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AHHOTaNIMA

Huctmmumna «UT-moxyne "[IpoextupoBanue Ha FPGA"» BXoauT B 00pa3zoBaTeiIbHYIO
IporpaMMy BbICIIET0 00pa3oBaHUsl — MporpaMMy OakajaBpHara MO HAIpPaBIECHUIO MOJITOTOBKHU/
cnenuanbHocT 15.03.04 «ABTOMaTH3anUsi TEXHOJOTMYECKUX IIPOLECCOB U IPOU3BOJACTB)
HAIPaBIEHHOCTU «ABTOMATU3ALIMS TEXHOJIOTMUYECKUX MTPOLECCOB U MPOU3BOJCTBY. Jucuurimna
peanu3zyercs kapenpoit «Ne4 1.

JucuumniuHa  He  ABIsSETCS  00s3aTENbHOM  HpU  OCBOEHUM  OOydarolmuMmcs
o0pa3oBaTeNbHONW MPOrpaMMbl W HalpaBlieHa Ha YriayOieHHoe (OpMHUPOBaHUE CIEAYIOMIMX
KOMIIETEHIINH .

VYK-6 «CnocoOeH ympaBisiTh CBOMM BPEMEHEM, BBICTpAaMBAaTh U PEATHU30BHIBATH
TPACKTOPHUIO CAMOPa3BUTHS HA OCHOBE MPUHIIUIIOB 00pa30BaHUs B TEUECHUE BCEHl JKU3HI»

ConepxaHue AUCHUIUIMHBI OXBAaThIBAET KPYr BOIIPOCOB, CBSI3aHHBIX CO chepoit
MPOEKTUPOBAHUS YCTPOWCTB M CHCTEM Ha MIPOrPaMMHUPYEMBIX JIOTHYECKHMX HHTETPATIbHBIX
cxemax (IIJIMC) apxurektypsl FPGA, ¢ ncrnonbp30BaHHEeM BO3MOKHOCTEH COBPEMEHHBIX CHCTEM
ABTOMATHU3UPOBAHHOTO NMPOCKTUPOBAHUS U IPUMEHEHHUEM SI3bIKOB OMHMCAHMUS alllapaTypshl.

[IperoaBanre MUCHMIUIMHBI TPEAYCMaTPUBACT CleAylomue (HOPMBI OpraHU3alUuN
yueOHOro Mpoliecca: JIEKINH, MPAKTHYECKUE 3aHITHS, CAMOCTOsITeNIbHAs paboTa 00y4aromerocs.

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

OO0mast TpyA0eMKOCTh OCBOCHUS JHUCUUILIMHBI COCTABISCT 7 3a4eTHBIX eIuHUIl, 252
qaca.

SA3bIK 00yUYeHUs 10 AUCIHUILUINHE «PYCCKUH »



1. IlepeudeHb MIaHUPYEMBIX PE3YIHTATOB OOYUYEHHUS 11O AUCLIUIIIIMHE

1.1. Ilenu npenogaBaHusl JUCHUTUIIMHBI

Lenpto npenonaBanus aucuuiivabl «UT-monyns "I[lpoexktupoBanue Ha FPGA'"»
SBIISICTCS IPHOOPETEHNUU 00yJarOIIUMUICS HEOOXOUMBIX 3HAHWH, YMEHUI U HABBIKOB B 00J1aCTH
MPOEKTUPOBAHUS YCTPONUCTB U CUCTEM Ha COBPEMEHHOM 3JIEMEHTHOI 06a3e — MporpaMMHUpPyEMBbIX
normdeckux wuHTerpaibHbix cxemax (IIJIMC) apxurekrypsl FPGA, c¢ wucnonp3oBaHuem
BO3MOXXHOCTEH COBPEMEHHBIX CHCTEM aBTOMAaTU3UPOBAHHOIO MPOEKTUPOBAHUS U IPUMEHEHUEM
A3BIKOB OIIMCAHMS allapaTypsl, a TAKXKE NPEJOCTAaBICHIE BO3MOKHOCTH 00Y4arOIIUMCS pa3BUTh
U TOPOAEMOHCTPUPOBATh HAaBBIKM B 00JlacTU HMHGOPMAIMOHHBIX TEXHOJOTHH, wuudpoBoit
AIIEKTPOHUKHU U CXEMOTEXHUKHU.

1.2. JucuunnuHa sBiasercs (QakydIpTaTUBHOM TUCHUIUIMHOM 1O  HANpaBICHUIO
o0pa3oBaTeNnbHOI MporpaMMbl Beiciero oopasosanus (naiee — OIT BO).

1.3. IlepeueHb IIAHUPYEMBIX PE3YJIHTATOB OOYUEHUS MO IUCUHUIUIMHE, 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
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/
caMOpa3BUTHS HA BO3HMKAIOIIINE )KU3HEHHBIE 3a/1a4n
ocHoBe npuHLunoB | YK-6.Y.2 ymeTs ucnonab3oBaTh HUPpPOBbIE
o0pa3oBaHMUsI B WHCTPYMEHTHI B IIENIIX caMo00pa3oBaHus
TeueHue Bcer xu3Hu | YK-6.B.1 BinaseTs HaBbIKaMu CaMOpPa3BUTHS U
caMo00pa30BaHUs
VK-6.B.2 Bi1ageTs HaBBIKAMH UCHOJIB30BaHUI
M (PPOBBIX UHCTPYMEHTOB JIJIsi CAMOPA3BUTHUS U
camMmo0o0pazoBaHus

2. Mecro nuctuIuIMHEL B cTpykType OI1

JluctumimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPU U3YYCHHUH CIICTYIONTUX JTUCIUIUIAH:

— «Dusuka,

— «HuadopMaTura,

— «DJIEKTPOHUKAY,

— «DJIEKTPOTEXHUKAY,

— «IIpoMBIIIJIEHHAS DJICKTPOHUKAY,

— «Teopus aBTOMAaTUYECKOTO YIIPABICHUSI ),

— «OCHOBBI IPOSKTHOU JACATCILHOCTH,

— «AaropuTMH3AIU U TPOTPAMMHPOBAHUEL).




