TEXHUYECKHE HAVKHU

VIAJEHHOE ITPOCJIYILIMBAHUE ITOMEIEHUIA
YEPE3 KJIMEHT-CEPBEPHOE ITPUJIOXEHME

N.A. Annpees, nonent B.B. Auapees
UyBaickuii rocy1apcTBeHHbIN yHuBepcuTeT umenu M.H. YabsHoBa

Bo MHOrMx KoMMep4eckux (pupMax CymiecTByeT He0OX0JUMOCTh KOH-
TpOJIl AWCIMIUINHBI COTPYAHMKOB, MX 3aHATOCTH Ha pabodeM MecTe H
KyJIbTYpbl OOLICHUS ¢ KiMeHTaMHu. Pa3paboTaHHasi mporpaMma HO3BOJISIET
YAalN€HHO B PEalbHOM BPEMEHU IPOCIyLIMBaTh nomeuieHus. IIporpamma
COCTOMT M3 TPEX OCHOBHBIX YacTeH — aIMUHHCTPATOpa, CEPBEpA U MOJIB30-
BaTelsl. AIMUHHCTPATOP MOXET BECTH NMPOCIYILIKY 34 <IIPHUBSI3aHHBIMU» K
HEMy MOJIb30BaTeasMu. g 3TOro OH OTIpPABIJISIET IOJb30BaTENAM CaMy
KIIMEHTCKYIO 4acTh IPOrpaMMBl, JIN0O0 cchuIKy Ha He€. Korna moss3oBartens
OTKPBIBAET B CBOCH 3JIEKTPOHHON IOYTE COOOIIEHNE, TO OHA B HEBUANMOM
peXuMe ycTaHaBiMBaeTcs Ha ero komnetorep. IIporpamma cosnaér cuc-
TEMHYIO CKPBITYIO ITallKy, B KOTOPYIO KOIHPYeT ce0dst, co3/1a€T /iBa MyCThIX
3BYKOBBIX (hailyia, pasMeInaeT CBOHM SIpJIBIK B IANKe aBTO3arpy3KH. 3aTeM
OHAa CYMUTHIBAET MMs YYETHOM 3alUCU IOJIb30BATEJA, UMS YCTAaHOBIIECHHOM
CUCTEMBI, BpEMsI YCTAaHOBKU, T€HEPUPYET CIIy4alHbIN NE€CATU3HAYHBIA KOJ U
OTIIPABIISIET TH AaHHbIE Ha cepBep. CepBep MPoBEPSET, UMEET U MOTyYa-
TeJIb MUChMA MPaBO MOJIb30BATHCS NMPOrPaMMOM, U, €clii BCE BEPHO, TO OT-
IIpaBJIsieT AAHHBIE HA I0YTY aJIMUHUCTparopa. B pesynbrare B pacnopsxke-
HHUM aIMUHHUCTPATOpa UMEETCs KpaTKas HHPOPMAIHA O CHCTEME I0JIb30Ba-
TeNs U JeCATH3HAYHBIN KO, M0 KOTOPOMY OH MOXET YIPaBIATh IIPOrpam-
MO Ha KOMIIBIOTEpE I0JIb30BaTENsl NUCTAaHUUOHHO. IIporpamma-aaMuHu-
CTpaTop YCTAHABIMBAETCS B OTKPHITOM pexume. OH peructpupyer Onod-
JMOTEKY IJIs1 pabOTHl BCTPOCHHOTO IMPOWIPHIBATENS, KOTOPYIO XPaHUT B
pecypcax.

IIporpamma ympaBieHusi, KOTOpO# BIIafeeT aIMUHUCTPATOP, & TAKXKe
cama nporpamma IpocIiIylKy — 3To .EXe- NpHUJIokKeHus. B kaduecTsBe cepBepa
HCIOJIb30BaH apeHI0BaHHbIA XOCTUHI. Ha HEM XpaHATCS IPOMEXYTOUHBIE
JlaHHBIE OOMEHa, WH(OpMalus O IOJb30BATEIIX M aJIMHHUCTPATOPaX.
VYrpasiieHHe NaHHBIMH Ha cepBepe peajm3yercsi nocpenactsom .php- daii-
JIOB. 3amuch, OTHpaBKa W NPUEM JIAaHHBIX OCYLIECTBISIETCS (parMeHTamMH,
HO TnapaJuienbHas o0paboTka JaHHBIX MO3BOJISIET HE 3aMeydaTb OOpHIBOB U
aJIMUHHCTPATOP CIIBIIINT HENbHBIN OecrpephIBHBIN 3BYKOBOI MOTOK. Y af-
MUHUCTPATOpa MMEETCsl aHAJIOrl 3allMCHOM KHWKKU. B Heé oH 3amuceiBacT
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HMMCHA MOJIb30BaTeIell U COOTBETCTBYIOIIME UM KOJbI JocTyma. Pa3spabo-
TaHHAs IPOTpaMMa CHOCOOHA CIEIHUThH 3a MEPEeroBOpPaMH COTPYIHHUKOB, UX
NepernucKaMu, caitamu, MporpaMMaMi, ¢ KOTOPbIMH OHM paboraror. Bcé
3TO CIIOCOOHO MTOMOYb MOBBICUTH 3 ekTHBHOCTL paboTHI B oduce.

OCOBEHHOCTb KOH®OPMHOI'O OTOBPAXKEHHM A
3YBIIOBOU OBJIACTHU
BEHTUJIBHO-UHAYKTOPHOI'O JIBUI'ATEJIA

.. AxmeTt3sHOB, mpodeccop A.A. AdaHackeB
UyBalckuii rocy1apcTBeHHbIN yHUBepcuTeT umenu M.H. Y absHoBa

BentunbHo-uHAYKTOpHBIN aBuratens (BUJ) Gmaromapst cBoum mpe-
HUMYILIECTBAM, TaKUM, KaK MPOYHOCTh KOHCTPYKIMH, Ha/JEKHOCTh, PEMOH-
TONIPUTOHOCTD, — JIOCTATOYHO AKTHBHO HCCIEIYEeTCS KaK OTEYECTBEHHBI-
mi [2], Tak u 3apyOexkubiMu [3] yuensimu. BUJL siBisieTcss HeTMHEHHOM
CUCTEMOM, TOCKOJIBKY TaKhe XapaKTePHUCTHKH, Kak (pasHble MHIYKTHBHO-
CTH, MOMEHT, SIBJISIIOTCS HEJIMHEWHBIMH (QYHKIMSIMH Kak OT TOKa (asbl, Tak
W OT YIJIOBOTO MOJOXKeHHs poropa. [103ToMy Al TOYHOrO yIpaBieHHUS
JIAHHOW 3JIEKTPUUYECKOM MallMHOW M ONTHMHU3AIMU KOHCTPYKIHMH HEOoOXo-
JIMIMO ITPOBOJUTD MOJIEBBIE PACUETHI.

3a OCHOBY IOJIEBOTO pacdera B3ST METOA KOH(OPMHOTO OTOOpaxe-
uust [1]. Tpu koHPOPMHOM OTOOpakeHHH OTOOpAXKAETCsI HE BCS TEOMET-
puueckast obmacte BMJI, a Toiapko ee 3HaYMMasi 4acTh, B YACTHOCTH 00-
JIacTh BO3AYLIHOTO 3a30pa. Ha mpakTuke mpu pacuere MeToaoM KoH(OpM-
HOTO OTOOpaXXeHUsI 3yOIIOBOM 00JaCTH BO3HUKAET PSIJ CIIOKHOCTEH.

Bo-nepBbIX, eciy BepuIMHA HAXOAWUTCA B OSCKOHEYHOCTH, TO BO3HH-
KaeT npobieMa CXOJUMOCTH [IPU peanu3aliy YUCIEHHOr0 HHTErpaa.

Bo-BTOpBIX, MpH MajioM 3a30pe BEPLIMHBI IPUHUMAIOT OOJIbILINE 3HA-
YEHHUsI, 9TO BEAET K YCIOXKHEHHIO BBIUUCIICHUS, YTO CBS3aHO C PE3KHM YBe-
JIMYCHUEM BPEMEHH BBIUUCIICHUSI.

