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ABSTRACT

Master’s degree in 11.04.02 “Infocommunication technologies and
communication systems”’

Study profile: “Communication and radio-access systems”

Course title: "Efficient use of the radio spectrum in digital communication
channelsy

Variable part of Block, 3 credits

Instructor: V.P. Aksenov, associate professor of the Electronics and
Communication Systems department, Engineering School of Far Eastern Federal
University.

At the beginning of the course a student should be able to:

The initial requirements are knowledge, skills and activities, formed in the
process of studying the disciplines: “Microprocessors and digital processing of radio
signals”, “Computing”, “Mobile radio communication systems”.

Learning outcomes:

Specific Professional Competences: For successful studying of discipline
"Digital transmission of information " at students have to be created the following
competences: PK-28 - willingness to study the periodic scientific and technical
literature, the ability to identify trends in the development of information and
communication technologies and methods.

Course description: The contents of discipline covers the formation of
students' ideas about the spectral efficiency of modern systems of a radio
communication:

methods for increasing the efficiency of the RF spectrum, criteria for
efficiency, units for measuring the radio frequency resource, conversion of radio
frequencies, cognitive radio CRS and programmable radio SDR, managing the use
of the radio spectrum at the international and national levels, principles for

increasing the efficiency of the RF spectrum in the USA, International



Telecommunication Union, Radiocommunication Sector, Radio Regulations,
Dividing the World into Three Areas allocation of frequencies, joint and exclusive
distribution of radio frequencies, primary and secondary services, radio services of
the national RF MA table, radio frequency band use plans, world and regional plans
for radio services, principles of cross-border coordination of radio communication
networks, ECC / REC / (08) 02 European conferences, coordination distances for
base stations, mandatory registration with the ITU Radiocommunication Bureau and
international coordination with administrations of other countries, an application and
registration to the ITU Radiocommunication Bureau, international reference
frequency register (MIFR), international frequency assignments that need not be
notified to the Radiocommunication Bureau, national spectrum management,
documents defining the RFS management procedure, regulatory objectives,
regulator, regulatory results , the order of use of the radio frequency spectrum in the
Russian Federation, the life cycle of a civilian RES, the distribution of functions
between the SCRF and the communications supervision authorities at the stage of
ektirovaniya, production and operation of RES civil purposes, the Federal Law of
07.07.2003 N 126-FZ (ed. dated July 06, 2016) "About communication”, assignment
of a radio frequency or radio frequency channel, failure to allocate radio bands to
users, change of radio frequency or radio frequency channel from a user with a radio
frequency spectrum, block diagram of a CRS cognitive radio system, assignment,
characteristics, cognitive radio functions, benefits of CRS studies of cognitive radio
systems, IEEE 802.22 wireless communication standard, frequency range and bands
of a cognitive radio system, application of the standard in the USA, modulation in
cognitive radio systems, block K-scheme of adaptive modulation based on cognitive
radio system, regulation of radio system parameters, probability of BER errors,
calculation of BER at a given ratio signal EO / NO interference, coherent receiver,
amplitude, phase and frequency shift keying, comparison of AM, FM, FM noise
immunity, non-coherent receiver, amplitude and frequency manipulation, two-level
and multi-level manipulation.

Main course literature:



1. Kornienko S.A. Fundamentals of state regulation of the use of the radio
frequency spectrum in the Russian Federation [Electronic resource]: laboratory
workshop / Kornienko S.A.— Electron. text data.— Stavropol: North Caucasus
Federal University, 2016.— 154 p.— Access mode:
http://www.iprbookshop.ru/66035.html

2. Kornienko S.A. Technical support of state regulation of the use of the
radio frequency spectrum in the Russian Federation [Electronic resource]:
laboratory workshop / Kornienko S.A. — Electron. text data.— Stavropol: North
Caucasus Federal University, 2016.— 193 p.— Access mode:
http://www.iprbookshop.ru/66037.html

3. Meglicki B.N. The efficiency of modulation techniques in digital radio
systems [Electronic resource]: monograph/ Malicki B. N.— Electron. text data.-
Novosibirsk: Siberian state University of telecommunications and Informatics,
2011.— 187 p.— Mode of access: http://www.iprbookshop.ru/45497.html

Additional literature:

1. Malicki B. N. Assessment of the impact of distortion and noise on the
quality of digital radio communication systems using simulation modeling
[Electronic resource]: a tutorial/ Malicki B. N., Sergeeva A. S. Electron. text data.-
Novosibirsk: Siberian state University of telecommunications and Informatics,
2016.- 122 c.— Access mode: http://www.iprbookshop.ru/69550.html

2. Pustovoitov E.L. Study guide on the discipline Electromagnetic
compatibility and radio frequency spectrum management [Electronic resource] / -
Electron. text data.— M .. Moscow Technical University of Communications and

Informatics, 2015.— 15 ¢ .— Access mode: http://www.iprbookshop.ru/63374.htm

Form of final control: pass-fail exam
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AHHOTaNMs K padoyeil mporpaMmme TUCUMILIMHBI
I PeKTUBHOCTH UCNOIb30BAHUS PAMOYACTOTHOIO CIIEKTPa B HU(PPOBBIX
KaHAJIaxX CBSA3M

JucuunnuHa « () PeKTUBHOCTD UCTIOIb30BAaHUS PaAH0YaCTOTHOTO CIIEKTPA B
mupoBBIX KaHajax CBS3W» MpeaHazHaueHa i HamnpasieHus 11.04.02
NH(pOKOMMYHUKALIMOHHBIE TEXHOJIOTMH W CHUCTEMBI CBS3H. TpPYyJOEMKOCTh
MUCLHHUILIMHGBI 3 3a4yeTHbIe equHuibl, 108 akageMuueckux 4acos, u3 HUX 18 yacos
Jaexkuuid, 36 4yacoB NPAKTUYECKUX 3aHATUN, 94 yaca caMOCTOSITENIbHOM paboThI.
JlanHast QUCHMIUIMHA BXOJWUT B OJIOK BAapUATHBHBIX OOS3aTENIBHBIX AMCLMILIMH.
JucuumnuHa peanu3yercas Ha 1 Kypce BO 2-OM cemecTpe. Jucuuniraa
«32¢(HeKTUBHOCTh UCIIOJB30BAaHUS PAJAMOYACTOTHOIO CIIEKTPa B IIU(PPOBBIX KaHAIAX
CBS3W» 0a3zupyeTcsl Ha MOATOTOBKE, KOTOPYIO CTYAEHTHI MOJIYYAlOT MPU U3YUEHUH
JTUCUUIUINH: « MUKpoIponieccopsl U iudpoBas 00paboTKa CUTHAJIOB PagUOCBS3NY,
«BpruncnurenbHast TEXHUKAY, «MOOMIbHBIE CUCTEMBI PaJUOCBS3H.

ConeprxaHue TUCHUIUIMHBI OXBAThIBAET CICAYIOIINI KPYT BOIPOCOB:

METOAbpl MOBBIIEHUS A¢dektuBHOocTH  PY — cnekrpa,  Kputepuu
3¢ (EKTUBHOCTH, €IMHUIBI U3MEPEHUS PaJUO4YacCTOTHOIO pecypca, KOHBEpPCHUs
paguoudacTtor, KorHutuBHoe pamno CRS wum mporpammupyemoro paauno SDR,
YIPABJICHUE UCIOJIb30BAHUEM PAJIUOYACTOTHOTO CIEKTpPa HA MEXIYHAPOJIHOM
YW HAIlMOHAJIbHOM  YPOBHSX, NPHUHLIMIBI  MoBbIIeHUs 3pdextuBHocTH PY
cnektpa B CIIA, coriiacoBaHue peryJMpoBaHHUs  CIEKTpa AJIMUHUCTPALMIMU
CBsA3U ¢ MeXyHapOAHBIM COO30M 3JIEKTPOCBS3H, CEKTOP PAIANOCBS3H, PETJIAMEHT
paaNoCBs3Y, pa3fiejieHue MHpa Ha TpU pailioHa PernmameHTOM paavocBsI3u AJis
pacnpenesneHuss 4acToT, COBMECTHOE M MCKIIOYUTENBHOE  pacIpeaciieHue
pazroyvacToT, MEPBUYHBIE U BTOPUUHBIE CIIYXKObI, pPaguOCTy>KObl HallMOHAIBLHOU
tabnuubl TPY Poccun, nnaHel MCMONIB30BAaHUS TIOJIOC PAAMOYACTOT, BCEMUPHBIE U
pervoHalIbHbIE TUTaHbI JUI PaJuOCTy>K0, TPUHIIMITBI IPUTPAHUYHON KOOpAMHALIUN
cereil panuocsasu, Pekomennauust ECC/REC/(08)02 EBponeiickoil koHbepeHuu,
KOOpAMHAIIMOHHBIE PACCTOSIHUS JUIsl 0a30BBIX CTAHLIUM, 00s13aTENIbHAS PETUCTPALIUs

B bropo panuocssazu MCD u MexnyHapoaHasi KOOpAUHALIUA ¢ AJMUHHUCTPAIUSIMU
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IpYTUX  CTpaH, 3asBJIICHUE W PETHUCTpPalMs YAaCTOTHOTO Ha3HadYeHus B bropo
paguocBsizu MCD, MexIyHapoJHbIM crpaBouHbli peructp uactor (MCPY),
MEXKIYHAPOIHbIE YACTOTHBIE HAa3HAYCHUS, KOTOPBIC HE HYXKHO 3asBJSATH B BIOpO
paguoCBsI3U, YHPABICHUE HCIOJIB30BAHUEM CIEKTPAa HAa HAIMOHAJIBbHOM YPOBHE,
JOKYMEHTHI, omnpenenstomue B Poccum mnopsgok ynpasinenus PUC, nenwm
PETYJIMPOBAHMUS, PETYIATOP, PE3YJIBTATHI PETYIUPOBAHUSA, TOPSAIOK UCIIOIb30BAHUS
panrodacToTHOro crektpa B Poccuiickoin denepanuu, ku3HeHHbIA Uk POC
TpaXAaHCKOTO Ha3HaueHus, pacnpenenenue pynkuuit mexay ['KPY u opranamu
CIyObl HaJ30pa 3a CBSA3BIO HA JTale MNPOEKTUPOBAHUS, IPOU3BOJACTBA H
skcruryaraim  POC  rpaxnmanckoro HazHaueHusi, DenepanbHblii 3aKOH OT
07.07.2003 N 126-®3 (pexn. ot 06.07.2016) "O cBs3u", NpUCBOCHUE PAAHMOYACTOTHI
WM Paguov4aCTOTHOIO KaHAJIA, OTKAa3 BBIACJIECHUA II0Jb30BATEISIM  I0OJIOC
pagrovyacToT, W3MEHEHUE pPAAUOYacTOThl WM PAAUOYaCTOTHOIO KaHala y
MOJIb30BATEISI PAJAUOYACTOTHBIM CHEKTPOM, CTPYKTYpHAasi CX€Ma CHUCTEMBI
KOrHUTUBHOTO pagno CRS, HaznaueHue, xapakTepUCTUKH, PYHKIIMH KOTHUTUBHOTO
panuo, mpeumymiecta CRS, wucciaegoBaHusi CHUCTEM KOTHUTHUBHOTO Paauo,
crangapT OecnpoBogHor cBsizum IEEE 802.22, yacTOTHBIM JMama3oH W IOJOCHI
CUCTEMBl KOTHUTUBHOIO panno, npumeHeHune cranpapra B CIIIA, monynsuus B
CHUCTEMaX KOTHUTHUBHOTO Pajino, OJIOK-CXeMa aJanTUBHOW MOJYJISIIIUM HAa OCHOBE
KOTHUTUBHOM PAaJMOCUCTEMBI, PETryJIMPOBAHUE IAPAMETPOB PAAUOCUCTEMBI,
BeposiTHOCTh omnbok BER, pacuer BER mnpu 3a7aHHOM OTHOIIEHWH CHUTHAI
nomexa EO/NO, korepeHTHbI NPUEMHHMK, aMIUIMTyaHas, (a3oBas M 4YacTOTHAs
MaHHUIYJIALMS, CpaBHEHUE noMexoyctounBoctd AM, ®M, UM, HeKOorepeHTHbIN
MPUEMHUK, AaMIUIATYJHasT W 4YacTOTHAs MAaHMUMNYJSUUS, [BYXYpOBHEBAas U
MHOTOYPOBHEBasi MaHMITYJIALIMS.

eab - gaTe cTyneHTaM 3HAHWSL JJI1 Pa3BUTUA HABBIKOB, MAIONIUX UM
BO3MOXXHOCTh OIICHUBaTh 3(P()EKTUBHOCTh HCIIOJB30BAHUSI YacCTOT B CHCTEMax
paguocBsi3u. COBpEMEHHbBIE CUCTEMBI PAJIUOCBSI3U - COTOBBIE, CITyTHUKOBBIE CETH -
MCIOJIB3YIOT Y3KOIOJOCHBIE Y MIUPOKOMOJIOCHBIE KaHAJIbI [T NIepelaud U MpruemMa

muppoBoit uHPopMmaruu. CymIeCTBYIOMIME TEXHUYECKHE, SKOHOMUYECKHE U
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byHKIMOHATIBHBIE KpUTEpUH 3(()EKTUBHOCTH HEBO3MOXKHO OOBEAMHHUTH B OJIMH
KPUTEPHUH.

3agaun:

e chopmupoBaTh y OOydYaOIMXCA TMPEACTABICHUE O HANpPaBJICHUH
MOBBIIICHUS UCTIOIB30BaHUS MPUPOTHOTO PAIMOYACTOTHOTO pecypcea;

® J]aTh KOMIUIEKC 0a30BBIX TEOPETUUECKUX 3HAHUM O CIIOCO0AaX TEXHUYECKON
peanu3alid HOBBIX PAJWOCUCTEM, MOBBIMIAOIINX KOJWYECTBO PATUOCTYKO B
OJHOM M TOH K€ MOJIOCE YacTOT;

e naTh 0a30Bble 3HAHMS O TEXHUYECKOM pealn3alud  METOOB
MOMEXO0YCTOMUHUBOTO KOJUPOBAaHMS B OECIPOBOIHBIX CHUCTEMAaX JJIsl MOBBIIICHUS

TEXHUYECKON 2PHEKTUBHOCTH.

B pe3yinbTare nmpakTHuecKoro u3yueHus AUCIUIUTUHBI CTYICHT I0JDKEH YMETh:

* aHAJIM3UPOBATH OCHOBHBIC XAPAKTEPUCTUKH KAHAJIOB CBSI3M, BIMSIONIME Ha
3aHMMAEMYO T0JIOCY YaCTOT;

* PaCCUMTHIBATH XAPAKTEPUCTUKU KAHAJIOB CBSI3H;

* OLICHMBATH [TAPAMETPBI IPOIPAMMHUPYEMOTO PaJIHo;

* IEKOIMPOBATH CUTHAJIBI [IPOrPaMMHUPYEMOT0 PAJIIO;

* OIICHUBATh XaPAKTEPUCTUKN KOTHUTUBHOTO PaJIHO.

* AHATM3UPOBATH PAdOTY MPOTrPaMMHUPYEMBIX paauonepenardnkoB USRP.

JUiss  yCHemHOro  M3y4eHHUs JUCITUTUTHBI « 2P hHEeKTUBHOCTH
WCIIOJIb30BAHUSL PAJMOYACTOTHOTO CHEKTpa B IMGPOBBIX KaHAJIAX CBI3U» Y
oOy4arommxcst 10HKHBI ObITH CDOPMUPOBAHBI CIAEAYIONTUE KOMITIETEHIIUHU:

[1K-28 - TOTOBHOCTh K HM3YyYECHHIO TMEPUOJUYECKON HAyYHO-TEXHUUYECKOMN
JUTEPATYpPhl,  CIHOCOOHOCTHIO  BBISBICHWS  TEHIACHIIMA B pPa3BUTHHU

I/IH(I)OI(OMMYHI/IKaLII/IOHHBIX TEXHOJIOTUHN U MCTOJ0B

Kon u Jrtanbl GOpMHPOBAHUA KOMIICTCHIMHU
(¢popmympoBka
KOMIIETCHIIUH




HaIrpasBJICHUA pa3BUTUA TEXHUYCCKUX CPEACTB C JIyUIIHUM
HCIOJIB30BAHUEM PAAMOYAaCTOTHOTO peCypca,

HK'28 - TOTOBHOCTD K 3HaeT npeuMynieCTBa U HEAOCTATKU IMPOrpaMMUPYEMOI0O

panuo;

U3YUYEHUIO
. npo06JIeMbl BHEPEHUSI KOTHUTUBHOTO PAIINO;
[IEPUOUYECKON

HPEUMYILECTBa KOTHUTHUBHOTO PAAMO.

HaquO-TCXHquCKOﬁ

COCTaBJISITh IPOIr'paMMBI UL IIPOrpaMMHUPYEMOI0 paguo,
JIUTEPaTypHl, porp AJIs Iporp 19 panuo;

IIPOBOJINTH UCCIIEOBAHMUS IIPOTPAMMHPYEMOTO PAJHO 10

CITOCOOHOCTBIO .
Ymeer pe3yapTaTaM U3MEpEeHUil;

BBISIBJICHUS TEHICHIINI
HU3MEPATH OCHOBHBIC XapaKTCPUCTUKHN KaHAJIOB CBA3H

B pa3BUTHH MporpaMMHUpyeMbIX nprueMonepenaranko USRP.

MH(POKOMMYHUKAITUOH o 9
HaBbIKaM¥ pabOTHI C HOBOW pafnoanmaparypoit

HBIX TEXHOJIOTUU U N
MPOTPAMMHUPYEMOTO PaIH0, HEOOXOTUMOM TSt

METON0B Bnaneer MIPOBEJCHUS TPAKTHUECKUX 3aHIATUH;

MIpUEMaMH1 PacdyeTa OCHOBHBIX XapaKTEPUCTHK KAHAJIOB

PaIHOCBSI3H.

Jlis popMupoBaHUS BbIIIEYKAa3aHHBIX KOMIIETEHIIUI B paMKax JUCUUILIMHbI
«3((PEeKTUBHOCTD UCTIOIB30BAHUS PAIUOYACTOTHOTO CIIEKTPA B IU(PPOBBIX KAHAJIAX
CBS3W» NPUMEHSIOTCS CIEAYIOIINE METO/Ibl aKTUBHOT0/ MHTEPAKTUBHOT'O OOYUEHHUS:
npoOemMHas JeKUus, AUCKYCCHsl, JEHOTaTHBIN rpad.



l. CTPYKTYPA U COJAEPXKAHUE TEOPETUYECKOM
YACTHU KYPCA (18 uac.)

Moayas 1. IIpuHOMOBI MCHOJAb30BAHUSA PAIMOYACTOTHOIO CIEKTpa
Pazgen I. MexayHapoaHass MNpPaKTHKAa peryJiMpoOBaHHMs HCIO0JIb30BaHMSA
paauo4yacToTHoro pecypca (5 uac.)

Tema 1. Kpurepuu 3¢ppexruBHoctu ncnoan3oBanust PUC (1 ygac.)

DKOHOMHUYECKHE, TEXHUYECKUE, QYyHKIMOHAIbHbIE OLIEHKH A((PEKTUBHOCTH
WCIIOJIb30BaHUs Paaro4acTOTHOTO CIIEKTpA. Enyanns U3MEPEHNUS
PaguovYacTOTHOIO  pecypcea. KonBepcuss  pannoyacror. Onpenenenus
KorHutuBHOrO paguo CRS m mporpammupyemoro paano SDR.

HanvoHallbHBIA W MEXIYyHApOJHBIA AacmeKT MpoOJieMbl HCIOJIb30BAHUS
paguoyacToTHOro crekrpa. Cropoc Ha paagMoOYacTOTHBIA pecypc IPEBBIIIAET
IpeuioKeHne. PanroyacToTHBI pecype Kak COBOKYIHOCTb JCHCTBYIOIIMX U
MMOTEHUHAJIBHO  BO3MOJKHBIX  YAaCTOTHBIX HA3HAYEHUM Ha  ONPEIEICHHOU
TEPPUTOPUH, NPEIHA3HAYCHHBIX i1 paboThl B 3(dupe, yIOBICTBOPSIOLUINX
TpedoBanusiM MCD, U yUUTHIBAIOIIMX AUANa3oH YacTOT, MIMPUHY 3aHUMAEeMOTO
CIIEKTpAa YacCTOT, HCIIOJb3yEMbIE€ TEXHOJIOTMM, BPEMEHHOW NEPUOJA JEHCTBUS
paspelleHns Ha UCIIOJIb30BAHUE YKAa3aHHOIO pecypca.

PaguouactotHeiii pecypc (PUP), nuama3oH 4acToT, MPUTOAHBINA JJIS CBS3H,
nokaruu. [lorpeburenu PYUP - perumonsl, crpanbl, 00JacTH, pPaaMOCITY>KOBI,
panuocucteMmbl. EnuHuna wusmepeHuss paauodyacTOTHOIO pecypca, yactora *
MPOCTPAHCTBO * BpeMsl.

Hampuwmep, [PUP] = MI'n * KB. km * ['ox.

Tema 2. PeryinpoBaHue HCIOJIb30BAaHUA PAINOYACTOTHOTO crnekTpa (1 uac.)

PerynmupoBanue ncnolsib30BaHusl paJiOv4acTOTHOTO CIeKTpa B Poccuiickoi
Oenepanyu. MexBEeIOMCTBEHHBIN KOJUIETHAJIBHBIA OPraH M0 paguo4acToTaM IpH
denepaibHOM oOpraHe HCHOJHUTEIBHOW BJIACTU B OOJacTH  CBSI3M  —

rocyaapCTB€HHasd KOMUCCHA 110 paaruOv1aCTOTaM.
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PerynupoBanue UCIonb30BaHUS PaIMOYACTOTHOTO CHEKTPA, UCKIFOYUTEIBHOE
npaBo rocynapcrBa.  OOecrnieueHHe PEryJIMpOBAaHUS 3aKOHOJATEIBCTBOM U
MEKTyHApOIHBIMU JIOTOBOpaMHU npu IPOBEJCHUU AKOHOMMYECKUX,
OpPTaHU3alMOHHBIX U TEXHUYECKUX MEPOINPUITUI 110 KOHBEPCUU PATUOYACTOTHOTO
CIIEKTpa.

[IpyHIMIBI MCMIONB30BaHUSA  PAAUOYACTOTHOIO CrHekTpa B  Poccuiickon
Oenepaunu. PazpemmrenbHbIn MOPSIAOK JIOCTyTa OoJb30BaTeIe K
paauodacToTHOMY crekTpy. COnmKeHue POCCUUCKOrO pachpeiesieHUs: MOoJocC
paguovyacToT U MEXIYHAPOIAHOTO pacrhpeneneHus vactor. [IpaBo moctyma Bcex
MOJb30BATENE K  paJMOYaCTOTHOMY CHEKTPY C Y4YETOM MPHOPUTETA
rOCYJapCTBEHHBIX CITYXkO.

[InaTHOCTP MCHOJIB30BAHUSL PaJUOYaCTOTHOTO chekTtpa. HepgomyctumocThb
OECCPOYHOI0 BBIACICHUS TOJOC PaAMOYaCTOT, MPUCBOCHUS PATUOYaCTOT WU
paauovacTOTHBIX KaHalioB. KoHBepcusi paanodactoTHoro crekrpa. [Ipo3padHocTs
U OTKPBITOCTh MPOLIEAYP PACHPEACIICHUS W HCIOJIb30BaHUA PAAHMOYACTOTHOTO
CIIEKTpa.

Tema 3. KonBepcusi cnekrpa (1 yac.)

[Ipomiecc KOHBEpCHUU, €Tr0 OPraHU3ANMOHHO-TEXHUYECKHUE MEPOIPHUSITHS.
Pazpabotka ycnoBuii coBmecTHOTO wucnons3oBanuss PUC POC paznuunoro
Ha3HayeHus, monaepHuzauuss POC BOeHHOro u cnelHa3HaueHus. BHenpeHue B
noyiHoM o0beme cetu cotoBoit cBsizu 1 MIII/] Ha 6aze IMT nouTtu Bo Bcex paHee
BBIJICJICHHBIX JUIs1 HUX B Poccuiickon denepaniniu mojaocax paauo4acToT KaTEropuu
[P (mpaBuTenbcTBEeHHBbIE), a Takxke B auamnazone 1800 MI'n kareropum CU
(coBMecTHOTO HCToab30Banus). Mckmouenue - nuana3onsl [1P 2300 u 800 MI'w.

Pacnpenenenne Ha BKP-15 monoc pamumouactor mns IMT B Peruone 1 B
nuanazone 1,5 I'Tn kareropum IIP, B mmamazone 3,5 I'Tu kareropuun CH.
Huanazon 700 MI'n (CH), pacnpenenenubii Ha BKP-12, HeBo3moXHOCTH

MCIOJIB30BaHU MOJIOC paaruodacToT cersasmu IMT.
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KoHBepcuss  pazMo4acTOTHOTO — CHEKTpa, PacCUIMPEHHE  HMCIOJIb30BaHUSA
PaguoOYacTOTHOIO CIIEKTpAa PagUOdJIEKTPOHHBIMU CPEICTBAMH T'PAXKIAHCKOIO
HazHaueHus, Penepanbubiil 3akoH 0T 7 uroiist 2003 roga Ne 126 D3 "O cBszu'.

Cocransromye KoHBepcuu. [lepenaya HEMCIIOIB3yEMBIX YAaCTOT OT CUJIOBBIX
CTPYKTYp B TPa)KIaHCKOE WCIOJIb30BaHHUE (HECYIIeCTBEHHBIC 3aTpaThl). [lepeBon
POC cHlOBBIX CTPYKTYp WM TPakJIaHCKUX MOJb30BaTENEH B JAPYTHE IHUANA30HbI
(cymiecTBeHHblE 3aTpaThl, HpoekTupoBaHue). Ilokazarenn s¢ddexTuBHOCTH
kouBepcuu PYUP. /lnHamuka pocra 101 paguo4acTOTHOTO CIIEKTPa IPakIaHCKOTO
Ha3Ha4eHUs. EXErogHelil NMPUPOCT HAJOrOBBIX JOXOJOB TOCYAAapCTBAa 3a CUYET
KOHBEPCUU. E’XEeroaHeli NpUPOCT HAJIOIOBBIX JOXOJOB IOCYIapCTBa 3a CYET
nepeoja rpaxaanckux POC B npyrue nquana3zonsl yactor. CyMMapHas CTOMMOCTD
IIPOEKTOB KOHBepcHUM U nepesoga POC B apyrue nuara3oHbl 4acToT.

Tema 4. Peraament paguocsizu (1 yac.)

Tpu cexropa MCD: Cektop paauocssizu, bropo paauocsszu (bP) u
Pagnopernamentapusiii komuteT (PPK), CexTop pa3BuUTHS 371€KTPOCBSI3U, B COCTaB
KoToporo BxoauT bropo pazsutus anextpocssizu (bPJ), u CekTop crannapTuzanuu
JIIEKTPOCBS3H.

JIOKyMEHT, OonpenessIonui NOpsI0K yIpaBiieHus: ucnojibzoBannem PUC Ha
MEXIYHapOJIHOM YpoBHE, PernamenTt paanocssazu MCD. MexayHapoaHas Tabiuia
pacnpenenenus yactor (MTPY) mexay ciayx0amu.

