKTAy apKbLIbI AKaOOBIKTHIH S1 KalIbl
OarachblH ecenTey

JKaOOpIKTEI TaHIay

Cyper 2.3 — [udpasik xabap TapaTy TapaTKbIIIBIH OHTAIBI TaHAAY

OMICTEMECIH CUTIATTANUTBIH aJTOPUTM

2.5 Kecre - Tapatkpilll napameTpiepiHiy Ti3iMi

Cunarrama

bann Oepy npuHuummi Eckeptne

K/

bxna=1,5*(PBex/Pnotp) bxna-KT/ yurin 6angap;
PBBIX-TapaTKBIITHIH
HIBIFY KyaThl;
PrnoTp-TapaTkpiin
TYTHIHATBIH KyaT
(dopmyna Kenecien
oeitimaenren Oy opraina
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kyatbl 1 kBT Taparkeim 1
Oasut ajapl)

Cunxponjaay

CoIpTKbI: +1 Oam;
Kipikrtipinren
I''TOHACC/GPS-Ten
KaObLIIay: +1 6am;

MDI Ootipiaina OeiiMaesIrII:
+1 Gamn;

NTP: +1 ynaii

Enrizy unrtepdeiici

Ethernet, 1 nana: 0 ymai;
Ethernet, >1 nana.: +1 ymaii;
USB cakray: +1 ynaii;
backanaper: op Typi yumnH +1
OaJ.

Kampiktan Koxk: 0 ynaif;

OakpuIay RS-232: +1 ymai;
RS-485: +1 ymaii;
Ethernet: +1 ynaii;
3G /4G moaemi: +1 ynaii;
Can.: +1 ynaii.

Ko3abIpFbI SFN pexumi: +1 6a;

OTIIHSITIAPEI ['JIOHACC momymi / GPS : +1
yIiau;
Curnanapl KeukTipy: +1 6an;
[exTi (haKkTOPBIHBIH
TeMeHieyl:+1 Oa;
[Hudpasik Ty3eTy: +1 ynaii;
AHAJIOTTBIK CHUTHAN IBIFBICHL:
+1 ynait;
backanaper: op Typi yunH +1
OaJ.

Pexumne  xymbic | XKok: 0 ynaii;

icrey bap: 1 ymnaii

Simulcast

PesepBrey Kok: 0 ymaif;
Kipy: +1 6amnn;
Kozapipreimr: +1 Gam;
Kyme#iTkin: +1 6amr;
Kyar keo3i: +1 6a.

Kopray xyiienepi Koxk: 0 yrmaif;

Kp3pin keTynen kopray: +1
oair;
KCB Ooiibinma  kopray: +1

Oa;
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backamaper: op Typi yumiH +1
OaJ.

Kymbic

TeMIIepaTypachIHbIH

JAuaria30HbI

Cranmapttsl (+5...+45 rpanyc.):
0 ynaii;
Keneditinren: 1 ymaii.

10

CankpiHAaTY

Aya: 0 ynaii;
CyWbIKTBIK: 1 0T,

¥naitnapasl 6epy TopTiOi
TYTHIHYIIBIHBIH
TajantapbiHa
OaliaHBICTBl  ©3TEPTLILY1
MYMKIH.

11

Ommemaepi
IBIFBICHIHA
KaTBICTHI)

(Kyat

br=0,1 * Peeix / V

I'abaputTepi ymin br —
oayap;

PBBIX-TIBIFY KyaThbl
TapaTKplll, KBT;
V-TapaTKbIIITHIH KOJIeM,
M3.

(®opmyna Keneciaei
OeliMIenred

Oy opTaria

Kyatsl | kBT TapaTkpim

1 6amr anmanapr)

12

Canmarsl
IBIFBICHIHA
KaTBhICTHI)

(xyaT

bm =50 * Peeix / M

bm-macca yrin ymaiinap;
PBBIX-TapaTKbIIITHIH
HIBIFY KyaTsl, KBT;
M-TapaTKbIIITHIH
Maccachl, KT.

(dopmyna 1 kBt oprama
TapaTKpIil 1 6aJuT anaThiH
eTin OeriMIeNIreH)

13

bonyc

Kanpmait na Oip epekuie
curarrama YILIH
TaralbIHIAIaThIH
OayumapabiH Oenrun O1p
CaHHEI.

Mpicanbl, eIl onepaTopblHa CEepPTU(PUKATTHIH HEMECE TEXHUKAJBIK KbI3MET
KOPCETY OPTAJIBIFBIHBIH O0JIybIH Oaranay MaHbI3/Ibl.
CoHbIMEH KaTtap, Ka0IbIKThI KETKI3YII1 OHIIPYIIIHIH Ke3-KEeJITeH TapaTKbIIIbIH
KOCBIMIIIA >Ka0 bIKTayFa O0JaThIH KenTereH (QyHKIMsIIapAbl KOOIPEK KbI3BIKTHIPAIbI.

by ofic )ka0abpIKTHIH Ke3-KEeJTeH KJIaChlHA Tapallybl MYMKIH, aJl Taii1amaHyIbl
op mapameTpiiH Iypbhic OanablK JKOHE CalMaKTHIK Oaramapbl OoJFaH >Karmaiina
0OBEKTUBTI Oara ajia ajlajbl.
Temenne 2.6-kectene opTypiil ©HIAIpyLIUIEp WIbIFapaTbiH KyaTel 1 kBT DRM+
panuoxabap TapaTKBIIIBIH Oaranay MbICalbl KENTIpUIreH. TexHWKa caHaT YIIiH
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KOJIIaHBUIABL: JKaOABIKTHI KeTKi3ymni. TapaTkeimrapabiH napamerpiepi WEB-
caTTapJaH albIHABl  OHJIpYyIIiJep, >KapHaMalblK OpolIopansap >KOHE aBTOp
OpBIH/IAFaH ChIHAK eCenTepi.

2.6 Kecte - TaparkpimTsl Oaranay MbICalibl

No [TapameTp Onpipi | Ouaipi | Ouaipi | Oupaipi | Ouaipi | Canma
cl c2 c c4 cS K
3 K02(h .
[IeIFy KyaThl, 1,0 1,0 1,0 1,25 0,8
kBT
TyTHIHBLIATEIH 1,65 1,7 19 2,5 1,6
Kyart, kBT
Ommemaepi 0,1 0,12 0,15 0,25 0,09
(xenemi), M
CanMarsl, KT 46 50 55 70 40
¥maiina
1 | KII/ 0,91 0,88 0,79 ,0,75 0,75 3
2 | CuHXpOHIAY 1,00 0,00 0,00 0,00 1,00 2
3 | Enrizy unrepdetici 3,00 2,00 2,00 1,00 2,00 1
4 | KambIKTEIKTaH 3,00 1,00 2,00 3,00 0,00 1
Oackapy
5 | Ko3nbIpFsimr 1,00 1,00 0,00 1,00 1,00 2
OTIIVSUTAPEI
6 | Pexxumaeri ;xyMbIC 1,00 0,00 0,00 0,00 0,00 1
Simulcast
7 | Hudpibik Ty3eTy 1,00 1,00 0,00 0,00 1,00 1
8 | PesepBrey 2,00 0,00 3,00 1,00 0,00 2
9 | Kopray xyiienepi 4,00 3,00 2,00 2,00 2,00 3
1 | XKymeic 1,00 0,00 1,00 0,00 0,00 3
0 | remmepaTypachIiHbI
H JHMAIIa30HbI
1 | CankpiHaaty 0,00 0,00 0,00 0,00 0,00 1
1
1 | T'abapurrepi (mbiry | 1,00 0,83 0,67 0,50 0,89 1
2 | KyaTbIHA
KEJITIPIJITEH)
1 | Canmmarsbl (xyar | 1,08 1,01 0,90 0,88 1,05 1
3 | HIBIFBICHIHA
KATBICTBI)
1 | bonyc 0,00 0,00 0,00 0,00 0,00 1
5
Kaanbl 6aranay 35,81 19,48 22,94 17,63 17,19
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Ocpuraiiima, OChl 9MICTEMEHI1 KOJJIaHy OMNEPaTOPAbIH THITIK JKOHE JKEKe
cUIaTTaMajapblH ©CKepe OTBIPHIN, TajanTap HeriziHae IU@pablK Xabap TapaTy
TapaTKBIIIBIH OHTANJIbI TAHIayFa MYMKIHIIK Oepe/l.

2.4 Hudpablk xadap Tapatry KeJiJiepiHJde KOMEKIIi JepeKTepai
TaChIMAJIJIAY KOJIAPBIH TAJIAAY

[udpaeik xabap TapaTy KyHenepiHAeri KoMeKIn aepektep Typiepi. Herisri
ayIMOBU3YaJIbl aKmapaTTaH O0acka, mu(pablK xabap TapaTy KyHelaepiHae KOMEKII
nepekrep Oosybl MyMKiH. Kemekmii nepekrep Tayenci3 Ma3MyHJIbl J1a, HETI3Tl
Ma3MyHMeH OaiIaHbICThI (CHHXPOHIAJIFaH) Ma3MYH/IbI JJa KaMTybl MyMKiH [35].

DRM. DRM uudpnsix xabap Tapary >kyHeciHaeri KOMEKIl JepeKTep peTiHe
[48], [2, 49] mpIHANMap b1 OepyTe OOJIAbI:

- JKeKe JBIOBICTHIK OaFdapiamarapra KaThICThl KochiMila akmapart (Program
Associated Data - PAD);

- MYJBTUMEIUSIIBIK aKmapar, MbICajbl, MOTIHAIK xabapiamanap (OipHere
TAE), DIEKTPOHABIK Oarnapiama Hyckayibirel (EPG), nepapXxusiiblK KYpbUIBIMIIBIK
moTiHaik akmapar (Kypuan pexumi), DRM-TMC (Traffic Message Channel)
KO3FaJIbIC Typasibl aknapaT [50 ], TypuCTiK Ma3MyHAarbl akmapar, 9l Je CypeTrTep,
dbotocyperrep, cnaiinrap (MOT Slideshow pexumi);

- TapaThUIaTBIH  OaFmapiiaMaiapAblH, PaguOCTAHIMSUIAPIBIH,  CIICPAiH
aTayJapsl;

- aFbIMJIaFbl YaKbIT TICH KYH;

DRM crannapteinga TeTeHie sxarnaiiiap ke3injae OapbIHIa KeH ayIuTOpUsFa
xabapray/ibl KaMTaMachl3 €TeTiH naiaansl pyHkius 6ap. XKeaen eckepTy QyHKITUSACHI
(Terenme Warning Functionality-EWF) Gapinbik 6acka skepriumikTi HHGPaKypbLUIbIM
JKYMBIC iICTeMEeH TypFaH Ke37¢ CUTHAIBI KaKEeTT1 allMaKKa JKeTKI3Yy/I1H COHFbI KypaJIbl
Oomna ananel. TereHme xarnai TysiHAaraH Ke37ae DRM kaObLigarslTapsl TOTCHIIE
Karmal OarjmapiamMachiHa aybICy TOPMEHIH ajajbl )KOHE OHBI OMHATYILI OacTaiibl.
byn conbiMeH KaTap KaOBLIAAFbIITApAbl aBTOMATTHI TYpPJAE KOCY MYMKIHIITIH
KaMTaMachl3 erefli. TeTeHIe >karmai OarmapiaaMachl KaOBUIIAFBIINI SKpaHbIHIA
Ja0BUIIBI 1CKE KOCAJIbI dKOHE ayJ M0 Ma3MYH/IbI, MOTIHIIK XabapiaaManapabl KAMTHIBI,
coHbIMeH Katap Journaline [52] ¢opMaTbiHAaFbl HEpapXUSUIIBIK MATIH/IIK JAEPEKTEepl
OpTYPIIL TUIAEP/IE KAMTYbI MYMKIH.

DAB/DAB-+. DAB/DAB+ [44]-ne TachIMaJaay MEXaHU3Mi
MYJIbTUIJIEKCUPJICHT€H JIEPEKTEp arblHbIHA HETI3[IelreH, oHaa OipHenle OaraapiaMa
O1p yakpITTa Oepiie/i.

MyNbTUILIEKCTENTEH IEPEKTEP aFbIHbI (MYJIBTHUIUICKC) MbIHAJIAPIBI KAMTH/IBI:

- IBIOBICTBIK OaFIapaamMajapablH MAIIMETTEPI;

- Her13r1 6arnapiamamer (PAD apHacer) GaiimaHbICTHI AEpEKTEP/Il KOca aliFaH/a,
KOCAJIKbI IEPEKTEP;

- MyJbTUIUIeKC KoHpurypanus aknapatsl (MCI) xone kpi3meT kepcety (SI).
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DAB / DAB + craHmapTTapblHBIH Maigadbl MYMKIHIITI - KaOBUIIAFbIII
OMHATBHUIATBIH  ayJWO CUTHAIJABIH JWHAMUKAJIBIK JHANa30HbIH KbICY  YILIH
naijananblUIaThiH JUHAMUKAIIBIK quana3oHsl 0ackapy (DRC) curnansia 6epy.

Kewmexini nepektep KbI3MET Typasibl aknapaTThl (SI) KaMTH/IbI, OHBIH 1IIIHJIE:

- TUI1, Xabap TapaTaThIH €JIi;

- aFbIMJIaFbl YaKbIT NIEH KYH;

- KaObUIAay Karjaiyiapbl HalllapiiaFaH Ke3Je TaHJajdfaH OarjaapiaMaHbIH
Oanmamalbl apHajJapblHa aBTOMATTHI TYPJIE aybICy MYMKIHAITIH KAMTaMachl3 €Ty YIIiH
Oacka Oarmapnamanap ToObIHAAa Hemece aHanortel AM Hemece UM xabap Taparty
XKeutepine OepisieTiH coJl HeMece yKcac OarapiaMa Typaibl akapar;

- CHHXPOH/IQJIFaH KbI3METTEP YIIiH KEHEHTIITeH KbI3MET aKIapaThl

HETI13T1 IBIOBICTBIK Oariapiaama;

- ayauo0araapiiaMa Typaibl 0acka aKmapar.

PAD apnacs xxibepe ananpr:

- TBIOBICTHIK OaFapiiaMaHbIH aTayhl;

- aKmapatTThIK Xxabapiamanap;

- OarapiamMaHbIH JIEKTPOH bl HYCKaybIFbl (EPG);

- Tpaduk xabapiamanapsl (TMC apHachl);

- HePAPXUSIIBIK KYPBUIBIMIBIK MOTIH/IK akmnapaT (Journaline pexumi) [52];

- 64 KOuT/C neiiHTi )KbUIIAMIBIKIICH TOMEH JKbIIIAM/IBIKTHI JEPEKTED.

Aynno apHaHbBIH ©TKI3y KaOUIETIH a3aiTy apKbuibl 16 KOuTt/c xbugaMabIKIeH
KOCBhIMIIIa AepeKTep/Il Oepy apHACBIH YHbIMAACTBIpYFa Oosaabl. by apHana, conaaii-
ak PAD apnHacbiHma TapaThUIaThiH OarjapiiaMaHblH aTaybl Typallbl akmapar
TUHAMUKaIBIK Typae Oepinmyi MyMkiH. Conpaii-ak HTML  gopmMarbiHaars!
runepmatinl xoHe JPEG minnmingeri keckinaepai (Journaline sxone ILO Slideshow
pexxumepl) 6epy yiIiH Koiaay kepcerineni [45, 52].

ConbpIMeH KaTap, TapaTkpll uacHTUduKatopsl DAB / DAB + curnansiaaa
Oepliyl MYMKIH €KEHIH aTar 6TKEH KOH.

PABUC. PABUC xytiecinie koMeKII MaJIIMETTep Al Ki0epy yIriH [5, 7] Herisri
KBI3METTIH JIOTUKalbIK apHackiHaH 6acka (KOC) sxoraphl KbIIAaAMABIKTHL IEPEKTEPIi
O0epy apHacel xkorapbuiaTeuraH TackiManyay cenimautiri (HCK) skone xorapbl
ceHimMai nepekrepai 6epy. apua (HK]) Oepinren. byn jorukansik apHaiapsl,
MBICAJTBI, aMaTTHIK XabapiaHIbIPy KYyHeIepiHe xKoHe T.0.