B cBsi3u ¢ 3TUM MeTo]] KOHPOPMHOTr0 0TOOPaKEHHsT HAXOJIUT OrPaHu-
YEeHHOE MIPUMEHEHHE TIPH [IOJIEBOM pacueTe 3JIEKTPUIECKUX MAIINH.
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MMPUHLAIIBEI KOOUPOBAHUA HM®POBLIX BUAEOCUTHAJIOB

J.E. Boponuos, nouent B.B. Anapees
UyBaickuii rocy1apcTBeHHbIN yHUBepcuTeT umenu M.H. YabsHoBa

Mertoas!l M(pPOBOI 3aMMCH BUACOCHUTHAJIOB aKTHBHO CTalHM pPa3BHU-
BaTtbesl B 80-x romax mponuroro Beka. LludpoBast Bumeosamuch 3aHUMAaeT
OTrpOMHBIE 00BEMBI MAMSTH U TpeOyeT OOJIBIINX PECYPCOB JUIS HOCIENYI0-
IIET0 BOCTIPOM3BECHUS U XpaHEHUs. B cBs3M ¢ 3TUM OYEHb BAXHO paspa-
60TaTh Y3 PEKTUBHBIE METOBI CHKATHUS U KOAUPOBAHUS BUICOCHTHAJIOB.

KonupoBanue BujieocurHaia OCHOBBIBAETCS Ha aHANW3e M 00paboTKe
BCETO MOTOKAa BUACOMH(POPMAINN CHENNATBHBIMUA IPOrPAMMHBIMH CPEJICT-
BamH. B xozie Takoit 00paboTKH MaJIOCYIIIECTBEHHBIE (PparMeHTHI JaHHBIX B
BUJICOCHTHAJIE OTCEKaloTcs. B pesynprare 3TOro obecrmeumBaeTcs 3HAUH-
TEJILHOE CHI)KEHHE 00beMa MamMsTH, 3aHMMaeMoro Bujeodaiiiom. [Ipume-
HSIOTCS ZIBa CIIOCO0a CKATHUsI — ITOKAaZAPOBOE U MEXKaapoBoe. [lepsbIM crio-
co0OM OT/eapHO 00pabaThIBacTCs KaxIbli Kajp. B 3Toit TexHomoruu co-
XpaHseTCsl XOpolllee KauecTBO BHICOMH(OPMALMK, OJHAKO pa3Mmep (Gaiiia
YMEHBIIAETCS] HE3HAYUTENIBHO, BCIEICTBHE TOTO YTO COXPAHSIOTCS BCE Kall-
PBI, €CIM a)Ke OHM OJIMHAKOBBI M HE HECYT B ceOe nose3Hol uHdopManuu.
BTropbIM cnoco0oM OCyIIECTBIISIETCSl aHAJIU3 TAaK)Ke BCEX KaJpoB, HO 3aIlo-
MHHAIOTCS JIMIIb BaXKHbIE N3MEHEHMS M3 KaJpa B KaJp, a BCE JIMIIIHEEe OTCe-
KaeTcs. B pesynpraTe 3HAUMTENBHO CHIDKAeTCs pasMmep Gaiina mo cpaBHe-
HUIO C MTOKAJIPOBBIM COKATHEM.

JIroOoit Buaeodaiin cxumMaeTcss 1 KOAUPYETCs, a 3aTEM PaclaKOBbIBa-
eTcs M JEKOAMPYETCsl OJHMM HaOOpOM MPOTPaMMHBIX CPEACTB, Ha3bIBac-
MbIM KojickoM. B kogeke MJIPEG mpumensieTcss mokaapoBoe CikaTHe, OCHO-
BaHHOE Ha aNTOpPHTME CKaTHs m3obpaxennit popmarta JPEG. Ipenmymie-
CTBO COCTOHMT B MPOCTOTE pEalM3alli AITOPUTMA CXKAaTHS W HEBBICOKHX
TpeOOBaHUSAX K almapaTHbIM M NPOTPaMMHBIM CPEJICTBAM BOCIIPOHM3BE/C-
HUSI 3aKOJIMPOBaHHOTO 3THM KOJIeKOM Bujeodaiina. HegocraTok 3akmova-
eTcs B MaJlol CTeTeHH cxaTusl (ailyla 1 B HEBBICOKOM KadecTBE IOJTydae-
MOT0 M300paxkeHus 1o cpaBHeHuto ¢ konekamu MPEG1, MPEG2, MPEG4,
H.264 u um nomoOHbiMU. Kpome TOro, uMeercsi OrpoMHOE pa3HOOOpasue
kozekoB, Hanpumep DivX, Xvid, NeroDigital, 3ivx, Quicktime, H.264. Ka-
KO e U3 HUX Hauiay4iuid? Bcé 3aBUCHT OT 1enu JabHEHILEero neroiib30-



BaHUs BUACO3AIIMCH. B YaCTHOCTH, HeO6X0}lI/IMO YYUTBIBATH MPUMCHICMOC
IUTSL BOCTIPOM3BEJICHUST 0OOPYMOBaHUE, a Takke TpeOyeMble paspelieHue,
Ka4yecTBO U 00beM (haiina.

T'EHEPATOP TUITA LC HA BA3E KACKAJIA
C MEPEKPECTHBIMU CBA3SIMU

A.1O. Imutpues, npodeccop I'.A. benor
Uysaimckuii rocynapcTBeHHbIN yHuBepcuTeT nuMenu U.H. YabsHoBa

B pabote paccmarpuBaroTcst pasnuaHble BUAb! cxeM LC-renepaTopos
Ha 0a3e nudQepeHHanbHOr0 KacKaga ¢ MePEeKPECTHBIMU CBS3SIMH, a TaKKe
NPUHLOUI JEUCTBHS M BPEMEHHBIE IHarpaMMbl paOOThl OJHOM W3 CXEM.
[MpencraBnensl BO3MOXHBIE (OpMBI HWHIYKTUBHOCTEH KoJieOaTenbHOrO
KOHTYpa, pazindHble cTpyKTypbl MOII- Bapukamnos, sIBISIOLIMXCS Ba)KHOM
COCTaBHOM 4acThio paccmatpuBaeMbix L C-reHepaTopoB (pUCYHOK).
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Huddepentmansupiii LC-renepatop ¢ nepexpecTHBIMU OOPATHBIMU CBSA3SIMH:
cxema (R, — compoTHBiIeHne HATPY3KH) U BPEMEHHBIE IHarpaMMbl paGoThI

BricTpoe pa3BuTHE CHCTEM OECIPOBOJIHON CBS3UM HOBOI'O INOKOJCHHS
BBI3BAJIO OCTPYIO NOTPEOHOCTh B MPOEKTUPOBAHMH OJHOKPHCTAIBHBIX pa-
JIMOTIePEIaTYNKOB, M3roTaBiIMBaeMbIX ¢ rnomouipto KMOII-TexHonoruu c
MHUHUMAJIBHBIMH pa3MepaMH H3-3a MOBBIILCHUS CTEIICHH MHTETrPaliu, CHU-
KEHHS CTOMMOCTH M PabOThI NPH MEHBIIMX HamnpspkeHusax. g yBennue-
HUsI CTENICHU MHTErpaluy BCE MACCUBHBIE 3JIEMEHTHI JOJDKHBI OBITh MHTET-
PHUPOBAHBI B OJTHOM KPHCTAJIIEC M Ha €r0 OBEPXHOCTH.

UccnenoBannble L C-reHepaTopsl CHOCOOHBI CO37aBaTh Ha BBIXOJE
mddepeHanbHble CUrHAIBI CHHYCOMIAIBLHON (OpMBI YacTOTOW /10 He-



CKOJIBKHX JIeCSITKOB rurarepil. [Turatorcs ot Hanpspkenus 2-3 B, motpe6-
JISIFOT TOK B HECKOJIbKO MHJLTHAMIIEP.

Jluteparypa
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OBPATHBIE 3AJIAY1 AHAJIM3A CUT'HAJIOB
YEPE3 JIMHEMHBIE L[ETTA

I1.H. UneuH, nouent A.JI. Muxaiiios
Uysamckuii rocynapcTBeHHbIN yHuBepcuTeT uMenu U. H. YiabsHosa

[lycTb MMeeTcst IMHEHHAs Lelb W W3BECTCH CHTHAI HA BBIXOJE JTOM
mern U, (t), TpebGyeTcs ompemenuTts curHan Ha Bxone aToif mern U, (t) .

Js HaxoX/IeHUsl CUrHaja Ha BXOJIe JIMHEWHOW LIeNM MOXHO IOCTYIIHUTH
IByMs cocobamu: 1) mepeiins OT OPUTHHANOB K UX H300paxeHHsM (Imo-
cpencTBOM mpeoOpaszoBanus Jlamaca); 2) mepeias B 4acTOTHYIO 00JIacTh
(mocpenctBom npeobpasosanust Dypee). Toraa

U, (p) =222 (P) 1y (= ea W)
K(p) K(jw)

3areM HEOOXOIMMO MepedTH OT NM300pakeHHs BXOJHOTO CUTHaja K
€ro OpHUrHHaNy JUisi ONEPaTOpHOro MeToja 100 MEepelTH M3 YaCTOTHON
00J1acTH B BPEMEHHYIO JJIsl CIIEKTPAJIbHOTO METO/IA.