Pernmament PaguOoCBs3HY, COOpHUK OCHOBHBIX MEXTyHAPOIHBIX
NOCTAHOBJICHU, MPUHATHIX BCeMUpPHBIMU aIMUHUCTPATUBHBIMU KOH(EpEeHIUS MU
no paxuocsssu. OmnpezneneHus TeEpMUHOB, oTHocsmuxcs k PUYC, k mapamerpam
U3ITy4YEeHHS paIUOCPEICTB, K KIIaCCU(PUKALUN U3ITyYSHH.

[Topsimok MeXITyHapOAHOTO MPUCBOEHHUS YaCTOT M KOOPJAMHAIIMU JCUCTBUH
CTpaH B 0OJIACTM HCIIOJNB30BAaHUSA YACTOT, MeEpbhl OOpHOBI C paguoNoOMexaMu.
Pernament panuocssszu (PP): pemenuss BceMUpHbIX KOH(PEPEHLIMN pagnoCBs3U, B
ToM uncie Bce Ilpunoxenus, Pe3zomoumm u  PexkoMmeHmamuu, a Takxke

Pexomenmaiuu MCD-P.
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VYr1Bepxkaenne PaauopernaMeHTapHbBIM KOMHUTETOM IIPAaBWJI IPOLIEAYPHI.
Hononnenne  PermaMeHTa ~ pafMOCBS3M  PA3bCHEHUSMHU  NPUMEHEHUS
pPErIaMEHTHBIX MOJIOKEHUH.

Tema 5. MexayHapoaunasi Tadauna pacnpenesenust yacror MCD (1 gac.)

Mexnaynaponnas Tabnuma pacnpeaeneHuss yactor MCD, KOMIIOHEHT
Pernamenra. PacnpeneneHne mosioc 4acTOT BHYTPH CTpPaH € YYE€TOM WIH B
MOJTHOM cooTBeTcTBUM ¢ Tabmuneid MTPU. AamuHucTpanuu CBS3M ONPEACISIOT
0COOCHHOCTH HCIIOJIb30BAHUS PAJANOYACTOT B JAHHOU CTpaHe.

Pacnpenenenne PUC u peructpaiusi NnpucBOCHUN paguoyacToT, 0OecrieueHue
paboThl PAAUOCTAHIIMN PA3TUYHBIX CTPaH, KOOPAUHAIMS  JACSITEIBHOCTH IO
UCKJIIOYEHUIO  BPEIHBIX TMOMEX MEXKAY HUMHU M TOBBIMICHUIO 3((PEKTUBHOCTH
WCIIOJIb30BaHUs CIIEKTPa 4acToT.

Yyactku MTPU  Bcero amanazona pamguodactoT (9 kl'm...400 I'T'm) mms 40
paauocnyx0, onpeneneHHsle Permamentom. VckimrouuTenbHOe —paclpeesieHue
JUISL  MHTEPHAIMOHAJIBHOTO  HCIOJb30BaHUS  00opynoBaHus. COBMECTHOE
pacnpeneneHue, KOorjaa HECKOIbKO Pajarociayk0 MOryT 3(p@pekTuBHO paboTaTh B
OJIHOM U TOM K€ MOJIOCE YacTOT.

Paznen II. PeryimpoBanue cnekrpa B Poccuiickoii @enepanun (4 gac.)
Tema 6. Pacnpenenenue paanovactor B Poccniickoii @enepannu (1 gac.)

Pacnipenenenne paaMo4acTOTHOTO CHEKTpa B TaOJMIlE HA  IOJOCHI
paauoyacToT s paauociyk0. Ilpu3Haku: Ha3zHayeHWE paJUOCBA3U, Tpacca
pacrpoCTpaHEeHus paIMOBOJIH, MOJIBH)KHOCTh TEXHUYECKUX CpeACTB. MI3MeHeHus B
Pa3BUTUU PAJUOCBA3U, PAJAMOTEXHOJOTUM WU KOHBepreHuus. Mcmosib3oBaHuE B
Ta0MIle MPUHIUIA PACIpPEACNICHHUs CIEKTpa Ha MOJOCHl MO PaguOCIyk0am He
OTBEYAET JOCTUTHYTOMY YPOBHIO Pa3BUTHUS paauocBs3u. HeoOxoaumo n3meHeHme
MPUHIIUIIOB TOCTPOCHUS TaOJIUIIBI.

Hcnonb3oBaHWe B HAYYHO-TEXHUUYECKOW JIUTEpaType U HOPMATHUBHO-
MPABOBBIX JOKyMEHTaX TEPMUHOB, KOTOpbIE HE HWMEIOT OOIIenpUu3HAHHBIX
onpeneneHuit (paguoTeXHOJIOT s, paJuoYacTOTHBI pecypc, NepepacrnpeeieHme

paauodacToTHOro cmnekrpa). B tepmunonorun MCD omnpeneneHue TepMUHA
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"panrodacToTHhIM cHeKTp' oTcyTcTBYeT, a B @3 "O cBs3u" OH TpakTyeTcs Kak
COBOKYITHOCTh paguo4acToT B yCTaHOBJIEHHbIX MCD mpezaenax, KOTOpbE MOTYT
ObITh  HCMONIB30BaHBI s (yHkuuoHupoBanuss POC.  YcraHoBieHHOE
denepaabHBIM 3aKOHOM OMPE/IETICHUE 3TOI0 TEPMUHA HE TOXKIECTBEHHO OJIU3KOMY
NOHATUIO '"CHEKTp", MOA KOTOPBIM IOHHMMAETCS YacCTOTHOE paclpeiesieHUue
MOITHOCTH, AMIUIMTYJbl TOKa WJIM HANPsDKEHUS CUTHAlIa W MPEACTaBISIETCA B
KOOpAMHATaxX "ypOBEHb 3JIEKTPOMATHUTHOTO TOJIS — paguovacTora'.

Tema 7. Komuccuu u areHTCTBa M0 CBA3U (1 gac.)

MMUHHUCTEPCTBO CBSA3U U MAacCCOBBIX KOMMYHUKanuii Poccuiickon denepanuu,
byHKIMM AJMUHUCTpAMU CBs3U P® mpu OCYIIECTBICHUU MEXKITYHAPOIHON
JEATEIIbHOCTU B O0JIACTH CBSI3HU.

['ocynapctBennas komuccus o paguodactotam (['KPY), mexxBe10MCTBEHHBIIM
KOOPAMHALMOHHBIN OpraH, JEUCTBYIOIMN TpU MUHHCTEPCTBE CBA3U U MACCOBBIX
koMMmyHuKaii  Poccuiickoit ®enepauuu. Ilonmnomounss I'KPY B obnactu
pEeryJIMpOBaHUs PaAO4aCTOTHOIO CIIEKTpa.

Opranu3aluoOHHbIE U TEXHUYECKUE MEPHI M0 00ECIEUECHUIO MCIIOIb30BaHUS
pagmMo4yacToT MM PaJMOYacTOTHBIX  KAHAJIOB U COOTBETCTBYIOIIMX
PAIMOIIEKTPOHHBIX CPEACTB WM BBICOKOYACTOTHBIX YCTPOMCTB T'Pa)kKIaHCKOIO
Ha3HaueHus Bo wucnosiHeHue pemeHuid ['KPY  OOecnedyeHue peryiupoBaHuUs
WCIIOJIB30BaHUs PAJAMOYaCTOT U PATUOIIEKTPOHHBIX CPEACTB Hpu MUHCBA3M -
['ocynapctBenHoi paauoyactotHol ciyxooi (I'PUC).

['ocynapcTtBeHHast pamuoyacTtoTHas ciayxk06a Poccuiickoit  ®denepanmu:
['maBHBIN paIMOYACTOTHBIN IIEHTP U CEMb PAIMOYACTOTHBIX IIEHTPOB (PeneparbHbIX
OKpYyroB. [JIaBHBIM paguovYacTOTHBIM LEHTP, PETYJIUPOBAHUE MCIIOIb30BaAHUS
pPaarovyacToT LEHTPATU30BAHHOIO HazHayeHus: 1 POC rpaxaaHcKoro NpuMeHeHus
Ha Bcen Ttepputopun POD, MexayHApOAHO-TIPABOBas 3alUTA YaCTOTHBIX
npucBoeHnil POC Ha3eMHbIX U CITyTHUKOBBIX paguocityx0 PO.

['ocynapcTBeHHass KOMHUCCHUSI MO pPaguoyacToTaM, NpoBefeHHe padoT Mo
peanu3anuyd  TEXHUYECKOM TOJIMTUKM B  oOnactu wucnonb3oBanus PUC u

obOecricueHUsT DJIESKTPOMArHUTHOM COBMeCTHMOCTH. KoopauHanms — JeWCcTBUI
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benepalbHbIX OpraHOB  MCHOJIHUTEIBHOM  BJIACTH W HOPUAMYECKUX JIHII,
CBSA3aHHBIX C O0OECIEUYeHHEM MEXKIyHApOAHO-TIPAaBOBOM 3alllMThl YaCTOTHBIX
npucBoenuii POC PO.

Tema 8. Koopaunamust yactot (1 gac.)

VYnopasinenue wucnonb3zoBaHueM PUYC Ha  MeXIyHapoJHOM  YpOBHE,
KoopJuHanus yactoT. KoopauHauus, npoueaypa JOCTUKEHUS COTTIAIEHUS MEXKTY
HECKOJbKMUMH  cTpaHaMud  (AJMHHHUCTpAalUSIMM  CBSI3U) O  COBMECTHOM
UCITOJIb30BaHUU paauodyacToT. Llesb KoopaMHALMM, NpU BBEACHUU B JEHCTBHE
HOBOTO PaJHOCPEACTBA O0OECHEUYUTh OTCYTCTBHUE BPEIHBIX MOMEX MEXKIYy BCEMHU
CYIIECTBYIOIIMMH W IUIAHHUPYEMBIMM CHCTEMAaMHM paguocBsa3u. IIpouemypsl
KOOPJIMHALIUK YaCTOT - CPEACTBO AMHAMUYECKOTO IJIAHUPOBAHUS CIEKTPAIbHOTO
U/Wau  OpOMTAILHOTO pecypca, obecrneunBaromiee ero oOomnee dQexkTuBHOE
UCITOJIb30BaHUE.

VYyactue B KOOpAMHAIIMK YacTOT ABYX WM OoJjiee cTpaH (AJIMHHUCTpanui
cBsi3u). JlelicTBUS KOOpAMHALMU: ONPEACIICHUE CONPEAEIbHBIX CTPaH, YaCTOTHbBIE
HazHaueHuss POC KOTOphIX MOTYT OBITh 3aTPOHYTHI;, BBIIOJHEHUE PACUETOB
[IapaMeTPOB BO3MOXKHBIX IIOMEX C INPUMEHEHHEM PEKOMEHJIAlUd M pEelIeHU
MEXIYHAPOJHBIX OpraHU3alMid CBS3H; BBIOJHEHHE NPOLEAYpPbl KOOPJIWHALIUH,
omnpenesieHHOW PeriiameHTOM pamuocBsizu, oOMeH pAaHHbIMU. [lyOnmukarus
pE3yJbTaTOB KOOPJAMHALIMM B UPKYJsipe bropo paguocsszu MCD.

Tema 9. Cucrema peryiupoBaHusi HCIOJIb30BaHusI crekTpa (1 yac.)

VYipaBineHue  HCNOJIB30BAHMEM  CIIEKTpA HAa HAIMOHAJIBHOM YPOBHE:
rOCyJapCTBEHHOE 3aKOHOAATENIbCTBO, ITOJIMTUYECKUE MPUHLMIIBI, PeriameHt
PaZAMOCBSI3U U IEPCIEKTUBHBIN IJ1aH UCIOJIb30BAHMS CIIEKTpA.

OCHOBHBIE JOKYMEHTBI, olpenesstonme nopsaok ynpasierus PUC Ha
HallMOHAIBHOM ypoBHE B Poccun: HauMoHanbHas TabauIa pacrpeesieHus 4acToT
(HTPY), pemienuss T'KPYu mnonoxkeHus o MOPsIKE paCCMOTPEHUS MaTepUaIOB,
IIPOBEICHUS IKCIIEPTU3bl U MPUHATHS pelmieHnss O  BBIAEJIEHUM  I0JIO0C
paguoyactoT i POC u BBICOKOYACTOTHBIX YCTPOUCTB U O MOPSIAKE MPOBEICHUS

9KCIICPTHU3bI, PACCMOTPCHHA MATCPHAIIOB WM IIPHHATHA PCHICHHUA O IIPHUCBOCHHUH
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(Ha3HAYEHUM) PAIMOYACTOT WUJIM PAJAMOYACTOTHBIX KaHanoB st POC B mpenenax
BBIJICJIEHHBIX MOJIOC PAIMOYACTOT.

B cooTBeTcTBMM C HOPMAaTHUBHBIMH IIPABOBBIMH JOKYMEHTAaMH BCEH
MOJIHOTOM  TIOJIHOMOYMUA B 00JIaCTMU  PEryJupOBaHUS  HUCIOJIb30BAHUS
PaMOYaCTOTHOTO CTEKTpa 00JagacT MEKBEIOMCTBEHHBIN KOJUICTHATBHBIA OpPTaH
no panuoyactoraM — l'ocyaapctBeHHass komuccus no paguodactoram (I'KPY),
co3nganHas IIpaBurensctBoM Poccuiickoit denepanuu. OObEKT peryaupoBaHus -
MOPSAZOK MCIOJIb30BAHUS PAIUOYACTOTHOTO CIEKTPa, PETyJISITOP 3TOro 00BEKTa —
['KPY.

PerynupoBaHue 1Cronb30BaHUs pagloyacTOTHOTO CIIEKTpa o0ecreunBaeTcs
MIPOBEICHUEM SKOHOMUYECKUX, OPTAHU3AIMOHHBIX U TEXHUYECKUX MEPONPUSITH,
CBSI3aHHBIX C KOHBEpPCHEH paauoyacToTHOro crekrpa. OueHka 3¢@(eKTUBHOCTU
WCIIOJIB30BaHUsl pagnovyacToTHOTO crnekrpa POC pa3mmyHOro Ha3HA4YeHHsS - HE
OCHOBHOM  (DaKTOp MNpPU PEIICHHH BOIPOCOB MCIOJIB30BAHMS PaIUOYaCTOTHOIO

CIIEKTpA.

Moayasb 2. TexHudeckue cnoco0bl MOBbIIIEHUA I(PPeKTUBHOCTH
Paznen Ill. TIporpammupyemoe paauo (5 gac.)
Tema 10. SDR-ycTpoiicTBa mporpammupyemoro paauo (1 gac.)
SDR (Software-Defined Radio) - riudpoBbie CHCTEMBI PaIHOCBS3H, B KOTOPBIX
3a/1ayu 00pabOTKK CHUrHaja PelarTcs B OCHOBHOM NPOrPAMMHBIMU CPEACTBAMMU.
Onpenenenne CHUCTEM PAAMOCBI3U C MPOrpaMMHpPyeMbIMHU mapamerpamu SDR

"

MexayHapoJIHOTO  COl03a  DJIEKTPOCBS3HU: Panuonepenatunk  w/miam
PAIUONIPUEMHHUK, HCIOIB3YIOMIMI TEXHOJIOTHIO, TO3BOJISIONIYI0O C TOMOIIBIO
MpOorpaMMHOr0  OOecCTieYeHUsT  yCTaHaBJIMBAaTh WM  HU3MEHATh  paboune
paaruovYacTOTHBIE TMapaMmeTpbl. Bkirouas, B 4acCTHOCTH, JWANa30H 4YacTOT, THII
MO/TYJISIIIUU UJIM BBIXOJIHYIO MOIIHOCTB'.

[TpeumymiectBo SDR-ycTpoiicTB — n00aBaeHNEe HOBBIX OMIMKA U IPOTOKOJIOB

C MOMOIIBIO MPOCTOM 3aMEHbl MPOrpaMMHOI0 obecrieueHus. B cooTBETCTBUM ¢
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Pernamentom PamuocBsizu cucrembl SDR u CRS He sBustorcs ciyxOamu
paauocBsizu, SDR u CRS u moryT paborars B paMkax Jt000i paguocityKObl.

[IpuMeHeHue mporpaMMHUPYEMOro Paauo JJIsi BOCHHBIX LeJed U JJis CIIy»KO
COTOBOM TesnePOHUU, 00CTY>KMBAaHUE MHOXKECTBO PAAUONPOTOKOIIOB, MEHSIOIIUXCS
B pealbHOM BpeMEeHHU. [ 'MOKOCTh yCTpOMCTB, Ha OJHOH MJjaTe MOXHO CO3AaTb
YCTPOHCTBO € TOIACPKKOW (U3MUECKUX YPOBHEH pa3IMYHBIX TMPOTOKOJIOB
oecnipoBoHoi cBsizu (WCDMA, WIMAX, TD-SCDMA).

SDR  amanthpyercss K CHEKTpy HOPOTOKOJOB, TaK 4YTO  MOTLYT
B3aMMOJICUCTBOBAaTh pasHble Mojaenu u cetu. [Ipumenenue SDR oGecrneunBaer
COOTBETCTBHUE IIOCTOSHHO Pa3BUBAIOLIMMCS CTaHAApTaM, CHUYKAET CTOUMOCTH
W3JIeJIUSI ¥ 3aTPaThl Ha €ro pa3paldoTKy.

Boennsiit mpoekt CIIIA, Ha3Bauubili SpeakEasy, ojHa 13 MepBbIX HHUAIUATHB
no SDR. Ilenas mpoekTa - HCIOJB30BAHUE MPOTPaMMUPYEMO OOpabOTKH s
AMYJISIMU 00Jiee IeCSITH CYHIECTBYIOMIMX BOEHHBIX CUCTEM PaJno, padOTaIOIMINX B
nuamazone ot 2 go 2000 MI'n. Co3nmaHue BO3MOXKHOCTH OBICTPOM pean3aluu
HOBBIX CTaHAAPTOB KOAUPOBAHUS U MOJYJISIITUU B Oy AYILIEM.

EBponeiickuit nunctutyT cranaaptusanuu (ETS]) mnanupyer pabory SDR Ha
Bcex dacrotax oT 9 xIm mo 300 ITu. SDR-ycrpoiicTBO cmoxker
MpUHUMATh/TIEpelaBaTh W MOJYJHMPOBATH/JEMOYIUPOBATh CUTHAI BO BCeEX
MOJIOCAX YaCTOT M BCEX PEXKUMAX MOMYJISLIHUH.

Tema 11. CxeMbl 1 KOMIIOHEHTHI POrPaAMMHPYEMOro paauo (2 Jac.)

Ncnonb3oBanue B nepBbix SDR-MIpueMHUKax BMECTO AEMOAYJISTOPA aHAJIOTO-
nudpoBoro mnpeoodpazosarens (ALID). Jdemomynsmus u 4yacTHUYHO (QUIBTpAIUs
curHajia B curHanbHoM mporeccope DSP (digital signal processor). CoBpemeHHBIC
Mukpocxembl ALl o0mamar0T JOCTATOYHBIM  OBICTPOJACHCTBHEM, UYTOOBI
npeo0pa30BbIBATh AHAJIOTOBBIA CUTHAII TPOMEKYTOYHOM YaCTOTHI B IU(PPOBOH KO/I.

[Iponieccopsr DSP ¢ MOIIHOM BBIYHMCIHUTENIBHOW CTPYKTYPOU PEATU3YyIOT
pa3nuYHbIC ATOPUTMBI 00pab0TKN WH(OPMAITMOHHBIX TOTOKOB. HeBbicokas 11eHa,
pa3BUTBIE CPEACTBA Pa3pabOTKU MPOrpaMMHOr0 00ECHeueHUs MO3BOJISIOT JETKO

BHCOPATH HOI[O6HBI€ CUCTCMEI I pCalIn3alli paJuOCXCM.
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[Ipuemnass dactb wMukpocxeMbl DSP CMX980A obGecrieunBaeT mnpuem
cuHdazHoi | u kBapaTypHOil Q COCTaBISAIOMIUX CUTHAJIOB U IPeoOpa3oBaHuE UX B
mudpoByo  popmy Mociie COOTBETCTBYIoWIeH  (unpTpanuu. Mukpocxema
COIECPKUT Bciomoratenbubie  ALTL, ITAII M TpPU KaHalla CBS3U C
nocienoBateabHbiM TTOpTOM PC. Yepe3 5TM KaHAbI MOTYT OBITH 3arpy’KEeHbI
KO3 GUIUEHTHI 4711 TUGPOBBIX (PUITBTPOB.

CrpykrypHas cxema coBpemeHHOro SDR-mpueMHuka. BxomHoll curHan
YCUJIUBACTCSl MAJIONIYMSIIUM YCUJIUTEIIEM U ICIUTCS Ha KOMIIOHEHTHI [ 1 Q myTem
CMEIIMBAHUSI C CHUTHAJIOM rerepoAauHa u3 cuHTe3atopa dactor B DAIIY, nns
MOJIYUYEHHUSI KBaIpaTypHO KOMIIOHEHTHI cMetaeTcst Ha 90°.

YacToTa reTepoiuHa MOACTpaNBAETCS MO YaCTOTY CUTHAsa, YTOOBI pa3HOCTh
BBIXO/THBIX CUTHAJIOB CMecUTeNel Oblila paBHA HYJIIO B OTCYTCTBUE MO AU, J{Jis
MOJyJIMPOBAHHOTO CUTHAJIa OHA PaBHA CUTHATy OCHOBHOM IMOJIOCHI MU UCXOTHOMY
MOJYJIMPOBAHHOMY CHUTHaly. ApXUTEKTypa TMpsSIMOro MNpeoOpa3oBaHUsl WIH
npeo0pa3oBaHus C HYJIEBOU MPOMEXYTOUHON YaCTOTOM.

B coBpemennsbIx nepenarunkax DSP-mMonynsTop pasgenser nepenaBacMble
naHHple Ha | m Q w mepemaer uX Ha MOBBIANIIMKN nMpeodpa3oBarens u [AIL
Curnan uibTpyeTcs U MOCTyNaeT B CMECHUTENb JJIS TMOBBIIIEHUS YaCTOTHI 10
YacTOThI TMepenaud. 3aTeM CUTHAJ MPOXOJMUT uYepe3 YCWIUTENb U TMOJAeTCs Ha
AHTCHHY.

[{udgpoBeIMU MeTOAAMU BBIMOJHSAIOTCS cleaytomuye QyHKuuu: GuiabTpanus
(HY, BY, monocoBbie u 3arpaxaatomue GuiabTpsl), moayisaius (AM, FM, PM,
FSKM, BPSK, QPSK, QAM, OFDM, np.), nemMoaynsius, BbBIpaBHUBAHUE, CKATHE
U BOCCTAHOBJICHME, aHaiMu3 crekTpa. CUrHajabHbIA Tporeccop OepeT Ha cels
OOJBIIYIO YacTh (PYHKIINI, KOTOPBIE PAHBIIIE BHIMOIHSIINCH B aHAJIOTOBBIX CXEMaX.

[IporpaMMHBIM METOJIOM HACTpaWBalOTCs pabodas YacTroTa, Iojoca
MPOMYCKaHUs, CKOPOCTh, KOJTUYECTBO HECYIIMX YaCTOT, THUIl MOAYJIALIMHU U JPYTUe
napameTpbl. HoBBIE mapameTpbl MO0 3arpykaroTCs C HOCUTENSl WM 1O

OecrpoBOAHOMY KaHally, JMOO BBOJATCA HANPSMYIO M JIPYTUMHU METOJaMHU.
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[TporpamMmMupyemMoe pajgno MOXKET 3aMEHUTh UX U padoTaTh Kak Ha OJHOH IOJOCe
4acTOT, TaK U HA HECKOJIBKUX OJTHOBPEMEHHO.
Tema 12. KomnbroTepHasi peajiu3anus NporpaMMUpyeMoro paauo (2 yac.)

Cucrema SDR moxer coctosth u3 1K ¢ ycrpoiictBamu BBoja-BbiBoaa (ALIIT
u LAII), mepen KOTOpeIMM BKIJIIOUYE€HbI HekoTopble PU-yctpoiictBa. Yacth
00paOOTKU CUTHAJIOB BBIMOJHAETCS Ha MpPOIECCOope OOIIero Ha3HAuYeHUs, a HE Ha
CHELMAJILHOM anmnapaTHoM o0ecriedeHnd. Takasi cxema O3BOJIIET PEealn30BbIBATH
pagNoOyCTPOMCTBA,  KOTOphlE MOTYT MPHUHHMATh M NEpeAaBaTh Pa3IN4HbIC
PaaroONPOTOKOJIIBI ITPU MTOMOIIY IPOTPAMMHOTO 00ECTICUEHMS.

[Tpuaiun SDR TexHOI0rNi - CIUsSHUE KOMIIBIOTEPA U paguoIepeaTuNKa WIIN
paauonpueMHuKka. PaHee pangMoCTaHUMU HMMENH HA0Op BCTPOECHHBIX (DYHKIIHA,
KOTOpbIE ObUIM OrpaHHMYeHbl oOopyaoBaHueM. SDR ucnonb3yer HECKOJIbKO
YPOBHEW NPOrpaMMHOro oOecleueHus Jis BBINOJHEHUS pa3JIMYHBIX 3a7ad
nonb3oBarens. Kak nmpasuiio, npumMensiembie SDR ycTpoiicTBa CTpOsATCS HA OCHOBE
CUTHaJIBHBIX NpoueccopoB DSP wnu nporpammupyemMeix matpunax FPGA.

[I1poKONOJOCHBIA NPUEMHHUK MPUHUMAET, HE paclIM(ppOBbIBas, JIOObIE
paanocurnanbl. CKOpOCTHON aHAIOro-LM(PPOBOM peodpa3oBaTelb KOHBEPTUPYET
UX B IMOTOK OMTOB, @ KOMIBIOTEP CO CHEUUATbHBIM MPOrPAMMHBIM O0ECIIEYEHUEM
OTNPEEISIET, YTO KE UMEHHO OBLIIO MPUHATO U TPeoOpa3yeT 3T OUTHI, HAPUMED, B
roJoc 4ejoBeKa Wi (OpMHUPYET CTPAHUILy HUHTEPHET.

OcHosable anemenTbl SDR — AIIIL LIAII u curnansaeie nponeccopsr DSP.
Yacrota BbIOOpKM NIpeoOpa3oBaTeisi MOCTOSHHO IOBBIIMIAETCS, MPEOIOJEB YKe
rurarepieBeii  pyoexx. Hampumep, mnpeobpaszoBarens ADCI2Dxx00RF Texas
Instruments umeetr wactoty BBIOOpPKH 10 3,6 mupa BbIO/C. IIpoieccop moikeH
ycreBaTh 00pabaThIBaTh TaHHBIC.