Hudghpnvix xabap mapamy sxceninepinde komekuii 0epekmepoi macvimanoay

DRM.DRM cynepkaapsl yII apHaJaH Typajbl: Heri3ri Kbizmet apHackl (MSC),
*Kbu1aaMm Kodi skeTkizy apHachkl (FAC) sxone kpi3MeTTi cunartay apHacel (SDC). MSC
KOCBIMIIIA JIEPEKTEPMEH Koca OepiIeTiH Ma3MYHHBIH HETI3T1 JEPEeKTepiH KaMTHIBI.
FAC apHacwiHIa apHaHBIH OTKI3y KaOIJIETTLIIr »oHe Oacka yKcac IapamMerplep
Typajibl I€peKTep, COHAaN-aK OapJIbIK Ki0epIeTiH KbI3METTEPAl KbLIAaM 13/1ey YIIiH
KbI3MeT akmapathl 6ap. SDC apracel MSC apHachbIHBIH ACPEKTEPIH JACKOATAY dICI
Typaibl, O6amaMa JepeKkTep Ko3lepi Typajibl aKmapaTThl KaMTHIIbI, COHBIMEH KaTap
MYJIBTUIUICKCTE JKIOEpIIETIH KBI3METTEePiH aTpuOyTTapblH KamMTHabl. Simulcast
YKYMBICBIHA apHAJIFaH aHAIOTTHIK JKUUTIKTEP Typajibl aKIapaTThl KAMTYBI MYMKIH.
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DAB / DAB + crangmapteigarsl cusiktel, MSC apHachiHIa JIBIOBICTBHIK
OarnmapiamMainapaaH 0acka MaKeTTIK dKOHE aFbIHABIK ACPEKTep OOIybl MYMKIH.

Opbip ayano kaap (ayauo Onok) OargapiaMaMeH OalIaHbICTBI JIepeKTepil
(PAD) TaceiManiayra apHasiFaH OipHele 0alTThl KAMTH/IBI.

Kemekmii gepextep MSC apHachiHbIH 06Jlirl pEeTIHIE TAYeNCi3 KbI3METTEp
periHae nae, Oesek ABIOBICTHIK OarnmapiamanblH PAD OGemiri petinme ne Oepinyi
MYMKIH.

Oxmiay KbI3MET PETiHJIE KOCBhIMINA JepekTepai Oepy skarmaibiHma 6yin FAC
YCTeME€ IIBIFBICHIHBIH O6uiri peTiHae colkec KoiagaHOa UIACHTHU(PUKATOPHIMEH
kepcetineni [49]. Konman6a wmaeHTH(GUKATOPIAPBIHBIH CHUTIATTAMachl 2.7-KecTene
KEJTIPiITeH.

2.7 Kecre - Konman6a naeHTH()UKATOPIAPHI

Jleruman bt Konnan6a uneHTuuKaTOpbIHBIH CUITATTaMaChl

UACHTU(HUKATOP HOMIPI

0 barnapnama tek SDC apHachIH/Ia aHBIKTAIaIbI

1 EPG snexrponibl 6episic 6araapiaMachl

2 WNepapxusiblK  KypbUIBIMIAIFaH MOTIHJIK — aKmapar
(Journaline pexmumi)

3 DRM - TMC 071 oKuFajapsl Typajbl aKnapar

4...30 PezepBTenren

31 OTKi3y KepceTKitIi

1 - Eckeprrie 0 MoHI TeK MEHIIIKTI KoJAaHOamap yIIiH naigalanbuTybl Kepek.

2 - Eckeprrie OTki3in xibepy MHIMKATOPHI WHXKEHEPIIK OepuTic ChIHAKTapbhIHA

apHaJIFaH >KOHE CTaHAaPTThl KAOBUIIAFBIIITAD €ICHOCH .

MSC apnHacbiHIa TachIMaJIaHATBIH MOJIIMETTEP, COHBIH IIIHAE KOMEKIIIl
MOJIIMETTEP €K1 Typre OejiHeal — arblHAap *KoHe 00bekTuiep (daigap). AFbIHIbBI
TEPEKTEP, ©3 KE3eTiHIE, CHHXPOHIBI aFBIHIBIK PEXKUMIC, aCHHXPOHABI AFBIHIBIK
peXKHUMIE KOHE ACHHXPOHJBI JEepeKTepi OJOoKTay peXuMiHae Oepiyl MyMKiH.
Oo6wbexTinepal (gainmapasl) TaceiManaay yuiiH DRM  cranmaptet DAB MOT
poTOKOJIBIH Takgananansl [45]. MOT xarramacel 256 Mb nebiiari emmemzaeri
oOBeKTiIepAl a0OHEHTTIK KaOBUIAAFBIIITAPFa CEHIMJI TachIMAJIIayabl KaMTaMachl3
eTemi. Atanm aliTKaHIa, KO3FaJbICChI3 KECKIHAEp, (OTOCypeTTep, claiaTap OchLIal
oepineai (MOT Slideshow pexwmi).

DRM crangapTeiHaaFbl Nanaaibl ONIUs - TOTEHILIE XaFdald Typajbl €CKEepPTY
¢bynkuusicel (EWF) (Emergency Warning Functionality. Pykcatr etiiren
KbI3METTEpiH TMopMeHi OolipiHma DRM MasMyH cepBepi TeTeHie xabapiama
pexxuMiHe aybicaibl. AOOHEHTTIK KaObULIAyIIbl YHEMI (DOHIBIK PEXKUMIIC TOTEHIIIE
Karaal Typassl XxabapiaaHaeIpyasl TeKcepeai. ToTeH e xaraai Typaibl xadapiaMaHbl
aJlFaHHaH KeiiH, o1 Xxa0apiaHJpIpyJa KepceTUIreH Oarjaapiamara aBTOMATThl TYPAC
aybicazipl. TeTeHmie xabapiaamMaHbIiH 031 ayAro OaraapiaMaHbl, OipHellle CeKYH/I CailblH
KAHAPTHUIATBIH MOTIHAIK Xxabapiamanapibl, COHAai-aK >KypHaJl pPEeXHUMIHJETI
UEPAPXUSITBIK KYPBUIBIMJIBIK MOTIH/IK aKIapaTThl, COHBIH 1MI1HJE OPbIH ajJfaH OKHUFa
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Typajibl SPTYPJIl TUIAEPIET] erKel-TerKeii akmapaTThl )KOHE OJIaH dpi SPEKeT €Ty
HYCKayJIapblH KaMmMTybl MYMKiH. TexHUKanblK Typrbliad anranga, EWF DRM
CTaHJAPThIHAA KOJDKETIMIlI (PYHKIIMOHAJIIBUIBIK HETI31HAEe KaMTaMachl3 eTuIe/l
(MoTiHAIK xabapiamManap, curHain Oepy >xkoHe AFS Oanama KUUTIKTEpIHE aybICy,
KYpHaJl peKUMIHJIE aKIapaTThl KOPCETY).

Erep DRM crannaptel Kazakcranga enriziares 6osnca, EWF Terenie »arnait
Typaibl xabapaaHablpy QYHKIMSACHIH Naianany YeblHbUIabI. By perre, aDOHEHTTIK
KaObuTnareimrapaarbsl EWF  QyHKIIMOHANIBIFEIH KaMTaMachl3 €Ty TasanTaphl,
KOHTEHT-CEPBEP/IC YOKUIETTI KBI3METTIH aBapHsUIBIK XalapiiaMmaniapabl IiCKe KOCY
TajanTapbl, COHIAN-aK OJIapIbIH KYpaMbIHa KOMBUIATHIH TAJIANITap 931pJICHY1 KepeK.

DAB/DAB+. DAB/DAB+ »xyliecinne akmapaT €Ki Heri3ri apHaga Oepiieai —
Heri3r1 KeI3MeT kepceTy apHachl (MSC) xxoHe xbuinaM aknapat apHachl (FIC) [44].

MSC apnachl AbIOBICTBIK OarnapiaamManapaaH 0acka MaKeTTIK YKOHE aFbIHIBIK
JEpeKTepIl KaMTybl MYMKiH. OpOip ayauo kaap (aynuo O50k) OarjgapiiaMameH
OaitnanbicThl nepekrepai (PAD) taceimanayra apHanrad OipHerine OaliTThl KAMTHU/BI.

PecuBepre aynuo Oarmapiiamanapra XoHE MYJIBTUIUIEKC KYpaMbl Typalibl
aKmapaTka MUHMMAaJIbl KIIIpicCieH Koia KeTKizyre MyMkiHaik Oeperin FIC apHach
MynbTUILIEKC KOoHGurypanusa aknapatbiH (MCI), xei3mer akmapatbin (SI) >xone
mapTThl Kot xkeTki3y (CA) nepekTepiH KaMTUIbI.

Ocpsunaiima, DAB / DAB + xyiiecinie keMeKiili iepekTepi Oepyai KamTaMachi3
€TETIH YIU Heri3ri apHaHbl 0eayre 00Jabl:

- MSC apnacbIHbIH 06JIir1 peTiHAE aFblHAbl HEMECE MAaKeTTIK JaepekTep (11Kl
apHaJarbl XKbUAAMIBIK 8 KOUT/C ecellik 00Tybl KepeK, MaKCUMaJIbl KbLIAaMIbIFbI 384
KOUT/C JeiiH);

- PAD nepexrepi ayano kaapiaapabiH 0eiri peTinae (MakCUMaIbl )KbIIIAMIBIK
64 xKOuT/C NCHiN);

- SI KpI3METIHIH aKnapaT 0eJIiri peTiHae 0asy JepeKTep.

PABUC. Xorapeina aiiteurrangaii, PABUC xyliecinae 0epiaymaiH CeHIMILTIT
YKOFaphl TOMEH KbUIIaMABIKTHI aepekrepai 0epy apHackl (HCK) sxone nmepexrepmi
ceHimai Oepy apnacel (HK]I) xapacteippurran [5]. byn apHamapasl Kemekii
JepeKTepal Oepy YIIiH COTTI Maifiananyra 0oJabl.

KOC wneri3ri norukansik apracsina Kockimina PABUC xyiiecinne HCK xone
HKJI nepexrepinin Oip HeMmece €Ki KOCBhIMIIA JIOTUKAJIBIK apHalapblH Oepy
kamtamacsi3 etiieni. HCK apHachiHbIH ©TKI3y KaOiieTi mamameH 12% Kypaiiasi

Kour / ¢, HK]] apHacbiHbIH ©TKI3y Ka0iieTi mamamen 5 KOut/c Kypais.

HCK norukainblk apHacblH/1a Kejecl mapameTrpiep oap:

- IEpEKTep JKaKTaybIHBIH oJI11eMi: 656 OUT;

- apHaHbI KOJTAY KXbUIAAMIBIFBL: 1/2;

- moayJsiuus Typi: QPSK;

- aKMapaTThIK TaChIMAJIaylIbLIap CaHbl: 32.

HK]I morukanbslk apHachIHIA KeJIecl mapaMeTpiep oap:

- IEPEKTEep JKaKTAybIHBIH oJriemi: 533 our;

- apHAHbBI KOJTAY KXbUIIAMIBIFbL: - 1/2;

- moaysiiust Typi: BPSK;
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- aKMapaTThIK TaChIMAJIIayIbLIAp CaHbI: 26.

Ocpunaiima, Oy ki GenimMiae optyprai crangaprrarsl (DRM, DAB/DAB+,
RAVIS) mudpasix xabap Tapary >keJauiepiH/ie KOJIaHbUIATHIH KOCAIKbI IePEKTEePIiH
HETI3T1 TypJiepl, COHJai-aK oJap/abl JKETKI3y oJicTepl KapacToipbuiaabl. Ludpibik
xabap TapaTy KenuiepiH Kypy Ke3iHae aOoHeHTTIK KaOwbuimarbimTapiarsl OKK
(GYHKUMOHAIBIFBIH KaMTaMachl3 €Ty TajlanTapbl, KOHTEHT-CEpBEpJIErl YOKUIETTI
KBI3METTIH aBapHsIBIK XaOapiiamanapbl OeJICeHAIpylHe KOMBUIATBHIH TajamTap,
COHJall-aKk oOJapAblH KypaMblHa KOWBLIATBHIH TajanTap d3ipJieHyl THIC eKeHl
AHBIKTAJIIBI.
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3 A3BAHUTBUIFAH IIEKTI ®AKTOPBI BAP IU®PJIIK PAJHO
XABAPJIAMA DRM KAJIBIHHITACTBIPY YHIIH 3EPTTEY

3.1 Temengeriiren mekTi-pakropsl 06ap DRM curnajggapbia
KAJBINTACTBHIPY NPOLECTEPIH MOAEJIbAEY dAicTeMeCiH 3ipJey sKoHe iCKe acbIpy

CurHanmapasl  TEHEpanusiay TPOIECTEPiH MOJEIbIALY OMICTepl  MEH
kypanmapel. MATLAB / Simulink OGarmapnamaneik maketi [9] Kasipri yaksITTa
TEJIEKOMMYHUKALUSIIBIK KYHeTIepIi MOJEIbACY/IIH €H TaHbIMaJl KYpalJapblHbIH Oipi
oonmem  TabObuTanEl. MATLAB/Simulink makeriniH Gesiri  0GoJibIl  TaOBLIATHIH
Communications Toolbox OarmapnamanblK eHIMI 9pTYpJl KaObUIAAFbIII KyHenepiH
a3ipyieyre, MOJIebACYTe, TANAayFa )KoHE TeKCEepyTe apHallFaH Kypaiaap >KHHAKTapbIH
KamTuabl. byn Oarmapnamansik eHiM Moxayisiius, OFDM, apuamapabl koaray
QITOPUTMJIEPIH YCHIHA/IBI, OHBIH KOMETIMEH KOJIAHBICTAFbl CTAHAAPTTAPIbI KiOEpy
KoHE KaObu1siay KyHeJepiHiH SpTypil YIATUIEpIH KYpyFa >KoHE TajjayFa FaHa eMec,
COHBIMEH KaTap 03 )YHeJepiH kacayra MYMKIHJIK Oepei.

Herenmen, DRM xabGap Tapary KyienepiH MojeNbJeyre KoJIaHFaH/a,
MATLAB / Simulink nakeriniyg OipkaTtap kemmiutiktepi Oap. bipinmigen, DRM
CTaHJapThIHA TOH MOAYJbJAEP KOK. KemImrmkrepre COHbIMEH KaTap KOJJAaHbLIAThIH
MOJYJBAEPIH  YATUIEpiHIH  >KaOblK  OOJybl  JKaTajabl, COHJBIKTaH oOJiapja
KOJIAHBUIAThIH KEHUIAETYJEp MEH Te3IMIUIIKTepAl Oaranay eTe KublH. bymara
SHI13UIreH OarnapiaMaiiay TUIl KOFapbl MaMaHIaHABIPBUIFAH KOHE OHbI OalaMalibl
OarnapiamMansIK rmiatdopMasa naijragiany MyMKiH eMec.

Conpaii-ak, C ++xoHe C # cusKTHI Oarnapiamaay TULAEPIMEH CalbICThIpFaHaa
€CeNTeyJll OpBIHAAY YaKbIThl OipillaMa V3aFblpaKk €KEHIH aTall OTKEH JKOH.
EcenTeynepaiH opbIHIAMy yakbITBIHBIH alTapibsikTaii aptysl Mfiles maiimanany
ke3inge Oaiikanaasl. MATLAB makeriHiH Oyl opekeTi, €H ajJbIMEH, OHBIH
YKYMBICBIHBIH BEKTOPJIBIK-MATPUIIATIBIK aMaliJapMeH OalIaHbICThI €CenTepre Herisri
OarmapiiaHybIMEH OailIaHBICTBI, al KOINTEreH ecenTepiAl HIENly YIIH MaTPULIATBIK
amayiap/ibl KOJIaHy KaXeT eMec.

MATLAB/Simulink makeTiHIH KeMIIUNKTEpl, 9JeTTe, 0apiblK KYPBUIBIMJIBIK
MOJIENIbIICY KypajjapblHa TOH, COHBIMEH KaTap 3€pTTENETIH JKYWeHIH OacTarkpl
KYPBUIBIMBIH Oepyre opKaiiaH KaOlJeTTi eMec, )KeTKITIKTI YIKEH uepapXHusiIbIK OJI0K-
cxeMasiapAbl KYpy KaKeTTUIINH KaMTHIbI.

