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Dear friends !
You hold in your hands the collection of theses of the XIX International
Scientific and Technical Conference "Problems of Technology and
Technologies of Telecommunications".
For the first time in the history of such scientific forums on the site of the
Kazakhstan University of Innovation and Telecommunications Systems, the
leading universities of Russia have gathered to train specialists in the field
of IT-technologies. | have in the form of the Povolzhskiy state University of
telecommunications and Informatics, Kazan Federal Research
Technological University and Ufa State Aviation Technical University
university.
The conference is taking place in a time-era for Kazakhstan and Russia, the
era of the fourth industrial revolution,
The era of profound and rapid changes: technological, economic and social.
The new technological way radically changes the way we work, we realize
our civil rights, we raise children.
The need to be ready for global changes and challenges has prompted the
adoption of the Kazakhstan-2050 Development Strategy in the Republic of
Kazakhstan.



In the message of the President of the Republic of Kazakhstan Nazarbayev
Nursultan Abishevich the goal is to enter the top thirty of the most
developed countries of the world.

The Plan of the Nation is being implemented - 100 concrete steps, 60 of
which have already been executed.

Last year, the third modernization of Kazakhstan was launched.

The Industrialization Program is being successfully implemented.

A comprehensive program "Digital Kazakhstan" was adopted.

A comprehensive Strategic Plan for the Development of the Republic of
Kazakhstan was developed until 2025.

This Message determines what we have to do for successful navigation and
adaptation in a new world - the world of the Fourth Industrial Revolution.
As you know, November 9-10, 2017 in Chelyabinsk, the traditional
conference of rectors of Kazakhstan and Russia was held, at which the
leaders of higher educational institutions of Russia and Kazakhstan
determined the ways of development of cooperation.

And our conference is developing the cooperation of our countries in the
scientific and educational spheres.

I wish you new scientific discoveries, insights and all the best.

President-Founder

Scientific and educational complex

""Kazakhstan University of Innovation

and telecommunication systems **

Academician of the National Engineering Academy

Of the Republic of Kazakhstan, Professor A.S.Aitimov



Inenapuoe 3acenanue - Plenary meeting

B.A. bypnun
[ToBoyKCKUH TOCYNapCTBEHHBIM YHHMBEPCUTET TEJIEKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

HEKOTOPBIE ACIIEKTBI HIOBBIINEHWSA HAJEKHOCTH
BOJIOKOHHO-ONITUYECKHNX KABEJBbHBIX JTUHUAM
TEXHOJOTUYECKOW CBS3U

TeXHOJOTMYEeCKHE CeTH CBA3M CHY)XaT Uil pealH3alid |
HOAJCPKKH OCHOBHOTO TEXHOJOTMYecKoro mnpouecca. COOTBETCTBEHHO,
BBICHINM IIPUOPUTETOM SABIIACTCA ux HaJCXKHOCTD. ApXI/ITeKTypa
TIOCTPOCHUA TaKOM CBS3H BKJIIOYAcT B Ce6}I TCXHOJIOTHYCCKUC, O(bI/ICHI)Ie u
nyonuuHble MH(opManuoHHble ceTtu. Jlns oOecrnedeHust 0e30MacHOCTH
JAHHBIX W HWH(OpPMAalUM BCE TPH CETH H3OJHPOBAHBI JAPYr OT JpYyra.
TexHOJOrHYecKast ceTh 00eceYnBacT Nepeaayy TeXHOJIOTHYESCKUX JaHHBIX
W JaHHBIX BHICOHaOmMoAeHMsA. bBoibpimoe pasHooOpasme cucteM cbopa
JaHHBIX, CCHCOPOB, CCHCOPHBIX CeTed TpeOyeT OT JIMHUH Iepenadyu
TEXHOJIOTUYECKUX  CeTeid  MYyJBTUIPOTOKONBHOCTH. Ilpm 3TOM Ha
TEXHOJIOTUYECKUX CETSAX YPOBHS arperipoBaHUs MOTPEOHOCTH B CKOPOCTH
nepeagadyu mo KaOeJIbHBIM JTUHUSIM TEXHOJIOTHYECKOM CBSI3H KakK IIpaBUJIO HE
npessimatoT 1 - 10 T'out/c. Hepenko BOIOKOHHO-ONTHYECKHE KaOeIbHbIE
JIMHUM TEXHOJIOTHYECKOH CBSI3M pacIojiararoTcsi B yAaJeHHBIX paiioHax c
CYpPOBbBIMU TIPUPOJHBIMU YCIIOBUAMU. B YCJIOBUAX TPOU3BOACTBA OHHU
MOABEPraroTCsl BHELIHUM BO3ICHCTBHSAM pa3iIMYHOIO Xapakrepa. JTO -
arpeccuBHasl cpeia, BHOpaLUM, MEXaHHMYECKHE HArpy3KH, IbUIb, TPA3b U
MHoOroe japyroe. EcTecTBeHHO, YTO NpPH 3TOM K HAaJEKHOCTH JIMHHA
Tiepeiauu MpebsBISIOTCS MOBBIIIEHHBIE TPeOOBAHUS.

B nmanHO#l paboTe paccMaTpHBAIOTCS TPH AacIeKTa IOBBIMICHUS
HaJACXKHOCTH ONTHUYECKOM KaOeIbHOH JWHHMH — IIOBBIIIEHNE HaJAC)KHOCTH
CUCTEMBI MEp€aavr, ONTUYECKUX pPa3beMOB, OITHYCCKUX BOJIOKOH H
Kabenell ¢ kabeTpHOH apMaTypoi.

21_]'[5[ IMOBBIIICHUA HAJACKHOCTH CHCTEMBI MOXHO PEKOMCHIOBATH
mepexoJ] OT AaCHHXPOHHOM Ilepefadynm K Iepejgade CHHXPOHHOH. 3ITo
MO3BOJISIET: 32  CUET  MWCIOJIb30BAHUS  LEHTPAJIBHOTO  HCTOYHHKA
CHUHXPOUMITYJILCOB YCTPaHHTh BEPOSTHOCTh HAPYIICHHS CHHXPOHU3ALUHU B
cilyyae TOTepd HMHGOPMAIMOHHBIX MMIIYJIBCOB Ha CTPYKTYPHUPOBAHHBIX
cUCTeMax; YJIy4YlIMTh yNpaBiIsieMOCTh CETH, HE3aBUCHMO OT €€ CJIOKHOCTH;
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o0ecrednTh BO3MOXKHOCTh IIHPOKOTO BHEAPEHHUSI PE3CPBHPOBAHMS, Kak
anmapaTHOro, TaK M JIMHEHHOTO; OOECIICUYNTh BO3MOXHOCTH BBIJEIICHUS
MOJIOCHI TPOITYCKaHWS IO TPEOOBaHUIO, B TOM 4YHCJIEC AWHAMHYECCKH, B
MIPOIIECCE CaMOTO CeaHca CBSA3M; 00ECIICUNTh MPO3PAYHOCTH I Meperadn
moOBIX  OHU(POBBIX  IOTOKOB,  CHHXPOHHBIX M  AaCHHXPOHHBIX,
c(hOpMUPOBAHHBIX C MOMOLIBIO APYTUX TEXHOJIOTHH.

Lenecoobpasno OTKa3aThCs oT o0eit HIMHBI u
CHEUAIU3UPOBAHHBIX MUKPOCXEM U MCIIONB30BATh MOAYJIBHYIO CTPYKTYPY
MOCTPOCHUS 000pYy/OBaHUSA, TPUHIB KOHIEMIMIO NEepeBoAa OOJIbIIMHCTBA
peoOpa3oBaTeIbHBIX ¥ (POPMHUPYIONINX CITYy>KCOHBIC CHTHAIBI U KOHTCHT
GyHKIMHA 13 00JaCTH MHKPOAJIEKTPOHUKH B 00JIACTH NMPOTPaMMHPOBAHMS,
4YTO TaKXKe MOBBIAET HAAEKHOCTb CHUCTEMBI Iepefadd 3a CUeT:
YMEHBUIEHHA B Pa3bl KOJIMYECTBA PAJUONIEKTPOHHBIX KOMIIOHEHTOB;
YMEHBLICHHEM JUIMHBL M KOJIMYECTBA JJIEKTPHUYECKHX COEIUHHUTEIBHBIX
JIMHUM Ha I€YaTHOM IjaTe; CHUXKECHMSI YHUCJIa CIIOEB II€YaTHOW IUIATHI,
yIy4IIeHHs MOMEXO3aIMIIeHHOCTH (32 CYeT yMEHBUIeHHS JUIMH
CUTHAJIbHBIX COEAVHUTENbHBIX JIMHUH, IPOXOKIECHUSI BCEX MHUKPOTOKOBBIX
CUTHAJIOB  BHYTPM  OJHOM  MHMKPOCXEMbI;  YBEIUYECHHUS  CKOPOCTH
NIPOXOKACHUSI CUTHAJIOB BHYTPU MUKPOCXEMBI IIPOTrPAMMMPYEMON JIOTUKH
32 CYET BBICOKOH CKOPOCTH pabOThl BBICOKOCTAOMIIBHOTO 3aaIOIIEro
TeHepaTopa; CHIDKGHUS IOTpeOsieMOl  3JeKTPUYEeCKOW  MOIIHOCTH;
HCTONB30BaHUs, MpPU CO3JaHMM CETEBOTO  y371a, ONTOBOJOKOHHBIX
COEIMHEHUII BMECTO OJIIeKTpHdecKHX. HaneKHOCTh cHUCTEMBI INepenadn
MOXHO JIONOJHUTEIBHO IIOBBICUTh IIyT€M BHEAPEHUS  KOJbLEBOIO
pe3epBUPOBaHMS TOCTAHOBKH MOJyJIel 000pyI0OBaHHUS B TOPSIUNA pPe3epB.

Jig  CyHNIECTBEHHOIO  IOBBIIIEHHS  HAJEXKHOCTU  Pa3bEeMHBIX
ONTHUYECKUX COCTUHEHUI B YCIOBHMSX arpeCCHBHOI cpelibl, BUOPAIIMOHHBIX
BO3ZCUCTBUIL, BIMAHUS MBUIM U TPA3M II€JIECOO0pa3HO IMpHMEHEHHE
MaJOMOZOBBIX WJIM MHOIOMOJOBBIX BOJOKOH, ONTUMU3HUPOBAHHBIX IJIS
TMTa0UTHBIX CKOPOCTEH nepegayn.

Jnst yBennueHHs HaJEXKHOCTH ONTHYECKUX BOJIOKOH W Kabened c
KaOeJbHOW apMaTypol npejiaraeTcs UCIoJIb30BaHHEe CUCTEM MOHHTOPHHIA
C TPUMEHEHHWEM TPATUIMOHHON ONTHYECKOH peIeKTOMETpHH |
MOJIIPU3ALMOHHON ~ ONTHYeCKOW  peduextomeTpuu. PaccmarpuBarorcs
METOJBl TONAPH3AIMOHHON PeQIIEKTOMETPUH, IO3BOJISIOMINE OICHUBATH
COCTOSIHHE ONTHYECKHX BOJIOKOH W KaOeyeif M MPOTHO3MPOBATH MX CPOK
CITYKOBI.
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A K. Caxabyrnunos, O.I. Mopo3os
Kaszanckuii HalMoHaNbHBIN UCCIIEN0BATEIBCKUN TEXHUYECKUN YHUBEPCUTET
nM. A.H. Tynonesa-KAU, r. Kazans, Poccus

AJIPECHBIE BOJIOKOHHBIE BPOI'TOBCKHE PEHIETKH

Bonokonnsle Oparrosckue pemetku (BBP) sBisitoTcs MormHbIM
HHCTPYMEHTOM ISl IOCTPOCHMS CEHCOPOB pa3IMYHOTO Ha3HA4YEHHUS.
OnmHako Tpu OOBEAMHEHWM WX B MHOTOTOYEYHBIE WIJIM KBa3u-
pacnpenieleHHbIe CeTH BO3HMKaeT MpobjeMa opororo KaHana M3MEpeHHH
WM CBEPXCIIOKHOTO, B OCHOBHOM, J1JaDOPaTOPHOTO IMOCTPOEHUS YCTPOMHCTB
coopa wuHpoOpMaLMU C pEmIETOK — HWHTepporaTopoB. MHTepporatopsl
CTPOSITCA Ha OCHOBE CHEKTPOMETPHYECKMX CXEM IPH HCHIOIb30BAHHU
pEeImIETOK C  pa3IW4HbIMH  Op3ITOBCKUMHM  JUIMHAMH  BOJH, WIH
UHTEP(HEPOMETPHUUECKHUX — IIPU OANHAKOBON OPITTOBCKOH JIMHE BOJIHEI.

IlepBoit  mempto  paboOTBI  SBIAETCS ~ TEOPETHUECKOE U
JKCHEPUMEHTANBHOE UCCIIEAOBAaHNE CHEKTPANBHBIX XapakrepucTuk BBP ¢
JIBYMsI CUMMETPUYHBIMU ()a30BBIMU T-CIIBUTAMH M HMX W3MEHEHHMH 0[]
BO3ICHCTBHEM DPA3MUYHBIX (PH3WdecKkux Imoseid. BTopoil membio paboOTHI
SIBJISIETCSL aHAJIM3 BO3MOXKHOCTH (OPMHPOBAHUS anpeca Ul Pa3iIHyHbIX
pEIIeTOK, MMEIOMMX OJWHAKOBYIO OpIITOBCKYIO [UIMHY BOJHBI, B BHJE
BapbUPYEeMOH HIMPHHBI Pa3HOCAa MEXIy OKHAMH INPO3PAauyHOCTH PEIIETKH,
orpeJessieMol MoJIoXKeH!ueM (a30BbIX CIBUTOB o jrHe BBP.

Ha puc. 1 npeacraBieHsl CMOJEIMPOBaHHbIE HAMU TpaHCchopManuu
cnektpa BBP ¢ aBymst cuMMeTpu4yHBIMH (DAa30BBIMH T-CIABMIaMHU IIPU
M3MEHEHHH JUTHHEI pemeTK: 5 MM (a), 6 MM (0), 7 MM (B), 8 MM (i1).

W3BecTHO, 4YTO mpM momadye IBYX OJM3KUX IO JUIMHE BOJIHEI
(vyacroTe) curHaJOB Ha BBIXOJE (HOTOAETEKTOpa (HOPMHPYETCS CHTHAI
OWeHUI, OTIpeeNIeMBIH KaK:

Ire ()~2Acos[ (o —wp)t+ (¢ —d7)]

e A — aMIUINTY/Aa, onpesensieMas TIIyONHONW Y3KOIMOJIOCHBIX MPOBAIOB U
KOX(QPUIUEHTOM YCHICHHS (POTONCTEKTOpa, 1 H 2 — ONTHYCCKHE
YaCTOTBhI, COOTBETCTBYIOIIME IICHTPAIBHBIM JUIMHAM BOJIH  OKOH
npo3pagHoctd BBP. Ha puc. 2 moka3aH paano4acTOTHBIN OTKJIMK OT Tpex
peIIeTOK ¢ pas3iINYHBIM CIEKTPajJbHBIM PAa3HOCOM MEXAy (a30BBIMU
CIIBUTAMHM, 3aIUCAHHBIX HAMHW HEMPEPHIBHBIM JIa3€pOM 10 TEXHOJOTHH
(opMHUpOBaHHS COCTaBHBIX pemeTok B saboparopun HUU TIPOOKC
KHUTY-KAU. Bce pemerku HaXOAWJIUCh B OJUHAKOBBIX BHEIIHUX
YCIIOBUSIX: TEMIIEpPAType U JaBJICHUU.
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Jns modydeHHs OTKJIMKA, MOKa3aHHOTO Ha pHC. 2, HaMU ObUIM
HCIIOJIb30BaHbl: CKJIOH onopHod BBP, cooTBercTByromuil nuanazony
U3MepeHui, ¢poronprueMHuK ¢ mupuHOH monocsl 20 I'Tm u mporpamMmHOe
obecnieueHne Ha 6a3e OpicTporo Mpeodbpazopanus Dypre.
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Pucynok 1 - Tpaucdopmarus criektpa BBP npu u3MeHeHUH TITHHBL
peuterku: 5 MM (), 6 MM (0), 7 MM (B), 8 MM (1)
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Yacrota, ['11
PucyHok 2 - Otxiuk Tpex BBP ¢ paznnynbiM pa3zHOCOM (a30BBIX CBUTOB
IMoctpoeHHple Ha 0a3e yKa3aHHBIX PEIICTOK CEHCOPHBIC CETH,
aHAJIOTMYHBIE paccMOTpeHHBIM B [1,2] He TpeOYIT HCIOIh30BAHUS
CHEKTPATBHBIX HIIH HHTEPPEPOMETPHUSCKIX HHTEPPOTaTOPOB.
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1. Hypees M.U. // Umxenepusiii BectHuk [Jona. — 2016. — Ne 2. URL:
ivdon.ru/ magazine/archive/n2y2016/3581/.
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A.JL. Tumodees, A.X. CyntaHos
YuMckuii Tocy1apCTBEHHbIH aBHALMOHHBIH TEXHUYECKUH YHUBEPCHTET,
r. Yoa, Poccus

MHOBBIINEHUE BEPHOCTHU INEPEJAYUN MH®OPMALINU C
noMoumbIO rOJIOrPAOUIYECKOI'O KOJAUPOBAHUA

OnHolt n3 QyHIaMEHTANbHBIX 33/1a4 TEOPHH KOAWPOBAHUS SBIACTCS
BOCCTaHOBJICHHE HH(pOpManny, MOTEPSHHOW TpH mepenade. lI3BecTHbIE
KOPPEKTHPYIOIINE KOABI O0JIaAl0T BO3MOKHOCTBIO YCTPaHEHHS OIINOOK
HeOOBIION KPaTHOCTH, HO IIPH Iepepadye HWHGOpManuy 10 peasbHOMY
KaHaJly CBSI3H B TSDKEJIBIX TOMEXOBBIX YCIIOBUSIX W/UIIU TIPH HEJOCTATOYHOM
YPOBHE CUTHajla MOTYT OBITh yTpadeHbl OoJblIe GpparMeHThl HHPOPMAIHH,
B TOM 4HCIie HAyalo M KOHEI nepenayd. B OOJBLIMHCTBE CIIydaeB 3TO
NPUBOJUT K HEBO3MOXKHOCTH BOCCTAHOBJICHHS HMCXOJHOTO COOOIICHHSI.
OmHMM ©3 CHOCOOOB IIOBBINICHUS BEPHOCTH Iepenayd uHpopmanuu
SIBIISIETCSI UCTIONIb30BaHNE (hopMEI TPEe/ICTABICHUS CHUTHaJa,
oOecrieunBaroniel BOCCTAaHOBJIEHHE CUTHANA 110 ero ¢parmenty. Ilpu stom
JUIL IIMPOKOTO KJlacca CHUTHAJIOB BO3MOXHO TOJIYYUTh IIPHEMIICMYIO
TOYHOCTh BOCCTaHOBIICHHSI TNIpH ToTepe Oonbmmx ¢(parmeHToB. Takas
BO3MOXKHOCTh 3aJIOKeHa B TOJOrpa)uueckoM cIriocode MpeACTaBICHUS
N300paKeHHI.

B aTOl CBS3M HHTEPECEH MEPEHOC MPHHIUIIOB TrOJOrpapuuecKom
00paboTkM H300pakeHUH Ha KOJAWPOBAHUE IPOM3BOJILHBIX LU(PPOBBIX
cooOmieHnid. OfHUM M3 OCHOBHBIX CBOMCTB TroJoOrpa)Mueckoro Meroja
3anmucu WHQOpPMAIUU SBISETCS JEITUMOCTh TOJIOTPaMMbI — BO3MOXHOCTh
BOCCTAHOBJICHUSI BOJIHOBOTO (pOHTAa OOBEKTa KaXIbIM CKOJb YTOJHO
ManbIM (parMeHToM rosorpamMmsl [1]. Jlennmocts 00ycioBieHa TeM, YTO
npu aupGy3HOM OCBEIIEHHH O0BEKTa KaKAas ero TOYKa OCBEIaeT BCIO
IUIOCKOCTh TOJIOrpaMMBl. [Ipy MOBpeXIeHNN YacTH IUIOMAIH TOJI0TrPaMMBbI
n3 mpouecca (GopMHUpOBaHMS N300pAKEHHS HCKIIOYAETCSl TOJIBKO YacTh
Jy4ed, 4YTO TPHUBOAUT K YMEHBUIEHHIO SPKOCTH BOCCTaHOBIJIEHHOTO
n300pakeHHs], TPOIOPLHUOHAILHOMY COOTHOIICHHIO Ae(DEeKTHOM IUIOIMAAN K
oOreit rrona M roJorpaMMsl 6e3 oTepy OCHOBHOW MH(POPMAIIHH.
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DTO CBOMCTBO MPEICTABIACT OOJBIION HHTEPEC IS CO3AHHSI HOBBIX
METOIOB TTOMEX0YCTOMYNBOTO KOAMPOBaHUS, MTO3BOJISTFOIIUX
BOCCTaHABIIMBATh COOOIICHHME TI0 €T0 (hparMeHTy.

lomorpaduueckoe  KoOMpOBaHWE  MPOW3BOJIBHONH  LU(POBOH
nHPOPMALIMK OTIMYACTCA OT ONTHYECKOH Troiorpaduu CleAyIOIHMA
(akTopamu:

e 00BeKT He sBisgeTcs 00beMHBIM. OCHOBHASA MOJIENL 0O0BEKTA — IUIOCKOE
n300pakeHne, MpeICTaBIeHHOE HA0OPOM ITU(POBBIX 3HAUCHHH

* 00BeKT HE MpPHUBA3aH K MPOCTPAHCTBEHHBIM pa3MepaM. EnmHunma
HM3MEpeHus pa3Mepa 00beKTa — JUTHHA OTIOPHOM BOITHBI

* ONOpHAas BOJIHA TaKke HE TPHUBA3aHA K MPOCTPAHCTBEHHBIM
n3MepeHusM. [IinHa OMOpHOHM BOJHEI SIBISIETCS 0a30il UIA pa3MepoB
00BEKTa U BOCCTAHOBICHHOTO M300paXKCHHUS

*  paspemaromas CtocoOHOCTh PETHCTPUPYIOIICH Cpebl He OrpaHIdeHa

*  ONOpHAas BOJHA KOTEpEeHTHa Ha 000 IJTMHE, BOJIHOBOH (POHT MOXKeET
OBITH A0COIIOTHO IUIOCKAM

CBoiicTBa TOJNIOTPAMMBI HE 3aBHCAT OT 00BEKTA, TIOITOMY OH MOXKET
OBITh IJIOCKUM M COCTOSIIUM M3 HabOpa CBETSIIUXCSA TOYCK, T.C. OBITh
JUCKPETHBIM — KaXIblii 3JEMEHT O0O0BCKTa OTOOpa)kacTcsi B BHUJE
CBETSIIEHCS TOUKHU C IPKOCTHIO, MPOMOPIMOHAIBHON 3HAUYCHHIO JIEMEHTA.
Hcxonnoe 1nuppoBoe COOOIIECHHE, Jajice Ha3bIBAEMOE  «OOBEKT»,
NpencTaBUM B BHAE KBajpaTHOW Mmarpuiel pasmepom n:  O(a,b), rme
a=1...n, b=1...n. KomuuecTBO 31IEMEHTOB  MATPHUIIBI N=n2. Djemenr
MaTpHUIBl — TBOMYHOE YMCIIO, UMeromiee ( pa3psaoB. Marpuma oObeKTa
oToOpakaeTcs B IUIOCKYIO IBYMEPHYIO QUTYpy KBaiapaTHOH (opMEl,
conmepanryro N CBETAIIMXCS TOUYEK, SIPKOCTH KOTOPHIX paBHA 3HAYCHUIO
COOTBETCTBYIOIIETO JIEMEHTa 00BEKTA.

IMoctpoum wmarpuity romorpammel G (c,d), rme c=1...n, d=1...n,
HMEIOIIYIO TOT JK€ pa3Mep, YTO U MaTpuiia 00bekTa. J[Jist 3TOro uCnosabp3yem
MPOCTPAHCTBEHHOE  MpPEACTaBJICHHWE  MaTpuil.  Matpuia  oObekTa
oToOpakaeTcs B IUIOCKYIO JIBYMEpHYIO (HUrypy KBaapaTHOH (OpPMBEL,
cocTosiyr0 U3 N 3JEMEHTOB, SPKOCTh KaKIOTO M3 KOTOPHIX  paBHA
3HAYCHUIO COOTBETCTBYIOIIETO 3JIEMEHTa 00beKTa. MaTpuila rojJorpamMmbl
0TOOpaKkaeTCss B aHAJIOTMYHYIO IUIOCKYIO IBYMEPHYIO (DUIypy KBaapaTHON
(dopMBI, cocToAmIyI0 u3 N 3JIEMEHTOB. DIIEMCHTHI MAaTPHIBI TOJOTPAMMEI
HAMEIOT M TBOMYHEBIX Pa3PsI0B.

Martpumia 00BEKTa ¥ MaTpHUIlda TOJIOTPAMMBI  PACIOJOXKCHEI B
TPEXMEPHOM MPOCTPAHCTBE B IMAapaUICIBHBIX IUIOCKOCTSX, PACCTOSHHE
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MEXAYy KOTOphIMH h. DeMeHThl MAaTpHUIl C OJWHAKOBBIMH HOMEpaMu
HaXOJISITCS Ha 001l HOPMAJIH K IIIOCKOCTSIM MaTpHIIL.

Kaxmpiii sneMeHT MaTpuilsl o0bekTa 0(a,h) sBisieTcss TOYeUHBIM
n3IydareneM Ccepudeckoil BONHBI C JUIMHOW A H  KOMIUIEKCHON
amrututyzoi 0(a,b) = o(a,b)*exp(ip). Chepudeckas BosHa MomamaeT Ha BCe
SIIEMEHTHI MATPHIBI TONOTPaMMbI. AMIUTUTYIa BOJHBEI 0(@,b) coxpansercs
HEU3MCHHOM Ha BCEM IyTH pachpocTpaHeHus. da3a BONHBI (¢ SBISICTCS
(GyHKIHMEH TPOCTPAHCTBCHHBIX KoOpauHaT. KoMIulekcHas aMIumryna
BOJIHBI OT 3yieMeHTa 0(a,h) B TOuYKe HAXOXIEHHsS DJIEMEHTa MAaTpPHUI[bI
rOJIOrPaMMBl Jc,d paBHA

o((a,b)(c,d)) = o(a,b)*sin (p@byca),
T QPab)cd) — (a3a U3IydeHHs dJIEMEHTa MaTpHIbl 00BbEKTa O(aph) B TOUKE
Jc.d-
PaccrosiHre MeXIy COCEIHHMH 3JIEMEHTAMH B OJHOM CTOJOIE (CTPOKE)
MaTPHIBl TOJOTPAMMBI {g CBS3aHO C JUTHHOM BOJHBI A COOTHOIICHHEM
tg =S/ kA,
rJie S — pa3Mep CTOPOHBI rojorpaMmel, k — ko3 duimeHT, KOTOphIii MOKET
OBITH KaK OOJbIIIE, TAK U MEHBIIE 1.
Paccrosinue f(a,b)(c,d) mMexay Toukamu Oap M (cd ABIAETCSA JAUATOHAIBIO
napasiesnenumneaa co croposamu h, ty(a-c), ty(b-d) u pasuo
f(a,b)(c,d) = SQRT (h?+ t4?(a-c)*+ ts?(b-d)?),
TOTTIA ((ab)(c,d)— ITO ApobHast wacTs Benmuuns! f(a,b)(c,d):
Pabey= {f(a,b)(c,d)/ A}
BBezeM omopHOe u3NydYeHHE C JUIMHOM ~ BOJHBI A, KOMILIEKCHOU
ammuTynoi r = r*exp(i y), npeacrasisiomiee co00# TIOCKUI BOJIHOBO#M
(pOHT, MapasUIeNbHBINH IOCKOCTA MATPHIIBI FOJIOTPAMMBI, PUXOMASIINN HA
BCE AJIEMEHTBI FOJIOrpaMMbl B (hase o.
B pesysbrare nntepdepeHiny u3nydeHus 00beKTa U OMOPHOTO H3ITyUCeHUS
B IUIOCKOCTH  TOJIOTPaMMbBI  BO3HHMKaeT  rosiorpaduyeckoe  MoOJe,
KOMIIJIEKCHAsI aMIUIATY1a KOTOPOTO paBHA
g (c,d)=o(a,b)+r
O6o3HaunM dYepe3 0™ W I BeNWYHMHBL, KOMIUIEKCHO-CONPSDKEHHBIE
KOMINICKCHBIM aMILITUTYyJ1aM our.
HTEHCHBHOCTD ronorpa(imqecxoro IoJIsI, KaK HM3BCCTHO, OIIMCBhIBACTCA
CIIeYIOITUM 00pa3oM:
g= (ot n*(o+ nN*
WHTEHCUBHOCTD roorpahuueckoro mosisi B Touke ¢ KoopauHatamu (C,d) Ha
IUIOCKOCTH TOJIOTPAMMBI ~ SIBIISICTCSI  3HAYCHHWEM OJJEMEHTa MAaTpPHUIIBI
ronorpammel G(c,d).
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PackpsiBas BeIpaxkeHue (1) momydum:
g=o00™+rr*+or™+ron=Ilo+ I +or™+o”r,

rrae lo u |y — HTHTEHCHBHOCTH W3TTyYeHHS BOJIHBI 00BEKTa M OTIOPHOM BOJHEI

COOTBETCTBEHHO.

PaccmoTpuM  mepexom  OT  ONTHYECKOH  rojorpadum K
rojorpaguecKOMy  KOAMPOBaHMIO. B omTmueckod — romorpaduun
n300pakeHHe HCXOAHOTO OOBEKTa BOCCTAHABIMBACTCS MOJHOCTBIO 10
CKOJIb YTrOJHO MaJIoMy (parMeHTy aumarpammbl (IO KpaifHeil Mmepe, A
(parMeHTOB, pa3Mepbl KOTOPHIX 3HAYMTENHHO OOJBLIE IJIMHBI BOJHEI
onopHoro wu3nydeHus). CBOWCTBa TroOJIOTPAaMMBbl HE 3aBUCAT OT OOBEKTa,
IIO3TOMY OH MOXKET 6I)ITI) IIJIOCKUM H COCTOAIIUM H3 Ha60pa CBCTAIIUXCA
TOYEK, T.e. OBITh JUCKPETHHIM W KBaHTOBaHHbIM. [lo CHHTE3MpOBaHHOMN
ONITHYECKOH TOJOrpaMMe TaKoro OOBEKTa BOCCTAHOBICHHE H300pa’KeHUS
MIPOUCXOIUT Oe3 moTeph. [IpoBeneM ANCKPETH3AIMIO TOJIOTPaMMBI, YTOOBI
MOJTYyYUTh [U(PPOBOA MAaCCHB, OIHUCHIBAIOMINN HHTEPPEPECHINOHHYIO
KapTHHY B TUIOCKOCTH T'OJIOTPAMMBI.

B [2,3] mokazaHo, 4TO € y4eToM TeopeMbl KOTenbHUKOBa HpH
pasmepe MHHUMaJIBHOTO 3JIEMEHTa OOBEKTa paBHOM a; TEpUOI
JIMCKPETU3aIUK TOJOrpaMMbl joikeH Obith d < ay4. Ilpu sTom anuHa
BOJIHBI HCIIOJIB3YEMOT0 M3Iy4eHHUs TODKHA OBITh A < a/8. Takum o6pasom,
U1 COXpaHCHHSA BO3MOXXHOCTU TOYHOI'O BOCCTAHOBJICHUA 1/13o6pa>1<eH1/1$[
00BeKTa HEOOXOIUMO HCIOJIb30BaTh H3AYYCHHE C YacTOTOW B 8 pas
OoJIbILIeH MMPOCTPAaHCTBEHHOM YaCTOTHI OOBEKTa, a YacTOTa JUCKPETH3ALUH
roJlorpaMMbl  JOJDKHa ObITh B 4  paza Oojplie  MaKCHMalbHON
MIPOCTPAaHCTBEHHON YacTOTHI OOBEKTA.

Otciona BbITEKaeT (HOPMYJIMPOBKA TEOPEMBI IOTEPEYCTOHYMBOTO
KOJIUPOBAHMS:

IudpoBoe coobmieHne, cocrosimiee M3 MPOM3BOJILHOTO YHCIA
CHMBOJIOB, MOJET OBITh BOCCTAHOBJEHO IO ()parMeHTy ero IH(ppoBOi
CHUHTE3HMPOBAHHOW TOJIOTPAMMBI, COJIEpKallleMy KBaJpaT pa3MepoM He
MeHee 5X5 JUCKPETHBIX OTCUETOB.

Takum  oOpasoMm, gis  rojorpauyeckoro  KOJUPOBAHUS
MIPOU3BOJIFHON IU(PPOBOH HHPOPMAINK HEOOXOTUMO IPEICTaBUTH €e B
Bujie U(POBON MOAENH ONTHYECKOTO O0BEKTa, COCTOSIIEr0 M3 MAacCHBa
CBETSIINXCSA TOYEK, PACCUMTATH BOJHOBOM (POHT 0O0BEKTa W IMOCTPOUTH B
IUIOCKOCTH TOJIOTPaMMBbl KapTHHY HMHTEpQEpPEeHIMH BOJIHOBOTO (hpoHTa
o0beKTa € IUIOCKAM BOJIHOBBIM (DPOHTOM  OIOPHOTO  M3ITyYEHHS.
[Monyuennast romorpamma OyJeT pe3yibTaTOM KOJMPOBAHMS HCXOJHOTO
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cooOrienus. BoccranoBineHne HHPOPMaIUHU OCYILECTBISIETCS aHAJIOTUYHBIM
obpazom.

Pasmep romorpamMmbl (KOJMYECTBO 3JIEMEHTOB) Malio BIMSET Ha
Ka4eCTBO BOCCTAHOBJIIEHHOTO H300pakeHHs, €ro MOXXHO BBIOpATH,
HanpuMep, paBHBIM YUCITy 3yeMeHTOB o0bekta N. IIpencraBisier uHTEpec
MHUHAMAIbHOE 4YHCJIO JJIEMEHTOB ToOJOrpaMMmbl M,  MO3BOJISIOIICE
BOCCTaHOBUTH N300pakeHHE ¢ TPeOyeMbIM Ka4eCTBOM.

Jnst  BOCCTaHOBJEHUS ~ W300pakeHHsT  OOBEKTAa  Pa3MECTUM
TOJIOTPaMMy U OIOPHBIA MCTOYHHK B TOM XK€ OTHOCHTEIILHOM IOJI0KEHHH,
YTO ¥ NpH (OPMUPOBAHUM TOJOTPaMMbl. B TON mosuimu, rjae Haxomuiics
00bekT, Oyner chopMHpPOBaHO MHHMOE H300pakeHHe oOBekTa. Kpome
3TOr0 HM300pakeHUs1 CHOPMUPYIOTCS HU300paKECHHE HUCTOYHHKA OMOPHOTO
U3JTyYeHHs U ACHCTBUTEIBHOE U300paKeHnEe 00hEKTA.

IMpu MCMONB30BaHUK OMOPHOW BOJHBI, MAJAIONICH HA TUIOCKOCTh
PETUCTPUPYIOLIECH CPeibl MO JOCTATOYHO OOJNBIIMM YIJIOM, OTJIMYHBIM OT
yria majeHus OOBEKTHOW BOJHBI, IMPOUCXOAUT MPOCTPAHCTBEHHOE
pasjienieHre BOCCTAHOBJICHHBIX H300paxkeHuid. TakuMm oOpaszoM, mpu
MPaBUIBHOM BBIOOpE yria majeHuss OOBEKTHOH BOJHBI BOCCTAHOBJICHHOE
MHHMOE M300pa)XCHUE SIBIIACTCS TOUHON KonHel o0beKTa.

OneMeHTHl 00beKTa (CHMBOJIBI HCXOIHOTO COOOIICHUS) MOTYT OBITh
MHOTOpa3psHbIMH, HO HauOOJBIIYIO IOMEXOYCTOWYHBOCTh OOECIIEUHT
OJIHOOUTHOE MPEICTABIICHHE.

CrlenymomM I1IaroM B Pa3BUTHU TroJOrpadMuecKkoro MeToja
KOJIUPOBaHHsl SIBJISETCS OTKa3 OT (OPMHUPOBAHHS TOJOrPAMMBI  Kak
pe3ynbTata KoAMpoBaHWs. JIWCTBHTENBHO, TroJIOTpaMMa HeoOXoauma
TONBKO It TOTO, YTOOBI OOECIEYUTh BO3MOXKHOCTH BOCCTAHOBIICHHS
ONTHYECKOTO u300pakeHus. B paccMarpuBaemoil 3ajade STOro He
Tpebyercs. [l nuppoBOro KOIUPOBAHHS M BOCCTAHOBJICHUS UHGOPMAIIUU
HE0OX0IUMO co3/1aTh IU(PPOBOH MACCHB, KaXJIbI 3JIEMEHT KOTOPOTO
COJICPXKUT MH(OPMALIUIO O KXKIOM IJIEMEHTE 00BbEKTa, & ITUM CBOWCTBOM
00saaeT BOTHOBOM (PpOHT 00BEKTa B TUIOCKOCTH aHanmu3a. Takum oOpa3om,
oTHajsaeT HEoOXOAMMOCTh HCIIOJIb30BaHMS ONOPHOM BOJHBI M pacyera
nHTEep()EPEHINOHHOIN KapTUHBI OT HAJOXKEHHS BOJHOBOrO ()pOHTA 0OBEKTa
U ONOpHOro ()pOHTAa M OCTAETCSl TOJNBKO 3ajada pacyera JUCKPETHOTO
BOJIHOBOTO ()poHTa 00BEKTa W 3a7aya BOCCTAHOBJIEHHS OOBEKTA II0
(parMeHTy BOJIHOBOTO (ppoOHTA.

[Toka oCTalTCs HEPELICHHBIMH CIIEIYIOIIHE BOIPOCHI:

*  Kak COOTHOCHUTCS 3(P()eKTHBHOCTH roorpaMueckoro KOJIUPOBAHHS C
U3BCCTHBIMU METOJaMH HOMGXOyCTOﬁ‘IHBOFO KO}II/IpOBaHI/If{?
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* KaK 3aBUCAT  TIOTEPEYCTOWYMBOCTH W  I[TOMEXOYCTOHYUBOCTH
KOJUPOBAHUS OT YPOBHS 1ryma?
3TO ABIAETCS MPEAMETOM JATbHEHIINX UCCIICTOBAHIH.

1. Anppeesa, O.B. Ilpuxnagnas ronorpadus. — CI16: CIIGI'YUTMO, 2008.
— 184 c.

2. Kopemesr C.H., Hukanopor O. B., CmopoaunoB JI. C. M3o0paxaroniue
CBOWCTBA JHCKPETHBIX ToyorpamMm. |. BiusHHE TUCKPETHOCTH TOJOTpaMMBI Ha
BOCCTaHOBJICHHOE M300pakeHune. — Ontudeckuii xypHai, 2014, Tom 81, Ne3, c. 14-
19.

3. Kopemes, C.H., Cmopomuuos, [.C., Huxanopos, O.B. Bimsuue
JIMCKPETHOCTH CHHTE3MPOBAHHBIX M IHU(POBBIX TOJOTPaMM Ha MX H300pakarone
cBoiictBa. — KommbrorepHas ontuka, 2016, Tom 40, Ne6. — ¢. 793-801

A.C. Aiitumos, A.H. Basxos
KaSaXCTaHCKI/Iﬁ yHI/IBepCI/ITeT HNHHOBAIIMOHHBIX U TeJ'IeKOMMyHI/IKaIlI/IOHHI)IX
cucrteM, r. Ypaibck, Pecniyonuka Kazaxcran

KA3YUTC - SMART-YHUBEPCUTET JJIsI TUJAEPOB
BYAYHEI'O

Cucrema obpazoBanus Kazaxcrana nepexxnBaer 00JbIIyio pedopmy.
Taxk, B 2010 romy B cTpaHe MPHUHSUIA MPOTPAMMY Pa3BUTHS 00pa30BaHUS 10
2020 roxa.

OgHO W3 BaXHEWIIMX HalpaBleHUH OSTOM mporpamMmbl  —
mudpoBuzanusa. Ha ceropHsmmHui AeHb KOHLIENTYaJbHO Ka3axCTaHCKas
chucteMa OOpa3oBaHMs HJET IO TPEM OCHOBHBIM  HAlpaBICHUSM: 3TO
uudpoBu3alys mnpoiecca o0pa3oBaHus, TUGPOBOKH 00pa30BaTEILHBIN
KOHTEHT, HU(PPOBU3ALMS YIIPABICHH 00pa30BaHUEM.

B Hacrosuee BpeMs Kazaxcranckuit YHUBEPCUTET
WHHOBAIIMOHHBIX M  TeleKOMMYHHUKAnMOHHBIX cucteM (KazYHUuTC)
BHEApSIET HporpaMMmy s BupryansHOW 0Opa3oBaTenbHON cpensl. OTO
MIO3BOJIUT PEAIM30BaTh B OirpKalmme 2-3 rofa CTpAaTeTHIO M0 CO3JaHHUI0
ludpoBoro yHmBepcureTa, a TaKKE IOATOTOBUTH  BBICOKOKIACCHBIX
cnenmanuctoB s Lludpposorr sxoHomuku PecmyOmuku Kaszaxcran, a
caMOMy yHHMBepcUTETY BOUTH B 500 TydIINX YHUBEPCUTETOB MUPA.

Crparerndeckast Leib KasYUuTC - ¢dopMupoBanue
nccien0BaTeNbeckoro u npennpuanmarensckoro SMART — yHuBepcurera.
Muccuss yHHBEpCHTETa HalpaBieHAa HA IOATOTOBKY JIHIEPOB HOBOTO
IIOKOJICHUS, CIIOCOOHBIX pemaTh TJI00albHBIE 3a7add  yCTOWIHBOTO
Pa3BUTHS U I3MEHATH MHP K JTyUIIEeMYy.
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BY3 umeer 20-1€THIOI0 UCTOPHIO 00pa30BaTEIbHON JEATEIBHOCTH,
OH SIBIISICTCS] OTHUM U3 NEPBHIX YacTHBIX BY30B B 3amagHOM pernoHe.

YHUBEpCUTET pacriojiaraeT MaTepHaJbHO-TEXHHYECKOH 0a30i,
OCHAIICHHON TEXHHYECKHMHU CpeACTBaMHU COOTBETCTBYIOLINMHU
coBpeMeHHBIM TpeOoBaHmsIM. ChopMupoBaH aBTONApPK, cocTosmmi u3 17
MalliH  Pa3IMYHOM TIpy30HNOABEMHOCTH, B TOM UYHCIE HMEETCS
9JIEKTPOMOOMIIb, CO3JaHHBIM TPYNIIOW CTYJIEHTOB YHHBEpPCHUTETa U
SIBIIIOIIMIACS €TUHCTBEHHBIM 00Pa3LioOM B 3allaJlHOM PETHOHE.

VYHUBEPCUTET SIBISETCS WICHOM ACCOIMAlMK BBICIIUX Y4eOHBIX
3aBeseHuii  PecryOnmku  Kazaxcran. 3a  roael  oOpa3oBarenbHOM
nesitenbHocTH BY3 moarotoBmit asis oTpacieil 9kKoHOMUKH OoJiee 35 ThicsSd
BI)ICOKO-KBaJ'II/Iq)I/IIII/IpOBaHHI)IX Kaapos, MHOTHC us3 HUX 3aHUMAKT
pykoBomsamue mo3unuud B Cenare [lapnmamenrta PecmyOmmkm Kasaxcras;
MIPaBOOXPAHUTENBHBIX ~ TOCYAAPCTBEHHBIX  OpraHax;  CTPYKTYPHBIX
MIOJIpa3/ieNieHUAX OOJIACTHBIX, TOPOACKNX M PAHOHHBIX aKHMAaTOB; KPYITHBIX
(MHAHCOBBIX HMHCTHTYTaxX M HAIMOHAJIBHBIX KOMIIAHUSX; OPraHU3alMAX
CPEIHET0, TEXHUYECKOTO U MMPO(ECCHOHAIBHOTO, BHICIIIETO 00pa30BaHHMI.

YCnemHocTh,  TATAHTIUBOCTH W AKTUBHOCTH  CTY/EHTOB
cneuuanbHOCcTe  «MeEHEeDKMEHT», «ABTOMAaTH3alMsd M YIpaBICHUEY,
«Opucnpynennusn», «CrangapTuzanus, CEPTHUGUKAIUS H METPOJOTHS»
MO3BOJMJIM MM  CTaTh oOOmafaTelsiIMM  CTHNEHAMH, YIPEKIEHHBIX
IIpesunenrom Pecrry6muku KazaxcrtaHn u HaydHBIX TPaHTOB.

PaCIHI/IpHeTC)I COTPYAHUYECTBO Io OCHOBHBIM Hay4YHBIM
HampaBJCHUSIM  YHUBEPCHTETa  C  BEAYNIMMH  NPOMBIIUICHHBIMHU
TIPEATIPUATHIMH PETHOHA.

AKTHBHO CO31alOTCS HAy4YHO-MCCIIEIOBAaTEIbCKUE KIIACTEPhl, B
KOTOPBIX COTPYZHHYECTBO IpENoAaBaTeiell M CIENHAIUCTOB W3 PAa3HBIX
obmacteli  MO3BOJIAET  JOCTHYb  BBICOKMX  PE3yJNbTaTOB.  YUEHBIE
YHHMBEPCHTETa TPOBOJST HAy4HBIE HCCIEAOBAHMS, 110 CIIEAYIOIINM
HalpaBJICHUAM:

- BHeapeHwe wuaeld Smart-yHuBepcureTa. JlaHHOE  HWCCIeIOBaHHE
HaTpaBJICHO HA COCTaBIICHHE 0a3bl y4eOHBIX 3aBEeIEHHH U pean3alid B
Kazaxcrane xoHueniuu - Smart-oopazoanust, Smart-5KOHOMUKH ¥ Smart-
o0111ecTBa;

- «B0300HOBIIsIEMbIE HCTOYHUKH HEPTUH». JTO HAIpaBICHUE OOBEAMHSACT
cregyouye TEMBI HCCIe0BaHMS: «AdpoJMHAMHYECKas
BETPOIHEPreTHIEcKast yCTaHOBKA JJISI OTAAJICHHBIX O0BEKTOBY, «MeToanka
ONpEJeTICHUs]  WCIIOJIb30BaHMS  KMHETHYECKOM  BSHEpruM  BeTpa |
HOMHHQJIBHOH  MOIIHOCTH B BETPOIHEPreTHUECKOH  yCTaHOBKEY;

20



«Pa3zpaboTka M  co3maHME  aBTOTPAHCIOPTAa HAa  JJEKTPOTAre C
HCTIONB30BaHUEM aNbTEPHATUBHBIX HCTOYHUKOB SHEPTHH»;

- «HeiipounTepdeiic TEXHOIOTHN». ITUM HCCIIEAOBAHUEM MPEATIONATraeTCs
pa3paboTka W BHexapeHHe cienyromux Tem: «lcciaenoBaHme coCTOSHHSA
YeII0OBEYECKOT0 MO3ra B Pa3IMYHBIX YCJIOBHAX», «ABTOMAaTU3UPOBAHHAS
CHCTEMa YIPaBICHHS TPOIECCa CO3IAHUS W BHEIPEHHA H300pETCHHII.
Tak, pe3ynbpTaTbl Hay4HBIX HCCllenoBaHui Tpodeccopa YmberoBa b.X.
OBUTH OTYACTH MPOJEMOHCTPUPOBAHBI ITPU y4acTuu B pabore BcemupHoro
Konrpecca unxenepoB u yueHslx WSEC-2017, axkapemuxa AiitumoBna A.C.
OBLTH NpPE/CTAaBICHBI M alpoOMpOBaHbl Ha BeceMupHOId BhICTaBKe B ACTaHe
EXPO 2017 rona. Ilocnennue HamuM OOCTMKEHUS —  30JI0ThIC
menanu XXI MockoBckoro CanoHa H300peTeHMH M WHHOBALMOHHBIX
pa3paborox «APXMME]] - 2018» 3a pa3pabotku «Peammzarmus mporecca
TUPQKUPOBAHUS «ABUTATeNed mporpecca» B (Qopmare COIHMAIEHOTO
IIPOEKTA «IHHOBaLIMOHHAS TEeXHUYeCKast IIKoJa naMsITH
K.2.luonkoBckoro» u  «['€IHMOTEIUVIOBBIE  HHEPrOAKKYMYJIHMPYIOIINE
CHCTEMBbI C WHCIOJb30BaHMEM dddekra ¢Ha30Boro mnepexona XKHUAKOTO
TEIUIOHOCUTESI.

YHuBepcuteToM 3akmoueHo Oosnee 50 OrOBOpOB M BemeTcs
aKTHUBHAs WHTETpallMOHHas paboTa C BeOyIIMMH YHUBEPCHUTETAMHU
Poccuiickoit denepaunn  TakuMH, Kak: MOCKOBCKMHM TIOCYIapCTBEHHBIN
ynuBepcureT uM. M.I'. JlomoHOocoBa, IIOBOJDKCKUI TIOCYAapCTBEHHBIN
yHUBepcUTET  MHGOPMATHKM M TeJeKOMMYHHUKauud, Y dumckui
roCyJapCTBEHHbIN aBUAIIMOHHBII TEXHUYECKUI YHHUBEPCHUTET,
Ka3anckuil HallMOHANBHBIN UCCIEN0BATEIbCKUIA TEXHUYECKHI YHUBEPCUTET
nM. A.H. TynoneBa, MexTyHapOIHBIH YHUBEPCUTET IPUPOIEI OOIIECTBA U
yenoBeka I. Jlyona u ap.

CeronHsi, YHUBEPCHUTET SBJISETCS MHOTONPO(MMIBHBIM JAUHAMHUYHO
pa3suBatomiuMcst BY3oMm. ['naBuble HanpasieHust B pazsutun KazYUuTC
Ha COBPEMEHHOM »3Tale — 3TO OpPTaHM3allUs HAayYHO-MCCIIEI0BATEIbCKON
paboTel Ha  BBICOKOM ypOBHE, (OPMHPOBAaHHE MEXKIyHApOTHON
aKaJeMUYecKoil pemyTaud W A(PQPEKTHBHOM CTPYKTYPHl YIIPaBICHHUS.
Peanmzarus 5TUX IJIAaHOB MO3BOJIUT BY3Y BOMTH B YHCJIO YHHBEPCHUTETOB —
JTUIEPOB MEKIAYHAPOTHOTO 0OPa30BATEIHHOTO MMPOCTPAHCTBA.
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1. O6mue npodJieMbl epeaaun u 00padoTKN
ungopmamuu — The common problems of
information transmission and processing

A.A. Tnaaxux?, J1.B. Mummnn?

YnbsHOBCKHMI TOCYIapCTBEHHBINA TeXHUIECKUH YHUBEPCUTET, I. YiIbIHOBCK,
Poccus

[ToBoMmKCKMH TOCYIapCTBEHHBIH  YHUBEPCHTET —TENEKOMMYHUMKALMH U
nndopmaruku, r. Camapa, Poccuns

MEPECTAHOBOYHOE JEKOJUPOBAHUE BJOKOBBIX KOJOB
HA BA3E KOHIENLUY KOTHUTUBHOI OBPABOTKHU
JAHHBIX

OCHOBHBIMHU HaIPaBJICHUSMHU COBEPIICHCTBOBAHUS COBPEMEHHBIX U
Pa3BHUTHS MEPCIIEKTUBHBIX HU(PPOBBIX CUCTEM CBSI3M 0E3YCIOBHO SIBIISIOTCS
METO/Ibl, HAaIlPaBJICHHbIC HA IOBBIIICHHE CIEKTPAJIbHOW M HHEPreTHUCCKOH
3G (PEKTUBHOCTH TAKUX CHUCTEM. VI3BECTHO, YTO pa3lelibHO KaKIoe W3
YKa3aHHBIX ~HANpaBJICHUH XapaKTepU3yeTCsl CBOMMH  ONTHMAJbHBIMU
napaMeTpamMM, HO TpSMOM CHHTE3 3THX [JBYX TEXHOJOTHH C LeJbIo
JalbHEHIIero yaydIIeHus MoKa3aTelded HOBOH CHCTEMBI TPYAHOJOCTYIECH
13-3a UX MPOTHBOPEYUBOCTH. [103TOMY TOMCK IPUEMIIEMBIX KOMIIPOMICCOB
IIPU PELICHUN NOJO0HBIX 3aa4 I Pa3HOTHITHBIX IIU(POBBIX CHCTEM CBSI3U
1 0co0eHHO NU(pPOBOH PaTHOCBI3H MPUOOPETACT 0COOYIO BAXKHOCTb.

OnHUM M3 MEePCHEeKTUBHBIX HAIPaBJIEeHUH MOJJOOHOIO POAa SIBIISIETCS
pa3BUTHE MATKHX METOJI0B 00pabOTKHM MOMEX0yCTOWYMBEIX Ko0B. [TanuTpa
QITOPUTMOB ~ MSATKOTO  JEKOAMPOBAaHHS  CYIIECTBEHHO  pacIIupseT
BO3MOXKHOCTH OOMEHa JaHHBIMH OTHOCHTEJIBHO METOJOB JKECTKOU
00paboTkn HMH(pOPMAIMK, HO TJABHBIM JIOCTOMHCTBOM TAaKOI'0 II0/IX0/a
SIBIISIETCSI 3aMETHBIM SHepreTHyeckuii BeIurpei konaa (3BK) orHocuTensHO
KECTKHX CXEM JEKOJUPOBaHHs, YTO OCOOCHHO BaKHO ISl Y4YacTKOB
panuonnrepgeiica UKT. OTo 103BoJIsIET HE TOIBKO YMEHBIINTH MOLTHOCTh
HepeaaolUX YCTPOUCTB ¢ OAHOBPEMEHHOM ONTUMM3ALMEN UCTIONb30BAHUS
OTPAaHWYEHHOTO YAaCTOTHOTO pecypca, HO WM PEIIUTh 3aJady CHIKECHUS
CIIO)KHOCTH  BBIYHMCIMTENBHOTO TMpOIecca HAa OCHOBE ONTHUMH3AINU
MIPOIeTypHl AEKOANPOBAHUS B LIETIOM.

K HUCKYCCTBEHHBIM KOTHUTHUBHBIM cucreMam (KO)
(HEOMOJIOTHIECKUM CHCTEMAaM ) TIPUHATO OTHOCHUTh TEXHHUECKHUE CTPYKTYPHI
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Oonplled  WJIM  MEHBLIEH  CIOKHOCTH,  OOJaJaoIMMH  TPYIIOi
cnenupraecknx Gpyskuid. K Takum GyHKIHAM 1ienecoo0pa3Ho OTHECTH:

e HagWuyMe LEeNeBOd (QYHKIMM — OOMEH [aHHBIMH MEXAY
BBIPAKCHHBIMH YacCTSIMH TEXHUYECKOH CTPYKTYPBHI CPEACTBAMHU LU(PPOBBIX
WIA aHaJIOTOBBIX (opMaTroB s ObIcTporo W 3¢ddekTuBHOrO pemeHus
MIPaKTHYECKUX 337ad;

e (QYHKIMS peryjaupoBaHHs — CpPaBHEHHE JAaHHBIX DPEAIBHOTO
BpEMEHM C JaHHBIMH JMAarHOCTMKM W  peaJM3aldd  IPOLETyphI
KOTHUTUBHOI'O PETYJIMPOBAHUA U KOTHUTHBHOM agarnTamnuu,

e (QYHKIMS MOAEIMPOBAHUS — CHCTEMa B3aUMOYBS3aHHBIX
CCMAHTUYCCKHX Moueneﬁ Uil yCBaMBAaHHUSA  HOBBIX CBs3CH MCKIY
AKTyaJIbHbIMU CO6I:ITI/I)IMI/I BHCIIIHEH CpeanbI;

e (GYHKIMA afanTaluy — I peaTn3aliy IPOUeaAypbl KOTHUTUBHOM
ajanTaiyy.

Apxurexkrypa KC HaxonuTcss B MOJHOW 3aBUCUMOCTU OT CPEIbl €e
(YHKIMOHMPOBAaHHUS W CBS3BIBACTCS C ITOM Cpemoil 4yepe3 CEHCOPHYIO
IUIOCKOCTh, TIPH 3TOM pE3yNnbTaT O00paOOTKM MaHHBIX ATOW IUIOCKOCTH
oTpakaeTcsi B KOTHHUTHBHOM kapare KC, sBusromeicss HeoTheMyeMOH
YacThl0 KOTHUTMBHOW Mojenu. B 1aHHOM ciyuyae 3HaHuUS CJeayeT
TPaKTOBATh KaK CBSI3b MEXy coObITusaMH [1, 2].

OO0oOmIeHHasT CcXeMa COCTOUT U3 JBYX KOHTYpPOB: KOHTypa
peryiupoBaHusl W  KOHTypa anantanud. KOHTyp  peryaupoBaHuUs
(YHKIMOHUPYET CIIeAYIONIMM 00pa3oM: CHTHaJ OT 00bEeKTa CPaBHUBACTCS B
0JI0Ke TMAarHOCTHUKHM C CHUTHAJIOM OT KOTHHUTHUBHOM Mopmenu. B pesymbrate
cpaBHEHUs (POPMHPYETCS] CUTHAJI PAacCOTIIACOBAHMS, NMOCTYMAONINN B OJIIOK
neneBoro (yHKIMOHanma, B KOTOPOM BbIpalOaThIBaeTCs OLEHKA CTENEHU
OTKJIOHEHUs pe3yJibTaTa AMATHOCTHKH OT TpeOOBaHWI IeneBOil (yHKIHH.
Ilo pesynpraTam cpaBHeHHST B OJIOKE KOTHUTHBHOTO PETYJIHPOBAHUS
(opMupyeTCsl yNpaBIIsIOLINI CUTHAM Ha OOBEKT.

Konryp agantaunu QpyHKIMOHUPYET CIEAYIOLIMM 00pa3oM: CHUTHal
paccoryiacoBaHMs MEXIy peakiueid 00beKTa U MOJIENH, (OPMHUPYIOIIHICS B
OJIOKe JMArHOCTHKH, T[OCTyNmaer B OJOK ajanTaiud, B KOTOPOM
OCYIIECTBIISICTCS. BBIOOP KOPPEKTHPYIOIIEr0 BO3ACHCTBHUS, M3MEHSIOLIETO
KOTHUTUBHYIO MOJICIb JUIA obecrieueHus ee aJICKBATHOCTH 06T)CKTy.
KoraurusHas MOzi€Nb 3aBUCHT TAKXKe OT CTPYKTYPbI CEHCOPHOH IIOCKOCTH.
Ora 3aBHCUMOCTH OTpaKaeT B3aUMOCBS3b MHKPO- M MAaKpOypOBHEH
no3HaHus. CHUrHaJ paccoryiacoBaHMs MEXKAY pPeakIMsIMH 00BEKTa U MOJAECIN
MOXET OBITh NCIIOJIb30BAaH KaK B KOHTYpE PEryJHpOBaHMS, TaK U B KOHTYpe
ajanranuu. B mepBom citydae Mopenb OOBEKTa SBISETCS 3aMKHYTOMH
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COBOKYITHOCTBIO MJI€ANIbHBIX KOTHUTHBHBIX CTEpEOTUIIOB, a OCHOBHas
nojcucTeMa (pyHKIMOHUPYET KakK PETYIHPYIOIINH KOHTYP € 3TalOHHOU
Mozmenbto oObekta. Bo BTOpoM ciydae (MCHIONB30BaHHE CHTHala
paccoryiacoBaHuUs TOJILKO B KOHTYPE aJaNTallli) MOJETbh OOBEKTa SABISIETCS
OTKPBITOM COBOKYIMHOCTBIO KOTHHTHBHBIX YCTAHOBOK, a OCHOBHas
MOJICHCTEMA MIPEBPAINACTCS B KOHTYpP C HACTPAHBAEMOM MOJIETBIO OOBEKTA.

KornutuHass Monens (DyHKIMOHMPOBAHMS TEXHUUYECKON CHCTEMBI
OCHOBBIBAaETCS Ha IMPUHIMIAX MPOLEAYPbl OOy4YeHHs, IMperoararonew,
YTO pa3yiMuHble (AKTOPHI BHELIHEH Cpelbl U COIMYTCTBYIOIINE UM MTPU3HAKH
pa3BUBAIOTCS B pe3yibTaTeé pEaKkIMU CEHCOPOB CHCTEMBI (CEHCOPHOU
IUIOCKOCTH) Ha BHEUIHME YcioBuA. B olmem ciaydae NOpOUCXOAMT
rocneioBaresibHas 00paboTKa CEHCOPHOI MH(pOPMAIMU C TOCIEIYIOMINM
€e TEePEKOMITINIMPOBAHUEM W 3aKPEIUICHHEM «yJadHbIX» THUIOTE3 H
yZaJIeHHEM «HEYAAYHBIX» BApUAHTOB TAKOBBIX II0 YAaCTOTE MX YCIICIIHOTO
npuMmenenus [1].

ITpn 3TOM XOpOIIO M3BECTHBIE NPHUHIMITEI IOCTPOCHUS aJalTHBHBIX
CHCTEM IPEIONaraoT BEIIIOJHEHHE YacTH U3 3THX (QYHKIHUH B yCEUEHHOM
BHUJIE, TIOCKOJIBKY aJaInTanusl SIBISETCS TOJBKO 3JIEMEHTOM IEPLENTHBHOTO
LUKJIA, BKJIIOYAIONIETO CXeMy OOydYeHHs KaK TJaBHBIH  JJIEMEHT
KOTHUTUBHOU CTpPYKTyphl. Ilo3TOMy BBEeIEcHHE B alIrOpUTM aJalTUBHOM
CHUCTEMBI OIIEpPaTOPOB CPABHEHMS TEKyIlell CHUTyallMud C 3aJaHHBIMU
IIOpOTaMHM MOKHO TPAKTOBaTh KaK PELICHHE 3a7a4ydl 10 3aJaHHOMY U3 BHE
mabJony.

B KOTHUTHBHBIX CHCTEMax Ha3BaHHBIE 3TaIlbl PACCMATPUBAIOTCS
3HAYUTEJIBHO IIMpPE W TPAKTYIOTCS KaK CIOCOOHOCTh pa3jinyaTh BHENIHHE
(axTopsl (YHKIMOHAIBGHON J1€3a/laNTallii, MPUBOSANIME K HapyIICHUSIM
paboTHl TEXHUYECKOI CHCTEMBI B IIETIOM.

AHanu3  COBPEMEHHBIX  METOJIOB  IIOCTPOGHHS  YCTPOMCTB
MIOMEXOYCTOWYNBOTO  KOJUPOBAHMS IIOKa3bIBaecT, YTO IIOJABIISIOIIEE
OOJIBIIMHCTBO W3 HHUX NPUHOUIIHAIBHO CO3JAr0TCA I110J] TE€ WU HWHBIC
CHCTEMBI CBSI3H, B KOTOPBIX MPEIBAPUTENBHO M JOCTaTOYHO MOJTHO M3y4eHa
CTAaTUCTHKA IIOTOKA OIIMOOK KakK DJIEMEHT BHEIIHErO 06y‘IeHI/I$[. Takue
YCTpOHCTBa HE MPUCTIOCOOIEHBI K peanm3anuu GyHkuuii ooydenus. OgHako
NP HWCHOJB30BaHUM BecbMa H(QeKTHBHBIX anroputmoB [IJI Takas
BO3MOXHOCTb TIOABJIACTCA, IIOCKOJIbBKY JJId KOPTEXKa JaHHBIX MOXKHO
yKa3aTh KOHEYHOE MHOXKECTBO BAapHAHTOB IIEPECTAaHOBOK CHMBOJIOB
KOMOMHAIMH, HAWTH W COXPAHUTH JUIS HUX T'OTOBBIC PEIICHHS, KOTOpBIE
MOXXHO XpaHHTh B NHaMSTH JEKOJAepa M HE BBIYHCIATH MX 3aHOBO IIpU
MOBTOpax KOHKPETHBIX MEPECTaHOBOK [2 — 5].
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BaxHoii cocraBmsromieit 1] sBnsercst Beruucinenue u otoop MPC,
KOTOPBIM JIEKUT B OCHOBE INPOLEAYPbl COPTUPOBKU CUMBOJIOB NPUHATOU
KOMOWHAIINA W OPTaHH3alHU WX MOCICAYIOMNX IePECTAHOBOK U ITO3TOMY
JIOJIKHBI aJIEKBaTHO COOTBETCTBOBATh TEKYLIEMY COCTOSIHUIO
HCIIOJIb3YEMOr0 KaHaja CBA3M. IIpuMeHeHue CI0XKHBIX BUJIOB MOAYJIALMH,
TaK K€ KaK M JIOTUCTUKAa BOCCTAHOBJICHMSI XPAaHWIMIL JAHHBIX, CTaBST
BONpPOC 00 HCHONB30BaHUM aroputMoB [1J] HEIBOMYHBIX H30BITOUYHBIX
koznoB [5]. HekoTopbie cBeieHUS 00 TaKOM MOIXOJE U3BECTHBI U3 PaOOTHI
[5]. BmecTe ¢ 3TuUM, M3 W3BECTHBIX HCTOYHHMKOB HE BCETAa SICHO, KAKUM
00pa3oM MPUMEHHTh KOTHUTHBHBIC TPOIEAYPhl K TIOMCKY HaubOoiee
BEPOSITHBIX BEKTOPOB MEPECTABICHHBIX HEJBOMYHBIX KOJOB, KaK, UCIIOIb3YS
CBOMCTBA IMEPECTABICHHBIX MATPHII, COKPATUTh 00bEM XPAHUMBIX NaHHBIX,
MTONYYCHHBIX B Pe3yJIbTaTe O0YUICHHUS IeKoIepa.
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YuMmckuii TOCyIapCTBEHHBIH aBHAIIMOHHBIN TEXHUYECKWH YHHUBEPCHUTET,
r. Ya, Poccus

HPOEKTUPOBAHUE OBBEKTA CETU HU®POBOI'O

HA3ZEMHOI'O TEJEPAJUOBEIMAHUA PECITYBJIMKA
BAIIKOPTOCTAH

B coorBerctBum ¢ @Il "Pa3Burme TenepaguoBeIIaHUS B
Poccuiickoit ®exepannu Ha 2009-2018 roapl" momKeH OBITH OCYIIECTBICH
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NepeBOl TOCYJApCTBEHHBIX CeTeH TelepaauoBeliaHus Ha LHU(poBbIC
TEXHOJIOTHH, HaceleHne Poccwiickoit @Denmeparmuu  ITOMKHO  OBITH
oOecrieueHo ~ MHOTOKaHaJIbHBIM  BEIIAHHEM C  TapaHTUPOBAHHBIM
MIPEJOCTABICHNEM OOIIEPOCCHICKAX  00s3aTeNbHBIX  OOIIEIOCTYITHBIX
TeJIEKaHaJIO0B U PaJInOKaHAJIOB 33laHHOTO KauecTBa.

CrpoutenscTBO ceTH J(QHUPHOTO BEHIaHHWA TaKeTa IH(POBBIX
tenekananoB PTPC-1 (nepBblit MmyspTumiekc) B Pecriy6nuke bamkoprocran
3aBepmieHo. Iloctpoeno 216 NepefalouX CTaHIUM, KOTOpbIe
obecrieunBaroT LU(PPOBBIM APHUPHBIM TeleBHIACHUEM Oonee uvem 3,9
MWUIHOHa YenoBek (Oosmee 95% kureneit)[3]. Jlo Tex mop moka Bes
TEPPUTOpHUs, TAC MPOXKHUBAIOT JIOIU HEe Oyaer oOecrieucHa IUPPOBBIM
TeJNeBUICHUEM, NTPOOIeMa TEHEBBIX 30H OCTACTCS aKTyaJIbHOM.

