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AHHOTaNIMA

Huctmmumna «UT-moxyne "[IpoextupoBanue Ha FPGA"» BXoauT B 00pa3zoBaTeiIbHYIO
IporpaMMy BbICILIEr0 00pa3oBaHUs — NPOrpaMMy OakajiaBpHara 110 HaIPaBICHUIO MOJArOTOBKH/
cnenuanbHoctd 12.03.01 «IIpubopocTpoeHuey» HampaBICHHOCTH «ABHAIIMOHHBIE MPHUOOPHI U
U3MEPUTENIbHO-BBIUMCIINTENIbHBIE KOMIUIEKChI». JlucuumuinHa peanusyercs kapeapon «Ned1».

JlucuuIuiiHa HarpaBieHa Ha yTriayOsieHHOe (JOPMHUPOBAHUE CIEAYIOMINX KOMICTSHIUH

VK-6 «CnocoGeH ympaBisiTb CBOUM BpEMEHEM, BBICTpauBaTb M PEaJM30BbIBATH
TPAEKTOPHUIO CAMOPA3BUTHUS HA OCHOBE MPUHLIUIIOB 00pa30BaHUS B TEUCHUE BCEU YKU3HI»

ConepxaHue JAUCUUIUIMHBI OXBATBIBAET KpPYr BOIPOCOB, CBSA3aHHBIX €O cepoit
INPOCKTHUPOBAHUS YCTPOMCTB M CHCTEM HA MNPOTPAMMHUPYEMBIX JIOTUYECKUX HWHTETPATbHBIX
cxemax (IIJIMC) apxurektypsl FPGA, ¢ ucnosip3oBaHneM BO3MOXXKHOCTEH COBPEMEHHBIX CHCTEM
ABTOMATH3UPOBAHHOTO NMPOEKTUPOBAHMS U IPUMEHEHUEM S3BIKOB OMUCAHUS alapaTyphl.

[IpenonaBaHre OUCUMIUIMHBI IpeAycMaTpUBaeT cleAyrolmue (OopMbl OpraHU3aLUU
y4eOHOTO MpoLecca: JEKIUH, TPAKTHUECKUE 3aHATHS, CAMOCTOSTEIbHAst paboTa 00yJaromerocs.

[IporpaMMoil JUCHMIIIMHBI MPEIyCMOTPEHBbI CIENYIOIME BHUIbl KOHTPOJS: TEKYILUH
KOHTPOJIb YCIIEBAEMOCTH, MPOMEXKYTOUHAsl aTTecTanus B hopme nudHepeHIupoBaHHOTO 3a4€eTa.

OOwiast TPyAOEMKOCTh OCBOCHHUS JAUCLUIUIMHBI COCTABISAET 7 3a4€THBIX EIUHHUL, 252
qaca.

SI3pIK 00yU€HUS 110 TUCHMITIIMHE «PYCCKUHN »



1. IlepeudeHb MIaHUPYEMBIX PE3YIHTATOB OOYUYEHHUS 11O AUCLIUIIIIMHE

1.1. Ilenu npenogaBaHusi JUCIUTUIMHBI

Lenpto npenonaBanus aucuuiivabl «UT-monyns "I[lpoexktupoBanue Ha FPGA'"»
SBIISICTCS MPHOOPETEHNUN 00yYarOIIMMHUC HEOOXOIUMBIX 3HAHUW, YMEHUI 1 HaBBIKOB B O0JIACTH
MPOEKTUPOBAHUS YCTPONUCTB U CUCTEM Ha COBPEMEHHOM 3JIEMEHTHOI 06a3e — MporpaMMHUpPyEMBbIX
normdeckux wuHTerpaipHbix cxemax (IIJIMC) apxurekrypsl FPGA, c¢ wucnonp3oBaHuem
BO3MOXKHOCTEH COBPEMEHHBIX CHCTEM aBTOMAaTHU3WPOBAHHOIO MPOCKTUPOBAHUS U MPUMEHEHHUEM
A3BIKOB OIIMCAHMS allapaTypsl, a TAKXKE NPEJOCTAaBICHIE BO3MOKHOCTH 00Y4arOIIUMCS pa3BUTh
U TPOAEMOHCTPUPOBATh HABBIKM B 00JAaCTH HH(POPMAIMOHHBIX TEXHOJOTHHA, UU(POBOI
AIIEKTPOHUKHU U CXEMOTEXHUKHU.

1.2. JucuunnuHa sBiasercs (PakyapTaTUBHOW JUCHUILUIMHOM 1O  HamNpaBlICHUIO
o0pa3oBaTeNnbHOI MporpaMMbl Beiciero oopasosanus (naiee — OIT BO).

1.3. IlepeueHb IMIAHUPYEMBIX PE3YJITATOB OOYUEHUS [0 AUCLUHUILIIMHE, COOTHECEHHBIX C
IUIaHUpYyeMbIMU pe3ynbratamu ocBoeHus OIT BO.

B pesynbraTe u3yueHus AMCHUUILIMHBI OOYYaAIOUIUICS NOJDKEH O0anaTh CIEAYIOUUMU
KOMITETCHIIMSIMU WM WX 4acTsAMU. KOMIETeHIIMN U WHIMKATOPBI UX JTOCTUKEHUS NIPUBEIACHBI B
Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMIA U HHINKATOPOB MX JOCTHXKEHHS

Kareropus Kox u
Kon v HanMeHoBaHNE UHIUKATOPA JOCTHKCHHUS
(rpymnma) HaVMEHOBAHHE
KOMITETCHIIUH
KOMIIETEHIINH KOMIETCHIINH
YK-6.3.1 3HaTh OCHOBHBIE TpUEMBbI 3((HEKTUBHOTO
yIpaBiIeHUS] COOCTBEHHBIM BPEMEHEM; OCHOBHBIC
METOJIMKHA CAMOKOHTPOJISl, CAMOPA3BUTHUS U
caMmoo0pa3oBaHUs
YK-6 Cnocoben YK-6.3.2 3natp oOpa3oBatenbHbie UHTEpHET-
YIpaBJIsTh CBOUM pecypchl, BO3MOKHOCTH U OTPaHUYCHUS
BPEMEHEM, 00pa30BaTeNbHOTO MpoIiecca MPH UCIIOIb30BAHUN
BBICTpANBaTh U U (PPOBBIX TEXHOJIOTHI
YHuBepcalbHbIE | pEaNn30BbIBAThH VYK-6.VY.1 ymeTp ynpaBisiTb CBOUM BPEMEHEM;
KOMITETCHIINH TPAEKTOPHIO CTaBUTh ceOe 00pa3oBaTeNbHbIE LEIH 1101
caMOpa3BUTHUSA Ha BO3HMKAIOIIINE )KU3HEHHBIE 3a/1a4n
ocHoBe npuHLunoB | YK-6.Y.2 ymeTs ucnonab3oBaTh HUPpPOBbIE
o0pa3oBaHMUsI B WHCTPYMEHTHI B IIENIIX caM0o00pa3oBaHUs
TeueHue Bcer xu3Hu | YK-6.B.1 BinaseTs HaBbIKaMu CaMOpPa3BUTHS U
caMo00pa30BaHUs
VK-6.B.2 Bi1ageTs HaBBIKAMH UCHOJIB30BaHUI
M (PPOBBIX UHCTPYMEHTOB JIJISi CAMOPA3BUTHUSI U
camMmo0o0pazoBaHus

2. Mecro nuctuIuIMHEL B cTpykType OI1

JlucuumimHa MoXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPU U3YYCHHUH CIICTYIONTUX JTUCIUIUIAH:

— «Dusuka,

— «HuadopMaTura,

— «DJIEKTPOHUKAY,

— «CXeMOTEeXHHKA,

— «DJIEKTPOTEXHUKAY,

— «OJIEeKTpOU3MEPUTEIbHAS TEXHUKA,

— «Pu3nYecKrue OCHOBEI NOJIYYSHHS HHOOPMALIMI)

— «OCHOBBI aBTOMATHYECKOTO YIIPABICHH,

— «OCHOBBI IPOSKTHOM JICATCILHOCTH,




((AJIFODI/ITMI/IBEII_[I/ISI U ITpOrpaMMHupPOBAaHUC)).

3HaHMs, TOJYYEHHBbIE IPU HW3YYEHUM MaTepuana JaHHOW AMCLUIUIMHBI, MMEIOT Kak
CaMOCTOATEJILHOE 3HAYEHHE, TaK U MOT'YT UCIIOIb30BAThCS IIPU U3YYECHUU APYTUX JUCLUIIINH:

«MeTtoap! HIU(PPOBOIM 00Pa0OTKH M3MEPUTEIbHON HHGOPMAIIHN,
«Mo1eTMPOBAHKE MPOIIECCOB M CHCTEM,

«OCHOBBI MPOCKTUPOBAHUS U3MEPHUTEILHO-BIYMCIUTEILHBIX KOMILIEKCOBY,
«Opranuzaius oOMeHa HHGOpMAaLIHEN»,

«CucreMbl 0TOOpakeHHsI HHGOPMALIMH,

«AJITOPUTMHYECKOE M MMPOrPaMMHOE 00ecIIeueHue,

«l1udpoBble BEIYMCIMTEILHEIC YCTPORCTBA X MUKPOIIPOLIECCOPHIY.

3. OO0BEM H TPYJOEMKOCTh JUCIUILTAHBI

Jlanubie 00 oOmieM o0beMe AMCIUIUIMHBI, TPYIOEMKOCTH OTISIBHBIX BHIOB y4eOHOM
paboThI O TUCHMILIUHE (M pacipeieICHue TOU TPYA0EMKOCTH 110 CEMECTPaM) MPEACTABICHBI B

Tabimue 2.
Tabmuna 2 — O0beM U TPYIOEMKOCTh TUCIUILITMHBI
. TpynoeMKocTh o cemecTpam
Bun yuebnoit paboTbl Bcero NoS NoG
1 2 3 4

Oowan mpyooemKocmp oucyunauHbl, 7/ 252 3/ 108 4/ 144
3E/ (uac)
U3 Hux yacos npakmuyeckoii L0020moeKu
AyoumopHuie 3anHamus, BCEro Jac. 119 51 68
B TOM YHCIIE:

nexuu (JI), (gac) 34 17 17

npakTuueckue/ceMunapckue 3ausatus (113), 51

85 34

(dac)

naboparopusie pabotsl (JIP), (dac)

KypcoBoii npoekT (pabdota) (KII, KP), (gac)

HK3aMeH, (Jac)
Camocmoamenvnan paboma, Bcero (4ac) 133 57 76
Buo npomesricymounon ammecmawuu: 3a4et, | 3ayer, Hudd. 3au.
mudd. 3auer, sk3amen (3ader, Hudd. 3a4, | dudod. 3auer
DK3.**) 3au.

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4. ConepxaHue JUCIUTUITUHBI

4.1. PaCHpeI[CJ'ICHI/IC TPYAOCMKOCTH JUCHUIIIIMHBI 110 pa3jciiaM U BUIaM 3aHATHH.
PaSHeHBI, TEMBI TUCHUIJIMHBI U UX TPYAOCMKOCTh IIPUBCJACHBI B Ta6nnue 3.

Tabnuna 3 — Pa3ensl, TeMbl AUCIUILTUHBL, UX TPYAOEMKOCTh

Jlexmmnm | 113 (C3)| JIP KII CPC

Pa3nensl, TEMbI JUCLIMIIIAHBI (uac) (4ac) (4ac) (uac) (uac)

Cemectp 5.

OCHOBBI aBTOMAaTU3UPOBAHHOTO POESKTHPOBAHUA HUPPOBLIX ycTpoiicTB Ha FPGA

Pa3znen 1. Beenenue B nporpaMMupyeMsble JOTHUECKUE
WHTETpaJIbHBIE CXEMBI
Tewma 1.1. Cuctemsr-na-kpucrtamie u [IJIUC: ucropus

pa3BUTUA

Tema 1.2. Ocobennoctu apxuTekTypsl FPGA.
Kongurypupyemsiit norudeckuii 6;10k. Look-up table




Tema 1.3. Ocobennoctu apxutektypsl FPGA. broku
BBO/Ia-BBIBO/IA, TPACCHPOBOYHBIE PECYPCHI, OJIOKH
CHENUANBHOTO Ha3HAYCHUS

Tema 1.4. O6nactu npumenenust FPGA u
HaIpaBJICHHs PAa3BUTHUS

Pazmen 2. Drtambl HOPOEKTHPOBAaHUSA LH(PPOBOrO
yctpoiictBa Ha FPGA

Tema 2.1. YpoBHH MPOEKTHPOBAaHUS LUPPOBBIX
YCTPOMCTB

Tema 2.2. DTambl OPOSKTUPOBAHUS  IUGPOBBIX
ycrpoiictB Ha FPGA. CriocoObl onucanus nu(ppoBbIX
CXeM

13

Paznen 3. Cpena aBTOMAaTH3WPOBAHHOTO
npoektupoBanus Quartus

Tewma 3.1. Hauano pabots! Hag npoexktoM B CAIIP
Quartus

Tema 3.2. YTUIUTHI U1l ONMICAHUS ITUPPOBBIX
ycrpoiictB B CAIIP Quartus

Tewma 3.3. IIpoexTupoBanme UGPOBOTO YCTPOWCTBA C
HOMOIIBIO rpaduyeckoro penakropa Quartus

20

14

Paznen 4. BBenenue B S3bIKM ONHCAHHA anmapaTypebl
(HDL)

Tema 4.1. Ucropust Bo3aukHOBeHUs: HDL, ocHOBHEIG
MOHATHUS U 06a30BbIe KOHIENIMU. Vepapxus npoekTa Ha
HDL

Tema 4.2. SI3bik onucanus anmaparypst Verilog HDL.

15

Uroro B cemecTpe:

17

34

S7

Cemectp 6

[MpoexTupoBanue NUPPOBLIX ycTpoiicTB Ha FPGA ¢ nmprMeHeHHEeM SI3bIKOB OTIMCAHUS alllapaTypbl

Pazgen 5. IlpoekTHpoBaHHME CIOXHBIX IH(POBBIX
ycrpoiicTB Ha FPGA ¢ npuMeHeHneM A3bIKOB ONHCAHUS]
anmaparypsl

Tema 5.1. IIpuHUIMTBI IPOEKTUPOBAHUS YCTPOWUCTB HA
FPGA c nmpuMeHeHrEeM S3BIKOB OTMCAHUS amapaTypbl
Tewma 5.2. IIpoexTrpoBanue UPPOBHIX
(YHKUMOHAIBHBIX Y3JI0B KOMOMHATOPHOM JIOTUKU Ha
Verilog HDL.