CoHbIMEH KaTap Kell >Karjaiijia Tenepaguo xabapiapblH Tapary >KyhelepiH
MOJIEIBACY MOceNeepiH MIenTy YIIiH Ke3 KEeJITreH JKOFaphl JCHIen OarnapiamManay
TUTIHIH MYMKIHAIKTEP1 )KETKUTIKTI.

Kazipri yakpiTTa Oenrim >xoHe »kanmnbiFa TaHbUrad Visual C ++ NET
UHTETpalisllanFaH  eHAey opTackiHaH ©Oacka, C # o00bexTuni-0arbITTalIFaH
OarmapiaManay TIJTiHE HET13eJITeH 9PTYPJIIl OHJIEY OpTaJIaphl 931pIeyIiyiep apachiHIa
ete TanbiMail. C # opTachl KapanaibiM yTuiauTanapaan 6acram, Visual C++ o3ipiey
OpTachblHaH KEeM TYCHEWTIH JOHE COHbIMEH Oipre Kem Hopcere He Kaciou
OarmapiaManblk ~ OHIMIEPMEH  asKTaldaTblH  KYpAENUIIK  JEHreill  opTypi
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KOCBIMILIANAP/bl Camaibl KoHE JKbUIJaM d3ipJeyre MYMKIHAIK Oepeni. Oarmapiama
KOJIBIHBIH KOOIpeK KOpiHYl MEH KaparaibIMIbIIbIFbI.

Atita kety kepek, C # opTachlH/Ia *KacalFaH MaTeMaTUKAJIBIK MOJIEJb KYPbUIBIT
KATKAH >KYMEH1 3epTTey HeMece JKOeHJICY Kypaibl FaHa eMeC, COHbIMEH Oipre
KOPCETUITEH KYHEHIH *KaOAbIKTaphIH (PU3HKAJIBIK ICKE achIpyja Ja MHaijgalaHbUTybI
MYMKIH.

Temenri kbipiibl pakTopbl 6ap DRM cuUrHaigbIHBIH KaldbIITaCybIH MOJEIBICY
aniicteMect

Temenpnerinren Illexti ¢akropsr 6ap DRM curHangapelH reHepanusiay
MPOIIECTEPIH MOJENBALY OJICTEMEeCi, Kbl JKardaaiaa, Kemeci (yHKIMOHAIIBI
OJIOKTapAbl KAMTYBI KEPEK:

1. DRM Heri3ri K0J1aK CUTHAJIBIHBIH KOHIUIIMOHEPI

2. llexTi (haKTOPBIH IMIEKTETIII

3. Curnan napameTpiepiHiH aHAIU3aTOPHI

DRM cranmapThiHBIH MOAYJSTOpPJApbIHAA OacTamKbl JaepekTep Tiz0eri
mudpieyre, apHaiapibl KOATayFa, YakbIT TMEH S>KUUIIKTE apajacyfa, MUIOTTHIK
CUTHAJIApJbl KOCyFa, KaObupmanrad pa3psn  Tizoerin OFDM  Typaenmiprima
OJIOTBIHJAFBl YaKBIT KUK TOPbIHA CAJBICTBIPYFa YIIBIpAWIbI, COMAH KEHiH Kepl
®ypre Typaenaipyinig (OBII®D) 650rsl, KOpFaHbIC HHTEPBAJIbI KOCBUIFAH [6] yaKbIT
JIOMEHIHET1 KBaJpaTypaiblK 0a3anbik sxoiak yaruepi (I/Q). Ocbiaan kelin 0a3aibik
JKOJIAK CHUTHAJIbI KEHIHHEH KBaapaTypPaJblK MOIYJIATOPABIH KOMETIMEH IKOFaphI
KHIUTIKKE aybICThIpa OTHIPHI, [lIekTi kKoadumenHTiH a3aity ymiH exueneni [45].
Alita kety kepek, LllexTi ¢pakTopbiH a3ailTy KOpFaHbIC HHTEPBAJIBIH €HT13€p albIHAA
OpbIHAATYBl MYMKiH. OCBI KYMBICTa YCBIHBUIFAH MOJICIBACY TEXHHUKACHI OCHI
epexemep i eCKepe OTBHIPHIT KYPACTHIPBIIFaH.

udpney men unrepneBunrke Oainanbictel OFDM-Typaenaipriin 0J10rbIHBIH
KipiciHIeri pa3ps Ti30eri MmceBAoKe3AeCcoK Ti30ek OoJbin Tadbutaapl. COHIBIKTAH,
mozenbaey kesinge Lllexti daxtopein 3eprrey makcatbinga OFDM typrnenniprima
OJIorbIHA ACHIHT1 OapibIK OJOKTapAbl ICEBIOKE3ACHCOK PETTUIK TIeHepaTOPHIMECH
KepceTyre 00aibl.

Curnan anamuzatopsl ekt dakropsin, MER, BER »oHe nuanazoHHaH ThIC
AMUCCHUSIIAP/IBI OJIIICH alTybl KEPEK.

XKacanran KoHE TaJaHFAaH CHUTHANAAp MOJIETBACYEe aWKbIH TYpJe
oonateiHbIKTaH, BER ecebiH Kipic %oHe MIbIFbIC OUT PETTUIITH CaJIbICTBIPY apKbLUIbI
eTe KapaIaibIM TYPJIE )KY3eTe achpyFa 0oabl.

Temenneriiren Illexti ¢akropst 6ap DRM curHangapblH KaJbIITaCTBIPY
MPOIIECTEPIH MOJCIBALY dicTeMect 3.1-cypeTTe KopCeTiireH.

Temenneriiren Ilekti ¢akTopel 6ap DRM curnanmapeiH KaJlbIITaCThIPY
MPOIIECTEPIH MOJIETBCY dJICTeMECiH eHri3y. Ochbl MOJIEbLY 9ICTeMeCi HeTi31He
C# Timinge Sharp Develop 5.1 epkin eHziey opTachIHIa 931PJICHTEH JKeKe AU3aiHIaFbl
«ITUK-1IXT» 6armapiaamMaibIK KEIICH] kKYy3ere achIPbLIIbI.
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DRM 6a3anblK *0NaK CUrHabliHbIH KOHAUUNOHEPI
TICIT OFDM- | Kopray
] —> apanbifblH
TreHepaToOPhI TypAeHaipriw | auriaiuia
LeKTeriw

i CurHan aHanmsaTopbl
\Y
LeKTi Kepi OFDM N3meputenb
TYPAEHAipriwi
baKTODDbIHBIH, BER
/1Mana3oHHaH TbiC
EMN® SMUCCUA BLLETIL
NapameTp
N3meputenb nepai Tangay
MER

3.1 Cyper - lllexTi paktopsl ToMeHaeTiireH DRM curHangapbsiH KaJbIITaCThIPY
MPOLIECTEPIH MOJICIIBIICY dJIICTEMEC]

Mogenbaey oJicTeMeciH KypaluThIH OJOKTap COMKeC MporpaMMaliblK OJIOKTap
TYpiHIE Ky3ere acwlpbuiajibl.bapnbik Oarmapiama mapaMmerpiiepi  rpaduKaibiK
naigananyuisl nHTepgercl apKbUIbl OPbIHAAIAIbI.

Kesnelicok peTTunik reHeparop OJOTbl OEpUIreH Y3bIHIBIKTaFbl OalTTapIbIH
nicepaokesneiicok perrimirid (I1CII) xacaitapi.

IICII aitnpin KaiiTa nmainanany yiriH cakrayra 0onaasl. bonamakra OFDM
TYPJICHIIPTIIIIH OaFmapiaMalblK KaMTaMachl3 €Tyl ICKe achIpyAbl KEHUIACTY YIIiH
Oapaeixk  [ICII emec, Tek ImKi TachIMANAAyIIbUIAPIABIH MOJIYJAIMS TYpPIMEH
anbIkTanatein [ICIT opOip OalThIHAaH €H a3 MaHBI3ABl OWUTTEPIiH COMKEC CaHbI
naiganansuiagsl. byn karmaiina TICIT y3piaapirel OFDM curHanbsiHAarbl KOCATIKbI
TachIMaJIaylIbljiap CAaHBIMEH aHBIKTAJAbI, aTan aiTKanaa, DRM + currais! yinia on
OFDM cumBoseiHa 213 6aiiT Kypaiabl.
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OFDM  typnenmiprimii  SKHUTIK ~ JOMEHIHIEr  1MKI  TachIMaJIAAayIIbl
CUTHAJIIAPIbIH KYpJIeni YATUIepiH skacaiiibl. 4-QAM Kocaikbl TachiMasayIblUIapbiH
monymsanusiay kesigae I[ICII  GaltrapbiHblH 2 €H a3 MaHbBI3IBl  OUTTEpi
nananansuiaael, 16-QAM - 4 out, 64-QAM - 6 Our. [mki TackIMaIaymIbLIIaAPAbIH
OapabIK Kypaem yaritepi emmemuaepain K = 2" wmaccuBiHE OpHaIacTHIPHLIAJIBI,
MyH/Ia n - OyTiH caH, ai K 111ki TackIMaliaymibliap CaHbIHaH KeMiHe 4 ece Kom 00Tybl
kepek. Ocputaiiimia, OFDM cuTrHaJIBIHBIH YaKbIT ailMarbIHIAFbl JTUCKPETU3AIUS
KBUITAMIBIFRIHBIH  JKOFaphlIaybl KamTamachlis etinemi, Oy Illekti daxTopba
OJIICY/A1H KOJaWIbl TOJIITH KaMTaMachl3 €Ty YIIiH KaxeT. OH unaexkcTepl 0ap 1mikKi
TachIMaJIIayIIbIIapIbIH KYpAeIi YATUIepi, OHBIH 1IIiH/Ie HOJI HACKCI HOJACH OacTar
eCy peTiMeH, Tepic MHIAEKCTepl Oap 1IIKI TachIMaNIaylIbIapAbIH Kypaeil yiariiepi
MaccuBke Kkemy periveH K — 1 wWHIEKCiHEH Oactanm OpHalacCThIPbLIAJIbI.
[TaiinananplIMaFraH MacCHUB MYyILIENepl HeJjaepMeH Toartbipeuianbl [34]. DRM
cTaHjmapThiHa [48] coiikec IMIKI TachIMaIAyIIbUIAPJBIH €H KOIl CaHbl «A»
TYPAKTBUIBIK PEXKUMI JKOHE «5 CHEKTPAl TOATHIPY Typi» YinH 461 OoyFaHIbIKTaH,
OBII® enmemi 2048-re TeH KaObUIIaHAABI, OYJ1 OAPJIBIK PEKUMIEP/IC KAKETT1 IpIKTEY
KbUITaMIBIFbIHA KETIUTIIK Oepesi.

Ommemi K = 2048 Oonatein OBII® OGnorsl Kipic Kypaemi KOCajaKbl
TachIMaJIIAyIIbl YATUIepiH yakbIT aoMmeHiHgeri OFDM cumBoibiHBIH [ ocone
0a3ajIbIK JKOJIAK KBaApaTypaiblK CUTHAIIAPBIHBIH KYpJIesl YATUIepiHe TYpACHAIPE/IL.

Kopray apansirbiabig, KipicTiprimi OFDM cuMBOJNBIHBIH COHFBI [ dtcone Q
yiruiepin OackiHa kemripenl. Kemipuiren yiarinepaid caHel Ky KOPFaHBIC
WHTEPBAJIBIHBIH ~ TaHJQJIFaH Y3aKThIFbIHA  HeETi3fenreH  Qopmyna  OoMbIHINA
aHBIKTAJIA]IbI:

(3.1)

MyHJarbl Ty — KOpFay HHTEPBAJIbIHBIH Y3aKThIFbI;

Ty — OFDM cHuMBOJIBIHBIH Mali1abl O6JIIT1HIH Y3aKThIFbIL.

Kopray apanbirbiabig [lexTi (akTop MoHIHE ocepi maMalibl OOJFaHABIKTAH,
MOJIeJIbIe KOPFaHbIC MHTEPBAJIBIH €HI13Y/11 aJIbIll TacTayFa 00Jiajbl.

[exTi ¢akTopbiHblH ImiekTerim Ojorel Oenek dll ¢aiinbl peTiHAe ChIHBIN
KiTalXaHaChIHBIH JKUHAFBI PETIHE KY3ere achipbiianl. byn icke aceipy « [ ITMKIIXT»
[1IK-re »xeke mMomynbaepAl KOCyFa MYMKIHAIK Oepemi, ojap €H >KOorapbl (hakTOpIbl
a3alTyABIH OPTYPJ adTOPUTMACPIH, COHBIH IMIIHAE YIIHIN Tapam J3ipieyuriiepi
JKacaraH alTOPUTMICP/l KY3€re achIpajbl KOHE OCHUIAMINA OCHl AJITOPUTMIEPIIH
CaJIBICTBIPMAJTBI 3E€PTTEYJIEPIH KYPTi3€e/Ii.

[exTi akTopbiHbIH KYPbUIFBICHI [IIekTi (hakTOPBIHBIH OJOTHIMEH OHJCYTE
neiin skoHe onaH keiinri OFDM TtanOamapbiHBIH €H Ofaphl KO3Gh UIIMEHTIH
eCeInTen .

BI1® 61oret BER, MER xoHe quana3oHHaH ThIC SMUCCHUSIIAPbI KEUIHT1 Talaay
yiuiH OFDM cuMBOABIHBIH naiiganel OeniriH (UUKIAIK MpedUKCCi3) YyaKbIT
aliMarbIHaH KUK JOMEHIHE TYpJICHIIpe/Il.

46



Kepi OFDM-typaenaiprimt OFDM cUMBOJIBIHBIH KYPAEI YATIIEPIHEH KUK
OOJBICBIHJIAFBl CHUTHAJI IIOKXKYJIIBI3BIHBIH alMaKTapblHIAFbl COHKeC YITUICPiH
OPHBIMEH aHBIKTANATHIH Pa3psAATHIK Ti30ekTepre Kaibimracambl. BER ecenrerim
onoreingarel BER ecenrtey yinin anbiaFaH pa3pantbik Tiz0ektep Oactankbel [ICIT
OUTTEPIMEH CaJIBICTHIPHIIAIBI.

Konakrtan ThIC CoyJeieHyAl OIIIEHTIH OJOK CUTHAJIBIH HETi3T1 »KOJIaFbIHa
KaKbIH CIIEKTPAIH aMIUTUTYJAJIBIK KOMIIOHEHTTEpiH ecenTeini. HoTmwke oman opi
rpauKagblK TYpPAEC YCBIHBUIYBI MYMKiH, COHBIMEH KaTap THICTI HOPMATHBTIK
KY>KaTTapMEH aHBIKTaJIFaH KOJAKTaH ThIC COYyJICJICHY MAaCKachl MEH HaKThI CUTHAJITBIH
aJIBIHFAH CTICKTP1 apachIHAAaFbl 1b-1aFbkl €H a3 Mapika eCenTee/Ii.

MER ecenterim koaasipreickl MER-11 n1b-ne kepcerinren 6apasik OFDM imiki
TaChIMaJIIayIIbIJIAPBIHBIH KATETIK BEKTOPJIAPHIHBIH KyaTTapPBIHBIH KOCBHIH/IBICHIHA
STAJIOHIBIK CHUTHAJ BEKTOPJIAPHIHBIH KyaTTapbIHBIH KOCBHIHBICBIHBIH KAThIHACHI
peTiHzie ecenTeial

Sie=o (£ +Q)
MER = 1011 3.2
0810 SN=T () 1 )24 (0t @ )2 (3.2)

myHarbl |  sxoHe Q  — K-1mi imki TackiMamaaymibia OepiieTiH CHMBOJIIBIH HICAIIIbI
| >xone Q KypamaacTapsr;

| « sxoHe Q k — K-1mi immki TackIMaiIayIiblaa OepijieTiH CAMBOJIIBIH HAKTHI | 5koHE
Q KypamaacTapsi;

N - 1K1 TackIMaaymiblap CaHbl.