3HaHI/I$I, IMOJIYYCHHBIC IIpM H3YUCHHUHW MaTcpualia ,HaHHOﬁ JUCHHUIIIIMHBI, HMCIOT KakK
CaMOCTOATCIIBHOC 3HAYCHUC, TAK U MOT'YT HCIIOJIb30BATHCA ITPU U3YUCHUHN APYTUX OUCIUILINH

— «IIporpaMMupyeMbIC JOTHUYCCKUE HHTETPAILHEIC CXEMBI»,
— «IIporpaMMHupoBaHHE MUKPOKOHTPOIIEPOB)

3. O0BeM U TPYJOEMKOCTh JUCIUTUTHHBI
Janaple 00 00meM oO0beMe MUCIUILUIMHBI, TPYJOEMKOCTH OTACIBHBIX BHJIOB y4eOHOU
paboThI 1O TUCIUILTHHE (M paclpeielieHue 3TOH TPYAOEMKOCTH 110 CeMeCTpaM) MPeACTaBICHbI B
Tabnuie 2.

Ta6ymma 2 — O6beM U TPYJ0EMKOCTh JUCITUTITUHBI

By yueOHol paboThl Bcero TpyJOEMKOCTh 110 CeMeCTpam
No5 Neb
1 2 3 4
Oowan mpyooemKocmup oucCyunIuHLL, 7/ 252 3/ 108 4/ 144
3E/ (uac)
U3 nux yacos npakmuyeckoii 0020MoeKu
AyoumopHhuie 3auamus, BCEro 4ac. 119 51 68
B TOM YHCIIE:
nexru (JI), (gac) 34 17 17
npaktudeckue/cemunapckue 3anarus  (113), o1
85 34
(gac)
naboparopusie padbotsl (JIP), (dac)
KypcoBoii nmpoekT (padota) (KII, KP), (gac)
9K3aMeH, (Jac)
Camocmosmenvnas paboma, Bcero (1ac) 133 57 76
Buo npomesicymounoin ammecmayuu: 3a4et, | 3ayer, Hudod. 3au.
mudd. 3auer, sx3amen (3auer, Hudd. 3a4q, | Hudd. 3auer
DK3.*%*) 3au.

*k
[IpuMeuaHue:  kaHAMAATCKHI SK3aMeH

4. CoaepskaHue TUCHUTUTHHBI
4.1. Pacnpezenenue TpyI0€MKOCTH TUCHUILIMHEI 110 pa3JeiaM 1 BUAaM 3aHATHMN.
Pa3nensbl, TeMbl AUCHUIIIIMHBI U UX TPYAOEMKOCTh MPUBEIEHBI B TabmuIe 3.

Tabmuia 3 — Pa3nensl, TeMbl TUCIUIUIAHBI, HX TPYJIOEMKOCTh

Jlexrum | 113 (C3)| JIP KII CPC

Pazgensl, TeMBI TUCITUTIMHEI (uac) (qac) (4ac) (dac) (qac)

CewmecTp 5.

OCHOBBI aBTOMAaTHU3WPOBAHHOTO MPOCKTUPOBAHHS IUPPOBEIX ycTpoiicTB Ha FPGA

Paznen 1. BBenenne B mporpaMMupyeMble JOTHYECKHE
WHTETPATbHBIE CXEMBI

Tema 1.1. Cuctemsi-Ha-kpuctamie u [IJIUC: ucropus
pasBUTHS

Tema 1.2. Ocobennoctu apxuTekTypsl FPGA.
Kondurypupyemsiit moruueckuii 6mok. Look-up table 4 4 15
Tema 1.3. Ocobennoctu apxutektypsl FPGA. broku
BBOJIa-BBIBO/I2, TPACCHPOBOUYHBIE PECYPCHI, OJIOKH
CHENUAIbHOTO Ha3HAYCHHUS

Tema 1.4. O0nactu npumenenust FPGA u
HaIpaBJICHUs 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. CrocoOs1 onmcanns nudpoBhIX
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 S3bIKA OIMCAHHS amIllapaTyphl
(HDL)

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

Tema 4.2. 531k onucanus annaparyps Verilog HDL.

HUroro B cemecTpe: 17 34 57

Cemectp 6

[MpoexTrpoBanue HUPPOBLIX ycTpolcTB Ha FPGA ¢ nmpuMeHeHreM S36IKOB OIIMCAHUS alliapaTypbl

Pazmen 5. IlpoexkTmpoBaHHE CIOXHBIX ITUPPOBHIX|
yctpoiicTtB Ha FPGA ¢ npuMeHeHueM SI3bIKOB OITHCaHMUS]
anmaparypsl
Tema 5.1. [IpuHIWTIBI TPOEKTUPOBAHUS yCTPOWCTB 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. BUbIMOTEKH TOTOBBIX KOMIIOHEHTOB Ha
Verilog HDL.

Tewma 5.5. OynHkIum, 3amaun u crenapuu. Ux
MIpUMEHEeHue B mpoekTupoBannn Ha FPGA

Tema 5.6. [loakmouenue nepuepruitHbIX YCTPOUCTB K
FPGA.

Paznen 6. TectupoBanue u BepuduKaiys TUGPOBHIX
CXEM Ha sI3bIKe onucanus anmnapatypsl Verilog HDL
Tema 6.1. OcHOBBI PYHKITMOHATIBHOM BepuUKAIIH

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 MOArOTOBKA 3aKJIOYAeTCSl B  HEMOCPEICTBEHHOM  BBIIIOJHEHUU
Oo0y4arolMMHUCST  OMNpENEeNeHHBIX  TPYIOBBIX  (YHKUMH,  CBSA3aHHBIX C  Oy;ymiei
pohecCuOHATBEHON e TENbHOCTHIO.




4.2. CopaepkaHue pas3iesioB U TEM JICKITMOHHBIX 3aHSITHIM.
Copep:xanue pa3esioB U TeM JICKIMOHHBIX 3aHITHIA MIPUBEICHO B Ta0OHIIC 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-kpuctaime u [IJIMC: ucropus pasBUTHI. 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 uudpoBoro ycrpoiictea Ha FPGA
YPOBHH TPOEKTHPOBaHUS MUPPOBBIX YCTPONUCTB. JKW3HEHHBIA ITHKI
mudpoBoit cucremsl. lloBengenueckas ™oxens. DyHKIMOHATHHAS
Mozenb. Jloruueckas mojens. OnekTpuueckas mojenb. dusnueckas
MOJICIIb. Bbazuc MIPOCKTUPOBAHUS. RTL-monenb. Orarnbl
MPOEKTUPOBaHUS TUPPOBHIX ycTpoicTB Ha FPGA. CriocoObl onucanus
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)

