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PA3PABOTKA U UCCNNEAOBAHUE OTPAXXATE/IbHOW AHTEHHOM
PELLETKWN OANA CETEW AYMNJIEKCHOW CNYTHUKOBOW CBSAA3U
A.A. MakcuMmoBa
HayuHbin pykoBoauTene - JibBoBa W.A., KaHA,. T€XH. HayK, AOLIEHT

B Aoknage  paccMaTpMBaEeTCs  BO3MOXHOCTb  UCMOJIb30BaHUS
OTpaXKaTeNlbHOM AHTEHHOW peweTkn ¢  60nbWKUM  KOIPPULMEHTOM
ycuneHns ans  6ecnpoBOAHON nepejauyn JAAHHbIX  C  AMArpaMMoin
Hanpae/ieHHOCTM 0coboi ¢dopmbl. OTpaxkaTtenbHasl aHTEHHas peweTka
n3obpaxeHa Ha pucyHke 1. OHa AO/MKHA 6bITb JIEFKOW, KOMMAKTHON U He
BbIAENATLCA HA (POHE COOpPYXeHUW. AHTeHHa npeobpasyer chepuueckui
¢dasoBbIit HPOHT o6nyuaTensa B NMAOCKUIA, YTO obecrneumBaeT peanuns3aumio
TpebyeMoro koapduuneHTa ycmneHus.

KopoTko3zaMKHYyThIE
AQHTEHHBIE D JIEMEHTBI

> -
W
s
/’//
P .
P )
0 o o
o . / \\\\ .. £ +
O6nyyarens OGnyuarens .
N -
“\\ f
-—<T=H1/2)
2 2\

PucyHok 1 - OTpaxkaTenbHas aHTEHHas peleTka

BaxkHbI WAr B MOCTPOEHUM OTPAXATEsIbHbIX AHTEHHbIX PEeLIeToK -
onpeneneHne sneMeHTa Ans cuMHTe3a. B gaHHOM paboTe B KavecTse
3neMeHTa 6bin1 BbIbpaH ManbTUMCKUIA KPecT, U306paKeHHbI Ha PUCYHKe
2. C noMowpbl 3TOr0 3/1eMeHTa MOXHO MPOEKTUPOBaTb aAHTEHHYIO
pewerky C KpYyroBol wuwnuM C JABYMS JIMHEWHBIMA OPTOrOHasIbHbIMMU
NoNsSIpU3aunsiMM, UTO MO3BOSIUT OPraHU30BaTk AYMNIEKCHYIO CMYTHUKOBYIO
CUCTEMY CB3W. JlaHHas CTPyKTypa OMNUCbIBAETCS MNapaMeTpaMu:
reoMeTpuyeckmm pasmepom L, koaddpuumeHToM k, TOMAWMHONK NOANOXKKMU
S. PacueTt npom3BoanTCs MeToaoM auenkmn dnoke [1].
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PucyHok 2 - [1ByXCNOMHbIA 3neMeHT B (OpMe MaslbTUMCKOro KpecTa

Bubnuorpaduueckunin CNMcok
1. OnbIT pa3paboTKM AHTEHHbIX PELIETOK C KBa3UOMTUUYECKUM TUMOM
nutanua / C.B. Monenra, P.O. PazsaHues, [0.MN. CanomatoB u ap. //
XXypHan Cubupckoro ¢deaepanbHoro yHmsepcutera.— 2011, - N?1. - C
40-50.

OPTAHMU3ALUNA TEXHUYECKOIO OBECNEYEHUA
ANCTAHUNOHHbIX ®OPM OBYYEHUA HA KA®EAQPE PYC
A.A. CrenaHoB
HayuHbin pykosoauTenb — Eropos A.B., KaHA. TeXH. HayK, AOLEHT

B cuny akTMBHOrO BHeAPEHWUS COBPEMEHHBIX TEXHUYECKUX CPEACTB B
obpasoBaTenbHbIN npouecc, a TaKke HeCTabubHOM
3MUAEMNOSIOTMYECKOA U 3KOHOMUYECKOW CUTyauuMm B CTPaHe LWMPOKOe
pacnpocTpaHeHue nonyunna ANCTaHUNoHHasa dopMa obyueHus.

JunctaHunoHHoe o06yuyeHue MNOCTPOEHO HAa OCHOBE UCMOJIb30BAHUS
nepenoBbiX MHMOPMALIMOHHBLIX U TENEKOMMYHMKALMOHHBLIX TEXHOMOTMUNA.
MpepoctaeneHne 06pas3oBaTeribHbIX YCAYr OCYLLeCTBASIETCS uepe3 CeTb
UHTepHeT, uTO no3BonsieT HaMm obecrneunTb HEMpPEPbIBHbIM Npouecc
06yuyeHUss B TMOCTOSIHHO MEHSIIOWUNXCH  COLMANbHO-3KOHOMUUYECKNX
ycnoeusix. JUCTaHUMOHHOEe ObyueHue AaeT HaM BO3MOXHOCTb pelaTtb
crnepyowme 3aaaun:

— paboTa ¢ MHBanMAAMK, 4acTo 6oneLWnMK NAbMNK;

— paboTa B yCNOBUAX KapaHTUHA;

- NoflyyeHue AONONHUTENBEHOro 06pa3oBaHne;

—  AOCTYMHOCTb K WMPOKOKM 6a3e aaHHbIX BY3a.

JunctaHunoHHoe obyueHue uvalle BCero npoBOAMTCS B TPeX OCHOBHbIX
¢dopmax:

-  BUAEONeKuMu;

—  BWUAEOKOHdepeHuun;

— BebuHapbl.

[ns opraHnsauum ANCTaHUMOHHOIo o6yyeHus kadeapa AomkHa 6biTb
COOTBETCTBYIOWMM  06pa3oM  TEXHUYECKM OcCHaweHa. B kawaoi
NEKUNOHHOW ayAUTOPMM JAOJDKHbI pacnonarateCsl KOMMbIOTEPLI C Beb-
KaMepoi N MUKPO(POHOM, a TakxKe C AOCTYNOM K ceThn UHTepHerT.