«(ITUK-IIXT» IIK 6ip OFDM CcHMBOJBIH MOACHBACYII 1€, HOTHXKEIEPi
opTamajiayMeH OepiJireH CUMBOJIJIAp Ti30€r1H MOJIEIbACY/Il A€ KaMTaMachl3 eTe/l.

Mopenbaey HOTWXKeNEpiH rpadUKalbIK KoHE KECTeNlK JEepeKTep peTiHIe
AKCTIOpTTayFa O00JaIbI.

«ITMK-CPB» I1K Heri3ri Tepe3eciHiH CBIPTKBI KopiHici 3.2 cyperTe
KOPCETUITEeH.
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3.2 Cypet — «ITUK-LIXT» I1K Heri3ri Tepe3eciHiy KopiHici

3.2 1Illekri daxkropasl ToeMeHaeTry Ke3inge DRM curHajagapbia
OHTAMJIAHABIPY KPUTEpHlIepi

[IlexTi (akTOpBIH a3alTy OMICIHIH THIMIUTITIHIH HETi3r1 KPUTEPHill ofeTTe
omicti Konmanranra peiinri PAPR xone omicti KonmanranHaH keiinri PAPR
apacblHIarbl abIpMallbUIbIK peTiHae 1b-ne epHekrenetin Illekti ¢pakTopbiHbIH Oacy
nopexkeci Oonblll TaObUIaAbl. byn karmaiia CUTHAJIIBIH HEri3rl mapameTpiepi
OeJr1JIEHreH HopMaJlap/iaH acrnaybl Kepek.

[lekTi pakTOpbIH Oacy yiIiH OaKpUIAHATHIH HET13T1 MapaMeTpIiep:

- TMara30HHAH THIC MIBIFAPBIHIBLIAD JICHT e,

- MOJYJISIUA KaTeCiHiH kbuU1aaMabirsl MER.

DRM + TtapatkpimrapeiHad (30 MIT-TeH »Kofapbl KHUUTIK JHAna3oHbI)
KOJIAKTaH ThIC 3MHUCCHsUIAp JAeHreriniy mektepi MCD-R BS.1660-8 (06/2019)
YCBIHBIMBIH/IA JKepAeT1 TUMPIBIK IBIOBICTHIK Xa0ap TapaTy/abl )KOCIapiayFa apHajaFaH
TeXHUKaIBIK Herizaemene anbikTanrad. OBU mmamazons» [23]. 1 OBY xone I OBY
nuarna3zonbiHaarbl DRM + nuana3oHHaH ThIC CIIEKTP Mackackl 3.3-cyperrte xoHe 3.1-
KECTENIe aKbIPATHIMIBLIBIFEI Oap TapaTKbIIITapFa KOWBUIATHIH MUHHUMAJIIBI TaJlall
petinae UM TtapaTkpITapblHa apHAIFaH CUMMETPUSIIBIK TUANIa30HHAH THIC CIICKTP
MacKacbhIMEH Oipre kepceTiireH. oTkizy Kaoutertiniri (RBW) 1 kI'n.

DRM30 Taparkpiurapeiably (30 MI'n-teH TOMeH JKHUUIIK —Avana3oHbl)
JIMara30HHaH ThIC COYJIEJEHY JCHTEeMiHIH CTaHIapTTaphl >KUUIIK JUana3OHbIHIA
KYMBIC ICTEHTIH XepycTi HUQPIbIK Xabap TapaTy TapaTKbIIITapblH MaiagaHy
KaruaanapeiHaa aikeiaganagsr;, 0,1485 - 0,2835 Ml ;0,5265 - 1,6065 MI'w; 3,95 -
26,10 MI'r; [20]. duanmazonHan Teic DRM30 criekTpiik Mackachl 3.4-CypeTTe KoHe
3.2-KecTeie KOpCeTUIreH.

48



Eyponanbix cranmaptka coiikec «ETSI EN 302 245 V2.1.1 (2018-06)
Transmitting equipment for the Digital Radio Mondiale (DRM) sound broadcasting
service; Harmonised Standard for access to radio spectrum» 30 MI'11 s)koFapsbl KHULTIK
JIMaIa30HbIHAA )KYMBIC 1ICTeUTIH TapatkeimTap yiriH MER 21 nb-nen kem Gosimaysl
kepek; 30 MI'1i-ke AeiiHTi )KULTIK JUara30HbIH/IA )KYMBIC ICTEHTIH TapaTKbIIITap YIIiH
MER 30 nb-nen kem 60simMaysl kepek [46].
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3.3 Cyper - |l OBY nguanazonbingarsl UM ymiid sxone [ OBYU
nuanaszonbiHaarsl sxoHe [ OBY nuamazonsingarsl DRM + yiniH quana3oHHaH ThIC

CHEKTPIIIK MacKayiap

3.1 Kecte 11 OBY nmuanazonbiagarsl UM yinin sxoHe I OBY quamna3oHbIHIaFRI
»xoHe [ OBY nuamazonbiagarel DRM + yiiH quama3oHHaH THIC CIIEKTPIIIK MacKaiap

Crnexktpiik macka(100 kI'iy apHa) / canbICThIpMalibl IeHrel

Kuinik aybITKys! (KI'1) Henreit (nbc) / (1 xI')
UM yuriH DRM+ ymin
0 0 -20
+50 0 -20
+70 0 -50
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+100 0 -70
+200 -80 -80
+300 -85 -85
+400 -85 -85
dB
E >
. -t
-10
20
-30 / _ Lt
%
40 A \
50 / \
- - t—t
-5F -2 98F -1F -0,53F % 0,53F1F 2,98F 5F
3.4 Cyper - :ongaH ThIC crieKTpiik Macka DRM30
Kecte 3.2 - DRM30 nuama3zoHHaH THIC CIIEKTPJIIK Macka
Kanpimter | XKonmakran ThIC PaguoXULIIK OTKIZy KaOuterTitiri | CamplcThpMalibl
JICHTeH, | Ke3iHje xuinik (f/F)
nb KKETTI OTKI3y KaOUICTTUIITIHIH 9pTYPJIi MOHIEP1
Bu=F, xI'g
F=45 |F=5 F=9 F=10 |F=18 |F=20
0,00 (Bn) | +/- +/- +/- +/- +/- +/- +/- 0,50
2,25 2,50 4,50 5,00 9,00 10,00
— +/- +/- +/- +/- +/- +/- +/- 0,53
30,00(Bk) | 2,39 2,65 4,77 5,30 9,54 10,60
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—60,00 +/- +/- +/- +/- +/- +/- +/- 2,98
1341 1490 |26,82 29,80 |53,64 |59,60

—60,00 +/- +/- +/- +/- +/- +/- +/- 5,00
2250 |25,00 |45,00 |50,00 |90,00 |100,00
Eckeptnenep:

1. 0,5 F sxone 0,53 F apacbiaaars! mekTeysi KUCHIKTHIH kKonoeyi 30 nb Kypaiinbr.

2. 0,53 F-ten mekTeyni KUCHIKTHIH Kejoeyi -60 nb neHreliiHe >KeTKeHTe ACHiH
oktaBara 12 nb Kypainael.

3. Bk-xwuinik 6enaeyiniH OaKpliay eHi.

4. BH-KaXETTi KUK CHi.

Ocpbunapiima, IllexkTi  (GakTOpplH TOMEHIETY  OMICTEPIHIH  THIMIUIITIH
CaJIBICTBIPFaH Ke3Jle, OeTUICHIeH IIeKapajapra Tikenel >kakpiH sxepjae MER xone
JUMAana3oHHAaH ThIC IIBIFAPBIHABUIAD TaObUFaH Ke3ne ocbl omictepain  [ekTi
(bakTOpbIHBIH 0acy JIOpEXKECiH CalbICTBIPFaH >KOH. KOPCETUITeH HOPMATUBTIK
KYy>KaTTapMeH.

3.3 DRM curtHajgapbiHbIH €H KOFapbl (aKTOPbIH TOMEHIETY JIiCTepiH
CABICTBIPMAJIBI 3ePTTEY

1) ©nic DRM cTanaapThIHBIH TajlanTapbiH 0y30aybl KEPEK KoHE KaObUIAAFbIII
KYPBUIBIMBIHA, JIEPEKTEP JKbUIJAMIBIFbIHA JKOHE KOCBIMILIA MHJIOTTHIK 1IIKI
TachIMaJIayIblIap Ibl Maiiananyra e3repTysep eHrizoeyi Kepek.

2) MER DRM + xyitecinae 21 nb temen xone DRM30 xyiiecinae 30 1b Tomen
Tycneyi kepek [46].

3) [20, 23]-ne opuatbiFan DRM CHTHAJIBIHBIH CIIEKTP MacKachl OY3bLIMAyhI
KEpEK.

4) DRM curnan KaObUIAAFbIIBIHBIH CUHXpOoHAAY eHIMILIIT1 [exTi ¢pakTopbin
a3alTy 9JIICIH KOJIJaHFaHHAH KEei1H TOMEHIEMEY1 KepeK.

Xorappiga KeNTIPUIT€H KpUTEpUIJIEpre COMKECTIK OOMBbIHIIA IIbIH-
daktopabl azaiiTy onictepiH Tangay DRM craHmapThIHBIH TapaTKbIITAPbIHAA TEK
OipHeme 9iCTepAi COTTI KOJIJaHyFa OONaThIHIBIFBIH Kepceredi [56]. 3.3-kecrene
[exTi ¢akropsiH azaiity oxictepiniH DRM  cranpapTeiMeH  yHiIeCIMALIIT
KUHAKTATFaH

3.3 Kecre - Illlexti dakropbin Tomenmaery omictepiniH DRM cranmapTeiMeH
yinecimaimiri

Ne | Omici DRM cranpapteina | Eckeptne
COMKECTIK
1. Curnainsl OypMasayra HET13/1eJTeH 9ICTeD
1.1 | Co3bIKTHI eMec xuHaKTay | Kok KaObuinareltel — ©3repry
KaXeT
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1.2 | Taceimanpaymbutiapasiy | Kok Tapatkpim NeH
HIBIHJAPBIH Oacy KaObUIIaFbIIITHIH
MOAU(DUKAIMSIIAPHI KAXKET
1.3 | Ke3zneticok dazanbik | XKok KaObmaarelTel  ©3repTy
KBLUDKY KQKEeT
1.4 | KonBeprti macmtabtay | Kok Tex PSK
MOAYJISAIUSTIaHFaH
CUTHAJIJIapFa
KOJITaHBLIA b
1.5 | Kubln any xoHe cy3y U O3repTyci3 KOJIAMIbI
2. CurnanabiH OypMaIaHybIHCBI3 oicTep (MM (pIieyre Heri31eIreH CUTHAaI)
2.1 | Xamamapasl Typienaipy | Kok KaObuinarelmtel  ©3repTy
KaKEeT
2.2 | Kemexiri Ti36ekTi eHrizy | Kok KaObu1iarpliTel  ©3repTy
KaXKET
2.3 | Tammamaisl nenren | Kok KaObaarelTel  ©3repTy
JUCIICH] KOHE TaKeTTl Kaxer
TachbIMaJiay peTi
2.4 | Apanacteipy xoHe | Kok Tapatkpiim MeH
OJIOKTBHI KOATAY KaObUIIaFBIIITHIH
MOAU(DUKAIMSIIAPHI KAXKET
2.5 | Tonnp! 6poHay Kok Kockimia 1K1
TachIMaJIayIIblIap KaKeT
2.6 | Tongs eHrizy Kok KaObu1areluTel  ©3repry
KaXKeT
2.7 | Curaan Us O3repryci3 Konaibl
HIOK)KYJIIBI3BIHBIH
OeJiceH 11 KeHero1

Ocpunaiima, DRM Ttapatkpimrapeiaaars! [1lekTi ¢hakTopblH a3aiiTy yIIiH Kecy
JKOHE CY3y OJiCcTepl, COHJal-aK CUTHAN MIOKXYJIIBI3BIHBIH OCJICEH/II KEHEH oJIicl
KOJIJAaHbIIaIbl.

AMIUTUTYTATIBIK KECY - KBIPJIbI (haKTOPABI a3alTYABIH HET13T1 )KOHE KaparmaibiM
omici. Kipic cUTrHaJIbIHBIH HIBIHAAPBIHBIH aMIUIMTYIachl, €rep CUTHal OChl MOHHEH
achIll KETCE, KOPCETIITeH MOHMEH IIEKTeNe/l, SUTIEeCe CUTHAI ©3repicci3 KaiaJbl.
KwupIt any GyHKIUSACHI MBIHA OPHEKIICH CUITATTAI bl :

x[n], |x[n]] < A
Xc[n] = {Aej(p(x[n]), |X[Tl]| > A (3.3)

myHaarel X[N] — 6actanket OFDM curnasisr;
@(x[n]) — X [n] curHansIHbIH (a3acsr;
A — anjIpIH aja OpHATBUTFAH KeCy JICHTIeli;
Xc[n] — kecinrenneH kelinri curaan [41].
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Kubin amy xomnak imrinzaeri Oypmananyra, BER sxone MER kepcetkimTepiHin
HalapJjiayblHa KOHE JUana30HHAH ThIC IIBIFAPBIHABUIAP/IBIH KOFapbUIAYbIHA OKEJIEI].
byn ocepiiep/l azaiiTy YIIiH KECUIT€H CUTHAJBI CY3rijey KojaaHnbuiaasl, oy ekt
(baKTOpBIHBIH KEHOIp Kepl ecyiH TyAbIpajbl. byn MoceneHi mienty yiniH Kecy MEH
CY3yAiH OipHEeIIe uTeparusiapbl KOJIIaHbLIaIbI.

Kubin anynaeiq Tarel 01p HYCKachl TEPEH Kecy OOJIbIN TaObLIa/Ibl, OHJA CUTHAJ
aMIUTUTYJJAChl OCNTIJICHTeH JEHIeMMEH IIEKTeliNn KaHa KOWMaibl, COHBIMEH KaTap
OCBI JICHI'€i/ICH TOMEH aMILTUTY IaHbl OJ]aH 9p1 0acy OpBIHIANA/IbI, OChLIAMIIA CY3TiIeH
oTkeHHEH KeiliH LIlekTi (pakTOphIHBIH KalTa YIIFAIOBIHBIH 9CEPIH a3aiiTalibl. KOJIAKThI
Kypamaac Oemikrep. benrinenren Illekti MOHHEH TOMEH CHUTHAJ aMILIUTYIACHIHBIH
OachLTy ImamMackl 0acbUTY TEPEHIITIHIH KAaThIHACKIMEH aHBIKTAIa IbI.

JKanme! karnaiiia Kypaeli CHTHAJI aMILIMTyAachiHa KaThICThI f (X) KHIOBIHBIH
aMIUTATY1aJIbIK CUTIaTTaMachlH MbIHA OPHEKIICH KopceTyre 00a bl

Fo ={, b H=A (3.4
A+k-(Ix| =A), x| >A
MyHIaFbl X — Kypaeai OFDM 6azansik xomak curHansi(X = | + jQ);

IX | - kemren ;i OFDM cHrHaibIHBIH aMILIMTYIACH;

A - anapIH ajla OpHATBUIFAH KECy JACHI e,

K — cunarramaHbIH Ke0ey Kod(OUITUCHTI.

k <0 yunu (3.4) epHek OypblH CHNATTANFaH TEPEH KeCcy (QPYHKUUSACHIH
AHBIKTANIbI.

k = 0 yunna (3.4) epuek A Oekitinred IllekTi mieri 6ap KiIacCHUKaIbIK KHIO
(GyHKUMSIChIHA a3asi/Ibl.

0 <k <I yumH (3.4) epHEeK TericTeyMeH Kecy (PyHKUHUACHIH aHBIKTaiabl, Oy
Ke3/le OacTankpl CUTHAJAbIH AaMIUTUTYJachl A IIEriHEH achlll KETKEHJAE KaTaH
mekrenmeii. Kipic curHaabIHBIH aMIUTUTYJackl A-JIaH YJIKEH OOJIFaH Ke3/1e KO IbIH
aAMIUTUTYAAJIBIK CHIIATTaMachl, OYJI JKaFaaia, kejaoey Oyphiiibl K-re mpormopiimoHat
©CETIH TY3y OOJabl.

k = 1 yurn kipic cMrHajaBl Kecyre »armaiabl. 1-meH yiakeH k MoHzepi kecy
MakcaTTaphl YIIiH KapaMChI3.

