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AHHOTaNIMA

Huctmmumna «UT-moxyne "[IpoextupoBanue Ha FPGA"» BXoauT B 00pa3zoBaTeiIbHYIO
IporpaMMy BbICIIET0 00pa3oBaHUsl — MporpaMMy OakajaBpHara MO HAIpPaBIECHUIO MOJITOTOBKHU/
cnenuanbHocTd 16.03.01 «Texnuyeckas ¢u3uKa» HapaBleHHOCTH «DU3NYECKHEe METOIbI
KOHTPOJIS Ka4eCTBa M TUarHOCTUKWY. Jlucuumuimmaa peanu3yercs kadenpoit «Ned 1.

JlucummiimHa  HE  ABISETCS  OO0sI3aTENIbHOM  TpH  OCBOGHUU  O00ydaromuMcs
o0pa3oBaTeNbHOIl MpOrpaMMbl U HallpaBlIieHa Ha YIiIyOlieHHOe (OPMUPOBAHHE CIIETYIOIINX
KOMIIETEHIIUH:

VYK-6 «CnocobeH ympaBisTh CBOMM BpPEMEHEM, BBICTpaUBaTh W PEaU30BHIBATH
TPAEKTOPHUIO CAaMOPa3BUTHUS HA OCHOBE MPUHIMIIOB 00pa30BaHuUs B TEUEHUE BCEH KU3HU»

CopepxaHue IUCHMILUIMHBI OXBaThIBA€T KPYr BOINPOCOB, CBSI3aHHBIX CO cdepoit
MPOCKTUPOBAHUS YCTPOWCTB M CHUCTEM Ha MIPOrPAMMHUPYEMBIX JIOTHYECKMX HWHTErPaIbHBIX
cxemax (IIJIMC) apxurektypsl FPGA, ¢ ucnosip3oBaHneM BO3MOXXKHOCTEH COBPEMEHHBIX CHCTEM
aBTOMATHU3UPOBAHHOI'O IPOEKTUPOBAHUS U IPUMEHEHUEM SI3bIKOB ONMCAHUS allllapaTyphl.

[IpenogaBanue AUCHUIUIMHBI MpEeAycMAaTPUBAET cCienyrolmue (GopMbl OpraHU3aIUH
y4eOHOTO MpolLecca: JEKIUH, PAKTHYECKUE 3aHITHS, CAMOCTOSTEIbHAS Pad0Ta 00YJatomerocs.

[IporpaMMo#l NHUCHUIUIMHBI TPEIYyCMOTPEHBI CIEAYIOUINE BHIbI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, MPOMEXKYTOUHAs aTTecTanus B hopme nudhepeHIupoBaHHOTO 3a4€eTa.

OO6miasi TpyA0EMKOCTh OCBOEHUS JUCLUUILUIMHBI COCTaBISET 7 3a4eTHBIX enuHul, 252
yaca.

S3bIK 00yUYeHUs IO TUCIUILTUHE KPYCCKHM »



1. IlepeudeHb MIaHUPYEMBIX PE3YIHTATOB OOYUYEHHUS 11O AUCLIUIIIIMHE

1.1. Ilenu npenogaBaHusi JUCIUTUIMHBI

Henbto npenonaBanus aucuuiiuabl «UT-monyns "IlpoektupoBanue Ha FPGA"»
SBIISICTCS IPHOOPETEHNUU 00yJarOIIUMUICS HEOOXOUMBIX 3HAHWH, YMEHUI U HABBIKOB B 00J1aCTH
MPOEKTUPOBAHUS YCTPONUCTB U CUCTEM Ha COBPEMEHHOM 3JIEMEHTHOI 06a3e — MporpaMMHUpPyEMBbIX
normdeckux wuHTerpaipHbix cxemax (IIJIMC) apxurekrypsl FPGA, c¢ wucnonp3oBaHuem
BO3MOXXHOCTEH COBPEMEHHBIX CHCTEM aBTOMAaTU3UPOBAHHOIO MPOEKTUPOBAHUS U TIPUMEHEHHUEM
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 (QakydIbTaTUBHOM TUCHUIUIMHOM 1O  HANpaBICHUIO
o0pa3oBaTeNnbHOI MporpaMMbl Beiciero oopasosanus (naiee — OIT BO).

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

B pesynbrate u3ydeHus AMCUMILTAHBI OOydarOlUICs AODKEH 001aiaTh CleAyIOIUMU
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 KOMIIETCHIINH
YK-6.3.1 3HaTh OCHOBHBIE TpUEMBI 3 (HEKTUBHOTO
yIpaBJIeHUS] COOCTBCHHBIM BPEMEHEM; OCHOBHBIE
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 110/
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 UCHOJIB30BaHUSI
M (PPOBBIX UHCTPYMEHTOB JIJIsi CAMOPA3BUTHUS U
camMmo0o0pazoBaHus

2. Mecro nuctuIuIMHEL B cTpykType OI1

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

— «Dusuka,

— «KOMIBIOTEPHBIC CETHY,

— «DJIEKTPOHUKAY,

— «DJIEKTPOTEXHUKAY,

— «lIpoMBINUICHHAS JICKTPOHHKAY),

— «OCHOBBI POSKTHOM ACITESIBHOCTH,

— «AaropuTMH3AIUS U TPOTPAMMHUPOBAHUEL).

3HaHUs, TOJYYCHHBIE TPH HM3yYEHWH MaTepuaja JaHHOW IJUCIUIUIMHBI, UMEIOT Kak
CaMOCTOSITENIbHOE 3HAUE€HHE, TaK U MOTYT UCIIOIb30BATHCS MIPU U3YUYEHUU JPYTUX JTUCHIUIUINH:




— «lIIporpaMMupyeMble JIOTHUECKUE NHTETPAIbHEIS CXCMBI»,
— «lIIporpaMMupoBaHueE MHKPOKOHTPOJIJIEPOB),
— «Pu3nYeCKrE METOJIBI TOTYICHUS I/IH(bODMaHI/II/I)).

3. O0BeM U TPYIAOEMKOCTh JUCIUTUINHBI
JHannaple 00 o0meM oO0beMe MUCIUILUIMHBI, TPYJOSMKOCTH OTACIbHBIX BHJIOB Y4eOHOM
paboThI 1O TUCIUILTHHE (M paclpeielieHue 3TOH TPYAOEMKOCTH 110 CeMeCTpaMm) MpeACTaBICHbI B
Tabnuie 2.

Ta6mmma 2 — O6beM U TPYJ0EMKOCTh JUCITUTIINHBI

. Tpy0eMKOCTb 10 ceMecTpam
Bun yae6HO# paboThI Bceero N5 NeG
1 2 3 4
Oowan mpyooemKocmup oucyunuHsl, 7/ 252 3/ 108 4/ 144
3E/ (gac)
U3 Hux uacoe npakmuyeckoil no020moeKu
AyoumopHhuie 3auamus, BCEro 4ac. 119 51 68
B TOM YHCIIE:
nexru (JI), (gac) 34 17 17
npaktudeckue/cemunapckue 3anatus  (I13), o1
85 34
(gac)
nabopaTtopHbie paboTs (JIP), (yac)
KypcoBoii nmpoekT (padota) (KII, KP), (gac)
9K3aMeH, (Jac)
Camocmosmenvnas paboma, Bcero (dac) 133 57 76
Buo npomesicymounoin ammecmayuu: 3a4et, | 3ayer, Hudod. 3au.
madd. 3ager, sk3amen (3ager, dudd. 3au, | Hdudd. 3auer
DK3.*%*) 3au.

*k
[IpuMeuaHue:  kaHAMAATCKHI SK3aMeH

4. ConepxaHue JUCITUTUTHHBI
4.1. PacnpeneneHue TPyI0EMKOCTH TUCIUILTHHBI IO pa3/eiaM U BUAAM 3aHITHIA.
Paznensl, TeMBI TUCIUTIINHBI U MX TPYAOEMKOCTh TIPUBEICHBI B TAOIHUIIE 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCHUILIUHBL, UX TPYAOEMKOCTh

Jlexmuu | 113 (C3)| JIP KII CPC

Pa3nensl, TEMBI JUCLMIIINHBI (ac) (4ac) (sac) (uac) (1ac)

CewmecTp 5.

OCHOBBI aBTOMAaTU3UPOBAHHOTO MPOESKTHPOBAHHA HUPPOBLIX ycTpoiicTB Ha FPGA

Paznen 1. BBenenue B nporpaMMHpyEMbIE JIOTHYECKHE
WHTETPATbHBIE CXEMBI

Tema 1.1. Cuctemsi-Ha-kpuctamie u [IJIMC: ucropus
pasBUTHSA

Tema 1.2. Ocobennoctu apxuTekTypsl FPGA.
Koupurypupyemsiit tormdeckuii 6;ok. Look-up table 4 4 15
Tema 1.3. Ocobennoctu apxutektypsl FPGA. broku
BBOJIa-BBIBO/Ia, TPACCHPOBOUYHBIE PECYPCHI, OJIOKU
CHEIMATFHOTO Ha3HAYCHHS

Tema 1.4. O0nactu npumenenust FPGA u
HanpaBJICHUsI Pa3BUTHUS




Pazmen 2. Oranmbl mpoeKTHpOBaHHS —IH(PPOBOro

ycTtporictBa Ha FPGA
Tema 2.1. YpoBHH MPOEKTHPOBAaHUS LUPPOBBIX
yCTpOICTB 4 2 13

Tema 2.2. DTambl OPOSKTUPOBAHUS  IUGPOBBIX
ycrpoiictB Ha FPGA. CrocoGs1 onricannst nupoBBIX
CXeM

Paznen 3. Cpena ABTOMAaTU3UPOBAHHOTO
nmpoekTupoBanus Quartus

Tema 3.1. Hauano pa6otsl Hag mpoexktom B CATIP
Quartus

Tema 3.2. YTUIUTHI 1151 OIMCAHUS IUPPOBBIX
yerpoiictB B CATIP Quartus

Tewma 3.3. [IpoekTrpoBanue TUPPOBOro YCTPOWCTBA C
MOMOIIIBIO rpaduueckoro penakropa Quartus

Paznen 4. BBenenne B S3bIKM OIMCAHWS amlapaTypbl
(HDL)

Tema 4.1. Ucropust Bo3uukHOBeHUsT HDL, ocHOBHEIG
NOHATHSA 1 0a30Bble KOHIENIMU. Vepapxust mpoekTa Ha
HDL

Tema 4.2. 531k onucanus annaparyps Verilog HDL.

Hroro B cemectpe: 17 34 57

Cemectp 6

[TpoexTupoBanue HUPPoBLIX ycTpoiicTB Ha FPGA ¢ nprMeHeHHEeM SI3bIKOB OTIMCAHMS allapaTyphl

Pazmen 5. IlpoexkTmpoBaHHE CIOXHBIX ITUPPOBHIX|
yctpoiicTtB Ha FPGA ¢ npuMeHeHueM SI3bIKOB OITHCaHMUS]
anmaparypsl
Tema 5.1. [IpuHIWUTIBI TPOEKTUPOBAHUS yYCTPOWCTB HA
FPGA c nmpuMeHeHreM S3BIKOB OTMCAHHMS alapaTypbl
Tema 5.2. TIpoextupoBanne nUPPOBBIX
(YHKUMOHAIBHBIX Y3JI0B KOMOMHATOPHOM JIOTUKU Ha
Verilog HDL.

Tema 5.3. IIpoekTupoBanue MUPPOBBIX 10 36 38
(YHKIIMOHAIBHBIX Y3JIOB ITOCJIEI0BATEILHOCTHOM
noruku Ha Verilog HDL.

Tewma 5.4. BubaroTeku TOTOBBIX KOMIIOHEHTOB Ha
Verilog HDL.

Tewma 5.5. OynHkIum, 3ana4n u crieHapun. Ux
MIpUMEHEeHue B mpoekTupoBannn Ha FPGA

Tema 5.6. [loakmouenue nepuepruitHbIX YCTPOUCTB K
FPGA.

