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1 Hean u 321294 M3VUYCHUA TUCHMIIIIAHBI
1.1 Iexp mpenoagaBaHus TUCIIUILINHBI

Henpto mpenojaBaHusi JUCUUILIMHBI SBIISETCS U3YyUYEHUE COBPEMEHHBIX
METO/IOB MPOEKTUPOBAHUS LU(PPOBBIX YCTPOUCTB C HCIHOJIb30BAHUEM CHUCTEM
apromaruzauuu npoektupoBanusi (CAIIP), s3bIkOB omucaHus amnmaparypbl
(HDL -  hardware description language) wu  mporpamMmMupyeMmbIX
noJib3oBaresaeM BeHTWIbHbIX Marpull ([TIIBM).

JucuumuinHa sSBIsSEeTCS 0a30BOM.

1.2 3amayu n3ydeHusa TUCIUTITHHBI

OCHOBHBIMM 33Jja4aMHM  M3YYCHUSI JUCUUILUIMHBI SIBIISIFOTCSI: OCBOEHHUE
a3blKka onmcanus anmaparypsl VHDL; oBiianeHue HaBbIKaMU HCIOJIb30BaHUSA
CAIIP Xilinx ISE u Xilinx VIVADO; o3HakoMJICHHE C XapaKTepHUCTUKaMU
coBpemennbix  I[IIIBM; o3HakomjeHHe €O  CIOCOOaMHU  TIOBBIIIECHUS
s pextrBHOCTH ucTonb3oBaHus I[I[IBM; o3HakomiieHHE C OCOOEHHOCTSIMHU
NOCTpOEHUsT  MUGPPOBBIX  CUHXPOHHBIX  CXEM;  OCBOEHHE  METOJIOB
MozaenupoBanus 1uppoBeix ycrporictB B CAIIP; ocBoeHne MeTOI0B
ADKCIEPUMEHTATHHON  OTJaAKW  HUQPPOBBIX  YCTPOHCTB,  MPUOOpPETEHUE
HaBBIKOB TIPUHATHS M OOOCHOBAaHWS KOHKPETHBIX TEXHHYECKHUX DPEIICHUN TpHU
MPOCKTUPOBAHUU ITU(POBBIX YCTPOMCTB.

1.3 TlepedeHp TIaHUPYEMBIX PE3YJIBTATOB OOyUYEHUS IO IAMCIUTUTHHE
(MOIyJI0), COOTHECEHHBIX C IUIAHUPYEMBIMU pe3yJibTaTaMU OCBOCHHS
o0Opa3oBareIbHON MPOrpaMMBbl

IIK-21:cnnoco0HOCTHIO K pa3padoTKe NPOEKTOB, TEXHUYECKUX YCJI0BUIA, TpeOOBaHUIA,
TeXHOJIOT Ui, IPOrpaMM pelieHHs MPOU3BOACTBEHHBIX 32124 U HOPMATUBHOM
JOKYMEHTAIIUU JJI1 HOBBIX 00bEeKTOB NPOdecCHOHAIBLHOM 1eATeJIbHOCTH

Yposens 2 0COOEHHOCTH MOCTPOEHUS IUPPOBBIX CUHXPOHHBIX CXEM

Yposens 2 IIPUMEHSTh METO/Ibl SKCIIEPUMEHTATBHON OTIAKU HU(POBBIX YCTPOICTB

YposeHs 2 HaBbIKaMU NMPUHATHS U 0OOCHOBAHUSI KOHKPETHBIX TEXHUYECKUX
pelIeHni IpU MPOEKTUPOBAHUH LIUPPOBBIX YCTPONUCTB

IMK-23:roTOBHOCTHI0 K NPOEKTHUPOBAHUIO U Pa3paboTKe CEPBUCHOTO,
BCIIOMOTaTeJIbHOT0 000PY/A0BaHUsl, CXeMHBIX PellIeHUI U CPeICTB ABTOMATH3ALNH
NPOLECCOB IKCILTyATALMHU

Yposens 2 crioco0bI OBBIIEHHS P (EeKTUBHOCTH Hcnoib3oBanus [ITIBM

Yposens 2 MIPOEKTHPOBATH HU(PPOBBIE YCTPOHCTBA TPAHCTIOPTHOTO 3JIEKTPOHHOTO
000pyI0BaHMS

YposeHs 2 MeTOoJIaMM MojienTupoBanus iudposbix ycTpoiicTB B CAITP

ITK-27:roTOBHOCTBIO K Y4ACTHIO B BHINOJTHEHHH ONBITHO-KOHCTPYKTOPCKHUX
Pa3padoTOK TPAHCIIOPTHOIO PA/IM031eKTPOHHOI0 000PY10BAHMSA
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YposeHs 2 XapakTepuCTUKU coBpeMeHHbIX IITIBM