Tewma 5.3. IIpoexTrpoBanue UPPOBHIX
(YHKLIMOHAIBHBIX Y3JIOB IIOCIIEI0BATEIIEHOCTHOM
noruku Ha Verilog HDL.

Tewma 5.4. BubarOTEKH TOTOBBIX KOMIIOHEHTOB Ha
Verilog HDL.

Tema 5.5. @yukmm, 3a1a4u U crieHapuu. Mx
NpUMeHeHue B poekTupoBaHuu Ha FPGA

Tema 5.6. Iloakmouenue nepuepuitHbIX YCTPOUCTB K
FPGA.

10

36

38

Paznen 6. TectupoBanue W BepudHKanus IUPPOBBIX
CXEM Ha s3bIKe onurcanus anmapatypsl Verilog HDL
Tema 6.1. OcHOBBI PyHKIIMOHATIBHOM BepUUKALTIH
Tema 6.2. Testbench kak OCHOBHOH HMHCTPYMEHT
TECTHPOBAHHS u BepupUKaIH UPPOBOTO
ycrpoiictBa Ha FPGA.

15

38

Hroro B cemecrpe:

17

51

76

Hroro

34

85

133




IIpakTnyeckass MOATOTOBKA 3aKJIIOYACTC B HENOCPEACTBEHHOM  BBIIIOJHEHUHU
Oo0y4yaroIMMHUCST ~ OMNpENEeNeHHBIX  TPYIOBBIX  (YHKUMH,  CBS3aHHBIX C  Oy;ymei
npo¢eCCHOHATIBHOM 1€ TEIbHOCTBIO.

4.2. ConepxaHue pa3/ieJoB U TEM JICKIIMOHHBIX 3aHSATHH.
ConepxaHue pa3ieiioB M TeM JICKIIMOHHBIX 3aHITHI IPUBEICHO B Ta0OHIIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep paznena HaszBanue u conep:kanue pas3iesioB U TEM JIEKIIMOHHBIX 3aHATHI
1 PaSI[eJ'I 1. BBeI[eHI/Ie B IpOrpaMMUpPYCMBIC JIOTUICCKUC HMHTCTPAJILHBIC
CXEMbI

Cucremsr-Ha-kpuctaimie u [IJIMC: ucropus pa3sBUTHI. APXUTEKTYPHI
PLA, PAL, GAL, SPLD, CPLD. Oco6ennoctu apxutektypbl FPGA.
Kongurypupyemsiii norndeckuii 6mok. Look-up table. brioku BBOIA-
BEIBO/IA, TPACCHPOBOYHBIE PECYPCHI, OJIOKH CIIEIUATIEHOTO Ha3HAYCHHS.
O6nactn npumenenns FPGA u HampaBlieHUS! pa3BHUTHS.

2 Paznen 2. Dransl npoexkTupoBanus nuppoBoro ycrpoiictea Ha FPGA
YpoBHH TpoeKTHpOBaHHUS HHU(POBBIX YCTPOHCTB. JKH3HEHHBINH LUK
mugpoBoit cucremel. lloBegenueckas ™oxpens. DOyHKIMOHATHHAS
Mozenb. Jlormueckas mozens. OnekTpudeckas Mmojnenb. dusnueckas
MOJICIIb. Bbazuc MIPOCKTUPOBAHUS. RTL-monenb. Orarnbl
MPOEKTUPOBaHUS TUPPOBHIX ycTpoicTB Ha FPGA. CriocoOb! onucanus
U POBBIX CXEM

3 Pasnen 3. Cpena aBTOMaTU3UPOBAHHOTO MPOESKTUPOBaHus Quartus
Hauano pabGotsl Hag npoekroM B CAIIP Quartus. Co3mgaHue mepBoro
mpoeKTa. YTHIUTBl uia omucanus mudpossix ycrpoiicte B CAIIP
Quartus. State Machine viewer. RTL- viewer. Pin Planner. Modelsim,
[MpoekTrpoBanre MUGPOBOrO YCTPOHCTBA € MOMOIMIBIO TpaduvdecKoro
pemakropa Quartus.

4 Pasnen 4. Brenenue B s13piku onricanus anmapatypsl (HDL)

Ucropusi Bo3HumkHoBeHus: HDL, ocHOBHble TOHSTHS UM 0a30BHIC
xonuenimn. AHDL, VHDL, Verilog HDL. System Verilog. Uepapxwusi
npoekta Ha HDL. Cuntesupyemsie Moxymu. Cpena TECTHPOBAHHSA.
KiroueBble 0COOEHHOCTH CHHTAKCHCa SI3bIKa ONMCAHHS allapaTyphl
Verilog HDL.

5 Paznen 5. [IpoektupoBanne cnoxHbIX MU(PPOBEIX ycTpoiicTB Ha FPGA ¢
MPUMEHEHUEM SI3bIKOB ONMCAHMS alapaTypbl

[MpuHnmnel npoekTHpoBaHus ycrpoiictB Ha FPGA ¢ mpuMeHeHneM
S3BIKOB  OMHMcaHus  ammapaTypbl. [IpoekTtupoBaHue  1HGPOBBIX
(YHKIIMOHANBHBIX Y3JI0B KOMOMHaTOpHOW sormku Ha Verilog HDL)
IIpoexTupoBaHue IUQPOBBIX (YHKIMOHAIBHBIX Y3JI0B
nocienoBaTebHOCTHOH Joruku Ha Verilog HDL. bubmorexu roToBbIX
komrioHeHToB Ha Verilog HDL: ot ma6nonoB u MerapyHkiuiit g0 1P
aapa. @OyHkumu, 3agadum W cueHapud. X npuMmMeHeHue B
npoekTupoBaHnn Ha FPGA.

[Nonkmouenne nepuepuitHBIX ycTpOKCTB U 311eMeHTOB K FPGA Ha
npuMepe oTiIaioyHoi matel Terasic DE2-115 na 6aze FPGA
cemeiictra Cyclone IV.

6 Paznen 6. Merons! hyHKITMOHAIBHON Bepudukanmn. [loBeneHueckoe u
CTPYKTYpHOE MOJICTTUPOBAHUE

TectupoBanue 1 BepuduKaLus LUPPOBBIX CXEM Ha S3bIKE ONHCAHUS
anmapartypsl Verilog HDL. OcHOBBI ()yHKIIMOHANBEHOW BepU(DUKAIIH.
Testbench kak OCHOBHOW MHCTPYMEHT TECTUPOBAHUS U BepUPHUKAIHN
mudposoro ycrpoiictBa Ha FPGA. Onucanue nu¢poBBIX CHTHAJIOB.




Onucanne TecTa W paboTa ¢ CUMYISTOPOM. AHAIU3 TOJYYCHHBIX
pe3yIbTaTOB.

4.3. TlpakTtuueckue (CEMHUHAPCKHUE) 3aHATUS
Tembl IpakTHUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEICHBI B TAOJIHIIC 5.

Ta6ymma 5 — [IpakTrdeckue 3aHsITHS U UX TPYJ0EMKOCTh

N3 Hux No
Ne TeMbl TpaKTUYECKHUX Popmbr TpyrnoeMKOCTb, |ITPAKTUYECKOU | pa3ieiia
/o 3aHATHI TIPAKTHHCCKUX (gac) MOJTOTOBKH, | TUCLIMII
AT (dac) JIMHBI
Cemectp 5
1 | Beenenue B | OHJ1aliH-BhIIIOJIHEHUE 4 1
MIPOrpaMMHUPyEMBbIE MIPAKTUIECKHIX
JIOTUYECKHE 3aJIaHA I
WHTETPAIBHBIE CXEMBI.
OcobenHoctu
Pa3IUYHBIX APXHUTEKTYP
IJINC
2 | OcHOBBI OHJ1aifH-BBITIOJIHCHUE 2 2
ABTOMAaTHU3UPOBAHHOTO MPaKTHYECKUX
MPOEKTUPOBAHUS 3aJlaHui
IU(POBBIX  YCTPOHCTB
Ha FPGA
3 | Pa3pabotka penieHue 8 3
KOMOWHAIIMOHHBIX CUTYaIlMOHHBIX
YCTPOﬁCTB B 3a/la4, MaCTCp-Kiacc
rpaduyeckom
penakTope CAIIP
Quartus
4 | Pa3zpaboTka pelieHne 8 3
MTOCJIEI0BATEIbHOCTHBIX CUTYallMOHHBIX
YCTpOﬁCTB B 3aa4, MaCTep-Kiacc
rpapuuecKom
penakrTope CAIIP
Quartus
5 | Pazpabotka MOIYJIS pereHue 4 3
CYETHOTO YCTPOKHCTBA C CUTYaIlMOHHBIX
3aIaHHBIM QJITOPUTMOM | 3a71a4, MacTep-KJacc
paboThl B rpaduueckoM
penakrope CAIIP
Quartus
6 | Pemenue 3amau OHJ1aiiH-BBITIOJIHEHUE 8 4
MIPOrpaMMHUPOBAHHMSI HA MTPAKTUICCKHIX
SI3BIKE OTTUCAHUS 3aJlaHu#, MacTep-
ammapaTtypsl Verilog KJ1acc
HDL
Cemectp 6
7 ‘ Pa3pabotka pelieHue ‘ 12 ‘ ‘ 5




KOMOMHAIIMOHHBIX CUTYaI[MOHHBIX
YCTPOMCTB Ha sA3bIKE | 3a7a4, MacTep-Kjacc
ONMCaHUs alaparypbl
Verilog HDL
8 | Pa3zpabotka perieHue 12 5
MOCIIE0BATEIHHOCTHBIX CUTYaI[MOHHBIX
YCTPOMCTB Ha A3bIKe | 3a1a4, MacTep-Kacc
ONMCaHUs allaparypbl
Verilog HDL
9 | Peaymzanus perieHue 12 5
peructparopa apebdesra CUTYaIlMOHHBIX
KOHTaKTOB JUIsL | 3ajiad, MacTep-Kiacc
OTJIaJOYHOHU TLJIAThI
Terasic DE2-115
10 | TectupoBanue MomyJIs pereHue 15 6
CUYETHOTO YCTPOMCTBA C | CUTYallMOHHBIX 3a/1a4
3aJJaHHBIM AJITOPUTMOM
paboThI B CAIIP
Quartus
Bcero 85
4.4, JlabopaTopHbIC 3aHATHS
Tewmbl 1ab0opaTOPHBIX 3aHATHH U UX TPYIOSMKOCTh PUBEACHBI B Ta0OHIIC .
Tabnuna 6 — JlabopaTtopHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux Ne
Ne HaumenoBanne nabopatopHbix padboT TpynoemKocts, | MPakTHHECKOH | pasnena
/o (dac) MOJATOTOBKH, | JUCITHII
(gac) JIMHBI

Y4eOHbIM MJIaHOM HE MPEAyCMOTPEHO

Bcero

4.5. KypcoBoe npoeKkTHpoBaHHEe/ BHITTOTHEHUE KypPCOBOU PabOTHI
VY4eOHBIM MJIaHOM HE IPETYyCMOTPEHO

4.6. CamocrodrenbHas paboTa 00yJarouxcs
Buapl camocTosiTenbHON paboThI B €€ TPYI0EMKOCTh MPUBEICHBI B Ta0IHIIE /.

Tabnuna 7 — Bunbel caMmocTosaTenpHOM paboThl U €€ TPYJ0EMKOCTh

o Bcero,
Bux camocrositensHOM paboThI qac Cemectp 5, uac Cemectp 6, yac
1 2 3 4
W3ydeHne TeopeTHUecKoro MaTepuana
i P P 60 30 30
quciuminiel (TO)




Kypcosoe npoektuposanue (KII, KP)
Pacuetno-rpaduueckue 3aganus (PI'3)
Brimonnenue pedeparta (P)
[ToaroToBka Kk TEKyLemMy KOHTPOJIIO
ycneBaemoctu (TKY) 30 15 15
Jomamuee 3amganue (/13)
Kontposbnsie pabotsl 3a04nukoB (KP3)
IToaroroBka K mMpoMeXyTOYHOU 43 20 23
arrectaruu (I1A)
Bceero: | 133 57 76

5. IlepedyeHnb yueOHO-METOUYECKOTO 00ECTICUCHUS

JUISL CAMOCTOSITENTbHON PabOoThl 00y4aroImuXCcs MO JUCUUTUIHHE (MOJTYJIIO)
Y4eOHO-MeToIuYeCKUue MaTepuasbl ISl CaMOCTOSTENIbHON paboThl 00YyYaroIIMUXCsl yKa3aHbl B

n.a. /-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX U3TaHUN

[lepeueHpb neyaTHBIX U 3JIEKTPOHHBIX Y4eOHBIX U3/IaHUH NpHUBeieH B Tabaule 8.
Tabmuna 8— [lepeyeHp Mme4aTHBIX U JIEKTPOHHBIX YUEOHBIX U3TaHUI

MTudp/
URL anpec

bubnuorpadudeckas ccpuika

Komaectso
IK3EMITISIPOB B
OudIMoTeKE
(KpoMe AIIEKTPOHHBIX
IK3EMILISPOB)

https://e.lanbook.c
om/book/322511

VYmenuna, Y. B. [IpoektrpoBanue nudpoBbix
ycrpoiicts Ha [IJIMC: yue6. mocobue / 1. B.
Ymenuna. — Cankr-IlerepOypr: Jlans, 2022. —
408 c.

https://e.lanbook.c
om/book/171183

boratukos, E.B. fI3bik Verilog u
IIPOEKTUPOBaHKE IIU(PPOBHIX YCTPOICTB Ha
[JIUC: yueb.-meton. nocodue/ E.B. boraTtukos,
A.H. Illebanos. - Boponex : BI'Y, 2018. — 61 c.

https://e.lanbook.c
om/book/398114

JIrotoB, A.I'. A3bik Verilog mis
nporpammuposanust [IJIMC : yuebHoe nocodue /
A.T. JIrotos, B. H. Ap6y30B, M. b. HoBoxeHuH.
— Mocksa : PTY MUPDA, 2023. — 101 c.

