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AHHOTaUs

Huctunmuaa «UT-monyns "IIpoexktupoBanue Ha FPGA"» Bxomut B oOpa3oBaTeabHYIO
IpoTrpaMMy BBICHIETO 00pa3oBaHUs — MpOrpaMMy OakallaBpHara 10 HalpaBICHUIO MOArOTOBKH/
crenuansHocT 12.03.01 «lIpubGopocTpoeHne» HaNpaBICHHOCTH «ABHAIMOHHBIE MPUOOPHI U
U3MEPUTEIIbHO-BBIUMCIIUTENbHBIE KOMILIEKCH». JuciumuimHa peanusyercs kapeapon «Ned1».

JucuumniuHa  He  ABIsSETCS  00s3aTENIbHOM  HpU  OCBOEHUM  OOydarolmuMmcs
o0pa3oBaTeNbHONW MPOrpaMMbl W HAaIpaBleHa HA YriayOneHHoe (OPMHPOBAHUE CIETYIOLINX
KOMIIETECHIINH .

VYK-6 «Cnoco0GeH ympaBisiTh CBOMM BPEMEHEM, BBICTpAaHBATh U PEAJU30OBHIBATH
TPACKTOPHUIO CAMOPA3BUTHS HA OCHOBE MPUHIIUIIOB 00pa30BaHUs B TEUECHUE BCEHl JKU3HI»

ConepxaHue AUCHUIUIMHBI OXBAaThIBAET KpPYr BOIPOCOB, CBA3aHHBIX €O cdepoit
MPOEKTUPOBAHUST YCTPOWCTB M CHCTEM Ha MIPOTPaMMHUPYEMBIX JIOTHYECKHX HMHTErPajbHBIX
cxemax (IIJIMC) apxurektypsl FPGA, ¢ ucronbp30BaHHEeM BO3MOKHOCTEH COBPEMEHHBIX CHCTEM
ABTOMATHU3UPOBAHHOTO MMPOCKTUPOBAHUS U IPUMEHEHHUEM SI3bIKOB OMMCAHUS alllapaTyphl.

[IpenogaBanue AMCUMILIMHBI IpeAyCMAaTpUBAET cieayroure (OopMbl OpraHU3alUU
yueOHOro Mpoliecca: JIEKINH, MPAKTUYECKUE 3aHITHS, CAMOCTOsITeNIbHAs paboTa 00y4aromerocs.

[IporpaMMoil IUCHUIUIMHBI HPEIYCMOTPEHBI CIEAYIOUIME BHJbI KOHTPOJSA: TEKYILUN
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUHAsI aTTecTaus B opme AudhepeHInpOBaHHOTO 3a4eTa.

OO0mas Tpy0eMKOCTh OCBOSHUS JUCHIHUIUIMHBI COCTABISACT 7 3a4eTHBIX eIuHUIl, 252
qaca.

SA3bIK 00y4YeHUs 10 AUCIHUILUINHE «PYCCKUH »



1. TlepedeHb IIAHUPYEMBIX PE3yJILTATOB O0YUYCHHS MO JUCIUTUINHE

1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

Henbto mnpenopaBanus gucuumuinHel «UT-moxyns "IIpoexktupoBanue Ha FPGA"»
ABIIIETCS. IPUOOPETEHNU 00YUaIOIUMUCS HEOOXOIUMBIX 3HAHUN, YMEHUI U HaBBIKOB B 00J1aCTH
IPOCKTHUPOBAHUS YCTPOHUCTB M CHCTEM Ha COBPEMEHHOM 3JIEMEHTHON 0a3e — MporpaMMUpyeMbIX
nornueckux uHTerpanbHbiXx cxemax (ITJIMC) apxurektyper FPGA, ¢ wucnons3oBaHneM
BO3MOXKHOCTEH COBPEMEHHBIX CHCTEM aBTOMATH3WPOBAHHOTO NMPOEKTUPOBAHUS M IPUMEHEHUEM
A3BIKOB OMUCAHMS ammapaTyphl, a TAaKXkKe MPeJoCTaBICHIE BO3MOKHOCTH 00Y4aIOIIUMCS Pa3BUTh
U TPOJEMOHCTPUPOBATh HABBIKM B 001acTH HMH(DOPMAIMOHHBIX TEXHOJOTHH, HU(POBOIA
AJIEKTPOHUKU U CXEMOTEXHUKHU.

1.2. Jucumnnmna sBisercss (aKyIbTaTUBHOW JMCHUIUIMHOW TIO  HANpaBlICHHIO
00pasoBarenbHOI MTporpamMMsl Beiciiero oopasoanus (panee — OI1 BO).

1.3. TlepeueHb mIaHUPYEMBIX PE3yJIbTATOB O0yUEHHUS 110 AUCIUILINHE, COOTHECEHHBIX C
IUIaHUpyeMbIMH pesynbratamu ocBoenus OIT BO.

B pesynbrare M3ydeHus MUCHHUILIMHBI OOYyYalOUIMiCS AODKEH 00JanaTh CIIeTyIOIIME
KOMIETSHIMSIMHU WM WX YacTaMu. KoMIeTeHIIMN U MHAWKATOPHI UX JIOCTHXKEHUS MPUBEICHBI B
tabnuue 1.

Tabmuna 1 — [lepeuens KOMIETeHIINN U UHAUKATOPOB UX JTOCTHXKEHUS

Kareropus Kon n
Kon 1 HanMeHOBaHME HHIUKATOPA JOCTHKCHHUS
(rpymma) HaMCHOBaHHE
KOMIETEHIINH
KOMIICTCHITHH KOMIICTCHITHH

VYK-6.3.1 3HaTh OCHOBHBIE MTPHEMBI 3()(HEKTUBHOTO
yIpaBiIeHUs] COOCTBEHHBIM BPEMEHEM; OCHOBHBIE
METOJIMKHU CAMOKOHTPOJIS, CAMOPA3BUTHUS U
camMo000pazoBaHus HA MPOTSHKEHUU BCE KU3HU
VK-6.3.2 3natb 0O6pa3zoBaTenbHble IHTEpHET-
peCypChl, BO3MOKHOCTH U OTPAHUUYEHUS
00pa30BaTeNbHOTO MpoIiecca MPU UCIIOJIb30BAHUN
U(POBBIX TEXHOJIOTUI

VK-6.Y.1 ymeTh ynpaBisiTb CBOUM BPEMEHEM;
CTaBUTb ceOe 00pazoBaTeIbHbIE LETH MO
BO3HUKAIOIINE KU3HEHHbIE 3a]]a4l

YK-6.Y.2 ymers HaX0AUTh HH(pOpMAIUIO U
MCII0JIb30BaTh IU(PPOBbIE UHCTPYMEHTHI B LENISIX
camoo0pazoBaHus

VK-6.B.1 B1anets HaBbIKaMu ONpeICICHUS
MPUOPUTETOB JINYHOCTHOTO POCTA; METOIMKAMHU
CaMOpPa3BUTHUS U caMOOOpa30BaHUs B TEUCHHUE BCEil
KU3HU

VK-6.B.2 BnageTh HaBbIKaMU UCTIOIb30BAHUS

M (POBBIX UHCTPYMEHTOB ISl CAMOPA3BUTHS U
camMo00pazoBaHus

VYK-6 Criocoben
yIPaBISATh CBOUM
BpEMEHEM,
BBICTpauBaTh U
YHUuBepcallbHBIC | peaTM30BbIBATH
KOMIICTCHIINH TPAeKTOPHIO
CaMOpa3BUTUS Ha
OCHOBE MPUHIIUIIOB
oOpa3oBaHus B
TEUCHHE BCEH KU3HH

2. Mecro nuctuIuIMHbB B cTpykType OI1

JuctumimHa MoKeT 6a3upoBaThCS Ha 3HAHUSX, paHee MPHUOOPETEHHBIX 00yUYaIOITUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:

— «Pu3mukKay,

— «HudopMaTrKa,

— «QJEKTPOHUKAY,

— «CXeMOTEXHHKA,

— «OQICKTPOTCXHHUKA,

— «OQIEKTPOU3MEPHUTEIbHAS TCXHUKA,




— «PHU3NYECKUE OCHOBBI OJYUCHUS I/IHd)ODMaHI/II/I»

— «OcHOBBEI aBTOMaTHYSCKOT'O YIIPABJIICHUA»,

— «OCHOBBI POEKTHOM JACATCIIbHOCTH»,

— «AIropuTMH3ALM U IPOrPAMMHPOBAHUE.

3HaHI/I${, INOJIYYCHHBIC IIpHU H3YUCHUHW MaTcpuajia HaHHOﬁ JUCHUIIIIMHBI, UMCIOT KakK
CaMOCTOATCIIBHOC 3HAYCHUE, TAK U MOT'YT MCIIOJIb30BATHCA ITPU U3YUCHUUN APYTIUX NUCHHUILJIUNH:

— «Metoabl IMGbPOBOKN 00PAOOTKH U3MEPUTENLHON MH(MOPMAIIMH ),

— «Mo1eIupOBaHKUE MPOLIECCOB U CUCTEM»,

— «OCHOBBI MPOSKTUPOBAHUS U3MEPHUTEILHO-BBIYMCIUTEILHBIX KOMILIEKCOBY,
— «Opraumsarus oOMena nudopMarmen»,

— «CucreMsl oToOpakeHnst MHGOPMAIIUN,

— «AJITOpPUTMUYECKOE M IPOrpaMMHOE 00ECIICUEHUE,

— «ubpoBble BEIYUCIUTEALHBIE YCTPOMCTBA U MUKPOIIPOLISCCOPBI.

3. O0beM u TpyI0eMKOCTb TUCIUTLIAHBI
Jlarable 00 00mEeM oO0beMe TUCIUILUIMHBI, TPYJOSMKOCTH OTACIBHBIX BHJIOB yUeOHOU
paboThI 1O TUCIUILTHHE (M paclpeieieHue 3TOH TPYAOEMKOCTH TI0 CEMECTpaMm) MPEACTABICHbI B
Tabauie 2.

Tabnuna 2 — O0beM U TPYAOEMKOCTh JUCIUTIITNHBI

. TpyoeMKOCTb 10 CeEMeCTpam
Bun yae6HO# paboThI Bcero NoS NoG
1 2 3 4
Oowan mpyooemKocmup oucyunIuHbl, 7/ 252 3/ 108 4/ 144
3E/ (uac)
U3 nux yacos npakmuyeckoii 0020MoeKu
AyoumopHhuie 3auamus, BCEro Jac. 20 8 12
B TOM YHCIIE:
nexum (JI), (gac) 6 2 4
npakTuyeckue/cemunapckue 3anarus (I13), 14 6 8
(dac)
naboparopusie pabotsl (JIP), (dac)
KypcoBoii npoekT (padota) (KII, KP), (gac)
HK3aMeH, (4Jac)
Camocmosmenvnas padoma, Bcero (dac) 232 100 132
Buo npomesricymounon ammecmauwuu: 3a4et, | 3ayer, Hudd. 3au.
mudd. 3auer, sk3amen (3ader, Hudd. 3a4, | dudd. 3auer
DK3.*%*) 3au.

EX3

IIpumedaHue: KaHAMAATCKHI 9K3aMeH

4. Copep:kaHue TUCIUIITUHbI
4.1.  PacnpeneneHue TpyAOEMKOCTH AUCLUUIUIMHBI IO pa3jiesiaM U BUAAM 3aHSITHH.
Paznenbl, TeMbl TUCHMITIIMHBI U UX TPYIOEMKOCTh MPUBEIEHBI B Ta0nuLe 3.

Ta6mmma 3 — Paznensl, TeMbI TUCIUIUIMHBI, KX TPYT0EMKOCTh

Jlekumu | 113 (C3)| JIP KII CPC

Pazenel, TeMBI TUCITUTUIMHEI (uac) (qac) (49ac) (qac) (qac)

Cemectp 5.

OCHOBBI aBTOMAaTU3UPOBAHHOTO MPOSKTUPOBAHHS HUPPOBBIX yCTpoiicTB Ha FPGA

Paznen 1. Beesenue B mporpaMMupyeMBbIe JIOTHYECKHE
UHTETPaIbHBIC CXCMBI 0,5 1 25
Tema 1.1. Cucremsr-na-kpuctamre u [IJIMC: ucropus




pa3BHUTHS
Tema 1.2. Ocobennoctr apxutekTypsl FPGA.
Kougurypupyemsiii norudeckuii 6;10k. Look-up table
Tema 1.3. Ocobennoctu apxutektypsl FPGA. broku
BBO/Ia-BBIBO/I4, TPACCHPOBOYHBIE PECYPCHI, OJIOKH
CIIEIIATBHOTO HA3HAYCHUS

Tema 1.4. O6nactu npumenenust FPGA u
HanpaBJICHUsI Pa3BUTHUS

Pazgenr 2. DOtamel MPOEKTUPOBAHHS MHPPOBOTO
ycrpoiictBa Ha FPGA

Tema 2.1. YpoBHH MpPOEKTHPOBAaHUS LUPPOBBIX
YCTPOMCTB

Tema 2.2. Drambl NPOSKTUPOBAHHUS ITU(POBBIX
ycrpoiictB Ha FPGA. CriocoObl onucanus nuppOBBIX
cXeM

25

Paznen 3. Cpena ABTOMAaTU3UPOBAHHOTO
npoekTupoBanusa Quartus

Tewma 3.1. Hauano pa6otsl Hax mpoexktom B CATIP
Quartus

Tewma 3.2. YTUIUTHI U151 ONFICAHUS ITUPPOBBIX
yctpoiictB B CAIIP Quartus

Tewma 3.3. [IpoekTrpoBaHue IUPPOBOro YCTPOUCTBA C
MTOMOIIBIO rpadraeckoro penakropa Quartus

25

Paznen 4. BBenenue B S3BIKM OMUCAHUS alIapaTyphl
(HDL)

Tema 4.1. Uctopus Bo3HukHOBeHuss HDL, ocHOBHbIE
MOHATHA U 6a30Bble KoHIenuuu. Mepapxusa npoekTa Ha
HDL

Tema 4.2. SI3pik onucanus anmapatyps! Verilog HDL.

0,5 1

25

Htoro B CCMECTPC:

100

Cemectp 6

[MpoexTupoBanue nudpoBsix ycrpoiicts Ha FPGA ¢

IMPUMCHCHUEM A3BIKOB ONIMCAH

Usl aInapaTypsl

Pazgen 5. IlpoekTHpoBaHHME CIOXHBIX IH(POBBIX
yctpoiictB Ha FPGA ¢ npuMeHeHuneM S3bIKOB OITHCaHMS]
anmaparypsl
Tema 5.1. IlpyHIUOB NPOEKTUPOBAHUS YCTPOUCTB HA
FPGA c npuMeHeHreM S3bIKOB OTMCAHMS alapaTypbl
Tewma 5.2. IIpoexTrpoBanue UPPOBHIX
(YHKIMOHAIBHBIX Y3JI0B KOMOMHATOPHOM JIOTUKU Ha
Verilog HDL.