YpoBeHs 2 BBINOJIHATH OIBITHO-KOHCTPYKTOPCKUE pa3pabOTKU IU(PPOBBIX yCTPOHCTB
TPaHCIIOPTHOTO PaaTuo000py T0BaHUS

Yposens 2 HaBbikamu ucnonb3oBanuss CAIIP Xilinx ISE u Xilinx VIVADO

1.4 MecTo AuCHUIUIUHBI (MOIYJsl) B CTPYKType 0Opa3oBareabHOU
MIPOTrpaMMBbI

JuctuninHa 0a3upyercsi Ha paHee M3yUYEHHBIX JHUCHUIITHHAX:

[TpoGyieMHO- OpPUEHTHPOBAHHBIE TMAKEThl MPHUKIAAHBIX MPOrpamMM B
pPaIuOTEXHUKE

CxeMoTexHHKa ITU(PPOBBIX YCTPOICTB

[Hudposeie ycTpoiicTBa 1 MUKPOMPOIECCOPHI

JlaHHas AWCHMIUIMHA SBISETCS OCHOBHOM ISl M3YyYEHUS TUCIUTUINH U
MPAKTHK:

HWP (yueOnas mpakTuka)

[MudpoBas 06pabOTKa CHUTHAIOB

[Ipennunnomuas

1.5 OcobeHHOCTH peanu3aluy JUCIUILTUHBI
SI3BIK peanuzauuu JUCHUIIMHBL Pycckuil.

Jucuuminna (MoayJib) peanusyetcst 6e3 npumeHenus 30 u [JOT.




2. O0beM TUCHUILIMHBI (MOTYJIS1)

CemecTtp
Bcero,
. 3aUETHBIX
Bun yue6HO# paboThI
€IMHHIL 8
(akam.gac)

Oomast Tpy10eMKOCTh

AMCHHUIUTHHBI 3.(108) 3 (108)

KonTakTHas pa6ora ¢

1,5(54) | 1,5(54)
npenoaaBaTejieM:

3aHATUS JEKIHOHHOIO TUIIA 0,5(18) | 0,5(18)

3aHATHA CEMUHAPCKOTO THUIIA

B TOM YHUCJIC: CCMUHAPbI

MPAKTUYCCKUC 3aHATHA

IIPAKTUKYMBI

J1abopaTropHbIe paboTHI 1(36) 1 (36)

JpyTHe BUIbI KOHTAKTHON
paboTEI

B TOM YHCJIC: TPYIIITIOBBIE
KOHCYJIbTalluN

UHAWBUAYAIbHBIC
KOHCVYJIbTAllMH

HWHad BHEAyAUTOPHAaA
KOHTaKTHas pa60Ta:

TPYHIIOBBIC 3aHATUS

WHAWNBUAYAIBHBIC 3aHATU

CamocrosiTesbHast padora

obyuarommxcs: L5G34) | 1,5(34)

H3y4YCHUE TEOPETHYECKOTO
kypca (TO)

pacyeTHoO-TpadUuecKue
3amanws, 3anaun (PI3)

pedepar, acce (P)

KypCOBOE IIPOEKTUPOBAHHE

(KTT) Her Her

KypcoBas pabota (KP) Her Her

IIpoMe:kyTOUHASI aTTECTALUS
(3auér)




3 Conep:xanue IMCHUTIIAHBI (MOIYJIs)

3.1 Paznensl TUCHUIUIMHBI U BUJbI 3aHATUN (TEMaTHYECKUM TU1aH

3aHATH)

Ne i/t

Monaynu, Tembl

(paznesnsl)
JICTIATUTHHBI

3aHsaTus
JEKI[HOHH
Oro THUIIa
(akam.gac)

3aggaTusa
CEMHUHAPCKOTO THUIIA

CemuHap
bl W/WIIH
IIpakTuye
CKHe
3aHATUSA
(akam.qac)

JlaGoparo
pHBIE
paboThI
u/unu
[IpakTuxy
MBI
(akam.gac)

CamocTtost
TeJIbHAs
paborTa,

(akam.gac)

dopmupyemble
KOMIICTCHIINHU

la]

Beenenue B
COBPEMEHHBIE
METO/bI
MIPOEKTUPOBAHUSA
U POBBIX
cucremM. TepMuHBI
U OTIpeJICTICHUSI.
O630p CAIIP ITY.