MS80

[IpoextupoBanue nudpoBBIX YCTPONUCTB Ha 0aze
MHKPOCXEM MPOrpaMMHUPYEMOM TOTUKH: yuel.
nocobue / A. B. Mopo3zos, B. A. Henames. -
CII6.: T'YAIL, 2021. - 78 c.

C89

Pa3paboTka ntuHamMu4ecku peKOHPUTYpPUPYEMBIX
CHCTEM M ceTell Ha KpucTajuie: yued. mocodue /
E. A. CyBoposa, H. A. Marseesa, IO. E.
Iletinun. — CII10.: I'YAII 2016 — 75 c.

M33

[IpoextupoBanue CBUC u Cucrem-Ha-
Kpuctaiie: yue0.-meto. nocodue / H. A.
Marseesa, E. A. CyBopoga, 1O. E. llleitauH. -




CIIo.: U3g-so I'YAIL 2016. - 51 c.

https://e.lanbook.c | HaBa6u, 3. [IpoekTrpoBaHue BCTpanBacMbIX
om/book/73058 cucrem Ha [TJIUC / 3. HaBabu; nmepeBo/ ¢
anriuiickoro B. B. ConmoBbeBa. — MockBa:
JMK TIpecc, 2016. — 464 c.

7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens AIIEKTPOHHBIX 00pa3oBaTeIbHbIX pecypcoB UH(pOpPMaLMOHHO-
TEJIEKOMMYHUKAaMOHHON ceTtu «/HTepHeT», HEOOXOAUMBIX JJIi OCBOCHHMS JUCLUIUIMHBI
npuBe/ieH B Tabsmie 9.

Tabmuuma 9 — TlepedyeHb 9JIEKTPOHHBIX OOPa30BaTEIBHBIX PECYPCOB HH(MOPMAIIMOHHO-
TCHCKOMMYHHKaHHOHHOﬁ CETu ((I/IHTepHeT»
URL aapec HaumenoBanue
http://altera.ru Altera TJTUC - MUKPOCXEMBI TIPOrPaMMHPYEMOM JIOTHKH
https://marsohod.org FPGA 6iior: ombIT, OT/I8/1Ka, MPOrPaMMHPOBAHHE
https://Ims.guap.ru/ Cucrema AUCTaHIMOHHOTO 00yueHus ['Y ATT

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mpoOrpaMMHOTO 0OECHEUeHUs, HCIOIB3YEeMOTO TPH OCYIIECTBICHUU
00pa30BaTeNILHOTO MpoLecca MO AUCLUIIUHE.
[lepedeHp UCTIONB3yEeMOT0 IPOTPaAaMMHOTO obecriedeHus npeacrasieH B Tadumie 10.

Ta6ymma 10— [Tepeyersr mporpaMmMHOTo o0ecreueHus

Ne /i HaumenoBanue
1. Quartus Il wax Quartus Prime Web Edition (9.0 u Berme)
8.2. [lepeuenn MH(}OPMALIOHHO-CITPABOYHBIX CHUCTEM, HCIIOJIb3YEMBIX npu

OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPoliecca Mo AUCIUILTUHE
[lepeuens WMCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM TIPEICTaBICH B
Tabimue 11.

Tabauna 11— IlepeueHb HHGPOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYeCKast 6a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH  0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUILINHE, IpecTaBieH B Tabiauuel 2.

Tabmuma 12 — CoctaB MaTepHallbHO-TEXHIUYECKOH 0a3hl

Ne HanmeHnoBaHMe cOCTaBHON 4acTH Howmep aynutopun
/1 MaTepUaTbHO-TEXHHUUECKOH 0a3bl (TIpu HEOOXOMMOCTH)

1 | Cucrema gucranimonroro odyuenus ['YAIT (CHO I'VAII) —
Ims.guap.ru

10. OrmeHo4HBIE CpeICTBA TSI MPOBEICHUS TPOMEKYTOUHOHN aTTECTAIINH
10.1. CoctaB OIIEHOYHBIX CpPEACTBAJI MPOBEJACHHUS TMPOMEKYTOYHOW aTTecTalluu
00yJaromuXxcs 1Mo JUCIUTUINHE MPUBEACH B Tadymie 13.
Tabnuna 13 — CocTaB OIEHOYHBIX CPEJCTB AJS IPOBEACHUSI IPOMEKYTOUHON aTTeCcTalluu




Bua npomexyTo4HOM aTTecTaluu IIepedyeHb OLICHOYHBIX CPEACTB

JuddepennmpoBannpiii 3a4€T TecTsr;

3auer TecTnr;

10.2. B kayecTBe KpUTEpUEB OICHKH YPOBHSA C(HOpPMUPOBAHHOCTH (OCBOEHUS)
KOMIIETEHIIMH 00ydJarouMMHCs MPUMEHseTCsl 5-0ayulpHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINI, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BaThCS
100-6amtpbHast ~ mIKajga ~— MOAYJIBHO-PEUTHMHTOBOM  CHCTEMBl  YHHUBEpPCUTETa,  IpaBUja
UCTIOJIb30BaHUSI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATUBHBIM aKTOM
['VAIL
Tabmuua 14 —Kpurepuu onieHKH YpoBHS chOpMHUPOBAHHOCTH KOMIETEHITHI

OI11eHKa KOMITETEHIUN

Xapakreprctrka chOpMUPOBAHHBIX KOMITCTEHITNM
5-0ayuipHad IIKaia PaKTep (bopup

— oOyyaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOrPAMMHBIN
MaTepHal;

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

— ONMHpasiCh Ha 3HAHWS OCHOBHOW W JOIMOJHHUTEIHHOU IJIMTEPATYpPHI,
TECHO MPHBS3BIBACT YCBOCHHBIC HAYYHBIC MTOJIOKECHHS C MPAKTHYCCKON
JIESITCIIBHOCThIO HAIPABJICHMS,

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC M HJICH;

— JIeJIaeT BBIBOJIBI U 0000IIEHMS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNMaIN3UPOBAHHBIX TOHITHH.

«OTIIMYHO»
<(Ga4YTCHO»

— 00y4YaroIUiics TBEPIO YCBOMII IPOrPAMMHBINA MaTepuall, TPaMOTHO U
[0 CYIIECTBY W3JIaraeT €ro, ONUpasch Ha 3HAHUS OCHOBHOU
JTUTEPATYPHI;

— HE JIONYCKAEeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAHHUS C TPAKTUYCCKOH JEATEIBbHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET HAyIHBIC TTOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHS;

— BJIaJICET CUCTEMOM CTelUaIn3uPOBAHHBIX TOHSITUH.

«XOpOLIO»
<Ga4YTCHO»

— o0yyaromuiicss YCBOMII TOJBKO OCHOBHOW MPOrpaMMHBIN MaTepual,
M0 CYIIECTBY H3JaraeT €ro, ONMpasCh Ha 3HAHHUS TOJBKO OCHOBHOMU
JIUTEPATYPHI;

— JIOMyCKaeT HeCYIIECTBEHHbIE OIIMOKN M HETOYHOCTH;

— ACHBITBIBAET 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUM 3HAHUM
HaIpaBJICHUS,

— c1abo apryMeHTHPYET HayuHbIE MOJI0KECHHUS,

— 3aTpyAHsieTcs B pOpMyITUPOBaHUHU BBIBOJIOB M 0000IIIEHUI;

— YAaCTUYHO BJIAJIEET CUCTEMOM CHEIMATN3UPOBAHHBIX MOHSITUH.

«YAOBJICTBOPUTCIIEHO»
(Ga4YTCHO»

— O0ydJaromuiicss He YCBOWJI 3HAYUTEIHHOW 4YacTH MPOrPaMMHOTO
MaTepuana;

— JIOMYCKAeT  CYLIECTBEHHbIE  OIMOKM W  HETOYHOCTH  NpHU
paccMOTpeHHH po0JIeM B KOHKPETHOM HalpaBlICHUH;

— MCTIBITBIBAET TPYTHOCTH B MPAKTHYECKOM PUMEHEHNUHN 3HAHHA;

— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKEHHS,

— He (JOpMYIHPYET BBIBOJAOB H 0000IICHHH.

HCYIOBJICTBOPUTCIILHO»
«HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIE 3a/I1aHUS WM UHBIE MaTePHAIIBI.
Bormpocs! (3agaun) nmst sKk3ameHa mpeIcTaBlieHbl B Tadimie 15.

Tab6muia 15 — Borpocs! (3amaun) 115 9K3aMeHa

Kon

No mi/mt [Tepedyens BonmpocoB (3a1av) 1S IK3aMeHa
WHINKATOpa

Y4eOHbIM MJIaHOM HE IPEIYCMOTPEHO




Ta6ymia 16 — Boripocs! (3amaun) nist 3auera / audd. 3adera

Bomnpocs! (3agaun) muis 3adera / nug¢. 3auera npencrabieHs! B Tadnuie 16.

Ne i/t

[Tepeuens BompocoB (3ama4) ams 3adera / audd. 3auera

Kon
WHJUKAaTOpa

Y4eOHBIM IJTAaHOM HE MPELyCMOTPEHO

YK-6.3.1

VK-6.3.2

YK-6.Y.1

YK-6.Y.2

YK-6.B.1

YK-6.B.2

Mpe/ICTaBiICHbI B Tabuie 17.
Tabmuna 17 — Ilepeyern TeM Juisi KypCOBOTO POEKTUPOBAHMSI/BBITIOIHEHUSI KYPCOBOI paObOTHI

[lepeuenr TeM [ KypCOBOTO MPOEKTUPOBAHUSA/BBIIIOIHEHUSI KYpCOBOM pabOThI

MpeACTaBICHBI B TaOnwuie 18.

Tabnuna 18 — [IpumepHbIi IepeyeHb BOPOCOB JJIs TECTOB

Ne /i [TpuMepHBIii IepeYeHb TeM Il KYPCOBOTO MPOSKTUPOBAHUS/BHITTOIHEHHS
B KypCOBOM paboThI
Y4eOHBIM IITAHOM HE MPEAYCMOTPEHO
BOHpOCI)I AJi1 IMPOBCACHHUA HpOMe)KYTO‘IHOI\/JI arreécralliu B BHAC TCCTUPOBAHUA

No
/a

IIpuMepHBIii IIepeYeHb BOIIPOCOB IS TECTOB

Kon
WHJIUKaTOpa

1.

[IpounTaiiTe TEKCT U BBIOEPUTE OJIMH NMPABHILHBINA OTBET.

Omnpenenure, kakoit 6ok [IJIMC apxurextypst FPGA ocHoBaH Ha
HpUMEHEeHHH CTPYKTYpbI nanHbix Look-Up Table.

1) Koudurypupyemsiii IornuecKkuii 0JI0K

2) brok uudgpoBoii 00pabOTKU CUTHATIOB

3) TpaccupoBOYHBIE PeCypChI

4) KoH¢wuryparuoHHas naMsTh

VK-6.3.1

[TpounTaiiTe TEKCT U BBIOEPUTE OJIMH MPABHIILHBINA OTBET.

Bri6epute u3 nepeunicieHHbix ”HCTpyMeHTOB CAIIP Quartus Tor,
KOTOPBIH MMO3BOJISIET OCYIIECTBUTH TPACCUPOBKY OOBSBICHHBIX B
KOJIe TIOPTOB Ha BBIBOJBI TaThl FPGA.

1) Pin Planner

2) RTL Viewer

3) State Machine Viewer

4) Modelsim-Altera

VK-6.3.2

[TpounTaiiTe TEKCT U BHIOEPUTE OJUH MPABUIbHBINA OTBET.

Br16epute npaBuiibHYIO MOCIEN0BATEILHOCTD JEHCTBUI, KOTOPYIO
HYKHO ITPOHM3BECTH UIs poBepku myTH k Modelsim-Altera,
omnoKa B KOTOPOM MOXKET IPUBECTU K HEBO3ZMOXKHOCTH
IpoIeTypbl KOMITBIOTEPHOTO TECTUPOBAHUS Pa3pabOTaHHOTO
M (ppoBOTO YCTPOICTRA.
1) Tools -> Options -> EDA Tool Options->Modelsim-Altera
2) Tools -> Options -> Libraries->Modelsim-Altera
3) Assigments -> Options -> Processing->Modelsim-Altera

VK-6.3.2




4) Assigments -> Options -> EDA Tool Options->Modelsim-
Altera

[TpounTaiiTe TEKCT U BBIOEPUTE OJIMH MPABHIBLHBINA OTBET.

Onpenenure, Kakas MaTeMaTUYeCKas ONEPaIns JICKHUT B OCHOBE
6s10k0B G poBo 06padoTku curHayio [TJIMC apxutekTypsl
FPGA.

1) CroxeHue ¢ HAaKOIJICHUEM

2) Bo3sBeneHue B CTENCHb

3) YMHOXeHHUE ¢ HAKOIJICHUEM

4) Jlenenue

VK-6.3.1

[IpounTaiiTe TEKCT U BBIOEPUTE OJIUH IIPABUIHHBIA OTBET.

HaiinuTe cpeny npenioKeHHbIX TEPMHUHOB 0a30BYIO SAMHUILY
OTMCAHUS B MMPOCKTE Ha SA3bIKE ONMKMCAHUA anmnaparypsl Verilog.
1) daiin BepXHEro YpOBHS
2) Monynb
3) Ilopr
4) Jlornyeckuii BEHTHIIb

VK-6.3.1

[TpounTaiiTe TEKCT U BHIOEPUTE OJUH MPABUIHHBINA OTBET.

BriOepute BepHOE yTBEpKICHHE, Kacatoleecs IPABUI
MMEHOBAHMSI B SI3bIKE OMMCAHUS ammapaTypsl Verilog.

1) B umeHax MojyJieii, TOPTOB U MEepeMeHHBIX Ha Verilog
HDL nHenb3st ucnoyib30BaTh KIFOUEBBIE CII0BA, OHU MOTYT
OBbITh TOJILKO COCTaBHOM 4aCThIO UMEHHU.