Uctopuss Bo3HukHoBeHus: HDL, ocHOBHble TOHSTHS UM 0a30BbIQ
xonneriun. AHDL, VHDL, Verilog HDL. System Verilog. Uepapxwusi
npoekta Ha HDL. Cuntesupyemsie Moxymu. 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 ¢ mpuMeHeHueMm
A3BIKOB  OomucaHusi  anmapaTypbl. IIpoexktupoBanue  IHGPOBBIX
(YHKIIMOHANBHBIX Y3JI0B KOMOMHaTOpHOW sormku Ha Verilog HDL)
IIpoexTrpoBanue IUQPOBBIX (YHKIMOHATLHBIX y3J10B
MOCJIeI0BATEIILHOCTHOM Joruku Ha Verilog HDL. Bubnuorexku roroBsix
komrnoneHToB 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 oTiiaoyHoi 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
anmaparypsl Verilog HDL. OcHOBBI ()yHKIIMOHANBHOW BepU(DUKAIIH.
Testbench xak oCHOBHOW WHCTPYMEHT TECTUPOBAHUS U BepUBHUKAIMN
mudpoBoro ycrpoiictBa Ha FPGA. Omnucanue 1UQPOBBIX CHUTHAJIOB.
Onucanne Tecta W paboTa C CUMYJIATOPOM. AHAIN3 TIONYyYEHHBIX
pe3yIbTaTOB.

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



Ta6muma 5 — [IpakTH4ecKue 3aHsITHS U KX TPYJ0EMKOCTh
Tabmuna 5 — [IpakTudeckue 3aHATHS U UX TPYJOEMKOCTh

DopmsI N3 Hux 5 Ne
No Tembl mpakTHYECKUX TpynoeMKOCTb, |IpaKTHYECKOM |pa3iena
/o 3aHATHI Hpiﬁg;?;?ﬂx (dac) MIOJTOTOBKH, | TUCIIMII
(dac) JIUHBI
Cemectp 5
1 | Beenenue B | OmaliH-BhIIIOJIHEHUE 4 1
MIPOrpaMMHUpPyEMBbIE MIPAKTUIECKHIX
JIOTUYECKHE 3aJIaHA I
WHTETPAIBHBIE CXEMBI.
OcobenHoctu
Pa3IUYHBIX APXHUTEKTYP
TTJINC
2 | OCHOBBI OHJ1aifH-BBITIOJIHEHUE 2 2
ABTOMAaTHU3UPOBAHHOTO MPaKTHYECKUX
MIPOEKTUPOBAHUS 3a1aHUI
IU(POBBIX  YCTPOUCTB
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 MOIYJIS 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 CUTYaIlMOHHBIX
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, | MPAKTHICCKOHR | 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. CamocrosTenbHas paboTa 00y4aronmxcs
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 TCOPCTUUICCKOTO 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
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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(PUTYPUPYEMBIX
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»
Ilepeuens AIIEKTPOHHBIX 00pa3oBaTEeNbHBIX pecypcoB uH(POPMAIMOHHO-
TEJIeKOMMYHUKaMOHHON ceTu «MHTepHeT», HEOOXOOUMBIX MJii OCBOCHHUS JUCIHILIAHBI
npuBezieH B Tabnuue 9.

Tabmuna 9 — IlepedyeHb DJIEKTPOHHBIX O0pPa30BATEIBHBIX PECYPCOB  HH(POPMAIMOHHO-
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 auctanionHoro 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 WMCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IMIPEICTABICH B
Tabymue 11.

Tabauna 11— IlepeueHb HHGPOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKas 6a3a
CocrtaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUILIMHE, 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 POMEKYTOUHON aTTecTallun

By npomexyTO4YHOM aTTecTalnuu [IepedyeHp OLIECHOYHBIX CPEACTB

JuddepeHurpoBaHHbIi 3a4€T 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 MCIOIB30BATHCS
100-0annpHast ~ mKama ~ MOAYJBHO-PEUTHHTOBOW  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHia
HCIIOJIb30BaHUsI KOTOPOM, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJIbHBIM HOPMATHUBHBIM aKTOM
['YAIL
Ta6ymmma 14 —Kpurepuu orieHkn ypoBHsI COOPMHUPOBAHHOCTH KOMITETCHIIUN

OI11eHKa KOMITETEHIUN

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

— oOyyaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOrPAMMHBIN
MaTepua;

— YBEpPEHHO, JIOTHYHO, ITOCIIEI0BATEIHLHO U TPAMOTHO €T0 M3JIaracrT;

— ONMHpasCh HA 3HAHWS OCHOBHOW W JOMOJIHUTEIBHOW JIMTEPATYpPHI,
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 MPAKTHYCCKOH ACSITEIHLHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET HAy4YHbBIC TOJI0KCHUS;

— JIeJIaeT BBIBOALI H 000OIIECHHUS;

— BJIQJICET CHCTEMOH CIIeIMaTN3UPOBAHHBIX TTOHSITHH.

«XOpOLIO»
(Ga4YTCHO»

— oOyyarouuiicss yCBOWJI TOJbKO OCHOBHOW IPOrpaMMHBIA MaTepua,
II0 CYIIECTBY M3JIaraeT €ro, ONMpaschb HAa 3HAHUSA TOJBKO OCHOBHOM
JIUTEPaTypHl,

— JIONyCKaeT HeCYIIECTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUU 3HAHWUU
HallpaBJICHUS,

— cn1abo apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHHUS;

— 3aTpyaHsieTcs B GOpMYIMPOBAaHUU BBIBOJOB U 0000IICHUIA;

— 9YaCTMYHO BIAJECET CUCTEMON CIIENMAIN3UPOBAHHBIX OHITH.

«y/IOBJIETBOPUTEITHHOY
«BaYTEHO»

— o0ydJaromuiicss He YCBOWJI 3HAYUTENBHOW YacTH MPOrPaMMHOTO
MmarepHaa;

— JIOMYCKaeT  CYLIECTBEHHbIE  OMMOKM W  HETOYHOCTH  HpHU
paccMOTpeHHH TIpo0JIeM B KOHKPETHOM HalpaBIICHUH,

— MCTIBITBIBAET TPYIHOCTH B MMPAKTHYECKOM IPUMEHEHNUHN 3HAHU;

— HE MOXKET apryMEHTHPOBATh HAy4YHbIE MTOJIOKECHMUS;

— He (JOpMYIIHPYET BBIBOJAOB U 0000IICHUH.

