[[ognucado v ymBepwgedo B8 CH[ 18 .12 2021H[ =zagauu 2494760

MuHHCTEpCTBO HAyKH U BhIcIIero oOpa3oBanus Poccuiickoit denepanun
®denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEkKACHUE
BBICIIIETO 00pa30BaHUs
«Ypanbckuii penepanbHblil yHUBEpcUTeT UMeHH repBoro [Ipesunenta Poccuu b.H. Enbrinnay

YTBEPXIAIO
JlnpexTop 1o o0pa3zoBaTeIbHON
JESTSILHOCTH

C.T. Kusases

« »

PABOYAS ITIPOI'PAMMA MOIYJIA

Kon mopyas Moayab

1151984 udposas obpadborka curnanos Ha [TIJIMNC

Exatepun0ypr



ITepeuyenn cBeenuii 0 padoyeii nporpaMmme MoayJist

YueTHLIE JaHHBIE

Oépa3oBaTe/bHasi MPorpaMma

1. UupoxoMMyHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI
CBSI3U

Koa OI1
1.11.03.02/33.01

HanpasJjieHue noaroroBKu

1. Un(hoxoMMYHUKAIIMOHHBIE TEXHOJIOTHH U CUCTEMBI
CBS3U

KO}I HalpaBJ¢HUHA U YPOBHA IMMOATOTOBKHA
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o n/m TeneHb, y4eH JIZKHOCTh Apa3jieeHue
OTuecTBO Y P
3BaHHe
1 HonmaroB Annpeit 0e3 yueHou Crapmmit JemaprameHT
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1. OBIIAA XAPAKTEPUCTHUKA MOYJIA Linpposas odpadorka curnajos Ha [IJIMC

1.1. AHHOTAUMS COAEePKAHUS MOTYJIA

JlucuuIuiiHa MOCBSIIEHA W3YyYEHHMIO CPEICTB M METOA0B BBICOKOYPOBHETO MPOEKTUPOBAHMS JUIS
peanu3zanuu Ha [IJIMC cucrem u ycTpoiicTB 00paboTKH cUrHanoB. PaccMaTpuBaroTCst OCHOBBI pean3auu
u npumeHenus uuepoeix ¢mibTpoB Ha IIJIMC, ocoGeHHOCTH pa3pabOTKM MHOTOYACTOTHBIX CXEM,
BONPOCHI ONTHMAJbHON pealn3alliil YCTPOMCTB, METO/Abl BHEIPEHHUS B BBICOKOYPOBHEBBIC MOJIEIU
HU3KOYPOBHEBBIX MOJYJIEH, HanMCaHHBIX Ha s3blke VHDL. M3yuarorcs MeToasl peanusanuu yCTpONUCTB
uudposoii o6pabdotku curHanoB Ha IIJIMC cpencrBamu mporpaMMHOro oOecreueHHsi MPOU3BOACTBA
Xilinx. /Iy ycnenrHoro oCBOGHHUS MaTepHaioB Kypca He00X01nMbl 0a30BbIE 3HAHUS B 00J1aCTH IU(PPOBOI
00paboOTKH CUTHAJIOB, 3HAKOMCTBO ¢ apxutekTypoii [IJIMC, 6a30Boe 3HaHME SA3bIKA MTPOTPAMMHUPOBAHHUS
VHDL, a Takxe 3HaHUE aHIVIMKACKOTO SI3bIKAa HA YPOBHE UTEHUs U IIEPEBOJA TEKCTA CO CIOBAPEM.

1.2. CTpykrypa u 00beM MOaYJist

Tabmuna 1
O0bemM AMCUMIIMH MOAYJIS
Ne H BCETro MOaYyJisdA B 3a4€THBIX
Hepeqenb JUCHUIIIINH MO)]yJ'[ﬂ B IMOCJICA0OBATCJIBbHOCTHU UX OCBOCHUSA
n/n eTHHUIAX
1 udposas obpadotka curnanos Ha [TJINC 3
HUTOTI'O o moyso: 3

1.3.11ocs1ienoBaTE ILHOCTH OCBOEHHMSI MOYJIS B 00pa30BaTeJIbLHOM NMporpaMmme

IIpepekBU3UTHI MOYJIsI 1.