2) Wmena monyieii, mopToB U nepeMeHHbIx Ha Verilog HDL
MOTYT COCTOSITh TOJIBKO U3 JIJATUHCKUX OYKB M LU(D.

3) Nwmena moxyreit, noproB u nepeMeHHbix Ha Verilog HDL
MOTYT COCTOSITh M3 OYKB JIATHHMILIBI U KUPUJUTUIIBI, a TAKKe
ubp.

4) [udps! u 3HaK $ MOTYT OBITH IEPBBIMU B HIMEHH MOJTYJIS,
nopra wiu nepeMeHHoi Ha Verilog HDL.

VK-6.3.2

HpO‘IHTaP’ITe TCKCT, BLI6CpI/ITe IMPAaBUJIBHBIC BApUAaHTBI OTBETA U
3aIMMIIUTE apryMCHTEI, O6OCHOBI>IBaIOHII/IG BBI60p OTBECTOB

Ornpenenure, Kakue U3 MEPEYUCICHHBIX CBOMCTB U OTPaHUYCHHI
OTHOCATCS K (DYHKIIMH Ha s3bIKe Omnucanus anmaparypst Verilog.
1) JloymkHa BBITIONHATHCS 33 HYJIEBOW MPOMEKYTOK
MOJIEJIBHOI'O BPEMEHH.
2) He MokeT cojiepkaTh ONMEpaTOPOB 3aAEPKKH UITH
KOHTPOJISI COOBITHUH.
3) MoxeT U3MEHSTh COCTOSIHUE MEPEMEHHBIX.
4) Bcerna Bo3BpallaeT B Ka4eCTBE Pe3yJIbTaTa TOJIBKO OJTHO
3HA4YCHHE.
5) Cnucok (popMaiIbHBIX MAPAMETPOB MOKET COJEPIKATh
apryMeHThl TUIa output WK inout.

VK-6.3.1

HpO‘lHT&ﬁTG TCKCT, BLI6CpI/ITC IMPaBUJIbHBIC BApUAaHTBI OTBETA U
3alMUIINTE apryMEHTEI, 06OCHOBI)IBaIOHH/Ie BLI60p OTBETOB

BreibepuTe U3 nepedrcieHHbIX TexHOIOTHI passuTus FPGA Te,
KOTOpPbI€ OTHOCUTCS K COBEPIIEHCTBOBAHUSIM TEXHOJIOTUM

VK-6.3.2




IPOM3BOJICTBA.

1) Texnomorus SSI (Stacked Silicon Interconnect)

2) Ipumenenue DSP Builder B Matlab

3) PacnpocTtpaHeHne MPOrpaMMHUPYEMbIX CHCTEM Ha
KpHUCTaie

4) Paszpaborka 3D-FPGA

5) TloBsblieHHE YPOBHS aOCTPAKIIMK ONKUCAHUS ITUPPOBOTO
yCTpOICTBA

[TpounTaiite TEKCT, BBIOEpPUTE IPABUIIbHBIE BAPUAHTBI OTBETA U
3aIUIINTE apTyMEHThI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

Onpez[eJmT €, KaKHUE€ U3 IICPCUUCICHHBIC KOHCTp}IKI_[I/Iﬁ A3bIKA
ornucanus anmnaparypsl Verilog sBisitoTcsi HECHHTE3UPYEMBIMH
1) Initial
2) Input
3) Wire
4) Repeat
5) $display

VK-6.3.1

10.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPUAHTHI OTBETA U
3aIUIINTE apTyMEHThI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

Ornpenenure, Kakue U3 MEPEYNCICHHBIX CBOMCTB U OTPaHUYCHUI

OTHOCATCS K 3a1aue (task) Ha si3bIKke ONMUCaHUs anaparypbl
Verilog.
1) JloyKHa BBIMOIHSTHCS 32 HYJIEBOW MPOMEKYTOK
MOJIEIILHOI'0 BPEMEHH.
2) MoxeT U3MEHSTh COCTOSHUE MTEPEMEHHBIX.
3) Bcerna Bo3Bpamaer B Ka4eCTBE Pe3yJbTaTa TOJIBKO OJHO
3HAYECHUE.
4) Cnucok HopMabHBIX MapaMEeTPOB MOKET COJCPIKATh
apryMeHTHI THIIa output Wiu inout.
5) Bcerna Bo3BpamiaeT B KauecTBe pe3yabTaTa TOJIBKO OITHO
3HAYECHUE.

VK-6.3.2

11.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPHAHTHI OTBETA U
3aMUIINTE ApTYMEHThI, 000CHOBBIBAIOIINE BHIOOP OTBETOB

OHpe,I[eJ'II/IT €, KaKUC 13 IMCPCUNCIICHHBIC KOHCTpYI(I_II/II\/'I 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 BAPHAHTHI OTBETA U
3aMUIIMTE apTYMEHTHI, 000CHOBBIBAIOIINE BEIOOP OTBETOB

Bribepure 3Tansl NpoeKTUPOBAHUS LIU(PPOBOrO YCTPOICTBA Ha
FPGA, BbimonHsieMble B paMKaX JJOTUYECKOTO U (PU3UYECKOTO
CHHTE3A.

1) Pacnpenenenne

2) I'enepupoBanue (aiiina kKoHPUTypanuu

3) Peanuzanus

VK-6.3.1




4) TpaccupoBka
5) Bepudukanus

13.| [Ipounraiite Tekct M ycraHoBuTe cooTBercTBUe. K xkaxmoi | YK-6.V.1
NO3ULIMM,  JaHHOM B JeBoM  crosbue,  moadepure
COOTBETCTBYIOIIYIO TMO3UIMI0O B TIPABOM CTOJNOLE. 3aluIluTe
BBIOpaHHBIC ITU(PBI TI0JT COOTBETCTBYIOIIMMH OYKBaMHU.
CooTHecuTe THUIT IOPTAa MOJYJISl ¢ COOTBETCTBYIOIIUM €MY TUIIOM
JIAHHBIX CUTHAJIa Ha sSI3bIKE onucaHus anmnapatypsl Verilog.
Kareropus nopra moayins Tun nanHbIX (cUrHan)
1 Bxonnoi nopt A | BHyTpu MOayJisl - TOJIBKO
(input) wire, a BHE MOJYJIsI - KaKk
wire, TaK U reg.
2 BrixonHow nopt b Brytpu monyns - kak
(output) wire, TaKk  reg, a BHE
MOJTYJISl — TOJIBKO Wire
3 JByHanpasneHusii | B Bnytpu u BHE MOayIA -
nopt (inout) TOJILKO Wire
14.| Ilpounraiite TekcT U ycraHoBuTe coorBercTBue. K kaxmon | YK-6.Y.2
NO3MLIMM,  JaHHOM B JeBoM  crosbue,  mozadepure
COOTBETCTBYIOIIYIO TO3UIMI0O B TIPABOM CTOJOLE. 3aruIiuTe
BbIOpaHHBIE LIU(PBHI [10]] COOTBETCTBYIOLUIMMU OYKBaMHU.
Cootnecure Tun (aiina mpoexrta B CAIIP Quartus c ero
Ha3HAYCHUEM.
Tun gaitna Ha3nauenue
1 Vector A OYHKIHUOHAIBHOE U
Waveform/University BpPEMEHHOE
Program File ((VWF) MOJICTTUPOBAHKE C
MTOMOIIBIO
rpau4ecKoro
penakTopa
BPEMEHHBIX
JarpaMm
2 State Machine File b dopmupoBaHue
(.SMF) JarpaMMbl
COCTOSIHUH U rpada
Mepexo0B
KOHEYHOTO
aBTOMAaTa
3 Block B PazpaboTka cxembl
diagram/Schematic YCTPOWCTBA B
File (.BDF) rpapuuecKom
penaxkTope
4 Project File (.QPF) r OO6muit daitn
MpOEeKTa
15.| Ilpountaiite Tekct U ycrtaHoBuTe coorBercTBHe. K kaxmoi | YK-6.Y.2
NO3WLIMM,  JaHHOM B JeBoM  crosbie,  mozadepure

COOTBETCTBYIOIIYIO TO3UIIMI0O B TIPABOM CTOJOIE. 3aluImTe
BbIOpaHHbIe UG PBI 10T COOTBETCTBYIOIUMHU OYKBaMH.




CootHecuTe nHCTpYMEHT nipoektupoBanust CAIIP Quartus ¢ ero
Ha3HA4YCHHUEM.

WMHCTpYMEHT IPOEKTUPOBAHUS

Hasznauenue

1

Pin Planner

VYnpasnenue
TPaCCUPOBKOM
(ManmUHrOM) BXOZOB
Y BBIXOJIOB
paspabarsiBaeMO
CXEMBI Ha

(u3nyeckue BbIBObI
FPGA

RTL Viewer

Busyanuzanus
CTPYKTYpPHI
upoBOToO MpPOEKTa
Ha OCHOBE
KOMOWHAIIMOHHON
JIOTUKH, PETUCTPOB U
X CBS3EH.

MegaWizard Plug-in

[Ipunoxenue ¢
rpaguIecKuM
uHTEpdEiicom,
HpeHa3HAYCHHOE /IS
reHepaluu
Pa3TMYHBIX MOAYJICH
u3
CTeLUaTN3UPOBAHHBI
X 11a0JIOHOB —

Merag yHKIMH

Platform Designer

HNHcTpymeHT,
KOTOPBIN
TpeaHa3HaueH IS
UHTETpalu
CrieIMaTu3uPOBAHHBI
X mabnoHoB — IP-
0JIOKOB — B €TMHOE
1 poBoe
YCTPOHCTBO

16.

[TpounTaiite TEKCT M ycTaHOBUTE cooTBeTCTBUE. K Kax1oi
MO3UIIMH, TAHHOM B JICBOM CTOJIOIIE, TOAOEepUTE
COOTBETCTBYIOIIYIO MTO3HUIIMIO B IPABOM CTOJIOLE. 3alHUILIUTE
BbIOpaHHbIe U PHI 10T COOTBETCTBYIOIIUMHU OYKBaMH.

CooTHecuTe yTBEpXKICHUE O NpoLlecce N3MEHEHUS 3HAUCHHUS
HIepEeMEHHO C TUIIOM TIPHCBAaUBAHUS B SI3BIKE OTIMCAHMUS
anmapatypsl Verilog.

Tun nprcBauBaHus

Tun qaHHBIX

1

HenpepriBrOE

A

[ToBTOpHBIN pacyer
MepEMEHHON
IIPOU3BOJUTCS TIPU
W3MEHEHHUSIX JII000T0

VK-6.Y.1




W3 CUTHAJIOB,
Yy4acTBYIOIIHNX B
BBIpXXCHUH, KOTOPOE
€€ OIHUCHIBACT.

2 biokupytomiee

b [Tepemennas cpasy

MEHSIET CBOE
3HayeHue. 3HaYeHueE
MOJKET OBLITH
HECKOJIBKO pa3
IIEPETPUCBOCHO
BHYTPH
ITOBEICHYECKOIO
OJ10Ka.

3 Heb6nokupyromee

B [Tepemennast menser

CBOE 3HAYCHUE
TOJIBKO B MOMEHT
BbIXO4a U3
ITIOBEIEHYECKOI0
010Ka.

17.

[TpounTaiite TEKCT U ycTaHOBUTE cooTBeTCTBUE. K Kaxoi
HO3UINH, TaHHOM B JIEBOM CTOJIOLE, Tog0epuTe
COOTBETCTBYIOLIYIO [TO3UIIMIO B [IPABOM CTOJIOLE. 3alHUILIUTE
BBIOpaHHBIC IIUQPHI TTOJT COOTBETCTBYIOIMIMMHU OYKBaMHU.

CooTHecHTe YpOBEHb IPEICTABICHUS IN(POBOIO YCTPOICTBA C
ONKMCAaHHEM YCTPOICTBA HA JTAHHOM YPOBHE.

YpoBeHb IPEACTABICHUS

YT1BepxkaeHue

1 | IloBeneHueckuii

A

[Tonnas uabopMarus o
BHYTPEHHEM CTPOEHHUH
KpucTtasia mugpoBoro
YCTPOMCTBA: pa3Mepbl
0a30BEIX DJIEMEHTOB,
napaMeTpbl CUTHAJIbHBIX
JIMHUM, UX PacCIlOJIOKEHUE Ha
KpHUCTaJLIE.

2 | OyHKIMOHATBHBIH

CxeMoTexHUYECKoe
OIMCAaHUE YCTPOMCTBA C
MIPUMEHEHUEM TPAH3UCTOPOB,
PE3UCTOPOB, KOHJIEHCATOPOB
Y IPOBOJISAIINX JTUHUU.

3 | JJornueckuit

Ornucanue ycTpoucTBa B
BUJIe Habopa mpocTeHInx
0a30BBIX JTJOTHUYECKUX
BEHTHUJIEN U CBSI3EN MEXKITY
HHUMH.

4 | DnexkTpuyecKuit

BHyTpeHHss cTpyKTypa
HPOEKTHUPYEMOTO ITU(PPOBOTO

YCTPOMCTBA, COCTOAIIAS U3
OJI0KOB, IOBEIEHNE U
CTPYKTYpa KOTOPBIX XOPOIIIO
W3BECTHBI.

5 | ®usznueckuii

«YepHBbIN UK C

VK-6.V.1




U3BECTHBIM HHTEpQeiicoM
BHEIIHUX KOHTAKTOB.