HCYIOBJIICTBOPUTECIILHO
HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM WHBIC MaTEPHAIIBI.
Bomnpocsr (3agaun) asns sK3aMeHa mpecTaBieHbl B Tabmuie 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! (3aaun) ams 3adera / qudd. 3auera
Kon

No mi/mm [Tepedyens BonpocoB (3amav) myist 3adeta / 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 [UIs 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 MPOMEXYTOUYHOM aTTecTallMud B BHJE TECTHUPOBAHUSA
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 OJTUH MPABUIBHBIA OTBET.

Omnpenenure, kakoi 610k I[IJIMC apxurektypst FPGA ocHoBaH Ha
NPUMEHEHHHU CTPYKTYphI JanHbiX 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 NMPABUIbHBIA OTBET.

Bri6epute u3 nepeuricneHHbx HHCTpyMeHTOB CAIIP Quartus ToT,
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 ¥ BBIOEPUTE OJUH MPABUIbHBINA OTBET.

Br16epuTe npaBUIbHYIO OCIE0BATENBHOCTD JEHCTBUI, 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 BIOEpUTE OJIMH MPABUILHBIA OTBET.

OnpeﬂenHTe, KaKkasgd MaTCMaTHU4CCKas 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 NMPABUIBHBIA OTBET.

Haiinute cpenu npeuio)KeHHBIX TEPMUHOB 0A30BYIO SAMHUILY
OIKCAHMsI B TPOSKTE Ha SI3bIKE OMHCaHUs anmapatypsl Verilog.
1) daiin BepXHEro YpOBHS
2) Monyib
3) Topt
4) Jlorndyeckuii BEHTHIIb

VK-6.3.1

[IpounTaiiTe TEKCT U BBIOEPUTE OJIMH MPABHIILHBINA OTBET.

Bribepure BepHOE yTBEPKICHHE, KACAIOMIEECs TPABHI
UMCHOBAHMSI B sSI3bIKE OIMCAHUS anmaparypsl Verilog.

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

2) Wmena momyieii, mopToB U nepeMenHbix Ha Verilog HDL
MOTYT COCTOSITh TOJILKO 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 BAPHAHTHI 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 copiepaTh OMepaTopoB 3aIePIKKU HITH
KOHTPOJISI COOBITHH.
3) MoskeT U3MEHSTh COCTOSHHE MEPEMEHHBIX.
4) Bcerna Bo3BparmaeT B Ka4eCTBE Pe3yJIbTaTa TOJIBKO OJHO
3HAYEHUE.
5) Cnucok (popMaiIbHBIX TAPAMETPOB MOXKET COACPIKATh
apryMeHTHI THIIA output Wix inout.

VK-6.3.1

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPHAHTHI OTBETA U
3alUIIATE ApTYMEHTHI, 000CHOBBIBAIOIINE BHIOOP OTBETOB

Bribepure u3 nepeunciieHHbIXx TexHosoruit pazsutus FPGA e,
KOTOPBIE OTHOCHUTCS K COBEPIICHCTBOBAHHIM TEXHOJIOTUI
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, BBI6epI/ITe IIPaBUJIbHBIC BApUAaHTEI OTBETA U
3alMMIIUTC apryMCHTHI, OGOCHOBLIBaIOH_II/Ie BLI60p 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.

HpquTaﬁTe TEKCT, BBI6epI/ITe IIPaBUJIbHBIC BApUAaHTEI OTBETA U
3alMMIIUTC apryMCHTHI, OGOCHOBLIBaIOH_II/Ie BLI60p 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 Bo3Bpaiaet B Ka4eCTBE Pe3ylbTaTa TOJIBKO OJIHO
3HAaYCHHUE.
4) Crucok hopMalbHBIX MapaMETPOB MOXKET COJIEPIKATh
apryMeHTHI THIIA output Wix inout.
5) Bcerna Bo3Bpalaet B Ka4eCTBE Pe3yabTaTa TOJIbKO OJHO
3HAYCHHE.

VK-6.3.2

11.

HpO‘IHTaP’ITe TCKCT, BLI6CpI/ITe IMPAaBUJIBHBIC BApUAaHTBI 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 BApUAaHTBI 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 0T COOTBETCTBYIOIIMMH OYKBaMHU.
CooTtHecuTe THIT TOPTA MOJYJISI 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
NO3UILUH, 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 TO]T COOTBETCTBYIOIUMHU OYKBaMH.

CootHecute nHCTpyMeHT npoektupoanus 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
CIIeaTM3HPOBAHHbI
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, TAHHOW B JIEBOM CTOJI0I1IE, ToAOepuTe
COOTBETCTBYIOLIYIO MTO3UIIMIO B IPABOM CTOJIOLE. 3alHUILIUTE
BbIOpaHHbIE U PBHI TI0]T COOTBETCTBYIOIIUMHU OYKBaMH.

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

Tun npucBauBaHus

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 [TO3ULIMIO B [IPABOM CTOJIOLE. 3aUILUTE
BBIOpaHHBIC IIU(PHI ITOJT COOTBETCTBYIOIIMMHU OYKBaMHU.

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

YpoBeHb IPEACTABICHUS

YT1BepxkaeHue

1 | IToBeneHueckmii

A

[TonHast nuabOpMAaHS O
BHYTPEHHEM CTPOEHHUU
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

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

VK-6.V.1




18.

[IpounTaiite TekcT u yctaHoBUTE cooTBeTcTBUE. K Kax10i
MO3UIIMH, TAHHOU B JIEBOM CTOJOIIE, ToaOepuTe
COOTBETCTBYIOIIYIO MO3UIMIO B IPABOM CTOJIONE. 3aMUIINTE
BBIOpaHHBIC ITU(PHI TIOJT COOTBETCTBYIOIIMMH OYKBaMHU.

CooTHecHTe oneparop si3blka onrcanus anmnapatypbl Verilog c
€ro Ha3HAYECHUEM.