Tewma 5.3. IlpoexTupoBanue 1uppoBbIX
(YHKIMOHAIBHBIX Y3JIOB MOCIIEI0BATEIILHOCTHOM
noruku Ha Verilog HDL.

Tewma 5.4. bubnnorexkn TOTOBBIX KOMIIOHEHTOB Ha
Verilog HDL.

Tema 5.5. dynknum, 3a1a4n U cueHapuu. Mx
NpUMeHeHue B poeKTupoBaHuu Ha FPGA

Tema 5.6. Iloakmouenue nepugepuitHbIX YCTPOUCTB K
FPGA.

66

Paznen 6. TectupoBanue W BepudHKanus IUPPOBBIX
CXEM Ha s13bIKe onurcanus anmnapatypsl Verilog HDL
Tema 6.1. OcHOBBI PYHKIIMOHATIBHOH BepuUKALIH
Tema 6.2. Testbench kak OCHOBHOWH WHCTPYMEHT
TeCTUpOBaHMA W Bepudukammu  1udpoBoro

66

ycrpoiictBa Ha FPGA.




Hroro B cemectpe: 132

Hroro 6 14 0 0 232

IIpakTnyeckass MOATOTOBKA 3aKIIOYAcTCd B  HENOCPEACTBEHHOM  BBIIIOJHEHUH
Oo0y4yaromMMHUCs ~ OMNpENEeNeHHBIX  TPYIOBBIX  (YHKUMH,  CBS3aHHBIX C  Oy;ymiei
npo¢eCCHOHATIBHOM 1€ TENbHOCTBIO.

4.2. CopeprkaHue pa3feiioB U TEM JICKIIMOHHBIX 3aHATHA.
CopneprkaHue pa3enoB ¥ T€M JEKINOHHBIX 3aHATUI MPUBEACHO B Ta0muIe 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep pa3nena Ha3Banue u copepxanue pa3aesnoB U TeM JEKIIMOHHBIX 3aHATUN
1 Pazpen 1. BRegenue B nporpaMMupy€eMBbI€ JIOTHUYECKUE HHTEPATIbHBIE
CXEMBI

Cucremsbl-Ha-kpuctaiie u [TJIMC: ucropus pa3BuUTHs. APXUTEKTYpHI
PLA, PAL, GAL, SPLD, CPLD. Ocobernnoctu apxutektypsl FPGA.
Kongwurypupyemsriit poruueckuii 610k. Look-up table. brmoxu BBO#a-
BBIBO/Ia, TPACCHPOBOYHBIEC PECYPCHI, OJIOKH CIIEIMATBHOTO HA3HAUCHHSI.
Ob6nactu npumenennst FPGA u HanpaBJeHuUs! pa3BUTHS.

2 Paznen 2. Dramer mpoektupoBanus nudposoro ycrpoiictea Ha FPGA
YpOBHU TPOEKTHUPOBaHUS HMUGPOBBIX yCTPOHUCTB. JKW3HEHHBIA ITHKI
uudpoBoit cucrembl. [loBeaeHueckas Monenb. DOyHKIMOHATbHAS
Mozenb. Jloruueckass mMolenb. DNEKTpUYecKass MoAenb. Pusnyeckas
MOJIETIb. bazwuc MPOEKTHPOBAHUS. RTL-monmens. Orarmbl
MPOEKTUPOBaHUs ITUPPOBLIX ycTpoicTB Ha FPGA. CriocoObl onucanus
TUPPOBBIX CXEM

3 Pasnen 3. Cpena aBTOMaTH3HPOBAHHOTO MPOEKTHPOBaHUs Quartus
Hauano pabotsr Hag mpoektom B CAIIP Quartus. Co3nanue nepBoro
NpoeKTa. YTHJIMTHI Ui onucanus HUPpoBbix ycrpoiictB B CAIIP)
Quartus. State Machine viewer. RTL- viewer. Pin Planner. Modelsim,
IIpoekTrpoBanue HHU(PPOBOrO YCTPOHCTBA € MOMOIIBIO IpaduuecKoro
penakropa Quartus.

4 Pasnen 4. Beenenue B s13p1ku onrcanus anmnapaTtypsl (HDL)

Uctopus BoznmkHOBeHHMss HDL, ocHOBHbIE TOHATHA W 0a30BbBIS
konnerun. AHDL, VHDL, Verilog HDL. System Verilog. Uepapxwusl
npoekta Ha HDL. Cunresupyemble monynu. Cpena TeCTHPOBAHUS.
KiroueBble 0COOEHHOCTH CHHTAaKCHCa S3bIKa OIMCAHHS ammaparypsbl
Verilog HDL.

5 Paznen 5. IlpoextupoBanue cnoxHbIX HU(poBbIX ycTpoiicTB Ha FPGA ¢
MPUMEHEHHUEM SI3BIKOB OIMCAHUS ammapaTyphl

[TpuHnunel npoekTHpoBaHus ycTpoiictB Ha FPGA ¢ mpumeHeHueMm
A3BIKOB ~ omucaHust  ammapaTypbl. IIpoekTupoBanme  IH(POBBIX
(GYHKIIMOHAIBHBIX Y3JI0B KOMOWHATOpHOU Jornku Ha Verilog HDL.
IIpoexTrpoBanue UQPOBBIX (yHKITMOHATBHBIX y3J10B
nocienoBaTensHOCTHOM Joruku Ha Verilog HDL. bubnnoTtexu roroBbIx
komrioHeHToB Ha Verilog HDL: ot ma6nonoB u Merapynkuuit g0 1P
sapa. @yHKIMW, 3ajJaud W cueHapuu. VX mnpumeHeHue B
npoekTupoBaHuu Ha FPGA.

[Moaxmouenne nepudepuitHbIx yeTpoiicTB U aneMeHToB K FPGA Ha
npuMepe oTiIaio4uHo matel Terasic DE2-115 Ha 6aze FPGA
cemeiictra Cyclone IV.

3] Paznen 6. Meronst pyHkimonanpHON Bepudukamnuu. [loBeneHueckoe u
CTPYKTYPHOE MOJCITHPOBAHUE
TectupoBanue W BepuduUKanus MAGPOBBIX CXEM Ha S3BIKE OMMCAHI




anmapatypsl Verilog HDL. OcHOBBI ()yHKIHOHANBHOW BepH(UKALIUHL.
Testbench kak OCHOBHOI MHCTPYMEHT TECTHPOBAHUS U BepH(pUKAIIN
mudposoro ycrpoiictBa Ha FPGA. Omucanue nu¢poBBIX CHTHAJIOB.
Onwucanne Tecta U paboTa C CHUMYJIATOPOM. AHAIW3 TMONMYyYEHHBIX

PE3yIbTATOB.

4.3.

[IpakTuueckue (CeMUHAPCKUE) 3aHATUS

Tembl IpakTHUECKUX 3aHATHI U UX TPYJOEMKOCTb ITPUBEICHBI B TAOIHIIE 5.

Tabmuua 5 — [IpakTuyeckue 3aHATHS U UX TPYJOEMKOCTb

W3 Hux Ne
Ne TeMbl TpakKTUYECKHUX Popmbr TpynoeMKOCTb, |TPAKTUYECKOM | pa3aeiia
/o 3aHATAN TIPAKTHHCCKUX (dac) IIOJTOTOBKH, | TUCLIMII
AT (dac) JIUHBI
Cemectp 5
1 | BBenenue B | OHJIaliH-BEIIOJIHEHHUE 1 1
pOrpaMMHUpyeMbIe MPaKTHYECKUX
JIOTUYECKHE 3aaHui
WHTETPAIbHBIC CXEMBI.
OcobenHoctu
Pa3IUYHBIX APXUTEKTYP
I[JINC
2 | OcHOBBI OHJ1aiiH-BBINIOJIHEHUE 1 2
ABTOMATHU3UPOBAHHOTO MTPAKTUICCKHIX
MIPOCKTUPOBAHUS 3aJTaHA I
HU(POBBIX  YCTPOHCTB
Ha FPGA
3 | Pa3zpabotka pelieHne 1 3
KOMOWHAIIMOHHBIX CUTYaITMOHHBIX
YCTPOfICTB B | 3amad, MaCTCp-Kiaacc
rpaduyeckom
penaxkrope CAIIP
Quartus
4 | Pa3zpaboTtka pelieHne 1 3
MOCJIE0BATETHHOCTHBIX CUTYaIIMOHHBIX
yCTpOiicTB B | 3aday, MacTep-Kiacc
rpapuuecKom
penakrope CAIIP
Quartus
5 | Pa3zpabotka MOYJIS pereHue 1 3
CUYETHOTO YCTPOMCTBA C CUTYaI[MOHHBIX
3alaHHBIM QJITOPUTMOM | 3314, MacTep-KJacc
paboThl B rpaduueckoM
penaxkrope CAIIP
Quartus
6 | Pemenue 3amau OHJ1aiiH-BBITIOJIHEHUE 1 4

pOrpaMMHUPOBAHUS Ha
A3BIKEC OIIMCaHUS
ammaparypsi Verilog

MPAKTUYECKUX
3aJlaHui, MacTep-
KJIacc




| HDL | | |

Cemectp 6
7 | IlpakTuko- perieHue 8 6
OpPUEHTUPOBAHHBIN CUTYaI[MOHHBIX
MIPOCKT 3aJ1a4, MacTep-Kiace
Bcero 14

4.4.  JlabopaTopHbIE 3aHATUSA
Tembl 1a00paTOPHBIX 3aHATHH U UX TPYJOEMKOCTb IPUBEEHBI B TAOIULIE 6.

Ta6smia 6 — JlabopaTopHbIe 3aHIATHS U UX TPYJ0EMKOCTh

U3 Hux No
Ne TpymoeMKOCTD, | IIPAKTUYECKOU | pa3jeina
HaunmenoBanue 1ab0opaTopHbIX paboT pya > | TP pasit
/o (gac) MMOJATOTOBKH, | JMCIIHI
(gac) JIMHBI

VueOHBIM IUIAaHOM HE npeaycCMOTpCHO

Bcero

4.5. KypcoBoe npoekTrpoBaHue/ BHIIOJIHEHUE KypCOBOi paboThI
VY4eOHBIM MJIAHOM HE IPESYyCMOTPEHO

4.6. CamocrosTenbHas paboTa o0yJaromuxcs
Bunpl camocTosiTensHON pabOTHI M €€ TPYIOEMKOCTh IPUBEICHBI B TA0IHIIE 7.

Tabnuua 7 — Bugsl caMocTosiTeIbHON pabOThI U €€ TPYJI0EMKOCTb

Bua camocrositensHOM paboTh B[CIZEO’ Cemectp 5, uac Cemectp 6, yac
1 2 3 4
N3yueHne TeopeTuyeckoro Marepuasia 80 40 40
nucturuHel (TO)
Kypcosoe npoektuposanue (KII, KP)
Pacuerno-rpadpuueckue 3ananus (PI'3)
Brimonnenue pedepara (P)
[ToaroToBka K TEKyLieMy KOHTPOJIIO
ycneBaemoctu (TKVY) 20 10 10
Jomamrnee 3ananue (/J13)
KonTponbubie pabotel 3a0uHnKoB (KP3) 112 40 72
[ToaroToBka K MpoOMEKyTOUHOI 20 10 10
atrecrauuu (ITA)
Bcero: | 232 100 132
5. [TepedyeHs yueOHO-METOIUIECKOTO 00ECTICUeHUS

JUTSL CAMOCTOSITEIBHON pabOThI 00YYArOMIMXCS IO TUCITUTUINHE (MOIYITIO)
Y4eOHO-METOAMYECKAE MAaTEPHAIIBI JIII CAMOCTOSTSIIBHONH PabOThl OOYYArOIIUXCS YKa3aHbl B
ma. 7-11.




6. [lepedyeHb MeUaTHBIX U SJEKTPOHHBIX YUEOHBIX U3/IaHHHA

IlepedyeHb neyaTHBIX U 3JIEKTPOHHBIX Y4EOHBIX M3/1aHUI NPUBEEH B TaOauIe 8.
Tabmuna 8— [lepeyeHp Me4aTHBIX U JIEKTPOHHBIX YUEOHBIX U3TaHUI

HTudp/
URL aapec

bubnuorpadudeckas ccpuika

Komiuectso
SK3EMILISPOB B
OubmoTexe
(xpome
AIIEKTPOHHBIX
AK3EMILTSIPOB)

https://e.lanbook.com/book/322511

Ywmennna, 1. B. [IpoektupoBanue
nudposbix ycrporict Ha [IJIMC: yueo.
noco6ue / U. B. Yuienuna. — CaHkT-
ITerepOypr: Jlanb, 2022. — 408 c.

https://e.lanbook.com/book/171183

boratuxos, E.B. f3bik Verilog u
NPOEKTHPOBAHKE U (PPOBHIX YCTPOICTB
Ha [IJIMC: y4e6.-meTon. mocobue/ E.B.
boratukos, A.H. [lle6anoB. - Boponex :
BI'Y, 2018. — 61 c.

https://e.lanbook.com/book/398114

JlroroB, A.I'. SI3wik Verilog ms
nporpammupoBanus [IJINC : yuebnoe
nocobue / A. I'. Jlrotos, B. H. Ap6y30B,
M. b. HoBoxxenun. — Mocksa : PTY
MUPOA, 2023. — 101 c.

MS80

[IpoexkTupoBanue MUPPOBHIX YCTPOHCTB
Ha 0a3e MHUKPOCXEM MPOrpaMMHUPYEeMOi
Joruku: yaeb. nocodue / A. B. Mopo3os,
B. A. Henames. - CI10.: I'VAII, 2021. -
78 c.

C89

Pa3zpaboTka nuHaMuuecku
PEKOH(PUTYPHUPYEMBIX CUCTEM H CETeH Ha
Kpucrasie: yueb. nmocobue / E. A.
CysopoBa, H. A. Marseesa, 1O. E.
[etinun. — CII6.: I'YAIIL 2016 — 75 c.

M33

ITpoextupoBanne CBUC n Cucrem-na-
Kpucrtasie: yueb.-meto. mocooue / H. A.
Marseesa, E. A. CyBoposa, IO. E.
Meitunn. - CI16.: U3a-so I'YAIL 2016. -
Sle.

https://e.lanbook.com/book/73058

Haga0u, 3. [IpoextupoBanue
BcTpauBaeMbIx cucreM Ha [IJIUC / 3.
HagsaOwu; nepeBoj ¢ anrauiickoro B. B.
ConosreBa. — Mocksa: JIMK Ilpecc,
2016. — 464 c.