I "scone Q' keciIreHHeH KEH1HT1 HEeT13T1 KOJIaK CUTHAIaphl ©PHEKTEP apKbLIbI
ecenTeNe/l:

1= T (3.5)

Q=q ¥, (3.6)

AGcomoTTi K1to AeHreiinid opabiHa CR K10 k03 UIMEHTI CUSKTBI TapaMeTp
KU1 Al JanaHblIabl, OJ1 ©PHEKIEH aHbIKTAIA bl

CR= U(;p (37)
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Mynnarsl Ugp — cUTHAN KEpHEYIHIH OpTallla MoHI1, 63 KE€3€TiHAe MbIHA OPHEKIICH
aHBIKTAJIAbI:

Uep = UV (38)

myHarbl Ug — 6ip KOCANKbl TaChIMANIAyIIBIHBIH aMILTATY1AChI;
N - iK1 TackIMaIayiblIap CaHbl

Knaccukanplk  KHIOOBIH JKOHE TepeH kKecydiH [31] aMminTymaibik
cunaTTamaiapsl 3.5-CypeTTe KopCceTuIreH.

<
= p % ’

p 1
E A ~~—bes xmnnuHra g A i ~~—be3 KIunnuHra
E el R T R P —— E 4 -1~
2 i T 3
e i Kimaccrmyeckmii S
%l- i KJIMIIIHT B
& i 2
A i 4
as] i m ¥

A B A
XOJHasd aMIUIMTy/1a BxoHas amrumrya

3.5 Cyper - Kinaccukaliblk KeCy MEH TepeH KeCyIiH aMIUIUTYAaJIbIK
cunaTTamasiapbl

Tarpl Oip KETUIMIPUITEH KHWBII aly oficli - Tepezeney oiici, onma Illekti
aitmarpiHarel  OFDM  curnHanel Tepe3e (QyHkiusiceiHa keOewtineni (bapnerr,
bmkman-Xappuc, Xammunr, XanH, ["aycc) [45]. CoHbIMEH KaTap, Uama3oHHaH ThIC
HIBIFapbIHABUIAPABIH, apTybl koHe BER xone MER nerpamanuscsl craHaapTThl
KECYMEH CAJIBICTBIPFaH/1a alTapibIKTal a3 0omael Aen KyTutyae. Tepese GyHKUMIChIH
KOJI/IAaHFAHHAH KEH1H IIBIFbIC CUTHAJI OPHEKIIEH CUIIaTTaNa lbl:

xXc[n] = x[n] - (1 = Zp axw[n — k), (3.9)
myHaarel X [N] - kecy anasiagarsl OFDM curaams;
Xc [n] - kurogan keitinri OFDM curnasr;
w [n] - Tepe3e GyHKIUACH;
A~ CAIMaKTHIK (pakTopiap.
Krnaccukanblk KUIOJBIH OpHET1 PETIH/IE JKa3blIca

X.[n] = x[n] - c[n] (3.10)

MYH/IarbI
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c[n] = A | :ﬁﬂ: ;j (3.11)

COMlaH KEWiH Tepe3e (PYHKIMSACHIH KOJIAHATBIH OJICIIEH KOPCETUITeH KHBIT airy
neHreiine sxery ymriH (3.10) epHek kenmeci MIITHII axabl:
Xc [n] =x[n] - b[n], (3.12)

MYH/IaFbI
b[n] =1 = ¥k(1 = c[K]) - w[n — K] (3.13)

[Tpaktukaga 1 - ¢ [K] dyHKUIMACHIHBIH XkoHE Tepede GyHKIUsCHIHBIH W [K]
KOHBOJTIOIUACHI KOADPUIIUEHTTEP] Tepe3e PYHKUMICHIHBIH CaHAapblHA T€H 0O0JIaThIH
[llexti wummynscTik kayan (KWX) cysrici apkpuibl Ky3ere achlpbliafbl. MyHmait
CY3THIH KYpPbUIBIMBI 3.6-CypeTTe KOpPCETUIrEH.

c{n) @ Z z' z' z' | z z' z'
1

Yo,

1

(/ > b{n)

3.6 Cyper — lllekTi (pakTOpbIH MIEKTEHTIH CY3TiHIH KYPBUIBIMBI TEPE3E
bYHKITHSACH

A¥iTa KeTy Kepek, erep Tepe3e (YHKIMSCHIHBIH Y3BIHIBIFBI Oepiiren A
JIeHTeiiHeH OipHelie acyjapra Tycce, OHAa Tepe3e (yHKusIapbl KabaTTachlm,
OacTankbl CUTHAJIJIBIH OaChUTYhI KQXKE€TTI MOHHEH achin TyceAl. EH Hammap karmaiina b
[n] kKo3(ppumenTTepi Tepic MoHAI KaObUIAANABI, OYJI KyHe YIIIH eJlIMIe oKeJIeTiH
cajiapra oKeyei.

byn moaceneniy miemiMi [46]-ma yChIHBUIFAH oaic OOJIBIN TaOBLTABI, OHJA
crangaptTel KX cysricinen Oacka 1 — C[n] ¢dyHKUMSACHIHBIH Kipic YiTiIepiHEH
HIETepUIETIH TYy3eTy KO3(PPUIMEHTTEpIH KYpPaUThIH Kepi OailiiaHbIChl Oap KOCHIMIIA
KYPBUIBIM KOJIIaHbLTa b (3.7-Cyper).

Erep Ty3zery koadduumenTTepl Cy3riHiH Kipic YATUIEpiHEH YiKeH OoJca,
aJIbIHFaH yJruiep Tepic Oonaasl. MyHaal sxarqailiblH CUTHAIBI IEKTEeY HOTHKECIHE
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KAFBIMCBI3 9CEPIH KO0 YIIIH KYPBUIBIMFA TEPIC YIT1IEPl HOJTe aybICThIPATHIH OJIOK
EHT131JIe/1.

Ochl IIeNIMHIH apKachIHIa ajblHFaH canMmak kKoddduiumentrepi b (n) mekrey
aMIUTATYAAChIHBIH KeCcy KO3 OUIIMEHTTEPIHIH aMIUIUTYAAChIH TJIIPEK KarTanaiasl C
(n).

3.8-cypeTTe cTaHmapTThl KOHBOJIOLMS OICIMEH >KOHE TYHBIK UK 9/ICIMEH
anbiaran b [n] ¢yukuusaapbiHbiH rpaduKTEpl KOPCETIITEH.

bencenai MmMOKKYIABIBAAPABl TapaTy SICIHIH HETI3T HAESCH IIOKKYJIIBI3
HYKTeJepiHiH Oip Oeirin 0acTankpl MIOKKYIIIBI3IBIH CHIPTHIHA Kapail KEHEUTY O0JIbIIT
TabbuIaabel, COHBIH apkachiHaa OFDM curnansiHbIH ToOeiK (DaKTOphIH a3alTyFa
6omnanel. by npuniun QPSK sxone 16-QAM monynanus Typiaepi yiuiH Taicinme 3.9
xoHe 3.10-cypeTTepae KepceTUIreH.

3.9 xxone 3.10-cyperTepiHaeri KeJeHKeJIeHreH aiimakrap >kxoHe 3.10-cyperreri
MITPUXTAIFAH KOPCETKIIEp MIOKXKYIAbI3 HYKTENEPIHIH IIeKapalapblHbIH KEHEIO
OarbITTapbIH KOPCETE/I].

byn keHeHTIMIEp/IH Coilkec KOMOMHAIMACHI YaKBITTBHIK JOMEHJIETI CHUTHAI
IIBIHJAPBIH a3aiTyra oHe colikeciniie [llekTi ¢akTOphiH a3alTyFa MYMKIHIIK
oepeni.

e(n)

max(y,0)

“{\\'/ZJ-I VVI'_\\'/Z ] KLVV\\'-2 W\\'-l
-1

e

3.7 Cyper - Kepi 6aiinansicbl 6ap 1iudpiablK Cy3TiHIH KYPBUIBIMBI
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3.8 Cypert - CranaapTThl KOHBEPCHS JIICIMEH KoHE Kepi OaiJlaHbIC S/IICIMEH
aneiarad b [N] GyHKuMsuIapbiHbiy rpadukTepi.
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3.9-cyper - QPSK MoaynsuusChiIMEH CHUTHAJ IMIOKXYJIIABI3BIHBIH O€ICeHI1
Tapanybl
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3.10 Cyper - 16-QAM Ootibra1ma 6eiaceH i Tapaty

¥YcolHbUTFaH Moaenbiaey ojaicteMmecin xoHe «IIMK-IIXT» Oarmapiamanbik
MaKeTIH TMakjalaHa OTBIPBIN, CUTHAIABIH OypManaHyblHa Herizaenaren DRM
curHanbIHbIH LllexTi hakTOophIH a3alTyIbIH Keeci oficTepl 3epTTeIi:

- KJIACCUKAJIBIK KECY;

- TEPEH KECy;

- Tepe3eH1 OIIeY;

- Kepi OalIaHBICTICH TEPE3CHI OJIIIIEY.

DRM + cranpapThlHa COWKEC KeJeTIH Oa3aliblK >KOJIAK CHUTHAJIbI, IIyFa
Te3iMaUTIK pexkumi E, cnextpai Oenmy pexumi 0, 213 Kocanakpl TackIMasIayllibl,
KOCQJIKbl TachIMaJIJIayIIbl MOAYSIUsICHI - 4-QAM xone 16-QAM (tuicinme EQ 4-
QAM xone EO 16-QAM curnangapsi) skone DRM30 curnamisl , pexxuMHiH Oereyin
uMMyHuTeTl B, cnektpai Oeny pexumi 3, 207 KOCaJKbl TaChIMAIIAYIIbI, KOCAJIKBI
taceIMaiIayibl Moayssmus - 16-QAM (B3 16-QAM curnan). LlekTi ko duimeHTiH
TOMEHJICTYIH OapJIbIK 9/IicTepl OOMBIHIIA HOTHXKEIEPIl IYPHIC CATBICTRIPY YiiH 10
000 OFDM cuMBOJBIHBIH KaJIBINTACYbIH KaMTaMachl3 €TETiH OipJed aijbpiH aya
JKacaJFaH OTKi3y KalOinmerTumiri madgamanpuinbl. [llexkTi (akTOphIHBIH TOMEHEY
nenreiii DRM + pexwumi yura 21 ... 22 ab meriage, 30 ... 31 ab ymin MER
mapTTapbIHAH TaHIAJIbI.

DRM30 xoHe nuiana3oHHAH THIC SMHUCCHS COMKECTIK MacKachl [23].

3eprrey OapbIChIHAA UK (DAaKTOPHIHBIH MUHUMAJIBI KOJI JKETKI31JIETIH opTalia
*KoHe MakcuMaiabl MoHI >koHe IllexTi ¢akTopeiH azalTynbiH opOip 9ici YIIH
OHTAWJIBI TapaMeTpiiep JKUBIHTBIFBI  aHBIKTANABL. Ecenrey HoTmkemepi A
KOCBhIMIIIachIHIa KepceTuireH. JKalnbuianrad HaTHxkenep 3.4-kecteie KOpCeTUIreH.

3.4 Kecre - Pe3ynbrarhl MCCleIOBaHUNA METOJOB CHIKEHMs IIbIH-(aKTOpa
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curdajios DRM

Omic B3 16-QAM EO0 4-QAM EO0 16-QAM
CR CR PAPR, nb C |Ilpm. | PAPR, nb CR CR PAPR, nb
IIpm. | IIpm. | Opra | Mak | R | 2* Opra | Mak | IIpm. | IIpm. | Opra | Ma
2% 2* ma C. ma C. 2* 2* a KC
Kuemm | 1,99 - 6,38 | 7,18 |15|- 4,71 |535 152 |- 471 |53
any 2 1
Tepew |2,03 |-01 |638 [692|15|-01 |466 |525|157 |-01 |471 |52
Kecy 6 3)
Tepese
canmar
BI,
Tepese:
- 196 |7 6,49 |737|15]|9 4,74 1526|158 |9 4,67 |53
l'aycca 7 1
- 201 |9 6,49 |7,09 |16 |11 4,75 12,26 1154 |9 475 |53
X5MMH 0 3
HTa
- 1,98 |9 6,46 |7,23 15|11 474 1526|159 |11 477 |53
XaHHa 8 0
- 2,00 |13 6,48 |7,12 15|15 4,76 |527 158 |15 475 |52
bmykma 8 9
Ha
Xappuc
a
Bapnmer [ 1,98 |9 6,49 |724 15|11 4,77 529|158 |11 479 |53
Ta 8 3
OX-
MeH
Tepese
Hi
eJIIIey,
Tepese
- 199 |8 6,39 |7,05|16 |21 464 |500 168 |21 464 |49
I'aycca 8 6
- 2,05 |10 6,43 |6,96 |16 |23 4,65 |503]168 |23 465 |49
Xommu 8 8
HTa
- 2,03 |10 6,39 6,99 |16 |25 464 |505|169 |25 466 |50
XaHHa 8 0
- 2,04 |14 6,42 | 7,00 |16 |27 4,66 |510 1,68 |35 465 |49
bmxma 5 6
Ha
Xappuc
a
- 2,04 |10 6,41 6,92 |16 |25 465 498|166 |21 465 |50
bapner 8 0
Ta

* Eckeprrie: [Ipm.2-1IbIHABI TOMEHAETY 9IICIHIH KOCBIMIIIA TapaMeTpi:

- TepeH KIUNUHT yiIiH K cunarramMachlHbIH Key10ey Kod(phUIneHTi;
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- Tepe3eHl emmieyre apHanraH Tepe3eHiH Y3bIHAbFEI (OFDM TaHOachHBIH
CaHayJIapbIH/IA).

Knaccukanvlk kecy. 3epTTey HOTIXKENEPl KOPCETKEHEH, KIIACCHUKAJIBIK KEeCy
yuria CR kecy ko3¢ duIMeHTiH OHTalIbI TaHAay Ke31H e opTaiia/MakcuMaiasl PAPR

MoHi 6,38 / 7,18 nb, 4,71 / 5,35 nb xone 16 -QAM, EO 4-QAM xone B3 curnanmapbl
yurin 4,71 /5,31 ab 6ommp1. EO 16-QAM, coiikeciHiie.

B3 16-QAM, EO 4-QAM xone EO 16-QAM curnangapsl ymriH PAPR
rpaduxTepi 3.11-cyperTe KopceTiirex.

CCDF L

T T T
\ \\\\\\
1
i
i
0,1
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A
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—— UcxoaHbin curHan

\ ==== CHuxeHue NP
i

i

1

1

DuneTpauma
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0,0001

1 2 3 4 5 ! 6 7 8 9
(0)

13 14
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CCDF " = | | |
\ \ — WcxoaHbii curHan
Y -=== CHuxeHve NP
£ \ ----- ®unbTpauns
0,1 3

0,01
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E

1

0,001 ; \\\

1

i
i
i
1
i

0,0001
1 2 3 4 5 6 7 8 9 10 1 12 13 14
PAPR, nb

(B)

3.11-cyper - kmaccukanslK kecymen B3 16-QAM (a), EO 4-QAM (b) xone EO
16-QAM (¢) curHammaper ymiH PAPR  koceimmia skumHaKTaymmsl — Tapary
GyHKUUSICHIHBIH TpadUKTEDI.

Tepen kecy

Tepen kecy con xkakcoeipak opeiHAaIIbI B3 16-QAM, EO0 4-QAM xone EO 16-
QAM yurin tuicinme Oprama / makcumanasl PAPR 6,38 / 6,92 nb, 4,66 / 5,25 nb
woue 4,71 / 5,25 nb. Knaccukaiblk KECyMEH CaJIbICTBIPFaH/Ia TEPEH Kecy Ke3iHje
[exTi k03 dUIMEHTIHIH TOMEHJIEYiH apTThIpy opramia ecenneH mamamed 0,1 nb
KYpau/bl.

B3 16-QAM, EO 4-QAM xone EO0 16-QAM curnammaper ymin PAPR
rpadukrepi 3.12-cypeTTe KepCceTuIreH.