Yacto DSP peanuzytorca Ha Mmatpuniax FPGA. Takue ¢pyHkuuu kak ObicTpoe
npeoOpa3zoBanue Dypbe MOryT OBITH BBIIOJHEHBI C TOMOIIBI HUDPOBBIX
JIOTUYECKUX CXEM U JIeTKO peasn3yroTcsi Ha FPGA. [IockoabKy CTOMMOCTh MaTPHILIbI
MOCTOSIHHO CHMYKA€TCs, OHU MPUOOPETAIOT BCE OOJBIIYIO NMPHUBIEKATEIHLHOCTh B

Ka4CCTBC 3aMCHbI CUTHAJIBHBIM IIPpOLCCCOpPaM.
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Jpyroii BapuaHT — JIOTMYECKHUE DJIEMEHTHI C >KECTKUMHU COCIUHEHUSIMH,
KOTOpbIE MOKHO HMCIOJB30BaTh MJIs pealu3alud (QyHKIUH, HE TpeOyIomux
THOKOCTH TIPOTPAaMMHPOBAHUSI, TAKUX KaK MPOTOKOJIBI CBS3H. JIOTHUECKHE CXEeMbI
UMEIOT BBICOKOE OBICTPOACHCTBHME W Majloe MOTpeOJIeHHE, 3aHUMAIOT HEMHOTO
MecTa Ha KpucTtaie. Takue Jorndeckre OJOKM YacTO HA3bIBAIOT allapaTHBIMU
yckoputensamu. Hampumep, wmukpocxema TMS320TC6614. Ee crtpykTypa.
brox moruueckoro yckoputTens JENUTCS Ha TpU YacTH. B OonbiimMHCTBE

YCKOpUTENEH MePBOro YPOBHS UCHOJIBb3YIOTCS alropuTMbl DSP.

Pa3nen IV. KorantuBHoe pagno CRS (4 gac.)

Tema 13. ABTOMaTH4YecKas MepecTPoiKa 4acToThl (2 yac.)

BHeapenne TEXHOJIOTUH PAIMOCBS3U C MPOTPAMMHUPYEMBIMH IMApaMETPAMHU
Y UCIOJIb30BAHUEM KOTHUTHUBHOTO YIIPABJICHUSI - OJIUH U3 MOJX0JI0B 00eCTICUeHUs
3 PEKTUBHOTO HUCTHOIB30BAHUS PAMOYACTOTHOTO CHEKTPA, OCHOBAHHOTO HA €ro
JTUHAMUAYHOM YIIPaBJICHUU U THOKOM HCIIOJIb30BAHUU.

Cnenyromuii mar nocie SDR - co3nanue painoCTaHIMKU C UHTEJUICKTYaJIbHBIM
yIIpaBICHUEM, KOTOpasi aBTOMaTUYECKH CMOXET YCTAaHABIMBATH CBS3b B PEAJIbHOM
BpeMeHHU. [10X0/1 K MOCTPOEHUIO UHTEIIEKTYAJIbHBIX PAIUOCUCTEM, MOJTYUUBIINAN
Ha3BaHWE KOTHUTUBHOE PAJMO, SIBJISICTCS MEPEAOBOM TEXHOJIOTHUEH, TTO3BOJISIOLIEH
00eCIeyuTh PalMOHATFHOE UCTIONB30BAHUE PAIMOYACTOTHOTO CIIEKTpA.

KoruutuBHsI# 0JI0K 10KeH 00J1a1aTh clieaytomeid (PyHKIIMOHATbHOCTHIO:

Bo03MOXHOCTBIO Ha0II01aTh 3a OKpY KaroIeu paznocpenou;
aJanTUpPOBaTbCSl B O3TOW MOCTOSHHO M3MEHSIONICHCS cpeae;  MIAaHUPOBaTh
JEUCTBUS; peliaTh; 00y4aThCs; 1eHCTBOBATS.

PanuocBsizp mpemsiaraeT Bce OOMbINE YCITYT, HCIOJIB3YIOMIUX Pa3IUYHbIC
TEXHOJIOTUM U paauouHTEpdeichl. B TakoMm CIOXHOM paaHONpPOCTPAHCTBE
KOTHUTHUBHAsI CIIOCOOHOCTh TEPMHUHAJIA SBJISIETCS KJIFOYEBOW U MOXKET 00ECIeUuTh
ONTUMU3AIUIO UCIIOJIB30BAHUS PATUOPECYPCOB.

KoruuTuBHOE paguo MOKHO OMNPEAEUTh KaK TEXHOJOTHI0 OecHpOBOIHOMN

CBSI3M, KOTOpasi CIIOCOOHA aJanTUPOBATHCS K YCIOBUSM CPEIbl PacHpOCTpPaHEHUS
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CUTHaja C aBTOMAaTUYECKUM YNPABICHUEM HA OCHOBE W3MEPEHUH, CHIEJIaHHBIX
CaMUM PaJIMOyCTPOMCTBOM. YUUThIBas HHPOPMALMIO O PaTUONPOCTPAHCTBE,
KOTHUTUBHOE PaJd0 CMOXET TMEepeKIouaTbcss Ha Hauboyiee MOAXOAAIIYIO
TEXHOJIOTHUIO M YaCTOTY JUIsl MPEIOCTaBICHUS TpeOyeMOM yCIyTu.

CrangapT OeCIIpOBOHONM CBSI3U MOKET OTIMYATHCS B PA3HBIX CTpaHAX MHUPA.
C Takoil mpo0OseMoill KOTHUTUBHOE PAaJMO CIPABUTCS Toxke. Takas TEXHOJOTHs
MO3BOJIUT MOJIb30BATEII0 MOOMIIBHOTO YCTPOIMCTBA HE 33 TyMBIBaThCS O IMEPEXO/IE CO
CTaHJapTa Ha CTAHJAPT U CBSI3aHHOM C 3TUM HEOOXOAMMOCTBIO UMETh HECKOJIBKO
MOOHIIbHBIX YCTpOUCTB. KOTrHUTHMBHOE YyCTPOMCTBO MOJYYHUT AOCTYI K CBSI3H IO

Pa3IMYHBbIM CTaHAapTaM U UX PA3JIMYHBIM HATMOHAJIbHBIM BapHUAITUAM.

Tema 14. Texuuueckasi peaju3anusi KOTHUTUBHOTO paauo (2 yac.)

Omnpenenenue cucteM KOrHUTUBHOTO paano CRS paboueii rpynnsl 1B MCO-
R. "Cucrema xoruutuBHoro paauo (CRS): Pagmocucrema, wucnosb3yromas
TE€XHOJIOTHIO, TO3BOJISIIOLIYI0 3TOM CUCTEME IOJy4YaTh 3HAHUS O CBOEHM cpelie
AKCIUTyaTalK U reorpauyeckoi cpesie, 00 yCTaHOBUBIIMXCS MPAaBUIaX U O CBOEM
BHYTPEHHEM COCTOSIHUM;, AWHAMHYECKA M ABTOHOMHO KOPPEKTUPOBATh CBOU
AKCIUTYaTallMOHHBIE MapaMeTpbl U MPOTOKOJIbI, COTJIACHO MOJYYEHHBIM 3HAHUSIM,
JUISL NOCTHPKEHHUS 3apaHee MOCTABICHHBIX 1EIeH; U YUYUTHCSI Ha OCHOBE MOJTyYEHHBIX
pe3yabTaTroB'.

KorHutuBHbBIE pPagUMOCTaHIIMU JOJKHBI HUMETh BCTPOCHHBIE CHUCTEMbI IS
aBTOMAaTHYECKOTO MOHHMTOpPUHIa OKpy:karomien cpenbl. CucteMa MOHHUTOPUHIA
OLICHUBAET, B MEPBYIO OYEPEAb, AaHAIU3 IPUMEHEHUS CPEJICTB PAAUOIIICKTPOHHOTO
MOJABJICHUsI, COCTOSIHUE KaHalla CBSI3M, HA OCHOBE YEro MPUHUMAETCS pPEelIeHUuEe O
JaydiieM crocobe skcruryataiui. OHM CMOTYT BBIOMpaTh MEHEE 3arpy>KeHHbIC
y4aCTKM Juaria3oHa, BHIOMpATh HAWIYUIIME CXEMbl MOAYJSLIUM W KOJAUPOBAHUS
CUTHaja u T.J1.

OYHKINY KOTHUTUBHOTO PaJIHO:

- OCYIIECTBJICHHC MOHHMTOPHMHIra crekTpa (Spectrum sensing) ¢ Ienbio

O6Hapy}KGHI/I${ HCUCIIOJIb3YCMBIX B I[ElHHI)IfI MOMCHT BpPCMCHH JHAIIa30HOB
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paauoyacTtoT (CHEKTpaldbHBIX [IbIp) TMEPBUYHBIMU IOJb30BATENIsIMU, T. €.
MOJIb30BATEIISIMU, 3aKPEIJIEHHBIMU 32 IaHHBIM IHANa30HOM;

- BBINOJIHEHUE aHajdu3a MapamMeTpoB paJvoKaHala, OIEHKA KaHAJIbHOU
uH(dOopMaIuK, NpecKa3aHue COCTOSHUS paJloKaHaa;

- OCYIIECTBIICHUE B PEKUME PEATHLHOTO BPEMEHU TMHAMUYECKOTO YIIPABIICHUS
CIIEKTPOM, C KOPPEKIHEH 3HAUEHUI CBOUX OMEPAIMOHHBIX MapaMeTpoB (Hecymiei
4acTOThI, BUIa MOJTYJIALIMH, U3Iy4aeMOM MOITHOCTH);

- PEIOCTABIICHHE BTOPUYHBIM TOJIH30BATENSIM (HE 3aKPETVICHHBIM 32 JAHHBIM
YaCTOTHBIM JIMAlla30HOM) BO3MOKHOCTH MCIIOJB30BATh AMANa30Hbl MEPBUYHBIX
MOJI30BATENIC HA BpEMS, B TEUEHUE KOTOPOTO IaHHBIN JUANa30H HE UCIOJIb3YETCS
MIEPBUYHBIM IOJIH30BaTEIIEM.

CucteMy KOTHUTHUBHOTO Pagu0 MOKHO OpPTraHHU30BaTh CIICIYIOIIMMHU JBYMS
criocobamu:

* C WCHOJIb30BaHMEM 0a3bl JaHHBIX, cojepxkaiiedl uHpopmanu 00
OKPYAIOIIEeM PaJHOIIPOCTPAHCTBE (HAITPUMED, O TEXHOJIOTHSIX PAIUOIOCTYTIA);

* ¢ UCTIOJIb30BaHUeM KoHTpoJibHOTo KaHana (Cognitive Pilot Channel, CPC).

KoHuenus ucnoiab30Banus 0a3bl JaHHBIX MOKET IPUMEHSITHCSA JUIsl pa0OTHI B
«OenbIX MATHAX» (HE3aHATHIX UM YACTUYHO 3aHATHIX M0JIOCAX YaCTOT).

B Hacrosiee BpeMs BONPOCHl pa3pabOTKU MCCIENOBAHUSI AJTOPUTMOB,
MpEAHA3HAYEHHBIX JUJISi MUCIIOJb30BAaHUSI B CHUCTEMAxX KOTHUTUBHOTO PaJIHoO,
HAXOJISITCS B CTAIMM UCCIICIOBaHUS.

PaboTsl 0 n3yueHuto mporpaMMupyemMoro paano SDR v KOTHUTUBHOTO paiio
CRS npoBoaunnch 1 mpoBOAATCS B MexXTyHAPOIHOM COKO3€ DJIEKTPOCBSI3H.

Hccnenosanns mo tematuke Cognitive Radio u Software Defined Radio
BEIyTCS B Psijie MEXKIyHApOJHBIX U HanumoHabHbIX HHCTUTYTOB: IEEE (CIIA),
Communication Research Centre (Kanama), National Institute of Information and
Communications Technology (Slmonus), Radio Communications Agency

(Hunepnannsr).
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II.  CTPYKTYPA U COJEPXAHME NPAKTUYECKOM
YACTHU KYPCA (36 gac.)
HpaxkTnyeckue 3anaTus (36 yac.)
3anstue 1. IMoakmouenune pagno USRP-2920 k JokanabHoii ceTH (4 vac.)

Amnmnapatypa moayist USRP o6pamaercs k ynpasistomemy 1K no jgokanbHOM
IOZACETH, MCIONb3ysa noctosiHHble [P anmpeca. Xora muorme coBpemennble [IK
BKJIIOYAIOT BCTPOEHHBIN ceTeBoit nuTepdetic Gigabit, NI pexomeHayeT yCTaHOBUTD
cereByto kapty Gigabit Ethernet mns kaxmoro IIK w HacTtpouth ee s
UCIOJB30BaHUsl ¢ ammapatHeiM — obopyaoBanuem USRP. 3to mo3Bonut
NOAJACPKUBATh OTHEHbHbIE ceTeBble noakatoueHus I[IK k sokanbHON ceTu
YHHUBEPCUTETCKOTO Topojika, IHTepHeTy, u T.1.

CereBomy amantepy ympasistomero [IK u xaxaomy USRP nHeob6xomumo
Ha3HAYUTh YHUKaIbHbIN mocTosiHHbIA [P aapec. [lpaiiBep NI-USRP Bxmtouaer
Yrunuty HacTtpoiiky, mo3BOJSIONIy0 ycTaHOBUTH [P aapec mns anmapaTHOrO
obopynoBanusi USRP. O6parurecy k PykoBoactBy «llpuctynas x PabGore» mis
JIonoJaHuTeNbHOW MH(popmanuu no Hactpoirike [P agpecoB USRP u cereBoro
agantepa ynpasisitoiero [1K.

[Togkmrouenne paauomonyist USRP 2920 k kommbroTepy, NpHCBaWBaHUE
moxnyiiro IP ampeca. O3HakOMIIEHHE € 3allyCKOM paJuOIPUEMHMKA, n3ydeHue FM
npuema. 3amyck Module Tool Kit (Progr. Files-National Instruments-LabVIEW-
example-instr.- niUSRP - Module tool kit). ITouck paguocraniuii BiaauBocToka B
nuarmazone 70-110 MI.

3anuch mapaMeTpoB pamuonpuemMa B Gdalm  ans  KOKIO0M NPUHATON
pagroCTaHIMK. AHAIU3 YPOBHS MPUHUMAEMOTO CUTHAJIA U Ka4€CTBO 3By4YaHUs PU
yacrote auckperusanuu 200 kS/sec, neBuanuu gactots! 30 kI,

3anuch OCHWUIOTPAMM CIEKTpa MPUHSITHIX PAJTAONPUEMHUKOM CUTHAJIOB B
(aiis 1 KaKI0H TPUHATON paguoCTaHIUH.

AHali3 BIMSHUS TIOJIOCHI MPOITYCKaHUsI Ha KadeCTBO 3BYKOBOI'O CHUTHAJIA
panuoctanuuu. OnpeaeaeHne MUHUMAIbHOW MOJIOCH TPOMYCKaHUsl, MPU KOTOPOH

BO3MOKHO IIPOCITYIIHMBAHHUEC 3BYKOBOI'O CUTI'HAJIa IIPUCMHHUKA.
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AHanu3 paboThl OTAENbHBIX OJOKOB pagUONpPUEMHUKA, COCTaBJICHHOW B
LabVIEW.

3ansatue 2. @opmupoBanue u usmepenne BU curnasos B LabVIEW c
nomoibio paguomonyist NI-USRP 2920 (4 gac.)

[Toxkirouenue reHeparopa u ocumuiorpada B cpene LabVIEW. M3menenue
Y4acTOThI TeHEpaTOpa U U3MEPEHNE YaCTOTHI C MOMOIIBI0 ocruIorpada.

3amyck mporpammbl  LabVIEW. OtkpeiTHe O510K-TuarpaMMbl  COOpaHHOM
cxembl Show Block Diagram depe3 Briagky Window. Jlinsg moOAKIIOYCHUS
ociorpaga HeoOX0IMMO MPaBOX KHOMKOW MBIIIHA OTKPBITh OKHO ocliiiiiorpada
Controls-Graph-Waveform Graph.

JI7isl OAKITIOYCHHST TeHepaTopa MpaBoil KHOMKOW MBIIIU OTKPBITH Function-
Waveform-Analog Waveform-Generation-Basic FuncGeneration. B okune Block
Diagram neoOxomumo 0604HO coOpaTh mepemartyuk. Yepe3 manens Functions-
Instrument-NI-USRP-TX. Heo0xomumo moacoenuuuts Bce 4 Omoka B TX
(Open+Conf+Write+Close). 111 cOopku CXeMbI HCIIOJIB30BATh ITUKIL.

Open Tx Session WHUINHATH3UPYET CECCHUI0 TepelaTynKa, TEeHEePHPYeT
UJCHTU(UKATOP CECCHUM M KJacTep OMMOOK, KOTOphIE MepeAaroTcsi 4epe3 Bce
yeTbipe QyHkuuu. [Ipu ucnosb3oBaHUM 3TON (YHKIIMHU HEOOXOIUMO J00ABUTH
DIIEMEHT ynpaBieHus “device names” (MMeHa yCTPOHCTRB), MOCPEICTBOM KOTOPOTO
coobmraercs LabVIEW IP agpec wiu ums pecypca USRP.

Configure Signal - ucnone3yercs 11 3anaHus 3HaueHuit mapamerpoB USRP.
[ToaxroueHne YeThIpeX JIEMEHTOB YNPABIEHUS U TPEX UHIUKATOPOB K (PYHKIIUU
(Create-Control).

VYcranoBuTh napamerpsl nepenaruuka: Yacrora 1Q paBna 200 kOTcuetos/c
(HaMeHbIIIee BO3MOXKHOE 3HAa4YeHUE), Hecymas uactota paBHa 915.1 M,
kodpdunmenT ycunenus pasedn 0 ab. B kadecTBe akTMBHON aHTEHHBI YCTAaHOBUTH
TX1.

Kak mpaBuio, peaibHble 3HAUYEHUS TMapaMeTpoB OyAyT COBIAIaTh C

3aJaHHbIMH, OJHAKO €CJIM 3HAa4YCHUA OJHOIO MM HCCKOJBKHX 3aJaHHBbIX
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napaMeTpoB JiexkaT 3a npeaenamMu Bo3moxkHoctedt USRP, Bmecto coobmienus o0
omuOKe OyieT BRIOpaHOo OJIMKaiiIiee T0IMyCcTUMOE 3HaUCHHE TTapaMeTpa.

Write Tx Data 3anuceiBaet moayupytonmid (baseband) curaam 8 USRP mis
nepenaun. [lomemenue 3toil ¢yHkumu B muki While mo3BoiseT HMUKINYECKH
MOCHIJIATh OJIOK OTCUETOB MOYJIMPYIOIIETO CUTHAJIA, TIOKA HE OY/IeT Ha)KaTa KHOIIKA
"stop". Hukn while 3anporpaMMupoBaH Ha OCTaHOBKY ITpH 00OHAPYKEHUHU OIIHOKH.

3ansitue 3. OcHOBBI mporpammupoBanus B LabVIEW (4 gac.)
O3HaKOMIICHHE ¢ YYCOHBIMU ITOCOOMSIMU JJI M3yUCHUSI OCHOB ITPOTPaAaMMHUPOBAHUS
“BacunbeB_OcHoBbl niporpammupoBanust LabView.pdf”, “KiumentseB OcCHOBBI
LabView.pdf”, “MuxeeB_Yuebnsiii kypc LabVIEW .pdf”.

[Ipourenue npaswmi nporpammuposanus B LabVIEW B mocobun “BacwmiibeB A.C.,
JlammanoB O.FO. OcHoBbl nporpammupoBanusi B cpene LabVIEW. — CII6:
Yuusepcurer UTMO, 2015. — 82 ¢.”

BrImmonHeHNE HECKOJIBKUX TTPUMEPOB ITPOTPAMMHUPOBAHUS M3 YKa3aHHBIX TPEX
UCTOYHUKOB. BBITIOJIHEHNE MPUMEPOB MporpaMMupoBanus u3 (daiiaa LabVIEW
Intro (RUS).pdf (“UccnenoBanue Qu3N4ecKoro ypoBHS C HCIOJIb30BAaHUEM
nporpamMmmupyemoro npuemornepenaruuka NI USRP”),  daiin HaxomuTcs Ha
KOMITBIOTEPE MPEIO1aBaTEs.

Brmonnenne npumepa mnporpammupoBanus ‘3.1 CoznmaHume ycTpouCcTBa
TeHEpUPOBAHUS OCHOBHBIX CHUHYCOMJAIBHBIX MMITyJIbcoB BU” u3 daiina DWC-
USRP - Manual for Student.pdf. cnonszyembie BupTyanbHbie mpuoops (BIT):
USRP, USRP_ArbGen, USRP_Spectral Monitoring.

dopMupoBaHUE B TIEPEIaTUNKE MACCUBOB YHCEI, TIEpe/iaya UX B MPUEMHUK:

- YUCJIOBas TOCIIEA0BATEIBHOCTD 3aJ]aHa CITy4YaitHO
- YUCJIOBAas MOCIIE0BATEIBHOCTD 3a/1a€TCS BPYUHYIO.

JIsi mepenadv MacCMBa YHCEN HWCIOJB3YETCS  TOTOBBIM TIEPENaTUYHMK C
npuMeneHueM 4QAM wmonynsuuu. B BbIOpaHHBIM TepeaTUMK YyKE€ BCTPOEH
TeHEPaTOP YHCIIOBBIX TOCIEIOBATEIBHOCTEH, OH (POPMUPYET MX CIIy4alHO, IS
TOro 4YTOOBl HWJACHTUPHUIIMPOBATH €€ HEOOXOAUMO TMOJAKIIOYUTh WHIUKATOP

(modulated bitstream) k sTomy reHepaTopy.
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3ansitue 4. JlerekrupoBanue curuajos B LabVIEW (4 gac.)

DJeMeHThl aMIUTUTYJHOTO JETEeKTOpa, YCTaHAaBIMBacMble Ha OJIOK-CXeMme
BUpTyajabHOro mpuodopa B LabVIEW: ymHoXeHue Ha -1 mpu OTpUIIATCIBHBIX
HaIPSHKCHUSX CHTHAJA Ha BXOJE JAeTeKTopa, GpribTp YeOblneBa HIDKHUX YacTOT,
JUTSL  CTJIQKWBAHUS TYJIbCAIMA CUTHAJIA, THKOBBIM BOJBTMETp I (PuKcammu
aMIUTUTYIHBIX 3HAUYEHUW 3a MEPUOJi CUTHaJIA, KOMIapaTop Uisi (pOpMUpPOBAHUS
JUCKPETHOTO CHTHajda. BBIXOJHOW CHTHan KoOMIapaTopa COICPKUT JIBa
JIUCKPETHBIX YPOBHS JIOTUYECKOTO HYJIS ¥ JIOTUUECKOU €TUHUIIBI.

Hacrpoiiky coOpaHHO# cXeMbl HEOOXOAMMO BBITIOJHUTH IPU CUHYCOUIATEHOM
BXOJTHOM CHUTHAJIE JIETEKTOpA.

OnemeHTsl  (Pa30BOro  J€TEKTOpa, yCTaHaBIMBaeMble Ha OJIOK-cxeMme
BUpTYyasbHOTO prbdopa B LabVIEW: ymMHOXeHHe Ha CUTHAJ OTIOPHOTO TeHEPaTopa,
buneTp YeOblmeBa HWKHUX YacTOT, IS CTAQKHWBAHUSA TYJIbCAllUA CHUTHANA,
MUKOBBINA BOJILTMETP JJIsi PUKCAIIMK aMIUTUTYIHBIX 3HAUEHUN 3a TIEPHO/] CUTHAA,
KoMITapaTop i (OPMHPOBAHUS JUCKPETHOTO CHTHaja. BBIXOMHOW CHTHAI
KOMITapaTopa COJIEPKUT JIBAa JUCKPETHBIX YPOBHS JJOTHYECKOTO HYJISI U JIOTUYECKON
CTMHHUIIBI.

DneMeHThl YacTOTHOTO [ETeKTOpa, YCTaHaBIMBaeMble Ha OJOK-cxeme
BUpTyasnpHoro npudopa B LabVIEW: ymHOXEHHE Ha CHTHaJIbI JBYX OIMOPHBIX
reHeparopoB, GuabTp YeOblmeBa HUKHUX YacTOT, JJIS CTIIQKUBAHUS ITyJIbCAIlUN
CUTHAJIA, MTUKOBBIN BOJBTMETP JUIs (PUKCAIMK aMIUTMTYHBIX 3HAYEHUH 3a MEeproj
CUTHAJIa, KOMIaparop s (OpMUPOBAHUS UCKPETHOTO cuUTrHaia. BbIXoaHOM
CUTHAJI KOMIIapaTopa COACPKUT JIBa JUCKPETHBIX YPOBHS JIOTHYECKOTO HYIS U
JIOTUYECKON €IUHUIBI.

3ansrtue 5. [IporpammupoBanne reHepaTopa Hecyleil 4acToThl B cpeje

LabVIEW (4 gac.)
3amyck mporpammbl LabVIEW. Cosnmanre HoBoro (haiiia u coXpaHEHHE €To
B paboueil marmke. CocTaBneHne CXeMbI, COCTOSIIEH U3 TeHepaTopa

CUHYCOUJATBHBIX KOJICOAHW U MOJKIIOUYEHHOTO K HeMmy ociuniorpada. B 0mok-
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ararpamMMe HeoOX0IMMO HCIIOIh30BaTh ANIEMEHTHI manuTpbl Functions — Waveform
— Analog Wfm — Generation mjis co3manus reHeparopa u Functions — Waveform —
Analog Wfm — Measurements mutst coznanwust ocrmniorpada.

Y cTaHOBKa 4aCTOThI TeHEpaTopa BbICOKOYacTOTHOTO curHaia Fren = 900 MI'y
U u3MepeHue ee ocuuwuiorpapom. HYacToTy KBaHTOBaHUS TOYEK CHUHYcOUAB FS
HeoOXoauMo moaoOpate u3 ycinoBus FS >> Fren. PerynupoBka YacTOThI
KkBaHTOBaHus FS BeimosHseTcs 6aokom Sampling info.

COopka cxembl nepeaTyrka I X Ha OJHOM KOMIIBIOTEPE U CXEMbI IPHUEMHHUKA
RX Ha japyrom KOMIbIOTEpPE U3 PYKOBOACTBa Ui cTyAeHTOB “Lludposas
OecripoBogHast cBs3b. Jlabopartopust uccieqoBaHHUS (PU3UYECKOTO YPOBHS C
ucrnonb3zoBanueM Mmiatgopmel NI USRP. PykoBoactBo mno maboparopHoMy
OPAKTUKYMY JJIsl CTyZEeHTa.” PyKOBOJCTBO COCTaBJIEHO KaK Ha PyCCKOM SI3bIKE, TaK
¥ Ha aHTJIHKACKOM B ¢aitnax nokymenTtammu DWC-USRP.

VYcraHoBka 4acTtoTel reHeparopa mnepematuuka 900 MI'm um u3smepenune
ocuusuiorpadoM NpUHATHIA CUTHAJ B IPUEMHUKE HEMOIYJIMPOBAaHHOM Hecylieil. B
NPUEMHUKE JOJDKEH TPUHUMATHCS CHUTHAJI TPU BKIIOYCHHOM TE€HEpaTope
nepenaTuvka. BbIKiloueHHe reHeparopa nepeiaTryuka JODKHO CBECTH K HYJIO
NPUHATHIA curHan RX.

3ansiTue 6. Moaeau pacnpocTpaHeHusi paanocuruaia (4 gac.)

HccnenoBaTenssMu BBIACIAIOTCS TPU TPyNINbl Mojenel (MeToioB) pacuera
30HBI  TOKPBITUA  PAAMOCETH :  CTAaTUCTHYECKWE, JICTEPMUHUPOBAHHBIE,
KBa3U1ETEPMUHUPOBAHHBIE.