7. [TepeueHb AMEKTPOHHBIX 00Pa30BaTENLHBIX PECYPCOB

MH(}OPMaLIMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTu «IHTepHEeT»




[epeueHn AIIEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcos UH()OpPMAIIMOHHO-
TEJICKOMMYHHKAMOHHOW ceTH «lHTepHeT», HEOOXOMUMBIX [UIi OCBOCHUS HCIHILUINHEI
npuBezeH B Tabnuue 9.

Tabmuma 9 — IlepedyeHb SIEKTPOHHBIX O0pa30BATEIBHBIX PECYpcOB HH(MOpPMAIMOHHO-
TEJICKOMMYHUKAIIMOHHOU ceTh «HTepHET»
URL aapec HaumenoBanue
http://altera.ru Altera TIUTUC - MUKPOCXEMBI TIPOTPAMMHPYEMOU JIOTHKH
https://marsohod.org FPGA 6iior: ombIT, OTIa/IKa, TPOTPAMMHPOBAHHUE
https://Ims.guap.ru/ Cucrema qucTaHMoHHOTO 00yueHus ['Y ATl
8. [Tepeuenp HHPOPMALIMOHHBIX TEXHOIOTUI
8.1. [TepedyeHs mporpaMMHOT0 0O€CIeUeHHUs, UCIIOJIB3yEMOTr0 MPH

OCYIICCTBJIICHNU 06p330BaTeJIBHOI‘O nmponecca 1mo JUCHUILINHE.
HepequL HCIOJIB3YEMOI'0 IPpOTpaMMHOI'O obecreyeHus MpCACTaBJICH B Ta6n1/1ue 10.

Tabmuna 10— [TepeueHs mporpaMMHOTO 00€CIICUCHIS

Ne i/t Haumenosanue
1. Quartus Prime Web Edition 13.0 u Beime
2. Ornanounas ruiata Altera Terasic DE2-115
8.2. [lepeuenn HH(}OPMaLIOHHO-CITPABOYHBIX

CHCTEM,HCIIOJIb3YEMBIX MTPH OCYILIECTBICHUH 00pa30BaTEIBHOTO MPOIECcca MO JUCIUTUINHE
[Tepeuens WCTONB3yeMBIX HH(DOPMAMOHHO-CIIPABOYHBIX CHCTEM TIPEICTABJICH B
Tabymue 11.

Tabnuna 11— [lepeueHs HHPOPMAITMOHHO-CIIPABOUYHBIX CUCTEM

No /1t HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TexHHUYECKas 0a3a
CoctaB MaTepHaIbHO-TEXHMUYECKOH 0a3bl, HEOOXOAUMOW Il  OCYIIECTBIICHUS
00pa3oBaTeNLHOTO Mpoliecca Mo AUCHUILINHE, IPecTaBieH B Tabnuuel?2.

Ta6mmma 12 — CoctaB MaTepuanbHO-TEXHUUECKOM 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun
n/m MaTepUaIbHO-TEXHUUECKOH 0a3bl (TIpu HEOOXOMMOCTH)

1 | Cucrema gucranimonnoro odyuenus ['YAIT (CAO I'VAII) —

Ims.guap.ru
10. OneHo4YHbBIE cpeacTBa i IPpOBEeACHUS HpOMe>1<yT0qH0171 arTecTaluu
10.1. Cocras OIICHOYHLIX CPCACTBIJIA NPOBCACHUSA HpOMC)I(yTOqHOfl

aTTecTany 00yJaroIIUXCs IO AUCIUIUIMHE TTPUBEIeH B Tadmuie 13.
Tabmuua 13 — CocTaB OIEHOYHBIX CPEACTB JJIsl IPOBEACHHSI TPOMEKYTOUHOM aTTecTalllu

By npomexyTo4HOM aTTecTanuu [lepedyeHb OLICHOYHBIX CPEICTB
JuddepeHpoBaHHbIi 3a4ET TecTsl
3auer TecTsl.

10.2. B kauectBe kpuTEepHEB OILIEHKH YPOBHS C(HOPMHUPOBAHHOCTH

(ocBOEHUS) KOMIETEHIMH O0OydyaromMMHUCS TpUMEHsAeTCs S-OainpHas IIKana OLEHKU




c(hOpMUPOBAHHOCTH KOMIIETCHIINN, KOTOpas mpuBeneHa B Tabnuie 14. B TeueHue cemectpa
MOKET UCTOJIb30BaThes 100-0aymipHas 1Ikaga MOIyJIbHO-PEUTHHTOBOM CUCTEMBl Y HUBEPCHUTETA,
IpaBujia UCIIOJIb30BAHUA KOTOpOﬁ, YCTAHOBJICHBI COOTBCTCTBYIOIIUM JIOKAJIbHBIM HOPMAaTHUBHBIM

akToM [ VAIL

Tabmuna 14 —Kpurepuu onieHKH ypoBHS c(hOPMHUPOBAHHOCTH KOMIETEHITHH

Or1eHKa KOMITETEHITUH

5-0ayupHas mKana

XapakTepucTrka c(hOpMUPOBAHHBIX KOMITETEHIIMI

«OTJIIMYHO»
(Ga4uTCHO»

— o0OyJaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOrPaMMHBIH
MaTepua;

— YBEpPEHHO, JIOTHYHO, ITOCIIE0BATEIHLHO U TPAMOTHO €T0 M3JIaracr;

— ONMMpasiCh Ha 3HAHWS OCHOBHOW W JOMOJHHUTEIBHOM JIMTEPaTypHI,
TECHO IPHUBS3bIBACT YCBOCHHBIC HAYYHBIC ITOJIOKECHHSI C MPAKTHIESCKON
JESITEIIbHOCTHIO HAPaBIICHUS;

— yMeno 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIE UM UJIEH;

— JIeJIaeT BBIBOALI H 0000IIECHHS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNHaIM3UPOBAHHBIX TOHITHH.

«XOpOLIO»
(Ga4YTCHO»

— 00y4Jaronuiicsi TBEPIO YCBOMII IPOTPaMMHBINA MaTepuall, TPaMOTHO U
[0 CYIIECTBY W3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOU
JTUTEPATYPHI;

— HE JIONYCKAEeT CYIIECTBCHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAaHUS C NPAKTHYCCKOH JESITEIHHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET HAy4YHbBIC TOJI0KCHUS;

— JIeJIaeT BBIBOALI H 0000IIECHHS;

— BJIQJICET CHCTEMOH CIIeMaTN3NPOBAHHBIX TOHSITHH.

«yZIOBJIETBOPUTEITHHOY
«BaYTEHO»

— o0yyaroluiicss YCBOMJI TOJBKO OCHOBHOW IPOrpaMMHBIM MaTepual,
II0 CYIIECTBY M3JIaraeT €ro, ONMPasCh HAa 3HAHUSA TOJBKO OCHOBHOM
JIUTEPaTypHl,

— JIONyCKaeT HeCYIECTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUM 3HAHHUU
HallpaBJICHUS,

— cn1abo apryMeHTUpPYeT Hay4dHbIE MOJIOKEHMS;

— 3aTpyaHseTcs B GOpMYIHMPOBAHUU BBIBOJOB M 0000OIICHUI;

— 9YaCTMYHO BJIAJECET CUCTEMON CIIENMAIM3UPOBAHHBIX OHITHUH.

«HEY/IOBJICTBOPHUTEIIEHO»
«HE 3aUTCHO»

— o0ydJaromuiicss He YCBOWJI 3HAYUTEIBHOM 4YacTH MPOTPAMMHOTO
MmarepHaa;

— JIOMMYCKaeT  CYLIECTBEHHblE  OIIMOKM W  HETOYHOCTH TP
paccMOTpeHHH IPpo0JIeM B KOHKPETHOM HallpaBIICHUH;

— MCTIBITBIBAET TPYIHOCTH B MPAKTHYECKOM PUMEHEHUN 3HAHMIA;

— HE MOXKET apryMEeHTHPOBATh HAY4YHbIE MTOJIOKECHMUS;

— He (JOpMYIIHPYET BBIBOJAOB H 0000IICHHH.

10.3.

TumnoBslie KOHTPOJIBHBIC 3aaHWs UM HHBIC MaTCPUAJIbI.

Bompocsr (3agaun) Asis SK3aMeHa mpeicTaBiIeHbl B Tabmure 15.
Tabnuna 15 — Bonpocs! (3agaun) 118 9K3aMeHa

K
No mi/mm [Tepedyens BonmpocoB (3a1av) 115 IK3aMeHa o
WHAWKATOpa
Y4eOHBIM IIIAHOM HE MPEAYCMOTPEHO
Bomnpocs! (3agaun) muis 3adera / udd. 3aueta nmpeacTaBieHsl B Tadbauie 16.
Ta6mmma 16 — Boripocs! (3amaun) nist 3aueta / qudd. 3auera
Kon
Ne /i [Tepeuens BompocoB (3aga4) ans 3adeta / qudd. 3auera
p P (3az1211) 1 pd UHAMKATOpa
V4eOHBIM IIaHOM HE MPEAYCMOTPEHO VK-6.3.1
YK-6.3.2




YK-6.Y.1

YK-6.Y.2

YK-6.B.1

YK-6.B.2

[lepeyenp TeM i1 KypcOBOTO IPOEKTUPOBAHHS/BBIIOMHEHUS KypCOBOH paboThI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — [lepeueHs TeM 17151 KypCOBOTO MPOSKTUPOBAHMS/BBITIOTHEHUS] KyPCOBOM PabOTHI

No 11/ [TpuMmepHBIii IepedeHb TeM AJ1s KypCOBOTO IPOEKTUPOBAHMS/BBIIOITHEHUS
- KypCOBOI1 pabOThI

Y4eOHBIM IIIAHOM HE TPEAYCMOTPEHO

Bompocsl s mpoBezneHHsT MPOMEXKYTOYHOM aTTecTallid B BUIE TECTUPOBAHUS
MpeACTaBICHBI B Ta0mwmIe 18.

Tabnuna 18 — [IpumepHbIil nepeyeHb BOPOCOB JJIs TECTOB

Ne . Kon
[IpumepHBIi epeueHb BOIPOCOB /ISl TECTOB
/a WHJIUKAaTOpa
1. | IlpounraiiTe TEKCT U BHIOEPUTE OAMH MTPABUIIbHBIN OTBET. VK-6.3.1

Onpenenure, kakoit 6sox IIJIMC apxurexktypst FPGA ocHoBaH Ha
NpUMEHEHHUH CTPYKTYphI qanHbix LOoK-Up Table.

1) Koudurypupyemsiii joruueckuii 010K

2) bBiok mudpoBoii 00pabOTKH CUTHATIOB

3) TpaccupoBOYHBIE PeCypCh

4) Kou¢wuryparoHHas naMsTh

2. | IIpounTaiiTe TeKCT U BEIOEPUTE OAMH NPABUIIBHBIA OTBET. VK-6.3.2

Bri6epute u3 nepeuncieHHbix uHCTpyMeHTOB CATIIP Quartus ToT,
KOTOPBIH O3BOJISET OCYIIECTBUTH TPACCUPOBKY OOBSBICHHBIX B
KOJIe IIOPTOB Ha BRIBOBI TUTaThl FPGA.

1) Pin Planner

2) RTL Viewer

3) State Machine Viewer

4) Modelsim-Altera

3. | IlpounTaiiTe TEKCT M BHIOEPUTE OJUH MTPABUIIBHBIN OTBET. VK-6.3.2

BBI6epI/ITC MPaBUIIbHYIO ITOCJICAOBATCIIbHOCTD ﬂeﬁCTBHﬁ, KOTOPYIO
HYKHO MTPOM3BECTH UIs poBepku iyt kK Modelsim-Altera,
omnoKa B KOTOPOM MOXKCT NPUBECTU K HCBO3MOKHOCTHU
poLeAypbl KOMIBIOTEPHOI'O TECTUPOBAHUS pa3pabOTaHHOTO
U(pPOBOro yCTPOICTBA.
1) Tools -> Options -> EDA Tool Options->Modelsim-Altera
2) Tools -> Options -> Libraries->Modelsim-Altera
3) Assigments -> Options -> Processing->Modelsim-Altera
4) Assigments -> Options -> EDA Tool Options->Modelsim-
Altera

4. | IlpounTaiiTe TEKCT U BHIOEPHUTE OJMH MTPABUIIBHBIN OTBET. VK-6.3.1

Omnpenenure, Kakas MaTeMaTHYeCKas ONEPAIUs JICKHUT B OCHOBE
6s10xk0B G poBoi 00padoTku curHanos [IJIMC apxutekTypsl
FPGA.




1) CroxxeHue ¢ HAKOTJICHHEM
2) Bo3sBeneHue B CTENECHb

3) YMHOXEHHE ¢ HAKOIJICHUEM
4) Jlenenue

[IpounTaiiTe TEKCT U BBIOEPUTE OJUH PABUIBHBIA OTBET.

HaiinmuTe cpeny npenioeHHbIX TEPMUHOB 0a30BYIO SAHMHUILY
OTHMCAHUS B MMPOCKTE Ha SA3bIKE OMMCAHUs anmnaparypsl Verilog.
1) ®aiin BepxHEro ypoBHS
2) Monyib
3) Ilopr
4) Jloru4eckuii BEeHTUIb

VK-6.3.1

[IpounTaiiTe TEKCT U BBIOEPUTE OJUH PABUIBHBIA OTBET.

Bribepute BepHOE yTBEpKIEHUE, KAacaroIIeecs MpaBml
MMEHOBAHMSI B SI3bIKE OMMCAHMA anmaparypsl Verilog.

1) B umeHax MojyJieii, MTOPTOB U epeMeHHBIX Ha Verilog
HDL nHenb3st ucnoyib30BaTh KIFOUEBHIE CIIOBA, OHU MOTYT
OBITH TOJBKO COCTABHOM YacThIO UIMEHH.

2) HWwmena monyieii, mopToB U nepeMeHHbIx Ha Verilog HDL
MOTYT COCTOSITh TOJBKO U3 JIATUHCKUX OYKB U IIUGD.

3) Nwmena moxyreit, noptoB u nepeMeHHbix Ha Verilog HDL
MOTYT COCTOSITh U3 OYKB JIATUHUIIBI U KUPUIUTHIIBI, 8 TAKKE
uudp.

4) Tudps! 1 3HaK $ MOTYT OBITH IEPBBIMH B UMCHU MOJTYJIS,
nopra win nepeMenHoi Ha Verilog HDL.