Hanpumep, uis TOro 4ToObl MOJYYHTh HAa BBIXOJE HWHTEIPHPYIOIIEH
RC-nierin curnan B Bupe pyHkiunm Xepucaiiga, HEOOXOIUM BXOIHOH CHT-
HAJl CJICYIOIIEro BUIA!

U BbIX (W)

U, (t) = RCd(t) +s(t).
Tax)xe MOXKHO II0Ka3aTh, YTO €CJIU Ha BBIXOJE JIMHEWHON LIENU HEOOXOIUM
FapMOHUYECKUI CUTHAJ, TO U Ha BXOJE OH JOJDKCH OBITh TApMOHUYCCKHM.
PaccMmoTpenue Takux 0OpaTHBIX 3a7[a4 MOKET MPEJICTABIATh OOJBIION
HMHTEpPEC MPH CO3JAHUH PA3TMYHBIX JIEKTPOHHBIX YCTPOMCTB.
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ITPOI'PAMMHOE OBECIIEYHEHUE
JUJI CBSI3M B UPE3BBIYAMHBIX CUTYALIUAX
N MOHUTOPUHI'A CAMOYYBCTBHA ITOJIb3AOBATEJIA

A.C. JIykusiHoB, goueHT B.B. Annpees
Uysaickuii rocynapcTBeHHbIN yHuBepcuTeT nuMenu U.H. YabsHoBa

Ilens paGoOTHI COCTOMT B CO3/aHMU yJOOHOTO MPOrPaMMHOTO IPHIIO-
JKEHUsI JUIS CBS3M JIFOJIEH CO CBOMMHM OJIM3KUMH MJIM CIY)KOaMH CIIaceHus
NIPY Ype3BbIYAHHBIX CUTYalUsX, a Takke HpU OJOKHMPOBKE WIIM HEUCIIPAB-
HOCTH MOOWJIBHOM cBsizu. Kpome TOro, NpuiioxKeHue ¢ MOMOIIbI0 COOTBET-
CTBYIOIIMX JaTYMKOB CHOCOOHO BBINOJHATE MOHHTOPHHT (PU3HYECKOTO
COCTOSIHHSI YeJIOBEKa B HENIPEPHIBHOM pexuMe. B pesynbrare npuiioxeHne
CIIOCOOHO TE€HEepPUPOBaTh PEKOMEHJAIUH U COBETHl AJNA IIOJIb30BATENd B
Clyyae BOSHMKHOBCHHMS HEXEJATEIIBHbIX SIBICHUH B €T0 CAMOYYBCTBHH.

Jlronu, monaB B 4Ype3BBIYAWHYIO CHUTYAIHIO, 3a4acTyl0 HE MOTYT CBf-
3aThCs CO CIykOamm craceHus W cBomMu Onm3kumu. Hampumep, B 30He
MIPUPOTHBIX MM TEXHOTEHHBIX KaTacTpo() MOXKET COCPEIOTOUNTHCA Ha He-
OONBIION TEPPUTOPHM 3HAYMTENBHOE umcno Joxeil. Ilpm sTom cBs3b C
BHEITHUM MHPOM MOXXET OBbITh OrpaHHueHHOW. J[pyras cuTyaums MoOXer
BO3HUKHYTh B KPYITHBIX CyIIEpMapKeTax, Ha )KeJIe3HOJIOPOXKHBIX M aBTOBOK-
3ajax, B asponoprax. PazpaboTaHHOe NPHUIOKEHUE OKAXETCs MOJEC3HBIM B
CllydJasix, KOT/Ia JIFOIU TepsIOT ApYyr Apyra (B 4aCTHOCTH, MOYKET 3a0ITy IHTh-
csi/ mOTepATHCS PEOEHOK).

Kpome Toro, pa3paboTaHHOE HaMH MPUIOKEHHE KPYIJIOCYTOYHO Clle-
JIT 32 (PU3MUECKUM COCTOSIHHEM YeJIOBEKa, TO B 30HE UPE3BBIYaWHBIX CH-
Tyalii ¢ OOJBIIMM CKOIUICHHEM JIIOZIEH, a TaKKe B MECTaX, I/ie UMeeTcs
3HAUUTEIBHOE CKOIUIEHHE JI0JeH, OyIeT BO3MOXKHOCTh CBOEBPEMEHHO 00-
HapyXWTh ¥ OKa3aTh OMOUIb TEM, ¥ KOTO yXYZAIIHIOCh CAMOYyBCTBHE.

C moMomIpio HAIIETO NMPHUIIOKEHHS HE TOJIBKO CaM IOJIb30BaTellb, HO 1
OKPYXKAIOIINE €T0 JIOJN OYIyT UMETh BO3MOKHOCTh MOIy4aTh aKTYaJIbHYIO
nH}opManMIo O TOM, YTO CaMOYYBCTBHE INoOJb30Batelsi yxyamaercs. O0
3TOM MOXXET CUTHAJIM3MPOBATh MOOWIIBHBIH Telle)OH I0JIb30BATENs, U3/a-
Bas, HaIpUMep, CHEeIHUaIbHbIN 3BYKOBON MM CBETOBOW CUTHaJl. JTO 0CO-
OEHHO Ba)KHO B Pa3JIMYHBIX HEIITATHBIX CUTYalUsX, B KOTOPBIX MOT'YT OKa-
3aThCsl OJIB30BATENHU, OCOOCHHO IOXKHUIIBIE JIIOAN.



TEXHOJIOI' MU ITEPEJAYN NTHOOPMAILINN
1O BOJIOKOHHO-OIITUYECKMM CUCTEMAM

B.A. Maruurckuii, foueHT B.B. Annpees
Uysaickuii rocynapcTBeHHbIN yHUBepcuTeT nuMenu U.H. YabsHoBa

Texnonoruu nepegayn JaHHbBIX MO BOJIOKOHHO-ONTHYCCKUM JIMHUAM
CBSI3U UCIIOJIL3YIOTCSI OYEeHb IIHMPOKO. llenp Hamied paboThl — aHaNM3 Cco-
BPEMCHHBIX TeHI[eHIlI/Iﬁ " MCPCIICKTHUB uanbﬂeﬁmero pa3BUTHUA ONTOBOJIO-
KOHHBIX CHUCTEM IIepeZiadd JaHHbIX, a Takxke 00o0menne uHpopmanuu ob
OIITOBOJIOKOHHBIX Ka6enﬂx " OIITUYCCKHUX CUCTEMAX CBA3HU.

OnTryeckoe BOJIOKHO TIPEICTABISIET COOOW HUTh W3 ONTHYECKH IIPO-
3payHOro MaTepuaia, BHyTpU KOTOPOW paclpOoCTpaHsSETCsl 3JIEKTPOMArHuT-
HOE M3JydeHHE BUAMMOro auana3oHa (cBer). ONTOBOJIOKHO OOBIYHO H3r0-
TaBJIMBAETCS U3 CTEKJIA UJIM IUlacTuKa. Pa3aen mpukinagHoil HAyKu U Mallu-
HOCTPOCHHS, 3aHMMAIOIINIACS FCCIeIOBAaHUSIMHI U pa3pabOTKO# TaKkuX BO-
JIOKOH, Ha3bIBAa€TCs BOJIOKOHHOW ONTHKON. BONOKOHHO-ONTHYECKAs CBS3b,
MO3BOJISIIOIAS. C BBICOKOH CKOPOCTHIO OOMEHMBAThCs MH(pOpManuer Ha
60.]'1]:HH/IX pacCTosIHUAX, OCHOBAHA HA MPUMCHCHUN ONTUYCCKUX BOJIOKOH B
KavyecTBe (hM3MYECKOH CpeJibl epeauyl JaHHbIX.

I'maBHO cocTaBisIOLIEd YacThblO ONTOBOJIOKHA SIBJISIETCS [IPO3PAYHOE
CTEKJIOBOJIOKHO, MO KOTOPOMY Ha 3HA4YHUTEIbHBIE PACCTOSHUS M C MalbIM
ocnmabJeHneM paclpoCcTpaHsIeTcsl CBETOBOe HM3iydeHue. 1o cpaBHEHHIO ¢
ANEKTPHUYECKIMH KaOeIsIMH ONTOBOJIOKOHHBIN KaOelb MpeCTaBIseT co00H
MIPUHITUIIHATBHO WHON THH Kabemns. [lepeHOCUNKOM JaHHBIX 10 HEMY SIBIISI-
€TCSl CBETOBOE H3JYyYCHHE, a HE JJIEKTPUYECKOE HANpsSIKEHUE WIM TOK.
Kpome TOr0, ONTOBOJIOKOHHBIH Kabenb XOPOIIO 3alIMIIEH OT MOMEX U He-
CaHKLIMOHUPOBAHHOIO JOCTYIIA.