K cratucruueckum merogam pacuera oTHocATcs monenu Okamypa-Xara,
COST 231, VYondum-Ukeramu u mnp. B ux ocHoBe nexar 0000IIEHHbBIE
CTaTUCTUYECKUE (OpPMYJIbl 3aTyXaHHMsl paAAMOCUTHAJIA B PA3JIMYHBIX THUIAX
3aCTpOiKu (ropojckasi, IPUTOpOIHasi, ceibckas). TOYHOCTh pacyera 3aBUCHT OT
TIIATETFHOTO TIO00pa IMIUPUIECKUX KOIPPHUITMEHTOB, OCHOBAHHOTO Ha aHAIIN3e
KapT MECTHOCTH. B HacTosAmMiA MOMEHT OOJIBIITMHCTBO OIEPATOPOB COTOBOM CBSI3U
UCTIONB3YET ISl TJIAHUPOBAHUSI CETe MPOrpaMMHBIE MPOIYKThI, OCHOBAaHHBIC

HMCHHO Ha 3JTHX MOJACIIX, OJHAKO HCCOBCPHICHCTBO KOMIIBIOTCPHBIX KapT
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MECTHOCTU M YCpPEAHEHHbIE KO3((ULIMEHTHl NPUBOAAT K JOCTATOYHO OOJIBIION
omnoOke. K unciny AOCTOMHCTB JAaHHBIX MOJENEW MOYKHO OTHECTU CPAaBHUTEIIBHO
HEOOJIBIIIOE BPEMsI pacueTa.

JIeTEepMUHUPOBAHHBIE METOJBl pacyeTra 30H IOKPBITUS OCHOBaHbl Ha
UCIIOJIb30BaHUU (PU3MYECKUX MOJEIEH paclpoCTpaHEHUs paguoBOJH. B Hux
YUUTBHIBAIOTCS OCJIa0JIeHHe B CBOOOJHOM MPOCTPAHCTBE, OTPAKEHHE OT MECTHBIX
O0BEKTOB, JUpPAKIUs HAa  MPENSATCTBUSX, IMOMVIOIICHHWE, MPEIOMIICHHUE
DJIEKTPOMArHUTHBIX BOJIH. Pacyer OCHOBaH Ha MHOTOJYYE€BOW MOJEIU
pacrpocTpaHeHus paaroBoiH. [110coM JaHHON TEXHOJIOTUH SBIISIETCA JOCTATOYHO
BBICOKAsl TOYHOCTH pacyera. Ha TmpakTUKe AETEPMUHUPOBAHHBIA METOJ
IIPAKTUYECKNA HE IPUMEHSETCS, T.K. B YCIOBHUAX TOPOACKON 3aCTPOUKH CO CIOKHOU
APXUTEKTYPOM pacueT IOKPBITHA 3aHUMAcT OTPOMHOE KOJIUYECTBO BPEMEHU,
CONIOCTABMMOE CO BPEMEHEM pa3BEPTHIBAHUSA CETHU. OTO BBI3BAHO HE TOJIBKO
BBIYMCIUTEIBHBIMA 3aTpaTaMyd Ha pPacyeT MHOTOJYYEBOTO PACHpPOCTPAHEHUS
PaZMOBOJIH, HO U HEOOXOAMMOCTBIO TOYHOTO MOJIEIUPOBAHUS TOPOACKON CPEIbI C
YYETOM apXUTEKTYPHBIX OCOOEHHOCTEM, MaTEpUAIOB CTPOCHUI, YTO PAKTUUECKU
HEBO3MOKHO B MacIlITabax KPyIMHOTO HACEJIEHHOIO TyHKTA.

KBazunerepmMruHUpOBaHHBIM METOJ OTJIMYAETCS CIEIYIOLIUMHU
OCOOEHHOCTSIMU:  MPUMEHSETCA  MHOTOJIy4eBass MOJENb  PaciHpoCTpaHEHUs
panvoBOJIH,  TPEJIOMJIEHHE  3aMEHseTcs  OcjalOJeHHeM;  HCIOJIb3YIOTCA
CpellHECTaTUCTUYECKHE KOA(P(UIMEHTBl OTPAKEHUSI MJIA KaXJOoro JuanazoHa
4acTOT;  IIOIVIOLEHHWE  PACCUMTBIBACTCA C  Y4E€TOM JUIMHBI Jly4a B
CTpOCHMHM/JIECY/IIapKe;  MCIONb3YeTCs  aJalnTHBHBIA  alrOpUTM  pacuera,
YUYUTBHIBAIOIIMM Pa3JIMUHbIE HANPABICHUS NMPUX0Ja NPSIMOM U OTPaKEHHOW BOJIH;
CYILIECTBYET BO3MOKHOCTb yd€Ta JMAarpaMM HAIPaBICHHOCTH KaXIOW aHTEHHBI.
JlanHast MoJieb uMeeT OOMBIIYI0 TOYHOCTh MO CPAaBHEHUIO CO CTATUCTUYECKUMU
METO/IaMH, OHAKO BBIUMUCIUTENbHBIE 3aTPAThl TOpa3a0 OoJIbIIE.

B nmokymenranmu mno LTE mnpemycmarpuBaercss HWCHONB30BaHUE IS
MOJEIUPOBaHUs 3 CIEHAPUEB PACHPOCTPAHECHHS PAJUOBOJIH, B 3aBUCUMOCTH OT

paccTostHui Mex 1y 6a30BeiME cTaHiusMU (BC) u apyrux ycioBuii:
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. IPUTOPOHAS MAKPOCOTa (OpUEHTUPOBOUHOE paccTosinue Mexay bC 3km);

. ropojickasi MakpocoTa (OpueHTUpOoBOUHOE pacctosinue Mexay bC 3km);
. rOpoJicKasi MUKpOcOTa (OpPUEHTUPOBOYHOE paccTosiHne Mexay bC Menee
1xMm).

JIns  KaxIoro M3 CLHEHApueB HEOOXOIMMO HCIIOJIb30BaThb CBOM  MOJEIU
pPacIpOCTPaHEHUS PAJUOBOJIH B IIPOCTPAHCTBE:
3ansitue 7. CrieKTpbI M MIMPHUHA MOJI0CHI H3Jy4YeHuii (4 yac.)

[Tomoca wactor Af, KoTOopas OTBOJUTCS OTACIBHOMY KaHaly CBSI3H,
ABJIIETCSI OJJHUM W3 OCHOBHBIX IIapaMETPOB B cuUcTeME CBA3U. C yMEHbIIEHHUEM
II0JIOCHI YACTOT YBEJINYUBACTCSA KOJIMYECTBO KAHAJIOB CBSI3U B BBIJICJICHHOM y4acTKe
cnektpa AF,  ciemoBaTrenbHO, W KOJUYECTBO OJHOBPEMEHHO pPaOOTaIOLIUX
noJib30Bareseil B ceTu. D(PPEeKTUBHOCTD HCIOJIb30BAHUS PAJUOCIEKTPA COTOBOM
CBS3M OLICHMBAETCA IO KOJMYECTBY AOOHEHTOB, KOTOPOE€ MOXKET OBITh
O0OCITy’)KEHO Ha TEpPUTOPUU JACHCTBUS PAJAMOCETH B NpPEAeNax BbIJIECIECHHOIO
4aCTOTHOI'O AUAIa3oHa.

VYMeHbIIEHUE MOJIOCH YacTOT MOAYJIUPOBAHHOrO curHana Af mpuBoaut k
YMEHBILIEHUIO CKOPOCTH nepeaaun uHpopmanuu. [loaromy Hapsiny ¢ pumbTpamu,
OTPaHWYMBAIOIIAMM ITIOJIOCY YacTOT MOJYJIMPOBAHHOIO CHUTHANIA, IPUMEHSIOT
MHOTOYPOBHEBYIO MOIYJISALMIO. B pe3ynbraTe coxpaHseTrcs CKOpPOCTh Iepenadu
uHbopMalMu  JuUis  Tepefauyd  HHU3KOCKOPOCTHBIX JAaHHBIX, HO BO3pacTaer
BEPOSITHOCTh OIMMOOK Nocie 00pabOTKH BBICOKOYACTOTHOTO CHTHAja B MPUEMHOM
TpakKTe.

UpesMmepHOE yMEHBIIEHHUE IOJ0CHI 4acTOT KaHajla 0 BEJIMYWMHBI MEHBIIEH
ONTUMAJIBHOTO 3HAYEHUS MPUBOAUT K HEIONMYCTHMOMY HCKAKEHHIO (DOpMBI
IIPUHATOIO  CUTH&JA B BBICOKOYACTOTHOM  TPaKTe€, CHWXEHHUIO  €ro
MOMEXO3AIIUIIEHHOCTH U YBEIMUYECHUIO KOJIMYECTBA HEMPABUIBLHO MPUHATHIX OUT B
MPUEMHUKE C HU(PPOBBIM KaHAJIOM CBSI3H.

OneHka criekTpa Ha OCHOBE CPAaBHEHHUSI BHEIIOJIOCHOM M3JIy4aeMOW MOIIHOCTH
U HeoOXxoaumoil mosockl. [IyHKTHpHOW JNWHUENH TOKa3aH PACUETHBIN CHEKTP C

mUpUHON BN, onTUMAaNIbHOM /1711 KOHKPETHOTO KJIacca U3IyUYEHHUs] — aMILTUTYAHOM,
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4acCTOTHOW Wi (pa3oBOM MaHMMYJIAIIMHU, OJTHOIIOJIOCHON C MOJAaBICHHOW HeCylen
WJIM JIBYXITIOJIOCHOM.

CrtomrHoW JMHHMEW UW300paXeH CHEKTp, (OPMHUPYEMBIH MEpelIaTIMKOM,
KOTOPBIN YK€ ONTUMAaJIbHOIO CHEKTpa. Ero BHEMOJIOCHBIN CIIEKTP CJEBa U CHpaBa
OT ToJockl Bn MeHbIe 3aMaHHON OTHOCHUTENBHON BENWYWHBI [3. MOUTHOCTH
BHEMOJIOCHOTO  M3Jy4YeHUs] paBHAa CyMM€ 3allTPUXOBAHHBIX  IUIOLIAJEH
CIIEKTPaJbHOM TIJIOTHOCTH, PACMHOJIOKEHHBIX CJI€EBAa M CIpaBa OT OCHOBHOM
3aHHUMAaeMOM I0JIOCHI Bn.

PexoMeHyeMOl OTHOCUTEIBHOW BEJIMYMHON MOIIHOCTH SIBJISIETCS YPOBEHD
=0,01. 310 o3Hauaer, 4To 99% MOIIMHOCTH H3JIy4YaeMOro CHTHaJla HaXOJHUTCS B
OCHOBHOW moJioce, ¥ 1% MOIIHOCTH MPUXOAUTCS HA BHEMOJOCHOE n3nydeHue. [lo
0,5%, T.e. B/2, cneBa u cmpaBa OT OCHOBHOM mosockl Bn. [IpuBeneHnsiii BapuaHT
MTOKa3bIBAET, YTO BHEMOJIOCHOE M3IyYEHHUE COCTABIIIET MEHEE PEKOMEHIYEMOTO
ypoBHs 1% mpu B=0,01. HecMoTps Ha TO, 4TO YpOBE€Hb MOOOYHBIX H3ITy4YEHUU
CHU3WJICS, CHUTHaJ] Ha IPUEMHOM CTOpOHE OyJIeT NMPUHUMATHCS C OOJIBIIMMHU
HMCKaXEHUSAMH, KauyecTBO Mpuema HejoctaTtouHoe. [lojmoca BbiOpaHa MeEHbIIE
HE0OXO0IMMOI'0 3HAYCHUS.

Brinenenue mupuHBI MOJIOCHI CBEPX ONTUMAILHON BEIMYMHBI YMEHBIIIAET
OTHOIIEHHUE TOJIE3HOTO CUTHAJa K MOMEXE, YTO TAKKE CHUKAET JOCTOBEPHOCTH
npuHATOM HH(pOpMaruu. B 3TOM ciydae MOpOLEHT IMOMEX BO3pacTaeT H3-3a
YBEJIMUEHUSI TIOJOCHl YacTOT, BBIACICHHOW TMepeNaTyuKy M MPUEMHHUKY s
OTJEJIBHO B3ITOTO KaHaja CBA3: Af.

Pacder u BbIOOp onTHMAaIBLHOM MOJOCH YaCTOT Bn 3aBUCHUT HE TOJBKO OT BHUIA
MaHHUMYJAIUU, HO U OT HA3HAYCHHUS CUCTEMbl PaguoCBs3u. B paauosiokanuu
JIOCTATOYHO IIMPOKAs IMOJI0ca BIOUPACTCS UCXOAS U3 TOYHOCTH BOCIIPOU3BEICHUS
HUMITYJIbCHOTO CUTHAJIa TPUEMHUKOM. TOYHOCTh U3MEPEHUS PACCTOSIHUS 3aBUCUT OT
BPEMEHH 3ara3blBaHUs OTPAKEHHOTO MMITYJIbCA OTHOCHUTEIBLHO H3y4aeMOTO
UMITyJIbCca nepeaaTankoM. Uem Oosbilie OTBEACHHAS PaIlOJIOKAIIMOHHON CUCTEME
1oJioca 4acToT, TeM Onmxe (opma NEepPelaHHOro0 M NPHUHITOTO HMMIYJbCa K

MPSAMOYTOJIbHOW. Tem TouHee U3MEPSIETCS BPEMSI MEK/1y JIBYMSI UMITYJIbCAMM.
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B cucremax mnepenauu JaHHBIX IIEPBOOYEPEAHOE 3HAUYEHUE HMEET HE
NPSIMOYTOJIBHOCTh HMMITYJIbCa, A CIOCOOHOCTh NPHUEMHHKA OTIUYUTH OJUH
JIOTHYECKHUI YPOBEHb CHUTHAJA OT JPYTOro sl JOCTOBEPHOTO IIpreMa HH(pOpMAaIIHH.
@opMy NPSAMOYTOJIBHOIO CUTHAja B MEPENATUYUKE NPEIHAMEPEHHO MCKaXKaroT,
YTOOBl Cy3UTh CIEKTP M YMEHBIIUTh YPOBEHb IOMEX, JACHCTBYIOIIUX B
panuokanane. Ilo »Tol mpuuMHEe HeENb3d CcpaBHUBATH AP (HEKTUBHOCTH
WCIIOJIb30BaHUsl PANUOCIIEKTPA PAJUOJIOKAIIMOHHBIX CUCTEM W CHCTEM Iepeladu
JAHHBIX.

PacueT 1 cpaBHEHHE TTOJIOCHI YACTOT IIPU aMILTUTYIHOM, a30BOM 1 YACTOTHOM
MaHUITYJISIUH.

3ansiTue 8. BeposaitHocTh omuook BER (4 gac.)

KauecTBO paboThl aeMoayssTopa U A€KoJepa XapaKTepU3yeTcsi YaCTOTOM, ¢
KOTOPOM BO3HHMKAIOT OIIMOKK JEKOJUpPYEeMOM mocieaoBateabHocTd. Cpeansis
BEPOSITHOCTh OLIMOKH HAa OUT J1JIs1 BBIXOJHBIX CUMBOJIOB IEKO/IEPA - XapaKTePUCTUKA
KayecTBa JEMOJyJisATOpa-AeKkojaepa. BeposTHocTh oOmWMOKKM  QyHKUMS — OT
XapaKTEPUCTHK KOJa, (OpPMBbI CHUTHAJIOB, WCIOJB3YEMBIX [UJIs1 IEpeAadu
uHbOpMallMu 1O KaHaly, MOIIHOCTH NepelaTuhKa, XapaKTepUCTHK KaHaa,
METO/I0B JEMOAYJISIUU U AEKOJAUPOBAHUA.

XapakTepuCTUKU TEPENaHHOrO0 MO KaHaly CBSI3M CHIHaja CHHYCOUIbI -
aMIUIMTy1a, yactota U (aza. PazHOCTh MEXIy HMCXOIHBIM M BOCCTaHOBJICHHBIM
CUTHAJIOM - ME€pa UCKAKEHUSI, BHECEHHOTO LIM(PPOBON CUCTEMOM CBSI3H.

OnMH ¥ TOT e MPOLIEHT OUIMOOK KaHasa CBA3M - pa3HOE BIMSHNE Ha KAUeCTBO
npenocraBisieMblx yciyr. Ilepemaua peueBoro curHaia Miau JaHHBIX ((ailibl,
WHTEPHET) TPEOYIOT pa3HOM BEPOATHOCTh OIMIMOKM Ha OUT. B H3MepUTENbHBIX
nprubopax CPeaHIOK BEPOSITHOCTH OIMO0K 0003HavaroT BearnuuHoi BER (bit error
rate), umu koaguimenToM 6uTOBBIX OMKOOK. [TapameTp ommbku BER - ocHoBHOM
napameTp U3MepeHus UPPOBBIX CUCTEM Mepelayl 1 KOMMYTAIIUH.

Jlnst muHM TenedOHHOM CBSA3M MPUHSAT MOporoBeiii ypoBeHb BERMAX =
0,03. He Oonee 3 uckakeHHbIX momexamu OUT B Oyioke u3 100 6GuT pedeBoro

curHana. B kanane nepegaun JaHHBIX BHICOKOTO KauecTBa TpeOyeTcss BERMAX =
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10-6. boibmMHCTBO NMPUOOPOB IJIsI U3BMEPEHUS MTAPAMETPOB CUTHAIOB ¢ IU(PPOBOIA
MOAYJISIIMEN UMEIOT HIDKHIOO TPaHUIly Marna3oHna uaMepenus napamerpa BER 10-
8 mmm 10-9, pexxe — 10-10, 10-11.

JIOCTOBEpHOCTh MPUHSTHS PEUICHUSI B IPUEMHUKE O MEepeJaHHOM LU(PPOBOM
CUTHAJIE M0 KaHaJly CBSI3U MPSIMO MPOIMOPIMOHAIbHA SHEPTUU MPUHSATOIO CUMBOJIA
EO 1 00paTHO ponopLroOHaibHa CIEKTpaIbHOM IIOTHOCTH oMexu NO. B otiinuune
OT aHAJIOTOBBIX CHCTEM CBsI3U B LIU(POBOM CBS3M KA4€CTBO IIpHeMa OLIEHUBAETCS HE
OTHOIIIEHHEM MoIHOCTel Pcurnan/Priomexu, a OTHOIIEHHEM YHEPTUi MOJIE3HOTO
curdana u nomexu EO/NO.

Pacuer BeposTHOCTH OIMIMOOK JJisi AMIUIUTYAHOW, (a30BOM U YaCTHOU
MaHUITYJISIUH.

3anstue 9. Pacuer cnexkrpa (4 yac.)

Pacuer cmextpa B cpene Mathcad. CocraBineHue mnporpamMm IO pacuery
criektpa B Mathcad mist amrumaty iHOM, (a30BOit 1 YaCTHOW MAHHITYJISITUH.

[[upuna cnektpa no pekomenaanuu MKKP ¢ cocraBnstommmu He MeHnee 1%
OT aMILUTUTYIbl HEMOIYJIMPOBAaHHOT'O CUTHAJIA.

HcxoaHble NaHHBIE MJIA pacyeTa CIEKTpa: aMIUIMTyJa M 4acTOoTa CHUTHAla,
CKOPOCTh nepeaaun. I'paduku cekTpaabHOro COCTaBa.

CpaBHeHHE JIBYXYPOBHEBBIX U MHOTOYPOBHEBBIX CXEM MAaHUMYJSALMHU IO

3aHUMAaEMOH I10JIOCE YaCTOT IIpu OI[I/IHaKOBOﬁ CKOpPOCTH IICpCaavn.

111 YYEBHO-METOAUYECKOE OBECIEYEHHE
CAMOCTOSTEJBHOM PABOTHI OBYYAIOHIUXCSI
VY4ebHo-MeToAMueCcKOoe oOecrieueHue CaMOCTOSATEILHOMN paboThI
oOyJarommxcst o JUCIATUINHE «9PhHEeKTUBHOCTH HCIIOJIb30BaHUS
pPaguoyvacTOTHOTO CHEKTpa B MHUQPOBBIX KaHAJIaX CBSI3W» TMPEACTABICHO B
[Tpunoxenuu 1 1 BKiIrO9aeT B ceOs:
11aH-TpadyK BEITIOJHEHUS CaMOCTOSATEILHON PabOTh IO AMCIMILUIMHE, B TOM

YUCJIC TPUMCPHBIC HOPMBI BDCMCHH HA BBIIIOJIHCHUC 110 KAXK/IOMY 3a1aHUTO,
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XapaKTepUCTHKA 3aJaHUi JJIi CaAMOCTOSITENbHONW paboThl O0yYaromuxcs U
METOAMYECKUE PEKOMEHAINY TI0 UX BBIIOJIHEHUIO;

TpeOOBaHUSI K  MPEACTABICHUI0O W OQOPMIICHHIO  PE3yJIbTAaTOB
CaMOCTOSITENIbHON PabOTHI;

KPUTEPHUH OLIEHKHU BBINOJHEHUS CAMOCTOSITEIbHON PaOOTHI.

IV  KOHTPOJIb JOCTHXXEHUS IEJEW KYPCA

Ne Kontponupyemsie Koppb! 1 aTamns! OneHouHble CpeacTBa —
/i MOYJIH, dhopmupoBaHus HauMEHOBaHHUE
pa3aciibl, KOMIIETCHIIU I TeKymI/HZ IIPOMEXKYTOYHA
TEMbI TUCITUTLINHBI KOHTPOJTb aTTecTanus
2 | Pazgen | [1K-28 3HaAEeT otyeT Nel KOHTPOJIbHAS
pabora Nel
yMeer otyeT Ne2 | KOHTpOJIbHAs
pabora Nel
BJajgeeT otuyet Nel, KOHTpOJbHAs
otyet Ne2 pabora Nel
3 | Pazgen Il [1K-28 3HaAEeT ot4yeT Ne3 | KOHTpOJIbHAS
pabora No2
yMeer otueT Ne4 | KOHTpOJIbHAS
pabota No2
BJIaJICeT otyet Ne3, KOHTPOJIbHAS
otueT Nod pabota Ne2
5 | Pazpen I, IV [1K-28 3HAET otueT No5 | KOHTpOJIbHAS
pabota Ne3
yMeer otueT Ne6 | KOHTpOJIbHAS
pabota Ne3
BJIAJICET otueT Ne5, KOHTPOJIbHASI
otyetT Neb pabota Ne3

TunoBeie KOHTPOJIBHBIE 3aJaHUSI, METOJIMYECKUE MATEPHUAIIbI, ONPEACIISIOIINE
MPOLIEAYPhl OLICHUBAHUWS 3HAHWM, YMEHU W HABBIKOB M OIIBITA JACATEIBHOCTH, a
TaKKe KPUTEPUM U TIOKa3aTeau, HEOOXOIMMBbIC ISl OLEHKH 3HAHWUM, yMEHU,
HaBBIKOB M XapaKTEPHU3YIOIIME 3Tanbl (POPMHUPOBAHUS KOMIIETCHIIUN B IPOIECCE

OCBOCHHS 00pa30BaTEIbHON MPOTPAMMBI, MpecTaBieHbl B [Ipuioxenun 2.

V  CHHUCOK YYEBHON JIMTEPATYPBI U
WH®OPMALIMOHHO-METOJUYECKOE OBECIHEYEHUE
JUCLUTLINHBI

OcHoBHasi JuTepartypa:
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1. Kopauenko C.A. OCHOBBl TOCYyAapCTBEHHOIO  PETYJHUPOBAHUSA
UCIIOJIb30BAHUSL ~ PaJMOvYacTOTHOro crnektpa B Poccuiickoit =~ ®Denepanuu
[OnexkTpoHHBIM pecypc|: mnabopartopubiii npaktukym/ Kopauenko C.A.—
DNeKTpoH. TeKCToBbIe JaHHbIe.— CtaBpononb: CeBepo-KaBkazckuii penepanbHbiii
YHUBEPCUTET, 2016.— 98 c— Pexum JOCTyTa:

http://lib.dvfu.ru:8080/lib/item?id=1PRbooks:IPRbooks-66035&theme=FEFU

2. Kopuuenko C.A. TexHudeckoe oOecnedeHue TrocyJapCTBEHHOTO
pEeryJIMpOBaHMsl HUCIIOJB30BaHUS PaAMOYacTOTHOrO crekrpa B Poccuiickon
®enepaumn  [DneKTpoHHBIA pecypc]: nabopaTopHblii npakTHKy™m/ KopHueHko
C.A.— DOunekTpoH. TekcToBble naaHHble.— CraBponons: Cesepo-KaBkasckuii
denepanpHblii  yHuBepcuteT, 2016.— 98 c—  Pexum = mocryma:

http://lib.dvfu.ru:8080/lib/item?id=1PRbooks:IPRbooks-66037 &theme=FEFU

3. OCHOBBI yIIpaBJIEHUS UCIOJb30BAHUEM PAIMOYACTOTHOTO CIIEKTpa  T.
1. MexayHapoaHas U HalluoHaIbHas cuctemsl yripapiienus PYC. PagnokoHTposib
u paauoHagzop / [M. A. beixoBckuit u ap.] ; mox pen. M. A. BbeixoBckoro.
M.:Kpacann, 2012. - 318 ¢. Pexnm nocryna:
http://lib.dvfu.ru:8080/lib/item?id=chamo:663941&theme=FEFU

4. OCHOBBI yIPABJICHHS HCIOJb30BAaHUEM PATMOYACTOTHOTO CHEKTpa T. 3 .
YacToTHOE TNIAaHUPOBAHHUE CETEH TEJIEPAJUOBEIIAHUS W TOJABHXHOM CBS3H.
ABTOMATH3aIMs YIPABJICHHUS HCIOJB30BAaHUEM PaJMOYaCTOTHOTO CIEeKTpa/ MoJ
pen. M. A. berxosckoro. M.:Kpacanm, 2012. - 367 ¢. Pexxum moctyma:
http://lib.dvfu.ru:8080/lib/item?id=chamo:663945&theme=FEFU

JlonosIHUTeIbHASL JIMTEpaTypa
1. by3oB A.JIL., beixoBckuii M. A., u ap. YnpasieHue paiuo4acTOTHBIM
CHEKTPOM U 3JIEKTPOMArHUTHasi COBMECTUMOCTh paauocucTeM. Yu. nocooue /Ilox
pen. M. A. beixoBckoro. — M.: Oko-Tpenns, 2012. Pexum pgocryna:
http://lib.dvfu.ru:8080/lib/item?id=chamo0:663938&theme=FEFU
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http://lib.dvfu.ru:8080/lib/item?id=IPRbooks:IPRbooks-66035&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=IPRbooks:IPRbooks-66037&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663941&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663945&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663938&theme=FEFU

2. [TycroBoiitoB E.JI. YueOHO-MeTOAMYECKOE TTOCOOUE IO JUCITUTLIINHE
DJIEKTPOMAarHuTHas COBMECTUMOCTh W YIIPABJICHUE PAJAMOYACTOTHBIM CIIEKTPOM
[DnmekTpoHHBIN pecypc]/ — DAEKTPOH. TEKCTOBBIC MaHHBIE.— M.: MOCKOBCKHIA
TEXHUYECKUH YHUBEPCUTET CBs3M W HHpopmaTtuku, 2015.— 15 c.— Pexum
JIOCTYIIA:

http://lib.dvfu.ru:8080/lib/item?id=1PRbooks:IPRbooks-63374&theme=FEFU

Ilepeyenb HHPOPMALMOHHBIX TEXHOJIOTHH
U IPOrPaMMHOI0 o0ecredeHust
s mpoBeieHHs IPAKTUYECKUX 3aHATUN 110 MCCIIENOBAHUIO PAaJIUOCUTHAIOB
UCIIOJIB3YIOTCS ~ MHOTO(YHKUIMOHAJIbHBIE  HM3MEPUTENbHBIE  PAJUONPUEMHHUKU
USRP2901, USRP2920.
[IporpammHuoe o0ecrieyeHune, JOCTYIHOE CTYyACHTaM I BBITIOJHEHUS 3aJaHus

Mo JMCHUINNINHE, a TAKXKE IJId OpraHu3alnuunu CaMOCTOSITSIILHOM pa6OTBIZ

MecTo pacnonoxeHus
KOMIIBIOTEPHOM  TEXHUKHU,
Ha KOTOPOM YCTaHOBJIEHO IlepeyeHb NpPOrpaMMHOro odecnevyeHus
porpaMMHoOe obecrieueHue,
KOJIMYECTBO PaOOYHX MECT

— Microsoft Office Professional Plus 2016 — odwucHbIif makerT,
BKJIIOYAIONIMK  MIpOrpaMMHOE  oOecrieueHne st paboTel ¢
pa3IMYHBIMU TUIIAMU JJOKYMEHTOB;
— NI LabVIEW 2015 — naker NpHKIaTHBIX MPOTPAMM JIIst
MPOEKTUPOBAHUS  DIEKTPOHHBIX CXEM PaJHONEpe/AloIIuX H
Kadeapsl HNEKTPOHUKHU 1 . .
paaroNpHEMHBIX YCTPOMCTB CBSI3H;
CpE/ICTB CBSI3H,
Ayn. E727 — MATLAB R2016a - nakeT npuKJIaIHbIX IPOTPaMM JJIsl PEIICHHUS
10 ’ 3a7a4  TEXHUYECKUX BBIUMCICHUH W  OJHOMMEHHBIH  S3BIK
MIPOTPaMMHUPOBAHHUS, HCIIOJIB3YEMBIH B 9TOM IaKeTe
— NI LabVIEW Modulation Toolkit 15.0 - maker mpUKIAIHBIX
mporpaMM  JUIsi  MHOTO(QYHKIMOHAIBHBIX ~ W3MEPHUTEIbHBIX

paguonpuemMankoB USRP2901, USRP2920.