12

16

36

I1K-21 IIK-23
[1K-27

Daitnbl
10JIb30BaTEIbCKU
X OTPaHUYECHUM.
OcHoBHbIE
AIIEMEHTBI
OTJIQOYHBIX IUIAT.
IIporpamMmmupoBan
ue [IIIBM.

12

10

I1K-21 IIK-23
[IK-27

Hcnonb3oBanue
[P-anep,
MIPOEKTUPOBAHUE
BCTPAUBAEMBIX
CHCTEM.

I1K-21 I1K-23
I1K-27

Bcero

18

36

54

3.2 3aHATUs JIEKIIMOHHOTO TUIIA

o/

Ne paznena
JUCHUITIINH
BI

HaumenoBanue 3auatui

O0BeM B akaj.gacax

Bcero

B TOM YHCJIE, B
UHHOBAIMOHHOU

dhopme

B TOM YHCIIE, B
AIEKTPOHHOU

dbopme




[TocnenoBarenbHbie U
napauiesibHbIe
oneparopsl sizbika VHDL
Ocobennoctu
IPUMEHEHUS
MOCIIEI0BATEILHBIX 1
MapajuIeIbHBIX
oneparopoB. Onucanue
Pa3IUYHBIX HUPPOBBIX
YCTPOMCTB €
HCIOJIb30BaHHEM
Pa3IUYHBIX OMEPATOPOB.

Peannzanmsa KOHEYHBIX
asTomaroB Ha VHDL

Peanuzanust uugppoBoro
yCTpoiicTBa Ha 6aze
[IIIBM

@Daiisibl BpEMEHHBIX
OTPaHUYCHUH.
Bpemennoe
MOJIETTUPOBAHNUE.
BcerpauBanue
JIOTUYECKOTO
aHAIN3aTOpa B IIPOEKT.

Pearmmzanus uudposoro
ycTpoiicTBa Ha Oaze
[1I1BM

@aiiibl BpEMEHHBIX
OTpaHUYCHUH.
Bpemennoe
MOJEIIMPOBAHUE.
Bcerpausanue
JIOTUYECKOTO
aHa/IN3aTopa B IPOEKT.

Daonn

1Q

3.3 3aHATHS CEMUHAPCKOro TUMA

/i

Ne
pazaena
JIACITATIIT
WHBI

HaumenoBanue 3anatuii

O0BeM B akaj.gacax

Bcero

B TOM 4HCJIE, B B TOM 4HCJIE,
HHHOBAIlMOHHOM B
dbopme AIIEKTPOHHOMN

dbopme

Daonn

3.4 JIabopaTopHbIE 3aHATHS

Ne

HaumenoBanue 3anatuit

O0BeM B akajg.gacax




B TOM YHCTIC, B | g oM gHCHTe,
pasacia WHHOBAIIMOHHOM B
/T | TACIUTLI Bcero dopme STeKTPOHHOI
WHBI
dbopme
Peanuzanus undposbix
TPOWCTB
1 | |Yerpoue 8 0 0
MOCJIeIOBATEILHOTO THTIA HA
s3pike VHDL
MonenupoBanue nudpoBbIX
2 1 ycTpoicTB B cpeae ISE 8 0 0
XILINX
[Iporpammuposanue [IT1IBM
3 ) OTJIaJOYHOM IIJIATHI, 12 0 0
AKCIIEPUMEHTAIbHAS OTIaIKa
MPOEeKTa
4 3 Ucnonb3oBanue [P-saaep 8 0 0
Daonxn 24 N A
4 Ilepeuennb Y4€eOHO-MeTOANYeCKOr0 o0ecrieyeHUs s

CaAMOCTOATEILHOM PA0OTHI 00YYAKOIIMXCS M0 TUCHUILTINHE (MOLYJII0)

ABTODBI, 3arnaBue N3narenscTBo,
COCTaBHUTENHU roj

JI1.1 |Ilansko B. C., CATIIP yctpoiicte CBY. OcHoBBI Cankr-

Psazanues P. O., npaktudeckoi pabotel B "CST Microwave [TeTepOypr:

Canomarog 1O. Studio": yue6HOE MOCOOHE /17151 BY30B T10 CIIoIDTY

II., Cyrak M. U. HarpasieHuto 210400 "PagnorexHuka" "JIDTU", 2016

S ®oHx OLEHOYHBIX CPEACTB Ui NpPOBeIeHHUS IPOMEKYTOYHOMN
arTrecraimnumu

OneHoYHbIE CPEeICTBA HAXOIATCA B MPWIOKEHUH K PabouuM
nporpamMMam JMCHUIUIHH.