Hnst obecrieueHnss U(POBBIM TENEBUACHHEM OCTaBIIUXCS 5%
KHUTENeH pecnmyOnuKn HEOoOXOIUMO pacHIUpATh 30HY TIOKPBITHS IS
uudposoro 3¢upHoro Bemanns DVB-T2. MoXHO HpeayoxKUTh HECKOIBKO
CHOCOOOB peIICHMS BO3HHUKINEH 3agadi: MWCIOJIB30BAHUE ITACCHBHOTO
pEeTpaHCIATOpa W CTPOUTEIBCTBO JIONMOJHUTEIBHOTO OOBEKTA CETH
nudpoBoro HazemHoro tenepanuosemanus (CLIHTB).

ITaccHBHBIH PETPAHCIATOP — 3TO IIEIECO00PA3HBINA CITOCOO TOCTABKU
uuQpoBOro CHUrHana 0 TPYJHOMOCTYNHBIX YYacTKOB CO CJIOXKHBIM
penbedom, PecnyOnuka bamkopTocTaH pacmofiokeHa Ha T0J00HOM
TeppuTopur. OITOT cmocod TpedyeT BBICOKOTOYHOTO PACIIONOKESHHS
pabo4Mx MOBEPXHOCTEH aHTEHH M CBEPXKECTKHUX OIOP JJIS UX (HUKCAIHH.

ApXWTeKTypa TIOCTPOEHHMS CETH JOJDKHa o0ecreyuBaTh ee
MIO3TANTHOE HapallMBaHUE IS BEMIaHWS 3 MYJIBTHILIEKCOB IIporpamm 0Oe3
CTPOUTEIBCTBA HOBBIX OIOP, MHXKCHEPHBIX CUCTEM W 3aMEH 000pyI0BaHM,
YCTQHOBJICHHOTO IIPH CTPOWTEIBCTBE CETH IEPBOTO  MYJbTHUILIEKCA
nporpamm. IIpoekTHpyeMblii OOBEKT MOJDKEH COOTBETCTBOBATH JaHHBIM
TpeboBanusaM. [IpoaHanu3upoBaB (HAKTHUECKYIO 30HY IMOKPBITHS, MOXKHO
OIPEJEIUTh TEPPUTOPHU, Ha KOTOPBIX JKUTEISIM HEIOCTYHHO 3(hHpHOE
muppoBoe  TENEBHICHHE W  IA€  HEOOXOIMMO  CTPOUTEIBCTBO
npononHuteasHoro oobekta CIIHTB. HaubGonee moaxopsinee MecTo st
BO3BEICHUS AaHTEHHO-MayTOBOTO coopyxeHuss (AMC) um  ycTaHOBKH
000pyI0BaHNS MOXKHO BBIOPATh, HCHOIB3Ys ToHorpaduueckyro kapry. s
TOTO YTOOBI, TPOEKTUPYEMBIIi OOBEKT BBITIOJNHSII BO3JIOKEHHYIO Ha HETO
(byHKIHIO, HEOOXOAMMO  ydecTb psit  (DAKTOpPOB:  TEXHUYECKHE
XapaKTEePUCTUKH TIEPEealoIiero o0opyaoBaHus (BbICOTa MOJBECA aHTCHHHBI,
ee KOI(D(OUIMEHT YCWJICHHS, MOIIHOCTh IEpeAaTdnka), XapakTep
MECTHOCTH, YCJIOBHSI 3aCTPOHKH Ha MECTE MpHeMa.
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Jns mpuema paauOCHUTHalla C HMCKYCCTBEHHOTO CIYTHUKA 3eMJn
Ha3eMHas CTAHIUS OCHAIICHA OJHO3EPKAIBHON MapaboImdecKoi aHTeHHON

omaMeTpoMm 2.4M, a Ins mepegada CcUTHaina abOHEHTaM —  TIaHENbHBIC
aHTEHHBI, YyCTaHOBIEHHBIe B BepxHed wacth AMC. O6wvext CLIHTB
TOJDKEH comepxKaTh CIIe YOI WHXXCHEPHBIS CHCTEMBI:

EKTPOCHAOKEHNS,  3a3€MJICHUS, MOJIHME3AIIWTHI, BEHTIWILIOUH U
KOHIMIMOHUPOBAHUS, OTOIUIEHUS,  OCBELICHMS, BHUACOHAOIIONCHNUS,
MOXKApOTYIIEHUsI M OXPaHHO-MOXapHylo curHaimmzanuto, AMC u
TEXHOJIOTUYECKUN  KOHTeHHep —  IIOMEIleHHe, B  KOTOPOM B
TEIeKOMMYHHUKAIIMOHHBIX CTOMKax pa3MeleHus 000pyOBaHUs:
CIyTHUKOBBIH MPUEMHHUK U MOZEM, IU(PPOBOI TEIEBU3MOHHBIN NEpeIaTIHK
U MOJyJb CHCTEMBI TucTaHoHHoro koHTpois (CK) mis MoHuTopuHra u
YIPaBJIECHUS CETHIO.

[TaccuBHBIA peTpaHCIATOp, TaK k€ Kak M HOBBI OOBEKT IacT
BO3MOJKHOCTb HCKIIOUYEHHUS TEHEBBIX 30HBL. CyIIeCTBEHHOE OTJINYHE
MIACCHBHOIO PETPAHCIATOPA 3aKII0YAeTCs B TOM, YTO OH HE YCHUIHMBAET
CHUTHAJ M 10 MOTpeOHTENeH TOXOIUT yXKE OCIAOICHHBIH, 3TO 3HAYNTEIHHO
COKpallaeT 30HYy yBEpeHHOro mpueMa. I[losToMy ero mnpHMEHEHHE
IIPEIOYTUTENIbHEE B YCIOBUAX, KOTJJa TCHEBasl 30Ha HAXOJUTCSA B HU3MHE B
omu3u yxe cymectByromiero oobekra CLIHTB. JlomonHUTEIbHBIH 00BEKT
pacIIUpUT 30HY TOKPHITHS B HECKOJBKO pa3 OoJblIe W MECTO €ro
pa3MemieHnss BO3MOXKHO B CaMBIX YAAJICHHBIX YrOJKaxX pecryOIuKH,
II03TOMY OH HMeeT MPEeHUMYIIeCTBa HaJl TACCHBHBIM PETPAHCIISITOPOM.

1.MemxoB, N.K., CynranoB, A.X. OCHOBBI NpPOEKTHPOBAaHUs PUPHBIX U
Ka0eNMbHBIX CHUCTEM IH(POBOro TeleBUAEHUs: ydeOHoe mocobme / Ydumck. roc,
aBmall, TexH. YH-T. — Ya: Y['ATY, 2014. — 142 c.

2.CrpoutensctBo cetn mudposoro TB. [DnexrponHslii pecypc]. [lara
obnoBnenus: 29.12.2017. — URL: http://ufa.rtrs.ru/tv/digital/ (mara oOpamenus:
29.03.2018).

B.A. 3a6onoroB, U.A. Credanosa
IToBOJKCKUI TOCYNapCTBEHHBI YHMBEPCUTET TEJIEKOMMYHMKALUMH U
nHpopmartuky, . Camapa, Poccus

HNCCIEJOBAHUE UBMEHEHUSA YACTOTHBI JUCKPETU3AIINN
HA D9®PEKTUBHOE CKATHUE AYINOJAHHBIX

Baxneimme xapakTepuCTUKU I(poBoil 06pabOTKM aynnoJaHHBIX
omnpenessirorcsi 3QpQEeKTUBHOCTBIO CHCTEMBI CKaTusi. B Hacrosiiiee Bpems
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MOBBIIEHNE A(PPEKTHBHOCTH CXKATHS CBS3aHO C 0OpabOTKOH 3BYKOBBIX
curHanoB (3C) B 9acTOTHOH OOJNACTH, YTO ITO3BOJISICT YUYHUTHIBATH IICHXO-
aKyCTHIECKHE CBOHCTBA OPraHa CIyXa YeJOBeKa.

OCHOBHBIM PECYpPCOM CKAaTHs ayAHOJaHHBIX SIBIISIETCS] €CTCCTBEHHAS
M30BITOYHOCTh HCTOYHMKA 3ByKa. CoBpeMeHHbIe crmocoObr cxatus 3C
IpeAyCMaTpPUBAIOT JWHAMUYECKHH aHalW3 CIEKTpa pPeaJIbHOTO CUTHAala
MyTeM  NIPUMEHEHUS  YacTOTHBIX  JUCKPETHBIX  OPTOTOHAJIBHBIX
npeobpazoBanuii(JJOI1) k BEIGOpKaM MEPBUYHOTO [M(POBOrO CUTHATIA.

Pa3nuuaroT CTaTUCTHYECKYI0O M aKyCTHYECKYI0 H30BITOYHOCTH.
CokpallleHne CTaTUCTUYECKOW M30BITOYHOCTH OCHOBAHO HAa y4eTe CBOWCTB
camux 3C. Ee ycTpaHeHHWe MO3BOJISICT COKpaIlaTh 00BEM IepeaBaeMbIX
JaHHBIX Ha 15...25 % mo cpaBHEHUIO C UX HCXOAHOW BenW4YMHOMN. Jlis
JaTbHEHIIET0 yMEHBIICHUS HM30BITOYHOCTH IPHUMEHSIOT — AJTOPUTMBI,
OCHOBaHHBIE HA TICHX0aKyCTHYECKHX CBOMCTBAX OpraHa Ciryxa.

Jns nmepenaun curHana B Oosiee  KOMITAKTHOM  IIPECTaBIICHUU
HCHOJIB3YIOTCA YaCTOTHBIC AUCKPCTHBIC OPTOrOHAJILHBLIC HpeO6p330BaHI/IH
(IOIT). B mporecce 00paOOTKM TMPOU3BOAUTCS IEPUOJUUCCKOE C
uHTepBaiom T, mnpeoOpasoBanne N  BpeMeHHBbIX oOTcueToB B N
koa(punmenrtos JIOII. Tak 3C mnpexcraBisieTcss NOCIEI0BATEIHLHOCTHIO
CHEKTPAJIBbHBIX BEIOOPOK 10 N CIIeKTpalbHBIX KOMITOHEHT KaX/as.

Ecnu wactoTy AmckperMsanuM BBIOMpAaTh B J[Ba pas3a OOJBIIYIO
BEPXHEH YacTOTHl CIEKTpa MCCIEIyeMOro CHrHaja, TO KadecTBO
BocriponsBenienust 3C Oyner pameko oT wupeanmbHOro. Ilostomy muist
TIOBBIIICHUSA KadyeCTBa BOCIPOU3BCIACHUA 3BYKa Tpe6yeT IIOBBIILIICHUEC
4acToThl Juckpernsanmu [1] u uucio paspsaos. s atoro morpeGyercs
OCYIIECTBUTH 3HAYUTCIIBHOC CXKATHUC 3BYKa C YMCHBIICHUEM CKOPOCTH
mudpoBoro mnoroka B 4-10 pa3. I[loaToMy NEpCIEKTUBHBIM CTajoO
WCTIONIb30BaHWE  CYOTIOJIOCHOTO  KOJIWUpOBaHWs, mpu  kotopom 3C
paszensieTcsi Ha MHOXKECTBO CYOITOJI0C IMPUHOM OJIM3KOH K KPUTHYECKOH
TI0JI0CE CITyXa, a KOJANPOBAHUE OCYILIECTBIISICTCS B KAXKJIOW TI0JIOCE OT/IEIIBHO
¢ BEIOOPOM UHCIIa Pa3psiIOB TAK, YTOObI NIYMbI KBAHTOBAHMS HE OIIYIIAIINCh
Ha CITyX.

B [2] noxa3zaHo, 4TO THpH HCHOJIB30BAaHHH TAKOTO CBOWCTBA CIyxa
KaKk MHUHHUMAJIbHO OINYyHIa€MbIC M3MCHCHHUA YaCTOTHI TOHOB, OIIYIIACMBIC
CIIyXOM YeIJIOBEKa, MO3BOJISIET HECKOJIbKO YMEHBIIUTh MICHX0AKyCTHYECKYIO
M30BITOYHOCTh ciyXa. [Ipu 3ToM Tpedyercs JIOBOJILHO BBICOKAsl 4acTOTa
JAUCKPETU3AINHN. ABTOpaMI/I OBl paccyuTaHbl 4aCTOTa JUCKPETHU3AIUN F)I
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n puuHAa BBHIOOPKH N TIpH  CIEKTpaIbHOM aHAIW3E AayIHOJaHHBIX C
momotbio JIOIT ¢ ygeToM anmpoKCHMaIui KpUBOW MOPOTa Pa3inuauMOCTH
9acTOTHI TOHA JUIA PAa3MUYHBIX pabodnmx muamazoHoB dYactor 3C
(3ByKO3aImuCh, MyJIbTHMEANA, TETICHOHIIT).

Tak mis auckperHoro mpeodpaszoBanust Oypee (AIID) mrs padoumnx
nuara3onoB yactoT 0,02-20 kl'm, 0,04-10 I’y u 0,3-3,4 x['11 MakcumanbHas
Fn okazamace pauout 1730, 970, 100 kI coorBerctBeHHO. JIist
JUCKPETHOTO KocuHyc npeodpaszoBanus (JKII) mpu ucnoiap30BaHUU TEX ke
YaCTOTHBIX JIMAMa3oHOB MakcuManbHas Fi okaszanack paBHo# 865, 485, 50
K['11 COOTBETCTBEHHO.

Cayx pearupyeT Ha MOIIHOCTh, COCPEIOTOUYCHHYIO B OTHEIBHBIX
YaCTOTHBIX TPYNIAaX, Mo3ToMy crieKTp 3C pa3memnsioT Ha YaCTOTHBIC TTOIOCHI
[4]. Fn B kaxaoii 4acTOTHOW TpyIIE CHHU3UTCS [0 BEIHWYMHBI, PABHOU
YABOCHHOH IOJIOCE TMPOIYyCKaHUS COOTBETCTBYIOmEero ¢uiprpa. Ilocie
¢unbTpanuu orcuetbl 3C rpynnupyoTCs B OIOKH.

Hcnonb3ys anmpoKCUMUPYIONIYIO 3aBUCUMOCTD IIUPUHBI YaCTOTHON
rpymmbl F oT neHTpanbHoi yactotsl T i pasHeIX pabodymx MOJOC 4acTOT
[3], GbLTH paccunTaHBl YACTOTHI AUCKPETH3ANUK F/1 B 4aCTOTHBIX IpyIax.

Tak mpu ucnonszoBanuu JIID ans paboumx auana3zoHOB YacTOT
0,02-20 xI'm, 0,04-10 I’y m 0,3-3,4 x['p MmakcumanbHas Fo B cybmonocax
okazanmach paBHod 12, 9, 7kl'm coorBerctBeHHo, a it JAKIT —
makcumanbpHas Fn okazamace 6, 5, 4 k[l COOTBETCTBEHHO JUIsl Pa3HbIX
JMania30HoOB YacToT.

AHanu3upysl NOJydyeHHbIE Pe3yJabTaThl BUJHO, YTO BTOPOW MOJXO]T
MO3BOJISIET 3HAYMTENLHO YMEHBIIUTh MaKCUMaJIbHOE 3HAYEHHE YaCTOTHI
JMUCKpeTH3anuu F11 B OTJCIBHBIX YaCTOTHBIX TPYIIMAX.

1.Kosanrur 10. A., Bomormun D.M. Iudposas oOpadoTka 3BYKOBBIX
curranos. — CI16.: KOPOHA-npunT, 2004 — 240 c.

2.CrepanoBa M.A., 3abomoroB B.A. Amnmpokcummanust  mopora
Pa3IMYMMOCTH 4acTOTHl ToHA. // COopHMK craredl mo marepuamam XVI MHIIK —
Hosocubupck, 2018. —C. 52-56.

3.CrepanoB  AM., Credanoa W.A. DddexTHBHOE HCIOIB30BAHUE
HHTErpUpYIOLIEH CrocoOHOCTH ciyxa mnpH 1u(poBoii 00pabotku curHanos. [/
C6opnuk crareii mo Marepuaiam 3 MKu BoictaBka Lluppoas 06paboTka curHaioB
u ee npumMeHenue. — Mocksa, 2000. —C. 137-139.

4. 11Bukep D., ®enpakemtep P. YXo kak mpueMHHK HHpOpMaIu / mep. ¢
Hemenkoro, noj pea. b. I'. benkun. M.: Csizb, 1971 — 255 c.
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A.P. Ucmarunosa, A.3. Tnssnux
YouMmckuii TOCyTapCTBEHHBIH aBHAIIMOHHBINH TEXHWYCCKUH YHHBEPCHTET,
r. Yoa, Poccus

MOBBIIIEHUE MMPONYCKHOM CITOCOBHOCTHU KABEJIbHBIX
JIMHUM 3A CYET UCITIOJIb30OBAHUA KOD®®UIIUEHTOB JIJISA
HPEJKOPPEKTOPA, IOJIYYEHHBIX HA OCHOBAHUHN
SKCIIEPUMEHTAJIBHO OIIPEJEJIEHHBIX BOJTHOBBIX
ITAPAMETPOB

B mnocienHee aecATUIETHE BOJOKOHHO-ONTHYECKUM JIMHHUAM CBSI3U
yIaloCh 3aBOEBATh JUAUPYIOMIYIO MO3UIMIO B TEICKOMMYHUKAIIHOHHBIX
CeTAX, HO IOJHOCTBIO NEPEXOAWTh HAa ONTHKY M OTKA3aThCs OT COTCH
KWJIOMETPOB IPOJIOKEHHOTO MEIHOTO Kabesns, OblIo OBl HepanuOHAIBHO.
Tak Kak MCIONB30BAaHWE YK€ CYIISCTBYIONIMX JIMHUHA 3HAYNTEIHHO
cokpamaer (puHaHCOBBIE M BPEMEHHBIC 3aTpaThl Ha OPTaHM3aIMI0 HOBBIX
cereii cBa3u. Ho B OonpmmHCTBE CBOEM KaOemW 3IICKTPOCBS3H,
MIPOJIOXKEHHBIE MHOTO JIET Has3al, YyTPaTWiIM CBOM IEpBOHAYaJIbHbIC
XapaKTepPUCTUKU M3-32 BO3JCUCTBHS PA3NUYHBIX (AKTOPOB U yXKE HE B
COCTOSIHUU obecnieunBaTh TpeOyeMylo CKOpPOCTh nepeaayn. McmnpaBute 3Ty
CUTYallMI0 W TOJYYUTh MNPOINYCKHYIO CIIOCOOHOCTh KaHaia OJM3KYI0 K
MOTEHIMAJIbHON TpeasaraeTcs METOJOM IPEABAPUTENFHON KOPPEKIHH
CHUTHaja.

[MpenBapuTenbHass KOPpEeKUMs  MOApasyMeBaeT  KOMIICHCAIHIO
WCKa)XCHMI, BOZHHMKAIOLIMX NPHU MPOXOoxAeHWH curHana fo(t) mo yuHum,
ITyTeM M3MEHEHHMS €r0 XapaKTepHCTHK M (popMBbI Ha Mepeaaronell CTopoHe
TakuM 00pa3oM, 4TOObl Ha BXOJE NPHEMHHKa NOMy4uTb curHan fi(t),
MaKCUMAJIbHO NPUOJIMKSHHBIN K HEMCKQXKEHHOMY ToJie3HOMY curHaiy fo(t)
[1]. IIpu 3ToM HUKAaKHX U3MEHEHHWI B COCTaBE MPUEMHOTO 000pYyIOBaHUS
He TpeOyercs.

Jns  peanm3zaniii  TaHHOTO  MeETOJa KOppeKIuu, Tpedyercs
OTIPENICNTh TePelaTOYHyI0 (YHKINIO KaHajla, BHOCSIIETO HWCKaXEHUs,
mo wuwH(pOpMamuMEm O HEW paccuMTaTh MEPEeJaTOdYHyI0  (YHKIIHIO
MIPEIKOPPEKTOPA, TT0 KOTOPOH TSI HETO BBIYHCIIAIOTCS K03 durmentsr [2].

JanHplid croco® mpenmoyiaraeT MpOBEACHWE TECTHPOBAHUS JMHUHI
CBSI3M, HO B Cllydae, €CIM HEBO3MOXXHO OOECIIeUHMTh Meperady
TECTUPYIOLIETO CHTHaja JO BBIXOAA JIMHUM HEOOXOAMMOHM JUIMHBI,
IpeaaraeTcss  MCHONb30BaTh  KO3((UIMEHTHI, pacCUUTaHHbIE  I10
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BTOPUYHBIM HMJIM BOJIHOBBIM MapaMeTpaM KalOeis, OmpeaeNsieMbIM
IKCIIEPUMEHTAIBHBIM ITyTEM.

B kauectBe cpensl pacHpOCTPaHEHHS CHTHAJAa PAacCMOTPUM
omHOpoaHylo ummHHyt0 muaH0 (OJJI) mpotskeHHOCTRIO |, KOTOpas
SIBIISIETCS  JIMHEWHOM CHUCTEMOM C pacHpelesICHHBIMU IapaMeTpaMu U
OTIpEe/IeNsIeTCST  MMITYyJbCHOM — xapakrepuctukoit  he(t). Ilycts OJIJI
MOJKITI0YEeHa K UCTOYHUKY curHama  So(t) = SoCoS(NAt + @) ¢ BEIXOIHBIM
KOMIUICKCHBIM CONPOTUBICHHEM Zs(NA), KOMIUICKCHOE COMPOTHBICHUE
Harpy3ku — Zi (nA). Toraa, nonb3ysck u3BecTHbIMU Gopmynamu mist OJ1J1 B
rapMoHu4eckoM pexume [3], 1 Toukr X = | moiyuuM mnepenaTodHyro
(GyHKIHIO KaHaa!

2, (jna) .
(ZL(jnA)"'Zs(jnA))ZB(jnA)Ch(Y(jnA)I)"'
xZB(jnA)

7 (22 (ina)+ 2, (ina)zs (jna)BhG (nA) )
roe A — HWHTepBan AMCKpeTH3aimu mo dactote, A — 0, y(jnA) -
K03 duUIMeHT pacnpocTpaHeHus Ha yactote NA; Zg(jnA) — BonHOBOE
CONPOTHBIICHHE JTUHHUHU HA 9acToTe NA.

BonuoBsle mapamerpsr OJJl Zg um 7y yIooOHO ompenensiTs
9KCIIEPUMEHTAIBGHO [0 BEJIMYWHAM BXOJHBIX COIPOTHUBIICHHH XOJOCTOrO
X072 Zxx ¥ KOPOTKOTO 3aMBIKAHUSA Zy;.

Tak 1IpH X0J0CTOM XOJ€:

Z  =Zgcthyl;

K.(jnA)=

a TIpY KOPOTKOM 3aMbIKaHUH:
Z ., =Zgthyl.
W3 3THX COOTHOILIEHUH ClleayeT:

Zy=42,2,

z
thyl = 2=,
"=z

XX

Janee 1Mo AMCKPETHBIM 3HAYECHUSIM TEepeaTOuyHON (QyHKIMH KaHaja
BBIUMCIIAETCS NepenaTouHas (YHKIUS MPEAKOPPEKTOpa, C IOMOIIBIO
KOTOPOH MPOBOJUTCS pacdeT Kod(pQUIIMEHTOB MPeAKOPPEKTOpa.

1. O npoOHO-UHTEPBANBHOI IPEABAPUTENBHON KOPPEKUHH LU(PPOBOro
curHana B kananax cBsi3u / CynranoB A. X., Tnsemun A. 3., Barmanos B. X.,
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Jlro6ombiroB B. C., Anues T. U. // Bectauk YT'ATY : Hayu. xkypH. Y dHMCK. TOC.
aBuall. TexH. yH-ta. T.17, Ne2 (55). C. 3-13

2. Mertox npenBapuTEIbHOH KOPPEKUMH CHTHala JUIi KOMIICHCALMH
JMHEIHBIX HCKOKCHUH B MeTaJUIM4ecKuX KabenbHbIX nuHUAX / CynraHoB A.X.,
Tnasaun A.3., Jlro6omnsitoB B.C. // «Bectauk YITATY», 1. 15, 2011, Ne 1 (41), c.
182-187.

3. I'pomues U. U., Bepruk C. M. Jluauu cBsi3u: YueOnuk st Bysos / W. .
I'ponnes, C. M. Bepruk / M.: Panno u cBs3b. — 1988.

A.P. Ucmaruiiopa, A.3. Taasaua
YouMckuii TOCyIapCTBCHHBIH aBHAIIMOHHBIN TEXHWYCCKUH YHUBEPCHUTET,
r. Yoa, Poccus

CHWXEHUE BER IIPU TIPUEME CUT'HAJIA B YCJIOBUMSIX
AJJUTUBHOU TIOMEXHU U MEXKCUMBOJIBHOU
UHTEP®EPEHIIMU METOJAOM INPEJKOPPEKIINUN

C noMoIIpI0 MeTo/1a IpeABapUTEIbHON KOPPEKIIUH CUTHAJIA YAAJI0Ch
JOOUTBCS 3HAUMTEIBHOW KOMIIEHCAIIMM MEKCHMBOJBHOW HMHTEpdepeHInn
(MCH), HO TOMHMO 3TOrO SIBJICHHS JIMHUS CBSI3M TaK e IOJBEp)KEHa
HETaTHBHOMY BJIMSHHIO Pa3IMYHOTO poja IOMEX, KOTOpOe NPHUBOAUT K
yBenmuenuio BER [1].

B HETsIX HCCIIeIOBAHUS 3¢ PeKTUBHOCTH IIPUMEHEHHS
MIPEABAPUTENHHON KOPPEKIMH CHT'HAla B YCIOBMSX aJJNTHBHON ITOMEXH
MIPOBEJIEHBI FKCIIEPUMEHTHI AJisl onpeaeneHust BER.

OKCIIEpUMEHTHl HPOBOAMIINCH NPH clenyromux ycioBmsix. Cpena
nepenayn CUTHajla — HedkpaHupoBaHHas Butas mapa (UTP) kareropum Se
amuHO# =305 merpoB, BonHOBOe compotuBieHue Zg=120 Owm, mHHHS
HaxoJMTCS B PEXHME COIJIaCOBAHHOW Harpy3ku. B kauectBe reHeparopa
CITy4aiHOU TOCJIe0BATEIBHOCTH CHMBOJIOB B JIMHEHHBIX kKogax HDB3/AMI
1 TpUEeMHHKA CHUTHAJIa MCIOJIB30BaH aHaim3aTtop moroka E1 Acterna EST-
125 (pucynox 1). B orcyrctBum momex Habiromaercsi 0Oe30mrOOvHas
nepenava curHaia (BER=0).
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n(t), o}

AIIK
Tx ¢ fo(t) B pexKUME

TIPEBapUT.
KOPPEKIHI
Amnanuzatop f,=32 M
noroka E1
Acterna EST-125]

R | § fit “
|

Zy=120 Om

UTP cat. 5e (1 napa) i

Pucynok 1 — Cxema 3xcniepumenTa i onpezaenerust BER npu nepenaue ¢
HCII0JIb30BAHUEM IIPEAKOPPEKLIUY B YCIOBUSX aJIUTUBHON IIOMEXH

Jns mepemadd TONIE3HOTO CHWTHAlla HWCIONB30BaHa mapa 1, s
CO3[aHus aINTHBHOW moMexu N(t) B mepBoii mape CHrHAN OT reHepaTopa
IIOMEXH TpoINycKajucs dyepe3 mapy 4. AMIUIUTyAa CHUrHaja IOMEXH B
yeTBepToil mape cocraBimsuia Un=5 B. Pacuer koadduuueHToB KOppekropa
OCYIIECTBIISIJICS IPHU CHEAYIOUIMX IMapaMeTpax: 4YacToTa TUCKPETH3aIuH
fy=32 MI'u; mupWHA MOJOCHI YacTOT, HAa KOTOPOH OCYIIECTBIAETCS
npenkoppekis fn=3+14 MI'u; noporoBoe Hampskernne Up=0,6 B;
KO3()(DUIMEHT MPONOPIHOHATIBHOCTH BBIXOJHOTO U BXOJHOTO CHUIHAJIOB
1=0,3+0,6; nopsimok punsrpa K=36.

B rabmmme 1 cBemeHBI  OKCIEPUMEHTANBHBIE  PE3YIBTATHL,
MOJyYeHHbIE B JAHHBIX YCIOBUSX MPU ONTUMAIBHBIX 3HAYCHUsX fn u
ko3(punreHTax A, COOTBETCTBYIOLIMX pPa3IMYHbIM 3HAYCHUSIM SHEPIUU
umnynsca Eo"™. B wactHoctn, npu fn=4 MI'n u A=0,4 sHeprus umiyibca
Ha BBIXOJIE TPEIKOPPEKTOpa NPUMEPHO paBHA SHEPTHH IIEPEIaBacMOTO
uMIysbca 0e3 MPeIKOPPEeKINH, a IKCIepuMeHTainpHoe 3HaueHne BER npu
ucnons3oBanun kojxa AMI cuusunocs B 1,75 pa3. Eciom ke ycTaHOBUTH
kodpunment  A=0,45 (ITO COOTBETCTBYET MOBBINIEHUIO CpETHEH
MOIIHOCTH mepenaBaeMoro curtana Ha 35%) BER cHumkaercs B 9,17 pas
s koga AMI u B 4,3 paza qiis koga HDB3.

Tabmmma 1 — 3nauenust BER B pesynbraTte npuMeHeHNS MPeAKOPPEKINH

fn, M| A | BER™ [BER/BER™ [ E™/Eo
JUHEHHBIA Ko AMI
4 | 0,4 | 4,153-10 | 1,75 | 1
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4 0,45 7,957-107 9,17 1,35

4 0,5 1,698-10°7 43,0 1,66

10 0,35 4,537-10% 1,61 1,2
nmHenHb kogq HDB3

4 0,45 3,047-106 4,34 1,35

4 0,5 1,072-106 12,35 1,66

10 0,4 5,467-106 2,42 1,58

OTMeTHM, 4YTO aHAIOrM4HOe CcHikeHne BER He MoxeT OBIThH
00ecreueHo TOJIbKO MOBBIIICHHEM MOIIHOCTH [EepPeaBaeMOro CHIHAJA,
MMOCKOJIBKY TPU 3TOM YCHJIMBAETCS HE TOJBKO IMOJIC3HBIH HUMITYJIBC, HO U
3Hauenue MCH.

Takum 00pa3oM, SKCICPUMEHTAIBHBIC PE3YJIbTaThl, MOJYYCHHBIC
IpU ONTUMAaJbHBIX mapamerpax fm u A, moarBepxmaroT >PPeKTUBHOCTH
MPUMEHCHHUS TPEIKOPPEKIUU C TOUKU 3PCHUS MUHHUMU3ALUU BEPOSTHOCTH
OIIUOKH MPH 33JaHHOM MOPOTe YHEPTUU MMITYJIbCAa CUTHAJIA.

1. O #poOHO-WHTEPBANBHON IpenBapUTEIBHON KOPpPEKIHH IH(POBOTO
curHanma B kaHanax cBs3u / CynraHoB A. X., Tmaemua A. 3., barmanos B. X.,
Jrobomeiro B. C., Anuer T. U. // Bectauk YI'ATY : Hayd. xxypH. Y DUMCK. TOC.
aBuail. TexH. yH-Ta. T.17, Ne2 (55). C. 3-13

H.B.Bbensriit, M.B.Ky3Heros
IToBoJKCKUI TOCYNapCTBEHHBI YHMBEPCUTET TEJICKOMMYHHUKALUU U
nHpopmatuky, . Camapa, Poccus

METO/bI JEKOMITIO3UIINU PEYEBBIX CUTHAJIOB

PeueBble  cuTHaJIBI  TPEACTABIAIOT CcOOOM  HENWHEHHBIE U
HECTAllMOHAPHBIE CHUTHAJBI CIOKHOW (DOPMBI, aMIUINTYJHBIE W YaCTOTHBIE
XapaKTepUCTHKH KOTOPBIX OBICTPO HM3MEHSIOTCS BO BpeMeHH. B obmactu
00paboTKM peueBBbIX CHIHAIOB HauOoiee MOMYyJSIPHBIMA  METOIaMH
JCKOMITO3UIINK SIBISIIOTCA  TpeoOpasoBanne @Dypee (IID) u BeiiBner-
npeodpazosanue (BII), obnanaroniye psaom NpeMMyIIECTB U HEJJOCTATKOB.

Hecmotps Ha TO, uro II® obnmamaer OTHOCHTENBHOH HPOCTOTOM
BBIYKCIICHUH W BBITTOJHSETCS TIPH JIOBOJBHO OOIIMX YCIOBHSX, CYIIECTBYET
HECKOJIbKO OTPAaHMYEHHH, HAKJIaJIbIBAEMBIX Ha CHTHANBI, IS KOTOPBIX
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BEIUHCIIIETCS 3TO TpeoOpasoBanue [1]. CurHambl MOMHKHBI OBITH CTPOTO
NEpUOANYECKUMH  (QYHKUIMSIMH WM COAEpKaTb TaKk  Ha3bIBAEMBbIC
MOBTOpSIOIIMECsT (pparMeHTs! OAHOW OOIIedl NpHpOABI, MpPHU 3TOM HE
00513aTENBHO ABISFOLINECS HICHTUYHBIMM, TaK KaKk B HMPOTHBHOM CIydac
aHaJN3 B YaCTOTHOM 007acTH sIBIsETCS MAI03(D(hEeKTHBHBIM.

Hnst  moBblmeHns 3(QQPEKTUBHOCTH aHaNM3a HEMUHEHHBIX U
HECTallMOHAPHBIX CUTHAJIOB HEOOXOANUM MOAXOM, 00JIaJaIoIINi CBOMCTBOM
aNanTUBHOCTH K  KaXJIOMy KOHKPETHOMY CHTHaiy. 1peOoBaHUIO
aJIanTUBHOCTH yAOBIIEeTBOpsieT muckperHoe BII [2]. B cuity ocobennoctei
MaTepUHCKOIO  BeWBIeTa  IOSBIAETCS  BO3MOXHOCTh  aJalTHBHO
o0OpabaTbiBaTh CHTHAJbl IYTEM JOBOJIEHO TOYHOTO Yy4eTa JIOKaJbHBIX
BpPEMEHHBIX ocoOeHHocTe. Ho rnmaBHas mpobieMa — CI0KHOCTH BBIOOpa
MaTEepPHHCKOTO BEHBIIETA I PELICHH KOHKPETHOH 3aJaul U3 UX OOJIBIIOTO
MHOT000pa3us. MOXHO HCIIOJIb30BAaTh aBTOMATHYECKHHA IOAOOpP BEHBIET-
(GyHKIMH Ha OCHOBE anpHOpPHON MH(POPMAINH 00 aHAIN3UPYEMOM CHIHAJIE,
OJIHAKO 3Ta TPOIENypa MOXKET OKa3aThCs 3aTPATHOH IO BBHIYMCIHTEIHHBIM
pecypcam.

Ilo sTOl mpHYMHE aKTyadbHBIM SBIISETCS BOIPOC IPUMEHEHHS
HOBBIX METOJOB JECKOMIIO3MIIMHM, AaJalTUBHBIX K PEYEBBIM CHUTHAJaM U
MO3BOJISIIOIIMX ~ MOJIYYUTh JAETAIbHOE TNPEACTaBICHHE O BHYTPEHHEH
CTPYKTYp€ CHTHaJIa.

BaxupiM  ycnoBueM 3(QeKTHBHONW  /IEKOMNO3WIMH  SIBISETCS
BO3MOXXHOCTh (pOPMHPOBaHMS aJaNTHBHOTO 0asuca, (QyHKIHMOHAIBHO
3aBUCHMOTO OT CTPYKTYpPBI CaMOro curHaia. Takoi IOoaxona peanusyercs B
MareMaTHueckoM anmapate, JIOM. B HacTosmiee BpeMs TEXHOJIOTHS
00paboTKM CUTHaJIOB Ha OCHOBE JIOM IIMPOKO MCIHONB3YETCs B PA3IMYHBIX
HAyYHBIX MPUIOKEHUAX, B TOM YHCIE U NPH PEIIeHHH 3agad o0paboTKu
pedeBbix curHanoB. Hemoctatkom wetoma JIOM, BaXHBIM IS €ro
MIPAKTUIECKOTO NPUMEHEHHUS, SBIAETCS CMEUIMBaHHE DM, COCTOSIINX U3
Pa3IMYHBIX YacTel CHUTHaJIa M HaXOAIMIMXCS Ha PasHBIX ydacTkax OM. s
pelieHuss AaHHOW TPOOJIEeMBI TPEATIONKEH METOJ MHOKeCTBeHHOH J[OM
(MJ5M) [3], ocHOBaHHBIi Ha MHOTOKPATHOM JO0ABICHHH K CHUTHATY
0OECKOHEYHO MaJoil aMIUIMTYIbl OeNoro myma W BBIYHCICHHH CPEIHEro
3HAa4YEHUs TOIY4YEHHBIX MOJI KaK KOHEYHOTO HCTHUHHOTO pe3ysbTaTa.
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JaHHbIi TOOXOA B IOJHOM MeEpe HCHOJB3YET NPEUMYIIECTBO
CTaTHCTHYECKUX XaPAaKTEPUCTUK OeNoro mryma Uil OOHapYyXEHHS CIadbIxX
MEPUOANYECKUX WM KBA3UICPHOAWIECKUX COCTABIAIOIINX CHUTHAJIOB.
Ucnonp3oBanue Oenoro myma B MJDOM s pemeHus mpoOiIeMbl
cMemmBaHus OM TOpOXJaeT B CHTHaje HOBBIM IIYMOBOHM OCTaToK,
BISFOIINI Ha PEKOHCTPYKIMIO UCXOAHOTO curHaia. [1o »Toit mpuanae Obu1
paspaboran mMeton MJIOM c nobGaieHueM Oenoro myma ¢ OpsIMBIMH U
WHBEPCHBIMU 3HAUEHUSMU — KOMIUIEMEHTapHOW MHOKecTBeHHOW JIOM
(KM/IBM).

[IpoBeneHo wuccnenoBaHHE YaCTOTHO-W30MPATENBHBIX CBOMCTB U
BO3MOKHOCTEH NMPpUMEHCHUA MCETOJOB Ha JOTale Hpe[[BapHTeHLHOfI
00paboTku. AHamu3 pe3yabTaTOB BBIABWI, YTO HambOoJsiee aganTHBHBIM
METOJIOM JEKOMIIO3ULIMK PEYEBBIX CHUTHaNOB sABisierca meron KMJIOM,
KOTOPBIH MOXXET HalTH NMPaKTUYECKOe MPHMEHEHHE B alTOPUTMAaX OLEHKH
YaCTOTHI OCHOBHOTO TOKA.

1.Backakos, C. 1. Paguorexunueckue 1enu u curgansl / C. Y. backakos. —
M.: Beicmias mkoina, 2000. — 214 c.

2.Mana, C. BeiiBnetsl B 00padoTke curnanos: nep. anri. / C. Mamra. — M.:
Mup, 2005. - 212 c.

3.Huang, N. E. An Introduction to Hilbert-Huang Transform: A Plea for
Adaptive Data Analysis / N. E. Huang // Research Center for Adaptive Data
Analysis. — Singapore: National Central University, 2007. — 257 p.
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SIM. Ky3nenos, 11.B. Porenmreiin
[ToBoyKCKUH TOCYNapCTBEHHBIH YHHMBEPCUTET TEJIEKOMMYHMKAIUH U
nHpopmartuky, . Camapa, Poccus

AHAJIN3 METO/IOB OGPABOTKHU IIENOTA JIJIs
OIITUMU3ALINUA PACIIO3BHABAHUSA PEYEBBIX KOMAH/JI

KoppekrHass o0paboTka pedeBBIX KOMaHJA — OJHAa M3 CaMbIX
HHTEPECHBIX M CJIOXHBIX 3aJad TOJIOCOBOro ympaBieHus. Pabora B
HarpaBJIeHUH MOBBILICHUsI () (PEKTUBHOCTH 00pabOTKU BEJETCS TOCTATOYHO
akTuBHO. Ha ceromHsmiHuii J€Hb TPEACTABICHO OOJBIIOE KOJIUYECTBO
AITOPUTMOB  OOpabOTKH, NPUMEHSEMBIX B CHCTEMax TOJIOCOBOTO
ynpasnenusi  (CI'Y). Pa3nooOpasue anropuTMOB OOYCIOBICHO —Kak
B)XKHOCTBIO TPOOJIEMBI, TaK M OTCYTCTBHEM JOCTATOYHO 3(P(PEKTHBHBIX
METOJIOB €€ PEIICHHS.

OOBEKTOM UCCIIEAOBAHMUS SBIISETCS AITOPUTM 00pabOTKH IIETTOTHBIX
koMmang B CI'Y. Ilpenmer wuccineoBaHus — ONTHUMAJbHBIE METOJIBI
o0paboTku memnora. L{enblo paboThl sBJIsIETCS MOBBILIEHHE YPPEKTHUBHOCTH
00paboTku pedyeBbix komana B CI'Y.

IMpenBaputenbHass o00paboOTKa IpPHUMEHSETCS A yCTPaHEHUS
€CTECTBEHHBIX MCKa)KCHWH, BOHMKAIONIMX B PEYEBOM allllapaTe 4elloBeKa
NP TIPOM3HECEHMM INeNoTHBIX komana. lllermor mpencraBmser coOoi
KBa3WCTAI[IOHAPHBIH MPOIECC, CHEKTP KOTOPOTO OCTAETCS OTHOCHUTEIHHO
HEW3MEHHBIM B Te4YeHHE KOpOTKoro mepuoaa BpemeHu (5—-100 mc). Dto
MIO3BOJISIET Pa3AeinTh CUTHAJ Ha (ParMeHTH, B TpeliesiaX KOTOPBIX MOXKHO
CYMTATh CUTHAJ CTAIIMOHAPHBIM. XapakTep H3MEHEHHUs aMIUIMTY bl CUTHAJIA
BO BpPEMEHM HAa3bIBAETCS AMIUIMTYIHBIM pacHpefesieHHeM, KOTopoe
SBISIETCST BAXHBIM MH(OPMATHBHBIM IapameTpoM peun. l3meneHue
aMIUIUTYABl ~ XOpOIIO  ONMCHIBAETCS  C  ITOMOIIBIO byHKIMN
KpaTKOBPEMEHHOH SHEPTHH CUTHAJA.

YenoBeuecknil CIyxXOBOH ammapar He (UKCHUPYET pedb JIMHEWHO,
pasiuuue MEXAy OSHEeprusiMu HHPOPMATUBHBIX W HEMH(OPMATUBHBIX
YY9acTKOB CHTHAJOB JOJDKHO OBITh 3HAYMTENBHBIM, YTOOBI UEIOBEK
(uKCHpOBaT MI3MEHEHHE aMIUTHTYIBL. J[J1s1 yBeIM4eHns aMIIUTYIBI B 2 pa3a
HEOOXOIMMO, dYTOOBI SHEprus yBenuumnack B 8 pa3. IlpumeHeHune
Jorapu(MHUpPOBaHMsl JHEPrHMH (ParMEHTOB MAaKCHMalbHO IPHUOJIM3HUT
pabory anroputMma K (GyHKIIHOHAITY CIIyXOBOTO arapaTa 4eIoBeKa.
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BaXHBIM 3TamoM SBISIETCS BBIYHMCICHUE JUCKPETHO-KOCHHYCHOTO
npeoOpa3oBaHus Jorapupma SHeprum Habopa ¢mibTpoB. Tak Kak Bce
MOJIOCHI TPOIYCKaHUsl (PUIBTPOB MEPEKPHIBAIOTCS, JHEPrHM B Habope
(GUIBTPOB IOCTATOYHO KOPPEIUPYIOT APYT C APYrOM, IOITOMY HEOOXO0TUMO
MIPOBECTH ACKOPPEIISALHIO.

[IpousHoIICHHE OMHOTO M TOTO K€ CJIOBa OOBIYHO HUMEET Pa3HYIo
JUTUTEIILHOCTh, TAaK KaK Pa3JIMYHbIC YaCTH CIIOBA MPOU3HOCATCS C Pa3sHOMH
CKOpPOCThI0. UTOOBI MOJMYYHTH TNIOOANBHYHO OICHKY PACXOMXICHHS MEXITY
JIBYMsSL  pEYEeBBIMH  00Opa3lilamu, MpPEACTaBICHHBIMH  KaK  BEKTOpa
HH()OPMATUBHBIX TAPAMETPOB, JOJKHO OBITH BBIIIOJHEHO BHIPABHUBAHHKE 10
Bpemenu.  Jlias  3TOro  OPUMEHSIETCS  METOJ  JMHAMUYECKOTrO
TpaHCHOPMHUPOBAHHUS ~ BPEMEHH,  KOTOPBIH  SBISETCS ~ METOAUKOU
3JIACTHYHOTO CPAaBHCHHS BEKTOpa HAOIIOMCHHUH C XPaHSIUMCS Ma0I0HOM.
Meron nuHaMH4Yeckoro TpaHc)OpMHpOBaHUS BpeMEeHH paboraer c
¢bparMeHTamM#, T.e. aHaIM3 COCTOMT ®3 00pabOTKM  BEKTOpa
nH(OPMATUBHBIX MTaPaMETPOB B PETYISIPHBIX HHTEPBaax.

Ha ocHOBe TMOCTaBICHHBIX 3aJad BEACTCS aHAIN3 METOIOB
00paboTKM OCHOBHBIX MApaMETPOB IIEMOTa, a Tak ke (HOPMHUPOBAHHUE
1a0JI0HOB, MPENCTABIIONNX c000ii 00BennHEHNE BCeX MH()OPMATHBHBIX
napametpoB. CIeAyIOIUM STalloM JaHHOW HAy4YHOW paboThl SBISETCS
CO3/IaHUE ONTUMAJILHOTO AITOPUTMA PACTIO3HABAHHUS [ICTTOTHOW PEYH.

M.C. Kypcakosa, N.K. Memikos
Yumckuii ToCyIapCTBEHHBIM aBHAIIMOHHBIN TEXHUYECKUH YHUBEPCHUTET,
r. Ya, Poccus

INPOEKTUPOBAHUE CETU MOBMWJIBHOI'O HU®POBOI'O
9®UPHOTI'O TEJEPAJIMOBEILIAHUA CTAHIAPTA
DVB-T2 LITE BI'OPO/IE Y®A HA BA3E CYIIECTBYIOIIEA
CHUHXPOHHOM CETH

B 2012 rony pacnopsixenuem IlpaButensctBa PD Ne 287-p ot 3
Mapta 2012 r. B Poccutickort denepanuu eqUHBIM CTAaHIAPTOM LUPPOBOTO
a¢upHOro TeneBuAeHUs ObUT npu3HaH ctaHaapt DVB-T2, paspaboranHsiii
koucoprmymom DVB Project.

DVB-T2 — ycoBepIlleHCTBOBaHHBIN CTAHAAPT HU(PPOBOr0 HA3EMHOTO
teneBuneHnsa. B DVB-T2 ucnonesyercs psa IpeMMyIIECTB, IO CPAaBHEHUIO
¢ DVB-T, B uucie KOTOpPBIX HOBEWIIME METOJAbl MOAYJISLIUU U
KOAMPOBaHUs, OOeCIeynBaone 0oee BBICOKYIO HAJEKHOCTh Iepeaadn
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ayano-, BUJCOKOHTEHTA W JAHHBIX, a TaKKe 3((PEKTUBHOE HCIOIb30BAHUE
LIEHHOTO HAa3€MHOTO CIIEKTpa 4acToT. biarogapsi BBeneHNIO HOBOW BEpCcHU
craggapta ETSI EN 302 755 v.1.3.1 ot 01.04.2012r. mosiBMI1ach MOOWIbHAS
koHpurypanust DVB-T2 Lite, a mepemaBacMbie TaHHBIC Pa3ICIAIN Ha Ba
npopwist: DVB-T2 Base u DVB-T2 Lite.

DVB-T2 Lite — mpodmis crammapra DVB-T2, wucmonssyrommuit
OTrpaHMYEHHOE KOJHMYECTBO JOCTYNHBIX PEXHMOB pabOThl, KOTOpPHIE
ONTUMH3UPOBAHBI 11 MOOWITBbHOW miepeaaun. T2-Lite 6put pa3paboTan Tak,
4yroOBl B CYIIECTBYIOIIMX MOAYJSITOpax M Jemonyisropax DVB-T2
MOTPeOOBaAINCh MUHUMAIILHBIE M3MEHEHUS ISl TOJJIeP)KKH HOBOBBE/ICHHH,
Onaromaps yemy HpPOU3BOJUTENSIM OOOpYIOBaHUs OyJeT Jierde BHEIPSTH
pacuMpeHue CTaH1apTa B CYILECTBYIOLINE CETH.

Lens wmcrmons3oBanmss DVB-T2 Lite 3akmouaercs B TOM, YTOOBI
obecreunTh YCTOMYMBYIO IUIaTGOpMy [UId pacHIMPEHHOTO NpHeMa
mudpoBoro  >dupHOro CcHrHama Cc  MEHBIIMM  TpeOOBaHHEM K
MIPOM3BOUTENBHOCTH LIEHTPAIBHOTO MpoLeccopa MOOWIBHOTO YCTpOMCTBa
u notpebiasieMoi MM MOIMHOCTH. Tak Kak MpH MCIOIb30BaHUN MOOMIIBHBIX
YCTPOMCTB TOBBIMICHHAs HAAEKHOCTh MeEpeJaddl IaHHBIX OCOOEHHO
HeoOxoxuma, B crapaapre DVB-T2 Lite peanu3oBaH COBpEeMEHHBIN
anroput™ koppekuuu omnbok LDPC — 1/3 u 2/5.

CyI1ecTByeT HECKOJIBKO METO/IOB Tepeaaun curuaia DVB-T2 Lite.

IMpocteitnmm cocoboM sBiseTcsl Tiepenada curHama 12-Lite kak
ABTOHOMHOT'O, TO €CThb C MOMOUIBIO BbIIeNeHUs 1noa T2-Lite oTmensHOro
MYJIbTHILIEKCA.

Hust kombunanuu T2-Lite u T2-Base noctymHbl jBa BapHaHTa,
KOTOpBIE ~ OCYLIECTBIIOTCS BHYTPH CYHIECTBYIOIIETO  MYJIBTHILIEKCA
DVB-T2, npu 3ToM monHOuEeHHbIe ycTpoiictBa DVB-T2 «yBHIATY» TOIBKO
CBOIO YacTh CHT'HANA, a ycrpoiictBa T2-Lite — cBoro.

[NepBbiit BapuaHT: 00a curHayia NEpeAaloTcs B Mpesenax OJHOTO
kaHanma ¢usnyeckoro yposHs (PLP). 3atem T2-Base nepemaercs B FEF
(Future Extension Frame —Bynymiee pacmuipenne xaupos) T2-Lite wim
nao6oport. Bropoii Bapuant: T2-Base u T2-Lite nepenarorcs B pasubix PLP,
torga Mexanm3Mm FEF we Tpebyercs. O6a BapmaHTa HpPOMILTIOCTPUPOBAHBI
Ha pucyHKax | u 2.
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PLPO| 28 | T28 | T28 - 128 | 128 ] 128 - 8 -

Pucynok 1 - T2-Lite u T2-Base B ognom PLP

PLPO ’ T28 ' T28 I T2B I T28B I T2B ‘ T28 I T28 I T28

Pucynok 2 - T2-Lite u T2-Base B pa3ubix PLP

B mepBoM cnyuae ysemmuenme mHbl Onmoka FEF B T2-Lite
HCTIONB3YeTCs U TOTO, YTOOBI pa3MeCTHTh AIHHHEIEe O1oku T2-Base.

Takum o00pa3oM, MOOWIBHOE TeNEBUACHHE HE TpeOyeT OOIBIIIX
WHBecTHIMM, Tak kak DVB-T2 Lite MoxeT OBITH OCHOBaH Ha YXKe
cymectBytoiei cetu DVB-T2. D10 MOkeT criocoOCTBOBATH MOCTECIICHHOMY
BHCAPCHUIO CTaHAapTa B HeﬁCTBHe, HEC HYXOasiCb B JOIOJHUTECIbHBIX
nepemaTyrkax M uacrorax. Taxke DVB-T2 Lite sBasercs He TOJBKO
3aMEHOM yCTapeBlIEMY TEJIEBU3HOHHOMY craHjgapry DVB-H, Ho u
cephé3HbM  KOHKypeHToM DAB+ u DRM+ B cdepe 1mpposoro
panuoBeIaHusl.

1. Goémez-Barquero,D. Next Generation Mobile Broadcasting [Text] / D.
Gomez-Barquero // CRC Press. —2016. — P. 806.

H.H. Bacun, E.B. Measences
IToBOMKCKHUIM TOCYIapCTBEHHBIA YHHUBEPCUTET TEJICKOMMYHUKAMK U
uudpopmaruky, r. Camapa, Poccust

MOJAEJIUPOBAHUE CETU NPEAIIPUATHUA C IPUMEHEHUEM
IMAKETA eNSP 1 AHAJIU3 PEAJIBHOI'O TPA®UKA CETH.

Lenblo uccrnenoBaHUs SIBISCTCS aHAIN3 PEAbHOTO TpaduKa CeTH
0aHKa J0 W IOCIe MOJCPHHU3aIMH. B MonmenupyeMol CeTH MPOUCXOAUT
peopraHuzanusi OJHOrO W3 OTIENIOB TPEIIPHUITHS B AUCIETYEPCKYIO
cnyx0y. CeTp TpeANpHUATHA OXBAaTBIBACT 3 TOpOJAA, JUIL CBSA3H MEXAY
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KOTOpBIMH IpoBaiaep npenocrasiser kanan L3VPN. B kaxnom ¢unmane
OPHUCYTCTBYeT ceTeBoe 06opynoBanue kommnanuu Huawei. ITo pesyapratam
aHanIM3a MOJAENH M M3MEPEHHO 3arpy3KH Ha KaHalaxX CBSA3U MPEIIPHUITHSL
OBLIO MPEUIOKEHO 3aMEHNUTH BCE YIACTKH CETH C MCIOIb30BAHUEM METHOTO
KabelIss ONTHYECKHMMH BOJIOKHAMU C LEIbI0 YMEHBIICHHS 3aJCPKKH U
MOTEpPh TTAKETOB TIPH TIepeiaue qaHHbIX. [1]

AHanM3 TONYYEHHBIX pE3yJIbTaTOB II0Kas3aJ, 4YTO NPH JaHHON
MO/JICpHH3AIIMN CETH yJAJIOCh YMEHBIINTh NOTEPH MAKETOB B KaHAJIE CBSI3H C
5-11 % ot o0mero KOJWYECTBAa IEPEAaHHBIX IAKETOB, B IPOLEHTHOM
cooTHOIIeHNH, 10 1-3 %, a Takke YMEHBIIUTh CPEJHIO KPYTOBYIO
3anepxky (RPM), T.e. BpeMsa oTkiuka, Ha 13 Mc mpu mepemaye JAaHHBIX
MEXAY JUCHEeTYEepCKOoil ciyx0oit 1 MockoBckuM ¢uinanom, U Ha 17 Mc
Ipu Tepefade JaHHBIX Mexny CamapckuM (GHIHAIoOM W OTICICHHEM B
Cankr-IlerepOypre. [2]

1.JluctBun A. B., Jlucteun B. H., lIBsipkor /1. B. Onruueckre BOJOKHA
Ui tuHui cBsizu [ 1] // M. 2008. C. 106.

2.bypanoBa M.A., Kupeesa H.B. Texnonorus obecredeHuss KadecTBa
oOciTy)KUBaHUS B MYJIBTHCEPBUCHBIX CeTAX: yueOHoe mocodue [2] // M.A. Bypanosa,
H.B. Kupeesa. — Camapa: [II'YTH, 2016. — 194 ¢

A.M. Yunraesa, P.1. TpaBun
IloBOoJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEJIEKOMMYHHUKALMM U
undopmaruky, r. Camapa, Poccust

MOUCK OIITUMAJBHBIX CUTHAJIBHO-KOJOBBIX
KOHCTPYKIUM JIJIsI CUCTEM C PEIHETYATOM
MOJYJSLUEN ITPA MPOU3BOJIbHON CXEME
CBEPTOYHOI'O KOJIEPA

Jis moiydeHus] ONTUMAIIbHOW CHTHAJIBHO-KOIOBOH KOHCTPYKIHH
(CKK) mpu wmcmonp3oBaHuu pemérdatod moxymsanuu (PM) HeoOxommma
COBMECTHasl ONTHMH3ANMS CHoco0a HyMepalu TOYeK CHTHAJIBHOTO
CO3BE3/IMsd U TMOPOXKJAKIIeH MaTpulbl Kojepa. Pesyiabratom Takoi
omTuMU3aIMK OyzmeT sBiAThCs mapa [G,L] — mopoxmaromieit MaTpHIbi
KOJIa ¥ TaOJIUIIBI HyMEpaIuy TOYEK CUTHAJILHOTO CO3BE3/IHS.

AHalmuTHYECKHE METOABI CHUHTE3a OINTUMAILHEIX cXeM PM B
HacTosiee BpeMsi He HaiaeHsl [1—4], mo3TOMy eIMHCTBEHHBIM peLIeHHEM
ocTaéTcs TONHBIA COBMECTHBIA 1epebop BCeX BO3MOXKHBEIX CIIOCOOOB

41



HyMepalud W IOpOXJAromux MaTpuu. [Ipobirema Takoro moaxona
3aKIII0YaeTcss B OOJBIIOM dYHCIIE TepeOmpaeMbIX BapHaHToB. [Ipm 8-
MO3UIIMOHHOW MOZAYJSIMM YHCIO CHOCOOOB HyMEpamuu pPaBHIETCS
8!=40320 u mns KaXAOTO U3 HAX HEOOXOIMMO IepedpaTh AECATKA ThICTY
BapUaHTOB IOPOXJAIOIMX Marpull (B 3aBUCHUMOCTH OT BBIOpaHHOMH
BEJIMYMHBI KOAOBOTO orpaHuueHwus). Ilpum 16-m03MIIMOHHONW MOAYISIMU
Y1CII0 BAPHAHTOB HYMEpalliK yBeInduBaeTcs o 16!~ 2-10°.

CyliecTByIOIME Ha CErOJHS METObl CHHTE3a MOKHO pa3/esIuTh Ha
sMIupuueckrne U nepebopHbie. K OIMIUPUUECKMM OTHOCHUTCS METON
VYurepooeka [1], PM ¢ 6utoBsim nepemexxenueM [2] e€ moaudukarmu [3].

K nepebopHBIM METOZaM OTHOCHUTCS HOJHBIN Iepedop, KOTOPHIH, B
MIPUHIONIE, BO3MOXKEH IPH Majod (10 4) MO3UIMOHHOCTH MOIYJIALUH H
HeOompmmx (1-2) 3HAYEHUSAX KOJOBOTO OTpaHWUYCHHA. AJBTECpHATHBOU
momHOMY Tepebopy mnpu Oompmmx (8-16) 3HAYCHHSAX MMO3UIMOHHOCTH
SBJSIETCSL  MpeIyIoeHHbI Alvarado W Jp. MeToJ ONTUMH3aLUH C
COKpaIIEHHBIM MepedOpPOM BapHaHTOB HyMmepaiuu. B [4] ObUIO moka3aHo,
YTO TaKoil MOAXOJ| MO3BOJISIET COKPATHThH YKMCIIO MepedupacMbIX BapHaHTOB
HyMepaluu s §-MO3ULIMOHHONW Monymsauuud Ao 240 mpu coxXpaHeHUU
ONTUMaJIbHOCTH.

Jnst momydeHus: pe3ysibTaTOB B JaHHOM pabore Obul BbIOpaH
HEPEKyPCHBHBIN CBEPTOYHBIN Kofep oOLIEro BHAa co ckopocThio R =k/m

U mopoxkaaromiedt wmarpuneir G, mMociaeI0BaTEIbHO COCTUHEHHBIA C
MmarepoM ®MS, onpenensiembiM Tabmmneld Hymepanuu L . {1 nepebopa
croco0OB HyMEpaIy HCIIONB30BAJICS MOTU(PHUIIMPOBAHHBINA AITOPUTM
TOJTHOTO JINHEWHOTO TOMCKa, ONMCAaHHBIN B [4].

aio . . bio N
— > CBépTOouHbII >
Mannep | uy
—————————— KOJIEp o L —>
at,k—l G t,m-1 >

Pucynok 1 - Cxema cucremsr PM
B kawecTtBe KpuTepUs ONTUMAJIBHOCTH TpPU TOMCKE KOJa

HCTIONB30BaNcsl MHHEMYM KBajpaTa CBOOGOJHOTO paccTosHus d>

csE

B
npoctpancTBe EBKinaa, HalIeHHBIH 10 peléTke cCoOCTOsIHUM cucteMsl. [lpu
ITOWCKE CBOOOIHOTO PACCTOSHUS OJHOBPEMEHHO MPOBOJMIACH IPOBEpKa
PEIIETKY Ha HaJIMYHe KaTacTpoudeckux OmuOoK. B pesymprare momcka
ObUIM HAaWJICHBI KOJBI C OONBIIMM CBOOOJHBIM PACCTOSHHEM, YeM
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MONyYeHHBIC paHee (cM. Tabu. 1), mpu 3TOM OBLIM TMOJATBEPIKICHBI
pe3ynbpTaTel YHrep6oeka u Alvarado.
Tabnuma 1. Pe3yapTaTel ONTHMH3AIUAN

Vv (KOIOBOE OrpaHUYCHHE) 1 2 3 4

dZ, (Yarep6oek) - 4,0 4,6 5,2

d2, (Alvarado) 2,6 4,0 4,6 5,2
2 .

dCBE (HOBBII pe3yybTar) 3,4 4.6 52 6,3

HOJ’Iy‘IeHHLIe pE3YyJbTAaThl MO3BOJIAIOT YTBCPKIAATh, YTO CHATHUC
OTpaHMYEHHUIl Ha KAHOHHUYECKUH BHJ CXEMBI Kojiepa, a Takke mepedop mo
BCEM BapuaHTaM Nopoxpalomux Marpuy G ¢ 3KCIepUMEHTaIbHOU

MIPOBEPKOM KaTacTpo(pUUECKUX OIIUOOK 10 PEIETKE COCTOSHUMN, TO3BOJIIET

2
cBE ?

MOJIYYHTh KOJBI ¢ 001bIM d° ., 4eM moydeHo paHee.

1. Ungerboeck G. Trellis-Coded Modulation with redundant signal sets //
IEEE Communications Magazine, Vol. 25, Ne 2. — 1987. — pp. 5-21.

2. Zehavi E. 8-PSK trellis codes for a Rayleigh channel. // IEEE
Transactions on Communications, vol. 40, no. 3, pp. 873-884, May 1992.

3. Alvarado A., Szczecinski L., Agrell E. On BICM receivers for TCM
transmission. // IEEE Transactions on Communications, vol. 59, no. 10, pp. 2692—
2702, October 2011.

4. Alvarado A., Graell i Amat A., Brannstrom F., Agrell E. On Optimal
TCM Encoders. // IEEE Transactions on Communications, vol. 61, no. 6, pp. 2178-
2189, June 213.

J.P. Opramea, M.A. Bypanosa
IlIoBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEIEKOMMYHUKALMH H
nadopmaruky, r. Camapa, Poccust

HUCCJIEJOBAHME MTOBEEHNS JUKUTTEPA B CETH C
TAHJEMHOM OYEPE/ILIO

B wHacrosimee BpeMs JDKHTTEp 3aJCpXKKU SBISICTCS OJHUM U3
BakHeHInx mnapameTpoB QO0S. JIXKuTTEp - 3TO HU3MCHCHHE 3aACPIKKU
nepegadd maketoB. OH MOKET 3aBHCETh OT MApIIPYTOB MAKETOB, U BBI3BAH
MYJIbTHIICKCHPOBAHUEM HECKOJILKHX ITOTOKOB B OYEPEISX Y3JI0B.
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HccrnenoBanusi, MpoBeACHHBIE MO OaHHO# Tematuke [1, 2, 3], B
Ka4ecTBE aHAIM3MPYEMOTO TIIOTOKA B OCHOBHOM  pPacCMaTpPHBAIOT
nyaccoHoBckuit Tpaduk. B [1] mpenmcraBmena anHamMTHUSCKas MOMEIH
mxurrepa. Ha ocHoBe JaHHOM MoOIENM NPOBENEM HMHUTALMOHHOE
MOJIETMPOBAHNE, CPABHUM PE3yIbTaThl C AHATUTHIECKUMH PE3yIbTaTaMHt.

PaccmoTpuM ceTh ¢ TaHAEMHON OYEPEBIO, UMEIOIIYIO HECKOJIBKO Y3JI0B
(puc. 1). B cetnt 0OpabatbIBatoTcst 2 MOTOKA: MAPKUPOBAHHBIHN 1 (POHOBBII.

Pucynok 1 - CeTb ¢ TaHAEMHOH OYepeIbio

AHanuthyeckas MOJENb JDKUTTEpa JJii MapKUPOBAHHOIO IOTOKA,
npoxozsiiero depe3 N cereBbix y3moB [1,3] ompemensiercs criemyromiei
(bopmynoit:

vy L {1 ' 1 i) (nl lnt  [(nl
e ® o fmen™) + Doty K70 ™)f(5" ™)
e ??Iﬂlzlu{l_plﬂl};
(50 1

A, = s — CKOPOCTB MOCTYIUICHUS [IAKETOB;

LY

K

Tp - CpeiHee BpeMsl MEXIy ABYMsI MOCIEIOBATENbHBIMU MaKeTaMHU
MapKHPOBaHHOTO MoToka F; n Fi ., ;

O

K {ﬂl;f! L) KOppeNIAlus 3a1epiKKY;

11 — HAICTPOYHBIN MHJEKC JUII yKa3aHUS y3Ia.

B pesynpraTe pacdyeTroB aHATUTHYECKOH MoOJENH OBUIO MOJYYEHO,
YTO JDKUTTEP 3aJE€PXKKH YMEHBIIAETCS C YBEIMYCHHEM KOJIMYECTBA Y3JIOB B
CeTH.

JUis  TpoBEepKH pe3ysNbTaTOB MaTeMaTHYecKOW Mojenu Oblio
MPOBEACHO HMMHTAIHOHHOE MOJCIMPOBAHHE B MPOrpaMMHON cpeme NS2.
Bb1a mocTpoeHa ceTh ¢ TaHAEMHO OYepeIbio, TIPH TOM CKOPOCTH TOCTYTIICHHS
(hOHOBOTO M MapKHMpPOBAaHHOTO TpaduKa NMPHUHATHI PaBHBIMH. JlaHHAsT MOesb
onpezeNneHa 1yl HPOCTEHIIEro IyacCOHOBCKOTO IOTOKA (pHc.2).

PucyHok 2 - Imutaunonsast Mmozens B cpene NS2
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[MpomonenupoBaB ceTb il Cilydas, KOTJa MapKHpPOBaHHBIA U
(oHOBBIIT TpapuK mepemaroTcsi ¢ OONBIION CKOPOCTBIO, MBI IIONYYHIN
Ppe3yIbTaThl, IPEACTABICHHBIE Ha puUC.3.

160

Pucynok 3 - M3MeHeH#e [HKUTTepa B 3aBUCHMOCTH OT KOJIMYECTBA y3JI0B
B pampHelimeM [iaHMpyeTCs MpeoOpa3oBaTh JAHHYIO MOJICIb,
YUHUTHIBAs COBPEMEHHBIC XApPAKTCPUCTHKKA Tpaduka, a MMEHHO: CITydalHbIC
HHTCPBAJIbI BPEMCHU MEKTY NNAKETaMH U JUIMTCJIbHOCTU MTAaKETOB ONUCBIBAIOTCS
pacrpeaeneHus MU C TSDKEJIBIMU XBOCTAMMU.

1.Dahmouni H., Girard A., Sanso B. An analytical model for jitter in IP
networks / Annals of telecommunications-annales des telecommunications, 2012. —
81-90.