KomnsrotepHslIit kitacc

|. METOJIMYECKHUE YKA3AHMSI IO OCBOEHUIO
JUCLHUATIIAHBI

B mpouecce oOyudeHusi CTyIEHT [OJDKEH HE TOJBKO OCBOMTH Y4EOHYIO
porpamMmy, HO U MPUOOPECTU HABBIKK CAMOCTOSITENIbHON paboThl. CTYJEHT JOJIKEH
YMETb IJIAHUPOBAThH U BHITIOJIHATH CBOIO Pa0OTy. Y AENbHBIN BEC CAMOCTOSITENLHOM
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paboThl cocTaBisAeT MO BpeMeHH 25% OT BCEro BPEMEHHU M3y4aeMoro LUKJIA. DTO
OTpPa’kK€HO B y4eOHOM IIIaHE U rpaduke y4eOHOro nmpouecca, ¢ KOTOPbIMU Kax bl
OOydaromuiicss MOXKET O3HAKOMHTBCS y TpernojaaBaress AUCUUIUIMHBI WIA Ha
Kadenpe.

I'maBHOEe B mepuoj OOy4YeHHs CBOEH CHEUUAJIbHOCTH — 3TO HAy4YHThCS
METOJAaM CaMOCTOSITEJIbHOIO YMCTBEHHOTO TPyJAd, CO3HATENIBHO PAa3BUBATh CBOU
TBOPYECKHE CIIOCOOHOCTH M OBJIAJI€BAaTh HABBIKAMH TBOPYECKOM paboThI. 1 3TOrO
HEOOXOMMO CTPOTO COOMIOAATh TUCIUIUINHY Y4eObl U TOBEICHUS.

KaxxoMy CTyAeHTY ClIeIyeT COCTaBIISATh E€XKCHEACIBHBIA M CEMECTPOBBIM
IUTaHbI pa0OThI, a TaKXKe IUIaH Ha KaxAbld pabouunii aeHb. C Beuepa Bcerja Hazlo
pacnpenensaTh paboTy Ha CIeAYIOMMM 1eHb. B KOHIIe KaXX10Tr0 JHS LEeIeco00pa3Ho
HNOJIBOAUTH WUTOT pabOThl: THIATENILHO IPOBEPUTh, BCE JM BBINOJIHEHO IIO
HAMEUYEHHOMY IUIaHy, HE ObUIO JM KaKUX-TUOO OTCTYIUIEHUH, a €CM OBbUIM, I10
KAaKOM IPUYUHE 3TO NpOou301uI0. Hy»KHO OCyIIECTBIIATE CAMOKOHTPOJIb, KOTOPBIN
SBJIIETCS. HEOOXOAMMBIM YCJIOBHEM KaK YCHEIIHOM y4eObl, TaK M IMOCJIEAYOIEeH
pabotel. Eciiv 4TO-TO OCTaJIOCh HEBBINOJHEHHBIM, HEOOXOAMMO HM3bICKATh BpPEMS
JUISL 3aBEPLICHUS 3TOM YacTH paObOThl, HE YMEHbLIasi 00beMa HEEJIbHOTO MJIaHa.

KoncnektupoBanue JNEKIMOHHOIO Marepraia JOJDKHO IPOU3BOAMTHCS
KpaTKO, CXEMAaTU4YHO, MOCJIENOBATENbHO. DUKCUPYIOTCS OCHOBHBIE IOJIOKEHUS,
BBIBO/JIbI, JOPMYJIUPOBKH, OOOOIICHHUS; TOMEYAIOTCS] BaXKHbIE MBICIIU, BBIIEIISIOTCS
KIIFOYEBBIE CJIOBA, TEPMHUHBI. TE€pMHHBI, IOHATHUS NPOBEPSIOTCS C MOMOIIBIO
SHLMKJIONEINH, CIOBAPEU, CIIPABOYHUKOB C BBIITUCHIBAHUEM TOJIKOBAHUH B TETPA/Ib.
HeoOxoaumo 0003HaUMTh BONPOCHL, TEPMUHBI, MaTepual, KOTOPbIH BBI3BIBAET
TPYAHOCTH, TIOMETUTH U MOMNBITATHCS HANTH OTBET B PEKOMEHIYEMOU JIUTEPATYPE.
Tonpko eciii caMOCTOSITENIBHO HE YJaeTcsl pa300paThCcsi B MaTepuale, HE0OX0AUMO
chopMyIUpOBaTh BOMPOC M 3aJaTh MPENOJaBaTesll0 Ha KOHCYJbTallMd, Ha
MPaKTUYECKUX padOTax.

Marepuan nekiuid HE0OXOAMMO 3aKpEIUIATh CaMOCTOSTENbHO. B mepByto
ouepesib, Ha CIEAYIOIIMA JAeHb HEOOXOAMMO emle pa3 MmpopadoTaTh Marepual

JICKIIHNH. HpaKTI/II(a ITOKa3bIBACT, YTO CCJIM HC CACJIATH 3TOT0 B TCUCHHUC ABYX-TPECX
36



JHEH, To OoJbIIas YacTh MaTepHalia 3a0yaercs. B nanbHeiiieM npoiiecc 3a0bIBaHUS
UJeT 1o 3KcroHeHTe. [Ipu u3ydyeHun martepuana 0053aT€IbHO HMCIOJb30BaHUE
y4eOHUKOB W JPYTHX MaTepualioB M0 JuciuiuimHe. HeoOxomumo HaWTh
KOHTPOJIBHBIE BOIIPOCHI IO COOTBETCTBYIOUIEH TEME, OTBETUTh HAa HUX. B ciyuae
€CJIM TI0 TEME €CTh 3aJ]a4H, TO WX HEOOXOUMO PEIIUTh U CBEPUTH C MPABWILHBIMU
BapuaHTaMu OTBETOB (mpu Hanmuuuu). B cioydae 3aTpyaHeHHE HEOOXOIUMO
MIPOKOHCYJIBTUPOBATHCA Y MPEMOAABATEIA.

Bo Bcex pa3nmmuHBIX CHUTyaIusx, MPUBOASAIINX K OIMMOOYHBIM JEHCTBUSM,
HEKOPPEKTHBIM BBIBOJIaM W/WJIM OTBETaM HEOOXOJUMO TMpOaHaIU3UPOBATh
NPUYUHBI, TpUBEANIME K omunokaM. PaboTa Haj ommOKaMu SBISIETCS OJTHUM W3
YCIIOBHM MPOLIECCA COBEPIIEHCTBOBAHUS 3HAHWM M HABBIKOB, a CJIEAOBATEJBHO,
yCIIeITHON y4eObl 1 paboTHI.

[IpumepHOe pacnpeniesieHne BPEMEHH CaMOCTOSITENIbHOM pabOThI, KOTOPOE
CTYAEHT JOJDKEH OTBOAUTH HA TOT WJIM WHOW BHJ 3aHATUH: 3aKpPEIICHUE
JEKIIMOHHOTO Matepuana — 15%, moAroroBka K mnpaktudeckum 3ansatusm — 309,
MOATOTOBKA K 3auetry — 25%. TeM He MeHee, YUYUThIBasi OCOOCHHOCTH KaXKJI0TO
CTYJICHTa, YKa3aHHBIE YaChl MOTYT BapbUPOBATHCS.

JIucUUIUIMHY PEKOMEHAYETCS M3yuyaTh MO IUIaHy 3aHATui. OOyuaromuiics
JIOJKEH CBOEBPEMEHHO BBIMOJIHATh PEIICHUE 3a7ay HA MPAKTUUECKUX 3aHATUSX U
3aKaHYMBaTh HMX PENICHUE JIOMa WM Ha KOHCYJbTAallMU. be3 CBOEBpPEMEHHOIO
pEIICHUS BCEX 3a]1a4 HEBO3MOXHA CAMOCTOSITEIbHAS MOJrOTOBKA CTYJIEHTA K TPEM
KOHTPOJIbHBIM paboTaM, KOTOPhIE MPEAYCMOTPEHBI PEUTHHT-TIJIAHOM JTUCITUTIIMHBI
Y MIPOBOJISITCS B TEYEHHUE CEMECTPA.

[Ipy moAroToBKEe K JEKIUSM OOYy4YaroUIMiCA HU3ydaeT IUIaH JIEKIMOHHOTO
Marepuana, NPaKTUUYECKUX 3aHATHI, PEKOMEHJIOBAHHYI) M JOMOJHUTEIbHYIO
JUTEPATYPY.

Pemrenne 3amau  omnmpaercs Ha JIEKUMOHHBIM Marepuali. Hekoropsie
MPAKTUYECKUE 3aHITHS SIBISIOTCS JOCTAaTOYHO OOBEMHBIMH M PACCUMTaHBl Ha
HECKOJIbKO ayJIUTOPHBIX 3aHsATHH. PacmpegeneHue KOHTPOJBHBIX paboOT Mo

PEUTHUHTOBBIM OJIOKaM CJEAYIOIIee: B MEPBOM, BTOPOM U TPETHEM PEHUTHHTOBBIX
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0JI0Kax CTYACHT JOJKEH MOATOTOBUTH MO OJHOM KOHTpOJbHOU paborte. Takum
o0pa3oM, CTYJEHT JIOJDKEH IMOATOTOBUTH 3aJaud W TEOPETUUYECKHE BOMPOCHI
COOTBETCTBEHHO I10 OJIOKAM:

® K KOHITy 1-r0o peTHHroBOro 0j10Ka — 1-as KOHTpoOJIbHAs paboTa;

® K KOHILy 2-TO pEHTHHIOBOr0 0J0Ka — 2-asi KOHTPOJIbHAs padoTa.

® K KOHIYy 3-T0 peHTHHTOBOI0 010Ka — 3-51 KOHTPOJIbHAs padoTa.

JIns MOATOTOBKM K MPAKTUYECKUM 3aHSITHUSM M KOHTPOJIbBHBIM paboTaM
TpeOyeTcs HU3yueHUe JIEKIMOHHOTO MaTepHuayia, YBEpEeHHOE 3HaHWE OTBETOB Ha
KOHTPOJIBHBIE BONPOCHI I 3aKpeIUIeHUs MaTepuaia. B HEKoTopbIX 3amadax
MPaKTUYECKUX 3aHATHI HEOOXOJAUMO CAMOCTOSITENIBHOE COCTAaBJICHUE IPOrpaMM
B cpexne Mathcad nimu MATLAB.

K 3auvery oOyuarommiics IOKEH OTUYMTATBCA IO BCEM KOHTPOJbHBIM
paboTaM W TMPaKTUYECKUM 3aHATHSAM. TeMbI, PaCCMOTpPEHHBbIC Ha JIEKIIMOHHBIX
3aHATUAX, HO HE OTPAXKECHHbIE B MPAKTUYECKUX 3AHATHUAX, 3aKPEILISIIOTCA
0Oy4aronIMmMcs BO BpEMs CaMOCTOSATEIbHON padoTHI.

[Ipu moaroroBke K 3a4eTy HEOOXOAMMO IMOBTOPUTH YUEOHBIA Marepual,
UCITIOJIb3Ys] KOHCIIEKT JIEKI[MH, OCHOBHYIO M JOIOJIHUTENIbHYIO JINTEPATypy. 3aueT
MOXET ObITh MPUHSAT Kak B ()OpMe OTBETA HA BONIPOCHI OMJIETa, TaK U 3aCUUTHIBATHCS
10 pe3ybTaTaM PEUTHHTA.

Maructpel, TpOMyCTUBIINE O0Jiee MOJOBUHBI MPAKTUYECKUX 3aHSITUH, K

Caa4dc 3a4CTa HC OOITYCKarOTCA.

Il MATEPUAJIBHO-TEXHHUYECKOE OBECIIEYEHUE
JANCHOUIIJIMHBI
JUIst mpoBeneHusl UCCAeNOBaHUi, CBA3aHHBIX C BBIIIOJHEHUEM 3aJaHMs 110
JUCUUIUIMHE, a TaKXKe JUIsl OpraHM3alMu CaMOCTOSATENIbHON paboThl CTyJIEHTaM
JOCTYIHO clleAymoliee 1abopaTtopHoe 000pyJOBaHME M CHELUAIN3UPOBAHHBIC
KaOMHETBI, COOTBETCTBYIOIINE JACHCTBYIOIUM CAaHUTAPHBIM U MPOTHUBOMOKAPHBIM
HOpMaM, a TaKkKe TPeOOBaAHUSAM TEXHUKU O€30MaCHOCTH MPHU MPOBEACHUHN YUEOHBIX

Y HAy4YHO-TIPOM3BOJICTBEHHBIX padoT:
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HammMmeHnoBanmue
000pYIOBaHHBIX TOMEIICHHUI
U OOMEIIEHUN U
CaMOCTOSTEIIbHOM pabOTHI

IlepeyeHb OCHOBHOIO 000PY/10BAHUS

Kommnerorepnsiii kinace, Ayn. E727

Momno6mox HP ProOne 400 All-in-One 19,5 (1600x900), Core i3-
4150T, 4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA,
DVD+/-RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-
bit)+Win8.1Pro(64-bit),1-1-1 Wty

YuraneHble 3a56l HayuHoit
oubmmorexu JIBOY ¢ oTKpBITEIM
JOCTYTIOM K (OHITY

(xopmryc A - yposens 10)

Momno6mox HP ProOne 400 All-in-One 19,5 (1600x900), Core i3-
4150T, 4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA,
DVD+/-RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-
bit)+Win8.1Pro(64-bit),1-1-1 Wty

CkopocTts noctyna B Marepraer 500 Mout/cek.

MynbsTMenuiHas ay AUTOPHsL

mpoekTop 3-chip DLP, 10 600 ANSI-mm, WUXGA 1 920x1 200
(16:10) PT-DZ110XE Panasonic; sxkpan 316x500 cm, 16:10 ¢ 3:1.
MPUBOJIOM; KpeIUIeHHe HacTeHHo-motojounoe Elpro Large
Electrol Projecta; mpodeccuonansuas XXK-mamens 47", 500
Kn/m2, Full HD M4716CCBA LG; moacucreMa
BHICOMCTOYHHMKOB JOKyMeHT-Kamepa CP355AF  Avervision;
MOJICKCTEMA BUACOKOMMYTAIIMH; TIOJCUCTEMA Ay IHOKOMMYTAIlH
Y 3BYKOYCHJICHHSI; TIOICHCTEMA MHTEPAKTUBHOTO YIIPABICHHUS;
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[Tpunoxenue 1

MUHHCTEPCTBO HAYKU Y BBICILIEI'O OBPA3OBAHUS POCCUICKOU ®EJIEPALINA
denepanbHOE rOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPESKACHNE
BBICIIETO OOpa30BaHUs

«/laibHEeBOCTOYHBIH (peepaibHbI YHHBEPCUTET»
(ABDY)

NH/KEHEPHAS IIKOJIA

YYEBHO-METOJUYECKOE OBECITEYEHUE CAMOCTOSTEJBHOM
PABOTbHI OBYYAIOLIUXCHA
o JucuuIuInge «I(PPeKTUBHOCTH UCIOJIb30BAHUS PAIMOYACTOTHOIO
CNeKTPa B HU(POBBIX KAHAIAX CBA3ZU»
HanpagJieHue noAroToBKu
11.04.02 Uu(poKkoMMYHUKAITMOHHbIE TEXHOJOTHU U CUCTEMBI CBSI3HU
®dopMa NOATOTOBKH 0OYHAA

BaaguBocTok
2019
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Ilnan-rpa¢guk BHINOJTHEHUS CAMOCTOSATEIbHON PadoThl O JMCUMILINHE

Ne | Jara/cpokm Bua camocrosiTeibHOM padoThI [Mpumepunie | ®opma
n/n | BHINOJHEHHUS HOPMBI KOHTPOJIA
BpeMeHHU Ha
BBINOJIHEHHE
1 1-6 menenmu | [loaroroBka 3aaa4 v TEOPETUUECKHUX 11 yac. Koncnexr
JICKITMOHHBIX BOIIPOCOB K KOHTPOJILHOM C 3a7a4aMu
pabote Nel
2 6-ast Hegenst | IloAroToBKa K BRITOJTHEHHIO 3 yac. KonTp-Has
KOHTPOJIbHOW paboThl Nel pabora 1
3 7-12 nenenu | IloaroroBka 3a1a4 v TEOPETUIECKUX 10 yac. Koncnekr
JIEKIMOHHBIX BOIIPOCOB K KOHTPOJIBHOMN C 3a7lauaMu
pabore Ne2
4 12-ass menensa | [loaroroska K BBIIIOJIHEHUIO 3 4gac. Kontp-nas
KOHTPOJIbHOU paboThl Ne2 paborta 2
5 13-17 nenenu | IloaroToBka 3a/1a4 ¥ TEOPETUUECKUX 10 yac. Koncnexr
JICKITMOHHBIX BOIIPOCOB K KOHTPOJILHOM C 3a7a4aMu
pabote Ne3
4 17-as nepens | [loAroToBKa K BBHIMOJHEHUIO 3 4ac. Kontp-nas
KOHTPOJIbHOU paboThl Ne3 pabota 3
4 18 Henens [ToaroroBka k 3auery 14 yac. 3auer,
MIPEJICTaBIIC
HUE
noprdonuo
Hroro 54 yac.

XapakTepucTHKA 3aJaHUI VISl CAMOCTOSITEIbHON PadoThl 00y4aOIIMXCH U

METOAUIECCKHUE PEKOMECHAAIUHA 110 UX BBINOJHECHHWIO

3a,Z[aHI/I$I N MCTOAUYCCKNEC PCKOMCHAAIWH JJIA CaMOCTOSITCIIbHOM pa6OTBI

00ecreynBaOT MOArOTOBKY OTUETOB K MpakTHYecKuM padortam. MXx mnosHoe

COACPKAHUC IIPUBCACHO B ITPOrpaMmMeC U MCTOANYCCKUX YKA3aHHAX. MCTOI[H‘-IGCKI/IG

yKa3aHUs K TPAKTUIECKUM paboTaM B SJIEKTPOHHOM BUJIE U IT€YaTHOM BUIe OepyTcs
Yy BEAYIIETO MPENnoIaBaTeisl.

TpeOoBaHus K IpeACTABJICHUIO M 0()OPMJICHHIO Pe3yIbTAaTOB

CaMOCTOAITEIbHON PadOThI

(oTUeTax MO MPAKTUYECKUM 3aHSATHSIM).

MpCAbABIAIOTCA CICAYIONINC Tpe6OBaHI/I$I.

41

Pesynbrarhl caMocTOsATEIbHOM pabOThl OTPAKAIOTCS B MUCHhbMEHHBIX PaboTax

K npencraBnennto u opOpMIIEHHUIO OTYETOB MO MPAKTUYECKUM padoTam




CtpyKTypa OT4ETa [0 MPAKTUYECKOMY 3aHSATHIO

OT4eThl MO TPAKTUYECKUM paboTaM TMPEACTABISIIOTCS B MPOU3BOJILHOM
dbopme, TOATOTOBIIEHHBIE KaK 3allMCAHHBINA KOHCIIEKT C JICKIIUSMH U PEIICHUSIMHU
3a/1a4, BBIOJTHCHHBIX BMECTE C MPENOJaBaTeNieM y TOCKA WM KaK TEKCTOBBIC
JTOKYMEHTHI B pegakTope MSWord.

Otuer 1o paboTte JA0JKEeH ObITh 0000IIAIOIINM JOKYMEHTOM, BKIIIOYATh BCIO
WH(OPMAIUIO TI0 BHIMOJHEHUIO 33JJaHUM, B TOM YHCIIE, IOCTPOCHHBIE IUarpaMMBbl,
rpaduku, TaOIUIBI, TPUIIOKEHUS, CIIUCOK JTUTEPATYPhl U PACUEThl, COIPOBOKAAS
HEOOXOMMBIMH TIOSICHCHUSIMU M WJUTIOCTPALUSIME B BHJIE CXEM, IKPaHHBIX (hopm
(«CKpUHIIOTOB») U T. .

CTpyKTypHO OTYET MO MPAKTHUECKOW paboTe, KaK TEKCTOBBIA JOKYMEHT,
KOMILJIEKTYETCS O CIEAYIONIEH cxeme:

e TeMa mPaAKTUYECKOTO 3aHATHS — OOs3aTEIbHAS KOMIIOHCHTAa OTYETA,
nepBasi CTpaHuIla OT4YeTa, 10 NPUHITONU (opMe (TUTYIBHBIN JUCT OTYETA
JIOJKEH pa3Meniathbes B 001eM daiine, Tie IpeCcTaBlIeH TEKCT OTYETA);

e lcxonHble JaHHBIEC K BHITIOJIHEHUIO 3aJlaHUN — 00s13aTeNbHAs KOMIIOHEHTA
OTYeTa, C HOBOM CTPAHMIIBI, COJIEPKAT YKa3aHUE BapUaHTa, TEMBI U T.1.);

e OCHOBHasl 9aCTh — MaTepUalbl BBITIOJIHCHUS 3aJIaHWN, pa30WBacTCS IO
pyOprKaMm, COOTBETCTBYIOIIMX 3aJaHUSAM 3aHATHS, C HEPAPXUICCKOU
CTPYKTYPOM: pa3ieibl — MOAPa3Iebl — IYHKTHI — TIOITYHKTHI U T. 1.

PekomeHnnyeTcs B OCHOBHOM 4acTH OTYETa 3arojIOBKU pyOpUK (MOAPYOpPHK)
naBaTth, WCXoms W3 (QOpMyNIHMpPOBOK 3adaHWi, B (opMe OTTIarojbHBIX
CYIIIECTBUTEIIbHBIX;

e BriBoasl — o0s3aTenbHasi KOMIIOHEHTA OTYETa, COACPKUT 000O0IIarome
BBIBOJIBI 10 TE€ME 3aHATHSA (KaKWe 3aJaddl PEIICHBI, OICHKAa Pe3yJbTaTOB, YTO
OCBOEHO MPU BBITIOJIHEHUHU PAOOTHI);

o Cnmucok nuTepaTrypbl — oOs3aTelbHasi KOMIIOHEHTAa OT4YeTa, C HOBOU
CTPaHMUIIBI, COJAEPKUT CIUCOK MCTOYHUKOB, MCIIOJIb30BAHHBIX MPH BBITTOJHEHUH
paboThl, BKJIIOYAs DJIEKTPOHHBIE HWCTOYHHKU (CIHCOK HYMEPOBaHHBIM, B
COOTBETCTBHH C MMPaBUIIaMU OMMCaHusi onbmuorpadun);

o [Ipusnoxxenus — HeoOs3aTeNbHAsT KOMIIOHEHTA OTYETa, C HOBOM CTPaHUIIbI,
COJICPYKUT JIOTIOJTHUTEIBHBIC MaTepHaIbl K OCHOBHOM YacTH OTYETA.

Heobxoaumo oOpatuth BHUMaHUE Ha CIEAYIONINE aCMeKThl B 0(hOPMIICHUH
OTYETOB TIO MPAKTUYECKUM 3aHSATHSM:

e (CBOEBpPEMEHHOCTH MPEIOCTABIICHUS OTUETA;

e [loporoBelii ypOBE€Hb KOJIMYECTBA NPOIYIUECHHbIX 3aHATHH. Ecim

OOyYarOIIUIICS CUCTEMATUYECKU TMPOITYCKAET JICKIIUU U TPAKTUUYECKUE
3aHATHS (MecsI] W 0oJyiee), TO OH JIMIIAETCS PEUTHHTOBBIX OaloB U
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aBTOMATUYECKU OOIEl PpPEHTUHIOBOM OLIEHKHM 3a CEMECTp COIJIACHO
IIPaBWJIaM NPOBEIECHUS PEUTUHIOBBIX MEPOIIPUATHN
® CTPYKTypHUPOBAHHE MPAKTUUECKON padOTHI,
e oopmIIeHHE 3arojIOBKOB BCEX BHAOB (pyOpHK-TOAPYOPHUK-TTyHKTOB-
HOJITYHKTOB, PUCYHKOB, TaOJIHII, IPUIOKEHUN );
¢ 0(OopMIIEHHE NTEPEUNCICHUN (CIUCKOB C HyMepaluel Wik MapKUpOBKOK );
eodopmiieHne TabuiII;
eodopMIIeHHE WIUTIOCTpaAUil (TpaduKu, pUCYyHKH, (QoTorpaduu, CXembl,
«CKPHUHILIOTBD?);
eHabOp U odopMIICHHE MaTEeMaTHICCKUX BbIpakeHuu (popmyi);
e0(hOopMJICHHE CIHUCKOB JHUTEpaTyphl (Oubmuorpaduyeckux OmMucaHui) U

CCBUIOK Ha UCTOYHHKH, IIATUPOBAHMS.

Pexomennanyu o odopmileHuIO rpaduyecKoro MaTrepuana,
MOJIyYEHHOTO C 3KPAaHOB B BHJIE «CKPUHIIIOTOB

I'paduueckne kommm 5KpaHa («CKPUHIIOTBI»), OTpa)karolmue Trpaduki,
JUarpaMMbl MOJIENIEH, CXeMbl, 3KpaHHble (OpPMBI U T. . JOJDKHBI OTBEYaTh
TpeOOBaHUSAM BHU3YalbHOM HAIVIAJHOCTU TMPEACTABICHUS HWIUIIOCTPATUBHOIO
MaTepuana, Kak MO0 pa3MmepaM TIpaduyecKux OOBEKTOB, TaK M pa3peliaroiei
CHOCOOHOCTH OTOOPa)KE€HUSI TEKCTOB, IIBETOBOMY O(DOPMIICHUIO U APYTUM Ba’KHBIM
II0JIB30BATENILCKUM [TapaMeTpam.