B 10 *xe BpEMs Hapdaay CO 3HAYUTCIIbHBIMU JOCTOMHCTBAMU OITOBO-
JIOKOHHOT'O KabeJisi, UMEIOTCs U HetocTaTKi. OCHOBHBIE U3 HUX:

— CIIOXHOCTBh C YCTAHOBKO# U pa3BeTBICHHEM (IJIs1 YCTAHOBKH Pa3zbé-
MOB M KOHHEKTOPOB MMPUMEHSIETCSI CBApKa WITH TeIb);

— II0 CPaBHEHUIO C 3JIEKTPUYECKUM KabesieM ONTOBOJIOKOHHBIH Kabelb
MeHee THOOK, UyBCTBUTEJIbHEE K TEMIIEPaType U MEXaHUYECKUM BO3/EHCT-
BHSIM.

OnTOBOIOKOHHBIN Kabelh MMEET CYIIECTBCHHBIC MPENMYIIecTBa Iie-
pen ApyruMH THIIaMHu Kabelnelf B MaruCTpaldbHBIX CETSAX Mepenadd NTaHHBIX
KaK Ha CpellHUe, TaK M Ha OOJIBIINE PACCTOSTHHS.



TEXHOJIOT'MA Li-Fi-CBSI3U U EE UCCJIEJOBAHUE

A.O. MamoreHnko, noneHt B.B. Annpees
UyBaickuii rocy1apcTBeHHbIN yHuBepcuTeT umenu M.H. YabsHoBa

Jlist Toro 4ToOBI BHIMTH B CETh WM OOIIATHCS C MOMOIIBIO COTOBOI
WM JIPYTUX BHJIOB CBSI3H, COBCeM He oOsi3atenbHO umeTh Wi-Fi win mpo-
BOJIHOI nHTEpHET. CHcTeMa CBSI3HM MOXKET OBITh pa3paboTaHa, HapuMep, Ha
OCHOBE MOJYJIALNH MEPLAHHS CBETOAMOIHOW JIaMITbl MH(MOPMAIIMOHHBIM
curHaioM. [Ipu 3ToM MepraHue CBETOJMOJHON JlaMIlbl OyJeT Takoe, 4To
YEJIOBEUECKHH I1a3 OIPOCTY HE CMOKET €0 3aMETHUTb.

Llenbro pabOTHI SIBISIOTCS UCCIIEAOBAHUS 110 PEATU3AINN TEXHOIOTUHI
Li-Fi-cBs3u. DTa TeXHOJOTHS MOMET IOMOJHHTH JPYrde OeCrpOBOIHBIE
CHCTEMBI CBSI3M M/WIIM 3aMEHHUTh B TEX MECTax, IIe¢ JIEKTPOMAarHUTHOE U3-
Jy4eHHE paJnoJHana3oHa HEKENaTeNbHO MM JOJDKHO OBITH CBEICHO K
MHUHAMYMY.

PaspabareiBaemast Texuojorusi Li-Fi-cBsi3u coctouT u3 nemouku He-
CKOJIBKHX YCTPOWCTB, CBSI3aHHBIX MEXIy co0oil uepe3 oObrunbrid LAN-
kabenb. B kadectBe miatdopmbl Uit 00pabOTKM CUTHalla MCIHOJIb30BaHA
oTJaz04Has 1miIaThopMa cO BCTPOSHHBIM MHKPOKOHTpojuilepom STM32L-
DISCOVERY. Ona Oyzmer IOMONHATHCS HEOOXOTUMBIMH DIIEMEHTAMHU.
ITpeoOpa3oBaHHEI cHUTHAN NepenaéTcsi Ha CBETOAMOJHYIO JIaMILy, KOTopasd,
B CBOIO O4E€pPE/ib, M3Iy4aeT MOYIMPOBAHHBINH HHPOPMAIIMOHHBIM CUTHAJIOM
cBet. Vzmydenne npuHUMaeTcss GOTONMPHUEMHHUKOM, KOTOPBIH IMOIKIIOUECH K
OKOHEYHOMY YCTPOMCTBY BBIBOJA MH(OPMALIMHM HA KOMIIBIOTEP WM Ha CO-
TOBBII TeIe(OH.

Heo06XoauMo OTMETHTH, YTO W3-3a NMPUCYIIUX e orpaHH4YeHui (rias-
HOE M3 KOTOPBIX 3aKJI0YAeTCsl B TOM, UTO 3TOT BHJ CBSI3U JEHCTBYET B pa-
Jryce mpsAMoit BuanMocTy B omemennn) Li-Fi-cBsa3p He 3amenut Bee apy-
rue OecrpoBOJIHBIE TEXHOJOTHU CBs3U. Ho 3Ta TeXHOJIOTHsS MOXKET JOHoJI-
HHUTh B TYCTOHACEJICHHBIX PaiOHaX M 3aMEHUTH OECIPOBOAHBIC TEXHOJIOTHU
CBSI3U B TE€X MECTaXx, IJIe PaJAMOCUTHAIBI JIOJDKHBI OBITh CBEJECHBI K MUHH-
MyMy, Hanpumep B OOJbHUIIE U HA OOpPTY camMonéra. JTa TEXHOJIOTHUSI MO-
KET TaKXKe JOMOJIHUTh JPYTHUE BHUABI CBSA3U TaM, IZle OHH paboTaloT Hed(-
(EeKTHBHO, K IPUMEPY 101 BOAOH.
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CUCTEMBI PAIMOJJOCTVYTIA 1 UX UCCIIEAOBAHUE

E.A. Ilerposa, nouent B.B. Annpees
Uysaickuii rocynapcTBeHHbIN yHuBepcuTeT nuMenu U.H. YabsHoBa

[IpumeHeHne ceTell paaMoNOCTyIa Ype3BHYAHO pazHooOpa3HO. 3a
KOPOTKOE BpEMsI TEXHOJIOTHsI PaJHOIOCTyIa CTajla 3aHUMAaTh OYEHb BaXK-
HYIO POJIb B JKM3HM YeJIOBEKa, o0ecrednBasi MOJNydeHHEe W Iepeaady WH-
dbopmaruu depe3 6ecrpoBOIHYIO CBsi3b. CHCTEMA PAIHOI0CTYIIA TO3BOJISET
MOJIb30BATHCS CBSI3bIO B TEX CIIy4asx, KOrJa BO3MOXKHOCTH MPUMEHEHUS
JPYTUX TEXHOJIOTHUH OECHpPOBOJHOMN CBSI3U OTPAHUYCHBI MJIM HEBO3MOXKHBI.
CylIecTBYIOT U IPUMEHSIOTCSI Pa3IMYHbIe TEXHOJIOTUH OECIPOBOHOM CBS-
3u, Takue, kak Wi-Fi, WiMAX u npyrue. Wi-Fi-texnonorus oGecrneunBaer
nepenady uHGOpMAIMU N0 paguokananam. B 3oue neiictBus Wi-Fi-cBsa3u
BCE DJIEKTPOHHBIE YCTPOWCTBA, MOJJIEPKUBAIOIINE COOTBETCTBYIOIIUI NPO-
TOKOJI Tepe/iayl JAHHBIX, MOTYT B3aUMOJICHCTBOBATh JIPYr C JIPYyrom, 00-
MenuBasch uHpopMmarmei. Texuomorus WIMAX obecreunBaeT BBICOKO-
CKOPOCTHYIO OECIpPOBOIHYIO CBS3b Ha OoOibIIKX 10 cpaBHeHuio ¢ Wi-Fi
paccrostausix. OHAKO JI00asi TEXHOJIOTHS WMEET CBOM IPEHMYIIECTBA U
HEJIOCTATKH.