Paznen 6. TectupoBanue u BepuduKaiys TUGPOBHIX
CXEM Ha si3bIKe onurcanus anmapatypsl Verilog HDL
Tewma 6.1. OcHOBBI PYHKITMOHATIBHOM BeprUKAIIH

Tema 6.2. Testbench kak OCHOBHOII HMHCTPYMEHT ! 15 38
TECTHpPOBaHHs W BepupuKalmMd  HUPPOBOroO
ycrpoiictBa Ha FPGA.
Htoro B cemecTpe: 17 51 76
Htoro 34 85 0 0 133

[IpakTnueckass MOATOTOBKA 3aKJIOYAeTCsl B  HEMOCPEICTBEHHOM  BBIIIOJHEHUU
Oo0y4yarolMMHUCSL ~ OMNpENEeNEeHHBIX  TPYIOBBIX  (YHKUMH,  CBS3aHHBIX C  Oyaymei
pohecCuOHATBEHON e TENbHOCTHIO.




4.2. CopaepkaHue pas3iesioB U TEM JICKITMOHHBIX 3aHSITHIM.
Copep:xanue pa3aesioB U TeM JICKITMOHHBIX 3aHITHIA MIPUBEICHO B Ta0HIIE 4.

Tabmuua 4 — CopeprkaHue pa3esioB U TEM JICKIIMOHHOTO IHMKJIA

Howmep pazaena

Hazsanwne u COACPpIKAaHUE PA3aCIOB U TEM JICKIIMOHHBIX 3aHATHH

1

Paznen 1. Beenenue B mporpaMMupyemble JOrHYECKUE HHTETPaIbHbIC
CXEMBI

Cucremsr-Ha-kpuctaimie u [IJIMC: ucropus pa3sBUTHI. APXUTEKTYPHI
PLA, PAL, GAL, SPLD, CPLD. Ocobennoctu apxutektypsl FPGA.
Kongurypupyemsrii nornueckuii 6;ok. Look-up table. bioku BBOIa-
BBIBO/Ia, TPACCHPOBOYHBIE PECYPCHI, OJIOKH CIIEIUAIEHOTO Ha3HAYCHHS.
Obnactu npumenennst FPGA u HanpaBieHus! pa3BUTHS.

Paznen 2. Dransl npoektupoBanus nudpoBoro ycrpoiictsa Ha FPGA
YPOBHH TPOEKTHPOBaHUS MUPPOBBIX YCTPOHUCTB. JKW3HEHHBIA UK
mudpoBoit cucremsl. lloBengenueckas ™oxens. DyHKIMOHATHHAS
Mozenb. Jloruueckas mojens. OnekTpuueckas mojenb. dusnueckas
MOJICIIb. Bbazuc MIPOCKTUPOBAHUS. RTL-monenb. Orarnbl
MPOEKTUPOBaHUS UPPOBBIX ycTpoiicTB Ha FPGA. Crioco0s1 onvicaHus
UPPOBBIX CXEM

Pasnen 3. Cpena aBTOMaTU3UPOBAHHOTO MPOCKTUPOBaHus Quartus
Hauano pabotst Hax mpoektom B CAIIP Quartus. Co3maHue mepBoro
MpoeKTa. YTHIUTBl uia omucanus mudpossix ycrpoiicte B CAIIP
Quartus. State Machine viewer. RTL- viewer. Pin Planner. Modelsim,
[MpoekTrpoBanre HUGPOBOrO YCTPOHCTBA C MOMOIIBIO TpadUvecKoro
penakropa Quartus.

Pasnen 4. Beenenue B s13p1ku onricanus anmapaTtypsl (HDL)

Uctropuss Bo3HumkHoBeHus: HDL, ocHOBHble TOHSTHS U 0a30BHIC
xonneriun. AHDL, VHDL, Verilog HDL. System Verilog. Uepapxwusi
npoekta Ha HDL. Cuntesupyemsie Moxynu. Cpena TECTHPOBAHHS.
KiroueBble 0COOEHHOCTH CHHTAaKCHCa s3blKa OIMCAHMS ammaparypsbl
Verilog HDL.

Paznen 5. IlpoextupoBanne cnoxHbIX HU(ppoBbIx ycTpoiictB Ha FPGA ¢
MPUMEHEHUEM SI3bIKOB ONMCAHMS alapaTypbl

[Mpuanmnel npoekTHpoBaHus ycrpoiictB Ha FPGA ¢ mpuMeHeHueM
A3BIKOB  OomucaHusi  anmapaTypbl. IIpoexktupoBanue  IHGPOBBIX
(YHKIIMOHANBHBIX Y3JI0B KOMOMHaTOpHOW sormku Ha Verilog HDL)
IIpoexTrpoBanue IUQPOBBIX (YHKIMOHATLHBIX y3J10B
MOCJIeI0BATEIILHOCTHOM Jornku Ha Verilog HDL. Bubnuorexku roroBsix
komroneHToB Ha Verilog HDL: ot mabnonoB n meradyHkumii 1o 1P-
sapa. DyHKIMM, 3aJayd W cueHapuu. KX mnpumeHeHue B
npoekTupoBaHuu Ha FPGA.

[Noaxmouenne nepudepuiHbIX ycTpoicTB U 31eMeHToB K FPGA Ha
npuMepe oTiIaioyHoi matel Terasic DE2-115 na 6aze FPGA
cemeiictea Cyclone IV.

Paznen 6. Merons! pyHKITMOHABHON Bepudukanmn. [loBeneHueckoe u
CTPYKTYPHOE MO/JIEITUPOBAHNE

TectupoBanue ¥ BepuHUKaIMs HAPPOBBIX CXEM HaA SI3bIKE OMHUCAHHS
anmapartypsl Verilog HDL. OcHOBBI ()yHKIIMOHANBEHOW BepU(DUKAIHH.
Testbench xak oCHOBHOW WHCTPYMEHT TECTUPOBAHHS W BepUUKAIMH
mudpoBoro ycrpoiictBa Ha FPGA. Omnucanue 1UQPOBBIX CHUTHAJIOB.
Onucanne Tecta W paboTa C CUMYJIATOPOM. AHAIN3 TIONYyYEHHBIX
pe3yIbTaTOB.

4.3. Ilpaktuyeckue (ceMUHAPCKUE) 3aHATHUS
Tembl IpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIEHBI B TAOJIHILIE 5.



Ta6muma 5 — [IpakTHdeckue 3aHsITHS U KX TPYT0EMKOCTh
Tabmuna 5 — [IpakTudeckue 3aHATHS U UX TPYJOEMKOCTh

DopmsI N3 Hux y Ne
No Tembl mpakTHYECKUX TpynoemMKoCTh, |IpaKTHIECKOM |pa3iena
/o 3aHATHI Hpiﬁg;?;?ﬂx (dac) MIOJTOTOBKH, | TUCIIMII
(dac) JIUHBI
Cemectp 5
1 | Beenenue B | OH1aliH-BhIIIOJIHEHUE 4 1
MIPOrpaMMHUpPyEMBbIE MIPAKTUIECKHIX
JIOTUYECKHE 3aJIaHA I
WHTETPAIBHBIE CXEMBI.
OcobenHoctu
Pa3IUYHBIX APXHUTEKTYP
TTJINC
2 | OCHOBBI OHJ1aifH-BBITIOJIHEHUE 2 2
ABTOMAaTHU3UPOBAHHOTO MPaKTHYECKUX
MIPOEKTUPOBAHUS 3a1aHUI
HU(POBBIX  YCTPOHCTB
Ha FPGA
3 | Pa3paboTtka penieHue 8 3
KOMOWHAIIMOHHBIX CUTYaIlMOHHBIX
YCTPOﬁCTB B 3a/la4, MaCTCp-Kjacc
rpaguaecKom
penakrTope CAIIP
Quartus
4 | Pa3zpabotka penieHue 8 3
MOCIIE0BATETHHOCTHBIX CUTYaIlMOHHBIX
YCTPOMHCTB B | 3amad, Mactep-Kiacc
rpapuuecKom
penakrTope CAIIP
Quartus
5 | Pazpabotka MOYJIsS pereHue 4 3
CYETHOTO YCTPOKHCTBA C CUTYaIlMOHHBIX
3aIaHHBIM QJITOPUTMOM | 33a/1a4, MacTep-KJacc
paboThl B rpaduuecKkoM
penaxkrope CAIIP
Quartus
6 | Pemenue 3amau OHJ1aifH-BBITIOJIHEHUE 8 4
MIPOrpaMMHUPOBAHHMSI HA MTPAKTUICCKHIX
SI3BIKE OTTUCAHUS 3aJlaHu#, MacTep-
armmapaTtypsl Verilog KJ1acc
HDL
Cemectp 6
7 | Pa3pabotka pelieHne 12 5
KOMOWHAIIMOHHBIX CUTYaITMOHHBIX
YCTPOMCTB Ha sA3bIKe | 3ada4, MacTep-Kiacc

OIMMCaHUsA allapaTrypbl
Verilog HDL




8 | Pa3paborka pelieHue 12 )
MOCIIE0BATETHHOCTHBIX CUTYallMOHHBIX
YCTPOMCTB Ha A3bIKe | 3adad, MacTep-Kiacc
OIHMCAHUs alapaTypbl
Verilog HDL
9 | Peanmu3zanus perieHue 12 5
peructparopa apebdesra CUTYaIlMOHHBIX
KOHTaKTOB JUIs | 3ajad, MacTep-Kiace
OTJIIaJI0YHON TUTaThI
Terasic DE2-115
10 | TectupoBanue MoOIyJIs perieHue 15 6
CUETHOTO YCTpPOMCTBA C | CHTYyallMOHHBIX 3a7a4
3aJlaHHBIM aJTOPUTMOM
paboThI B CAIIP
Quartus
Bcero 85
4.4. JlabopatopHble 3aHATUS
Tembl 1a0OpaTOPHBIX 3aHATUHN U UX TPYIOEMKOCTh IPUBEACHBI B TabHIIe .
Tabnuna 6 — JIabopaTopHbI€ 3aHATHS U UX TPYJIOEMKOCTb
N3 Hux Ne
Ne HaumenoBanue nabopatopHbix padboT TpynoeMKOCTS, | MPAKTHICCKOH | pasiena
/o (gac) MOJTOTOBKH, | JMCIIHI
(gac) JIMHBI

VY4eOHBIM MJIaHOM HE IPEAYCMOTPEHO

Bcero

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

4.6. CamocrodTenbHas paboTa 00yJaroUxcs
Bunel camoctosiTenbHON paboThl U €€ TPYAOEMKOCTh IPUBEIEHBI B TabuLe 7.

Tabnuna 7 — Bunbl caMmocTosTenbHON paboThI M €€ TPYAO0EMKOCTh

. Bcero
Bun camocrositensHO# paboTh wac ’ Cewmectp 5, uac Cemectp 6, yac
1 2 3 4

I/IBYIICHI/IC TCOPCTUUCCKOTO MaTCpHraJia

quctuminiel (TO)

Kypcosoe npoektuposanue (KII, KP)

PacuerHo-rpaduueckue 3ananus (PI'3)

Brimonnenue pedepara (P)

IToaroroBka k TCKYLIEMY KOHTPOJIIO

ycneBaemoctu (TKYVY)




Jomamuee 3ananue (/13)

Kontposbabie paboTsl 3a0unnkoB (KP3)

IToaroroBka K mMpoMeXyTOYHOU

arrectaruu (I1A)

Bcero: 133 57

76

5. IlepedyeHnb yueOHO-METOUYECKOTO 00ECTICUCHUS

JUISL CAMOCTOSITENTbHON PabOThl 00y4aroIUXCs MO JUCUUTUIMHE (MOJTYJIIO)
Y4eOHO-MeToInYeCKUue MaTepuasbl JUIsl CaMOCTOSTENIbHON padoThl 00YyYaroIIUXCsl yKa3aHbl B

n.a. /-11.