18.| [IpounTaiiTe TEKCT U ycTaHOBUTE cooTBeTCTBHE. K KaXkoi VK-6.Y.2
HO3MLIMH, TAaHHOH B JIEBOM CTOJIOLE, MOA0EepHUTe
COOTBETCTBYIOIIYIO MO3UIMIO B IPABOM CTOJIONE. 3aMUIINTE
BBIOpaHHBIC ITU(PHI TIOJT COOTBETCTBYIOIIMMH OYKBaMHU.
CootHecuTe oniepatop si3blKa onucanus ammnaparypsl Verilog ¢
€ro Ha3HAYCHUEM.
Omneparop Verilog HDL Hasznauenue
1|>> A | Apudmernueckuii caBur
BIIPABO
2| << b Konkarenamus
3| <<< B | Apudmernueckuii casur
BJIEBO
41 {3 I' | Jlornyeckuil BT BICBO
5] >>> pil| Jlormyeckuii cABUT BIIPABO
19.| [IpounTaiiTe TEKCT U yCTAaHOBUTE MOCIIEA0BATEIBHOCTD. 3amummre | YK-6.V.1
COOTBETCTBYIOLIYIO [TOCIIEI0BATEIbHOCTh OYKB CJI€Ba HAIPaBo.
YnopsioubTe cienyromue 3Tanbl pa3BUTUS apXUTEKTYPBbI
IPOTPAMMHUPYEMBIX JIOTHYECKUX UHTETPATBHBIX CXEM B IOPSIKE
UX HOSIBJICHUSI OT PAHHET0 K O3 JHEMY:
A) PLA
b) PAL
B) CPLD
I') FPGA
) GAL
20.| ITpounTaiiTe TEKCT M YCTAaHOBHUTE MOCIE0BAaTENIbHOCTD. 3anumuTe | YK-6.Y.2
COOTBETCTBYIOIYIO IIOCTEA0BATEIBHOCTh OYKB ClIeBa HalpaBo.
YnopsaousTe Moaynu onucanus npoekra Ha [IJINC,
peanusyemoro B CAIIP, B mopske OT BBICIIEr0 YPOBHS HEPAPXUH
K HU3IIEMY:
A) bazoBblit MOayITH
b) Cyobmonyns
B) I'onoBHO MOAYH
I') Moaynp-o600uka
21.| IIpounTaiiTe TEKCT M YCTAaHOBUTE MOCJIEA0BaTENIbHOCTD. Janummre | YK-6.Y.2
COOTBETCTBYIOIYIO IIOCTIEA0BATEIBHOCTh OYKB ClieBa HalpaBo.
YHopsamo9bTe 3JIeMEHTHI ONMCAHHS MOJTYJISl Ha SI3BIKE OMMCAHUS
anmapatypsl Verilog B mopsiike ot 00BbSBICHUS MOIYIIS 0 €T0
3aKpBITHUS:
A) Ob6bsBNIEHUE IOPTOB
b) O0bsaBnenue T0KanbHBIX TAPAMETPOB, CUTHAJIOB U
HepEMEHHBIX
B) CunresupyemMble KOHCTPYKIIMU
') OObsiBEeHUE I1100aTBHBIX TAPAMETPOB
22.| IIpounTaiiTe TEKCT M YCTAaHOBUTE MOCJIEA0BaTeNIbHOCTE. Janumure | YK-6.Y.1

COOTBETCTBYIOIIYIO ITOCIIE€A0OBATCIIBHOCTD 6YKB CJICBA HAIIpaBo.




Y1opsoubTe 3TaIbl MPOSKTHPOBAHUS IIHPPOBOTO YCTPOICTBA HA
FPGA B mopsiike oT Havajia MpOSKTUPOBAHUS 0 €r0 3aBEPIICHHUS:
A) Crneuundukanus nudpoBoro ycrponcTsa.

b) ®ynkunoHanbHOE U CTPYKTYPHOE ONKMCAHUE YCTPONUCTBA.

B) RTL-cunres.

') ®yHKIIMOHATBEHOE MOJICTUPOBAHHE.

) ®uznueckuii cUHTE3, pa3MEIICHUE U TPACCUPOBKA.

E) TectupoBanue u Bepuduxanms.

23.

[TpounTaiiTe TEKCT U YCTAaHOBUTE NOCIIEA0BATEIbHOCTD. 3AIUIINTE
COOTBETCTBYIOLLYIO [TOCIIEI0BATEIbHOCTh OYKB CI€Ba HAIIPABO.

YnopsimoubTe 3Tansl popmupoBanus HoBoro npoekra B CAIIP
Quartus B mopsiike OT Hadajaa HacTpoikH (paiiya mpoekTa 110 eé
3aBEpIICHUS:

A) BBoj Ha3zBaHus (aita mpoekTa, 00beKTa BEpXHETO YPOBHS U
BBIOODP TUPEKTOPUH

b) Bei6op Tumna npoekra (IIycToi WK Ha OCHOBE CYIIECTBYIOLIETO
datina).

B) Jlo6aBnenue ¢aiiioB 1 NOAKIIOUEHIE OMOIMOTEK B MTPOEKT
I') Bei6op tumna mukpocxems [TJIVC.

/1) Bo160p HHCTPYMEHTOB MOJIETMPOBAHUS.

E) [IpoBepka kpaTkoii HHpOpMAIHK O HACTPOMKAX MPOEKTA.

VK-6.V.2

24,

[TpounTaiiTe TEKCT U YCTAaHOBUTE NOCIIEA0BATEIbHOCTD. 3AUIINTE
COOTBETCTBYIOLIYIO [TOCIIEI0BATEILHOCTh OYKB CI€Ba HAIIPaBO.

PaccraBpTe ypoBHM Ipe/icTaBIeHUS IU(POBOTO YCTPOHCTBA B
NOpSAJIKE OT HauMeHee a0CTPAaKTHOIO K HauboJsee abCTpaKTHOMY:

A) IloBenenueckuii
b) ®ynkunoHanbHbIN
B) Jlornueckwuit

I') OnexTpuuecknii
J1) ®uznueckuit

VK-6.V.1

25.

[TpounTaiiTe TEKCT M 3aNMIIUTE Pa3BEPHYTHIH 000CHOBaHHBIHI
OTBET.

Haiimute ommoOKy B IPUBEICHHOM ONMCAHUN MOJTYJISI TOJTHOTO
BOCBMHPA3pPsIHOTO MH(paTopa Ha S3bIKE ONMCAHMUS annapaTypsl
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;

VK-6.B.2




14 else y =3’bX;
15 end
16 endmodule

26.| IIpounTaiiTe TEKCT U 3aMUIINTE PA3BEPHYTHII 0O00CHOBAHHBIN VK-6.B.2
OTBeT.

HaiinTe ommOKy B IPUBEICHHOM OIMUCAHUU MOJYJISI CYETUYMKA Ha
si3bIKe onucanus anmnaparypsl Verilog. OtBer ob6ocHyiire.

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.| IIpounTaiiTe TEKCT U 3aMUILIUTE Pa3BEPHYTHI 00OCHOBAHHBIH VYK-6.B.1
OTBCT.

[MTokaxkuTe, B UeM 3aKIIFOUACTCS pPa3InIUe MKy Pe3yJbTaTaMu
IPUMEHEHHSI OIIepaToOPOB apu(METHYECKOTO U JIOTHYECKOTO
cnBura Ha sizeike Verilog.

28.| IIpounTaiiTe TEKCT U 3aMUIINTE PA3BEPHYTHIII 000CHOBAHHBIN YK-6.B.1
OTBET.

ITokaxkure, B 4eEM 3aKIIFOYAETCS pa3Inune MEXAY Pe3ybTaTaMu
MMPUMCHCHUA OIICPATOPOB MOOMTOBOrO U Jiorndyeckoro U Ha si3pike
Verilog.

29.| IIpounTaiiTe TEKCT U 3alUIINTE PA3BEPHYTHIII 0O00CHOBAHHBIN VK-6.B.2
OTBET.

Pacriummre orpaHrdeHus U GYHKIIUHU HA S3bIKE OTIMCAHUSI
anmapatypsl Verilog.

30.| IIpounTaiiTe TEKCT U 3aMUIINTE Pa3BEPHYTHIH 00O0CHOBAHHBIN YK-6.B.1
OTBET.

PacnmmuTe kiro4yeBble 0COOEHHOCTH apXUTEKTYypbl FPGA,
oTinmyatomue ee ot apyrux [IJINC.

Kiroun mnpaBuibHBIX OTBETOB Ha TecTbl pasMmemieHsl B Ilpwioxenun 1 x PII u
HaxoJsaTcs y crnenuanuctoB mo YMP kadenpsr 41, 3amectutens 3aBeayromiero kapeapoil u
PYKOBOJIHMTEISI 00pa30BaTEIHHOM MPOTPAMMBEI.

CucreMa OLIEHHBaHMUS TECTOBBIX 3aJaHMil ITOKa3aHa B Taoduie 18.1
Tao6mmma 18.1 — CucremMa olleHMBaHUS TECTOBBIX 3aaHNUI

Ne YkazaHus MO OLIEHUBAHUIO Pe3ynbrar onieHuBaHUS
(GaswsIBl, MOJTyYEHHBIE 3a BBITIOJTHEHUE \
XapaKTepUCTHKA MPAaBUIHLHOCTH OTBETA)




3aaHue 3aKpBITOTO THUIIA HA
YCTaHOBJICHHE COOTBETCTBUS
CUNTAETCs BEPHBIM, €CITH
YCTaHOBJICHBI BCE COOTBETCTBUS
(TIO3MIIMU U3 OJTHOTO CTONIOIA
BEPHO COIOCTABJICHBI C MO3UIUAMH
JPyroro cTojoua)

ITomHOE COBIMAACHUEC C BECPHBIM OTBETOM
orieHuBaeTcs 1 6anIoM, HEBEpHBINH OTBET
Wi ero orcyrcrue — 0 6amioB (160
YKa3bIBACTCS «BEPHO» \ «HEBEPHOY)

2 3aaHue 3aKpbITOrO THIIA Ha [TonHOE coBIIaieHUE ¢ BEPHBIM OTBETOM
YCTaHOBJICHHE onieHuBaercs | 6ayuiom, eciy JONyIIeHbI
H0CJIEI0BATEIbHOCTH CUUTAETCS OLIMOKH WK OTBET OTCYTCTBYET — 0
BEPHBIM, €CITU MIPABUIIBHO yKa3aHa | OaJutoB (JIMOO yKa3bIBaeTCS «BEPHOM\
BCs1 IIOCJIEZIOBATENILHOCTD LIU(P «HEBEPHOY)

3 3ananne koMOMHUpoBaHHOTO TN | [lonHOE coBMajzieHne C BEPHBIM OTBETOM
C BBIOOPOM OZIHOTO BEPHOI'O OTBETA | OLEHHBAeTcs 1 6amioM, HeBEepHBIN OTBET
U3 YETBIPEX NPEJIOKEHHBIX U uiu ero orcyrcraue — 0 6aos (1100
000CHOBaHHMEM BbIOOpA CUMTACTCS | YKA3bIBACTCS «BEPHOM\ «HEBEPHOY)
BEPHBIM, €CIIU IIPABUIILHO YKa3aHa
udpa U NpuBeIeHbl KOHKPETHbIE
apryMeHTbI, UCII0JIb3yEeMbIE NTPU
BBIOOpE OTBETA

4 3ananue komOuHUpoBaHHOrO THNa | [lomHOE coBnaseHne ¢ BEpHBIM OTBETOM
C BBIOOPOM HECKOJIBKMX BapUaHTOB | OLeHHBaeTcs 1 6amioM, eciiu 1OMmyIeHbl
OTBETA U3 MPEAJIOKEHHBIX U OMMOKH WK OTBET OTCYTCTBYeT — 0
pa3BepHYTHIM 000CHOBaHUEM 0ayutoB (JTIUOO YKA3bIBACTCS «BEPHONM
BbIOOpA CUMTAETCS BEPHBIM, €CIIU «HEBEPHOY)

NPaBUIBHO YKa3aHbl HUPPHI U
IIPUBE/IEHBI KOHKPETHBIE
apryMeHTBI, HCII0JIb3yEMBIE ITPU
BbIOOPE OTBETOB
5 3alaHue OTKPBITOTO THUIIA C ITpaBHIIBHBIN OTBET 3a 3a7jaHKE

Pa3BEPHYTHIM OTBETOM CUUTAETCA
BEPHBIM, €CJIH OTBET COBIIAJIAET C
ATaJIOHHBIM IO COJICPKAHUIO U
MIOJHOTE

olieHMBaeTcs B 3 Oaiia, eciiy A0MyIieHa
oJ1Ha OIIMOKa \ HETOYHOCTH \ OTBET
IIPaBWJIbHBIN, HO HE OJIHBIN - 1 Oai,
eciu JomyiieHo 6onee 1 ommoOku \ oTBEeT
HETPaBUIbHBEIH \ 0TBET OTCYTCTBYET — O
0ayutoB (OO YKA3BIBACTCS «BEPHONM
CHEBEPHOY)

WHCTpyKIMS 1O BHITIOTHEHUIO TECTOBOTO 3aJaHUsI HAXOIUTCs B Tadnuie 18.2.
Tabmuma 18.2 - UHCTpyKIIHS 110 BBITTOJTHEHUIO TECTOBOTO 3aJaHUs

Ne Tun 3aianns NHcTpykuus
1 3ananue 3akpbIToro Tuna Ha | [IpounTaiiTe TEKCT U YCTAHOBUTE COOTBETCTBHE.
yCTaHOBJICHUE COOTBETCTBHs | K KaXKm0#1 MO3UITMH, TaHHOW B JIEBOM CTOJIOIIE,
MoI0EpUTE COOTBETCTBYIOIIYIO MTO3HIINIO B
IIPaBOM CTOJIOIIE
2 3ananue 3akpbIToro Thna Ha | [IpounTaiiTe TEKCT U YCTAaHOBUTE
YCTaHOBJICHUE IIOCJIEIOBATEILHOCTE
MOCJIEI0BAaTEILHOCTH 3anuimmTe COOTBETCTBYIOLIYIO
MOCJIEIOBATEILHOCTH OYKB CJIEBAa HAIPABO
3 3ananue komOuHupoBaHHOTO | [IpounTaiiTe TEKCT, BEIOEPUTE MPABUIHHBIN

THTIa ¢ BEIOOPOM OJTHOTO

OTBCT 1 3allMIINUTC apIryMCHTEI,




BEPHOT'O OTBETA U3 YETHIPEX | 0OOCHOBBIBAIOIIIKE BEIOOP OTBETA
NPEUIOKEHHBIX U
000CHOBaHHEM BbIOOpA

4 3ananue komOuHupoBanHoro | [IpouunTaiiTe TekcT, BbIOEPUTE MIPaBUIIbHBIE
THUIIA C BHIOOPOM HECKOJIBKHUX | BapUAHTBI OTBETA U 3AIIUIIUTE apTyMEHTHI,
BapHaHTOB OTBETA U3 000CHOBBIBAIOIIUE BHIOOP OTBETOB

MPEAJIOKEHHBIX U
pa3BepHYTHIM 0OOCHOBAaHUEM

BBIOOpA
5 3amaHue OTKPBITOTO TUTIA C [TpounTaiiTe TEKCT M 3aIMIITUTE Pa3BEPHYTHIN
pa3BepHYTHIM OTBETOM 000CHOBAaHHBIN OTBET

[lepeyeHb TeM KOHTPOJBHBIX PadOT MO AMCHUIUIMHE OOYYAIONIMXCS 3a04HOU (HOPMBI
o0ydeHus1, IpeICTaBICHbI B Ta0mie 19.