Ha ocHOBe opraHu3aiy CeTH PaJUoOA0CTyNa MOXKHO MOJIydYaTh U Iie-
penaBath MHGOPMAIHMIO 0€3 NPUBI3KKM K KOHKPETHOMY MECTOHAXOXKICHHIO
TaMm, IJIe JAPYrHe BUJbI MPOBOJHOW M OCCIIPOBOIHON CBSI3U OTCYTCTBYIOT.
Cuctema paayoiocTyma COEPKHUT HepeJaTiuK U NPUEMHHK pajuoauana-
30Ha, KOTOPbIE C ITOMOIIBIO COOTBETCTBYIOIIEro nHTEpdeiica u mporpamm-
HOTO 00ECTeUCHHUsI MOTYT MOAKITIOYATHCS K KOMITBIOTEPY W/HiIH MOOHIBEHO-
My Tenedony. B paboTe uccienoBaHa BO3MOXHOCTb MOCTPOCHHUS aJIalITHB-
HOW CeTH paguoA0CTyIa, CIOCOOHOM aHaIM3UPOBaTh HANOOJEe MHTEHCHB-
HBIE [IYMbI U MIOMEXH B KOHKPETHOH JIOKAIbHOM MECTHOCTH, CYIIECTBEHHO
BJIMSIIOIINE HA KAYeCTBO CBs3M. Ha OCHOBE Takoro aHayin3a CHEKTpa CUrHa-
Jla TPOMCXOAUT aJanTanusi CHCTEMbl CBSI3M K HMEIOIIMMCS [OMeXaM H
obecrieunBaeTcst HaJle)KHast pabOTa KaHaja CBSI3H.

METOJUYECKHUE YKA3AHUS K JABOPATOPHBIM PABOTAM
10 [IPOTPAMMMPOBAHUIO MUKPOKOHTPOJUJIEPOB
CEMEWUCTBA MSP430

H.B. Pomanosa, nouent b.M. I'unbaenoepr
UyBaimckuii rocy1apcTBeHHbIN yHuBepcuTeT umenu M.H. YabsHoBa

3az[aqa OCBOCHHJ anmapaTHbIX U NPOrpaMMHBIX CPEACTB COBPEMCEHHBIX
ceMelCTB MUKPOKOHTPOJIJICPOB BCCT1a AKTyaJIbHA. B nmacTosmee BpeMs 1A
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NPOrpaMMHPOBAHUSl MHUKPOKOHTPOJUIEPOB, KaK IPaBHJIO, HCHOJIB3YIOTCS
SI3BIKA  BBICOKOTO ypoBHs (Hampumep, C) ¥ HHTErPUPOBAaHHbBIC CPEIbl pa3-
paboTKH.

JUist oTHagKu mporpaMM  MHKPOKOHTPOJUIEPOB YacTO IPUMEHSIOTCS
MPOTrpaMMHBIE CHMYJISITOPBI, TOCTOMHCTBO KOTOPBIX B JOCTYITHOCTH, a He-
JIOCTATOK — OTJIa/IKa IPONU3BOIUTCS HE B PEATbHOM BPEMEHH, YTO HE M03BO-
JSIET OTJIAUTh IPOrpaMMy B TPHOJIM)KEHHBIX K PealbHbIM yCIoBUAM. J{is
OTJIaJIKK B PEAILHOM BPEMEHH C HCIIOJIb30BAaHUEM <GKHUBOT0» MHKPOKOH-
TpoJUIEepa BBITYCKAIOTCSl OTIAJ0YHBIE HAOOPHI, MPUMEHEHHE KOTOPBIX I10-
3BOJISIET JIEIKO CO3/1aBaTh MaKeTHbIE 00pa3libl MUKPOKOHTPOJUIEPHOTO YCT-
POMCTBa M Ha HUX B PEAJILHBIX YCIIOBHSX OTIIAXKHUBATh POTPaMMYy.

Ilens manHON pa®oThl — pa3paboTKa METOANYECKUX YKa3zaHHWH K J1a0o-
paTtopHbIM paboTaMm Mo ceMeilcTBy MUKpoKoHTposuiepoB MSPA30 dupmel
Texas Instruments B paMkax IucHMIUIMHBEI «[IpoeKkTupoBaHHE MUKPOKOH-
TPOJUIEPHBIX CHCTEM YyIpaBiieHHs». PaboTta Oasmpyercs Ha mepeBojax c
AHIVIMICKOTO f3bIKA COOTBETCTBYIOIIMX OPHIHHAIBHBIX MaTephalioB OT
¢upmbr Texas Instruments.

Jlyis HamMcaHus IPOTPaMM HCTIONB3YIOTCS ABE MHTETPUPOBAHHbIE Cpe-
1el paspadborkn — IAR Embedded Workbench u Code Composer Studio.
Jlyist oTiafKyu B peabHOM BPEMEHH — HEJIOpOroe OTJIaIOYHOE YCTPOMCTBO
MSP-EXP430G2, kortopoe MOXET MNPHOOPECTH M UCMOJIB30BaTh J0Ma
n/vnn B 1aOOPaTOPUM NPAKTHYESCKH JIFOOOW CTYACHT, a TaKXkKe OTJIaJ0YHbIe
Habopsl €2430-F2013, nocrasiennsie pupmoii Texas Instruments B pamkax
€€ YHUBEpPCUTETCKOW NMporpaMmbl. MeToauueckue yKa3aHusi OpUEHTUPOBa-
HBI Ha BBITIOJIHEHHE MOPSIIKA AECSATH JTa0OPATOPHBIX PabOT pa3iudHON CTe-
NIEHU CJIO)KHOCTH.

MHOTI"O®A3HBIE UMITYJIbCHBIE ITPEOGPA3OBATEJIN
MNOCTOAHHOI'O HATIPSXKEHUA

JI.C. CeBpuxos, nouent B.M. Spos
Yysauckuii rocynapcTBeHHbIN yHUBepcuTeT uM. M.H. YabsHOBa

Crabwm3aTop MOCTOSIHHOTO HAaINpsHKEHUsl — 3TO IpeoOpa3oBaTelb
ANIEKTPUYECKOW DHEPTUH, ITIO3BOJIIONIMHI ITOJTYYUTh Ha BBIXOE HAPSDKCHUE
MOCTOAHHOI'O TOKa, HAXOAAIIECCd B 3aJaHHbIX MpEAciIax, Mpru 3HAYUTCIIbHO
60J'I]:HII/IX K0ﬂ66aHI/IﬂX BXOJHOT'O HAIIPSKECHUA MMOCTOAHHOI'O TOKa U CONPO-
THUBJICHUS Harpy3ku. TepMHUH «MHOTO(]a3HBII» OTpaXkaeT HaJUYUE B CTPYK-
Type MHOrodazHoro uMiyiscHoro npeobpasosarens (MUII) HeckoIbKUX
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OJHOTHITHBIX CHJIOBBIX STYEEK, OCYILIECTBIISIONINX MPOMEXKYTOYHOE NPE0d-
pa3oBaHHeE.

Bbut pou3Be/ieH pacyeT CHUIIOBOW 4acTH M MojeiupoBanue 4-, 6-, 8-
(a3HbIX cxeM npeodpaszoBareneii. [locTpoeHbI BBIXOAHBIE XapaKTEPUCTHKH.

Mo 3aBucumoctu KIIJ] ot Toka Harpy3ku (puc. 1) npeanoururenbueit
Bcero BhIOpaTh 4-(ha3Hylo cXxeMmy M3 TpeX BapHaHTOB. belia nmocTpoeHa Kpu-
Basi pa3roHa HanpspkeHus Harpysku (puc. 2). ChopMmupoBaHa nepeaaTodHas
(GyHKIMA 10 KpUBO# pasroHa. OnpeneneHsl ee mapaMeTpsl.

096 - S R S S T
oz o O 4 dasHan cxema 4
0.94 b p:d 6 chasHan cxema . 2
4 —— 8 thatan cxema I —
092 \ l» l
g / .
E ol 1y
f
assl+ - S SR e —
os| Puc. 2. KpuBast pa3rona HanpspKeHUs
!
e Harpysku
0 50 100 150 200 950 300 350 400 450 500
In, A

Puc. 1. 3aBucumocts KIIT/I ot Toka
Harpy3ku 4-, 6-, 8-¢aszHbix cxem

C HoMOIIBI0 KpUBOH pa3roHa HANpsDKEHHS HAarpy3KH ONpeelieHa Iie-
penarouHasi yHKIHSI CUJIOBOW YaCTH CXEMBI.
[MepenaTouHast pyHKIMS pA30OMKHYTOTO KOHTYypa:

KA-T.
W(p) = s P
T°p° +2XT, p+1
rae Tk:;:9,03><_[0'5; W1:@:ﬂ:l,094>§|.04;
W +Db? T, 0,00057
b= In(A /' A,) _In(0,96/0,36) ~1,740%; x =bT, =0,153.
T, 0,00057

B paboTe Takke MpOM3BEICH CUHTE3 IBYXKOHTYPHOU CUCTEMBI yIIPaB-
JICHUS YaCTOTHBIM METOJIOM C HCIOJBh30BaHHEM JWHAMHYECKHX CTPYKTYP-
HBIX MOJEJIEH.
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HNCCJIEJOBAHUE 1 PASPABOTKA CUCTEMBI KOHTPOJIA
CEPAEYHOI'O PUTMA

0.B. Cenbko, gouent B.B. Anapees
Uysaickuii rocynapcTBeHHbIN yHuBepcuTeT nuMenu U.H. YabsHoBa

Ha peIHKE IPUCYTCTBYET MHOKECTBO YCTPOMCTB, aHAIU3UPYIOLIUX pa-
6oty cepaua. Ho O0MbIIMHCTBO U3 HUX TPeOyeT HEIOCPEICTBEHHBIX aKTHB-
HBIX JEHCTBMI YesoBeKa JJid MpOBEeAeHUs U3MepeHus. B sTom ciydae Ha
pe3ysbTaTtax aHajiu3a MOTYT CKa3aThCsl I10JICO3HATENbHBIE (haKToOphl, 00s13a-
TENBHO MPHUCYTCTBYIONIUE y MalMeHTa. B pe3ynbraTe qaHHBIE aHaIM3a MO-
T'YT OKa3aThCsl HEOCTOBEPHBIMH.