MoaknioyeHMe yCTpPOMCTB AN8 NpPoBeAEHUS ANCTAHLUMOHHOro 06yyeHus
Ha kadenpe 6yaeT OCyLWECTBNATLCA C MOMOLWbLI 6ecnpoBOAHON TOUKMK
poctyna Huawei AP — 4030DN.

C yyeTOM TexXHMYeCKMX W DSKOHOMMYECKMX CoobpaxkeHuin, paboTa

Toukn 6ecnpoBOAHOI0 AOCTyNa Ha Kadeape 6ypeT ocywecTBAATECA NpuU
noMoLmM poyTepa, BoinonHawwero pone DHCP cepsepa.
[aHHbIi  MeToA noaKMuYeHUsa saBnsercd Hauvbonee npocTbiM  ANg
pa3BepTbiBaHUA CETU, He TpebyeT A0NOMAHUTESNBbHbLIX Npoueayp HaCTPOMKK
TOUKM pocTyna, obecrnieynBaeT 60nbLIYIO 30HY MOKPbITUS  C BbICOKOM
NPOU3BOAUTENBHOCTLIO.

Takum obpazom, kadeapa 6yaet NOMHOCTLIO TEXHUYECKM OCHALLEHa U
roToBa K NPOBEAEHUIO 3aHATUIN B ANCTAHLUWMOHHOM (opmMaTe.

PA3PABOTKA AITOPUTMA AHAJZIU3A UCKAXKEHMI rONOCOBOI0
TPA®UKA B CETAX U CUCTEMAX CBA3M
P.C. XobaueBa
HayuHbin pykosoautens — AMutpues B.T., KaHA. TEXH. HAyK, AOLUEHT

B craTtbe pacCMOTpPeHbl MPUYUHBLI BO3HWKHOBEHUS nNpobnem C
KauyecTBOM IP-TenedoHun. lMpocMoTpeH anropmtm aHanumsa
CYLEeCTBYIOWMX METOA0B OLEHMBaHWUS KavecTBa nepeaayvv nm o6paboTku
peun B NaKeTHbIX CETAX.

Kak pa6oTtaet VOIP (Voice over Internet Protocol) — ronocosas
CBA3b uepes VIHTepHeT:

1. CobecegHuk N?1 rosoput no yctponctey ¢ N22. lns 3TOro Moxert
6bITb MPUMEHeHa rapHUTypa C HayWHWKaMW, a Takxke crneumanbHasd
nporpamMmMa: skype, zoom u T.n.

2. Tonoc nonb3oBatenss npeobpasyercs B UWPPOBOK CUrHaAN W
pa3buBaeTcs Ha NakKeTbl AaHHbLIX.

3. TlakeTbl JAaHHbBIX NepejarTcsa 4epe3 YCTPOWCTBO, KOTOPbIM
nonb3yetcs cobecegHmnk N21.

4. BcneactBue vero mexay yctpoucteom N21 m N22 npowucxoaut
ceaHc cBa3un, 6narogaps IP-tenedoHuu.

5. TlakeTbl AAHHbIX NOCTYNAlOT Ha YCTPOMCTBO cobeceaHuka N2 wu
packoaupytoTcs. Nonb3oBaTens CAylaeT, roOBOPUT, NPOLECC NOBTOpseTCs
B 06paTHOM MOpsAKE, NOKa KTO-TO U3 HUX HE NpepBeTcs.

PacnpoctpaHeHve ronoca MO CETU MNPOUCXOAUT 3a CeKyHAbl W
He3aMeTHO A8 MI0AEN, HO Ha KaXKAOM U3 3TUX 3TanoB MOryT NPOU30MTU
cnepywouwme npobnemol:

- 3a4epxka;

— noTeps NaKeToB;

-  ApOXaHWe CUrHana uanm JKuTTep;

- axo [1].

Cywectsyer JABa BWuAa OUEHMBaHWA KayecTBa nepejaun -
cy6bbektMBHoe u ob6bekTMBHoOe. CaMbiMM  pacnNpOCTPaHEHHbIMU



ABNSIIOTCA: OLEHKa KauecTBa nepejaun peun MOS, E-Mozenb, a Takxke
anropnt PESQ, N0O3TOMY MMEHHO MX Mbl U PACCMOTPUM.

Metoaguka Cy6beKTMBHOW OLIEHKM KauecTBa nepepaum peum
MOS npuBegeHa B PekoMeHpaumn  MexayHapoOAHOro  Cow3a
3NEeKTPOCBA3U (ITU-T) P.800. OcHoBa  jgaHHOro  MeTtoga -
NMONb30BATENbCKAs OLEHKAa KaueCTBa BOCMPUSITUS MNPefOCTAB/IEHHON
ycnyru cessv. KauecTBo nepesgaumn curHana oT nepBoro nonb3oBaTens Ko
BTOPOMY OLIEHMBAETCH Kak cpeaHee apudmeTmueckoe 3HauveHue. bannbl
BbICTABSAIOT 3KCNepTbl (MONbL30BATeNu), MOCAEe TOro Kak Mpocaywany
TECTUPYEMBbI TPAKT Nepefayu.

Anroputm PESQ npeacrtaenser 06bEeKTUBHbIA METOA OnpeaeneHus
KauecTBa nepenayM CurHana, KOTOpbI JAenaeT MNpPOrHo3 pe3ysbTaToB
Cy6beKkTMBHOM oueHku kadvectBa MOS 3kcneptamu. YT06bl OLEHUTH
KauecTBO nepejauyy peud, B anroputMe UAET CPaBHEHUE BXOAHOro (Mnm
3TasIOHHOI0) CUrHana € ero UCKa)XeHHOW (POPMOM Ha BbIXOAE CUCTEMBbI
CBSI3U.