Pexomennyetcs B cpesie MporpaMMHOTO MPUIIOKEHHSI HACTPOUTh «3KPaH» Ha
napamMeTpbl MacIITa0UPOBaHUS WU PA3MEUICHUS CHUMAEMbIX JIsl WILUIIOCTpALuU
00bekToB. IIpu 3TOM HEOOXOIMMO YOpaTh «JIMUIHUE) OKHA, KOMAH/]IbI, BBIACICHUS
OOBEKTOB U T. .

B mnepeHeceHHBIX B OTYET «CKPUHIIOTAX» PEKOMEHAYETCS «CPE3aThy
HEHY)KHble 00JacTu, IMyTeM pPEJAaKTUPOBAHMS  «M300pakKeHUN», a Tpu
HEOOXOJMMOCTH OTMAcHITaOMPOBATh WX JUJISl 3aMIOJHEHUS] CTPAHUIbl OTUETa «IIO
HIUPUHEY.

«CKpUHIIOTB» B OTYETE OQPOPMIIAIOTCS KAaK PUCYHKH, C 3arojOBKaMH,
MOMEIIAEMbIMA HUKE OOJIACTU PUCYHKOB, @ B TEKCTE JOJIKHBI OBITh CCHUIKM Ha
yKa3aHHbIE PUCYHKHU.

Kpurepumu onieHk# BbINOJHEHHUS CAMOCTOSATEIbHO PadoThI
OreHrBaHKE MPAKTHYECKUX PA0OT MPOBOJIUTCS 1O KPUTEPUSIM:
- MOJTHOTA ¥ KAYECTBO BBITTOJIHECHHBIX 3aJJaHU;
- BJIAJICHUE  METOJaMM WU  [pPUEMaMH  KOMIIBIOTEPHOTO
MOJICTTUPOBAHUS B UCCIIETY €MBIX BOIPOCAX, MIPUMEHECHUE
CIIELIMATIM3UPOBAHHBIX MPOTPAMMHBIX CPECTB;
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- KayecTBO OQOpPMIJIEHMSI OTYETa, HCIOJIb30BAaHUE MPABUI U
CTaHIapTOB O(OPMIICHHS TEKCTOBBIX U 3JIEKTPOHHBIX JOKYMEHTOB;

- UCIIOJIb30BaHUE JAaHHBIX OTEYECTBEHHOM M  3apyOexHOM
JUTEepaTyphl, WCTOYHUKOB ceTu MHTepHeT, HHPOpMAIMK HOPMATHBHO
IIPaBOBOI0 XapakTepa U Nepel0BON PAKTUKU;

- OTCYTCTBHE (PAKTUUYECKUX OLIMOOK, CBSI3aHHBIX C MOHUMaHUEM
poOJIeMBI.

MeToanyeckue yKa3aHus 10 NOATOTOBKE K 3a4eTy

K xoniy cemectpa OOy4arouuiicsi JOKEH OTYMUTATHCS IO BCEM BHAAM
3aHATUHN, T.€. NMPEACTABUTH OTUYETHI, MOJYYUTh PEUTUHIOBYIO OLICHKY IO Ka)IOW
KOHTPOJIBHOM pabdoTe B COOTBETCTBUM C TeMOW. TeMbl, pacCMOTpEHHbIE Ha
JEKIMOHHBIX 3aHATHUAX, HO HE 3aTPOHYThIE Ha MPAKTUYECKUX 3aAHATHUAX,
pa3zbuparoTcst 00yJaroIUMHUCS BO BPEMsI CAaMOCTOATEIbHON pabOTBHI.

[Ipu mnoxaroroBke K 3ayeTy HeoOXoaumo mnpeactaButh Iloprdomuo u
NOBTOPUTh Y4E€OHBIA MaTepHall, HUCIOJIb3ys KOHCHEKT JIEKIH, OCHOBHYIO U
JOTIOJTHUTENBHYIO JINTEPATYPy, IPU HEOOXOAUMOCTH MTOCETUTh KOHCYJIBTALIUH.

Crpykrypa Iloprdonuo: 1. Hazpanue Iloprdonumo; 2. KoHcnekt nekuui;
3. Otuetsl o npakTuyeckuM padboram; 4. KontpoabHbie paOOTHI.
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[Tpunoxenue 2

MUHUCTEPCTBO HAYKU U BBICIIIET'O OBPA3OBAHUS POCCUICKOM
OEJIEPALIN
denepaibHOE rOCyAapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHUE
BBICILIEr0 00pa30BaHMs
«/laibHEeBOCTOYHBIH (peepaibHbIN YHHBEPCUTET»

(IBOY)

NH)XEHEPHAS HIKOJIA IB®Y

®OH/I OONEHOYHbBIX CPE/JACTB
no AucuuIuinHe « 3P PeKTUBHOCTH UCIOJIb30BAHUS PAIMOYACTOTHOIO
creKkTpa B HU(POBLIX KAaHAIAX CBSA3U»
HanpasJieHue noAroToBKu
11.04.02 UndpoxkoMMyHUKALMOHHBbIE TEXHOJIOTHH U CUCTEMBI CBSI3HU
®opmMa NOATOTOBKH OYHAA

BaaauBocTok
2019
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ITacmopT OLEHOYHBIX CPEACTB MO JUCHUILIMHE
«I¢PeKTUBHOCTH UCIOJIb30BAHUS PAIMOYACTOTHOIO CIIEKTPa B HU(POBbIX

KaHaJ/JIax CBA3ZN»

Kon u Tanbl (OPMUPOBAHUS KOMIIETEHIIUN
popmyaupoBka
KOMIIeTEeHIIUH
HaIpaBJICHUA pa3BUTHUA TEXHUYCCKUX CPEACTB IJIA
HK'28 - TOTOBHOCTD K ITIOBBIIICHUA 3(1)(1)GKTI/IBHOCTI/I HCIIOJIb30BaHUA CIICKTpaA,
IIpeum €CTBa N HCEAOCTAaTKU IPOrpaMMHPYyEMOIO
W3YUYEHUIO 3HaeT PeHMYyIHL A porp py
. pazmo;
[IEPUOIUYECKON
o HpO6J’IeMLI BHCAPCHUS KOTHUTUBHOI'O paauno,
Hay4YHO-TEXHUYECKOMN
NPUHLUIIBL PErYJIUPOBAHUS CIIEKTPA.
JIUTEPATYPHI,
AHAJIM3UPOBATE OKOHOMHYCCKYIO U TCXHUYCCKYIO
CIIOCOOHOCTHIO _
. 3(h(heKTUBHOCTH UCITOIF30BAHUS CIIEKTPA,;
BBISIBIICHUSI TEHICHIIUM N
YmMmeer AHAJIM3UPOBATH CIICKTPAJIbHBIM COCTAaB CUIrHajia I10
B pasBUTHH pe3yabpTaTaM U3MEpEHUi;
HH(pOKOMMYHHKAIHOH U3MEPSTH 3aHUMAEMYIO TTOJIOCY KaHAJIOB CBS3H.
HBIX TEXHOJIOTUHI U - -
HaBBIKaMU pabOTHI CO CIIPaBOYHOM HH(MOpMaInei,
MCTOZIOB Bnaneer HEOOXO0IUMOM JIJIsl TIPOBEICHUS MPAKTUICCKUX 3aHSATHIA;
npueMamu porpaMmupoBanus B cpeae LabVIEW.
No Kontponupyemsie Kons! 1 3Tamsl OueHouHbIE CpeacTBa —
n/n MOJTyJIH, (bopmupoBaHus HAaUMEHOBAHUE
pazzensl, KOMIIETEHIIUH TEKYIIMH | IPOMEXYTOUHAS
TEeMBI JUCITUTUTHHBI KOHTPOJTb aTTecTanus
2 | Pazpen | [1K-28 3HAET oryer Nel KOHTPOJIbHASI
pabota Nel
yMeer otueT Ne2 | KOHTpOJIbHAA
pabota Nel
BJIAJIEET otuer Nel, KOHTPOJIbHAs
otyet Ne2 pabota Nel
3 | Pazgen Il [1K-28 3HaeT otyer Ne3 | KOHTpOJBbHAS
pabota Ne2
yMeer otueT Ne4 | KOHTpoOJIbHAA
pabota Ne2
BIIaJICET otyet Ne3, KOHTpPOJbHAs
otyet Ned pabota Ne2
5 | Pazgen I, IV I1K-28 3HAeT otueT Ne5 | KOHTpOJIbHAsS
pabota Ne3
yMeer otueT Ne6 | KOHTpOJIbHAA
pabota Ne3
BIIAJICET otyet Ne5, KOHTPOJIbHAS
otyeT Nob pabota Ne3
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HIkana oueHuBaHus YPOBHS C(POPMUPOBAHHOCTH KOMIIETEHIIMIA

Kon u Jtansl GopMUPOBAHUS KpuTepuu NnoKa3arteju 0aJ1bI
¢opmynupoBK | KOMHIETEeHUUH
a
KOMIeTeHIINN
3Haer Cnoco0b1 CnocobHOCTh 3HaTh OCHOBHBIC 60-75
obecrieueHnst 3aJaHHOM | mepeckasaTh U | XapaKTEepUCTHKU
[1K-28 - MIOMEX0YCTOMYNBOCTH; OOBSCHUTD CUTHAJIOB, IO
TOTOBHOCTb K Merosl pacyera | y4eOHbIH KOTOPBIM
U3yYCHUIO CHEKTPaIbHOU JIEKLIIMOHHBIH OLIEHUBAETCS
HNEepUOIUUECKON s deKkTUBHOCTH MaTepuan ¢ | a¢dexTuBHOCTH
Hay4YHO- KaHaJIOB B | JOCTaTOYHOH UCIIONB30BAHUS
TEXHUYECKOH HPOSKTUPYEMBIX CTEIICHBI0 HAYYHOH | CIIEKTpa;
JUTEPATYPHI, CHCTEMaXx CBSI3H,; TOYHOCTH ¥ | 3HaTh NPUHLUIIBI
CIIOCOOHOCTBIO OKCreprMeHTaIbHBIE | MONHOTHI, C | mporpaMMHpPOBaHHUSA
BBISIBIICHUS METOABI HCCIICJIOBaHUS | MPHUBEICHIEM SDR-paawmo,
TCHACHIMA B XapaKTePUCTUK NPUMEPOB YBEPEHHO MX
pa3BUTHH MOMEX 03aLIHIIIEHHOCTH HNPUMEHSTH JJIs
MH()OKOMMYHHK panvocHrHana, MPOEKTUPOBAHUS
AIlMOHHBIX Cnoco0b1 TEXHHUYECKUX
TEXHOJIOTHA U peryJaupoBaHus CPE/CTB CBSI3H;
METOJIOB panro4acToTHOTO YMeTh M0Jb30BaThCs
pecypca; COBPEMEHHBIMH
OCHOBHBIE ~ CHIOCOOBI U3MEPUTEIBHBIMU
HoMcKa M aHauu3a CpelnCcTBaMH ISt
CIIPaBOYHOMN aHaJIN3a CIICKTPA,
UHMOPMALIUHL. 3Hath
HOCIIEZIOBATEIILHOCTD
Ha3Ha4YeHUs
paaroyacTor.
Ymeer Bribupats cxeMy | Ymers Ymenue 76-85
MpOrpaMMUPOBAHUS CHCTEeMaTH3UPOBATh | CAMOCTOSTEIHHO
MpUEMHHKA U | Hay4HYIO HaXO/IUTh
nepeaaTInKa B | HHpOpMAIHIO, HE00XOIUMYIO
LabVIEW; BBIIOJIHATh Hay4HO-
PaccuuteiBaTh THIIOBBIE 33/1a4M MO | TEXHUYECKYIO U
KOOPAMHALIMOHHOE aHAITU3Y CIIPaBOYHYIO
paccrosiHue MEXIY | XapaKTepHCTHK JHUTEPATYPY, B
NpUTPAaHUYHBIMU s dexTuBHOCTH KOTOPOi
0a30BBIMH CTAaHLUSAMH; HCIIOB30BaHHs OITHCBIBAKOTCS
AHaM3UpOBaTh CIIEKTpa XapaKTePUCTUKH
TEOPETUYECKHU c 3¢ GEKTHBHOCTH
MOMOIIBIO UCIIOJIb30BaHMs
MaTeMaTUUIECKUX CIICKTpA,
MOJIeNiel U Ha MpaKTUKe Bnanenue
c UCIIOIb30BAaHHEM METOJIMKaMHU pacyeTra
COOTBETCTBYIOIINX OTHOILCHUS
M3MEPHUTEIBHBIX curHaJI/TIoMexa, ;
npuboOpoB  MapameTpsl YmMenue
pacrpocTpaHeHuUs MOJTb30BAThCS
paarocHryana, BUPTYaIbHBIMU
[TpoBoanTs TIOUCK ocumutorpadamu 1
HAay4HO-TEXHUYECKON reHepaTopamy,
nndopmanuu o BCTPOEHHBIMU B
3a/IaHHOH TeMe. pamromonysin USRP.
Bnaneer HaBsikamu  pacuera | Biamets IIpuemamu pacyera 86-100
OTHOIICHHS METOUKAMU CHTHAJIOB
curaa/momMexa U | pelieHus KOTHUTUBHOTO PAJIHO,
pa3MYHbIX  3a/ia4, | MCIOJIb3yEeMbIX IPH
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BEPOSITHOCTH OIIMOOK B | CBSI3aHHBIX C | MPOEKTUPOBAHUU
NPUEMHHUKE; aHAIN30M U | CHUCTEM CBS3H,
HaBbikamn ~ BbIOOpa | cuHTE30M  010KOB | OCHOBHBIMH
METOIOB U cpexactB | ycrpoiicte SDR ¢ | mapamerpamu
M3MEpEHU JUISL | MCIOJIb30BaHUEM CETEeBOr0
IKCTIEPUMEHTAIILHBIX Hay4HO- MOHHUTOPHHTA,
HCCIIET0OBaHUI TEXHUYECKOU MareMaTHYECKUMHU
mapameTpoB NHU(GPOBHIX | HHOOPMAIHH B | METOJaMH pacdera u
CHTHAJIOB,; COBPEMEHHBIX OTIMCAHUS
HaBplkaMn  aHanmW3a | OTEYECTBEHHBIX W | XapaKTEPUCTHK
JETEKTHPOBaHUS 3apyOeKHBIX CITyJaiHBIX
CHUTHAJIOB | HCTOYHHUKAX I (POBBIX CHUTHAJIOB,;
HaBbikamn  moucka, YMeHuneM BbIOUpaTh
aHaM3a u COOTBETCTBYIOIIHE
cHCTeMaTH3aluH N3MEPHUTEIBHOM
Hay4HO-TEXHUYECKON 3a7a4e METOJUKH
nHdopmanuu o n3MepeHuit n
KOHKPETHOH  TeMaTHKe CpeICTBa U3MEPEHU;
UCCIIEIOBaHMSI. YMmenuem
CaMOCTOSATEIHHO
HaXOJUTh METO/IBI
pemeHus
pa3sHOOOpa3HbIX
3aa4 B 00sacTu
MPOEKTUPOBAHUS
CHCTEM CBSI3H;
I1K-28 - | BHaer Hanuuwe o6mero | CocoOHOCTH criocobsl  BeIOOpa | 60-75
TOTOBHOCTbH K IIpEeACTaBICHUSA o | EepeCKa3aTb n | METOOUK
U3yYEHHIO 5 NpHHIHMNIAX 0613510H1/£T1, SKCIIEPHMEHTALHBIX
MEPHOANIECKON DACIDEACICHAA  TACTOT yueOHBII § HCCIIEeJOBaHNH;
Hay4JHO- JEKIMOHHBIH METOJIBI
TEXHUIECKOH Ha  HAUHMOHANBHOM M| \iareppan ¢ | ycTpaHeHHA
JIATEPATYPHI, MEKIYHAPOTHOM JOCTaTOYHOM H30BITOYHOCTH
CIIOCOOHOCTHIO YPOBHE, CTENEHbIO HAYYHOW | pEe4eBOro CHUTHANA,
BBISIBJICHUS 3HaHHe Crnoco0OB | TOUYHOCTH " Pa3sHOBHIHOCTH
TEHOCHUUH B BbIGOpa MeTouK | NOJTHOTBI, c | cxem BBIJICITICHUSI
pa3BUTHH KCTIEPHMEHTATHHBIX NpUBEJICHUEM CHHXpOCHTHaJa u
MH()OKOMMYHHK . IpUMEPOB JIAaHHBIX W3 TI0TOKA B
HCCIIeIOBaHU; )
AIlMOHHBIX MPUEMHHUKE;
TEXHOJIOTUH U OcrosHble MIPAKTUYECKUE
METOJIOB pelIeHust, IpUMeHsIeMbIe METOIHKH
B THUIOBBIX  33ja4ax UCCJIEJIOBAaHMS  CXEM
peryinpoBaHus cneKTpa; TMOHUIKCHUSI CKOPOCTHU
Ba3oBele  HABBIKH B YCTPOHCTBAX CBA3M,
NpHMeHeHHs COBPEMEHHOE
COCTOSTHHE
MaTeMaTHIECKOTO HOCTHKEHHH,
ammapara JUIs perieHus npo6IemM  myTeil X
3ana4d, BO3HUKAIOLINX pCLICHHUS B CHCTEMax
npu HCCIICIOBAaHUN CBSI3H;
MPOIYCKHOM METOBI
CIOCOGHOCTH  KaHaJIoB MaTEMaTHIECKOTO
— MO/JIETTMPOBAHHUS
JaCTOTHBIX
XapaKTEePUCTHK
KaHaJIOB CBSI3H.
Ymeer IIpumensTs YMeTh NpUMEHSTH aHanu3upoBarh Ha | 76-85
3HAHUS III/I(I)pOBOﬁ COBPEMCHHBIC OCHOBEC CIIPABOYHBIX
TEeXHUKU B 3amayax | METOABI AaHHBIX
S —— HCCIICOBAHUS ISl | TEOPETHYECKHUE
pELICHHs THIIOBBIX
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TEXHUYECKOH 3aja4 MO0 aHaJIM3y | MOJEIH KOMIIPECCUH
3¢ pexTHBHOCTH COBMECTHUMOCTH CHUTHaJIa PeyH,;
HCTIONB30BAHNA CTIeKTpa; | 2/IKTPOHHOrO CaMOCTOSITEIILHO
00opyioBaHus; n3yvartb
CamocTosTensHO
5 Ymers CrHeUaIbHYO
HAXOUTE HEOOXOMMMYIO | 1o cuprpiBaTh Hay4HYIO "
Hay4qHO-TEXHUYCCKYIO M | ocHOBHBIE METOIMIECKYTO
CIIPaBOYHYIO XapaKTCPUCTUKHU JIMTEparypy,
JITeparypy, KaHaJoB CBS3HU. CBSI3aHHYIO c
OTHOCSIIYIOCS K BBIOODY npobremamu
TOTOBOT'O Wi peannsaryt, 1
nppoBBIX MOIynei
MOCTPOCHHIO wap A
anmnapaTypsbl CBsI3Y;
CaMOCTOSATEIBHOTO COCTABJISTE
PCIICHHA AL mpocTeiune
peanu3anyuy KOHKPETHOH CTPYKTYPHBIE CXEMBI
3a1a4H; MO/JIYJISITOPOB u
CocTaBiTh u AEMOLYJIATOPOB  Ha
PACCUNTHIRATS OCHOBE  MHKDPOCXEM
LIAIT u ALIIT;
XapaKTePUCTUKH
- paccUnTHIBATH
MPOCTEHIINX y3JI0B XapaKTepHCTHKH
3JICKTPOHHBIX CXEM, COTOBBIX CeTeﬁ’
MPUMEHSIEMBIX JUTS BIIMSIIOIME Ha MT0JIOCY
IIOCTPOEHMUS 0a30BBIX 4acToT ,
OJIOKOB  KOTHHUTHBHOTO
panmuo.

Brnaneer CrocoGHOCTBIO Brnanetes HaBBIKAMHU Cnocobamu 86-100
4eTKO M TPAaMOTHO | PCLUCHHs OTIMCAHUSI Pa3TUIHBIX
CTABHUTD sazaqy, | PA3TMIHBIX 327124 B 650K0B

obmacTu pamuoteneoHa  BO
COCTaBJIATh TUIaH

TEOPETHYECKOTO U | BpeMs
pa3paboTku

CTPYKTYPHOTO PEIICHHUS;
Haspikamu BeIOOpa
COOTBETCTBYIOIINX
CTPYKTYPHBIX pEIICHHH,
CPEACTB U3MEPEHUH /IS

KOHTpOJISI  [apaMeTpoB
rnepeaaTumka,
Hagbikamu,
MO3BOJISTFOIITUMH
CaMOCTOSITEIbHO
HaxO0JIUTh METO/IbI
pelIeHHsT THUIOBBIX U
HETUIMYHBIX 33734 B
obnacTu pacuera,
MOCTPOEHHUS u

TMOCICAYIOMECTI0 aHaJIn3a

mapamMeTpoB u
XapaKTEePUCTHK
CTPYKTYPHBIX cxeM
aBTOMaTHYECKOMI
HAaCTPOUKHU CKOPOCTH
nepefayd, a TakxkKe B

obiacTh omMcaHus |
aHaj M3a XapaKTePHUCTHK
CETEBBIX DJIEMEHTOB.

AKCIICPUMEHTAIBHO
ro UCCICIOBaHUSA U
OIIMCaHUs
yCTpOMCTB
KOI'HUTHUBHOI'O
paauo,
MPUMCHACMBIX B
PaanoCBsI3H, c
HCTIOJb30BaHUEM
MIPAKTHICCKIX
HABBIKOB,
MpUOOPETEHHBIX B
xoJ1e y4e0HOTO
nporiecca.

MIPOEKTUPOBAHUS U
SKCIUTyaTallul CeTeu
CBSI3H,

Hasrpikamu
COCTaBJICHUS
3KCHepI/IMCHTaJ'IbHI)IX
METOIUK
HCCIIEIOBAHUN u
croco0aMu OIMCaHMs
MaTEeMaTHYSCKHUX
pacupocTpaHeHus
PaaMOCUTHAJIOB;

Mertononorueit
TEOPETUYECKUX u
3KCHepI/IMCHTaJ'IbHI)IX
HWCCIACIOBaHUN  JJIA
HCCIIEIOBAHMS
CIIeKTpa
CBS3H,

HaBrikamu
COCTaBJICHUS,
pacuera CcXeM
MIPOrpaMMHUPYEMOTO
paauo;

HauanpubiMH
HaBBIKAMH
MPOBEAECHUS
HCCJCIOBAaHUN C
IIOMOINIBI0 MOYJIEH
USRP.

CHCTEM
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Metoanyeckue peKoMeHIalUH, ONPeIessiolue NpoueaIypbl OlleHMBAHUSA
pe3yJbTATOB OCBOCHMS JUCHUILTUHBI

Tekymas arrecTanusi CTy1€eHTOB

Texymass arTectanus CTyAEHTOB 10 JucHuIuinHe «Od(eKTHBHOCTD
UCIIONB30BAaHUSl  PAJAMOYaCTOTHOTO CHEKTpa B LU(PPOBBIX KaHAlaX CBS3H»
IIPOBOJUTCS B COOTBETCTBHM C JIOKAJbHBIMM HOPMAaTUBHBIMH akTamu /BOY u
ABIISIETCS 00A3aTEIBHOM.

Texymass arrectanus Mo JUCHUILUIMHE «ODPPEKTUBHOCTh HCIOIb30BAHUS
PaZAMoOvYacTOTHOIO CHEKTpa B HU(POBBIX KaHajaxX CBSI3W» IMPOBOAUTCS B (Gopme
BBIMIOJTHEHHSI KOHTPOJIBHBIX pabOT MO OICHUBAHMIO (DAKTHUYECKUX PE3yJIbTaTOB
o0yueHus CTyAeHTOB. OCYIIECTBIISIETCSA BELYIUM IPENOIaBATEIEM.

OObeKTaMu OILIEHUBaHUS BBICTYNAIOT:

. yuyeOHasg  AWCHMIUIMHA  (aKTUBHOCTh  HA  3aHATUSAX,
CBOEBPEMEHHOCTh  BBIIIOJIHEHUS  Pa3IM4YHBIX BUJAOB  3aJIaHUU,
MOCEUIaeMOCTh BCEX BUJIOB 3aHATHUI 10 aTTECTyEMON JUCLMILIIUHE);
J YPOBEHb OBJIaICHUS IPAKTUYECKUMHU YMEHHUSIMU U HaBBIKAMU 110
BCEM BUJaM YUeOHOU padoThI;
. pE3yJIbTaThl CAMOCTOSATENBHON pabOTHI.
OueHnBaHKEe pe3yabTaTOB OCBOEHUS AUCLMIUIMHBI Ha dTalle TEKyUIeH arTecTauuu
IPOBOJUTCA B COOTBETCTBHHM C MCHOJb3YEMbIMU OLEHOYHBIMU CpPEACTBAMHU U
KPUTEPHUSIMHU.

KommiekT 3agaHuil i KOHTPOJIbLHON padoThI

Bapuanr 1

3amayga 1

HapucoBats cxemy Ha ONMOK-AHarpaMMe ¢ MUKJIOM FOr. BKIIOYUTH B UK TPU MPOCTHIX
MOCJIEIOBATEILHO COEAMHEHHBIX ornepainuu. JJo6aBuTh 0 uH OJ0K TIepe BXO0M IMKJIa U OJIUH
OJIOK TTOCJIC BBIXOJIa M3 IIMKJIA. 33/1aTh HaYalbHbIC YMCIICHHEBIC 3HAUCHUS JIJIS BCEX 0JIOKOB CXEMBbI
Y KOJIMYECTBO UTEpaluii B ukie (He meHee 7). OnpenenuTs YuCIeHHbIE 3HAYSHUS BBIXOI0B BCEX
OJIOKOB CXEMBI MOCIIe IEPBOM UTEPALIMU U TTOCIE MOCIEIHEH UTepaIliH.

3amgava 2

Onpenenuts Aana3zoH U3MEHEHUs uncen ais TunoB AaHHbIx 18, U16, SGL. [{ns yncen SGL
HEO0OXOAMMO CaMOCTOSITEIBHO 3a7aTh YUCIIO Pa3PsIOB MOCIIE 3aIsATOM.

Teopernuecknii Borpoc 1

Mertoasl noBbiueHus s¢dextuBHoct  PY - cmektpa. Kputepuum sddextuBHOCTH.
Enunnnel usMepenuss paanodactoTHoro pecypea. KoeBepens pagmouactor. OmnpeneneHust
korautuBHOro paguo CRS wu mporpammupyemoro pamno SDR.