Ta6ymma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i [lepeyeHb KOHTPOJIBHBIX PabOT

He npenycmoTtpeno

10.4. Meroauueckue  Marepuaibl,  ONpPEACIAIOIIME  HPOLEIypbl  OLIEHUBAHMS
UH/IMKATOPOB, XapaKTEpU3YIOIUX dSTanbl (HOpMUPOBAHUS KOMIIETCHIMH, COAEp)KaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTUpYyOIIMX NOPSAAOK MU IPOLERYPY
NPOBEICHUS TEKYIEro KOHTPOJISI YCIIEBAEMOCTH U MIPOMEKYTOUYHON aTTeCTaluy 00yJaroIIuXcs
I'VAIL

11. Meroauueckue yKkazaHus Ui 00Y4arOIIUXCs IO OCBOSHUIO JUCITUILTAHBI

11.1. Meroauyeckue yKazaHus s OOYYAIOMIMXCS IO OCBOCHHUIO JIEKIIHOHHOTO
MaTepuana.

OcHOBHOE Ha3HAY€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
nIyOOKOe W SICHOE W3JIOKEHWE ydeOHoro marepuana. HasHaueHWe COBPEMEHHOW JICKIIMH B
paMKax TUCIUIUIMHBI HE B TOM, YTOOBI MOJNYYUTh BCIO HMH(POPMAIUIO O TEME, a B OCBOCHUU
(GyHIaMEHTAIBHBIX MPOoOJeM JAWCIHILIAHBI, METOJIOB HAYYHOTO TO3HAHUS, HOBEHIINX
JTOCTHIKEHUI HaydyHOUW MBICTH. B yueOHOM mporiecce JIEKIHs BBIOTHSET METOI0JIOTHYECKYIO,
OpPTaHHU3AIMOHHYI0 U MHPOPMAITMOHHYIO (DYHKIUU. JIeKIHs pacKpbhIBacT MOHATHHHBIN ammapar
KOHKpETHON oO0jacTu 3HaHUA, €€ MpoOIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHWE O TUCIUILINHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMU JTUCIIATLTTHAMH.

[TnaHupyeMble pe3yIbTaThl IPH OCBOCHUU 00YYAIOIIMMHUCS JICKIIMOHHOTO MaTepUaa.

— TIONy4YeHHE COBPEMEHHBIX, IEJIOCTHBIX, B3aMMOCBS3aHHBIX 3HAHUU, YpPOBEHBb
KOTOPBIX OIPEEIISIETCS EIEBOW YCTAHOBKOM K KaK/10M KOHKPETHOU TEME;

— TIOJy4eHHE OIMBITa TBOPUYECKON paObOThI COBMECTHO C TPEIOIaBaTEeIIeM,

— pa3BuTHE NPO(PECCHOHAIBHO-ICIOBBIX  KAadecTB, JIIOOBH K  TpeaIMeTy |
CaMOCTOSITENILHOTO TBOPYECKOT'O MBIIIIJICHHUS.

— TOSIBIIEHHWE HEOOXOAMMOT0 HHTEpeca, HEOOXOAMMOTO AJIsi CAMOCTOSITENILHON paOoTHI,

— TIONy4YeHWE 3HAHUW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAYKH U TEXHUKH U O
MIPOTHO3E WX PAa3BUTHS HA OJIMKAKNIIINE TOIBI;

— HAYYUTHCS METOJMYSCKH 00padaThiBaTh MaTepuai (BBIACIATH TJIABHBIC MBICIH U
MOJIOKEHUS, TIPUXOJUTh K KOHKPETHBIM BBIBOJIAaM, TIOBTOPSATh WX B  Pa3IHYHBIX
bopmynupoBKax);

— TOTy4YeHHE TOYHOTO OHUMAaHUS BCEX HEOOXOJAUMBIX TEPMHHOB U TIOHSATHH.




JIeKUMOHHBIA MaTepuall MOXKET COMPOBOXKIATHCS JAEMOHCTpalUMed ClIaiioB U
UCIIONIb30BAaHUEM pa3aTOYHOTO MaTepuaja TMPU MPOBEACHUU KOPOTKUX JUCKYyCCHH 00
OCOOCHHOCTSIX MPUMEHEHHUSI OT/AETbHBIX TEMATUK I10 IUCHUIUIUHE.

CrpyKTypa npeiocTaBieHus JEKIIHOHHOIO MaTepuaa:

Paszoen 1. Beeoenue 6 npocpammupyemole 102udecKue UHMe2paibHble CXembl

Tema 1.1. Cucmemvi-na-kpucmanne u IIJIHC: ochosHble nOHAMUS U UCMOPUSL PA3GUMUSL.

[TonsTust «cucrema-Ha-KpUCTalIe» U «IporpaMMupyemasi JIoTH4ecKass HWHTerpaibHast
cxemay (IUTUC). Uctopus passutus [TJIMC. Apxurekrypsl PLA, PAL, GAL, SPLD, CPLD.

Tema 1.2. Ocobennocmu apxumexmypvl FPGA. Koughueypupyemolil nocuueckuii 610K.
Look-up tabley

Apxutexktypa FPGA. Otmuums or CPLD. OctpoBHas apxurektypa u ASMBL.
Koundurypupyemsbiii normyeckuii Omok. Look-up table (LUT). IIporpammupoBanue LUT.
[Tpumepsl norudeckux 31neMeHToB FPGA pa3nuyHbIX CEMENUCTB.

Tema 1.3. Ocobennocmu apxumexkmypol FPGA. Bnoxku 8600a-8v1600a, mpaccupogounvie
pecypcul, 610KU CReyuaibHO20 HA3HAYeHUs.

brnoku BBOJa-BRIBOJJAa W HMX CBSI3b C KOH(DHTYpUPYEMBIMH JIOTHUYSCKHMH OJIOKAMHU.
TpaccupoBouHbIE pecypchl, UX BUIbl. bioku cnenuansHoro HazHaueHus: 6aounoe O3V, 61oku
g poBoii 06padotku curHaos (LIOC), MukponporiecCopHbIe SApa, COPT-TIPOIIECCOPHI.

Tema 1.4 Obnacmu npumenenus FPGA u nanpasnenus pazeumusl.

[Tpumenenne FPGA: yctpoiictBa L[OC, BBICOKOCKOpPOCTHasi Tiepenadya JIaHHBIX,
peanuzanus HEHPOHHBIX MPOIECCOPOB M MOJEIHPOBAHUE KBAHTOBBIX BBIYMCIIEHUH, 00paboTKa
paaronokanuoHHoW nHpopMalmu. CoBEpIICHCTBOBAHNUE TEXHOJIOTHIA TTpon3BoacTBa:3D-FPGA,
SSI, EMIB. Onrumuzanus TpaccHpOBOYHBIX pecypcoB. lloBbliieHne ypoBHS aOCTpaKIUU
ONMCAaHUN yCTpOoWCTB. [IporpamMmmupyembie CUCTEMBI Ha KpUCTasle ISl OpraHU3aliu
BBICOKOITPOU3BOIUTENBHON 00paOOTKYU TaHHBIX.

Paszoen 2. Omanwi npoexmuposanus yugposozo ycmpoticmea na FPGA

Tema 2.1. YpoBHU NpoeKTUPOBaHUS HU(DPOBBIX YCTPOUCTB

IloBenenyeckuii  ypoBeHb. DyHKIMOHAIBHBIM  YpOBEHb. JIOrMyeckuii  ypOBEHB.
OnexTpuueckuil ypoBeHb. dusnueckuil ypoBeHb. bazuc npoexkTupoBaHusi.

Tema 2.2 Omanvr npoexmuposanusi yugposvix ycmpovicme Ha FPGA. Cnocobu
onucanus Yyu@ppoeuvix cxem

KuzneHHbIN UK 1MPPOBON cHCTEMBI. DTarnbl MPOEKTUPOBAHUS LHU(POBBIX YCTPOICTB
Ha FPGA. CnocoObl onucanuss nU(pOBBIX cXeM: rpapuueckue W Ha fA3bIKaxX OINHUCAHUS
annaparypsl. RTL-mMozens.

Paszoen 3. Cpeda asmomamuszuposannozo npoexkmuposanus Quartus

Tema 3.1 Hauano pabomsi nao npoexkmom ¢ CAIIP Quartus

Hauano pabotel Hag mpoekrom B CAIIP Quartus. YcTaHoBka M co3/laHHE INEPBOTO
MPOEKTA.

Tema 3.2. Ymunumer 015 onucanus yugposvix ycmpoticme 6 cpede Quartus

Vrumurel st onvcanus nudpossix yerpoiicte B CAIIP Quartus. State Machine viewer. RTL-
viewer. Pin Planner. Modelsim.

Tema 3.3 IIpoexmuposanue cxemuvl npocmeiiuie2o Yyughposozo ycCmpoucmea ¢ noMoubio
epaghuueckozo pedakmopa cxem 6 Quartus

[TpoexTrpoBaHue mpocTelIero MU(pPOBOro ycTPOHCTBA M3 JIOTMYECKMX BEHTHJICH C
noMompio rpadguyeckoro pemgakropa Quartus. Peanm3anms Ha TmpuMepe BCEX ITaroB
npoekThpoBaHus. [IpoBepka TaOmUIbI MCTUHHOCTH MOJy4E€HHOro YycTpoiictBa. I[IpumMeneHue
MerayHKIIMH Kak TOTOBOTO UG POBOro GyHKIIMOHATILHOIO OJI0Ka.

Paszoen 4. Beeoenue 6 a3viku onucanus annapamypul (HDL)



Tema 4.1 Hcmopus eosnuxknosenuss HDL, ocnosHvie nonamus u 6a3zosvle KOHYenyuu.
Hepapxus npoexma na HDL

Ucropust BozHukHOBeHUs: HDL, ocHoBHBIE moHsaTHS M 0a3oBbie koHmeniuu. AHDL,
VHDL, Verilog HDL. HUepapxus npoekta Ha HDL. Mozaynb Kak OCHOBHAsI €IMHHIIA UEPAPXHH.
Cunresupyembie Moayau. Cpesia TECTUPOBAHHUSL.

Tema 4.2 Azvik onucanusa annapamypul Verilog HDL.

Ocob6ennoctn u oriaumumst Verilog HDL. Cunrakcuc. Tumbl nansbix. KitoueBbie
omeparopsl: assign, always, if-else, case u ap. CnoucOoK YyBCTBUTEIBHOCTH MOIYJIS.
HenpepsiBHOE, Onokupyromee u HeOmokupyoomiee npucBauBanue. Cranmaapt SystemVerilog.
Pemenune npocreiimux 3agay nporpaMmmupoBanus Ha si3pike Verilog HDL.

Paszoen 5. Ilpoexmuposanue croxcuvix yugposvix yempoticme na FPGA ¢ npumenenuem
A3bIKO8 ONUCAHUSL ANNAPAMY Dbl

Tema 5.1. Ilpunyuner npoexmuposanusi ycmpoticme Ha FPGA ¢ npumenenuem s361k08
ONnUCAaHUs annapamypbl

KnroueBple NpuHIMIOBI  [POEKTHUPOBAHMS HA  SI3bIKAX  ONKCAHUS  alIaparyphl.
[Tapanmnenusm kak 0a30BbIil MPUHIUI MPOSKTUPOBAHUS LUPPOBBIX ycTpoicTB Ha FPGA.

Tema 5.2. [Ipoexmuposanue yudpoewvix YyHKYUOHANLHBIX Y3108 KOMOUHAMOPHOU T102UKU
Ha Verilog HDL.

[TpoexTrpoBanre HU(GPOBHIX (PYHKIMOHAIBHBIX Y3JI0B KOMOMHAIIMOHHOW JIOTUKU Ha
Verilog HDL: xommapatop, cymmarop, mudpaTop, AemudpaTop, MyJIbTHILIEKCOD,
JIeMYJIbTUILIEKCOD, IPpeo0pa3oBaTesb Kojia u Jp.

Tema 5.3. IIpoexmupogarue yugposvix hyHKYUUOHANbHBIX Y3108 NOCIe008AMENbHOCMHOU
noeuxu Ha Verilog HDL.

[TpoexktupoBanue HUGPOBBHIX (PYHKIMOHATBHBIX Y3JIOB IMOCIEIOBATEILHOCTHOM JIOTUKH
Ha Verilog HDL: tpurrep, peructp, cC4eT4lK, MOAYJIb TAMSTH, MOAYJb CYETa U .

Tema 5.4. bubruomexu comoswix komnonenmos na Verilog HDL.

[[Tabnonsl. MeradgyHKInM Ha s3bIKE OMMUCAHMS anmaparypsl. |P-sapa.

Tema 5.5. @ynxyuu, 3a0auu u cyenapuu. Mx npumenenue 6 npoexkmuposanuu na FPGA

OYHKINY, 331a44 U CLEHAPUU: OTJIIMYUS, OCOOEHHOCTH, IPUMEHEHNE B IPOEKTUPOBAHUU
ycrpoiicts Ha FPGA.

Tema 5.6. Ilooknouenue nepugeputinvix ycmpoticms k FPGA.

[Tonxarouenue nepudepuitHbIX YCTPOUCTB (KHOIMKH, JUCIUIEH, T€HEpaTOpbl CUTHAIOB U
ap.) k [IJIMC na npumepe oTiagouHoi miatel Terasic DE2-115.

Pazoen 6. Tecmuposanue u eepugpuxayus yu@dpoevix cxem HA A3bIKE ONUCAHUS
annapamypwi Verilog HDL

Tema 6.1. OcHoswi hynKkyuoHanbHOU 6epuguxkayuu

TectupoBanne u Bepudukanus. DyHkuuoHanmbHass Bepudukanus. OcoOeHHOCTH
Bepudukanuu Ha Verilog HDL. I1nan tectupoBanus u Bepu@uKanuu padoThl yCTpoiicTBa.