6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YU€OHBIX U3TaHUN

[lepeueHb nevaTHBIX U 3JIEKTPOHHBIX Y4EOHBIX U3/IaHUMN IIpUBeieH B Tabmulle 8.
Tabnunua 8— [lepeyeHp Mev4aTHBIX U JIEKTPOHHBIX YUEOHBIX U3TaHUI

Hludp/
URL aapec

bubnuorpadudeckas ccpuika

Komaectso
IK3EMIUISIPOB B
OuoIMoTeKe
(KpoMe AIIEeKTPOHHBIX
IK3EMILISIPOB)

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

VYmenuna, Y. B. [IpoexTrpoBanue nudpoBbix
ycrpoiicts Ha [IJIMC: y4ye6. mocobue / 1. B.
Ymenuna. — Caunkr-IlerepOypr: Jlans, 2022. —
408 c.

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

Bborarukos, E.B. f3bik Verilog u
MIPOEKTUPOBAHKE IIU(PPOBHIX YCTPOHCTB Ha
[IJINC: yueb.-meton. mocodue/ E.B. boraTtukos,
A.H. Illebanos. - Boponex : BI'Y, 2018. — 61 c.

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

Jlrotos, A.I'. SA3bik Verilog nns
nporpammupoBanus [IJIMC : yue6HOe mocobue /
A.T. JIrotos, B. H. Ap6y30B, M. b. HoBoxeHuH.
— Mocksa : PTY MUPDA, 2023. — 101 c.

M&0

[IpoekTupoBanue nudpoBbIX YCTPOICTB Ha Oaze
MHUKpPOCXEM IIPOrpaMMHUPYEMOM JIOTUKU: yuel.
nocobue / A. B. Mopo3zos, B. A. Henames. -
CII6.: I'VAIL, 2021. - 78 c.

C89

Pa3paboTka quHaMHYECKH PEKOH(DUTYPHPYEMBIX
CHCTEM M ceTel Ha KpucTajuie: y4uel. mocodue /
E. A. CyBoposa, H. A. Marseesa, IO. E.
Iletinun. — CII0.: I'YAII 2016 — 75 c.

M33

[Ipoextupoanne CbUC u Cucrem-Ha-
Kpuctaiie: yue0.-mero. nocodue / H. A.
MargeeBa, E. A. CyBoposa, 1O. E. llleitHuH. -
CIIo.: U3g-Bo I'YAIL 2016. - 51 c.

https://e.lanbook.c
om/book/73058

Hagabw, 3. [IpoekTrpoBaHue BCTpanBaeMbIX
cuctem Ha [TJIMC / 3. HaBabu; nepeBon ¢
anriuiickoro B. B. ConoBbeBa. — MockBa:
JAMK TIlIpecc, 2016. — 464 c.




7. IlepeyeHb MEKTPOHHBIX 00OpPa30BaATEIbHBIX PECYPCOB
MH(}OPMaLMOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTu « IHTepHeT»
Ilepeuenn AIIEKTPOHHBIX 00pa3oBaTEeNbHBIX pecypcoB uH(POPMAIMOHHO-
TEJIeKOMMYHUKaMOHHON ceTu «MHTepHeT», HEOOXOOUMBIX MJii OCBOCHHUS JUCIHILIAHBI
npuBezieH B Tabnuue 9.

Tabmuma 9 — IlepedyeHb DJIIEKTPOHHBIX OO0pPA30BATEIBHBIX PECYPCOB  HH(POPMAIIMOHHO-
TEJIEKOMMYHUKAMOHHOU ceTu «HTepHEeT»
URL aapec HaumenoBanue
http://altera.ru Altera TJTUC - MUKPOCXEMBI IPOrPaMMHUPYEMOU JIOTHKH
https://marsohod.org FPGA 6utor: ombIT, OTNIa/IKa, IPOrPaMMHUPOBAHKE
https://Ims.guap.ru/ Cucrtema auctaniponHoro ooyuenus ['Y AIT

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mporpaMMHOTO 0OECHEUeHUs, HCIOIB3YEeMOTO0 TMPH OCYIIECTBICHUU
00pa30BaTeNILHOTO MpoLecca M0 AUCLUIIUHE.
[lepedeHp UCTIONB3yEeMOT0 IPOTPaMMHOTO obecnieueHus npejacrasieH B Taduuie 10.

Ta6ymma 10— [Tepeyersr nmporpaMmMHOTo o0ecreueHus

Ne n/nn HaunmenoBanue
1. Quartus Il wax Quartus Prime Web Edition (9.0 u Berme)
8.2. [lepeuenn MH(POPMALMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEMbIX npu

OCYILECTBIICHINH 00pPa30BaTEIBHOTO MPOIECcca MO AUCIUTUINHE
[lepeuens WCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IMIPEICTaBICH B
Tabymue 11.

Tabauna 11— Ilepeuenb HHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKas 6a3a
CocrtaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUILINHE, IpecTaBieH B Tabiauuel 2.

Tabmuna 12 — CoctaB MaTeprallbHO-TEXHIUYECKON 0a3bl

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

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

10. OrmeHo4HBIE CpeICTBA TSI MPOBEICHUS TPOMEKYTOUHOUN aTTECTAIINH
10.1. CocTaB OIIEHOYHBIX CPEACTBAJIS TPOBEIACHHS MPOMEKYTOYHONW AaTTeCTalluu
00yJaromuXcs 1Mo JUCIUTUINHE MPUBEACH B Tadymie 13.
Tabnuna 13 — CocTaB OIEHOYHBIX CPEJCTB JAJIsl IPOBEACHHUSI POMEKYTOYHON aTTeCcTalluu

By npomexyTO4YHOM aTTecTalnuu [IepedyeHp OLIECHOYHBIX CPEACTB

JuddepeHrpoBaHHbli 3a4ET TecTsl;

3auer TecTsl;




10.2. B kauecTBe KpUTEpPHUEB OIICHKH YPOBHSI CPOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJalouIMMHCs MPUMEHseTCsT 5S-0ajuibHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINM, KOTopas npuBeaeHa B Tabnuie 14. B Teyenune cemectpa MOXKET MCIOJIB30BATHCS
100-0annpHast ~ mKama ~ MOAYJBHO-PEUTHHTOBOW  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHia
HCIIOJIb30BaHUsI KOTOPOM, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJIbHBIM HOPMATHUBHBIM aKTOM
['YAIL
Ta6mmma 14 —Kpurepun orieHkH ypoBHsI cPOPMUPOBAHHOCTH KOMIIETEHITUN

OI11eHKa KOMITETEHIUN

Xa AKTCPHUCTHUKA CDOPMUPOBAHHBIX KOMHGTCHIIPIIZ
5-0ayuipHasd IIKaia PaKTep (bopvmp

— oOyyaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOrPAMMHBIN
MaTepua;

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

— ONMHpasiCh Ha 3HAHWS OCHOBHOW W JOMOJHHUTEIBHOW JIMTEPaTypHI,
TECHO IPHBS3bIBACT YCBOCHHBIC HAYYHBIC ITOJIOKCHHS C MPAKTHICCKON
JESITEIIbHOCTHIO HAPABIICHHS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC UM HJICH;

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNUaIN3UPOBAHHBIX TOHITHH.

«OTJIIMYHO»
(Ga4uTCHO»

— 00yJaromuics TBEPIO YCBOWII MPOTPAMMHBIN MaTepHa, TPaMOTHO H
[0 CYIIECTBY W3JIaraeT €ro, ONUpasch Ha 3HAHUS OCHOBHOU
JUTEPaTypPHL;

— HE JIONYCKAEeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAHUS C NPAKTHYCCKON JESITEIHHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET Hay4YHbIEC ITOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIECHHUS;

— BJIQJICET CHCTEMOH CIIeIMaTN3UPOBAHHBIX TTOHSITHH.

«XOpOLIO»
(Ga4YTCHO»

— oOyyarouuiicss yCBOWJI TOJbKO OCHOBHOW IPOrpaMMHBIA MaTepua,
II0 CYIIECTBY M3JIaraeT €ro, ONMpasCh HAa 3HAHUSA TOJBKO OCHOBHOM
JIUTEPATYPBHI;

— JIONyCKaeT HeCYIIECTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUU 3HAHWUU
HallpaBJICHUS,

— cn1abo apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHHUS;

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOAOB M 0000OIIEHHUI;

— 9YaCTMYHO BJIAJCET CUCTEMON CIIENMAIN3UPOBAHHBIX TOHATHH.

«y/IOBJIETBOPUTEITHHOY
«BaYTEHO»

— o0ydJaromuiicss He YCBOWJI 3HAYUTENBHOW YacTH MPOrPaMMHOTO
MmarepHaa;

— JIOMYCKaeT  CYLIECTBEHHbIE  OMMOKM W  HETOYHOCTH  HpHU
paccMOTpeHHH Ipo0JIeM B KOHKPETHOM HalpaBIICHUH,

— MCTIBITBIBAET TPYIHOCTH B MPAKTHYECKOM TPUMEHEHUH 3HAHHIA;

— HE MOXKET apryMEHTHPOBATh HAy4YHbIE MTOJIOKECHMUS;

— He (JOpMYIIHPYET BBIBOJAOB U 0000IICHUH.

HCYIOBJIICTBOPUTECIILHO
HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM WHBIC MaTEPHAIIBI.
Bomnpocsr (3agaun) ass sK3aMeHa mpeIcTaBIeHb B Tabuie 15.

Tabnuna 15 — Bonpocs! (3agaun) 11 9K3aMeHa

Ko
Ne n/mt Ilepedenp BonpocoB (3a7au) i SK3aMeHa A
UHJIMKaTopa
Y4eOHbIM MJIaHOM HE IPEIYCMOTPEHO
Bompocsr (3amaun) aiis 3aueta / qudd. 3aueTa npejgacrapieHsl B Tadbmuie 16.
Tabnuua 16 — Borpocs! (3a1aun) ams 3aueta / qudd. 3auera
Kon

No mi/mm [Tepedyens BonpocoB (3amav) myist 3aueta / nudd. 3auera

HHJIUKATOpa




Y4eOHBIM MJIAHOM HE IPEAYCMOTPEHO

YK-6.3.1

YK-6.3.2

YK-6.V.1

YK-6.Y.2

YK-6.B.1

YK-6.B.2

[lepeyenp TeMm [UIi KypCOBOTO TPOEKTUPOBAHUS/BBINOIHEHUS KypCOBOH pabOTHI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — IlepeueHp TeM AJ1si KypCOBOTO MPOSKTUPOBAHMSI/BHIIOJIHEHHUSI KYPCOBOH paboThI

Ne i/t

KypCcOBOi1 pabOThI

[TpumepHBIii TepeueHb TeM sl KypCOBOTO MTPOEKTUPOBAHUS/BBINOIHEHUS

Y4eOHBIM MJIaHOM HE MPEAYyCMOTPEHO

Bonpockl s mpoBeneHHs MPOMEXYTOUHOM aTTecTallMd B BHJE TECTHUPOBAHUS
npezcTaBieHbl B Tabmuie 18.

Tabmuna 18 — [IpuMepHBIi IepeYeHb BOPOCOB JJIsI TECTOB

No

/o

[TpumepHBIii IepeueHb BOMPOCOB ISl TECTOB

Kon
WHJUKaTOpa

1.

[TpounTaiiTe TEKCT U BHIOEPUTE OJUH MPABUIHHBINA OTBET.

Omnpenenure, kakoi 610k I[IJIMC apxurektypst FPGA ocHoBaH Ha
NpUMEHEHHU CTPYKTYphI nanHbix LOoK-Up Table.