OueHka kauecTBa CBSI3U SIBASIETCS Pe3y/ibTaTOM CPaBHEHWUSI BXOAHOIO
W BbIXOAHOro CuUrHanos. C noMowpbid OrpOMHOM 6a3bl AaHHbIX OUEHOK
MOS umaet kannbpoBka oueHKM anroputMa PESQ.

E-mopenb OTHOCUTCA K OOBLEKTUBHBIM METoAaM W  OMUCLIBAETCS
pekomeHgaumen ITU-T G.107. [aHHbIA MeTOoA siBnsieTcs O6LWen OLEeHKOM
kauecTBa nepenauM peuu. R-pakTop - MWHTErpasnbHblii MokasaTesb
nepeaayn peumn, KOTopblA ABNsSETCAS OCHOBOW E-mopenu.

CyuwectByeT AOCTAaTOYHOE KOMMYECTBO APYrMX METOAUK WU anropuTMoB
OLIEHKMN KauecTBa nepeaayn M o6paboTKu peun, NMOMUMO OMUCAHHBbIX. B
Hawux Xe cunax yraybutbcs, O6HOBUTL W caenatb nydwe Haubonee
pacnpoCTpaHeHHble U CTaHAAPTU3UPOBaHHbIE. Beab MMEHHO C MOMOLIBIO
NOMbITOK  ABTOMATU3MPOBATe MpOLECC MNoay4vYeHuss oueHok MOS
MOSIBUNUCH Takne anroputmbl, kak PSQM, PSQM+ u ap.

Bubnunorpaduuecknin CNMcok
1. https://blog.ringostat.com/ru/pochemu-voznikayut-problemy-s-
kachestvom-ip-telefonii/

BblIBOP U OBOCHOBAHME NEPBUYHOIO
M MOMEXOYCTOMUYNBOIO KOAEKA ANS PA3/IUYHbIX CETEMN
CBA3MN
B.A. MonukaHoea
HayuHbin pykoBoautenes - AAmutpues B.T., KaHA. TeXH. HAYK, AOLEHT

B npoknage paccMaTpuBalOTCA MepBUYHbIE U MOMEXOYCTOMUMBLIE
KOJEKM ANsi COBMECTHOI peanu3aumu. MpueoaaTcs GyHKUMU NEPBUYHBIX
M NMOMEXOYCTONYMBBIX KOAEKOB, NMPUUUHBI U UCTOPUSI CO3AAHUS, CBOICTBA,
Ha KakWX CKOpPOCTAX paboTaloT, MPUHUMM MOCTPOEHUS Koaepa W
CTPYKTYPHbIE CXEMbI.



K noMexoyctoiumBbiM 6704YHbIM KOAaM OTHOCUTCA koA Puaa -
ConoMOHa, K MOMEXOYyCTOMYMBBLIM KaCKagHbIM KoOAaM MPUHAANEXUT
KackagHbli  koA. Takke MNOMexXoycTorMuuBble KoAbl JAEnaTcs  Ha
ncnpasnsiowme OANHOYHBLIE U UCMPABASIOLLME MaKeTHbIE oW KN,

OAMHOYHBIMU HAa3bIBAKOTCS OWNGKKN, KaXaasa napa KOTOpbIX pasAeneHa
He MeHee yeM n CMMBOMaMW. [NakeTHble XXe NOSABAAITCA M3-3a TOro, 4To
owmnbkn rpynnupytotca. IPdekTMBHbIM MeToAaoM 60pbbbl € TakKMMM
ownbkamMu  SABNAETCA  onepaumsi nepeMelurBaHus, CUMBOMbI  Ha
nepepaloLlein CTOPOHE MEepecTaBnsioTCa B HYXHOM MOpsAKe, a Ha
NMPUHMMAIOLLElN BOCCTaHABNNMBAETCA UCXOAHBIA NOPSAOK.

PaccmaTpuBaloTCa MepBUYHbIE KOAEKW BOEHHOro craHpapta MELP,
rmbpugHein kogep CELP, kOTOpbIli couveTaeT TpPaAMUMOHHBIA KoAep C
PYHKUMAMU COrnacoBaHHbIX KOAEPOB, MepBblii ronocoBoi koaep GSM.
Kogek GSM wumeer 2 mMogudwmkaumm GSM-FR m GSM-HR. Y nepsoro
KoAeKka CKOpocTb nepepaunm 13 K6uT/C M KauecTBO 3BYKA AOCTATOYHO
HWU3KOE MO CPaBHEHWI0 C COBPEMEHHbIMW KOJAEKaMW, a BTOPON KOAEK
nozsonsier paboTaTb B pPeXMUME 3HeprocbepexxeHnuss CO CKOPOCTLIO
nepeaaumn 5,6 Kéut/c.

PA3SPABOTKA AJITOPUTMA AQANTALUUN TOJTOCOBOTIO TPA®UKA
B CETAX CB3M
N.C. YyuuH
HayuHbin pykosoautens — AMutpues B.T., KaHA. TEXH. HAyK, AOLUEHT

B noknage QopMmynupyetrcs uUenb - KOAMPOBAHME peun  Kak
YMEHbLUEHME CKOpPOCTU nepeaaun uHdopMaumm Ans  KOHKPETHOro
kauecTBa BoCcnpusitTua. MNpMBOAUTCS pasAeneHue NePBUYUHBIX KOAEKOB Ha
rpynnel Mo 3¢ @PeKTUBHOCTU.

B rpynny HU3K03(PEKTUBHBLIX OTHOCATCS KOAEKU MMMYbCHO-KOAOBOW
MOAYNAUMN U aAanTUBHONW AEeNbTa—-MOAYNSALMU, KOTOpble 06ecrneunBarT
YLAOBNETBOPUTENBHOE KAUeCTBO 3ByKa Ha CKOPOCTSX nepejaun Bblle 24
Kéut/c.

Ko  BTOpoOii rpynne  OTHOCATCS: KoAepbl  OPTOrOHANbHOrO
npeobpasoBaHna C ajanTauMen, MHOIMOMNONOCHOE KOAUPOBaHWe u
ajantueHas auddepeHumansHas UMNyNbCHO-KoAoBass moaynsums. OHu
Croco6Hbl peanu3oBaTe YAOBNETBOPUTENIBHOE U XOpOLLee KayecTBo
3By4YaHusa npu ckopocTtax 8-32 Kéut/c.