2.

WnxenepHas rpaduka, anropuTMU3anus u
MpOrpaMMHUPOBaHKE I TPodeccuoHaIbHON
NEeSATEIbHOCTH

DNEeKTPOHUKA U CXEMOTEXHUKA

MOIYJIst

HOCTpeKBI/I3I/ITbI N KOPCKBU3UTDBI

He npeagycmotrpensl

1.4. PacnipeiesieHue KOMIIETEHUMA MO0 IUCHUILUIMHAM MOAYJISA, NJIAHUPYeMble Pe3yJbTaThl
o0y4eHHs1 (MHIMKATOPHI) 110 MOAYJIIO

Tabnuna 2
Ilepeyennb
Konx n naumenoBanue I[lnanupyemMble pe3y/ibTaThbl 00y4eHUsI
AMCUHMILINH
KOMIIeTeHIIMH (MHAUKATOPBI)
MOYJIst
1 2 3
Hudposas OIIK-2 - Criocoben 3-1 - IlpuBecTy npuMepbl UCIIOJIB30BAHUS
obpaboTka (hopmann30BBIBATH U METOI0B MOJICTTUPOBAHMS M MATEMaTHIECKOTO
CUTHAJIOB Ha peliaTh 3a1a4u,
OTHOCSIIIHECS K




[JmcC

npodeccrnoHabHOM
ACATCIIbBHOCTH, UCITIOJIb3Y
MCTOABI MOJCINPOBAHUA U
MaTEeMaTU4YeCKOro aHaIHu3a

aHaJM3a B PEIICHUH 33/1a4, OTHOCSIIUXCS K
npodecCroHALHOM eI TeTbHOCTH

3-2 - [lepeunciuTh U AaTh KPATKYIO
XapaKTePUCTUKY OCBOCHHBIM 32 BPEMsI
o0OydeHus makeTaM IMPUKIIAHBIX POrpamm,
UCIOJIb3YEMBIX JJI1 MOJICTHUPOBAHUS TPU
pelIeHnH 3aa4 B 00J1aCTH MpoQeccuOHANTbHON
JeSITeIbHOCTH

V-1 - O60cHOBaHHO BBIOPATH BO3MOYKHBIE
MCTOABI MOACINPOBAHUA U MATCMATUICCKOT'O
aHaM3a JIIsl PEJIOKCHHBIX 33134
poecCHOHATBHOM IeATETbHOCTH

V-2 - BeiOupath makeThl IPUKIaIHBIX
MPOrpaMM I UCTIOJIb30BAHUS UX B
MOJIETTUPOBAHUY TPU PEIICHUU MOCTABICHHBIX
3a/1a4 B 00J1acTH PO eCcCHOHATBHON
JeSITeIbHOCTH

I1-1 - Pemarts mocraBjieHHBIE 3a4a4H,
OTHOCSIIHECS K 00J1aCTH MPodecCHOHATBHON
NeSTeTbHOCTH, UCTIOB3Ysl OCBOCHHBIE 32 BpEMs
00y4eHMS TAaKEeThl TPUKJIATHBIX TPOTPAMM JIJIst
MOJICIMPOBAHUS U MAaTEMAaTHYECKOTO aHAJIN3a

JI-1 - CnocoOHOCTH K cam000pa30oBaHUIo, K
CaMOCTOSITEIbHOMY OCBOEHHUIO HOBBIX METOJIOB
MaTeMaTHUYeCKOTr0 aHAJIN3a U MOJICTUPOBAHUS

OIIK-3 - Cnocoben
IMPOBOAUTL UCCIICAOBAHUA
1 U3BICKAHUA OJIA
PEIICHNA MPUKIAIHBIX
WH)KCHEPHBIX 3a/1a4
OTHOCSIIITAXCS K
npo¢eCCUOHATBHON
JeSITeIbHOCTH, BKITFOYAsT
MIPOBE/ICHUE U3MEPECHHUH,
TUTAHUPOBAHHE U
MOCTAaHOBKY
HKCIIEPUMEHTOB,
HUHTEPIIPETAIIIO
MOJTyYEeHHBIX PE3yIbTaTOB