2.Matragi W, Bisdikian C, Sohraby K. Jitter calculus in ATM networks:
single node case / In: Proc. IEEE INFOCOM’ 94. Toronto, 1994.

3.Matragi W, Sohraby K, Bisdikian C. Jitter calculus in ATM networks:
multiple node case. / IEEE/ACM Trans Netw5. 1997. - 122-133.
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2. TH(pOKOMMYHUKALIMOHHbIE TEXHOJIOTHN —
Information and communication technologies

A.®. Hanees, A. 4. Banuenko, JI.P. Paxumon
KazaHckuit HallMOHANBHBIN HCCIIE0BATEIbCKUN TEXHUUECKUI YHUBEPCUTET
nM. A.H. Tymonesa — KAU, r. Kazans, Poccus

MMPUHIMUITBI TIOCTPOEHUS KOMIIVIEKCA CKBO3HOT'O
MOJEJHUPOBAHUSA TIPOT'PAMMHO-OIIPEJAEJAEMBIX
PAJJUOSJIEKTPOHHBIX THO®OKOMMYHUKALIMOHHBIX
CUCTEM

Heo0xonuMbIM ycIOBHEM CO3[aHMSA MEPCHEKTHBHBIX MPOrpaMMHO-
ONpENesIEMBbIX  PaJHOdJICKTPOHHBIX ~ MH(POKOMMYHUKAIMOHBIX — CHUCTEM
SIBIISICTCA MCIOJb30BAHHE COBPEMEHHBIX HHCTPYMEHTANBHBIX CpEACTB
pelleHusT  CUCTEeMOTeXHMYECKMX 3ajady. Ha  cerogHamHMA  JeHb
CTpPEMHUTEIbHOE pa3BUTHE TEXHUYECKUX, MPOTPAMMHBIX M HPOTrPaAMMHO-
anmapaTHBIX CPEICTB OTKPBIBAET HOBBIE BO3MOXHOCTH IO CO3IAHHIO
TMOKHMX NTPOTPaMMHO-ANITapaTHBIX KOMIUIEKCOB MOJICITUPOBAHMS.

Pemienne cHCTEeMHBIX 3a7ad [0 CO3JAaHMI0O W Pa3BUTHIO
TIEPCIIEKTUBHBIX IIPOTPaMMHO-OIIPEAEITSIEMBIX PanrodIEKTPOHHBIX
NH(QOKOMMYHHKAIMOHHBIX CHUCTEM HAKJIaJBIBAIOT pAI TpeOOBaHUH K
MOJIENHPYIOIIEMY KOMIUIEKCY, B YaCTHOCTH:

*  IlporpamMmmHOE MO/IEIMPOBAHNE OCHOBHBIX (DYHKIMH CHCTEMBI;

*  ®dusnyeckoe, IpOTpaMMHO-aInapaTHOE MOJIETUPOBaHHE
panvonHTepercoB, B3aNMOAEHCTBUS CPE/ICTB CHCTEMBI C yYETOM
BIIMSTHUS KOMIUIEKCA MTOMEX;

*  B03MOXHOCTH CONPSKEHHS C PEaTIbHBIMHU CPEACTBAMU CHCTEMBI;

*  OTKPBITOCTh CHCTEMBI K (PYHKIITHOHAIFHOMY HapaIIMBaHHUIO;

*  OTKpBITOCTH CHCTEMBI K HApaIIMBAaHUIO AamIapaTHBIX CPEICTB C
BO3MOXKHOCTBIO (PM3MYECKOH CHHXPOHHM3ALMK alNapaTHBIX MOJyJIeH;

*  OTKPBITOCTH CHCTEMBI K HCIIOJIB30BAHMIO IPOTPAMMHBIX CPEJICTB;

*  Hepapxuueckas ypoBHEBas CTPYKTypa OpraHH3aIHH, JOIYCKAIOIIas
CaMOCTOSTENIBHYIO  pa3pabOTKy, OTpa0OTKYy M  HCHOJIb30BaHHUE
(YHKIOHAIA OT/IENBHBIX YPOBHEH CUCTEMBI;

* BO3MOXHOCTE  CONpSDKEHHS ~ CO  CPEICTBAMH  CKBO3HOTO
IIPOEKTUPOBAHUS U  CO3JaHHUs IMPOTPaMMHO-ONpPENENAeMBbIX U
MUKPOAJIEKTPOHHBIX MOJYIEH U CPEJCTB.
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C yuéroMm yKazaHHBIX TpeOOBaHWI pa3pabOTaHa apXHUTEKTypa
MOJIETMPYIOIIETO KOMIIIEKCa MPOTrPaMMHO-OTIPEACTSIEMBIX
PaIuoOdIEKTPOHHBIX HMH()OKOMMYHHKAIMOHBIX CHCTEM. Moaenupyromui
KOMIUIEKC, KaK LEJIOCTHASA CHCTEMA, PEaln3yeTcsl Ha YETHIPEX CHCTEMHBIX
IUTOCKOCTSIX:

* OyHKIMOHANbHAS IUIOCKOCTh, XapaKTEpU3yIOIlas HepapXU4ecKu

BBICTPOEHHBIC (hYHKIIIH;

» IlporpamMMHasl IUIOCKOCTh XapaKTEpU3yeT COCTaB HPOrPaMMHBIX

CPEZACTB, UCTIOIB3YEMBIX B MOJEIHPYIOIIEM KOMIUIEKCE;

* AmnmapaTHas INIOCKOCTb;
* TInockocTh GU3UUECKUX KAHAJIOB.

AnmapaTHasi TJIOCKOCTh BKJIIOYACT BBMHUCIHTEIBHYIO IUIAT(GOpMY,
(YHKIIMOHMPYIOLIYIO TI0J YIPABJICHHEM COOTBETCTBYIOLIEH ONEPAMOHHON
CHCTEMbl, CHHXPOHHM3MPOBaHHYI0  YHHU(HIMPOBAHHYIO  allapaTHYIO
wiatgopmy, oOecreunBaroOmyl0 BKJIIOYEHHE ¢ (YHKIHOHHPOBAHHE
YHU(HULIUPOBAHHBIX alNapaTHbIX MOAYJEH. YHU(QHUUUpPOBaHHbIE MOAYIH
BBIMIOJIHSAIOT 3aJIaHHBIA Habop (QYHKIWI Mo GopMHUPOBaHUIO, 00pabOTKE,
KOMMYTAallU{, NPeoOpa30BaHUAM CHUTHAJIOB PAa3HOrO BHAA B JAMANa30HE OT
HU3KOYACTOTHBIX aHAJIOTOBBIX M HU(POBBIX 10 MmuUpokononocHeix CBY -
PaMOCHUTHAJIOB.

C ydyeroM TpeaBABISIEMBIX K MOJEIHMPYIOIIEMY KOMILIEKCY
TpeboBaHMiI OB TPOBEINECH JCTAIBHBIM aHAINW3  CYNIECTBYIOIINX
MIPOTPaMMHO-AIIapaTHBIX ~ CPEACTB,  HMCHOJB3YEMBIX Ui 3amad
TIOJTYHATYpPHOTO MOJIETTMPOBAHHMS PanuodIeKTPOHHBIX
NH()OKOMMYHHKAIMOHHBIX CHCTEM. B KauecTBe KIIIOYEBOTO KOMIIOHEHTA
cucTeMsbl, obecneunBaromero GpopMupoBaHue riOK0 peKoH(UTypupyemon
CTPYKTYPbl CHHXPOHH3MPOBAaHHBIX B peaJbHOM MacuiTabe BpeMEHH
YHUHUIMPOBAHHBIX MoayJiel, BbiOpana muHa PXle. [lluna PXIe cteikyercs
¢ yHADUIUPOBAHHOW BBIYHUCIUTEILHOW IIaTHOPMOM, peaTH3yroeH
0a3oBoe mporpaMMHOe oOecriedeHrue | BKIoYaeT 3amaHHeie PXle-
yHAUpUIMpOoBaHHbIe MoayH KoMmmanuu National Instruments.

KiroueBbiMH  YyHUPHUIMPOBAHHBIMH MOAYISIMH  MOJIEIHPYIOIIETO
KOMIUIEKCa  SIBJISIOTCS BEKTOPHBIC  MPOrPaMMHO-OIpEeIsieMble
tparcuepsl (NI VST), peanmusyromme apXuTeKTypy MpOrpaMMHO-
ornpenensieMbx paauocucteM. OOecnedrBalOT BEKTOPHYIO T'€HEepauuio u
aHaJIM3 IIMPOKOIIOJIOCHBIX PAJMOYaCTOTHBIX CHUTHAJIOB IO/ YIPaBJICHHEM
nporpammupyemoint IINIUC.
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Pa3paboTaHHbIi MOAEIUPYIOUMH KOMIUIEKC o0ecneynBaeT 0a3y aus
MOJICTMPOBAHMS U IPOTOTHUIIMPOBAHUS IIUPOKOTO Klacca CYMIECTBYIOIINX U
MIEPCIIEKTUBHBIX PAIHOAICKTPOHHBIX HHPOKOMMYHHKAIIMOHBIX CHCTEM.

1. B. 3aiimymmH
Kaszanckuii HalMOHANBHBIN UCCIIENOBATENBCKUN TEXHUUECKUH YHUBEPCUTET
uM. A .H. Tynonesa — KAU, r. Kazans, Poccus

CHUHXPOHM3AIUA B CUCTEMAX NEPEJJAYU CO MHOI'IMH
HECYIIMMU

B Hacrosiiiee BpeMsi MHTEHCHBHO DPa3BHUBAIOTCSl Pas3lIMUHbIE BUBI
MOJYJSIIUA CO MHOTUMH HECYIIMMH. OTH TEXHOJOTHH IIPHMEHSIOTCS B
HOBEHIINX CTaHIapTax MOOWIBHOM CBS3M, LU(PPOBOTO TEINECBHICHUS, a
takke cered WLAN. IlpuurHamMu CTOJNBP IIHPOKOIO MPUMEHEHHS
MOIYJSIIMA CO MHOTHMH HECYIIMMH  SBISIIOTCS  YCTOWYHMBOCTH K
MEKCHMBOJIBHOW HMHTEP(GEPEHIMH TIPH BHICOKOH CKOPOCTH TEpenadn M
BO3MOXXHOCTh TIpHeMa 0e3 MOoTeph Jake MpH IEPEeceUCHUH CIIEKTPOB
OTJEJbHBIX MOJHECYIINX, T.€. YMEHBIICHUS OOIIeH LIMPHHBI CIIEKTpa
CHUTHaJa.

HauGonee pacnpocTpaHeHHBIM BHAOM MOJIYJSILMM CO MHOTHMH
necytmmu seistercst OFDM. Texuonorus OFDM (Orthogonal Frequency-
Division Multiplexing) npexacrapisier coboli KOMOWHHPOBAHHYIO CXEMY
KBaJIpaTypHOH aMIUTUTYAHOM ¥ 4YacTOTHOH WHQpoBOH Monymsnud. B
Havasie, IIOCIIe/IOBATENbHBIH IIOTOK IepelaBaeMbIX OWTOB CHauala
npeoOpa3yeTcss BO MHOXECTBO MAapaJUIeTIbHO IIepPeJaBaeMbIX CHMBOJIOB
KBaZIpaTypHOHl  aMIUIMTYZAHOW  MOJYJSIMM  PA3IMYHBIX  HOPSIKOB.
[MomyueHHsIi MapajuIeNnbHBIA HOTOK MOCTYHAaeT Ha (QUIBTP C MMIYJIbCHON
XapaKTepUCTHKOIN oOpaTHOTO OBIcTpOro TpeobOpazoBanus ®ypee (OBIID),
3a CUET 4Yero pe3yJbTHPYIOIINE «CYOCHMBOJBI» IOJNY4YaroT CABHT (hasbl
MIPONOPIMOHATBHBI 00OpaTHON BEeMMYMHE TaK HA3bIBAEMOTO «IEpHOJIa
opToroHansHOCTHY. [locienHee 00CTOSTENbCTBO KpaitHe Ba)KHO, T.K. CIBUT
(a3pl obecrieunBaeT CMeElIEHHE HECYIIeil 4acTOThl Ha YMHOXHTENE, T.C.
MO3BOJISIET HCIIOJIB30BaTh OJIMH KBAJPATypHBIH MOIYJIATOp Ul Heperadd
CcyOCHMBOJIOB Ha pasHbIX Hecymux gactoTax [2],[3].

B nwurepaType 0COOCHHO Cepbe3HO paccMaTpUBAETCS BOIPOC
cuaxponmsaunn  OFDM. B coBpeMeHHBIX cuUCTeMax CBSI3UM Ui
obecrieueHHs] TOMEXOYCTOMYMBOCTH IPUMEHSETCS KOT€PEHTHBIH IpHeM
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IpueM, MpHU KOTOPOM HeoOXoJuMa OJHOBPEMEHHO M 4YacTOTHas |
BpPEMEHHAs] CHHXPOHHU3AIMs IPHEMHHKA U IIepeIaTInKa.

B oTnuuume ot cucteM ¢ OJHOW HECYIIEH, TAe 3aEPKKY [10 BpEMEHU
MOXXHO OTCIEOUTH C TOMOINBIO TJiaskoBod mamarpammbel, B OFDM
MEPEeafOTCs COTHH U THICAYM CYOCHMOBOJIOB M HAaXOXK/ICHHE CHTHAJIA B
OFDM 3axmouyaercss B HaXOXICHHH MOMEHTa BpPEMEHH TI/Ie¢ CHMBOJ
HaunHaeTcs [6]. [To sToii mpuumHe cramu 0co060 MOMYNISPHBI METOIBI KakK
BPEMEHHOW, TaK M YaCTOTHOM CHHXpPOHHM3alMHK M0 npeamOyne. Baxno
OTMETUTh, YTO B CHUCTEMaX CO MHOTMMH HECYIIMMH CMELICHUS HecyIeH
YacTOTHl MOTYT MOBJIEYb MOTEPH OpToroHanbHocTH B ciyyae OFDM u
00YCIJIOBJICHHBIX CMELICHHH B CIy4ae HEOPTOTOHAJIBHBIX CUCTEM.

OnvH W3 HepBBIX METOAOB B3aWMHONH YacTOTHOM M BpPEMEHHOU
CHHXPOHM3aLMH omucaH B pabore [6]. JlaHHBIH MeTon OCHOBaH Ha
NIPUMEHEHNU JBYX CHMBOJIOB MpeaMOyNbl, MpPH 3TOM IEPBBIH CHMBOI
KOppenupyeT caM ¢ coOoi Ha NepBOH M BTOPOIl MOJIOBHHAX MEPHOMAA UTO
MI03BOJISIET OOHAPYKUTB ITAKET, & BTOPOH CITY>KUT IJIs1 (Pa30BOI KOPPEKIIUH.

B pabote [5] mpennoxkeH MeTo] CHHXPOHHM3AIMH OCHOBaHHBIH Ha
KOppeIALMA [UKJINYECKOTO TpeduKca C COOTBETCTBYIOUNIEH YaCTHIO
CHUMBOJIa, YTO B YCJOBUSIX OTCYTCTBUSI MEXKCHMBOJBHOW HHTEp(dEpeHINH
JIa€T OUeHb XOPOIINE PE3YJIbTATHI.

OO0o01IeHne BCeX METOAOB CHHXPOHHM3AIMU 110 MpeamOysie JaHo B
pabote [1], a B coorBercTByMOIEH eif paboTe-mapTHEpE, MPEIIOKEHDI
METOABI OLICHKU Ka4€CTBa CUHXPOHU3AIUH.

B HoBeitmmx pabotax [4], mOAHMMAKOTCS BONPOCH BO3MOXXHOCTH
KOppEKLMH OIIMOOK Oec MOCTOSIHHOrO paclo3HaBaHus kaHana. B pabote [4]
C O9TOH MeNbl0 TpeularaeTcs HCIOIb30BaTh aJTOPUTMBI  TITyOOKOTO
MamuHHOTO 00y4deHus. OJHAaKo aBTOPHl 3TOH pPabOTBHI HE NPHBOIAT
OTIMCAHUs MCIIOIb30BaHHBIX alTOPUTMOB, OTPAaHMYHMBASCH JIMIIL OLEHKOMH
TIOJTYYEHHBIX PE3YJIbTAaTOB.

B nmamHOW paboTe cXaTo pacCMOTPEHBI OCHOBHBIE MPOOIEMBI U
HEKOTOpbIe 3((EKTHBHBIC alTOPUTMBlI CHHXpOHHM3anuu cucrem OFDM.
Bompocsl Kkacaroiiuecs CHHXPOHHU3AIMH HEOPTOTOHAIBHBIX CHUCTEM B
JIAaHHOH paboTe HE PacCMaTPUBAIOTCSL.

1.Alan J. Coulson. (December 2001 r.). Maximum Likelihood
Synchronization for OFDM Using a Pilot Symbol: Algorithms. IEEE Journal on
selected areas in communications, 19(12).

2.Birngham, J. A. (May 1990 r.). Multiacarrier modulation for digitaldata
transmission: An Idea has come. IEEE Communiations Magazine.
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3.Goldmith, A. (2005). Wireless Communications. Cambridge university
Press.

4.Hao Ye, G. Y.-H. (2017). Power of Deep Learning for Channel Estimation
and Signal Detection in OFDM Systems. ArXiv.

5.Magnus Sandell, J.-J. v. (1995). International Symmposium on
synchronization. Timing and Frequency Synchronization in OFDM Systems Using
the Cyclic Prefix, (ctp. 12-19). Essen.

6. Timothy M. Schmidl, D. C. (December 1997 r.). Robust Frequency and
Timing Synchronization for OFDM. IEEE transactions on communications, 45(12),
1613-162

P. P. Akkyxums, lII.P. Axtamos, I'. . AGgpaxmaHoBa
Y dumMcKwHii TOCYyJapCTBEHHBIN aBUAIIMOHHBIA TEXHUUECKU YHHBEPCHTET,
r. Yoa, Poccus

PA3PABOTKA CBEPXIIIMPOKOINOJOCHOM AHTEHHHI B
JUAITA3OHE 75-110 I'T'y

B HacTosimee  BpeMs  HCIONB30BaHHE  CBEPXIIHMPOKONOIOCHBIX
(CUIIT) curHamoB sBiIAETCS OXHOM W3 HamOoiee MEPCIEKTHBHBIX
TEXHOJIOTHH, KOTOPYIO MOJKHO MPUMEHSTh B Pa3sHBIX
oTpacisax: HaOJrogeHue 3a MepeIBIKECHIEM BO3YIIHOTO
1 JKEJIE3HOIOPOKHOTO TPAHCIIOPTA, B CBSI3M M HAOJIOJCHUE 32 JIBIDKCHHEM
TPYIHOW KIETKH YeIOBEKa, €ro NCHXO(HU3HOJOTHYECKUM COCTOSHHEM,
a TaKXKe COCTOSTHHEM €T0 KPOBEHOCHOW CHCTEMBI.

Omno w3  wHanpaBneHuit  wuccnempoBanuit  CIIIT  curnamos
paccmatpuBaer guana3zoH 75-110 ITu wu OGonee. IlockonbKy mTaHHBIN
JMamna3oH SBISETCS HOBBIM, TO Ui HEro HeoOxoaumo paspaboTaTh
COOTBETCTBYIOIIYIO 3JIEMEHTHYIO 0a3y, B YaCTHOCTH, aHTEHHBI. PaccMoTpum
ToclieIHIe pa3paboTKH B yKa3aHHON 00JacTH.

B [1] pemaercs 3amada co3gaHds PYHOPHOM AHTEHHBI CO
CcTaOWIM3UPOBAaHHBIM HM3NydeHHeM Mo Bceil monoce (75-110 I'T'm). [lBa
pynopa wucmonb3ylorcst B H-mulockoctd  juis  co3maHus  QYHKIMH
TIEJICHTOBaHMSA, KOTOpasi OXBaThIBACT MakcuMalibHOE Tosie 063opa (FOV) ¢
MUHHMAaJbHOH HeomnpeaencHHOCThI0 (ommOku). IllupuHa mnwHTaromero
PpaAnoBONHOBOJA — 2,54MM, IIUPUHA CAMOTO PyNopa — 7 MM.

W3BectHO, 4TO B [2] mpemiaraioTcs KOHWYECKHE TOo(pHpOBaHHBIC
PYTIOpBI, KOTOPBIE MOTYT 00€CIeunBaTh CBEPXIIUPOKYIO TOJ0Cy Oiaromaps
M3MEHEHHIO TIyOWHBI TOQPOB BAOIH pymnopa. AHTeHHa coctouT u3 40
ropUpOBaHHBIX D3JEMEHTOB M HUMeEeT pamuyc amadparmsl 2,65 MM u
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BXOJIHOH KpyroBoi BosHOBOJ panuycoMm 0,384 mm. Illar rogp cocrasnser
0,250 MM, oOmast mmHa cocTaBisgeT 10 MM.

Tak xe B [3] paccmarpuBaercss MoAW(UIIPOBAHHAs AaHTCHHA
BuBanean 11 npuMeEHEHUs] B MIJUTIMETPOBOM AnamnazoHe. OnopHas paMa
ucrionbp3yeTcs  UId  (UKCAlMU  CTPYKTYPHPOBAaHHOW  TO/UIOKKH U
YBETMUNBACT KO3()(DUIIMEHT yCHIICHNS U3y ICHUSL.

TakuM 00pa3oM, Ha OCHOBE NPOBEICHHOIO 0030pa MOXKHO CHENATh
BBIBOJI, YTO JJaHHAsi TeMa aKTyalbHa, pa3pabOTKH B 3TOW 00JaCTH €CTh, HO
IIPY 3TOM HET 3aKOHYEHHOT0 00pasla, U CyLIeCTBYeT OoJblIas 00JIacTh s
HcceoBaHUH. B CBsI3W ¢ 3TUM mocTaBlieHa 3ajada IPOEKTHPOBAHMUS
aHTEHHBI I yKa3aHHOTO Auana3oHa yactoT 75-110 I'Tm.

1.Muhannad A. Al-Tarifi and Dejan S. Filipovic, Amplitude-Only Direction
Finding Using Squinted Stabilized-Pattern Horn Antennas in W-Band, Department
of Electrical, Computer, and Energy Engineering University of Colorado Boulder,
CO USA, 2016, pp. 1183 — 1184.

2.Gonzalez, K. Kaneko, S. Asayama, Recent Work on (Sub-)Mm-Wave
Ultra Wideband Corrugated Horns for Radio Astronomy, 11th European Conference
on Antennas and Propagation (EUCAP), 2017, pp. 3327 — 3331.

3.Yonghu Zeng, Chong Guo, Xiangi Lin, Vivaldi Antenna Design in
Millimeter-Wave-Band with Ultra Wide Bandwidth and High Gain, IEEE, Xiaofan
Yang, 2016.

10.0. Ycenko, A.A. ®enopona, A.X. Cynranos, P.P. XKganos.
Y dumMcKwmii TOCyJapCTBEHHBIN aBUAIIMOHHBIA TEXHUUSCKU YHHBEPCHTET,
r. Yoa, Poccus

HHTEJUVIEKTYAJIBHBIE BCEITPOHUKAIOIMUE CETH

PasButHe HMH)OKOMMYHHKAIIMOHHBIX TEXHOJOTUH W TIIIOOANTBHOM
CeTH B HACTOSIIEE BPEMSI CIIOCOOCTBYET CTPEMHTEIBHOMY TIPOTPECCY
CO3/IaHUs CeTeil HOBOTO TOKOJICHHSI M TEXHOJOTHH Hepenadn nHPOpManuu
mo TtakuMm cersaM. CormacHo cratuctuke, Ha 2017 rojg KOJIMYECTBO
noJsib3oBareseit UHTepHeTa B Mupe cocTaBisieT 3,580 Muirap/a yenoBek.
CereBble  CTPYKTYpHl  BCEIPOHMKAIOMIMX CEHCOpHBIX cetedr USN
(UbiquitousSensorNetworks) sieastrorcst cocraBHO#M uacTeio NGN. Passurue
Takux TexHonorud kak MurepHer Bemed loT (Internet of Things) u Be6
Bemeid WoT (Web of Things) mpennonaraer 6ojiee HHTCHCMBHOE Pa3BHTHE
CEHCOPHBIX ceTeil B Gnvkaiiiiee Bpems.
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Cencopuele y3mel u  mpunoxeHus USN  ucmons3yroTcs B
aBTOMATH3AaLMK 3[JaHUH, B CETSIX [JaTYNKOB BOCHHOTO HA3HAYCHHSA, B
CENIbCKOM XO3SHCTBE, B KOHTPOJE 3a POCTOM JEPEBHEB M MOIMYJISIINU
XKHUBOTHBIX, B HaTENbHBIX CETSX, /U1 cOOpa NaHHBIX OKPYXKaloIel cpensl,
IUIL  WCHONB30BAHUS B TPAHCHOPTHBIX  CETAX, B  JIOTHCTHKE,
MIPOMBINIICHHOCTH M B aBTOMATH3MPOBAHHBIX CHCTEMaXx yIpaBieHus [1].

K ocoOeHHOCTSM ceTeli HOBOTO MOKOJICHHUS MOXKHO OTHECTH
MOOMJIBHOCTh  IOJIb30BATENs,  MYJBTHCEPBUCHOCTb,  OOBEAMHEHHUE
TEJICKOMMYHUKAIMOHHBIX ~ M KOMIBIOTEPHBIX  (MH()OPMALMOHHBIX)
TEXHOJIOTUH, a TAKXKE pa3BUTHE TEXHOJIOIUM BUPTyaIu3aluu.

CexTop cTaHmapTu3al MeXayHapoJHOTO CO03a 3JEKTPOCBA3H B
HaCTOsIIIlee BpEMsl paccMaTpUBAcT BO3MOXHOCTH 3aMEHBI CeTeil HOBOTO
MOKOJICHHWs Ha BBeleHWEe YMHBIX Bceempormkarommx Cereit (SUN —
SmartUbiquitousNetworks), kotopsie BKITtO4aroT B cebst KoHeniuio NGN
KaK OJIHy U3 COCTABHbIX YacTei.

Oco0OeHHOCThIO OECTIPOBOJHBIX CEHCOPHBIX CETEH SIBIAETCA TO, UTO
OHM  00pa3yloTCsi  MHOXXECTBOM  COBMECTHO  (DYHKIMOHHPYIOIIHX
aBTOHOMHBIX YCTPOMCTB M  BBINOJHEHUs IIOCTaBJICHHOW 3aJadm.
OcHoBHast 3amaya WSN (Wireless SensorNetwork — OecnpoBonHble
CEHCOPHBIE CETH) 3aKJII04aeTcsl B OpraHW3allid CeTH CEHCOPOB C
HCTIONBb30BaHHEM OONBIIOTO YHCJIA OTHOCHTENBHO IPOCTBIX JaTYUKOB
BMECTO TPAAMIMOHHOIO [MOAXO0JAa, IPEAINOJATaloIIero pa3sMelleHHe
HECKOJIBKUX JOPOTHX U CIOKHBIX MOyJIeH 30HANPOBAHHUS.

Crpykrypa moznenu ceteid SUN mpencraBieHbl Ha pUCcyHke 1.

Hanocern SUN
Homamuue u
NGN CeTu MeXMaITHHHOTO Ceru Tpancnopra I AABHBIC COTH MeaunuHCcKYe CeTH
B3aumopeicTeus M2M VANET MYHHALL HANET MBAN

HurepHeT
Bewei loT

I

Be6 Bemeit WoT USN

Pucynoxk 1 — Ctpykrypa monenu cereit SUN
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IIpu mnepexole Ha UHTEIUIEKTyaJbHbIE BCEIPOHHUKAIOIUE CETU
KOJIMYECTBO MOJIb30BaTENeH (PUKCUPOBAHHON TENEC(POHUN YMEHBIINTCA U
TMPOU30UAET OBICTPHI POCT KOJMYECTBA MOOWIBHBIX IOJB30BATENICH.
ITonp30oBaTensckue MNPHIOKEHUS OyayT OosbIleé OpPHUCHTHPOBAaHBI Ha
HCTIOJIb30BaHUE TEXHOJOTHIA BUPTYAIU3AINH U 00JIAYHBIX TEXHOJIOTHH [2].

OnHaxo, IpH UCTIONB30BaHUH BCETIPOHHUKAIOIINX MHTEIIEKTYaTbHBIX
ceTell BO3HMKaeT psx mpobiem. Hemocrarkamu naHHBIX ceTedl sBISETCS
OTCYTCTBHUE ONTHMAJIBHBIX AITOPUTMOB caMOOpraHU3alnuu u
MapHIPyTH3aIMK C YUYETOM SHEProcOepexeHus, a Takke HeoOX0IMMOCTh B
pa3pa60TKe ABTOHOMHBIX UCTOYHHKOB ITMTAaHUSA AJIUTCIBHOI'O HeﬁCTBHH.

K ocHoBHBIM KOMTIOHEHTaM ceTd SUN MOKHO OTHECTH CJIeIYIOIIHE:

1. CeTh [MaTYMKOB (IATYUK SBJSIETCS 0a30BOWM CIAMHUICH CO37aHUS
USN). JaTuuk, COBMEIICHHBIN c MHUKPOIPOLIECCOPOM,
0o0pabaThIBAIONIMM  JlaHHBIC, HA3bIBACTCS  MHTEIUIEKTYalbHBIM
JAaTIAKOM.

2. Cerp noctyna USN — y37bl NOCPEIHUKH, LUIIO3bI, arperupyrolue

I/IH(l)OpMaL[I/IIO OT TIpynnbl HAaTYUKOB €  ICJIBIO o0yerycHus
nocnez[y}ou_[ei/'l nepeaayn JaHHbIX B ICHTPLI YIIPaBJICHHUA.

3. CeteBast UHPPACTPYKTypa — aKTUBHOE M IMACCUBHOE 00OpPYIOBaHHE
CYIIECTBYIOIIUX [TPOBOTHBIX/OCCIPOBOIHBIX CETEH.
4, IIporpammHoe obOecreyeHue it cOopa W OOpabOTKH OONBIIMX

00BeMOB TaHHbBIX, 00auHbIe m1athopmsl, loT-athopmer u T.1 [3].

OcHoBHBIMH yciioBHsiMH opraHuzanmd  USN  sBisiercst HH3KOe
morpebienue 3Heprun ycrpoiictBamu (ceth LPWAN) u camoopranmsanus
cetn (AdHoc cern). AdHoc cetm — 3TO BO3MOXHOCTH B OTCYTCTBHH
LEHTPAIN30BaHHON HHPPACTPYKTYphl OOMEHHBATHCS JAHHBIMH JII000I mape
HaxXOJSIIUXCS B 30HE DPAIMONOKPBITHS Y3JIOB CETH. Y3IBI CETH B 3TOM
cily4ae, KaK IIPaBWIIO, BEIIIOIHSIOT JABE POJIM: MOTYT OBITh OZJHOBPEMEHHO U
OKOHEYHBIM o0opyoBaHueM, u MapHIpyTH3aTOPAMHU.
CamoopraHu3youiascs ceThb JIOJDKHA ¢dbopmupoBath
MOJHO(YHKIMOHAIIBHYIO CETh B Ppa3jIMYHble NPOMEXYTKH BPEMEHU CO
CIIy4alHBIM YHCJIOM TEPMHMHAIOB W/WIM Y3JI0B M CO CIy4allHBIMU
B3aUMOCBSI3SIMU MEXAy HUMU. JIaHHBIE CETH IOAPa3eIsIFOTCs B HACTOsIIEE
Bpems Ha neneBbie (AdHoc) u ssuenctoie (Mesh).

CyliecTByeT IIeCTh OCHOBHBIX BO3MOXHOCTEH (pEKOMEHAAIMs
Y.3041), xoropsie npenocrasisiror SUN:
1. VYuer TeKymero CcocTosiHuSI (KOHTEKCTa)— CIIOCOOHOCTb CeTH

0OHapyXnBaTh M3MEHEHHS B (PU3NYECKOM COCTOSHUM OKOHEYHBIX

YCTPOWCTB, HApUMEp, C MCIOJIB30BAHMEM JaTYMKOB WM YCIYT Ha
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OCHOBE OIPEJENCHUS] MECTONOJOXKEHHS C IIOMOIIBI0 CHUCTEM
GPS/TJIOHACC.

Yuér mepemaBaeMBIX HAaHHBIX (KOHTEHTa) —CIOCOOHOCTH CETH
UACHTU(PHUIUPOBATH, M3BIEKATh U JOCTABIATH JaHHBIEC 3()()EKTUBHO
HAa OCHOBE HX HWH(POPMALMOHHOTO COJACPKAHUS, C YYETOM
MECTOIOJIOKEHHS W/WJIH TI0JIb30BATEs.

[IporpamMmmupoBaHue — CIIOCOOHOCTH CETH IEepEeCMaTpUBATh CBOE
MoBeJicHHE W (DYHKIMH, BHOCS HU3MCHCHHS B MPOTPAMMBI CETEBBIX
JJIEMEHTOB.

YMHOE ympaBlieHHE pecypcamMH — CIIOCOOHOCTh  00ecHeuuTh
CHpaBeUIMBOE HCIOJIb30BAHUE DPAa3JIMYHbIX CETEBBIX PECYpCOB 3a
cyeT UX Ooyiee MPO3PayHOrO M TOYHOTIO pa3MelleHHsi (Harmpumep,
MOJIOCHI TPOMYCKAHUS, TMAMSITH, BBIYUCIUTEILHON MOIMHOCTH U
€MKOCTH XpaHEHHUsI) ¥ yIIPABJICHUE UMU B CETH.

ABTOHOMHOE YIMpPABICHUE CEThIO — CIIOCOOHOCTh JAMHAMUYECKON
ajianTanum (t.e. caMoaanTaiuHm, peopranu3aiuu u
peKOH(HUTYypaIMK) CeTH ¥ COCTABISIIOLIMX €€ JJIEMEHTOB B
COOTBETCTBUH C YCIOBUSIMH PAbOTHI CETU U €€ COCTOSIHUEM, a TAKKe
3KOHOMHWYECKUMHU U COIlMAJIbHBIMHA Tpe60BaHI/I$[MI/I MOJIb30BaTeIeH.
Bceenponukaroriyie BO3MOXHOCTH — CIIOCOOHOCTh CeTH 00eCrevnTh
npAMO€ COCANMHEHNUE MEKIY JIIOJAbMU, MEKITY J'IIO6I)IMI/I O6’BeKTaMI/I, a
TaKKe MEX]y JII0JIbMU U 00BbEKTaMH, Ja)Ke €CIIU OHU TIePEMEIA0TCs
U3 OJHOTO MecTa B Jipyroe [4].

Tpaduk cereit SUN moapasnenseTcss Ha HECKOJIBKO THIIOB B 3aBUCHMOCTH

ot Buaa tpaduka. Kaccudukanus npuBeeHa B TabIuIIe.
Ta6nuna — Tunsl Tpadhuka SUN

Tm CKOpOCTb TIepeaun [Tpumepsr yemyr
Tpaduka p pe PHUMEPBI YCIIy!
0 Mesee 1 K6ut/c Tpadpux _ ceHcopos (maTuukoB),
CUTHANBHBIA Tpaduk
1 Or 1 110 128 KGur/e Tpaduk TpaIUOMOHHEIX YCIYT CBSI3H,
HEKOTOPBIC BUJIBI CUTHAJIBHOTO TpaguKa
2 Or 128 x6ut/c o MynbsTuMenniiHble  YCIYTM  J0CTaBKU
2 Mowurt/c BUJICO U ayIUO0
Pacmupennsie MyJIbTUMEUIHBIC
3 O 2 10 20 M6ut/c P Y A
YCIIyTHU C BBICOKMM KauecTBoM HD
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Bomnpoc 6e3omacroctn B cersix SUN, a Ttakke B3amMopeicTBHe
COCETHHX Y3J0B MEXIy Co0Oif Ha HaHHBIA MOMEHT peIIacTcs.
PaspabatsiBatorcst Hanbouee 3 hekTHBHBIE CTIOCOOBI 3aIIUTHI TpadHKa.

PasButne MHTepHETa M HOBBIX COBPEMEHHBIX TEXHOJOIMH OYEHb
Ba)XHO A1 OOINECTBA, TaK KAaK HalMYHE MNEPEJOBBIX CIIOCOOOB CBS3HM B
YIAJICHHBIX YacTAX MHpa IOMOXET oO0ecreuuTh JoAed HeoOXoanMoi
ObICTPOI MENMIIMHCKOM TIOMOIIBIO, OpraHu3oBaTh paboune Mecra C
TIOMOIIBIO YAAIEHHOH paboThl, a TaKXKe HOMOXKET MOIy4aTh HEOOXOIUMYIO
nHpopmanuio u 3HaHus yepe3 ceTh.L{udppoBbie TEXHOIOIUU MPEIOCTABISIOT
TaKke BO3MOXKHOCTU peEIleHMs HpoOJieM JUIsl JIIOAEH CTapliero BO3pacTa,
IIOTOMY 4YTO THOABJIACTCA BO3MOXHOCTHL KOHTPOJHPOBATH 3I0POBLE U
COCTOSTHHE TTOKHIIBIX JIIOJICH HE BBIXOJS U3 I0MA.

1.b. C. Tompmmreitn, A. E. Kyuepsaseii. Ceru cBs3u noct-NGN
\\DstexTpOHHbIIH pecypc:
http://static1.0zone.ru/multimedia/book_file/1009558472.pdf

2.Cumonnna O.A. Domorms cereil cesi3u NGN \\DnekrpoHHBIH pecypc:
https://www.itu.int/en/ITU-D/Regional-
Presence/CIS/Documents/Events/2014/09_Astana/Session_1_Simonina_1.pdf

3.Bcenponukaronme  CeHCOpHble  ceTH  \\  DJEKTPOHHBIA  pecypc:
https://iot.ru/wiki/vsepronikayushchie-sensornye-seti

4. Anekcaump Pocisiko \DJieKTpOHHBII pecypc: FutureNetworks
http://www.iksmedia.ru/articles/5187012-Future-Networks-Versiya-MSET-Ch2.html

5.KyuepsiBbIit AE., IIpoxomnben AB., Kyuepssblii E.A.
Camoopranusytommuecs cetd. Caakt-IlerepOypr, «JIro6aBuu», 2011.

O.H. Apxurmosa, I1.A. Apxumon
IloBOoJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEICKOMMYHUKALMH H
nHpopmartuky, . Camapa, Poccust

AJI'OPUTM UTEPATUBHOI'O MOHUTOPHUHI'A ITPOHECCA
MEPEJIAYHY BIG DATA B IIOT C IOHUKEHHOM
BBIYUCJIUATEJIBHOM CJIOXKHOCTBIO

B nocnennee Bpems, B smnoxy pasButusi HHrepHera Bemei,
BO3HUKAET 3HAYMTENBHBI MHTEpEC K €ro IPOU3BOJHOMY SIBJICHHIO,
IIpomeimnernomy MuTeprery Bemeit (110T), Gmaromapst mepcnexTuBam
KacaTeNbHO HAJEeKHOCTH, BBICOKOH J((HEKTHBHOCTH ¥ YMEHBIICHUIO
pacxo/IoB Ha KOHTPOJIb M MOHUTOPHHT mpou3BoiacTBa. 10T obbeaunser
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pPa3IMYHOTO TOJKA JIATYMKHM, TEXHOJOTHH OOJAaYHBIX BBIYMCIICHHH,
KoHuenuuio  bompmux  Jamueix  (Big  Data) u  TexHomorum
nHpoKOMMYHHKaui B pekuMe Real-Time Bo Bech TEXHONOTHYECKHH H
MPOU3BOJCTBEHHBIH  mporiecc  [1].  JlaTuymku  HCHONMB3yIOTCA IS
ompeneeHus], UACHTUGUKanuy, o0padOTKH W aHalIHW3a JAaHHBIX, a TaKkKe
IUIT KOMMYHHKalMM B MPOMBIIUICHHOM mponecce. OHM IO3BOJISIOT
yIAJIICHHO KOHTPOJIMPOBATh IIPOMBIIUIEHHbIE YCTpOWcTBa (Hampumep,
CTaHKM) W  YIOpaBIsATh MMM  4epe3  CYLIECTBYIOIIUE  CETEBbIE
nndpactpykrypsl. Ilepemaua Oosploro MaccuBa —JaHHBIX — MEXAY
JaTYHMKaMHU ABJSICTCS (PyHIaMEHTaIbHOU mpobiemoii B cdepe 10T.

W3-3a xKeCTKUX OrpaHUuEHHH I10JIOCHI IPOITYCKaHMs TPaJUIUOHHbIC
CXEMbl ~ OPTOTOHAJIBHOIO  MHOXKECTBEHHOI'O  JIOCTYla  HE  MOTYT
YIOBIETBOPUTh  IIepefady  OompIIoro MaccuBa JaHHBIX. OnxHAaKo
ucrionp3oBaHne B chepe  |0T  TexHONOrMM ~ HEOPTOTOHAIBEHOTO
MHOxecTBeHHOTO noctyna (NOMA) nonydaer Bce 6onpmee BHIMaHue. OH
CHoco0eH ymydmunTh 3PEKTUBHOCTH UCTIOIb30BaHMS CIIEKTPa U ITO3BOIUTH
OonpIIEMy KOJIMYECTBY IOJb30BAaTeNEll MOIydaTh JOCTYNl K CETEBOH
uadppactpykrype 10T. Crpykrypro NOMA B 0CHOBHOM BKIIOYAaeT B ceOs
MHOXXECTBEHHBI ~ IOCTym ¢  pacmupeHHeiM  kogom  (SCMA),
MHOrormnosb30BatTenbckuii  ooumii  goctyn (MUSA) u  MHOXeCTBEHHBIN
noctyn ¢ pasnenenueM kaapoB (PDMA). Beuto mpeacraBieHO MHOTO
uccnenoBanuii. Cebuika [2] mokassiBaet, yto SCMA, couetatoiuii B cede
pElLleHHE «pa3peKEHHBIX» KOJOBBIX CJIOB U aJrOPUTM JIEKOJIMPOBAHUS
coobmennit (MP), mpeBocxoautr mo cBomM xapakrepuctukam MUSA u
PDMA 1ipu oHOM 1 TOM ke K03 (HHUIHEHTE Meperpy3Ku.

B cBoé Bpems s cuctembl SCMA ObLT pa3paboTaH UTEpPaMOHHBINA
MHoromols30Barenbekuil mpueMHuKk (IMR), u, Gmaromaps stomy, Mexmy
nerekropom SCMA ¥ KaHaJBHBIM [JIEKOJIEPOM BO3MOXKCH HTEPATUBHBIN
oOMeH naHHBIMH. B mosnHON Mepe HCIonb3ysl TaHHYIO BO3MOXKHOCTB, B
LIEJIOM, TIPOW3BOAMTENBHOCTE CHUCTEMBI (T.€. — CKOpPOCTh 0OpabOTKH
nHGOPMANNN) 3HAYUTEIBHO yBenndyuBaeTcs. OJHAKO TakkKe M3BECTHO, YTO
Takas WTepaTWBHAs CUCTEMa JONYCKaeT HCKaXKeHUs oOpadarbiBaeMoil u
BBIBOJMMOI MH(pOpMAIMK B paMKax YCIOBHH «IUIOXHMX KaHajIoB». Kpome
TOT0, HETATUBHOE BIIUSIHUE IIEPEOLICHKH HA/IC)KHOCTH Oy/JIeT HaKarInBaThCs
BO BpeMs urepauuil. s yMeHblIeHUs IEPEOLCHKH 3HaUeHUM Hale)KHOCTU
ucronb3yercs Kod3(Q(GUUHMEHT MaclTaObupoBaHMs, B KOTOPOM BHEIIHSS
nndopmanus nerekropa SCMA ymHoxaercs. Ho 3ToT dakrop Hemb3st
JMHAMHUYECKH DPEryJinpoBaTh B COOTBETCTBUHM C BHELIHEH HH(OpMaIUew,
KOTOpas M3MEHseTCs Ha KaKIOM WTepalud, a TakkKe JIOJDKHAa OBITh
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PeCTpYKTypUpOBaHa IO pa3HbIM KaHamaMm. QOueBHIHO, YTO XOTS
HUTEPATUBHBIN MHOTOIIOJIB30BaTCILCKHI MIPUEMHUK obecrieunBaeT
3HAUUTENBHOE  YIYYILIEHUE [POU3BOAUTEIBHOCTH, TIJIaBHAs  3ajada
3aKJIF0YAETCS B BBICOKOM CI0KHOCTH HEOOXOIUMBIX BBIYHCIICHHI.

UT0o0Bl yMEHBIINUTH BEIYUCIUTENBHYIO CIOKHOCTD, pa3pabaThIBacTCs
WTEPALMOHHBI  MHOIONOJb30BATEIIbCKUI MPUEMHUK, BCTPOCHHBIH B
cuctemy SCMA. DT0 yMeHbIIAeT 3aBHIINICHHbIE 3HAUYEHUS HAAEKHOCTU
BHemHel nH(popmamu, Kak 3to aenaeT IMR, B To Bpems kak Oosjplioe
KOJIMYECTBO OOMEHHOM HWH(pOpMAIUU MEXKIy ACTEKTOPOM M JCKOACPOM
CHocoOCTByeT JIEKOJUPOBAHUIO. YtoOsI [IPOaHAIU3UPOBAThH
MIPOU3BOIUTENLHOCTh MpeagaraeMoro UTEPALMOHHOTO
MHOTOMOJIb30BaTENbCKOTO MPHUEMHHUKA, BBOJUTCS JS-pacxomuMocTb IS
HM3MEPEHUs] KOppeIsIii OOMEHHOW WH(pOpMAIMH MEXIy ACTEKTOPOM U
nexongepoM. Ilpennaraercs anrOpuTM HWTEPATHBHOTO OOHApYKEHUS C
HU3KOM CTENEHBIO CII0XXHOCTH, OCHOBaHHBIM Ha JS-pacxomumoctn. OH
ofOecrieyMBacT MHOTOOOCHIAIONIYI0  TPOW3BOAMWTENEHOCTE C  HH3KOU
BBIYHMCIUTENBHOHN CII0KHOCTBIO, Beb IDAC yMeHbIIaeT BBIYMCIUTENBHYIO
CJIO’)KHOCTh UTEPALIMOHHOI'0 MHOT'OMOIb30BATEILCKOIO IPUEMHHUKA.

1. S. Mumtaz, A. Alsohaily, Z. Pang, A. Rayes, K. F. Tsang, J. Rodriguez,
"Massive Internet of Things for industrial applications: Addressing wireless 1loT
connectivity challenges and ecosystem fragmentation”, IEEE Ind. Electron. Mag.,
vol. 11, pp. 28-33, Mar. 2017.

2. V. Domova, A. Dagnino, "Towards intelligent alarm management in the
age of lloT", Proc. IEEE GIoTS, pp. 1-5, Jun. 2017.

A.B. Bparug, U. A. Credanosa
[ToBoKCKMH TOCYNapCTBEHHBIH YHHUBEPCUTET TEJIEKOMMYHUKALMA U
nHpopmartuky, . Camapa, Poccus

PA3PABOTKA OBJIAYHOM WEB-CUCTEMBbI ASP.NET

B HacToAmmii MOMEHT CYIIECTBYET HE MaJIO€ KOJIMYECTBO OOIAYHBIX
CEpBHUCOB, KOTOPbIE MPENOCTABISIOT PAa3HOTO POJA YCIyTH MOIb30BATENSIM
Internet cern. Bce OoHM OKa3bIBaOT yCIyrm W3 «oOjaka», TO €CTb C
UCTIONb30BaHNEM 00iaqHOi mHppacTpykTypsl. [lonmp3oBaTenn He HUMEIOT
BO3MOKHOCTH YTPaBIATh HIN 0OCITyXHBaTh «obmako». Kpome Toro, e
pEelKO BO3HHUKAIOT CUTYallMH, KOTrJa C Y4YeTOM OBICTPOM3MEHSIOUINXCS
TEKYIIUX  OOCTOSATENHCTB ~ HEOOXOAMMO  INPOM3BOAUTH  KOPPEKIHIO
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COXpaHsSeMbIX Ha oOOJIlake 4YacTHBIX JAHHBIX. B Takux ciydasx MOXKET
MIPUHTH Ha MMOMOINb CO3JaHHWE B OPTaHM3ALUHN CBOCH OOJIAYHON CHCTEMEL,
TIO3BOJISIIOIIEH MPH €€ MCHOJIB30BAHUM OIEPAaTHBHO pellaTh BO3HUKILIUE
po0JIeMBI ¢ COXpaHEHUEM, PEJaKTUPOBAHUEM M IPECTABICHUEM JaHHBIX.
Ora mpobiema BechbMa akTyalbHAa B TaKUX O0JIACTAX KaK HaIpuMep,
00pa30BaHNH, CONNAIBHON 3aIINTHl HACETIEHUS U JPYTHX.

Hanpumep, eciu Ha oOnake pa3MeCTHTh MaTe€pHall, CBS3aHHBIH C
mponeccoM O0ydeHHsI OyAYIIUX CHEHHATICTOB, TO BOMPOC C MONTYyYCHHUEM
HEOOXOANMOro MaTepHana 10 TOM WJIM MHOW AWCHUIUIMHE, NPOBEICHUEM
TpeOyeMbIX pAacuyeTOB MPAKTHYCCKUX 3aJaHUil B 0O0JaKe, MOJyYCHUS
JIOTIOJTHUTEIBHOW WH(pOpMAIUK, HEOOXOIMMOM i1 YCBOCHHUS TEMBI, a
TaKke KOHTPOJIS HOyYCHHBIX 3HAaHUH OYyZIET pelIeH.

Pa3paboTka obnauHoit Web-cucteMbl pecTaBiasieT coboi co3anmne
web-caiiTa, KOTOpBIi CMOXET OOECIEYUTh MONB30BATENI0 BO3MOKHOCTD
UCTIONB30BaTh Pa3iIMYHBIE HMHTCPAKTUBHBIE CEPBHCHI, paboTalomue B
paMKax JaHHOTO web-caiiTa, a TakXKe MO3BOJUT UMETh HEIOCPEICTBEHHbIH
JOCTYII K JIaHHBIM CEpBHUCa 110 KPOCcCIUIaTHOPMEHHOMY MPUIIOKEHHUIO Yepes3
00J1auHbIi cepBep, co3aanubii Mo TexHonmorun ASP.NET.

Kak m3BectHo [1, 2], TexHonorus ASP.NET sBnsercs mmatdopmoit
paspaboTKu BeO-NPHUIOKEHH co3aanHoi Kommanueir Microsoft u Bxoaut B
cocta miratpopmel .NET Framework. Ona mnpencrasiser coGoii
BBICOKOTIIDON3BOJUTENIFHYI0 ~ MHOTOSI3BIKOBYIO ~ CPEAy,  ITO3BOJISIOIIYIO
WHTETPUPOBAaTh CYMIECTBYIOUIME MPWIOKEHHS C TNPHIOKCHHAMH U
CepBUCAaMH CIIAYIOIIETO TOKOJICHHUS M HCIOJb3yeTcs MJIsl HaIHMCaHUs
CJIO’KHBIX COBPEMEHHBIX KINEHT-CEPBEPHBIX MPUIIOKEHUH.

[lepBpIM mIaromMm B CO3JAHUM CHUCTEMBI SIBISIETCS pa3paboTka
KpOCCIUIAT(hOPMEHHOTO Web-HpI/I.HO)KeHI/IH. [Ipunoxxenue MO3BOJIUT
MPOEKTY KOPPEKTHO OTOOpaxarbcs ¥ (QYHKIIMOHMPOBATH Ha pa3HBIX
yCTpOWCTBax  (KOMITBIOTEp,  IUIAHIIET, MOOWIBHBIA  TenedoH) U
OTICPATMOHHBIX CUCTEMAX.

Paspabotka 6a30BOl OCHOBBI Web-mpmioxkeHus BKiIouaeT B cebst
COo3ZIaHKMe KapKaca WED-TIPHIOKEeHHs, OOBIYHO 3TO BCTPOCHHBIC IIAOTIOHBI
npwiokeHnit B cpeny paspabotrku IDE, co3manme 0a3bl maHHBIX st
XpaHeHHs: HHYOPMAIMH, K KOTOPOH TOJIy4aloT TOCTYI KIHEHTBI, CO3JaHue
Mojenu aaHHbIx Entity Framework must yaoGHO# paGoTsl mpu 00paboTKe
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JaHHBIX. B pesynbrare mpomenaHHo# paboThl ObUT co3man Web-mopTan [2]
(o ccrutke: https://educationmyself.github.io) u web-nprnoxenue.

ITocne pa3paboOTKH  KPOCCILIAT(OPMEHHOTO  Web-pHiIoKeHus
cozmaercsi Web-callT, KOTOpBIf BXOAUT B OOJAYHYHO CHCTEMY, C
HCIONIb30BaHUEM TAKUX CPeACTB, Kak html cTpanuuer u CSS mpaBmma s
HUX, JavaScript cKpuIIThI, rpaduieckre n300pakeHus.

OCHOBHBIM MOJIYJIEM CHCTeMbI siBisieTcss oGnauHblii Web-cepsep
COBMECTHO C IIEHTPaJIbHBIM MOJYJEM, KOTOPBIH 00ECIIeUnBaCT yIPABICHUE
caiitoM. CBsI3p C KIMEHTaMH CHCTEMBI (IIOJIb30BaTelNeil) oOecrieunBacTCs
nocpeacTBoM Web-unTepdetica.

OcoOeHHOCTh CHCTEMBI 3aKJIlO4aeTcss B ee pa3paboTke IO
texHooruu Open Source, koTopasi MPEAIOIaraeT OCTaBJISATh WCXOIJHBIH
KOJI ITPOEKTa OTKPBITHIM, YTO JIAET BO3MOXKHOCTbH JJIsl «OBICTPOTO CTapTay u
IIPUBJICUCHHSI K HEMY 3aMHTEpPECOBAaHHBIX MoJib30BaTenei. Co3naHHbIN calT
pasMelleH Ha OOJavyHOM cepBepe, YTO II03BOJSIET IPHUBS3aTh K HEMY
TIPUIIOKECHHE.

Pa3Béprka Web-caiiTa B CeTH HHTEPHET NPOUCXOINUT B 4 dTarma:

— BBIOOp MOJyIEPKUBAEMBIX Opay3epoB;

— BBIOOP CHCTEMBI KOHTPOJISI BEPCHH;

— OTJIaJIKa HA 00JaYHOM PENO3UTOPUH;

— BBIOOp IOMEHHOTI'0 MIMEHH M XOCTHHT-CEpBEpa.

Otnanka caiiTa TPOW3BOJUTCS IIPU ITOMOIIM OTJAJKH MOOMIBHOM
BEPCHUH B CHMYJISITOpPE, a 3aTeM W Ha PealbHOM (M3MUYECKOM YCTPOMCTBE,
KOTOPBIM TOCTyXun cMaptdon kommanuu Microsoft. Cumynsitopom
OTJIAJIKK MOCITYKHI cumyIsatop ruianmiera «Microsoft Windows Simulator.

Co3llaHHBII caliT UMEET CIEAYIOE BOZMOKHOCTH: MPOYTEHHUE CTaTel;
perucrpalnys Ha caidTe; nojyueHue JOCTyIa K CUCTEME TECTUPOBAHUSL.

Kpome Toro, npenycMoTpeHa obpaTHas CBSI3b 3aperUCTPUPOBAHHBIX
TI0JIb30BaTelei co Ciry00i TEXHUUECKOH MOICPIKKH.

Ucxomuprii  konx ~ web-mopTajia  JOCTYyNEH IO  CCBUIKE:
https://github.com/Educationmyself/ Educationmyself.github.io.

1.Jlxxo Maiio Camoyuurens Microsoft Visual Studio 2010 [Tekcr] / .
Matio.: iep. ¢ anri. — CI16.: BXB-IlerepOypr, 2011. — 464 c.

2.0Ocumnos H.A. Pa3pa6orka npunoxennit ASP.NET ¢ npumenennem Entity
Framework [Tekct] / H.A. Ocumos — CI16: UTMO, 2016. — 80 c.
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A . bonnapenko, JL.H. Cyraruna
[ToBoyKCKUMH TOCYNapCTBEHHBI YHHMBEPCUTET TEJIEKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

OIIEHKA ITPOBJIEM HOPMHUPOBAHUS MMOKA3ATEJENR
KAYECTBA YCJIYT B CETSX FN

[Mpousomenmas cMeHa MapajurM B O0JACTH TEIEKOMMYHHUKaIWH
03HaMEHOBaJIa CO0O0H Mepexo]] K COBPEMEHHBIM MH(POKOMMYHHKAIIHOHHBIM
CeTsIM, KOTOpbIE Ha OCHOBE NEPCHEKTUBHBIX TEXHOJOTWH M MPOrpaMMHO-
TEXHHYECKUX CPEICTB IO3BOJIAIOT Mpeajarath MNOTPEOUTEIsIM HOBBIC
YCIYTH OJHOBPEMEHHO C TOAAEPIKKOW CYIIECTBYIOIIMX Ha CErOIHSIIHUN
neHp ycryr. [losBHITCE ceTH ciemyromiero nokoieHus win Next Generation
Network (NGN), koHienTyaabHOH OCHOBOWM MOCTPOCHHS KOTOPBIX CTalia
Uziest 0 TOM, YTO BCE€ YCIIYTH, MPEIOCTABIISIEMBIC ONIEPATOPaMHU CBSI3H, MOXKHO
peanu3oBaTh, O0OBEIUHSS PEUb, JAHHBIC U BUAEO.

Konnenmus cereil ciaeayromero MoKOJCHNS SBISETCS OTKPBITOH, Ha
CMeHy el (opMHUpyeTcs KOHLENmus ceteit Oymymiero - Future Networks
(FN) wm post-NGN[1]. B mae 2011 r. MCD mnpunsin Pexomenpanuio
Y.3001, nocesmiennyto FN.

[MosiBnenne koHuenuuu FN cBsizaHo ¢ pa3pabOTKOH M BHEIpEeHHEM
NPUHLIUIHAIGHO HOBBIX MPWJIOKEHHUH, IO3BOJSIOIINX JIUCTAHLIIMOHHO
yIpaBJATh OBITOBOM M Ipyroi TexHukoi («MHTepHeT Bemiei»), coz3nannemM
«yMHBIX» ceTed (smart grids), Bce Ooyee WIMPOKAM HCHOJIB30BAHUEM
«0OJa4YHBIX» BBIYUCIICHUH.

Xotrs NGN u FN Onuskue koHuenuuu, B cerax Future Networks
TIOSIBWIINCH HOBBIE YCIIYTH, KOTOpPBIE WM HE KOHTPOJHMPYIOTCS ONEpaTopoM
BOOOIIE, WM KOHTPOJMPYIOTCS KpaiHe ciabo. K ycmyram Takoro Tuma
MOXKHO OTHECTH pa3jM4YHble HAJIOKEHHbIE NPWIOKEeHUs u VHTepHeT-
cepBUCHl. TeNeKOMMYHUKALIMOHHBIH ONEpaTop HE MOXKET B JOJDKHOM
CTENIeHN HECTH OTBETCTBEHHOCTH 32 KAueCTBO YCIYI'H, O KOTOPOM OH, Kak
BJIaJIeJIel] CeTeBOit MH(PACTPYKTYPHI, HE MMOCTABIICH B M3BECTHOCTb.

V3meHnoch W TOBEJCHHE [OJb30BATElNs, IPEIIOYUTAIOIIETO
MOOMIBHBIA JIOCTYM, OOECTICYMBAIONINA €My CBOOOIY MNEpeIBIKCHHSA, U
Smart-yctpoiicTBa, OTKpHIBAIOIIME MHp HHTEPAaKTHBHBIX  CEPBHCOB,
MYJIbTUMEIMHHBIX IPUIIOKEHUI 1 HHCTPYMEHTOB. boiiee Toro, mosiBisiroTcest
pELIeHUs] HAa CTHIKE aBTOMAaTH3alud ¥ MH()OKOMMYHHKAIMH, JJIsI KOTOPBIX
MOKa He pa3paboTaHO METOI0B OlleHKH 1 obecnieuenus: QOS[2].
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[lepeuncienHble TEHACHIMN MPUBEIU K M3MEHEHUIO TPeOOBAaHUH K
HOPMHPOBAHHUIO IOKa3aTelel KauecTBa CEPBHCOB M YCIYT, IPEIaraeMbIX
Future Networks.

Ha orane mepexoma ot cerei NGN k cersim FN Bo3HHKaroT
CIIEAYIONINE OCHOBHBIC IPOOIEMBI HOPMHPOBAHUS IOKa3aTelel KadecTBa
[PEIOCTABISIEMBIX HHPOKOMMYHUKAHMOHHBIX YCIyr[3]:

1) HeoOxomuMo pa3paboTaTh HOBBIE MEXaHM3MBI OOeCIeUeHHs
kayecTBa QOS, yuuThHIBas M3MEHEHUE IOJb30BATEIbCKUX MPEIIIOYTCHUIN B
M0JIb3Y MOOWJIHOTO JOCTyHa M 0oJiee aKTUBHOTO HCIIOJIb30BaHUs SMart-
YCTPOMCTB U MYJIbTUMEIUIHBIX IPUIIOKCHUHN;

2) BO3HHKAaeT 3ajada pa3pabOTKH MEXaHW3MOB COMPSKCHUSI
MHO)KECTBa MOKa3aTesell kauecTBa Npu nepeaade Tpaduka U3 CETH A0CTYyIa
B TPAaHCIIOPTHYIO CETh, YTO CBSI3aHO CO 3HAYMTENBHBIM POCTOM CIpoOca Ha
UCTIONI30BAaHNE B KAa4eCTBE JOCTyNa OECHpPOBOIHBIX ceTel, 0COOEHHO Ha
OCHOBe TexHoJiornii cemeiictsa IEEE 802.11;

3) o0cobyi akTyanbHOCTh MpHOOpETaeT 3ajada 0OeCHeYCHUs
nH(popMannoHHOI 0e30IIacHOCTH MpH pa3paboTKe METOJOB ONpPEIEICHUSI
nokasaTesiell kKauecTBa WH()OKOMMYHHKAIOHHBIX YCIYT, YTO CBS3aHO C
KOMITBIOTEpH3alell TeleKOMMYHHKAI[HIOHHOTO 00OpYAOBaHUs, TPExIe
BCETO, MO0JIb30BATEIHCKOTO, HAXO/ISIIEr0Cs B 30HE MOBBIIICHHOTO PUCKA,

4) neoOxoauMo pa3pabaThIBaTh HOBBIE KPUTEPHUU KadecTBa YCIYT,
SIBIISIFOIIMXCSI TPOU3BOTHON OT CBOMCTB cpeJibl HHPOKOMMYHHKAIIUH

5) Tpebyercsi pa3paboTka TEXHHYECKHX CPEICTB IO KOHTPOIO
KayecTBa MPEJOCTaBISEMbIX OIEPaTOpPOM YCIYT, PpAacIOJI0KEHHBIX Y
TIOJIb30BATEIs, YTO TTO3BOJMT MOBBICUTH 3()(EKTHMBHOCTH CYIIECTBYIOUIECH
00paTHOM CBS3M.

CoopmynupoBaHHble TpeOOBaHUS M 33a7adH, KOTOPble HEOOXOIMMO
OyneT ydYuThIBaTH TNpH pa3pabOTKe METOJO0B OLEHKH W 00ecIedeHUs
kauyectBa Q0S B cersix Future Networks.

1. Tompamreiin, b.C. Ceru cBszu noct-NGN[Teker] / B.C. Tonbauireiin,
A.E. Kyuepsssiii. CI16.: BXB-ITerep0ypr, - 2013.- 159 c.

2. ITU-T RecommendationY.1291.An architectural framework for support
of Quality of Service in packet networks. May.- 2004.

3. Cumonmna, O.A. 3amaunm ynpaBieHHs KauyecTBOM YCIYyT B CeTsX POSt-
NGN[Tekcr]/ O.A. Cumonuna // Telecom IT. NHbopMalOHHBIE TEXHOJOTHH H
TeJleKOMMYHUKaIH. Bemryck 3, - 2014. - C. 75-83.
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M.A. Bepxkaxkosckas, B.1O. Aponos
[ToBoyKCKUH TOCYNapCTBEHHBIM YHHMBEPCUTET TEJIECKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

AHAJIN3 CEPBUCOB XPAHEHH A TEKCTOBOU _
HHOOPMAIIMHN U OITOBEHEHUS IIOJIb3OBATEJIEN C
noMomsIo CPEJACTB KOMMYHUKAIIUU

B coBpemenHoM wmupe r000e COOBITHE TOBCETHEBHOW KM3HU
YelnoBeKa CONMPOBOXKAAECTCS OONBINMM KOJMYECTBOM HH(popMamuu. B
HAcTOsIee BpeMs KPYIHBIE HHTEPHET-NIPOCKTHl T'€HEPUPYIOT JACCATKH
ruradaiT mHdopManuu eKeIHEeBHO. DTO MOXET ObITh W HHpopMauus o
NPOUCXOMAIIMX COOBITUAX B IHPOSKTE M pasiuyHas HHpopManus o
COCTOSIHMM T€X WM HHBIX (YHKLIHWIl MpoekTa. 3a4acTyl0 CBOCBPEMEHHOE
MOJyYeHHE YBEJOMJICHMH BOBJICUCHHBIMH COTPYJHHMKAMH  SIBISIETCS
KPUTUYECKH BA)KHBIM MOMEHTOM B TaKUX MPOEKTAX.

B  OonpoiMHCTBE — ClIy4aeB, HHTCPHET-IPOSKTBI  COXPAHIIOT
reHepUpyeMble JaHHble B 0a3bl JaHHBIX Ha JKECTKHE AMCKU cepBepa. U
KOT/Ia, B JAJIbHEHIIeM, BOSHUKAET HEOOX0IMMOCTh 00paboTaTh 3TH JIaHHBIE,
Harpyska, KOTOpasi CBsi3aHa C aHAJMTHKOW B 0a3e MaHHBIX MOXET BBI3BaTh
Harpy3Kky Ha BeCh CepBep U Kak CJIEICTBHE MPUBECTH K podieMaM B paboTe
BCEr0 MHTEPHET-MIPOEKTa M HEOBOJIBCTBY KIHEHTOB [1].

B oatoM ciydae ObICTpOS HE3aBUCHMOE XpPaHWIMINE JaHHBIX
CTaHOBHTCS OOJIee BBITOJAHBIM I10 MHOTUM KPUTEPHUSIM: 3TO M 3HAUYUTEILHOE
CHIDKEHHUE Harpy3Ku Ha cepBepax, IJIe PacroliaraeTcsi HHTEpHET-IPOAYKT; U
BO3MOXKHOCTb TMOJAKJIIOYEHHS CaMBIX Pa3sHOOOPa3HBIX HHTEPHET-NPOCKTOB,
HE3aBHCHUMO OT TOTO, Ha KaKOM MPOrPaMMHOM CPEJICTBE MPOEKT paboTaeT; u
BO3MOXKHOCTh ~NPaKTHYECKH Oe3rpaHWYHON HE3aBUCHMOW aHAINTHKU
COOpaHHBIX TaHHBIX.

[Tpn Gonpmmx oObeMax MHPOPMAIMK OYEHb BAKHO, YTOOBI camas
Ba)KHAs U3 HUX HE 3aTepsuiach B MOpe WHGopManuu U Obuia o6paboTaHa Kak
MOXHO OpicTpee. B mogmaBnsiomeM  OOJBIIMHCTBE  CIydaeB  3TO
nHdopmanus, KoTopas TpeOyeT, Tak MM MHaue, KaKOro-To JICHCTBHS WIN
peleHusl denoBeka. Tak, HPU MOJy4YSeHHH HOBOTO 3aKa3a B HHTEPHET-
MarazuHe OT KJIMEHTa Ba)XKHO, YTOOBI MEHE/DKEp MOJIy4YHI ONOBEIIEHHE O
CO3JIaHHOM 3aKa3e KaK MOYKHO OBbICTpee, B3sUI €ro B paboOTy M YIOBIETBOPHII
MOTPEOHOCTH KIJIMEHTa, a 3HAau4WT M INOoTpeOHOCTH OW3Heca, a NpH
KPUTHYECKOH CHTyalMM ¥ HepabOTOCIOCOOHOCTH BCEro HHTEPHET-
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NPOJXYKTa OTpearupoBaTh HE3aMEJIUTEIFHO JOJDKHBI OTBETCTBEHHBIC
CUCTEMHBIE aJMUHHCTPATOPHI U ITPOTPAMMHUCTEHI.