B TpeTbio rpynny BXOAAT KOAEKU JIMHEWHOrO MpeAcKasaHust ¢
KOZOBbIM  BO3OYXJAEHWEM U KOAEKU JIMHEWHOrO MpeAcCKa3aHus ¢
MHOIMOMMNYNbCHbIM  BO36yXxaeHuem. OHu obecneuymBaldT OTAMYHOE
KaueCTBO MpU HU3KNX CKOPOCTSIX.

PaccMmoTpeHbl npuHumnbl paboTbl kogepa CELP. TlpuBoasaTtca ero
AOCTOMHCTBA M OCOBEHHOCTU ajanTaumn K pPasfIMyHbIM TUNAM CUHANOB.
MpeactaBneH CeBepoaMepUKAHCKUIA BOEHHbI cTaHaapT FS1016 kak
pasBuTME KOAEKa C  JIMHEWHbIM  NpeACKa3aHWeM U KOAOBbIM



BO3OYXJAEHMEM, TMPUBOAATCA OCHOBHBIE OTAUYUSA MO CPABHEHUIO C
NCXOAHBIM.

MNMokazaHo, uto cTtangapT MELP, 3ameHmBwuii FS1016, aeMoHcTpupyeTt
3HAUMTENbHOE CHWXXEHME CKOpOCTM nepegaum (oT 2 po 8 pas) no
CpaBHEHUIO C NpeAblAyLUM CTaHAAPTOM.

MNMpuBeneHa cpaBHUTENbHas Tabnuua BbllWeoNUCaHHbIX KoaekoB. Oba
KOAEeKa WMEIOT TMPUMEPHO PABHYK MOMEXOYCTOMUMBOCTL M KaueCTBO
BOCCTaHOBJIEHHOIO CUrHana, OAHaKo TPebylT 60NbWINX BbIYUCTIUTENBHBIX
3aTpar.

MCCNEAOBAHUE NOMEXO3ALLUMLWIEHHOCTHN PNC
B.J. A3uMKoB
HayuHbin pykosoautene - CadoHoBa A.B. , KaHA. TeXH. HAyK, AOLEHT

B paboTte paccMOTpeHa BO3MOXHOCTb 3awutbl PJ/IC OT aKTMBHBbIX
IYMOBBIX MOMEX Mpu MOMOLUM aBTOKOMMNeHcatopa [1] u npoBeaeHo
KOMMNbIOTEPHOE  MOAENUPOBaHMEe uUccneayemMor cuctembl. OueHeHa
3 PeKTMBHOCTL CpeacTBa 60pb6bl C aKTUBHLIMM MOMEXaMu.

Uenbio paboTbl 66110 nccnegoBaHne nomexosawmuieHHoctn PJIC npu
nOMOLUM aBTOKOMMNEHcaTopa noMex. [lnsg AOCTUXEHWUS MOCTABNIEHHOMN
uenu 6binn pelleHbl CNeayroLlme 3a4aun:

1) paccMoTpeHa u u3yueHa CTPYKTypHasl CXxeMa aBTOKOMMeHCcaTopa
(puc. 1) u ero BekTopHas gmarpaMMa;

2) nonydeHbl BecoBble KO3 PuumeHTol W n W1;

3) cobpaHa obwas cxema MoAenupoBaHUs WM chnepylowue 610Ku:
reHepatopa 6en0ro rayccoBCckOro IliyMa, reHepatopa CurHana,
KOMMNEeHcaTopa TMOMEXW, OnpeaenieHUs BepOSTHOCTM  MPaBUJIbHOMO
obHapy>eHusl, reHepaTopa NpULUEbHON NOMeEXH;

4) onpegeneHa NMpaBUILHOCTb paboTbl MOAeNnnpoBaHus
ABTOKOMIEHCATOpa NOMEX;

5) nonyuyeHbl BEpOATHOCTHbIE XapaKTEPUCTUKK (pUC.2).
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PucyHok 1 - CrpykTypHass cxema PuCyHOK 2 - BeposiTHOCTHble
aBTOKOMMeHcaTopa noMex XapaKTePUCTUKM OBHapyXeHUs

B xone paboTbl 6biM NONYYEHbl BEPOSITHOCTHbIE XAPaKTEPUCTUKM
obHapyxeHus (Npu UCNoAb30BaHMM aBTOKOMMeHcaTopa M 6e3 Hero), no



KOTOPbIM MOXHO CAenatb BbiBO4 O TOM, UTO C TMOMOLLbLIO
ABTOKOMIEHCATOPA MOXHO YBEMUUYUTb BEPOSITHOCTb  MPAaBWUNIBHOIO
obHapyxeHust curdHana. Hanpumep npu OCLU=25 ab 6e3 ucnonb3oBaHus
aBTOKOMMeHCAaTOpa BEepOATHOCTb NpaBuNbHOrO obHapyxeHuss D=0.65, a
npu WCMNonbL30BaHUM aBTokoMneHcaTopa D=0.76, cnepoBatenbHO, ANs
obecneyeHus 3a/laHHOrO YPOBHS BEpPOSATHOCTU NpaBuIbHOIO
O6bHapyXeHuss  npu WUCNONb30BAHUN  ABTOKOMMEHCAaTopa  MOMex
noTpebyeTcsi MeHblUe 3HEepreTMUecKux pecypcoB, UYeMm B Criyyae ero
OTCYTCTBMUSI.

1. bakynee [l1.A. PagMonoKauMOHHbIE CUCTEMbI: YYEeOHUK A5 BY30B.
M.: PaanotexHuka, 2004. 320 c.