6 IlepeyeHb OCHOBHOM M JONOJHHUTEJIbHON Y4eOHOH JMTEpPATYpHI,
HEe00X0TUMOI 1JI1 OCBOCHUSA TUCIHUILIMHBI (MOTYJIA)

6.1. OcHoBHas TUTEparypa

ABTOpBI, 3arnasue WUznarenscTBO,
COCTaBUTEIIN rof

JI1.1 | Bubwumo I1. H. OcHogsl s3p1ka VHDL: yueOnoe mocodue Mockaa:
JUISL CTYACHTOB BY30B, 00yY. IO JIuGpokom, 2014
CHEIUATHHOCTSAM BBIYUCIUTEIHHON
TEXHUKHU PATUO3TIEKTPOHUKU U
nH()OpPMaTUKH

JI1.2 | bubuno II. H. 3agaqu 1o MPOEKTUPOBAHUIO JIOTHUECKHUX Mocksa: URSS,

CX€eM C Ucronb3oBanueM a3bika VHDL:
y4e0. mocoOue JIsi CTYJICHTOB By30B

2010
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6.2. J/lononuurtenpHas aureparypa

ABTODBI, 3arnasue N3narenscTBo,
COCTaBHUTENIU roj
JI2.1 | bubwuno I1. H., VHDL. 3¢ dexrtuBnoe ucnonb3oBanue npu | Mocksa: COJIOH
Aspees H. A. MIPOCKTUPOBAHUH ITU(DPOBBIX CUCTEM: -ITpecc, 2006
paccMOTpeHsl nakeTs! s3b1ka VHDL
6.3. Meroanyeckue pazpaboTKu
ABTODBI, 3arnasue N3narenscTBo,
COCTaBHUTENHU roJ
JI3.1 |[Tanwko B. C., CAIIP ycrpoiicts CBY. OcHOBBI CaHkrt-
Pszannes P. O., npakTruaeckoit padbotsl B "CST Microwave [TerepOypr:
Canomaros 1O. Studio": yuebHOE mocobue At By30B 110 CIIeIDTY
I1., Cyrak M. U. Hanpasyieuto 210400 "PannorexHuka" "JI9THU", 2016

7 Ilepeyenb pecypcoB HH(POPMANHOHHO-TEJICKOMMYHUKANUOHHOMN
cetu «AHTEepHET», HEOOXOAUMBIX /IJIsl OCBOEHH S JUCHMILIUHBI (MO1YJIs1)

D1 | Caiit ¢ TeXHUYECKOU TUTEepaTypoH, http://www.ieee.org

crarbsiMu U o630pamu [EEE

8 Meroauyeckue ykazaHus MAJA O0y4aKOUIUXCHA 110 OCBOCHHUIO
AUCIHUTIAHBI (MOIYJIs1)

Jlomyck K BBINOJIHEHUIO pabOT OCYIIECTBISIETCS IO pe3yJibTaraM
MIPOBEPKHU TPEIOJIaBaTEIEM BBIMOJHEHHOIO CTYJICHTOM JIOMAIIHETO 3aJaHus
WM DJIEKTPOHHOTO TecTupoBaHus. Crmada oT4€Tta mo jJaboparopHOil pabdoTe
OCYILIECTBIISIETCS HA CIEAYIOIIEM IOCIE BBIMOJIHEHUS J1a0OparopHON pabOThI
3aHATHUM TI0 pe3yjbTaraM OOCYXKIEHHUS CO CTYJACHTOM CJCIaHHBIM BBIBOJIOM U
3aKJIFOYCHUH 110 BBITTOJTHEHHOH padoTe.

[lo maboparopHbiM  paboTaM  CTYIEHT JOJDKEH  IOATOTOBHTH
JIOTIOJITHUTEJIbHBIE HMCXOJIHBbIE JIaHHbIE K padoTe, a TOoCJe €€ BBIOJIHEHUS

COCTaBUTH OTYET, COJIepIKaIN i pE3YJIbTATHI HCCIICIOBAHMUM, UX
TEOPETHIECKOE 000CHOBAaHMUE M 00PabOTKY.
3agaHusg K Ja0oparopHbIM  paboTaM, COJEpKaHHS OTYETOB U

TEOPETUYECKUE BOIPOCHI K HUM MPUBOJATCS B METOJAMYECKUX YKa3aHUSX.
[IpaBUJILHOCTH BBITIOJHEHUSI 3a3JlaHWd MO MOJATOTOBKE HCXOJHBIX JAHHBIX M
COAEPKAHUE OTYETOB IMPOBEPSIOTCA MPENOAABATEIIEM IIPU JIOMYCKE K
71a00paropHbIM paboTaM U MepPe] UX 3alTUTOM.