CoBpeMeHHBIE CPENICTBA TEICKOMMYHUKAIMHY TTO3BOJISIOT OMOBEIIATh
JIOZIe TOCPENCTBOM MEPCOHANBHOTO KOMITBIOTEpa MM cMapTdoHa. s
9TOTO0 HMCHONB3YIOTCS TexHosornu: SMS, mecceHmkepsl (viber, telegram,
whatsapp), commamsHble cetn (vk.com), email cooOmenus, push-
yBEIOMJICHHS (BCIUIBIBAIOIIME OKHA). B 3aBUCHMOCTH OT Ba)XKHOCTH
OTIOBEULIEHUs CJIEAyeT HCIIOIb30BaTh pa3Hble TEXHOJOTWH. Tak, BakHOE
cooOIIeHHe HMMEET CMBICI OTHpaBUTh uepe3 SMS, 4ToObl KIHMEHT Kak
MOXHO OBICTpEE €ro yBHAENT M OTpPEarnpoBall, a YBEIOMIJICHHS, KOTOpBIC
HOCAT HH()OPMAIIMOHHBIH XapaKkTep OTHPaBIATh yepe3 e-mail [2].

B nmanHOi paGoTe ImpoBeleH aHAJIN3 CEPBUCOB XPAaHEHUS TEKCTOBOM
nH(pOpMaINN ¥ OMOBEIICHUS C MOMOIIBIO CPEJCTB KOMMYHHKALIUH, TaKUX
Kak cepBuc XpaHeHus JioroB LogEntries.com, cepsuc paccsuiok SendPulse,
cepBuc ObIcTpbIX paccbuiok NotiSend. KiroueBble KpuTepuH CpaBHEHUS
JaHHBIX CEPBHCOB: BO3MOXXHOCTh XpaHEHHs OOJbIINX OOBEMOB JaHHBIX;
BBICOKOCKOPOCTHOE XpaHunuine (Hebnokupyromee padory I10 coxpaHeHue
JIAHHBIX Ha JHCK); BO3MOKHOCTH OTIPaBKH yBegaomieHuil Ha e-mail, SMS,
yepe3 MeECCEHIDKEPhl MTHOBEHHBIX cooOmenuit — Viber m Telegram;
BO3MOXKHOCTH OTIPaBKH COOOIIEHUH Yyepe3 coHabHyIo ceTh vk.com.

B koHeyHOM wWTOre B KPYIHBIX KOMIIAHUSX HEOOXOTUM TaKou
MIPOTPaMMHBIA CEPBUC, KOTOPBIH TO3BOJINT XPAaHUTh MECSITKH TepabauT
TEKCTOBOM WMH(poOpManuu (B HE3aBHCUMOCTH OT €€ THIIa, OYyAb-TO JIOTH,
CTaTycChl, TMOO NPOCTO aHANUTHYECKAsT HHPOPMAIHS U3 HHTEPHET-TIPOEKTOB
U1 6uzHeca). JlacT BO3MOXKHOCTH OINOBENIATh COTPYJHHKOB KOMITAHHUH O
CaMbIX Ba)KHBIX TNPOHCXOASAIINX BHYTPH CHUCTEMBI COOBITHSAX (CO3IaHHBIE
3aKa3bl, BCEBO3MOXKHBIC OIIMOKH, HOBOCTHBIC PACCBUIKA M T.JO.) 4Yepe3
CpeacTBa KOMMYHHKAIIMH, a TakKe paboTaTh C CaMBIMH Pa3HOOOpPa3HBIMU
WHTEPHET-TIPOEKTaMH, HE B3Upasi Ha TO, HA KAKUX IPOrPaMMHBIX CPEACTBax
9TH MPOEKTHI pa3pabOoTaHbl U C HOMOIIBIO KaKMX TEXHOJIOTHI paboTaloT.

1. XaputonoB, E. A. OCHOBB IpOrpaMMHpPOBaHHsS M CTYIEHTOB
TexHonorundeckoro npoduns [Texcr]: y4e6. nocodue / E. A. Xapurtonos, A. K.
Caduymmaa — M.: KHUTY, 2014. — 152 c.

2. Kysuenos, M. B. PHP. TIpakruka co3nanust Web-caiiros [Tekct] / M. B.
Ky3nenos, W. B. CumasHoB. — 2-¢ m3a. [gom. u mepepab.]. — CII6.: BXB-
ITerepOypr, 2008. — 1264 c.
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A.1O. T'pebGenikon
[ToBoyKCKHMH TOCYNapCTBEHHBI YHHMBEPCUTET TEJIECKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

OBOBIIEHHASA MOJEJIb OBMEHA CUT'HAJIBHBIMH
COOBIEHUAMHA TP MEX KCUCTEMHOM BEPTUKAJIBHOM
X9HIOBEPE

Ilycte 3meMeHTH MHOXecTBa MS B BHe CHUTHAJNBHBIX COOOIICHUN,
SIBJISIIOIIMXCS  DJIEMEHTAMU MHOKECTBa, 00O3HAyaroTcsd Kak I, u,w. s
YKa3aHHBIX JJIEMEHTOB W OMHApHBIX OoTHOmmeHHH <, <, MSxMs moxHO
BBIJICIIUTH CJIEIYIOIINE CBOUCTBAMU:

— pedIIeKCUBHOCTB, €CIH IS Kakaoro re Ms, r <r;

— TPaH3UTHBHOCTB, €CITH JJIs JTOOBIX I, U,We MS, (r <uAU<W) nmeer
MECTO COOTHOUIEHUE < W ;

—  AHTHCHUMMETPHYHOCTB, ecii st I, U € MS, (F <UAU<T) uMmeeT MecTO
COOTHOUIEHUE I =U.

Ilyctb MMeeT MecTO HCMOJb30BaHHE KOHEYHOIO MHOXKECTBA Iap
CETEBBIX Y3JI0B M BBEIEHBI OIPAaHUYEHHsI Ha JIOCTYIHBIA CETEBOM pecypc

IIPU MEXCHCTEMHOM BEPTUKAIBHOM X3HJ0Bepe. MHoxxecTtBo MA cocTtout
MHHHMYM H3 €IMHCTBCHHOW YIOpSAOYEHHON mapsl y3moB {m,n}, rme

MePBbI B TOPSIIKE CIICOBAHMUS Y3€I SBISETCS MOJB30BATENIEeM, & BTOPOH
y3eJll — TMpOBalfepOM CEpBHCA, YTO MO3BOSIET BBECTH CIIEAYIOLICE
MHOXecTBO (1):

I9(MA) :={mOn|n e MA\{m}|, (1)
rae
I'*%(MA) — MHOXecTBO 3arpocoB (request) ot y3na—Iob30Bares cepBruca

(areHTa) M Ha TpenOCTaBICHUE CEpPBHCA CO CTOPOHBI y3a—TpoBaiinepa
cepuca (Menemkepa) Ne MA;
mON — 3ampoc req ot y3ia M B CTOPOHY y3ia N .

Ecnm B oTBeT Ha 3ampoc ciieayeT OTBET (OTBETHOE COOOIICHHUE WU
MOJTBEPIKACHHE ), BBOAUTCS CIIEAYIONIEE MHOKECTBO (2):

Te-**(MA) := {mIn|n € MA\{m}}, )

rae
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[™-"*(MA) — MHOXECTBO OTBETHBIX cooOOuIeHUH (FeSponse) u
noxarBepskaennit (acknowledgement), monydaeMbIX y3I0M-TIONB30BATEICM
m ot y3na—mpoBaiinepan € MA;
mIn — morygeHne OTBETHOTO COOOIICHHUS Y37I0M M OT y3i1a N .
Takyke BBOIHMTCS MHOXKECTBO COOOIIECHUI—UHIMKATOPOB, KOTOPHIE B
obuieM ciydae He TpeOyIOT 00A3aTeNbHOrO MOATBEPKACHHUS O TIPUEME:

Tt (MA) :={mQn |n e MA\{m}}, (3)

rae T™(MA) — MHOXeCTBO COOOIIEHHH-MHIMKATOPOB, MEPEIaBAEMBbIX

y3J0M M B CTOPOHY y37a N ;
mQN — nepenavya COOOMICHUA-UHIUKATOPA OT y3J1a M B CTOPOHY y37a N .

B nampmeiimiem otHomenms Buma mMONn,nIm, mQn Ha
rpaduuecKkux cxemMax OymyT 0003HAYaThCs HAMPABICHHBIMH JIMHUSIMH,
MPUYEM CTPEJIKA YKA3bIBACT HAMIPABICHUE TIEpeIadn COOOIICHUS.

C y4eToM MHOXECTB, OMUCAaHHBIX B BhipaxkeHusix (1) — (3), MOXKHO BBecTH
creayromee MHOKeCTBO (4):

[ (MA) :=T(MA) UT™-**(MA)UT™ (MA) 4)
rie
I, (MA) — MHOXeCTBO Bcex JeHCTBUH, KOTOpbIE OCYILIECTBISACT y3el M B
yacT 0OMEeHa CUTHAJIbHBIMU COOOIIEHUSIMHU.

O0OmeHn COOOIIEHNAMHU (3ampoc, OTBETHOE CcoO00IIIEHHE,
MTOJITBEPXKICHHE, COOOIICHIE-UHANKALINSA) B paccMaTpUBaeMOW CHCTEMeE
MPUBOANUT K NEHCTBUSAM, KOTOPHIC OCYIIECTBISIOTCS B BHIE W3MEHCHUS
COCTOSIHUS, KOH)UTYPAITHH CETEBBIX y3JI0B H aDOHEHTCKUX yCTPOMCTB.

COOTBETCTBEHHO, IECHCTBHE, KOTOPOE MOXKET OCYIIECTBIATHCS Ha
y3je M B pe3ysbTaTe 0OMeHa COOOIEHUAMHI MEXKY Y3JIaMd M U N MOXKHO
0003HAYUTP KaK:

m@n (®€{1,0,Q}), ©)
rae
MA(M®N) =M , mockoJIbKY y3ed M SBIAETCS MHAITATOPOM BO3ACHCTBHS.

B paccmaTpuBaemoii cucreme oOMeHa COOOIIEHUAMH LEIeco00pa3zHO
TaKKe BBECTH MOJENIb KaHaja yhpaBieHHs (BHPTYaJIbHOTO WA
(¢u3mueckoro), depe3 KOTOPHIM TMPOUCXOJUT OOMEH CHTHAJIBHBIMHU
COOOIICHUSIMH.

Taxast MoJenb onmchiBaeTces kak MHoxkectBo Bua CC(MA) mm CC |

rIe UIMeeT MecTo cooTHoIeHue (6):

65



Cc(MA) :={(m,n) e MAxMA[m = n}. (6)

H.B. Kupeesa, O.A. Kapaysnosa
[ToBoyKCKUH TOCYNapCTBEHHBIM YHHMBEPCUTET TEJIECKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

MOJEJIM KPATKOCPOYHOI'O TIPOTHO3NPOBAHUSA
BPEMEHHBIX PAT0OB

B coBpeMeHHBIX YCIOBHSIX ceTeBOH TpaduKk o0jagaeT CBOWCTBaMHU
camMornonoOMss W TpenbsBISIET BBICOKME TpeOOBaHMs K  KadecTBY
obcnyxuBanus (QoS). B pabore [1] mpoBeneH CTaTUCTUYCCKHUN aHATH3
BuzeoTpaduka. JlaHHBIiH Tpahux XapakTepusyercs BBICOKOM
HEpaBHOMEPHOCTbIO HMHTCHCUBHOCTH TIOCTYIUICHHs IIaKeTOB, o00ianaer
cBoiicTBaMH camomomobms c¢ mapamerpomM Xepcta H =0.5249 wu
omnuckIBaercs pacnpenenenusmu [lapero n Belibyina.

Jnst koppekTHOU U 3¢ deKTUBHON paOb0oThl HHPOKOMMYHUKAIIMOHHOH
CceTH HeoOXoAMMa NpenBapuTesbHAs OLEHKa BpPEMEHHBIX IapaMeTpOB
ceTeBoro Tpaduka, YTO BO3MOXKHO C HCIIOJIb30BAHUEM Pa3JIMYHbIX METO/IOB
MIPOTHO3UPOBaHKA. [IporHO3MpOBaHHE CEeTeBOTO Tpaduka mpeacTaBiIseT
3HAQUMMBIH WHTEpEC B TaKMX OOJACTIX, KaK OTCIE)KHBAHHE IIEPErpYy30K B
CeTH, KOHTPOJIb TIOTOKOB JIAHHBIX U CETEBOE YIPaBJICHHE.

Bri6op mpaBUIBHOM MOAENH U OLICHWBAHMS BPEMEHHOTO psija U
€r0 NPOTHO3MPOBAHMS TIO3BOJIUT PEIIUTH Psi/l BA)KHBIX 33/1a4, 8 UMEHHO:

® [IOJIyYUTh TPOTHO3bI O JOCTYIHOCTH TIIOJIOCHI MPOIYCKAaHUS H
COOTBETCTBEHHO Mo dUIIpOBaTh CTpaTeruu MIPEAOTBPAIICHNUS
Meperpy3oK;

e o0eclieuynuTh  ONTHMAlbHbIE  BPEMEHHbIE  XapaKTEePUCTHKH,
HaTpuMep, BPEMEHHYIO 3aJIEPXKKY;

® OTCIeINTHh TEHACHIIMIO 3aTPy3KH OINpPENEIEeHHBIX Y3JI0B U CAEaTh
MIPOTHO3 Ha JUTUTENbHOE BpeMsl (4achl, CyTKH, HEIETIs).

OCHOBHOI MOZENBIO IPOrHO3UPOBAHUS BPEMEHHBIX PAJOB SABISIETCS
IpoOHO-uHTerpupoBanHas  moxesns  FARIMA. Ilpu  mpaBwisHOM
nocrpoeaun FARIMA-Moznenn MOXKHO TOJYYHUTh JOBOJIBHO BBICOKYIO
TOYHOCTh MPOTHO3UPOBAHMSI HA AIUTENBHOM NEpuojie ynpexaeHus. pyroi
MOMYJIIPHOII MOJAENbI0 TNPOTHO3UPOBAHMSA BPEMEHHBIX PAIOB SBISIETCS
ABTOPErpPEeCCUOHHAS MOJIENb CO CKOMB3SIIMUM cpeiHuM ARIMA.
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B cooTBeTcTBUMM C AJIHUTENBHOCTHIO IHPOTHO3a MOKHO BBIACIHTD
KpaTKOCPOYHBI MPOTHO3, CPEIHECPOYHBIA MPOTHO3, JOJITOCPOYHBII
IIPOTHO3. Paccmotpum HEKOTOPBIE MOJETH KpaTKOCPOYHOTO
MIPOTHO3UPOBAHMUSL.

Ipoenocmuyeckasn moodens. T1ocTpOSHUIO IPOTHOCTHYECKOW MOEITH
NPEALIECTBYET  TNpeABapUTeNbHas  o0paboOTKa  MaHHBIX,  KOTOpas
3aKJII0YaeTcsl B yJaJICHUH MTOCTOSTHHBIX KOMIIOHEHTOB psiia. BpemeHHoit psin
X (t) moxer OBITh MPEACTABICH B BHC AeKommo3uimu (1):

X(U) =T, +S, +1, M
rae T, — Kak NpaBuIo, TMHEHHas MOCTOsSHHASL COCTaBiAomas (Tpein); S, —
CEe30HHAas COCTaBIAIONIAs (IOBTOPSETCA C HEKOTOPOH MEePHOAUYHOCTHIO); |,
— CTOXaCTHYECKass KOMIIOHEHTa, KOTOpas COJCPXKUT WHPOPMALIHIO O
mporecce.

OCHOBBIBasICh Ha TIPOTHOCTHYECKYIO MOJIEIb, MO’KHO BBIJICIIUTD CIIIE
JIBE MOJICTIH, TAKHE KaK:

1. Mozgenp ¢ KOHCTaHTOH, MEUIEHHO MCHSIOIICICS BO BpeMEHH (110
CpaBHEHHIO C JnHeHHO# mocrosHHoi): X () =C+1,;

2. Mopens ¢ Hamm4ueM JnHeHHo# coctasiomeit: X (1) =T, +1, .

Breibop Tpebyemoit Monmenu  OOYCIOBIEH  CTalMOHAPHOCTHIO
HCXOJIHOTO TpoIiecca.

Honunomuanvnas annpokcumayus. OCHOBaHA Ha IPEICTABICHUU
HEKOTOPOTo OTpe3Ka MCXOIHOTO BPEMEHHOro psna B Buae (2) momuHOMA
3a7aHHoOl cTenenn P, .

k
_ i
Pk(xt)_a0+za0)(t—i’ (2)
=
rae  Qg,...,&, — KO3(OUIMEHTH aNNpOKCHUMHPYIOLIEro IOJIHHOMA,
X._ir- Xi_y — W3BECTHbIE 3HAYEHUs BPEMEHHOTO psfa, 10 KOTOPHIM

CTpOUTCs MPOTHO3, K — creneHb nonmHoma. HensBecTHbIe KOIDPHUIHSHTHI
MOTYT OBITh HalIEHBI C TOMOIIBI0 METOAA HAMMEHBIINX KBAJIPATOB.

Ionunomuanvuas skcmpanonayus. ITOT METO]| TIPEJCTABISET COOOH
OTPE30K HCXOAHOTO BPEMEHHOIO psiia B BUAE HEKOTOPOTO IIOJIMHOMA
3a7aHHOl cTeneHd. OTIIMYuTENbHasE 0COOCHHOCTh B TOM, YTO IHOJIyYEHHBIH
TIOJIMHOM 00s13aH MPOXOAMTH CTPOTO yepe3 MCXojaHble Touku. CrencTBreM
9TOrO SIBISIETCA CTPOrO€ OrpaHMYEHUE [UIMHBL OTpe3Ka HCXOMHOTO
BPEMEHHOTI'0 pAja.
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[IpencraBneHble METOABI KPATKOCPOYHOTO TMPOTHO3a MO3BOJISIOT
OCYIIECTBUTH aBTOMAaTH3UPOBAHHOE MPOTHO3UPOBAHUE CETEBOTO TpadHKa.

1. Anmpokcumanus multicast Tpaduka ¢ momompo ypasHenus Jluummm /
Kupeesa H.B., Kapaynosa O.A., Uynaxuna JL.P. — MexayHapoaHblil KypHal
MIPUKJIATHBIX ¥ (yHIaMEHTAIBHBIX MccienoBannii. Homep n3manms 4-2, 2017 r., c.
313-317

2. Jlykammua  }O.JL AnmanTHBHBIE ~ METOIBl  KPaTKOCPOYHOTO
MPOrHO3UpoBaHus: Y4eb. mocobue. — M.: dunanch U ctatuctika, 2003. — 416 c.

U.A. Credanora, A.C. Kupesunes, H.A. Kuppsaiena
[ToBoKCKMH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHUKALMA U
nndopmaruky, r. Camapa, Poccust

IOCTPOEHHUE CJIOBAPSI HEUPOHHOM CETH JIJIS1 AHAJIN3A
T'PYIII IOJIB30BATEJISI B COLIMAJIBHBIX CETSIX

Ceiigac, Oxarogapsi COIMANBHBIM CETSM, B «OHJIAHHE» MOSBISCTCS
MHOTO JIMYHOW WH(POPMALIUH JTFOIEH, CO3IAFOINX U aKTUBHO YUACTBYIOIIIX
B HHX. OTO Jaer OoNbIIMe TEPCHEKTHBHI U1 aHANIW3a JaHHBIX.
BoNbmMHCTBO JaHHBIX WMEIOT JHYHOCTHBIM XapakTep, M0 HUM MOXHO
OTpENeIUT,  MHOTHE  XapaKTepPUCTHKH  YelOBeKa, Ha4dWHas  OT
reorpapuuecKoro MeCTOITONIOKEHHS TTOJIb30BATENs IO €r0 MPEIIOYTSHIH B
ele, YBICUEHMSAX WIM JIOOMMOr0 MarasiHa. OTH JIaHHbIE MOYHO
HCIOJIb30BaTh KaK B KOPBICTHBIX, TaK U 6CCKOpLICTHLIX nesx. HpI/I aHaJIu3¢
U COIIOCTABJICHNHN MHOT'UX DJICMCHTOB HH(bOpMaL[HI/I MO>KHO BBISIBUTH U IBHO
HEYKa3aHHYI0 HHGOPMAIIUIO O TUYHOCTH.

Hanpumep, ecnu y nosib3oBaTesisi He yKa3zaH rOpoJi, HO IPH 3TOM OH
COCTOUT B HCCKOJBKUX TIpyNmax B Ha3BaHUMW KOTOPBIX CTOUT CJIOBO
«CamMapa», TO MOXHO MPEAIOJIOKUTh C OOJBIION BEPOSTHOCTHIO, YTO
TOPOJIOM, C KOTOPBIM CBsI3aHA JCSITEIBHOCTD TOJIB30BATENS SIBISETCS TOPOJT
Camapa.

Hcnonp3yss HEHpOHHYH CeTh M KJIACCH(UKAIIMKA TEKCTa U
Ha3BaHUS TPYI TMOJH30BATENA MOXKHO KIACCU(PUIMPOBATH BEKTOP
HHTEPECOB TMOJb30Baressi 0€3 TIOCTPOCHHUSI JIOTHYECKHUX LENoYeK |
ABTOMAaTU3NpPOBATh KJ'IaCCI/Iq)I/IKaHI/II/I TUIIA CTPAHUIIBI. KOHG‘-IHO, JJIsA
IIOJTHOT'O aHajin3a HYXHO YYHWUThIBaTb W JOPYru€ JaHHBIC, TaKHC, Kak
HanpuMmep aHanu3 (ororpaduil Moab30BaTENsI U €ro JIMYHBIE COOOIICHHS.
I[To Teme ananmm3a ¢oTorpaduii HAMUCAaHO JOBOJHLHO MHOTO CTaTed |
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npojenana Oonbmras pabora [1-3]. A BOT aHanu3 IHYHBIX COOOIICHHUI
HEBO3MOXCEH 110 HEKOTOPHIM MPUYNHAM:

1) KoHCTHTYIIIOHHOE TIPaBO Ha COXPAaHHOCTH JIMYHOW TEPETIICKH;

2) 3aKkpBITOCTh CHCTEMBI W HEBO3MOXKHOCTh JIOCTyNa K JTOH
nH(pOpMaINH TPETHUM JIHLAM.

Cama cucTeMa aHanm3a COCTOMT M3 TpPEX CEPBEPOB, OAWH W3
CepBEpOB — 3TO CEpBEp C HEHPOHHOH CeThIO, BTOPOH — caM BeO cepsep,
KOTOpBIM JleJIaeT 3ampochl K CepBepy COLMAlbHOM ceTH api.vk.com u
TIaHEeJIN YIPaBIICHUsI CAMUM CEPBEPOM, TPETHH — cepBep 0a3 JaHHBIX.

HeiipoHHasi ceTh MpencTaBIIsACT U3 CeOsl YCTHIPEXCIONHYIO CETEBYIO
CTPYKTYPY, COCTOSIIIYIO U3 BXOJHOTO CJIOS, IByX CKPBITBIX CJIOEB U OJJHOTO
BBIXOJIHOTO cJos (puc. 1).

OOyyaromnye TaHHBIE MPEICTABIIAIOT U3 ce0sl CIMCOK MEepPEeYNCICHUS
TPYIIIT ¥ COOTBETCTBYIOIINE MM cBoiicTBa. [ 0OydeHnss HEUPOHHOH ceTH
coznaercst cinoBapb. Ilpu dopMmupoBaHuM cloBapsi W3 CHHECKa aOOHEHTOB
COLMATBHBIX IPYII, TEKCT ITOBEPraeTcsi HECKOIBKHM MPEOOPA30BaHUIM.

ITepBoe n3 nmpeoOpazoBaHuUi 3TO — MOTYIECHHE OUTPaMMBbI U3 CITHCKA
rpymn. burpamma — 310 moarun N-rpamm [2]. B o6mactu o6pabotku
€CTECTBEHHOTO si3bIka N-IpaMMbl HCIOJIb3yeTCS B OCHOBHOM IS
MpenyrajblBaHusl HA OCHOBE BepOSTHOCTHBIX Mojeneit [3]. N-rpammuas
MOJIeNIb PACCYMTBHIBAET BEPOSTHOCTh MOCIEAHEro cjoBa N-rpaMMbl, ecin
W3BECTHBI BCE Tpeablaylue. [Ipy HCIoNb30BaHMM 3TOrO MOJAXOMA VIS
MOJICTIMPOBAHUS A3bIKA NPEAINOJaraeTcs, YTo MOSBICHHE KaXKIOro CJOBa
3aBUCHT TOJIKO OT MPEABIIYIIHNX CIIOB.

B namem cimydae — mpumeHeHHeM N-rpamMM SIBISIETCSI BBISIBICHHE
MIOXOXKMX Ha3BaHWi. Ecnm pa3nenuts Ha3BaHUS HA HECKOJIBKO HEOOIBIIMX
(parMeHToB, MpeICTaBICHHBIX N-TpaMMaMH, HX JIETKO CPaBHHUTH IPYT C
JpYyroM M TaKUM 0Opa3oM ITOJYYWTh CTEIEeHb CXOJCTBA aHAIM3HPYEMbIX
Ha3BaHui. M3 Bcex N-Tpamm OblI1 BeIOpaH THUI OMTpaMMBbl, 3TO CBA3aHO C
TEM, 4TO OH JiaBajl 0oJiee BHICOKYIO TOUHOCTD KiacCu(UKAIINH.

Crnenyronmum 3TanoM GopMUpOBaHUS SBISETCS HAXO0XKICHUE OCHOBBI
CJIOBa JUIS 3aJIAaHHOTO MCXOJHOTO CJIOBA HJIM TAaK Ha3bIBAEMBIH CTEMMHUHI.
DTO HYXXHO ISl TOTO, YTOOBI TMOJYYUTHh CJIOBa, KOTOpPBhIE HE WMEIOT pOja.
Jlanee cTpouTCS BEKTOp Ui KaXIOrO CJIOBa, pazMep KOTOPOro paBeH
pasmepy cioBapsi. Takum 00pa3oM MbI MOJIydaeM CIOBaph I 00yUeHHS.
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BxopHoii curian
- Cnosapsb

CaoiicTea

BbixoaHoi
cnoit

BxopHo# Mepsbliid Bropoii
cnoin CKPbITbIA CKPbITbI#A
cnoit cnoid

Pucynok 1 - Cxema HelipoHHOM ceTn

B pesynbrate (opMHpOBaHUS ciOBaps A OOydueHHs HEHPOHHOM
ceTr OBUTH MOJYYCHBI CIICAYIONIME PE3yNbTaThl. Pa3Mep BXOMHOIO CIOS —
9TO pa3Mep cioBaps CHOPMHPOBAHHOTO M3 BXOIHBIX, MEPBBIA CKPBITHIN
CJIOl UMeeT pa3Mep, PaBHBI BOCHMOI YacTH OT OOIIETO pa3Mmepa cloBaps,
BTOPOW CKPBITHIA CIIOW HMMeEET MABAJIaTh YETBEPTYIO 4YacTh OT pa3Mepa
cioBapsi. A BBIXOJHOW CJIOM MMEET TaKoH K€ pasMep, KaK U KOJIUYECTBO
CBOMCTB y 00y4aromeii BRIOOPKH.

1. Pempko, B.I'. DBomnronmsi, HEHpOHHBIE CETH, WHTEIUIEKT: Monenn u
KOHIICTIIIMK 3BOJTIOIMOHHOM kubepHetuku [Tekcr] / B.I'. Peapko. — M.: CUHTET,
2017. - 224 c.

2. PytkoBckas, [[. HelipoHHble ceTH, reHeTUYEeCKHE aITOPUTMbI U HEYETKHE
cucremsl [Tekcr] / 1. PyrkoBckast [u ap.]. - M.: Topsiuast sunust - Tenaexom, 2013, —
384c.

3. Temur, A. X. BBeneHne B MaTeMaTHUECKYI0 TEOPHIO O0ydaeMbIX
pacro3HaONINX CHCTEM M HEHPOHHBIX ceTeil. YueOHoe mocobue: moHorp. [Tekct] /
AX. Temur [u op.]. — M.: CII6T'Y, 2014. — 224 c.

A.C. Kupbsnues, H.A. Kupbsnuesa
IloBomkCKMII TroCylapCTBEHHBI YHMBEPCUTET TEIEKOMMYHUKAIUA U
nHpopmartuky, . Camapa, Poccus

HCIIOJIb30BAHUE METAJIAHHBIX U3 COITUAJIBHBIX CETEN
JIJISI TOUCKA IEJEBBIX I'PYIII ITOJIb30BATEJEN

B mHacrosimee Bpems, Onaromapsi COIMANBHBIM CETSIM, B OHJIAHH
MOSIBIIACTCS. MHOT'O JINYHOIM MH(pOPMAIIMU O TOJH30BaTENIAX CETH. JTO JaeT
OOJIbIIHE MTEePCIIEKTUBBI PU aHATU3C ITHX JAHHBIX. BOJIBIIMHCTBO NaHHBIX,
KOTOpble NPEJOCTaBISIIOT CaMH TMOJb30BaTeNM NPHU PETUCTPALUU B
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COLMAJBHBIX CeTAX (COICeTAX). MMEIOT JIMYHOCTHBIA XapakTep. I[lo HuM
MOXHO  ONpPEAENUTh  MHOTHE  XapakTePUCTHKH,  HAa4WHAs  OT
reorpa)MuecKoro MECTOIOJIOKEHHUS MOTb30BATEINS IO €r0 MPEATOYTCHUH B
ene wim Jodumoro MarasmHa. Ilpm pabore ¢ uWHPOPMAITMOHHBIMHI
MTOTOKaMH BBOJUTCS TTOHATHE O METalaHHBIX.

Meranansble — nHGOpMaNus 0 APYrod MHPOPMAIMH, WIH JaHHEIE,
OTHOCSIIHUECS K JIONOJHUTEIbHOW MH(POPMAIMU O KOHTEHTE MM OOBEKTe.
MeraiaHHBIE  pacKpBIBAIOT CBEJCHUS O TIpU3HAaKaXx M  CBOMCTBAX,
XapaKTepU3yIOUIUX  Kakue-JIMOO  CYIIHOCTH, KOTOpHIE  ITO3BOJISIOT
ABTOMATHYECKH MCKATh M YNPABIATh UMU B OOJBLIMX HH(POPMAIIMOHHBIX
MOTOKAX.

B Meranndopmanuro, XpaHsIyrocs Ha cepBepax COLHaIbHBIX CeTeH,
BXOAWT nH(pOpManus, KOTOPYIO yKa3al M0JIb30BaTENb, & 3TO:

— 1107,

— JlaTa pOXJICHNUS;

— tenedow;

— Ipy3bs;

— MeCTO PabOTHL;

— HOMEp IIKOJBI WJIM IIKOJ, B KOTOPHIX 0OydYascs IOJIb30BaTelb,
BKJIOUasi OyKBY KJacca W rojia oCTYIJICHUS U BBIITYCKa;

— YHHUBEPCHUTETBI, B KOTOPBIX OOydYaJiCsi MOJb30BaTeNb, BKJIIOUas
(baKym)TeT, ToJ BBIITYCKa 1 MOCTYIJICHUS,

— CeMEHHOE MOJI0KECHHUE;

— POICTBEHHUKH;

— TEeKYIINH TOpoJ, YKa3aHHBIN B IIpoduIIe.

OTH fJaHHbIE MOXHO WCIIONB30BaTh B PA3IMYHBIX Lensax. [lpu
COIIOCTABJICHUH MHOTHX 3JIEMEHTOB METAJaHHBIX MOXKHO BBICHHUTH JIaXKe Ty
nHopmanuio, KOTOPYIO SIBHO HE YKasblBaeT II0JIb30BaTeNb II0 PsAy
TIPUYHNH.

Hanpumep, ecimm moms30oBaTenh HE yKa3al TOpOJ  CBOETO
MPOXKUBAHUA, HO TIPU OTOM COCTOUT B HECKOJBKUX TPYIIIIaX B HAa3BAHUH
KOTOPBIX UMeeTCs CII0BO «MOCKBa», TO MOXHO € OOJIbILIONH BEPOSTHOCTHIO
IpEANOJIO0XNUTh. YTO TOPOAOM, B KOTOPOM JKUBET TMOJIB30BATE/b SBISCTCS
ropox MockBa. Wnu, no kpaiiHe Mepe, ¢ 3THUM TOpPOJIOM CBsi3aHa €ro
o0mMpHas AesTEIHHOCTD.

IMpn anamu3e MeTagaHHBIX II0JIL30BATENS] MOXXHO BBISBUTH €rO
MHTEPECHl 10 Ha3BaHWSAM TpPYII, KOTOPHIE OH IIOCEHIaeT B COICETSX.
Hampumep, y mnonb3oBaresnss €CTh HECKOJBKO TPYHNI CO  CJIOBaMu
«BEJIONIPOOEr», «BEJIOCHIIENBI», «BEJIOCIIOPT», TO 10 UX HAa3BaHUSIM MOXHO
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MIPEIOI0XKUTh, YTO JAHHOMY IOJIb30BATEII0 HHTEPECHBI CAMU BEIOCHUIIEAbI
1 BCE YTO C HUMH CBSI3aHHO.

C TOMOIIBIO 3THUX AAHHBIX MOXHO ITOCTPOHUTH JIOTHIECKYIO LIETIOUKY.
Hanpuwmep, ecnu BIOpaHHBIH 1TOJIB30BATEb YIMICS B OHOM YHHBEPCUTETE
C aHANM3WPYeMBIM YEIOBEKOM, HMEIOT OJHO M TO JK€ YyKa3aHHOe
HalpaBJICHUE IOATOTOBKM M TOJ BBITyCKa, TO MOXHO IPEIIONaraTb C
OOJIBIION BEPOSITHOCTBHIO, YTO JAHHBIM M aHAJIM3UPYEMBIH I0JIL30BATEIH
OBUTH IPY3bSMH 110 YHUBEPCUTETY.

OpHako, crnefayeT yka3aTb €II€ OJUH acleKT, CBS3aHHBIM CO
cneuuduKoii colceTeil: 3auacTyto MpyU PEruCTPaLUy T10JIb30BATENb JTMOO0 He
MpeaocTaBsieT o cebe wuHpopMalui, OO0 MPEJOCTABIACT JIOKHBIC
ceenenus. CormacHo wuccienoBanno  BIMOM, coobmare o cebe
HEJIOCTOBEpHBIE JaHHBIC XOTS OBl OZHAKIBI TNPHXOAWIOCH OOIbIIE
TIOJIOBHHBI MONB30BaTeneil 3Tux pecypcos (51%), mpudaem Hambosee 4acTo
nckaxkaercst nHGopmanus 06 umMeHn u Bozpacte (1o 29%), 00 yBIedeHHAX
(22%), o T™ONOBOW TPHWHAMIC)KHOCTH IIOJF30BATEI, MY3BIKAIbHBIX,
XYIOKECTBEHHBIX TIpHcTpacTusix (mo 18%). DToT (akT 3HAYUTEIHHO
YCIIOXKHSACT 3a/1ady aHa/In3a WHTEPECcOB Mojb3oBaTenel councereil. Ho, ecnn
y aHaJM3MPYEMOTO MOJIb30BATElIs JIOBOJILHO OOLIMPHBIH KPYT UHTEPECOB B
COIICeTSIX, TO MO KOCBEHHBIM IPHU3HAKaM BCE K€ MOXHO COCTaBHUThH €ro
XapaKTepUCTHKY.

0O.C. Koznosa, A.O. [Ilenuckosa
IToBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEIEKOMMYHHUKALMM U
nHdopmaruky, r. Camapa, Poccust

WCCJIEJOBAHUE OCOBEHHOCTEI UCMOJIb30BAHUS
NOSQL BA3 JAHHBIX

B Bex wncmonb3oBaHus OOJBIINX OOBEMOB [JAaHHBIX BO3HHKAET
HEOOXOIMMOCTh  TOWCKAa  XpaHeHWs  Takoi  wmHpopmanmmu. s
MIPEJCTABICHAS TAKUX JAHHBIX HCIIOJB3YIOT PEISIHOHHBIC 0a3bl JaHHBIX,
KOTOpBIe OBLIM MPEUIOKEHBI OPUTAHCKUM YYeHbIM JarapoMm Kommom B
1970 romy ¥ KOTOpble HAAOAN0 CTalM CTaHIAPTOM IpeICTaBICHUS
CTPYKTYpHpOBaHHOU MHpopMarmy. [1]

[IpuunHbI TaKOH NOMYJSIPHOCTH B CJIEAYIOIIEM:

* Takass  Mojenp  oOKazajachb  JOCTaTOYHO  TPOCTOM 1St
npeacTaBiIeHus HHPOpMAaIIH.
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* OHa o0lamgaeT JOCTAaTOYHONH THUOKOCTBIO M IO3BOJSCT
MPEACTABISITE MHDOPMAIMIO U3 CAMBIX Pa3HBIX MPEIMETHBIX 00IacTei

* Vcnonb3yeTcss ymoOHBIH METOA K MaHHUITYJIMPOBAHUIO JTAHHBIMH ,
BITOCTICICTBUH O(OPMIICHHEIH B BuAe s13b1Ka SQL

IMo TMM mpUYMHAM paHee HCMONb30Banu 3TH Oa3bl HaHHBIX. Ho
Ternepb BCe OOJBUIYIO MOMYJSIPHOCTh CTANHM HAa0MpaTh TaK Ha3bIBaeMbIe
Hepessiimonnbie  0a3zbl  maHHBIX NOSQL.Mcmone3yroTcss OHH Kak i
XpaHCHUs, TaK U I 00pabOTKK OONBIINX TaHHBIX.[2]

Pabora ¢ nmanHO# 0a30if JaHHOI mMOJIe3HA B ciiydac pabOTHI C
OOJIBIIMMHU JTaHHBIMHU, JUIS KOTOPBIX HE TPEOYeTCs OMUCAHHUE CTPYKTYPHI.
BakHa Juiib cmocoOHOCTh XpaHUTh M 00pabaThiBaTh MH(OPMAIIHMIO, a HE
B3aMMOOTHOIICHHUS MEX/TY SJICMECHTAMU.

B nmamnO#t pabote paspabarpiBamack 0a3za maHHBIX NOSQL mms
XpaHeHHs apXxuBa 00pa30BaTENbHOrO 0JO0Ta, TIe Ccolepkarbes (ailmbl ¢
KYpCOBBIMH paboTaMH CTYJCHTOB M IKYpHAIbl TPYII 3a MOCIEAHHE
HECKOIIBKO JIET.

1. CenesneB K. Ot SQL x NoSQL u o6patno [Tekcrt]/K.Cenesnes-XKypnan
«OTKpBITHIE CUCTEMBI Cy6m» ,2012,Ne02 . JTocTyn K
pecypey:https://www.osp.ru/0s/2012/02/13014127/

2Jlucur C.U. OO030p W CpaBHUTENBHBIA aHAIH3 CHUCTEM YIPABICHHS
HepersimuoHHbIMA  BJI[ Teker]/C.M.JIuCHE—MONIONEKHBI ~ HayYHO-TEXHUIECKHUH
BectHuk. Jloctym K pecypcey: http://qoo.by/3rtG

P.®.I'anees, M.B.Ky3neuos
[ToBoyKCKMH TOCYNapCTBEHHBIH YHHMBEPCUTET TEJIEKOMMYHHMKAIUH U
uHdopmaruky, r. Camapa, Poccust

3AJJAYA PACIIPEJEJIEHUSA HAT'PY3KH B PBC

B Hacrosimee BpeMs aKTyaJdbHOCTh OAJTaHCHPOBKM Harpy3kd
00yciioB/IeHa TIOBCEMECTHON paclpOCTPaHEHHOCTbIO ceTu VIHTepHeT u
JOKaIBHBIX ceTeld. CTOMT OTMETHThH TaKKe CYIIECTBOBABIIYIO B TEOPHH U
MIPAaKTHKE KOH(DUTYPUPOBAHUS BBHIYMCIUTENBHBIX CUCTEM IPOOIeMy AecATH
ThICAY equHOBpeMeHHbIX mnoxkmoueHnid (10K), B HacTtosmumii MOMEHT
nepemeqmyto B npobmemy 10U (10  MWITHOHOB  TOIKITIOYCHUMA
OJTHOBPEMEHHO), KOTOpast HOApoOHO onucana B [1].

3ajaya Ha JaHHBII MOMEHT pellleHa TOJbKO YacTudHo. [loBbIIeHHe
MIPOM3BOJUTENBHOCTH, Kak IpaBWJIO, JOCTUTAeTCs ITyTeM pacrapal-
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JIEIMBAHMs BXOJSIIEH HArpy3kd Ha MHOXECTBO NOTOKOB. OJHAKO 3TO
MOPOXKIAET TIO00ANBHYIO 3a7ady BBIPABHUBAHUS HArPY3KH HA CEPBEPHOM
KJIacTepe KOMIbI0TepoB. HekoToprle orpaHUYIeHNsI Ha TPOU3BOANTEIHHOCTD
pacupenenenHol BeraucnuTensHON cucteMsl (PBC) chopmynupoBaHbl B
teopeme bproepa [2]. CormacHo Teopeme B PBC HEBO3MOXKHO 0OecrednTh
OJTHOBPEMEHHOE BBINOJHEHUE TPEX OCHOBHBIX TPEOOBAHMM: LIEIOCTHOCTH,
JOCTYITHOCTH ¥ Ha/Ie)KHOCTH.

Tpebyercs 3anath 3(GEKTUBHBII aNTOPUTM pacHpeesieHHs] 3asBOK
0aTaHCHPOBILMKOM, 4TOOBI Harpy3ka paclpelelisuiach Kak MOXKHO Ooiee
paBHOMEpHO IO Yy31am o0paborku. TpeOyercss HalTH COOTBETCTBHE
3alpOCOB M Y3JIOB TAakUM OOpa3oM, YTOOBI Pacxoibl MPOLECCOPHOTO
BpeMEHH OBUIM MUHHMMAalbHBIMH. BBHAy BBICOKOM HHTEHCHUBHOCTH
MOCTYIUICHUS 3asBOK, a TAaK)K€ HEOJHOPOJHOCTH KIJIACTEPHBIX Y3JIOB, IS
pelleHus 3ajadyd  IpejlaraeTcs CcTpaTerus KOMOMHMPOBAaHHUS — JBYX
AITOPUTMOB. B mpolecce MOHUTOPHHIa CUCTEMBI Ha IIEPBOM JTame
UCIOJB3YETCS.  LMKIMYECKUH  alrOpPUTM  PACIPENEICHUS  HArpys3Ky,
nmeromuii BpeMeHHyto cinoxsaocts O(1) . Ha BTOopoM 3Tame MoHMTOpHHTA
UCTIONb3yeTcss anroput™ pacnpenenchus Kyna — Mankpeca [3]. DOrtor
aNTOPHUTM B OINpEJCNICHHOHN peanu3anunu uMmeeT cioxHocte O(n3). Takum
oOpaszoM, koHuenryanbHass mozaens PBC, OamancupoBIIMKa Harpyskud
TUMOBOTO y37a 00paboTku uWHPOpMaluu wu3BeCTHBL. Jlamee criemyeT
perieHue 3aga4d coopa JaHHBIX U pa3paboTka IMUTAIIMOHHOI Moaenu PBC.

[peanonoxum, HMeeTCss HACTPOCHHas KJlaCTepHas CHCTeMa C
(GYHKIHMOHUPYIOIMM COOPLIMKOM JIAHHBIX O CKOPOCTH 00pabOTKH 3asBOK B
PBC. Ectp 1Ba BapuaHTa yCTAQHOBJICHHS 3HAYEHHS INPOU3BOIAMTEIHLHOCTH
JUISL KQKIOTO M3 BBIYMCINTEIBHBIX Y3JIOB: CTATHUECKHH M AMHAMUYECKHH.
Craruueckuif METOJ| TOJpa3yMeBaeT HA3HAUCHHE KaXKIOMY Y31y CBOETO
Beca B COOTBETCTBUHM C HCXOIHBIMH TEXHHYECKHMH XapaKTepHCTHKAMHU
obopynoBanusi. JlMHAMUYECKU METOJ MpejasaraeT coOupaTh CBEACHHS O
3arpy»K€HHOCTH Y3JI0B IEPMaHEHTHO (TEpUOJMYECKUil Ompoc Y3J0B Ha
npeaAMET TOCTYIMTHOCTHU U 3any7KeHHOCTI/I), qTO ACJACT PE3YIbTATPCIICHUA
3aa4n HanboJiee MOJIe3HBIM U 3¢ GeKTUBHBIM. Ho muHaMuueckuid MeTon
TpeOyeT IONMOJHUTEIBHBIX 3aTpaT Ha OCYLIECTBICHHE MOHHUTOPHHIA.
[osromy mns paccmarpuBaemoit PBC  MoxeT OBITH  BBINOJHEH
MOJTyAMHAMUYECKUH cOOp JaHHBIX, KOrja OalaHCUPOBIIMK PacCUUTHIBAET
CKOpPOCTh OTBEeTa cepBepa (BpeMs 3aJepXKKH CeTH, BpeMs 00paboTKu
JAHHBIX CEBEPOM).

[MpumeHnenne MeToAa AMHAMUYECKOrO PACIPEEICHUS TO3BOJISET
6omee 3¢ GEKTHBHO paclpeneNuTh Harpy3Ky B CEpBEPHOM KiacTepe IIo
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CPAaBHEHHIO C LUKIMYECKUM aJrOPUTMOM M JPYTUMH UCHOIb3YEMBIMU AJIS
OaaHCHPOBKH adroputMaMu. [l IpOBEICHNS YHUCICHHBIX SKCIIEPHIMEHTOB
pa3paboTaHbl MaTeMaTHYeCKass MOAENb M MPOrpaMMa sl HMHTAIlMOHHBIX
sKcriepuMeHTOB. [Iporpamma obecneunBaeT 3afaHHe pacIpeelCHUI
3aBOK, KOHQUTYPAIHIO 000pyI0BaHHA, KOJIMIECTBO 3asBOK K 00paboTKe.

IIpennaraemelii  anropuT™M  HPEAOCTABIASCT  BBIMTPBINT s
IIPOU3BOJUTEIBHOCTH U JTOCTYITHOCTU CUCTEMBI. Tarke Hy’KHO OTMETUTH U
TO, 4TO, pa3pabaTeiBas MaTeMaTHYECKOE U IMPOrpaMMHOe oOecledyeHue s
yIpaBjeHuss OaJaHCUPOBKOM CETeBOW Harpy3KH B KilacTepe, IpU BbIOOpE
aJITOpUTMa Ha3HA4YCHUs] HEOOXOIUMO OOpaTHUTh NMPUCTAIFHOE BHUMAaHUE Ha
gactaele morpedHocTH PBC. bamancupyst marpysky B PBC co cmabemm
MIOTOKOM 3asBOK, IOIYCTUMO HCIIOJIb30BAaTh 3BPUCTUYECKUE aITOPHUTMBI
(IMKIMYECKUH WM BECOBOW IMKIWYECKHI), OJHAKO €CIIM TOTOK 3asiBOK
JIOBOJIGHO MOIIHBIA WJIM Harpy3ka Ha Kilactep SBISIETCS HECTaOMIBHOM,
HEOOXOIMMO TPHUMEHATh MaTeMaTHYeCKHe METOABI, JaHHbIC Ui
BBIUHCIICHUSI OpaTh U3 MOCTOSHHOTO MOHMTOPHHIA CHUCTEMBI. TeM caMbIM
MOXHO JOCTHYb OanaHca B TPOEKTUPOBAHUH OalaHCUPOBKH HAarpy3KH
KIIACTEPHBIX CHCTEM.

1.KoctiokoB, A. A. Crpaternu KOH(UTYpHPOBaHHS BBIYHCIHTEIHLHOTO
kiactepa / A. A. KocrtiokoB // MHHOBaimu B Hayke: c0. cT. mo marepuanam LII
MexayHap. Hay4. npakT. koH®. — HoBocubupck: CubAK, 2015. — Ne 12 (49), u. . —
C. 55-60.

2.Brewer, E. A. Towards robust distributed systems / E. A. Brewer //
Proceedings of the XIX annual ACM symposium on Principles of distributed
computing. — Portland, OR: ACM, 2000.

3.Kuhn, H. W. The Hungarian Method for the assignment problem / H. W.
Kuhn // Naval Research Logistics Quarterly. — 1955. — Vol. 2. — P.83-97.

O.JI. Kymsc, H.A. Epodeera
IloBOJKCKUI TOCYNapCTBEHHBI YHMBEPCUTET TEJIECKOMMYHUKALMH U
nHpopmatuky, . Camapa, Poccus

BOIIPOCHI PACIIO3HABAHUSA CUMBOJIOB HA
HN30BPAKEHUN

OnmHolt w3 mpobieM B 00NacTH KOMIBIOTEPHOTO 3pEHHS |
HCKYCCTBEHHOIO MHTEIUIeKTa siBisercs o¢¢uaiiHoBoe paclio3HaBaHUE
CHMBOJIOB, KOTOpPOE€ HEOOXOAMMO B TakKMX 3ajJadax Kak oIH(ppoBKa
MeYaTHBIX M3JaHUA W pykommceil, 06paboTka OGIaHKOBOW JOKYMEHTAIIHH,
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uAeHTH(HUKAIUS HOMEPOB TOCPETHCTPAllMM TPAHCIIOPTHBIX CPEICTB U
Ipyrux. 3ajaddl TMOJOOHOTO poja PEIIAloTCsl CHCTEMaMH ONTHYECKOTO
pacriosaasanust cumBosios (Optical Character Recognition — OCR).

Ha Bxox cucremsr OCR momaercs nzo0pakeHne, KOTOpoe B 00IIeM
ClTydae MOXET COAEp)KaTh OOBEKTHI IBYX BHIOB: CUMBOJIBI U rpadudecKne
OOBEKTHI HE ABIAIOMHKECS CHMBoONaMH. Ajroputm paborer  OCR
MIPEAIoJIaraeT BBIIIOJHEHUE CIEAYIONINX ITAIOB:

1. Hopmamuzanusi BXOIHOTO U300paKeHMS C LEIbI0 YCTpaHEHHA
CITy4alHBIX BapHalMi SPKOCTH U KOHTPACTHOCTH, & TAK)KE BO3MOMKHBIX
TeOMETPUUECKUX UCKAKEHHUSI.

2. CerMmeHranus U300pakeHHs C 1IEJIbI0 JOKAIN3aAIKHU 00JlacTeil nHTepeca
(Region Of Interest — ROI) — ¢pparmeHTOB comepKaiinx CuMBOJbI [1].

3. CermeHTanus 0OHapyKEHHBIX CHMBOJIBHBIX (PParMEeHTOB HA OTACIBHBIC
KOMITOHEHTHI — CTPOKH, CJIOBA U CHMBOJIBI.

4. ®opmupoBaHne HabOpa XapaKTEPHBIX NMPHU3HAKOB (IECKPUIITOPOB) IS
Ka)JJ0ro 0OHapyXEHHOTO CHMBOJIA.

5. Pacmo3HaBaHme OOHapy>XCHHBIX CHMBOJIOB C  HCIOJb30BaHUEM
c(hOpMUPOBAHHBIX IECKPUIITOPOB.

6. TIlocToOpaboTka pe3yabTaTOB pPACIO3HABAHUS TPU KOTOPOU JIs
KOPPEKTHPOBKK  OMIMOOYHO  PACMO3HAHHBIX  CHMBOJIOB  MOXET
HCIIOJIb30BaThCsl HEKOTOpasi CeMaHTH4ecKasi nHpopMarusi.

Otan GOopMHUPOBAHUS XapaKTEPHBIX NMPHU3HAKOB SBISIETCA OAHUM W3
BaOXHEHIINX W NPEJCTaBIAET cO00 MHTEpaKTUBHBIN WM aBTOMAaTHYECKUN
Tporece, BKJIIOYAIOMMN psiil TpoLexyp NpeoOpa3oBaHUs BHICOJAHHBIX.
PesynpraToM 3TOrTO mpomecca SBISETCS BBHIYNCICHHWE JIOKAIBHBIX HIIH
IJ00ATBbHBIX ~ XapaKTEPUCTUK  M300paKCHWS ~ CHMBOJA,  KOTOpHIE
UCTIONB3YIOTCSL /U TIOCTPOCHUSI o0pa3a 00BeKTa. DTOT 3Tall BKIOYAET
muppoByr0 TpenoOpaboTKy H300paKCHWH CHMBOJIOB MJIsi YCTpaHEHHUS
pasiuuHbIX apTedakToB (CIMSHWE WIM Pa3pbiBbl CUMBOJIOB, YCTPaHCHHE
HEPOBHOCTEH Kpaes, MOIaBICHUE IIIYMOBBIX KOMITIOHEHT H T.JI.).

Bonpmas rpynma mMeTonoB (GopMHpOBaHHS NMPH3HAKOB HCIOJIB3YET
CTaTUCTHYECKHE XapaKTEPUCTUKN OMHAPHOTO M300pakeHHs cHMBONOB. K
HHUM OTHOCATCA:

o HEHTPAJIBHBIC W HOPMUPOBAHHBIE MOMCHTBI, KOTOPBIC IIO3BOJIAIOT
XapakTepu30BaTh (HOpMy CUMBOIIA;

® YHCIIO IIepEeceYeHUil CHMBOJIAa C MPSMBIMH, IPOBEACHHBIMH IO
OTIpe/IeTICHHBIMH YTJIaMu;

® [UIOTHOCTH IIMKCEJIOB, NPUHAJIEKAIINX CHMBOIY, B MPSIMOYTOJIBHBIX
30HaX Ha KOTOPBIE JICJTUTCS] 3HAKOMECTO.
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CTpyKTypHbIE  TIPU3HAKM  OIUCHIBAIOT ~ IEOMETPUYECKHE U
TOIOJIOTUYECKHE OCOOEHHOCTH CHMBOJAa. OHHM TIPEACTaBISIOT CHMBON B
BU/E  IIOCIEAOBATEIFHOCTH  INPSIMOYTOJBHBIX  OTPE3KOB MM JOyT
ONPEIEIICHHON POCTPAaHCTBEHHON OPUEHTALIMH.

I'moGansHBIe IPU3HAKK (POPMUPYIOTCS OCHOBE TJIO0AIFHOTO aHAIN3a
nHpOpPMALINU, KOTOpas CONEPXKUTCS BO BCEM MacCHBE HM300pakeHUs
cuMBosia. Haumbonee mpocThM W OYEBHIHBIM TIJIOOAJIBHBIM IPU3HAKOM
SBISIETCST OWHApHBIM pacTp 3HAKOMECTa B KOTOPOE BIIMCAH CHUMBOJL
JleckpunTopoM 37eCh SBISETCS I10CIEJOBATEIbHOCTh IMKCEJIOB B BHUJE
BekTopa umHoit MxN (31ecs M, N — pa3mepsl 3HakoMecta). Hemoctarkom
UCTIONB30BaHUS pacTpa SBIAETCS OOJBIIOW OO0BEM BBIYHCICHHUN MPH
BBINIOJTHEHUH KJacCU(UKAUN CUMBOJIA.

BricokonapopMaTHBHOI T100aTbHON XapaKTEpUCTHKOH  CHMBOJA
spasiercst ero Pypbe-o0pa3, BEMHCISIEMBI C TOMOINBIO ABYMEPHOTO
auckpetrHoro Dypre-npeoOpazoBanus. Mcnonp3ys cnennalbHbIE METOJBI
00paboTkn, ynasock  cOpMHpOBaTE  KOMIIAKTHBIM  JECKPUITOP,
MO3BOJIIOINMI  BBINOJHATH YBEPCHHOE pACIIO3HABAHHE CHMBOJOB C
MOMOIIIBI0 HeHpOHHOH ceTH [2, 3].

1. Kymsc O.J1., JlomkapeB A.C. «AITOPUTM TOHUCKA M JIOKATIM3aLUH 00BEKTa
vHTEepeca Ha wu3o0paxkeHum». XV MexayHapoaHas HaydHas KOHQEpeHIUS
«OnTHYecKre TEXHOJIOTHH B TelekoMmyHuKanusax» OTT-2017 , 1.3, Kazans, 2017.
—C.193-194.

2. Kymsic M.O., Kymsac O.J1., Jlomikapes A.C. «Vcnons30oBaHue rio0aibHBIX
XapaKTepUCTUK N300paKeHUH UIsi HEHPOCETEeBOro pacro3HaBaHHs o0pa3zoB». XIV
MexnayHaponHass  HaydHas  KoH(pepeHmms  «OnTWdeckhHe  TEXHONOTHH B
tenekomMMmyHuKamsax» OTT-2016 , Camapa, 2016. —C. 92-93.

3.0leg L. Kulyas. The use of global image characteristics for neural network
pattern recognitions» / O. Kulyas, M. Kulyas, A. Loshkarev //Proc. SPIE 10342,
Optical Technologies for Telecommunications 2016, 1034211 (April 6, 2017);
doi:10.1117/12.2270475.

O.JI. Kynsac, B.B. Tapacos
IloBomkckuil TroCyNapCTBEHHBI YHHMBEPCUTET TEIEKOMMYHUKAIMH U
nadopmaruky, r. Camapa, Poccust

BOITPOCHI YIYUHIEHUA JAKTUJIOCKOIIMYECKUX
N30BPAKEHUW B BUOMETPHUECKNX CUCTEMAX
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Hcnonp3oBaHue oTnevyarka najiblia sBiseTcs Hanbosee ynoOHBIM U
HaJEeKHBIM METOJIOM OHOMETPHYECKOH  MOCHTH(QHUKAMU JHYHOCTH H
IIUPOKO MPHMEHSACTCS B COBPEMEHHBIX CHCTEMaX KOHTPOJS IOCTYyIa.
PacriosHaBaHMe NPOHM3BOAMTCA IIyTeM cpaBHeHHs IHU(poBoro obpasa
oTIevarka ¢ 0a3o0if cymecTByromux madmonoB. Hanbomee 3¢ dexTuBHBIMU
ITOPUTMAaMH  pabOTHl JTAKTHIOCKOIMYECKUX CHCTEM HICHTH()UKALMN
SIBJISIFOTCS] aJITOPUTMBI, HCIONIB3YIOLIHE 0COObIe TOUKU HATMILUIIPHOTO y30pa
(MuHymn). HecmoTpss Ha TO, 4TO Ha HM300payKCHWHM OTMEYaTKa Manbla
MOYXHO BBIJICJIUTh JOCTaTOYHO OOJIBIIOE KOJNYECTBO OCOOCHHOCTEW 10
KOTOPBIM MOJKHO BBINOJHHUTH KIacCHU(HKAIHMIO, HA MPAKTUKE HCIOJIBb3YIOT
BCETro JIBa THIIAa 0COOBIX ToUeK (cM. puc.l):
®  KOHEYHBIE TOYKH — TOYKH, B KOTOPBIX OIPEAEICHHO 3aKaHUMBAIOTCS

NanUSIPHbIE JTMHUH;
® TOYKM BCTBJICHUS — OINpPENCNSIFOTCI Kak TOYKH, B  KOTOPBIX
NanUISIPHbIE IMHUK pa3BauBarOTCS.

".. o d\’ -ﬁ
N
Touku eatenenns () v woneuHsie Touku (£2)

PI/IcyHOK 1 - Oco0Oble TOYKH Ha JaKTHJIOCKOIIUYECKOM H306pa)KCHI/IPI

Pabory anroputmMa HACHTH(UKAIMH, WCIOIB3YIOMET0 0COObIe
TOYKH, MOKHO Pa3eiuTh Ha CICTYIONIUC TAIIbL:
® [OJyYeHHE [OJIyTOHOBOTO HM300paXKEHHsI OTMeYaTKa Majibla U ero
nudpoBast 00padOTKa C IEIbI0 YIIYUIICHHUS;
®  YTOHBIIEHHE MAMUUIAPHBIX JIUHUAHN U MOJy4YeHHEe OMHAPHOIO «CKEJIeTa
MaNWUIIPHBIX JTUHUH (CKeneTe3arus);
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® [OMCK B OMHapHOM CKeJIeTe3UPOBAHHOM H300paKEHUH OCOOBIX TOYEK
JaKkTwiorpamMM. [ KaxIoH TOUKH ONPEAEisieTCs €€ THI — BETBICHHE
WJIN OKOHYAHHE;

®  BBIYHCIICHHE JECKPHUIITOPOB HANHIECHHBIX OCOOBIX TOYEK U OOBEANHEHHUE
nX B «00pa3» NaKTHIOTPAMMBI;

e  3aBEpIIAIOIIMM  3TalloM HACHTU(HKALMH  SIBISETCS  CPaBHCHHE
BBIYHMCIICHHBIX JIECKPHIITOPOB OCOOBIX TOYEK C JIECKPUIITOPaMH
STAJIOHHBIX N300pAKEHHUH, XPaHAIIMXCS B 0a3e OTHEYAaTKOB.

Hecmorps Ha  TO, 4YTO  METOABl  JAKTHWIOCKOIIMYECKOMH
UACHTU(GHUKALMK JOCTATOYHO IIMPOKO U YCHENIHO HCIOJb3YIOTCS B
cUCTEeMaxX KOHTPOJS JIOCTyNa, KaXAbld W3 OTalmoB MOXET ObITh
YCOBEPILICHCTBOBAH C b0 YMCHBIICHHS BBIYMCIUTEIBHBIX 3aTpaT M
CHIDKCHUS OIIMOOK mepBoro W BToporo poxa. Ilpu stom stam nndposoit
00paboTKM HCXOJHOTO MOJYTOHOBOTO H300paKCHMS IIPEACTAaBISETCS
Haubonee  OTBETCTBEHHBIM, IIOCKOJIBKY HMMEHHO OH  OIIPEAEeNseT
OoOHapyXK€HHE WM MPOIMYCK BETBICHUH WIM OKOHYAHMH MANMUIIPHBIX
nuHUR. B mokmane paccMaTpuBaeTcs METOA NpEaBapUTENbHONH 00paboTKu
MOJYTOHOBOTO M300paxkeHHs HHU(POBHIM (DUIBTPOM Ha OCHOBE (HIIBTpa
Tabopa [1], mpuBOmATCS pPE3yNBTATHI MOMCIHPOBAHUS, PEATM30BaHHBIC B
cpeme Matlab [2].

1. MeToap! KOMITBIOTEpHOH 00paboTkn m300paxkeHuid [Tekcr] / pex. B.A.
Coiidep. — M.:;, PUIMATIINT, 2003. — 784 c.

2. Toncanec P., Iudposas obpabotka wu3obpaxenuit B cpeme Matlab
[Tekct] / P. Toncanec, P. Bync, C. Dnaunc. M.: Texnocdepa, 2006. — 616 c.

M.B. JlykuHna
IloBOoJKCKUH TOCYNapCTBEHHbI YHHMBEPCUTET TEIEKOMMYHHUKALUMM U
nundopmaruky, r. Camapa, Poccust

AHAJIN3 TPA®UKA B CUCTEMAX BUJAEOKOH®EPEHIICBS3HN

B mHacrosimee BpeMs A OpraHM3aluil  BHICOKOH(DepeHImit
CYIIECTBYET MHOXECTBO MpOrpaMM. B 1TaHHOM  3KCIEPHUMEHTE
HCIONB30Banack nporpamma Skype [1].

Hns anamuza B nporpamme Wireshark Obuti monmydeHsl aBe
MOCIE0BATEIbHOCTH CTATUCTUYECKUX BEIMYHMH: HHTEPBABl BPEMEHH
MOCTYIUICHHUS IAKETOB U MHTEPBAJIbI JITUTEIBHOCTH 00CITY)KUBAHUS.
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[TocnenoBaTeIbHOCTh MHTEPBAJIOB BPEMEHH MEKAY MaKeTaMH JJIs
R/S ananusa BpeMEHHBIX PSAZOB OblIa MPOAHATM3UPOBAHA C IIOMOIIBIO
nporpammsl Fractan. ITomyueHHOe pu 3TOM 3Ha4YeHHE napameTpa Xépcra
H=0.8504 cBumeTensCTByeT O HANMYWU CAMOMIOIOOWS aHAIH3HPYEMOTO
Tpaduka.
Ha puc.2 npencraBieHa aBTOKOPPEIAINOHHAS (DYHKITHS.

PucyHok 2 — ABToKOppensunoHHas (GyHKINS HHTEPBAJIOB BPEMEHH MEXIY
ImakeTaMu

Hus aHanm3a BEPOATHOCTHBIX XapaKTePUCTHK
MOCTICIOBATEIEHOCTEH HMHTEPBAJOB BPEMEHH W JJIMH MAKETOB OBLIO
ucnonb3osano 10 EasyFit, mo3Bosnsioriee cOrmacHO KPUTEPUIO COTTIACHS
Kommoropoa-CMupHOBa ~ TOJO0paTh  TEOPETHYECKYIO  (DYHKITUIO
pacrpeneneHusi Mo TOCTpoeHHOW ructorpamme [2]. Ilpm anammze
II0CJICA0OBATCIBbHOCTH BPEMEHHBIX HUHTEPBAJIOB JJIs1 IIJIOTHOCTHU
BEPOSITHOCTEH OBLIIO MOIYy4EHO pacnpeﬂeneﬁng IlellryMa (Dagym) (puc.3):

e

ak | =

a {r] = 'H

s(+(5))

rae K,a — HemnpepsiBHblie mapametpsl ¢opmer (K > 0, o > 0), S —
HempepbiBHBIA  Kod(pduument (S > 0). INapamerper:: k = 0,09304;
a =5,7799; 5 = 0,08394.
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PI/ICyHOK 3- FI/ICTOI"paMMa pacnpeaciacHuss UHTEPBaJIOB BPEMEHN MEXKY IMaKE€TaM1
Ha pmc. 4  npuBeseHsl  pe3ynbTaThl  amPOKCHMAIHA

MOCTICIOBATENBHOCTH JIMH TakeToB. ILmoTHOCTH pacmperneneHus bepp
(Burr Distribution) 3anmuceiBaeTcs B BHIE:

a g-1

ok ( ]
B
E - o K+1*

s(1+())

rae ko3hduiueHts K, o, f — HerepI)IBHLIe. napametpst popmbi(k > 0,0 >
0, > 0). [Tapamerpsr: k = 0,19986; a = 7,8529; 5 = 184,76.

s

nae & o=
a TEn
e

[/ f\

v e @

Pucynok 4 — ['ucrorpamma pacrpezielIieHus [UIMH MTaKeTOB

B xoze mpoBeeHUs] 3KCHEPUMEHTA MOJIYyYeHbI CTATHCTHYECKHUE
XapakTepUCTHKH Tpaduka. JHaUCHHE MOoKa3aTens Xepcra ObUI MoiTydeH
MeromoM  aHanmza R/S  craructukum  (H=0.8504). Iloctpoena
aBTOKOppeJsiuoHHas (GyHKus. OmnpeaeneHbl 3aKOHBI pacipe/IeTIeHuUs
(TUTOTHOCTH BEpOSTHOCTEH) B rpadMyeckod W aHAIUTHYECKOW (opme,
KOTOpble OyIyT HCIIONBb30BaHBI IPH PEIICHWH ypaBHeHWs JIMHmmM ams
HaXOXJICHUS CPEJTHEr0 BPEMEHH 33/IEPKKH MTaKeTa B CETH.

1.slkoneBa E.C. Camoyumrenr Skype. BecrmiatHas cBsi3b uepes
unrepHet. Cn6.: BXB-IlerepOypr, 2008, 304 c.
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2.Bentuens E.C. Teopus BepositHocTeit — M.: Boiciras mikona, 1999. —
575c.