BIOK ®OPMUPOBAHUSA CUTHAJIA C KBAOPATYPHOM
AMNMIUTYAHOW MOAYNSALMEN
1.B. NapenbbaeB
HayuHbin pykosogutene - LUTpyHoBa E.C., KaHA,. TeXH. HayK, AOLEHT

KeagpatypHas aMmnautygHas  Moaynsaumus, uam QAM  (awrn.
«Quadrature  Amplitude Modulation»), aBnseTcs OAHUM n3
pacrnpocTpaHéHHbIX MeToAOB MOAYNsAuuKM Mpu nepegaye CUrHasoB B
UMODPOBLIX TENeBU3UOHHBLIX CUcTeMax. B craHgaptax uudpoBoro
TenepewaHns DVB-C, DVB-T, DVB-T2 npuMeHAIOT pasfnuyHoe
KONNM4YecTBO ypoBHen moaynsummn 16-QAM 64-QAM, 256-QAM [1].

Crangapt DVB-T2 wumMeer otanume ot DVB-T, 3aknwouawoleecs B
WCMOMb30BaHUN  «BPALLAOWEroCs»  CUrHaNbHOrO  CO3BE3Ausl, Yron
MOBOPOTA KOTOPOr0 3aBUCUT OT KOMIMYecTBa YPOBHENH Moaynsauum - 16.8°,
8.6° u arctg(1/16) - ana 16-QAM, 64-QAM n 256-QAM COOTBETCTBEHHO.
MNepen HauanoM BpaleHUs  KaXAaoro MOAYMSAUMOHHONO  CMMBOSA
OCYLLeCTBASETCA UMKNMYECKUI CABUI KBaApPaTypPHOM KOMMOHEHTbl Q B
pamkax 0AHOro KoAoBOro cnoea [2].

Uene paboTel — uccnegoBaHue BO3MOXHOCTENW peanu3aumm 610ka
¢dopMmpoBaHusa Ha LMPPOBOI 2N1eMeHTHOM 6a3e.

dopmupoBaHne QAM  curHana  OCylLecTBASIETCA Ha  OCHOBe
CYMMMPOBAaHUS ABYX OPTOrOHasIbHbIX MPOMOAYAUPOBAHHbLIX N0 aMNANTYAe
noaHecywux. Konunuectso ypoeHen QAM curHana B Kaxaon nogHecyemn
duKcnpoBaHO U onpeaensieTr Bua co3ee3avda. B cnyuae moaynaummn 4-
QAM «kopoBble KOMO6UHaUMK JABOUYHLIX CUMBOJIOB, ONpeaensowmne
MoJIOKeHMe BeKTopa Hecywer 4actoTel, cogepxaTt JgABa 6uta
MHpopmauum, B cnydyae moaynsumm 16-QAM - veTtblpe 6uTa, a npwu
Moaynsaumm 64-QAM - wectb 6uToB. [pM yBennuyeHMn Konm4yecTsBa
ypOBHeN MOAYynaAunK NOBbLILWAETCA KONNYeCTBO nHdopmMaumu,
NnepeHoCMMOe KaXAbIM OTAeNbHbIM cuMBONOM QAM curHana.

Peanuzauus 6noka d¢opmupoBaHma QAM curHana BO3MOXHA Ha
NPOrpaMMUPYEMbIX NOrMUYeCKnX MHTerpaneHbix cxemax (MNUC). JaHHbiA
noaxoA MNoO3BOASET NOAAEPXKMBATL MNEepeksiloYeHne Mexay pa3fndHbIMU
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BuaaMm moaynsuum. Cxema gopmmpoBaHusa curHana ¢ QAM coctouT u3
npeobpasoBatens OWTOBOro MOTOKA W3  MNOCNeAOBAaTENIbHOrO B
napannenbHbiii, Mannepa co3se3aus, dopmupylowero  ¢unbTpa,
APO6HOro  MHTEpnonsaTopa, TaKTOBOrO reHepatopa W UMPpPOBOro
CMHTE3aTopa 4acToT. Ha BbIxoge cyMMaTopa nosydaeTrcss konebaHue,
MOAYNIMPOBAHHOE MO aMnnautyae v no ¢ase. Bo3MOXHO ABa BapuaHTa
noaknyeHns uUudpoaHanoroebix npeobpasoBaTteneii: B KaXaoM U3
kaHanoB I wm Q ¢ nocneaywuwein peanusaumen KBaapaTypHOro
MOAYNATOPa B AHANOrOBOM BWUAE WU HENOCPEACTBEHHO HA BbIXOAE
KBaApaTypPHOro MoAynsaTopa.

B pesyneTarte uccnenoBaHwuii, NPOBOAMMBIX METOAOM UMUTALMOHHOIO
MOAENNPOBaHMS, U3y4YeH MOBOPOT co3Be3aun B I/Q cucteme KOOpauHaT
ansg 16-QAM, 64-QAM n 256-QAM.

Bubnuorpaduueckunin CNMcok
1. Kapskun B.J1. Uudposoe TenesBmaeHue: yueb. nocobume. - M.:
CONOH-MPECC, 2013. - 448 c.
2. 'nacman K. CraHgapt umdpoBoro HazeMHoOro teneesnaeHus DVB-T /
K. FnacmaH // 625. - 1999. - N2 9. - C. 72-85.

B/IOK 3ALUMNTbI PAOWOJIOKALIMOHHOMW CTAHLMWN OT MNOMEX
[.A. KapaynkuHa
HayuHbin pykosoautens — CadoHoBa A.B., kKaHA,. TeXH. HAYK, AOLEHT

O6Hapy»XeHUo CurHana B pagnotexHuyeckmx cucremax (PTC) mewarot
WyMbl M nomexu. B paboTte pacCMOTpeHbl akTMBHas LIyMOBasi rnomexa
(AWUM) w»n kombuHMpoBaHHas noMexa. OHM MOryT Kak MewaTb
¢dyHKUMOHUpPOoBaHMIO PTC, Tak M MOAHOCTBIO noaaensaAte ux. OAHMM K3
MeToA0B 60pbbbl, B TOM uUUCNE C JAaHHbIM BUAOM MOMEX, SIBNSETCSH
ABTOKOMIEHCATOP, CYTb PabOTbl KOTOPOro 3aKJOUYAETCs B KOMMEHCcaLMu
MeLaLWwmnx BO3AENCTBUI B LIMPOKOM AMAMNA30HE MPUXOASILMX Ha BXO.A
AHTEHHbI curHanos [1].