CCDF ! \ ! 1 :
\ —— UcXoaHbii curHan
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(B)
3.12-cypert - TepeH keciiren B3 16-QAM (), EO0 4-QAM (b) xone EO 16-

10

1 12 13

14

PAPR, nb

QAM (c) curnanaapsl yuriH PAPR kockiMIna sknHaKTayisl TapaTy (pyHKIUSCBIHBIH
rpadukTepi.

Tepeszeni onwuey

Tepese canmarbiHbIH opTama kKoddduimenti OovibiHa DRM cUTHaNBIHBIH
[IexTi pakTOpbIH OACYABIH HOTHKEIEP1 ATIBIHFBI €K1 9JICTIH HOTIKETIEPIHEH OpTaIiia

0,1 nb-re con namap 60mbin mbIKTH. Makcumain sl LlexTi koadduimenTi omerre kecy
omicTepiMeH canbICThIpbiIanbl. EH skakcel HoTIOREnepai B3 16-QAM sxone E0 4-QAM
CUTHAJIJIAphI YIIIiH XaMMHHT Tepeseci (tricinme 7,09 sxone 5,25 nb) sxone E0 16-QAM

curHaisl yuriH biskman-Xappuc tepesect (5,29 n1b) kepcerTi.

Hamming tepe3secinif canmarsl 6ap B3 16-QAM, E0 4-QAM curHanmgapsl xoHe
bimpkman-Xappuc tepesecinid canmarbl 0ap EO 16-QAM yuiin PAPR rpaduxrepi

3.13-cypeTTe KepceTiaTeH.
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3.13-cypet - XaMMHHT Tepe3eci apKbUIbl TEpE3EiK caamakraysl 0ap B3 16-
QAM (a), EO 4-QAM (b) curnanmapsl YIiIiH xoHe biskmaH apKbUIbI TEpe3eITiK

canmakraysl 6ap EO 16-QAM (c) curnanaaps! yurin PAPR kockimIna sknHaKTay sl
TapaTy QyHKUUACBIHBIH IpadukTepi. Xappuc Tepeseci.

XKabwik koHTYyp:bI Tepe3e canmarbl. DRM IlekTi ¢pakTopbin KaObuigamay yImiH
KAOBIK IIMKJ TEPE3eCIHIH CcalMakTay HOTIDKENIepl OJETTe aJJbIHFBl OJIicTepre
Kaparanaa kakceipak. EOQ 4-QAM sxone EO 16-QAM curHanmapsl yIriH €H KOFaphl
[exTi xorddummenti kecy anicrepinen mamamen 0,25 nb temen Gonasr. B3 16-
QAM curHansl yiIiH opramia MbIHb KO3QQPUIIMEHT] KeCcy 9AICTepIMEH CabICThIpyFa
OOJIaThIH XKOHE dJIeTTer1 Tepe3eHi emey aaictepide 0,1 n1b Temen 6omael. TyTacrait
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ayFaHga, OaplibIK Tepe3esep CalbICThIpMalbl HoTWXkenepal kepcerti, EO 16-QAM
curHaisl yuiiH ["aycc tepesect xone B3 16-QAM sxone E0 4-QAM curnaigaps! yiiH
bapnert Tepeseci makcumanabl [llexti koaddunrenTti 6oMbIHIIA a3/1all epeKIleICHEI].

B3 16-QAM, EO0 4-QAM curnanaaps! yuIiH ka0bIK KOHTYpJIbl bapieTTa Tepese

canmarbl Oap xoHe EO 16-QAM xabwik koHTypsbl ['aycc canmarbl 6ap PAPR
rpaduxrepi 3.14-cyperTe KopCeTireH.
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3.14-cypet - Kepi Oaitnanbicer 6ap bapierta Tepeseci 6ap Tepes3enik caaMmarbl
0ap B3 16-QAM (a), EO0 4-QAM (b) curHamgaps! yIiIiH koHe Tepe3elik canMakier EQ
16-QAM (¢) curHamgapel ymriH PAPR  kocekiMIa >KMHAKTayllbl — Tapary
dbyukusceiHbIH rpadukTepi. Kepi 6aitnansic 6ap ["aycc Tepeseci .

Tepeseni caiMakTay 9/1iCTEpIHE TOH KOMILIEMEHTAPJIbl )KUHAKTAYIIBI YIIECTIPY
dbynkuusiceinblH PAPR epexmenirin atan etken xeH. CysruneyneHn keiin Illexri
KO3 PUIMEHTIHIH JKOFapbUIaybl KeCy OMICTEpiHEe KaparaHia oJjcKaiga a3 eKeHIH
Oaiikay oHaii. PAPR kockimIna skMHaKTayIIbl TapaTy QyHKIHUSACHIHBIH OYJ1 9pEKeTi, €H
aJIIPIMEH, CUTHAJI TETiC KEeCUIreH KoHE KEeCIITeHHEH KeiH OTKip *KueKkTepl OoamaraH
Ke3/e, Tepe3eHl calMakTay oIICTepIHIEri IIBIHABI IIEKTey MPHUHIUIIMEH
OailyIaHbICThI, OYJT ©3 KE3EriH/Ae MIBIFBICTBIH KYPT OCYIH TyAbIpMal/bl. JUaNa30HHAH
TBIC AMUCCHSLIIAP, IEMEK, CY3TiJIey CUTHaJIFa a3bIpak ocep eresl. Meican petinae, 3.15-
cyperte kecyre apHainran 16-QAM EO curnaneiabiH cnektpiepi, biskman-Xappuc
Tepe3eNiK canMakTay xoHe binkman-Xappuc kaObIK KOHTYPJIBI TEpE3ei caaMaKray.
Keciirennen keiiH auana3oHHaH ThIC SMUCCHUSUIAPJIBIH ©CY1 KETKUTKTI KEH KUK
JTMATNia30HbIH/Ia OPBIH aJIaJIbl, aJl TEPE3EHI CAIMAKTAaY 1aH KeH1H CUTHAJIIBIH KaKbIH 6PiC
aliMarbIH/Ia I1aMaJibl FaHa ecy OaliKanasel. Jlnana3zoHHaH THIC MIBIFAPBIHABLIAPIBIH €H
a3 ecyl *aObIK IUKJIbl TEPE3CHIH CaJIMaKTay JJIICTepiH MaljalaHraH Ke3le OPbIH
anajzibl, OUTKEH1 OYJI 9MICTep SJETTErl Tepe3e CaJMarblH OJIIIeY OJICTEpIHE TOH a3
HEMece MIEKTEH ThIC MIEKTeYIep i OOIpIpMaii, CUTHAJ IIBIHAAPBIHBIH AMILTUTYJAChIH
JOJIIPEK MIEKTEY11 KaMTaMachl3 €Te/Il.
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Cyper 3.15 - Kubin any sxarpaiimapsl ymiH EO 16-QAM curHaibiHBIH
cnektpiepi (a), bivkmen- Cyper 3.15 - Kubin any >karmaitnapsl yuiia EO 16-QAM
CUTHAJIBIHBIH CIIEKTpJepi (a), bimkmen-Xappuc Tepeseci apKbUIbl TEPE3eH1 calIMaKTay
(b) xone kepi Oaitnanbicel 6ap biskman-Xappuc Tepeseci apKbUIbl TEpe3eH1 eey (C).

[exTi dakTopsiH azaiTy onictepin Tangay DRM30 curnanmapsl yiiiH TepeH
KECY €H aKChl HOTHXKe OepeTiHiH Kepcerenl, a1 DRM + curnannmapsl yuiiH xaObIk
LUKJI TEPE3ECIHIH CalIMarblH TaHAAayFa apThIKIIBUIBIK Oepuieni. bys allblpMalibuIbIK,
eH anabiMeH, DRM30 crangapThl yuriH e a3 pykcar eruireH MER 30 ab, an DRM
ctaHfgapTel yumnH + 21 nb OonartblHIbIFBIHA OallaHBICTBL, COHABIKTaH [llekTi
dakTopbiH azaiity nponecinae DRM + curHanbsl HEFypsibIM KapKbIHABI IIEKTEYTre
YIIbIpaiabl. , OyJI CUTHANIBI €H a3 OypMallalThIH 9/1ICTEPl KOJIIaHyFa MAKOYp eTel.

HerenameHn, aptypiai LIekTi (pakTopblH MIEKTEY 9ICTEPIH KONJAaHY apKbLIbI
oprama PAPR Tapanys! mamamen = 0,13 ab 6onasl. byt eTe yikeH MOH eMec eKeHIH
€CKepe OTBIPHIMN, Oenriii 0ip sxadpIKTa mainanany yuiH ekt pakTopbiH a3alTyIbIH
COJl HeMece OacKa OfICIH TaHJaraH[a, OChl >KaOJBIKTHI MaiiajJaHy MapTTapbliH 1a,
0acka J1a HaKThI 9IICTEP/Il €CKepy Ka)KeT, MbICAJIbl OpTaila )oHe Makcumanasl PAPR
KaTbIHAChl, JHWAlQ30HHAH TbHIC IIBIFAPBIHABUIAPABIH, ViiFar0 1mamackl, MER
GYHKIUSICHIHBIH Tapatyaapbl, ICKe achIPYIbIH KYPICILIIr %oHe T.0.

3.4 Temenneriiren mekrti (akropsl 0ap moaupukanusiaanran DRM
CUTHAJIBIH KAJBINTACTBIPY AJTOPUTMIH d3IpJiey KIHe 3eprrey

Osrepriniren DRM IllekTi (paKTOPBIH a32aUTY aJIrOpUTMI

Ocel  KYMBICTa  VCBHIHBUIFAH  MaKCUMalAbl  (akTOpApl  a3alTyIbIH
MoAu(UKAIMSIIAHFAH aJITOPUTMI OCHIMAENTII ©3TepeTiH MapamMeTpiiepMeH Kepi
OaittanbIChl Oap Tepese emmieyre Heriznenred. Kasipri 3amanrbi DRM cranmapTTh
MOIYJISTOPIAPBIHA JKOFAPHI KHUITIKTI CUTHAIIBIH Kaubmrtacysl | skone Q Herisri
xosarelHbIH  (baseband) curHammapblHaH TIKENEW KBaJIpaTypaiblK MOIYJISITOpAA
JKY3€re acChIPbUIATHIHIBIKTAH, IIBIHBI (AKTOPABI a3aliTy MaKcaThlHIA aTajFaH
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curHangapapiH, Oapielk [ludpabik eHaeynepi HEri3ri JKOJIakTa, KBaapaTypasbIK
MOJYJIATOpFa JeHiH opbIHaaiaasl [48].

ANJpIHFBL O6JIIMJIE KOPCETUIreHIeH, Kepl OalJIaHBICTBI OJIIIey 9JIiC1 YKaKChI
HOTIKE Oepenmi. Anaiia, eHAENTCH CHTHAIIBI MYKHUSAT 3€PTTEH OTBIPHIN, KeHOip
OFDM Ttan06anapsl 6ap ekeHiH Oaiikayra 6oJajsl cy3yaeH kerin [llexti pakTopbiHbIH
ecyl Oaiikanazapl. Tepese Y3bIHIBIFBIHBIH a3/1al oCyl IMIBIHHBIH 6CYy MOCEJICCIH IIeIe/l.
3.16-cyperre EO 4-QAM curHanbIHBIH IIBIHBI TEPE3CHIH Y3BIHABIFBI OPTYPIII
JKaFIaiyiapra apHaJIFaH Kepi Oaitmanpickl Oap bapieTT TepeseciMen ey ofici MeH
CY3T1JICHT€HHEH KEHiH 6Cy MbICAJIbl KOPCETIITeH.

v 2 53—§ (2 ~—— Wcxopbin
* 121 —— Cruxenne NP
— PunbTpaLMA
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2 “
1,53 / A

| FAWAWALWA
\/ \ 7

0.03 EER H |
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N=1170 U=178 N

(a)
] = —— WcxonHbiin
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— PuneTpauma
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A TNA
\/ \/ VAR

0.03 BEE H =
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©)
3.16-cypert - Tepese y3uiHABIFBI 25 yiri (@) soHe 32 yiri (b) 6ap kepi

Oaitmanbicel Oap bapierta Tepeseci apKbUIbI TEPE3EH] CaIMaKTay JKaFdaiiapsl YITiH
cysrigex keitin EQ 4-QAM curHasibIHBIH NTBIHBIHBIH OCYI.
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bipiami xarmadina curHangeiH lllexti xoaddunmenti 4,98 nb Kypaigs.
Tepesenin y3bIHIBIFBIH 32 yarire aeitin yiraity lllexti koaddunuentin 4,73 nb
(srHM, 0,25 n1b) Temenaeteni, an MER mamamen 0,6 1b TeMenaeimi.

MER cranmapTThl MHIEKTEpAE YCTay YIIH Tepe3e Y3bIHABIFBIHBIH MYHIal
yiratobl podseMansl OFDM tanOanapbiHa TaHiaManbl TYPAE KOJIAAHBLIYBI KEPEK.
Atan aWTkanga, Tanmay kepceTtkeHue, OFDM cumBomgapeiaeiH — IlexTi
ko3 dunmentinin ecyl EQ0 4-QAM xone EO 16-QAM curnangapsl yuiin 0,45 1b sxoHe
B3 16-QAM curnansr ymrida 0,6 n1b xereni. EO curnangapsl ymiin MyHaai Oenriiep
yurin Hlexti koadduumentinin ecyin 0,2 a1b neiin a3ailTy yIIiH Tepe3e Y3bIHIbIFbIH
4-QAM wmopaynsusicel 6ap 32 yarire xoHe 16-QAM monynsauusace! 6ap 27 yirire
neitid apTThIpy keTkinikTi, am MER temenneyi 0,6 nb acnaiiast. 16-QAM B3 curnansr
YIIH Tepe3e Y3bIHAbIFbIH 18 yirire neiin yiraity 1,3 1b MER nerpaganusiceiMen e
»orapbl PaktopasiH kKeTepinyiH 0,3 n1b nelin azaiitaasl. ToMeHri To0e (hakTOPBHIHBIH
ecyl O6ap TanOanap YIIiH Tepe3e Y3bIHIBIFBI 6CYMEH Oipre maMaMeH ChI3bIKTHI Typ/ie
KbICKapThuTybl MyMKiH. MER Hammapinaysl 1a a3aiisl.

3eprrey Hotmxkecinae, EQ0 4-QAM curnanst yuris lexti koadgdunmenti 0,086
nb-nen acram mieringe ecerin OFDM Ttan6anapeiasiH canbl EO 16-QAM curnaisl
yuria 0,126 b sxone EQ 16-QAM curnans! yiria 0,19 nb sxorapbl ekeH1 aHBIKTaJJIbI.
B3 16- QAM 30%-nman acmaiinel. Ocbliaiima, erep OenrutepaiHn 30%-bl yIIiH
curHaiapl eHuey Hotmxkecinae MER EOQ curnanst yinin 0,6 nb-re xone 6actanksi 21,5
xoHe 30,5 nb-re kateicTel B3 curnans! yuriH 1,3 gb-re TemeHaen 1 qen ecenTecexk,
opramia MER EO »one B3 curnanaaps! yunis tuicinme 21,05 n1b nefiin sxone 30,13 n1b
JIeWiH TOMEH I I1, OYJ1 KOJIaHbICTaFbl CTAHIAPTTAp IICTIHJE.

Ounneyaen OypbiH OacTtamnkbl curHaiael 3epTrey Oip OFDM CuUMBOJIBIHBIH
IIeKapachblHaFrbl OacTanmKbl CUTHAJBIH KelOip mapamerpiaepi MeH (QUIbTpieyacH
keilin [lekTi k03 (ULMEHTIHIH >XOFapbulaybl apacblHIa Koppemnsuus Oap eKeHIH
KepceTTi. 3epTreyiiep 3.5-KecTele KOPCETUITeH allJIbIHFBI OellMAe €H JKaKChI
HOTHXKEJEeP/l KOPCETKEH MapaMeTpiepi 0ap >kaObIK KOHTYPIIbl TEPE3EHIH Tapasbl oJIiCl
OOMBIHIIIA KYPT13UII.