A.A. Mudraxosa
IloBomKCKHMI TrOCYyNapCTBEHHBIA YHHUBEPCUTET TEJIEKOMMYHUKAUNA U
nHpopmartuky, . Camapa, Poccus

BO3MOKHOCTb IIPUMEHEHUS AJITOPUTMOB UAJI ITPU
AHAJIM3E NTHOPOPMAIIMHA O KIIMEHTAX
TEJEKOMMYHUKAIITMOHHOM KOMIIAHUM

B HacToAIEEC BpEM TCJICKOMMYHUKAIIMOHHBIC KOMIIAHUU HAKOIIHUJIU
JOCTaTOYHOE KOJIMYECTBO MH(OpMamuu 0 cBOMX KimeHTaX. Kpome aroro,
COBPEMCHHBIC TEXHOJOTMH MO3BOJLSIFOT OBICTPO cOoOpaTh HH(POPMAIUIO O
MOBEJICHUH HOBOTO KiHeHTa. TakuM 06pa3oM, B PacoOpsHKEHHH KOMIIAHUH
OKa3bIBAETCS  OOJIBIIOE KOJMYECTBO JAHHBIX, KOTOPBIE IO3BOJIIOT
OIITUMU3UPOBATH BSaHMOﬂeﬁCTBHe C KIIMCHTOM. IIaHHI)Ie nmpeaABaprUTCILHO

HeoOxoanMo 00paboTaTh — U3BJICYh 3HAHMA W YK€ Ha HX OCHOBE
NIPUHUMATh T€ WM MHbIe pemeHus. CaMblii pacnpoCTpaHEHHBIH croco0
BBIABICHUSI 3HAHWA — WCIOJB30BaTh aJITOPUTMBI  HCKYCCTBEHHOTO

uHTEIUIEKTa. Hamboijiee HM3BECTHOH TEXHOJIOTHEH, OOBEIMHSIOMEN 110
CBOCH 3THIIOW 3aMETHYIO YacTh 3((EKTHBHBIX METOJIOB HCKYCCTBEHHOTO
WHTEJUIEKTa, SBISETCS WHTEUIEKTyanbHbI aHamu3 naHHeix (MAJl, Data
Mining).

OpHako cymecTByeT mpoOieMa BeIOOpa aJrOpUTMOB (aJIropuT™Ma) B
HAHOOJBIICH CTENCHH MOAXOMAIIMX JUIS PEUICHWH 3aJa4d BBIABICHUS
3HaHWH, KOTOpbIe B JallbHEWIeM OyIyT HCIOJb30BAHBI JJIs TPHUHATHS
pellIeHn OTHOCUTENILHO B3aUMOJCICTBUS C KIIMEHTOM.

B  nmamHO#t pabore  mpeiaraeTcs — CIEAyIOMIee  PEIICHHE:
BOCIIOJIb30BaThCS OCCIDIATHBIM aHamuTHdecknM maketrom Orange Canvas
JUIsL OLIeHKH BOo3MoxkHOCTel MetonoB A/, [loueMy MMEHHO 3TOT maker?
OH OecIUTaTHBIN W, B OTIIMYHE OT MPOYHMX KaK IUIATHBIX, TAK U OCCILIATHBIX
cUCTeM, yIO00OCH B HCIIOJIB30BAHUM, & TAKIKE COACPIKUT OYCHB I (HEeKTUBHBIC
WHCTPYMEHTBl OLICHKM KauyecTBa MOJENEeH /s U3BJICUEHHs] 3HAHUM U
(hopMHpOBaHHS TPOTHO30B, TOMOTAIOIIMX B IPUHSATHU PEIICHHM.

Ha puc. 1 npuBenen npumep paboThl yIOMSHYTOH aHAINTHYECKON
CHCTEMBI. B TeNsIX 3KOHOMHHU MecTa, pacCMOTPEHBI TOJBKO JBA METO/a
UAN: nepeso pemenunii (Tree) um cnywaiineiii jgec (Random Forest).
Hcnonp3oBanuch  00E3MWYCHHBIE JAaHHBIE O  KJIHEHTaX peajbHOU
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TEJICKOMMYHUKAIIMOHHOM ~ KOMITaHWH,  TIOJIyYCHHBIE U3  OTKPBITOTO
ucroyHuka. Ha pucyHke npencraBieHa wHHQopMaims O HACTpOHKax
TectUpyeMbix MetonoB (okHa «Random Foresty u «Treey). 3HaueHwus
HACTpOeK OBLTH BBIOpPAaHBI IPOU3BOJIBHO, TOCKOIBKY IeNb JaHHOW pabOTHI
3aKIII0YaeTcsl JHIIbF B JAEMOHCTpamun Bo3MoxkHocTei Orange Canvas B

YKa3aHHOM acCIICKTE.

@ untitiedows®

Samping Evalaaton Reats

Mehod AUC CA Fl Precision Recall

Tree 0826 o521
(5l Focomueasin o e e
Random Forest D | . Tree ?

Neme Name

8 Random samping

Repeatvanpest (03| oo Tree
Traring set s2e: (95 % %)
7 swathed

Back Propertes Parameters

" . Number of trees: 0 7 Irdhce binary ree
T s f i crecrd a i 7 v b ot s i
Teston test dots Fived seed for random Gereratr. V) 50 not okt subsets smaler than: i
¥ mé the masmal e dept to: 00 %
Target Cass Growth Contral
(Average over casses) 7| Lt depth of indhidusl rees: Cussificaton

7 Do oot et mibachs sl s z Stop when meority resches (%)

Bredict using an ensemble of dedision rees. U= &2

[P &= T ~ Il
Pucynoxk 1 - IIpumep pabots! cucremsr Orange Canvas

CpaBHEHHE METOJIOB IPOU3BOJMIOCH HA OCHOBAaHUM CICAYIOLIUX
merpuk: AUC (mnomans mojg ROC-kpusoit), CA (mpoueHT MpaBUIIbHO
KnaccUpUIMPOBaHHBIX ~ O00BbEKTOB M3  MHOkectBa), F1  (cpemnee
rapMOHHYECKOe B3BeLICHHOE), Precision (nons HCTHHHO-TOJOKHTEIbHBIX
00BEKTOB cpelu BceX KiaccHUUMPOBaHHBIX mojoxutenbHo) u Recall
(ONIST MCTHHHO-TIONOKUTENIFHBIX OOBEKTOB CPEIN BCE TIONOXKHTEIHHBIX B
MHOkecTBe). Kak BupHO u3 pucynka, «Random Foresty npeBocxomur
«Treey» 1Mo BceM METpPHUKaM.

Takum 00pa3oM, MOTPATUB MHHUMYM YCHJHMH, MOXKHO IOJYYHTh
JIOCTOBEPHYIO ~ OIIGHKY  BO3MOXKHOCTEH  METOJIOB B  paspe3e  HX
UCIIONIb30BAHUS npu aHasmze nHpOpMAIIU 0 KIIMCHTAX
TEJICKOMMYHHUKAIIMOHHOW KOMITaHHH.
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Bonee Toro, kak BUIHO M3 JIEBOM 4acTH PUCYHKA, a TaKkKe OKHa « T est
& Score», B aHAINTHYECKOM TIaKETe IMPHUCYTCTBYET OOJBIIOE YHCIO
¢yHKUMH ams oueHKH npuMmeHmMoctH MetomoB MAJI. PaccMoTpenHbie B
9TOHf paboTe BO3MOKHOCTH — 3TO TOJBKO Majas dacTh ommuuii Orange
Canvas, koTopsle MOTYT OBITH 3aJICHCTBOBAHBI IS PELICHUS TIOCTAaBICHHON
3aa4m.

H.B. Kupeesa, I1.I". Mumrytuna
IloBOomKCKHMI TrOCYyNapCTBEHHBIA YHHUBEPCUTET TEJIEKOMMYHUKALUNA U
nndopmaruky, r. Camapa, Poccust

TEXHOJIOI'MH UMA U IMS KAK CITIOCOBbI PEAJIN3AIINN
KOHBEPI'EHTHBIX YCJIYI' FMC

FMC - koHBepreHus (UKCHPOBAHHBIX U MOOMIBHBIX CETEH CBSI3M,
JUIL Hee MOXHO BBIJGIUTh JIBAa OCHOBHBIX CcIlocoOa peaau3anuu
KOHBEPI'€HTHBIX YCIYT:

e Ha Oaze TexHoaornu UMA;

o Ha 0Oaze matdopmer IMS.

MoxHO ObITIO OBl BBIACTUTH €IIE OAWH BapHaHT peaIu3aluu
KOHBEPI'eHTHBIX YCIYT - Ha 0a3e MOJIb30BATENLCKOTO 000PYIOBAHUS, HO OH
HMEET CIEAYIONIE HEJOCTATKH:

® OTCYTCTBYET BO3MOXXHOCTh XOHJIOBEpa MEXIy CEThIO COTOBOH
MOABWKHOM cBsi3u U cetbito  WLAN B TOM ciydae, eciu BBI3OB
WHHUIMMPOBAH IBYXPEXHMMHBIM TEPMHHAIOM B CETH COTOBOH ITOJBIKHOM
CBSA3M B HAIIPABJICHWU IOJH30BATENIHCKOTO TEPMHHAJA, HE HAXOAIMIErOCs
I10]T KOHTPOJIEM CcepBepa YIPaBICHUS BBI30BaMH;

e HEe ONTHUMaJbHAa MapUIPYTH3alus BHI30BA: BBI3OBBI JJOJDKHEI
3aKpEeIIAThCS. 32 CEPBEPOM  YINpPABICHHMsS BBI30BAMHM HE3aBUCHMO OT
MECTOHAXOXKACHUS BBI3BIBAIONIETO W  BBI3BIBAEMOro abOHEHTOB (B
pe3yabTaTe 3aBBIIIAETCS CTONMOCTH 3BOHKOB).

CrenoBaresbHO, B KaueCcTBE PEIICHMS ISl MPEJOCTABICHHS YCIyT
FMC omepaTtopam CBs3M Pa3yMHO paccMaTpuBaTh JBE ajlbTEPHATHUBHBIC
texaosorun: UMA u IMS/VCC.

IlepBoii crannapTU30BaHHOHN TexHONOruei opranuzanuu ycayr FMC
spisiercst TexHoorusi UMA, kotopast mmeer Hamboliee NpopaboTaHHBIE
CTaHAAPTHl  peaNM3allil  KOHBEPTEHTHBIX  YCIYr, OOECHEUMBAOIINE
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IIPO3pauHblil POYMUHT M XPHJOBEP MOJIb30BATENBCKOTO TEPMUHATA MEXKIY
ceTsimu cotoBoil moaBmkHON cBs3u (CIIC) u cerssmu WLAN. Hcmons3ys
JBYXpEXKUMHBIH TepMuHan ¢ noaaepxkod UMA, nmonp3oBarens, HaX0IACh
B cetd paauonoctyna WLAN, MoxXeT mojy4yaTs yCIyTH Iepelaud peud U
JAHHBIX, AHAJIOTUYHBIE TEM, KOTOPBIE €My JOCTYITHBI B TPAJUINOHHON CETH
cotoBoii cBsizu GSM/GPRS. [1]

B Ttexnonornu UMA TpeOyercsi NpUMEHEHHE IBYXPEKHMHOTO
moyp3oBaTenbckoro  TepmuHama  WI-FI/GSM, kortopslif  mo3Boser
MIPEAOCTaBIIATH YCIYTH MEPEAadn PEUH, TaHHBIX, a Takke ycryra IMS kak B
cetu CIIC crannapra GSM/GPRS, tak u B cet panuonocryna (WI-FI win
Bluetooth).

Ucnonb3oBanne UMA yiydliaeT KauecTBO PaIUO-IIOKPBITHUSA IPU
JIOCTAaTOYHO HHU3KOM YPOBHE 3aTpaT IO CPaBHEHUIO C TPAAUIMOHHBIMHU
meronamu. Ilmrocom sBisseTcs TO, uTro Hcnonab3oBanue WI-FI cBs3u B
MTOMEIICHUIX OOOWAETCS omepaTopaM JemieBie, deM mnpumeHeHne GSM-
cBs3u. [losinenne texaomorud UMA OBIIO B TOT IMEPHOA BPEeMEHH, KOTIa
He OBUI0O KOHKYPEHTOB B O00JaCTH pean3allid KOHBEPTEHTHBIX YCIYT,
CJIeI0BaTENIbHO, MHOTHE OTIEPaTOPbl NPUHUMAIIH MOJO0KUTEIBHOE pEIIeHHE
OTHOCHTEIIEHO €€ WCIIONIb30BaHMs, HO C mosiBieHueM pemeHus IMS/VCC
BO3HHKNA mpoOieMa BBIOOpa MEXIy ABYMS BO3MOXKHBIMH CIIOCOOaMHu
npenocrasieHus yeayr FMC. [2]

Wuterpamuro yciayr cereil (UKCHpPOBaHHOW, MOIBIDKHOW CBS3U WU
cetei WLAN u co3gaHne TEXHOJIOTMYECKOH OCHOBBI IS POYMHHTa
PEKOMEHyeTCsl OCYLIeCTBISITh Ha 0aze oOmiei mmardopmel IMS, kotopas
TIO3BOJISIET MCIOJIb30BATh CIMHYI0 KOHBEPTCHTHYI0 KOMMYHHKALMOHHYIO
nH(PacTpyKTypy M BHEAPSATH NMPHUIOKEHHS, ((YHKINOHUPYIOUINE B PA3HBIX
ceTeBBIX cpenax. JlanHas mimaTdopma obecredyMBaeT agamnTadio yCIayr K
BO3MOKHOCTSIM  ITOJIb30BATEIBCKOTO 000pYAOBaHMSA, YHUGDHUIMPOBAHHBIE
ayTeHTH(UKAIMIO TT0JIb30BaTeNeH 1 TaprU(PHUKAIHIO BEI30BOB.

1. Csssuct. UWHpopmaimoHHbIH oOTpacieBoi moptan [DIeKTpOHHbIN
pecypc]. 2018. Pexum JocTymna:
http://sviazist.nnov.ru/modules/myarticles/article.php?storyid=1085

2. ComNews Conferences [DnekrponHsiit pecypc]. 2018. Pexxum gocryma:
http://www.comnews.ru/node/51932
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O.E. Openoyproga, JI.H. Cyrsaruna
[loBoKCKHMH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHUKALMA U
nHpopmartuky, . Camapa, Poccus

AHAJIM3 TPOBJIEM BHEJIPEHUS SLA
TEJIJEKOMMYHUKALIMOHHBIMHA OITEPATOPAMHA

B Hacrosiiee Bpems Ha PBIHKE TEJIEKOMMYHHMKAI[HOHHBIX YCIYT
0co00e BHUMaHHE CTallo Y/NATHCS BOIPOCaM OLIEHKH MX KadecTBa, KakK Co
CTOPOHBI KOHTPOJIUPYIOIIHUX U PETYIUPYIOIUX OPTaHOB, TaK U CO CTOPOHBI
OIepaTopoB CBs3H. Pa3paboTaHO HECKONBKO MOJEel OLEHKH KayecTBa
IIPEJOCTABIIAEMBIX TEJICKOMMYHUKAIMOHHBIX YCIYr. DTO Mpexae BCEero
cucteMsl QoS (Quality of Service) m QoE(Quality of Experience), koTopsie
MIPEACTABILIIOT CO00H pa3MuyHBIE MOAXOIBI K OLEHKE KauyecTBa yciyr. B
3THX MOJENAX Hapsmy C TEXHWYECKUMH XapaKTepHUCTUKaMH BBEIICHBI
JCTETHYECKHE W OITHYECKHE KPHUTEPHHM OIECHKH, KOTOpBIE MOTYT
MIPUMEHATBCS K PasiUYHBIM (YHKIMAM YCIYT, B 3aBUCHMOCTH OT BHJa U
yCIIOBUH NpenocTaBieHus yciayr. OgHako obe CHCTEeMBI OIIeHKH KadecTBa
MIPEJOCTABIIAEMBIX ~ TENIEKOMMYHHKAIIMOHHBIX  YCIYyT HE  IO3BOJISIOT
pEeryIupoBaTh OTHOIIGHUS MEXOY MOCTaBIIM KaMH U MOTPEOHTEISIMU
TaKHUX YCIyT.

O¢ddexTuBHBIM  HMHCTPYMEHTOM, TIO3BOJIIOIIMM  PETYJIHPOBATH
OTHOUICHHUS MEXJy NOCTaBIIM 'KaMH TEJIEKOMMYHUKAIIMOHHBIX YCIyr U
MOTPEOUTEISIMU 3THX YCIIYT, CTaja CUCTEMa TaK HAa3bIBAEMOT'O COTJIAIICHUS
06 yposue yciyr - SLA(Quality of Service Level Agreement)[1],
LEHTPaIbHOE MECTO B KOTOPOW 3aHMMAIOT [OKa3aTeNd Kade 'CTBA
oOciyxuBaHW W HOpMAaTuBBl A HuX. HopmarmBamm mokasareneit
KayecTBa  OOCIY)KMBAaHWS  SIBISIIOTCA WX  TPaHWUYHbIE  3HAYCHHS,
COTJIaCOBaHHBIE ~ MEXJy IIOCTaBIIMKOM M  TOTpeOM "TENeM  yCIyT,
OTIpe/IeIIAIONINE YPOBEHb 00CTy)KHBaHUs, KO TOPHIH OymeT obecriednBaThes
B paMkax SLA.

Cytp cormamenns SLA cOCTOWT B TOM, 4TO OIEpaTOp CBSI3M IS
KXIOTO BHJA TNPEIOCTABISEMBIX YCIyr pa3pabaTeiBaeT MIaOJIOHHI,
MTO3BOJISIIOIINE JIEMOHCTPUPOBATh M CYOBEKTHBHO OIICHHBAaTh Ka4deCTBO
TIPEOCTaBIIsIeMbIX yCiIyT. Kaskiplii mabaoH COOTBETCTBYET OIpeeTIeHHON
KOMOMHAIMM ~ MapaMeTpoB  KadecTBa  MNPEAOCTaBISIEMOM  yCIIyrd
(10OCTOBEPHOCTD, IIEIOCTHOCTD, 3a7€pKKa, DKUTTEP, 110JI0CA TPOIYCKaHMU,
CKOpPOCTh Ilepelaud M T.JI.) W Tapudy Ha JaHHYIO CyOBEKTHBHYIO
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XapaKTepUCTUKY KadecTBa yciuyr pasHoro tuma. Ilocie BbIOOpa
MIOJIF30BATEJIEM OIPEEeNICHHOTO MIabJoHa OIepaTopy CBS3H HEOOXOIMMO
moxo0paTe HabOp XapaKTEPUCTHK CETH COOTBETCTBYIOUIMX BHEIOPAHHOMY
1a0IoHy.

3a BrIMONHEHWE TpeOOBaHMI K MOKa3zaTensM KadecTBa B SLA
YCTaHABJIMBACTCS MaTepH "aJIbHasi OTBETCTBEHHOCTh. JTO O3HAYaeT, YTO B
ciy4asx HapyuieHust TpeboBanuii B SLA mnpemycmorpeHsl mrpad—Hble
cankiyy. Kak npaBuiio, oHM peaqu3yroTcs B BUJE CKUIOK WIN KPeIUTOB Ha
oOciy)kMBaHHE B CIEAYIOIIEM pacyeTHOM nepuone. MX pasmepsl TeM
OoJbllie, YeM Cepbe3HEH HapyIlIeHHWE, T.. YeM OOJIbIEe PAa3IUYAIOTCS
MEXIy c000if pealbHO [TOCTUTHYTOe H 3adukcupoBaHHOoe B SLA
HOpPMaTHBHOE 3Ha4YCHU MMoKa3arels kadecta. [[puuem, pasmeps mtpagos,
MPEeIyCMOTPEHHBIE B TPHMEHSAEMBIX Ha TmpakTuke SLA, CyIiecTBeHHO
pa3IHYarOTCS y Pa3HBIX TIOCTABIIUKOB YCIYT.

Jns  ycmemHoro HCIOJIb30BaHUS BO3MOXKHOCTEH cucteMbl SLA
BaXHOE 3HAUCHHE HMEET CHCTeMa YIpaBICHHA M MOHUTOpHHTa SLA,
OCHOBHBIMU 3a7JauaMU KOTOPOU sABIstOTCA[2]:

- MOHUTOPUHI M OLIEHKa IOKa3aTejed KadecTBa, BKIIOUYEHHBIX B
SLA;

- aBTOMATHU3alMs MOATOTOBKH OTYETOB 10 SLA 1111 KITHEHTOB;

- TIpeaynpexXJeHHe O BO3ZHHUKAIOIIUX yrpo3ax HapymeHus SLA mis
MIPUHATHS IPEIYTPETUTEIBHBIX Mep;

- ¢ukcauus Hapymenuit SLA ans ux yuéra IpyruMu CHCTEMaMH
OSS/BSS (6wmmiar, CRM 1 np.);

- MOHHTOPHHI Ka4yecTBa OOCITY)XKMBaHHSA ¥ BHIMONHEHUS SLA mms
YCITyT, IPEIOCTABIISIEMBIX TTAPTHEPAMH U [TOCTAB IIIMKAMHU YCIIYT;

- OICHKAa [JeATCNBPHOCTH  TOJApa3/ieieHHH  KoMImaHuu  (Tpu
npumeHern OLA).

Takum oOpazom, koumennus SLA TO3BOJIIET pemuTh TPOoOIIEeMy
OIIEHKH Ka4decTBa IMPEIOCTABIISIEMBIX TEJICKOMMYHHKAIIMOHHBIX YCIYT U C
TOYKA 3pEHHs TMONB30BAaTesI M € MO3WIMH  omepaTopa  CBS3W,
IpeaycMaTpuBas IPUMEHEHHE K TEICKOMMYHUKAIIHOHHOMY OIepaTopy
mTpadHBIX CAHKINHK 32 HeBbIoMHeHHe SLA.

1. ETSI - ETSI EG 202 009-3 VI.2/1.Template for Service Level
Agreement(SLA).01.2007.

2. Herec, B.A. Uto HyxHo mis ycnerHoro npumenenus SLA [Teker]/ B.A.
Herec, / T.Comm. TenexomMyHnukaruu u Tpancropt. T.9.- 2015. - Ne 2. - C. 16-19.
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A.A. Tletpyxun
[loBoKCKHMH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHUKALMA U
nHpopmartuky, . Camapa, Poccus

TMBPUIHOE INHPOKOBELIATEJIBHOE
TEJEBUIEHUE(HBBTV) C DVB-S2X

BonbIIMHCTBO CTpaH, KOTOPbIE UCHBITAIN CIO0XKHOCTh IEepexoaa OT
AHAJIOroBOro K IU(POBOMY BEIIAHHWIO CTOMUT 3aJyMarhCs, a CTOUT JIH
OCTaHaBJIMBAThCSl HajJ NOCTHIHYTHIM, BEIb IOCIE «UU(PPOBHU3AIMNY», MBI
MEPEXOUM K CICAYIONICH CTYIIEHH — 3TO «Tubpuan3anuny. [ mopuanzanus
OTKpBIBAET HOBBIC JABEPU K OOBEIMHEHHIO BO3MOXKHOCTEH TEJIECBUACHUS U
TEXHOJIOTHH INPOKOMOIIOCHBIX ceTell mepenaun qaHHbIX. OIHAM U3 SIPKUX
MPUMEPOB, MOXKHO BBIICTUTH cTaHmapT HbbTV. JlanHberii crasmapt
npeacrasiseT cymmy DVB u nnTepHETa B 0THOM BUJE.

Paccmorpum DVB-S2X, kak cnaraemoe B ucrnonbs3zoBanun HbbTV.
Bo3MOXXHOCTH 3THX ABYX ClIaraeéMbIX MPEACTABISET IUPOKUH CIIEKTP, KaKk
WHTEPAKTUBHBIX CEPBHUCOB, TaKk W rpadudeckoro mHTepdeiica. DVB-S2X
MI03BOJISIET UCIIOIB30BaTh IPOBEPEHHYIO CXEMY IPSAMON KOPPEKIMH OIIHO0K
(FEC) LDPC B couerannn BCH FEC B kadecTBe BHEHIHEro KOAa,
oOecrieunBasi TEM CaMbIM CJIEIYIOIINE JIOTOJHUTEIbHBIE AIIEMEHTBI:

— Menbmue onmuu 3aTyxaHus Ha ypoBHe 5 u 10 mporeHToB (B
nononuenue k 20%, 25% u 35%, nocrynusim B DVB-S2);

— bBosee Tounas rpaganus ¥ yBennueHHE KOJMUYECTBA BUJOB MOIYIISIMN 1
KOJIMPOBaHMUS;

— HoBblii TakeT ONIuK A1 TUHEUHBIX U HEJIWMHEHHBIX KaHAJIOB,

— JlononHWTENbHBIE ONIMHM  CKPEMOJIMPOBaHMS  JUII  KPUTHUECKHX
CUTYaIMH C TOMEXaMH OT COBMEIIEHHOTO KaHaJa;

— CkienBaHHE KaHAIOB — JI0 3;

— Tlommepxka omepanuii ¢ o4eHb HU3KUM K03 durmenrom SNR — mo -10
dB SNR

—  Omnuus «Cynep-kaap» (Super-frame option).

B crampmapre mpuHCYTCTBYIOT TpH 3HadeHHs Kod((UIMEeHTa
ckpyraenust criekrpa 0,15, 0,1 u 0,05, yto maer Gonee MPSIMOYTOJILHBIN
CHEKTp CHTHaJa Ha BBIXOJE MO3BOJMT YBEIMUYUTh CUMBOJBHYIO CKOPOCTb
Hecylle B CTBOJIE CIHYTHUKOBOIO PETPAHCIATOpPAa U IOBBICUTH TaKUM
00pazoM ero NpoITyCKHYIO CIIOCOOHOCTb.
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[Tpn onwmcanubIX BhIIIE mMpeumylnectBax DVB-S2X, moxHO cmerno
yrBepkaaTh, uro HbbTV ommmuno MoXxHO wucmomb3oBath ¢ DVB-S2X
(BBICOKOE KauecTBO M OTPOMHBIN HHTep(eiic).

1. JlokmmH, JXXypHan TeXHOJOTMH W cpeicTBa cBs3H #6. CrenuaibHbBIA
BhIyck "CryTHHKOBas cBsi3b ¥ Bemjanue" [Tekcr] / Jlokmmu: M3narensckoro goma
"I'porex", 2017. — 24 c.

2. AnemnH, «TEJIE-CITYTHUK» Nel2(206). OmbiT npuema rHOPHUIAHOTO
tenesuaeHus HbbTV=DVB+Internet [Tekcr] / Anemmn: HM3marenbckoro goma
"I'porex", 2012. — 81-85 c.

0.0. [InaToHoBa
IToBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEICKOMMYHHUKALMM H
nndopmaruky, r. Camapa, Poccus

IHAPAMETPBI JATUUKOB AJI1 ONEHKHW CAY U
MOJEJIMPOBAHUA

CucteMbl aBTOMAaTHYECKOTO  YNPABIECHUS W KOHTPOJA HIPAaIOT
Ba)XKHYIO pOJIb B 00ECIIEUCHNH UX HaJeKHOM 1 Oe301acHON paboTHI.

B cucreme ymnpaBneHHs TEXHOJIOTHYECKOW YCTAaHOBKOHM CHSATHE
TEKYLIUX I0Ka3aHUIl HEKOTOPOM BEIMYUHBI — TEMIIEPATYpPbl, BJIAXKHOCTH,
JIaBJICHMs, YPOBHS >KMJKOCTH, HAIPSDKEHUs, TOKAa OCYILECTBISIETCA C
NIOMOIIBI0 JAaTYUKOB — YCTPOWCTB U MEXAHWU3MOB, NPEAHA3HAUYECHHBIX IS
mpeoOpa3oBaHUsl CUTHANa BHENIHETO BO3JEHCTBHA B (HOpMy, HOHATHYIO
CUCTEME YITPABIICHHM.

Bce partumkm gensaTcs Ha OBa OCHOBHBIX Kiacca: [laccuBHEIE,
KOTOPBIE HE HYXJAIOTCS BO BHEIIHEM HCTOYHUKE DIJIEKTPODHEPIUH, U B
OTBET Ha BXOJHOE BO3JACHCTBHE TE€HEPHUPYIOT JIIEKTPUUYECKHHA CUTHAIL.
[lpumepaMn TakMX MJaTYUKOB SIBISIFOTCS TEPMONAPHI, (OTOAMOIBI U
MbE303JEKTPUUECKUE UYBCTBUTEIbHBIE 3JIEMEHTHL.  AKTHBHBIE, KOTOPBIE
TpeOyIOT 11 cBOoel pabOThl BHEIIHMH CHUTHAJI, Ha3bIBAGMOW CHUTHAJIOM
B030yx1eHms. [ToCKONBKY, TaKue JaTYMKH MEHSIOT CBOM XapaKTEPHCTUKU B
OTBET  HAa  H3MEHEHHWE  BHEIIHUX  CHUTHAJIOB, MX  Ha3bIBAIOT
napamerpuueckumu. IlpuMepamMu  aKTUBHBIX  JaTYMKOB  SIBJISIOTCA
TEPMOPE3UCTOPBI, CONPOTUBIEHUE KOTOPBIX MOYKHO BBIUHUCIHUTH IIyTEM
MIPOIIYCKAHUs Ye€pPE3 HUX IEKTPUUECKOTO TOKA.

PaccMoTpuM  akTHBHBIE  JATYMKH. Te€pMOpPE3UCTOPBl  UMEIOT
COINPOTUBJIEHUE, 3aBUCSAIIEE OT TeMIEpaTypbl. TepMOpPE3UCTOPHI B KAYECTBE
JaTYNKOB UCIIONB3YIOT IBYMSI CrIoco0aMu:
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— TeMmmeparypa TepMOpe3HCTopa OIpeaenseTcd OKpy Karoulei
cpenoil. Tok, mpoxoaauinil yepe3 Hero, HaCTOJbKO Maj, YTO HE BBI3BIBAET
HarpeBa CaMoro TepMOpe3ncTopa. IIpum 3TOM YCIOBHH TEpMOPE3UCTOP
UCTIONB3yeTC  KaK  JAaT4uK  TEMIIEpaTypbl M YacTO  Ha3bIBACTCS
«TEPMOMETPOM COIIPOTUBIICHHS;

— TeMmeparypa TEpPMOPE3NCTOpPa OIpPEAETIACTCS CTEICHBIO HarpeBa
MIOCTOSIHHBIM TI0 BEJIMYMHE TOKOM U YCIOBHSIMU OXJaXJeHHd. B stom
Clydyae YCTAaHOBHBILASCS  TeMIepaTypa OIpelessieTcss  yCIOBHAMU
TEIUIOOTAAYM IOBEPXHOCTH TEPMOPE3UCTOpa (CKOPOCTBIO  JIBUXKEHUS
OKpy)Xarolled cpexpl — Tra3a WIH JKUAKOCTH — OTHOCUTENIBHO
TEPMOPE3UCTOPA, €€ IUIOTHOCTBIO, BA3KOCTBIO M TEMIIEPATypoOil), MOITOMY
OH MOXET OBITh HCHOJNB30BaH KaK JaT4MK CKOPOCTH  IIOTOKa,
TETUIONPOBOAHOCTH OKpYy>Karouien Cpensl, IUTOTHOCTH ra3oB.
TepMope3nucTopsl M3rOTABIMBAIOT KaK W3 UYHCTBIX METAJUIOB, TaK H M3
MOJTYNPOBOJHUKOB. Marepuan, W3 KOTOPOTO H3TOTABIMBAIOTCA TaKHe
JaT4YNKH, JOIDKCH 001alaTh BBICOKHM TEMIIEPAaTYPHBIM KO3(h(HUINEHTOM
COIIPOTHBIICHHS, o BO3MOXXHOCTH  JINHEHHOU 3aBUCHMOCTBIO
COIIPOTHBIICHHS OT TEMIIEPATyPBhI, XOPOIIEi BOCIIPOU3BOAUMOCTHIO CBOMCTB
1 MTHEPTHOCTHIO K BO3/ICHCTBUSM OKpY’KaroIiei Cpeibl.

PaccMoTpeHHbIe naTuuMku BXOAAT B cocTaB cucteMbl CAY, Tem
caMbIM 00€CIIEeYHBAIOT KOHTPOJIb BHCHTHUX BO3MyHIeHHﬁ. Taxxe Bo3MOKHA
HacTpoiika komreHcarmid. [lns HopManbHOH pabotel CAY He00X0quMMO
MPOM3BECTH MOJEIMPOBAHUE BCEll CHUCTEMBI C y4eToM pa30pocoB
rapamMeTpoB JaTIYUKOB.

1. ummapés, B. 0. ABromaruka: yuaeOnux s CIIO/ B. 1O. Hnmmapés.
— 2-e u3A., ucnp. u gon. — M.: U3parensctBo HOpaiir, 2018. — 284 c. — (Cepusi:
[Ipodeccnonansroe obpazoBanne). — ISBN 978-5-534-05168-1;

2. . Burne6. latauku. YcrpoiicTBo u npuMmeHeHne. Mocksa. M3narenscTBo
«Mup», 1989

Bb.B. Ilonos, B.b. Ilonos
IToBOJKCKUI TOCYNapCTBEHHBI YHMBEPCUTET TEJIEKOMMYHMKALUMH U
nHpopmatuky, . Camapa, Poccust

HCCIEJOBAHUE XAPAKTEPUCTHUK )KEJIE3HOZOPOXKHbBIX
KABEJIEA CBA3U HOBBIX KOHCTPYKIIUI

B HacTodIlee BpeMs Ha eIIPIHOﬁ CCTU DJICKTPOCBA3HU Poccun
HCHOJIB3YIOTCA B OCHOBHOM  BOJIOKOHHO-OHNTHYCCKHUEC kabenu CBA3H,
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oOnajaromue o4eHb BBICOKOM MPOIYCKHOM criocoOHOCThI0. BMecte ¢ Tem
,Ha BEJIOMCTBEHHBIX CETAX JUIA PEHICHHS TEXHOJIOTHYECKHX 3ajad emeé
JOCTaTOYHO INHPOKO MPHMEHSIOTCS CHUMMETPUYHBIE KaOeIH C MEAHBIMHU
KHUIIAMH.

B nacTosimei padore paccMaTpUBarOTCSI OCHOBHBIE XapAKTEPUCTUKU
CHUMMETPHYHBIX Kabelell C IDICHKO-TIOPUCTO-TUICHOYHOH — M30JLIIHEiH
YeTBEPOYHOI KOHCTpyKuMu mnpousBozacTBa npeanpusitus AO «Camapckas
KaOeJbHas KOMIIaHUs», pa3paboTaHHbIE KOMIAHWEH JJISI POCCHHUCKUX
XKeJe3HbIX Jopor. Ha ceromHsImHuil AeHb 3TOT THUN H30JIALUHN SBISAETCS
CaMbIM COBPEMEHHBIM B Ka0eJIbHOW TEXHHKE, KaK M0 KOHCTPYKTUBHBIM, TaK
U TO JAUDJIEKTPUYECKUM XapakTepucTukam. He cimy4yailHO B Kkabensx
CTPYKTYPHPOBaHHBIX  KaOeNbHBIX CHCTEM 6 W BBbILIE KaTeropui
MIPUMEHSETCS TONBKO 3TOT TUI U30JIALUH.

Baxneime 3I€KTpUYECKOM XapaKTEPUCTHKOW, 3aBUCSIIIEH OT
KOHCTPYKIIMH N30JMPOBAaHHOW JKWJIBI M KaOens B LEJOM M BIMAIOIIEH Ha
BEeNMMYMHY KO3(GQUIHECHTa 3aTyXaHWs M BOJIHOBOTO CONPOTHBIICHHS,
sBisiercst pabodas EMKOCTh Cpes. UeMm cTabuipHee BenM4YMHA padoueiH
éMKOoCTH, TeM cTaOwibHee M BEIMYMHA BOJHOBOTO CONPOTHBICHUS Zs,
XapakTepu3ymwlllas  OJHOPOJHOCTh  JMHEHHoro  Tpakrta. Ilpaktuka
IIPOU3BOJICTBA BBICOKOYACTOTHBIX KaOenel 4eTBEPOYHON KOHCTPYKIMHU B
AO «CKK» moka3piBaeT, 4TO HaWOOJbINEH CTAaOMIBLHOCTBIO paboueit
€MKOCTH, a CJEIOBAaTENbHO M JIPYTHX D3JEKTPUYECKHUX XapaKTEPUCTHK
00a1ar0T Kabemnu ¢ IIEHKO-TIOPUCTO-TUICHOUYHOH H3oiisiiueil. OOyCIIoBIICHO
9TO TEM, YTO STOMY THUILY U30JILUH, B OTJIMYKME OT JPYTUX THUIOB, IPUCYILA
MOBBIIIEHHAs: OJAHOPOJHOCTb. M30mAnust SKHIABI COCTOMT H3  Tpex
KOHIIEHTPUYECKHX CIOEB MOIMATHIIEHa HU3KOH miuoTHocTH . HapyxHblil n
BHYTPEHHHUI CJIOM MPEJCTABIAIOT COO0H CIUIOMHOE TUIEHOYHOE MTOKPBITHE.
Mexny HUMH PACIIOIONKEH OCHOBHOM MPOMEXKYTOUYHBIM CIION , UMEIOLIMHA
BCIICHEHHYIO (TIOPUCTYI0) CTPYKTYpY. V30115 OKpaleHa B YeThIpe [BETA!
KpacHbIW, 3eJE€HBIM, XENTbIH M CUHUUA. [IurMeHT BBENEH B HapyXHOE
I€HOYHOE TOKphITHE. [loBRIIIIeHHAs TeoMeTpHUecKass W JUIJIEKTpUUecKast
OTHOPOJTHOCTH M3OJIIIMK OOYCIIOBIICHA aBTOMATHYECKUM PEryIHpPOBAHUEM
JMaMeTpa, NOTOHHON EMKOCTU U SKCLEHTPUCUTETA U30JIMPOBAHHOM JKUIIbI B
mporiecce e€ N3rOTOBJICHHS Ha SKCTPYyAepe.

JIs onieHKH CTAaOMITLHOCTH pabodeil EMKOCTH OBLTH CTATHCTUYECKH
oOpaboTanbl pe3ynbTaThl M3MepeHust 40 CTPOMTENBHBIX UIMH Kabens ¢
IUIEHKO-TIOpUCTO-TNEHOUHOH M3osiimeit Mapkun MKIInAILm - 4X 4% 1,2. B
pesynbrare odOpadorkn 320 3HaueHuit paboueit EMKocTH Cpis OKa3alIoCh:
cpennee 3HaueHHe Cpe=24,3 HD/KM TpH  cpeIHEKBaAPATHUECKOM
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otkioHenuu 0,36 HD/kM. DTH pe3ynbTaThl N3MEPEHHUS TO3BOJISIIOT CAENATh
BBIBOJI O BBICOKOW I€OMETPUYECKONW U JUAIEKTPUUYECKOW OAHOPOJHOCTU
M30JINPOBAHHOM XHJIBI U KaOems C IUIEHKO-TIOPUCTO-TIIEHOTHOW M30JIIIHEH
B IIETIOM.

B pabote nmpuBOASTCS pE3yNbTaThl NCCICAOBAHMSA BaKHEHIINX IS
XKEJE3HBIX JOPOr IMapaMeTPOB B3aHMHOTO BIHMSHHUS MEXAY LEMAMH Ha
OJIDKHEM M JTAJIbHEM KOHIIAX, a TAKXKe JJIEKTPUUECKON MPOYHOCTH Kabes ¢
IUIEHKO-TIOPUCTO-TIJICHOUHON M30JIAIMEeNH METHBIX JKHIL.

B.J. CaBuues, 1.B. ®&nopos
IToBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEIEKOMMYHHUKALMM U
nndopmaruky, r. Camapa, Poccust

IPOBJEMBI PA3BBUTHS TEXHOJIOT AU «YMHBIH 1OM»

BceneactBue  pa3BUTHS — TEJIEKOMMYHUKALMOHHBIX — TEXHOJOTUH
mosiBUIach HoBas  cdepa, HaspBaeMas HtepHer Bemedt. M1 omHO U3
HaIlpaBJICHUN €€ — TEXHOJOTHs « YMHBIN JJOM».

YMHBII 10M — efHAas CUCTeMa YIPaBJICHUS B 3[JaHUH, BKIIOYAOIIAS
B ce0s JaTYMKH, YIPABISIONINE JIEMEHTHI U UCIIOJHUTENbHBIE YCTPOMCTBA.
JlaHHas cucTemMa CHocoOHa BBIMOJHATh JCHCTBHS IO  OOCCIICUCHHIO
MTOYKapHOH M OXpPaHHOM OE30MAaCHOCTH, IO 3aI[UTe OT YTEYKH ra3a M BOJBL, U
pemaTh TOBCEAHEBHBIC 3aJadd 0Oe3 ydJacThs 4YelOBeKa, TaKhe Kak:
MOJ/IepKKa  OJIATOTMPHUATHOTO MUKPOKJIAMAara B JIOME, aBTOMAaTHYECKOE
YIPaBJIEHUE TEXHUKOU U T.1I.

Ho, HEecMoTpst Ha mepedrcleHHbIe TPEUMYIIECTBA, CYIIECTBYET PSI
mpobjeM, u3-3a KOTOPBIX MPOUCXOMUT MEJICHHOE pa3BUTHE JaHHOU
TexHonoruu. HabmonarTes Takie NPUYrHBL, Kak:

1. Beicokas 1ieHa, KaK CHCTEMbl, TaK W MOHTaXHBIX PabOT — Ha
CETOIHAIIHUN JICHb 3TO OJTHA U3 [IABHBIX MPOOIIEM.

2. Tlnoxas  OCBEIOMIICHHOCTh  TOTCHIMAIbHBIX  KIHEHTOB  —
MOTpeOUTEN HE IO KOHIA MMOHWMAIOT, JUIS Yero HY)KHBI YMHEIC
JI0OMa 1 KaKUM 00pa3oM OHU CITIOCOOHBI YIIPOCTUTH JKU3Hb.

3. BO03MOXKHOCTH B3/I0Ma CHUCTEMbI — Kak Obl pa3pabOTYUKH He
COBEPIIEHCTBOBANIM 3aIUTy OT B3JIOMa CHUCTEMBI, B CBSI3U C TEM,
YTO OHAa TMOJAKIIOYEHA K WHTEPHETY, PUCK 3axBara YIpaBJICHUS
3JIOYMBIIIUICHHUKOM BCET/Ia PUCYTCTBYET.

Pemenne o3tux w Apyrux 1poOieM TO3BOJNIMT — YBEIUYUTH
KOJIMYECTBO BHEJPEHUH JAHHOW CHCTEMBI. JTO HPUBEIIO OBl K MOBHIIICHUIO
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0e30MacHOCTH KHU3HH HACEJCHHS W YIPOIICHUIO MHOTHX OBITOBBIX
HPOLIECCOB.

1.Wntepuer Bemei: ydebHoe mocobue [rexcr] / A.B.Pocmsixos, C.B.
Bansmmn, A.JO. I'pebemkos.— Camapa: III'YTH, 2015.- 293-300c.

K.E. Caneiiknna, K.C. CiunieHuyk., A.A. ®uimMoHOB
[loBoyKCKHMH TOCYNapCTBEHHBI YHHMBEPCUTET TEIEKOMMYHUKALMA U
nHpopmartuky, . Camapa, Poccus

OLIEHUBAHUE UMITYJIbCHOM XAPAKTEPUCTHUKH B
CUCTEME OFDM

B coBpeMEHHOM MHpe NOCTOSIHHO BO3pacTaeT NOTPeOHOCTh B
yciayrax TenekoMMyHHKauuil. Jlns oOecrieueHHss MOCTOSHHO PacTyIIMX
TpeOOBaHMII K CHCTEMaM CBSI3M HEOOXOAMMO BHEIPEHHE CICIHAIbHBIX
BU/I0B MOJYJISALIMH ¥ ITOPUTMOB 0OpPaOOTKH CHT'HAJIOB B MECTE IIPHUEMA.

TexHONOTHA OPTOTOHANBHOTO YACTOTHOTO MYJBTHUINIEKCHPOBAHUS
(OFDM) nony4uia mMpoKoe pacnpoCTpaHeHHE B COBPEMEHHBIX CHCTEMaXx
cBs3u. Paccmorpum  gopmupoBanne OFDM-curnama Ha mepenaromeit
CTOpOHE: MOTOK IOCIIEA0BATENbHBIX HHOOPMALMOHHBIX CUMBOJIOB JIEITHTCS
Ha Onoxu w3 N cumBonoB. Kaxiplii Takoil OJIOK TOCIHENOBATEIbHBIX
CHUMBOJIOB IIpeoOpa3yercss B OJOK MapajuleldbHBIX CHMBOJIOB. [lanmee, ¢
moMomipio  omeparu  OBII®, Kkaxaplii CHMBOJI  NEPEHOCHTCS Ha
oIpeJeNieHHYI0 4acToTy. Takum oOpasom, Gopmupyercs OFDM-cumBoi ¢
N-moanecymumu.

Jnst  TIOBBIMICHHMS TPOIYCKHOM CIIOCOOHOCTH  CHCTEM  CBSI3H
TpebyeTcsi yBenmueHWe cCrekTpanbHol sddekrtuBHocTH. B Kanamax c
BPEMEHHBIM PACcCEsSHHEM NPH BBICOKOH CKOPOCTH HEPEJaHHBIX MPH IIPHEMe
curHaima Bo3HHKaeT 3(ddexT MexcumBonbHOW uHTepdepenunn (MCH).
Takue xaHanbl XapakTepU3yrOTCa ATUHHOM nmamsTtu kaHana M. Ha xaxnasriit
npunumaemMblii orcuer OFDM-cumBona, Oynmer oka3piBaTh BO3JCHCTBHE
Kaxaplit n3 (M-1) mpemecTByIOMmuX oTcueToB. B kaHanmax ¢ paccestHueMm (¢
MaMATBIO) ISl pemeHus NpobjeM AeMOIyNISAINH HEoOXOTUMO 3HAHHE
HMIYJIbCHOM XapakTepucTuku kaHaia (MX), 9ro MoxeT OBITh JOCTUTHYTO
BcraBkoit B OFDM-curnas, Tak Ha3bIBAEMBIX, MTUIOT CHMBOJIOB, H3BECTHBIX
Ha TIpHeMe.
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Ecnmu  ummynscHast — XapakTepHCTHKAa  KaHalla  ONpenessieTcs
orcuetamu fg, hy, o By, TO Ha TpHEMHON CTOpOHE BEKTOP OTCUETOB
MIPUHAMAEMOTO CUTHAJIA 3aMUIIETCS B BHIC:

Z =UH+W,
rae Z — BEeKTOp OTCYETOB NPHHMUMAaeMoro curxana; U — MaTpuna oTc4eToB
orubaromreit nmepenasaemoro OFDM cumsoma; H = [hg . by 1 —
BEKTOP OTCUETOB HMITYyJIbCHOH XapakTepucTuku; W — BEKTOp IIyMOBBIX
0TCYEeTOB ITyMa. Bocmonbs3yemMcs METOI0M HAMMEHBIINX KBAaApaToB [1] ams
OILIEHKH UMITYJIbCHOH XapaKTePHCTHKH:
H. = (UTR- Uy tzr-tuT,

rme R™' — wmarpuma BecoB s 3amaum oneHuBaHuA. 3HaueHms U
(OpMHUPYIOTCS U3 U3BECTHBIX Ha IIPHEME OTCUETOB IMMJIOT-CUMBOJIA.

[peamnonoxum, 4To Ha KAKOM-TO WHTEpBase ObLIH IepeIaHbl MUI0T-
CHUMBOJIBI, U OBIJIO IPOU3BENICHO U3MEPEHNE UMITYJILCHOM XapaKTEePUCTUKHU.

ITyreM MHOXECTBEHHBIX Mpe0oOpa3oBaHUN MOJy4aeM aJrOpPHTM
BBIYKMCIICHUH OLEHKH uUMIyJbcHOW Xapaktepuctukn OFDM-curnana
METOJIOM HaUMEHBILUX KBaJIPaTOB:

Hierr = Hie + Upry Riy " Ry Uiy T By — Ui H),
rae k+1 — oOGvem BBIOOpPKH. TakuM 00pa3oM, HOBOE 3HAYEHHE OICHKH
BBIUHCIIAETCS C HCIIOIB30BAHMEM CTapoii oneHkn Hy.

[IpoBommiioce MomenupoBanue cxembel npuemMa OFDM curnama B
KaHalaXx ¢ namiaTeio B makere Matlab. s ouleHKH WMITyJIbCHOM
XapaKTepPUCTUKU KaHala CBSI3M HCIHOJIB30BAJICS METOA HAMMEHBIINX
KBaZpaTroB. MojelupoBaHHe NPOBOAWIOCH JUIA MOAENH KaHala cC
aJINTHBHBIM O€JIBIM TayCCOBCKMM IIYMOM, MamsTelo KaHana M=4 u
HabOPOM OTCUETOB UMIYJILCHON peakrmu: fig = 2 + 3ithy = —0.3 + 0.3
ho =1+ L3i: hy = 1+ 3i.

Pe3ynbraThl MOAENMPOBAaHUS OLEHKH MUMITYJIbCHOW XapaKTEPUCTHUKU
METO/IOM HaWMEHBIUX KBAJAPaTOB TPHBEJCHB Ha pucyHke. OrleHka
METO/IOM HaWMEHBIIUX KBAJPAaTOB MPOBOJAMIACH IIPU Pa3HBIX OTHOIICHHSX
curHar/mym (OCHU): mpm OCH=1 HOpMHpOBaHHOE 3HA4YCHHE
CpemHeKBapaTHUeckol ommbku  coctaBiusger 9.66; mpu  OCH=15
HOPMHUPOBAHHOE 3HAYCHHE CPEJIHEKBAIPATHYECKOH OIINUOKH COCTABISIET
0.64.

Io pesynpraram MOJETMPOBAHMS MOKHO CAEJIATh BBIBOJBI, YTO IPH
MaJIBIX OTHOWICHUSX CUTHAI/IIYM CIEAYeT HCKaTh Oojiee ONTHMalbHbBIE
METO/bl C MEHBIINM 3HAYE€HHEM CPEIHEKBAJPaTHIECKON OIIMOKH OIEHKH
UMITYJIbCHOW XapaKTePUCTHKH KaHaja C TaMsThIO.
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1. Kapramesckuii B.I'. O6paboTka mpocTpaHCTBEHHO-BPEMEHHBIX CHTHAIOB
B KaHa/ax ¢ namsaTeio — M.: Paguno u cBsa3s, 2000, 272c¢.

K.A. Cytsarun
IToBOJKCKUH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHHUKALMU U
nndopmaruky, r. Camapa, Poccust

MOJIEJIb OBCJIYKUBAHUS OYEPEJIM B MHOT'OJIMHEMHOM
CMO C HEBOJIBIINM KOJIMYECTBOM
ABTOMATHU3UNPOBAHHBIX PABOYHUX MECT

Orta Mozenb paccMmarpuBaeTcs otHocuteabHO CMO, B KOTOPBIX
nMeeTcs HEOOJNBIIOE KOJIMYECTBO aBTOMATH3MPOBAHHBIX pabouMx MecT
(APM). Ilpmuem nmnsg mony4eHHUsA(TIPeTOCTaBICHUS) TpeOyeMou yciyrH,
HEOOXOAMMO HETOCPeICTBEHHOEe OOlIeHNe KIWeHTa M omepatopa APM.
Takoro Tuma ovepear BO3HUKAIOT B OTIENIeHUsIX cOepOaHKa, OTAEICHHIX

II0YTOBOM CBsI3H, MHOTO(YHKINOHAIBHBIX LEHTpax OKa3aHus
TFOCYAApCTBEHHBIX U MYHULIMIIAJIBHBIX YCIYT U Jp.
Camas u3BeCTHas MaTeMaTW4ecKas MOJENb OdYepenu -  BTOpas

¢dbopmyna DOpnanra. B cooTBeTCTBUM C Hel 3asBKka Ha OOCTy)KHWBaHUE
cHayanma oOpabaThiBaeTCsi KOMMYTAI[MOHHOM CHCTEMOW, a TOTOM C
HEKOTOPOH BEPOATHOCTBIO MOJXKET OKazaTbcss B ouepenu. Ilpum sTom
JIOITyCKaeTCsl, YTO IOTOK 3asBOK IPOCTEHIINH, a BpeMsl O0OCITy>KUBaHUS
nMeeT IoKa3zaTenbHoe pacnpenenenne. OIHaKo 3TO AaJIeKo He Tak.

B ¢dopmyne Opnanr-C Bblmagaer W3 BHIY BpeMs, B TeUCHHE
KOTOpOI'O  paccMaTpHBaeTcs Ipolecc OoOCTyXuBaHusi 3asBOK. [lo
yMOJYaHHIO 3TO 4ac HauOonpmel Harpy3ku (UHH), omnako Torma He
YUYUTBHIBAETCS BO3MOXKHAsi od4epenb, BO3HUKIIAS 10 Hactyruienus YHH.
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Kpome TOro, TpyaHO MPEnnojOXKHTh, YTO HAa MPOTSHKEHUHM daca 3arpys3ka
OKKETCsl CTAOMIIBHO CTAlMOHAPHOM, YTO OCOOCHHO CHIIBHO BIIMSIET Ha
pe3yIbpTaTH ipu Maio yrcie APM.

Jnst  BbIpaBHMBaHMS BpeMEHH nOpeObIBaHMS B OYEpedAd B
COOTBETCTBYIOIIUX  YUPSKACHHUSIX YCTAHABIMBAIOTCS TEPMHUHAJIBI IS
pacripesiesieHiss MOCeTUTENel M0 BUAaM 3aTpeOOBAHHBIX YCIyr. YCIyrH,
JUIS OKa3aHHs KOTOPBIX TPEOYETCs 3HAYMTEIBLHOE BPEMsl, 0OCTYKHBAIOTC,
M0  BO3MOXHOCTH, Ha  CICIHATU3UPOBAHHBIX  paboumx  MecTax.
BripaBHUBaHHE BpEeMEHH OOCTYKHMBAaHHS IPOU3BOAMUTCS BO H30EkKaHHE
JUITUTCIIBHBIX  33JePXKEK B OOCITYy)KUBAHHM, KOTOPHIC BO3MOXKHBI MpHU
MOKa3aTeJIbHOM  pacmpeieicHud. TakuM  o0pa3oMm, 3a  TMOHSITHEM
IoKa3aTebHOE paclpe/iesieHue, B CYIIIHOCTH, CKPBIBAIOTCS JIBa IpoIlecca:

- 3aKOH paclpe/Ie/ICHUs] BpeMEHH 00CTY)KUBaHUS 3asIBKHY;

- 3aK0H (TOPAAOK) ocBOOOXKIeHsT APM.

Ilpy  NOTCHIMANBHOM  3aKOHE  paclpelCiCHUs]  BPEMEHHU
0o0CIy)HMBaHHsSI W  YHHUBEPCAIBHOCTH pabOYMX MECT MPAKTUYECKU
OMHO3HAYHO OTIAJACT BOIPOC O 3aKOHE paclpejeieHuss MOMEHTOB
0CBOOOXK/IEHHsT PabOYMX MECT WIIM OKOHYAHHUSI BPEMEHH OOCITY)KHBaHHS
kauenta.  CymectByeT  ¢opMmyna A ONPEACICHUS  MOMCHTOB
0cBOOOXKIeHUs TPUOOPOB 0OcTyKuBarwus [1]:

q, ) =(vt/hy) =1/ jree-ViUh
)
rae V- KoJMIecTBO 00CITyKUBAIOIINX MOTOK 3asiBOK (APM);
h - cpenHee Bpemst 00CITyKUBaHHS OJIHOU 3asIBKH;
g, (t) - BeposTHOCTH OCBOGOXK/IEHNS HA MHTEPBAJIE BPEMEHH.

ITo KOHCTpYyKIHMH - 3TO Ta ke popmyia [lyaccoHa, 1is mpoCTEHIero
3aKOHa pacHpeiesieHHs IOCTYMAONIMX 3afBOK Ha OOCITyXKHBaHHE.
HerpynHo mokaszaTh, 9TO TIIOTOK OOCTYKEHHBIX BBI30BOB HE HMEET
CaMOCTOATENIBHBIX XapaKTEPUCTUK, a TMOBTOPSET 3HAYEHMS BXOJSAILETO
MIOTOKa C 33/IEPXKKOH Ha BpeMs oOcimykuBaHus. [Ipy HaIM4IMy TepMUHAIOB
Ha pEryJIMpPOBaHMU OYEpeId BO3MOXKHO MIOMYIIEHHE, YTO 3asABKH OYyIyT
00CITy)HMBaTbCs CTPOTO IO Mepe HX IOCTyIuleHHs. Torma BO3MOXHO
IIPOU3BOJIUTHL pacueThl OCHOBHBIX XapakTepucTuk CMO c oxugaHuem no
(dopmyse, OCHOBaHHONH Ha COBOKYITHOCTH IHCKPETHBIX pPACIpeesiCHHH -
ITyaccona m mpuBeaeHHON BbImIe (OPMYNbI MOTOKAa OcBOOOXIeHHWHA. [lpn
TakOM TIIOAXOJ€ YYHWTBIBAETCS BpeMS, Ha MPOTSDKEHHH KOTOPOTO
paccMaTpUBAETCS BEPOATHOCTh ITOCTAHOBKU 3asiBKU B OUYEPElb, TEM CaMbIM
MOJKHO aHAJIM3UPOBATH AMHAMHUKY BO3HUKHOBEHUS W U3MEHEHHUS OYEePE/IN.
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Pacuerbl cTaHOBsATCS OoJiee CIOXHBIMHM, TaK Kak B Mpejele,
HEOOX0ANMO MIPOMU3BECTH IVCKPETHYIO CBEPTKY IBYX
[OCJIE/IOBATEIBHOCTEH: PACIPENCIICHHST BEPOSITHOCTEH IOCTYIUICHUS |
3as51BOK 3a BpeMs t U 3aBepIucHHsT 0OCITy)KMBAHHS | 3asBOK 3a TO XK€ CaMoe
BpeMms.  JlampHeHmnid  aHanM3  OPOU3BOAUTCS €  NPUMEHEHUEM
UHTEepBaNbHOrO Merona[2]. VHTepBan NPHHUMAESTCS PABHBIM CPEAHEMY
BpeMeHH OOCIy)XHBaHUs OnHOW 3asBku - h. Jlnsa cokpamienus oGbema
pacueToB gomyckaetcs norpemsocts 0,01.

1. Kopupmmes HO.H. 3agaunnk mo teopuu TeneOHHBIX W TelerpagHbIX

coobmenuii. /IO.H. Kopuemmes, H.II. MamontoBa — Opecca: Opnecckuit
JNEKTPOTEXHUUECKUH HHCTUTYT cBsi3u uM. A.C [lomoBa, 1974 r.- 135 c.
2. Jluxtuuepep b WHrepBanbHBIE  MeTon aHanmm3a Tpaduka

MyJIbTUCEPBUCHBIX  ceTeil  manHbiXx / B.S.  Jluxtouamep  [ToBoskckuit
TOCYJIapCTBEHHBIIl YHUBEPCUTET TeJIEKOMMYHHKAIMK 1 nHpopMatuky, 2015 r. — 121
c.

A.A. Kucenes, K.A. CyTsarun
[ToBoyKCKMH TOCYNapCTBEHHBI YHHMBEPCUTET TEJIEKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

AHAJIN3 BAPUAHTOB OPTAHU3AIIMU YIIPABJIEHUSI
TEXHUYECKOM YKCIIJTYATAIIMEN
TEJIEKOMMYHUKAIIMOHHBIX CUCTEM

ViopaBiieHue TEXHUYECKOM SKCIUIyaTaluedl SBISETCS BEPIIMHON
MUpaMUbl, B COOTBETCTBHE C KOTOPOH CTPOUTCS CHCTEMa YIPaBIICHHSI.
[MupamupanbHble MOJEIM CTald IOMYJISIPHBL C MOSIBJIGHHEM ceTeil
crenyrommero  mokonenus  (NGN), HMEIOIIHX  YeTHIPEXYPOBHEBYIO
cTpykTypy. CreayromyM BapHaHTOM YeThIPEXYPOBHEBOW MOJIENH cTaya
Cetb ympaBiieHus: TenekommyHukaimsamu (TMN) ¢ wHBIM copepikaHHEM
YPOBHEH, M3 KOTOPBIX TOJBKO JIBA OTHOCATCS, HO CYTH, K 3aJadam
yhnpaBieHus TexHudeckod oskcmmyarammu cetd  (YTIC). OtmensHO
CYIIECTBYET CeMH ypoBHeBas Mozenb OTKphIThIX cucteMm (OSl). ITozxe
Obl1a paspaboTaHa cucteMa moyiepxku onepanuit (OSS), KOTOPYyIO TECHO
CBSI3BIBAIOT C CHCTEMOM mojepxkku ousneca (BSS).

Kaxngas u3 3THX Mojeneil MMeeT pa3jM4yHble apXUTEKTYphl B
COOTBETCTBUE C BBINOJNHSAEMbIMU (QyHKIMsAMH. Hampumep, OCHOBHBIM
npuniunioM TMN sBisieTcst obecliedeHre OpraHW3allMOHHOW CTPYKTYPHI
IUIT  TONYYCHHS  BO3MOXKHOCTH — B3aHMOCBSI3M  PA3IMYHBIX  THIIOB
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OTIEPAIIMOHHBIX CHCTEM W alaparypbl AJIEKTPOCBI3U C HCIIOIb30BAHHEM
CTaHAAPTHBIX TPOTOKOJIOB M wuHTep(deiicoB. OmHako 3Ta KOHIEIHA,
mosiBUBINAsics (paKTHUECKH TepBoi cpeam mokymeHToB MCO-T B cidepe
YIpaBICHUS] TEXHWYECKOH SKCIUTyaTalMed, HE COICPKUT MPUHIUIIOB
moIxo/1a K ornpeneneHuro crpareruit YTIC.

B xonmenimu cucremsr OSS/BSS mopo6HO OMHCHIBACTCS COCTaB H
OCHOBHOE Ha3Hau€HHE INPOrPaMMHBIX MOJYJEH, KOTOpble 00eCleuynBaoOT
MOJIJIEPIKKY CIEAYIOIINX Oleparunii:

1) yIIpaBJieHHe HEHCIPAaBHOCTSIMH: JIaHHBIE CHCTEMBI
ABTOMAaTH3HPYIOT OOHApYKEHUE U yCTpaHEHHE HeHCIpaBHOCTEI yepe3 coop
aBapUIHBIX COOBITHI C pa3HOPOJHBIX CETEBBIX 3JIEMEHTOB;

2) ympaBlieHHE IPOU3BOAMTENILHOCTBIO: CHCTEMa  CHOCOOHA
OCYIIECTBIISITH COOP JAaHHBIX O NMPOM3BOANUTEIHHOCTH CETEBBIX HJIEMEHTOB,
BBIUHMCIIATE METPUKH, KOHCONWANPOBATH PE3yAbTaThl B LEHTPAILHOM
XPaHWINILE U TIPEIOCTABISTE OTIYETHI B PEAIbHOM BPEMEHH;

3) ympaBneHne KOHQUTypamusMH: B CHCTEME MOXET OBITH
peaan30BaHO aBTOMAaTHYECKOE OIPEACICHHE KOH(MUTYypaluh CETeBBIX
JJIEMEHTOB, AayIuT KOH(urypaumi, apxuBanmus KOHQHUTYypamud u
BEPCUOHHOCTH, OTCIIS)KUBAHNE N3MEHEHHH

4) monjepXKka CHUCTEM TEXHHUYECKOro Yy4eTa, 00ecredrBaroIInX
€IMHOe, TII0JIHOE W TOYHOE NpEJICTaBJIeHHEe aOOHEHTCKUX CEPBHUCOB,
JIOTHYEeCKUX U (U3MYECKUX pecypcoB cetd omneparopa. CucTembl
TEXHUYCCKOTO Yy4Y€Ta IMO3BOJIAIOT YHPABJIATH XKU3HCHHBIM IHUKJIOM J'IIO6OFO
CETEeBOI'0 pecypca, HauyMHAS C BBOJA B OKCIUTyaTallMI0 M 3aKaHUMBAs €ro
BBIBOJIOM,;

5) ymupaBieHue akTHBAIMeH YCIyr, TpeJHa3HAueHbIX Ul ITOJTHOM
aBTOMATH3aLMM IIpOLlecca AaKTHBAIMM, TIIOJKIIOYCHUS, OTKIIOYCHUS WU
KOH(UTYpHPOBAHMS yCIIyT aDOHEHTOB HETIOCPEJICTBEHHO HA 000PY/I0BAaHHH.
JlaHHBIE CHCTEMBI HCIIONB3YIOTCS KaK A aKTUBAlMM MAacCOBBIX YCIYT
(ILUTTA, VoIP, IPTV, T¢OII), Tak 1 IS CIOXKHBIX PEHICHUH (Hampumep,
VPN-ycnyr u 1p.).

Kpome nepeuncnenHbix Moayeit, B cucrembl OSS BxozsT:

- CHUCTEMa YHPABJICHHUA Kad4€CTBOM YCIYI' M COTJIAIICHUAMH 00
YPOBHE CepBHCa;

- cucrteMa ympaBlieHHs BbIe3mHBIM mepcoHargoM (Workforce
Management), kotopasi mpeAcTaBisieT co00# peleHuHe Ul aBTOMATHU3ALUH
mporecca ymnpaBlieHHs! pabOTOH «IIOJIEBBIX» WHXKEHEPOB, AWCIIETUYEPOB M
COTPYIHHKOB KOHTAKT-IIEHTPOB W TO3BOJIIET PEIIaTh aKTyalbHble OW3HEC-
3aJa4d, CBSI3aHHBIE C MOHHTOPHHIOM HCHOJIB30BAHUS PECYpcoB U
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MIPOM3BOJIUTENBHOCTH TIEPCOHANIA, TMPOTHO3MPOBaHWEM TOTpeOHOCTEH B
pecypcax B pexXKHMe PeabHOTO BPEMEHH.

HeobxognMo OTMETHTh, 9YTO B COOTBETCTBHHM C KOHIICHIHEH
OSS/BSS BCce onmcaHHBIC BBIIIE IMPOTPAMMHBIE MOIYJIH  JOJKHBI
COJEprKaTh 3NIEMEHTHl TCOPUH NPHHATHS PELICHHH Ui BBIOOpa cTparernit
YIPaBICHNUS € YIETOM CIECAYIOMUX (GaKTOPOB:

- OrpaHMYEHHBIH 00CITYKUBAIOIIUI pecypc;

- COCTaB NEpPCOHaja O CIIeIUaIN3alny;

- HAJIMYME JOTOJHUTENLHBIX KOHTPOJIBHO-U3MEPUTEIBHBIX CPEJICTB;

- BO3MOJKHBIE TTOCJIEACTBUS AJIsL PAOOTOCIIOCOOHOCTH CETH B LIETIOM.

[Mocnennuii hakTop MOMIICKHUT OLICHKE C ABYX MO3HULIHUIL:

- moTepu B 6U3Hece;

- o0ecIieueHNe «KUBYIECTH» CETH.

[MpunsTHE penieHMil OCHOBBIBAETCS HA CTATHCTHYECKUX MAHHBIX U
COOTBETCTBYIOIINX MaTeMaTHIECKUX MOJIEIISX.