VK-6.3.2

HpO‘IHT&ﬁTG TCKCT, BBI6CpI/ITe ITPpaBUJIbHBIC BApUaHTBI OTBETA U
3aMMMIIUTE apryMCHTEIL, 060CHOBI>IBaIOHII/I€ BBI60p OTBCTOB

Ornpenenure, Kakue U3 MEPEYUCICHHBIX CBOMCTB U OTPaHUYCHUI
OTHOCATCS K (DYHKIIMH Ha s3bIKE onucanus annaparypst Verilog.
1) JloymkHa BBITIONHATHCS 33 HYJICBOW MPOMEKYTOK
MOJIEJIBHOI'O BPEMEHH.
2) He MoxeT cojiepkaTh ONEpaTOPOB 3aACPKKH UITH
KOHTPOJISI COOBITHUH.
3) MoxeT U3MEHSTh COCTOSIHUE NIEPEMEHHBIX.
4) Bcerna Bo3BpalaeT B KAYeCTBE Pe3yJIbTaTa TOIBKO OJHO
3HAYCHHE.
5) Cnucok (popMaiIbHBIX MAPaMETPOB MOKET COJEPIKATh
apryMeHThl THIa output WK inout.

VK-6.3.1

HpO‘-II/ITaI\/'ITe TCKCT, BLI6CpI/ITC IMPAaBUJIBHBIC BApUAaHTBI OTBETA U
3alMMIINTE apryMCHTHI, 06OCHOBBIBaIOHH/Ie BBI60p OTBCTOB

BriGepuTe U3 mepeuncieHHbIX TexHoMorHi pa3Butus FPGA e,
KOTOPbIE OTHOCHUTCS K COBEPILICHCTBOBAHHSIM TEXHOJIOTUI
IIPOU3BO/ICTBA.

1) Texunonorus SSI (Stacked Silicon Interconnect)

2) Ipumenenue DSP Builder B Matlab

3) PacnpocrtpaHeHne MPOrpaMMHUPYEMbIX CHCTEM Ha

KpHUCTaJlIe
4) Paspabortka 3D-FPGA
5) TloBsliecHHEe YPOBHS aOCTPAKIIMK OMUCAHHS ITU(PPOBOTO

VK-6.3.2




YCTpOMCTBA

[TpounTaiite TEKCT, BBIOEPUTE IPABUIIbHBIE BAPUAHTBI OTBETA U
3alUIINTE apryMEHThl, 000CHOBBIBAIOIKE BBIOOP OTBETOB

Onpez[eJmTe, KaKHe€ 13 ICPCUYNCICHHBIC KOHCTp}IKI_II/Iﬁ SA3bIKA
ornucanus anmnaparypsl Verilog sBisitoTcsi HECHHTE3UPYEMBIMH
1) Initial
2) Input
3) Wire
4) Repeat
5) $display

VK-6.3.1

10.

[TpounTaiite TEKCT, BBIOEPUTE IPABUIIbHBIE BAPUAHTBI OTBETA U
3alUIINTE apTyMEHThl, 000CHOBBIBAIOILNE BBIOOP OTBETOB

Ornpenenure, Kakue U3 MEPEYUCICHHBIX CBONCTB U OTpaHUYCHUI

OTHOCATCS K 3a/1aue (task) Ha s3bIKe OMUCAHUS almapaTypbl
Verilog.
1) JlomkHa BBITOIHATHCS 32 HYJIECBON MPOMEKYTOK
MOJIEJIBHOI'O BPEMEHU.
2) MoXeT U3MEHATh COCTOSHHE TIEPEMEHHBIX.
3) Bcerna Bo3BpaliaeT B Ka4eCTBE Pe3yJibTaTa TOJIbKO OJTHO
3HAYECHHUE.
4) Cnucok HopMabHBIX MapaMETPOB MOKET COJCPHKATh
apryMeHThI TUIa output WK inout.
5) Bceria Bo3BpaliaeT B Ka4eCTBE pe3yJbTaTa TOJIbKO OJTHO
3HAYECHUE.

VK-6.3.2

11.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BADUAHTHI OTBETA U
3alUIINTE APTYMEHThI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

OHpe,I[eJ'II/ITC, KaKne 13 MepCYrCICHHLIC KOHCprKHI/Iﬁ SA3bIKa
onucaHus annaparypsl Verilog SBISIOTCS CUHTE3UPYEMBIMU:
1) Input

2) $fopen

3) Reg

4) Repeat

5) Wire

VK-6.3.1

12.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPUAHTHI OTBETA U
3alUIIATE APTYMEHTHI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

Bribepure 3Tanbl NpoeKTHPOBaHUS LIU(PPOBOTrO YCTPOIcTBa Ha
FPGA, BbimonHsieMble B paMKaX JJOTUYECKOTO U (PU3UUYECKOTO
CUHTE3a.

1) Pacnpenenenne

2) I'enepupoBanue (aiina KoHPUTypanuu
3) Peanuzanus

4) TpaccupoBka

5) Bepubukanus

VK-6.3.1




13.| [Ipounraiite TekcT W ycTtaHoBuTe cooTBeTcTBHE. K Kaxmoit | YK-6.VY.1
MO3HIINY, JaHHOW B JIEBOM  CTOJOIIE, nondepure
COOTBETCTBYIOILYIO TO3HMIIMI0 B TPaBOM CTOJOIE. 3amuiIuTe
BBIOpaHHBIE IIUQPHI 10T COOTBETCTBYIOINIMMHU OYKBaMHU.
CooTtHecuTe THII TOPTA MOJYJISI C COOTBETCTBYIOIIUM €EMY THUIIOM
JIAHHBIX CHTHAJIA Ha sI3bIKE OMMcaHus anmnapaTypsl Verilog.
Kareropus nopra momyns Tun nanueIx (curHan)
1 Bxonnoit nopr A | BHyTpH MOy - TOJIBKO
(input) wire, a BHE MOJYJIS - KaKk
wire, TaK U reg.
2 BrixogHo# nopt b Buaytpu monyns - kak
(output) wire, Tak u reg, a BHE
MOJIYJIsl — TOJIBKO Wire
3 JBynanpasnennelii | B BuyTpu u BHE MOAyA -
nopt (inout) TOJILKO Wire
14.| Ilpountaiite TekcT U ycTaHoBuTe coorBercTBHe. K kaxmoi | YK-6.Y.2
MO3UIUH, JaHHOW B JIGBOM  CTOJOIIE, noxdepure
COOTBETCTBYIOIIYIO TMO3UIMIO B TIPABOM CTOJOLE. 3aruIiuTe
BbIOpaHHbIe UG PHI TTOJT COOTBETCTBYIOIIUMHU OYKBAMH.
Cootnecure tun (aiina nmpoexrta B CAIIP Quartus c ero
Ha3HAYCHUEM.
Tun daiina Hasnauenue
1 Vector A OYHKIIMOHATBHOE U
Waveform/University BPEMEHHOE
Program File (VWF) MOJICTTUPOBAHUE C
IIOMOIIBIO
rpaduyeckoro
penakTopa
BPEMEHHBIX
Jarpamm
2 State Machine File b dopmupoBaHue
(.SMF) JarpaMMbI
COCTOSIHUH U rpada
IIEPEXO/I0B
KOHEYHOT'0
aBTOMara
3 Block B Pa3paboTka cxembl
diagram/Schematic yCTpOICTBa B
File (.BDF) rpaduIecKom
penaxkTope
4 Project File (.QPF) r OO0mmii daiin
MIpOEeKTa
15.| Ilpounraiite TekcT U ycraHoBuTe coorBercTBHe. K kaxmoit | YK-6.Y.2
NO3WLIMM,  JaHHOM B JeBoM  crosbie,  mozadepure

COOTBETCTBYIOUIYIO IO3MIMIO B TIPAaBOM CTOJIONE. 3amuIInTe
BBIOpaHHBIE IIUQPHI ITOJT COOTBETCTBYIOIIMMHU OYKBaMHU.

CootHecure nHCTpyMeHT npoektuposanusi CAITP Quartus c ero




Ha3HAa4YCHUEM.

WHCTpyMEHT NPOSKTHUPOBAHUS

Haznauenue

1

Pin Planner

VYupasnenue
TPacCCUPOBKOM
(ManmuHroMm) BXOJOB
U BBIXOJIOB
paspabarsiBacMO
CXEMBbI Ha
(u3HUeCcCKre BBIBOIBI

FPGA

RTL Viewer

Busyanuszanus
CTPYKTYpBI

1 (POBOTO POEKTA
Ha OCHOBE
KOMOWHAIIMOHHOM
JIOTHKHU, PETUCTPOB U
WX CBS3CH.

MegaWizard Plug-in

IIpunoxenue c
rpaduyecKkum
uHTepdercom,
npeHa3HAYECHHOE JIJIsI
reHepanun
Pa3IMYHBIX MOJYJICH
u3
CrieIMaTu3uPOBAHHBI
X 11a0JIOHOB —

MeraQ yHKIMM

Platform Designer

HNHucTpymenT,
KOTOPBIN
IpeIHa3HaAYEeH JUIs
MHTErpanun
CHEeUAIN3UPOBaHHBI
X 1mabsoHoB — IP-
OJIOKOB — B €IMHOE
uudpoBoe
YCTPONCTBO

16.

[IpounTaiiTe TEKCT U yCTaHOBUTE COOTBETCTBHE. K Kak1011
MO3UIIMH, TAHHOH B JIEBOM CTOJOIE, TOA0epHUTe
COOTBETCTBYIOIIYIO TO3UIMIO B [IPABOM CTOJIOIE. 3alUIINTE
BbIOpaHHBIE IIU(PHI [10]T COOTBETCTBYIOINIMMHU OYKBaMHU.

CooTHecHTe YTBEPKACHHUE O MPOIECCe N3MEHEHUSI 3HAUCHHSI
NePEeMEHHO ¢ TUIIOM MPHUCBAUBAHUS B SI3bIKE OTIMCAHUS
anmaparypsi Verilog.

Tun IMpUCBANBaHUA

Twun ma"HHBIX

1

HenpepsiBHOE

A

[ToBTOpPHBIN pacuer
IIEpEMEHHOM
MIPOU3BOIUTCS TIPH
W3MEHEHHUSIX JIF000TO
W3 CUTHAJIOB,
YYaCTBYIOIINX B

YK-6.Y.1




BBIPAXKEHUH, KOTOPOE
€€ OIKCHIBAET.

2 brokupyrormiee

b [Tepemennas cpazy

MEHSIET CBOE
3HaUYeHHE. 3HAUCHHUE
MOJKET OBITE
HECKOJIbKO pa3
MepenprucBOCHO
BHYTpH
IIOBEJICHYCCKOTO
070Ka.

3 Heb6nokupyromee

B [TepemenHnas mensier

CBOE 3HAYEHHUE
TOJILKO B MOMEHT
BBIXOJIA U3
IIOBEIEHYECKOT0
0710Ka.

17.

[IpounTaiite TEKCT U yCTaHOBUTE COOTBEeTCTBUE. K KAk 101
MO3UIUH, TAHHOU B JIEBOM CTOJNOIIE, MOA0epUTe
COOTBETCTBYIOIIYIO MO3UIMIO B IPABOM CTOJIOIE. 3aMUIINUTE
BbIOpaHHbIE UG PBI TOJT COOTBETCTBYIOIIUMU OYKBAMH.

CooTtHecuTe ypOBEHb MPEACTABICHUS [U(PPOBOTO YCTPOICTBA C
ONKMCAHUEM YCTPOWCTBA HA IAaHHOM YPOBHE.

ypOBeHL MpCACTAaBJICHUA

YTBepxkeHue

1| IToBenenueckuii

A

[Tonnast unpopManus o
BHYTPEHHEM CTPOCHUU
KpHcTaia uudpoBoro
YCTPOMCTBA: pa3Mepsl
0a30BBIX 2JIEMEHTOB,
napaMeTpbl CUTHAJIbHBIX
JIMHUM, X PacIoJIOKEHUE HA
KpHUCTaJLIE.

2 | OyHKIIMOHATBHBIN

CxeMOTeXHUYEeCKOe
ONKMCAHUE YCTPOMCTBA C
MIPUMEHEHUEM TPAH3UCTOPOB,
PE3UCTOPOB, KOH/IEHCATOPOB
Y IPOBOJIAIIUX JIMHUM.

3 | Jlornueckuit

Ornncanue yCcTponcTBa B
BUJIEe HA0Opa MPOCTEHIIINX
0a30BEIX JOTMYSCKUX
BEHTUJIEN U CBSI3EN MEXKIY
HUMH.

4 | DnexTpuyecKuii

BHyTpeHHss CTpyKTypa
MIPOEKTUPYEMOTO ITU(PPOBOTO
YCTPOMCTBA, COCTOSIIAS U3
OJIOKOB, IOBEICHUE U
CTPYKTypa KOTOPBIX XOPOIIIO
W3BECTHBHI.

5 | ®usznueckuii

«YepHBbIH AKK» C
W3BECTHBIM HHTEp(dericom
BHEITHIX KOHTaKTOB.

VK-6.V.1




18.| [IpounTaiiTe TEKCT U YCTaHOBUTE COOTBeTCTBHE. K Kaxkmoii YK-6.Y.2
MO3HIINH, TAHHOH B JIEBOM CTOJIOIE, TOJ0EpHUTE
COOTBETCTBYIOLIYIO [TO3ULIMIO B [IPABOM CTOJIOLE. 3alHUILIUTE
BBIOpaHHBIE IIU(PHI 10T COOTBETCTBYIONIMMHU OYKBaMHU.
CooTHecuTe onieparop si3blka onrcanus anmnapatypsl Verilog c
€ro Ha3HaYeHUEM.
Omnepatop Verilog HDL Haznauenue
1| >> A | ApudMeTHuecKuii CIBUT
BIIPABO
2| << b Konkarenamus
3| <<< B | Apudmernueckuii ciur
BJIEBO
41 {3 I' | Jlornyeckuil cIBUT BICBO
5] >>> Ji| Jlornueckwuii ciBUT BIpaBo
19.| IlpounTaiiTe TEKCT U YCTAHOBUTE MOCIEI0BaTENbHOCTD. 3anuimuTte | YK-6.Y.1
COOTBETCTBYIOIIYIO MTOCIIEIOBATEIBHOCTh OYKB CJI€Ba HAIPABO.
YnopsgoubTe CIeayromue 3Tanbl Pa3BUTHS APXUTEKTYPHI
IPOTrpaMMHUPYEMBIX JJOTMYECKUX UHTErPAIbHBIX CXEM B MOPSIKE
WX TOSIBIICHHSI OT PAHHETO K TIO3THEMY:
A) PLA
b) PAL
B) CPLD
') FPGA
) GAL
20.| ITpounTaiiTe TEKCT M YCTAaHOBHTE TIOCIIE0BATENFHOCTD. 3anumute | YK-6.Y.2
COOTBETCTBYIOLIYIO MTOCIIEI0BATEILHOCTh OYKB CIeBa HAIPaBo.
Ynopsanousre Moaynu onucanus npoekra Ha [IVIUC,
peanuzyemoro B CAIIP, B mopsifike OT BBICILIETO YPOBHS HEpapXUn
K HU3IIEMY:
A) bazoBblil MOaYITh
b) Cyomonynb
B) I'onoBHO# MOyTB
') Moayns-o6omouka
21.| IlpounTaiiTe TEKCT M YCTAaHOBHTE TIOCIIE0BATENFHOCTD. Janumure | YK-6.Y.2
COOTBETCTBYIOIIYIO MTOCIIEI0BATEILHOCTh OYKB CJIeBa HAIPaBo.
YnopsioubTe 3J€MEHThI ONUCAHUSI MOJTYJISl HA SI3bIKE OIMCAHUS
anmapatypsl Verilog B mopsiike ot 00bsABICHUS] MOIYJIS JI0 €T0
3aKpBITHS:
A) OObsiBNIEHNE TOPTOB
Bb) OObsBieHne TOKATBHBIX TAPAMETPOB, CUTHAJIOB U
TIEpEMEHHBIX
B) Cunre3upyemble KOHCTPYKIMU
I') O6bsBreHnE TT100aTBHBIX TAPAMETPOB
22.| IIpounTaiiTe TEKCT M YCTAaHOBUTE MOCJIEA0BaTeNbHOCTE. Janummre | YK-6.Y.1

COOTBETCTBYIOIYIO IIOCTIEA0BATEIHLHOCTh OYKB ClieBa HalpaBo.