Peanusauus 3KCNepUMeHTaNbHOM yacTm nccnenoBaHus
aBTOKOMMeHcaTopa C KoppensumoHHon obpatHon cBa3bio (KOC) 6bina
npoeegeHa B cpege Matlab Simulink. [ns storo 6bina paspaboraHa
cooTBeTCTBYIOWAN MoAeNnb aBTokomneHcaTopa ¢ KOC (puc. 1).

—u.l T "‘" ‘ f
” 2} -~ _‘_‘_l i

PucyHok 1 - Cxema mogenuposaHus B cpege Matlab Simulink
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Bbino nposBegeHo uccnepoBaHue BAUSHUS NY6MHBI 06paTHOM CBSA3MU
Ha paboTy aBTOKOMMEHCATopa MOMeX, a TakKe PacCMOTPeHa peakuus
ABTOKOMIMEHCATOPa HA W3MEHEHWe OTHOLUEHUS! aMrnauTyZ OCHOBHOIO U
KOMMNEHCAUMOHHOI0 KkaHanoeB. Ha puc.2 npuBeaeHbl 3aBUCMMOCTU
ko3pdpuumnerHta noaasnenHmsa (KI) aBTokoMneHcaTopa OT MepHbIX
3HauveHui KOC n BecoBbIX KO3M@PULNMEHTOB NMPONOPLMOHANIBHOCTH

KPP_os
e =
T 1 e o e s 2 Y ot P
Loy o ST

PucyHok 2 - 3aBucumoctn Kl aBTOKOMNEHcaTopa OT MEPHbIX 3HAYEHUI
KOC 1 BecoBbIX KO3(phULMEHTOB NMPONOPLMOHANBHOCTU

B pesynbTaTe 3KCMNEpUMEHTa Mbl MPULLAW K CAEAYIOULUMY BbIBOAY:
3PeKTMBHOCTE NOAABAEHUSS KOMOWMHMPOBAHHOW MNOMEexXu 06paTHO
nponopumnoHansHa rnybuHe KOC, Mpn noBbIWEHUM 3HaYeHust
OTHOWeHuss amnanTyn pasHoro 0.5, 1, 2 nNpouCXoauT YyMeHblueHue
KO3(pdpuumeHTa nogaBneHUs NOMEXU.

1. bakynes [.A. PagnonokaunoHHble cuctemol. - M.: PagnotexHuka,
2015, 440 c.

MU3YYEHWNE N CPABHEHUWE XPAKTEPUCTUK CTAHOAPTOB
BECMPOBOAHOW NEPEQAUYM OAHHDbIX IoT
A.B. MeTnukuHa
HayuHbIn pykoBoauTens — Bacunbes E.B., KaHA. T@XH. HAYK, AOLEHT

DNEeKTPOHHbIA LEHHUK — 3TO BbICOKOTEXHONIOMMYHOE YCTPOMCTBO,
cocTosiLee U3 YeTblpex OCHOBHbIX YacTei: TOHKuK kopnyc ¢ XXK- unu E-
ink-aucnneem, MMKPOKOHTPOMEP, MOAYNb 6eCcnpoBOAHON ABYCTOPOHHEN
3allMLEHHON CBA3KM U baTapes NUTaHUMA WAW pa3beM Ha LWWHY NUTAHMUA.
Ha auncnnee ueHHMKa, NOMWMO LUeHbl, OTo6paxaeTcs AO0MNOSHUTENbHAad
MHpopMauus O ToBape, KOTOPYK B nw0boe BpeMs MOXHO 6bICTPO
ckoppekTupoBaTb. [NocpeacTeoM 6ecnpoBOAHOIO KaHana OCyLLeCTBAAETCA
OVUCTAHLUMOHHOE YyrpaBfeHue YCTPOMCTBOM. DHeprum 6artapen AO/MKHO
XBaTaTb Ha HECKONbKO neT paboTbl. CywecTBYIOT 3apybexHble aHanorm,
OHaKO Yy HWX €eCTb HepocTaTku: paboyass paavoyacToTa He
cooTBeTCTBYeT paspewéHHon B Poccun; manoe BpeMst aBTOHOMHOW
paboTbl; HU3Kasi CKOpPOCTb O6HOBNEHWUs; HebONbLIOK pa3Mep 3KpaHa;
BbICOKA4 LieHa; AOPOrocrosiliee cepBucHoe o6CcnyxxnsaHue.
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Ana >ddektmBHOl paboTbl CUCTEMbl NEKTPOHHBIX FpadunuecKkmx
LIeHHMKOB TpebyeTcs BbibpaTb ONTUMAlbHYIO TEXHOAO0rMIo 6ecrnpoBOAHOM
CBA3U. B 3TOM M 3aKn0YaeTCsa akTyanbHOCTb AAHHONM paboThl.

Uene - wuccnepoBatb XapaKTepuCTMKM CTaHaapToB 6ecnpoBogHOM
nepegaun naHHbix IoT.

Ans  peanu3auum  MNOCTaBNEHHOW UenM Heob6XoaMMO  pelnTb
cneaywouwylo 3ajady: uccnegoeatb M BblbpaTb 3Heprocbeperalowero
anroputMa @YyHKUMOHMPOBaHUS 6ecnpoBOAHOrO KaHana CBA3W AN
MacCuBa 3N1eKTPOHHbIX rPaUUecKnX LEHHUKOB.