1) Koudurypupyemsiii joruueckuii 010K

2) bnok nudpoBoit 00pabOTKH CUTHAIOB

3) TpaccupoBOUYHBIE PECYPCHI

4) KoHdurypaimoHHas naMsTh

VK-6.3.1

[TpounTaiiTe TEKCT U BBIOEPUTE OJIMH MPABHIILHBINA OTBET.

Bri6epute u3 nepeuncneHHbx nHCTpyMeHTOB CAIIP Quartus Tor,
KOTOPBIH MO3BOJISIET OCYIIICCTBUTH TPACCHPOBKY OOBSIBIICHHBIX B
KOJIe IOPTOB Ha BBIBOABI T1aThl 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 npaBUIbHYIO MOCIIEI0BATENBHOCTD IEHCTBUM, KOTOPYIO
HYKHO ITPOHM3BECTH UIs TpoBepku iyt k Modelsim-Altera,
omunoKa B KOTOPOM MOXKET NPUBECTU K HCBO3MOXHOCTHU
nmpoucaypbl KOMIIBIOTEPHOTI'O TECTUPOBAHU A pa3pa60TaHHor (0}
M (ppoBOTO YCTPOICTRA.
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

VK-6.3.2

[TpounTaiiTe TEKCT U BHIOEPUTE OJIMH NMPABHIILHBINA OTBET.

OnpeﬂenHTe, KaKasgd MaTCMaTHUYCCKasa oriepanus JCKUT B OCHOBE

VK-6.3.1




6510K0B UG poBoi 00padoTku curHano [TJIMC apXuTekTypbl
FPGA.

1) CroxeHue ¢ HaKOIUICHHEM

2) BosBeneHue B cTeneHb

3) YMHOXEHHE C HAKOIJICHHEM

4) Jlenenue

[TpounTaiiTe TEKCT U BBIOEPUTE OJIMH MPABHIBLHBINA OTBET.

HaiinuTe cpenu npeanokeHHbIX TEPMUHOB 0a30BYIO €IHMHUILY
OIKCaHMs B IPOEKTE Ha sI3bIKE OMMCcaHus anmnapaTtypsl Verilog.
1) daiin BepXHEro YpOBHS
2) Monyib
3) Topt
4) Jlorndyeckuii BEHTHIIb

VK-6.3.1

[IpounTaiiTe TEKCT U BBIOEPUTE OJIMH NMPABHILHBINA OTBET.

Bribepure BepHOE yTBEPKICHHE, KACAIOMIEECs TPABHI
UMCHOBAHMSI B SI3bIKE ONMCAHMS anmnaparypsl Verilog.

1) B mmeHax MojyJieii, TOPTOB U EepeMEeHHBIX Ha Verilog
HDL Hesb3s HCIIOJIb30BaTh KIIFOYEBBIE CJIOBA, OHU MOTYT
OBITH TOJILKO COCTaBHOM YaCThIO UMEHH.

2) HWmena momyieii, mopToB U nepeMeHHbix Ha Verilog HDL
MOTYT COCTOSITh TOJBLKO M3 JIATUHCKHUX OYKB U ITUQD.

3) Wmena moayieit, nopToB u nepeMeHHbIx Ha Verilog HDL
MOTYT COCTOSITh M3 OYKB JIATHHHIIBI U KUPUJUTUIIBI, & TAKKE
uudp.

4) Tudps! u 3HaK $ MOTYT OBITH ICPBBHIMUA B UMEHU MOIYJIA,
nopTa uiu nepemenHoi Ha Verilog HDL.

VK-6.3.2

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPUAHTHI OTBETA U
3alUIINTE apTYMEHThI, 000CHOBBIBAIOIINE BHIOOP OTBETOB

Omnpenenure, Kakue U3 NEPEUNCICHHBIX CBONCTB U OTPaHUYCHUN
OTHOCSATCS K (DYHKIMH Ha S3bIKE ONUCaHUs anmaparypsl Verilog.
1) JloyKHa BBIMOIHSTHCS 32 HYJIEBOU MPOMEKYTOK
MO/JIEJIBHOTO BPEMEHHU.
2) He MoxeT coiepaTh ONepaTopoB 3aePIKKU HITH
KOHTPOJISI COOBITHH.
3) MoskeT U3MEHSTh COCTOSHHE MEPEMEHHBIX.
4) Bcerna Bo3BparmaeT B Ka4eCTBE Pe3yJIbTaTa TOJIBKO OJHO
3HAYEHUE.
5) Cnucok (popMabHBIX MApPaMETPOB MOKET COJCPIKATh
apryMeHTHI THIIA output Wix inout.

VK-6.3.1

[TpounTaiite TeKCT, BBIOEpUTE IPABUIIbHBIE BAPUAHTHI OTBETA U
3alUIIATE ApTYMEHTHI, 000CHOBBIBAIOIINE BHIOOP OTBETOB

Bribepure u3 nepeunciieHHbIXx TexHosoruit pazsutus FPGA e,
KOTOPBIE OTHOCHUTCS K COBEPIICHCTBOBAHMIM TEXHOJIOTHI
POM3BOJICTBA.
1) Texuonorus SSI (Stacked Silicon Interconnect)
2) Ipumenenue DSP Builder B Matlab
3) PacnpocTtpaHeHne MPOrpaMMHUPYEMbIX CHCTEM Ha
KpHUCTaie

VK-6.3.2




4) Paspabortka 3D-FPGA
5) TloBslicHHEe YPOBHS aOCTPAKIIMK OMUCAHHS ITU(PPOBOTO
YCTPOMCTBA

HpO‘IHT&fITC TCKCT, BBI6CpI/ITe IIPAaBUJIBHBIC BApHAHTEI OTBETA U
3alMMIIUTC apryMCHTHI, OGOCHOBLIB&IOH_[I/IG BBIGOp OTBCTOB

Onpenenure, Kakue U3 MEPEUNCICHHbIE KOHCTPYKIUH S3bIKa
onucaHus amnapaTypbl Verilog siBistoTcss HECHHTE3UPYEMBIMH:
1) Initial
2) Input
3) Wire
4) Repeat
5) $display

VK-6.3.1

10.

HpO‘IHT&fITC TCKCT, BBI6CpI/ITe IIPAaBUJIBHBIC BApHAHTEI OTBETA U
3alMMIIUTC apryMCHTHI, OGOCHOBBIBaIOH_[I/Ie BbI60p OTBCTOB

OHpe,I[CJ'II/ITC, KaKHC M3 IICPCUUCIICHHBIX CBOMCTB U Ol"paHI/I‘leHI/Iﬁ

OTHOCATCS K 3a/1aue (task) Ha s3bIKe ONMUCAHUS anaparypbl
Verilog.
1) JlomkHa BBIOJHATHCS 32 HYJICBOM MPOMEXYTOK
MO/JICJIBHOTO BPEMEHHU.
2) MoxeT U3MEHATh COCTOSIHIE IePEMEHHBIX.
3) Bcerna Bo3Bpalaet B Ka4eCTBE Pe3ybTaTa TOJIBKO OJHO
3HAaYCHHUE.
4) Crucok hopMalbHBIX MapaMETPOB MOXKET COJIEPIKATh
apryMeHTHI THIIA output Wix inout.
5) Bcerna Bo3Bpalaet B Ka4eCTBE Pe3yabTaTa TOJIbKO OJHO
3HAaYCHHUE.

VK-6.3.2

11.

HpO‘IHTaP’ITe TCKCT, BLI6CpI/ITe IMPAaBUJIBHBIC BApUaHTBI OTBETA U
3aMMMIIUTE apryMCHTEI, O6OCHOBI>IBaIOHII/IG BI)I60p OTBCTOB

Omnpenenure, Kakue U3 MEPEUNCICHHbIE KOHCTPYKIUH S3bIKa
onucaHus anmnapatypsl Verilog SBISIOTCS CHHTE3UPYEMbIMHU:
1) Input

2) $fopen

3) Reg

4) Repeat

5) Wire

VK-6.3.1

12.

HpO‘IHTaP’ITe TCKCT, BLI6CpI/ITe IMPAaBUJIBHBIC BapUAHTBI OTBETA U
3aMMMIIUTE apryMCHTEI, O6OCHOBI>IBaIOHII/IG BI)I60p OTBCTOB

Bri6epuTe sTanb mpoeKTUpOBaHUS ITUGPOBOTO YCTPOMCTBA HA
FPGA, BeImonHsIEMbIE B paMKaX JOTHYECKOTO U (PU3HUECKOTO
CUHTE3a.

1) Pacnpenenenue

2) I'enepupoBanue ¢aiina koHpUrypauu
3) Peanmuzanms

4) TpaccupoBka

5) Bepuduxanus

VK-6.3.1




13.| [Ipounraiite Tekct u yctaHoBuTe coorBercTBUEe. K kaxnoi | YK-6.V.1
MO3UILINH, TAaHHOU B JIEBOM croJoIe, noadepure
COOTBETCTBYIOIIYIO TMO3UIMIO B TIPABOM CTOJOLE. 3amuiiuTe
BBIOpaHHBIC ITU(PBI TI0JT COOTBETCTBYIOIIMMH OYKBaMHU.
CooTtHecuTe THII TOPTa MOIYJISI C COOTBETCTBYIOIIUM €MY TUIIOM
JIAHHBIX CHTHAJIa Ha SI3bIKE OMMcaHus anmapatypsl Verilog.
Kareropus nopra moayins Tun nanHbIX (cUrHam)
1 Bxonnoi nopt A | BHyTpu MOayJisl - TOJIBKO
(input) wire, a BHE MOJYJIS - KaK
wire, TaK U reg.
2 BeixoaHow nopt b Baytpu monyns - kak
(output) wire, Tak u reg, a BHE
MOJTYJISl — TOJIBKO Wire
3 JByHanpasnenusii | B Bnytpu u BHE MOyIA -
nopt (inout) TOJILKO Wire
14.| Ilpountaiite TekcT U ycTaHoBuUTe cooTBeTcTBHe. K kaxaon | YK-6.Y.2
MO3UILUH, JaHHOW B JIEBOM  CTOJOIIE, noxdepure
COOTBETCTBYIOIIYIO TO3MIIMI0 B TPaBOM CTOJOIE. 3amuIIuTe
BBIOpaHHBIC IIUQPHI ITOJT COOTBETCTBYIOIIMMHU OYKBaMHU.
Cootnecure Tum (aiina mpoekra B CAITP Quartus c ero
HA3HAYCHHUEM.
Tun ¢aitna Haznauenue
1 Vector A OyHKIHOHATBHOE U
Waveform/University BpPEMEHHOE
Program File ((VWF) MOJICTTUPOBAHKE C
MTOMOIIIBIO
rpau4ecKoro
penakTopa
BPEMEHHBIX
JarpaMm
2 State Machine File b dopmupoBaHue
(.SMF) JarpaMMbl
COCTOSIHUH U rpada
Mepexo0B
KOHEYHOT O
aBTOMaTa
3 Block B PazpaboTka cxembl
diagram/Schematic YCTpPOWCTBA B
File (.BDF) rpapuuecKom
penaxkTope
4 Project File (.QPF) r OO6muit daitn
MpOEeKTa
15.| [Ipounraiite TekcT M ycTaHoBuTe coorBercTBUEe. K kaxnon | YK-6.VY.2
MO3UIINH, JaHHOM B JIEBOM croJoIe, noadepuTe

COOTBETCTBYIOLIYIO TO3MIMIO B TpaBOM CTOJIOIE. 3anuiimre
BbIOpaHHbIe U PHI TOJT COOTBETCTBYIOIUMHU OYKBaMH.

CootHecute nHCTpyMeHT nipoektupoanust CATIP Quartus ¢ ero




Ha3HAa4YCHUCM.

WMHCTpYMEHT POEKTUPOBAHUS

Hasznauenue

1

Pin Planner

VYnpasnenue
TPaCCUPOBKOM
(ManmMHrOM) BXOZOB
Y BBIXOJIOB
paspabarsiBaeMO
CXEMBI Ha

(u3nyeckue BbIBObI
FPGA

RTL Viewer

Busyanuzanus
CTPYKTYpHI

1 (GpoBOTO MPOEKTA
Ha OCHOBE
KOMOWHAIIMOHHON
JIOTUKH, PETHCTPOB H
WX CBS3CH.