Pa3pabarsiBaeMOoe HaMM yCTPOWCTBO HE IPEATOjaracT KaKux-JInoOo
AaKTUBHBIX IIEJICHANIPABICHHBIX NEMCTBUH CO CTOPOHBI IOJIb30BATENs IO
MOHHUTOPHHTY CEPIEYHOr0 pUTMa. MOHUTOPHHI IMPOUCXOAUT HENPEPBIBHO
BHE 3aBUCHMOCTH OT TOTO, PEIIWI II0JIb30BAaTEb MOHHUTOPUTH DPAOOTY
cepaua win Het. CrieioBaresibHO, BIMSHHE Ha paboOTy cepaua (GakTtopos,
BO3HUKAIOIIMX HA IIOACO3HATEIbHOM YPOBHE, CBEIEHBbl 10 MHHUMYMA.
Tarxoke He0OX0AMMO MUMETh B BHAY, YTO BO BpeMsi pabOThl WM OTIbIXa Ye-
JIOBEK HE Cpa3y MOXET IOYYyBCTBOBaTb M OCO3HATh IIEPBBIE IPU3HAKU
yXYJIIIeHUs] CaMOYyBCTBUA. J[aHHOE yCTPOMICTBO, SIBJISSCH CPEACTBOM paH-
HEro IPeNyNpeKIeHus, B 3TOM CIy4ae BBIAACT CUTHAI O TOM, YTO I0JIb30-
BaTEII0 HEOOXOAMMO OOpAaTHTh BHHUMAaHHE Ha COCTOSHHE CBOETO 3710pPOBbS
WJIN CPOYHO OOPATUTHCS K Bpady.

B nmpennaraeMoM HpoeKTe NaTYUKU PACHOIOXKEHBI B TEX MECTax, I
YeJIOBEK YacTO MOSBIAETCS WM Haxogurtcs (oTAbIxaeT, paboTaeT M T.X.).
JlaTankn MOTryT OBITH pa3MEIICHBI, B YAaCTHOCTH, B Kpeciie, B JUBAaHE, Ha
pabodem Mecte. OHE MOTYT OBITH BCTPOCHBI TAKXKE KAaK 3JIEMEHT AN3aiiHa B
OJIeXK Ty, HAPUMEP B ITyTOBUILIBIL.

JlaTuvKy, BCTPOEHHBIE B 3JIEMEHTHl OKPYXKAIOLIUX 4YEJIOBEKA KOHCT-
PYKUMHA U NpeaMeToB, (GUKCUPYIOT TUCTAaHIIMOHHO PUTM paboThl cepila.
Vmeercss akTHBHBIH LIEHTPaJbHBIA MPOLECCOP, HENPEpHIBHO 00padaThi-
BAIONIMH MOCTyHAlOIUe ¢ JAaTYUKOB CUTHaNbl. CUTHANbl OT AATYUKOB K
LEHTPAIbHOMY TPOLIECCOPY MOTYT NEPEAABATLCS B 3aBUCUMOCTH OT UCIOJ-
HEHHUS Kak I0 MPOBOAHOM, Tak M MO OecripoBoAHOM cBs3u. IIpu sTOoM cur-
HaJIbl JAaTYUKOB MpPEJBAPUTENLHO ycunHuBaroTcs. Ha meHTpamsHOM mpouec-
cope (KOMIBIOTepe) BHIIONHACTCS QUIBTPALMS U aHAU3 JaHHBIX.

Hame uccrienoBaHue akTyalbHO, IOCKOJIBKY pa3pabaThIBacéMoe ycT-
PONCTBO MOHHTOpHMHTa PadOTHI CEepAlla YEIOBEKa IPEACTABISICT HHTEpEC
JUTS HAaceJICHUs. Y CTPONCTBO pabOTaeT COBMECTHO C JIOMAIIIHUM KOMIIbIO-
TEPOM WM C MOOWIIBHBIM TeJIEOHOM.
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OUOPOBASA CUCTEMA YIIPABJIEHUA
YIJIIbTPA3ZBYKOBBIM 'EHEPATOPOM

B.C. CepebpsikoB, mouent ['.B. Manunun
UyBamckuii rocy1apcTBeHHbIN yHuBepcuTeT umenu M.H. YabsHoBa

B pabote npencraBieHbl HCCIENOBaHUE CTPYKTYPHOI CXEMBI, a TaKkKe
(parMeHThl NPUHIWIHATBHONW AJIEKTPUYECKOH CXEMBI CHUCTEMBI YIpaBiie-
HUSI YJIBTPa3BYKOBBIM reHeparopoM Ha 6aze DDS-reneparopos (umdpoBbix
CHHTE3aTOPOB YacTOTHI). [IpuBEeeHBI pe3yabTaThl MOJCIHPOBAHHS B Cpele
Multisim.

Kak mBectHo, DDS-renepatop BbpabaTsIBaeT aHAJOTOBEIM CHTHAI 32
CUeT reHepalny IOCIeA0BaTeIBHOCTH OTCUETOB B LU(POBOil Gopme U 1o-
CJIEIIYIOIIET0 MPeoOpa3oBaHus 3THX OTCUETOB B aHAJOTOBBII CHTHAI C IIO-
mouipto LIAII. B pabore ucnons3oBansl gsa DDS-reneparopa, Beipabatsi-
BAIOLIME CUTHAIBI TPEYTOJBHONW M CHHYCOMIAJIBbHON (OpMBI. YIpaBicHHE
DDS-renepaTopamu, paBHO KaK W OJIHUM M3 MHTETPAIbHBIX JIpaiiBEpOB CHU-
JIOBBIX  TPAH3MCTOPOB, OCYILECTBISETCS MHKpPOKOHTpoiuiepom PIC
PIC16F84A. C momompio 3TOrO K€ MHKPOKOHTPOJUIEPA OCYIIECTBISETCS
yIpaBjeHUE YCUIIUTEIEM C IPOrpaMMHUpPYeMbIM KO3(D(UIMEHTOM YyCHIle-
HUst. CXEMOTEXHHMKA OCTAJIBHBIX Y3JI0B CUCTEMBI YIPaBJICHHsI — aHAJIOTOBAs.
B cocTaB cucTeMbl ynpaBieHus, KpOMe NEPEYNCICHHBIX BBIIIE Y3JI0B, BXO-
JSIT MacIITaOHble YCHIIMTENH, IPEU3UOHHBINA BBIIPSIMUTEINb U Y3€J CIBHUIA
YPOBHSI HampsDKeHus Ha 6ase omepaunonHoro ycunurens (OY). Pesynbra-
ThI MOJIENUpOBaHus B cpege MultiSm (prcyHOK) XOpOIIO COrNacyroTes ¢
pesynpraTaMy (U3HYECKOrO SKCHEPUMEHTa 1Mo (OPMUPOBAHUIO OMOPHOTO
CUrHajia TPeyrojbHOW (HPOPMBI U MOAYIHUPYIOIIET0 CHHYCOMIAIbHOTO CHUT-
Haja.
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B xozme skcrepuMeHTalbHOW pabGoThl OBUIM BBISBIICHBI CIICAYIOIINE
npobiembr: 1) Ha dactotaXx paboThl cucteMsl ympasieHus 22 u 220 k['i
ucnonszyembie OY faioT ocinablieHUe CUTHAla U JONOJIHUTENBHBIN (a3o-
BBIM CHIBUT; 2) UCIHOJIb3yeMbIe JHOABI NMPELU3HOHHOTO BBIIIPSAMUTENS H3-3a
NaJCHUs HAIPSDKCHHSI HA HUX HE UJICANBHO BBIIPAMILIIOT CHHYCOMAAIBHBIH
CHTHAJL

KBAHTOBBIE CUCTEMBI ITEPEJJAYN, XPAHEHUW A
1 OBPABOTKU MHOOPMAILINN

J.b. dapdoposckwmii, noueHt B.B. Aunpees
Uysamckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu U.H. YabsHoBa

B Bek nHGOPMAIIMOHHBIX TEXHOJIOTHH BO3MOKHO CO3/1aBaTh MHOTOE M3
TOT0, YTO COBCEM HEJAaBHO Ka3aJOCh HEBO3MOXHBIM. B wacTHOCTH, KBaHTO-
Basi Kpunrorpadus o MHEHHIO MHOTHX JKCIIEPTOB SIBISIETCSI OBICTPO paz-
BUBAIOLIECHCS TEXHOJIOTHEH, KOTOpass CHOCOOHA KapAMHAIBHO H3MEHHTh
Hamr mup. KBaHTOBas kpunrorpadus mpeacTaBisieT co0oi HOBEHIINH cITo-
co0 3ammThel HHGOpPMANUU U MHPOKOMMYHHKAIMOHHBIX CHCTEM, OCHOBaH-
HBIIl Ha IPUHINIIAX KBAHTOBOW MEXAHUKH.