3-1 - U310%XUTh OCHOBHBIE IPUEMBI U METO/IbI
MPOBEJICHUS UCCIIEIOBAHUI U U3BICKAHUIA,
KOTOPBIE MOTYT OBITh UCIIOJIB30BAHBI JJIS
pEIIeHHs TOCTABJICHHBIX MPUKJIAJAHBIX 3a1a4,
OTHOCSIIUXCS K MPOeCcCHOHATHHOM
JIeSITEIILHOCTH

3-2 - XapakTepu30BaTh BO3MOKHOCTH
JOCTYITHOM UCCIIEN0BATEIBCKON alIaparypsl
JUI pealln3alliy IPeJI0KEHHBIX IPUEMOB U
METO/I0B PEUIEHMSI IOCTaBJIEHHBIX MPUKIIATHBIX
MHXEHEPHBIX 3aJ]a4 OTHOCAIIMXCS K
npodecCHOHALHOM eI TEeTbHOCTH

3-3 - Onucath NOCIEN0BATEILHOCTE IEUCTBUN
pu 00pabOTKE ¥ MHTEPIIPETAIIUHN TTOJTYICHHBIX
PE3yNbTAaTOB HCCIEAOBAHUN U U3BICKAHHIMA

VY-1 - O6ocHOBaThH BEIOOP MIPUEMOB, METOJIOB U
COOTBETCTBYIOILIEH anmnaparypsbl s
MPOBEICHUS UCCIICIOBAHUIN U U3BICKAHU,
KOTOpBIE [TO3BOJISIT PEIIUTH IOCTABIIEHHBIE




MPUKIIAAHBIC 3a/1a91, OTHOCAIIHUECH K
npodecCroHALHOM eI TeTbHOCTH

[1-1 - IToArOTOBUTH M TPOBECTH
AKCTIEPUMEHTAIIbHBIE U3MEPCHHUSI,
WCCIIEA0BaHUS U U3BICKAHHMS JIJIs1 PEIICHHS
MTOCTABJICHHBIX MPUKJIATHBIX 33124,
OTHOCSIINXCS K MPOGeCCHOHATHHOM
IEeITEIbHOCTU

I1-2 - IlpencraBuTh UHTEPIPETALIUIO
MOJTyYSHHBIX PE3yJIbTaTOB B (hOpME HAyYHOTO
JoKIana (COOOIICHMS)

-1 - IIposABasTh 3aMHTEPECOBAHHOCTD B
COJIep>KaHUU U pe3ysbTaTax
HCCIIEeIOBATEeNbCKON paboThI

1.5. ®opma oOyuenust
OOy4eHue 1Mo TUCIUTUTHHAM MOJIYJISI MOXKET OCYIIECTBISTHCS B OYHOHN M 3a04HOU (hopmMax.




PABOYAS ITPOT'PAMMA JUCHUITJIMHBI
Iudposas odpadorka curnauos Ha IIJIMC

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Yuyenas creneHb IHoapasnenenne
Ne ni/m | ®amuausa Umsa OTyecTBO > | JIoJKHOCTH P
Y4YeHoe 3BaHHue
1 JonmatoB AHpeit 0e3 yueHou Crapuuit JemaprameHt
'ennagpeBuu cTerneHu, 6e3 MPEnoaBaTe | paguodJIEeKTPOHUKH
YYEHOTO 3BaHMS b U CBSI3U
2 Cabnuna Hatanbs 0e3 ydeHou Crapmuit JenaprameHT
['puropreBHa cTerneHu, 6e3 MpenoaaBaTe | paguodJIeKTPOHUKH
Y4E€HOI'O 3BaHUS b U CBSI3U

PexoMeH10BaHO Y4eOHO-METOAMYECKHM COBETOM HHCTUTYTAa PanuosneKTpoHMKH W WHOOPMAIMOHHBIX
TexHouoru - PT®

IIpotokon Ne  or  T.