3.5 Kecte - Tepeseni kepi OaillaHbICIIEH OJIIIEY SIICIHIH MapaMeTpIIepiH OpHATY

Curnan typi [lextey  nenreiii | Tepese kepiHici Tepese y3bIHIBIFbI
CR

B3 16-QAM 2,04 bapnerra 10

EO 4-QAM 1,68 bapnerra 25

EO 16-QAM 1,68 l'aycca 21

PecypcThl KaxkeT eTeTiH ecenrteyniepre KyriHOei-aK Te3 aHbIKTayFa OO0JIaThiH
KeJieci mapameTpiiep OONBIHIIIA 3epTTeyIIep KYPri3iiii:

6actankel curHanabiH LlexTi koadduimenTi 60bIT TaOBLIIAIBI;

- Ilekt1 TabaIABIPBIK JACHICHIHIEr CHUTHAIJIBIH MaKCUMAaJAbl ©3repy
KBULIAMOBIFEL A,

- CUTHAJ IBIHBIHBIH MakcUMali bl Heprusichl LllexTi 1merinen A »korapsl;

- lllexTi ek A neHreriHaeri MbIHHBIH MAKCUMAJ/Ibl Y3aKThIFbL;
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- lllexTi mierinex »orapbl IlekTi aMIIUTYAaCHIHBIH MaKCUMAJAbl KaThIHACHI
Ay-ra I1lekTi 1meKk aeHreriHaeri NIbIHHBIH Y3aKThIFbI.

OunpTpieyaen  keuinri  IllekTi  ¢GaKTOpBIHBIH ~ ©OCYIHIH  MaKCHMAJIJIbI
koppensiusacel [llekri 1mex aeHreriHaeri MIBIHHBIH Y3akThIiFbiHA [1lekTi 1merineH
KOFapbl A TIBIHBIHBIH aMIUIATYIaChIHBIH MaKCUMAaJIbl KaThIHACKIMEH TaObLIaab1. byt
MOH epHeKTepre coiikec ecenreni. (3.14), (3.15) 3.17-cypeTke coiikec.

x. =Ymaxing —ng (3.14)

X max [Xj ]

0<i<N -1 (3.15)

myHaarel Xj — IllekTi 1miek meHrediHmeri I-mni IIBIHHBIH aMIUIMTYIAChIHBIH A
[IIexTi 1IeTiHEH >KOFAphl MILIHHBIH Y3aKThIFbIHA KATHIHACHI

Umaxi — I-1111 HIBIHHBIH aMIUTATYIACHL;

A — abCoTIOTTI HIEKTEY IIEeTI;

Noi — lllexTi mek A aeHrewinaeri i-1m UMIyJIbC MIeKapachlHbIH 0aCTaIlKbl CaHbI;

Ny — ekt IllekTi nmeHred A colikec MMIYJIBCTIH I-IIIi MIEKapaChIHBIH COHFBI
caanl; NFFT — BII® emmemi;

U, - curnas KepHeyiHIH opTalia MoHI;

X - kecy merineH 4 acateiH OFDM cuMmBoONBIHBIH OapibiKk N IIBIHIAPBIHBIH
apacblHAarbl Xi MapaMeTpPiHIH €H YJIKEH MOHI.

3 —— Wcxoanbii
Umaxi — g::f;i?
25
A e A —
/ \\
1.5 / 3

0.5 )

Noi nii

3.17 Cypetr — A lllexTi mIeriHiH AeHreliHe COMKEC MIBIHHBIH aMIUTUTY1aChl )KOHE
IIBIHHBIH Y3aKThIFbI.

Coi3bIKTHIK [Trpcon koppensiuus koddduiuenti EO curnanst yuiin 0,45 60161
4-QAM, EO 16-QAM ymrin 0,55 xone B3 16-QAM ymin 0,65. bipinmri
xarmaiaa Yamamok mikamackl OOMBIHIIA KOCBUIBIM KYIIIH oOpTamia, OalKalaThIHFa
JKaKbIH Jem TYCIHAipyre Oojaapl, KajdFaH €Kl jKarjaiija KOCBHUIBIMHBIH OCpIKTITIH
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aliTapiblKTail Jen TyciHaipyre Oojanabl, Oy OChl mapaMeTpii OHTailsbl Oaranayra
MYMKIiHIIK Oepemi. Tepese y3uiHabiFel. EO0 4-QAM, EO0 16-QAM xone B3 16-QAM
CUTHAJIJIaphl YIIH KWIO MIeriHeH jkorapbl IIIeKTi aMIUIMTYJachIHBIH MaKCHMAJIJIbI
Y3aKThIFbIHA A KHUBIIT aJTy IICTIHCH acaThIH IIBIHHBIH aMIUTUTYIAChIHBIH MaKCUMAJIIbI
KaThIHACBIHA IIBIH (DAKTOPBIHBIH OCYIHIH TOYEAUTITIHIH Tapainysl Kenecigei: 3.18-

CypeTTE KOPCETIITEH.

Poct PAPR, ab

0.5

04

Poct PAPR, a6

04

03

X=0.325 dPAPR[gE] =0,086 v

(a)

0.454

X=0.34 dPAPR[aE] =0.126
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0.654

(0)

0.854

0.844

* Poct PAPR

* Poct PAPR



06 = = * Poct PAPR

Pocr PAPR, ab

0.826

X=0.356 dPAPR[aE] =0.19

(8)

3.18-cypet — lllexTi haKTOPBIHBIH O6CY TOYEIIUIITH 00Ty

EO0 4-QAM (a), EQ 16-QAM (b) xone B3 16-QAM (c) curHamaapsl yIiiH Kecy
TabanapIpbIiFbIHaH KOFapbl IllekTi aMIUIMTYyHachIHBIH Kecy IIeri JIeHreniHueri
IIBIHHBIH Y3aKThIFbIHA MAKCUMAJIJIbI KaThIHACHI.

Ocpbunaiiia, ChI3BIKTBHIK JKYBIKTAyAbl KOJJAHY apKbUIbI >KETKUTIKTI >KOFaphI
ceHiMauUTIKIeH ¢punpTpanusaad keilinri [llexrti hakTopeiabiH ocyiHiH LIekTi merinen
A TIBIHBIHBIH aMIUTATYAaChIHBIH [1IeKTi mIeKTeri MIBIHHBIH Y3aKTHIFhIHA MaKCHUMAaJIIbI
KaThIHACBIHA TOYEJIUIITIH anyra Oonaabl. JEHTEHIHJE >XOHE OChl TOYEJIUIIKKE
HET13/IeJITeH aJJallTUBTI aJITOPUTM/II KYPY.

¥ ChIHBUTFaH aJITOPUTMHIH OYHIpJliK nuarpammacsl 3.19-cyperre KepceTuIreH.

¥ ChIHBUTFAH aJITOPUTM Kelecijier xymbic icteiii. DRM curnanbsiabiH opOip
OFDM cuMBOJIBI YIIIIH KUIO MIETIHEH JKOFaphl A IIBIHBIHBIH aMIUTUTYIACBIHBIH KUIO
IIET1HIH JCHTeHiHe COHMKeC IIBIHHBIH Y3aKThIFbIHA MaKCHUMAJIbl KaThIHACHI
ecenteneni. Tepe3eHiH  Y3BIHIBIFBI  albIHFAH MOHIE MPOMOPLUUOHAIABI  TYpIe
ecenTenell. KepceTuireH napamerp. [lapaMeTpaiH ThIM KilIKeHTal HEMECE ThIM YIIKEH
KE3/EHCOK aybITKYJaphIHBIH dCEPiH OO IbIpMaY YIITTH Tepe3€ Y3bIHIBIFbl MAaKCUMAIIIbI
JKOHE ¢H a3 MoHIepMeH 1ekTene 1. CoHbIH/Ia Tepe3e Y3bIHABIFRI (3.16) epHEKKe coliKec
ecenTeNe/Il.

AnroputMHIH Xpin  TapamMeTpi MIBIH-GAKTOPABIH ©Cy JEHreiMeH UIbIH-
(baKTOPABIH TapadybIHIH XKOFAPFHI IeKapachl OOMBIMEH KYBIKTAJIFaH TY3Y CBI3BIKTHIH
KUBUIBICY HYKTeciHAe TaHnaidaasl, oi ymiH OFDM cumBongapblHBIH —yieci
VIFAIOBIMEH KOPCETUITeH MoHHEH ofapbl wibIH-(akTop 30%-maH acnailjabl.
Anroputm napametpiepi Wmin, Wmax,

Xmin, Xmax (curHanaapabiH 0apIibIK TypJiepi YIIiH)
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AdropHIMOapaMeTpiIepi
Wmin, Wimx, Xmin, Xmax
(CHrHanTapabeIH OapiIbIK TYpIepi

VIIiH)

Vagperr gomeris OFDM
TaHOA YIrUIepl

4 m=KTi MEeTiHEH HOFAPE] MIEH AMIUTHTYI3CHHBE IISETL
USAKTHIEEA KATREACEHRE MaEApPiE 1) mesTi merinig gemrei
GOHBIHIIS SCEMTEY.

Amprran U apackHIarel 1 MapaneTpiHie MAKCHMATIEI |
MIHIH HBIKIAY | epeseHid OHTAMTEI YIhIHIBERIH CeMTey

BII® emmen: 20487

Ha JHOK

k4

Tepese y3pIHOBIFEIH KaiiTa

ecenrrey W, Wnew=W

Tepese ko3¢ QHIHEHTTEPIHIH XaHa
MacCHBIH a1y WINnew|[Wnew]ew [Wnew]

COHEBI

3.19 Cyper - beitiMaeneTin alHbIMAJIbI T€Pe3€ Y3bIHABIFEIMEH JKAOBIK IIUKJIIJIbI
Tepeze canMmarbiHa HerizaenreH I[llekti koaddUIMEHTIH a3alTy alrOpUTMIHIH
OYHIpJIiK AHarpaMMachl

Xmax TTapaMeTpi MIBIH-(PaKTOPILIH MaKCUMAaIIbI ocy AeHreiimeH LllexTi -hakTop

TapaJTybIHBIH JKOFAPFhI MeKapachl OOWBIMEH JKYBIKTAIFaH TY3y CHI3BIKTBIH KHBLIBICY
HYKTeciHae TaHaanasl. [lapamerpriepai Tagaay 3.20-cypeTTe KOpCeTiaTreH.
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Wmax

Pocr PAPR, ab
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0.244 0,325 (Xmin) 0.444 0,587, 0.844

(Xmax)
3.20 Cypert - Anroput™m mmapaMeTpJIepiHiH MeKapaIblK MOH/IEPI.

Tepese y3bIHABIFBIHBIH €H a3 MoH1 Wnin , iekTey neHreiii CR sxoHe Tepese Typi
3.5-KkecTeneri OHTaMIbl MOHJAEpPre TEH TaHJanraH. Tepe3e Y3bIHIBIFBIHBIH W max
MaKCHMaJl1bl MOH1 OYpBIH aJbIHFaH SKCIIEPUMEHTTIK I€PEKTEP HET131He TaHJaIabl.

ANTOPUTMHIH KOPCETUITeH MapaMeTpiiepl CHUTHAIABIH opOip Typl YIIiH
MOIYJISTOPBI 931pyiey Ke3eHIHJe Oip peT aHbIKTalybl KepeK, OHJa aJrOpUTM ICKe
aceipputybl kKepek. B3 16-QAM, EO 4-QAM xone EO 16-QAM curHangaps! yiiiH
aJIbIHFaH YCHIHBUIFaH AJITOPUTMHIH MapaMeTpiiepl 3.6-kecTeie KOpPCEeTIIreH.

Xorappina KenTIpUIreH 3epTTeyJepAer: Tepe3e Y3bIHIABIKTAPbIHBIH MOHJEp1
2048-re teH BII® enmemi (OFDM cuMBOIBIHBIH TaiiAasIbl 06T YATUIEpiHIH CaHbIHA
Oaslamarel) skaraaiisl i OepiiareH. 2048-nen 6acka BII® Monaepi yiuiH, Tepe3eH1H
y3bIHABIFBIH (3.17) epHEKKe coilkec KailTa ecenrtey Kepek:

Wnzew (3.17)

MyHIAFbl Whew - T€pe3€ Y3bIHBIFBIHBIH KaHa MOHI,

Woid - 3.6 kecTezeri Tepe3e Y3bIHIbIFBIHBIH MOHI,

NFFTyew - BIID enmmemine apHanraH xaHa MoH.

3.6 Kecre. Illexti @QakTopblH a3aliTy YIIIH YCHIHBUIFAH aJITOPUTMHIH
napamerpJepi

Curnan [lexTey Tepese Wmin Wmax Xmin  Xmax
TYpi NeHT el KOPIHICl

CR
B3 2,04 bapmerra (10 18 0,356 |0,586
16-QAM
EO 1,68 baprmerra 25 32 0,325 (0,587
4-QAM
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EO 168 ¢ ["aycca b 0,34 0,593
16-QAM 21 27

Tepese korppueHTTEPIHIH )KaHa MOHJICPIH KbIIJAM €CENTey YIIIiH KeCTeliK
onicti KonmanraH keH. On ymriH WINpase Tepeseciniy ko3 pUIneHTTepiHiH HeTi3r1
MacCuBl KETKUTIKTI YIKEH Whase Y3BIHABIFBI (MbIcabl, 4096 HEMece oJaH /1a Kem)
Oacrankpiga ecenteneai. Coman keiliH Whew JkKaHa Tepe3eHiH KodhduuueHTTepi
WINpew(1), 1 = 0 ... Whew1, Whew Y3bIHIBIFBI OacTankpl Wpaee  TEpE3eCiHIH
Y3bIH/IBIFBIHAH OlpHEIe ece a3, MbIHA JKePACH JKETKIUTIKTI KOFaphl JAJIIKICH alyFa
0osaael. epHek (3.18):

(3.18)
myHarel round () — e JxakbIH OYTiH CaHFa JeHiH JOHTCIIEKTEY OMEPaIUsChI.

WINnew[Whew] Tepese koadduimeHTTepiHiH KaHa MACCHBIH alfaHHAH KeHiH
arpiMaarbl OFDM TanOackiHa >KaObIK ITUKIJIBI Tepe3eneyll canmakray oaici (3.3-
0esiMm) KosinanbLIaabl. AnsiaFad ODFM cumBoiibl [49] of1ici apKbUTbI OHTAMIBI TYP/E
Cy3UIe/Il.

Ochl 3eprreynepain Oapiblk ecenteysiept MeH anroputmuepl «ITHK-IIXT»
MEHIIIKTI OarjapiiaMaliblK MaKETIHAEC YCBHIHBUIFAH MOJECNBACY SICTEMECI aPKbLIbI
JKY3€ere achIPbUIAIbI.

Beitimnenetin aifHbIMabl Tepe3e Y3bIHIBIFBI Oap Kepl OalyaHbICkl Oap Tepese
canmMarbl 6ap B3 16-QAM, EO 4-QAM xone EO 16-QAM curnanaaps! yIriH KOChIMIIIA
KyMyJISTHBTIK — Tapaty  ¢yHKuusceiHblH PAPR  rpadukrept  3.21-cyperte
kepcetiuireH. Anbiaran [lexTi koadduimenTinig MoHAepl KecTene KopceTuireH. 3.7.
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3.21 Cyper - B3 16-QAM (a), EO 4-QAM (b) xxone EO 16-QAM (c)
curHangapsl yurin PAPR tapany rpadukrepi

3.7 Kecre - beltiimaenerin alHbIMaJbl Tepe3e Y3bIHIBIFBI Oap Tepeseni kaObIK

KOHTYpJibI canmak yiiH [lekti koadhduumeHTiHIH MoHIEpI

Curnan Typi bia-aktop, 1b
Opraiua Makcumym
B3 16-QAM 6,4 6,7
EO0 4-QAM 4,59 4,73
EO0 16-QAM 4,58 4,76
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3epTTey HOTWXKEIEpl KOPCETKEH IEH, YChIHBIIFAH aalTUBTI alHBIMAIIBI Tepe3e
V3BIHJIBIFBIHBIH  Kepl OalaHbIC TEpe3eciH cajaMaKTay aJlOPUTMI ONIETTerl Kepi
OaitIaHbIC TEPE3ECIHIH CaJIMaKTay aJITOPUTMIHE KapaFaH 1a MIbIH-(aKTOP bl a3aUTY b
0,2-nen 0,25 nb-re pneiiH KamTamachli3 eTedl. bys jkakcapTyabl TapaTKBIIITBIH
TUIMJIUTITIHIH apTybl HEMECE COYJIEJICHIeH CUTHAJIJIBIH OpTallla MIBIFbIC KyaThIHBIH 5%
VJIFAIObI PETIHAC TYCIHAIpYTre 00J1aIbl, OYJI )KaKChl HOTHIKE.