YnopsaoubTe 3Tansl NPOEKTUPOBAHUS LIU(POBOTO YyCTPOHCTBA HA
FPGA B nopsiike OT Hauaia NpOSKTHPOBAHHUS 0 €T0 3aBEPIICHHUS:




A) Cnemudukarus iudpoBoro yCTpoicTBa.

b) ®yHkuMOHaNbHOE U CTPYKTYPHOE ONKUCAHUE YCTPONCTBA.
B) RTL-cunres.

I') ®yHKuMOHATBEHOE MOJICTUPOBAHKE.

J1) ®usnueckuii CUHTE3, pa3MEIICHUE U TPACCUPOBKA.

E) TectupoBanue u BepupUKaIHs.

23.

HquHTafITe TEKCT U YCTAHOBUTE IIOCIIEA0BATCIILHOCTD. 3anummre
COOTBCTCTBYIOIYIO TOCIICAOBATCIBHOCTD 6yKB CJICBA HAIIpaBo.

VYnopsaoubte 3Tans! popMupoBanust HOBOro mnpoekra B CAIIP
Quartus B nopsiike OT Hayana HacTpOMKH (ailyia mpoekrTa 1o eé
3aBEPLICHMUS:

A) BBoj Ha3BaHus (¢ailyia NpoeKkTa, 00beKTa BEPXHETO YPOBHA U
BbIOOD TUPEKTOPUU

b) Bri6op Tuna npoekra (IycToil Wi Ha OCHOBE CYILECTBYIOLIETO
¢aiina).

B) loGaBiienue (aityioB 1 moaAKIIOYECHUE OMOINOTEK B MIPOCKT
I') Bei6op tuna mukpocxems [TJIVC.

J1) Bb100op MHCTPYMEHTOB MOAEIUPOBAHHUS.

E) IIpoBepka kpatkoii HHPOPMAIIMU O HACTPOHKAX MPOCKTA.

VK-6.Y.2

24.

HpO‘IHT&ﬁTG TEKCT U YCTAHOBUTC ITOCIIECAOBATCIIbHOCTD. 3anummre
COOTBCTCTBYIOIYIO ITOCIICAOBATCIBHOCTD 6YKB CJICBA HAIIpaBo.

PaccraBbTe ypoBHM npeacTaBieHus HUPPOBOro yCTPONUCTBA B
HOpsi/IKe OT HauMeHee a0CTPaKTHOrO K HanboJiee abCTpaKTHOMY:

A) IloBenenyeckuit
b) ®ynkunoHanbHbIN
B) Jlornueckuit

I') DnexTpuueckuit
J1) ®usnueckuit

VK-6.V.1

25.

[TpounTaiiTe TEKCT U 3aIUIINUTE Pa3BEPHYTHI 00OCHOBAHHBIH
OTBET.

Haiiqure ommOKy B MPUBEICHHOM OMTUCAHUH MOYJIS TIOJIHOTO
BOCBMHPA3PSIHOTO MrdpaTopa Ha A3bIKE OIMMCAHUS aIapaTypsl
Verilog. OtBer obocHyiiTe.

1 module encoder

2 (input [7:0] a,

3 output reg [2:0] y);

4 always @(a)

5 begin

6 if (a=="7"b00000001) y = 0;

7 else if(a == 7°b00000010) y = 1;

8 else if (a == 7"b00000100) y = 2;

9 else if (a == 7"b00001000) y = 3;
10 else if (a==7"b00010000) y = 4;
11 else if (a=="7’b00100000) y = 5;

12 else if (a=="7"b01000000) y = 6;

13 else if (a == 7’b10000000) y =7,
14 else y =3’bX;

15 end

VK-6.B.2




16 endmodule

26.| I[IpounTaiiTe TEKCT M 3alUIITUTE PAa3BEPHYTHI 00O0CHOBAHHBIN YK-6.B.2
OTBET.

Haiinute ommbKu B IprBeIEHHOM ONMTUCAHUU MOAYJIS CYETYMKA HA
s3bIKe onucanus annaparypsl Verilog. OtBer ob6ocHyiiTe.

1 module counter (clk, reset, enable, count);
2 input clk, reset, enable;
3 output [4:0] count;
4 reg [4:0] count;
5 always @ (posedge clk)
6 if ((reset == 1'b1) or (count == 4'd10)) begin
7 count <= 0;
8 end else if ( enable == 1'b1) begin
9 count <=count + 1;
10 end
11 endmodule
27.| IlpounTaiiTe TEKCT M 3alUIIATE PA3BEPHYTHII 0OOCHOBAHHBIN YK-6.B.1
OTBCT.

[TokakuTe, B UeM 3aKJIFOYACTCS Pa3IMIMe MEKIY PE3yIbTaTaMu
IPUMEHEHHS OITEPATOPOB apU(YMETHIECKOTO U JIOTHIECKOTO
caBura Ha si3pike Verilog.

28.| IIpounTaiiTe TEKCT M 3aMUIIATE PA3BEPHYTHII 00OCHOBAHHBIN YK-6.B.1
OTBET.

HOKa)I(I/ITe, B UCM 3aKJIIFOYACTCs PA3JIMIUC MCKIY PE3YyJIbTaTaMU
NPUMEHEHHUs OIepaTOpPOB MOOUTOBOrO U Jiornyeckoro M Ha s3bIke
Verilog.

29.| IIpounTaiiTe TEKCT M 3aMUIIATE PA3BEPHYTHII 000CHOBAHHBIN VK-6.B.2
OTBET.

PacrimmmTe orpannyeHus Uit GYHKIMH Ha S3bIKE OMUCAHUS
anmapatypsl Verilog.

30.| IIpounTaiiTe TEKCT U 3aMULINTE Pa3BEPHYTHI 000CHOBAHHBIN YK-6.B.1
OTBET.

Pacriummre kimoueBbie 0COOCHHOCTH apXUTEKTyphl FPGA,
oTimyaromue ee ot apyrux [TJINC.

Kitoun mnpaBuibHBIX OTBETOB Ha TecThl pa3melmieHsl B Ilpunoxenuun 1 x PIIJ u
HaxosaTcs y cnenuanuctoB no YMP kadenpsr 41, 3amectutens 3aBenyroliero kadeapoi u
PYKOBOAMTENST 00pa30BaTeNbHOM MPOTPaMMEI.

Cucrema OLIEHMBAHMS TECTOBLIX 3aJaHUM ITOoKa3aHa B Tabiwuie 18.1
Tab6muna 18.1 — Cucrema OLIEHUBAHNS TECTOBBIX 3aJaHUNA

Ne VYkazaHus 10 OLIEHUBAHUIO Pesynprar onieHMBaHuA
(Gayutbl, TOTyYSHHBIE 32 BBITTOJHEHHE \
XapaKTEepUCTHKA TPABUIILHOCTH OTBETA)




3agaHue 3aKphITOrO THUIA Ha
YCTaHOBJICHHE COOTBETCTBUS
CUHMTACTCS BEPHBIM, €CITU
YCTaHOBJICHBI BCE COOTBETCTBUS
(To3uIMU U3 OAHOTO CTOIOIA
BEPHO COIOCTABJICHBI C MTO3ULIUSIMU
JIPYroro CToJo11a)

[TomHOE COBNaieHUE ¢ BEPHBIM OTBETOM
oueHuBaercs | 6amiom, HeBEpHBIH OTBET
uu ero orcyrctBue — 0 6amioB (b0
YKa3bIBACTCS «BEPHO» \ «HEBEPHOY)

2 3aiaHue 3aKpBITOTO THUIIA HA [TosiHOE coBIaZieHNE C BEPHBIM OTBETOM
YCTAQHOBJICHHE olieHuBaercs 1 6aiom, eciiy JONYLIEHbI
IOCJIE0BATEIbHOCTH CUUTAETCS OMIMOKH WK OTBET OTCYTCTBYET — 0
BEPHBIM, €CITH [IPABIIBHO yKa3aHa | O0aJuIoB (OO yKa3bIBACTCS «BEPHONM
BCS1 MIOCJICZIOBATENILHOCTD (P «HEBEPHOY)

3 3aganue koMOMHUpoBaHHOro Tuna | [losHOE coBmazeHne ¢ BEpHBIM OTBETOM
C BBIOOPOM OZHOTO BEpHOTO OTBETA | OleHHBAeTCs 1 6amioM, HeBEepHBIA OTBET
U3 YEThIpeX NPEeJIOKEHHbBIX U i ero orcyrcrsue — 0 6amioB (160
000CHOBaHHMEM BBIOOpA CYMTACTCS | YKA3bIBACTCS «BEPHO»\ KHEBEPHOY)
BEPHBIM, €CJIU PaBUIIBHO yKa3aHa
udpa U MpuBeIeHbl KOHKPETHBIE
apryMeHTBbI, UCIIOJIb3yeMble IIPU
BbIOOpE OTBETA

4 3ananue koMOuHUpoBaHHOro Tuna | [TonHoe coBmageHue ¢ BEpHbIM OTBETOM
C BBIOOPOM HECKOJIbKHX BapUAHTOB | OLEHHBAeTCs 1 06amioM, €Ciiu TOMyIIeHbI
OTBETA U3 MPEITI0KEHHBIX U OLIMOKM WK OTBET OTCYTCTBYeT — 0
pa3BepHYTHIM 000CHOBAaHHEM 0aiioB (100 yKa3bIBACTCS «BEPHON\
BbIOOpA CYMTACTCS BEPHBIM, €CIIU «HEBEPHOY)

NPaBWIBHO YKa3aHbI IUPPHI U
IPUBEICHbI KOHKPETHbIE
apryMEHTHI, UCTIOIb3yeMbIE TIPU
BbIOOpE OTBETOB
5 3aanue OTKPHITOTO THIIA C [IpaBuibHBIN OTBET 3a 33/laHUE

Pa3BCPHYTBIM OTBETOM CHUUTACTCA
BCPHBIM, €CJIM OTBET COBIIAAACT C
9TAJIOHHBIM IO COACPIKAaHUIO U
IIOJIHOTEC

orieHnBaeTcs B 3 Oana, eciiu A0MyIieHa
oJiHa OIIMOKa \ HETOYHOCTH \ OTBET
MIPAaBUJIbHBIN, HO HE TIONHBIH - 1 Gan,
ecITi JromyineHo 6osee 1 omuoOku \ oTBET
HeMpaBUWIbHBIN \ 0TBET OTCYTCTBYET — 0
0autoB (JTMOO yKa3bIBAETCS «BEPHOM\
«HEBEPHOY)

WNHCcTpyKIHs 110 BBITIOIHEHUIO TECTOBOTO 33/IaHMs HAXOAUTCs B Tabymie 18.2.
Tabnuna 18.2 - UHCTpyKIMs 10 BBIITOJIHEHUIO TECTOBOTO 3aJaHUs

Ne Tun 3aanus WNHucTpykuus
1 3amanue 3akppIToro Thna Ha | [IpounTaiiTe TEKCT M YCTAaHOBUTE COOTBETCTBUE.
yCcTaHOBJIEHHE COOTBeTCTBUS | K Kax/10i1 mo3ummu, 1aHHO! B JIEBOM CTOJIOILE,
o10epUTE COOTBETCTBYIONIYIO TO3UIIUIO B
IPaBOM CTOJIOLIE
2 3amanue 3aKkpbeITOoro Thna Ha | [IpounTaiiTe TEKCT U YCTAaHOBUTE
YCTaHOBJIEHHE MIOCJIE0BATEIBHOCTD
MOCJIE0BATENBHOCTH 3anuIuTe COOTBETCTBYIOIYIO
M0CJIeIOBATEIBHOCTh OYKB CJI€Ba HAPABO
3 3amanrie kKoMOMHUPOBaHHOTO | [IpounTaiiTe TEKCT, BRIOEPUTE MPABMIIBHBIN

TUIA C BBIOOPOM OJTHOTO

OTBCT U 3allMIIUTC apIryMCHTHI,




BEPHOTO OTBETA M3 YETHIPEX | 0OOCHOBBIBAIOIIKME BHIOOP OTBETA
MPEUIOKEHHBIX U
000CHOBaHHEM BBIOOpA

4 3ananne koMOuHUpoBaHHOTO | IIpounTaiite TEKCT, BRIOEpUTE MTPABUIIBLHBIE
THUIIA ¢ BBIOOPOM HECKOJIBKUX | BapUaHThl OTBETA U 3aIUILIUTE apryMEHTHI,
BapHaHTOB OTBETA U3 000CHOBBIBAIOIIHNE BEIOOP OTBETOB

NPEUIOKEHHBIX U
pa3BepHYTHIM 00OCHOBAaHUEM

BBIOOpA
3) 3aiaHue OTKPBITOTO THUIIA C [TpounTaiiTe TEKCT U 3aIMILNTE Pa3BEPHYTHII
Pa3BEPHYTHIM OTBETOM 00OCHOBAHHBIH OTBET

[lepeyeHb TeM KOHTPOJBHBIX pabOT MO AUCHUIUIMHE OOyYaroIuXcs 3a0YHOU (OPMBI
o0yueHus, npeacTaBieHbl B Tabauue 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX paboOT