CyuwectByeT MHOIMO TEXHONOIMMI 6ecnpoBOAHON CBA3M. X OCHOBHbLIMU
XapaKTeEPUCTUKAMKU SBASAIOTCS AANbHOCTL CBA3W, MOJSI0Ca NPOMYCKaHUA U
CKOpOCTb nepefaud uHdopMaumu. B pesynbTate ux aHanm3a MOXHO
3aMeTUTb, YTO HW OAWH U3 N3BECTHLIX MPOTOKONOB 6eCcrnpoBOAHbIX CeTel
B MONHOM Mepe He noaxoauT ans cuctembl DI, BONbWKMHCTBO ceTen
UMeeT AnanasoH pabouymMx 4YacTOT OT/IMUHBLIA OT paspelwéHHoro B Poccuum.
Mo3TOMy HYXHO paspabaTtbiBaTb CBOK CeTb, KOTOpasl 6yneT MasiuKOBOM,
3Hepro3@eKTMBHON, MMeTb O06paTHbiii KaHan W  O60Nbly YacTb
pabouero BpeMeHu 6yaeT HaxoanTbCs B peXxuMe CHa.

OpHa 6a3o0Bas CTaHUMA NOAAEPXUBAET OKONO 2,5 TbICAY 3NEKTPOHHbIX
LUEHHNKOB, W3MEeHeHue LUeHbl NMpoucxXoauT A0 4 pa3 B CyTku. Pasmep
3kpaH - 5.98*5.98", paspeweHue 3KpaHa - 72 Touek/awim. Ecnu
NOCYMTaTb KOJIMYECTBO TOUEK Ha dKpaHe, TO MOJIyYMTCH, UYTO Ha 3KpaHe
185 382 Touek. Takux kapTMHOK y Hac 2500 n obHoBnsiem nx 1 pas B
cyTkn. 2710 0,54 K6aiT/c. M3 BCero BbIWECKA3aHHOIO MOXHO caenartb
BblIBOA O TOM, UTO CKOPOCTb Mepejavn A0/HKHA O6blTb He MeHblle
paccUnMTaHHOMN.

O6paTHblit KaHan HyXeH ANnsi CBsA3M C LUEeHHUMKOM. [locne TOro Kak
nocolnaerca MHGOpMauMa O UeHe, J0/DKeH NpUXoAUMTb  OTBET,
MHdOpMaumMsa noayyeHa uam Het. TakkKe HYXXHO UCNONbL30BaTb MPOBEPKY
KOHTPOMIbHON CYMMbl. MOXHO MCMoAb30BaTe LMKANUYECKUA U36bITOUHLIN
kog (CRC) -  anroputM  HAXOXAEHUS]  KOHTPOJSIbHOW  CYMMblI,
npeAHa3HavYeHHbIN A9 NPOBEPKU LLENOCTHOCTU AaHHbIX.

Takke 06a3aTeNbHO HYXHO, YTOObl NEKTPOHHLIN LEeHHMK nepexoaun
B PEXWM CHAa, KOrAa OH HE aKTUBEH.

OLIEHKA OANBbHOCTU AEACTBUS CUCTEMbDI
MO3ULUNOHUPOBAHMSA RFID
M.I'. HoBukoB
HayuHbin pykosoantTens — MNapwuH A 1O., KaHA. TeXH. HAYK, AOLEHT

PaboTta nocesiweHa nccnegoBaHUIO pagmModacTOTHOM muaeHTUOUKaunm
06beKTOB NpPU MNOMOLWM MNACCUBHBLIX W/MNM  aKTMBHbIX MeToKk CBY-
AnanasoHa. [peanonaraeTcss  UCNOMb30BAHWE  PAAUOTEXHUUECKMX
YCTPONCTB A1 CUMTBIBAHUS METOK, OLEHKM PACCTOSIHUS OT CUMTbiBaTeNs
A0 METKU U AanbHeWLlero onpefeneHus rnonoXxeHuss 06bekTa B CUCTeMe
NoKanbHbIX KoopauHaT. [Ans obecneveHus paboTbl paspabaTbiBaeMOi
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CUCTEMBI Ha paccTosiHusiXx 6onee 5 METPOB MUCMONbL3YyeTCs AnanasoH
yacToTt oT 860 MI'y ao 930 MIu.

BeinonHeHo uccnepoBaHne pab6otel RFID meTkn Ha uvactote 868 MIy
MEeTOA0M MOAENUPOBAHUS YCNIOBUIA PACNpPOCTPAHEHUSI CUTHANA U OLIEHKU
BeJIMUMHBbI €ro MOLWHOCTU Ha Pas/IMUHbIX PaccTosiHusIX. B cooTBeTCTBUM C
YPaBHEHUEM pPaaNoNoKaLum

Py = (P~ G -A*)o/(4m) R
rae pt -  ko3PUUMEHT NOoNAPU3ALMOHHON  PACCTPOMKN  MEeXAy
OTPa)XEHHOM BOJIHOM M aHTEHHOI CuMTbiBaTeNs, pacCyMTaHa MOLWHOCTb Ha
BXOA€ aHTEHHbl CUMTbIBaTENS
Py =p-p.-T*(R - Gf - GE-A%)/(4mR)*

MonyueHHoe  BbIpaXKeHwe  onpejensieT  B3aMMOCBSA3b  MeXAy
MOLIHOCTBIO, MNOCTYynawwei Ha aHTeHHY MeTKM, W OTPaXXeHHOW
MOLUHOCTBIO.

McxoaHble aaHHble: p =15, P,.=10-10"3 BT, G.=1, p,= 15, [ =0,5,
G.=1, A=0.346 M. [lanee 6yaeM M3MeHATb pacctosHue R ¢ warom B 5
MeTpPOB.

OTpaxkeHHasi MOLHOCTb Ha BXOAe NPUEMHO—-U3MyYaloLWeln aHTEHHbI P 1
AANbHOCTU CUnTbIBaHUS R npeacTaBneHbl B Tabnuue 1 U Ha pucyHke.