MegaWizard Plug-in

[Ipunoxenue ¢
rpaguIecKumM
uHTEpdEiicom,
HpeHa3HAYCHHOE /IS
TeHepaluu
Pa3TMYHBIX MOAYJICH
u3
CIIeMaTM3UPOBAHHEI
X 111a0JIOHOB —

Merag yHKIHMH

Platform Designer

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

16.

[TpounTaiite TEKCT M ycTaHOBUTE coOTBeTCTBUE. K Kax1oi
MO3UIIMH, TAHHOM B JICBOM CTOJIOI1IE, TOA0EepUTE
COOTBETCTBYIOLIYIO MTO3UIIMIO B TPABOM CTOJIOIE. 3aUIINTE
BbIOpaHHbIE U PBHI TI0]T COOTBETCTBYIOIIUMHU OYKBaMH.

CooTHecuTe YyTBEpXKICHUE O NPOIecce N3MEHEHUS 3HAUCHHUS
HIepEeMEHHO C TUIIOM TPHCBAaUBAHUS B SI3BIKE OTIMCAHMUS
anmapatypsl Verilog.

Tun nprcBauBaHus

Tun qaHHBIX

1

HenpepriBrOE

A

[ToBTOpHBIN pacyer
MepEMEHHON
IIPOU3BOJUTCS TIPU
W3MEHEHHUSIX J1I000T0
U3 CUTHAJIOB,
Y4aCTBYIOUINX B

VK-6.Y.1




BBIPAKEHUH, KOTOPOE
€€ OMMCHIBAET.

2 Bbiokupytomiee

b [Tepemennas cpasy

MEHSIET CBOE
3Ha4YeHue. 3HaUeHHUE
MOJKET OBLITH
HECKOJIBKO pa3
HIEPETIPUCBOCHO
BHYTPH
ITOBEJICHYECKOIO
0J10Ka.

3 Heb6nokupyromee

B [Tepemennast menser

CBOE 3HAUYCHUE
TOJIBKO B MOMEHT
BbIXO4a U3
ITIOBEIEHYECKOIO
010Ka.

17.

[TpounTaiite TEKCT U ycTaHOBUTE cooTBeTCTBUE. K Kax1oi
HIO3UINH, TaHHOM B JIEBOM CTOJIOLE, TOg0epuTe
COOTBETCTBYIOLIYIO [TO3UIIMIO B [IPABOM CTOJIOLE. 3alHUILIUTE
BBIOpaHHBIC IIUQPHI ITOJT COOTBETCTBYIOUTMMH OYKBaMHU.

CooTHecHTe YpOBEHb MPEICTaBICHUS U(POBOTrO yCTPOMCTBa ¢
ONKMCAaHHEM YCTPOICTBA HA JTAHHOM YPOBHE.

YpoBeHb IPEACTABICHUS

YT1BepxkaeHue

1 | IToBeneHueckmii

A

[TonHast nuabOpMAaHS O
BHYTPEHHEM CTPOEHHUH
KpucTtasia mugpoBoro
YCTPOMCTBA: pa3Mepbl
0a30BEIX DJIEMEHTOB,
napaMeTpbl CUTHAJIbHBIX
JIMHUH, UX PacCIlOJIOKEHUE Ha
KpHUCTaJIe.

2 | OyHKIMOHATBHBIN

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

3 | Jlornueckuit

Onucanue ycTpoucTBa B
BUJIe Ha0Opa MpoCTEHIINX
0a30BbIX JOTHUYECKUX
BEHTHUJIEN U CBSI3EN MEXKITY
HHUMH.

4 | DneKTpUIeCKHuit

BHyTpeHHss cTpyKTypa
IPOEKTHPYEMOTO ITU(PPOBOTO

YCTPOMCTBA, COCTOAIIAS U3
OJI0KOB, IOBEIEHNE U
CTPYKTypa KOTOPBIX XOPOIIIO
W3BECTHEI.

5 | ®usznueckuii

«YepHBI AMUK» C
U3BECTHBIM HUHTEp(dericoM
BHEIIHUX KOHTAKTOB.

VK-6.V.1




18.

[IpounTaiite TekcT u yctaHoBUTE cooTBeTcTBUE. K Kax10i
MO3UIIMH, TAHHOH B JICBOM CTOJIOIIE, TOAOEpUTE
COOTBETCTBYIOIIYIO MO3UIMIO B IPABOM CTOJIONE. 3aMUIINTE
BBIOpaHHBIE ITU(DPHI TOJT COOTBETCTBYIOIUMH OYKBaMHU.

CooTHecHTe oneparop si3blka onrcanus anmnapatypbl Verilog c
€ro Ha3HAYECHUEM.

VK-6.Y.2

Omneparop Verilog HDL Hasznauenue
1|>> A | Apudmernueckuii caBur
BIIPaBO
2| << b Konkarenarus
3| <<< B | Apudmernueckuii caiBur
BJIEBO
41 {} I' | Jlornyeckwii CABHT BJIEBO
5] >>> pil| Jlormyeckuii caABUT BIPaBO
19.| [IpounTaiiTe TEKCT U yCTAaHOBUTE MOCIIEA0BATEIBHOCTD. 3amummre | YK-6.V.1
COOTBETCTBYIOIIYIO IIOCTIEA0BATEIHHOCTh OYKB ClIeBa HAMpPaBo.
YropsaaoubTe CleAyoNIne 3Tabl Pa3BUTHS APXUTEKTYPhI
IPOrpPaMMUPYEMBIX JIOTMUECKUX UHTETPATIBHBIX CXEM B IOPSIKE
UX MOSIBJICHHSI OT paHHEro K MO3AHEMY:
A) PLA
b) PAL
B) CPLD
I') FPGA
) GAL
20.| IIpounTaiiTe TEKCT U YCTAaHOBUTE MOCIEN0BATENbHOCT. 3anuimuTte | YK-6.Y.2
COOTBETCTBYIOIYIO IIOCIEA0BATEIBLHOCTh OYKB ClieBa HalpaBo.
YnopsaousTe Moaynu onucanus npoekra Ha [IJINC,
peanmuzyemoro B CAIIP, B mopsiake OT BBICILIErO ypPOBHS HEPAPXUN
K HU3ILIEMY:
A) bazoBblit MOAYITH
b) Cyobmonyns
B) I'onoBHOM MOAYTH
I') Moaynp-o60i0uka
21.| IIpounTaiiTe TEKCT M YCTAHOBUTE MOCJIEA0BaTENIbHOCTD. Janummre | YK-6.Y.2
COOTBETCTBYIOIYIO IIOCTIEA0BATEIBLHOCTh OYKB ClieBa HalpaBo.
YnopsaoubTe 3J1EMEHThI ONMCAHUS MOAYJIS Ha SI3bIKE ONMMCAHUS
anmapatypsl Verilog B mopsiike ot 00bsSBICHUS MOIYIIS 0 €TI0
3aKpBITHSL:
A) Ob6bsBNIEHUE IOPTOB
b) O0bsaBnenue 10KanbHBIX TAPAMETPOB, CUTHAJIOB U
NIEPEMEHHBIX
B) CunresupyemMble KOHCTPYKIIMU
') OObsiBEeHUE I1100aTBHBIX TAPAMETPOB
22.| IlpounTaiiTe TEKCT M YCTAHOBHTE TTOCIIEAOBaTENNbHOCTE. 3amumute | YK-6.VY.1

COOTBCTCTBYIOIIYIO ITOCIICAOBATCIIBHOCTD 6y1<B CJICBA HAIIpaBo.

YnopsoubTe 3Tansl NPOEKTUPOBAHUS LIU(POBOTO YCTPOMCTBA HA
FPGA B nopsiike OT Havaia IpOSKTHPOBAHHUS 10 €TO 3aBEPIICHHS:




A) Crneuundukanus nudpoBoro ycrponcraa.

b) ®yHKIIMOHATBEHOE M CTPYKTYPHOE OMKMCAaHUE YCTPOMCTRA.
B) RTL-cunres.

') ®yHKIIMOHATBEHOE MOJICTUPOBAHHE.

) ®uznyeckuii cUHTE3, pa3MEIICHUE U TPACCUPOBKA.

E) TectupoBanue u Bepuduxanms.

23.

[TpounTaiiTe TEKCT U YCTAHOBUTE MOCIEA0BATEIbHOCTD. 3AMULINTE
COOTBETCTBYIOLIYIO [TOCIIEI0BATEIbHOCTh OYKB CII€Ba HAIIPaBO.

YnopsimousTe 3Tansl popmupoBanus HoBoro npoekra B CAITP
Quartus B mopsiike OT Hadajga HacTpoikH (aiiya mpoekTa 110 eé
3aBEpIICHUS:

A) BBoj Ha3BaHus (¢aitia mpoekTa, 00beKTa BEpXHETO YPOBHA U
BBIOODP TUPEKTOPUH

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

B) Jlo6aBnenue ¢aiisioB 1 NOJKITIOUYEHIE OMOIHOTEK B IPOEKT
I') Bei6op tumna mukpocxems [TJIVC.

/1) Bb160p HHCTPYMEHTOB MOJIETMPOBAHUS.

E) [IpoBepka kpaTkoii HHPpOpMAIHK O HACTPOMKAX MPOEKTA.

VK-6.Y.2

24,

[TpounTaiiTe TEKCT U YCTAaHOBUTE MOCIIEA0BATEIbHOCTD. 3AUIINTE
COOTBETCTBYIOLIYIO [TOCIIEI0BATEILHOCTh OYKB CI€Ba HAIPaBO.

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

A) [loBenenueckuii
b) ®ynkunoHanbHbIN
B) Jlornueckwuit

I') OnexTpuuecknii
J1) ®uznueckuit

VK-6.V.1

25.

[TpounTaiiTe TEKCT M 3aMIIUTE Pa3BEPHYTHIH 000CHOBAHHBIIHI
OTBET.

Haiimute ommoOKy B IPUBEICHHOM ONMCAHUN MOTYJISI 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;
14 else y =3’bX;

15 end

VK-6.B.2




16 endmodule

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

HaiinTe ommOKy B PUBEICHHOM OIUCAHUU MOJYJISI CYETUYMKA Ha
si3bIKe onucanus anmnaparypsl Verilog. OtBer o0ocHyiire.

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 U 3aMUILIUTE Pa3BEPHYTHI 00OCHOBAHHBIH YK-6.B.1
OTBCT.

[MTokaxkuTe, B UeM 3aKIIFOUACTCS pa3InIUe MKy Pe3yJbTaTaMu
IPUMEHEHHS OIIePaTOPOB apUPMETHICCKOTO U JIOTHIECKOTO
cnBura Ha sizeike Verilog.

28.| [IpounTaiiTe TEKCT U 3aMUILIUTE Pa3BEPHYTHI 00OCHOBAHHBIH VYK-6.B.1
OTBET.

ITokaxkure, B 4eEM 3aKIIFOYAETCS pa3IMune MEXIY pe3ynbTaTaMu
MMPUMCHCHUA OIIEPATOPOB MOOUTOBOrO U Jiorndyeckoro Y Ha si3pike
Verilog.

29.| IIpounTaiiTe TEKCT U 3alUIINTE PA3BEPHYTHIII 000CHOBAHHBIN VK-6.B.2
OTBET.

Pacriummre orpaHrdeHus Ut GYHKIIUH HA S3bIKE OTIMCAHUSI
anmapatypsl Verilog.

30.| IIpounTaiiTe TEKCT U 3aMUIINTE Pa3BEPHYTHIH 000CHOBAHHBIN YK-6.B.1
OTBET.