VK-6.Y.2

Omneparop Verilog HDL Hasznauenue
1|>> A | Apudmernueckuii ciBur
BIIPaBO
2| << b Konkarenarus
3| <<< B | Apudmernueckuii caiBur
BJIEBO
41 {} I' | Jlornyeckwii CABHT BJIEBO
5] >>> pil| Jlormyeckuii cABUT BIIPABO
19.| [IpounTaiiTe TEKCT U yCTAaHOBUTE MOCIIEA0BATEIBHOCTD. 3amummre | YK-6.V.1
COOTBETCTBYIOIIYIO TIOCIIE0BATENBHOCTH OYKB CiieBa HAMpaBo.
YropsaaoubTe CleAyoNIne 3Tabl Pa3BUTHS APXUTEKTYPhI
IPOrpPaMMUPYEMBIX JIOTMUECKUX UHTETPATIBHBIX CXEM B IOPSIKE
WX MOSIBJICHUS OT PaHHEro K MO3JHEMY:
A) PLA
b) PAL
B) CPLD
I') FPGA
) GAL
20.| IIpounTaiiTe TEKCT U YCTAaHOBUTE MOCIIEI0BATENbHOCT. 3anuimure | YK-6.Y.2
COOTBETCTBYIOIYIO IIOCIEA0BATEIBLHOCTh OYKB ClieBa HalpaBo.
YnopsaousTe Moaynu onucanus npoekra Ha [IJINC,
peanmuzyemoro B CAIIP, B mopsike OT BBICILIErO ypPOBHS HEPAPXUU
K HU3ILIEMY:
A) bazoBblit MOAYITH
b) Cyobmonyns
B) I'onoBHOM MOAYTH
I') Moaynp-o60i0uka
21.| IIpounTaiiTe TEKCT M YCTAaHOBUTE MOCJIEA0BaTENbHOCTD. 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) O0bsBnenue T0KanbHBIX 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 ycrponcrsa.

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

') ®yHKIIMOHATBEHOE MOJICTUPOBAHHE.

) ®uznueckuii cUHTE3, pa3MEIICHUE U TPACCUPOBKA.

E) TectupoBanue u Bepuduxanms.

23.

[TpounTaiiTe TEKCT U YCTAaHOBUTE NOCIIEA0BATEIbHOCTD. 3AIUIINTE
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 ¢aiiyioB u NOAKIIOUEHHE OMOIHOTEK B TPOEKT
I') Bei6op tumna mukpocxems [TJIVC.

/1) Bb160p HHCTPYMEHTOB MOJIETMPOBAHUS.

E) [IpoBepka kpaTkoii HHPpOpMAIHK O HACTPOMKAX MPOEKTA.

VK-6.V.2

24,

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

PaccraBpTe ypoBHM Ipe/icTaBIeHUS HU(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.| IIpounTaiiTe TEKCT U 3aMHILIUTE Pa3BEPHYTHIN 00OCHOBAHHBIH YK-6.B.1
OTBCT.

[MTokaxkuTe, B UeM 3aKIIFOUACTCS pa3InIUe MKy Pe3yJbTaTaMu
IPUMEHEHHS OIIePaTOPOB apU(PMETHIESCKOTO U JIOTHYSCKOTO
cnBura Ha sizeike Verilog.

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

IToxaxkure, B 4eEM 3aKIIFOYAETCS pa3Inune MEXAY Pe3ynbTaTaMu
MMPUMCHCHUA OIIEPATOPOB MOOUTOBOrO U Jiorndyeckoro Y Ha si3pike
Verilog.

29.| IIpounTaiiTe TEKCT U 3aMUIINTE PA3BEPHYTHIII 0O00CHOBAHHBIN 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,
ominmyatomue ee ot apyrux [JIVC.

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

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

Ne YkazaHus M0 OLIEHUBAHUIO Pesynbrar onieHuBaHUS
(GaswsIBl, MOJTyYEHHBIC 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 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 MIPABWIIBHO yKa3aHa | OaJutoB (JIMOO yKa3bIBaeTCS «BEPHOM\
BCs1 IIOCJIEZIOBATENILHOCTD LIU(P «HEBEPHOY)

3 3ananne koMOMHUpoBaHHOTO TN | [lonHOE coBMazieHne 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, €CIIN «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 - UHCTpyKIHS 1O BBITTOJIHEHUIO TECTOBOTO 3aJJaHUS

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 MIPaBUIIbHbBIC
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 AMCHUUIUIMHE OOYYAIOUIMXCS 3a04HON (HOpMBI
00yd4eHus1, IpeIcTaBIeHbl B Ta0ymie 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX PadOT

Ne n/mn IlepeueHb KOHTPOJIBHBIX PabOT

He npenycmorpeno

10.4. MeToquveckre  MaTepUaNbl,  ONPEACISIONIUE  TPOUEAYPHl  OICHUBAHUS
WHINKATOPOB, XapaKTEpU3YIOIUX JdTanbl (HOPMUPOBAHMS KOMIETEHIIMM, COAepkKarcs B
JIOKaJbHBIX HOpPMATUBHBIX akTax [ YAIl, periaMeHTHpyOUIUX TOPSJIOK U MPOLEAYPY
MPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTallMi O0yJaroluxcs
I'VAIL

11. Meroaudeckue yKa3aHus Uit 00YJIArOIIUXCS TI0O OCBOCHUIO TUCITUTUIAHBI

11.1. Meronuueckue yKazaHus A OOyYarOIIMXCA 10 OCBOCHMIO JIEKIIMOHHOTO
MaTepuania.

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOTO MaTepuaia — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riyOOKoe U sICHOE H3JIoKEeHHe ydeOHoro marepuana. HasHadeHune COBpEMEHHOM JeKIuU B
paMKax IUCUUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(POPMAIUIO MO TEME, & B OCBOCHHUHU
(byHaaMeHTalbHBIX NpoOJeM JUCHMIUIMHBI, METOJOB HAy4YyHOro [O3HaHMS, HOBEHUIIMX
JOCTHKEHUI HaydyHOW MbIcIU. B yuyeOHOM mporiecce JIEKIHs BBIIOJHSAET METO/I0JIOMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT MOHATUHHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHUA, €€ MpoOJeMbl, JAaeT LEeNbHOE NPEJCTaBIECHUE O TUCIHUILINHE,
MIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUTIIIMHAMH.

[InaHupyeMble pe3ynbTaThl IPU OCBOEHUU 00YYaIOIIMMUCS JEKIIMOHHOTO MaTepuaa;

— TIOJy4YeHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBS3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIAETCS LENEBOM YCTAHOBKON K KayKJJOM KOHKPETHOU TEME;

— TIOJIyY€HHE OIbITa TBOPUECKOI pabOThl COBMECTHO € MPENOJaBaTeIeM;

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

— TIOSIBJIEHHE HEOOXOAMMOT0 MHTEPECa, HEOOXOIUMOTO IS CAMOCTOSITEIHHOM PaOOTHI;

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

— HAy4YUTbCSl METOAMYECKH 00pabaThiBaTh MaTepuall (BBIACNATH TIJIaBHBIE MBICTU U
MIOJIO)KEHUS, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IOBTOPATh HX B  pa3iIM4HBIX
bopMynupoBKax);

— TOJy4YyeHHe TOYHOIO NOHWMaHHUS BCeX HEOOXOAUMBIX TEPMUHOB U TOHSATHUH.