IlepeHoc KBaHTOBOTO COCTOSIHUSI OJHOM YacTHIBI WIIM CHCTEMBI dac-
THUI] U3 OJTHON TOYKHU IMPOCTPAHCTBA B APYTYIO TOUKY, YAAJICHHYIO OT He€ Ha
COTHH M TBHICSYM KWJIOMETPOB, HA3bIBACTCSl KBAHTOBOW Tenenopranueil. B
HAcTOsIIee BPEeMs B HECKOJBKHX JTa0OPaTOPUSIX MUpPa YCIIEIIHO OCYIECTB-
JIeHa KBaHTOBas Tejenopraiys. [Ipy KkBaHTOBOH TeNenopTaluy NepeHOCUT-
s TOJIbKO MH(POPMAIHS, & CAMH YaCTHIIBI OCTAIOTCS] B CBOMX MECTaX.

B pesynbrare npoBeAEHHBIX B PA3IMYHBIX J1a00paTOPUsIX MHUpa HCCIle-
JIOBaHUH M pa3pabOTaHHBIX YYEHBIMH TEXHUYECKUX IPHUCIOCOONICHUH ITpo-
BeJIeHa KBaHTOBasi Teyienopranus Ha paccrosHud rmoytd 100 kM. Bceé arto
OTKPBIBAIOT JIOPOTY K IPAaKTHUECKOMY CO3/IaHHIO M BHEIPEHHUIO B IOBCE-
JTHEBHYIO JKM3Hb KBAHTOBBIX CHCTeM oOMeHa mHpopmanmei. I'mobansHas
KBaHTOBAas CUCTEMa CBSI3H MOXET COJIepkKaTh B cebe paboTaroniue Ha opou-
Te 3emMiH cIyTHHKU. Uepe3 HUX OylIeT MPOHCXOANTH YCTAHOBIICHHE CBSI3H
co BceM MHpoM. Jlagee HEOOXOIMUMBI MCCIICAOBAHUS IO CO3IAHHIO TEXHO-
JIOTHH MOBBINIEHHsI CKOPOCTH oOMeHa MH(OpMalield B KBAaHTOBBIX CHCTe-
Max CBSI3H.
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HUHTEP®ENC, OCHOBAHHBIN HA I'OJIOTPA®UN

B.A. ®enoros, nouent C.I'. Uymapos
UyBaickuii rocy1apcTBeHHbIN yHuBepcuTeT umenu M.H. YabsHoBa

3a mocneHUe ToAbl NMPOEKIHOHHAas (Trojorpaduyeckas) KiaBHaTypa
CTaHOBHTCS OYCHb IOIMYJIAPHON, U MHOTHE IPOM3BOJMTEIH BBIITyCKAIOT HX
Hapsy ¢ TpaIuLIMOHHBIMH. Takas KiaBHaTypa MMeEeT Psi NPEUMYIIECTB:
KOMIAKTHOCTb, yJOOCTBO YCTAaHOBKH, OTCYTCTBHE MEXaHHYECKHUX KIIaBHII,
paboTa Ha Oojplune pacctosHHsA. Ho ecTh M HemZOCTAaTKH: 4TOOBI Jyylle
OII03HaTh HAXKATHE KHOIKH Ha ITOBEPXHOCTH, Ha KOTOPYIO MPOEHUPYIOTCS
KHOIIKH, HY’)KHa POBHasl IOBEPXHOCTh, OT KOTOPOH 3aBHCUT UCKa)KEHHE JIy-
4a cBerTa.

B anexTpuueckoil GyHKIMOHAIBHON CXeMe MakeTa rojorpaduieckoi
KJIaBHATypbl (PUCYHOK) KJIaBHATYpa MOXET OBITh CHENaHa B Pa3IHIHBIX
BapuaHTax, KaK B IPOMBIIIJIEHHOM, TaK ¥ B I10JIb30BaTEILCKOM BapHaHTE,
MOAKJIIOYaeMOM K CHCTEMHOMY OJIoKy. CXeMa MakeTa COCTOHT U3 OTIIa104-
no#t mnaret Arduino UNO, koTopast OyaeT reHepu-poBaTh CUTHAIIBI C OTIpe-
JIeJICHHOW YacTOTO KaKIOro KaHaia, 00pabaThIBaTh U IepelaBaTh UX B
K, cBeroamona, GpoToauosa M MOJIOCOBOTO (GMIIBTPA IS BEIICICHHS OII-
pEIeIeHHOT0 CHeKTpa 4acToT. TakuM o0pa3oM, Ha JaHHOM MakeTe peaju-
30BaHO YaCTOTHOE pasJiejieHue KaHaloB. [Ipy HEoOXOJUMMOCTH Takas Kia-
BHATypa MOXKeT ObITh JomnosHeHa Moayiem Wi-Fi.

+5B +58 OTragoaHas
% HL nnara Arduino F— TIK
s .
HL 11 UNOG
R
VT

Cxema srekTpuueckast QyHKIMOHAIbHAS MaKeTa
rosiorpaduuecKoii KIaBHaTypsl

[pencraBnennas rosorpaduyeckas KiaBuatypa UMeeT OOJBIIYIO aK-
TyaJbHOCTh U MOJKET IPUMEHSTHCS Ha NPEANIPUATHIX XUMHUUECKOH U Hed-
TenepepadaTbBaOIEl MPOMBIIIEHHOCTH, ATOMHON JHEpPreTUKH, TIe
NPEIBABIAIOTCS MOBBILICHHBIE TPEOOBaHUS K 6E30IIaCHOCTH.
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HOBBIE TEXHOJIOI'M OBPABOTKM CUT'HAJIOB

A.B. ®énopoga, nouent B.B. Aunpees
UyBamckuii rocy1apcTBeHHbIN yHUBepcuTeT umenu M.H. YabsaHoBa

OCHOBHOH LENbIO JIAHHOW pPa0OTHI SIBISIETCS aHAIN3 COBPEMEHHBIX
TEXHOJIOTHI1 00pa0OTKH CUTHAJIOB, a TAK)KE BBISBICHHE IPEUMYIIECTB U He-
JOCTaTKOB Pa3IMYHBIX METOAOB LU()POBOH U aHAJIOroBOH 0OpabOTKU CHUT-
HajioB. Kpome Toro, B paboTe NmpoaHaIn3UpOBaHbl HOBEHIIINE IIPOLIECCOPEI,
npeHa3HaYeHHbIe JUIs 00pabOoTKH, Iepellau U XpaHeHUs] HHPOpMAaIHH.

O0paboTKa CUTHAOB TIPENCTABISIET OO0 COBOKYITHOCTH MPEOOpazo-
BaHWi{, HaNpaBJICHHYIO Ha Haubosee 3G (EeKTUBHYIO Iepenady, U3BJICUCHHE
n xpaHenue uHpopmauuu. B pabore cucremarnzmpoBaHa KiaccH(UKaLus
Pa3IMYHBIX BUIOB aHAIOTOBON U HU(POBOIt 00pabOTKH CHIHAJIOB.

BypHBIil porpecc HHPOPMALMOHHBIX TEXHOJOTUH MPUBEN K IIHPOKO-
MY BHEJPEHHIO METOJ0B IM(POBOH 0OPaOOTKH CUTHAJIOB MPAKTUYECKH BO
BCce 00JacCTH HAy4YHBIX HUCCICIOBAHUN M XO3SHCTBEHHOW JESTEIHHOCTH.
LuppoBas 0O0paboTKa CHIHANOB 3aHMMAaeT OIHO W3 BAXHEHIIMX MECT B
BBIYHMCIIUTEIBHON TEXHUKE M UCIIOJIB3YETCsl IPH 00paboTKe JaHHBIX B pas-
JMYHBIX cpepax.