Pacniumnre kiroueBble 0COOEHHOCTH apXUTEKTypsl FPGA,
oTimyatomue ee ot apyrux [IJIMC.

Kiroun npaBuibHBIX OTBETOB Ha TecThl pa3MmemieHsl B Ilpwioxenun 1 x PIIJ u
HaxoJsaTcs y crnenuanuctoB mo YMP kadenpsr 41, 3amectutens 3aBenyromiero kadeapoi u
PYKOBOJIMTEISI 00pa30BaTEIHHOM MPOTPAMMEI.

CucreMa oliEHUBaHMS TECTOBLIX 3aJaHMil IToKa3aHa B Tabauie 18.1
Tao6mmma 18.1 — CucremMa olleHMBaHUS TECTOBBIX 3aaHNI

Ne YkazaHus M0 OLIEHUBAHUIO Pesynbrar onieHuBaHUS
(GaswyIBl, MOJTyYEHHBIE 3a BBITIOJTHEHHUE \
XapaKTepUCTHKA MPABUIHLHOCTH OTBETA)




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

ITomHOE COBIMAACHUEC C BEPHBIM OTBECTOM
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 ITPU
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 (OO 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.
Ta6muia 18.2 - HCTpyKIMS 110 BBIMOJTHEHUIO TECTOBOTO 33/IaHUS

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 CJIEBa HAIIPABO
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, BbIOEPHUTE 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 3aNMIIUTE Pa3BEPHYTHIN
pa3BepHYTHIM OTBETOM 000CHOBAaHHBIN OTBET

[lepeyeHb TeM KOHTPOJBHBIX PadOT MO AMCHUUIUIMHE OOYYAIOUIMXCS 3a04HON (HOpMBI
00yd4eHwus1, mpeacTaBieHbl B Tadsmie 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX PadOT

Ne n/mn IlepeueHb KOHTPOJIBHBIX PabOT

He npenycmorpeno

10.4. MeToquveckre  MaTepUaNbl,  ONPEACISIONIUE  TPOUEAYPHl  OICHUBAHUS
WHAUKATOPOB, XapaKTEpU3YIOLUX dTanbl (OPMUPOBAHHUS KOMIIETCHLUH, COJIEPKATCA B
JIOKaJbHBIX HOpPMATUBHBIX akTax [ YAIl, periaMeHTHpyOUIUX TOPSJIOK U MPOLEAYPY
MIPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTecTali 00yJaronuxcs
I'VAIL

11. Meroaudeckue yKa3aHus Uit 00YJIArOIIUXCS TI0O OCBOCHUIO TUCITUTUIAHBI

11.1. Meronuueckue yKazaHus i OOy4arOIIMXCS 10 OCBOCHMIO JIEKIIHOHHOTO
MaTepuania.

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOTO MaTepuaia — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riyOOKoe W SICHOE H3JIoKeHHe ydeOHoro marepuana. Ha3HaueHue cOBpEeMEHHOH JieKIHMU B
paMKax TUCUUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(QOPMAIMIO MO TEME, a B OCBOCHUU
(byHaaMeHTalbHBIX NpoOJeM JUCHMIUIMHBI, METOJOB HAy4YyHOro [O3HaHMS, HOBEHUIIMX
JOCTHKEHUI HayyHOUW MbIcau. B yueOHOM mporecce JeKIUsl BBITOJIHAET METOA0JIOTHYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT MOHATUHHBIN anmapar
KOHKpETHON oO0jacTu 3HaHUd, €€ MpoOJeMbl, JaeT LEeNbHOE NPEJCTABIECHUE O TUCIUILINHE,
MIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUTIIIMHAMH.

[TnaHupyeMble pe3ynbTaThl IPU OCBOEHUU 00YYaIONIMMHUCS JEKIIMOHHOTO MaTepuaa;

— TIOJyYeHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIAETCS LENEBOM YCTAHOBKON K KayKJJOM KOHKPETHOU TEME;

— TIOJIyu€HHE OIbITa TBOPUECKOI paboThl COBMECTHO € IPENoIaBaTelieM;

— pa3BuTHEe TOPOPECCHOHATBHO-IENIOBBIX  KauyecTB, JIIOOBM K  TpeAMETy H
CaMOCTOSITEIbHOTO TBOPUYECKOT'O MBIIITICHHUS.

— TOsBJIEHUE HEOOXOAMMOI0 HHTEpeca, HEOOXOAMMOTIO AJIsi CAMOCTOSITENIbHOM paboTHI;

— TOJy4YyeHHE 3HAaHUW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAyKHM U TEXHUKH U O
MIPOTHO3€ UX Pa3BUTHSI HA ONMKailliye rofbl;

— HAy4YUTbCSl METOAMYECKH 00pabaThiBaTh MaTepuall (BBIACNATH TIJIaBHBIE MBICTU U
MOJIOKEHUSA, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATh HUX B  Pa3jIM4YHBIX
bopMynupoBKax);

— TOJy4YyeHHe TOYHOIO NOHWMaHHUS BCeX HEOOXOAUMBIX TEPMUHOB U TOHSATHUH.




JIeKUMOHHBIA MaTepuall MOXKET COMPOBOXKIATHCSA JAEMOHCTpalMed ClIaiioB U
UCIIONIb30BAaHMEM pa3aTOYHOTO0 MaTepuaja TMpH MPOBEIECHUU KOPOTKHX JHUCKYCCHUH 00
OCOOCHHOCTSIX MPUMEHEHHUSI OT/AETbHBIX TEMATUK I10 IUCHUIUIUHE.

CrpyKTypa npeiocTaBieHus JEKIIHOHHOIO MaTepuaa:

Paszoen 1. Beeoenue 6 npocpammupyemole 102udecKue UHmMe2paibHbule CXembl

Tema 1.1. Cucmemvi-na-kpucmanne u IIJ/IHC: ochosHble noHamus u ucmopus pa3zeumus.

[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 3neMeHToB FPGA pa3nuyHbIX CEMENUCTB.

Tema 1.3. Ocobennocmu apxumexkmypol FPGA. Bnoxu 6600a-8v1600a, mpaccupogounvie
pecypcul, 610KU CReyuaibHO20 HA3HAYeHUs.

brnoku BBOJa-BRIBOJJAa W HMX CBSI3b C KOH(DHTYpUPYEMBIMH JIOTHUYSCKHMH OJIOKAMHU.
TpaccupoBoUHbBIE pecypchl, UX BUIbL. bioku crenuanbHOro HazHaueHus: 6mounoe O3V, 6moku
g poBoit 06padotku curHaios (LIOC), MuKkpompoIiecCOpHBIE Sapa, COPT-TIPOIECCOPHI.

Tema 1.4 Obnacmu npumenenus FPGA u nanpasnenus pazeumusl.

[Tpumenenne FPGA: yctpoiictBa L[OC, BBICOKOCKOpOCTHas Tiepeiada JTaHHBIX,
peanuzanus HEHPOHHBIX MPOIECCOPOB M MOJEIHPOBAHUE KBAHTOBBIX BBIYMCIIEHUH, 00paboTKa
paanonokanuoHHOoW nHpopMalmu. COBEpIICHCTBOBAHNUE TEXHOJIOTHIA TTpon3BoacTBa:3D-FPGA,
SSI, EMIB. Onrumuzanus TpaccHpOBOYHBIX pecypcoB. lloBbliieHne ypoBHS aOCTpaKIUU
ONMCAaHUN yCTpOWCTB. IIporpamMmmupyembie CUCTEMBI Ha KpUCTasle ISl OpraHU3aliu
BBICOKOITPOU3BOIUTENIBHON 00paOOTKH TaHHBIX.

Paszoen 2. Omanwi npoexmuposanus yugposozo ycmpoticmea na FPGA

Tema 2.1. YpoBHU NpoeKTUPOBaHUS HU(DPOBBIX YCTPOUCTB

IloBenenyeckuii  ypoBeHb. @DyHKUMOHAIBHBIM  YpPOBEHb. JIOrMYeCKM  ypOBEHb.
OnexTpuueckuil ypoBeHb. dusnueckuil ypoBeHb. bazuc npoexkTupoBaHusi.

Tema 2.2 Omanvr npoexmuposanus yugposvix ycmpovcme Ha FPGA. Cnocobul
onucanus Yyu@ppoeuvix cxem

KuzneHHbIN UK 1MPPOBON cHCTEMBI. DTarnbl MPOEKTUPOBAHUS LHU(POBBIX YCTPOICTB
Ha FPGA. CnocoObl onucanuss nu(poBBIX cXeM: rpapuueckMe W Ha fA3bIKax OINHUCAHUS
annaparypsl. RTL-mMozens.

Paszoen 3. Cpeda asmomamuszuposannozo npoexkmuposanus Quartus

Tema 3.1 Hauano pabomsi nao npoexkmom ¢ CAIIP Quartus

Hauano pa6otel Hag mpoekrom B CAIIP Quartus. YcTaHoBka M cO34aHUE IEPBOTO
MPOEKTA.

Tema 3.2. Ymunumer 0ns onucanus yugposvix ycmpoticme 6 cpede Quartus

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

Tema 3.3 [Ipoexmuposanue cxemvl npocmeriuie20 Yugphposozo ycmpoucmea ¢ NOMoubio
epaguueckozo pedakmopa cxem 6 Quartus

[TpoexTrpoBaHue mpocTeniero NU(pPOBOro YCTPOMCTBa M3 JIOTMYECKUX BEHTUJICH ¢
noMoIel0  rpadudeckoro penakropa Quartus. Peammzamuss Ha mpuMepe BCeX OTaroB
npoekThpoBaHus. [IpoBepka TaOmUIbl MCTUHHOCTH MOJY4YeHHOro YycTpoiictBa. [IpumeneHue
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. Moayib kak OCHOBHAs €IMHHIIA UEPAPXHH.
Cunresupyembie Moayau. Cpesia TECTUPOBAHHUSL.

Tema 4.2 Azvik onucanusa annapamypul Verilog HDL.

Ocob6ennoctn u oriaumums Verilog HDL. Cunrakcuc. Tumbl nansaeix. KirodeBbie
omeparopsl: assign, always, if-else, case u ap. CHOucCOK YyBCTBUTEIBHOCTH MOYJIS.
HenpepsiBHOE, Onokupyromee u HeOmokupyoomiee npucBauBanue. Cranmaapt SystemVerilog.
Pemenune npocreiimux 3agay nmporpaMmupoBanus 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 NpuUHIMIOBI  MPOEKTUPOBAHMS Ha  SI3bIKAX  OINMCAaHUS  allaparypsl.
[Tapanmnenusm kak 0a30BbIil MPUHIUI MPOSKTUPOBAHUS LUPPOBBIX ycTpoicTB Ha FPGA.

Tema 5.2. [Ipoexmuposanue yudpoewvix YyHKYUOHANLHBIX Y3108 KOMOUHAMOPHOU T02UKU
Ha Verilog HDL.

[TpoexTrpoBanre HU(GPOBHIX (PYHKIMOHAIBHBIX Y3JI0B KOMOMHAIIMOHHOW JIOTUKU Ha
Verilog HDL: xommapatop, cymmarop, mudpaTop, AemudpaTop, MyJIbTHILIEKCOD,
JIeMYJIbTUILIEKCOD, IPpeo0pa3oBaTeib Kojia u JIp.

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

[TpoexktupoBanue HUMPOBBIX (YHKIHMOHATBHBIX Y3J0B MOCIEI0BATEIILHOCTHON JOTHKHU
Ha Verilog HDL: tpurrep, peructp, C4eT4lK, MOIYJIb TAMATH, MOAYJIb CUETa U JP.

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 npoexmuposanuu na FPGA

OYHKINH, 331a44 U CLIEHAPUU: OTJINYUS, OCOOCHHOCTH, IPUMEHEHHE B IPOECKTUPOBAHUH
ycrpoiicts Ha FPGA.

Tema 5.6. Ilooknouenue nepugeputinvix ycmpoticms k FPGA.