JIeKUMOHHBIA MaTepuall MOXKET COMPOBOXKIATHCS JAEMOHCTpalUMed ClIaiioB U
UCIIONIb30BAaHMEM pa3aTOYHOTO MaTepuajia TMpU MPOBEICHUU KOPOTKUX MAHCKyccHid 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 IIJ/IHC: ochosHble noHamus u ucmopus pa3zeumus.

[TonsiTust «cucreMa-Ha-KpUCTalIe» U «IporpaMMupyemasi JIoThdeckass 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. Bnoxu 6600a-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 curHaios (LIOC), MuKkpomporiecCOpHbIE Sapa, COPT-TIPOIECCOPHI.

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
paauonokanuoHHOW nHpopMalmu. COBEpIICHCTBOBAHUE TEXHOIOTHH Mpon3BojicTBa:3D-FPGA,
SSI, EMIB. Onrumuzanus TpaccHpOBOYHBIX pecypcoB. lloBbliieHne ypoBHS aOCTpaKIUU
ONMCAaHUN yCTpOoWCTB. [IporpamMmmupyembie CUCTEMBI Ha KpUCTasle ISl OpraHU3aliu
BBICOKOITPOU3BOIUTENIBHON 00paOOTKH TaHHBIX.

Paszoen 2. Omanwi npoexmuposanus yughposozo 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 Omanvt npoexmuposanus yugposvix ycmpoucme Ha FPGA. Cnocobul
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 asmomamusuposannozo npoekmupoganus 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 0ns onucanus yugposvix ycmpoticme 6 cpede Quartus

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

Tema 3.3 [Ipoexmuposanue cxemvl npocmeriuie2o Yyughpoeo2o yCmpoucmea ¢ NOMOoubio
epaguueckozo pedakmopa cxem 6 Quartus

[TpoexTrpoBaHue mpocTeliiero nuGpPoBOro yCTPOMCTBa W3 JIOTMYECKUX BEHTHIICH C
noMoIel0  rpadudeckoro penakropa Quartus. Peammzamuss Ha mpuMepe BCeX OTaroB
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 €MHUIIA HEPAPXHH.
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. CHOucCOK YyBCTBUTEIBHOCTH MOYJIS.
HenpepsiBHOE, Onokupyromee u HeOmokupyromiee npucBauBanue. Cranmapt 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. Ilpunyunvr npoexmuposanusi ycmpoticme na 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 yupposwvix hyHKYUOHATLHBIX Y3108 KOMOUHATNOPHOU T0CUKU
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. IIpoexmupoganue yughposvix hyHKYUOHANbHBIX Y3108 NOC1e008AMENbHOCMHOU
noeuxu Ha Verilog HDL.

[TpoexktupoBanue HUGPOBBHIX (PYHKIMOHATBHBIX Y3JIOB IMOCIEIOBATEILHOCTHOM JIOTUKH
Ha Verilog HDL: tpurrep, peructp, C4eT4lK, MOIYJIb TAMATH, MOAYJIb CUETa U JP.

Tema 5.4. bubauomexu comoguvix komnonenmog na Verilog HDL.

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

Tema 5.5. @ynxyuu, 3a0auu u cyenapuu. Mx npumenenue 6 npoexkmuposanuu 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 (KHOIMKH, JUCIUIEH, T€HEpaTOpbl CUTHAIOB U
ap.) k [IJIMC na npumepe oTiagouHoi miatel Terasic DE2-115.

Pazoen 6. Tecmuposanue u eepugpukayus 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. [1nan tectupoBanus u BepuuKanuu padoThl yCTpOCTBa.

Tema 6.2. Testbench kax OCHOGHOU UHCMPYMEHmM MeCMUpOSanus u Gepugurayuu
yugposoeo ycmpotiicmea na FPGA.

TecroBblit Moaynb (testbench) u ero mecto B uepapxuu npoexkra. OCHOBHBIE OIEPATOPHI,
ucnoibp3yemble ais Hanucanus testbench.Onmcanne nudpossix 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
MIPEJICTABIISIETCS C MPUMEHEHUEM 3JIEKTPOHHOIO 00Y4EHHUsI, TUCTAaHIIMOHHBIX 00pa30BaTeNIbHbIX
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
mporiecca, 3aKJIFOYArOIIascs B BHIIOJHEHUH O0YYArOIIMMHUCS T10]] PYKOBOJICTBOM MPEIIOaBaTe s
KOMIUIEKCa YYEeOHBIX 3aJaHUN C LEIbI0 yCBOSHUS HAYYHO-TEOPETUYECKMX OCHOB YUeOHOU
JTUCIUTIIIMHBI, PUOOPETEHUsI YMEHUI U HaBBIKOB, OIBITA TBOPUYECKOMN ACATEIHHOCTH.

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

[Tnaaupyemblie pe3yabTaThl MPU OCBOCHUH 00yUYAIOIIUMCS MPAKTUYECKUX 3aHSATHI:

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

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

— OBIIQJICHHE HOBBIMH METOJaMH M METOAMKAMU H3YYeHHUsS KOHKPETHOW Yy4ueOHOM
JUCIIUIUINHEI,

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

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

TpeboBaHusl K IPOBEAECHUIO MPAKTUYECKUX 3aHATUN 5 ceMecTpa:

Crynentam TpeOyeTcs BBIIOIHUTH CISAYIOIUE IPAaKTUUECKUue paboThl.

1. BBenenue B mporpaMMupyeMble€ JIOTUYECKHE HMHTErpasibHble cXeMbl. OcoOeHHOCTH

paznuuHbix apxutextyp [TJIMC

2. OCHOBBI aBTOMAaTU3UPOBAHHOTO MPOEKTHPOBaHUS U (PPOBHIX ycTpoiicTB Ha FPGA

3. Pa3paboTka koMOMHaNMOHHOTO YycTpoiicTBa B rpaduyeckom penaktope 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 s3bIKe 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 3aBUCMMOCTH 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 Oyzmer mpoBepeHO C MOMOIIbIO 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 HPAKTHUYECKUX paboT, a TakkKe MPaKTHUKO-
OPUEHTHUPOBAaHHBIH  mpoekT.  Ero  BelmomHeHWe — o0s3aTeNbHO I TOJYYEHUS
muddepeHIMPOBaHHOTO 3a4yeTa Mo AucuuIuiuHe. [IpakTHKO-OpHEeHTUPOBAHHBINA MPOEKT MOXKET
ObITh BBINOJIHEH WHAMBUIYAIbHO WM B rpymnmne. [Ipu BBIMOJHEHMHM TPYHIONW CTYAEHTOB
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 KOMOWHALMOHHOIO YCTPOMCTBA Ha s3bIKE ONKMCAHMUs anmaparypsl Verilog
HDL