B TexHosoruax undpoBoil 06pabOTKH CHTHAJIOB CBEICHBI K MUHHUMY-
My TaKHe HeXellaTeJIbHble (DaKTOpbI, KaK BPEMEHHOW M TeMIepaTypHbIH
npeiid, pazdpoc mapamerpoB, BO3JEHCTBHE HABOJOK M IIOMEX, HPHUCYIIHE
aHAJIOTOBEIM MeTonaM oOpaboTku curHanoB. L{udpoas oOpaboTka curHa-
JIOB, KpOME TOTO, 0ONafaeT pSIoM TaKUX NPEHMYIIECTB, KaK rapaHTHPO-
BaHHasi TOYHOCTh OOpaOOTKH, BO3MOKHOCTH IMPOrPaMMHOI peanu3anuu
ITOPUTMOB 00pabOTKM MH(POPMALINH, IPOCTOTA HACTPOHKU 0€3 HCIIOJIB30-
BaHUS TPYIOEMKUX U MPELM3UOHHBIX OIIEPaLHi.

Hannuue mmpokoro crektpa 3agad IudpoBoil 0OpabOTKH CHUTHAJIOB
00yCIOBIIIO TMOSBJICHHE CHUTHaNBHBIX mporeccopo DSP (Digital Signa
Processing). IIpuMeHeHHe TakMX MPOLECCOPOB MO3BOJSET CO3JaBaTh d¢)-
(heKTHBHBIE CUCTEMBI YIIPABIICHUS.

CienyeT OTMETHTB, YTO €CIIM paHee TPeOOBAIOCh YIPOILATh allrOPHUT-
MBI 00pabOTKH CHI'HAJIOB JUISl UX PeallM3allii OIPaHHYCHHBIMU TI0 OBICTPO-
JEHCTBUIO CPENICTBAMH, TO B HACTOAIIEE BpeMs, HA000pOT, BO3HUKALT 3a/1a-
Ya yCOBEPIIECHCTBOBAHMS 3THX AJITOPUTMOB, JUIsl TOTO YTOOBI B ITOJIHOM Me-
pe HCIIOJIB30BaTh BO3MOXKHOCTH, HPEIOCTABIISEMbIE COBPEMEHHBIMU MPO-
LeCCOpaMHU.
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YCWJINTEJIU C JUHAMUYECKO! ITPOBOJIMMOCTbBIO
HA MUKPOCXEME MAX435/MAX436

A.B. ®énopoga, ct. npenonasatens JI.A. Bacuisena
Uysaickuii rocynapcTBeHHbIN yHuBepcuTeT nMenu U.H. YiabsHoBa

Llenpto gaHHOW pPabOTBI SBISAETCS HM3y4YCHHE MPUHIMMIIOB JCHCTBHS
YCHIMTENS C JUHAMHYECKON MPOBOAMMOCTBIO. bblia MOCTpOeHA HPHHIN-
NHaIbHAs JIEKTPUYECKas CXeMa YCHJIMTEN B CHCTEME aBTOMAaTH3MPOBaH-
HOTo npoekTupoBanus KoMmac- DnekTpuk (PUCYHOK).

VeuauTenb — 3IeMeHT CHCTEMbl YIPABJICHUs, IPEAHA3HAYCHHBIN IS
YCHJICHHS BXO/IHOTO CHTHAJA JI0 YPOBHSI, JOCTATOYHOTO LIS CpabaThIBaHMs
HCTIONIHUTEIIBHOTO MEXaHN3MA.

36mA.

o SV
16.75.525)

R1
590

Kadene SO On

S

[MpuHIMNHaTEHAS IEKTPUUECKas CXeMa YCHIUTENS

MAXL35

Wurerpanpras cxema MAX435/MAX436, npemiokeHHas B IaHHOMN
pabote, oTIMUaeTCs OBICTPONEHCTBHEM, IIMPOKOIOIOCHOCTRIO. JlaHHOE
YCTPOICTBO ABJISETCS TPpaHCKOHAYKTHBHBIM ycumutenem (WTA), ¢ uctun-
HO muddepeHnrnaibHBIM, BEHICOKOMMIIEIAHCHBIM BX0I0M. VX apxurtekTypa
obecrieunBaeT ycuiaeHne 0e3 IpUMEHEHHUS NETIN OTPUIATeIFHON 00paTHOMH
CBsI3H, UCKITIOYAeT (ha30BbIi CBUT B CXEMaX C 3aMKHYTOU HeTiei 00paTHOM
CBSI3H, YTO SIBJIIETCS OCHOBHOM NMPUYMHON CamMOBO30YKIcHHS. BBIXOIHBIM
curHanoM WTA sBiseTcss TOK, KOTOPBIH MPOIOPIIHOHANEH IU(PepeHIH-
TBHOMY HaNPsDKEHHIO, TIPUIIOKEHHOMY KO BXOAAaM YCHIIATEINS. DTO 3allli-
IIaeT BHYTPEHHIOIO CHCTEMY OT KOPOTKOTO 3aMbIKaHUsi Ha Bbixoje. Koad-
(UIMEHT YCHUJICHUS PETYIUPYETCs COOTHOIICHHWEM IBYX HMIICIAaHCOB W
BHYTPEHHUM K03()(HUIIEHTOM YCHUJICHHUS TOKA.

Jluteparypa
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SJIEKTPOHHBIN JIBOUMYHBIN KAJIbKYJISITOP

A.B. ®énopoga, ct. npenonasatens JI.H. Bacuisena
UyBamckuii rocy1apcTBeHHbIN yHUBepcuTeT umenu M.H. YabsaHoBa

Ienbto pabOTHI ABJISIETCS CO3/IaHUE FJICKTPOHHOTO JTIBOMYHOTO KaJbKY-
nsitopa B mporpammHuoii cpesie MicrosoftVisual Studio C++ 2010 (pucyHok).
Ota cpena nmporpaMMupoBaHus Ha si3bike C++ sBISETCS OJAHUM W3 TOIMY-
JSIPHEUIINX MHCTPYMEHTOB Pa3pabOTKU NPUKIAJAHBIX MPOrPAMM Pa3IHIHO-
IO Ha3HAYEHUSI.

JIBouuHasi cucTeMa CUYHCICHHSI — 3TO MO3UIMOHHASI CUCTEMa CUHUCIIe-
HUsI ¢ OCHOBaHuMeM 2. B 3Toll cucTeMe CYMCIEHHs YHCia 3alHChIBAIOTCS
TOJILKO C TIOMOIIIBIO JIBYX CUMBOJIOB «O» U «1».

[Ipu pazpaboTke maHHOTO MpoekTa Ha (GopMy HOOABISIOTCS HEOOXO-
IuMble KOMITOHEHTHI: textBox (rekcroBoe mose), Button (kmomka). s
MepeBO/ia YKMCENT M3 OJHON CHCTEMBI CUHMCIICHUS B IPYTYI0 HAMH OIHMCAHBI
¢yukiu ConvertToBin — st nepeBoja ducia U3 JeCATHYHOTO B JIBOHY-
Hoe u ConvertToDecC — st mepeBoa U3 ABOMYHOTO B JECATUIHOE:
intc,nn,l,menu;
intconvertToBin(int res10)

{ int k=0;
res2=0;
for(k=0;res10>0;k++)//mepeBox B 1BOMUHYIO
{
res2+=(res10%z2)* power(10,k);
res10/=2;
}
return resz;
}
intconvertToDec(int *a, int n)
{s=0;
for(inti=0; i<n; i++)//mepeBon B necsATHYHYIO

{
s+=gd[i]*power(2,i);
}

return s,

}

Taxke B MPOCKTE ONMcaHa (I)yHKLII/Iﬂ create mis co3JaHus U 3arojHe-
HUSI JUHAMUYECKOI0 MacCcuBa.

20



int *create(int n, inttemp)//co3nanue u 3anoNHEHHE TUHAMUYIECKOTO MaCCHU-
Ba
{int *m=new int [n];
for(inti=0; i<n; i++)

{m[i]=temp%10;

temp/=10;

}
returnm;
}

=10/

Wurepdeiic mporpaMmbl

PaSpa6OTaHHLII71 KaJIbKYJIATOP ABOWYHBIX YHUCEJI, MO3BOJIIET BBINOJ-
HATH apI/I(I)MeTI/I‘ICCKI/Ie ornepannun HaJ YnciiaMu B Z[BOH‘IHOﬁ CHUCTEMEC CYHC-
JICHUA.

Jluteparypa
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