No

wn [lepeueHb KOHTPOIBHBIX PAabOT

Cemectp 5

1 Ocob6ennoctu paznuunbix apxutekTyp [IJIMC (mpoBepsiercs: Tectamu)

OCHOBBI aBTOMaTHU3UPOBAHHOTO IPOEKTUPOBaHMsI LU POBBIX ycTpoiicTB HA FPGA
(mpoBepsieTcs TECTaMM)

PazpaboTka koMOMHAIIMOHHOTO ycTpoiicTBa B rpaduueckoM penakrope CAIIP Quartus
(mpoBepsieTcs TECTaMM)

PazpaboTka mocienoBaTeaIbHOCTHOIO YCTpoiicTBa B rpadudyeckom pepaxkrope CAITP
Quartus (mpoBepsieTcs TECTaMM )

Pemienue 3aau mporpaMMHpOBaHuUs Ha si3bIKe onucaHus anmnaparypsl Verilog HDL
(mpoBepsieTcs TECTaMM)

Cemectp 6

2 Pa3paboTka koMOrHaMOHHOTO ycTpoiicTBa Ha si3bike Verilog HDL B CATIP Quartus
Pa3paboTka mocienoBatebHOCTHOTO yeTpoiicTBa Ha si3bike Verilog HDL B CATIP
Quartus

TectupoBanue u Bepudukanus pabotsl ycrpoiictsa B CAIIP Quartus

10.4. Meronuveckue  MaTepualbl,  ONPEACNSAIONIME  TMPOLEAYPhl  OLICHUBAHHS
UH/IMKATOPOB, XapaKTepU3YIOIIUX d3Tanbl (HOPMUPOBAHUS KOMIIETEHLUH, COAEpKarcs B
JOKaJbHBIX HOpPMaTUBHBIX akTax [VYAIIL, periaMeHTHpyrOIMX TOPSAIOK U IPOLERYpPY
IPOBEIEHUS TEKYILEro KOHTPOJIS YCIEBAEMOCTH U MPOMEXYTOYHOM aTTECTalluu 00YyJaroUIuXCs
I'VAIL

11. MeTtoaudeckue yka3zaHust Jisl 00y4JaroIIMXCsl IO OCBOCHUIO TUCITUTUTUHBI

11.1. Meroauyeckue yKazaHus s OOYYAIOIIMXCSA IO OCBOCHHUIO JIEKIIHOHHOTO
MaTepuaa.

OcHOBHOE Ha3HAYEHHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
nIyOOKOe W SICHOE H3JIOKEHWEe ydeOHOoro marepuana. HasHadeHWe COBPEMEHHOW JICKIIMH B
paMKax TUCIUIUIMHBI HE B TOM, YTOOBI TIONYYUTh BCIO MH(OPMAIMIO 1O T€MEe, a B OCBOCHUU
(GyHIaMEHTATBHBIX MPOOJeM JWCIHILIAHBI, METOJOB HAYYHOTO TIO3HAHUS, HOBEHIINX
JTOCTHKEHUH HaydyHOUW MBICTH. B yueOHOM mporiecce JICKIHS BBITIONHSET METOI0JIOTHYECKYIO,
OpraHU3AIMOHHYI0 ¥ MHPOPMAIMOHHYI0 (YHKIIWUU. JIEKIHs pacKpbIBacT MOHATHHHBIN ammapar




KOHKPETHOU 0o0yiacTH 3HaHUs, €€ MpoOJieMbl, AAaeT IEeIbHOE MPEACTaBICHUE O IUCIHILIMHE,
NIOKa3bIBAET B3aMMOCBS3b C IPYTUMHU JAUCHUILINHAMU.

[lnanupyemMble pe3yabTaThl IPH OCBOSHUH 00YYarOIUMUCS JCKIIMOHHOTO MaTepraia;

— T[IOJIyY€HHE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBS3aHHbIX 3HAHUH, YPOBEHb
KOTOPBIX OIPEEIISIETCS LEJIEBOW YCTAHOBKOM K Ka)KJ10M KOHKPETHOM TEME;

— TOJIy4€HHE OIbITa TBOPYECKOI pabOThl COBMECTHO € IPENOJaBaTEIEM;

— pa3BuTHE HOPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K IpPEAMETYy H
CaMOCTOSITEJIbHOTO TBOPYECKOTO MBIIIICHHUS.

— TOsBJIEHHE HEOOXOAMMOT0 HHTEpEca, HEOOXO0AUMOTO Il CAMOCTOSTEILHON PabOThI;

— T[OJIyueHHE 3HAaHUKW O COBPEMEHHOM YpPOBHE pa3BUTHS HAYKH U TEXHUKH U O
IPOTHO3€E UX pa3BUTH Ha OJIIKaHIINE TOIBI;

— HayuyuTbCs METOJMYECKH oOpabaTbiBaTh MaTepuasl (BBIAENATH TIJIABHBIE MBICIH U
IOJIOKEHUS, NPUXOAUTh K KOHKPETHBIM BBIBOAAM, IIOBTOPATH MX B  Pa3JIMYHBIX
(bopMyIupoBKax);

— TOJIyueHHE TOYHOI'O IOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TOHSATHH.

JlexuvOHHBI MaTepuan MOXKET CONPOBOXKAATbCA  JIEMOHCTpAalMed CIajijoB U
UCIOJIb30BAaHUEM pA3aTOYHOIO MaTepuaja IpU HPOBEIEHUM KOPOTKHX JTUCKYCCHH 00
0COOEHHOCTSIX MPUMEHEHHS OTJEIIbHBIX TEMATHK 0 JUCIUTUIAHE.

CrpyKTypa Ipe/1ocTaBiIeHUs JIEKIIMOHHOTO MaTepuaia:

Paszoen 1. Bseoenue 6 npocpammupyemvle 102udecKue UHmMe2paibHble CXembl

Tema 1.1. Cucmemvi-na-kpucmanne u IIJIMC: ocHogHbie nOHAMUSA U UCMOPUS PA3BUMUAL.

[TonsATHS «cHCTeMa-Ha-KpUCTAJUIE» M «IIpOorpaMMHpyeMasi JIOTHYECKash WHTErpajbHas
cxemay (IJIMC). Ucropus pazsutusa [IJIMC. Apxutextypst PLA, PAL, GAL, SPLD, CPLD.

Tema 1.2. Ocobennocmu apxumexmypol FPGA. Koughueypupyemolii nocuueckuii 010K.
Look-up tabley

Apxutektypa FPGA. Otmuuns ot CPLD. OctpoBhas apxutektypa u ASMBL.
Koundurypupyemsbiii noruyeckuii Omok. Look-up table (LUT). IIporpammupoBanue LUT.
[Tpumeps! noruueckux 31eMeHToB FPGA paznndHbIX cEMENCTB.

Tema 1.3. Ocobennocmu apxumexkmypol FPGA. Broku 6600a-6bi600a, mpaccupogounvle
pecypcul, 610KU CReyuanbHO20 HA3HAYeHUs

broku BBOMa-BBIBOJIA W HMX CBS3b C KOH(PHUTYPHPYEMBIMH JIOTUMECKUMH OJIOKAMH.
TpaccupoBouHbIe pecypchl, UX BUJbL. biioku cnenuanbHOro HazHaueHus: Onouynoe O3V, Gioku
uudposoit 00pabotku curnanos (LIOC), mukpormnpoiieccopHbie sipa, COPT-MPOIEeCCOpHI.

Tema 1.4 Obnracmu npumenenuss FPGA u nanpaenenus pazgumus.

[Mpumenenne FPGA: yctpoiictBa IL[OC, BBICOKOCKOpPOCTHasi Tiepenadya JIaHHBIX,
peanu3anys HeWPOHHBIX MPOLIECCOPOB U MOJAEIMPOBAHNE KBAHTOBBIX BBIYMCICHUH, 00paboTKa
paauonokanuoHHo nHpopMalnu. COBEpIICHCTBOBAHUE TEXHOJIOTHIA TTpon3BoacTBa:3D-FPGA,
SSI, EMIB. Ontumwuzanus TpaccupoBOUHBIX pecypcoB. lloBblmieHne ypoBHs aOCTpakuuu
ONMCaHUN yCcTpoucTB. [IporpamMmmupyembie CUCTEMBI Ha KpUCTayle ISl OpraHU3aliu
BBICOKOTIPOU3BOAUTENBHON 00pabOTKH JaHHBIX.

Pa3zoen 2. Dmanwi npoexmuposanus yugposozo ycmpoticmea na FPGA

Tema 2.1. YpoBHU NpoeKTUPOBaHUS HU(DPOBHIX YCTPOICTB

IloBenenyecknii  ypoBeHb. (DyHKUMOHAIBHBIM  ypOBeHb. Jlornueckuii ypOBEHb.
DJNeKTpUYECKUil ypoBeHb. PU3NUECKHI YPOBEHB. ba3Hnc MPOEKTUPOBAHUS.

Tema 2.2 Omanet npoexmuposanusi yugposvix ycmpoucme na FPGA. Cnocobwvl
onucanus yugposwix cxem

KuzneHHbIN UK 1MPPOBOIM cHCTEMBI. DTarbl MPOEKTUPOBAHUS LHU(POBBIX YCTPOICTB
Ha FPGA. CnocoObl omucanuss mHQPPOBBIX CXeM: TpapUYecKhe W Ha SI3bIKaX OMHCAHUS
annapatypsl. RTL-monens.

Paszoen 3. Cpeda asmomamuszuposannozo npoexmuposanus Quartus



Tema 3.1 Hauano pabomwi nHao npoexmom 8 CAIIP Quartus

Hauamno pa6orel mHam mpoektoM B CAIIP Quartus. YcraHoBka W co3gaHHE IEPBOTO
IIPOEKTA.

Tema 3.2. Ymunumot 0ns onucanus yughposvix ycmpoiicme 6 cpeoe Quartus

Yrunute! s onucanus mudpossix yerpoiicts B CAITP Quartus. State Machine viewer. RTL-
viewer. Pin Planner. Modelsim.

Tema 3.3 Ilpoexmuposanue cxemvl npocmetiue2o Yyughpoeoco ycmpoucmea ¢ NOMOUbIO
epaghuueckozo peoaxmopa cxem 8 Quartus

[IpoexkTupoBanue mpocTeiero Hu(ppoBOro ycTpoicTBa U3 JOTHYECKHX BEHTUJICH C
noMomeio rpaguueckoro penakropa Quartus. Peanmuzamuss Ha mpuMepe BCeX ITaroB
npoektupoBanus. [IpoBepka TabIUIBI UCTUHHOCTH IMOJIy4eHHOro ycTpoiictBa. I[Ipumenenue
Mera yHKIIMK KaK TOTOBOTO HHU(POBOTO (PYHKIIMOHAIBHOTO OJIOKA.

Pa3zoen 4. Beedenue 6 azviku onucanusi annapamypul (HDL)

Tema 4.1 Hcmopus eo3nuxnosenus HDL, ocrosHvie nomsamusi u 06a306vle KOHYEnyuu.
Hepapxusa npoexkma na HDL

Hcropust BozHukHOBeHUs: HDL, ocHoBHBIE moHsATHS M 0a3oBbie koHieniuu. AHDL,
VHDL, Verilog HDL. HUepapxus npoekta Ha HDL. Mozynb Kak OCHOBHAs €IMHHIIA HEPAPXHU.
Cunresupyembie Moayau. Cpena TeCTUPOBaHUS.

Tema 4.2 Azvik onucanusa annapamypul Verilog HDL.

Ocobennoctu u otnnuusa Verilog HDL. Cunrtakcuc. Tumbl nanubeix. KiroueBsie
omeparopsl: assign, always, if-else, case u ap. CnoucoK YyBCTBUTEIBHOCTH MOYJIS.
HenpepriBHoe, Omokupytoiiee u HeOiaokupyromee npucBauBanue. Cranmapt SystemVerilog.
Pemenune npocreiimmx 3agay mporpaMmmupoBanus Ha si3pike Verilog HDL.

Pa3zoen 5. Ilpoexmuposanue croxcuwvix yugposvix ycmpoticms na FPGA ¢ npumenenuem
A3bIKO ONUCAHUSL ANNAPAMYDbL

Tema 5.1. Ipunyunvr npoexmuposanusi ycmpoticmse Ha FPGA ¢ npumenenuem s361K08
ONUCAHUsL aNnapamypbl

KntoueBble NpUHIMIOBI  [POEKTHUPOBAHMS HA  SI3bIKaX  OINUCAHUS  alIaparypsl.
[Tapannenu3m kak 6a30BbIi MIPUHLIUI MPOEKTUPOBAHUS LIU(POBBIX ycTpoiicTB Ha FPGA.

Tema 5.2. [Ipoexmuposanue yugposvlx pyHKYUOHANbHBIX Y3108 KOMOUHAMOPHOU NO2UKU
Ha Verilog HDL.

[TpoextupoBanne 1UGPOBHIX (YHKIUOHATIBHBIX Y3J0B KOMOMHAIIMOHHOM JIOTMKH Ha
Verilog HDL: kommaparop, cymmartop, wmudpartop, Aemudparop, MyIbTUILIEKCOD,
JIeMYJIbTUILIEKCOP, TpeoOpa3oBaTeinb Kojia u Jp.

Tema 5.3. IIpoexmupogarnue yugposvix hyHKYUOHANbHBIX Y3108 NOCIe008AMENbHOCMHOU
noeuxu Ha Verilog HDL.

[TpoexTrpoBanue 1MQPPOBHIX (HYHKIMOHATBHBIX Y3JIOB MOCIEAOBATEILHOCTHON JIOTUKU
Ha Verilog HDL: Tpurrep, peructp, cueTuuk, MOayJsb aMsATH, MOJYJIb CU€Ta U Jp.

Tema 5.4. bubauomexu 2omoguvix komnonenmos na Verilog HDL.

[[Ta6nonsl. MeradgyHKIIUM Ha S3BIKE OMMMCAHMS anmaparypsl. |P-sapa.

Tema 5.5. @yukyuu, 3a0auu u cyenapuu. HMx npumenenue 8 npoekmuposanuu Ha FPGA

OYHKINH, 33144 U CLHEHAPUU: OTJINYHUS, OCOOCHHOCTH, IPUMEHEHUE B MPOCKTUPOBAHUH
ycrpoiictB Ha FPGA.

Tema 5.6. [looknrouenue nepugeputinvix ycmpoticms k FPGA.

[Tonxrouenue nepupepuitHbIX YCTPOUCTB (KHOIMKH, JUCIUIEH, TEHEpaTOPbl CUTHAIOB U
ap.) k [IJIMC na npumepe oTiragouroi miaTel Terasic DE2-115.