3. Pa3paboTka mocienoBaTeIbHOCTHOIO YCTPOWCTBA HA S3bIKE ONMCAHUS amnaparypsl
Verilog HDL

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

5. Peanmuszauusa perucrparopa apede3ra KOHTAaKTOB JJs OTIAJ04HOM miaTel Terasic
DE2-115

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

[TpakTHKO-OPUEHTHPOBAHHBIM TNPOEKT MOAEIUpYeT paboTy HHKEHepa B 00JacTu
pa3paboTKu CIOXHOPYHKIMOHAIBHBIX OJIOKOB MJIM KOMaH/bl HHKXEHEPOB MO MPOSKTUPOBAHHIO
CJIO)KHO(YHKIIMOHAIBHOTO YCTPONCTBA, BBIOPAHHOIO CTYJEHTAMH CaMOCTOSITEIbHO M3 YHUCIIA
npeuiokeHHbIX. Ha mepBom srtame paboTsl TpeOyeTcst 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 MPUBEIACHHOMY B 3aJaHHH
OIMCAHUIO CTYICHTaMH CO3/aeTcs MPOCSKT 3aJlaHHOro ycTpoiictBa Ha si3bike Verilog HDL. Ha
TpeTbeM JdTame paboThl CTYAEHTHl COCTAaBJIAIOT TECTOBbIM IJIaH JJIsl  pPe3yJIbTaToOB
IPOCKTHPOBAHUS YCTPOMCTBA, IOJNyYEHHBIX HAa MEPBOM M BTOPOM JTame, C OINUCAHHEM
npolenypsl TecTupoBanus. Ha 3ToMm 3Tamne HyXHO NpoJyMaTh CTPYKTYpPYy M HalucaTh TECTOBBIN
moxyib (testbench) ma si3eike Verilog HDL. onyckaercst mpoBecTd MPOLEaypy TECTHPOBAHHS
0e3 nHanmcanus testbench; Bmecro Hero B aToMm ciyuae ucnonbdyercs ¢aiin ¢dopmara VWF,
OJTHAKO MPHUBECTH IJIaH TECTUPOBAHUS — 0053aTEIILHOE YCIOBHE.

Takum o00pa3oM, B XOJ€ BBIIOJIHEHUS MPAKTUKO-OPUEHTHPOBAHHOIO IPOEKTa
00yJaromuicsl TIOKaXeT HaBBIKM IO OPTaHM3ALMHU TPOIEcca MPOSKTUPOBAHHUS YCTPOHCTBA Ha
[IJINC apxurektypsl FPGA, co3nanust cpeisl JUisi MPOBEAEHUS TECTUPOBAHUS, MPUMEHEHHS
pa3IMYHBIX TEXHHK MPH MPOCKTUPOBAHUH U BIAJICHHS CIICIAAIN3UPOBAHHBIMU WHCTPYMEHTAMHU
npoekTHpoBaHus. [IpenycMOTpeH BapHaHT BBIOJHEHUS MPAKTUKO-OPUEHTUPOBAHHOTO MPOEKTa
110 WH/INBUYAIEHOMY 33/IaHUI0, KOTOPOE MOXKET NPEIOKUTh HHYCTPUAIBHBIA TapTHEP.

IIpuMepHBIii TIepedeHb TEM /IS BBIITOJIHEHUS IIPAKTUKO-OPUEHTUPOBAHHOIO ITPOEKTA!

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

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

3) [TpoexTHpoBaHue perucrparopa apede3ra KOHTAKTOB C 3a/JaHHBIM AITOPUTMOM
paboTHI.

4) ITpoexTrpoBaHue BpEMAN3MEPUTENBHOIO YCTPOMCTBA C 3aJaHHBIM AJITOPUTMOM
paboTHI.

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

6) IIpoexkTupoBaHME CENEKTOpPAa HMIIYJIBCOB ONPEICIEHHON JJIUTENBHOCTH C

3aJJaHHBIM aJITOPUTMOM PaOOTHI.

[TpoekT 0pOopMIISIIOT CIIEAYIONIUM 00pa3oM:



— TIpe3eHTalus, pa3paboTaHHas M0 YCTAaHOBJICHHOMY I1a0JIOHY,

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

— TMOSICHUTEJIbHAS 3alMCKa, B KOTOPOH JOJDKHO OBITh MPUBEACHBI: 3aJjaHUE Ha TPOCKT,
pe3ylnbTaThl ~ NPOSKTUPOBAHUS,  COMPOBOXKIAEMbIE  CKPUHIIOTAMH C  HEOOXOIMMBIMHU
MOSICHEHHMSIMH, a TakkKe KOJAbl mporpamMMm (IIPEIOCTABISCTCS MO  COTJIACOBAaHUIO C
IIPENoAAaBaTEIIEM).

@dopMmoli  3amMTBI  MPAKTUKO-OPHEHTHPOBAHHOTO  TIPOEKTAa  MOXKET  OBITh
JIEMOHCTPAIMOHHBII 9K3aMeH (110 COTJIACOBAHUIO C TPEIo/jaBaTeIeM) WM KIIacCHYeCKasl 3alnuTa
C TPEJOCTABICHHEM PACHIMPEHHOTO OT4eTa M JOKJIAAOM O pPe3yjibTaTaX MPOBEPKH KadecTBa
TeCTHPyeMOoro o0bekTa. [lo MToram 3amuThl MPAKTHKO-OPHEHTHPOBAHHOTO MPOEKTa CTYACHT
MoxeT Habpath 20 6asioB.

Kpurepuu onieHMBaHus IPAKTUKO-OPUEHTUPOBAHHOTO IIPOEKTA.

1) CreneHb packpbITHS TeMbl (YpOBEHb IIPOBEJACHHOTO IPOCKTUpOBaHHS) — 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 COMIPOBOXKACHHUE PabOTHI — 2 Hasia.

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

Bmecto 3ammThl  CTyAGHTaM MOXET OBITh TPEUIOKECH BAapUAHT  OICHUBAHUS
mpernojaBaTesieM BCEX OTUETHBIX MaTepHalioB 0e€3 ydacTus CTyJeHTa C HUCIHOJIb30BaHUEM
TeXHOJIOTHH acuHXxpoHHOro B3ammozeictBus CJ/IO I'YAIL B stom ciydae BBICTaBIICHHBIC
pEUTHHrOBBIEC OAIIIBI OYAET COMPOBOXKIATH KOMMEHTAPUI MPEno1aBaTesl.