E.A. CyxoBa
[ToBoKCKMH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHUKALMA U
nndopmaruky, r. Camapa, Poccust

HNCCIIEJOBAHHUE BOMOKHOCTHU NUSMEHEHUA
CHHEKTPAJIHBIX XAPAKTEPUCTUK MHOI'OCJIOHBIX
TETEPOCTYKTYP INGAN/ALGAN/GAN

PaccMOTpUM 3HEPreTHUeCKUil CIIEKTP YPOBHEN, KOTOPBIE BOSHUKAIOT
B CIIONCTOM CTPYKType 3a CUeT BIMAHHMA KBaHTOBBIX 3(]deKkToB,
BO3HMKAIOIIMX B TOM Cllydae, €CJIM TOJIIMHA M3Jy4arolmero cIos
gocratoyHo Mayma. Ha pumc. 1 mokazama KapTMHa J00AaBOYHBIX
SHEPreTUYECKUX YPOBHEH, BO3HMKAIOIIMX B OJZHOMEPHON MOTEHIHMAILHOMN
sme u3 InGaN. B coorserctBuM Cc (QopMysoil SHeprust Takux ypoBHEH
paccuuThIBaeTCs o hopmyJie:

E _ T]Z(kf) _ nzﬂ_znz
2m omL’

n
rae N - HOMEpP YpPOBHI, n:]., 2, vy L -TOJIIIIMHA pacCcMaTpuBacMoro CJos.

3)_IGCL OHEPIrusd OTCHUTBHIBACTCA OT AHA COOTBCTCTByIOIIIGﬁ 30HBI.
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Pucynok 1 - KapTuna sHepreTuyeckux ypoBHEH B 0JHOMEPHOI NOTEHIIMAIBHON AMe
TOJILL[UHON 6 HM.

JloGaBouHbIE  JHEPreTHYECKHE YPOBHHM, BO3HHUKAIOIIHE  H3-32
5(Q(EKTOB BTOPUYHOTO KBAHTOBAHHUS, HAKIAABIBAIOTCS HA 30HHYIO
JMarpaMMy TOJYIPOBOMHHUKA. BCieicTBHe 3TOT0 BHYTPH 3alpelieHHON
30HBI MOTYT MOSBISATHCS JOMOJHUTENBHEIE SHEPTETHUECKAE YPOBHH, a B
30HE MMPOBOIMMOCTH M B BAJIEHTHOM 30HE MOABIIIFOTCS HOBBIE 3alpENIEHHBIE
30HbI. Bce 3T0 NPUBOAMT K TOMY, YTO MEHSIETCS JUIMHA BOJIHBI U3JTyYEHHOTO
(¢oToHa, a, COOTBETCTBEHHO, W CIHEKTPAJbHBIE XapPaKTEPUCTUKU BCEH
reTepOCTPYKTYPHI, COAEPIKAIIEH KBAHTOBYIO siMy. Llenbio paboThl sIBISETCS
HCCIIEIOBAHME BO3MOXKHOCTH HM3MEHEHHUS CIIEKTPAIBHBIX XapaKTEPUCTHK
MHoOrociaoiusix rerepoctpykryp INGaN/AlGaN/GaN nyrem usMmeHeHHs
TOJIIUHBI U3JTYYAIOIIETO CIIOS.

1. Jlenenmos, H.H. I'etepocTpyKTypBl ¢ KBAHTOBBIMH TOYKAMH: TOIyYEeHHE,
CBOWCTBa, Ja3epsl [Texkcr] / H.H. Jlenenmo // ®usuka W TEXHHKA
noynpoBoaHHKOB. —1998.—Ne4. — T.32. — C. 385-410.

2. Vahala, K.J. Quant. Electron [Tekcr] / K.J. Vahala // IEEE J.Quant.
Electron. —1988. — Ne 24. — C. 523-526.
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H.M. Benbckas, JI.A. YToukuna, M.A. YToukuHa
[ToBoyKCKUH TOCYNapCTBEHHBIM YHHMBEPCUTET TEJIECKOMMYHHMKAIUH U
nHpopmartuky, . Camapa, Poccus

AHAJIN3 TIPOTPAMMHBIX CPEJICTB I10 MOJEJIMPOBAHUIO
HEWPOHHBIX CETEN

C pasBuTHeM HWH()OKOMMYHHMKAIIHOHHBIX TEXHOJOIWH MOCTOSHHO
yBEIMYHUBAIOTCS 00bEM MH(OpMANMU U CrIOcOOBbl B3aMMOJECHCTBHS C HEW.
OTO MPUBOAUT K BO3HUKHOBEHHUIO psla TEXHHUECKUX MpoOIeM, OJHOW H3
KOTOPBIX SABJSETCA MPOTHBOPEYHE MEXIy pa3HOOOpasHeM COBPEMEHHBIX
nH(pOPMAMOHHO-KOMMYHHKAI[HOHHBIX CHCTEM M TPaJUIIMOHHBIMH MepaMu
3amuThl wHpopManmu. JlaHHAas TEHACHIMA CO374aéT HEOOXOIMMOCTb
HCCIIEJOBAaHMS HOBBIX METOJIOB 3aInThl HH(popMaruy. OnHUM 13 Hanboiee
MIEPCIIEKTUBHBIX HANpaBICHUH PEIICHUS MPOOIeMBbl 3aUThl HHpOpManuu
SIBIIIOTCSL TEXHOJIOTUH, OCHOBaHHBIE Ha NPUMEHEHUM HEUPOHHBIX CeTel
(HC). MWsywenme »storo wmeroma oOecredeHUs HHGOPMAIIMOHHOMN
0e30MacHOCTH SABIISCTCS IPHOPUTETHOM 3amadeid [1].

IIpornecc co3nanust 1 00y4eHHUs KCIIEPTHONW CUCTEMBI Ha HEMPOHHOI
CeTU SBJSETCA CIOKHOM  3ajadeil, pelleHHe KOTOpOM 3aHUMaeT
3HaYMTEIbHOE BpeMs, a HHOIJAa €€ CO3JaHHe BOOOIIEe HEBO3MOXKHO.
CrnenoBarenbHO, HEOOXOIMMa MOJAETb, HA KOTOPOW MOXKHO MOIpPOOOBAThH
pa3iMYHbIE BAPUAHTHI CTPYKTYpPHl HEHPOHHON CETH, METOIOB OOydeHUs,
BEJIMYMHBI W cocTaBa oOydaromed BBHIOOPKM W BBIIBUTH Hambouee
MOJXOASAIINA BapHAHT.

[IporpamMmmy MojenupoBaHHsS HEHPOHHONH CETH OOBIYHO HA3BIBAIOT
HEWpOmakeToM, IIOHMMas TMOJl 3TUM  TPOTPaMMHYIO0  OOOJIOUKY,
SMYJIUPYIOUIYIO AJISI TIOJIb30BATENs Cpely HEHPOKOMITBIOTEpa Ha OOBIYHOM
KOoMIIbIoTepe. B HacTosimee BpeMsi Ha PhIHKE MPOTPaMMHOTO oOecredeHUs
nMeeTcss  MHOXKECTBO  CaMBIX  pa3HOOOpasHBIX  NporpamMMm Ui
MOJEIMPOBaHUS HEHPOHHBIX CETEH.

B wMupe mnpoBomuTcs psAx  HUCCIENOBAHMM IO INPUMEHEHMIO
HEHpPOCETeBBIX  TEXHONOTMH AN pEUIeHHS  pa3iNu4HbIX  3aj1ad
nHPOPMAIMOHHOW  06e30macHOCTH, PAI W3 KOTOPBIX JIOBEAEH M0
MpakTHYeckoil peanm3zanmu. Hambonee wW3BECTHBIE W TOIYJSPHBIC
HeWpocucTeMbl W WX mpousBoautend chexytoumme:  NeuroSolutions,
NeuralWorks Professional, NeuroShell 2, BrainMaker Pro, Process Advisor.
B Tabmuue 1 nmpuBeneHb OCHOBHBIE XapaKTEPHCTHKH 3THUX IPOrPaMMHBIX
KOMILUIEKCOB, HMX JOCTOMHCTBA M HeNOCTaTKU. JlaHHbIE HEHpOMaKeThI
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SIBIIIFOTCS

OTHOCHUTCIIBHO

JOPOTHMH U

npo(hecCHOHATBLHOTO UCTIOIb30BAHHS.

MpeaHa3sHavYCHbI JJIsL

Tabmmna 1. CpaBHeHHe NpOrpaMMHOTO HHCTpYMEHTapHst o Mojenuposanuio HC

Professional

JAHHBIX; KOppeNsnus B Tpoliecce
o0y4eHHs1; BCTPOCHHEIH TeHepaTop
KOJIa.

IIporpamMmubIit Jocrouncraa Henocratku
MaKeT
NeuralWorks | TIpocrast cucrema Busyanusanuu | CIOXHOCTH BBEICHUS

COOCTBEHHOTO
KpHUTEpHs O0YICHHS

BU3YaJIbHOTO IpoekTupoBanus HC;
CpeicTBa BU3yaln3allid; CHaOXeH
TeHEPaTOPOM HCXOJIHOTO KOJa.

NeuroShell 2 | TIpocrora; npeaocTaBisieT | YCIOXHEHHas cHcTeMa
XOpoIire cpencraa o0OMeHa | BH3yalu3aluu
JaHHBIMA c IpyruMu | nauHbix;  OTcyTcTBHE
MPHIIOKEHUAMHA €JIMHOTO
HHTErPAILHOTO
KOHTPOJISL JIaHHBIX B
mpoiiecce OOyUeHHS H
pabotet HC
BrainMaker Bonerioe  uwmcno  mapamerpoB | HeymoGcerro
Pro HACTPOHKH anroputMa o0ydeHus uHTepdeiica;
HENPOJYMaHHOCTh
CHCTEMBI
BU3YaIN3aIMI
NeuroSolutions | Tubkocts; MomHbli  penakrop | HemocraTrouHoe

KOJIMYECTBO KPUTEPHER
00y4eHus;

Process
Advisor

Bo3moxxna pabora ¢ BXOAHBIMH

CHTHaTaMH Kak C (QYHKOUSIMA
BpPEMEHH; TIO3BOJISIET
OCYILECTBIIATD yIpaBieHHe
BHCIITHHUMH anmnapaTHbIMU

KOHTPOJIIEPAMH, TOAKIIOYAEMbIMU
K KOMIIBIOTEPY

Her BO3MOKHOCTH
U3MEHSITh apXUTEKTYPY
CeTH, oOyugaromue
AITOPUTMBI, KPUTCPHH
00y4eHus;
OTCYTCTBYET
HEOOXOaMMasi CHCTEMA
IpeBapUTEIbHON
00pabOTKHN TaHHBIX

Takum o0pa3om, B HacTosimee BpeMs CYIIECTBYET JOCTaTOYHOE

KOJIMYECTBO TNPOTpaMM  JUII ~ MOJEIHMPOBAaHUS  HEHPOHHBIX  CETeH.
Crnermanmuctel 1O  HWHGOPMAIMOHHON  OE30MIaCHOCTH YK€  MOTYT
HCTIONB30BaTh HEWpPOHHBIE CETH JUII OLEHKH pPHCKOB U aHalu3a

ysI3BUMOCTEH MH(OPMAITMOHHON CHCTEMBI.
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1.Yroukuna, [I.A., Yroukuna, M.A. [IlpumeHeHue HEWPOHHBIX ceTel B
uHpopmarmonHoit 6ezomacHoctu  [Teker] // XVII MexayHaponHass HaydHO-
TEeXHUYECKas KOH({epeHIUsI «IIpoGuembl TEXHUKU " TEXHOJIOTHil
tenekommyHukaruiny [ITuTT-2016 — C.429 — 430.

B.I'. Kapramesckuii, A.A. ®UIMMOHOB
IToBOMKCKUI FOCYAAPCTBEHHBIM YHUBEPCUTET TEICKOMMYHUKALMNA U
nHpopmatuky, T. Camapa, Poccus

MMPUEM «B HEJOM» CUTHAJIOB OFDM B KAHAJIAX C
BBICTPBIMHU 3AMUPAHUAMU

B nokmame paccMmarpuBaeTcs mpoOiemMa 0O0paOOTKH CHTHAJIOB
OpPTOTOHAIBHOTO YacTOTHOTO MynbTuiuiekcupoBanus (OFDM) B kananax c
paccesHueM ¥ OBICTPBIMH  3aMUpaHUSMH. B cucreMax  CBs3H,
ucnonp3ytomux texHonormro OFDM mpu mo6oM BuAe MOIYISIIHHA, IS
MOAePKaHUS B MECTE MpHeMa OPTOTOHAIHHOCTH MOTHECYIINX KoeOaHui
Ha mepemade (QOPMHPYIOTCS 3allUTHBIE MPOMEXKYTKH JO M IIOCHe
MOCJIE/IOBATENIbHOCTH ~ KOMIUIEKCHBIX ~ OTCYETOB,  XapaKTEePHU3YHOLIHX
MOJYJIUPYIOLIME€ CHUMBOJIBI. BBeieHHe 3allUTHBIX IMPOMEXYTKOB IS
O0OopbObI C BpPEMEHHBIM pacCesHHEM O3HA4aeT IOTEPI0 CIEKTPAIbHOM
3 PEKTUBHOCTH CHCTEMBl. PeallbHO Takue MOTEpU MOTYT COCTaBISITH JIO
20% [1].

[pemmaraercs HOBast ctpykrypa OFDM-cumBona, cocrosmas u3
ucneiTarenbHOM  komOuHarmu (UK), wHbOpManmoHHOE conepxaHue
KOTOPOH M3BECTHO B MecTe IpHUeMa U, TaK Ha3bIBaeMOro, pabouero makera
(PII), rme mepemaroTcst cuMBOIBI cooOmmeHus [2]. dns oOpaboTku B MecTe
npuema notoka OFDM-cuMBoOIIOB Tpemyaraetcss aqrOpuUTM «IIpUeMa «B
[eJIOM» C TO3JIeMEHTHBIM mpuHsaTHeM perneHus» (IILIIIIP), xoropsrit
peanu3yeT mpoleaypy OleHUBaHus oTcueToB orudaromeir OFDM-cumBosa
W AN CBOEH peanm3anuy TpeOyeT 3HAaHWS B MeCTe IpHeMa HMITYJICHON
xapaktepuctuku (MX) xanana cesizu [3,4,5]. B gokmage paccMaTpuBaroTcs
BO3MOJKHBIE BApHAHTHI (HOpMUPOBaHHKS O1leHOK M X.

JlemMonmynsiiusi  OCyIIeCTBIsIeTCST  (OPMUPOBAHUEM  JAWCKPETHOTO
npeobpazoanus Pypre ([AI1P) mocrmenoBaTeIbHOCTH OIEHOK OTCYETOB
orubaromieit OFDM-cumBosna.

Kak moka3anHo B 1o0Kkiaze, OIIEHMBaHME OTCUETOB Orubaromeit
OFDM-cuMBosla M OLEHMBAaHME WMITYJIbCHONH XapaKTEPUCTHKH KaHaja
CBSI3W TI0 WCTIBITATEIbHOW KOMOMHAIMH LEJIeCO00pa3HO MPOM3BOAUTH II0
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KPUTEPUIO  MAaKCHUMAaJbHOTO  MPAaBIAOMOJOOUS  OMHOW  MPOIEIYpO,
peanuzanys KOTOPOH CBA3aHa C PEIICHHEM «OOpaTHOM 3amadm» METOIIOM
perymspuszanuu [6].

Jns TOBBIMICHHS MOMEXOYCTOWYMBOCTH B YCIOBHSX OBICTPBIX
3aMHpaHUIl CHTHajla B KaHaje CBs3M mpemiraraercsi BMmecto QAM
HCTONB30BaTh Moayriuio QPSK.

MopenupoBanue pabotst anroput™a ITIIIIIP nist HOBOW CTPYKTYpEI
OFDM-cuMBoJIIa oKa3ao ero BHICOKYIO TOMEXO0YCTOWYHBOCTh B ITUPOKOM
JMana3oHe U3MEHEHHs] OTHOLLICHHUS] CUTHAJI/IIYM B MECTE TIpHeMa.

PeSyJ'ILTaTI)I MPEACTAaBJICHBI HA PUCYHKE.
Mo6uToBasn BEpPOATHOCTL OWMGOK B KaHane ¢ NamATbI0
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5.Kapramesckuii B.I'., Cemenos E.C., ®umumonos A.A. [lpuem curaanon
OFDM B kaHamax C paccesHHEM IIpH OLICHHBaHWHM IapaMeTpoB KaHama. //
Pagnorexnuka, 2016, Nel2, C. 48-55.
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C.B. Xamxuena
IloBomKCKHMI TOCYyIapCTBEHHBIM YHHMBEPCUTET TEIEKOMMYHUKAUNH U
uHpopmartuky, r. Camapa, Poccust

NMMUTAIMOHHOE MOJEJINPOBAHUE
MPOU3BOJACTBEHHOM JESTEJIbHOCTHU UT-KOMIIAHUM

Ilo w™mepe pa3BuTHs W pocTa MNPEANPUSITHS NPUOOPETAIOT
KOPIOpaTHBHbBIE MIPUIIOKESHUS UIsL  peanmu3aluu BO3HMKAIOIIUX
(yHKIMOHATBHEIX TOTpeOHOCTEH. B pesynpraTte oOpa3yeTcss MHOMKECTBO
MPWIOXKCHAN, KakXIoe W3 KOTOPBIX OTBEYaeT 3a  KOHKPETHYIO
aBToMaTH3anuio. HeooxomumocTs cBsi3ath [10 B equrOe U T-nipocTpancTBO
MOPOXKAACT 3a7ady MHTETPANU MPHIOKCHUNH. JTO OIHA M3 CIOXKHEUIINX
3amad, peleHneM KOTophix 3aHmMaroTcss UWT-xommanmm. IIpomecc
WHTETPAllUN  TIPWIOKEHUH  OCIOXKHEH  HEOOXOMUMOCTBIO  BEICHUS
napajuiebHbIX paboT MEXAY CMEKHBIMH KOMaHIaMH WHTETPUPYEMBIX
cucteM B UT-tipoekre [1,2]. B cBoro ouepens 3T0 MOPOKIACT CICAYIOIINES
IpOoOIIeMBI:

— Hu3zkast TOUHOCTH OLIEHOK CPOKOB ¥ CTOMMOCTH;

— bonboe konugecTBo AeeKTOB;

— 3HauuTeNbHbIE OTEpU BpeMEHH (COBEIAHUs, YCTpPaHCHUE
JeexToB, CcMeHa KOHTEKCTA);

— CpbIB CpOKOB pa3pabOTKH U BHEIPEHUS.

Lenp paboThl 3aKiroyaeTcs B pa3paOdOTKe MMHTAIIMOHHON MOIETH
MIPOU3BOJICTBEHHOW  jaedrenbHocTH WT-kOMIaHuil, ¥ NOCTPOEHHUH Ha
OCHOBE pe3yJbTaToB MOJIETTUPOBAHUS KOMILICKCHBIX METOJIMK
MO3BOJISTIOIIUX ~ TOBBICUTH 3(PQPEKTUBHOCTh PACTIPEACICHUS TPYIOBBIX
PECYpPCOB B MHTETPAIIMOHHBIX MPOEKTAX.

Jms  MOCTYOKEHHWS TIOCTABJIGHHOW TIIeNId, HEOOXOJUMO PEIIUThH
CIeNyIONIUe 3a/1a4u:

1) mpoBecTH CpaBHHTENBHBIM aHaJIW3 CYIIECTBYIOUIMX METOI0B
MO/JICJIUPOBAHUS IPOU3BOACTBEHHOM AesTenbHocTH UT-koMnaHuit;
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2) TOCTPOMTh HWMHUTAIMOHHYIO  MOJEIb  HPOU3BOACTBEHHOMN
nesarenbHocTH M T-koMIaHuH, KOTOPast ONUCBIBAET IIPOLECC PACIIPENEIEHHS
TPYAOBBIX PECYPCOB B HHTETPALIMOHHBIX NIPOEKTAX;

3) HpemIOKUTH METOAWKY, PE3yJIbTATOM IMPUMEHCHHS KOTOPOM
SBIIIETCA ~ ONTUMAIIbHOE  pACHpeleleHHuEe  TPYHOBBIX  PECYPCOB B
MHTETPALUOHHBIX MPOEKTaX, NPH KOTOPOM HM3ICPKKH KOMIIAHHH OYyIyT
MHHUMAaJbHBIL.

NMuranuoHHass MOJENb pacHpeneiacHus TPYAOBBIX DECYpPCOB B
HMHTETPAlMOHHBIX IIPOEKTAX IMO3BOJISIET MOJEIUPOBATH NPOU3BOACTBEHHBIC
npoueccel B MIT-koMnaHuu IpU INPOU3BOJIBHBIX 3aKOHAX PACIpPENCICHUS
BXO/ISIIIIETO MOTOKA 3asBOK M BPEMEHHU OOCITYKHUBaHHs OHO# 3asBKu [3].

Meronuka ONTHMaJIbHOIO PACIpPENEICHUsI TPYAOBBIX PECYpCOB B
HHTETPAMOHHBIX MPOEKTax MO3BOJAMT MeHemkepamM  WT-mpoekTos
IIPOBECTH KOJIUYECTBEHHBIM aHAIU3 TPYJOBBIX PECYPCOB B KAXKAOM H3
OTIENIOB W yKa3aThb ONTHMAIbHOE YHCIO COTPYJHHUKOB, NPH KOTOPOM
W3AEPKKH KOMIIAaHWM Ha WX COJAEpXaHHe OyIyT yMEHbBIICHBI, a KauyecTBO
BBINOJIHEHHS] HHTETPAUOHHBIX TPOEKTOB MOBBIIIEHO.

IMpakTrdeckas 3HAUUMOCTH PabOTHI 3aKIOYAETCSI B BO3MOXKHOCTH
HCIOJIb30BaHUsl BBIBOJOB U IPAKTUYECKUX PEKOMEHIALMM, Ul IIPOrHO3a
ONTUMAJILHOIO paclpezeneHuss TpynoBeIX pecypcoB B WT-komnanuu,
IJIAHUPOBAHUSL CPOKOB U PACIPENCIICHUS HArpy3Kd MeEXIy KOMaHIaMU.
IIpumenenne Monenu Ha  npaktuke  no3soauT — HT-komnanusm
MaKCHMH3UPOBAaTh MNPHOBIb W MHUHHUMH3MPOBATh IPOU3BOJICTBEHHBIC
U3JEPAKKH.

1. Mu¢s! 1 napagurmMel HHTETpaLUK PHIOKEHUH/ [DIEKTPOHHBIN pecypc]
— Pexum mocrtyma https://www.osp.ru/os/2005/02/185297 — 3aru. ¢ skpana. — [lara
obpamenus: 09.04.2018

2. EDA - apxutextypa, ynpasisgeMas COOBITUSIME / [ DNEeKTpOHHBIN pecypc]
— Pexxum mocryma https://www.iemag.ru/analitics/detail.php?ID=16050 / — 3arm. ¢
akpaHa. — [lata oopamenus: 09.04.2018

3. Jumo D.M., Macnos O.H., Xamxuesa C.B. HWmwurannonnoe
MO/ICIUPOBAHUE JIEATSIBHOCTH OT/ENa MEHE/PKMEHTa KadecTBa Ha 6a3e miathopMbl
AnyLogic // Uupopmarmonnsie TexHomorun. T.23, Ne3, 2017. — C. 172-177.
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3. becnipoBoAHbIE TEXHOJOTHHA U CUCTEMbI
MoouiabHoiI cBsa3u — Wireless technologies
and mobile communication systems

SI.U. Acaag
Kaszanckuii HalMOHANBHBIN UCCIIEA0BATEIbCKUN TEXHUUECKUNA YHUBEPCUTET
uM. A. H. Tynonesa — KA, r. Kazans, Poccus

COBPEMEHHBIE ®OPMATbBI CUT'HAJIOB JJIA
MNEPCIIEKTUBHBIX CUCTEM PAINOCBA3M - OFDM

OFDM  (opToroHalpHOE 4YacTOTHOE pa3JlieliecHHe KaHalIOB C
MYJIbTUIUICKCUPOBAHUEM) TIPEJCTaBiIsieT co0OW MeToN mNapajulesIbHOM
nepenavyd JaHHBIX, KOTOpPHIA MoMoraer OOpOTbCS C HEraTHBHBIMHU
s¢ppekTaMy MHOTOJYYEBBIX MCKRKEHHH B KaHale MW IOTEPsIMU H3-3a
yMeHbIeHus 3¢ dexTuBHoM mosockl mponyckanus. OFDM sensercst ogHuM
U3 METOIOB MHOTONy4eBoM Moayssiuuu (multi carrier modulation - MCM),
KOTOpbIE MEepelaloT CHTHajl 4Yepe3 MHOXKECTBO HECYLIMX IOCPEICTBOM
npeoOpa3oBaHusl MIMPOKONOIOCHOTO KaHaIa BO MHOXECTBO Y3KOIOJIOCHBIX
MOAKAHAIOB MM JPYTHMH CIOBaMH INPEAOCTABIACT HAOOP MMOJHECYIIHX,
NEepPeKPhIBAIOIINXCA B YacTOTHOM obOnactu. Ilpum 3TOM moOmHecCyIue
CHeNMaNbHO MOJ00paHBl TaKMM 00pa3oM, YTOOBI OBITH OPTOTOHAIBHBIMHU
Ipyr Apyry. B pesynbrare mojHecyiipe MOryT ObITh IUIOTHO YHMAaKOBaHBI
JUIsl TIOBBIIEHHST CHIEKTpaibHOW 3 dekruBHocTH Kanaita. OFDM sBisiercs
(hopMaToM MOAYJISILIMHU, KOTOPBIH HCIIONB3YETCS BO MHOTHX M3 MOCJIEIHUX
CTaHJapTOB OECIPOBOIHON M TEIEKOMMYHHUKAIMOHHON cBs3u. Hampumep
ObLT MPHHAT 1eJoro psjga crangaproB Wi-Fi, takux kak 802.11a, 802.11n,
802.11ac n npyrux. OH Taxxe ObUT BBIOpaH JUIs CTaHAApTa COTOBOM CBSI3H
LTE / LTE-A, u B J0mOJHEHHE K 3TOMY OH ObUI NPHHAT IPYrHMH
crangapramu, Takumu kak WiMAX i MHOTHUME APYTHMH.

BXOA 7
I — UMKIUYeckun|
npedukc

OFDM Nepeaadvnk
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Pucynok 1 - Hcnonp3oBanue mukindeckoro npedukca B OFDM u TexHuku
IFFT/FFT

OFDM ouenb s¢d¢dexTrBeH At CBA3M IO KaHajlaM C YacTOTHO-
n30uparenbHbIM 3amupaHueM. OueHb CI0XXHO 00padaThiBaTh YacTOTHO-
n30MparenbHOE 3aMHpaHUE B MPUEMHHUKE, U B 3TOM ClIydae KOHCTPYKLUS
MIPUEMHHUKA JOCTATOYHO CI0XKHA. BMecTO TOro, YT00BI MBITATHCS CMATYHUTH
JaCTOTHO-N30MPATENbHOE 3aMUpPaHHE B LEIOM (YTO HPOUCXOIWT, KOTIa
OTPOMHAsI TI0JIOCA MPOITYCKAHUS pacpeaeisaeTcs Ui epeaadn JaHHBIX 110
KaHaAJIy ¢ M30UpaTeNbHBIM KaHAJOM 3aTyxaHus 4acToTel), OFDM cmsrgaer
po0JieMy IyTeM NpeoOpa3oBaHUs BCETO YaCTOTHO-M30MPaTENbHOTO KaHaa
3aMHUpaHusl B Y3KOINOJIOCHBIE KaHalbl 0e3 MHOromydésoctd ( mpu
pacCMOTpeHMH KaXJIoW oTAenpHOM mnoaHecymiei). C 3aTyXxaHHsAIMH B
Y3KOIIOJNIOCHBIX KaHaJax Jjierde OopoTbcs (IO CPaBHEHUIO C YaCTOTHBIM
n30UpaTeTbHBIM 3aMUPAHUEM), HCIOJIb3yd IPOCTBIE CXEMbI KOPPEKIHMU
omrOoK 1 BeipaBHUBaHus AUX kanaina.

Bo BpemenHoii obiactu noguecymue OFDM OynyTt npencraBneHbt
KaK TOCTOSHHBIE CHHYCOMIBI. OJHAKO MAJS MepeAaddl MAHHBIX MO 3TUM
MOJHECYIIUM OHH  3alOJHSIOTCS TPOMOAYJIHUPOBAHHBIMUA CHMBOJIAMH,
KOTOpBIE TIPEACTAaBISIIOT COOOW TOYKM CO3BE3AMs CXeM IH(POBOI
Moxysiun, Takux kak QPSK mwmn QAM.

BER Ws EbHodB for OF D with BPSK modulation over ANWGH

a
j —=— simulaied
g ;
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Pucynok 2 - Otnowenne Mexay SNR u BER nist OFDM ¢ BPSK B AWGN
IMpn stom CuHXpOHM3aLMs SBIAETCS OJHOM W3 BaXKHBIX 3ajad,
BhIMoHAEeMbIX Ha npuemHnkax OFDM. Cunxponmszanuss OFDM-curnana
HeoOXoanuMa ISl ONpeeieHUs BPEMEHH CHUMBOJIA, CMELIEHHsI YacTOTHI
Hecymed M coxpaHuTb oproroHanbHocTs OFDM u anst sToro ¢aszoBbiid
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LIYM, CMEIIEHHE HEeCYIIeH YacTOThl M CMEIICHUE CHHXPOHU3AIMN CHMBOJIOB
JOJDKHBI KOHTPOJIMPOBATHCS (TPEOOBAaHUN K CHHXPOHU3AIINH).

1-Nezami M.K. RF Architectures and Digital Signal Processing Aspects of
Digital Wireless Transceivers

2-SIMULATION OF DIGITAL COMMUNICATION SYSTEMS USING
MATLAB - Mathuranathan Viswanathan

3-Time and Frequency Synchronization in OFDM System ( Saswati
Paramita, Sruti Suvadarsini Singh, Jyotiprava Mohanta )

P.Y.A. Hopemanunazady
KazaHckuil HaIlMOHAIBHBIN UCCIIEN0BATEIbCKIM TEXHUYECKUH YHUBEPCUTET
umenu A. H. Tynonesa, r. Kazans, Poccus

CXEMA MOJIYJIALMUU CTAHIAPTA CBSI3H 5-TO TOKOJIEHUS
(5G): FBMC

TexHosorny nepenadn ¢ HECKOJIBKUMH HECYIIUMH OBUIM HamOoiee
MIPUBJICKATENbHBIMHI JJISI Pa3paOOTKH CHCTEM OECIIPOBOIHOW CBSA3H, TaKHX
kak 4G, Long Term evolution (LTE) u teneps 5G. s GecrpoBoaHOMH
cB3u 5G WM TATOTO TOKOJCHUS TOMUHHPYROMEH (opMoi BOIHEI
SIBJISIFOTCSL  MYJIPTHIUIEKCHPOBaHHE €  OPTOTOHAJIBHBIM  YaCTOTHBIM
pasnenenreM (OFDM) u Filter Bank Multi carrier modulation (FBMC).

B mocneaHee BpeMsl cCHCTEMBI MHOTOYPOBHEBOTO OaHka (pUIBTPOB
(FBMC) mnosmyuunu 3Ha4WTeNbHOE BHHMaHHE IS TPOBOJHOH U
OecrpoOBOJHON  mepeaadyd ¢ BBICOKOW  CKOPOCTBIO B YaCTOTHO-
n30MpaTeNbHBIX KaHajlaX. 1pajWIMOHHAas CHUCTEMa C MHOXKECTBOM
Hecymmux, wu3BectHas kak OFDM, of0ecrneunBaer yCTOWYHMBOCTH K
MHOTOJIy4eBbIM KaHaJIaM OJaromaps BHEAPECHHUIO IUKIMYECKOTO mpedukca
(cyclic prefix - CP), KoTopblii yMEHbIIAET MEKCHMBOJBHYIO
unrepedepenuuto (intersymbol interference - ISI) B nmucnepcHOHHBIX
kaHamax. Opnako poOaenennme CP mompasymeBaer  motpebiieHHe
JIOTIOJTHUTEIHHON MOIIHOCTH, YTO CHIDKAET CIIEKTPATIBHYIO 3((EKTHBHOCTD.
Boree Ttoro, B OFDM-cucremax NpUHATBI (QHIBTP HMITYJIBCHOTO
W3JIyYeHHs] SIBJSIETCSl OPSMOYTOJNIbHOM (YyHKIMEH, KOTopas MpOsBIsET
IWI0Xoil pacmax wactotel. A B cuctemax FBMC  wucnone3yrorcs
OTrpaHHYCHHbIE  Mala30HOM HMITYJIbCHbIE  (UJIBTPBI, POTOTHUITHBIE
(GUILTPBI, KOTOPBIE IEPEKPHIBAIOTCS BO BPEMEHU.

OFDM / OQAM, nanee FBMC — 3T0 ycoBepIieHCTBOBaHHASI BEPCHSI
OFDM. Monynsatoper  mMerona ~ OFDM Hu TEXHHUKA FBMC
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NPOWJUTIOCTPUPOBAHbl Ha PUCYHKE HIDKE Ha CTOPOHE MepelnaTduKa.
OcHoBHOe otTiamame 3akmodaeTcs B 3ameHe OFDM mHa cucremy c
MHOKECTBOM HECYIIMX Ha OCHOBe OaHKOB ¢(uisTpoB, Tae iIFFT u CP
3aMeHseTcs 6aHkoM (GIBTpoB cuHTE3a (synthesis filter bank - SFB), a FFT
u CP 3amensiercst 6ankoM HHIbTpoB aHamm3a (analysis filter bank AFB).

_ cyclic
input —* SFFT prefix [ channel

Pucynok 1. OFDM nepenarunka

) digital
input * SFFT filters » channel

h

Filter bank

Pucynok 2 - Filter Bank based Multicarrier (FBMC) nepenardnka

Moaymsiuus FBMC  Ttak xe BechbMa yYCTOWYMBA K CMEILEHHUIO
Hecymed gactotel (CFO) u cmemenuro 4yactotel guckpermsanmu (SFO)
JoikHa ucnonb3oBaTbess. OQAM coCTOHUT B CO3aHUM BPEMEHHOIO CIBUra
Ha MOJIOBUHY MEpPUOJa CUMBOJIA MEXAYy peajbHbiM MU MHHUMbIM OFDM-
curHanoM. YToOsl MOTYyYUTh 3TOT CIBHT BO BPEMEHH, LIENOYKa 00pabOTKH
nepenatarnka OFDM penutcs Ha 1Be BETBU: peaslbHYI0 U MHUMYH0. Kaxas
BETBb NMPUMEHSET (ha30BbIi CIBUT K CBOMM BBIOOPKaM Hepe]l BHITOTHEHHEM
iFFT. 3arem cHrHal MHAMO¥ BETBH BPEMEHHO# 00J1acTH 3aep)KUBAeTCs Ha
mosioBuHy mepuoja. Ilocne 3Toro, kakaas BETBb NMPOXOIHUT 4Yepe3 OKHO
mepen ux oOpeanHeHWeM. Ha cropoHe TpHEMHHMKA —BBITOJIHICTCS
IIPOTUBOMNOIOXKHBIN npouecc. IlonyueHHbI kaap AeIuTcd Ha JBE BETBU U
COBUHYTBIC OKHAa IPUMEHSIIOTCS IIEpe], BII®. TIlocne BII® aza
BOCCTaHABJIMBAETCS, W BETBU OOBEAMHSIOTCS CHOBA, TIPEeXAE YeM
BoccTaHaBiuBaTh JaHHble. B FBMC kaxnelii mojkanan QuiIbTpyercs
oraenbHo. OH HWCIONB3YeT OYEHb Y3KOMOJIOCHBIH (QUIBTP C JJIMHHOTO
BPEMEHH UTMHBL. DTO 00ecIeYnBaeT KOHTPOJIb KaX10ro OaHka GUIBTPOB U
HaJl iepeaden Kaxa0u MogHeCyIen.

lens wccnemoBanuss — cpaBHuUTh TexHosorun OFDM u FBMC,
BBIHECTH PELICHHWE O JOCTOMHCTBAX WJIM HEAOCTATKAaX KaXXTOW M3 CHCTEM,
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mpoBecTh B cpene Matlab MonmenupoBaHwe u  pa3paboTaTh CXEMY
cuaxpoHmanuu a1 FBMC cucremsr.

1. Kansal, P. and Shankhwar, A.K. (2017) FBMC vs OFDM Waveform
Contenders for 5G Wireless Communication System. Wireless Engineering and
Technology, 8, 59-70. https://doi.org/10.4236/wet.2017.84005.

2. FP7-ICT Future Networks PHYDYAS—PHYsical Layer for DYnamic
AccesS and Cognitive Radio Project (ICT-211887). http://www.ict-
phydyas.org/delivrables/PHYDYAS-D5-1.pdf/view.

P.P. AmMunoBa, E.A. Cniupuna
Kazauckuit HallMOHAJIbHBIN HCCIIe0BATENbCKUN TEXHUYECKUI
yauBepcuteT uM. A.H. Tynonesa-KAU, r. Kazanb, Poccus

PA3BPABOTKA AJITOPUTMA ITIEPBOHAYAJIBHOI'O
YACTOTHO-TEPPUTOPUAJIIBHOI'O IITAHUPOBAHUA
MOBWJILHOM CETH IIMPOKOIOJOCHOI'O PAJIMOJOCTYIIA
C YYETOM BJMSAHUS 3ACTPOMKHA U UHIAUBUTY AJTbHBIX
TPEBOBAHUI ABOHEHTOB

HeoTpemneMbIM 3TanioM NPOEKTHPOBAHMS CETEH MIMPOKOMOJIOCHOTO
paauoNocTyna  SBISAETCS  YaCTOTHO-TEPPUTOPHAIBHOE  IJIAHHPOBAHHE
(UTII), BKIFOYAOLTHI PsiT TOPA3IEIIoB.

B aTo0ii paboTe paccmMaTpuBaeTcs COCTaBIEHUE MPEABAPUTEITHHOTO
YaCTOTHO-TEPPUTOPHAIIBHOTO IUIaHAa, KOTOPBIM HCIIONB3yeTCs B KadecTBE
HA4aJbHOTO NPHONMXKEHHS NpU peIIeHHH 3anad ontumusarmu. Ilpu
BBIIIOJTHEHMH JTOTO STarna Ha OCHOBE MJaHHBIX 00 oOcyKuBaeMoi
TEPPUTOPHUH, KOJMUYECTBE AOOHEHTOB CETH CBA3M M TpeOOBaHWH K
IIPEJOCTABIIIEMBIM UM YCIIyTaM OCYIIECTBIIAETCS MpeJBapUTENbHAas OLIEHKA
HeoOxoanMoro konuuectBa 6a3oBbix crannmii (BC) u ux napamerpos. [Ipu
9TOM HCHOJB3YIOTCSl YHPOIIEHHbIE KPUTEPUU U MOJENU, B UYACTHOCTU
JenaeTcs JONYyIIEHHE O PaBHOMEPHOM paclpelelieHnd aOOHEHTOB,
OJHOTHUITHOCTH MOP(OCTPYKTYPHI MECTHOCTH W 00 Hcmosib3oBanuu Ha bC
000opyIOBaHHS C OJWHAKOBBIMH IapaMeTpaMH, 4YTO NPUBOIUT K
IIOCTOSTHCTBY paanycoB 30H oOciyxmBaHus kKaxnoi BC. Opnako Ha
MIpaKTHKe, Ha OOCITy)XMBaeMOW TEPPUTOPHH, KaK NPAaBMUIO, MOXKHO
BBIJICIUTh PAMOHBI C PAa3IMYHOM 3aCTPOMKOH, IUNIOTHOCTBIO AOOHEHTOB WU
pasHunel B TpeOOBaHUSIX K TNPENOCTaBIIEMBIX WM YCIyrax, 4To JeiaeT
30HbI oOcmyxuBanuss BC B peasbHOCTH pa3iMYHBIMM, YTO JIEJIaeT
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aKTyalbHBIM, pa3pabOTKy ajlropuTtMa IMEpPBOHAYAIHHOTO  YaCTOTHO-
TEPPUTOPHUATBHOTO TUIAHUPOBAHUS CETH IIMPOKOMOJIOCHOTO PaJANOJ0CTyIIa
C YYETOM BIIHSHUSI 3aCTPONKH U MHANBUIYaTbHBIX TpeOOBaHUI aOOHEHTOB.
J1iist 5TOT0 B paboTe PEIIaroTCs CIACAYIOINE 3aIa4n:
U Awnanuz ¢dakropo, oOecneyuBarOmUX Y4€T 3aCTPOWKH U
WHAWBHIYANbHBIX TpeOoBaHN aDOHEHTOB CETH.

O Paspabotka KpHUTepus NIePBOHAYAIEHOTO 4acTOTHO-
TEPPUTOPUAIBHOTO [UIAHUPOBAHUS CETH.
O Paspabotka anropuTMa NIePBOHAYAIBHOTO 4acTOTHO-

TEPPUTOPUATHHOTO TUTAHUPOBAHHUSI CETH.

O TIIpoBepka paboTOCMOCOOHOCTH Pa3pabOTAaHHOTO ANTOPUTMA IS
3alaHHOU TEPPUTOPUHU.

O ya€ra BIMSAHUS 3aCTPOWKH M WHIUBUAYAIBHBIX TpeOOBaHHI
a0OHEHTOB IpeJyIaraeTcss pa3OUTh BCIO 30HY OOCITYy)XHBaHUS Ha 00JacTH,
XapaKTepU3yIIuecs  OAMHAKOBHIMH  3HAUCHHSAMH  IIEPEUYNCIICHHBIX
mapaMeTpoB. B kadecTBe KpUTepHs IUIAHHPOBAHUS CETH OBUT BHIOpaH
KpuTepwii, oOecreynBarOmuil MHHAMHU3aIMI0 KoimdectBa bBC Ha
00cITy)KHBaeMO! TepPUTOPHU.

Mopt = min M1,
{M *(XmYYm)‘m:mv (vaym)es' IZ;,Clm<cmax mzm}

rae M — kommuectBo bC; S — miomaap o6ciayxuBaeMoii Tepputopun; Vi,

— MHPOPMALMOHHYIO CKOPOCTh Nepeaavyn AaHHBIX oT M-oit BC no | -oro

abOHEHTa, pacCUMThIBacMasi COTJIACHO METOJMKEe NpUBeAEHHOH [1]; Vf‘w -

3aJlaHHass C Y4eTOM MHIUBHMAYaJbHBIX TPeOOBaHUI CKOPOCTH INepenayu
naunbix | -oro abonenrta; Chx — MakcumaibHas Harpyska Ha BC; L —

KOJIMYECTBO a0OHCHTOB.

Hcxons w3 orpaHuyeHHs Ha MaKCHUMajibHYIO Harpy3ky Ha BC, mms
KXol u3 o0nacTeid ¢ OIMHAKOBBIMHU 3aCTPOWKON W WHAWBUAYAILHBIMU
TpeboBaHUsAMU aOOHEHTOB OMNpEAesUICS MaKCUMalbHBIE pajlyCc 30HBI
obcnyxkuBanus bC B mpeanonoKeHuu, 4To Bce aOOHEHTHI PACIIONOKECHBI B
TOYKaX ¢ MUHUMAJIbHBIM YPOBHEM CUTHAJA, T.€. Ha TPaHUIIE 30HbI.

Ha ocHoBe mpuBENEHHOTO KpPUTEPHUS M MOJYUYEHHBIX BBIPKECHUN
ObUTH pa3paboTaHbl AITOPUTMEI OIpeAeeHus 30HbI oOciyxuBaHus bC u
onpenenenus mectononoxenns bC.

PazpaboTaHHBIE ANTOPUTMBI  HCIIONB30BATUCH JIJISI TOCTPOCHUS
MIEPBOHAYAIILHOTO 4aCTOTHO-TEPPUTOPHAITEHOTO IUTaHa CeTH

112



LIMPOKOIIOJIOCHOTO pajuonocTyna B ropoge Kazanu. B Hacrosmmii MOMEHT
BeIyTCs paboTHI 10 peau3alyy JaHHBIX anroputMoB B cpene MATLAB.

1. TIlerposa E.A. OneHka rapaHTHpOBaHHOHW HH(OPMAIIMOHHOH CKOPOCTH
nepeady B CETAX MIMPOKOMOIIOCHOTO PaJHoNOCTyIa C YI€TOM BHYTPHUCHCTEMHBIX
nomex//KypHan paguoanekTpoHukn.—2014.- Nel0. -
http:/jre.cplire.ru/jre/oct14/7/text.html (nata obparenus: 24.10.2014)

N.P. TyxBatysioB
KazaHckuil HallMOHANBHBINA HUCCIIEN0BATEIbCKUNA TEXHUUECKUI YHUBEPCUTET
nmenu A. H. Tynonesa — KAU, r. Kazanb, Poccust

MOJEJIUPOBAHUE CITYTHUKOBbBIX KAHAJIOB
CBA3U U PABPABOTKA NPOTOTHUIIA CUCTEMBI HEPEJTAYHN

Ienpro pa®oThl ABNSAETCS W3YyYCHHE BIMSHUS CHHXPOHHM3ALMH Ha
Ka4yecTBO PabOThl MPHUEMHUKA B KaHajgaX CIYTHHUKOBOHN cBs3u. [y 3TOM
uenn B cpeae Matlab peamnsoBana momenb mepemaTdvka W OPHEMHHKA.
Ilepemaua  ocymiecTBiseTCs MaKETHBIM METOJIOM, BpEeMeHHas
CHUHXPOHH3AIIUS MIPOU3BOAUTCS MO MpeamOyJsie, KOoTopas 100aBisieTcsl npu
repeiaue U BBIACIAETCS COINIACOBAaHHBIM (MIIBTPOM Ha IPHEMHOM KOHIIE.
Tak Kak B CIYTHHKOBOH CBSI3M cliefyeT wH30eratb aMIUIUTYIHOH
MaHUMYJSOUM H3-32 €€ YYBCTBHTENBHOCTH K IIOMeXaM, HauOOJBIINI
HHTEpEC IMPEACTAaBISAIOT BUABI IU(PPOBOH MOAYISIHMU C TOCTOSTHHOM
orubaromeit curHama (¢a3oBas, YacTOTHAas C HEMpephIBHOW (a3oif). B
pabore  uWcmonmb3yeTcs  TayCCOBCKas  YacTOTHAs  MAHMITYJSIOUS  C
MUHHMaJIbHBIM caBurom (GMSK). JlocTOMHCTBaMHM JTAaHHOTO BHJIA
MOJIYJISILIMHU SIBIISTEOTCS:

e  BO3MOXXHOCTb HCIIOJIb30BaHHUSI ycuiuTenei molnHoctu kiacca C
0e3 pucKa pAaCIIMpEHHs TI0JIOCHI 3aHMMAaeMbIX YacTOT B
panuokaHase;

® HU3KMM YpPOBEHb BHENOJOCHBIX H3JIyYCHUH, IO3BOJIAIOIIUN
YMEHBIIUTh 3aIIUTHBIA YaCTOTHBIA MHTEPBAJ] MEXIY COCEIHHUMH
YaCTOTHBIMU KaHAJIAMH;

®  BO3MOXXHOCTbH HCIIOJIb30BAHMS MPOCTBIX YCTPOWCTB JIEMOAYJISIINH,
COJIepIKalllMX YCTpOMCTBa OrpaHUYEHUs] YpPOBHS INPHHHUMAEMOTO
CUTHaJIa, YTO YNPOIIAET MPOSKTHPOBAaHNE NPUEMHBIX YCTPONCTB H
obecrieunBaeT YCTOHYMBBIN NpHEM B YCIOBHSIX 3HAUUTEIBbHBIX
3aMHUpaHuil IPUHIMAEMOT0 CUTHaIA.
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Henocrarok — HeoOXOTUMOCTh OONBIIEH MOJNOCHI 4YacTOT B
panvoKaHaje 0 CPAaBHEHHIO C TMHEHHBIMH METOJaMH MOIYIISIIIHH.

B cHOyTHHKOBBIX CHCTEMax CBA3M MPUXOJUTCS paboTaTh B
OTHOCHTENFHO HH3KOM OTHOIICHHH CHTHQJI/IIYM U3-3a 3HAYNUTEIHHOU
YIAJIEHHOCTH NepenaTdnka W TNPHEMHHKA W HEBO3MOMKHOCTBIO BECTH
nepeady Ha OOJIBIION MOIITHOCTH.

B Mozpenu ucnonb3yercsi KaHall ¢ aJIUTHBHBIM O€JIBIM TayCCOBBIM
urymoM (AWGN). XapakTtepusyercsi paBHOMEPHOM, TO €CTh 0JAMHAKOBOI Ha
BCEX YaCTOTaX, CHEKTPalIbHOM IUIOTHOCTBIO MOIIHOCTH, HOPMAaJIbHO
pacnpenenéHHBIMI BpEMEHHBIMH 3HAUCHUSIMHU:

FG) = ), @)

rge M4 — MaTreMaTH4YecKoe OXHUJaHWe, @ — CpPEeIHEKBaJApPaTUYECKOe
OTKJIOHCHUE

Taxxe B cucTeMax CIYTHUKOBOM CBSI3M MMEIOT MECTO PEJIEEBCKUE
3aMHpaHusi, BO3HUKAWOIIKWE TMPU OTCYTCTBUM HPSAMOH BHIUMOCTU U
JOCTHKEHUH CUTHAJIOM NMPUEMHHUKA C Pa3IMYHbIX HAIpaBICHUM, OTpaXkasch
OT TpensATcTBUA. [yOmHA 3aMUpaHU 3aBHCHT OT CKOPOCTH JIBHKCHHS
MOOWIJIBHOM CTAaHIIUU U Ra6oqep"1 YaCTOTEL.

P

flx;a) =£exp (——] x=0 a>0,

20

1 (-2
=P

&

)
==

)

JIBiKeHUE CHYTHHKAa OTHOCHTENIbHO 3€MHOW CTAaHIMU BbI3bIBAET
BO3HUKHOBeHHE Y dekra [Jormepa.
voosh
fg=—— ®)

- 4 ’
A

rae 60— yroJ npuxoJia Curiaja OTHOCUTCIbHO HAIIPpABJICHUSA, V — CKOPOCTb
HpI/IeMHI/IKa/HepeZ[aT‘II/IKa, A— JJIMHA BOJIHBI.

1.Cxuap B. Lludposas cBsa3b. TeopeTndeckre OCHOBBI M IIPAKTHIECKOE
npumenenune / Cxisip B. // Tlep. ¢ anrin. - M.: U3patensckuii qom "Bunbsimc", 2003.
— 1104 c.

2.Mengali, U. Synchronization Techniques for Digital Receivers / Umberto
Mengali and Al-do N. D'Andrea. // New York: Plenum Press, 1997. 520 c.

3.Crmnkep Jx. Lludposas crryTHrKOBas cBsi3b,- M.: CBsi3b, 1979. 592 c.

4.YacrotHo-manunyiupoBannsle curHaibl FSK (frequency shift key ) u
FSK curnanel ¢ wnenpepbiBHOH ¢asoii CPFSK (continuous phase FSK). —
http:/Avww.dsplib.ru/content/fsk/fsk.html
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A.C. Benosl, C.B. Kosnos?, JI.I. ®a3buios?

HITIO «Pannosnexkrponuka» um B.U. Illumko, r. Kazans, Poccus
2KazaHCKuit HaIIMOHAJIbHBIHN HUCCIEI0BATEILCKUN TEXHUYECKU I
yHuBepcuret uM. A.H. Tynonesa-KAM, r. Kazans, Poccus

PA3PABOTKA AJITOPUTMA NMPUEMA CUTHAJIOB OFDM
MOBWIBHBIX CUCTEM CBA3U C MEXKCUCTEMHBIMHA
IIOMEXAMMU

B Hacrositiee Bpemst O4eHb OBICTPO Pa3BUBAETCS PHIHOK MOOHIIBHBIX
TenekoMMyHuKalwii ucnoip3yonmx OFDM curnanel. OgHaKO CKOPOCTH
nepefaud MOOWIBHBIX CHCTEM TIIO-TIPEKHEMY OCTAlOTCSl CYIIECTBEHHO
MCHBIINMH, Y€M y CTalMOHApHBIX CHUCTEM CBs3U. B cymiecTBeHHOH Mepe
3TO CBSI3aHO C HEOOXOIMMOCTBIO OTCIIECKHBAHUS M3MEHEHHH MapaMeTpoB
HECTallMOHAPHBIX KaHAJIOB MOOMIBHBIX cHCTeM. OJHMM U3 aKTyaJlbHBIX
METOJI0B NONy4eHHs 3((HEKTHBHBIX OIEHOK NapaMeTPOB HECTALMOHAPHBIX
KaHaJIOB SBIIIETCS MCHONb30BaHue ¢uabTpa Kanmana, dopmanmsamym u
MO/JICIIMPOBAHHUIO TIPUMEHEHUS] KOTOPOTO M MOCBsILeHa 3Ta padoTa.

PaccMoTpuM  mOCIIE0BATENBHOCTh OTCUETOB, MOJIyYaeMbIX Ha
Beixojie BII® U, mpu nmpuéme k -ro OFDM cumBona:

l_jk :HU;( ”'AkT +r?1n +ﬁn ,
k p p
rae “U)*(k “ — Marpula MOAYJINUHA, YYHWUTbIBAOIIASA Hepe;{aBaeMbex’I k -M

OFDM cuMBOIIOM BEKTOp [HOaHHBIX X ; Ak — BEKTOp CTpOKa,

XapakTepu3yromuil ko3 dUIMeHT nepenauy kaHana cBA3M Hpu npuéme K -
ro OFDM cumBona; I’T’lnp u ﬁnp — BEKTOP MaTEMaTHYECKHX OXUIAHUH U

OTCUéThl Oeoro rayCCOBCKOI'o IHryma np'ﬁ KOMITOHCHTEI HOHHFaYCCOBOﬁ

MOJIEJH PAacNpe/ICICHIs BEPOITHOCTH MEKCHCTEMHOM IIOMEXH Np = LN p-

ByzneM cuuTarh, 94TO CKOPOCTh U3MEHEHUS IApaMETPOB KaHasa CBA3U
Majla 10 CpPaBHEHHUIO CO CKOPOCTBIO MEpejaud JaHHbIX. B 3ToM ciyuae
MOXKHO CUMTaTh MaTpHIly Npejcka3anus ¢uabTpa Kasmana eauHUYHON U
YpaBHEHHE COCTOSIHUS OyJIeT UMETh BU:

Ak = A(k,]_) +Gk s
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rae Vi — BEKTOp OTCYETOB GENIOro rayCccoBCKOro GopMHpYIOIIEro myma.
Tak KaK 3HAYCHHC BEKTOpA JAHHBIX X HEH3BECTHO, TO, UCIIONB3YsI
METOUKY, MpuBeAEHHYIO B [1], npu npuéme curnana K -ro OFDM cumBoa
MPOBEJEM OLIEHKY Ak Habopom ¢unpTpoB Kanmmana, Ui Kaxaoro u3
BO3MOXHBIX 3HAUCHHH BeKTOpa X . JJI KaKIOW U3 OLCHOK, MOJTYYCHHBIX C
MOMOIIBI0  COOTBETCTBYIOLIMX  (UIBTPOB,  OMPENCIUM  OTHOILICHUE

npaszonoxo6us L& (Gk|7(k, Np ) IPH pean3aluy BEKTOpa Xk 1 KOMIIOHEHTBI

TIOJINTayCCOBON MOJICIN MEKCHCTEMHOM IOMEXH N

22 % T
cl~ |- uknp _Aknp'Aﬁknp
L uk|xk,np =exp| — )
2
2.0,
p
rie ﬁknp — BEKTOp OTCYETOB OIIMOKH IIpEJCKa3aHus; Aknp -
NpeICKa3aHHbIA, a Aﬁknp — OTKOPPEKTUPOBaHHBIM II0 pe3yJIbTaTam

M3MepeHnil BEKTOp KOA(QQUIMEHTOB INepeadn KaHalla CBSI3U NpU npuémMe

2

k -ro OFDM cumBona; o,

— AUCTIEPCHUA KOMITOHCHTBI HOHI/IFayCCOBOﬁ
p

MOJEIN MEKCUCTEMHOM ITOMEXU.

Pemenne o mepenaBaemoM Kk -sim OFDM cumBomiOM BekTOpE Xk

MPUHUMACTCA C UCIIOJIb30BAHUEM KPUTCPUS MAKCUMYMa HpaB,IlOHO,I[O6I/I$IZ

Xy

N
P
argmax anp-LC(Uk‘Y(k,np) !
k =1

rae qnp — BCPOSITHOCTB PEANM3alUi Ny - KOMIIOHEHTBI TOJINIayCCOBOM

MOZEIIN.
HrtoroBeie OLEHKH KOMIIOHEHT Ha CIEAYIOUIMH IIar ONpeaesitoTCs
Ha OCHOBE CJIEYIOIIUX BbIPAXKECHUI:

_2) No -
Oy |[T > Qn, '”"knp H:
np=1
=~ Ny =~
A= 2 n, 'Aknp .
np=1
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Pa3paboTaHHbIe QJITOPUTMBI B HACTOSIIUN MOMEHT pealu3yloTcs B
cpene MATLAB ans npoBeneHns OLIEHOK WX 3PPEKTHBHOCTH.

1. Kosmor C.B. HoBrele cMeceBble MOAXOABI K IIPOSKTHPOBAHUIO
pamuonnTepdeiica cucrem cBs3u - Kasans : HoBoe 3Hanme, 2014. - 132 c. - ISBN
978-5-906668-26-4.

HI.P. AxTsimoB, P. P. AkkyxuH, I'. . A6apaxmanosa
YouMckuii TOCyIapCTBCHHBIH aBHAIIMOHHBIN TEXHWYCCKUH YHUBEPCHUTET,
r. Yoa, Poccus

HNCCIEJOBAHUE ®AZUPOBAHHBIX AHTEHHBIX PEHIETOK
JJIs IPUMEHEHMUS B CETSX 5G.

dasupoBanHble aHTeHHbIE pemieTkd (PAP) mmpoko ucnoiap3yercs
JUIS cO3AaHus OecIIpOBOJIHBIX CeTel MIMPOKOIOJIOCHOTO JocTyma. B ceTsax
msitoro mokoJieHus (5G) IUIaHUPYeTCsl MPUMEHSATh aHTEHHBI, CIOCOOHBIC
MEHATh (QOpMYy JHMarpaMMbl HallpaBIEHHOCTH B COOTBETCTBHU C
mocraBieHHbIMU 3amadamu. Cetu 5G moryr obecreunmBath B 10 pas
OOJNIBIIYI0 CKOPOCTb, Ye€M B palOTalomMX Cce’dac CeTsIX YeTBepTOro
nokosieHns. ViccnenoBaHue aHTEHH IAHHOTO THIA SIBISIETCS aKTyaJlbHOU
3a7ia4deli, Tak KaK I03BOJISIET pa3paboTaTh HOBbIE METOABI mocTpoeHust DAP
JUIS1 BBICOKOTEXHOJIOTHYHOTO MacCOBOTO MPOU3BOJICTBA.

Ha nannslit MoMeHT B Poccny ipeaBapuTenbHO BEIOpPAaHBI 4aCTOTHBIE
muamazonsl 2,5 I'To m 3,5 I'To. Onepatop cBs3m MeradhoH MOTydrI
paspenrerne 'KPY Ha 3aceqanuu ot 4 utonst 2017 roza (mpotokon Nel7-42)
Ha TpoBeJieHNe TecTOB Ha yactoTax 3,4-3,8 [T u 25,25-29,90 I'T'u. Tak xe
Pocrenekom mony4yun pasperieHue Ha TectupoBaHue 5G Ha 3aceiaHUn
I'KPY ot 28 mexabpst 2017 roxa (mpotokon Nel7-44).

B cBs3u ¢ 3TuM mpeanaraercst anpoOupoBath cymiectByio DAP,
paboraronnyro B nuanazoHe 4acToT 3,5-15 I'T'm asist ucrmosib30BaHust B CETAX
5G. [lannast aHTeHHas pelIeTKa MMeeT pasMmepbl 4x4 snemeHToB. JlmHMHa
BOJIHBI Ha BEpXHEHM yacToTe Auama3oHa paBHa 2 cM. M3 atoro caemyer
OTPaHMYEHUE Ha PACION0XKEHUE COCEJNHUX DJJIEMEHTOB B peEIIeTKe, a
UMEHHO, PACCTOSIHUE MEXAY COCEAHHMH HM3Iy4aTeNsIMU JIOJDKHO OBITH He
MEHbIIIE MTOJIOBUHBI JJIMHBI BOJIHBL, B JAaHHOM ciydae 1 cM. MakcumanbHOe
ME)K3JIEMEHTHOE PacCTOSTHHE COCTABISET 15 cM.

Konctpykuns  ®AP  mo3BonsieT  HM3MEHATh  PACIIOJIOKCHHE
3JIEMEHTAPHBIX M3ITydaTesiel, MEeHIS B3aMMHOE PacCTOSIHAE MEXy HUMH U,
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COOTBETCTBEHHO (HOpPMY JHarpaMMbl HaIlpaBICHHOCTH aHTEHHBI. Takum
0o0pa3oM, CyIIECTBYeT BO3MOXKHOCTh IEPEKIIOYEHHS OCHOBHOTO IIOTOKA
MOIIHOCTH U3JIy4eHHS B TPEOYEeMOM HallpaBJICHUH.

P.P. XXnanos, 10.0. Ycenxko, A.A. ®exopora.
Youmckuii TOCYyIapCTBCHHBIH aBHAIIMOHHBIN TEXHUYECKUH YHUBEPCHUTET,
r. Yoa, Poccus

YBEJIUYEHUE HH®OPMALMOHHO BE30IIACHOCTH B
BECIPOBOJHOI NEPEJAYU JAHHBIX C IOMOILbIO
TEXHOJIOTHH LI-FI

B HacTosmiee BpeMs pacmpOCTPaHEHO OONBIIOE KOIHUYECTBO
OecrpoBOIHBEIX  crmocoOoB  mepemaud  maHueix (3G, LTE, Wi-Fi),
OOJBIIMHCTBO M3 KOTOPHIX OCHOBAHO Ha HCIIOIB30BAHUU PATHOYACTOTHBIX
KaHAJIOB. JTO HaKIAIbIBaeT HECKOJIHKO CYIICCTBCHHBIX HEIOCTAaTKOB. B
YaCTHOCTH, OTPAaHHYCHHS ITOJIOCHI YaCTOT, B3AUMHOE BIIMSHUE HECKOIBKHX
HWCTOYHWKOB CHTHAala B OJHOM YacTOTHOM [Hala30HE, 3aBHCHMOCTH
CKOpOCTH Tiepeladd [aHHBIX OT 4YHcla Ioib3oBaTeneil [1], a Taxke
ySI3BUMOCTb B IUIaHe WH(OpPMAIMOHHOI 0€3011acHOCTH, T.K. PaJHOBOJIHEI
JITKO TPOHHUKAIOT CKBO3b CTCHBI. PemeHHeM BBIIIETIEPEUNCICHHbBIX
npobiiem siBysteTcst Texuoorus Li-Fi.

Li-Fi (Light Fidelity mwin VLC — Visual Light Communication —
mepefada IaHHBIX BHAMMBIM CBETOM) — 3T0 OecmpoBomHas Qopma
KOMMYHHUKAIIMA C TIOMOIIbI0 BHAMMOTO CBeTa (ONTHYECKas TEXHOJOTHUS
OecripoBOMHON — mepemaud  WHPOPMANWHU), KOTOopas  oOOecIeYnBacT
BBICOKOCKOPOCTHYIO, JIBYCTOPOHHIOIO MOOWJIBHYIO CBSI3b MPH ITOMOIIA
ceeta B guamazoHe ot 400 mo 800 TI'm (780-375 HM) it mepenadu
JNBOMYHBIX JAaHHBIX B BHUJE CBETOBbIX UMIyJbcoB [2]. JlaHHas dacThb
9EKTPOMArHUTHOTO criekTpa B 10 Thicsay pa3 Oonee MUpPOKasi, 4eM CHEKTP
paavoM3TydeHHs, YTO AT JONMOJTHHUTENbHBIC IIEPCIIEKTUBBI Pa3BUTHSA
CPENICTB NIMPOKOTIONIOCHOH cBsi3u. Takum oOpa3omM, CBET MOKET 00ECIeUnTh
MPAKTHYECKA HEOTPAaHWYCHHYIO IIMPOTY KaHaua repenadu JAaHHbX. Li-Fi
nepesaeT IBOMYHBIC TaHHBIE B BHJAE CBETOBBIX NOTOKOB (Pucynok 1) n
SIBIISIETCSl Pa3HOBUIHOCTHIO OTKPBITOM OMTHUYECKON OECIPOBOAHOMN CBSI3H, K
KOTOpOl OTHOCATCA BCE€ BHIbl ONTHUYECKMX KOMMYHMKAIM, T/€ He
HCIOJIb3YIOTCSA ONTHYECKHE BOJIOKHA [2].

118



o

& = '

Pucynok 1 — TexHonorust Li-Fi

[lepenaua [MaHHBIX OCYMISCTBISETCS C IOMOIIBIO  CBETOBBIX
pUOOPOB, BBIMOIHSIOMIMX POJH CBETOAHMOMOB (IIEPEIATYNKOB), TaK U B
KadecTBe POTOTUOIOB (TIPUEMHUKOB) [2].

Metox umpoBO MOIYISAIUH, HA3bIBAEMBId OPTOTOHAIBEHBIM
YacTOTHBIM pa3zeneHueM kanaioB (OFDM), mo3BonsieT HCHOIB30BATH
MHUKPOCBETOAMOABI [UIA Tiepefaddl MMIIHOHOB ITyYKOB CBeTa pa3HOU
WHTEHCUBHOCTH B CEKYHIy. DTH JMOIbI BKJIIOYAIOTCS ¥ BBIKIIOYAIOTCS C
BBICOKOM CKOpOCTBIO. BKiroueHme — mormueckas «l», BBIKIIOUEHHE —
sgornmdyeckuii  «0». M3 3THX BKIFOYEHMH-BBIKIIOYEHHNA CKJIAIBIBAIOTCS
OTPOMHBIE MAaCCHUBbI OWHAPHBIX JaHHBIX, IEMOYKA €IWHUI] U HYJEH,
nepenaBaeMble € BBICOKOW CKOpOCTBIO[3]. DTH HaHHBIE TOIydaeT
(hOTOJIETEKTOP ¥ CBETOBOM CHrHAJ ITpeodpa3yeTcs B 31MeKTPpOHHbBIHN By [2].

Takum o6pa3zom, st paboTsl Li-Fi HeoOxoauMsI:

—  CBETOAMOJHAs CUCTEMA OCBELIECHUS;

—  Mapuipytu3aTop (KOTOpHIA OyAeT YCTaHOBJIEH BMECTE C CHCTEMOM
OCBEIIICHNUS );

—  Tpu€MHUK, OCHAIMEHHBIA  JEKOAEPOM Ul  pacuuppoBKH
CBETOBOTO CHTHAJA.
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[Ipn paBHOMEPHOM pacHpENEICHUH CBETOJHOIHBIX MNEpeIaTYMKOB
MOXHO JOCTHYb Topazfo 0ojiee TOYHOTO M CTAOMIBHOIO IOAKIIOUCHHS K
cetn. KpoMe Toro, BUANMBIN CBET HE MPOXOINT CKBO3b CTeHHI (PucyHOK 2),
mostoMy TexHoJorust VLC moTeHnmansHo Oonee HAAEKHA C TOUYKH 3PCHUS
WHPOPMAMOHHONW 0E30IaCHOCTH, YeM TPAJAUIIHOHHBIE OSCIIPOBOJHBIC CETH
tuma cereir  crammaproB  Wi-Fi. C TOYKM 3peHHs  COXpaHCHHS
KOH(MACHIIMAIILHOCTY NepeJadyl JaHHBIX U HMOTEHIMAIbHONH BO3MOXKHOCTH
nepexBaTta JaHHBIX: IS B3noMa ceTH Li-Fi 3moyMblIUIeHHHK IOIKeH
HaXOJMThCSI B HEMOCPEACTBEHHON OJIM30CTH K HMCTOYHUKY CHUTHaja, TEM
CaMbIM TCEPAsA CBOIO AHOHHMMHOCTD. K TOMY K€, MNOJb30BATCIIb MOXKET
BBIOMpATh TONydYaTh JIM JAHHBIE, OCTaBIAs CBOE YCTPOICTBO B obiacTu
JICUCTBHUSI CBETOAMOJIOB MM YOpaTh €ro, 4To0Obl H30€kKaTh 3TOTO.