Pazoen 6. Tecmuposanue u eepugpuxayus yugposvix cxem Ha A3bIKe ONUCAHUSA
annapamypwi Verilog HDL
Tema 6.1. Ocnosvl (hyHKyuoHaNLHOU BepuduKkayuu



TectupoBanne u Bepudukanus. DyHkuuoHanmbHass BepuduKanms. OcoOeHHOCTH
Bepudukanuu Ha Verilog HDL. [Tnan TectupoBanus u BepuduKaum padboThl yCTPOHCTBA.

Tema 6.2. Testbench kax O0CHOBHOU UHCMPYMEHM MeCMUPOSAHUA U Gepudurkayuu
yugposoeo ycmpotiicmea na FPGA.

TecroBblit Moaynb (testbench) u ero mecro B uepapxuu npoekra. OCHOBHBIE ONIEPATOPHI,
ucnonb3yemsle JUisl HanucaHus testbench.Onucanue nudposbix curHanoB. OnucaHue Tecta U
paboTa ¢ CUMYJIATOPOM.

Kypc pazmemién B cucteme nucraniuonnoro ooyuenus I'YAIT (CO I'YAII).

Mertoanyeckue yka3aHus IO OCBOCHHUIO JIGKLIMOHHOTO MaTepuaja UMEITCS B CHUCTEME
muctanionHoro obydenus ['YAII (CAO TI'YAII). JlekuuoHHBIH Marepuan JUCHUIUTMHBI
IPEICTABIAETCA ¢ NPUMEHEHUEM 3JIEKTPOHHOI'O O0y4YeHMs, JUCTAHIIMOHHBIX 00pa30oBaTelbHbIX
TEXHOJIOTHH (OHJIAHH-KYpC).

11.2. Meroauyeckue yKa3aHUs s OOYyYarOlIMXCS IO YYacTHIO B ceMuHapax (e
npeodyCcMOmMpeHo YueOHbIM NIAHOM N0 OGHHOU OUCYUNTIUHE)

11.3. Meroauyeckue yKazaHus A OOYYAIOIIMXCS MO MPOXOXKICHUIO MPAKTHUYECKHUX
3aHATHI

[IpakTuueckoe 3aHATHE SBISETCS OAHONW M3 OCHOBHBIX ()OpPM OpraHu3aluu y4eOHOTO
mpoliecca, 3aKJIF0YAIOIIasiCs B BHIOJIHEHUH O0YYAIOIIMMHUCS 0J] PYKOBOJICTBOM MpEToaaBaTes
KOMIUIEKCa Y4eOHBIX 3aJaHUil C LEeJIbI0 YCBOEHUS HAYYHO-TEOPETUYECKHMX OCHOB YueOHOU
JTUCLUTITMHBI, TPUOOPETEHUS YMEHUN U HABBIKOB, ONIBITA TBOPUYECKOH JESITEIILHOCTH.

[enbro MpaKTUYECKOTO 3aHATUS I O0YUAIOLIETroCs SIBISIETCS MIPUBUTHE O0YUYaIOLUMCS
YMEHUH U HABBIKOB MPAKTUUECKOU JEATEIbHOCTH 110 U3y4aeMOU TUCIUIIINHE.

[Tnanupyemblie pe3yabTaThl MPU OCBOCHUU O0YUYAIOIUMCS MPAKTHUECKUX 3aHATHI:

— 3aKperuvieHue, yriayOJeHue, pacllupeHue ¢ JAeTau3alus 3HAHUW TPU pPelIeHUU
KOHKPETHBIX 3a71a4;

— pa3BUTHE TIO3HABATENBHBIX CIOCOOHOCTEH, CaMOCTOSITENFHOCTH  MBIIUICHUS,
TBOPYECKOI aKTUBHOCTH;

— OBIAQJICHHE HOBBIMH METOJaMH M METOAMKAMU H3Y4YeHHUS KOHKPETHOH y4deOHOI
IUCIHHATUIHHEL,

— BbIpabOTKa CIOCOOHOCTH JIOTMYECKOTO OCMBICICHUS TIOJYYCHHBIX 3HAHUW s
BBITIOJTHCHMS 33 TaHHI;

— ofecrniedyeHre palMOHAILHOTO COYETaHUs KOJUIEKTUBHON M WHAMBUAYAIbHON (GopMm
o0OyueHusl.

TpebGoBaHus K MPOBEICHUIO MPAKTUYECKUX 3aHATUN 5 cemecTpa:
Crynenrtam TpeOyercs BBIIOIHUTD CIEAYIOIINE MPAaKTUHYECKHE paOOTHI.
1. BsegeHue B mporpamMmHpyeMble JIOTHUECKHE HHTErpaibHble cxeMmbl. OcoOeHHOCTH
paznuuHbix apxutextyp [TJIMC
2. OCHOBBI aBTOMAaTU3UPOBAHHOT'O MPOEKTUPOBaHUS U(PPOBHIX ycTpoiicTB Ha FPGA
3. Pa3zpaboTka KOMOWMHAIMOHHOTO YCTpoiicTBa B rpaduieckom pemaktope CAIIP
Quartus
4. PazpaboTka mocae10BaTeIbHOCTHOTO yCcTpoiicTBa B rpaduueckom pemaktope CAIIP
Quartus
5. PazpaboTrka MOIynasi CUETHOTO YCTPOMCTBA C 33JaHHBIM alFOPUTMOM pabOTHl B
rpapuueckom penakrope CAIIP Quartus
6. Pemenue 3ama4 mporpaMMHUpOBaHUS Ha S3bIKe onvcanus anmnapatypbl Verilog HDL
CryneHram TpeOyeTcs MpeloCTaBUTh OTYETHI MO MPakTHYeCKUM paboTtam Ne 3-6, Tak Kak
HaBBIKM U YMEHMS, TIOJTY4YEHHBIE IIPU BBIIIOJHEHUN 3TUX paboT, IOMOTYT pealn30BaTh MPAKTHKO-
OpPUEHTUPOBAHHBIN NMPOEKT 6 ceMecTpa. B 3aBUCHMOCTH OT ypOBHS U MOJIHOTHI PACKPBITHS TEMBI




CTYJIEHTHI MOTYT MONXY4YuTh OT 1 10 10 GamnoB 3a BeIMONHEHHE KaKAoro 3anaHus. HabpaHHbie
OayuTbl CyMMUPYIOTCST U (OPMHUPYIOT HTOTOBBIA 0Oaul TpH BBICTABICHUH IPOMEKYTOUYHON
aTTecTally 10 JUCLIUILIMHE B 5 cemMecTpe.

Breimonmaenne pador Ne 1, 2 Oyaer mnpoBepeHO C TOMOIIBIO TECTOBBIX 3aJaHUM.
MakcuManbpHBINA OaJIT TIPU TPOBEPKE COCTAaBUT 5 6amuioB. [Ipu M3MEHEHHN KOTHMYECTBA TECTOBBIX
MEPONPUITHIA MAaKCUMAaJIbHBIN 0aJlj1 MOXKET OBITh CKOPPEKTUPOBAH.

TpeboBaHusl K IPOBEAECHUIO IPAKTUYECKUX 3aHATUN 6 ceMecTpa:

Crynentam TpeOyeTcsi BBIIOJHUTH MPAKTHUKO-OPUEHTUPOBAHHBIM  mpoekT. Ero
BBITIOJTHEHUE 0053aTeNbHO JUIsl TOMydeHHUs AuQQPEpeHINPOBAHHOTO 3ayeTa MO JTUCIUILIAHE.
[TpakTUKO-OPHUEHTUPOBAHHBIN MPOEKT MOKET OBITh BBINOJHEH MHAWBHUYaJbHO WIHM B TPYIIIIE.
[Ipy BBINOJHEHUWU TPYMION CTYAEHTOB OJHOBPEMEHHO OylIeT NIpPOBEACHO MOICITUPOBAHHE
MPOEKTHOI paboThI 1o agile.

[IpakTHKO-OPUEHTHPOBAHHBI TPOEKT MOJACIHPYET paboTy HHXKeHepa B 00JacTu
pa3palboTKu CIOXKHO(DYHKIMOHAIBHBIX OJIOKOB MJIM KOMAaH[bl HHKEHEPOB MO MPOSKTUPOBAHUIO
CJIO)KHO(YHKITMOHATBHOTO YCTPOWCTBA, BBHIOPAHHOTO CTYACHTaMH CAMOCTOSITENIBHO M3 YHCIIa
npemioxkeHHbIx. Ha mepBom sTtame paboTel TpeOyercs pa3paboTaTh CXeMy YCTpPOWCTBa B
COOTBETCTBUHU C OINMCAHUEM, IPUBEIEHHOM B 3aJaHuM, U u300pa3uth ee RTL-omucanue B
rpadpuueckom penaktope cxem CAIIP Quartus wnm auarpamMmy cocTosHUW B yrunute State
machine viewer CAIIP Quartus. Ha BTopoM 3Tame paboThl 1O NPUBEICHHOMY B 3aJaHHU
OIMMCAHUIO CTYIECHTaMH CO3aeTCs MPOCSKT 3aJaHHOro ycTpoiicTBa Ha si3bike Verilog HDL. Ha
TpeTheM JTame pPabdOThl  CTYAEHTHl COCTABIAIOT TECTOBBIM TIUIAH JJISI  PE3YJIbTAaTOB
MPOEKTUPOBAHUS YCTPOWCTBA, MOJNYUYEHHBIX Ha IEPBOM M BTOPOM OJTame, C OMNUCAHUEM
npoIeypsl TeCTHpoBaHusA. Ha 3TOM 3Tare Hy)XHO MpoayMaTh CTPYKTYpPY M HalMCaTh TECTOBBIN
Moayib (testbench) na s3eike Verilog HDL. Jlomyckaercst IpOBECTH MPOLEAYPY TECTUPOBAHMUS
0e3 nanmcanus testbench; Bmecto Hero B 3TOM ciiydae ucmonb3yercs dain ¢opmara VWI,
OJTHaKO MPUBECTH IJIaH TECTUPOBAHUS — 0053aTEILHOE YCIOBHE.

Takum o00pa3oM, B XOJ€ BBINOJIHEHUS TPAKTHKO-OPUEHTHPOBAHHOTO IIPOEKTA
o0yyaromuiicss MOKaXeT HaBBIKM MO0 OPraHM3alMU Ipoliecca MPOEKTHPOBAHUS YCTPOWCTBA Ha
[UINC apxurektypsl FPGA, co3manust cpeisl Uit TPOBEICHUS TECTHPOBAHUS, MPUMEHEHHUS
Pa3IMYHBIX TEXHUK IPU MPOEKTUPOBAHUU U BIIAJICHUS CTIEHUATU3UPOBAHHBIMU UHCTPYMEHTAMHU
npoekTHpoBaHus. [IperycMOTpeH BapHaHT BBITIOJIHEHUS MPAKTHKO-OPUEHTHPOBAHHOTO TPOEKTa
110 MH/IMBUYaJIbHOMY 3a/1aHUI0, KOTOPOE MOXET NMPEJIOKUTh UHIYCTPHAIIbHBINA apTHEP.

HpI/IMepHHﬁ NEpCUCHb TEM JIA BBIITIOJIHCHUS ITPAKTUKO-OPUCHTHPOBAHHOI'O ITPOCKTA:

1) [TpoekTHpoBaHNE TeHEpPAaTOpa WMITYJIBCHOHW IOCIIEI0BATEIILHOCTH C 33aJaHHBIMH
CBOMCTBAaMH.

2) [MpoekTrpoBanne  apu(PMETHKO-TIOTHUECKOTO  YCTPOWCTBA €  3aJlaHHBIM
QITOPUTMOM PaOOTHI.

3) [IpoexTrpoBaHue permcrparopa Apede3ra KOHTAKTOB C 3aJlaHHBIM aITOPHTMOM
paboTHI.

4) [TpoexTHpoBaHWE BPEMSU3MEPHUTEIHHOTO YCTPOWCTBA C 33JaHHBIM aJITOPUTMOM
paboTHI.

5) [TpoekTHpOBaHUE CEIEKTOPa UMITYJIBCOB OINPENEICHHOW aMIUTHTYIBI C 3aJaHHBIM
QITOPUTMOM PaOOTHI.

6) [IpoekTHpoBaHWE CENEKTOpa WMITYJbCOB OIPEACICHHOW UIMTENBHOCTH C

3aIaHHBIM aJITOPUTMOM pa6OTBI.

[TpoexT opopMIISIOT CIIEAYIOIINUM 00pa3oM:
— IIpe3eHTaIus, pa3padoTaHHas M0 YCTAaHOBJICHHOMY I1a0JIOHY,
— JIOTIOJTHUTEIIbHBIE MaTepHabl, apTe(hakTbl TECTUPOBAHUS (TIPH HEOOXOAUMOCTH);



— TMOSICHUTENIbHAS 3allMCKa, B KOTOPOH JOKHO OBITh NMPHUBEACHBI: 3aJaHUE Ha MPOEKT,
pe3yJbTaThl  MPOCKTUPOBAHUS,  CONPOBOXKAAaEMbIe  CKPUHIIOTAMH C  HEOOXOAMMBIMH
MOSICHCHUSIMA, a TakKe KOJbl MporpaMMm (TMPEAOCTaBISETCS IO  COTJIACOBAHHIO C
MIPETo1aBaTesieM).

dopmoii  3amUTBl  MPAKTHKO-OPUCHTUPOBAHHOTO  MPOEKTa  MOXET  OBITh
JIEMOHCTPAIIMOHHBII 3K3aMeH (TI0 COTJIACOBAHUIO C MPENoJaBaTeIeM) WK KIacCuYecKas 3aluTa
C TPEIOCTaBICHUEM DPACHIMPEHHOTO OTYETa M JOKJIAJIOM O pe3yJbTarax MPOBEPKU KauecTBa
TeCTUpyeMoro o0bekTa. [lo uToram 3ammThl MPAKTUKO-OPUEHTUPOBAHHOTO TPOEKTa CTYICHT
MOKeT HaOpaTh 45 6auoB.

KpI/ITepI/II/I OLICHUBAHUSA IIPAKTUKO-OPUECHTUPOBAHHOI'O IIPOCKTA.

1) CreneHb packpbITHS TeMbl (YpOBEHb MpPOBEACHHOro mpoektupoBanus) — 30
6ayutoB (10 GammoB aiis nepBoro stamna npoekra, 10 s Broporo u 10 aiis TpeThero).

2) [TocnenoBaTenbHOCTh M JIOTMKA HM3JIOKEHUS Marepuana (Haluuue BHYTPEHHEH
pyOpHKAaIMH IJ1aB, JOTUYHOCTH CTPYKTYPBI) — 5 0aioB

3) Odopmrnenue u nHGOPMATMOHHOE COMMPOBOXKACHHUE PAaOOTHI — 5 6aUIOB.