Kputepun onieHHBaHUS M0 MaTepraliaM OLICHUBAHUS CIICIYIOIIHE:

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 W3JIOKEHHS] MaTepuana (HaaIu4ue BHYTpEHHeEH
pyOpHKaIuu rias, JIOTUYHOCTh CTPYKTYpHI) — 9 OauioB

3) Odopmienne u nHGOPMAITMOHHOE COMTPOBOXKACHUE pabOTHI — 2 Oana.

MeTtoauueckre yka3aHHs IO BBIIIOJIHEHUIO TMPAKTUYECKUX pabOT HMEIOTCS B BUJE
AJIEKTPOHHBIX PECYpCcoB B cucteMme nuctannnonnoro ooydenus ['YAIT (CAO I'VAII).

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. Meronuueckue yka3zaHus i1 OOY4YalOIIMXCS MO BBHIIOJHEHHUIO J1aOOPAaTOPHBIX
pabot (e npedycmompeno 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 JUTSE o0y4aromuxcst o MIPOXO0XKJICHUIO
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 OOydeHHs, caMOCTOSTeNlbHas 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 YCBOGHUHU U CHCTEMAaTH3allMU MPUOOpETaeMbIX 3HAHHI, oOecrnedynBaeT BBICOKUMN
YPOBEHb YCIEBAEMOCTH B TNepUOJ OOyuYeHHs, MOMOTaeT IOJIyYUTh HABBIKM ITOBBIIICHUS
pohecCHOHANBLHOTO YPOBHSL.

MertoauyeckUMH ~ MaTepuallaMH,  HampaBJSIONIMMU  CaAMOCTOSITENIbHYIO  paboTy
00y4aromuXxcs SBISIFOTCS:

- yueOHO-METOIUYECKUN MaTepual Mo JUCIUILUIHHE.

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 Meroandeckue yKa3zaHHs JJIs8 OOYyYarOUUXCs 1O MPOXOXKISCHUIO TEKYIIETro
KOHTPOJIS YCIIEBAEMOCTH.

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

Texkymmii KOHTPOJIb YCIEBAEMOCTH MPOBOAUTCS B BHJIE 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% JieKkiui, ycrenHoe npoxoxjaeHue He menee 60% mnpeaycMOoOTpeHHbIX
TECTOB, a TAKXK€ BBIMIOJHEHUE 00S3aTENbHBIX MPAKTUYECKUX PadOT B KakaoM cemectpe. [lpu
MIPOBEJICHUH MPOMEKYTOYHON aTTECTAMU OYIyT yUTEHBI OaJIIbI, HAOPAHHBIC MTPH MPOX0KICHUU
BceX (JOpPM TEKYIIEro KOHTPOJISA: TECTOB U MPAKTHUECKUX 3aJaHH.

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 3HAHUH, MOJYUYECHHBIX OOYYAIOUIMMCS B XOJIe U3yUCHHS
y4eOHOM TUCUUIUIMHBI B 1IEJIOM WJIM MTPOMEKYTOUHas (IO OKOHYAaHUU CEMECTpa) OIleHKa 3HAHUN
00y4aromuMcsl IO OTJEIBHBIM pa3jiesiaM JUCIUILTUHBI C aTTECTAIIMOHHON OIEHKOW «3a4TEHOY
NJIN «HEC 3a4TCHO».

Jlns mosryueHusl 3a4eta B 5 CeMeCTpe CTyJIeHTaM Tpedyercs HabpaTh Oojee 55 6auioB 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 OayJIoB JJi MOJY4YeHHs] 3ayeTa B 5 ceMecTpe, CTyAeHTaM OyAeT NpeioKeHO
MPONTH pacHIMPEHHOE TECTUPOBAHUE 110 00yUaIOLIEMy MaTepUaly CeMecTpa.

— auddepeHunpoBaHHbIl 3auyeT — 3T0 (¢dopMa OLEHKHM 3HAHWM, MOJyYEeHHBIX
o0Oy4aromuMcsl IpU U3YYEHUU AUCUUILIINHBI, PU BBIMOJIHEHUN KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, Hay4YHO-HCCIIE0BATENbCKUX PA0OT U MPOXOKICHUH NMPAKTUK C aTTECTAlMOHHON OLIEHKOMN
«OTJIIMYHOY, «XOPOLIO», «yIOBIETBOPUTEIBHOY, «HEYI0BIECTBOPUTEIHLHO.

Jns monydeHus: nud@depeHIMpoBaHHOTO 3ayeTa B 6 CeMecTpe CTyAeHTaM TpeOyercs
HaOpatp Oomnee 55 pEeHTHHrOBBIX OauIOB B TEYEHHE 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 (Oamibl 3a KOTOPBIM BXOAST B Oauibl,
HaOpaHHBIE 3a CEMECTp), MPOBEPSIOMUNA YPOBEHb CHOPMUPOBAHHOCTH KOMIIETEHIIUNA, U



BBIMIOJTHUTH MPAKTUKO-OPUEHTUPOBAHHBIN poekT. KonnuecTBo GanoB, HAOpaHHBIX MPH 3aIIUTE
IIPaKTUKO-OPUEHTUPOBAHHOIO NPOEKTA TAKKE BXOAUT B CyMMAapHBIA UTOTOBBIA PEUTHHIOBBIN
Oamn. Ecnu Bo Bpemsi 00y4deHHs B CeMECTpe CTYACHT HE CMOT HaOpaTh TpebyemMoe KOIHYECTBO
0asIoB, TO eMy OyeT IPeI0KEHO TPOUTH PACIIMPEHHBINA TECT M0 TUCHUTUIHHE.
Jns mepecuera pPEUTUHTOBBIX OaioB B 4YeThIpeXOAIbHYIO CHCTEMY JEHCTBYET,
YTBEpK/ICHHAs B By3€ LIKajla Iepecyera:
e MeHee 55 0allIOB — 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).
HToroBas oluieHKa BBICTABISETCS CTYJACHTY B YeThIpeX0alIbHOM cucTeMe B COOTBETCTBUU
¢ MJIO I'VAIIL CMK 2.77 «IlonoxeHne 0 MOAYJIbHO-PEUTUHTOBOM CHUCTEME OLICHKHA 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