Teopernuecknii Bornpoc 2

[Inanbl KMCNIONB30BAHMA II0JOC PAAMOYACTOT. BCeMUpPHBIE M PETrMOHAIbHBIE IUIAHBI IS
panuociayx0. [Iprmepsl IIIaHOB Ha3HAYEHUS PaJMOYaCTOT.
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Kontponbras padota Nel mo D¢ heKTHBHOCTH UCTIOIb30BAHUS CIIEKTPa

Bapuanr 2

3amauva 1

HapucoBatb cxemy Ha 010k-auarpamme ¢ nukiom While. Bkirtounts B UK TPU TPOCTHIX
MIOCJIEIOBATEIFHO COCMHECHHBIX orepanuu. Jl00aBUTh 0MH OJIOK Tepel BXOJIOM IMKJIA U OHH
0JIOK TOCTie BBIXO/IA M3 IIUKJIA. 3a/1aTh HAYabHBIC YMCICHHBIC 3HAUYCHUS JIJIS1 BCEX OJIOKOB CXEMBI
U YCJIOBHE 3aBeplICHUs IUKiIa. OnpeenuTh YUCICHHBIC 3HAYCHHUS BBIXOJIOB BCEX OJIOKOB CXEMBI
MoCJIe TIEPBOI UTEPAIUH U MTOCIIE TIOCTISIHEH UTepaIiu.

3amaua 2
OnpenenuTh AMana3oH U3MEHEHHUd 4ducell i TunoB gaHubix 116, U32, DBL. Jlng yucen
DBL He0o0x01MM0 caMOCTOSATENHHO 33aTh YUCIIO Pa3PsI0B IMOCIIE 3aISITOM.

Teopernueckuii Bonpoc 1

VYnopaBiieHue  HCIOJIB30BAHMEM DPAJUOYACTOTHOIO  CIIEKTpAa HAa MEXAYHapOOHOM H
HallMOHATbHOM  ypoBHsX. [IpuHumnel moBeimenus s¢pdexkruBHoctd PY  crnektpa B CLIA.
CorymacoBaHue  peryjaupoBaHus  CHEKTpa AJMUHUCTpALUUsAMHU  CBA3M ¢ MeXnyHapoaHbIM
COI030M 3JIeKTpOCBs3U. CEeKTOp paguocBa3y. PernaMeHT paanocsssy, coaepxanue Pernmamenra.

Teopernueckuii Bonpoc 2

[IpyHUIMOBl ~ NPUrPAaHUYHOM  KOOpAMHAIMKU  ceTel  paguocBsa3u.  Pexomenpanus
ECC/REC/(08)02 Espomeiickoii koH(pepenuuu. [Ipumep KOOpAMHAIMOHHBIX PACCTOSHHUM s
0azoBoii cranuuu LTE.

KonTponbnas padora Nel nmo 3¢ hekTHBHOCTH HCTIONB30BAHUS CIIEKTPa

Bapuant 3

3anauva |

HapucoBats cxemy Ha OJioK-muarpamMme ¢ HMKJIOM FOr. BKIIIOUMTH B UK TPU MPOCTHIX
MOCIE0BATEIbHO COSAMHEHHBIX ornepanuu. J(06aBUTh olMH OJIOK Iepe] BXOIOM LHUKIIA U OJUH
0JIOK Mocye BbIXO/a U3 IUKIIA. 3a/1aTh HaYaIbHbIE YUCIICHHBIC 3HAUCHUS JJIs BCEX OJIOKOB CXEMBI
¥ KOJIMYECTBO UTEpaIuii B iukie (He MeHee 7). OnpeaenuTh YUCICHHbBIE 3HAYEHHUS BBIXOJIOB BCEX
0JIOKOB CXEMBI 110CJI€ IEPBOM UTEPALIUU U TIOCIE MOCIETHEN UTEepaIIH.

3amgava 2
Onpenenuts Aana3zoH U3MEHEHUs yncen ais TunoB AaHHbIx 18, U16, SGL. [{ns yncen SGL
HEO0OXOAMMO CaMOCTOSITEIBHO 3a7aTh YUCIIO Pa3PsIOB MOCIIE 3aIsATOM.

Teopernueckuit Bonpoc 1

Paznenenne mupa Ha Tpu panioHa PeriiamMeHTOM paauoOCBs3H U PaclpelesIeHUsl 4acToT.
CoBMECTHOE U UCKITIOUHUTENIbHOE pactpeneneHue. [lepsuunbie U BTopuuHbie ciryk0bl. [Ipumepsl
panuociyx0 HamuoHanbHOU Tabmuisl TPY Poccun.

Teopernueckuii Bonpoc 2

O6s3arenbHast peructpaius B bropo paanocszu MCD u MexyHapoHasT KOOPAUHAIUS C
AIMUHUCTpAaUsAMU  APYTUX  CTpaH. [Tpumepsl 00s13aTeIbHON perucTpaluyu u
MEXIyHapOJAHON KOOPAWHALUU.

KonrtponsHas padora Nel mo D¢ dekTuBHOCTH HCTIONB30BaHUS CIIEKTPA

Bapuanr 4

3anaua |

Hapucosars cxemy Ha 00k-auarpamme ¢ koM While. BKTFouuTs B UK TPH MPOCTHIX
MI0CJIEI0BATEIbHO COEMHEHHBIX onepannu. Jlo6aBUTh 0AKH OJIOK Mepe] BXOJO0M LUKIA U OJUH
0JI0K mocyie BBIX0J1a U3 IUKJIA. 3a/1aTh Ha4aJbHbIE YMCIEHHbIE 3HAUYEHUS JIs1 BCEX OJIOKOB CXEMBbI
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U yCJIOBHE 3aBepiueHus ukia. OnpeaeauTh YNCICHHbIE 3HAUEHUSI BBIXOJJOB BCEX OJIOKOB CXEMBbI
MIOCJIE IEPBOM UTEPALIMH U TIOCIJIE MOCIIEIHEN UTEPALIUH.

3amauya 2
OnpenenuTh AMana3oH U3MEHEHUs ducen i TUnoB JaHHbix 116, U32, DBL. Jlng yucen
DBL Heo0x01MM0 caMOCTOSATENHHO 33aTh YUCIIO Pa3psI0B IMOCIIE 3aIsSITOM.

Teopernueckuii Bonpoc 1
[Tnanel MCHONB30BaHUS IOJOC PAAMOYACTOT. BeceMupHble M pervoHalIbHbIE IJIaHbI VIS
panuociayx0. IIpumepsl 1aHOB Ha3HAYEHUS PAAHOYACTOT.

Teopernueckuii Bonpoc 2

3asBJICHUE U PErucTpalys 4YaCTOTHOTO Ha3HaYeHus B bropo panuocsizu MCD ¢ 1einbo ero
BHeceHUsI B MexyHapoaHbli cipaBouHbli peructp yactoT (MCPY). YacToTHbBIE Ha3HaueHus,
HCITOJIb3yEMbIC Ha MK TyHAPOIHOM YPOBHE, KOTOPBIE HE HYKHO 3asBIISATh B Bropo pagnocssizu.

KonTponbnas padora Nel mo D¢ hekTHBHOCTH UCTIOIB30BAHUS CIICKTPa

Bapuant 5

3anayva 1

HapucoBats cxemy Ha OnOK-AuarpaMMe ¢ HMUKJIOM FOr. BKIIOYUTH B UK TPU MPOCTHIX
MOCJICI0BATEIbHO COSAMHCHHBIX oreparuu. JJ00aBUTh 0JMH OJIOK TIepe]] BXOIOM IIUKJIA M OJIUH
0JI0K mocTie BBIXO0/1a U3 IIUKJIA. 3a/1aTh HAYaJbHbIC YMCICHHBIC 3HAUYEHUS TSl BCEX OJIOKOB CXEMBbI
¥ KOJIMYECTBO UTEpaIuii B ke (He MeHee 7). OnpenenuTh YUCICHHBIC 3HAYCHUS BBIXOIOB BCEX
OJIOKOB CXEMBI 110CJIe TIEPBOM UTEPALIUU U TIOCIE MOCIECTHEN UTEepaITIH.

3amaya 2
Ornpenenuts Auana3zoH U3MEHEHUs Yrcel ajs TunoB AaHHex 18, U16, SGL. [{ns uncen SGL
HE00X0JUMO CaMOCTOSTEIIBHO 33]1aTh YUCIIO Pa3PsI0B MOCIIE 3aMsITOM.

Teopernueckuii Bonpoc 1

VYrpaBineHue  MCHOJB30BAaHUEM PAJMOYACTOTHOIO  CHEKTpa Ha MEXIYHAPOIAHOM H
HallMOHANbHOM  ypoBHAX. [IpuHumnel mnoBeimenus 3¢pdexktuBHocty PY  cnektpa B CLIA.
CornacoBaHue  peryjJupoBaHUsl  CHEKTpa AJMUHHUCTPALUSMHU  CBA3M ¢ MexXayHapOAHbIM
COI030M 3JIEKTPOCBA3U. CEKTOp paguocBs3u. PernameHT pannocsssy, coaepxkanue Permamenra.

Teopernueckuit Bonpoc 2

[Inanbl McnONb30BaHUS IOJIOC PAaAMOYAcTOT. BceMupHBIE M PETMOHAIBHBIE IIIaHbI IS
panuocayx0. IIpumepsl IUIaHOB Ha3HAYEHUS PaJAUOYACTOT.

KonTponbnas padora Nel no 3¢ dekTuBHOCTH UCIOIB30BaHUS CIIEKTPa

Bapuanr 6

3anaua 1

HapucoBatb cxemy Ha 610k-muarpamme ¢ mpkiaom While. BkirounTth B UK TPU MPOCTHIX
MOCJIE0BATENbHO COEAMHEHHBIX ornepanuu. J(06aBUTh o/lMH OJIOK Iepes BXOJIOM LHUKIIA U OJUH
0JI0K TOCIe BBIXO/A U3 IUKIIA. 33aTh HauaJIbHbIE YUCICHHBIE 3HAUEHUS JJIs BCeX OJIOKOB CXEMBbI
U yCJIOBHE 3aBepiueHus 1ukia. OnpeaeauTh YUCICHHbIE 3HaYeHHSI BBIXOJJOB BCEX OJIOKOB CXEMBbI
1ocJie IEPBOM UTEPALUK U MTOCIIE TIOCIEIHEN UTEPALIUH.

3amaya 2

OnpenenuTh IUana3oH U3MEHEHUs yucen ais TunoB gaHubix 116, U32, DBL. Jlns yucen
DBL Heo0x01uM0 caMOCTOSATENBHO 33aTh YUCIIO Pa3psI0B IMOCIE 3asITOM.
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Teopetnueckuit Borpoc |

Mertoasl moBbimeHust s¢¢exktuBHoctH  PY - cmektpa. Kpurtepunm sddexruBHOCTH.
Enununpsl u3mepenus paguodactotHoro pecypca. Konsepcust paguouactor. OrnpenesneHus
koruutuBHoro paano CRS u mporpammupyemoro paauo SDR.

Kontponbnas padota Nel mo D¢ heKTHBHOCTH UCIIOIb30BAHUS CIIEKTPa

Bapuant 7

3amauva 1

HapucoBate cxemy Ha OjoK-guarpaMMe ¢ LHMKJIOM FOr. BKIIIOUMTH B LIMKJI TPU MPOCTHIX
MOCIIe0BATEIbHO COSAMHEHHBIX ornepaiuu. J[06aBuTh ouH OJ0K mepea BXOAOM IHKIA U OJUH
0JIOK TOCTie BBIXO/IA M3 IIUKJIA. 3a/1aTh HAYaIbHBIC YMCICHHBIC 3HAUYCHUS JIJIS1 BCEX OJIOKOB CXEMBI
U KOJIMYECTBO UTepaluil B ukie (He MeHee 7). OnpenenuTh YUCICHHbIE 3HAYEHUS BBIXOJIOB BCEX
0JIOKOB CXEMBI MOCIIe IEPBOM UTEPALIMU U TTOCIIE MOCIEAHEN UTepaLIUH.

3amaua 2
OnpenenuTh quana3zoH U3MEeHeHus yucen 11 TunoB nanHbix 18, U16, SGL. s uncen SGL
HEOOXOAMMO CaMOCTOSITEIBHO 3a7aTh YUCIIO PA3PSIOB MOCIIE 3aIsATOM.

Teopernueckuii Bonpoc 1
[Inanel MCMONB30BaHUS MOJIOC PAAMOYACTOT. BeceMupHble M pervoHalibHbIE IJIaHbI VIS
panuocyx0. IIpumepsl 1aHOB Ha3HAYEHUS PAJUOYACTOT.

Teopernueckuii Bonpoc 2

Obs3arenbHas peructpanus B bropo pagnocsszu MCD u MexayHapoHast KOOpIUHALUS C
AIMUHUCTpAaUsIMU  JPYTUX  CTpPaH. [Tpumepsl o0s3aTenpHON perucTpauuu u
MEXYHApPOAHON KOOpAMHALHH.

KontponbHas padora Nel mo D¢ deKTuBHOCTH HCTIOIB30BaHUS CIIEKTPA

BapuanT 8

3anauva |

Hapucosars cxemy Ha 0s10k-auarpamme ¢ koM While. BKiTrounuTs B KT TPH MPOCTHIX
NOCJIEI0BATEIbHO COEMHEHHBIX onepannu. Jlo6aBUTh 0AMH OJIOK Mepe] BXOJO0M LUKIIA U OJUH
0JI0K mocyie BBIX0J1a U3 IIUKJIA. 3a/1aTh Ha4aJbHbIE YMCIEHHbIE 3HAUYEHUS /1JIs1 BCEX OJIOKOB CXEMBbI
U YCJIOBHE 3aBeplieHus ukia. OnpenenuTs YUCIeHHbIe 3HaYeHUs BBIXO/I0B BCEX OJIOKOB CXEMBI
MOCJIE IEPBOM UTEPALIMH U TIOCIIE MOCIEIHEN UTEPALIUH.

3amgava 2
OnpenenuTh 1Mana3oH U3MEHEHUs uucen A TunoB gaHHbix [16, U32, DBL. [lns yucen
DBL Heo0x01uM0 caMOCTOSITENIHHO 33/1aTh YUCIIO Pa3psI0B MOCIIE 3aMsITOM.

Teopernuecknii Bonpoc 1

Paznenenne mupa Ha Tpu parioHa PeriiaMmeHTOM paauoOCBS3H U PaCHpeleeHus 4acToT.
CoBMECTHOE U UCKITIOUUTENIbHOE pacnpesencHue. [leppuanbie u BTopudHbie CiTykO0bl. [Ipumepst
paauociyx0 HamuoHanbHOU Tabmumsl TPY Poccun.

Teopernueckuii Bonpoc 2

3asiBIEHHE U PEerUCTpalus YaCTOTHOTO Ha3HadeHus B bropo pannocsszu MCO c nemnbio ero
BHeceHUs] B MexXIyHapoAHbIN crpaBodHbIN peructp 4actoT (MCPY). YacToTHBIE Ha3HAuUEHUS,
HCITOJIB3YyEMBIE HA MEKYHAPOJHOM YPOBHE, KOTOPBIE HE HYKHO 3asBIIATh B BIOpo paanocBszu.
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KonrtponsHast padora Nel mo D @ekTUBHOCTH UCTIONB30BAHUS CIIEKTPa

Bapuant 9

3amaua 1

HapucoBats cxeMy Ha OJIOK-muarpamMme ¢ UKJIOM FOr. BKIIFOUMTH B UK TPH MPOCTHIX
MOCIIE0BATEIHPHO COSAMHEHHBIX oreparuu. J00aBuTh oMH OJIOK Tepe]] BXOIOM LUKIIA U OJUH
070K mocJe BBIX01a U3 IMKJIA. 3a1aTh HayaabHbIE YMCICHHBIE 3HAUSHMS JJI BCEX OJIOKOB CXEMBI
Y KOJIMYECTBO UTepaluii B uukie (He meHee 7). OnpenenauTh YUCIECHHbBIE 3HAYCHUS BBIXOI0B BCEX
0JIOKOB CXEMBI TI0CIIe TIEPBOM UTEPALIMH U TTOCIIE MTOCTSAHEH UTEPAIIHH.

3amaua 2

OnpenenuTth quana3zoH U3MEHEHUs yucen s TunoB naHubix I8, U16, SGL. [dns uncen SGL
HEO0OXOAMMO CaMOCTOSITEIBHO 3a7aTh YUCIIO Pa3PsIOB MOCIIE 3aIsATOM.

Teopernueckuii Bonpoc 1

Meroasl noBeimeHus 3ddexktuBHoctn  PY - cnektpa. Kpurepun 3¢ GheKTUBHOCTH.
Enununpsl m3mMepenus paauodactoTHoro pecypca. KonBepcust pammouactoT. OmnpeneneHus
korautuBHOro paguo CRS u mporpammupyemoro pamuo SDR.

Teopetnyeckuii Borpoc 2

[IpuHIMIIBI  OpPUTrpaHUYHOM  KOOpPJIMHAIIMM  CETel  paguocBs3u. PekomeHaanus
ECC/REC/(08)02 Eppomeiickoii koHdepeniuu. [Ilpumep KOOpAUHAIIMOHHBIX PACCTOSHUN IS
6a3oBoii ctaniuu LTE.

Konrponsnas padora Nel mo D¢ dekTuBHOCTH MCTIONB30BaHUS CIIEKTPA

Bapwuant 10

3anaua 1

HapucoBatb cxemy Ha 610k-nuarpamme ¢ mpkiom While. BkirounTth B LUK TPU MPOCTHIX
MIOCJIEIOBATEIFHO COCMHEHHBIX onepanud. Jl06aBuTh oauH OJIOK mepe] BXOJOM IHMKIIA U OJUH
0JI0K 1ocIie BBIXO/A U3 UKIIA. 337aTh HauyaJlbHbIE YUCICHHbIE 3HAYEHUs IS BCceX OJIOKOB CXEMBbI
U YCJIOBHE 3aBeplIeHus IuKiIa. OnpenenuTs YUCICHHbBIC 3HAYeHUS BBIXO/I0B BCEX OJIOKOB CXEMBI
1ocJje NepBoil UTepaluy U Mocie MocaeIHel uTepaum.

3amaua 2
OrnpenenuTh IUana3oH U3MEHEHUs uucen ais TunoB naHubeix 116, U32, DBL. Jlns gucen
DBL Heo0x0aumMo caMOCTOSTENBHO 337]aTh YUCIIO Pa3psI0B MOCIHE 3aMsTOM.

Teopernueckuii Bonpoc 1

VYrpaBneHue  MCHOJB30BAaHUEM PAJMOYACTOTHOIO  CIEKTpa HA MEXIYHAPOIAHOM H
HallMOHAJIbHOM  ypoBHAX. [IpuHumnel mnoBeimenus 3¢pdexkruBHoctu PY cnektpa B CIIA.
CornacoBaHue  peryjJupoBaHUsl  CHEKTpa AJMUHHUCTPALUSMHU  CBA3M ¢ MexXayHapOoaHbIM
COI030M 3JIEKTPOCBA3U. CEKTOp paguocBs3u. PernameHT pannocsssy, coaepxkanue Permamenra.

Teopernuecknii Bonpoc 2
[Inanbl KMCNIONB30BAHMA II0JIOC PAAMOYACTOT. BCEMUpPHBIE M pETrMOHAIbHBIE IUIAHBI IS
panuociayx0. [Iprmepsl IIIaHOB Ha3HAYEHUS PaJMOYaCTOT.

KonrtponbHas padora Nel mo D¢ dekTuBHOCTH HCTIOIBb30BaHUS CIIEKTPA
Bapuanrt 11
3anayga 1

54



HapucoBare cxeMy Ha OJ0oK-guarpaMme ¢ HUKIoOM FOr. BKiIOUMTh B IIMKJI TPU MPOCTBIX
MOCJIEI0BATEIBHO COCMHEHHBIX onepannu. Jlo6aBUTh 0AnWH OJIOK mepe] BXOJO0M LUKIA U OJUH
0JI0K 1OcJIe BBIXO/A U3 IUKIIA. 33aTh HauyaJIbHbIE YUCIICHHbIE 3HAYEHUS IS BceX OJIOKOB CXEMBbI
Y KOJIMYECTBO UTEpaluil B iukie (He MeHee 7). OnpenennTs YNCIeHHbIE 3HaU€HUs BBIXOJI0B BCEX
0JIOKOB CXEMBI [I0CJIE IEPBOM UTEPALIUHU U IIOCIIE MTOCTIEeIHEN UTepalu.

3amaya 2
Ornpenenutsb Auana3zoH U3MEHEHUs yncen s TunoB AaHHbix 18, U16, SGL. [{ns yncen SGL
HEOOXOAMMO CaMOCTOSTEIBHO 3a7aTh YUCIIO Pa3PSIOB MOCIIE 3aIATOM.

Teopetnueckuii Borpoc |

Pasnenenne mupa Ha Tpu paiioHa PermaMeHTOM pajaMoOCBsI3U Ul paclpeneseHus 4acToT.
CoBMecTHOE U MCKIIIOUMTENbHOE pacipenenenue. [lepBuunbie u BTopuuHble ciayxO0bl. [Tpumepst
paauociyx0 HamumoHanpHOH Tabmumel TPY Poccun.

Teopernueckuii Bonpoc 2

3asBJIEHUE U PErUCTpalis YaCTOTHOTO HazHaueHus B bropo paguocssazu MCO c nensto ero
BHeceHUs1 B MexyHapoaHbli crpaBouHbli peructp yactoT (MCPY). YacToTHBIE Ha3HaueHUs,
UCIIOJIb3yEMble Ha MEXTyHapOAHOM YPOBHE, KOTOpbIE HE HYKHO 3asBJIATh B Bropo paanocss3u.

KonTponbnas padora Nel no 3 dekTuBHOCTH UCTOIB30BAHUS CIIEKTPa

Bapuant 12

3agaua 1

HapucoBars cxemy Ha 0s10k-auarpamme ¢ koM While. BKimrouuTs B UK TPH MPOCTHIX
MOCIE0BATEIbHO COSAMHEHHBIX ornepanuu. J(06aBUTh oMH OJIOK Iepe] BXOIOM LHUKIIA U OJUH
0JIOK mocye BbIXO/a U3 IUMKIIA. 3a/1aTh HaYaJIbHbIC YMCICHHBIC 3HAYCHUS I BCEX OJIOKOB CXEMBbI
U yCIIOBHE 3aBepiueHus ukia. OnpeaenuTh YNCICHHbIE 3HAYEHUSI BBIXOJJOB BCEX OJIOKOB CXEMBbI
MOCJIE IEPBOM UTEPALIMH U TIOCJIE MOCIEIHEN UTEPALIUH.

3amaua 2

OrnpenenuTh IUana3oH U3MEHEHUs yucen s TunoB gaHHbix 116, U32, DBL. Jlns yucen
DBL Heo0x0aumMo caMOCTOSTENBHO 337]aTh YUCIIO Pa3psI0B MOCIHE 3aMsTOH.

Teopernueckuii Bonpoc 1

[Inanpl MCNIONB30BAHMA IOJOC PAAMOYACTOT. BCEMHUpPHBIE M pETrMOHAIBHBIEC IUIAHBI IS
panuociyx0. [Ipumeps! m1aHOB Ha3HAYEHUS PaAMOYaCTOT.

Teopernueckuit Bonpoc 2

Obs3arenbHas peructpanus B bropo paanocsszu MCD u MexayHapogHast KOOpIUHALUS C
AIMUHUCTpalUsIMU ~ APYTUX  CTpaH. ITpumepst o0s3aTenpHON pErucTpanuu u
MEXIYHAPOJAHOU KOOpPIMHALIUH.

KonrtponbHas padora Nel mo D¢@eKTUBHOCTH UCTIONIb30BAHUS CIIEKTPa

BapuanT 13

3anayga 1

HapucoBate cxemy Ha Onok auarpamme c 1ukiaoM For. BKiIOUuTh B LMK TPU MPOCTHIX
MOCJIEI0BATEIbHO COCMHEHHBIX onepannu. Jlo6aBUTh 0AKH OJIOK Mepe] BXOJO0M LUKIA U OJUH
0JI0K mocyie BhIX0J1a U3 IUKJIA. 3a/1aTh HaYaJlbHbIE YMCIIEHHbIE 3HAUE€HUs JJI BceX OJIOKOB CXEMBbI
¥ KOJIMYECTBO UTepaluil B 1iukiie (He MeHee 7). OnpenenTh YUCIECHHbIE 3HAYCHUS BBIXOJ0B BCEX
0JIOKOB CXEMBI 110CIIEe IEPBOW UTEPALIUU U TIOCIIE MOCIIETHEN UTepaliH.

3amaua 2
Onpenenuts Auana3zoH U3MEHEHUs yncen s TunoB AaHHbIx 18, U16, SGL. [{ns uncen SGL
HEO0OXOAMMO CaMOCTOSITEIRHO 3a7aTh YUCIIO Pa3PsIOB MOCIIE 3aIsATOM.
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Teopernueckuii Bonpoc 1

VYrhpaBneHue  MCHOJB30BAaHUEM PAJMOYACTOTHOIO  CIEKTpa Ha MEXKIYHAPOIAHOM U
HAallMOHANTbHOM  ypoBHAX. [lpuHumnel mnoBeimenus d¢p¢dextuBHoctd PU  cnekrpa B CIIIA.
CornacoBaHnve  peryjaupoBaHMs  CHEKTpa AJIMUHUCTpAUUsSMHU  CBA3U ¢ MeXIyHapOIHBIM
COI030M 3JIEKTpOCBA3U. CEKTOp paauocBs3u. PernamenTt paanocssisy, conepxkanue Pernmamenra.

Teopetndeckuii Borpoc 2

O6s13aTenbHas peructpanus B bropo paguocsizu MCD 1 MeXIyHapOHAS KOOPIUHAIIMS C
AJIMUHHCTpaUMsAMH  APYIMX  CTpaH. [Tpumepst o0s3aTeTbHON perucTpauuu u
MEXKIYHApOAHON KOOPAMHALMH.

Kpurepuu onenku:
10 6ay1oB (MaKCHUMYM) BBICTABJISICTCS CTYACHTY, €CIIHM BBIMTOJHEHBI BCE 3a7a4K 0€3 OITMO0K
5 6asioB, eciy BBHIOTHEHBI TPU 3aJIaHUS U3 YEThIPEX
4 Gamnia (HEeyAOBIETBOPUTEIHHO), €CIIM BBIIIOJIHEHBI /1BA 3aJJaHUs U3 YEThIPEX

OneHovHbIe cpeacrea aJist HpOMeH(yTOqHOﬁ arTrecranmmn

IIpoMeskyTOYHAS aTTEeCTAUSA CTYACHTOB

[IpomexxyTodHas aTTecTanus CTyACHTOB IO JUCHHUILIHHE «D(PGHEKTUBHOCTD
WCIIOJB30BaHUsl PAJUOYaCTOTHOIO CHEKTpa B IU(PPOBBIX KaHAJIAX CBSI3U»
MPOBOJIUTCS B COOTBETCTBHM C JIOKAJIbHBIMM HOpMaTHWBHbIMHU akTamu J[BDY u
SIBIISIETCS 0053aTSIILHOM.

[TpomexxyTouHas aTTecTanus 10 TUCIUILINHE «2PhHeKTUBHOCTD
WCIIOJB30BaHUS PAJUOYACTOTHOTO CHEKTpa B IHU(PPOBBIX KaHATAX CBI3U»
MPOBOAMTCS B BHUJIC KOHTPOJBHBIX pabOT Ha pa3o0paHHBIE B XOJ€ JICKIHH H
MPAKTUYECKUX 3aHSITUU TEMBI, COACPKAINMX KaK TEOPETUUYECKUE BOIPOCHI, TAK U
psAn  TpakTUYECKUX 3aJaHui 0Oe3 BapuaHTOB OTBeTOB. Jljisi mosydeHus
MOJIOKUTENIBHOM OIEHKHU Ha 3a4eTe, KPOME HAMMCaHUsI TPeX KOHTPOJBHBIX padoT,
HEO0OX0UMO TMpenocTtaButh cBoe I[lopTdonano, KOTOpoe COCTOUT W3 KOHCIEKTa
JIEKIUH, OTUYETOB IO MPAKTUYECKUM pabOTaM 1 KOHTPOJIbHBIX PaOOT.