¥YCBIHBUIFAaH ~QITOPUTMHIH ~€CeNTey KYPACIUINIT MTEPAlUSIBIK TOCUIre
KaparaHJa dJ1/1eKaiiila TOMeH, OMTKeH1 CUTHAJIbI Tajl/iay YIIiH PECypCThl KAXKET €TEeTiH
npoleaAypalapchl3 KapanailbiM ecenTeyiep KOJIaHbLIaIbl.

XKorapbiga kenTipiiareH cbiHak HoTkeaepinaeri PAPR Monzaepi Herisri xkomak
CUTHAJIbIHA apHAJIFaHbIH aTan eTkeH *oH. BU curnansineiy PAPR >xorapbl skuimikTi
TONTBIPY CHUTHAJbl YIIIH OpTaila KyaT MOHIHIH TOMEHJEYiHe OainaHbICThl (Oip
JIEHrel e IBIHbI cakTay Ke3iHzae) 3 n1b aprasebl.
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KOPBITBIH/IbI

JIMTUIOMIBIK SKYMBICTBI 3€pTTEY aschbiHAa HU(PIBIK Xabap TapaTy Kyhenepine
KonmanbutaTblH ~ OFDM  cuUTrHanbIHBIH — IIBIH-(DAKTOPBIH — a3alTy  OAiCTepiH
CaJBICTBIpMAJIbI OaFajiay Kecy OJICIH o3ipyiey JKOHE JKaHApTy HETI31HJE IIbIH-
(bhakTOp/IbI a3aMTY 9JIICTEPl MEH ANTOPUTMIEPIH OaH dP1 KETULIIPYAIH OPBIHIBLIBIFBI
MEH TIEPCTIEKTUBACHIH KOPCETTI.

Keminep ™men 1udpaelk xabap Tapary KaOABIKTApbIH JKETUIAIPYIIH
MIEPCTIEKTUBAIIBIK JKOJIIAPBIH OaFaiay HOTHKeJIepl OOMBIHINA JUTUIOMIBIK 3ePTTEYIIH
HET13T1 MaKcaTTapbl MEH HaKThl MIHJIETTEPI Keyeci OarbITTap OOMBIHINIA 3epTTeyep/ il
KAMTHUTBIH TYKBIPBIMIAJIIBL:

-G PIILIK Xabap TapaTy TapaTKbIIITaphIHA KOWBIIATHIH TaJanTapIbl HETi3ACy
oJICTEMECIH d31pJIey;

- TOMEHJETUIreH MbIH Kodpdunrenti 6ap DRM crangapThiHBIH UDPIBIK
xabap TapaTy CHUTHAJJapbIH KaJbIITACTHIPYABIH MOAU(PUKALUAIAHFAH aJTOPUTMIH
KYPY;

- DRM curHangapbIlHbIH YHEPTETUKAIIBIK KOHE aKMapaTThIK CUMaTTamMalapbiH
3epTTEy MAKCATHIH/Ia MOJIENIBJICY JIICTEPIH O3TEPTY KOHE CHT13Y.

OpTYpIl KaFdainapaa curHaiabl KaObuigay camackiHa DRM cranmapThiHBIH
uudpablk  panuoxabap TapaTy JKYMECIHIH MapameTplIepiHiH oCepiH 3epTTey
xyprizuial.  JKylie mapameTpiepiH Jypbic TaHJAy TUNTIK CLEHApUliIep —
CTal[MOHAPJIBIK KaObUIIAY CLIEHApUIl )KOHE KBbUDKbIMAJIbI KaObU1ay CLIEHAPUIAI YILIH
CUTHAJIIBI KAOBII/IAy carachlH alTapiIbIKTal )KaKcapTyFa OOJaThIHBI KOPCETIITEH.

Bip xwuinikTi nudpaslk xadap TapaTy XKeiaepiH Kypy HYCKaJapbiH 3epjeliey
KYPrizuial.

Hudpneixk  xabap TapaTy OKemuiepiH  Kypy  Ke3iHIe  aOOHEHTTIK
KaObuinarpimtapaarbsl EWF  QyHKIIMOHANABIFEIH KaMTaMachl3 €Ty TallalTaphl,
KOHTEHT-CEPBEPJIETI  YOKUIETTI  KBI3METTIH  aBapusuUlbIK  Xabapiamanapisl
OeynceHaipyiHe KOMBLIATHIH TaJlalTap, COHJAi-aK OJIapAblH KypaMblHa KOWBLIATBHIH
TajanTap 931pJeHyl THIC €KeH1 aHbIKTaJIbl.

DRM xyiiecin MoienbaeyaiH KOJIaHBICTAFbI 9IICTEPl MEH KYpalIapblH TaJl1ay
xyprizuteni. Temenaetinren mbiH Gakrtopsl 6ap DRM curnangapbiH KaIbImTacThIpy
MpoIIeCTePiH MOJEIbALY daicTeMect a3ipaenal. Moaens C# tuminngeri SharpDevelop
5.1 terin a3ipney oprtacekiHaa a3ipiaeHreH «[IMK-IIXT» meHmnikTi OarmapiiaMmanbik
MaKeTl PEeTIH/E )KY3ere achIpblIaibl.
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KA3AKCTAH PECITYBJIMKACDI BIJIIM skane +'bIJIBIM MUHUCTPIITI
K. COTBAEB arsigarst KABAK YJITTBIK TEHUKAJIBIK 3EPTTEY YHUBEPCUTETI

FBIJIBIMU KETEKIITHIH
ITIKIPI

JTUTIIIOMIBIK KYMbIC

blceipaiibin Kelbipasi MycaxaHyJibl
5B071900 - PaguorexHuKa, 3J1€KTPOHUKA KOHE TeJIEKOMMYHHUKALIHS

Takpipsiobina: «Lludppasik paanoxadap xkeJijepi MeH Ka0AbIKTApPbIH
MKETLIAIPY KOJAAPBIH TAJAAY»

JIMIIOMABIK XKYMbICTa, IMPPIBIK pagnoxabap sxkeinepi MeH ka0 IbIKTaphiH
KETIAIPY JKOMIapblH Talaay bl KapacThlpFaH. JIMIIOMIBIK KYMBIC YIII OesliIMHEH
Typaznsl. JMIUIOMABIK JKYMBICTBIH MaKCaTbl Kasipri nrdpnelik xabap Tapary
JKyHenepiHid )oHe 01ap bl KypaMiac KypblIFblIapbIHbIH HEri3ri curarramanapsl
MeH epekienikrepi Tanaay. Lludpislk xabap TapaTy Ky#eci napamerpJiepiHin
opTYpi Kar/aiiap)ia CUrHa bl Kadbuiay canachiHbiH acepin 3eprrey. LIudpiibik
xabap TapaTy TapaTKbILIBIH OHTail/Ibl TAH/1ay dAICTEMECIH CHMATTAUTBIH aIFOPHTM
kypy. DRM »xyiieciH MOeNnb/ACyIiH KOJIAaHbICTarbl omicTepi MEH KypasjlapbiH
Tanjay.

DRM  craHmapThlHblH ~ UM(pPIBIK  pamvoxabap — Tapary KyHeciHin
[apaMeTpiepiHin acepiH 3epTTey Kyprisinai. bip KULTIKTI LudpibIK Xadap Tapaty
sKesliIepin Kypy HycKanapbiH 3epaeiey kyprisiaai. DRM KyHeciH MojielibeyliH
KOIaHBICTAFbl d4iCTepi MeH KypalaapblH Tajjay Kyprisiieii. TemeHaeTuIreH
by pakropsl 6ap DRM curnaiiapblt KanblITacThIpy MpOLECTEPIH MOAEIb/ICY
omicremeci o3ipnenmi. Mopens C# rimingeri SharpDevelop TEriH  a3ipuey
opraceijia d3iprnenred «ITMK-IIXT» MEHIIIKTI GarapiamMalbiK MakeTi peTiHie
)Ky3ere achlpbliajbl.

Kymbic daracol

YKanmsl, TUILUIOMIBIK KyMbIC "95 A eTe kakchl" jeren Oarara, aj CTYJCHT
blceipaitbin Kpuibipani Mycaxanyist SB071900 - POT maman/bIFel OOWBIHIIA
TexHUKa SKoHe  TexHojorusuiap  «GakanaBpy»  aKaJeMHANBIK - J9pexKeciHe
YCBIHbLIAbI.
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KA3AKCTAH PECITYBJIMKACHI BIUIIM sxake FbIUJTBIM MUHUCTPJIIT
COTBAEB YHUBEPCHUTETI

CbIH - ITIKIP

JIuninom/ibIK sx00a

blceipaiibur Kpiasipani MycaxanyJibl
5B071900 - PaguoTexHHKa, 3JIEKTPOHUKA JKOHE TeICKOMMYHUKaIIUs

TakbipbiObl:« Liupasik paguoxadap wesinepi MeH ;KadAbIKTapbIH KETLIAIPY
JK0JI1aPbIH TA11aYy»

OpbIH A bL:
a) rpadukansik 6enimi g Oer;
6) Tycinaipme xazbacnl 19 Oer.

KYMbBICKA ECKEPTY KACAY

JIMIIOMABIK KyMbICTa, LA(PIBIK paanoxabap keniaepi MeH KababIKTaphbii
SKETLILIIpY JKONIapbiH Talnay/bl KapacThipfaH. JIMMIOMIBIK XKYMBIC YIII OeniMHeH
Typanbl. JIMIIIOMIABIK OJKYMBICTBIH MaKcaTbl Kazipri umppnmx xabap Tapary
KylHesiepiHiH JKoHe oJlapAblH Kypamaac KYpbUIFbLIapbIHbIH Heri3ri cunarramalnaphbl
MEH CpeKUICJIlKTepl tangay. Lludpasik xabap rapaty TAPATKbIIIBIH OHTaWJIBbl TaH/1ay
amicTemecin  cumarTaifThiH - aaroput™  Kypy. DRM  okyiiecin  Moaeib) ey 1
KOJIIAHBICTArbl 9JIiCTepl MEH KypasldapblH TaJlJ1ay.

DRM  craHaapThIHbIH umbpnbu( pazmoxa6ap Tapary  JKyHeciHii
rapaMeTplepiHiH dcepiH 3epTTey Kyprisijiil. B1p KULTIKTI 1UGPabIK Xabap Tapaty
KeJiepiH KYpy HYCKaJIapblH 3epAeley skyprizinai. DRM okyitecin Moaenb/ey/it
KOJLIAHBICTArbl JiCTEpl MEH Kypajjapbii Tanjay xKypriziieni. Tomenperinren bt
paxtopet Gap DRM  curhangapbii - KajblITACTRIPY  MPOLECT epiH  MOJIeNb/IEY

sntictemeci asipienai. Mogens C# tininteri SharpDevelop Terin a3ipiey oprachiiia
asipnenren  «[TUK-LIXT» MeHIIIKTI Oarnapiamalbk MaKkeTi peTiHAe Ky3ere
achIpPbLIAIBL.

Kymbic darachbl
Wannpl, AMIIOMILIK Kymbic "90 A- eTe xakchl" jaerex Oarara, al CTY/ICHT
blebipaiibn  Keiasipani Mycaxanynsl SB071900 - POT  mamansiel OolibIHILIA
TexXHMKa JKoHE TEXHOIOTHSIIAp «OaKanaBpy» akaleMHUsIIbIK JOpekKeCiHe YChIHbIIALbI.
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[Iporoko.

0 MpOBepKe HA HA/AH4Me HEABTOPH30BAHHBIX 3aMMCTBOBAaHUI (My1arnara)
AsTop: blceipaiipin Keiapipani MycaxaHysibl
CoaBTop (eciiu uMeeTcst):
Tun padorsr: JuniomHas pabora
Hassanue pa6oTei: Ludpnsik paguoxadap xeinepi MeH a6 IbIKTapblH XKETULLIPY KOJIIAPBIH Tajljay
Hayumnblii pykoBoauTeab: CyHrar MapkcyJibl
Kosdpduuuenr Ilogodus 1: 1.6
Kos¢ppuuuent IMopodus 2: 0.4
Muxkponpodebl: 5
3HaKu u3 3ApYrux andasuTos: 21
Hurepsaibi: 9
Benble 3naku: 0

Iocie nposepkn Oryera [Moo0us 66110 cAeJaHO cliefyiollee 3aK/II0YeHne:

E(3anMCTBOBaHm, BBISIBJICHHBIE B PaboTe, AB/IACTCS 3aKOHHBIM H HE SABJIACTCA I1arHaToM. Y poBeHb
[0100Ms HE NPEBBILIAET A0MycTUMOro npeaena. Takum obpasom paboTa He3aBUCHMA U IIPUHUMACTCS.

(] 3anmMcTROBaHME He ABIAETCS [UIATHATOM, HO MPEBBILIEHO OPOrOBOE 3HAUCHUE YPOBHSA M0A00MS.
Taxum o6pasom paboTa Bo3BpaliaeTcs Ha 10padOTKY.

[] BeisiBretsl 3auMCTBOBAaHHA M TIArMAT MITM [PEIHAMEPEHHBIE TEKCTOBBIE HCKAKEHHS
(MaHMITY/IALKA), KK IPENOIaraeMplC MONBITKA YKPBITHS IIarkaTa, KOTOPBIC A/ 1al0T
paboTy mpoTHBOpeyaLeii TpeGoBaHmAM npuiokeHus S npukasa 595 MOH PK, 3akoHY 00 aBTOPCKUX U
cMexHbIX npaBax PK, a Taxoke Kojiekey 3THKHM 1 rpouetypam. Takum 00pa3oM padoTa He NpHHAMAETCS.
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IMporokon

0 MPOBEpPKe HA HAJTHYNEe HEABTOPHU30BAHHBIX 3aMMCTBOBAHUI (NJ1aruaTa)
Asrop: blceipaitbin Kpiibipani MycaxaHysibl
CoaBTop (eciiu uMeeTcs1):
Tun padorer: luruiomsas padora
Ha3zsauue padorsi: L{ndpnsik paguoxadap xemniaepi MeH KababIKTapblH XKETULIIPY JKOJIapbIH Talaay
Hayunblii pykoBoauTenab: CyHraT MapKcyJisl
Koygpduuuent IMogodus 1: 1.6
Kosdppuument IMonodusn 2: 0.4
Muxponpodeibi: 5
3Haku u3 3aApyrux andasuros: 21
HUurepBannbl: 9
beabie 3naku:

ITocae mposepkn OTuera [logobus Ob110 caes1aHO ciaeayIoNlee 3aKIIOYeHHe:

E/33HMCTBOBB.HI/IH, BBISBIICHHBIC B paboTe, SBIISETCS 3aKOHHBIM U HE ABJSETCS T1arnatoM. Y pOBCHb
noa00Ms He MPEBBIILIACT A0NYCTUMOro npeaena. Takum odpazom paboTa He3aBUCHUMA W IPUHUMACTCSI.

[ 3aumcrroBanme e senseres miarnatom, Ho MIPEBBILICHO TIOPOrOBOC 3HAYCHUE YPOBHSA MOA00HUSI.
Taxum o6pazom paboTa Bo3BpallaeTcs Ha 10paboTKy.

D BrIsiBJIeHBI 3aMMCTBOBAHMS U [J1IarHaT WU [MpeaAHaMEPEHHBIE TCKCTOBBIC HCKAKCHHUS
(MaHuIyJIALMK), KaK IpeIoaraeMble MONbITKH YKPBITHA IJ1aruaTa, KOTOphIe JeatoT
pabory nporuBopeyauieit TpedboBanuaM npunoxeHus 5 npukasa 595 MOH PK, 3akony 00 aBTopckux u
cMmexHbIX npaBax PK, a Takike KoJieKCcy 3TUKH U npoueaypam. Takum obpazom paboTa He MPUHUMAETCS.
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