[Tonxarouenue nepudepuitHbIX YCTPOUCTB (KHOIKH, JUCIUIEH, T€HepaTOphl CUTHAJIOB U
ap.) k [IJIMC na npumepe oTiagouHoi miatel Terasic DE2-115.

Pazoen 6. Tecmuposanue u eepughuxayus yu@dpoevix cxem HaA A3bIKE ONUCAHUS
annapamypwi Verilog HDL

Tema 6.1. OcHoswi hynKkyuoHanbHOU 6epuguxkayuu

TectupoBanne u Bepuukanus. DyHknuoHanbHass Bepupukanus. OcoOEHHOCTH
Bepudukanuu Ha Verilog HDL. [1nan tectupoBanus u BepuuKanuu padoThl yCTpOCTBa.

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

Tecrosblit MOay b (testbench) u ero mectro B nepapxuu npoekra. OCHOBHBIE ONIEPaTOPHI,
ucnoibp3yemble ais Hanucanus testbench.Onmcanne nudpossix curHanoB. OnucaHue Tecta U
paboTa ¢ CUMYISATOPOM.

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

MeTtoauueckue ykazaHus MO OCBOCHUIO JIEKIIMOHHOIO MaTepuana MUMEIOTCS B CUCTEME
muctanmonHoro ooyuenuss ['YAIL (CHO T'YAII). JIekiuoHHBI Marepual AUCIUILTUHBI
MPEJICTaBISIETCS C MPUMEHEHUEM 3JIEKTPOHHOTO OOyuYeHHsl, JUCTAHIIMOHHBIX 00pa30BaTeIbHBIX
TEXHOJIOTHH (OHIaHH-KypC).



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

11.3. Meroauyeckue yKazaHus s OOYYAIOIIUXCS MO TPOXOXKICHUIO TMPAKTHUYECKUX
3aHATUH

[TpakTHdeckoe 3aHSATHE SIBISETCS OMHOW M3 OCHOBHBIX ()OpPM OpraHM3alHuHu y4eOHOTO
mpoliecca, 3aKJIF0YarOIIasCs B BIOJIHEHUH O0YYAIOIIMMHUCS T0JT PYKOBOJICTBOM IIPEIIO1aBaTEeIs
KOMIUIEKCa YYEeOHBIX 3aJaHUN C LEIbI0 yCBOSHUS HAYYHO-TEOPETUYECKMX OCHOB YUeOHOU
JTUCIUTIIIMHBI, PUOOPETEHUS] YMEHUN U HaBBIKOB, OIIBITA TBOPUYECKOM JCSITCIBHOCTH.

[enpro MPaKTUYECKOTO 3aHITHS JUIS 00YYaIOMIErocs SBISICTCS MIPUBUTHE O0YJAIOIIUMCS
YMEHUI U HaBBIKOB MMPAKTHUYECKOU JIEATEILHOCTH 110 U3y4aeMOU TUCIIUILINHE.

[Tnaaupyemblie pe3yiabTaThl MPU OCBOCHUU 00yUYAIONIUMCS MPAKTUYCCKUX 3aHITHIA:

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

— Ppa3BUTHE TIO3HABATEIBHBIX CIIOCOOHOCTEH, CaMOCTOSTCIILHOCTH  MBIIUICHUS,
TBOPYECKON aKTHUBHOCTH;

— OBIIQJICHHE HOBBIMH METOJaMH U METOJUKaMU H3Y4YeHHUS KOHKPETHOH y4ueOHOI
JUCIIUIUINHEI,

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

— ofecrieueHue palMOHAIBLHOTO COYETAaHUs KOJUIEKTUBHON M WHAMBUAYAJIbHON (Gopm
00y4eHwusI.

TpeboBaHusl K IPOBEAECHUIO MPAKTUYECKUX 3aHATUN 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 KOMOMHAlMOHHOTO YycTpoiicTBa B rpaduueckom penakrope CAIIP

Quartus
4. Pa3paboTka mocnesoBaTeIbHOCTHOTO YCTpoiicTBa B rpaduyeckom peaakrope CAITP
Quartus

5. Pa3paboTka MOmyns CUETHOrO YCTPOICTBAa C 3a/JaHHBIM aJrOPUTMOM pPAaOOTHI B

rpadpuueckom pegaxtope CAIIP Quartus

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

CrynenTtam TpeOyeTcs MPeOCTaBUTh OTYETHI TTO MPAKTUYeCKUM padotam Ne 3-6, Tak Kak
HaBBIKU U YMEHMsI, IOJIYUECHHBIE IPU BBITOJHEHUH 3TUX paboT, HOMOTYT pealn30BaTh MPaKTHKO-
OpPUEHTUPOBAHHBIN MPOEKT 6 ceMecTpa. B 3aBUCHMOCTH OT ypOBHS U MOJHOTHI PACKPBITHS TEMbI
CTYAEHTBI MOTYT Noay4uTh OT 1 10 10 GayioB 3a BbIMOJIHEHHE KaKAoro 3aaanus. HaGpanHble
Oabl CyMMHPYIOTCS U (DOPMHPYIOT HMTOTOBBIM Oajil IpU BBICTABICHUU IPOMEKYTOUHOMN
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 MEPOIPUATUI MaKCUMAJIbHBIIN 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
muddepeHIMPOBAaHHOTO 3a4yeTa Mo AucHUILIuHE. [IpakTHKO-OpHEHTUPOBAHHBIN MPOEKT MOXKET
ObITh BBIMOJIHEH WHAMBUIYAIbHO WIM B rpymnmne. [Ipy BBIMOJHEHMM TPYNHON CTYISHTOB
OJTHOBPEMEHHO OyJIeT TPOBEICHO MOJICIMPOBAaHUE TTPOCKTHOM paboTHI 110 agile.

Crynentam TpeOyeTcs BBIIOIHUTH CIEAYIOIUE PAKTUYECKUE PaObOTHI.




1. Tlpunanunsr npoekTupoBanus Ha si3bike Verilog HDL B cpene aBToMaTu3upoBaHHOTO

npoekTupoBanus Quartus
2. Pa3paboTka KOMOMHAIMOHHOTO YCTPOMCTBA Ha s3bIKE ONMKcaHus anmnaparypsl Verilog
HDL

3. PazpaboTka mociaenoBaTeIbHOCTHOTO YCTPOWMCTBA HA SI3bIKE ONMMCAHUS alaparypbl
Verilog HDL

4. TlpoekTupoBaHUE THUIOBBIX (PYHKIIMOHAIBHBIX y3510B Ha s3bike Verilog HDL ¢
NpUMEHEHHEM IAa0IOHOB B MeTad) yHKITHHA

5. Peanuzauusi perucrparopa apede3ra KOHTAKTOB JUIsl OTJIaZoyHOW TuiaTel Terasic
DE2-115

Crynentam TpeOyeTcs MNPEAOCTaBUTh OTYETHl MO MPAKTUYECKUM padoTaMm, TaK Kak
HaBBIKU U YMEHHS, TIOJTYYECHHBIC TIPU BBIITOJHEHUU 3TUX paboT, IOMOTYT pealn30BaTh MPAKTHKO-
OpPUEHTUPOBAHHBIN MPOEKT. B 3aBUCHMOCTU OT ypOBHS U MOJHOTHI PACKPBITHS TEMbI CTYACHTHI
Moryt moiy4duth oT 1 mo 10 GamnoB 3a BBIONHEHUE KaXAOTro 3amaHus. HaOpanHble Oaylibl
CYMMHUPYIOTCSI U (POPMUPYIOT UTOTOBBIN OaJljl P BBICTABICHUHM IPOMEXYTOYHOM aTTecTaluu
0 TUCIUTUIMHE B 6 cemecTpe.

[TpakTHKO-OPHUEHTUPOBAHHBIN MPOEKT MOJIEIUPYET pabdoTy HHXKEHepa B 00JIacTH
pa3paboTKH CIOKHOPYHKIMOHATBHBIX OJIOKOB MIJIM KOMaH]IbI WHXEHEPOB IO MPOEKTUPOBAHHIO
CIOXHO(YHKIIMOHAIBHOTO YCTPONCTBA, BBIOPAHHOTO CTYACHTAMU CAaMOCTOSITENIBHO U3 4YHCIa
npe/uiokeHHbIX. Ha mepBom stame paboTsl TpeOyeTcs pa3paboTaTh CXeMy YCTpOWCTBA B
COOTBETCTBUU C OIMCAHHWEM, MPHUBEICHHOM B 3aJaHuM, W H300pa3uth ee RTL-omucanue B
rpapuueckom penaktope cxem CAIIP Quartus wmm guarpamMmmy cocTosiHUi B yruiure State
machine viewer CAIIP Quartus. Ha BTopom »3Tame pabOThl 1O MPUBEACHHOMY B 3aJaHHU
OIMCAHUIO CTYICHTaMH CO3/aeTcs MPOCSKT 3aJlaHHOro ycTpoiictBa Ha si3bike Verilog HDL. Ha
TpeTbeM JdTane padoThl CTYAEHThl COCTAaBJISIOT TECTOBBIM TIJIAH Ui PE3yJbTaToOB
IPOCKTHPOBAHUS YCTPOMCTBA, IOJNyYEHHBIX HAa MEPBOM M BTOPOM JTame, C OINUCAHHEM
npoueaypsl TecTupoBanus. Ha 3Tom sTamne HyKHO MpoaAyMaTh CTPYKTYpPY U HAIIUCATh TECTOBBIM
moxyib (testbench) ma s3eike Verilog HDL. onyckaercs mpoBecTH MPOLEAypYy TECTHPOBAHHSI
0e3 nHanmcanus testbench; Bmecro Hero B aToMm ciyuae ucnonbdyercs ¢aiin ¢dopmara VWF,
OJTHAKO MPHUBECTH IIJIaH TECTUPOBAHUS — 0053aTEIILHOE YCIOBHE.

Takum o00pa3oM, B XOJ€ BBIIOJIHEHUS MPAKTUKO-OPUEHTHPOBAHHOIO IPOEKTa
00yJaromuicsl TTOKaXET HABBIKH IO OPTaHM3alMHU TPOIecca MPOSKTUPOBAHHUS YCTPOMCTBA Ha
[IUINC apxurexktypsl FPGA, co3nanust cpeisl JUisi IPOBEIEHUS TECTUPOBAHUS, MPUMEHEHHUs
pa3IMYHBIX TEXHHK MPH MPOCKTUPOBAHUH U BIAJICHHS CIICIAAIN3UPOBAHHBIMU WHCTPYMEHTAMHU
npoekTHpoBaHus. [IperycMOTpeH BapHaHT BBIOJHEHUS MPAKTUKO-OPUEHTUPOBAHHOTO MPOEKTa
110 WH/INBUYAIEHOMY 33/IaHUI0, KOTOPOE MOXKET NPEIOKUTh HHYCTPUAIBHBIA TapTHEP.

IIpuMepHBIii TIepedeHb TEM /IS BBIITOJIHEHUS IIPAKTUKO-OPUEHTUPOBAHHOIO ITPOEKTA!

1) ITpoexkTupoBaHMe TeHEpaTopa MMITYJIbCHOW IIOCIENOBATENBHOCTH C 3aJaHHBIMU
CBOMCTBaMH.

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

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

4) ITpoexTrpoBaHue BpEMAU3MEPUTENBHOIO 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, pa3padoTaHHas M0 YCTAaHOBJICHHOMY IIa0JIOHY,

— JIOTIOJTHUTEIIbHBIE MaTepHabl, apTe(hakTbl TECTUPOBAHUS (TIPH HEOOXOAUMOCTH);

— 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).