Tema 6.2. Testbench kax OCHOGHOU UHCMPYMEHM MeCMUPOSAHUA U Gepuurkayuu
yugposoeo ycmpotiicmea na FPGA.

TecroBblit Moaynb (testbench) u ero mecto B uepapxuu npoexkra. OCHOBHBIE OIEPATOPHI,
ucnoibp3yemble A Hanucanus testbench.Onucanune undpossix curHanoB. OnucaHue TecTa U
paboTa ¢ CUMYISATOPOM.

Kypc pa3zmemién B cucreme aucranimonHoro odyuenus ['YAIT (CZ1O I'VAID).

Metoauueckre ykazaHds MO OCBOEHHUIO JIEKIIMOHHOIO MaTepuaia UMEIOTCS B CHCTEME
muctanmonHoro ooyuenuss ['YAIL (CHO T'YAII). JIekiuoHHBI Marepual AUCIUILTUHBI
MPEJICTaBISIETCsS C MPUMEHEHUEM 3JIEKTPOHHOTO OOy4YeHHsl, JUCTAHIIMOHHBIX 00pa30oBaTeIbHBIX
TEXHOJIOTHH (OHIaHH-KypC).



11.2. Meroauyeckne yKa3aHHs I OOYdYalOMIMXCS IO YYacTHIO B ceMuHapax (e
nPeodyCMOmMpeHo y4eOHbIM NAAHOM NO OAHHOU OUCYUNIUHE)

11.3. Meroauyeckue yKazaHus IJsi OOYYAIOIIUXCS MO MPOXOKICHUIO MPAKTHUESCKUX
3aHATUH

[TpakTHdeckoe 3aHSATHE SIBISETCS OMHOW M3 OCHOBHBIX ()OpPM OpraHM3alHuHu y4eOHOTO
mporiecca, 3aKJIFOYArOIIascs B BHIIOJHEHUH O0YYArOIIMMHUCS T10]] PYKOBOJICTBOM MPEIIOaBaTe s
KOMIUIEKCa YYeOHBIX 3aJaHUN C LEIbI0 YCBOSHUS HAYYHO-TEOPETUYECKHX OCHOB YUeOHOU
JTUCIUTIIIMHBI, PUOOPETEHUS] YMEHUN U HaBBIKOB, OIIBITA TBOPUYECKOM JCSITCIBHOCTH.

[lenpro MPaKTUYECKOTO 3aHITHS I 00YUYAIOIIETrOCs SIBISICTCS MIPUBUTHE 00YJatOIIUMCS
YMEHUI U HaBBIKOB MMPAKTHUYECKOU JIEATEILHOCTH 110 U3y4aeMOU TUCIIUILINHE.

[Tnaaupyemblie pe3yabTaThl IPU OCBOCHUU 00YUYAIOIUMCS IPAKTHUECKUX 3aHATHIA:

— 3aKperuieHWe, yriayOJeHHWe, pacIIMpeHHe M JeTajlu3alus 3HAHWW TMPU PEIICHUU
KOHKPETHBIX 3a/1a4;

— pa3BUTHE I[I03HABATENIBHBIX CIIOCOOHOCTEH, CaMOCTOSITEIBHOCTH  MBIILICHHUS,
TBOPYECKON aKTHUBHOCTH;

— OBIIQJICHHE HOBBIMH METOJaMH M METOJUKaMU H3Y4YeHUS KOHKPETHOH y4deOHOi
JUCIIUIUINHEI,

— BBIpAa0OTKAa CIIOCOOHOCTH JIOTMUECKOTO OCMBICIEHMSI IOJYyYEHHBIX 3HAHUW IS
BBIIIOJIHEHUS 3aJaHMIL;

— ofecrieueHue palMOHAIBLHOTO COYETAaHUsl KOJJICKTUBHOM M WMHAMBHIYaIbHON (Gopm
00y4eHwusI.

TpeboBaHusl K IPOBEAECHUIO PAKTUYECKUX 3aHITUN 5 ceMecTpa:

CrynentaM TpeOyeTcs BBIIOIHUTH CISAYIOIUE IPAKTHUECKUe paboThl.

1. BBenenue B mporpaMMupyeMble€ JIOTUYECKHE HMHTErpasibHble cXeMbl. OcoOeHHOCTH

paznuuHbix apxutextyp [TJIMC

2. OCHOBBI aBTOMAaTU3UPOBAHHOTO MPOEKTHPOBaHUS U (PPOBHIX ycTpoiicTB Ha FPGA

3. Pa3paboTka kOMOMHaAIMOHHOTO YycTpoiicTBa B rpadpuueckom penakrope CAIIP

Quartus
4. Pa3paboTka mocnesoBaTeIbHOCTHOTO YCTpoiicTBa B rpaduyeckom peaakrope CAITP
Quartus

5. Pa3paboTka Momynsi CUETHOrO YCTpOMCTBa C 3a/JlaHHBIM alrOPUTMOM pPabOTHI B

rpadpuueckom pegaxtope CAIIP Quartus

6. Pemenue 3a1a4 mporpaMMHpOBaHUs Ha A3bIKe onucaHus annaparypsl Verilog HDL

CrynenTtam TpeOyeTcs MPeOCTaBUTh OTYETHI TTO MPAKTUYeCKUM padotam Ne 3-6, Tak Kak
HaBBIKU U YMEHMS, IOJTYUYEHHBIE TIPU BBIITOJHEHUN 3TUX paboT, IOMOTYT pealn30BaTh MPaKTHKO-
OpPUEHTUPOBAHHBIN MPOEKT 6 cemecTpa. B 3aBUCHMOCTH OT ypOBHS U MOJIHOTHI PACKPBITHS TEMbI
CTYAEHTBI MOTYT Noay4uTh OT 1 10 10 GayioB 3a BbIMOJIHEHHE KaKAoro 3aaanus. HaGpanHble
Oaibl CyMMHpPYIOTCS M (DOPMHUPYIOT HMTOTOBBI Oajl HpU BBICTABJIEHUU MPOMEXYTOUHOMN
aTTecTallly N0 JUCLIUIUIMHE B 5 ceMecTpe.

Bemonnenne pa6or Ne 1, 2 Oyzaer mpoBepeHO € MOMOULIbIO TECTOBBIX 3a/laHUM.
MaxkcumanbeHblii 6amun mpu mpoBepke coctaBuT 10 OamnoB. Ilpm uM3MeHeHHMH KOJIMYECTBA
TECTOBBIX MEPOTIPUATUI MaKCUMAJIbHBII 0asl MOKET ObITh CKOPPEKTUPOBAH.

TpebGoBaHus K MPOBEICHUIO MPAKTUYECKUX 3aHATUN 6 cemecTpa:

CrynentaMm TpeOyeTcs BBINOJHUTH MATh MPAKTUYECKUX paboOT, a TakkKe INPaKTUKO-
OPUEHTHUPOBAaHHBIH  mpoekT.  Ero  BelmomHeHWe — o0s3aTeNbHO I TOJYYEHUS
muddepeHIMPOBaHHOTO 3a4yeTa Mo AucuuIuiuHe. [IpakTHKO-OpHEeHTUPOBAHHBINA MPOEKT MOXKET
ObITh BBINOJIHEH WHAMBUAYAIbHO WM B rpynmne. [Ipu BBINOJHEHMM TPYNNOH CTYISHTOB
OJTHOBPEMEHHO OyJIeT TPOBEICHO MOJICIMPOBAaHUE TTPOCKTHOM paboTHI 110 agile.

Crynentam TpeOyeTcs BBINOIHUTH CIEAYIOIUE TPAKTHUYECKUue paboThl.




1. Tlpunanunsr npoekTupoBanus Ha si3bike Verilog HDL B cpene aBToMaTu3upoBaHHOTO

npoekTupoBanus Quartus
2. Pa3paboTka KOMOWHALMOHHOI'O YCTPOWMCTBA Ha s3bIKE OIMCAHUs anmapatypsl Verilog
HDL

3. Pa3paboTka mocienoBaTeIbHOCTHOIO YCTPOWCTBA HA S3bIKE ONMCAHUS amnaparypsl
Verilog HDL

4. TlpoekTupoBaHUE THUIOBBIX (PYHKIIMOHAIBHBIX y3510B Ha s3bike Verilog HDL ¢
NPUMEHEHHEM I1a0JIOHOB M Merad) yHKIIHHA

5. Peanmuszauusa perucrparopa Apede3ra KOHTAKTOB JJs OTIAJ04YHOM miaThl Terasic
DE2-115

Crynenram TpeOyeTcs INpeloCTaBUTh OTYEThl IO MPAKTUYECKMM pabdoTaMm, Tak Kak
HaBBIKU U YMEHHS, TIOJTYYECHHBIC TIPU BBIITOJHEHUU 3TUX paboT, IOMOTYT pealn30BaTh MPAKTUKO-
OpPUEHTHPOBAaHHBIN NMPOEKT. B 3aBUCHMOCTH OT ypOBHS U IOJIHOTBI PACKPBITHS TEMbI CTYIEHTbI
MoryT noiy4yutb oT 1 mo 10 OamoB 3a BBIMOMHEHHE KakAoro 3afganus. HaOpannbie Oamibi
CYMMUPYIOTCS U (POPMUPYIOT UTOTOBBIM Oail IpU BBICTABICHUU NPOMEXKYTOUYHOM arTrecTalnuu
0 TUCIUIUIMHE B 6 cemecTpe.

[TpakTHKO-OPUEHTHPOBAHHBIM TMPOEKT MOAEIUpYeT paboTy HHKeHepa B 00JacTu
pa3paboTKu CIOXHOPYHKIMOHAIBHBIX OJIOKOB MJIM KOMaH/bl HHKXEHEPOB MO MPOSKTUPOBAHHIO
CJIO)KHO(YHKIIMOHAIBHOTO YCTPONCTBA, BBIOPAHHOIO CTYJEHTAMH CaMOCTOSITEIbHO M3 YHUCIIA
npe/uiokeHHbIX. Ha mepBom stame paboTsl TpeOyeTcs pa3paboTaTh CXeMy YCTPOWCTBA B
COOTBETCTBUM C OIMCAHUEM, NPHUBEIEHHOM B 3aJaHuu, U M300pa3uth ee RTL-omucanue B
rpapuueckom penaktope cxem CAIIP Quartus wmm guarpammy cocTosiHUi B yruiurte State
machine viewer CAIIP Quartus. Ha BTopom »3Tame pabOThl 1O MNPUBEIACHHOMY B 3aJaHHU
OIMCAHUIO CTYICHTaMH CO3/aeTcs MPOCSKT 3aJlaHHOro ycTpoiictBa Ha si3bike Verilog HDL. Ha
TpeTbeM JdTame paboThl CTYAEHTHl COCTAaBJIAIOT TECTOBbIM IJIaH JJIsl  pPe3yJIbTaToOB
NPOCKTHPOBAHUSL YCTPOWCTBA, IIOJyYEHHBIX HA IEPBOM W BTOPOM OJTame, C ONHCAaHHEM
npolexypsl TecTupoBaHus. Ha 3ToM 3Tare HyKHO NpogyMaTh CTPYKTYPY U HalucaTh TECTOBBIN
moxyib (testbench) ma si3eike Verilog HDL. onyckaercst mpoBecTd MPOLEaypy TECTHPOBAHHS
0e3 nanmcanus testbench; Bmecro Hero B arom ciyuae ucnone3yercs ¢aiin ¢opmara VWE,
OJIHAaKO IIPUBECTHU IUIaH TECTUPOBAHUS — 00sI3aTEIILHOE YCIIOBUE.

Takum o00pa3oM, B XOJ€ BBIIOJIHEHUS MPAKTUKO-OPUEHTHPOBAHHOIO IPOEKTa
00yJaromuicsl TIOKaXeT HaBBIKM IO OPTaHM3ALMHU TPOIEcca MPOSKTUPOBAHHUS YCTPOHCTBA Ha
I[IUINC apxurexktypsl FPGA, co3nanust cpensl JUisi TPOBEAEHUS TECTUPOBAHUS, MPUMEHEHHUs
pa3IMYHBIX TEXHHK MPH MPOCKTUPOBAHUH U BIAJICHHS CIICIAAIN3UPOBAHHBIMU WHCTPYMEHTAMHU
npoekTHpoBaHus. [IpenycMOTpeH BapHaHT BBIOJHEHUS MPAKTUKO-OPUEHTUPOBAHHOTO MPOEKTa
110 WH/IUBUYAIbHOMY 33/IaHUI0, KOTOPOE MOXET MPEUIOKUTH HHIyCTPUATBHBIHN MapTHED.

IIpuMepHBIii TIepedeHb TEM /IS BBIITOJIHEHUS IIPAKTUKO-OPUEHTUPOBAHHOIO ITPOEKTA!

1) [TpoexkTrpoBaHHe TeHEpaTopa MMITYJIbCHOW IOCIEN0BATEIbHOCTH C 3aJaHHBIMU
CBOMCTBaMH.

2) [TpoexTHpoBaHue  apu(PMETHUKO-JTOTHUECKOTO  YCTpOMCTBa €  3aJlaHHBIM
AJITOPUTMOM PaOOTHI.

3) [TpoexTHpoBaHue perucrparopa apede3ra KOHTAKTOB C 3aJaHHBIM AITOPUTMOM
paboTHI.

4) ITpoexTrpoBaHue BpEMAN3MEPUTENBHOIO YCTPOMCTBA C 3aJaHHBIM AJITOPUTMOM
paboTHI.

5) ITpoexTrpoBaHME CEIEKTOPA UMITYJIbCOB ONPEAEIEHHON aMIUIMTYbI C 3aJaHHBIM
AITOPUTMOM PaOOTHI.

6) [IpoexkTupoBaHME CENEKTOpPAa HMIIYJbCOB OINPEACICHHON JIUTEIBHOCTH C

3aJJaHHBIM aJITOPUTMOM PaOOTHI.