4) YBepeHHas mofaya MaTepuana MpoeKTa Ha 3aluTe — 5 0aioB.

Bmecrto 3amuThl cTyAeHTaM MOXKET OBbITh MPEAJIOKEH BapHaHT  OICHUBAHUS
IperojaBaTesieM BCEX OTUYETHBIX MaTepHalioB 0e3 ydacTus CTYIASHTa C HCIOJIb30BaHUEM
TEXHOJIOTMM acuHXpoHHOro B3aumozeiictBus C/IO I'YAIL. B sToM ciyyae BbICTaBICHHBIE
PEUTHHTOBBIC OAJITBI OYJET CONPOBOXKIATH KOMMEHTAPUH IPEO1aBaTEIsl.

Kputepuu onieHrBaHUs 10 MaTepuaiaM OLIEHUBAHUS CIEIYyOIINeE:

1) CreneHb packpbITUsi TeMBI (YPOBEHB MIPOBEICHHOTO MPOeKTHpOoBaHus) — 27 GayuioB (9
0aIIoB JUIsI IEPBOTO dTara MpoeKTa, 9 A BTOporo u 9 Ams TPEThEro).

2) IlocnemoBaTeabHOCTh M JIOTMKA W3JIOKEHHUS MaTepuana (Haaudue BHYTpPEHHEH
pYOpHUKaIiH IJ1aB, IOTHYHOCTh CTPYKTYphI) — 9 GasioB

3) Odopmienne 1 HHGOPMAITMOHHOE COITPOBOXKICHUE padOTHl — 9 OaIoB.

Mertoanveckue yka3aHUs IO BBIMOJHEHUIO MPAKTUYECKUX pPaOdOT HMMEIOTCS B BHJIE
AIIEKTPOHHBIX PECYPCOB B cucTeMe nuctanimonnoro ooyuenus I'YAIT (CHO I'VAII).

OnHo3HayHasl MPUHAJICKHOCTh OTYETa CTYACHTHI OMpENesieHa TEM, YTO OTYET MOXKET
0bITh IOMettieH B cnoT 3ananust C/1O 'Y AII Toapko mocie aBTopu3aiyu CTyIeHTa B CHCTEME.

11.4. Meronuyeckue ykazaHus i OOy4aroIUXCS MO BBIMOJHEHUIO JTAOOPaTOPHBIX
pabot (ne npedycmompeno yueoHviM NAAHOM RO OAHHOU OUCYUNTUHE)

11.5. Meroandeckue yKazaHUs s OOYYAIONMIMXCS IO TMPOXOXKIACHUIO KYPCOBOTO
POEKTHUPOBAHUS/BBINIOJIHEHUS] KYPCOBOH pPabOThl (He npedycmompero Y4eOHbIM HAAHOM NO
O0aHHOU OucyuniuHe)

11.6. Meroanueckue yKa3aHUS JUISt oOydJaroImmxcss 1o MPOXOKICHHUIO
CaMOCTOSITENILHOM paOOTHI

B xone BBIMOMHEHUSI CaMOCTOSTENHPHOM pabOThI, 00yJarONTUICS BBHITIOIHAET paboOTy 1O
3a/IaHUI0 M TIPH METOJMYECKOM PYKOBOJICTBE IMperojaBaTelisi, HO 0€3 ero HermoCpeICTBEHHOTO
y4acTusl.

s oOywarommxcsi 1Mo 3a04HOM (opMe 0OydeHHs, caMOCTOsTeNbHas padoTa MOXKET
BKJTFOYATh B CEOsI KOHTPOIBHYIO padoTYy.

B mporiecce BHIMOTHEHHSI CaMOCTOSITENILHON paboThl, Yy oOydaromierocst (GhopMupyercs
1enecoo0pa3Hoe IIaHUPOBaHKUE Pabouero BpeMeHH, KOTOPOE MO3BOJISIET UM pa3BUBaTh YMEHUS
Y HaBBIKM B YCBOGHHUM WM CHCTEMAaTH3allMU MPUOOPETaeMbIX 3HAHHI, 00ECIIEUMBAET BBICOKHUI



YPOBEHb YCIEBAEMOCTH B TMEPHOJ OOYYCHHs, TOMOTaeT TOJYYUTh HABBIKMA ITOBBIIICHUS
po¢)eCCHOHAIBHOTO YPOBHSI.
MeToaudyeckuMl ~ MaTepualaMH,  HAMPaBSIIONIUMH  CaMOCTOSITENIbHYIO  paboTy
00y4aromuXxcs SBISIFOTCS:
- yueOHO-METOIUYECKUN MaTepua Mo JUCIUILUIHHE.
- METOJUYECKHE yKa3aHUs 10 BBIIOJHEHUIO KOHTPOJIBHBIX PaboT (A1 00ydaromuxcs mo
3209HOU (hopme 0OyUeHus).
TpeboBanus K MPOBEICHUIO 3aHATHIA B 5 ceMecTpe
Cryagentam TpeOyeTcs BBINOJIHUTH CIEAYIOIIHE paboOThl, KOTOpbIE BXOAST B
KOHTPOJIbHYIO padoTty Ne 1.
1. Ocobennoctu paznnunbix apxutektyp [IJIMC
2. OCHOBBI aBTOMAaTH3WPOBAHHOTO MPOSKTHPOBaHUS UPPOBHIX ycTpoiicTB HAa FPGA
3. Pa3paboTka KOMOMHAIIMOHHOTO ycTpoiicTBa B rpaduueckom penakrtope CAITP Quartus
4. Pa3paboTka mociae10BaTeIbHOCTHOTO yeTpoiicTBa B rpaduyeckom peaaktope CAIIP
Quartus
5. Pemenue 3aga4 mporpaMMUpOBaHMsI Ha sI3bIKE OMKcanusd anmnaparypsl Verilog HDL
BoinonHenue pabot OyAeT MpoBEpEeHO ¢ MOMOIIbI0 TECTOBBIX 3aJaHUil. MakcUMalbHBbIH
Oamn mpu mpoBepKe cocTaBUT 2 Oamna 3a TecT. llpu W3MEHEHHHM KOJIWYecTBa TECTOBBIX
MEPONPHUSITHIA MAaKCUMAJILHBIN OaJIJT MOXKET OBITh CKOPPEKTHPOBAH.

TpebGoBanust kK MPOBEACHUIO 3aHATHIA B 6 cemecTpe
Crynentam TpeOyeTcs BBIIOJIHUTH CIEAYIOIIME pPabOTHI, KOTOpPBIE BXOAAT B
KOHTPOJIbHYIO padboTy Ne 2.
1. Pa3paboTka KoMOMHAIIMOHHOTO ycTpoiicTBa Ha si3bike Verilog HDL B CAIIP Quartus
2. PaspaboTka nmocieoBaTebHOCTHOTO ycTpoiicTBa Ha si3bike Verilog HDL B CAIIP
Quartus
3. TecrupoBanue u Bepudukamus padots! ycrpoiictsa B CAIIP Quartus
Crynenram TpeOGyeTcst IpeAOCTaBUTh OTUET MO0 KOHTPOJIbHOW paboTe Ne2, Tak Kak HaBBIKU U
YMEHUS, TOJNyYEHHBIE TPH BBIMOJHEHHH O3TOH pabOTHI, TOMOTYT pealM30BaTh MPAKTHUKO-
OpPUEHTHPOBAHHBIN MPOEKT 6 cemecTpa. MakcuMaibHbIi 6at coctaBuT 10 6amioB 3a paboTy.
Marepuansl  JUIi  CaMOCTOATENBHOM  pabOTBl  TPEICTAaBICHBI C  TPUMEHEHHEM
AJIEKTPOHHOI'0 O0YYEHUs1, TUCTAHLMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOT U (OHIAaH-KYpPC).
Kypc pazmenién B cucreme nucranimonnoro odyuenust I'VAIL (CHO 'V AII).

11.7 Meronnyeckue ykazaHusi [ OOy4arOmMXCid IO MPOXOXKICHUIO TEKYIIEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJb YCIEBAEMOCTH NPENYCMAaTpUBAECT KOHTPOJb KayeCTBAa 3HAHHUU
00yYaroImuxcsi, OCYIIECTBISEMOIO B TEUEHUE CEMecTpa C IIeJIbI0 OIEHMBAHUS XO0Jla OCBOEHUS
JTUCIUTUIAHBI.

Texylmuii KOHTPOJb YCIIEBAEMOCTH HPOBOAMTCA B BHJE KOMIIBIOTEPU3UPOBAHHOIO
TEeCTHUpOBaHUs B cucreMme AauctanuuoHHoro odoydenus I'VAIL (CO I'VAII), cucrematnueckoit
IPOBEPKH BBIMOJIHEHHBIX TPAKTUYECKUX PadoOT.

OO0s13aTeNIbHBIM ~ TpEOOBAHUWEM MO TPOXOXKACHUIO TEKYIIEro KOHTPOJIS SIBISETCS
MpOoCMOTp He MeHee 75% JieKiui, ycnemHoe npoxoxjaeHue e menee 60% mnpeaycMOTpEeHHBIX
TECTOB, a TaKXK€ BBINIOJHEHUE 005S3aTelIbHBIX MPAKTUYECKUX paboT B KaxkaoMm cemectpe. llpu
IPOBEICHUH NMPOMEXKYTOUHOM aTTecTaliuu OyayT yYTEHbI OaJljibl, HAOpaHHBIE MPU MPOXOKACHUU
BceX (OpPM TEKYILIEro KOHTPOJISA: TECTOB U MPAKTUUECKUX 3aJaHH.

11.8 Meroanyeckue yKa3aHus I 00yUAIONUXCS 0 TTPOXOKIACHHUIO TPOMEKYTOTHON
aTTeCTaIUU.



[IpomexxyTounass  arrecranust  oOyyaroIIMXCs  MpeAyCMaTpHBaeT  OICHUBAHUE
MPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3YybTaTOB 00y4UeHMs MO aucHumuinHe. OHa BKIIIOYAeT B
ceost:

— 3a4eT — 3TO (opMa OLIEHKH 3HAHUH, MOJYYECHHBIX OOYUYAIOLUIUMCS B XOJI€ U3YUYCHHUS
y4€OHOW JUCUUIUIMHBI B LIEJIOM UM IPOMEXYTOUHAs (110 OKOHYaHUU CEMECTPA) OLICHKA 3HaHUM
00y4aromuMcs 1Mo OTIEIbHBIM pa3fieliaM TUCIUIUIMHBI C aTTECTAllMOHHON OLICHKOW «3aYTeHO»
WJIU «HE 3aU4TEHO».

Jliis monmy4yeHus 3a4eTa B 5 ceMecTpe CTyAeHTaM TpedyeTcs HaOpath Oosee 55 GaoB u

MPOWTH WTOTOBBIN TecT, OayuIbl 32 KOTOPBIA BXOJAT B TpeOyeMble JUIs MONTYYCHHS 3adera 55
OamuioB. MakcumanbHbIi Oamin 3a uToroBblii Tect — 20 OamwioB. B ciaywae HemoctaToyHOTO
KoJIM4ecTBa OajuloB Ui TOJIyYeHHs 3adyeTa B 5 cemecTpe, CTyAeHTaM OyJeT MpeasiokKeHO
MIPOUTH pacHIMPEHHOE TECTUPOBAaHUE M0 00yUaroIeMy MaTepuay ceMecTpa.

— 1uddepeHIpPOBaHHBI 3a4eT — 93T0 (opMa OLEHKM 3HAHUM, IOJy4EeHHBIX
oOyyaromuMcsl IpU U3Y4EHUU AUCLMILIMHBI, IPU BBINOJIHEHUH KYPCOBBIX IIPOEKTOB, KYPCOBBIX
paboT, HAY4HO-UCCIIEA0BATEIbCKUX PA0OT U MPOXOXKIEHUU MPAKTUK C aTTECTALIMOHHOM OLIEHKOM
«OTJIIMYHOY, «XOPOIIOY, «yIOBICTBOPUTEIHHOY, KHEYIOBICTBOPUTEIHLHO.

s monydenuss auddepeHIUpOBaHHOTO 3a4eTa B 6 ceMecTpe CTyleHTaM Tpedyercs
HaOpaTh Oosee 55 pEUTHHIOBBIX OalioB B TEUYEHHE CEMECTpa B COOTBETCTBUE C
MOAYJIbHOpEeUTUHT0BOM cucteMolt onenuBanus ['Y All, onpenenennoit MIO I'VAIL CMK 2.77
«[lomoxxeHne O MOAYJIBHO-PEHUTHHTOBONM CHCTEME OICHKH KadecTBa y4eOHOW paboThI
obygaromuxcsi B ['YAII», mpoiith uToroBwlii TecT (0aibl 3a KOTOPBIM BXOAAT B OallTbI,
HaOpaHHbIE 3a CEMECTp), MPOBEPSIOMINNA YPOBEHb C(POPMHUPOBAHHOCTH KOMIICTECHIIMNA, H
BBITTOJIHUTH NPAKTHKO-OPHUEHTUPOBAHHBIN MpoeKT. KommdecTBo 6ayuioB, HAOpaHHBIX MPH 3aIIUTE
IIPAKTUKO-OPUEHTUPOBAHHOIO MPOEKTA TAK)KE BXOAUT B CyMMAapHBI UTOTOBBIA PEUTHUHIOBBIN
6am1. Eciau Bo BpeMsi 00y4eHHUsI B CEMECTpe CTYAEHT He CMOI' HabpaTh TpeOyeMoe KOJIUYECTBO
6a/u10B, TO eMy OyAeT NPeI0KEHO IPOMTH PAaCIIMPEHHBIH TECT MO AUCHUILINHE.

Jns mepecueta pPEMTHHIOBBIX OalyioB B 4YeThIpeXOAIbHYIO CHCTEMY JCHCTBYET,
YTBEpXkJACHHAs B By3€ IIKaja [epecyera:

MeHee 55 0ayioB — HEYIOBIETBOPUTENIBHO (2);

oT 55 1o 69 6ai0B — YI0BIETBOPUTETHHO (3);

ot 70 o 84 6ainoB — xoporo (4);

ot 85 no 100 6amnoB — oTyiyHO (5).

HToroBas olieHKa BBICTABISIETCS CTYACHTY B UETHIPEXOAJUILHOW CUCTEME B COOTBETCTBUU
¢ MJIO I'VAIIL CMK 2.77 «IlonoxeHue 0 MOLyJIbHO-PENTHHIOBOM CHCTEME OLIEHKH KauecTBa
yueOHoii paboTsl oOyuatomuxcst B 'Y All».



Jluct BHeceHUs U3MEHEHUH B pabouyto MporpamMmy JUCIHUILIAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.

kadempoit