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

1.1. TexHo0rnu peaau3anuu, HCNOJIb3yeMble IPU U3YYeHUH TUCHHUIIJIMHBI MOIYJIsl

- TpamunuonHas (penpogyKTHUBHAs) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepeHnnpoBanHoe) o0yueHue
o ba3oBblli ypoBEHb

*Bazosuiii [ ypogenv — coxpamnsem 102UKY CAMOU HAYKU U NO360AAEM NOIYHUMb VAPOWEHHOE, HO 8epHOe U NOIHOe

npedcmasgienue o npeomeme OUCYUNIUHBL, Mpebyem 3HAHUe CUCeMbl NOHAMUL, yMeHue peulams npoonemuvle cumyayuu. Ocgoenue
OAHHO2O YPOGHS PE3VIbMAMO8 00VUeHUsi 00NNCHO obecneuums (GopMuposanue 3anIAHUPOSAHHBIX KOMAEMEHYUl U NO3601uUm
06yuaowemMycs Ha MUHUMATILHOM YPOGHE CAMOCMOIMENbHOCIU U OMEEMCMEEHHOCIU BLINOIHAMb 3A0AHUSL;
Ipoosunymorii Il yposenv — yenyonsem u oboeawaem 6a308bill ypoGeHb KAK NO COOEPAHCAHUIO, MAK U NO 21yOuHe npopadomku
Mamepuana OUCYUNIUHbL. IMo NPOUCXOOUM 3a CHem GKIIOUEHUsI OONOTHUMENbHOU uHGpopmayuu. Jannblil yposeHs mpebyem yMeHus
pewams npooaeMsl 6 PAMKAX KypPCa U CMENCHBIX KYPCO8 HOCPEOCMBOM CAMOCMOAMENbHOU NOCMAHOEKU Yeau U 6b100PA NPO2PAMMbL
Oeticmeuii. Oceoenue OanHO20 YPOSHS PE3yIbIMAmMos 00YUeHUs NO36OUM 00VUAIOWEMYCS NOBBICUMb YPOBEHb CAMOCMOSIMEbHOCTU
U OMEEMCMEEHHOCIU 00 MBOPUECKO20 NPUMEHEHUS SHAHULL U YMeHUl.

1.2. Copepixkanue TUCHUNIMHBI

Tabnuna 1.1
Kon
Pasgen, Tema
pasaeia, MHCHATITHHBL Conep:xanue
TEMbI
0030p TEXHOJOTHU Hcnonp3yemoe nporpaMMHoOe o0ecrieueHue, 3Tambl
P1 BU3YaJIbHOT'O MMPOCKTUPOBAHUSA MNPOCKTUPOBAHUA CUCTEM LIH(prBOfI O6pa6OTKI/I CHUTHAJIOB Ha

cucreM 1udposoit oopadotkn | IIJIMC Xilinx. JlocTOWHCTBa, HEAOCTATKH TEXHOIOTHH.
curnanos Ha [IJIMC Xilinx

[MpuHIMIE pa3paboTku OcHoBsl paboTs! B Simulink. O630p 6;10k0B 6MOIMOTEKH System
Mojenei cucreM nudpoBoi Generator. [IpeoOpasoBanue ganHbIX B System Generator.
00pabOTKM CHTHAJIOB C
P2 UCTIOJIB30BaHUEM NIPOIPaMMBI
System Generator. Pa3paboTka
MHOTOYaCTOTHBIX CHCTEM.

bioku n3mMeHeHus 4acTOThI AUCKPETU3alluu: IPUMCHCHUEC,
arrnapaTrHas peajan3anus.

O630p apxuTexTyps TITHC Tononorus FPGA. Konpurypupyemslii 1oru4eckuii OJoK.

P3 Xilinx Jlormueckas cexiusi. Cexius mudpoBoit 00pabOTKH CUTHATIOB.
brokxu maMaTH, CHHXpOHHM3AIMHA U CHCTEMHOTO KOHTPOJIS.
Bapuantsl peanuzanuu GUIBTPOB ¢ KOHEYHOW UMITYJIBCHOM
P4 [IpoextupoBanue GunsTpoB Ha | peaknueit Ha [IJIMC: MAC-FIR-punbTpshl, GuibTpsi ¢
IJmcC pacrpenenéHHoON apXUTeKTypoil Beiunciaenuil. Pacuer napamerpon
(buIsTPOB.