Crpykrypa Hoprdosauo
1. HazBanwue I[lopTdomnmo.
2. KoHCHEeKT JIEKIINA.
3. OT4YeThI MO MPAKTUYECKUM padoTaM.
4. KoHTpoibHBIE PaOOTHI.
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KpnTepnn BBICTABJICHHA OHEHKH CTYJACHTY Ha 3a4Y€T¢ 0 JHUCHUIIJIUHE

«I(PPeKTUBHOCTH UCNOJIb30BAHUA PAIUOYACTOTHOIO CIIEKTPAa B HU(PPOBBIX

KaHaJ/JIax CBA3ZN»

Bannsr
(pedTUHTOB
O OIICHKH)

OrneHka
(crannmapTHas)

TpeboBanust kK cPOPMUPOBAHHBIM KOMIIETEHITHSIM

86-100

«3a4TCHO»

3ayer BBICTABISICTCS MAarucTpy, €Cld OH TIIyOOKO M IPOYHO
YCBOMII MIPOrpaMMHBII Marepuai, MCYEPIIBIBAOIIIE,
IIOCJIEZI0BATEIBHO, YETKO U JIOTUYECKU CTPOWHO €ro M3Jaraert,
yMeeT TECHO YBS3bIBaTh TEOPUIO C MPAKTHUKOH, CBOOOIHO
CIpAaBIsETCS C 3aJayaMu, BOIPOCAMU M JPYIMMH BHUAAMHU
MIPUMEHEHHUsI 3HaHUH, IPUYEM HE 3aTPYIHAETCA C OTBETOM IIPHU
BUJIOM3MEHEHHUH 3a/1aHui, 00OCHOBBIBAET IIPUHSITOE PELICHUE.

76-85

«3a4TCHO»

3auer BBICTABIIICTCI MarucTpy, €CJIM OH TBEPJA0 3HACT MaTCpUall,
Ir'paMOTHO W IO CYHMCCTBY H3JIara€t €ro, HE AJOIIyCKad
CYHICCTBCHHBIX HETOYHOCTCH B OTBETC Ha BOIIPOC, MIpPaBUIIBHO
IIPpUMCHACT TCOPCTUYCCKHUC IIOJIOXKCHU A IIpH PCUICHUU
MMPAKTUYCCKHUX BOIPOCOB MW 3aJayd, BJIAACCT HGO6XOIII/IMI)IMI/I
HaBbIKaAMH U IIPUCMAMU HUX BbIIIOJIHCHUA.

61-75

«3a4TCHO»

3aueT BBICTABISETCS MarucTpy, €Ciid OH UMEET 3HAHUS TOJIbKO
OCHOBHOI'O MaTepuaia, HO HE YCBOWJ €ro ACTaJEH, ITOIyCKaeT
HETOYHOCTH, HEAOCTAaTOYHO IMpaBWIbHbIE (OPMYJIHUPOBKH,
HapyUIeHMs] JIOTUYECKOW IOCIENOBATEIbHOCTU B H3JI0KEHUU
MIPOTPAaMMHOI0 MaTepuaia, HWCIHBITBIBACT 3aTPYJHEHHs IpU
BBINOJIHEHUH NTPAKTUYECKUX PadoT.

40-60

«HEC 3a4TCHO»

OneHka «HE 3a4TE€HO» BBICTABJISIETCS MarucTpy, KOTOpBIH He
3Ha€T 3HAYUTENIBHOM YacTM MpOrpaMMHOIO  MaTepuaina,
JIOTIYCKaeT CYILIECTBEHHbIE OLINOKH, HEYBEPEHHO, C OOJIBIINMHU
3aTpyAHEHUSIMU  BBINIOJHACT MpakTHueckue pabotsl. Kak
MIpaBWJIO, OIICHKA «HE 3a4TE€HO)» CTABUTCS MarucTrpam, KOTOpbIe
HE MOT'YT MPOJIOJKUTE 00ydeHue 6e3 JOMOIHUTEIbHBIX 3aHATHI
10 COOTBETCTBYIOLIEH TUCIUIUINHE.

0-39

«HC JOIMYLICH»

OneHka «He JOMYIIEH» BBICTABISAETCS MAarucTpy, KOTOPBIH
npomycTusl  0ojiee TOJOBUHBI TPAKTUYECKUX 3aHATUH. B
pe3yibTaTe MpPOMYCKOB NPAKTHUECKUX 3aHATUH Maructp He
MOXKET  BBIIIOJHUTH  OCHOBHYIO  4YacTh  KOHTPOJBHBIX
MEpPONPUATHIA MO JUCHUIUIMHE, MPEAyCMOTPEHHBIX Y4eOHBIM
IUTAaHOM. Maructp HEe MOXKeT Hamucatbh 0oJiee TIOJOBHUHBI
KOHTPOJIbHBIX pa0OT, HE MOXET COCTABUTH U 3AIUTHTH OTYETHI
MO0 TPAKTHYECKUM 3aHSATHSIM, HE MOJXET IOJYYHTh HABBIKOB
paboThI ¢ COBpEMEHHBIM yueOHbIM pannoodpyaoBanueM USRP.
[Ipomnyck Gosee MOJIOBUHBI MPAKTUYECKUX 3aHATUH — MPHYUHA
HEBBINIOJIHEHUsSI ~ MarucTpoM  OCHOBHOM  dYacTu  paboueit
MPOTPaMMBbI JTUCITHILITHEIL.
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3ayeT MarucTp MoJIydaeT B CJIydae BJIAJICHUSAMHU 3HAHUSMH, HABBIKAMU U
YMEHUSMH, PUBEICHHBIMU B TAOJIUIIC OIICHUBAHUS 3HAHUN PEUTUHTOBOY CUCTEMBI,
WJIU TI0 pe3yJibTaTy OTBETA Ha YEThIPE BOIPOCAa BO BpeMsl MPOBEJCHUS 3a4eTa B
KOHIIE CEMECTpa.

3adeT nmoJiy4aroT MarucTphl, HaOpagsiue 61 6amt u 6ojee — B COOTBETCTBUH C
TaOuIel OICHUBAHUS 3HAHUM PEUTHHTOBOM CHUCTEMBI.

K cnade 3auera momyckaroTcs MarucTpbl, HaOpasmue ot 40 go 60 6ayioB
PEUTHUHIOBOM CUCTEMBI, HO TIOJIYUYMBIIHAE OIEHKY “HE 3aYTE€HO’ MO KOHTPOJIbHBIM
MEpONPUSITUAM B TEUEHUE CEMECTPA.

K cnade 3aueta He qOMyCKalOTCsI MarucTpel, Habpapiue MmeHee 40 0atIoB U3-
3a MPOMYCKOB 0Oo0Jjiee MOJOBUHBI MPAKTUUYECKUX 3aHITHH JAUCHUIUIMHEL. [Ipomyck
0oJ1ee TOJIOBUHBI TPAKTUYECKUX 3aHATHI 03HaYaeT HeBBIITOJIHEHHE OCHOBHON YacTH
paboueli mporpaMMbl JHCIMIUIMHBI W3-3a OTCYTCTBHSI HAaBBIKOB pabOTHI ¢
COBpPEMEHHBIM y4eOHbIM panunoobopynoBanueM USRP B kKOMIBIOTEpHOM Kiacce
E727 v HenmoAroTOBJIEHHOCTH MAarucTpa K KOHTPOJIbHBIM paboTaM, CBSI3AHHBIMU C
pabotoit mporpammupyemoro paano SDR.

BrlmoiHeHre OCHOBHOM YacTH pabouedl mporpaMMbl HEBO3MOXKHO B CIIydae
npomycka 6osee 50% 3anstuit ¢ paguoodopynosanueM USRP B xoMmmibroTepHOM
kiacce E727 BO BpeMs MPAKTUYECKUX 3aHATHI. B 3TOM ciydae B 3JIEKTPOHHOM
3a4€THOM BEJOMOCTH MarucCTpy CTaBUTCA OLICHKA “He nonyieH” . CaMOCTOSATEIbHO
W3YYUTh HOBOE HAIpaBJICHUE Pa3BUTHS  PAAUOCBSI3M  HEBO3MOXKHO  0€3
MPAKTUYECKUX  HABBIKOB  pabOTBl ¢  y4eOHBIM  IIPHEMOIIEPEIAIONTAM
paanoo0opyI0BaHUEM B KOMITbIOTEpHOM Kitacce E727.

HepequL BOIIPOCOB, BLIHOCUMBIX Ha 3a4€T

1. Meronsl noBsienus 3pdextuBHocTH PY - ciektpa. Kpurepunm 3ddexTuBHOCTH.

EnuHunel u3MepeHus: paanodacToTHOro pecypca. KonBepcust pammouactor. OmpeneneHust
korautuBHOrO pammo CRS wm mporpammmpyemoro pamuo SDR.

2. YmupasieHue WCIIOJIb30BaHUEM  PaJHOYacCTOTHOTO CHEeKTpa Ha  MEXIyHapOAHOM H
HAIlMOHAJBHOM ypoBHsAX. [IpuwHImMIEl noBbImeHus d¢pdextnBHocTn PU  cnekrpa B CILIA.
CornacoBaHue  peryjJHpOBaHHsS  CIEKTpa AJMUHHCTPALUSMH  CBSI3M ¢ MeXIyHapOHBIM
COI030M 3J1eKTpOocBs3u. CeKTop paanocBs3y. PerinaMeHT paguocssisy, coaepxanue Pernamenra.

3. Paznmenenne Mupa Ha TpH paiioHa PermamMeHTOM paaMOCBs3M Ul paclpelesieHHs YacToT.
CoBMecTHOE M HCKITIOUNTENbHOe pactpenaenenue. [lepBuunbie n BTopuuHble ciykObl. [Ipumeps
paanociryx0 HanmoHanbHOU Tabmmiel TPY Poccun.

4. TlnaHbpl WCMONB30BAHUS IIOJIOC PATUOYACTOT. BceMUpHBIE W perHOHANBLHBIE TUIAHBI LIS
panuociyx0. [Tpumeps! TIIaAHOB Ha3HAYCHUS PAJHOYACTOT.

5. TlpuHOUOB TpUTpaHUYHON KoopAWHANWU cerell pamuocesa3u. Pekomenmanus ECC/REC/(08)02
EBponeiickoii koHpepeHuuu. IIpumep KOOpIMHALMOHHBIX PACCTOSHHMN Ui 0a30BOM CTaHIMH

LTE.
6. OO6s3arenbHas peructpanys B biopo paanocsszu MCD u MexxayHapogHast KOOpIUHALUS
¢ AIMHMHHMCTpalMAMH  JIpYyTMX CTpaH. IIpumepsr 00s13aTeNBHOI perucTpanuu u

MEXIyHAPOIHOW KOOPAWHAINH.

7. 3asgBneHHE M PETUCTpAIMs YacTOTHOro Ha3HaueHUs B biopo pamnocBsizm MCD c menpio ero
BHeCEHUs] B MexIyHapoaHbIi crpaBouHbIil peructp 4actoT (MCPY). YacToTHble Ha3HAYCHUS,
HCIIOJIb3YEMBIE HA MEXTYHAPOIHOM YPOBHE, KOTOPBIE HE HYKHO 3asBJIATh B Bropo pannocszu.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

VYnpaBiaeHue HCIOJIb30BAaHUEM CIEKTpa HAa HALMOHAJIBHOM YpOBHE. JIOKYMEHTBHI,
onpexaensomue B Poccun nopsinok ynpasnenust PUC. Lenu peryiaupoBaHus, peryJssaTop,
pe3yJbTaThl PETYJIUPOBAHHUS.

ITopsimok HKCIONB30BaHMS PaAMOYacTOTHOrO crekrpa B Poccuiickonn @enepauuu.
Kuznennsrii mukn POC rpaxknaHckoro HasHaueHus. Pacnpenenenune QyHKIME MEXTy
I'KPY u opranamu city>x0bl HaZ30pa 3a CBS3bIO HAa 3TaIle IPOEKTUPOBAHUS, IIPOU3BOCTBA
u skcruryataiuu POC rpa)1aHCKOro Ha3HAYEHHUS.

®enepanbhblii 3akoH oT 07.07.2003 N 126-D3 (pea. ot 06.07.2016) "O cs3u". [Ipumepsr
IPUCBOCHUS PaZMOYacTOThl MM painoyacTOTHOro kaHaia. [Ipumepsl oTkasza BblAEICHUS
I10JIB30BATENSAM I10JIOC PaguoyacToT. MI3MEeHeHHe paauodyacToOThl WIM PaJuO04YaCTOTHOTO
KaHaJla y I0JIb30BaTeNsl paliOYacTOTHBIM CHEKTPOM.

CrpykTypHas cxema cucTeMbl KOTHUTHBHOTO paano CRS. Ha3nauenue, XxapakTepUCTHKH,
¢byHkuuu KorHuTUBHOTO pammo. IIpemmymecrBa CRS. MHWccnemoBaHust cucrem
KOIHUTHUBHOI'O PaJino.

Cranmapt OecnpoBognori cBs3u IEEE 802.22. Jloctym k KaHally CBSI3H, CXEMBI
MOJYJIALIMM, YaCTOTHBI JMana3oH M IOJOCHl CHCTEMbl KOTHUTHUBHOIO pajauo.
[Ipumenenue crangapra B CLIA.

Mopnynsiuust B cucreMax KOTHUTHBHOIO pajauo. AnanTuBHas Monyisauus. M3meneHnue
apaMeTpoB, UX HACTPOIKa U U3MepeHue. biok-cxema ajanTHBHOM MOAYJISILIMY HA OCHOBE
KOIHUTHUBHOM pajguocucteMsl. Llenb perynupoBanus napaMeTpoB paJuoCUCTEMBI.
BepostHocts  ommbok  BER. Pacuer BER mnpu 3amannom otnomenun EO/NO.
KorepentHsiii mnpueMHuK. AMIUATynHAs, (a3oBass W YACTOTHAs MAHUITYJISIHSL.
CpaBHeHUE TOMEXO0YCTOHYHUBOCTH

Beposithocts  ommbok  BER. Pacuer BER mnpu 3amanHom otnomenun EO/NO.
HekorepeHTHbII IpUEMHUK. AMIUIMTY/IHasi ¥ YaCTOTHAs MaHUIYJsIMA. J[ByXypoBHeBas
Y MHOTOYPOBHEBAsi MaHUITYJISALUS.

[TporpaMMupoBaHe CTPYKTYPHBIX CXEM PaHONEepeAoOINX U PaAUOIPUEMHbBIX 0JI0KOB
B cpene LabVIEW. Co3nmanume cxem TreHepaTopoB Hecylledl uactorel. [lpuem wu
neMoaynauus panuocursaiga. CxXembl JETEKTHPOBAaHUS CHUTHAIOB C aMIUIUTYIHOM,
4acTOTHOM U (ha30BOI MaHUITYJISILIUEH.

[TporpaMMupoBaHe CTPYKTYPHBIX CXEM PaHONEepeaAoNINX U paAHONPUEMHBIX OJ0KOB
B cpeae LabVIEW. Tlpumepsl cxem mporpamMm Ha OCHOBE MPOCTHIX W HauOOJEe 4acTo
npuMeHsieMbIx ornepatopo For, While, peructpos. Onucanue paboThl cxem.
[TporpaMMupoBaHye CTPYKTYPHBIX CXEM paJloONepealonX U PauONpUEMHBIX OJI0KOB
B cpene LabVIEW. Co3nanne cxem reHepaTopoB Hecylel 4acToTbl. BHeceHHe momex B
IIOJIE3HBIN curHail. M3sMepeHue mapamMeTpoB IMOJIE3HOIO CUTHaNIAa M nomexu. M3mepenue
OTHOILICHHUS CUTHAJI/TIOMeXa B TepeiaTuMKe i MPUEMHHKE.

[Tporpammupyemoe pamuo SDR. CrpykrypHas cxema IporpaMMUPYEMOTO paJHo.
Texnuueckas peanmuzauus SDR. IIporpammupyemMbie napameTpbl B yHHUBEPCAJIbHBIX
pamuonpueMHbIx yerpoiictBax USRP. CtpykrypHas cxema npuemorniepenataukoB USRP.
KorautusHoe pagno. YciioBus NpUMEHEHUSI KOTHUTUBHOTO paauo. CTpyKTypHas cxema
KOTHUTHUBHOIO IHpueMonepenardyuka. llpumep mnpuMeHeHUs KOTHUTHUBHOTO pajauo.
3aKOHOAATEIbHBIE HOPMBI IPUMEHEHNSI KOTHUTUBHOTO PaJivo.

CoBMecTHOE HCIIONIb30BaHKUE PAJHoYacTOT COTOBBIMU OreparopaMu cBsi3u B Poccuu u 3a
pyOexoM. Y CII0BUS COBMECTHOTO JIUIICH3UPOBAHUS painoyacToT. [[ppumepsl COBMECTHOTO
UCIIOJIb30BAaHUsl PaJIM0vYacToT. 3aKOHOJATeNIbHbIE HOPMbI COBMECTHOT'O HCIIOJIb30BaHUS
paznovacTor.
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Ouenka ¢opMmupyeTcss MO pe3yibTaTy MHCbMEHHOTO OTBETa Ha JBa
TEOPETUYECKUX BOIPOCA U PELIEHUs ABYX 3a1a4 ouneta. [Ipumep 6unera

MMWHUCTEPCTBO HAYKW U BbICLLErO OGPA30OBAHMA POCCUINCKOW ®EAEPALMN

PepepanbHoe rocyfapcTBeHHOE aBTOHOMHOEe 06pa3oBaTeibHOe yupexaeHne

BbiClero npodeccmoHanbHoro o6pasoBaHmA

«JJanbHEBOCTOUHbIN PpeaepasbHbI YHUBEPCUTETY

LWkona MHxeHepHan

00N ___ maructpbl __M3112
OuncumnannHa 3¢ PeKTUBHOCTb UCNONb30BAHNA PAAMOYACTOTHOIO CMEeKTpa B LMGOPOBbLIX KaHanax
CBA3N____

®Popma obyyeHna ___ oyHas
CemecTp BeceHHU___ 2018 - 2019 yuebHoro roga
Peanusytowan kadegpa __ INEKTPOHUKM U CPeacTB CBA3U__

buner Ne _ 11

1. TMnaHbl MCMONB30BAHUA NONOC PAANOYACTOT. BcemupHbie M perMoHanbHble MaaHbl ANnA
pagunocnyxb. MexayHapoaHaa Tabavua pacnpegeneHma dactor MCI. PaspaboTka
HAaUMOHANbHOM Tabauubl pacnpegeneHuna paguoyactoT. [lepBuYHas U BTOPUYHASA
paguocnyxba. PalioHbl mupa. MNpumep naaHa HazHa4YeHUs PaamMoYacToT.

2. MeTogbl noBblweHUs 3PPEKTUBHOCTM  UCMOb30BAHMA PALMOYACTOTHOIO ChEeKTpa.
PaguouactoTHbIl pecypc. Kputepun addektuBHocTU. KoHBepcua pagmoyactor. Ponb
KOHBepcun, KorHutueHoro pagmo CRS m nporpammupyemoro paavo SDR B noBbilweHUH
appeKTMBHOCTU NpumeHeHus PY - cnekTpa. Onpegenenunsa SDR n CRS

3. PaccuntaTb CNeKTpasibHylO NNOTHOCTb nepegatynka MSK-curHana ¢ dunbtpom laycca.

PacueT HeobxoaAMmO BbINOMHWUTL B Cleaylouen nocnegosaTenbHocTM. 1. PaccumtaTb

CNEKTPanbHYO NAOTHOCTb Nepegatynka MSK-curHana 6e3 ¢unbTpa Maycca. 2. Paccuntato

CNeKTPasibHyl0 NAOTHOCTb GunbTpa laycca. 3. PaccumTtaTb CMEKTpasibHYH MNJOTHOCTb

nepegatinka MSK-curHana ¢ ¢unbtpom laycca no pesynbratam pacdeta n. 1 wm 2.

Heobxoanmo npusectn pacyeTHble Gopmyabl U rpaduUKM ANA KaAXKAOrO MyHKTa M yKasaTb

pa3mMepHOCTM BEIMYMH B pacyeTe 1 Ha rpadmKax.

PacuetHaa nonoca uvactor 600 Klu. MMonHaA mowHOCTb nepepatynka 50 Bt. YacTtoTa

HeMoAyAMpoBaHHOM Hecyllen 936 My,

4. Paccumtatb rpadmK cnekTpasnbHON naoTHoCTM MSK-curHana B nosoce r1aBHOrO fienecTka

Mo TPeM KOHTPOIbHbIM TOYKaM. MpuBecTn pacyeTHyto popmyay CnekTpanbHOM NJOTHOCTM U

BM, rpadmKa. MepBaa TOYKa HAaXOAUTCA B MaKCMMyMe CNEKTPasibHOM NIOTHOCTKU, BTOPAas M

TPEeTbA TOUYKN — NepBble HYyAU GYHKUUK.

MepBas ToOYKa MaKCcMMyma rpaduka onpegensetca npeobpasosaHuem dopmybl

CNEeKTPasibHOM NNOTHOCTM HA YacToTe Hecylwei. [na onpeaeneHuns BTOPON U TPETbEN ToUeK

CNEKTPasIbHOM NJIOTHOCTM Heobxoaumo npuBecTM Gopmyay LWMPUHbLI TNABHOTO NenecTKa

CNEKTpPa, 3aTeM paccunTatb No dopmyse LWMPUHY FNaBHOTO NenecTka CnekTpa.

Hynu dyHKLMM cnesyeT onpeaenntb C NOMOLLbIO PACCHUTAHHOM LWMPUHDBI F1AaBHOTO SienecTka

cnekTtpa.  PaccuuTtaHHble 3HaYeHMA CNEeKTPasibHOM MJOTHOCTU M YacTOTbl B TPeX TOYKax

cnefyeT 3aHecTn B Tabanuy ¢ yKasaHMeM PasMepHOCTU BEINUMH.

MowHocTb curHana 650 mBT, yactoTa HemoaynnmpoBaHHOM Hecyuwelt 320 MIu. CKopocTb

nepeaayn 2M6éwut/c. OTBeT He06X0AMMO AOMONHUTL TUCTUHIOM MPOrPaMMbl pacyerTa.

3aB. Kadeapoi CraueHko J1.T.
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Ha nmoaroroBky nNucbMEHHBIX OTBETOB 3a4eTa 0TBeieHO 90 munyT. [IpumepHoe
pacnpeneneHue BpeMeHH: 45 MHMHYT Uil MOATOTOBKH JIBYX TEOPETHYECKHX
BOIIPOCOB U 45 MHUHYT — pelIEHUE ABYX 3a/1ady. Maructp MoxKeT rnepepacupeieanTh
BpeMsl JIByX 4YacTeil 3adera IpU YCJIOBHHM COXpPaHEHUs OOIIEro BpEMEHH,
OTBEJICHHOI'O HA 3a4eT.

[Ipy 1OArOTOBKE TEOPETHUECKMX BOMPOCOB  HEJIB3sl  IOJIb30BATHCS
KOHCIIEKTOM, HOyTOykoMm. TenedoH nomkeH OBITH BBIKIIOUEH. TeopeTHuueckue
BOIIPOCHI Cpa3y CHAIOTCS Ha MPOBEPKY IIPENONABATEIN0, UCIIPABICHUS B HUX HE
nomyckaroresa. K moaroroBke BTOpOi 4acTH 3a4€Ta MarucTp JOIYCKAaeTCsl TOJIBKO
IIOCJIE CA4M JIBYX TEOPETUUECKUX BOIIPOCOB B IMCBMEHHOM BUJIE.

JUia pemieHuss ABYX 3a7ad  HEOOXOIUM KaJbKyJIATOp WM HOYTOYK C
yCTaHOBJIGHHBIM mpuioxkenuem Mathcad. Maructp MokeT BBIOpaTh IHOOYIO
MaTEMaTUYECKYI0 IIPOrpaMMy BO BpeMs clauM 3adera. BkiroueHue tenedoHa u
UCIOJIb30BaHue ceTu MIHTepHeT 3amnpenieHo. JJomyckaeTcst HCTIOIb30BaHUE JIMYHOTO
KOHCIIEKTa JIEKIIHi, 3aIIUILIEHHOIO IO CIaYM 3a4eTa.

JIBe 3a/1auun MpeCTaBIISIIOT COOOM YIPOILEHHBIM BApUAHT TEX 3a7a4, KOTOPbhIC
BXOJIST B TPH KOHTPOJIbHBIE pa0OTHl CEMECTPOBOTO U3YUECHHS JUCUUILUIMHBL. 3aaaun
3a4eTa OTIUYAOTCSA OT 337a4 KOHTPOJBHBIX pabdOT HAMHOIO MEHBIIUM OOBEMOM
BblunciieHnii. Hampumep, rpaduk CHEKTpaabHOM IUIOTHOCTH JIOCTATOYHO
MOCTPOUTh MO 3-5 KOHTPOJIbHBIM TOYKaM, B KOTOPBIX (DYHKIMS JOCTHraeT
MUHHAMYyMa WIA MakCUMyMa. /{7 CpaBHEHMS - MUHUMAJIbHOE KOJIMYECTBO TOYEK
rpaduka KOHTpoJIbHOM padoTsl — 30.

Bormpocsl Ha 3a4eTe OTIIMYAKOTCS OT IPUBEACHHBIX paHEE BOIIPOCOB NIEPEYUHS.
Teopernyeckne BOIPOCHI IEIATCA Ha HECKOJBKO YacTed, KOTOPHIE BBIHOCITCS Ha
3aueT. Kakas yacTp Bonpoca oTBeAieHa ISl 3a4€Ta — MO>KHO Y3HATh TOJIBKO BO BpEMS
IIPOBECHUS 3a4€Ta.

[lens pemeHuss 3agady — YMETh CpaBHUBATh PACUETHBIE MapaMeTphbl
PaIUOCHUCTEM, XapaKTEPU3YIOIINUX 3 PpeKTUBHOCTH HCMOJIb30BaHUSA
pPaZANOYacCTOTHOIO CIEKTPa, C 3KCHEPUMEHTAIBHO W3MEPEHHBIMHU MapaMeTpaMu
npuemonepenatankoB USRP2901 u USRP2920 Ha npakTHYeCKUX 3aHITUSX.

[IpoBepka TeOpEeTUYECKUX BONPOCOB W MPaBUIBHOCTH pEUICHUS 3a/1ady
BBITNIOJIHAETCS MIPENOaBaTeIeM B pe3yJibTaTe CpPaBHEHHS C TOTOBBIMU OTBETaAMHU.
3ader He CTaBUTCS B TOM CJlydyae, €Clid B JIBYX U3 YETBIPEX BOIIPOCOB COJEPKATCS
omnOku. Jlng mosyueHusi 3adeta HEOOXOJUMO OTBETUTh Ha TPU BOIpOca U3
YeThIPEX BOMPOCOB OUJIETA.
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