9 Ilepeyenb MHGPOPMALMOHHBIX TEXHOJOTMH, HMCIOJb3yeMbIX NPH
OCYIIeCTBJICHMH 00pPa30BaTeJbHOr0 MPOLecca Mo AUCHUILINHE (MOIYJII0)
(nmpu HEOOXOAMMOCTH)

9.1 IlepeueHb HEOOXOAUMOTO MPOTPAMMHOTO 0OECTIEUEHHUSI

9.1.1 | Ilepeuenb HEOOXOIMMOTO MPOTPAMMHOI0 OOECTIEUEeHUS

9.1.2 | st OcBOGHUS TUCHIUTLTAHBI UCTIONB3YIOTCS CJIEIYIONINE TPOTPaMMHEBIE CPEJICTBA.

9




9.13

. naker CAIIP XILINX ISE.

9.14

. [Taxer CAIIP XILINX VIVADO.

9.2 IlepeueHb HEOOXOIUMBIX MH(DOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM

9.2.1

Kaxnprit  oOydwaroruiicss B TEYEHHE BCEro rmepuoja oOyueHuss obecredeH
WHAVBUAYAIbHBIM ~ HEOTPAHUYEHHBIM  JIOCTYNIOM K  3JEKTPOHHO-OMOIMOTEYHOM
CUCTEME M K DJIEKTPOHHO-OOpAa30BaTENIbHON cpele YHHUBEPCUTETA, COAEpIKAIUM
U3JJaHUS TI0 OCHOBHBIM H3y4YaeMbIM JUCHMIUIMHAM U Cc()OPMHUPOBAHHOM TIO
COTJIaCOBAHMIO C TMPaBOOOJAmaTeN MU Yy4eOHOH M METOJUYECKOM JHMTepaTyphl.
DONEeKTpOHHO-OMOMMOTEeUHAsT CHCTeMa W JJIEKTPOHHO-OOpa3zoBareiibHas  cpeaa
o0ecreyeHbl BO3MOXKHOCTBIO JTOCTYyIa OOYYaromlerocss M3 JII0OOW TOYKH, B KOTOPOH
uMeeTcsl JOCTYN K HWHGPOPMAMOHHO-TEIEKOMMYHHUKAIMOHHONW cetu «lHTepHeT»
KaK Ha TEPPUTOPUU Y HUBEPCHUTETA, TaK U BHE €€.

922

923

HepequL HCO6XOI[I/IMBIX I/IH(I)OpMaLII/IOHHBIX CIIPpaBOYHBIX CUCTCM.

924

925

1. DnextpoHHO-OMOMMOTeuHass cucremMa COVY[DnekTpoHHbIl pecypc]: - Pexum
nocryna: http://bik.sfu-kras.ru

9.2.6

2. TocymapcTBeHHas yHuUBepcanbHasi HayuyHas OubOmmoreka KpacHosipckoro kpas
[DnexTponHsIii pecypc]. — Pexxum goctyna: http://www kraslib.ru/

9.2.7

10 MarepuajbHO-TEXHHUYECKAS 0a3a, HeoOXoauMas Jif) 6 |

OCYyIleCTBJIEHHSI 00Pa30BaTEJIBLHOIO MPoIecca Mo JUCHUIITINHE (MOTYJII0)

HpI/I OCBOCHHM  OUCHUIUIMHBI  HUCIHOJIB3YCTCAd MATCPUAIBHO-TCXHUYCCKAA Oasa
Cubupckoro ¢eaeparbHOr0 YHUBEPCUTETA, B YaCTHOCTH:

. NHpopMamoOHHO-BBIYMCIUTENbHBI  LeHTp MHCTUTYyTa  HMHXKEHEpHOM
¢u3uku u panuosnekrpoHukn COY ans npoBefeHUs MOACTUPOBAHUS M 00pabOTKH
pe3yIbTaroB Ja00OpaTOPHBIX PadoT.

Jis mpoBeieHus J1abOpaTOPHBIX padOT Takke HeOOX0IUMO:
. otnanoyHas miara Spartan-3A FPGA Starter Kit Board.

10
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