13 HaHpaBHeHI/Ie, BUIbI BOCHHTaTeHLHOﬁ ACATCIIBHOCTU N I/ICHOHB3yeMBIe TCXHOJIOI'nn
Tabmnuma 1.2



Hanpasnenune Bun TeXHOIO IS
BOCIIUTATCIBHON | BOCHHUTATENBHOM | pooivmorany ow KOMITETEHIIHS Pesynbrats
EeATEIbHOCTH EeATEIbHOCTH CSITETBHOCTH 00yeHHs
OIIK-2 - Croco6en | I-1 - Crmocob6HOCTH
dbopMaM30BBIBATE U | K
pelaTh 3a/1a4H, caM000pa30BaHUIO,
OTHOCSIIECS K K
Po(HeCCHOHATILHOW | CAMOCTOSTEIIEHOMY
JIEITENHHOCTH, OCBOEHHIO HOBBIX
UCIIOJIB3YSl METOJBI | METOJIOB
MOJICJTUPOBAHUS U MaTeEMaTHIECKOTO
MaTeMaTHYECKOTO aHajgu3a u
HpotopHeRTaLHO TeXHOMOrHs aHaam3a MOJICTTUPOBAHUS
HHas «IIoprdomo OIIK-3 - Cnocoben | -1 - [IposBnate
NeSITeTLHOCTD paboT» IPOBOIUTE 3aMHTEPECOBAHHOC
- TeXHOMOrUs HCCJIEI0OBAHNS U Th B COJICP)KaHUH U
[Ipodpeccronansh | 4 pabota ¢ caMoCTOATeNbHOM | U3PICKAHMS JUIA pesyJibTaTax
o€ BOCIMTAHME S — paGoTHI peleHus I:ICCJ'IG)IOBaTeJ'II)CKO
NPUKIIATHBIX it paboTHI
JI/IIJ(-‘fl;'{IOJ'IBSOBaHI/ISI B :;ﬁ;;aomﬂ HIDKCHCPHDIX 33124
HPAKTHICCKHX 00pa3oBaTeIbHBIX OTHOGTIINE X o
- o )faq poeCCUOHATBHON
JIEATENHHOCTH,
BKJIIOYAst
IIPOBEICHHE
A3MEPEHU,
TUTAHUPOBAHHE U
MOCTaHOBKY
9KCTIICPUMEHTOB,
UHTEPIPETALINIO
MOJTYYCHHBIX
pe3yJIbTaToB

1.4. IIporpaMMa QUCHMIIIMHBI PEATIM3YETCS HA TOCYIapCTBEHHOM s13bIke Poccuiickoil @enepanui .

2. YHEBHO-METOAUYECKOE U UH®OOPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJINHBI
Indposas odpadoTka curnasos Ha [IJIMC

DJIeKTPOHHBIE pecypchbl (M31aHMS)

1. Omnmnenreiim, A., A., boe, C. ®.; IludpoBas obOpaborka curnanos; Texnochepa, Mockpa; 2012;
http://biblioclub.ru/index.php?page=book&id=233730 (DnexTpoHHOE U3/1aHKE)

2. HaBabwu, 3.; IlpoextupoBanue BctpauBaembix cucteM Ha IIJIMC : monorpadus.; AMK Ilpecc, Mocksa;
2016; https://biblioclub.ru/index.php?page=book&id=565713 (DnexTpoHHOE U3/1aHNUE)

ITeyaTHbIE U3TaHUSA

1. IMotexun, M. C., Tapacos, U. E.; Pazpabotka cucrem 1mdpoBoit 06padoTku curtaioB Ha 6aze [1IJINC;
[Nopstaas muans-Tenekom, Mocksa; 2007 (1 9k3.)