Tabnuua 1. 3HayeHnsa OTPaXKEHHOM MOLLHOCTU CMIFHana OT PacCTOsSIHUSA A0
RFID-MeTkHK

PEAr R

0 of
5,15%104-12 5
3,219*104-13 10
6,358*10-14 15
2,012*100-14 20
8,24%104-15 25
3,074*10015 30
2,145*10A-15 35
1,257*104-15 40
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MpadnkK 3aBUCUMOCTU OTPAKEHHOM MOLLHOCTM CMIrHana oOT PacCTosIHMS
no RFID - meTkn

Ucxoas u3 nonyuyeHHbIX AAHHbIX, CAENaH BbIBOJ, UTO MAKCMManbHOE
paccTosiHMe oTKAnka metku 25-30 metpos. MNpu 60nblieM pacCcTossHUM A0
MeTKW, OTPaXXEHHOM MOLWHOCTK 6yaeT HepOoCTaTOUHO, YTO6bl OAHO3HAYHO
onpenenTb eé MecTononoXeHue ¢ TpebyeMom TOUHOCTLIO.

Bubnuorpaduuecknin CNMcok
1. T. Wapgpenva Cuctembl RFID HU3KOM cTOMMOCTK C MpUIoXKeHUnsiMum
N. Oesuns, X. Oamypa, H. Yapkanm, C. KopHeeBa un A. [ynapuwu.
MNepesoa ¢ aHrn. u HayuHasa pegakuus C. KopHeeBa. Mockea 2006
AHHOTaUMA.

MPOMYCKHASAA CNOCOBHOCTb AUCKPETHOIO MIMO KAHAJNA
nPU KOOANPOBAHNUWN AJTTIAMOYTHU
YcneHckuin AN,
HayuHbin pykosoautens — MNapwuH [O.H. a-p TexH. Hayk, npodeccop

Ncnonb3oBaHWe aHTEHH Ha NPUMEMHOI CTOpPOHE WX pacrnpeneneHue
3HEeprunm Ha nepejalowen AaloT BO3MOXHOCTb CHU3WTb HeraTUBHOE
BAUSIHWE 3aMUpPaHWil PaAnOCUrHana, Bbi3BaHHbLIX €ro MHOr0MYYéBbIM
pacnpoctpaHeHmeM. Ecnn ogHa v Ta xe unHdopmaums 6yaet cobpaHa C
pasfuMuHbIX  HanpaeBfeHwui, TO  BEepPOATHOCTb €€  npaBWJIbHOIO
BOCCTAHOB/IEHUS Ha NpPUEMHOM CTOpOHe BO3pacTér. B pagumoceasm
CYWECTBYIOT pa3fnyHbIE BapuvaHTbl MNPOCTPAaHCTBEHHOrO pa3HeceHus
aHTeHH Ansa 60pbbbl C MHOroNy4éBbLIM PacnpoOCTPaHEHUEM PaAWOBOJSIH:
MISO (Multiple Input - Single Output), SIMO (Single Input - Multiple
Output) nan MIMO (Multiple Input - Multiple Output) [2].

Jo6uTbCca NpPOCTPaHCTBEHHOrO Ppa3HECEHUA BO3MOXHO W C MOMOLBIO
KOAMPOBaHUS  CWrHana, WCNosib3ys  MPOCTPAHCTBEHHO-BPEMEHHbIE
6nouHble koabl (MBBK). CuaBaw AnamMoyTn - aBTOp OAHOIO M3 CaMbiX
npoctbix [IBBK. Ero «koa npegHasHaueH And  CucteMm € ABYMS
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nepesavwnuMmm U OoAHOM NpuéMHON aHTeHHamm [1]. Cxema AnamoyTtu
nossonsier ob6ecneuntbe pas3HeceHue CUrHaNoOB U MOBbLICUTb CKOPOCTb
nepeaaun nHpopmaumm nMbo yMeHbLWNTb BEPOSATHOCTb OWMOKKN Nepeaaymn
WHOpMauUMM 3a CcuYeT BBEAEHUSI OPTOrOHANBHOCTM MO (ase mexay
ONHOBPEMEHHO MepefaBaeMblMM CUrHanNamuM U napamm CUrHanosB,
NOCNeA0BATENBbHO U3NYyYaeMblX KaXA0N U3 Nepeatolmx aHTEHH.

PaccMOTpUM NPUHLMM PA6OTbl CXEMBbI:

BxoAHOIM NOTOK AAHHbIX pa3buBaeTtcsa Ha napbl [x1, x2]. Ha nepsom
NoNyTakTOBOM MHTEpBane cuMmBon x1 nepepaercs uepe3 aHTeHHy 1, a
CUMBON X2 NepenaeTcsl Yepes aHTeHHy 2.

-w Ty

Jexoaep

MBBK | I Re |— mBEK [

Koaep

Puc. 1 - Cxema NBBK AnamMoytu

Ha BTOpOM MONyTakTOBOM WMHTEpBAne MOPSAOK Mepefayd MeHsieTcs:
yepe3 aHTeHHY 1 nepegaeTca WMHBepcMs CUMBOMA X2 (HA PUCYHKe
0603HaueH kak -x2*), a cuMBon X1 nepegaeTrcs yepe3 aHTeHHy 2 (Ha
pucyHke 0603HauveH Kak x1%*).

1 2
N
A X, X5 T
—X, X
ll ) "l.l EZ
X X

Puc. 2 - MaTtpuua MNBBEK AnamoyTtu

MNpeactaBuM anropuTM B BUAE MaTpuubl, rae HOMep CTPOKU — 3TO
HOMep nepeparowen aHTeHHbl, @ HOMep cTonbua - HOMep NofyTaKTa
nepeaaun. Cumeon "*" o0603HayaeT KOMMAEKCHOe COMpshKeHue, KOTopoe
Heo6xo0AuMO ANs peanusaumm CxeMm Moaynsauumn 6onee BbICOKOro nopsiaka
(4-QAM, 16-QAM wn T1.4.). WNcnonb3yss CBOMCTBO OpPTOrOHAaNbHOCTU
MaTpuubl AnamMoyTu, MOJIYUMM, YTO KaXAbIW CUrHan nepejacrtcs 2 pasa,
TEM CaMbIM 3HAUYUTENIbHO YMEHbLLWWUB BEPOATHOCTb OUTOBOIN OLWINGKM.
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