Wi-Fi Li-Fi

)

Pucynok 2 — M3nydeHue paioBOJIH U CBETOBBIX BOJIH

HeoOxomuMo TakXe OTMETHTh, 4YTO ¢ TexHomormeir Li-Fi
MTOIKITFOYEHUE K CeTsAM OyIeT BO3MOKHA B MECTaX, Tlle paaHONIOMEXH MOTYT
CTaTb CepbE3HOW yrpo3oil  0e30macHOCTH, HampuMep, aBHalusi |
MeIUIUHCKHUE yapexaeHus. [1omo0HbIH croco0 nepeaadn TaHHBIX SBISCTCS
peleHueM IS YUpPeXKACHWH, TJ€ HEeXeJaTeJbHO  HCIOJIb30BaHUE
000pyIOBaHHS, U3TYUAIONIET0 PaaoBONHEL. [I[pUMEpOM TaKuX MECT MOTYT
CTaTh MEIUIIUHCKUE YUPEKICHUS.

1. Texuonorusi Li-Fi: xapakrepuctuka texuonoruu, cpasHenue ¢ Wi-Fi u
MEePCIEKTUBBI pa3BUTHs / DNeKTPOHHBIN pecypc: http://1234g.ru/novosti/li-fi.

2.12 ¢axroB o texuosoruu Li-Fi u cpaBHeHue ee ¢ TexHonorueii iBeacon /
OnekTpoHHBIH  pecypc:  http://startup.today/article-12-faktov-o-texologii-li-wi-i-
sravnenie-ee-s-texnologiej-ibeacon.
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3.Cosnan "li-fi" - cBepXOBICTPHINA HHTEPHET Ha CBETOAMOAAX / DICKTPOHHBIH
pecype: http://www.bbc.com/russian/science/2013/10/131029 li_fi_technology.

4.Texnonmorust  Li-Fi / DNeKTpOHHBIA  pecypc: http://laser-
portal.ru/content_1195.

5.Hoast TEXHOJIOTHS Li-Fi / DIEKTPOHHBIH pecypc:
http://www.inf74.ru/people/science/novaya-tehnologiya-li-fi/.

P.P. Kapumos, A.B. Boporkoga, I".C. Boponkos
Y ¢pumMcKHii TOCYyJapCTBEHHBIN aBUAIIMOHHBIA TEXHUIECKUH YHHBEPCHTET,
r. Yoa, Poccus

IKCTPATIOJIANUA CUTHAJIOB BECITPOBOJIHOM CBA3U IS
HOBBIINEHUA CKPBITHOCTHU INEPEJIAYHN

B coBpeMeHHBIX cHcTeMax OeCHpOBOAHOM CBSI3U Ul MOBBILIICHUS
CICKTPATBHOW  I(P(PEKTHUBHOCTH  WCIOJB3YIOTCSA  pa3jM4YHBIC  BUIBI
MHOTOIIO3ULIMOHHOM ~ KBaapaTypHOW Monyisiuuu. IIpakTtuka pasButus
crangaptoB OecrnpoBoanbix cereid WiFi u LTE, mokasama, 4uro xoporime
pe3yabTaThl aéT HUCIOJIb30BaHUE KBAAPATypHOW MaHMITYIISALUH COBMECTHO
C OpPTOTOHANBFHBIM  YaCTOTHBIM  MynbTHIDICKcHpoBaHueM (OFDM).
Hcnonp3oBaHue 3TOM TEXHOJOTHMHM MPUBOAWT K YHOIMPEHHUIO CIIEKTpa
CUTHaJIa, PUOJIMIKast €ro K IIyMOINOJHOOHOMY, YTO HO3BOJISIET ITOBBICUTH
SHEPreTUYECKYl0 CKPBITHOCTh CHCTEMBI, IIOBBIIIAas TEM CaMbIM &
MIOMEX03aHUIIEHHOCTb. [log 3HEpreTHYecKoil CKPBITHOCTBIO IIPH 3TOM
TIOHMMAETCsl CHM)KEHHE BEPOSITHOCTH OOHApY)KEHHs CHrHaja B 3(Upe Io
€r0 SHEePIHH.

B paGore [1] moka3zaHO, YTO BEpOSITHOCTH OOHAPYXKEHUS INEeperadn
MIPUEMHUKOM-Pa3BeTUNKOM (paguomlepexBaT) TeM BbIIE, dYeM OoJiblie
o0ecrieueHo OTHOLIGHHWE CHTHajd — IIYM [0 MOLIHOCTH Ha BXOJE 3TOTrO
mpuéMHUKA TIPH OCYNIECTBICHWH pajuomepexsata. 1o ecTb Ui
MOBBIMICHUS] HEPTeTHYECKOH CKPBITHOCTH CHCTEMBI TepeJadd mpu
(MKCHPOBAaHHOM 3HAaUYEHHM CpeIHEeH MOLIHOCTH IIyMa B KaHajle CBS3H
HEOOXO0AMMO yMEHBIIATh MOIIHOCTH IIOJIE3HOTO cUrHana. OJXHOBPEMEHHO
HE0OX0AMMO 00eCeYnTh COXpPaHEHUE KauecTBa CBSI3H.

B paborax [2 — 4] npemsyioxkeH Crocod CHIDKEHUS IMHAMHUYECKOTO
muanazona curHagoB OFDM  3a  cuér wux nuddepeHInarTsHOro
mpeoOpa3oBaHus], 3aKIIOYAIONIETOCS B HCIIOJIB30BAaHMM B  KadyecTBE
MOIYJTUPYIOIIETO CHTHajla KBAaApPaTYypPHOTO MOAYJSATOpPA CHCTEMBI CBS3U C
OFDM pa3HOCTH MEXAy CHTHAJaMH KBaJPAaTypHBIX KaHAJIOB M WX
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SKCTPAIIOIMPOBAaHHBIMU 3HAUYEHHWSMH. B yKka3zaHHBIX pa0oTax IpUBEICHBI
MIPUMEPBI, WILTIOCTpHUpPYIOIHe 3()(HEKTUBHOCTD MPEITIOKECHHBIX alTOPUTMOB
IUIsL ClTydaeB HCHONB30BaHUS ¢uiabTpa Bunepa nm ¢umprpa Kanmana B
Ka4ecTBE OSKCTpamonasTopoB. [lokazaHo, 4TO IWHAMHYECKHH IHANAa30H
KaHAJIBHBIX CHTHAJIOB MOXXET OBITh CHIDKEH Ha BenmumunHy 10 4,87 nb. B
COOTBETCTBUH ¢ (hopMynamu, NMpUBEACHHBIMH B [1], Opbuta mpom3BeneHa
OLIEHKa CHW)KEHHS BEPOSITHOCTH OOHApYKEHMsI pacCMaTpUBAEMOTrO CUTHAJIA
B adupe, cumras, 4TO OHa ompenensercs 4epe3 Q-pyHkim0 Mapkyma.
ITpuMeM J0TTYCTUMYIO BEPOSATHOCTB JIOXKHOU TpeBOTH Ha yposHe 1074,

Ha puc. 1 nmnpuBeneH rpauk 3aBHCUMOCTH BEpPOSTHOCTH
0oOHapyXeHHs OT OTHOILIECHMS CHIHAJI-IIYM, BBIPQKEHHOTO B JAelHOesuiax.
AHanM3 NoJy4eHHOro rpaduKa MoKas3bIBaeT, YTO CHUIKEHHE TNHAMUUECKOTO
Jyana3zoHa KaHaJIbHOTO CUTHaja, Harpumep, ¢ 10 n1b 1o 5,13 1b no3sossitor
CHU3UTHh BEpOSTHOCTH OOHapyxkeHus curHama ¢ 0,615 mo 0,056, To ectpb
Gosiee 4eM Ha MOPSIIOK.
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Pucynok 1 - O606meEnHas ctpykrypa Tpakta OFDM npu ucnons3oBaHuu
i hepeHIHaIbHOM cXeMbl Tpeo0pa3oBaHus CUTHAIA
Takum oOpazom, cxeMbl QopmupoBanus curaanoB OFDM,
OCHOBaHHBIE Ha WX IUPPEPEeHINATHFHOM TIPEOOpa3OBaHHUHU, ITO3BOJIIOT
CYIIECTBEHHO TIIOBBICUTh HSHEPreTHYECKYI0 CKPBITHOCTH OECIpPOBOIHBIX
CHCTEM IIEpefayd, YTO SBIAETCA AaKTyaJIbHBIM B IIEPBYIO O4Yepelb B
CUCTEMaxX CHELHaNbHON CBA3U.

1. bekkue, A.FO. ba3oBble NPUHLHUIIBI CO3AAHUS MOMEXO3ANUIIEHHBIX
cucreM pamguocBsizu / AJO. bexxuwes, B.M. Bopuco // Teopus m TexHHKA
panuocsszu. — 2014, — Nel.—C. 5-18.

2. BopornkoB, I'.C.  CrpykrypHBle  cXeMbl  Au(QepeHInaITbLHOTOo
npeoOpa3oBaHMsi CHTHAIOB B CHCTEMax C  OPTOrOHAIBHBIM  YacTOTHBIM
myneraiuiekcuposanneM / I.C. Boponkos // Tpymsr MHTK «IlepcriekTuBHEBIE
nHpopmaronHsle TexHonorum». — Camapa. — 2017. — C. 62-64.
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3. Boponkos, I'.C. IToxxon K KOHIEHIMU MOCTPOSHUS] HU3-KOCKOPOCTHBIX
OFDM-monemoB it 3HeproaedunmtHeix cucreM cBsizu / [.C. Boponkos, U.B.
Ky3nenoB // DneKTpoTeXHHYECKUEe W MH(POPMALHOHHBIE KOMIUIEKCH U CHCTEMBI —
VYa, 2016. — C. 44-49.

4. Boponkos, I'.C. IToBsiienne 3HeprodhGpeKTHBHOCTH CHCTEM PaaUOCBSI3H
C OpPTOTOHAJIBHBIM YaCTOTHBIM MYJBTHUIIEKCHPOBAaHHEM CHTHAJIOB Ha OCHOBE HX
skcrpanomsiiuu o Kanmany / Boponkos I'.C., Kysuenos U.B., Cynranos A.X.
//MHdpoxOMMyHUKAIOHHBIe TexHonornd. — Camapa, 2017, — T. 15. — Ne 3. — C.
273-280.

A.H. Huxonaesa, I'.fI. Xubarosa, E.I1. I'paxoBa, I'.11. A6apaxmaHoBa
YouMckuii TOCYyTapCTBCHHBIH aBHAIIMOHHBIN TEXHUYCCKUH YHUBEPCHUTET,
r. Yoa, Poccus

HEPCIIEKTHUBBI PASPABOTKUN AHTEHH AJIsA
MYJBbTUIIVIEKCUPOBAHMUSA IO OPBUTAJIBHOMY
YIJIOBOMY MOMEHTY

CrpemuTenbHblii  pocT Tpaduka HaHHBIX M 0o0miero ooObeMa
MH(OPMALMOHHBIX TIOTOKOB MPUBOAMT K TOMY, YTO CYIIECTBYIOLIHE CETH HE
CHOCOOHBI yJIOBJIETBOPUTH BO3pACTalONIME IOTPEOHOCTH HOBBIX YCIYT
cBs3U. B nmanpHelIieM, mpu OTCYTCTBHM MOJEPHM3AINH, CHTyauus Oyner
TOJIBKO YCYTryOmnsThcs. Bo3HnMKaeT mpoOiieMa oMcKa METOJI0B HOBBIICHHS
3¢ PEKTUBHOCTH HCIOJIB30BAHUS YaCTOTHOTO pPecypca W, CIeJOBaTENbHO,
YBEJIMUYEHUSI MPOIYCKHOM CIIOCOOHOCTH KaHAIOB paguocsszu. OnHO u3
BO3MOXKHBIX ~pEIICHWH 3aKJII0YaeTcsi B HCIIOJIb30BAHMM TEXHOJOTUH
MYJBTHITICKCUPOBAHUS C pasfelieHHeM 10 OpOUTAIBHOMY YIJIIOBOMY
momeHTy (OYM).

Panee Obuto 0OHapykeHO, YTO Jr00as yacTuia oO0nanaeT AByMS
BHIAMH YTJIOBOTO MOMEHTA: OPOWTAIBHBIM YIIOBEIM MoMeHTOM (OYM) n
CIIMHOBBIM yTIIOBBIM MoMeHTOM (CYM). OYM mnopoxnaercs ABIDKCHHEM
YacTHILIBI B MPOCTPAHCTBE, B TO BpeMst kak CYM ¢ HUM He cBsi3aH. Takum
obpazom, OYM xapakrepusyeTcss IPOCTPAHCTBEHHBIM PacIpeieiIeHHeM —
HM3MEHEHHMEM HaIlPaBICHUS PACIIPOCTPAHEHNUS DIEKTPUUECKOTO MOJIS.

B nmanHOW paboTe wmcciienyercss BO3MOMKHOCTH — pealn3alyn
IPUHIUNHAAIBHO HOBOTO BUJAA AHTEHHBIX CUCTEM, NpPEAHAa3HAYEHHBIX MJIs
MyJIbTUIIEKCUPOBaHUS M0 OYM, UTO MO3BONUT CYIIECTBEHHO YNPOCTHTH
aHTEHHO-(QUACPHBIA TpakT. B kadecTBe HEro MOTyT OBITH HCIIOJIB30BaHBI
OJIMHOYHBIE AHTCHHBI U AHTEHHBIE PEIIETKH.
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CylecTByeT TpH OCHOBHBIX pELICHHS pealu3allud aHTEHHOU
pemieTkn Uil MyJIbTHIUIEKCHpoBaHHs 1o OVYM: KoHburypamum c
BO3MOXKHOCTBIO T€HEpALUH JIyda OJHOTO (UKCHpOBAaHHOTO mopsaka OYM,
KOH(UTypanuu ¢ BO3MOKHOCTBIO TCHEPAINH JIyIeH ¢ PasHbIMU HOPAAKAMU
OYM u o0beMHasI aHTEHHAsI pemeTKa Ha OCHOBE TPUIIOJICH.

[epBIii THI TpenCTaBIseT COOOH pe30HATOPHl, OOBEAWHCHHBIC B
KOMIAKTHYIO CTPYKTYpPY C MPOCTOH CeThlo muTaHus. B uactHOCTH, B [1]
TIpE/ICTaBIICHA IJIOCKas 8-3JIEMEHTHAsI aHTeHHas pelleTKa, padoTaromas Ha
gactore 60 [Tu u ocHOBaHHasT Ha MHOTOCIOWHOH (hazocaBUraromieit
noBepxHocTH. Jlns peanuzanuu (azoBOro KOHTPOJIST MEXKIY BXOASLICH M
HUCXOJSIIEH BEPTUKAIbHO MOJISIPU30BAHHOM BOJIHOW aHTEHHAas pelleTKa
BKJIIOYaeT B ce0s HECKOJBbKO MPOBOASIIMX (Da30CIABUIAIONIMX IJIACTHH
(COII) w pgwdmeKkTpudecKuxX ciioeB. JlaHHas aHTEHHas peIeTKa
IpeAHa3sHa4YeHa I W3TydeHus paguoBosH ¢ OYM  TOIOJIOTHYECKOTro
3apsia MepBOTo MOPsAKa

JIOCTOMHCTBOM JaHHON aHTCHHOW PEIICTKH SBILSIETCS BO3MOXHOCTh
(OKYCHPOBKH BBIXOHOTO PAIHOIyda, BHI3BAHHOW BBICOKHM PACX0XKICHUEM
BOJH ¢ 3agaHHbIM OYM. OpHako AJi NOJy4YyeHUs: MOJbl JIPYroro Mmopsiaka
Tpebyercs mosHasi pekoHpurypanus ctpykrypsl CDII, uro nenaet naHHoe
pelleHre He ONTHUMAJIbHBIM M CYIIECTBEHHO COKpAIIaeT BO3MOXKHYIO
001acTh IPUMEHEHHUSL.

Ko Bropomy Tumy [2] OTHOCSTCS KpPYyroBble aHTEHHBIC PEIICTKH,
KOTOPBIE COCTOSIT M3 YETHIPEeX 3IeMeHTOB. Ha 3Tu 31eMeHTHl MomaroTcs
CUTHAJIBI C OAMHAKOBOH (ha30H, Kak JUI JIEBOI KpyroBOW MOJISAPHU3AIINH, TaK
U JUIs TIPaBOi, a caMM 3JIEMEHTHI MIOCJIEI0BATEIIFHO TOBOPAUYNBAIOTCS HA
90 rpagycoB mo yacoBod cTpeinke. OCHOBHBIM IPEUMYIIECTBOM MEPEN
BEIIIICYITIOMSIHYTOH pa0oTON SBISETCS BO3MOXKHOCTH (opmupoBanus OYM
Pa3MYHBIX TIOPSAAKOB 0e3 HEOoOXOIMMOCTH HW3MEHEHHS KOH(HIYypaIrun
aHTCHH.

Tpernit tun [3] - oObeMHas aHTEHHAs peIIeTKa, y KOTOPOH B
KayecTBE W3JIydaTeled WCHONB3YIOTCS TPHUIONHM, a cama pelreTka
MIPECTaBIACTCS coboit COBOKYITHOCTb HECKOJIBKUX peIeToK,
pacupeneneHHBIX B TNPOCTPAHCTBE. OTO IMO3BOJSET TNPUHUMATh U
JEKOJUPOBATh CUTHAJ «CITyTaHHBIID C ITyMaMH.

B nanHo# paboTe paccMaTpuBaeTCsi BOZMOXXHOCTh CO3IaHHsI HOBOU
HIIMPOKONOJIOCHOM AHTEHHBI A pealu3allid YIUIOTHEHHWsS KaHaJIOB IO
OYM Ha uactrore 2,45 ITu. CymecTBEHHBIM NPEUMYIIECTBOM JaHHOU
AaHTEHHBl SBJIAETCS TO, 4YTO OHAa MOXKET U3Iy4yaTb BHUXPEBBIE
JJIEKTPOMArHUTHBIE BOJHBI C BO3MOXHOCTBIO MYJIBTUILUIEKCUPOBAHUS Kak
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nmo OYM, Tak M MO 4YacToTe, NOATOMY 3HAYHUTEIHHO ITOBBIILIACTCS
3¢ ($EKTHBHOCTH UCTIOIH30BAHUS CIIEKTPA.

1. Yiling Chen, Shilie Zheng, et al. A flat-lensed spiral phase plate based on
phase-shifting surface for generation of millimeter-wave OAM beam. IEEE
Antennas and Wireless Propagation Letters (Volume: 15), pp. 1156-1158, 2015.

2. X.-D. Bai, Xian-Ling Liang, et al. Experimental Array for Generating
Dual Circularly Polarized Dual Mode OAM Radio Beams. Scientific reports, article
number 40099, 2016.

3. E.P. Grakhova, G.I. Abdrakhmanova, V.Kh. Bagmanov, Ultra wideband
vortex antenna array design for high capacity radio links, Proceedings of the IV
International Conference on Information Technology and Nanotechnology (ITNT-
2018), Samara, 2018. - pp. 138-143.

. K. Memxos, H. A. llIkutna
YouMmckuii TOCyTapCTBCHHBIH aBHAIIMOHHBIN TEXHUYECKHH YHHBEPCHTET,
r. Yoa, Poccus

CUHXPOHU3ALOMUA OFDM TP BPEMEHHOM 1 YACTOTHOM
PACCOI'TACOBAHHNHA

OFDM (amrn. Orthogonal frequency-division multiplexing —
OPTOTOHAIILHOE 4aCcTOTHOE paseneHue KaHAJIOB c
MYJIbTHIUIEKCUPOBAHHEM). IJTO TEXHOJTHUS, HCIOJIB3YIOlIas MHOXXECTBO
HOJHECYIUX 4YacToT. KaHam Jenurcsi Ha HECKOJBbKO CyOKaHAJIOB WIIH
nogaecynux. B OFDM mnoTok JaHHBIX KOHBEPTHPYETCS B HECKOJIBKO
napasuiesIbHbIX OUTOBBIX MOTOKOB MEHbIIEH CKOPOCTH, KaXk/Ibli M3 KOTOPBIX
MOJIYJIUPYETCsl CBOeH OT/IEIbHOW Hecymied. Bece 3To MHOMKECTBO HecyIux
Tiepe1aeTcsi OTHOBPEMEHHO.

[penmymectBo OFDM  cymectByer, Korma coOuiomaercs
OpPTOTOHAIBHOCTh, WHAYE HOSBISIOTCS MEKCHMBOJIbHBIE U MEKKaHaJIbHBIC
nomexu. llenmpio paHHOW paboTBHl sBIsIETCS  paccMOTpeTh  3(PdexTs
BpeMEHHOr0 cMelneHust cumBosioB (Symbol Time Offset — STO) u
cMmemienuss noxmecymux uacror (Carrier Frequency Offset — CFO),
KOTOpbIE MPUBOJAT K TMOTEPEe CHHXPOHHU3AIMU M OIMHCAaTh METOJbI
CHUHXPOHH3AIINH.

OBII® u BII® sBISAOTCS OCHOBHBIMH (YHKIHSIMH, HEOOXOAUMBIMU
JUISL MOAYJSIIIMM M JEMOJYJSIIMK B IepellaTYUKe M MPUEMHHUKE CHUCTEM
OFDM. TpeOyeTcst npaBUIIbHBIN BEIOOP BpEMEHH B IPUEMHHKE, HHa4Ye OJIOK
BII® Oyner mpuHMMaTh JABa IEPEAaBAaEMbIX CHMBOJIA, YTO YXYJIIAeT
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npousBoauTeabHOCTh cucTteMbl OFDM. CunxpoHHM3amus CHMBOJNA IO
BpPEMEHHU JIOJDKHA MO3BOJISITH OMPENENATh HAYATIbHOE MOJIOKEHHE KaXIO0ro
OFDM cumBomna, 9to o0ierdaer NONy4YeHHE IepelaBacMbIX TaHHBIX. B
3aBHCHMOCTH OT HAYaJbHOTO MOJOXeHHs cuMmBoina, 3¢pdexr STO moxer
ObITh pa3HbIM. CyIIecTByeT 4 JaCTHBIX CIIydas:

. «TOYHO PpaBHO» CHMBONY (BPEMEHHOE CMEIICHHE
OTCYTCTBYET)

. «HEMHOTO  paHbIE» CHMBOJA (CHMBOJI  HECHIIBHO
cMmelniaercs B nukinnieckuii npeduxc(CP)

. «MHOTO paHbplIe» cHuMBosa (mpaktudecku Beck CP
MIEPEKPBIT CUMBOJIOM)

. «HEMHOTO TI03Xe» CHMBoJia (cMMBON cMmemaercsi B CP

CIIeIYIOIIEeT0 CUMBOJIA)

U3-3a uckaxeHuss Hecymied 4vacToTbl moseisiercss s¢pdexr CFO,
KOTOpBIN 00BsiCHsETCS J|OMIepOBCKUM CABUIOM 4acTOThl. CABUT YacTOTHI B
curHaie noggunsercss CFO 1 mpUBOIUT K TIOMEXaM MEXIy ITOJHECYIIHMHU
gacroramu. CymecTByeT nBa Buga CFO:

. Ilenoe cmemienne Hecyie#d wuacrotsr (integer carrier
frequency offset — IFO)

) Yactuunoe cmelneHne Hecymelr uacrotel (Fractional
Carrier Frequency Offset — FFO)

CymectByer 2 HampaBieHus oneHkd STO — B 4acTOTHOH u
BpeMeHHOU obmactu. K BpemMeHHON 007acTd OTHOCATCS  METOJBI
ucronb3oBaHus  nukinnueckoro npedpukca (CP) u  mcrnosb3oBaHus
TPEHUPOBOYHOrO  cuMBoja. [lepBblii  MeTOX  UCHONB3YyEeTCS ISt
MOJIJIepKaHKUsI OPTOrOHAJIBHOCTH, B HEM CHMBOJ IIMKIMYECKH PACIIUPEH B
samuTHbIA nHTEpBan (cycle prefix — CP). Bropoit Mmetox 3akirouaercs: B
nepenade nepex OFDM cuMBOIOM, TPEHHPOBOYHOTO CHMBOJIA, KOTOPBIN
OCYIIECTBIISICT CHHXPOHHM3ALMIO CHMBOJIOB B IIPUEMHHKE. B oTnmume ot
TIEpBOI0 METO/1a, UCIIOJIb30BAHHE TPEHHUPOBOYHOTO CHMBOJIA HE 3aBHCHUT OT
MHOT'0JIy4€BOT0 PACIIPOCTPAHEHHUS, YTO SABJISETCS NPEUMYILIECTBOM.

OueHka B 4aCTOTHOH 00JacTH OCHOBaHA Ha OIEHKE MOBOPOTa (hazbl
curHana. [lockonbky BpamieHue (a3bl  HPOMOPIHMOHAIBHO — YacTOTe
mogHecymed, STO Moxer OBITH OLEHEHa pPa3HOCThIO (a3 MexIy
CMEXHBIMH KOMIOHEHTaMH IMOJHECYIIel MPUHATOrO CHUTHAJIA B YaCTOTHOM
obmactu. JlaHHBIH MeETOA  MOXET HCIOJL30BAaThCA  JUISI  TOYHOM
CHUHXPOHH3AIIMK CHUMBOJIOB, TIOCKOJIbKY MOTYT JaTh TOYHYIO oneHky STO.
Kak un gns STO, ouenka CFO MoXeT NpOM3BOIUTHCS B YacTOTHOW M
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BpeMeHHOW o6Onactu. Meronsl onenku CFO Bo BpemeHHOH o6nactu
WIEHTHYHEI ¢ MeTonamMu oneHku STO.

OnHaxo, OILIEHKA B YaCTOTHOM obacTi OTJINYAETCS.
[Tpon3BOANTENBEHOCTS CHCTEMBI MOXKET YXYIIIAThCS H3-32 YMEHBIICHUS
HEHYJICBBIX BBIOOPOK, B3ATHIX Ul YCPEXHEHHWS B YacTOTHOH oOyactH,
JIaHHBI METOJl OCHOBAaH Ha HCIIONB30BAaHWU IepHona mpeaMOyibl, B
KOTOPOM IIOCJIEA0BATENILHO OTHPABIISIOTCS TPEHHUPOBOYHBIE CUMBOJIBL, IS
YIIPOILEHHUS BBIYHCIICHUH. TO ecTh, CyTh METO/]a OCHOBaHa Ha pa3HOCTH (a3
Mexay npeamOyinamu OFDM cumBoia.

B xome pabotel, 6butn m3ydensl mpodaembl STO u CFO 8 OFDM
cUCTEeMaX M METOAbl UX OLEHKH, JUIl [pPENOTBPAlICHHS IOTepH
nH(pOpMaLNK WK TTOJTHO MOTEPH CUTHaA.

1.Yong Soo Cho. MIMO-OFDM wireless communications with MATLAB,
Wiley, 2010

N.K. Memkos, I'."1. Xucamona
YouMckuii TOCYyIapCTBCHHBIH aBHAIIMOHHBIN TEXHUYECKUH YHUBEPCHUTET,
r. Yoa, Poccus

OB30P TEXHUYECKHUX XAPAKTEPUCTUK CTAHJAPTA
OUPPOBOI'O PAJUOBEIIIAHUA DRM+

AXTyaJIbHOCTh LU(QPOBOro pajMOBEIIaHNsI B TOM, YTO OHO HUMEET
BBICOKOE€  KAauecTBO  3ByKa, YIPOLICHHBIA IIOMCK  PagUOCTaHIUIA,
MTOHMKEHHYIO MOIIHOCTh IepefaTdyrnKa B IepecdyeTe Ha OJHY CTaHIHIO. A
TaKxke eCTh BO3MOXHOCTb UCTIONb30BaHUS JIOTIOJTHUTEIIBHBIX
ayIMOBU3yalbHBIX CPEACTB Iepenadyn HH(GOPMAlMd M BO3MOXKHOCTH
J0CTyTIa K TOpa3io O0JbIIeMy KOJHMYECTBY PaAHOCTaHIHH.

Ha naHHBIE MOMEHT HMMeeTcss psi CHUCTeM  IH(POBOro
pamuosemanusi: DAB+, HDRadio, PABUC, DRM, DRM+. Tlpu mupute
mojocel curHana jumbs B 96 kI'm, cucrema DRM+  ynosnerBopser
3HaYMMBIM JUIS [IOJIb30BaTeNed, paJuoBeIIaTesied W MpPOU3BOAUTENEH
CUCTEM pPaJHOBEIaHUIl 3a1IpocaM TaKuM, KaK:

— BBICOKas CIIEKTpaibHas 3PPEKTUBHOCTE;

— THOKOCTBH CHCTEMBI C IEebI0 TUIAHMPOBAHUS M PACTIPEIEIICHHUS YacTOT;

— yJydllleHHas JIOCTYIIHOCTh CEepBHUCa OTHOcUTesbHO ¢ FM, B
0COOEHHOCTH /711 MOOMIILHOTO TIPUEMA;
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— YJy4IIEHHOE Ka4eCTBO 3BYKOBOTO CHTHAJIA, B TOM YHCIE HOAJCPIKKA
00BEMHOTO 3BYKa;

—  TOAJEepKKa pa3IHIHBIX HHPOPMAINOHHBIX YCIIYT;

— JOCTyHHas CTOMMOCTBH pa3pabOTKH CHCTEMBI W MpPHEMHO-TIepeaatonei
anmaparypsl;

— BO3MOXHOCTB CO3JIaHHSI CHHXPOHHBIX CeTel

BaxHbIM 00CTOSATENILCTBOM MpPH 3aMYCKE M HMCHBITAHHUH CUCTEMBI
cunTaeTcs abCONIIOTHAsE COBMECTUMOCTD C CYIIECTBYIOUIMMHU CHCTEMaMH B
VKB pnuama3zoHe M ¢ cucTeMaMu JETHOHW paJMOHABUTALIMU, KOTOPBIE
HaxojsaTcst B auanaszone ot 108 MIm mo 120 MIm. Cucrema DRM+
BBINOJHSIET BCE BhILIICYKa3aHHbIE TPEOOBAHUSI.

Jnst KomMpOBaHHWS ayAMO NPHMEHSETCS QJITOPUTM W3 TPYIIIBI
craagaptoB  MPEG-4. B cucreme DRM Bo3MOXHBEI Tpu cmocoba
komupoBauus ayauomHpopmarmn: AAC HE (Advanced Audio Coding), u
nBa crocoba koaupoBku peueBbix nanHbix: CELP (Code Excited Linear
Prediction) m HVXC (Harmonic Vectore Xcitation Coding). B mob6asox
MOYKHO HMMEETCsI BO3MOXKHOCTh HCIIONb30BaHus anroputma SBR (Spectral
Bandwidth Replication). [us ny4miero BOCHpUSITHS KadecTBa 3BYyKa
BO3MOJKHO MPHUMEHEHHe 00beMHOro 3ByKa (surround sound) [1]. B Tabmnuie
| mpuBeICHBI OCHOBHBIC TEXHHUECKUE XapaKTepUCTUKH ciucTeMbl DRM+.

Tabmuma 1 —XapakTepUCTUKH W TapaMeTphl KadecTBAa CHCTEMBI LHU(PPOBOTO
aguosentanus DRM+

Ne | HanmeHOBaHUE XapaKTEPUCTHKH 3HaueHUs] XapaKTePUCTUKHI

1. Jlnana3oH Hecymux 9actot, MI 1| 30-240 (47-68; 65.8-74; 76-90;
87,5-107,9; 174-230)

2. [Tonoca gacToT pagnokanana, KI'i 96

3. UYucnmo Hecymwux yactoT B momoce | 213

4acTOT paJinOKaHaa

4, Tun Moaynsanuy paguocurHana OFDM / QAM

5. OFDM- cuMBO COACPIKUT MTUJIOT- UK, STUCHKU
yIpaBIeHHUs, TUCHKH TaHHBIX

6. Monynsiusi HeCyIuX 9acToT QAM, 16 QAM, 4 QAM

7. Ckopocts  mepemaun  mu¢ppoBex | 37 — 186
JIaHHBIX, KOWUT/C

8. CKopocTh  mepefayd  CepBUCHBIX | 24x2 wnu 6 (naHHbIE, peyb)
JIAHHBIX, KOUT/C
9. 3amuTa oT OMINOoK CaepTouHOE KOJIMPOBaHUE,
TIepeMeKeHUE ouTOB,
nepemexxerne QAM-syeek
10. | ®opMaThl 3BYKOBBIX CHTHAJIOB MoHo (1/0); 06b19HOE cTepeo

128



(2/0); Surround 5.1
11. | CkpembnupoBanue mudposbix | Mmeercs
JAHHBIX €  IeJbl0  yCTPaHEeHUs
HEXeJTaTeIbHOH  pEerylsIpHOCTH B
1 pPOBOM CHTHAIIE

12. | Bo3MOXHOCTh COBMECTHOH mepenaun | Mmeercs
CHUTHAJIOB aHAJIOrOBOTO
paauosemmanust 1 DRM+- curnanos

Beenenue crangapra DRM+ mo3BosisieT UCnoiap30BaTh TEXHOJIOTHU
OJHOTO cTaHnmapTa Bo Bcex nuamnazonax (HY, CU, BU u OBY), BeiieIeHHBIX
JUIsl HazeMHOro IudpoBoro paauosemianus. He Hyxnaercs B M3MEHEHUU
YacCTOTHOTO pachpezeneHus, npuHsatoro B Poccuiickoit ®enepauuu, u
MOJKET HWCIONB30BaTh CYIIeCTBYOIIyI0 HHMpacTpykrypy OPI'VII PTPC.
Takxe cucTeMa OCYIIECTBUT MOCTENEHHBIN IEpEX0] OT aHAIOroBOro K
u(poBOMy paguo B BbIIIE YKa3aHHBIX IIOJOCaX YacTOT. BO3MOXHOCTH
CO3/1aHus OJTHOYaCTOTHBIX cereit CYIIECTBEHHO COKOHOMHT
panrovacTOTHBIN pecypc U MOBBICUT 3 PEKTUBHOCTD €TO MCIIOIb30BaHM.

1.ETSI TS 101980 v1.1.1. (2001- 09). Digital Radio Mondiale
(pacmmpennecranpapra DRM); System Specification.

IT.A. ApxumoB
IloBOoJKCKUH TOCYNapCTBEHHBII YHHMBEPCUTET TEICKOMMYHUKALMH H
nuHpopmaruky, r. Camapa, Poccust

XAPAKTEPUCTUKU TEHEPUPYEMOI'O TPA®UKA B
MNPUJIOKEHUAX MOBNJIBHOI'O BUPTYAJIBHOI'O
OIIEPATOPA (MVNO) HA CETEBOI UH®PACTPYKTYPE 3G U
LTE

[porpammuo-onpexnensembie cetrt (SDN) u BUpTyanu3amus CeTeBhIX
oyukuuii (NFV) ¢ HemaBHMX MOp NPHHUMAIOTCS BO BHHMaHHE IIPH
cokpamniennn karmTaiabHEIX (CAPEX) n onepanuonnsix pacxonos (OPEX).
B To Bpemsa kak SDN B 0CHOBHOM (OKYCHPYETCSI Ha IPOTPaMMHUPYEMOCTH
KOMILIEKca ceTeBoro ynpasineHus, NFV HameneH Ha peann3anuro GyHKIHN
00pabOTKM MaHHBIX B MPOTPAaMMHOM OOECHEUEHHH ITOBEPX BHPTYATbHBIX
MaIrH, 0COOEHHO TeX, KOTOpBIE CYIIECTBYIOT W paboTaloT CeromHs Kak
ammapaTHBIE CETeBBIE YCTPOHCTBA. [lakeThl MaHHBIX MOTYT IEpeaaBaThCs
yepe3 SDN u o6pabarsiBatecst NFV Ha mporpaMMHOM YpOBHE.
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[IporpammHo-ompeaeseMasl IUIOCKOCTh Iepenaul AaHHbIX (data
plane), To ecth ympaBiaeHHE IUIOCKOCTHIO MEPEAady AaHHBIX IIOCPEICTBOM
I1O, 3HaYMTENbHO MOBBIIIAET B3aMMOJCHCTBHE, WM, HHBIMH CIOBaMH,
cugepruto  Mexay SDN wu  NFV [1]. Takoe B3aummMoneiicTBue
paccMaTpHUBaJIOCh TOJIBKO B HECKOJBKHX HCCIEIOBATEIBCKUX NMPOEKTaX [2,
3]. Kpome Toro, NFV moka OorpaHHYMBAacTCsi MPOTPAMMHBIM BHEAPEHHEM
CETEBBIX YCTPOWCTB M HE 3aHMMAaeTCsl Pa3pabOTKOW HOBBIX MPOTOKOJIOB U
¢GyHKIMAMU aBTOMatu3anuu pabotsl u ynpasieHus (OAM). Ilockonbky
TeKymiasl MIOCKOCTh AaHHBIX SDN Ha naHHBII MOMEHT HE MMeeT TMOKOW
METOJIOJIOTHH Pa3paboTKH (MPOrpaMMHPOBAHUSA), U IOITOMY OHa IO-
IIpEeXHEMY YacTO peaju3yeTcsl Ha ammapaTHBIX CPeACTBaX, PacHIMpeHHe
SDN ¢ nporpaMMHO-OIpe/IelIeHHON TIOCKOCTBIO IJAHHBIX 3aMOJHUT POo0Oe
B TeKyIleM nosioxeHnu NFV.

Taxoke pazpabarsiBaercs crenuanuzuposanHoe 110 i ynpasineHus
CeTAMH MOOMJIBHBIX BHPTYaJIbHBIX omepatopoB cBs3u (MVNO), kotopsie
MIOJTy4aloT CETEBBIE YCIYyTH OT onepaTopoB MoOminbHOH cetn (MNOs) un
MIEPETIPOAAIOT CETEBBIC YCIYTW KIMEHTaM IO MX COOCTBEHHBIM II€HAaM, HE
nuMes B CBOEH COOCTBEHHOCTH Ty CETEBYIO MH(PACTPYKTYpy, KOTOPOIO OHH
HCTONB3YIOT. bonee KOHKpeTHO, ompenenéH Habop mporpamm, KOTOPHIH
kinaccupuIppyer TpaduK NPUIOKEHUH W / WIK yCTPONCTB HA TPYIIIBI U
IIpUMEHSeT OLEHKY KkadecTBa oOcmyxuBaHus (QoS) mrt MVNO. Vike
cymectByer Oounbiioe konmuectBo MVNO, pacnpocTpassomumxcst 1o
BCEMY MHPY, M OOJBIIMHCTBO W3 HUX O0ECHEYMBAIOT HEIOCTATOYHYIO
MIPOITYCKHYIO CIIOCOOHOCTb, XOTh M C HU3KOH cTOMMOCTBIO yeiryr. Ho ceituac
npeanaraercs HoBas OuzHec-monens it MVNO, KoTopast IpeocTaBisieT
BUPTYJIBHBIM OIIEPAaTOpaM BO3MOXKHOCTb aJIallTUPOBATh TapH(HBIE IIIaHbI,
KOTOpBIE ~ OTBEYAlOT  IOTPEOHOCTSIM  TONIb30BATENeH:  Hampumep,
YBEJIMUYEHHAs] CKOPOCTh IIepefauyn JaHHBIX BBLACNAETCS JUIi HEKOTOPBIX
NIPWIOKEHNH, HO Ui OCTaNbHBIX TPHWIOXKEHHH Takas MpOITyCKHAs
CIIOCOOHOCTH I/I361)ITO‘IH8., 1 MMOOTOMY HAaHHBIC IMPUIIOKCHUA aBTOMATHYCCKU
OTPAHWYMBAIOTCS 10 MUHIMAJIBHOM JUISI HUX IPOITYCKHOH CIIOCOOHOCTH.

CozmaH TPOTOTWI pealu3alny  3asBKd B peabHOM MVNO,
MOJIKJTIOYAIONIEM HACTPOCHHBIE cMapT(hOHBI, 4TOOBI omeparop uepe3 [10O
MOT HIACHTU(UIMPOBATh TNPIIOKEHUS / YCTPOHCTBA W3 TOTPEOIAIEMOro
Tpaduka cO  CTOMPOLEHTHOH  TouHOcThio. CHauama  mporpamMma
XapakTepusyeT IalbioHbl Tpaduka TOMYJSPHBIX TNPHIOKEHUH IS
JeTalbHOTO MOHUMAHUS TOTO, KaK CETEBBIE PECYPChl HCIOJB3YIOTCS IS
peaJbHBIX II0JIb30BaTENe M TNPHIOKEHHH M KaKOBBI MX TpeOOBaHUS K
CETEBBIM pecypcam.
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O.H. Apxumnosa
[ToBoKCKMH TOCYNapCTBEHHBI YHHUBEPCUTET TEIEKOMMYHUKALMA U
nHpopmartuky, . Camapa, Poccust

MOHHUTOPHUHI COCTOSIHUSA TEINIMYHBIX KOMILJIEKCOB,
OCHOBAHHBIN HA CETSIX ZIGBEE

OpmHOM M3 caMBIX BaXHBIX 4YacTed BeJEHMSA, OpTaHU3alUU U
MIOJTOTOBKA TPOU3BOJICTBA B C(epe CENbCKOr0 XO3SHCTBa  SIBISIETCS
KOHTPOIb MapaMeTPOB MPOU3BOACTBEHHOM Cpebl, HAIPUMED, TEMIIEPATYPhI
BO3/yXa, BIIAXKHOCTHU, COAEPKAHUS ABYOKHCH YTIIEPOAA, BIAXKHOCTU MOYBbI
U T.A. DKOJOTMYECKUA MOHMTOPHHI SIBJISIETCSI OCHOBHOM TapaHTHEW IUis
peanu3alyy yCHEeIHOr0 aBTOMATH3HMPOBAHHOTO YINPABIIEHHS TEILIUMYHBIMU
KoMILIeKcaMH. brarojgapss aHamu3y JaHHBIX MOHHTOPUHTA B COYETAHHH C
pPOCTOM U Pa3BUTHEM CENbCKOXO3SHCTBEHHBIX KYyJIbTYp M KOHTPOJIEM 3a
COCTOSIHHEM OKpYy’KaroImel cpeasl OyaeT IOCTUTHyTa IIeTb BBICOKOTO
KayecTBa W BBICOKOH  ypoxkaiHocTH  KyneTyp.  CoBpeMeHHBIE
CeNbCKOXO03SHICTBEHHBIE OOBEKTHI, B TOM YHCIIE M TEIUIMYHBIE KOMILJIEKCHI,
Wrpal0T  BaXHYH pPOJIb B  COBPEMEHHOM  CEJIbCKOXO3SICTBEHHOM
mpousBojacTBe. Ilapamerpsl, Takue Kak TeMIepaTypa, BIAXHOCTh U
yIIEKHUCABIA ra3 B TEIUIMIE, HANpsIMyIO CBSI3aHBI C POCTOM OBOILEH U
¢pykroB. OpHako cerofHs Oonbmias YacTh pabOTHl IO  KOHTPOJIIO
TEMIIEpaTypbl M BIIQXHOCTH HPOU3BOJIUTCS BPYYHYIO, YTO HEH30EKHO
IIPUBOAUT K HU3KOH TOYHOCTU MOHUTOPHHIA, BBICOKOM TPYHOEMKOCTH, K
HECBOEBPEMEHHOMY KOHTPOJI M JpPYyrUM MOCIEACTBUSIM. JlaHHBIE
MIOCJICAICTBUS BBI3bIBAIOT CEPBLE3HYIO IOTEPIO UEIOBEYECKUX PECYPCOB HU
BEIYT K YBEJIMUCHHUIO 3aTpaT.

[Tostomy anst mocTikeHUs! 3(HEKTHBHOTO CEIBCKOXO03SHCTBEHHOTO
MIPOU3BOJICTBA,  IOBBIIICHUS  BepU(MUKAIMH  CEIBCKOXO3IHCTBEHHBIX
HAy4YHBIX UCCJIEJOBAHUNA U COAECHCTBUS PA3BUTHUIO CEJILCKOIO XO3siiCTBa B
Hameld cTpaHe HEOOXOOMMO 3HEPTWYHO pa3BUBATh M MOJICPHU3HUPOBATH
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CeNBXO3MPEANPUATHS, B TOM YHCIE U TEIUIMYHBIE KOMIUIEKCHl B YacTH
MOHHUTOPHHIA, KOHTPOJII M aBTOMAaTH3MPOBAHHOTO yNpaBieHUs. B
HACTOSAIIEE BPeMsI C OBICTPBIM YBEIMICHHUEM OBOIIHBIX TEIUIUI Y OOIIECcTBa
BO3HHUKAIOT Ooyiee BBICOKHE TpeOOoBaHUA K ((HEeKTHUBHOCTH IPOH3BOICTBA,
HEXKENI PaHBINE, TAKKe BO3PACTAIOT TPEOOBAHUS K aBTOMATH3ALUH IS
TETUIHLI.

OcHoBHast (QYHKIHMS CHCTEMBl MOHUTOPWHra HAapHUKOBBIX Ta30B
3aKJII0YAETCs B HEMPEPBIBHOM KOHTPOJIE OKPY>KaIOLIeH cpebl B TEILTHLE, €€
MOJAEP)KaHUM Ha TOAXOJSIIEM YPOBHE Ul POCTa IOCEBOB, MOBBIIICHUS
YpOKallHOCTM M, CJEJOBAaTENbHO, KauecTBa CEJIbCKOXO3SHCTBEHHBIX
KyneTyp. JlaHHasi cucTema BKJIIOYaeT B ce0s 1Ba OCHOBHBIX 3JIEMEHTA!
IJIaBHBII ~ KOMIIBIOTEP M BCIIOMOTAaTENIbHBIM  KOMIBIOTEp. I'aBHBIM
KOMITBIOTEp TpEJHA3HAuCH Uil OTOOPa)KEHHS W YIPaBICHHS OCHOBHBIMHU
rapaMeTpaMH TEIUTMYHOTO KOMIUIEKCA B PEXHMME PEaTbHOTO BPEMEHH, B TO
BpeMsl KaK BCIOMOTaTENbHBIH KOMIBIOTED OTBEYACT 3a BbISIBICHHUE
MTApHUKOBOH Ccpelibl, cOOp M Iepeady JaHHBIX Ha TTIaBHBIA KOMITBIOTED UL
BBINTOJTHEHNS KOHKPETHOW omeparyu. [JIaBHBIM W BEAOMBIH KOMITBIOTEPHI
OCYIIECTBIISIIOT Nepeiady JaHHBIX Yepe3 OECIIPOBOAHYIO CETh.

BecnipoBonHass 00paboTka JaHHBIX BKJIIOYAaeT B ceOsi Cleqyroliue
byHKIMHA:

- GyHKUMS TepeAayd JaHHBIX O 3HAYCHHUSX TEMIIEPaTypbl U BIaXKHOCTH
BO3yXa BHYTPH TEIIMYHOI'O KOMIUIEKCA: OTIIPAaBKa JAHHBIX, MTOJYyYEHHBIX
COOTBETCTBYIOIUM JaTYHUKOM;

- (QYHKIMS TIepefavyd JaHHBIX O TapaMeTpax BO3AyXa M HaIWYMs JbIMa
BHYTPM TEIUIMYHOTO KOMIUIEKCA: OTHpaBKa JIAHHBIX, MOIYYCHHBIX
COOTBETCTBYIOIINM JIaTIHKOM;

- (QyHKIUS Tpuema W 00pabOTKH [aHHBIX: BO3MOXKHOCTH OOpPaOOTKH
nHpopmManuy BHE 3aBUCHMOCTH OT TOTO, BKJIIOYAET JIM MOJyYCHHAsS
nHdopmanus 00 M3MEHEHHH TEMIIEpaTypHOTO peXHuMa WIH, HalpuMmep, O
MTOHMKEHUH BIIAYKHOCTH BO3/lyXa BHYTPH TEIUINIIBI;

- (DyHKIHS OTIpe/ieIeHUs BAXKHOCTH COOBITHS, T.€. €0 IPUOPHUTE3AINH.

Ha ocHoBe OecrnpoBomHOM ceTn matyukoB ZigBee cucrema moxer
OCYIIECTBIIATh MOHUTOPHHT ITapaMeTPOB OKPYXKAIOWIEH cpelbl B peabHOM
BPEMEHH, TaKMX KakK TeMIIepaTypa, BIAXXHOCTh, KA4eCTBO BO3MyXa U T. II.
Crex mpoTokoina ZigBee cocront u3 Habopa ypoBHEH, KayKAbI 13 KOTOPHIX
OTHOCHUTCSI K BBIIIECTOSIIIEMY U MPEIOCTABISAET CEPBUC YIPABICHUS
JaHHBIMH, COOTBETCTBEHHO Qu3ndeckuii yposenb (PHY), momypoBeHb
ynpasienust noctynom k cpene (MAC), cereBoil M NMpUKIagHOW ypOBHHU
(NWK) (ADL). IlpukiagHol ypoBEeHb MOXKHO pa3JIelUTh Ha HOAYPOBEHb
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nojnepxkku npwiokenuit (APS), oOwvexT yctpoiictBa ZigBee (ZDO) wu
00BEKT NPHWIOXKEHHS YHpaBICHHS, pa3pabOTaHHBIA NpOM3BOAMTENEM. B
COOTBETCTBHH C MOTPEOHOCTSIMH Pa3pabOTKH CTEKa MPOTOKOJOB U yPOBHS
yrounenuss  Z-STACK,  ypoBeHP  MOZCTHPOBAHHSA  aNIapaTHOTO
obecneuerns HAL mpenocTtaBnseT BO3MOXHOCTH IIOCTPOHUTH CETEBYIO
HHPPACTPYKTYpy Ha YpPOBHE ammapaTtHOro oOecrmedeHns. MOXHO ¢
YBEPEHHOCTBIO YTBEP)KAaTh, YTO CUCTEMa MMEET XOPOUIYI0 CTaOMIBHOCTD
paboThl, HHU3KOE SHEPronoTpedJeHHEe M BO3MOXKHOCTH MOHUTOPUHTAa B
peaJbHOM BpEMEHH.

A.B. XKypxkun, E.B. I'mymax
IToBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEIECKOMMYHHUKALMM U
nHpopmartuky, . Camapa, Poccus

METO/JAbI MAPIIPYTU3AIIMHU B BECITPOBO/JHBIX
CEHCOPHBIX CETAX

OGnacti IpUMEHEHUsI OECIIPOBOIHBIX CEHCOPHBIX CeTeil MOCTOSHHO
pacummpstorcs. [1oaToMy MX M3ydeHHE CTaHOBUTCS BCe 0ojiee aKTyajIbHBIM
Ha CerOJHSIIHMMN JieHb. Pa3nuuaroT Tpu BHIAa MaplIpyTHU3alUU - MIPOCTYIO,
(UKCHPOBaHHYIO U afanTHBHYW. [[pUHIMIHMANBHAST pa3HUIA MEXAY HUMH
COCTOUT B CTENECHU y4yeTa W3MEHEHHs TOINOJOTMU W HArpy3KH CETH NpHU
peleHny 3a1auu Beibopa mapuipyta [1].

IIpocTas MapuipyTH3alus OTJIMYaeTCs TEM, 4YTO IPH BBIOOpE
MapupyTa He YYUTHIBACTCSI HU U3MEHEHHE TOTIOJIOTUH CETH, HH U3MEHEHHE
ee coctosiHuA (Harpy3ku). OHa He oOecreunBaeT HalpaBJICHHOH Nepenayn
NAaKeTOB M MMeeT HU3KyI 3¢ dexrnBHOCTh. Ee npenmyiecTBaMu sBISIOTCS
NpPOCTOTA pealM3alMyd AJTOPUTMa MapIIpyTH3alud W obecreyeHue
YCTOIYMBOW PabOTHI CETH NPH BBIXOJE U3 CTPOSI OTHEIBHBIX €€ JIEMEHTOB.
HekoTopoe mpakTHueckoe MpUMEeHEHHE NOTYyYUIId Pa3HOBUIHOCTH POCTON
MapUIPyTH3alHU: CIy4aiiHasi 1 JTaBUHHASL.

Oco0eHHOCTD CITyJaitHOH MapIIpyTH3aluu 3aKI0YaeTCsl B TOM, 9TO
JUIsl Tiepellaud [aKeTra W3 y3Ja CBsA3M BbIOMpAeTcss OJHO, CIy4aiHo
BBIOpaHHOE CBOOOJHOE HampaBiieHue. [lakeT «Omy)XmaeT» MO CEeTH U C
KOHEYHOW BEpPOSTHOCTHIO KOT/a-MTu00 JocTuraer aapecara. IIpu 3ToM He
obecrieunBaeTcsi HH ONTHMAJbHOE BpeMs JOCTaBKM IaKeTa, HHU
3¢ deKTUBHOE HCIONIB30BaHUE TIPOIYCKHOI cocoOHOCTH ceTH [2].

JlaBuHHas MapumpyTusanus (WM 3alloJHEHHE MaKeTaMH BCeX
CBOOOIHBIX BBIXOJHBIX HAlpPaBJICHUI) MpeaycMaTpUBaeT Iepeady rnakera
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U3 y3Jla 10 BCEM HAalpaBJICHUsIM, KPOME TOTO OTKyJa MakeT MOCTYIHJ B
nOaHHBIA y3en. IIoCKOmbKYy 3TO NMPOMCXOIWT B KaXKJOM y3JI€, IMEET MECTO
SIBIICHUE «Pa3MHOXKEHHSA» IIaKeTa, YTO PE3KO YXYJIIIACT HCIIOIb30BAHHE
MIPOIYCKHOM cITocOOHOCTH ceTh. YTOOBI 3TOTO HE MPOU30III0, HEOOXO0IUMO
IoMedaTh KOIHMM IIAaKeTa W YHHYTOXKATh B KAXKIOM Yy3JI€ ITOBTOPHO
MpoXosImue depe3 Hero ayOnmkarel. OCHOBHOE MPEHMYILNECTBO TAaKOTO
MeToja - TapaHTUPOBaHHOE OOecleyeHne ONTHMAIBHOIO BPEMEHHU
JOCTaBKHM IIaKeTa aJipecary, TaK KaK W3 BCEX HAIpaBlICHUH, MO KOTOPHIM
mepenaeTcsl MmakeT, XoTs Obl OAHO obecrmeunBaeT Takoe Bpems. Meron
MOXET HCIIOJIb30BAThCS B HE3arpyKEHHBIX CETSX, KOTJa TpeOOBaHHs II0
MHUHAMH3ALUH BPEMEHH W HAJEKHOCTH JOCTaBKU IAKETOB JOCTATOYHO
BBICOKH.

@dukcupoBaHHAS MAapUIIPYTH3AIUs XapaKTEPU3yeTcs TEM, 4YTO IpH
BBIOOpPE MapuIpyTa Y4YUTHIBa€TCS H3MEHCHHE TOTOJOIMH CeTH M He
YYUTHIBACTCS WM3MEHEHHE €€ Harpyskd. i Kaxgoro ysina HasHauCHHS
HanpasJICHUE Iepeadd BBIOMpaeTcs 1Mo TaliWIle MapHIpyToOB (KaTajory),
KOTOpast OIpeAeNseT KpaTyaimmue myTy. Kartamorn coctaBisioTcs B IIEHTpe
ynpasieHus: ceTbio. OHM COCTaBIAIOTCS 3aHOBO M MOAWGHUIUPYIOTCS IIPU
W3MEHEHHH Tomoyioruu ceTtd. OTCyTCTBHE ajanTalud K H3MEHEHUIO
Harpy3Kd NPUBOJAMT K 3aJiepKKaM MaKeTOB ceTH. Pa3in4aioT oJHONYyTEBYIO
U MHOTOIYTEBYIO Da3HOBUAHOCTH (UKCHPOBAHHONH MapUIPyTH3aLHH.
IlepBast cTpouTCs Ha OCHOBE EAMHCTBEHHOI'O IYTH Mepelaud IaKeToB
MEXAY JByMsi aDOHEHTaMH, YTO COIPSDKEHO C HEYCTOMYMBOCTBIO K OTKa3aM
U TIeperpyskam, a BTOpasi - Ha OCHOBE HECKOJIBKMX BO3MOJKHBIX ITyTei
MEXAY IBYMsI aOOHEHTaMH, M3 KOTOPBIX BBIOMpAETCs IPENNOYTHTEIbHBIN
myTh. (OHUKCHpOBaHHAs MapIIPYTH3alMs NPHUMEHSETCS B CETAX C Majo
N3MEHSIOMIEHCS TONOJIOTHEN W yCTaHOBHUBIINMHUCS TIOTOKaMHU TTAKETOB.

AnanTuBHOIN Ha3bIBaeTCS MapLIPYTH3ALMs, IPU KOTOPOH IPUHSTHE
pELIeHUs] O HAIPaBJICHHM IEpeladd ITaKeTOB OCYIIECTBIACTCS C y4EeTOM
HM3MEHEHHsI KaK TOIMOJIOTHHU, TaK M HAarpy3ku ceTd. CyIecTByeT HECKOJIbKO
MoudUKaIMH alanTHBHON MapIIpyTU3allH, Pa3InyaloIUuXCcsl TeM, Kakas
MMEHHO WMH(OpMAaIUsI HCIOJB3YyeTCs Tpu BeIOOpe Mapmpyta. [lomydwmim
pacrpocTpaHeHue Takue MoAM(pHUKAINK KaK JIOKaJbHAas, pacrpeieieHHas,
[EHTPAJIN30BaHHAs U THOPHAHAsE MapipyTu3anu [3].

B paziu4HBIX Cilydasix MCIOJIB3YIOT pa3Hble BUJIbI MapIIpyTU3aAIHH.
B nmoxmaze paccMOTpeHBI BHABI W METOABI MapIIPYTH3aIMH M C/AElaH
BBIBOJI, KOT/Ia U I'/Ie HEOOXOMMO NPUMEHSTD T€ WM WHBIE €€ BUBIL.
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MOJEJb PACIHHPEJEJEHUS KAHAJIOB HA MAC-YPOBHE
MEXAY BTOPUYHBIMU TOJIB3OBATEJIAMHA B
KOTHUTHUBHBIX CETAX CJAEAYIOIETO ITIOKOJIEHUA

COBpCMeHHI)Ie TCXHOJIOTUHU IIO3BOJIAIOT Ha IPAKTUKE pe€aln30BaTh
JUHAMUYECKUH  JOCTYl K  BPEMEHHO  CBOOOJHOMY  Y4YacTKy
panuovactotHoro crnektpa, PUC. Takoi cocod UCTOIb3YIOT KOTHUTHBHEIE
CeTH CBS3M, MPEXJe Bcero paawocetu. B pesynmbsrare momp3oBatenu PUC
JETSATCS Ha TEPBUYHBIX M BTOPHYHBIX. [lepBUYHBIE IOJIBH30BATEINH,
UMEIOIINe a0CONIOTHBIA mpHopuTeT noctyna k PUYC, momrydaroT HocTym K
panuoddupy Ha JTHIEH3MOHHOW OCHOBE C YETKO yKa3aHHBIMU MapaMeTpamu
BBIJICJICHHBIX ~ PaJAMOYacTOT W MOIIHOCTeW Tepenaun. BropuuHble
noJp3oBarenu (secondary users, SU) nonyqator goctyn k PUC Tonbko eciiu
OHHU HE CO3Jal0T MOMEX MEPBHUYHBIM MOJIB30BATCIIAM. B PEIYIBTATE MEKAY
SU BO3HHMKaeT KOHKYPEHIHS 3a [IPAaBO UCII0JIb30BATh BPEMEHHO CBOOOIHBII
yuactok PUYC. CymecTByeT HECKOJBKO CIIOCOOOB pelieHus npodiiem
coBmecTHOro goctyna k PYC. OnHUM BX TaKHX CIIOCOOOB SIBJISETCS CIIOCOO,
OCHOBAHHBIN Ha ayKI[HOHHO-COBMECTHOM Hcnonb3oBanuu PUC.

JlocTOMHCTBOM ~ JaHHOrO  crmocoba  sBiseTcs  oOecredcHHue
rapaHTHPOBAaHHOTO MPEIOCTaBJICHNUS! KaHAJIbHOTO pecypca BTOPHYHOMY
MOJIb30BATENII0 KOTHUTHBHBIX CETEN CBS3U.

B nanHOM crioco0Ge BBOJMTCSI Takoe MOHATHE Kak apOuTp. ApOHTp
NIPEACTaBISIET CO00M KOMIIOHEHT, KOTOPBIA (YHKIIMOHAIBHO BBINOJIHIET
cnexxeHue 3a wucnosszoBanueM PUC, o0pabareiBaeT COOTBETCTBYIOIINE
JAHHBIE U SIBJISIETCSl PELIAIONIMM JIEMEHTOM B ayKIMOHHOW Mojenu. B
pe3yibTaTe UCIOIB30BAHNS apOUTpa CHUMAETCS TOTIOJIHUTENbHAS HAaTPy3Ka,
cBs3aHHas ¢ oOMeHOM HMH(popMaIeld MeXAy MOIb30BaTeNeil, yeKopseTcs
IIPOLIECC IPUHATHUS PELLEHUH.

135



B pamkax nanHoro crioco6a coznaercs W—marpuia olleHKH, B Heil
YYUTHIBAIOTCSI JAaHHbIE O 3aHATHM paguokaHatoB SU. [laHHBIE O
pactpeneneHul KaHAJIOB OTOOpakaroTcst Kak N X M martpura X. Kaxmprid
anement B W-marpuue, x;;e {0,1}, ykaseiBaeT Ha TO, BBIJIENCH JIH KaHAI
amst SU wim Het. Ecnu Xij = 1, To 970 ykassiBaet, yto SUI momydun gocTym
K KaHaiy j u Xij = 0 ykassiBaet, yro SUi He MOMyYMs1 JOCTYN K KaHATy.
HeoOxoxumMo  ymoMsiHyTh, 4YTO  Takas MOJEIb  IPEAyCMaTpHBaeT
UCIIONIb30BaHKE OJJHOTO KaHajla OJHMM MOJb30BareseM, T.e. Kaxabii SU B
CKOJIb YTOAHO MaJblii MOMEHT BPEMEHH MOXET IPETCHIOBAaTh JIMIIb Ha
omuH kaHan. CremoBaTenbHO, B paccMaTpuBaceMOM MOZIENH  €CTh
OTpaHUICHUS TUTs OCYIIECTBICHUS pacnpeneneHus MEXIY
MIOJIb30BATEISAMH, @ UMEHHO!

Yixg=lulixg =1

Apbutp ompenenser miaTexHyro HHbopManuM s Kaxaoro SU.
Beimnatel s apOuTpa  MpeACTaBISIOTCS B BHAE  BEKTOpa
P ={(p.ps....py), TOe P 0003HAYAET TEXHOJOTHICCKUC XAPAKTCPHCTHKU
SU mpenocrasisieMbie apoOUTpy.

OOmiast meinp  paccMaTpWBaeMOW  ayKIMOHHOM — MOAenH  —
MaKCHMH3alus Mpolecca MpeaocTaBIeHuss cBOOOIHBIX KaHayoB jia SU.
Beinenenne  cBoGoaHbiX  KaHANoB X = {x;}n.m, SBISCTCS CYMMOIi
HopmupoBanus Bcex SU st gaHHOrO pacmopenencHus. dopmaiibHO, 3TO

MOXHO 3a1u1caTh Kak:
5 - Z ZIIJ * Ul.j.
; T

, Tae v; — SU NpeacTaBnsieT BEKTOP CO31aBaeMbIX 3asiBOK apOuTpY,
MO3BOJISISL BBIp@XKaTh CBOM IMPEANOYTEHHs MO KAKAOMY KaHAIy OTAENIBHO.
Takum oOpazom, SU 3asBiisier TpeOOBaHMSI HA MPOIYCKHYIO CIIOCOOHOCTS,
KavyecTBa KaHasa U K03((GHUIUEHT MOTeph Ha MyTH MEXIY MepelaTdukoM M
IIPUEMHHUKOM.

VYpaBHeHue, koTopoe obecneduT 3(deKkTHBHOE pacmpenerIeHue
KaHaJIbHOTO pecypca M IOMOXET H30exaTh NpoOJieM HEpaBHOIPABHOTO
Ha3HA4YeHUsI KaHAJIOB 3allMCHIBACTCS B BUJIE:

X' = argmax,5 = nrgmn_rxzz_rl-j-* vy
— =

IIpY OIPaHUYEHUAX!

Z..‘rl'_i' =1.v;

4
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Z..xl'j =Lv

xijE {0.1}, Vi V)
3ameTuM, 9TO JaHHBIA aNrOPUTM, CHUMaeT Harpy3ky ¢ PU, Bo3maras
BCIO Harpy3ky IO IIPOBEICHHIO ayKIHMOHAa Ha apOurpa, SBILACH
HaOIrOHATEISIMH.

A.A. Knewes, E.B. I'nymak
IloBomKCKHMI TrOCYyNapCTBEHHBIA YHHUBEPCUTET TEIEKOMMYHUKAUN U
nndopmaruky, r. Camapa, Poccust

NCCIEJAOBAHUE 3AJEP)KKH JOCTABKHU JAHHBIX B
BECITPOBO/JIHBIX CEHCOPHBIX CETAX

KiroueBsIM »1eMeHTOM OECIpPOBOJHBIX CETEH CBS3U  SBISIOTCS
CCHCOPBI, KOTOPBIE PETHCTPUPYIOT U3MEHEHHUS ONPENEICHHBIX ITapaMeTPOB,
HarpuMep TeMIEPaTypbl, JaBICHUS BIaXXHOCTH BO3/1yXa, 3ByKa, MArHUTHBIX
noied, pagmamud W T. 1. CeHCOpBl COCTOST M3  MHHHMATIOPHBIX
BBIYHMCIIUTEIbHBIX YCTPOWCTB, CHAOXEHHBIX NaTYMKAMH, aKTyaTOpaMu M
TpaHCUBEpaMH (TpUEMONEepeIaTINKaMHu), padOTAIIMMU B  3aJaHHOM
nuanasone paauvodactor [1]. Jlatuuku oOMeHHMBAIOTCS HHQpOpMaIuei c
0a30BOil CTaHIMEW, HO 3TO TPOUCXOAMT C 3amepxkamu. Hcciemoanus
3ajieprkeK ObUIO MpoBeeHO B cuMyJsitope TOSSIM.