2. Cononuna, A. U.; LHudposas o6padoTka curnanoB. Moaenupoanue B Simulink : yueOHoe mocobue st
CTYJICHTOB BY30B, OOydwaromuxcsi 1o HampaBiieHnto moAarotoBku 210700 - MuHbOKOMMYyHUKAIIMOHHBIE
TEXHOJIOTHH U CUCTEMBI CBSI3U KBanupukanuu (creneHu) "0akanasp" u kBanudukauuu (crernexun) "maructp'.;
BXB-Ilerepoypr, Cankrt-IlerepOypr; 2012 (1 3k3.)

3. Kyzenun, M. O., Kusmmes, /I. A., 3otos, B. 1O.; CoBpemennsie cemeiicta [IJIMC dhupmer Xilinx : [cripas.
nocobue].; I'opsuas mawmst - Tenexom, Mocksa; 2004 (3 7k3.)

IpodeccnonanbHbie 6a3bl JAHHBIX, HH(POPMAIIHOHHO-CIIPABOYHbIE CHCTEMbI

Caiit komnannu Xilinx, pazaen Documentation: http://www .xilinx.com/support.html#documentation

Marepuans 1 auiy ¢ OB3

Bece kontent OBC mpencraBieH B Buzae (ailioB crenuanbHOro (opmara i BOCHPOM3BEICHUS
CHUHTE3aTOPOM PEUH, a TAKXKE B TECTOBOM BUJIE, IPUTOTHOM JUIS IPOYTEHUS C UCIIOJIb30BAHUEM SKPAHHOM Ty TIbI
Y HaCTPOUKOM KOHTPACTHOCTH.

Ba3bl 1aHHBIX, THPOPMALMOHHO-CIIPABOYHBIE U MOHCKOBBIE CHCTEMBbI
[Topran undopmanoHHO-00pa3oBaTenbHbIX pecypcoB YPOVY, http://study.urfu.ru/
3onanpHas Hay4Has oubnuoreka YpdV, http://lib.urfu.ru/

3. MATEPUAJIBHO-TEXHUYECKOE OBECITEYEHUE JUCHUIIJINHbI
Hudposas oopadoTka curuanos Ha [IJIUC

CBeennsi 00 OCHAIIEHHOCTH JUCHUNIMHBI CTIENHAJIN3UPOBAHHBIM M J1a00PaATOPHBIM
000py/1I0BaHNEM U MPOrPaAMMHBIM O0ecleuyeHueM

Tabnuna 3.1
Ne Bunawi 3ansiTmii OcHaIEHHOCTH CHeNNATbHBIX IlepeyeHs JNEH3HOHHOTO
n/n NMOMELIeHHIT 1 MOMelleHU i UIs NMPOrpaMMHOr0 odecrne4eHns.
CaAMOCTOATEIbHOI PadoThI PexBU3MTHI NOATBEPKAAIOIIETO
JAOKYMeHTa
1 Jlexuuu Mebens aymuTopHas ¢ Microsoft Windows 8.1 Pro 64-bit
KOJIMYECTBOM pabo4MX MECT B RUS OLP NL Acdmc
COOTBETCTBHUU C KOJIUUYECTBOM . )
Office Professional 2003 Win32
CTYJICHTOB

Russian CD-ROM
PaGouee mecTo npemnogaBares

Jocka aynuropHas

[IpoekTop

2 [TpakTuyeckue 3ausaTust | Pabouee MmecTo mpenogaBarens Microsoft Windows 8.1 Pro 64-bit

RUS OLP NL Acd
Jocka aytutopHas cdmc

Office Professional 2003 Win32

He COHAJILHBIC KOMIIBKOTECPHEI I1O .
p P Russian CD-ROM

KOJIMYCCTBY 06yqa}0mnxc;l




[Toaxmrouenue k cetn HTEpHET

IIpoekrop

MathWorks Total Academic
Headcount — Full Suite

Xilinx Vivado Design Suite

Jlaboparopubie
3aHATUA

[lepconanbHbIE KOMIBIOTEPHI 110
KOJIMYECTBY 00yYaromuxcs

[Toakmrouenue k cetn HTEpHET

Microsoft Windows 8.1 Pro 64-bit
RUS OLP NL Acdmc

Office Professional 2003 Win32
Russian CD-ROM

MathWorks Total Academic
Headcount — Full Suite

Xilinx Vivado Design Suite
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