@dopMmoli  3amMTBI  MPAKTUKO-OPHEHTHPOBAHHOTO  TIPOEKTAa  MOXET  OBITh
JIEMOHCTPAIMOHHBII 9K3aMeH (110 COTJIACOBAHUIO C TPEIo/jaBaTeIeM) WM KIIacCHYeCKasl 3alnuTa
C TPEJOCTABICHHEM PACHIMPEHHOTO OT4YeTa M JOKJIAZOM O Pe3yiabTaTaX IPOBEPKH KadecTBa
TecTHpyeMoro o0bekTa. [1o uToraMm 3aluThl MPAKTHKO-OPUCHTHPOBAHHOIO IMPOEKTa CTYACHT
MoxeT Habpath 20 6asioB.

Kpurepuu onieHMBaHus IPAKTUKO-OPUEHTUPOBAHHOTO IIPOEKTA.

1) CreneHb packpbITHS TeMbl (YpOBEHb IPOBEACHHOTO IPOCKTUpOBaHUs) — 12
OayioB (4 Gayuia ISt TIEPBOTO ATAra MPOeKTa, 4 JUIsl BTOPOTO U 4 1Tl TPETHETO).

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

3) Odopmnenne u nHGOPMALIMOHHOE COTPOBOXKACHHE PabOThI — 2 Hasia.

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

Bmecto 3ammThl  CTyAGHTaM MOXET OBITh TPEIJIOKCH BapUaHT  OICHUBAHUS
mpernojaBaTesieM BCEX OTUETHBIX MaTepHalioB 0e€3 ydacTus CTyJeHTa C HUCIHOJIb30BaHUEM
TexHOJIOTMH acuHXpoHHOro B3amMmopeicTBus CJIO I'YAIL B stom ciydyae BBICTaBIICHHBIC
pEUTHHrOBBIEC OAIIIBI OYAET COMPOBOXKIATH KOMMEHTAPUI MPEno1aBaTesl.

Kputepun onieHUBaHHS 1O MaTepraliaM OLICHUBAHUS CIICTYIOIINE:

1) CreneHb pacKpbITHS TeMbI (YPOBEHb MPOBEICHHOTO MPOSKTHPOBaHus) — 9 6amios (3
0aJToB U1 IEPBOTO ATara MPOEKTa, 3 JUIsl BTOPOTO U 3 VISl TPETHETO).

2) IlocnemoBaTenbHOCTh W JIOTMKA W3JIOXKEHHs MaTepuana (HaTu4ue BHYTpPEHHEH
pyOpHKaIuu rias, JIOTUYHOCTh CTPYKTYpHI) — 9 OauioB

3) Odopmienne u nHGOPMAITMOHHOE COMTPOBOXKACHUE pabOTHI — 2 Oana.

MeTtoauueckre yka3aHHs TIO BBIIIOJIHEHUIO TMPAKTUYECKUX pabOT HMEIOTCS B BUJE
AJIEKTPOHHBIX PECYPCOB B cucTeme nuctanironnoro ooydenus ['YAIT (CAO I'VAII).

OnHo3HayHasl MPUHAUIEKHOCTh OTYETa CTYACHTHI ONpENeJeHa TEM, YTO OTYET MOXKET
ObITh oMeteH B cioT 3aaanus CO 'Y AII Tonbko mocie aBTopu3aluu CTyJIeHTa B CUCTEME.

11.4. Meronuueckue yka3zaHus i1 OOY4YalOIIMXCS MO BBHIIOJHEHHUIO J1aOOPAaTOPHBIX
pabot (e npedycmompero yueOHbiM NIAHOM NO OAHHOU OUCYUNTUHE)

11.5. Meroauueckue yKazaHus I OOYYaIOIMUXCS TO MPOXOXKIECHUIO KYPCOBOTO
MIPOCKTUPOBAHUS/BBITIOIHEHUSI KYPCOBOW pabOTHI (He npedycMOmpeHOo YueOHbIM HNIAHOM HO
OaHHOU Oucyuniume)

11.6. Meroanueckue yKa3aHus JUTSE o0y4aromuxcst o MIPOXO0XKJICHUIO
CaMOCTOSITENIbHOM pabOThI

B Xxoje BBIOTHEHHUS CaMOCTOSATENBHON pabOThI, OOYUAIOIIHIICS BBIOTHAET paboTy Mo
33JIJaHUI0 M TIPU METOJMYECKOM PYKOBOJICTBE IperojaBaTelis, HO 0e3 ero HemocpeJICTBEHHOTO
y4acTusl.

Jlnst oOydvaronuxcsi 1Mo 3a04HOM ¢GopMe OOyYeHHSs, CaMOCTOATENbHass paboTa MOXKET
BKJIIOUATh B ce0s KOHTPOIBHYIO paboTy.



B mporiecce BBITTOTHEHUST CaMOCTOSITEIBLHON paboOTHI, y oOydaromerocss (popMUPYETCs
renecooOpa3Hoe MmIaHUpOBaHUE pabouero BpeMEeHH, KOTOPOE TO3BOJISIET UM Pa3BUBATh YMEHUS
U HaBBIKM B YCBOGHHUHM U CHCTEMAaTH3allMK NMPUOOpETaeMbIX 3HAHHUI, 00ECIeurnBaeT BBICOKHUI
YPOBEHb YCIEBAEMOCTH B TNepUOJ OOyuYeHHs, MOMOTaeT IOJIyYUTh HABBIKM ITOBBIIICHUS
pohecCHOHANBLHOTO YPOBHSL.

MertoauyeckuMH ~ MaTepuallaMH,  HampaBJSIONIMMU  CaMOCTOSITENIbHYIO — paboTy
00y4aromuXxcs SBISIFOTCS:

- yueOHO-METOIUYECKUN MaTepual Mo JUCIUILUIHHE.

Matepuansl I CaMOCTOSITENIBHOM — paboOThl  MpEACTaBIEHBl C  MPUMEHEHHEM
AIIEKTPOHHOT'O O0YYEHHs, TMCTAHIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI (OHIAWH-KYPC).

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

11.7 Meroaudeckue yKa3zaHHS I OOYYAIOIMIUXCS IO TMPOXOXKICHUIO TEKYIIEro
KOHTPOJIS YCIIEBAEMOCTH.

Texymuii KOHTPOJb YCIEBAaEMOCTH IpEAyCMaTpUBAEeT KOHTPOJb KauyecTBa 3HAHUI
00ydJarouMxcs, OCyIIeCTBISIEMOT0 B TEUEHHE CEMECTpa C IIeJIbI0 OIICHUBAHUSA X0Jia OCBOCHUS
JUCIUTUIAHBI.

Texkymuii KOHTPOJIb YCTIEBAEMOCTH MPOBOAUTCS B BHJIE KOMIIBIOTEPU3UPOBAHHOTO
TecTUpoBaHus B cucreme auctanuuoHHoro ooyuenus ['YAIL (CHO I'VAII), cucremaTndeckoit
MIPOBEPKU BBIMIOJHEHHBIX MPAKTHYECKUX padoT.

OO0s3aTenbHBIM ~ TpeOOBaHWEM MO MPOXOXKACHUIO TEKYIIEro KOHTPOJIA SBISETCS
pocMOTp He MeHee 75% JieKiui, ycrenHoe mpoxoxaenue e meaee 60% mnpeaycMOTpEeHHBIX
TECTOB, a TAKXK€ BBIMIOJHEHUE 00S3aTENbHBIX MPAKTUYECKUX PadOT B KakaoM cemectpe. [lpu
MIPOBEJICHUH MPOMEKYTOYHON aTTECTAIIMK OYIyT YUTEHBI OAJUTbI, HAOPAHHBIC ITPH MPOXO0KICHUU
BceX (JOpPM TEKYIIEro KOHTPOJISA: TECTOB U MPAKTHUECKUX 3aJaHH.

11.8 Meroaudeckue yKazaHus st 00YYAIOIIUXCS M0 MPOXOXKIACHUIO MPOMEKYTOUHOM

aTTeCTallnuu.

[IpomexxyTounass  arrecrtanuss  OOydyarOIIMXCsl  TPEAYCMATPUBACT  OLICHUBAHHE
IIPOMEXKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4YeHMs MO JucHUIuinHe. OHa BKIIOYAET B
ce0st:

— 3aueT — 3To (hopMa OLIEHKU 3HAHUI, MMONYYSCHHBIX OOYUYAIONIMMCS B XOJ€ M3yUYCHUS
y4eOHOW TUCHIUIUIMHBI B 1IEJIOM WJIM MTPOMEKYTOUHas (10 OKOHYAaHUU CEMECTpa) OICHKa 3HAHU M
00y4aromuMcsl IO OTJEIBHBIM pa3jiesiaM JUCIUILTUHBI C aTTECTAIIMOHHON OIEHKOW «3a4TEHOY
NJIN «HEC 3a4TCHO».

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

MPOMTH UTOTOBBIM TECT, OAJIBI 3a KOTOPBIN BXOIAT B TpeOyemble JUIsl TOJydeHHs 3adeTta 55
OamoB. MakcuManbHbll 0aimun 3a UTOroBbIM TecT — 20 OamnoB. B ciyuyae HenocTaTo4HOro
KOJIMYeCTBa OaylJIoB JJI MOJY4YeHMs] 3adeTa B 5 ceMecTpe, CTyAeHTaM OyleT MpeasioKeHO
MPONTH pacHIMPEHHOE TECTUPOBAHUE 110 00yUaIOLIEMy MaTepUaly CeMecTpa.

— auddepeHunpoBaHHbIl 3auyeT — 3T0 (¢dopMa OLEHKHM 3HAHWM, MOJyYEeHHBIX
o0Oy4aromuMcsl IpU U3YYEHUU AUCUUILIINHBI, PU BBIMOJIHEHUN KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, Hay4dHO-HUCCIIEI0BATENbCKUX PA00T U MPOXOKICHUH MPAKTUK C aTTECTAlMOHHON OLIEHKOMN
«OTJIIMYHOY, «XOPOLIO», «yJIOBIETBOPUTEIBHOY, «HEYIOBIETBOPUTEILHO.

Jns monydeHus: nud@depeHIMpoBaHHOTO 3ayeTa B 6 CeMecTpe CTyAeHTaM TpeOyercs
HaOpaTtb Oosee 55 pEHTHHrOBBIX 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 y4eOHOH paboTh
oOyuaromuxcst B ['YAII», mpoiitu utoroBblii TecT (Oamibl 3a KOTOPBIM BXOAST B Oauibl,
HaOpaHHBIE 3a CEMECTp), MPOBEPSIOMUNA YPOBEHb CHOPMUPOBAHHOCTH KOMIIETEHIIUNA, U



BBIMIOJTHUTH MPAKTUKO-OPUEHTUPOBAHHBIN MpoekT. KonnuecTBo 0anioB, HAOpaHHBIX MPH 3aIIUTE
IIPaKTUKO-OPUEHTUPOBAHHOIO NPOEKTA TAKKE BXOAUT B CyMMAapHBIA UTOTOBBIA PEUTHHIOBBIN
Oamn. Ecnu Bo Bpemsi 00ydeHHsI B ceMeCTpe CTYACHT HE CMOT HaOpaTh TpeOyemMoe KOITHYECTBO
0ayIoB, TO eMy OyeT IPeI0KEHO TPOUTH PACHIMPEHHBIA TECT M0 AUCIUILINHE.
Jns mepecuera pPEUTUHTOBBIX OaioB B 4YeThIpeXOAIbHYIO CHCTEMY JEHCTBYET,
YTBEpXKJACHHAS B By3€ IIKaja Iepecyera:
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 no 100 6amnoB — otnugHO (5).
HToroBas oluieHKa BBICTABISETCS CTYJACHTY B YeThIpeX0alIbHOM cucTeMe B COOTBETCTBUU
¢ MJIO I'VAIIL CMK 2.77 «llonoxenne o MOIYyJIbHO-PEUTUHTOBOM CHUCTEME OLICHKH KayecTBa
yaeOHol paboThl oOyuaromumxcs B ['Y AITy.



Jluct BHeceHUs U3MEHEHUH B pabouyio MporpaMMy JUCIUIUIMHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.

kadempoit