IIpu mnepemade [aHHBIX B OECHPOBOAHBIX CEHCOPHBIX CETSIX
BO3HMKAIOT CYIIECTBEHHBIC TIPOOJIEMBI, CBSI3aHHBIE C OTPaHMYCHHOMN
nojocoil mpomyckaHus. Korja MHOTO y3J0B-MCTOYHHKOB OJHOBPEMEHHO
WHHULUMPYIOT Tepeaady AaHHBIX, MOXKET BO3HHKATh HEperpy3Ka WM JaxKe
KOJUIAlIC CEeTH, B pe3ylbTare 4Yero ee IPOMyCKHas CIIOCOOHOCTS,
BbIpaykaeMasi B KOJIMYECTBE IMPOXOJSIINX OT MCTOYHHMKA K IIEHTPAIHLHOMY
Y371y MaK€TOB AaHHBIX B €IUHUIY BPEMCHHU, NMAAACT MPAKTUICCKU 1O HYJIA.
OJIHI/IM U3 BO3MOXHBIX IOAXOAOB K PCIICHUIO HpOGJ’[eMBI SABJIACTCA
Ha3HAYCHUE MMPUOPUTETOB NIEPEAABACMBIM IO CETU MMAKETAM W OpraHU3al A
MIEPBOOYEPETHON JOCTABKH MTAKETOB C O0Jiee BEICOKUM MPHOPHUTETOM [2].

beun OpraHM30BaHbI ABa J3KCIICPUMEHTA: B IIEPBOM OKCIICPUMEHTEC
MPOBEPATMCH YIPABJICHUEC HWHTCPBAJIOM OXUAAHUA TIE€pE€Aavd IMaKCTOB H
3ajJiep’KKka JIOCTaBKM IAKETOB JO LEHTPAIBHOTO Y3/a CETH; BO BTOPOM
SKCIIEPUMEHTE OIpeAessiach JOJsl HOTEPSHHBIX MaKeToB B  00IIeM
KOJIMYECTBE OTHPABJICHHBIX K LEHTPAJIbHOMY Y31y MakeToB. B mepBom
SKCIIEPUMEHTE Y3Jbl paclojlarajich BJOJb MNPSIMOW JHMHUM. 3a CYeT
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HCIIONB30BaHUs IPUOPUTETOB 3aJepxkKa MIPU Ieperade MakeToB JaHHBIX Ha
LEHTPANbHBIN y3€l C Y3JI0B, HOJNydYaomux wnHpopManuio (IakeToB C
BBEICOKUM TIpHOpHUTETOM), yMmeHbImmiIack ¢ 900 mo 500 mc. IIpm stom
3ajieprKKa TIpH Nepeade AaHHBIX AT Y3/I0B, HE MOMYYaloMNX HHPOpManu
(makeToB ¢ HHU3KHAM MpHOpPUTETOM), BEIpocia 1o 1800 mc. IIpoemennoe
N3MEPEHNE KOJHMYECTBA ITAKETOB, MONYyYaeMBIX ICHTPAIBHBIM Y3JIOM OT
y3JI0B CETU B CEKyHHy, MOKa3ajlo, YTO NPHU UCIONb30BaHUM IMPHOPUTETOB
nepefaydl JaHHBIX LIEHTpalbHBIM y3en mosydaeT B cpegHeM 0,21 makera
JAHHBIX ¢ BBICOKMM mpuoputeroM u 0,061 makera NaHHBIX C HU3KUM
IIPUOPUTETOM B CEKYHAY. be3 HCIOIbp30BaHUS NPUOPUTETA IEHTPAJIbHBIN
y3en nonmy4aet 0,068 makera qaHHBIX B ceKyHay (puc. 1, puc. 2).

0,35
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CEHCOPHOE CETEBOE HCUHUCJIEHUE

B Hacrosiiee BpeMsi BO BCEM MHpPE aKTHBHO pa3padaThIBAIOTCS M
BHEJPSIOTCS pa3HooOpa3Hble TexHosoruu MurtepHera Bewel [1]. s csa3u
pasnMUHBIX YCTpoHcTB B VIHTepHeTe Bemied YacTo HCHONB3YIOTCS
OecripoBogHbie  ceHcopHBle cetd WSN (Wireless Sensor Network),
obecrieunBaronye nepeaady AaHHBIX OT PasJIMUHBIX JATYMKOB U CEHCOPOB
MEXIYy CEHCOPHBIMH Y3JIaMH BO BHEUIHIOIO CeTh. IIOCKOJIBKY CEHCOpHbIE
CeTH BO MHOTHX acleKTax OTIMYAIOTCS OT TPAAMIMOHHBIX NMPOBOIHBIX [P-
ceTeid, CyllecTBYIOLIIME pe3yibratel cereBoro ucuucieHus NC (Network
Calculus) [2] He ™oryr wucHonb30BaThCS HaAmpsAMyr0. B yactHOCTH,
CCHCOpPHbIE CETH HWMEIOT pa3iM4YHble OCOOGHHOCTH, TaKHe Kak
OTpPaHUYEHHOE BpeMs pabOThl CEHCOPHBIX Y3JI0B ¢ OaTapeifHBIM IMUTaHUEM U
UCIIOJNIb30BaHHE AMHAMUYECKUX TOIOJIOTHH INpu uX cBs3u. HeoOxommmo
BKJIFOUUTh OTHU OTPaHUYEHHs B AHAIUTHYECKYIO apXuTekTypy NC, uTOOBI
obecrieunTh BO3MOKHOCTh HccnenoBanuss WSN. [lo aTum npuurHaM Obliia
paspaboraHa cHenuaigbHas BETBb TEOPUM  CETEBOIO  HCUYHCICHHSA,
nonyumBiuas HazBanue Sensor Network Calculus (SNC) [3-4] u
YUUTBHIBAIOIIAs ~ OCOOGHHOCTH  CEHCOPHBIX  CeTeH,  Takue  Kak
B3aMMO3aBHCUMOCTb MEX1y IMOTpeOJIeHHEM SHEPriuH CEHCOPHBIM Y3IIOM,
TpeboBaHUAMH K Oydepy y3i1a U 3aJep)KKOH nepeadyu HHPOPMAIIMH B CETH,
creluaibHbIE TOOJIOTHH CETeH, pacioioKeHHE IIUTI030BbIX Y3JI0B H JIp.

Kaxap1ii ceHCOpHBIN y3€ell | 00CIy)KHBAET CBOKO BHENIHIOK CPENy H,
TaKUM 00pa3oM, ONKCHIBAETCS] BXOJHOW (QYHKIIMH ¢; , COOTBETCTBYIOLICH €€

BXOJJHOMY Tpa(bmcy OT MOAKIIIOYCHHBIX K Y31y CCHCOpOB/I[aT‘{I/IKOB. Ecmu
CCHCOpHLIﬁ y3ea | He ABISETCA KOHEUHELIM y3JIOM JepeBa (J'II/ICTOM), TOoraa
OH IMOJYYaCT TaKKC U3MEPCHHBIC JaHHLIC OT BCEX €ro JOYCPHUX Y3JI0B child
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@i, 1), ..., child (i, n), rme Nj — 9nCa0 AOYSPHUX Y3IIOB CEHCOPHOTO Y374 .
CeHcopHBIH y3enm | 00pabaThiBacT BXOAHYI0 HMH(POPMAIIMIO OT CBOWX
CCHCOPOB U HANPABISICT €€ Ha BBIXOJ BMECTE C TPaH3WUTHOM mH(OpMarmeit

OT JIOYEPHUX Y3IIOB, YTO MPHBOJUT K BEIXONHONW QYHKIMH @, OT y3na i K
€ro POJUTENBCKOMY Y3I1y.

KpuBas mocTymieHHs i-T0O  CEHCOPHOTO ¢

i OIIMCBIBACTCS

CYMMapHBIM TpaGUKOM Ha €0 BXOIAX:

— noo,
o =+ _Zla child (i, j)
iz

KpuBas  oOCIyXMBaHHsS CCHCOPHOTO  y3Jla  OTpa)kaeT  ero
BO3MOXKHOCTH [0 TIepeJade BXOJHBIX JaHHBIX, MOJYYEHHBIX OT
COOCTBEHHBIX CEHCOPOB HJIM OT JIPYTUX CEHCOPHBIX y3JIOB, [10 HAMPABJIECHUIO
Kk nuto3y. KpuBasg 00CIyXMBaHUS «CKOPOCTB-33/IEPXKKa»  SIBISIETCS
TUIMYHBIM W XOPOLIO M3BECTHBIM INPUMEPOM KPHBOH OOCITYKUBaHUS B
TPAIMLMOHHBIX CETSAX C KOMMYTalHel IaKkeTOB, HANpUMEp B IMaKETHOM
manupoBirke WFQ:

P ®©=RIE-TI"

IToTox &aHHBIX HA BBIXOAE I-TO Yy371a, T.e. TpapuK, KOTOPHBI
TIepeIaeTCsi B POANTEIBbCKUIT y3el JiepeBa, IMeeT KPUBYIO:

a =a_i®:3i z(ai + _lela*child(i,j))®ﬂi :
iz

rae ® - (min,+) —cBepTKa QyHKIIHIA.
I'pannunsie oneHkn obbema Oydepa bi u 3amepkku di mis xaxmoro
CEHCOPHOTO y3J1a | paBHbI COOTBETCTBEHHO:

by =sup{a (5) - ,(5)}

d :sup{inf {rzo:Zi(s) sﬂi(s+r)}} :

$>0

Takum 00pa3oM, CEHCOpPHOE CETEeBOE MCUNCIICHNE TT03BOJISIET CBS3aTh
CCHCOPHYIO aKTUBHOCTbH (OIMCBHIBACTCS KPUBOW IOCTYIJICHUSI CEHCOPHOTO
y371a) ¥ TpeboBaHus K OydepaM KaxIoTo y3ia (OMUCHIBAIOTCS TPAHUIHBIMU
3HAYCHUSMH 3arpy3Kd Y3II0B) C 3aJepKKON mepemadn WHOOpPMAIUH B
KaXJ0M y3iie (OMHChIBAETCS TPAHMYHOW OICHKOW 3a/IepXKKH) U BpeMEHEeM
KU3HH CEHCOPHOW CeTH, OOYCIOBIEHHOE MOTpeOJIeHneM HHEPTHr
CEHCOpPHBIM Y3JIOM OT OaTrapeu MHUTaHWs (OMUCHIBACTCS PabOYMM ITUKIIOM,
IIPECTAaBICHHBIM B KPHBOI 00CIYXHBAHUS CEHCOPHOTO y371a).

140



1. Pocnsxor A.B., Bansmmu C.B., I'pebemkor A.lO., CamconoB M.IO.
Wurepuer Beieii. — Camapa, [ITVTH, 2014. — 342 c.

2. Le Boudec J.-Y., Thiran P. Network Calculus — A Theory of
Deterministic Queueing Systems for the Internet. — Springer, Lecture Notes in
Computer Science, LNCS 2050, 2001. — 272 p.

3. Schmitt J., Roedig U. Sensor network calculus - a framework for worst
case analysis // Proc. Distributed Computing on Sensor Systems (DCOSS), 2005,
pp. 141-154.

4. Zhang L., Yu J., Deng X. Modelling the Guaranteed QoS for Wireless
Sensor Networks: A Network Calculus Approach // Eurasip journal on wireless
communications and networking, 2011. [Onextponnsiii pecypc]. — URL:
http://www.researchgate.net/publication/48208700.

B.A. PyxHukos, B.II. Ky6anos
IToBOJKCKUH TOCYNapCTBEHHBI YHHMBEPCUTET TEICKOMMYHHUKALMM U
nndopmaruky, r. Camapa, Poccust

NPUMEHEHMUME AIRSIM CUMYJISITOPA B POBOTOTEXHUKE

IIpu pa3paboTke anropuTMOB pabOTHl ABTOHOMHBIX CHCTEM, B
YaCTHOCTH, B POOOTOTEXHHKE, KaK NMPAaBUIIO, TPEOYeTCsl MOIyIUTh OOJIBIIOE
KOJIMYECTBO HKCIIEPUMEHTAIBHBIX JIAaHHBIX, YTO SIBIISAETCS JOPOTOCTOSIINM 1
TpyrnoeMKuM mporeccoM. Yactro cOOp TakMX JIaHHBIX  SIBJISETCS
HEeTpUBHAIIbHOIM 3amadell. BcnexcrBue 53Toro, craHoBuWTCS Bce Ooee
Ba)XHBIM MMETh BO3MOXKHOCTH TOYHO MMHUTHPOBATh (PH3MUYECKYIO Cpeny, B
KOTOPO# MOTYT paboTaTh aBTOHOMHBIE TPAHCIIOPTHBIE CpeicTBa (POOOTHI).

Wmuraums  peanpHOro Mupa - Oonbluas  mpoOiema  Juist
paszpaborunkoB. Uem BhIllie AeTanu3alivs OKpYXKarolleil cpespl, TeM Oolee
CJIO)KHOM CTAaHOBUTCA MOJIENb B3anMojieiicTBus pobora ¢ Her. K mpumepy,
Uit poOOTOB C CHUCTEMaMH  KOMIIBIOTEPHOTO  3pEHHs  KPUTHYHO
MoJienpoBaHue 3(P(EKTOB OCBEIIEHHS W TPaBUIBHOTO OTOOpPaKEHHMS,
BPEMEHH CYTOK U MOTrOJHBIX 3 dekToB [1].

OnHMM M3 MHCTPYMEHTOB, ITO3BOJIAIONINM HCIIOJIB30BATh MOCIIEAHUE
JOCTHKEHHS B BbIUMcHeHUsX W 3D-rpaduke s uMutanmu Gpuzndeckux
00BEKTOB M OKpyXaroulero mupa ssisercs AirSim [2], paspaboranHblii
kommanueit Microsoft.
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Pucynok 1

IIporpaMMHBIi IPOAYKT II0O3BOJIET CO3/1aBaTh PA3IMYHBIC CIIOXKHBIC
CICHApUM C peakluueil Ha OOBEKThl PEaNTbHOr0 MHUpa 10 COTEH CEKyHI.
Kpome Toro, ™MonenupoBaHHEe TIO3BOJIAET H30€XKaTh JOPOTOCTOSIINX
SKCIIEPUMEHTOB, KOrJa OINMOKa MOXXET IIPUBECTH K HEOOpaTHMBIM
mociaeacTesm [3].

IMnatpopma AirSim MoxeT HCHOIB30BATECS Kak Al 3a1ad
a’pOHABMTAllMKM, TaK M HazeMHOH poOororexHukH. [IpemmymiecTBo
mw1athOpMBl — 3TO OTKPBITHIH HMCXOAHBIN Koxa. Ilmatdopma mno3Bosser
MOJICTIMPOBaTh MHOXKECTBO (DM3MYECKUX SIBJICHHI: T'paBUTAlUs, BIHSHUE
MarHUTHOTO T0JISl 3eMJIH, aTMOCc(epHble YCIOBUs. B oTiaM4Yun OT U3BECTHOI
iatdopmbl Gazebo, KoTopast SBJISIETCSI YHHUBEPCAJIbHOW IIATPOPMON st
pPOGOTOTEXHUKH U MeXaHUKH, miaThopma AirSim ¢oxycupyercs TOIBKO Ha
kBaapoTOpHBEIX BITJIA 1 GeCTMIIOTHBIX TPAHCIIOPTHBIX CPEICTBAX.

1. Rosen Diankov and James Kuffner. Openrave: A planning architecturefor
autonomous robotics. Robotics Institute, Pittsburgh, PA, Tech. Rep. CMU-RI-TR-
08-34, 79, 2008.2. Aerial Informatics and Robotics Platform // Shital Shah,
Debadeepta Dey, Chris Lovett and Ashish Kapoor, Microsoft Research, One
Microsoft Way, Redmond WA 98052 USA, February 15, 2017.

3. Abhijeet Tallavajhula and Alonzo Kelly . Construction and validation of a
high fidelity simulator for a planar range sensor. In IEEE Conference on Robotics
and Automation, May 2015.
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OIIMOPTYHUCTHYECKAS OIIEHKA KAHAJUIA JJIA 802.11AF
MU-MIMO

MHoronosap30BaTeNbCKOE MIMO (MU-MIMO) JINHEWHOE
KaHaJIbHOE KOJMPOBAHHE MOXET 3HAUMTEIbHO YBEIUYHUTH MPOMYCKHYIO
crocoOHOCTh OecnpoBogHON cucTeMmbl, korma cranmuu (STA) wmmeror
MeHbIIIe aHTeHH, 9eM Todka goctyma (AP), Ho 3To cBs3aHO ¢ 3aTparaMu Ha
OLICHKY CIIY)KEOHBIX JJaHHBIX C CYILECTBEHHOH MH(oOpManuei 0 COCTOSHUU
kaHana (CSI). Beuio ycranosneHo, uro cucteMsl MU-MIMO MoryT OBITH
3¢ GEKTHBHBI C JIUTEIHFHOCTHIO KOTEPEHTHOCTH [UIMHHBIX KaHAJOB, YTO
YBENIMUMBAeT TNoOJe3Hylo mnponomkuTtenbHocTs CSI.  Ilpoananusupyem
ONMOPTYHUCTUYECKYIO  IOJUTHKY 30HAMPOBAaHUS  KaHajla, KOTOpas
MMO3BOJCT M30eKaTh HAKIAIHBIX PACcXOIOB B OCCIPOBOJHBIX KaHAlaX,
cobupass HesBHBIH CSI ommopTyHHCTHYECKH. DTa IMOJUTHKA HE TOJIBKO
mpeaoTBpamaeT Hakiaaubie pacxoasl CSI, HO Takke MOXET o0ecreduTh
3¢ (PEKTHBHYI0 COBMECTHIMOCTH MHOTOIIOJIE30BATEIBCKUX TOYEK IOCTYIa C
yCTapeBIIUMU OJTHOIIOTOKOBBIMHU STA. Yro0BI HUCCIEN0BATh
3¢ EKTHBHOCTD 3TON HOBOW MOJUTUKHU, HYXKHO BHEPUTH HOBYIO CTPYKTYPY
3BYYaHHS MOOWJIBHOTO KaHalla B TOJb30BaTeNbckoil cucteme 802.11af ¢
MIPOrPaMMHBIM yIpaBJIeHUEM (SDR), NpeHa3HaueHHOM JUISt
skcniepumeHToB ¢ UHF-ananazoHom, U OleHHMBAaeM INPOU3BOJUTEIbLHOCTh
3BY4YaHHUS KaHajla B MOMEIICHUSAX U Ha OTKPHITOM BO3IyXe B Pa3IHUHBIX
pexxuMax MOOWIIBHOCTH. J[OTIOTHATENFHBIN aHAIN3 MIPOTOKOJIA MTOKAa3BIBAET,
yTo B KaHajtax YBY c qocTaTOYHbIM BpEMEHEM KOTE€pPEHTHOCTH KaHaJloB
ONIMOPTYHHUCTHYECKAsT TOJUTHKA 30HAMPOBAHUS KaHAJIOB TIIpeJIaraer
3HAYUTENIbHYI0 ONTUMH3ALUIO MPOTOKOJIA, OJHOBPEMEHHO  YJydllas
Macmradbupyemocts cucteM MU-MIMO crenyromero mokoJIeHus.

MU-MIMO MIPEICTaBIsIET coboii METO.I KOZMPOBAHMSI
0ecrnpoBOJHOTO  KaHama, KOTOpBI mo3Boisier AP, o00opynoBaHHOM
MHOXX€CTBOM aHTEHH, Mepe/laBaTh OJIHOBPEMEHHbIE MOTOKH JaHHBIX MJis
paznmenenns STA, wuCHONB3ysh MPOCTPAHCTBEHHOE pa3HECEHHE IS
MacmTabupoBaHUsT CKOPOCTEH Tepefadd HaHHBIX € KOJHMYECTBOM

143



nepenaronux anTeHH. YtoObl AP mcnone3oBaja 3TOT METOJ, OH JOJDKEH
CHavaya OLEeHUTh HHPOPMALIHIO O COCTOSHUH KaHaja B nepenarduke (CSIT)
MEXAY KaXKIOW M3 CBOMX IEpeAalollnX aHTeHH W KaXIOW NpHEeMHOU
AQHTCHHOW IOCPEJCTBOM METO/a, Ha3blBAEMOr0 30HAMPOBAHUEM KaHala.
3arem pacuernsrii  CSIT wucmome3yercs A BBIYHCICHUS  BECOB
MIPEABAPUTEIHHOTO KOIUPOBAHHS U1 MHOTOIIOTOYHOTO nepenarduka. CSIT
TaK)Ke MOXKET MCIOJIB30BAThCS [UISl paclpezielieHUs] pecypcoB, HaIpHMeED,
IUIsl TPYNIHPOBKM TONb30BaTened [l] W ycTpaHeHHWsS TOMEX MEXAy
staeiikamu [2]. IEEE 802.11af - cranmapraas monpaska Wi-Fi s paGoTsr B
Hencnonb3yeMbix kananax UHF mist reneBusnonHbix kananoB White Space
(TVWS) [3]. B cranmapre Takke MOTYT HCIOJb30BaThcst PyHKImH MU-
MIMO IEEE 802.11ac [4]: 3nech siBublit CSIT mosnyuaercst Ha AP, cHavana
nepenasas 3BykoBoi makeT u3 AP B STA, a 3atem kaxneiii STA nepenaer
mmepenHslt CSI B AP xak pamka ympasnenus [5]. K coxanenuto,
HaKJTagHBIE pacxXoipl Ha Tmepemady, HeoOxommmbie ans omeHku CSIT,
BO3pACTalOT C yBEIWYEHHEM KOJIMUECTBA Mepefaromux aHTeHH Ha AP, M u
konmuuecTBoM arperatHbix STA-antenH K, a HenmaBHHME pe3ysbTaThl
TIOKa3bIBAIOT, YTO 3TH HAKIAJHBIE PACXOAbl MOTYT CEphE3HO CHM3UTH
JOCTHKHAMBIE IPUPOCTHI TPOMYCKHO# criocobnoctH [6], [7].

1. J. Mao, J. Gao, Y. Liu, and G. Xie, “Simplified semi-orthogonal user
selection for MU-MIMO systems with ZFBF,” Wireless Communications Letters,
IEEE, vol. 1, no. 1, pp. 42-45, 2012.

2. M. Rahman and H. Yanikomeroglu, “Enhancing cell-edge performance: a
downlink dynamic interference avoidance scheme with inter-cell coordination,”
Wireless Communications, IEEE Transactions on, vol. 9, no. 4, pp. 1414-1425,
2010.

3. A. B. Flores, R. E. Guerra, E. W. Knightly, P. Ecclesine, and S. Pandey,
“IEEE 802.11 af: a standard for TV white space spectrum sharing,”Communications
Magazine, IEEE, vol. 51, no. 10, pp. 92-100, 2013.

4. |IEEE Std 802.11ac-2013, “Amendment 4: Enhancements for very high
throughput for operation in bands below 6 ghz,” 2013.

5. IEEE Std 802.11af-2013, “Amendment 5: Television white spaces (tvws)
operation,” 2013.

6. X. Xie, X. Zhang, and K. Sundaresan, “Adaptive feedback compression
for MIMO networks,” in Proc. ACM MobiCom, pp. 477-488, 2013.

7. O. Bejarano, E. Magistretti, O. Gurewitz, and E. Knightly, “MUTE:
Sounding Inhibition for MU-MIMO WLANSs,” Proc. ACM SECON,2014.
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I®PEKTUBHAS ®UJIHLTPALIMS CIEKTPAJIbHON YTEUKA
JJIS IEEE 802.11AF B TEJIEBU3MOHHOM BEJIOM
INPOCTPAHCTBE

MHOTrOCTOpOHHEEe  MYJBTHIUICKCHPOBAHHE €  OPTOTOHAJIBHBIM
gactoTHBIM pazfeneHreM (OFDM) mmpoko wucmonb3yercss Ui MHOTHX
cucteM OECTpOBOJHOM CBSI3M, a TaKKe UIi KOTHUTHUBHBIX PaJHOCHTHAJIOB
(CR) m3-3a mHorux mpeumytiectB [1]. OFDM aenuT mupoKOMoJIOCHBIN
KaHal Ha Y3KOIIOJOCHBIE 3aTyxalollue NoAKaHajibl. MeXCHMBOIbHAs
nunrepdepennns (ISI), BbI3BaHHAs MHOTOJIYYEBBIM pPACHPOCTPAHEHHEM,
MOXeT OBITh YCTpaHEeHa IyTeM BCTaBKH Iukinueckoro npeguxca (CP) B
kaxapiii cumBonn OFDM. Kpome Toro, OFDM 3¢ ¢ekTHBHO HCHOIB3yeT
CIIEKTp, MO3BOJSASA MepekpbiBaTh mnoaHecymue. Opnako OFDM wumeer
HECKOJIBKO HEJOCTaTKOB, OJHA W3 KOTOPBIX IMPEACTaBIsieT Cco0O0M
CHEeKTPANIbHYI0  yTEYKYy, BBI3BAaHHYI0  HAKOIUICHHEM  HECKOJBKHX
CHHXPOHHBIX TogHecymux [2]. Ota mpobiieMa MOXET OBITh pa3pelieHa ¢
MIOMOIIBI0  XOPOLIO  CIPOEKTHPOBAHHOTO  (GuiabTpa  (HOPMHUPOBAHUS
uMITyJibca. YBeIudeHUue KodQPUIEeHTa CBEPThIBAaHUS TPEOYET yBEeIHYCHUsI
mmabl CP, yxyamas cnektpanbhyo sddexktuBnocts [3], [4], [5]. B
mocJeTHee BpeMs Ui pa3paboTku cucteMsl SG Tpedyercs cuctema OFDM
C BBICOKOW CHEKTpanbHON 3()(EeKTHBHOCTBIO 0€3 yBEIMYECHHUS! HAKIAIHBIX
pacxomoB CP. J[Ing nocTikeHHs Takod neiaw OBUT BBeXeH (HIBTP
aCUMMETPUYHOTO UMITYJIbCHOTO (hopmupoBaHusL. IIpennaraercs
UCIIONIb30BaTh aCUMMETPHYHBIH (POPMHUPOBATENh UMITYIHCOB JUISl CTaHAApTa
IEEE 802.11af, xoropslit ochoBan Ha OFDM u paboTaeTr B TeJICBU3NOHHOM
6enmom mnpocrpanctBe (TVWS). TVWS - s3ro wyacte cmekrpa, He
UCTONb3yeMasl TEIEBU3UOHHBIM BEIIAHUEM B HA3€MHBIX TEJIEBU3HOHHBIX
noocax YKB u VYBY [6]. IEEE 802.11af sBusercst rtio6aibHBIM
craggapToM s OecripoBogHoi JokambHOM cetn (WLAN), kortopas
ucrions3yer Texuosoruto CR mnst padorer B TVWS [7]. Kondwurypauus
ypoBust PHY IEEE 802.11af onpenensercs Ha ocHoBe pexxuma VHT (oueHb
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BBICOKas mpomyckHas crocoonocts) 40 MI'n IEEE 802.11ac [6], [8]. OnHa
mpobiemMa, KOTopas HODKHAa OBITh pEIIeHa, 3aKI0YaeTcs B IONyYCHHU
TpeboBaHus k ociabnenuto 55 1b ms macku ero cnekrpa (SEM) [7].

[Mpennaraemsplii cnoco®d QGOpPMUPOBAaHHS MMITYyJIbCA OCHOBAaH Ha
ACHMMETPUYHOM (OPMHPOBAaHMH WMITyJIbCA W PACIIUPEHHH TPYIIIIEI
3ammTHOTO ycrpoiictBa. Cmeremsl 802.11af wmcmonp3yloT KOpOTKHI
3alUTHEIA MHTEepBasl, ToO ecTh CP, 4To0OBl HE yXyAllaTh CHEKTPaJbHYIO
a¢p¢extnBHOCTE. Mcmonb3ys 3toT Meron, yreuka crmekrpa IEEE 802.11af
MOXeT OBITh JOCTaTOYHO HHU3KOH, dYTOOBl cooTBeTCTBOBaTh SEM.
Hcnonb3oBaHue acUMMETPUYHOTO (HOPMHPOBAHUS HMMITYJIbCAa MOXKET
IIPEOI0JIETh OTPaHUYCHHYIO MIPOIOJIKUTEIBHOCTh CTIaKUBaHUA,
orpaandeHHy0 kKopotkuM CP. [Ipemmaraercst pacmmpeHHass HHTEPIIOIALIUSL
3alIUThl YaCTOTHI MyTEM yBeludeHus! konndectBa bIID. DTo 3HAUUTEIHHO
OTrpaHMYMBAET BIMSHHUE CHEKTPOB H300pa)KeHHs, 4YTO MPUBOJUT K
yMeHbIeHnto JmuHbl uiasTpa FIR [8].

1.T. H. Pham, S. A. Fahmy and I. V. McLoughlin, "An End-to-End Multi-
Standard OFDM Transceiver Architecture Using FPGA Partial Reconfiguration,”
IEEE Access, vol. 5, pp. 21002-21015, 2017.

2.T. H. Pham, S. A. Fahmy and 1. V. McLoughlin, "Spectrally Efficient
Emission Mask Shaping for OFDM Cognitive Radios," Digital Signal Processing,
vol. 50, pp. 150-161, 2016.

3.T. Taheri, R. Nilsson and J. Beek, "Asymmetric Transmit-Windowing for
Low-Latency and Robust OFDM," in Globecom Workshops, 2016.

4. ). Lorca, "Cyclic prefix overhead reduction for lowlatency wireless
communications in OFDM," in IEEE Vehicular Technology Conference (VTC
Spring), 2015.

5.E. Guvenkaya, E. Bala, R. Yang and H. Arslan, "Time-asymmetric and
subcarrier-specific pulse shaping in OFDM-based waveforms,” IEEE Transactions
on Vehicular Technology, vol. 64, pp. 5070-5082, 2015.

6. "IEEE 802 Standard; Part 11; Amendment 5: Television White Spaces
(TVWS) Operation," IEEE, 2013.

7. Z. Lan, K. Mizutani, G. Villardi and H. Harada, "Design and
implementation of a Wi-Fi prototype system in TVWS based on IEEE 802.11af," in
IEEE Wireless Communications and Networking Conference (WCNC), 2013.

8. "IEEE 802 Standard; Part 11; Amendment 6: Wireless Access in
Vehicular Environments," IEEE, 2010.
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OCOBEHHOCTH TEXHUKH MO3UIIUOHUPOBAHMS
BBICOKOI1 TOUHOCTH (PPP)

HaBuranmoHHble cUcTeMbl 00ECIEUMBAIOTCS PA3IMYHBIMU THUIIAMHU
pellleHHs] YNydlIeHUs B ONpEAEICHUU MECTONOJIOKEHHs, TaKUMH Kak
MO3UIIMOHUPOBaHNE BbICOKOH TouHocTH (PPP), cucremsl moBbIIIeHHS
touHoctd curHamoB GPS (DGPS) m kxuHeMaTHKa peanbHOTO BpEMEHHU
(RTK). IlpumeneHume JaHHBIX TEXHUK MpEANOJaraeT BKIIOYEHUE
Pa3IMYHBIX THUIOB JAHHBIX, NPHEMHHUKOB, MOJENCH, OOCIyKHBAIOIINX
pa3IMYHbIE KIIACCHI KOHEYHBIX MOJIb30BATEICH.

Texuuka PPP mocturaercs mcmonp3oBaHHEM KOIOBBIX M (Pa30BBIX
W3MEPEHUI OT OAHOTO NPHEMHHKA, NPH 3TOM IIEpHOJ HaONIOACHHH He
3aBHCUT  OT  TOrO  SIBIAETCS  TIONB30BAaTENCKOE  MPHUIIOKECHHE
KHHEMAaTHIECKUM JIN0O CTaloHapHBIM. PaboTa TaHHONH METOMMKH CBsI3aHA
C TIOKa3aHWSIMHU CIIyTHUKOBBIX YacOB W  KOPPEKTUPOBOK OpOMT,
CTCHEPHUPOBAaHHBIX  CEThI0  INOOANBHBIX  CBA3ymMx  craHuuid. Ilpu
€IMHOPA30BOM BBIYHCIIEHUH MOIPABOK, OHU JOCTABISIOTCS 10 KOHEYHOTO
10JIb30BATEJISL.

PPP xapakrtepusyercsi NEpUOJOM BpPEMEHM [UIsl CBEJIEHUS K
JELUMETPOBOMY [HUANA30Hy TOYHOCTU C ILEIbI0 YCTPAHEHHS JOKAIBbHBIX
CMEUICHUH TakuX KakK, aTMOC(EpHbIE YCIOBHUsS, MHOTOJIyYeBOCTh B
OKpy)Karolmel cpeae ¥ TIeOMETPUYECKUX IapaMeTpoB  CIIyTHHKOB.
Hocturaemasi peanbHas TOYHOCTH M HEOOXOIMMOE CBEJCHHE BpPEMEHH
3aBHCUT OT KadecTBa B MONpaBKaX M YPOBHA HX IpUEMA PECHUBEPOM
(TOYHOCTB - 710 3 cM).

OcHOBHBIE HCTOYHHUKH OmMO0K i PPP cHImKkaroTcst mpuMeHeHneM
CIIEIYIONINX CIIOCOOOB:

- JIBoiiHasi yacTOTa MPUEMHHKA: MEPBOCTENIEHHO HOHOC(EpHas 3aaepiKKa
[IPONIOPLIMOHAJIbHA YACTOTE HeCyllel BOJHBL [0 3TOl mpuunHE OHA MOXKET
OBITH IOJHOCTHIO YCTPaHEHA INPH MPUMEHEHWH KOMOWHAIMI HM3MepeHui
JIBYX 4acTOT.

- [lonpaBo4HbIe JaHHbIE BHENTHUX OMIMOOK: OHH BKIIIOYAIOT KOPPEKTHPOBKY
OpOUT CIIyTHUKOB M ITOKa3aHUH OOPTOBBIX 4acCOB.
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- MogenupoBanue: TponocdepHas 3amepkKKa KOPPEKTHUpYeTCs IyTeM
ucnons3oBanus monenu UNB. MogenupoBaHue Taxke HCHOJIb3YETCS B
npueMHHKax ¢ PPP i CHIKEHUsI BIMSHUS CMEHBI BPEMEH ToJ1a.

- Anroputmel ¢unstparu PPP: pacmmpennstit punstp Kammana (EKF)
ucnons3zyercss B pacuere PPP. EKF MuHMMM3UpyeT 1IyM B B CHCTEME U
MIO3BOJISIET PACUYMTATH TMO3UIHIO C CAHTHMETPOBBIM YPOBHEM IO TOYHOCTH.
Onenxku EKF coBeplIEHCTBYIOTCS C MOCICAYIOIIUMH H3MEPEHUSIMH 0
JOCTHKEHHS MMH CTAOWJIBHBIX M TOYHBIX BEJIMYUH. THUNHYHOE BpeMs IpHU
3HaueHusAX B 10 cM ommbok o ropuzoHty - 20-40 MHUHYT, HO OHO 3aBUCHUT
OT MHOX€ECTBa JIPYT'HX MapaMeTpoB.

OcHoBHBIM TpeumyniectBoM PPP sBnsercst ero AocTymHOCTH Ipu
pabore oxmHoro mpuemMHuka GNSS 06e3 0a30BBIX CTaHIMA B
HETOCPEACTBEHHOW Onm3ocT OT monb3oBarensd. OpHako Tpebyercs
MHALUANM3aus Uil moiydeHnst nompaBok PPP u  memoumcienHoe
paspemieane Gpa30Boil HEOJHOZHAYHOCTH [4].

—— Horizontal RMS
08 = Horizontal 95%
Horizontal 68%

Horizontal error (m)

0 ';i‘f‘ 1U‘L‘&f 1':..'(. ZU.UU 2':‘{‘(2- J{.‘(L 3’4‘00
Time(s)

Koppekuus ¢ PPP (NovAtel) [3].

1. NovAtel Inc, An Introduction to GNSS. GPS, GLONASS, BeiDou,
Galileo and other Global Navigation Satellite Systems. - 2015. - Second Edition. -
P.57-58.

2. Yanming Feng, Jinling Wang. GPS RTK Performance Characteristics and
Analysis. - 2008. - Journal of Global Positioning Systems. - P. 1-2.

3. NovAtel Inc, Precise Positioning with NovAtel Correct Including
Performance Analysis. - April 2015. - NovAtel White Paper. - P. 6.

4. https://ru.wikipedia.org/wiki/Precise_Point Positioning
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4. BoJIOKOHHO-ONITHYECKHE CHCTEMBI CBSI3H — T he
Fiber-optic communication systems

B.A. Bbypmun!, A.B. Bypmun', K.A. Bonxos!, O.. Mopo3os?, A.A.
Kysnenos?, A.M. IOnakos?, K.A. S610ukun’

TMoBomackuii rocylapcTBEHHbIH YHUBEPCUTET —TENIEKOMMYHHUKALUHA U
nHpopmartuky, . Camapa, Poccus;

2KazaHCKuit HaIIMOHAJIbHBIHN HUCCIEI0BATEILCKUN TEXHUYECKUH
yausepcureT (KHUTY-KAN), r. Kazans, Poccus

MAJIOMO/JOBOE OIITOBOJIOKOHHOE YCTPOMCTBO JIJIs
PA3ZJIEJIEHUSA I'PYIIII MOJI

Ha coBpemeHHOM »Tame pa3BUTUS WH(OOKOMMYHHKAIIHOHHBIX
TEXHOJIOTHI CTaHIapTHHIE OIHOMOJIOBBIE ONTHYECKHE BOJIOKHA, KOTOPBIE
CeTOJHA MPUMEHSIOTCS Ha TPAHCIOPTHBIX CETSX CBS3H, NPAKTUYECKH
ucuepnaj CBOM pecypc YBENMUEHHs IPOMYCKHOH  CIOCOOHOCTH.
BonokoHHO-ONTHYECKHE JIMHUM Nepefaddl ¢ OJHOMOJIOBEIMH ONTHYECKUMU
BOJIOKHAMH TIPHONMKAIOTCA K TaK Ha3bIBAEMOMY «HEIMHEHHOMY IIpeaeiy
Ipemunrepa» [1]. OcHOBHBIMEH (haKTOpaMH WCKa)KEHHH CHUTHAJIOB B
ONTHYECKUX KaHajaX CTAHOBSTCA (DAaKTOPBl HENWHEHHOCTH, KOTOpEIE,
YUUTBIBAas Majblii JAWAaMETp CEpALEBHHBI CTaHJAPTHBIX OJHOMOIOBBIX
ONTHYECKUX BOJOKOH, YyBEIWYEHHE BBOAMMON B ONTHYECKOE BOJIOKHO
MOIIIHOCTH C YBEJIMUEHHEM UYHCIIa ONTUYECKUX KaHAJIOB MIPH CIIEKTPAILHOM
YIUIOTHEHUH M TIPOTSKEHHOCTh JIMHHUN Iepeauyd TPAaHCHOPTHBIX CETeH,
JeHCTBHE KOTOPHIX HAa (PM3MYECKOM YpPOBHE B CTAHIAPTHBIX OJHOMOJIOBBIX
ONITHYECKHUX BOJOKHAX YMEHBIINTH MIPAKTHUECKH HEBO3MOXKHO. B kadecTBe
aIbTEePHATHBHI, paccMaTpHuBalOTCS CHCTEMBI IIPOCTPAHCTBEHHOTO
MYJIBTHUIIEKCUPOBaHUS [2] ¢ MHOTOCEp/ILIeBUHHBIMHU, MaJOMO/IOBBIMU HIIN
Jla’k€ MHOTOMOJIOBBIMHU ONTUYECKUMH BOJIOKHAMU B MaJIOMOJOBOM PEXHME
nepefadd, IMPaKTHIECKOe FHCIONB30BAaHWE KOTOPBIX IO IPOTHO3aM
AHAJUTHKOB OKMUAAETCS Ha TPAHCIIOPTHBIX CETAX CBA3M yxe K 2025 romy.
IIpu wucnomp30BaHMM MaJOMOJOBBIX MIM MHOTOMOJOBBIX ONTHYECKHX
BOJIOKOH TPeOYIOTCSI MOJIOBBIE  MYJBTUILIEKCOPBI/AEMYIIbTUIIEKCOPHI,
obecrieunBaroye pasneneHue MoJ CBETOBOJA. MopnoBoe
MyJbTUINIEKCUPOBAHUE HU3BECTHO JOCTaTOYHO JaBHO. C TOYKH 3peHus
pasfeneHus MOJ XOpOLIME IOKa3aTeld IEMOHCTPUPYIOT YCTpoilcTBa Ha
M GpakIMOHHBIX — onTHyeckux dsiementax (JOD) [2,3]. OcHoBHas
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npobiema, orpaHuuuBaromas npuMmeHeHne J1OD B BOJIOKOHHOH OITHKE,
CBSI3aHA CO CIIOXKHOCTHIO BCTPAWBAHMS MX B BOJIOKOHHBIE YCTPOMCTBA IS
peanM3anyy TEXHOJIOTHH «in-fiber». DTOT ke HEJOCTAaTOK XapaKTepeH JUIs
YCTPOMCTB Ha »3JlEeMEHTax Makpo-onTuku. Ha ceromHsmHuil aeHs
HanOobIee PacIPOCTPAHEHHE MOTYIHIN MYJIbTHIUIEKCOPHI, IIOCTPOCHHBIE
[0 TIPHUHIMNITY «KHUTaiickoro ¢oHapuka» [2]. YCTpOHCTBa, peanu3ylomne
TaKOW TPHHLMI, IOJyYWIH Ha3BaHue «photonic lantern» - (OTOHHBIH
¢oHapp. B Takumx MyIBTHIUIEKCOpaxX ITy4OK OZHOMOJOBBIX ONTHYECKHX
BOJIOKOH BBITSTHUBAETCS B OJHO BOJIOKHO, KOTOpOE cOTrjacyercs ¢
MHOTOMOJIOBBIM ONTHYECKUM BOJOKHOM. M3BECTHBI MYJIbTUILUIEKCOPHI THUIIA
«poTtoHHbIl (oHapy, umeronme 3-7, 19 u gaxe 1o 61 0IHOMOJOBOIO
nopta [2]. Takxe, N3BECTHB OTHOCHTEIHHO MPOCTHIEC BOJIOKOHHBIE MOZOBBIC
MYJBTHIUIEKCOPBl Ha OCHOBE TEXHOJIOTHHM W3TOTOBJICHHS BOJOKOHHO-
onTu4eckux pasBerBureneit [4]. Ecam B MymnbTHIUIEKCOpax —THIIA
«poToHHBII (oHAPH» B MEPBOM NPHOMMKEHUH TOPEI] MHOTOMOIOBOTO
ONITHYECKOTO BOJIOKHA CTBIKYeTCS C TOpPHAMH ITydka H3 HECKOJIBKHX
TEHIIMPOBAHHBIX B OOIIYIO CTPYKTYPY OAHOMOIOBBIX ONTHYECKUX BOJOKOH,
TO B MYJBTHINICKCOpPAX THIIA «BOJIOKOHHO-ONTHYECKUN pPa3BETBUTEIIbY
MHOTOMO/IOBOE ~ OIITHYECKOE BOJIOKHO COEIHMHSETCS C  OJHOMOZIOBBIM
ONITHYECKUM BOJIOKHOM CIUIABJICHHEM OOKOBBIX ITOBEPXHOCTEI BOJIOKOH Ha
HEKOTOPOM YYacTKe TIPH OIPEICIEHHOM pPACCTOSHUM MEXIY OCSIMHU
CBETOBOJIOB. BBIABHHYTO MpeAnoyioKeHHe, 4YTO TPH  OIpPEACIEeHHBIX
YCIOBUSIX ~ pa3feleHne MOA B ONTHYECKHX  MYJBTHUIUICKCOpax,
BBIIIOJIHEHHBIX TI0 TEXHOJOTMH «(POTOHHBIH (OHAPB» U TEXHOJOTHH
BOJIOKOHHO-ONITHYECKUX Pa3BETBUTENEH, Oy/eT SKBUBAJICHTHBIM. B 1aHHO#
paboTe mpezcTaBlIeHbI pe3yIIbTaThl HKCIIEPUMEHTAIBHOM MTPOBEPKH JAHHOTO
MIPEATIOTI0KEHUS.

1. Mitra, P. P. Nonlinear limits to the information capacity of optical fibre
communications / P. P. Mitra, J. B. Stark// Nature. — 2001. - Vol. 411. - p. 1027-
1030.

2. Richardson, D. J. Space-division multiplexing in optical fibres/ D. J.
Richardson, J. M. Fini, L. E. Nelson// Nature Photonics. — 2013. - 7 - p. 354-362.

3. Amphawan, A. Review of optical multiple-input-multiple-output
techniques in multimode fiber/ A. Amphawan/ Optical Engineering. - 2011. - Vol.
50(10) - p. 102001-1 - 102001-6.

4. Shin, W. All-fiber wavelength- and mode-selective coupler for optical
interconnections/ W. Shin, S. Choi, and K. Oh// Optics Letters. — 2002. - Vol.
27(21). - 1884-1886.
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N.M. 'a6aynxakos’2, O.I. Mopo3os?

TTAO «Tarrenexom», r. Kasans, Poccus

2KazaHCKuit HaIlMOHAJIbHBIH HUCCIEI0BATEILCKUN TEXHUYECKHI
yHuBepcuret uM. A.H. Tynonesa — KAU, r. Kazans, Poccus

NEPCHEKTHUBbBI PA3BUTUSI CHCTEMbI KBAHTOBOI'O
PACIHIPEJEJIEHUSA KJIIOYEN C YACTOTHBIM
KOJUPOBAHUEM

KBaHTOBBIE CeTH CBSI3U NPEAOCTABISAIOT YHUKAIBHYIO BO3MOXHOCTb
oOMeHa ciy4aifHOH MOCie0BaTeIbHOCTBI0 OUTOB MEXy MOJIb30BaTENISIMH
C TrapaHTUPOBaHHOH O0E30IAaCHOCTBIO, HE IOCTHXKMMOW B KIIACCUUECKHX
OTKPBITBIX WJIM CIELHAJIbHBIX CHCTEMax C KPHITOTpaduIecKod 3ammuToit
[1]. D10 mocTUraercs ¢ MOMOILIBIO UCHIOIB30BAHUS TEXHOJIOTUI KBAHTOBOTO
pacupenenenus kroueit (KPK).

UYetsipe ocHOBHEIX (oToHHBEIX TexHoNornu KPK. IMonsgpuzammonHas
TEXHOJOTHSI OCHOBaHa HAa OCOOCHHOCTSX ydeTa YeThIpeX OCHOBHBIX
COCTOSTHAH (JOTOHOB M MCIIOJIB3YET AJSI KOAUPOBAHUS OJWH COTPSDKCHHBIN
0a3uc MO KPYroBOil MOJSPU3AIMM W OJUH MO JMHCHHOH. OCHOBHBIM
HEJOCTaTKOM JTOIl TEXHOJOTHM SBJISETCS HEBO3MOXXHOCTH COXPaHEHUS
MOJISIPU3ALMOHHOTO COCTOsIHMS (OTOHA MO BCel JUIMHE BOJIOKOHHO-
ontudeckoil nuaMK cBs3n (BOJIC). MHTrepdepeHIMOHHAsS TEXHOIOTHS
OMMpaeTcss Ha MWCHOJB30BAHME ONTHUECKHMX JIMHUH  3aJepkeKk U
cOaaHCHPOBaHHBIX HHTEP(YEPOMETPOB B MEPEAATIUKE W IPUEMHHUKE
BOJIC. bBa3zoBoe TpeOoBaHWE I peanu3aldil JaHHOW TEXHOJOTHH
3aKJII0YaeTCsl B COXPAaHEHWH pa3sHOCTH (pa30BOTO Xo0Jla MHTEPHEPOMETPOB
NP BO3JCHCTBMM Ha HHUX TEMIIEPATYPHBIX, BHOPAIMOHHBIX W JPYTHX
(aKkTOpOB, YTO OYEHb TPYIAHO peannsyemo. Da3oBbIi 1MOJX0] OCHOBAH Ha
UCTIONB30BAaHUN MeToJI0B JuddepeHnnansHoro (a3oBoro caBura, uTo
mo3BoamiIo peanu3oBarh TexHonormio KPK Ha mpotsmkennoctsix BOJIC
cebime 100 KM, XOTS ¥ ¢ OTPaHUIECHHOM 6e30MacHOCThIO [2].

3a mocneHME IBAIIATH JIET JaHHAS TEXHOJIOTHS ObLIa CyIMIECTBEHHO
MoauHUIMPOBaHa M yiaydmieHa. [lepBoHadaibHO OHA HMCIIOJIB30BANIACH IS
peammsarmn KPK  mo  MoamduimpoBaHHOMY — KPHOTOTpagUIecKOMY
nporokoiy B92 [3].
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B osrom cinyyae ypoBeHb KOHCTPYKTHBHOM WM JAECTPYKTHBHOMN
uHTepdepeHnnr 00eux OOKOBBIX COCTABIISIONINX, TOTYYEHHBIX C ITIOMOIIBIO
¢azoBoil Moxymsinun (OM), ompexpensiiacs Kak (QYyHKIMS THNA KOCHHYC-
KBaapaT OT pPa3HOCTU (a3 MEKIY pagrHoCHTHAIAMH AJHCHI (JeraJbHBINA
aboHeHT — nepenaTyrk) U boOa (eranpHbIN a00OHEHT — IPUEMHUK).

IIpu Oonee neTadbHOM YydeTe XapakTepUCTUK M IMPUMEHEHHU
aMIUIMTYAHOW Monynsuun (AM) BMecto (a3oBOH TeXHOJIOTHs Oblia
ucrionp3oBana s peanmzanun KPK mo 6azoBomy kpunrorpadudeckomy
npotokory BB84 [4]. Tlpm 3ToM It aMImmmTyabl BepxXHEW OOKOBOMU
COCTABISIIONICH XapaKTepHOW sBiAeTcd (YyHKOMS CHHYC-KBaapar oOT
pasHocTH (a3, a AT HIDKHEH — KOCHHYC-KBaIpar.

1 1 1
I+;1) = N Do +35 1D egra =3 De,-

@)

1 1 1
|— 1) = 7 1), -3 1) wy+0 +3 1Dey-a . (2)
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Ontumanehyto peanmuzanuio KPK 1mo TexHOjIorum YacToTHOTrO
KOIMpOBaHMA W  Hauboiee  COBEPUICHHOMY  KpUNTOrpadryecKoMy
npoTtokory BB84 MoxHO moNydnTh IpH Hcmoib3oBaHud AM (Ha cTOpoHE
Aunucel) u ®M (na cropone bob6a) (nnmm ®M-AM), 4To OBUIO MMOKA3aHO B.
ITpu 3TOM B mociieHUX paboTax, UCIIOB3YETCs PACIIUPEHHOE TIOHUMaHUE
MIPUHITUIIA YaCTOTHOTO KOAWPOBAHHS, MPHU KOTOPOM KaKAOMY COCTOSHHIO
(oTOHA CTaBUTCA B COOTBETCTBHE HE (Pa3a MOAYNHPYIOIIETO CHUTHAIA Ha
HEKOTOPOM dYacToTe, a OJHA WM HECKOJIBKO YacTOT OOKOBBIX
COCTaBJIAIONINX, TUO0 caMa ONTHYeCcKast Hecymias (hOToHa.

1.MopozoB, O.I'. AmmauTynHo-ha3oBasi MOAYISUMS B CHCTEMax
pamnodoronnku / O.JI. Mopozos, I'M. HWmeur // Bectnux IloBomxckoro
rOCYAapCTBEHHOIO TEXHOJIOTHUecKoro ynusepcurera. Cepusi: PaguorexHudeckue u
nH(pOKOMMYHHKAIMOHHBIE cHCTeMEL. - 2014. - Ne 1 (20). - C. 6-42.

2.Mopo3zo, O.I'. CnekrpanbHble XapaKTepUCTUKH (OTOHHBIX (HIBTPOB
MHKPOBOJIHOBBIX ~CHTHQJIOB Ha OCHOBE AaMIUTHUTYIHBIX JJIEKTPOONTHYECKUX
moxaymsitopos / O.J. Mopozos, T.C. CanmeeB // Becrnuk Mapuiickoro
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TOCYAapCTBEHHOTO TeXHU4eckoro yHuBepcurera. Cep.: Pammorexnudeckue u
nHpoxomMmyHHKaoHHbIe cucTeMbl. 2010. Ne 3. C.22-30.

3.Bennett, C.H. Quantum cryptography: public key distribution and coin
tossing / C.H. Bennett, G. Brassard // Proceedings of the IEEE International
Conference on Computers, Systems and Signal Processing, Bangalore, India. - 1984.
- P. 175-179.

4.Bennett, C.H. Quantum cryptography using any two nonorthogonal states /
C.H. Bennett // Physical Review Letters. - 1992. - VVol. 68. - P. 3121-3124.
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2KaszaHCKuit HaIlMOHAJIbHBIH HUCCIEI0BATEILCKUN TEXHUYECKHUI
yHuBepcureT uM. A.H. Tynonesa — KAU, r. Kazanp, Poccus

COBPEMEHHOE COCTOSIHUE CUCTEMbBI KBAHTOBOI'O
PACNPEJEJEHUS KJIIOYEN C YACTOTHBIM
KOJUPOBAHUEM

TexHONOTHsST YacTOTHOTO KOJUPOBAHMSA B KaHalax KBAaHTOBOTO
pacrpeneneHusl KI04YeHd I03BOJIET OIPENeIUTh OCHOBHOE COCTOSHHE
(OTOHOB  yepe3 3HAUCHHWE aMIUIMTYIbl €ro Hecymed 4YacTOThl,
MOJIYJIMPOBaHHOH 10 (paze MIIM aMIUTUTYJle paJdO4YacTOTHBIM CHT'HAJIOM, U
TIOJTYYEHHBIX OOKOBBIX COCTABIISIOINX.

W3BecTHBIE CXEMBI IEKTPOONTHYECKON MOTYJISILMHA U PEMOTYIISHN
ONMCHIBAIOTCA CHUMMETpUYHbIMU mapamu OM-OM, AM-AM u AM-OM
(®M-AM), rae mepBas COCTaBISAIONIAasl ONpeneseT TUI MOAYJIATOpa Ha
cTOpoHe ATHCHl (JerajpHBI a0OHEHT — TepeNaTduk), a BTOpas — Ha
cropoHe boba (yreranbHbI aOOHEHT — NMpHEeMHUK). [Ipu 3TOM oTMmedaeTcH,
yTo HamMeHbllee 3HaueHue QBER nocruraercs B cxemax ¢ HacCHUBHBIM
OIIpEJeTICHUEM OJJHOTO WIIM JIByX OCHOBHBIX COCTOSIHMH (oTOHa, T.e. 0Oe3
HCTIOJB30BaHUs IPOLIECCOB MOIYJISINHA U PEMOAYIAINH, a (HOPMUPOBAHNE
cucTeMbl (PMIBTPOB OCYIIECTBISAETCS C MCHOJIb30BAaHUEM BOJIOKOHHBIX
Oparrosckux pemerok (BBP) winu ynopsno4eHHBIX BOTHOBOJHBIX PELIETOK
(YBI), HacTpoeHHBIX HA HECYIIYIO WJIN OOKOBBIE COCTABIISIIOLINE HECYIIEH
¢doroHa.
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Pucynok 1 — Crpykryphaas cxema AOM-ADPM cucremst KPK ¢ gwacToTHEIM
KOIUPOBAHUEM.

Hemocratkn KaHanoOB KBAaHTOBOTO pacIpelelicHus KIoUed ¢
YaCTOTHBIM KOJUPOBAaHHEM CBSI3aHbBI, TJIABHBIM O0pa3oM, C CHIIbHBIMHU
YPOBHSIMH Hecylied U (DOTOHHBIX MMOJHECYIIMX B OJHOM ONTHYCCKOM
BOJIOKHE U €r0 SHEPreTU4ecKoil ceTkoi. Bo-mepBrix, B [1] ObLIO MOKa3aHo,
410 3¢ PeKTh HeNMMHeHOW (a3oBoi Moaysiiuu (NPM) Manbl Ha BpeMEHHO
pa3fenseMbIX MCTOYHHKAX, HCIONB3YIOMMX CHMMETPUYHOE TpyNIIoBOe
CKOJIB34IIIeEe COTJIacOBaHME, HO 3aMETHO H3MEHSIOT COCTOSHHE BPEMEHHO
NepenyTaHHbIX HCTOYHUKOB C OJAHOM M TOH e CXeMOW TIpylIoBOH
CKOpPOCTHOW cxomuMocTH. Hanbomnpine n3aMeHeHHs COCTOSTHUS n3-3a NPM
npoucxoaT B MMHHBIX BOJIC ¢ GONbIIOH UTUTETFHOCTHIO MMITYyIbCAa U
HU3KOH dacTtoToit moBTOopeHms (B mpeaene 3to CW-texnomorus KPK ¢
YaCTOTHBIM KOJHMpOBaHWEM). Bo-BTOpeIX, B [2] OBUIO TOKa3aHO, YTO
OOJIBIIIMHCTBO SKCICPUMEHTAIBHBIX YCTAHOBOK KBAHTOBOW KpuITOrpaduu
U KOMMEPUYECKHMX IPOJYKTOB HCIONB3YIOT OCJIAOJCHHBIN Ja3epHBIN
HMCTOYHUK KaK UCTOYHHK KBAHTOBBIX COCTOSTHUU CO CpellHEH BEpOSTHOCTHIO
01HO(DOTOHHOTO M3ITyYeHHs 3a TEepHOA («CpeaHee Ynucio (POTOHOBY») OKOJIO
p = 0.1. B stom ciydae ycioBue 0Oe30macHOCTH OOJIbINE HE SBISETCS
CTPOTHUM M3-3a IIyaCCOHOBCKOTO pacmpeneneHuss (OTOHOB KOTE€PEHTHOIO
CBETa: HEKOTOpble HMIYJbChl WM Hecyllas, WIH MOJHECYyIlas MOTryT
comepxkarb Ooinee omgHOrO (oToHA. OTOT (AKT MONKET OBITH JIETKO
ucnonb3oBaH EBo#t  (HemeranbHbI a0oHEeHT). OHa YCIENIHO MOXKET
BEITIOJIHATh HE OOHAapyXHBaeMOE pa3/IelieHUE IMydYKa WU pacIIeIICHHe
grcna GotoHoB (PNS) 0e3 mamenenus QBER u monmyuaTh 9acTh KiToua,
KOTOpasi MOXKET OBITh 3HAYMTEIBHOM Ipu OoJiee BBICOKMX 3HAYCHUSIX L. B-
TpeTbux, B [3] mOKa3aHO, YTO YCTpoiicTBa KBAaHTOBOH mepemadn
nHPOPMAIMK HA YacTOTaX IOJHECYIIEH MOIYIUPOBAHHOTO H3ITYYCHHUS
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TpeOYIOT TOYHOTO pa3JelIcHNs] KBAHTOBOT'O CHT'HAja M IIEHTPaJIbHOM JTHHBI
BonHbl. HemocratouHoe ociabieHre CHrHajga HAa OCHOBHOM YacTOTE
3HAQYUTEIBHO CHIDKACT OTHOLICHHE CHTHAN/IIYM CHCTEMBI M NIPHUBOJHUT K
3HAQYUTEIBHOMY YBEIMYECHHIO KOJIMYECTBA OIMMOOK B KBAaHTOBOM KaHale
cBs3u. [lostomy Texnonoruss KPK ¢ 4acToTHBIM KOAMpOBAaHHEM,
OCHOBaHHAs Ha NPeoOpa3oBaHUM MOIYJIIIMH ONTHYECKONW HECymeH cC ee
MIOJTHBIM WJIM YaCTUYHBIM ITOJIaBJICHUEM, SIBIIICTCS aKTyaJIbHOU 3ajaueit ass
yIy4IlIeHUs] XapaKTepPUCTUK KBAaHTOBOTO KaHaja.

1.Smith, R.A. Verification of a Heralded, Two-Photon Fock State with a
Gang of Detectors / R.A. Smith, D.V. Reddy, D.L. Vitullo, M.G. Raymer // Frontiers
in Optics. - 2015. - P. FTu3G.2.

2.Gaidash, A.A. Revealing of photon-number splitting attack on quantum
key distribution system by photon-number resolving devices / A.A. Gaidash, V..
Egorov, A.V. Gleim //  Journal of Physics: Conference Series. - 2016. - Vol. 735. -
P. 012072.

3.Gleim, A.V. Secure polarization-independent subcarrier quantum key
distribution in optical fiber channel using BB84 protocol with a strong reference /
A.V. Gleim, V.I. Egorov, Y.V. Nazarov, et al. // Opt. Express. - 2016. - Vol. 24, is.
3.-P.2619-2633.
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N.M. l'a6aynxakos™2, O.I. Mopo3os?

TTAO «Tarrenexom», r. Kazans, Poccus

2KazaHCKui HaIlMOHAJIbHBIHN HUCCIEI0OBATEILCKUN TEXHUYECKHUI
yHusepcuret uM. A.H. Tynonesa — KAU, r. Kazanp, Poccus

CXEMA AM®K-®KAM CUCTEMbI KBAHTOBOT'O
PACHPEJEJIEHUS KJIIOYEU C YACTOTHBIM
KOJUPOBAHUEM

B nmaHHOM Te3uce mNpHBENEHBI pPe3yJIbTaThl SKCHEPUMEHTOB IIO
(OpPMHPOBaHUIO KaHala KBAaHTOBOTO paclpesieNieHHus KIoYel CXeMbl
AMOK-OKAM c 4acTOTHBIM KOAMpPOBAaHUEM C (a30BOW KOMMYyTalMed B
cpene OptiSystem.

Jnst sToro BeiOepeM 1Ba 0Oasznca Il YacTOTHOTO KOAWPOBAHUS
coctostHAsL (oTOHOB Tp AM®PK 1 moka)xeM HX pealHu3alio ¢ IMOMOIIbI0
puc. 1.

|+; 1} = |l}mo
1 1
[—:1) = N Il}m0+§! 2 Il}mo—ﬂ

1 1 oy
[+:2) = E|1}mo+g;z - Ell}mo—QfE

1 1
[—2) = Ell}mo+39ﬁ - Ell}mo—a_@ﬁ

Cocrosuue |+;1)  npexncrasmser coGoif  HeMOIyIMPOBAHHLIH
¢oroH, nepenaBaemeiii or CW 1asepa, uepe3 oTKpbIThIe MOAYIIsATOpel MZM
Amicel — ammmaryasbiii 1AM u  Qasoswiii 2AM; cocrosaue |—; 1)
omnpejesnsieTcss NpU  aMIUIMTYAHOW MOIYJSIIMKM HAa CTOPOHE AJIUCHI
HanpspKeHneM ¢ 4actotod £2 B «HyJeBoi» paboueil Touke W HpHU
oTcyTcTBUM (ha30BOH KOMMYyTALlMH; COCTOstHME |+;2) KoaupyeTcss Hpu
pabore 1AM Ha nuHEHHOM ydyacTKe HampsHKEHHEM C 4YacTOTol £ u
KO3(h(pUIMEHTOM aMIDIMTYAHOH Monymsuun M=0,55 mpu panbHedmei
dazoBoii kommytaimeii 0/1 ¢ gacroroit /2 B 1PM; cocrosuue |—;2)
OTMCHIBAETCSI OOKOBBIMH COCTABIISIOIIUMH, HIOJTYYSHHBIMH TIPH TTapaMeTpax
(azoBoii kommyTauun € gacroroit 3 /2, mubo ¢ gacroroit /2, HO nmpu
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pabore 1AM B MakcHMalbHOW TOYKE MOIYJISLIMOHHOW XapaKTEPUCTHUKHU C
aprymenToMm ¢ynkmmu beccens, pasaom 2,405.

Sl 2 T Y I
L ) = W_M_
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‘|n'|||i§ g ‘ -‘”'”‘{'
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R N =B

Y. - Y - oF

Pucynok 1 — MoaenupoBanue kanana KPK ¢ yactoTHbIM KoupoBaHHeM 1O cxeMe
AM®DK-OKAM

Optical Spectrum Analyzer_1

Optical Spectrum Analyzer_3
Dbl Click On Obiects to open properties. Move Obiects with Mouse Drag

Dbl Click On Oblects to open properties. ove Objects with House Drag
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PucyHok 2 — KOHCTpYKTHBHAs M IeCTPYKTUBHAs HHTEp(EPEeHIMs Ha MOYIISITOpax

1. Wneun, I'U. JIUM-nmumap ¢ npeodpazoBanuem yactotsl / .M. WUnbuH,
O.I". Mopo3og, 1O.E. Ioabckuii // Ontuka atMocheps! u okeana. - 1995. - T. 8. - Ne
12. - C. 1871-1874.

2. Mopo3os, O.I'. OnTuKo-31eKTPOHHBIE CHCTEMBI H3MEPEHHS MTHOBEHHOMH
JaCTOTEHI pagroCUTHATIOB c aMIUTUTYIHO-()a30BEIM MOIYJSITHOHHBIM
npeoOpa3zoBanueM onrtudeckoil Hecymeit / O.I'. Mopo3os, I'.A. Mopo3os, M.P.
Hyprasusos, A.A. Tamunos // [Ipuknannas Gporonuka. — 2014, - Ne 2. — C. 5-23.
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Anexkceer®, B.A. BaneHko®

1K azauckwuit HaIIMOHAJIbHBIHN HUCCIEI0BATEILCKUN TEXHUYECKU I
yHuBepcuret uM. A.H. Tynonesa-KAH, r. Kazans, Poccus

2000 «Muxpopapm-KAN», r. Kazans, Poccus

311000 «MP3-T3K», r. Kazans, Poccus

“KaszaHcKuil TOCyJapCTBEHHBIH >HepreTHueckuil yHMBepcHTeT, I. KasaHs,
Poccus

SAO «HIIO Kackany, r. Kazans, Poccust

AJIPECHBIE BOJIOKOHHBIE BP3ITOBCKHUE PEHIETKH:
KBA3BUPACIIPEAEJEHHBIE JATYUKHW C BBICOKUM
IHPOCTPAHCTBEHHbBIM PAZPEHIEHUEM

B Hactosmel pabore OyAyT pacCMOTPEHBI OCHOBHBIC IPHUHIIUIIBI
MIOCTPOCHUS M XapaKTEPUCTHUKU CCHCOPHBIX CeTel ¢ TOUKH 3PEHHUS METOI0B
MYJBTHIDICKCHPOBAHUS WM THIIA HCIIOJNB3YeMBIX aJpecHBX BBP-martumkos
[1], Bnustronux Ha CTPYKTYpY HHTEppOrarTopa mpu pabore Ha MpOmyCKaHHEe
U OTpaKEeHHUE.

[IpoBeneM  MOJEeNMpPOBaHHWE  CHEKTPAJIbHBIX  XapaKTEPUCTHK
CHTHAJIOB, TIOCTYMAIOIIUX Ha BXOJ (OTONMPHEMHHUKA JJS JBYX BapHaHTOB
UCTIONHEHUs agpecHbIX BBP-naTunkoB: B Buje 11ymna v B BUJ€ METIIN.

Bonokonno-onmuyeckuii  oamuux ¢ eude wyna (BOCC,
pabomarowas Ha ompas’icenue).

s mpoBeIeHUsT MOJISITUPOBAHIS AaHATTMTUICCKH OIHIIEM CIIEKTPHI
BBP-natuuka, onoproi#t BBP-punsTpa u BEP-3epkana.

Martpuua nepenaun BBP-garunka onuiuercs B Buae:

Esaﬂsn-rm = Slm' 'Eq:-' 52m' 5q:-' 5![?.:'. @

Martpuua nepenauu agpecHoil BBP onuercs B Buze:

gUART_p 1y Tg mPARIT g gy g — AL g Lg B
_ L-trhal 1-rhas

Srpeid) = ¥ ehya ~EARP I GURIART =iy g IR 2)
L—tihi? Lt

ITo cxeme BBP-gatuuk u omopuas BBP-¢unbtp pabotaror «Ha
nporyckanue», a BbP-3epkano — «ua otpaxenue». [liis BBP, padoraromunx
«Ha TIPOITYCKAHUE) CIEKTP OMUIIETCS CIEIYIONINM BRIPAKEHUEM:

= (i (> L Ba

@)
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Cnexrp BBP-3epkana onumiercs B Buje:
5 OyF gyt
RW=1-7T W=1-{y Wy-—5—) @

Ha puc. 1l,a mpuBeneHsl cnekTporpaMmbl OT aapecHblx BBP-
naturkoB B BOCC, paborarorieii Ha OTpaKeHHE.

Ry — —_—

S — 2~ cnextp nponycxanes BEP jaremma

s BEF ara A T ———
» - o ot or 86D y T —p— —
mpmcsE

cnextp mpoaycxmne onopush -
——  BEDgumm A, o
- 2 - cpeEp, nonmmscmmt m dorn
e

a o
Pucynok 1 — CriekTporpaMMbl ONITHYECKUX CUTHAIOB OT aaipecHbIXx BBP-natunkos B
BOCC, pabotaromieii Ha oTpaxkeHue (a) u npormyckanue (0)

Bonokouno-onmuueckuii.  damuux ¢ eude nemau (BOCC,
pabomaiowas Ha nponyckanue).

JlaTunku Takoro THUNa NPEICTaBICHbl CBOEH OTIMYUTENbHON