[TpoekT 0pOopMIISIIOT CIIEAYIONIUM 00pa3oM:



— TIpe3eHTalus, pa3paboTaHHas M0 YCTAaHOBJICHHOMY I1a0JIOHY,

— JIOTIOJTHUTEINIbHBIE MaTepHaIbl, apTe(PaKkThl TECTUPOBAHUS (TP HEOOXOJUMOCTH);

— TMOSICHUTEJIbHAS 3aliCKa, B KOTOPOH JOJDKHO OBITh MPUBEICHBI: 3aJaHuE Ha IMPOCKT,
pe3ylnbTaThl ~ NPOSKTUPOBAHUS,  COMPOBOXKIAEMbIE  CKPUHIIOTAMH C  HEOOXOIMMBIMHU
MOSICHEHHMSIMH, a TakkKe KOJAbl mporpamMMm (IIPEIOCTABISCTCS MO  COTJIACOBAaHUIO C
IIPENoAAaBaTEIIEM).

@dopmoli  3amMTBI  MPAKTUKO-OPHEHTHPOBAHHOTO  TIPOEKTa  MOXET  OBITh
JIEMOHCTPAIMOHHBII 9K3aMeH (110 COTJIACOBAHUIO C TPEIo/jaBaTeIeM) WM KIIacCHYeCKasl 3alnuTa
C TPEJOCTABICHHEM PACHIMPEHHOTO OT4eTa M JOKJIAAOM O pPe3yjibTaTaX MPOBEPKH KadecTBa
TecTHpyeMoro o0bekTa. [1o uToraMm 3alUThl MPAaKTHKO-OPUCHTHPOBAHHOIO IMPOEKTA CTYACHT
MoxeT Habpath 20 6asioB.

Kpurepuu onieHMBaHus IPAKTUKO-OPUEHTUPOBAHHOTO IIPOEKTA.

1) CreneHb packpbITHS TeMbl (YpOBEHb IIPOBEJACHHOTO IPOCKTUpOBaHHS) — 12
OayoB (4 Gaya IS TIEPBOTO ATAra MPOeKTa, 4 sl BTOPOTO U 4 1Tl TPETHETO).

2) [TocnenoBaTenbHOCTh W JIOTMKA W3JI0KCHUS Marepuaia (Haluvue BHYTPECHHEH
pyOpHYKanuy ri1aB, JOTHYHOCTH CTPYKTYpPBI) — 2 Oasia.

3) Odopmnenne u nHGOPMALIMOHHOE COMIPOBOXKACHHUE PabOTHI — 2 Hasia.

4) VYBepeHHas 1mojjaya Matepuaia mpoeKkTa Ha 3ammTe — 4 0asmia.

Bmecto 3ammThl  CTyAGHTaM MOXET OBITh TPEIJIOKCH BapUaHT  OICHUBAHUS
mpernojaBaTesieM BCEX OTUETHBIX MaTepHalioB 0e€3 ydacTus CTyJeHTa C HUCIHOJIb30BaHUEM
TeXHOJIOTHH acuHXxpoHHOro B3ammozeictBus CJ/IO I'YAIL B stom ciydae BBICTaBIICHHBIC
pEeUTHHrOBBIC OBl OYAET COMPOBOKIATH KOMMEHTAPHI PENO1aBaTENs.

Kputepun onieHUBaHHS 1O MaTepraliaM OLICHUBAHUS CIICTYIOIINE:

1) Crenens packpbITus TeMbI (YPOBEHb MPOBEICHHOTO MPOCKTHPOBaHUs) — 9 Gamnos (3
0aJToB U1 IEPBOTO ATara MPOEKTa, 3 JUIsl BTOPOTO U 3 VISl TPETHETO).

2) IlocnemoBaTeNnbHOCTh W JIOTMKA M3JIOXKEHUS MaTepuana (HalIu4ue BHYTpPEHHeEH
pyOpHKaIuu rias, JIOTUYHOCTh CTPYKTYpHI) — 9 OauioB

3) Odopmienne u nHGOPMAITMOHHOE COMTPOBOXKACHUE pabOTHI — 2 Oana.

MeTtoauueckre yka3aHHs IO BBIIIOJIHEHUIO TMPAKTUYECKUX pabOT HMEIOTCS B BUJE
AJIEKTPOHHBIX PECYpcoB B cucteme nuctanironnoro ooyuenus ['YAIT (CHO I'YAII).

OnHo3HayHasl MPUHAUIEKHOCTh OTYETa CTYACHTHI ONpENeJeHa TEM, YTO OTYET MOXKET
ObITh MoMetieH B cioT 3aaanus CO 'Y ATl Tonpko mocie aBTopu3aiiy CTyJeHTa B CUCTEME.

11.4. Meronnueckue ykazaHus AJi1 OOydYalOIIMXCSl MO BBIIOJHEHHIO J1a00paTOPHBIX
pabot (e npedycmompero yueOHbiM NIAHOM NO OAHHOU OUCYUNTUHE)

11.5. Meroauueckue yKazaHus I OOYYaIOIMUXCS TO MPOXOXKIECHUIO KYPCOBOTO
MIPOCKTUPOBAHUS/BBITIOIHEHHSI KYPCOBOW DPaOOTHI (He npedycCMOmMpeHO YYeOHbIM WNIAHOM HO
OaHHOU Oucyuniume)

11.6. Meroanueckue yKa3aHus JUTSt o0yJaronmxcs o MIPOX0XKJICHUIO
CaMOCTOSITENIbHOM pabOThI

B Xxoje BBIOTHEHHUS CaMOCTOSATENBHON pabOThI, OOYUAIOIIHIICS BBIOTHAET paboTy Mo
33JJaHUI0 M TIPU METOJMYECKOM PYKOBOJCTBE IPEIoaaBareis, HO 0e3 ero HelmoCpeICTBEHHOTO
y4acTusl.

st oOydvaroruxcsi 1Mo 3a04HOM (Gopme 0OydeHUs, CaMOCTOsITeNbHAs paboTa MOXKET
BKJIIOUATh B ce0s KOHTPOIBHYIO paboTy.



B mporiecce BBITTOTHEHUST CaMOCTOSITEIBLHON paboOTHI, y oOydaromerocss (popMUPYETCs
renecooOpasHoe MIaHUpOBaHUE pabouero BpEMEeHH, KOTOPOE MO3BOJISIET UM Pa3BUBATh YMEHUS
U HaBBIKM B YCBOGHHMM U CHCTEMAaTH3allUd MpUOOpEeTaeMbIX 3HaHUM, o0ecredynBaeT BBICOKUMN
YPOBEHb YCIEBAEMOCTH B TNepUOJ OOyuYeHHs, MOMOTaeT IOJIyYUTh HABBIKM ITOBBIIICHUS
pohecCHOHANBLHOTO YPOBHSL.

MertoauyeckUMH ~ MaTepuallaMH,  HampaBJSIONIMMU  CaAMOCTOSITENIbHYIO  paboTy
00y4aromuXxcs SBISIFOTCS:

- yueOHO-METOIUYECKUN MaTepua Mo JUCIHUILIHHE.

Matepuansl I CaMOCTOSITENIBHOM — paboOThl  MpEACTaBIEHBl C  MPUMEHEHHEM
AIIEKTPOHHOT'O O0YYEHHs, TUCTAHIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIA (OHIAHH-KYPC).

Kypc pa3zmenién B cucteme aucranimonHoro ooyuenus 'Y AIT (CJ1O I'VAII).

11.7 Meroaudeckue yKazaHWs UIA OOYYaIOIMIUXCSA IO TPOXOXKIECHHUIO TEKYIIEro
KOHTPOJIS YCIIEBAEMOCTH.

Texymuii KOHTPOJb YCIEBAaEMOCTH IpEAyCMaTpUBAEeT KOHTPOJb KauyecTBa 3HAHUI
00ydJaroumxcs, OCyIlIECTBISIEMOr0 B TEUCHHE CEMECTpa C IIeJIbI0 OIICHUBAHUS XO0/a OCBOCHUS
JUCIUTUIAHBI.

Texkymmii KOHTPOJIb YCIIEBAEMOCTH TPOBOIAUTCS B BHJAEC KOMIIBIOTEPU3UPOBAHHOTO
TecTUpoBaHus B cucreme auctanuuoHHoro ooyuenus ['YAIL (CHO I'VAII), cucremaTndeckoit
MIPOBEPKHU BHITIOJTHEHHBIX MPAKTUICCKUX PabOT.

OO0s3aTenbHBIM ~ TpeOOBaHWEM MO MPOXOXKACHUIO TEKYIIEro KOHTPOJIA SBISETCS
pocMOTp He MeHee 75% JieKiui, ycnenHoe npoxoxjaenue e menee 60% mpeaycMOTpEHHBIX
TECTOB, a TAKXK€ BBIMIOJHEHUE 00S3aTENbHBIX MPAKTUYECKUX PadOT B KakaoM cemectpe. [lpu
MIPOBEJICHUH MPOMEKYTOYHON aTTECTAMU OYIyT yUTEHBI OaJIIbI, HAOPAHHBIC MTPH MPOX0KICHUU
BceX (JOpPM TEKYIIEro KOHTPOJIS: TECTOB U MPAKTHUECKUX 3aJaHHA.

11.8 Meroaudeckue yKazaHus st 00YYAIOIIUXCS M0 MPOXOXKIACHUIO MPOMEKYTOUHOM

aTTeCTallnuu.

[IpomexxyTouHass  arrecranus  oOydyarOIIUXCS — TPEAyCMaTpUBAaeT  OICHUBAHUE
IIPOMEXKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4YeHMs MO JucHUIuinHe. OHa BKIIOYAET B
ce0st:

— 3aueT — 3To (hopMa OLIEHKU 3HAHUI, MMONYYSCHHBIX OOYUYAIONIMMCS B XOJ€ M3yUYCHUS
y4eOHOM TUCUUIUIMHBI B 1IEJIOM WJIM MTPOMEKYTOUHas (IO OKOHYAaHUU CEMECTpa) OIleHKa 3HAHUN
00y4aromuMcsl IO OTJEIBHBIM pa3jiesiaM JUCIUILTUHBI C aTTECTAIIMOHHON OIEHKOW «3a4TEHOY
NN «HEC 3a4TCHO».

Jlnist mosrydeHust 3a4eta B 5 ceMecTpe CTyJeHTaM TpeOyercss HabpaTh Oosee 55 0amioB u

MPOMTH UTOTOBBIM TECT, OAJIIBI 3a KOTOPBIM BXOIAT B TpeOyemble ISl MOJy4eHHs 3adyeTra 55
OamoB. MakcuManbHbll 0aimun 3a UTOroBbIM TecT — 20 OamnoB. B ciyuyae HenocTaTo4HOro
KOJIMYeCTBa OaJlJIoB JJis MOJY4YeHMs] 3ayeTa B 5 ceMecTpe, CTyAeHTaM OyleT MNpeasiokeHO
MPONTH pacHIMPEHHOE TECTUPOBAHUE 110 00yUaIOLIEMy MaTepUaly CeMecTpa.

— auddepeHunpoBaHHbIl 3auyeT — 3T0 (¢dopMa OLEHKHM 3HAHWM, MOJyYEeHHBIX
o0y4aromuMcsl TpU U3YYEHUU AUCHMILTUHBL, PU BBIMOJIHEHUH KYPCOBBIX MPOEKTOB, KYpPCOBBIX
paboT, Hay4dHO-HUCCIIEI0BATENbCKUX PA00T U MPOXOKICHUH MPAKTUK C aTTECTAlMOHHON OLIEHKOMN
«OTJIIMYHOY, «XOPOLIO», «yIOBIETBOPUTEIBHOY, «HEYI0BIECTBOPUTEIHLHO.

Jns monydeHus: nud@depeHIMpoBaHHOTO 3ayeTa B 6 CeMecTpe CTyAeHTaM TpeOyercs
HaOpatb Oonee 55 pEeHTHHrOBBIX OauIOB B TEUYEHHE CEMecTpa B COOTBETCTBHE C
MOJyJIBHOpeUTHHIoBOM cuctemon oneHuBanus 'Y Al onpenenennoit MJ10 I'VAIL CMK 2.77
«[lomoxxeHne O MOAYJIBHO-PEUTUHTOBONM CHCTEME OICHKM KadecTBa Yy4eOHOH paboTh
oOyuaromuxcst B ['YAII», mpoiitu uToroBblii TecT (06ayuibl 3a KOTOPBIA BXOIST B Oalibl,
HaOpaHHBIE 3a CEMECTp), MPOBEPSIOMUNA YPOBEHb CHOPMUPOBAHHOCTH KOMIIETEHIIUNA, U



BBIMIOJTHUTH MPAKTUKO-OPUEHTUPOBAHHBIN poekT. KonnuecTBo GanoB, HAOpaHHBIX MPH 3aIIUTE
IIPAKTUKO-OPUEHTUPOBAHHOIO NPOEKTA TAKKE BXOAUT B CyMMAapHbId UTOTOBBIA PEHTUHIOBBIN
Oamn. Ecnu Bo Bpemsi 00ydeHHsI B ceMeCTpe CTYACHT HE CMOT HaOpaTh TpeOyemMoe KOITHYECTBO
0asIoB, TO eMy OyeT IPeI0KEHO TPOUTH PACIIMPEHHBINA TECT M0 TUCHUTUIHHE.
Jns mepecuera pPEUTUHTOBBIX OaioB B 4YeThIpeXOAIbHYIO CHCTEMY JEHCTBYET,
YTBEpXKJACHHAS B By3€ IIKaja lepecyera:
e MeHee 55 0alIOB — HEYJOBIETBOPUTENHHO (2);
e 0T 55 10 69 6am1oB — ya0BIeTBOPUTEILHO (3);
e 01 70 1o 84 6amoB — xoporo (4);
e ot 85 o 100 6amtoB — otnugHO (5).
HroroBas oluieHKa BBICTABISIETCS CTYJEHTY B YeThIpeX0alIbHOM crCTeMe B COOTBETCTBHHU
¢ MJIO I'VAIIL CMK 2.77 «llonoxenne o MOIYyJIbHO-PEUTUHTOBOM CHUCTEME OLICHKH KayecTBa
yaeOHol paboThl oOyuaromumxcs B ['Y AITy.



Jluct BHeceHUs U3MEHEHUH B pabouyro MporpamMmy JUCIHUILIAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.

kadempoit




